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PERIODIC PAROXYSMAL DISCHARGES 
FOLLOWING EMOLLITION IN THE AREA 

OF THE MIDDLE CEREBRAL ARTERY
By

P.  H a l á s z , S. Gö d é n y  and J .  H i d a s i

D EPARTM ENT O P N EU ROLOG Y  AND PSYCHIATRY, U N IV ER SITY  M ED ICAL SCHOOL, D E B R E C E N

(R eceived July 18, 1968)

In a case o f  cerebral em ollition consequent up on  occlusion of the right m iddle  
cerebral artery a peculiar alternating EEG  a c tiv ity  com bining individual period ic  
paroxysm al discharges w ith  repetitive bursts connected  by fla t in tervals w as 
observed. O wing to their functional features and electro-pathological relationsh ips, 
the two alternating activ ities m ay be related in p a ttern  to  the two m ain ty p e s  o f  
periodic paroxysm al phenom ena, i.e. the periodic com plexes o f the panencephalitis- 
type and the suppression burst activ ity  representing the pattern  of cortical denerva
tion. These E E G  phenom ena seem  to have one and the sam e m echanism in w h ich, 
in addition to  hyp oxia , the special m etabolic state  o f the denervated cortex co n stitu tes  
the prevalent factor.

The  re la tio n sh ip  o f ab n o rm a l E E G  p h e n o m e n a  an d  th e  u n d e rly in g  
patho log ic  processes o f th e  b ra in  belongs to  th e  p rin c ip a l lines of c lin ica l 
E E G  research . V arious E E G  p a tte rn s , fo rm erly  h e ld  to  be specific o f p a r t ic 
u la r en titie s , h a v e  been  fo u n d  to  in d ica te  m ere ly  som e s tru c tu ra l o r fu n c 
tio n a l co n ste lla tio n  a ris in g  as a re su lt o f th e  m o st d iverse  processes. T h e  
synchron  b ila te ra l period ic  b u rs t  p henom ena o f  v a r io u s  ty p es form  one o f  
th e  classical ab n o rm a l E E G  p a tte rn s .

W e h av e  h ere  tw o  m ain  ty p e s . T he f irs t  is c h a ra c te riz e d  b y  a lte rn a tin g  
ru n s of a f la t  s c a n ty  a c tiv ity  an d  h igh-vo ltage  b u rs ts  o f  paro x y sm al e lem en ts . 
“ Suppression  b u r s t”  a c tiv ity  o f th is  k in d  m ay  also  be  seen in h e a lth y  in d i
v idua ls in  deep b a rb i tu ra te  an aesth esia  ( D e r b y s h i r e  e t  al. [1936]) a n d  in  
deep h y p o th e rm ia  (W e iss  an d  A r fe l  [I960 ]), in  d iffuse e n c e p h a lo p a th y  
(L e s s e  e t al. [1958], H o e f e r  e t al. [1963]), in  th e  ex p erim en ta lly  iso la te d  
co rtex  ( B r e m e r  [1 9 3 5 ,1 9 3 6 ], K r is t ia n s e n  a n d  Co u r t o is  [1949], B u r n s  
[1951], H enry' a n d  S coville  [1952], E chlin  [1959]), o r elicited b y  A T P ase  
in h ib ito rs  (Ma c c a g n a n i  e t al. [1966]).

T he o th e r  ty p e  is ch a rac te rized  b y  p e rio d ica lly  re tu rn in g  p o te n tia l  
com plexes o f id en tica l m orpho logy , co n tra s tin g  w ith  th e  m ore or less p re se rv ed  
basic a c tiv ity . T h is  p a t te rn  m ay  occur in sclerosing leucoencephalitis  ( R a d e r - 
m eck er  [1949], Co b b  an d  H ill  [1950]) as well as in  ce reb ra l lesions o f h y p o - 
xaem ic (P a m p ig l io n e  [1962]), hypoglycaem ic ( D o d g e  e t al. [1959]), o r  
tra u m a tic  (Za p p o l i  [1959]) o rig in , an d  a sy m m e tric a lly  in  cases of ce re b ra l 
in fa rc tio n  or ex ten s iv e  tu m o u rs  (Ch a t r ia n  e t  a l. [1964]). T he E E G  p h e -
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n o m e n a  described  in  spongious e n c e p h a lo p a th y  (J ones  a n d  N e v i n  [1954], 
M a j t é n y i  an d  N a g y  [1963]) an d  in  c e re b ra l lipidosis (С овв  e t a l. [1952]), 
a n d  rep ro d u c ib le  b y  m ean s o f an  A T P ase  in h ib ito r  (B ig nam i  a n d  P a l l a d in i

[1965]) also  belong to  th is  ty p e . In  th is  g ro u p  th e  periodic b u rs ts  a re  o f  g rea te r 
fre q u e n c y  an d  h av e  a ce rta in  s im ila r ity  to  po lyphasic  sp ikes ap p e a rin g  in  
lo n g  series in te r ru p te d  b y  sh o rte r  iso e lec tric  in te rv a ls .

I n  th e  case to  b e  rep o rted , o cc lusion  o f  th e  m iddle c e re b ra l a r te ry  of 
one  s id e , re su ltin g  in  ex ten s iv e  em o llitio n , in d u ced  a p a r tic u la r  a sy m m e tric a l 
p a ro x y sm a l a c t iv i ty  ch a rac te rized  b y  a n  a lte rn a tio n  of th e  p e rio d ic  h u rs t 
p h e n o m e n a  re fe rred  to  above.

Report o f  th e  case

T h e  p a tie n t  M. I .  w as a 76 -year-o ld  w o m an  a d m itte d  fo r  le f t hem ipleg ia  
a n d  im p a irm e n t o f consciousness d ev e lo p in g  g rad u a lly  in  th e  cou rse  of 24 
h o u rs . She h a d  b een  u n d e r tr e a tm e n t  fo r  hy p erten siv e  d isease  fo r years. 
O n ad m issio n , b lood  p ressu re  was 140/80 m m  H g, pulse ra te  60 /m in . No signs 
o f  c a rd ia c  fa ilu re  w ere  p resen t. She a p p e a re d  alm ost sem ico m a to u s . H er 
p u p ils  w ere o f p in p o in t size an d  fa iled  to  re sp o n d  to  ligh t. N eu ro lo g ica l ex am i
n a t io n  rev ea led  a c o n ju g a te  d ev ia tio n  a n d  adversion  to  th e  le f t , com plete  
le f t sp a s tic  hem ip aresis  w ith  fac io b rach ia l p rev a len ce , increased  a n d  ab n o rm al 
re flex es . A few h o u rs  a fte r  adm ission  she  developed  left c lon ic  p e d a l je rk s  
w h ich  ceased  in  re sponse  to  0.2 g o f m e p h e n y to in . On th e  su b se q u e n t caro tis 
an g io g ram  th e  m idd le  cereb ra l a r te ry  f ille d  on ly  over a le n g th  o f  10 m m  of 
its  in i t ia l  p a r t .  T he C SF w ith d raw n  on  th e  fo u rth  d ay  a f te r  ad m ission  was 
ye llow ish , th e  cell c o u n t was 14/3, p ro te in  4 .0  K .U ., P a n d y ’s re a c tio n  +  +  ■ 
C onsciousness g ra d u a lly  c leared  up  in  a few  d ay s , b u t  spastic  p a re s is  rem ain ed  
as b e fo re . V aso d ila to rs , an d  a n tic o a g u la n ts  w ere p rescrib ed . A n g io g rap h y  
re p e a te d  one m o n th  la te r  revealed  n o  c h an g e . In  th e  th ird  m o n th  a f te r  th e  
o n se t o f  th e  f irs t sy m p to m s she d ev e lo p ed  generalized  m o to r se izu res , tw o  in 
succession  on th e  sam e  d ay , w ith  loss o f  consciousness. She w as g iven  0.3 g 
o f  m e p h e n y to in  d a ily  a n d  th e  seizures d id  n o t  reap p ear. T h e  s ta g n a tio n  of 
h e r  gen era l co n d ition  p reced ing  th e  a p p e a ra n c e  of th e  seizures gave  now  w ay  
to  a  successive d e te r io ra tio n . P E G  p e rfo rm e d  d u ring  th e  fo u r th  m o n th  of 
illness rev ea led  an  excessive d ila ta tio n  o f  th e  r ig h t v e n tr ic u la r  sy s tem  an d  
p n e u m a tiz a tio n  o f th e  r ig h t su b a ra c h n o id  space.

In  th e  f if th  m o n th  a fte r  ad m ission  she  died  of p n eu m o n ia .

E E G  studies

F o u r  E E G  reco rd in g s w ere m a d e ; th e  f irs t th ree  on th re e  successive 
d a y s  a f te r  th e  o ccu rren ce  of th e  tw o  se izu res  in  th e  th ird  m o n th  o f  th e  disease, 
a n d  th e  fo u rth  one m o n th  la te r , f iv e  d a y s  before  d ea th .
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PERIODIC PAROXYSMAL DISCHARGES 3

T h e  f irs t th ree  tra c in g s  w ere co n sis ten t in re sp ec t o f th e ir  m a in  fea tu res . 
T he p a t ie n t  who w as co o p era tiv e  b u t  w ould n o n e  th e  less doze o ff  as soon 
as le f t to  herself, e x h ib ite d  a m a rk e d  difference in  e lec tric  a c tiv ity  o f  th e  tw o 
h em ispheres. T he g ro u n d  a c tiv ity  o f  th e  left side w as rep re sen ted  b y  alpha- 
b e ta  sp ind les fo rm ing  u n b ro k en  ru n s  or m ixed  w ith  p o ly m o rp h o u s  slow 
w aves below  70 /rV. T h e  elec tric  a c t iv i ty  of th e  r ig h t h em isphere  w as ch a rac 
te rized  b y  an  a lte rn a tio n  o f tw o p a tte rn s  (F ig . 1). O ver some sec tio n s th ere

Fig. 1. Two characteristic alternating pattern s of electric ac tiv ity  o f the righ t hem isphere. 
L eft side: Serial discharges. R ight side: ind ividual periodic com plexes. (Continuous recording)

w ere in d iv id u a l p ro m in e n t p erio d ic  po lyphasic  b u rs t  com plexes, in  some 
o th e r  sections these  com plexes fo rm ed  long ru n s  a n d  w ere se p a ra te d  b y  f la t 
in te rv a ls  from  each o th e r  an d  from  th e  periodic com plexes. T he g ro u n d  a c tiv 
ity  be tw een  th e  period ic  b u rs ts  o r ru n s  was d e fin ite ly  poo rer in  a lp h a -b e ta  
e lem en ts th a n  th a t  o f  th e  o th e r s ide . T he te m p o ra l, p a r tic u la r ly  th e  an te ro - 
te m p o ra l, leads w ere consp icuously  f la t  and  po o r in  freq u en cy . T h e  period ic  
p a ro x y sm a l b u rs ts  w ere id en tifiab le  on th e  o th e r  side too  w ith  a d e fin ite ly  
low er v o ltag e  b u t w ith  id en tica l p h ase s . The average  a m p litu d es  o f  th e  period ic  
and  re p e titiv e  b u rs ts  w ere above 200 f i \ .  The in d iv id u a l com plexes w ere bi- 
o r tr ip h a s ic , show ing th e ir  low est a m p litu d es  in  th e  b ip o la r lead s o b ta in ed  
b y  in te rco n n ec tin g  th e  a n te rio r  a n d  m idd le  te m p o ra l e lec trodes. In  th e  p a ra 
sa g itta l  long itu d in a l b ip o la r  chains a ph ase  rev ersa l w as d e m o n s tra b le  a ro u n d  
the fro n to c e n tra l e lec trode  an d  th e re  w as a d im in ish in g  p o te n tia l  g rad ien t 
in  th e  d irec tion  o f th e  p a ric to -o cc ip ita l region. In  th e  lo n g itu d in a l te m p o ra l 
chain  th e  fo rem ost te m p o ra l p a ir  rev ea led , in acco rd an ce  w ith  th e  com plex , 
only  s lig h t positive deflex ions. In  th e  poste rio r te m p o ra l p a ir  th e re  w ere  signs 
of a d im in ish ing  p o te n tia l g ra d ie n t an d  th e  s a g itta l  leads also rev e a le d  a
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F ig . 2. Periodic com plexes appearing in the longitudinal leads on two successive days. Three 
com plexes o f  each day have b een  superposed

d e c lin in g  p o ten tia l g ra d ie n t  in  th e  d irec tion  o f  th e  occip ita l reg ion  (Fig. 2). 
I n  t h e  v e rtic a l leads a p h a s e  rev ersa l w ith  re fe ren ce  to  th e  p h ase  re la tio n sh ip s  
re v e a le d  b y  th e  e lec tro d e  p a ir s  o f th e  lo n g itu d in a l chains w as dem o n strab le , 
in  o th e r  w ords, p o te n tia ls  o f  reversed  signs w ere  reco rd ed  (F ig . 3).

O n th e  fo u rth  E E G  reco rd in g  th e  p e rio d ic  an d  re p e titiv e  discharges 
w e re  n o  longer p re sen t; a ll le a d s  from  th e  r ig h t  h em isphere  show ed f la t  de lta  
o sc illa tio n s  from  w hich  th e  fa s t  frequencies h a d  d isap p eared . I n  th e  centro- 
p a r ie ta l  and  a n te ro te m p o ra l p a irs  the  a c t iv i ty  w as f la t ,  n e a r ly  isoelectric  
(F ig . 4 ). The first th re e  re c o rd in g s  thu s rev ea led  an  a c tiv ity  o f tw o  a lte rn a tin g  
p a t t e r n s .  In  th e  th ird  re c o rd in g , th e  re p e ti t iv e  d ischarges o fte n  recu rred  
s e v e ra l  tim es in  succession  a f te r  short iso e lec tric  periods, in  o p p o s itio n . to  
t h e  f i r s t  tw o record ings w h e re  th e y  w ere in v a r ia b ly  a lte rn a tin g  w ith  th e  
p e r io d ic  com plexes. I n  th e  f i r s t  tw o trac in g s  th e re  w as a n e a r ly  fu ll equ i
l ib r iu m  betw een th e  r e p e t i t iv e  discharge a n d  period ic  co m p lex  discharge 
s e c tio n s , m ore p recisely  t h e  to ta l  d u ra tion  o f  re p e tit iv e  d ischarges exceeded
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a b с

Fig. 3. The individual com plexes in the vertical leads, a —b —c: alert state; d e f: after 
intravenous in jection  of 0.25 g hexobarbital
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t h a t  o f  th e  period ic  co m p lex es b y  no m ore  th a n  30 seconds. I n  th e  second 
re c o rd in g  th e  to ta l  d u ra t io n  o f th e  com plexes exceeded  th a t  o f  th e  re p e titiv e  
d isch a rg es  b y  2.5 m in u te s . I n  th e  f irs t a n d  second  reco rd in g s a lte rn a tio n  of 
co m p lex es w ith  re p e tit iv e  d ischarges h a d  th e  follow ing c h a ra c te r :  in  th e  f irs t 
re c o rd in g  th e  re p e tit iv e  d ischarges fo rm ed  tw o  longer ru n s  o f  one an d  tw o 
m in u te s , re spec tive ly , s e p a ra te d  b y  an  in te rv a l o f  one m in u te . T h e  f irs t longer 
r u n  w as generally  fo llow ed  b y  sh o rte r  r e p e tit iv e  d ischarges, w hile a fte r  th e  
seco n d , th e re  w ere o n ly  lo n g er com plex p e rio d s, in te r ru p te d  b y  sh o rte r  rep e
t i t iv e  d ischarges. I n  th e  second  reco rd ing  lo n g er com plex  p e rio d s  w ere a lte r 
n a t in g  w ith  re p e titiv e  d isch arg es. I f  a r e p e tit iv e  d ischarge  w as longer th a n  
25 sec ., i t  to o k  a t  le a s t  55 sec. for th e  n e x t  lo n g er ru n  to  a p p e a r . T h e  in te rv a l 
b e tw e e n  th e  in d iv id u a l com plexes show ed a w ide v a r ia tio n , fro m  1.5 up  to  
15 seconds, b u t  w as m o s tly  a ro u n d  3 to  3.5 seconds.

In  the  th ird  re c o rd in g  th e  to ta l  d u ra tio n  of th e  re p e tit iv e  discharge 
p e r io d s  exceeded t h a t  o f  th e  com plex  p e rio d s b y  m ore th a n  7 m in u te s , b u t 
th e  d u ra tio n  of th e  in d iv id u a l re p e titiv e  d ischarges w as 20 to  30 seconds 
as a g a in s t 50 to  100 seconds of th e  ea rlie r reco rd ings. T h e  com plex  periods 
also  show ed a decline, n o t  o n ly  in  th e ir  to ta l  d u ra tio n  b u t  also in  th e  leng th  
o f  th e  in d iv id u a l p e rio d s  wrh ich  n ev er exceeded  14 seconds.

In  th e  course o f  th e  th ird  reco rd ing , an  in tra v e n o u s  dose o f 0.25 g of 
h e x o b a rb ita l  w as g iven  a t  th e  ra te  o f 25 m g/10 sec. P a ra lle l w ith  th e  m an i
fe s ta t io n  o f th e  b a r b i tu r a te  effect th e  re p e tit iv e  d ischarges b ro k e  u p  and  
ceased  a lto g e th e r, o n ly  occasiona l com plexes a p p ea red . In  te rm s  o f  tim e  u n it, 
th e  to ta l  d u ra tio n  o f  co m p lex  periods d u rin g  sleep was 466 seconds w hereas 
t h a t  o f  th e  re p e titiv e  d ischarges w as as sh o r t as 47 seconds a n d  even  th is  
co in c id ed  w ith  th e  in it ia l  p h ase  o f sleep. T h e  p a tte rn s  o f th e  in d iv id u a l com 
p lex es  w ere co n sid e rab ly  m od ified  u n d e r th e  in fluence  o f  h e x o b a rb ita l, th e  
d u ra tio n  o f com plexes b ecam e  sh o rte r , a t  th e  sam e tim e , co m p o n en ts  th a t  were 
n o t  m ore  th a n  a h in t  in  th e  a le rt s ta te  becam e  m ore p ro m in e n t so th a t  th e  
co m p lex  becam e m ore  p o ly p h asic . T he c o n s ta n c y  of M -shaped  chopp ing  of 
th e  p o sitiv e  co m p o n en ts  w as p a r tic u la r ly  re m a rk a b le  (F ig . 3).

T h e  re la tio n sh ip s  o f  th e  E E G  m a n ife s ta tio n s  w ith  th e  re sp ira tio n , ECG, 
m ech an o g ram  of th e  lim b s, an d  m o v em en ts  o f th e  eyeballs a n d  th e  eyelids 
w ere  also stud ied .

P ara lle l w ith  th e  p o ly g rap h ic  reco rd in g s v a rio u s sen so ry  s tim u li were 
a p p lie d , i.e. p h o tic  (sing le  a n d  seria l), v e rb a l a n d  e lec tric  (single an d  serial, 
im p u lses  applied  to  th e  b o d y  surface).

N e ith e r th e  a p p e a ra n c e  o f th e  in d iv id u a l com plexes, n o r  th e  a lte r 
a tio n  o f  th e  tw o p a t te rn s  w ere a ffec ted  in  a n y  w ay  b y  th e  s tim u li a p 
p lied .

N e ith e r th e  co m p lex es n o r th e  re p e tit iv e  d ischarges w ere accom pan ied  
b y  m o to r  m an ife s ta tio n s  o r  b y  changes in  m u sc u la r  to n e .
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Post-m ortem  fin d in g s

General features

N ecropsy  revealed  senile m ara sm u s, a tro p h y  o f th e  v iscera , m u ltip le  
d ecu b ita l u lcers , th ro m b o em b o lism  in  th e  a rea  o f  th e  p u lm o n a ry  a r te r ie s  o f 
second and  th i r d  o rder, c o n seq u en t up o n  a th ro m b o sis  o f th e  r ig h t  fem o ra l 
a r te ry , diffuse b ro n ch itis , b ro n c h io litis , in c ip ien t b ro n ch o p n eu m o n ia  in  th e  
r ig h t in ferior lo b e . N ephrosclerosis o f  a r te rio sc le ro tic  origin w as v e rif ied .

Neuropathology

The a rte r ie s  of th e  ce re b ra l basis d isp lay ed  a therosclerosis o f  m ed iu m  
sev erity . The 15 m m  long sec tio n  o f th e  m idd le  ce reb ra l a r te ry  w as free  from  
a n y  lu m en -re s tr ic tin g  th ro m b u s , th e re  w as a  p laq u e  o f eroded su rfa c e  in  its  
w all. In  th e  r ig h t  hem isphere th e  a rea  su rro u n d in g  th e  fossa Sylvii w as su n k en  
as a re su lt o f  ea rlie r ischaem ic em ollition  in  th e  a rea  o f th e  m idd le  ce re b ra l 
a r te ry . The gross lesion in v o lv ed  th e  p o ste rio r  p a r t  o f  th e  r ig h t o rb ita l  gy ri, 
th e  fro n to -o p e rcu la r gyri, th e  su p ra sy lv ia n  th ird  o f th e  cen tra l gyri, th e  in su la r  
co rtex , th e  su p ram arg in a l a n d  a n g u la r  g y ri, th e  w hole gyrus T a a n d  th e  
a n te r io r  th ird  w ith  th e  te m p o ra l po le  o f gyrus T 2. Loss o f su b co rtica l s u b s tra te  
invo lved  th e  d o rso la te ra l tw o th ird s  o f th e  h e a d  o f th e  r ig h t c a u d a te  n u c leu s , 
th e  m ajo r p a r t  o f  th e  fro n to -th a la m ic  t r a c t  o f  th e  in te rn a l capsu le e x te n d in g  
to  th e  la te ra l w all o f the  a n te r io r  h o rn . I ts  fa r th e s t  ex tension  to  th e  m id line  
w as a t  th e  leve l o f th e  optic c h ia sm a , invo lv in g  th e  in su la r, fro n ta l a n d  te m 
p o ra l co rtex , e x te rn a l capsule, th e  en tire  globus pa llid u s, th e  u p p e r  h a lf  of 
th e  knee of th e  in te rn a l cap su le , th e  la te ra l m arg in a l p a r t  o f th e  p u ta m e n , 
th e  d o rso la te ra l subep en d y m al tw o  th ird s  o f th e  b o d y  o f th e  c a u d a te  n u c leu s . 
T h e  th a lam u s a n d  su b th a lam u s show ed  oedem a a n d  a sligh t b ro a d e n in g . T he 
lesion had  sp a re d  th e  s tru c tu re s  o f  th e  h y p o th a la m u s , corpus ca llo su m  and  
m idline.

T he m icroscopic  changes fe ll in to  th e  th re e  follow ing grades, a cco rd in g  
to  th e  sev e rity  o f  th e  p a re n c h y m a l lesion.

1. The a re a  o f th e  ab o v e-d esc rib ed  gross changes ex h ib ited  c o lliq u a tio n  
necrosis w ith  a “ la ttice-cell”  re a c tio n  an d  n o  in ta c t  cerebral tis su e  a t  a n y  
place.

2. Severe b u t  only p a r t ia l  p a ren ch y m a l lesion in  th e  v ic in ity  o f  th e  
nec ro tic  changes, ch arac terized  b y  p e riv a scu la r  an d  in trace llu la r  o ed em a  w ith  
ex ten siv e  an isom orphous gliosis a n d  g ang lionophag ia . T he co rtica l s t ru c tu re  
was com plete ly  d isorganized; gang lion  cells w ith  hypoxaem ic  ch an g es  o f 
v a rio u s  se v e rity  w ere in te rsp e rsed  w ith  a p p a re n tly  in ta c t  ganglial e lem en ts .

3. In  th e  m o st p erip h era l p a r ts  th e  changes w ere a fresh  p e r iv a sc u la r  
oedem a and  sw elling  of th e  g an g lion  cells w ith  no  gross d iso rg a n iz a tio n .
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T he left h e m isp h e re  w as u n affec ted  w ith  th e  excep tion  of th e  m inor 
chan g es described  u n d e r  3, verified  in  th e  c e n tra l  gyri. T he le ft tra n sv e rsa l 
s in u s w as th e  site  o f  p re m o r ta l  th rom bosis w h ic h  a p a r t  from  a slig h t h a e m o r
rh a g e  in to  th e  a d ja c e n t tis su e  seem ed to  h a v e  b een  irre lev an t to  th e  p r im a ry  
p rocess.

R ela tionsh ips between E E G  and cerebral lesion

T h e E E G  re c o rd in g s  d isp lay ing  p e rio d ic  p a ro x y sm a l fea tu re s  d a te  from  
th e  th ird  m o n th  o f d isease , s ix  weeks befo re  d e a th . T he reco rd ings m ad e  five  
d ay s  befo re  d e a th  no  lo n g e r showed th e  p h en o m e n a  b u t  w ere in d ica tiv e  o f

Fig. 5. E m ollition of the area o f supply of the r igh t m iddle cerebral artery at the level of
the mamillary bod ies

th e  severe  im p a irm e n t o f  th e  rig h t h em isp h ere  w ith  its  ep icen tre  localized  in 
th e  su rro u n d in g s o f  th e  fossa  Sylvii. T h is s u p p o r ts  th e  conclusion  th a t  th e  
h isto log ic  find ings re f le c te d  a m ore a d v a n c e d  p rocess th a n  d id  th e  p rev ious 
E E G  record ings. T h is  p rog ressive  im p a irm e n t m a y  h av e  in v o lv ed  w ell-defined 
m orpho log ica l chan g es b u t  we m ight co n n ec t i t ,  w ith  th e  sam e ju s tif ic a tio n , 
m ere ly  w ith  a g ra d u a l m etab o lic  d e te r io ra tio n  o f th e  a ffec ted  a rea , w hich 
w ou ld  likew ise a c c o u n t fo r  th e  d isappearance  o f  th e  p a ro x y sm a l m an ife s ta tio n s .

V oltage an d  p h a se  analysis  of th e  in d iv id u a l com plexes o f th e  period ic  
p a ro x y sm a l b u rs ts  w as u n d e rta k e n  in  an  a t t e m p t  to  re c o n s tru c t th e  electric  
f ie ld  re flec ted  b y  th e m . T h e  m easu rem en ts w ere  b ased  on th e  follow ing fac to rs : 
th e  f ro n ta l  an d  m e d ia n  te m p o ra l e lectrodes a p p a re n tly  co rrespond  to  a n ea rly  
e q u ip o te n tia l a rea ; th e re  is a d im inishing p o te n t ia l  g rad ien t in  th e  tem p o ro - 
o cc ip ita l, c en tro -o cc ip ita l a n d  th e  sa g itta l ro s tro d o rsa l chains; a p h ase  rev ersa l 
is p re se n t in  th e  p a ra s a g i t ta l  chains a ro u n d  th e  cen tra l e lec trode  an d  in  th e  
v e r tic a l p a irs  in  r e la tio n  to  th e  lo n g itu d in a l ch a in s , com plexes o f opposed
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Fig. в. Upper half: D iagram  of the cortical projection o f the em ollition. Lower half: P oten tia ls  
derived by m eans o f 1— 10 scalp electrodes in  the various exam ined leads and th e  electric

field  thus reconstructed

signs becom e m an ifest. F ig . 6 show s th e  p o te n tia l  fie ld  reco n stru c ted  on  th ese  
g rounds. I t s  ep icen tre  w as fo u n d  to  co rresp o n d  to  th e  cortical p ro je c tio n  of 
th e  em ollition .

D iscussion

T h e p ecu lia r period ic  p a ro x y sm a l d isch arg es consequen t u p o n  a c ir
cum scribed  ce reb ra l em ollition  h av e  ra ised  som e in trig u in g  p rob lem s.

A n E E G  p a t te rn  of th is  k in d  is v e ry  ra re  in  circum scribed em o llitions 
of v a sc u la r  orig in . T h o u g h  th e  described  E E G  p henom ena b e a r a ce rta in  
s im ila rity , in  re sp ec t o f  th e  period ic  com plexes, to  th o se  recorded  b y  H o e f e r  
e t al. (F ig . 7, 1963) a n d  b y  Ch a t r ia n  (F ig . 1, 1964), th e ir  d is tin c tiv e  c h a ra c te r  
lies in  th e  fac t o f  com bin ing  th ese  period ic  com plexes w ith  r e p e tit iv e  serial 
d ischarges in te r ru p te d  b y  f la t  in te rv a ls . T hese  tw o  a lte rn a tin g  p a tte rn s  
rep re sen t th e  tw o  m a in  ty p e s  o f period ic  p a ro x y sm a l discharges re fe r re d  to  
in th e  in tro d u c tio n . T h ey  m erge m ore th a n  once in to  som e in te rm e d ia te  p a t 
te rn ; fo r in s tan ce  in  su b a c u te  progressive  p an e n c e p h a litis  rep e titiv e  d isch arg es 
m ade u p  o f  p a ro x y sm a l slow e lem ents are  b y  no  m eans uncom m on (T a r i s k a  
[1959], Ló rÁn d  e t al. [1962]) an d  th e  in h ib ito ry  effect of A T Pase m a y  also 
resu lt in  period ic  in d iv id u a l b u rs ts , an d  p a r t ly  in  a “ suppression  b u r s t”  
a c tiv ity  (Ma c c a g n a n i  e t al. [1966]).
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T h e p a th o m e c h a n ism  o f periodic p a ro x y sm a l d ischarges, w h e th e r  we 
c o n s id e r  th e  “ su p p ressio n  b u rs t”  p h en o m en o n  o r th e  period ic  com plexes, 
is s t i l l  obscure.

T h e  E E G  m odel o f “ su p p re ss io n -b u rs t”  is rep roducib le  b y  p a r t ia l  o r 
c o m p le te  co rtica l d e n e rv a tio n , ach ieved  b y  m ean s  of u n d e rc u ttin g  o r o f a 
c irc u la r  iso la ting  in c ision  ( B re m e r  [1935, 1 9 36], K r is t ia n s e n  a n d  Co u r t o is  
[1949], B u r n s  [1951], H e n r y  an d  S coville  [1952], E chlin  [1959], K e l l a  w a y  
e t  a l. [1966]), a n d  th e  h u m a n  c o u n te rp a r t o f  th is  E E G  p h enom enon  i t  is like
w ise th e  m echan ism  o f co rtic a l d en e rv a tio n  w h ich  m u st be co n sid ered  in  th e  
f i r s t  p lace  (F i s c h e r - W il liam s  [1963]). A  s im ila r  m echanism  h as b een  in c ri
m in a te d  fo r o th e r  p e rio d ic  E E G  p h en o m en a  as  w ell (Ch a t r ia n  e t  al. [1964]).

T h e  p re se n t case w as m ark ed  b y  e x te n s iv e  co rtica l d e s tru c tio n , c u ttin g  
o ff  th e  c o rtico -co rtica l in te rco n n ec tio n s o f  th e  a d ja c e n t co rtica l a rea s . M ore
o v e r b y  in v o lv in g  th e  cap su la  in te rn a  an d  o th e r  subco rtica l s tru c tu re s , i t  also 
m a y  h a v e  in te r ru p te d  th e  a ffe ren ta tio n  o f  re la tiv e ly  or co m p le te ly  in ta c t  
c o r tic a l a reas. All th is  is com patib le  w ith  a co rtica l d en erv a tio n  b u t  leaves 
us in  ignorance a b o u t th e  m echanism  b y  w h ich  cortical d e n e rv a tio n  m ay  
le a d  to  th e  reco rd ed  e lec tric  phenom ena . I t  seem s, how ever, c e r ta in  th a t  
e x c ita b ili ty  as well as th e  re fra c to ry  perio d  m u s t  be involved  ( E c h l in  [1959], 
G o l d r i n g  e t al. [1961], S h a r p l e s s  an d  H a l p e r n  [1962], K e l l a w a y  e t al.
[1966]). I t  is o b v io u sly  an  in creased  e x c ita b ility  w hich  accounts fo r th e  period ic  
co m p lex es re m in isc e n t to  a ce rta in  e x te n t o f  ep ilep tic  in te ric ta l seizu re  p o te n 
t ia ls ,  as well as fo r  th e  re p e tit iv e  p a ro x y sm a l d ischarges w hich , on  th e  o th e r 
h a n d , are  s im ila r in  m a n y  resp ec ts  to  th e  ic ta l  E E G  seizure p a t te rn s  o f  ep i
lep sy . C erta in  a u th o rs  co n n ec t th e  s tru c tu ra l  b ack g ro u n d  o f ep ilep tic  seizures 
w ith  a d e n e rv a tio n  m ech an ism  ( E ch lin  [1959]). T his w ould be in  line  w ith  
th e  o b se rv a tio n  t h a t  — as in  th e  p resen t case — th e re  is a d e fin ite  p a ra lle lism , 
th o u g h  n o t  a s tr ic t  co incidence, b e tw een  th e  d evelopm en t o f such  an  E E G  
p a t t e r n  an d  th e  o n se t o f  th e  seizures.

T he “ b o rd erlin e  s ta te ”  arising  in  th e  d e n e rv a te d  co rtex  ( K e l l a w a y  
e t a l. [1966]) re p re se n ts  a m etabolic  s ta te  th e  lab ility  o f w hich  invo lves 
a p ro lo n g ed  re fra c to ry  p e rio d  and  a p a r t ic u la r  v u ln e ra b ility  to  a n y  in c reased  
m e ta b o lic  d em an d , o b v io u sly  also a fte r  p a ro x y sm a l discharges (S h a r p l e s s  
a n d  H a l p e r n  [1962]).

I t  is, fu r th e rm o re , k n o w n  th a t  the  m e m b ra n e  lab ility  in v o lv ed  b y  th e  
“ b o rd e rlin e  s ta te ”  goes h a n d  in  h an d  w ith  w ide  v a ria tio n s  in  th e  th re sh o ld  
o f  c o rtic a l ex c ita tio n  a n d  in  th e  leng th  o f th e  re f ra c to ry  period . In  th e  p re se n t 
case th e  in d iv id u a l p e rio d ic  com plexes a p p e a re d  a t  d ifferent in te rv a ls  ran g in g  
b e tw e e n  1.5 an d  11 sec ., b u t  m ostly  a ro u n d  3 to  3.5 sec. R e p e titiv e  periods 
o f  som e len g th  re q u ire d  a ce rta in  in te rv a l to  re a p p e a r , for in stan ce  th e  in te rv a l 
s e p a ra tin g  tw o  re p e tit iv e  b u rs ts  exceed ing  25 sec. in d u ra tio n  w as n ev er 
s h o r te r  th a n  55 sec. T h e  f la t  in te rv a ls  seen b e tw e e n  th e  in d iv idua l o r re p e tit iv e
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discharges re p re se n t in all lik e lih o o d  th e  re fra c to ry  periods a f te r  th e  serial 
p a ro x y sm al d ischarges as a sign  o f  po o r to le ran ce  an d  in c reased  se n s itiv ity  
of th e  a ffec ted  co rtex . I t  is w ell in  line w ith  these  co n sid e ra tio n s t h a t  u n d er 
th e  in fluence  o f  b a rb itu ra te s  w h ich  a re  k n o w n  to  p ro long  th e  re f ra c to ry  phase 
(F o rbes  e t a l. [1949]) th e  re p e ti t iv e  d ischarges h a d  v an ish ed  a n d  o n ly  in d i
v id u a l com plexes rem ained .

The d iffe re n t theories on  th e  p a tlio m ech an ism  o f p e rio d ic  com plexes, 
p a rtic u la rly  o f  synch ronous b ila te ra l  com plexes described  in  su b a c u te  p ro g res
sive p an en cep h a litis  leave th e  q u es tio n  u n an sw ered  w h e th e r th e  p re d o m in a n t 
p a r t  in  th e ir  p ro d u c tio n  sh o u ld  he ascrib ed  to  co rtica l o r r a th e r  to  m idline 
subco rtica l im p u lses . The p ro p o n e n ts  o f th e  h y p o th esis  o f su b c o rtic a l origin 
allege th a t  as a re su lt of c o rtic a l lesion th e  d estro y ed  s tru c tu re s  rep re sen t 
a vo lum e c o n d u c to r  for th e  tra n sm iss io n  o f  su b co rtica l im pulses to  th e  surface, 
m oreover, th e  sub co rtica l m esia l s tru c tu re s  are re leased  from  th e  con tro l 
o f co rtico re ticu la r  in h ib ito ry  in flu en ces ( N e l s o n  an d  L e f f m a n  [1963]).

This th e o ry  seeks to  a c c o u n t fo r th e  p ro d u c tio n  of b ila te ra l sy n ch ro n o u s 
E E G  p a tte rn s  in  general a n d  i t  m ig h t be a co n v en ien t in te rp re ta t io n  fo r th e  
synchronous b ila te ra l s te re o ty p e  p a tte rn  in  th e  p re sen t case. T h ere  is, how ever, 
ex p erim en ta l p ro o f  th a t  sy n c h ro n isa tio n  ta k in g  effect p a r t ly  b y  cortico- 
co rtica l p a th w a y s , p a r tly  v ia  th e  co rpus callosum  m ay  be  i tse lf  a c c o u n t for 
th e  p ro d u c tio n  o f  ex tensive  sy n ch ro n o u s  b ih em isp h era l p a tte rn s  even  if  th e  
m esial d iencephalic  s tru c tu re s  a re  d am ag ed  (Marc us  an d  W a t s o n  [1966]). 
In  th e  p resen t case the  perio d ic  com plexes ap p ea red  in  th e  f irs t  p lace  on th e  
affected  side, th e  am p litu d es  h a v in g  been  con sid erab ly  low er on th e  c o n tra 
la te ra l side. T h is w ould  d e f in ite ly  p lead  a g a in s t a m esial o rig in  ev en  w hen 
allow ance is b e in g  m ade fo r th e  p o ssib ility  t h a t  an  a c tiv a tio n  o f  th e  la te ra l 
areas of th e  nonspecific  th a la m ic  sy stem  m ay  p roduce  an  a sy m m e tr ic a l cor
tica l reac tio n  ( E nomoto  [1958]).

The p h ase -re la tio n sh ip s  o f  th e  in d iv id u a l com plexes re flec t an  electric  
fie ld  co rrespond ing  to  th e  c o rtic a l p ro jec tio n  o f th e  so ften ed  a re a  whose 
d estru c tio n  m u s t have been s till in  p rogress a t  th e  tim e  o f th e  reco rd ings 
(as suggested  b y  su b seq u en t d im in u tio n  o f  th e  p o ten tia ls ) . O w ing  to  the  
re la tiv ity  of p o te n tia l d ifferences in h e re n t in  th e  b ip o la r te c h n iq u e  i t  is n o t 
possible to  e s tab lish  in  re tro sp e c t w h e th e r th is  fie ld  rep re sen ts  th e  ac tu a l 
source of p o te n tia ls  or m ere ly  an  in ac tiv e  eq u ip o ten tia l fie ld . T h e re fo re  we 
can ’t  p rec lude  th e  possib ility  t h a t  th e  release o f th e  m idline non-specific  re tic u la r  
s tru c tu re s  as a re su lt of co rtica l d e s tru c tio n  m ig h t h av e  p ro v id ed  th e  source  of 
th e  stim u li. H ow ever, th e  a s su m p tio n  o f a tr ig g e rin g  ce n tra l im p u lsa tio n  is la r 
gely h y p o th e tic a l. T h a t an  in te r ru p tio n  o f c o rtico re ticu la r  in h ib ito ry  im pulses 
shou ld  lead to  m an ifes ta tio n s  o f  th is  k in d  is m erely  a co n jec tu re . M oreover, 
i t  is a con firm ed  fac t th a t  d e n e rv a te d  th a la m ic  s tru c tu re s  — in c o n tra s t  to  
th e  co rtex  — do n o t g enera te  perio d ic  im pulses ( K e l l a w a y  e t a l. [1966]).
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B y  th e  su p p o sitio n  o f a subco rtica l g e n e ra tio n  o f im pulses i t  is d ifficu lt 
to  e x p la in  w hy  th e  v a n ish in g  o f  th e  com plexes w as asso c ia ted  w ith  th e  process 
o f  d e s tru c tio n  of th e  c o r tic a l s tru c tu re s , fu r th e rm o re , w h y  a  vo lum e — i.e. 
f a s te r  — conduction  d u e  to  d e s tru c tio n  of th e  b ra in  s tru c tu re s  fa iled  to  rev ea l 
i ts e lf  b y  a  phase sh iftin g  o f  th e  com plexes o f  th e  tw o  sides. A c tu a lly  — as fa r 
as th e  p o o r reso lv ing  c a p a c ity  re su lting  fro m  slow  p a p e r  speed  p e rm its  to  
a s c e r ta in  — these  seem ed  in  fa c t to  coincide in  t im e .

A  b ila te ra l a p p e a ra n ce  o f  p o ten tia ls  w ith  lo w er am p litu d es  in  th e  c o n tra 
la te ra l  h em isphere  is c o m p a tib le  e ith e r w ith  an  a sy m m e tric a l m esial o rig in  or 
-— a c o rtic a l origin b e in g  su p p o sed  — w ith  sp re a d in g  to  th e  o th e r  side b y  th e  
co m m issu ra l system  o f  th e  c o rp u s  callosum . T h e  la t te r  in te rp re ta tio n  m ig h t 
a p p ly  to  th e  p resen t case  since  th e  bu lk  o f th e  sy s te m  o f callosal fib res  h a d  
b e e n  le f t unaffec ted .

T h e  possib ility  o f  a c o rtic a l origin o r o f  c o rtic a l p o te n tia ls  o f evoked  
c h a ra c te r  is su p p o rted  b y  th e  fin d in g  th a t  th e  h e x o b a rb ita l  sleep h a d  m odified  
th e  m o rp h o lo g y  o f th e  com plexes b y  sp littin g  th e m  u p  in  severa l in d iv id u a l 
c o m p o n e n ts . B a rb itu ra te - in d u c e d  m od ifica tions in  th e  co rtica l sy n ap tic  in te r 
re la tio n s  w ould  well a c c o u n t fo r these  fin d in g s.

O n th e  g round  o u tlin e d  in  th e  foregoing лее te n d  to  in te rp re t th e  electric  
p h e n o m e n a  a t  issue as b e in g  o f  co rtical o rig in  a n d  to  re g a rd  th e  in d iv id u a l 
p e r io d ic  com plexes as w ell as th e  “ su p pression  b u r s t”  a c tiv ity  as a m a n i
f e s ta t io n  o f a process in  a d e n e rv a te d  cortica l a re a , a t  v a rio u s levels o f m e ta b 
olic im p a irm e n t, re su ltin g  in  a “ borderline s t a te ” .
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ÜBER DIE REGULATION 
DER EXTREMITÄTENDURCHBLUTUNG 

BEI EXTREMITÄTENLYMPHÖDEM*
Yon

F . S olti , J ú lia  N a g y , J .  Ge r g e l y , M. I s k u m , I . K r a s z n a i ,
A . H ar t a i  und M. Cs il l a g

I .  M E D IZ IN ISC H E  K L IN IK  (D IR EK TO R : P R O F . D R . I. MAGYAR)
D ER  M E D IZ IN ISC H E N  U NIV ERSITÄ T, UND C H IR U R G IS C H E  A BTEILUN G  

(CH EFA RZT: D R . R . G ERG ELY ) DES JÁNOS-KR A N K EN H A U SES BUDAPEST

(E ingegangen am 28. Dezem ber 1968)

Bei 8, an E xtrem itäten lym phödem  leidenden K ranken wurden m it H ilfe der 
venösen Isotopd ilutionsm ethode Durchblutung, vaskulärer W iderstand, 0 2-A ufnahm e  
sowie M inutenvolum enfraktion in  der E xtrem ität untersucht. Die Ergebnisse w urden  
m it den entsprechenden Param etern von 44 kreislaufgesunden Personen verglichen . 
D ie U ntersuchungen ergaben, daß sich auf W irkung einer anhaltenden L ym phstauung  
in der E xtrem ität die Durchblutung wesentlich erhöht, der Gefäßwiderstand abn im m t, 
die M inutenvolum enfraktion ansteigt, die 0 2-A ufnahm e von  der Norm jedoch  n ich t  
signifikant abw eicht. D ie R egulation der E xtrem itätendurchb lu tung ändert sich  e n t
gegengesetzt als in F ällen , in  denen es sich um  eine H inderung des venösen A bflusses  
handelt. Es wird angenom m en, daß bei E xtrem itäten lym phödem  ein bedeutender T eil 
des B lutes — w ahrscheinlich  wegen der veränderten R egulation  der M ikrozirkulation — 
nicht durch die nu tritiven  (kurzen) Gefäßbahnen fließ t.

B ek an n tlich  f ü h r t  sow ohl eine a n h a lte n d e  Insu ffiz ienz  des L y m p li- 
ab flusses (m echan ische  In su ffiz ien z  der E x tre m itä te n ly m p h d u rc h b lu tu n g )  als 
au ch  die In su ffiz ien z  des venösen  A bflusses (V ersch luß  einer größeren  E x t r e 
m itä te n v e n e ) zu r E n tw ic k lu n g  eines E x tre m itä te n ö d e m s . D as ly m p h s ta u u n g s- 
b ed in g te  E x tre m itä te n ö d e m  — E x tre m itä te n ly m p h ö d e m  — u n te rsc h e id e t 
sich  ab e r von dem  d u rc h  V eneninsuffizienz v e ru rsa c h te n  E x tre m itä te n ö d e m  
in  b ed eu ten d em  M aße. D as e rs te rw äh n te  Ö dem , d as  sich h au p tsä c h lic h  a u f  
die su b k u ta n e n  G ew ebe lo k a lis ie rt, is t des h o h en  E iw eiß g eh a lts  des E x u d a ts  
zufolge von  d ic h te r  S tru k tu r .  E in  anderer b e a c h te n sw e rte r  U n te rsch ied  is t, 
d a ß  w äh ren d  n a c h  d u rc h  eine m echanische In su ffiz ien z  d er venösen  E x t r e 
m itä te n d u rc h b lu tu n g  v e ru rsa c h te n  Ö dem en h ä u fig  H a u tu lz e ra tio n en  u n d  
G ew ebenekrosen  e n ts te h e n , bei H au tly m p h ö d em  N ekrose oder an d e re  tro -  
ph ische S tö ru n g en  n u r  se lten  au ftre ten .

A ufg rund  des G esag ten  d ü rfte  angenom m en  w erden , d aß  in b ezu g  a u f  
die R egu la tion  des E x tre m itä te n k re is lau fs  zw ischen  d er L y m p h s ta u u n g  u n d  
d e r venösen S ta u u n g  ein  U n te rsch ied  b e s te h t. W ä h re n d  die E in w irk u n g  d er 
venösen  K re is lau fin su ffiz ien z  a u f  die D u rc h b lu tu n g  u n d  a u f  die 0 2-A ufnalim e 
d e r E x tre m itä te n  v o n  m eh reren  V erfassern  u n te rs u c h t  w urde , s te h e n  im  
Z u sam m en h an g  m it d e r  L y m p h s ta u u n g  keine d iesbezüg lichen  ex p e rim en te llen  
A ngaben  zur V erfü g u n g .

*Vortrag gehalten  an der Angiologischen Tagung, Szeged 1968.
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D as Ziel v o rlieg en d er A rb e it w ar d ie  U n te rsu c h u n g  d er R e g u la tio n  des 
B lu tk re is la u fs  bei E x tre m itä te n ly m p h ö d e m .

Material und M ethodik

D ie U ntersuchungen w urden bei 8 an typ ischem  L ym phödem  der unteren E xtrem itäten  
le id en d en  P atienten durchgeführt. In  6 der 8 Fälle m eld ete  sich das Lym phödem  bei Erwachse
nen  n ach  durch w iederholtes E rysipelas bzw. m ykotisches E kzem  verursachter L ym phangitis. 
In  2 F ällen  entw ickelte sich das L ym phödem  w ährend der Pubertät (lym phoedem a praecox). 
S äm tlich e  Patienten waren kardial kom pensiert. Zwecks U nterstützung der verm uteten

A bb. 1 Abb. 2

L ym phkreislaufstörung wurde b e i jedem  der 8 P a tien ten  E xtrem itäten lym phangiographie  
vorgen om m en (intrakutane Zufuhr von  E vansblau , H erauspräparierung der sichtbar gewor
d en en  L ym phgefäße des Fußrückens, Injizierung v o n  5— 10 m l öligem  Jodetryl). D ie  lym phan- 
giographischen Aufnahm en w iesen  in  jedem  F all a u f die Störung des E x trem itä ten - bzw. 
p elv isch en  Lym phkreislaufs (lym phatischer R eflux , varikös erweiterte L ym phgefäße, L ym ph
gefäßversch luß) hin. A bbildungen 1 und 2 veranschaulichen zwei charakteristische lym phangio- 
graphische Aufnahmen.

U m  die M öglichkeit eines — eventuell g leichzeitig  bestehenden — venösen  Verschlusses 
aussch ließen  zu können, haben w ir bei allen P a tien ten  an der ödem atösen E x trem itä t auch 
die V enographie (Phlebographie) durchgeführt. A u f e in en  venösen Verschluß w eisende Zeichen 
w aren  in  keinem  der Fälle vorzufinden. Die w ichtigeren  Angaben unserer P a tien ten  sind in  
T a b elle  I dargestellt.

Zur Messung der D urchblutung der ödem atösen  unteren E xtrem itä t d ien te  unser 
v en ö ses  Isotopdilutionsverfahren [1]. Mit Hilfe dieser M ethode verm ochten w ir innerhalb  
einer Fehlergrenze von  5— 10%  die durch die V . fem oralis ström ende B lutm enge, d. h. die 
to ta le  Durchblutung der betreffenden unteren E x trem itä t genau zu m essen. D en  О »-Ver
brauch  der E xtrem ität haben w ir anhand des Q uotien ten  der Durchblutung und der arterio
v en ö sen  0 2-Differenz ausgerechnet. Die B estim m ung des O a-Gehaltes der A. und  V . femoralis
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erfolgte aus durch direkte Punktion entnom m enen B lutproben , m it H ilfe des K ippschen O xy
m eters. Der B lutdruck wurde über der A . brachialis m it A uskultationsm ethode, m it einem  
Q uecksilberm anom eter gem essen. Zur B estim m ung des H erzm inutenvolum ens d iente, nach  
i .v . V erabreichung von  50 m g E vansblau, die Farbendilutionsm ethode. Die B lutproben wurden  
aus der A. fem oralis m ittels Punktion sekündlich entnom m en. Die M inutenvolum enfraktion  
der betreffenden unteren E xtrem ität wurde aus der Durchblutung und der H erzm inu ten
volum enfraktion  errechnet. Der in  der V . fem oralis herrschende Druck wurde im  Liegen m it 
dem  M o r it z—TABORAschen Apparat gem essen.

A ls K ontrolle dienten die entsprechenden Param eter von  44 Personen m it in taktem  
К  reislauf.

B ei der Bewertung der Angaben k a m  der STUDENTSche t-Test zur A n w en d u n g .

Ergebnisse

D ie an läß lich  der U n te rsu c h u n g  d er E x tre m itä te n d u rc h b lu tu n e  u n se re r
О  О

a c h t, a n  E x tre m itä te n ly m p h ö d e m  le id en d en  P a tie n te n  e rm itte lte n  E rg eb n isse  
v e ra n sc h a u lic h t T abelle I.

Ta b el l e  I

Regulation der Extremitätendurchblutung bei Lymphödem

Nr.
N am e, A lter, Geschlecht 

Diagnose
RR

mmHg
CO

1/min
TV R

dyn • sec • cm r
LBF

ml/min
LVR

dyn • sec • c m '1
LO,C

ml/min
V/

mm
W asser

LCOF
%

В . K . 26 ?
i . L ym phoedem a  

praecox  
N . 0 .  77 ?

115/80 5,9 0 ,9 7 x 1 3 3 640 8 ,9 x 1 3 3 2 15,0 90 n ,i

2. Lym phödem .
H ochdruck 210/100 5,5 1 ,5 6 x 1 3 3 2 1300 6 ,6 x 1 3 3 2 22,0 46 23,6

D . SZ. 64 3

3. Lym phödem  

J . 0 .  32 •*о

170/90 5,0 1 ,4 8 x 1 3 3 2 650 10 ,6x1332 18,5 88 13,0

4. L ym phödem  

T. N . 30 $

140/80 4,4 1 ,3 6 x 1 3 3 2 330 19 ,2x1332 12,5 105 7,5

5. Lym phödem  

P . L. 40 3

130/85 5,4 1 ,1 1 x 1 3 3 2 390 15 ,4x1332 14,0 100 7,3

6. L ym phödem  

M .V . 39 $

135/90 4,7 1 ,3 4 x 1 3 3 2 400 15 ,7 x 1 3 3 2 13,0 91 8,5

7.
L ym phoedem a  

praecox  
J .T .  44 ?

140/80 5,2 1 ,2 7 x 1 3 3 2 420 14 ,3x1332 13,5 88 8,1

8. Lym phödem 125/80 5,8 0 .8 9 x 1 3 3 2 580 8 ,9 x 1 3 3 2 7,0 10.0

D ie bei un seren  8 ly m p h ö d em a tö sen  P a tie n te n  gew onnenen R e su lta te  
w u rd e n  m it den  en tsp rech en d en  P a ra m e te rn  d e r K o n tro llg ru p p e  v e rg lich en .

2 Ada Medic a Acadetniae Scienliarum Hungaricae 27 1970



18 F. SOLTI u. Mitaib.

D ie w ich tig e ren  D a te n  d er s ta tis tisc h e n  A n a ly se  hab en  w ir in  T abe lle  I I  
z u sa m m e n g e faß t.

Tabelle II

Vergleich der normalen Durchschnittswerte m it den Extremitäten-Kreislaufangaben  
bei Extremitätenlymphödem

P» CO TVR LB F LVR l o 2c V / J LCOF

А 8 8 8 8 8 8 7 8

В 44 42 42 44 44 44 40 42

А 103 (7,0) 5,2  (0,5) 1,25  (0,12) 5 9 0 (1 ,4 ) 12,5  (2,5) 14,4 (3,0) 87 (7,5) 11,4 (0,9)

В 102 (6,2) 5,0  (0,5) 1,26 (0,15) 360 (1,0) 18,6 (3,1) 13,8  (3,1) 72 (6,7) 7,2 (0,8)

D ifi.

(В - A )

+  1 —  0 ,2 + 0 , 0 1 — 230 + 6 ,1 —  0 ,6 - 1 5 - 4 , 2

s D iff. 

( B - A )

0 ,2 0,9 0 ,1 1 2 ,1 3,9 0,4 1,2 2 ,2

P > 0 , 8 > 0 ,3 > 0 ,9 < 0 ,0 5 < 0 ,0 1 > 0 , 6 > 0 ,3 < 0 ,0 5

Abkürzungen in Tabellen I und II

n
X
A
В
P
P m

=  A nzahl der Fälle  
=  Durchschnittswerte und  
— Angaben bei Lym phöde  
=  Kontrollwerte 
=  W ahrscheinlichkeitszahl 
=  arterieller M itteldruck

[Prf +  l /3x (Pf - P „ ) ]

CO =  Herzm inutenvolum en  
Streuung ( +  ) TVR =  Gefäß widerstand im großen K reislauf 
m LBF =  Durchblutung der unteren E xtrem ität

LVR =  Gefäßwiderstand der unteren E xtre
m ität

L 0 2C =  О 2-Aufnahm e der unteren E xtrem ität 
Y j  =  Druck in der V. femoralis 
LCOF =  Herzm inutenvolum enfraktion der D urch

b lu tu ng der unteren E xtrem ität

W ie aus den  T ab e llen  I  und  I I  e rs ich tlich , is t die E x tre m itä te n d u rc h -  
b lu tu n g  w esen tlich  h ö h e r, u n d  der E x tre m itä te n -G e fä ß w id e rs ta n d  w esen tlich  
n ie d rig e r , als die b ezüg lichen  D u rc h sc h n itts -  bzw . N orm alw erte . D ie M in u te n 
v o lu m e n fra k tio n  d e r E x tre m itä te n d u rc h b lu tu n g  is t höher als n o rm a l, die 
O ,-A u fn ah m e  der E x tr e m itä t  u n d  d er D ru c k  d e r V . fem oralis w eichen  jedoch  
v o n  d en  D u rc h sc h n ittsw e rte n  n ich t w esen tlich  a b . D ie W erte  des B lu td ru c k s , 
des M in u ten v o lu m en s u n d  des W id e rs ta n d s  im  großen  K re is lau f w aren  in 
d er ly m p h ö d e m a tö se n  u n d  der K o n tro llg ru p p e  n ah ezu  iden tisch .

U m  die bei E x tre m itä te n ly m p h ö d e m  zu stan d ek o m m en d en  Ä nderu n g en  
d e r E x tre m itä te n d u rc h b lu tu n g  zu v e ra n sc h a u lich e n , hab en  w ir in  A b b ild u n g  3 
die n o rm a le n  sowie d ie  bei u n se ren  ly m p h ö d e m a tö se n  P a tie n te n  gew onnenen  
D u rc h sc h n ittsw e rte  des M inu tenvo lum ens, d e r  E x tre m itä te n d u rc h b lu tu n g , des
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E x tre m itä te n g e fä ß w id e rs ta n d e s , d e r 0 2-A u fn ah m e  d er E x tre m itä te n  sowie 
der M in u ten v o lu m en frak tio n  d er E x tre m itä te n d u rc h b lu tu n g  g rap h isch , in 
F orm  von  S äu len d iag ram m en  d a rg es te llt.

Abb. 3

Besprechung

D ie A usw irk u n g  des g eh in d erten  v en ö sen  A bflusses au f den E x tr e m itä 
te n k re is la u f  (S te igerung  des venösen  D ru c k s , V enenversch luß) w u rd e  von  
zah lre ichen  F o rsch e rn  eingehend  u n te rs u c h t;  n a c h  der M ehrzahl k o m m t es 
a u f  W irk u n g  e in er w esen tlichen  S te ig eru n g  des V enendrucks u n d  d e r  V er
lan g sam u n g  des venösen  A bflusses a llm äh lich  z u r  V erm inderung  d e r  E x tr e 
m itä te n d u rc h b lu tu n g  [2 — 10].

U nsere v o ran g eh en d en  U n te rsu c h u n g e n  e rg a b e n , d aß  bei n a c h  V . fem o- 
ra lis-T hrom bose  a u ftre te n d e m  E x tre m itä te n ö d e m  in  d er E x tre m itä t  d ie  D u rc h 
b lu tu n g  p a th o lo g isch  n ied rig , d er G e fä ß w id e rs ta n d  w esentlich  g e s te ig e rt u n d  
die M in u ten v o lu m en frak tio n  n ied rig e r als no rm ale rw e ise  sind  [11].

P u g l io n isi  u n d  M ita rb . [12] v e rm o c h te n  bei th ro m b o p h le b itisb e d in g 
te m  E x tre m itä te n ö d e m  die v e rlan g sam te  R e so rp tio n  von  22N a aus d em  M uskel, 
d. h . die V erm in d eru n g  d er M u sk e ld u rch b lu tu n g  nachzuw eisen .

D ie E in w irk u n g  d er m echan ischen  In su ffiz ien z  des L y m p h k re is lau fe s  
a u f  den  B lu tk re is la u f  is t eine n o ch  ziem lich  u n g e k lä r te  F rag e . Ca l n a n  und  
M ita rb . [13, 14] h ab e n  in  ein igen , k lin isch  als ly m p h ö d em atö s  e rsch e in en d en  
F ällen  von  E x tre m itä te n ö d e m  den  A bfluß  in  d e r  V . iliaca e x te rn a  gem essen  
u n d  dabei n ied rige  W erte  v o rg e fu n d en . D a je d o c h  die L y m p h o g rap h ie  N o rm al-
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V e rh ä ltn is se  zeigte, w ä h re n d  d e r v en o g rap h isch e  B efund  a u f  die H in d e ru n g  
d es  v e n ö se n  A bflusses h in w ies , k a n n  fe s tg e s te llt  w erden , d aß  es sich  in  den  
u n te r s u c h te n  F ällen  u m  v e n e n o b s tru k tio n sb e d in g te  Ö dem e h a n d e lte . A n lä ß 
lic h  d e r  in  zwei F ä llen  d u rc h g e fü h rte n  E x p lo ra tio n  w ar eine v e rn a rb u n g s 
b e d in g te  A bschnürung  d e r Y . iliaca e x te rn a  v o rzu fin d en ; n ach  L ö su n g  der 
A b k le m m u n g  n o rm alis ie rte  sich  die D u rc h b lu tu n g  d er Y. iliaca . D ie  zu r 
U n te r s u c h u n g  des sich in  d e n  E x tre m itä te n  absp ie len d en  131J -  u n d  131J-A lb u - 
m in tr a n s p o r ts  d ienenden  L y m p h g efäß - bzw . V en en o b s tru k tio n sv e rsu ch e  von 
N a v i t a  [15] fü h rte n  zu r F o lg e ru n g , daß  d ie  In su ffiz ien z  des L y m p h k re is lau fs  
— im  G egensa tz  zu r V e n e n o b s tru k tio n  — k e in e  V erm inderung  d e r  E x tre m i
tä te n d u rc h b lu tu n g  v e ru rs a c h t.

U n se re  vorliegenden  E x p e rim e n te  w eisen  d a ra u f  h in , daß  sich  b e i E x tre -  
m itä te n ly m p h ö d e m  die R e g u la tio n  der E x tre m itä te n d u rc h b lu tu n g  b e d e u te n d  
u n d  a u f  e igenartige  W eise ä n d e r t :  D ie d u rc h  d ie  E x tre m itä t  s trö m e n d e  B lu t
m e n g e  e rh ö h t sich, der G e fäß w id e rs tan d  n im m t ab  u n d  die M in u ten v o lu m en 
f r a k t io n  d e r  E x tre m itä t  s te ig t  an . B e a c h te n sw e rt is t auch  der U m s ta n d , daß  
d iese  s ic h  im  L aufe des L y m p h ö d em s en tw ick e ln d e  Ä nderung  von  e n tg e g e n g e 
s e tz te m  T y p  is t, als die be i d u rc h  V enen insu ffiz ienz  v e ru rsach tem  E x tr e m itä te 
n ö d e m  b e o b a c h tb a re  R e g u la tio n sä n d e ru n g  [11]. D ie an g efü h rten  B e fu n d e  e r
m ö g lic h e n  au ch  die E rk lä ru n g  d e r  T a tsach e , w esh a lb  sich — der V e rm in d e ru n g  
d e r  E x tre m itä te n d u rc h b lu tu n g  zufolge — n a c h  v e n e n o b s tru k tio n sb e d in g te m  
E x tre m itä te n ö d e m  h äu fig  tro p h isc h e  S tö ru n g e n  u n d  N ekrose en tw ic k e ln , 
w ä h re n d  b e i E x tre m itä te n ly m p h ö d e m  — t r o tz  d e r  hochgrad igen  A n sch w el
lu n g  d e r  G ew ebe — keine tro p h isc h e n  S tö ru n g e n  a u ftre te n .

N ic h t  w eniger in te re s s a n t  is t au ch  d ie  A nalyse jen e r R e g u la tio n s 
m e c h a n ism e n , die im  F a lle  e in e r  m ech an isch en  In suffiz ienz  des L y m p h k re is 
la u f s  d e n  b ed eu ten d en  A n stieg  d e r D u rc h b lu tu n g  u n d  die b ed eu ten d e  A b n a h m e  
des G e fäß w id ers tan d es  in  d e r  E x tre m itä t  v e ru rsa c h e n . A ufgrund  u n se re r  E rg e b 
n isse  k a n n  der M echanism us d e r Ä n d eru n g  d e r  E x tre m itä te n d u rc h b lu tu n g  
s e lb s tv e rs tä n d lic h  n ic h t re s tlo s  g ek lä rt wTe rd e n , einige A ngaben  e rla u b e n  
je d o c h  in  bezug  a u f den  P a th o m e c h a n ism u s  d e r  b eo b ach te ten  K re is la u f
v e rä n d e ru n g e n  gewisse F o lg e ru n g en . A uffa llenderw eise  e rh ö h te  sich  bei 
L y m p h ö d e m  die E x tre m itä te n d u rc h b lu tu n g  n a h e z u  a u f das D o p p e lte  des 
N o rm a lw e r ts , w äh ren d  die 0 2-A ufnahm e im  V e rh ä ltn is  zu r N orm  k e in e  sign i
f ik a n te  A bw eichung zeig te . D a ra u s  is t zu fo lg e rn , d aß  sich a u f  W irk u n g  der 
L y m p h s ta u u n g  in  e rs te r L in ie  d ie  n ic h t n u t r i t iv e  F ra k tio n  d er E x tr e m itä te n 
d u rc h b lu tu n g  (sog. S h u n t-D u rc h b lu tu n g )  e rh ö h t. E in  b e d e u te n d e r T eil des 
B lu te s  u m g e h t som it die n u tr i t iv e n  K ap illa ren . B e k a n n tlic h  kön n en  in  gew issen 
F ä lle n  zw ischen  den L y m p h g e fäß en  u n d  d en  b e n a c h b a r te n  V enen u n m it te l 
b a re  V e rb in d u n g e n  — ly m p h o v en ö se  S h u n ts  — nachgew iesen w erd en . N ach  
T h r e e f o o t  u n d  M itarb . [16 17] is t fü r  die E rö ffn u n g  der a n n e h m b a r p rä fo r-  
m ie r te n  lym phovenösen  A n asto m o sen  die In su ffiz ien z  des L y m p h ab flu sse s
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bzw . der p a th o lo g isch e  A nstieg  des L y m p lid ru ck s  in  den  be tre ffenden  L y m p h - 
s täm m en  v e ra n tw o rtlic h .

A ufg rund  d ieser A ngaben  k ö n n te  a n g en o m m en  w erden , d aß  bei E x tre -  
m itä te n ly m p h ö d e m  ein Teil d e r  L ym phe d u rc h  V e rm ittlu n g  d er ly m p h o v en ö - 
sen A nastom osen  d u rch  das V en en sy stem  a b tr a n s p o r t ie r t  w ird . N ach u n se ren  
U n te rsu ch u n g en  is t  jedoch  b e i E x tre m itä te n ly m p h ö d e m  die M enge des m in ü t
lich  durch  die V . fem oralis s trö m en d en  B lu tes  ca . 200 m l m ehr als n o rm a le r
weise. E inen  d e ra r t  hochgrad igen  D u rc h b lu tu n g sa n s tie g  k a n n  die ev en tu e lle  
E rö ffnung  d e r ly m p h o v en ö sen  A nastom osen  a lle in  n ic h t  v e ru rsach en , so d a ß  
au ch  die Rolle a n d e re r  F a k to re n  in F rag e  k o m m t. E in  solcher, die g esam te  
(n ich t n u tr i t iv e )  E x tre m itä te n d u rc h b lu tu n g  s te ig e rn d e r  F a k to r  k ö n n te  die 
ly m p h s tau u n g sb ed in g te  E n tw ick lu n g  län g e re r a rte rio v en ö se r G efäß b a lin en  
sein . D ieser A n n a h m e  w id e rsp rich t ab e r d er U m s ta n d , d aß  w ir bei u n se ren  
an  E x tre m itä te n ly m p h ö d e m  le idenden  P a tie n te n  an läß lich  der M essung d er 
D u rch b lu tu n g  d e r  V . fem oralis w eder eine p u ls ie re n d e  B lu ts trö m u n g  n o ch  
S trö m u n g sg eräu sch e  an  der b e tre ffen d en  u n te re n  E x tr e m itä t  zu  b e o b a c h te n  
v erm o ch ten . E in e  andere  M öglichkeit w äre , d a ß  sich  w äh ren d  d er m e c h a n i
schen  In su ffiz ienz  des L y m p h k re is lau fs  die M ik ro z irk u la tio n  d e r E x tr e m itä t  
ä n d e r t  u n d  ein b e d e u te n d e r T eil des B lu tes aus d en  M eta rte rio len  in  d ieV en u len  
d u rch  die k ü rz e re n  B ah n en , d ie  sog. S trö m u n g sk a p illa re n  gelang t. D ie A n zah l, 
Ö ffnung u n d  S ch ließung  d e r  n ich t n u tr i t iv e n , k u rz e n  M ik ro z irk u la tio n s
b a h n e n  w ird  d u rc h  n eu ra le , h u m o ra le  u n d  S trö m u n g se in w irk u n g en  re g u lie rt. 
D ie F rage , w elchem  E reignis bzw . F a k to r  zufo lge sich  die R eg u la tio n  d er 
Mik ro z irk u la tio n  ä n d e r t, k ö n n e n  w ir v o rläu fig  n ic h t  b ean tw o rte n .

Schließlich m u ß  auch d ie R olle eines d r i t te n  F a k to rs  in  B e tra c h t gezogen 
w erden : A u f W irk u n g  einer a n h a lte n d e n  L y m p h s ta u u n g  k ö nnen  in  d er W an d  
d er K leingef aßc  au s E iw eiß im b ib itio n  s tam m en d e , d eg en era tiv e  V e rän d eru n g en  
en ts teh en ; im  F a lle  einer m ech an isch en  In su ffiz ien z  des k ard ia len  L y m p h 
kreislaufs lassen  sich  in  d e r W an d  d er k le in en  K ran zg efäß e  d eg en era tiv e  
Schädigungen  nachw eisen  [18].

Zur K lä ru n g  d er P ro b le m a tik , ob sich  bei E x tre m itä te n ly m p h ö d e m  
infolge der E iw e iß tra n sp o r ts tö ru n g  der G efäß w an d  in  den  K leingefäßcn  d eg e 
n e ra tiv e  V erän d eru n g en  en tw ick e ln  und  w elche R olle diese V erän d e ru n g en  
in  d er Ä n d eru n g  d e r E x tre m itä te n m ik ro z irk u la tio n  spielen, sind  wre itero  
U n te rsu ch u n g en  erfo rderlich .

Ä hnlicherw eise  k an n  die F ra g e , a u f  w elche W eise sich a u f  W irk u n g  d e r 
chronischen  L y m p h s ta u u n g  d a s  zw ischen d er n u tr i t iv e n  u n d  d er g e sam ten  
E x tre m itä te n d u rc h b lu tu n g  b es teh en d e  V erh ä ltn is  ä n d e r t ,  lediglich m it H ilfe  
w eite re r U n te rsu ch u n g en  b e a n tw o r te t  w erden.
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Für die Durchführung der m athem atisch -statistischen Berechnungen w ollen  w ir Herrn 
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in st itu ts  der Ungarischen A kadem ie der W issenschaften) unseren aufrichtigen D an k  zukom 
m en lassen .
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EFFECT OF DIETARY CHOLESTEROL 
ON VITAMIN C METABOLISM 
IN LABORATORY ANIMALS

By

E . G intek

IN STITU TE O F HUMAN N U T R IT IO N  RESEA RCH , BRATISLAVA, CZECHOSLOVAKIA 

(R eceived  January 18, 1969)

Л cholesterol-supplem ented diet has been found to increase the consum ption  
o f v itam in C in guinea-pigs, as reflected by a reduction  o f v itam in C concentration in 
th e  tissues and increase o f its  urinary output. In rabbits and albino ra ts, animals 
w hich are capable o f syn thetiz ing  ascorbic acid, cholesterol feeding results in  an accu
m ulation o f vitam in  C in the tissu es and an increased elim ination in  the urine, as a 
sign  of enhanced ascorbic acid biosynthesis. The reactions in either ty p e  o f animals 
— capable or incapable o f ascorbic acid synthesis — m ay be connected w ith  the situ
ation  enhancing the ascorbic acid dem and o f the body to which species w ith  a different 
ascorbic acid m etabolism  w ould respond in a d ifferent m anner. The question  whether 
the m echanism  arises from a non-specific stress situation  or whether it  in v o lves specific 
interrelations betw een cholesterol and ascorbic acid m etabolism  is discussed.

A ccording to  recen t ev idence , h igh  doses o f  v i ta m in  C red u ce  th e  blood 
cho lestero l level in  cho lestero l-fed  la b o ra to ry  an im als  [1 —4 ], w hile  chronic 
v ita m in  C defic iency  leads to  an  increase of t h e  cho lestero l c o n c e n tra tio n  in 
gu inea-p ig  tissues [5].

H ow  fa r th e  o p p o s ite  is a lso  tru e , i.e. w h e th e r  a cholestero l d ie t  affects 
th e  m etabo lism  o f ascorb ic  ac id , is a question  w h ich  h as  received  l i t t le  a t te n 
tio n . In  search  fo r a su itab le  e x p e rim e n ta l m odel o f h y p erch o le s te ro laem ia  [6] 
we n o ted  th e  occurrence  o f v ita m in  C defic iency  m ark ed  b y  h aem o rrh ag es  
in a g rea te r n u m b e r o f gu inea-p igs fed a h igh  cho leste ro l d ie t th a n  o f  those 
b e ing  k e p t on a n o rm a l cho leste ro l d ie t, w hile th e  exogenous su p p ly  o f  v itam in  
C w as th e  sam e in  b o th  g roups. T h is  p o in ted  to  th e  p o ssib ility  t h a t  a m assive 
cholestero l in ta k e  m ig h t in crease  th e  v ita m in  C d em an d s o f th e  o rgan ism . 
To c larify  th is  p o in t w as th e  a im  o f th e  p re se n t s tu d y , ca rried  o u t in  tw o  differ
e n t species, one in c a p a b le  a n d  a n o th e r  cap ab le , o f  v ita m in  C sy n th es is . The 
gu inea-p ig  was se lec ted  as a re p re se n ta tiv e  o f  th e  f irs t  ty p e , th e  a lb ino  ra t  
an d  th e  r a b b it  as tho se  o f th e  second.

M aterial and methods

Male guinea-pigs o f 250 to 450 g in itia l weight, m ale W istar rats o f  200 to 250 g initial 
w eight and m ale albino rabbits o f 2000 to 2400 g in itia l w eight were used. The guinea-pigs 
were offered a m odified , vitam in C-free L u n d e  diet o f the follow ing com position  (g): oat 
flakes 10,000, wheat bran 4,000, dried m ilk 3,000, butter 2,000, com m on salt 200, sa lt m ixture  
100, cod liver oil 25 ml, vitam in В com plex Spofa 100 pills. The salt m ixture contained
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(in  g): СаСОз, 600; К 2Н Р 0 4, 645; NaCl, 335; M g S 0 4 • 7 H 20 ,  204; С а Н Р 0 4 • 2 Н 20 ,  150; 
F e c itra te  • 6 Н 20 ,  55; M n S 0 4 • 4Ы 20 ,  10; K I, 1.6; C u S 0 4 • 5 H ,0 ,  0.6; ZnCl2, 0 .5. Compo
sitio n  o f  th e  “ В com plex Spofa”  p ills (m g per pill): th iam ine hydrochloride, 2; riboflavin , 2; 
p yrid ox in e  hydrochloride, 1; Ca pan thotenate , 3; n icotinam ide, 20. The rats were given  the  
stan dard  LARSEN-type rat food [7 ], which is also free o f  v ita m in  C.

T he guinea-pigs and rabbits o f  the test groups were adm inistered 0.3%  o f  cholesterol, 
d isso lv ed  in  the fa tty  com ponent o f  the diet. R ats w hose tolerance to exogenous cholesterol 
is far  greater, received 2%  cholestero l in the diet. V itam in  C w as withheld from  the anim al 
species capable o f ascorbic acid syn th esis  (rabbits, rats) w hile to  the guinea-pigs it  w as adm in
istered  orally  by a tube as a so lu tion , 5 m g daily three tim es a week. The d iets (w ithout 
a d d ition a l cholesterol) corresponded to  the normal grow th o f all three ty p es o f  animal. 
A d d itio n  o f  cholesterol was found significantly  to reduce the growth rate o f  the guinea-pigs 
and ra b b its  w ithout, how ever, a ffectin g  the w eight curve o f  the rats.

A t th e  end of the experim en t the animals were decapitated  17 hours after the last 
feed in g . T he concentration o f v ita m in  C [8], in  some cases also th a t o f dehydroascorbic acid [9] 
w ere determ ined in  the tissues. In  tw o experim ental series, the guinea-pigs and rats were 
k ep t in  m etabolic  cages during th e  entire period and the 24-hour urinary output o f  v itam in  C [8] 
w as determ ined (in guinea p igs invariab ly  on the day  after ascorbic acid adm inistration).

T he results were sta tistica lly  evaluated by St u d e n t ’s i-test. The tab les lis t averages 
+  S .E . F urther details o f the in d iv id u a l experim ents and num bers o f anim als under investi
g a tio n  w ill be given below.

R esu lts and discussion

1 . E ffect o f  cholesterol on v ita m in  C m etabolism  in  the gu inea-p ig

T a b le  I  sum m arizes th e  re su lts  of fo u r s e p a ra te  series o f  ex p erim en ts  
in  w h ic h  th e  effect o f 0 .3 %  a d d itio n a l d ie ta ry  cho lestero l w as ex am in ed  on 
th e  a sco rb ic  acid c o n te n t o f  th e  liver, spleen a n d  ad ren a ls  in  g u inea-p igs. T he 
d u ra t io n  o f th e  in d iv id u a l ex p erim en ts  v a rie d  b e tw een  20 a n d  140 days. 
T h e  re su lts  show ed a d im in ish in g  ten d en cy  o f  th e  tissu e  o f v i ta m in  C con
c e n tr a t io n  u n d er th e  e ffec t o f  cholesterol feed ing . T he decrease o f  v ita m in  C 
in  th e  spleen was s ig n if ic a n t, regardless o f  th e  perio d  o f cho leste ro l d ie t. 
V ita m in  C co n cen tra tio n  in  th e  liver show ed no  sig n ifican t re d u c tio n  unless 
th e  p e r io d  o f cholesterol d ie t  exceeded  140 d ay s . I n  th e  ad ren a ls  th e  red u c tio n  
o c c u rre d  sooner. C ho lestero l-fed  guinea-pigs a c c u m u la ted  s ig n if ican t am o u n ts  
o f  c h o le s te ro l in  th e ir  tis su e s  [6].

I n  an o th e r series o f  11 cholestero l-fed  gu inea-p igs an d  9 co n tro ls  th e  
2 4 -h r  u r in a ry  e lim ina tion  o f  v i ta m in  C w as s tu d ie d  from  th e  6 th  to  th e  72nd 
d a y  o f  ad d itio n a l cho lestero l feed ing . R esu lts p re se n te d  in  T ab le  I  show  th a t  u r i
n a r y  o u tp u t  of v ita m in  C in c rea sed  s ig n ifican tly  d u rin g  th e  f i r s t  25 days of 
c h o le s te ro l feeding, to  dec line  a fte rw ard s to  th e  co n tro l ran g e .

2. E ffect o f  cholesterol on v ita m in  C m etabolism  in  the rat

T ab le  I I  sum m arizes th e  resu lts  of tw o  series w here th e  e ffec t o f cho
le s te ro l fed  over 87 a n d  196 d ay s , re spec tive ly , on  th e  v ita m in  C c o n te n t of 
th e  tis su e s  was s tu d ied . I n  th e  87 -day  series, v i ta m in  C c o n c e n tra tio n  in  th e  
liv e r  in c reased , w hile in  th e  o th e r  organs in c lu d in g  b lood , i t  w as u n affec ted .
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T ab i c  I

Vitam in C concentration in tissues (m g per 100 g wet tissue) 
and urine (m g per 24 hrs) o f  control and cholesterol-fed guinea-pigs

S tatistical
experim ent (days) Tissue Control group Cholesterol group significance

Num ber of animals 10 10

Liver 6.6 +  0.9 5.1 +  0.3 —

20 Spleen 20.6 +  1.6 17.2 +  0.6 P  <  0.1

Adrenals 40.1 +  2.4 32.3 ±  2.2 P  <  0.05

Num ber o f animals 7 7

Liver 6.1 +  0.6 5.2 ±  0.4 —

73 Spleen 19.7 +  1.9 14.2 +  1.4 P <  0.05

Adrenals 33.6 +  3.2 27.1 ±  0.8 P  <  0.1

Num ber of animals 10 10

Liver 3.6 +  0.3 3.9 +  0.5 —
80 Spleen 15.2 ±  0.6 11.8 +  0.6 P  <  0.001

Adrenals 24.9 ±  2.4 23.9 ±  2.3 —

Num ber o f animals 6 14

Liver 3.7 ±  0.3 2.6 +  0.2 P  <  0.01

140 Spleen 11.1 +  1.3 7.8 ±  0.5 P  <  0.05

Adrenals 19.8 +  1.5 22.9 ±  1.7 —

6 - 2 5 0.18 ±  0.02 0.41 +  0.08 P  <  0.001

Urine (37) (23)

37—72 0.17 ±  0.02 0.18 +  0.02 —

(46) (32)

In  c o n tra s t , th e  liv er an d  k id n ey s  o f  th e  r a ts  k e p t on a h igh  c h o le s te ro l d ie t 
fo r a period  o f  196 days e x h ib ite d  a h ig h ly  sign ifican t a c c u m u la tio n  o f  v i ta 
m in  C; th e ir  u r in a ry  v ita m in  C o u tp u t  w as also sign ifican tly  in c re a se d , i.e . to  
n e a rly  tw ice  th e  co n tro l level.

C holestero l in b lood  a n d  tissu es  w as p ra c tic a lly  u n a ffec ted .

3. E ffect o f  cholesterol on v ita m in  C metabolism in  the rabbit

C holesterol feeding in d u ced  a n e a rly  ten fo ld  increase in  th e  b lo o d  ch o 
leste ro l level (1207 m g p e r  100 m l in  th e  cholestero l-fed  g roup  vs. 146 m g 
p e r  100 m l in  th e  con tro ls). As seen in  T ab le  I I I ,  in  th e  liv e r a n d  k id n e y s  th e  
c o n c e n tra tio n  a n d  to ta l  c o n te n ts  o f v ita m in  C increased  s ig n if ic a n tly . T h o u g h
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Table II

Vitam in C level in whole blood (mg per 100 m l), tissues (m g per 100 g wet tissue), 
and urine (m g p er  24  hrs,), in control and cholesterol-fed albino rats

Duration
o f experiment (days) Tissue Control group Cholesterol group

Statistical
significance

N um ber of animals 10 9

L iver 26.3 ±  0.7 29.2 ±  1.2 P <  0.05
87 Adrenals 307.4 + 2 8 .9 365.7 ± 3 3 .7 —

K idneys 18.0 ±  0.7 16.3 ±  1.0 —
B lood 0 .5 9 +  0.04 0 .5 7 +  0.04 —

N um ber of animals 13 5
L iver 19.6 ±  0.9 24.5 ±  1.3 P  <  0.01

196 Adrenals 333.9 ± 1 2 .1 364.9 ± 1 0 .1 P  <  0.1

K idneys 13.2 ±  0.6 18.7 ±  1.1 P <  0.001
B lood 0 .4 0 +  0.03 0 .4 7 +  0.07 -

N um ber of analyses 196 125
4 —184 U rine 0 .3 9 +  0.03 0.71 ±  0.07 P  <  0.001

Table III

V itam in C concentration (m g  p er 100 g wet tissue) and total content (m g in organ) 
in  tissues o f  control and cholesterol-fed rabbits

Tissue Control group Cholesterol group
Statistical

significance

N um ber of animals 9 7

L iver mg per 100 g 1 5 .8 +  1.7 20.5 ±  1.6 P  <  0.1
mg in organ 1 1 .5 +  1.2 17.8 ±  1.8 P <  0.02

K id neys mg per 100 g 7.1 ±  0.5 12.0 ±  1.0 P <  0.001
mg in organ 1 .0 +  0.1 2.1 ±  0.3 P <  0.01

A drenals mg per 100 g 186.1 ±  21.8 108.0 ±  12.0 P <  0.001
mg in organ 1.1 ±  0.1 1 . 2 +  0.3 —

H eart mg per 100 g 3 .7 +  0.2 4.3 ±  0.5 —

mg in organ 0.3 ±  0.01 0.3 ±  0.03 —

P ool o f

4 organs (mg) 1 3 .9 +  1.2 21.3 ±  2.2 P  <  0.02
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th e  v ita m in  C c o n c e n tra tio n  o f  th e  adrenals dec lined , th e ir  ab so lu te  v ita m in  
C c o n te n t was u n a ffe c ted , d u e  to  th e  fac t t h a t  th e  g lan d  n ea rly  d o u b led  its  
o rig inal w eight d u rin g  cho leste ro l feeding. T he to ta l  pool o f v ita m in  C in  th e  
fo u r o rg an s exam ined  (liv e r, k id n ey , ad renals, h e a r t)  increased  b y  m ore  th a n  
50% . In  c o n tra s t, th e  b lo o d  v ita m in  C level w as h a rd ly  a ffec ted  b y  th e  d ie t.

4. E ffect o f  cholesterol on the dehydroascorbic acid level

D eh ydroasco rb ic  ac id  co n cen tra tio n  in th e  tissu es  o f all co n tro l an im als 
w as v e ry  low, som etim es fa lling  to  a tta in  th e  se n s it iv ity  th re sh o ld  o f  th e  
m e th o d  o f assay . U n d e r th e  effect o f cholesterol feed ing , a sig n ifican t red u c tio n  
in  dehyd ro asco rb ic  acid  c o n c e n tra tio n  was fo u n d  in  th e  liver o f gu inea-p igs 
an d  ra b b its  (Table IV ). T h is  f in d in g  was a t  v a rian ce  w ith  th e  claim  o f S o k oloff  
e t al. t h a t  a therosclerosis  in  b o th  hu m an s a n d  an im als  is asso c ia ted  w ith  
a h igh  b lood  ascorb ic ac id  level. A t an y  ra te , th e  re d u c tio n  of h e p a tic  d eh y d ro 
ascorb ic  ac id  c o n c e n tra tio n  is an  open prob lem  a w a itin g  b iochem ical in te r 
p re ta tio n  in  th e  lig h t o f  fu r th e r  research .

Table IV

Dehydroascorbic acid level in liver (mg per 100 g  wet tissue) 
o f  control and cholesterol-fed guinea-pigs, albino rats, and rabbits

Animal species 
(Duration of’ 
experiment)

Control group Cholesterol group
Statistical
significance

Guinea-pig 

(140 days)

0.87 +  0.08 

n =  6

0.47 +  0.07 

n =  14

P <  0.002

Albino rat 0.67 +  0.23 0.58 +  0.23 —

(87 days) n =  10 n =  9

Rabbit 2.30 +  0.50 0.60 ±  0.10 P <  0.01

(72 days) n 9 n =  7

T h e resu lts  o b ta in e d  in  gu inea-p igs clearly  in d ic a te  t h a t  th e  a th ero g en o u s 
d ie t m a y  lead to  an  in c re a se d  consum ption  o f  v ita m in  C. G uinea-p igs fed 
a h igh  cholestero l d ie t re d u c e  th e  ascorbic ac id  c o n c e n tra tio n  in  th e ir  organs 
while increasing  th e  u r in a ry  e lim ina tion  o f th e  su b s ta n c e . In  th is  c o n te x t 
th e  s tu d y  of B o o ker  e t a l. [10] is of in te re s t; th e y  d e m o n s tra te d  a tra n s fe r  of 
ascorbic acid  from  cells to  p la sm a  in  th e  blood o f cho lestero l-fed  an im als . T he 
freq u en cy  o f h aem o rrh ag es in  guinea-p igs fed a h igh  cho lestero l d ie t is co n 
sis ten t w ith  th is  fin d in g  a n d  p o in ts  to  an  in c reased  co n su m p tio n  o f ascorb ic 
acid as a re su lt o f excessive cho lestero l in tak e .
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R a b b its  an d  ra ts , cap ab le  o f ascorbic ac id  sy n th esis , re sp o n d  in  a m an n er 
d if fe re n t from  guinea-p igs to  a h ig h  cho lestero l d ie t b y  a c c u m u la tin g  signif
ic a n t  a m o u n ts  of v ita m in  C in  th e ir  tissues, p a r tic u la r ly  in  liv e r  a n d  k idneys. 
R a ts  n e a r ly  double th e ir  u r in a ry  v ita m in  C o u tp u t . S ince th e y  h a d  no  access 
to  a n y  e x te rn a l source o f v i ta m in  C, i t  is c lear t h a t  th e  fin d in g s m u s t  b e  ascribed  
to  a n  in c reased  b io sy n th es is  o f ascorb ic  ac id  re su ltin g  fro m  th e  excessive 
c h o le s te ro l in ta k e . A nim als cap ab le  o f v ita m in  C syn th esis  h a v e  b een  know n 
to  re sp o n d  to  stress s itu a tio n s  invo lv in g  h ig h  v ita m in  C re q u ire m e n ts  by  
in c re a s in g  th e  b io sy n th esis  o f  th is  su b stan ce . A lb ino  ra ts  h a v e  b een  fo u n d  to  
in c re a se  th e ir  u r in a ry  o u tp u t  o f  v ita m in  C o r accu m u la te  i t  in  th e ir  tissues 
a f te r  in h a la tio n  of d ic h lo ro e th a n e  [11], fu rth e rm o re  a t  low  en v iro n m en ta l 
te m p e ra tu re s  [12], a f te r  in ju r ie s  [13], a f te r  a d m in is tra tio n  o f so d iu m  ethylene- 
d ia m in e  te tr a a c e ta te  [14], e tc . I n  o pposition  to  th ese  an im al species, guinea- 
p ig s , o n  exposure  to  s im ila r s tre ss  fac to rs , red u ce  th e  v ita m in  C co n cen tra tio n  
in  th e i r  tissu es  [14— 17] in  th e  sam e m an n e r as u n d e r th e  effect o f  a choles
te ro l  d ie t.

I t  is n o t clear w h e th e r  i t  is b y  p ro d u c in g  a non-specific  s tre ss  s itu a tio n  
t h a t  cho leste ro l feed ing  in c reases  th e  ascorb ic  ac id  d em an d  o r w h e th e r  th e re  
is so m e  specific re la tio n sh ip  b e tw een  cho lestero l an d  ascorb ic  ac id  m etabo lism  
w h ic h  m ig h t be in v o lved  in  th e  m echan ism . C holesterol is h e p a to to x ic  to  
ro d e n ts ,  b y  in d uc ing  f a t ty  liv e r. R y  th e  a d m in is tra tio n  o f a n o th e r  h e p a to 
to x ic  su b stan ce , te tra c h lo ro m e th a n e , to  gu inea-p igs, we w ere  ab le  to  induce 
c h a n g e s  sim ilar to  th o se  seen  a f te r  th e  a d m in is tra tio n  o f  ch o leste ro l, i.e. an  
in c re a se d  u r in a ry  e lim in a tio n  o f  v ita m in  C an d  a re d u c tio n  o f its  c o n cen tra tio n  
in  th e  tissu es  [18]. B y  a n a lo g y , i t  m ig h t be p resu m ed  th a t  a  cho leste ro l d iet 
w o u ld  increase  th e  v ita m in  C re q u ire m e n t b y  ac tin g  on th e  liv e r . T h is  w ould, 
h o w e v e r, n o t ap p ly  to  r a ts  w h ich , as a re su lt o f lo n g -te rm  ch o leste ro l feeding, 
sh o w ed  an  increased  b io sy n th e s is  of ascorb ic  ac id  w ith o u t d eve lop ing  any  
d e m o n s tra b le  b iochem ical o r  m orpho log ica l d is tu rb a n c e  o f  th e  liv e r. The 
p o ss ib le  role of a th e ro sc le ro tic  fa c to rs  being  in v o lv ed  in  th e  effect o f  cholesterol 
m a y  b e  equally  ru led  o u t since ch o leste ro l-induced  a th e ro sc le ro tic  changes 
d e v e lo p  fa r  la te r  th a n  th e ir  e ffec t on ascorbic ac id  m e tab o lism  w itn essed  in  th e  
p re s e n t  s tu d y  [6].

T h e  increased  v ita m in  C d em an d  as a re su lt o f cho leste ro l feed ing  raises 
th e  p o ss ib ility  of a specific  in v o lv em en t o f  ascorb ic  ac id  in  ch o leste ro l m e ta b 
o lism . C hronic v ita m in  C d efic ien cy  in  th e  gu inea-p ig  leads to  an  accu m u la tio n  
o f  ch o leste ro l in  th e  tissu es  a n d  th e re  is in d ire c t ev idence t h a t  asco rb ic  acid 
h a s  a  ro le  in  cholestero l c a ta b o lism  [5]. In  th e  lig h t o f th is  h y p o th e s is  th e  con
seq u en ces o f m assive ch o leste ro l in ta k e  on ascorb ic  acid  m e tab o lism  m ig h t be 
in te rp re te d  as being  due  to  an  increased  ascorb ic  acid  d e m an d  ow ing  to  th e  
e n h a n c e d  b reakdow n  o f ch o leste ro l.
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EEG ABNORMALITIES IN NORMAL TWINS

By

J. LlPÁK, О. ZsADÁNYI, J. B a ZSÓ and O. K l EININGER

DEPARTMENT OF NEUROLOGY AND PSYCHIATRY AND DEPARTMENT OF OBSTETRICS 

AND GYNAECOLOGY, UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(R eceived January 18, 1969)

Sixty  norm al tw ins (8 m onozygotic and 22 d izygotic  pairs) betw een 5 and 17 
years o f age were studied . All had been born at term  and none had had any disease  
affecting the nervous system . The investigations included, in  addition to E E G  tracings  
in the awake sta te , anthropologic m easurem ents as w ell as neuropsychiatrie and psych o
logical studies.

EEG abnorm alities were found in 38% of the cases (abnorm al synchronization  
in 13%, steep w aves in  response to hyperventilation  in 11% , dysrhythm ia in  9% , 
focal convulsive a c tiv ity  in  5% ), significantly higher than  in normal single births. 
Age, birth-w eight, order o f birth, perinatal com plications and zygosity  were found to  
be unrelated to the E E G  abnorm alities, while being closely , if  not significantly , related  
to subnorm ality o f the nervous system .

The prevalence o f  E EG  abnormalities is ascribed to  minor prenatal dam age to 
the brain ow ing to  adverse factors inherent in tw in  pregnancy.

The problem  a t issue

The special c o n d itio n s  im posed  on tw ins d u rin g  in tra u te r in e  life (re s tr ic 
tio n  o f  space, in a d e q u a c y  o f  n u tr i t io n , b ir th  in ju rie s) p u t  th em  a t  a d is a d v a n 
tag e  in  com parison  to  s ing le -bo rn  ind iv idua ls. I n  ea rlie r s tud ies (L ip a k  e t  al. 
[1968], B azsÓ e t a l. [1968]) we could d e m o n s tra te  n u m ero u s an th ro p o lo g ic , 
n e u ro p sy ch ia tr ie  o r p sycho log ic  abnorm alities in  tw in s . T he aim  of th e  p re se n t 
s tu d y  has been to  c la rify  th e  re la tionsh ips o f th e se  ab n o rm a litie s  w'ith ce reb ra l 
b ioelec tric  a c tiv ity , in  v iew  o f th e  fac t th a t  E E G  s tu d ie s  have  th u s  fa r  b een  
confined  to  p a th o lo g ica l tw in s  w ith  a view  to  a sc e r ta in in g  th e  genetic  c h a ra c te r  
o f ep ilepsy  (L e n n o x  [1942, I9 6 0 ], P ond  [1953], Co b b  [1950], L ö w e n b a c h  
[1939], W illiam s  [1944]). S ch m idt  e t al. (1965) sea rch ed  for re la tio n sh ip s  
b e tw een  b ir th  o rd e r a n d  E E G  p a tte rn . The scarce  d a ta  derived  from  n o rm a l 
popu la tio n s refer in  th e  f ir s t  line to  the  questio n  o f  concordance  w ith in  in d i
v id u a l pa irs ( D u s t m a n  [1965], H e n sc h er t  [1965]).

T he questions to  w h ich  we sought an  an sw er w ere th u s  as follow's.
(a) Are E E G  a b n o rm a litie s  m ore fre q u e n t in  n o rm a l tw ins th a n  in 

n o rm a l sing le-born  in d iv id u a ls , an d , if  so, o f w h a t k in d  ?
(b) W h a t is th e  e x p la n a tio n  of th e  p rev a len ce  o f E E G  ab n o rm a litie s  

in tw in s and  w ith  w h a t o th e r  p a ram ete rs  are  th e se  changes co rre la ted  ?
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M aterial

T w ins born betw een 1950 and 1962 at the D epartm ent of O bstetrics and G ynaecology, 
D eb recen  U niversity , were selected  for stu dy  according to  set standards. A ll ind iv idu als had 
been  born at term , average duration of pregnancy having been 40 weeks. B o th  m em bers of  
each  pair were o f hom ogeneous socio-econom ic and cultural background. N one o f  them  had 
a n y  m ajor nervous lesion , developm ental d efect or postnatal illness a ffecting  th e  nervous 
sy s tem .

In  th is manner 60 tw ins belonging to  the norm al population were selected ; one pair 
a c tu a lly  belonged to a set o f  tr ip lets and the others were tw ins. Their age ranged betw een 5 
and 17 years w ith a m ean o f 10.4 years. 17 pairs were older, 13, younger th an  10 years. Of 8 
m on o zy g o tic  pairs 4 were girls, 4 boys. Of 22 d izygotic  pairs 9 were both  girls, 10 both  boys 
and 3 m ixed . As to sex d istribution , 13 pairs were fem ale, 14 m ale, and 3 m ixed .

Method

R e stin g  and evoked E E G  recordings were m ade in  all children in  the alert state  with  
a 16-chann el G alileo-apparatus, 3 m inutes hyp erventila tion  being used for activa tion . Normal 
or abn orm al activ ity  was assessed in accordance w ith  Gib b s ’ atlas (1952). A ll children 
w ith o u t exception  were su bm itted  to  the follow ing routine studies:

a) F u ll clinical (paediatric) and ophthalm ologic investigation .
b ) Neuropsychiatrie investigation .
c) Anthropologic stu dy  w ith  the eva lu ation  o f tw elve param eters (including blood 

group analysis by the m ethod o f  Ma k t in ), for the assessm ent o f som atic developm ent and 
for th e  identification  of zy gosity  (Ma k t in  and Sa l l e r  [1957]).

d) Intelligence studies b y  the B in e t — B o b er ta g  (B o berta g  [1920]), A l e x a n d e r  
(1946) and G o o d en o u g h  (1926) tests.

e) E valuation  of visuom otor perception b y  B e n d e r ’s test (1957).
f )  E v a lu a tio n  of m o to r d ev e lo p m en t b y  th e  O se r e t z k y — GÖLLNlTZ-test (G ö lln itz  

[1954]).
S tatistica l analysis w as based on arithm etic m eans, percentage d istribution , and the 

%2-te s t  w ith  2 X 2-fold contingency tables.

Results

a) Frequency and qualitative d istribu tion  o f  E E G  abnorm alities

D is tr ib u tio n  of ce reb ra l b ioelec tric  a c t iv i ty  of 60 n o rm a l tw in s  is seen 
in  T a b le  I  and  Fig. 1.

Table 1

Incidence and distribution o f  EEG abnormalities

Incidence

".]\o. per cent

Normal EEG 37 62
Abnormal EEG 23 38

abnormal synchronization 8 13

HV-evoked steep waves 7 11

dysrhythm ia 5 9
focal convulsive activ ity 3 5

T otal num ber o f twins 60 100
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Fig. 1. Incidence and distribution o f  E E G  abnorm alities in tw ins

A c tiv ity  w as n o rm al accord ing  to  age in  6 2 % , w hereas 3 8 %  show ed 
a b n o rm a litie s . C onsidering  th a t  G i b b s  — L e n n o x  (G ib b s  et al. [1943]) quo te  
a 1 6 % , an d  P e n f i e l d  ( P e n f i e l d  e t a l. [1954]) a 5 to  10%  in c id en ce  o f  E E G  
a b n o rm a litie s  in n o rm al single b ir th s , th e  E E G  w as a t  least tw ice  as often 
a b n o rm a l in o u r tw ins th a n  in  a n o rm a l p o p u la tio n  o f single b ir th s . T h e  d iffer
ence  w as h igh ly  s ig n ifican t (p <  0.001) a n d  agrees w ith  tho se  o f  S chmidt  
(1965) w ho found 35%  E E G  ab n o rm alitie s  in  tw ins.

b) Correlation o f  E E G  abnorm alities w ith  sex, age and birth-weight

C om parison  o f ch ild ren  below  a n d  a b o v e  10 years of age re v e a le d  no 
c o rre la tio n  betw een  age an d  E E G  a b n o rm a litie s . (Y ounger th a n  10 years: 
N =  30, abn o rm al E E G  in 3 7 % ; o lder th a n  10 years: N =  30; ab n o rm al 
E E G  in 40 %  [0.95 <  p <  0.98].)

T h e  incidence was h igher in  girls th a n  in  boys (N  =  29 w ith  a b n o rm a l
itie s  in 4 9 %  as ag a in s t N =  31 w ith  ab n o rm a litie s  in 29% ) b u t th e  d ifference 
fa iled  to  reach significance (0.10 <  p <  0.20).

T h e  tw ins o f low er b irth -w e ig h t w eighed  on th e  average 2250 g a t  b ir th , 
a n d  th e ir  tw in  b ro th e rs  o r sisters o f h ig h er b ir th -w e ig h t, 2750 g. T h e  d ifference 
w as 500 g (18% ). E E G  ab n o rm alitie s  w ere p re se n t in  40%  of th e  f i r s t  an d  in 
3 7 %  o f th e  second g roup , a d ifference o f  less th a n  3%  and  s ta t is t ic a l ly  no t 
s ig n if ic a n t (0.70 <[ p <[ 0.80). I t  rem ain ed  th e  sam e w hen tw o  g ro u p s  were 
fo rm ed  w ith  a b irth -w e ig h t o f 2500 g as th e  d iv id ing  line (N  =  26, E E G  
a b n o rm a litie s  in 38%  below 2500 g as a g a in s t N =  34, E E G  a b n o rm a litie s  
in  38 %  above 2500 g). A low b ir th -w e ig h t in  itse lf  is th u s  u n re la te d  to  E E G
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Table II

Correlation o f  EEG abnormalities with age, sex and birth-weight

Group
Normal EEG Abnormal EEG Total

Significance
No. per cent No. per cent No. per cent

Girls 15 51 14 49 29 100
Boys 22 71 9 29 31 100 0.10 <  p <  0.20

Total 37 62 23 38 60 100

Under 10 years 19 63 11 37 30 100

Over 10 years 18 60 12 40 30 100 0.95 <  p <  0.98

Total 37 62 23 38 60 100

Twins w eighing less 18 60 12 40 30 100
Twins w eighing more 19 63 11 37 30 100 0.70 <  p <  0.80

Total 37 62 23 38 60 100

Birth w eight

less than  2500 g 16 62 10 38 26 100

more th a n  2500 g 21 62 13 38 34 100

Total 37 62 23 38 60 100

a b n o rm a litie s . T he p re se n t fig u res  are con sis ten t w ith  th o se  qu o ted  b y  S c h m id t  
(below 2500 g, N =  56, w ith  abnorm alities in  3 4 %  as against N  =  44, w ith  
a b n o rm a litie s  in  36 %  above 2500 g).

F ig . 2. Correlation o f E E G  abnormalities w ith  sex , age, and birth-weight
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T ab le  I I I

Correlation o f  EEG abnormalities with birth order, 
perinatal complications and subnormalities o f  the nervous system

Group
Normal EEG Abnormal EEG Total

Significance
No. per cent No. per cent No. per cent

Foetus A 16 53 и 47 30 100

Foetus В 21 70 9 30 30 100 0.10 <  p <  0.20

Total 37 62 23 38 60 100

Perinatal
com plications

present 25 67 12 33 37 100

absent 12 52 11 48 23 100 0.20 <  p <  0.30

Total 37 62 23 38 60 100

Abnorm al neurolog
ica l findings

present 22 53 19 47 41 100

absent 15 79 4 21 19 100 0.05 <  p <  0.10

Total 37 62 23 38 60 100

c) Correlation o f  E E G  abnormalities w ith  birth order, perina ta l com pli
cations and  neurological abnormalities

A lth o u g h  th e  second fo e tu s  В delivered  a f te r  th e  f irs t A fa res w orse 
a t  b ir th  th a n  its  tw in , th e  E E G  fails to  re flec t th is ;  ab n o rm alitie s  h av in g  been  
fo u n d  in 47 %  o f g roup  A a n d  in  30%  o f group  B . T h e  d ifference d id  n o t  reach  
sign ificance (0.10 <  p <  0.2 0), in  accordance w ith  th e  find ings o f  S c h m id t  
(A  g roup , N =  50, w ith  ab n o rm a litie s  in  34%  as a g a in s t N =  50, w ith  a b n o r
m alities in 36% , in  g roup  B ). N or d id  th e  E E G  ab n o rm a litie s  reveal a n y  re la 
tio n sh ip  w ith  a n y  o f th e  v a rio u s  complications o f p reg n an cy  (e.g. th re a te n in g  
ec lam psia  or p re m a tu re  b ir th ) , de livery  (b reach  o r  tran sv e rse  p re se n ta tio n , 
C aesarean  section) or o f th e  p o s tn a ta l phase  (a sp h y x ia )  (0.20 <( p <C 0.30). 
E E G  a b n o rm a litie s  w ere fo u n d  in  33%  of 37 ch ild ren  w here one o r m ore 
co m p lica tions h ad  been  n o te d , an d  in 48%  o f 23 w here  th e re  h ad  been  n o n e . 
In  oppositio n  to  th is  a close re la tio n sh ip  b o rd e rin g  on significance w as d em o n 
s tra b le  be tw een  E E G  ab n o rm a litie s  and  subnorm ality  o f  the nervous system , 
inc lu d in g  th e  sense o rg an s (0.05 <  p <  0.10). E E G  ab n orm alities o ccu rrin g  
in  21 %  o f th e  19 neu ro log ica lly  in ta c t ch ild ren  a t ta in e d  an  incidence o f 4 7 %  
in th e  g roup  of 41 ch ild ren  w ith  su b n o rm alities  o f  th e  nervous sy stem . N one 
o f th e  d em o n strab le  neu ro log ic  signs (facial a sy m m e try , sligh t h y p o to n ia , 
m in im al h yporeflex ia ) w ere sign ifican t enough to  be classed w ith  an y  d e fin ite
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n e u ro lo g ic a l syndrom e, as th e  changes w ere co m p a tib le  w ith  v a r ia t io n s  w ith in  
t h e  n o rm a l range. C onsid erin g , how ever, th e  d isad v an tag eo u s  co n s te lla tio n  
o f  tw in s  from  th e  v e ry  o u ts e t  an d  th e  g re a t n u m b e r  o f su b n o rm a litie s  rev ea led  
b y  psycho log ical te s ts , w e h a d  to  re g a rd  th e se  neurologic signs likew ise as 
su b n o rm a l.

d )  Correlation o f  E E G  abnorm alities w ith  zygosity. E E G  concordance 
w ithin p a irs

E E G  ab n orm alities w ere  fo u n d  in  3 1 %  o f 16 m onozygo tes a n d  in  41%  
o f  4 4  d izygotes. T he d iffe rence  d id  n o t re a c h  significance (0.30 < [ p  0.50). 
E E G  id e n tity  w ith in  in d iv id u a l p a irs  w as p re se n t in  63%  of th e  8 m onozygo tic

Table IV

Correlation o f  EEG abnormalities with zygosity

Group
Normal EEG Abnormal EEG Total

Significance
No. per cent No. per cent No. per cent

M onozygotes  

fem ale  pair 6 75 2 25 8 100

m ale pair 5 63 3 37 8 100

Total a 69 5 31 16 100 M onozygotes and

D izy g o tes  

fem ale  pair 8 44 10 56 18 100

dizygotes  

0.30 <  p <  0.50

m ale pair 14 70 6 30 20 100

pairs o f identical 
se x , to ta l 22 58 16 42 38 100

m ixed  pair 4 66 2 34 6 о о

d izygotes, total 26 59 18 41 44 100

Twins, total 37 62 23 38 60 100

Table V

EEG concordance and discordance within pairs

Concordant EEG Discordant EEG Total EEG

SignificanceGroup
Norm. Abnorm.

Total
No. per cent No. per cent

No. per cent

M onozygotes 4 l 5 63 3 37 8 100

D izy g o tes 9 5 14 64 8 36 22 100 0.90 <  p <  0.95

Total 13 6 19 64 11 36 30 100
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an d  in  6 4 %  of th e  22 d izygo tic  p a irs , th e re  was th u s  no s ta tis tic a lly  s ig n if ican t 
d ifference  (0.90 <C p <C 0.95). T h ese  re su lts  do n o t en tire ly  agree w ith  th e  
p u b lish ed  d a ta . Cobb  (1950) a n d  D a v is  (1936) found  such a h igh  in c id en ce  of 
E E G  co ncordance  w ith in  p a irs  t h a t  th e y  re lay  on it  for th e  id e n tif ic a tio n  of 
zy g o sity  m ore th a n  on an th ro p o lo g ic  m easu rem en ts . T he v isu a lly  evoked  
p o te n tia ls  show ed sign ifican t co rre la tio n s  w ith in  p a irs  in m o n o zy g o tic , as 
opposed  to  d izygotic , tw in s. L ö w e n b a c h  (1939) an d  W illiam s  (1944) fo u n d

rOETUS c o m p lic a tio n  n euro l. abnorm ality

Fig. 3. Correlation of EEG abnorm alities w ith  birth order, perinatal com plications, and
abnorm al neurological findings

a fu lly  co n c o rd a n t E E G  p a t te rn  w ith in  m onozygotic  p a irs , p a r t ic u la r ly  in 
p e tit-m a l ep ilepsy , even w hen o n ly  one of th e  tw ins was ep ilep tic  a n d  th e  
o th e r , on clinical evidence, a p p a re n tly  n o rm al. H ow ever, th e  co n co rd an ce  
g re a tly  d ep en d s on th e  presence  o f  cerebral in ju ry . D am age to  one  m o n o 
zy g o tic  tw in  reduces concordance  a n d , converse ly , dam age to  b o th  o f  d izy g o tic  
tw in s  increases i t .  L e n n o x , in  a su rv e y  o f 225 ep ilep tic  tw in s (1960) fo u n d  
co n co rd an ce  in 84.5%  o f in ta c t  m onozygo tes b u t  only  in  27 %  o f th o se  w ith  
ce reb ra l in ju ry . I f  cerebral in ju ry  is d isreg ard ed , th e  conco rdance  in  m o n o 
zy go tes averages 62 .1%  w hich is in  close ag reem en t w ith  our fig u re  o f  6 3 % . 
On th e  o th e r  h an d , th e  co n co rd an ce  n o ted  b y  L e n n o x  in d izy g o tes  w as as 
low as 1 4 .6%  w hich w ould seem  to  m ake ou r 6 4%  figure ex cessiv e ly  h igh . 
H ow ever, in  our m ateria l th e  inc idence  o f  in ju ries  was also co n sid e rab ly  h ig h er 
(69% ) w h ich  su ffic ien tly  acco u n ts  fo r th e  h igher concordance.

F o r  th e  illu s tra tio n  o f  co n co rd an ce  an d  d isco rdance  w ith in  p a irs  som e 
E E G  tra c in g s  are p resen ted .
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F ig . 4. Correlation of E E G  abnorm alities w ith zy g o sity  (left side). E EG  concordance and 
discordance within m on ozygotic  and dizygotic pairs (m iddle). IQ , Bender-Q and Oseretzky-Q  

in the groups w ith  normal and abnorm al E E G  (right side)
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F ig . 5. W aking electric a c t iv ity  o f 14-year-old fem ale trip lets: E va  and K atalin , m onozy
g o tes, Theodora, dizygote. E v a  (left): even, regular ground rhythm  o f 10 to 11 c/s w ith no 
side-difference. W ave p attern s o f slightly higher am plitude in  com parison to the others. 
K a ta lin  (middle): regular alp ha-activ ity  of 10 to 11 c/s w ith  spindles. No side-difference. 

Theodora (right): b asic  rh yth m  of 10 to 11 c/s w ith  spindles. No side-difference

F ig . 5 shows th e  tra c in g s  of 14-year-old  fem ale  tr ip le ts . E v a  an d  K a ta lin  
(le ft side and m idd le  o f  th e  figure) are m o n o zy g o te s , T heodora  (rig h t side)
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is a d izygo te . E lec tric  a c tiv ity  w as p ra c tic a lly  id en tica l in  all th re e . All w ere 
d e liv e red  o f tra n sv e rse  p re se n ta tio n .

E v a , fo e tu s  A , w eighed 1850 g a t  b ir th . A p a rt from  h y p e rm e tro p y , 
th e re  w as no ev idence of a n y  a b n o rm a lity . IQ  =  70, B ender-Q  =  87, 
O sere tzky -Q  =  91 .

K a ta lin , fo e tu s  B , w eighed 2100 g a t  b ir th .  No neuro logical a b n o rm a lity . 
IQ  =  71, B ender-Q  =  68, O sere tzk y -Q  =  80.

T h eo d o ra , fo e tu s  C, w eighed  2700 g a t  b ir th . C ongenital v a lv u la r  defec t. 
IQ =  86, B ender-Q  =  123, O sere tzk y -Q  =  94.

Fig. 0. 13 -year-old m onozygotic male tw ins. K ároly (left): regular ground rhythm  o f 9 to 11 c/s, 
slightly  flattened  wave activ ity . András (right): sligh tly  dysrhythm ic basic a c tiv ity  o f  9 to 
11 c/s. The parieto-occipital (5— 17, 6 — 18) and posterotem poral (9— 11, 10— 12) leads show  
som e slightly prom inent steep w aves w ith  a broad basis, distinct from  the basic activ ity

Fig. 6 shows the discordant leads o f  a pair o f m onozygotic 13-year-old  
hoys. K ároly, foetus A, weighing 2800 g at birth had a norm al neurological 
sta tu s. IQ =  42 (by the GooDENOUGH-test only), Bender-Q =  76, Oseretzky-Q  
=  81. Foetus B , András, was born o f transverse presentation and weighed  
2950 g at birth. He had a slight facial asym m etry. IQ =  52 (by th e  G o o d e - 
NOUGH-test only), Bender-Q =  55, O seretzky-Q  =  82.

T h e  trac in g s  of a d izygo tic  p a ir  o f 5 -year-o ld  boys are  seen in  F ig . 7. 
F o e tu s  A, S án d o r, hav ing  been  d e liv e red  o f tran sv e rse  p re se n ta tio n , w ith  
2400 g w eigh t, e x h ib ite d  a convu lsive  e lec tric  a c tiv ity  b u t w as n o rm a l c lin ically  
a n d  n ev e r d isp lay ed  ep ilep tic  signs b u t  h a s  still a speech d efec t w ith  a lips. 
IQ  =  66 (accord ing  to  Go o d e n o u g h ), B ender-Q  =  77, O sere tzk y -Q  =  70. 
F o e tu s  B , Á rp ád , w eighing 3000 g a t  b ir th  a f te r  a delivery  o f tra n s v e rs e  pre-
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F ig . 7. Tracings of 5-year-old  m ale dizygotes. Árpád (left): sligh tly  irregular basic a c tiv ity  
o f 7 c/s, w ith  no side-difference. Sándor (right): basic a c tiv ity  o f  7 c/s w ith distinct disorganiza
tion. The posterom edian tem poral (9— 11, 10— 12) and coronal (9— 3— 20— 4— 10) leads 
show  synchronous h igh-am plitude steep waves w ith  a broader basis; convulsive a c tiv ity .

The lower figure shows th e  tracings of the same tw ins after 3 m inutes hyperventilation
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se n ta tio n  h a d  a speech d efect s im ilar to  t h a t  o f th is  tw in  b ro th e r  a n d  show ed  
a m ino r in accu racy  o f th e  r ig h t side in p o in tin g  a t  ob jec ts . IQ  63 (acco rd ing  
to  G o o d e n o u g h ), B ender-Q  =  70, O sere tzky -Q  87.

e) Correlation o f  the E E G  abnorm alities w ith the IQ , motor developm ent 
and visuom otor perception

In  th e  tw in s w ith  a n o rm al e lectrical a c tiv ity , th e  in telligence q u o tie n t 
(IQ  =  77), m o to r d ev e lo p m en t (Q =  91) a n d  v isu o m o to r p e rcep tio n  (Q =  79) 
d id  n o t d iffer s ig n ifican tly  from  th e  find ings in  th o se  w ith  E E G  ab n o rm a litie s  
(TQ =  82. O sere tzky-Q  =  96 an d  B ender-Q  81). T here seem s to  be th u s

T ab ic  VI

Mean IQ, visuomotor perception (B ender) and motor development ( Oseretzky) 
in the groups with normal and abnormal EEG

EEG No.
!

Average IQ) Bender-Q 1 Oscretzky-Q

Normal 37 77 79 91

Abnormal 23 82 81 96

Total 60 80 80 94

n o  re la tio n sh ip  b e tw een  th e  cerebral b ioe lec tric  ab n o rm alitie s  and  th e  ra tin g s  
o f th e  p erfo rm ance  te s ts . In  a s tu d y  o f aged  m onozygo tic  tw in s, H einschert

(1965) likew ise failed  to  d e m o n s tra te  an y  c o rre la tio n  betw een  in te lligence  and  
E E G  d isco rdance  w ith in  pa irs .

D iscussion

T he f irs t p o in t em erg ing  from  th e  p re se n t fin d in g s is a high incidence 
of E E G  ab n o rm alitie s  in a n o rm al p o p u la tio n  o f  tw in s as com pared  to  n o rm a l 
sing le-bo rn  in d iv id u a ls . T he changes w ere u n asso c ia ted  w ith  clinical signs. 
E v en  in  th e  p a s t h is to ry  o f tw in s  w ith  a co n vu lsive  a c tiv ity  th e re  w as no in d i
ca tio n  o f ep ilepsy  o r o f  ep ilep tic  eq u iv a len ts . A t th e  in te rp re ta tio n  o f  n e u ro 
logical o r E E G  fin d in g s in tw in s  th is  fac t sh o u ld  n o t be neg lec ted .

T he second conclusion  to  be d raw n co n n ec ts  these  E E G  a b n o rm a litie s  
w ith  ce reb ra l in ju ry  as suggested  by  th e ir  co rre la tio n  to  su b n o rm a litie s  of 
th e  n erv o u s sy s tem . T h e  lesions are obv io u sly  s lig h t, owing to  th e  absence  
o f  an y  clin ical, p a r tic u la r ly  focal, m an ife s ta tio n .
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T h e  th ird  p o in t co n ce rn s  th e  tim e  o f orig in  of th e  cereb ral lesion . T he 
h ig h  in c id en ce  of E E G  ch an g es  in  tw in s as co m p ared  to  sing le-born  in d iv id u a ls  
ru le s  o u t  th e  possib ility  o f  a  genetic  d e te rm in a tio n , b u t  p o in ts  to  th e  role 
o f  e n v iro n m e n ta l fac to rs  w h ich  te n d  to  re d u c e  th e  o therw ise h igh  co n co r
d a n c e  in  m onozygotic tw in s  an d  to  ra ise  th e  o therw ise  low co n co rd an ce  in 
d iz y g o tic  tw ins. This a c c o u n ts  for th e  fa c t t h a t  th e  E E G  concordance  w ith in  
p a ir s  w as p rac tica lly  id e n tic a l in  m onozygo tic  a n d  d izygotic  tw in s.

W e m ay  likewise ru le  o u t p e rin a ta l in ju rie s  as possible fa c to rs  o f E E G  
a b n o rm a lit ie s , since th e y  show ed  no co rre la tio n  w h a te v e r w ith  b ir th  o rd e r  or 
p e r in a ta l  in juries. P o s tn a ta l  d iseases as a fa c to r  can  also be ru le d  o u t, since 
th e r e  w ere  none in  th e  p re s e n t m ateria l.

A ll th is  places th e  o rig in  of cereb ral in ju ry  in to  th e  p re n a ta l  p e rio d . In  
th e  u te ru s ,  tw ins are a t  a d isa d v a n ta g e  as co m p ared  to  single foe tuses. R e s tr ic 
t io n  o f  surface for p la c e n ta r  im p la n ta tio n , sh a rin g  of in tra u te r in e  space , 
n u t r i t io n  an d  blood su p p ly  a re  all sources o f  h a z a rd s  to  th e  v u ln e rab le  n e rv o u s  
s y s te m  o f  th e  foetus a n d  i t  h a s  been  show n th a t  in tra u te r in e  n u tr i t io n a l  d e fi
c ie n c y  m ay  give rise to  p e rm a n e n t n eu ro p sy c h ia tr ie  ab n o rm alitie s  (L ipá k  
1968). T h e  E E G  changes m a y  be ascribed  to  s tru c tu ra l  changes o f s im ila r 
o r ig in , generally  too  sm all to  p roduce  focal m an ife s ta tio n s .

I t  m u st he em p h asized  th a t  th e  p rev a len ce  o f E E G  su b n o rm a litie s  in 
tw in s  b y  no m eans im plies th e ir  in fe rio rity  to  sing le-born  in d iv id u a ls . I n  o u r 
m a te r ia l ,  IQ , m otor d e v e lo p m en t and  v isu o m o to r  percep tio n  w ere e n tire ly  
u n r e la te d  to  th e  E E G  ch an g es  an d  in fa c t we fo u n d  in  th e  p re se n t s tu d y  
m o re  th a n  one p a ir o f  tw in s  w ith  a h igh level o f  in telligence.
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RESPONSE TO SALURETICS AND ORAL ANTIDIABETICS 
IN DIABETES INSIPIDUS AND PSYCHIC POLYDIPSIA

By

F . A. L á s z l ó , L . C z a k ó , I .  S z i j j  and K . K o v á c s

FIÚST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED 

(R eceived January 20. 1969)

The effects o f saluretic drugs (sp ironolactone, chlorothiazide and chloroth iazide  
spironolactone) and of oral antidiabetic agents on fluid- and e lectro lyte  balance  

have been studied in ten patients w ith d iabetes insipidus w ith no residual A D H  and 
in four patients w ith  psychic polydipsia.

The diabetes insipidus patients d isp layed  a reduction of urinary o u tp u t and 
a m oderate increase of specific gravity in response to diuretics. The drugs o f  all three 
types produced an increase in sodium  excretion . Chlorothiazide had a m arked stim u 
latory effect on potassium  excretion, unless g iven  in com bination w ith sp ironolactone  
which was found to inh ib it this effect. On the other hand, the antidiuretic e ffec t o f  
chlorothiazide was potentiated by spironolactone. Endogenous creatinine clearance 
dim inished during the adm inistration o f the drugs, particularly o f chloroth iazide. 
In the case o f psychic polydipsia the saluretics had no demonstrable e ffec t on water 
m etabolism .

The subjects w ith  diabetes insipidus ex h ib ited  a far more marked antid iuretic  
response to chlorpropam ide than to the sa luretics and increased their urinary specific  
gravity to a higher degree. E xcretion of sod ium  and potassium  in the urine and endo
genous creatinine clearance remained unaffected . A distinct reduction of urinary output 
in response to chlorpropam ide was seen in the cases o f psychic po lyd ip sia  as well. 
CCHC had none o f these effects.

On the grounds o f the results, chlorpropam ide and the com bination o f  chloro
thiazide and spironolactone seem  to be of use in  the long-term  m anagem ent o f  diabetes 
insipidus. Their evaluation from this aspect requires further observations.

T he successfu l use o f horm one p re p a ra tio n s  in d iabetes in s ip id u s  still 
leaves us w ith  p ra c tic a l p roblem s as re g a rd s  th e  long-term  m a n a g e m e n t of 
th is  d isease. A D H  ad m in is te red  in  in je c ta b le  form  or by  nasa l in su ffla tio n  
leads to  u n p le a sa n t side-effects in n u m ero u s  cases over th e  y ea rs . I n  1959, 
Cr a w f o r d  an d  K e n n e d y  [10, 29] found  th e  d iu re tic  agen t c h lo ro th ia z id e  to  
reduce  u r in a ry  o u tp u t  in d iabe tes in s ip id u s . H av in g  been able to  confirm  
th is  f in d in g , we fo u n d  in la te r  s tud ies th a t  in  p sy ch ic  polydipsia u r in a ry  o u tp u t 
w as increased  ra th e r  th a n  d im in ished  b y  ch lo ro th iaz id e  [14, 31]. T h e  long- 
co n tin u ed  use o f  ch lo ro th iaz id e  re su lts , h o w ev e r, in  p rofound ch an g es o f  elec
tro ly te  m e tab o lism , f irs t of all in po tassium  d ep le tio n . Search for f u r th e r  th e ra 
p eu tic  possib ilities  has revealed  th a t  sp iro n o lac to n e  and ch lo rp ro p am id e  had  
an  a n tid iu re tic  effect in d iab e tes  in sip idus.

T he aim  o f th e  p resen t s tu d y  was to  in v e s tig a te  th e  effect o f som e drugs 
on w a te r ba lan ce  in d iabe tes in sip idus as also  in psychic po lyd ip sia .
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P a tien ts  and m e th o d s

T en subjects w ith  d iabetes insipidus, six m ales and four females w ith  a m ean age of 
33 years, and four w ith  psych ic polydipsia, two m ales and two females w ith  a m ean age of 
23 yea rs , have been studied . The essential features rela tin g  to those w ith d iabetes insip idus 
are show n in Table I. D iagnosis had been established o n  daily  urinary output, specific  gravity  
o f urine, concentration  te st , oral water and salt lo a d in g , Ca r t e r —R o b b in s’ te st , response  
to  A D H . N one of the patien ts had any residual A D H , and there was no evidence o f  anterior 
p itu ita ry  hypofunction  or vasopressin-resistance in  an y  o f  the cases. The psychic polyd ipsia  
p a tien ts  exh ib ited  a su bstantia l A D H  m obilization in  response to osm otic stim uli. N on e o f the 
in d iv id u a ls  under study  revealed heart, kidney, or liver  disease.

T he drugs were given  for six-day periods, w ith  th e  patients on a standard d iet (N a  
co n ten t, 300 m Eq per day). D uring the first period all m edication  was w ithheld, su bsequently  
the e ffec ts o f the ind ividual drugs on water m etabolism  were studied. The drugs under study  
were adm inistered in the follow ing doses. Spironolactone (A ldactone, Searle) 100 m g four tim es 
daily; chlorothiazide (Chlorurit, Chinoin) 0.5 g four tim es daily; chlorothiazide 0.25 g  +  spiro
n olactone 50 m g, four tim es daily; chlorpropamide (D iab inese , Pfizer) 250 m g tw o to  three 
tim es daily ; chlorcyclohexylcarbam ide (CCHC, O radian, Chinoin) 200 m g three tim es daily. 
B efore changing over to  the n e x t drug, the patien ts w ere kept drug-free un til their  daily  
urinary o u tp u t had returned to the pre-treatm ent lev e l. T he necessity for a su ffic ien tly  long  
observation  m ade it  im possib le to  study  all drugs in  ea ch  case.

T he registered param eters were 24-hr. urinary o u tp u t, urinary specific grav ity , N a  and 
К  co n ten t, daily creatinine ou tp ut, endogenous creatin ine clearance, serum Na and К  levels, 
and, during the adm inistration o f  oral antidiabetics, th e  b lood sugar level.

S o d iu m  and  p o ta ss iu m  w ere de te rm in ed  by  f lam e  p h o to m e try , c rea tin ine  b y  th e  m eth o d  
o f F o l in  a n d  W u [18] as m o d ified  by  B rod and  S ir o t a  [6], and  blood su g ar b y  th e  o rth o - 
to lu id in e  m eth o d .

R esults

A lth o u g h  all th e  sa id  p a ram e te rs  h a v e  b e e n  exam ined  in  each  in s ta n c e , 
th e  d a ta  th u s  o b ta in e d  w ere too  num erous to  be  p resen ted  in  th e ir  to ta l i ty  
in  re sp e c t of each  in d iv id u a l case. R e g is tra tio n  o f  da ily  u rin a ry  o u tp u t  seem ed 
to  b e  th e  m ost in fo rm a tiv e . T able I I  p re se n ts  th e  p re -tre a tm en t v a lu es  and  
th e  av e ra g e  u rin e  o u tp u t  b e tw een  th e  th ird  a n d  s ix th  day  of d ru g  t r e a tm e n t ,  
th is  b e in g  th e  p e rio d  n ecessa ry  for th e  m a n ife s ta tio n  of an a n tid iu re tic  effect. 
S p iro n o lac to n e  was th u s  fo u n d  — excep t in  C ase N o. 4 — to  red u ce  24 -h r. 
u r in a ry  o u tp u t  b y  30 to  6 0 % . T he response to  ch lo ro th iaz id e  w ith  an d  w ith o u t 
sp iro n o lac to n e  wras s im ila r o r even m ore m a rk e d . T he m ost s ig n if ican t a n t i 
d iu re tic  effect w as e x e rte d  b y  ch lo rp ro p am id e , w h ich  (except in  Case N o. 8) 
cau sed  a 50 to  80 %  re d u c tio n  in  daily  u r in a ry  o u tp u t .  CCHC p ro d u c e d  l i t t le  
ch an g e , w ith  th e  ex cep tio n  o f  Case No. 3, w h e re  th e  daily  u r in a ry  o u tp u t  fell 
to  5 0 %  o f th e  co n tro l. O n th e  o th e r h an d , in  p sy c h ic  po lydipsia , ch lo ro th iaz id e  
a n d  sp iro n o lac to n e  cau sed  a m o d era te  in crease  in  u r in a ry  o u tp u t w hile ch lo r
p ro p a m id e  h a d  a  s lig h t a n tid iu re tic  effect. CCH C fa iled  to  produce  a n y  change 
in  tw o  cases w hile in  Case N o. 13 i t  reduced  u r in a ry  o u tp u t to  h a lf  its  o rig inal 
v o lu m e .

O ne o f th e  su b je c ts  w ith  d iabe tes in s ip id u s  (Case No. 6) has been  se lec ted  
fo r d e ta ile d  analysis  as h is response to  th e  d ru g s  was found  c h a ra c te r is tic
(F ig . 1).
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Table I

Serial
No. Initials Age

(years) Sex H istory

l M. I. 64 F Polyuria of un identified  origin appeared 4 or 5 years 
ago. Daily urinary output 12 to 15 1. Therapy: 
nasal insufflations of pituitary extract

2 S. M. 26 F Sudden onset o f  polydipsia and polyuria (9 1 daily) 
in 1956 subsequent to a febrile disease w ith  frequent 
stools containing blood (probably dysentery). Ther
apy: vasopressin-tannate by daily injections owing  
to intolerance to  nasal insufflation

3 u. j. 24 M Onset of polydipsia and polyuria (9 to 10 1/day) at 
3 years o f age after an operation for otitis m edia. 
Nasal insufflations and vasopressin in itse lf poorly 
tolerated

4 C. J. 29 F Obese since childhood. Present body-w eight 124 kg. 
Gradual onset o f  polyuria (15 1 per day) eight to 
ten months before admission. D iabetes m ellitus, 
intolerance to A D H . Therapy: chlorpropamide

5 F. P. 40 M Polydipsia and polyuria (30 to 40 1 daily) consecutive  
to a cranial injury in 1953. Therapy: vasopressin- 
tannate

6 M. J. 49 M Onset of polyuria (6 to 8 I daily), after cranial injury 
with unconsciousness in 1941. No drug treatm ent

7 B . s. 30 M Polydipsia since 1958. Primary diagnosis: H a n d - 
Sch ü ller— Ch r is t ia n ’s disease. Bone defects o f 
skull and upper jaw. Previous X -ray and steroid  
therapy. U rinary output 13 to 15 1 daily . Nasal 
insufflation o f  pituitary extract and oral chloro
thiazide

8 C. G. 15 M Gradual onset o f  polydipsia of unknown origin at 10 
years of age. U rinary output 6 to 8 1 daily. In to l
erance to A D H

9 L. L. 54 F Sudden onset o f polydipsia and polyuria (5 to 6 1 
daily) after childbirth in 1941. No drug treatm ent

1 0 K. Gy. 21 M M eningo-encephalitis at 4 years of age, follow ed by 
polyuria (8 to 9 1 daily) and m ental retardation. 
Therapy: vasopressin-tannate

T he specific g ra v ity  of u rin e  increased  in  response to  th e  d ru g s . T h e  
v a lu e  of 1001 to  1002 in  th e  u n tre a te d  su b je c ts  w ith  d iabetes in sip id u s rose 
to  an  average o f 1005 d u ring  tr e a tm e n t ,  ch lo rp ro p am id e  produced  c o n c e n tra 
tio n s as high as 1008 to  1010. CCHC failed  to  a ffe c t specific g rav ity .

In  th e  d ia b e te s  insip idus p a tie n ts  on th e  s ta n d a rd  d ie t, d a ily  m ean  
u r in a ry  sodium  o u tp u t  was in  th e  range o f 200 to  250 m E q  in th e  co n tro l 
period , an d  ex ceed ed  400 m E q  in th e  f irs t d a y s  o f ch lo ro th iaz ide  or ch loro-
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Table II

U rinary  ou tpu t (1 per 24 hours)
Serial

No. Initials Age, years Sex Diagnosis
U ntreated

Spironol
actone

I
Chlorothia- Spironolac- 

zide j to “ e,+  с.Ыо'rothiazide

Chlor
propamide j CCHC

i M. I. 6 4 female Diabetes insipidus 1 4 .3 7 .4 3 .3 4 .5 4 .4 1 1 .1

2 S. M. 2 6 female Diabetes insipidus 9 .0 6 .4 6 .4 4 .8 —
3 U. J. 2 4 male Diabetes insipidus 9 .8 4 .8 4 .8 4 .1 4 .0 4 .8

4 C . J. 29 female Diabetes insipidus,

diabetes mellitus 1 5 .0 1 6 .2 1 4 .6 1 1 .7 7 .6 1 7 .6

5 F. P. 4 0 male Diabetes insipidus 3 4 .0 2 2 .5 2 4 .6 2 4 .0 — 3 0 .3

6 M. J. 4 9 male Diabetes insipidus 8 .5 3 .7 4 .8 4 .0 1 .8 7 .6

7 B . s . 30 male H a n d — S c h ü l l e r —  C h r i s t i a n ’s

disease, diabetes insipidus 1 4 .1 8 .1 6 .7 5 .5 3 .3 10.2
8 C . G. 15 male Diabetes insipidus 7 .8 5 .9 3 .9 4 .2 5 .9 —

9 L. L. 5 4 female Diabetes insipidus 5 .9 — 2 .4 2 .3 — 4 .8

10 K. Gy. 21 male Diabetes insipidus 8 .5 4 .0 2 .5 — 2 .8 6 .3

11 в. K. 20 female Psychic polydipsia 4 .0 3 .9 4 .4 7 .3 3 .2 —
12 L. F. 26 male Psychic polydipsia 5 .0 4 .8 5 .3 5 .4 4 .1 4 .8

13 T. E. 17 female Psychic polydipsia 5 .2 4 .1 5 .2 5 .6 4 .5 2 .5

1 4 P. H. 27 male Psychic polydipsia 5 .0 4 .2 5 .3 5 .1 5 .4 5 .2
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L.T. 26yrs. é  d g : Psychic polydipsia

th ia z id e  -f- sp irono lac tone  a d m in is tra tio n , req u ir in g  a few  days to  re tu rn  
to  i t s  o rig inal values. S p iro n o lac to n e  in  itse lf  h a d  a  m o d e ra te  effect on n a tr iu -  
re s is . U rin a ry  p o ta ss iu m  e x c re tio n  was raised  o n ly  l>y ch lo ro th iaz id e . If, 
h o w e v e r , i t  was com bined  w ith  sp irono lac tone , p o ta ss iu m  ex cre tio n  scarcely  
ex c e e d ed  th e  contro l v a lu e s . T h e  o ra l a n tid ia b e tic  ag en ts  u n d e r s tu d y  h a d  no
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n o te w o rth y  in flu en ce  on the  u r in a ry  excre tion  o f  sod ium  an d  p o ta ss iu m , a n d  
co n seq u en tly  n o n e  on th e  N a/К  q u o tie n t . T here  w as a tra n s i to ry  rise in  th is  
q u o tie n t (from  5 — 7 to  9 —10) in  re sp o n se  to  th e  com bined  use o f sa lu re tic s . 
S p iro n o lac to n e  a n d  ch lo ro th iaz ide  caused  a s lig h t e lev a tio n  o f th is  fig u re . 
T h is  w as fo llow ed b y  a m o d era te  re d u c tio n  on sp iro n o lac to n e  a n d  a m a rk e d  
one on ch lo ro th iaz id e  (to 4 an d  2 , re sp ec tiv e ly ). T he changes in  th e  se ru m  
so d iu m  an d  p o ta ss iu m  levels h a v e  n o t  been p re sen ted  se p a ra te ly . O n ly  ch lo ro 
th ia z id e  p ro d u ced  a slight h y p o p o ta ssa e m ia , th e  average  level o f 5 m Eq/1 
g ra d u a lly  decreasin g  to  3.8 m Eq/1 b y  th e  f if th  d a y  of t r e a tm e n t. S p iro n o lac 
to n e  in h ib ite d  th is  reduc tion . C h lo rp ro p am id e  w as fo u n d  to  red u ce  th e  b lood  
su g a r  level o f 88 m g to  70 m g p e r  100 ml.

In  c re a tin in e  excretion  th e re  w as no s ig n ifican t change. E n d o g en o u s  
c rea tin in e  c lea ran ce  decreased m o d e ra te ly  in  response  to  sp iro n o lac to n e , 
ch lo ro th iaz id e  -j- sp irono lac tone , a n d  m ark ed ly  in  response to  ch lo ro th iaz id e  
(from  150 to  170 m l/m in. to  80 to  100 m l/m in .).

D a ta  o f a su b jec t w ith  p sy c h ic  po lyd ipsia  show ing ty p ica l resp o n ses  
are  p re sen ted  in  F ig . 1. The ch an g es  in  u r in a ry  o u tp u t  have  been  d iscussed  
ea rlie r (Table I I ) .  Specif;c g ra v ity  w as h igher as in  th e  cases o f d iab e te s  in s i
p id u s  even in  th e  drug-free in te rv a ls  an d  decreased  m o d e ra te ly  d u rin g  th e  
a d m in is tra tio n  o f  sp irono lac tone  -f- ch lo ro th iaz id e  w hereas i t  in creased  in  th e  
f i r s t  days o f ch lo rp ro p am id e  t r e a tm e n t .  C hlo ro th iaz ide  caused  an  in c rease  in  
so d iu m  an d  p o ta ss iu m  ex cre tion , th e  la t te r  be in g  s lig h tly  m ore p ro tra c te d . 
C om bined  ch lo ro th iaz id e  -f- sp iro n o lac to n e  re su lted  in  increased  sod ium  e x c re 
t io n  w ith o u t a ffe c tin g  th a t  o f p o ta ss iu m . T he N a /К  q u o tie n t v a ried  in  a c c o r
d an ce  w ith  th e se  responses. I t  w as s ligh tly  red u ced  b y  ch lo ro th iaz id e  a n d  
s lig h tly  in c reased  b y  sp irono lac tone  -)- ch lo ro th iaz id e . E ndogenous c re a tin in e  
c learance  an d  ex c re tio n  of c re a tin in e  w ere little  a ffec ted  h y  th e  d ru g s u n d e r  
s tu d y .

D iscussion

F rom  th e  p re se n t results i t  em erges th a t  sa lu re tic  ag en ts  red u ce  d iu resis , 
s lig h tly  increase u r in a ry  specific g r a v ity ,  enhance  sod ium  ex cre tio n  a n d  — p a r 
tic u la r ly  in case o f  ch lo ro th iaz ide  — reduce endogenous c rea tin in e  c lea ran ce  
in  d iab e tes  in s ip id u s . On th e  o th e r  h a n d , in psych ic  po ly d ip sia  th e  re sp o n se  
to  th e se  drugs is confined  to  an  in c reased  sod ium  ex cre tio n  w ith  th e  o th e r  
p a ra m e te rs  re m a in in g  un affec ted .

The a n tid iu re tic  effect of ch lo ro th iaz id e  in d iab e tes  insip idus was describ ed  
b y  Cr a w f o r d  a n d  K e n n e d y  in  1959 [10, 29]. T h e  m echan ism  o f th is  effect 
h as  been  e x te n s iv e ly  stud ied , b u t  n o  sa tis fa c to ry  ex p la n a tio n  has been  fo u n d .

I t  seem ed obv ious to  a ssu m e  th a t  th e  d iu re tic s  h a d  a d irec t A D H -lik e  
a c tio n  on th e  tu b u la r  ep ith e liu m , an  in te rp re ta tio n  w hich  in  fac t h a d  m a n y  
ad v o c a te s  [7, 15, 28, 37] b u t w h ich  seem s to  be in co m p atib le  w ith  la te r  evi-
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d en ce . I t  lias been fo u n d  fo r  instance  t h a t  o sm o tic  s tim u li (h y p e rto n ic  saline? 
m a n n ito l)  fail to  e n h a n c e  th e  effect [21]. M oreover, th ese  d rugs m a y  have  
a n  a n tid iu re tic  effect e v e n  w hen  th e  k id n e y  fa ils  to  re sp o n d  to  A D H , as re p o r t
e d  in  case of ren a l d ia b e te s  insip idus [9, 12, 37]. T h e  fin d in g  th a t  d iu re tics 
o f  th e  ch lo ro th iaz ide  ty p e  p roduce  a u r in e  o f  slig h te r o sm o la lity  th a n  does 
th e  m in im u m  effec tive  dose  of A D H  [17] is a fu r th e r  ev idence  a g a in s t th e  
A D H  h y p o thesis . In  e a r lie r  p ap ers  [14,31] we also  p o in te d  o u t t h a t  ch lo ro th iaz ide  
is dev o id  of an  a n t id iu re t ic  effect in  cases o f po ly d ip sia  w ith  ad eq u a te  
s to re s  o f  vasopressin , a n  o b se rv a tio n  c o n s is te n t w ith  th e  re su lts  of th e  p resen t 
s tu d y . U n d er th is  a s p e c t  i t  is of in te re s t to  n o te  th e  o b se rv a tio n  b y  E a r l y  
a n d  O rl o ff  [17] t h a t  a d d itio n  of sa lu re tic  ag e n ts  to  an  in  v itro  sy s tem  fails 
to  e n h an ce  th e  p e rm e a b il i ty  of th e  A D H -resp o n siv e  frog  b lad d e r.

A ltho u g h  Mi g o n e  a n d  A mbrosoli  [37] fo u n d  no  re la tio n sh ip  betw een  
th e  n a tr iu re tic  effect o f  d iu re tics  an d  th e i r  a n tid iu re tic  a c tiv ity  in  d iabetes 
in s ip id u s , th e  sod iu m  d efic iency  p ro d u ced  b y  th e se  d rugs is n o n e  th e  less 
re g a rd e d  as th e  p r in c ip a l fa c to r  o f th e  re sp o n se  [8, 12, 21, 26, 29, 43]. T here 
is ev id en ce  suggestive o f  sod ium  d ep le tio n  b e in g  in v o lv ed  in  th e  m echan ism . 
S u b je c ts  w ith  d ia b e te s  insip idus red u ce  th e ir  u r in a ry  o u tp u t  w hen  k e p t 
on a  low  sodium  d ie t  ev e n  in  th e  absence  o f  a n y  th e ra p y  [17, 20, 32]. N aCl 
d e p r iv a tio n  has b een  fo u n d  to  en h an ce  [17, 2 0 ,2 1 , 32], N aC l lo ad in g  to  
re d u c e  [17, 21, 23, 24, 30] th e  a n tid iu re tic  e ffec t o f ch lo ro th iaz id e , a n d  u r in a ry  
o u tp u t  rem ains low  e v e n  a f te r  su spen d in g  ch lo ro th iaz id e  t r e a tm e n t  i f  N aCl 
in ta k e  is k e p t a t  a m in im u m  level [11, 17, 24 ]. T h e  a n tid iu re tic  e ffec t o f sa lu 
re t ic  ag en ts  ceases, h o w e v e r , as soon as N aC l is in g ested  in  lib e ra l am o u n ts  
[ I I ,  21, 24].

T h e  d ie ta ry  N aC l in ta k e  of th e  su b je c ts  u n d e r  s tu d y  w as 300 m E q  N a 
p e r  d a y . T he a n tid iu re t ic  effect in  th e  d ia b e te s  in sip idus p a tie n ts  m a y  h av e  
b e e n  m ore in tensive  h a d  w e k ep t th e m  o n  a  low -salt d ie t.

T h e  n e x t p ro b lem  a t  issue concerns th e  m ech an ism  b y  w hich  N a  deple
tio n  lead s to  an a n tid iu re t ic  effect. I t  w as assu m ed  a t  f ir s t  t h a t  N a  dep le tion  
in d u c e d  b y  d iu re tic  a g e n ts  [17, 23, 30] e lic its  an  in c reased  p ro d u c tio n  or 
re lea se  o f  a ldosterone  [10, 33] w hich in  t u r n  leads to  a re d u c tio n  o f  sodium  
loss [17] and  o f d iu re s is . A d m in is tra tio n  o f  a ld o ste ro n e  a n ta g o n is ts  offers 
th e  b e s t ap p ro ach  to  th is  p rob lem . I t  w as in  fa c t  w ith  th is  a sp ec t in  v iew  th a t  
K e n n e d y  and  Cr a w f o r d  [30] a d m in is te re d  sp iro n o lac to n e  to  r a ts  w ith  
d ia b e te s  insip idus. T h e  re su lt  was a g rad u a l re d u c tio n  in  u r in a ry  o u tp u t . L a te r  
w o rk e rs  found  no a n tid iu re t ic  effect o f sp iro n o lac to n e  in  d iab e tes  insip idus, 
p ro b a b ly  because o f h a v in g  used  in a d e q u a te  doses [21, 44]. S u b seq u en t stud ies 
h a v e  a c tu a lly  show n th e  d ru g  to  p o te n tia te  th e  a n tid iu re tic  effect o f  ch loro
th ia z id e  [44] in s te a d  o f  in h ib itin g  i t  [17, 2 1 ], m oreover to  p ro d u ce  an  a n t i 
d iu re tic  effect of som e deg ree  in  d iabe tes in s ip id u s  [32, 35], th is  l a t te r  fin d in g  
b e in g  consisten t w ith  o u r  ow n ob se rv a tio n s.
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H ow ever, th e  w idely  accep ted  e x p la n a tio n  links up th e  a n tid iu re tic  
effect o f  sa lu re tic s  in  d iab e tes  in sip id u s w ith  changes in  renal h aem o d y n am ics . 
S od ium  d ep le tio n  leads to  h y p o v o laem ia  a n d  th u s  decreases G F R  [23];  
i f  th e  re d u c tio n  o f  G F R  a tta in s  30 to  7 0 % , an  increase  in  th e  specific  g ra v ity  
o f th e  u rin e  a n d  a decrease o f  u r in a ry  o u tp u t  ensue  even in  case o f  A D H  
d efic iency  [4], in  acco rdance  w ith  o u r o b se rv a tio n s  in  ra ts  w ith  p o ly u ria  su b 
se q u e n t to  d e s tru c tio n  o f th e  p i tu i ta ry  s ta lk  [31].  O th er w ork ers  fo u n d , 
how ever, no red u c tio n  in  G F R  [9, 35, 39] or none  accoun ting  fo r a red u ced  
u r in a ry  o u tp u t  [11]. I t  is, in  a d d itio n , h a rd  to  reconcile  w ith  th e  th e o ry  th a t  
a d m in is tra tio n  o f  ch lo ro th iaz ide  leaves G F R  u n a ffe c ted  [5, 25 ] ,  fu r th e rm o re  
th a t  perfu sio n  o f th e  k id n ey  w ith  d iu re tic s  fa ils  to  ra ise  renal v a sc u la r  re s is tan ce  
[22].  G i l l e n w a t e r  [21] re jec ts  th e  claim  o f  G F R  being  th e  responsib le  fac to r , 
i f  fo r no  o th e r  reason  th e n  because th e  changes in  th e  flu id  c o m p a rtm e n t an d  
in  e lec tro ly te  d is tr ib u tio n  are to o  s ligh t to  p ro d u ce  a m a jo r re d u c tio n  in  G F R . 
In d e e d , in  th e  p re se n t s tu d y  th e  serum  N a level rem ain ed  u n ch an g ed  th r o u g h 
o u t.

C h lo ro th iaz ide  has been  assum ed  to  a ffe c t, in  add ition  to  th e  d is ta l 
tu b u le s , also th e  p ro x im al ones [11, 13, 42 ]. T o  c la rify  th is  q u estio n  we w ould  
h av e  to  know  m ore a b o u t th e  n o rm a l physio log ica l role of th e  p ro x im a l tu b u le s  
th a n  we a c tu a lly  do [21].

C h lo ro th iaz ide  as also sp iro n o lac to n e  p ro d u ce  sodium  d ep le tio n  acco m 
p a n ie d  b y  a fall in  serum  osm o la lity  w hich  co n tro ls  w a te r in ta k e  b y  th e  sen 
sa tio n  o f th ir s t .  On th e  o th e r h a n d , w a te r  ex c re tio n  rem ains u n c h an g ed  an d , 
as a re su lt, w a te r  dep le tion  ensues [32, 41]. T h is in te rp re ta tio n  ta k e s  n o  acco u n t 
o f th e  g en era lly  accep ted  v iew  w hich  re g a rd s  th e  excessive w a te r  in ta k e  in 
d ia b e te s  in sip idus m ere ly  as a co m p en sa to ry  p rocess, a lthough  c e r ta in  au th o rs  
[34, 38] do em phasize  th e  im p o rtan ce  o f  th e  th ir s t  m echanism . T h e  fa c t th a t  
th e  changes in  serum  o sm ola lity  an d  in  a n tid iu re s is  are  b y  no m eans co n g ru en t, 
ad d s to  th e  d ifficu lties of th e  p rob lem  [21].

T h e  v a rio u s theo ries th u s  leave th e  a n tid iu re tic  m echan ism  o f sa lu re tic  
d rugs in  d iab e tes  insip idus la rge ly  u n e x p la in e d . T he p resen t re su lts  h av e  
failed  to  fu rn ish  conclusive p ro o f in  fa v o u r  o f a n y  of th em . I t  is h o p ed  to  
gain  in s ig h t in to  th e  fu n d a m e n ta l a sp ec ts  o f  w a te r  m etabo lism  b y  fu r th e r  
s tu d ie s  in to  th e  effect o f these  d iu re tic s .

C h lo rp ropam ide  produces changes w h ich  considerab ly  d iffer fro m  th o se  
ch a ra c te riz in g  th e  effect of sa lu re tics . T h e  a n tid iu re tic  effect is p a r tic u la r ly  
m a rk e d  in  d iab e tes  insip idus, th e  increase  in  u r in a ry  specific g ra v ity  is m ore 
d is tin c t, th e  u r in a ry  excre tion  o f  sodium  a n d  p o ta ss iu m  as well as endogenous 
c re a tin in e  c learance  rem ain  u n a ffec ted , a n d  th e re  m a y  be a red u c tio n  o f u r in a ry  
o u tp u t  in  psych ic  po lyd ipsia  as well.

T h e  hypog lycaem ic  effect o f c h lo rp ro p am id e  is know n to  re su lt  from  
m o b iliza tio n  o f  in su lin  from  th e  p an creas  [16, 27]. T he m echan ism  o f its  a n t i 
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d iu re tic  e ffec t is, h o w ev er, obscure . A r d u i n o  e t al. [2] assum ed  c h lo rp ro p a 
m ide  to  s tim u la te  th e  p i tu i ta ry  secre tion  o r m ob iliza tio n  of A D H , o r else, 
to  re s to re  th e  responsiveness o f th e  o sm o recep tiv e  cen tres to  physio log ic  
s tim u li. T h is w ould  b e , as p o in te d  o u t b y  M e i n d e r s  e t al. [36] a t  v a r ia n c e  
w ith  th e  fin d in g  t h a t  ch lo rp ro p am id e  does h a v e  an  a n tid iu re tic  e ffec t in  co n 
g e n ita l d ia b e te s  in s ip id u s , i.e . in  th e  lack  o f  A D H . O ur own o b se rv a tio n s  also 
in d ic a te  t h a t  ch lo rp ro p am id e  ex e rts  its  a n tid iu re tic  effect even in  cases w here 
no m o b ilizab le  A D H  is p re se n t. O n th e  g ro u n d s  o f  s tud ies w ith  in tra h y p o -  
th a la m ic  im p la n ta tio n  of ch lo rp ro p am id e , B e r g m a n n  e t al. [3] a t t r ib u te  th e  
a n t id iu re t ic  effect o f  th is  d ru g  to  a ce n tra l su p p re ss io n  of th e  th ir s t  m ech an ism . 
T h e  p o ss ib ility  of a d ire c t e ffect o f  ch lo rp ro p am id e  on th e  k id n ey s, w here  i t  
is p re su m e d  to  p ro d u ce  an  A D H -like  effect, h as  b e e n  po in ted  o u t b y  A r d u i n o  
e t a l. [2 ], M e i n d e r s  e t al. [36] a n d  R e f o r z o -M e m b r iv e s  e t  al. [40], an  
a s su m p tio n  co n sis ten t w ith  th e  o b se rv a tio n  t h a t  ch lo rp ropam ide  h as  n o  a n t i 
d iu re tic  e ffec t in  v a so p re ss in -re s is ta n t ren a l d ia b e te s  insip idus [2, 19], f u r th e r 
m ore  t h a t  i t  reduces u r in a ry  o u tp u t  in  n o rm a l in d iv id u a ls  an d , as i t  h as  been  
show n in  th e  p re se n t s tu d y , in  su b jec ts  w ith  p sy ch ic  po lyd ipsia .

I n  v iew  o f th e se  co n sid era tio n s, th e  s tu d y  o f  th e  a n tid iu re tic  e ffec t of 
d iu re tic  a n d  a n tid ia b e tic  ag en ts  in  d iab e tes  in s ip id u s  n o t only invo lves im p o r
t a n t  p a th o p h y sio lo g ic  a sp ec ts  b u t  also opens u p  new  th e ra p e u tic  possib ilitie s . 
T he p re s e n t acu te  ex p e rim en ts  a re  obv io u sly  u n su ite d  for th e  e v a lu a tio n  of 
a lo n g -te rm  th e ra p y . A lth o u g h  we h av e  h a d  a few  p a tie n ts  on m a in te n a n c e  
th e ra p y , th e se  o b se rv a tio n s  a re  n o t conclusive eno u g h  to  w a rra n t p u b lic a tio n .
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EFFECT OF LIVER INJURY AND OF INDUCED 
INFLAMMATION ON THE SERUM GLYCOPROTEIN

LEVEL
By

J. F e h é r , L . J a k a b  and L ív ia  T akács

THIRD DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived February 28, 1969)

The serum levels o f glycoprotein fractions hexose, hexosam ine, sia lic  acid, and 
serom ucoid in rats treated w ith  croton oil, CCI , and their com bination have been studied. 
In  croton oil-induced inflam m ation the hexosam ine, sialic acid and serom ucoid levels 
increased, th ey  were significantly e levated  in CCl4-induced liver injury as w ell. In 
croton oil-induced inflam m ation associated w ith  liver injury, the concentrations of 
hexose, hexosam ine and sialic acid were sign ifican tly  increased in  com parison with  
the values dem onstrable in CCl,-induced liver injury in the absence o f inflam m ation .

T h e  cause  u n d erly in g  th e  changes in  se rum  glycopro te in  (G P ) level 
a sso c ia ted  w ith  ex p erim en ta l in f la m m a tio n  a n d  tissue  in ju ry  h as  y e t  to  he 
c la rified . A ccu m u la tio n  in th e  d am ag ed  tis su e  o f G P and  GG (g lycosam ino- 
g lycane) has a m p ly  been d e m o n s tra te d  (S h e t l a r  e t al. [1959], B e r e n s o n  
an d  D a l f e r e s  [1960], F i s h k i n  a n d  B e r e n s o n  [1961], H ouck  e t al. [1962], 
H o u c k  a n d  J acob  [1964], A n t o n o p o u l o s  e t  al. [1965], P r o d i  a n d  L aschi

[1965], R a s m u s s e n  [1967]), an d  so h as  th e  increase in th e  se ru m  G P  level 
(S h e t l a r  e t a l. [1958], N e u h a u s  e t  al. [1961], N e u h a u s  an d  L iu  [1964], 
V a rg a  e t  al. [1966], J a k a b  an d  F e h é r  [1968]). T he origin o f G P  acc u m u la ted  
in th e  tis su es  is likew ise a p o in t o f d isag reem en t. T he possib ility  o f  increased  
local sy n th e s is  ( B e r e n s o n  an d  D a l f e r e s  [1960], F i s h k in  a n d  B e r e n s o n  
[1961], H o u c k  e t al. [1962], P rodi  a n d  L a sch i  [1965]), o f local b reak d o w n , 
as well as o f increased  deposition  in  th e  tissu es  (Varga  e t al. [1966]) have  
been ra ise d  on th e o re tic a l g rounds. O u r ow n stu d ies  seem  to  in d ic a te  an  in 
creased  local p ro d u c tio n  (Ja k a b  a n d  F e h é r  [1968]).

T h e  p ro p o n en ts  of increased  d ep o sitio n  in th e  tissues in c r im in a te  an 
en h an ced  sy n th e tic  a c tiv ity  o f th e  liv e r fo r th e  increase in 'th e  se ru m  G P  level.

I t  seem ed  th ere fo re  in te re s tin g  to  ex am in e  th e  p a r t  p lay ed  b y  liv e r  in 
ju ry  a n d  in d u ced  in fla m m a tio n  in  changes o f  th e  serum  G P level.

M ateria l an d  m ethods

S ev en ty  albino rats o f identical breed w ith  body-w eights betw een 180 an d  200 g were 
used. F iv e  groups were set up.

1. F ourteen anim als were killed by decap itation  w ithout any previous treatm ent.
2. Ten anim als were injected in traglu tea lly  in to  the right side w ith  0.2 m l o f 0.9 % 

saline on six  occasions, i.e. over two weeks and w ere decapitated on the 14th  d ay .
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3. F ifteen  anim als were in jected  in tragluteally  in to  the left side w ith  a m ixture of  
0.05 m l croton  oil —f-0.05 m l sunflow er oil on a single occasion , and were decapitated f iv e  days  
later (three previous deaths).

4. Seventeen anim als were injected  in tragluteally  into  the right side w ith  0.2 ml 
carbon tetrachloride every second day on six occasions, i.e . over two weeks, and were deca
p ita ted  on  the 14th day (tw o previous deaths).

5. Fourteen anim als were injected  intragluteally  in to  the right side w ith  0.2 m l carbon  
tetrach loride every second day over two weeks and, sim ultaneously  w ith the fifth  injection  
(on th e  9 th  day), a m ixture o f 0.05 m l croton oil + 0 .0 5  m l sunflow er oil was injected  in to  the  
left g lu tea l region, then the anim als were decapitated on the 14th  day (one previous death).

A fter  decapitation  the anim als were dissected, the in ternal organs and the sites o f local 
app lication  o f the substances were studied . H istological section s were prepared from  the liver  
and th e  g lu tea l subcutaneous connective tissue, and sta ined  w ith  haem atoxylin -eosin , PA S  
and to lu id ine blue.

In  the blood sam ples the follow ing fractions were estim ated: hexose (galactose and 
m annose) b y  the orcin reaction according to Sta ry  e t al. (1950); hexosam ine (galactosam ine  
and glucosam ine) by the E l s ő n — M organ  reaction according to Sw a n n  and B alázs 
(1966); sia lic  acid by the d iphenylam ine reaction according to  A yala  et al. (1951); and sero- 
m ucoid on the grounds o f its  hexose content, according to  W e im e r  and R e d l ic h -M o sh in  
(1952).

T he re su lts  w ere e v a lu a te d  b y  St u d e n t ’s i- te s t .

Results

G roups 1 an d  2 e x h ib ite d  no ap p rec iab le  tis su es  changes. I n  g ro u p s 3 
a n d  5 th e re  w as co n sid erab le  sw elling, o ed em a  o f th e  su b cu tan eo u s co n 
n e c tiv e  tissu e , h aem o rrh ag ic  in flam m atio n  o f  th e  le f t g lu tea l reg ion  w ith  
c h a ra c te r is tic  m icroscopic fea tu re s  inc lud ing  m a rk e d  leucocytic  an d  ro u n d

Fig. 1. R at liver after CC14 treatm ent. H aem atoxylin -eosin  staining. X 50
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Fig. 2. R at liver after CC14 -\- croton oil treatm ent. PAS staining. X 20

m q %
150

Fig. 3. Serum  liexose level in  induced inflam m ation and liver injury

mg°/o

normal NaCI0,9% cro to n  C C l^ CCI^+croton 

Fig. I. Serum hexosam ine leve l in  induced inflam m ation and liver injury
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cell in f il tra tio n  w ith  s ig n if ican t accu m u la tio n  o f  fib ro b la s ts , h is tio cy te s  an d  
m a s to c y te s .

A p p ro x im a te ly  5 0 %  o f  th e  anim als o f  g ro u p s  4 an d  5 w ere ja u n d ic e d . 
T h e  h isto log ic  p a t te rn  o f  th e  liver was t h a t  o f  fib ro s is  w ith  p seu d o lo b u la tio n . 
T h e re  w as a s ig n ifican t b ro ad en in g  of th e  p o r to b il ia ry  connective tis su e  w ith 
ro u n d  cell in f iltra tio n  (F igs 1 and  2).

T h e  serum  G P  f ra c tio n s  exh ib ited  th e  fo llow ing  changes (F igs 3, 4, 5, 6 
a n d  T a b le  I ) : T he h exose  leve l (F ig . 3) te n d e d  to  r ise ; th e  significance o f  th is  
e le v a tio n  in  co m p ariso n  to  th e  con tro l a n d  c a rb o n  te trach lo rid e  g ro u p s was 
c o n fin ed  to  th e  e x p e rim e n ta l in flam m atio n  a sso c ia te d  w ith  liver in ju ry .

Fig. 5. Serum sia lic  acid level in induced in flam m ation  and liver injury

mg%
70-1

1 0 -

normal

Fig. 6. Serum serom ucoid level in  induced in flam m ation  and liver injury

T h e  hexosam ine leve l w as sig n ifican tly  h ig h e r  in  th e  N aC l-trea ted  th a n  
in  th e  n o rm a l ra ts . A  fu r th e r ,  likew ise s ig n if ic a n t increase w as n o te d  in 
a sso c ia tio n  w ith  in f la m m a tio n  as well as in  liv e r  in ju ry . Croton oil to g e th e r  
w ith  liv e r  in ju ry  in d u c e d  a fu r th e r , h igh ly  s ig n if ic a n t increase (F ig . 4).

T h e  sialic ac id  leve l (F ig . 5) was le f t u n a ffe c te d  b y  saline. A  h ig h ly  
s ig n if ic a n t e lev a tio n  w as d em o n strab le  in  c ro to n  oil-induced in fla m m a tio n  
as co m p a re d  to  th e  n o rm a l con tro ls an d  in  liv e r  in ju ry  as com pared  to  th e  
s a lin e - tre a te d  an im als . I n  liv e r  in ju ry  a sso c ia ted  w ith  tissue d e s tru c tio n , th e  
e le v a tio n  w as h ig h ly  s ig n if ican t also in  c o m p ariso n  to  liver in ju ry  alone.

T h e  serom ucoid  leve l (F ig . 6) was s ig n if ic a n tly  increased in th e  case of 
in f la m m a tio n , an d  s till m ore  so in carbon  te tra c h lo r id e  in ju ry . T issue d e s tru c 
tio n  a f te r  liver in ju ry  p ro d u c e d  no fu r th e r  c h an g e  in  th e  serom ucoid  level.
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Table I

Serum glycoprotein concentrations in liver in jury  and in induced inflammation

U ntreated
controls 0.9% NaCl Croton oil CC14 Croton oil 4- CCI.

11 14 10 12 15 13

Hexose mg% X 103.7 110.7 112 106.5 1 2 4 a + + +

s 18.5 13.8 18.6 31.3 17.2

H exosam ine mg% X

1 
1П 
Ö

54 .0  + + + 75 .3  + + + 83.1 tVx 9 7 .4 Г х +*

s 5.3 10.2 11.8 6.7 6 .7 D DD

Sialic acid mg% X 66.6 70.5 74 +  + + 96 + + +7 X X X П 5 . 7 Г х х
s 7.4 9.8 6.7 14.3 2 0 .3 D DD

Seromucoid mg% X 10.4 11.1 11.8 + + •’ll { -и .л 1 8 - 6 Г Л
s 1.6 1.6 1.1 2.6 2.7

+  significance against untreated controls 
X significance against N ad-treated  animals 
□ significance against 001 ,-treated animals 
li =  number o f  anim als 
X =  average 
s =  standard deviation

D iscussion

P h y sio log ica l saline caused  no s ig n if ic a n t increase in th e  level o f th e  
G P  frac tio n s , w ith  th e  excep tion  o f t h a t  o f  hexosam ine. The in c rease  in  th is  
fra c tio n  w as p re su m a b ly  due to  non-specific  in flam m atio n . C ro ton  oil in d u ced  
an  e lev a tio n  o f th e  serum  G P level w hile th e  increase in hexose w as n o t  sig 
n if ic a n t.

C arbon  te tra c h lo r id e  did e levate  th e  G P  level w ith  th e  ex cep tio n  
o f th a t  o f  th e  hexose frac tio n . The se ro m u co id  level was also s ig n if ic a n tly  
increased  (show ing th e  h ighest e leva tion  o f  a ll g roups). In  CCl4-in d u c e d  liver 
in ju ry  th e  levels o f  hexose, hexosam ine a n d  sialic acid  increased  fu r th e r  in 
response  to  in fla m m a tio n . P iuk o vich  e t a l. (1964), s tu d y in g  th e  ch an g es in  
th e  sialic acid , hexose  an d  h ap to g lo b u lin  levels  a f te r  CC14 tr e a tm e n t ,  e x p lo ra 
tiv e  la p a ro to m y  a n d  p a r tia l  h ep a tec to m y  in  th e  r a t ,  found  an  in c rea s in g  te n 
den cy  o f th e  G P  levels; th is  was less d is t in c t  a f te r  p a r tia l h e p a te c to m y . T h e y  
a t t r ib u te d  a ro le to  th e  liver in th e  ch an g e . N e u h a u s  an d  L iu  (1964) and 
V a r g a  e t  al. (1966) d rew  sim ilar conclusions. T he resu lts  of S h e t l a r  e t  al. 
(1969), B e r e n s o n  an d  D a l fe r e s  (1960), F i s h k i n  and  B e r e n s o n  (1961) 
suggested  th a t  in  in fla m m a to ry  changes th e  d am ag ed  tissue is a  s ite  o f in 
creased  G P  sy n th es is . A ccording to  H o u c k  e t a l. (1962) and  to  H o u c k  and  
J acob  (1964), in  th e  in flam ed  tissues th e  co llag en  and  acid GG c o n c e n tra tio n s
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a re  re d u c e d  a t  th e  onse t w hile th a t  o f th e  lo ca lly  sy n th e tized  G P  p o o r  in  
sia lic  ac id  is increased . T he hexosam ine c o n c e n tra tio n  reached  its p e a k  on th e  
s e v e n th  d ay .

S h e t l a r  e t al. (1964) d e m o n s tra te d  lab e lled  glucosam ine ea rlie r in  th e  
liv e r  t h a n  in  th e  se ru m  p ro te in s  o f ra ts  a n d  ra b b i ts  and  suggested  t h a t ,  in  
a d d it io n  to  th e  liv er, o th e r  tissu es  of th e  b o d y  m ig h t also be in v o lv ed  in  th e  
p ro d u c tio n  o f serum  G P  g lucosam ine. W h it e  (1965) o b ta ined  s im ila r re su lts  
w ith  lab e lled  g a lac to sam in e . A ccording to  M o l n á r  e t al. (1965) in  th e  r a t  th e  
in c o rp o ra tio n  of labelled  g lucosam ine in to  se ru m  G P  takes place in  th e  m ic ro 
so m a l f ra c tio n  o f th e  liv e r cells. Sialic ac id  is a lso  dem onstrab le  in  th e  sub- 
m ic ro so m a l frac tio n . H e l g e l a n d  (1965) re p o r te d  on sim ilar o b se rv a tio n s .

O n th e  ev idence o f  th e  s tu d ies  of W h ite  e t a l. (1965) iso tope g luco sam in e  
is in c o rp o ra te d  in to  th e  G G  w hich  is p ro d u c e d  in  th e  dam aged  tis su e s  even  
a f te r  h e p a te c to m y , b u t  in  th is  case its  a c t iv i ty  in  th e  serum  p ro te in s  is low . 
T h ese  a u th o rs  reg ard  th e  liv e r  as th e  p rin c ip a l s ite  o f  GP syn thesis . W a r r e n

(1966), th o u g h  sh a rin g  th is  v iew , p o in ted  to  th e  lu n g , k idney , ce reb ra l c o r te x , 
t r a c h e a  a n d  in te s tin e s  as a d d itio n a l sites o f  g lucosam ine p ro d u c tio n . A fte r  
h e p a te c to m y  ocj-acid G P  is d em o n strab le  in  se ru m .

T h u s , th e  d a ta  p o in t to  serum  G P  b e in g  p a r t ly , if  n o t p re v a le n tly , 
s y n th e tiz e d  in  th e  liv er. H ow ever, th e  tu rn o v e r  o f  serum  G P invo lves a  w ide 
ra n g e  o f  d iffe ren t su b stan ces . E ach  serum  g lo bu lin  frac tio n  b inds c a rb o h y d ra te s  
o f  d iffe re n t s tru c tu re  an d  in  vario u s a m o u n ts . A v a r ie ty  of G Ps h as  been  
iso la te d  a n d  id en tified  fro m  th e  p lasm a o f m am m a lia n s  b u t w ith  a few  e x c e p 
tio n s , th e i r  m etabo lism  an d  bio logical s ign ificance  are  unknow n. C erta in  se ru m  
G P s, in  p a r tic u la r  th e  im m unog lobu lin s, a re  k n o w n  to  be of e x tra h e p a tic  o rig in .

S erom uco id  is closely  connected  b y  th e  m a jo r ity  of au th o rs  w ith  th e  
fu n c tio n  o f th e  liv e r .T h e  h e te ro g en e ity  o f th is  p e rch lo ric  acid-soluble f ra c tio n  
h as  b e e n  show n b y  S c h m id  e t al. (1964) a n d  A n d e r s o n  (1965). P ro d u c tio n  
o f  otj-acid G P (orosom ucoid) b y  th e  liver cells h a s  been  confirm ed b y  W e i m e r  
e t a l. (1965) in  liver cell cu ltu re s . H e r r i n g  (1964) iso la ted  from  b o v in e  b one  
tis su e  a sia lo p ro te in  w hich  closely resem bled  orosom ucoid  in its  s tru c tu re .  
T h e re  is ev idence sug g estin g  th a t  bone s ia lo p ro te in  has th e  bone its e lf  as its  
s ite  o f  p ro d u c tio n . T h is w ould  be o f basic im p o rta n c e  b y  docum enting  t h a t  m eso
d e rm a l tissu es  are  also in v o lv ed  in th e  p ro d u c tio n  o f G P sim ilar in  s t ru c tu re  
to  se ru m  G P.

A ll th is  po in ts  to  th e  w ide d iv e rs ity  o f se ru m  G P , p a rticu la rly  as re g a rd s  
m e ta b o lism  an d  in d iv id u a l fu n c tio n s, an d  th e ir  p ro d u c tio n  in tis su es . I t  is 
c e r ta in  t h a t  som e o f th e ir  frac tio n s , e.g. ocj-acid G P , are sy n th e tiz e d  in  th e  
liv e r. L o ca l p ro d u c tio n  o f G P  b y  m esoderm al tis su e  seems eq u a lly  c e r ta in .

O u r earlier a n d  th e  p re se n t resu lts  fa v o u r  th e  th e o ry  of e x tra h e p a tic  
p ro d u c tio n , e lev a ted  serum  G P  levels h av in g  b e e n  fo u n d  even in  th e  p resen ce  
o f  g ra v e  liv e r in ju ry . O bv iously , allow ance m u s t  be m ade fo r th e  f a c t  t h a t
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p a th o lo g ic  cond itions a re  b o u n d  to  affect th e  n o rm a l anabo lic  a n d  catabo lic  
processes. There are  no  d a ta  as to  w h e th e r th e  G P s, b e ing  fo rm ed  in th e  tissues, 
f in d  access to  th e  c irc u la tio n  an d , if  so, in  w h a t m an n er.

F u r th e r  s tud ies co n cern ed  w ith  th e  p a r t  p la y e d  b y  th e  liver p a ren ch y m a  
a n d  in te rs ti t ia l  tissu e  in  G P  m etabo lism  u n d e r  n o rm a l an d  a b n o rm a l con
d itio n s , a re  in p rogress.
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PATHOGENESIS OF ANAEMIA 
IN TRANSPLANTED AKR LEUKAEMIA*

By

T . B u r g e r  and L . G . L a j t h a

FIRST DEPARTMENT OF MEDICINE (DIRECTOR: PROF. T. JÁVOR), 

UNIVERSITY MEDICAL SCHOOL, PÉCS

(R eceived  April 25, 1969)

U sing a spleen cell suspension of anim als suffering from spontaneous A K R - 
leukaem ia, lym phoid leukaem ia w ith  an acute course was induced in  A K R — C3H 
hybrid animals; the condition  proved to be a m odel su itab le for studies. 59Fe uptake  
decreased in the eryth rocytes as the disease was progressing and the d evelop m en t of 
anaem ia ran parallel. The increase in 59Fe uptake by the leukaem ic liver suggested  the 
role o f leukaem ic cell in filtration  in  the phenom enon. The higher m ortality  o f  the irra
diated  leukaem ic bone m arrow grafted animals as com pared to norm al m arrow grafted  
ones showed that the p rotective  effect o f leukaem ic bone marrow was lower. A t 15 days 
after irradiation these norm al bone marrow and leukaem ic bone marrow grafted  groups 
showed a significant difference in 72-hour iron uptake. The high 59F e up take o f  the 
liver o f irradiated chim eras strongly  suggested the relative in tegrity  o f  its  storing capa
c ity  and its resistance to radiation injury. There was an increase in spleen w eight and 
in  the number of v isib le superficial spleen colonies in  the leukaem ic bone marrow- 
grafted groups as com pared to normal hone marrow grafted anim als. T he difference 
m ay be explained by the contribution of leukaem ic b last cells in  form ing additional 
colonies.

H aem ato lo g is ts  h a v e  long  been in te re s te d  in  th e  p rob lem s o f  anaem ia  
in  leu k aem ia  an d  i t  is c e r ta in  th a t  n o t on ly  th e  disease itse lf  b u t  th e  th e ra 
p e u tic  m easures are  also responsib le  for th e  sy m p to m . In v e s tig a tio n  o f  th e  
p ro b lem  in p a tie n ts  has o b v io u sly  m an y  lim ita tio n s , th e  f irs t  b e in g  t h a t  i t  is 
im possib le  to  m ake o b se rv a tio n s  w ith o u t tre a tm e n t .  In  sp ite  o f  th e  d iffi
cu ltie s  th e re  are  som e im p o r ta n t  d a ta  av a ilab le  fo r fu r th e r  in v e s tig a tio n . 
A cco rd in g  to  B e rl in  (1966) th e  m echan ism  of an aem ia  in  le u k a e m ia  is 
a fa ilu re  to  p roduce an  a d e q u a te  n u m b er o f red  cells, a sh o rten in g  o f  re d  cell 
life sp an  (it is supposed  t h a t  th e re  is an  in trin s ic  d efec t in  red  cells), a n  in c rea s
in g ly  ineffective e ry th ro p o ies is  an d  m u ltip le  sm all h aem o rrh ag es , o r even 
m assiv e  haem orrhages, a n d , f in a lly , th e  effects o f th e ra p e u tic  d ru g s  on th e  
r a te  o f red  cell fo rm a tio n  ( B e r l i n  1966, F r e ir e ic h  e t al. 1967, B u r g e r  
e t al. 1966a, V i d e b a e k  1962, N a t h a n  an d  B e r l i n  1959, B u r g e r  e t  a l. 1966b). 
T ra n sp la n ta tio n  of leu k aem ia  b y  spleen cell suspension , an d  th e  ra p id ly  ensu ing  
d isease  an d  severe an aem ia  w ere conven ien t fo r ex p erim en ts .

* This work was supported by an Eleanor R oosevelt International Cancer Fellowship  
and carried out at the Christie H ospita l and H olt R adium  In stitu te , Paterson Laboratories, 
M anchester, England, under the direction o f Dr. L. G. L a jt h a .

5 Acta Medico Academiae Scientiarum Hungaricae 27, 1970



66 T. BURGER and L. G. LAJTHA

M ateria ls  and m eth o d s

F em ale C3H—Á K R  F I  h yb rid  mice betw een 9 and 12 weeks of age were used in all 
exp erim en ts. In iron kinetic  experim en ts, blood sam ples were taken under ether anaesthesia, 
after w h ich  the animals were k illed  by cervical fracture.

T w o types o f experim ent w ere carried out.
(1) Ferrokinetic studies a t 5, 10, 15, and 20 days after the transp lantation  in  healthy  

an im als, transplanted w ith  105, 5 X 105, 106, leukaem ic sp leen  cells.
(2) Norm al and leu kaem ic  bone marrow grafting in to  previously whole body irra

d ia ted  anim als w ith 850 rad. F errokinetics were tested  9 and 15 days after grafting, both  for 
6 and 72 hour uptake by blood , sp leen, liver and fem oral marrow.

Routine haematological param eters

H aem atocrit values w ere determ ined by the m icro-test tube m ethod. W hite cells and 
cell d istribution  in blood sm ears were determined w ith  trad itional m ethods. The rem oved  
sp leen  w as placed in B ou in ’s f lu id  (picric acid 75% , form aldehyde 20% , acetic acid 5%) 
for cou n tin g  the number o f m acroscopically  observable sp leen colonies 9— 10 days after grafting 
w ith  5 x l 0 4 bone marrow cells. C ytological investigation  o f  spleen colonies was performed 
after R om an ovsky—Giemsa d ifferentia l staining.

Ferrokinetics

Individual mice were g iv en  intraperitoneal in jections o f 0.5 p C of ferric citrate (specific  
a c tiv ity , 20— 25 pC/pg)  6 and 72 hours before killing them  b y  bleeding from  the right axillary  
v esse l under ether anaesthesia. 59F e concentration was determ ined in  0.1 m l sam ples o f whole 
b lood  collected  in  disposable PVC tub es; radioactivity o f each  sam ple was m easured in a well- 
ty p e  (gam m a guard, Tracerlab) sc in tilla tion  counter. R a d io a ctiv ity  in  spleen, liver and the two 
fem urs w as measured in sim ilar tu b es . Spleen and liver were weighed previously. The total 
vo lu m e o f  blood was determ ined ind irectly  by taking it  to  be 7%  o f body w eight. The 5!,Fe 
u p ta k e  o f  the organs, to ta l b lood  and plasma was expressed in per cents o f radioactiv ity  
per 200 sec.

Bone marrow and spleen cell grafting

T he cell suspension w as prepared by rem oving the fem urs and the spleen from healthy  
C3H — A K R  F I hybrid anim als and  from moribund leukaem ic anim als (inoculated w ith  1 O’ 
leu k aem ic  cells 18—20 days before). The end of the bones w as opened by rem oving the joints 
w ith  scissors. A gauge 1 hyp oderm ic  needle fitted  to  a tuberculin  syringe w hich contained  
1 m l o f  H anks’ solution, w as in troduced  and the m arrow plug forced out o f the bone into 
a b ijou  bottle . The rem oved large, fragile leukaem ic spleens were placed into P etri dishes 
con ta in in g  H anks’ solution. A fter  a spleen was cut and sligh tly  pressed, it  was easy to prepare 
cell suspensions w ith scissors. B o th  suspensions were th en  shaken by hand for one m inute.

T he number of cells in  th e  fin a l suspension w as estim ated  w ith  a cell counter. The 
num ber o f injected normal bone m arrow cells, and also th a t  o f  leukaem ic bone marrow cells, 
w as fou n d  to  be 5 X 104, and th a t  o f  leukaem ic spleen cells 10s, 5 X 10s, 106. The cell suspensions 
were prepared under sterile circum stances. Bacteriological te sts  were negative in  every case. 
In jec tio n s were made in traven ou sly  into the lateral ta il vein  of the test mice.

Irradiation technique

Irradiation was carried o u t w ith  a 300 kVp R esom ax  X -ray set operating at 19 mA 
h a lf-v a lu e  thickness o f 1.9 m m  Cu, at a source-to-surface distance of 70 cm  for 850 rad 
(35 rad/m in).

T he controls and the an im als w ith leukaem ic cell grafts received standard food and 
drink ing w ater ad libitum , w hereas th e  drinking water g iven  to  the irradiated anim als contained  
100 m g tetracycline/liter.
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Results

T he tra n sp la n ta tio n  o f leukaem ic cells e s tab lish ed  a leukaem ic  line in  
th e  FI h y b rid  an im als. A fte r th e  in jec tion  o f  10s leukaem ic spleen cells (90%  
ly m p h o b la s ts ) , leu k aem ia  developed  in  18 to  22 days. B y th is  tim e  th e  an im als  
h ad  becom e sick, anaem ic , an d  th e ir  p e rip h e ra l b lood co n ta in ed  20,000 to  
30,000 leu k o cy tes , w ith  90 %  ly m p h o b la s ts . T he spleen, liver an d  th y m u s , 
a n d  th e  ly m p h  nodes w ere en larged . F ig . 1 show s th e  n u m b er o f d ead  an im als 
in re la tio n  to  tim e .

Fig. 1. Cum ulative death  curve o f C3H —A K R  F I hybrids grafted w ith 105, 5 X 105 and 10°
A K R  leukaem ic sp leen cells

I f  a la rg e r q u a n ti ty  of leukaem ic  sp leen  cells ( 5 x l 0 5 an d  10e) w as g iven, 
th e  leukaem ic  s ta te  developed  earlie r a n d  th e  an im als d ied  ea rlie r.

T h e  an im als of th e  leukaem ic  line deve loped  leukopen ia  w ith  re la tiv e  
ly m p h o cy to sis  10 d ays a fte r  t r a n s p la n ta t io n . T he bone m arrow  o f th e  d y in g  
an im als  an d  of th o se  used fo r t r a n s p la n ta t io n  co n ta in ed  90%  ly m p h o b la s ts . 
T h e  sam e bone m arrow  p a tte rn  w as o b serv ed  in  th e  an im als w ith  S x lO 5 
an d  in  th o se  w ith  10° leukaem ic  cell g ra f t. In  p e rip h era l blood th e  to ta l  leu k o 
cy te  co u n t increased  before d e a th , a n d  m orpho log ica lly  th e re  w as a ly m p h o 
b las tic  p rep o n d e ran ce  (F ig . 2).

T he h a e m a to c rit v a lue  an d  59F e  u p ta k e  b y  th e  b lood, p lasm a a n d  organs 
w as e s tim a te d  5, 10, 15 an d  20 days a f te r  th e  leukaem ic  spleen cell tra n sp la n -
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Fig. 2. L eukocytes and lym phob lasts in anim als grafted w ith  leukaem ic spleen cells 
as m easured on the 10th and 2 0 th — 24th days

ta t io n .  F ig . 3 p resen ts  th e  decreasing  h a e m a to c r it  values on th e  above m en 
tio n e d  d ay s  in  th e  an im als in jec ted  w ith  105, 5 X Ю5 or 106 cells.

T ab le  I  co n ta in s  th e  72 -hour iron  k in e tic  d a ta .  59F e u tiliz a tio n  decreased  
g ra d u a lly  a f te r  th e  tra n s p la n ta t io n  o f leukaem ic  sp leen  cells. On th e  5 tli d a y

normal

Fig. 3. H aem atocrit value in anim als grafted w ith  10% 5 x  10s and 10(! leukaem ic spleen cells
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Tabic 1

A K I{  leukaemic spleen cells grafted into C3H  — A K K  F I hybrids 
Iron kinetic data 72 hours after 59Fe administration

Number of animals 11 8 10 и 7 5

Number of transplanted cells 105 Spleen cells 5 X105 10°

Days (after transplantation) 5 10 15 20 15 10

A ctiv ity  o f to ta l blood  
volum e in per cent 43.00 ±  5.00 24.67 ±  21.40 10.05 ±  2.91 5.28 ±  4.28 1.55 +  0.22 4.81 ±  1.87

Total plasma activity 0.48 +  0.06 0.64 +  0.05 0.72 ±  0.02 0.75 ±  0.04 0.44 ±  0.05 3.51 ±  0.04

Spleen

a ctiv ity  
per cent 1.90 ±  0.90 3.10 ±  0.30 3.81 ±  1.23 4.25 ±  1.02 5.90 ±  2.93 6.23 ±  1.06

W eight (mg) 135.50 +  14.30 395.25 +  22.15 731.33 ±  138.50 876.25 ±  54.60 535.0 ±  52.30 516.80 ±  41.50

Liver

a ctiv ity  
per cent 13.50 +  2.35 18.60 +  3.45 26.03 ±  4.52 31.90 ±  6.45 34.73 ±  5.53 33.26 ±  7.15

W eight (m g) 1355 +  84.24 1960.5 +  80.25
1 . . .

2551 ±  103.45 2672.2 ±  108.35 3738 ±  103.00 3570 ±  515.0

Control

a ctiv ity  
per cent Blood 47.99 ±  15.50 Spleen 1.50 ±  0.01 Liver 9.25 ±  1.59

W eight (mg) 103.06 ±  16.90 1121.80 ±  74.95
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th e r e  w ere no s ig n ifican t changes in  co m p ariso n  w ith  th e  n o rm a l an im als. 
T h e  sev ere  d is tu rb an ces  o f  59Fe u tiliz a tio n  developed  earlie r in  th e  an im als 
w h ic h  h a d  received  5 X Ю5 an d  106 leu k aem ic  spleen cells. F ig . 4 show s these  
c h a n g e s . 59F e u p ta k e  dec reased  e x p o n e n tia lly  w ith  tim e . In  th e  la t te r  an im als 
p la s m a  a c tiv ity  w as h ig h , a n d  th e  d ire c t a n d  in d irec t serum  b iliru b in  levels 
w ere  increased  (1.5 m g each  p er 100 m l). 59F e  u p ta k e  an d  sp leen  a n d  liv e r 
w e ig h t increased  p a ra lle l w ith  th e  tim e  a f te r  tra n sp la n ta tio n s  (T ab le  I  an d  
F ig s  4 a n d  5).
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Fig.  4.  59Fe uptake of blood , plasm a, femur, Fig. 5. T ota l body, spleen and liver w eight in 
sp leen  and liver in animals grafted  w ith 105, anim als grafted w ith leukaem ic spleen cells and 

5 x l 0 5 and 10e leukaem ic spleen cells in w hole-body irradiated anim als grafted with
NBM or LBM

M o rta lity  in  th e  ir ra d ia te d  g roups is show n in F ig . 6. M o rta lity  in  th e  
g ro u p s  w ith  leukaem ic  b o n e  m arrow  (L B M ) g rafts  and  in  th o se  t r e a te d  w ith  
sa lin e  (SA) was m u ch  h ig h e r th a n  in  th e  g roup  w ith  n o rm a l b o n e  m arrow  
(N B M ) grafts . The d ifference  was m ore s ig n if ic a n t in th e  g roups o b serv ed  for 
15 d a y s . In  th e  N B M -g rafted  groups o b serv ed  fo r 9 days, on ly  5 o u t  o f 20 an im als 
d ie d , b u t  in  th e  L B M -g ra fted  groups 23 o u t o f 60 d ied. In  th e  sa lin e -tre a ted  
g ro u p s  30 anim als o u t o f  40 reached  th e  9 th  d ay  a fte r su p ra le th a l to ta l  body
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□  1 d e a d  animal

NBM g r a f t  (9 days) 
(out of 20 an.5 died)

LBM g r a f t  (9 days) 
(out of 60an.23died)

S a lin e  (9days) 
(out of 40an.10died)

___r R n -------
2 4 6 8 todays 2 4 6 8 10 days

Ж
2 4 6 8 10 days

NBM g ra f t  (15 days) 
(out af 30 an. 5 died)

П R , m
2 4 6 8 10 12 14 16 days

LBM graft (15days) 
(out af 60an.47died)

2 4 6 8 10121416 days

Saline (15 days) 
(out of 20an.20died)

_ c E L
2 4 6

T:.... :. X U
8 10 12 1416 days

NBM= normal bone marrow , LBM-teukaemic bone marrow.

Fig. 6. M ortality o f anim als having received w hole-body irradiation w ith 850 rad and sub
sequently grafted w ith  normal bone marrow (NBM ), and leukaem ic hone marrow (LBM ).

U ngrafted saline-injected controls

irrad ia tio n . M ore s tr ik in g  w ere th e  differences in  m o rta lity  of th e  an im als 
observed  fo r 15 d ay s . O f th e  30 N B M -grafted  an im a ls , 5 died. In  th e  LBM  
groups only  16 o u t o f 60 an im als reached  th e  15 tli d ay . In  th e  S A -trea ted  
g roups th e re  w ere no su rv ivo rs.

Fig.  7. Changes in haem atocrit value between the 9th  and 15th day in the irradiated anim als 
grafted w ith  NBM , LBM, and ungrafted saline-in jected  controls
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Table II
Iron kinetic data o f  irradiated animals grafted

9 days (after irradiation)

óh 5эре uptake 72b 58Fe uptake

blood plasma femur spleen liver blood plasma femur spleen liver

« 14.94 11.12 0.67 5.95 14.13 3.90 0.31 0.50 2.62 18.80
"3 +  1.91 ± 2 .0 8 ± 0 .2 5 ± 2 .6 8 ± 1 .8 7 ± 1 .0 5 ± 0 .0 2 ± 0 .0 5 ± 0 .1 4 ± 2 .0 6
©

9 animals (1 series) 9 animals (1 series)

14.60 11.60 0.46 6.20 11.20 4.25 0.33 1.05 3.18 18.57

5
± 3 .6 9 ± 2 .2 7 ± 0 .1 0 ± 3 .7 7 ± 2 .8 1 ± 1 .2 8 ± 0 .1 0

оÖ+1 4-1.09 ± 3 .4 6

sJU 24 animals (3 series) 9 animals (1 series)

©
8.46

± 2 .8 9

8.39

± 5 .3 7

0.49

± 0 .2 3

0.47

± 0 .2 5

15.15

± 3 .9 4
0 0

0.32

± 0 .0 5

0.66 

+  0.22

17.00

± 1 .7 4

15 animals (2 series) 15 animals (2 series)

T h e  h a e m a to c rit va lu e  e s tim a te d  on  th e  9 th  d ay  u n d e rw e n t a decrease 
in  b o th  g roups b y  th e  1 5 th  d a y ; th e  decrease was m ore th a n  th re e fo ld  in  th e  
L B M  as in  th e  NBM  group  (F ig . 7). T ab le  I I  co n ta in s th e  iro n  k in e tic  d a ta  of 
th e  i r r a d ia te d  an im als. T o ta l b lood  a n d  p la sm a  ac tiv ities w ere s im ila r  in  th e  
N B M  a n d  LBM  groups, b u t  s ig n if ican tly  low er in  th e  SA g roups on  th e  9 th

Fig. 8.  59F e uptake of blood in irradiated anim als grafted w ith  NBM , LBM , or in  ungrafted
saline-in jected  controls
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with normal and leukaemic bone marrow

15 days (after irradiation)

(jh ьорс uptake 72^ 49Fe uptake

blood plasma femur spleen liver blood plasm a femur spleen liver

7.43 4.47 0.23 4.99 10.42 22.86 0.78 0.42 2.58 20.65

± 1 .6 2 ± 1 .5 1 ± 0 .0 5 * 0.27 ± 5 .3 5 ± 4 .1 0 ± 0 .1 5 ± 0 .1 0 ± 0 .1 9 ± 3 .4 8

5 animals (1 series) 20 animals (3 series)

11.89 10.46 0.47 11.25 5.19 5.64 1.53 0.30 5.42 20.52

± 4 .6 2 ± 5 .8 1 ± 0 .0 2 ± 2 .3 0 ± 2 .3 0 ±4 .47 ± 0 .4 5 ± 0 .0 4 ± 1 .3 0 ± 3 .2 5

3 animals (1 series) 13 animals (5 series)

No survivors No survivors

— —

(lay . In  th e  15-day  groups th e re  w ere sign ifican t d ifferences in 72 h o u r  58F e 
u p ta k e  (Tahié I I  and  Fig. 8). O f th e  organs, 3i)F e  u p ta k e  w as th e  h ig h e s t in 
th e  liver. T he fem u r d id  n o t ta k e  up 59Fe in  a n y  o f  th e  ir ra d ia te d  g roups 
(F ig . 9 an d  T ab le  II) .
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Fig. 10. Spleen colon ies in  anim als grafted w ith  5 x l 0 4 norm al bone m arrow cells

Fig.  11. Spleen colonies in  anim als grafted w ith  5 x  104 leukaem ic bone m arrow cells

T h e  spleen was s ig n if ic a n tly  heav ie r in  th e  L B M -grafted  an im als , while 
th e  liv e r  showed no c h a n g e  in  w eight. B o d y  w eig h t decreased  in  all groups 
(F ig . 4 an d  Table I I I ) .

T h e  average n u m b e r  o f  spleen colonies in  th e  N BM  groups w as 10.48 
(55 m ice) and  in th e  L B M -g ro u p s 16.50 (44 m ice; T ab le  IV ). O n inspection  
th e r e  w as no difference in  th e  form  of colonies b e tw een  th e  tw o  g roups (Figs 10 
a n d  11).

D iffe ren tia tion  o f  th e  cells in  spleen colonies w as d ifficu lt. "W ith  con
v e n t io n a l  h isto logical s ta in in g  m ethods i t  w as p ra c tic a lly  im possib le  to  d is tin 
g u ish  betw een  e ry th ro id  p recu rso rs  and  ly m p h o b la s ts . In  th e  9 -d ay  groups 
th e  n u m b e r  of n o rm o b la s ts  m ig h t have been  less in th e  LBM  g ra fte d  spleen 
co lo n ies  th a n  in th e  N B M  g ra f ts ;  th e  d ifference w as g rea te r  in  th e  15-day-old
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co lony-form ing  cells, as in the  sp leen  colonies o f  N B M -grafted  an im als  th e re  
w ere 20%  n o rm o b la s ts , as a g a in s t 1 %  in  th e  L B M -grafted  an im als.

I t  has been  a tte m p te d  to  d iffe re n tia te  e ry th ro id  precursors from  ly m p h o 
b las ts  w ith  A l e x a n d e r  and  P i c k w o r t h ’s haem oglob in  s ta in in g  te c h n iq u e  
m odified  hy  D o h e r t y  e t al. T h is  s tu d y  has n o t  y e t been co n c lu d ed  an d  
all th a t  can be sa id  in advance is t h a t  th e  colonies in L B M -grafted  an im als  
co n ta in ed  only 1 0 %  haem oglobin  p o sitiv e  cells.

Table III

Total body , spleen and liver weight o f  whole-body irradiated animals 
grafted with N B M  and L B M

9 days after irradiation 15 days after irradiation

Body tveight | Spleen weight j L iver weight Body weight 1 Spleen weight Liver w eight

normal 16.21 39.88 923.50 19.55 127.0 993.9

BM +  1.50 ± 5 .3 4 ± 2 5 0 .0 ± 3 .5 1 ±2 0 .4 0 ± 9 5 .4 0

graft
21 animals 20 animals

leukaemic

BM

15.16 

+  1.83

87.62

±48 .70

1143.80

± 1 9 8 .0 0

18.46

± 2 .9 3

245.0

± 4 9 .35

957.60
± 1 0 2 .1 5

graft 24 animals 13 animals

16.23 26.66 1028 No survivors

saline
+  1.61 ±3 .34 ± 2 2 .4 0

15 animals

Table IV

Number of spleen colonies o f  whole-body irradiated N B M  and L B M  grafted an im als  
(9 -10  days after irradiation)

NBM graft N um ber of mice LBM graft N um ber o f mice

9.30 ±  7.44 18 18.66 ±  5.58 12

12.00 ±  1.91 10 10.00 ±  2.59 8

5 X  10'1 cells 10.00 ±  3.39 8 20.80 ±  9.38 10

8.70 ±  4.91 9 16.33 ±  8.65 6

12.40 ±  2.12 10 16.75 ±  7.69 8

Average number o f  
colonies 10.48 16.50

T otal number of  
anim als 55 44
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C onclusions

L eukaem ic  cells w ere tra n sp la n te d  in  FI h y b r id  mice. One leu k aem ic  cell 
line w as used  in  a ll th e  exp erim en ts . C y to log ica l te s ts  were ap p lied  to  v e rify  
t h a t  th e  cell donors w ere  leukaem ic.

T h e  59Fe u til iz a tio n  te s t  also su p p o r te d  th e  w ell-know n fa c t t h a t  Fe 
u p ta k e  decreases as th e  disease progresses. T h e  d ev e lopm en t of a n aem ia  w en t 
p a ra lle l w ith  th e  d ecrease  in  59Fe u tiliz a tio n . T h e  degree of increase  o f  59Fe 
u p ta k e  b y  th e  liv e r a n d  th e  spleen su g g ested  th e  role in  th e  p h en o m en o n  of 
leu k aem ic  cell in f il tra tio n . R ecen tly , W a l t e r s  e t  al. (1967) have  d e m o n s tra te d  
th e  a b ili ty  o f ly m p h o m a  cells to  in c o rp o ra te  iro n  in to  haem . T he b io sy n th esis  
o f haem  in leu k aem ic  cells ind ica tes th a t  th e  iro n  sto rage  of leukaem ic  organs 
m a y  n o t  be due to  s to ra g e  b y  R E S  cells o n ly .

T he h igh m o r ta l i ty  o f th e  ir ra d ia te d  a n d  L B M -grafted  an im als show ed 
th a t  th e  p ro te c tiv e  e ffec t o f LBM w as w e a k e r, a n d  recovery  was d im in ish ed  
or a b se n t in th ese  a n im a ls . The difference in  h a e m a to c rit v a lue  b e tw een  th e  
N B M  a n d  L B M -g ra fted  anim als w as in  a g re e m e n t w ith  th is  o b se rv a tio n . 
A t 15 d ay s  a fte r  i r ra d ia tio n  these tw o g ro u p s show ed a sign ifican t d ifference 
in  7 2 -hour iron  u p ta k e , w hich is c o n s is ten t w ith  th e  above fin d in g s.

59F e u p ta k e , as o b serv ed  9 days a f te r  i r ra d ia tio n , was v e ry  low  in  b o th  
g roups. T h e  h igh  59F e  u p ta k e  of th e  liv er s tro n g ly  suggests th e  re la tiv e  in te g r ity  
o f its  s to rin g  c a p a c ity  a n d  its  resistance  to  r a d ia t io n  in ju ry .

T h e  h igher sp leen  w eight in  th e  L B M -g ra fted  groups w as in  keep ing  
w ith  th e  h igher n u m b e r  o f spleen cell co lon ies. T he increase in  n u m b e r  of 
colonies w ith  tim e  w as fo u n d  to  be s ig n if ic a n t in  th e  L B M -grafted  an im als .
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HARMFUL SIDE EFFECTS INDUCED 
BY A PIPERAZINE DERIVATIVE 

IN EXPERIMENTAL ANIMALS
I. OPHTHALM OLOGICAL O B SE R V A T IO N S  

B y

P . M e z e y , G. J .  K ö t e l e s , A. T a k á t s  and P . J o b b á g y i

FIRST DEPARTMENT OF OPHTHALMOLOGY, UNIVERSITY MEDICAL SCHOOL AND “ FRÉDÉRIC 

JOLIOT-CURIE”  NATIONAL RESEARCH INSTITUTE FOR RADIOBIOLOGY AND RADIOHYGIENE, BUDAPEST

(Received M ay 14, 1969)

Prolonged treatm ent w ith l,4-b is-(phenyl-isopropyl)-p iperazine • 2HC1 know n  
to  induce cataract in  hum ans, caused pathological alterations in the eye o f rats and  
m ice. The com pound seem ed to elicit a photosensib ilizing effect even in anim als. In  the  
treated groups, significant changes in  the conjunctiva , the cornea and the fur o f  the  
anim als were observed. A lthough dense cataracts sim ilar to those seen in hum ans failed  
to  develop, m orphological alterations o f the lens were observed which were ascribed  
to a disturbance in  fibre formation.

Acta Medica Academiae Scientiarum Hungaricae, Tomus 27 (1),  pp. 79 85 (1970)

M e z e y  (1967) w as th e  firs t to  call a t te n tio n  to  th e  fac t th a t  p ro lo n g ed  
a d m in is tra tio n  of th e  m in o r tr a n q u illa n t l,4 -b is-(p h en y l-iso p ro p y l)-p ip e raz in e  • 
2HC1 in d u ced  c a ta ra c t  in  h u m an s; th is  o b se rv a tio n  w as su p p o rted  by  a n u m b e r  
o f c lin ical cases (V a r g a  e t al. 1968). T herefo re , an im a l experim en ts w ere p e r 
fo rm ed  to  decide w h e th e r an y  eye lesions deve loped  a f te r  th e  chronic a p p li
ca tion  o f th e  com pound .

M ateria l an d  m ethods

The com pound l,4-b is-(phenyl-isopropyl)-piperazine • 2HC1 was dissolved in ph ysio log 
ical saline, at a concentration o f  2.5 mg per m l for the purpose o f  injecting rats, and in  w ater  
at a fin a l concentration o f 0.15 m g per m l to  be used as a drinking water for m ice. Fresh  
solutions were prepared tw ice m onthly. The solution  was stored in dark, at + 4 °C .

A t the beginning of the experim ents the rats were 6 w eeks old and of 100— 120 g w eight, 
the m ice 3 weeks old. The rats were injected w ith  the so lution  subcutaneously 5 tim es w eekly  
for a year. Sim ultaneously, the respective groups were exposed  to ultraviolet (U V ) rays, 
5 tim es w eekly for a year. Subsequently the observation w as continued for another half year. 
The m ice were given drinking water w ith piperazine for 1 year.

The experim ental groups consisting o f 5 rats each were as follows. I: u n treated  
control; II: UV irradiated; III: 5 m g per kg piperazine daily; IV: 5 m g per kg of piperazine  
and UV irradiation daily; V: 10 m g per kg o f piperazine daily; VI: 10 mg per kg of piperazine  
and U V  irradiation, daily.

The groups o f m ice, consisting of 10 anim als each, were, I: U V  irradiated; II: drinking  
water containing piperazine; III: drinking w ater containing piperazine -j- UV irradiation.

UV irradiation was performed by a Siem ens H anau S 500 m ercury tube. The anim als  
were kep t in wire cages, a t a distance of 1 m eter from the lam p. Radiation was perform ed  
laterally , w ithout fix in g  the anim als, during the first 3 m onths for 5 m inutes and later  for 
10 m inutes, daily.

The ophthalm ological lesions were exam ined by ophthalm oscope and slit-lam p. For the  
observation  of slight changes, the pupil was d ilated w ith  1%  atropine solution.
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R esu lts

T h e  co n ju n c tiv a , th e  cornea a n d  th e  lens were re g u la r ly  ex am in ed  
d u r in g  tr e a tm e n t.  In  b o th  th e  ra ts  an d  th e  m ice tre a te d  w ith  p ip e raz in e  th e  
c o n ju n c tiv a  becam e hy p eraem ic , sw ollen a n d  covered w ith  d ila te d  vessels, 
a n d  in  m ost cases h y p ersec re tio n  an d  p h o to se n s itiv ity  o ccu rred . W hile in  
b o th  r a ts  an d  m ice th e  co rn ea  in  th e  c o n tro l g roups was c lear, a n d  in  th e  UV-

Fig.  1. Cornea of rat (a) and m ouse (b) exposed to  com bined chronic piperazine and UV  
trea tm en t. Vascularization and infiltration  exten ding  to  the whole corneal area. In  (b) haem or

rhages along the vessels in  several areas

i r r a d ia te d  an im als s lig h tly  v ascu la rized , in  th e  m a jo rity  o f p ip e ra z in e -tre a te d  
a n d  ev en  m ore in  p ip e raz in e  an d  U Y -tre a te d  an im als i t  w as d iffu se ly  v a sc u 
la r iz e d  an d  ex ten siv e ly  in f il tra te d , w ith  a leu k o m a in som e an im a ls .

I n  som e cases haem o rrh ag ic  p laq u es w ere observed a long  th e  d ila te d  
v esse ls . O n th e  ep ith e liu m , superfic ia lly  o r im m ed ia te ly  below  i t ,  t in y  vesicles 
a p p e a re d , e ith e r in g roups localized  in  v a r io u s  sectors or co vering  th e  w hole 
c o rn e a l su rface . In  a few  cases, a s ligh t lin e a r  p a tte rn  w as o b se rv ed  am ong  
th e  vesicles (Fig. 1). T he incidence  of co rn ea l lesions in r a ts  as a fu n c tio n  of
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th e  d u ra tio n  of t r e a tm e n t  is d e m o n s tra te d  in  F ig . 2, w hich show s also  th e  
m ore h a rm fu l effect o f com bined  UV a n d  p ip e ra z in e  tre a tm e n t. T h e  d iffe ren t 
da tes o f  ap p ea ran ce  re v e a l differences in  in d iv id u a l sen sitiv ity . A fte r  th e  f irs t 
year, i.e. a ce rta in  la te n c y  period, a s ig n if ic a n t increase in f req u en cy  o f  th e  
corneal lesions was to  be  no ted .

II III IV V VI 
G ro u p s

Fig. 2. F requency of corneal lesions in rats treated  w ith  piperazine and UV irradiation , as a 
function o f tim e. The groups are as follows. I: u n trea ted  control; II: UV irradiated; II I :  5 mg 
per kg o f piperazine daily; IV: 5 m g per kg of p iperazine and UV irradiation; V: 10 m g per kg 
of piperazine daily; VI: 10 m g per kg of piperazine and U V  irradiation. In the fraction s the 
num erator is showing the num ber of damaged anim als against the total num ber g iven  in the

nom inator

L ens lesions in  r a ts  could  be seen w h e re  a t  le a s t some p a rts  o f  th e  co rn ea  
h ad  rem a in ed  clear a n d  th e  deeper p a r ts  o f  th e  eye could he e x a m in e d  b y  
s lit-lam p . In  these  cases, th e  equa to ria l p a r ts  o f  th e  lens were c ircu la rly  d e m a r
ca ted  in  a grey  colour fro m  th e  o ther tis su e s . T h is  slight lesion w as th e  m ore 
re m a rk a b le , since n e ith e r  a sim ilar change n o r  co lou r differences w ere o b se rv ed  
in th e  co n tro l g roups. H ow ever, c rude  len s  lesions were n o t fo u n d  in  vivo. 
T herefo re , 1 y ea r a f te r  tre a tm e n t from  th e  m ice  th e  lens was re m o v e d  an d  
w ith  its  a n te r io r  su rface  tu rn e d  d o w n w ard s ex am in ed  b y  th e  s lit- la m p . This 
position  allow ed to  ob serv e  th e  lenses la te ra l ly  a n d  to  d e tec t lesions n o t  a p p e a r 
ing  on fro n ta l  in sp ec tio n . D uring  th e  e x a m in a tio n  th e  lenses w ere p re se rv ed  
from  exsicca tio n  b y  c o n s ta n t w etting  w ith  physio logical saline. T h e  lenses 
from  th e  u n tre a te d  c o n tro l anim als seem ed  to  be  clear, w ith  a s lig h tly  o p a l
escent e q u a to r ia l p a r t .  A p a r t  from  th is , no  le s io n  w as found in  th e  U V -tre a te d
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Fig. 3. Schem atic diagram  o f slit-lam p findings in  th e  lens o f mice treated w ith  piperazine
and UV. For details, see te x t

m ice  (G ro u p  I). In  G roup  I I ,  a d is tin c t c lo u d y  opalescence was seen in  th e  
e q u a to r ia l  p a r t  an d  fro m  th is ,  diffuse lin e a r  o p ac itie s  of various le n g th  a n d  
th ic k n e s s  s ta r te d  to w a rd s  th e  an te rio r a n d  p o s te r io r  poles, w hich g ra d u a lly  
co a le sced  w ith  th e  clear p a r ts .  In  G roup I I I ,  a n  in ten siv e  hom ogeneous e q u a -

Fig. 4.  Iso lated  lenses o f m ice. T he upper lenses orig inated  from  untreated anim als, th e  low er
ones from treated anim als

A: UV treatm ent. B: piperazine treatm ent. C: piperazine and UV treatm ent

A d a  Medico Academiae Scientiarum Hungaricae 27, 1970



HARMFUL SIDE EFFECTS. I 83

Fig. 5. Piperazine and UV treated mice, (a) Changes in fur; (b) ulcers in the cervical region

to ria l o p a c ity  could  be observed . A lin ear p a t te r n  w ith  longer an d  s h o r te r , 
th in n e r  an d  th ic k e r  grey  s trip es  resem bling  a com b could  be d e tec ted , d ire c te d  
m ain ly  to w ard s  th e  p o s te rio r  co rtex . V arious degrees o f these  a lte ra tio n s  are 
d e m o n s tra te d  sch em a tica lly  in Fig. 3; iso la ted  lenses are show n in  F ig . 4.

T o  d e m o n s tra te  th e  ep ith e liu m -d am ag in g  effect o f  th e  p ip eraz in e  co m 
p o u n d , p h o to g ra p h s  o f  t re a te d  an im als are  show n  in  F ig . 5. P ro longed  p ip e ra 
zine a n d  UV tre a tm e n t caused  a m ark ed  loss o f  fu r  in th e  ra ts  an d  th e  m ice, 
n e a r  th e  en d  o f th e  tr e a tm e n t .  T he change seem ed  to  be in d e p e n d e n t o f  th e  
ro u te  o f  a d m in is tra tio n .

D iscussion

A n u m b e r of su b stan ces  have been fo u n d  to  be ca ta rac to g en ic  su c h  as 
th e  p h en o th iaz in es  ( B a r s a  e t al. 1965, Marg o l is  e t al. 1965, P e t r o h e l o s  
e t al. 1968), n a p h th a le n e  ( P ir ié  1968), s te ro id s  ( S u n d m a r k  1966, F ü r s t  1966)
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a n d  c e r ta in  su lp h o n am ides ( R i b e l i n  e t a l. 1967) an d  also th e  p ip e raz in e  
d e r iv a t iv e  a t  issue (Me z e y  1967). T he m ech an ism  of th e  effect is n o t  clear. 
I n  t h e  p re se n t s tu d y , th e  f i r s t  lesions a p p e a re d  on th e  co rnea; th e y  w ere 
m o rp h o lo g ica lly  sim ilar to  a k e ra titis  p u n c ta ta .  S ign ifican t d ifferences in 
th e  deg ree  of corneal lesions w ere o b serv ed  b e tw een  th e  an im als  tre a te d  
w i th  U V  a n d  w ith  U V  a n d  p iperaz ine . I t  h a s  to  be m en tio n ed  t h a t  in  
th e  h u m a n  cases o f p ip e raz in e  c a ta ra c t  no  corneal lesion w as observ ed , 
b u t  th e re  w ere sim ilarities in  th e  d iffe ren t se n s itiv ity  of in d iv id u a ls  a n d  also 
in  t h a t  th e  lesions d ev e lo p ed  a fte r  a long  la te n c y  period . In  th e  an im als 
th e  le sions were s lig h te r th a n  in  h u m an s, in  sp ite  of th e  t r e a tm e n t o f  an im als 
h a v in g  been  s ta r te d  in  e a r ly  life an d  co n tin u e d  fo r  a longer tim e  as co m p ared  
to  th e  av erag e  life sp an  o f an im als  th a n  i t  o ccu rred  in h u m an s. A ccord ing  to  
l i t e r a r y  d a ta , th e  sk in  a n d  th e  fu r o f a lb in o  an im als  are  n o t sen s itiv e  to  UV 
r a d ia t io n  (L ogan  an d  W i l h e l m  1966). I n  o u r  ex p erim en ts  UV lig h t d id  n o t 
c a u se  a n y  change in  th e  fu r , in  c o n tra s t w ith  com bined  UV a n d  p ip e raz in e  
t r e a tm e n t .  I t  was th e re fo re  concluded  th a t  th e  p iperazine  d e riv a tiv e  ex e rte d  
a p h o to sen sib iliz in g  effect.

T h e  sign ifican t co rneal lesions th em se lv es  m ig h t have a p p rec iab ly  c o n tr i
b u te d  to  th e  p rev en tio n  o f so m ark ed  lens lesions as tho se  fo u n d  in  h u m an s. 
N o rm a lly , on ly  a sm all p a r t  o f  th e  UV ir ra d ia t io n  to  w hich th e  eye is exposed  
re a c h e s  th e  lens, and th e  oed em ato u s, in f i l t r a te d  an d  densely  v ascu la rized  
c o rn e a l tissu e  m u st h av e  fu r th e r  reduced  th e  a m o u n t of p e n e tra tin g  U V  ra d i
a t io n . I n  th e  ex p erim en ta l g ro u p  tre a te d  w ith  U V  an d  p iperaz ine , s lig h t lens 
le s io n s  s till occurred . U V  ra d ia tio n  of w av e len g th s  o th e r th a n  th o se  ap p lied  
b y  u s , e .g . th e  n ea r UV a n d  v isib le  range  o f  ra d ia t io n  p resen t in  su n sh in e , m ig h t 
h a v e  a m ore in tensive  effect in  th e  presence o f  th e  p iperazine co m p o u n d . This 
a s s u m p tio n  is th e  m ore lik e ly  because , acco rd in g  to  several chem ical s tru c tu ra l  
re la t io n s ,  th e  c a ta rac to g en ic  tra n q u illa n ts  a re  s im ila r to  th e  p h o to sen sitiz in g  
d y e s . I t  is, how ever, also possib le  th a t  th e  s lig h t lens lesions are c h a ra c te r is tic  
o f  th e  in itia l s tage, an d  s im ila rly  to  th e  h u m a n  p iperazine  c a ta ra c t ,  th e y  
w o u ld  h a v e  tu rn e d  in to  m o re  dense op ac ities  a f te r  a longer tim e . O f course, 
n o t  o n ly  th e  am o u n t o f UV ir ra d ia tio n  in te rfe re s  w ith  th e  d ev e lo p m en t o f  th e  
le s io n , b u t  f irs t of all th e  a m o u n t of p ip e raz in e  com pound  a c c u m u la ted  in 
th e  len s  an d  d am ag ing  e ith e r  its  cells or its  capsu le . C onsidering th e  b io logy  
o f  t h e  lens, th e  a c c u m u la tio n  of even m in u te  am o u n ts  of som e su b s ta n c e  
m ig h t  p ro v o k e  th e  a p p e a ra n ce  o f fib res o f p a th o lo g ica l m orpho logy  a n d  com 
p o s it io n . T he linear o p ac itie s  ru n n in g  fro m  th e  e q u a to r to w ard s  th e  poles 
se e m e d  to  su p p o rt th is  h y p o th es is .

W e are indebted to Prof. M. R adnót for encouragem ent in connection w ith  th is study, 
to  D r. V . VÁRTERÉsz, Director o f  the Institu te for R adiobiology and Dr. F . A n t o n i, H ead  
o f D epartm en t, for facilities in  the experim ents and for advices during the preparation o f the 
m anu scrip t.
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HARMFUL SIDE EFFECTS INDUCED 
BY A PIPERAZINE DERIVATIVE 

IN EXPERIMENTAL ANIMALS
II. BIO CH EM ICAL E X A M IN A T IO N  OF T H E  L EN S: 

E FFEC T ON LYM PHOCYTES

By

G. J .  K ö t e l e s , A. D ö k l e n , P . M e z e y  and A. T a k a t s

FIRST DEPARTMENT OF OPHTHALMOLOGY, UNIVERSITY MEDICAL SCHOOL 

AND "FRÉDÉRIC JOLIOT-CURIE”  NATIONAL RESEARCH INSTITUTE FOR RADIOBIOLOCV 

AND RADIOHYGIENE, BUDAPEST

(R eceived May 14, 1969)

Prolonged treatm ent o f rats w ith  l,4-b is-(phenyl-isopropyl)-p iperazine • 2HC1 
failed to change either the protein, ribonucleic acid and acid-soluble ribose contents, 
or RN A  synthesis in the lens. On the other hand, 14C-amino-acid incorporation into  
the proteins increased as com pared to  the controls. M itosis o f lym phocytes o f  piperazine- 
treated animals was disturbed on phytohaem agglutin in  induction  in vitro.  A s to  the 
pathom echanism , tw o explanations are offered. The first assum es a d isturbance in 
perm eability due to the dam age o f the lenticular capsule or the m em branes o f  cells 
and fibres. The second m ight he an injury at the nuclear level o f m echanism  o f fibre 
differentiation from epithelial cells.

In tro d u c tio n

As re p o rte d  in  a p rev ious p a p e r, ch ron ic  a d m in is tra tio n  o f  1,4-bis- 
(p h eny l-isop ropy l)-p iperaz ine  • 2HC1, a com pound  ca ta rac to g en ic  in  h u m an s, 
w as found  to  induce  in  an im als  v isib le  lesions in  th e  lens, su g g estiv e  o f  a d is
tu rb a n c e  of fib re  fo rm a tio n  (Me z e y  e t al. 1970). T hese lesions w ere n e ith e r  
c lin ica lly  n o r h is to log ica lly  so ad v an ced  as th o se  in  h u m an s (V a r g a  e t al. 
1968, R a d n ó t  an d  V a rg a  1969). S till, a f te r  th e  clinical o b se rv a tio n  period , 
th e  c rysta lline  lenses o f th e  an im als w ere su b jec ted  to  b iochem ica l in v es tig a 
tio n s o f b o th  an a ly tica l an d  fu n c tio n a l n a tu re , in  o rder to  e lu c id a te  w h e th e r 
th e  in itia l m etabo lic  d is tu rb a n c e  in d u ced  b y  th e  com p o u n d  a n d  lead in g  to 
c a ta ra c t  fo rm atio n  cou ld  be observed  in  th e  lens. In  a d d itio n , in  v iew  o f an 
analogous d am ag ing  effect o f som e p iperaz ine  d e riv a tiv e s  on b la s t  tra n s fo r
m atio n  of h u m an  ly m p h o cy te s  in  vitro  b y  p h y to h a e m a g g lu tin in  ( N a s jl e t t i  
e t  al. 1965), th e  m ito tic  c a p a c ity  o f ly m p h o cy tes  in th e  t re a te d  an im als  was 
also s tud ied .

Material and methods

Compound l,4-b is-(phenyl-isopropyl)-piperazine • 2HC1 was dissolved in physiological 
saline, at a concentration of 2.5 mg per ml. A fresh solution was prepared tw ice  m onth ly  and 
stored iu the dark at -(-40C. A t the beginning o f the experim ents the rats were 6 weeks of
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age and weighed 100— 120 g. The anim als were injected  su bcutaneously  w ith doses o f  10 m g 
per k g  b od y  weight, 5 tim es w eek ly  for a year. The respective  group was exposed to ultraviolet 
irradiation  5 tim es w eekly, also for a year, by a Siem ens H anau S 500 mercury lam p. The 
anim als were accom m odated in  wire cages, at a distance o f 1 m eter from  the lam p. During the  
first 3 m onths irradiation lasted  5 m inutes, afterwards 10 m inutes, daily.

T he present exam inations w ere performed after a year o f treatm ent followed by another 
h a lf year  o f  observation period. Iso lated  lenses and lym p h ocytes from  the peripheral blood  
were investiga ted  in un treated  controls, in a piperazine-treated, and in a piperazine -j- TJV 
trea ted  group.

A s described earlier (A n t o n i et al. 1963; K ö t e l e s  e t al. 1963) biochem ical analyses 
and estim ation  of the protein , ribonucleic acid (R N A ) and acid-soluble ribose contents were 
perform ed w ith  colour reactions after isolation according to  the m odified Schm idt—Thann- 
hauser m ethod. For stu dying  R N A  and protein synthesis, the lenses were incubated in  Parker’s 
TC 199 m edium , at 37°C for 3 hours, in the presence o f  0.1 //Ci per m l o f u C-valine (Am ersham ), 
and 14C-uridine, respectively. A fter incubation, the fraction  containing the R N A  nucleotides 
w as separated according to the m odified Schm idt—T hannhauser m ethod, the lens proteins 
according to  S ie k e v it z  (1952). R a d ioactiv ity  in aliquot sam ples w as determ ined by a F riesecke— 
H oepfner gas-flow counter. R N A  content was estim ated  b y  the orcinol colour reaction , and 
the protein  content by the m eth od  o f  L o w ry  et al. (1951). Specific activ ity  o f the sam ples 
w as g iv en  in  cpm per ,ug R N A -P  and cpm per m g protein.

In vestigation  of ly m p h o cy tes in vitro was perform ed as follow s. The rats were ex sa n 
gu in ated  from  the abdom inal aorta  under sterile conditions. The blood w ithout any anti
co agu lan t w as placed into an incub ator of 37°C for 30 m inutes, th en  the coagulate was rem oved. 
U nder su ch  circum stances, about 0 .5 — 1.0% of the eryth rocytes rem ained in the serum . The 
ly m p h o cy tes remaining in  the serum  were used for preparing cultures. Parker’s TC 199 m edium  
w as added to the serum conta in ing  the cells, in a ratio o f  1 : 3. The lym phocyte count then  
was 0 .5 — 1.0 X106 per ml. B la st transform ation o f ly m p h o cy tes w as induced by 0.002 m l 
per m l o f  phytohaem agglutin in  P  (D ifco). After 68 hours the cultures were treated w ith  0.01 mg 
per m l o f  dem ecolcine and after another 4 hours, in the 72nd hour o f cultivation , chrom osom al 
preparations were made and sta in ed  w ith  Giemsa solution .

R esults

B iochem ical study o f  the lenses

A fte r  one y ea r t r e a tm e n t  an d  a n o th e r  h a lf  y e a r  o f  o b se rv a tio n  of th e  
r a ts ,  th e  acid-soluble r ib o se , p ro te in , and  rib o n u c le ic  ac id -phosphorus c o n ten ts  
in  th e  lenses were e s tim a te d .

R esu lts  are  show n in  F ig . 1. T he av erag e  p ro te in , ribonucle ic  acid  an d  
ac id -so lu b le  ribose c o n te n ts  w ere ab o u t th e  sam e in  th e  d iffe ren t g roups.

Qroups

EZlAcid soluble ribose 
□  Protein 
ËÜÎRNA-P

Fig. 1. Acid-soluble ribose, protein  and ribonucleic acid phosphorus contents in rat lenses. 
A: un treated  control, B: chronic treatm ent w ith piperazine derivative; C: chronic treatm ent 

w ith  piperazine derivative and U V  irradiation

Acta Medica Academiac Scientiarum Hungaricae 27, 1970



HARMFUL SIDE EFFECTS, II

Table I

89

Labelling o f  R N A  and protein o f  rat lenses incubated in vitro

Labelling time: 3 hours; percursors used: ,4C-uridine and 1 'C-algal
p ro te in  hydrolysate

U ntreated control P iperazine treated Piperazine
and UV treatedg r o u p s

Specific activ ity  o f RNA 27.1 + 33.9 28.4

± 1 1 .3 + ± 1 2 .3 +  7.7

cpm per /ig R N A -P 12.6 41.2 14.0 49.3 1 9 .3 -3 8 .7

6+ 6 6

Specific activ ity  o f protein 67.7+ 120.9 155.2

+  30.1+ + ± 8 5 .6 +  154.2

cpm per mg protein 33.2 123.5+ + + 26 .6— 263.7 24.6— 416.0
7-H + + + 6 7

+ average value; ++ star dard deviation (S .l). 1; + + + estim ated limit; + + + + num ber of
determ inations.

N ex t, R N A  a n d  p ro te in  syn th esis  in  th e  iso la te d  lenses was s tu d ie d  in  vitro  
(T able 1). T h e  specific  a c tiv ity  values for R N A  in  th e  various g roups d id  n o t 
differ from  each  o th e r , if  s tu d ie d  a t  th e  level o f  to ta l  R N A . In  th e  p ip e raz in e -

Fig. 2. Chromosomes from phytohaem agglutin in  induced peripheral lym phocytes
of untreated rats
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t r e a te d  as well as in  th e  p iperaz ine  -j- U V -tre a te d  cases th e  av e ra g e  p ro te in  
a c t iv i ty  w as h ig h er th a n  in  th e  con tro ls , a n d  th e  S .D . values w ere a p p re c ia b ly  
h ig h e r in  th e  tr e a te d  cases. T his re flec ted  th e  d iffe ren t ra te  o f 14C -am ino-acid  
in c o rp o ra tio n ; c e r ta in  lenses to o k  up  th e  a c t iv i ty  like th e  c o n tro ls  w hile 
o th e rs  in c o rp o ra te d  i t  to  a m uch  h ig h er e x te n t .  I t  should he e m p h a s iz e d  th a t  
U Y  ir ra d ia tio n  b y  itse lf  d id  n o t in fluence  R N A  an d  pro te in  sy n th e s is  in  th e  
lenses.

Fig. 3. N ucleus in prophase from  phytohaem agglu tin in-treated  peripheral blood culture of
piperazine-treated rat

D iv is io n  o f  lym phocytes induced by phytohaem agglu tin in , in vitro

In  th e  cu ltu res  p re p a re d  from  th e  p e r ip h e ra l lym phocy tes o f r a ts  t r e a te d  
fo r a  y e a r  w ith  p ip e raz in e  d e riv a tiv e , serious ch rom osom al lesions w ere o b se rv ed  
in  th e  d iv id in g  cells. In  th e  ly m p h o cy te  c u ltu re s  from  b o th  th e  p ip e raz in e - 
a n d  p ip e raz in e  -)- U Y -trea ted  an im als, m ito tic  frequency  d e c rea sed  and  
n u m e ro u s  in ju red  n ucle i w ere observed  in  th e  p rep a ra tio n s . F ig . 2 show s ch ro 
m o so m al p re p a ra tio n s  from  lym p h o cy tes  tra n s fo rm e d  by  P H A  fro m  n o rm al, 
u n t r e a te d  ra ts  of th e  sam e age. F ig . 3 d e m o n s tra te s  a nucleus in  th e  p ro p h a se  
fro m  tr e a te d  an im als . T h e  inhom ogeneous s ta in in g  of th e  develop ing  ch ro m o 
som es, w hich  w as suggestiv e  o f q u a n ti ta t iv e  a n d  q u a lita tiv e  a lte ra tio n s  in  th e  
c h ro m a tin  su b stan ce , ren d ers  th e  dam age well v isib le . W hile th e  o u tlin e s  o f th e  
ch rom osom es w ere well observab le  in  th e  u n s ta in e d  p rep a ra tio n s , th e y  d id  
n o t  s ta in  w ith  baso p h ile  s ta in s .

F ig . 4 show s chrom osom es from  th e  ly m p h o cy te s  of an im als  p re tre a te d  
w ith  p ip e raz in e , in  th e  o rd e r of th e  lesion’s seriousness.
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Figs 4a, b, c. Chromosomes from phytohaem agglutin in-induced lym phocytes o f  piperazine-
treated rats. For details , see text

In  Fig. 4a the effacem ent of th e  ch rom osom al s tru c tu re  is w ell show n, 
th e  n o rm a l sp ira l s tru c tu re  c a n n o t be recogn ized  anyw here. I t  a p p e a rs  as if 
th e  b aso p h ilic  chrom osom al deox y rib o n u c le ic  acid  w ould no t fill u p  com ple te ly  
th e  w hole len g th  of th e  chrom osom e. In  F igs 4b and  4c n e ith e r  th e  s tru c tu re  
n o r th e  sh ap e  o f th e  chrom osom es can  be recognized . The ch ro m o so m al su b 
s ta n c e  s ta in in g  w ith  basic dyes show s a sp o tlik e  aggregation . In  th e  ly m p h o c y te  
c u ltu re s  o f an im als p re tre a te d  Avitli p ip e raz in e  -f- UY no ch rom osom es ta k in g  
th e  s ta in  w ere seen, only  som e spo rad ica l d iv id in g  cells w ith  p o ly p lo id  ch ro m o 
som al se ts.
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Discussion

T he find ings h a v e  ra ise d  th e  prob lem  o f th e  p a th o m ech an ism  o f p ip e r
az in e -in d u ced  lens lesions. A lthough  no such  a d v a n c e d , dense lens opacities 
as  fo u n d  in  h u m an s w ere  seen in  th e  e x p e rim e n ta l an im als, th e  d a ta  o b ta in e d  
s till  allow  som e a ssu m p tio n s .

T h e  opalescence m ig h t be caused b y  th e  flow  of w a te r or o th e r  
k in d s  o f m olecules in to  a n d  ou t o f th e  lens due  to  changes in th e  p e rm e a b ility  
o f  th e  capsule or o f th e  f ib re  m em brane . In  co n n ec tio n  w ith  th e  effect of 
p ip e raz in e  d e riv a tiv e s  on th e  cell m em b ran e  i t  h a s  been  shown th a t  th e y  m ay  
b e  b o u n d  to  b io logical m em b ran es . F l e t c h e r  a n d  Y u s a  (1967) d e m o n s tra te d  
t h a t  a p iperazine  d e r iv a tiv e  inh ib ited  rev e rs ib ly  th e  p en e tra tio n  o f in flu en za  
v iru s  in to  tissue  c u ltu re  cells. A ccordingly , p ip e ra z in e  bound  to  th e  capsu le  
o r  th e  fib re  m em b ran es ev en  in  sm all a m o u n ts  m a y  be assum ed to  dam ag e  
th e m .

A ccording to  th e  g enera l opinion, d u rin g  c a ta ra c t  fo rm ation , or in  th e  
case o f  a developed  c a ta r a c t ,  low m olecular R N A  a n d  p ro teins a re  lo s t from  
th e  lens, p re su m ab ly  d u e  to  th e  p e rm eab ility  a lte ra t io n  of th e  fib res  o r th e  
ca p su le  (v a n  H e y n i n g e n  1962, Ma r a in i a n d  G io v a n n i  1967). T herefo re , 
in  th e  course of th e  p re se n t s tu d y , we ex am in ed  f i r s t  o f all th e  a m o u n t o f  acid- 
so lu b le  nuc leo tides, i.e . th e  a m o u n t of ac id -so lu b le  ribose, as a co m p o n en t of 
sm all m olecular w e ig h t, as well as th e  p ro te in  a n d  R N A  con ten t. T he fin d in g s 
sp o k e  a g a in s t an y  m a rk e d  p e rm eab ility  ch an g e , since th e  am o u n t o f  th e  said  
co m p o n en ts  of th e  lens w as p rac tica lly  eq u a l in  th e  tre a te d  an d  th e  co n tro l 
cases. T he observed  s lig h t lens a lte ra tio n s  m a y  b e  assum ed  to  re p re se n t p h e 
n o m e n a  ch a ra c te ris tic  o f  th e  in itia l phase  o f  c a ta r a c t  developm ent w hich , 
s im ila rly  to  th e  p ip e ra z in e  c a ta ra c ts  in  h u m a n s , m ig h t have tu rn e d  in to  
a m o re  dense o p a c if ic a tio n  a fte r  some lo n g er p e rio d . This h y p o th es is  w as 
su p p o r te d  by  th e  lack  o f  d ifferences in R N A  sy n th e s is  betw een th e  d iffe ren t 
g ro u p s w hile th e  specific  a c t iv i ty  in  th e  course o f  p ro te in  synthesis som etim es 
ex ceed ed  th a t  o f th e  c o n tro ls . T he considerab le  sc a tte r in g  of th e  v a lu es  w as 
re m a rk a b ly  high even  in  th e  con tro l g roups, a n d  s till m ore sign ifican t in  th e  
t r e a te d  groups.

T h e  o th e r a l te rn a t iv e ,  a d is tu rb an ce  o f f ib re  d iffe ren tia tio n , supp lies 
a m o re  p lausib le  e x p la n a tio n  since in th e  t r e a te d  an im als a serious d am age 
o f  th e  d iv id ing  p e r ip h e ra l ly m phocy tes w as seen . T h is dam age, m an ife s tin g  
i ts e lf  in  th e  n ucleus, m a y  a ffec t also th e  e p ith e lia l cells o f th e  lens from  w hich  
th e  lens fib res s ta r t  to  d iffe ren tia te . I t  w as p ossib le  to  induce b y  P H A  a 
d iv is io n  o f th e  ly m p h o c y te s , th u s  these w ere c a p a b le  of DNA sy n th es is  b u t  
in  th e  72-hour c u ltu re  th e  developing ch ro m o so m e s tru c tu re  w as fo u n d  to  
b e  a lte re d . The cause o f  th e  change could be  1) a n  a lte ra tio n  in th e  sy n th esis  
o f  m acrom olecules, i.e . changes in  th e  co m p o sitio n  o f th e  chrom osom es w ith

Acta Medica Academiae Scientiarum Hungaricae 27, 1970



HARMFUL SIDE EFFECTS, II 93

a decrease of th e ir  re s is tan ce  m an ifesting  itse lf  d u r in g  m itosis; 2) th e  re s is tan ce  
o f th e  w hole cell, or th e  nucleus m ay  decrease so th a t  cy to lysis occurs d u rin g  
th e  72 -hour in c u b a tio n  in  vitro. I t  has to  be m e n tio n e d  th a t  th e  n ucle i o f  n o n 
d iv id ing  cells w ere n o t in ta c t  in  s tru c tu re  e ith e r , as th e ir  basoph ilic  s ta in in g  
becam e w eak. O u r ex p erim en ts  th u s  suggest t h a t  a sign ifican t decrease  in  th e  
resis tan ce  o f ly m p h o cy te s  in  th e  course o f P H A -in d u ced  div ision  m u s t h av e  
occurred  in th e  p ip e ra z in e -tre a te d  an im als. T h is  effect m ay  h av e  co n cern ed  
th e  fu n c tio n s of n o n -d iv id in g  cells, too , a n d  m a y  m ean  a general in fe r io r ity  
o f th e  a ffec ted  cells. I t  is o f  course possible t h a t  th e  cellu lar dam age m a y  m a n i
fest itse lf  on ly  in  th e  case of such, com plex  e v e n ts  like d iv ision . I t  is k n o w n  
th a t  in  ce rta in  co n d itio n s such  as lym p h o id  leu k a e m ia , th e  cells re a c t s im ila rly  
to  P H A  tr e a tm e n t  (S a n d b e r g  e t al. 1962).

C om paring  th e  above  find ings w ith  th e  d am ag e  of th e  cornea  a n d  th e  
lens, i t  is p resu m ab le  th a t  p iperaz ine  m ay  d am ag e  m an y  k inds of cell b y  in te r 
fering w ith  th e  sy n th es is  o f m acrom olecules or w ith  th e  cell m em b ran es . T he 
dam age of p e rip h e ra l ly m p h o cy tes  in d u ced  b y  p ip e raz in e  d e riv a tiv es  h as  been  
described  b y  o th e r  a u th o rs , too  (N a s jl e t t i c t al. 1965). In  th is  re sp e c t it is 
a n o te w o rth y  o b se rv a tio n  th a t  ch lo rp ro m azin e , in itse lf  a c a ta ra c t- in d u c e r , 
is also in h ib itin g  th e  P H A -s tim u la te d  m itosis  o f lym p h o cy tes  (P isc io t t a  am i 
W e st r in g  1967). T h e  effect on chrom osom es o r genes could th u s  be  ex p la in ed  
th a t ,  s im ila rly  to  o th e r  com pounds, th e  p ip e raz in e  de riv a tiv es  ad h e re  to  th e  
D N A  of nuclei. I t  has been  show n b y  th e  use o f m am m alian  cells in  vitro  
an d  an im al v iru ses th a t  th e  effect of o th e r  p h o to sen sitiz in g  agen ts m a n ile s ts  
itse lf th ro u g h  th e  nucle ic  acids, p ro b a b ly  th ro u g h  th e  D N A  (M iu r a  an d  
O h ba  1967, G it t e l so n  1967, Colombo  e t al. 1965).

T h e  p h o to sen sitiz in g  com pounds m ig h t a lte r  th e  p ro te in  s tru c tu re  to o . 
I t  is know n th a t  e lec tron  tra n sfe r  induced  b y  lig h t effect m ay  occur b e tw een  
dyes an d  S H -co n ta in in g  p ro te in s  (F u jim o r i 1964; McL a r e n  an d  S h u g a r  
1964). As regards th e  lig h t effect and  th e  p h en o th iaz in es , it  is p a r tic u la r ly  
in te re s tin g  th a t  u n d e r  a ra d ia tio n  effect th e  p h en o th iaz in es  form  free rad ica ls  
w hich re a c t w ith  th e  reac tiv e  groups of p ro te in s  for a long tim e  a f te r  ir ra 
d ia tio n  (K a l k w o r f  an d  D ie b e l  1967, W o l l e m a n n  1968). T his p o ss ib ility  
also arises in th e  case o f p iperazine  d e riv a tiv e s . I t  is also possib le  t h a t  the  
g ran u la r  fo rm atio n s  observed  h isto log ically  ( R a d n ó t  an d  V arg a  1969) are  
due to  th e  accu m u la tio n  o f th e  com pound  itse lf, o r th e  com plex fo rm ed  from  
th e  com pound  a n d  th e  m acrom olecules o f th e  lens, p ro te in s  a n d /o r  nucleic  
acids. W hichever o f  th e  said  a lte rn a tiv e s  p rev a ils , th e  m etabo lism  o f th e  lens 
m ay change in to  a p a th o lo g ica l d irec tion .

The authors are expressing their thanks to Prof. M. R a dnót , for encouragement in 
connection with this study, to Dr. V. Vá r ter é sz , Director of the Institute for Radiobiology, 
and Dr. F. A n t o n i, Head of Department, for facilities in the experiments and for advices 
during the preparation of the manuscript.
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THE METABOLISM
OF [é-’T^DEHYDROEPI ANDROSTERONE 

BY HUMAN SKIN IN VITRO
I. TR A N SFO R M A T IO N  IN  VITRO OF [4 -44C] D E H Y D R O E P IA N D R O ST E R O N E  
INTO A N D R O ST -4-E N E -3,17-D IO N E , T E ST O ST E R O N E  AND A N D R O ST E R O N E  

BY NO RM AL H UM AN M ALE A N D  FE M A L E  SK IN SLICES

By
I .  F a r e d in , K . K ó k a i, I . T ó th , Á . G. F azekas  and M. J u l e sz

FIRST D EPA RTM EN T OF M ED ICIN E A ND IN ST IT U T E  OF BIOCHEM ISTRY,
U N IV ERSITY  M EDICAL SCHOOL, SZEGED

(R eceived M ay 29, 1969)

A bdom inal skin slices from norm al fem ale and male patients were incubated  
w ith  [4-14C] dehydroepiandrosterone in order to study  the biosynthesis o f  steroids w ith  
high androgenic activ ity . B oth fem ale and m ale skin were found capable o f  syn th etiz in g  
androst-4-ene-3,17-dione, 5a-androstane-3,17-d ione, androsterone and testosteron e  
from [4-1JC]-dehyd roe pi androsterone. The theoretical and practical significance o f these 
results has been discussed.

I t  w as show n p rev io u sly  th a t  seg m en ts  o f h u m an  fem ale sk in  o b ta in e d  
from  th e  p ub ic  an d  ab d o m in a l a reas  in te n s iv e ly  m etabolized  [4-14C] d e h y d ro 
ep ian d ro s te ro n e  ( [4 -14C] D H A ) in  vitro  (F a r e d in  e t al. 1966, 1967a). In c u b a 
tio n  w ith  [4-14C] D H A  of p ub ic  sk in  slices from  an agonadal m ale  p a tie n t  
re su lte d  in  th e  fo rm atio n  of 15 m etab o lite s  o f  w hich  11 were id en tified  in c lu d in g  
and rost-4 -en e-3 ,1 7 -d io n e , te s to s te ro n e  a n d  an d ro ste ro n e  (F a r e d in  e t al. 
1967b). Cam er o n  e t  al. (1966) h av e  show n th a t  h u m an  m ale sk in  slices con
v e rte d  [7a-:iH ] D H A  in to  te s to s te ro n e . T hese  observations were c o n firm e d  by  
G a l l eg o s  an d  B e r l in e r  (1967) an d  B e r l in e r  et al. (1968) u s in g  h u m a n  
m ale ab d o m in a l sk in  slices.

T h e  aim  of th is  w ork  w as to  o b ta in  q u a lita tiv e  d a ta  c o n ce rn in g  th e  
m e tab o lism  of [4-14C] D H A  in n o rm a l h u m a n  m ale and  fem ale a b d o m in a l 
sk in  tissu es  w ith  special reg a rd  to  th e  fo rm a tio n  of and rost-4 -ene-3 ,17 -d ione , 
5o t-androstane-3 ,17-d ione, a n d ro s te ro n e  a n d  te s to ste ro n e .

Materials and m ethods

Skin tissues. — Skin specim ens were obtained  during appendectom y from  a fem ale 
and a male patient. The fem ale patient was 29 years old, her temperature w as 38.1°C  prior 
to surgery, the W .B.C. w as 11,600. She had had regular menstrual cycles since 14 years of 
age and the operation was performed on the 13th day o f the cycle. The 35 years old m ale patient 
had a W .B.C. o f 21,000 and a tem perature o f 37.7°C. The skin samples were freed o f  adipose 
tissue and chopped w ith  scissors into cubes 1 — 2 m m  in diameter.

Chemicals. — [4-l4C] D H A  (specific ac tiv ity : 7.8 /tC///M) was purchased from  The 
Radiochem ical Centre (Am ersham , E ngland) and purified on an alumina colum n prior to use. 
The purity  was further checked by thin layer chrom atography on alumina layer in S y stem  “ C” .
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N A D , N A D P  and A T P were products o f Sigma Chem ical Co. The reference steroids were 
purchased from O rganon and K och—Light L aboratories. R eagents used were o f analytical 
grade. Solvents were red istilled  before use.

Incubation.  — M ale (1.0 g) and female (1.0 g) sk in  slices were separately incubated  
w ith  1,122,880 dpm  [4-14C] D H A  in 10 m l K rebs— R inger phosphate solution, pH  7.4 , con
ta in ing  200 m g/100 m l glucose (K R PG ), 10-3 M .  N A D , N A D P  and ATP, in air atm osphere, 
at 37°C, for 5 hours. R ad ioactive  D H A was dissolved in  0.2 m l propylene glycol in  b o th  flasks  
prior to incubation.

W hen skin slices were inactivated for control purposes, this was accom plished by  
boiling the tissue slices in  K R P G  for 10 m inutes, after w h ich  the slices were transferred into  
a fla sk  containing fresh  m edium  and substrate for incub ation .

To control the possib le spontaneous degradation o f [4-14C] D H A  during the incubation , 
a blank experim ent w as perform ed in parallel, incu b atin g  [4-l4C] D H A  w ithout sk in tissue.

Extraction.  A fter incub ation , skin tissue and m ed ium  were extracted separately. Skin  
tissue was extracted fir s t  w ith  absolute ethanol and in  the second step using a 2 : 1 m ixture  
(v /v ) o f acetone and w ater. The incubation m edium  w as extracted  w ith dichlorom ethane  
and ether (F a r e d in  et al. 1967a). All the extracts were com bined and evaporated to dryness 
at 45°C under vacuum . R ecovery  of radioactivity w as 87 .6%  in the male and 85.7%  in  the  
fem ale skin incubate after  extraction .

Chromatography.  —  C olum n chromatography. T he dry residue of the extract was d is
solved  in 2 X 5 ml benzene and chromatographed on a 3 g alum ina column (E. Merck. B rockm ann  
II I /IY  activ ity). R a d io a c tiv ity  in  the column eluates w as measured by a Packard Tri-Carb 
L iquid Scintillation Spectrom eter (Model 3375) operating w ith  87% efficiency for 14C. D istr i
bu tion  o f radioactivity in  the colum n eluates is show n in Fig. 1. The column e lu ates were 
pooled  into  fractions I —V I II , according to the m ajor peaks of radioactivity (F a r e d in  et al. 
1967a). Recovery of rad io a ctiv ity  was 96.2%  (m ale) and 99.2%  (female) after colum n chro
m atography.

From  fractions I and II , 5a-androstane-3,17-dione and androst-4-ene-3,17-dione were 
separated from the residual [4-14C] DHA by chrom atography on a 5.5 g alum ina colum n  
(E . Merck, Brockm ann II I /IV  activ ity). Solvent system s were, fractions 0—25 benzene, frac
tions 26— 54 0.05%  eth a n o l in  benzene, fractions 55 — 74 0.10%  ethanol in benzene. 20 m l 
fractions were collected. T he qu antity  of unm etabolized [4-l4C] D H A  was 450.750 dpm  (40.1% ) 
in  the m ale and 344,980 dpm  (30.7% ) in the fem ale sk in  incubate.

From  column fraction  IV , androsterone and testosteron e were isolated.
Thin-layer chrom atography  was performed on 250 fi  th ick  layers of siliea-gel-G (Merck) 

and alum ina (A120 3-G, M erck). The following so lvent sy stem s were used:
Silica-gel plates:
TLC-“ la ” : cy c lo h ex a n e-eth y l acetate (60 : 40, v /v )
TLC-“ lb ” : d ich lorom ethan e-ethyl acetate (40 : 10, v /v )
TLC-“ 1” : b en zen e-ab so lu te  ethanol (92 : 8, v /v )
TLC-“ 2” : b en zen e -eth y l acetate (3 : 2, v /v )
A lum ina plates:
TLC-“A ” : n -h ex a n e-e th y l acetate-glacial acetic  acid -ab so lu te  ethanol (210 : 30 : 2 : 0.5, 

v /v /v /v )
TLC-4iC” : n -h exan e—eth y l acetate-glacial acetic  acid -ab so lu te  ethanol (180 : 60 : 2 : 1, 

v /v /v /v )
TLC-“ E ” n -h ex a n e-e th y l acetate-glacial acetic  acid -ab so lu te  ethanol (20 : 210 : 1 : 10, 

v /v /v /v )
Steroids were d etected  on TLC plates by exposure to iodine vapour (Ma tth ew s  e t al. 

1962) and UV absorption. R ad ioactive  areas on the chrom atogram s were located using a P ack
ard Radiochrom atogram  Scanner (Model 7201). E x tra ctio n  o f steroids from TLC plates was 
perform ed with m ethanol b y  m eans of a zone extractor.

M a ss m easurem ent o f  steroids.  17-ketosteroids w ith  saturated А -ring were determ ined  
by the Zimmermann reaction  usin g  the Allen equation (A l l e n  1950). The quantity o f steroids 
w ith  zl4-3-keto-configuration w as measured spectrophotom etrically  at 240 m p .  The m ass o f  
5a-androstane-3,17-diol w as m easured by forming su lphuric acid chromogen. R eadings were 
taken  at 280, 320 and 360 m p  after keeping the m ixture in  a boiling water bath for 5 m inutes  
( F a r e d in  et al. 1967b). Q uan tities were calculated b y  usin g  the Allen equation.

Iden tifica tion  and  radiochem ical p u rity  o f  steroids.  Iso la tion  and identification o f ind i
v idu a l steroids from the colum n fractions were carried o u t b y  first running the m ajor radio
active peaks in an adequate system  with authentic carrier steroids. The chrom atogram s were 
scanned for radioactivity. R ad ioactive  zones containing th e  authentic nonradioactive carriers 
were eluted and the steroids subjected to further chrom atography and derivative form ation .
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Fig. 1. D istribution o f rad ioactiv ity  in  the eluates o f the alum ina colum n. Num bers I —V III  
represent peaks of rad ioactive steroids w ith increasing polarity . Graph A: N orm al fem ale  
skin, Graph B: Norm al m ale skin, Graph C: Boiled sk in , Graph D: [4-u C] D H A  substrate, 
Graph E: Reference steroids: 1. 5a-androstane-3,17-dione; 2. Androst-4-ene-3,17-dione; 
3. Androsterone; 4. T estosterone; 5. Androst-5-cne-3/?,17/S-diol; 6. 7-keto-D H A ; 7. 7a-hydroxy-

-D H A
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Purification o f steroids w as continued u n til the specific activ ity  (dpm//<M) remained 
co n sta n t after two successive chrom atographies and derivative form ation.

Derivative formation.  A cety la tion  and hydroxyl-group oxidation o f the iso la ted  steroids 
w ere perform ed according to  th e  procedures outlined b y  B u sh  (1961).

R eductions by sodium  borohydride were carried out as follow s. 5a-androstane-3,17- 
dione w as reduced to 5a-androstane-3,17-d iol using 1 m l N aB H 4 solution  (57 m g in 1 ml 
m eth an o l) at 0°C for tw o m inutes. Androst-4-ene-3,17-dione was reduced to testosteron e using  
a N a B H 4 reagent previously stored at 0°C for 60 m inutes. R eduction w as carried o u t at 0°C 
for 2.5 m inutes, the y ield  w as 60 — 70% . The reduction  was stopped w ith  1.4 m l o f  1 IV HC1. 
E x tra ctio n  was performed by usin g  2 x 5  m l dichlorom ethane, the extracts were com bined, 
w a sh ed  w ith  3 m l 5%  N a 2C 0 3 so lu tion  and 2 x 3  m l d istilled  water. The ex tra ct w as evapo
ra ted  to  dryness in vacuo.

R esults

A s F igure  1 show s [4-14C] D H A  w as a c tiv e ly  m etabo lized  b y  no rm al 
fe m a le  an d  m ale h u m a n  sk in  slices in  vitro  (G rap h  “ A ” : n o rm al fem ale  skin, 
G ra p h  “ B ” : n o rm al m ale  sk in ). G rap h  “ C”  in d ica tes  th a t  w hen  sk in  tissue 
h a d  b een  in a c tiv a te d  b y  bo iling  before in c u b a tio n  no tra n s fo rm a tio n  of 
[4-14C] D H A  occurred  u n d e r  th e  sam e co n d itions in  th e  absence o f  ac tiv e  skin
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Fig. 2. Metabolism in vitro o f [4 -laC]-dehydroepiandrosterone in fem ale and m ale skin
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tissu e . T h a t  th ese  w ere t ru e  m e tab o lic  p ro d u c ts  o f th e  su b s tra te  is show n 
in G raph  “ D ”  in  w hich  i t  is seen th a t  on ly  [4-14C] D H A  w as reco v e red  w hen 
th is  su b s tra te  h a d  been  in c u b a te d  in  th e  absence o f tissu es . G rap h  “ E ”  show s 
th e  e lu tion  of a u th e n tic  s te ro id s  from  th e  co lum n.

B y  th e  analysis o f  th e  m e tab o lite s  o f D H A  th e  m ost ac tiv e  and rogen ic  
stero ids, i.e. 5 a -an d ro stan e -3 ,1 7 -d io n e , and rost-4 -ene-3 ,17 -d ione , an d ro s te ro n e  
a n d  te s to s te ro n e  w ere fo u n d  in  co lum n peaks I ,  I I  a n d  TV. T hese s te ro id s  were 
id en tified  b y  th in  la y e r  c h ro m a to g ra p h y  an d  d e riv a tiv e  fo rm a tio n  as p re sen ted  
in  T ab le  I .  I t  can  he seen th a t  n o rm a l fem ale a n d  m ale  sk in  tissu e  w as capab le  
o f sy n th e tiz in g  5 a -an d ro stan e -3 ,1 7 -d io n e , and rost-4 -ene-3 ,17 -d ione , a n d ro s te r 
one an d  te s to s te ro n e .

D iscussion

In  p rev ious p ap e rs  (F a r e d in  e t al. 1966, 1967a) i t  w as show n t h a t  no rm al 
fem ale p u b ic  an d  a b d o m in a l sk in  slices w ere cap ab le  o f tra n s fo rm in g  [4-14C] 
D H A  in to  an d rost-4 -ene-3 ,17 -d ione  a n d  5 a -an d ro stan e -3 ,1 7 -d io n e . In  these  
ex p erim en ts  no te s to s te ro n e  fo rm a tio n  w as observ ed . M ore re c e n tly  i t  has 
been fo u n d  th a t  p u b ic  sk in  slices o f an  ag o n ad a l m ale  p a tie n t  fo rm ed , am ong 
o th e r m e tab o lite s , s ig n if ican t am o u n ts  of and rost-4 -ene-3 ,17 -d ione , 5 a-and ro - 
s tane-3 ,17-d ione , a n d ro s te ro n e  an d  te s to s te ro n e  from  [4-14C] D H A  (F a r e d in  
e t al. 1967b). In  co n tro l ex p e rim en ts  w here [4-14C] D H A  w as in c u b a te d  w ith o u t 
sk in  tissu e  or if  bo iled  sk in  tissu e  w as used, no  m etab o lism  o f th e  D H A  su b 
s tra te  could  be d e tec ted .

T he p resen t re su lts  p o in t to  th e  fac t t h a t  n o rm a l fem ale a n d  m ale skin 
tissue  is capab le  of sy n th e tiz in g  androst-4 -ene-3 ,17 -d ione  in n e a r ly  e q u iv a len t 
rad io ac tiv itie s . I t  is kn o w n  th a t  and rost-4 -ene-3 ,17-d ione  is a “ k ey -co m p o u n d ” 
(D o rfm a n  an d  U n g a r  1965) from  w hich v a rio u s and rogen ic  s te ro id s  can  be 
fo rm ed . T he fo rm a tio n  o f an d ro s te ro n e  an d  te s to s te ro n e  shows th a t  androgen ic  
stero ids can  be sy n th e tiz e d  n o t  on ly  in  th e  endocrine  organs (ad ren a l co rtex , 
ovaries a n d  te s te s) b u t  also in  a p e rip h era l tissu e  su ch  as th e  sk in  (F ig . 2). 
T he conversion o f lab e lled  D H A  b y  m ale skin tissu e  in to  te s to s te ro n e  (Cam er o n  
e t al. 1966) an d  in to  and rost-4 -ene-3 ,17 -d ione  w as d e m o n s tra te d  p rev io u sly  
(F a r e d in  e t al. 1966, 1967a, b ; Galleg o s a n d  B e r l in e r  1967; B e r l in e r  
e t al. 1968; K im an d  H e r r m a n n  1968).

W otiz e t al. (1956) d e te c te d  several m e ta b o lite s  b y  a u to ra d io g ra p h y  
a f te r  [4-14C] te s to s te ro n e  h a d  been  in c u b a te d  w ith  h u m an  sk in  in  vitro; 
one of th e se  w as id e n tif ie d  as and rost-4 -ene-3 ,17-d ione  by  c h ro m a to g ra p h y  
an d  in fra red  sp e c tro p h o to m e try . G omez a n d  H s ia  (1968) s tu d ie d  th e  m e
tabo lism  o f [4-14C] te s to s te ro n e  an d  [4-14C] an d rost-4 -ene-3 ,17 -d ione  in  h u m an  
sk in ; te s to s te ro n e  w as co n v e rte d  in to  and rost-4 -ene-3 ,17 -d ione , 5 a -d ihydro - 
te s to s te ro n e , 5 a -an d ro stan e -3 ,1 7 -d io n e , ep ian d ro s te ro n e  a n d  a n d ro s te ro n e ,
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Table I
8

Isolation and identification of 5ot-androstane-3,17-dione, androst-4-ene-3,17-dione, androsterone and testosterone 
from incubates of female and male skin tissue with [4 -u C] DHA

Female skin Male skin

Steroid identified
Carrier

№ Chemical reaction Derivative TLC-system
n, S.A.**

dpm/’/гМ
Total dpm 

incorp./g*** R f
S.A.**

dpm/juM
Total dpm 

incorp./g***

5a-androstane- 243 Free steroid TLC-“ lb ” 0.63 12,200 0.65 22,250
-3,17-dione — Free steroid TLC-“A” 0.42 11,500 9,557 0.43 21,720 17,970

NaBH ,-reduction 5a-androstane-
-3,17-diol

TLC-“ E” 0.65 11,190 0.63 20.950

Androst-4-ene- 253 Acetylation Free steroid TLC-“ 1” 0.50 17,814 16,332 0.48 19,704 17.430
-3,17-dione N  aBH 4-reduction Testosterone TLC-“ 2” 0.43 18,472 0.44 19,217

Deh ydroepi- 
androsterone*

280

Acetylation
Free steroid 

DH A-acetate
TLC-“ C”

TLC-“A”

0.34

0.62

35,450

35,530

344,980 0.37

0.61

47,160

46.440

450.750

Androsterone 296 — Free steroid TLC-“ 2” 0.54 14,232 0 53 33,227

Acetylation Androsterone-
-acetate-

TLC-“ la ” 0.74 15,393 15,729 0.72 30,874 29.994

Cr03-oxidation 5a-androstane-
-3,17-dione

TLC-“ 1” 0.64 15,103 0.62 29,422

Testosterone 295 — Free steroid TLC-“ 2” 0.45 1,730 0.46 3,634
Acetylation Testosterone-

-acetate
TLC-‘ la ” 0.54 865 886 0.55 2,134 2,068

Cr03-oxidation Androst- 1-ene- 
-3,17-dione

TI.C-“ 1” 0.50 922 0.52 2,019

* [4-u C] dehydroepiandrosterone substrate 
** S.A. =  specific activity  

*** Total dpm incorporated per g tissue
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anil [4-14C] androst-4 -ene-3 ,17 -d ione  w as  tra n sfo rm e d  in to  te s to s te ro n e . 
E tio ch o lan o lo n e  (3a-hydroxy-5 /?-and rostane-17 -one) an d  e tiocho lane-3 ,17- 
d ione (5 /? -and rostane-3 ,l7 -d ione) were n o t  d e te c te d  am ong th e  m e ta b o lite s . 
In c u b a tio n  in  o u r la b o ra to ry  of [4-14C] and rost-4 -ene-3 ,17 -d ione  w ith  fem ale 
skin slices re su lted  in  th e  fo rm atio n  o f 5<x-androstane-3,17-dione, an d ro s te ro n e  
an d  te s to s te ro n e  (F a r e d in  e t al. 1968). I n  acco rdance  w ith  th e  re su lts  of 
G omez an d  H s ia  (1968) w e could n o t o b se rv e  th e  fo rm ation  of e tio ch o lan e- 
-3 ,17-dione or e tiocho lano lone . T hus, fo rm a tio n  o f and roste rone  in  h u m a n  skin 
is eq u a lly  possib le from  D H A , and rost-4 -ene-3 ,17 -d ione , an d  te s to s te ro n e .

A ccording to  th e  p re se n t re su lts , h u m a n  sk in  con ta in s A5-3 |3-hydroxy- 
ste ro id  d eh y d ro g en ase , 17/3-hydroxysteroid  dehydrogenase , A4-5 a -red u c tase  
and За-h y d ro x y s te ro id  dehydrogenase  a c t iv i ty .  These in v e s tig a tio n s  do 
n o t show  w hich  co m p o n en t of th e  sk in  is re sponsib le  for th e  m e ta b o lism  of 
D H A . B a il l ie  e t al. (1965, 1966) d e m o n s tra te d  v a rio u s h y d ro x y s te ro id  d eh y 
drogenases in  th e  sebaceous g lands of h u m a n  sk in . J xilesz and  H o r v á t h  (1965) 
fo u n d  in ten siv e  fo rm azan  fo rm atio n  a ro u n d  th e  h a ir  follicles, th e  sebaceous 
g lands an d  sw eat g lan d s w hen  s tu d y in g  th e  a c t iv i ty  of Zl5-3 /?-hydroxystero id  
dehydrogenase . B e r l in e r  e t al. (1961a, b , 1968) show ed th a t  f ib ro b la s ts  
p a r tic ip a te  a c tiv e ly  in  s te ro id  b io tra n sfo rm a tio n s .

T he sign ificance o f th e  stero id  m e ta b o lic  c a p ac ity  of h u m a n  sk in  is no t 
k now n . O e r t e l  a n d  T r e ib e r  (1969) d e m o n s tra te d  various C19- an d  Clg-ste ro id  
m e tab o lite s  in  sk in  e x tra c ts  of n o rm a l m ale  p a tie n ts  a fte r  in tra v e n o u s  
a d m in is tra tio n  o f [7a-3H ]-d e h y d ro e p ia n d ro s te ro n e -[35S ]-su lpha te . P o ch i and  
St r a u s s  (1969) fo u n d  D H A  and  and rost-4 -ene-3 ,17 -d ione  to  cause sebaceous 
g land  s tim u la tio n  a n d  th is  fin d in g  suggests  a ro le for these  w eaker and rogens 
in th e  con tro l of sebaceous g land  fu n c tio n . A fu r th e r  s tu d y  of th e  u tiliz a tio n  
of stero id s  in  h u m a n  sk in  m igh t fu rn ish  som e m ore in fo rm atio n  co n cern in g  
sk in  changes in  end o crin e  diseases an d  in  th e  pa thogenesis  o f h irsu tism  and  
acne.

We are indebted to Dr. L. Csern a y  and F . K u lc sá r  for m aking the Packard Liquid 
Scintillation Spectrom eter available for rad ioactiv ity  m easurem ents.
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ELECTROCARDIOGRAPHIC ALTERATIONS 
IN METABOLIC CARDIAC NECROSIS 

AND THE INFLUENCE OF AMILORIDE 
ON THESE CHANGES

B y

S. V a r g a , H . G. Cl a s se n  and B . S olym oss

IN STITU T D E M ÉD ECIN E E T  D E C H IR U R G IE  E X P ÉR IM EN TA LES U NIV ERSITÉ D E  M ON TRÉA L,
M ONTREAL (CANADA)

(R eceived  June 23, 1969)

During the developm ent o f nonocclusive m etabolic cardiac necrosis (produced  
in the rat by conjoint treatm ent w ith  fluorocortisol, disodium  phosphate and corn oil), 
the duration o f the P R , QRS and QU periods w as prolonged, the P , R and S am pli
tudes were increased and the T w aves were altered; U  w aves were regularly observed. 
These m anifestations preceded the h istologic and macroscopic cardiac lesions and 
a correlation existed  betw een them  and previously observed electrolyte and acid—base 
disturbances. The m ost pronounced electrocardiographic deviations occurred generally  
in  the presence o f m acroscopic lesions and were som etim es associated w ith  arrhythm ias, 
blocks and bigem inia. Am iloride, a potassium -sparing agent, while fa iling  to  prevent 
the increased am plitudes o f the P, R and S w aves, normalized the other changes and 
inhibited cardiac necrosis.

T he “ E le c tro ly te -S te ro id -C ard io p a th y  w ith  N ecrosis”  (E SC N ) is a con
v e n ie n t ex p erim en ta l m odel fo r th e  s tu d y  of nonocclusive or m e ta b o lic  ca rd iac  
necrosis. I t  can  be elic ited  in  d iffe ren t an im al species b y  ce rta in  h a lo g e n a te d  
s te ro id s  given in  c o m b in a tio n  w ith  sod ium  sa lts  [1]; th e  c a rd io to x ic ity  o f  th is  
t r e a tm e n t  is enh an ced  b y  th e  c o n c u rre n t a d m in is tra tio n  of lip ids [2], A  decrease  
o f  m y o card ia l p o tass iu m  an d  an  increase  o f  sod ium  precede th e  d ev e lo p m en t 
o f  th e  card iac  lesions; in  th e  b lood  an  ea rly  liy p o p o tassaem ia , h y p e rn a tra e m ia  
a n d  ex trace llu la r  m e tab o lic  alkalosis is o b se rv ed  [3, 4]. A m ilo ride , a n o n 
s te ro id  d iu re tic  a g en t, p re v e n ts  th e  d ev e lo p m en t of e lec tro ly te  a n d  a c id -b a s e  
d is tu rb a n c e s  [3, 4] an d  p ro te c ts  th e  r a t  a g a in s t th e  in fa rc ts  a n d  m o r ta l i ty  
c h a ra c te ris tic  o f  th e  E SC N  [5]. Since b o th  th e  b iochem ical a lte ra tio n s  an d  
th e  card iac  lesions m ig h t in flu en ce  th e  e lec tro card io g ram , w e e v a lu a te d  th e  
chronologic  d ev e lo p m en t o f m e tab o lic  ca rd iac  necrosis b y  e lec tro ca rd io g rap h ic  
m ean s. W e also a t te m p te d  to  define th e  effect o f am iloride on th e  E S C N  w ith  
th e  sam e tech n iq u e .

M ateria ls  an d  m ethods

A tota l o f 460 fem ale Sprague— D aw ley rats o f the H oltzm an Farm s (M adison, W ise., 
U .S .A .), averaging 100 g (range 90 to  110 g) and m aintained ad libitum  on Purina Laboratory  
Chow and tap water, was used. Fluorocortisol acetate (750 ft g m icro-crystals in  0.2 m l water) 
was injected subcutaneously once daily  whereas the follow ing agents were g iven  tw ice daily:
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disodium  phosphate (1 mM in  2 m l water), cor oil (1 m l) b y  gavage and amiloride hydrochlo
ride (200 fig in  0.2 m l w ater) subcutaneously.

In  a prelim inary exp erim en t, 50 rats were d iv ided  in to  5 equal groups. One served  
as control; each of the others received  one o f the fo llow ing substances: fluorocortisol, disodium  
ph osp hate , corn oil or am iloride for 5 days to test their  e ffec t w hen adm inistered separately.

In  the m ain experim en t, 410 rats were treated  as ind icated  in  Table I, and exam ined  
on  th e  2nd, 3rd, 4th  and 5 th  days; some groups were larger than  others to com pensate for 
th e  higher m ortality exp ected  in  the rats receiving card iotox ic  treatm ent.

The ECG was recorded under light ether anaesth esia  using a Sim pliscriptor E H  100 
(L itto n  M edical Products, U .S .A .) . The anim als were p laced  on their hack on w ooden boards 
and their paws secured b y  rubber bands. T w enty-six  gauge needles were placed subcutaneously  
and served as electrodes for standard  limb leads. Sim ilar electrodes were located at the m id
stream  anteriorly (Vant corresponding to V 2) and at th e  anterior axillary line lateral to the 
x iph oid  process (V]a{ corresponding to V s) as chest leads. A ll records were taken w ith  a paper 
speed o f 100 mm/sec and the sen sitiv ity  was adjusted so th a t  1 m V was equivalent to 10 m m  
deflection . The ËCG w as ev a lu a ted  by means of a m agn ify ing  lens.

The severity o f the card iac lesions in the anim als dy in g  during the experim ent and in 
those subsequently sacrificed w as estim ated in term s o f an arbitrary scale o f 0 — 3 [1].

R esults

In  te s ts  on th e  c o n tro l ra ts , th e  reco rd in g  tech n iq u e  revealed  a clear 
d is tin c tio n  betw een  th e  P  a n d  Q RS co m p o n en ts  in  lead s I I ,  I I I ,  Yant a n d  Viat, 
h u t  th e  P  an d  T  w av es  o f lead  I  w ere o ften  iso -e lec tric . T he e lec trica l axis 
d e v ia te d  to  th e  r ig h t, a v e ra g in g  —85° (F igs IA , 2A ). T he e lec trocard iog ram  
re sem b led  th e  n o rm a l h u m a n  ECG in its  b a s ic  p a t te r n  excep t t h a t :  (a) th e  
T  w av e  alw ays rose in  d ire c t c o n tin u ity  w ith  th e  S w av e , hence an  iso -p o ten tia l 
ST seg m en t was n o t v is ib le ; (b) vo ltages w ere lo w er; (c) in te rv a ls  w ere sh o rte r  
d u e  to  th e  h igher h e a r t  r a te  (F igs IA , 2A). T h e  an im als  given d isod ium  p h o s
p h a te ,  co rn  oil o r am ilo rid e  alone d u rin g  5 d ay s  show ed an  essen tia lly  n o r 
m al E C G .

T h e  a lte ra tio n s  p ro d u c e d  b y  f lu o ro co rtiso l, ad m in is te red  alone o r in 
c o m b in a tio n  w ith  one o r  m o re  of th e  ab o v e  co m p o u n d s , are p re se n te d  in  
T a b le  I . T his shows th e  h e a r t  ra te  and  d u ra tio n  o f th e  P R , Q RS a n d  QU 
p e rio d s , th e  sev erity  o f  th e  card iac  lesions a n d  th e  m o rta lity  in th e  d iffe ren t 
g ro u p s .

C o m p ared  w ith  th e  con tro ls  (group 1), th e  av erag e  h e a r t ra te  o f th e  
an im a ls  tre a te d  w ith  flu o ro co rtiso l (group 2) g ra d u a lly  increased  an d  becam e 
s ig n if ic a n tly  h igher b y  th e  4 th  d ay  (P  <  0 .01). T h e  electrical axis show ed 
a s im ila r  dev ia tio n  to  th e  r ig h t . No change o ccu rred  in  th e  d u ra tio n  o f  th e  
d iffe re n t periods, b u t  a p ro g ressiv e  rise w as o b se rv e d  in  th e  P , R  an d  S a m p li
tu d e s  in  a ll leads, e.g ., th e  n o rm a l average R 2 o f 0.55 m V  increased  to  0.81 mV 
on th e  3rd  d ay  (P  0 .001). S im ilarly , th e  S 2 a d v a n c e d  from  0.18 to  0.35 mV 
(P  <  0.001) and  th e  P 2 fro m  0.10 to  0.21 m V  on  th e  4 th  d ay  (P  <  0.001). 
T h e  descend ing  segm en t o f  th e  T  w ave becam e m ore  ob lique  and , a f te r  3 davs 
t r e a tm e n t ,  a U w ave w as fre q u e n tly  seen.

A nim als given flu o ro co rtiso l and  corn  oil co n jo in tly  (group 3) h ad  
a h ig h e r h e a r t ra te  on th e  5 th  d ay  (P  <  0.01) th a n  th e  f lu o ro co rtiso l-trea ted
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Fig. 1. A: ECG o f norm al rat; I , II , III standard lim b leads and two precordial leads; B: EGG 
alterations five days after com bined treatm ent w ith  fluorocortisol. disodium  phosphate and 

corn oil; C: P reventive  effect o f amiloridc on the ECG alterations in the ESCN

Fig. 2. Lead II ECG (С X m agnification). A: Norm al rat; B: ECG alteration of ESCN on 
the 5th day; C: Prevention of ECG changes in  ESCN by amiloride
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Table I

Group Treatment Day No. Rate
(min)

PR
(msec)

QRS
(msec)

QU
(msec)

Infarct
(0-3)

Moi tality
(%)

l 60 426.1 ±  5.3 45.88 ±  0.49 19.01 ±  0.14 67.60 ±  0.6 — —

2 F lu o ro c o rtiso l 2 10 438.1 ±  6.6 46.01 +  0.68 18.44 +  0.28 67.90 ±  1.05 — —

3 10 451.5 ±  8.8 46.70 ±  1.01 19.00 ±  0.25 69.30 ±  1.16 — —
4 10 466.3 ±  11.0 47.60 ±  0.99 18.30 ±  0.51 67.70 ±  1.33 — —
5 25 467.9  +  6.7 46.87 ±  0.46 19.16 ±  0.35 68.16 ±  1.03 — —

3 F lu o ro c o rtiso l +  c o rn  oil 2 10 464.2  +  9.8 45.34 ±  0.63 18.39 ±  0.31 66.12 ±  1.32 — —

3 15 486.2 +  9.7 47.00 ±  1.24 18.26 ±  0.25 66.26 ±  0.80 — —

4 15 498.6  ±  6.9 44 .66  +  0.83 18.20 +  0.14 66.13 ±  0.88 — -

5 25 499.1 ±  7.3 46.39 ±  0.75 18.52 ±  0.24 66.04 ±  1.03 — —

5 F lu o ro c o rtiso l -}- diso- 2 10 4 1 8 .0 +  6.3 49.90 ±  0.22 19.20 ±  0.28 72.40 ±  1.26 — —

d iu m  p h o sp h a te 3 15 433.3  +  9.9 49.33 ±  0.99 19.13 ±  0.19 74.50 ±  1.44 — —

4 15 433.7 ±  12.2 51.92 ±  2.11 20.33 ±  0.47 77.60 ±  3.20 0.1 —

5 25 444.2 ±  10.6 50.16 ±  2.56 19.83 ±  0.28 71.87 ±  1.24 0.2 —

4 F lu o ro c o rtiso l +  diso- 2 10 410.8 ±  13.3 53.20 ±  1.04 19.70 ±  0.30 77.10 ±  1.59 — —

d iu m  p h o sp h a te  +  c o m 3 20 442.3  ±  12.0 50.66 ±  1.15 20.78 ±  0.32 81.26 ±  3.05 0.2 5

oil 4 20 435.0 ±  9.9 55.06 ±  1.08 21.56 ±  0.20 77.93 ±  2.22 0.8 20

5 40 423.1 ±  14.8 54.54 ±  1.34 22.54 +  0.77 82.62 ±  3.20 1.3 35

6 Fluorocortisol +  diso- 2 10 442.3 +  7.6 45.10 ±  1.20 17.40 ±  0.30 69.40 ±  0.42 — —

dium phosphate + 3 20 4 9 1 .4 +  8.9 43.26 ±  0.57 17.94 ±  0.71 66.63 ±  1.06 — —

corn oil amiloride 4 20 506.9 +  8.3 42.64 ±  0.59 17.52 ±  0.22 64.64 ±  0.98 0.1 —

5 25 500.1 ±  8.3 44.39 ±  0.60 17.73 ±  0.17 64.39 ±  0.84 0.1 4
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ra ts  (group  2). O th erw ise , th e  ECG in th e se  tw o  groups was s im ila r  in  all 
respec ts .

Signs of c a rd io to x ic ity  becam e e v id e n t w hen  fluorocortiso l a n d  d isod ium  
p h o sp h a te  w ere a d m in is te re d  c o n cu rren tly  (g ro u p  4). A p ro lo n g a tio n  o f  th e  
P H  (P  <  0.05) a n d  Q U  (P  << 0.05) p e rio d s, as com pared  w ith  th o se  o f  th e  
an im als receiv ing  flu o ro co rtiso l alone (g roup  2), w as observed on th e  2 n d  day . 
T he sam e ex ten sio n  in  th e  Q RS period  (P  <  0.01) was n o ted  on th e  4 th  day  
(T able I), a sso c ia ted  w ith  a m ore an g u la r T  w av e  a n d  th e  presence o f  U  w aves. 
A co m p arab le  in c rease  w as observed  in  th e  a m p litu d es  of th e  P , R  a n d  S 
w aves. On th e  4 th  a n d  5 th  day s a tr ia l f ib r illa tio n  an d  th ird  degree b lo ck  were 
reco rded  in  5 an im als  w ith  or w ith o u t m acro sco p ic  card iac necrosis.

As ex p ec ted , th e  m o st severe lesions w ere p roduced  by  th e  fu ll card io- 
to x ic  t re a tm e n t (g roup  5). C om pared w ith  th o se  o f th e  group g iv en  f lu o ro 
cortiso l an d  d iso d iu m  p h o sp h a te  (group 4), th e  E C G  of these  an im a ls  show ed 
a fu r th e r  increase in  th e  d u ra tio n  of th e  P R  (P  <[ 0.05) and  QU (P  0.05) 
periods on th e  2 n d  d a y  as well as o f th e  Q R S  (P  <  0.01) period  on  th e  3rd 
d ay  (T able I) . T h e  T  w ave took  on a sp ik e -lik e  appearance  on th e  5 tli d ay ; 
th e  sam e increase  in  th e  P , R  an d  S a m p litu d e s  an d  th e  presence o f  U  w aves 
was again  o bserved  (F igs IB , 2B). B e tw een  th e  3 rd  and  5tli day s a tr ia l  f ib r il
la tio n , second a n d  th ird  degree block a n d  b ig em in ia  were also reco rd ed  in 10 
an im als. On th e  3 rd  d a y  ca rd iac  necrosis b ecam e  visib le in some a n im a ls ; b y  th e  
4 th  an d  5 tli d ay s , m a n y  m ore h ad  s im ila r lesions. In  general, th e  m o s t sign if
ic a n t e lec tro ca rd io g rap h ic  a lte ra tio n s w ere  fo u n d  on th e  5 th  d a y  in  an im als 
m an ifestin g  signs o f  necrosis, com pared  w ith  th o se  (in th e  sam e g ro u p ) no t 
d isp lay ing  m acroscop ic  lesions: th e  h e a r t  r a te  d ro p p ed  from  462 to  406/m in 
(P  <  0.05), th e  P R  p erio d  was p ro longed  from  51 to  56 (P  <  0 .05), t h a t  of 
th e  Q R S from  21 to  23 (P  <  0.01) an d  t h a t  o f  th e  QU from  77 to  86 msec 
(P  <  0.05).

All severe chan g es in  th e  ECG fo llow ing  th e  full t r e a tm e n t (g ro u p  5) 
w ere in h ib ite d  w h en  am ilo ride  was also g iven  (group  6). The d u ra tio n  o f the  
P R , Q R S an d  Q U  p erio d s was n o rm al, a n d  th e  T  w aves show ed th e  no rm al 
convex  ap p e a ra n ce  (F igs IC , 2C). N e ith e r  f ib rilla tio n , block n o r  b ig em in ia  
was observed , a n d  ca rd iac  necrosis as w ell as m o r ta li ty  was a lm o st co m p le te ly  
p rev en ted . H o w ev er, th e  am plitudes o f th e  P , R  an d  S w aves re m a in e d  ele
v a te d  an d , co m p ared  w ith  th a t  of th e  co n tro ls  (group 1), th e  h e a r t  r a te  was 
h igher (P  <  0.001).

D iscussion

T he co rrec t in te rp re ta t io n  of th e  e lec tro card io g ram  of sm all m am m als 
shou ld  ta k e  in to  co n sid e ra tio n  th e  size, w e ig h t an d  h ea rt ra te  o f  th e  an im als, 
th e  h e a r t’s g en era lly  v e rtic a l axis an d  g re a t m o b ility  when fu n c tio n in g , ce rta in  
physio logical p ecu lia ritie s  o f card iac a c t iv i ty  an d , of course, th e  reco rd ing
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te c h n iq u e  [6, 7, 8, 9]. O u r fin d in g s  are in a g re e m e n t w ith  o b se rv a tio n s  [7, 8] 
sh o w in g  th a t  th e  large  d e fle c tio n  w hich follow s th e  Q R S com plex is a T  w ave 
a n d  t h a t  th e re  is no iso -p o te n tia l ST segm ent in  th e  e lec tro card io g ram  o f ra ts . 
I n  o u r  con tro ls , th e  d u ra tio n  o f th e  P R , Q R S  a n d  QU co rresponded  to  th e  
d a ta  o f  o th e rs  [7, 10, 11] a llow ing  for ce rta in  s lig h t, in ev itab le  v a r ia tio n s . T h e re  
a re  d isc rep an c ies  in  th e  l i te r a tu r e  concern ing  th e  d u ra tio n  o f th e  Q T p e rio d  
[6 — 1 1 ]. These m igh t be e x p la in e d  b y  th e  fa c t  t h a t  th e  U  w aves are  n o t  a lw ays 
d is t in c t  fro m  th e  T w aves; in  su ch  cases, th e  Q T a c tu a lly  co rresponds to  a Q U  
p e r io d . T h o u g h  d iffe ren tia tio n  is generally  possib le  w ith  th e  aid  of a m a g n ify in g  
lens [9 ] , we m easured  th e  d u ra tio n  of th e  Q U  p e rio d s , in  order to  a v o id  a n y  
m isu n d e rs ta n d in g .

T h e  correlations b e tw e e n  th e  e lec tro card io g rap h ic  a lte ra tio n s  a n d  th e  
c a rd ia c  lesions p roduced  b y  m eth y lch lo ro co rtiso l a n d  N a H 2P 0 4 w ere s tu d ie d  
b y  ZsÓTÉR e t al. [10]. A lth o u g h  th e  d ev e lo p m en t o f  th is  c a rd io p a th y  w as n o t  
a g g ra v a te d  b y  ad d itio n a l lip id  a d m in is tra tio n  as in  th e  p resen t e x p e rim e n ts , 
o u r  r e s u lts  reveal m an y  s im ila ritie s  be tw een  th e  e lec trocard iog ram s o f th e se  
tw o  v a r ia n ts  of the  ESC N .

T h e  early  e lec tro card io g rap h ic  a lte ra tio n s  in  th e  ESCN are p ro b a b ly  
d u e  to  e lec tro ly te  an d  a c id —b a se  d is tu rb an ces. I n  h y p o p o tassaem ia  th e  a m p li
tu d e s  o f  th e  P  and  U w aves as well as th e  Q R S  com plexes are in c reased  a n d  
th e  d u r a t io n  of th e  P R , Q R S  a n d  QU periods is p ro longed  [12, 13, 1 4 ]. S ince 
f lu o ro c o rtiso l was show n to  p ro d u ce  h y p o p o ta ssa e m ia  (3.9 m E q/1  [3]), th e  
in c re a se  o f  th e  P  an d  Q R S a m p litu d es  an d  th e  ap p earan ce  of U w aves in  
g ro u p  2 a re  u n d o u b ted ly  re la te d  to  a d is tu rb e d  e lec tro ly te  m e tab o lism . T h e  
p ro lo n g a tio n  of th e  P R , Q R S  a n d  QU periods a f te r  con jo in t t r e a tm e n t  w ith  
f lu o ro c o rtiso l and  d isod ium  p h o sp h a te  (g roup  4) can  be ex p la in ed  b y  th e  
a c c e n tu a t io n  of h y p o p o ta ssa e m ia  (3.5 m E q/1  [3]). T here  is a c o rre la tio n  also 
b e tw e e n  th e  very  severe h y p o p o ta ssaem ia  o b se rv e d  in  earlier e x p e rim e n ts  
(2.8 m E q /1  [3]) an d  th e  m o s t p ronounced  ch an g es  recorded  a f te r  th e  fu ll 
c a rd io to x ic  tre a tm e n t (g roup  5).

T h e  ECG  could also be in flu en ced  b y  h y p e rn a tra e m ia  (148 m E q /1  [3]) 
a n d  e x tra c e llu la r  m etabo lic  a lk a losis  (pH  7.5, s ta n d a rd  b ica rb o n a te  31 m E q /1 , 
base  ex cess  -|~8, p C 0 2 43 m m  H g  [4]), w hich a re  f u r th e r  biochem ical c h a ra c te r 
istics o f  th e  ESCN  [3, 4 ]. H ig h  sodium  c o n c e n tra tio n s  decrease th e  d u ra tio n  
o f th e  Q R S  period  [12] a n d  th e re fo re  m ig h t c o u n te ra c t th e  effect o f  h y p o 
p o ta s s a e m ia . E ith e r  b y  c o n d itio n s  o f a lkalosis, w ith  or w ith o u t h y p o p o ta s 
saem ia  o r  b y  hy p o p o tassaem ia  in  th e  absence o f  a lk a lo sis , sim ilar e lec tro ca rd io 
g ra p h ic  a lte ra tio n s  were p ro d u c e d  in  dogs [15].

T h e  e lec trog raph ic  ch an g es were a p p a re n t b y  th e  2nd  day , th u s  p reced in g  
th e  m ac ro sco p ic  and  h isto log ic  ca rd iac  lesions. T re a tm e n t w ith  f lu o ro c o rtiso l 
a n d  d iso d iu m  p h o spha te  (g ro u p  4) resu lted  in  th e  p ro lo n g a tio n  of th e  P R  a n d  
Q U  p e r io d s , w hich were fu r th e r  ex ten d ed  w hen lip id s  w ere also given (g ro u p  5).
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A t th is  tim e , only fine u l tr a s tru c tu ra l  changes were visible, th e  c a rd ia c  lesions 
becom ing  m an ifest u n d e r lig h t m icroscopy  b y  th e  3rd day  [16]. T h e ir  m ac ro 
scopic ap p earan ce , b e tw een  th e  3 rd  an d  5 th  days, was u su a lly  a sso c ia ted  
w ith  th e  m ost p ronounced  e lec tro card io g rap h ic  dev ia tions. H o w ev er, in  som e 
an im als  n o t m an ifesting  m orphologic  lesions sim ilarly  severe E C G  changes 
w ere fo u n d ; these  were p ro b a b ly  d u e  to  e lec tro ly te  d is tu rb an ces [3, 4 ] .

In  an a lyz ing  th e  d iffe ren t fo rm  v a r ia n ts  o f T w aves, W e r t h  [7] found  
an  excessively  h igh an d  sh a rp  d e flec tio n  o f th e  T  w ave, a c h a ra c te r is tic  sign 
o f  h y p o x ia . T his ty p e  o f  T  w ave w as fre q u e n tly  seen on th e  5 th  d a y  a f te r  
c o n jo in t tre a tm e n t w ith  f lu o ro co rtiso l, d isod ium  p h o sp h a te  an d  co rn  oil 
(F ig . 2B).

T h e  a d m in is tra tio n  o f am ilo ride  p re v e n te d  th e  deve lopm en t o f  m a n y  of 
th e  e lec trocard iog raph ic  changes in  th e  E SC N . I t  also co m p le te ly  in h ib ite d  
th e  d ev e lo p m en t of an y  ty p e  o f a r rh y th m ia . O f special im p o rtan ce  is th e  fac t 
t h a t ,  w ith o u t causing h y p e rp o ta ssa e m ia , i t  norm alized  or even  sh o rte n e d  
th e  d u ra tio n  of th e  P R , Q R S an d  Q U  p eriods in  every  tre a te d  an im a l (F ig . 2C). 
T h e  in h ib ito ry  effect o f am ilo ride on th e se  e lec trocard iog raph ic  a lte ra tio n s  
a n d  on th e  deve lopm en t o f a r rh y th m ia s  deserves fu r th e r  a tte n tio n .
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UREA INHIBITION OF LACTATE DEHYDROGENASE

Л C O N V E N IE N T  R O U T IN E  P R O C E D U R E  

By

G. DlSCOM BE and S . L U N D

D IV ISIO N  OF LABO RATORIES, CENTRAL M ID D L E SE X  H O SPITA L, LONDON, N .W . 10

A  trustw orthy and convenient m ethod for estim ating total and urea-stable  
lactate  dehydrogenase is described, and the reasons w hich led to its adop tion  are ex
plained. It uses N A D  which is cheaper and more reliable than N A D H 2, and it  is thought  
produce more useful inform ation than does th e  estim ation of h yd roxyb utyric  de
hydrogenase.

K in e tic  enzym e assays, in  w hich th e  re a c tio n  is m on ito red  co n tin u o u s ly  
or a t  sh o r t in te rv a ls  b y  a reco rd in g  sp e c tro p h o to m e te r , are b e tte r  th a n  co lo ri
m e tric  or A u to an a ly se r  m e th o d s because (i) th e  reac tio n  velocity  is sh o w n  to  
he c o n s ta n t, (ii) no s ta n d a rd s  or ca lib ra tio n  cu rv es are  needed , (iii) colour 
a n d  tu rb id i ty  a re  o f l i t t le  im p o rtan ce , (iv) th e  b u ffe r-su b s tra te  ca n  u su a lly  
be  frozen  o r freeze-d ried  an d  (v) th e  a p p a ra tu s  is alw ays a v a ilab le  w ith in  
a few  m in u tes  o f d e m a n d , a n d  hence u rg e n t  req u ests  are easily  sa tis fied . 
S ince co lo rim etric  a n d  A u to an a ly se r  m e th o d s  u su a lly  requ ire  spec ia l c a lib ra 
tio n , o r use com m ercial enzym e s ta n d a rd s  o f  u n c e rta in  re liab ility  ( B o w er s  
e t al. 1967), an d  c a n n o t show  co n stan cy  o f re a c tio n  velocity , th e y  a re  in h e re n tly  
less re liab le  th a n  k in e tic  analyses.

T h e  5 lac ta te -d eh y d ro g en ase  isoenzym es (L D  1 to  5, in o rd er o f  d ec rea s
ing  e lec tro p h o re tic  m o b ility  a t  p H  7 — 8.6) can  be  sep a ra ted  b y  e lec tro p h o res is  
a n d  q u a n ti ta te d , th o u g h  labo riously , b y  co u p ling  th e  red u c tio n  o f  NAD 
w ith  t h a t  o f a té tra z o liu m  sa lt (Ma r k e r t  a n d  M 0l l e r  1959, v a n  d e r  H elm

1961, 1962, B a r n e t t  1962). T he fa s t a n d  slow  isoenzym es are  in h ib ite d  to  
d iffe ren t degrees b y  a v a r ie ty  o f tre a tm e n ts ;  th e  slow enzym e b e in g  in h ib ite d  
m ore th a n  th e  fa s t b y  h e a tin g  to  53 — 55°C (P la g em a n  e t al. 1961) o r 60°C 
(B e l l  1963), ace tone  (L a t n e r  an d  T u r n e r  1963), chloroform  (W a r b u r t o n  
a n d  S m ith  1963), excess p y ru v a te  (T h ie r s  a n d  V a l l e e  1958, R o sa l k i and  
W il k in s o n  1960) an d  u re a  an d  som e o f i ts  d e riv a tiv e s  (R ic h t e r ic h  e t al.
1962, W it h y c o m b e  e t al. 1965, H a r d y  1965). E m e r y  (1967) claim s t h a t  u n d er 
his co n d itio n s ( la c ta te  s u b s tra te , tr is  b u ffe r  p H  9) u re a -in a c tiv a tio n  can  be 
used  to  give an  e s tim a tio n  o f th e  p ro p o rtio n s  o f  th e  tw o L D H  su b -u n its  in 
th e  p re p a ra tio n  u n d e r  te s t .

I t  is c lear t h a t  a f te r  m yo card ia l in fa rc tio n  th e re  is an  increase in  th e  p ro 
p o rtio n  of LD  1 a n d  2 in  se rum , an d  som e ra p id  m eth o d  of m easu rin g  these
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w o u ld  b e  o f clinical conven ience. LD  1 a n d  2 a re  m ore ac tiv e  th a n  L D  4 
a n d  5 w h en  a -h y d ro x y b u ty r ic  acid (or a -o x o b u ty r ic  acid) is u sed  as su b 
s t r a te  ( R o sa lk i an d  W il k in s o n  1960, E l l io t t  a n d  W il k in so n  1961, 1962, 
R o s a l k i  1962, 1963), a n d  th e  “ h y d ro x y -b u ty r ic  dehydrogenase”  h as  been  
w id e ly  u sed  for th e  c o n firm a tio n  of m y o ca rd ia l in fa rc tion . U n fo r tu n a te ly  if 
k in e t ic  m e th o d s a re  u sed , p re lim in ary  re m o v a l of p y ru v a te  is e ssen tia l; 
th is  re q u ire s  p re in cu b a tio n  w ith  N A D H 2, w h ich  is slow an d  in c o n v e n ie n t; 
th e  s u b s tr a te  can n o t be  m ad e  from  2 -o x o b u ty ric  ac id , b u t  only from  its  sod ium  
s a lt , s in ce  th e  fo rm er po lym erizes an d  d e c a rb o x y la te s  to  an  in h ib ito r  (W il 
k in s o n  e t  al. 1968). R e c e n tly  th e  possib ilities o f  u rea -in ac tiv a tio n  h a v e  been  
re a lis e d , an d  severa l m e th o d s  o f u tilis ing  i t  h a v e  been described  (B a b s o n  
1967, B o h n  e t al. 1966, K o n t t in e n  an d  L i n d y  1967, L in d y  a n d  K o n t t in e n

1967, B a t s a k is  e t al. 1967, W e lsh m a n  a n d  R ix o n  1968, R o sn o w s k a  e t al.
1968, E m e r y  e t al. 1968). T hose  of E m ery  e t  a l. (1968) an d  B a b s o n  (1967) 
a p p e a r  to  be m ost re liab le , since th e y  alone use  la c ta te  as su b s tra te .

T h ie r s  an d  V a l l e e  (1958) show ed th a t  n o  L D H  assay  d ep en d in g  on th e  
r e d u c t io n  of p y ru v a te  cou ld  be  sa tis fac to ry  b ecau se  of th e  n a rro w  o p tim u m  
zone fo r  th e  co n cen tra tio n s  o f  su b s tra te  a n d  N A D H 2; H e ss  (1958) show ed  
t h a t  th e  p H  o p tim u m  d ep en d ed  on th e  p ro p o rtio n s  o f th e  d ifferen t isoenzym es. 
T h e ir  conclusions h a v e  b een  rep ea ted ly  co n firm ed  (A m ador  e t a l. 1965, 
Ma r y m o n t  e t al. 1968) a n d  th e  re liab ility  o f  com m ercia l b a tch es o f N A D H 2 
has b e e n  im pugned  (M cCom b  an d  Ga y  1968). I t  w as decided to  use a m e th o d  
d e p e n d in g  on th e  o x id a tio n  o f la c ta te  b y  N A D , an d , since th e  en zy m e has 
a v e ry  b ro a d  p H  o p tim u m  in th e  region o f  p H  10, to  s tu d y  th e  2 -am ino-2- 
-m e th y l- l-p ro p a n o l (2A 2M 1P) buffer of p H  10.17 used in th e  p -n itro p h e n y l 
p h o s p h a te  assay  of a lka line  p h o sp h a ta se  (B o w e r s  an d  McComb 1966) w hich  
w as in  ro u tin e  use, an d  w as know n to  be  s ta b le  a t  room  te m p e ra tu re  fo r 
se v e ra l m o n th s .

Experimental

T h e  reference m e th o d  (K in g  1965) is b a se d  on th a t  of W a c k e r  e t al. 
(1956) b u t  uses the  g lycine b u ffe r of K in g  (1959) (L  —>• P, g lycine, p H  10.1). 
All m e a su re m e n ts  w ere m ad e  in  a U nicam  S P  800 record ing  sp e c tro p h o to 
m e te r  u s in g  a 30°C th e rm o s ta t ic  ja c k e t, an d  c o rre c te d  to  25°C using  th e  fa c to r  
0 .67 ; sin ce  0.1 m l se rum  w as used  in a vo lu m e o f 3.1 m l, th e  re su lt w as c a l
c u la te d  as A  O D /m in X 3 3 3 3 . P re lim in a ry  tr ia ls  show ed  th a t  a f in a l c o n c e n tra 
tio n  o f  1.75 mM N A D  w as n eeded  for o p tim u m  reac tio n  v e lo c ity  a n d  th is  
w as o b ta in e d  b y  ad d in g  0.2 m l N A D  (20 ing /m l).

B u ffe r  and substrate. 18.763 g glycine an d  14.625 g sodium  ch lo ride a re  d is
so lved  in  w a te r, m ade u p  to  500 m l, an d  d isp en sed  in  55 m l vo lu m es in to  
4 oz. m e d ic a l f la ts  w hich  are  frozen  ly ing  on th e i r  la rg est side to  av o id  crack-
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ing . 128.6 g 70%  sy ru p y  lac tic  acid  are  m ix ed  w ith  500 ml w a te r, 1 m o l cau stic  
so d a  a d d ed  (Vo lu c r o n , Ma y  an d  B a k e r ), cooled, d ilu ted  to  1000 m l and  
a d ju s te d  to  p H  10 w ith  N  N aO H . T h is k eep s fo r 6 m onths a t  + 4 ° C .

W orking buffer-substrate. In  tw o  200 m l flasks place

T otal enzym e  
25 ml 
20 m l 
25 ml 
none

W ater to 200 ml.

Urea-stable
glycine saline 25 ml
lactate  20 ml
0.3 N  N aO H  25 ml
urea 24 g

T his is d ispensed  in  20 — 22 m l v o lu m es in  U niversal c o n ta in e rs  w hich 
a re  s to red  a t  —20°C, th a w e d , an d  tv arm ed  to  30°C as req u ired . 2 .8  m l buffer- 
s u b s tra te  are p laced  in a c u v e tte , 0.1 m l se ru m  added  and  m ix ed , a n d  w ith in  
5 m in  0.2 m l N A D  (20 m g/m l) ad d ed . T h e  re a c tio n  is m o n ito red  a t  60 second 
in te rv a ls  for 5 m in a n d  th e  in itia l re a c tio n  r a te  observed. The re a c t io n  velocity  
is c o n s ta n t fo r a t  le a s t 5 m in if  th e  en zy m e a c tiv ity  is be low  250 I .U -Д; 
a t  h ig h er levels th e  reac tio n  is slow ed, so th a t  sm aller v o lu m es o f  serum  
sh o u ld  he used if  a c c u ra te  re su lts  a re  n eed ed . T he 2A2M 1P b u ffe r  w as used 
a t  severa l d iffe ren t co n cen tra tio n s , a n d  th e  urea co n c e n tra tio n  w as also 
v a rie d .

M aterial

Sm all (250 m g) pieces o f heart and liver obtained  at necropsy were ground in a Griffith 
hom ogeniser w ith 0 .9%  NaCl, diluted, centrifuged, passed through a Seitz c larify in g  filter, 
and diluted w ith 0 .9 %  NaCl containing 3 %  bovin e albumin (G r ie f f  and K e l l y  1966) to 
an a ctiv ity  o f about 200 I.U ./litre . The solutions were dispensed in sm all b o ttle s  stored at 

20° C and thawed as required.

Results

T he a p p a re n t a c t iv i ty  o f th e  tissu e  e x tra c ts  in 2A 2M 1P b u ffe rs  o f dif
fe re n t co n cen tra tio n s, w ith  an d  w ith o u t u re a , are shown in  T a b le s  1 an d  I I .  
In  th e  absence o f u re a , 1.4M 2A 2M 1P increases th e  a c t iv i ty  o f  th e  h e a r t 
e x tra c t  1.2 tim es, an d  reduces th a t  o f th e  liv e r ex tra c t to  0.52 o f  i ts  va lu e  in 
g lycine  buffer, b u t  no co n d itions w ere fo u n d  w hich p ro v id ed  d isc r im in a to ry  
pow er b e tte r  th a n  th a t  o b ta in ed  w ith  th e  g lycine buffer an d  2M u re a ,  in  w hich 
u re a  en h an ced  th e  a c tiv ity  o f h e a r t  e x tr a c t  1.02 tim es, b u t  re d u c e d  th a t  of 
liv e r  to  0.07 of its  o rig inal. T he g lycine b u ffe r was ad o p ted  fo r  ro u tin e  use 
a n d  estim a tio n  o f to ta l  an d  u rea -s tab le  L D H  has replaced H .B .D . fo r  ro u tin e  
use since S ep tem b er 1968. H ep a rin ised  p lasm a  and serum  g iv e  iden tica l 
re su lts ; w ith in  th e  n o rm a l range re su lts  a re  reproducib le to  wTitl i in  7 u n its . 
Local clinical opinion is th a t  th ese  assays a re  m ore useful th a n  t h a t  o f  H .B .D .
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Table I

Inhibition o f  L D H  by 2M  urea in 2 A 2 M 1 P  buffers

M olarity  o f 
2A2M1P bu ffer

%  Inh ib ition

Heart ex tract L iver ex trac t

Reference nil 92
0 .1 14 92
0 .2 2 0 92
0.4 26 92
0.6 30 93
1 .0 41 92
1.4 48 93

Table II

inhibition of L D H  by vary in g  concentrations o f  urea in  0 .4 M  2A 2 M 1 P  buffer

U rea
(M olarity)

% residual ac tiv ity

H eart ex tract L iver ex trac t

0 100 100
0.5 108 32
1 .0 102 11
1.5 89 6.5
2.0 80.5 4.5

S e ru m  levels

N o rm a l range: 25 s u b je c ts , vo lun teers a n d  h o sp ita l p a tie n ts  c o n v a 
le sc e n t o r with, illnesses u n l ik e ly  to  affect th e  L D H .

T o ta l:  72 ^  15 I .U ./l  ra n g e  42 —102 I .U ./l.
U rea -s tab le : 48 11 I .U ./ l  range 26 — 70 I .U ./ l .
P lo ts  on a rith m e tic  p ro b a b ili ty  p ap er in d ic a te d  a norm al d is tr ib u tio n  

w ith  1 %  lim its 20 an d  120 I .U ./ l  for to ta l an d  15 a n d  72 I.U ./l for u re a -s ta b le  
L D H . D irec t com parison  w i th  colorim etric H .B .D . assays (R o sa lk i 1962) 
(49 com parisons) in d ic a te  a n  u p p e r lim it fo r u re a -s ta b le  L D H  o f 74 I .U ./l ,  
th e  c o rre la tio n  coefficien t fo r  th e  tw o being -(-0.934. R esu lts  above 120 I .U ./l  
t o t a l  o r  73 I.U ./l u re a -s ta b le  a re  considered a b n o rm a l.

T h e  resu lts in  sick  p a t ie n ts  are show n in  T a b le  I I I  and  agree w ell, 
as w o u ld  be expected , w ith  th o se  of R o sa lk i (1963) using  H .B .D . a ssay s. 
D u r in g  th e  firs t 7 day s a f te r  in fa rc tio n  e s tim a tio n  o f  th e  u rea -s tab le  en zy m e 
w as  s lig h tly  m ore sen s itiv e  t h a n  th a t  of to ta l  L .D .H .,  an d  no p a tie n ts  w ith  
p ro v e d  in fa rc tion  h ad  n o rm a l  levels th ro u g h o u t th is  period ; ra ised  levels
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Table III

Lactate dehydrogenase in 103 patients with various diseases

Number 
of patients

N um ber w ith 
to ta l above 

120 I.U ./l

Number with 
urea-stable above 

73 I.U./l

N um ber w ith 
to ta l above 
400 I.U ./l 

u rea-stab le  above 
350 I.U ./l

Diseases o f chest

1. Proved myocardial infarct 48 41 48 l

2. Ischaem ic disease, no 
detectab le  infarct 21 1 2 0

3. Pulm onary infarct 2 2 1 l

4. Pleurisy 1 0 0 0

5. Fibrositis 1 0 0 0

Anaemia

M egaloblastic untreated 4 4 4 4

M egaloblastic treated 2 0 0 0

Liver disease

A ctive infective hepatitis 6 0 0 0

Cholelithiasis 3 0 0 0

Carcinoma

1. Advanced, m étastasés 7 7 7 0

2. Other 3 0 0 0

M iscellaneous disease 6 0 0 0

were o ften  a p p a re n t w ith in  24 hours o f th ro m b o s is . A few p a tie n ts , especia lly  
those  w ith  in itia lly  h igh levels, h ad  ra ised  levels for m uch longer, u p  to  18 
d ay s. M ost in fa rc tio n s can be con firm ed  b y  estim ations ta k e n  d u r in g  th e  
f irs t  4 d ay s  a f te r  th ro m bosis. A fewr p a tie n ts  w ith  coronary  d isease  p resen t 
w ith  p a in , v e n tr ic u la r  ectopic h ea ts  an d  a b se n t e lec trocard iog raph ic  changes; 
such  “ in fa rc ts ”  do n o t u sua lly  show  an  in c rea sed  enzym e level a n d  h a v e  been 
g rouped  w ith  ischaem ic change. A m ong th e  “ m iscellaneous”  group  a re  inc luded  
1 p a tie n t w ith  m esen teric  a r te ry  th ro m b o s is  an d  tw o w ith  s te a to rrh o e a . 
One p a tie n t  w ith  severe acu te  b ro n ch itis  show ed a rise of to ta l  a n d  urea- 
s tab le  enzym e to  173/120 d u ring  clinical im p ro v e m e n t, there  being  no  ev idence 
o f  m y o card ia l in fa rc tio n  or m a lig n an t d isease . E lderly  p a tie n ts  w ith  ang ina  
an d  b ro n ch itis  p resen t d ifficu lt p rob lem s, b u t  w hen L .D .H . levels o f over 
400 I .U ./l are  fo u n d  m egalob lastic  a n aem ia  m ay  be suspected , leve ls  o f  up 
to  1500 I .U ./l being  som etim es fo u n d ; such  levels can be e s tim a ted  ac c u ra te ly  
on ly  b y  using  sm all q u a n titie s  of serum  0.02 o r 0.01 ml.

T h e  te s t  is n o t p a rtic u la rly  useful in liv e r disease: even in  a c u te  in fective 
h e p a titis  an d  cholelith iasis w ith  ja u n d ic e  th e  to ta l L D H  is u su a lly  n o rm a l,

8 * Acta Medico Acadetniae Scientiarum Hungaricae 27, 1970
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th o u g h  th e  u rea -s tab le  co m p o n en t is o ften  low : a  h igh  urea-lah ile  co m p o n e n t 
is o f te n  seen in  a c u te  m y o ca rd ia l failure a n d  su g g ests  some d am age to  liv e r 
cells.
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ANNOUNCEMENT

T h e Toxicology In fo rm a tio n  P ro g ra m  a t th e  N atio n a l L ib ra ry  o f M ed
ic ine , d irec ted  b y  D r. C harles N . R ice, w as c re a te d  in  J a n u a ry  1967 in  accor
d an ce  w ith  reco m m en d a tio n s o f th e  P re s id e n t’s Science A d v iso ry  C om m ittee  
(PSA C ) a n d  a d irec tive  o f th e  P re s id e n t. Tw o reco m m en d atio n s m ad e  b y  the  
C o m m ittee  in th e  PSA C re p o rt, H a n d ling  o f  Toxicological In fo rm a tion ,*  
w ere t h a t  a “ co m p u te r-b ased  sy stem  fo r h an d lin g  toxicological in fo rm a tio n  . . . 
be e s tab lish ed  an d  given h igh  p r io r ity  w ith in  th e  D e p a rtm e n t o f  H ea lth . 
E d u c a tio n , an d  W elfa re ,”  a n d  t h a t  th e  in fo rm a tio n  system  “ be e stab lish ed  
w ith  a speed  co m m en su ra te  w ith  th e  u rg en cy  o f th e  need” .

A m ong its  ac tiv itie s , th e  T oxicology In fo rm a tio n  P ro g ram  has c o n tra c te d  
w ith  th e  U n iv e rsity  o f  P it ts b u rg h  to  c o n d u c t a com prehensive s tu d y  to  
id e n tify  sources o f tox ico log ica l in fo rm a tio n . C ooperation  is be ing  so u g h t from  
w orld -w ide  sources in  id en tify in g  (a) jo u rn a ls  co n ta in in g  tox ico log ica l in fo rm a
tio n  w h ich  m ay  n o t be a b s tra c te d  o r in d ex ed  b y  an y  o f the  m a jo r  services, 
a n d  (b) new  a b s tra c tin g  a n d  in d ex in g  serv ices re la tin g  to  to x ico lo g y  th a t  
m a y  n o t  be genera lly  av a ilab le  in  th e  U n ite d  S ta te s .

I t  is suggested  th a t  in d iv id u a ls  w ho are  aw are of p e r t in e n t  jo u rn a ls  
a n d /o r  a b s tra c tin g  a n d  in d ex in g  services com m unica te  in  w ritin g  w ith  th e :

U n iv e rs ity  o f P itts b u rg h  
T ox ico logy  In fo rm a tio n  P ro je c t 
4616 H e n ry  S tre e t 
P itts b u rg h , P en n sy lv a n ia  15213

* R ep o rt o f  the P resident’s Science A bvisory C om m ittee, June 1966. O btainable from  the 
S u p erin tend en t o f D ocum ents, U .S . G overnm ent P rinting O ffice, W ashington, D .C . 20402 
(price 15 cents).



ACTA M ED IC A

TOM 27 -  ВЫП. 1

Р Е З Ю М Е

П Е Р И О Д И Ч Е С К И Е  П А Р О К С И М А Л Ь Н Ы Е  Р А З Р Я Д Ы  П О С Л Е  Р А З М Я Г Ч Е Н И Я  
В  О Б Л А С Т И  С Р Е Д Н Е Й  А Р Т Е Р И И  Г О Л О В Н О Г О  М О З Г А

П. ХАЛАС, Ш. ГЁДЕНЬ и Й. ХИДАШИ

У  б о л ь н о г о  с  р а з м я г ч е н и е м  г о л о в н о г о  м о з г а ,  в с л е д с т в и е  о д н о с т о р о н н е й  з а к у п о р к и  
с р е д н е й  а р т е р и и  м о з г а , н а б л ю д а л а с ь  ч е р е д у ю щ а я с я  Э Э Г -а к т и в н о с т ь , с о д е р ж а щ а я  отч асти  
о т д е л ь н ы е  п е р и о д и ч е с к и е  п а р о к з и з м а л ь н ы е  р а з р я д ы  и  о т ч а с т и  с е р и й н ы е  р а з р я д ы , с в я з а н 
н ы е п л о с к и м и  у ч а с т к а м и . Н а  о с н о в е  ф у н к ц и о н а л ь н ы х  о с о б е н н о с т е й  э л е к т р и ч е с к и х  я в л е н и й  
и э л е к т р о п а т о л о г и ч е с к и х  с в я з е й  д в а  ч е р е д у ю щ и е с я  т и п а  а к т и в н о с т и , н а б л ю д а в ш и е с я  у  
б о л ь н о г о ,  м о ж н о  п р и в е с т и  в  а н а л о г и ю  с  д в у м я  г л а в н ы м и  т и п а м и  п е р и о д и ч е с к и х  п а р о к с и з 
м а л ь н ы х  я в л е н и й :  с  а к т и в н о с т ь ю , п о к а з ы в а ю щ е й  п е р и о д и ч е с к и е  к о м п л е к с ы  [п а н э н ц е ф а л и -  
т и ч е с к о г о  х а р а к т е р а ] ,  и  с  а к т и в н о с т ь ю  s u p p r e s s io n - b u r s t ,  р а з в и в а ю щ е й с я  п о д о б н о  Э Э Г  п р и  
к о р т и к а л ь н о й  д е н е р в а ц и и . В  э т и х  Э Э Г - я в л с н и я х  м о ж н о  п о л а г а т ь  н а л и ч и е  о б щ е г о  п а т о 
м е х а н и з м а ,  п р и  к о т о р о м , н а р я д у  с  г и п о к с и е й , р е ш а ю щ у ю  р о л ь  и г р а е т  с в о е о б р а з н о е  с о с т о 
я н и е  о б м е н а  в е щ е с т в  д е н е р в и р о в а н н о й  к о р ы  i о л о в н о г о  м о з г а .

Р Е Г У Л Я Ц И Я  К Р О В О О Б Р А Щ Е Н И Я  В  К О Н Е Ч Н О С Т Я Х  П Р И  Л И М Ф А Т И Ч Е С К О М
О Т Е К Е  В  К О Н Е Ч Н О С Т Я Х

Ф. ШОЛЬ'ГИ, Й. НАДЬ, Й. ГЕРГЕЙ, М. ИШКУМ, И. КРАСНАИ, А. ХАРТАМ и М. ЧИЛЛАГ

У  8  б о л ь н ы х  с  л и м ф а т и ч е с к и м  о т е к о м  в к о н е ч н о с т я х  а в т о р ы  и з у ч а л и  м е т о д о м  р а з
в е д е н и я  к р а с и т е л я  и з м е н е н и я  к р о в о т о к а ,  с о с у д и с т о г о  с о п р о т и в л е н и я ,  п о т р е б л е н и я  к и с л о 
р о д а  и  ф р а к ц и й  м и н у т н о г о  о б ъ е м а  к р о в о о б р а щ е н и я  в к о н е ч н о с т я х .  С о о т в е т с т в у ю щ и е  
п а р а м е т р ы  4 4  л и ц  с  н о р м а л ь н о й  ц и р к у л я ц и е й  с л у ж и л и  в к а ч е с т в е  к о н т р о л я .

П о д  в л и я н и е м  д л и т е л ь н о г о  з а с т о я  л и м ф ы  к р о в о о б р а щ е н и е  в к о н е ч н о с т я х  н а р а с т а е т  
в з н а ч и т е л ь н о й  м е р е , с о с у д и с т о е  с о п р о т и в л е н и е  в  к о н е ч н о с т я х  п о н и ж а е т с я  и  ф р а к ц и я  ми
н у т н о г о  о б ъ е м а  к р о в о о б р а щ е н и я  в к о н е ч н о с т я х  у в е л и ч и в а е т с я .  П о т р е б л е н и е  к и с л о р о д а  в 
к о н е ч н о с т я х  н е  п о к а з ы в а е т  д о с т о в е р н о г о  о т к л о н е н и я  о т  в е л и ч и н , и з м е р я е м ы х  в н о р м е .

З а с л у ж и в а е т  в н и м а н и я  ф а к т , ч т о  п р и  з а с т о е  л и м ф ы  р е г у л я ц и я  к р о в о о б р а щ е н и я  
к о н е ч н о с т е й  и з м е н я е т с я  в  н а п р а в л е н и и ,  п р о т и в о п о л о ж н о м  н а п р а в л е н и ю  е е  и з м е н е н и я  п р и  
п р е п я т с т в е н н о с т и  в е н о з н о г о  о т т е к а .

П о л а г а е т с я ,  ч т о  п р и  л и м ф а т и ч е с к о м  о т е к е  з н а ч и т е л ь н а я  ч а с т ь к р о в и  п р о т е к а е т  ч е р е з  
н е п и т а т е л ь н ы е  —  к о р о т к и е  —  с о с у д и с т ы е  п у т и . П р и ч и н о й  э т о г о  я в л е н и я ,  п о  в с е й  в е р о я т 
н о с т и , я в л я е т с я  п р е ж д е  в с е г о  и з м е н е н и е  р е г у л я ц и я  м и к р о ц и р к у л я ц и и  в  к о н е ч н о с т я х .

Д Е Й С Т В И Е  Х О Л Е С Т Е Р И Н А  П И Щ И  Н А  О Б М Е Н  В И Т А М И Н А  С У  П О Д О П Ы Т Н Ы Х
Ж И В О Т Н Ы Х

Э. ГИНТЕР

Д о б а в л е н и е  х о л е с т е р и н а  к  п и щ е  м о р с к о й  с в и н к и  п о в ы ш а е т  п о т р е б л е н и е  в и т а м и н а  С. 
Э т о  в и д н о  и з  у м е н ь ш е н и я  к о н ц е н т р а ц и и  в и т а м и н а  С в  т к а н я х  и и з  п о в ы ш е н и я  к о л и ч е с т 
ва в и т а м и н а  С , в ы д е л я е м о г о  с  м о ч о й . У  к р о л и к о в  и  б е л ы х  к р ы с , с а м и  с и н т е з и р у ю щ и х  а с 
к о р б и н о в у ю  к и с л о т у ,  п и ш а  с  х о л е с т е р и н о м  п о в ы ш а е т  б и о с и н т е з  а в к о р б и н о в о й  к и сл о т ы , 
в с л е д с т в и е  ч е г о  в и т а м и н  С н а к о п л я е т с я  в  т к а н я х  и  в п о в ы ш е н н о й  м е р е  в ы д е л я е т с я  с м оч ой .



Р е а к ц и я  ж и в о т н ы х , о р г а н и з м  к о т о р ы х  с и н т е з и р у е т  а с к о р б и н о в у ю  к и с л о т у ,  т а к  ж е  к а к  
и  р е а к ц и я  ж и в о т н ы х , н е с п о с о б н ы х  с и н т е з и р о в а т ь  е е ,  р а в н ы м  о б р а з о м  о б у с л а л и в а ю т с я  
о б с т о я т е л ь с т в а м и ,  с о п р о в о ж д а ю щ и м и с я  п о в ы ш ен и ем  п о т р е б н о с т и  о р г а н и з м а  в  а с к о р б и н о 
в о й  к и с л о т е .  О с т а е т с я  н е в ы я с н е н н ы м  в о п р о с , я в л я е т с я  л и  о с н о в о й  э т о г о  м е х а н и з м а  к а к а я -  
т о  н е с п е ц и ф и ч е с к а я  с т р е с с о р н а я  с и т у а ц и я  и л и  б л и з к о е  р о д с т в о  м е ж д у  о б м е н о м  а с к о р б и 
н о в о й  к и с л о т ы  и о б м ен о м  х о л е с т е р и н а .

А Н О М А Л И И  К А Р Т И Н Ы  Э Э Г  У  Н О Р М А Л Ь Н Ы Х  Б Л И З Н Е Ц О В  
я .  ЛИПТАК, О. Ж АДАН ЬИ, Я. БАЖО и О. КЛЕЙНИНГЕР

А в т о р ы  и с с л е д о в а л и  6 0  н о р м а л ь н ы х  б л и з н е ц о в  ( 6  п а р  м о н о з и г о т н ы х  и  2 2  п а р ы  
д и з и г о т н ы х )  в  в о зр а с т е  о т  5  д о  1 7  л е т .  П р и  р о ж д е н и и  э т и  б л и з н е ц ы  б ы л и  з р е л ы м и  п л о д а м и ,  
з а б о л е в а н и й  н е р в н о й  с и с т е м ы  у  н и х  н е  н а б л ю д а л о с ь . К р о м е  о т в е д е н и й  Э Э Г  ( б е з  н а р к о з а )  
б ы л и  п р о в е д е н ы  т а к ж е  а н т р о п о л о г и ч е с к и е ,  н е й р о п с и х и а т р и ч е с к и е  и  п с и х о л о г и ч е с к и е  
и с с л е д о в а н и я .

В  3 8 %  с л у ч а е в  а в т о р ы  о б н а р у ж и л и  а н о м а л и и  ( п а т о л о г и ч е с к у ю  с и н х р о н и з а ц и ю  в 
1 3 % , к р у п н ы е  в ол н ы  п р и  г и п е р в е н т и л я ц и и  в 1 9 % , д и с р и т м и и  в  9 % , о ч а г о в у ю  а к т и в н о с т ь  
в 5 % . П о  с р а в н е н и ю  с  д а н н ы м и  н о р м а л ь н ы х  п л о д о в  э т о  о з н а ч а е т  д о с т о в е р н о е  п о в ы ш е н и е .  
М е ж д у  в о з р а с т о м ,  в есо м  п р и  р о ж д е н и и ,  п е р и н а т а л ь н ы м и  о с л о ж н е н и я м и ,  з и г о т н о с т ь ю  и  
а н о м а л и я м и  Э Э Г  н е  б ы л о  н а й д е н о  к о р р е л я ц и и .  Н а б л ю д а л а с ь ,  о д н а к о ,  о ч е н ь  т е с н а я ,  п о ч т и  
д о с т о в е р н а я  с в я з ь  с н е в р о л о г и ч е с к и м и  с у б н о р м а л ь н о с т я м и .

О т в е т с т в е н н ы м  з а  б о л ь ш о е  ч и с л о  а н о м а л и й  Э Э Г  а в т о р ы  с ч и т а ю т  у м е р е н н ы е  п р е д н а -  
т а л ь н ы е  п о р а ж е н и я  г о л о в н о г о  м о з г а ,  в о з н и к ш и е  у  б л и з н е ц о в  в  р е з у л ь т а т е  н е б л а г о п р и я т н ы х  
в н у т р и у т р о б н ы х  у с л о в и й .

Д Е Й С Т В И Е  М О Ч Е Г О Н Н Ы Х  И  П Е Р О Р А Л Ь Н Ы Х  А Н Т И Д И А Б Е Т И Ч Е С К И Х  С Р Е Д С Т В  
П Р И  Н Е С А Х А Р Н О М  М О Ч Е И З Н У Р Е Н И И  И  П Р И  П С И Х И Ч Е С К О Й  П О Л И Д И П С И И

Ф. ЛАСЛО, Л . ЦАКО, И. СИЙ и К. КОВАЧ

А в т о р ы  д а в а л л  10  б о л ь н ы м , с т р а д а ю щ и м  н е с а х а р н ы м  м о ч е и з н у р е н и е м  и  н е  о б л а д а 
ю щ и м  з а п а с о м  а н т и д и у р е т и ч е с к о г о  г о р м о н а ,  а  т а к ж е  4  б о л ь н ы м  с о  п с и х и ч е с к о й  п о л и 
д и п с и е й ,  с а л у р е т и ч е с к и е  с р е д с т в а  ( А л ь д а к т о н ,  Х л о р у р и т ,  и л и  Х л о р у р и т  +  А л ь д а к т о н ) ,  а  
т а к ж е  п е р о р а л ь н ы е  а н т и д и а б е т и ч е с к и е  с р е д с т в а  ( Д и а б и н е з ,  О р а д и а н ) ,  и  и з у ч а л и  в о з н и 
к а ю щ и е  и з м е н е н и я  в о д н о г о  х о з я й с т в а  и  о б м е н а  э л е к т р о л и т о в .

У с т а н о в л е н о ,  ч то  у  б о л ь н ы х  н е с а х а р н ы м  м о ч е и з н у р е н и е м  п о д  в л и я н и е м  м о ч е г о н 
н ы х  с р е д с т в  у м е н ь ш а е т с я  д и у р е з  и  у м е р е н н о  н а р а с т а е т  у д е л ь н ы й  в е с  м о ч и . В с е  т р и  и з у 
ч а е м ы е  м е т о д ы  л е ч е н и я  в ы з ы в а ю т  п о в ы ш е н и е  в ы д е л е н и я  н а т р и я .  Д а ч а  х л о р у р и т а  о б у с л а 
в л и в а е т  к р о м е  эт о г о  и  з н а ч и т е л ь н ы й  к а л и у р е з ,  ч то  м о ж н о  п р е д о т в р а т и т ь  о д н о в р е м е н н о й  
д а ч е й  А л ь д а к т о н а .  В  т о  ж е  в р е м я  А л ь д а к т о н ,  б у д у ч и  а н т а г о н и с т о м  а л ь д о с т е р о н а ,  п о т е н 
ц и р у е т  а н т и д и у р е т и ч е с к о е  д е й с т в и е  Х л о р у р и т а .  В о  в р е м я  л е ч е н и я  н а б л ю д а е т с я  у м е н ь 
ш е н и е  э н д о г е н н о г о  к р е а т и н и н о в о г о  к л и р е н с а .  Э то  у м е н ш е н и е  в ы р а ж е н н е е  в с е г о  п о д  в л и я 
н и е м  Х л о р у р и т а .  У  л и ц  с о  п с и х и ч е с к о й  п о л и д и п с и е й  д а ч а  с а л у р е т и ч е с к и х  с р е д с т в  н е  
п р и в е л а  к  в ы я в л я е м ы м  и з м е н е н и я м  в о д н о г о  х о з я й с т в а .

П р и  д а ч е  Х л о р п р о п а м и д а  б о л ь н ы е  н е с а х а р н ы м  м о ч е и з н у р е н и е м  в ы д е л я л и  с у щ е с т 
в е н н о  м е н ь ш е  м о ч и , и  у д е л ь н ы й  в е с  м о ч и  т а к ж е  п о в ы ш а л с я  в  б о л ь ш е й  м е р е , ч е м  п о с л е  д а ч и  
м о ч е г о н н ы х  с р е д с т в . В  п р о т и в о п о л о ж н о с т ь  эт о м у  в ы д е л е н и е  н а т р и я  и  к а л и я ,  а  т а к ж е  
к р е а т и н и н о в ы й  к л и р е н с  о с т а в а л и с ь  н е и з м е н н ы м и , и  у  л и ц  с о  п с и х и ч е с к о й  п о л и д и п с и е й  
к о л и ч е с т в о  м о ч и  т а к ж е  п о к а з а л о  я в н о е  у м е н ь ш е н и е . О р а д и а н  о к а з а л с я  б е з э ф ф е к т и в н ы м .

А в т о р ы  п р и д е р ж и в а ю т с я  т о г о  м н е н и я ,  ч то  в т е р а п и и  б о л ь н ы х  н е с а х а р н ы м  м о ч е и з 
н у р е н и е м  р е к о м е н д у е т с я  п р е ж д е  в с е г о  п р и м е н е н и е  х л о р п р о п а м и д а  ( Д и а б и н е з )  и  х л о р о -  
т и а з и д а  +  с п и р о н о л а к т о н а  ( Х л о р у р и т  +  А л ь д а к т о н ) . Д л я  в ы я с н е н и я  э ф ф е к т и в н о с т и  
д л и т е л ь н о й  д а ч и  л е к а р с т в  н е о б х о д и м ы  е щ е  д а л ь н е й ш и е  н а б л ю д е н и я .

Д Е Й С Т В И Е  П О В Р Е Ж Д Е Н И Я  П Е Ч Е Н И  И  Э К С П Е Р И М Е Н Т А Л Ь Н О Г О  В О С П А Л Е Н И Я  
Н А  К О Н Ц Е Н Т Р А Ц И Ю  Г Л И К О П Р О Т Е И Н О В  В  С Ы В О Р О Т К Е

я .  Ф Е Х Е Р , Л . ЯКАВ и Л. ТАКАЧ

А в т о р ы  и зу ч а л и  у  к р ы с  и з м е н е н и я  к о н ц е н т р а ц и и  к о м п о н е н т о в  г л и к о п р о т е и н о в  сы 
в о р о т к и  ( г е к с о з а ,  г е к с о за м и н , с и а л и н о в а я  к и с л о т а  и  с е р о м у к о и д )  п о с л е  д а ч и  к р о т о н о в о г о  
м а с л а ,  С С 14 и  СС14 +  к р о т о н о в о г о  м а с л а .  П р и  в о с п а л е н и и , в ы з в а н н о м  к р о т о н о в ы м  м а с л о м ,



п о в ы ш а л а с ь  к о н ц е н т р а ц и я  г е к с о з а м и н а ,  с и а л и н о в о й  к и с л о т ы  и  с е р о м у к о и д а .  П р и  п о р а 
ж е н и и  п е ч е н и , в ы зв а н н о м  д а ч е й  СС14, т а к ж е  н а б л ю д а л о с ь  д о с т о в е р н о е  п о в ы ш е н и е  к о н ц е н 
т р а ц и и  э т и х  у г л е в о д н ы х  к о м п о н е н т о в .  П р и  п о р а ж е н и и  п е ч е н и  в ы з ы в а н и е  в о с п а л е н и я  д а ч е й  
к р о т о н о в о г о  м а с л а  п р и в е л о  к  д о с т о в е р н о м у  п о в ы ш е н и ю  к о н ц е н т р а ц и и  г е к с о з а ,  г е к с о з а 
м и н а  и  с и а л и н о в о й  к и с л о т ы , п о  с р а в н е н и ю  с  в е л и ч и н а м и , п о л у ч е н н ы м и  п р и  п о в р е ж д е н и и  
п е ч е н и , в ы зв а н н о м  д а ч е й  СС14.

Д А Н Н Ы Е  К  П А Т О Г Е Н Е З У  А Н Е М И И  П Р И  П Е Р Е С А Ж Е Н Н О Й  А К Р - Л Е Й К Е М И И
Т. БУРГЕР и Л. Г. ЛАЙТА

П е р е с а д к о й  к л е т о к  с е л е з е н к и  ж и в о т н ы х , с т р а д а ю щ и х  с п о н т а н н о й  А К Р - л е й к е м и е й ,  
а в т о р ы  в ы зы в а л и  у  г и б р и д о в  А К Р / С З Н  о с т р у ю  л и м ф о и д н у ю  л е й к е м и ю  и  и с п о л ь з о в а л и  и х  в 
к а ч е с т в е  м о д е л и  в  с в о и х  о п ы т а х .  П р и  п р о г р е с с и р о в а н и и  б о л е з н и  и н к о р п о р а ц и я  F e 59 
э р и т р о ц и т а м и  у м е н ь ш а е т с я , и  п а р а л л е л ь н о  с  эт и м  а н е м и я  у с и л и в а е т с я .  В  т е ч е н и е  б о л е з н и  
п о в ы ш а е т с я  п о г л о щ е н и е  р а д и о ж е л е з а  п е ч е н ь ю ; э т о  н а б л ю д е н и е  м о ж н о  п р и в е с т и  в  с в я з ь  
с  п о в ы ш а ю щ е й с я  и н ф и л ь т р а ц и е й  п е ч е н и  л е й к е м и ч е с к и м и  к л е т к а м и .

П о в ы ш е н н а я  с м е р т н о с т ь  н а б л ю д а л а с ь  у  ж и в о т н ы х , п о л у ч а в ш и х  р а д и о т е р а п и ю  и  
т р а н с п л а н т а ц и ю  л е й к е м и ч е с к и х  к о с т н о м о з г о в ы х  к л е т о к .  Э т о  у к а з ы в а е т  н а  п о н и ж е н и е  
з а щ и т н о г о  д е й с т в и я  л е й к е м и ч е с к о г о  к о с т н о г о  м о з г а  п р о т и в  о б л у ч е н и я .  Ч е р е з  1 5  д н е й  п о с л е  
о б л у ч е н и я  н а б л ю д а е т с я  д о с т о в е р н а я  р а з н и ц а  в  7 2 -ч а с о в о й  и н к о р п о р а ц и и  р а д и о ж е л е з а  
м е ж д у  н о р м а л ь н ы м и  ж и в о т н ы м и  с  т р а н с п л а н т а ц и е й  л е й к е м и ч е с к о г о  к о с т н о г о  м о з г а .  
З н а ч и т е л ь н а я  и н к о р п о р а ц и я  р а д и о ж е л е з а  п е ч е н ь ю  о б л у ч е н н ы х  ж и в о т н ы х  у к а з ы в а е т  н а  
с р а в н и т е л ь н о  н е н а р у ш е н н у ю  ж е л е з о с в я з ы в а ю ш у ю  с п о с о б н о с т ь  п е ч е н и . В  г р у п п е  ж и в о т н ы х  
с  т р а н с п л а н т а ц и е й  л е й к е м и ч е с к о г о  к о с т н о г о  м о зг а  в е с  с е л е з е н к и  и  ч и с л о  м а к р о с к о п и ч е с к и  
н а б л ю д а е м ы х  к о л о н и й  с е л е з е н к и  п р е в ы ш а л и  с о о т в е т с т в у ю щ и е  д а н н ы е  г р у п п ы  ж и в о т н ы х  
с  п е р е с а д к о й  н о р м а л ь н о г о  к о с т н о г о  м о з г а .  Н а  о с н о в е  э т о й  р а з н и ц ы  м о ж н о  п о л а г а т ь ,  ч т о  
л е й к е м и ч е с к и е  б л а с т о м а т о з н ы е  к л е т к и  с п о с о б н ы  к  о б р а з о в а н и ю  к о л о н и й .

В Р Е Д Н Ы Е  П О Б О Ч Н Ы Е  Д Е Й С Т В И Я  П Р О И З В О Д Н Ы Х  П И П Е Р А З И Н А  
У  П О Д О П Ы Т Н Ы Х  Ж И В О Т Н Ы Х

I I .  Б и о х и м и ч е с к о е  и с с л е д о в а н и е  х р у с т а л и к а  г л а з а  и  п о в р е ж д е н и е  л и м ф о ц и т о в  
Г. Й. КЕТЕЛЕШ , А. ДЕНКЛЕН, П. МЕЗЕИ и А. ТАКАЧ

В  о п ы т а х  н а  к р ы с а х  п р и  д л и т е л ь н о м  п р и м е н е н и и  1 ,4 -  b is -  ( ф е н и л и з о п р о п и л ) - п и п е р а -  
з и н а  (2 H C I )  в  х р у с т а л и к е  н е  н е б л ю д а е т с я  и зм е н е н и я  с о д е р ж а н и я  б е л к о в , р и б о н у к л е и н о в о й  
к и с л о т ы  и  к и с л о т о р а с т в о р и м о й  р и б о з ы , и  с и н т е з а  р и б о н у к л е и н о в о й  к и с л о т ы . С р е д н я я  и н 
к о р п о р а ц и я  а м и н о в о й  к и с л о т ы , м е ч е н н о й  С ’4, б ы л а  в ы ш е , ч е м  у  к о н т р о л е й .  У  п о д о п ы т н ы х  
ж и в о т н ы х  н а б л ю д а л о с ь  in  v i t r o  н а р у ш е н и е  д е л е н и я  п е р и ф е р и ч е с к и х  л и м ф о ц и т о в , в ы з в а н 
н о г о  ф и т о г е м а г г л ю т и н и н о м , с к а з ы в а ю щ е е с я  в р а с п л ы в ч а т о с т и  с т р у к т у р ы  х р о м о с о м .

Х о т я  в о п р о с  п а т о м е х а н и з м а  е щ е  о с т а е т с я  н е я с н ы м , а в т о р ы  о б с у ж д а ю т  д в е  в о з м о ж 
н о с т и :  н а р у ш е н и е  п р о н и ц а е м о с т и  в с л е д с т в и е  п о р а ж е н и я  к а п с у л ы  х р у с т а л и к а ,  в е р н е е  
о б о л о ч е к  к л е т о к  и в о л о к о н , и л и  н а р у ш е н и е  м е х а н и з м а  о б р а з о в а н и я  в о л о к о н  и з  э п и т е л и а л ь 
н ы х  к л е т о к  н а  у р о в н е  к л е т о ч н о г о  я д р а .

В Р Е Д Н Ы Е  П О Б О Ч Н Ы Е  Д Е Й С Т В И Я  П Р О И З В О Д Н Ы Х  П И П Е Р Е З И Н А  
У  П О Д О П Ы Т Н Ы Х  Ж И В О Т Н Ы Х

I. О ф т а л ь м о л о г и ч е с к и е  н а б л ю д е н и я
П. МЕЗЕИ, Г. Й. КЁТЕЛЕШ, А. ТАКАЧ и П. ЙОББАДЬИ

1 ,4 -  b is -  (ф е н и л и з о п р о п и л ) - п и п е р а з и н  (2 Н С 1 ), о к а з а в ш и й с я  у  л ю д е й  к а т а р а к т о г е н 
н ы м  с о е д и н е н и е м , п р и  д л и т е л ь н о м  п р и м е н е н и и  в ы зы в а л  п а т о л о г и ч е с к и е  о ф т а л ь м о л о г и 
ч е с к и е  и з м е н е н и я  т а к ж е  у  к р ы с  и  м ы ш е й . Д а н н о е  с о е д и н е н и е  о к а з ы в а л о  у  ж и в о т н ы х  т а к ж е  
ф о т о с е н с и б и л и з и р у ю щ и й  э ф ф е к т . У  п о д о п ы т н ы х  ж и в о т н ы х  н а б л ю д а л и с ь  и з м е н е н и я  к о н ъ 
ю н к т и в ы , р о г о в и ц ы  и в о л о с .  Х о т я  п л о т н о й  к а т а р а к т ы , п о д о б н о й  ч е л о в е ч е с к о й ,  н е  р а з в и 
в а л о с ь ,  о т м е ч а л и с ь  т о н к и е  п а т о л о г и ч е с к и е  м о р ф о л о г и ч е с к и е  и з м е н е н и я  х р у с т а л и к а ,  п р е д 
п о л о ж и т е л ь н о  в с л е д с т в и е  н а р у ш е н и я  о б р а з о в а н и я  в о л о к о н .



М Е Т А Б О Л И З М  4 — 14С - Д Е Г И Д Р О Э П И А Н Д Р О С Т Е Р О Н А  У  Ч Е Л О В Е К А  in  v it r o .

I . П р е в р а щ е н и е  4 — 14С - д е г и д р о э п а н и д р о с т е р о н а  в  а н д р о с т - 4 - т е н - 3 ,1 7 - д и о н ,  т е с т о с т е р о н  и  
а н д р о с т е р о н  в  к о ж н ы х  с р е з а х  з д о р о в ы х  ж е н щ и н  и  м у ж ч и н  in  v i t r o

И. ФАРЕДИН, К. КОКАИ, И. ТОТ, А. Г. ФАЗЕКАШ и М. ЮЛЕС

С р е з ы  б р ю ш н о й  к о ж и  з д о р о в ы х  ж е н щ и н  и  м у ж ч и н  б ы л и  и н к у б и р о в а н ы  с  [ 4 — 1аС ] 
д е г и д р о э п и а н д р о с т е р о н о м  в  ц е л я х  и з у ч е н и я  б и о с и н т е з а  с т е р о и д о в  в ы с о к о й  а н д р о г е н н о й  
а к т и в н о с т и .  Б ы л о  у с т а н о в л е н о ,  ч т о  к а к  к о ж а  ж е н щ и н ,  т а к  и  к о ж а  м у ж ч и н  р а в н ы м  о б р а 
з о м  с п о с о б н а  с и н т е з и р о в а т ь  а н д р о с т - 4 - е н - 3 ,1 7 - д и о н ,  5 0 - а н д р о с т е н - 3 ,1 7 - д и о н ,  а н д р о с т е р о н  и  
т е с т о с т е р о н  и з  [ 4 — 14С ] д е г и д р о э п и а н д р о с т е р о н а .  О б с у ж д а е т с я  т е о р е т и ч е с к о е  и  п р а к т и 
ч е с к о е  з н а ч е н и е  п о л у ч е н н ы х  р е з у л ь т а т о в .

Э Л Е К Т Р О К А Р Д И О Г Р А Ф И Ч Е С К И Е  И З М Е Н Е Н И Я  П Р И  М Е Т А Б О Л И Ч Е С К О М  
К А Р Д И А Л Ь Н О М  Н Е К Р О З Е  И  В Л И Я Н И Е  А М И Л О Р И Д А  Н А  Э Т И  И З М Е Н Е Н И Я

Ш. ВАРГА, X. Г. КЛАССЕН и Б. ШОЛЬМОШШ

В  т е ч е н и е  р а з в и т и я  н е о к к л ю з и о н н о г о  м е т а б о л и ч е с к о г о  к а р д и а л ь н о г о  н е к р о з а  (вы  
з ы в а е м о г о  у  к р ы сы  п у т е м  о д н о в р е м е н н о г о  в в е д е н и я  ф л ю о р о к о р т и з о л а ,  ф о с ф а т а  д и н а т р и я  и  
к у к у р у з н о г о  м а с л а )  п р о д о л ж и т е л ь н о с т ь  и н т е р в а л о в  P R ,  O R S  и  Q U  у д л и н я е т с я  а м п л и т у д ы  
з у б ц о в  P ,  R  и  S  п о в ы ш а ю т с я  и  з у б ц ы Т и з м е н я ю т с я .  З у б ц ы  U  з а к о н о м е р н о  п о я в л я ю т с я .  Э ти  
я в л е н и я  п р е д ш е с т в у ю т  г и с т о л о г и ч е с к и м  и  м а к р о с к о п и ч е с к и м  к а р д и а л ь н ы м  п о р а ж е н и я м ,  
и  м е ж д у  н и м и  и п р е д в а р и т е л ь н о  н а б л ю д а е м ы м и  н а р у ш е н и я м и  с о д е р ж а н и я  э л е к т р о л и т о в  и  
к и с л о т - о с н о в а н и й  с у щ е с т в у е т  о п р е д е л е н н а я  с в я з ь . Н а и б о л е е  в ы р а ж е н н ы е  э л е к т р о к а р д и о 
г р а ф и ч е с к и е  и зм е н е н и я  о т м е ч а ю т с я ,  к а к  п р а в и л о , п р и  н а л и ч и и  м а к р о с к о п и ч е с к и х  п о р а 
ж е н и й ,  и  о н и  и н о г д а  с о п р о в о ж д а ю т с я  а р и т м и е й , б л о к а д о й  и  б и г е м и н и е й . А м и л о р и д ,  щ а д я 
щ е е  к а л и й  в е щ е с т в о , н е  п р е д о т в р а щ а е т  п о в ы ш е н и я  а м п л и т у д ы  з у б ц о в  P ,  R  и  S , н о  о н о  
н о р м а л и з у е т  д р у г и е  и з м е н е н и я  и  з а д е р ж и в а е т  р а з в и т и е  к а р д и а л ь н о г о  н е к р о з а .

М О Ч Е В И Н Н О Е  Т О Р М О Ж Е Н И Е  Д Е Г И Д Р О Г Е Н Е З Ы  М О Л О Ч Н О Й  К И С Л О Т Ы ,  
У Д О Б Н Ы Й  П О В С Е Д Н Е В Н Ы Й  М Е Т О Д  И С С Л Е Д О В А Н И Я

Д . ДИСКУМБ и Ш. ЛУНД

Д а е т с я  о п и с а н и е  н а д е ж н о г о  и  у д о б н о г о  м е т о д а  д л я  о п р е д е л е н и я  о б щ е й  и с т о й к о й  к  
м о ч е в и н е  д е г и д р о г е н е з ы  м о л о ч н о й  к и с л о т ы , и  о б ъ я с н е н и е  п р и ч и н , п р и в е д ш и х  к  е г о  п р и 
м е н е н и ю .

П р и  э т о м  м е т о д е  и с п о л ь з у е т с я  N A D , б о л е е  д е ш е в а я  и  б о л е е  н а д е ж н а я  ч е м  N A D H 2, 
и о н ,  п о в и д и м о м у , о б е с п е ч и в а е т  б о л е е  п о л е з н ы е  и н ф о р м а ц и и , ч е м  о п р е д е л е н и е  д е г и д р о 
г е н е з ы  о к с и м а с л я н о й  к и с л о т ы .
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The Symposium will be concerned with all applications of radio
isotopes in clinical medicine and research which involve measure
ments of the temporal patterns of uptake, metabolism, clearance 
or excretion of administered radioactive materials. Topics to be 
covered include cardiac, gastrointestinal, hepatic, pulmonary, renal 
and thyroid function studies, regional blood flow studies, calcium, 
copper, iron, protein and vitamin B12 turnover studies and studies 
of red cell destruction. The Symposium will give emphasis to new 
instruments, techniques and methods of data analysis. Studies based 
on scintigraphic techniques will be excluded except in so far as they 
are concerned with dynamic situations.
Further information and forms to accompany abstracts of papers 
intended for presentation at the Symposium may be obtained from 
national authorities for atomic energy matters. Abstracts must be 
submitted through these authorities so as to reach the International 
Atomic Energy Agency before 20 April 1970.
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GY. ACSÁDI a n d  J. NEM ESKÉRI

HISTORY OF HUM AN LIFE 
SPAN A N D  MORTALITY
This monograph is the result of co-operation between anthropologist and demo
grapher. The novelty of their approach lies in the fact that by co-ordinating their 
existing methods and devising specific new techniques, they created a sound basis 
for the objective demographic analysis of archaeological series. The book discusses 
the process of the increasing of human life span and the history of human mortality 
throughout the half of a million year’s history of mankind, i.e. from prehistoric ages 
to modern times.

In English —  Approx. 270 pages  —  / 7 x 2 5 cm —  Cloth

E. GLÁZ A N D  P. VECSEI

ALDOSTERONE
The work discusses the theory and ever increasing clinical uses of aldosterone which 
is the chief mineral corticoid hormone of the adrenal cortex. — In the theoretical 
part, we find detailed data about the biosynthesis, transportation, metabolism and 
biological eifects of aldosterone, as well as a treatise about the manifold, and not 
completely cleared problems of the regulation of aldosterone production. Descrip
tions of the modern methodology are also to be found here. In the clinical part of 
the work, the effects of aldosterone and anti-aldosterone are discussed in applied 
medical science.

In English —  Approx. 640 pages  —  17x25 cm —  Cloth

Joint edition with Pergamon Press, Oxford

Akadémiai Kiadó, Budapest
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PLATELET LIFE-SPAN AND SITES OF PLATELET 
DESTRL1CTION IN IDIOPATHIC THROMBOCYTOPENIC

PURPURA
T.  B u r g e r  and E.  R i h m e r

F IR S T  D EPA RTM EN T O F M EDICINE (DIRE* T O R : P R O F . T. JÁVOR),
U N IV E R SIT Y  MEDICAL SCHOOL, PÉCS

(R eceived March 6, 1969)

M easurem ent and evaluation  of platelet life-span and sequestration have been  
studied in a hea lthy  control group and in p atien ts w ith  idiopathic throm bocytopenic  
purpura. ACD is considered a coagulant more su itab le th an  E D T A  for the preparation  
of p latelet suspension, since recovery is more frequent w ith  the use of the former drug. 
Essential differences were found in the sites o f sequestration  w ith ACD and E D T A . 
The, greater am ount of rad ioactiv ity  was detected over the spleen, in connection w ith  
the geom etrical situation of m easurem ents over the organs. As compared w ith norm al 
subjects, in IT P  patients considerable differences were found in platelet su rv iva l, 
recovery and sequestration. In  the majority o f  cases radioactivity over the sp leen  
лгав increased, but an increase in radioactivity over the liver was also observed in  a 
few patients show ing a considerable shortened p la te le t survival.

Id io p a th ic  th ro m b o c y to p e n ic  p u rp u ra  (IT P ) is a cond ition  c h a ra c te r iz e d  
by  th ro m b o c y to p e n ia , a n o rm a l or increased n u m b e r  o f  m egakaryocy tes in  th e  
bone m arrow , a n d , in  m ost cases, by  th e  absence o f  en la rg em en t of th e  sp leen . 
T he disease is g en era lly  reg a rd ed  as an a u to im m u n e  d iso rder in w h ich  th e  
p a tie n t p ro d u ces an  a n tip la te le t  facto r, severa l m e th o d s  for d e m o n s tra tin g  
th is  fac to r  arc  k n o w n  [13, 15, 17, 20].

T he ad v an ces  in  m e thodo logy  in  th e  p a s t  d ecad e  h av e  m ade it  p o ss ib le  
to  s tu d y  th e  m ech an ism  an d  k inetics o f th e  d e v e lo p m e n t o f th ro m b o c y to p e n ia . 
A as an d  Ga r d n e r  devised  a m ethod  for m e a su rin g  th e  life-span o f  DlCr- 
labelled p la te le ts , la te r  Co h e n  e t al. classified th e  th ro m b o cy to p en ias  o n  th e  
basis o f in c reased  d e s tru c tio n , sho rtened  life -span  a n d  decreased p ro d u c tio n  
of th e  p la te le ts  [1, 13]. B a r t a  an d  B u r g e r , a n d  N a j e a n  e t ah co n firm ed  th e  
fac t o f p e rip h e ra l d e s tru c tio n  an d  also es tab lish ed  its  s ite  [6, 11, 25, 10, 9 , 29, 
4, 26, 8, 12].

W h a t h as , how ever, rem ain ed  so m eth ing  o f  a m y s te ry  is th e  co u rse  o f 
th e  disease an d  th e  cause o f spon taneous rem issions a n d  relapses. T he p re s e n t  
p ap e r will re p o r t  on a s tu d y  o f  th e  sites of p la te le t  d estru c tio n .

M ateria l and m eth o d s

A total o f  17 patients w ith  ITP and 25 healthy controls were studied.
One group o f  patients was exam ined a few days after starting steroid trea tm en t, but 

before rem ission, w hile another group at a tim e when, as a result o f the above th erap y , the
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p la te le t  count was around 100,000 and the p a tien ts  had proved free o f c lin ica l sym ptom s
[6, 10, 11].

For m easuring p la te le t life-span, A as’ and G a r d n e r ’s slightly m odified  m ethod was 
u sed  in all of the p a tien ts , in  some of them  the an ticoagulant suggested b y  A s t e r  and J a nd l  
w a s also applied. Organ surface radioactivity w as measured w ith a G am m a ty p e  60 mm  
scin tilla tion  detector equipped w ith a collim ator. The end window of the collim ator was 
7 cm  in diameter; the inside opening, 3.5 cm; and th e  distance of the crystal from  th e  outside 
edge o f the opening, 6 cm . M easurements in  vivo  w ere performed over the sp leen  in  th e  anterior 
axillary  fold, over the righ t pulmonary lobes b etw een  the 1st and 3rd ribs, and over the heart 
in  th e  m edioclavicular lin e, by  means of a G am m a N K — 108 type scaler, in  d ifferentia l position  
a t th e  photo-peak o f о1Сг, and from the results obta ined  the background va lues were sub
tracted .

Details o f the p la te le t suspension preparation  and those of the m easurem ent o f radio
a c t iv ity  in  vivo have been described before [9, 10, 11]. For the platelet suspension, A s t e r  and 
J a n d l ’s (1964) acid-citrate-dextrose (ACD) so lu tion  p H  6.5 — 6.7 was applied, w ith  citric acid 
0.8 g, sodium  citrate, 2.2 g; and dextrose, 2.45 g for every  100 ml. According to  recent reports 
[2, 25] cooling of the p la te lets during their iso lation  dam ages them  by m aking them  spherical, 
therefore cooling has been om itted  in the present experim ent (Mu r p h y  and Ga r d n e r , 1969).

A as and Ga r d n e r  used ethylenediam ine tetra a ceta te  (EDTA) for th e  preparation of 
p la te le t  suspension, and so did we at the beginning. Our own studies as well as th e  observations 
b y  A s t e r  and J a n d l  have, however, shown th at E D T A  with a pH  below  6 is injurious to  
p la te lets.

For statistical eva lu ation , Student’s t te s t  w as used.

R esults

T he resu lts  h a v e  been  ta b u la te d . T h e  con tro l d a ta  w ere g ro u p e d  sepa
ra te ly ,  according to  th e  an tico ag u lan t u sed , w h ile  th e  d a ta  o f th e  p a tie n ts  accord
in g  to  th e  c o a g u la n t used .

A m ong th e  d a ta  o b ta in ed  w ith  E D T A  (T able  I) it  is re m a rk a b le  t h a t  th e  
p ro p o r tio n  of lab e lled  th ro m b o cy te s  re a p p e a rin g  in th e  c irc u la tio n  w as re la 
t iv e ly  low , ran g in g  b e tw een  20 an d  3 0 % . P la te le t  life-span w as 9 — 11 days 
in  h e a lth y  con tro ls . C om parison  of th e  v a lu e s  ob ta ined  over th e  liv e r  w ith  
th o s e  over th e  sp leen  show ed, w ith  th e  e x c e p tio n  of tw o cases, a p re d o m in a n t 
a c c u m u la tio n  o f ra d io a c tiv i ty  over th e  liv e r .

T ab le  I I  lis ts  th e  d a ta  o b ta in ed  w ith  ACD so lu tion . I n  th is  group , 
re c o v e ry  of a c tiv ity  w as generally  tw ice t h a t  in  th e  E D T A  g ro u p . In  15 con
t r o l  su b jec ts , th e  a c t iv i ty  accu m u la ted  m o s tly  in  th e  spleen, w hile  in  th e  re 
m a in in g  th ree  p a tie n ts  sp leen  ra d io a c tiv ity  d id  n o t exceed liver ra d io a c tiv ity .

R a d io a c tiv ity  o v e r th e  lungs w as occasio n a lly  u n u su a lly  h ig h  in  th e  
f i r s t  24 hours of e x a m in a tio n , w hen th e re  w a s  a slight ag g reg a tio n  o f  labelled  
p la te le ts  in  th e  su sp en sio n , or in one o f th e  p a t ie n ts  w hen he c o n tra c te d  p n e u 
m o n ia . In  th e  m a jo r ity  o f  cases, a c tiv ity  w as  fa r  less over th e  lu n g s  th a n  over 
th e  h e a r t .

T h ro m b o cy te  life -sp an  was n o rm a l in  b o th  contro l groups.
T ab les I I I  a n d  IY  co n ta in  th e  d a ta  o f  p a tie n ts  w ith  ch ron ic  IT P  in  th e  

a c t iv e  stage  an d  in  rem ission , re sp ec tiv e ly . P la te le t  coun t a n d  h a lf-su rv iv a l 
t im e  w ere low er th a n  in  th e  contro l g roups. P la te le t  recovery  a f te r  re in fusion  
w as also lower. T h e  ra d io a c tiv ity  d a ta  o b ta in e d  in  th e  ac tiv e  s ta g e  show ed
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Table I

N orm al subjects 
(stu d ied  w ith  EDTA )

N am e Platelets/cu. mm
S urvival tim e of 
p la te le ts , days

A ctivity  recovery 
per cent

Final spleen: 
liver ratio*

P. s. 250,000 9 15 ’ 0.30

K. Gy. 2 2 0 ,0 0 0 10 29 0.25

R. Á. 280,000 9 34 1.0

V. P. 190,000 9 2 0 1 .2

Cs. I. 240,000 11 2 0 0.5

B. A. 270,000 10 23 0.3

K. E. 230,000 9 29 0 .6

V. Gy. 300,000 10 29 0 .8

K. H. 280,000 9 27 0.4

B. I. 240,000 11 28 0.5

* At the tim e o f 10% platelet su rv iva l.

Table II

N o rm al subjects 
(stu d ied  w ith  ACD)

Name Platelets/cu. mm
S urv ival tim e of 
p la te le ts , duys

Activity recovery 
per cent

Final spleen: 
liver ratio*

F. I. 230,000 8 41 1.2

K. 1. 250,000 10 61 2.0

B. 11. 240,000 9 53 0.9

K. 1. 230,000 9 49 0.8

M. S. 260,000 9 61 1.2

M. K. 350,000 8 49 3.0

F. K. 320,000 9 53 1.3

F. S. 250,000 8 41 2.1

B. T. 280,000 11 58 1.5

Gy. K. 270,000 10 44 2.0

11. B. 185,000 11 45 1.4

B. S. 240,000 8 41 1.4

D. I. 230,000 10 39 1.0

K. B. 250,000 9 57 0.7

M. E. 350,000 9 48 2.3

* A t the tim e o f  10% platelet su rvival.
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th e  p re d o m in an ce  o f th e  sp leen  over th e  o th e r  o rgans, excep t in  th re e  cases. 
D u rin g  im p ro v e m e n t p la te le t  coun t an d  h a lf-su rv iv a l tim e  w ere n o rm al, ex 
cep t in  tw o  p a tie n ts . M ore p la te le ts  re a p p e a re d  in  th e  c ircu la tio n  an d  th e  
a c t iv i ty  d a ta  w ere also  closer to  th o se  o b se rv ed  in  th e  co n tro l g roups: 
in  sev en  cases r a d io a c tiv ity  w as h igher o v er th e  liver.

Table III

Id io p a th ic  thrombocytopenic p u rp u r a  in  relapse 
(studied w ith  E D T A )

P a tien t Sex

D uration  of 
throm bocy to 

penia prior to  
s tu d y , m onths

Platelet level a t 
tim e of study 
(per cu. mm)

T  y2 of injected 
p la telets, days

A ctivity recovery 
per cent

F inal spleen: 
liver ratio*

D. R. F 18 40,000 3 Vi 13 3.0

B. Z. F 32 10,000 l 9 1.1

F. J. F 25 80,000 2.5 17 0.8

P. G. F 8 50,000 2 9 3.0

S. N . F 14 20,000 2 11 0.75

B. T. M 11 20,000 1.5 24 3.0

P. I. F 19 30,000 2.5 13 2.2

I. I. F 27 45,000 2 5 0.4

M. Zs. F 21 30,000 10 hours 7 1.1

H. M. M 19 15,000 20 hours 3 1.1

* A t the tim e o f 10%  p latelet survival.

Table IV

Id io p a th ic  thrombocytopenic p u rp u ra  in  rem ission  
(studied w ith E D T A )

Patient Sex

Duration of 
thrombocyto

penia prior to 
study, months

Platelet level at 
time of study, 

per cu. mm

T y2 of injected 
platelets, days

Activity recovery 
per cent

Final spleen: 
liver ratio*

D. R. F 18 80,000 4 и 2.0

B. Z. F 32 110,000 4 16 1.3

F. J. F 25 130,000 3.5 17 0.4

P. G. F 8 125,000 4 19 0.6

S. N . F 14 140,000 5 17 0.5

B. T. M 11 300,000 3 21 1.3

P. I. F 19 120,000 4 13 0.6

I. I. F 27 100,000 4 15 0.3

M. Zs. F 21 120,000 4 19 0.7

H. M. M 19 130,000 3 26 0.4

* A t the tim e o f 10%  p latelet survival.
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T ab les  У  an d  V I show  th e  re su lts  o b ta in e d  w ith  ACD in  th e  ac tiv e  
s tag e  a n d  in  rem ission . In  th is  g roup , to o , th e  p la te le t  cou n t was u n ifo rm ly  low, 
p la te le t  half-life-span  sh o rt, an d  th e  p ro p o rtio n  o f  labelled  p la te le ts  re a p p e a r
ing  in th e  c ircu la tio n  w as below  n o rm al. T h e  h ig h es t values w ere m easu red  
over th e  spleen in  seven p a tie n ts , an d  o v er th e  liver in th ree  p a tie n ts .

Table V

Idiopathic thrombocytopenic p u rp u ra  in relapse 
(studied w ith  ACD)

P atien t Sex Age

D uration of 
throm bocyto

penia prior to 
study, year

Platelet level a t 
tim e of study ; 

per cu. mm

No. of 
previous 
tra n s 
fusions

A ctivity 
recovery 
per cent

T 1/2 of injected 
platelets, days

F inal spleen: 
liver ratio*

R. 1. F 38 5 40,000 12 1.5 13.0

Tu I. F ? 50,000 1 11 1.5 0.7
G. M. F 18 \L 30,000 1 9 2.0 1.2
T. M. F 48 l 30,000 8 20 hours 3.5

H. M. F 52 10 months 20,000 10 16 hours 0.5
T. R. F 15 3 months 9,000 2 6 1 hour 0.7
Gy M. M 22 2 30,000 — 7 2 3.0

K. I. F 67 14 30,000 — 12 3 1.3
T. M. F 62 40 30,000 2 6 1 hour 3.5

M. L. M 48 y2 30,000 — 9 1 5.0

* A t the tim e of 10% plate let survival.

T ab le  VI

Idiopathic thrombocytopenic p u rp u ra  in remission 
(studied w ith  ACD)

P atien t Sex Age

1 hirution of 
throm bocyto

penia prior to 
study, year

P latelet level a t 
tim e of s tudy  

per cu. mm

No: of 
previous 
tra n s
fusions

A ctivity 
recovery 
per cent

T (4 of in- 
jected 
platelets, 

days

Final spleen: 
liver ratio*

V. z . M 35 1.5 130,000 — 4 0 2 .5 1.5

Ri. I. F 6 5 2 100,000 — 39 3 .5 2 .2

T. M. F 48 1 180,000 47 3 .0 2 .0

K. I. F 39 32 90,000 9 41 3.0 2 .4

R. M. F 21 2 120,000 47 2 .5 1.8

11. M. F 52 10 mouths 180,000 — 6 3 4 .0 6 .0

T. I. F 20 10 months 1 1 0 ,0 0 0 — 49 4 .0 1.1

* A t the tim e of 10% platelet survival.
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I n  seven  p a tie n ts  in  rem ission th e  p la te le t  c o u n t was a t th e  low er lim it 
o f n o rm a l, an d  p la te le t  half-life-span  1 — 2 d ay s  sh o rte r  th a n  in  th e  co n tro ls . 
R e c o v e ry  o f  a c tiv ity  w as n ea rly  no rm al, an d  so w as its  d is tr ib u tio n : in  a single 
p a t ie n t  t h a t  a c tiv ity  w as h igher over th e  sp leen , a n d  in  one p a tie n t t h a t  a c tiv 
i ty  w as id e n tic a l o v e r th e  liv er an d  over th e  sp leen .

S ta tis t ic a l  an a ly s is  o f  th e  d a ta  rev ea led  a s ig n if ican t difference (p >  0.05) 
in  a c t iv i ty  values a n d  th e ir  recovery  b e tw een  th e  tw o con tro l g ro u p s, i.e. 
b e tw een  th e  tw o d iffe re n t a n tico ag u lan ts .

O n th e  o th e r  h a n d , th e re  w as no s ig n if ic a n t difference in  th e  a c t iv i ty  
d a ta  b e tw een  th e  co n tro ls  a n d  th e  p a tie n ts  w ith  ACD tre a tm e n t (T ab les  V 
a n d  V I) , b u t  th e  E D T A  group  show ed a s ig n if ic a n t difference in  ra d io a c tiv i ty  
o v er th e  liv e r b e tw een  th e  ac tiv e  an d  in a c tiv e  s ta g e s  o f th e  disease (T ab les I I I  
a n d  IY ). I n  th e  g ro u p s w ith  chronic  IT P  th e  d iffe rences in  th e  o th e r  p a ra m e te rs , 
fu r th e rm o re  b e tw een  th e  ac tiv e  an d  in a c tiv e  s ta g e s  w ere s ign ifican t w h en  th e  
a n tic o a g u la n ts  ACD a n d  E D T A  were u sed  (T ab les I I I ,  IY, V an d  Y I).

D iscussion

I n  o u r f irs t  s tu d ie s  o f p la te le t life-span  i t  soon  becam e obv ious t h a t  th e  
re c o v e ry  v a lu e  w as low . T h is p o in ted  to  d am ag e  o f  th e  p la te le ts  an d  w as re g a rd 
ed as a p h en o m en o n  in h e re n t in  th e ir  n a tu ra l  fu n c tio n . A to x ic  e ffec t o f  51Cr 
w ith  i ts  h ig h  specific  a c t iv i ty  (1 .19 /uC urie/m l/0.04 mg) d id  n o t com e in to  
q u e s tio n . W hen , u s in g  th e  a n tic o a g u la n t E D T A , th e  p la te le ts  o b ta in e d  from  
th e  th ro m b o c y te  su sp en sio n  w ere sp read  on  a siliconized slide i t  co u ld  be  
o b se rv e d  th a t  th e  th ro m b o c y te s  h a d  assu m ed  a spherica l form . S im ila r o b se r
v a tio n s  w ere m ad e  b y  o th e r au th o rs  [2]. K is s m e y e r -N ie l s e n  a n d  M a d s e n  
d e m o n s tra te d  t h a t  th e  a ff in ity  o f E D T A  fo r M g-ion had  ch an g ed  th e  ion  
t r a n s p o r t  th ro u g h  th e  p la te le t m em b ran e  a n d  th e re b y  im p aired  i ts  m e ta b o 
lism  [1 6 ]. A ster  a n d  J a n d l  a tta c h e d  im p o rta n c e  to  th e  low p H  c h a ra c te r is tic  
o f  E D T A , th e  a n tic o a g u la n t used  in  th e ir  ex p e rim en ts .

T h e  ac id ify ing  effect w as reg a rd ed  b y  th e m  as th e  decisive fa c to r  in  
th e  d am ag e , to  w h ich  th e y  a t tr ib u te d  th e  in c re a se d  seq u estra tio n  o f  p la te le ts  
in  th e  liv e r  [2]. T he p H  o f th e  E D T A  u sed  in  o u r  experim en ts w as 5.5. I t  w as 
in  th e  liv e r  th a t  w e, to o , fo u n d  th e  g re a te r  ra d io a c tiv i ty  in d ica tiv e  o f  in c rea sed  
a c c u m u la tio n . P ro b a b ly  as a re su lt o f th e  d iffe rences in  th e  m easu rin g  a p p a ra 
tu se s  u sed , our re su lts  o b ta in ed  w ith  ACD d id  n o t  su p p o rt th e  sp leen -liv e r 
r a t io  o f  4 : 1 as m u ch  as th o se  of A st e r  a n d  J a n d l  [2], Solomon  a n d  Cl a t a - 
n o f f  [30] an d  o th e rs  [4, 8, 3] w ho also u se d  A CD  an d  m easured  th e  g re a te r  
r a d io a c tiv i ty  over th e  spleen.

H a v in g  o b se rv ed  on ly  a general to x ic  e ffec t from  E D T A  w e do n o t  
d o u b t i ts  specific e ffec t causing  p la te le t a c c u m u la tio n  in  th e  liver. I n  v iew
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o f th e  la rger n u m b e r o f  re ticu lo -en d o th e lia l cells in  i t ,  th e  liver is, logically , 
th e  s ite  o f p la te le t d e s tru c tio n . C onsidering th a t  th e  d ifference in  ra d io a c tiv ity  
be tw een  th e  liver a n d  th e  spleen w as n o t p ro p o r tio n a l to  th e  d ifference in  
m ass betw een  th e  tw o  o rgans [liver/sp leen : 6 —8/1], in  a m ass u n it  o f  th e  spleen 
m ore p la te le ts  are  d e s tro y e d  an d  th e re fo re  its  ra d io a c tiv ity  is o n ly  re la tiv e ly  
g rea te r . A ster  an d  J a n d l  [2] believe th a t  th e  liv e r  a n d  th e  spleen a re  equally  
im p lica ted  in th e  accu m u la tio n  o f p la te le ts  a n d  th e y  acco u n ted  fo r th e  d iffer
ence in  surface a c t iv i ty  b y  th e  fa c t th a t  in  th e  sp leen  1 fiC o f 51Cr p roduces 
a b o u t fou r tim es as m a n y  cpm  o v e r th e  su rface  as does 1 fiC o f  51Cr in  th e  
liver.

T he d a ta  o b ta in e d  in  th e  p a tie n ts  are lis ted  in  T ables I I I ,  IV , У  an d  V I. 
P la te le t  life-span is p a th o lo g ica lly  sh o rten ed  w ith  E D T A  as well as w ith  ACD. 
T he ra tio  betw een  th e  ra d io a c tiv itie s  over th e  o rg an s show ing signs o f  se q u e s tra 
tio n  changed  in so fa r  as se q u e s tra tio n  increases in  th e  spleen, h u t  in  a few 
cases, especially in  th o se  w ith  a low  n u m b er a n d  g rea tly  sh o rte n e d  p la te le t 
life -span , in th e  liv er. S im ilar o b se rv a tio n s h av e  b een  m ade b y  sev era l w o rk 
ers [3, 8, 27]. T he f in d in g  was n o t s ig n ifican tly  in flu en ced  b y  th e  use  o f E D T A  
or ACD. In  rem ission  th e  resu lts  w ere closer to  th e  d a ta  o f th e  h e a lth y  contro ls. 
A n essen tia l d ifference in  th e  reco v ery  of a c tiv ity , d id , how ever, e x is t betw een  
th e  ac tiv e  and  th e  in a c tiv e  phases.

T he d a ta  o b ta in e d  b y  us ea rlie r differ p a r t ly  from  w h a t h as  been  said  
above, as we h a d  asc rib ed  to  th e  lungs a ro le in  p la te le t seq u e s tra tio n . Since 
th e n  we have im p ro v e d  our m e th o d  of in v e s tig a tio n  an d  acco rd in g  to  our 
m ore recen t f in d in g s i t  is only  in  ce rta in  p u lm o n a ry  cond itions t h a t  in  th e  
lungs seq u estra tio n  o f  p la te le ts  is increased  [12].

I t  is an old o b se rv a tio n  t h a t  in IT P  th e  th ro m b o c y te s  a re  n o t  o f full 
v a lu e  an d  easily v u ln e rab le . This ex p la in s w h y  o n ly  a sm all p a r t  o f th e  th ro m b o 
cy tes  reappears in  th e  c ircu la tio n . T he increased  d e s tru c tio n  o f p la te le ts , and  
as a re su lt th e ir  sh o rte n e d  life-span , can be  a t t r ib u te d  to  th e  p resence  and  
to x ic  effect of th e  a n tip la te le t  fac to r . The p resence  o f  th is  fac to r  can  be p roved  
b y  giv ing  th e  p la sm a  o f an  IT P  p a t ie n t  to  a h e a lth y  accep to r, in  w hom  it  will 
p ro d u ce  th ro m b o p en ia . T he phenom enon  ap p e a rs  in  ab o u t 60%  o f th e  cases 
an d  can n o t be cau sed  b y  an  iso an tib o d y , because  i t  occurs also in  th e  absence 
o f a previous p re g n a n c y  or tran sfu s io n . T he fa c to r  is 7 S IgG , w h ich  is fa irly  
s ta b le . As it can  p ass  th ro u g h  th e  p lacen ta , th e  a n tip la te le t  fa c to r  w ill cause 
th ro m b o cy to p en ia  also in  th e  fo e tu s . I f  IT P  p la sm a  is given to  a splcnec- 
to m ized  sub jec t, o n ly  a la rger a m o u n t o f i t  w ill p ro d u ce  th e  above  effect [19, 
23, 32, 31, 21, 28].

A ctiv ity  m easu rem en ts  in  th e  p a tie n ts  g ive v a lu ab le  in fo rm a tio n  as to  
th e  ad v isab ility  o f  sp lenectom y . I t  is know n t h a t  th e re  are  s te ro id -re s is ta n t 
su b jec ts , in w hom  sp len ec to m y  fails to  p ro d u ce  th e  desired  resu lt. T h e  prospects 
o f sp lenectom y are  po o r if, d u rin g  th e  s tu d y  o f  seq u estra tio n , ra d io a c tiv ity
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a c c u m u la te s  m ostly  in  th e  liv e r. B arta  e t al. a n d  N a j e a n  e t  al. w ere th e  
f i r s t  to  rep o rt th is  o b se rv a tio n  [6, 25]. As p ro v e d  b y  o u r ow n fin d in g s , th e ir  
s ta te m e n t  is no t o f a b so lu te  v a lid ity , since in  sp ite  of th e  poor p ro gnosis  one 
o f  o u r  p a tie n ts  h ad  reco v ered  a f te r  sp lenec tom y  a n d  has been  free o f  com p la in ts  
fo r th r e e  years now  [12]. I n  th e  m a jo rity  o f  IT P  p a tie n ts , how ever, th e  spleen, 
e sp e c ia lly  if  i t  is so m ew h a t en la rg ed  — is th e  s ite  of p a th o lo g ica l d e s tru c 
t io n  [4, 20]. In  a m odel e x p e rim e n t H a r r in g t o n  e t al. observed  t h a t  p la te le ts  
h o u n d  b y  an tibodies w ere d e s tro y e d  in  th e  sp leen  [17, 7, 15]. T h is ho lds tru e  
a lso  in  IT P . Clinical o b se rv a tio n s  show  th a t  th e  fa c to r  responsib le  fo r th ro m b o 
c y to p e n ia  is p resen t also a f te r  sp lenec tom y  a n d  t h a t  i t  is e ffective also in  th e  
case  o f  passive tran sm iss io n  i.e . th e  sy m ptom s can  be elic ited  w ith  an  in ta c t 
re tic u lo e n d o th e lia l sy stem . T h is  h as  been co n firm ed  in  ex p e rim en ts  w ith  
re tic u lo e n d o th e lia l sy s tem  b lo c k a d e  [29]. B a l d i n i  e t al. d e m o n s tra te d  in  dogs 
t h a t  a f te r  m odera te  se n s itiz a tio n  th e  p la te le ts  a re  d estro y ed  in  th e  spleen, 
w h ile , in  severe cases, in  th e  liv e r  [5]. As co m p ared  w ith  th e  d a ta  in  th e  l i te ra 
tu r e  i t  w as in  a few cases o n ly  th a t  we h ad  to  re so r t to  sp len ec to m y ; these  
cases h a v e  n o t been show n in  th e  tab les. In  a d d itio n  to  e lim in a tin g  one of 
th e  s ite s  o f p la te le t d e s tru c tio n , sp lenec tom y  decreases th e  a m o u n t o f  tissue 
p ro d u c in g  a n tip la te le t a n tib o d y . Besides s te ro id  th e ra p y  an d  sp len ec to m y , 
t r e a tm e n t  of IT P  w ith  im m u n o su p p ressiv e  has b een  a tte m p te d  w ith  fav o u rab le  
r e s u lts .  B a l d in i  ach ieved  re m a rk a b le  resu lts  w ith  6 -m ercap to p u rin e  [5]. The 
re s u lts  o f  sp lenectom y an d  o f  o th e r  k inds o f t r e a tm e n t  in  p a tie n ts  w ith  IT P  
w ill b e  described  in  a n o th e r  p a p e r.

A ccord ing  to  ou r fin d in g s , p la te le ts  s e q u e s tra tio n  ta k e s  p lace  in  the  
liv e r  a n d  th e  spleen. T he to x ic  effect o f a n tip la te le t  an tib o d ies  m a y  change 
th e  r a t e  o f  seq u estra tio n  a t  th e  v a rio u s sites o f p la te le t  d e s tru c tio n .
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EFFECT OF GLUCOSAMINE AND OF ITS DERIVATIVES 
ON 35S04-INC0RP0RATI0N INTO DOG AORTA

By

L. J a k a b  a n d  É v a  S e r e g é l y i

T H IR D  D EPARTM ENT OF M E D IC IN E , M EDICAL U N IV ER SITY , BU DA PEST 

(R eceived  March 18, 1969)

Incorporation of 3SS 0 4 b y  aortic tissue of 2 to 5 m onths old untreated dogs and 
o f  adult dogs w ith  croton oil-induced inflam m ation was exam ined in v itro . N either  
o f the tw o glucosam ine derivatives, N -acetyl-4-6-benzylidene-glucosam ine and N -acety l-  
-4-6-p-oxy-benzene-glucosam ine had any appreciable influence on the incorporation  
o f 35S 0 4. N o stim ulating effect o f glucosam ine on 33S 0 4 incorporation was dem onstrable  
either. 35S 0 4 incorporation by the adventitia l surface was found to exceed th a t o f  the  
in tim ai surface. The difference in  uptake between the two layers increased w ith  the  
length  of incubation. Croton oil inflam m ation failed to affect significantly  *5S 0 4 incor
poration by aortic tissue.

In c o rp o ra tio n  of 35S 0 4 in to  all th re e  lay ers  o f th e  r a b b it  a o r ta  w as 
d e m o n s tra te d  b y  O d e b l a d  an d  B o s t r ő m  (1953). B e l l m a n  e t al. (1956) fo u n d  
35S 0 4 in c o rp o ra tio n  to  be id e n tic a l all along th e  in d iv id u a l sec tions o f  th e  
dog a o r ta  an d  to  v a ry  p ara lle l w ith  tissu e  resp ira tio n . T he a o r ta  o f th e  dog  is 
know n to  co n ta in  c h o n d ro itin -4 -S 0 4, h c p a ra n e -S 0 4 an d  trace s  o f  h y a lu ro n ic  
acid  a n d  o f  d c rm a ta n e -S 0 4 ( S i r e k  e t al. 1964).

T he g lycopro te in  (GP)- a n d  g lycosam inog lycane (G G )-con ten ts o f  th e  
ao rtic  a d v e n ti t ia  have received  l i t t le  a tte n tio n , th o u g h  it  has been  p o in te d  
o u t t h a t  th e  G G -con ten t o f  th e  a d v e n tit ia  is fa r  from  neglig ib le  ( M u r a t a  

e t al. 1964, J ó z s a  e t al. 1964).
In  an  earlie r s tu d y  we ex am in ed  th e  effect o f g lucosam ine d e riv a tiv e s  on 

35S O ^ in co rp o ra tio n  in to  ca lf c a rtila g e  an d  ra b b it  a o r ta  ( J a k a b  e t al. 1969; 
J a k a b  e t al. 1969).

T he p re se n t s tu d y  has been  concerned  w ith  th e  effects o f tw o  g lucosam ine 
d e riv a tiv e s  (A n tim e tab o lite  I :  N -ace ty l-4 -6 -benzy lidene-g lucosam ine ; A n ti
m e ta b o lite  I I :  N -acety l-4 -6 -p -oxy-benzene-g lucosam ine) on 35S 0 4 in c o rp o ra 
tio n  b y  th e  dog ao rta . T he in tim a  an d  a d v e n tit ia  w ere se p a ra te ly  s tu d ie d  for 
possib le an tim e ta b o lite  effect o f  th e  su bstances.

B y  th e  s tu d y  of th e  p ossib le  in fluence  o f  th e  a n tim e ta b o lite s  on  GG- 
m etab o lism  it w as sough t to  g a in  ev idence w hich  m ig h t be re le v a n t to  h u m a n  
p a th o lo g y  as well. T here are  o bv ious re la tio n sh ip s  b e tw een  th e  m e tab o lism  
o f th e  ao rtic  layers an d  c e r ta in  patho lo g ic  processes.

Acta Medica Academiae Scientiarum Hungaricae 27, 1970



130 L. JAKAB ami É SEREGÉLY

M aterial an d  m eth o d

Mongrel dogs o f  either sex were used. For the study  o f the effect o f  N -acetyl-4-6- 
-benzylidene-glucosam ine, the aortas were obtained from  five  dogs aged betw een 2 and 5 
m onths, and those for th e  stu dy  of N -acetyl-4-6-p-oxy-benzene-glucosam ine, from  four dogs 
of sim ilar age. Four yo u n g  adult dogs were injected  w ith  a m ixture of 0.1 m l croton oil +  0.4 ml 
sunflower oil subcutaneously  into  the left hind leg and killed five  days later under chloralose 
anaesthesia. The aorta w as rem oved and im m ediately  freed from  the adventitia l fa tty  tissue. 
The thoracic segm ent o f  the aorta (and in som e instances the aortic arch) was cut up into  
disks 6 mm in diam eter and placed by threes into  25 m l Erlenm ayer flasks containing a 
sulphate-free K rebs— Ringer-bicarbonate solution  previously oxygenated  at 37 °C for 30 
m inutes. It was to th is  system  that the substances to  be studied for their effects on S 0 4- 
incorporation were added. The antim etabolites were invariably used at concentrations of 
0.2 mM, glucosam ine w as used at a concentration o f 0.1 mM. For the study  o f the com bined  
effects o f glucosam ine and antim etabolite, glucosam ine was added to the system  after pre
incubation w ith  the an tim etabolite  for 1 hour. A fter further incubation for another hour, 
25 fiC N a 2 35S 0 4was m easured in to  each flask in  w hich the to ta l flu id  volum e was invariably  
5 m l. Into the flasks serving for negative control, 1 m l o f  10% trichloroacetic acid was placed  
together w ith the first a ctive  m aterial. In the flasks serving for positive control, instead of  
the active substances K reb s— Ringer-bicarbonate so lution  was placed in the flasks. Incubation  
w as continued for 4 and 8 hours. Subsequently, 1 m l o f 10%  trichloroacetic acid was measured 
in to  each system . A fter stirring, the entire flu id  w as sucked off. Then, after washing three 
tim es in  cold tap w ater, 10 m l saturated N a 2S 0 4 w as added to each system  and the m ixture 
was left to stand for 12 hours. This was follow ed b y  shaking in  a shaker for 15 m inutes, and 
successive w'ashing in  cold tap  water, physiological saline, alcohol and ether. After this 
procedure, radioactiv ity  o f  the slices serving for n egative  control scarcely exceeded the back
ground activity.

R adioactiv ity  o f three slices at a tim e was m easured b y  an end-w indow ed GM tube  
o f 1.54 m g/cm 2 wall th ickness; activ ity  o f the in tim ai and adventitia l surfaces was measured 
separately. The results w ere evaluated by S tu dent’s / - 1 est.

R esu lts

As com pared  to  th e  contro ls, g lucosam ine a t  th e  g iven co n cen tra tio n s 
h a d  no  s tim u la tin g , a n d  A n tim e tab o lite  I  h a d  no in h ib ito ry  effect on 3SS 0 4- 
in co rp o ra tio n  wrh e th e r  u sed  alone or in  co m b in a tio n  w ith  glucosam ine.

T he com bined  e ffec t o f A n tim e tab o lite  I  an d  g lucosam ine w as com pared  
to  th e  effect o f g lu co sam in e  alone. A lth o u g h  in  som e in s tan ces  th e  changes 
a t ta in e d  th e  sig n ifican ce  level, th e y  w ere u n su ite d  for ev a lu a tio n  owing to  
th e  d iscordance b e tw e e n  th e  4 and  8 -hour re su lts . T his applies to  th e  in tim a i 
a n d  a d v e n titia l su rfaces  a like  (Table I).

A n tim e tab o lite  I I  also failed to  in d u c e  change in  35S 0 4 in co rp o ra tio n , 
as com pared  to  th e  co n tro ls , w h e th e r ap p lied  alone or in  co m b in a tio n  w ith  
g lucosam ine (T able I I ) .

N or did ao rtic  tis su e  derived  from  dogs a f te r  p rev ious a d m in is tra tio n  o f 
c ro to n  oil reveal a n y  ch an g e  a ttr ib u ta b le  to  th e  effect o f g lucosam ine — or/an d  
N -acety l-4 -6 -benzy lidene-g lucosam ine (T able  I I I ) .

C om parison o f  th e  figu res reflec ting  th e  in c o rp o ra tio n  b y  th e  a d v e n titia l 
a n d  in tim a i surfaces y ie ld ed  th e  follow ing re su lts .

In  th e  N -ace ty l-4 -6 -benzy lidene-g lucosam ine  g roup , in co rp o ra tio n  by  
th e  a d v e n titia  exceeded  th a t  by  th e  in tim a  in  all in s tan ces  w ith  th e  excep tion
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Table I

Effect o f  N-acelyl-4*-6-benzylidene-glucosamine on 35SO , incorporation (c. p . m.)

Glucosamine ^0 1 mM) A ntim etabolite I. (0 2 mM)

4* 8a 4 A 8a

I A I A 1 A I A

n 10 10 10 10 10 10 10 10

X 71.0 122.6

eo=c 1441.8 115.3 204.3 528.3 1816.9

SE 10.59 21.01 86.47 609.00 25.93 42.13 99.91 552.62

Antimetabolite 1 (0 2 mM) -f- Glucosamine (0 l mM) Control

4 8* 4A 8Л

I A 1 Л I A I A

11 9 9 10 10 10 10 10 10

X 193.7 265.0 365.4 847.0 123.0 174.9 448.8 727. 3

SE 59.00 58.72 66.69 100.63 25.57 40.32 113.71 144.05

Tabic II

Effect o f N-acelyl-4--6‘p-oxy-benzene-glucosamine on :15S O in co rp o ra tio n  (c. p . m .)

Glucosamine (0 1 mM) A ntim etabolite 11.(0 2 mM)

4a о / 4* 8a

I A 1 A I A 1 A

n 8 8 8 8 8 8 8 8

X 154.88 321.62 523.75 1096.75 126.62 173.88 515.88 959.62

SE 57.00 93.13 186.73 427.28 40.91 51.97 187.67 372.90

Antim etabolite II  (0.2 mM) Glucosamine (0 1 mM) Control

4» 8‘ 4a 8a

I A I A I 1 A I A

n 7 7 3 3 8 3 8 8

X 317.86 473.29 1440.67 2130 188.00 361.62 567.75 896.50

SE 176.60 186.25 762.03 1037.02 60.93 141.50 211.84 316.14

of 8 -hour in c u b a tio n  w ith  glucosam ine. (A fter com b in ed  a d m in is tra tio n  o f 
A n tim e tab o lite  I  an d  g lucosam ine, th e  resu lts  a f te r  4 -h o u r in cu b a tio n  w ere 
a t  th e  borderline  o f sign ificance) (Table IV).

In  th e  A n tim e ta b o lite  I I  g roup  ,35S 0 4 in c o rp o ra tio n  o f th e  a d v e n tit ia l  
su rface  also exceeded  th a t  o f th e  in tim a i su rface . T h e  d ifferences a tta in e d  th e  
bo rd erlin e  o f sign ificance in  th e  m a jo rity  o f cases. T he values for th e  glucos-
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Table III

Effect o f  N-acetyl-4-6-benzylidene-glucosamine on 35SO t incorporation into aortic tissue o f  cro
ton oil-treated dogs ( c. p . m .)

Glucosamine (0.1 m M) A ntim etabolite I  (0.2 mM)

4a 8A 4A 8a

I A I A I A I A

n 8 8 8 8 7 7 8 8

X 155.38 625.00 550.38 1982.50 131.29 740.00 835.50 2385.38
SE 49.99 303.86 171.68 700.23 39.27 443.04 328.10 943.76

Antimetabolite I (0.2 mM) -j- Glucosamine (0.1 mM) Control

4a 8a 4a 8*

I A I A I A I A

n 8 8 8 8 8 8 8 8
X 217.125 586.875 405.875 1575.750 144.25 457.50 785.00 1458.38
SE 70.44 278.57 69.13 586.17 38.77 214.30 305.92 406.00

Table IV

D ifferences in activity between adventitial and in tim ai surfaces with and w ithout N -acetyl-4-6-
benzylidene-glucosamine

Glucosamine A ntim etabolite Control
A ntim etabolite (0.2) +  

Glucosamine

4 h 84 4* 8* 4a 8a 4a 8a

n 10 10 10 10 10 10 9 10
d i f f . 51.6 956.5 89 1288.6 51.9 278.5 71.3 481.6
r» ° /P /о < 1 > 1 0 <  5 < 5 < 5 < 5 > 5 < 0 .0 1

a m in e  effect a f te r  8 -h o u r in c u b a tio n  a n d  for th e  effect o f  A n tim e ta b o lite  I I  
— glucosam ine did n o t  reach  th e  level o f  sign ificance (T able У).

In c o rp o ra tio n  b y  th e  a d v e n tit ia  exceeded  th a t  b y  th e  in tim a  in  every  
in s ta n c e . E ven  th e  a d v e n ti t ia  o f th e  a o r ta  o f  an im als o f th e  c ro to n  oil group 
w as fo u n d  to  ta k e  u p  m ore  35S 0 4 th a n  th e  in tim a  a fte r  8 -h o u r in cu b a tio n . 
In c re a s e d  a d v e n titia l in co rp o ra tio n  w as d em o n strab le  a f te r  4 -h o u r in c u b a tio n , 
w ith o u t ,  how ever, a tta in in g  th e  level o f  sign ificance (T able V I).

T h e  difference in  a c t iv i ty  b e tw een  th e  a d v e n titia l a n d  in tim a i surfaces 
sh o w ed  a fu r th e r  increase  a f te r  8 -hour in c u b a tio n  in  com parison  to  th e  4 -h o u r 
v a lu e s . T he d ifferences d id  n o t reach  sign ificance in  th e  A n tim e ta b o lite  I  
g ro u p  fo r  g lucosam ine an d  in  th e  A n tim e ta b o lite  I I  g roup , for g lucosam ine, 
a n tim e ta b o lite , and  a n tim e ta b o lite  -f- g lucosam ine (Table V II) .

N o difference w as fo u n d  b e tw een  a d u lt  c ro to n  o il- tre a te d  a n d  young  
u n tr e a te d  dogs in  re sp ec t o f  ao rtic  35S 0 4 in co rp o ra tio n  (T able V I I I ) .
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Table V

Differences in activity between adventitial an d  in tim ai surfaces with and without N -acetyl-4-6-p-
oxy-benzene-glucosamine

Glucosamine Antimé tabo litc Control
A ntim etabolite (0.2) +  

Glucosamine

4 ‘
8“ 4* 8a 4A 8a 4 A 8a

n 8 8 8 8 8 8 7 3

d i f f . 1 6 6 .7 5 5 7 3 .0 0 4 7 .2 5 4 4 3 .7 5 1 7 3 .6 2 3 2 8 .7 5 1 5 5 .4 3 6 8 9 .3 3

n ° /  P  / о > 5 >10 > 5 > 5 > 5 > 5 >10 >20

Table VI

Differences in activity  between adventitial and in tim ai surfaces o f  croton oil-treated dog aorta 
with and without glucosam ine derivatives

Control
Glucos
am ine

Antim eta
bolite I

A ntim eta
bolite I 

Glucos
am ine

Control
Glucos
amine

A ntim eta- 
bolite II

A ntim eta
bolite II 
G lucos
am ine

n 8 8 7 8 8 8 8 8
d i f f . 3 1 3 .2 5 4 6 9 .6 2 6 0 8 .7 1 3 6 9 .7 5 6 7 3 .3 8 1 4 3 2 .1 2 1 5 4 9 .8 8 1 1 6 9 .8 8

n °I* /О >10 >10 >10 >10 <1 < 5 < 5 > 5

Table VII

Differences in activity between adventitial an d  in tim ai surfaces, after 8-hour vs. 4-hour incubation

Control
Glucos
amine

A ntim eta
bolite 1

A n tim eta
bolite I 
Glucos
am ine

Control
Glucos
amine

A ntim eta
bolite I I

A ntim cta- 
bolite 11 
Glucos
amine

n 10 10 10 9 8 8 8 8
d i f f . 2 6 6 .6 9 0 4 .9 1 1 9 9 .6 4 3 3 .0 1 5 5 .1 2 4 0 6 .2 5 3 9 6 .5 0 3 6 1 .6 7

n ° /  I ' / О < 5 >10 < 5 < 0 . 1 > 5 >  10 >10 > 3 0

A ntim etabolite I =  N -acetyl-4-6-benzylidene-glucosam ine
A ntim etabolite II =  N -acetyl-4-6-p-oxy-benzene-glucosam ine

Table VIII

35S 0 4 incorporation by aortic tissue o f  croton oil-treated dogs and o f controls
4 h  8 h

I 4 A

Control 1 Croton Control Croton Control Croton Control Croton

n 18 8 18 8 18 8 18 8

X 151.89 , 144.25 257.89 457.50 501.67 785.00 802.50 1458.38

x - ÿ 7.64 199.61 283.33 655.88
n°/ P /о > 8 0 > 3 0 > 4 0 > 1 0
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D iscussion

T h e re  is no a g re e m e n t in  th e  l i te ra tu re  concern ing  th e  GG com position  
a n d  c o n c e n tra tio n  o f  a o r tic  tissue . I t  is, h ow ever, genera lly  accep ted  th a t  
c h o n d ro it in -S 0 4-es, d e rm a ta n e -S 0 4, h y a lu ro n ic  ac id  an d  h ep a ran e  S 0 4 are  
in v a r ia b ly  p resen t in  th e  a o rta . A ccording to  M e y e r  e t al. (1956) ch o n d ro itin - 
4-SO  [ a n d  d e rm a ta n e -S 0 4 m ake up  th e  tw o  m a in  G G -com ponents o f bov ine  
a o r ta .  A ccording to  B e r e n s o n  (1958) c h o n d ro itin -4 -S 0 4 accoun ts for 75%  
o f th e  su lp h a ted  GG c o n s titu e n ts  o f bov ine  a o r ta .

K a p l a n  an d  M e y e r  (1960) reg ard  c h o n d ro itin -6 -S 0 4 an d  d e rm a tan e - 
S 0 4 as th e  tw o p r in c ip a l G G -com ponents o f  h u m a n  ao rta . B u d d e c k e  (1960) 
in  a d d itio n  to  th e  tw o  la s t-n a m e d  G G -com ponen ts d e m o n s tra te d  k e ra ta n e -S 0 4 
a n d  ch o n d ro itin  in  h u m a n  ao rta .

B ostrőm  e t al. (1963), J aco bson  a n d  B ostrőm  (1964) s tu d ie d  th e  GG 
m e ta b o lism  of bov ine , T o r ii  e t al. (1954), t h a t  o f  h u m a n  h e a r t va lves. E v id en ce  
co n ce rn in g  th e  G G -m etabo lism  o f ao rtic  a d v e n ti t ia  is, how ever, scan ty .

B e r e n s o n  (1959) s tu d ie d  th e  bov ine  a o r ta  b y  sep a ra tin g  i t  in to  tw o  
lay e rs . T h e  inner la y e r  c o n ta in e d  th e  in tim a  w ith  th e  in n er lay e r o f th e  m edia , 
w hile  th e  o u te r la y e r, th e  a d v e n titia  w ith  th e  o u te r  lay e r o f th e  m edia. T he 
tw o  la y e rs  revealed  no  q u a lita tiv e  d ifference in  re sp ec t o f GG, b u t  GG co n 
c e n tra t io n  in  th e  in n e r  la y e r  exceeded th a t  in  th e  o u te r  layer, an d  ch o n d ro itin - 
-4 -S 0 4 a n d  d e rm a ta n e -S 0 4 w ere iso la ted  in  g re a te r  am o u n ts  from  th e  in n e r 
th a n  fro m  th e  o u te r  la y e r. M ura ta  et al. (1964) fo u n d  th e  GG c o n ten ts  o f 
th e  a o r tic  in tim a  a n d  m ed ia  to  be c o n s is ten t w ith  th a t  of th e  a d v e n titia , 
1.6 m g  GG per g w e t tis su e  h av in g  been o b ta in e d  from  th e  a d v e n titia . T he 
re su lts  o f  JÓZSA e t al. (1964) are con sis ten t w ith  th e se  o bserva tions.

A o rtic  tissue  c o n ta in s  considerab le  a m o u n ts  o f  g lycopro teins. B e r t e l s e n  
(1960) s tu d ied  th e  in tim a  a n d  m edia of th e  h u m a n  a o rta  for G P -co n cen tra tio n . 
In  th e  y oung  o rg an ism  th e  G P con ta in s h a lf  o f  th e  a m o u n t o f hexo sam in e  
p re s e n t  in  GG. R a d h a k r i s h n a m u r t h y  e t  al. (1965) id en tif ied  a glucose- 
c o n ta in in g  GP in b o v in e  a o rta . A ccord ing  to  F i s h k i n  an d  Sp a n g l e r  (1968) 
th e  G P  p a tte rn  o f th e  b o v in e  a o r ta  changes in  th e  course of fo e ta l life an d  
in  a d u l t  bovine a o r ta  i t  v a rie s  w ith  age a n d  sex ; th e y  could  s e p a ra te  10 to  12 
G P  frac tio n s  by  p o ly ac ry lam id e-e lec tro p h o resis .

G o l d st e in  e t al. (1968) show ed im m un o lo g ic  cross-reactions b e tw een  
th e  s tru c tu ra l  G P o f  h u m a n  or bovine h e a r t  v a lv es  a n d  th e  p a r ie ta l  p o ly 
sacch a rid es  of S trep to co ccu s  haem oly ticus A. T h e  significance of th is  o b se rv a 
tio n  in  h u m an  p a th o lo g y  is obvious.

C learly , th e  3SS 0 4 te c h n iq u e  does n o t  le n d  itse lf  to  th e  s tu d y  o f G P 
m e tab o lism  of tissu es .

I n  th e  p re sen t s tu d y  i t  has been  d e m o n s tra te d  b y  th e  aid  o f a p ro ced u re  
d iffe rin g  in  ce rta in  re sp e c ts  from  th a t  o f  o th e r  w orkers th a t  th e  a d v e n tit ia
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o f th e  dog a o rta  h as  a h igh ly  ac tiv e  G G -m etabo lism , i t  being able to  in c o rp o ra te  
m ore 35SO,j th a n  th e  in tim a . T he d ifference in  u p ta k e  betw een  th e  tw o  layers 
increases p ara lle l w ith  th e  len g th  o f in c u b a tio n . T he d a ta  th u s  sug g est th a t  
th e  r a te  o f GG m etab o lism  is h igher in  th e  a d v e n ti t ia  th a n  in  th e  in tim a . T he 
re su lts  give no in d ica tio n  of th e  ab so lu te  v a lu es , since ca tab o lism  has n o t 
been  stu d ied .

As to  th e  q u es tio n  w heth er or how  fa r  th e  d a ta  o b ta in ed  b y  th e  p re se n t 
m eth o d  allow an  ob jec tiv e  assessm ent, a possib le  adso rp tio n  in  tis su e  an d  
ab so rp tio n  of ra d ia tio n  involve m uch  th e  sam e  degree of d is to rtio n  fo r e ith e r  
su rface . T his w ould , th ere fo re , n o t a ffec t th e  re lia b ility  of th e  re su lts . T h is is 
p a r tic u la r ly  tru e  if  th e  co u n tin g -ra tes  a re  in v a ria b ly  h igher on one su rface  
th a n  on  th e  o th e r, as i t  was in  fa c t th e  case here .

N one of th e  tw o  glucosam ine d e riv a tiv e s  u n d e r s tu d y  caused  a n y  a p p re 
ciable change in  35S 0 4 in co rpo ra tion . I n te rp re ta t io n  of th is  o b se rv a tio n  from  
th e  p o in t o f v iew  of a possible a n tim e ta b o lite  effect does n o t  seem , 
how ever, en tire ly  c lear, since g lucosam ine also failed  to  s tim u la te  35S 0 4 in 
c o rp o ra tio n  th o u g h  i t  d id  ex ert an  effect o f th is  k in d  according to  o th e r  ev id 
ence inc lu d in g  o u r earlie r s tud ies of 3SS 0 4 u p ta k e  b y  calf ca rtilag e . A p a r t  
from  th e  v a rious ty p e s  of tissue, th e  species an d  age of th e  an im als  as w ell 
as th e  c o n cen tra tio n s  in  w hich th e  ag en ts  w ere used , m ay well a c c o u n t for 
th is  incongruence.

L ocal in fla m m a tio n  induced  b y  c ro to n  oil m ay  affect th e  m e tab o lism  
o f rem o te  organs or tissues. This is su g g ested  b y  th e  stud ies of H o u c k  (1963) 
w ho fo u n d  th a t  in  th e  sk in  of areas q u ite  re m o te  from  th e  site  o f n e c ro tiz in g  
in f la m m a tio n  th e  a m o u n t o f inso luble  co llagen  w as reduced  w hile  t h a t  o f 
nonco llagen  p ro te in  increased . The p h en o m en o n  m ig h t be co n n ec ted  w ith  a 
possib le  increase in  th e  co n cen tra tio n  o f  s tre ss  horm ones.

In  th e  p re se n t s tu d y  cro ton  o il-induced  in flam m atio n  in  a d u lt  dogs 
fa iled  to  affect s ig n ifican tly  th e  35S 0 4 in c o rp o ra tio n  b y  ao rtic  tissue . T h e  o b se r
v a tio n s  have , how ever, been confined  to  th e  5 th  d ay  of in flam m atio n  a n d  a 
s tu d y  o f ao rtic  tissu e  a t  o th e r in te rv a ls  m ig h t be m ore in fo rm ative .

*

The authors are indebted to Professor P . N ánási (U niversity o f Sciences, Debrecen) 
for synthesis of the glucosam ine derivatives used in the study, and to Dr. I. Juvan cz and 
Mr. P. Csáky (H ungarian Academ y of Sciences, B iom etry Research U nit) for m athem atical 
evaluation  of the data.
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B y

M . K u r c z , I. N a g y , C s . K i s s  and L. H a l m y

N ATION A L IN STITU T T O F  PU BLIC  HEA LTH , H E IM  PÁ L  C H IL D R E N ’S H O SPITA L, AND POSTG RA DU A TE
M EDICAL SCHOOL, BU DA PEST

(R eceived  March 31, 1969)

The lactation  inhibiting p roperty  of lynestrenol has been reproduced in  the ra t, 
Complete suppression of milk secretion  required doses exceeding m any tim es the  
hum an ones. In ten sity  of the e ffec t w as related to the m agnitude of the dose and to 
the tim e when treatm ent had begun. T reatm ent was more successful if  started  im m e
diately than on the second day after  delivery. L actation  remained absent i f  trea tm en t  
had begun in the last days of pregnancy  and was continued after delivery. On the  
other hand, treatm ent discontinued im m ediately  after delivery did not interfere w ith  
lactation. The conflicting results o f  earlier anim al experim ents are pointed out. The 
significance o f the sucking stim ulus in anim al experim ents as opposed to clin ical 
conditions is em phasized. The possib le m echanism  o f action o f lynestrenol is d iscussed .

T he in flu en ce  o f oral c o n tra c e p tiv e s  on th e  m am m ary  g land  an d  la c ta t io n  
is a su b jec t of co n tro v ersy . N o re th y n o d re l an d  its  co m bina tion  w ith  m e s tra n o l 
h a v e  been found  to  induce lo b u lo a lv eo la r tra n s fo rm a tio n  an d  sec re to ry  a c t iv i ty  
o f  th e  m am m a ry  g lan d  in ra ts  ( K a h n , B a k e r  1964, K a h n  e t al. 1965, M i n a - 
g u c h i , M e it e s  1967). On th e  o th e r  h a n d , J o sh i  an d  R ao (1966, 1968) fo u n d  
th e  co m b in a tio n  to  suppress la c ta t io n  in  ra ts  a n d  ra b b its  w hen its  a d m in is tr a 
t io n  h ad  been s ta r te d  on th e  2 n d  d a y  a fte r  de livery . T his t r e a tm e n t  h a d  no 
su ch  effect in  m ice. N e ith e r was su c h  an  in h ib itio n  fo u n d  by  Sa u n d e r s  (1967) 
in  sp ite  o f th e  r a ts  hav in g  been t r e a te d  from  th e  f irs t d ay  of p re g n a n c y  u n ti l  
th e  21st d ay  p o s tp a r tu m , a lth o u g h  w ith  low doses. T he co m b in a tio n  ly n e s tre 
no l -f- m estran o l w as found  in e ff ic ie n t b y  I jz e r m a n  (1966).

Clinical ev id en ce  is likew ise in c o n s is te n t. C erta in  au th o rs  re p o r te d  on 
s lig h t d isorders o f  la c ta tio n  d u r in g  th e  use o f  o ral co n tracep tiv es  ( R i c e - 
W r a y  1963, Sa t t e r t h w a it e  1965, F e r in  1965, H e f n a w i  1966) w h ile  th e  
o b se rv a tio n s o f  o th e rs  were v a r ia b le  or c o n tra d ic to ry  (Ch i n n a t a m b y  1963, 
G omez- R ogers  e t  al. 1965), a g a in  o th ers  fo u n d  ly n es tren o l -f- m e s tra n o l 
in e ffic ien t w h e th e r its  a d m in is tra tio n  h a d  been  s ta r te d  one or te n  d a y s  a f te r  
d e liv e ry  (S emm 1966, B orglin  1966). T he occurrence  o f g a la c to rrh o ea  w as 
re p o rte d  by  G re g g  (1966) and  S c h a c h n e r  (1966) u n d e r th e  effect o f  n o r e th y 
n o d re l -f- m estran o l, w hereas K is s  e t  al. (1967) are  p rescrib ing  ly n e s tre n o l 
a g a in s t e x tra p u e rp e ra l g a lac to rrh o ea . W hile H a s k in s  e t al. (1964) ach iev ed  
a p e rm a n e n t su p pression  of la c ta t io n  by  th e  use o f m ed ro x y p ro g este ro n e  in
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cases o f th e  C h iari-F rom m el-syndrom e, H a r r e c k e r  e t al. (1967) fa iled  to  n o te  
a n y  effect of d ep o t m ed ro x y p ro g este ro n e  on  la c ta tio n .

T he s itu a tio n  is re n d e re d  still m ore co n fu sin g  b y  th e  follow ing c ircu m 
sta n c e s .

1. A reliab le  c o m p ariso n  of th e  d iffe re n t o ra l c o n tracep tiv es  is n o t 
p ossib le  in  view  o f  th e i r  d ifferen t p ro g este ro n e-o es tro g en  co n te n t an d  p ro 
p o rtio n .

2. I f  su p p ressio n  o f  la c ta tio n  ensued , th e  s tim u lu s o f suck ing  w as in 
v a r ia b ly  elim inated .

3. If, how ever, th e  com pounds w ere g iv en  w ith  th e  p u rp o se  o f  c o n tra 
c e p tio n  during  la c ta t io n , th e  stim ulus o f  su ck in g  obv iously  p ersisted .

4. The clin ical doses are  g reatly  d iffe re n t from  tho se  ap p lied  in  an im al 
ex p e rim en ts .

5. The su p p re ss iv e  e ffec t on la c ta tio n  o f  th e  p rogestogen  fa c to r  has y e t 
to  b e  clarified  on th e  g ro u n d s  of an im al e x p e rim e n ts .

R ecen tly  Gy ő r y  a n d  K iss  (1968a, b) h a v e  a tta in e d  a s ig n ifican t in h ib i
t io n  o f la c ta tio n  in  1 0 0 %  o f 91 cases w ith  ly n e s tre n o l w ith o u t a n y  side or 
a fte r-e ffec t. On th e  o th e r  h a n d , lynestrenol -f- m e s tra n o l a d m in is te re d to  la c ta tin g  
w o m en  for c o n tra c e p tiv e  purposes h ad  no  e ffec t on la c ta tio n . T hese resu lts  
in d ic a te , in  a d d itio n  to  th e  significance o f  th e  stim u lu s o f  suck ing , also th e  
im p o r ta n c e  of th e  a m o u n t  of the  p ro g esto g en  co m p o n en t (ly n estren o l), as 
th e  suppression  o f la c ta t io n  required  6 to  12 fo ld  o f th e  c o n tra c e p tiv e  dose.

T he aim  o f th e  p re s e n t  s tu d y  was to  re p ro d u c e  th e  effect o f ly n estren o l 
o n  la c ta tio n  in th e  la b o ra to ry  anim al in  o rd e r  to  th ro w  lig h t on th e  su p p re s
s iv e  m echanism .

M aterial and  m e th o d

Pregnant and la c ta tin g  albino rats of “ R -A m sterdam , H ungary” strain, kept on a 
standard diet and under id en tica l conditions, were used . E ach  pregnant anim al was kept in 
a separate cage and six  y o u n g  o f  each litter were preserved. If any newborn rat died it  was 
rep laced by a 4 to 6-day-old  strong rat from m others k ep t in  reserve for this purpose. Milk 
secretion  was measured b y  th e  w eight curves o f the you n g . The litters were w eighed daily  at 
id en tica l tim es and the presence o f  milk in the stom ach  w as checked. I t  m ust be m entioned  
th a t  in  opposition to the v iew  o f  G lancy  and E d g r e n  (1968) daily weighings had no adverse 
in fluence whatsoever on th e  developm ent of the litter  (leth a lity , cannibalism ). One m l of an 
aqueous suspension prepared from  lynestrenol pills (O rgam etril; N . V. Organon, Oss, Nether- 
land ) was administered b y  a stom ach tube once or tw ice  daily  (at 8h and 20h). The controls 
received the same volum e o f  tap  water by the sam e route  at identical tim es.

The test groups and adm inistered doses are sh ow n in Table I.
After treatm ent had  com e to an end, the m others were not observed any longer. 

W eighing of the litters w as continued and the surviving young were observed for a possible  
v irilisation  syndrome due to  th e  treatm ent (B a r r a c l o u g h  1967, F lerk ó  1967). Our obser
vation s in this respect w ill be published separately (N a g y  et ah).

The lynestrenol-treated m others were put togeth er  w ith  m ales 30 days after weaning, 
and the course of the fo llow in g  pregnancy, the num ber o f newborns, the in tensity  o f lactation , 
and the condition of the offspring were registered so as to  ascertain whether the m assive doses 
o f  progestogen had any p erm anent adverse influence on  the later course o f reproduction. 
T he results were evaluated m athem atically  by S tu d en t’s t-test.

Acta Medica Academiae Scientiarum Hungaricae 27, 1970



SUPPRESSIVE EFFECT OF LYNESTRENOL ON LACTATION 139

Table I

Test group
N um ber 
of animals Treatm ent beginning day End day

Lynestrenol* 
dose, rng/day

1. Control ............................................. 10 — — —

2. Control w ith stom ach tube . . . 7 lactation 2nd day lactation 10th day

3. Lynestrenol ................................... 8 18th day 28th day 2 x 5

4. Lynestrenol ................................... 8 2nd day 10th day 2 X 5

5. Lynestrenol ................................... 9 im m ediately after 
delivery

10th day l x  5

6. Lvnestrenol ................................... 8 2nd day 10th day 2 x 1 0

7. Lynestrenol ................................... 6 3 days before 
delivery

day of delivery l x i o

8. Lynestrenol ................................... 7 3 days before 
delivery

10th day 1 x 1 0

* Lynestrenol, 1 pill =  5 m g.

R esults

T he in te n s ity  of la c ta tio n  w as ju d g e d  on th e  basis  o f  th e  l i t te r ’s w eig h t 
cu rve. I t  can be seen from  Fig. 1 t h a t  in tro d u c tio n  of th e  tu b e  in to  th e  s to m ach  
o f th e  la c ta tin g  r a t  tw ice d a ily  w as in  itse lf  su ffic ien t fo r in te rfe rin g  w ith  
th e  d ev e lo p m en t o f th e  l i t te r  (p ro b a b ly  in  consequence o f a s tress effect). 
T h is w as c learly  show n by  th e  co n tro ls  w hich received  w a te r  th ro u g h  th e  tu b e .

T he effect o f  ly n estren o l v a r ie d  in  in te n s ity  d ep en d in g  on th e  in te rv a l 
b e tw een  d e liv ery  an d  th e  b eg in n in g  o f tre a tm e n t as well as on th e  m a g n itu d e  
o f  th e  doses. A s ligh t red u c tio n  o f  la c ta tio n  was n o te d  if  t r e a tm e n t h a d  been  
s ta r te d  on th e  18 th  day  a f te r  d e liv e ry , i.e. w hen la c ta tio n  is a t  its  m ax im u m  
in th e  r a t ,  b y  tw o  pills a d m in is te re d  on tw o occasions d a ily  (G r o sv e n o r  an d  
T u r n e r  1958). T he young w hich  h a d  th e ir  eyes open a t  th is  tim e  w ere ta k e n  
from  these  m o th e rs  and  rep laced  b y  tw o-day-o ld  ra ts .

In h ib itio n  o f  la c ta tio n  w as m ore  m ark ed  if  th e  f irs t  dose h a d  been  g iven  
on th e  2nd  d ay  p o std e liv e ry . H o w ev er, these  doses (10 m g ly n estren o l) p ro v ed  
in su ffic ien t for a com plete su p p re ss io n  o f la c ta tio n . To a t ta in  th is , tw o ta b le ts  
h a d  to  be ad m in is te red  tw ice d a ily  from  th e  2nd  d ay  o n w ard . T he m o th e rs  
th u s  t re a te d  co n tin u ed  to  feed, to  p ro te c t th e ir  young  a n d  to  keep  th em  w arm ; 
in  o th e r  w ords, th e ir  m a te rn a l in s t in c t  was u n affec ted . I f  m ilk  secre tio n  h ad  
s to p p e d  u n d e r th e  effect o f fo u r  p ills  da ily , in h ib itio n  o f la c ta tio n  cou ld  be 
m a in ta in e d  b y  tw o  pills a d m in is te re d  once daily .

I f  t r e a tm e n t had  b eg u n  th e  f ir s t  six hours p o std e liv e ry , even  one  p ill 
d a ily  w as su ffic ien t for red u c in g  la c ta tio n . T his in d ica tes  th a t  la c ta tio n  is 
m ore read ily  in h ib ite d  in  th e  e a r ly  p o std e liv e ry  period  (F ig . 2).
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F ig . 1. Reduction in  la cta tio n  in tensity  due to introduction  of stom ach tube and to lynestreno
treatm ent

pregnancy birth О number of litters

number of days

Fig. 2. Relationship betw een  the tim e of the start o f treatm ent and depression of lactation . 
Start im m ediately  after delivery is more successful
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F ig. 3. Beginning o f treatm ent during the last days o f pregnancy. Cessation o f  treatm ent 
on the day of delivery is follow ed by la cta tio n , its continuation  results in com plete inhibition

of m ilk  secretion

Fig. 4. Gain in w eight per young rat during lynestrenol treatm ent. 1 Control; 2  Control w ith  
stom ach tube; 3 1 pill tw ice daily from  18th day onward; 4 1 p ill once daily from  2nd day 

onward; 5 1 p ill once daily im m ediately  after delivery; 6 2 pills tw ice daily
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I n  th e  anim als o f  th e  o th e r  series, ly n e s tre n o l t r e a tm e n t w as s ta r te d  
2 to  6 days before d e liv e ry . Tw o o u t of 15 m o th e rs  died. T he p o ss ib ility  of an  
in ju r y  caused  by  th e  in tro d u c tio n  o f th e  g a s tric  tu b e  w as ru led  o u t a t  au to p sy . 
T h e  13 m others d e liv ered  e ith e r  dead foetuses o r live ones th e  m a jo rity  o f 
w h ic h  died  w ith in  th e  f i r s t  24 hours. T he m o th e rs  w hich  h a d  been  tre a te d  
d u r in g  pregnancy  a n d  d isp la y e d  a poor p a r tu r i t io n  a c tiv ity  w ere g iven  in ta c t 
s t ro n g  b a b y  ra ts  in s te a d  o f  th e ir  dead or debile foetuses w hich th e y  accep ted  
a n d  re a re d  w ith a p p a re n tly  n o rm a l m a te rn a l in s tin c t. In  50%  o f th e  m o th ers  
t r e a tm e n t  was d isco n tin u ed  im m ed ia te ly  a f te r  d e liv e ry  w hich  w as follow ed b y  
la c ta t io n  of nearly  th e  sam e  in te n s ity  as in  th e  n o rm al con tro ls . In  con
t r a s t ,  m ilk  secretion  fa iled  to  ap p ear in  th o se  m o th ers  w h ich  h a d  been 
t r e a te d  u n til the  5 th  to  8 th  p o std e liv e ry  d a y  (F ig . 3).

F ig . 4 shows th e  g a in  in  w eight p er y o u n g  r a t  d u rin g  tre a tm e n t .  The 
d iffe ren ce  betw een th e  w e ig h t increases was h ig h ly  s ig n ifican t: (1 — 2: p <[ 0.05; 
2 — 3: p  <  0.01; 2 - 4 :  p  <  0 .01 ; 2 - 5 :  p <  0.001).

L ynestreno l t r e a tm e n t ,  even  w ith  m assive  doses h ad  no ad v erse  conse
q u e n c e  on subsequen t fe r t i l i ty  o f th e  m o th er an im als  w hich w ere b ro u g h t to 
g e th e r  w ith  males 30 d ay s  a f te r  w eaning. C oncep tion , g e s ta tio n , delivery , 
n u m b e r  and  sex of o ffsp ring  a n d  lac ta tio n  w ere fo u n d  no rm al in  all th e  an im als.

Discussion

T h e  lac ta tio n  su p p re ss iv e  effect of ly n e s tre n o l w as successfu lly  rep ro 
d u c e d  in  th e  ra t, th o u g h  w ith  doses m any  tim es  h ig h er th a n  th o se  used  in  h u 
m a n s . T he cause o f th is  m ig h t be p a rtly  th e  species d ifferences; th e  effic ien t 
doses o f  con tracep tives in  th e  r a t  are  know n to  exceed  m an y  tim es  th e  h u m an  
do ses . A n o th er cause o f  th e  d ivergence be tw een  th e  h u m an  an d  th e  r a t  doses 
lies in  th e  exp erim en ta l co n d itio n s  w hich w ere e ssen tia lly  d iffe ren t from  th e  
h u m a n  ones, in view  o f th e  p e rs is ten ce  of th e  v ig o rous sucking  s tim u lu s  th ro u g h 
o u t th e  en tire  course o f  th e  ex p erim en t. I t  is k n o w n  (Se l y e  1934, B ruc e  1958, 
K u r c z  1967) th a t  th e  su c k in g  stim ulus is c a p a b le  o f m a in ta in in g  la c ta tio n  
ev en  fo r  a year. The c o n tin u o u s  sucking s tim u lu s  m u s t th e re fo re  e x e r t a n eg a
tiv e  in fluence  on th e  resp o n siv en ess  to  ly n es tren o l.

T h e  presen t re su lts  c le a rly  show th a t  th e  m ag n itu d e  o f th e  doses and  
e a r ly  tre a tm e n t are e sse n tia l fac to rs . S uppression  of la c ta tio n  b y  ly n estren o l 
w as fo u n d  to  increase p a ra lle l w ith  th e  dose. On th e  o th e r h an d , even  sm aller 
doses p roduced  a b e t te r  re sp o n se  if  t re a tm e n t h a d  begun early . W e saw  no 
p o in t  in  experim en ting  w ith  5 or even 25-fold doses o f those  ap p lied  in  h u m an s 
since  o n  th e  evidence o f  o th e r  stud ies (Cl a n c y  a n d  E d g r e n  1968, S a u n d e r s  
1967) low -dose c o n tra c e p tiv e  tre a tm e n t h ad  no effect on la c ta tio n  even  w hen 
s ta r t e d  during  p reg n an cy  ( E d g r e n  and  Cl a n c y  1968).
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T h e in h ib ito ry  effect o f ly n estren o l on la c ta tio n , th e  suck ing  s tim u lu s  
being m ain ta in ed , is rev ers ib le . W hen  tre a tm e n t is d isco n tin u ed , m ilk  secre
tio n  increases an d  soon a t ta in s  th e  con tro l level. If , how ever, t r e a tm e n t  is 
s ta r te d  d u rin g  p reg n an cy  a n d  co n tin u ed  for 5 to  8 d ay s  p o std e liv e ry , m ilk  sec
re tio n  rem ain s ab sen t. T h is suggests  th a t  ly n estren o l in te rfe re s  w ith  th e  process 
o f lac toaenesis . T he b lood  s te ro id  level of m o th e rs  k e p t on m a in ten an ce  doses 
of ly n es tren o l, rem ains h igh  even  a fte r  de livery  w h ich  m ay  well in h ib it th e  
release o f  lactogenic  ho rm o n es b y  th e  p itu ita ry  g land . T h e  fin d in g  th a t  su sp en 
sion o f th e  tre a tm e n t on th e  d a y  o f delivery  is follow ed by  th e  on se t o f la c ta 
tio n , is con sis ten t w ith  th is  in te rp re ta tio n .

W h y  m ilk secre tion  fails to  ap p ear if  tre a tm e n t is s ta r te d  p re n a ta lly  and  
c o n tin u ed  u n til th e  8 th  d ay  p o s t p a r tu m , is n o t clear. D esp ite  th e  co n tin u o u s 
sucking  stim ulus, th e  lo n g -te rm  tre a tm e n t m ay  w ell a ffec t th e  m am m ary  
g land  to g e th e r  w ith  th e  p i tu i ta ry  secretion  o f lac to g en ic  horm one in  a m an n er 
w hich m a y  be adverse  to  m ilk  p rod u c tio n . In h ib itio n  o f m ilk  sec re tio n  b y  
ly n es tren o l does n o t seem  to  be re la ted  to  th e  c o m p o u n d ’s sligh t oestrogen ic  
effect. T h e  clinical use o f  oestrogens for th e  suppression  o f  la c ta tio n  h as  its  th e o 
re tica l ju s tif ic a tio n  a n d  in  r a ts  even  m assive doses are  ineffic ien t.

In  o rd er to  th ro w  m ore lig h t on th e  p rob lem , we have  to  gain  in sig h t 
in to  th e  effects o f ly n e s tre n o l on th e  s tru c tu re  o f th e  secre ting  a n d  n o n 
secre ting  m am m ary  g lan d  as well as on th e  p i tu i ta ry  secre tion  o f tro p h ic  
horm ones. Such s tu d ies  are  in  progress.

*

W e are indebted to Miss E . Neuber, dispensing chem ist, Organon Laboratories for 
supplies o f the preparation “ O rgam etril” ; and to Miss Gy. K atona and Miss I. Szarka, for 
kilful assistance.

R E FE R E N C E S

1. Ba rra clo u g h , Ch. A.: Modifications in reproductive function after exposure to hormones
during the prenatal and early postnatal period. In: Neuroendocrinology (E d. L. Martini, 
W. F. Ganong), Academ ic Press, New York 1967, Pp. 62 — 101.

2. B o r g l in , N. E.: In: Social and m edical aspects o f oral contraception. E xcerpta  med.
Found, int. Congr. Ser. No. 130, 100 (1966).

3. B r u c e , H. M.: Proc. roy. Soc. Biol. 149, 421 (1958).
4. Ch in n a t a m b y , S.: E ffect o f oral contraceptive (Conovid E ) on lactation . Proc. V II. Con

ference Int. Planned Parenthood Federation. Singapore 1963. E xcerpta m ed. int. Congr. 
Ser. No. 72, 322 (1964).

5. Ch in n a ta m b y , S.: In: H andbook on oral contraception (Ed. E . Mears), Churchill, London
1965. P. 64.

6. Cl a n c y , A. P., E d g r e n , R. A.: In t. J. Fertil. 13, 133 (1968).
7. F e r in , J.: In: H andbook on oral contraception (Ed. E. Mears), Churchill, London 1965,

P. 64.
8. FlerkÓ, В.: Brain mechanisms controlling gonadotrophin secretion and their sexual

differentiation. In: Sym posium  on reproduction (E d. K. fussák). Akadém iai K iadó, 
B udapest 1967, P. 11.

9. Go m ez-R o g ers , С., G u il o f f , E ., Za n a r tu , J.: Proceedings o f the Second International
Conference on Intrauterin Contraception. Excerpta m ed. Found. 142 (1964).

10. G r e c g , W. J.: New Engl. J. Med. 274, 1432 (1966).

Acta  Xlcdiea A cadcm iac  S c ien tia ru m  H ungaricae 27, 1970



144 M. KURCZ et al.

11. G r o sv e n o r , С. E., T u r n e r , C. W .: Endocrinology 63, 535 (1958).
12. G y ő r y , Gy ., K is s , Cs .: Orv. H etil. 8 , 415 (1968).
13. G y ő r y , Gy ., K is s , Cs .: Z bl. G y n äk . 21, 748 (1968).
14. H o r r e c k e r , J., On e t t o , E ., Cr is o s t o , C. : D epo-Provera (m edroxyprogesterone acetate)

as a female contraceptive agent. Proc. F ifth  W orld Congress on F ertility  and Sterility  
(E d . B. W estin, N . W iqu ist), E xcerpta  med. Found, in t. Congr. Ser. 133, 1090 (1967).

15. H a s k in s , A. L., Mo s z k o w s k i, E . F ., Co h e n , H.: Am er. J. Obst. G ynec. 88, 667 (1964).
16. H e f n a w i , F.: Four years stu d y  w ith  oral contraception in  E gypt. In: Social and medical

aspects of oral contraception . E xcerpta med. Found, int. Congr. Ser. 130, 33 (1966).
17. I jz er m a n , G. L.: In: Social and m edical aspects o f oral contraception. E xcerpta med.

Found, int. Congr. Ser. 130, 32 (1966).
18. J o s h i , U. M., R a o , S. S.: In d ian  J. exp. Biol. 4 , 170 (1966).
19. J o s h i , U. M., R ao , S. S.: J. Repród. Fért. 16, 15 (1968).
20. K a h n , R. H ., B a k e r , B. L.: Endocrinology 75, 818 (1964).
21. K ah n , R. H., Baker, B. L.: Endocrinology 77, 162 (1965).
22. K is s ,  Cs ., Sz e m e r e , P ., H a l m y , L.: Orv. H etil. 108, 1651 (1967).
23. K u r c z , M.: Studies on th e  neuro-hum oral regulation o f lactation . In: Sym posium  on

reproduction (E d. K . L issák). Akadém iai K iadó, B udapest 1967. P . 175.
24. MiNAGUCHi, H ., Me it e s , J.: Endocrinology 81, 826 (1967).
25. N a g y , I., K urcz, M., B a r a n y a i, P ., H a lm y , L ., K is s , Cs .: (u n p u b lish ed  d a ta ) .
26. R ic e -W r a y , E.: Oral contraception  in  Latin Am erica. Proc. V II. Conference In t. Planned

Parenthood Federation. Singapore 1963. Excerpta m ed. int. Congr. Ser. No. 72, P . 358.
27. R ic e -W ra y , E.: In: H and book  on oral contraception (Ed. E. Mears), Churchill, London

1965, P. 64.
28. S a u n d e r s , F. J.: E ndocrinology 80, 447 (1967).
29. S u t t e r t h w a it e , A. P.: In: H andbook on oral contraception (E d. E . Mears), Churchill,

London 1965. P. 64.
30. S c h a c h n e h , S. H.: N ew  E ngl. J . Med. 275, 1138 (1966).
31. S e l y e , J.: Amer. J . P hysio l. 107, 535 (1934).
32. S e m m , K.: Contraception and  lactation . In: Social and m edical aspects o f oral contra

ception . E xcerpta m ed. F ound , int. Congr. Ser. N o. 130, 98 (1966).

D r. M ih á ly  K urcz;
N a tio n a l In s t i tu te  o f P u b lic  H e a lth , 
B u d a p e s t IX ., G yáli ú t  4, H u n g a ry

D r. I v á n  N a g y ;
C h ild ren ’s H o sp ita l H eim  P á l, 
B u d a p e s t V I I I . ,  Ü llői ú t  86, H u n g a ry

P o s tg ra d u a te  M edical School,
B u d a p e s t X I I I . ,  Szabolcs u . 34, H u n g a ry

Acta Medico Academiae Scientiarum Hungaricae 27, 1970



Acta Medica Acadcmiae Scientiarum Hungaricae, Tomus 27 (2), pp. 145—154 (1970)

CRITICAL FLICKER FREQUENCY SERIES EFFECT 
IN EPILEPTIC AND IN NEUROTIC PATIENTS

I. D IF F E R E N C E S IN  T H E  D A IL Y  LEVEL V A R IA T IO N  OF T H E  CFF S E R IE S

By

J . S z á k ,  M. Á k o s  and K . Á k o s

N IN T H  DISTRICT H O SPITA L GYÂLI Ű T AND EÖTVÖS L. U N IV E R S IT Y  LIB R A R Y , BU D A PEST

(R eceived  May 2, 1969)

A group o f 17 epileptic and another of 18 neurotic patients, including both  
m ales and fem ales o f  17 to 35 years o f age were studied  for a period of 3 days to record 
three tim es daily a continuous and an interm itten t series o f 50 CFF data each. The 
te st  m aterial o f a total o f 31200 CFF data was com puter processed. The ind ividual 
series were m ade comparable by m eans of 10 m axim a and 10 minima given  by the  
data groups o f 5, and the averages o f the respective values were studied for both  
groups in accordance w ith  their variations through the three days and the three daily  
registrations. From  the first to the third day the d ifferentiating capacity in the epileptic  
group decreased, whereas in the group of neurotic patien ts it  increased. For the time 
being no defin ite answer can be given to the question  whether the difference thus 
found is due to learning, fatigue, or some other process.

In tro d u c tio n

T he neuro logical v e rif ic a tio n  o f  ep ilep tic  sy m p to m s is o ften  d ifficu lt, due, 
am ong o thers, to  th e  d iv e rs ity  o f sy m p to m a to lo g y  a n d  th e  p o ssib ility  o f  t r a n s i
e n t in te rru p tio n s  in  consciousness w ith o u t seizures, as w ell as o f v a rio u s  sy m p 
tom s w hich  w ould a p p e a r to  be e ith e r  “ fu n c tio n a l”  o r closely resem ble n eu ro tic  
s ta te s . I f  th e  p h y sic ian  has no  occasion  to  observe  a t ta c k , he has to  re ly  u p o n  
in fo rm atio n  ren d ered  b y  th e  p a t ie n t  o r w itnesses. I n  ce rta in  cases P E G , E E G , 
or AG can n o t e lim in a te  a ll d o u b ts , e ith er, as fo r in s tan ce  d u rin g  th e  free 
in te rv a ls  an  E E G  ty p ic a l o f ep ilep sy  can be o b ta in e d  on ly  in  a b o u t 5 0 %  of 
th e  p a tie n ts  (H il l  1958). T h u s, a d d itio n a l d iag n o stic  m ethods are  s till to  be 
soug h t for, th e  av a ilab le  m e th o d s  o u g h t to  be re fin e d  an d , p e rh ap s , ex p e ri
m en ta l in v es tig a tio n s  using  new  tech n iq u es sh o u ld  be conducted .

Such a new  m eth o d  is th e  ap p lica tio n  o f  th e  c ritica l flicker freq u en cy  
series effect (h e rea fte r C F F S E ), essen tia lly  a p sy ch o p h y sica l process ( Á k o s  an d  
Á k o s  1966). In  th e  in v es tig a tio n s  to  be described , th is  m e th o d  has been em ployed  
in ep ilep tics an d  in  a co n tro l g ro u p  consisting  o f  n eu ro tic  p a tie n ts  w ith  
co n sid e ra tio n  to  th e  d iffe re n tia tio n  o f th e  tw o g ro u p s o ften  p resen tin g  th e  m ost 
im p o r ta n t p rob lem s. T he C F F S E  m eth o d  differs ra d ic a lly  from  th e  tec h n iq u e s  
an d  p rocedures em ployed  in  ep ilep sy  research . I t s  ap p lica tio n  in  cases o f th e  
tw o disease ty p e s  re fe rred  to  ab o v e  in ten d ed  to  d e te rm in e  w h e th e r i t  could  
prove su itab le  to  d is tin g u ish  th e  tw o  groups.
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W ith in  th e  ep ilep tic  a n d  n eu ro tic  p a t ie n t  g roups no fu r th e r  d iffe ren ti
a t io n  w ill be effected  below . B o th  groups in c lu d e  m ales an d  fem ales in  th e  age 
c a te g o ry  of 17 to  35. D u e  to  reasons im possib le  to  exp la in  here  in  d e ta il, th e  
t e s t  re su lts  o f y o u n g e r a n d  older p a tie n ts  w ere o m itte d  from  th e  p re sen t 
r e p o r t .  T he n u m b er o f  ep ilep tic  p a tie n ts  w as 17 w hile th a t  o f th e  n eu ro tic s  18.

M ethod

L ight source for the C F F SE  exam inations was an EM  80 type cathode ray tube, w ith  
a sh eet o f colourless transparent paper located in  front thereof. This light source is watched  
b y  th e  patien t with both  eyes, through a funnel providing for a 40 cm distance o f v iew , w ithout 
an y  pre-adaptation. L ight is fla sh ed  by the square pulses o f  the Solartron OS. 103 2A generator  
in  equa l light and dark in terva ls, at a frequency read o ff w ith  one-tenth cps accuracy.

A lw ays descending CFF d a ta  are recorded, th a t is, signals turning from  stead y  to flicker 
ty p e  are seen. Each series consists o f 50 CFF data rendered by the same su bject w ith in  one 
test. T he value fluctuations o f th e  CFF data in th e  sam e series are called C FFSE . In each 
case f ir s t  a continuously registered uninterrupted series is recorded then, after about 10 m in, 
an in term itten t series consisting o f 50 further CFF data  where every 10 CFF inform ation is 
fo llow ed  by an interval o f  30 sec.

On the first day, one continuous and one in term itten t series are rendered by each  
su b ject but these data are n o t evaluated . The data to be processed are obtained through

1. 5. 10.

F ig. 1. CFFSE curves. The horizontal axis indicates from  the left to the right the in-tim e  
sequence of recordings. The num bering represents the sequence of groups o f f iv e , from  1 to 
10. T he vertical axis reflects frequency in cps. Top curve continuous, bottom  one interm itten t, 
w ith  th e  latter having the 4 interruption points ind icated . N ex t to each o f the two series 
curves their envelopes are presented. The abscissa o f the envelope curves corresponds, from  
the le ft  to the right, to the first, second, etc., five data o f the series, while the poin ts one above 
the other represent the m axim um  and m inim um  CFF frequency values, respectively , as selected  
b y  th e  groups of five. C onnecting the m axim a and m inim a has rendered the tw o envelope

curves
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th e  te sts  carried out during the n ex t three days, when one continuous and one in term itten t  
series are recorded three-tim es daily  (early morning, late m orning, and noon). A ccordingly, 
9 continuous and 9 interm ittent series are obtained per subject, w ith  a total o f 900 CFF data.

Results

F o r th e  series consisting  o f  50 C F F  d a ta , th e  C F F S E  can be d e m o n s tra te d  
in  th e  s im p lest m anner as a cu rv e  (F ig . 1). This cu rv e  is p lo tte d  in  a c o o rd in a te  
sy s te m , th e  horizon tal ax is  o f  w h ich  ind ica tes th e  d a ta  re g is tra tio n  sequence

F ig. 2. Average envelope curves o f the epileptic patient group of 17 persons, on th e  left for 
continuous and on the right for in term itten t series. Each point represents th e  average of 
the corresponding 153 data. Sc ind icates the curve of continuous m axim a, Tc th a t o f  the  
continuous m inim a, Si the curve o f in term itten t m axim a, and Ti the curve o f  in term itten t  
m inim a. The co-ordinates correspond to those given for the envelopes in Fig. 1. B y  1, 2, 3,

4 the interruptions are indicated

from  th e  left to  th e  r ig h t, w h ereas  th e  v e rtic a l ax is d isp lays th e  fre q u e n c y  
va lu es  in  a o n e-ten th  cps scale. T h u s each C F F  in fo rm a tio n  is re p re se n te d  by  
a p o in t, an d  connecting  th e se  p o in ts  will ren d e r th e  cu rve  o f th e  series in  q u es
tio n . F ig . 1 presen ts a c o n tin u o u s  (top) an d  an  in te rm itte n t  (b o tto m ) curve. 
A t th e  rig h t-h a n d  side th e ir  envelope  curves are  seen.

T he series can he c o m p ared  b y  m eans o f th e ir  envelope cu rv es. T hese 
a re  o b ta in e d  by  selecting  fro m  ev ery  five C F F  d a ta  o f th e  series b o th  th e
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m a x im u m  and m in im u m  v a lu e s , and by  p lo tt in g  th em  one above th e  o th e r 
in  a  co -o rd inate  sy s tem , th e  o rd in a te  of w hich p re se n ts  th e  re sp ec tiv e  frequency  
v a lu e s .  The abscissa in d ic a te s ,  from  th e  le f t to  th e  r ig h t, th e  f irs t , second,

F ig . 3. Developm ent of th e  continuou s average m axim a (Sc) and m inim a (Tc), respectively  
o f  th e  epileptic group, per d a y  (d a sh  line arrow) and per d a ily  te st  tim e (full line arrow). On the  
h o r izo n ta l axis the top nu m bers indicate the sequence o f average groups of fiv e , while the 
lo w er  figures show the d a ily  and  morning to noon sequence, respectively. The vertical axis 
rep resen ts the frequency v a lu e  in  hundredth cps scale. E ach  point represents the average

o f  the corresponding 51 d ata

th i r d ,  e tc . group of f iv e  d a t a  in  the  sequence o f  reg is tra tio n . T he m axim um  
a n d  m inim um  of th e  f i r s t  g ro u p  of five d a ta  re p re s e n t th e  f irs t tw o  p o in ts  one 
a b o v e  th e  o ther, th e  m a x im u m  and  m in im um  o f  th e  second five  C F F  d a ta  
g iv e  th e  second p a ir o f  p o in ts ,  an d  so on. O b v io u sly , th e  va lu es  o f each  group 
o f  f iv e  will be lo ca ted  b e tw e e n  th e  tw o e x tre m e s  th u s  in d ica ted . C onnecting
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th e  m a x im a  an d  m in im a se p a ra te ly  w ill define  th e  tw o envelope  curves of 
th e  se ries, w ith  its  full v a r ia b ility  th e reb e tw een .

A verag in g  th e  values o f th e  p ro p e r envelope  curve  po in ts  b y  series will 
re n d e r  th e  m ean  values w herefrom  th e  av erag e  envelope curves can  he  p lo tte d .

Fig. 4. D iagram  of the neurotic group o f 18 persons according to Fig. 3. Each po in t represents 
the average of the corresponding 53 data

As an  ex am p le  (F ig. 2), th e  av erag e  envelope  curves o f th e  w hole ep ilep tic  
g roup  a re  show n, sep a ra te ly  b y  c o n tin u o u s  a n d  in te rm itte n t  series, re sp ec tiv e ly .

As reg a rd s th e  g roup  d ifference u n d e r discussion, th e  a v e rag e  values 
w ere ca lc u la ted  in  tw o d iffe ren t tr ip le  reso lu tions fo r b o th  g ro u p s, b y  using  
a c o m p u te r . In  th e  f irs t  case, th e  averages w ere form ed for th e  f i r s t ,  second, 
an d  th i r d  d ay , w hereas in th e  second case in co n fo rm ity  w ith  th e  f ir s t ,  second, 
an d  th i rd  occasions selected  da ily . T h u s  6 p o in t series were o b ta in e d  w ith  th e
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m a x im a  (left) an d  m in im a  (rig h t), for th e  co n tin u o u s  series o f th e  ep ilep tic  
g ro u p  (F ig . 3), w here  each  p o in t rep re sen ted  th e  average  o f 51 v a lu es . T he 
d a ily  v a r ia tio n  o f th e  re sp ec tiv e  values is in d ic a te d  b y  a connecting  d ash  line 
a rro w , so th e  10 d ash  line  arrow s show  th e  d a ily  v a r ia tio n  of th e  m ax im a  an d  
m in im a , re sp ec tiv e ly , acco rd in g  to  th e  av e rag e  envelopes co rrespond ing  to

cps

F ig . 5. Diagram  of the ep ileptic group according to  F ig . 3 but for interm itten t series

th e  co n tin u o u s  series. T h e  ea rly  m orn ing , la te  m o rn in g , and  noon  averages 
o f th e  co n tin u o u s series envelope  values are  co n n ec ted  by  fu ll line arrow s. 
T h u s  th e  d iag ram  p re se n ts  th e  v a ria tio n s  d a y  b y  d a y  an d  from  m o rn in g  to  
noon  a lik e , w ith  th e  av e rag e  values fo rm ing  th e  co n tin u o u s series envelopes.

F ig . 4 p resen ts  th e  sam e d iag ram  fo r th e  g ro u p  of n eu ro tic  p a tie n ts . 
H ere  each  p o in t re p re se n ts  th e  average  o f  53 v a lu es .

F ig u res  5 an d  6 show  th e  v a ria tio n s  o f th e  av erag e  envelopes p lo tte d  
on th e  basis  o f th e  in te rm it te n t  series ren d e red  b y  th e  ep ilep tic  an d  n eu ro tic  
g ro u p , resp ec tiv e ly , in  d a y  b y  d ay  and  from  m o rn in g  to  noon versions.
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T h u s 40 arrow s show  for each disease g ro u p , t h a t  is, a to ta l  o f 160 a rrow s, 
th e  v a r ia tio n  of 3 averages in  each case. A cco rd ing ly , th e  d ev e lo p m en t o f  a 
to ta l  o f  480 in d e p e n d e n t averages are  ta k e n  in to  consideration  fo r th e  tw o  
categories.

Discussion

F ig . 2 reveals t h a t  th e  average  enve lope  cu rv es of th e  ep ilep tic  g roup  
e x h ib it a slope o f n e g a tiv e  ex p o n en tia l c h a ra c te r  fo r b o th  th e  co n tin u o u s  a n d  
in te rm it te n t  series. T h is genera l b eh av io u r, c h a ra c te r is tic  o f th e  e n tire  series, 
is re g a rd ed  as a s tre sse d -h a b itu a tio n a l fe a tu re , verified  by  th e  a p p e a ra n ce  o f 
a scen ts  along th e  av e rag e  envelopes o f th e  in te rm it te n t  series, fo llow ing each  
in te rv a l (Á kos an d  Á kos  1968).

T he slope o f  n eg a tiv e  ex p o n en tia l c h a ra c te r , ty p ica l o f th e  co m p le te  
series averages, can  be d iscovered  along each  p o in t sequence re p re se n tin g  a 
series in  b o th  g roups. T h is in d ica tes  th a t  th e  C F F S E  m ay be co n sid e red  as 
a s tre ss  p roduced  b y  successive d a ta  re g is tra tio n , o r as a h a b itu a tio n a l p rocess 
co rresp o n d in g  to  th e  ap p lica tio n  of th e  m o n o to n o u s  series of s tim u li.
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F ro m  a n o th e r  a sp ec t, how ever, th e  C F F S E  te s t  m ethod  describ ed  above 
m a y  b e  in te rp re te d  as a rep e a te d  p rob lem  so lu tio n . E ach  su b jec t m u s t d e te r 
m ine  w h e th e r  th e  g iven  lig h t source is s te a d y  o r  flickering . This decision  m u st 
be m a d e  50-tim es d u rin g  each  te s t , th a t  is , 9 00 -tim cs du ring  th e  3 -d ay  p e rio d  (ac
tu a lly  1000-tim es h u t  th e  v e ry  f irs t series p a ir , as re fe rred  to  above , w as o m it
te d  fro m  th e  d a ta  processing).

S tu d y in g  th e  v a r ia tio n s  ex h ib ited  b y  th e  averages o f th e  in d iv id u a l 
v a lu e s  fro m  m o rn in g  to  noon , in  a se p a ra te  m a n n e r , reveals th a t  th e  in d iv id u a l 
av e rag e  v a lu es  show  a co n sis ten t level decrease  in  b o th  disease g ro u p s , th a t  
is, th e  a b ili ty  to  d iffe re n tia te  flicker w ill he  re d u c e d  n o t only w ith in  th e  sam e 
series b u t ,  as fa r  as th e  in d iv id u a l va lu es  are  concerned , i t  w ill be  im p a ire d  
d u rin g  th e  perio d  from  m orn ing  to  noon . T h u s  th e  lig h t and  d a rk  in te rv a ls  
m u s t h e  g ra d u a lly  in creased  to  m ake th e  su b je c t observe th e  flicker. F u r th e r  
in v e s tig a tio n s  are n eed ed  to  decide w h e th e r th is  m orning  to  noon  v a r ia tio n  
re fle c ts  a s tress accu m u la tio n  correspond ing  to  th e  series reg is tra tio n s  re p e a te d  
d u rin g  th is  period , o r th e  m an ife s ta tio n  o f  a c ircad icm  ch a rac te r s tre ss  re s is t
ance  re d u c tio n .

If , on th e  o th e r  h an d , th e  v a ria tio n s  o f  th e  in d iv id u a l averages c o n s t i tu t 
in g  th e  envelope  cu rves are s tu d ied  from  th e  f ir s t  to  th e  th ird  day , th e se  rev ea l 
in  th e  ep ilep tic  g roup  a descending , an d  in  th e  n eu ro tic  group an  a scen d in g  
c h a ra c te r . T he tw o  disease categories a re  d e f in ite ly  d ifferen t from  th is  a sp ec t. 
T he av e rag e  d a ily  o u tp u t  o f th e  ep ilep tic  g ro u p  w ill decrease from  th e  f i r s t  to  
th e  th i r d  d a y  w ith  re sp ec t to  d iffe ren tia tio n  w hile t h a t  o f th e  n e u ro tic  ca te g o ry  
im p ro v es.

T h is  p ecu lia r c h a rac te ris tic  e x h ib ite d  b y  th e  neu ro tic  g roup  m ig h t be 
e x p la in e d  as a p o sitiv e  lea rn in g  effect. T h is , how ever, w ould re q u ire  th e  
a s su m p tio n  o f an  oppo site  n eg a tiv e  lea rn in g  e ffec t for th e  g roup  o f ep ilep tic  
p a tie n ts .

I t  m u s t be em phasized  th a t  th e  in v e s tig a tio n s  described here  re p re se n t, 
ab o v e  all, o n ly  an  a t te m p t  to  d iffe re n tia te  th e  tw o  disease ca tegories te s te d . 
B ey o n d  th e  p ecu lia r fin d in g  discussed ab o v e , th e  C FFSE  m eth o d o lo g y  ta k e s  
m a n y  o th e r  aspec ts  in to  accoun t as re p o rte d  on  b y  th e  m ono g rap h y  re fe rred  
to . T h ese  re su lts  w ill be p re sen ted  in  a su b se q u e n t paper. For th e  tim e  b e ing  
i t  is n o t  o u r in te n tio n  to  suggest th e  a p p lic a tio n  o f th e  resu lts  p u b lish e d  so 
fa r  as a d iffe ren tia l d iagnostic  m eth o d . T h e  v a rio u s  age groups re sp o n d  d if
fe re n tly  to  w hich , as s tressed  earlie r, p a r t ic u la r  a tte n tio n  shou ld  be  pa id . 
A n o th e r  d iff icu lty  is th a t ,  a lth o u g h  th e  y o u n g  ep ilep tic  and  n eu ro tic  p a tie n ts  
as s e p a ra te  g roups ex h ib it m ark ed ly  d iffe re n t C F F  series level v a r ia tio n s , 
th is d ifference  is m uch  less co n sis ten t in d iv id u a lly  (T able I). I t  can  be o b se rv ed  
th a t ,  am o n g  th e  to ta l  o f 8 E E G  po sitiv e  cases, th e re  was only  one w ith  an  
in c rea s in g  d a ily  av e rag e , w hereas of th e  9 E E G  neg a tiv e  cases as m a n y  as 
5 h a v e  d isp lay ed  a level decrease c h a ra c te r is tic  o f  th e  group average .
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Table I

D a ily  C F F S E  level variation  o f  epileptic  and neurotic patien ts fro m  the f ir s t  to the th ird  day 
as calculated on the basis o f  continuous series m in im a (T c)

Epileptic group N eurotic group

Age  (years) Sex EEG Level variation Age (years) Sex Level variation

3 1 f “Г desc 33 III asc
24 f + desc 32 f asc

20 111 — desc 18 m asc

31 f -j- desc 19 f asc

27 m — desc 34 m asc

18 f desc 32 f desc
27 m — desc 21 f asc

27 f + asc 21 in desc

18 f — asc 29 f asc

30 m + desc 30 f desc
22 f -j- desc 24 f asc

22 m + desc 18 m desc

32 f — asc 23 f asc
30 m — asc 32 f asc

28 f — asc 31 f asc

18 f — desc 27 m asc
25 m — desc 21 f asc

25 f asc

N ote: For each patien t in  both  groups the following data are indicated: age at the 
test tim e, sex, sym bol -|- for E E G  results characteristic o f  epilepsy, sym bol — for those 
indicating no such disease. The abbreviations “ desc” and/or “ asc” represent the variation  of 
the right-hand side (Tc) value o f the respective group in Figures 3 and 4, as observed during 
the period from the first to the third day, on the average per individuals.

Sim ilarly , fu r th e r  re sea rch  can only  decide to  w h a t an  e x te n t th e  d iffe r
ence described here  m ig h t he considered  as specifica lly  c h a ra c te r is tic  o f  ep i
lepsy  or neurosis.

N o convincing s ta te m e n t  m ay  he m ade, e ith e r , on to  w h a t a degree 
th e  re su lts  ob ta in ed  re fe r to  th e  cerebrum  as a w hole, o r to  its  c e r ta in  p a r ts , 
to  th e  op tic  tra c t  o r th e  v isu a l recep to r itself, e tc .

F ina lly , i t  shou ld  he  n o te d  th a t  th e  p a tie n ts  o f  b o th  g ro u p s  received  
d u rin g  th e  exp erim en t th e ir  u su a l th e rap y .

*

W e are indebted to Mrs. K . Sz. K om lós for the registration , and to Mr. A. Békéssy  
for the mechanical data processing

3* A d a  \ te d ic a  A cadem iae  S e ien tia ru m  Hungáriáié 2 7 , 1970
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SERUM DEHYDROEPIANDROSTERONE, 
ANDROSTERONE AND CORTISOL LEVEL IN PRIMARY 
POSTMENOPAUSAL AND OTHER TYPE OSTEOPOROSIS

By
I. H o l l ó , T. F e h é r  and J .  S zűcs

F IR S T  D EPA RTM EN T OF M ED ICIN E, AND RESEA RCH  U N IT  O F GERONTOLOGY, M EDICAL U N IV E R S IT Y .
BUDAPEST

(R eceived July 10, 1969)

In patients w ith postm enopausal osteoporosis the plasma dehydroandrosterone  
level was found to he significantly lower than in controls of the same age w ith  no  
evidence of osteoporosis. The plasm a cortisol leve l was also reduced in osteop orosis, 
though to a lesser degree. The results are su ggestive  o f a possible connection betw een  
postm enopausal osteoporosis and a reduction in  adrenocortical androgen se c re tio n .

In  earlie r stud ies we fo u n d  a lower u r in a ry  o u tp u t  of an d ro g en  m e ta b 
o lites in  p a tie n ts  w ith  p o stm en o p au sa l osteoporosis  th a n  in  h e a lth y  su b je c ts  
of s im ila r  age. U rin a ry  ex cre tio n  o f an d ro ste ro n e  w as p a rticu la rly  re d u c e d  [1, 2, 
3]. T h e  re su lts  of d iffe ren t to le ran ce  te s ts  [2, 4] a n d  o f studies of th e  u r in a ry  
ex c re tio n  o f 17-ketostero ids su b s ti tu te d  on carbon-11  po in ted  to  th e  p o ss ib ility  
t h a t  a reduced  androgen  secre tio n  by  th e  a d re n a l c o rtex  m ight be re sp o n s ib le  
for th e  low u rin a ry  o u tp u t o f an d ro ste ro n e  in  po stm en o p au sa l o steo p o ro s is . 
I t  seem ed  o f in te re s t to  co n tin u e  th ese  in v e s tig a tio n s  by  th e  s tu d y  o f th e  p la sm a  
level o f  th e  essen tia l and rogens an d  of cortiso l in  p a tie n ts  w ith p r im a ry  o s te o 
porosis.

M ateria l and m ethods

B lood plasma was studied for déhydroépiandrostérone (D E A ), androsterone (A ) and 
cortisol (H e) level by the m ethod of F e h é r  et al. [5] w hich is suitable for the estim a tio n  of 
17-ketosteroid esters (particularly o f sulphate esters). The plasm a was obtained from  15 
subjects w ith  postm enopausal osteoporosis (porom alacia), 7 w ith other types o f prim ary  
osteoporosis, and 4 w ith secondary osteoporosis. The criteria o f osteoporosis were X -ray  of 
the dorsal or lum bal spine ind icative o f calcipenic osteop ath y; a normal serum  calcium , 
phosphor level and alkaline phosphatase activ ity; norm al or slightly  increased urinary excretion  
of calcium  in response to a calcioprivic diet; after in travenous loading with 180 m g ionized  
calcium , at least 40%  of the adm inistered dose had to he elim inated in the urine in addition  
to the usual daily calcium  output. The cases d isp laying all the criteria except th a t  th e  24- 
hour urinary excretion of calcium  was less than 40%  o f the load, were classified in  conform ity  
w ith the literature as osteoporoinalacia and tabulated under this diagnosis.

The patients w ith osteoporosis were otherwise h ea lth y  apart from an abnorm al repola
rization in the EGG or a blood pressure over 180 H g MM occasionally. Their renal function  
was norm al, even in the hypertensive cases. Liver fun ction  was normal in every case.

Since the normal blood androgen level varies w ith  age and sex, the figures obtained  
in the group o f postm enopausal osteoporosis were correlated to the plasma level o f 19 healthy  
wom en of sim ilar age; they were subjects revealing no abnorm ality at the R esearch U nit 
of G erontology and healthy volunteers recruited from the sta ff  o f our departm ent and partly  
patients w ith  minor diseases which could not possibly affect the endocrine system . In this 
latter group no estim ation of cortisol was done and their data were already u tilized  in an
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oth er  s tu d y  [5] previously. In  th e  table summing up  th e  results obtained in  “ oth er  ty p es”  
o f  o steop orosis, in view  o f th e  sm all number o f cases th e  extrem e values o f th e  horm ones 
un d er  s tu d y  found at our lab oratory  in sex-and-age-m atched control subjects are show n [5]. 
T he r e su lts  were evaluated m athem atically  by the t and %2 tests.

R esults

T h e  plasm a h o rm o n e  v a lu es  of th e  su b je c ts  w ith  p o stm en o p au sa l o steo 
p a t h y  a re  set ou t in  T ab le  I ,  tho se  of th e  a g e -m a tc h e d  contro l g ro u p , in  T ab le
I I .  T h e  essential d a ta  o f  m a th em a tica l a n a ly s is  a re  p resen ted  in  T a b le  I I I  
in  w h ic h  th e  quo tien ts  o f  th e  horm onal v a lu e s  a re  also shown.

I n  Case 1 w ith  p o stm en o p au sa l o s teo p o ro s is  th e  blood an d ro g e n  level 
w as  h ig h , th a t  of D E A  b e in g  in  the  n e ig h b o u rh o o d , and  th a t  o f  A  even  in  
ex c e ss , o f  th e  values fo u n d  in  young h ea lth y  m a le s . Since th e  p a t ie n t  e x h ib ite d  
no  s ig n  o f  v irilisation  a n d  th e  p lasm a a n d ro g e n  level was in c o n g ru e n t w ith  
th o s e  o f  th e  o ther, o s te o p o ro tic  or h ea lth y , su b je c ts , th e y  w ere n o t  in c lu d ed

Table I

Plasm a hormone levels in  postmenopausal osteoporosis and poromalacia

No. Age D iagnosis Нс /Xg per 100 ml
D E A  /xg per 100 

m l A tig per 100 ml

l 47 pm 13.1 68.7 69.3

2 67 op 15.1 8.2 8.5
3 62 op 13.2 18.2 20.0
4 59 op 8.6 13.6 14.6

5 58 op 7.8 12.5 5.8

6 57 op 3.8 15.5 5.5
7 54 op 11.7 7.8 19.4

8 54 op 6.2 18.0 11.4

9 50 op 9.0 9.6 6.4
10 51 op 4.7 5.2 2.6
11 49 op 7.5 20.7 7.1
12 47 op 7.5 13.0 10.0
13 46 op 8.3 12.9 10.3
14 59 pm 9.5 12.0 5.3

15 65 op 6.9 12.8 10.4

op  =  osteoporosis; pm  =  osteoporom alacia; H e  =  Cortisol; D E A  =  Dehydroepiandro' 
steron e; A  =  Androsterone
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Table II

Plasma hormone levels in postm enopausal healthy controls

No. Age He /ig per 100 ml
D EA  jug per 

100 ml
A W!

per 100 ml %

l 57 14.0 8.0 8.0

2 53 22.3 41.5 22.0

3 58 15.2 30.5 29.4

4 56 14.1 22.9 2.9

5 55 6.4 14.1 5.8

6 52 21.0 41.3 10.3

7 63 4.5 20.0 6.6

8 57 11.0 13.0 6.0

9 49 15.8 47.0 21.0

10 63 9.1 30.6 9.3

11 56 16.2 31.0 7.0

12 59 12.0 35.5 15.4

13 60 10.2 44.4 14.8

14 50 38.5 22.0

15 52 20.0 23.5

16 53 23.0 6.4

17 56 26.0 14.0

18 58 24.0 16.0

19 61 18.0 9.5

For abbreviations, see Table I

Table III

M athem atical analysis

DEA \ lie A /D E A Hc/DEA Hc/A

C p c P C P C P C P C P

n 19 14 19 14 13 14 19 14 13 14 13 14

X 27.86 12.86 13.15 9.81 13.22 8.56 0.50 0.82 0.55 0.76 1.49 0.92

s 11.27 4.31 7.47 5.19 5.14 3.09 0.28 0.55 0.40 0.44 1.17 0.49

C =  Controls; P =  p atien ts w ith  osteoporosis; D E A  =  D ehydroepiandrosterone; 
A =  Androsterone; He =  Cortisol

in  th e  e v a lu a tio n  as be ing  due  in  all p ro b ab ility  to  som e techn ica l e r ro r . F rom  
th e  o th e r  figures i t  em erges th a t  in  th e  su b je c ts  w ith  p o s tm e n o p a u sa l 
o steoporosis  th e  p lasm a  D E A  level was co n sid e rab ly  lower th a n  t h a t  of 
n o rm al sub jec ts  o f s im ila r age (m ean : 12.9 /tg p e r  100 ml, as a g a in s t 27.9 
fig  p e r 100 ml). T he d ifference  betw een  th e  tw o  g roups was h ig h ly  sign ifi
c a n t, p <  0.1% .
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A lthough  th e  m e a n  p la sm a  A level w as s lig h tly  lower in  th e  o s te o p a th y  
g ro u p  th a n  in the  c o n tro l g ro u p , th e  difference w as  n o t  sign ifican t. T h e  p lasm a 
Н с -lev e l was in  th e  n o rm a l ran g e  in b o th  g ro u p s  b u t  th e  m ean  v a lu es  were 
s ig n if ic a n tly  lower in  th e  osteoporosis group t h a n  in  th e  co n tro l g roup .

T h e  greatest d iv e rg e n c e  betw een th e  tw o  g roups was d isp lay ed  b y  th e  
p la s m a  D E A  level. T h is  w as  n o t  only show n b y  th e  figures a n d  th e ir  m a th e 
m a t ic a l  analysis, b u t  a lso  re fle c ted  by  th e  f a c t  t h a t  th e  m ean  v a lu e s  found  
in  h e a l th y  m enopausal w o m e n  were never a t ta in e d  b y  tho se  o f  a n y  m em ber 
o f  t h e  osteoporosis g ro u p . A lso , when co m p arin g  th e  freq u en cy  o f  a tta in in g  
th e  a rb i t r a ry  level o f  18 /rg  p e r 100 ml, th e r e  w as a s ig n ifican t (p <  1% ) 
d iffe re n c e  betw een th e  tw o  groups.

W h en  the  d a ta  p re s e n te d  in Tables I  a n d  I I  are considered  fo r each 
s u b je c t  separa te ly , i t  is seen  th a t  (w ith th e  e x c e p tio n  of Case 1 w h ich  w has 
d is re g a rd e d  for reasons o u tlin e d  earlier) th e  p la sm a  D E A  level w as in v a riab ly  
r e d u c e d  in  the  o steoporosis  g roup . This w as, h o w ev er, also th e  case in  th ree  
p a t i e n t s  o f the  con tro l g ro u p . N ow , it  is com m on know ledge th a t  th e  diagnosis 
o f  o steoporosis  res ts  o n  p o s itiv e  X -rays. In  th e i r  lack , b iopsy  w ou ld  be th e  
o n ly  conclusive d iag n o stic  m ean s . H ow ever, to  b e  accessible to  X - ra y  d iagno
sis, a b so rp tio n  of a t  le a s t  4 0 %  o f the  bone s u b s ta n c e  m ust h av e  ta k e n  place, 
in  o th e r  words, th e  p ro cess  m u s t be fairly  a d v a n c e d  to  be d e te c te d  radiologic-

ТаЫе IV

Plasma hormone levels in  p r im a ry  and secondary osteoporosis o f  various types

Age sex Type of osteoporosis

Actual values 
/xg per 100 ml

Norm al range 
[xg per 100 m l

DEA A He D EA A H c

38 female castration 11.0 13.0 8.8

37 „ pregnancy 10.7 7.6 5.7 2 1 .3 -5 3 .0 1 4 .1 -2 6 .0

>>

30 „ pregnancy,
lactation

46.1 6.2 8.4

28 „ pregnancy 10.3 8.4 9.6

S h 54 male presenile 9.1 6.3 2 0 .0 -5 5 .0 8 .5 - 3 0 .0

36 male idiopathic 15.6 12.4 21.0 4 .0 -2 2 .0
33 „ idiopathic 85.6 8.0 12.0

U

38 male gastric
resection

53.0 15.2 17.0 1 7 .0 -7 9 .0 1 1 .4 -4 5 .6

rd 47 male inactiv ity 36.0 21.0 8.8
S«Cß 41 „ m alabsorption 24.2 0.0 3.6

46 female acrom egaly 100.8 45.0 7.8 1 8 .0 -3 8 .5 9 .5 -2 2 .0
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ally . W e know  on  th e  o th e r h a n d  th a t  o steoporosis  affects ap p ro x im a te ly  
20 %  of w om en in  th e  m enopause. T he con tro l g ro u p  m a y  therefo re  well h av e  
included  seem ing ly  h e a lth y  w om en , in  w hom  th e  p rocess w ould, how ever, 
sooner or la te r  h a v e  becom e m an ifest an d  w here  th e  re la tiv e ly  low D E A  level 
m ig h t have re p re se n te d  th e  ea rlie s t sign o f osteoporosis .

Table IV  sum s up  th e  d a ta  o f 7 su b je c ts  w ith  p rim a ry  osteoporosis o f 
m iscellaneous ty p e s  an d  of 4 w ith  seco n d ary  osteoporosis . I t  can  be seen th a t  
in  5 ou t of 7 cases o f p rim ary  osteoporosis o f  m iscellaneous ty p es th e  p la sm a  
D E A  level w as red u ced  in  re la tio n  to  age a n d  sex , w hereas in  th e  g roup  o f 
secondary  osteoporosis  th e  p lasm a D E A  level w as in  th e  n o rm al range or h ig h er

Discussion

The p re se n t re su lts  have  confirm ed  o u r v iew  fo rm ed  on th e  g ro u n d  
o f earlier s tu d ies , th a t  p o s tm en o p au sa l osteoporosis is associa ted  w ith  a p oo r 
and rogen  su p p ly  o f  th e  o rgan ism , a n d  th e  s lig h t, b u t  none th e  less s ig n ifican t 
red u c tio n  in th e  p la sm a  Н с-level h as  le n t new  su p p o r t to  our claim  a t t r ib u t in g  
th e  androgen  d efic iency  in th is  co n d itio n  to  a fu n c tio n a l im p a irm en t o f  th e  
ad ren a l co rtex . A ce rta in  c o n tra d ic tio n  be tw een  o u r earlie r an d  th e  p re se n t 
re su lts  m ust, h o w ever, be p o in ted  o u t. T he f in d in g  o f  a reduced  u r in a ry  A- 
o u tp u t  is seem ing ly  a t  va rian ce  w ith  th e  p ra c tic a lly  n o rm a l A an d  red u ced  
p lasm a D E A  lev e l, b u t  it  m igh t he in te rp re te d  as b e in g  due to  th e  effic iency  
o f  th e  b o d y ’s re g u la to ry  fu n c tio n s in  re sp ec t o f  an d ro g en  hom eostasis. A n 
increase in tu b u la r  abso rp tio n  o f  A w hen th e  p la sm a  c o n cen tra tio n  o f th is  
su b stan ce  is re d u c e d  w ould ex p la in  w h y  th e  u r in a ry  o u tp u t o f A is red u ced  
w hen  its  p lasm a level is p ra c tic a lly  no rm al. A t h is s tag e , th e  only in d ic a tio n  
o f  and rogen -deficiency  is th e  red u c tio n  in th e  p la sm a  D E A  level. A ndrogen  
c learance  w ill p ro v id e  a su itab le  te s t  fo r th is  w o rk in g  hypo thesis  w h ich , 
in c id en ta lly , also  exp la in s w hy , o f  all th e  fa c to rs  ex am in ed , it  was A w hich  
show ed th e  g re a te s t  sca tte r .

W h eth er red u ced  D E A  p ro d u c tio n  p lay s a p a r t  in  th e  p a th o m ech an ism  
o f osteoporosis is a question  to  w hich  th e  p re se n t s tu d y  failed to  p ro v id e  an  
answ er. T hough  D E A  is an  an d ro g en  of m in im al v iriliz in g  effect, it  n o n  th e  
less seems to  h a v e  a m arked  in fluence  on th e  b one  m etab o lism  and  on e p ip h y 
seal ca rtilag inous ossification . O n th e  ev idence o f  re c e n t stud ies [6] D E A  
in h ib its  the  a b so rp tio n  of cran ia l bone in v itro  a n d  its  effect on th e  ep ip h y sea l 
ca rtilag e  of m ice is n ea rly  o f th e  sam e p o te n c y  as o f  id en tica l doses o f  th e  
s tro n g ly  v iriliz ing  te s to s te ro n e  [7]. T he p re se n t re su lts  as well as th e  d a ta  
q u o ted  above a n d  num erous clin ical o b se rv a tio n s  m ak e  i t  ju s tif ie d  to  s tu d y  
th e  re la tionsh ip  be tw een  and rogen  defic iency  a n d  osteoporosis.

*

We are indebted to Dr. I. Juvancz for statistica l evaluation  of the data.
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CALCITONIN-EFFECT OF HUMAN BLOOD PLASMA

I. CALCITONIN-CHARACTER OF T H E  CALCIUM L O W E R IN G  PLASMA E X T R A C T

By

I . H olló and J . Zo m b o r y

RESEA RCH  UNIT OF G E R i X r j L D JY  AND FIR ST D EPARTM ENT O F M E D IC IN E , MEDICAL U N IV E R S IT Y ,
BUDAPEST

(R eceived July 11, 1969)

H um an plasm a extract prepared by the m eth od  o f S t u t r i d g e  et al. has been  
studied for its  calciton in-effect. In respect o f the param eters considered characteristic  
o f  calcitonin, the ex tra ct w as found to behave sim ilarly  to calcitonin. Its calcium 
lowering effect w as enhanced by anorganic phosphate , it  depended on the age o f  the  
laboratory anim al, and the dose-response curve w as consisten t w ith  that o f calciton in . 
Further evidence has thus been furnished that the a ctive  factor of the plasm a ex tra ct 
in question is identica l w ith  calcitonin. The results allow ed to establish the optim um  
tim ing o f the calciton in  bioassay in case o f its sensitization  w ith  N a H 2P 0 4.

S t u t r id g e  a n d  K um a r  in  1968 p u b lish ed  a p ro ced u re  for th e  iso la tio n  
from  h u m an  b lood  p la sm a  o f a fac to r w hich  h a d  a ca lcium -low ering  e ffec t in  
la b o ra to ry  an im als [1] a n d  show ed in  tw o h u m a n  su b je c ts  th a t  e x p e rim e n ta l 
h y perca lcaem ia  w as acco m p an ied  by  an  in c rea sed  calcium -low ering  effect o f 
th e ir  p lasm a. A p a ra lle l re d u c tio n  o f th e  se rum  p h o sp h a te  level b y  th e  p la sm a  
e x tra c t  was d em o n strab le  in  an im als. The ac tiv e  fa c to r  w as considered  id e n tic a l 
w ith  calciton in . A n o th e r  re search  team  [2] also d e m o n s tra te d  a h u m an  p la sm a  
fa c to r  ex ertin g  a ca lc ito n in -e ffec t. The in h ib ito ry  e ffec t o f  th e  e x tra c t on  b o n e  
reso rp tio n  as a sign  o f  th e  ca lc ito n in  c h a ra c te r  w as show n on su rv iv in g  b o n e  
tissu e  as well. On th e  o th e r  h a n d , th e  m am m alian  o rg an ism  is know n to  possess 
som e o th e r ho rm ones cap ab le  o f inducing  h y p o ca lcaem ia  (glucagon, p a ro tin s )  
o r h y p o p h o sp h a ta e m ia  (g lucagon). I t  is fu rth e rm o re  kn o w n  th a t  d é h y d ro é p ia n 
d ro sté ro n e  [3], h y d ro co rtiso n e  a n d  stilb o estro l [4] a re  in h ib itin g  th e  a b so rp 
tio n  o f  su rv iv in g  h o n e  tissu e . Considering these  fa c ts , th e  id e n tity  of th e  ca lc iu m 
low ering  p lasm a fa c to r  w ith  ca lc iton in  does n o t  seem  su ffic ien tly  e s ta b 
lished.

I t  is know n from  th e  l i te ra tu re  th a t  ca lc ito n in  a c tiv ity  is en h an ced  b y  
s lig h t am o u n t o f an o rg an ic  p h o sp h a te  [5], t h a t  th e  calcium -low ering  e ffec t 
o f ca lc iton in  d ep en d s on th e  age o f th e  la b o ra to ry  an im a l [6], an d  th a t  th is  
effect shows th e  lin e a r  co rre la tio n  w ith  th e  lo g a rith m  o f th e  dose. T he a im  
o f th e  p resen t s tu d y  w as to  a sce rta in  w h e th e r th e  p lasm a  e x tra c t possessed  
th e  above p ro p e rtie s  so as to  e s tab lish  its  id e n tity  w ith  ca lc iton in . T he in v e s ti
g a tio n  was red u ced  to  th e  q u es tio n  w h e th e r th e  fo rego ing  actions w ere d e m o n 
s tra b le  in  th e  p la sm a  e x tra c t.
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Material arid m ethod

A n extract was prepared b y  the m ethod o f Stutridge  et al. [1] from  the plasm a of 
p a tien ts  o f either sex, betw een 20 and 40 years o f age, in  a good general condition , w ith  no 
abn orm ality  of calcium m etabolism , bone disease, or w ith  any evidence of endocrine, hepatic  
or renal disturbance. The calcium -lowering effect o f  the extract was exam ined in home-bred  
fem ale  W istar rats o f our own breed, weighing b etw een  100 and 130 g, fed on an artificial 
d ie t and starved on the la st day. The aliquot o f the extract per rat was suspended in 0.5 ml 
p h ysio log ica l saline and a 0.3 M solution o f N a H 2PO„ ( =  150 /М  N a H 2P 0 4) and injected  
in to  th e  ta il vein. The te st  anim als were killed b y  decapitation  at determ ined tim es. The blood 
o f  tw o  anim als was pooled, therefore each figure in  the tables represents the calcium  values 
in  th e  pooled sera of tw o anim als. In part o f the stu d y , individual plasm a ex tracts derived  
from  individual subjects were used. These were u tilized  im m ediately. T he calcium -lowering  
effec t o f each extract w as tested  against the values for the control anim als a t identica l tim es. 
In  th is  m anner each group treated  w ith  a given ex tra ct had its control group, and the tables 
show  paired data derived from  the te st  group receiv ing an individual ex tract and the corre
sp ond in g  control group, the respective figures being set out next to or below  each other. Since 
th e  e x tra c t was found to  m aintain  its activ ity  for a few  weeks, another series w as set up in  
w h ich  pooled extracts from  a num ber of p atien ts were used. The experim ents m ade w ith  
in d iv id u a l plasm a extracts are m arked in the tab les b y  the sample number. The doses adm inis
tered are presented in  the tab les. The serum calcium  leve l of the anim als w as estim ated  b y  
flam e photom etry (Zeiss M odel II I)  against artificial serum.

1. C alcium -lowering effect o f  the p lasm a extract

A  to ta l  o f 48 te s t  r a ts  w as in je c te d  w ith  e x tra c t in  ph y sio lo g ica l saline, 
th e  co n tro ls  w ith  saline. T h e  an im als w ere d e c a p ita te d  20, 40 a n d  60 m in u te s  
la te r . T h e  doses p e r r a t  a d m in is te red  in  th e  in d iv id u a l e x p e rim e n ts  a n d  th e  
r e s u lts  a re  show n in  T ab le  I . I t  can  be seen t h a t  in  each ex p e rim en t th e  e x tra c t 
in d u c e d  a red u c tio n  o f  th e  serum  calc ium  level as com pared  to  th e  con tro l 
a n d  th e  40 -m inu te  v a lu es  w ere below  th e  lo w est lim it of th e  n o rm a l ra n g e . T h u s, 
th e  e x tra c t  had  a calc ium -low ering  effect, a fin d in g  confirm ed  b y  th e  subse
q u e n t assays. I t  is also seen from  T ab le  I  th a t ,  in  co n fo rm ity  w ith  p u b lish ed  
ev id en ce  re la tin g  to  p o rc in e  calcium , e lev a tio n  o f th e  doses o f  e x t r a c t  w ith in  
th e  o rd e r  of m ag n itu d e  scarce ly  a ffec ted  th e  change in  th e  ca lc ium  level.

2. I s  the calcium -lowering effect o f  the p la sm a  extract affected by anorganic
phosphate ?

I t  was show n b y  H ir sc h  in  th e  r a t  t h a t  sm all in tra p e r ito n e a l doses o f  
p h o s p h a te , too  s ligh t to  a ffec t th e  se ru m  calc ium  level, e n h an ced  th e  effect 
o f  ca lc ito n in  ad m in is te red  s im rd tan eo u sly  b y  th e  in trav en o u s  ro u te  [5]. T he 
o b se rv a tio n  has th e n  been  con firm ed  a n d  even  u tilized  fo r th e  sen s itiz a tio n  
o f  c a lc ito n in  t i t r a t io n  [8]. O ne o f th e  aim s o f  th e  p resen t s tu d y  w as to  ascer
ta in  w h e th e r ano rgan ic  p h o sp h a te  w ould  s im ila rly  enhance th e  ca lc ium -low er
ing  e ffec t o f our e x tra c t. S ince in  our ex p erien ce  th is  form s a m ore  hom ogeneous 
su sp en sio n  in  th e  N a I I . ,P 0 4-co n ta in in g  so lv en t th a n  in p h y sio log ica l saline, 
th e  p h o sp h a te  so lu tio n  w as a d m in is te red  in tra v e n o u s ly  as th e  so lv e n t o f th e
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Table I

Effect on the serum calcium levels o f  rats o f  p lasm a extract suspended in saline

Sample No.
Plasm a extract 

m g/rat

Serum Ca level, mg per 

20’ 40’

00 ml

60’

Control .......................... 10.0 10.0 10.0

10.0 10.0

Treated .......................... 2 4 9.2 8.6 9.6

9.8 8.8

C o n tro l............................ 10.0 10.1

10.0 9.9

Treated .......................... 4 5 9.5 8.5

9.2 8.7

Control 10.0 10.0 10.0

10.0 9.8

Treated .......................... 3 6 9.1 8.4 9.2

8.9 8.5

C o n tro l............................ 9.9 10.0 9.9

10.0 9.8 —

Treated .......................... ] 7 8.9 8.5 9.1

8.7 8.3

C o n tro l............................ 10.0 10.1 10.0

9.8 10.0 —

Treated .......................... 5 8 8.8 8.2 9.2

8.4 8.0 —

e x tra c t  in s tead  o f th e  in tra p e r ito n e a l ro u te . I t  was th ere fo re  n ec e ssa ry  to  
ex am in e  w h e th e r u n d e r th e  g iven  e x p e rim e n ta l conditions th e  p h o sp h a te  
i tse lf  h a d  any  in fluence  on th e  se ru m  calc ium  level.

H a lf  of each  e x tra c t o b ta in e d  from  th e  sam e person was a d m in is te re d  
in  sa line  and  th e  o th e r  h a lf  as a suspension  in a 0.3 M N a H 2P 0 4 so lu tio n , each  
to  a d iffe ren t g roup  o f 20 an im a ls , in je c te d  in to  th e  ta il  vein . Tw o fu r th e r  
g ro u p s o f  20 an im als each  w ere g iven  th e  re sp ec tiv e  so lvents. T h e  an im a ls  
w ere k illed  hy b leed ing  30 m in u te s  a f te r  in jec tio n  in  con fo rm ity  w ith  th e  p ro c e 
d u re  described  h y  H irsch  [5]. T he re su lts  a re  show n in T ab le  I I .  I t  c an  be 
seen th a t  on in trav en o u s  a d m in is tra tio n  th e  p h o sp h a te  hy  itse lf  in d u c e d  a 
low ering  o f th e  ca lcium  level, th o u g h  g en era lly  n o t below th e  low est n o rm a l
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Table II

Effect on the serum calcium  level o f  rats o f saline and o f  phosphate alone and o f  p lasm a extract
suspended in saline and in  phosphate

Serum Ca level mg per 100 ml

Sample
No.

Plasm a
ex trac t
m g /ra t

Saline 0.3 M N aH 2P 0 4

Control Treated Control Treated

10 4 10.0 8.8 9.1 7.8
10.0 9.2 9.2 7.9

8 4 10.0 9.1 8.9 8.0

1
9.8 9.3 9.1 8.1

7
_ I
5 10.1 8.7 9.0 7.6

10.0 9.0 9.2 7.8

6 6 9.9 8.8 9.3 7.4

10.0 8.6 9.4 7.8

9

7
10.0 8.5 8.8 6.4

9.8 8.7 8.9 6.5

lim it. T hough  th e  e x t r a c t  suspended  in  p h o s p h a te  so lu tion  in d u ced  low er 
se ru m  calcium  levels th a n  th e  p h o sp h a te  a lo n e  o r th e  saline suspension  of 
th e  e x tra c t,  y e t th e  fa c t  t h a t  th e  so lv en t a lo n e  w as capab le  o f p ro d u c in g  a 
fa ll h as  m ade th e  p o te n t ia t in g  effect o f p h o s p h a te  inconclusive.

T hese f in d in g s  h a v e  p ro m p ted  us to  co m p are  th e  tim e  course o f  th e  ca l
c ium -low ering  e ffec t o f  th e  p h o sp h a te , o f c a lc ito n in  in  p h o sp h a te  so lu tio n , an d  
o f  ca lc ito n in  in  sa lin e  so lu tion . A m o d e ra te  e n h an cem en t o f th e  ca lc ito n in  
e ffec t is know n to  in c rea se  th e  d u ra tio n  r a th e r  th a n  th e  degree of h ypoca lcae- 
m ia  [5]. I t  w as th e re fo re  to  he expec ted  t h a t ,  i f  th e  calcium -low ering effect 
o f  th e  so lven t ceased  ea rlie r th a n  th a t  o f  ca lc ito n in , a possible p o te n tia tio n  
w ould  be revea led  b y  th e  fin d in g  o f a m ore p ro lo n g ed  a c tiv ity  of th e  e x tra c t  
su sp en d ed  in  p h o sp h a te , th a n  of th a t  su sp e n d e d  in  saline. This p ro v ed  to  he 
th e  case indeed  as sh o w n  b y  Table I I I .  A t 60 m in u te s  a fte r  in jec tio n  o f th e  
p h o sp h a te  su spension , th e  serum  calcium  lev e l w as s till reduced  w hile a f te r  
a d m in is tra tio n  o f  p h o s p h a te  alone th e  level h a d  re tu rn e d  to  its  n o rm a l v a lue . 
On com paring  th e  e ffec t o f e x tra c t in  p h o sp h a te  a n d  e x tra c t in  saline 60 m in. 
a f te r  in jec tio n  (T ab le  I ) , i t  w as found  th a t  th e  p h o sp h a te  enh an ced  a n d  p ro 
longed  th e  effect o f  th e  e x tra c t. Since, h o w ev er, th e  p lasm a e x tra c ts  in  saline 
fig u rin g  in  T ab le  I  a n d  th o se  in  p h o sp h a te  f ig u rin g  in  T ab le  I I I  h a d  been  de
riv e d  from  d iffe ren t p e rso n s , m oreover, th e  te s ts  w ere n o t done s im u ltan eo u sly , 
a n o th e r  series o f  e x p e rim e n ts  was ca rried  o u t  in  w hich  th e  sam e e x tra c t
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Table III

Effect o f  phosphate solvent and o f  plasm a extract suspended in  phosphate solvent on serum  calcium
level o f  rats, at different intervals

Sample num ber

Serum  Ca level, mg per 100 ml

M inutes after adm inistrât i on

20’ 40’ 60’ 120’

C o n tro l............................ 10.0 9.0 9.9 10.0
9.8 9.1 9.9 9.9

Treated ..........................
..........................

15 8.0 8.5 9.0 9.2

7.8 8.7 8.9 9.1

C o n tro l............................ 9.6 8.9 10.0 9.9

9.9 9.0 10.0 10.1

Treated .......................... и 7.6 8.1 8.8 9.5

8.0 8.4 9.1 9.3

C o n tro l............................ 10.0 9.1 9.9 10.0
10.0 9.1 9.8 10.0

Treated .......................... 16 7.4 8.0 8.6 8.8
7.8 8.2 8.8 —

Control 9.5 8.8 10.0 9.9

9.8 8.7 9.6 10.0

Treated .......................... 12 7.5 8.4 8.2 9.0

7.5 8.0 8.6 —

C o n tro l............................ 10.0 9.0 9.8 10.0
9.9 8.7 10.0 10.0

Treated .......................... 17 7.8 8.1 8.6 9.1

7.4 8.3 8.3 —

was ad m in is te red  in  sa line  an d  also in  p h o sp h a te  to  5-w eek-old ra ts  s im u lta 
neously , and  th e  re su lts  w ere com pared . T ab le  IV  show s th a t  a t 60 m in u te s  
•when th e  effect o f  th e  e x tra c t  suspended  in  sa lin e  a n d  th a t  o f p h o s p h a te  
alone w as over, th e  e x tra c t  suspended  in p h o sp h a te  s till m a in ta in ed  its  c a lc iu m 
low ering effect. T h u s , ano rg an ic  p h o sp h a te  p ro lo n g ed  an d  in tensified  th e  e ffec t 
o f  th e  e x tra c t in  th e  sam e m an n e r as th a t  o f  ca lc ito n in . F rom  th is  i t  fo llow ed 
th a t  if  th e  e s tim a tio n  o f  ca lc iton in  in  th e  p la sm a  e x tra c t is sensitized  w ith  
in trav en o u s  p h o sp h a te , th e  calcium  level sh o u ld  be de te rm ined  60 m in u te s  
a f te r  in jec tio n  o f  th e  e x tra c t. This is w h a t w e d id  in  th e  fu rth e r  e x p e rim e n ts .
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Table IV

E ffect o f  phosphate solvent, plasm a  extract suspended in saline and in phosphate, on the serum  
calcium  level o f  ra ts , 60 m in . after injection

Serum  calcium leve l o f  rats aged 5 weeks and 14 m onths to plasm a ex tra ct
suspended in phosphate

Serum Ca level (mg per 100 ml)

Physiological saline P hospha te  solvent

5 week old ra ts 5 week old ra ts 14 m onth old rats

Control T reated Control T reated Control Treated

9.6 9.2 9.6 8.5 9.7 10.0
10.0 9.8 9.4 8.4 9.7 9.6

9.9 9.8

9.8 9.8

9.9 9.5 9.8 8.2 10.0 10.0
10.0 9.7 10.0 8.9 10.0 9.8

9.6 9.7

9.9 10.0

10.0 9.2 10.0 9.1 9.9 10.0
10.0 9.6 1 0 .0 8 .6 10.0 9.6

9.7 10.0
9.9 9.8

10.0 9.8 9.9 9.0 10.0 9.6

10.0 9.9 10.0 8.5 9.9 9.6

9.9 10.0
9.9 10.0

3. E ffect o f  p la sm a  extract on 5-week and  14-month-old rats

C alc ito n in -h y p o ca lcaem ia  g rea tly  d ep en d s  on  th e  age o f th e  la b o ra to ry  
a n im a l. I n  fu lly  developed  n o rm a l an im als c a lc ito n in  failed to  affect th e  serum  
c a lc iu m  level w hereas in  y o u n g  anim als i t  lo w ered  i t  sign ifican tly . T h erefo re , 
o n ly  y o u n g  anim als can  be u se d  for th e  a ssay  o f  ca lciton in . T hus, we co m p ared  
th e  ca lc ium -low ering  e ffec t o f  m ixed, po o led  p lasm a  e x tra c t in  16 an im als 
ag e d  5 w eeks an d  in  32 an im als  aged 14 m o n th s  by  ad m in is te rin g  50 m g/kg  
o f  e x t r a c t  in  p h o sp h a te  so lv en t. T he co n tro ls  w ere  given th e  sam e v o lu m e  of 
p h o s p h a te . The an im als w ere  sacrificed  b y  b leed in g  60 m inu tes a f te r  in je c 
tio n . R esu lts  are show n in  T ab le  IV . In  c o n tr a s t  to  th e  d is tin c t re d u c tio n  in 
th e  ca lc iu m  level in  th e  five-w eek-o ld  an im a ls , in  th e  14-m onth-o ld  an im als
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th e  level rem ain ed  un ch an g ed . H u m a n  p la sm a  e x tra c t has th u s  p ro v ed  age- 
d e p e n d e n t, s im ilarly  to  ca lc iton in .

4. Dose-response curve o f  p lasm a extract and o f  calcitonin derived fro m  porcine
thyroid

T he calcium -low ering  effect o f  ca lc ito n in  show s a linear c o rre la tio n  w ith  
th e  lo g a rith m  o f th e  dose [7]; on th is  re la tio n sh ip  is based  th e  bio logic t i t r a 
tio n  o f  calc iton in . I t  seem ed p e r tin e n t to  co m p are  th e  p lasm a e x tr a c t  w ith  
ca lc ito n in  iso la ted  from  porc ine  th y ro id .

P o rc ine  ca lc iton in  w as ad m in is te re d  in  doses o f 10—100 — 500 an d  1000 pg  
in  th re e  series, each  dose b e ing  a d m in is te re d  to  a sep a ra te  g roup  o f  12 ra ts . 
T he p la sm a  e x tra c t w as a d m in is te red  in  doses o f  0.5, 5, 25 an d  50 m g, each  
dose to  4 ra ts . T he m ean  ca lc ium  values o b ta in e d  in response to  th e  v a rio u s  
doses o f th e  tw o su b stan ces are p re se n te d  sem i-logarithm ica lly  in  F ig . 1. W ith  
b o th  su b stan ces, th e  responses show  a lin ea r reg ression  re la ted  to  th e  lo g a rith m  
o f th e  dose. The lin e a rity  an d  p a ra lle lism  b e tw een  th e  doses of 10 an d  500 pg  
an d  0.5 an d  25 m g, resp ec tiv e ly , a t ta in e d  th e  degree requ ired  fo r e s tab lish in g  
the  id e n ti ty  w ith  ca lc iton in  o f  th e  ac tiv e  p rin c ip le  of th e  e x tra c t. A strik ing , 
o b se rv a tio n  w as th e  u n u su a l in te n s ity  o f th e  response  to  th e  m ax im a l doses 
w hen , in s tead , a red u c tio n  sh o u ld  h av e  occu rred . H ow ever, th e  b e h a v io u r  
o f th e  tw o  su b stan ces w as co n s is ten t also in  th is  re sp ec t w hich w as in te rp re te d  
as a fu r th e r  p ro o f o f th e ir  id e n ti ty , regard less o f  th e  fac t th a t  we h a v e  no 
e x p la n a tio n  for th e  p h enom enon  itse lf  ex cep t fo r a possible e x h a u s tio n  o f 
som e co m p en sa to ry  m echanism .
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Discussion and conclusions

I n  re sp ec t o f  th e  p a ra m e te rs  ex am in ed  in  th e  p re se n t s tu d y  th e  p la sm a  
e x tr a c t  p re p a re d  b y  th e  m e th o d  of St u t r id g e  e t al. b eh av ed  e x a c tly  in  th e  
sam e m an n e r as ca lc ito n in : i ts  ca lcium -low ering  effect w as enhanced  b y  a n o r
gan ic  p h o sp h a te , i t  d ep en d ed  on th e  age o f  th e  an im a l an d  th e  dose-response 
cu rv e  w as also c o n s is te n t w ith  th a t  o f ca lc ito n in . F u r th e r  evidence h as  th u s  
been  fu rn ish ed  in  s u p p o r t o f th e  id e n tity  w ith  ca lc ito n in  of th e  ac tive  p rin c ip le  
o f  th e  p la sm a  e x tra c t.  In c id e n ta lly , th e  re su lts  also allow ed to  e s tab lish  th e  
o p tim u m  tim in g  o f th e  ca lc iton in  b io assay  in  th e  case o f its  sen s itiz a tio n  
w ith  N a H 2P 0 4.

*

W e are indebted to  Dr. G. Cseh, Institute o f Pharm acological Research, for preparation  
o f the porcine calcitonin; and to  Dr. I. Juvancz, In stitu te  o f  B iom etry of the H ungarian  
A cadem y o f Sciences, for m athem atical analysis o f  the results.
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CALCITONIN-EFFECT OF HUMAN BLOOD-PLASMA
II . PLASM A CALCITONIN ACTIVITY IN  18 SU BJECTS W ITH  NO RM AL CALCIUM

METABOLISM

By

I . H olló and J . Zo m bo ry

R E S E A R C H  U N IT  OF GERONTOLOGY AND FIR ST  D EPA RTM EN T O F M ED IC IN E , M ED ICAL U N IV E R S IT Y ,
BU DA PEST

(R eceived July 11, 1969)

H um an plasm a ex tracts prepared by the m ethod o f St u t r id g e  e t al. were 
studied for calcitonin a c tiv ity  on the basis o f their calcium  level lowering e ffec t in  rats. 
All extracts prepared from  18 subjects displayed a calcitonin a c tiv ity . T he results 
em phasize the significance o f calcitonin in the m aintenance of norm al calcium  and 
bone m etabolism .

C alciton in  was re g a rd e d  as a horm one closely  invo lved  in  th e  con tro l 
o f h y p erca lcaem ia  an d  i t  w as assum ed th a t  ca lc ito n in  secre tion  d e p e n d e d  on 
th e  s tim u lu s o f h y p e rca lcaem ia . St u t r id g e  a n d  K um ar  in 1968 w ere  the  
f irs t  to  d em o n stra te  ca lc ito n in  a c tiv ity  in  n o rm a l p lasm a o f tw o  h e a lth y  
su b jec ts  [1]. A n o th e r te a m  [2] rep o rted  on five  fu r th e r  o b se rv a tio n s  in  1969. 
T hese d a ta , th o u g h  re la tin g  to  in d iv id u a l cases, d e fin ite ly  sugg ested  t h a t  the  
secre tion  o f calciton in  w as co n tin u o u s an d  th a t  th e  ho rm one h a d  a ro le in 
th e  reg u la tio n  of th e  se ru m  calcium  level an d  o f bone m etab o lism . H ow ever, 
th e  above  s tud ies on p la sm a  ca lc iton in  ca rried  o u t b y  tw o d iffe ren t m eth o d s 
in a to ta l  o f seven su b je c ts , d id  n o t seem  conclusive enough. I t  w as p a r t ic u 
la rly  in  v iew  of th e  possib le  ex is ten ce  of h y p o ca lc ito n in aem ic  d iseases (o steopo
rosis [3]) th a t  it  seem ed im p o r ta n t  to  decide th e  q u es tio n  w h e th e r a ca lc ito n in  
a c tiv ity  w as p resen t w ith  a n y  re g u la rity  in th e  p la sm a  o f su b jec ts  w ith  no rm al 
calcium  an d  bone m e tab o lism . T herefore, th e  p la sm a  ca lc iton in  leve l h as  been 
s tu d ie d  in  18 sub jec ts .

Method

The study involved su bjects o f  either sex, betw een 20 and 40 years o f  age, in  a good 
general condition, w ith no ev id en ce o f any abnorm ality o f  calcium  and hone m etabolism  or 
o f any disease o f the endocrine organs, liver and kidney. The plasm a extract w as prepared 
from fasting plasm a by the m eth od  o f S t u t r i d g e  et al. [1]. The calcitonin effect o f  th is extract 
has been dem onstrated in the literature and confirmed by our previous study [4]. A c tiv ity  of 
the extract was estim ated b y  its  calcium -lowering effect. Fem ale W istar rats o f  our own 
breed, betw een 100 and 130 g bod y w eight, fed on an artificial d iet, were used after a 24-hour 
fast. Groups of four animals were form ed. Each group received plasm a extract obta ined  from 
a different subject. The dose w as 2.5 m g per animal in 0.5 ml o f  a 0.3 M N a H 2P O , solution , 
injected into the tail vein. The controls were given the sam e volum e of the so lvent. 60 m inutes 
after the injection  the anim als were killed by decapitation . B lood from tw o anim als was 
pooled; therefore, each value show n in Table I stands for two rats. E xtracts prepared from 
the plasm a o f several patients were tested  against a com m on control group. T he a c tiv ity  of
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Table I

Effect o f hum an p la sm a  extract on serum  calcium  level o f  rats

No.

S erum  calcium level, mg 
per 100 ml

Difference in mean 
serum  calcium level

T re a ted Controls contro l animals, 
pe r cent

1 .
7 .9
8 .3 -  1 7 .4

2.
8.1
8 .5

1 5 .4

3 .
8.1
8 .5 10.0 -  1 5 .4

4 .
8 .3
8 .7 9 .6 -  1 4 .1

5 .
7 .6
8.0 —  2 1 .3

6.
8.2
8.8

10.0
9 .8

1 4 .2

7 .
8.2
8 .4 9 .8 - 1 5 .4

8 .
8.6
7 .8

9 .8
1 6 .4

9 .
8.2
8.6 9 .6 11.6

10.
8.2
8.2

9 .4
-  1 3 .7

11.
8.1
8 .5

9 .6
10.0 -  1 5 .8

12.
7 .6
8.2 10.0 —  2 0 .3

1 3 .
8.6
8.0

9 .8
—  1 6 .2

1 4 .
8.8
8.8

10.0
10.0 —  1 2 .0

1 5 .
9 .0
8.6

9 .8
10.0 -  1 1 .2

1 6 .
8.1
8 .3

9 .8
9 .8 1 6 .4

1 7 .
7 .8
8 .4

9 .4
9 .6 1 4 .8

1 8 .
8.1
7 .9

10.0
9 .6

—  1 8 .4
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the plasm a extract was expressed by com paring th e  calcium  levels o f the anim als treated  
by plasm a extract w ith  the calcium  level o f untreated  controls. Plasm a calcium  w as estim ated  
by flam e photom etry (Zeiss, Model III) against artificial serum.

R esu lts, d iscussion

R esu lts  a re  show n in  T ab le  I. I t  can  be  seen th a t  th e  p la sm a  e x tra c ts  
o f  all su b jec ts  induced  hypocalcaem ia  in  th e  r a ts .  T he resu lts su p p o r te d  th e  
claim  th a t  ca lc ito n in  occurs n o rm ally  in  th e  p lasm a  of in d iv id u a ls  w ith  a 
no rm al calcium  m etab o lism  an d  th a t  its  a c t iv i ty  is closely invo lved  in  th e  reg u 
la tio n  o f  calcium  hom eostasis an d  bone m etab o lism .
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PULMONARY LIPID METABOLISM IN EXPERIMENTAL
FAT EMBOLISM

By

E .  VÁ NDO R and E rzséb e t A n d a

NATION A L IN ST IT U T E  OF TRAUMATOLOGY, BU DA PEST 

(R eceived  July 24, 1969)

Pulm onary lip id m etabolism  and its changes after fat em bolisation have been 
studied in the dog. L ipoprotein lipase activ ity  in outflow ing  arterial blood was higher 
than  in inflow ing venous blood. On em bolisation, a tendency to a further increase 
in A V difference could be established. In the controls, the serum lipase level did 
not show any change during the experim ental period; triolein adm inistration induced  
insignificant changes. The lungs could not have p layed  any role in  the insignificant 
increase in a c tiv ity . The free fa tty  acid level rose continuously  in both the control and 
the experim ental groups. After triolein adm inistration the consequent, bu t statistically  
not significant A —У difference o f the controls disappeared. After 131I-triolein adm inistra
tion, radioactivity o f the lipid fraction in the blood revealed a V —A difference, indi
cating a triolein consum ption by the lungs. The tota l fa tty  acid level was significantly  
higher in the ernbolised anim als th an  in the controls. Since free fa tty  acid and triolein  
could not account for such a great increase, other lip ids had to be taken into  consider
ation as a source of the excess fa tty  acids. The experim ents revealed th a t after a fat 
loading specific and aspccific changes occur in pulm onary fat m etabolism . To the first 
category belong changes in endogenous lipoprotein lipase activ ity  and free fa tty  acid 
m etabolisation in the lungs, w hile to the second group, the e levation  o f the plasm a  
to ta l fatty acid level.

T he im p o r ta n t ro le o f th e  Jungs in  e x p e rim e n ta l fa t  em bolism  has been 
estab lish ed . In  th e  p re se n t s tu d ies  an  a tte m p t h as  been  m ade to  c o rre la te  th e  
changes in th e  a c t iv i ty  o f som e o f th e  c h a ra c te r is tic  lip id  enzym es o f  lung 
tissu e  an d  th e  ev en ts  o f  em bo lisa tio n . B y th is  m ean s th e  possible ro le o f the 
lip id  enzym es cou ld  be estab lish ed . On th e  o th e r  h an d , fa t  em b o lisa tion  
p ro v e d  to  be a good m odel for d e m o n s tra tin g  th e  response p a t te r n  o f th e  
p u lm o n a ry  lipid sy s tem  to  a g iven  stim u lu s, i.e. to  te s t  th e  re g u la tin g  cap ac ity  
o f  th is  system .

M ethods

T he experim ents were carried out on male mongrel dogs weighing 25 kg on the average, 
after a starvation period o f 20 hours. Under pentobarbital anaesthesia (30 m g/kg) arterial 
sam ples (A )  were drawn from the le ft carotid artery, w hile m ixed venous blood ( V )  was 
taken by means of a catheter introduced into the right ventricle. Blood pressure was re
corded by a mercury m anom eter in the right femoral artery. To prevent blood clotting the 
cannula was filled w ith  isotonic citrate solution instead o f using heparin, for the latter  
substance would have interfered w ith  the determ ination o f  endogenous lipoprotein lipase. 
Sam ples were taken at the time of cannulation and then at 1 hour intervals through a 6 
hour period.

After the first control sam ples having been taken, non-em ulgeated triolein containing  
131I was administered in a dose of 0.5 m l/kg into the saphenous vein. The injection  was 
accom plished w ithin one m inute. The dose caused an em bolism  of m edium  degree.

The control anim als were subjected  to all the above procedures except embolisation*
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Table I
A c tiv ity  o f  endogenous lipoprotein lipase, serum lipase, and plasm a  

Hour s  j O  1 2

E n d o g e n o u s  lip o p ro te in

I.

A
x  ±  S. E. 1.22 ±  0.14 1.39 ±  0.26 1.47 ±  0.15 P,

V
X ±  S. E. 1.05 ±  0.13 1.02 ±  0.16 0.95 ±  0.15 P t

II .

A
X ±  S. E. 1.22 ±  0.14 1.32 ±  0.14 1.69 ±  0.17 Pj, P 2

V
X ±  S. E. 1.05 ±  0.13 1.08 ± 0 .1 6 1.17 ±  0.14 P,

Serum Jipase

I.

A
X ±  S. E. 191 ±  45 194 ±  53 194 ±  65

Y
x  ±  S. E. 183 ±  45 196 ±  58 1 9 1 ±  53

и .

A
5  ±  S. E. 191 ±  45 250 ±  98 359 ±  105

V
X f  S. E. 183 ±  45 252 ±  88 354 dz HO

Percentual changes in free

I.

<! W
 

cn-H1 X 102.0 ±  3.9 123.9 ±  7.6 P , 151.0 ±  11.8 P 2

V
x  ±  S. E. 100.0 ±  2.9 145.4 ±  14.7 P , 171.6 ±  26.7 P 2

i l

A
X ±  S. E. 102.0 ±  3.9 153.3 ±  20.5 P 2 176.1 ±  20.2 P 2

V
X i  S. E. 100.0 ±  2.9 159.5 dz 15.3 P 2 187.6 ±  18.7 P 2

Percentual changes in radioactivity of

и .

A
X ±  S. E. 90.2 ±  2.4 Pj 85.0 ±  3.0

V
X ±  S. E. 100.0 ±  2.9 P, 87.5 ±  2.6 P 2

Percentual changes in to ta l fa tty  acid

I.

A
X ±  S. E. 100.0 ±  20.1 137.0 ±  20.4 136.0 ±  29.6

V
X ±  S. E. 114.1 ±  14.6 126.5 ±  6.9 131.1 ±  12.7

и .

A
x  ±  S. E.

.
100.0 ±  20.1 117.0 ±  8.7 127.0 ±  19.0

V
X ±  S. E. 114.1 ±  14.6 126.3 ±  3.4 144.1 ±  15.8

I =  control group; II  =  experim ental group. A — arterial sample; Y =  venous sample.



PULMONARY LIPID METABOLISM 175

free  fa t ty  acid levels,  l ip id  bound radioactivity ,  and total fa t ly  acids

3 4 5 6

lip ase  a c tiv ity

1.48 ±  0.22
1.35 ±  0.30 1.04 ±  0.27 1.41 ±  0.28

1.12 ±  0.23 1.14 ±  0.27 1.91 ±  0.20 1.27 ±  0.19

1.63 ; 0.19 1.67 ±  0.17 P 2
1

1.26 ±  0.14 1.22 ±  0.10

1.13 ±  0.18 1.31 ±  0.25 1.09 ± 0 .1 3 0.97 ±  0.15

a c tiv ity

187 ±  53 184 ±  63 164 ±  52 180 ±  53

187 ±  54 180 ±  55 180 ±  66 188 ±  65

282 ±  114 275 ±  83 254 ±  70 243 ±  82

305 ±  98 243 ±  78 241 ±  81 2 4 1 ±  81

f a t ty  acid con ten t of p lasm a

146.8 ±  11.7 P 2 185.1 ±  29.0 P 2 219.5 ±  31.3 P 2 206.1 ±  8.0 P 2

183.6 ±  34.0 P 2 221.0 ±  14.7 P 2, P 3 222.8 ±  46.9 P 2 242.3 ±  58.0 P 2

186.5 ±  12.5 P 2 155.4 ±  20.9 P 2 235.0 ±  47.4 P 2 205.1 ±  31.6 P 2

177.3 ±  21.2 P.. 160.8 ±  21.7 P 2, P., 222.0 ±  25.0 P 2 199.0 ±  33.1 P 2

lip id  frac tio n  of p lasm a

80.5 ±  2.2 P 2 80.1 ±  2.4 P 2 74.5 ±  3.1 P 2 72.6 ±  2.9 P 2

82.1 ±  2.1 P 2 82.3 ±  2.7 P 2 77.4 ±  1.8 P 2 75.0 ±  2.5 P 2

c o n te n t o f plasm a

146.0 ±  22.4 142.0 ±  21.3 152.0 ±  15.4 134.0 ±  21.5

140.1 ±  15.7 125.1 ±  18.3 130.1 ±  13.9 131.1 ±  14.8

164.0 ±  32.4 186.0 ±  32.7 P 2 166.0 ±  16.1 P 2 185.0 ±  16.8 P.,

165.1 ±  20.6 P 2 196.1 ± 3 1 . 4  P 2 187.1 ±  28.8 P 2 191.1 d 22.5 P 2

For explanation, see methods and calculations.
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Chemical analysis

Endogenous lipoprotein lip a se .  As reported by Cse h  and Szabó (1963), th is enzym e 
is  a c t iv a te d  by blood clo tting; th is  allows to determ ine enzym e activ ity  w ithou t previous 
adm in istra tion  of heparin.

T h e  activity o f lip oprotein  lipase was determ ined in  freshly clotted sera according 
to  S za bó  and Cseh  (1963). T he b lood  samples were defibrinated  im m ediately and centrifuged. 
E n z y m a tic  activity was tested  b y  th e  manometric m eth od  o f Sa il e r  et al. (1961); activ ity  
w as expressed  in terms o f f M  C O , released from 1 m l serum  at 37 °C and pH  8.2, during 
one hour.

S e ru m  lipase  activ ity  w as determ ined by the m eth od  o f W eber  (1965), and expressed  
b y  fiM  N aO H  equivalent to  th e  q u a n tity  of fatty acids se t free from 1 liter o f serum  during 
1 m in .

F ree fa tty  acid  content o f  heparinized plasma w as determ ined by the m ethod of D ole 
(1 9 5 6 ). In  view  of ind ividual d ifferences, the mM/1 va lu es were expressed in  percentage of 
th e  in it ia l  V value for each dog. T he average of the in itia l va lues am ounted to 0.470 +  0.013 
mM/1 in  Y  plasmas, and to  0 .480  +  0.018 mM/1 in A  p lasm as.

T ota l fa tty  acids  were determ ined  in heparin-treated plasm a by  the m ethod o f D ole 
and M ein er tz  (i960). mM/1 v a lu es were expressed in per cen ts o f the in itial A  values. The aver
age in it ia l  value was 12.20 +  2 .45 mM/1 for A plasm a, and 13.95 +  2.04 mM/1 for V plasm a.

1311-triolein.  The adm inistered  0.5 ml/kg of triolein contained 80— 100 fiC  of 131I-labelled  
tr io le in . R adioactivity was assayed  in  the lipid fraction o f  the plasma. In each dog cpm /m l 
v a lu e s  for the lipid fraction at 6 0  m inutes were considered 100% , to which were related the  
v a lu e s  for the subsequent sam p les. A ctiv ity  was tested  b y  a thallium  activated  vacuum  N a l  
c ry s ta l detector.

Calculations.  Values in  T ab le  I represent the averages obtained by sum m ing up the 
in it ia l  va lues for both the contro l and the experim ental groups (0 values in  Table 1). Signifi
cance w as calculated by S tu d en t’s t  test. The values were considered significant w hen p <  5%.

Significance was te sted  b etw een  corresponding A  and Y values w ithin one group, as 
w e ll as th e  deviation of th ese  v a lu es  from their own 0 va lu es. Significance w as tested  also 
b e tw e en  the corresponding va lu es for the experim ental and the control groups. I f  a significant 
d ifferen ce  occurred in the m ean v a lu es in these three relation s, it  was denoted by P lt P 2 and 
P 3, respectively , in the colum n o f  corresponding m ean va lu es in Table I.

131I triolein and serum  lip ase  were determined in  control and em bolised groups, each 
co n ta in in g  8 animals, w hile groups o f 5 animals served for free fa tty  acid, lipoprotein lipase 
an d  to ta l  fa tty  acid determ ination .

Results

E x p e rim e n ta l d a ta  a re  sum m arized  in  T a b le  I. T he changes in  th e  p a ra m 
e te r s  s tu d ie d  were as fo llow s.

Endogenous lip opro te in  lipase  ac tiv ity  in  b o th  th e  co n tro l an d  th e  ex p e ri
m e n ta l  groups show ed in  th e  A  sam ples an  in c re a se  as com pared  to  th e  in itia l 
v a lu e  (F ig . 1). In  each  case  th e  A values w ere h ig h e r  th a n  th e  co rrespond ing  
Y  v a lu e s . The increase  o f  A  v alues becam e m o re  p ronounced  a f te r  trio le in  
a d m in is tra tio n . T he A —Y  difference in en zy m e a c tiv ity  m ay  be in d ica tiv e  
o f  t h e  ac tiv e  role of th e  lu n g s  in  ac tiv a tio n  a n d /o r  release o f th e  enzym e.

Serum  lipase. T h e  co rresp o n d in g  A an d  V  v a lu e s  of th e  co n tro l g roup  did 
n o t  d e v ia te  from  each  o th e r  (F ig . 2). The tr io le in  d id  n o t induce  an y  difference 
b e tw e e n  a rte ria l and  v e n o u s  v a lu es , a lthough  a n  in s ig n if ican t increase  occurred  
in  b o th  values. T hus th e  lu n g s  do n o t have a n y  specific  in fluence on th e  reg u la 
t io n  o f  serum  lipase a c t iv i ty .

Free fa tty  acids. I n  th e  co n tro l groups th e re  w as no sig n ifican t difference 
in  f re e  fa t ty  acid c o n te n t  be tw een  a rte ria l a n d  venous b lood , th o u g h  th e  
v e n o u s  values w ere c o n se q u e n tly  higher (F ig . 3). D uring  th e  course o f th e
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Fig. 1. Endogenous lipoprotein lipase a c tiv ity . Broken lines: activ ity  in venous serum . Solid
lines: a ctiv ity  in arterial serum

Fig. 2. Serum lipase ac tiv ity . Broken lines: activ ity  in ven ou s serum. Solid lines: a c tiv ity  in
arterial serum

Fig. 3. P lasm a free fa tty  acid level. 0 hour values for venous plasma were considered 100%» 
to which all the subsequent values were related . B roken lines: venous plasm a. Solid  lines:

arterial plasm a
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e x p e r im e n t, a r te ria l as w ell as venous free f a t t y  ac id  levels w ere r is in g  c o n tin 
u o u s ly . T h is rise w as s ig n if ican t s ta tis tic a lly  as co m p ared  to  th e  in i t ia l  v a lu es ; 
tr io le in  a d m in is tra tio n  d id  n o t  a lte r th is  t r e n d .

T h e  A —Y d ifference fo u n d  in th e  c o n tro l g ro u p  dim inished a f te r  tr io le in  
a d m in is tra t io n . T hus, th e  con tin u o u s f a t ty  a c id  consum ption  b y  th e  lungs 
seem s to  be b locked  b y  em bolisa tion .

F ig. 4 . R ad ioactiv ity  in arterial and venous plasm a lip id  fractions after m I-triolein adm inistra
tion. Broken line: venous plasm a. Solid  line: arterial plasm a

F ig. 5 . P lasm a total fa tty  acid content. The 0 hour v a lu es for arterial plasm a were considered  
100% , to  which all the subsequent values were related . Broken lines: to ta l fa tty  acid content 

in venous plasm a. Solid lines: total fa tty  acid  content in arterial p lasm a

131 I-trio lein . T he  ra d io a c tiv ity  o f th e  l ip id  frac tion  w as a lw ay s h ig h er 
in  th e  ven o u s th a n  in  th e  a r te r ia l  sam ples (F ig . 4). This Y —A d iffe rence  p ro v ed  
to  b e  s ig n ifican t in  th e  f ir s t  hou r. A c tiv ity  in  b o th  th e  a rte ria l a n d  th e  venous 
sa m p le s  decreased  g ra d u a lly  during  th e  e x p e rim e n t. The V —A d ifference 
in d ic a te d  an  ac tiv e  m e ta b o lisa tio n  o f tr io le in  b y  th e  lungs. T he co n tin u o u s  
d e c re a se  in  a c tiv ity  d u rin g  th e  ex p erim en t m ig h t have been c o n n e c te d  w ith
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th e  c o n s ta n t e lim in a tio n  o f  131I-trio le in  b y  o rg an s  o th e r th a n  th e  lu n g s . I f  
considering  p lasm a vo lum e to  am o u n t to  41 m l/k g , 1 .8%  of th e  labelled tr io le in  
could be  d e tec ted  in  th e  f irs t  hour in  th e  lip id  f ra c tio n  of A as c o m p a re d  to  
1 .6%  fo r V.

T ota l fa t ty  acids d isp lay ed  no s ig n ifican t A —Y  difference e ith e r  in  th e  
con tro ls  or in  th e  e x p e rim e n ta l group (Fig. 5). W h ile  in  th e  con tro l g ro u p  no 
s ig n if ican t increase in  b lood  to ta l  fa t ty  acid  lev e l could  be d e m o n s tra te d , in  
th e  e x p e rim e n ta l g roup  th e  increase becam e s ig n if ic a n t by  th e  3rd  h o u r . T h is 
la t te r  change could  n o t be due  to  th e  e lev a ted  free  f a t ty  acid level, n e i th e r  
to  th e  a d m in is te red  trio le in  itself.

D iscussion

T h e  role o f th e  lungs in  fa t  em bolism  h a s  b een  stud ied  by  a n u m b e r  
of a u th o rs . I n  trio le in  em bolised  ra ts  P a r a d e s  e t al. (1965) e s ta b lish e d  a 
f ilte r in g  ac tio n  o f th e  lungs. W hile of in g es ted  tr io le in  th e  lungs c o n ta in e d  
67 — 7 0 % , th e  sh are  in  o th e r  organs never su rp a sse d  1% . The s im u lta n e o u s  
accu m u la tio n  o f free 131I  in  th e  th y ro id  allow ed to  conclude to  an a c tiv e  m e ta -  
b o lisa tio n  o f tr io le in  b y  th e  lungs. H olczabek  (1964) observed in fa t  em b o lism  
an  in crease  in  th e  to ta l  e x tra c ta b le  lipids o f p u lm o n a ry  tissue; th is w as ch ie fly  
due to  an  increase  in  th e  trig ly cerid e  fra c tio n . S zabó  e t al. (1967) fo u n d  a 
ra p id  u p ta k e  b y  th e  lungs o f  54—75%  o f th e  tr io le in  in jected . H ü l s m a n n  
e t al. (1964) d e m o n s tra te d  a lipo ly tic  a c t iv i ty  in  th e  lungs of ra ts . T h is  lipo- 
lysis m u s t h av e  been  due to  a t  least tw o ty p e s  o f  enzym e as in ferred  fro m  th e  
ac tio n  o f  p h en o th iaz in e  de riv a tiv es . A r m st r o n g  e t  al. (1967) o b se rv e d  an  
increase  in  p u lm o n a ry  lipase  a c tiv ity  in  r a ts  w ith  fa t  em bolism . T h is  w as 
con firm ed  b y  Szabó  e t al. (1967) in th e  ra b b i t .  A ccording to  K o r n  (1959), 
th e  lungs belong  to  lip o p ro te in  lipase c o n ta in in g  tissu es . H e in e m a n n  (1960) 
found  in  th e  lungs o f ra b b its  free f a t ty  acids, in d ic a tiv e  of lipo ly tic  a c t iv i ty .  
Ma l l o w  and  Ce r a  (1967) d em o n stra ted  lip o p ro te in  lipase a c tiv ity  in  th e  
m y o ca rd iu m  o f ra ts .

I n  th e  p re sen t ex p erim en ts , lip id  m e ta b o lism  an d  its changes a f te r  f a t  
em b o lisa tion  have  been  s tu d ie d  in  vivo. T h e  A —Y  difference of se v e ra l lip id  
p a ra m e te rs  in  system ic  b lood  was in d ica tiv e  o f  a n  ac tiv e  role of th e  lu n g s  in  
lipid m e tab o lism . As to  endogenous lip o p ro te in  lip a se , its  ac tiv ity  w as h ig h e r  
in a r te r ia l  th a n  in venous b lood , in d ica tin g  a c o n s ta n t  release o f  th e  en zy m e 
by  th e  lungs. T he lungs m ay  th u s  he consid ered  one o f th e  chief so u rces  of 
b loodborne  lip o p ro te in  lipase a c tiv ity . E m b o lisa tio n  seem ed to  elicit a f u r th e r  
release o f  th e  enzym e or o f one of its  a c tiv a to rs  fro m  th e  lungs, as su g g es ted  b y  
th e  s ig n if ican tly  increased  enzym e a c tiv ity  in  a r te r ia l  blood in th e  2 n d  a n d  
4 th  h o u rs. T he fac t th a t  th e  lungs overloaded  b y  tr io le in  exh ib ited  an  in c rea sed
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e n z y m e  a c tiv ity  m ay  su g g est a possible re g u la to ry  function  o f  th e  lu n g  in  
l ip id  m etabo lism .

I n  th e  p resen t s tu d y , trio le in  a d m in is tra tio n  failed to  e lic it a n y  sig n ifi
c a n t  in c rea se  in  th e  A —У difference o f se ru m  lipase. Thus, in  c o n tr a s t  w ith  
th e i r  e ffec t on lip o p ro te in  lipase, th e  lungs p la y  no  active role in  th e  re g u la 
t io n  o f  se ru m  lipase a c t iv i ty . The a p p a re n t in c re a se  in  serum  lip ase  a c t iv i ty  2 
h o u rs  a f te r  em bolisation  w as n o t s ign ifican t s ta tis tic a lly . T herefo re, in  c o n tra s t  
to  o th e r  au th o rs , we cou ld  n o t  estab lish  a n y  dec isive  a lte ra tio n  o f  th is  enzym e 
in  f a t  em bolism .

P e l t i e r  and  S cott (1957), a fte r a d m in is te r in g  hum an  n e u tra l  f a t  in t r a 
v e n o u s ly  to  dogs, o b se rv ed  an  e levation  o f  th e  serum  lipase level. H ow ever, 
a s c ru t in y  o f these  d a ta  reveals no s ig n if ic a n t change in  th e  se ru m  lipase 
lev e l. A rmstrong  e t al. (1967) found  a s ig n if ic a n tly  increased a c t iv i ty  in  th e  
lu n g s  48 hours a fte r tr io le in  ad m in is tra tio n .

I n  th e  p resen t s tu d ie s  th e re  was no s ig n if ic a n t difference in th e  p lasm a  
free  f a t t y  acid level b e tw e e n  th e  tw o g ro u p s . T h u s, em bo lisa tion  seem s to  
h a v e  n o  effect on th e  free  f a t ty  acid level. A s fa r  as A —Y d iffe ren ces are  
c o n c e rn e d , in  th e  co n tro l g roup  a co n seq u en t b u t  s ta tis tica lly  n o t  s ig n if ic a n t 
d iffe re n c e  could be e s ta b lish e d , w hich d isa p p e a re d  on em bolisa tion . T h is  m ay  
in d ic a te  a free f a t ty  ac id  co n sum ption  o f  th e  lu ngs, w hich d isa p p e a rs  a f te r  
e m b o lisa tio n .

T h e  sign ifican t e lev a tio n  of th e  free f a t t y  acid level d u rin g  th e  p lasm a  
m e n t in  b o th  th e  c o n tro l a n d  th e  e x p e rim e n ta l g roups should be a sc r ib e d  to  
th e  su rg ica l tra u m a tiz a tio n . This in  its e lf  le a d s  to  increased c a te c h o lam in e  
lev e ls  ( F r a n k so n  e t al. 1954; B irk e  e t a l. 1958). On th e  o th e r h a n d , c a te 
c h o la m in e s  are know n to  induce a re lease  o f  free fa tty  acids ( D o le  an d  
M e i n e r t z  1960; Go r d o n  an d  Ch e r k e s  1956). W adström  (1958) a c tu a lly  
d e m o n s tra te d  a free f a t ty  ac id  release in  th e  p la sm a  of p a tien ts  d u rin g  su rg ica l 
t r a u m a ,  as well as in  tr a u m a tiz e d  ra ts , Ca r l s o n  an d  L il je d a h l  (1963) fo u n d  
a s im ila r  increase in  tra u m a tiz e d  dogs.

T h e  to ta l  f a t ty  acids d id  no t change s ig n if ic a n tly  in th e  c o n tro l an im als , 
e i th e r  in  a rte ria l or in  v en o u s  blood and  no A —Y  difference could be e s tab lish ed . 
T h o u g h  trio le in  a d m in is tra tio n  failed to  in d u c e  any  A —V d iffe rence, b o th  
th e  a r te r ia l  and  th e  v en o u s levels rose s ig n if ic a n tly  as com pared  to  th e  in itia l 
v a lu e . T h e  elevation  o f  th e  to ta l  fa t ty  acid  lev e l m ay  be ascribed to  a m o b ilisa 
t io n  o f  lip ids as a d ire c t consequence o f th e  trio le in  loading in  th e  fo rm  o f 
e m b o lisa tio n . A m o b ilisa tio n  of pho sp h o lip id s  an d /o r cholesterol e s te rs  m ay  
a lso  b e  suspected . T he rise  in  to ta l  f a t ty  ac id s  could no t be a sc rib ed  to  free 
f a t t y  ac id  or trio lein  a d m in is tra tio n , since th e s e  alone could n o t h a v e  a c c o u n te d  
fo r  th e  increase. The in c rea se  in free f a t ty  ac id s  w as sim ilar in  th e  tw o  groups, 
a m o u n tin g  to  0.5 mM/1 on  th e  average. O n th e  o ther h an d , th e  c irc u la tin g  
a m o u n t  o f trio lein  or i ts  f a t ty  acid frac tio n  w as n o t  more th a n  0.8 — 0.9 mM/1,
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as show n b y  th e  ra d io a c tiv ity  assays. A t th e  p e a k  o f  to ta l  f a t ty  acid increase , 
th e  level exceeded  th e  contro l b y  7.2 mM/1 w h ich  w as obviously  in  excess 
o f  th e  0.9 mM/1 p o ssib ly  o rig in a tin g  from  trio le in .

In  th e  r a b b it ,  e leva ted  se ru m  g lyceride a n d  phospho lip id  levels w ere 
o b served  to  follow  tra u m a tis a tio n  ( J o h n so n  a n d  W adström  1965). W hile  
no  change was fo u n d  in  th e  p lasm a p h o sp h o lip id  a n d  g lyceride levels in  t r a u m a 
tiz e d  ra ts , a decrease  o f these  v a lu es  was c h a ra c te r is tic  o f hu m an s exposed  
to  su rg ical tra u m a  (W adström  1958). On s tu d y in g  th e  elim ination  of a rtif ic ia l 
f a t  em ulsion from  th e  p lasm a, H a l l b e r g  (1965) e s tab lish ed  a p ro found  change 
in  endogenous p la sm a  trig lycerides.

T he p re sen t s tu d ies  revealed  an  e lim in a tio n  o f th e  ad m in is te red  tr io le in ; 
b y  th e  end  o f th e  f ir s t  hou r, 1 .8%  o f th e  dose a d m in is te re d  could be d e te c te d  
in  th e  c ircu la tion . T h is was in ag reem en t w ith  th e  d a ta  o f Szabó e t al. (1967) 
w ho de tec ted  in  ra b b its  1%  of th e  a d m in is te re d  a m o u n t of trio le in . T he V —A 
difference w hich ex is ted  as long as 6 h ou rs to g e th e r  w ith  th e  c o n tin u o u s  
decrease in th e  131I-tr io le in  level th ro u g h o u t th e  ex p e rim en t, w ere in d ic a tiv e  
o f an  active trio le in  consum ption  b y  p u lm o n a ry  tissu e .

T he p resen t re su lts  m ay suggest th e  fo llow ing p a tte rn  o f lip id  m e tab o lism  
re g u la tio n . E ach  lo ad  stim u lus m ay  e lic it a d o u b le  response  o f fa t m e tab o lism , 
a specific and  an  aspecific  one. T he h igh  degree o f  to ta l  fa t ty  acid m o b ilisa tio n  
as d em o n stra ted  in  th e  p resen t ex p e rim en ts  m a y  belong  to  th e  la t te r  ca teg o ry . 
O n th e  o th e r h a n d , a ten d en cy  to  increase  th e  o u tp u t  o f  endogenous lip o p ro te in  
lipase  from  th e  lu n g s m ay  re flec t an  o rg an o tro p ic  effect o f th e  sam e s tim u lu s . 
A lth o u g h  s ta tis t ic a lly  n o t sig n ifican t, th e  te n d e n c y  to  decrease th e  A —V 
difference of free f a t ty  acids in th e  lungs m ay  he  considered  a n o th e r specific ,
i.e. local, effect. I n  th e  p resen t ex p e rim en ts , se ru m  lipase did n o t seem  to  
p a r tic ip a te  in  th e  reg u la to ry  p a t te rn  follow ing fa t  em bolism . T hus, e x p e ri
m e n ta l fa t em bolism  is followed b y  b o th  local a n d  general changes o f  fa t  
em bolism .
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EFFECT OF PINEAL BODY ON THYROID-THYMES
CORRELATIONS

13,I U P T A K E  B Y  RAT THYM US A N D  SALIVARA" GLAND

By

G. Cs a b a , I. Réti and J. F is c h e r

IN ST ITU TE OF HISTOLOGY AND EM BRYOLOGY, SEM MELW EIS M ED ICAL UNIV ERSITY ', AND IN STITU TE OF 
MATHEMATICAL R ESEA R C H , HUNGARIAN ACADEMY O F SCIEN CES, BUDAPEST

(R eceived July 24, 1969)

The effects o f  pinealectom y, thyroidectom y and T SH -adm inistration on iodine  
uptake by the thym u s and the submandibular gland have been studied and the m utual 
relations of these organs have been analysed m athem atica lly , using m I as indicator. 
Iodine uptake by the thym u s was approxim ately one and a half tim es that by the  
subm andibular gland, and showed variations depending on the intervention. P ineal
ectom y increased thyroid  iodine uptake; the sam e in tervention  or thyroidectom y  
reduced thym ic iodine uptake. TSH  did not affect iodine uptake by the thym us or 
by the subm andibular gland but enhanced it after pinealectom y and thyroidectom y. 
W hile TSH is regarded as the prim ary, and the p ineal body as the secondary, regulator 
o f thyroid iodine m etabolism , for the thym us and the salivary glands the reverse is 
believed to be true. The possible mechanism of these effects is discussed and connected  
w ith  the relationship betw een the pineal body and the branchiogenic organs as well 
as w ith the m utual relations of the individual branchiogenic organs.

I t  has been show n [2 — 5, 9] th a t  th e  p in ea l b o d y  reg u la tes  th e  fu n c tio n s 
of th e  branch iogen ic  endocrine  organs. In  ag reem en t w ith  th e  resu lts  of o th e r  
w orkers [7, 8, 12] we fo u n d  a f te r  p inealec tom y  a s ig n if ic a n t e levation  in  th e  
iodine u p tak e  b y  th e  th y ro id  an d  succeeded in  d e m o n s tra tin g  th a t  p inea lec tom y  
was follow ed b y  a decrease  in  p a ra th y ro id  fu n c tio n  [9]. In  o th e r stud ies [5] 
we fo u n d  th a t  th e  b ran ch io g en o u s endocrine o rg an s h a d  th e  c a p ac ity  of 
su b s ti tu tin g  one a n o th e r ’s fu n c tio n , for in s tan ce  th e  th y m u s  p roved  to  be a 
m ore im p o rta n t re g u la to r  o f calcium  m etabo lism  th a n  th e  p a ra th y ro id  itself. 
T he ex istence o f close co rre la tio n s betw een  th e se  b ranch iogen ic  organs is 
in d ica ted  also b y  th e  tra n s fo rm a tiv e  cap ac ity  o f  th y m ic  cells [13, 15] as acin i 
o f  th y ro id a l c h a ra c te r  h av e  been  d em o n stra ted  in  th e  th y m u s  u n d e r n o rm al 
cond itio n s, an d  especia lly  a f te r  th y ro id ec to m y .

All these  w ere considered  to  m ean th a t ,  s im ila rly  to  th e  th y ro id , th e  
th y m u s  is also cap ab le  o f  iod ine  u p tak e  an d  o f  ta k in g  over th e  fu n c tio n s o f 
th e  th y ro id  a fte r  th y ro id e c to m y . The p re sen t s tu d y  w as in te n d e d  to  c larify  
th is  p rob lem , co n sid e ra tio n  being  given to  th e  re g u la to ry  role o f th e  p inea l 
b o d y  a n d  to  th e  possib le  in fluence  o f T SH  on th e  th y m u s .

Material and method

Sixty  male W istar CB rats o f a home-bred strain, w eighing betw een 200 and 250 g 
were used. The animals were kept on standard com pressed rat food (Lati-G ödöllő) containing  
400 /tg/kg KI. W ater w as allow ed ad libitum.
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T he follow ing eight groups o f 7 or 8 anim als each were set up.
Controls,
T hyroidectom y,
P inealectom y,
T hyroidectom y pinealectom y,
T SH -treatm ent,
T hyroidectom y +  T SH -treatm ent,
P inealectom y +  T SH -treatm ent,
T hyroidectom y +  p inealectom y -f- T SH  treatm ent.
T he operations were perform ed under ether anaesthesia. For haem ostasis, fibrin  foam  

w as used . Success o f the operation was checked after sacrifice o f the anim als and, i f  necessary, 
b y  h isto log ic  study.

E stim ation  of iodine uptake w as undertaken by the isotope technique, tw o m onths 
after p inealectom y; 10 days before, th yroidectom y was performed. In  the respective  groups 
T SH  (Am binon-O rganon) was adm inistered in a single dose of 1 IU /100 g body w eight 24 hours 
before isotope adm inistration.

Isotope study

T he animals were given 12.5 //(.i 100 g body w eight o f N a131I in traperitoneally  2 hours pri
or to  sacrifice. The carrier-free N a 131I (Isotope In stitu te  o f the H ungarian A cadem y of Scien
ces) conta ined  100 /rCi/ml of a c tiv ity .

T he anim als were killed b y  an overdose of ether. The organs to  be studied  (both  lobes 
o f  th e  thyroid , thym us, both  subm andibular glands, femoral m uscle) were carefully  cleaned, 
th en  dried to constant weight under an infrared lam p. After w eighing on analytic  balance,

Table I

Geometric means and confidential interval o f9 5 °/0 o f  standardised fun ctional activ ity

Thyroid Thym us S ubm andibular gland

C o n tr o l.................................................................. 3442
2769—4293

3.79
3 .3 6 -4 .2 9

2.73
2 .1 9 -3 .4 1

T hyroidectom y ............................................... 5.02
4 .2 2 -5 .9 8

3.21
2 .3 4 —4.39

P in ealectom y ....................................................
4624

3 3 8 1 -6 3 2 4
2.83

2 .3 8 -3 .3 7
1.83

1 .3 4 -2 .5 1

T hyroidectom y pinealectom y ...............
2.62

2 .1 2 -3 .2 5
2.98

2 .0 3 -4 .3 7

T SH  .......................................................................
4550

3 3 2 7 -6 2 2 3
4.11

3 .4 5 -4 .9 0
3.24

2 .3 7 —4.44

P in ealectom y -j- TSH .................................... 3034
2 2 1 8 -4 1 5 0

** Q4
3 .3 5 -4 .6 2

3.19
2 .39—4.27

T hyroidectom y +  T S H .................................
4.06

3 .4 0 -4 .8 3
2.56

1 .9 2 -3 .4 3

P inealectom y -j- thyroidectom y -f- TSH 4.74
4 .0 4 -5 .5 7

3.56
2 .6 7 -4 .7 6

To Tables II, III and IV
R ight upper half: relative values o f  the geom etric m eans (colum n in  percentage of row) 

and probab ility  levels (p % )according to  S tudent’s test:
+  =  5% <  p <  10%  nearly significant 
A =  p <  5% significant 

AA =  p <  1% h igh ly  significant 
AAA =  p <  0.1%  very  h igh ly  significant

L eft low er half: confidence lim its o f 95%  o f the relative values given above (row in percentage 
o f colum n).
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Table II

M ean standardized functional activity o f thyroid , compared between the individual groups

Table III

M ean standardized functional activity o f  thym us, compared between the individual groups

Control Thyroidectom y Pinealectomy
Thyroidectomy 
-j- Pinealectomy TSH Pinealectom y+  

TSH
Thyroidectom y -f- 

TSH
Pinealectomy -f- 
thyroidectom y -f- 

TSH

C o n tro l....................................... 1.324 0.746 0.692 1.084 1.038 1.069 1.250
1

V
< 5  A < 1  AA <  1 AA > 4 0 > 7 0 > 5 0 < 5  A

Thyroidectom y ..................... 1 64.1 0.522 0.807 0.944
1.069

\
< 0 .1  AAA > 5  + > 6 0

Pinealectom y .......................... 0 Q95

\
0.927 1.390 1.675

0.602 > 5 0 < 1  AA < 0 .1  AAA

Thyroidectom y -f- pineal- 0.885 0.689 1.222 1.807
ectom y 0.541 0.396 0.703 < 0 .1  AAA

1.153
TSH ............................................ 1.343 1.762 > 2 0

0.875 1.096 0.957 0.986
70 90

Pinealectom y -f- TSH .......... 1.271 1.214 1.205
0.847 0.755 > 1 0

Thyroidectom y +  TSH 1.324 1.033 1.261 \  1.169
0.863 0.631 0.771 \  > 1 0

Pinealectom y -f- thyroid- 1.531 1.197 2.123 2.360 1.462 1.514 1.514
ectom y -f- TSH 1.021 0.745 1.321 1.384 0.910 0.959 0.923

Table IV

M ean standardized functional activ ity  o f submandibular gland, compared between the individual groups

Control Thyroidectom y Pinealectomy
Thyroidectom y +  

pinealectomy TSH
Pinealectomy -f-

TSH
Thyroidectomy -f 

TSH
Pinealectomy -f- 

thyroidectom y •+• 
TSH

\ 1.175 0.672 1.091 1.189 1.169 0.940 1.306
\ > 4 0 < 5  A > 6 0 > 3 0 > 3 0 > 7 0 > 1 0

Thyroidectom y ..................... 1.722
0.802

0.929
> 7 0

0.800
> 2 0

1.112
> 6 0

Pinealectom y .......................... 0.984 1.742
< 5  A0.458 1.626

> 5  +
1.945 
< 1  AA

Thyroidectom y +  pineal
ectom y ...................................

1.698
0.701

1.524
0.566

2.667
0.991

1.197
> 4 0

TSH ............................................ 1.742
0.811

0.984
> 9 0

0.791
> 2 0

1.099
> 6 0

Pinealectom y -f- TSH ......... 1.683
0.813

2.667
1.138

1.506
0.643 1.117

> 5 0

Thyroidectom y +  TSH . . . . 1.351
0.653

1.224
0.522

1.211
0.517 1.390

> 1 0
Pinealectom y -j- thyroid

ectom y +  T S H ...................
1.879
0.908

1.702
0.726

2.979
1.271

1.936
0.740

1.683
0.718

1.683
0.741

2.094
0.923
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the organs were liquefied  in  concentrated H N 0 3 and th e  to ta l activity was m easured: for 
this purpose, the sam ples in  all te st tubes were made u p  to  a uniform  volume w ith  ethanol. 
To secure a hom ogeneous d istr ibu tion , a few drops o f  by am ine were added to each sam ple. 
R adioactivity was m easured in  a w ell-type scintillation detector , and the values were given  
in mg per dry organ w eight.

The subm andibular gland and the muscle served  as controls. The salivary gland , 
possessing an iodine m etabolism  o f its own [1, 6, 10, 11 ], provided a suitable m eans for the  
com parative study o f the specific , controlled iodine u p ta k e  b y  the thym us: the m uscle served  
as absolute control.

Mathematical analysis

The results were subjected  to statistical analysis. The number of pulses referred to 
organ w eight was divided b y  the corresponding va lue for the muscle (serving as absolu te  
control). The geom etrical m eans o f these values and th e  confidence intervals are presented  
in Table I.

The com parable paired groups were correlated b y  expressing the geom etrical m eans 
of one group as a percentage o f the other. The significance te sts  were performed by ta k in g  the  
logarithm s of relative values for m uscle in eacli ind ividual anim al as a statistically com parable  
series. Tables II, III  and IV show the correlations betw een  the quotients of the paired groups, 
as also the probability levels characterizing the sign ifican ce o f the deviations, and th e  95%  
confidence lim its referred to the quotients between th e  tw o groups.

This m ethod o f analysis was chosen to refer the va lu es for the individual control organs 
to the values for m uscle and to ensure the hom ogeneous level for the control results w hile  
obtaining b iologically interpretable data. This was perform ed by expressing the count num ber  
per organ w eight for every organ in percentage of th e  corresponding value for m uscle . The 
parameters obtained in th is m anner thus represent th e  standardized functional a c t iv ity  of 
the respective organ.

E valuation  o f the various effects for the ind iv idu al organs was based on the q u otien ts  
of the group averages. In b iological terms this m eans, how  m any tim es greater is standardized  
functional a c tiv ity  in one case than in another, in o ther words, the effects of two trea tm en ts  
are compared by relating the average of one standardized functional activity to th a t o f  another  
on a percentage basis. This w as not only consistent w ith  our m ethod of working on a qu otien t 
basis in the com parison o f  organs and treatm ents and  n ot only afforded the m ost reliable 
means for statistica l analysis but also seemed more re lev a n t than the differences betw een  
the organs.

R esults

Thyroid (Table I I )

Iod ine  c o n te n t o f  th e  th y ro id  s u b se q u e n t to  p inealec tom y o r T S H - 
t re a tm e n t show ed a n  e lev a tio n  of a p p ro x im a te ly  30 to  35%  as co m p a re d  to  
th e  co n tro ls; th e  re su lts  w ere no t s ig n if ican t s ta tis tic a lly . C o m b in a tio n  of 
th e  tw o k in d s o f t r e a tm e n t  w as followed by  a 1 3 %  red u c tio n  in re la tio n  to  th e  
con tro ls, an d  one o f a p p ro x im a te ly  50%  in re la t io n  to  th e  in d iv idua l in te rv e n 
tions.

T hym us (Table I I I )

Iodine u p ta k e  b y  th e  th y m u s rose s ig n if ic a n tly , by ap p ro x im a te ly  30 %  
a fte r  th y ro id e c to m y , in c o n tra s t  to  a h igh ly  s ig n if ic a n t, 30 to  35%  re d u c tio n  
o f its iodine u p ta k e  su b se q u e n t to  p in ea lec to m y  a n d  to  the  com bined in te rv e n 
tion . T S H  did  n o t a ffec t iod ine  up take . W h e n  g iven  a fte r th e  tw o o p e ra tio n s , 
it increased  iod ine u p ta k e  to  th e  control ra n g e , red u c in g  the u p ta k e  b y  2 5%
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as c o m p a re d  to  th y ro id e c to m y  an d  e le v a tin g  i t  b y  35 to  4 0 %  as co m p ared  
to  p in ea lec to m y . A d m in is te red  a f te r  th e  d o u b le  in te rv en tio n  i t  p ro d u c e s  a 
h ig h ly  sign ifican t e lev a tio n  b y  a p p ro x im a te ly  80%  as com pared  to  i ts  own 
c o n tro l  equ a lly  su b jec ted  to  th e  double  in te rv e n tio n  b u t in  re la tio n  to  TSH - 
t r e a tm e n t  alone th e  e lev a tio n  d id  n o t ex ceed  15%  and  failed to  r e a c h  signif
ic a n c e .

S u b m a n d ib u la r  gland ( Table I V )

Io d in e  u p ta k e  a f te r  th y ro id e c to m y  ro se  b y  ap p ro x im ate ly  1 7 %  (not 
s ig n if ic a n t)  and  a fte r p in ea lec to m y  i t  d ec reased  by  30 to  35 %  (sig n ifican t). 
A f te r  th e  double o p e ra tio n  th e  v alue  w as in  th e  contro l range. T S H  h a d  little  
in f lu e n c e  on iodine u p ta k e  b u t  asso c ia ted  w ith  th e  double in te rv e n tio n  it  
c a u se d  a  30%  elevation . T h y ro id ec to m y  w ith  p inealec tom y o r w ith  T S H  was 
in e ff ic ie n t. T SH , a d m in is te red  to  th y ro id e c to m iz e d  anim als re d u c e d  iodine 
u p ta k e  b y  25%  as co m p ared  to  th y ro id e c to m iz e d  controls. P in e a le c to m y , in 
a s so c ia tio n  w ith  th y ro id e c to m y  resu lted  in  a 60 to  65%  elevation  as co m p ared  
to  th e  g ro u p  su b jec ted  to  p in ea lec to m y  a lone . T S H  ad m in is te red  a f te r  th e  
d o u b le  in te rv e n tio n , caused  a 90 to  95 %  e le v a tio n  as com pared  to  th e  group 
s u b je c te d  to  th e  sam e in te rv e n tio n s  w ith o u t su b seq u en t TSH  tre a tm e n t .

Discussion

T h e  p resen t re su lts  su p p o rt th e  f in d in g s o f  V a n  D yk e  [14] w hich  in d ic a te  
t h a t  th e  th y m u s  is cap ab le  o f  iodine u p ta k e . T h is am ounts to  3.8 t im e s  th a t  
o f  m u sc le  tissue , w hich is re flec tin g  th e  g e n e ra l d is trib u tio n  o f io d in e  in  th e  
o rg a n ism , an d  to  1.5 tim es  t h a t  of th e  su b m a n d ib u la r  gland w hich h a s  a  specif
ic io d in e  u p ta k e  of its  ow n. O bviously , io d in e  u p ta k e  per m g th y m u s  tissu e  
in  c o m p a riso n  to  th e  u p ta k e  p e r  m g o f th y ro id  tissu e  is no t m ore th a n  a  th o u 
s a n d th  p a r t  o f th e  la t te r ,  b u t  i f  u p ta k e  b y  th e  en tire  gland is c o n s id e re d  it  
m a y  b e  as h igh  as 1/100 to  1/50 o f th y ro id  u p ta k e , an d  under ce rta in  c o n d itio n s , 
ev en  h ig h e r . I t  w ould be  erroneous to  a sc rib e  th e  varia tions in  th y m ic  iod ine  
u p ta k e  s im p ly  to  th e  p resen ce  or th e  ab sen ce  o f  th e  th y ro id , s ince , th o u g h  
th e  th y m u s  increases its  iod ine  u p ta k e  a f te r  th y ro id e c to m y , it  does so o n ly  in  
th e  p re se n c e  of th e  p in ea l b o d y . In  p in ea lec to m ized  and  th y ro id e c to m iz e d  
a n im a ls , iod ine  u p tak e  b y  th e  th y m u s  is re d u c e d  despite th e  ab sen ce  o f  th e  
th y ro id .

Io d in e  having  been  ta k e n  up  b y  th e  o rg an s  u n d e r stu d y  a n d  th e  in d iv id 
u a l in te rv e n tio n s  h av in g  b een  accom pan ied  b y  v a ria tio h s  in  th e  io d in e  level 
in  th e  v a r io u s  organs, th e  iod ine  c o n te n t h a s  b e e n  accepted  as a s u ita b le  in d i
c a to r  se rv in g  as a basis fo r a te n ta t iv e  in te rp re ta t io n  of th e  re la tio n sh ip s .

T h y ro id  a c tiv ity  is in h ib ite d  b y  th e  p in e a l b o d y , as shown b y  o u r  ea rlie r 
r e s u lts  [3] as well as b y  o th e r  d a ta  [7, 8, 12 ], there fo re  we m u st a c c e p t it
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even  th o u g h  th e  re le v a n t figures o b ta in e d  in  th e  p re sen t s tu d y  w ere no t 
sig n ifican t s ta tis tic a lly . R em oval o f  th e  p in ea l b o d y  was found  to  rep resen t 
a th y ro id  release o f  th e  sam e e x te n t as d id  s tim u la tio n  b y  T S H  (F ig . 1). This 
suggests  th a t  th e  p ineal b o d y  is capab le  o f  jo in in g  th e  p rim arily  T S H -co n tro lled  
sy s te m  as an  a c tu a l secondary  re g u la to r . T he question  w hich  th e  p resen t 
s tu d y  has left u n ex p la in ed  is w hy th e  tw o  s tim u la to ry  tre a tm e n ts , p inealec- 
to m y  T S H , h av e  abolished  each o th e r ’s effect an d  reduced  io d ine  u p ta k e  
ev en  in re la tio n  to  th e  contro ls.

pineal body

Fig. 1. E ffect o f pineal body and o f T SH  on thyroid iodine uptake

As concerns th e  th y m u s , th e  p in ea l b o d y  seem s to  s tim u la te  iodine 
u p ta k e  by  th is  o rg an  in  th e  sam e w ay  as i t  s tim u la ted  m astocy to g en esis  [4] 
a n d  N a 235S 0 4 in co rp o ra tio n  [2], p in ea lec to m y  being follow ed b y  a decrease 
in  all th  ese fu n c tio n s in  th e  th y m u s . In  c o n tra s t , th e  th y ro id  ex e rts  an  in h ib i
to ry  in fluence o f  th e  sam e e x te n t on th y m ic  iodine u p ta k e , in  ag reem en t 
w ith  its  n eg a tiv e  in fluence on m astocy to g en esis  [4].

I f  e ith e r o f  th e  tw o glands is rem o v ed , i t  is th e  absence o f  th e  responsib le  
re g u la to r , th e  p in ea l body , w hich is decisive. T hus, iodine u p ta k e  w ill be 
red u ced  and  a co m p en sa tio n  o f th e  red u c tio n  b y  th e  th y ro p riv a l s ta te  is n o t 
possib le.

T he effect o f  T S H  on th e  th y m u s  does n o t  becom e m an ifest in  th e  n o rm al 
an im al. If, how ever, b o th  th e  p ineal b o d y  a n d  th e  th y ro id  are  rem o v ed , T S H  
e lev a te s  iodine u p ta k e  b y  ab o u t 25%  as co m p ared  to  th e  con tro ls, a n d  b y  a b o u t 
8 0 %  as com pared  to  th e  jo in t  effect o f th e  tw o  in te rv en tio n s . S ince n e ith e r  
th e  p in ea l bo d y  n o r th e  th y ro id  g land  h av e  p roduced  se p a ra te ly  an  effect 
o f  th is  k ind , it  m u s t be concluded  th a t  i t  is th e ir  jo in t in fluence  w hich  m akes 
th e  th y m u s  re s is ta n t to  T S H : in fac t, a f te r  rem oval o f th e  tw o g lands T S H  
in c rea sed  iodine u p ta k e  b y  ex ertin g  a d irec t a c tio n  on th e  th y m u s. T h is suggests 
th a t  th e  th y m u s cells invo lved  in iod ine u p ta k e  are T S H -sen sitiv e , s im ilarly  
to  th e  co rrespond ing  cells o f th e  th y ro id  (F ig . 2).

T h e  th y m u s  has a q u a n tita tiv e  p rev a len ce  over th e  su b m a n d ib u la r  g land  
in  re sp ec t o f iod ine u p ta k e . A fter rem o v a l o f  b o th  th e  p ineal b o d y  an d  th e
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th y ro id  th is  p revalence  h a d  ceased , an d  a d m in is tra tio n  o f T S H  a fte r  th e  jo in t  
in te rv e n tio n  — w hen th e  su b m a n d ib u la r  g land  w as fa r  less responsive  to  
T S H  th a n  th e  th y m u s  — re s to re d  i t  again. T h is p ro v es th a t

1. th e  p revalence  o f th e  th y m u s  over th e  su b m a n d ib u la r  g land  in  re sp ec t 
o f  io d in e  u p ta k e  is en su red  b y  ho rm onal re g u la tio n  (p ineal body , T S H , th y 
ro id ), a n d

2. T S H  is capab le  of jo in in g  as a seco n d ary  re g u la to r  th e  sy stem  con
tro lle d  p r im a rily  b y  th e  p ineal body .

pineal body
pineal body

Fig. 2. E ffe c t o f pineal body, thyroid  and T SH  Fig. 3. E ffect o f pineal body, thyroid  and 
on th y m ic  iodine uptake, and m utual relations T SH  on iodine uptake by the subm andibular

gland , and m utual relations

T h e  sa liv a ry  g lan d  ta k e s  up  less iodine th a n  does th e  th y m u s. I ts  h o rm o n 
al re g u la tio n  seem s s im ila r to  th a t  o f th e  th y m u s , th e  p revalence  of th e  in d i
v id u a l a c tiv e  com ponen ts is, how ever, d iffe ren t (F ig . 3).

I t  h as  long been  kn o w n  th a t  th e  sa liv a ry  g lands are  ta k in g  u p  iod ine 
a n d  t h a t  th is  u p ta k e  m a y  am o u n t to  a m u ltip le  o f  th e  p la sm a  iodine c o n c e n tra tio n  
[1, 6, 10, 11]. I t  is also kn o w n  th a t  th e  su b m a n d ib u la r  g lan d  is h igh ly  sen sitiv e  
to  h o rm o n a l in fluences: rem o v a l o f th e  p i tu i ta ry  o r th e  th y ro id  or of th e  gonads 
re su lts  in  its  a tro p h y , w hile a d m in is tra tio n  o f th e  horm ones o f th e  tw o  la s t  
n a m e d  o rgans, in  its  h y p e rtro p h y . T S H  h as fa iled  to  affect iodine u p ta k e  b y  
th e  s a liv a ry  g lands o f n o rm a l an im als w hich  is c o n s is ten t w ith  th e  p re se n t 
re su lts . B r o w n -G r a n t  assu m ed  [1] th a t  a lth o u g h  th e  m echan ism  o f iod ine  
u p ta k e  is th e  sam e in  th e  th y ro id  an d  th e  sa liv a ry  g lan d , th e  T S H -dependence  
o f  th is  m echan ism  is co n fined  to  th e  th y ro id . O n th e  ev idence of th e  p re se n t 
re su lts , a f te r  p in ea lec to m y  T S H  ex erts  a m a rk e d  in flu en ce  on iodine u p ta k e  
b y  th e  sa liv a ry  g land . T he m echan ism  o f iod ine u p ta k e  is th u s  sim ilar in  th is  
re sp e c t, to o , th o u g h  b e ing  in h ib ite d  in  th e  s a liv a ry  g lan d  an d  in  th e  th y m u s .

A ccord ing  to  th e  p re se n t find ings, th e  tw o  b ranch iogen ic  o rgans, th e  
th y ro id  an d  th e  th y m u s  are  b o th  capab le  o f  iod ine  u p ta k e  in  a sim ilar m a n n e r 
th o u g h  to  a d iffe ren t e x te n t. T his m ay w ell re p re se n t a com m on p ro p e r ty  o f  
a ll o rg an s  derived  from  th e  b ran ch ia l a rches, w h ich  w ould  acco u n t fo r th e
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c a p a c ity  o f th e  su b m a n d ib u la r  g land  o f ta k in g  up  iodine. On th e  o th e r  h an d , 
th e  h ig h e r con tro l o f th e  th y ro id  an d  o f th e  tw o o th e r organs is d iffe ren t 
in  re sp ec t o f th e  p ineal b o d y , i.e. in h ib ito ry  to  th e  th y ro id , an d  id e n tic a l in 
re sp ec t o f  T S H , being n ecessa ry  fo r iodine u p ta k e  b y  th e  th y m u s a n d  th e  su b 
m a n d ib u la r  g land. T S H  th u s  rep resen ts  a s tim u la to r  of iodine u p ta k e  b y  th e  
b ran ch io g en ic  organs b u t  i ts  e ffect on th e  th y m u s  an d  sa liv a ry  g la n d  does 
n o t becom e m anifest un less th e  p rim a ry  reg u la tio n  has been e lim in a te d .

T h e  p resen t s tu d y  has th u s  fu rn ish ed  fu r th e r  evidence c o n c e rn in g  th e  
re g u la tio n  o f th e  b ranch iogen ic  o rgans by  th e  p in ea l body  an d  on th e  m u tu a l 
re la tio n sh ip  o f these  o rgans.
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PERMANENT HYPERTENSION INDUCED BY LIGATION 
OF ONE RENAL ARTERY IN THE DOG

B y

Á g n e s  F e k e t e

IN STITU TE OF PH Y SIO LO G Y , M EDICAL U N IV ER SITY , BU DA PEST 

(R eceived August 8, 1969)

Ligation of the left renal artery in dogs w ith  an in tact right kidney w as follow ed  
by persisting hypertension w ith  progressive renal changes and leading to death  beyond  
the 420th day. W hen hypertension had persisted for a certain tim e, e lim ination  of 
the ischaem ic kidney no longer caused a norm alization of blood pressure. Survival 
w as adversely affected by the prolonged presence of the ischaem ic k idney in the  
organism . After total ligation  o f one renal artery in the presence of an in ta c t contra
lateral kidney the resulting hypertension is probably due to a renin m echanism . The 
hypertensive influence of the ischaem ic kidney induces arteriolonecrosis in  the in tact  
kidney. As the site o f progressive, irreversible vascular lesions it  is the originally  
“ unaffected” kidney which is in fact responsible for the persistence o f hypertension  
and for deterioration of renal function. Tbe changes in renal function observed in  the  
present model m ight be brought in analogy w ith  human m alignant hyp ertension .

T he connections b e tw een  k id n ey  an d  h y p erten s iv e  disease, in th e  ab sen ce  
o f  an y  ren a l d is tu rb an ce , w ere f irs t  p o in ted  o u t b y  A l b u t t , in  1895. A  few  
y ea rs  la te r , T ig e rs ted t an d  B erg m an n  e x tra c te d  a h y p erten s iv e  su b s ta n c e  
from  th e  k id n ey ; th e  fa c to r  responsib le  fo r th e  p resso r effect w as te rm e d  
ren in . “ R en o v ascu la r”  h y p e rten s io n  is reg a rd ed  to d a y  as a co n seq u en ce  of 
a d is tu rb a n c e  o f renal h aem o d y n am ics associa ted  w ith  th e  release o f  a p re sso r 
su b stan ce . A m ong th e  v ascu la r  lesions w hich m ay  be responsib le  fo r h y p e r te n 
sion, narro w in g  or o b s tru c tio n  o f th e  ren a l a r te ry  or of its  b ranches is a com m on  
co n d itio n  an d  has a t tra c te d  m uch  in te re s t.

I m b e r  an d  Gy m e r  [36], P o u t a sse  [48], W in t e r  [55], K e n n e d y  e t 
al. [37], H o ll e y  e t al. [32] re p o rte d  am ple clin ical an d  s ta tis tic a l ev id en ce  
concern ing  hum an  ren o v ascu la r h y p erten s io n . N orm aliza tio n  or im p ro v e 
m en t o f th e  m a lig n an t h y p e rten s io n  a fte r  rem oval o f th e  ischaem ic k id n e y  w as 
re p o rte d  b y  H o w ard  e t al. [34], P e r r y  [43], Morris  e t al. [39], e tc . I n  th e se  
cases th e  narrow ing  of th e  re n a l a r te ry  h ad  been d iagnosed  by  a o r to g ra p h y  
o r rad io ac tiv e  d iod rast re n o g rap h y . A ccord ing  to  P o u t a sse  [48] n e p h re c to m y  
w ould  ensu re  th e  b est re su lts  in  re c e n t h y p e rten s io n  o f su d d en  onset. O n th e  
o th e r  h a n d , Co n n o r  e t al. [8] w ho follow ed up  a series o f p a tie n ts  w ith  re n o 
v ascu la r  h y p ertension  for a period  o f th ree  y ea rs , reg ard  n ep h rec to m y  as useless 
b ey o n d  th e  10 th  to  12 th  m o n th  a f te r  onset.

T he exp erim en ta l s tu d y  o f ren o v ascu la r h y p erten s io n  is linked  w ith  th e  
n am es o f  H artw ich  [30] a n d  G o l d bl a t t  e t al. [24] w ho d e m o n s tra te d  t h a t
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u n ila te r a l  re s tric tion  o f  r e n a l  blood flow (by  a n  a d ju s ta b le  clam p o f th e  Gold- 
b la t t - ty p e )  results in  te m p o ra ry  hypertension . In  th e  presence o f an  u n affec ted  
c o n tra la te ra l  k idney , n o rm a liz a tio n  of b lood  p re ssu re  occurred  w ith in  20 days, 
o r  im m ed ia te ly  a f te r  re m o v a l of the  ischaem ic  k id n ey . Successive c lam ping  
o f  b o th  kidneys w ith  a d ifference  of tw o w eeks o r  rem o v al o f an  in ta c t  k id n ey  
a f te r  constric tion  o f  th e  r e n a l  a r te ry  on th e  o th e r  side re su lted  in  p e rm a n e n t 
h y p e rte n s io n . P i c k e r i n g  a n d  P rinzmetall  [46] could  ind u ce  h y p e rten s io n  
u n d e r  sim ilar co n d itio n s  in  rab b its , b u t W i l s o n  an d  B yro m  [54] n o te d  th e  
d e v e lo p m en t of p e rs is tin g  hy p erten sio n  in  r a ts  a f te r  co n stric tio n  o f one ren a l 
a r t e r y  even th o u g h  th e  o th e r  k idney  h ad  b e e n  sp a red .

P ickering  [44] ca lled  a tte n tio n  to  th e  o b se rv a tio n  th a t  e lim ina tion  of 
th e  ischaem ic k id n ev  b e y o n d  th e  7 th  week a f te r  co n stric tio n  of its  a r te ry  failed 
to  norm alize b lood  p re ssu re . H u b e r  [35] re m o v e d  th e  a ffec ted  k id n ey  a t 
v a r io u s  in tervals a f te r  a r te r ia l  clam ping in  r a ts  a n d  s tu d ied  th e  v a sc u la tu re  of 
th e  unaffec ted  c o n tra la te ra l  kidney. H y p e rte n s io n  d epend ing  in  sev e rity  on 
th e  degree of a r te r ia l c o n s tr ic tio n  was d e m o n s tra b le  a t th e  end  of 14 days, 
p a ra lle l  w ith  an a r te r io la r  dam age in th e  “ in ta c t”  k idney . In  th is  s tage  of 
“ f ix e d ”  h y p erten sio n , re m o v a l of the  isch aem ic  k id n ey  w as no longer able 
to  norm alize  b lood p re ssu re .

W e have su cceed ed  in  c rea ting  an e x p e rim e n ta l m odel o f h u m a n  ren o v as
c u la r  hypertension  b y  co m p le te  ligation o f one re n a l a r te ry  in  th e  dog. H y p e r
te n s io n  ensued in  th e  p re sen ce  of an in ta c t  c o n tra la te ra l  k id n ey  an d  p ro v ed  
f a ta l  in  1 to  2 years. I n  th e  p resen t stud ies w e in te n d e d  to  gain  a closer in s ig h t 
in to  th e  acute a n d  c h ro n ic  hypertension  in d u c e d  b y  lig a tio n  of th e  ren a l 
a r te r y  o f one k id n e y  a n d  to  explore th e  ch an ces for th e  n o rm a liza tio n  of 
b lo o d  pressure b y  re m o v a l of th e  affected  k id n e y .

M aterial and  m eth o d s

Full-grown dogs w ere used  in  the experim ents. U nder pentobarbital anaesthesia under 
asep tic  conditions a paracosta l incision was m ade, com plete  ligation on the left renal artery 
(and  o f  the eventual accessory  renal branches o f the aorta) was carried out near their origin 
and  th e  wound was closed. B lood  pressure was determ ined preoperatively and postoperatively  
a t regular intervals, b y  d irect reading of mean arterial pressure through a fem oral cannula, 
w ith  a mercury m anom eter, in  the alert state, the anim als having been habituated to the 
intervention.

Each animal w as p laced  in  a metabolic cage for 3 day periods both  before and at 10 
or 20 day intervals after th e  operation , and 24 hour urine w as collected during these periods. 
In  th e  female animals w h ich  had  been perineotom ized for this purpose, the collection periods 
en d ed  w ith evacuation o f  th e  bladder with a catheter. On the 2nd day of these observation  
periods, blood pressure w as checked and blood sam ples were obtained for the estim ation  in  
serum  and urine of creatin ine nitrogen, sodium, p otassiu m  and osm olarity; urinary protein  
and sedim ent. The o b servation s were continued for one year, in som e cases as long as two  
years, or until the an im al’s death .

In the other p art o f  th e  stu d y  which was concerned w ith  the possibilities o f norm alization  
o f  blood pressure, the le ft  k id n ey  w ith the ligated artery w as rem oved under aseptic conditions 
from  a midline incision 20 and 40 days after the f ir s t  intervention in  tw o, and 80, and 120
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days after it , in three dogs. These anim als w ith a single (unaffected) k idney were kept in 
m etabolic cages and follow ed up as described above for one or tw o years.

D uring the 3 day observation  periods, one or two m em bers o f each group were exam ined  
sim ultaneously with the controls so as to avoid the eventual influence on the results o f  season, 
tem perature, and diet.

Calculations. D aily urinary o u tp u t was referred to sq. m . body surface as calculated  
from bod y weight. In the F igures, the values for the sam e anim al are connected w ith  a line 
o f  the sam e type. Each mark on the curves represents the arithm etic m ean of three 24 hour 
urinary values, i.e. o f  three m easurem ents obtained in the three-day observation  periods.

Results

F ig . 1 p resen ts th e  b lood  pressure va lu es  o b ta in e d  a t  10 a n d  20 daily  
in te rv a ls  in  dogs w ith  l ig a te d  le ft renal a r te ry  a n d  one in ta c t  r ig h t  k idney .

A s com pared  to  th e  n o rm a l range (K ) o f  135 3 m m H g b lo o d  p ressu re
b eg an  to  rise on th e  7 th  d a y  a f te r  ligation , to  re m a in  h igh  th ro u g h o u t th e  420

- d a y s  a f te r  ligation of th e  renal a r t e r y

Fig. 1. Arterial blood pressure in  dogs before and after ligation  of the left renal artery (K),
w ith  an intact right kidney

d ay s o f  observation . M ean b lood  pressure, its  s c a t te r  (л; ^  sx), th e  n u m b ers  
o f  te s ts  an d  of th e  an im als  concerned  are  p re se n te d  in  T ab le  I. All m e a n  values 
w ere sign ifican tly  h ig h er th a n  th e  contro ls (p  <  0.001).

T h e  changes in  th e  p a ra m e te rs  of ren a l fu n c tio n  as co m p ared  to  the  
p re o p e ra tiv e  contro l v a lu es  are  also p resen ted  in  T ab le  I. A fte r lig a tio n  o f th e  
ren a l a r te ry , ce rta in  chan g es m an ifested  th em selves. A fte r 16 d ay s , G F R  as 
m easu red  b y  endogenous c rea tin in e  clearance decreased  while u r in a ry  o u tp u t 
p e r  m in u te  increased , th e  co n cen tra tio n  c a p a c ity  d im in ished , iso sth en u ria
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Table I

Blood pressure and parameters o f renal function (x  +  s x ) .  on days 1

inm/Hg К 10-20 2 1 -3 0 3 1 -4 0 4 1 - 6 0 6 1 -8 0

B lood  pressure 135 +  3 
n =  32

1 8 0 + 4  
n =  12

171 +  4 
n =  12

1 7 3 + 5  
n =  8

1 7 4 + 5  
n =  8

172 +  5 
n =  15

V
m l/m in

0.57 +  0.50 
n =  61

6 5 + 0 -0 8  
n  =  22

0.68+0-10  
n =  15

0 .7 3 + 0 -0 8  
n =  11

0.85 +  0.11 
n =  8

0.42 +  0.10 
n =  27

u / p creat . • V
m l /  m m

51 +  2
n =  61

36 +  3 
n =  22

3 6 + 1  
n =  155

35 +  3 
2. n =  11

31 +  4 
n =  8

5 2 + 4  
n =  27

Uosm/^osm 2.96+ 0 .20  
n =  61

1 .9 4 + 0 .1 8  
n =  22

1.70+0.25  
n =  15

2 .1 5 + 0 .1 8  
n =  11

1 .8 7 + 0 .2 4  
n =  8

3 .2 8 + 0 .3 9  
n =  27

U n a  ■ V  
(uEq/m iii

49 +  5 
n =  61

45 +  7
n  =  22

4 3 + 9  
n =  15

1 0 0 + 2 5  
n =  11

198 +  40 
n =  8

___  _ _.
81 +  35 
n =  27

U k • V  
/1  E q /m in

25 +  2
n =  61

2 4 + 2  
n =  22

26 +  2 
n =  15

22 +  2 
n =  11

37 +  9 
n =  8

15 +  3 
n =  27

Screat mg/100 ml 0 .7 + 0 .0 5  
n =  24

1.0 +  0.1 
n =  12

1 .0+ 0 .1  
n =  9

1.2 +  0.1
n =  7

1 .0 + 0 .1
n =  4

0.9 +  0.1 
n =  9

N P N ,
m g/100  ml

3 0 + 1  
n =  24

3 4 + 2  
n =  12

30 +  2 
n — 9

38 +  2 
n =  7

34 +  2 
n =  4

3 4 + 3  
n =  9

SNa m Eq/1 152 +  1 
n =  24

153 +  1 
n =  12

151 +  1 
n =  9

1 4 9 + 7  
n =  7

1 5 3 + 0  
n =  4

1 4 4 + 1  
n =  9

Srç m Eq/1 4.7 +  0.2 
n =  24

3 .8 + 0 .1  
n =  12

3 .8+ 0 .1  
n =  9

4 .5 + 0 .2  
n =  7

4 .5 + 0 .1  
n =  4

4 .6 + 0 .2  
n =  9

N u m ber of dogs 
stu d ied 22 12 12 8

'

4 9

d e v e lo p e d . A t the  sam e t im e ,  th e  serum  so d iu m , p o ta ss iu m  a n d  c rea tin in e  
le v e l w as  unchanged, a n d  th e r e  was no in crease  in  N P N  n e ith e r  w as th e re  
p ro te in u r ia .  Three h y p e r te n s iv e  dogs (Nos 61, 62, 77) w ere fo llow ed u p  for 
420  d a y s ;  th e ir essen tia l d a ta  a re  p resen ted  s e p a ra te ly  in  Fig. 2.

I s  i t  possible to  in f lu e n c e  th e  chronic h y p e rte n s io n  b y  rem o v in g  th e  
isc h a e m ic  k idney?

T a b le  I I  shows m ean  v a lu e s  (x  T; sx) (i) in  th e  presence o f th e  le f t k id n ey  
w ith  co n stric ted  ren a l a r te r y ;  (ii) in  the  case o f  n ep h rec to m y  p erfo rm ed  20 
o r 40  d ay s  after lig a tio n ; (iii) in  th e  case o f n e p h re c to m y  p erfo rm ed  80 or 
120 d a y s  a fte r ligation . I t  w a s  fo u n d  th a t  b y  th e  2 0 th  to  4 0 th  d a y  a h y p e rten -
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to 420 after ligation o f left renal artery , the right kidney having been left intact
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sive s ta te  has form ed w hich is no longer in fluenced  b y  th e  rem oval o f  th e  a ffec t
ed  k id n ey .

F ig . 3 shows th e  b e h a v io u r o f b lood  p ressu re  an d  ren a l fu n c tio n  w hen  th e  
in te rv a l betw een  liga tion  o f  th e  ren a l a r te ry  an d  n ep h rec to m y  w as 20 or 40 
d ay s  (N os 20 an d  52). I t  can  be seen th a t  h y p erten s io n  rem ain ed  u n ch an g ed  
w hile ren a l function  w as s lig h tly  im p a ired ; p o ly u ria  and  iso s th e n u ria  ap p ea red  
a t  a b o u t th e  8 th  m o n th . S u rv iv a l a f te r  lig a tio n  was lim ited  to  tw o  years. 
O n th e  o th e r han d , th e  an im als  su b jec ted  to  n ep h rec to m y  20 o r  25 days 
a fte r  liga tion  o f th e  ren a l a r te ry , th o u g h  rem ain in g  h y p e rte n s iv e , p reserv ed  
th e ir  n o rm al k idney  fu n c tio n  th ro u g h  th e  en tire  period  o f o b se rv a tio n  o f 2 
to  3 y ea rs  and  su rv ived .
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F ig . 2. Changes in renal fu n ction  after ligation of left renal artery in the presence of unaffected  
r igh t k idney, from the 80 th  post-ligation  day u n til death . T hin lines mark the values for 
in d iv id u a l animals, heavy lines th e  m ean values derived from  three animals. The colum ns 

represent control values obtained in  presence of both  kidneys
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Fig. 3. Changes in function of right k idney follow ing rem oval o f ischaem ic left k id ney  on the  
40th day after ligation of left renal artery, un til spontaneous death of the anim als. Signs

as in Fig. 2
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Fig. 4. Changes in fun ction  o f  righ t kidney follow ing rem oval o f  ischaem ic left k idney on the  
80th  day after ligation  o f  left renal artery, u n til spontaneous death of the animals

R en a l fu n c tio n  w as found  to  d e te r io ra te  fa s te r  in  th e  h y p e rten s iv e  
an im a ls  if  th e  in te rv a l b e tw e e n  ligation  o f th e  re n a l a r te ry  an d  n ep h rec to m y  
w as as long as 80 d a y s  (N os 37, 41, an d  51 ; F ig . 4). D eterio ra tio n  w as still 
fa s te r  a n d  su rv ival s h o r te r  if  neph rec tom y  w as p erfo rm ed  120 days a f te r  liga
tio n  (N os 47 and  48, F ig . 5).

I n  th e  an im als w h ich  succum bed to  th e  h y p e rte n s iv e  cond ition , an d  in 
w h ich  th e  ischaem ic k id n e y  h a d  been left in  p lace , th e  k id n ey  of th e  u n affec ted  
side d isp lay ed  h y p e rte n s iv e  changes. B o w m an ’s capsu le  w as grossly, th e  tu b u 
la r  b a se m e n t m em b ran e  s lig h tly , th ickened . T h e  sm all vessels d isp layed  p ro lif
e ra tio n  o f  th e  in tim a , sw elling  and  d iso rg an iza tio n  o f  th e  elastic  layer, sw elling
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F ig  5. Changes in function of right k idney follow ing rem oval o f ischaem ic left kidney  
on the 120th day after ligation o f  left renal artery until spontaneous death  of the

animals

a n d  fib rin o id  necrosis o f th e  m ed ia . In  th e  a ffe ren t a rte rio les  gross hyaline 
d egenera tion  a n d  fib rosis of th e  g lom eru lar loops an d  in  th e  la rg e r  arteries 
m yoelasto fib rosis w ere p re sen t, as signs of an  ad v an ced  h y p e rte n s iv e  process 
(F ig. 6).

T he k idneys w hose a rte r ie s  had  been lig a ted  show ed all th e  c h a ra c te r
istics o f a c o n tra c te d  k idney , i.e. sh rin k in g  o f th e  co rtex , co m p le te  tu b u la r  
h y a lin iza tio n , necrosis of th e  m ed u lla ry  sub stan ce .

In  those an im als in w h ich  th e  ischaem ic k id n ey  h ad  been  rem oved  a 
c e r ta in  tim e  a f te r  a r te ria l lig a tio n , th e  k id n ey  o f th e  u n a ffe c ted  side also 
e x h ib ite d  v ascu la r lesions c h a ra c te ris tic  o f  a h y p e rten s iv e  p rocess, such  as 
a rterio lonecrosis  an d  m y o e lasto fib rosis  (F ig. 7).
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Table II

Effect o f left nephrectomy perform ed 20—40, and 80— 120, days after ligation o f  left renal

K 1 -2 0  2 1 - 4 0 4 1 -6 0 6 1 - 8 0 8 1 -1 2 0 121 -160

135 +  3 1 7 6 ± 4  173 +  4 1 79± 5 1 8 0 + 7 1 6 8 + 6 1 6 2 + 4

p <  0.001

135 +  3 1 6 3 + 2  1 6 6 + 5 1 6 6 + 3 1 8 0 + 5

p <  0.01 p >  0.05 p >  0.05 p <  0.01

p <  0.001

135 +  3 168 +  4 1 6 4 + 2

p >  0.05 p >  0.05

p <  0.001

F ig . 6 . R ig h t kidney of anim al N o . 61 , 420 days after ligation  o f left renal artery. H yperplasia  
o f  sm o o th  muscular elem ents and o f  connective tissue in the m edia, w ith  narrowing of afferent

arteriole. M allory’s triple dye, 440 X
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artery , on blood pressure, as compared to hypertensive model and to control values

161-200 200 Day after intervention

160±4 165±4 Mean blood pressure in group with ligated left renal artery and 
in tact right kidney

Correlation w ith control values

177±4 185±3 Mean blood pressure in group with left kidney rem oved 20 40 
days after ligation of left renal artery

p < 0.01 p <  0.001 Correlation w ith hypertensive group w ith both kidneys left in place

Correlation w ith control values

167±3 165±3 Mean pressure in group with left kidney rem oved 40 — 120 days 
after ligation of left renal artery

p > 0.05 p >  0.05 Correlation w ith hypertensive group w ith both kidneys left in place

Correlation w ith control values

F ig. 7. R ight kidney of anim al No. 41, 356 days after ligation of left renal artery. Interlobular  
artery of 3rd order w ith thickening o f m edia owing to increase in connective tissue. M allory’s

triple dye, 880 X

6 * Acta Medico Academiae Scientiarum Hungaricae 27. 1970



2 0 2 Á. FEKETE

Discussion

I t  is com m on k n o w le d g e  th a t  every  in te rv e n tio n  affec ting  ren a l blood 
s u p p ly  co nstitu tes a so u rc e  o f  hyperten sio n . R e n o v a sc u la r  h y p erten s io n  is 
b a s ic a lly  due to  an  im p a irm e n t o f renal b lood  su p p ly  in  consequence of a 
d e c re a se  o f pressure in  th e  re n a l a rte ria l sy s tem . T h e  g re a te r  th e  narrow ing  
o f  th e  arte rio la r lu m en , th e  m ore m alig n an t th e  p rocess, th e  m ore like ly  it  
r e s u l ts  in  com plete re n a l  fa ilu re .

I t  is an accep ted  fa c t  th a t  renal tissu e  p o o rly  supp lied  w ith  blood 
o w in g  to  a rteria l n a rro w in g  form s a p resso r su b s ta n c e  w hich  th e n  induces 
a n d  m a in ta in s  h y p e r te n s io n  in  th e  organism . Som e a u th o rs  a t t r ib u te d  th e  
t r a n s i to r y  charac ter o f  h y p e r te n s io n  induced  in  dogs a n d  ra b b its  b y  co n stric 
t io n  o f  one renal a r te ry  to  a “ n eu tra liz in g ”  e ffec t o f  th e  in ta c t  k idney . 
F l a s h e r  [16] as well as S c h l e g e l  et al. [49] c la im ed  on th e se  v e ry  g rounds 
t h a t  in d u c tio n  of p e r s is te n t  h y p ertension  req u ire s  c o n s tr ic tio n  o f b o th  renal 
a r te r ie s . There is, h o w ev er, co n sis ten t ev idence to  th e  c o n tra ry . I t  has been 
fo u n d , e.g. b y  W i l s o n  a n d  B y r o m  [54], F r i e d m a n n  e t  al. [20] in  th e  ra t ,  
a n d  b y  G r o l l m a n n  [26] in  th e  ra b b it th a t  h y p e rte n s io n  in d u ced  b y  co n stric 
t io n  o f  one renal a r te ry  beco m es chronic even  if  th e  o th e r  k id n ey  has been 
s p a re d . B y r o m  and  D o d s o n  [7], and  F l o y e r  [17] fu rth e rm o re  show ed th a t  
w h e n  in  th e  ra t  ren a l isc h a e m ia  has been p re se n t fo r  a few  w eeks, e lim ination  
o f  th e  affected  k idney  is n o  lo n g e r effective in  re s to r in g  n o rm a l b lood  pressure, 
a n d  t h a t  th e  o ther, u n a f fe c te d  k idney  also d isp lay s d e s tru c tiv e  vascu la r 
c h a n g e s . N either is a re l ie f  o f  a rte ria l c o n s tr ic tio n  effective in  such cases, 
a f a c t  w hich  obviously p ro v e s  t h a t  in  th a t  ph ase  th e  h y p e rte n s io n  is m a in ta in ed  
b y  th e  seem ingly “ in t a c t ”  c o n tra la te ra l k id n ey . T h e  v a sc u la r  lesions resp o n 
sib le  fo r  th e  h y p erten siv e  s t a te  have  been d e m o n s tra te d  b y  n u m ero u s au th o rs  
in  o n e  o r b o th  k idneys [27, 29 , 48].

U n ila te ra l o b s tru c tio n  o f  th e  renal a r te ry , a com m on  occurrence  in  m an , 
p oses m a jo r diagnostic  a n d  th e ra p e u tic  prob lem s [8, 21, 25]. T he decisive p o in t 
h e re  is th e  condition o f  th e  o th e r , th e  “ in ta c t”  k id n e y , a n d  w h e th e r i t  shows 
se q u e la e  o f the  h y p e rte n s io n . T h u s fa r th e  in d u c tio n  o f  u n ila te ra l  ren a l a r te ry  
o b s tru c tio n  and th e  s tu d ie s  o f  its  consequences in  th e  o th e r  k id n ey  have 
b e e n  confined  to  r a t  e x p e rim e n ts . The p resen t m odel m a y  claim  th e  follow ing 
a d v a n ta g e s . 1. I t  p e rm its  to  s tu d y  th e  acu te  a n d  ch ro n ic  h y p e rten s iv e  changes 
o f  t h e  unaffec ted  k id n ey  in  th e  dog; 2. it p rov ides fo r to ta l  o b s tru c tio n  o f th e  
r e n a l  a r te ry , in c o n tra s t to  i ts  incom plete o b s tru c tio n  w hich involves in ca l
c u la b le  ind iv idual d iffe ren ces in  ren a l b lood su p p ly .

I t  has been d e m o n s tra te d  b y  the  p re se n t s tu d ie s  th a t  to ta l  lig a tion  of 
one  re n a l  a rte ry  in  dogs, th e  o th e r k idney  bein g  le f t in ta c t ,  re su lts  in  acu te , 
a n d  su b seq u en tly  in  c h ro n ic , hypertension . A rise  in  b lood  p ressu re  is dem on
s tr a b le  from  the  sev en th  d a y  o n w ard  and  b lood  p re ssu re  rem ain s sig n ifican tly
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increased  in  re la tio n  to  th e  contro ls th ro u g h o u t th e  en tire  period  o f  o b se rv a 
tio n  (420 days su rv iv a l). C om plete o b s tru c tio n  o f  one renal a r te ry  in  dogs is 
th u s  follow ed by  m a lig n a n t h y p ertension  w hich th e n  affects th e  fu n c tio n  of 
th e  c o n tra la te ra l k id n e y  a n d  leads to  d e a th . In  th e  dead  an im als w ith  th e ir  
le ft ren a l a r te ry  lig a ted  th e  r ig h t k idney  a lw ays d isp layed  grave h y p e rte n s iv e  
v ascu la r  lesions.

I t  was only to o  o b v ious to  a t tr ib u te  th e  m a lig n an t h y p e rten s io n  deve lop 
ing a fte r  ligation  o f  one ren a l a r te ry  to  th e  p resence  o f th e  ischaem ic  k idney . 
T he experim en ts  in  w hich  th e  ischaem ic k id n ey  w as rem oved a t  v a rio u s  in te r 
vals  a f te r  ligation , m ad e  i t  ev id en t th a t  if  h y p e rten s io n  h ad  been  p re se n t for 
20 to  40 days, e lim in a tio n  o f  th e  ischaem ic k id n e y  w as no longer ab le  to  n o rm a l
ize b lood  p ressure ; m o reo v er, th e  longer th e  h y p e rten s iv e  s ta te  h a d  p ers is ted , 
th e  g rea te r  was th e  gen era l severity  of th e  p rocess an d  th e  n e a re r  th e  fa ta l 
ou tcom e.

T he p resen t re su lts  m ig h t be of in te re s t since th e y  allow to  s tu d y  ren o 
v ascu la r  h y p erten sio n  in  th e  dog, i.e. in  a species fa irly  re la te d  to  m an  in 
re sp ec t o f renal fu n c tio n , an d  su p p o rt th e  clin ica l o b serv a tio n s w here  the  
a t te m p ts  to  norm alize th e  h igh  blood p ressu re  due  to  u n ila te ra l ren a l a r te ria l 
o b s tru c tio n  an d  to  im p ro v e  th e  co n seq u en tia l m a lig n an t n ephrosc le rosis  by  
rem o v al of th e  n o n fu n c tio n in g  k idney  w ere unsuccessfu l [2, 8, 9, 25].

*

The author is indebted  to Dr. T. Mészáros for histologic studies an d  to  Mrs. E. 
Szalay, Miss O. K lim ent and Mr. F. Okos for technical assistance.
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RUBEOSIS IRIDIS
By

Gy. I mre

SECOND DEPARTM ENT O F OPHTHALM OLOGY, SEM M ELW EIS M EDICAL U N IV ER SITY , B U D A PEST 

(R eceived  Septem ber 13, 1969)

Of 18 cases o f rubeosis iridis in 15 the rate o f  aqueous flow  w as reduced . The 
average F value, norm ally 2.3 cu.m m /m in., was as low  as 0.66 cu .m m /m in. R ubeosis 
of the iris is thus associated w ith an impaired ciliary body secretion and the consecutive  
reduction of the rate o f  aqueous flow m ay result in an increased concen tration  of the 
vasoproliferative factor in the anterior chamber. In cases o f retinal v esse l occlusion, 
the determ ination of the F  value has a prognostic significance.

A ccording to  A s h t o n  (1957) and  S mith  (1961), it  is th e  d iffu sio n  o f the  
v a so p ro life ra tiv e  fac to r  th ro u g h  th e  v itreo u s in to  th e  aqueous h u m o u r  w hich 
acco u n ts  for n eo v ascu la riza tio n  o f th e  iris su rface  being in  c o n ta c t w ith  the  
aqueous hum our, p a r tic u la r ly  o f th e  p u p illa ry  b o rd er an d  o f th e  ch am b er 
angle , a process occu rrin g  a f te r  o b lite ra tio n  o f th e  re tin a l vessels. S chulze

(1967) a ttr ib u te s  ch ron ic  isch aem ia  o f th e  iris to  rubeosis. R ait t a  a n d  V a n n a s  
(1969) also believe th a t  n eo v ascu la riza tio n  o f th e  iris is due to  a n o x ia  since 
b y  m eans of fluorescein  an g io g rap h y  th e y  could  d em o n stra te  slo w in g  o f the  
b lood  s tream  in th e  iris in  processes of th is  k ind .

T h e  p resen t re p o rt deals w ith  to n o g rap h ic  s tud ies on eyes w ith  rubeosis 
o f th e  iris ; th e  resu lts  h av e  allow ed to  reconcile th e  views o u tlin ed  in  th e  fore- 
going.

Methods

In eyes affected w ith rubeosis iridis the C value was determ ined b y  tonography  
and the rate o f aqueous flow  was calculated from the form ula, F =  (P 0 — 10) . C. Tonographic 
exam inations were performed in the morning hours. In the cases where P 0 w as less than 10 
m m  H g, the F value was considered 0 and no tonography was performed.

Results

T he d a ta  o f th e  p a tie n ts  an d  th e  re su lts  o f th e  s tu d ies  a re  sh o w n  in 
T ab le  1.

O f 18 eyes w ith  ru beosis  irid is o f various causes, 8 d isp lay ed  a reduced  
(4 to  12 m m  H g), 1 a n o rm a l, an d  9 an  e lev a ted  in tra o c u la r  p re ssu re . The 
C v a lu e  w as norm al in  3 cases and  defin ite ly  red u ced  in 10, th e  a v e ra g e  being
0.08 0.07. The ra te  o f  aqueous flow w as n o rm a l in 3, d e fin ite ly  re d u c e d  in
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Table I

No. Age Sex Prim ary disease p. c F

l 44 <? P eriphlebitis of the retina и 0.19 0.19
2 45 <? O cclusion o f  central retinal vein 64 0.04 2.16

3 50 $ O cclusion o f  central retinal vein 43 0 0
4 61 ? O cclusion o f  central retinal vein 47 0 0

5 62 $ D iabetic retin itis 37 0.05 1.35

6 62 $ D iabetic retin itis 75 0.03 1.95

7 51 ? D iabetic retin itis 37 0 0
8 9 c? Coats’ disease 17 0.08 0.56

9 64 <? O cclusion o f internal carotid 26.5 0.09 1.48

10 39 <? Chronic u v e itis 4 — 0

11 42 ? Chronic u v e itis 12 0.20 0.40

12 36 ? Chronic u v e itis 6 — 0

13 68 ? Chronic u v e itis 8 — 0
14 60 Î Chronic u v e itis 47 0.03 1.11

15 64 ? Chronic u v e itis 28 0.14 2.52

16 19 t? Chronic u v e itis 7 — 0

17 19 <? Chronic u v e itis 9 — 0

18 38 ? Chronic u v eitis 11 0.18 0.18

15 c a s e s ,  average 0.66 ^  0 .85  cu . mm/min. B e c k e r , K e s k e y  and Ch r i s t e n s e n  
(1956) consider 2.3 c u .m m /m in .  to  represen t  t h e  norm al m ean  rate o f  
a q u e o u s  flow.

Discussion

In  50 per cen t o f  o u r  p a tie n ts  w ith iris ru b eo s is , th e re  has n ev er been 
a n y  ev idence  of in c reased  in tra o c u la r  p ressu re  w h ich  ru les o u t an  aetiologic 
re la tio n sh ip  betw een ru b e o s is  and  elevated  in tra o c u la r  p ressure. T he resu lts  
o f  R a i t t a , V ann as  a n d  A ur f .koski (1968) a re  a lso  opposed to  a n y  possible 
c a u s a l  ro le  of e levated  in tr a o c u la r  pressure in  th e  p a th o m ech an ism  o f rubeosis. 
V a s c u la r  p ro liferations in v o lv in g  th e  iris an d  c h a m b e r  angle c o n s titu te , how 
e v e r , a source of se c o n d a ry  g laucom a. R ed u c tio n  in  th e  C value  is also m erely  
s e c o n d a ry  to  n e o v a sc u la riza tio n . On the  o th e r  h a n d , th e  considerab ly  d im in 
ish e d  aqueous hum our p ro d u c tio n  in 15 out o f 18 o f  th e  p resen t cases, regard less 
o f  th e  in trao cu la r p re ssu re , seem s to  be co n n ec ted  w ith  th e  aetio logy  of ru b eo 
sis. T h e  v asop ro life ra tive  f a c to r  diffusing in to  th e  aqueous h u m o u r, a fac to r  
id e n tif ia b le  w ith la c tic  a c id  p ro d u ced  in th e  co u rse  o f  glycolysis ( I mre  1964, 
1966 , 1969) m ay h av e  a ro le  in  neo v ascu la riza tio n  o f  th e  an te rio r  su rface  of
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th e  iris a n d  of th e  ch am b er angle. T h e  ra te  o f aqueous flow m u st be o b v io u sly  
red u ced  so th a t  th is  su b stan ce  shou ld  a t ta in  a h igh co n cen tra tio n  in  th e  a n te 
rio r ch am b er. This m echan ism  acco u n ts  for th e  p ro duc tion  o f ru b eo s is  a f te r  
o b lite ra tio n  o f th e  re tin a l vessels w hen  th e  r a te  o f aqueous flow  is red u ced  
as i t  w as indeed  th e  case in  7 o u t o f  9 eyes p re sen ted  in  T ab le  I . I n  th e se  in 
s tan ces  c ilia ry  c ircu la tion  is also a ffec ted  ( S c h u l z e  1967, R a i t t a  a n d  V a n n a s  

1968). H ow ever, w ith  th e  ex cep tio n  o f  rubeosis  associated  w ith  u v e itis , no 
iso la ted  rubeosis o f th e  iris w ith o u t re tin a l lesions has ever o c c u rre d , w hich 
agrees w ith  th e  claim  of A s h t o n  (1957) an d  o f S m i t h  (1961) in  th a t  th e  v aso p ro - 
life ra tiv e  fac to r diffuses fo rw ard  from  th e  re tin a . R educed p ro d u c tio n  o f  aq u e 
ous h u m o u r th u s  favours th e  d ev e lo p m en t o f  rubeosis, th e re fo re  in  th e  case 
o f  a c e n tra l re tin a l vein  occlusion or o f  d iab e tic  re tin o p a th y , th e  F  v a lu e  m ay  
he o f p rognostic  significance. R ed u c tio n  o f th e  ra te  of aqueous flo w  in  such 
cases m akes i t  adv isab le  to  p rescrib e  d rugs s tim u la tin g  aq u eo u s  h u m o u r 
p ro d u c tio n  (p ilocarp ine, v aso d ila to rs) an d  local app lica tion  o f h e a t  as well.

R educed  flow o f aqueous h u m o u r p lay s  an  equally  im p o r ta n t  p a r t  in 
th e  ae tio logy  o f rubeosis irid is if  th e  p r im a ry  cond ition  is u v e itis . T h is  is con
firm ed  b y  th e  fac t th a t  in 8 o u t o f 9 cases show n in T able I  th e  r a te  o f  aqueous 
flow  w as defin ite ly  reduced . A sec re to ry  d is tu rb an ce  o f th e  c ilia ry  b o d y  is 
com m on  in uveitis  or cyclitis . T ru e  rubeosis irid is  is, how ever, ra re , since th e  
se c re to ry  d isorders are  m o stly  tra n s ie n t  an d , even if th ey  p e rs is t, cell p ro life r
a tio n  w ould  be scarcely  ever o f  an  e x te n t  to  acco u n t for th e  p ro d u c tio n  o f th e  
v a so p ro life ra tiv e  fac to r.
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ACTA M ED IC  A

TOM 27 — ВЫЛ. 2

Р Е З Ю М Е

И З У Ч Е Н И Е  П Р О Д О Л Ж И Т Е Л Ь Н О  С Т И  Ж И З Н И  И  М Е С Т А  Г И Б Е Л И  
К Р О В Я Н Ы Х  П Л А С Т И Н О К  П Р И  И Д И О П А Т И Ч Е С К О Й  Т Р О М Б О Ц И Т О П Е Н И Ч Е С -

К О Й  П У Р П У Р Е

Т. БУРГЕР и Е. РИХМЕР

О б с у ж д а е т с я  п р о б л е м а  о ц е н к и  р е з у л ь т а т о в  и с с л е д о в а н и я  п р о д о л ж и т е л ь н о с т и  ж и з н и  
и с е к в а с т р а ц и и  к р о в я н ы х  п л а с т и н о к  у  з д о р о в ы х  к о н т р о л ь н ы х  л и ц  и у  б о л ь н ы х  с  и д и о п а т и 
ч е с к о й  т р о м б о ц и т о п е н и ч е с к о й  п у р п у р о й .  Н а  о с н о в е  п о л у ч е н н ы х  р е з у л ь т а т о в  а в т о р ы  п р и 
д е р ж и в а ю т с я  т о г о  в з г л я д а ,  ч то  п р и  п р и г о т о в л е н и и  в з в е с и  т р о м б о ц и т о в  A C D  [р а с т в о р  и з  
ц и т р а т а  н а т р и я  ; л и м о н н о й  к и с л о т ы  2 %  д е к с т р о з ы ]  я в л я е т с я  б о л е е  п о д х о д я щ и м  а н т и 
к о а г у л я н т о м , ч е м  Э Д Т А , т а к  к а к  п р и  е г о  п р и м е н е н и и  п о л у ч а е т с я  « r e c o v e r y »  б о л е е  з н а ч и 
т е л ь н о г о  р а з м е р а . З н а ч и т е л ь н а я  р а з н и ц а  н а б л ю д а е т с я  в о т н о ш е н и и  м е с т а  с е к в е с т р а ц и и , в 
з а в и с и м о с т и  о т  п р и м е н я е м о г о  в и д а  а н т и к о а г у л я н т а .  Б о л ь ш у ю  а к т и в н о с т ь  и з м е р я л и , к а к  
п р а в и л о , н а д  с е л е з е н к о й .  Э т о  я в л е н и е  с в я з а н о  с  г е о м е т р и ч е с к и м и  у с л о в и я м и  п р и  н а д о р -  
г а н н ы х  и з м е р е н и я х .

П р и  и д и о п а т и ч е с к о й  т р о м б о ц и т о п е н и ч е с к о й  п р у р п у р е  а в т о р ы  о т м е ч а л и  з н а ч и т е л ь 
н ы е  о т к л о н е н и я  в  п р о д о л ж и т е л ь н о с т и  ж и з н и  и  с е к в е с т р а ц и и  т р о м б о ц и т о в . У  б о л ь ш и н с т в а  
б о л ь н ы х  б ы л а  н а й д е н а  п о в ы ш е н н а я  а к т и в н о с т ь  п р и  и з м е р е н и и  н а д  с е л е з е н к о й .  О д н а к о ,  
н а б л ю д а л о с ь  т а к ж е  п о в ы ш е н и е  а к т и в н о с т и  н а д  п е ч е н ь ю  п р и  о ч е н ь  к о р о т к о й  п р о д о л ж и т е л ь 
н о с т и  ж и з н и  к р о в я н ы х  п л а с т и н о к .

Д Е Й С Т В И Е  Г Л Ю К О З А М И Н А  И  Е Г О  П Р О И З В О Д Н Ы Х  Н А  И Н К О Р П О Р А Ц И Ю
:i5S 0 4 В  А О Р Т У  С О Б А К

Л. ЯКАБ и Е. ШЕРЕГЕЙИ

А в т о р ы  и з у ч а л и  и н к о р п о р а ц и ю  35S 0 4 in  v i t r o  в а о р т а л ь н ы е  т к а н и  2 — 5 -м е с я ч н ы х  
к о н т р о л ь н ы х  с о б а к  и м о л о д ы х  в з р о с л ы х  с о б а к ,  п о л у ч а в ш и х  к р о т о н о в о е  м а с л о . И с с л е 
д у е м ы е  п р о и з в о д н ы е  г л ю к о з а м и н а  (М -а ц е т и л -4 -6 -б е н з н л и д е н -г л ю к о з а м и н  и N -a p e T iu i-4 -6 -p -  
о к с и  б е н з а л - г л ю к о з а м и н )  н е  в ы зы в а л и  о ц е н и в а е м ы х  и з м е н е н и й  в и н к о р п о р а ц и и  35S O ,.  
П р и  п р и м е н е н и и  г л ю к о з а м и н а  т а к ж е  н е  б ы л о  о т м е ч е н о  п о в ы ш е н и я  и н к о р п о р а ц и и 35S O  ,. Н а  
а д в е н т и ц и а л ь н о й  п о в е р х н о с т и  а о р т ы  и н к о р п о р а ц и я  :,äS 0 4 п о в ы ш е н а  п о  с р а в н е н и ю  с п о 
г л о щ е н и е м , и з м е р я е м ы м  н а  и н т и м а л ь н о й  п о в е р х н о с т и . П р и  б о л е е  д л и т е л ь н о м  в р е м е н и  
и н к у б а ц и и  э т а  р а з н и ц а  е щ е  п о в ы ш а е т с я . В о с п а л е н и е , в ы з в а н н о е  д а ч е й  к р о т о н о в о г о  м а с л а , 
н е  п р и в о д и т  к  о ц е н и в а е м ы м  и з м е н е н и я м  и н к о р п о р а ц и и  :lsS O ,  а о р т а л ь н о й  т к а н ь ю .

Э К С П Е Р И М Е Н Т А Л Ь Н О Е  И З У Ч Е Н И Е  З А Д Е Р Ж И В А Ю Щ Е Г О  О Т Д Е Л Е Н И Я  
М О Л О К А  Д Е Й С Т В И Я  Л И Н Е С Т Р Е Н О Л А  ( О Р Г А М Е Т Р И Л )

М. КУРЦ, И. НАДЬ, Ч. к и ш ш  и Л. ХАЛМИ

А в т о р ы  п р о в е р и л и  в  о п ы т а х  н а  ж и в о т н ы х  р е з у л ь т а т ы , п о л у ч е н н ы е  Д ь е р и  и К и ш ш  
( 1 9 6 8 а  и  б )  о т н о с и т е л ь н о  а б л а к т и р о в к и  д а ч е й  О р г а м е т р и л а .

У  к р ы сы  п р и  п о м о щ и  л и н е с т р е н о л а  м о ж н о  з а д е р ж и в а т ь  л а к т а ц и ю . О д н а к о , д л я  
а б л а к т и р о в к и  и л и  т о р м о ж е н и я  о т д е л е н и я  м о л о к а  с л е д у е т  п р и м е н я т ь  м н о г о к р а т н о е  к о л и 
ч е с т в о  ч е л о в е ч е с к о й  д о з ы . И н т е н с и в н о с т ь  э ф ф е к т а  п р е п а р а т а  з а в и с и т  о т  в е л и ч и н ы  п р и м е н я 
е м о й  д о зы  и о т  с р о к а  н а ч а л а  д а ч и  о р г а м е т р и л а . П р и  п р и м е н е н и и  н е м е д л е н н о  п о с л е  р о д о в  
э ф ф е к т  л и н е с т р е н о л а  н а м н о г о  и н т е н с и в н е е , ч ем  е с л и  в в е д е н и е  п р е п а р а т а  н а ч и н а е т с я  на  
в т о р о й  д е н ь  л а к т а ц и и .  В  с л у ч а е  д а ч и  л и н е с т р е н о л а  у ж е  в п о с л е д н и е  д н и  б е р е м е н н о с т и  и



п р о д о л ж е н и я  е г о  п р и м е н е н и я  п о с л е  р о д о в ,  л а к т а ц и я  н е  н а ч и н а е т с я . С д р у г о й  с т о р о н ы , е с л и  
п р е к р а т и т ь  п р и м е н е н и е  л и н е с т р е н о л а  в о  в р е м я  р о д о в , т о  л а к т а ц и я  н е  н а р у ш а е т с я .

А в т о р ы  о б р а щ а ю т  в н и м а н и е  н а  р а з н о г л а с н ы е  р е з у л ь т а т ы  о п ы т о в  н а  ж и в о т н ы х , н а  
в а ж н о с т ь  с о с а т е л ь н о г о  с т и м у л а ,  к о т о р а я  и с к л ю ч а е т с я  п р и  к л и н и ч е с к о м  п р и м е н е н и и  п р е 
п а р а т а ,  и  о б с у ж д а ю т  т а к ж е  в о з м о ж н ы й  м е х а н и з м  д е й с т в и я  О р г а м е т р и л а .

И З У Ч Е Н И Е  Э Ф Ф Е К Т А  С Е Р И И  К Р И Т И Ч Е С К И Х  Ч А С Т О Т  С Л И Я Н И Я  
У  Э П И Л Е П Т И К О В  И  Н Е В Р О Т И К О В

Й. САК, М. АКОШ и К. АКОШ

И с с л е д о в а н и я  п р о в о д и л и с ь  н а  г р у п п е  17  э п и л е п т и к о в  и  н а  г р у п п е  1 8  н е в р о т и к о в  
( ж е н щ и н ы  и  м у ж ч и н ы  в  в о з р а с т е  о т  1 7  д о  3 5  л е т ) .  У  б о л ь н ы х  т р и  д н я  п о д р я д  б ы л и  п о  т р и  
р а з а  в  д е н ь  с н я т ы  н е п р е р ы в н ы е  с е р и и  и з  5 0  д а н н ы х  к р и т и ч е с к и х  ч а с т о т  с л и я н и я  и  и н т е р -  
м и т т и р у ю щ и е  с е р и и  и з  5 0  д а н н ы х  к р и т и ч е с к и х  ч а с т о т  с л и я н и я .  З а т е м  п о л у ч е н н ы е  [3 1  2 0 0 ]  
д а н н ы е  б ы л и  р а з р а б о т а н ы  в к о м п у т е р е .  И з  о т д е л ь н ы х  с е р и й  б ь л и  в ы д е л е н ы  1 0  г р у п п  п о  5  
м а к с и м а л ь н ы х  д а н н ы х  и  1 0  г р у п п  п о  5  м и н и м а л ь н ы х  д а н н ы х . С р е д н и е  в е л и ч и н ы  2 0  в ы д е 
л е н н ы х  г р у п п  б ы л и  с о п о с т а в л е н ы  д р у г  с  д р у г о м ,  и  и з у ч а л и с ь  и х  и з м е н е н и я ,  н а б л ю д а е м ы е  в 
д в у х  г р у п п а х  б о л ь н ы х  в  т е ч е н и е  г р е х  д н е й  и  т р е х  ч а с т е й  с у т о к .  О к а з а л о с ь ,  ч т о  в  г р у п п е  
э п и л е п т и к о в  в  о т н о ш е н и и  в с е х  с р е д н и х  в е л и ч и н  н а б л ю д а е т с я  у м е н ь ш е н и е  с п о с о б н о с т и  к 
д и ф ф е р е н ц и а ц и и  о т  п е р в о г о  д о  т р е т ь е г о  д н я ,  а  в  г р у п п е  н е в р о т и к о в  о т м е ч а е т с я  п о в ы ш е н и е  
э т о й  с п о с о б н о с т и .

А в т о р ы  ещ е  н е  м о г у т  в ы с к а з а т ь  м н е н и я  о  т о м , с л е д у е т  л и  п р и п и с а т ь  э т у  р а з н и ц у  
п р о ц е с с у  у ч е н и я ,  у т о м л е н и я  и л и  п р о ч и м  я в л е н и я м . П р и х о д и т с я  е щ е  п р о д о л ж а т ь  и с с л е д о 
в а н и я  и  в  р а с п р е д е л е н и и  п о  в о з р а с т н ы м  г р у п п а м , в  ц е л я х  у я с н е н и я  в о п р о с а  о  т о м , м о ж н о  
л и  р а с с м а т р и в а т ь  э т у  р а з н и ц у  р е а л ь н о й  с  т о ч к и  з р е н и я  д и ф ф е р е н ц и а л ь н о й  д и а г н о с т и к и .  
Н е о б х о д и м о  т а к ж е  п р и н и м а т ь  в о  в н и м а н и е  ф а к т о р ы , п о д р о б н о  о б с у ж д а е м ы е  в ц и т и р о в а н 
н о й  м о н о г р а ф и и  и о т н о с я щ и е с я  к  а н а л и з у  э ф ф е к т а  с е р и и  к р и т и ч е с к и х  ч а с т о т  с л и я н и я .

С О Д Е Р Ж А Н И Е  Д Е Г И Д Р О Э П И А Н Д Р О С Т Е Р О Н А ,  А Н Д Р О С Т Е Р О Н А  И  К О Р Т И З О Л А  
В  П Л А З М Е  К Р О В И  Б О Л Ь Н Ы Х  С О С Т Е О П О Р О З О М  П О С Л Е  П Р Е К Р А Щ Е Н И Я  

М Е С Я Ч Н Ы Х  И  С П Е Р В И Ч Н Ы М  О С Т Е О П О Р О З О М  Д Р У Г О Г О  Т И П А

И. ХОЛЛО, Т. ФЕХЕР и я. СЮЧ

В  п л а з м е  б о л ь н ы х  с о с т е о п о р о з о м  в  п е р и о д  п о с л е  м е н о п а у з ы  с о д е р ж а н и е  д е г и д р о -  
э п и а н д р о с т е р о н а  д о с т о в е р н о  п о н и ж е н о  п о  с р а в н е н и ю  с  ж е н щ и н а м и  п о д о б н о г о  в о з р а с т а  
б е з  о с т е о п о р о з а .  С о д е р ж а н и е  Н с  т а к ж е  н и ж е  в п л а з м е  б о л ь н ы х  с  п о р о з о м , о д н а к о  э т о  п о н и 
ж е н и е  з н а ч и т е л ь н о  м е н ь ш е  п о н и ж е н и я  с о д е р ж а н и я  д е г и д р о е п и а н д р о с т е р о н а .  Н а  о с н о в е  
п о л у ч е н н ы х  р е з у л ь т а т о в  а в т о р ы  в ы д в и г а ю т  п о л о ж е н и е  о  в о з м о ж н о с т и  н а л и ч и я  п р и ч и н н о й  
с в я з и  м е ж д у  о с т е о п о р о з о м  п о с л е  м е н о п а у з ы  и  п о н и ж е н н о й  с е к р е ц и и  а н д р о г е н о в  к о р о й  
н а д п о ч е ч н и к о в .

И С С Л Е Д О В А Н И Е  К А Л Ь Ц И Т О Н И Н О - П О Д О Б Н О Г О  Д Е Й С Т В И Я  Ч Е Л О В Е Ч Е С К О Й  
П Л А З М Ы  К Р О В И . I. Н Е К О Т О Р Ы Е  Б И О Л О Г И Ч Е С К И Е  С В О Й С Т В А  К А Л Ь Ц И Т О Н И Н А  

В  В Ы Т Я Ж К Е  П Л А З М Ы , В Ы З Ы В А Ю Щ Е М  Г И П О К А Л Ь Ц И Е М И К )

И. ХОЛЛО и Й. ЗОМБОРИ

И с с л е д о в а н и я  а в т о р о в  у к а з ы в а ю т  н а  т о , ч т о  в ы т я ж к а  п л а з м ы , п о л у ч е н н а я  м е т о д о м  
С т у т р и д ж а  и  с о т р у д н и к о в , в  о т н о ш е н и и  и з у ч а е м ы х  п а р а м е т р о в  о к а з ы в а е т  к а л ь ц и т о н и н о -  
п о д о б н о е  д е й с т в и е . А н о р г а н и ч е с к и й  ф о с ф а т  у с и л и в а е т  д е й с т в и е  в ы т я ж к и , и  е е  в ы з ы в а ю щ е е  
г и п о к а л ь ц и е м и ю  в л и я н и е  з а в и с и т  о т  в о з р а с т а  т е с т -ж и в о т н ы х . Ф о р м а  к р и в о й  д о з а /д е й с т в и е  
д в у х  в е щ е с т в  т а к ж е  о ч е н ь  п о д о б н а .  Э к с п е р и м е н т ы  а в т о р о в  п р е д о с т а в л я ю т  н о в ы е  д о к а з а 
т е л ь с т в а  т о г о  п о л о ж е н и я ,  ч т о  в в ы т я ж к е  п л а з м ы , п о л у ч е н н о й  у к а з а н н ы м  м е т о д о м , д е й с т в у 
ю щ и м  в е щ е с т в о м  я в л я е т с я  к а л ь ц и т о н и н .  А в т о р ы  о п р е д е л я л и  т а к ж е  м е т о д и к у ,  п р и  п о 
м о щ и  к о т о р о й  м о ж н о  о п т и м а л ь н о  и с п о л ь з о в а т ь  N a  Н 2 Р 0 2 д л я  п о в ы ш е н и я  ч у в с т в и т е л ь 
н о с т и  б и о л о г и ч е с к о г о  т и т р о в а н и я  в ы т я ж к и  п л а зм ы .



И С С Л Е Д О В А Н И Е  К А Л Ы Д И Т О Н И Н О - П О Д О Б Н О Г О  Д Е Й С Т В И Я  Ч Е Л О В Е Ч Е С К О Й  
П Л А З М Ы  К Р О В И . I I .  А К Т И В Н О С Т Ь  К А Л Ь Ц И Т О Н И Н А  П Л А З М Ы  У  1 8  Л И Ц  С 

Н О Р М А Л Ь Н Ы М  О Б М Е Н О М  К А Л Ь Ц И Я
И. ХОЛЛО и Й. ЗОМБОРИ

А в т о р ы  и з у ч а л и  к а л ь ц и т о н и н о -п о д о б н у ю  а к т и в н о с т ь  в ы т я ж к и  п л а з м ы , п о л у ч е н н о й  
м е т о д о м  С т у т р и д ж а  и  с о т р у д н и к о в ,  н а  о с н о в е  д е й с т в и я ,  о к а з а н н о г о  на у р о в е н ь  к а л ь ц и я  в 
к р о в и  т е с т -к р ы с . О н и  у с т а н о в и л и ,  ч т о  п л а з м а  в с е х  1 8  и с с л е д о в а в ш и х с я  л и ц  о б л а д а л а  
к а л ь ц и т о н и н о -п о д о б н ы м  д е й с т в и е м . И з  э т о г о  р е з у л ь т а т а  а в т о р ы  с д е л а ю т  в ы в о д , ч т о  
к а л ь ц и т о н и н  у ч а с т в у е т  в  п о д д е р ж а н и и  н о р м а л ь н о г о  о б м е н а  к а л ь ц и я  и о б м е н а  в е щ е с т в  
к о с т е й .

Л И П О И Д Н Ы Й  О Б М Е Н  Л Е Г К И Х  И  Е Г О  И З М Е Н Е Н И Я  П Р И  Э К С П Е Р И М Е Н Т А Л Ь 
Н О Й  Ж И Р О В О Й  Э М Б О Л И И

Э. ВАНДОР и Е. АНДА

Л и п о и д н ы й  о б м е н  л е г к и х  и е г о  и з м е н е н и я  п р и  ж и р о в о й  эм б о л и и  б ы л и  и з у ч е н ы  н а  
с о б а к а х .  В  в ы т е к а ю щ е й  а р т е р и а л ь н о й  к р о в и  а к т и в н о с т ь  л и п о п р о т е и н о в о й  л и п а з ы  б ы л а  
б о л е е  в ы с о к о й , ч ем  в  в т е к а ю щ е й  в е н о з н о й  к р о в и .  П о с л е  э м б о л и з а ц и и  а р т е р и о - в е н о з н а я  
р а з н о с т ь  п о к а з а л а  т е н д е н ц и ю  к д а л ь н е й ш е м у  п о в ы ш е н и ю . У  ж и в о т н ы х  к о н т р о л ь н о й  г р у п 
п ы  у р о в е н ь  а к т и в н о с т и  с ы в о р о т о ч н о й  л и п а з ы  в  т е ч е н и е  э к с п е р и м е н т а л ь н о г о  п е р и о д а  н е  
п о к а з а л  и з м е н е н и я . И з м е н е н и е  п о с л е  в в е д е н и я  т р и о л е и н а  н е  б ы л о  д о с т о в е р н ы м . В  э т о м  
н е з н а ч и т е л ь н о м  п о в ы ш е н и и  а к т и в н о с т и  л е г к и е  н е  м о г л и  и г р а т ь  р о л и .

У р о в е н ь  с в о б о д н ы х  ж и р н ы х  к и с л о т  н е п р е р ы в н о  п о в ы ш а л с я , к а к  в  к о н т р о л ь н о й ,  т а к  
и в  п о д о п ы т н о й  г р у п п а х .  В  к о н т р о л ь н о й  г р у п п е  п о с л е д о в а т е л ь н о  п о я в л я ю щ а я с я ,  н о  
с т а т и с т и ч е с к и  н е д о с т о в е р н а я  а р т е р и о - в е н о з н а я  р а з н о с т ь  п о с л е  в в е д е н и я  т р и о л е и н а  
и с ч е з л а .

П о с л е  в в е д е н и я  м е ч е н о г о  J 131 т р и о л е и н а  в  р а д и о а к т и в н о с т и  л и п о и д н о й  ф р а к ц и и  
к р о в и  б ы л а  в ы я в л е н а  а р т е р и о - в е н о з н а я  р а з н о с т ь ,  ч т о  у к а з ы в а е т  н а  п о т р е б л е н и е  т р и о л е и н а  
л е г к и м и . О б щ и й  у р о в е н ь  ж и р н ы х  к и с л о т  б ы л  в  г р у п п е  э м б о л и з и р о в а н н ы х  ж и в о т н ы х  
д о с т о в е р н о  в ы ш е, ч е м  в к о н т р о л ь н о й  г р у п п е .  В в и д у  т о г о  ч т о  т а к о е  с и л ь н о е  п о в ы ш е н и е  н е  
м о г л о  п р о и з о й т и  з а  с ч е т  с в о б о д н ы х  ж и р н ы х  к и с л о т  и т р и о л е и н а ,  т о  о б щ е  п о в ы ш е н и е  у р о в н я  
ж и р н ы х  к и с л о т  о б у с л а в л и в а е т с я  п р о ч и м и  и с т о ч н и к а м и  л и п о и д о в .

С о г л а с н о  р е з у л ь т а т а м  и с с л е д о в а н и й , п р и  н а г р у з к е  о б м е н а  ж и р а  л е г к и х  н а б л ю д а 
ю т с я  с п е ц и ф и ч е с к и е  и  н е с п е ц и ф и ч е с к и е  и з м е н е н и я .  К  п е р в о й  к а т е г о р и и  о т н о с я т с я  э н д о 
г е н н а я  а к т и в н о с т ь  л и п о п р о т е и н о в о й  л и п а з ы  и  м е т а б о л и з м  с в о б о д н ы х  ж и р н ы х  к и с л о т  
л е г к и х .  К  в т о р о й  г р у п п е  о т н о с и т с я  п о в ы ш е н и е  о б щ е г о  у р о в н я  ж и р н ы х  к и с л о т  в  п л а з м е

И З М Е Н Е Н И Я  К О Р Р Е Л Я Ц И И  Щ И Т О В И Д Н А Я  Ж Е Л Е З А - З О Б Н А Я  Ж Е Л Е З А  П О Д  
В Л И Я Н И Е М  Ш И Ш К О В И Д Н О Й  Ж Е Л Е З Ы .  П О Г Л О Щ Е Н И Е  J 131 З О Б Н О Й  

И  С Л Ю Н Н Ы М И  Ж Е Л Е З А М И  К Р Ы С  
Д. ЧАБА, И. РЕТИ и Я. ФИШЕР

А в т о р ы  и з у ч а л и  д е й с т в и е  у д а л е н и я  ш и ш к о в и д н о й  и  щ и т о в и д н о й  ж е л е з  и  в в е д е н и я  
T S H ,  н а  п о г л о щ е н и е  р а д и о а к т и в н о г о  й о д а  з о б н о й  ж е л е з о й  и  п о д ч е л ю с т н о й  ж е л е з о й  и 
а н а л и з и р о в а л и  м а т е м а т и ч е с к и м  м е т о д о м  к о р р е л я ц и и ,  н а б л ю д а е м ы е  м е ж д у  э т и м и  о р г а 
н а м и , и с п о л ь з у я  в  к а ч е с т в е  и н д и к а т о р а  J 131.

О н и  у с т а н а в л и в а ю т ,  ч т о  з о б н а я  ж е л е з а  п о г л о щ а е т  п р и м е р н о  в п о л т о р а  р а з а  б о л ь ш е  
й о д а ,  ч ем  с л ю н н а я  ж е л е з а ,  и ч т о  э т о  м е н я е т с я  в  з а в и с и м о с т и  о т  в ы ш е у к а з а н н ы х  в м е ш а 
т е л ь с т в . У д а л е н и е  ш и ш к о в и д н о й  ж е л е з ы  п о в ы ш а е т  п о г л о щ е н и е  й о д а  щ и т о в и д н о й  ж е л е 
з о й ,  и  о н о , т а к  ж е  к а к  и  т и р е о и д е к т о м и я  у м е н ь ш а е т  п о г л о щ е н и е  й о д а  з о б н о й  ж е л е з о й .  
В в е д е н и е  T S H  н е  в л и я е т  н а  п о г л о щ е н и е  й о д а  з о б н о й  ж е л е з о й ,  о д н а к о , п о с л е  у д а л е н и я  
э п и ф и з а  и л и  щ и т о в и д н о й  ж е л е з ы  в  з н а ч и т е л ь н о й  м е р е  п о в ы ш а ю т  е г о . А в т о р ы  у с т а н а в л и 
в а ю т , ч т о  T S H  я в л я е т с я  п е р в и ч н ы м , и ш и ш к о в и д н а я  ж е л е з а  в т о р и ч н ы м  р е г у л я т о р о м  о б 
м е н а  й о д а  щ и т о в и д н о й  ж е л е з ы ,  а  в  с л у ч а е  з о б н о й  и с л ю н н о й  ж е л е з  н а б л ю д а е т с я  о б р а т н о е  
п о л о ж е н и е .  О б с у ж д а ю т с я  п р е д п о л о ж и т е л ь н ы е  м е х а н и з м ы  э т и х  э ф ф е к т о в , и  о н и  п р о в о д я т с я  
в с в я з ь  с  п р о ч и м и  к о р р е л я ц и я м и  м е ж д у  б р а н х и о г е н н ы м и  о р г а н а м и , а  т а к ж е  в з а и м о о т н о 
ш е н и я м и  м е ж д у  п о с л е д н и м и .



С Т О Й К А Я  Г И П Е Р Т О Н И Я , В Ы З В А Н Н А Я  Л И Г И Р О В А Н И Е М  П О Ч Е Ч Н О Й  А Р Т Е Р И И
У  С О Б А К И

А. ФЕКЕТЕ

У  с о б а к и  п о с л е  л и г и р о в а н и я  л е в о й  п о ч е ч н о й  а р т е р и и  п р и  н а л и ч и и  н е в р е д и м о й  
п р а в о й  п о ч к и  н а б л ю д а л о с ь  р а з в и т и е  с т о й к о й  г и п е р т о н и и ,  ч т о  п р и в е л о  к  п о н и ж е н и ю  ф у н к 
ц и и  п о ч е к  и  п о  и с т е ч е н и и  4 2 0  д н е й  к  с п о н т а н н о й  г и б е л и  ж и в о т н ы х .

П о  и с т е ч е н и и  о п р е д е л е н н о г о  в р е м е н и  у д а л е н и е  л и г и р о в а н н о й  п о ч к и  б о л ь ш е  н е  
п р и в о д и т  к  н о р м а л и з а ц и и  г и п е р т о н и и .  О д н а к о , е с л и  и ш е м и з и р о в а н н а я  п о ч к а  о с т а е т с я  
д л и т е л ь н о е  в р е м я  в о р г а н и з м е ,  т о  в р е м я  в ы ж и в а е м о с т и  ж и в о т н ы х  с о к р а щ а е т с я .

Г и п е р т о н и я ,  в о з н и к а ю щ а я  у  с о б а к и  п о с л е  о д н о с т о р о н н е г о  л и г и р о в а н и я  п о ч е ч н о й  
а р т е р и и  п р и  н а л и ч и и  н е в р е д и м о й  д р у г о й  п о ч к и , р а з в и в а е т с я  п о  в с е й  в е р о я т н о с т и  п у т е м  
р е н и н о в о г о  м е х а н и з м а . Г и п е р т е н с и в н о е  д е й с т в и е  и ш е м и з и р о в а н н о й  п о ч к и  р а с п р о с т р а н я е т с я  
т а к ж е  н а  н е с ж а т у ю ,  и н т а к т н у ю  п о ч к у ,  в ы зы в а я  в  п о с л е д н е й  н е к р о т и з и р у ю щ и й  а р т е р и о л и т .  
В с л е д с т в и е  п р о г р е с с и р у ю щ е й  и н е о б р а т и м о й  д е г е н е р а ц и и  с о с у д о в  « и н т а к т н а я »  п о ч к а  п о д 
д е р ж и в а е т  с о с т о я н и е  х р о н и ч е с к о й  г и п е р т о н и и , ч т о  м о ж е т  п р и в е с т и  д а ж е  к  и з м е н е н и ю  
п а р а м е т р о в  п о ч е ч н о й  ф у н к ц и и . Н а б л ю д а е м ы е  н а  м о д е л и  а в т о р о в  и з м е н е н и я , н а р у ш а ю щ и е  
т а к ж е  ф у н к ц и ю  п о ч е к , м о ж н о  с т а в и т ь  в  а н а л о г и ю  с  з л о к а ч е с т в е н н о й  г и п е р т о н и е й  ч е л о 
в е к а .

R U B E O S I S  I R I D I S

Д. ИМРЕ

У  1 5  и з  1 8  г л а з  с  ir is  r u b e o s is  м и н у т н ы й  о б ъ е м  ж и д к о с т и  к а м ер ы  б ы л  в ы р а ж е н н о  
п о н и ж е н н ы м . С р е д н я я  в е л и ч и н а  F  в м е с т о  н о р м а л ь н о й  в е л и ч и н ы  в 2 ,3  м м 3 в  м и н . б ы л а  л и ш ь  
0 ,6 6  м м 3 в  м и н . С л е д о в а т е л ь н о  п р и  ir is  r u b e o s is  н а р у ш а е т с я  с е к р е ц и я  р а с н и ч н о г о  т е л а  и  
в с л е д с т в и е  у м е н ь ш е н и я  т о к а  ж и д к о с т и  к а м е р ы  в п о с л е д н е й  п о в ы ш а е т с я  к о н ц е н т р а ц и я  
ф а к т о р а  в а с к у л я р и з а ц и и .  П р и  з а к у п о р к е  с о с у д о в  г л а з н о г о  д н а  о п р е д е л е н и е  в е л и ч и н ы  
F  и м е е т  п р о г н о с т и ч е с к о е  з н а ч е н и е .
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a b s tra c ts  o f  co m m unications, p re fe ra b ly  in  E ng lish , shou ld  be 
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PRESS RELEASE

C o n g re ss  on  C o n g e n ita l  

M a lfo r m a tio n s  in  A u s tr ia

S ponsored  b y  th e  w ell-know  “ N a tio n a l F o u n d a tio n  M arch  of 
D im es”  o f A m erica th e  “ F o u r th  In te rn a tio n a l  C onference o n  C on
g e n ita l M alfo rm atio n s”  w ill be held  in  th e  H o fb u rg  C ongress 
C en tre , V ienna, A u s tr ia  from  2 to  8 S ep tem b er 1973.

I t  is expected  th a t  th is  congres, w hich  so far h as  m e t w ith  conside- 
d e rab le  in te re s t th ro u g h o u t th e  w o rld , w ill he a tte n d e d  b y  1000 
phy sic ian s, su rgeons, g en e tic is ts  an d  o th e r  specialists.

T h e  prev ious con ference  w as held  in  1969 in  th e  H ag u e , th e  N e t
h e rlan d s , and  a t t r a c te d  750 p a r tic ip a n ts .

F o r  all fu r th e r  in fo rm a tio n , please a p p ly  to  th e  C ongress s e c re ta 
r ia t ,  c/o H o llan d  O rg an iz ing  C entre , 16, L ange V o o rh o u t, T he 
H ag u e , th e  N e th e rla n d s .

T h e  H ague . 8 th  J u ly , 1970.
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HAEMODYNAMIC INVESTIGATIONS ON THE SKIN 
IN POLYCYTHAEMIA VERA

I. E FFE C T  OF E X P O SU R E  TO COLD A N D  OF VA SO DILA TIN G  STIM U LI

By

G y. N a g y , P . D a r ó c z y  and Cs. B a l á z s

FIR ST  D EPARTM ENT OF M ED ICINE AND D EPA R T M E N T OF DERM ATOLOGY,
U N IV ER SITY  M EDICAL SCHOOL. D EBRECEN

(R eceived January 19, 1969)

H aem odynam ic changes involv in g  the entire vascular system  o f  the skin have 
been dem onstrated in patients w ith  p o lycythaem ia  vera, irrespective o f the process 
being in  a stage o f exacerbation or rem ission.

In  a p rev ious p a p e r we re p o rte d  on cap illa ry  m icroscopic  s tud ies in 
p o ly c y th a e m ia  v era  [3] w hich  show ed d e fin ite  cap illa ry  ch an g es associa ted  
w ith  th e  ex ace rb atio n s o f th e  d isease; th e  changes were su b sid in g  para lle l 
w ith  th e  sp o n tan eo u s or th e ra p e u tic  rem issions. In  view  o f th e  changes in 
th e  m o rp h o lo g y  of th e  p e rip h e ra l v a sc u la r  bed  as well as in  th e  h aem o d y n am ics  
i t  seem ed  of in te re s t to  exam ine  th e  response  to  v aso -ac tive  s tim u li in  clinical 
cases o f p o ly cy th aem ia  ve ra .

M ateria l an d  m ethods

In these studies, 38 patients w ith  polycythaem ia vera (21 males, 17 fem ales, o f a mean 
age o f 53.2 years, from 25 to 74) were involved . H aem odynam ics of the skin were studied in 
28 p atien ts on one occasion, in 6 patients on tw o occasions, in 3 on three occasions and in 
one on four occasions. Our findings are thus based on the results o f 53 tests, 38 o f which were 
perform ed during exacerbation and 15 during rem ission due to successful treatm ent. RBC 
averaged 6.250,000, the haem atocrit 56.5%  during exacerbations and 4 .530,000, and 41.8% , 
respectively , during remissions.

In accordance w ith  the generally accepted criteria o f polycythaem ia vera [2, 5, 6] 
confirm ed by our observations [11, 13], the diagnosis was based on the fo llow ing evidence.

P olyglobulia: RBC over 5.500,000 per m l; haem atocrit over 50 to 52% ; haem oglobin  
over 110% .

H yperp lastic , hypercellular bone marrow w ith  increased erythro-, m yelo and throm bo- 
cytopoiesis (m egakaryocytosis), and prevalence of erythropoiesis.

E xclusion  of all possible sources (diseases, abnorm al conditions) o f secondary poly
globulism .

For com parative purposes, m easurem ents were carried out in 60 su bjects serving as 
controls (35 m ales and 25 fem ales, w ith an average age o f 39 and 44 years, resp ectively ), with  
th e  diagnoses pyoderm a in 27, trychophytia  in 2, basal cell carcinoma in 6, herpes zoster 
in 1 and no evidence of disease in 24 subjects.

The patients as well as the controls were studied at 22 °C. After accom m odation to this 
tem perature, v e loc ity  o f blood flow was exam ined on the nail folds o f the right upper extrem ity . 
For exposure to cold the forearm and hand were im m ersed in water of 15 °C for f iv e  min. After 
the procedure, the tim e required by acrocyanosis to  vanish  altogether was registered. The 
nicotin ic acid was adm inistered by m outh and the tim e o f appearance of flu sh  as w ell as its 
duration were registered. The question how the capillaries o f  the skin were affected  b y  the

1 Acta Medica Academiae Scientiarum Hungaricae 27, 1970



2 1 0 GY. NAGY et al.

hyperaem ia thus produced w as exam ined  on the nail folds and in  the middle third o f the inner 
surface o f  th e  right forearm. W hen hyperaem ia had vanish ed , N V  ointm ent,* in the volum e  
o f a pea, w as rubbed into the skin o f the flexor surface o f the forearm  and the tim e o f appearance  
and disappearance of the consecutive  erythem a were noted (app lication  of the o intm ent was 
fo llow ed b y  the dilatation o f the precapillary arterioles).

R esults

A cco rd in g  to  o u r ea rlie r find ings, cap illa ry  flo w  ra te  is co n sid e rab ly  
re d u c e d  in  th e  m a jo r ity  o f su b je c ts  w ith  p o ly c y th a e m ia  vera , as co m p ared  
to  th e  co n tro ls  [3]. E x p o su re  to  cold re su lted  in  a  fu r th e r  red u c tio n  o f th e  
flow .

E x p o su re  to  cold  w as fo llow ed by  s lig h t ac ro cy an o sis  van ish in g  slow ly 
in  p o ly c y th a e m ia  v e ra , its  t im e  of d isap p earan ce  b e in g  ± Ъ "  in  th e  su b 
je c ts  w ith  th is  d isease, as a g a in s t 1 5 '20"J=12" in  th e  contro ls.

I n  n o n  p o ly cy th aem ic  su b je c ts , ingestion  o f n ico tin ic  acid w as fo llow ed 
a f te r  a s h o r t  in te rv a l av e rag in g  4 3 " ;b l6 "  b y  s lig h t e ry th em a  acco m p an ied  
b y  a  b u rn in g , itch in g  se n sa tio n . In  th e  su b je c ts  w ith  p o ly cy th aem ia  v e ra  
th is  in te rv a l  w as longer, i. e. 4 '2 9 " i l 7 " .

T h e  cap illa ries o f th e  sk in  in  p o ly c y th a e m ia  v e ra  show ed no  response  
w h a tso e v e r  to  n ico tin ic  ac id ; d ila tio n  of th e  p re c a p illa ry  arterio les an d  th e  
p o s tc a p il la ry  venules as co m p ared  to  th e ir  in it ia l  co n d itio n  w as o f s lig h te r  
e x te n t  th a n  in  th e  co n tro ls .

H y p e ra e m ia  of th e  sk in  in  response to  n ic o tin ic  acid  has been  fo u n d  to  
d is a p p e a r  m ore ra p id ly  in  th e  co n tro ls  th a n  in  th e  su b je c ts  w ith  p o ly cy th aem ia  
v e ra , th e  m ean  values b e in g  1 3 T 7 "=|=20" an d  2 5 T 8 " =j=23", respective ly .

A p p lica tio n  o f N Y  to  th e  sk in  of h e a lth y  su b je c ts  w as follow ed a f te r  an  
a v e ra g e  in te rv a l of 4 '2 2 " ^ 1 9 "  b y  in ten siv e  c u ta n e o u s  e ry th em a  w ith  itch in g  
a n d  b u rn in g , v an ish in g  sp o n ta n e o u s ly  in  l n2 4 '=t;3 4 '.  In  th e  p o ly cy th aem ic  
su b je c ts  th e  average tim e  o f ap p earan ce  of th e  e ry th e m a  was 1 2 '2 0 "=J=18 
a n d  i ts  average  tim e  o f d isap p ea ran ce  as long  as 7n1 9 '=b 3 2 '.

T h e  ab n o rm al re sp o n ses  w ere n o ted  in  th e  s tag e  of e x ace rb a tio n  o r  
rem iss io n  o f p o ly c y th a e m ia  a like , in  o th e r w ords th e y  failed  to  e x h ib it an y  
a p p re c ia b le  re la tio n sh ip  w ith  th e  stage  o f th e  d isease .

T a b le  I  sum s u p  th e  re su lts .
T h e  difference b e tw e e n  th e  m ean  v ascu la r  re a c tio n  tim es of th e  p o ly 

c y th a e m ic  an d  th e  c o n tro l su b je c ts  was in  all cases w ith in  th e  s ign ificance  
lim it  o f  1%  (p << 0.01).

* N onylic  acid van illy lam ide, 0.5%  nicotinic acid b eta-bu toxyeth ylester, 2 .5% .
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Table I

R e sp o n se  o f  the va scu la r s y s te m  o f  the s k in  to exp o su re  to cold  
a n d  to v a so d ila tin g  s t im u l i , in  p a tie n ts  w ith  p o lyc y th a e m ia  vera

Num- Num- Time
required for 
disappear

ance of 
cyanosis

Appearance
D isappear

ance Appearance
D isappear

ance

Diagnosis
ber
of

patients

ber
of

tests of nicotinic acid ery them a of N - V erythem a

P olycythae
mia vera 38 53 15' 20" 4' 20" 25' 18" 12' 20" 7h 19'

i 12" ± 17" ±  23" + 18" +  32'

Control 60 60 4' 55" 43" 13' 17" 4' 22" lh 24'

9" 16" ±  20" 4- 19" ±  34'

D iscussion

C apillary  m icroscopy  lends i ts e lf  to  th e  s tu d y  o f th e  s tru c tu ra l a n d  fu n c 
tio n a l p ro p ertie s  o f th e  p recap illa ry  a rte rio les , th e  cap illa ries and  th e  p o s tc a p il
la ry  veins. A b n o rm alitie s  revealed  in  th is  p a r t  o f th e  v a sc u la r  bed  are  c h a ra c te r 
is tic  o f th e  en tire  v a sc u la r  sy s tem  o f th e  b o d y .

P o ly cy th aem ia  v e ra  is c h a ra c te r iz e d  b y  h igh  e ry th ro c y te , h a e m a to c r it  
an d  haem oglob in  v a lu es  as w ell as an  increase  in  c ircu la tin g  b lood  vo lu m e 
a n d  a h igh b lood  v isco s ity  [1, 2, 16] w hich  obv io u sly  m od ify  th e  h a e m o d y n a m ic  
co n d itions. T he increase  in  c irc u la tin g  b lood  vo lu m e an d  v iscosity  a re  a lone  
su ffic ien t to  acco u n t fo r a re d u c tio n  in  flow  ra te . L o n g -stan d in g  p o ly g lo b u lia  
is b o u n d  to  re su lt in  c ircu la to ry  fa ilu re  an d  to  lead  in  th is  m an n er to  a fu r th e r  
d e te r io ra tio n  of th e  haem o d y n am ic  co n d itio n s [11]. A ll th e se  changes, to g e th e r  
w ith  th e  im p a ired  oxyg en a tio n  o f  b lo o d  [14], if  th e y  p e rs is t for longer p e rio d s , 
w ill n o t  fa il to  a ffec t th e  v a sc u la r  w all as co n firm ed  b y  stud ies o f th e  eye- 
g ro u n d s [12, 17].

In  li te ra tu re  th e re  is scan ty  ev id en ce  re la tin g  to  th e  cap illa ry  m icroscop ic  
fe a tu re s  o f p o ly cy th aem ia  v e ra .

L a v s k ij  [9] d em on strated  s ig n s o f  a r e la tiv e  vascu lar p ro lifera tio n  
an d  d ila ta tio n  in  th e  stage  o f ex a c er b a tio n  w h ich  w ere foun d  to  su b sid e  for  
th e  g rea test p art during rem ission s. D av is  and  L a n d a u  [4] foun d  d is t in c t  
cap illary  d ila ta tio n  an d  an increase in  th e  n u m b er o f  cap illaries o f  th e  n a il fo ld s  
w h ile  H a r d e r s  [7] cou ld  d em o n stra te  sim ilar a b n orm alitie s  o f  th e  ca p illa r ie s  
o f  th e  to n g u e  in su b jec ts  su fferin g  from  p o ly cy th a e m ia .

T he cap illa ry  m icroscopic p a t te r n  d e m o n s tra b le  du ring  ex a c e rb a tio n s  
an d  su b jec t to  p a r t ia l  regression d u r in g  rem issions co nsists  in  a d is tin c t d i la ta 
tio n  an d  c h a ra c te ris tic  p ro life ra tio n  o f th e  cap illa ries  an d  a red u c tio n  in  th e  
flow  ra te . M oreover, in  th e  p recap illa rie s  th e  c e n tra l ce llu la r flow  an d  th e  m a r-
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g in a l p la sm a  flow , c lea rly  d iscern ib le  u n d e r  n o rm a l cond itions, m erge in to  
each  o th e r  in  p o ly c y th a e m ia  vera .

A ccord ing  to  th e  p re se n t find ings, th e  responses o f th e  cu tan eo u s  vessels 
to  lo ca l o r sy stem ic  v a so a c tiv e  s tim u li are  m a rk e d  b y  an  excessive sluggishness. 
T h is  m a y  acco u n t fo r  som e com m on signs o f  th e  d isease, such  as th e  ac ro cy an o 
sis , th e  h y p e rse n s it iv ity  to  cold, a n d  th e  i tc h in g  [10, 11]. A t th e  sam e tim e , 
th e s e  changes are  in d ic a tiv e  of th e  v a sc u la r  sy s te m  of th e  skin .

W hile  th e  c a p illa ry  m icroscopic a b n o rm a litie s  revealed  b y  o u r earlie r 
s tu d ie s  [3] w ere close ly  asso c ia ted  w ith  th e  ex ace rb a tio n s  o f th e  process and  
w ere  p a r t ia l ly  or to ta ly  a b se n t d u rin g  rem iss io n s , th e  h aem o d y n am ic  changes 
w h ich  th u s  seem  to  a ffec t th e  en tire  v a s c u la tu re  of th e  sk in  are  d em o n 
s tr a b le  d u rin g  e x a c e rb a tio n s  and  rem issions a like .

F o r  a closer s tu d y  o f  th e  m ic ro c ircu la to ry  a n d  th e rm o re g u la to ry  changes 
in  p o ly c y th a e m ia  v e ra , th e  use of sy m p a th o m im e tic  an d  p a ra sy m p a th o m im e tic  
d ru g s  offers a p ro m is in g  av en u e  o f ap p ro ach . S tu d ies  along th e se  lines are  in 
p ro g re ss  an d  w ill fo rm  th e  su b jec t o f a la te r  re p o r t .

R E F E R E N C E S

1. Ch e r n is h e v a , N . N .: Ter. Arch. 34, 84 (1962).
2. D a m e s h e k , W .: B lood  10, 655 (1955).
3. D a ró czy , P., N a g y , G y .: Orv. H etik 110, 593 (1969).
4 . D a v is , E ., L a n d a u , J.: Clinical capillary m icroscopy. Thom as, Springfield, 111. 1966.
5. D e m id o v a , A. V.: Ter. Arch. 38, 64 (1966).
6. F r ic k , P. G.: D tsch . m ed. Wschr. 14, 669 (1967).
7 . H a r d e r s , H .:  B ib i .  a n a t .  (B a se l)  4 , 354 (1 9 6 4 ).
8. I l l ig , L.: Die term inale Strom bahn. Springer Verlag, Berlin, G öttingen, H eidelberg, 1961.
9. L a v s k ij , G. K.: E rythraem ia. Medgiz, M oscow 1959.

10. L a r w e n c e , J. H .: P olycythem ia. P hysio logy , d iagnosis and treatm ent based on 303
cases. Grune & Stra tton , N ew  York and L ondon, 1955.

11. N a g y , Gy .: C. S. T hesis Debrecen 1968.
12 . N a g y , G y ., G á t , G y . ,  R á c z -M a il á t h , L .: A c ta  m ed. A c a d . Sei. h u n g . 2 6 , 351 (1969).
13. N a g y , Gy ., P e t r á n y i , Gy .: M agy. Radiol. 14, 209 (1965).
14. N a g y , Gy ., Sz il á g y i, J ., O sváth , S., M ä rcz , I.: A cta  med. Acad. Sei. hung. 23, 139

(1967).
15. P a st in s z k y , I., RÁcz, I.: Belbetegségek bőrtün etei. M edicina, B udapest 1952.
16. St r e c h e r , G., W o l f e r s , J ., N e t t e r s h e im , P .: D tsch . med. W schr. 86, 1899 (1961).
17. T h o m a s , S., A r n o u l d , L.: Arch. Ophthal. (P aris) 7 , 614 (1947).

D r . G yörgy  N a g y  

D r . P á l  D a r ó c z y  

D r . C saba B a l á z s

O rv o s tu d o m án y i E g y e te m  I . B e lg yógyásza ti 
k lin ik a , D eb recen , H u n g a ry

A c ta  M edica  A cadem iae  S c ie n tia ru m  H ungaricae 27 , 1970



Acta Medica Academiae Scientiarum Hungaricae, Tomus 27 (3), pp. 213 — 221 (1970)

EXCITABILITY AND CONDUCTIVITY OF HUMAN 
PERIPHERAL NERVE IN HEXOBARBITAL SLEEP

By

F . M e C H L E R ,  F . K a j T O R  a n d  J .  H l D A S I

D EPA RTM EN T OF NEU ROLOG Y  A ND PSYCHIATRY, U N IV E R S IT Y  MEDICAL SCHOOL, D E B R E C E N

(R eceived 16 M ay, 1969)

In 20 subjects w ith  no evidence of neurom uscular abnorm ality, the e x c ita b ility  
(stim ulus threshold), conduction  velocity  and refractory period of the m otor fibres  
of the ulnar nerve under the effect o f hexobarbita l-N a administered by th e  in tra 
venous route have been studied . Stim ulus threshold , distal latency period and  con 
duction ve loc ity  have been found to vary w ith  the concentration levels o f h exob arb ita l. 
The results and the possible m echanism s accounting for the findings are d iscussed  in  
the ligh t o f the literary data.

A fte r  th e  classical s tu d ie s  of H e l m h o l t z  [1], H o d e s  e t al. [2] w ere 
th e  f ir s t  to  m easu re  th e  v e lo c ity  of m o to r co n d u c tio n  in  m an. Since th e n  th e  
m eth o d  is w ide ly  u sed  in  e lec trophysio logy  as w ell as in  clinical p a th o lo g y .

T he ac tio n  o f th e  h y p n o tic s , in  th e  f i r s t  line  of b a rb itu ra te s , on  th e  
cen tra l n e rv o u s sy stem  has b een  w idely ex p lo red . H ow ever, th e ir  e ffe c t on 
th e  h u m a n  p e rip h e ra l n erv es  has received  l i t t le  a t te n tio n . In  1932 B is h o p  [3] 
adv an ced  th e  claim  th a t  a n aes th e tic s  p ro d u c e d  n erv o u s block b y  re d u c in g  
neu ro n a l e x c ita b ility . H e in b e c k e r  and  B a r t l e y  [4] th en  showed t h a t  p e n to 
b a rb ita l an d  e th e r  p ro d u ced  an  e levation  in  th e  s tim u lus th re sh o ld  o f  th e  
frog n e rv e  w hile p ro long ing  th e  re frac to ry  p e rio d  a n d  reducing  th e  c o n d u c tio n  
velocity . L a r r a b e e  e t al. [5, 6] found  th a t  p e n to b a rb ita l-N a  was a te n  tim e s  
s tro n g e r d ep resso r o f sy n a p tic  tran sm isso n  th a n  o f  th e  co n d u c tiv ity  o f  th e  
p raegang lion ic  axon  in  ca t. I n  c o n tra s t, e th a n o l p ro v e d  to  be a m o re  p o te n t  
d ep ressan t o f  axo n a l th a n  o f sy n ap tic  c o n d u c tiv ity . L ow  et al. [7] s tu d ie d  
th e  effect o f e th an o l on h u m a n  p e rip h era l n e rv e  an d  found th a t  w hile  m o to r  
c o n d u c tiv ity  w as n o t s ig n if ican tly  affected , th e re  w as a reduction  in  re s id u a l 
la ten cy . A ccord ing  to  G o o d m a n  and  G ilm a n  [8], co n d u c tio n  velocity  d ec reases  
in nerves exposed  to  th e  d ire c t effect o f a n a e s th e tic s . P iiik a n e n  e t  a l. [9] 
found  th a t  u n d e r  com bined  b a rb itu ra te  -f- p h e n o th ia z in e  poisoning, p a r t ic u 
larly  in  hypo- or h y p e rth e rm ia , co nduc tion  v e lo c ity  in  th e  u ln a r n e rv e  w as 
s ig n ifican tly  red u ced  as co m p ared  to  th e  ra te  o b se rv e d  a fte r  recovery . A s re g a rd s  
h e x o b a rb ita l-N a , d a ta  on its  a c tio n  on h u m a n  p e rip h e ra l nerves a re  s c a n ty  
and  on its  se lec tive  effects, n o n -e x is te n t. T he p re s e n t  s tu d y  has been c o n c e rn e d  
w ith  th e  q u e s tio n  how  th e  su b s ta n c e  affec ts th e  e x c ita b ility  and  c o n d u c tio n  
velocity  o f th e  h u m a n  p e rip h e ra l nerve.
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M aterial and  m e th o d

T he study involved  20 subjects (16 males, 4 fem ales), ranging in age from  12 to  50 years 
(m ea n  25 years), free from  any sign  or sym ptom  re la ted  to  the limbs or from  a n y  evidence  
o f  neurolog ic  abnorm ality. A ll b u t one had been absta in in g  from drugs for som e tim e. The 
m easu rem en ts were carried out on the ulnar nerve w h ich  w as stim ulated w ith b ipolar surface 
e lectrod es 20 m m  apart, fix ed  to  the region of the e lb ow  and the wrist flex ib ly  b u t firm ly  so 
as to  p rev en t displacem ent. M uscle action potentia ls w ere picked up by the aid o f  D IS A -typ e  
b ip o lar  p la te  electrodes p laced 20 m m  apart on th e  hypothenar m usculature (m . flexor  and 
a b d u cto r  digiti m inim i) and registered w ith a G alileo EM G  apparatus, at 5 c/sec and 30 kc/sec  
f ilte r  p osition , 100 cm /sec (occasionally  200 cm /sec) b eam  veloc ity  and 100 fiV /m m  am plifica
tio n . T he stim uli were delivered through a D ISA  M u ltistim  stim ulator, w ith 2 to  50 V , 2 cm /sec  
freq u en cy , 0.7m sec im pulse w idth . Room  tem perature, 23 to  25 °C. First the w eak est stim ulus 
e lic it in g  a response had been determ ined; su bseq uently , the intensity was gradually  raised  
and th e  increase in response potentia ls was registered. F inally , supram axim al stim uli were 
a p p lied . On repeated stim ulations the gradual increm en ts in  stim ulus in tensity  w ere invariab ly  
th e  sam e in the same person. In  calculating the con d u ction  velocity  the difference in  th e  la ten 
cies o f  supram axim al stim uli a t the elbow and w rist w as determined and the e lb ow  —wrist 
d ista n ce  was divided b y  the difference in stim ulation  la ten cies measured at these  tw o  points. 
C on du ction  ve lo c ity  was' expressed in terms of m /sec . L atency corresponds to  th e  interval 
b e tw e en  th e  tim e of stim ulation  and the appearance o f  th e  initial point o f the e lic ited  m uscle 
p o te n tia l;  it  was expressed in  m sec. The latency figu res shown represent the m eans o f 5 to 
10 estim ation s; their accuracy w as in  the order o f  ± 0 .1  m sec. D istal latency tim e  m eans the  
la te n c y  a t stim ulation  at the w rist (10). Control stim u la tion s were perform ed in the alert 
renting sta te , then the stim ulations were applied at 1 to  2 m inute intervals during slow  in tra 
v e n o u s adm inistration (25 m g/15 sec) of hexobarbital and  at slightly longer in tervals after the  
in jec tio n  had been com pleted. H exobarbital was adm inistered  until the phase o f deep anaesthe
sia  characterized  by m yosis and th e  absence of a rea ctio n  to  painful stim uli. The figures shown  
rep resen t the m ean from  estim ation s in 20 subjects.

D ouble-im pulse stim ulation  of the m otor fibres o f  th e  ulnar nerve for the m easurem ent 
o f  th e  refractory period w as perform ed in the alert s ta te  and during hexobarbita l sleep in  3 
cases.

R esults

M ean co n d u c tio n  v e lo c ity  in  th e  a le r t s t a t e  (con tro l values) w as u n a ffe c ted  
d u r in g  th e  f ir s t  th re e  m in u te s  of th e  h e x o b a rb ita l  effect; su b se q u e n tly  it 
d e c re a se d  u n til  th e  en d  o f th e  in jec tion  (4 to  9 m inu tes; p < / 0 .01 , s =  2.1). 
T h is  w as follow ed b y  an  in creasin g  te n d e n c y , a n d  for 20 to  25 m in u te s  a fte r  
c o m p le tio n  of th e  in je c tio n  th e  m ean  c o n d u c tio n  velocity  s lig h tly  exceeded  
t h a t  fo u n d  in  th e  a le r t  s ta te  (p < / 0.01, s =  1.9), to  re tu rn  su b se q u e n tly  to  
n o rm a l  va lues (F ig . 1).

H e x o b a rb ita l  w as fo u n d  to  affect n e rv e  e x c ita b ility  m ore co n sp icu o u sly  
t h a n  i ts  m o to r c o n d u c tio n  v elocity . T he c h a n g e s  in  th e  p o te n tia l  a m p litu d e s  
u n d e r  th e  effect of p e rilim in a l s tim uli to  th e  p ro x im a l an d  d is ta l p a r t  o f th e  
u ln a r  n e rv e  w ere an a ly zed  sep ara te ly . A s ig n if ic a n t red u c tio n  in  co m p ariso n  
to  th e  co n tro l va lu es  re flec tin g  an  e lev a tio n  o f  th e  stim ulus th re sh o ld  u n d e r 
t h e  e ffec t o f h e x o b a rb ita l w as found  in  b o th  cases (Figs 2, 3). O n  p lo ttin g  
th e  m e a n  values re su ltin g  from  p rox im al s tim u la tio n  it was fo u n d  t h a t  e x c it
a b i l i ty  fell b y  a p p ro x im a te ly  50%  d u rin g  th e  f i r s t  tw o m inu tes; th is  re d u c tio n  
p e rs is te d  w ith  s lig h t osc illa tions u n til  th e  e n d  o f  th e  4 th  or 5 th  m in u te  a fte r
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com p le tio n  of th e  in jec tio n ; th is  w as fo llow ed b y  a tra n s i to ry  increase  in  
e x c ita b ility  to  th e  co n tro l level fo r  a n o th e r  5 m in u te s ; a su b se q u e n t red u c tio n  
fo r th e  22nd m in u te  w as th en  fo llow ed b y  a ra p id  te n d e n c y  to  n o rm a liza tio n  
(F ig . 4). The p a t te r n  of response to  d is ta l s tim u la tio n  w as s im ila r  b u t  th e  
re d u c tio n  in  e x c ita b ili ty  was ev en  m ore  m a rk e d , cu lm in a tin g  in  th e  4 th  
m in u te  a fte r h e x o b a rb ita l  a d m in is tra tio n  a n d  show ing a m o re  p ro tra c te d  
in c rease  for th e  1 2 th  m in u te  th a n  in  th e  fo rm e r case w ith o u t, how ever, 
a t ta in in g  th e  c o n tro l va lues. As sleep te n d e d  to  becom e m ore  superfic ia l,

CO  5 10 15 20 25 30 35 40 45
minute

Fig.  1. Mean m otor conduction  ve loc ity  o f ulnar nerve during hexobarbital sleep , in m /sec. 
C =  alert control. Ek =  start, E v =  com pletion  o f hexobarbita l adm inistration. E  =  first

signs o f awakening

e x c ita b ility  increased  again  and  fro m  th e  2 7 th  m in u te  onw ard , in  th e  phase  
o f  recovery , e x c ita b ility  increased  to  a degree exceeding  th e  c o n tro l values 
(F ig . 5). M ean d is ta l la te n c y  (F ig . 6) show ed  a s lig h t red u c tio n  d u rin g  h exo
b a rb i ta l  a d m in is tra tio n  (1 to  8 m in u te s) w hich  y ie lded  to  a re la tiv e  increase 
b e tw een  th e  2nd  a n d  7 th  m in u te  a f te r  in je c tio n , co rre la tin g  on th e  w hole w ith  
th e  red u c tio n  in  d is ta l  e x c itab ility  re g is te re d  d u rin g  th is  period . T h e  subse
q u e n t phases, t h a t  o f  superfic ia l sleep an d  reco v ery , was m ark ed  b y  a d is tin c t 
re d u c tio n  in d is ta l la te n c y  (p <  0 .01, s =  0.2) w h ich  on its  p a r t  also co rre 
la te d  w ith  th e  in c rea sed  ra te  of n e rv e  im p u lse  p ro p a g a tio n  re g is te re d  during  
th is  period  (F ig . 1).

T h e  b eh av io u r o f th e  ab so lu te  a n d  re la tiv e  re fra c to ry  p e rio d s (A R P  
a n d  R R P ) a t th e  p e a k  of th e  h e x o b a rb ita l effec t, as com pared  w ith  th e  a le rt 
s ta te ,  was e s tim a te d  in  th ree  su b je c ts . A  c o n s is te n t increase (b y  60% ) was 
n o te d  in  th e  values o f  A R P  as well as of R R P  (b y  50% ) (F ig . 7).
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1ms

Fig.  2.  E xcitab ility  o f ulnar nerve in re
sponse to  proxim al stim ulation  w ith  10 V, 0.7 
m sec; 100 /iV /m m , 100 cm /sec. a)  alert 
control, b)  2nd m inute during hexobarbita l 
in jection ; c)  4th m inute during hexobarbita l 
in jection ; d)  6 m inutes after com pletion  of 
hexobarb ita l injection; e)  10 m inutes after 
com p letion  of hexobarbital in jection ; f )  25 
m in u tes after com pletion of hexobarbita l 

injection

a f

1 ms

Fig.  3. E x c ita b ility  o f the ulnar nerve in 
response to  d istal stim ulation w ith  constant 
param eters (8 V). a)  alert control, b)  2nd; 
c)  3rd; d )  4th; e)  6th; f )  8th  m inute  
during hexobarbital injection (com pletion  of 
the injection); g)  a t 4th; h)  6th; i )  8th; j )  
10th; k)  25th  m inute after com pletion  of 

hexobarbital injection
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Fig. 4.  Mean ulnar nerve ex c ita b ility  in response to proxim al stim ulation  (elbow) under the  
effect o f hexobarbital. The ordinate represents the action potentia ls am plitudes in m m , in

duced by periliminal stim uli w ith  th e  same parameters. O ther sym bols as in F ig. 1

Fig. 5. Mean ulnar nerve ex cita b ility  in response to distal stim ulation  (wrist) under the effect 
of hexobarbital. Sym bols as in Fig. 4
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Fig.  6.  Mean latency response to  stim ulation  of the d ista l end of the ulnar nerve during hexo- 
barb ita l sleep. The ordinate represents the distal la ten cy  periods in  term s o f m sec. Other sym 

bols as in  Fig. 1

Case
A RPm sec RRPm sec

Control H exobarbital Control H exobarbital

D. S. 1.0 1.6 3.0 4.0
Sz. J. 0.8 1.6 3.0 5.0
D. J. 1.2 1.6 2.7 4.0

Mean: 1.0 1.6 2.9 4.3

Fi g.  7. Refractory period o f the m otor fibres o f the ulnar nerve (in m sec.) under the effect 
o f  hexobarbita l referred to the alert control state. A R P  =  absolute refractory period; R R P =

relative  refractory period

D iscussion

T h e  d ep ressan t a c tio n  o f b a rb itu ra te s  on sy n a p tic  tra n sm iss io n  in  th e  
m o n o - and  m u ltisy n a p tic  re flex  arcs has been  rev ea led  b y  th e  stud ies of 
B r o o k s  and  E c c l e s  [11] a n d  o f  W i k l e r  [1 2 ].T he b lock ing  effect o f m assive 
d o ses  of p e n to b a rb ita l on p e rip h e ra l n e rv e  co n d u c tio n  w as d e m o n s tra te d  b y  
T o m a n  [13]. E x p e r im e n ta l ev idence  co n n ec tin g  th is  d e p re ssa n t effect w ith  
a n  in crease  in  th e  e lec tric  re s is tan ce  o f th e  cell m em b ran e  (red u ced  perm ea
b i l i ty ,  increased s ta b ility )  w as p ro d u ced  b y  E c c l e s  [14, 15].

T he p resen t re su lts  ag ree in  ce rta in  resp ec ts  w ith  th o se  o b ta in ed  by  
h e x o b a rb ita l  in  la b o ra to ry  an im als , m a jo r doses h av in g  b een  fo u n d  to  e levate  
t h e  s tim u lu s  th re sh o ld ; in  o th e r  w ords, to  red u ce  th e  e x c ita b ility  an d  to  prolong 
th e  re fra c to ry  p e rio d  o f  th e  h u m a n  u ln a r  n e rv e . E x c ita b il i ty  of th e  nerve  
m e a su re d  a t its  p ro x im a l a n d  d is ta l ends w as co n s is ten t as re g a rd s  th e  ten d en cy  
o f  th e  changes, n o t  th e ir  e x te n t. T he changes in  q u es tio n  ap p ea red  in th e
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f i r s t  m in u te , cu lm in a tin g  2 to  3 m in u te s  a f te r  com ple tion  o f  th e  in jec tio n  
(0.6 to  1.0 g o f h e x o b a rb ita l) . R esp o n se  o f  th e  d is ta l end  (inc lud ing  th e  n eu ro 
m u scu la r  ju n c tio n )  was so m ew h a t p ro m p te r  an d  m ore  in ten se  th a n  th a t  
o f  th e  p ro x im al, m ain ly  a x o n a l, sec tion , b u t  th e  d ifference w as s lig h te r 
th a n  th a t  re p o r te d  b y  L a r r a b e e  c t al. [ 5 ]  on th e  g rounds o f  p e n to b a rb ita l  
s tu d ie s  on sy m p a th e tic  ganglia o f  ca ts . T h is n o t only  in d ica te s  t h a t  th e re  is 
n o  com plete  a n a lo g y  betw een th e  n eu ro m u scu la r ju n c tio n  an d  th e  sy n ap ses  
o f  th e  sy m p a th e tic  ganglion in  re sp e c t o f n e rv e  im p u lse  tra n sm iss io n , b u t  also 
t h a t  th e  effects o f  p e n to b a rb ita l a n d  h e x o b a rb ita l m ig h t also d iffe r to  som e 
degree . W e c a n n o t, how ever, a c c o u n t for th e  reb o u n d  p h en o m en o n , th e  re la tiv e  
re d u c tio n  in th e  stim u lus th re sh o ld  a t  5 to  12 m in u te s  a f te r  com ple tion  
o f  th e  in jec tio n , a reaction  m o re  tra n s i to ry  an d  m ore  d is tin c t a t  th e  
p ro x im a l (ax o n a l) p o rtio n  of th e  n e rv e  th a n  a t  its  d is ta l end  in c lu d in g  th e  
n e u ro m u sc u la r  ju n c tio n . This co incides w ith  th e  p h ase  w hen  deep b a rb itu ra te  
sleep  te n d s  to  beco m e sup erfic ia l, an d  p re su m ab ly  invo lves spec ia l changes 
in  m em b ran e  p e rm eab ility .

As reg ard s th e  re frac to ry  p e rio d s , o u r re su lts  agree w ith  th e  p u b lish ed  
ev id en ce  re la tin g  to  th e  effects o f  p e n to b a rb ita l in  la b o ra to ry  an im als . T he 
possib le  in fluence  o f te m p e ra tu re  m a y  be  d isreg ard ed  since in  th e  p re se n t 
s tu d y  th e  changes w ere reg is te red  in  th e  sam e in d iv id u a l a t  id e n tic a l room  
te m p e ra tu re s . T h e  beh av io u r o f  th e  la te n c y  periods a t  th e  d is ta l end  o f  th e  
n e rv e  m ay  be a t t r ib u te d  p a r tic u la r ly  to  th e  effect o f  h e x o b a rb ita l on th e  n e u ro 
m u sc u la r  ju n c tio n . D ista l la te n c y  com prises th e  follow ing fa c to rs : 1. v e lo c ity  
o f  im pu lse  p assage  a long  th e  d is ta l p a r t  o f th e  n e rv e  tru n k  an d  th e  fin e  te rm in a l 
n e rv e  fib res; 2. v e lo c ity  of n e u ro m u sc u la r  tran sm iss io n  (sy n a p tic  d e lay ); 3. 
v e lo c ity  of passag e  o f m uscle a c tio n  p o te n tia l  from  th e  end p la te  to  th e  p o in t 
o f  record ing . O n closer analysis o f  th e  d is ta l la ten cy  p e rio d  u n d e r  th e  effect 
o f  h e x o b a rb ita l (F ig . 6) it w as fo u n d  th a t  th e  m ax im u m  re d u c tio n  in  th is  
tim e  in te rv a l w as associated  w ith  th o se  c o n cen tra tio n s  o f h e x o b a rb ita l w hich  
a re  fovind in th e  p h a se  of su p e rfic ia l sleep an d  reco v ery  (m ild  effect). P a ra lle l 
w ith  th e  red u c tio n  in  d ista l la te n c y  d em o n strab le  in  th is  p h ase  a re la tiv e  increase  
in  th e  e x c ita b ility  o f  th e  d ista l p o r tio n  has been n o te d  (F ig . 5); a f in d in g  for 
w h ich  th e  increase  in  th e  ra te  o f  im p u lse  tran sm iss io n  d e m o n s tra b le  in  th is  
p h a se  fails to  a c c o u n t in  all re sp e c ts  (F ig . 1) un less we p resu m e  th e  ex istence  
o f  a fa c to r  ac tin g  on  n eu ro m u scu la r tran sm iss io n . T h u s, h e x o b a rb ita l a t  c e rta in  
co n cen tra tio n s  s lig h tly  acce lera tes  th is  tran sm iss io n  in s te a d  o f slow ing it. 
T h is is co n sis ten t w ith  th e  f in d in g s o f  L o w  e t al. [7] th a t  e th a n o l red u ces th e  
la te n c y  m easu red  in  th e  d ista l p o r tio n  o f th e  u ln a r  nerve ; in  o th e r  w ords, it  
fa c ilita te s  n eu ro m u scu la r tra n sm iss io n , an  effect a sc ribed  in  th e  f irs t  p lace 
to  th e  a n tie s te ra se  a c tiv ity  of a lcoho l. I t  is d ifficu lt to  find  an  a d e q u a te  e x p la n a 
tio n  fo r th e  a c tio n  o f  th is  ty p e  e x h ib ite d  b y  h e x o b a rb ita l, unless th e  c o n c e n tra 
tio n  a t  w hich th e  effect takes p lace  c a n n o t y e t  sh ift th e  m em b ran e  d e p o la riza 
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tio n  in  th e  d irec tio n  o f  s ta b ili ty . T his m ig h t in  fa c t a cco u n t fo r th e  b e h a v io u r  
of c o n d u c tio n  v e lo c ity  d u rin g  h e x o b a rb ita l sleep  (F ig . 1). As th e  c o n c e n tra tio n  
o f h e x o b a rb ita l  in c reases , th e  co n d u c tio n  v e lo c ity  o f  th e  m o s t ra p id ly  c o n d u c t
ing  m o to r  fib res  d im in ish es , an d , a f te r  th e  a d m in is tra tio n  of h e x o b a rb ita l 
has b e e n  d isco n tin u ed , d u rin g  th e  p h ase  o f su p e rfic ia l sleep th e  va lu es  even 
exceed  th e  con tro l fig u res  to  w h ich  th e y  r e tu rn  a f te r  com ple te  recovery .

A lth o u g h  th e  fa c t  t h a t  s tim u la tio n  w as d one  across th e  sk in  w a rra n ts  
c a u tio n  in  th e  in te rp re ta t io n  of th e  fig u res , th e  re su lts  seem ed to  in d ic a te  
t h a t  th e  d iffe ren t c o n c e n tra tio n  levels o f h e x o b a rb ita l-N a  in v o lv e  d iffe ren t 
k in d s  o f  ac tio n  on th e  m e m b ra n e  s tru c tu re  o f th e  n eu ro n e  (axon , n e u ro 
m u sc u la r  ju n c tio n ).

A n o th e r  possib le  in te rp re ta t io n  of th e  b a rb i tu r a te  effects w ould  be th e  
a c t iv i ty  on ce llu lar m e tab o lism . Q u a s t e l  e t al. [1 6 ,1 7 ] fo u n d  th a t  b a rb itu ra te s  
in h ib it  О 2 c o n su m p tio n  b y  b ra in  tissu e  in  v itro . A ccord ing  to  K e t y  [18] 
p e n to th a l  suppresses n e u ro n a l a c tiv ity  th u s  re d u c in g  th e  0 2 d em an d  o f th e  
n e u ro n e s  d u rin g  th e  in a c tiv e  p h ase . L o r e n t e  d e  N ó [19] q u es tio n ed  th e  
ex c lu s iv e  role a t t r ib u te d  to  ab n o rm a l o x id a tio n  p rocesses, an  op in ion  sh a red  
b y  L a r r a b e e  e t al. [20]. T h e  s tu d ies  o f D o t y  a n d  G e r a r d  [21] also in d ica te  
t h a t  th e  im p a irm e n t o f  n e rv o u s  m etab o lism  b y  a n a e s th e tic s  need  n o t  a ffec t 
О 2 c o n su m p tio n . O th e r  a u th o rs  em phasize  th e  p ossib le  sign ificance  of neu ro - 
e n z y m a tic  processes. A n  in v o lv e m e n t of th e  m ito c h o n d ria l enzym e sy s tem  
has b e e n  sugg ested  b y  B r i n k  e t al. [22] as w ell as D a v i e s  an d  K r e b s  [23]. 
H o w ev e r, changes a ffec tin g  th e  cell m em b ran e  as w ell as cell m e tab o lism  
m a y  w ell jo in  in  th e  m ech an ism  responsib le  fo r th e  effects of h e x o b a rb ita l 
on  p e r ip h e ra l n e rv es .
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The biological a ctiv ity  o f hum an ACTH syn thetized  by B a j u s z  et al. has been 
confirm ed by the present study in  rats as well as in  hum an subjects, the hormone 
having displayed a significant stim ulating ac tiv ity  on the adrenal cortex. No side- 
effects were observed after its adm inistration, even to patients having proved hyper
sensitive to natural ACTH preparations.

A fte r  S m i t h  in  1926 h ad  show n th a t  th e  ad re n a l co rtex  is u n d e r  th e  
c o n tro l o f a su b stan ce  secre ted  by  th e  p i tu i ta ry  g lan d  [27], ex ten siv e  re search  
w as d irec ted  a t th e  p u rific a tio n  o f  A CTH  an d  a t  th e  id en tif ic a tio n  o f its 
s tru c tu re . F o r h u m a n  A C TH  th is  w as successfu lly  ach ieved  b y  L e e  e t al. 
[18] in  1961. The h o rm o n e  consists o f 39 am ino acids, th e  am ino  acid  sequence  
d iffering  only  slig h tly  from  tho se  o f p o rc ine , b ov ine , o r ovine A C TH  w hich  
c o n ta in  th e  sam e n u m b e r  o f am ino ac id s . E x p lo ra tio n  o f th e  s tru c tu re  o f th is  
h o rm o n e  w en t h an d  in  h a n d  w ith  a t te m p ts  a t  its  sy n th es is . A fte r  th e  p ro d u c tio n  
of v a rio u s  sh o rt-ch a in  p o ly p ep tid es , B a j u s z  e t al. accom plished  th e  sy n th es is  
o f h u m a n  ACTH in  1967 [1, 2]. T h e  am ino  ac id  sequence  o f th e  sy n th e tic  
h o rm o n e  corresponds to  t h a t  e s tab lish ed  b y  L e e  e t al. [1 8 ].T h o p h arm aco lo g ica l 
s tu d ie s  re la tin g  to  th e  h o rm o n e  w ere p erfo rm ed  b y  S z p o r n y  e t al. [29]. T he 
p re se n t research  te a m  h a d  been e n tru s te d  w ith  th e  q u a n ti ta t iv e  e v a lu a tio n  
of its  biological a c tiv ity  an d  w ith  th e  s tu d y  of its  c lin ical effects. T h e  re su lts  
of th e se  s tud ies w ere p u b lish ed  earlie r in  th e  fo rm  o f b r ie f  p re lim in a ry  no tes  
[14, 15]. T he p resen t re p o r t  gives a m ore  d e ta iled  ac c o u n t o f th e se  s tu d ies .

Experim ental part

I .  A n im a l experim ents

T h e biological a c t iv i ty  of sy n th e tic  h u m an  ACTH w as f ir s t  s tu d ie d  in  
la b o ra to ry  anim als, u s in g  R  A m ste rd am  albino ra ts  o f e ith e r  sex a n d  170 
to  200 g b o d y  w eigh t; th e  d ie t was s ta n d a rd  r a t  food.

In  ag reem en t w ith  th e  resu lts  o f  th e  b ioassays o f  S z po r n y  e t  al. [30] 
each  m g o f th e  sy n th e tic  horm one w as ta k e n  to  co rrespond  to  108 IU . T he
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Table I

Effect on endocrine organ weight o f  synthetic human

Group
N um ber

of
animals

In itia l body 
weight

F inal body 
weight

Adrenals

I S o lven t 10 169 +  2.7* 175 +  1.8 19.3 +  1.7

II S y n th etic  ACTH 10 168 +  3.1 17 1 + 2 .3 28.8 +  1.5
II I  P urified  porcine ACTH 10 165 +  3.4 167 +  2.0 34.0 +  0.9

I/II: pcO .001

P rob ab ility I /I I I : p < 0 .0 0 1

'
I I /I I I : pcO .O l

Solvent: 0.4 m l s. c. su bcutaneously  T. I. D . for 4 days 
ACTH: 0.4 m l (2.0 Ш ) T . I. D . for 4 days

* standard error o f m eans

p o te n c y  of th e  h o rm o n e  w as co m p ared  to  t h a t  o f a d e q u a te ly  s ta n d a rd iz e d , 
h ig h ly  purified  p o rc in e  A C T H  (C o rtro p h in e , O rganon).

T h e  follow ing s tu d ie s  w ere ca rried  ou t.

W eig h t o f  endocrine organs

A C T H  was a d m in is te re d  su b cu tan eo u sly  in  doses of 2.0 ITJ T. I .  D . a t  8- 
h o u r  in te rv a ls  fo r fo u r  d a y s ; th e  con tro l g roup  w as tre a te d  w ith  physio logical 
s a lin e . A p p ro x im ate ly  12 h o u rs  a fte r  th e  la s t  in jec tio n , i. e. on  th e  5 th  d ay  
o f  tr e a tm e n t ,  th e  an im a ls  w ere k illed  b y  e th e r  overdosage , th e  organs w ere 
c a re fu lly  freed from  accesso ry  tissu es , w eighed  w ith o u t f ix a tio n , a n d , a f te r  
fo rm a lin  f ix a tio n , su b je c te d  to  h isto log ica l s tu d y .

T ab le  I  show s th e  re su lts . I t  can  be seen  th a t  a d m in is tra tio n  of th e  
s y n th e t ic  horm one w as fo llow ed  b y  an  en la rg em en t of th e  a d ren a ls  p a ra lle l 
w i th  a reduc tion  in  th y m u s  an d  sp leen  w eigh t. N o increase  in  th y ro id , o v a rian  
o r  u te r in e  w eight w as n o te d , in d ica tin g  th a t  th e  ho rm one  h a d  n o  th y ro tro p h ic  
o r  g o n ad o tro p h ic  a c t iv i ty .  A fte r  th e  a d m in is tra tio n  o f p o rc in e  A C T H , en la rge
m e n t  o f th e  ad ren a ls  w as m ore  m ark ed  a n d  th e  ovaries as w ell as th e  u te ru s  
w e re  m o d era te ly  en la rg e d .

T he anim als w ere  fo u n d  to  to le ra te  th e  t r e a tm e n t  w ith o u t losing  w eigh t 
o r  ex h ib itin g  to x ic  re a c tio n s . A p a r t  from  a b ro ad en in g  of th e  a d re n a l co rtex , 
h is to lo g y  revealed  no  s ig n if ic a n t change.
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and o f pu rified  porcine A C T II

Thyroid Ovary U terus Thymus Spleen K idney

mg/100 g b o d y  w e i g h t

9.2 +  0.6 26.8 +  1.0 213.9 +  16.3 124.7 +  5.7 147.3 +  3.2 753.4 +  21.5
11.5 +  0.6 28.7 +  1.4 195.5 +  13.5 93.7 +  8.3 130.2 +  3.1 707.5 +  19.3
1 1 .7 + 0 .7 33.1 +  1.6 2 4 1 .4 + 1 4 .2 114.2 +  6.3 14 8 .9 + 2 .9 767.8 +  16.0

< 0 .0 2
p

> 0 .01

p > 0 .0 5 p > 0 .0 5 p < 0 .0 1 p < 0 .0 1 p > 0 .0 5

< 0 .0 2
p

>0.01

p < 0 .0 1 p > 0 .0 5 p > 0 .05 p > 0 .0 5 p > 0 .0 5

p > 0 .05 p > 0 .0 5 < 0 .0 5
p

> 0 .0 2

p > 0 .05 p <  0.001 < 0 .0 5
p

> 0 .0 2

Sacrifice: on 5th  day, about 12 hrs after the last in jection , b y  ether overdosage 
W eighing: w ithout fixation .

E osinoph il and total leukocyte count

R ats  w ere in jec ted  in tra p e rito n e a lly  w ith  0.5, 1.0 an d  2.0 IU  h u m a n  
A C TH . T he dose o f th e  n a tu ra l h o rm o n e  w as 1.0 IU . T h e  co n tro l g roup  rece iv ed  
th e  so lven t. E osino p h il an d  to ta l  leu k o cy te  co u n ts  w ere  m ad e  from  th e  b lood  
o f th e  ta il  vein  befo re  and  4 h rs a f te r  in jec tion .

T he resu lts  a re  p resen ted  in  F ig . 1. I t  can  be  seen th a t  n e ith e r  th e  so lv en t 
n o r  0.5 and  1.0 IU  o f th e  s y n th e tic  horm one p ro d u c e d  an y  n o ta b le  ch an g e  
in  th e  p a ra m e te rs  u n d e r  s tu d y . O n th e  o th e r h a n d , in jec tio n  of 2 IU  re su lte d  
in  a sign ifican t red u c tio n  of th e  eosinoph il an d  le u k o c y te  co u n t, w hile 1.0 IU  
o f porcine A CTH  caused  m ark ed  eosinophil d ep le tion .

P lasm a corticosterone level

T he ex p erim en ts  w ere ca rr ied  o u t in  ra ts  h y p o p h y sec to m ized  fro m  th e  
p a ra p h a ry n g ea l ap p ro ach  2 to  3 h rs  earlie r and  w ere s tu d ie d  b y  th e  m e th o d  
o f L i p s c o m b  an d  N e l s o n  [20]. T h e  A CTH  p re p a ra tio n s  w ere a d m in is te re d  in  
tw o  d iffe ren t doses in  a vo lum e o f  0.2 m l/100 g b o d y  w eigh t; th e  co n tro ls  
w ere tre a te d  w ith  physio logical sa lin e . T h ir ty  m in u te s  a f te r  th e  in je c tio n  th e  
an im a ls  w ere d e c a p ita ted , and  th e  p lasm a co rtico s te ro n e  level w as e s tim a te d  
b y  th e  m eth o d  o f F r a n k e l  e t al. [9] using  an  O p to n  S p ec tro flu o rim e te r. 
C om plete  rem oval o f th e  p i tu i ta ry  g lan d  w as checked  a t  necropsy .
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A d r e n a l ascorbic acid content

R a ts  h y p o p h y sec to m ized  2 or 3 lirs e a rlie r  w ere k illed , th e  ad rena ls 
w e re  rem o v ed , carefu lly  freed  from  accessory  tis su e , w eighed a n d  th e ir  ascorbic 
a c id  c o n te n t was e s tim a te d  accord ing  to  R o e  a n d  K u e t h e r  [25]. A scorbic 
a c id  d ep le tio n  in d u ced  b y  A C T H  was ex p ressed  in  p e r c en t o f  th e  co n tro l 
v a lu e .

Treatm ent
(intraperitoneal)

Solvent 
0.2 m l/ra t

H um an ACTH 
0.5 IU 

(0.2 ml/rat)

H um an ACTH 
1.0 IU

(0.2 m l/rat)

H um an ACTH 
2.0 IU

(0.2 m l/rat)

Porcine ACTH 
1.0 IU  

(0.2 m l/rat)

N u m ber of animals 12 15 14 12 12

B o d y  w eight, g 185 +  2.4* 197 +  4.4 180 +  1.4 180 +  1.6 195 +  4.9

E osin oph il count 0 hr 337 346 318 414 353

E osin oph il count, 4 hrs 330 327 302 158 181

Change in  eosinophil 
co u n t, % — 1.1 — 5.9 — 2.9 — 62.7 — 48.0

L eu k ocyte  count, 0 hr 10 100 10 200 10 600 11 500 10 300

L eukocyte  count, 4 hrs 10 300 10 500 10 800 7 800 10 900

Change in  leukocyte 
co u n t, % +  1.9 +  2.9 +  1.9 — 32.2 +  5.5

* Standard error o f m ean

F ig . 1. Leukocyte and eosinoph il count in rats treated  w ith  synthetic  hum an and purified
porcine ACTH
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Table II

Effect o f  synthetic hum an and o f  p u r ified  porcine A C T H  on p lasm a  
corticosterone level and adrenal ascorbic acid content in hypophysectom ized rats

Group Treatm ent
N um ber

of
animals

Body
weight

A drenal
w eight

Plasma
cortico
sterone

level
/Ag/100 ml

V itam in C con ten t of 
adrenals

g mg
mg/100 g change %

I. Control 0.9%  NaCl 14 179 +  3.5* 26.1 +  0.6 4.9 +  0.6 530 +  19.7 _
II. ACTH 

-treated
0.8 m /i/100 g 

b.w . human 
ACTH 14 174 +  3.2 27.0 +  1.0 11.9 +  1.2 445 +  35.4 — 15.9 +  3.1

III. ACTH  
-treated

3.2 m p/100  g 
b.w. human 
ACTH 14 175 +  2.1 27.1 +  1.0 26.5 +  3.1 395 +  24.1 — 25.5 +  4.3

IY. ACTH 
-treated

0.8 mp/100 g 
b.w . porcine 
ACTH

*
10 1 7 6 + 3 .8 26.7 +  0.8 15.9 +  1.7 493 +  31.2 6.9 +  2.4

V. ACTH 
-treated

3.2 mp/100 g 
b.w . porcine 
ACTH 10 181 +  3.5 27.2 +  1.1 34.1 +  2.9 387 +  34.4 27.0 +  5.1

* Standard error o f mean

P rob ab ility

I / I I : p c O .O O l p c O .O O l —

I / I I I : p < 0 . 0 0 1 p c O .O O l —

I / I V  : p < 0 . 0 0 1 p > 0 . 0 5 —

I /V : p c O .O O l p c O .O O l —

I I / I V : p > 0 . 0 5 p > 0 . 0 5 p < 0 . 0 5
I I I / V  : p > 0 . 0 5 p > 0 . 0 5 p > 0 . 0 5

T ab le  I I  show s th e  re su lts . T h e  p la sm a  co rticoste rone  level w as s ig n ifi
c a n tly  in creased  b y  sy n th e tic , a n d  still m ore  so b y  n a tu ra l A C T H . O n th e  
o th e r  h a n d , th e  ascorbic acid lev e l w as m ore  s ig n ifican tly  red u ced  b y  h u m a n  
A C TH  a t  le a s t b y  m inor doses.

F ro m  T ab le  I I I  i t  em erges t h a t  d esp ite  m in o r d ifferences, th e  tw o  p re p a ra 
tio n s a re  s im ila r in  th e ir  effects. S ince th e  sm all n u m b er of an im als  th e  w ide 
in d iv id u a l s c a tte r  d id  n o t allow  ca lcu la tio n s  on a u n it/m g  basis , th e  s ta n d a rd  
u n its  e s tab lish ed  b y  Szpo rny  e t  al. [30] w ere u sed  fo r h u m an  s tu d ie s .

I I .  S tud ies in  hum ans

T he s tu d ie s  w ere p e rfo rm ed  in  20 su b je c ts , 10 m ales an d  10 fem a le s , 
o f  29 y ea rs  av e rag e  age, w ith  n o  ev idence  of end o crin e  or o th e r  c lin ica l d isease . 
A C TH  w as a d m in is te red  in in tra m u s c u la r  doses o f 12.5 U T. I . D . a t  8 -h o u r 
in te rv a ls  fo r 3 days. Ten su b je c ts  w ere g iven  an  ad d itio n a l dose o f  6.25 U 
in tra v e n o u s ly  on  a n o th e r d ay . In tra c u ta n e o u s  sen s itiv ity  te s ts  w ere  p e r 
fo rm ed  in  ev e ry  case w ith  0.25 U  h o rm o n e  in  0.05 m l flu id  a n d  th is  h a d  to  
p ro v e  n e g a tiv e  before  s ta r t in g  th e  t r e a tm e n t .  R esu lts  w ere e v a lu a te d  by  
S tu d e n t’s t- te s t.
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P la sm a  hydrocortisone level

T h e  p lasm a co rtiso l le v e l w as d e te rm ined  p r io r  to  an d  a t  1, 2, 4 a n d  6 hrs 
a f te r  th e  in trav en o u s in je c t io n  (10 cases), b y  th e  m e th o d  o f M a t t i n g l y  [21] 
as m o d ified  b y  S p e n c e r - P e e t  e t al. [28], u s in g  a n  O p to n -S p ec tro flu o rim e ter.

T h e  resu lts seen in  F ig . 2 show ed t h a t  th e  A C T H  induced  a s ig n if ican t 
in c re a se  in  p lasm a h y d ro c o r tiso n e  level, th e  in i t ia l  v a lu es  hav in g  d o u b led  b y  
th e  e n d  o f th e  1st a n d  2 n d  h rs . T he d iag ram  also  i l lu s tra te s  th e  tim e  re la tio n s  
o f  th is  effect, show ing c le a r ly  th a t  b y  th e  e n d  o f  th e  4 th  h r  th e  co rtiso l 
le v e l h a d  re tu rn ed  to  th e  in i t ia l  value an d  a t  6 h r  w as s till fu r th e r  d im in ished .

Fig. 2. Effect o f sy n th e tic  hum an ACTH on p lasm a hydrocortisone level

U rin a ry  output o f  n eu tra l total-17-ketosteroid, total-17 u-hydroxycorticosteroid  
a n d  pregnanetriol

U rin a ry  to ta l-1 7 -k e to s te ro id  was d e te rm in e d  b y  th e  m eth o d  o f H o lto rff  
a n d  K och [12] as m o d if ie d  b y  F a r e d i n  e t  al. [6], to ta l-1 7 a -h y d ro x y co rtico - 
s te r o id  (P o rte r—S ilber-ch rom ogens) an d  p re g n a n e tr io l  (5 /S-pregnane-За, 17a, 
2 0 a -tr io l)  b y  th e  m e th o d  o f  F a r e d i n  and  T ó th  [5, 7].

S te ro id  o u tp u t w as  s tu d ie d  during  tw o  successive  th re e -d a y  perio d s, 
th e  f i r s t  p rio r to  th e  s t a r t  of, an d  th e  second , d u rin g  tre a tm e n t. R esu lts  w ere 
e x p re sse d  in  m g/24 h rs . T h e  re liab ility  o f u r in e  co llection  w as checked  b y  
2 4 -h o u r  clearances.
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T ab le  I I I  show s th a t  th e  sy n th e tic  A C T H  induced  a s ig n ifican t increase  
in u r in a ry  to ta l-1 7 -k e to s te ro id  an d  p re g n a n e tr io l excre tion . T h e  ex c re tio n  
o f to ta l-1 7 a -h y d ro co rtico s te ro id s  d isp lay ed  th e  m o st s ig n ifican t rise ; th e ir  
am o u n ts  on th e  second an d  th ird  d a y  o f  t r e a tm e n t co rresp o n d ed  to  fo u r 
to  fivefo ld  of th e  in itia l av erag e  values.

17-ketosteroid frac tions

T hese s tu d ies  w ere done in  3 fem ale  a n d  3 m ale  p a tie n ts . P r io r  to  an d  
d u rin g  A CTH  a d m in is tra tio n , th e  1 7 -k e to ste ro id  frac tio n s w ere se p a ra te d  
b y  th in - la y e r  ch ro m a to g ra p h y  [8]. O f th e  sam ples collected  d u rin g  th e  th re e -  
d a y  perio d  o f tre a tm e n t ,  th e  one rev ea lin g  th e  m ax im u m  to ta l  k e to s te ro id  
ex c re tio n  was su b jec ted  to  sep a ra tio n . T ab le  IV  clearly  show s a 5 0 %  e lev a tio n  
o f th e  d eh y d ro ep ian d ro s te ro n e  as w ell as o f  th e  a n d ro s te ro n e  fra c tio n . E tio - 
cho lano lone an d  11-h y d ro x y -1 7 -k e to s te ro id  ex cre tio n  was d o u b led  u n d e r  th e  
effect o f th e  ho rm one, especially  in th e  fem ale  sub jec ts .

Other studies

T h e c ircu la tin g  eosinophil co u n t (20 cases) s ig n ifican tly  fell a f te r  th e  
in je c tio n  of 12.5 U , from  1 7 2 ^ 1 3 .3  to  7 9 ^ 7 .6  a t  4 h rs. B lood p re ssu re , b lood  
su g a r, serum  cho lestero l, sod ium , p o ta ss iu m  a n d  ch loride levels, u r in a ry  sod iu m  
an d  c re a tin in e  ex c re tio n , endogenous c re a tin in e  c learance  w ere p ra c tic a lly  
u n a ffe c ted . On th e  o th e r  h a n d , an  increase  in  u r in a ry  p o ta ss iu m  ex c re tio n  was 
n o te d ; th is  am o u n ted  p rio r to  t r e a tm e n t  (av e rag e  o f 3 days) to  3 8 .6 ^ 1 .9  
m E q /2 4  h rs, an d  a f te r  i t  (average  o f th re e  days) to  4 8 .2 ^ 3 .4  m E q /2 4  h rs 
I <  0.05 
( P >  0.02 '

T olerance  to  th e  ho rm one w as sa tis fa c to ry  in  all th e  20 su b je c ts . No 
seco n d a ry  effects, signs of to x ic ity  or h y p e rse n s itiv ity  reactions w ere  n o te d .

In tracutaneous sen sitiv ity  reaction after various A C T H  preparations

In tra c u ta n e o u s  te s ts  w ere ca rried  o u t in  7 su b jec ts  w ho h a d  p ro v ed  
h y p e rse n s itiv e  to  o th e r  A CTH  p re p a ra tio n s . T he te s t ,  de ta ils  o f w h ich  h a v e  
b een  g iven  earlie r, w as e v a lu a ted  as fo llow s: 0 =  no reac tio n ; -f- == e ry th e m a  
m easu rin g  10 m m  in d iam e te r  a t  th e  s ite  o f in jec tio n  a t  24hrs (ea rly  reac tio n s  
w ere a b se n t) ; =  u rtic a rio u s  no d u le  or p ap u lo u s  in f iltra tio n  (la rg e r th a n
5 m m ), w ith  a h y p e raem ic  area  (th e  la t te r  d isap p ea rin g  w ith in  48 h rs) a t  th e  
s ite  o f  in jec tio n ; +  +  +  =  oed em ato u s, b u llo u s  reac tio n , la rg e r th a n  5 m m  
(“  — ”  th e  te s t  has n o t been p erfo rm ed). S y stem ic  reac tions (fever, g en era lized  
u r tic a r ia , etc .) w ere a b se n t even in  th e  p o s itiv e  cases. In  ad d itio n  to  s y n th e tic  
h u m a n  A C TH , th e  follow ing p re p a ra tio n s  w ere used : E x a c th in  (R ic h te r) ,
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Table III

E ffect o f  syn thetic  h u m a n  A C T H  on u r in a ry  total 17-ketosteroid ,  total 
17-hydroxycorticosteroid and pregnanetrio l excretion ,  mg/24 hrs

Steroid
Number

of
cases

Before ACTH treatment (day) During ACTH-treatment (day)

3 2 ! I. II. III.

T o ta l  1 7 -k e to s te ro id 20 12.1
±  0.22*

11.6 
±  0.25

12.0  
±  0 .22

16.1 
±  1.26

19.0 
±  0.31

18.5 
±  0 .25

T o ta l  1 7 -h y d ro x y - 20 3.9 4.0 3.7 12.3 23.1 19.0
c o r t ic o s te ro id ±  0.38 ±  0.30 ±  0 .1 0 ±  1.16 ±  3.43 ±  2 .66

P re g n a n e t r io l 20 0.9
±  0.06

0.9
±  0.08

0.8
±  0 .0 9

1.2
±  0.09

2.4
±  0.09

2.3
±  0 .08

Steroid
N um ber

of
cases

Increase, in response to tre a tm en t Probability

1 - 1 I I - l I I I  —1 i/i П/1 III/L

T otal 17-ketosteroid 20 4.1
±  1.13

7.0
±  1.08

6.5
±  1.76

p < 0 .0 1 p <  0.001 p <  0.001

T ota l 17-hydroxy- 
corticosteroid

20 8.6 
±  1.27

19.4 
±  3.51

15.3 
±  2.56

p < 0 .0 0 1 p<g0.001 p<^0.001

Pregnanetriol 20 0.4
±  0.08

1.6 
±  0.07

1.5
±  0.29

p < 0 .0 1 p <  0.001 p <  0.001

* =  standard error o f m ean

Table IV

E ffect o f  syn thetic  h u m an  A C T H  on u r in a r y

Total 17-ketosteroid, n; g/24 hrs Dehydroepiandrosterone mg/24 hrs

No of
case Sex Age (year) before

trea tm en t
during
ACTH

treatm en t
increase

before
trea tm en t

during
ACTH

treatm en t
increase

l female 26 16.0 26.0 10.0 4.6 5.6 1.0

2 female 36 11.7 17.7 6.0 3.3 4.7 1.4

3 female 46 10.2 32.8 22.6 2.9 6.5 3.6

4 male 16 16.1 22.6 6.5 3.5 5.4 1.9

5 male 27 12.5 23.9 11.4 4.7 6.0 1.3

6 male 32 14.1 23.2 9.1 4.2 6.4 2.2

Average 13.3 24.4 10.9 3.8 5.7 1.9

+  0.97* ± 2 .0 2 ± 2 .4 8 ± 0 .2 9 ± 0 .2 7 ± 0 .3 8

* standard error o f  m ean
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re ta rd  (Z), p u rified  and  h igh ly  p u rif ied  po rc ine  A C T H  (all th ree : C o rtro p h in e , 
O rganon).

T ab le  V show s th e  re su lts . N eg a tiv e  re a c tio n s  to  th e  n a tiv e  p re p a ra tio n s  
w ere con fined  to  one case in  sev en . In  c o n tra s t ,  th e  reactions to  sy n th e tic  
h u m an  A CTH  w ere n eg a tiv e  in  a ll su b jec ts  b u t  one. T h e  reac tio n  in  th is  single 
case w as rep ro d u c ib le  an d  co n sis ted  o f  a slig h t e ry th e m a  3 to  5 m m  in  d iam e te r  
(g raded  ± ) .

Discussion

R ecen t l i te ra tu re  co n ta in s  re p o rts  by  v a rio u s  research  te a m s [10, 11, 
13, 19] on th e  sy n th esis  of p o ly p ep tid e s  being  ab le  to  s tim u la te  th e  ad rena l 
co rtex . O n th e  evidence o f th e se  s tu d ies  even  d iffe ren t frag m en ts  o f  ACTH 
h av e  a bio logical a c tiv ity  o f th is  k ind . F ra g m e n ts  consisting  o f  n o t  m ore 
th a n  10 am ino  acids ex h ib it a s t im u la tin g  effect o f  som e degree on th e  ad ren a l 
co rtex  [23] an d  th o se  m ade up  o f  23 or 24 am in o  acids d isp lay  a s ig n ifican t 
biological a c tiv ity  [3, 4, 17, 22, 24, 26, 31]. O n th e  grounds of th e  p resen t 
s tu d y , sy n th e tic  h u m an  A CTH  co n sisting  o f a sequence  of 39 a m in o  acids 
m ay  also be regarded  as h igh ly  ac tiv e . T he p re p a ra tio n  lends itse lf  to  d iag n o stic  
pu rposes in  endocrino logy  as w ell as to  c lin ical u se . I t  m ay  be em p lo y ed , in 
ad d itio n , as a s ta n d a rd  in  ra d io  im m uno  a ssay s fo r th e  d e te rm in a tio n  of 
p lasm a A C TH  [16]. On th e  ev idence  of th e  p re s e n t ob se rv a tio n s, sy n th e tic

17-kctosteroid frac tions

Androsterone mg/24 hrs Etiocholanolonc mg/24 lira ll-hydroxy-17-ketosteroid, mg/24 hrs

before
treatm en t

during
ACTH

treatm en t
increase

before
trea tm en t

during
ACTH

treatm ent
increase

before
treatm ent

during
ACTH

tre a tm en t
increase

4.3 6.2 1.9 4.3 9.7 5.4 2.5 3.7 1.2

4.1 6.1 2.0 2.3 3.0 0.7 1.6 2.4 0.8

2.6 5.4 2.8 3.2 12.0 8.8 0.8 6.5 5.7

4.5 5.8 1.3 6.4 9.8 3.4 1.7 1.6 - 0 . 1

2.3 5.7 3.4 3.6 6.4 2.8 1.4 3.6 2.2

5.0 7.1 2.1 3.7 8.0 4.3 1.2 1.4 0.2

3.8 6.0 2.2 3.9 8.1 4.2 1.5 3.2 1.7

+  0.44 ± 0 .2 4 ± 0 .3 8 ± 0 .5 6 ± 1 .2 8 ± 1 .1 2 ± 0 .2 3 ± 0 .7 7 ± 0 .8 6
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Table V

Intracutaneous h yp ersen sitiv ity  o f  various A C T H  preparations

No. N am e Age, Diagnosis
E xacth in

Cortrophine (Organon)
Synt.

hum an(R ichter)
retard. purified

highly
purified

l . H .S . 43 ? M elanosis + + 0
2. B.M. 39 $ H ypo-adrenocorticism  

trea ted  hyperthyro
id ism

+ _j_ -j- — 0

3. s.s. 41 ? A d d ison ’s disease, treated  
hyperthyroidism

+  + — + + 0

4. Sz.I. 29 $ D iffu se  scleroderma +  +  + + + +  + + + 0
5. Cs.Z. 32 ? C ushing’s disease, pre

vious, left subtotal, right 
to ta l, adrenalectomy

+  + + + ±

6. Т.М. 29 ? H ypo-adrenocorticism + + + + 0 0
7. J .B . 40 ? H yp  о - adreno corticism +  + — + + 0

h u m a n  A CTH  m ay  be  u s e d  in  p a tien ts  h a v in g  developed h y p e rs e n s it iv i ty  
to  n a tu r a l  ACTH; its  d e ta i le d  com parison to  o th e r  A CTH  p re p a ra t io n s  w ill 
n e e d  fu r th e r  studies.
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The clinical and experim ental aspects o f the interactions of the d iencephalon  
and the thyroid  are analyzed. The observation th a t the substitution th erap y  o f  con
genital inyxoedem a requires excessive  doses o f thyroid  hormone w ithou t involv in g  
the risk o f thyroid hyperactiv ity  is suggestive o f developm ental abnorm alities affecting  
the corresponding regions of the diencephalic nuclei. In  the rat, karyom etric variations  
in the regions o f the diencephalic, ventrom edial and habenular nuclei, alw ays associated  
w ith  m ethylthiouracil-induced m yxoedem a, were fu lly  normalized on adequ ate  sub
stitu tion  therapy, in opposition to similar diencephalic lesions accom panying con
genitally  induced m yxoedem a in laboratory anim als where thyroid su b stitu tion  therapy  
was no longer capable o f restoring conditions to norm al.

Tw o ch ild ren  w ith  co n g en ita l m y x o ed em a, u n responsive  to  s u b s t i tu t io n  
th e ra p y , h av e  been  observed . T h y ro id  h o rm o n e  ad m in iste red  fa r  in  excess 
o f a d u lt  re q u irem en ts  failed  to  ensu re  clin ical im p ro v em en t. T o  a c c o u n t 
fo r th e  fa ilu re , th e  ev en tu a l role o f  e x tra th y ro id a l  fac to rs  was s tu d ie d . T he 
p o ssib ility  o f dev e lo p m en ta l defec ts affec ting  th e  m esencephalic  n u c le a r  regions 
w here th e  v e g e ta tiv e  cen tres  a re  re p re se n te d , w as considered in  v iew  o f  th e  
ev idence concern ing  th e ir  close in v o lv em en t in  th y ro id -ce reb ra l feed b ack . 
To p ro v e  th e  v a lid ity  o f th is  c la im , i t  h ad  to  be show n in anim al e x p e rim e n ts  
th a t  th e  ce reb ra l lesions asso c ia ted  w ith  acq u ired  m yxoedem a, h o w ev er 
ex ten siv e , w ere te m p o ra ry , i. e. rev ers ib le  on th y ro id  s u b s titu tio n  th e ra p y  
w hereas th o se  accom pany ing  co n g en ita l m y x o ed em a  w ere u n re sp o n s iv e  to  
such  tre a tm e n t. M ore precisely , th e  d iencepha lic  changes due to  acq u ired  
m yxoedem a h a d  to  be re s to red  to  n o rm al b y  th y ro id  a d m in is tra tio n , w hereas 
th o se  acco m p an y in g  congen ita l m y x o ed em a in  a genera tion  b ro u g h t u p  on 
a n tith y ro id  d rugs h a d  to  p ro v e  u n resp o n siv e  to  prolonged a d m in is tra tio n  
of m a jo r th y ro id  doses. In  b rie f, th e  q u es tio n  w as, w h e th e r or n o t, th e  d ien 
cephalic  lesions due  to  m yxoedem a are  rev ersib le .

M ateria l and  m ethods

A group o f W istar rats aged 3 to  4 m onths were treated w ith  m assive doses (50 mg 
daily) o f m ethylth iouracil and subsequently  w ith m assive doses o f thyroid horm one 100 ц g 
thyroxine or 1 / jg triiodothyronine, daily , for two m onths. This group served as contro l to  the 
group o f congenital hypothyroidism , w hich was induced as follows. Fem ale W istar rats of 
200 g body w eight were started on 50 m g o f m ethylth iouracil daily three m onth s prior to 
m ating, and adm inistration o f these doses was continued through pregnancy and lactation .
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T h e actu a l test anim als, the you n g  rats, were started  o n  m ethylthiouracil at b irth  and m ain
ta in e d  on it  until the end o f th e  second month. H a lf  o f  these animals w ith  congen ita l hypo
th y ro id ism  induced in th e  above manner were su b jected  to  thyroid hormone trea tm en t w ith  
th e  sam e doses o f thyroxine or triiodothyronine as in  th e  animals o f the first group w ith  in 
d u ced  adult m yxoedem a. T he other half served as controls. The “ adult” series w as m ade up 
o f  tw o  groups of 30 anim als each  and the series o f  congenita l m yxoedem a also com prised  
60 anim als.

Serum  protein-bound iod ine, chrom atographic pattern  of thyroid horm ones and the  
h isto lo g ic  appearance o f the thyroid  were studied in  all th e  anim als, and were found invariab ly  
in  harm on y  with the prevailing state.

T he diencephalic nuclear regions were su b m itted  to  karyom etric stu dy  (for technical 
d eta ils  see [19]). Material for the karyom etric study o f  th e  ventrom edial nucleus w as invariab ly  
d er iv ed  from  its basal (ventrolateral) part corresponding to  the frontal plane o f th e  arcuate 
n u cleu s. For karyom etry o f th e  m edial habenular nu cleus the cellular nuclei o f  its  m acro- 
cellu la r  ventral and lateral areas at the m id-level o f  th e  habenular nucleus in  th e  antero
p o ster io r  direction were stu d ied . The microcellular dorso-m edial part was not included in 
th e  present study, thou gh  on th e  evidence of earlier investigations [20] the m icrocellular  
area a lso  exhibits shrinking o f th e  nuclei in response to  thyroidectom y or to th iouracil treat
m en t.

R esults

F ig s . 1 an d  2 p re s e n t  th e  k a ry o m e tric  v a r ia tio n s  in  th e  v e n tro m e d ia l 
a n d  h a b e n u la r  n ucle i in  th e  group w ith  m y x o e d e m a  in d u ced  b y  chem ical 
th y ro id e c to m y  an d  w ith  in d u ced  congen ita l m y x o ed em a, re sp ec tiv e ly .

nuclear diameter

F ig . 1. Abnorm al sh ift in  the karyom etric variations (nuclear shrinking) in the ventrom edial 
nucleus in rats w ith  congenital h yp othyroid ism . Sym bols as in  F ig . 2

I t  can  be seen th a t ,  w h ile  in  th e  th y ro x in - t r e a te d  g roup  o f th io u ra c il-  
in d u c e d  a d u lt m y x o ed em a (co n tin u o u s th in  lin e) th e  k a ry o m e tric  ab n o rm a litie s  
d e m o n s tra b le  in  th e  v e n tro m e d ia l nucleus w e re  in s ig n ifican t as co m p a re d  to  
th e  n o rm a l contro ls (c o n tin u o u s  h eavy  line), th e  cu rve  o b ta in ed  in  th e  g roup  
o f  in d u c e d  congen ita l h y p o th y ro id ism  a f te r  th y ro x in  su b s titu tio n  th e ra p y  
sh o w e d  a m arked  sh if t to  th e  le ft, i. e. in  th e  d ire c tio n  of n u c lea r sh rin k in g . 
As to  th e  h ab en u la r n u c leu s , h ere  th io u rac il in d u c e d  sw elling o f th e  cell nucle i, 
w h ic h  in  th e  group o f  c o n g en ita l m y x o ed em a w ere  no longer re sp o n siv e  to  
s u b s e q u e n t  th y ro x in e  o r tr iio d o th y ro n in e  a d m in is tra tio n .
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nuclear diameter

F i g .  2 .  Abnormal shift in the karyometric variations (nuclear swelling) in the habenula r
nucleus in rats  with congenital hypothyroidism. ■ = norm al co n tro l , ......................
ra ts  with congenital myxoedema, - - - - - - -  rats with  congenital myxoedema; thyroxine
trea tm ent,  ................. =  ra ts  with congenital myxoedema; methylthiouracil +  thyroxine
trea tm ent,  ------ adult rats: pretreatment with thiouracil,  subsequent t r e a tm en t

with thyroxine

■tela M edico A ca d em ia v  S c ien tiu ru m  H ungaricae 27 , 1970

F i g .  3 . Histologic appearance of mesencephalon. W ear-and-tear pigments as a sign
of degeneration
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Q u a lita tiv e  h isto log ic  s tu d y  re v e a le d  in  th e  groups w ith  h y p o th y ro id ism  
m in o r  ch ro m ato ly sis , la rg e ly  confined  to  th e  v en tro m ed ia l n u c leu s . N o accu
m u la t io n  o f w e a r-a n d -tea r  p ig m en ts  w as d em o n strab le .

H alász  e t al. [16] a n d  Me ss  an d  K u t a s  [20] have  show n t h a t  th e  karyo- 
m e tr ic  ab n o rm alitie s  in  th e  dorso- an d  v e n tro m e d ia l an d  th e  h a b e n u la r  nuclei 
do  n o t  a ffec t u n ifo rm ly  all cells of th e  c e n tra l  nervous sy s tem  in  an  u n s  elective 
m a n n e r .  C erta in  h y p o th a la m ic  nucle i, e. g. th e  a rcu a te  n u c leu s, re m a in  in ta c t 
w h ile  o th e rs , e. g. th e  p a ra v e n tr ic u la r  n u c leu s , ex h ib it an  in v e rse  response . 
T h e  c o n s is te n t k a ry o m e tr ic  v a ria tio n s  d e m o n s tra b le  in  th e  p re se n t ex p e rim en ts  
h a v e  c learly  p ro v ed  th e  p resen ce  o f c o n s is te n t s tru c tu ra l, a n d  co m m en su ra te  
fu n c tio n a l , changes in  th e  co rresp o n d in g  nu c lea r reg ions. F ro m  th e  curves 
a n d  th e  co n sis ten t re sp o n se  to  every  in flu en ce  involv ing  th e  th y ro id  i t  c learly  
fo llo w s th a t  th e  lesions a ffec tin g  th e  d ien cep h a lic  nuclei o f an im als  w ith  con
g e n i ta l  h y p o th y ro id ism  are  o f  p e rm a n e n t c h a ra c te r  and  show  v e ry  good re sp o n 
s iv e n e ss  to  changes in  th e  b lood  th y ro id  ho rm o n e  level.

D iscussion

I n  recen t y ea rs  som e in s ig h t has b e e n  gained  in to  th e  re la tio n sh ip  b e 
tw e e n  th e  th y ro id  an d  th e  c e n tra l n erv o u s sy s tem , in p a r tic u la r  th e  d iencephalon . 
T a u r o g  e t al. [29] an d  Co u r r ie r  e t al. [7] have  show n t h a t  4 h o u rs  a fte r  
a d m in is tra t io n  of 131I - th y ro x in e  an d  131I-tr iio d o th y ro n in e  th e  th y ro id  ho rm one  
c o n c e n tra t io n  in  th e  h y p o th a la m u s  exceeds th e  p lasm a  level 2 to  4 tim es. 
F o r d  a n d  Gross [13 ], on  a d m in is te r in g  131I- tr iio d o th y ro n in e  to  ra b b its , 
f o u n d  th e  h ighest h o rm o n e  c o n c e n tra tio n s  in  th e  region of th e  p a ra v e n tr ic u la r  
n u c le u s .

T h e  th y ro id  g lan d  a n d  th e  d ien cep h a lo n  are co n n ec ted  b y  a tw o -w ay  
m e c h a n ism  acco u n tin g  fo r th e  feed b ack  reg u la tio n  of th y ro id  fu n c tio n . I t  is 
g e n e ra lly  agreed  th a t  in c rea sed  th y ro x in e  levels are  in fluencing  th y ro id  fu n c tio n  
b y  a c tin g  d irec tly  on th e  h y p o p h y sis , a n d  red u ced  levels, b y  an  a c tio n  on th e  
h y p o th a la m u s  [24].

S te reo tac tic  s tu d ie s  w ere u n d e r ta k e n  w ith  th e  aim  of e s ta b lish in g  w hich  
o f  th e  h y p o th a lam ic  n ucle i w ere in v o lv ed  in  th e  p ro d u c tio n  o f T S H  b y  th e  
h y p o p h y s is . Lesion to  th e  a rea  enclosed b y  th e  op tic  ch iasm , th e  p a ra v e n tr ic u la r  
n u c le u s  an d  th e  m ed ia l em inence  w as fo llow ed  b y  a d e fin ite  re d u c tio n  in  T SH  
s e c re tio n  and , co n seq u en tly , in  th e  s e c re to ry  a c tiv ity  o f th e  th y ro id . B o g d a - 

n o y e  [2], and  B o g d a n o v e  an d  H a l m i  [3] found  m orphologic  an d  fu n c tio n a l 
c h a n g e s  ch a ra c te ris tic  o f  th y ro id  h y p o fu n c tio n  a fte r lesion  to  th e  v e n tra l 
a re a  o f  th e  m edial em inence. D ’A n g e l o  a n d  T r a u m  [ 8 ]  n o te d  a re d u c tio n  
in  T S H  secre tion  a fte r  lesions o f s im ila r lo ca liza tion . M e s s  [19] a n d  K o v á c s ,
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L is sá k  and  E ndrőczi [18] fou n d  a redu ced  p itu ita r y  T S H  co n te n t  to g e th e r  
w ith  h isto lo g ic  sign s o f  th y ro id  h y p o fu n ctio n  a fter  d estru ction  o f  th e  area  
b etw een  th e  op tic  ch iasm  and th e  m ed ia l em in en ce . H arr is  [17 ], Ca m p b e l l  
et  al. [6], and S h izu m e  [26] sh o w ed  th a t  e lec tr ic  stim u li applied  to  th e  v en tra l  
p art o f  th e  h y p o th a la m u s in creased  th e  re lease  o f  13II , w hile a fter  a sim ilar  
in te rv e n tio n  D ’A n g e lo  and  S n y d e r  [9] d em o n stra ted  reduced  h y p o p h y se a l  
co n cen tra tio n s  o f  T S H , paralle l w ith  a rise in  its  b lood  level.

T h ere  are  d a ta  in fa v o u r o f th e  n eu ro h o rm o n a l n a tu re  o f th e  in fluence  
o f th e  d iencep h a lo n  on T S H  secre tion . T he ex is ten ce  o f a th y ro tro p in -re le as in g - 
fa c to r  (T R F ) o f h y p o th a la m ic  orig in  w as p ro v ed  b y  S h i b u s a w a  [25], w hile 
A v e r il l  e t al. [1] w ere ab le  to  p ro d u ce  an  e lev a tio n  in  th e  se ru m  T S H  level 
b y  d irec t in tra h y p o p h y se a l in fusion  of c rude  h y p o th a la m ic  e x tra c t.

T h e  h a b e n u la r  nucle i a re  also in v o lved  in  th e  n eu ra l feedback  m ech an ism  
h u t  th e ir  ro le is lim ited  to  a sensitiz ing  in flu en ce  e ith e r  co -o rd in a ted  to  n eu ra l 
feed b ack  o r  co n tro llin g  i t  [21].

In  ag reem en t w ith  d a ta  in  th e  l i te ra tu re , o u r earlier o b se rv a tio n s  in  a 
fa ta l  case o f h y p o th y ro id  com a [27, 28] w ere also suggestive  o f an  in v o lv e m e n t 
o f th e  d iencephalic  regions. T he cause o f th e  com a w as an  acu te  ce re b ra l oedem a 
in d u ced  b y  a s ligh t in ju ry  in  a p a tie n t  w ith  m yxoedem a. T he a c u te  th y ro id  
h o rm o n e  defic iency  elic ited  c e n tra l n ervous signs an d  th ese  w ere soon  follow ed 
b y  com a. All th e  p re te rm in a l signs such  as loss o f consciousness, b ra d y c a rd ia , 
b ra d y p n o e a , h y p o ten sio n , h y p o th e rm ia  m u s t h av e  been co n n ec ted  w ith  a 
fu n c tio n a l d is tu rb a n c e  o f th e  co rresp o n d in g  d iencephalic  a reas. T h e  w ear- 
a n d - te a r  p ig m en ts  d e m o n s tra te d  in  th e  d ien cep h a lo n  h ad  o rig in a te d  from  th e  
m acro ce llu la r area  o f  th e  a n te r io r  p i tu i ta ry ;  th e y  w ere regarded  as a sign of 
d eg en era tio n .

P ro d u c tio n  a n d  course o f th e  th y ro to x ic  crisis rep resen ts a c o u n te rp a r t  
to  h y p o th y ro id  com a. H ere  to o  th e  co n d itio n  o f u tm o s t sev erity  is n o t  lim ited  
to  a p e rip h e ra l o rgan  b u t  invo lves th e  c e n tra l n ervous sy stem , p ro d u c in g  a 
d isa s tro u s  b reak d o w n  o f its  fu n c tio n s [28]. T h e  excessive c e n tra l-n e rv o u s  
in v o lv e m e n t in  g rav e  th y ro id  d isease does n o t m ean  th a t  in its  co m m o n , i. e. 
p e rip h e ra l, ty p e  th e  ce n tra l n e rv o u s sy s tem  sh o u ld  be considered  a neglig ib le 
fa c to r . In  fa c t, th e  re su lts  o f  v a rio u s s tu d ie s  d e fin ite ly  suggest th e  c o n tra ry . 
F ö ld i  e t al. [14] h av e  show n in  crossed c ircu la tio n  dogs th a t  e a rly  th y ro x in e  
ta c h y c a rd ia  can n o t be elic ited  w ith o u t c e n tra l n erv o u s m ed ia tio n . P oliczer  
[23] em phasized  th e  ex istence  o f close re la tio n sh ip s  betw een  increased  
th y ro id  fu n c tio n  a n d  th e  ce n tra l nervous sy s tem . T h e  sam e ap p lies  to  ce rta in  
ty p e s  o f  m y xoedem a, as p o in te d  o u t b y  B r e w e r  [5]. T he c o rre la tio n  b e tw een  
th y ro id  fu n c tio n  a n d  th e  c e n tra l n erv o u s sy s tem  has been d iscu ssed  b y  us 
in  1962 in  th e  c o n te x t o f th e  clinical o b se rv a tio n  o f tw o cases o f  co n g en ita l 
c re tin ism . T h e  cond ition  w as due to  an  enzym e defect in h ib itin g  th e  o rganic  
b in d in g  o f  iod ine. D a ta  o f th e se  p a tie n ts  a re  p re sen ted  in T ab le  I .
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Table 1

Clinical and laboratory data o f  the two pa tien ts  w ith  congenital myxoedema

S. J ., female: aged 14 at the tim e  ot oDser- 
v a tio n

H istory: Retarded developm ent; m ental de
fic ien cy . Thyroid disease had  not been 
diagnosed.

S tate: D iffuse, apple-sized goitre. Typical 
m yxoedem a.

Serum  protein-bound iod ine l/tg  per 100 ml.

B asa l m etabolic rate —10 °/0.

Chrom atogram  :
triiodothyronine not dem onstrable; th y 
roxine 0.26°/0; m on o -a n d  diiodotyrosine: 
increased.

O. K ., fem ale; aged 16 at the tim e o f ob 
servation

H istory: asphyxia  at birth. M ental deficien
cy . T hyroid  disease had been diagnosed  
a t age seven. Sporadic thyroid  su b stitu 
tio n  therapy only a year before adm ission.

State: F ist-sized  diffuse goitre. T ypical
m yxoedem a.

Serum  protein-bound iodine 1.7 fig per 
100 m l.

B asal m etabolic  rate — 28% .

Chrom atogram : not performed.

131I-retention  curve per cen t
per cent 1 h: 28

1 h: 20 2 h: 40
2 h: 39 3 h: 68
6 h: 68 4 h: 20

24 h: 89 6 h: 10
48 h: 80 24 h: 13

48 h: 11

13lI-retention  test repeated 3 w eeks later in com bination w ith  potassium  perchlorate-loading, 
2.0 g being  adm inistered b y  m ou th  at 3hrs after ingestion  o f  the isotope. This resulted in  the

follow ing retention curves:

131I-reten tion  curve 
per cent

1 h: 16
2 h: 48 
6 h: 80

24 h: 90 
48 h: 94

per cen t
1 h: 22
2 h: 35
3 h: 57
4 h: 30
6 h: 8

24 h: 12 
48 h: 18

A s to  th e  doses fo r  su b s ti tu tio n  th e ra p y , th e  p a tie n ts  w ere s ta r te d  on 
4 0  /jg tr iio d o th y ro n in e  d a ily , w ith  daily  in c re m e n ts  of 20 fig; i t  w as s t r ik 
in g  to  f in d  th a t  th e  d a ily  dose  h a d  to  be ra ised  to  600  fig. D ry  th y ro id  e x tra c t  
in  doses o f 100 m g d a ily  successively  increased  to  800  m g daily  likew ise fa iled  
to  p ro d u c e  an y  to x ic  e ffec t, in  c o n tra s t to  th e  g en era l experience in  non- 
c o n g e n ita l m y x o ed em a w h ere  we can n o t be  c a re fu l enough  w ith  th e  s u b s ti tu 
tio n  doses, since d e sp ite  u tm o s t  cau tion  a n d  m in im u m  daily  in c rem en ts , 
to x ic  effects due to  th y ro id  h y p e ra c tiv ity  m a y  a p p e a r  before a n y  n o ta b le  
b e n e f i t  h as  been ach iev ed  as em phasized  also b y  Z o n d e k  e t al. [30, 31 ].
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T h e special re sponse  to  th y ro id  ho rm o n e  fo u n d  in  spo rad ic  c re tin ism  — 
un like  t h a t  seen in  n o n -co n g en ita l m y x o ed em a ra ised  th e  p o ss ib ility  t h a t  
th e  m e tab o lic  d is tu rb a n c e  asso c ia ted  w ith  co n g en ita l m y x o ed em a causes 
an  irrev e rs ib le  d am ag e  to  th e  ce n tra l n e rv o u s sy s tem  b y  d ep riv in g  i t  from  
th e  th y ro id  ho rm ones n ecessa ry  fo r n o rm al d ev e lo p m en t. T he u n resp o n siv en ess  
o f  ou r p a tie n ts  to  th y ro id  doses fa r  in  excess o f th o se  n o rm a lly  u se d  fo r  s u b 
s t i tu t io n  w ould  su g g est t h a t  th e  classical sy n d ro m e  o f ta c h y c a rd ia , tre m o r  
an d  sw ea tin g  re su lts  from  an  in d irec t m ech an ism  invo lv in g  th e  ag en cy  o f  th e  
c e n tra l n erv o u s sy s tem , r a th e r  th a n  from  a d irec t m etab o lic  re sp o n se  o f  th e  
ta rg e t  o rg an , th e  th y ro id . T he sy m p to m s in  q u es tio n  m a y  th u s  be  co n n ec ted  
w ith  th e  n u c lea r  reg ions o f  th e  d iencep h a lo n  (v eg e ta tiv e  cen tres) w h ich  re a c t 
read ily  to  th y ro id  ho rm one . In  th e  case o f fa ilu re  or in a d e q u a c y  o f c e n tra l  
reg u la tio n , even m assive  doses o f exogenous th y ro id  ho rm one are  in e ffic ien t.

C ongen ita l m y x o ed em a is assoc ia ted  in  o u r v iew  w ith  d e v e lo p m e n ta l 
defects o f  th e  c e n tra l n e rv o u s sy stem , as co n firm ed  b y  num ero u s e x p e rim e n ta l 
an d  clin ical ob se rv a tio n s. M ultip le  lesions a ffec tin g  th e  s tru c tu ra l d e v e lo p m en t 
o f th e  c e n tra l n erv o u s sy s tem  h av e  been  d e m o n s tra te d  in  ra ts  w ith  co n 
g e n ita l m y x o ed em a in d u c e d b y  goitrogens o rb y  rad io -iod ine  [1 5 ].T h ep a th o lo g ic  
sign ificance o f lesions rep ro d u ced  w ith  th e  a id  o f close loca liza tion  tec h n iq u e s  
has also b een  ex am ined . T hese  s tu d ies  h a v e  show n th a t  in  p a tie n ts  w ith  con
g en ita l h y p o th y ro id ism , th e  b ra in  is red u ced  in  w eigh t an d  has a c h a ra c te r is tic  
sh ap e , its  b re a d th  b e ing  o u t o f p ro p o rtio n  w ith  its  len g th . T he h is to lo g y  of 
th e  ce reb ra l co rtex  has also p ro v id ed  v a lu a b le  in fo rm atio n . T he m ain  a b n o rm a l
ities th u s  d e m o n s tra te d  co nsist in  n a rro w in g  o f th e  n eu ro n a l p e r ik a ry o n  [10], 
d e lay ed  ax o n a l m y e lin iza tio n  [4], reduced  d e n s ity  o f th e  ax o n a l n e tw o rk  [11]. 
T he ra te  o f g ro w th  o f d en d rite s  is also slow er th a n  in  th e  h e a lth y  p ro g en y . 
T he ce reb ra l vessels also rev ea l ab n o rm a litie s , i. e. increased  c a p illa ry  p e rm e 
a b ility  [22] an d  consid erab le  loss o f cap illa ry  su rface  w hich  is closely in v o lv ed  
in  m e tab o lism  [12].

To acco u n t fo r th e  fa ilu re  o f sp o rad ic  c re tin s  to  develop sy m p to m s  of 
th y ro id  overdosage , i t  is suggested  th a t ,  d u rin g  th e  process o f  d ev e lo p 
m e n t, th e  b ra in  (d iencep lia lon) lacks th e  th y ro id  horm ones e ssen tia l to  its 
n o rm a l d ev e lo p m en t. T h is re su lts  in  defec ts o f c e r ta in  d iencepha lic  n u c lea r  
s tru c tu re s . In  acq u ired  h y p o th y ro id ism , se n s it iv ity  of th e  d iencepha lic  cen tres  
to  h o rm o n a l in fluences is p re se rv ed  an d  an  excess of th y ro id  h o rm o n e  will 
e lic it th e ir  response .

T h e  p re se n t s tu d ie s  seem  to  h av e  p ro v ed  th a t  th e  effect o f s u b s ti tu t io n  
th e ra p y  in  h u m a n  m y x o ed em a (acqu ired  o r congen ita l) depends on  th e  re v e rs i
b ility  or ir re v e rs ib ility  o f  th e  d am age to  th e  d iencephalic  s tru c tu re s .
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LYMPHADENOPATHY RESULTING FROM 
LONG-TERM USE OF HYDANTOIN

By

G y . Sz e g e d i , G. K r a s z n a i , P . S o rsze g i  and G. S zabó
F IR S T  D EPA RTM EN T O F M E D IC IN E , IN ST IT U T E  OF PATHOLOGY A N D  D EPA RTM EN T OF NEU ROLOG Y  

AND PSY C H IA TR Y , U N IV ER SITY  M EDICAL SCHOOL, D EB R EC EN

(R eceived  August 5, 1969)

In 170 epileptic subjects the incidence and histom orphologic characters of 
lym phadenopathies associated  w ith  the long-term  use o f hydantoin  derivatives has 
been studied. A particular ty p e  o f lym ph node enlargem ent persisting for years nam ed  
chronic hydantoin  lym phad en opath y  (CHL), was dem onstrable in  15% . L ym ph node  
biopsy performed in 10 cases revealed atrophy of th e  lym phoreticular tissu e, angio- 
fibrous tissue proliferation and, in  a few cases, nodular transform ation o f the lym ph  
node (nodular fibrosis). N o sign of m alignant transform ation was dem onstrable in 
any of the cases. The possible relationships betw een th e  lym ph  node changes and the  
autoim m unogenic properties attributed to hydantoin  derivatives are discussed.

T he patho m ech ariism  o f au to im m u n e  d iseases c losely  invo lves, in  a d d i
tio n  to  an  endogenous p red isp o sitio n , various exogenous fac to rs , v e ry  o ften  
d ru g s, w hich m a y  in  fa c t p ro v o k e  th e  process as i t  has b een  show n b y  clin ical 
o b se rv a tio n s  an d  e x p e rim e n ta l evidence re la tin g  to  th e  a u to im m u n iz in g  
in flu en ce  of th e  a n tih y p e rte n s iv e  d rug  h y d ra z in o p h th a la z in e  [1, 4 , 6, 22, 23, 
24, 28, 29]. L a te r , p ro ca in am id e  [14, 19, 36], iso n iaz id  [20, 36] an d  v a rio u s  
an tiep ilep tic  d rugs [2, 12, 20, 21, 25, 30, 32, 34, 41] h ad  to  he ad d ed  to  th e  list 
o f  d rugs ca rry in g  s im ila r  h a z a rd s .

O n th e  ev idence  o f  c lin ica l observ a tio n s, h y d a n to in  d e riv a tiv e s , in  a d d i
tio n  to  th e ir  au to -im m u n iz in g  effects, possess b las to m o g en ic  p ro p e rtie s  [11, 13] 
a ffec tin g  th e  ly m p h o re tic u la r  sy stem , in  p a r tic u la r  th e  ly m p h  n odes; H y m a n  
a n d  S ommers [11] r e p o r te d  on cases of ly m p h o g ran u lo m a to s is  o r m a lig n a n t 
ly m p h o m a.

T hese o b se rv a tio n s  p ro m p te d  p ro sp ec tiv e  a n d  re tro sp e c tiv e  s tu d ie s  on 
a la rg e  scale d irec ted  a t  th e  d e tec tio n  of ly m p h a d e n o p a th ie s , serologic a b n o rm a l
ities o r au to im m u n e  p ro cesses  w hich  m igh t he co n n ec ted  w ith  lo n g -te rm  a n t i 
ep ilep tic  th e ra p y .

M ateria l and m ethod

Three hundred p atien ts subjected  to  long-term  antiep ilep tic  therapy were seen the last 
fiv e  years. Of these 170 could be continuously  follow ed up ow ing to  the co-operation o f  the  
R ehabilitation  D epartm ent for E p ilep tics, Hencida, and the In stitu te  for D efective Children, 
Debrecen, and were regularly exam ined by us every six  m onths. L ym ph node enlargem ent, 
m ostly  o f sym m etrical cervical or axillary  localisation, occasion ally  o f generalized character, 
was noted in 15% o f the 300 cases, particularly where trea tm en t had been of longer duration  
and where hydantoin had been used. Lym ph-node biopsy w as carried out in 10 from  am ong  
the 170 patients who were kept under continuous observation  and w hose serologic abnorm al
ities ind icative o f autoim m une disease were of relative severity .
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R esu lts

T a b le  I  show s th e  m a in  d a ta  re la tin g  to  th e se  te n  p a tie n ts .

Pathohistologic study. The lym phoglandular structure is generally discernible. The cap
su le is uniform ly thickened and consists o f firm , collagenous fibrous tissue. The cortical area 
is  a trop h ied , follicles are sparse, o f  reduced cell population , poorly outlined, m ade up o f small 
ly m p h o c y te s  or lym phoblasts (F ig . 1). G erm inative centres constitu ted  b y  reticular cells or 
ly m p h o b la sts , are practically  absent. The m oderately broadened m edullary bundles consist 
o f  m ature  lym phocytes. The interm ediary and m edullary sinus system  show s dilatation ,

Table I

No. N am e Sex Age D rug

D ura
tion  of 
tre a t
m ent, 
years

Lym ph
node Serologic abnorm alities

l . B.M. $ 17 prim idone
trim ethadione
phenacem ide

3 Cervical LE-cells: negative  
ANR: positive  
Rose-test: 1 : 32

2 . B .I . S 19 m ephenytoin
trim ethadione

1 0 Cervical
A xillary

LE-cells: negative  
AN1J: positive  
Rose-test: 1 : 8

3. B .I . $ 29 m ephenytoin
primidone

1 0 Cervical
Axillary

LE-cells: negative  
ANR: negative  
Rose-test: positive

4. B .Á . 3 32 m ephenytoin
prim idone

15 Cervical
Axillary

LE-cells: positive  
ANR: positive  
R ose-test: positive

5. K .E . 3 26 m ephenytoin
phenytoin

1 0 Cervical LE-cells: negative  
AN R: negative  
R ose-test: positive

6 . O.L. 3 36 m ephenytoin
prim idone

15 Cervical
Axillary

LE-cells: rosette form ation  
ANR: negative  
Rose-test: positive

7. T .J . <? 37 m ephenytoin
prim idone

16 Cervical LE-cells: negative  
ANR: negative  
Rose-test: positive

8 . V .R . <J 22 m ephenytoin
phenacem ide

3 Cervical LE-cells: negative  
ANR: negative  
Rose-test: negative

9. K .B . <J 28 m ephenytoin
phenacem ide

4 Cervical LE-cells: rosette form ation  
ANR: positive  
Rose-test: positive

1 0 . B .L . 3 24 phenytoin 3 General
ized

LE-cells: negative  
ANR: positive  
R ose-test: positive

R ose-test: positive 2> 1 : 64. A N R  =  Antinuclear reaction
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Fig. 1. D etail o f atrophied cortex  w ith  poorly outlined follicle made up o f small lym phocytes.
H .E . X 120

Fig. 2. Angiofibrous proliferation involv in g  the m edullary substrate of lym ph node. II .E . X 160
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th ick en in g  of the walls, and con ta in s histiocytes w ith  large, loose as well as w ith  narrow, 
dark eosinophilic cytoplasm , furtherm ore lym phocytes and  eosinophils in the lum en (sinus 
h istio cy to sis).

Gross angiofibrous proliferation  with abundant in terstitia l fibres and blood vessels 
e x ten d s  from  the hilar region to  th e  medulla and also in v o lv es the cortical area. I t  occupies 
a lm o st entirely  the lulus and rep laces the lym phoreticular tissue of the m edullary substance

F ig . 3. L ym ph node d ivided in to  focal areas by broad bund les o f collagenous fibre rich con
nective  tissue. H .E . X 80

Fig. 4. Nodular fibrosis
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to a variable degree. I t  m ay even  divide up the entire lym phoglandular substrate and separate  
the m edullary bundles in to  focal areas which are surrounded by broad zones o f firm  collagenous  
connective tissue, i.e. nodular fibrosis (Figs 2, 3, 4).

Sm all foci o f hyalin ization  occur principally in  th e  medullary bundles, p artly  also 
in the cortical area. S inus histiocytosis is absent from  the marginal sinus sy stem . The 
subcapsular sinus sy stem  is collapsed, practically  cell-free. The residual lym phoreticu lar  
tissue is m ade up of sm all lym phocytes and ly m p h ob lasts exhibiting no ev id en ce  of 
transform ation into im m unocvtes. Sporadic plasm a cells  are seen among th e  ly m p h o cy tes
(F ig. 5).

Fig. 5. R esidual lym phoreticular tissue, consisting o f sm all lym phocytes and sporadic plasm a
cells. H. E. X  380

T h e h is to m o rp h o lo g ic  changes in  th e  ly m p h  nodes are th u s c h a ra c te r iz e d  
b y  fo llicu la r a tro p h y , sinus h is tiocy tosis  a ffe c tin g  th e  in te rm e d ia ry  sinus 
sy stem , d is tin c t an g io fib ro u s p ro life ra tio n , n o d u la r  fibrosis and  focal h y a lin iz a 
tio n . N o re tic u la r  cell p ro life ra tio n  or tr a n s fo rm a tio n  of im m u n o c o m p e te n t 
cells in to  im m u n o cy te s  w ere d em o n strab le . D iagnosis: C hronic h y d a n to in  
lym ph  a d e n o p a th y  (C H P ).

D iscussion

L y m p h  n ode  en la rg em en t in d u ced  b y  a n tie p ile p tic  drugs h as  b e e n  de
scribed  as a sign  o f d ru g -in d u ced  system ic  re a c tio n  of allergic n a tu re  [3, 5, 17, 
18, 35, 37]. L y m p h a d o p a th y  of th is  o rig in  is reg a rd ed  as ly m p h o re tic u la r  
tis su e  p ro life ra tio n  o f  b las to m ato u s  c h a ra c te r  accom panied b y  v a sc u la r  
reac tio n s in d ic a tiv e  o f  an  allergic s ta te . A ll a lle rg ic  m an ifesta tions in c lu d in g  
an  a d e n o p a th y  su b sid e  spo n tan eo u sly  a f te r  e lim in a tio n  of th e  re sp o n s ib le
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a lle rg e n , i. e. th e  su sp en sio n  of th e  d ru g  t r e a tm e n t .  The ly m p h a d e n o p a th y  
a c c o m p a n y in g  th e  h y p e rse n s it iv ity  response is te rm e d  h y d an to in -ly m p h ad en o - 
p a th y  (H P ) [7, 16]. H y m a n  an d  S omm ers [1 1 ] h a v e  observed s ix  cases o f 
t r u e  ly m p h o m a  d u rin g  an tiep ilep tic  t r e a tm e n t  a n d  in  c o n tra d is tin c tio n  to  
th e s e , re fe r  to  th e  ly m p h  n o d e  en la rgem en t o f  a lle rg ic  n a tu re  as p se u d o ly m p h 
o m a. I n  th e ir  e s tim a te  t r u e  lym phom a a n d  pseu d o ly m p h o m a sho w  m u ch  
th e  sa m e  incidence d u rin g  an tiep ilep tic  th e r a p y .  I n  th e  th ree  cases r e p o r te d  
b y  G a m s  e t al. [7] th e  ly m p h a d e n o p a th y  o f a lle rg ic  appearance  su ccess iv e ly  
a s su m e d  th e  fea tu re s  o f  t r u e  lym phom a. T h e se  au th o rs  suggested  th e  te rm  
p seu d o -p seu d o ly m p h o m a  fo r  th is  p a r tic u la r  g ro u p . These th ree  cases, to g e th e r  
w ith  th o s e  o f H y m a n  a n d  S ommers p o in t to  th e  possible b las to m o g en o u s  
p ro p e r tie s  of h y d a n to in  d e riv a tiv e s . E x p e r im e n ta l  evidence in  s u p p o r t  o f 
th is  c la im  has been  fu rn ish e d  b y  J uhász  [1 3 ];  in  his experim en ts, 10 o u t o f 
50 m ice  su b jec ted  to  lo n g -te rm  d ip h e n y lh y d a n to in  tre a tm e n t w ere fo u n d  to  
d e v e lo p  ly m p h o re ticu lo -sa rco m a  or leu k aem ia .

I n  th e  la s t 5 y e a rs  w e h av e  n o ted  h y p e rs e n s it iv ity  reactions a sso c ia te d  
w ith  th e  lo n g -te rm  use  o f  h y d a n to in  p re p a ra t io n s  in  17 cases. L y m p h  n ode  
b io p sy  h as  been  p e rfo rm ed  in  12 cases. T he h is to lo g ica l featu res of ly m p h a d e n o 
p a th y  w ere  c h a ra c te ris tic  o f  H P ,  or acco rd in g  to  th e  term inology  o f  H y m a n  

a n d  S o m m e r s , of p seu d o ly m p h o m a. N one o f  th e  p a tie n ts  have th u s  f a r  show n 
a n y  s ig n  o f m a lig n a n t ly m p h o re tic u la r  p ro life ra tio n . As a m a tte r  o f  course, 
th e  d ru g  responsib le  fo r th e  reac tion  h as  b e e n  su b s titu te d  b y  so m e o th e r  
c o m p o u n d .

L y m p h  node e n la rg e m e n t in  th e  absence  o f  a n y  sign of allergic h y p e rs e n 
s i t iv i ty  h as  been  fo u n d  in  15%  of our p a t ie n ts  o n  chronic a n tie p ile p tic  t r e a t 
m e n t .  P a lp a b ili ty  o f th e  en larged  ly m p h  n o d e s  w as checked o n  re p e a te d  
occasio n s. T he av erag e  d u ra tio n  of a n tie p ile p tic  th e ra p y  was 9 y ea rs .

In s te a d  o f th e  e x p e c te d  ly m p h o re tic u la r  tis su e  pro liferation  th e  ly m p h  
n o d e s  o f  th e  p a tie n ts  su b je c te d  to  lo n g -te rm  h y d a n to in  th e ra p y  rev e a le d  
a t r o p h y  o f ly m p h o re tic u la r  tissue , ly m p h o id  cell depletion, a n g io fib ro u s  
p ro life ra tio n  an d  fib ro s is . F ib rosis an d  m a rk e d  v ascu la r p ro life ra tio n  w ere 
fo u n d  to  go h a n d  in  h a n d  a n d  to  re su lt o ccas io n a lly  in  a n o d u la r t r a n s fo rm a 
t io n  o f  th e  ly m p h o g la n d u la r  s tru c tu re , a p ro cess  we have been re fe rr in g  to  as 
n o d u la r  fib rosis . N one o f th e  b lasto m ato u s fe a tu re s  of H P , i. e. e x te n s iv e  foci 
o f  re t ic u la r  cell p ro life ra tio n , p lasm ocy tic  a n d  eosinophil in filtra tio n , a llerg ic 
n e c ro tiz in g  v ascu litis , h aem o rrh ag ic  necrosis a n d  th ro m b o tic  m ic ro a n g io p a th y  
[16, 17, 18], w ere d e m o n s tra b le . As fa r as w e w e re  ab le  to  ascerta in , th e  p re se n t 
o b se rv a tio n  of n o d u la r  fib ro sis  seems to  b e  th e  f i r s t  of its  k in d  re p o r te d  in  
th e  l i te ra tu re .

T h e  s tim u la tin g  e ffec t o f  h y d an to in  p re p a ra t io n s  (phen y to in , m ep h en y - 
to in )  on  th e  p ro d u c tio n  o f  collagen fib res n o te d  earlier in  th e  f ib ro u s  tissu e  
o f  th e  gum  [40, 42] w as con firm ed  b y  e x p e r im e n ta l evidence [15]. M oore
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[27] observed  p u lm o n a ry  fib ro sis , H ouck  a t  a l [10] h y p e rp la s ia  of th e  co llag e 
nous fib res o f  th e  sk in  d u rin g  h y d a n to in  th e ra p y . C erta in  a u th o rs  c o n n ec t 
th e  process w ith  an  increased  f ib ro b la s t  a c tiv ity  [38], som e o thers re g a rd  i t  as 
th e  end  stage  o f a local h y p e rs e n s it iv ity  reac tio n , m a rk e d  by  p e rm a n e n t h y p e r 
p lasia  of th e  co llagenous fib re  r ic h  connective tis su e  [40].

I t  is a p o in t o f in te re s t t h a t  th e  a n tih y p e rte n s iv e  a g en t h y d ra z in o p h th a la -  
zine, well know n fo r inducing  sy s tem ic  lupus e ry th e m a to su s , has a s tim u la tin g  
effect on th e  p ro d u c tio n  of co llagenous fib res [2 6 ]. A ccord ing  to  th e  in te r p r e ta 
tio n  offered b y  Me il m a n  e t a l. [26] h y d ra laz in e  com bines w ith  th e  specific  
recep to rs  o f th e  collagen m olecule  th u s  m o d ify ing  its  an tigen ic  c h a ra c te r  and  
in itia tin g  th e  au to im m u n e  p rocess. O th ers  reg a rd  th e  lib e ra tio n  o fh is ta m in e  and  
h istam ine-like  p ro d u c ts  as th e  p r im a ry  fa c to r  [7]. H y d ra z in o p h th a la z in e  
an d  m ep h en y to in  w ere found  b y  u s  to  cause h is ta m in e  an d  se ro to n in  d ep le tio n  
[39]. M ethyserg ide, likew ise an  an tise ro to n  in  co m p o u n d , has been  fo u n d  to  
p ro d u ce  fib rosis , p a r tic u la r ly  in  th e  re tro p e rito n e a l tissue , in a n u m b e r  of 
cases.

H y p e rp la s ia  o f collagenous fib res  asso c ia ted  w ith  th e  use o f h y d a n to in  
p rep a ra tio n s  is o f generalized  c h a ra c te r : fib ro sis  a n d  increased  p ro d u c tio n  
o f collagenous fib res  m ay  in v o lv e  th e  gum , lu n g s a n d , on th e  ev id en ce  of 
o u r o b se rv a tio n s, th e  ly m p h  n o d es . W e a t t r ib u te  d irec t co llagen -fo rm ing  
p ro p ertie s  to  h y d a n to in  and  a sc rib e  th e  p ro d u c tio n  o f fibrosis to  a n  effect 
o f  th is  k ind  ra th e r  th a n  to  a loca l h y p e rse n s itiv ity  reac tio n  of th e  tissu es . 
N o m an ife s ta tio n s  o f h y p e rse n s itiv ity  fever, ra sh , a r th ra lg ia , h aem a to lo g ica l 
ab n o rm alities  h av e  been o b se rv ed  in  a ssoc ia tion  w ith  C H P. T h e  in c id en ce  
o f C H P in th e  su b jec ts  u n d e r s tu d y  w as fa r h ig h er th a n  th a t  o f H P  acco m p an ied  
b y  system ic reac tio n s of allergic n a tu re . C H P w as n o te d  in  15%  o f th e  cases 
o f epilepsy as a g a in s t 17 cases o f  H P . O nly 2 o u t o f  th e  17 p a tie n ts  b e lo n g ed  
to  th e  co n tin u o u sly  con tro lled  series o f 170 cases w h ich  signifies t h a t  th e  in c i
dence of p seu d o ly m p h o m a d u rin g  long-term  h y d a n to in  th e ra p y  is fa r  below  
th a t  o f C H P.

M alignan t ly m p h o re tic u la r  p ro life ra tio n  h as  th u s  fa r  been o b se rv e d  in  
n one  o f th e  p a tie n ts  tre a te d  w ith  an tiep ilep tics  n e ith e r  d id  th e  17 su b je c ts  
w ith  p seu d o ly m p h o m a reveal signs o f  m alig n an t tra n s fo rm a tio n . T hese o b se rv a 
tio n s are  b y  no  m eans in c o m p a tib le  w ith  a possib le  b lastom ogenous e ffec t 
o f th e  an tiep ilep tic  d rugs; th e y  do , how ever, su g g est th a t ,  in c o n tra s t  w ith  
th e  view  of H y m a n  an d  So m m e r s , association  o f  an tiep ilep tic  th e ra p y  w ith  
m a lig n an t ly m p h o m a is m uch r a re r  th a n  w ith  allerg ic  H P .

Serologic ab n o rm alities , i. e. L E . cell p h en o m en o n , a n tin u c le a r  fa c to r , 
rh eu m a to id  fa c to r , m od ifica tions o f  im m unog lobu lin  levels, were d e m o n s tra b le  
in  a g rea te r  n u m b e r of p a tie n ts  w ith  C H P th a n  in  th o se  hav ing  been  on  o th e r  
k in d s of lo n g -te rm  an tiep ilep tic  th e ra p y . (These o b se rv a tio n s  will be  re p o rte d  
elsew here). In  th e  10 p a tie n ts  u n d e r  s tu d y  th e  fo llow ing ab n o rm alitie s  w ere
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fo u n d : L E . in  one, a n tin u c le a r  fac to r in  f iv e , rh e u m a to id  fa c to r  w ith  ab n o r
m a l  t i t r e  revealed  b y  th e  R o se  te s t, in  six  in s ta n c e s . A jo in t s tu d y  o f  th e  m or
p h o lo g ic  changes in d u c e d  in  th e  ly m p h o re tic u la r  system  an d  th e  consecu tive  
fu n c tio n a l  changes o f  th e  im m une sy stem  seem s to  be th e  m o s t p rom ising  
a n g le  o f  approach  to  c la r ify  th e  m echan ism  o f th e  au to im m u n o g en ic  effects of 
h y d a n to in  p re p a ra tio n s . T h is  is in  ag reem en t w ith  th e  view  [31, 33] a ttr ib u tin g  
th e  e ffec t of th e  said  d ru g s  in  eliciting a u to im m u n e  diseases to  a d ire c t influence 
o n  th e  im m une o rg an s r a th e r  th a n  to  p e r ip h e ra l b ind ing  a n d  consecu tive 
an tib o d y -re sp o n se . T h e  changes th u s  p ro d u c e d  m ay  be im p e rcep tib le  or 
m e re ly  o f fu n c tiona l c h a ra c te r , b u t in  th e  case  o f  long -term  u se  a n d  a su itab le  
in d iv id u a l  co n ste lla tion  th e y  m ay  m anifest th em se lv es  m orpho log ica lly  an d  even 
a s su m e  m alignan t fe a tu re s .

H y d a n to in  d e r iv a tiv e s  m ay  also a c t as a llergens an d  as su ch  fo rm  a n ti
b o d ie s  w hich, how ever, a re  u n su ita b le  for th e  tr a n s fe r  o f au to im m u n e  reactions. 
W e m u s t  therefore  a t t r i b u t e  a m ore s ig n if ic a n t role to  th e ir  d ire c t in flu 
en ce  o n  th e  im m une s y s te m  in th e  p ro d u c tio n  o f d rug  (h y d an to in )-in d u ced  
sy n d ro m e s .
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IDIOPATHIC DIABETES INSIPIDUS: 
AUTOIMMUNE PROCESS IN PATHOGENESIS; 
GORTIGOID TREATMENT IN EARLY PHASE

P R E L IM IN A R Y  COM MUNICATION  

B y

V .  H O L E C E K ,  J .  C h A R V Á T  a n d  Z .  J e z K O V Á

T H IR D  D EPA RTM EN T OF M E D IC IN E , LABORATORY FO R EN D O CRIN O LO G Y  AND M ETABOLISM , 
FACULTY O F M E D IC IN E , CHARLES U N IV E R S IT Y , PR A G U E,

AND IN ST ITU TE O F HAEMATOLOGY AND BLOOD TR A N SFU SIO N , PRAG U E

(R eceived  October 21, 1969)

1. In the pathogenesis o f  some cases o f id iopath ic  diabetes insipidus, an auto
im m une process m ay play a role. The process is probably preceded by som e other (e. g. 
inflam m atory) dam age to  the supraoptic and paraventricular nuclei; ye t, it  m ay he 
responsible for the clinical m anifestation.

2. In persons in w hom  the inflam m atory and/or autoim m une process has a 
role in  the developm ent o f d iabetes insipidus, corticoid treatm ent in the early phase 
of the disease offers a hope for perm anent recovery.

3. Serum antibodies against gray or w hite brain m atter were absent in 27 
patients in whom diabetes insip idus lasted more than one year. In 9 o f these patients, 
prednisone did not influence the severity o f the d iabetes insipidus.

T he h y p o th a la m o -h y p o p h y se a l sy stem  m a y  b e  sup p ressed  b y  p r im a ry  
an d /o r m e ta s ta tic  tu m o u rs , in f la m m a to ry  d iseases, th esau rism o sis , g ra n u lo m a 
to sis , t ra u m a tic  in ju ries a n d  v a sc u la r  lesions. T h e  d a ta  on th e  in c id en ce  of 
each of th e se  cond itions d iffe r considerab ly  w ith  re g a rd  to  sam p lin g  o f  th e  
p a tie n ts  a n d  th e  in te rp re ta tio n s  o f clinical d a ta .

T h is p a p e r  deals w ith  th e  in v es tig a tio n  o f 86 p a tie n ts  suffering  fro m  d ia 
b e tes  in sip id u s, recorded  since  1954. In  73%  of th e se  p a tie n ts , d iab e tes  in sip idus 
w as classified  as id io p a th ic ; in  16 p a tie n ts  o f th is  g ro u p  febrile  d iseases p re c e d 
in g  th e  ap p ea ran ce  o f p o ly u ria  b y  2 — 6 wee*ks w ere  m en tio n ed  in  th e  h is to ry .

Since 1962, th e  b lood  o f  30 consecutive p a tie n ts  w ith  d iab e tes  in sip id u s 
was exam ined  fo r th e  p resen ce  o f g ray  an d  w h ite  b ra in  m a tte r  an tib o d ie s . 
T he re su lts  o f th ese  in v e s tig a tio n s  w ere n e g a tiv e  in  27 p a tie n ts  in  w hom  
clin ical sy m p to m s of d ia b e te s  insip idus h ad  a p p e a re d  m ore th a n  one y e a r  
before th e  ex am in a tio n , a n d  w ere  positive  in  3 p a tie n ts , in  w hom  clin ical 
sy m p to m s o f d iabe tes in s ip id u s  h ad  been  o b se rv ed  in  th e  y e a r  p reced in g  
th e  ex am in a tio n . In  th e se  3 p a tie n ts  a d m in is tra tio n  o f  p red n iso n e  w as ineffec
tiv e , b u t  in  one p a tie n t th e  v a so p re ss in  dose n ecessa ry  fo r  su b s titu tio n  decreased  
a f te r  d isco n tin u in g  p red n iso n e  t re a tm e n t. In  9 p a tie n ts ,  in  w hom  th e  d iab e tes  
in sip idus h a d  la s ted  m ore th a n  one year, co rtico id  th e ra p y  im p a ired  p o ly u ria  
an d  p o ly d ipsia . T he te m p o ra ry  im p ro v em en t fo llow ing  th e  d isco n tin u a tio n  
o f th e  co rtico ids could n o t  be  con firm ed  to  th e  e x te n t  rep o rted  b y  R u z ic  
an d  B u l i c  [1].
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T h is  p a p e r w ill re p o r t  on  th e  course o f d iab e te s  insip idus a n d  th e  resu lts  
o b s e rv e d  in  3 p a tie n ts .

Case 1. O. P ., m ale , 40 , h a d  fallen  ill w ith  fev e r an d  signs o f  a n  in fla m m a 
t io n  o f  th e  u p p e r re s p ira to ry  t r a c t .  T h ree  d ay s la te r  he  h a d  beco m e u n u su a lly  
t h i r s t y  a n d  h ad  to  d r in k  u p  to  8 1 o f w a te r  da ily . A n o th e r th re e  d ay s  la te r  
f lu id  con su m p tio n  te m p o ra r ily  decreased  to  5 —6 1, h u t  in c reased  ag a in  a fte r  
few  d a y s . T hree w eeks a f te r  th e  onse t o f  th e  disease th e  d a ily  co n su m p tio n  
h a d  a m o u n te d  to  10 1; th e  th i r s t  h a d  n o t ceased  d u ring  n ig h ts .

T h e  p a tie n t w as a d m it te d  on N ov em b er 2 7 th , 1962. P h y s ic a l e x am in a tio n  
a n d  b a s ic  lab o ra to ry  d a ta  w ere  w ith in  n o rm a l lim its . T he d iagn o sis  o f  d iab e tes  
in s ip id u s  w as confirm ed  b y  th e  d e h y d ra tio n  t e s t  (m ax . specific  w e ig h t o f  u rine ,

1004 ; loss of body  w e ig h t, 3.5 kg in  12 h o u rs). T he b io logical m e th o d  [2] 
ro u t in e ly  used  in  ou r la b o ra to ry  fo r th e  d e te rm in a tio n  of a n tid iu re tic  ho rm one  
fa ile d  to  d em o n stra te  A D H  a c tiv ity  in  d e h y d ra tio n  or a f te r  an  in tra v e n o u s  
in je c t io n  o f saline so lu tio n . N euro logical ex a m in a tio n  revealed  resid u es a fte r 
p a ra in fe c tio u s  encep h a litis . T h e  co m p lem en t f ix a tio n  te s t  [3] show ed  th e  p res
e n ce  o f  an tibod ies a g a in s t g ra y  b ra in  m a tte r  in  th e  b lood , w h ereas  w h ite  b ra in  
m a t t e r  an tibod ies w ere n o t  fo u n d . O n th e  basis  o f  th e  h is to ry  a n d  o u r find ings, 
a n  au to ag g ress iv e  p rocess w as assum ed  as p a th o g en e tic  f a c to r  a n d  i t  w as 
a t t e m p te d  to  block i t  b y  30 m g o f p red n iso n e  daily . P o ly u ria  a n d  po ly d ip sia  
im p ro v e d  an d  th ree  w eeks la te r  d iuresis b ecam e  n o rm al w ith o u t a n y  s u b s titu 
t io n  o f  A D H . P red n iso n e  w as ad m in is te red  fo r  34 co nsecu tive  d ay s. D uring  
th is  t im e , th e  p a t ie n t ’s a b il i ty  to  re a c t to  d e h y d ra tio n  b y  re n a l c o n ce tra tio n  
w as re s to re d . No re lapse  o f  p o ly u ria  a n d p o ly d ip s ia  o ccu rred .T h e  d a ta  a re  show n 
in  F ig . 1.

Case 2. M. V ., fem ale , 30, h a d  h a d  m easles an d  p a ro tit is  in  ch ildhood  
a n d  th e n  rep ea ted  ep isodes o f  to n sillitis . T h e  p re se n t d isease h a d  b eg u n  in  
N o v e m b e r, 1966, w ith  p a in fu l re tro b u lb a r  p re ssu re , v e rtig o  a n d  su b feb rility  
fo llo w ed  b y  in tense  h e a d a c h e  localized  in  th e  o cc ip ita l an d  p a r ie ta l  regions.
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P o ly u ria  an d  p o lyd ipsia  h a d  su d d e n ly  deve loped  on D ecem ber 2 0 th , 1966 
a n d  flu id  in ta k e  h a d  increased  to  10 14 1 d a ily . T he p a tie n t h ad  b een  a d m itte d
to  a d is tr ic t h o sp ita l w ith  th e  d iagnosis  o f d iab e te s  insip idus. As A D H  s u b s t i tu 
tio n  d id  n o t s to p  th e  p o lyu ria  a n d  p o ly d ip sia , she "was a d m itte d  to  o u r  D e p a r t 
m en t.

P h y sica l find ings and  b asic  la b o ra to ry  d a ta  w ere no rm al. T h e  d e h y d ra 
tio n  te s t ,  th e  h y p e rto n ic  so lu tio n  te s t  a n d  a tte m p ts  a t  th e  s tim u la tio n  of 
vasopressin  secre tio n  b y  a m y ln itr i te  in h a la tio n  [4] confirm ed th e  d iagn o sis  
o f  d iab e tes  in sip id u s. E ven  fo llow ing  th e se  s tim u li, n e ith e r  a n tid iu re tic  a c t iv 
i ty  in  th e  b lood  n o r gray  o r w h ite  b ra in  m a t te r  an tib o d ies  in  se ru m  w ere 
d e m o n s tra te d . N onetheless, in  v iew  o f th e  h is to ry  an d  th e  sh o rt d u ra t io n  o f 
th e  d iab e tes  30 m g of p red n iso n e  daily  w as p rescrib ed . A fte r a te m p o ra ry  
im p a irm e n t o f p o ly u ria , f lu id  in ta k e  d ro p p ed  to  n o rm al in  th e  6 th  w eek  of 
p redn isone th e ra p y . A fter its  d isc o n tin u a tio n  th e  p a tie n t h ad  no sy m p to m s  
of d iab e tes  in sip id u s and  has b een  w ith o u t vasop ressin  su b s ti tu t io n  in  th e  
la s t  4 y ears . In  N ovem ber, 1967, how ever, 8 m ic ro u n its  of a n tid iu re tic  a c t iv i ty  
per m l o f se ru m  w ere found  a f te r  a m y ln itr i te  s tim u la tio n .

Case 3. Y . S ., m ale, 29. S ince A u g u st, 1967, he h ad  suffered  3 t im e s  fro m  
to n sillitis , a lth o u g h  before he  h a d  n o t h a d  th is  disease. T hen  p o ly u r ia  an d  
po ly d ip sia  h a d  developed  w ith in  5 d ay s, f lu id  in ta k e  am o u n ted  to  10 1, la te r  
14 1, daily . P h y s ic a l findings w ere  n o rm a l. In  D ecem ber, 1967, th e  d e h y d ra tio n  
a n d  H ickea  — H a re  te s ts  co n firm ed  th e  d iagnosis  o f d iabe tes in s ip id u s . A n ti
bod ies ag a in s t g ra y  and  w h ite  b ra in  m a tte r  w ere n o t found . In  F e b ru a ry , 
1968, how ever, h ig h  am oun ts o f  g ra y  b ra in  m a t te r  a n tib o d y  w ere d e m o n s tra te d  
in  th e  b lood. F o llow ing  th is  o b se rv a tio n , th e  p a t ie n t  w as tre a te d  w ith  30 m g 
o f  da ily  p red n iso n e  for 6 w eeks. P o ly u ria  rose to  16 1 p e r d ay  th e n  d ec rea sed  
a n d  a t  p re se n t, 26 m o n ths a fte r  p red n iso n e  t r e a tm e n t  h ad  sto p p ed , th e  d iu res is  
a m o u n ts  to  3 — 4 1 daily  w ith o u t v a so p re ss in  su b s titu tio n .

R E F E R E N C E S

1. R u z ic , A ., B ulic , F .: Bull. Schweiz. Akad. med. W iss. 16, 508 (1960).
2. H o l e c e k , V ., P o lá k , H ., B lá h a , J ., J ir á s e k , M.: Endokrinologie 32, 39 (1954).
3. Ch u d o m e l , V., J ez k o v á , Z., L ib â n s k ÿ , J.: B lood 14, 920 (1959).
4. H o l e c e k , V ., P e t r á s e k , J .:  V nitrní lék arstv í 7, 702 (1963).

M uD r V . H o l e c e k , C S c, D oc.
M uD r J . Ch a b v á t , D S c, P ro fe sso r o f M edicine, 
M em ber o f C zechoslovak A cadem y  o f Sciences, 
P liD r Z. J e z k o v á , C S c

P ra h a  2,
U nem ocn ice 1, 
I I I .  I n t .  K lin ik a , 
ÍS S R

A da Medica Acadrmiae Scientiarum Hungaricae 27, 1970





Acta Medico Academiae Scientiarum Hungaricae,  Tomus 27 (3), pp. 257 —  274 (1970)

EFFECT ON ASCITES OF THORACIC DUCT FISTULA 
AND OF CERVICAL LYMPHATIC-VENOUS SHUNT
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G y . S zabó , Z s . Ma g y a r  and P .  S e r é n y i

NATIONAL INSTITUTE OF TRAUMATOLOGY, BUDAPEST 

(R eceived October 23, 1969)

In the norm al dog as also in  anim als w ith  constrictive pericarditis there is no 
constan t pressure gradient betw een the thoracic duct and the cervical vein s. In  ascites 
induced by cava inferior constriction, pressure in the thoracic duct exceed s th a t o f 
th e  jugular vein  by 6 .9 ± 0 .7  m m  H g. This is consistent w ith a functional narrowing  
at the junction  of the thoracic d u ct w ith  the venous system . A thoracic du ct fistu la  
leads to a reduction of the ascites and a fall in  the portal (cava inferior) pressure in  
these  anim als. The effect is transitory and suspension of free lym phatic drainage is 
follow ed by the reappearance o f  ascites and congestion . The cervical lym phatic-  
venous shunt reduced experim ental ascites due to  cava inferior constriction  in 50%  
o f anim als. H ow ever, ascites and venous congestion  m ay spontaneously subside in 
a num ber of cases. D espite this fa c t, the shunt seem s to have been of d efin ite  benefit  
in  a num ber of anim als. In a p a tien t w ith  liver cirrhosis w ith ascites res ista n t to 
all therapeutic m easures, the creation  o f a cervical lym phatic-venous sh u n t brought 
th e  situation  under perm anent control. Cervical lym phatic-venous anastom osis is 
recom m ended in properly selected cases o f  liver cirrhosis associated w ith  ex ten sive  
ascites.

P o sts in u so id a l venous s ta s is  in  sy stem ic  congestion  or in  c irrh o sis  of 
th e  liv e r re su lts  in  an  increased  in tra h e p a tic  p ro d u c tio n  of e x tra c e llu la r  flu id  
a n d  o f ly m p h  [18, 21, 35, 37]. T he fo rm er fa c to r  leads to  a fu r th e r  im p a irm e n t 
o f b lood  flow  in th e  o rgan  enclosed b y  a firm  envelope , and  th e  l a t t e r  to  flu id  
accu m u la tio n  in  th e  abdom ina l c a v ity  in  consequence  of th e  d y n a m ic  fa ilu re  
of ly m p h  flow . T his im p lica tes t h a t  a n y  in te rv e n tio n  w hich im proves ly m p h a tic  
d ra in ag e  m u s t re su lt in  a re d u c tio n  o f p o r ta l  p re ssu re  and , co n se q u e n tly , of 
asc ites. T h is has been  confirm ed  b y  th e  re su lts  o f  tho racic  d u c t d ra in a g e  in  
e x p e rim e n ta l ascites an d , to  a c e r ta in  degree, also in  ascites a c c o m p an y in g  
c irrhosis o f  th e  liv e r [2, 7, 10, 23, 26]. T h e  d raw b ack s  of th e  p ro c e d u re  are , 
how ever, obvious [14, 39, 40]. A f is tu la  o f th e  th o ra c ic  d u c t c a n n o t b e  m a in 
ta in e d  fo r u n lim ited  periods, an d  as soon as i t  is closed, p o rta l p re ssu re  rises 
an d  th e  ascites reap p ears . M oreover, asc ites is associa ted  w ith  a s u b s ta n t ia l  
increase  in  ly m p h  flow  w hich in v o lv es  a loss o f  lym phocy tes, p ro te in , f lu id s  
an d  e lec tro ly tes  th ro u g h  th e  open  th o ra c ic  d u c t [2, 9, 20, 23, 26, 39]. A tte m p ts  
h av e  th e re fo re  b een  m ade to  r e tu rn  th e  ly m p h  leav ing  th e  th o ra c ic  d u c t 
in to  th e  venous sy s tem  b y  c re a tin g  a ly m p h a tic -v en o u s  an asto m o sis  [4, 40, 
42]. In te rv e n tio n s  o f th is  k ind  a re , how ever, n o t  ra tio n a l, un less th e  ly m p h  
flow  in side  th e  th o rac ic  du c t, p a r tic u la r ly  if  in c reased , m eets w ith  a  co n sid e r
ab le re s is tan ce  a t  its  e n try  to  th e  venous sy s te m  [7, 13, 26]. T h e  re s is ta n c e
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m a y  b e  o f m ech an ica l o r organic n a tu re  a n d  th e  obstacle  to  th e  ly m p h  flow  
in to  th e  venous s y s te m  m a y  be c o n s titu te d  b y  an  organic s tr ic tu re , possib le  
b y  a  rin g  of little  co m p lian ce . In  th is  case, p re ssu re  in  th e  ly m p h a tic  t r u n k  is 
in c re a se d  in  c o n tra s t  to  t h a t  in  th e  cerv ical v e in s  an d  th is  will re su lt  in  a  sig
n if ic a n t  ly m p h a tic -v en o u s  pressure g ra d ie n t.

A n obstacle  to  ly m p h  flow  m ay fu r th e rm o re  be  c o n s titu te d  b y  an  in 
c re a se d  cen tra l, i. e. cerv ica l, venous p re s su re  [15, 16, 32, 38] (m echan ic  
o b s ta c le  to  ly m p h  flow ) in  w hich case c e n tra l  venous as w ell as ly m p h a tic  
p re ssu re  is h igh, a n d  th e re  is no s ign ifican t p re ssu re  g rad ien t b e tw een  th e m .

A  narrow ing  a t  th e  orifice of th e  th o ra c ic  d u c t can be  e lim in a te d  b y  
tra n s e c tin g  th e  th o ra c ic  d u c t an d  c o n s tru c tin g  a  new  orifice. A n an as to m o sis  
o f  th is  k in d  m ay  b e  c re a te d  betw een  th e  ce rv ica l sec tion  of th e  d u c t a n d  som e 
s u ita b le  cervical v e in . O n th e  o th e r h a n d , i f  th e  obstacle to  th e  ly m p h a tic  
f lo w  is a high p re ssu re  p rev a ilin g  in  th e  ce rv ica l ve ins, th e  anastom osis shou ld  
b e  fo rm ed  in tra th o ra c a lly , as suggested  b y  Co l e  e t  al. [4], b e tw een  th e  th o 
ra c ic  d u c t an d  an  in tra th o ra c ic  vein , p re ssu re  in  th ese  being low er th a n  in  
th o s e  o f  th e  neck. I f , h o w ev er, cen tra l v en o u s p re ssu re  is increased , as in  con
g e s tiv e  h e a r t fa ilu re , th e  on ly  su itab le  s h u n t  is one  betw een  th e  th o ra c ic  d u c t 
a n d  th e  p u lm o n a ry  v e in s  [5].

Som e of th e se  p ro b lem s have  been g iv en  close a tte n tio n , b u t  ev idence 
is o n  th e  w hole co n flic tin g . T he p resen t s tu d y  h a d  th e  aim  to  ex am in e  th e  su b 
je c t  u n d e r  its  v a rio u s  a sp e c ts .

Material and m ethods

M ongrel dogs o f e ither sex  were used. The in terven tion s were performed under intra
ven o u s chloralose anaesthesia  (0.1 g/kg).

For the elevation  o f system ic venous pressure, experim ental constrictive pericarditis 
w as induced by our m eth od  described earlier [32, 34]. T he chest was entered through the 2nd  
costa l interspace, the pericardium  was incised and acid-free asbest wool was p laced in to  the  
pericardial sac. The pericard ium  was sutured and th e  ch est was closed. The in vestigation s  
were performed 8 to 14 days la ter  when the signs o f sy stem ic  venous congestion (high system ic  
ven ou s pressure, oedem a, ascites) had become m anifest.

In the other group o f anim als ascites was produced b y  chronic supradiaphragm al con
str iction  of the cava inferior v e in . Of the interventions u sed  for this purpose th a t described by  
Orlo ff  et al. [25] has been w idely  adopted; w e foun d  it, however, m ost un satisfactory , 
h a v in g  no control over th e  degree of narrowing thu s produced. While excessive constriction  
proved  m ostly  fatal, no ascites a t all was produced if  th e  ring was too loose. This d ifficu lty  
w as overcom e by constricting th e  vein to a lesser degree over a longer segm ent, i.e. b y  40 
to  50%  instead of 60 to  70% , w ith  the aid of a T eflon  tu b e  corresponding to 2/3 o f the v . cava  
inferior in  diameter. O f th e  tub e  2 to 3 cm long piece w as slit  open in its entire len gth , placed  
around the supradiaphragm al portion of the vena cava inferior and tightened as desired by  
stitch es passed through its  cu t edges. Ascites w as ind uced  by this m ethod in 50 anim als; 
th e  m ethod  proved successfu l in  90% of the cases, ascites having developed b y  the end o f the  
4th  to  10th (average, 6 th ) postoperative day.

Pressure was m easured in  the thoracic du ct and in  th e  innominate vein  at the orifice  
o f th e  thoracic duct. A  specia l, fine-bore needle (N o. 30) w as used for this purpose w ith  its tip 
aga in st the direction o f blood flow ; this technique w as adopted because an obstruction  of 
ly m p h  flow  by the needle w ould  produce continuously rising pressure figures and consequently
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be easily  detected. In earlier studies [32] we introduced a cannula through a cervical side branch  
into the thoracic duct, as also through the jugular vein  in to  the angulus venosus and com pared  
the figures w ith those obtained b y  the needle technique. W e found the results congruent. 
Pressure in the v. cava inferior w as measured by the aid o f a cannula inserted through the 
saphenous vein. The pressures were measured w ith a S tath am  strain gauge connected  to an 
Elem a electrom anom eter.

The anim als were weighed and their abdom inal circum ference was m easured daily  so 
as to follow  the production of ascites. The volum e o f circulating plasm a (E vans blue dilution  
and the extracellular flu id  com partm ent (NaSC N -space) were checked at regular intervals.

In a group o f 9 dogs, 4 to 6 days after constriction  o f the cava inferior, th e  cervical 
section of the thoracic duct was exposed, divided and a polythene cannula was inserted  into  
its lum en. W hen an adequate am ount of lym ph had drained off, the thoracic du ct w as con
nected  by the aid of a teflon tube w ith  the external jugular v e in  which had been likew ise divided  
beforehand. On the follow ing day the com m unication w as closed and lym ph was allow ed to 
drain freely. The procedure was repeated one to four tim es.

A  further group o f 16 dogs was subjected to the follow ing procedure. As soon as ascites 
had becom e m anifest thus reflecting a significantly increased pressure prevailing in th e  caval 
system , an end-to-end anastom osis was formed betw een the thoracic duct and th e  external 
jugular vein  by invaginating the distal stum p of the cervical section of the thoracic duct 
into the proxim al stum p of the vein  and securing the connection w ith 2 to 3 stitch es of 
5/0 atraum atic sutures. The procedure proved adeaquate; leakage of lym ph, if occurring at all, 
was slight and transitory. In v iew  of the enhanced lym p h  flow , clotting was infrequent. 
P aten cy  o f the shunts was checked by repeated lym phographies and at necropsy.

A further group of anim als served as controls. H ere congestion and ascites were induced  
by constriction of the v. cava inferior, but no anastom oses were performed. The anim als 
were kept under observation, and intracaval pressure and accum ulation of abdom inal fluid  
were ch eck ed  at regular intervals.

R esults

I .  Pressure-gradient at the orifice o f  the thoracic duct

P ressu re  m easu rem en ts  in  th e  te rm in a l sec tion  of th e  th o ra c ic  du c t 
an d  in  th e  cerv ical ve in  w ere  done in  13 dogs w ith  co n stric tio n  o f  th e  cava 
in fe rio r an d  10 w ith  in d u ced  co n stric tiv e  p e rica rd itis . The c o n tro l va lues 
(23 n o rm a l dogs) h a v e  b een  derived  from  an  ea rlie r s tu d y  [33]. I n  a group  
of an im als th e  th o rac ic  d u c t w as opened a f te r  com p le tio n  of th e  m e a su re m e n ts , 
c a n n u la te d , an d  th e  v o lu m e  of lym ph  escap in g  from  th e  f is tu la  u n d e r  a tm o s
p h eric  p ressu re  w as d e te rm in ed . T his w as 0.97 (S. D. 0.47) m l/m in  in  10 
n o rm a l an im als (body  w e ig h t betw een  11 a n d  26 kg, average 17.4 kg), w hile 
4.0  (S. D . 2.04) m l/m in  in  10 an im als w ith  co n stric tiv e  p e ric a rd itis  (body 
w eig h t be tw een  11 an d  27 kg , average 15.1 kg), an d  5.9 (S. D. 3.59) m l/m in  in 
9 an im als  w ith  cav a  in fe rio r  con stric tio n  (b o d y  w eigh t be tw een  8 a n d  18 kg, 
av e rag e  15.1 kg).

P ressu re  in  th e  cerv ica l veins of 23 n o rm a l dogs w as 5 .8 5 ^ 0 .4 0  m m  H g 
an d  in  th e  th o rac ic  d u c t 5 .1 5 ^ 0 .4 6  m m  H g, th e  d ifference was n o t  s ig n if ic a n t 
s ta tis tic a lly . In  o th e r  w o rd s, no p ressu re  g ra d ie n t of c o n s ta n t n a tu r e  has 
been  fo u n d  b e tw een  th e  th o rac ic  d u c t an d  th e  cerv ica l vein. E x cessiv e  cen tra l 
ven o u s p ressu re  is likew ise associated  w ith  th e  absence o f a p ressu re  g rad ien t. 
In  th e  10 an im als w ith  p e rica rd itis  th e  p re ssu re  in  th e  in n o m in a te  v e in  uvas
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1 5 .8 ^ 1 .2  m m  H g a n d  in  th e  th o rac ic  d u c t, 1 5 .7 ^ 1 .2  m m  H g. I n  c o n tra s t ,  
a  h ig h  p ressu re  g ra d ie n t w as fo u n d  a t  th e  orifice  o f th e  th o rac ic  d u c t  in  th e  
a n im a ls  w ith  ascites in d u c e d  b y  co n stric tio n  o f  th e  v en a  cav a  in fe rio r. I n  th e se  
c a se s , p ro b a b ly  as a r e s u lt  o f th e  re la tiv e  hy p o v o laem ia , c e n tra l  venous 
p re s s u re  w as considerab ly  red u ced , and  p re ssu re  in  th e  cerv ical ve in s  w as 
as low  as 1 .0 ^ 0 .3 5  m m  H g . P ressu re  in  th e  th o ra c ic  d u c t w as h ig h e r, o r a t  
le a s t  n o t  low er, th a n  in  th e  n o rm a l an im als, i.e . 7 .9 ^ 0 .8  m m  H g  (T ab le  I).

Table I

Thoracic duct — ju g u la r  vein pressure-gradients (m m  H g)

Control V. cava constr. Pericarditis

V. jug. D. thor. Diff. V. jug. D. thor. Diff. V. jug. D. tho r. Diff.

1. 6.5 5.5 — 1.0 1.5 5.0 3.5 13.0 17.5 4.5

2. 5.0 6.0 1.0 1.5 9.0 7.5 20.0 16.0 — 4.0

3. 7.5 6.5 — 1.0 0.5 7.0 6.5 13.0 14.0 1.0
4. 8.5 9,0 0.5 0.5 6.0 5.5 12.0 11.5 — 0.5

5. 7.5 7.0 — 0.5 0.0 10.0 10.0 12.0 10.0 — 2.0

6. 4.5 3.0 — 1.5 1.0 15.0 14.0 11.5 11.0 — 0.5

7. 7.0 5.0 — 2.0 1.0 9.0 8.0 20.5 17.5 — 3.0

8. 10.0 10.0 0.0 2.0 9.5 7.5 20.0 21.0 1.0
9. 8.0 6.5 — 1.5 0.0 8.0 8.0 17.0 17.5 0.5

10. 4.0 3.5 — 0.5 1.0 7.0 6.0 18.5 20.5 2.0

11. 8.0 5.0 — 3.0 4.5 8.0 3.5

12. 9.0 8.0 — 1.0 — 0.5 3.0 3.5

1 3 . 5.0 3 .0 — 2.0 0.0 6.0 6.0

14. 2.0 2.0 0.0
15. 3.0 10.0 7.0

16. 4.0 2.0 — 2.0

17. 7.5 1.0 — 6.5

18. 6.0 4 .0 — 2.0

19. 1.0 2.0 1.0
20. 6.5 4 .0 — 2.5

21. 7.0 5.0 — 2.0

22. 3.5 7.0 3.5

23. 3.5 3.5 0.0

M . 5.8 5.1 0.7 1.0 7.9 6.9 15.8 15.7 0.1
s . 0.4 0.5 0.5 0.3 0.8 0.8 1.2 1.2
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C.c F F F F

Fig. 1. E ffect o f thoracic duct fistu la  on 
congestion and ascites induced b y  cava  
inferior constriction  in dogs. U pper part: 
continuous line =  pressure in  cava inferior; 
interrupted line =  pressure in  jugular vein; 
C.c. =  tim e o f caval constriction; F  =  tim e of  
lym p h  drainage. Lower part: continuous
line =  serum  protein concentration (g per 
100 m l); interrupted line =  abdom inal cir
cum ference (cm ); colum ns =  volum e of 

lym ph  withdraw n

F ig. 2. E ffect of thoracic du ct fistu la  on 
ascites and venous pressure. Sym b ols as in 

Fig. 1

I I .  Effect o f  thoracic duct drainage on experimental ascites

T h e effect o f th o rac ic  d u c t d ra in ag e  on  venous congestion  in v o lv in g  th e  
cav a  in fe rio r system  w as ex am in ed  in  9 an im als. L y m p h  w as w ith d ra w n  
b e tw een  th e  3 rd  an d  7 th  d a y  a f te r  th e  in te rv e n tio n  1 to  4 tim es, 100 to  400 ml 
on  each  occasion. W ith d ra w a l o f ly m p h  w as follow ed b y  a re d u c tio n  o f  th e  
asc ites an d  o f  cav a l p ressu re  in  n e a rly  all o f th e  cases (T able I I  a n d  F ig s  1, 2). 
T h e  effect w as, how ever, tra n s i to ry . A lth o u g h  th e  th o rac ic  d u c t  w as n o t 
closed a f te r  com ple tion  o f ly m p h  w ith d ra w a l b u t  u n ite d  w ith  th e  e x te rn a l 
ju g u la r  v e in  so as to  p ro v id e  fo r d ra in ag e , on  th e  evidence o f b o d y  w eig h t 
a n d  ab d o m in a l c ircum ference , asc ites  h a d  u su a lly  increased  b y  th e  n e x t  d ay , 
an d  th is  w as also tru e  fo r cav a l p ressu re .

I I I .  Effect o f  lymphatic-venous shunt

A te c h n ic a lly  a d e q u a te  ly m p h a tic -v e n o u s  sh u n t w as p ro d u c e d  in  16 
an im als. T h e  in te rv e n tio n  w as p erfo rm ed  4 to  15 days (average  6 d ay s)  a fte r  
c av a  in fe rio r  co n str ic tio n  w ith  th e  ex cep tio n  o f  tw o  anim als w here th e  in te rv a l 
b e tw een  cav a l co n stric tio n  a n d  an as to m o sin g  w as 31 and  110 d a y s , respec-
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Table II

Effect o f  thoracic duct f is tu la  in  dogs

No. Day
A W eight

L. ml.
V enous pressure m m H g Abdominal circumference

k g- before after before after

60 4 1 .0 330 28 13 .

6 1.6 350 24 17

7 2.3 300 17 16

120 5 2.5 430 15 13

118 5 1 .0 200 15 12 17 6

6 0.7 230 12 10 9 6

218 3 3 .0 100 90 6 9 8

4 3.9 — 17 16

5 4 .0 — 23 18

242 3 0.5 150 18 14 4 2

4 0 .8 120 15 14 8 6

265 3 0 .7 300 17 8 10 5

4 0.8 100 9 8 6 2

5 0 .8 — 13 7

277 4 2.5 100 12 7 10 8

5 2 .4 - 11 10

279 3 1.5 120 16 13 4 2

4 1 .0 120 16 13 3 0

5 0 .4 150 14 8 5 2

325 5 1 .0 250 16
.

7 6 2

D ay: from the d a y  o f ca v a l constriction  
L. ml: volum e o f ly m p h  drained off 
A  weight: p ostoperative  increase in weight 
Venous pressure: in  cava  inferior, before and after drainage
A abdominal circum ference: difference referred to  va lues prior to caval constriction
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Table III

Effect o f thoracic d u c t-ju g u la r vein shunt on ascites produced by cava inferior constriction in  dogs

No.
W eight

kg

Abdom
inal

circum
ference

cm

Preoperative changes Changes w ithin the first iost-op. week Maximum changes

Time of 
observation

Day of 
opera

tion
Weight

kg

Abdominal
circumfer

ence
cm

Systemic
ven.

pressure
mmHg

Weight
kg

Abdominal
circumfer

ence
cm

Systemic
venous

pressure
mmHg

W eight
kg

Abdominal
circumfer

ence
cm

Systemic
pressure
mmHg

371 13.80 41 7 + 2 .3 0 +  16.5 +  10 - 2 . 6 — 11.5 - 1 0 +  3.60 15.5 — 10 66

355 14.00 55 6 + 3 .3 0 +  6.5 + 1 1 — 2.7 — 4.0 - и — 3.0 — 4.5 — 10 14

406 10.00 41 7 + 0 .2 5 +  8.5 +  9 — 0.6 — 7.0 -  7 — 1.3 — 10 — 8 52

405 9.00 39 7 +  2.10 +  11.0 +  10 +  0.6 — 0.5 -  1 — 3.3 -  8.5 — 10 32

192 17.50 54 11 +  3.00 +  13.0 +  14 — 3.0 — 10.0 -  2 — 3.3 — 10 -  7 58

348 17.75 56 14 — 1.30 3.0 +  10 1 1.0 h 5.0 +  2 + 4 .2 +  5.5 1- 8 43

349 14.80 51 15 — 1.00 +  2.0 +  10 1.0 +  2.5 -  1 — 1.0 +  2.5 — 1 22

386 10.80 43 6 +  1.70 +  12.0 + 1 6 -t 1.0 f  9 .0 1 + 2 .3 +  10.0 -  1 22

387 19.83 53 5 +  2.00 +  9.0 +  7 — 0.5 2.0 0 +  3.3 +  18.0 — 21

414 12.10 42 4 +  1.70 4  10.0 +  6 — 0.2 +  1.0 +  3 +  1.8 +  9 .0 +  4 33
366 15.50 53 5 +  0.70 -1- 0.5 +  10 — 1.7 — 0.5 +  1 — 1.7 -  0.5 — 3 20

365 10.50 39 4 +  1.10 +  8.0 +11 +  3.4 +  13.0 +  1 +  3.4 +  13.0 +  1 22

380 10.90 42 5 +  2.60 +  11.5 +  6 +  0 +  o +  4 +  1.4 +  0.5 +  4 13

1 25.00 60 110 +  6.00 +  20.0 + 1 6 — 1.8 — 4.0 — 1 + 0 .6 +  4.0 — 1 146

2 26.80 61 5 + 2 .9 0 +  12.5 +  10 +  2.3 +  9.0 +  o +  1.7 +  10.0 +  o 66

43 32.2 65 31 + 2 .2 0 +  60 +  7 31

M 1.85 9.0 10.2 - 0 . 2 — 0.3 — 2.2 — 0.05 — 0.2 -  2.7

s 0.43 1.4 1.5 0.6 2.4 1.5 0.86 3.1 1.7

Preoperative changes referred to the condition prior to caval constriction.
Changes w ithin the first postoperative week and m axim al changes =  referred to the condition prior to lym phaticovenous anastom osis.
The values enclosed b y  the heavy line have been disregarded in  calculating the average figures (the anim als having had no ascites o> 

prior to operation). w
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t iv e ly .  A t th e  tim e  o f th e  s h u n t  opera tion , a sc ite s  w ith  e lev a tio n  o f  venous 
p re s s u re  in  th e  cau d a l p a r t  o f th e  body  h a d  b e e n  p re se n t in  all b u t  th re e  
a n im a ls  (body  w eigh t, a b d o m in a l c ircum ference a n d  venous p re ssu re  h av in g  
r is e n  b y  1 .8 5 ± 0 .4 3  k g , 9 .0 ± 1 -4  cm an d  1 0 .2 ^ 1 .5  m m  H g , re sp ec tiv e ly ).

F ig . 3. E ffect of cervical lym phatic-ven ous shunt in dogs w ith  cava inferior constriction. 
C.c. =  tim e  of caval constriction; D t.-v j =  tim e of anastom osis; interrupted line =  body  
w eig h t (kg); heavy line =  abd om in al circumference (cm ); th in  line =  pressure in  cava  
inferior (m m  Hg); shaded colum ns =  circulating plasm a volum e; filled  colum ns =  extra

cellular space (kg)

C.c
Ec
lit

F ig. 4. Control stu d y . Changes consequent up on  cava inferior constric tion.
Sym bols as in F ig . 3

E v a lu a tio n  w ill be  c o n fin ed  to  those  11 ex p e rim en ts  w here  th e  in te rv a l 
b e tw e e n  caval c o n s tr ic tio n  a n d  anastom osis w as less th a n  15 d ays a n d  w here 
s ig n if ic a n t ascites h a d  b e e n  p re se n t p rio r to  th e  second  in te rv e n tio n . (The 
re a s o n  w h y  those  tw o  an im a ls  w h ich  desp ite  co n sid e rab le  ascites h a d  th e  second 
in te rv e n t io n  a t a fa r  la te r  d a te  w ere excluded  fro m  th e  ev a lu a tio n  w as th a t  
t h e y  h a d  been in  a te rm in a l  s ta te  a t  th e  t im e  o f th e  second  in te rv e n tio n
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an d  a c tu a lly  d ied  soon a f te rw a rd s). S ince th e  co n d ition  of an im a ls  w ith  
asc ites in d u ced  b y  caval c o n s tr ic tio n  is liab le  to  considerab le  sp o n ta n e o u s  
v a ria tio n s , th e  second in te rv e n tio n  w as n o t  reg a rd ed  as successful, in  o th e r 
w ords, im p ro v em en t was n o t a sc rib ed  to  th e  ly m p h a tic -v en o u s  s h u n t  unless 
th e  changes ensued  w ith in  th e  f i r s t  w eek a f te r  th e  anastom osis.

mmHg
20-

15-

10 -

5 ^

mmHg
20-

15-

1 0 -  

5 ■

_1_____ I_____ I_____ I—
4 8 12 16 20

_ !_____ I______ I______ 1 I
4 6 8 10 12

_l_____ I_____ I_____1_
8 12 16 20 6 8 10 12 sec

Fig. 5. Pressure in jugular vein and thoracic duct, a )  in an anim al w ith ascites due to  cava  
inferior constriction; b)  in the sam e anim al after thoracic duct-jugular vein  anastom osis; 
Upper part: pressure in thoracic duct; Lower part: pressure in jugular vein ; left: dam ped  

pressure-curves; right: undam ped pressure curves
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Table IV

Changes in the exam in ed

No. Weight
cm

Abdom
inal

circum
ference

cm

Changes in  7 days reffered to  control values Changes in 15 days

Venous 
pressure 
m m  H g

Weight
kg

Abdom
inal 

circum
ference cm

Venous 
pressure 
m m  Hg

W eight
4

Abdom
inal

circum
ference cm

V enous 
pressure 
m m  Hg

l . 25.0 60.5 5 — 0.3 2 6 1.9 3 l
23. 32.2 65.0 4 2.2 6 7 1.2 8 2
41. 17.0 49.0 5 - 0 . 3 8 6 1.3 3 0

143. 18.6 52.5 5 1.4 6 10 4.5 13 1
146 12.5 43.5 5 4.0 14 6 — 3.0 —  1 0

42. 21.4 57.0 5 5.3 18 5 - 5 . 0 — 9.5 0
54. 15.0 53.5 4 — 0.5 4 13 1.0 5 0

8. 19.0 51.5 4 2.1 8 15 2.0 11.5 — 7

M. 1.74 8.1 8.5 0.45 4.1 — 0.4
s. 0.66 1.9 1.3 1.12 2.5

Changes in 7 days =  referred to values prior to  cava l contriction.
Changes in 15 days and m axim um  changes =  referred to  the 7th  day after caval con

str iction .

Im p ro v e m e n t en su e d  w ith in  the  f irs t  w eek  a f te r  th e  an asto m o sis  in  5 
o u t  o f  11 anim als. A cco rd in g ly , th e  changes in  b o d y  w eigh t, ab d o m in a l c ircu m 
fe re n c e  an d  caval p re ssu re , re fe rred  to  th e  e n tire  g roup , w ere n o t s ig n ifican t 
( 0 .2 0 ^ 0 .6  kg; 0 .3 ^ 2 .4  c m ; —2 .2 ^ 1 .5  m m  H g, resp ec tiv e ly ). T h is  w as
v a l id  fo r  th e  en tire  p e r io d  o f  observation  (13 to  66 days) as w ell as fo r th e  
a v e ra g e  m axim um  v a r ia t io n s  (body w eig h t, — 0 .0 5 ^ 0 .8 6  kg; ab d o m in a l 
c irc u m fe ren c e , 0 .2 ^ 3 .1  cm ; venous p re ssu re , —2 .7 ^ 1 .7  m m  H g).

L y m p h o g rap h y  re v e a le d  obstru c tio n  o f  th e  sh u n t in  one o u t of six  u n 
su c c e ss fu l in te rv e n tio n s . I n  th is  anim al a n ew  en d -to -en d  an astom osis w as 
c r e a te d  betw een th e  th o ra c ic  section  of th e  th o ra c ic  d u c t a n d  a side b ra n c h  
o f  th e  le f t p u lm o n ary  v e in . O n th e  evidence o f  ly m p h o g ra p h y  p e rfo rm ed  on 
th e  5 th  p o sto p e ra tiv e  d a y , th is  anastom osis to o  h a d  becom e o b s tru c te d . 
A s a sc e rta in ed  by  re p e a te d  ly m p hograph ies a n d  a t  necropsy , th e  sh u n ts  
fu n c tio n e d  ad eq u a te ly  in  a ll th e  o th e r cases; th e r e  w as in ten s iv e  flow  th ro u g h  
th e  o rifice  as well as th r o u g h  th e  n e ig h b o u rin g  co lla te ra ls . No o b s tru c tio n  
o r  c lo t  in  th e  ly m p h a tic  d u c t  w as d em o n strab le .

T h o u g h  th e  o p e ra tio n  p ro v ed  tech n ica lly  fau ltle ss , i t  fa iled  to  red u ce  
th e  a sc ite s  and  even  to  p re v e n t  its  fu r th e r  in c rea se , in  50%  o f th e  cases. 
T h e re fo re , a con tro l series w a s  set up in  w h ich  th e  v . cav a  in fe rio r w as con
s t r ic te d  b u t  su b se q u e n tly  n o  s h u n t was fo rm ed . In  6 o u t of 8 an im als o f th is
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param eters in control studies

M aximum changes M axim um  increase Maximum reduction Time
of

obser
vation
(days)

W eight
kS

A bdom 
inal

circum 
ference cm

Venous 
pressure 
mm Hg

W eight
k f

A bdom 
inal 

circum 
ference cm

Venous 
pressure 
mm Hg

W eight
kg

Abdom
inal

circum 
ference cm

Venous 
pressure 
mm Hg

6.3 17.5 11 6.3 17.5 11 5.0 2.0 0 146
_2.2 8 2 1.2 8 2 2.4 0 0 31

— 1.4 6.5 3 1.4 6.5 3 0 — 3 0 152

4.5 13 1 4.5 13 1 — 1.1 5 — 1 60

2.3 10 6 2.3 10 6 1.5 4 0 58

— 8.5 — 20 — 3 1.5 1 0 — 8.5

О(M1 — 3 82

— 3.2 — 10 —  12 — 3.2 —  10 — 12 125

4.0 23 0 4.0 23 0 51

0.55 5.4 1.0 3.00 11.3 3.3 —  2.67 —  5.10 — 2.3

1.62 3.0 5.6 0.54 7.6 2.2 1.59 14.3 2.8

M axim um  increase and M axim um  reduction — highest and low est values noted  beyond  
7th day, as referred to 7-day-values.

group  a sig n ifican t increase in  ven o u s p ressu re  an d  ascites o ccu rred  in  7 d ays 
a n d  b o d y  w eigh t, abdom inal c ircum ference  an d  cav a l p ressu re  h av in g  in c reased  
b y  1 .7 4 ^ 0 .6 6  kg, 8 .1 ^ 1 .9  cm an d  8 .5 ^ 1 .3  m m  H g, re sp ec tiv e ly .

T h e  figu res q u o ted  above w ere  reg a rd ed  as th e  p reo p e ra tiv e  basic  v a lu es . 
R efe rred  to  th ese , s ig n ifican t re d u c tio n  in  ascites a t  th e  end  o f th e  f i r s t  w eek 
w as co n fin ed  to  a sole an im al o f  th e  en tire  g roup  and  a s ig n ifican t re d u c tio n  
in  th e  ven o u s p ressu re  w as d e m o n s tra b le  in  a n o th e r  an im al.

T h e  en tire  group rev ea led  a s ig n ifican t fu r th e r  increase  in  a b d o m in a l 
c ircu m feren ce  a m o u n tin g  to  4 .1 ^ 2 .5  cm, w hile bo d y  w eig h t a n d  ven o u s 
p re ssu re  w ere n o t s ig n ifican tly  a ffec ted . S im ilar values w ere o b ta in e d  on 
re fe rrin g  th e  m ax im um  changes n o te d  over th e  en tire  period  to  th e  “ p re o p e ra 
t iv e ”  (7 day ) v a lues: body  w eig h t, -f f ) .5 5 ^ 1 .6 2  kg ; abd o m in a l c ircu m feren ce , 

S . 4 1 . 7  cm ; venous p ressu re , —(—1.0=[=2.4 m m  H g.
E v e n  as com pared  to  su ita b le  con tro ls , th e  rise of th e  th o ra c ic  d u c t  — 

ven o u s s h u n t is d ifficu lt to  assess. T h e  m ain  obstac le  lies in  th e  fa ilu re  of 
cav a l co n str ic tio n  to  ind u ce  a s te a d y  s ta te . In  th e  co n tro l g ro u p , to o , th e  
asc ites , a n d  to  a lesser degree th e  venous p ressu re , w hile s te a d ily  in c rea s in g  
in som e an im als, ten d ed  to  d im in ish  a f te r  an  in itia l rise in  c e r ta in  o th e rs , an d  
ag a in  in  o th e rs  th e  en tire  co n d itio n  show ed sp o n tan eo u s v a r ia tio n s , i.e. d e 
te r io ra tio n  of th e  congestive  signs a f te r  an  in itia l am elio ra tio n . T h e  figu res 
in  T ab le  IV  show n u n d e r th e  h ead in g s “ m ax im u m  increase”  an d  “ m a x im u m
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Table V

Laboratory data o f  p a tie n t with liver cirrhosis (operation  November 27, 1968)

1968 1969

O ctober 13 November 17 D ecem ber 6 M arch 14 April 8 Ju ly  15

B o d y  weight (kg) 86 77 72.5 72.5 72.5 71.5
Serum  total protein (g per 

100 ml) 6.6 7.4 7.1 6.5 5.6 8.0
E rythrocytes (million/cu. m m ) 4.0 4.2 3.8 4.5 4.4
Serum  bilirubin (mg per 

100 ml) 3.8 1.4 0.9 1.6
T h ym ol test 3 U 2 U 2 U 1 U
Gold sol test 3 + 0 0 0

S e — N a (mEq/1) 129 135 133 135 139 137
Se— К  (mEq/1) 2.9 4.3 4.2 3.2 3.7 4.6

r e d u c tio n ” are i l lu s tr a t iv e  o f  these  re la tio n sh ip s  b y  rep re sen tin g  th e  m a x im u m  
ch an g es  in  b o th  p o s it iv e  a n d  negative  d ire c tio n s , w ith  reference to  th e  b asic  
v a lu e s  o b ta ined  on  th e  7 th  d ay  a fte r cav a l c o n s tr ic tio n .

A  fu rth e r  f a c to r  m a k in g  p roper e v a lu a tio n  d ifficu lt w as th e  ad v e rse  
e ffec t o f caval c o n s tr ic tio n  on the  general c o n d itio n  o f th e  an im als. P a ra lle l 
w ith  th e  increase o f  a s c ite s , a num ber of an im a ls  w ere losing w eigh t a n d  d is 
p la y e d  an  increased  su sc e p tib ility  to  in fec tio n s , p a r tic u la r ly  o f e n te ra l ones. 
T h e  change in b o d y  w e ig h t w as, therefo re , n o  re liab le  in d ic a to r  of th e  a sc ite s . 
I n  th e  assessm ent o f  i ts  a m o u n t we h ad  to  re ly  o n  th e  ab d o m in a l c ircum ference .

I V .  Lym pha tic -venous  shunt in  a p a t ien t  ivith liver cirrhosis

A lthough  th e  v a lu e  o f  th e  thoracic  d u c t  ju g u la r  v e in  an astom osis could 
n o t  b e  consis ten tly  p ro v e d  in  ex p erim en ta l a sc ite s , w e h av e  n one  th e  le s s . 
a t te m p te d  th is  ty p e  o f  o p e ra tio n  in  a p a t ie n t  su ffe ring  from  liv er c irrhosis 
w ith  ascites.

T he p a tie n t, a  45 y e a r  old m ale h a d  b e e n  d isab led  b y  liv er cirrhosis 
w ith  excessive asc ites fo r  th e  la s t five y ea rs  re q u ir in g  re p e a te d  h o sp ita liz a tio n  
a n d  o ra l d iuretics. T h e  l a te s t  adm ission h a d  b e e n  m ad e  n ecessary  b y  a fu r th e r  
in c re a se  in  ascites d e sp ite  h igh  doses of h y d ro c h lo ro th ia z id e . On adm ission  
th e  abdom en  w as e n la rg e d , tense, w ith  e n g o rg e m e n t o f th e  co lla te ra l veins. 
T h e re  was m o d era te  o e d e m a  of th e  low er lim b s. A fte r  rem oval of th e  ascites 
th e  liv e r  was p a lp a b le  fo u r  fin g erb read th s  b e lo w  th e  costa l m arg in . X -ra y s  
re v e a le d  oesophageal v a r ic e s .
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A  sa lt-free  d ie t an d  d iu re tic  th e ra p y  w ith  m ercu ro p h y llin e  a n d  sp iro n o 
lac to n e  caused  a su b s ta n tia l re d u c tio n  b u t  no  fu ll co n tro l o f ascites, co m p le te  
d isap p earan ce  o f  oedem a an d  im p ro v e m e n t o f  th e  g enera l cond ition . I n  fo u r 
w eeks th e  p a t ie n t  lo s t 9 kg in  w e ig h t, h u t  th e  co n d itio n  rem ained  s ta t io n a ry  
an d  becam e u n re sp o n siv e  to  f u r th e r  th e ra p y . In  th e  absence o f a n y  f u r th e r  
im p ro v em en t in  a n o th e r  th ree  w eeks, su rg e ry  w as in d ic a te d .

T he o p e ra tio n  w as perfo rm ed  on N ov em b er 27, 1968. F rom  an a p p ro a c h  
be tw een  th e  tw o  head s of th e  s te rn o c le id o m asto id , a f te r  tra n se c tio n  o f  th e  
m uscles th e  e x te rn a l ju g u la r  v e in  w as p re p a re d  free  an d  re tra c te d  m ed ia lly . 
T he th o rac ic  d u c t  w as id en tified  b y  se p a ra tin g  i t  from  th e  loose c o n n ec tiv e  
tissu e . T he 7 m m  th ic k  ly m p h a tic  t r u n k  was tra n s e c te d  betw een  tw o lig a tu re s . 
N ow  th e  ju g u la r  v e in  was iso la ted  in  its  e n tire  le n g th , s lipped  to  th e  th o ra c ic  
d u c t below  th e  b e lly  of th e  la te ra l sca lenus m uscle  a n d  jo in ed  w ith  i t  e n d -to -e n d  
b y  in v ag in a tio n . L y m p h  im m ed ia te ly  ru sh ed  th ro u g h  th e  v e in  a t  a h igh  speed . 
A  d ra in  w as le ft in  p lace  and  th e  w o u n d  w as closed.

All th e ra p y  inc lu d in g  th e  sa lt-free  d ie t w as d isco n tin u ed  a fte r  o p e ra tio n . 
T here  w as n o n e  th e  less a re d u c tio n  in b o d y  w e ig h t an d  abdo m in a l g ir th . 
D esp ite  th e  p a t ie n t ’s good a jip e tite  w hich  w as in  acco rd an ce  w ith  th e  im p ro v e 
m e n t in  his g enera l cond ition , he lo s t 4.5  kg an d  all signs of th e  ascites g ra d u a lly  
d isap p eared .

L y m p h o g ra p h y  w as p e rfo rm ed  6 w eeks a f te r  th e  opera tio n . T h e  ra te  
o f  ly m p h  flow  w as h igh , th e  c o n tra s t  m ed ium  a tta in e d  th e  p lane o f  a n a s to 
m osis in  a few  m in u te s  and , d e sp ite  its  la rge  a m o u n t (30 m l of L ip iodo l U F ) 
fa iled  to  give co n tin u o u s  filling .

S u b seq u en tly , th e  co n d itio n  seem ed to  be  s ta b le  a n d  th e  p a t ie n t  w as 
d ischarged  w ith o u t an y  d ie ta ry  re s tr ic tio n  o r  p re sc r ip tio n  o f d ru g s. Seen 
3.5 m o n th s la te r , h e  w as sy m p to m -free  an d  h a d  no  ev idence  o f ascites. T h e n  he 
c o n tra c te d  in flu e n z a  and  his p h y s ic ia n  p resc rib ed  fu ro sam id c  tw ice w eek ly . 
O ne m o n th  la te r  th e  p a tie n t h a d  s lig h t h y p o p o ta ssa e m ia  w ith o u t a sc ite s  or 
oedem a. D esp ite  h is good a p p e tite  an d  over-in d u lg en ce  in  ea tin g  he  h a d  n o t 
increased  in  w e ig h t. D iu re tic  t r e a tm e n t  w as d isco n tin u ed . One y e a r  a f te r  
th e  o p era tio n  he  w as sy m p to m free  w ith o u t re q u ir in g  d rugs or d ie ta ry  r e s tr ic 
tio n . S um m ing  u p , in  th is  p a t ie n t  th e  asc ites  h as  th u s  been  b ro u g h t u n d e r  
p e rm a n e n t co n tro l b y  th e  c rea tio n  o f a ly m p h a tic -v en o u s  sh u n t.

Discussion

T h e  ex p erien ce  w ith  th o ra c ic  d u c t c a n n u la tio n  has show n th a t  th e  d is
o rders in  th e  p ro d u c tio n  and  t r a n s p o r t  of ly m p h  p la y  a decisive p a r t  in  th e  
d ev e lo p m en t o f  th e  h ep a tic  c irrhosis  sy n d ro m e  [1, 20, 20, 31]. I t  is a ssu m ed  
t h a t  ly m p h a tic -v e n o u s  d ra inage  is in h ib ite d  a t  th e  cerv ica l sec tion  o f  th e  
th o ra c ic  d u c t, a t  its  e n try  to  th e  venous sy s tem . T h e  ob stac le  m ay  b e  con-
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s t i t u t e d  b y  th e  in c reased  venous p ressu re  itse lf , or by  a lim ited  com pliance  
o f  t h e  w all or of th e  orifice  o f  th e  ly m p h a tic  t r u n k ,  or b y  som e m orpho log ica l 
a n o m a ly  o f th ese  s tru c tu re s  [16, 32, 41, 12].

C in e ly m phang iog raph ic  stud ies [3, 1 9 , 22 ] h av e  show n th a t ,  i f  ly m p h  
p ro d u c tio n  is n o t in c rea sed , th e re  is no c o n tin u o u s  flow  in  th e  th o ra c ic  d u c t, 
t h e  c o n tra s t  m ed ium  b e in g  fo rw arded  d ro p w ise , w ith o u t a n y  re g u la r ity  or 
r h y th m . A lthough  on th e  g ro u n d  of m orpho log ica l stud ies, th e  th o ra c ic  d u c t 
d o es n o t  seem  to  possess sp h in c te r-lik e  s tru c tu re s ,  its  te rm in a l p o r tio n  often  
d iv id e s  in to  tw o or th re e  b ran ch es  ta p e rin g  o ff  in  th e  end. T h e ir ob liq u e  course 
ac ro ss  th e  w all o f th e  su b c la v ia n  vein  m a y  b e  adverse  to  th e ir  e v a c u a tio n  [3]. 
I t  m a y  be fu r th e r  a ssu m ed  th a t  para lle l w ith  th e  d istension  o f th e  th o rac ic  
d u c t  re su ltin g  from  an  excessive p ro d u c tio n  o f lym ph , its  orifice is d raw n 
a p a r t ,  becom es defo rm ed , s lit-like  in s tead  o f  i ts  o rig inally  ro u n d  or oval shape  
(N a it o v e  cit. [12]). T h e ab sen ce  of a co n tin u o u s flow  in th e  case o f n o rm a l ly m p h  
p ro d u c tio n  m ay  also b e  d u e  to  th e  lack  of a c o n s ta n t  p ressu re  g ra d ie n t b e tw een  
th e  th o ra c ic  d u c t an d  th e  cerv ica l veins w h ic h  m ig h t m a in ta in  th e  ly m p h  flow  
[3 2 , 3 3 ]. T here is, h o w ev er, evidence to  th e  c o n tra ry  to o , i.e. su g g estiv e  of 
t h e  p resen ce  of a p o s itiv e  g rad ien t [17, 2 7 ] . T h e  d iscrepancy  in  th e  re su lts  
is d u e  to  th e  fa c t t h a t  th e  q u o te d  au th o rs  h a d  le f t th e  in te g ra te d  m ean  venous 
p re s s u re  ou t o f acco u n t a n d  assum ed t h a t  as soon as th e  ven o u s p ressu re  
r ise s  ab o v e  th e  th o ra c ic  d u c t p ressu re , th e  orifice closes. T h ere fo re  th e y  
c o n s id e re d  only  th o se  p h a se s  of th e  v en o u s p ressu re  cu rv e  in  w h ich  venous 
p re s s u re  was low er th a n  th e  ly m p h a tic  p re ssu re ; in  o th e r  w ords, i t  w as only 
th e  lo w est values w h ich  th e y  accep ted  as v e n o u s  p ressure .

L y m p h  p ro d u ced  in  n o rm a l am o u n ts  p re su m a b ly  does n o t fill en tire ly  
th e  ly m p h a tic s  an d  p a r t  o f  th e  ly m p h a tic  b e d  is to ta lly  or p a r t ia l ly  co llapsed . 
U n d e r  th e se  co n d itions ly m p h  tra n s p o r t  in  th e  p e rip h era l p a th w a y s  as also 
in  th e  th o rac ic  d u c t is m a in ta in e d  p a r tly  b y  ex tran eo u s  fac to rs  o f te m p o ra ry  
c h a ra c te r  such as m uscle  c o n trac tio n , in te s t in a l  p e rista lsis , re sp ira to ry  m ove
m e n ts ,  e tc ., p a r tly  b y  au to n o m o u s c o n tra c tio n s  o f th e  ly m p h  vessels. T he 
f lo w  o f  lym ph , if  its  p ro d u c tio n  rem ains w ith in  no rm al lim its , is th e re fo re  
l i t t l e  affec ted  b y  a re la tiv e  narrow ing  o f  th e  orifice o f th e  th o ra c ic  du c t. 
I f ,  h o w ever, ly m p h  p ro d u c tio n  is excessive, re s is tan ce  a t  th e  orifice g rea tly  
a ffe c ts  th e  dynam ics o f flow  in th e  engorged  v ascu la r  bed . A n in v e rse  (expo
n e n t ia l )  co rre la tio n  h as  b e e n  in  fa c t d e m o n s tra te d  b e tw een  re s is ta n c e  an d  
ly m p h  flow  v e lo c ity  [32] an d  th e re  a re  o b se rv a tio n s  o f  ex cessively  high 
th o ra c ic  du c t p re ssu re  in  liv e r  cirrhosis [6, 13]. O th e r a u th o rs , how ever, failed  
to  d e m o n s tra te  an  in c re a se d  resis tan ce  a t  th e  ly m p h a tic -v en o u s  ju n c tio n  
in  t h e  la b o ra to ry  an im a l in  w hich excessive  ly m p h  flow  h a d  b een  in d u ced  
b y  c a v a l co n stric tio n  o r b y  forcing f lu id  in  m assive am o u n ts  th ro u g h  th e  
th o ra c ic  duc t. A n e le v a tio n  of th e  p re ssu re  g rad ien t to  4.5  cm  H 20  was 
a t t a in e d  only if  th e  r a te  o f  flow  was as h ig h  as 25 m l/m in  [29, 36]. T h e  p res
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e n t find ings a re  a t  v a r ia n c e  w ith  these  re su lts . I n  cav a l co n stric ted  dogs 
w ith  average  ra te  o f ly m p h  flow  of 5 .9 ^ 3 .6  m l/m in , w e found a p re ssu re  
g rad ien t o f 6 .9 ^ 0 .8  m m  H g  as aga in st —0 .7 ^ 0 .5  in  n o rm al an im als. T he 
d ifference in  com parison  to  n o rm a l anim als w as p ro b a b ly  due to  a re d u c tio n  
in  cen tra l ven o u s p ressu re . P ro d u c tio n  of such  a  g ra d ie n t w ould h av e  been  
none  th e  less im possib le h a d  ly m p h  flow  b een  u n h in d e re d . W e th e re fo re  
assum e th a t  w ith  an  en h an ced  ly m p h  p ro d u c tio n  th e re  is a re la tiv e  n a rro w in g  
o f th e  orifice w hich  in te rfe re s  w ith  flow.

In  th e  an im als w ith  in d u c e d  pericard itis  on  th e  o th e r  h an d , it  is th e  
h igh  venous p ressu re  w hich  poses a m echan ical o b s tac le  to  th e  ev acu a tio n  
o f th e  th o rac ic  d u c t. C orrespond ing ly , tho racic  d u c t  a n d  ju g u la r  m ean  p ressu re  
are  n ea rly  th e  sam e; in  o th e r  w ords, th e re  is no s ig n if ic a n t g rad ien t be tw een  
th e  tw o sy stem s. F in a lly , b o th  w ith  caval c o n s tr ic tio n  an d  w ith  an  increased  
ce n tra l venous p ressu re , tra n s e c tio n  of th e  ce rv ica l p o rtio n  of th e  th o ra c ic  
d u c t e lim inates th e  re s is tan ce  in te rfe rin g  w ith  ly m p h  flow  and  th u s  p ro m o tes  
ev acu a tio n  o f  th e  th o rac ic  d u c t.

In  acco rdance  w ith  d a ta  in  th e  lite ra tu re  [2, 7, 10, 13, 20] we have  been  
ab le to  red u ce  b o th  th e  a sc ite s  an d  p o rta l (v. c a v a  in ferio r) p ressu re  b y  th e  
can n u la tio n  o f th e  th o rac ic  d u c t . Som e o th e r o b se rv a tio n s  w ere less co n sis ten t, 
an d  especially  if  th e  flu id  a n d  e lec tro ly te  losses h a v e  b een  correc ted  no effect 
on p o rta l p ressu re  and  asc ites  accum ula tion  w as o b se rv ed  [14, 23, 26]. T h e  
effect of ab d o m in a l p u n c tu re  o r  o f  d iu retic  th e ra p y  m ig h t be reg a rd ed  in  fa c t 
as basica lly  s im ila r to  th a t  o f  th o rac ic  d u c t d ra in a g e . H ow ever, th e ir  e ffec t 
is tra n s ito ry  an d , as con firm ed  b y  th e  p resen t s tu d y  a n d  earlie r d a ta  [6, 8, 14], 
closure of th e  th o rac ic  d u c t f is tu la  is followed b y  a ra p id  accu m u la tio n  of asc ites  
an d  a rise in  p o r ta l  p ressu re .

In  v iew  o f th e  obvious shortcom ings of th o ra c ic  d u c t f is tu la , v a rio u s  
p rocedures fo r th e  surg ical co n s tru c tio n  of a new  co n n ec tio n  betw een  th e  
ly m p h a tic  an d  venous sy s tem s  h av e  been dev ised . T h e  p u rpose  o f th e se  
in te rv en tio n s  is n o t only to  rem o v e  th e  obstac le  to  ly m p h  flow  as does a 
th o rac ic  d u c t f is tu la  b u t also to  connect th e  ly m p h a tic  t r u n k  w ith  th e  ven o u s 
sy stem  a t  a level w here p re ssu re  is lower th a n  in  th e  cerv ica l veins so as to  
avo id  th e  o b stac le  to  ly m p h  flo w  rep resen ted  b y  th e  h ig h  venous p ressu re . 
T his la t te r  co n sid e ra tio n  h as  led  to  a tte m p ts  to  r e tu rn  th e  ly m p h  b y  th e  
oesophagus [11, 24], a te c h n iq u e  w hich has p ro v ed  im p ra c tic a b le  due to  th e  
fo rm atio n  o f clo ts rap id ly  o b lite ra tin g  th e  ly m p h a tic  d u c t. T he fa c t t h a t  
p ressu re  in  th e  in tra th o ra c ic  v e in s  is lower th a n  in  th o se  o f th e  neck  has r e 
su lte d  in tech n iq u es  fo r th e  u n io n  o f th e  in tra th o ra c ic  sec tio n  of th e  th o ra c ic  
d u c t w ith  th e  azygos and  hem iazy g o s veins [40 ,42]. I f  sy s tem ic  venous p re ssu re  
is e leva ted  (congestive  ca rd iac  fa ilu re ), th e  ly m p h a tic -v e n o u s  sh u n t m u s t be  
fo rm ed  a t th e  level o f th e  p u lm o n a ry  veins [5, 40 ].

T he c o n s tru c tio n  of an  in tra th o ra c ic  ly m p h a tic -v e n o u s  anastom osis
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r e p re s e n ts  a m ajo r su rg ica l in te rv e n tio n . O n th e  o th e r h a n d , a t  t h a t  stage 
o f  l iv e r  c irrhosis w here th e  n ecess ity  fo r a ly m p h a tic -v en o u s s h u n t  m a y  arise, 
t h e  p a t i e n t ’s cond ition  is u su a lly  to o  p o o r fo r a g rave  su rg ica l s tre s s . T hus, 
t h e  s h u n t  m u st consist o f  a ce rv ica l an asto m o sis  Mdiich in v o lv es  a sm aller 
s tr e s s  a n d , th eo re tica lly , sh o u ld  be no  less effic ien t. O n th e  ev id en ce  of our 
e x p e r im e n ta l re su lts , in  e x p e rim e n ta l liv e r  c irrhosis th e  c e n tra l, i.e . cervical, 
v e n o u s  p ressu re  is low. A lth o u g h  in  c lin ica l cases of liv er c irrh o sis , cen tra l 
v e n o u s  p ressu re  is n o t c o n s ta n tly  red u ced , u su a lly  th e re  is a s ig n if ic a n t g rad ien t 
b e tw e e n  th e  tho rac ic  d u c t a n d  th e  cerv ica l veins.

T h e  surgical te c h n iq u e  describ ed  in  th e  foregoing has p ro v e d  successful. 
A c c o rd in g  to  ly m p h an g io g rap h ic  a n d  n ec ro p sy  find ings, ce rv ica l ly m p h a tic - 
v e n o u s  anastom osis b y  in v a g in a tio n  re m a in e d  p a te n t  in  15 o u t o f  16 dogs. 
T h e  e ffec t o f th e  sh u n t on th e  asc ites  a n d  th e  p o rta l h y p e rte n s io n  w as, how ever, 
le ss  co n sis ten t. D isap p ea ran ce  o f th e  asc ites  in  th e  f irs t  w eek  a n d  a parallel 
r e d u c t io n  in  th e  venous p re ssu re  w ere co n fin ed  to  50%  of th e  an im a ls . E v a lu a 
t io n ,  how ever, is d ifficu lt in  v iew  o f som e fac to rs  in h e re n t in  th e  m odel em 
p lo y e d  in  our ex p erim en ts .

A s i t  has been d e m o n s tra te d  in  th e  co n tro l an im als, a sc ite s  in d u ced  by  
c o n s tr ic tio n  of th e  c av a  in fe rio r  v e in  is fa r  from  rem ain in g  s ta b le . In  th e  
lo n g  ru n , th e re  are sp o n ta n e o u s  v a r ia tio n s  in  p o rta l p ressu re  a n d  in  th e  am o u n t 
o f  a b d o m in a l flu id  a c c u m u la tio n . T h e  causes of th e se  v a r ia tio n s  a re  p a rtly  
n o n sp e c if ic  such as th e  n u tr i t io n a l  s ta te ,  in te rc u rre n t in fec tio n s , e tc ., and  
p a r t l y  specific, in h e re n t in  th e  m odel. I n  th e  course of tim e , p e rs is te n t post- 
s in u so id a l congestion  w ill n o t  fa il to  a ffec t th e  c ircu la tio n  a n d  th e  s tru c tu re  
o f  th e  liver. Such an im als  d isp la y  gross h e p a tic  changes. O n th e  o th e r  han d , 
a  c o lla te ra l n e tw o rk  deve lops or grow s m ore  ex tensive  b e tw e e n  th e  cava 
in fe r io r  an d  superio r sy s tem s . T h is h as  b een  confirm ed b y  o u r  observa tion  
t h a t  in  th e  anim als w ith  lo n g -s ta n d in g  ex p e rim en ta l n a rro w in g  o f  th e  vena 
c a v a  in fe rio r, co n stric tio n  o f  th e  v e n a  c av a  su p erio r was im m e d ia te ly  followed 
b y  a  sign ifican t e lev a tio n  o f  th e  p re ssu re  in  th e  v en a  cav a  in fe rio r . All these  
f a c to r s  g rea tly  affect th e  re su lts  o f  th e  ly m p h a tic -v en o u s s h u n t  in  experi
m e n ta l  ascites.

T h e  p resen t m odel fa iled  to  p ro v e  conclusively  th e  v a lu e  o f a ly m p h atic - 
v e n o u s  sh u n t and  all i t  p e rm itte d  to  p re d ic t  w ith  due c a u tio n  w as th e  p ro b 
a b i l i ty  th a t  th e  in te rv e n tio n  w ould  b e  o f  b en e fit in  som e cases o f ascites 
d u e  to  p ostsinuso idal co n g estio n , w e n o n e  th e  less decided  fo r  i t  in  a p a tie n t 
w i th  liv e r  cirrhosis, h a v in g  com e to  rea lize  th a t  to  e s tab lish  th e  v a lu e  of th is  
th e o re tic a lly  w ell-founded  in te rv e n tio n , ex p erim en ta l m odels a re  n o t  in fo rm 
a t iv e .  B esides, th e  c re a tio n  o f a ce rv ica l sh u n t is a m in o r o p e ra tio n  w ith  p rac 
t ic a l ly  no  hazard .

T h e  co n stru c tio n  o f a lv m p h a tic -v en o u s  anastom osis in  liv e r  cirrhosis 
h a s  h a d  num erous a d v o c a te s  b u t  i t  w as n o t  u n til  th e  p re se n t s tu d ie s  w ere in
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progress th a t  a c tu a l o b se rv a tio n s  on h u m a n  p a tie n ts  w ere p u b lish e d  [28]. 
T h e  re p o rt in q u e s tio n  concerns th ree  p a tie n ts . Tw o o f th em  d ied  soon a fte r 
th e  in te rv e n tio n , b u t  th e y  h a d  been p o o r r isk  cases. In  th e  th i r d  p a tie n t, 
th e  sole su rv ivo r, th e  o p e ra tio n  resu lted  in  a co m p le te  d isap p ea ran ce  o f  ascites. 
In  co n fo rm ity  w ith  th is  o b se rv a tio n , in  th e  p re se n t case to o , a sc ite s  w hich 
h a d  been  u n m an ag eab le  fo r  years  ceased soon a f te r  th e  o p e ra tio n  w ith o u t 
re a p p e a rin g  d u rin g  th e  o b se rv a tio n  perio d  o f  one y ea r. Tw o successfu l cases 
a re  obv iously  in co n c lu siv e  b u t  ce rta in ly  in d ic a te  t h a t  th e  cerv ical s h u n t m ay 
h av e  a beneficial e ffec t in  liv e r c irrhosis a sso c ia ted  w ith  a sc ite s . Correct 
in d ica tio n s  an d  a p ro p e r  se lec tion  of th e  cases are  n a tu ra lly  b a s ic  req u ire 
m e n ts .

E n h an cem en t o f  ly m p h  d rainage in  liv e r  cirrhosis w as o rig in a lly  ad 
v o ca ted  for th e  re d u c tio n  o f  p o r ta l  h y p erten s io n  a n d  p rev en tio n  o f h aem o rrh ag e  
from  oesophageal v a rice s  [2, 10, 12]. O ur o b se rv a tio n s  failed  to  c o n tr ib u te  
d ire c t evidence to  th is  co n tro v ersia l p ro b lem , i t  w as, how ever, es tab lish ed  
th a t  a ly m p h a tic -v en o u s  sh u n t reduces co n g estio n  due to  cav a  in fe rio r  con
s tr ic tio n  in  a n u m b e r o f  cases. Since, how ever, asc ites  in d u ced  in  an im als  or 
acco m p an y in g  liv e r  c irrh o sis  responded  fa v o u ra b ly  to  th e  s h u n t,  w e m ust 
re g a rd  th e  p resence  o f  a sc ite s  as a basic  in d ica tio n .

As regards c o n tra in d ic a tio n s , th e  p resen ce  o f h e p a to ce llu la r  fa ilu re  in  
liv e r c irrhosis m ak es th e  in te rv e n tio n  u n w a rra n te d . T he o b se rv a tio n  th a t  
in  th e  tw o  an im als w ith  lo n g -s tan d in g  asc ites th e  o p e ra tio n  w as soon  follow ed 
b y  d e a th  illu s tra te s  th e  necessity  for a c ritic a l a t t i tu d e  in  th e  se lec tio n  of 
cases. In  view  of th e  e n try  o f m assive am o u n ts  o f flu id  in to  th e  b lo o d  stream  
in  consequence o f th e  in te rv e n tio n  [28], i t  sh o u ld  be avo ided  in  d iseases of 
th e  c ircu la to ry  o rg an s u n ti l  conclusive o b se rv a tio n s  h av e  b een  collected. 
I t  m u s t be n o te d  th a t  in  th e  presence of sy s tem ic  venous co n g estio n  a cer
v ica l sh u n t is useless.

T hus, th e  c a n d id a te  fo r a ly m p h a tic -v en o u s  an astom osis is a p a tie n t 
n o t to o  ad v an ced  in  y e a rs  (p re fe rab ly  u n d e r  60), w ith  liv er c irrh o sis  accom 
p an ied  b y  ascites, no  ev id en ce  of im paired  liv e r  fu n c tio n , a n o rm a l cen tra l 
ven o u s p ressure , an d  in  fa ir  general co n d ition  w ith  no  sign o f m a ln u tr itio n .
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STEROIDS IN HUMAN SKIN AND HAIRS
V. Q UANTITY OF F R E E  CHOLESTEROL A N D  CH O LESTER YL E ST ER S  

IN  T H E  H UM AN S K IN  

By

I. T ó t h ,  I .  F a r e d i n  a n d  M .  J u l e s z

F IR S T  D EPA R T M E N T OF M ED ICIN E (D IRECTO R: P R O F . M. JU L E S Z ),
U N IV E R S IT Y  M EDICAL SCHOOL, SZEG ED

(R eceived 17 N ovem ber, 1969)

Free cholesterol and cholesteryl ester contents o f  hum an skin has been studied  
in fem ales w ith  no endocrine abnorm ality, fem ales w ith  hirsutism  and m ales w ith  
acne. The w hole skin specim ens, excised during surgery, were obtained from various 
regions of the hum an body. A portion of 80 to 100 m g o f the w hole skin was freezed  
w ith  carbon dioxide ice on a freezing m icrotom e and cut in to  20 to  25 ц  th ick  slices. 
The skin slices were extracted  b y  soaking in ether —ethanol m ixture ( l  : 1). The 
extracted  free and esterified cholestérols were separated on silica-gel-G  plates by double  
thin-layer chrom atography and th ey  were estim ated by the Z l a t k i s , Z a k  and B o y l e  
colour reaction. T otal cholesterol o f whole fem ale abdom inal skin (hairless) was found  
to consist approxim ately to tw o thirds of free cholesterol and nearly one third o f esteri
fied  cholesterol. Pubic skin (hairy) contained more free as well as esterified cholesterol 
than did abdom inal skin. The abdom inal skin (hairy) o f  hirsute fem ales w ith  adreno
cortical origin did not differ from  the controls in respect o f free or esterified cholesterol 
contents. The back-skin of m ale patients w ith  acne contained significantly  more free 
and esterified cholesterol than the skin o f control m ales o f sim ilar age.
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I t  has been  show n t h a t  h u m a n  sk in  sy n th e tiz e d  cho lestero l from  a c e ta te  
( B l o c h  an d  R i t t e n b e r g  1945, A n k e r  1948, S r e r e  e t al. 1950). M oreover, 
i t  w as fo u n d  th a t  i t  is one o f th e  m o st ac tive  ch o le s te ro l-sy n th e tiz in g  o rgans 
of th e  b o d y  besides th e  liv e r  an d  th e  ad ren a l g lan d s. C on seq u en tly , th e  s te ro id s  
o f th e  h u m a n  sk in  h av e  b een  in ten siv e ly  s tu d ie d . In te re s t  in  th is  fie ld  has 
received  new  im pulse  b y  th e  d iscovery  th a t  th e  sk in  co n ta in s  all th e  enzym e- 
system s n ecessary  to  c a ta ly ze  th e  m etabo lism  o f s te ro id s  ( O e r t e l  an d  T r e i b e r  

1969) inc lud ing  th e  an d ro g en ica lly  ac tiv e  s te ro id s  ( F a r e d i n  e t al. 1966 a, 1967 
a, b , 1968, 1969, G a l l e g o s  an d  B e r l i n e r  1967, B e r l i n e r  e t al. 1968, G o m e z  

an d  H s i a  1968, W i l s o n  a n d  W a l k e r  1969, M a u v a i s - J a r v i s  e t al. 1969). 
A ccord ing  to  th e se  in v es tig a tio n s  and ro g en ica lly  ac tiv e  ste ro id s  can  also be 
fo rm ed  in  th e  sk in . T herefo re  th e  s tu d y  of all s tc ra n c  com pounds w hich  m a y  
be  reg a rd ed  as possib le  p recu rso rs  o f b io logically  ac tiv e  ste ro id s  ( J u n g m a n n  

1968) acq u ired  p a r tic u la r  in te re s t  ( O e r t e l  e t al. 1968).
In  an  earlie r s tu d y  w e show ed th a t  h u m a n  sk in  co n ta in ed  cho leste ro l 

in  considerab le  am o u n ts  ( T ó t h  e t al. 1966, F a r e d i n  e t al. 1966 h). T he p re se n t 
s tu d y  has been concerned  w ith  th e  q u a n tita tiv e  co n sid era tio n s of free an d  
este rified  cho lestero l co n ta in ed  in  h u m an  skin .
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M ateria l an d  m ethods

Reagents and materials

R eagen ts and m aterials u sed  as w ell as the m ethod of th in-layer chrom atography on 
silica -g e l-G  (Kieselgel-G nach S tah l, Merck, D arm stadt) were previously  described ( J u lesz  
e t  a l. 1970).

Sterols for the stu dy , i.e . cholesterol (cholest-5-ene-3/?-ol), cholestanol (5a-cholestane- 
3/?-ol), cholesteryl stearate (cholest-5-ene-3/?-ol-stearate) and cholesteryl o leate (cholest-5- 
ene-3/3-ol-oleate) were purified b y  th in-láyer chrom atography on silica-gel-G  p lates (Table I).

Destruction o f the skin tissue and extraction o f cholesterol

T he surface of the w hole sk in  specim en, excised  during surgery, was w iped o ff  w ith  
a co tto n -sw a b  wetted w ith  ph ysio logical saline to rem ove any disin fectant. The skin slices 
w ere th e n  freed of the subcutaneous fa tty  tissues. A  portion o f 80 to  100 m g o f  the whole 
sk in  w as freezed w ith carbon d iox ide  ice on a freezing m icrotom e and cut in to  20 to 25 /i thick  
slices  and  weighed. The skin slices were repeated ly  frozen w ith  1 m l o f d istilled  w ater and 
stirred  v igorously  w ith a glass-rod.

T he skin suspension thu s obta ined  was shaken vigorously w ith  20 m l of ether — ethanol 
m ix tu r e  ( 1 : 1 )  and left to stand for tw o hours. The extracting so lvent was su bseq uently  de
c a n te d  from  the skin residue, and after addition  o f further 20 m l o f fresh so lvent was allowed  
to  s ta n d  for 22 hours w ith  occasion al shaking. T hen the skin residue w as soaked for another 
5 d a y s  in  20 m l portions of ether—ethano l (1 : 1) changing the extracting so lvent every  day.

T he ether was rem oved from  the collected ether-ethanol extracts (140 m l) b y  d istillation  
an d  th e  rem aining extract was evaporated  to dryness in  vacuo.

T he entire cholesterol co n ten t o f the skin w as extractable w ith  this m ethod. N am ely, 
w e su b jected  the remaining skin residue to  alkaline destruction in a few  instan ces, however, 
y ie ld e d  neither free nor esterified  cholesterol (T ó th  et al. 1966).

Purification of the cholesterol extract

T he dry residue o f the cholesterol ex tract obtained  from the skin suspensions contains 
a considerable  amount o f im purities, therefore it  had to be purified before separation of free 
and  ester ified  cholesterol. The dry residue was d issolved in  ether and was w ashed successively  
w ith  2 N  NaO H  solution and d istilled  water. The purified ether phase was dehydrated w ith  
a n h yd rou s N a 2S 0 4, filtered and evaporated  to dryness.

Separation of free and esterified cholestérols by thin-layer chromatography

T he dry residue o f the purified  cholesterol ex tract was dissolved in  10 m l o f benzene, 
d iv id e d  in to  two equal parts (ex tra cts N o. I and N o. II) and evaporated again to  dryness. 
T h e free  and esterified cholestérols were separated on a 1 0 x 2 0  cm silica-gel-G  plate (th ick
n ess:  0 .25 mm). The th in-layer w as d ivided on the glass p late into  four strips m easuring 4 x 2  
cm  (str ip s No. 1, 2, 3, 4), the starting  poin t w as form ed 20 m m  from  the low er end of the  
p la te . E x tra cts No. I and N o. II  w ere applied in 3 x  0.2 m l o f benzene to strips N o. 1 and No. 2 
a n d  dried in a stream o f h ot air (40 to 50 °C). A u thentic  cholesterol (40 //g) and authentic  
c h o les tery l stearate (40 /<g) were dropped onto strip N o. 3, while strip N o. 4 provided the 
b la n k . T bis was followed b y  the first run in  110 m l o f a chloroform — carbon tetrachloride m ix
tu r e  (12 : 88, v/v) up to  a line draw n 5 m m  from  th e  upper end o f the glass p late .

The cholesteryl ester sp ots separated in  th is  m anner were located  b y  the aid of an 
a n a ly tic a l quartz lamp (D esaga U Y  131 000) and a separating line was drawn 5— 10 m m  below  
th e  low er  edge of the spots.

T hen the run was repeated  in  110 m l o f an ethanol-benzene m ixture (6 : 94, v /v )  up to  
th e  separating line (second run), thu s separating the free cholesterol from  fa ts and contam i
n a n ts  (Table I).
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Table I

Hj values o f  free  and esterified cholestérols on a silica-gel-G thin-layer

Cholesterols

Chloroform-carbon te tra 
chloride (12 : 88, v /v )

Ethanol-benzene 
(6 : 94, v/v)

R un , cm Ri R un, cm R(

Cholesteryl stearate 10.6 0.54 17.0 0.94
Cholesteryl oleate 9.6 0.49 17.0 0.94
Cholesterol 0.6 0.03 7.3 0.42
7-dehydrocholesterol 0.6 0.03 7.2 0.42
Cholestenol 0.4 0.02 7.0 0.40
20a-hydroxyeholesterol — — 5.7 0.32
20a, 22-dihydroxycholesterol — — 4.0 0.23

Detection and elution o f  cholestérols

Strips No. 1 and N o. 4 were covered w ith glass p la tes w hile spraying strips No. 2 and 
No. 3 w ith  sulphuric a c id —ferric chloride reagent. The b lu ish  v io le t spots o f ex tract N o. II  
on strip No. 2 and those o f the authentic cholesterol and the cholesteryl stearate on strip N o. 3 
appeared within a short tim e. 7-dehydrocholesterol, 7-ketocholesterol, 20a-hydroxycholesterol, 
20a, 22-dihydroxycholesterol, cholest-7-ene-3/9-ol, 5a-cholestane-3/9-ol failed to give the said  
colour reaction.

The areas corresponding to the sp ots detected  o f th e  free and esterified cholestérols 
were m arked on the strip N o. 1 and No. 4, the adsorbents were scraped into centrifuge tubes  
and the cholestérols were eluted w ith 4 x 2  m l of an ethano l — eth y l acetate m ixture (1 : 1). 
The collected eluates were evaporated to  dryness in vacuo a t 45 °C.

According to our present investigations 8 6 -  89% o f cholesterol, 91— 97% o f cholesteryl 
stearate and 87—95% o f  cholesteryl oleate were recovered from  the silica-gel-G  layer.

Q uantitative measurement o f  free and esterified cholestérols

The dry residue o f the free and esterified cholestérols w as subm itted to the colour  
reaction  described b y  Z l a t k i s  et al. (1953). The bluish v io le t colour was estim ated  p h oto
m etrically  against the corresponding blanks obtained by th e  dry residue of the extract eluted  
from  the corresponding area of strip N o. 4. The values obta ined  for the free and esterified  
cholesterol fractions were read from calibration curves, w h ich  were prepared b y  authentic  
cholesterol (20, 40, 80 and 120 ,ug) and auth en tic  cholesteryl stearate (20, 40, 80 and 120 fig). 
The va lues thus obtained were referred to g w et sk in-tissue and the final results were reported  
in term s of mg/g. The am ounts for cholesteryl esters were g iven  as cholesteryl stearate and free 
cholesterol.

Results

T h e p o in t w h ich  seem ed o f p r im a ry  in te re s t  w as th e  a m o u n t o f free  
a n d  este rified  cho leste ro l co n ta in ed  in  w'hole a b d o m in a l sk in . T his w as s tu d ie d  
on su rg ica l specim ens o f  ab d o m in a l sk in  o f n o n -h irsu te  fem ales, w ho w ere  
o p e ra te d  on for v a r io u s  reasons, a n d  did  n o t h a v e  a n y  endocrine d iso rd e rs . 
T h e  sk in  surface h a d  b een  cleansed ow ing to  th e  ru t in é  p reo p e ra tiv e  p ro ced u re s  
an d  th e  su b cu tan eo u s  f a t  from  th e  sk in  sp ec im en s w as rem oved  p rio r  to  
p rocessing .
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Table II

F ree cholesterol and cholesteryl ester contents o f  the abdom inal sk in  in  non-hirsute women

No.
Age Free Cholesteryl ester Total Cholesteryl

(years) cholesterol
mg/g

in stearate 
mg/g

in cholesterol 
mg/g

cholesterol
mg/g

ester 
per cent

l 22 0.70 0.29 0.17 0.87 19.7

2 29 0.70 0.32 0.19 0.89 21.3

3 33 0.67 0.53 0.31 0.98 31.9

4 34 0.68 0.48 0.28 0.96 29.4

5 39 0.61 0.36 0.21 0.82 25.9

6 42 0.73 0.60 0.36 1.09 32.7

7 43 0.87 0.55 0.33 1.20 27.2

8 45 0.67 0.61 0.36 1.03 35.0

9 46 0.69 0.64 0.38 1.07 35.4

10 55 0.67 0.36 0.21 0.88 24.1

11 65 0.50 0.29 0.17 0.67 25.6

12 75 0.69 0.47 0.28 0.97 28.7

L im its 0.50— 0.87 0.29— 0.64 0.17— 0.38 0.67— 1.20 19.7— 35.4

A verage 0.68 0.46 0.27 0.95 28.1

Standard  error +  0.025 ± 0 .0 3 7  

Table III

± 0 .0 2 2 ± 0 .0 4

F ree cholesterol and cholesteryl ester contents in  sk in  o f  fem ales without and w ith  hirsutism

No.
Age

(years) Source of skin
Free

cholesterol
mg/g

Cholesteryl ester Total
cholesterol

mg/g

Cholesteryl 
ester 

per cent
in stearate

mg/g
in choleste- 
rol mg/g

N o n-h i r s u t e  w o m e n

l 29 abdominal skin (hair-
less) 0.70 0.32 0.19 0.89 21.3

pubic skin (hairy) 0.88 0.58 0.34 1.22 27.9
2 43 abdominal skin (hair-

less) 0.87 0.55 0.33 1.20 27.5
pubic skin (hairy) 0.97 0.67 0.40 1.37 29.2

3 46 abdominal skin (hair-
less) 0.69 0.64 0.38 1.07 35.5

pubic skin (hairy) 1.10 0.95 0.56 1.66 33.7

W o m e n  w i t h  h i r s u t i s m

1 30 hairy skin from  thoraco-
lumbal incision 0.76 0.64 0.38 1.14 33.3

2 33 hairy skin from  thoraco-
lumbal incision 0.94 0.65 0.38 1.32 28.8
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Table IV

Free cholesterol and cholesteryl ester contents in  back skin  o f  males without and w ith acne

No.
Age

(years)

Free
cholesterol

mg/g

Cholestery ester Total
cholesterol

mg/g

Cholesteryl 
ester 

per cent
in stearate 

mg/g

in cholesterol
mg/g

N o r m a 1 m a l e s

l 22 1.03 0.25 0.15 1.18 12.71
2 24 1.01 0.41 0.24 1.25 19.20
3 19 0.55 0.43 0.25 0.80 31.25
4 20 0.50 0.31 0.18 0.68 26.47

Average 0.80 0.20
Standard error ± 0 .1 4 3 ± 0 .0 2 4

M a l e s  w i t  h  a c n e

1 19 1.59 0.45 0.27 1.86 14.52
2 17 1.65 1.02 0.60 2.25 26.66
3 18 1.79 0.90 0.53 2.32 22.84
4 18 1.60 0.93 0.55 2.15 25.58

Average: 1.66

Standard error + 0 .0 4 5

Statistical analysis: free cholesterol

esterified cholesterol

0.49 

+  0.075

t(«) =  5.736, pcO .O l 

t (e) =  3.713, pcO .O l

T ab le  I I  show s th e  re su lts  o b ta in e d  from  ab d o m in a l sk in  o f  tw elve  
n o n -h irsu te  fem ales (betw een  22 an d  75 y ea rs  of age). T he free  cho lestero l 
c o n te n t o f th e  w hole (hairless) ab d o m in a l sk in  ran g ed  be tw een  0.50 a n d  0.87 
m g/g  lim its  w ith  an  average  o f 0.68 m g/g  (S .E . =  ;+0.025). T he c h o le s te ry l este r 
c o n te n t as exp ressed  in  free cho leste ro l is m u ch  less in  th e se  12 abdo m in a l 
sk ins. T h e  tw o  lim its  w ere 0.17 a n d  0.38 m g/g , th e  average  w as 0.27 m g/g 
(S .E . =  J^O.022). C holestery l e s te r  a cco u n ted  fo r 19.7 to  35 .4%  o f  th e  to ta l  
cho lestero l, av erag e : 28 .1% .

In  th re e  fem ales (aged 29, 43 a n d  46 y e a rs , re spec tive ly ) free a n d  este rified  
cho lestéro ls w ere d e te rm in ed  b o th  in  a b d o m in a l an d  in  pub ic  sk in . T h e  pub ic  
h a irs  h av in g  been  rem oved  p re o p e ra tiv e ly , th e  sk in  specim ens w ere  hairless. 
O n th e  ev idence o f th ese  in v e s tig a tio n s  (T able  I I I )  p u b ic  sk in  w as c o n ta in in g  
m ore  free an d  este rified  cho leste ro l th e n  th e  ab d o m in a l sk in . T h e  ch o les te ry l 
e s te r acco u n ted  fo r 27.9 to  3 3 .7%  o f th e  to ta l  cho lestero l o f th e  p u b ic  sk in  
a n d  fo r 21.3 to  35 .5%  o f th a t  o f  th e  ab d o m in a l sk in .
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Specim ens of h a iry  a b d o m in a l skin o b ta in e d  a t  su rg e ry  from  tw o  h irsu te  
fe m a le  p a tie n ts  (aged 30 a n d  33 years re sp ec tiv e ly ) o f ad ren o co rtica l origin 
r e v e a le d  no sign ifican t d iffe ren ce  from  th e  h a irle ss  ab d o m in a l sk in  o f non- 
h i r s u te  fem ales in  re sp e c t o f  free  an d  esterified  cho leste ro l co n ten ts  (T able I I I ) .

T h e  sk in  excised fro m  th e  b ack  of four m a le  p a tie n ts  w ith  acne (betw een  
17 a n d  19 years of age) w as  in v es tig a ted  fo r free  a n d  esterified  cho lestero l. 
T h e  re su lts  are show n in  T a b le  IY . B ack-skin  spec im ens of fo u r m ales, a p p ro x i
m a te ly  o f  th e  sam e age , excised  from  th e  sam e  reg ions served  as co n tro ls . 
C o m p ariso n  of th e  re su lts  re v e a le d  a sign ifican t in c rease  b o th  in  free a n d  in  
e s te r if ie d  cholestérols in  th e  su b jec ts  w ith  acne  (free cho lestero l: t (6) =  5.736, 
p  <7 0 .01 ; esterified  c h o le s te ro l: t (ej = 3 .7 1 3 ,  p  <7 0.01).

Discussion

C holesterol c o n te n t o f  th e  h u m an  sk in  h a s  been  s tu d ie d  b y  v a rio u s  
m e th o d s  ( B ürger  a n d  S c h l o m k a  1928, Me y e r  1931, K o o y m a n  1932). T h e  
p ro c e d u re s  based on th e  L ieb erm an n  B u rc h a rd  colour re a c tio n  rev ea led  
t h a t  th e  sk in  con ta in s fre e  cholestero l, ch o le s tan o l an d  in  a d d itio n  to  fa s t  
a c t in g  stero ls , 7 -d eh y d ro ch o les te ro l (cholesta-5,7-diene-3/3-ol) (Mil l e r  an d  
B a u m a n n  1954, R e i n e r t s o n  a n d  W h e a t l e y  1959) an d  la th o s te ro l (cholest- 
7-ene-3/?-ol) (Id l e r  a n d  B a u m a n n  1952). 7 -d eh y d ro ch o le s te ro l h a s  b een  
fo u n d  to  be th e  p re c u rso r o f  v ita m in  B 3 fo rm ed  in  th e  sk in  (W i n d a u s  an d  
В о с к  1937, W h e a t l e y  a n d  R e in e r t s o n  1958) a n d  to  be p re se n t, to g e th e r  
w ith  la th o s te ro l in te rm e d ia te s  o f cholesterol. C ho lestero ls  d e tec ted  in  th e  sk in  
a re  fo u n d  e ither free o r  in  fo rm  o f th e ir  esters w ith  v a rio u s  f a t ty  acids (s tea ric  
a c id , p a lm itic  acid, oleic a c id  etc.).

F re e  cholesterol a n d  ch o le s te ry l esters can  b e  com plete ly  s e p a ra te d  w ith  
o u r  th in - la y e r  c h ro m a to g ra p h ic  m ethod . T h e  su lp h u ric  a c id —ferric  ch lo ride  
c o lo u r  reac tio n  in tro d u c e d  b y  Zlaticis e t al. (1953) is specific fo r cho lestero l 
a n d  i ts  esters. The in te r fe r in g  ac tio n  of fa s t  a c tin g  s te ro ls  an d  o f cholestero l- 
m e ta b o li te s  (cho lestano l, 7 -ketocho lestero l, 7 -h y d ro x y ch o leste ro l) can  be 
e l im in a te d  and in fo rm a tio n  o f  th e  tru e  cho leste ro l c o n te n t of th e  w hole h u m a n  
sk in  m a y  be gained w ith  th is  m ethod .

A ccord ing  to  o u r f in d in g s , in  ag reem ent w irh  earlie r re su lts , th e  h u m a n  
sk in  is  v e ry  rich in  ch o les té ro ls . F ree  cholestero l a cco u n ts  fo r n e a rly  tw o  th ird s  
a n d  es te rif ied  cholestérols fo r  n e a r ly  one th ird  o f  to ta l  cho lestero l d em o n strab le  
in  th e  w hole abdom ina l sk in  o f  fem ales (Table I I ) .  T h e  average  o f to ta l  ch o leste 
ro l re su ltin g  from  th e  tw o  v a lu e s  was in  ag re e m e n t w ith  ou r earlie r find ings 
( F a r e d i n  e t al. 1966 b ). I n  p u b ic  sk in  th e  c h o le s te ry l esters also m ak e  u p  
a p p ro x im a te ly  one th i r d  o f  th e  to ta l  cho lestero l c o n te n t  (T able I I I ) ,  th u s  th e  
e x cess  o f  to ta l ch o leste ro l in  p u b ic  skin as a g a in s t ab d o m in a l sk in  is due  to  
th e  h ig h e r  values fo r b o th  free  an d  esterified  cho lesté ro ls .
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C onsidering th a t  th e re  is n o  n o ticeab le  difference b e tw een  free  and  
es te rif ied  cho lestero l co n ten ts  o f  sk ins o f h irsu te  an d  n o n -h irsu te  fem ales, 
w e m ay  p resum e th a t  h irsu tism  does n o t in v o lv e  d is tu rb an ces  in  cho leste ro l 
m e tab o lism  of th e  sk in  (Table I I I ) .  T h e  s itu a tio n  is d iffe ren t in  m a le  p a tie n ts  
w ith  acne. T he free  an d  este rified  cho leste ro l c o n ten ts  in  h ack  sk in s  o f  m ale 
p a tie n ts  w ith  acne  w ere s ig n if ican tly  g re a te r  th a n  in  b ack  sk ins o f  co n tro l 
m a les  o f sim ilar age (Table IV ).

I t  is d o cu m en ted  by  n u m ero u s  l i te ra tu re  d a ta  th a t  th e  ep id e rm is  and  
th e  derm is d iffer w idely  in lip id  a n d  s te ro l c o n cen tra tio n s  (L o r in c z  and  
S t o u g h t o n  1958, M o nt ag na  a n d  L obitz , J r .  1964). O n th e  g ro u n d s  o f th e  
p re se n t re su lts , even  th e  v a rio u s  reg ions o f  th e  h u m a n  b o d y  p re s e n t  w ide 
v a r ia tio n s  in re sp ec t o f free a n d  e s te rified  cho lestero l c o n te n ts . In  th e  case 
o f  ab d o m in a l v e rsu s  pub ic  sk in , i t  is p ro b a b ly  th e  d iffe ren t n u m b e r  and  
fu n c tio n  of h a ir  follicles, sebaceous an d  sw ea t g lands w hich  a c c o u n t fo r  th e  
d ivergence .

*

Thanks are due to  Prof. M. Simon and Dr. L. Szekeres for the skin specim ens o f the  
patien ts w ith  acne. The authors are also v ery  m uch indebted to Prof. W. K ly n e  (L ondon) 
and Dr. J . L. Webb  (G lasgow) for reference steroids.
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DIE PHYSIKALISCHEN GRUNDLAGEN 
DES ELEKTROENZEPHALOGRAMMS

D A S PO TEN TIAL D E R  DO PPELSC H IC IIT A N  D E R  O B E R FL Ä C H E  
E IN E S  G E SC H L O SSE N E N  SP H Ä R ISC H E N  RAUM S

Von

T . G e r é b

LANDESHEILANSTALT FÜR NERVEN- UND GEISTESKRANKHEITEN 

(DIREKTOR: DR. B. MÁRIA), BUDAPEST

(E ingegangen am  6. D ezem ber, 1969)

U m  die A nalyse der Potentialschw ankungen im  E E G , die den ep ileptischen  
Anfall begleiten, zu erm öglichen, wurde das P oten tia l der im  Innern eines sphärischen  
R aum s gelegenen Doppelschicht an dessen Oberfläche errechnet. Durch die A nw endung  
der erhaltenen Form eln werden einige sonst schwer deutbare B esonderheiten  der 
K ram pfpotentiale erklärt.

T ro tz  d er k lin ischen  B e d e u tu n g  d er E lek tro en zep h a lo g rap h ie  w u rd e n  
ih re  p h y sik a lisch en  G rund lagen  b ish e r w enig e rfo rsch t. D er e rs te  S c h r it t  
in  d ieser R ic h tu n g  so llte  die B estim m u n g  je n e r  B eziehung sein , in  d e r die 
v o n  d e r K o p foberfläche  ab g e le ite ten  P o te n tia le  zu  den  Q uellen d er im  In n e rn  
des K opfes fließenden  S tröm e s teh en . M an n im m t m it R ech t an , d aß  d iese 
S trö m e  aus den N ervenzellen  d e r H irn rin d e  a u f  e iner m it dem  g u t b e k a n n te n  
A k tio n sp o te n tia l analogen  W eise e n tsp rin g en , d er w esen tlich  lan g sam ere  
ze itliche  V erlau f d ieser P o te n tia lsc h w a n k u n g e n  w eist ab e r d a ra u f  h in , d aß  
d er n ä h e re  O rt d e r S tro m q u e llen  in  den a u f  die H irn o b e rfläch e  se n k re c h t 
o r ie n tie r te n  D e n d riten  v o n  n ied e re r  R e iz b a rk e it zu suchen  is t. A us dem  
G es ic h tsp u n k te  d er P h y sik  su ch en  w ir also das P o te n tia l  e iner m it d e r H irn 
ob erfläch e  g leich laufenden  D opp elsch ich t. Im  u n b e g re n z te n  M edium  w ird  
das P o te n tia l  d er D o p p e lsch ich t d u rch  eine ein fache  F o rm el a u sg e d rü c k t, in  
e inem  geschlossenen R au m  a b e r w ird  das K ra f tfe ld  w egen d er G ren zfläch en  
s ta rk  d e fo rm ie rt, besonders d a n n , w enn  w ie im  F a lle  des E E G  — die 
S tro m q u e llen  in  d er N ähe d er G renzfläche  — h ie r d e r K o p fo b erfläch e  liegen. 
D as P o te n tia l  des D ipols an  d e r O berfläche  eines geschlossenen sp h ä risch en  
R au m s w u rd e  schon  bei den  F o rsch u n g en  ü b e r  das E K G  b e s tim m t, das 
P o te n tia l  d er D oppelsch ich t am  selben  O rte  is t  a b e r b ish e r n ic h t an g eg eb en  
w o rd en  u n d  G e is l e r  u n d  G e r s t e i n , die A u to ren , die sich m it d ieser F ra g e  
z u le tz t b e sch ä ftig ten , e rse tz te n  die zw eid im ensionale  D o p p e lsch ich t m it e inem  
h y p o th e tisc h e n  » äq u iv a len ten  Dipol-Modell<<, o hne  eine M ethode zu r B e s tim 
m u n g  se in e r G röße u n d  L age an zu g eb en .

W ir w ollen vo rläu fig  n u r  d en  e in fach sten  F a ll b e tra c h te n , w o d ie  p a r 
oxysm ale  T ä tig k e it sich ü b e r T eile  oder ü b e r die T o ta l i tä t  d er H irn r in d e  g le ich 
zeitig  v e rb re ite t , also den  F a ll d e r lokalen  o d er g en era lis ie rten  E p ilep s ie . D a
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in  d iesem  F alle  im  In n e rn  d er H irn fu rch en  zw ei in  e n tg eg en g ese tz te r R ic h tu n g  
g e ric h te te  D o p p e lsch ich ten  in  gleicher P h a se  e in a n d e r g eg en ü b ersteh en , deren  
P o te n t ia l  a u f  d e r O b e rfläch e  des K opfes in  e rs te r  N äh e ru n g  v e rn a c h lä ss ig t 
w erd en  k an n , v e re in fa c h t sich  unsere A u fg ab e  a u f  die E rm ittlu n g  des P o te n tia ls  
d e r  m it d er K o p fo b e rfläch e  p ara lle len  D o p p e lsch ich t.

D er A u sg a n g sp u n k t u nsere r U n te rsu c h u n g  is t  das P o te n tia l  des im  
In n e rn  eines gesch lossenen  sphärischen  R a u m s  gelegenen, a u f die O berfläche  
se n k re c h te n  D ipols a n  d e r  O berfläche dieses R a u m s:

A I / ______ 1 — p

l °  ~  f R21 (1 + P  -  2 / - c o sy )3/2

w o M  das D ip o lm o m en t, R  den R ad iu s  d e r  den  K o p f  v e r tre te n d e n  K ugel, 
f R  d en  A b s ta n d  des D ipo ls vom  M itte lp u n k t d e r K ugel, also f  eine V e rh ä ltn is -  
z ah l k le iner als 1 (d ie  am  K o p f m eistens zw ischen  0,8 u n d  0,95 lieg t), y den  
W in k e l zw ischen d em  zu m  A u fp u n k t gezogenen  R a d iu sv e k to r  u n d  d er V er
lä n g e ru n g  d er D ip o lach se  ( fR )  bed eu ten . D as w ollen  w ir n u n  m it dem  F läch en 
e lem en t m u ltip liz ie ren  u n d  an  der O b erfläch e  d e r K ugel vom  H alb m esse r f R  
in te g r ie re n . D an n  b e d e u te t  M  das D ip o lm o m en t je  F läch en e in h e it. M it R ü c k 
s ic h t d a rau f, daß

l - / 2 2 (cos y - f )  1

/ ( 1  + / 2 ~  2 /- cos y)3/2 “  (1 + / 2 — 2 / -  cos y )3/2 +  / ( 1  + / 2 — 2 / -  cos y)1/2

is t  u n d  aus dem  D re ieck  O PQ  (A bb. 1) w ir  e rh a lte n

r =  R  | / l  -j- f  2 — 2f  • cos y
u n d

cos cp —
cos y  — f  

f l  + / 2 — 2 / - cos y
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u n d  d er räu m lich e  W inkel e ines F läch en e lem en ts  d A

dÜ  =
dA  ■ cos cp 

r2

is t , k a n n  d as  gesuchte  In te g ra l  a u f  die fo lgende e in fache  F o rm el g e b ra c h t 
w erden:

V DD =  M dQ +
1 fdA

f RA

C d A  1  Í
^  • \ d A

D as e rs te  u n d  das d r itte  In te g ra l  kön n en  w ir gleich  au fsch re iben : Q  u n d  A .  
U m  das zw eite  In te g ra l zu e rh a lte n , sch re iben  w ir in  räu m lich en  P o la rk o o rd i
n a te n , r u n d  d A  — ( fR )2 s in  & dfl d(cp — cpf) su b s titu ie re n d

ln в
1 í'dA f  f  /  sin #  d& d(cp — cpf) 

f R j  r J  J  V 1 +  p  — 2/ •  cos у
A  ç?— < p '=  0 $=0

WO

cos у  =  cos & cos -f- s in  & sin  cos(g? —- cpf)

is t, у den  W in k e l zw ischen d em  R a d iu sv e k to r  zu m  A u fp u n k t P  u n d  dem  
V ek to r des D ipo ls, u n d  <рг d ie  räu m lich en  P o la rk o o rd in a te n  des A u fp u n k te s , 
■& u n d  cp d ie des V ektors des D ipo ls bed eu ten .

B ei ach sen sy m m etrisch er L age des A u fp u n k te s , also w enn cos у  =  cos $ 
bzw . —cos -& is t ,  e rh a lten  w ir  d as  In te g ra l in  gesch lossener F o rm :

1 ÇdA im  A ufPu n k t P o =  2 л  [ f l  + / 2 — 2 / - c o s 0  -  ( 1 - / ) ]  

f R j  r im  A u fp u n k t Р л =  2 л  [ (1 + / )  — f l  - f f 2 +  2 / - c o s 0 ]

W ir w ollen  u n s  n u n  die M ühe  des R echnens d u rc h  die folgende g rap h isch e  
M ethode m öglicherw eise e rsp a re n . M an ze ich n e t u m  denselben  M itte lp u n k t 
zwei K re ise  v o n  den H a lb m e sse rn  f  u n d  1 u n d  b ild e t an  ihnen  den  A u fp u n k t 
u n d  im  v e rk le in e rten  M a ß s ta b e  die D o p p elsch ich t an  (A bb. 2). D a n n  is t 
d ie F läch e  d e r K u g e lk a lo tte  v o n  d e r H öhe h im  V erh ä ltn is  von  1 : R 2 k le in e r 
als die F lä c h e  d er D o p p e lsch ich t A  a u f  d er O b erfläch e  d er K ugel v o m  H a lb 
m esser f R .  D er K reis vom  R a d iu s /s c h n e id e t  die S y m m etrieach se  im  P u n k te  A .  
M an n im m t d en  A b stan d  v o n  d en  A u fp u n k ten  P 0 bzw . P n bis die B e ra n d u n g  
d e r K u g e lk a lo tte  in  Z irke lw eite  u n d  e rh ie lt d a d u rc h  a u f  d er S y m m etrieach se  
die P u n k te  B  bzw . C. W ie m a n  in  A bb. 2 s ieh t
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Po

A b b . 2. E r k l ä r u n g  i m  T e x t

A B  = Y  1 + / 2 -  2 / -  C O S 0  -  (1 - / )  

A C  =  (1 + / )  -  f l  +  / 2 +  2 /  • cos6>

D ie  F lä c h e  der K u g e lk a lo tte  von  der H öhe h i s t  2 л  fh., die d e r D o p p e lsch ich t 
a lso  2 so

2лА

D a  d e r  ebene W inkel des v o lle n  K reises 2 n  u n d  d e r räum liche  W in k e l d e r g an 
ze n  K u g e l 4л  is t, u m  2Q  z u  erha lten , m u ltip liz ie r t  m an  den im  L än g en m aß  
a u sg e d rü c k te n  W ert des a m  P ap ie r gem essenen  W inkels со bzw . со' m it 4. 
D e r  A rz t kann  also d as  P o te n t ia l  e lem en ta r e rh a lte n  
o b e rh a lb  der D o p p e lsch ich t (in  re la tiven  W e rte n )

V dd  ( P o) =  -  [4co +  2л ( А В  -  h)]

u n d  a u f  der G egenseite

V DD ( P J  = 4 co' +  2.ti ( h - A C )

w o w ir  zugleich b e rü c k s ic h tig t haben , d aß  u n se re  D o p p e lsch ich t im  G ehirn  
im m e r  die negative S e ite  z u r  O berfläche des K o p fes  w endet.

B ei n u r ro ta tio n ssy m m e tr isc h e r  L age des A u fp u n k te s  k ö n n e n  w ir das 
z w e ite  In te g ra l noch  in  K u g e lfu n k tio n en  aus d rü c k e n
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1 r d A  

f R j  r
=  2я (1 - * ) /  + X ’

u ~ l
/ " +1 

2n  +  1 Pn  (* l) ( P n - 1 (*) -  (P „  + l

wo X  u n d  x x die K o sin u sen  von  0  u n d  # x, P„ d ie  en tsp rech en d en , au s  T ab e llen  
e n tn e h m b a re n  K u g e lfu n k tio n en  b ed eu ten .

D a  ab e r (1 — x ) f  =  h is t , u m  das P o te n tia l  einer a u f  d ie  O b erfläch e  
n e g a tiv e n  D o p p e lsch ich t bei belieb iger L ag e  des A ufp u n k tes  zu  e rh a lte n , 
a d d ie r t  m a n  zu 2Q

*■•<*■> Pn + l(x) — P„_l (*)

W en n  w ir das P o te n tia l  des a u f  die O b erfläch e  senk rech ten  D ipols in  K u g e l
fu n k tio n e n  a u sg ed rü ck t h ä tte n ,

V D = y R 2 2 ' ( 2 n  +  l ) - f " - P n (x)

w ü rd e n  w ir das P o te n tia l  d er D o p p e lsch ich t ebenfalls in  K u g e lfu n k tio n e n  
e rh a lte n  hab en

P ._ i(* ) -P B+i(*)

d a n n  a b e r  m ü ß te  m a n  die m ü h sam ere  n u m erisch e  E rrech n u n g  u n d  den  V e r
z ich t a u f  die A n sch au lich k e it m it in  K a u f  n ehm en .

D iese F o rm eln  zeigen n u n , w ie die P o ten tia ld iffe ren z  je  zw eier be lieb igen  
P u n k te  d e r  K o p fo b erfläch e  von  d er L age u n d  V erb re itu n g  e in er e rreg ten  
G eh irn fläch e  a b h ä n g t. M an s ieh t, d aß  p a ra lle l m it  d er V erb re itu n g  d e r  E rre g u n g  
ü b e r d ie  O berfläche des G ehirns das P o te n tia l  im  abso lu ten  W e r t  zu e rs t 
w äch st, d a n n  ab er a b n im m t. M an v e rs te h t, w a ru m  zw ischen zw ei E le k tro d e n  
au ch  d a n n  eine P o ten tia ld iffe ren z  b e s te h e n  k a n n , w enn u n te r  ih n e n  eine 
g le ich s ta rk e  E rreg u n g  v o rlieg t. W en n  sich  die E rreg u n g  ü b e r d e r  u n te re n  
O b erfläch e  des G eh irns v e rb re ite t, w ird  m a n  aus den  E lek tro d en  am  Scheite l 
— w en n  ü b e rh a u p t — eine p o sitiv e  P o te n tia lsc h w a n k u n g  reg is tr ie ren . D iese 
M öglichkeit w urde  b ish e r  w egen des g ro ß en  E le k tro d e n a b s ta n d s  k a u m  in 
E rw äg u n g  gezogen u n d  is t bei der A n n ah m e eines einfachen D ipols ta ts ä c h lic h  
schw er v o rs te llb a r . U n se re  F o rm eln  zeigen ab e r, d aß , w enn sich  d ie  E rre g u n g  
ü b e r eine größere G eh irn fläch e  v e rb re ite t, d ie H ö h e  des P o te n tia ls  d e r  H ö h e  
des v o n  d e r  N ähe eines E le k tro d e n  s ta m m e n d e n  P o ten tia ls  g le ich k o m m en  
k an n . D ie allerd ings se h r  se ltenen  p o sitiv en  K ram p fe n tla d u n g en  w ird  m a n  also 
m it R e c h t au f eine sich  ü b e r d er u n te re n  G eh irnoberfläche  v e rb re ite n d e n  
p a ro x y sm a len  T ä tig k e it  zu rü ck fü h ren . W en n  sich  eine g le ich sta rk e  E rre g u n g  

eine D o p p e lsch ich t vom  k o n s ta n te n  D ip o lm o m en t — ü b e r  d ie  ganze

v DD =  2 n 2 : f n+1Pn ( u )
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G eh irn o b e rfläch e  a u sb re ite t , da  d an n  2Q  =  0 w ird , is t  das P o te n tia l a n  jed em  
P u n k te  d e r K o p fo b erfläch e

y  D D  =  0 +  4 n f  — 4 n f  =  0

I n  z iem lich  se lten en  F ä llen  s ie h t m an  ja , d aß  d e r ep ilep tische  A nfall im  E E G  
v o n  e in e r a llgem einen  » D esynchron isa tion« , also v o m  V erschw inden  p ra k tis c h  
a lle r  P o te n tia le , b e g le ite t w ird . I s t  aber, w ie m e is ten s , die sich ü b e r d er ganzen  
H irn r in d e  v e rb re ite te  E rre g u n g  keine g le ichm äß ige , k a n n  m an  von  den  beid en  
S e ite n  d e r D o p p e lsch ich t gleiche M engen e le k tr isc h e r  L adungen , da  sie zum  
ä u ß e re n  P o te n tia l  n ic h ts  b e itra g e n , im  G ed an k en  so lange ab n eh m en , b is n u r  
lo k a le  D o p p e lsch ich tcn  Z urückbleiben , d ie  die re g is tr ie r te  P o te n tia lsc h w a n 
k u n g  alle in  v e ru rsach en . D a  die E rre g b a rk e it d e r  H irn rin d e  au f d er m o to r i
sc h e n  Z one u n d  ü b e r  gew issen Teilen  d er te m p o ra le n  R inde am  h ö c h s te n  is t, 
i s t  es n a tü r lic h , d aß  bei e in er genera lis ie rten  K ra m p ftä tig k e it  irre fü h re n d e  
» lokale« , b esonders te m p o ra le  u n d  p rä z e n tra le  K ra m p fp o te n tia le  im  E E G  
e in en  lo ka len  H erd  V ortäuschen  können .

E s  w ird  gehofft, d aß  ein besseres V e rs tä n d n is  d er physikalischen  G ru n d 
lag en  des E E G , w ie es sch o n  aus diesen k le in en  W in k en  ersich tlich  is t, dem  
E le k tro e n z e p h a lo g ra p h e r  au ch  bei der L ö su n g  d iagn o stisch er F ra g e n  H ilfe 
le is te n  w ird .
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DETERMINATION OF PREGNANEDIOL IN URINE 
BY THIN-LAYER CHROMATOGRAPHY

B y

T. F e h é r ,  K . G. F e h é r  and L. B o d r o g i

FIRST DEPARTMENT OF MEDICINE AND SECOND DEPARTMENT OF OBSTETRICS 

AND GYNAECOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST, HUNGARY

(R eceived  Decem ber 10, 1969)

A  simple specific m ethod  is described for the determ ination o f pregnanediol 
in urine by thin-layer chrom atography. The m ethod is su itable for estim atin g  the steroid  
lev e l in  urine of non-pregnant and pregnant w om en as also o f m en and children. The 
technique enables a sim ultaneous determ ination of pregnanediol and pregnanetriol 
in  th e  same specim en. R esu lts o f  control experim ents, norm al values and estim ates 
in  typ ica l endocrinopathies are summarized.

P reg n an ed io l (5/?-pregnan-3a,20a-diol) h as  f i r s t  been d e te rm in e d  in 
u rin e  b y  Y e n n i n g  [1]. A n im p ro v ed  m e th o d  com bin ing  p reg n an ed io l a c e ty la 
tio n  a n d  colum n c h ro m a to g ra p h y  w as w o rk ed  o u t b y  K l o p f e r  e t  al. [2]. 
R ecen t co n tro l ex p erim en ts  h a v e  show n [3 — 5] t h a t  th e  p u rif ic a tio n  step  
app lied  in  th e se  and  som e o th e r  classical m e th o d s  re su lted  in  a g re a t loss of 
p reg n an ed io l, fu rth e r , th e  s te ro id  frac tio n , d e sp ite  c irc u m s ta n tia l p u rif ic a tio n s , 
s till co n ta in ed  considerab le  a m o u n ts  of aspecific  chrom ogens an d  o th e r  stero id  
c o n ta m in a n ts . T h in -lay e r [6 — 10] or gas-liqu id  c h ro m a to g ra p h y  [11 —18] 
allow  an  accu ra te  an d  specific  sep a ra tio n  a n d  p u rific a tio n  of p reg n an ed io l 
from  u r in a ry  ex trac ts  [3 — 5].

A sim ple ro u tin e  p ro c e d u re  fo r th e  d e te rm in a tio n  o f p reg n an ed io l has 
been  em ployed  for y ears  in  th e  ste ro id  la b o ra to ry  o f ou r D e p a r tm e n ts . The 
m eth o d  ap p ea red  to  be su ita b le  fo r m easu rin g  th e  ex cre tio n  ra te  o f  stero id  
in  th e  u r in e  of n o n -p re g n a n t a n d  p re g n a n t w om en an d  in  th a t  o f  m en  and  
ch ild ren . T h e  tech n iq u e  h as  b een  co n tro lled  in  severa l re sp ec ts , an d  th e  
n o rm a l va lu es  have  been  d e te rm in e d  in  a n u m b e r o f  cases.

In  th is  p a p e r th e  m e th o d  an d  its  re su lts  w ill he rep o rted  in d e ta il.

M ethod

To a 20 ml specim en o f  24 hr urine, 0.25 m l of 10% form alin solution  and 3 m l of con
centrated  HC1 were added and the m ixture was boiled for 20 m in. After hydrolysis, the cooled 
m aterial w as extracted w ith 20 -{- 10 m l ether —ethyl acetate —ethanol (20 : 20 : 10). The pooled  
extract was washed w ith 5 m l 1 IV NaO H  and tw ice w ith  5 m l water, dried over anhydrous 
N a 2S 0 4 and evaporated in vacuo. The dry residue was dissolved in chloroform . For non
pregnant wom en, and men or children, 0.5 ml, for pregnant wom en 1.0 m l o f the so lvent was 
used.

In first cases, 0.25 ml, in the second, depending on the tim e of gestation , 0.05 or 0.1 ml 
extract was applied to 1.5 cm strips o f  silica gel G (Merck AG) layer. The size o f th e  p late was 
200 X 200 X 0.2 mm. Ten, 20 and 30 /ig authentic pregnanediol were also applied for 
qu antitation . Every third strip contained 3 to 5 / /g cortisonc-bis-dinitrophenylhydrazone as 
marker. A scending chrom atography w ithout equilibration was em ployed. The steroids were
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chrom atographed in the so lven t sy stem  chloroform -acetone (90 : 10). To increase the resolving  
p ow er, th e  chrom atoplate w as dried at room tem perature after the first developm ent and  
r ep ea ted ly  chromatographed in  th e  sam e direction and so lven t system .

A fter  developm ent, the zones corresponding to  the steroid dye were m arked. An in
c id en ta l sh ift of m obility on som e strips was further controlled in U Y -light using a v io let  
f ilte r  (Amax 400 nm) by com paring the m obility o f fluorogens routinely observed in urinary  
e x tra c ts  even  w ithout the use  o f  an y  reagent. The zones were scraped in to  centrifuge tubes 
and suspended in exactly  4.0 m l o f  concentrated H 2S 0 4. The tubes were incubated at 100 °C 
for 4 m in , cooled and centrifuged at 5000 r.p.m /m in.

Pregnanediol was estim a ted  in the clear supernatant b y  a Spectrom om -360 (MOM, 
B u d a p est)  spectrophotom eter a t 390, 425 and 460 nm  in 1 cm  cuvettes. The pregnanediol 
stan d ard s served for calibration, and  A l l e n ’s equation [19] was used for correction o f values. 
T he b lan k  value obtained for a zone  not containing steroid was consequently below  E  =  0.005.

F or the sim ultaneous determ ination  of pregnanetriol from  the sam e urine sam ple, 
en zy m a tic  hydrolysis was perform ed, 500 U/m l o f /1-glucuronidase (R eanal, B ud apest), 500 
U /m l o f  penicillin and 2.5 m l o f  1 M  acetate buffer (pH  4.8) were added to  the urine, and 
it  w a s incubated  at 37 °C for 16 to  24 hrs. For the separation o f pregnanediol and pregnanetriol, 
th e  so lv e n t  system  chloroform -acetone (80 : 20) was used.

Results

Control experim ents

R eliab ility  of th e  m e th o d  w as co n tro lled  b y  recovery  ex p e rim en ts . 
I n  45  e s tim a te s , 10 to  250 /tg /10  m l a u th e n tic  p reg n an ed io l w as ad d e d  to  u rin e  
o f n o n -p re g n a n t an d  p re g n a n t  w om en an d  to  t h a t  o f m en . As i t  can  be  seen 
in  T a b le  I ,  m ean reco v ery  w as  ab o v e  80%  an d  th e  s ta n d a rd  e rro r  (S .E .) below

Table I
Control o f  methodology

Recovery experim ents

Steroid added 
Цg/10 m l u rine N X SE, %

10 3 89.0 +  9.5 □  , I
20 10 81.1 +  4.6 □  , I
30 4 94.3 +  2.7 □  , I
25— 250 28 89.8 +  2.8 § ,H

estim ations in duplicate

N X ± SD, mg

21

О+
1

Cd □ ,  I
17 2.7 +  0.3 □ ,  и
12 34.8 +  3.8 §, и

N num ber o f estim ations  
X m ean
SD standard deviation  
□  estim ation s from  urine

of m en and  non-pregnant wom en  
§ estim ation s from  urine 

of pregnant w om en
I m aterial o f  F irst D epartm ent of M edicine
II m aterial o f  Second D epartm ent o f O bstetrics.
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10% . P a ra lle l p regnaned io l d e te rm in a tio n s  in  th e  u rin e  o f 21 m en  a n d  17 n o n 
p re g n a n t w om en y ielded  a m ean  b e tw een  2 a n d  3 m g w ith  a s ta n d a rd  d e v ia tio n  
(S .D .) o f  0.4 an d  0.3 m g, re sp ec tiv e ly .

S e n s itiv ity  of th e  m e th o d  w as d e te rm in e d  b y  th e  low est q u a n t i ta t iv e  
lim it o f  su lp h u ric  acid re a c tio n  p erfo rm ed  in  th e  p resence  of a d so rb e n t. I t  w as 
fo u n d  b e tw een  1 an d  2 pg  o f  p reg n an ed io l. F u r th e r  co n tro l e x p e rim e n ts  
show ed  L a m b e r t—B eer’s law  to  be  v a lid  in  a ra n g e  o f 2 to  200 /ig o f th e  s te ro id . 
B ased  on  th e se  find ings, th e  ex c re tio n  ra te  o f  p reg n an ed io l is ex p re ssed  w ith  
a p rec is io n  o f  0.1 m g/24hr.

S p ec ific ity  of th e  te c h n iq u e  w as co n tro lled  as follow s. T h e  re so lu tio n  
o f 8 ep im eric  p regn an ed io ls  a n d  m o st o f th e  n a tu ra lly  occurring  an d ro g en , 
o estro g en  a n d  co rticoste ro id  m e ta b o lite s  w as s tu d ie d  b y  th e  th in - la y e r  ch ro 
m a to g ra p h ic  m e th o d  em ployed  fo r  th e  s e p a ra tio n  o f 5 /?-pregnan-3a,20a-d io l. 
As seen , o f th ese  ste ro id s , a neglig ib le  a m o u n t o f 5/S-pregnan-3a,20/5-diol 
m a y  c o n ta m in a te  th e  5 /3-pregnan-3a,20a-diol zone =  0 .08). Con
se q u e n tly , due  to  its  occasional o ccu rrence  in  h u m a n  u rin e , th e  va lu es  p re se n te d  
below  m a y  in c lude  som e o f th e  20/?-epim er. A ccord ing  to  o u r ea rlie r e x p e ri
m e n ts  [20], th e  m ost fau ltle ss  m a rk in g  o f th e  m o b ility  o f ste ro id s  on  c h ro m a to 
p la te s  is done b y  s te ro id -d y es  h av in g  s im ila r ch em ica l-ch ro m a to g rap h ic  
p ro p e rtie s  as th e  free ste ro id s  to  be  d e te rm in ed . B y  th is  m e th o d  o f m a rk in g , 
a n d  b y  th e  U V -detection  o f th e  positio n  o f u r in a ry  fluo rogens, th e  m o st 
f re q u e n t fa ilu re  of th in - la y e r  c h ro m a to g ra p h y  could  be  e lim in a ted . A n a lysis  
o f th e  U V  ab so rp tio n  sp e c tra  o f th e  p reg n an ed io l zones o b ta in e d  rev ea led  
a sh a rp  m ax im u m  a t 430 nm . N o sh if t in  th e  a d so rp tio n  m ax im u m  o f p re g n a n e 
diol (p reg n an e trio l)  w as in d ic a te d  b y  th e  su lp h u ric  acid  reac tio n  p e rfo rm ed  
in  th e  p resence  o f a d so rb en t. O n th e  o th e r  h a n d , th e  c h ro m a to g rap h ic  p ro p e r ty  
o f  5 /3 -p regnan-3a ,20a-d io l-d iaceta te  in  th e  so lv en t sy stem  n -h e x a n e -e th y l 
a c e ta te  (80 : 20) an d  th a t  o f 5 /l-p regnan-3 ,20-d ione  in  b en zen e -e th y l a c e ta te  
(85 : 15), s tu d ie d  a fte r  th e  a c e ty la tio n  or C r0 3-o x id a tio n  of th e  iso la te d  s te ro id  
w as fo u n d  s im ila r to  t h a t  o f  a u th e n tic  5 /5-pregnan-3a,20a-diol d e r iv a tiv e s . 
T h e  d e te c tio n  of th ese  c h ro m a to p la te s  b y  van illin -p erch lo ric  ac id  [21] o r an isa l- 
d e h y d e -H 2S 0 4 [22] show ed o n ly  a single s te ro id  to  be p resen t.

N o rm a l excretion

V alues for th e  physio log ica l ex cre tio n  o f  p regnaned io l as d e te rm in e d  
in  th e  tw o  lab o ra to rie s  are  com piled  in  T ab le  I I .  In  th e  u rin e  o f ch ild ren  aged 
4 to  10 y ea rs , l i ttle  p reg n an ed io l w as fo u n d , an d  th e re  w as no  c o rre la tio n  
b e tw een  s te ro id  excre tion  an d  chronological age. E x cre tio n  o f p re g n a n e d io l 
b y  n o n -p re g n a n t w om en w as s tu d ie d  in  fo u r periods o f th e  cycle a t  days 
4 — 8, 11 —15, 19—23 an d  26 — 30. I n  th e se  cases th e  w hole cycle cou ld  n o t  he 
fo llow ed, th e  tim e  o f u rine  co llec tion  w as re la te d  to  th e  d ay  o f m e n s tru a tio n .i J
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T ab le  I I

N o rm a l urinary pregnanediol values

S ubjects, age N
Mean Range

mg/24 hr

Children, 4— 10 years 10 0.2 0.1— 0.5

Women

days 4—8 of cycle 12 0.6 0.3— 1.0

days 11—15 of cycle 12 1.1 0.4— 2.1

days 19—23 of cycle 15 3.3 1.5— 5.6

days 26—30 of cycle 21 1.0 0 .2— 2.2

Women, 46—60 years post-clim acteric 6 0.6 0.3— 1.0

M en , 18—45 years 11 4 0.8 0 .4— 1.4

Pregnant Women

I — II month of gestation 5 10.1 6.1— 16.0

II I—IY month o f gesta tion 10 13.6 7.3— 22.7

Y —V I month of gestation 9 22.7 16.6— 47.0

V II—V III m onth o f gestation 6 35.2 21.2— 51.0

I X —X  month of gestation 18 47.7 26.0— 110.0

N  num ber of cases

V a r ia tio n  of p re g n a n e d io l va lues du ring  th e  cycle  show ed a physio logical 
o v a r ia n  fu n c tion . E x c re t io n  o f p reg n an ed io l b y  h e a lth y  w om en in  th e  p o s t
c lim ac te ric  stage  d e c re a sed  sign ifican tly , w h ile  in  m en  i t  w as s im ila r to  th e  
v a lu e s  fo r th e  4 th  to  8 th  d ay s of th e  cycle o f  n o rm a l w om en.

T ab le  I I  show s p reg n an ed io l v a lues in  th e  u rin e  of n o rm a l p re g n a n t 
w o m en  in  5 p e riods o f  g e s ta tio n . Such a l im ite d  n u m b e r o f cases d id  n o t 
a llo w  a m ore d e ta ile d  g ro u p in g  of p h ysio log ica l p reg n an cy .

P reg n an ed io l w as d e te rm in ed  in  th e  u r in e  o f 5 n o rm al w om en  on 4 
o ccasions, on th e  7 th , 1 4 th , 2 1 th  and  2 6 th  d a y  o f  th e  cycle. R esu lts  a re  show n 
in  T ab le  I I I ,  w h ich  in c lu d e s  in  ad d itio n  v a lu e s  fo r som e ty p ic a l e n d o c rin o 
p a th ie s . These e s tim a tio n s  served  as an  a d d itio n a l co n tro l of th e  m e th o d . 
A s i t  m a y  be seen in  T a b le  I I I ,  p reg n an ed io l ex c re tio n  decreased  in  p a tie n ts  
w ith  d is tu rb an ces  in  th e  cycle  w ith o u t a n d ro g e n  o v e rp ro d u c tio n , a n d  in c rea sed  
in  th o se  w ith  p e rs is tin g  c o rp u s  lu teum . A n e le v a tio n  of p reg n an ed io l ex c re tio n  
in  C ush ing’s sy n d ro m e  a n d  th e  ad ren o g en ita l sy n d ro m e , an d  a n o rm a l level 
o r  a decrease in  su b je c ts  w ith  sim ple o b e s ity  w ere  observed . C o rtico tro p h in , 
m e ty ra p o n e  an d  h u m a n  ch o rio n  g o n a d o tro p h in  in d u ced  an  e lev a tio n  o f  th e  
p reg n an ed io l va lu es  u n d e r  physiological c o n d itio n s .
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Table III

Prcgnanediol values in  urine o f  healthy women 
and o f p a tien ts  w ith endocrinopathies

Subjects 
Disease 

Age, years 
Sex

D ay ol cycle

7 14 21 26

Normal

18 F 0.5 0.6 1.3 0.2

21 F 0.7 0.7 3.4 1.1

22 F 0.3 0.7 2.7 0.7
26 F 1.0 1.8 2.2 0.8

38 F 0.3 1.2 1.8 1.0
Disturbances in cycle

20 F 0.3 0.4 0.7

23 F 0.1 2.1 1.0 0.1
25 F 1.0 1.9 1.1

26 F 1.1 0.5

32 F 1.1 0.7 0.7

Persisting corpus luteum

22 F 1.8 3.4 2.3

26 F 1.7 1.2 4.6

28 F 1.7 0.5 1.6

Cushing’s syndrom e

26 F 4.5

30 F 3.5

36 M 2.8

45 F 0.8

Obesity

23 F 0.4

24 F 0.3

26 F 0.6

28 F 1.0
ACTH 2.1

Adrenogenital syndrome

4 F 1.3

6 M 1.6

22 F 4.0

Normal

30 F 1.2

ACTH 1.8

M ety I 1.5

M ety II 15.7
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Table III (cont.)
S ubjec ts  
D isease 

Age, yea rs  
Sex

D ay  of cycle

7 14 21 26

32 F 0.8

ACTH 1.7
M ety I 6.0

M ety II 7.2
26 M 0.3

HCG 2 .0

ACTH =  corticotrophin
M ety =  m etyrapone
F  =  female
M =  male
HCG =  hum an chorion  gonadotrophin

D iscussion

A  sim ple th in - la y e r  ch ro m ato g rap h ie  m e th o d  su itab le  fo r th e  ro u tin e  
e s t im a tio n  of p re g n a n e d io l in  u rine  has b een  w o rk e d  o u t. As to  its  specific ity  
c o n tro l  éxperim ents h a v e  sh o w n  th a t  th e  5/S-pregnan-3oc,20a-diol va lues m ay  
h a v e  been  c o n ta m in a te d  b y  a negligible a m o u n t o f 5/J-pregnan-3oc,20/?-diol 
o n ly . T h e  procedure w as  fo u n d  to  allow, in  a d d itio n  to  th e  re so lu tio n  of th e  
n a tu r a l ly  occurring C18, C19 a n d  C21 s te ro ids, a sh a rp  s e p a ra tio n  a n d  th e  sim ul
ta n e o u s  d e te rm in a tio n  o f  p regnaned io l, a llo p reg n an ed io l (5a-pregnan-3a,20oc- 
d io l) a n d  p reg n an e tr io l (5/S-pregnan-3a,17a, 2 0 a-trio l) from  th e  sam e u rine  
sp ec im en . A ccording to  c o m p a ra tiv e  te s ts , a f te r  ac id  a n d  e n zy m a tic  hydro lysis 
th e  p regnaned io l v a lu e s  w e re  s till w ith in  th e  m eth o d o lo g ica l v a r ia tio n  even 
a t  h ig h  enzym e c o n c e n tra tio n s . As reg a rd s th e  p re g n a n e tr io l d e te rm in a tio n , 
w e re fe r  to  an earlie r p a p e r  [23].

O u r norm al p re g n a n e d io l values w ere fo u n d  low er th a n  th o se  m easured  
b y  th e  classical m e th o d s  [2 , 24, 25]; th e y  w ere , how ever, in  th e  ran g e  as 
d e te rm in e d  by  th e  n e w e r  th in - la y e r  or g as-liq u id  ch ro m a to g rap h ic  procedures 
[8 — 18]. This can be  a s c r ib e d  to  th e  effective s e p a ra tio n  o f p reg n an ed io l from  
o th e r  stero id  m e ta b o lite s  an d  n o n -s te ro id a l c o n ta m in a n ts  b y  th in -la y e r 
c h ro m a to g ra p h y , p a r t ic u la r ly  w ith  double  d e v e lo p m en t in tro d u c e d  in  th e  
p r e s e n t  m ethod.

D e te rm in a tio n s in  som e ty p ica l e n d o c rin o p a th ie s  p e rfo rm ed  as an  
a d d it io n a l  control o f  o u r  m e th o d  revealed  a b e rra tio n s  in  s te ro id  m etabo lism  
o b se rv e d  by  o ther a u th o r s  [5, 16, 18, 24, 26]. T h e  im p o rtan ce  o f  p regnaned io l 
d e te rm in a tio n s  to  c o n tro l  p la c e n ta r  an d  o v a r ia n  fu n c tio n  is in d isp u tab le  
[2, 5, 16, 24]. H o w ev er, i t  has a lready  b een  su g g ested  in  an  ea rly  w ork  of 
K l o p p e r  et al. [26] t h a t  p reg n an ed io l a s sa y  m a y  be  o f  v a lu e  in  ev a lu a tin g  
a d re n a l  function . A n in c re a se d  p regnaned io l e x c re tio n  in  C ushing’s syndrom e
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a n d  th e  n o rm al o r  su b n o rm a l am o u n ts  in  sim p le  ob esity  o b se rv ed  b y  us 
in d ic a te  th e  d iffe ren tia l d iag n o stic  va lu e  o f p reg n an ed io l e s tim a tio n  in  th e se  
co n d itio n s. The in su ffic ie n t enzym e fu n c tio n  in  th e  ad ren o g en ita l sy n d ro m e  
m a y  re su lt in  an  a u g m e n te d  secre tion  o f th e  e a r ly  p recu rso rs o f a d re n a l h o r
m o n es, a s itu a tio n  in  w hich  an  increase  in  p reg n an ed io l ex c re tio n  m a y  be 
ex p ec ted . T he e lev a tio n  o f th e  p reg n an ed io l v a lu e s  a f te r  th e  a d m in is tra tio n  
o f co rtico tro p liin  o r o f m e ty ra p o n e  p o in ted  to  an  ad ren o co rtica l in flu en ce  
on th e  p ro d u c tio n  o f p reg n an ed io l p recu rso rs p ro g este ro n e  an d /o r p reg n en o lo n e  
[16]; th is , how ever, w ill h a v e  to  be se ttle d  b y  fu tu re  stud ies.
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EFFECT OF FLAVONE-FREE DIET AND OF 
ATHEROGENOUS TREATMENT ON LIPID CONTENT 

AND INTIMAL STRUCTURE OF RAT AORTA
By

R. S z a b ó , A .  A n t a l , A . R e d n i k , K . L i p t á k , I . G y ő r i ,

M. G á b o r  and S . B e n k ő

SECOND D EPA RTM EN T O F M ED IC IN E , U N IV E R SIT Y  M EDICAL SCHOOL,
AND IN ST ITU TE OF PHARMACODYNAMIC R E S E A R C H , SZEGED

(R eceived  December 13, 1969)

The effects o f the Sherman-LaM er-Campbell d ie t (Sh), cholesterol-feeding (Ch) 
and thyroidectom y (Th) and their com binations have been studied  in the rat. Thyroid
ectom y and cholesterol feeding reduced capillary resistance, an effect further enhanced by  
flavone deficiency. The lowest lim it o f the increase in  the cholesterol level at the end 
o f a ten week period was found in the group fed a flavone-defic ien t diet but no choles
terol. In the groups subjected to  atherogenous trea tm en t, to ta l lipids accounted for 
a relatively larger fraction of aortic  wet w eight than  in the flavone-deficient groups. 
Cholesterol concentration in the aorta revealed on ly  m inor differences betw een the 
individual groups and even th ese  were unrelated to  the changes in serum  cholesterol 
level or in capillary  resistance. T he intim ai surface o f  the aorta d isplayed the m ost 
conspicuous changes in the case o f  flavone deficiency and o f flavone deficiency com 
bined with thyroidectom y (Th -j- Sh). The lesions th u s produced were prim arily a ttri
buted to an accum ulation of m ucoids and, in the second place, to  a swelling o f the ground  
substance. F lavon o id  (hesperidine-m ethyl-chalcone) had an inhibitory effect on the 
elevation of serum  cholesterol and on the reduction o f  capillary resistance but had no no
table influence on the intim ai changes in the aorta, nor on the increase in its lipid con
centration resu lting from the com bined effect o f atherogenous treatm ent and a flavone- 
deficient diet.

I t  has long b een  know n t h a t  flav o n e-d e fic ien t d ie ts  affect cap illa ry  
re s is tan ce  in  th e  sk in  o f th e  r a t  [1, 2, 3]. V arious a th e ro g en o u s fac to rs  h av e  
also been  found to  reduce  c a p illa ry  resis tan ce  in  la b o ra to ry  an im als [4 7].
In c rea sed  cap illa ry  frag ility  d u e  to  flav o n e-d efic ien cy  o r to  a th ero g en o u s 
fa c to rs  proved  to  re sp o n d  well to  flavone  t r e a tm e n t  [4 - 9]. V ascu la r p u rp u ra  
as a sign of c a p illa ry  frag ility  m a y  accom pany  h u m a n  atherosclerosis [10], 
a n d  i t  has been show n  th a t  f la v o n o id  tre a tm e n t m a y  h a v e  a benefic ia l in fluence  
on red u ced  c ap illa ry  re sis tan ce  associa ted  w ith  h u m a n  a therosclerosis  [11].

In  view  o f th e  p a r t  p la y e d  b y  v ascu la r le sions in  a therogenesis  [12] i t  
m a y  be assum ed t h a t  flavone defic iency  p ro m o te s  lip id  d ep o sitio n , in  o th e r  
w o rd s, th e  d ev e lo p m en t of a th e ro m a to u s  le s ions, b y  in d u c in g  fu n c tio n a l 
(possib ly  s tru c tu ra l)  changes o f  th e  vascu la r w all. C erta in  flav o n o id s  h av e  
been  found to  p ro lo n g  th e  s u rv iv a l of ra ts  su b je c te d  to  a th ero g en o u s t r e a t 
m e n t [13]. In  c e r ta in  species ( r a b b it ,  chick) th e  ch an g es o f th e  a r te r ia l e lastic  
s t ru c tu re  associa ted  w ith  a therosc le rosis  p ro v ed  to  re sp o n d  well to  flav o n e  
th e ra p y  [14]. A d m in is tra tio n  o f  v itam in  P  w as fo llow ed b y  a red u c tio n  of 
th e  liyperch o leste ro laem ia  an d  a n  im p ro v em en t o f  th e  f a t ty  d eg en era tio n  
o f th e  liver in d u ced  b y  cho leste ro l feeding [15].
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I n  v iew  of th ese  e x p e rim e n ta l fac ts  i t  seem ed o f in te re s t  to  com pare 
th e  e ffec ts  of a f lav o n e -d e fic ien t d ie t an d  o f a therogenous fac to rs  o n  cap illa ry  
re s is ta n c e  an d  on ce rta in  o th e r  p a ra m e te rs  closely re la te d  to  th e  process of 
a th e ro g e n e s is . I t  was also s tu d ie d  w h e th e r  th e se  tw o  fac to rs  w ere  synerg istic , 
a n d  w h e th e r  th e  lesions in d u c e d  b y  flav o n e  defic iency  com bined  w ith  a th e ro 
g e n o u s  fa c to rs  w ould also re sp o n d  to  flav o n e  tre a tm e n t.

M a te ria l an d  m ethods

E ighty -n in e  male R -A m sterdam  rats w eighing betw een 160 and 230 g were d iv ided  into 
se v e n  groups. Details o f the in terven tion s are shown in Table I.

A  group fed the Sherm an-LaM er-Cam pbell d iet and a sham -operated group, served as 
co n tro ls . Cholesterol feeding, being incapable to induce atherosclerosis in  the rat [16] was 
n o t u sed  alone.

T he surgical interventions w ere perform ed under ether anaesthesia three w eeks before 
th e  d ie ta ry  periods of 10 weeks. T he sham -operation consisted in a horizontal incision  of the 
cerv ica l sk in , slight separation o f th e  connective tissue and suture of the w ound. The normal 
(co n tro l) d iet was standard com pressed rat food. The vitam in  C and flavon e-d efic ien t Sher
m an-LaM er-Cam pbell diet [17] is com posed o f oatm eal, heated m ilk pow der, bu tter  and salt. 
T he an im als were given food ad  lib itum . Cholesterol 1 g per body w eight introduced by a 
gastr ic  tu b e , was given for a period o f  10 weeks. H esperidine-m ethylchalcone (Gee-Lawson  
C h em ical L td . London) was g iven  in  doses o f 50 m g/kg in 1 m l saline subcutaneously , for 
10 w eek s.

Capillary resistance was assessed  b y  the L avo i.la y— N e u m a n n  m ethod [18], by  the 
aid  o f  a glass cup 8 mm in d iam eter p laced over a shaved area on the back, th e  values being 
ex p ressed  in  cm  Hg. The period o f  observation  was 10 weeks. Serum cholesterol w as estim ated  
b y  th e  m eth od  of Zak  [19] a t th e  start, m id-tim e and end of the period o f stu dy . B o th  param
eters w ere assessed by com parison o f  the in itia l and final values.

A t  the end of the observation  period the anim als were killed b y  decapitation . After 
in sp ec tio n  o f the organs for gross changes, the aorta was rem oved from  its origin down to 
th e  b ifurcation ; after b lunt separation  o f the periadventitial fa tty  tissue, it  w as slit  in its 
en tire  len g th , unfolded and insp ected  under the dissection m icroscope. This w as done b y  the 
b lin d  m eth od: the exam iner kn ew  the serial num ber o f the anim als b u t w as ignorant o f the 
m eth o d  used . The intim ai changes were graded as proposed b y  Ze m p l é n y i e t al. [20], viz.

grade 0: intact endothelia l surface,
grade 1/2: one or tw o peri-orificial intim ai pads (fla t bulges in  the v ic in ity  o f the ori

f ice s  o f  th e  lateral branches),

Table I

Group
(serial

number)
Type of treatment

Type of treatment 
abbreviated

Number of 
animals

l . Sham-operation (norm al diet) SH-op 5
2. Sham-operation -f- Sherman-LaM er-Campbell 

diet -[- Cholesterol-feeding SH-op +  Sh +  Ch 8
3. Thyroidectom y -f- Sherm an diet -f- Chol

esterol-feeding Th +  Sh +  Ch 16
4. As group 3 -f- hesperidine m ethylchalcone T h + S h + C h + H 15
5. Thyroidectom y +  Sherm an diet Th +  Sh 14

6. Thyro' jctom y +  Cholesterol-feeding Th +  Ch 26

7. Sherman diet Sh 5
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grade 1: occurrence o f  peri-orificial pads in the entire len gth  of the aorta, 
grade l ' / 2: in v o lvem en t o f the m ajority o f orifices,
grade 2: involvem ent o f all orifices, plus one or tw o  extra-orificial focal lesion s, 
grade 2*/2: invo lvem en t o f all orifices w ith num erous extra-orificial lesions, 
grade 3: as above, w ith  the lesions confluent.
The aorta was halved lengthw ise, one half serving for lip id determ ination and  the other 

for histologic study together w ith  the other organs.
The aortic specim ens being too small for ind ividual analysis, lipid determ inations were 

done in the collected specim en of each group. After repeated aceton ic extraction  th e  collected  
extracts were evaporated to a determ ined volum e, and the to ta l lipids were estim a ted  b y  the 
m ethod o f Sw ahn  [21], cholesterol by the m ethod o f Za k  [19], the values being expressed as 
percentage o f wet w eight [22].

The differences b etw een  the individual groups and the initial values w ere analysed  
b y  S tudent’s t-test. For the to ta l lipid and tota l cholesterol concentration in the aorta there 
w as only a single value in  each group, so that a sta tistica l com parison of the ind iv idu al groups 
could not be done. H ow ever, div id ing the groups according to  whether a given  m eth od  (e.g. 
deficien t diet) had been used , supplied some inform ation concerning the effect o f th e  individual 
interventions on the lip id concentration of the aortas.

1
SH-op

2 .

(Sh-opt-
Sh+Ch) (Th+SMCh)

4
(3+HMC)

5.
(Th+Sh)

6
(Th-rCh)

/
(Sh)

Increase 
in serum 

cholesterol 
levels 

per cent

5 0

40

30

20

10

Reduction in 
capillary 

resistance 
Hgcm

Severity 
of intimai

1.4 
1.2 
1.0

abnormalities 0.8 
of aorta дд 

02 MS.

Hh
Ш Ё

П

I
Lipid content 

of aorta 
per cent 

of weight

Cholesterol content 
of aorta 2 0  
per cent 1.5

of weight ' 0  
Ub

Note N S = not significant (against zero, i.e the initial value )

F i g .  1
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Table II

1 2 3

Group Before A fter Before A fter Before A fter

tre a tm e n t tre a tm e n t tre a tm en t

Capillary resistance, 
cm  H g , x + s x

3 1 .6 7 +
2.11

23.75 +  
2.39

3 2 .1 4 +
1.84

7.86 +  
1.01

23.5 +  
1.07

8.5 +  
1.07

Serum  cholesterol, 
m g  per 100 ml
x + s x

139.0 +  
5.93

177.0 +  
9.0

135.5 +  
3.7

167.9 +  
3.87

137.13 +  
2.93

173.71 +  
5.06

Grade o f  aortic damage
X  +  SX

0.125 +  
0.125

0.5 +  
0.164

1.03 +  
0.132

T o ta l lip id s o f aorta, 
w e ig h t per cent

10.5 6.27 11.2

C holesterol in aorta, 
w e ig h t per cent

1.85 1.44 1.24

R esults

R e su lts  are su m m a riz e d  in  F ig . 1 an d  T a b le  I I .
A n  increase in  se ru m  cho lestero l w as d e m o n s tra b le  a t  th e  en d  o f  th e  

o b s e rv a tio n  period in  e v e ry  g roup  b u t  N o. 7 w h ich  h a d  h a d  an  ex c lusive ly  
f la v o n e -f re e  d iet. A re la t iv e ly  s ligh t b u t  s ta t is t ic a l ly  sign ifican t in c rea se  w as 
d e m o n s tra b le  in  g roups 4  a n d  5. T he resu lts  o f c o m p a ra tiv e  e v a lu a tio n  b e tw een  
th e  in d iv id u a l groups a re  seen  in  T ab le  I I I .  T h e  fig u re s  1 — 7 a t  th e  to p  a n d  th e  
r ig h t  s id e  rep resen t th e  in d iv id u a l groups. T h e  figu res a t th e  m ee tin g  p o in ts  
o f  t h e  row s belonging to  th e  respective  g ro u p s express th e  p -v a lu es  o f  s t a 
t i s t i c a l  com parison  o f  th e  tw o  groups. On co m p a riso n  of th e  in d iv id u a l g ro u p s 
(T a b le  I I I )  th e  in crease  in  se ru m  cho lestero l w as s ig n ifican tly  less w ith  t h y 
ro id e c to m y  - f  de fic ien t d ie t  th a n  w ith  th y ro id e c to m y  -f- cho leste ro l feed ing . 
T h e  p a r t  of cho lestero l feed in g  was show n b y  th e  sig n ifican t d ifferences 
b e tw e e n  group 2 an d  5, as w ell as be tw een  g ro u p  3 an d  5. (D ifferences in 
r e s p e c t  o f  group 7 w ere  n o t  sign ifican t, p ro b a b ly  because o f th e  co n sid erab le  
s c a t t e r  w ith in  th is  g ro u p .) T h e  difference b e tw e e n  group  3 an d  4 in d ic a te d  
t h a t  a therogenous t r e a tm e n t  com bined  w ith  a flav o n e-d e fic ien t d ie t  in d u ced  
a s ig n if ic a n tly  h igher in c re a se  in  serum  ch o les te ro l th a n  th e  sam e  t r e a tm e n t  
s u p p le m e n te d  w ith  f la v o n o id .

A  reduction  in  c a p illa ry  resistance  w as fo u n d  in  all g roups. T h is  w as 
s l ig h te s t  in  th e  sh a m o p e ra te d  an im als (group  1) b u t  th e  m ean  fo r  th is  an d  
th e  a therogeneous t r e a tm e n t  g roup  (group 6) a n d  th a t  w ith  f la v o n o id  ad d ed  
to  t h e  flav o n e-d efic ien t d ie t  (g roup  4) sm a lle r  th a n  th e  m ean  fo r  th e  o th e r 
g ro u p s  (p  <7 0.1% ). A co n sid e rab le  red u c tio n  in  c ap illa ry  re s is tan ce  w as fo u n d
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4 5 6 7

Before A fter Before A fter Before A fter Before A fter

trea tm en t treatm ent tre a tm en t tre a tm e n t

26.25 +  
1.55

1 6 .1 +
1.59

29.64 +  
3.08

7.3 +  
0.72

27.67 +  
2.00

17.0 +  
1.17

3 3 .0 +
2.00

10.0 +  
1.58

134.62 +  
2.01

155.5 +  
2.398

134.67 +  
2.92

149.5 +  
2.25

145.48 +  
1.75

172.39 +  
4.75

167.0 +  
9.47

180.25
4.66

0.82 +  
0.178

1.39 +  
0.273

1.01 +  
0.171

0.80 +  
0.122

13.3 8.81 12.8 7.5

1.47 1.31 1.08 1.44

Tabic III

Sta tis tica l comparison o f  the increase in  serum cholesterol 
level in the in d iv idu a l groups (p -va lu es)

1 2 3 4 5 j 6 7

1 < 4 0  < 6 0 < 5 0 < 1  < 2 0 < 2 0
о < 4 0 < 1 0 < 1  < 4 0 < 2 0

3 <  5 <  0.1 1 < 2 0 < 1 0

4 < 4 0  < 4 0 < 4 0

5 <  5 < 7 0

6 < 3 0

7

-n th e  f lav o n e-d e fic ien t groups, p a r tic u la r ly  in  g roup  2 w here f la v o n e  de
fic iency  h ad  been com bined  w ith  ch o leste ro l-feed in g . C orrelations b e tw e e n  th e  
in d iv id u a l groups a re  show n in  T ab le  IV .

As to  th e  in tim a i changes in  th e  a o r ta , th e re  w ere p ra c tic a lly  n o n e  in  
th e  sh a m -o p e ra te d  an im als (g roups 1 an d  2). In  all th e  th y ro id e c to m iz e d  
an im als  th e  in tim a i changes w ere s ig n if ic a n t, m o s t m ark ed ly  so in  th e  case 
o f  th y ro id e c to m y  -(- flav o n e-d e fic ien t d ie t, a n d  le a s t so w ith  s u b s t i tu te d  f la 
v one  defic iency  (g roup  4), a lth o u g h  th e  figu res in  T ab le  V show n o  s ig n if ican t 
d ifference  be tw een  g roups 3, 4 , 5 a n d  7. O n th e  o th e r  hand , g ro u p s 3 an d  5 
d e v ia te  from  groups 1 an d  2 a like, a n d  so does g roup  7 from  g ro u p  1.
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Table IV

Statistical comparison o f  the decrease in  capillary  
resistance in  the individual g rou ps (p-va lu es)

1 2 3 4 5 6 7

1 < 0 .1 < i < 6 0 <  Э < 4 0 <  l
2 < i <  l < 8 0 <  1 80
3 < 1 0 <  5 <  10 <  5
4 <  1 < 1 0 0 <  5
5 <  1 < 1 0 0
6 <  2
7

Table V

S ta tis tica l comparison o f  in tim a i changes in the aorta  in  the individual grou ps
(p-values)

1 2 3 4 5 6 7

1 <20 < i <10 <  5 < 10 <  1

2 < 5 <30 <  5 <: 20 <  30
3 <40 <30 <100 <  40
4 <10 <  50 <100
5 <  30 <  30
6 <  60
7

T h e  to ta l  lip id  c o n te n t o f a o r ta  was h ig h e r o n  th y ro id ec to m y  -f- ch o le s te 
ro l fe e d in g  (groups 3, 4 , 6) (p <  0 .05) and  low er in  flav o n e  defic iency  (g roups 2, 
3, 5 , 7) (p  <  0.05). S ince i t  w as likew ise in  th e  flav o n e-d e fic ien t g ro u p s w here  
th e  lo w e s t c ap illa ry  re s is ta n c e  w as found  w e m a y  well associa te  a red u ced  
c a p illa ry  re s is tan ce  w ith  a low  ao rtic  lip id  c o n c e n tra tio n . In  th e  in te re s t  of 
a c le a r  v iew  of th e  co rre la tio n s  betw een  to ta l  l ip id  co n cen tra tio n  a n d  changes 
o f  t h e  in t im a i su rface  as w ell as th e  o th e r  p o in ts ,  th e  various g ro u p s h av e  
b een  a r ra n g e d  in  a d im in ish in g  o rder of succession  on th e  grounds o f  th e  p a ra m 
e te rs  p re s e n te d  in  F ig . 1. T h is  is show n in  T a b le  V I. F ro m  T ab le  V I i t  c lea rly  
em erg es t h a t  each o f th e  p a ra m e te rs  d e te rm in es  a d iffe ren t o rd er o f succession  
o f th e  in d iv id u a l g roups. T h is  is also v a lid  fo r  th e  in tim a i changes a n d  fo r 
th e  l ip id  c o n te n t o f a o r ta . O n th e se  g rounds, a t  le a s t  u n d e r th e  p re se n t e x p e ri.
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Table VI

Increase in serum  
cholesterol i > III  > I I > V I > IV > v > V II

Decrease in capil
lary resistance i i > V II > v > I I I > VI > IV > I

Gravity o f intim ai 
changes v > III > V II > I V > VI > I I > I

Total lipid content 
of aorta IV > VI > III > I > v > VII > II

Cholesterol content 
of aorta I > IV > II > V I I > v > III > V II

m en ta l co n d itio n s, th e re  seem s to  be  no close re la tio n sh ip  betw een  th e  s e v e r ity  
of in tim a i changes a n d  th e  to ta l  lip id  a n d  ch o leste ro l co n ten ts  o f  th e  a o r ta . 
This alone w ou ld  suggest t h a t  th e  in tim a i p a d s  do n o t  consist of lip id  d e p o s its .

C holestero l c o n c e n tra tio n  in  th e  a o r ta  w as fa irly  co n sis ten t, i.e . in  th e  
range o f 1.3 to  1.4 p e r  100 g. I t  w as su rp ris in g  to  fin d  th e  low est v a lu e s  in  th e  
group w ith  a th e ro g en o u s t r e a tm e n t  (g roup  6).

Discussion

T h e o b se rv a tio n  th a t  a th e ro g en o u s t r e a tm e n t  affects cap illa ry  re s is ta n c e  
has been  su p p o r te d  b y  th e  p re se n t f in d in g s . D am age  to  th e  v a s c u la r  w all 
c o n s titu te s  one o f th e  m ain  fac to rs  o f th e  p a th o m ech an ism  of e x p e rim e n ta l 
a therosclerosis  [12]. T he a thero g en o u s fa c to rs  b y  them selves a re  su ffic ien t 
to  b rin g  a b o u t th e  w ell-know n changes in v o lv in g  th e  enzym es [20] a n d  m o r
phology  [12] o f th e  vessel w all. O n th e se  g ro u n d s  i t  seems reaso n ab le  to  a t t r i 
b u te  th e  red u ced  cap illa ry  re s is tan ce  in  a th e ro sc le ro s is  to  th e  sam e s t r u c tu r a l  
and  m e tab o lic  changes.

T h e  o th e r  e ssen tia l fa c to r  in  th e  p a th o m e c h a n ism  of a th e ro sc le ro s is  
is th e  a c c u m u la tio n  o f lip ids in  th e  v a sc u la r  w all w hich  m ay  be re g a rd e d  as 
an  im b a lan ce  b e tw een  su p p ly  or local p ro d u c tio n  an d  e lim ination  (b re a k d o w n  
and  t ra n s p o r t)  o f lip id s. O ne o f th e  possib le  causes of th is  im b a lan ce  m a y  be 
an  excessive su p p ly  o f fa ts  in d ica ted  b y  h ig h  se ru m  cholesterol leve ls . U n d e r  
th e  co n d itio n s of th e  p re se n t ex p erim en ts  th e  la rg e  difference in  se ru m  ch o les
tero l b e tw een  th e  in d iv id u a l g roups are  n o t  re fle c ted  by  th e  ao rtic  c h o le s te ro l 
c o n cen tra tio n . T h e  s lig h te s t e levations o f  th e  se ru m  cholesterol le v e l w ere 
found  in  th e  case o f flav o n e  defic iency  w ith  no  cholesterol feed ing  (g ro u p s  5, 
7) as w ell as in  th a t  of f lav o n o id  su p p le m e n te d  flav o n e  deficiency (g ro u p  4);
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o n  th e  o th e r  h a n d , th e  a o rtic  cholesterol c o n c e n tra tio n  in these  g ro u p s  w as 
n o t  th e  low est in  c o n tra s t  to  th e  to ta l  lip id  c o n cen tra tio n . In  r a b b its  a f te r  
c h o le s te ro l feed ing  fo r 18 w eeks i t  was th e  t o t a l  lip id  c o n c e n tra tio n  o f  th e  
a o r ta  r a th e r  th a n  its  cho leste ro l c o n c e n tra tio n  w hich  seem ed to  be  re la te d  
to  th e  g ra v ity  o f th e  in t im a i changes [22]. B y  analogy , on th e  b as is  o f  th e  
a o r t ic  lip id  c o n c e n tra tio n , we m igh t e x p e c t th e  g rav es t changes to  occur 
in  th e  a th e ro g en o u s g ro u p s 3, 4 and  6.

T h e  changes th o u g h  being  in  fac t c o n s id e ra b le  w ere ac tu a lly  su rp a sse d  
in  s e v e r i ty  b y  th o se  fo u n d  in  group 5 w h e re  n o  cholestero l h a d  b e e n  g iven  
b u t  th y ro id e c to m y  co m b in ed  w ith  f la v o n e  defic iency . T he p re se n t re su lts  
th u s  su g g est th a t  th e  s e v e r ity  of in tim a i c h a n g e s  bears  no re la tio n sh ip  to  th e  
a o r t ic  lip id  c o n c e n tra tio n  a n d  m akes any  c o n n e c tio n  betw een  th e  in t im a i p ad s 
a n d  in c rea se  in  lip id  c o n c e n tra tio n  im p ro b a b le , a n d  th a t  flavone  d efic ien cy  
a n d  th y ro id e c to m y  seem  to  have a sy n e rg is tic  e ffec t in  p rom oting  th e  dev e l
o p m e n t  of th e se  lesions.

As re fe rred  to  in  th e  in tro d u c tio n , a d ec rease  in  cap illa ry  re s is ta n c e  
is a sso c ia te d  b o th  w ith  f la v o n e  deficiency a n d  w ith  atherosclerosis a n d  re 
s p o n d s  to  f lav o n o id  s u b s ti tu t io n  in  b o th  cases . I n  ce rta in  species, v i ta m in  B e 
a n d /o r  C defic iency  re su lts  in  a therosclerosis o r  in  its  d e te rio ra tio n  [23, 24]. 
A p a r t  fro m  our ow n o b se rv a tio n s  we lack  e v id e n c e  as regards th e  e ffec t of 
f la v o n e  defic iency  on th e  developm ent o f a th e ro sc le ro s is . F rom  th e  fa c t  th a t  
e x p e r im e n ta l a th e ro sc le ro sis  induced  in  c e r ta in  species has b een  fo u n d  to  
r e s p o n d  to  flav o n e  a d m in is tra tio n , only  in d ire c t  conclusions can  b e  d raw n  
as  re g a rd s  th e  possib le  a thero g en o u s effects o f  flav o n e  deficiency.

U n d e r th e  p re se n t ex p erim en ta l c o n d itio n s  a flavone d e fic ie n t d ie t 
b y  i ts e lf  fa iled  to  p ro d u c e  an  increase in  th e  cho lestero l level. N o r d id  th e  
r e s u lts  rev ea l an y  re la tio n sh ip  betw een th e  d ecrease  in  cap illa ry  re s is ta n c e  
re f le c tin g  th e  degree o f flav o n e  defic iency  a n d  th e  increase in  th e  se ru m  
c h o le s te ro l level. O n th e  o th e r  h an d , th e  d a ta  p re se n te d  in  Fig. 1 a n d  T a b le  V I 
seem  to  suggest an  in v e rse  re la tionsh ip  b e tw e e n  th e  decrease in  c a p illa ry  
re s is ta n c e  an d  th e  lip id  c o n te n ts  of th e  a o r ta .  ( I f  group 1 is d is re g a rd e d , all 
o th e r  g roups are c lea rly  opposed  to  one a n o th e r  in  th e ir  o rder o f succession  
in  row s 2 an d  4).

I n  th e  g iven  co n d itio n s , com parison  o f  g roups 3 and  4 seem ed  b e s t 
s u i te d  fo r  th e  e v a lu a tio n  o f  th e  re sp onsiveness to  flavonoids. Sm all f la v o n o id  
d o ses  (50 m g/kg) tvere fo u n d  to  in h ib it th e  e le v a tio n  of serum  c h o le s te ro l an d  
to  c o u n te ra c t th e  fa ll in  cap illa ry  re s is tan ce  [8, 9, 15]. (The la s t-n a m e d  effect 
w as  n o t  sig n ifican t (T ab le  IV ), p ro b ab ly  b e c a u se  o f th e  sm all dose.) O n th e  
o th e r  h a n d , th e  sam e fla v o n o id  dose fa iled  to  re d u c e  th e  changes in  th e  lip id  
c o n te n t  an d  o f th e  in tim a i changes due to  th e  jo in t  effect of a th e ro g e n o u s  
t r e a tm e n t  an d  of a flav o n e-d e fic ien t d ie t.

T h eo re tica lly , th e  re d u c tio n  in  ao rtic  l ip id  c o n te n t found  in  th e  f lav o n e
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d efic ien t group m a y  h av e  been d u e  to  an  en h an ced  e lim in a tio n  of lip ids. S till, 
i t  is m ore p ro b ab le  th a t  it  re su lted  from  a local d ilu tio n , as suggested  b y  th e  
in v e rse  re la tio n sh ip  betw een  th e  red u c tio n  in  c a p illa ry  re sis tan ce  an d  to ta l  
lip id  co n ten t o f th e  a o rta , p a r tic u la r ly  in  th o se  g roups w here th e  fo rm er w as 
th e  h ighest an d  th e  la t te r  th e  low est. T his m a y  h a v e  been  due to  an  a ccu 
m u la tio n  of w a te r  o r m ucoids, o r b o th . O n th e  ev idence  o f our u n p u b lish e d  
observ a tio n s [25], flav o n e  de fic ien t d ie ts  m a y  in d u ce  ce reb ra l oedem a in  th e  
r a t .  T he p o ss ib ility  o f m ucoid  accu m u la tio n  w o u ld  be  in  h a rm o n y  w ith  th e  
sy n erg is tic  effect o f th y ro id e c to m y  an d  o f f la v o n e  defic iency  on th e  in tim a i 
changes, as su g g ested  b y  th e  com p ariso n  of g roups 2 an d  3, an d  of 5 a n d  7; 
m o reo v er, on th e  ev idence  of th e  h isto log ic  s tu d ie s  s till in  progress [26] th e  in 
t im a i pads, th e  f la t  p rom inences o f th e  ao rtic  in tim a  co rrespond  to  dep o sits  
o f  a substance  s ta in in g  blue w ith  P as-H a le .

A ccu m u la tio n  o f m ucoids is a w ell-know n fe a tu re  o f th e  ea rly  s ta g e  
o f  a therosclerosis  [27 — 30] w here  v a sc u la r  d am ag e  a n d  re p a ra tio n  [12, 31] 
w ith  a nonspecific  m esenchym al reac tio n  [32] a re  p re d o m in a n t an d  lip id  
accu m u la tio n  is s till  ab sen t from  th e  changes. T h e  m u copo lysaccharides m a y  
w ell be in v o lv ed  in  th e  re te n tio n  o f lip ids b y  th e  v a sc u la r  w all [24, 33], th u s  
also  in  th e  p rog ression  of th e  p rocess. O n th e se  g ro u n d s th e  in tim a i changes 
in  th e  r a t  a o r ta , re su ltin g  from  flav o n e  d efic iency  com bined  w ith  th y ro id 
ec to m y  m ay  w ell co rrespond  to  th e  in itia l, nonspecific  s tag e  of a theros derosis  
w h ere  th e  lesions are  s till free from  lip id  d ep o sits .
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UNTERSUCHUNG DER HUMORALEN UND 
ZELLUUÄREN ABWEHR BEI LEUKÄMIE UND 

MYELOFIBROSE
Von

A. P a t a k f a l v i , A. G ógl, К . S im o n , G ab rie lla  B öhm 
Z su zsan n a  M iszlay  und E d it  K a jt s a

I. M E D IZIN ISC H E K L IN IK  (D IREK TO R: P R O F . D R . T. JÄVOR)
D E R  M ED IZIN ISCH EN  U N IV ER SITÄ T PÉCS

(E ingegangen am 2. Februar 1970)

Bei chronischer lym phatischer und m yeloischer Leukäm ie sowie bei M yelo
fibrose wurde die hum orale Im m unität durch gleichzeitiger Bestim m ung der Iso- 
agglutinine, der au f die Um gebungsantigene einw irkenden Antikörper und des qu anti
tativen  Im m unglobulins untersucht. Zur U ntersuchung der zellulären Im m unität 
kam en analog zum  T uberkulintest, K utanteste zur Anw endung. Bei lym phatischer  
Leukäm ie ließ sich eine m it der Progression der K rankheit in Korrelation stehende  
bedeutende Verm inderung der Antikörper- bzw. Im m unglobulinsynthese beobachten, 
die in erster Linie die Produktion der in die IgA  und IgM -Gruppen gehörenden Im m un
globuline betraf. Bei m yeloischer Leukämie und M yelofibrose konnte nebst im  w esent
lichen normaler A ntikörpersynthese eine dissoziierte Störung der Im m unglobulin
synthese nachgewiesen werden. Anhand der E rscheinung, daß die Verm inderung des 
Antikörpertiters im  allgem einen ausgeprägter Avar, als das aufgrund der Menge der 
Im m unglobuline anzunehm en gewesen wäre, wird die Anw esenheit von über keine  
Antikörperwirkung verfügenden Im m unglobuline angenom m en. Wie darauf die K u ta n 
teste  hinwiesen, erleidet die zelluläre Im m unreaktion bei m yeloischer Leukäm ie eine 
bedeutende Schädigung, während bei lym phatischer Leukäm ie eine m äßige K u tan 
reaktion zutage tritt.

Acta Medica Academiae Scientiarum Hungaricae,  Tomus 27 (3), pp. 307 — 319 (1970)

Z u r F es ts te llu n g  d e r h u m o ra len  u n d  ze llu lä ren  Im m u n itä t  h ab e n  w ir 
hei versch iedenen  h äm ato lo g isch en  K ra n k h e itsb ild e rn  G esam te iw eiß -B estim 
m u n g en , pap ier- bzw . ag a re lek tro p h o re tisch e  U n te rsu c h u n g e n  vo rg en o m m en ; 
au ß erd em  w urde fallw eise 3 4m on atlich  auch  d ie  K o n z e n tra tio n  d er z irk u lie 
ren d en  A n tik ö rp e r b e s tim m t, w elche U n te rsu ch u n g en  in  den  sp ä te ren  P erio d en  
d u rc h  q u a n tita tiv e  Im m u n g lo b u lin b es tim m u n g  u n d  U n te rsu ch u n g  d er ze llu 
lä ren  Im m u n re a k tio n  e rg ä n z t w u rd en . In  v o rlieg en d e r A rb e it w ollen wrir ü b e r  
u n se re  bei M yelofibrose u n d  bei L eukäm ien  v e rsc h ie d e n en  Typs e rm itte lte n  
E rg eb n isse  b e rich ten . D as Z iel un se re r A rb e it w a r  eine A n tw o rt a u f  fo lgende 
F ra g e n  zu e rh a lte n :

1. W elchen A u sm aß es is t  die S chäd igung  d e r  Im m u n g lo b u lin - bzw . 
A n tik ö rp e rsy n th ese  u n d  d e r zellu lären  Im m u n re a k tio n  in  den e inzelnen  
K ran k h e its fo rm en ;

2. u n d  au f wrelche W eise ä n d e r t  sich die A n tik ö rp e r-  u n d  Im m u n g lo b u lin 
k o n z e n tra tio n  w ä h re n d  des K ran k h e itsv e rlau fs  ?

7* Acla Medica Academiae Scienliarum Hungaricae 27, 1970
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M ateria l u n d  M ethodik

D ie Antikörper- und Im m unglobulinbestim m ungen fanden bei fo lgende Gruppen
sta tt:

1. Kontrollgruppe : erwachsene Norm alpersonen. Antikörperbestim m ung wurde in 114 
F ä llen  (61 Frauen, 53 M änner, durchschnittliches Lebensalter 34,7 Jahre), Im m unglobulin
sp iegel-B estim m ungen  in  60 F ällen  (32 F rauen, 28 M änner, durchschnittliches Lebensalter  
32 Jahre) und Untersuchung der A llergie vom  Tuberkulin-Typ m it versch iedenen Antigenen  
in  29 F ä llen  durchgeführt.

G ruppe 2. Lym phatische Leukäm ie. In  47 F ällen  wurde die K onzentration  der zirku
lieren den  Antikörper bestim m t, während in  25 q u antitative  Im m unglobulinbestim m ungen  
sta ttfa n d en . K utanteste kam en in 23 Fällen zur A nw endung. Angesichts dessen , daß die Anti
körpertiter  bei den einzelnen P atien ten  m ehrm als, in  3—4m onatigen In terva llen  bestim m t 
w urden , haben wir bei jedem  einzelnen P a tien ten  die M ittelwerte dieser m ehrm aligen B e
stim m u n gen  bei der E rm ittlung der D urchschnittsw erte in  Betracht gezogen. D ie  Mehrzahl 
der P a tien ten  erhielt eine Chloram bucil +  Prednisolon-Behandlung, in e in igen F ällen  ka
m en auch  Röntgenbestrahlung sow ie Procarbazin und M annom ustin zur A nw endung.

G ruppe 3. M yeloische Leukäm ie, 21 Fälle. D ie  Krankheitsdauer betrug in  16 Fällen  
0 — 3 Jahre und in 5 F ällen  3— 10 Jahre. D ie  angew andte Therapie war in der M ehrheit der 
F älle  B usulfan und in einigen F ällen  D ibrom om annitol -f- T etram esyl-D -M annit.

G ruppe 4. M yelofibrose. A ntikörper-B estim m ungen fanden in 15 F ällen  und Im m un
globu linsp iegel-B estim m ungen  in 12 Fällen sta tt. D ie K utanreaktion wurde in  5 F ä llen  durch
geführt. D ie  palliative B ehandlung bestand aus Verabreichung von E isenpräparaten, Folsäure, 
P redn iso lon , M etandienon bzw. in  einigen Fällen von  Busulfan und D ibrom om annitol.

In  den zur Gruppe 2 und 3 gehörenden frischen bzw. früher d iagnostizierten  Fällen  
w urden  die Untersuchungen im allgem einen vor dem  B eginn der Behandlung durchgeführt.

D ie  Isoagglutinine wurden m it dem  direkten H äm agglutinationsverfahren, die auf 
die  U m gebungsantigene einw irkenden Antikörper (Salm onella typhi O., V i., Sh igella  flexneri 
1 b, 2 a, 3, Shigella Sonnei, E scherichia coli 026, 055, 086, 0111) m it der ind irekten H äm agglu-

Tabelle I

A ntigene zu  den K utantesten

A. Staphylococcus aureus haem olyticus

B . Staphylococcus albus
Micrococcus (G ram -pos.)

C. Streptococcus haem olyticus
Lancefield A , C, G

D . Streptococcus viridans 
Streptococcus pneum oniae  
Streptococcus haem olyticus L a n c e f ie l d  D.

E . Neisseria pharyngis 
K lebsiella pneum oniae  
H aem ophilus influenzae  
Micrococcus (G ram -neg.)

F . Bordatella pertussis 
Bordatella parapertussis 
Bordatella bronchioseptica

G. E. coli
Pseudom onas aeruginosa  
Bacillus proteus, Providentia

H . Brucella abortus

I. MANTOUXsche P ro b e  1 : 100 000
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tinationsraethode und das Staphylokokkus-A ntitoxin  m it dem , auf H äm olyseinhib ition  b e
ruhenden Verfahren nach B ackhausz  und M itarb. [3 ], a u f TAKÁTSYschen P la tte n  durch
geführt. D ie Antikörperwerte der Patienten wurden m it den entsprechenden E rgebnissen  
der K ontrollgruppe verglichen.

D ie Bestim m ung der 3 H aupt-Im m unglobulinfraktionen erfolgte m it R ad ial-Im m un- 
diffusion [24]. Zu den U ntersuchungen kam en die Im m unseren Anti-IgG -25-B , A n ti-IgA -  
30-K , A nti-IgM -l-L  und Anti-IgM -110-L  (H um an, B u d a p est) zur Anwendung. D ie  zur B e
stim m ung der Im m unglobulinw erte der K ontrollpersonen angew andte Standardlösung bestand  
aus dem Gem isch von Norm alseren (H um an, B ud ap est), dessen IgG-Gehalt 1 500 m g% , 
IgA -G ehalt 200 m g% , IgM -G ehalt 160 m g%  betrug.

Bei der Untersuchung der Allergie vom  S p ä tty p  kam en die in Tabelle I angeführten  
A ntigene (H um an, B udapest) zur Anwendung; die in trak u tan  verabreichte M enge betrug  
0,1 m l. D ie Ablesung erfolgte nach 15 M inuten sow ie nach  24 und 48 Stunden. D ie T uberku lin
probe wurde m it V erdünnungen von 1 : 100 000 vorgenom m en.

E rgebn isse

1. K ontrollgruppe. D ie d u rc h sc h n ittlic h e n  T ite rw erte  sind  in  T ab e lle  
I I  d a rg e s te llt. Im  E in k la n g  m it d er F e s ts te llu n g  an d ere r V erfasser [25, 40] 
ließen  sich  die e inzelnen  A n tik ö rp e r in  N o rm a lfä llen  sowohl q u a l i ta t iv  als 
auch  q u a n ti ta t iv  n ach w eisen . Die T ite r  d e r e in ze ln en  A n tik ö rp er sc h w a n k e n  
auch  u n te r  no rm alen  V erh ä ltn issen  zw ischen  v e rh ä ltn ism ä ß ig  w e iten  G ren zen . 
D ie a n h a n d  von  60 K o n tro llfä llen  b e s t im m te n  no rm alen  Im m u n g lo b u lin -  
M itte lw erte  v e ra n sc h a u lich t Tabelle I I I .  Bei d e r  U n te rsu ch u n g  der a lle rg isch en  
R e a k tio n  vom  S p ä tty p  w urde  die P o s it iv i tä t  s ä m tlic h e r  K u ta n te s te  als 100%  
angenom m en . In  d en  N orm alfä llen  b e tru g  d ie  P o s itiv itä t  30 ,2%  (T ab . IV ).

2. L ym phatische L eukäm ie. In  d e r  0 3 jä h rig e n  Periode d e r K ra n k h e i t  
h a t  sich  d e r T ite r  d e r  einzelnen A n tik ö rp e r  -— im  V erhältn is  zu d en  N o rm a l
k o n tro llen  — w esen tlich  v e rm in d e rt, w ä h re n d  d ie  K o n z e n tra tio n  e in ig e r A n ti
k ö rp e r u n te rh a lb  d er m eß b a re n  G renze lag . A u sg e p rä g te r  w ar die V e rm in d e ru n g  
in  den  3 8 jälirigen  F ä lle n , in denen e tw a  die H ä lf te  d er A n tik ö rp e r ü b e rh a u p t  
n ic h t m e ß b a r  w ar (A bb . 1 u n d  T ab . I I ) .  A uch  in  d e r  B eziehung des Im m u n g lo 
b u lin s w aren  die au ffa llen d sten  V erä n d e ru n g en  in  d ieser G ruppe v o rz u fin d e n . 
In  den F ra k tio n e n  Ig A  u n d  IgM  e rre ich te  k e in e r  d er W erte  den  n o rm a le n  
D u rc h sc h n itt, häu fig  ließ en  sich ganz n ied rig e  W e r te  reg istrieren  u n d  es k a m e n  
auch  M an gelzustände  v o r. D er IgA -Spiegel w a r  m eistens m äßig  v e rm in d e r t ,  
in  e in igen  F ä llen  k o n n te n  aber au ch  den  N o rm a ld u rc h sc h n itt ü b e r tre f fe n d e  
W e rte  gem essen w erd en . In  den F ä llen , in  d e n e n  die Leukäm ie s e it m e h r  als 
3 J a h re n  b e s ta n d , w a r  die V erm in d eru n g  n o c h  au sg ep räg te r (A bb . 2). D ie 
allerg ische R eak tio n  s p ä te n  Typs ze ig te  im  V erg le ich  zu den’ N o rm a lw e rte n  
eine m äß ige  V erm in d e ru n g  (Tab. IV ).

3. M yeloische L eukäm ie . In  d iese r G ru p p e  w iesen die A n tik ö rp e r t i te r  
im  V erh ä ltn is  zu den  n o rm a len  M itte lw e rten  k e in e  w esentlichen  A b w eich u n g en  
auf; die einzelnen  A n tik ö rp e r  wiesen m äß ig e  V erm in d eru n g en  u n d  a u c h  geringe  
E rh ö h u n g e n  au f (T ab . I I ) .  Bei den Im m u n g lo b u lin e n  ü b e rtra f  der Ig G -S p iege l 
in  den  e rs te n  3 J a h re n  d e r  K ran k h e it d en  n o rm a le n  D u rc h sc h n itt.V e rm in d e ru n -
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Tabelle II

Antikörper-Durchschnittswerte in  den  K ontroll-

Im m unglobulingruppe IgG +  IgA  +  IgM Ig G + A

U ntersuchte A ntikörper Anti-A A nti-B
Shigella

Salm onella typh i

Sonnei 0 Vi

N orm aler Durchschnittstiter (n =  114) 32 75 22 12 8

L ym phatische 0—3 Jahre (n =  27) 18 29 7 5,7 3,5

Leukäm ie 3— 8 Jahre (n =  20) 12 8 3,5 2 1,1

M yeloische 0— 3 Jahre (n =  16) 45 61 18 14 5

Leukäm ie 3— 10 Jahre (n =  5) 14 64 20 12 4

M yelofibrose (n =  15) 60 64 15,4 11,8 5

Tahelle III

Im m unglobulinwerte in den K ontroll- und Krankheitsgruppen

Gruppen
Imm unglobulinwerte (mg%)

IgG IgA IgM

Norm algruppe (n =  60) 1 5 7 0 +  52,3 220 +  12 193 +  15,5

Lym phatische Leukämie (n =  25) 1411 +  134 92 +  12 6 4 +  8

M yeloische Leukämie (n =  21) 2070 +  138 176 +  21 186 +  34

M yelofibrose (n =  12) 2610 +  279 243 +  61,8 252 +  64,3

gen  lie ß e n  sich  am  h ä u fig s te n  in  der Ig A -F ra k tio n  nachw eisen, a u ß e rd e m  
t r a te n  in  d e r Ig M -F ra k tio n  auffallende S ch w an k u n g en  in E rsc h e in u n g . D ie 
A b n a h m e  a lle r d re i Im m u n g lo b u lin fra k tio n e n  m e ld e te  sich bei ein u n d  d em se l
b e n  P a t ie n te n  n u r  se lten , am  h äu fig sten  k a m  d ie  V erm inderung  d e r iso lie rte n  
Ig A -F ra k tio n  v o r, w ä h re n d  d ie anderen  b e id en  Ig -F ra k tio n e n  e n tw e d e r n o rm a l 
o d er e rh ö h t w aren . M it dem  F o rtsc h re ite n  d e r  K ra n k h e it  ko n n te  die a llg em ein e  
V e rm in d e ru n g  der Ig -F ra k tio n e n  auch  bei d ie se r  G ru p p e  nachgew iesen  w erd en  
(A bb. 3). W ie d a ra u f  au ch  die in  T abelle IV  a n g e fü h rte n  A ngaben  h in w eisen ,
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und K rankheitsgruppen

IgA IgA  +  IgM IgM Ig G  +  IgM

Shigella flexneri E. coli
Shigella flexneri

E. coli Staphylococcus 
a -A n titox in  

( I . E .)2a. lb . 055 026
3

086 0111

и 41 10 14 56 14 12 0,75

7,8 13 3,7 5,4 18 4,6 3,4 0,64

4 6 1,7 2,75 7,5 2,3 1,1 0,46

16 46 13 11 49 16 12 0,47

7 57 6 10 49 8 7 0,64

15,4 30 9.2 11 35 12,8 9,4 1,06

Tabelle IV

Untersuchungsergebnisse der allergischen Reaktionen vom Spättyp

Gruppe
A nzahl der

Ablesungszeit der R eaktion

Fälle
15 Min. 24 St. 48 St.

Kontrollgruppe 29 29,0% 30,2% 30,2%

Lym phatische Leukämie 23 П ,1% 31,4% 25,4%

M yeloische Leukämie 10 4,4% 19,9% 14,4%

M yelofibrose 5 4,4% 24,4% 26,6%

w ar eine v e rr in g e rte  In te n s i tä t  der T u b e rk u lin re a k tio n  ebenfalls in  d e n  F ä llen  
m it m yelo ischer L eukäm ie  am  a u sg e p rä g te s te n  (T ab . IV).

4. M yelofibrose. D ie A n tik ö rp e r ti te r  g e s ta lte te n  sich äh n lic h , w ie bei 
m yelo ider L eu k äm ie  (T ab . I I ) .  D ie b e d e u te n d s te n  S treu u n g en  w iesen  die 
Im m u n g lo b u lin w erte  auf. In  einem  F a ll t r a t  besonders im  p o ly z y th ä m isc h e n  
S tad iu m  d e r M yelofibrose eine w esen tliche  V erm eh ru n g  aller d re i Im m u n g lo 
b u lin -F ra k tio n e n  in  E rsch e in u n g  (A bb. 4). K u ta n te s te  w u rd en  in  5 F ä llen  
au sg e fü h rt; n en n en sw erte  A bw eichungen  ließen  sich  n ich t v e rze ich n en  (T ab. 
IV).
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A bb. 1. Antikörpertiterwerte lym phatischer L eukäm iekranken, in einer der K rankheitsdauer  
entsprechenden  A ufschlüsselung. Abbildung 1/A e tn th ä lt  die Angaben von 27 P atien ten  
(0 — 3 Jahre) und A bbildung 1/B  die von 20 P atienten (3 — 8 Jahre). (Die auf der linken  Seite  
des senkrechten Schenkels befindlichen Nummer veranschaulichen die Verdünnungen der 
Seren , während die rech tsseitigen  Nummer den L og-T iterw erten entsprechen.) D ie dicken  
L in ien  veranschaulichen die D urchschnittsw erte der K ontrollgruppe, die gestrichelten Linien  

die entsprechenden W erte der P atien ten

Besprechung

D en  bei ly m p h a tisc h e r  L eukäm ie  zw ischen d e n  rez id iv ierenden  In fe k tio n e n  
u n d  d em  D efekt d er A n tik ö rp e rb ild u n g  b e s te h e n d e n  k ausalen  Z u sam m en h an g  
h a t  a ls e rs te r  R otk y  [35] e rk a n n t, doch w u rd e  d e n  im m unolog ischen  B ez ieh u n 
g en  d e r  ly m p h a tisch en  L e u k äm ie  lange Z e it h in d u rc h  keine b eso n d ere  A u f
m e rk s a m k e it  gew idm et. A r e n d s  [2] is t es zu  v e rd a n k e n , daß  das In te re sse  
d e r  K lin ik e r  fü r die E rsc h e in u n g  e rn eu t w ach  g e ru fen  w urde, in d em  e r ü b e r  
e in e n  m it  häufigen , sch w eren  b ak te rie llen  In fe k tio n e n  u n d  to ta le r  A g am m ag lo 
b u lin ä m ie  e in h erg eh en d en  F a ll  berich te te . S e it E in fü h ru n g  der e le k tro p h o re ti
sc h e n  V erfah ren  v e rm o c h te n  zahlreiche V erfa sse r b e i ly m p h a tisch e r L eu k äm ie
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A bb . 2. G estaltung des Im m unglobulinspiegels bei 25 P atienten m it lym phatischer Leukäm ie, in einer der K rank
heitsdauer entsprechenden Aufschlüsselung. D ie waagerechte Linie entspricht dein norm alen Im m unglobulinspiegel
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A bb. 3. Im m unglobulinspiegel v o n  21 P atienten m it m yeloischer L eukäm ie, in  einer der 
K rankheitsdauer entsprechenden Aufschlüsselung

H ypogäm iQ äglöbuliiiäD iic  zu  b eo b äch ten ; d ie  P ro zen tzäh l d ieser F ä lle  b e tru g  
im  M a te ria l von J im [19] 50% , in  dem  v o n  W u h r m a n n  u n d  W u n d e r l y  
[4 1 ]  2 5 % , im  K ra n k e n g u t v o n  Cr e y s s e l  u n d  M ita rb . [10] 5 0 %  u n d  be i den 
P a t i e n te n  von H u d s o n  u n d  W il so n  [18] 7 0 % . Die U n te rsu c h u n g e n  von 
Cr e y s s e l  und  M itarb . [10] sow ie S h a w  u n d  M ita rb . [37] ergaben , d a ß  zw ischen 
H y p o g a m m a g lo b u lin ä m ie  u n d  der H ä u fig k e it d e r  In fek tio n en  eine K o rre la tio n  
b e s te h t .  L au t U l t m a n n  u n d  M itarb . [39] s in d  die Ü b erleb en sz iffe rn  der 
n o rm o g am m ag lo b u lin äm isch en  P a tie n te n  d o p p e lt  so hoch als d ie  d e r  hypo-
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Abb. 4. Im m unglobulinspiegel von 12 P atien ten  m it Myelofibrose
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g am m ag lo b u lin äm isch en  K ra n k e n . E in ig e  V erfasser besch rieben  au c h  m it 
H y p e rg a n im a g lo b u lin ä m ie  u n d  sogar m it p a th o lo g isch e r E iw e iß b ild u n g  e in h e r
g e h en d e  F älle  [5, 26, 34].

D ie  einzelnen Im m u n g lo b u lin e  w u rd e n  — im  M angel m o n o sp ez ifisch er 
S e re n  m itte ls  Im m u n e le k tro p h o re se  u n te r s u c h t .  In  m it G am m ag lo b u lin 
v e rm in d e ru n g  e in h erg eh en d en  F ä llen  v o n  ly m p h a tisc h e r  L eu k äm ie  k o n n te  die 
A b n a h m e  des e inen  o d er m eh rere r Im m u n g lo b u lin e  b e o b a c h te t w e rd en  [4, 
16, 27, 42]. E ine  q u a n t i ta t iv e  B estim m u n g  is t  ab e r m it der e rw ä h n te n  M ethode  
m i t  n u r  a n n ä h e rn d e r  G en au ig k e it m öglich .

M it der U n te rsu c h u n g  der z irk u lie re n d en  A n tik ö rp e r bei ly m p h a tis c h e r  
L e u k ä m ie  h ab en  sich  m eh re re  F o rscher b e fa ß t .  D ie U n te rsu ch u n g en  b e sc h rä n k 
t e n  s ich  im  a llgem einen  a u f  die Iso a g g lu tin in e  [4, 36] u n d  a u f  die A nalyse  
d e r  d u rch  versch ied en e  A ntigen re ize  au sg e lö s te n  A n tik ö rp e rre a k tio n en . D iese 
le tz te rw ä h n te  M eth o d e  is t  ab e r n ic h t u n g e fä h rlic h , außerdem  w ird  die ak tu e lle  
A n tik ö rp e rp ro d u k tio n  d u rc h  m anche en d o g en e  u n d  exogene F a k to re n  b ee in 
f lu ß t .  S h a w  u n d  M ita rb . [37] e rh ie lten  a u f  W irk u n g  von  M um ps-, D ip h th e rie -  
u n d  In flu e n z a -V ak z in a tio n  in  einem  T eil ih re r  F ä lle  h e rab g ese tz te  A n tik ö rp e r
re a k tio n e n . A ndere V erfasse r [6 ,11, 37] b e o b a c h te te n  n ach  T y p h u s-, P a ra ty p h u s . 
A  — В- u n d  T u la räm ie -V ak z in a tio n  bzw . n a c h  V erab re ichung  v o n  P n eu m o k o k - 
k u s -P o ly sa c c h a rid e n a n tig e n  v e rm in d e rte  Im m u n re a k tio n e n  [12, 15]. L a u t 
H ä r t e l  u n d  M ita rb . [14] b le ib t bei ly m p h a tis c h e r  L eukäm ie  g le ichze itig  
a u c h  d ie  sek u n d äre  Im m u n a n tw o rt weg. D ie  T u b e rk u lin re a k tio n  w u rd e  frü h e r  
b e i L y m p h o g ran u lo m a to se  u n te rsu c h t. I n  b ezu g  au f die allerg ische R e a k tio n  
v o m  S p ä tty p  be i ly m p h a tis c h e r  L eu k äm ie  f in d e n  sich in  der L i te r a tu r  w id e r
sp re c h e n d e  D a ten . W ä h re n d  bei den  U n te rsu c h u n g e n  von  H ä r t e l  u n d  H a y - 

d u k  [14] in  m an ch en  F ä llen  n ich t n u r  d ie  MANTOUXsche R e a k tio n  so n d e rn  
a u c h  die n ach  d er B ru ce lla -V ak zin a tio n  v o rgenom m enen  B ru c e llin te s te  ein 
n e g a tiv e s  R e su lta t  lie fe r te n , v e rm o ch ten  a n d e re  V erfasser keine V erm in d e ru n g  
d e r  H a u tre a k tio n  zu  b e o b a c h te n  [18, 36].

D ie U n te rsu c h u n g  d e r  Iso ag g lu tin in e  u n d  d er au f die b a k te r ie lle n  A n ti
g en e  e inw irkenden  A g g lu tin in e  lie fe rt s ich  a u f  d ie  S yn these  der in  die v e rsch ie 
d e n e n  Im m u n g lo b u lin -F ra k tio n e n  g eh ö ren d en  A n tik ö rp e r b ez iehende  w e se n t
lic h e  A u fk lä ru n g en . A ngesich ts  dessen, d a ß  die T räger ein u n d  desselben  
A n tik ö rp e rs  fallw eise im m e r andere  Im m u n g lo b u lin e  sein k ö n n en , l ä ß t  sich 
e in  gen au es B ild ü b e r  den  Z u s ta n d  des h u m o ra le n  Im m u n sy stem s n u r  a n h a n d  
d e r  g leichzeitigen  U n te rsu c h u n g  einer g rö ß e re n  A nzahl von  A n tik ö rp e rn  
u n d  q u a n tita tiv e n  Im m u n g lo b u lin b e s tim m u n g e n  gew innen. A u fg ru n d  u n se re r  
p a ra l le l  v o rgenom m enen  U n te rsu c h u n g e n  k o n n te  e indeu tig  fe s tg e s te llt  w erden , 
d a ß  d ie  A n tik ö rp e r- bzw . Im m u n g lo b u lin sy n th e se  bere its  im  In it ia ls ta d iu m  
d e r  ly m p h a tisc h e n  L eu k äm ie  v e rm in d e r t  is t . M it dem  F o r ts c h re ite n  der 
K ra n k h e i t  w ird  d ie S chäd igung  a u sg e p rä g te r , besonders w as d ie S y n th ese
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d e r  Im m u n g lo b u lin e  bzw . A n tik ö rp e r IgA -und  IgM -T yps an b e lan g t. In  b eso n 
ders fo rtg e sc h ritte n en  F ällen , z. B . be i 3 S jälirigem  Ü berleben  is t es au g e n 
fä llig , d aß  sich d e r T ite r  der e inze lnen  A n tik ö rp e r in  b ed eu ten d e rem  M aße 
v e rm in d e r t , als d as  a n h a n d  d e r Im m u n g lo b u lin k o n z e n tra tio n  an zu n eh m en  
w äre . D iese B eo b ach tu n g  sp rich t eben fa lls  d a fü r obw ohl die d iesbezüg lichen  
d ire k te n  Beweise n o ch  fehlen d a ß  in diesen F ä lle n  auch m it d er A nw esen 
h e it funk tio n e ll geschäd ig te r, ü b e r  keine A n tik ö rp e rw irk u n g  v e rfü g en d e r 
Im m u n g lo b u lin e  g e rech n e t w erd en  k an n . D ie E rgeb n isse  der K u ta n te s te  
ließen  a u f  keine w esen tliche  S ch äd ig u n g  der ze llu lä ren  Im m u n itä t  sch ließen .

B ei m yelo ischer L eukäm ie k o n n te  kein  h äu fig e res  A u ftre ten  v o n  In fe k 
tio n e n  u n d  d em en tsp rech en d  a u c h  keine S ch äd iu n g  der G ainm ag lobu lin - 
bzw . A n tik ö rp e rsy n th e se  b e o b a c h te t w erden  [4, 22 ] .  Ca p o n e  u n d  M ita rb . 
[9] besch rieben  e in en  m yelo ischen  L eu k äm ie-F a ll, zu  dem  sich ein m it H ypo- 
gam m ag lo b u lin äm ie  e inhergehendes A n tik ö rp e rm an g e lsy n d ro m  gesellte ; ih res 
E ra c h te n s  b e s teh t au ch  zum  gem einsam en  V o rk o m m en  d er beiden  K ra n k h e its 
b ild e r eine M öglichkeit. W ir b eo b a c h te ten  im  L au fe  u n se re r Im m u n d iffu sio n s-о
U ntersuchungen  d ie d issoziierte  S tö ru n g  der Im m u n g lo b u lin sy n th e se , d. h ., 
d aß  d ie  v e rm in d e rte  P ro d u k tio n  d e r einen Im m u n g lo b u lin -F ra k tio n  d u rch  
die geste ig erte  P ro d u k tio n  der a n d e re n  F ra k tio n  ausgeglichen w u rd e . D er 
d isso z iie rte  D efek t d e r  Im m u n g lo b u lin p ro d u k tio n  w idersp iegelte  sich  in  den  
E rg eb n issen  der A n tik ö rp e ru n te rsu c h u n g en  n ic h t. D ie E rk e n n u n g  eines 
Im m u n d e fe k ts  ze llu lä ren  Typs is t  ein  schw ierigeres P rob lem . A llein  a n h a n d  
e in er im  V ergleich zu  den K o n tro llw e rte n  h äu fig e ren  N e g a tiv itä t k a n n  die 
S ch äd ig u n g  des ze llu lä ren  Im m u n sy s te m s  noch  n ic h t fe s tg e s te llt w erden . 
Zu d iesem  Zw eck e ig n e t sich d ie  auch  v o n  u n s  d u rch g e fü h rte  B last- 
T ran sfo rm a tio n su n te rsu ch u n g  d e r L y m p h o zy ten ; ü b e r  unsere  d iesbezüg lichen  
E rg eb n isse  wollen w ir zu n äch st b e r ic h te n .

U nseres W issens w urden  be i M yelofibrose k e in e  d e ra rtig en  U n te rsu c h u n 
gen vo rgenom m en, w as w ahrsche in lich  auch  m it dem  U m sta n d  z u sam m en h än g t, 
d aß  d ie  M yelofibrose auch  h e u te  n och  u n te r  die se lten en  D iagnosen  g eh ö rt. 
H i t t m a i r  [16] fa n d  bei M yelofibrose eine au sg e p rä g te re  In fek tio n sn e ig u n g . 
D ie bei unseren  P a t ie n te n  V orgefundene h o ch g rad ig e  ind iv iduelle  Im m u n g lo 
b u lin sch w an k u n g  d ü r f te  dem  U m s ta n d  zugesch rieben  w erden , daß  d ie  K ra n k 
h e itsd a u e r  bei u n se rem  M aterial u n te rsc h ie d lic h  (1 — 14 Ja h re )  w ar. A ls b e a c h 
te n sw e r t h a lten  w ir indessen d ie  T a tsach e , d aß  sich  im  p o ly zy th äm isch en  
S ta d iu m  der M yelofibrose alle d re i Im m u n g lo b u lin -F ra k tio n e n  w esen tlich  
v e rm e h rte n  (z. B . A bb . 5 Fall N r. 3 und  11).

E in e  b esondere  F rag e  b ild e t be i einer je d e n  G ru p p e  die R olle  der, im  
T ie rex p erim en t e in g eh en d  an a ly s ie rte n , im m u n su p p ressiv en  B eh an d lu n g  [33]. 
W ie w ir d a rü b er b e re its  b e ric h te te n , h ab en  w ir be i einem  großzah ligen  K ra n 
k e n m a te r ia l vo r u n d  n ach  der B eh an d lu n g  A n tik ö rp e r-  und  Im m u n g lo b u lin 
b estim m u n g en  d u rc h g e fü h rt [32]. B ei der m alig n en  W uch eru n g  des ly m p h o -
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r e t ik u lä re n  System s is t  en tsch ied en  die G ru n d k ra n k h e it von im m u n su p p ress iv e r 
W irk u n g , nach d er B e h a n d lu n g  k an n  au ch  ein p a ra d o x e r E ffe k t, n am en tlich  
e in e  R esuppression  e in tre te n .

*

Herrn Dr. R. B a c k h a u s z  und Fri. J. L a j o s , die bei unseren P atienten  m it lym phati
scher Leukäm ie die ersten  Antikörperuntersuchungen Vornahmen, sind wir für ihre liebens
w ü rd ige  Mitwirkung zu besonderem  Dank verpflichtet.

Unser aufrichtiger D a n k  gebührt Fri. Dr. Z. P u s z t a y , die uns die zu den Antikörper
untersuchungen und den K u ta n testen  nötigen A ntigene zur Verfügung stellte .
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CIRCULATORY REGULATION AFTER EXPERIMENTAL
TRICUSPID LESION

HAEM ODYNAM ICS D U R IN G  TH E D E V E L O P M E N T  OF CO NG ESTIVE
H E A R T  F A IL U R E  

By

F . S o lti, J ú l ia  N a g y , M. I sk u m  and A n n a  H artai

F IR S T  D EPA RTM EN T OF M E D IC IN E , SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, B U D A P E S T  

(R eceived  February 6, 1970)

The haem odynam ic changes associated w ith  the developm ent o f congestive  
heart failure have been stu d ied  on an experim ental m odel o f combined tr icusp id  failure 
and stenosis, induced in 20 dogs and 40 controls. Cardiac output, c ircu lating blood  
volum e and mean transit tim e were estim ated b y  th e  dye dilution m ethod, and blood  
flow  in the individual organs b y  a dual isotope fractionation  m ethod. The haem odynam ic  
param eters were m easured prior to and 11 to 16 w eeks after the intervention. A ccording to 
the findings, the tricuspid lesion induced an increase in venous and right atrial pressure, 
w ith  a reduction in cardiac output and in the m ean transit tim e, and an increase in 
circulating blood volum e as well as in to ta l peripheral vascular resistance. Major 
changes were dem onstrable in circulatory regulation: cerebral and cardiac blood flow  
were unaffected in sp ite o f the reduction in cardiac output; this was m ade possible 
by the increase in the cardiac and cerebral fractions o f cardiac output. T his w as as
sociated  w ith an increase in renal, hepatic m uscular and cutaneous vascular resistance  
and a reduction of these organ fractions o f cardiac output.

T h e b eh av io u r of b lo o d  circu la tion  in  co n g estiv e  heart fa ilu re  h a s  been 
w idely  s tu d ie d . I t  is w ell know n th a t  co n g estiv e  fa ilu re  is a sso c ia te d  w ith  
a re d u c tio n  o f m yocard ia l c o n tra c tility  w hich  re su lts  in  a red u c tio n  o f  ca rd iac  
o u tp u t  even  a t  re s t, p a ra lle l w ith  a slow ing o f  c ircu la tio n  an d  an  in c rea se  in 
c ircu la tin g  b lood volum e. O n th e  o th e r h a n d , l i t t le  is know n a b o u t th e  m an n e r 
in  w h ich  c ircu la to ry  re g u la tio n  changes p a ra lle l w ith  th e  d e v e lo p m e n t of 
congestive  fa ilu re , in p a r tic u la r , how v ascu la r  re s is tan ce  behaves in  th e  im p o r
t a n t  a reas  o f  b lood su p p ly  a n d  how th e  in d iv id u a l o rgan  flows p a r t ic ip a te  in 
ca rd iac  o u tp u t . W e h av e  s tu d ie d  these  q u es tio n s  in  an im al e x p e rim e n ts  since 
th e ir  in v es tig a tio n  in  h u m a n s  lies b eyond  th e  p re se n t possib ilities.

M ateria l and m eth o d s

P re lim in a ry  experim ent. Various m ethods have been recommended for th e  production  
o f valvular lesions or of other conditions giving rise to  congestive heart failure. W e decided  
for com bined artificial m itral and tricuspid lesions in v iew  of their sim ilarity to  hum an val
vular disease.

D ogs o f either sex w eighing between 15 and 25 kg were studied. A n aesthesia  was in
duced w ith  0.20 g/kg of sodium  pentobarbital in traven ously  and continued w ith  ether-oxygen  
narcosis under positive pressure breathing through an intratracheal cannula.

Combined tricuspid lesion was produced in 11 anim als by the follow ing m eth od . The 
chest was opened by an incision in the 4th  right in tercosta l space. A small incision  w as made 
in the pericardium  and 10 ml o f  a 2% solution of procaine am ide was injected in to  the peri-
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card ial sac. The right auricle w as clam ped with a f la t  vascu lar clamp at its  atr ia l jun ction , 
a p u rse string suture was p laced  over the site o f constr iction  and the auricle tv as excised. 
The r ig h t index  was introduced in to  the opening th u s caused , the purse string suture was 
t ig h te n e d , the clamp rem oved, th e  index was now ad van ced  into the right atrium  and into  
the u p p er  part o f the right ven tr ic le . The ventral and sep ta l cusps of the tricuspid v a lv e  were 
ruptu red  digitally . The finger w as поле withdrawn w h ile  checking the success o f  th e  inter
v e n tio n . Production  of tricuspid regurgitation was co n v ey ed  to  the finger b y  a thrill w h ich  was 
also p a lp a b le  through the r igh t atria l wall. Now the in d ex  finger was reintroduced through
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the atrio-ventricular orifice, the base of the ventral cusp w as pressed against the anterior 
w all o f  the right ventricle and sutured to its  wall w ith a needle passing through its  base, under  
the control o f  the introduced finger. The atrial wound w as closed b y  the purse string suture. 
P enicillin  was applied loca lly  and the chest was closed. 0.5 g strep tom ycin  and 1.000.000 U  
penicillin  were adm inistered daily  during the first postoperative days.

Combined m itral lesion  was induced in  17 anim als. T he site  o f  approach was the 4th  
left in tercostal space, otherw ise the operation was described above.

Ц experimental tricuspid lesion

Fig. 2

The following investigation s were performed before and after operation.
1. ECG (H eilige 3-channel direct-recorder) and PCG (frequency filters N os 35 and

140).
2. Arterial blood pressure b y  the aid  of a catheter inserted  in to  the external iliac  

artery, using an electrom anom eter.
3. E stim ation of cardiac ou tp ut and o f circulating blood volum e, b y  E vans blue d ilu

tion .
4. Recording o f venous pressure by the aid of a ca theter  inserted into the v . cava  

inferior via the femoral vein , using a M oritz Tabora apparatus.
5. Electrom anom etric m easurem ent of right atrial and ventricular pressures by the  

aid of a catheter inserted v ia  the fem oral vein  under X -ray control.
The animals were sacrificed betw een the 8th and 20th  week after the intervention. 

V alvular lesion and condition  o f the heart were checked. D uring the observation period  
ranging from  8 to 20 weeks in  the anim als developed oedem a or ascites only in  response to  
exercise (running) or saline infusion.

PCG revealed systo lic  and d iastolic  murmurs in all o f th e  cases and a presystolic m ur
mur in a number of anim als. A ty p ica l PCG-pattern of tricuspid  lesion is shown in F ig . 1. 
A holosystolic  murmur has appeared after the tricuspid lesion .

The changes induced inclu ded  an increase in venous pressure, in m ean transit tim e  
and in right atrial pressure, and generally  a reduction in cardiac output.

A graphic representation o f the influence of the tricuspid  and m itral lesion on the  
param eters exam ined is seen in  F ig . 2. The changes are expressed in per cent o f preoperative 
values, these being taken as 100% .
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I t  can be seen th a t com bined tricuspid or m itral lesions induced th e  sam e haem o
d yn a m ic  changes. The reason w h y  we adopted the com bined tricuspid lesion  for the further 
stu d ies  was that its technique w as sim ple and its leth a lity  low.

Tricuspid lesion was thu s induced b y  the foregoing procedure in  20 dogs and the haem o
d y n a m ic  parameters were stu d ied  12 to  16 w eeks after its  estab lishm ent; 40 dogs served 
as controls.

M ethods. Intravenous anaesthesia  was induced w ith  0.20 m g/kg o f sod ium  pentobarbital. 
T he external iliac arteries were prepared on both  sides and cannulated, one cannula serving 
for  th e  m easurem ent o f b lood pressure, and th e  other for collecting b lood  sam ples. The 
fem o ra l vein  was prepared and a short catheter was passed up through i t  in to  the v . cava 
inferior. Venous pressure w as m easured b y  a M oritz—Tabora apparatus, and 2 m g/kg of 
E v a n s  blue was injected  for th e  estim ation  o f circulating blood volum e, cardiac output and 
circu la tion  tim e. Sam ples w ere taken  at one-second intervals. C irculating b lood  volum e was 
determ ined  from sam ples obta ined  5 m in after the injection  of E vans b lue. Cardiac output 
w as estim ated  from d ye-d ilu tion  [1, 2]. R egional blood flow  was estim ated  b y  the indicator 
fra ctio n a tio n  m ethod [3]. F or th e  m easurem ent of cerebral blood flow , cerebral vascular 
resista n ce  and cerebral fraction  o f cardiac ou tp ut a double isotope fractionation  was used 
[4, 5 ]. T he animals were g iv en  30 fiC 8CR b and 5 /IC m I antipyrine in  5 m l physiologcial 
sa lin e  intravenously, and 2 m in later th ey  were killed b y  a rapid intracardial injection of

Table I
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M T
sec

TV R Br 
dyne. sec. cm 5

j  B F

ain

VR

A

n

В

20 20 20 20 20 20 20

40 40 40 40 40 40 40

A

X

В

113

(15)

1.9

(0.4)

1.2

(0.1)

17

(2.01)

3.83

(2.04)

52

( 5 )

131

(26)

111

(H )

2 .4

(0.5)

1.0

(0.1)

13

(1.8)

2.91

(0.65)

54

(13)

128

(17)

d if f  A — В 2 — 0.5 0.2 4 0.92 — 2 3

s d iff  A — В 3.38 0.13 0.04 0.51 0.19 3.03 7.37

P > 5 0 < 001 < 0 0 1 < 0 0 1 < 0 0 1 > 4 0 > 7 0

A bbreviations
P m =  mean arterial pressure
CO =  cardiac ou tp ut
B V  =  circulating blood volum e
M T  =  mean transit tim e
T V R  — tota l vascu lar resistance
B  F  =  blood flo w  ind iv idu al organs
V R  =  vascular resistance in  ind iv idu al organs
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2 g sodium  barbiturate. The organs to be studied were w eighed in toto  and boiled three tim es 
in 3 x  IV NaO H . Skin and m uscle sam ples were taken from  th e  lower extrem ities. 86R b  and 
13,I activ ities in  the investigated  organs were m easured b y  a spectrom eter focussed on the  
photo-peaks of 6CRb and 131I. The values for cardiac o u tp u t, circulating blood vo lu m e and 
total vascular resistance were referred to 10 kg w eight, while, blood flow and vascu lar  
resistance in the individual organs to 100 g tissue. The results were evaluated s ta t is t i
cally by Student’s tw o-sam ple t-test.

Results

R esu lts  a re  p re sen ted  in  T ab le  I . I t  can  b e  seen th a t  in th e  dogs w ith  
tr ic u sp id  lesion , ca rd iac  o u tp u t  w as reduced , w hile  m ean  tra n s it  t im e  to ta l  
p e rip h era l re s is ta n c e  and  c ircu la tin g  b lood  v o lu m e  w ere increased . A t th e  
sam e tim e , re n a l, h ep a tic , m uscle  and  sk in  flow  w ere m arked ly  re d u c e d  
to g e th e r  w ith  a sig n ifican t increase  in  th e  v a sc u la r  resistance  of th e se  o rg an s ,

with experim ental tricusp id  lesion

Heart Kit ney Liver Muscle Skin

VF VR RF VR BF VR BF VR BF VR

20 20 20 20 15 15 20 20 20 20

40 •10 20 20 » 20 40 40 40 40

119 57 320 23 52 133 9 865 8 902

(13) (10) (83) (8) (?) (32) ( 3 ) (428) (2.5) (423)

112 62 523 13 78 88 14 524 13 543

(23) (17) (67) (2) (10) (34) ( 4 ) (186) (4) (172)

7 — 5 202 10 26 45 5 340 5 359

5.61 4.15 23.77 1.78 3.00 7.97 1.07 79.05 0.98 76.80

> 2 0 > 2 0 < 0 0 1 < 0 0 1 < 0 0 1 < 0 0 1 < 0 0 1 < 0 0 1  ' < 0 0 1 < 0 0 1

A
В
n
~x
dill' 
s diff 
P

dogs w ith experim ental tricuspid lesion  
=  control (normal) dogs 
=  num ber of experim ents 
=  m ean values and scatter (sd)
=  difference betw een the m eans of th e  tw o  groups 
=  scatter o f difference betw een the m eans o f the two groups 
=  probability
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Fig. 3

Fig. 4

b u t  c a rd ia c  as w ell as ce reb ra l blood flow  a n d  v ascu la r re s is tan ce  rem a in ed  
la rg e ly  u n ch an g ed .

F ig . 3 i l lu s tra te s  th e  changes in  th e  c irc u la to ry  p a ra m e te rs ; th e  e m p ty  
co lu m n s show  th e  v a lu es  o f  th e  con tro l g ro u p , w hile th e  h a tc h e d  co lum ns, 
th o s e  o f  th e  group w ith  v a lv u la r  lesion.

F ig . 4 show s th e  v a lu es  fo r blood flow  in  th e  in d iv idua l o rg an s a n d  of 
c a rd ia c  o u tp u t.

I n  th e  know ledge o f ca rd iac  o u tp u t a n d  o f  th e  flow  in th e  in d iv id u a l organs
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i t  was possible to  assess th e  card iac  o u tp u t’s p a r tic ip a tio n  of th e  o rg an s. F ig . 
5 illu s tra te s  th e  sh if tin g  o f card iac  o u tp u t in  f ra c tio n  a fte r  tr icu sp id  in su ff i
c iency  in  p er cen ts  o f  th e  m ean  co n tro l v a lu es .

As Fig. 5 show s, th e  tr ic u sp id  lesion was fo llow ed b y  a sign ifican t in c rea se  
in  th e  cerebral a n d  c o ro n a ry  frac tio n s of ca rd ia c  o u tp u t . This a c c o u n te d  fo r 
th e  fa c t th a t ,  d e sp ite  th e  overall red u c tio n  in  ca rd iac  o u tp u t, ce reb ra l a n d  
co ro n a ry  flow  re m a in e d  n o rm al. On th e  o th e r  h a n d , th e re  w as a s ig n if ic a n t

red u c tio n  in th e  re n a l, h e p a tic , m uscle an d  sk in  frac tio n s of ca rd iac  o u tp u t ;  
in  o th e r  w ords, i t  is th e  b lood su p p ly  of th e se  o rgans w hich hears  th e  b ru n t  
o f reduced  ca rd iac  o u tp u t .

D iscussion

F o r th e  s tu d y  o f haem o d y n am ic  changes in  congestive ca rd iac  fa ilu re , 
in d u ced  v a lv u la r  lesions a re  genera lly  u sed  as ex p e rim en ta l m odels. As one 
o f th e  earliest m odels o f th is  k in d , e x p e rim e n ta l b icusp id  re g u rg ita tio n  w as 
u sed  b y  Cu s h i n g  a n d  B r an ch  [6], la te r  b y  B e r n h e i m  [7] an d  b y  o th e rs  
[ 8 —11, e tc .]. E x p e r im e n ta l p u lm o n a ry  s ten o sis  a n d  fa ilu re  [12 —15] as w ell 
as ao rtic  stenosis  [16 -21] h av e  also been  ap p lied  in  sim ilar s tu d ies . T ricu sp id  
lesion  is th e  m o s t w idely  used  ex p e rim en ta l p ro ced u re  of th is  k in d , e ith e r  
b y  itse lf  [2, 6] o r in  co m b in a tio n  w ith  p u lm o n a ry  stenosis a n d  or
fa ilu re  [22- 28]. H ow ever, th e  no rm al signs o f  congestive  h e a r t fa ilu re , th u s
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o e d e m a , ascites, co n g estiv e  b ro n ch itis , e tc . w ere  confined  to  a sm a ll n u m b e r 
o f  ca se s ; in  th e  m a jo r ity , congestive  fa ilu re  rem ain ed  la te n t , o n ly  p h y sica l 
e x e r t io n  or saline in fu s io n s  b ro u g h t a b o u t a tra n s i to ry  oedem a. T h e  resu lts  
o f  th e  p re se n t s tu d y  a re  c o n s is ten t w ith  th e s e  o b se rv a tio n s; th e  h e a r t  fa ilu re  
w as  l a te n t  congestive, in  o th e r  w ords, c irc u la tio n  w as seem ingly  co m p en sa ted  
a t  r e s t  an d  oedem a w as a b se n t, b u t  th e  p resen ce  of in c ip ien t fa ilu re  was 
in d ic a te d  b y  an  e lev a tio n  o f  venous p re ssu re .

O n  th e  evidence o f th e  p re sen t fin d in g s , th e  d ev e lo p m en t o f  congestive  
h e a r t  fa ilu re  is a cco m p an ied  by  a re d u c tio n  o f ca rd iac  o u tp u t  a n d  o f th e  
v e lo c ity  o f blood flow  w ith  an  increase in  c ircu la tin g  b lood  vo lum e a n d  to ta l  
p e r ip h e ra l  res is tan ce . C ard iac  o u tp u t is u su a lly  red u ced  in  co n g estiv e  h e a r t  
f a i lu re , un less th is  is d u e  to  h y p e rv o laem ia  o r to  sh u n ts . A slow ing o f  c ircu la 
t io n ,  a p ro lo n g a tio n  o f m e a n  tr a n s i t  tim e  also  belongs to  th e  g enera l fea tu re s  
o f  co n g estiv e  h e a r t fa ilu re . I n  dogs w ith  in d u c e d  v a lv u la r  lesions, an  in crease  
in  c irc u la tin g  b lood  v o lu m e  has been  p o in te d  o u t b y  severa l a u th o rs  as an 
e a r ly  s ig n  of congestive  fa ilu re  [28, 29, 30]. A n  increase in  to ta l  p e rip h e ra l 
re s is ta n c e  m arks a fu r th e r  s te p  in  th e  p ro g ress  o f th e  cond ition , w h en  c ircu la 
to r y  re g u la tio n  a lre a d y  fa ils .

D a ta  on v ascu la r  re s is ta n c e  an d  on th e  b lo o d  flow  of th e  in d iv id u a l o rgan  
re f le c t in g  th e  re g u la tio n  o f  c ircu la tio n  in  an im als  w ith  v a lv u la r  lesion  are 
sc a rc e . T h e  resu lts  o f B a r g e r  e t al. [22, 31, 32] an d  of Co n n  a n d  B o y s  [33] 
s u g g e s t t h a t  in  dogs w ith  in d u c e d  v a lv u la r  lesions an  increase in  re n a l v a scu la r  
re s is ta n c e  para lle l w ith  a re d u c tio n  o f ren a l b lo o d  flow  are  early  signs o f  conges
t iv e  h e a r t  fa ilu re . R ic h a r d s  [34] connects th e  in crease  in  ren a l a n d  p e rip h e ra l 
re s is ta n c e  w ith  s ta g n a tio n  h y p o x ia ; in  fa c t, an  im p ro v em en t o f th e  c irc u la to ry  
s t a t e  re su lts  in  a re lie f o f  re n a l an d  p e rip h e ra l v a so co n stric tio n . O n th e  ev idence  
o f  th e  s tu d ies  of H a l m á g y i  e t  al. [35] a n d  o f  B ro d  [36], th e  d e v e lo p m en t of 
c o n g e s tiv e  h e a r t fa ilu re  goes h a n d  in  h a n d  w ith  an  increase in  sy m p a th e tic  
v a s o c o n s tr ic to r  to n e  cau sin g  an  increase  in  p u lm o n a ry  as w ell as sy stem ic  
v a s c u la r  res is tan ce  a n d  an  especially  g re a t  in c rease  in  ren a l an d  cu tan eo u s  
v a s c u la r  resistance . W é g r i a  e t al. [37] a n d  W e st  e t al. [38] m e a su re d  an 
in c re a s e d  blood flow  fro m  th e  co ro n ary  s in u s in  dogs w ith  in d u ced  v a lv u la r  
le s io n . W erkő  [39] a sso c ia tes  th e  p ro d u c tio n  o f  congestive h e a r t  fa ilu re  w ith  
a  s ig n if ic a n t red u c tio n  in  re n a l, sp lanchn ic  a n d  e x tre m ita l b lood  flow .

T h e  p re sen t re su lts  su g g est th a t  co n g estiv e  h e a r t  fa ilu re  n o t  o n ly  affec ts 
th e  c irc u la tio n  (card iac  o u tp u t ,  t r a n s i t  tim e , c ircu la tin g  b lood  v o lum e, venous 
p re s su re )  b u t  also m o d ifies i ts  re g u la tio n . W h ile  card iac  an d  ce re b ra l flow  
re m a in s  u n affec ted  d esp ite  th e  red u c tio n  in  c a rd ia c  o u tp u t, v a scu la r  re s is ta n c e  
is g re a t ly  increased  in  th e  k id n e y , liver, m usc les an d  sk in , red u c in g  th e re b y  
th e i r  f lo w  as well as th e ir  o rg an  card iac  o u tp u t ’s frac tio n s. O ur re su lts  th u s  
s u p p o r t  th e  view  of W e r k ő  [39] th a t  in  co n g estiv e  h e a r t  fa ilu re , v a sc u la r  
re s is ta n c e  in  th e  p e rip h e ra l a n d  sp lan ch n ic  a rea s  is excessively  h igh , a n d  are
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also co n sis te n t w ith  th e  find in gs o f  W é g r ia  et  a l. [37] and W e st  e t a l. [38] in  
th a t  co n g estiv e  h eart failure le a v es  coronary  b lo o d  f lo w  u n affected .

N e ith e r th e  d a ta  in  th e  l i te ra tu re , n o r  th e  p resen t re su lts  h a v e  
th ro w n  su ffic ien t lig h t on th e  m ech an ism  acco u n tin g  fo r th e  ch an g ed  h a e m o 
d y n am ic  re g u la tio n  in  congestive h e a r t  fa ilu re . A fte r  acu te  co ro n ary  lig a tio n  
[40] an d  in  e x p e rim e n ta l a tr io v e n tr ic u la r  b lock  [5], th e  h aem o d y n am ic  changes 
follow  a s im ila r p a t te rn  as a fte r  v a lv u la r  lesions, as reflec ted  b y  an  in c rea sed  
card iac  an d  cereb ra l frac tio n  of ca rd iac  o u tp u t  a t  th e  expense of th e  m u sc u la r  
an d  cu tan eo u s frac tio n s . B o th  e x p e rim e n ta l m odels invo lve  a s ig n if ican t re d u c 
tio n  in  ca rd iac  o u tp u t . This w ould  suggest t h a t  in  congestive ca rd iac  fa ilu re  
i t  is th e  red u c tio n  in  card iac  o u tp u t  w h ich  c o n s titu te s  th e  p r im a ry  fa c to r  
in itia tin g  th e  haem o d y n am ic  chan g es an d  acco u n tin g  fo r th e  sh if tin g  o f th e  
cartliac  o u tp u t’s frac tio n s.
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|INTRA-ACINAR LIPOLYSIS, AN EARLY SIGN 
OF INTRAVITAL PANCREATIC AUTODIGESTION

By

E . B á c s y , Z. N a g y  and M. P a p p

IN ST ITU TE OF E X PE R IM E N T A L  M ED ICINE, H U N G A R IA N  ACADEMY OF SCIENCES,
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BUDAPEST

(R eceived April 24, 1970)

Fluorescent and electron m icroscopic stu d ies showed that sunflow er oil in
jected  into the pancreas of dogs and pigeons fin d s its w ay into acinar cells. B y  the  
calcium -lead sulphide m ethod the presence o f fa t ty  acids can be dem onstrated. E lectron  
micrographs ex h ib it autophageous vacuoles w ith  zym ogen granule con ten t w ith in  
cells still in tact in  structure.

Acta Medica Academiae Scientiarum Hungaricae,  Tomus 27 (3), pp. 331 —  335 (1970)

M ore th a n  a c e n tu ry  ago, Cl a u d e  B e r n a r d  (1856) induced  p a n c re a ti t is  
in  dogs b y  in jec tin g  olive oil in to  th e  g land  th ro u g h  th e  efferen t d u c t. I n  m an , 
th e  re f lu x  o f ch y m e from  th e  duodenum  in to  th e  p ancreas has b een  re p o r te d  
to  give rise  to  a c u te  p a n c re a titis . V egetab le  o il a n d  chym e are s u b s tra te s  fo r 
lipase . T he p re se n t p a p e r  describes ex p e rim en ts  show ing th a t  su n flo w e r oil 
in je c te d  in to  th e  p an c reas  gains access to  th e  ac in a r cells w here i t  b re a k s  
dow n to  f a t ty  ac ids an d  au to lysis  m ay  se t in .

M aterials and m eth od s

Thirteen dogs o f either sex and 14 kg average bod y weight, fasted for 16 hours after 
a m eal o f raw m eat, were laparotom ized under chloralose anaesthesia, and 6— 8 m l o f  sun
flow er oil were injected into  the pancreas through the du ct o f Santorini to induce pancreatitis. 
B io p sy  was undertaken before and im m ediately, and 15 m inutes after the in jection  and  then  
at 15-m inute intervals up to  the 150th m inute. The tissue fragm ents were fix ed  overnight 
in 4%  cold form alin containing calcium , pH  7.2. A fter  keeping them  for 24 hours in  cold 
7 .5%  saccharose and for the sam e tim e, in 30% saccharose, the samples were frozen b y  carbon 
dioxide snow and 6 ц  th ick  sections were cut in a cryostat.

F a tty  acids were dem onstrated W'ith the calcium  lead-sulphide m ethod o f  G omori 
(1945). The sections were treated in the refrigerator for 10 m inutes w ith 0.1% calcium  chloride 
a nd for another 10 m inutes w ith  2% lead citrate. A fter  several washings, the preparations 
were allowed to stand  for 3 m inutes in diluted am m onium  sulphide, washed th oro u g h ly  with  
w ater and, finally , m ounted in a concentrated sugar solution.

Lipids were sta ined  either w ith chelidonium  e x tra c t for 5 m inutes, phosp h ine 3R  for 
3 m inutes, or N ile  blue according to K l e e b e r g  (cit. Cl a r a , 1965).
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Fig. 3. ( x  19 200) and F ig. 4. ( x 4 3  200) Pigeon. L ipid droplets (Li), zym ogen granules (Zy) 
and autop hagou s vacuole (A u) containing fragments o f  endoplasm ic reticulum  (Er) and zy m o 

gen granule’s conten t ( j  )
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Fig. 1. Dog. Lipid droplets in pancreatic acinar cells ( f ) and oil in the efferent ducts. P hos
phine 3 R staining, ultraviolet light-induced fluorescence. X 200

Fig. 2. Dog. F a tty  acids as brown lead sulphide deposits in pancreatic acinar cells ( j  ). X 300





INTRA-ACINAR LIPOLYSIS 333

F ig . 4
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F or electron m icroscopy, anaesthetized  pigeons w ere given  each an injection  o f 0.2 m l 
o f  su n flo w er  oil into the ven tra l pancreatic lobes through th e  efferent duct. Three hours later, 
th e  lo b es  were perfused through th eir  artery first w ith  H o lt’s fix a tiv e  and then w ith  cold 2%  
g lu ta ra ld eh y d e . Pieces o f pan creatic  tissue were allow ed to  stand in cold 2% glutaraldehyde  
for 2 h ou rs, then in 1% osm ium  tetrox id e , and em bedded in  Durcupan-Araldite. Section s cut 
in  an  L K B  III m icrotom e w ere counterstained w ith  u ranyl acetate and lead c itra te , and  
e x a m in ed  in a JEM 6AS electron  microscope.

Results and discussion

Im m e d ia te ly  a fte r  i ts  in je c tio n , th e  oil sh o w ed  a b lu ish -w hite  f lu o re scen ce  
in  th e  d ila te d  efferen t d u c ts  a n d  in te rs titia l sp aces  w h en  sta in ed  w ith  che lido - 
n iu m  e x tr a c t ,  and  h ad  a b r ig h t  yellow  fluorescence  a f t  e r s ta in ing  w ith  p h o sp h in e  
3 R . I n  th e  b iopsy  specim ens ta k e n  th ir ty  m in u te s  la te r , th e  oil a p p e a re d  w ith  
th e  s a m e  s ta in s  as d ro p le ts  in  a c in a r  cells (F ig . 1). B e tw een  th e  90 th  a n d  1 2 0 th  
m in u te ,  su ch  drop le ts o ccu p ied  a large p a r t  o f  th e  cy top lasm  in  n e a r ly  all 
th e s e  ce lls . In c id en ta lly , e a r lie r  au th o rs  d e m o n s tra te d  th a t  t ry p s in  in fu sed  
in to  t h e  e ffe ren t d u c t se c u re d  th e  e n try  of In d ia - in k  pa rtic le s  in to  a c in a r  cells 
( N u d e l m a n  e t al., 1965). W ith  N ile b lue, 15 m in u te s  a fte r  th e  in je c tio n  o f  
oil b lu e -c o lo u re d , n o n -flu o re sc e n t d rop le ts w ere  v is ib le  in  th e  a c in a r  cells. 
I n  t h e  e ffe re n t ductu les, th e  a c in a r lum ina , a n d  th e  in te rs titia l spaces, th e  
oil a s s u m e d  th e  sam e b lu e  co lo u r, ind ica tin g  t h a t  i t  co n ta in ed  free f a t ty  ac id s 
( C l a r a ,  1965).

A t  15 m inu tes a fte r  th e  o il in jec tio n , th e  f a t t y  ac ids appeared  in  th e  a c in a r  
cells f i r s t  as a delicate, a f te rw a rd s  as a ra th e r  co arse  b ro w n  p rec ip ita te  (F ig . 2). 
T h e  o il in  th e  efferent d u c ts  a n d  in  th e  in te rs t i t iu m  likew ise assum ed a b ro w n  
co lo u r, p o in tin g  to  in creased  f a t t y  acid co n ten t. T h e  e ry th ro cy te s  also b ecam e  
b ro w n .

E le c tro n  m icroscopy re v e a le d  th e  p resence o f  lip id  d roplets in a p p a re n tly  
in ta c t  a c in a r  cells. In  c ircu m sc rib ed  areas of th e se  ce lls, au tophagous v acu o le s  
w ere se e n  to  con ta in  d is in te g ra tin g  endoplasm ic re tic id u m , and  som e o f th e  
z y m o g en  g ran u le  co n ten t (F ig s  3, 4); in  th e  in ta c t  p a n c re a s  th is  p h en o m en o n  
cou ld  n o t  b e  observed. T h e  co n c lusion  is th a t  th e  a c id  rad ica ls  set free d u rin g  
lip o ly s is , p ro d u c e  locally  an  a c id  m ilieu  w hich fa v o u rs  p ro teo lysis  ( B l e y l  e t a l., 
1966), p h o spho lipo lysis  ( S c h m i d t  e t ah, 1969), e las to ly sis  ( G e o k a s  e t  a l., 
1968) o r  a ll th re e  re su ltin g  in  au to ly sis .
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In a strictly  controlled trial foetal cells were detected  by both, the acid elution  
and the urea m ethod in the circulation of 13 (16.9% ) out o f 77 m others w ith in  12 hours 
after delivery, and in 18 (16.1% ) out o f 112 wom en w ithin 12 hours after curettage. The 
anti-D  prevention program m e launched in H ungary gives second priority to all Rh-nega- 
tive women who had not been im m unized and are subjected to artificial abortion.

P rev ious w orks h a v e  d raw n  a tte n tio n  to  th e ra p e u tic  ab o rtio n  as a possible 
source o f R h -im m u n iza tio n  [1 —3]. T he m o st d isp u te d  p rob lem  is s till th e  
occurrence  of tra n s p la c e n ta l  haem o rrh ag e  (T P H ) as a consequence  o f  early  
a rtif ic ia l te rm in a tio n  o f  p reg n an cy . T he p rob lem  is o f  g rea t im p o rta n c e  in  
decisions of n a tio n a l p ro g ram m es for th e  p re v e n tio n  o f R h -im m u n iza tio n .

In  a s tr ic tly  c o n tro lled  tr ia l, fo e ta l cell scores w ere d e te rm in ed  w ith in  
12 h ours a fte r  d e liv e ry  in  77, an d  a fte r  early  a rtif ic ia l te rm in a tio n  o f  p reg n an cy  
in  112 w om en. T h e  fo e ta l/a d u lt  e ry th ro c y te  ra tio  w as e s tim a te d  in  each  blood 
sam ple  by  b o th  th e  acid  e lu tio n  [4] an d  u re a  e lu tio n  m eth o d s [5]. E a c h  foetal 
cell score was c o u n te d  b y  tw o  ex p erts  in d e p e n d e n tly . T he f in a l co u n ts  are 
re su lts  o f th e  scan n in g  o f  80 h igh  pow er an d  200 low  pow er m icroscop ic  fields 
from  each p re p a ra tio n . In  o rd e r to  check th e  e rro r  o f th e  fo e ta l cell coun ts, 
p a ra lle l e s tim a tio n  o f fo e ta l/a d u lt  red  cell ra tio  from  know n d ilu tio n s  o f cord 
b lo o d /a d u lt b lood  w as ca rried  ou t b y  th e  ac id  e lu tio n  an d  th e  u re a  elu tion  
m eth o d s . R esu lts  a re  su m m arized  in  T ab le  I.

I t  is obvious from  T ab le  I  th a t  u p  to  a d ilu tio n  o f 1 to  10 000 th e  resu lts  
o f th e  fo e ta l cell scores e s tim a ted  b y  th e  tw o  m e th o d s , co rresp o n d ed  well. 
A bove th is  d ilu tio n  b o th  m eth o d s y ie lded  u n re liab le  re su lts .

In  c o n tra s t  to  th e  scann ing  o f n o rm a l fo e ta l/a d u lt  cell ra tio s , th e  tw o 
m eth o d s  gave d iffe ren t re su lts  in  various ty p e s  o f h aem o ly tic  an aem ia  w ith  
re a c tiv a te d  fo e ta l ty p e  e ry th ropo iesis  [5, 6]. In  th e se  cases i t  w as alw ays 
th e  acid  elu tion  te c h n iq u e  w hich  gave th e  false p o sitiv e  re su lts , w hile th e  resu lts  
o f th e  u rea  e lu tio n  te c h n iq u e  agreed  well w ith  th o se  o f th e  alkali d é n a tu ra tio n  
te s t  fo r fo e ta l haem og lob in .

A sim ila r d isc rep an cy  was n o ted  in  4 o f th e  p re g n a n t w om en  u n d er 
s tu d y . F o e ta l cells w ere d e tec ted  in  th e ir  b lood  w ith  th e  acid  e lu tio n  m ethod , 
w hile th e  u rea  m e th o d  rev ea led  no fo e ta l cells. B ased  on earlie r re su lts  [5, 6], 
th e se  false p o s itiv e  cases h av e  n o t been  in c lu d ed  in to  th e  g ro u p  diagnosed 
as hav ing  T P H .
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Table I

Estim ation o f  foeta l/adu lt red cell ratios fro m  known dilu tions  
o f  cord blood/adult blood

Estim ate of foetal/adu lt red cell ratio
A ctual d ilu tion acid elution 

method*
urea elution 

method*

l 250 1 : 214 1 : 254

l 1 000 1 : 916 1 : 1 144

l 2 000 1 : 2 217 l : 2 287

l 4 000 1 : 3 842 l : 4 089

l 10 000 1 : 10 793 l : 10 264

l 20 000 1 : 12 928 l : 16 122

l 50 000 1 : 18 364 l : 26 561

* T o ta l number of fields scanned: 80 high power fie ld s (m agn. 1000 X )
200 low power fie ld s (m agn. 40 X )

Table II

Presence o f  foe ta l cells in  maternal blood sam ples taken w ith in  
12 hours after delivery, a n d  after early artific ia l term ination o f  pregnan cy

Total
Foetal cell present

No. of cases Per cent

Delivery 77 13 16.9

Curettage 112 18 16.1

Total 189 31 100.0

F o e ta l  cells w ere d e te c te d  b y  b o th  m eth o d s  in  th e  c ircu la tio n  o f 13 o u t 
o f 77 m o th e rs  after d e liv ery , w h ich  corresponds to  a 16 .9%  freq u en cy . F o e ta l 
cells w e re  p re sen t in  th e  sam e  p e rcen tag e  (16 .1% ) in  th e  b lood  o f  w om en a fte r  
c u re t ta g e  (T able  II) .
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L arge  tr a n s p la c e n ta l  haem o rrh ag e  o ccu rred  in  one case a f te r  d e liv e ry ; 
1 : 5000 foeta l cells co rresp o n d in g  to  a b o u t 1 m l of T P H , an d  fo e ta l/a d u lt  
cell ra tio s  rang ing  fro m  1 : 10 000 to  1 : 30 000 o ccu rred  w ith  th e  sam e f re 
q u en cy  in  b o th  g roups u n d e r  s tu d y  (T able  I I I ) .

S tud ies fo r th e  d e te c tio n  o f an ti-D  a n tib o d ie s  a f te r  early  a rtif ic ia l te rm in a 
tio n  of p reg n an cy  a re  in  p rogress. Ma t t h e w s  [7] fo u n d  th a t  a b o u t a q u a r te r  
to  a th ird  of th e  te rm in a tio n s  seem  to  h a v e  T P H . Clark e  [8] q u o tin g  th e  
re su lts  o f Ma t t h e w s  [9] s ta te d  th a t  none o u t  o f 97 R h -n eg a tiv e  m o th e rs

T ab le  I I I

Foetal cell scores in blood sam ples taken w ith in  12 hours after 
delivery , and after early artific ia l term ination  o f pregnancy

Total
No. of cases w ith  a foetal/adult cell ratio  of

No.
1 : 1000 1 : 5000 1 : 10 000 1 : 30 000

Delivery 13 1 2 10

Curettage 18 0 2 16

* E stim ated by the urea elution m ethod

observed  for six  m o n th s  a f te r  th e ir  a b o rtio n  h as  p ro d u ced  an  a n tib o d y . B ased  
on th e se  ob se rv a tio n s, Cl a r k e  [8] expressed  th e  v iew  th a t  th e  r isk  o f im m u n iz a 
tio n  a f te r  a b o rtio n  p ro b a b ly  is n o t as g re a t as i t  m ig h t be ex p ec ted .

W e are fu lly  aw are  t h a t  fin a l conclusions can  be based  only  on th e  re su lts  
o f  a n tib o d y  d e te rm in a tio n  d u ring  su b seq u en t p regnanc ies follow ing a b o rtio n s . 
I n  sp ite  of th e  p ro b lem  n o t being  fu lly  c la rif ied , accord ing  to  th e  suggestions 
o f D r. I . S im onov its  o u r n a tio n a l p re v e n tio n  p ro g ram m e gives second  p r io r ity  
to  all R h -n eg a tiv e  w om en  w ho h ad  n o t b e e n  im m unized  an d  a re  su b je c te d  
to  a rtific ia l ab o rtio n . T h is decision w as m o tiv a te d  by  th e  fa c t t h a t  a h igh  
p e rcen tag e  o f a b o rtio n s  a re  being carried  o u t  in  y oung  girls w ho m a y  h a v e  to  
face  ev en tu a l tra g ic  consequences of R h -im m u n iza tio n .
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T he new  E x e c u tiv e  C om m ittee  o f th e  I ta lia n  Society  of 
P atho logy  has been  e lec ted  on 15th  J u ly ,  1970.

The new  officers a re :
P re s id e n t: P ro f. L u ig i C alifano
V ice-P resid en ts : P ro f. Paolo  C rax i an d  P rof. L u ig i L e in a ti
S ec re ta ry : P ro f. A lfonso G iordano
V ice-S ecre ta ry : P ro f. G iuseppe P o n tie r i
C ounsellors: P ro f. E lio  B aldacc i, P ro f. A n ton io  G iam palm o  

an d  P ro f. D ino M erlini.
T he new  E x e c u tiv e  C o m m ittee , acco rd ing  to  th e  w ishes 

o f th e  g rea t m a jo r ity  o f th e  m em b ers  o f th e  I ta lia n  S o c ie ty  of 
P a th o lo g y , an d  fo llow ing th e  suggestions o f th e  E x e c u tiv e  C om m it
tee  o f th e  E u ro p e a n  S ocie ty  o f P a th o lo g y , expressed  d u rin g  th e  
m eetin g  held  in  P a ris  on  J u ly , 4 th , 1970, h as  in v ite d  th e  E u ro p e a n  
S ociety  o f P a th o lo g y  to  held  its  3 rd  C ongress in  I ta ly , on S ep tem b er 
14— 16 1971, on occasion of th e  2nd  c e n te n a ry  of G. B. M orgagni’s 
d ea th .

M eanw hile, th e  C om m ittee  has dec id ed  to  p o s tp o n e  to  1972 
th e  12 th  Congress o f th e  I ta lia n  S o c ie ty  o f P a th o lo g y .

*

XI INTERNATIONAL CONGRESS 
OF INTERNAL MEDICINE

is being  held  in D elhi u n d e r  th e  aegis o f  th e  A ssociation  o f  P h y s i
cians of In d ia  from  O c to b e r 25 30, 1970. E x ce llen t sc ien tific  an d
social p ro g ram m es a re  being  a rran g ed . F u r th e r  p a r tic u la rs  can  be 
o b ta in ed  from  th e  C ongress S e c re ta r ia t, V. P . C hest In s t i tu te ,  
D elhi U n iv e rs ity , D elhi-7 .



JOURNÉES EUROPÉENNES DES CENTRES 
D ’AUDIOPHONOLOGIE

Thème: PRO G RÈS EN AUDIOPHONOLOGIE

LYON, 29-30 Novembre, 1-2-3 Décembre 1970 
DIM ANCHE 29 NOVEMBRE 1970

A m p h ith é â tre  de la  C lin ique 

d ’O to -rh in o -la ry n g o lo g ie  e t d ’A udiophonologie  

P a v illo n  U , H ô p ita l E d o u a rd -H e rrio t

A V A N T  - P R O G R A M M E

L an g u es  officielles: F ra n ç a is , A nglais

DIM ANCHE 29 NOVEMBRE 1970

14 h 00:  A ccueil des C ongressistes.

15  h 0 0 — 15 h 30 :  P ro f. D . H e n n e b e r t  (B ruxelles)

C o n tr ib u tio n  belge à l ’A udiophonologie .

15 h 3 0 — 16 h 00:  P ro f. E . F o rtunato  (R om e)

L a  c ré a tio n  de l’en se ig n em en t officiel de l’A u d io p h o n o 
logie en  I ta lie

16 h 0 0 — 16 h 30 :  M. P . V e it  (Paris)

E v o lu tio n  en  E urope de la  p ro fession  d ’au d io -p ro th és is te . 

16 h 30:  P A U S E

17 h 00 — 17 h 30:  M m e S. B o r e l -Ma i s o n n y  (P a ris)

L a  p ro fessio n  d ’o rth o p h o n is te .

17 h 3 0 — 18 h 00 :  M. L . Z ie g l e r  (Paris)

L a  p ro fessio n  de p ro fesseur de  sourds.



LUNDI 30 NOVEMBRE 1970 

(m a tin )

9 h 0 0 — 9  h 4 5  : In tro d u c tio n :  P ro fesseu r P . Mo u n ie r -K u h n .

9 h  4 5 — 1 0  h 4 5 : P rof. C. K a p h a n  (M arseille)
P lace de l’in fo rm a tiq u e  en A udiophonologie .

1 0  h  4 5 - 1 1  h  4 5 :

11  h 4 5 : 

1 2  h 0 0 - 1 3  h 0 0 :

D r. P . H e n n e b e r t  (B ruxelles)
A nnée 60: u n  to u rn a n t  en v es tib u lo m é trie .

P A U S E
P ro f. L. B . W . J o n g k e e s  (A m sterdam )
A spects e x p é rim e n ta u x  de la  physio logie d u  v es tib u le .

1 4  h 3 0 - 1 5  h  0 0 :

1 5  h 0 0 - 1 5  h 3 0 :

15  h 3 0 :

1 6  h  0 0 - 1 7  h 0 0 :

1 7  h 0 0 - 1 7  h 3 0 : 

17  h  3 0 - 1 8  h 3 0 :

8  h 3 0 -  9 h 3 0 :

9  h  3 0 - 1 0  h 0 0 :

1 0  h  0 0 - 1 1  h 0 0 :

11 h 00:

11  h  3 0 - 1 2  h 0 0 :

(a p rès-m id i)

P rof. V. P fa l t z  (B âle)
P rogrès te c h n iq u e s  en é lec tro n y stag m o g rap h ie .

P ro f. A. Mo n t a n d o n  (G enève)
P rog rès en  é lec tro n y stag m o g rap h ie .

P A U S E .

P ro f. G. G r e i n e r  e t P ro f. C. Co n r a u x  (S tra sb o u rg ) 
P rog rès c lin iques en v estib u lo m étrie .

P ro f. M. A r s l a n  (P adoue)
P rogrès en  th é ra p e u tiq u e  des vertiges.

P ro f. C. Ch o u a r d  (P aris)
Physio logie  d u  n e rf  facial.

M ARDI 1" DÉCEMBRE 1970 

(m a tin )

P rof. B . V a l l a n c i e n  (P aris)
P rogrès en e x p lo ra tio n  fonctionnelle  d u  la ry n x .

P rof. K . V r t ic k a  (L ucerne)
L ’ana lyse  aco u stiq u e .

Mme S. B o r e l -Ma i s o n n y  (Paris)
La to m o a n a ly se  de la  paro le .

P A U S E .

P ro f. Mo l in a r i  (P adoue)
L ’in n e rv a tio n  laryngée .



12 h  0 0 —12 h 30:  P ro f. L . Croatto (P adoue)
T r a i te m e n t  des insuffisances v é la ire s .

12 h 3 0 — 13 h 00:  D r G. Co r n u t  (Lyon)
H o rm o n o th é ra p ie  et vo ix .

(après-midi)

14 h  3 0 — 15 h 00:  P r . J .P .  H a g u e n a u e r  (L yon)
M icro ch iru rg ie  laryngée.

15 h 0 0 — 16 h 00:  P ro f. A . A p p a ix  (M arseille)
P ro g rè s  d a n s  la  connaissance des r e ta rd s  de langage chez 
l’e n fa n t .

16 h 00:  P A U S E .

16 h 30  — 17 h 00:  P ro f. F . G iaccai (F lorence)
D isc r im in a tio n  fréquen tie lle .

17 h 0 0 — 17 h 30:  P ro f. M . D e l  В о (M ilan)
Les p ro g rè s  en aud iom étrie  to n a le  su p ra lim in a ire .

17 h  3 0 — 18 h 00:  P ro f. L . B e r n a b e i (Sienne)
Le te m p s  e t  la  sensation  so n o re .

18  h 0 0 — 18 h 30:  D r J .P .  R e b a t t u  (Lyon)
R é p a ra tio n  des lésions co ch léo -v es tib u la ire s : acqu is itio n s 
m éd ica les  e t  m édico-légales.

M E R C R E D I 2 DÉCEMBRE 1970

(matin)

8 h 3 0 — 9 h 00:  P ro f. J .  V a n  D en  E e c k h a u t  (L euven)
L a r é g u la t io n  v ascu lo -tensionne lle  de l ’oreille in te rn e .

9  h 0 0 — 9 h 30:  P ro f. M. B urgeat  (P aris)
P ro g rè s  en  physiologie de l’a u d itio n .

9 h 3 0 — 10 h 00:  P ro f. S . R a u c h  (Olten)
P ro g rè s  e n  biochim ie de l’o re ille  in te rn e .

10 h 00 : P A U S E .

10 h  3 0 — 11 h 00:  P ro f. H . S p o e n d l in  (Z ürich )
B ru it  e t  cochlée.

11 h 00  — 11 h 30:  P ro f. R . H a h n  (Turin)
L a v o ie  osseuse.

11 h 30  — 12 h 30:  P ro f. M. P ortm ann  (B o rd e a u x ) 
L ’é lec trococh léog ram m e.



12 h 3 0 - 1 3  h 00:

14 h 3 0 - 1 5  h 00:

15 h 0 0 - 1 5  h 30:

15 h 3 0 - 1 6  h 00:

16 h 00:

16 h 3 0 - 1 7  h 00:

17 h 0 0 - 1 8  h 00:

18 h 0 0 - 1 8  h 30:  

18 h 3 0 - 1 9  h 00:

8 h 3 0 -  9 h 00:

9 h 0 0 -  9 h 30:  

9 h 3 0 - 1 0  h 00:

10 h 00 :

10 h 3 0 - 1 1  h 00:

11 h 0 0 - 1 1  h 30:  

11 h 3 0 - 1 2  h 00:

Prof. K . T e r ic il d sen  (C openhague)
Im p ed an ce  m easu rem en ts .

(après-m idi)

Prof. H . A. B e a g l e y  (L ondres)
M ethods o f  in v e s tig a tin g  n o n  o rgan ic  hearing  loss.

Prof. W . K e id e l  (E rlangen )
D. C. p o te n t ia l  in  th e  h u m a n  co rtica l evoked  resp o n se , 
a new  c o n tr ib u tio n  to  th e  o b jec tiv e  au d io m e try .

Prof. C. H olm  e t P ro f. G. S t a n g e  (F rib o u rg  en B risg au ) 
Im p o rta n c e  des lignes de s tim u la tio n  — e x c ita tio n s  
évoquées aco u stiq u es  p o u r la  d isc rim in a tio n  de la  p a ro le  
chez l ’e n fa n t.

P A U S E

Prof. P . P ia l o u x  (Paris)
P o ten tie ls  évoqués chez les ap h asiq u es.

Prof. E . В осса (F erra re )
T ests d ’a t te in te  cen tra le  de l’au d itio n .

Prof. J .  C. L a po n  (B esançon)
Le te s t  p h o n é tiq u e .

Prof. 0 .  S c h in d l e r  (T urin)
Progrès en  au d io m étrie  vocale .

JE U D I 3 DÉCEMBRE 1970

(m atin)

Prof. P . B ie s a l s k i  (M ayence)
Progrès d a n s  les procédés d ’ex p lo ra tio n  c lin ique  chez 
l’en fan t so u rd .

Prof. G. P e r e l l o  (B arcelon e)
A u d io m étrie  in fan tile .

Dr D an iè le  Ch arac h o n  (L yon)
D ép istage  de  la  su rd ité  chez l’e n fa n t.

P A U S E

Prof. H . E w e r t s e n  (C openhague)
E ar level h ea rin g  aids for b o th  ears.

Prof. J .P .  D e R e y n ie r  (L au san n e)
A ppare illage  aco u stiq u e  de l’en fan t.

Prof. J .  B o u r c ü e t  (R ennes)
E d u c a tio n  a u d itiv e  des e n f a n ts  so u rd s .



(après-m idi)

14 h 3 0 - 1 5  h 3 0 :  P ro f . G. D e c r o ix  (L ille)
L ’ap p are illag e  aco u s tiq u e  de l ’ad u lte .

15 h 3 0 — 16 h 0 0 :  P ro f . L . F isch  (Z urich)
L es p rog rès en th é ra p e u tiq u e  ch iru rg ica le  o to -n e u ro 
lo g iq u e .

16 h 0 0 :  P A U S E

16 h 30 — 17 h 0 0 :  P ro f . A g. R. Ch a r a c h o n  (G renoble)
P ro g rè s  en ch iru rg ie  de  l ’oreille.

17 h 0 0 — 18 h 0 0 :  P ro f . A g. A. Morgon  (L yon)
E x p o sé  de syn thèse .

Conférenciers qui n ’ont pas encore donné leur accord:

Prof. E n g str ö m  

P rof. E s c h e r  

Prof. M e n z io

R enseignem ents divers :

F ra is  d ’in sc r ip tio n : Cinq c e n t fran cs  

L o g em en t: P riè re  de s’ad re sse r d ire c te m e n t au
SY N D ICA T D ’IN IT IA T IV E ,
P lace  B ellecour — L Y O N

Pour tout autre renseignem ent:

s’ad re sse r  a u  S ec ré ta ria t G én éra l d u  Cours:

P ro fesseur A grégé A la in  M orgon  

P av illon  U , H ô p ita l  E d o u a rd -H e rrio t 

69 -  LYON 3e

T é l.: (78) 84.74.11 — P o ste  535



II. INTERNATIONAL CONCRESS OF PSYCHO-NEUROENDOCRINOLOGY

RUDAPEST, JULY 1 3, 1971

T he Congress w ill be held in B u d a p e s t, a n d  th e  p rog ram  will co n s id e r th e  
follow ing top ics;

1. D ev e lo p m en ta l neuroendocrino logy

2. B iosyn thesis  an d  release o f  p i tu i ta ry  tro p -h o rm o n es

3. D rug  ac tio n s  on neu roendocrine  a n d  b ra in  m echanism s

4. H o rm o n al effects and  b ra in  m ech an ism s

5. D ev e lo p m en ts  in  clinical n eu ro en d o crin o lo g y

E ach  o f th e  5 m a jo r topics w ill be in tro d u c e d  b y  review  lec tu res o f  20 to  

30 -m inu te  d u ra tio n , w hich will he g iven b y  in v ite d  speakers. E a c h  session  

will be follow ed b y  a free d iscussion o f 6 m in u te  d u ra tio n  and  p re s e n ta t io n  

o f new  u n p u b lish ed  d a ta  b y  reg is te red  p a r tic ip a n ts .

A re g is tra tio n  fee o f U. S. $ 20 or o f 20 ru b e ls  (for p a r tic ip a n ts  from  

socialistic  co u n tries) w ill be req u ested  from  p a r t ic ip a n ts  till M arch 31 , a t  th e  

add ress as follow s: H u n g a rian  N a tio n a l B a n k  in  fa v o u r of the  IB U S Z  a c c o u n t 

-  RCS 505019.

F u r th e r  in fo rm a tio n  m ay  be o b ta in e d  fro m  th e  S ecre ta ria te  o f  th e  

Congress of In te rn a tio n a l  Society  o f  P sycho-N euroendocrino logy , M O T E S Z , 

B u d a p e s t I ., A p ró d  u. 1 — 3.

P r o f . K . L issák

C h airm an  o f th e  In te rn a tio n a l C ongress 

o f P sycho-N euroendocrino log ica l S o c ie ty



In te rn a t io n a ]  Congress C en tre  R A I A m ste rd a m , th e  N etherlands, 14 — 18 J u n e ,

2nd CONGRESS OF THE EUROPEAN ASSOCIATION OF RADIOLOGY

1971

S e c re ta r ia t  before c/o H o lland  O rg an iz in g  C entre
an d  a fte r 16 L ange V oorhou t

th e  C lngress T h e  H ague, the  N e th e r la n d s  

T e lephone: (070) 65 .78 .50  

T e lex : 33111

C ables: H ocland  — T h e  H ague

S e c re ta r ia t  d u ring  

th e  Congress

In te rn a tio n a l  C ongress C en tre  R A I 

E u ro p ap le in

A m ste rd am , th e  N e th e r la n d s  

T e lephone: (020) 42 .51 .51

A n y  a d d itio n a l in fo rm a tio n  on th e  Congress w ill g ladly  be g iven  b y  th e  Con

g re ss  s e c re ta r ia t, c/o H o lla n d  O rganizing C en tre , 16 Lange V oorhou t, th e  H ag u e , 

th e  N e th e rlan d s .



T h e A ssociation  of S c ien tis ts  in  R oum an ia  is o rg an iz in g  in 
B u c h a re s t, N ovem ber 12th  a n d  1 3 th , 1970, a S ym posium  on th e  
to p ic

“ C Y B E R N E T IC S  IN  B IO L O G Y  AND M E D IC IN E ”

T h e  p roceedings of th e  S y m p o siu m  will ta k e  p lace in  p le n a ry  
sessions an d  th e  follow ing specia lized  sections:

1. C ybernetics, a to o l fo r  bio logical p h enom ena  re sea rch , 
M odela tion  o f b io logical re g u la to r  ph en o m en a .

2. C y b ern e tica l in te rp re ta t io n  o f h u m an  pa th o lo g ica l s ta te s . 
F o r fu r th e r  in fo rm atio n  a b o u t th e  S ym posium  p lease, w rite  to :

T H E  A SSO C IA TIO N  O F  S C IE N T IS T S  IN R O U M A N IA

S ec re ta ria te  o f  th e  Sym posium

“ C Y B E R N E T IC S  IN  B IO L O G Y  A N D  M E D IC IN E ”

B u ch a re s t —  S tr. P ro g re su lu i 10 —  R O M A N IA  
C asu ta  P o s ta la  n r . 90 
T e lephone 15 50 38





A CTA  M ED ICA

TOM 27 — ВЫП. 3

Р Е З Ю М Е

Ф У Н К Ц И О Н А Л Ь Н О Е  И С С Л Е Д О В А Н И Е  К Р О В О О Б Р А Щ Е Н И Я  К О Ж И  У  Б О Л Ь Н Ы Х  
С И С Т И Н Н О Й  П О Л И Ц И Т Е М И Е Й

I. Д е й с т в и е  э к с п о з и ц и и  х о л о д у  и в а з о д и л я т а т о р о в  
Д. НАДЬ, П. ДАРОЦИ и Ч. БАЛАЖ

Н а  о с н о в е  о б с л е д о в а н и я  з н а ч и т е л ь н о г о  ч и с л а  б о л ь н ы х  с  и с т и н н о й  п о л и ц и т е м и е й  
а в т о р ы  в ы я в и л и  г е м о д и н а м и ч е с к и е  и з м е н е н и я  в о  в с е й  с о с у д и с т о й  с и с т е м е  к о ж и .  Э т и  и з 
м е н е н и я  н а б л ю д а л и с ь  н е з а в и с и м о  о т  с т а д и и  з а б о л е в а н и я ,  к а к  п р и  о б о с т р е н и и  т а к  и  в 
п е р и о д  р е м и с с и и .

И З У Ч Е Н И Е  В О З Б У Д И М О С Т И  И  С К О Р О С Т И  П Р О В Е Д Е Н И Я  И М П У Л Ь С А  
П Е Р И Ф Е Р И Ч Е С К И Х  Н Е Р В О В  Ч Е Л О В Е К А  Г 1 Р И [ Н А Р К О З Е  Э В И П А Н О М

Ф. М ЕХЛЕР, Ф. КАЙТОР, и И. ХИДАШИ

А в т о р ы  у  2 0  л и ц , с т р а д а ю щ и х  н е р в н о м ы ш е ч н ы м и  з а б о л е в а н и я м и ,  и з у ч а л и  и з м е 
н е н и я  в о з б у д и м о с т и  (п о р о г  р а з д р а ж е н и я ) ,  с к о р о с т и  п р о в е д е н и я  и м п у л ь с а  и  р е ф р а к т е р 
н ы х  п е р и о д о в  д в и г а т е л ь н ы х  в о л о к о н  л о к т е в о г о  н е р в а  п о д  в л и я н и е м  в н у т р и в е н н о г о  в в е д е 
н и я  г е к с о б а р б и т а л а  н а т р и я  ( Э в и п а н ) .  Б ы л о  у с т а н о в л е н о ,  ч т о  п о р о г  в о з б у д и м о с т и ,  д и с т а л ь 
н ы й  л а т е н т н ы й  п е р и о д  и  с к о р о с т ь  п р о в е д е н и я  и м п у л ь с о в  д в и г а т е л ь н ы х  в о л о к о н  л о к т е 
в о г о  н е р в а  и з м е н я ю т с я  в з а в и с и м о с т и  о т  к о н ц е н т р а ц и и  г е к с о б а р б и т а л а  н а т р и я .

В  с в я з и  с  эт и м  о б с у ж д а ю т с я  л и т е р а т у р н ы е  д а н н ы е  и  п р е д п о л а г а е м ы й  м е х а н и з м  
д е й с т в и я  Э в и п а н а .

Д Е Й С Т В И Е  С И Н Т Е Т И Ч Е С К О Г О  Ч Е Л О В Е Ч Е С К О Г О  А К Т Г  Н А  Ф У Н К Ц И Ю  К О Р Ы  
Н А Д П О Ч Е Ч Н И К О В  У  Ч Е Л О В Е К А  И  У  К Р Ы С Ы

Ф. А. ЛАСЛО, К. КОВАЧ, И. ФАРЕДИН, Л. ЦАКО, ФЛДУНСТ, И. СИЙЙ, И. ТОТ,
А. БИРО и М. ЮЛЕС

А в т о р ы  д о к а з а л и ,  ч то  г у м а н н ы й  к о р т и к о т р о п и н , с и н т е з и р о в а н н ы й  Б а ю с о м  и  с о т р у д 
н и к а м и  (1 ,  2 ) ,  с о д е р ж а щ и й  3 9  а м и н о к и с л о т ,  о б л а д а е т  к а к  у  к р ы с ы , т а к  и  у  ч е л о в е к а  б и о л о 
г и ч е с к о й  а к т и в н о с т ь ю :  в з н а ч и т е л ь н о й  м е р е  с т и м у л и р у е т  к о р у  н а д п о ч е ч н и к о в .  В  с в я з и  с  
п р и м е н е н и е м  п р е п а р а т а  н е  н а б л ю д а л о с ь  в р е д н ы х  п о б о ч н ы х  я в л е н и й .  В  н е к о т о р ы х  с л у 
ч а я х  с и н т е т и ч е с к и м  А К Т Г  л е ч и л и с ь  т а к ж е  б о л ь н ы е , к о т о р ы е  б ы л и  ч р е з м е р н о  ч у в с т в и 
т е л ь н ы  в о т н о ш е н и и  н а т и в н ы х  п р е п а р а т о в  г о р м о н а .



К Л И Н И Ч Е С К И Е  И  Э К С П Е Р И М Е Н Т А Л Ь Н Ы Е  Д А Н Н Ы Е  О  В З А И М О Д Е Й С Т В И И  
М Е Ж Д У  Д И Э Н Ц Е Ф А Л Ь Н Ы М И  О Б Л А С Т Я М И  Ц Е Н Т Р А Л Ь Н О Й  Н Е Р В Н О Й  

С И С Т Е М Ы  И  Ф У Н К Ц И Е Й  Щ И Т О В И Д Н О Й  Ж Е Л Е З Ы
Л . САНТО, Б. МЕШЕ и А. Л . РЕВИЦКИ

А в т о р ы  а н а л и з и р у ю т  о т д е л ь н ы е  к л и н и ч е с к и е  д а н н ы е  и  с в о и  с о б с т в е н н ы е  н а б л ю д е 
н и я  о  с в я з и  м е ж д у  п р о м е ж у т о ч н ы м  м о зг о м  и  щ и т о в и д н о й  ж е л е з о й .  Т о  н а б л ю д е н и е ,  ч т о  
д л я  з а м е с т и т е л ь н о г о  л е ч е н и я  б о л ь н ы х  с  в р о ж д е н н о й  м и к с е д е м о й  т р е б у е т с я  с у щ е с т в е н н о  
б о л ь ш е  г о р м о н а  щ и т о в и д н о й  ж е л е з ы  ч ем  о б ы ч н о , п р и ч е м  и з в е с т н ы е  п о б о ч н ы е  д е й с т в и я  
н е  п о я в л я ю т с я ,  п о з в о л я е т  з а к л ю ч и т ь  о  т о м , ч т о  ц е н т р а л ь н а я  н е р в н а я  с и с т е м а  и л и  с о о т в е т 
с т в у ю щ и е  я д е р н ы е  о б л а с т и  п р о м е ж у т о ч н о г о  м о з г а  б о л ь н ы х , с т р а д а ю щ и х  в р о ж д е н н о й  
м и к с е д е м о й ,  п р е т е р п е в а ю т  а н о м а л и ю  р а з в и т и я . В  о п ы т а х  н а  к р ы с а х  б ы л о  д о к а з а н о ,  ч т о  в 
п р о м е ж у т о ч н о м  м о з г е  ж и в о т н ы х ,  у  к о т о р ы х  д а ч е й  м е т и л т и о у р а ц и л я  б ы л а  в ы з в а н а  м и к с е -  
д е м а ,  з а к о н о м е р н о  в о з н и к а ю щ е е  в а р ь и р у ю щ е е  и з м е н е н и е  я д р а  в  о б л а с т и  в е н т р о м е д у л л я р -  
н о г о  я д р а  и  n u c le u s  h a b e n u la e  м о ж н о  в о с с т а н о в и т ь  а д е к в а т н ы м  з а м е с т и т е л ь н ы м  л е ч е н и е м .  
В  п р о т и в о п о л о ж н о с т ь  э т о м у  в а р ь и р у ю щ и е  и з м е н е н и я  я д е р  п р о м е ж у т о ч н о г о  м о з г а  ж и в о т 
н ы х  с  э к с п е р и м е н т а л ь н о й  в р о ж д е н н о й  м и к с е д е м о й , н е  у д а л о с ь  в о с с т а н о в и т ь  д а ч е й  г о р 
м о н а  щ и т о в и д н о й  ж е л е з ы .

И З М Е Н Е Н И Я  Л И М Ф А Т И Ч Е С К И Х  У З Л О В , Р А З В И В А Ю Щ И Е С Я  П О Д  В Л И Я Н И Е М  
Д Л И Т Е Л Ь Н О Й  Д А Ч И  А Н Т И Э П И Л Е П Т И Ч Е С К О Г О  П Р Е П А Р А Т А  Г И Д А Н Т О И Н А

ДЬ. СЕГЕДИ, Г. КРАСНАИ, П. ШОРСЕГИ и Г. САБО

В  с в я з и  с  р е г у л я р н ы м  о б с л е д о в а н и е м  1 7 0  б о л ь н ы х  э п и л е п с и е й  а в т о р ы  и з у ч а л и  ч а с т о т у  
и  г и с т о л о г и ч е с к и е  о с о б е н н о с т и  л и м ф а д е н о п а т и й , р а з в и в а ю щ и х с я  п о д  в л и я н и е м  д л и т е л ь 
н о г о  л е ч е н и я  а н т и э п и л е п т и ч е с к и м  п р е п а р а т о м  г и д а н т о и н а .  В  1 5 %  б о л ь н ы х  а в т о р ы  н а б л ю 
д а л и  н а б у х а н и е  л и м ф а т и ч е с к и х  у з л о в  м н о г о л е т н е й  д а в н о с т и .  А в т о р ы  н а з ы в а ю т  э т о  и з м е н е 
н и е  х р о н и ч е с к о й  г и д а н т о и н о в о й  л и м ф а д е н о п а т и е й . В  1 0  с л у ч а я х  б ы л а  п р о в е д е н а  б и о п с и я  
л и м ф а т и ч е с к и х  у з л о в .  Г и с т о л о г и ч е с к а я  к а р т и н а  п о к а з а л а  а т р о ф и ю  л и м ф о р е т и к у л я р н о й  
т к а н и , а н г и о ф и б р о з н у ю  т к а н е в у ю  п р о л и ф е р а ц и ю  и  п о д ч а с  у з л о в а т у ю  п е р е с т р о й к у  л и м ф а 
т и ч е с к и х  у з л о в  ( н о д у л я р н ы й  ф и б р о з ) .  З л о к а ч е с т в е н н о г о  п е р е р о ж д е н и я  н е  н а б л ю д а л о с ь  н и  
в о д н о м  с л у ч а е .  А в т о р ы  а н а л и з и р у ю т  с в я з и  м е ж д у  и з м е н е н и я м и  л и м ф а т и ч е с к и х  у з л о в  и  
в ы з ы в а ю щ и м и  а в т о и м м у н о л о г и ч е с к и е  з а б о л е в а н и я  с в о й с т в а м и  п р е п а р а т о в  г и д а н т о и н а .

Д Е Й С Т В И Е  С В И Щ А  Г Р У Д Н О Г О  П Р О Т О К А  И  Л И М Ф А Т И К О - В Е Н О З Н О Г О
А Н А С Т О М О З А  Н А  А С Ц И Т  

Д. САБО, Ж. МАДЬЯР и П. Ш ЕРЕНЬИ

У  н о р м а л ь н ы х  с о б а к  и  у  с о б а к  с  п о в ы ш е н и ем  в е н о з н о г о  д а в л е н и я  в  б о л ь ш о м  к р у г у  
к р о в о о б р а щ е н и я  (ж и в о т н ы е  с  п е р и к а р д и т о м  с ж а т и я )  м е ж д у  д а в л е н и е м  в  г р у д н о м  п р о т о к е  
и  ш е й н ы м  в е н о зн ы м  д а в л е н и е м  н е  н а б л ю д а е т с я  п о с т о я н н о г о  г р а д и е н т а  д а в л е н и я .  П р и  а с 
ц и т е , в ы з в а н н о м  п у т е м  с у ж и в а н и я  н и ж н е й  п о л о й  в е н ы , д а в л е н и е  в  г р у д н о м  п р о т о к е  в  с р е д 
н е м  н а  6 , 9  ±  0 ,7  м м  р т . с т .  в ы ш е , ч е м  д а в л е н и е  в  я р е м н о й  в е н е .  С л е д о в а т е л ь н о , у  у с т ь я  г р у д 
н о г о  п р о т о к а  и м е е т с я  ф у н к ц и о н а л ь н о е  с у ж е н и е .

П о д  в л и я н и е м  с в и щ а  г р у д н о г о  п р о т о к а , у  э т и х  ж и в о т н ы х  у м е н ь ш а е т с я  а с ц и т  и  д а в 
л е н и е  в  в о р о т н о й  в е н е  ( н и ж н е й  п о л о й  в е н е ) . Э т о  д е й с т в и е  т о л ь к о  в р е м е н н о е ,  и  п о с л е  п р е 
к р а щ е н и я  с в о б о д н о г о  о т т о к а  л и м ф ы , а с ц и т  и  з а с т о й  в н о в ь  п о в ы ш а ю т с я .

С о з д а н и е м  ш е й н о г о  л и м ф а т и к о - в е н о з н о г о  а н а с т о м о з а  в  п о л о в и н е  п о д о п ы т н ы х  ж и 
в о т н ы х  м о ж н о  у м е н ь ш и т ь  а с ц и т ,  в ы зв а н н ы й  с у ж и в а н и е м  н и ж н е й  п о л о й  в е н ы . О д н а к о , у  
ч а с т и  ж и в о т н ы х  с о  с ж а т и е м  п о л о й  в е н ы , а с ц и т  и  в е н о з н ы й  з а с т о й  м о г у т  у м е н ь ш а т ь с я  и  
с а м о п р о и з м о л ь н о .  В о п р е к и  э т о м у  к а ж е т с я ,  ч т о  у  ч а с т и  ж и в о т н ы х  а н а с т о м о з  о к а зы в а е т  
б л а г о п р и я т н о е  в л и я н и е .

У  о д н о г о  б о л ь н о г о  с  ц и р р о з о м  п е ч е н и  ш е й н ы й  л и м ф а т и к о -в е н о з н ы й  а н а с т о м о з  
п р о ч н о  п р е к р а т и л  а с ц и т , д о  т е х  п о р  н е  п о д д а ю щ и й с я  л е ч е н и ю .

Н а  о с н о в е  н а б л ю д е н и й ,  с д е л а н н ы х  в о п ы т а х  н а  ж и в о т н ы х  и  у  о д н о г о  б о л ь н о г о ,  а в 
т о р ы  с ч и т а ю т ,  ч т о  п р и  с о о т в е т с т в у ю щ е м  в ы б о р е  п о д х о д я щ и х  с л у ч а е в ,  с о з д а н и е  ш е й н о г о  
л и м ф а т и к о - в е н о з н о г о  а н а с т о м о з а  у  б о л ь н ы х  с  ц и р р о з о м , с о п р о в о ж д а ю щ и м с я  з н а ч и т е л ь н ы м  
а с ц и т о м , в п о л н е  о б о с н о в а н о .



С Т Е Р О И Д Ы  В  К О Ж Е  И  В О Л О С Я Н О М  П О К Р О В Е  Т Е Л А  Ч Е Л О В Е К А
V . М е т о д и к а  к о л и ч е с т в е н н о г о  о п р е д е л е н и я  и  к о л и ч е с т в о  с в о б о д н ы х  х о л е с т е р и к о в  и и х

э ф и р о в  в  ч е л о в е ч е с к о й  к о ж е
И. ТОТ, И. ФАРЕДИН и М. ЮЛЕС

В  к о ж е  ж е н щ и н ,  н е  с т р а д а ю щ и х  э н д о к р и н н ы м и  з а б о л е в а н и я м и , и  ж е н щ и н  с  г и р с у 
т и з м о м , а  т а к ж е  в  к о ж е  м у ж ч и н  с  а к н э  а в т о р ы  и з у ч а л и  к о л и ч е с т в о  с в о б о д н ы х  х о л е с т е р и -  
н о в  и  и х  э ф и р о в .

И з  8 0 — 9 0  м г  ц е л ь н о й  к о ж и  о н и  и з г о т о в л я л и  с р е з ы  н а  з а м о р а ж и в а ю щ е м  м и к р о т о м е  
и э к с т р а г и р о в а л и  и з  с р е з о в  к о ж и  п р и  п о м о щ и  с м е с и  э т а н о л -э ф и р а  ( 1 : 1 )  с в о б о д н ы е  х о л е с -  
т е р и н ы  и  и х  э ф и р ы . З а т е м  м е т о д о м  д в о й н о й  х р о м а т о г р а ф и и  н а  т о н к о м  с л о е  с и л и к о г е л я  
Г  а в т о р ы  о т д е л я л и  с в о б о д н ы е  х о л е с т е р и н ы  э ф и р о в  и  о п р е д е л и л и  м е т о д о м  ц в е т н о й  р е а к ц и и  
п о  З л а т к и с ,  З а к  и  Б о й л е  к о л и ч е с т в о  о т д е л ь н ы х  ф р а к ц и й .

Б ы л о  у с т а н о в л е н о ,  ч т о  т о л ь к о  2 / 3  ч а с т и  х о л е с т е р и н а ,  о п р е д е л е н н о г о  в  к о ж е  ж и в о т а  
ж е н щ и н  ( н е  п о к р ы т о й  в о л о с а м и )  я в л я ю т с я  с в о б о д н ы м  х о л е с т е р и н о м  и п о ч т и  о д н а  т р е т ь  —  
э ф и р а м и  х о л е с т е р и н а .  В  в о л о с а т о й  к о ж е  л о б к а  о б н а р у ж и в а е т с я  б о л ь ш е  с в о б о д н о г о  и 
э ф и р н о г о  х о л е с т е р и н а ,  ч е м  в  б р ю ш н о й  к о ж е .  С о д е р ж а н и е  с в о б о д н о г о  х о л е с т е р и н а  и  е г о  
э ф и р о в  в  к о ж е  ж е н щ и н  с  г и р с у т и з м о м  н а  ф о н е  з а б о л е в а н и я  к о р ы  н а д п о ч е ч н и к о в ,  н е  о т л и 
ч а л о с ь  о т  в е л и ч и н , о п р е д е л е н н ы х  в  к о ж е  к о н т р о л ь н ы х  ж е н щ и н . В  к о ж е  с п и н ы  м у ж ч и н  
с  а к н э  к о л и ч е с т в о  х о л е с т е р и н а  с у щ е с т в е н н о  б о л ь ш е ,  ч е м  в к о ж е  с п и н ы  з д о р о в ы х  м у ж ч и н  
п о д о б н о г о  в о з р а с т а .

Ф И З И К А Л Ь Н Ы Е  О С Н О В Ы  Э Л Е К Т Р О Э Н Ц Е Ф А Л О Г Р А М М Ы
Т. ГЕРЕБ

А в т о р  и с ч и с л я л  п о т е н ц и а л  д в о й н о г о  с л о я ,  п о м е щ е н н о г о  в о  в н у т р е н н е м  п р о с т р а н с т в е  
з а м к н у т о г о  ш а р а , н а  п о в е р х н о с т и  ш а р а . Э т и м  п р е д о с т а в и л  о с н о в у  д л я  н а у ч н о г о  а н а л и з а  
к о л е б а н и й  п о т е н ц и а л а ,  с о п р о в о ж д а ю щ и х  э п и л е п т и ч е с к и й  п р и с т у п . Н а  о с н о в е  п о л у ч е н н ы х  
ф о р м у л  м о ж н о  о б ъ я с н и т ь  н е с к о л ь к о  о с о б е н н о  т р у д н о  т о л к у е м ы х  о с о б е н н о с т е й  Э Э Г .

О П Р Е Д Е Л Е Н И Е  П Р Е Г Н А Н Д И О Л А  В  М О Ч Е  П Р И  П О М О Щ И  Х Р О М А Т О Г Р А Ф И И  Н А
Т О Н К О М  С Л О Е

Т. ФЕХЕР, Г. К. Ф ЕХЕР и Л. БОДРОГИ

Д а е т с я  о п и с а н и е  п р о с т о г о  с п е ц и ф и ч е с к о г о  м е т о д а  д л я  о п р е д е л е н и я  п р е г н а н д и о л а  в  
м о ч е  п р и  п о м о щ и  х р о м а т о г р а ф и и  н а  т о н к о м  с л о е .  М е т о д  п р и м е н и м  д л я  и з м е р е н и я  у р о в н я  
с т е р о и д о в  в  м о ч е  у  н е б е р е м е н н ы х  и  б е р е м е н н ы х  ж е н щ и н ,  а  т а к ж е  у  м у ж ч и н  и  д е т е й ,  п р е 
д о с т а в л я я  т а к ж е  в о з м о ж н о с т ь  д л я  с и м у л ь т а н н о г о  о п р е д е л е н и я  п р е г н а н д и о л а  и  п р е г н а н -  
т р и о л а  в  о д н о м  и т о м  ж е  о б р а з ц е .  П о д ы т о ж и в а ю т с я  р е з у л ь т а т ы  к о н т р о л ь н ы х  и с с л е д о в а 
н и й ,  в е л и ч и н ы  в н о р м е  и н а б л ю д е н и я , с д е л а н н ы е  п р и  т и п и ч н ы х  э н д о к р и н н ы х  з а б о л е в а 
н и я х .

И З М Е Н Е Н И Я  С О Д Е Р Ж А Н И Я  Л И П О И Д О В  И  И Н Т И М Ы  А О Р Т Ы  К Р Ы С ,  
П О Л У Ч А В Ш И Х  Д И Е Т У  С Н Е Д О С Т А Т К О М  Ф Л А В О Н А ,  А  Т А К Ж Е  П Р И  Д А Ч Е

Х О Л Е С Т Е Р И Н А
А. АНТАЛ, А. РЕДНИК, К. ЛИПТАК, И. ДЬЁРИ , М. ГАБОР и Ш. БЕ Н К Ё

А в т о р а м и  б ы л о  и з у ч е н о  н а  к р ы с а х  д е й с т в и е  д и е т ы  п о  Ш е р м а н — Л а м е р — К а м б е л л у  
(Ш ), д а ч и  х о л е с т е р и н а  ( X )  и  т и р е о и д е к т о м и и  ( Т ) .  Д л я  у я с н е н и я  в з а и м о д е й с т в и я  м е ж д у  
э т и м и  в м е ш а т е л ь с т в а м и , а в т о р ы  п р и м е н я л и  и х  т а к ж е  о д н о в р е м е н н о  в  р а з л и ч н ы х  к о м б и н а 
ц и я х .  Б ы л о  у с т а н о в л е н о ,  ч т о  т и р е о и д е к т о м и я  и  д а ч а  х о л е с т е р и н а  п о н и ж а ю т  с о п р о т и в л е н и е  
к а п и л л я р о в ,  п р и ч е м  н е д о с т а т о к  ф л а в о н а  в ы з ы в а е т  у с и л е н и е  э т о г о  э ф ф е к т а . К  к о н ц у  1 0 -  
н е д е л ь н о г о  п е р и о д а  д и е т ы , н а и м е н ь ш е е  п о в ы ш е н и е  у р о в н я  х о л е с т е р и н а  н а б л ю д а л о с ь  в 
г р у п п а х ,  п о л у ч а в ш и х  д и е т у  с  н е д о с т а т к о м  ф л а в о н а ,  б е з  д а ч и  х о л е с т е р и н а .  В  в л а ж н о м  в е с е



а о р т ы  д о л я  о б щ и х  л и п о и д о в  б ы л а  с р а в н и т е л ь н о  б о л ь ш е й  в  г р у п п а х ,  п о л у ч а в ш и х  х о л е с т е 
р и н ,  в  т о  ж е  в р е м я  а о р т а  ж и в о т н ы х  г р у п п  с  н е д о с т а т к о м  ф л а в о н а  с о д е р ж а л  с р а в н и т е л ь н о  
м е н ь ш е  л и п о и д о в .  В  о т н о ш е н и и  с о д е р ж а н и я  х о л е с т е р и н а  а о р т ы , м е ж д у  о т д е л ь н ы м и  г р у п 
п а м и  б ы л и  в ы я в л е н ы  т о л ь к о  н е з н а ч и т е л ь н ы е  р а з н и ц ы , к о т о р ы е  н е  о т р а ж а л и  н и  о т к л о н е н и я  
с о д е р ж а н и я  о б щ и х  л и п о и д о в , н и  и з м е н е н и я  с ы в о р о т о ч н о г о  х о л е с т е р и н а ,  н и  к а п и л л я р н о й  
р е з и с т е н т н о с т и .  И з м е н е н и я  п о в е р х н о с т и  а о р т ы  б ы л и  н а и б о л е е  в ы р а ж е н н ы м и  у  ж и в о т н ы х ,  
п о л у ч а в ш и х  д и е т у  с  н е д о с т а т к о м  ф л а в о н а  и л и  п р и  д и е т е  с  н е д о с т а т к о м  ф л а в о н а  4 -  т и р е о и д -  
е к т о м и и  ( T  f  Ш ). А в т о р ы  о б ъ я с н я ю т  э т и  и зм е н е н и я  о т ч а с т и  о т еч н ы м  н а б у х а н и е м  о с н о в 
н о г о  в е щ е с т в а ,  н о  г л а в н ы м  о б р а з о м  с  н а к о п л е н и е м  м у к о и д н ы х  в е щ е с т в . Д а ч а  ф л а в о н о и д а  

г е с п е р и д и н - м е т и л - х а л к о н )  т о р м о з и л а  п о в ы ш е н и е  у р о в н я  х о л е с т е р и н а  у  у м е н ь ш е н и е  к а 
п и л л я р н о й  р е з и с т е н т н о с т и ,  н о ,  п о в и д и м о м у ,  н е  о к а з а л а  д о с т о в е р н о г о  эф ф е к т а  н а  и з м е н е н и я  
п о в е р х н о с т и  и  с о д е р ж а н и я  л и п о и д о в  а о р т ы , в ы з в а н н ы е  с  с о в м е с т н о й  д а ч е й  х о л е с т е р и н а  и  
д и е т ы  с  н е д о с т а т к о м  ф л а в о н а .

И З У Ч Е Н И Е  Г У М О Р А Л Ь Н О Й  И  К Л Е Т О Ч Н О Й  З А Щ И Т Ы  П Р И  Л Е Й К А М И Я Х
И  М И Э Л О Ф И Б Р О З Е

А. ПАТАКФАЛЬВИ, А. ГОГЛЬ, К. ШИМОН, Г. БЁМ, Ж . МИСЛАИ и Э. КАЙТЩА

А в т о р ы  и з у ч а л и  г у м о р а л ь н ы й  и м м у н и т е т  у  б о л ь н ы х  с  х р о н и ч е с к о й  и  м и э л о и д н о й  
л е й к е м и е й  и  с  м и э л о ф и б р о з о м  с  п о м о щ ь ю  м е т о д а  о д н о в р е м е н н о г о  о п р е д е л е н и я  и з о а г г л ю т и 
н и н о в ,  п р о т и в о т е л  п р о т и в  а н т и г е н о в  с р е д ы  и к о л и ч е с т в е н н ы х  и м м у н о г л о б у л и н о в . Д л я  и з у 
ч е н и я  к л е т о ч н о г о  и м м у н и т е т а  о н и  п р о в о д и л и  —  п о  а н а л о г и и  т у б е р к у л и н о в о й  п р о б ы  —  
к о ж н ы е  п р о б ы .  П р и  л и м ф о и д н о й  л е й к е м и и  н а б л ю д а е т с я  в ы р а ж е н н о е  у м е н ь ш е н и е  п р о и з 
в о д с т в а  п р о т и в о т е л  т . е . и м м у н о г л о б у л и н о в ,  п о к а з ы в а ю щ е е  к о р р е л я ц и ю  с  п р о г р е с с и р о в а 
н и е м  б о л е з н и  и  п р е ж д е  в с е г о  к а с а ю щ е е с я  п о н и ж е н и я  и м м у н о г л о б у л и н о в  г р у п п  I g A  и  Ig M .  
—  П р и  м и э л о и д н о й  л е й к е м и и  и  м и э л о ф и б р о з е ,  н а р я д у  с  п о  с у щ е с т в у  н о р м а л ь н ы м  с и н т е з о м  
п р о т и в о т е л ,  б ы л о  в ы я в л е н о  д и с с о ц ц и р о в а н н о е  р а с с т р о й с т в о  с и н т е з а  и м м у н о г л о б у л и н о в .  
П о н и ж е н и е  т и т р а  п р о т и в о т е л  б ы л о  в  о б щ е м  б о л е е  в ы р а ж е н н ы м и , ч ем  э т о  м о ж н о  б ы л о  
о ж и д а т ь  н а  о с н о в е  к о л и ч е с т в а  и м м у н о г л о б у л и н о в .  Н а  о с н о в е  э т о г о  н а б л ю д е н и я  а в т о р ы  
п о л а г а ю т  н а л и ч и е  и м м у н о г л о б у л и н о в ,  н е  о б л а д а ю щ и м  д е й с т в и я м и  а н т и т е л . —  Н а  о с н о в е  
р е з у л ь т а т а  к о ж н ы х  п р о б  п р и  м и э л о и д н о й  л е й к е м и и  н а р у ш е н и е  и м м у н о л о г и ч е с к о й  к л е т о ч 
н о й  р е а к ц и и  б о л е е  з н а ч и т е л ь н о е ;  п р и  л и м ф о и д н о й  л е й к е м и и  н а б л ю д а е т с я  у м е р е н н о е  
п о н и ж е н и е  к о ж н о й  р е а к ц и и .

И З М Е Н Е Н И Е  Р Е Г У Л И Р О В А Н И Я  К Р О В О О Б Р А Щ Е Н И Я  П О С Л Е  С О З Д А Н И Я  
И С К У С С Т В Е Н Н О Г О  П О Р О К А  Т Р Е Х С Т В О Р Ч А Т О Г О  К Л А П А Н А

Ф. ШОЛЬТИ, Й. НАДЬ, М. ИШКУМ и А. ХАРТЛИ

П р и  п о м о щ и  и с к у с с т в е н н о г о  п о р о к а  т р е х с т в о р ч а т о г о  к л а п а н а  ( н е д о с т а т о ч н о с т ь  
Т р е х с т в о р ч а т о г о  к л а п а н а ,  с т е н о з  т р е х с т в о р ч а т о г о  к л а п а н а )  а в т о р ы  и з у ч а л и  и з м е н е н и я  
к р о в о о б р а щ е н и я ,  с о п р о в о ж д а ю щ и е  р а з в и т и е  с е р д е ч н о й  д е к о м п е н с а ц и и .  У  2 0  с о б а к  б ы л -  
с о з д а н  и с к у с с т в е н н ы й  к о м б и н и р о в а н н ы й  п о р о к  т р е х с т в о р ч а т о г о  к л а п а н а , а  4 0  с о б а к  с л у ж и 
л и  к о н т р о л я м и .  Д л я  о п р е д е л е н и я  м и н у т н о г о  о б ъ е м а , к о л и ч е с т в а  ц и р к у л и р у ю щ е й  к р о в и  и  
в р е м е н и  к р у г о в о г о  к р о в и  и с п о л ь з о в а л и  м е т о д  д и л ю ц и и  к р а с и т е л я  (2  м г  з в е н с б л а у  н а  к г  
в е с а  т е л а ) ,  а  д л я  и з м е р е н и я  к р о в о т о к а  в  с е р д ц е ,  м о з г у ,  п о ч к а х ,  п е ч е н и , м ы ш ц а х  и  к о ж е  —  
м е т о д и к у  ф р а к ц и о н и р о в а н н о г о  и з м е р е н и я  п е р ф у з и и  о р г а н о в  п р и  м е ч е н и и  д в у м я  и з о т о 
п а м и  ( м е ч е н н ы й  3 0  д С  8 6  R b  4- 5  д С  1 31  I а н т и п и р и н ) .  А н а л и з ы  к р о в о о б р а щ е н и я  п р о в о д и 
л и с ь  ч е р е з  11  —  1 6  н е д е л ь  п о с л е  с о з д а н и я  п о р о к а . С о о т в е т с т в е н н о  р е з у л ь т а т а м  и с с л е д о в а 
н и й , п о д  в л и я н и е м  и с к у с с т в е н н о г о  п о р о к а  т р е х с т в о р ч а т о г о  к л а п а н а  о д н о в р е м е н н о  с  п о 
в ы ш е н и е м  в е н о з н о г о  д а в л е н и я  у м е н ь ш а е т с я  м и н у т н ы й  о б ъ е м , к р о в о о б р а щ е н и е  з а м е д л я 
е т с я ,  к о л и ч е с т в о  ц и р к у л и р у ю щ е й  к р о в и  у в е л и ч и в а е т с я  и  о б щ е е  с о с у д и с т о е  с о п р о т и в л е н и е  
в б о л ь ш о м  к р у г у  к р о в о о б р а щ е н и я  у с и л и в а е т с я .  В  з н а ч и т е л ь н о й  м е р е  и з м е н я е т с я  т а к ж е  р е 
г у л и р о в а н и е  к р о в о о б р а щ е н и я .  В о п р е к и  у м е н ь ш е н и ю  м и н у т н о г о  о б ъ е м а , к р о в о с н а б ж е 
н и е  м о з г а  и  с е р д ц а  о с т а е т с я  н о р м а л ь н ы м , ф р а к ц и я  м о з г а  и  с е р д ц а  в м и н у т н о м  о б ъ е м е  
у в е л и ч и в а е т с я .  В  т о  ж е  в р е м я  в з н а ч и т е л ь н о й  м е р е  п о в ы ш а е т с я  с о п р о т и в л е н и е  с о с у д о в  
п о ч е к ,  п е ч е н и ,  м ы ш ц  и  к о ж и ,  а  ф р а к ц и и  э т и х  о р г а н о в  в  м и н у т н о м  о б ъ е м е  у м е н ь ш а ю т с я .



В Н У Т Р И А Ц И Н О З Н Ы Й  Л И П О Л И З ,  Р А Н Н И Й  П Р И З Н А К  П Р И Ж И З Н Е Н Н О Г О  
П А Н К Р Е А Т И Ч Е С К О Г О  С А М О П Е Р Е В А Р И В А Н И Я

Э. БАЧИ, 3. НАДЬ и М. ПАПП

Ф л ю о р е с ц е н т н о -  и  э л е к т р о н н о м и к р о с к о п и ч е с к и е  и с с л е д о в а н и я  п о к а з а л и ,  ч т о  п о д 
с о л н е ч н о е  м а с л о ,  в в е д е н н о е  в  п о д ж е л у д о ч н у ю  ж е л е з у  с о б а к и  и г о л у б я ,  п р о н и к а е т  в а ц и н о з 
н ы е  к л е т к и .  М е т о д о м  к а л ь ц и я -с у л ь ф и д а  с в и н ц а  м о ж н о  в ы я в и т ь  н а л и ч и е  ж и р н ы х  к и с л о т .  
П р и  э л е к т р о н н о м и к р о г р а ф и и  н а б л ю д а ю т с я  а в т о ф а г о в ы е  в а к у о л и ,  с о д е р ж а щ и е  з и м о г е н н ы е  
з е р н ы ш к и  в н у т р и  к л е т к и , о б л а д а ю щ е й  и н т а к т н о й  е щ е  с т р у к т у р о й .

И С К У С С Т В Е Н Н Ы Й  А Б О Р Т  К А К  В О З М О Ж Н А Я  П Р И Ч И Н А  Р Е З У С - И М М У Н И З А Ц И И
Ш. Р. ХОЛЛАН, Й. Г. СЕЛЕНЬИ, В. Н. ШЁТЕР и М. ХАШИЦ

В  х о д е  о д н о в р е м е н н ы х  и с с л е д о в а н и й ,  п р о в о д и в ш и х с я  м е т о д о м  э л ю ц и и  к и с л о т о й  и 
м е т о д о м  с о б с т в е н н о й  у р е и  -| э л ю ц и и , а в т о р ы  н а б л ю д а л и  п о с л е  р а н н е г о  п р е р в а н и я  б е р е 
м е н н о с т и  п о д о б н у ю  ч а с т о т у  п о я в л е н и я  ф е т а л ь н ы х  к л е т о к  в к р о в о о б р а щ е н и и  м а т е р и ,  к а к  и  
п о с л е  р о д о в .

О х в а т ы в а ю щ у ю  в с ю  с т р а н у  п р о г р а м м у  п о  п р о ф и л а к т и ч е с к о м у  п р и м е н е н и ю  а н т и -  
D - и м м у н о г л о б у л и н а  д л я  п р е д у п р е ж д е н и я  р е з у с - и з о и м м у н и з а ц и и  а в т о р ы  р а с п р о с т р а н я ю т  
т а к ж е  н а  и с к у с с т в е н н о е  п р е р в а н и е  б е р е м е н н о с т и  р е з у с о т р и ц а т е л ь н ы х , е щ е  н е  и м м у н и з и р о 
в а в ш и х с я  б е р е м е н н ы х  ж е н щ и н .
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AUDIOMETRY AND HEARING AID

The im portance of hearing sounds through the perception of audiophenom ena  
em itted  by the external world is v ita l. This function  is indispensable for th e  creation  of  
hum an speech and thereby of conscious existence, as well as for the transform ation o f m an  
to a m em ber of society. Hearing m eans th e  conversion of m echanical energy of air v ibra
tions, produced by the sound source, in to  a stim ulus to the nervous system : actu a lly  in to  
electric w aves, followed by the com plex process o f the developm ent of audio-em otions.

H earin g  an d  its  testing

The hearing centre appreciates sound in ten sity  on the basis o f the num ber or 
“ am oun t” o f the arriving stim uli. Sound m eans the vibrations of the particles o f a body  
(the sound source), which arrive at th e  hearing organ through a conductive (gaseous, 
liquid  or solid) medium . The sound frequency perceptible for the hum an ear is betw een  
16 and 20 cps. A bove these frequencies, th a t is, the so-called infrasounds, and below  this 
range or those called ultrasounds cannot be heard by the hum an ear. Sounds of excessive  
in ten sity  bring about a feeling of pain. The pain threshold w ithin the full frequency range 
is represented by the sounds of 10 3 w att/m 2 in tensity .

The sound in tensity  range is, accordingly, betw een 10 -1G and 10 3 w att/m 2, th a t is, 
the hum an ear is capable to perceive a sound energy 10 m illiard-tim es th at o f the threshold  
value m entioned above.

T he top lim it o f audible sounds is decreasing w ith  age, thus the hearing threshold  
will increase. Its determ ination, th at is, the test o f reduced hearing can be perform ed by  
using an audiom eter which is an electronic va lv e  operated sound generator w hereby sounds 
o f d ifferent frequencies can be produced. The sound in ten sity  m ay be varied betw een  the  
hearing threshold and the feeling of pain. The curve representing reduced hearing in  the  
fu n ction  o f frequency is called audiogram . The curve of reduced hearing thu s obtained  
reveals the frequency range where the subject needs hearing im provem ent. The m axim um  
am plification  of the various transistorized hearing aids can be adjusted to m atch  the sounds 
hardly  heard by the ear.

Noise dam ages

A fter an extended period o f tim e spent in noisy  job , the hearing nerve m ay be per
m anently  dam aged which, in turn, m ight lead to a sim ilarly perm anent reduction of hearing. 
I t  is  best to prevent any such noise effects. E xcessive  reduction of hearing w ill unfavourably  
in fluence the subject both in doing h is job  and participating in  social life. It is, therefore^
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necessary to im prove th is condition  by increasing the ab ility  o f hearing as m uch as possible, 
w hich is readily feasib le b y  th e  application of a hearing aid. Form erly, poor hearing was 
im proved by m aking use  o f th e  “hearing tube” w hich facilita ted  the collection of sound  
w aves, and directed them  to  th e  ear. D evelopm ent in  electroacoustics has rendered possible  
the m anufacture o f h igh -ou tp u t hearing aid types. In the follow ing paragraphs som e audio
exam ination devices, m odern hearing aids, and test lam ps w ill be described.

A udiom eter fo r clinics

The audiom eter constructed  by Medicor W orks for clinical use m eets the highest 
leve l requirem ents o f clin ics and audiological testin g  stations. It is a fully  transistorized  
apparatus, equipped w ith  a recording unit.

The double-channel system  of the instrum ent m akes possible the perform ance of  
all the audiological exam in ation s generally adopted in clinical practice, being suitable for 
hearing threshold m easurem ents by using either air or bone conductiv ity , then for the  
determ ination of the B ék ésy  differential threshold, and the im plem entation of both  the  
L uscher and noise aud iom etry  type exam inations, such as the Langenbeck test.

W ith a tape recorder connected, the apparatus m ay be used for audiom etric speech  
testin g  purposes. These exam inations have been m ade m uch faster and accurate than  
before, by the continuous sound and noise level adjustm ent, recording un it, built-in  
m ike, and simple operation .

Fig. 1. A u d i o m e t e r  f o r  c l i n i c s



B ék ésy  audiom eter

W ith  th is audiom eter, the audiogram  is p lotted  autom atically  after appropriate  
setting  and start. Sound level m odification  is b y  a servom otor, directed in rotation  by the  
p atien t, w ho exerts control b y  a pushbutton  held in  his hand, depending ón if  he has heard  
th e  sound in  the earpiece or not. O peration is autom atic, according to the variation  of th e  
test frequencies in preset intervals.

A s an advantage of the au to m a tic  construction, the speed of sound in ten sity  and 
frequency variations is changed electrically , instead of a m echanical gear. In  add ition , 
the construction  perm its m anual in tervention  or control.

The B ékésy  audiom eter produced b y  M edicor is used for the following audiological 
exam inations:

— Audiothreshold curve p lotting ,
— D eterm ination of the B ékésy  threshold difference,
— Carhart fatigue threshold m easurem ents,
— Sound intensity  equilibrium  test,
— A udiotest by bone conductiv ity .

M easurem ent accuracy is greatly increased b y  the as narrow' as 0.3 dB stages o f sound  
in ten sity  adjustm ent.
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Fig. 2. B ékésy audiom eter



H earing deficiencies o f  this and other ty p es can be discovered in due tim e by iu-site  
screening performed in  industrial plants, schools, and b y  m unicipal authorities, i f  an ade
q u ate  portable equipm ent is  available. To m eet th is  requirem ent, M edicor W orks have  
develop ed  two transistorized  sm all-size screening audiom eters o f different output figures, 
w hereb y extensive screenings can be readily carried o u t a t a rapid rate. D ue to their sm all 
size and light w eight, these  instrum ents can be transported  w ithout difficu lty. T hey operate  
on  th e  basis o f the audiothreshold principle, w here th e  variation of the in ten sity  o f clear 
sounds through the earpiece w ill determ ine the aud io lim it o f the patient.

T ype-А screen ing  au d io m ete r

Owing to its  sm all size and ligh t w eight, th e  screening audiometer typ e-A  m ight be 
called  a “ pocket audiom eter” instrum ent. The circu its enclosed in a ligh t-w eight p lastic  
housing are operated b y  a pair o f tw o-w ay sw itches and a pushbutton. One o f the sw itches 
se lec ts  the frequency, w hile the other directs the sound to the right or left ear. The sound  
signal is started by th e  pushbutton , and the apparatus is equipped w ith  tw o m iniature  
batteries.

Experiences collected  through m ass exam inations confirm  that for fast inform atory  
screening purposes, tw o  typ ica l audiofrequencies and a preset sound pressure lev e l are 
en tire ly  sufficient to d etect m ost hearing deficiencies.

Fig. 3. T y p e - А  s c r e e n i n g  a u d i o m e t e r



This instrum ent is su itable to  satisfy  m uch higher requirem ents than th ose  m et b y  
T ype-А . Its four frequencies and six  sound pressures provide for the determ ination o f  a 
total o f 24 m easurem ent poin ts in  the audiotest. The lim ited  dimensions and lig h t w eight  
m ake possible the in-site performance o f refined exam inations. The transistorized c ircu its  
are supplied by two standard 4.5 fla t batteries and, therefore, the apparatus can  be used  
w ithout any difficulties even where no m ains are accessib le.

Type-В screening audiom eter

F ig . 4. T ype-В  screening audiom eter

New single an d  double-bulb  ex am in a tio n  lam ps

These can be used as universal independent ligh t sources for dental trea tm en t on  
surgery purposes, in oto-rhino-laryngotom ical operations and exam inations, cosm etic  
treatm ents, or as auxiliary ligh t sources to increase ligh t in ten sity  and reduce th e  shadow  
effect during m ajor surgical operations.

Common characteristics o f  both  types are:
— Increased illum ination in tensity  (adjustable in  2 stages),
— Uniform ly illum inated area,
— Low-heat, no-glare, colour corrected ligh t,
— Reduced w eight and floor space requirem ent,
— O perational safety, easy operation and cleaning,

Each typ e  can transform  the projected circular ligh t spot into one lim ited  b y  a 
straight line, as required in dental exam inations, i f  the lever is moved.



F ig .  5. Double-bulb te st  lam p

Fig. 6. B o x - t y p e  h e a r i n g  a i d



B ox-type hearing  aid

The box-type pocket hearing aid, produced by M edicor in  different versions, is 
capable to correct hearing deficiencies o f  various character and ex ten t. The basic MB — 2410 
ty p e  is o f a heavy-du ty  4-transistor construction, while M B —2411 is its autom atic version  
(AYC) equipped w ith  a sound in ten sity  control. This ty p e  is  exce llen tly  adaptable in reduced  
hearing range cases, since sudden sound intensity variations cannot cause pain. A utom atic  
sound in tensity  control can be continuously adjusted b y  resetting  the built-in poten tio
m eter. B oth  air and bone co n d u ctiv ity  receivers m ay be attached .

The MB — 2412 typ e  3-transistor apparatus o f a m uch lower am plification enables 
fittin g  to the audio-curve by the three different externally  adjustable sound correction  
settings, and through the receivers available w ith different characteristics. The instrum ent 
includes an induction coil to  fac ilita te  telephone conversations.
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EFFECTS OF A CYTOSTATIC AGENT AND OF A FIBRIN- 
STABILIZING FACTOR ON ATHEROSCLEROSIS IN THE

RABBIT
By

S. B e n k ő , K a t a l in  B e n k ő  and L. T örök

SECOND DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED 

R eceived  October 24, 1969

The influence of throm bopenia on the evo lu tion  of cholesterol-induced athero
sclerosis and the behaviour o f the fibrin-stabilizing enzym e in this process ha v e  been 
studied from the angle o f  the throm bogenic theory of atherosclerosis in tw o  independent 
series o f experim ents. Throm bocytopenia induced b y  busulfan m annitol fa iled  to 
affect the severity o f cholesterol-atherosclerosis. A  significant accum ulation  o f the 
fibrin-stabilizing enzym e in the altered vessel w all was dem onstrable in  cholesterol- 
induced atherosclerosis.

S tu d ies  concerned  w ith  th e  pa thogenesis  o f a therosclerosis a re  m o stly  
b ased  on th e  lip id  th e o ry . I n  re c e n t years th e re  has, how ever, a p p e a re d  ev i
dence  in  fav o u r of a lte re d  b lo o d  c lo ttin g  as a s ig n if ican t p a th o g e n e tic  fa c to r  
rev iv in g  th u s  R o k it a n s k y ’s th ro m b o g en ic  th e o ry  (1852). I t  is th e  m e r i t  of 
D u g u i d  (1949, 1959) to  h a v e  recognized  th e  s im ila r ity  be tw een  th e  m icroscop ic  
fe a tu re s  o f a rte ria l th ro m b o sis  an d  those  o f th e  a th e ro m a to u s  p la q u e  w hich 
led  h im  to  th e  conclusion  t h a t  th e  p laq u es ty p ic a l of a th e ro sc le ro s is  w ere 
a c tu a lly  organized, e n d o th e liu m -co a ted , p a r ie ta l  clo ts. Som e a u th o rs  reg a rd  
th e  agg lom era tion  a n d  a g g lu tin a tio n  of p la te le ts , w hile o thers th e  d ep o sitio n  
o f f ib rin , as th e  p r im a ry  fa c to r  o f a r te ria l b lood  c lo ttin g .

Mu s t a r d , th e  p rim e  p ro p o n e n t of th e  “ p la te le t-c en tr ic ”  th e o ry  (1964), 
d e m o n s tra te d  in seria l e lec tro n  m icroscopic s tu d ie s  th a t  th e  p la te le t-c o n g lo m 
e ra te s  en large  b y  fu r th e r  ag g reg a tio n  of p la te le ts ;  th is  is fo llow ed  b y  th e  
ap p e a ra n ce  of fib rin  in  la rg e r  an d  la rger a m o u n ts . T h e  su b se q u e n t s ta g e  of 
o rg an iza tio n  is m ark ed  b y  th e  ap p earan ce  o f sm o o th  m uscle a n d  co n n ec tiv e  
tissu e  cells. F ina lly , th e  lesion  receives an  en d o th e lia l lin ing. O n  th e  o th e r 
h a n d , in  th e  view  o f A s t r u p  (1959), th e  f ir s t  re p re se n ta tiv e  of th e  “ fib rin o - 
c e n tr ic ”  th e o ry , th e  fib rin o u s  deposits  in v o lved  in  th e  process of tis s u e  r e p a ra 
tio n  accom pany ing  re c u r re n t in tim a i lesions m a y  be  to o  excessive to  b e  d isp o s
ed o f  b y  th e  f ib rin o ly tic  m ech an ism s of th e  o rg an ism ; as a re su lt, th e  fib rin  
m ass fails to  resolve an d  a t t r a c ts  p la te le ts  w hich  a tta c h  to  its  su rfa c e . T he 
w h ite  c lo t th u s  fo rm ed  on th e  d am ag ed  in tim a  becom es o rgan ized  a n d  form s 
th e  b asis  of th e  fib rous p laq u e .

T h e  th ro m b o g en ic  th e o ry  has given rise  to  ex ten siv e  in v e s tig a tio n s  in to  
th e  h a e m o sta tic  aspects  o f a therosc le rosis . E v id en ce  derived  from  th e s e  s tu d ie s  
closely  connects a thero sc le ro sis  w ith  an  in c reased  co agu lab ility , i.e . w ith  an

1 A cta  M edica  A ca d em ia e  S c ien tia ru m  H ungaricae 2 7 , 1970
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e n h a n c e d  clo t-form ing te n d e n c y  of the  b lood . M oreover, i t  has b een  d em o n 
s t r a t e d  th a t  h y p erlip aem ia  a lso  favours b lo o d -c lo ttin g , a find ing  w hich  p ro v id es  
a  c o n n e c tin g  link  b e tw e e n  th e  tw o theories.

T h e  p resen t re p o r t  d e a ls  w ith  tw o in d e p e n d e n t ex p erim en ts  co n n ec ted  
w ith  th e  th rom bogen ic  th e o r y  of a therosclerosis.

1. Development of atherosclerosis in thrombopenia induced by cytostatic agents
in the rabbit

T hese  ex p erim en ts  w e re  p rom pted  b y  th e  w ork ing  h y p o th es is  th a t  a 
s u b s ta n t ia l  reduction  in  t h e  n u m b e r of p la te le ts  m ig h t h av e  a m a rk e d  p re v e n 
t iv e  e ffec t on p la te le t a g g re g a tio n  and on th e  p ro d u c tio n  of m ic ro th ro m b i 
a n d , b y  th is  fac t, also o n  p la q u e  form ation .

T h e  a therogenous f a c to r  was prov ided  b y  ch o leste ro l. C holestero l-feed ing  
to  r a b b i ts  is know n to  r e s u l t  in  h y p e rlip aem ia , h y p e rch o les te ro laem ia  and 
b e t a 2-lipop ro te inaem ia . T h e se  abnorm ally  h ig h  b lo o d  p lasm a levels a ffec t th e  
e n d o th e liu m  adversely  a n d  in it ia te  the  p r im a ry  in tim a i lesions. C holesterol 
a lso  se rv es  th e  p u rp o se  o f  a n  ind ica to r su b s ta n c e , i t  being d ep o sited  in  th e  
a l te r e d  areas thu s in d ic a tin g  th e  site, n u m b e r a n d  e x te n t o f lesions.

T hrom bopen ia  w as in d u c e d  by the c y to s ta t ic , b u su lfan  m an n ito l (M anno- 
g ra n o l, Chinoin, B u d a p e s t) ,  w hich has an  in h ib ito ry  effect on m ed u lla ry  
th ro m b o p o ie s is . T he R E S  is also affected b y  th e  sub stan ce .

M aterial and m ethods

M ale rabbits w eighing 3 to  3.5 kg were used. C holesterol was adm inistered in  daily  
doses o f  1 g in semolina d u m p lin gs. The first series com prized eight anim als. Four anim als 
w ere adm inistered 200 m g b u su lfa n  mannitol in saline in to  the ear vein  three tim es w eekly  
over  f iv e  weeks; this was co n tin u ed  for another six  w eek s parallel w ith cholesterol feeding. 
T he oth er  four animals received  cholesterol alone for s ix  weeks.

T he other series com prized  four animals; th ey  received  busulfan m annitol over three 
m o n th s and cholesterol in  d a ily  doses of 2 g for the fo llow in g  three weeks. The fiv e  anim als 
o f  th e  control group received  cholesterol alone (daily  dose 2 g) for three weeks.

B leeding time (by th e  m éth o d  of I vy), platelet co u n t (Buerker’s cham ber) and platelet 
a d h esiven ess (Borchgrevink’s m eth o d  by phase contrast m icroscopy and double p latelet count 
in  v e n o u s blood and capillary b lood  sample) were estim a ted  weekly. The degree o f adhesive
n ess w as inferred from B o r c h g r e v in k ’s index [5]:

platelet co u n t (2 ’)
Index = -------------------------— —

platelet co u n t (O’)

T he in d ex  is a fraction; the sm aller  its value the higher th e  degree of adhesiveness. P la te let  
co u n t (O’) represents the figu re  a t the start of bleeding and  platelet count (2’) th a t after an 
in te rv a l o f  two minutes.

T he animals were k illed  b y  bleeding. The degree o f  atherosclerosis was expressed in  
term s o f  the grading schem e proposed by F odor and Z e m p l é n y i  (1958). The viscera were 
ex a m in ed  for gross changes, th e  liver  and aorta were also subjected to h istological study.
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Results

T h e resu lts  in  g ro u p  1 are  sum m ed u p  in T a b le  I . A com parison  o f  th e  
b u su lfan  m an n ito l -f- cho leste ro l group w ith  th e  g ro u p  w hich fed c h o le s te ro l 
on ly , show ed de fin ite  th ro m b o p e n ia , a h ig h er B o rch g rev in k  index  a n d  a p ro 
t ra c te d  b leed ing -tim e in  th e  tre a te d  an im als. T h e  a o rtic  surface co rre sp o n d ed  
to  an  average  g rad in g  o f in  b o th  g roups (T ab le  I).

Tabic I

Combined effect o f busulfan m annitol and cholesterol on p la telet count, platelet-adhesiveness and 
on the production o f  aortic atherosclerosis. Each figu re  represents mean values derived fro m  four

animals

Busulfan m annitol -j- cholesterol group (4 animals)

P latele t count (O') P la te le t coun t (2 ')
Index 
(th  2') 
th  0 '

Bleeding tim e

Before treatm ent 
A t 5 weeks busulfan

304,500 ±27 ,801 .4 260,000 ± 2 4 ,8 3 2 .7 0.86±0.02 4.65 ± 0 .2 4

m annitol
A t 6 weeks busulfan

145,000 ±6 ,454.97 1 2 6 ,250± 7 ,465 .2 0.85 ±0 .02 6.13 t 0 .24

m annitol +  chol
esterol

130,000±9,128.71 97,500 ± 7 ,5 0 0 0.73 ±0 .02 6.75 0.32

Cholesterol »roup (4 animals)

P latele t count (O') P latele t coun t (2 ')
Index 

(th 2') 
th 0'

Bleeding tim e

Before treatm ent 
A t 6 weeks: cholesterol

302.500 13.149.7 
270,000 ±12,909.9

270,0 0 0 ± 1 2 ,247.4  
165,0 0 0 ± 1 5 ,545.6

0 .89±0.02  
0.61 ± 0 .0 4

5 .1 3 ± 0 .3 1  
4.38 ± 0 .1 3

Mean severity o f aortic atherosclerosis-!- ±  ±

T he resu lts  o b ta in e d  in  g roup  2 are  su m m e d  u p  in  T able I I .  A t th e  end 
o f a th re e -m o n th  perio d  o f  b u su lfan  m a n n ito l t r e a tm e n t ,  th e  orig inal p la te le t  
co u n t o f 482,000 h ad  fallen  to  an  average o f 250 ,000 . T he B o rch g rev in k  in d e x  
w as 0.66 d u rin g  b u su lfan  tre a tm e n t and  0.72 d u r in g  th e  cholestero l p e rio d . 
In  th e  cho lestero l-fed  co n tro l group , th ro m b o p e n ia  w as absen t an d  p la te le t  
agg lo m era tio n  was also s tro n g e r  th a n  in th e  g ro u p  w ith  add itiona l c y to s ta t ic  
tr e a tm e n t.  T he e x te n t o f  a therogenesis co rre sp o n d ed  to  an average  g ra d in g  
o f in  b o th  g roups (T ab le  I I ) .
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Table II

In flu en ce  o f  three weeks cholesterol-feeding after three months busulfan m annitol pretreatm ent 
on  num ber and adhesiveness o f  platelets and on evolution o f atheromatous plaques. 

F igures represent m ean values

B usulfan  m annitol +  cholesterol group (4 animals)

P la te le t coun t (O') P la te le t coun t (2')
Index 
(th  2 ') 
th  O'

Bleeding tim e

O riginal values  
A t 3 m o n th s busulfan 

m a n n ito l 2 ml.

482,4 9 9 .9 ± 1 1 ,814.55 

167.499.9 ± 7 5 ,0 0 109,999.9 ± 5 ,7 7 5 .5 0.66 ± 0 .0 7 6 .7 5 ± 0 .7 8
A t  3 w eek s cholesterol 

2 g  d a ily 250,000 ±1 9 ,5 7 8 .9 179,999.9 ± 14 ,719 .6 0 .7 2 ± 0 .0 3 3.881 ± 0 .4 3

Cholesterol group (5 anim als)

Index
P la te le t coun t (O') P la te le t coun t (2') (th  2') Bleeding tim e

th  0 '

O riginal values
A t 3 w eek s cholesterol

257,999.9 ±16 ,852 .3 4.71 ± 0 .8 5

2 g d a ily 287,999.9 ±11 ,135 .5 123,999.9 ± 23 ,1 5 1 .6 0 .4 4 ± 0 .0 7 4.60 ± 0 .4 3

M ean grade of atherosclerosis ±

N ecro p sy  revealed  a therosc le rosis  in v o lv in g  th e  ao rtic  in tim a  o f m ed iu m  
s e v e r i ty  in  th e  f irs t an d  o f s lig h t degree in  th e  second group . H o w ev e r, no 
d iffe re n c e s  w ere d em o n strab le  b e tw een  th e  b u su lfa n  m ann ito l an d  th e  co n tro l 
g ro u p . F a t t y  d eg en era tio n  o f  th e  liver w as co n fined  to  th e  ch o leste ro l-fed  
g ro u p  a n d  w as never fo u n d  in  th e  bu su lfan  m a n n ito l tre a te d  an im als . A th e ro 
s c le ro tic  p laques w ere d e m o n s tra b le  in  b o th  g ro u p s.

D iscussion

A  su b s ta n tia l fall in  th e  p la te le t  co u n t w as  in d u ced  by  b u su lfa n  m a n n ito l. 
P la te le t  adhesiveness, in  o th e r  w ords, th e  r e te n t io n  by  adhesion  o f  p la te le ts  
to  t h e  w o u n d  su rface , d im in ish ed . C ho lestero l feed ing  app lied  u n d e r  such 
c o n d itio n s  failed  to  a ffec t th e  n u m b er o r e x te n t  of a th e ro sc le ro tic  p laq u es 
as c o m p a re d  to  th e  co n tro l g roup . This o b se rv a tio n  is a t v a rian ce  w ith  tho se  
r e p o r te d  h y  Co h e n , Coo m bs e t  al. (1967) w ho  fo u n d  th a t  in  th ro m b o c y ta e m ia  
in d u c e d  b y  rep ea ted  sm all b lo o d  losses th e  a th e ro g en ic  effect o f ch o leste ro l 
w as  d e f in ite ly  increased  w h ile  in  e x p e rim e n ta l th ro m b o p en ia  i t  d ec reased . 
T h e  in co n s is ten cy  of th e se  re su lts  m ay  b e  ex p la in ed  by  o u r h a v in g  u se d  a
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c y to s ta tic  a g e n t fo r  th e  in d u c tio n  of th ro m b o c y to p e n ia  th e  ad v erse  effec ts  
o f w hich m ig h t h a v e  c o u n te rb a la n ce d  th e  fa v o u ra b le  e ffec t expected  fro m  th e  
red u c tio n  in  p la te le t  coun t. T h e  absence of f a t t y  d eg en era tio n  of th e  liv e r  
fits  in  w ith  th e  possib ility  t h a t  th e  am o u n t of lip id s  av a ilab le  to  th e  v a s c u la r  
w all has re m a in e d  as high as b e fo re . The c y to to x ic  e ffec ts  o f busu lfan  m a n n ito l 
also invo lve th e  a c tiv ity  o f th e  R E S , inc lu d in g  th e  in co rp o ra tio n  o f lip id s , 
b y  w hich i t  p ro te c ts  th e  vessel w all from  lip id  d e p o s itio n  u n d e r n o rm al c o n d i
tio n s (P ick e t a l. 1962, 1966). T h e  leukopen ia  m a y  re p re se n t a loss o f a f u r th e r  
p ro tec tiv e  fa c to r  o f  th e  v e sse lw a ll.T h ro m b o p en ia  in d u c e d  b y  busu lfan  m a n n ito l 
has th u s failed  to  e x e r t an y  p ro te c tiv e  effect in  c h o le s te ro l-in d u ced  a th e ro s c le 
rosis. In c id e n ta lly , i t  is by  no  m ean s  ce rta in  t h a t  th e  p la te le ts  p lay  an y  s ig n if
ic a n t p a r t in  th e  p ro d u c tio n  o f  a th ero sc le ro tic  p la q u e s .

2. Study of the fibrin-stabilizing factor in aorta o f  normal and cholesterol-fed
rabbits

This e x p e rim e n t h ad  th e  a im  of s tu d y in g  th e  a lte ra tio n s  of th e  f ib r in -  
stab iliz ing  fa c to r  (L aki and  L o h á n d , 1948) in  th e  a o r ta  of ch o leste ro l-fed  
ra b b its . T his p ro v id e d  an  in d ire c t app roach  to  th e  possib le  p a r t  p la y e d  b y  
fib rinogen  an d  w as also e x p e c te d  to  fu rn ish  a d d itio n a l ev idence to  th e  f ib rin o - 
cen tric  co n cep t from  th e  angle o f  th e  th ro m b o g en ic  th e o ry .

A ccording to  p re sen t k now ledge , th e  c o n v e rs io n  o f fib rinogen  to  f ib r in  
requ ires tw o enzy m es: th e  p ro te o ly tic  th ro m b in  a n d  th e  fib rin -s tab iliz in g  
fa c to r  (La k i  a n d  L o h á n d , 1948), a tran sam id ase  cap a b le  of p ro d u c in g  c ro ss 
links betw een  th e  con tiguous m onom ers of th e  f ib r in  m olecule. In  th e  p re se n c e  
o f th ro m b in  a n d  calcium , th e  f ib rin -s tab iliz in g  en zy m e converts  c o a g u la te d  
lab ile  fib rin  to  s ta b le  fib rin  r e s is ta n t  to  an 8 M  so lu tio n  of u rea  (L a k i , 1968).

M ateria l and methods

Rabbits o f  the New-Zealand strain weighing betw een  1500 and 2000 g were used. 
A cholesterol-enriched atherogenous d ie t (N utritional-B iochem ical Co.) was given in am oun ts  
of 30 to 40 g da ily  for 10 weeks. S ix anim als kept on a norm al d iet served as controls. The  
anim als were killed by bleeding. Transam idase activ ity  in  liver and aorta was estim ated  by  
the method of T y l e r  and Laki (1966). This procedure is based on the catalytic  effect o f  the  
enzym e on the incorporation of various amines including g lycine ethylester into fibrinogen  
and casein. H om ogenized aortic and liver tissue was incub ated  with 14C-labelled g lycin e  
ethylester in the presence of ionized calcium  and of g lu ta th ion e. From sam ples taken  at 
determ ined in tervals and subjected to  three trichloracetic acid precipitations and cen tri
fuging the uncom bined labelled ester w as rem oved. The residual precipitate was co llected  
in 0.1 ml of d ilu ted  NaO H , made up to  10 ml with B ray’s solution  (1960) and its a c t iv ity  
was measured in a Nuclear Chicago liquid scintillation d etector. For details, see B e n k ő  and  
L a k i (1968). The num ber of pulses per m inute found in the sam ples expressed the am oun t 
of glycine ethylester  incorporated into  casein, and thus also the activ ity  of the enzym e. The  
diagrams represent the scintiscan calculated  for 1.0 ml o f  the 90-inin. sample.
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R esu lts

F ig . 1 d e m o n s tra te s  m ean  h e p a tic  tra n sa m id a se  a c tiv ity  u n d e r  norm al 
c o n d itio n s  and  a f te r  c h o le s te ro l feed ing . T h e  d ifference b e tw een  th e  tw o  groups 
w a s  n o t  significant. F ig . 2 show s th e  f ig u re s  fo r th e  ao rta . I n  th e  ra b b its  fed 
a n  a thero g en o u s d ie t th e  sclero tic  p o rtio n s  o f  th e  a o rta  d isp la y e d  a th ree

F ig . 1. Transamidase a c tiv ity  o f  liver tissue o f norm al and cholesterol-fed rabbits. Column I 
rep resents the transam idase a c tiv ity  o f livers o f  cholesterol-fed rabbits, colum n II that of 
norm al liver tissue. The a c t iv ity  is m easured b y  th e  incorporation in to  casein  of labelled  
g ly c in e  ethylester catalyzed b y  th e  enzym e after 90-m in  incubation. Incorporation is expressed  

by the scintiscan  per m inute. The colum ns represent m ean va lues

F ig . 2. Transamidase a c t iv ity  in  the aorta o f norm al and cholesterol fed  rabbits. Column I 
d em onstrates mean transam idase activ ity  in the atherom atous portions o f  th e  aorta in chol
estero l-fed  rabbits. A c tiv ity  is m easured by the sc in tiscan  per m inute ob ta ined  after 90-min. 
incu b ation . Column II dem onstrates transam idase a c tiv ity  in the aorta o f  norm al rabbits

Acta Medica Academiae Scientiarum Hungaricae 27, 1970



EFFECTS OF A CYTOSTATIC AGENT 347

tim es  h igher tra n sa m id a se  a c tiv ity  th a n  th o se  o f th e  c o n tro l g ro u p . Fig. 3 
gives resu lts  of th e  se lf-con tro l s tu d ies. I t  show s th a t  th e  tr a n s a m id a s e  ac tiv ity  
in  th e  a thero sc le ro tic  p o rtio n s  w as a t  le a s t th reefo ld  of t h a t  in  th e  unaffec ted  
p o rtio n s.

Fig. 3. Transamidase a c tiv ity  in normal and atherom atous aortic portions o f  cholesterol-fed  
rahbits. Column I represents transam idase a c tiv ity  in the atherom atous, colum n II those 

of the in tact aortic portions, on the basis o f  the scintiscan per m inute

D iscussion

T he above re su lts  rev ea led  an  en h an ced  a c tiv ity  of th e  f ib rin -s tab iliz in g  
tran sam id ase  in th e  a o r ta  a ffec ted  b y  ch o leste ro l-induced  a th e ro sc le ro sis . This 
fin d in g  is co n sis ten t w ith  th e  re su lts  o f S h a i n o f f  e t al. (1968) w ho  found  a 
th ree fo ld  increase in  th e  fib rinogen  c o n te n t o f  th e  sc lero tic  p o r tio n s  of ao rtas 
in  cholestero l-fed  ra b b its . T he fa c t th a t  tra n sa m id a se  is p ro d u c e d  in  large 
a m o u n ts  by  th e  liv e r an d  th a t  i t  is c o n ta in e d  in  b lood p la sm a  as w ell, raises 
th e  questio n  w h e th e r th e  enzym e a c tiv ity  fo u n d  in  th e  p re s e n t case had 
o rig in a ted  from  th e  b lood  p lasm a or from  th e  ao rtic  w all. C onsidering  the  
fa c t  th a t  th e  a th e ro m a to u s  p laques b a re ly  acco u n t fo r 10 or 2 0 %  o f th e  affected  
vessel w all, th e y  m u s t rep re sen t e lective s ite s  o f five  or te n fo ld  en zy m e con
c e n tra tio n s  w hich are  in  th e  n e ig h b o u rh o o d  o f tho se  fo u n d  in  th e  liver. The 
considerab le  cell p ro life ra tio n  in  th e  a th e ro sc le ro tic  p laq u es  f i ts  in  w ith  the 
in te rp re ta tio n  th a t  th e  excess enzym e m ay  well be p ro d u ced  in  th e  affected 
a r te r ia l  wall.
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G eneral conclusions

T h e  experim en ts r e p o r te d  above fu rn ish  ev id en ce  to  th e  th ro m b o g en ic  
th e o ry , th e  firs t in s u p p o r t o f  th e  p la te le t-cen tr ic , a n d  th e  second, o f  th e  
f ib r in o c e n tr ic  concept.

I n  th e  f irs t series i t  h a s  b e e n  show n t h a t  a re d u c tio n  in  th e  p la te le t  
c o u n t ev en  th ough  s ig n if ic a n t, fa ils  to  affect th e  deg ree  o f ch o leste ro l-induced  
a th e ro sc le ro s is  in  th e  a o r ta . T h e  accum ula tion  o f  f ib rin o g en  (S h a in o f f  e t al. 
1968) a n d  of the  f ib r in -s ta b iliz in g  enzym e ( B e n k ő  a n d  L a k i , 1968) in  th e  
sc le ro tic  p o rtio n  of th e  a o r ta  o f  cholestero l-fed  ra b b its  su p p o rts  th e  f ib r in o 
c e n tr ic  concep t.

I n  o u r view , th e  p r im a ry  e ffec t of th e  a th e ro g en ic  fa c to rs , such  as h y p erli- 
p a e m ia  a n d  a h aem o d y n am ic  le s io n  o f the en d o th e lia l cell, is u su a lly  a com bined  
one . T h e  substances re leased  fro m  th e  dam aged  e n d o th e liu m  fin d  th e ir  w ay  
to  th e  b lo o d  plasm a an d  r e a c t  th e re  w ith th e  c lo ttin g  fac to rs  and  f ib rin o g en  
m o lecu le s . T he fib rin  is p re c ip i ta te d  and p la te le ts  a d h e re  to  th e  a lte red  su rface . 
T h e  su b in tim a i lay er b o rd e r in g  on th e  affec ted  en d o th e liu m  becom es a s ite  
o f re a c t io n  of m u co p o ly sacch arid es  and of co llagen  e lem en ts. T he ch a in  of 
b io c h e m ic a l events occu rring  h e re  m ay  be a t t r ib u te d  to  a nonspecific  m esen ch y 
m a l re a c t io n  (H auss  e t al. 1968) w hich also a c c o u n ts  fo r th e  accu m u la tio n  
o f a c id  m u co p o ly sacch arid es . T h e  p e rm eab ility  o f  th e  a lte red  en d o th e lia l 
m e m b ra n e  increases, as a r e s u l t ,  c e r ta in  p lasm a c o n s titu e n ts  such  as f ib rin o g en  
f i l te r  th ro u g h  in  to g e th e r  w ith  o th e r  p ro te in s a n d  lip o p ro te in s  in  increased  
a m o u n ts  an d  fin d  access to  t h e  su b in tim a i la y e r  (Co n s t a n t i n i d e s  1965). T h e  
b io c h e m ic a l consequence o f  th e  ap p earan ce  of f ib rin o g e n  in  th e  vessel wall 
is a n  en h a n c e d  p ro d u c tio n  o f  fib rin -s tab iliz in g  en zy m e  of th e  m esenchym al 
cells a t  th is  s ite  (B e n k ő  a n d  L a k i , 1968). M oreover, fib rin o g en  an d  th e  so luble  
c o lla g e n  p recurso rs m ee t a n d  ta k e  th e  form  o f a gel w h ich  resu lts  in  fu r th e r  
b io c h e m ic a l a lte ra tio n s o f  th e  su h in tim a l area.

A ccu m u la tio n  of l ip o p ro te in s  in  th e  vesse l w all is b o u n d  to  h av e  its  
co n seq u en ces . One o f th e  s ig n s o f  enhanced  lip id  m e tab o lism  is an  increase  
in  l ip a s e  a c tiv ity  of th e  v e sse l w all, as re fle c ted  b y  th e  increased  lip o ly tic  
a c t iv i ty  in  th e  a o rta  a f te r  c h o le s te ro l feeding (S zabó  e t  al. 1968). A ccu m u la 
t io n  o f  lip ase  as well as o f th e  f ib rin -s tab iliz in g  en z y m e , rep resen ts  an  a d a p ta 
t io n  re a c tio n . The p a r t  p la y e d  b y  lipase m ay  lie in  a b reak d o w n  of th e  in c re a s 
in g  a m o u n ts  of fa t. T h is le a d s  to  th e  obvious q u e s tio n  w h e th e r  th e  a c c u m u la 
t io n  o f  fib rin -s tab iliz in g  e n z y m e  is beneficial to  th e  vesse l w all. S tab ilized  
f ib r in  b y  itse lf  adds to  th e  re s is ta n c e  of th e  v esse l w all. A therosclerosis is 
a s s o c ia te d  w ith  a re p a ra tiv e  f ib ro p la s ia  of th e  a ffe c ted  a r te r ia l  w all (Co n s t a n 
t i n i d e s , 1965). The p rocess is  basica lly  th e  sam e  as t h a t  o f w ound  h ea ling  
w h e re  th e  ne tw o rk  of s ta b iliz e d  f ib r in  form s th e  f ra m e w o rk  of th e  g ra n u la tio n  
t is s u e  (G e r e n d á s , 1968). T issu e  p ro life ra tio n  n a rro w s  th e  lum en , p a r tic u la r ly
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of m in o r vessels, w h ich  has adverse  h aem o d y n am ic  effects. A ccu m u la tio n  of 
th e  fib rin -s tab iliz in g  enzym e b ey o n d  a ce rta in  level involves a th ick en in g  
o f th e  vascu lar w all w h ich  is obv io u sly  h a rm fu l. I n  our v iew , i t  sh o u ld  be 
p ossib le  to  p rev en t th is  b y  a specific tra n sa m id a se  in h ib ito r . D j a l d t t i  e t al. 
(1965) d e m o n s tra te d  a n  ac tive  su b s ta n c e  in  th e  v en o m  of th e  sn ak e  E chis 
c o lo ra ta  w hich has th e  cap ac ity  o f in a c tiv a tin g  th e  fib rin -s tab iliz in g  enzym e 
in  v i tro  as well as in  v iv o . This f in d in g  m ig h t o ffe r a p rom ising  a p p ro ach  to  
th e  in h ib itio n  of excessive  p ro d u c tio n  o f s tab le  f ib r in  in  th e  vessel w all.
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R-74 TREATMENT OF AUTOIMMUNE MYOSITIS
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(R eceived  February 24, 1970)

R-74, a new cy to sta tic  agent w ith a potent im m unosuppressive and a fair anti- 
leukaem ic effect has been adm inistered in autoim m une diseases. The action  was a 
selective one, being largely confined to m yositis. A dm inistered to 23 p a tien ts  over a 
five-year period o f observation , either alone or in  com bination w ith  steroids, R-74 
was found to bring about a rem ission in a short tim e, w ithout, how ever, affecting  
secondary m uscular d istrophy or atrophy. The drug’s a c tiv ity  on m uscular tissu e was 
fairly selective; the sk in m anifestations of derm atom yositis and (in cases o f  m yositis 
associated w ith SL E ) other than muscular m anifestations of SLE were poorly  or not 
at all affected. In a num ber o f cases, definite im provem ent of the m y ositis  began  
in  three or seven days. I f  the intravenous route o f  adm inistration is str ictly  observed  
and a close check is kept on the blood picture, the doses which have proved effective  
in the course of this stu d y , are entirely safe. The possible m echanism s o f  action  of 
the drug are discussed.

C y to sta tic  ag en ts  h a v e  been  used in  th e  th e ra p y  o f au to im m u n e  diseases 
since  a few  years. T h e y  m a y  affect th e  im m u n e  responsiveness a t  v a rio u s 
levels b u t  th e ir  ac tio n  m o s t p ro b a b ly  lies in  th e ir  in h ib ito ry  effect on  th e  d iv i
sion  o f  im m u n o co m p e ten t ly m p h o id  cells ch a llen g ed  in to  excessive p ro life ra 
tio n  b y  th e  specific an tig e n . R em ark ab le  is th e  re su lt  o f 6 -m ercap to p u rin  
(6M P, P u rin e th o l) t r e a tm e n t  in  o therw ise le th a l s te ro id  re s is ta n t  lupus 
n e p h ro p a th y  an d  in  a u to im m u n e  nephrosis [11, 12]. T h e  p re sen t re p o r t  p u b 
lishes th e  good th e ra p e u tic  re su lts  o b ta in ed  in p o ly m y o sitis  and  d e rm a to m y o s i
t is  w ith  th e  new c y to s ta tic  ag en t, R-74.

Patients

R -74 ( l,4 -d i-m e sy lo x y e th y l-a m in o -l,4 -d id e so x y -m -e ry th rite )  w as g iven  in 
th e  course o f th e  la s t  f iv e  y ea rs  (1964 70) to  a to ta l  o f  23 p a tie n ts , 20 fem ales
an d  3 m ales, w ith  th e  d iagnosis po lym yositis  in  11, d e rm a to m y o s itis  in  7, 
a n d  p o ly m yositis  a sso c ia ted  w ith  system ic lu p u s  e ry th e m a to su s  in  5 cases 
(T ab le  I). P o lym yositis  a sso c ia ted  w ith  m a lig n a n t d isease  has n o t b een  o b se rv 
ed d u rin g  th is  p e rio d . D iagnosis was based  a p a r t  from  th e  clin ical fe a tu re s  
on  e lec tro m y o g rap h y , en zy m e (aldolase, c rea tin in e -p h o sp h o k in ase ) s tu d ies , 
c re a tin in e  ex cre tio n , d e m o n s tra tio n  of a u to a n tib o d ie s  to  m uscle a n d  o th e r
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a u to a n tig e n s , an d  L E -c e ll phenom enon  a n d  an tin u c le a r  a n tib o d y  in  th e  
c a se s  o f  SLE.

R -74 t r e a tm e n t w as  s ta r te d  d irec tly  a f te r  th e  a b ru p t o n se t in  th ree  
c a se s , in  th e  o thers i t  w as g iv en  in  acu te  f la re -u p s  o f th e  a lread y  lo n g -s tan d in g  
p ro cess .

Table I

Males Fem ales Acute Chronic

Polym yositis l 1 0 3 8

Derm atom yositis 2 5 — 7

SLE +  M yositis - 5 - 5

T otal 3 2 0 3

,

2 0

M ethod o f  trea tm en t

A ll patients w ith  th e  ex cep tio n  of the three acute cases, had had steroid therapy before. 
A t fir s t , R-74 treatm ent w as prescribed in cases w hich had  failed to respond to  larger steroid  
d o ses (60 mg or more, da ily ). L ater, after having gained convincing results w ith  R -74, this 
tr ea tm e n t was applied in  all exacerbations of autoim m une m yositis. A dm inistration  of 10 
to  20 doses of 30 to 60 m g d a ily  over a period of 10 to  20 days (total dose 300— 600 m g) was 
fo u n d  to  be the m ost appropriate schedule. The 23 p a tien ts under study  had a to ta l of 30 
sim ilar  courses.

The dosage schedule h a s to  be more cautious th a n  in  leukaem ia (13) and a close 
haem atolog ic  supervision is im perative. No adverse e ffec t involving the haem opoietic  system  
h as b een  observed w ith  th is dosage, in  any of the cases. T reatm ent was, how ever, discontinued  
i f  th e  W BC count had dropped  below 4000.

R esults

A d m in is tra tio n  o f  R -74  resu lted  in  fu ll co n tro l of th e  a c u te  clinical 
s ig n s  an d  sym ptom s o f  po ly m y o sitis  in  a ll b u t  tw o  cases. I n  sev en  cases, 
fu ll  rem ission w as a t ta in e d  w ith o u t a d d itio n a l stero ids. O n 21 occasions, 
p re v io u s  m a in ten an ce  th e r a p y  w ith  stero id s  h a d  n o t been d isc o n tin u e d  w hen 
th e  p rocess was f la r in g  u p , how ever, R -74 n o t  on ly  m ade i t  u n n e c e ssa ry  to  
in c re a se  th e  fo rm er doses  b u t  ac tu a lly  p e rm itte d  th e ir  re d u c tio n  in  9 cases 
(T a b le  I I ) . No sign o f a  re sp o n se  was seen in  tw o  cases, b u t  in  one  o f  th e m  th e  
d o sa g e  was in a d e q u a te . O n  th e  o th e r h a n d , fu ll rem ission  en su e d  in  b o th  
c a se s  as a re su lt o f  m assiv e -d o se  co rtico id  th e ra p y  ad m in is te re d  over long 
p e r io d s . In  6 o u t o f th e  7 p a tie n ts  w here R -74  a lone  h ad  re su lte d  in  com plete 
re m iss io n , the  p rocess re m a in e d  in ac tiv e  w ith o u t th e  need  fo r  a n y  m edica
t io n .  T h e  o ther p a t ie n ts  c o n tin u ed  on m a in te n a n c e  doses o f s te ro id s  u sua lly  
15 m g  o f predn iso lone  d a ily . T h e  d u ra tio n  o f  rem issions v a ried  b e tw een  3 and  
30 m o n th s , in  o th e r  w o rd s , som e of th e  p a t ie n ts  h av e  been  sy m p to m -free  as
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Table II

Response Polymyositis D erm atom yositis SLE -(- Myositis

Excellent 7 — ___

Good 4 6 4

None - l 1

Total 11 7 5

E xcellent =  remission b y  R-74 alone 

Good =  remission b y  R-74 +  steroid

long as fo r 2.5 y ears . T h e  av e rag e  sy m p to m -free  p e rio d  now a tta in s  o n e  y e a r , 
in  c o n tra s t  to  th e  six  m o n th s  o f stero id  t r e a tm e n t .  W e h ad  on ly  o n e  fa ta l  
case in  th e  course of th e  la s t  five  years, b u t  th e  cau se  of dea th  w as u n re la te d  
to  th e  o rig inal d isease, d e rm ato m y o sitis . F o u r  p a t ie n ts  had  re p e a te d  courses 
of R -74 . O ne o f th em  h a d  as m an y  as four; a c t iv i ty  o f th e  drug d id  n o t  seem  
to  d ecrease  in  th ese .

T h e  acu te  fo rm  o f p o ly m y o sitis  show ed th e  b e s t  response w ith  th e  s lig h t
e s t possib le  need  fo r a d d itio n a l s te ro id  t r e a tm e n t .  I n  d e rm a to m y o sitic  p o ly 
m yo sitis  w ith  system ic  lu p u s  e ry th em a to su s  e a r lie r  stero id  th e ra p y  w hich  
h ad  fa iled  to  p re v e n t recu rren ces of p o ly m y o sitis , w as n o t d isco n tin u ed , b u t  
in s te a d  of being  obliged to  increase  th e  doses w e w ere  ac tua lly  able to  red u ce  
th em  in  a few  cases, w ith o u t recrudescence o f  th e  S L E .

T h e  f ir s t  signs o f im p ro v em en t w ere n o te d  as ea rly  as a fte r  th e  3 rd  to  
6 th  in je c tio n , i.e. u su a lly  w ith in  th e  f irs t w eek  o f  R -74 tre a tm e n t. S y m p to m s 
o f S L E  rem ain ed  u n a ffe c ted  b y  R-74. E v e n  w h e re  th e  drug  could  h a v e  h a d  
no e ffec t on th e  red u ced  a c tiv ity  due to  a d e f in ite  d estru c tio n  a n d  a tro p h y  
of th e  m uscles, it  he lped  to  re s to re  th e  a c t iv i ty  o f  s till function ing  m u sc u la r  
e lem en ts b y  th e  co n tro l o f  in flam m atio n . L ong  s ta n d in g  co n trac tu res  o f  course  
failed  to  im prove .

Discussion

T h e  prognosis o f p o ly m y o sitis  has b een  fu n d a m e n ta lly  ch an g ed  b y  th e  
use o f  s te ro id s  [1, 2, 7, 8, 9, 16, 17]. O ur g en era l experience  w ith  th e  s te ro id s  
m ay  be su m m ed  up  as follow s, a)  T re a tm e n t sh o u ld  be s ta rted  e a r ly  w ith  
a d e q u a te  doses a n d  c o n tin u e d  for periods o f  su ffic ien t leng th ; b) som e 
cases a re  re fra c to ry  to  s te ro id s , th e  sy m p to m s p e rs is t  and  the  p ro cess  con
tin u e s  to  p rogress; c)  th e  lon g -te rm  m assive s te ro id  tre a tm e n t in v o lv e s  cer
ta in  w ell-know n h aza rd s  su c h  as pep tic  u lce r a n d  osteoporosis; i te m s  b)  an d
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с)  c o n s t i tu te  th e  m ain  re a so n s  for p ro m p tin g  a search  for o th e r  th e ra p e u t ic  
p o s s ib ilitie s .

R -7 4 , a new c y to s ta t ic  ag en t sy n th e tiz e d  b y  a H u n g a ria n  te a m  [3] 
b e lo n g s  to  th e  su g ar-a lcoho ls. I t  has a fa ir ly  se lec tiv e  ly m p h o c y to to x ic  effect 
[13] a n d  has been show n to  re p re se n t a p o te n t  su p p re sso r of th e  im m u n e  sy stem . 
I n  t h e  p o lym yositis  p a t ie n ts  u n d e r s tu d y  i ts  e ffec t was m an ifest b y  th e  end 
o f  t h e  f i r s t  week, w ith  re lie f  o f pain , im p ro v e m e n t of m o b ility , a  decline  of 
th e  in c re a se d  serum  lev e l o f  m uscle enzym es a n d  c rea tin in  ex c re tio n .

T h e  response to  R -7 4  seem s to  be o f  a  fa ir ly  selective n a tu r e .  A p a rt 
f ro m  m y o s itis , none o f th e  o th e r  au to im m u n e  o rg an  m an ife s ta tio n s  in c lu d in g  
lu p u s  n e p h ro p a th y  or rh e u m a to id  a r th r it is  as w ell as o th e r sy s te m ic  in v o lv e 
m e n ts  in  S L E , show ed a n y  noticeab le  re sp o n se .

O w ing  to  th e  a d o p te d  dosage schem e th e  on ly  side effect o f  th e  d rug  
w a s  a  tr a n s i to ry  le u k o p e n ia , p a rtic u la rly  ly m p h o p e n ia . H aem a to lo g ica l com 
p lic a t io n s  of any  im p o r ta n c e  have  n o t b e e n  n o te d . T here w as in v a r ia b le  a 
t r a n s i to r y  e levation  in  th e  a b so lu te  blood ly m p h o c y te  count b efo re  i ts  decline. 
T h is  co rresp o n d ed  to  th e  th e ra p e u tic  stag e  o f  ra p id  shrink ing  o f ly m p h  nodes 
in  ly m p h o id  leukaem ia  a sso c ia ted  w ith  an  in i t ia l  depletion  of th e  ly m p h o id  
s y s te m  ow ing to  th e  re le a se  o f  lym phoid  cells [12]. Local co m p lica tio n s  w ere 
c o n f in e d  to  venous th ro m b o s is  a t  th e  s ite  o f  in je c tio n  in tw o cases a n d  to  local 
s lo u g h in g  consectitive to  p a ra v e n o u s  in je c tio n  in  one case. One o f th e  p a tie n ts  
d e v e lo p e d  a m orb illifo rm , a n o th e r  a s c a r la tin ifo rm  rash  a t th e  s t a r t  o f  t r e a t 
m e n t  w h ich  did n o t re a p p e a r  su b seq u en tly  (re lease  of reagins fro m  th e  d is ru p t
ed  ly m p h o id  e lem ents?). T h e se  secondary  e ffec ts  w ere rare  an d , consid erin g  
th e  b e n e f its  of th e  th e ra p y , o f  l i ttle  sign ificance . A ll th a t  has to  b e  em p h asized  
is t h e  necessity  of s tr ic t ly  in tra v e n o u s  in je c tio n  a n d  of in te rru p tin g  t r e a tm e n t ,  
s h o u ld  th e  leukocy te  c o u n t d rop  u n d e r 4000 p e r  ml.

O n  th e  evidence o f  th e  p resen t o b se rv a tio n s  th e  m erits o f R -7 4  th e ra p y  
a re  as  follow s. 1) I t  m a y  b r in g  ab o u t rem iss io n  in  s te ro id -re s is ta n t cases; 
2) i t  is  s te ro id -sav ing , a p o in t  of p a r tic u la r  im p o rta n c e  in  view  o f th e  h aza rd s  
o f  lo n g - te rm  stero id  th e ra p y ;  3) it  m ay  b r in g  a c u te  recurrences u n d e r  co n tro l 
w i th o u t  th e  need fo r a d d itio n a l s te ro ids; 4) in com bination  w ith  ste ro id s , 
i t  p ro v id e s  for a fu ller su p p re ss io n  of a u to im m u n e  ac tiv ity  an d  a d d s  to  th e  
le n g th  o f  th e  periods o f  rem ission .

T h e  im m u n o su p p ressiv e  p roperties o f R -74  h a v e  been borne o u t  b y  an im al 
e x p e r im e n ts  [10]. In  o u r la b o ra to ry  th e  d ru g  to g e th e r  w ith  a n tily m p h o c y tic  
s e ru m  n o w  serves as a re fe re n ce  su b stan ce  in  th e  search  for new  im m u n o su p - 
p re s s in g  agents. I t  a c ts  as a  suppressor o f  ce llu la r h y p e rse n s itiv ity  also in  
h u m a n s .

T h e  m echanism  o f th e  th e ra p e u tic  e ffec t o f  R-74 in p o ly m y o s itis  has 
y e t  to  be  clarified. In  m a n y  cases, th e  re sp o n se  is rap id , ta k in g  so m etim es  
n o t  m o re  th a n  th ree  d ay s  to  ap p ear. This w o u ld  suggest th a t  th e  d ru g ’s ac tion
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lies n o t in  th e  suppression  o f  a n tib o d y  p ro d u c tio n , th e  less so as th e  h a lv in g  
tim e  of an tib o d ie s  is n ea rly  ten fo ld  th is  v a lu e . M oreover, th e  t i t r e  o f  a n t i 
m uscle a n tib o d y  rev ea led  no sign ifican t ch an g e  in  th e  course of t r e a tm e n t .  
T h e  ra p id ity  o f im p ro v e m e n t in d ica te s  th a t  th e  a c t iv i ty  o f R-74 is d ire c te d  a t 
th e  aggressive im m u n o c o m p e te n t lym phoid  cells o r, else, th a t  its  m ech an ism  
m ay  possib ly  invo lve  o th e r  fa c to rs  in  ad d itio n  to  im m u n o su p p ressio n . I f  we 
accep t th e  f ir s t  possib ility , th is  w ould clearly  in d ic a te  th a t  th e  a u to im m u n e  
ty p e  o f m yo sitis  is due to  a ce llu la r au to im m u n e  m echan ism , an d  t h a t  th e  
p a r t  p lay ed  b y  a n tim u scu la r  an tib o d ies  m ay  be  m ere ly  a secondary  one.

Ma l a v iy a  [6] also m a d e  th e ra p e u tic  a t te m p ts  w ith  c y to s ta tic  ag e n ts  
using  m e th o tre x a te  fo r im m u n o su p p ressiv e  p u rp o se s  in  fo u r cases of d e rm a to -  
m yositis , w ith  sa tis fa c to ry  re su lts . F rom  th e  fa c t  t h a t  clinical cases of m y o sitis  
resp o n d  to  ch em o th e ra p eu tic  ag en ts  of th e  m o s t d iffe ren t k inds of a c t iv i ty  
an d  th a t  th e  im m u n o su p p ressiv e  cap ac ity  is th e  o n ly  p ro p e rty  com m on to  all 
of th em , i t  m a y  safely  be co n c lu d ed  th a t  i t  is th is  v e ry  im m u n o su p p ressiv e  
c h a ra c te r  sh a re d  by  all c h e m o th e rap eu tic  a g e n ts  w h ich  accounts fo r th e  b e n e 
ficial effect. A t an y  ra te , th e  p resence  of v a rio u s im m unolog ica l ab n o rm a litie s  
in  m yositis  [1, 4 , 5] am ply  w a rra n ts  th e  th e ra p e u tic  use o f im m u n o su p p ressiv e  
agen ts.

T he sam e doses o f R -74 w hich  b ro u g h t a b o u t a rem ission in n ea rly  ev e ry  
case of a u to im m u n e  m yositis  w ith in  7 to  14 d a y s , fa iled  to  ensure a b e n e fit 
in  five cases o f au to im m u n e  ren a l disease. C onverse ly , 6 -m ercap to p u rin e  th e  
effect o f w hich  on a u to im m u n e  ren a l disease o f  th e  nephrosis  ty p e  h a d  b e e n  
excellen t [11, 12], we fo u n d  valueless in th e  sev en  cases o f m y ositis . T h is  
w ould  suggest th a t  various c y to s ta tic  agen ts h a v e  d iffe ren t ranges o f a c t iv i ty  
w ith in  th e  fie ld  o f au to im m u n e  diseases, as do  th e  an tib io tics  in re sp e c t o f 
in fec tive  ag en ts  [14].

T he se lec tive  response o f  m yositis to  R -74 p ro m p te d  us to  te s t  th e  d ru g  
in  m y a s th e n ia  g rav is, a co n d itio n  w hich a t le a s t  p a r t ly  is also ascribed  to  an  
a u to im m u n e  m echan ism . In  a few  cases th e  re sp o n se  to  R-74 was as p ro m p t as 
in  m yositis  [13]. A u to im m u n e  diseases of o th e r  k in d s  (S L E , rh eu m a tic  a r th r i 
tis) could , how ever, n o t be in fluenced .
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1. The results o f  im m unogram s based on the titres o f  antibodies to  14 environ
m ental antigens h ave supported the earlier view  o f the authors in th a t  antibody  
production tends to  increase in hyperm etabolic states.

2. A n tib ody production  is stim ulated  by hyperthyroxinaem ia un til protein  
synthesis is depressed by the feed-back m echanism  inversely  influencing the hypo- 
thalam o-diencephalic functions.

E n h an ced  p ro te in  sy n th es is  is one o f  th e  e ssen tia l fe a tu re s  o f h y p e r
m etab o lism , w h e th e r  o f  th e  cen tra l (h y p o th a lam o -d ien cep h a lic ) o r of th e  
p e rip h e ra l (h y p e rth y ro x in a e m ic ) ty p e  [7]. T h e  e x p e rim e n ta l s tu d ie s  concerned  
w ith  th is  su b jec t seem  fro m  im m unobio log ical p o in t o f  v iew , h o w ever, incon 
s is te n t. S z a b a d o s  e t a l. [10] w ere ab le to  en h an ce  a n tib o d y  p ro d u c tio n  to  
s tap h y lo co ccu s, d ip h th e r ia  a n d  te ta n u s  to x in  b y  feed ing  iodocasein  to  sheep, 
horses a n d  oxen. O th e r  re sea rch  team s n o te d  a re d u c tio n  in  a n tib o d y  p ro d u c 
tio n  [2] in  e x p e rim e n ta l h y p o m etab o lism  in d u ced  b y  cerv ica l tra n se c tio n  
o f th e  sy m p a th e tic  p a th w a y s , i.e. in te r ru p tio n  o f  th e  c e n tra l  im pu lses an d  th e  
co n seq u en tia l dep ressio n  o f  ce llu lar m etab o lism . O n th e  ev idence  of o th e r  
s tu d ie s  th e  ou tcom e o f th e se  in te rv e n tio n s  is h o w ev er g re a tly  in flu en ced  by  
e x te rn a l fac to rs , fo r  in s ta n c e  n u tr itio n  an d  ca re  [4]. B a c k h a u s z  e t al. [1] 
n o te d  an  enhanced  a n tib o d y  p ro d u c tio n  in  c e r ta in  cases o f h y p e rth y ro id ism  
an d  o f  v e g e ta tiv e  d y s to n ia .

In  an  e x p e rim e n ta l s tu d y , M e s s  [6] su cceed ed  in  p re v e n tin g  a n a p h y 
lax is , p a r tic u la r ly  its  le th a l ou tcom e, b y  p ro d u c in g  a b ila te ra l a n te ro b a sa l 
h y p o th a la m ic  lesion . T h e  m echan ism  of th is  e ffec t w as a t t r ib u te d  to  tw o 
fa c to rs , viz. c e n tra l h y p o th y ro id ism  an d  a d re n o c o rtica l h y p e r tro p h y . T hese 
fac ts  su p p o rt th e  v iew  th a t  h y p o th y ro x in a e m ia  in te rfe re s  w ith  sen s itiz a tio n  
a n d  confirm  th e  re su lts  o f  o u r ea rlie r ex p erim en ts  acco rd in g  to  w h ich  th e  t i t r e  
o f  an tib o d ies  a g a in s t v a rio u s  m icroorganism s arc  in c rea sed  in  s ta te s  o f h y p e r
m etab o lism . T hese changes w ere p a r tic u la r ly  m a rk e d  if  th e  h y p e rm e tab o lism  
was due  to  v e g e ta tiv e  d y s to n ia , in  o th e r  w ords, to  a c e n tra l  (h y p o th a lam o - 
d iencephalic) m ech an ism , w hereas in  th e  case o f h y p e rth y ro x in a e m ic  p ro te in  
sy n th es is  i t  was on ly  b e fo re  specific t re a tm e n t t h a t  c o n sis ten tly  h ig h e r a n ti
b o d y  t i t r e s  w ere d e m o n s tra b le . In  fa c t, i t  w as in  th e  course o f t r e a tm e n t,
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t h a t  d iffe ren ce  of th e  tw o ty p e s  o f  h y p e rm e ta b o lism  h a d  becom e d em o n s tra b le : 
w hile  in  th e  case of a n ti th y ro id  t r e a tm e n t  th e  a n tib o d y  ti t re s  w ere  scarcely  
a ffe c te d , an d  occasionally  e v e n  te n d e d  to  increase , sed a tiv e s  w ith  a ce n tra l 
a c tio n  in d u c e d  a su b s ta n tia l  re d u c tio n  in  th e  t i t r e  o f c e r ta in  an tib o d ie s  an d  
se ru m  fa c to rs  (a n ti-s tre p to ly s in  O , ty p h o id -H , sheep  red  cell ag g lu tin in s , 
C -re a c tiv e  p ro te in ).

T h e se  considera tions h a v e  led  u s  to  s tu d y  on la rg e  m a te r ia l th e  b e h a v io u r 
o f  a n tib o d ie s  ag a in st 14 e n v iro n m e n ta l an tigens.

M aterial and method

T he studies were perform ed on 169 adult inpatients, 45 m ales and 124 fem ales. T hey  
were fo llow ed  up continuously during tw o  years, in view  of the possib ility  o f seasonal variations  
in im m u n e responsiveness. It w as how ever found that seasonal grouping was unnecessary, 
since d istr ibu tion  of the titres w as practically  uniform  all over the year, m oreover, the rate 
o f a d m ission  o f patients w ith  hyp erthyroid ism  as well as o f  sym path icoton ia  w as also equal 
all over th e  four seasons of the year. The diagnosis o f hyperthyroidism  was based on routine 
clin ical stu d ies and a typ ical hyp erfun ctional iodine uptake, while th a t o f sym pathicoton ia  
on an enhan ced  m etabolism  in th e  absence o f hyperthyroxinaem ia and a 131I uptake charac
teristic  o f  thyroid iodine av id ity  in  v eg eta tiv e  dystonia. N o  sex-related feature was noted  
in  th e  p a tien ts’ condition which w ou ld  ha v e  m ade a grouping according to  sex  necessary. 
A lth ou gh  th e  rise or fall in the im m une b od y  titres tends to  be more m arked in fem ales, this 
seem s to  be due to the lab ility  o f  the v egeta tive  sphere being more com m on in  wom en. 
H ow ever , m ale patients w ith  variations in  their antibody titre were few  for com parative  
stu d ies o f  th is kind.

F ifty -n in e  subjects served as controls. None of them  had any dem onstrable disease 
or endocrine disorder which m ight h ave interfered in any w a y  w ith  antibody synthesis [7]. 
Earlier in fections were disregarded, these being as a rule uniform ly distributed am ong te st  
su b jects and controls.

I t  w as sought to test the im m une responsiveness o f the subjects under stu dy  on the  
ev id en ce  o f  the immunogram b y  determ ining the titre o f  antibodies to 14 environm ental 
an tig en s aga in st which, according to  B a ck h a u sz  et al. [1] 80 to 100 per cent o f the adult 
p o p u la tion  possesses antibodies.

T he antigens used were: trich loroacetic  acid extracts o f  the bacterial strains Sh. flexn eri 
1/b, Sh. f lex n er i  2/a, Sh. flexn eri 3, Sh. sonnei, E. coli 0:26, E . coli 0:55, E . coli 0:86, E. coli 
0:111; furtherm ore, rabbit, sheep and hum an (A and B) erythrocytes, staphylococcus alpha 
to x in  and  streptolysin 0.

T he antibacterial antibodies were studied  by the indirect haem agglutination  procedure 
in  th e  fo llow in g  manner. One ml o f the bacterial extract w as added to double strength  phos
p h ate  bu ffer  pH  7.2 in 1 m l saline and 0.25 ml of a suspension o f R h (D ) positive , group О 
hum an eryth rocytes which had been  w ashed  three tim es. A fter incubation at 37 °C o f 2 hrs 
the ery th ro cy tes were washed thrice and a 1.5 per cent suspension was prepared.

Iso - and heteroagglutinins against erythrocytes were dem onstrated by direct haem ag
g lu tin a tio n , using a 1.5 per cent suspension of erythrocytes which had been w ashed three 
tim es. D irec t as well as indirect haem agglutination  tests were perform ed in T ak átsy ’s micro- 
titra tor  a t  serial dilutions 2:1. The titre  w as expressed by the natural logarithm  of the highest 
serum  d ilu tio n  still giving positive haem agglutination . A phosphate buffer o f pH  7.2 in saline 
served for washing, suspension and d ilu tion  of the erythrocytes.

S taphylococcus alpha an tito x in  and antistreptolysin  titres were estim ated  b y  the 
to x in  neutralisation  test [1] and expressed  in antitoxin  u n its on the basis o f international 
serum  standards.

C om position of the phosphate buffer was, NaCl, 8.5 g; N a 2H O P4, 0.565 g; K H 2P 0 4, 
0.135 g; m ade up w ith distilled w ater to 1000 ml. To obtain double strength  buffer, the double 
am oun ts o f  the salts were m ade up  to  1000 ml.

T he immunograms were ev a lu a ted  on the follow ing principle: the an tibod y titres  
were estim a ted  in the sera of 104 norm al blood donors presenting during the period o f stu dy  
and th e  va lu es thus obtained were used as reference standards.
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□  total number of test  
■  hyperthyroidism 
И]] vegetative  dys to n ia

increase  in im m unogram -t i t re s  
reduction in imm unogram-ti tres
reduction referred to the totality 
of tes t

Fig. 1. Seasonal variations o f immunogram

The im m une response to environm ental antigens depends, in addition to the individual 
responsiveness, also on earlier exposure to  the given antigen. This results in a w ide individual 
variety  of the specific antibody titres and m akes sta tistica l evaluation possible. W hile for in 
stance one person has h igh titres against E . coli 0:111 and low  titres against Sh. sonnei, in 
another the situation m ay be the opposite. I f  the responsiveness o f a given  ind iv idu al is not 
enhanced, the rise o f antibody titres resulting from  exposure to an antigen w ill not exceed  
a certain moderate lim it. The range titre  which m ay possib ly  occur in norm al, i.e. immuno-

■  increase in the titres of immunogram 
S  reduction in the titres of immunogram

F ig . 2. Sex  distribution o f patients

logically  not over-responsive individuals, has been determ ined in 104 cases. A basically  
sim ilar im m unological constellation w as found in 59 inp atients w ith a norm al m etabolism . 
On these grounds, the individual an tibod y titres were regarded as high if  th ey  attained or 
exceeded the upper lim it o f the range found in 163 donors and control subjects, and low  if 
they  remained under th e  lowest lim it o f  this range. The critical levels below w hich the titres 
were regarded as low  were 1:2 for agglutinins, 30 A U /m l for AST, and 0.10 A U /m l for staphy
lococcus alpha toxin .

In 19 subjects the responses o f  the im m unogram  to  antithyroid treatm ent and to drugs 
o f diencephalic a c tiv ity  were studied. V ariations were disregarded unless exceed ing the original 
titre b y  at least tw o dilution  steps in either direction. R auw olfia preparations were generally 
used un til clinical equilibrium  had been restored, in a dose o f 0.1 m g T. I. D. for 5 to  8 weeks. 
Of iodine in the form  o f  Plum m er’s so lution  15 drops were given T. I. D . to four patients. 
Belloid pills (hyoscyam ine sulphate, 0.1 m g; to ta l ergot alkaloids (expressed in  ergotoxin),
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0.3 m g; butobarbital, 30 m g) were prescribed T. I. D . for four weeks to two patients. T reatm ent 
u su a lly  la sted  several m onths ex ten d in g  over the ind ividual seasons o f the year. In th is w ay, 
a group in g  according to seasons w as unnecessary (F ig. 3). The antibodies against the ind ividual 
a n tigen s are presented on the circum ference of a circle and their titres on the radius belonging  
to  th e  corresponding antibody. In  the interest o f  sim p lic ity , the agglutinins against the  
b a c ter ia l extracts are given  in  an  abbreviated form  (F lexner lb ,  Coli 26, etc.).

R esults and discussion

O n  th e  evidence o f  th e  fig u res  p resen ted  in  T ab le  I , in  u n tre a te d  h y p e r
th y ro id is m  th e  increase  in  th e  t i t re s  seem ed less d is tin c t th a n  in  o u r  erlie r 
o b se rv a tio n s . H ow ever, in  o u r  fo rm er s tu d ie s  w h ere  10 im m unob io log ica l 
p a ra m e te rs  h ad  b een  te s te d , d is tin c t changes w ere  genera lly  c o n fin ed  to  
A ST , C R P  and  th e  s tre p to ly s in  sk in  te s t, th e  o th e rs  rem a in in g  la rge ly  u n c h a n g 
ed . O n  th e  o th e r h a n d , in  th e  p re se n t s tu d y  w h ere  14 an tib o d ies  w ere  te s te d , 
th e  c h a n g e s  w ere d is reg a rd ed  un less in vo lv ing  a t  le a s t  8 o u t o f th e  14 fa c to rs  
a n d  b e in g  of th e  sam e d ire c tio n , in  o th e r w ords, th e  t i t re s  of a t  le a s t  8 ou t 
o f  14 an tib o d ie s  h ad  e ith e r  to  be  u n ifo rm ly  h igh  o r  u n ifo rm ly  low. (A n in c rease  
in  t i t r e  o f  all th e  14 a n tib o d ie s  is m erely  a th e o re tic a l possib ility  since ex p o su re  
o f  th e  sam e  in d iv id u a l to  a ll o f  th e  an tigens a t  th e  sam e tim e  w o u ld  h a rd ly  
he  p ro b a b le .)  I t  w as th is  a n tib o d y  p a t te rn  w h ich  se rv ed  fo r th e  e v a lu a tio n  
o f  th e  increasing  or d ec lin in g  te n d e n c y  o f  a n tib o d y  syn th esis . O f th e  104 
b lo o d  d o n o rs  th e re  w ere  o n ly  fo u r (3.8 p e r  cen t) in  w hich  th is  p a t te r n  w as 
d e m o n s tra b le , regard less o f  th e  season , w hereas in  th e  c e n tra l h y p e rm e ta b o lism  
g ro u p  (sy m p a th ico to n ia ) th e  ra tio  was as h ig h  as 35.8 p e r c en t, in  o th e r
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Table I

Im m unogram

Diagnosis
N um ber 
o f cases

No
change

Increase
R eduction

+ + +

1. Hyperthyroidism 47 37 3 2 5

2. V egetative dystonia 39 24 9 5 1

3. H ypothyroidism 13 13 — — -
4. Earlier strumectomy 11 8 2 1 —
4. Controls (patients) 59 53 1 3 2

6. Controls (healthy donors) 104 100 1 3

Statistical analysis 2 — 5: p <  0.02 
4 —5: p =  0.02
2 - 6 :  p <  0.01

w o rd s, 14 o u t of 39 su b je c ts  e x h ib ite d  th is  d is tr ib u tio n  o f  a n t ib o d y  titre s  
T h e  d ifference b e tw een  th e  tw o  g roups w as s ta tis tic a lly  s ig n if ic a n t, p  <7 0.01. 
T h e  s ile n t p a tte rn  w as co n fined  to  th e  cases o f  id io p a th ic  h y p o th y ro id ism  
w h ere  th e  basic  va lu es  p ra c tic a lly  co rresp o n d ed  to  th o se  o f th e  co n tro ls . Of 
th e  h y p e r th y ro id  su b je c ts , fiv e  rev ea led  an  increase  an d  a n o th e r  f iv e  a decline, 
o f th e  t itre s . T h e ir a n tib o d y  p ro d u c tio n  w as, how ever, u n s ta b le  a n d  d id  no t 
seem  to  v a ry  in  an y  d e f in ite  d irec tio n . In  th e  th y ro id e c to m iz e d  sub jec ts  
(w ith  clin ical h y p o th y ro id ism  all th ro u g h o u t)  th e  im m u n o g ram  w as sim ilar 
as in  v eg e ta tiv e  d y s to n ia  o f th e  c e n tra l  ty p e .

T h e  observed  p a t te rn s  a d m itte d  th e  follow ing in te rp re ta t io n .
A ccord ing  to  N il z é n  [9], th y ro id e c to m y  in te rfe res  w ith  a n tib o d y  s y n th e 

sis, a fin d in g  co n sis ten t w ith  th e  la te r  re su lts  o f F il ip p , S z e n t iv á n y i  and  
Me s s  [4] re fe rred  to  ea rlie r on  th e  ev idence  o f w hich a n a p h y la x is  induced  
in  gu inea-p igs and  fa ta l  in  87 p e r c e n t o f th e  con tro ls  w as in h ib ite d  b y  th y ro id 
ec to m y  an d  reduced  to  a m in im u m  (5 p e r  cen t) b y  a h y p o th a la m ic  lesion. 
T h e  h y p o th a lam ic  lesion  h a d , h ow ever, no  in h ib ito ry  e ffec t on  th e  deve lop 
m e n t o f shock  if  i t  h a d  b een  com bined  w ith  ad ren a lec to m y  o r m e tirap o n e  
a d m in is tra tio n . T h y ro x in  tr e a tm e n t  p a ra lle l w ith  h y p o th a la m ic  les io n  had  
a s im ila r effect. T hese  re su lts  c learly  illu s tra te  th e  sign ificance  in  a n tib o d y  
p ro d u c tio n  of th y ro id  d efic iency  on th e  one h a n d  an d  of th y ro x in  su b s titu tio n  
on  th e  o th e r.

In  th e  p re se n t s tu d y  th e  m e tab o lic  aspects  of a n tib o d y  p ro d u c tio n  
h a v e  b een  ap p roached  fro m  th e  ang le  of h y p e rm e tab o lism . I t s  re su lts  su p p o rt 
o u r ea rlie r view  th a t  a n tib o d y  p ro d u c tio n  is enhanced  in  h y p e rm e ta b o lism  
in  th e  fram ew o rk  of (a n d  in  re la tio n  to ) th e  increase  in  p ro te in  sy n th es is  
re su ltin g  from  th is  co n d itio n . T h e  p a t te rn  is p a r tic u la r ly  c o n v in c in g  in  th e  
c e n tra l  ty p e  of h y p e rm e tab o lism . A s ig n ifican t rise in  th e  t i t r e s  w as found
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in  t h e  su b jec ts  w ith  s y m p a th ic o to n ia  as also in  th o se  w here  e lim in a tio n  of 
t h e  fe e d -b a ck  in h ib itin g  p i tu i t a r y  ac tiv ity  re su lte d  in  a re lease of th e  h y p o th a 
la m u s  fro m  in trin sic  fe e d b a c k  an d  thu s in  i ts  h y p e ra c tiv i ty , on th e  o th e r  
h a n d ,  th e  an tibody  t i t r e s  d id  n o t  change in  th e  o th e r  ty p e s  o f h y p o th y ro id ism  
( id io p a th ic )  owing to  th e  a b se n c e  of cen tra l s t im u la tio n .

T h e  so-called in te rn a l  fe e d b a c k  resu lts  fro m  a h y p e ra c tiv ity  of th e  a n te 
r io r  lo b e  of the  p i tu i ta ry  a n d  con tro ls th e  p ro d u c tio n  of re leasing  fac to rs  in 
t h e  m e d ia l em inence o f th e  h y p o th a la m u s  [6 ]. A cco rd in g  to  H a y n a l  e t al. [5], 
in  th i s  case th e  d ien cep h a lic  im p u lses  are a c tin g  d ire c tly  th ro u g h  sy m p a th e tic  
p a th w a y s  b y  enhancing  a t  t h e  p e rip h ery  th e  o x id a tiv e  (m etabo lic) a c tiv ity  of 
t h e  cells. In  congen ita l o r  id io p a th ic  h y p o th y ro id ism , T S H  an d  T R F  fu n c tio n s 
a re  ab o lish ed , a fa c t w h ic h  h a s  been  tu rn e d  to  th e ra p e u t ic  use b y  Szántó  e t 
a l. [1 1 ] .  As th e  re su lts  o f  F il ip p  and  Me ss  [4] in d ic a te , th y ro id  defic iency  
b y  i t s e l f  w ould be re f le c ted  in  th e  im m unogram  b y  a  declin ing  te n d e n c y  o f th e  
t i t r e s ,  enhanced  sy n th es is  b e in g  confined to  s ta te s  o f h y p erm etab o lism .

E v a lu a tio n  of th e  im m u n o g ra m s of p a tie n ts  su b je c te d  to  vario u s t r e a t 
m e n ts  (T able  I I )  has c o n f irm e d  our earlier fin d in g s  in  th a t  th e ra p e u tic  fac to rs  
d ir e c te d  against c e n tra l s t im u la t io n  are m ore efficacious th a n  tho se  of perip h er-

ТаЫе II

E ffect o f  treatments on the im m unogram

Type of tre a tm e n t
Number 

of changed 
param eters

T itres
increased R educed

Coefficient
increase/

reduction

Central 53 41 1 2 3.4

Antithyroid 54 37 17 2 .1

Symptomatic 19 1 0 9 1 .1

a l in h ib ito ry  action  on th y r o id  horm one sy n th es is , since  he re , in  th e  long ru n , 
t h e  f u r th e r  course o f h y p e rm e ta b o lism  w ould  d e p e n d  on th e  ou tcom e o f th e  
c o m p e tit io n  betw een th e  re d u c tio n  of horm one p ro d u c tio n  and  th e  h y p o th a la 
m ic  s tim u la tio n  s te a d ily  in c re a s in g  owing to  th e  fe e d b a c k  effect on th e  p i tu 
i t a r y .  A  possible s t im u la to ry  influence of th e  re d u c tio n  of A C T H -adreno- 
c o r t ic a l  function  in  c o n se q u e n c e  of th e  p i tu i ta r y  fee d b a c k  m ay  w ell co n s ti
t u t e  one  o f th e  fac to rs  a c c o u n tin g  for th e  m o d ified  a n tib o d y  p ro d u c tio n .

N o  re la tionsh ip  w as  fo u n d  betw een  th e  a n tib o d y  ti t re s  an d  th e  serum  
g a m m a  globulin levels w h ic h  h a d  been e s tim a te d  in  38 cases. N or d id  th e  
s e v e r i ty  of th e  clinical c o n d itio n  in  hyper- o r h y p o th y ro id ism  d isp lay  a re la 
t io n s h ip  to  th e  a n tib o d y  t i t r e s .  A sim ilar d iv e rg en ce  occurs in  o th e r  im m uno- 
b io lo g ic a l phenom ena o f  t h e  th y ro id  g land , to o ; in  fa c t, th e  LATS level is 
lik e w ise  u n re la ted  to  th e  c lin ica l severity  o f h y p e r th y ro id ism  [3].
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The im m u n o g ram  of p a tie n ts  h av in g  h a d  o th e r  typ es o f t r e a tm e n t  re 
m ain ed  p ra c tic a lly  u n ch an g ed . T h is  refers to  all k in d s of sy m p to m a tic  th e ra p y  
th e  necessity  o f w hich h ad  a rise n  p rio r to  specific  tre a tm e n t, e. g. ad reno - 
co rtico id  su b s titu tio n , re h y d ra tio n , co n tro l o f  d ia rrh o ea , etc.

*

We are indebted to Mrs Zs. P uszta i, head of the Vaccine D epartm ent o f  th e  In sti
tu te  o f Vaccine Production “ H um an” , for preparation o f the bacterial extracts.
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ANTIKÖRPERMANGELSYNDROM BEI 
PARAPROTEINÄMIE

Von

A . P a t a k f a l v i, R . B a c k h a u sz , J u d it  L a j o s , Á . Gógl und M. B a l á z s

I. M E D IZ IN ISC H E  K L IN IK  (D IREK TO R: PR O F . D R . T. JÁ V O R) D E R  M ED IZIN ISCH EN  U N IV E R S IT Ä T  PÉCS, 
IM PFSTO FFERZEU G U N G S- U N D  FO RSCH U N G SIN STITU T HUMAN 

(D IR E K T O R : D R. G. V E R E S ) BU DA PEST

(E ingegangen am  18. April 1970)

B ei 40 paraproteinäm ischen K ranken wurden die klinischen S y m p to m e des 
Antikörperm angelsyndrom s fortlaufend untersucht. Zur Erm essung des hum oralen  
Im m undefekts wurden Papier-, Agar- und Im m unelektrophorese vorgen om m en und  
die zirkulierenden Antikörper und Im m unglobuline bestim m t. Zur B ew ertu n g  des 
zellulären Im m undefekts kam en m it versch iedenen A ntigenen durchgeführte K u ta n 
teste  und L ym phozyten-B lasttransform ationsuntersuchungen zur A nw endung. In  1/S  
der F älle m eldete sich die Paraproteinäm ie in der Form  eines A ntikörperm angel
syndrom s, welcher Um stand die K lärung der G rundkrankheit erm öglichte. D ie  bereits 
im  Z eitpunkt der Diagnose schw er geschädigte Antikörper- und Im m u n glob u lin 
syn these  verschlechterte sich parallel m it dem  Fortschreiten der K ran kh eit. D ie  
Schädigung der A ntikörpersynthese war unabhängig von  der Paraproteingruppe. D ie  
U ntersuchungen ergaben, daß sich die P roduktion von  allen drei Im m u nglobu linen , 
am ehesten  aber die des IgA , verm indert hat.

D ie zellulären Im m unreaktionen zeigten  keine wesentliche A bw eichung. Bei 
Paraproteinäm ien IgA-, IgU - und IgM -Typs war die IgG-Abnahm e w eniger aus
geprägt, als bei IgG -Paraproteinäm ie.

D ie M öglichkeit eines k a u sa le n  Z u sam m en h an g es zw ischen  d e n  die 
L eu k äm ie  b eg le itenden  In fe k tio n e n  u n d  d e r  v e rm in d e rte n  G a m m a g lo b u lin 
p ro d u k tio n  h a t  R o tk y  [1] b e re its  1914 erw ogen . L ö ffl er  [2] v e r t r a t  die 
A n sich t, d aß  die bei einem  se in e r P a t ie n te n  b es teh en d e  P rä d isp o s itio n  zu 
In fe k tio n e n  d e r Insuffiz ienz  d e r A n tik ö rp e r-P ro d u k tio n  zu zu sch re ib en  is t. 
D iese B eo b ach tu n g en  gerie ten  in d essen  in  V ergessenheit. D er 1954, also  3 
J a h r e  n a c h  V erö ffen tlichung  d er M itte ilu n g  v o n  L ö ffl e r  ersch ien en en  A rb e it 
v o n  A r e n d s  u n d  M itarb . [3] is t  es zu v e rd a n k e n , d aß  die P ro b le m a tik  d e r  se 
k u n d ä re n  Im m uninsu ffiz ienz  ab erm als  in  d en  M itte lp u n k t des In te re s s e s  ge
la n g te : d e r g en a n n te  V erfasser b e o b a c h te te  bei einem  an  m alignem  L y m p h o m  
le id en d en  P a tie n te n  schw ere b a k te r ie lle  In fe k tio n e n  u n d  einen, d e r  a n g e b o re 
n en  A gam m aglobu linäm ie ' äh n lich en  to ta le n  G am m aglobu linm angel.

Im  F a lle  des w o h lb ek an n ten  n o rm o p ro te in äm isch en  A n tik ö rp e rm a n g e l
sy n d ro m s k ö n n e n  die z irk u lie ren d en  A n tik ö rp e r , t ro tz  der A n w esen h e it d e r 
G lo b u lin frak tio n en  vo llkom m en feh len , u n d  ih re  P ro d u k tio n  s e tz t  s ich  n ic h t 
e in m al a u f  E in w irk u n g  eines A n tig en re izes  in  G ang. Ä hnliche S ch w ie rig k e iten  
v e rm a g  au ch  die D iag n o stiz ie ru n g  des s e k u n d ä re n  A n tik ö rp e rm an g e lsy n d ro m s 
zu v e ru rsa c h e n , besonders im  F a lle  e in e r P a ra p ro te in ä m ie , bei d e r  d ie  A n ti-
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k ö rp e r  bzw. die Im m u n g lo b u lin e , t ro tz  d e r  d u rc h  die p a tho log ischen  E iw eiße 
v e ru rsa c h te n  G lo b u lin v e rm eh ru n g , v o llk o m m en  feh len  können  [4, 5, 6].

I n  unserem  K ra n k e n g u t  befanden  s ich  v ie r  F ä lle , deren  K ra n k h e its 
v e r la u f  unsere  A u fm e rk sa m k e it au f die W ic h tig k e it  d e r K en n tn is  des se k u n d ä 
re n  A n tik ö rp e rm a n g e lsy n d ro m s u n d  d er U n te rs u c h u n g  der h u m o ra len  u n d  
z e llu lä ren  Im m u n itä t  le n k te ;  es h an d e lte  s ich  h ie rb e i u m  an  M yelom  le id en d e  
P a t ie n te n , bei d en en  d a s  k lin ische B ild  ja h re la n g  d u rc h  die c h a ra k te ris tisch e n  
S y m p to m e  des A n tik ö rp e rm a n g e lsy n d ro m s b e h e r rs c h t  w urde , ohne d aß  d e r  
e ig en tlich e  A n tik ö rp e rm a n g e l bzw. die la te n te  G ru n d k ra n k h e it d ia g n o s tiz ie rt 
w o rd e n  w äre. L a u t  d e r  an am n estisch en  D a te n  sp ie lten  sich bei d en  e rs te n  
zw ei P a tie n te n  im  L a u fe  v o n  10 bzw . 8 J a h r e n  14 bzw . 28 L u n g e n e n tz ü n 
d u n g e n  ab , w äh ren d  in  d e r  9 jäh rigen  A n am n ese  des d r i t te n  K ra n k e n  4 L u n g e n 
en tz ü n d u n g e n  u n d  6 N a se n n e b e n h ö h le n en tz ü n d u n g e n  v o rk am en . D er v ie r te  
P a t ie n t  w urde w eg en  v e rsch ied en er e i te rn d e r  H au tp ro zesse  ( In je k tio n s 
ab szeß , H a u tg a n g rä n  u sw .)  im  V erlau f v o n  5 J a h r e n  m ehrm als an  c h iru rg i
sch en  u n d  d e rm a to lo g isc h e n  A b te ilungen  b e h a n d e lt .  D ie A ufste llu n g  d e r 
r ic h tig e n  D iagnose w u rd e  d u rch  die U m stä n d e  e rsch w ert, daß  die a n g e fü h rte n  
S y m p to m e  die A u fm e rk sa m k e it d er K lin ik e r  in  R ich tu n g  d er p u lm o n a len  
bzw . H a u tk ra n k h e ite n  le n k te n  u n d  daß  s ich  d ie  S y m p to m e der sich  im  B ild  
d es  A n tik ö rp e rm an g e lsy n d ro m s m eldenden  P la sm a z y to m e  in  einem  T eil d e r 
F ä lle  v o n  der ü b lic h e n  E rsch e in u n g sfo rm  u n te rsc h ie d e n .

A ufgrund  d e r  in  d iesen  F ä llen  e rm it te l te n  E rfah ru n g en  h a b e n  w ir 
u n se re  U n te rsu c h u n g e n  au sg eb re ite t, u n d  z w a r w u rd en  se it 1964 in  einem  
je d e n  p a ra p ro te in ä m is c h e n  F a ll die a u f  A n tik ö rp e rm an g e lsy n d ro m  zu rück- 
fü h rb a re n  S y m p to m e fo r tla u fe n d  u n te rs u c h t;  d iesem  Zweck d ie n te n  n e b s t 
p a p ie r- , a g a r-u n d  im m u n e le k tro p h o re tisc h en  U n te rsu c h u n g e n  auch  d ie  a u f  die 
z irk u lie ren d en  A n tik ö rp e r  g e rich te ten  B e s tim m u n g e n . D iese U n te rsu ch u n g en  
w u rd e n  sp ä te r  m it  q u a n t i ta t iv e r  Im m u n g lo b u lin b e s tim m u n g , die zellu läre  
Im m u n itä t  a n a ly s ie re n d en  K u ta n te s te n  u n d  d e r  U n te rsu ch u n g  d e r L y m p h o - 
z y te n -B la s ttra n s fo rm a tio n  e rg än z t, au ß e rd em  w u rd e  auch  die E in w irk u n g  d e r 
G ru n d k ra n k h e it a u f  d ie  A n tik ö rp e r- u n d  Im m u n g lo b u lin sy n th e se  fo r tla u fe n d  
re g is tr ie r t . D ie K o n tro llu n te rsu c h u n g e n  fa n d e n  in  In te rv a lle n  v o n  3, 6, 12 
M o n a te n  s ta t t .  B ei 29 d e r  40 u n te rsu c h te n  P a t ie n te n  b o t sich n ach  d e r D ia 
gn o stiz ie ru n g  eine la n g e  Z e it h in d u rch  (in  22 F ä lle n  b is zum  T od d er P a tie n te n ;  
d ie  d u rch sch n ittlich e  Ü b e rleb en sze it b e tru g  22,2 M onate) die M öglichkeit zu r 
rege lm äß igen  K o n tro lle  d e r  au f A n tik ö rp e rm an g e lsy n d ro m  z u rü c k fü h rb a ren 
S y m p to m e  und  d e r G e s ta ltu n g  des A n tik ö rp e rsp ieg e ls . D ie K lä ru n g  d e r fo l
g en d en  F ragen  w u rd e  e rs tre b t:

1. die H ä u f ig k e it des A n tik ö rp e rm an g e ls  b e i P a ra p ro te in ä m ie ;
2. G rad d er A n tik ö rp e r-  und  Im m u n g lo b u lin sy n th ese -S ch äd ig u n g ;
3. die K o rre la tio n  zw ischen dem  m it im m uno lo g isch en  M ethoden  n a c h 
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w eisbaren  A n tik ö rp e rm an g e l u n d  d e r  H äu fig k e it der k lin isch en  S y m p to m e 
des A n tik ö rp e rm an g e lsy n d ro m s;

4. die E ig en sch aften  des s ich  zu r P a ra p ro te in ä m ie  g ese llen d en  A n ti
k ö rp e rm an g e lsy n d ro m s.

M aterial und M ethodik

Die zu den verschiedenen B estim m ungen angew andten Verfahren w aren  w ie folgt, 
Papierelektrophorese nach Grassm ann  und Mitarb. [7], Agarelektrophorese n a ch  W ie m e  [8]: 
Im m unelektrophorese und L eichtkettenanalyse nach B ackhausz [9], Isoagglu tin ine und 
auf die U m gebungsantigene einwirkenden A ntikörper nach B achkausz und M itarb. [10]. Die 
bei den P atienten erm ittelten  W erte w urden m it den D urchschnittsw erten v o n  114 gesunden  
Personen verglichen. D ie quantitative Im m unglobulinbestim m ung erfolgte m it dem  Radial
im m undiffusionsverfahren von Ma n c in i und Mitarb. [11], während zur B estim m u n g  des 
in  die m it dem IgG -Paraprotein identische Im m unglobulingruppe gehörenden norm alen  
IgG-s die anguläre Im m undiffusionsm ethode von  B a ckh a usz  [12] zur A n w endu ng kam. 
Zu dieser Untersuchung wurden die durch das Im pfstofferzeugungs- und F orsch ungsin stitu t 
H um an hergestellten A nti-IgG -25-B -, A nti IgA -30-K -, A nti-IgM -l-L -, A nti-IgM -110-L - und 
Anti-IgG -37-L-Im m unseren verw endet. Zur Untersuchung der R eaktion v o m  Tuberkulin- 
Typ wandten wir die durch die V akzinabteilung des genannten In stitu ts zur Verfügung  
gestellten , in  Tabelle I angeführten A ntigene an. A ls das Kriterium  der p o s itiv en  K utan
reaktion galt eine 1 0 x 1 0  mm große, oder größere H autröte bzw. -Schw ellung. A ls 100%  
wurde die G esam tpositivität der m it den 9 A ntigenen durchgeführten K u ta n teste  betrachtet. 
D ie bei den P atienten wahrnehm bare P o sitiv itä t der K utanreaktion haben w ir m it den 
Ergebnissen von 29 gesunden Personen verglichen. D ie L ym phozytenzüchtung erfolgte m it 
der M ethode von  Mo o rh ea d  und Mitarb. [13]. Als n icht spezifischer Stim ulator kam  das Bacto- 
P hytohäm agglutin in-P  (D ifco Laboratories D etroit, Mich. USA) zur A nw endung. A m  3. und 
6. Tag wurde in der K ultur das prozentuale Verhältnis der L ym phoblastoidzellen  bestim m t.

D ie Antikörperuntersuchungen fanden bei 40 P atienten  statt. D ie  der Paraprotein
gruppe entsprechende Verteilung war w ie fo lgt: IgG: 24; IgA: 7; IgU: 5; IgM: 2; Ig G + Ig A : 1; 
IgG-j-IgM : 1. D ie der Grundkrankheit entsprechende Verteilung zeigte fo lgen des: P lasm o
zytom : 37 Fälle; M akroglobulinäm ie: 2 F älle; lym phoide Leukämie: 1 F all. Q uantitative  
Im m unglobulinbestim m ung wurde in 20 F ällen  durchgeführt. K utanteste w urden  in 8 Fällen  
angew andt, während die U ntersuchung der L ym phozytenblasttransform ation bei 6 P atienten  
vorgenom m en wurde.

Tabelle I

A ntigene zu Kutantesten

A )  S taphylococcus aureus haem olyticus
B )  S taphylococcus albus 

M icrococcus (G ram positiv)
C ) S treptococcus haem olyticus  

Lancefield A , C, G.
D )  S treptococcus viridans 

Streptococcus pneum oniae  
Streptococcus haem olyticus L. D.

E )  Neissera pharyngis 
K lebsiella pneum oniae  
H aem ophilus influenzae 
M icrococcus (G ram negativ)

F )  Bordatella pertussis 
Bordatella parapertussis 
Bordatella bronchioseptica

G) Escherichia coli 
Pseudom onas aeruginosa  
Bacillus proteus P rovidentia

H )  Brucella abortus
I )  M antouxsche Probe 1 : 100 000
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Tabelle II

W ic h t ig e r e  A n g a b e n  d e r  A n t ik ö r p e r m a n g e l s y n d r o m - F ä l l e

Symptome des Antikörpermangelsyndroms

Nr., Name, Geburtsjahr Typ der Para
proteingruppe

Knochen-
Röntgen vor nach

Lungen
entzündung

□
Bronchitis

□
Sinusitis

□
Pyoderma

□
Zysto-
pyelitis

□

Entero-
kolitis

□
Sepsis

□
Menin
gitis

□

l . J . B. 1901 IgGK o. R. ? 6 2
2. M. Cs. 1905 IgGL 0 124 52 + 14 9 — 6 l
3. K. R. 1909 IgGK o. R. — ? — 1 — — _ _ _ _ _ _ _ _ _ _  _

4. Gy. G. 1893 IgGL o. R. — 2+ — — 1 — — — _ — _ _ _ _ _ _ _
5. F. K. 1898 IgGK o. R. — ? — 2 — 1 — _ _ _ _ _ _ _ _ _ _ _
6. Gy. K. 1923 IgGK o. R. — 4 + — 1 1 — — — — — _ _ _ _ _ _ _ _
7. J. G. 1904 IgG neg. 97 1 3 + 28 2 -  2
8. N. M. 1901 IgGK o. R. — 11 + — 1 — — — — — l _ _ _ _ _ _ _ _
9. Gy. M. 1898 IgGL o. R. 20 72 + 4 2 — 2 — 1 _ 2 — 1 _ _ . — l10. J. R. 1912 IgGK o. R. 16 49K 2 1 X 2

11. J. S. 1891 IgGK o. R. — 2 + — 1 — _ _ _ _ _ _ _ _  _ _
12. I. Sz. 1914 IgGK o. R. — 9 + 1 1 — 1
13. J. w . 1913 IgGL o. R. 8 + 1
14. Gy. K. 1898 IgGL o. R. 13 1 + 1
15. А. K. 1908 IgGL o. R. 42 1 + 1 1 — 1 — _ — _ 1 1 _ _ _ _ _  _
16. D. K. 1906 IgGL neg. 100 3 4 + 4 1 — X 6 2 — _ -  1 _ _ _ _ _ _
17. P. F. 1900 IgAL 0 5 1 5 + 1 1
18. S. M. 1899 IgAK 0 55 2 3 + 1 5 — X --  -- X X _ _ _ _ _ _ _ _
19. I. Cs. 1903 IgAK o. R. 88 25 2 I — 1
20. S. I. 1899 IgA o. R. — 9 — — — 20 --  -- _ _ _ _ _ _ _ __ _
21. А. M. 1905 I g A -I g G o. R. 72 7 + 2 1 — 2 — l22. I. M. 1909 IgU 0 — 33K — 1 _ _ _ _ _ _ _ _ _  _
23. J. F. 1910 IgM o. R. — 8 + — 1 — — _ _ _ _ _ _ _  _ _
24. A. F. 1912 IgM neg. — 24K — 2 — 4 — — — — — — — — -  - -  —

A. =  Dauer des Antikörpermangelsyndroms (Monate) vor bzw. 
nach der Diagnosestellung der Paraproteinämie 

o. R. =  osteolytische Rarefraktion 
О =  Osteoporose 

? =  Zur K ontrolle nicht erschienen

+  =  gestorben 
К  =  unter Kontrolle
□ =  Zahl der Infektionen vor der Diagnose 
X =  häufiges Auftreten der Infektionen
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E rgebnisse

1. H ä u fig ke it der In fek tio n en . In  24 d er 40 F ä lle  t r a te n  a u f  A n tik ö rp e r 
m an g e l z u rü ck fü h rb a re  k lin isch e  S y m p to m e in  E rsch e in u n g ; V e rte ilu n g  u n d  
H ä u fig k e it d ieser S y m p to m e, G ru p p e  bzw . T y p  des P a ra p ro te in s , B eg in n  des 
A n tik ö rp e rm an g e lsy n d ro m s, Z e itp u n k t d e r D iag n o se  u n d  T o d e sz e itp u n k t 
sow ie V erte ilu n g  der n a ch w e isb a ren  K n o ch en v e rän d eru n g en  v e ra n sc h a u lic h t 
T abe lle  I I .  W as die H ä u fig k e it an b e lan g t, s te h e n  die A tem w eg in fek tio n en  
u n d  u n te r  ih n e n  die P n eu m o n ien  an  e rs te r  S te lle . A n läß lich  d e r Z u sa m m e n 
s te llu n g  d e r In fe k tio n sh ä u fig k e it w u rd en  n u r  d ie  au ch  rön tg en o lo g isch  v e r i
f iz ie rten  P n eu m o n ien  u n d  S in u s itid e n  bzw . aussch ließ lich  die m it h o h em  
F ie b e r  e inhergehenden , eine s ta t io n ä re  B eh an d lu n g  b e an sp ru ch en d en  B ro n c h iti
d en  b e rü ck s ich tig t, was g le ich ze itig  auch  soviel b e d e u te t, daß  d ie t a t s ä c h 
liche  In fek tio n sh äu fig k e it h ö h e r  lag . H a u tin fe k tio n  k am  se lten e r v o r , bei 
e inem  P a tie n te n  m eldete  sie sich  jed o ch  in  e in e r  schw eren  u n d  b is zum  
T ode b es teh en d en  Form . H a rn w e g in fe k tio n en  ließ en  sich z iem lich  h ä u fig  
b eo b ach ten .

U nseres E ra c h te n s  is t  d e r  T a tsa c h e , d aß  d ie M ehrzahl d er In fe k tio n e n  
b e re its  v o r d e r  D iag n o stiz ie ru n g  d er P a ra p ro te in ä m ie  a u f tra t ,  d .h .,  d aß  
sich  M yelom  bzw . M akrog lobu linäm ie  in  F o rm  eines A n tik ö rp e rm a n g e l
sy n d ro m s m eld e ten  eine w esen tlich e  p ra k tisc h e  B ed eu tu n g  b e izu m essen . 
O bw ohl sich  die en tzü n d lich e  V e rä n d e ru n g  in  d iesen  F ä llen  a u f  E in w irk u n g  d e r 
a n tib io tisc h e n  B eh an d lu n g  z u rü ck en tw ick e lte , b lieb  die S en k u n g sgeschw ind ig 
k e it  d e r B lu tk ö rp e rc h e n  au ch  n a c h  A bklingen  d e r E n tz ü n d u n g  w e se n tlic h  
e rh ö h t. A u fg ru n d  d ieser S y m p to m e  erhob  sich d e r  V e rd a c h t einer, im  H in te r 
g ru n d  des A n tik ö rp e rm an g e lsy n d ro m s s teh en d en  P a ra p ro te in ä m ie . N ic h t w e
n ig e r b e a c h te n sw e rt is t au ch  d e r  U m stan d , d a ß  in  d en  k lin isch  sch w e rs te n  
A n tik ö rp e rm a n g e lsy n d ro m -F ä llen  (T abelle I I ,  F ä lle  2, 7, 16 u n d  18) k e in e  
R a re fra k tio n e n  d e r K nochen  nach zu w eisen  w aren , a u f  d en  R tg a u fn a h m e n  ließ  
sich  zu m eist O steoporose e rk e n n e n , es kam en  a b e r  au ch  n eg a tiv e  K n o c h e n 
b e fu n d e  vo r.

2. A ntikö rp er. D ie im  Z e itp u n k t  d er D iag n o stiz ie ru n g  u n d  a n lä ß lic h  
d e r  le tz te n  U n te rsu ch u n g  e rm itte l te n  E rgebn isse  s in d  in  T abelle  I I I  d a rg e s te llt . 
M it d er A u sn ah m e von  zwei F ä lle n  w aren  die T ite r  b e re its  im  Z e itp u n k t d e r  
D iag n o stiz ie ru n g  s ta rk  v e rm in d e r t , die M ehrzahl d e r W erte  lag  u n te r  dem  
N o rm a ld u rc h sc h n itt. E in  b e d e u te n d e r  Teil d er 13 u n te rsu c h te n  A n tik ö rp e r  
k o n n te  ü b e rh a u p t n ich t nachgew iesen  w erden . D ie S chäd igung  d er A n tik ö r 
p e rsy n th e se  e rs tre c k te  sich a u f  säm tlich e , in  alle d re i Im m u n g lo b u lin g ru p p e n  
g eh ö ren d e  A n tik ö rp e r. D as M aß d e r  S chäd igung  erw ies sich als u n a b h ä n g ig  
v o n  d e r  G ru p p e  bzw . dem  T y p  des P a ra p ro te in s . In  20 F ä llen  ze ig ten  die 
k u rz  n ach  dem  T od b e s tim m te n  A n tik ö rp e r ti te r  im  V ergleich  zu d en  im  
Z e itp u n k t d e r D iagnose e rm itte l te n  R e su lta te n  eine w eite re  V erm in d e ru n g .
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Tabelle III

Antikörper-Durchschnittswerte bei Kontrollpersonen

Titerreziprokw erte der auf die

A n ti
Sh.

S. typh i

A В
sonnei 0 Vi

K ontrollw erte n =  114 32 7 5 22 12 8
B ei der Diagnose der Paraproteinäm ie  

n =  40 15,2 13 3 2,2 1,5

V or dem  Tode n =  22 10 9 2,4 2 1,4

Antikörperm angelsyndrom  n  =  24 18 14 3 2,2 U
F älle  ohne klinischen Sym p tom e des 

Antikörperm angels n =  16 12 10 3,2 2 1,5

I n  d e r  te rm in a len  P h a s e  ließ  sich in  m a n c h e n  F ä lle n  k e in e r d e r u n te rsu c h te n  
A n tik ö rp e r  nachw eisen .

3. Q uantitative Im m ung lobu lin b estim m u n g . I n  d re i F ä llen  w a re n  ober
h a lb  d e r  N orm alg renze  lieg en d e  IgG - (F a ll N r. 14) u n d  Ig A -W erte  (F a ll N r. 9 
u n d  20) vo rzu finden . B e i Ig G -P a ra p ro te in ä m ie n  ze ig ten  alle d re i Im m u n g lo b u 
lin e  eine s ta rk e  V e rm in d e ru n g . Bei IgG -, Ig A - u n d  Ig U -P a ra p ro te in ä m ie n  
w a re n  sow ohl die Ig A - a ls  auch  die Ig M -W erte  in  b ed e u te n d e m  M aße v e r
m in d e r t ,  bei den  Ig G -P a ra p ro te in ä m ie n  t r a t  a b e r  eine au sg e p rä g te re  V er
m in d e ru n g  der Ig G -W e rte  in  E rsch e in u n g , als b e i den  ü b rig en  P a ra p ro te in ä -  
m ie n  (A bb. 1, T ab . IV ).

W erden  die A n tik ö rp e r t i te r  u n d  d ie  m it  Im m u n d iffu sio n  b e s tim m te n  
Im m u n g lo b u lin w e rte  v e rg lich en , is t es aug en fä llig , daß  d ie  A n tik ö rp e rv e r
m in d e ru n g  im  a llg em ein en  au sg ep räg te r is t ,  als es a n h a n d  des Im m u n g lo b u 
lin sp ieg e ls  an zu n eh m en  w ä re . In  m eh re ren  F ä lle n  k o n n te n  — tro tz  des vo ll
k o m m e n e n  A n tik ö rp e rm a n g e ls  — v e rsch ied en e  Im m u n g lo b u lin m en g en  n a c h 
g ew iesen  w erden.

W as die H ä u f ig k e it  d e r  In fe k tio n e n  u n d  d as  M aß d er A n tik ö rp e rsp ieg e l
v e rm in d e ru n g  a n b e la n g t, ließ  sich fe s ts te lle n , d a ß  in  den  m it h ä u fig en  In fe k 
t io n e n  k o m pliz ie rten  F ä lle n  die A n tik ö rp e rsp ieg e lv e rm in d e ru n g  s te ts  ausge
p r ä g t  w ar. D em g eg en ü b e r v e ru rsach te  e in  h o ch g rad ig e r u n d  so g ar ein sich  
a u f  d ie  u n te rsu c h te n  A n tig en e  b ez ieh en d er to ta le r  A n tik ö rp e rm a n g e l n ic h t 
in  e in em  jed en  F a ll k lin isc h e  S ym ptom e. I n  16 d er 40 F älle  m e ld e te n  sich im  
L a u fe  der B e o b a c h tu n g sz e it keine k lin isch en  S y m p to m e des A n tik ö rp e r
m an g e ls . Zw ischen d e n  A n tik ö rp e r ti te rn  d ie se r 16 F ä lle  u n d  d en  e n tsp re c h e n d en  
W e r te n  d er 24, m it v e rsc h ie d e n en  In fe k tio n e n  e in h e rg eh en d en  F ä lle n  ließ sich 
k e in  U n tersch ied  e rk e n n e n  (Tab. I I I ) .

4. Allergie vom  S p ä tty p  und L ym p h o zy ten -B la sttra n sfo rm a tio n . D ie m it 
9 A n tig en en  v o rg en o m m en en  K u ta n re a k tio n e n  ze ig ten  im  V erg le ich  zu d en
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und bei Paraproteinäm ie

A ntigene einwirkenden A ntikörper

Sh. flexneri E. coli
Sh. flexneri 

3

E. coli Staphylo- 
k о kk ин

ее antitoxin  
(IE )2a lb 055 026 086 0111

l i 41 10 14 56 14 12 0,75

3,4 3,7 3,5 3,5 5,4 2,1 1,9 0,58
3 4 1,6 2,2 3,6 1,5 1,5 0,31
3,2 4,5 3,1 3,5 5,5 2,7 2,5 0,42

3,3 3 3,6 3,3 4.2 2 1,8 0,33

Tabelle IV

Immunglobulinwerte der K onirollpalienten und bei Paraproteinämie

Im m unglobuline

G ruppe IgG
mg/100 ml

IgA
mg/100 ml

IgM
mg/100 ml

Norm ahverte 1 5 7 0 + 5 2 ,3 220 +  12 193 +  44

n =  60

Paraproteinämie 555 +  82 7 1 ,5 + 2 2 36,3 +  5
n =  20

IgG n =  11 348 +  50 51,2 +  17 24,7 +  6

IgA  n =  4 783 +  334 — 66,7 +  37

IgU  n =  3 798 +  140 2 0 ,8 + 8 38,3 +  9
IgM =  2 880 259 —

Tabelle V

Verteilung der K utan test-P ositivitä t

A blesezeitpunkt der Reaktion

G ruppe Anzahl 
der F älle 15 Min

%
24 S t
%

48 S t
%

Normalwerte 29 29 30,2 30,2
Paraproteinämie 8 23,6 18
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K o n tro llw e r te n  eine V erm in d eru n g  (T ab. V). I n  6 F ä llen  k am  es in  den  L y m p h o - 
z y te n k u ltu re n  m itte ls  eines aspezifischen  A n tig e n s  (P h y to h ä m a g g lu tin in )  zu r 
A n a ly se  d e r  ze llu lä ren  Im m u n a n tw o rt. I n  e in em  F a ll, in  dem  die U n te r 
su c h u n g  w ä h re n d  d e r z y to s ta tisc h e n  B e h a n d lu n g  s ta t tf a n d , w a r k eine  B la s t
tra n s fo rm a tio n  v o rzu fin d en , in  d en  ü b rig en  F ä lle n  ließ en  sich die B lä s te n  am  3. 
u n d  6. T a g  d e r Z ü ch tu n g  in  d e r in  d e r  T ab e lle  V I an g efü h rten  P ro p o r tio n  
b e o b a c h te n . D ie E rg eb n isse  k ö n n en  als Z eichen  d e r  en tsp rech en d en  ze llu lä ren  
Im m u n a n tw o r t  b e w e rte t w erd en .

mg%

A bb. 1. Im m unoglobulinw erte v o n  20 P atienten  in  einer der Gruppe bzw. dem  T yp des P ara
proteins entsprechenden Aufschlüsselung

Acta Medica Academiae Scientiarum Hungaricae 27, 1970



ANTIKÖRPERMANGELSYNDROM 373

Tabelle VI

Ergebnisse der Lymphozyten-Blasttransformationsuntersuchungen

3. Tag 6. Tag

PHA K ontr. PHA K ontr.

1. J . Cs. 72 0 24 0

2. A. K. 0 0 0 0

3. É . Sz. K. 36 0 25 0

4. A. S. 38 0,2 44 0

5. J . A. 68 0 29 0

6. F . A. 59 0 32 0

P H A  =  Phytohäm agglutinin

B esprechung

N ach  a ltb e k a n n te r  k lin isch er B e o b a c h tu n g  b e s te h t bei M yelom  u n d  bei 
d er m alig n en  W u ch e ru n g  des ly m p h o re tik u lä re n  System s häufig  e in e  In fe k 
tio n sn e ig u n g  [14, 15]. E in e  w eniger oder k a u m  b e k a n n te  E rsc h e in u n g  is t 
dagegen  — wie d a ra u f  auch  u n se re  F älle  liinw eisen  daß  sich d ie  P a ra p ro -  
te in äm ien  J a h re  oder sogar ein J a h rz e h n t h in d u rc h  im  B ild des A n tik ö rp e r 
m an g elsy n d ro m s m elden  kö n n en . B esonders b each ten sw ert is t d ie  B e o b 
a ch tu n g , d aß  in  d en  k lin isch  schw ersten  F ä lle n  v o n  A n tik ö rp e rm an g e l k e ine  
o steo ly tisch en  K n o c h e n ra re fra k tio n e n  n ach zu w eisen  w aren , der R ö n tg e n b e 
fu n d  n e g a tiv  ausfie l oder a u f O steoporose v e rsch ied en en  G rades h inw ies (T ab . 
I I ) .  A u ß e r den  im  V o rd erg ru n d  des k lin isch en  B ildes s tehenden  S y m p to m e n  
des A n tik ö rp e rm an g e lsy n d ro m s, sp ie lte  a lle r W ah rsch e in lich k e it n a c h  d er 
le tz te rw ä h n te  U m sta n d  d a rin  eine Rolle, d a ß  sich  die A u fm erk sam k e it d er 
K lin ik e r a u f  d ie lok a len  L ungen- u n d  H a u tk ra n k h e ite n  r ich te te  u n d  d ie  im  
H in te rg ru n d  v e rb o rg en e  G ru n d k ra n k h e it lan g e  Z e it h in d u rch  n ic h t  e rk a n n t  
w urde . Im  diesem  Z u sam m en h an g  m uß  a b e r  e rw ä h n t w erden , d a ß  im  F a lle  
eines n e g a tiv e n  K n o ch en b efu n d es bzw. O steoporose  n ich t in  einem  je d e n  F a ll 
rez id iv ie ren d e  In fe k tio n e n  a u f tra te n .

D as sich  zu r P a ra p ro te in ä m ie  gesellende A n tik ö rp e rm an g e lsy n d ro m  k a n n  
sich -  u n d  dies d ü rf te  als das w esen tlich ste  C h a rak te ris tik u m  des p a th o lo 
gischen  Z u s ta n d s  b e tra c h te t  w erd en  — sc h e in b a r  in  se lb stän d ig er F o rm , als 
das e rs te  S y m p to m  d er K ra n k h e it  m elden . D ie ü b rig e n  F o rm en  des s e k u n d ä 
ren  A n tik ö rp e rm an g e lsy n d ro m s tre te n  im  F a lle  e in e r bere its  b e k a n n te n  D ia 
gnose (z. B . L y m p h ad en o se ) zum eist nach  la n g jä h rig e r  K ra n k h e itsd a u e r  auf. 
P rim ä re  H y p o - o d er A gam m aglobu linäm ie  k o m m t bei b e ja h rte n  P e rso n e n  
p ra k tisc h  n ic h t v o r  u n d  is t auch  bei ju n g e n  E rw a c h se n e n  eine se ltene  E rs c h e i
nung [1 9 ,2 0 ,2 1 ,2 2 ] .

3 Acta Medica Academiae Scientiarum Hungaricae 27, 1970



374 A. PATAKFALVI u. Mitarb.

U n sere  E rfa h ru n g e n  sp rech en  som it d a fü r , d a ß  falls bei e inem  e rw ach se 
n e n  P a t i e n t  ohne n ach w e isb a re  p rim äre  H y p o -  bzw . A g am m ag lo b u lin äm ie  
d ie  S y m p to m e  des A n tik ö rp e rm an g e lsy n d ro m s sow ie au f dem  P a p ie re le k tro -  
p h o re tó g ra m m  die E rh ö h u n g  d e r G a m m ag lo b u lin frak tio n  zu b e o b a c h te n  s in d , 
b e so n d e rs  aber w enn  d ie  S en k u n g sg esch w in d ig k e it der B lu tk ö rp e rc h e n  auch  
in  e n tz ü n d u n g sfre ien  P e r io d e n  gesteigert b le ib t ,  die M öglichkeit e ines sich  
zu  P a ra p ro te in ä m ie  gese llen d en  A n tik ö rp e rm an g e lsy n d ro m s erw ogen  w erd en  
m u ß . H ie rb e i sei n a c h d rü c k lic h  b e to n t, d a ß  s ich  B ronch iek tasie  a u c h  zufo lge 
d es  A n tik ö rp e rm an g e ls  en tw ick e ln  k an n  [23, 24 , 25].

W as die L ab o ra to riu m sd ia g n o s tik  des s ich  zu  P a ra p ro te in ä m ie  gese llen 
d e n  A n tik ö rp e rm a n g e lsy n d ro m s anbelang t, s in d  d e r  G esam teiw eiß- u n d  e le k tro 
p h o re tis c h e  B efund  eh e r irre fü h ren d , g e n a u e r  gesag t, sind diese W e rte  n u r  
b e i sog . n o rm o p ro te in äm isch em  u n d  m ik ro m o lek u lä rem  P lasm o zy to m  p a th o -  
g n o s tisc h , da  sich n e b s t n ied rigerem  G esam teiw eißsp iegel häu fig  H y p o g am m a- 
g lo b u lin ä m ie  b e o b a c h te n  lä ß t  [26, 27, 28]. D ie sen  U m stän d en  zufolge is t  bei 
P a ra p ro te in ä m ie  den  A n tik ö rp e ru n te rsu c h u n g e n  eine besondere B e d e u tu n g  
b e izu m essen . F rü h e r  w u rd e n  p ra k tisc h  n u r  d ie  Iso ag g lu tin in e  b e s tim m t [29, 30], 
u n d  d iese  U n te rsu c h u n g e n  w u rd en  sp ä te r  m i t  d e r  B estim m ung  v o n  S tre p to -  
ly s in -O -A n tito x in  sow ie S ta p h y lo k o k k u s -a -A n tito x in  e rgänz t [31, 32]. M anche 
V e rfa sse r  begnügen  sich  au ch  heu te  noch m it  d e r  B estim m ung  d er Iso h äm ag - 
g lu tin in e  u n d  des D ip h th e r ie - , T e ta n u s-A n tito x in - , A n tis trep to ly s in -T ite rs  [33, 
34, 35 ]. A n h an d  d e r U n te rsu c h u n g  von  e in ig en  A n tik ö rp e rn  is t ab e r d ie  B e
w e r tu n g  des h u m o ra len  Im m u n z u s ta n d s  sch w ie rig . H artl  u n d  M ita rb . [32] 
h a b e n  z. B . n o rm ale  A n tis tre p to ly s in ti te r  vo rg efu n d en . Zi n n e m a n n  u n d  
H a l l  [36] u n d  auch  a n d e re  V erfasser [37, 38 , 39] fanden  n ach  A n w en d u n g  
v e rsc h ie d e n e r  V ak z in en  (D ip h th e rie , T y p h u s , P a ra ty p h u s , M um ps) bzw . n ach  
V erab fo lg u n g  eines P n e u m o k o k k u s-P o ly sacch a rid en an tig en s  s ta rk  v e rm in d e r te  
A n tik ö rp e rre a k tio n e n .

D ie  q u a n ti ta t iv e  B estim m u n g  d e r Im m u n g lo b u lin e  e rm ö g lich te  die 
H e rs te llu n g  der m onospezifischen  Im m u n se re n ; diese B estim m u n g en  w u rd en  
v o r e r s t  m it dem  d ire k t- lin e a ren  V erfah ren  v o n  O u d i n  [40] v o rg en o m m en , 
n e u e s te n s  f in d e t dagegen  e h e r  die R ad ia l-D iffu sio n sm eth o d e  v o n  Ma n c i n i  u n d  
M ita rb . [11] eine A n w en d u n g .

B ack h ausz  [12], H o b b s  [41], Mü l l e r  [42], R entsch  [43] u n d  S c h e u r - 
LEN [44], die bei e in e r g ro ß en  Zahl von p a ra p ro te in äm isch e n  K ra n k e n  q u a n t i 
t a t i v e  Im m u n g lo b u lin b es tim m u n g en  d u rc h fü h r te n , v erm och ten  im  a llgem einen  
d ie  au sd rü ck lich e  V e rm in d e ru n g  der Im m u n g lo b u lin e  festzuste llen .

D ie  v e rh ä ltn ism ä ß ig  große Zahl d e r  Iso ag g lu tin in e  u n d  d e r  a u f  die 
U m g e b u n g san tig en e  e in w irk en d en  A n tik ö rp e r  g ab en  eine e n tsp rech en d e  A uf
k lä ru n g  ü b e r den  Z u s ta n d  des hum oralen  Im m u n sy s te m s , die S ch äd ig u n g  del
in  d ie  einzelnen Im m u n g lo b u lin g ru p p en  g eh ö re n d e n  A n tik ö rp e r k o n n te  ab er 
n u r  a n h a n d  der E rg e b n isse  der g leichzeitig  d u rch g e fü h rten  q u a n t i ta t iv e n
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Im m u n g lo b u liiib es tim m u n g en  b e w e rte t w e rd en . B eim  Vergleich d e r Im m u n 
globulin- und  A n tik ö rp e r ti te r  s te llte  es sich h e ra u s , d aß  es s te ts  die A n tik ö rp e r 
w erte  w aren , die die h ochgrad igere  V e rm in d e ru n g  aufw iesen. N e b s t to ta le m  
A n tik ö rp e rm an g e l — w elche E rsch e in u n g  h ä u fig  zu  beo b ach ten  w ar k o n n te n  
die Im m u n g lo b u lin e  in  versch iedenen  M engen nachgew iesen  w erden . A n h a n d  
d ieser B eo b ach tu n g  d ü rf te  even tuell auch  m it d e r  A nw esenheit von  fu n k tio n s 
g esch äd ig ten  Im m u n g lo b u lin en  g e rech n e t w e rd e n . O b die zellu lären  Im m u n 
re a k tio n e n  a u fg ru n d  d e r K u ta n te s te  u n d  d e r  B la s ttra n s fo rm a tio n  b e w e r te t  
w erden  k ö n n en , is t noch  eine offene F rag e . U n se re  U n te rsu ch u n g en  sp re c h e n  
d a fü r, d aß  bei P a ra p ro te in ä m ie  die ze llu lä re  Im m u n itä t  keine n e n n e n sw e rte  
S chäd igung  e rle ide t.
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EFFECT OF ANGIOTENSIN ON CORTICOID PRODUCTION 
OF THE RAT ADRENAL IN VITRO

K a t h l e e n  S z . S za la y  and K a t h l e e n  Mih á l y

INSTITUTE OF EXPERIMENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

(Received April 18, 1970)

A 25 or 50 jiig/ml dose of angiotensin added to  the incubation m edium  a t 15- 
m inute intervals stim ulated  corticosterone production  and left aldosterone production  
unaffected; a 100 /tg/100 m l dose enhanced both . B etw een  20% and 40% o f the angio
tensin is destroyed during incubation. The h igh angiotensinase a ctiv ity  o f  th e  rat 
adrenal cortex cannot explain the insensib ility  to  angiotensin.

The part p layed  b y  angiotensin in controlling  aldosterone secretion  is 
no longer under discussion (cf. review b y  D a v is  [3]), except in respect o f  th e  rat. 
Several authors found th a t in the laboratory rat angiotensin adm inistered  
failed to  stim ulate aldosterone secretion [5, 8 ], or stim ulated it  on ly  w hen  
given in very  large doses [1, 4 ]. K a p l a n  and B a r t t e r  [7] in cu b ated  rat 
adrenal tissue slices w ith  5 /ig/100 m g and GlÁz and S ug ár  [6] w ith 100 f i g/100  
mg of angiotensin  and could induce no increase in  aldosterone production; 
nor could Spät  e t al. [13], by the continuous in fusion  o f 0.5 /ig/m in. o f an g io ten 
sin. Mü l l e r  [10], on the other hand, found an increase in aldosterone ou tp u t  
after 330 /ig/m l o f angiotensin.

T he p re se n t w ork  w as based  on th e  a s su m p tio n  th a t  th e  a d re n a l o f th e  
r a t  con ta in s m o re  ang io tensinase  th a n  th a t  o f  o th e r  species, an d  t h a t  th is  is 
w h y  on ly  la rg e  doses o f ang io tensin  in c rease  a ld o ste ro n e  p ro d u c tio n  in  th e  
r a t .  To e s tab lish  th e  v a lid ity  of th is  a s su m p tio n  w e h av e  s tu d ied  th e  e ffec t 
on co rtico ste ro n e  an d  a ldoste rone  p ro d u c tio n  o f  rep e a te d  an g io ten sin  doses 
ad d ed  to  in c u b a te d  r a t  ad rena ls  an d  d e te rm in e d  th e  p ro p o rtio n  o f d e s tro y e d  
о re ta in e d , i.e . a c tu a lly  effective, an g io ten s in .

Materials and methods

Fem ale W istar rats weighing 170— 200 g were decap ita ted  and the adrenals were rem oved  
and halved. The experim ents were arranged in random ized blocks, each block consisting  
o f 2, 3, or 4 un its depending on the num ber of trea tm en ts. W ithin each block th e  halved  
adrenals were d istributed even ly  so as to have 12 halves in  each  flask. Incubation w as carried  
out for 40 m inutes in  a W arburg apparatus, in  5 m l o f  K rebs-R inger bicarbonate buffer  
containing 3.6 m E q o f potassium  (according to M ü l l e r  [10]) a t 37 °C, w ith a m ixture o f  
95%  0 2 and 5% C 0 2 continuously  bubbled through the m edium . A t the end of th is preincuba
tion period the m edium  was discarded. Added to the control flasks were 4.25 m l o f  K reb s-  
Ringer bicarbonate buffer containing 5.9 m E q potassium , and to  the angiotensin -treated  
flasks 4 m l o f the buffer and a dose o f angiotensin in  0.25 m l o f buffer to  a final angiotensin  
concentration o f 25, 50, or 100 jUg/ml. Incubation lasted  90 m inutes, and every 15 m in u tes
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(in  th e  first experim ental series every  30 m inutes) a fresh dose of angiotensin in  0.25 m l of  
b u ffer  w as added to the m edium . A t the same tim e, th e  same quantity o f  buffer solution  
w as add ed  to the control flasks. A fter incubation for 15, 45, and 75 m inutes, 0.1 m l o f  m edium  
w a s w ithdraw n from each flask  before adding fresh angiotensin , to determine the concentration  
o f  angiotensin . The same q u a n tity  was withdrawn from  each control flask. (In  th e  f ir s t  series 
o f  exp erim en ts angiotensin concentrations were n ot determ ined.) In a number o f experim en ts, 
a n g io ten sin  was added to th e  f la sk s  w ithout adrenal tissu e , to  see whether it  w ould  be regained  
in  th e  absence of angiotensinase.

T he corticosteroids were extracted  from the m edium  w ith chloroform and iso la ted  by  
p ap er  chrom atography [14].

F or angiotensin determ ination , 0.9 ml o f p h ysio log ica l saline were added to  th e  0.1 m l 
o f  m ed iu m  removed in the course o f incubation, and th e  m ixture was boiled in  a w ater bath  
fo r  15 m inutes to destroy the angiotensinase still presen t in  the medium. The sam ples were 
sto red  a t 0 °C until m easuring. A ngiotensin  was determ ined  in nephrectomized and ganglion- 
b lo c k e d  (1 mg/kg of in traven ous m ecam ylam ine) m ale rats on the basis o f its  hyp ertensive  
a c tio n . The hypertensive action  o f  the diluted incub ation  medium was com pared w ith  that 
o f  stan d ard  CIBA H ypertensin .

T he results were ev a lu a ted  b y  tw o-w ay analysis o f  variance, and the group averages 
co m p ared  b y  Schepfé’s m u ltip le  comparison te s t  [11].

Results

D oses of 25, 50, o r 100 ^tg/ml of a n g io te n s in  added  to  th e  in c u b a tio n  
m e d iu m  a t  3 0 -m in u te -in te rv a ls  h ad  no e ffec t on  e ith e r  co rtico ste ro n e  o r  a ld o 
s te ro n e  p roduction  (F ig . 1). A dose of 25 o r  50 /tg /m l added ev ery  15 m in u te s

ALDOSTERONE

every 30 min

CORTICOSTERONE

jjg/ml angiotensin 
every 30 min

C 25 50 C 25 50

pg/ml angiotensin p g /m l  angiotensin 
every 15 min every 15 min

C 100 C 100
pg/ml p g /m l

angiotensin angiotensin
every 15 min every 15 min

F ig .  1 . E ffect of angiotensin on aldosterone and corticosterone production o f th e  rat adrenal.
C: control
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increased  co rtico ste ro n e  p ro d u c tio n  s ig n ifican tly  (p <7 0.05) an d  le ft a ld o s te 
rone  p ro d u c tio n  u n a ffec ted . F ifteen -m in u te  a d d itio n s  o f 100 /tg /m l an g io ten s in  
s ig n ifican tly  s tim u la te d  th e  p ro d u c tio n  of b o th  a ld o ste ro n e  an d  co rtico ste ro n e
(p  <  0.01).

Loss o f an g io ten sin  w as in sign ifican t, 1 0 —15%  in  th e  f irs t  15 m in u te s , 
b u t  a t  45 an d  75 m in u te s  i t  f lu c tu a te d  b e tw een  2 0 %  an d  40 %  (T ab le  I).  
O f th e  an g io tensin  in c u b a te d  w ith o u t a d re n a l tis su e  9 3 .6%  w as reco v ered .

Table I

Angiotensin recovery

Determ ined 
after incu
bation  for 

(m in)

Calculated
/ig/ml

Recovered
/ig/ml

Loss 
per cent

25 jug/ml every 15 23.8 2 1 .5 ± 1 .3 * 9.7
15 min 45 66.6 3 9 .9 ± 1 .7 40.1
n = 12 75 104.0 7 0 .9 ± 3 .7 31.8

50 ^ug/ml every 15 47.6 4 2 .9 ± 2 .9 9.9
15 min 45 133.0 107.7 ± 7 .5 19.0
n =  12 75 208.0 143.0 +  10.2 31.2

100 |«g/ml every 15 118.0 100.1 ± 5 .1 15.2
15 min 45 316.0 1 9 4 .5 ± 1 0 .3 38.5
n =  13 75 475.0 3 3 8 .8 ± 1 6 .4 28.7

* m ean ±  S. E .

D iscussion

In  ag reem en t w ith  o th e r  in v es tig a to rs  we fo u n d  th a t  in th e  r a t  v e ry  
la rg e  doses of an g io ten sin  a re  necessary  fo r s t im u la tin g  a ldosterone  sec re tio n . 
T h e  recovery  ra te  o f an g io ten sin  shows th a t  a t  le a s t 1 0 0 —200 jitg/ml o f i t  
a re  req u ired  to  be p re se n t in  th e  m edium  to  en h an ce  a ldosterone  p ro d u c tio n  
in  v itro . O nly  M ü l l e r  [10] has as y e t re p o rte d  in c reased  a ldosterone  p ro d u c 
tio n  b y  r a t  ad ren a ls  in c u b a te d  w ith  330 /rg/m l o f an g io ten sin . T ak in g  in to  due  
acco u n t th e  loss o f an g io ten sin  re su ltin g  from  th e  an g io ten sin ase  a c t iv i ty  in  
th e  ra t  ad ren a l i t  is reaso n ab le  to  suppose t h a t  in  his ex p erim en ts  also a b o u t 
100 200 p g /m l o f an g io ten sin  m u st h av e  b een  p re se n t d u rin g  m ost o f  th e
in c u b a tio n  period .

Sm aller doses of an g io ten sin  sufficed to  a u g m e n t co rticosterone  p ro d u c 
tio n . A llow ing fo r an g io ten sin  losses, betw een  40 a n d  70 /tg/m l of an g io ten sin  
a re  necessary  fo r co rtico s te ro n e  p ro d u c tio n  to  increase . S everal au th o rs  observ -
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ed  a rise  in  co rtico ste ro n e  p ro d u c tio n  a f te r  doses of an g io ten sin  w h ich  h a d  no 
e ffe c t on  a ld oste rone  sec re tio n  [1, 2, 9, 12].

A n g io tensinase  a c t iv i ty  in  th e  r a t  a d re n a l d estro y ed  2 0 —4 0 %  o f th e  
a n g io te n s in  during  in c u b a tio n . T h is a c tiv ity , how ever, is n o t  h ig h  en ough  to  
e x p la in  in  itse lf  w hy sev era l tim es  la rg e r doses are  n eeded  to  in c rea se  a ld o ste 
ro n e  p ro d u c tio n  by  th e  a d re n a l o f th e  r a t  th a n  o f  o th e r  species.
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PRODUCTION OF UNCONJUGATED 20-DHF (110, 17a, 
200, 21-TETRAHYDROXY-PREGN-4-EN-3-ONE) IN 

ACTIVE RHEUMATOID ARTHRITIS
B y

У . K e m é n y , К . F a r k a s  and  B . G ö m ö r

NATION A L IN ST IT U T E  OF RHEUMATOLOGY AND BA LN EO LO G Y , RESEA RCH  LABORATORY

(Received April 25, 1970)

In  p a tien ts  w ith active rheum atoid a r th r itis  and  norm al subjects tr e a te d  w ith  
5 to  10 f i C of 1—2 3H -hydrocortisone, th e  frac tions T H F  (За, 11/?, 17а, 21 -te tra - 
hydroxy-5-pregnan-20-one), 20 D H F (11/?, 17a, 20/3, 21-tetrahydroxy-pregn-4-3-one) 
and 6/3 O H F (6/3, 11/3, 17a, 21-tetrahydroxy-pregn-4-en-3,20-dione) were iso lated  
from urine, estim ated, scanned for rad ioactiv ity , and  the ir specific activ ities were 
calculated. In  all of the cases studied, 20-D H F disp layed  a lower ac tiv ity  th a n  did 
T H F  or 6/3 O H F. In  the norm al subjects where u rin a ry  20 D H F  was low, th is  frac tion  
showed no ac tiv ity . The daily hydrocortisone secretion  ra te  calculated from th e  specific 
activities o f T H F  and 6/3 O H F was consistent w ith  th e  lite rary  data  concerning norm al 
individuals. On the o ther hand , th e  specific a c tiv ity  of 20-DHF was one order 
of m agnitude lower than  th a t  of T H F . Thus, 20 -D H F  cannot be regarded as a  d irec t 
regular m etabolite  of hydrocortisone and constitu tes  no suitable param eter fo r th e  
estim ation of its  secretion ra te . The possible factors o f 20 D H F-production are discussed.

T h e fa c to rs  u n d e rly in g  th e  p ro d u c tio n  o f  th e  hyd roco rtisone  d e r iv a tiv e  
reduced  a t  C-20, 2 0 -D H F  (110, 170, 200, 2 1 -te trah y d ro x y -p reg n -4 -en -3 -o n e ) 
a re  p oo rly  u n d e rs to o d . On th e  ev idence  o f s tu d ie s  in  v itro , certa in  a u th o rs  [1, 2, 
3] reg ard  2 0 -D H F  as a d irec t m e ta b o lite  o f h y d ro c o rtiso n e . B r a d l o w  e t  a l. [4] 
suggest t h a t  th e  com pound  m ig h t be  fo rm ed  as a n  in te rm ed ia ry  p ro d u c t  in  
th e  course o f  h y d ro co rtiso n e  m etab o lism  p rio r  to  re d u c tio n  of th e  rin g  A . B a i 
l e y  e t al. [5] fo u n d  2 0 -D H F  in  th e  u rin e  o f  h e a l th y  sub jec ts  an d  a h ig h ly  
sign ifican t in c rease  in  its  u r in a ry  excre tion  in  rh e u m a to id  a rth ritis .

2 0 -D H F  is ex c re ted  w ith  u r in e  in  an  u n c o n ju g a te d , free fo rm  o f  h ig h  
p o la rity , w ith  no  reduc ing  side cha ins, th e re fo re  i ts  id en tifica tio n  a n d  e s t im a 
tio n  in  u rin e  is n o t  easy . B y  a p ro ced u re  d ev e lo p ed  b y  us we h av e  fo u n d  a 
m arked  in crease  in  u r in a ry  2 0 -D H F  in  ac tiv e  rh e u m a to id  a r th r itis , in  o p p o s i
tio n  to  ac tiv e  an k y lo p o ie tic  sp o n d y la r th r itis  a n d  to  n o rm a l cond itions w h e re  
th e  u r in a ry  e x c re tio n  o f th e  su b s ta n c e  is n o rm a l. N o defic it in  s te ro id  su p p ly  
is d em o n strab le  w h en  th is  fra c tio n  accu m u la tes  in  th e  u rin e  [6].

T he p re s e n t s tu d y  w as d ev o ted  to  th e  specific  a c t iv i ty  o f 20 D H F  e x c re t
ed b y  su b jec ts  w ith  ac tiv e  rh e u m a to id  a r th r i t is  a f te r  th e  in trav en o u s  a d m in 
is tra tio n  o f 1 2  3H -h y d ro co rtiso n e , and  to  a s c e r ta in  w h e th e r it  co rre sp o n d ed  
to  th e  specific  a c t iv i ty  of T H F , За, 110, 17а, 2 1 -te tra h y d ro x y -5 0 , p reg n an -2 0 - 
oue, one of th e  com pounds g en era lly  reg a rd ed  as one o f th e  m a jo r r e g u la r
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u r in a r y  m e tab o lite s  o f co rtiso n e , and  to  t h a t  o f  6 ß  O H F  (6/3, 11/3, 17a, 21- 
te trah y d ro x y -p reg n -4 -en -3 ,2 0 -d io n e ), e x c re te d  w ith  urine in  its  u n c o n ju g a te d  
fo rm  sim ila rly  to  20 D H F . I t  w as fu r th e rm o re  s tu d ied  w h e th e r th is  m e ta b o 
l i t e  re p re se n te d  a su ita b le  reference  su b s ta n c e  fo r  th e  ca lcu la tion  o f  th e  daily  
h y d ro c o r tiso n e  sec re tio n  ra te .  I n  each o f th e  cases s tud ied  we m e a su re d  th e  
sp e c if ic  a c tiv ity  of T H F , 20 D H F  and , in  th e  m a jo r i ty  of cases, t h a t  o f  6 ß  O H F  
lik e w ise  excre ted  in  a fre e , u n co n ju g a ted  fo rm .

M ethod

The 1—2 3H -hydrocortisone used in the p resen t study  was a p roduct o f th e  R adio
iso tope  In s titu te  of the H ungarian  Academy of Sciences, w ith a specific ac tiv ity  of 1 mc/mg 
a n d  a  radiochem ical p u rity  o f 97% . I t  was su b m itted  to  weekly repeated chrom atographic  
pu rifica tio n  procedures prior to  use. 1 ml of the alcoholic solution of 5 to  10 f iC  1— 2 ^ - h y d r o 
co rtisone  in  20 ml sterile physiological saline was adm in istered  intravenously in  five  m inutes, 
to  each  subject.

U rine was collected for 24 hrs after injection. U nconjugated 6 ß  O H F an d  20 D H F 
w ere recovered from 100 m l urine samples by  th e  m ethod  of F rantz e t al. [7].

C hrom atographic separa tion  was made in  th e  following systems. I. benzene : m ethanol: 
w a te r  (2 : 1 : 1); I I , benzene : m ethanol : w ater : e th y l ace ta te  (0.5 : 1 : 1 : 0.5); I I I .  benzene: 
m e th an o l : w ater : e thy l ace ta te  (1 : 1 : 1 : 0.1).

For the identification  o f  6 ß  O HF and o f  20 D H F  in unconjugated form  th e  sam ples 
w ere run  together w ith  reference steroids in the variou s chromatographic sy stem s and the 
R F  v a lu e s  were determ ined. A fter  acetylation the fractions were re-run in a petro lether  : ben
zen e  : m ethanol : w ater system  (66 : 33 : 50 : 50) and th e  R F  values were com pared w ith  those  
o f  th e  acety lated  reference standards. After periodic acid side chain oxidation  b y  th e  m ethod  
o f  R o m a n o f f  [8], iden tification  o f the fractions in  th e  form  of Z im m erm ann-positive keto- 
stero id s w as made w ith  reference standards in th e  chrom atographic system s, I , benzene : form- 
am ide (100 : 20) after im pregnation w ith  20% m eth an o l; II , n-heptane : m eth anol : benzene  
(3 0  : 11 : 59) after im pregnation w ith  propylene g ly co l : m ethanol (3 : 7 ) .  After f in a l chrom atog
ra p h y , the fractions 6 ß  O H F  and 20 D H F  iso la ted  from  urine were eluted from  th e  paper 
a n d  evaporated  in vacuum  to  dryness. The dry residue w as diluted in 1 m l abso lu te  ethanol. 
A liq u o ts  o f this were used for th e  estim ation o f 6 ß  O H F  b y  the Chen-reaction [9]. E stim ation  
o f  20 D H F  was based on the m icro-Zim m erm ann-reaction [10] of the 17-ketosteroid  resulting  
from  periodic acid oxidation.

T H F  was determ ined in  100 ml urine sam ples in  th e  presence of 0.3 M  ace ta te  buffer 
p H  4.8 after enzym atic breakdow n for 36 hrs a t  37 °C and the addition of 2000 U/m l of 
//-glucuronidase (Reanal). E x trac tio n , purification and  separation were perform ed b y  the 
m e th o d  of Cope [11]. A fter final chrom atography, T H F  was evaporated in  vacuum  to 
d ryness and  dissolved in  1 m l absolute alcohol. A liquots were used for qu an tita tiv e  estim ation 
b y  th e  Chen-reaction, and 0.5 m l for rad ioactiv ity  m easurem ent.

T he reference 2 0 -D H F  w as prepared from  hydrocortisone as follow s. 1 m g hydro
cortison e  was dissolved in 1 m l m ethanol, su bseq uently  0.5 sodium borohydride w as dissolved  
in  1 m l pyridine. After reduction  at 15 °C for 15 m in u tes, 1 or 2 drops o f g lacia l acetic  acid 
w ere added to the solution . A fter evaporation in  v a cu u m  to dryness, 20 D H F  w as purified  
a n d  separated in the chrom atographic system s, I . benzene : m ethanol : w ater (1 : 1 : 1); 
II . benzene : m ethanol : w ater (2 : 1 : 1); II I . ben zen e  : m ethanol : water : e th y l acetate  
(0 .5  : 1 : 1 : 0.5); IV. benzene : m ethanol : water : e th y l acetate (1 : 1 : 1 : 0 .1). A fter  acetyla
tio n  and  oxidation of the side chain, identification  w as made in the u n con jugated  form  
w ith  reference to the standard sample of 20 D H F  o f  th e  Steroid Reference C ollection . The 
b en zen e  : m ethanol : w ater : e th y l acetate (0.5 : 1 : 1 : 0 .5) system  was found to  ensure a 
reliab le  separation of the reduced product prepared for  reference purposes in  our laboratory  
as w e ll as o f the 20 a  fractions o f the urinary ex tra cts . The 20 a m etabolites w ere located  
o n  th e  chrom atogram  b y  U V  absorption, the n eg a tiv e  tétrazolium  blue reaction , furtherm ore 
b y  th e  presence o f 11 hydroxy-androstenedione (11 ß ,  hydroxyandrost-4-ene-3,17-dione) 
resu ltin g  from oxidization.
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Table I

D a ily  hydrocortisone secretion rate and specific  a c tiv ity  (0  to 24  hours) o f  T H F , 6 -O H F , 2 0 -D H F  
in  p a tien ts  w ith  active rheum ato id  arthritis and in  norm al subjects, after in travenous 1 — 2

3H -hydrocortisone a d m in is tra tio n

Specific ac tiv ity  d. p. m ./jttg

In jected  
radioactiv ity  

d . p . m. X 10 _e

H ydrocortisone 
mg/24 hrs on 

T H F

E xcretion  
the basis of 

6 ß  O H F

Serial
num ber

T H F 6 ß  O H F 20 D H F

l 380 145 48 5.02 13.2 34.6
2 261 304 22.4 5.02 19.2 16.5
3 395 366 13 5.02 12.7 14.1
4 190 182 1.6 5.02 26.4 27.6
5 235 173 6.8 5.02 21.3 29.2
6 730 614 18.8 10.04 13.7 17
7 880 720 39 10.04 11.4 14.5
8 380 241 24 5.02 13.2 20.6
9 326 — — 5.02 15.4 —

10 291 341 58 5.02 17.2 14.7
11 310 308 — 5.02 16.1 16.3
12 410 242 15 5.02 12.3 20.6

m ean value 16 ±1.2 17 .3± 2 .5
Control *

I 1020 750 — 10.04 9.8 13.4
и 310 395 — 5.02 16.1 12.7

h i 620 710 — 10.04 16.2 14.1
IV 600 690 — 10.04 16.7 14.5
V 720 820 — 10.04 13.9 12.3

mean 14.5±1.27 13 .4± 0 .4

N orm al range on the basis of T H F , 4 to 31 mg/24 hrs (11)
* =  no measurable activ ity

R adioactiv ity  was m easured in a Packard T ricarb  liquid scintillation spectrom eter 
(Model 3375) w ith a n e t efficiency of 25% , in a scin tillation  liquid of the following com position: 
4 g PPO  and 0.35 g PO PO P in 1 L toluene. Specific ac tiv ity  was expressed in term s of dis
in tegrations d. p. m /fig .

ACTH as well as corticosteroids were w ithheld from  the patien ts a t least for 3 m onths 
before the studies.

R esu lts

T ab le  I  sum s u p  th e  specific  ac tiv itie s  o f  th e  frac tions T H F , 6 /)O H F  a n d  
20 D H F  iso la ted  fro m  100 ml u rin e  sam ples d e riv ed  from  2 u rin e  co llec tions 
fo r 24 h rs  a f te r  1 2  3-H -h y d ro co rtiso n e  a d m in is tra tio n  in  12 su b jec ts  w ith
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a c tiv e  rh e u m a to id  a r th r it is .  T h e re  w ere no  s ig n if ic a n t differences in  th e  specific  
a c t iv i t ie s  o f T H F  a n d  6 /3 0 H F  b e tw een  th e  tw o  groups. O n th e  o th e r  h a n d , 
th e  a c t iv i ty  o f 20 D H F  w as one or sev e ra l o rd e rs  o f m ag n itu d e  sm alle r th a n  
th o s e  o f  th e  tw o o th e r  m e tab o lite s . F ra c tio n  D H F  iso la ted  from  p a tie n ts  9 
a n d  11, a n d  from  a n o rm a l su b jec t, d isp la y e d  no  m easu rab le  a c itiv ity . T h e  
tw о la s t  colum ns o f T ab le  I  show  th e  da ily  h y d ro c o rtiso n e  secre tion  ca lc u la ted

T a b le  I I

D ata o f  p a tie n ts  w ith  active rh eu m a to id  arthritis

Serial
number Initials Sex

Age,
years

Duration 
of disease

ARA
crit. Stage BSR Latex

Urinary 
output 

ml/24 hrs

l P . L . F 17 6 m o n th s 5 i l . 63 neg . 1400

2 B . K . M 58 20 y e a r s 7 IV . 22 neg . 1020

3 M . I . F 70 3 y e a r s 7 h i 135 +  +  +  + 900

4 J .  E . M 55 7 y e a rs 6 h i . 29 +  +  +  + 450

5 B . J . M 67 21 y e a rs 9 IV . 51 +  +  +  + 700

6 R . J . M 58 3 y e a rs 8 h i . 35 +  +  +  + 1200

7 K . J . M 59 14 y e a rs 7 in . 12 +  +  + 600

8 P .  J . M 55 22 y e a rs 7 h i . 68 +  +  +  + 510

9 K . M. M 60 11 y e a rs 9 h i . 60 +  +  +  + 300

10 H . M. M 64 1.5 y e a rs 6 i l . 57 neg. 750

11 K . K . M 72 14 y e a rs 8 IV . 25 +  +  +  + 1075

12 D . I. M 44 1 y e a rs 8 I I I . 46 +  +  +  + 590

f ro m  th e  specific a c tiv ity  o f  T H F  an d  o f 6 /3 0 H F . T he figures 16 ^  1.27 an d  
17.3 -}- 2.5 an d  th e  su b se q u e n t co n tro l f ig u re s  14.5 ^  1.27 an d  13.4 ^  0.4 
m g /2 4  h rs  co rrespond  to  th e  average  ra n g e  o f  4 to  31 m g/24 h rs  re fe rre d  to  
in  th e  li te ra tu re . N o d iffe rence  in  daily  h y d ro c o rtiso n e  o u tp u t b e tw een  n o rm a l 
s u b je c ts  an d  tho se  su ffering  from  ac tiv e  rh e u m a to id  a r th r it is  w as d em o n strab le , 
w h e th e r  ca lcu la ted  fro m  th e  specific a c t iv i ty  o f  th e  reg u la r m e ta b o lite  T H F  
o r f ro m  th a t  of 6 /lO H F  ex c re te d  in  an  u n c o n ju g a te d  s ta te .

A ge, sex  of p a tie n ts , u r in a ry  o u tp u t  a n d  re le v a n t clinical d a ta  a re  show n 
in  T a b le  I I .

T ab le  I I I  show s th e  24 h r  ex c re tio n  o f T H F , 6 /30H F an d  20 D H F  on 
th e  d a y  o f 1 —2 3H -h y d ro co rtiso n e  a d m in is tra tio n  in  th e  12 p a tie n ts  w ith  
a c t iv e  rh e u m a to id  a r th r i t is .  T H F  an d  6 -O H F  ex c re tio n  fo u n d  in  th e se  p a tie n ts  
w as  c o n s is te n t w ith  d a ta  in  th e  l i te ra tu re . T h e  24 h r  va lues of 2 0 -D H F  ra n g e d  
f ro m  52 to  216 \ig  in  n o rm a l su b jec ts  a n d  fro m  240 to  816 /ng in  th o s e  w ith  
rh e u m a to id  a r th r itis . B a il e y  e t al. [5] fo u n d  204 /xg/24 h rs in  n o rm a l in d iv id u a ls
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an d  960 /ig/24 h rs in  ac tiv e  rh e u m a to id  a r th r i t is .  A p a rt from  so m e  m a jo r 
in d iv id u a l v a ria tio n s , th e  v a lu es  y ie ld ed  b y  o u r m e th o d  ag reed  w ell w ith  
th e se  figures.

Table III

U r in a r y  e xcre tio n  in  l ‘g /2 4  h rs  o f  c o n ju g a te d  T H F , u n c o n ju g a te d  6 ß O H F ,  a n d  u n c o n ju g a te d  
2 0 ß  D H F ,  in  p a t ie n ts  w ith  ac tive  rh e u m a to id  a r th r i t is  (1  — 1 2 )  a n d  in  n o rm a l su b je c ts  ( I . — V )

Serial No. THF, us 6 ß OHF, /ig 20 DHF, ng

l 1624 499 560

2 2001 341 816

3 963 190 288

4 620 720 720

5 1190 1260 280

6 1620 972 390

7 1350 540 696

8 1147 204 590

9 1260 — 296

10 662 180 240

11 663 256 279

12 690 299 382

I 832 650 60

II 748 250 149

III 920 820 216

IV 1092 730 78

V 672 410 52

N o rm a l ra n g e , TH F: 220 to  1200 (Cope  1958) 6ß  O HF: 180 to  760 (F rantz 1961)

D iscussion

A ccord ing  to  th e  p re se n t f in d in g s in  acco rd an ce  w ith  th o se  o f  B a il e y  
e t al. [5] an d  w ith  ou r ea rlie r re su lts , u r in a ry  20 D H F  ex cre tio n  is g re a tly  
in creased  in  th e  ac tive  stag e  o f rh e u m a to id  a r th r i t is .  Since th is  w as th e  f ir s t  
a n d , fo r  th e  tim e  being , th e  o n ly  p a ra m e te r  o f ste ro id  m e tab o lism  w h ich  
rev ea led  d is tin c tiv e  d ifferences b e tw een  n o rm a l ind iv iduals an d  th o s e  b e in g  
in  th e  ac tiv e  stag e  o f rh e u m a to id  a r th r it is ,  i t  seem ed in te re s tin g  to  s tu d y  its  
p ro d u c tio n  m ore closely. I n  o u r ea rlie r s tu d ie s  frac tio n s o f g re a te r  p o la r i ty  
th a n  T H F  w ere sep a ra te d  fro m  u rin e  co llec ted  a f te r  1 2 3H -h y d ro c o rtiso n e
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a d m in is tra tio n . A fte r th e  la s t  step  of s e p a ra tio n  th e  a c tiv ity  w as e s tim a te d  
o n  1 cm  strip s of th e  ch ro m a to g ra m . In  th is  w a y  a c tiv ity  peaks a t  th e  site  
o f  2 0 -D H F  were fo u n d  in  se v e ra l in stances [6]. T h e  aim  o f th e  p re se n t s tu d y  
w a s  to  rep roduce  th e se  r e s u lts  in  a larger p a t ie n t  m a te r ia l an d  to  gain  fu r th e r  
in fo rm a tio n  b y  a close id e n tif ic a tio n  of th e se  p o la r  frac tio n s an d  b y  re liab le  
m e a su re m e n ts  of specific  a c tiv ity .

2 0 -D H F  has b e e n  iso la te d  from  th e  u r in e  o f 12 p a tie n ts  w ith  a c tiv e  
rh e u m a to id  a rth ritis  a n d  o f  5 n o rm al su b jec ts , a f te r  th e  in trav en o u s  a d m in is tra 
t io n  o f  1 —2 3H -h y d ro c o rtiso n e ; th e  co m p o u n d  w as  th e n  iden tified  in  its  u n 
c o n ju g a te d , a c e ty la ted  a n d  ox id ized  form s in  v a r io u s  ch ro m o to g rap h ic  sy s tem s  
u s in g  as reference s ta n d a rd s  20 D H F  of o u r p ro d u c tio n  an d  th a t  of th e  S tero id  
R e fe re n c e  Collection.

As T able I I I  show s, th e  estim ated  a m o u n ts  o f T H F , 6 ß  O H F  an d  20 
D H F , includ ing  th e ir  in d iv id u a l dev ia tions, a g re e d  w ith  th e  values re p o r te d  
in  th e  l i te ra tu re . O n c lo ser an a lysis  of th e  d a ta  i t  seem ed  u n like ly  th a t  20 D H F  
sh o u ld  be  a d irec t re g u la r  m e ta b o lite  of h y d ro c o rtiso n e . D a ily  hydrocortisone- 
se c re tio n  ca lcu la ted  f ro m  th e  specific a c tiv ity  o f  T H F , a reg u la r h y d ro co rtiso n e  
m e ta b o li te  co rresponded  in  a ll instances to  th e  v a lu e s  re p o rte d  b y  o th e r  au th o rs . 
C a lcu la tio n  of h y d ro c o rtiso n e  secretion on  th e  basis  of th e  specific a c tiv ity  
o f  6 ß  O H F  also y ie ld ed  fig u res  for h y d ro c o rtiso n e  secre tion  w hich, th o u g h  
n o t  q u ite  iden tica l w ith  th o se  quoted  ab o v e , w ere  s till accep tab le  as being  
w ith in  th e  lim its o f r e a l i ty .  Owing to  m e th o d o lo g ic a l difficulties w e h a d  to  
re f ra in  from  th e  e s t im a tio n  o f com plete a c t iv i ty  passin g  in to  th e  u r in e  from  
th e  ad m in is te red  3H -h y d ro co rtiso n e . In c id e n ta l ly , th e  co rrec ted  h y d ro 
c o rtiso n e  values d e riv e d  fro m  such ca lcu la tio n s  w ould  n o t have  sig n ifican tly  
a f fe c te d  th e  e v a lu a tio n . O n  th e  o th e r h a n d , th e  specific a c tiv ity  o f 2 0 -D H F  
w a s  one or tw o o rd e rs  o f  m ag n itu d e  less. D a ily  h y d ro co rtiso n e  secre tio n  as 
c a lc u la te d  on th is  basis  w o u ld  am oun t to  te n -  o r h u n d re d fo ld  of tho se  ca lcu la ted  
f ro m  th e  regu lar m e ta b o lite s . I t  m akes, th e re fo re , a decisive d ifference from  
w h ic h  u r in a ry  m e ta b o lite  th e  daily  h y d ro c o rtiso n e  secre tion  ra te  is c a lcu la ted , 
as i t  h as  been p o in te d  o u t  b y  num erous a u th o rs  [12, 13].

T hese co n sid e ra tio n s  give support to  o u r  v iew  th a t  th e  n o rm al m e tab o lic  
p ro cess  of h y d ro co rtiso n e  accoun ts only  fo r  a sm all frac tio n  of th e  excessive- 
a m o u n ts  of 2 0 -D H F  e x c re te d  in active rh e u m a to id  a r th r itis . A ccu n m la tio n  
o f  th e  m etab o lite  is p ro b a b ly  due to  a sh if t  in  tim e  of th e  in d iv id u a l s tep s  
o f  b reak d o w n , or to  a b n o rm a l tissue tra n s fo rm a tio n . F u r th e r  stud ies a re  n eed ed  
fo r  clarify ing , fo r w h ich  re a so n  20-D H F  is e x c re te d  in  an  u n c o n ju g a te d  fo rm  
in  rh e u m a to id  a r th r i t is  a n d  fo r th row ing  l ig h t  on th e  fac to rs  in h ib itin g  th e  
f u r th e r  steps of its  r e d u c tio n  in  th a t  d isease .
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P A P I E R C H R O M A T O G R A P H I S C H E R  N A C H W E I S  D E R  
C O R T I C O S T E R O I D F R A K T I O N E N  

I N  D E R  M E N S C H L I C H E N  L E B E R  
B E I  V E R S C H I E D E N E N  T O D E S U R S A C H E N

Von

I .  Gy . F a zekas  und A . T . F azekas
IN STITU T F Ü R  G ER IC H TLIC H E M ED IZIN  (D IR E K T O R : PR O F. D R. I . GY. FAZEK AS)

D E R  M ED IZIN ISC H EN  U N IV ER SITÄ T SZEGED, UNGARN 

(E ingegangen am  30. April, 1970)

Aus dem  Lebergewebe von  an verschiedenen Ursachen gestorbenen P ersonen (18 
M ännerund 10 Frauen) wurde 1 %— 10 Stunden  nach E intritt des T odes ein  E xtrak t  
bereitet und im  Bush 5-System  papierchrom atographisch auf Corticosteroide unter
sucht. Von der Todesursachelabhängend wurden in  der Leber 2— 8 Corticosteroidfrak- 
tionen in verschiedenen M engen nachgew iesen. Auffallend v iele C orticosteroide  
wurden in der Leber bei Carcinosis peritonei festgestellt. N ach der Größenordnung  
fo lgten  danach die an Pneum onie und dann die in  alkoholfreiem Zustand w egen H erz
lähm ung plötzlich V erstorbenen. Sehr niedrige Corticosteroidwerte w urden bei unter  
Alkoholwirkung eingetretenen Todesursachen gefunden im  Gegensatz zu den gleichen  
oder ähnlichen Todesursachen im  alkoholfreien Zustand.

In  frü h eren  M itte ilungen  w urde  fe s tg e s te llt, daß  m it dem  L e b e re x tra k t  
v o n  K an in ch en  m it N eb en n ie re n h y p ertro p h ie  a d ren a lek to m ie rte  M äuse am  
L eb en  e rh a lten  w erden  k ö n n en  [5, 6] u n d  fe rn e r  n ach  E in sp ritz u n g  eines aus 
d e r  L eb er n o rm aler ( in ta k te r)  K an in ch en  gew onnenen  E x tra k te s  d e r  L eb e r
u n d  M uskelg lykogengehalt sow ie d e r B lu tzu ck e rg eh a lt a d re n a le k to m ie r te r  
R a t te n  zu n im m t [7, 8], d . h . d ieser E x t r a k t  a u f  den  K o h le n h y d ra ts to f f 
w echsel eine der d er N eb en n ie ren rin d eg lu k o co rtico id en  analoge W irk u n g  e n t
fa l te t .  In  anderen  U n te rsu ch u n g en  w iesen w ir nach , daß  d e r L e b e re x tra k t 
n o rm a le r , in ta k te r  K an in ch en  den  N a-G eh a lt des B lu tserum s g e su n d e r K a n in 
ch en  e rh ö h te  u n d  dessen K -G e h a lt v e rr in g e rte , d. h. den N a- u n d  K -S to ff- 
w echsel a u f  die gleiche W eise b ee in flu ß te , w ie die M in era loco rticostero iden  
d e r  N eb en n ieren rin d e  [9]. P a p ie rc h ro m a to g rap h isc h  w u rd en  in  dem  L eb e r
e x t r a k t  von  R a tte n  [10, 11], M eerschw einchen  [12, 13] und  K a n in c h e n  [14, 15] 
v e rsch ied en e  C o rtico ste ro id frak tio n en  g efu n d en . E s schien w ü n sch en sw ert zu 
k lä re n , ob die m enschliche L eb e r endogene C orticostero ide  e n th ä l t  u n d  falls 
j a ,  w elche F ra k tio n e n  u n d  in  w elcher M enge. Die vorliegende M itte ilu n g  
b e r ic h te t  ü b e r U n te rsu ch u n g en , in  denen  w ir festste llen  k o n n te n , d a ß  die 
L e b e r  v o n  an  v e rsch iedenen  U rsach en  g es to rb en en  M enschen ta tsä c h lic h  
en d o g en e  C orticostero ide e n th ä lt .

U n te rsu ch u n g sm ate ria l und  M ethodik

Die Corticosteroidfraktionen des aus dem  Leberextrakt von 28 (18 m ännlichen und 
10 w eiblichen) im  Alter von 21 93 Jahren an verschiedenen Ursachen gestorbenen Personen
wurden papierchrom atographisch bestim m t. D ie Aufarbeitung der Leber erfolgte 1 % bis
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10 S tu nd en  nach E in tr itt des T odes, indem  in den einzelnen F ällen  81— 254 g Lebergewebe  
sofort nach der H erausnahm e für 2 Stunden in den K ühlschrank bei + 2  °C gehalten , dann  
herausgenom m en, hom ogenisiert, extrahiert und die erhaltenen E xtrakte chrom atographiert 
w urden.

D as U ntersuchungsm aterial wurde aufgrund der Todesursachen in  sechs Gruppen  
g e te ilt , w ie in Tabelle I  ersichtlich . Bei den über 40 Jahre a lten  Personen waren anläßlich  
der Sektion  neben H erzm uskelhypertrophie und H erzm uskelvernarbung, K oronarsklerose 
sow ie allgem einer Arteriosklerose, stauungsbedingte M ilz-, Leber- und N ierenveränderungen  
festste llb ar.

A us dem m enschlichen Lebergewebe wurden m itte ls K om bination des von E n d b ő c zi [4] 
für Nebennierengewebe ausgearbeiteten  Aceton-W asser, u n d  des von  B u sh  und F e b g u so n  
[1, 2] für B lut ausgearbeiteten Ä ther-Ä thylacetat-V erfahrens in der von uns vorgenom m enen  
M odifikation  E xtrakte hergestellt.

D ie m it Benzin zw eim al gereinigten E xtrakte w urden im  Bush 5-System  chrom ato
graphiert. (H insichtlich E x tra k tio n , Chromatographie sow ie Auswertung s. [10— 15].)

Parallel m it den L eberextrakten wurden die folgenden Standard-Corticosteroide 
chrom atographiert: 0 ,5— 1,0— 1,5— 2,0— 2,5— 3,0— 4,0 — 5,0 bzw . 10.0 ,ug/1) Tetrahydrocor- 
tiso l, 2) Tetrahydrocortison, 3) Cortisol ( =  H ydrocortison), 4) Cortison, 5) Corticosteron  
un d  6) 11-Dehydrocorticosteron.

D ie  Chromatogramme w urden zunächst n ativ  im  U V -L icht bei Verwendung eines 
U g 5-F ilters untersucht und dann nach B u sh  und M a h e s h  [3] in einem G em isch von  
2 n  N aO H  und 0 ,l% igem  T etrazolium blau 9 : 1 en tw ick elt. D ie erscheinenden lilafarbenen  
F orm azan-F lecke wurden a u f ihre Ry-Werte geprüft un d  nach  Vergleich ihrer Größe und  
In ten sitä t m it denen der entsprechenden Standardproben sow ie der Größe und In ten sitä t  
der g leichen Standard-Flecke m it den aus den E x tra k ten  erhaltenen, gelbe N aO H -Fluo- 
reszenz gebenden F lecken deren //g-W erte bestim m t. A ls R esu lta t wurden die M ittelw erte  
der beiden D aten betrach tet un d  — auf 100 g feu ch tes Gewebe berechnet — in f ig %  aus
gedrückt. Diejenigen Steroide, deren entsprechende Standard-V erbindungen n ich t gestartet  
w erden  konnten, sind als V erbindungen X t, X 2, X 3 u n d  X 4 bezeichnet und durch ihren  
Кf-W e r t. sowie ihre T etrazolium blau-R eaktion und N aO H -F luoreszenz charakterisiert.

Ergebnisse

D ie Q u a litä t u n d  Q u a n t i tä t  der im  m en sch lich en  L ebergew ebe n a c h  - 
gew iesenen  C o rtico s te ro id frak tio n en  sowie ih re  G esam tste ro id w erte  geh en  in  
d e r  n a c h  T o d esu rsachen  au fg es te llten  G ru p p ie ru n g  aus T abelle I  h e rv o r.

I n  den L e b e re x tra k te n  k o n n ten  — in  A b h än g ig k e it von  d e r T o d e su r
sa c h e  gew öhnliche 2 8 C o rtico s te ro id frak tio n en  nachgew iesen w erd en .

In  den L eb ern  d e r  4 an  Pneum onie  g es to rb e n e n  P ersonen  w u rd e n  4 —7 
C o rtico s te ro id frak tio n en  g efu n d en  (IQ: 0,03; 0 ,13 ; 0,15; 0,18; 0,30; 0 ,47 ; 0,81; 
0 ,89), u n d  zw ar in  M en g en  von  3 ,4 —16,4 /zg% , w as einem  G esam tste ro id - 
M itte lw e rt von 7,2 |Wg% e n tsp r ic h t. In  a llen  v ie r  F ä llen  w aren  in  d e r  L eber 
T e tra h y d ro c o rtiso l, T e tra h y d ro c o rtiso n  u n d  C ortiso l nachw eisbar, in  zwei 
F ä lle n  auch V erb in d u n g  X 4 u n d  C ortison u n d  in  einem  F alle  1 1 -D eh y d ro 
co rtico s te ro n . V e rb in d u n g e n  X 3 u n d  X 4 k a m e n  in  d er L eber der an  P n eu m o n ie  
V e rs to rb en en  n ic h t v o r.

In  den L eb ern  v o n  6 an  H erz läh m u n g  G esto rb en en  w aren  1 —6 C o rti
c o s te ro id frak tio n en  (Ry: 0 ,03 ; 0,13; 0,15; 0 ,18 ; 0,30, 0,81) in M engen von  
0 ,4 —6,4 Цg% , d. h . ein  G esam ts te ro id g eh a lt v o n  2,2 fig%  n ach w eisb ar. V er
b in d u n g  X 4 kam  in  2, T e tra h y d ro c o rtiso l in  1, V e rb in d u n g  X 2 in  3, T e tra h y d ro 
c o rtiso n  in  einem , C ortiso l in  5 u n d  C o rtico ste ro n  in  4 F ällen  vor. V e rb in d u n g
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X 3 u n d  X 4 sowie 1 1 -D eh y d ro co rtico ste ro n  w aren  in  den  a lk o h o lfre ien  Herz- 
läh m u n g s-F ä llen  n ic h t n ach w eisb ar.

D ie L ebergew ebe d e r v ie r  u n te r  A lkoho le inw irkung  an  H e rz to d  G esto rbe
nen  e n th ie lt  1 3 C o rtico s te ro id frak tio n en  (R^: 0,03; 0,13; 0 ,30 ; 0,47; 0,89)
in  M engen v o n  0,6 1,6 ц g % , also d u rc h sc h n ittlic h  1,2 fig %  G esam tste ro id ,
w as n u r  die H ä lfte  d e r in  d en  alkoho lfreien  H erz läh m u n g s-F ä llen  e rha ltenen  
W e rte  e rre ich t. In  2 v o n  d en  4 F ä llen  e n th ie lt  die L eb er V e rb in d u n g  X 4, 
in  e inem  T e tra h y d ro c o rtiso l, in  zw eien C ortiso l, in  zw eien C ortison  u n d  in 
einem  n u r  1 1 -D eh y d ro co rtico stero n , w äh re n d  V erb in d u n g  X 2, X 3 u n d  X 4 
sow ie T e tra h y d ro c o rtiso n  u n d  C orticosteron  im  L ebergew ebe d iese r v ie r Fälle 
feh lten .

In  den  L ebern  d e r  b e id en  im  A lk o h o lrau sch  einem  U n fa ll zum  O pfer 
gefallenen  M änner w ar n u r  je  eine C o rtico ste ro id frak tio n  n a ch w e isb a r (R^: 
0,30 bzw . 0,81), der G esam ts te ro id w ert b e tru g  0,6 bzw. 0,5 /tg %  (M itte lw ert: 
0,55 Цg % ), w as ru n d  %  dessen  is t, w as w ir im  F alle  der in  a lkoho lisiertem  
Z u s ta n d  an  H erz läh m u n g  V ersto rb en en  fa n d e n .

D ie L eber eines E rh ä n g te n  wies 4 C o rtico s te ro id frak tio n en  (R^: 0,30; 
0,47; 0,81 u n d  0,89), also  ein G esam ts te ro id w ert von  1,1 p g %  au f. I n  d er Leber 
e in er vom  B litz  e rsch lag en en  F ra u  w aren  zw ei C o rtico s te ro id frak tio n en  (Ry: 
0,30; 0,81) im G esam tw ert v o n  1,3 (ig %  n a ch w e isb a r u n d  in  e in e r im  alkoholi
s ie rtem  Z u s ta n d  w egen A p op lex ia  cerebri g e s to rb en en  F ra u  n u r  e ine F rak tio n  
(R^: 0 ,30), in sgesam t 0,9 /Jg% - D ie L eber e in e r  an  Carcinosis p e r ito n e i gesto r
b en en  a lte n  F ra u  e n th ie lt  6 C o rtico s te ro id frak tio n en  (R^: 0 ,03; 0,13; 0,18; 
0,30; 0,47; 0,65) m it e inem  G esam ts te ro id w ert von  25,2 [ig% . U n te r  allen 
u n te rsu c h te n  F ä llen  w a r  dies d er h ö chste  C o rtico ste ro id g eh a lt in  d er Leber.

Im  F alle  e iner w egen  Iso n ic id -V erg iftung  zu stan d eg ek o m m en en  B ron
chopneum on ie  k o n n te n  in  d e r L eber 6 C o rtico s te ro id frak tio n en  (R /: 0,03; 0,13; 
0,15; 0,30; 0,47) m it e inem  G esam ts te ro id w ert von  4,5 fig°/0 nachgew iesen 
w erd en . Die L ebergew ebe zw eier w egen W o fa to x -V erg iftu n g  a n  B roncho
p n eu m o n ie  G esto rbenen  e n th ie lt je  6 C o rtico ste ro id frak tio n en  (R j: 0,03; 0,30; 
0,47; 0 ,65; 0,81; 0,89) m it einem  G esam ts te ro id w ert von  6,1 bzw . 4,0 /tg% . 
In  d iesen  drei v e rg iftu n g sb ed in g ten  B ro n ch o p n eu m o n ie -F ä llen  w a re n  im  L eber
gew ebe a n n äh e rn d  gleiche G esam tste ro id e  zugegen  wie in  d en  F ä llen  m it 
b a k te rie lle r  P neum on ie . B ei d e r im  a lk o h o lis ie rten  Z u stan d  e in g e tre te n e n  Cyan- 
V e rg iftu n g  e n th ie lt die L eb e r 2 F ra k tio n e n  (Ry; 0,30 u n d  0,81) im  W e rte  von 
1,8 /tg %  G esam tste ro id . Zw ei F ra k tio n e n  (R^: 0,30 und  0,47) w u rd en  auch 
bei im  A lkoholrausch  e rfo lg ten  B a rb itu ra t-V e rg iftu n g  g efu n d en , d e r  G esam t
s te ro id w e rt b e tru g  0,5 |«g% . B ei СО-V erg iftung  wies die L eb e r 3 F ra k tio n e n  
(R^: 0 ,03 ; 0,47 und  0,81) m it 0,2 p g %  G esam ts te ro id  auf. D ie L eb e r eines 
an  A lkoho lv erg iftu n g  E rfr ie re n  g es to rb en en  M annes e n th ie lt  v ie r  C orti
c o s te ro id frak tio n en  (R /: 0 ,30; 0,47; 0,81 u n d  0,89) m it e inem  G esam tco rti- 
co s te ro id w ert von  0,7 ,ttg%.
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Tabelle I

C o rtico s te ro id -F r a k tio n e n  d e r  L eber

N ativ  blaue Fluoreszenz

Tetrazolium -blaue Reaktion

N aO H-Fluoreszenz

Rf-W erte

G ruppe
L ebens

a lte r
Ge

schlecht
Todesursache

Zeit
zwischen 
Tod und  
U n te r

suchung 
S tunden

K örper
gewicht

k g

Gewicht
der

beiden
Neben
nieren

g

Ge
w icht

des
u n te r

suchten
Organs

g

B lu t
alkohol

%o

I/a 63 Л Influenza m it Bronchopneumonie 4 % 52 10 156 0
I/b 55 9 Schenkelbeinbruch 6 37 11,5 156 0

Bronchopneum onie
I/c 72 ? Schenkelbeinbruch

Bronchopneum onie 8 78 15,5 161 0
I/d 78 $ Lobäre P neum onie 6 47 13,0 81 0

I l/a 21 3 H erzlähm ung, Aortaklappen-
insuffizienz 2 / 4 61 6,5 131 0

I l/b 60 3 H erzlähm ung 3 64 10,9 145 0
II/c 68 9 Herzlähm ung 5 % , 65 9,1 121 0
I l /d 51 3 H erzlähmung 1% 78 12,0 254 0
I l /e 63 3 H erzlähm ung 4У2 52 10,0 92 0
I l / f 41 3 H erzlähm ung 4 73 9,7 120 0

I l l /a 52 3 H erzlähm ung 7 69 8 ,8 100 2.0
IH /b 40 3 H erzlähm ung 9 77 11,5 137 1,18
III /c 57 3 H erzlähm ung 10 53 9,5 130 0,75
IH /d 67 3 H erzlähm ung 4 56 12,2 96 0,60

IV/a 52 3 Verkehrsunfall, Aortaruptur 2 63 9,2 110 0,85
IV/b 69 3 Verkehrsunfall, Med. oblong.-ruptur 2 56 8 ,2 193 0,62

V/a 45 3 Selbsterhängung, Ersticken 5 73 12,5 158 0
V/b 40 9 Blitzschlag 3 81 9,3 0
V/c 59 9 Apoplexia cerebri 5 57 8 ,0 121 1,0
V/d 83 9 M agencarcinom , Carcinosis

peritonei 10 28 9,8 130 0
V l/a 40 3 Isoniacid-V ergiftung

Bronchopneum onie 48 10,6 123 0
V l/b 45 9 Cy an-Y ergiftung 3 62 16,5 110 0,28
Y I/c 41 3 В arbitura t - V  ergiftung 5 64 10,5 141 0,36

0,48
V l/d 92 9 Co-Vergiftung 5 34 8 ,0 108 0,49
V l/e 41 3 W ofatox-V  ergiftung

Bronchopneum onie 6 44 10,5 126 0
V l/ f 44 3 W ofatox-V  ergiftung

Bronchopneum onie 3 60 8 ,1 103 0
V I/g 26 3 A lkohol-V ergiftung, Erfrierung 5 73 7,3 226 2,28

3,72
V l/h 48 9 Co-Y ergiftung 5 71 8 ,2 100 0
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bei v ersch ied en en  T o d esu rsa ch en

_J_ — - - - — — —

•f + - + + + — - + +

+ — О- + + + + + +

0.03 0.13 0.15 0.18 0.30 0.47 0.52 0.65 0.81 0.89

Name u. Menge jug% der Steroid-Fraktionen

Tetra- Tetra- Cor- Cor-
11-de-

G esamt-
hydro- X 2 hydro- tiso l tison x 3 x 4 steroide
cortisol Cortison steron i«g%

0 ,2 1 ,0 0 ,2 1 ,0 1 ,2 3 ,6
0 ,6 0 ,4 0 ,6 0 ,8 N y — 1 ,0 — 3 ,4

2 ,0 0 ,6 0 ,7 0 ,5 0 ,5 — - 1 ,0 0 ,2 5 ,5

7 ,5 2 ,5 2 ,5 3 ,9 — __ __ __ _ 1 6 ,4
M ittelv,ert 7 ,2

— 1 ,0 — — — — — __ __ 1 ,0
— - — 0 ,4 — — — — — 0 ,4
— — - — 0 ,8 — — — 0 ,3 — 1 ,1

0 ,7 — 0 ,5 — 1 ,0 — — — N y — 2 ,2
0 ,5 0 ,6 2 ,1 0 ,5 2 ,0 — — — 0 ,6 — 6 .3
— — — — 2 ,0 — — — 0 ,5 — 2 ,5

M ittelwert 2 ,2
0 ,5 — — — __ 0 ,5 — — — — 1 ,0
■ — — — — — — — — — 0 ,6 0 ,6

— — — — 0 ,4 1 ,2 — — — — 1 ,6
N y 0 ,8 — — 0 ,7 — — — — — 1 ,5

M ittelwert 1 .2
— — — — 0 ,6 — — — — — 0 ,6

— — — — — — — — 0 ,5 _ 0 ,5
M ittelwert 0 ,5

—■ — — — 0 .6 N y — — 0 ,2 0 ,3 1 ,1
— — — — 1 ,0 N y — — 0 ,3 — 1 ,3
— — — — 0 .9 — — — — — 0 ,9

2 ,9 8 ,0 - 8 ,0 3 ,1 0 ,7 — 2 ,5 - —  ' 2 5 ,2

0 ,9 0 ,4 0 ,4 — 1 ,0 1 ,8 __ __ _ 4 ,5
— — — — 0 ,8 — — — 1 ,0 — 1 .8
— — — — 0 ,3 0 ,2 — — — 0 ,5

N y — — — — 1 ,0 — — 1 ,0 — 2 ,0

1 ,8 — - - 2 ,5 0 ,8 — - 0 ,4 0 ,6 6 ,1

0 ,5 - - ■ - 1 ,0 2 ,0 — 0 ,5 0 ,5 — 4 ,0

—- — — — 0 ,2 0 ,3 — ' ----- 0 ,2 N y 0 ,7
2 ,0 0,8 2,8
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B esprechung

N ach  unseren  U n te rsu c h u n g e n  w u rd en  d ie  h ö ch sten  C orticostero id- 
w e r te  in  d er L eber (u n d  in  d e n  O rganen) e in e r a n  C arcinosis p e rito n e i g e s to r
b e n e n  F ra u  gefunden. D a n a c h  fo lg te nach  G rö ß e n o rd n u n g  der C orticostero id- 
g e h a lt  d e r L eber der an  P n e u m o n ie  V ersto rb en en  u n d  d an n  d er d er in  a lk o h o l
fre iem  Z u stan d  an  H e rz lä h m u n g  gesto rbenen  P e rso n e n  u n d  sch ließ lich  d er 
u n te r  A lkoho le inw irkung  a n  H erz läh m u n g  G e s to rb e n e n . B ei u n te r  A lkoholein-

Tabelle II

G esam tcorticos tero idgeha lt d er O rg a n e

Todesursache Milz Lungen M uskel N ieren Herz Leber

Pneum onie 17,2 16,4 14,0 12,7 11,25 7.,2

H erzlähm ung 8,1 5,6 5,7 6,6 7,50 2,2

H erzlähm ung +  Alkohol 1,9 2,2 1,2 4,3 4,00 1,2

W irkung  e n ts ta n d e n e n  v e rsch ied en en  V erg if tu n g e n  w ar der G esam tco rtico - 
S te ro id g eh a lt der L eb e r (u n d  d e r  O rgane) n ie d rig e r , als bei derselben  V erg iftu n g  
o h n e  alkoholischen  Z u s ta n d . D ies bew eist, d a ß  d e r  alkoholische Z u s ta n d  den  
C o rtico ste ro id g eh a lt d e r  L e b e r  verringert. D ies s te h t  im  E in k lan g  m it u n se ren  
tie rex p e rim en te llen  B e fu n d e n  u n d  auch m it d e n  be i an d eren  m ensch lichen  
O rg a n e n  gem ach ten  F e s ts te llu n g e n . Es sei e rw ä h n t, d aß  bei v e rsch iedenen  
T o d esu rsach en  im  V erg le ich  m it den a n d e ren  O rg an en  im m er die L eb er die 
w e n ig s te n  C o rtico ste ro id en  e n th ie lt, wie es a u c h  aus T abelle  I I  h e rv o rg eh t. 
D ies i s t  v e rs tän d lich , d a  n a c h  den U n te rsu c h u n g e n  a n d e re r  F o rsch er d ie  L eb er 
d ie  w ich tig ste  A b b a u s te lle  d e r  C orticostero iden  d a rs te ll t  u n d  so d o r t  eine 
k le in g rad ig e  S peicherung  zu  e rw arten  ist. Im  G eg en sa tz  d azu  w urde  bei C arcino
sis p e rito n e i in  der L e b e r  u n d  den anderen  O rg a n e n  eine E rh ö h u n g  d e r Z ahl 
u n d  M enge der C o rtico s te ro id frak tio n en  h e rv o rg e ru fen . E s sch e in t also, daß  
d e r  A lkoho l den C o rtic o s te ro id a b b a u  in  d e r L e b e r  (u n d  in  an d eren  O rganen) 
s te ig e r t ,  bei C arcinosis p e r ito n e i dagegen d e r  S te ro id a b b a u  in  der L eb er u n d  
in  d e n  anderen  O rg an en  v e rr in g e r t  w ird. So d ü r f te  b e i C arcinom  eine g este igerte  
N eb en n ie ren fu n k tio n  e n ts te h e n  und  dies d en  h ö h e re n  C ortico ste ro id g eh a lt der 
L e b e r  u n d  anderer O rg an e  e rk lä ren . D ie K lä ru n g  d ieser F rag e  b le ib t w e ite ren  
U n te rsu c h u n g e n  V o rb eh a lten .
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I M M U N O S U P P R E S S I V E  T H E R A P Y  
O F  M Y A S T H E N I A  G R A V I S

B y

A. S zobor  and G y . P e t r á n y i

SECTION OF NEUROLOGY, RÓBERT KÁROLY HOSPITAL, BUDAPEST 
AND FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(R eceived May 12, 1970)

After a brief survey  o f the autoim m une aspects o f m yasthenia gravis, the resu lts  
o f im m unosuppressive (cy tosta tic ) therapy obtained in 25 cases are review ed . The  
drug used was the cy to sta tic  agent m esoerythrite w hich exerts its effect prim arily  
on the lym phoid system . The results are tabu lated  w ith  reference to age o f  th e  p a tien ts , 
duration and clinical ty p e  of the disease, and to th e  character, degree and duration  
o f response. In 20 cases im m unoserological studies were performed the results o f  w hich  
were correlated to the clinical pattern and responsiveness of the ind iv idu al cases. 
The theoretical basis and practical aspects o f  im m unosuppressive therapy o f m yasth en ia  
are discussed. It is first o f  all in the cases o f  m ajor severity , particularly those w hich  
have failed to respond to  other therapeutic m easures, including drugs, where im m uno
suppressive treatm ent enters into consideration. A s regards the type o f  drug best 
suited for this purpose, it  is fe lt th a t non-toxic agents w ith  a potent selective inh ib itory  
action on the lym phoid system  and at the sam e tim e of protective properties, b u t o f  
no or little  anti-inflam m atory effect, deserve priority.

Acta Medica Academiae Scientiarum Hungaricae,  Tomus 27 (4), pp. 397 —  411 (1970)

I t  w as th e  th e o ry  p u t  fo rw ard  h y  S im p s o n  [39] w hich h a d  in i t ia te d  
in v es tig a tio n s  in to  th e  au to im m u n e  asp ec ts  o f  m y a s th e n ia  g rav is [3 , 18, 21 , 
41, 47]. O n th e  ev idence o f th e se  s tu d ies , 30 to  5 0 %  of th e  affec ted  su b je c ts  
d isp lay ed  serological reac tio n s  co n sis ten t w ith  a n  au to im m u n e  m ech an ism . 
T hese e x p e rim e n ta l re su lts  h av e  con firm ed  ea rlie r clinocopatho log ical o b se rv a 
tio n s w hich  w ere clearly  p o in tin g  to  au to im m u n e  fac to rs  being in v o lv e d  in  
th e  genesis of m y asth en ia . T h ere  is f irs t o f all th e  close, th o u g h  in  c e r ta in  r e 
sp ec ts  s till p ro b lem atic , p a th o g e n e tic  p a r t  p la y e d  b y  one o f th e  e ssen tia l o rg an s  
o f im m u n o co m p éten ce , th e  th y m u s . T h ere  is, fu r th e rm o re , th e  s tr ik in g  p re v a 
lence o f associa tions b e tw een  m y a s th e n ia  a n d  v a rio u s  diseases of co n firm ed  or 
p ro b ab le  im m une  orig in  (h y p e rth y ro id ism , ch ro n ic  progressive p o ly a r th r i t is ,  
po ly m y o sitis , pern ic ious a n a e m ia , S jö rg en ’s d isease , haem oly tic  a n a e m ia , 
sy s tem ic  lu p u s e ry th e m a to su s , pem ph igus e ry th e m a to su s , etc.). I t  is g e n e ra lly  
know n t h a t  th e  th y m u s h a rd ly  ever co n ta in s  g e rm in a l cen tres [14, 3 2 ] , w h ereas  
in  m y a s th e n ia  th ese  s tru c tu re s  f ir s t  d esc rib ed  b y  S loan [40] h a v e  b een  
d e m o n s tra te d  b y  v a rio u s a u th o rs  [6, 16, 33 , 4 9 ] . T h e  th y m u s c o n ta in s  g e r
m in a l cen tre s  also in  o th e r  d iseases o f co n firm ed  o r p robab le  a u to im m u n e  
orig in  [11], on th e  o th e r  h a n d , o th e r  ly m p h o id  tissu es  co n ta in  no  g e rm in a l 
cen tre s  in  m y a s th e n ia  g rav is . M oreover, c e r ta in  c lin ica l fea tu res of th e  d isease  
h av e  long  been  reg a rd ed  as in d ire c t ev idence o f  an  au to im m u n e  p rocess [15 , 4 7 ] .
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T able  I

Im m u n o s u p p r e s s iv e  th e ra p y .

P a tie n t, num ber, nam e, sex Age D uration M yasthenia type Crisis

1. F . J. <? 26 2 years General
2. C. J. $ 29 3 years General +  + (m y .)
3. S. L. ? 37 4 years General
4. M. S. ? 51 7 years General
5. P . E. ? 16 4 years General +  + (m y .)

6. L. R. $ 58 1 year General

7. B . J . <? 49 9 years General +  + (m y . +  chol.)
8. B . I. S 32 3 years Ocular
9. S. J . $ 16 4 years General +  + + (m y )

10. S. L. $ 29 15 years General + (m y .)
11. N . I. $ 42 2 years General +  + + ( m y )
12. K . J . $ 25 1 year General + + ( m y )
13. S. T. $ 25 8 years General +  + + ( m y )
14. L. L. $ 26 1 year Oculoskeletal
15. M. J. <? 46 3 years Ocular
16. I. L. $ 76 1 year General
17. N . A. $ 34 12 years Oculoskeletal
18. B . I. $ 61 1 year General +  +  (m y)
19. M. F . $ 71 6 years Oculoskeletal
20. M. M. $ 47 1 year General
21. N . M. $ 46 27 years General +  + ( m y )
22. K . J. $ 61 1 year Oculobulbar
23. B . A. 70 1 year Oculobulbar
2 4 .  N . I. $ 54 52 years General
2 5 . S. A. ? 2 3 4 years Skeletal + ( m y )

O ne o f th e  s tro n g e s t a rg u m en ts  a g a in s t a possib le a u to im m u n e  n a tu re  
o f  m y a s th e n ia  g rav is [42] is its  u n re sp o n siv en ess  to  stero ids [9, 23, 24, 42 , 45, 
46 , 4 7 ]. F a ilu re  o f  s te ro id  th e ra p y  in  th is  d isease  has led  to  a t te m p ts  w ith  
d ru g s  o f  o th e r m ech an ism s, p a r tic u la rly  w ith  c y to s ta tic , i.e. in d irec tly  im m u n o 
su p p re ss iv e , ag en ts . C onsidering  th e  v a lu e  o f im m unosu p p resso rs  in  o th e r  
m u sc le  d iseases, p a r t ic u la r ly  in  au to im m u n e  m y o sitis  [30], we fo u n d  i t  re a so n 
ab le  to  te s t  th is  t r e a tm e n t  in  p a tie n ts  w ith  m y a s th e n ia  gravis. T he f i r s t  re p o rts  
on  s im ila r s tud ies [4, 8, 15, 19] coincided w ith  o u r  tria ls . T he p ro m isin g  re su lts  
o b ta in e d  in  our f i r s t  13 cases w hich h a d  fo rm e d  th e  su b jec t o f an  ea rlie r re p o r t  
[31] ju s tif ie d  to  co n tin u e  th is  th e ra p y . T h e  p re s e n t  re p o rt concerns 25 p a tie n ts  
w ith  m y a s th e n ia  g rav is  h av in g  been  su b je c te d  to  im m unosu p p ressiv e  th e ra p y  
in  th e  course o f tw o  y e a rs , to  w hich  t r e a tm e n t  w e have  referred  in  an  earlie r 
co m p reh en siv e  s tu d y  on  th e  disease [45].*

* M eanwhile further 7 cases have been trea ted  w ith  this m ethod o f im m unosup  
pressive  therapy, so all in  all 32 m yasthenic p a tien ts  h a v e  been treated and observed.
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P a tie n ts  a n d  data

Earlier therapy Prognosis Associated diseases
Immunosuppressive the rapy

Prognosis H isto ry

Drugs c A 2 years
Drugs, X-ray в Cured syphilis A 2 years
Drugs, X-ray c M yositis В 2 years
Drugs, X-ray 1) В 2 years
Drugs, X-ray Perm. С 3 m onths

crisis
Drugs D Pulm onary carcinom a с 2 m onths

M yopathy
Drugs, Surgery, X -ray C t ± B Carcinoma of thym us В т ±  с 1 year
Drugs, X-ray c в 1 year
Drugs, X-ray C i ± D Nephritis в 1 year
Drugs, X-ray D Muscle atrophy C ï - B 1 year
Drugs, X-ray D Muscle atrophy C t ± D 4 m onths
Drugs C r t D В Ä  с 3 m onths
Drugs, Surgery, X -ray D Muscle atrophy D Stationary
Drugs B t ± C Myositis В 8 m onths
Drugs, X-ray В В 8 m onths
Drugs, X-ray D M yopathy С 6 m onths
Drugs, X-ray C ï ± B В 8 m onths
Drugs C ä D Cerebral arteriosclerosis С 3 m onths
Drugs, X-ray c Cerebral arteriosclerosis В 7 m onths
Drugs c В 5 m onths
Drugs, Surgery, X -ray C î t l ) В 5 m onths
Drugs D Cerebral obesity с 5 m onths
Drugs, X-ray C B í ± C 2 m onths
Drugs C в 3 m onths
Drugs, X-ray c в 3 m onths

(Sym bols, m y. =  m yasthenic crisis; chol. -  cholinergic crisis; +  =  severity o f  crisis

M aterial and  m ethods

T w enty-five p atien ts w ith  m yasthenia gravis were subjected  to  im m unosuppressive  
(cytosta tic ) therapy. D eta ils concerning the patients are sh ow n in Table I. Age of the patien ts, 
duration of disease and the clinical pattern are shown in T ables II , I I I  and IV, together w ith  
th e  assessm ent o f response to im m unosuppressive treatm ent. Table V shows the typ es o f  
(and responses to) earlier therapy in the cases being under im m unosuppressive therapy at  
the tim e of the present stu dy . The data presented reflect th e  condition  of the patients before 
im m unosuppressive therapy, and also show  that the cases se lected  for this study were all 
o f  m ajor severity having exhibited  little  response to earlier therapy. In the whole series o f  
25 patients there were on ly  three in rem ission B , those o f stages C  and D  numbering 22. The  
patients were assigned to  the respective stages in accordance w ith  the generally accepted  
standards [45]. T w elve patien ts had had one or more respiratory crises before, and 3 o f them  
were in a state o f  perm anent crisis at the tim e of this stu d y . This alone would su ffic ien tly  
illustrate our lines o f  selection  referred to above.

Sera from 20 p atien ts were subjected to im m unoserological studies, from 9 repeatedly, 
before and after treatm ent (Table VI). Anti-organ antibod ies were studied by passive  
haem agglutination. The antigen attached to tannin-coated eryth rocytes was obtained from  
fresh hum an surgical or necropsy m aterial and m ainly conta ined  surface-membranes. The  
rheum atoid factor (R F ) was studied by the Rose-test. For the stu d y  o f the antinuclear factor  
(A N F ), too, the passive haem agglutination m ethod was used , the antigen being derived
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from  ca lf  thym us cell nuclei. The figures presented in  the Table indicate at how  m any tim es 
h igh er d ilutions than those o f a pool o f m ixed h ea lth y  donor serum the p a tien t’s serum  still 
g a v e  a p ositive  reaction: 0 and 2 was considered defin itely  negative, 4 still negative, 8 a 
borderline value ( + ) ,  16 or m ore defin itely  positive . The serial numbers o f th e  patien ts are 
id e n tica l in  Tables I and II .

T he results o f treatm ent are shown in T able V II , on the grounds o f a )  th e  patients’ 
sta te m en ts , b) clinical observations, c) the ergom etric te st devised by one of th e  authors [43J. 
T ab le  V I I I  also concerns the results in  respect to  the required doses o f  cholinergic (anti
ch o lin esterase) agents, subsequent to  im m unosuppressive treatm ent.

T he im m unosuppressive agent used in all cases w as m esoerythrite, developed  b y  V a r g h a  
and  H o r v á t h  [51, 52], and pharm acologically  tested  b y  C s á n y i  et al. [ 7 ] .  The com pound  
is  a sugar alcohol, w ith  an alkyl su lphonyl oxyethylam in o group as the fu n ction a l m oiety. 
I t s  chem ical structure is l,4 -d i-2 ’-m esyloxy-ethylam ino-l,4 -d id esoxy-m -erythrite-d im esyl-  
ate). In  anim al experim ents [7, 52] it  disp layed a selective inhibitory a c tiv ity  on  lym pho
p oiesis w hile being free from  an y  secondary or to x ic  effect in  therapeutic doses. Intravenous 
L D 50 w as 45 mg/kg in  m ice. Its  clinical benefits prim arily concern lym phoid  leukaem ia and 
v ariou s ty p es o f m yositis [29, 30]. I ts  use in  m yasth en ia  was justified  on th e  basis o f  two  
considerations, i.e. the lym phoid  character o f th e  thym u s, and its presum able involvem ent  
in  th e  pathogenesis o f the disease.

The drug was given  in  a dose of 30 m g intravenously , every day. W ith  th e  exception  
o f  Cases 3 and 4 where 10 in jections were g iven  (to ta l dose, 300 m g), all other patients had 
20 in jectio n s w ith a to ta l dose o f  600 m g, apart from  Case 9, a juvenile p a tien t o f  low  body

Table II

R esponse to im m u n o su p p ress ive  th erapy  according to age gro u p s

Age group A В C D D eath

10—16 years 1 l

20—30 years 2 3 2 l

30 — 50 years 5 2

50—70 years 2 3

Over 70 years 2 1

Total 25 patients 2 13 9 l

Table III

R esponse to im m u n o su p p ressive  therapy  according to h istory
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Table IV

R esp o n se  to im m u n o s u p p r e s s iv e  th e ra p y  a c co rd in g  to c lin ic a l p a tte rn

Type of m yasthenia A В C D D eath

General 2 6 8 l

Ocular 2
Skeletal 1
Oculo-skeletal 2 1
Oculo-bulbar 2

Total 25 patients 2 1 3 9 l

Table V

R e s u lts  o f  earlier  ( n o n - im m u n o s u p p r e s s iv e )  th era p y

Earlier trea tm en t A В C D Total

Drugs 7 l 8
Thym ectom y l 1
Irradiation of thym us 2 7 4 13

Thym ectom y -f- irradiation 1 1 1 3

Total 3 1 5 7 25

■weight and w ith chronic nephritis who had 25 mg daily  (to ta l dose 500 m g). Q uan titative  
hlood counts were m ade every  2nd to 3rd day , and differential counts, w eekly. T he counts 
were then  checked one, tw o , three and six  m onths after com pletion  of treatm ent. B o d y  w eight, 
urinary output, liver function  and appetite were also recorded. One o f the p atien ts (Case 13) 
had tw o courses.

R esults

I n  view  of th e  im m u n o su p p ressiv e  n a tu re  o f  th e  th e ra p y , th e  im m uno- 
sero log ical find ings a n d  th e ir  th e ra p e u tic  re lev an ce  w ill have  to  be consid ered  
f irs t. T h e  find ings show ed  a considerab le  s c a tte r ,  in  accordance  w ith  ou r 
ea rlie r o b se rva tions [47]. W here  th e  re a c tio n  w ith  sk e le ta l m uscle  a n tig e n  
(M use.) w as p ositive  (m ore th a n  8 in  Cases 2, 5, 8, 23 an d  25, T a b le  V I), i t  
w as in v a ria b ly  p o sitiv e  w ith  o th e r hom ologous (allogenic) an tig en s, a n d  o ften  
even  a t  h igher t i tre s  th a n  w ith  m uscle a n tig e n ; fo r  in stan ce  in  C ases 2, 5, 
8, 23 an d  25 w ith  th y ro id  (T hyr.), in  Case 8 w ith  k id n e y  (K idney ), liv e r  (L iver), 
p a r ie ta l cells o f th e  s to m ach  (G astr.)  an d  ca lf  th y m u s  cell nuclei (A N F ). In  
cases 23 an d  25, c ircu la tin g  an tib o d ies  to  k id n e y  tissu e  w ere d e m o n s tra b le  
an d  in  Case 23 th e  rh e u m a to id  fa c to r  (R F ) w as also m ark ed ly  p o sitiv e .
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I t  is a p o in t o f som e in te re s t  th a t  som e d iseases are  o ften  asso c ia ted  
w ith  m y a s th e n ia  g rav is . C oincidence of m y a s th e n ia  w ith  h y p e rth y ro id ism  in  
5 to  8 %  of th e  cases is w ell-know n from  th e  l i te ra tu re  [13, 23, 35, 37, 48]. 
O f o u r  p a tie n ts  w ith  d e m o n s tra b le  a n tith y ro id  an tib o d ies  (Cases 2, 4 , 5, 8, 
11, 13, 14, 23, 24, 25) tw o  (Cases 2 an d  5) d isp lay ed  clinical signs o f m ild  
h y p e rth y ro id ism , tw o  (C ases 14 a n d  25) w ere h y p o th y ro id  an d  one (C ase 13) 
h a d  a n  in ac tiv e  g o itre . A m ong  th e  p a tie n ts  w ith  c ircu la tin g  an tib o d ie s  a g a in s t 
k id n e y -a n tig e n  (Cases 8, 9, 11, 13, 14, 23, 24 an d  25) th e re  w ere  o n ly  tw o  
(C ases 9 and  24) w ith  c lin ica lly  d em o n strab le  re n a l lesion. T h e  f ir s t ,  a 16- 
y e a r  o ld  fem ale h a s  b een  su ffering  from  ch ro n ic  n ep h ritis  w ith  p ro te in u ria  
s in ce  th e  age of 8 y e a rs , w hile th e  second h a d  an  in c ip ien t n ep h ro sc le ro sis . 
I n  C ase 8, show ing th e  h ig h e s t t i t r e ,  th e re  w as no  evidence o f re n a l a b n o r
m a li ty . A p a tie n t  w ith  v a lu es  b o rd e rin g  o n  n e g a tiv ity  (C ase 10) h ad  
re c u r re n t  ren a l s to n es . O f th e  cases w ith  a se ro p o sitiv e  re a c tio n  to  liver- 
a n tig e n  (Cases 8, 9, 13, 14, 15) tw o  p a tie n ts  (Cases 8 an d  14) h a d  b een  d rin k in g  
re g u la r ly  b u t  w ere no  a c tu a l  ad d ic ts . T h e  o th e rs  h a d  no ev idence  o f liv e r  
d isea se . A ntibod ies a g a in s t p a r ie ta l cells o f g a s tr ic  m ucosa or to  d u o d en u m  
w ere  dem o n strab le  in  C ases 6, 7, 8, 9, 10, I I ,  13, 14, 15. T he f in d in g s in  Cases 
8 a n d  14 m igh t h a v e  b een  co m p atib le  w ith  alcoholic  g a s tritis , in  th e  o th e r 
cases th e re  was no  ev id en ce  of a n y  a b n o rm a lity  o f th e  d igestive  sy s tem . T h e  
rh e u m a to id  fa c to r  w as s tro n g ly  po sitiv e  in  Cases 9, 11 an d  23. N o n e  o f  th e se  
p a t ie n ts  h ad  p rog ressive  ch ro n ic  p o ly a r th r itis  b u t  Case 23 (a 7 0 -y ea r old m ale) 
d isp la y e d  osteochondrosis an d  rh e u m a tism  affec tin g  th e  sm all jo in ts . I n  Case 3 
w i th  h isto log ically  v e rif ied  m yositis  th e  R F  w as n eg a tiv e . T he L E -ce ll p h e n o m 
en o n  was n eg a tiv e  in  a ll of th e  cases. I n  th e  p re se n t series th e re  w ere  no 
p a t ie n ts  w ith  local o r sy s tem ic  L E , or w ith  p ern ic io u s anaem ia , v ita m in -B 12 
m a la b so rp tio n , S jö rg en ’s d isease.

A ssessm ent o f  th e  th e ra p e u tic  effect re v e a le d  t h a t  th e  in d iv id u a l re sp o n 
siv en ess  to  im m u n o su p p ress iv e  th e ra p y  show s no , or a t  le a s t no  d e fin ite , 
re la tio n sh ip  to  age (T ab le  I I ) ,  d u ra tio n  (T ab le  I I I )  o r th e  clin ical ty p e  o f th e  
d isease  (Table IV ). T h ese  re su lts  a re  co n sis ten t w ith  our earlie r o b se rv a tio n s  [31, 
47] as well as w ith  o th e r  p u b lish ed  ev idence [1, 2, 15, 17].

E valuation o f  the results in  acco rdance  w ith  th e  genera lly  a d o p te d  s ta n d 
a rd s  [46] show ed th a t  tw o  p a tie n ts  a t ta in e d  th e  s tag e  of rem ission  A ,  a n d  13, 
t h a t  o f rem ission B ,  in  o th e r  w ords th e re  w as a d is tin c t u n m is ta k a b le  im p ro v e 
m e n t  in  th e  co n d itio n  o f  15 p a tie n ts . A lth o u g h  ev a lu a tio n  w as m a d e  d ifficu lt 
b y  th e  sp o n tan eo u s f lu c tu a tio n s  an d  th e  te n d e n c y  to  sp o n tan eo u s  rem issions 
in h e re n t  in  th e  clin ical c h a ra c te r  o f m y a s th e n ia  g rav is, i t  w as n o n e  th e  less 
p ossib le  on a c o m p a ra tiv e  basis, w ith  due  co n sid e ra tio n  of th e  p a t ie n t ’s s ta te  
a t  th e  s ta r t  of t r e a tm e n t  (T ab le  V). A ctu a lly , n o n e  o f th e  p a tie n ts  h a d  b een  in  
rem ission  A  a t  th e  s t a r t  (w hich w ould  h a v e  m ad e  t r e a tm e n t ,  o b v io u sly , 
u n n ecessa ry ), a n d  th e re  h a d  been  only th re e  in  rem ission  B . T h e  fa c t  th a t ,  as
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Table VI

R e s u lts  o f  im m u n o se ro lo g ic a l s tu d ies

I  m  m u  n o s e Г О 1 O g c a l  t e s t

nam e sex
Muse. Thyr. K idney Liver G astr. Duód. R F A N  F LE

2. C. J. ? 5120 80 2 neg.

128 16 2 „

3. S. L. $ 4 2 4 99

4. M. S. ? 2 80 2 9?

5. P. É. ? 320 40 2 99

320 2 0 2 »»

6. L. R. 9 2 2 4 2 4 4 4 4 9»

8 2 8 2 16 2 4 8 9»

7. B . J. <? 4 8 4 2 4 4 2 2 9»

4 4 8 2 8 16 4 8 99

8 . B. I. <? 32 16 128 i6 16 8 8 16 99

16 16 8 4 8 16 8 16 ?»
9. S. I. 9' 8 8 16 16 8 16 1024 8 ?»

10. S. L. 9 2 4 8 4 4 16 512 2 9?

11. N . I. 9 4 16 16 8 8 32 1024 16 99

12. K. J. 9 4 8 4 4 2 8 8 4 9?

13. S. T. 9 2 2 2 2 2 8 4 2 9»

2 16 16 32 64 64 4 8 9?

14. L. L. <? 2 32 16 64 16 128 8 9 ?

15. M. J. c? 2 4 8 16 8 16 8 99

16. I. L. 9 8 8 8 2 4 8 4 8 9?

17. N . A. 9 2 4 4 8 4 4 2 99

19. M. F. 9 2 4 8 2 2 4 2
99

23. B. A. <? i6 16 16 4 4 2 1024 8 99

4 8 8 2 2 2 4 8 99

24. N . I. 9 8 16 16 8 4 4 8 2 9»

8 16 16 4 4 4 4 16 99

25. S. A 9 16 16 16 4 4 2 4 4 9 ?

4 8 8 4 4 2 4 8 99

p o in te d  o u t before, all cases w ere o f  m a jo r sev e rity  and  m ore  o r less re s is ta n t 
to  ea rlie r th e ra p y  added  to  th e  re lia b ility  o f th e  eva lu a tio n .

F u r th e r  in fo rm a tio n  em erges from  T ab les V II  an d  V I I I ,  w h ere  th e  
re su lts  o f t r e a tm e n t  are  p re se n te d  u n d e r  o th e r  aspects. O ne o f  th e  p a tie n ts  
(Case 1), a young  engineer, c o n tin u es  now  fo r th e  th ird  y e a r  in  h is  usual 
fie ld  o f  a c tiv ity  in  a p p a re n t good h e a lth  w ith o u t th e  need fo r  d ru g  o r a n y  o th e r
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th e r a p y .  A fem ale p a t ie n t  (C ase 2) also rem ain ed  sy m p to m -free  fo r tw o  y ea rs  
on  a  d rug -free  reg im en b u t  h a d  to  be s ta r te d  su b se q u e n tly  on py ro d is tig m in e  
in  d o ses  o f 120 to  180 m g d a ily  (ac tually  one th i r d  o f  th e  fo rm er dose) a n d  is 
d o in g  w ell. B o th  cases w o u ld  obviously ra ise  th e  p o ss ib ility  of spon tan eo u s 
re m iss io n . This, how ever, c a n  sa fe ly  be d ism issed, co n sid e rin g  th e  long  d u ra tio n  
o f  t h e  process an d  its  la c k  o f  ad eq u a te  re sp o n siv en ess  to  o th e r  ty p e s  o f 
t r e a tm e n t ,  w hich m ak es a conspicuous c o n tra s t  to  th e  ra p id  an d  su s ta in e d  
c h a n g e  fo r th e  b e tte r  so o n  a f te r  th e  s ta r t  o f  im m u n o su p p ressiv e  th e ra p y . 
T h is  fem ale  p a tie n t h a d  h a d  tw o  re sp ira to ry  crises, one o f  w hich re q u ire d  
a s s is te d  b rea th in g  fo r 8 d a y s  [46].

I n  all th e  o th e r  cases an tich o lin este rase  th e r a p y  h ad  to  be m a in ta in e d  
e v e n  a f te r  com pletion  o f  im m u n o su p p ressiv e  t r e a tm e n t ,  th e  dose req u irem en t 
b e in g  a  good in d ic a to r  o f  th e  deg ree  of rem ission  [15, 23, 46]. As seen in  T ab le

Table VII

R e s u l t s  o f  im m u n o s u p p re s s iv e  tre a tm e n t in  the lig h t o f  th e  p a t ie n t s ’’ observa tio n  a n d  o f
ergom etric  ev idence

R esult Fem ale Male T otal

I .  Rem ission A (cure) l l 2

I I .  Rem ission В (marked im provem ent) 8 5 13

I I I . Rem ission C (moderate or slight improvement) 9 9

IV . S tatu s D (unchanged) 1 1

V . Deterioration (death, crisis)

T otal 19 6 25

Table VIII

E v a lu a tio n  o f  im m u n o s u p p r e s s iv e  th era p y  i n  th e  lig h t o f  su b seq u e n t cho linerg ic
d ru g  c o n su m p tio n

R esu lts Fem ales Males T otal

I. N o need for cholinergic m edication  

I I .  Reduction of the former dosage by 50 to

l l 2

75% 3 2 5

I I I .  Reduction by 25 to 50% 6 1 7

IV . Unchanged dosage 8 2 10

V . Dosage higher than before 1 1

T otal 19 6 25
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V I I I ,  a  h igh ly  sign ifican t re d u c tio n  (by  50 to  7 5 % ) o f th e  daily  doses w as pos
sible in  5 cases an d  a s u b s ta n tia l  red u c tio n  (b y  25 to  50% ) in  7 cases. T h o u g h  
allow ance has to  be m ad e  to  psych ic  fac to rs , i.e . hope or con fidence  in  ev e ry  
new  tre a tm e n t [22, 44], m is in te rp re ta tio n s  a ris in g  from  th e  source a re  read ily  
av o id ed  b y  keeping  th e  re q u ire d  doses on reco rd .

S lig h t am elio ra tio n  w ith  u n ch an g ed  an tich o lin e s te ra se  re q u ire m e n t was 
n o te d  in  7 cases. D e te rio ra tio n  w hich m ig h t h a v e  been  connected  w ith  im m u n o 
su p p ressiv e  (cy to s ta tic ) th e ra p y  w as n o t o b serv ed  in  an y  o f th e  cases. I n  a 
fem ale  p a tie n t  (Case 13) th e  an tich o lin e s te ra se  doses h ad  to  be ra ise d  in  th e  
course , an d  a fte r  com p le tio n , o f t re a tm e n t.

T h ree  fem ale p a tie n ts  (Cases 5, 11 a n d  12) deserve special m e n tio n . 
Tw o o f th em  h ad  been  on  con tin u o u s, one on  n ea rly  c o n tin u o u s , a r tif ic ia l 
b re a th in g . All th ree  w ere  c a n d id a te s  fo r th y m e c to m y  an d  im m u n o su p p re ss iv e  
th e ra p y  was responsib le  fo r  th e  im p ro v em en t d u rin g  w hich th e  in te rv e n tio n  
could  ac tu a lly  be p e rfo rm ed . In  one of th e m  (Case 11) su rg e ry  re v e a le d  a 
tu m o u r  of th e  th y m u s, w ith  m icroscopic ev idence  of m a lig n an t d e g e n e ra tio n .

A ssessm ent of th e  d u ra tio n  of th e  benefic ia l effect p re sen ts  s im ila r  d if
f icu ltie s . I t  w as obvious in  tw o  p a tie n ts  in  rem ission  A  b u t  fa r  less sim p le  in 
all th e  o thers, considering  th e  co n tinuously  ch an g in g  c h a ra c te r  o f m y a s th e n ia  
g rav is  an d  th e  m o d ifica tio n  in  its  course w hich  m ay  re su lt from  a v a r ie ty  of 
o th e r  diseases or fac to rs. A t th e  tim e  o f th e  p re se n t s tu d y  th e re  h av e  b een  re m is
sions o f  2 years, one y e a r  a n d  8 m o n th s, re sp ec tiv e ly  (T able I) . R em issions 
in  th e  la s t  th ree  cases h a v e  n o t  y e t reach ed  th e  lim it o f e v a lu a tio n . I n  th e  
th re e  la te r  th y m ec to m ized  p a tie n ts  re fe rred  to  earlie r th e re  h av e  b een  rem is
sions o f  th ree  to  fo u r m o n th s , allow ing p re o p e ra tiv e  m easures, a c tu a l su rg e ry  
a n d  p o sto p e ra tiv e  care. I n  an  e lderly  p a tie n t w ith  con tinuous th r e a t  o f  crisis 
(Case 18) a tra n s ie n t im p ro v e m e n t of m ino r deg ree  w as n o ted . A fem ale  p a t ie n t  
(Case 5) w ith  adv an ced  m y o p a th ic  m y a s th e n ia  associa ted  w ith  p u lm o n a ry  
carc in o m a show ed s tr ik in g  im p ro v em en t of s h o r t  d u ra tio n  e x te n d in g  also  to  
h e r  g enera l cond ition  w h ich  h a d  g rea tly  been  a ffec ted  b y  th e  tu m o u r . R e 
sponse  w as sligh te r b u t  f a r  lo n g er in  d u ra tio n  (6 m o n th s) in  a 76 -year-o ld  fem ale  
(Case 16), w here severe m y a s th e n ia  g rav is, th o u g h  safe from  crises w as a sso c ia t
ed  w ith  p a ra p ro te in ic  m y o p a th y . In  a p a tie n t  (Case 3) now  in  fu ll rem ission  
fo r  tw o  y ears , m uscle p a in s  d u e  to  m yositis h a v e  also ceased.

T h e  signs o f rem ission  w ere  n o ted  in  a few  cases in  th e  la s t w eek  o f  t r e a t 
m e n t a n d  in  th e  m a jo rity  in  th e  f irs t  2 to  6 w eeks a fte r  its  co m p le tio n . O ne 
o f  th e  p a tie n ts  (Case 5) h a d  a rem ission  4 m o n th s  a f te r  t re a tm e n t.

T h e  resu lts  o f sero logical te s ts  perfo rm ed  in  9 cases an d  checked  r e p e a t
ed ly  in  th e  course of t r e a tm e n t  allow ed to  c o n fro n t th e  clinical an d  sero log ica l 
re sp o n se . Im p ro v em en t o f  th e  serological t i t r e  w as n o ted  in  4 cases (2, 8, 23, 
25). I n  one of these , th e  clin ica l response w as ex ce llen t an d  o f long  d u ra tio n  
(Case 2), in  a n o th e r i t  w as fa ir ly  good (Case 25) a n d  in  tw o (Cases 8 a n d  23),
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i t  w a s  s lig h t. The se ro log ica l t i t r e  was u n a ffe c ted  in  4 cases (5, 6, 7 a n d  24); 
in  o n e  o f  these  (Case 6), th e  p a tie n t w ith  p u lm o n a ry  carcinom a re fe rred  to  
e a r lie r , response was s tr ik in g  th o u g h  of sh o r d u ra tio n ; in  th e  second  one 
(C ase  5) i t  was likew ise s h o r t  b u t  none th e  less co m p a tib le  w ith  th y m e c to m y , 
a n d  m o d e ra te  b u t o f lo n g  d u ra tio n  in  th e  m a le  p a t ie n t  w ith  ca rc in o m a  of 
th e  th y m u s  (Case 7). Im p ro v e m e n t in  a n o th e r p a t i e n t  (Case 24), th o u g h  m ark ed , 
w as s t i l l  to o  sh o rt fo r  e v a lu a tio n . In  one o f  m a jo r  sev e rity , a y o u n g  fem ale  
p a t i e n t  (Case 13), im p a irm e n t o f th e  sero logical t i t r e  w as n o te d  w ith o u t an y  
a p p a r e n t  clinical b e n e fit a n d  th e  m a in ten an ce  dose h a d  to  be in c rea sed  t r a n 
s ie n tly .

S eco n d ary  effects: T h e re  w as a g enera l s te a d y  decline in  th e  leu k o cy te  
c o u n t  w ith o u t, how ever, im p o sin g  th e  n ecess ity  fo r  d iscon tinu ing  t r e a tm e n t  
in  a n y  o f  th e  cases. I n  a p a t i e n t  (Case 5) w ho  h a d  ra d io th e ra p y  six  m o n th s  
b e fo re  im m u n o su p p ressiv e  t r e a tm e n t, th e  le u k o c y te  co u n t p e rs is ted  a t  th e  
le v e l o f  3000/m l for th re e  m o n th s  b u t re tu rn e d  su b se q u e n tly  to  n o rm a l w ith o u t 
in te r fe r in g  w ith  th e  p la n n e d  th y m ec to m y . A f u r th e r  p a tie n t  (Case 7) w ho h ad  
h a d  re p e a te d  courses o f  m assiv e-d o se  ra d io th e ra p y  fo r th y m u s  ca rc in o m a  in 
th e  c o u rse  o f the  la s t n in e  y e a rs , developed t r a n s ie n t  leukopen ia  an d  th ro m b o - 
p e n ia  on  com pletion o f  im m u n o su p p ress iv e  (c y to s ta tic )  t re a tm e n t. Im p a ir 
m e n t  in  liv er functions o r  ab n o rm a l u r in a ry  f in d in g s  w ere n o t n o te d . W ith  
th e  e x c e p tio n  of th e  p a t i e n t  w ith  p u lm o n ary  ca rc in o m a  (Case 6), b o d y  w eigh t 
re m a in e d  unaffected . T w o  p a t ie n ts  were co m p la in in g  o f anorex ia , one o f  n au se a  
a t  th e  tim e  of th e  f i r s t  in jec tio n s . P a ra v e n o u s  in jec tio n  resu lted  in  local 
n e c ro s is  w ith  co nsecu tive  sc a rr in g  in one case a n d  in a sluggish ly  reso lv in g  
c u b i ta l  in d u ra tio n  in  a n o th e r .

D iscussion

»
T h e  aetiology o f  m y a s th e n ia  gravis is u n c e r ta in  b u t  seem s to  in v o lv e  

th e  th y m u s  closely, as in d ic a te d  by th e  p re v a le n c e  of its  asso c ia tio n  w ith  
h y p e rp la s ia  or tu m o u rs  o f  th i s  organ and  o f  its  resp o n siv en ess  to  ra d io th e ra p y  
o f  th e  th y m u s, or to  th y m e c to m y  [20, 23, 24, 34, 38, 42, 45, 46].

S im p so n ’s a u to im m u n e  th e o ry  [39] e v o lv ed  on a sp ecu la tiv e  basis  b u t  
n o n e  th e  less con firm ed  la te r  in  m any  re sp e c ts  to o k  som e tim e  to  g ive rise 
to  im m u n o su p p ressiv e  th e r a p y  of m y a s th e n ia  g rav is . T h e  cause o f th e  delay  
w as th e  fac t th a t  th e  c o r tic o id s  w hich h a v e  p ro v e d  th e ir  v a lu e  in  o th e r  a u to 
im m u n e  diseases a re  n o t  o n ly  ineffective b u t  ev en  p re se n t c e r ta in  h aza rd s  
in  th e  cond ition  a t  issu e  [9 , 23 , 24, 46]. T h e  ab sen ce  o f in f la m m a to ry  fac to rs  
in  m y a s th e n ia  grav is a c c o u n ts  for its  u n re sp o n siv en ess  to  s te ro id s  [28]: in 
f a c t ,  n e ith e r  th e  n e rv o u s  sy s tem , n o r th e  m uscles o r th e  th y m u s  p re se n t 
in f la m m a to ry  signs in  th is  d isease [10, 14, 43, 4 6 ]. H ow ever, th e  m ech an ism
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of action  o f th e  c y to s ta tic  ag en ts  is n o t confined  to  a n ti- in fla m m a to ry  fa c to rs , 
it being p r im a rily  o f a n tim e tab o lic  n a tu re . T h e re fo re , th eo re tica lly , all c y to s ta t 
ic agents a ffec tin g  nucleic acid an d  pu rin e  m e ta b o lism  are ex p ec ted  to  a c t 
as p o te n t im m u n o su p p resso rs  in  m y asth en ia  g ra v is , to o , p resum ab ly  b y  th e ir  
in h ib ito ry  e ffec t on th e  im m u n o co m p eten t ly m p h o c y te s  or on th e ir  p re c u rso rs . 
A ccording to  S chw artz  an d  D a m e s h e k  [36] th e y  p rim a rily  b enefit p rocesses 
m ark ed  b y  d e lay ed  ty p e  h y p e rse n s itiv ity , th e ir  e ffec t being of ce llu lar r a th e r  
th a n  of h u m o ra l n a tu re .

T he im m u n o su p p resso r d rugs ac t in a h ig h ly  d iverse  m anner. S om e of 
th em  h av e  a d e fin ite ly  su p p ressiv e , while o th e rs  a  p ro tec tiv e  ac tion  [5]. T h e  
a c tiv ity  of 6 -m ercap to p u rin e  inc ludes d is tin c t an ti- in fla m m a to ry  fa c to rs  [25], 
in  c o n tra s t to  m e th o tre x a te  w ith  n e x t  to  no e ffec t o f  th is  k ind  [50]. A z a th io 
prine possesses m a rk e d  a n ti- in fla m m a to ry  an d  n u c le in -in h ib ito ry  effec ts  [5]. 
The in h ib ito ry  effect of m e th o tre x a te  on nuc le ic  ac id  m etabolism  does n o t 
involve its  in c o rp o ra tio n  in to  D N A  to  w hich fa c t i t  ow es its  po ten tia l a d v a n ta g e  
of a lesser to x i ty  [5, 25].

D e l w a i d e  e ta l .  [8] as well as N ouza a n d  S m a t  [19] used a z a th io p r in e  
and  cy lophosp liam ide  in  5 and  2 cases of m y a s th e n ia  g rav is, re sp ec tiv e ly . T h e  
rep o rt by  Me r t e n s  e t al. [15] on th e  im m u n o su p p re ss iv e  tre a tm e n t o f  m y a s 
th en ia  grav is ap p ea red  a t  th e  tim e  o f our ea rlie r p u b lic a tio n  on th is  su b je c t. 
T heir series o f s tu d y  in  w hich 6-M P, aza th io p rin e , m e th o tre x a te  and  a c tin o m y - 
cin-C w ere used , includes 38 p a tie n ts , all o f  m a jo r  severity . T he im m u n o 
suppressors w ere also used  in  co m b in a tio n  w ith  ra d io th e ra p y , th y m e c to m y  
an d /o r A CTH  if  th ese  alone had  p ro v ed  in a d e q u a te . S ignifican t im p ro v e m e n t 
evidenced b y  an  increase  in  m uscle  pow er an d  a re d u c tio n  in th e  d ep en d en ce  
on cholinergic d rugs, w as a t ta in e d  in  22 cases. T h e  schedule of t r e a tm e n t  
com prised re p e a te d  courses in te r ru p te d  by  d ru g -free  in te rv a ls . I t  is em p h asized  
th a t  even in  th e  cases w here im p ro v em en t w as less m a rk e d , unexpected  e x a c e r
b a tions rem ain ed  ab sen t and  in s tead  of show ing  th e  u su a l f lu c tu a tio n s , th e  
clinical course w as sm oo th . T he response seem ed to  be u n re la ted  to  th e  c lin ica l 
ty p e  of th e  d isease  as also to  th e  im m u n o su p p ressiv e  a g e n t em ployed. C o m b i
n a tions o f va rio u s im m u n o su p p resso rs  had  no a d v a n ta g e  over single d ru g s.

In  th e  p re se n t s tu d y , too , im m u n o su p p ressiv e  (ly m p h o cy to sta tic ) th e r a p y  
was prom ising  in  m an y  respects . C onsidering th e  deg ree  and  d u ra tio n  o f  re 
sponse, th e  t r e a tm e n t  am o u n ted  to  a sem irad ica l cu re , like irrad ia tio n  o f  th e  
th y m u s or th y m e c to m y . A t an y  ra te , i t  has c e r ta in ly  ad d ed  to  th e  th e ra p e u t ic  
possib ilities a n d  p a rtic u la rly  in th o se  cases in  w h ich  fo r some reason  ra d io 
th e ra p y  or th y m e c to m y  w ere im p rac ticab le  [45, 4 6 ] o r w here c o n v e n tio n a l 
th e ra p e u tic  m easu res h ad  failed . A fu r th e r  p o in t in  fa v o u r  of im m u n o su p p re s
sive (cy to s ta tic ) th e ra p y  has been re ferred  to  in  o u r  fo rm er p ap er [31 ]: in  
view  of an  e v e n tu a l ectopy  o f th e  th y m u s  th e  ch an ces  o f delivering th e  to ta l  
d e s tru c tiv e  ra d ia tio n  dose to  th e  ac tu a l s ite  o f th e  th y m u s  am oun t to  70 to
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8 0 % , w hereas th e  success o f im m u n o su p p re ss iv e  th e ra p y  is o b v io u s ly  little  
a f fe c te d  b y  th e  to p o g ra p h y  o f th e  o rgan . T h is  also applies to  re s id u a l th y m ic  
t is s u e  w h ich  has been  sp a re d  b y  th e  o p e ra tio n  (dup lica te  or m u ltip le  th y m u s , 
a b e r r a n t  isle ts o f th y m u s ) , co m p en sa to ry  h y p e r tro p h y  o f w h ich  m a y  be  a 
so u rc e  o f p o s to p e ra tiv e  d e te rio ra tio n  o r re c u rre n ce  [45, 46].

I t  w ill ta k e  a long  tim e  to  e s tab lish  th e  p ro p e r  place of im m u n o su p p re s 
s iv e  th e ra p y  in  th e  m a n a g e m e n t of m y a s th e n ia  gravis. C onsidering  th e  low 
in c id e n c e  of th is  d isease a n d  its  in ca lcu lab le  course, assessm ent o f  th e  value 
o f  a n y  th e ra p e u tic  p ro c e d u re  is f ra u g h t w ith  difficulties an d  re q u ire s  a suffi
c ie n t  lap se  of tim e . T h e re  a re , in  ad d itio n , so m e special issues w h ic h  ad d  to  
th e  d ifficu lties. 1. T h e re  is no  im m u n o sero lo g ica l te s t w hich w o u ld  id en tify  
in d iv id u a l  cases o f m y a s th e n ia  grav is in v o lv in g  an  au to im m u n e  m ech an ism  
th u s  p ro v id in g  us w ith  a basis  fo r th e  se lec tio n  o f  cases for im m u n o su p p re ss iv e  
(c y to s ta t ic )  th e ra p y . A s a lre a d y  p o in ted  o u t  [31, 47], th e  re sp o n se  to  im m u n o 
su p p re ss iv e  t r e a tm e n t seem s to  be u n re la te d  to  th e  resu lts o f im m uno sero lo g ica l 
te s t s .  B u t th e n , m y a s th e n ia  gravis m ig h t w e ll b eh av e  in  th is  r e s p e c t s im ila rly  
to  o th e r  au to im m u n e  d iseases w here i t  is q u ite  com m on to  f in d  n o  an tib o d ies  
to  t h e  affec ted  o rg an  o r tis su e , w hile th e re  a re  an tibodies to  a n tig e n s  derived  
f ro m  clin ically  h e a lth y  o rg an s or tissu es , a n  observation  w h ich  c o n s titu te s  
o n e  o f  th e  ch ief a rg u m e n ts  aga in st th e  p a th o g e n ic ity  of c irc u la tin g  an tib o d ies  
[26 , 27 ]. 2. In  th e  case o f  m y a s th e n ia  g ra v is  th e  p lan  of t r e a tm e n t  is in sep a 
ra b le  fro m  th e  tim e  fa c to r . I t  is a general o b se rv a tio n  th a t  th e  p re v io u s  d u ra tio n  
o f  th e  disease belongs to  th e  m ain  fac to rs  w h ic h  decides th e  success o f  th y m e c 
to m y :  th e  sh o rte r  th e  h is to ry , th e  m ore  successfu l th e  o p e ra tio n  [20, 34, 38, 
4 5 ] . W ith  im m u n o su p p ressiv e  th e ra p y  th e r e  is alw ays th e  p o s s ib ility  o f an 
u n d u e  loss of tim e : fo r  in s ta n c e , th y m e c to m y  o r ra d io th e ra p y  w o u ld  h a v e  to  
b e  p o s tp o n e d  fo r a coup le  of m o n th s in  th e  case of leukopen ia . I n  th e  lig h t 
o f  th e s e  consid era tio n s i t  appears unw ise  to  u n d e rta k e  im m u n o su p p re ss iv e  
th e r a p y  before h a v in g  e x h a u s te d  all o th e r  th e ra p e u tic  p o ssib ilitie s , so as no t 
to  je o p a rd iz e  th e  ch an ces o f  su rgery  o r to  m iss its  op tim u m  p o in t  o f  tim e. 
I n  f a c t ,  th y m e c to m y  p erfo rm ed  in  p ro p e r  t im e  an d  on th e  g ro u n d s  o f co rrect 
in d ic a tio n s  is s till su p e rio r  to  an y  o th e r  th e ra p e u tic  procedure  in  m y a s th e n ia  
g ra v is . 3. F u r th e r  s tu d ie s  w ill only show  w h ic h  o f th e  im m u n o su p p re sso r drugs 
e n su re s  th e  fu llest a n d  lo n g est rem issions. T h e  agen t selected  fo r  th e  p resen t 
s tu d y  has an  in h ib ito ry  effect on th e  ly m p h a tic  system , th u s  p re su m ab ly  
a lso  o n  th e  im m u n o co m p e ten t sm all ly m p h o c y te s  (or u p o n  th e i r  p recu rso r 
ce lls) . H ow ever, th is  se lec tion  b y  no m e a n s  im plica tes t h a t  o th e r  im m uno- 
su p p re sso rs  of d iffe ren t m echan ism s m ig h t n o t  be  envisaged fo r f u r th e r  stud ies.
4 . T h e  re la tio n sh ip  o f im m u n o su p p ressiv e  (cy to s ta tic ) th e ra p y  a n d  cortico 
s te ro id s  is also open  to  co n tro v ersy . O u r p e rso n a l views on  th e  p o ssib le  causes 
o f  th e  ineffic iency  o f s te ro id s  and  on th e i r  p rac tica l h aza rd s  (crisis!) have 
b e e n  expressed  earlie r. M e r t e n s  e t al. [15] h a v e  been led b y  th e i r  experience
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w ith  im m u n o su p p ressiv e  ag en ts  in  m y a s th e n ia  grav is to  reco n sid e r th e ir  
a t t i tu d e  tow ards th e  a d m in is tra tio n  of A C T H  an d  o f stero ids in  th is  d isease. 
S im ilar co n sid era tio n s h a v e  recen tly  p ro m p te d  us to  re so rt to  s te ro id s  in  a 
case of a fem ale p a t ie n t  w ith  m y asth en ia  g rav is  o f u tm o s t g ra v ity . O n th e  
3 rd  d ay  o f th is  t r e a tm e n t  she developed a re sp ira to ry  crisis an d  h a d  to  be 
k e p t u n d e r IP P B  fo r tw o  d ay s. T here  w as n o  o th e r  dem o n strab le  fa c to r  w h ich  
m ig h t h av e  p re c ip ita te d  th e  crisis. T his a c c id e n t has only  con firm ed  us in  
o u r n eg a tiv e  a t t i tu d e  to  s te ro id  th e ra p y , sh a re d  b y  num erous earlie r e x p e ri
ences. 5. T here s till rem a in  th e  questions a )  w h e th e r  i t  is safe to  re p e a t  th e  
im m u n o su p p ressiv e  courses an d  if  so, how  m a n y  tim es; an d  b)  w h e th e r  an  
in te r ru p tio n  of im m u n o su p p ress iv e  tr e a tm e n t invo lves an y  h aza rd . T h e  re su lts  
on in te rm itte n t  t r e a tm e n t  are know n [15]. O u r perso n a l experience is m ore  
fav o u rab le  in asm u ch  as th e  rem issions h av e  b een  a tta in e d  b y  a sole im m u n o 
suppressive  course. O ne p a tie n t  h ad  tw o  courses w ith o u t, how ever, re sp o n d 
ing  to  e ith e r  of th em .

D esp ite  all th e se  co n tro v ersia l issues a n d  u n c la rified  p o in ts  w e m a y  
o u tlin e  th e  v alue  a n d  p re se n t s ta tu s  of im m u n o su p p ressiv e  (cy to s ta tic ) th e ra p y  
in  th e  m an ag em en t o f  m y a s th e n ia  gravis as follow s.

A )  T he p o ss ib ility  o f  a u to im m u n ity  b e in g  in v o lved  in  th e  p a th o m e c h a - 
n ism  of m y a s th e n ia  g rav is  in  a n u m b er of cases ju s tif ie s  th e  use o f  im m u n o 
su p p ressiv e  agen ts.

B )  T he  re su lts  ach ieved  in  m y a s th e n ia  g rav is  w ith  im m u n o su p p ress iv e  
ag en ts  are  b y  no m ean s o f  sy m p to m a tic  c h a ra c te r  b u t  a m o u n t to  th o se  o f  a 
sem irad ica l th e ra p y  ta k in g  effect th ro u g h  an  in h ib itio n  of th e  im m u n e  m e c h a 
n ism s. T h e  d u ra tio n  o f  th is  effect has y e t to  b e  asce rta in ed . T h e  c h a ra c te r  o f 
response  m akes im m u n o su p p ress iv e  th e ra p y  closely  sim ilar to  th y m e c to m y  
an d  th y m u s  ir ra d ia tio n , th e  b enefits  of w h ich  are  w ell-know n. T h e  th e ra p y  
m a y  h a v e  a p a r tic u la r  v a lu e  in  cases w here th y m e c to m y  or ra d io th e ra p y  a re  
im p rac ticab le  fo r som e reaso n  an d , consid erin g  its  h um ora l c h a ra c te r , in  
th e  case o f  an  ec top ic  o r a b e r ra n t th y m u s inaccessib le  to  su rgery , o r is le ts  o f 
th y m u s  spared  acc id e n ta lly  b y  th e  o p era tio n .

C)  T he  response  to  im m u n o su p p ressiv e  a g e n ts  bears l i ttle  re la tio n sh ip  
to  th e  clinical fe a tu re s  o f  th e  in d iv id u a l case. T h is is also v a lid  fo r th e  p o s i
t iv i ty  or n e g a tiv ity  o f  th e  serological reac tio n s. I t  is th ere fo re  n o t th e  ev id en ce  
o f th e  serological te s ts  w hich  decides th e  n ecess ity  fo r im m u n o su p p ressiv e  
th e ra p y .

D )  T he  in d ic a tio n  o f  im m u n o su p p ressiv e  t r e a tm e n t depends solely  on 
th e  clin ical aspects o f  th e  case. I t  m ay  be  v i ta l  to  avo id  an y  d e lay  fo r  
o th e r  successful th e ra p y  on acco u n t of im m u n o su p p ress iv e  th e ra p y  ta k e s , o f  
necessity , a considerab le  le n g th  of tim e. C o n seq u en tly , i t  is ch iefly  in  cases o f 
m a jo r  sev e rity , u n re sp o n s iv e  to  o th e r  k in d s  o f th e ra p y , p a r tic u la r ly  in  
d ru g -re s is ta n t cases, w here  im m u n o su p p ressiv e  th e ra p y  has its  p lace.
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E )  I t  w ould be d es irab le  to  in v e s tig a te  th e  en tire  range of im m u n o su p - 
p re s so r  drugs of d iverse  m echan ism s, in  th e  fram ew o rk  of clinical o b se rv a tio n s . 
O n  th e o re tic a l g ro u n d s , th e  p r io r ity  be longs to  th o se  c y to s ta tic  a g e n ts  of 
re la t iv e ly  slight to x i ty  w hose  in h ib ito ry  a c t iv i ty  is p rim arily  d irec ted  a t  th e  
ly m p h o p o ie tic  sy stem  a n d  w hich  ex e rt n o t  o n ly  suppressive  b u t also p ro te c tiv e  
e ffec ts . A n tiph log istic  e ffec ts  o f th e  ag en t a re  ir re le v a n t to  th e  success o f  th e r 
a p y , since in f la m m a to ry  fac to rs  p lay  l i t t le  p a r t  in  th e  p a th o m e c h a n ism  of 
m y a s th e n ia  gravis.
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AN EXTENDED EXCRETION STUDY ON THE  
INGESTION OF A MONOFLUOROPHOSPHATE 

TOOTHPASTE BY CHILDREN*
B y

J . A. H a r g r e a v e s

D EPT. OF RESTO RA TIV E D EN TISTR Y , T H E  U N IV ER SITY , ED IN BURG H

G. S. I ngram  and B. J .  W agg

G IBBS D EN TA L RESEA RCH , U N IL E V E R  RESEA RCH  LA BO RA TO RY , ISLEW O R TH . M ID D L E SE X , EN G LA ND

A study has been m ade of the toothp aste  ingestion habits o f youn g children  
over a total period o f eigh t weeks. The am ounts o f toothpaste swallowed varied w idely  
from  child to child and from day to  day. W hen allow ance had been m ade for d ietary  
fluoride it  was found th at 98% o f th e  children sw allowed a m ean o f 0 .0 — 0.25 g of  
paste per day. One child , drawn from the original 105, swallowed an average o f  0 .44 g 
o f  toothpaste per day.

Acta Medica Academiae Scientiarum Hungaricae, Tomus 27 (4), pp. 413—419 (1970)

Introduction

I n  a n  earlie r a rtic le  ( H a r g r e a v e s  e t  a l.) a sh o rt- te rm  to o th p a s te  in g es
tio n  s tu d y  em ploy ing  pre-school ch ild ren  in  th e  low  fluoride  reg io n  o f  E d in 
b u rg h  w as rep o rted . In  th a t  s tu d y  9 0 %  o f  ch ild ren  w ho used  a flu o rin e - 
c o n ta in in g  to o th p a s te  fo r tw o  w eeks sw allow ed an  average o f less th a n  0.5 g 
o f to o th p a s te  p e r d ay .

T h e  period  o f e x p e rim e n t was sh o r t  a n d  i t  w as o f in te re s t to  f in d  w h e th e r  
th o se  ch ild ren  w ho h a d , on occasions, sw allow ed q u a n titie s  o f  to o th p a s te  
w ould  re p e a t th is  b e h a v io u r w ith  co n tin u e d  use  o r w h e th e r th is  w as a ra n d o m  
b e h a v io u r  p a tte rn .

I n  a d d itio n  a lo n g er e x p e rim e n ta l p e rio d  w ould  enable  m o re  a c c u ra te  
m ean  in g es tio n  figures to  be  ca lcu la ted  fo r  in d iv id u a l ch ildren .

A ccord ing ly  som e o f th e  o rig inal p an e llis ts  from  th e  sh o rt t r ia l  c o n tin u e d  
to  use th e  to o th p a s te s  fo r  a longer p e rio d  a n d  u r in a ry  fluoride d e te rm in a tio n s  
w ere u sed  to  follow  to o th p a s te  ing estio n .

Experimental

i) P anel members. I n  th e  orig inal s tu d y  105 pre-school E d in b u rg h  ch il
d ren  p a r tic ip a te d  in  th e  tr ia l. A n u m b e r o f th e se  w ere found  to  h a v e  in g es ted  
a m e a su ra b le  a m o u n t o f  to o th p a s te  on som e occasions. M ost o f th e se  ‘h igh  
in g es te rs’ w ere in c lu d ed  in  a p an e l o f 54 ch ild ren  w ho were to  use a flu o rin e -

* R ead at the X Y IIth  Congress o f the E uropean Organization for Caries Research  
Debrecen, H ungary, Ju ly  16, 1970.
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2 Д  H O U R  U R I N E  S A M P L E S  C O L L E C T E D

Fig. 1. D esign o f  trial showing toothpastes used and urine sample collection

f re e  to o th p a s te  fo r  tw o w eeks an d  th e  f lu o rin e -co n ta in in g  to o th p a s te  fo r a 
f u r th e r  six w eeks.

ii) Toothpastes. T h e  sam e tw o to o th p a s te s  w ere used as in  th e  ea rlie r 
s tu d y ;  a flu o rin e-free  p lacebo  to o th p a s te  a n d  one con ta in ing  sod ium  m ono- 
f lu o ro p h o sp h a te  e q u iv a le n t to  2.4 m g F /g . W ith  such  a p aste  th e  sw allow ing 
o f a n y  su b s ta n tia l a m o u n t shou ld  be re flec ted  b y  an  increased  u r in a ry  flu o rid e  
lev e l u n confused  b y  v a r ia tio n s  in  d ie ta ry  f lu o rid e . B o th  p astes w ere in  s tab le  
fo rm u la tio n s  an d  w ere  s im ila rly  an d  a c c e p ta b ly  flavoured .

iii) T ria l procedure. T he  54 ch ild ren  w ere g iven  th e  fluo rine-free  to o th 
p a s te  to  use fo r tw o  w eeks. On th e  S a tu rd a y s  an d  Sundays a t  th e  ends of 
th e se  w eeks 2 4 -h o u r u r in e  sam ples w ere co llec ted  so giving fo u r sam p le  days 
co rresp o n d in g  to  u se  of th e  fluorine-free  to o th p a s te  (Fig. 1). T he u rin e  vo lum es 
w ere m easu red  a n d  th e  flu o rid e  c o n te n ts  d e te rm in ed  (H a r g r e a v e s  e t al.) 
so g iv ing  th e  d a ily  f lu o rid e  clearance. T h e  ch ild ren  w ere th e n  g iven  th e  to o th 
p a s te  co n ta in in g  so d ium  m o n o flu o ro p h o sp h a te  to  use fo r six w eeks. As w ith  
th e  fluo rine-free  to o th p a s te , 24-hour u r in e  sam p les  w ere co llected  from  th e  
ch ild ren  on th e  S a tu rd a y  and  S u n d ay  a t  th e  en d  of each w eek so g iv ing  12 
sam p le  days from  th e  period  w hen th e  f lu o rin e -co n ta in in g  p a s te  w as used  
(F ig . 1). As b efo re , th e  fluo ride  c o n te n ts  a n d  volum es of th e  u rin es  w ere 
m easu red  so g iv ing  th e  da ily  fluo ride  o u tp u t  b y  each  child.

iv) Collection o f  urine  sam ples. T h e  m e th o d  used  in  th e  earlie r s tu d y  
w as follow ed in  t h a t  th e  u rin e  sam ples w ere  co llec ted  in  w ide-m o u th ed  p la s tic  
ja r s  co n ta in in g  a l i t t le  to luene  to  in h ib it b a c te r ia l grow th .
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T he vo lum e of each u rin e  sam ple w as m easu red  an d  sm all p o rtio n s  w ere 
rem oved fo r d e te rm in a tio n  o f  th e ir  fluo ride  c o n te n ts .

v ) D eterm ination o f  flu o r id e  in  urine. In  th e  p rev ious s tu d y  i t  w as show n 
th a t  m o n o flu o ro p h o sp h a te  w as ex cre ted  in  th e  flu o rid e  form . T h is w as d e te r 
m ined  in  th e  urine  using  a m e th o d  based  on th e  A u to  A nalyzer ( H a r g r e a v e s  
et ah).

Results

T he resu lts  of th is  lo n g e r te rm  s tu d y  w ere  com bined  w ith  th e  re le v a n t 
d a ta  from  th e  sh o rt te rm  tr ia l  ( H a r g r e a v e s  e t  al.) so th a t  flu o rid e  excre tion  
figures w ere o b ta in ed  fo r fo u r w eeks’ use o f a flu o rin e-free  p lacebo  to o th p a s te  
and  e ig h t w eeks’ use o f th e  to o th p a s te  c o n ta in in g  sodium  m o n o flu o ro p h o s
p h a te . T he figures o b ta in ed  in  th e  s tu d y  are  show n  as h is to g ram s in  F ig . 2. 
T he flu o rid e  o u tp u t of ch ild ren  using th e  m o n o flu o ro p h o sp h a te  to o th p a s te  
w as com pared  w ith  th a t  w h en  th e  co n tro l p a s te  w as used. T he m ean  u r in a ry  
fluo ride  o u tp u t p er child  w hen  using  th e  p laceb o  to o th p a s te  w as 0.09 m g /d ay  
com pared  w ith  0.11 m g /d ay  w hen  using th e  m o n o flu o ro p h o sp h a te  to o th p a s te .

In  th e  prev ious p u b lic a tio n  we e s tab lish ed  th a t  an average  o f one f if th  
o f a d e lib e ra te ly  a d m in is te red  dose of m o n o flu o ro p h o sp h a te  w as ex c re ted  as 
fluoride  in  th e  u rin e  by  th is  g roup  of ch ild ren . T h e  co rresp o n d in g  fa c to r  of 
five w as app lied  to  th e  d a ily  fluoride  o u tp u ts  b y  th e  f ifty -fo u r ch ild ren  to  
give e s tim a te s  o f ingestion  an d  th e  resu lts  M ere reca lcu la ted  in te rm s  of gram s 
of to o th p a s te  sw allow ed p e r d ay .

T hese values are  show n in  categories o f in d iv id u a l c h ild ren ’s average  
daily  in tak es  over th e  tr ia l  perio d  in  T ab le  1 an d  F ig . 3. In  Fig. 3, each  v e rtic a l 
s tr ip  rep re sen ts  one sam ple  d ay . T he v e rtic a l ax is  is d iv ided  in to  ’lim it zones’ 
and  th e  n u m b ers  are codes re fe rrin g  to  in d iv id u a l ch ild ren  w ho h av e  a p p a re n tly  
sw allow ed fluorine  e q u iv a le n t to  th e  in d ica ted  a m o u n t o f to o th p a s te  on th a t  
sam p le  day . T his d e m o n s tra te s  th e  freq u en cy  w ith  w hich p a r tic u la r  ch ild ren  
exceeded  ce rta in  levels o f to o th p a s te  in ta k e .

The average daily fluoride excretion of those  children who had  apparen tly  
SM'allowed too thpaste  on diverse occasions are com pared in Table 2, w ith their 
average excretion when using th e  placebo. The differences are shown in term s 
■of grams of too thpaste  p er day.

Tabic 1

Average da ily  toothpaste ingestion by panel members

(not adjusted for dietary fluoride)

61%  of children ingested 0.00 — 0.25 g paste/day
35% of children ingested 0.25 — 0.50 g paste/day

4% of children ingested 0.50 — 0.70 g paste/day
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F ig .  2 .  H istogram s show ing w eek  b y  week changes in  urinary fluoride ou tp uts w hen using  
m onofluorophosphate paste  (so lid  lines) com pared w ith  m ean output figures w hen  placebo

paste  was used (dotted  lines)
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Fig. 3. Category chart showing ind ividual c 
grams o f toothpaste per day w hen using the 
pastes. E ach  number refers to  an individual 

with a calculated ingestion  of les
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hildren’s to ta l fluorine ingestions in  term s of 
placebo and the m onofluorophosphate tooth- 

child. N o reference is m ade to  th ose  children  
• than 0.42 g paste in any one day

Table 2

Average daily toothpaste ingestion by those children swallowing appreciable am ounts

Child No.

U rinary  F  (mg/day) using
E x tra  F  ingested

Estim ated “ active paste”  ingestion
(g/day)

(a) “ Placebo” (b)“ Active paste“
m g/day

(i.e. (b—a )x 5 ) U nadjusted ♦A djusted

2 0.13 0.21 0.40 0.44 0.17
15 0.12 0.18 0.30 0.38 0.13
16 0.06 0.16 0.50 0.33 0.21
19 0.19 0.28 0.45 0.58 0.19
20 0.13 0.15 0.10 0.31 0.04
22 0.11 0.16 0.25 0.33 0.10
27 0.14 0.24 0.50 0.50 0.21
28 0.13 0.34 1.05 0.71 0.44

* The “ unadjusted” figure is calculated from  to ta l urinary fluoride. A llow ance has 
been m ade in  the “ adjusted” figure for urinary F during use of placebo.
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Table 3

Net average d a ily  toothpaste ingestion by p a n e l members 
(a d ju sted  for dietary fluoride)

98% of ch ildren  ingested 0 .00-^ 0.25 g paste/day  
2% o f ch ildren  ingested 0.25 — 0.50 g paste/day

Discussion

T h e  purpose of th e  p r e s e n t  w ork, itse lf  a n  ex ten s io n  of an  earlie r s tu d y  
( H a r g r e a v e s  e t al.) w as to  f in d  w hether th e  in g es tio n  o f to o th p a s te  b y  in d i
v id u a l  ch ild ren  follow ed a n  estab lished  p a t te r n  o r w h e th e r th e  b e h a v io u r  
w as  ra n d o m . I f  th e  f i r s t  p re m ise  were tru e  th e n  o n e  could  ex p ec t t h a t  th o se  
c h ild re n  w ho w ere o b se rv ed  to  h a v e  ingested  s ig n if ic a n t am o u n ts  o f to o th p a s te  
d u r in g  th e  sh o rt-te rm  tr ia l  w o u ld  continue to  do so. O therw ise  ch ild ren  m ig h t 
e x h ib i t  ran d o m  b eh av io u r v a ry in g  betw een low  a n d  h igh  to o th p a s te  ingestion  
th r o u g h o u t  th e  tria l.

S u ch  know ledge is e s se n tia l to  estab lish  safe  levels o f ac tiv e  in g red ien ts .
T h e  exp erim en ta l m e th o d  was sim ilar to  t h a t  in  o u r p rev ious s tu d y ; 

u r in a r y  fluo ride  o u tp u ts  b y  th e  children w ere m e asu red  d u rin g  use o f  p lacebo  
to o th p a s te  and  one c o n ta in in g  an  elevated  leve l o f  sod ium  m onofluo rophos- 
p h a te  (2 .4  mg F/g of p a s te ) . I t  w as necessary  to  u se  th is  level of f lu o rin e  to  
d if fe re n tia te  genuine in g e s tio n s  of to o th p a s te  fro m  d ie ta ry  fluo ride  v a ria tio n s .

T h e  h istogram s in  F ig . 2 show  how th e  gross u r in a ry  flu o rid e  figu res 
c h a n g e d  from  week to  w eek , com pared  w ith  th e  m ean  figures o bserved  w ith  
a f lu o rin e -fre e  to o th p a s te . I t  c an  be seen t h a t  th e re  w as a s ligh t decrease  in 
th e  p ro p o rtio n  of sam ples c o n ta in in g  th e  lo w est levels o f flu o rin e  w hen  u s in g  
th e  so d iu m  m o n o flu o ro p h o sp h a te  to o th p a s te  a n d  a co rrespond ing  in c rease  in  
th e  h ig h e r  levels.

T h e  ind iv idual c h ild ’s average daily  to o th p a s te  ingestion  figu res are 
sh o w n  in  categories in  T a b le  1. In  th is  e x ten d ed  s tu d y , no child  h ad  an  average  
d a ily  in ta k e  in  excess o f  0 .7 0  g and  96%  of p a r t ic ip a n ts  d id  n o t exceed 0.5 g. 
T h e se  figures can be  c o m p a re d  w ith  tho se  o f  th e  earlie r sh o rt- te rm  s tu d y , 
w h e n  9 0 %  of th e  ch ild ren  a p p a re n tly  sw allow ed  u p  to  0.50 g p e r  d a y  an d  
4 %  o f  th e  panel h ad  a m e a n  daily  in tak e  o f  0.75 — 1.10 g o f to o th p a s te . T his 
d iffe re n c e  is p robab ly  a d ire c t  effect of le n g th e n in g  th e  tr ia l perio d  so th a t  
th e  ch ild ren  becam e a c c u s to m e d  to  th e  reg im e.

N e ith e r  h is to g ram , o v e ra ll m ean figu res n o r  in ta k e  categories, h o w ev er, 
sh o w  th e  calcu la ted  to o th p a s te  in takes b y  in d iv id u a l ch ild ren  on se p a ra te  
s a m p le  days. These d a ta  h a v e  been com bined  w ith  th o se  from  th e  p rev io u s  
s tu d y  ( H a r g r e a v e s  e t a l. 1970) and  p re sen ted  in  F ig . 3. I t  w as fo u n d  t h a t  th e  
in g e s tio n  of to o th p a s te  b y  y o u n g  children v a r ie d  w idely  from  child  to  child 
a n d  fro m  day  to  day . F ro m  th is  random  p a t te r n  i t  em erged  th a t  a few  ch ild ren  
h a d  on  occasions a p ro p e n s ity  to  swallow to o th p a s te .  T hus i t  can  be  seen  t h a t
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ch ild  N o. 19 a p p a re n tly  in g ested  m ore  th a n  1 g o f  to o th p a s te  on fou r occasions 
o u t o f s ix teen  an d  th a t  th re e  o th e r  ch ild ren , N os. 2, 27 and  28, exceeded  this, 
figure tw ice.

I t  shou ld  be s tre ssed  th a t  th ese  figures ta k e  no  acco u n t of d ie ta ry  f lu o rid e  
in ta k e  in  th is  low flu o rid e  area  an d  a t t r ib u te  a ll o f  th e  u rin a ry  f lu o rid e  to  
in g ested  to o th p a s te . McCl u r e  an d  Zi p k i n  (1958) ca lcu la ted  th a t  th e  d ie t  of 
a g roup  o f ch ild ren  4 6 y ea rs  old co n ta in ed  an  av e rag e  o f 0.2 m g of F  p e r  d ay ,
co rresp o n d in g  to  a p p ro x im a te ly  0.1 g o f th e  to o th p a s te  p er day  h u t  w ould  
v a ry  from  ch ild  to  child . A ccord ingly  th e  in g es tio n  figures were re -e x a m in ed  
in th e  lig h t o f each ch ild ’s average  fluoride  o u tp u t  w hen  using th e  f lu o rin e - 
free to o th p a s te .

W h en  th e  d ifferences be tw een  ‘p lacebo’ a n d  ‘ex p e rim en ta l’ p a s te  f lu o rid e  
excre tions w ere re -ca lcu la ted  in  te rm s  o f m illig ram s o f fluorine and  g ram s o f  
to o th p a s te  sw allow ed p e r d a y  i t  w as seen (T able 2) t h a t  child  No. 28 a p p a re n tly  
acqu ired  an  a d d itio n a l 1.05 m g o f fluo rine  p e r  d a y  from  th e  e x p e rim e n ta l 
to o th p a s te . T his co rresp o n d ed  to  0.44 g o f to o th p a s te  p e r  day.

T ab le  3 show s th e  ingestio n  categories g iv en  in  T ab le  1 w hen th e  in d i
v id u a l co rrec tions are  app lied .

I t  is, how ever, th e  figures o b ta in ed  w ith  th e  ‘w o rst p erfo rm er’ d raw n  
from  o u r orig inal e x p e rim e n ta l g roup  w hich  sh o u ld  be ta k e n  as a g u ide  w h en  
considering  th e  use o f in g red ien ts  in  to o th p a s te s .
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EFFECTS OF DEXTRANASE ON EXPERIMENTAL 
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DEPARTMENT OF ODONTOLOGY (HEAD: PROF. DR. A. BENAGIANO) OF THE UNIVERSITY, ROME, ITALY

In rats m ade relatively gnotobiotic  and in fected  thereafter w ith  the S trep to 
coccus strain PK1 and kept on a cariogenic d iet, th e  addition  of 200 U /g o f dextranase  
to the food resu lted  in a significant reduction o f den ta l caries incidence in  an experim ent 
of 60 days duration . Caries reduction was less in  a group treated in the sam e w a y  but 
receiving 400 U /g  o f dextranase in the food.

Stud ies on th e  fo rm atio n , com position , a n d  m etabo lism  of th e  d e n ta l  
p la q u e  are in  th e  fo reg round  o f d e n ta l re sea rch  ow ing to  its  im p o r ta n c e  in  
th e  pa thogenesis  o f  d e n ta l caries as w ell o f p e r io d o n ta l diseases [7, 14, 17, 18, 
20]. F ac to rs  in flu en c in g  d en ta l p la q u e  fo rm a tio n  h a v e  m uch been  d iscu ssed  
in  th e  p a s t y ea rs  a n d  recen tly  i t  h as  been  reco g n ized  [3, 8, 9] th a t  d e x tra n s  
are  o f  considerab le  im p o rtan ce  in  its  fo rm a tio n . T h is  po lysaccharide  is sy n th e -  
tiz ed  b y  som e m icroo rgan ism s in  th e  p resence o f  sucrose , and  i t  te n d s  to  a d h e re  
f irm ly  to  th e  su rfa c e  o f th e  te e th , c o n tr ib u tin g  th e re b y  to  th e  fo rm a tio n  of 
th e  d e n ta l p la q u e  m a tr ix . — F it zg e r a l d  a n d  K e y e s  [6] show ed t h a t  th e  
m icroorgan ism s in d u c in g  d en ta l caries are  f a r  m o re  specific th a n  th o u g h t 
p rev iously . S ev era l s tra in s  of cariogen ic  s tre p to c o c c i are p ro duc ing  a p a r t ic 
u la r  ty p e  of d e x tr a n  [8, 12, 21]. S tud ies in  vitro  a n d  in  vivo b y  F i t z g e r a l d  
an d  K e y e s  [6], K ö n ig  and  G u g g e n h e im  [13, 16], B o w e n  [2], B lock  e t  a l. [1] 
on th e  enzym e d e x tra n a se  — p ro d u ced  b y  P é n ic illiu m  fu n icu lo su m  a n d  b y  
P én ic illium  lila c in u m  u n d er c e r ta in  co n d itio n s h av e  d e m o n s tra te d  t h a t  
i t  hydro lyzes th e  d e x tra n  p ro d u ced  b y  cario g en ic  m icroorganism s, a n d  th u s  
p re v e n ts  th e  fo rm a tio n  of a b a c te ria l p laq u e  a d h e rin g  to  th e  to o th  su rface , 
red u c in g  h ereb y  ex p e rim en ta l caries in  h a m s te rs  a n d  ra ts .

In  th e  p re s e n t  p ap e r s tu d ies  are  re p o r te d  on  th e  effect o f d e x tra n a s e  
u p o n  ex p e rim en ta l caries in th e  r a t .

* Read at the X V IIth  Congress o f the E uropean Organization for Caries R esearch, 
Debrecen, H ungary, J u ly  17, 1970.
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Review  of th e  l i te ra tu re

T h e  f irs t  re p o rt u p o n  th e  effect o f d e x tra n a s e  was p u b lish ed  b y  F itz
g e r a l d  a n d  K e y e s  in  1968 [5];  th e y  s tu d ie d  i t  in  h am ste rs  w ith  e x p e rim e n ta l 
c a rie s . I t  w as show n t h a t  th e  d e x tra n a se  p ro d u c e d  b y  P .fu n ic u lo su m  m a rk e d ly  
r e d u c e d  th e  caries in c id en ce  w hen  ad d ed  to  th e  d rin k in g  w a te r  a t  a c o n c e n tra 
t io n  o f  80 U /m l or to  a su c ro se  rich  cariogen ic  d ie t (d ie t 2000) in  th e  a m o u n t 
o f 80  U /g  in  th e  an im als  in fec ted  o ra lly  w ith  S trep tococcus s tr a in  E -49 . I n  
th is  e x p e rim e n t, how ever, a few  anim als w ere  rece iv in g  only th e  d e x tra n a se .
In  a  se c o n d  ex p erim en t on  th re e  h a m ste rs , d e x tra n a se  w as a d m in is te re d  in  
th e  d r in k in g  w a te r (80 U  p e r  m l); th e  h a m s te rs  w ere in fec ted  w ith  S tre p to 
co ccu s s t r a in  6715, one m o re  cariogenic th a n  th e  fo rm er one: th e r e  w as a 
n o ta b le  caries red u c tio n . I t  w as no ticed , h o w ev e r, th a t  no caries w as  found  
in  t h e  u n in fec ted  co n tro ls . K ö nig  an d  Gu g g e n h e i m  [16] checked  th e  caries 
p r o te c t iv e  effect of a d e x tra n a se  p re p a re d  fro m  cu ltu res of P . lila c in u m  in 
O sb o rn -M en d e l ra ts  fe d  th e  cariogenic d ie t N o . 2000 of K e y e s  a n d  J o r d a n . 
A fte r  h a v in g  been t r e a te d  w ith  a n tib io tic s  to  e lim in a te  th e  in d ig e n o u s  oral 
f lo ra , t h e  ra ts  w ere in fe c te d  w ith  v a rio u s  s tra in s  of Streptococcus m u ta n s , 
c a p a b le  o f  p roducing  d e x tr a n  from  sucrose . A s h as  been show n p re v io u s ly , 
th is  t y p e  o f  d ex tran  w as h y d ro ly zed  in  v i tro  b y  d ex tran ase . T h e  d e x tra n a se  
w as a d m in is te re d  in  th e  d r in k in g  w a te r  in  a dosage  o f 170 U /m l in  th e  f i r s t  
e x p e r im e n t,  and  170 U /g  a n d  170 U /m l, re sp e c tiv e ly  w ith  th e  d ie t  a n d  th e  
w a te r  in  th e  second one. I n  th is  la t te r  in s ta n c e , th e  S trep to co ccu s s tra in s  
O M Z 71 a n d  OMZ 61, re sp ec tiv e ly , w ere ap p lie d . In  th e  f irs t e x p e r im e n t th e  
d e x tr a n a s e  had  no fa v o u ra b le  ac tion , an d  in  th e  an im als whose o ra l f lo ra  h ad  
n o t  b e e n  d estroyed  w ith  a n tib io tic s  an d  n o  a r tif ic ia l in fection  h a d  b e e n  in d u c 
ed, t h e  p revalence  o f ca rie s  w as h ig h er t h a n  in  th e  tre a te d  an im a ls . I n  th e  
se c o n d  ex p erim en t, w ith  a to ta l  dose o f 340 U  d ex tran ase  in  d ie t -f- d rin k in g  
w a te r ,  a n d  a fte r in o c u la tio n  w ith  d iffe ren t S trep tococcus s tra in s , a slight 
b u t  n o n e th e le ss  clear re d u c tio n  of caries w as o b ta in e d . I t  w as o n ly  th e  OMZ 
61 s t r a in  o f S trep tococcus t h a t  w as cap ab le  o f  in d u c in g  caries on th e  sm o o th  
su rfa c e s  o f  th e  te e th . I n  a m o re  recen t e x p e r im e n t th e  effect of 150 U /m l of 
P .  li la c in u m  d ex tran ase  ad m in is te re d  to g e th e r  w ith  h igh doses o f  so luble 
su c ro se  a d d ed  to  th e  d ie t  o r to  th e  d rin k in g  w a te r  w as exam ined  in  O sborn- 
M e n d e l r a t s  k ep t on a m o d ified  d ie t N o. 2000. T h e  anim als w ere n o t  in fec ted  
a r t if ic ia l ly  b u t  w ere ta k e n  from  a ca rie s-su scep tib le  colony, an d  h a rb o u re d  
th e re fo re  a m ixed o ra l f lo ra . N o red u c tio n  b y  d ex tran ase  o f e x p e rim e n ta l 
c a rie s  w a s  no ted  w hile to ta l  e lim ina tion  o f  ca ries was observed  in  an im als  
re c e iv in g  sucrose in  aq u eo u s so lu tio n . — B lo c k  e t  al. (1969) used  gold  h a m s te rs  
k e p t  o n  th e  cariogenic d ie t  N o. 2000. T h e  an im a ls  w ere n o t in fe c te d  a r tif i
c ia lly , a n d  th e  dose of d e x tra n a s e  a d m in is te red  to  th e  drink ing  w a te r  w as 1000
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U /m l. A fte r  5 weeks a considerab le  re d u c tio n  o f  caries incidence  w as n o ted  
in th e  t r e a te d  anim als.

A ll these  rep o rts  sh ow ed  th a t  th e  e ffec t o f  d e x tra n a se  d ep en d ed  on its 
c a p a c ity  o f b reak ing  d ow n  th e  po ly sacch arid e  sy n th e tiz e d  b y  v a rio u s  s tra in s  
of S trep tococcus.

The present study  h a d  th e  aim  of co n tro llin g  in  vivo  th e  ac tion  o f  a recen tly  
p ro d u ced  d ex tran ase  o n  ex p e rim en ta l caries in  th e  ra t.*

Materials and methods

W istar rats of a colon y  n ot noted for its predisposition to caries were used. In order 
to m ake the animals gnotob iotic , they  were g iven  0.1%  erythrom ycin in th e  d iet, then  
infected  orally by the Streptococcus strain P K 1, k indly supplied by D r . R. J . G ib b o n s , a 
strain described in literature as being able to produce cariogenic dextran by polym erization  
o f sucrose [10].

T he cariogenic diet used  was No. 200 o f N a v ia  et al. [19], which contains 67%  sucrose. 
The dextranase was produced b y  a culture of P . f u n ic u lo s u m  grown in a substrate o f dextran  
produced b y  Leuconostoc m esen tero id es.

F iv e  groups of freshly w eaned animals were used as follows:
1st group: 10 m ale anim als kept on a norm al diet;
2nd group: 10 m ale anim als kept on diet N o. 200;
3rd group: 15 m ale anim als — kept for four days on  diet No. 200 containing 0.1%  

erythrom ycin . The adm inistration o f the antibiotic w as th en  stopped, and the sam e diet was 
continued for another 2 days. Thereafter, each rat was g iven  orally four tim es every other 
day tw o drops of a culture o f the erythrom ycin-resistant Streptococcus strain PK1, isolated  
from a hum an carious ca v ity ;

4 th  group: 10 m ale anim als, fed and treated  as the previous group, b u t after four 
adm inistrations of the culture o f  strain PK1, the d iet w as com pleted by 200 U  per g of 
dextranase;

5 th  group: 10 m ale anim als, treated as group 4, b u t w ith  400 U /g o f dextranase in 
the d iet.

W ater of Nepi was g iven  to  the animals a d  l ib i tu m .  I t  was chosen as it  had been used 
in previous experim ents and its  mineral content is ex a ctly  known [11].

A fter 60 days the anim als were killed by ether inhalation  and decapitated . The heads 
were f ix ed  in 10% neutral form alin for 48 hours. T hereafter the m andible and the m axilla  
were dissected , all soft tissues having been carefully rem oved around these bones. The carious 
lesions were then assessed w ith  K ey es’ m ethod [15] using a stain  to show clearly the initial 
carious lesions [4].

Results

C arious lesions w ere  observed  in  all an im als  in  all g roups. Lesions were 
seen p re d o m in a tly  in  th e  su lci, a sm all p e rc e n ta g e  w as fo u n d  on th e  sm ooth  
lingua l a n d /o r  v e s tib u la r  surfaces. Som e lesions w ere  a c a v ity  p ro p e r  in  the  
enam el an d  den tin , b u t  a h ig h  n u m b er o f  lesions w as d e m o n s tra te d  on ly  w ith  
th e  u se  o f  a s ta in  e lec tiv e  fo r  less m in era lized  zones.

I n  T ab le  I  th e  m e a n  caries scores are  show n  using  K e y e s ’ m e th o d  of  
assessm en t.

* The enzyme used was produced by Pierrel Laboratory, Milano.
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Table I

Diet 200
Erythro
mycin

Strept.
PK1

Dextra
nase

200 U/g

Dextra
nase 

400 U/g

Mean caries score

of rats in the sulci
on smooth 

surfaces

Group 1 8 — — — — — 7 .8 (± 6 .0 ) 0.2

Group 2 8 + — - — — 8 .4 (± 3 .2 ) 0.8

Group 3 13 + + + — — 1 2 .1 (± 2 .5 ) 0.3
Group 4 10 + + + + — 3 .5 (± 3 .0 ) 0.1

Group 5 10 + + + — + 8 .5 (± 2 .7 ) 0.4

In  parenthesis: Standard error of the mean

D iscussion

B etw een  th e  t r e a te d  g ro u p s , a ce rta in  d iffe rence  has been  n o tic e d  as 
to  t h e  m ean  caries sco re . A  c e r ta in  red u c tio n  o f  caries incidence w as show n 
b y  a n im a ls  trea ted  w ith  200 U  p e r g o f d e x tra n a se . I t  m ay  th u s  be  conc luded  
t h a t  a t  th is  dosage, d e x tra n a s e  in fluenced  n e g a tiv e ly  th e  cariogen ic  a c tiv ity .

I n  th is  w ay, o u r re s u lts  a re  sim ilar to  th o se  o f K ö n ig  a n d  G u g g e n 
h e im  [16], i.e. to  fin d in g s re p o r te d  in  th e  2 n d  ex p e rim e n t o f th e ir  f i r s t  p a p e r , 
th o u g h  th e  p ro tec tio n  o b se rv e d  w as fa r  in fe rio r to  th e  o u ts ta n d in g  re su lts  
o b ta in e d  b y  F itzg erald  a n d  K e y e s  [5], a n d  B lo c k  e t al. [1] in  th e  h a m s te r .

T h e re  was no g re a t d iffe ren ce  in  caries in c id en ce  be tw een  g ro u p s 1 an d
2. T h is  m ay  be e x p la in e d  b y  th e  fac t th a t  o u r  an im als h a d  n o t  o rig in 
a te d  f ro m  a caries su sc e p tib le  colony. M oreover, th e  carious lesions o bserved  
in  o u r  experim en ts w ere  n o t  as fre q u e n t a n d  deep  as expec ted , in  sp ite  o f  th e  
h ig h  su c ro se  co n cen tra tio n  o f  th e  d ie t w hich , acco rd in g  to  l i te ra tu re  [19], is 
s u i ta b le  fo r p roducing in  a s h o r t  tim e  carious lesions b o th  in  th e  su lc i an d  on 
th e  sm o o th  surfaces. T h is  m ig h t h av e  been  due  to  th e  fa c t th a t  in  o rd e r to  
h a v e  re la tiv e ly  g n o to b io tic  an im a ls , p rio r to  th e  e x p e rim en t a w ide  sp e c tru m  
a n t ib io t ic  was a d m in is te red  w hich  m ay  h av e  a lte re d  th e  caries su sc e p tib ility . 
T h e  d u ra tio n  of th e  e x p e r im e n t to o  m ig h t h a v e  in flu en ced  th e  in c id en ce  of 
c a rie s . I t  is w ell-know n t h a t  in  g n o tob io tic  an im als  th e  tim e  n ecessa ry  fo r  th e  
d e v e lo p m e n t of carious le s io n s  depends on th e  s t r a in  o f S trep to co ccu s [22]; as 
to  s t r a in  PK1, th ere  a re  n o  d a ta  availab le  in  l i te ra tu re . T he ca rio g en ic ity  o f  
th e  s t r a in  is, how ever, o b v io u s  from  th e  co m p ariso n  be tw een  g ro u p s 2 an d  3, 
as in  th e  la tte r  th e  caries in c id en ce  was h ig h er in  sp ite  o f th e  p rev io u s  a n t i 
b io tic  tre a tm e n t.

O f certa in  in te re s t  is  also th e  d ifference in  caries in c id en ce  b e tw een  
g ro u p  4  w hose d iet c o n ta in e d  200 U /g  of d e x tra n a se , an d  group  5, w ith  400 U /g  
o f  th e  enzym e. The d if fe re n t b eh av io u r of th e  tw o  g roups m ay  b e  co n n ec ted
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w ith  a possible in te rfe re n c e  w ith  th e  enzym e a c tiv i ty  due to  an  increased  
co n cen tra tio n  o f i ts  re a c tio n  p ro d u c ts . T h e  p o s itiv e  experience w ith  1000 U /g  
o f d ex tran ase  o f B l o c k  e t al. [ 1 ]  a p p a re n tly  c o n tra d ic ts  th e  above  e x p la n a 
tio n . T he c o n tra d ic to ry  find ing  in  g ro u p  5 is in te re s tin g  an d  shou ld  th u s  be 
s tu d ie d  fu rth er.

Conclusions

A lthough  o u r re su lts  are p a r t ly  en co u rag in g  as fa r  as to  th e  ro le of 
d e x tra n a se  in re d u c in g  exp erim en ta l d e n ta l ca rie s  in  th e  r a t ,  w e m u s t n o t 
fo rg e t th a t  in  a n im a l ex p erim en ts  th e re  h av e  ah v ay s  been  d iffe ren t cond itions 
b y  w hich  a co m p ariso n  o f  th e  re su lts  is re n d e re d  d ifficu lt. T h e  p a r t ly  c o n tra 
d ic to ry  resu lts r e p o r te d  b y  various re sea rch  g ro u p s  m a y  be due  to  th e  fa c t of 
h a v in g  used d iffe re n t anim als w ith  d iffe ren t b io logical b a ck g ro u n d , w ith  
m ix ed  oral flo ra  o r g erm -free, or m ad e  re la tiv e ly  g n o to b io tic  u s in g  d iffe ren t 
an tib io tic s . The cario g en ic  d iets app lied  h av e  been  o f d iffe ren t q u a lita tiv e  an d  
q u a n ti ta t iv e  co m p o sitio n . The an im als  h av e  b e e n  in fec ted  w ith  cariogenic 
b a c te r ia l s tra in s d iffe rin g  in  q u a n tita tiv e  an d  q u a li ta t iv e  po ly sacch arid e  p ro 
d u c tio n . F inally , th e  d ex tran ase s  used  d iffered  in  th e  m eth o d s o f th e ir  p re p a ra 
tio n , as to  th e ir  sp ec ific  ac tiv ity  a n d  even  as to  dosage. T h e  e x p e rim e n ta l 
m e th o d s  were also d iffe re n t. T hese  f iv e  fa c to rs , i.e . d ifferences in  e x p e ri
m e n ta l anim als, d ie t ,  in fecting  o rg an ism , d e x tra n a se , an d  ex p e rim en ta l 
m e th o d , m ust h av e  in flu en ced  in  one w ay  or o th e r  th e  re su lts  o f in d iv id u a l 
ex p erim en ts , red u c in g  th e ir  ob jec tive  va lu e .

T he scarc ity  o f  s tu d ies  does n o t  p e rm it to  d raw  d efin ite  conclusions 
as to  th e  action  o f  a n y  ty p e  of d e x tra n a se  in  th e  co n tro l o f ex p e rim en ta l 
d e n ta l  caries. I t  is th e re fo re  still p re m a tu re  to  co n sid e r th e  clin ical ap p lica tio n  
o f a n y  enzym e p re p a ra t io n  of th is  class. N ev e rth e le ss , as th e  a m o u n t of 
d e x tra n  p roduced  a n d  th e  action o f d e x tra n a se  a re  m ark ed ly  in fluenced  by  
th e  o ra l b ac te ria l p o p u la tio n  and  its  m e tab o lism , i t  w ould  be  rew ard in g  to  
s tu d y  how  th e  d e x tra n -d e x tra n a se  sy s tem  m a y  in fluence  th e  com position  
a n d  m etabolism  o f th e  b ac te ria l p o p u la tio n  o f  th e  h u m a n  o ra l c av ity . I t  is 
th e re fo re  im p o r ta n t to  conduc t s tu d ie s  on th e  effects o f v a rio u s  ty p e s  of 
d e x tra n a se  in m an  u n d e r  various e x p e rim e n ta l cond itio n s. I f  p o sitiv e  re su lts  
a re  o b ta in ed , an d  o n ly  in  th is case, w ill i t  be  ju s tif ie d  to  reg a rd  d ex tra n a se  
as a new  w eapon in  th e  con tro l of d e n ta l caries.
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MORPHOLOGISCHE REAKTIONEN DER 
MILCHZAHNPULPA UNTER ZAHNKARIES*

Von

D . H a t t y a s y

I . K L IN IK  F Ü R  ZAHN- U ND M U N D K R A N K H EIT EN  D E R  M E D IZIN ISC H EN  U N IV ERSITÄ T SZEGED 

E ingegangen am 15. A u gust 1970

Die G ew ebsreaktionen der jungen sow ie der »alternden« P ulpa von  M ilch
m olaren m it Zahnkaries w urden an 44 M ustern untersucht. Die akut leukozytäre  
R eaktion in  der Pulpa der 5jährigen wird in  den älteren Zähnen durch P lasm a- und  
Mast- sowie sonstige m ononukleare Zellen ersetzt. D ie Änderungen der norm alen  
K om ponente ließen drei verschiedene Typen erkennen. D ie naheliegende M öglichkeit 
eines im m unbiologischen G eschehens wird erörtert.

Ü b er die V erän d e ru n g en  d e r  »alternden« n o rm a le n  sowie k a riö sen  Z a h n 
p u lp a  is t in  d er L ite ra tu r , so z. B . in  den n e u e re n  z. T . k lin isch -m o n o g rap h i
schen  A rb e iten  v o n  B r a u e r  u . M itarb . [1] sow ie v o n  T a y l o r  u n d  B e r m a n  [22],  
au ffa llend  w enig zu fin d en . H a r n d t  [9] m a c h t s tic h h a ltig e , ab er eh e r a llgem ein  
geh a lten e  F ests te llu n g en ; so h e b t  er u. a. die »ungew öhnliche R e a k tio n sk ra f t  
d e r M ilchzahnpulpa« u n d  »ihre hohe b io logische L eistungsfäh igkeit«  h e rv o r. 
A u fg ru n d  eigener frü h e re r  B efu n d e  [10, 12]  e rsch ien  eine g en au ere  U n te r 
su ch u n g  d ieser F rag e  w ü n sch en sw ert.

M ate ria l und M ethoden

Als K ontrolle dienten kariesfreie M ilchzähne v o n  7— 10jährigen K indern [10]**. Die 
kariösen Zähne — m eist untere M ilchm olaren — sind n ach  A lter, K ariestiefe und klinischem  
Befund in Tab. I geordnet; die n icht bezeichneten Zähne waren sym ptom frei. Über das m ikro
technische Verfahren s. [5, 10, 19].

Ergebnisse

In  sechs v o n  zehn  kariesfreien  M ilchzähnen  w ar ein  sch e in b a r norm ales 
P u lpagew ebe  zu  fin d en , a b e r au c h  in  diesen sechs F ä llen  w aren  v ie rm a l P la s 
m azellen  (P L )-In f iltra tio n e n  zu  sehen ; in  den  w e ite re n  v ie r w ar die P L -K o m p o - 
n e n te  auffälliger. Als N eb en b e fu n d  w aren  zw eim al p e riv a sk u lä re  In f il tra tio n e n , 
e in m al k le inere  B lu tu n g en , v ie rm a l außer d e r P L  d iverse  m o n o n u k lea re  (MO)

*Nach einem  am  X V II. K ongress der ORCA (O rganism e Européen de Recherche sur 
la Carie) in Debrecen, Juli 1970 gehaltenen  Vortrag.

** In Klam m ern: die Zahl der einschlägigen Fälle.
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Abb. 1. D iverse mononukleare Zellen aus einer losen Infiltration  in der Pulpakam m er  
(Prot. Nr. 1218, 9. j . Ç, + e ,  keine K aries) Vergr. ca. 7 0 0 x »  H. E.

A bb. 2 . V ier Etappen der E ntw ick lu ng  von M astzellen (MC): a)  und c) links: ju n g e , unent
w ick e lte  MC; b) junge, v o llen tw ick elte  MC m it hellem  K ern, kleinem  N ucleolus, intensiv  
im prägniertem  Golgi-Netz und  netzförm igem  P lasm a; c) ältere große MC m it »Balg« (welcher 
a n sch ein en d  entleert ist); d ):  zusam m enhängende oder sich abschnürende MC v o n  einem  
ä h n lich en  Gebilde wie in c), jed o ch  dicht m it argentophiler Granula besetzt. (P rot. Nr.

1164, loj. (J, e-f-, K aries prof.) Vergr. ca lOOOx. Impr. n. Rom anes
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Z ellan re icherungen  zu v e rze ichnen , e in m a l au ch  kalk ige  D e g e n e ra tio n  und  
d re im a l eine auffallende A b n ah m e des Z e llbestandes. B ei den zw ei m e h r als 
10 J .  a lte n  Z ähnen  d o m in ie rte  einm al d ie  B lu tu n g , ein an d e rm a l d ie  A bnahm e 
des Z ell- u n d  F ase rb e s ta n d e s . A uch in  d iesen  F ä llen  w aren  die im m u n sto ffe 
tra g e n d e n  Zellen re ich lich  v e rtre te n .

420

Abb. 3. R egion des Pulpahornes bei Karies. A bhebung und D egeneration der O dontoblasten  
darunter lose mononukleare In filtration  und die B ildung eines »Knotens« (-►). (P rot. Nr. 
1152A, l l j .  <?. +  e> sehr tiefe  K aries ohne Schm erzen.) Vergr. ca. 1 2 0 X . V an G ieson. Auf

nahm e Dr. D. T anka  (L and esin stitu t für R heum a und Physiotherapie, B ud apest)

Abb. 4. Verbindung eines »knotenartigen« G ebildes rechts und links m it einem  N ervenstrang. 
(P rot. Nr. 1166, 12j. (J, -f-e, m esia l und distal sehr tiefe approximate K L; keine Sensib ilität.)

Vergr. ca. 650X . Im pr. n. Romanes
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Kariöses M ateria l. 4 4  kariö se , m eist u n te re ,  M ilchm olaren  w u rd en  in  
d r e i  A lte rsg ru p p en  (AG) g e o rd n e t:  AG 1. Z ä h n e  v o n  5; AG 2. von  7 —10; 
u n d  A G  3. über 10 jährigen  P ro b an d en .

D a s  histologische H a u p tm e rk m a l w urde  m i t  A , B , C, D , F  b eze ich n e t, 
w o b e i  A  die N o rm a ls tru k tu r , В eine ak u t le u k o z y tä re  R e a k tio n , C P L  u n d  
s o n s t ig e  МО-R eak tion , D  d e g e n e ra tiv e  V e rä n d e ru n g en  u n d  F  N ekrose b e d e u te t .

A b b . 5 . Periphere Pulpapartie u n te r  der Karies in  e inem  Pulpahorn. Große Anzahl nahezu  
p a r a lle l  gerichteter argentophiler Fasern. (Prot. Nr. 1165, l l j .  (J> — v ■ sehr tiefe K aries ohne  

Spontanschm erzen .) Vergr. ca. 150 X . Im pr. n. Rom anes

D ie  T ie fe  der kariö sen  L ä s io n  (K L) w urde m it  c, m , p r  u n d  p r  b e ze ich n e t, 
w o b e i  c oberflächliche, m  m ittle re , p r tie fe  u n d  p r  seh r tie fe  K L  b e d e u te t  
(T a b .  I ) . Es sei h e rv o rg e h o b e n , daß in  %  d e r F ä lle  eine tie fe  K L  v o rla g .

D ie  aku te  leukozytäre R eaktion  kam  in  A G  1 vo rw ieg en d , in  AG 2 in  d e r  
M in d e rh e it  und in  A G  3 n u r  in  einem  F -F a ll als N e b e n b e fu n d  vor. E in  u m g e 
k e h r te s  V erhältn is ze ig t s ic h  b e i den C -Fällen: R e a k tio n e n  m it M O -Z ellform en 
b i ld e n  in  AG 2 u n d  3 d ie  M a jo r i tä t .  Die D -F ä lle  s in d  in  je d e r  AG in  M in d erh e it; 
e in e  p a rtie lle  N ekrose (F ) w a r  lediglich zw eim al zu  verze ichnen .

T iefe  der K L  u n d  S en sib ilitä t. E ine s y s te m a tis c h e  S e n s ib ilitä tsp rü fu n g  
m u s s te n  w ir u n te rla ssen  u n d  h ab en  nu r die » spon tanen«  S ensa tionen  v e rz e ic h 
n e t ,  w obei geringe E m p fin d lic h k e it  bzw. S ch m erzen  u n d  s tä rk e re  S ch m erzen  
d e r  A nam nese  gem äß  u n te rsc h ie d e n  u n d  in  T a b . I  e rs te re  m it le tz te re  
m i t  u n te r A u ffü h ru n g  d e r  Tiefe der K L  a n g eg eb en  w urden , w obei je d e r
Z a h n  einzeln  au fgenom m en  w u rd e . A nam nestisch  k a m e n  E m p fin d lic h k e it v ie r 
m a l ,  s tä rk e re  S chm erzen  se c h sm a l — le tz te re  b e i p r  u n d  p r  K L  — v o r. D e m 
g e g e n ü b e r  zeigte die M e h rh e it  keine a n a m n e s tisc h  e ru ie rb a ren  S e n sa tio n en  
(s . T a b . I). Das M in im um  a n  S ensib ilitä t ze ig te  G ru p p e  C (von 21 F ä llen  zw ei
m a l  -(-, einm al +  +  )•

Relation der T ie fe  der K L  und des pathologischen H auptm erkm ales. I n  
A G  2 u n d  3 haben  d ie C -F ä lle  fast den g le ich en  A n te il, so daß  hei tie fe r
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K L  die P L  u n d  MO R e a k tio n e n  eine dom in ie rende  S te lle  e innehm en; a n  zw e ite r  
S telle  s teh en  F älle  d er D -G ru p p e .

R eaktion  der N erven u n d  T iefe der K L .  B ei e in e r  R eihe von F ä lle n  w a r 
eine p o s it iv -a ttra k tiv e  W irk u n g  seitens des k a riö sen  G ew ebes au f die N e rv e n 
fasern  festzuste llen . D ie n e rv a le  S tru k tu r  e n ts p r ic h t  en tw eder e in em  e in 
fach en  »spreading« d er m e is t n ic h t m a rk h a ltig e n  F a se rn  in  R ich tu n g  des k a r iö 
sen F lerdes (A bb. 5), o d e r es b ild e t sich ein aus B indegew ebs- u n d  N e rv e n 
fase rn  b es teh en d e r »K noten« n e b s t geringer ze llu lä re r B eteiligung  (A bb . 3, 4), 
w elcher n ic h t in  d er ä u ß e rs te n  P u lp a sc h ic h te , so n d e rn  in  e iner gew issen  
T iefe vom  kariösen  H erd  lieg t. Als d r it te  F o rm  k o m m en  auch N e rv e n k n ä u e l 
vor. U m  A ufschluß  ü b e r d ie  O rg an isa tio n  des »spreading«-T yps zu g ew in n en , 
w urde  ein schon im p räg n ie rte s  P rä p a ra t  auch  e lek tro n en m ik ro sk o p isch  u n te r 
su c h t. O bw ohl die Q u a litä t  d ieser P rä p a ra te  n u r  e ine  O rien tie ru n g  zu ließ , 
h a t  es den  A nschein , d aß  es sich  ta tsä c h lic h  um  n e rv a le  S tru k tu re n  h a n d e l t  
(A bb. 6, 7). D as V o rk o m m en  dieser d iv ers  e rsch e in en d en  A k tiv ie ru n g  d er 
N erv en fasern , w elche sich a u f  die U m gebung  d er K L  b esch rän k t, g ib t T a b . I I  
w ieder. Es zeig t sich eine deu tlich e  T endenz  zu r H ä u fu n g  in AG 3 u n d  eine 
P rä fe ren z  fü r  tie fere  K L .

Abb. 6. Gleicher Fall wie Abb. 5. Der Raum  zwischen faserartigen Gebilden ist durch K ollagén  
ausgefüllt. (E in n. Rom anes im prägniertes Präparat wurde nachträglich e in g eb ette t.)  
Vergr. 2000 X . E lm o-Aufnahme von  Dr. G. E le m é r  (P athologisches In stitu t der M edizinischen

U niversität Szeged)
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Tabelle I

Altersgruppe
Histol.
Gruppe s

Caries-Typ 

m pr Pr Total Bemerkung

1 A 1 i

В 2 1 1 4 p r +  +
(5 J .) С 2 1 3 (2-m al 1 e-Ein.)

D 1 1 9

В 1 2 1 4 p r +  +
2 С 3 3 5 11 m + , p r +

( 7 - 1 0  J.) D 1 1 2 1 5 p r +

F 1 1 21 pr-}- -f-

A 1 1

3 C 2 5 7 p r +  +

( > 1 0  J.) D 3 1 4 p r + ,  p r +  +
F 1 1 2 14 p r + +  (le -E in .)

T otal 2 9 17 i6 44

A bb. 7. Gleiches M aterial w ie A bb. 6. Die Struktur erinnert an nervale H erkunft. Yergr. 15000 X - 
E lm o-A ufnahm e von  Dr. G. E l e m é r  (Pathologisches In stitu t der M edizinischen U niversität

Szeged)
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A u f die Relation  von K aries  u n d  W urzelresorption  (R es.) w u rd e n  die Z äh 
ne  d er AG 2 u n d  3 g e p rü ft (F a llzah len  d er AG  3 sind  in  T ab . I I I  k u rs iv  gesetzt). 
Die F ä lle  w u rd en  n ach  R es.-G rad e  in  1 geringe, 2 ha lb e , 3 v o rg e sc h ritte n e  
u n d  in  eine 4 »gemischte« K a teg o rie  g eo rd n e t. In  le tz te re r  s in d  in  T a b . I I I  die 
R es.-W erte  in  K lam m ern  g ese tz t. E s  e rg ib t sich, d aß  in  b e id en  A G  bei den 
tie fe r  kariö sen  Z äh n en  die geringe  R es., sowie die g em isch te  F o rm  die

Tabelle II

A ktivierte Nervenfasern in
Typ d. Wurzeires.

AG 2 AG 3

1

(gering) 3 ( lp r , 2p r ) 7 (3pr, 4pr)

2

(halb) 1 (m) 1 (P r)

3

(vorgeschr.) 1 (Pr)

4

(gemischt) 2 (2pr) 1 (Pr)

Total 6 (aus 29) 10 (aus 16)

Tabelle III

T y p  d. Wurzeires.
C a r i e s  - F ä l l e

K eine Caries Total
m pr Pr

l

(gering) 2, 1 4, 5 4, 4 4, 1 14 11

2

(halb) 1 1

3
(vorgeschr.) 1 1, 1 1, 1 3 2

1 ( 1 - 3 ) 1 ( 1 - 2 ) 1 ( 1 - 1 - 2 )
4 2 ( 1 -  2) 1 ( 2 - 3 ) 1 ( 2 - 3 ) 1 ( 1 - 2 - 3 ) 9 2

(gem ischt) 1 ( 1 - 2 - 3 )  

1 ( 1 - 3 )
1 ( 2 - 3 )

? 1 1 1 3

Total 6, 1 8, 6 7, 7 8, 2 29 16
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M e h r h e i t  bilden; die w e n ig e n  kariesfre ien  Z äh n e  (10), m e is t in  AG 2, zeigen 
g e r in g e  R es. In  der g e m isc h te n  K ategorie g e w in n t m a n  den  E in d ru ck , d aß  
a n  d e r  S eite  der K L  d ie W u rz e l  w eniger re so rb ie r t  w ird .

D ie  R elation  d e r W urzelresorption und  der »aktivierten« N ervenfasern  
s c h e in t  in  AG 2 und  3 v e rs c h ie d e n  zu sein, in d em  in  A G  3 in  d er M ehrzahl (10) 
n u r  g e rin g e  Res. v o rh a n d e n  i s t  (T ab. II) . E s  f ä l l t  au c h  au f, d aß  die p r -F ä lle  
in  A G  3 (7) fas t alle (6) u n d  d ie  p r-F ä lle  (6) zu 2/3 (4) a k tiv ie r t  sind . E s e rg ib t 
s ic h , d a ß  in  AG 3 aus 14 F ä l le n  bei 10, w ogegen  in  A G  2 aus 15 F ä llen  n u r  
b e i  5 e in e  A ktiv ierung  n a c h w e is b a r  is t (vergl. T a b . I I  u n d  I I I ) .

Besprechung

U m  ein k o m p le tte re s  B ild  geben zu k ö n n e n , w ä re n  an  jed em  M u ste r 
e in e  R e ih e  von M ethoden  s im u lta n  anzuw enden ; d ies w a r  fü r  uns z. Z t. n ic h t 
m ö g lic h . Som it geben die d a rg e s te ll te n  E rgebn isse  n u r  b e sc h rä n k te  A ufschlüsse, 
b e s o n d e rs  was die Z e llid e n tif ik a tio n  und  G ru n d su b s ta n z  sow ie die N a tu r  des 
G ew ebsgeschehens b e tr if f t .

J u n g e  in ta k te  M ilch zäh n e  konn ten  w ir n ic h t  u n te rsu c h e n , n u r  so lche  
v o n  8 —10jährigen. A u ß e r  d e m  N orm albild  e rsch e in en  in  d er »a lte rn d en «  
M ilc h z a h n p u lp a  jen e  Z e lla r te n  (P lasm azellen , M astze llen , H is tio z y te n , v e r 
sc h ie d e n e  Speicherzellen u sw .)  in  größerer A n z a h l, w elche auch  h ie r ganz  
d iv e rs e  b iochem isch-physio log ische  F u n k tio n e n  h a b e n  d ü rfte n . D ie p h y sio 
lo g isc h  verschiedene E in s te l lu n g  der ä lte r w e rd e n d e n  M ilchzalm pulpa ze ig t 
a u c h  d e r  sukzessive S c h w u n d  d e r m ark h a ltig en  N e rv e n fa se rn  [10, 11]. S o m it 
s t e l l t  d ie  größere A n zah l a rg e n to p h ile r  fix e  u n d  lab ile  Zellen — e tw a  im  
S in n e  v o n  Marsh all’s m e ta lo p h il  cells [16] — e in e n sc h o n  in teg rie ren d en  T eil 
d e r  ä l te r e n  M ilch zahnpu lpa-Z ellpopu la tion  d a r ; d iese  Zellen  sind  ab er in  g e rin 
g e re r  A n z a h l auch im  jü n g e re n  A lte r  sowohl lic h t- , w ie  e lek tro n en m ik ro sk o p isch  
n a c h g e w ie se n  [21].

D e n  w ichtigsten  U n te rs c h ie d  zwischen d en  d re i A G  erblicke ich  d a rin , 
d a ß  a u f  die kariöse E in w irk u n g  die junge G ru p p e  (A G  1) d o m in an t m it a k u t 
le u k o z y tä r e r  E n tz ü n d u n g  re a g ie r t  und  diese in  A G  2 n u r  m eh r eine u n te r 
g e o rd n e te  Rolle sp ielt.

M an  sollte aber a u c h  d a r a n  denken, d aß  in  d e n  J a h r e n  zw ischen A G  1 
u n d  3 infolge der K aries  v ie le  Z ähne e n tfe rn t w o rd en  s in d ; d. h . d aß  dieses 
M a te r ia l  das E rgebnis e in e r  A uslese  ist. Bei den  v e rb lie b e n e n  Z ähnen  d er A G  2 
u n d  3 b e s te h t m ith in  d ie  th e o re tis c h e  M öglichkeit, d a ß  en tw ed er eine gewisse 
R e s is te n z  der Z ahnkaries g e g e n ü b e r, oder a b e r e ine  K a r ie sa tta c k e  geringerer 
I n t e n s i t ä t  vorlag.

D ie  überw iegende M e h rh e it  in  AG 2 u n d  3 (T ab . I) b ilden  jen e  F ä lle , 
d ie  a ls  histologisches H a u p tm e rk m a l  eine g rößere  A n z a h l d iverser, te ils argen-
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to p h o b e r  (P lasm azellen , g roße S chaum zellen ) te ils a rg en to p h ile r  Zellen (R E S - 
Z ellen , M astzellen , H is tio z y te n , S peicherzellen  [14], n ic h t id e n tif iz ie rb a re  
m o n o n u k lea re  Zellen) fix en  u n d  m obilen  C h a ra k te rs  zeigen (A bb. 1). D ie  
ö fte rs  v o rk o m m en d en  k le inen  a rg en to p h ilen  Zellen d ü rf te n  w ahrsch e in lich  in  
E n tw ic k lu n g  begriffene M astze llen  sein  (A bb. 2) [4]. Als N eg a tiv u m  sei h e r 
v o rg eh o b en , d aß  keine k le ine  L y m p h o z y te n  zu f in d e n  s in d  u n d  auch  eo s in o 
ph ile  L e u k o z y te n  n u r  sp ä rlich  V orkom m en.

D a diese G ew ebsbilder ö f te rs  be i tie fe r u n d  seh r t ie fe r  K aries V orkom m en  
u n d  es an  d er S telle  der m a x im a le n  E in w irkung  k e in e  stü rm isch e  R e a k tio n  
g ib t (A bb. 3) u n d  die g e n a n n te n  Zellen in  F o rm  m e h r geschlossener o d e r  
d iffu ser A ggrega te  mehr p u lp a in n e n  erscheinen, g ew in n t m an  den E in d ru c k  
e in e r gew issen G ew ebsto leranz g eg en ü b e r oder S ym biose  m it der k a r iö se n  
N oxe.

E s w äre  u n a n g e b ra c h t, d ie  F u n k tio n  d ieser Zellen  h ie ro rts  in  e x te n so  
e rö r te rn  zu  w ollen. Ich  w erde m ich  d ah er au f w enige g u t b eg rü n d e te  
H inw eise  b esch rän k en : Die P la sm aze llen  b ilden  ein w ich tig es  G lied des Im m u n 
sy stem s u n d  sin d  im m erh in  e ine  A r t  von  P ro d u z e n te n  v o n  Im m u n g lo b u lin e n  
( lg )  bzw . A n tik ö rp e rn  gegen v e rsch ied en e  A n tigene  [17]. D ie M astzellen  (MC) 
als P ro d u z e n te n  von  H e p a rin , H is ta m in , H y a lu ro n sä u re , 5H T  u n d  w o h l 
noch  a n d e re r  S toffe sind  als p lu r ip o te n te  Zellen zu w e rte n , w elche b eso n d e rs  
a n  S te llen  eines lokalen  S tre ß  V orkom m en und  u. a . an  d e r G ran u lo m b ild u n g  
te iln eh m en  [20].

Solche u n d  ähn liche Z e llreak tio n en  k om m en  bei v e rsc h ie d e n artig e n  
ch ro n isch en  E rk ra n k u n g e n  v o r , so u . a. auch bei dem  p rim ä r ch ro n isch en  
R h e u m a tism u s  (PC P) [6]. L e id e r  g ib t das V orkom m en  d e r e rw äh n ten  Z e llso r
te n  noch  kein en  A ufschluß  ü b e r  d ie N a tu r  des G ew ebsgeschehens, n ä m lic h  
ob es sich u m  eine tox ische  A b w e h r, eine lokale A n tig e n -A n tik ö rp e r-R e a k tio n  
(A A R ) oder ein  anderes Im m u n p h e n o m e n  h a n d e lt [15], z. B . u m  eine A u to 
im m u n re a k tio n , ähn lich  wie T o l l e r  [23] wegen dem  e rh ö h te n  Ig -S p iegel in  
R a d ik u lä rz y s te n  an  diese d a c h te  u n d  w elche auch  be i dem  als B eispiel a n g e 
fü h r te n  P C P  seh r w ahrsch e in lich  se in  d ü rfte  [7].

B ei dem  b a k te rie ll-en z y m a tisc h e n  A bb au  des D e n tin s  e n ts teh en  S u b 
s ta n z e n  p rinz ip ie ll ähn lich  w ie be i d er P ro teo ly se  —- P ro teo sen , P e p to n e , 
P e p tid e  u n d  A m inosäu ren  [13], w elche  u n g efäh r den  S to ffen  bei dem  A b b a u  
v o n  Z ah n p laq u es  en tsp rech en  [3]. Solche u n d  äh n lich e  S toffe  sind  ö f te rs  
H a lb a n tig e n e  (H ap ten e) u n d  w e rd e n  e rs t m it G ew ebseiw eiß  g ek u p p e lt zu  
V o llan tig en en  [2]. D iese M ög lich k e it b e s teh t ev en tu e ll au ch  h ier, da  d ie  P L  
u n d  MC usw . Z ellpop u la tio n  in  F ä llen  der AG 2 u n d  besonders A G  3 in  
tie fe ren  P u lp a sc h ic h te n  e rsch e in t.

D ie re la tiv  häufigen  so n s tig e n  h isto logischen E rsch e in u n g en  (G efäß e r
w e ite ru n g , herd fö rm ige  u n d  d issem in ie rte  B lu tu n g en , V erd ich tu n g  der G ru n d 
su b s ta n z , F ib ro ly se , n ek ro tisch e  S äum e) sprechen  fü r  die M öglichkeit e in e r
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A A R  u n d  c. p. e in e r A nalo g ie  m it dem  Z a h n g ra n u lo m , w elches n a c h  W e r n e r  
a u c h  in  die A A R -K a te g o rie  gehören d ü r f te  [24].

D ie » an d ersg earte te«  G ew ebsreak tion  a u f  die kariöse  E in w irk u n g  in  der 
»a lternden«  M ilc h z a h n p u lp a  m ag z. T . a u c h  d a d u rc h  b e d in g t se in , d aß  — wie 
s c h o n  erw äh n t d u rc h  die Ä nderung  d e r  n e rv a len  R e z e p tio n  infolge der 
sukzessiv en  E lim in ie ru n g  gewisser N e rv e n fa se rn  (deren  S ch w u n d  ich  [10] an  
e in e m  jü ngeren  m en sc h lic h e n  M ateria l fa n d  als H a r g r e a v e s  [8 ]) , auch  die 
G ew ebsreak tion  s ich  no tw end igerw eise  ä n d e r t ,  d a  d ieser Z u s ta n d  m . E . einer 
p a r tie lle n  D en e rv ie ru n g  g leichzustellen  is t .  D iese r V organg  sc h e in t keinesw egs 
im  W iderspruch  zu  d e m  au f die N e rv e n e le m en te  w irk en d en  im  R au m  der 
K L  lokalisierten  E f fe k t  zu  stehen.

Die in  d ieser A b h a n d lu n g  als »spreading-T yp« b eze ich n e te  F o rm  w urde 
z u e r s t  von Placková [18] an  P u lpen  b le ib e n d e r  kariö sen  Z äh n e  beschrieben . 
D ie se r  E ffek t sc h e in t n ic h t  ob ligat zu se in  u n d  fü h r t  zu k e in e r e rh ö h te n  Sensi
b i l i t ä t  — tro tz  d e r  V e rm e h ru n g  der N e rv e n e le m en te  — u n d  b e e in flu ß t auch 
n ic h t  die zellu läre K o m p o sitio n . Die h ie r  besch rieb en e  »K notenform « (A bb. 3, 
4 )  d ü rfte  als eine nerval-fibröse Ü berproduktion  au fzu fassen  se in , ausgelöst 
d u rc h  die a k tiv ie re n d e , geh em m t ab er d u rc h  d ie  ü b e rm äß ig  w erd en d e  kario- 
g e n e  E inw irkung .

Von den sich  se lb e r  ergebenden  F ra g e n  w äre  es m eines E ra c h te n s  w ichtig . 
G -enaueres ü b e r d ie  N a tu r  der h ier b e sc h rie b e n en  P u lp e n re a k tio n  zu  w issen: 
v o r  allem  ob es sich  u m  einen  im m uno alle rg isch en  P ro zeß  (ev tl, eine zellular- 
g e b u n d en e  S p ä tre a k tio n )  h an d e lt oder n ic h t .  D as m orpho log ische  B ild und  
a u c h  der k lin isch -ch ro n isch e  C h a rak te r h a l te n  diese M öglichkeit offen.

Für die Sam m lung u n d  Überlassung der Z ähne sei auch hier Dr. m ed. dent. E . Molnár 
u n d  Dr. med. A. So m k u t h y , für die technische H ilfe  Dr. med. G. E l e m é r  und ganz besonders 
E rau  I. Cs e tn ek i gedankt.
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TIERVERSUCHE ZUR KARIESPROTEKTIVEN WIRKUNG 
VON GUYZEROPHOSPHAT*

Von

C .  H .  P L Ä T H N E R  und M .  W l N I K E R

P O L IK L IN IK  FÜ R K O N S E R V IE R E N D E  STOMATOLOGIE (D IR E K T O R : PR O F . D R. MED. D EN T. HABIL.
C. H . PLÄ TH N ER ) DES B E R E IC H S  M ED IZIN  (CHARITÉ) D E R  H UM BO LD T-U NIV ERSITÄ T ZU B E R L IN

M ittels kariogener D iä t vervierfacht sich am  Goldham ster der K ariesgrad  
binnen acht W ochen um  das Vierfache. D ie kariogene W irkung der D iät kann durch  
tägliche Gabe von  0 ,25 m g Fluorid fast vo llständ ig  verh indert werden. D ie  Schu tz
wirkung von  einer T agesdose von 0,025 g D inatrium -beta-glyzerophosphat erwies sich als 
fast ebenso stark, w ährend die Gabe von 0,04 m g A m m onium vanadat praktisch  keine  
Schutzwirkung gegen K aries zeigte.

D ie u n b e s tre itb a r  g ro ß en  E rfolge, w elche die V ersuche  zu r E in d ä m m u n g  
d e r Z ah n k aries  d u rch  F lu o rv e rb in d u n g en  g e z e itig t h ab e n , k ö n n te n  fa s t  zu r 
A n n ah m e ve rle iten , d ie  en d g ü ltig e  Ü b erw in d u n g  d e r  K aries  w äre  e igen tlich  
n u r  noch  ein » techn isches P roblem «, d. h , es k äm e  led ig lich  d a ra u f  an , die in  
m an ch en  L än d ern  gegen  eine generelle F lu o rp ro p h y la x e  erhobenen  B ed en k en  
zu ze rs treu en  u n d  d ie  F lu o rp ro p h y la x e  se ih s t so zu  v e rv o llk o m m n en , d aß  
die g esam te  B e v ö lk e ru n g  e r fa ß t w ird . L e id er is t d em  n ic h t so, d en n  w ir sind  
n ach  w ie v o r m it fo lg en d en  F a k te n  k o n fro n tie rt:

1. D ie Ä tio logie  u n d  d ie G enese der Z a h n k a rie s  sin d  noch  n ic h t  restlo s 
g ek lä rt.

2 . D er W irk u n g sm ech an ism u s der F lu o rv e rb in d u n g e n  is t ebenfa lls noch  
n ic h t völlig  e rfo rsch t.

3. D ie A p p lik a tio n  v o n  F lu o rv e rb in d u n g en  w ird  allen  b isherigen  E r 
fa h ru n g e n  zufolge b e s te n fa lls  n u r  zu einer ca. 6 0 % ig e n  V erm in d eru n g  des 
K ariesbefa lls  fü h ren .

D ie Suche n a c h  w e ite re n  k arie sh em m en d en  A g en tien  is t so m it aus 
th eo re tisch en  u n d  p ra k tis c h e n  G ründen  von  h ö c h s te r  A k tu a litä t .

W as den p ra k tis c h e n  A sp ek t des P ro b lem s b e tr if f t , so so llte  un seres  
E ra c h te n s  im  H in b lick  a u f  die m it F lu o rv e rb in d u n g e n  e rz ie lten  E rfo lg e  das 
H a u p tin te re sse  a u f so lch e  S u b stan zen  g e ric h te t se in , deren  E in sa tz  eine 
E rg ä n z u n g  der W irk u n g  d e r  F lu o rv e rb in d u n g en  e rw a r te n  lä ß t. D ies sch e in t 
n ach  A nsich t v e rsc h ie d e n er F o rsch er, z. B. N iz e l  u n d  H a rr is  [17 ], n a m e n t
lich  be i den P h o sp h a te n  d e r  F a ll zu sein.

A u sg an g sp u n k t d e r  w eltw eiten  P ro p a g ie ru n g  e in er K a rie sp ro p h y lax e  
d u rch  F lu o rv e rb in d u n g e n  s in d  b ek an n tlich  d ie A n fan g  d er d re iß ig er J a h re

•Vortrag am X V II. K ongreß der Europäischen A rbeitsgem einschaft für K ariesforschung  
in Debrecen, Ungarn, am  14. Juli 1970
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v o n  D e a n  und  M ita rb e ite rn  [3, 4 ]  beg o n n en en  sy s tem a tisch en  U n te rsu c h u n g e n  
des Z u sam m en h an g s zw ischen  K ariesb e fa ll u n d  F lu o rg e h a lt des T rin k w asse rs . 
W e n ig e r  geläufig d ü r f te  se in , d aß  p ra k tis c h  g leichzeitig  (1929  bzw . 1931) 
L e n n o x  [13] den h o h e n  K arie sb e fa ll b e i d e r w eißen  B e v ö lk e ru n g  v o n  S ü d 
a f r ik a  a u f  einen P h o s p h a tm a n g e l d er N a h ru n g sm itte l z u rü c k fü h rte , w äh ren d  
H e w a t  [10] den a u ffa lle n d  g u te n  G eb iß z u s ta n d  von  W a ise n k in d e rn  in  N eu 
se e la n d  als Folge des b eso n d ers  h o h en  P h o sp h a tg e h a lts  d e r K o s t  d eu te te . 
I n  d iesem  Z u sam m en h an g  is t  v o n  In te re sse , d aß  auch  Á s l a n d e r  [1 ], d er 
gew öhn liches K n o ch en m eh l fü r  die K a rie sp ro p h y la x e  em p fieh lt, u rsp rü n g lich  
v o n  d e r  V orste llung  a u sg in g , die s ta rk e  A u sb re itu n g  d er K aries  b e i d e r  schw edi
sc h e n  B evö lkerung  sei d u rc h  einen  zu n ied rig en  P h o sp h a tg e h a lt  d e r  e inheim i
sc h e n  E rn te p ro d u k te  b e d in g t. A n H a n d  e igener T ie rv e rsu ch e  [18] k o n n te n  
w ir  w ah rsch e in lich  m a c h e n , d aß  d er k a rie sh em m en d e  E ffe k t v o n  K n o ch en 
m eh l a u f  der W irk u n g  des d a rin  e n th a lte n e n  K a lz iu m p h o sp h a ts  b e ru h t.

K l e i n  u n d  M c C o l l u m  [11] w aren  w ohl die e rs ten , die an  R a t te n  die 
k a r io s ta tis c h e  W irk sa m k e it v o n  P h o sp h a te n  d em o n s tr ie rten . S e it d iesen  e rsten  
A n re g u n g e n  u n d  V ersu ch en  h a t  die m ögliche B ed eu tu n g  v o n  P h o sp h o rv e r
b in d u n g e n  fü r  das K a rie sg esch eh en  in  d e r g an zen  W elt ein  s ta rk e s  In te resse  
g e fu n d e n . 1962 lag en  b e re its  so v iele  U n te rsu c h u n g e n  u n d  E rfa h ru n g e n  vo r, 
d a ß  m it  dieser T h e m a tik  e in  spezieller K o n g reß  in  C am bridge (M assachuse tts) 
e in b e ru fe n  w erden  k o n n te .

L e id e r is t es aus ze itlich en  G rü n d en  n ic h t m öglich, im  D e ta il a u f  die 
b is h e r  p u b liz ie rten  A rb e ite n  e inzugehen , doch  se ien  uns einige k u rz e  H inw eise 
g e s ta t t e t ,  die fü r u n se re  e igenen  U n te rsu c h u n g e n  von  W ic h tig k e it s ind .

M it o rgan ischen  P h o s p h a te n  w u rd en  n u r  w enige V ersu ch e  g em ach t. 
S o  b e r ic h te n  McCl u r e  [1 5 ] sowie F e d o r o v  u n d  Sa pa g o v sk a y a  [7] ü b e r  E r 
fo lg e  m it  P h y ta t  b e i R a t te n ,  w as d en  B e fu n d e n  von  L im b a s u t a  u n d  M it
a rb e i te rn  [14] w id e rsp ric h t. W e ite rh in  h a b e n  K ö n ig  u n d  M ita rb e ite r  [12] eine 
g ew isse  kariesh em m en d e  W irk u n g  des D in a tr iu m -/l-g ly ze ro p h o sp h a ts  bei 
R a t t e n  b eo b ach te t, d ie  je d o c h  s ta tis t is c h  n ic h t gesichert w ar. D em g eg en ü b er 
w ird  v o n  F edo ro v  [5, 6 ] ü b e r  eine h e rv o rra g e n d e  k a rio s ta tisc h e  W irk sam k e it 
v o n  K a lz iu m g ly z e ro p h o sp h a t (ebenfalls be i R a tte n )  b e ric h te t.

V ersch iedene F o rsc h e r  (B a r n a r d  u n d  J o h a n s e n  [2 ], M ü h l e m a n n  
u n d  M ita rb e ite r  [16 ], V a n  R e e n  u n d  M ita rb e ite r  [19]) s te llte n  bei R a tte n  
e in e  synerg is tisch e  k a rie sh e m m e n d e  W irk u n g  von  an o rg an isch em  P h o sp h a t 
u n d  F lu o rid  fest. I n  jü n g s te r  Z eit w urde  v o n  F e d o r o v  u n d  S a p a g o v s k a y a  [8] 
ü b e r  V ersuche an  A lb in o ra tte n  b e r ic h te t, d e ren  E rg eb n issen  zufo lge du rch  
d ie  g leichzeitige V e rab fo lg u n g  v o n  N a tr iu m flu o rid  u n d  V ita m in e n  sow ie K a l
z iu m g ly z e ro p h o sp h a t e ine  au sgezeichnete  H em m u n g  d er ex p erim en te llen  
K a r ie s  erzielt w erd en  k o n n te . N ich t z u le tz t  d u rch  diese A rb e it  an g ereg t, 
b e sch lo ssen  w ir, d ie  T e s tu n g  o rg an isch er P h o sp h o rv e rb in d u n g e n  in  u n se r 
К ariesfo rsch u n g sp ro g ram m  einzubeziehen .
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U n sere  e rs te n  einsch läg igen  V ersuche, ü b e r  die im  folgenden e in  k u rz e r  
B e rich t gegeben w erd en  soll, h a t te n  das Ziel, d ie karieshem m ende  W irk u n g  
von  D inatriu m -/3 -g ly zero p h o sp h at, N a tr iu m flu o rid  u n d  A m m o n iu m v a n a d a t 
heim  G o ld h am ste r  zu verg leichen . W ir b e d ie n te n  u n s der gleichen V ersu ch s
m e th o d ik  w ie be i u n se ren  frü h e ren  tie re x p e rim en te lle n  A rbeiten  [18]. Im  e in 
zelnen  v e rfu h re n  w ir w ie fo lg t:

In sg e sa m t 75 sy rische  G o ld h am ste r, d ie  w ir am  A lte r von  4 5 W o ch en
von  einem  o rtsan säss ig en  Z ü ch te r  ü b e rn o m m en  h ab en , w urden  z u n ä c h s t eine 
W oche la n g  bei n o rm alem  F u t te r  (G erste , H a fe r , S o jakerne) an  ih re  n eu e  
U m g eb u n g  g ew ö h n t. S o d an n  w u rd en  sie in  5 G ru p p en  von  jew eils 15 T ie ren  
e in g e te ilt. V on d iesen  5 G ruppen  w urde  eine w e ite r  m it norm alem  F u t t e r  u n d  
eine  a n d e re  m it k a rio g en e r K o s t v e rso rg t, w ä h re n d  die re stlichen  3 G ru p p e n  
k a rio g en e  K o s t m it  einem  Z u sa tz  des zu p rü fe n d e n  Agens e rh ie lten , dessen  
K o n z e n tra tio n  a u f  L ite ra tu ra n g a b e n  (G ly ze ro p h o sp h a t) bzw. e igenen  E r f a h 
ru n g en  (F lu o rid , V a n a d a t)  b asie rte .

Als k a rio g en e  K o s t d ien ten  se lb s tg eb ack en e  K ekse, deren  T e ig  n ach  
fo lgendem  R ezep t h e rg es te llt w orden  w ar:

300 g Z ucker,
300 g W eizenm ehl,
380 g M aizena,
150 g M agerm ilchpu lver,

10 g B ack p u lv e r,
375 m l d estillie rtes  W asser.

Alle T ie re  b ek a m e n  zw eim al w öchen tlich  e tw as frisches G em üse (M öhren , 
S a la t) . Als T rin k flü ss ig k e it d ien te  gew öhnliches L eitungsw asser.

W äh ren d  d e r g esam ten  D au e r d e r V ersuche  (generell 8 W ochen) e rfre u te n  
sich  die G o ld h am ste r  m it ein igen A u sn ah m en  b e s te r  G esundheit, w o fü r au ch  
die eine s te tig e  Z u n ah m e  au fzeigenden , h ie r  n ic h t rep ro d u z ie rten  G ew ich ts
k u rv e n  sp rech en . D ie im  V erlau f d er V ersu ch e  e in g e tre ten en  V e rlu s te  w a ren  
a u f  D a rm e rk ra n k u n g e n  zu rü ck zu fü h ren , d ie  m it d e r F ü tte ru n g  in  k e inem  
u rsäch lich en  Z u sam m en h an g  s ta n d e n . A m  E n d e  d e r V ersuche w u rd e n  die 
T ie re  m it L eu ch tg as  g e tö te t  u n d  die S chädel f re ip rä p a rie r t. Bei d er E rm itt lu n g  
d e r K aries  w u rd en  n u r  D efek te  b e rü c k s ic h tig t, d ie m it M ikroskop u n d  S onde 
d iag n o stiz ie rb a r w aren . J e d e r  kariöse  M olar w u rd e , u n ab h än g ig  v o n  A nzah l, 
G röße u n d  T iefe se iner L äsionen , n u r  als eine E in h e it  g ew erte t. D e r  K a rie s 
befall w u rd e  p ro  G ru p p e  in  P ro z e n te n  a u sg e d rü c k t, d . h . es w urde  d ie  S um m e 
d e r k a riö sen  M olaren  in  den  O ber- u n d  U n te rk ie fe rn  aller T iere d e r jew eiligen  
G ru p p e  m it 100 m u ltip liz ie rt u n d  d u rch  d ie  S um m e aller M olaren  g e te ilt. 
D ie s ta tis tisc h e  B ew ertu n g  u n se re r  E rg eb n isse  erfo lg te  m it H ilfe des £2-T ests .

U n sere  in  T ab e lle  I  zu sam m en g este llten  E rgebn isse  g e s ta tte n  fo lgende 
F  es ts te llu n g en  :
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T ab e lle  I

Eigene Versuchsergebnisse

Gruppe Kostform A nzahl 
der Tiere

Kariesbefall,
P rozent

I Norm ale K ost 14 8,9
и Kariogene K ost 13 35,2

ui Kariogene K ost 0,25 mg 
Fluor/Tag 14 13,7

IV Kariogene K ost +  0,025 g 
Glyzerophosphat/Tag 11 19,7

V K ariogene K ost +  0,04 mg 
Vanadin/Tag 13 28,1

1. D ie k a rio g en e  K o s t w ar vo ll w irk sam  [hoch  s ig n ifik an te r U n te rsch ied  
( I r r tu m sw a h rsc h e in lic h k e it x  =  0 ,1% ) zw ischen  G ru p p e  I  (norm ale  K o s t)  u n d  
G ru p p e  I I  (k ario g en e  K o st)] .

2. D en  s tä rk s te n  k arie sh em m en d en  E ffe k t  h a t te  das N a triu m flu o rid  
(G ru p p e  I I I ) ,  gefo lg t v o n  D inatrium -/S -g lyzerophosphat (G ruppe IV ) und  
A m m o n iu m v a n a d a t (G ru p p e  V). A llerd ings is t  n u r  die W irk sam k e it v o n  N a
tr iu m flu o r id  u n d  D in a trium -/3 -g lyzerop lio sphat s ta tis t is c h  gesichert ( I r r tu m s 
w a h rsc h e in lic h k e it x  = 0 ,1 %  bzw . 1% ). D e r  W irk u n g su n te rsch ied  zw ischen  
d iesen  beid en  A g en tien  se lb s t k o n n te  s ta t is t is c h  n ic h t  gesichert w erd en .

3. K eines d e r  A g en tien  k o n n te  die ex p e rim en te lle  K aries so s ta r k  e in 
d ä m m e n , daß  d e r K ariesb e fa ll in  G ru p p e  I  (n o rm ale  K ost) e rre ic h t w u rd e . 
H ie rb e i is t  a lle rd ings zu b em erk en , daß  d e r U n te rsch ied  im  K ariesb e fa ll zw i
sch en  G ru p p e  I  (n o rm ale  K ost) u n d  G ru p p e  I I I  (N atriu m flu o rid ) s ta tis t is c h  
n ic h t  g esich ert is t, also  als zufällig  angesehen  w erd en  k an n .

U n te r  den  v o n  u ns gew äh lten  V ersu ch sb ed in g u n g en  h a t  s ich  also  N a 
tr iu m flu o r id  als s tä rk e r  ka rie sh em m en d  erw iesen  als D inatrium -/?-g lyzerophos- 
p h a t ,  w obei je d o c h  d ieser U n te rsch ied  s ta t is t is c h  n ic h t gesichert is t. Z u n ä c h s t 
s c h e in t d ieser B e fu n d  im  G egensatz  zu  d en  v o n  F e d o r o v  [ 6 ]  m itg e te ilte n  
E rg e b n is se n  zu s te h e n , d ie  fü r  eine Ü b e rle g e n h e it des G ly ze ro p h o sp h a ts  
sp re c h e n  (vgl. T ab e lle  I I )

T ab e lle  I I

Versuchsergebnisse von Fedorov

Gruppe K ostform A nzahl 
de r Tiere

Kariesbefall,
Prozent

Ai Kariogene K ost -}- 0,025 g 
Ca-Glyzerophosphat/Tag 10 16,6

Bi K ariogene K ost +  Trinkwasser 
m it 1 m g/Liter Fluor n 28,7

C, Kariogene K ost 12 47,2
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E in en  solchen »W iderspruch« k a n n  m a n  d a m it h in re ic h e n d  e rk lä ren , 
d aß  F e d o r o v  m it e in er a n d e re n  T ie ra r t  (R a tte n )  u n d  m it e in em  an d eren  
Salz d er G ly ze ro p h o sp h o rsäu re , n äm lich  dem  K alzium salz , e x p e rim e n tie rte  
als w ir.

Z usam m en fassen d  m ö c h te n  w ir das E rg eb n is  un se re r V ersu ch e  w ie fo lg t 
fo rm u lie ren : G ly ze ro p h o sp h a t, dessen  k a rie sh em m en d e  W irk u n g  v o n  F e d o 
rov  [5, 6 ] sow ie von  K ö n ig  u n d  M ita rb e ite rn  [12] an  R a tte n  d e m o n s tr ie r t  
w u rd e , h a t  sich  hei e in er w e ite ren  T ie ra r t, dem  G o ld h am ster, als k a r io s ta tis c h  
w irksam  erw iesen . E s k a n n  zu r Z eit noch  n ic h t m it S icherheit b e u r te i l t  w erden , 
in  w elchem  V erh ä ltn is  d ieser E ffe k t zu dem  v o n  N a triu m flu o rid  s te h t .
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Р Е З Ю М Е

Д Е Й С Т В И Е  Ц И Т О С Т А Т И Ч Е С К О Г О  С Р Е Д С Т В А  И  Ф А К Т О Р А ,  
С Т А Б И Л И З И Р У Ю Щ Е Г О  Ф И Б Р И Н ,  Н А  Х О Л Е С Т Е Р И Н О В Ы Й  А Т Е Р О С К Л Е Р О З

К Р О Л И К О В

Ш. БЕН К Ё, К. БЕНКЁ и Л. TËPÊK

И с х о д я  и з  т р о м б о г е н н о й  т е о р и и ,  а в т о р ы  и з у ч а л и  д е й с т в и е  т р о м б о п е н и и  н а  р а з в и т и е  
х о л е с т е р и н о в о г о  а т е р о с к л е р о з а  и  п о в е д е н и е  е н з и м а , с т а б и л и з и р у ю щ е г о  ф и б р и н . Т р о м б о -  
ц и т о п е н и я , в ы з в а н н а я  д а ч е й  м а н н и т м и л е р а н а ,  н е  в л и я л а  н а  с т е п е н ь  х о л е с т е р и н о в о г о  
а т е р о с к л е р о з а .

В  д р у г о м  э к с п е р и м е н т е  а в т о р ы  у с т а н о в и л и ,  ч т о  в  с т е н к е  с о с у д о в ,  п о р а ж е н н ы х  х о 
л е с т е р и н о в ы м  а т е р о с к л е р о з о м , н а к о п л я е т с я  з н а ч и т е л ь н о е  к о л и ч е с т в о  э н з и м а , с т а б и л и з и 
р у ю щ е г о  ф и б р и н .

Л Е Ч Е Н И Е  А У Т О И М М У Н О Л О Г И Ч Е С К И Х  М И О З И Т О В  П Р Е П А Р А Т О М  R - 7 4
Д. ПЕТРАНЬИ и Д. СЕГЕДИ

А в т о р ы  п р е д л а г а ю т  н о в о е  с р е д с т в о  д л я  л е ч е н и я  о с т р ы х  и  п о д о с т р ы х  а у т о и м м у н о  
л о г и ч е с к и х  м и о з и т о в .

Ц и т о с т а т и ч е с к и й  п р е п а р а т  R - 7 4  о б л а д а е т  э н е р г и ч н ы м  и м м у н н о -с у п р е с с и в н ы м  и  
х о р о ш и м  а н т и л е й к е м и ч е с к и м  д е й с т в и е м , н о  с р е д и  а у т о и м м у н о л о г и ч е с к и х  з а б о л е в а н и й  о н  
о к а з ы в а е т  н е о б х о д и м о е  и з б и р а т е л ь н о е  д е й с т в и е  т о л ь к о  н а  м и о з и т ы . Н а  о с н о в е  п я т и л е т н и х  
н а б л ы д е н и й  и  о п ы т а , п р и о б р е т е н н о г о  в с в я з и  с  л е ч е н и е м  п о в т о р н ы х  р е ц и д и в о в  2 3  б о л ь н ы х ,  
л е ч е н и е  п р е п а р а т о м  R - 7 4  с а м о  п о  с е б е  и л и  п р и  к о м б и н а ц и и  с о  с т е р о и д о т е р а п и е й  б ы с т р о  
п р и в о д и т  к  р е м и с с и и .  Н а  в т о р и ч н у ю  д и с т р о ф и ю  и л и  а т р о ф и ю  м ы ш ц  п р е п а р а т  н е  о к а з ы в а е т  
э ф ф е к т а . Д е й с т в и е ,  о к а з а н н о е  н а  м ы ш ц ы , д о в о л ь н о  и з б и р а т е л ь н о е ,  в л и я н и е  н а  к о ж н о е  
я в л е н и е  д е р м а т о м и о з и т а  м е н е е  в ы р а ж е н н о е ,  а  н а  ч а с т и ч н ы е  я в л е н и я  п р о ч е й  л о к а л и з а ц и и  
п р е п а р а т  и л и  м а л о  в л и я е т  и л и  с о в с е м  н е  в ы з ы в а е т  эф ф е к т а . В  ч а с т и  с л у ч а е в  у ж е  н а  3  7 - й
д е н ь  л е ч е н и я  н а б л ю д а л о с ь  в ы р а ж е н н о е  у л у ч ш е н и е  м и о з и т а . R - 7 4  с л е д у е т  в в е с т и  в н у т р и 
в е н н о , п р и  к о н т р о л е  к а р т и н ы  к р о в и , о д н а к о  п р и  д а ч е  р е к о м е н д у е м о й  а в т о р а м и  э ф ф е к т и в 
н о й  д о зы  л е ч е н и е  б е з о п а с н о е .

А в т о р ы  о б с у ж д а ю т  с в о и  п р е д с т а в л е н и я  о  м е х а н и з м е  д е й с т в и я  R -7 4 .

И С С Л Е Д О В А Н И Е  И М М У Н Н О Г Р А М М О В , С Н Я Т Ы Х  П Р И  Р А З Л И Ч Н Ы Х  Т И П А Х
Г И П Е Р М Е Т А Б О Л И З М А

Л. МОШОНЬИ, Д. ДОБИАШ, Ю. ГЁНЦИ и Е. ПЕРЕНЬИ

1. Р е з у л ь т а т ы  с р а в н е н и я  т и т р а  п р о т и в о т е л ,  д е й с т в у ю щ и х  н а  1 4  а н т и г е н о в  с р е д ы ,  
п о д к р е п л я ю т  п р е ж н и й  в з г л я д  а в т о р о в , с о г л а с н о  к о т о р о м у  п р и  г и п е р м е т а б о л и з м е  н а б л ю 
д а е т с я  т е н д е н ц и я  к  п о в ы ш е н и ю  с и н т е з а  п р о т и в о т е л .

2 .  Г и п е р т и р о к с и н е м и я  п о в ы ш а е т  с и н т е з  п р о т и в о т е л  т о л ь к о  д о  т е х  п о р  и  т о л ь к о  в  
т а к о й  м е р е , п о к а  м е х а н и з м  о б р а т н о й  с в я з и  н е  о к а з ы в а е т  п р о т и в о п о л о ж н о г о  в л и я н и я ,  
у м е н ь ш а ю щ е г о  с и н т е з  б е л к о в , п о с р е д с т в о м  т о р м о ж е н и я  г и п о т а л а м о - д и э н ц е ф а л и ч е с к и х  
о б р а з о в а н и й .



С И Н Д Р О М  Н Е Д О С Т А Т К А  П Р О Т И В О Т Е Л  П Р И  П А Р А П Р О Т Е И Н Е М И И
А. ПАТАКФАЛЬВИ, Р. БАКХАУС, Ю. ЛАЙОШ, А. ГОГЛ и М. БАЛАЖ

А в т о р ы  с л е д и л и  с  1 9 6 4  го д а  з а  к л и н и ч е с к и м и  с и м п т о м а м и  с и н д р о м а  н е д о с т а т к а  
п р о т и в о т е л  у  4 0  б о л ь н ы х  п а р а п р о т е и н е м и е й . Д л я  у с т а н о в л е н и я  г у м о р а л ь н о г о  и м м у н о 
л о г и ч е с к о г о  д е ф е к т а  б ы л и  п р о в ед ен ы , к р о м е  и с с л е д о в а н и я  б у м а ж н о г о ,  а г а р о в о г о  и  и м 
м у н о л о г и ч е с к о г о  э л е к т р о ф о р е з а ,  т а к ж е  о п р е д е л е н и я  ц и р к у л и р у ю щ и х  п р о т и в о т е л  и  к о л и 
ч е с т в а  и м м у н о г л о б у л и н о в ,  а  д л я  о ц е н к и  к л е т о ч н о г о  и м м у н о л о г и ч е с к о г о  д е ф е к т а  —  к о ж н ы е  
п р о б ы  с п р и м е н е н и е м  р а з л и ч н ы х  а н т и г е н о в , а  т а к ж е  и с с л е д о в а н и е  б л а с т о з н о г о  п р е в р а 
щ е н и я  л и м ф о ц и т о в . В  о д н о й  т р ети  с л у ч а е в  п а р а п р о т е и н е м и я  п р о я в л я л а с ь  в  ф о р м е  с и н 
д р о м а  н е д о с т а т к а  п р о т и в о т е л ,  ч то  с п о с о б с т в о в а л о  р а с п о з н а в а н и ю  о с н о в н о й  б о л е з н и .  
С и н т е з  п р о т и в о т е л  и  и м м у н о г л о б у л и н о в  б ы л  у ж е  в  м о м е н т  п о с т а н о в к и  д и а г н о з а  с и л ь н о  
н а р у ш ен н ы м , и  н а р у ш е н и е  ещ е у с и л и в а л о с ь  п о  м е р е  п р о г р е с с и р о в а н и я  б о л е з н и .  Н а р у 
ш е н и е  с и н т е за  п р о т и в о т е л  бы л о  н е зи в и с и м ы м  о т  т и п а  п а р а п р о т е и н о в . Н а  о с н о в е  к о л и 
ч е с т в е н н ы х  о п р е д е л е н и й  п о н и зи л о с ь  п р о и з в о д с т в о  в с е х  т р е х  т и п о в ,  о д н а к о  н а и б о л е е  
в ы р а ж е н н ы м  б ы л о  п о н и ж е н и е  с и н т е за  I g A .

К л е т о ч н ы е  и м м у н о л о г и ч е с к и е  р е а к ц и и  н е  п о к а з а л и  с у щ е с т в е н н ы х  о т к л о н е н и й .  
П о н и ж е н и е  Ig O  б ы л о  п р и  п а р а п р о т е и н е м и я  т и п а  I g A ,  I g U  и  Ig M  м е н е е  в ы р а ж е н н ы м , ч е м  
п р и  п а р а п р о т е и н е м и и  т и п а  IgG .

Д Е Й С Т В И Е  А Н Г И О Т Е Н З И Н А  Н А  П Р О И З В О Д С Т В О  К О Р Т И К О И Д О В  
Н А Д П О Ч Е Ч Н И К А М  К Р Ы С  I N  V I T R O

К. САЛАИ и к .  МИХАЙ

Д о б а в л е н и е  2 5  и л и  5 0  /(г  а н г и о т е н з и н а  н а  м л  в  м и н у т у  п о в ы ш а е т  п р о и з в о д с т в о  
к о р т и к о с т е р о н а  н а д п о ч е ч н и к а м и  к р ы с, in  v i t r o  п р и  н е и з м е н н о м  п р о и з в о д с т в е  а л ь д о с т е р о н а .  
Д о б а в л е н и е  1 0 0  ц г  а н г и о т е н з и н а  н а  м л  к а ж д ы е  1 5  м и н у т  п о в ы ш а е т  о б р а з о в а н и е  -к а к  
а л ь д о с т е р о н а , т а к  и  к о р т и к о с т е р о н а .

П о т е р я  а н г и о т е н з и н а  с о с т а в л я е т  в т е ч е н и е  и н к у б а ц и и  2 0 — 4 0 % . А к т и в н о с т ь  а н г и о -  
ген зи н а зы  в  н а д п о ч е ч н и к а х  н е  о б ъ я с н я е т  н е ч у в с т в и т е л ь н о с т ь  к о р ы  н а д п о ч е ч н и к о в  к р ы сы  в  
о т н о ш ен и и  а н г и о т е н з и н а .

У С Л О В И Я  О Б Р А З О В А Н И Я  Н Е К О Н Ь Ю Г И Р О В А Н Н О Г О  2 0  D H F / 1 1  ß ,  17  а ,  20 /3 ,
2 1 - Т Е Т Р А Г И Д Р О К С И - П Р Е Г Н - 4 - Е Н З - О Н  У  Б О Л Ь Н Ы Х  А К Т И В Н Ы М  

Р Е В М А Т О И Д Н Ы М  А Р Т Р И Т О М
А. КЕМЕНЬ, К. ФАРКАШ  и Б . ГЁМЁР

У б о л ь н ы х  а к т и в н ы м  р ев м а т о и д н ы м  а р т р и т о м  и  у  з д о р о в ы х  л и ц  а в т о р ы  п о с л е  
в н у т р и в е н н о г о  в в е д е н и я  5 — 10 д С  1 — 2  Н 3- г и д р о к о р т и з о н а  о т д е л и л и  и з  с у т о ч н о й  м о ч и  
ф р а к ц и и  T H F  ( З а ,  1 1 /3 , 1 7 а ,  2 1 -т е т р а г и д р о к с и - 5 /8 - п р е г н а н - 2 0 - о н ) ,  2 0  D H F  (11/3 , 1 7 а , 20 /3 , 
2 1 - т е т р а г и д р о к с и - п р е г н - 4 - 3 - о н )  и  6/8 O H F  (6 /3 , 11 /8 , 1 7 а , 2 1 - т а т р а г и д р о к с и п р е г н - 4 - е н - 3 ,2 0 -  
д и о н ) .  О н и  и з м е р я л и  к о л и ч е с т в о  и  р а д и о а к т и в н о с т ь  о т д е л ь н ы х  ф р а к ц и й  и  и с ч и с л я л и  
у д е л ь н ы е  а к т и в н о с т и .

В е л и ч и н ы  у д е л ь н о й  а к т и в н о ст и  2 0 D H F  в о  в с е х  и с с л е д о в а в ш и х с я  с л у ч а я х  б ы л и  б о л е е  
н и зк и м и , ч ем  в е л и ч и н ы  у д е л ь н о й  а к т и в н о с т и  T H F  и  6/8 O H F  т е х  ж е  б о л ь н ы х . П р и  п о д о б 
н ы х  у с л о в и я х  м е н ь ш е е  к о л и ч е с т в о  2 0  D H F  з д о р о в ы х  л и ц  н е  п о к а з а л о  и з м е р я е м о й  р а д и о 
а к т и в н о ст и . С у т о ч н а я  в е л и ч и н а  с е к р е ц и и  г и д р о к о р т и з о н а ,  и с ч и с л е н н о г о  н а  о с н о в е  у д е л ь 
н о й  а к т и в н о с т и  T H F  и  6/3  O H F , с о в п а д а л а  с  л и т е р а т у р н ы м и  д а н н ы м и , о т н о с я щ и м и с я  к  
зд о р о в ы м  л и ц а м . В  п р о т и в о п о л о ж н о с т ь  э т о м у  у д е л ь н а я  а к т и в н о с т ь  2 0  D H F ,  к о т о р а я  в о  
в с е х  с л у ч а я х  н а  о д и н  п о р я д о к  в ел и ч и н  о к а з а л а с ь  б о л е е  н и з к о й  у д е л ь н о й  а к т и в н о с т и  T H F ,  
н е п р и го д н а  д л я  и с ч и с л е н и я  су т о ч н о й  с е к р е ц и и  г и д р о к о р т и з о н а ,  и  п о э т о м у  2 0  D H F  н е л ь з я  
р а с с м а т р и в а т ь  к а к  н е п о с р е д с т в е н н ы й , р е г у л я р н ы й  м е т а б о л и т  г и д р о к о р т и з о н а .

О б с у ж д а ю т с я  у с л о в и я  в о з н и к н о в е н и я  2 0  D H F .



М О Р Ф О Л О Г И Ч Е С К И Е  Р Е А К Ц И И  П У Л Ь П Ы  М О Л О Ч Н Ы Х  З У Б О В  П Р И  К А Р И О З Е
З У Б

Д. ХАТТЯШИ

П о в е д е н и е  п у л ь п ы  м о л о ч н ы х  з у б о в  п р и  к а р и о з е  б ы л о  и з у ч е н о  н а  4 4  м о л о д ы х  
( 5 - л е т н и х )  и  « с т а р е ю щ и х »  (в ы ш е  7  л е т )  о б р а з ц а х  м о л о ч н ы х  к о р е н н ы х  з у б о в .  В  г р у п п е  п я т и 
л е т н и х  м о л я р о в  ч а с т о  н а б л ю д а е т с я  о с т р а я  л е й к о ц и т а р н а я  р е а к ц и я , в с е  р е ж е  п о я в л я 
ю щ а я с я  в  с т а р е ю щ и х  з у б а х .  Н а  е е  м е с т е  р а з в и в а е т с я  т к а н е в а я  р е а к ц и я  и з  п л а з м е н н ы х  и  
т у ч н ы х  к л е т о к  и  и з  о т д е л ь н ы х  м о н о н у к л е а р н ы х  к л е т о к .  Н е р в н ы е  эл е м е н т ы  т а к ж е  п о к а з ы 
в а ю т  х а р а к т е р н ы е ,  р а с п р е д е л я е м ы е  н а  т р и  т и п а ,  о т ч а с т и  г и п е р п л а з и ч е с к и е , и з м е н е н и я .  
Д л я  о б ъ я с н е н и я  у к а з а н н ы х  р е а к ц и й  в ы д в и г а е т с я  в о з м о ж н о с т ь  м е с т н ы х  и м м у н о б и о л о г и 
ч е с к и х  я в л е н и й .

П Р О Т И В О К А Р И О З Н О Е  Д Е Й С Т В И Е  Г Л И Ц Е Р О Ф О С Ф А Т А  В  О П Ы Т Е
Н А  Ж И В О Т Н Ы Х

К. X. ПЛАТНЕР и М. ВИНИКЕР

К а р и о г е н н о й  д и е т о й  у  х о м я к а  з а  в о с е м ь  н е д е л ь  с т е п е н ь  к а р и о з а  у в е л и ч и в а е т с я  в 
ч е т ы р е  р а з а .  К а р и о г е н н о е  д е й с т в и е  д и е т ы  м о ж е т  б ы т ь  п о ч т и  п о л н о с т ь ю  п р е д о т в р а щ е н о  
д а ч е й  п о  0 ,2 5  м г  ф т о р и д а . Е д в а  с л а б е е  о к а з а л о с ь  з а щ и т н о е  д е й с т в и е  д а ч и  п о  0 ,0 2 5  г  д и а н а т -  
р и й -б е т а г л и ц е р о ф о с ф а т а  в  д е н ь ,  в  т о  в р е м я  к а к  с у т о ч н о е  в в е д е н и е  0 ,0 4  м г  в а н а д а т а  а м 
м о н и я  п р а к т и ч е с к и  н е  о к а з ы в а л о  з а щ и т н о г о  д е й с т в и я  о т  к а р и о з а .



В Ы Я В Л Е Н И Е  М Е Т О Д О М  Х Р О М А Т О Г Р А Ф И И  Н А  Б У М А Г Е  Ф Р А К Ц И Й  
К О Р Т И К О С Т Е Р О И Д О В  В  П Е Ч Е Н И  Л Ю Д Е Й , У М Е Р Ш И Х  П О  Р А З Л И Ч Н Ы М

П Р И Ч И Н А М
Д. И. ФАЗЕКАШ и А. Т. ФАЗЕКАШ

А в т о р ы  и з г о т о в л я л и  и з  п е ч е н о ч н о й  т к а н и  2 8  л и ц  ( 1 8  м у ж ч и н  и  1 0  ж е н щ и н ) ,  у м е р ш и х  
п о  р а з л и ч н ы м  п р и ч и н а м , п о л т о р а  д о  1 0  ч а с о в  п о с л е  с м е р т и  в ы т я ж к и  и  п о д в е р г л и  и х  в  
с и с т е м е  Б у ш  5  б у м а ж н о й  х р о м а т о г р а ф и и . В  з а в и с и м о с т и  о т  п р и ч и н ы  с м е р т и  в  п е ч е н и  о т 
д е л ь н ы х  л и ц  в ы я в и л и  р а з л и ч н ы е  к о л и ч е с т в а  2 — 8  к о р т и к о с т е р о и д н ы х  ф р а к ц и й . П о р а з и 
т е л ь н о  б о л ь ш о е  к о л и ч е с т в о  к о р т и к о с т е р о и д о в  б ы л о  н а й д е н о  в  п е ч е н и  у м е р ш и х  в с л е д с т в и е  
к а р ц и н о з а  б р ю ш и н ы , п р о и с х о д и в ш е г о  и з  р а к а  ж е л у д к а  и  м а т к и . В  п о р я д к е  в е л и ч и н  с л е 
д о в а л о  с о д е р ж а н и е  к о р т и к о с т е р о и д о в  в  п е ч е н и  у м е р ш и х  о т  п н е в м о н и и , а  з а т е м  в  п е ч е н и  
у м е р ш и х  в н е з а п н о  о т  п а р а л и ч а  с е р д ц а  в  с в о б о д н о м  о т  д е й с т в и я  с о с т о я н и и . О ч е н ь  н и з к и е  
в е л и ч и н ы  к о р т и к о с т е р о и д о в  б ы л и  в ы я в л е н ы  в с л у ч а я х  с м е р т и  л ю б о й  п р и ч и н ы  в  а л к о 
г о л ь н о м  с о с т о я н и и  п о  с р а в н е н и ю  с  о д и н а к о в ы м и  и л и  п о д о б н ы м и  п р и ч и н а м и  с м е р т и  в  
с в о б о д н о м  о т  а л к о г о л я  с о с т о я н и и .

И М М У П О С У П Р Е С С И В Н О Е  Л Е Ч Е Н И Е  Т Я Ж Е Л О Й  М И А С Т Е Н И И  
А. СОБОР и Д. ПЕТРАНЬИ

П о с л е  к р а т к о г о  и з л о ж е н и я  а в т о и м м у н о л о г и ч е с к о г о  п а т о м е х а н и з м а  т я ж е л о й  м и а 
с т е н и и  с о о б щ а ю т с я  р е з у л ь т а т ы  и м м у н о с у п р е с с и в н о г о  (ц и т о с т а т и ч е с к о г о )  л е ч е н и я  2 5  б о л ь 
н ы х  т я ж е л о й  м и а с т е н и е й . А в т о р ы  п р и м е н я л и  д л я  л е ч е н и я  п р е п а р а т  м е з и л э р и т р и т  ( R - 7 4 ) ,  
д е й с т в и у ю щ и й  п р е ж д е  в с е г о  н а  л и м ф а т и ч е с к и й  а п п а р а т .  Р е з у л ь т а т ы  п о д ы т о ж е н ы  в  т а б л и 
ц а х ,  в  р а з б и в к е  п о  в о з р а с т у  б о л ь н ы х ,  д а в н о с т и  з а б о л е в а н и я ,  к р у г а  ф о р м  з а б о л е в а н и я ,  а  
т а к ж е  п о  х а р а к т е р у  д о с т и г н у т о г о  р е з у л ь т а т а ,  с т е п е н и  и  д л и т е л ь н о с т и  р е м и с с и и .  У  2 0  
б о л ь н ы х  б ы л и  п р о в е д е н ы  т а к ж е  и м м у н о с е р о л о г и ч е с к и е  и с с л е д о в а н и я . А н а л и з у ю т с я  
в о з м о ж н ы е  с в я з и  т е р а п е в т и ч е с к и х  р е з у л ь т а т о в  с  с е р о л о г и ч е с к и м и  р е а к ц и я м и  и  с  х а р а к 
т е р н ы м и  к л и н и ч е с к и м и  д а н н ы м и  з а б о л е в а н и я .  О б с у ж д а ю т с я  т е о р е т и ч е с к и е  о с н о в ы  и  п р а к 
т и ч е с к о е  з н а ч е н и е  и м м у н о с у п р е с с и в н о г о  л е ч е н и я  м и а с т е н и и .  А в т о р ы  с ч и т а ю т  ц е л е с о о б 
р а з н ы м  п р и м е н е н и е  и м м у н о с у п р е с и в н о й  т е р а п и и  п р е ж д е  в с е г о  у  т я ж е л о  б о л ь н ы х ,  м а л о  
и л и  с о в с е м  н е  р е а г и р у ю щ и х  н а  д р у г и е  м е т о д ы  л е ч е н и я ,  р е з и с т е н т н ы х  к  л е к а р с т в а м .  О н и  
о б с у ж д а ю т  т а к ж е  п р а в и л ь н ы й  в ы б о р  п р е п а р а т а  с  и м м у н о с у п р е с с и в н ы м  э ф ф е к т о м  и  р е 
к о м е н д у ю т  в е щ е с т в а  с  л и м ф а т и ч е с к и м  с п е к т р о м  д е й с т в и я ,  к о т о р ы е  н е т о к с и ч н ы е , о к а з ы 
в а ю т  и н т е н с и в н о е  с у п р е с с и в н о е  и  н е з н а ч и т е л ь н о е  п р о т и в о в о с п а л и т е л ь н о е  д е й с т в и е .

О П Р Е Д Е Л Е Н И Е  К О Л И Ч Е С Т В А  З У Б Н О Й  П А С Т Ы , С О Д Е Р Ж А Щ Е Й  
М О Н О Ф Т О Р Ф О С Ф А Т , П Р О Г Л О Ч Е Н Н О Й  Н А  П Р О Т Я Ж Е Н И И  Д О Л Г О Г О  В Р Е М Е Н И  
В О  В Р Е М Я  Е Е  П О Т Р Е Б Л Е Н И Я ,  Н А  О С Н О В А Н И И  К О Л И Ч Е С Т В А  В Ы Д Е Л Е Н Н О Г О

Ф Т О Р А
Й. А. ХАГРЕВС, Г. С. ИНГРАМ и Б. Й. ВАГГ

А в т о р ы  и с с л е д о в а л и  н а  м а л ы х  д е т я х  в  т е ч е н и и  8  н е д е л ь ,  с к о л ь к о  о н и  п р о г л а т ы в а ю т  
в д е н ь  в о  в р е м я  м ы ть я  з у б о в  з у б н о й  п а ст ы . К о л и ч е с т в о  п р о г л о ч е н н о й  з у б н о й  п а с т ы  в  р а з 
н ы е  д н и  и  у  р а з н ы х  д е т е й  р а з л и ч н о е .

К о л и ч е с т в о  ф т о р а , п о с т у п а ю щ е г о  с п и щ е й  и  с  в о д о й  в ы ч и с л я е т с я  и з  в ы д е л е н н о г о  
к о л и ч е с т в а  ф т о р а . П о  п о л у ч е н н ы м  д а н н ы м  9 8 %  д е т е й  п р о г л а т ы в а ю т  в д е н ь  п о  0 . 0 — 0 , 2 5  г . 
з у б н о й  п а с т ы .  О д и н  р е б е н о к  и з  г р у п п ы , н а с ч и т ы в а в ш е й  1 0 4  д е т е й  « п оедал »  в  с р е д н е м  п о  
0 ,4 4  г .  з у б н о й  п а сты  в д е н ь .

Д Е Й С Т В И Е  Д Е К С Т Р А Н А З Ы  Н А  Э К С П Е Р И М Е Н Т А Л Ь Н Ы Й  К А Р И О З  У  К Р Ы С
А. БЕНАДЖИАНО, Г. ГРИППАУДО и М. КАТТАБРИГА

А в т о р ы  в ы зв а л и  у  к р ы с  о т н о с и т е л ь н ы й  г н о т о б и о з ,  а  з а т е м  и н ф и ц и р о в а л и  ж и в о т н ы х  
с т р е п т о к о к к а м и  ш там м а P K I  и  с о д е р ж а л и  и х  н а  к а р и о г е н н о м  р е ж и м е  п и т а н и я  п р и  д о б а в 
л е н и и  к  п и щ е  2 0 0  е д ./г  д е к с т р а н а з ы . В  т е ч е н и е  6 0 - д н е в н о г о  э к с п е р и м е н т а л ь н о г о  п е р и о д а  
н а б л ю д а л о с ь  д о с т о в е р н о е  у м е н ь ш е н и е  в о з н и к н о в е н и я  к а р и о з а  з у б о в .  В  г р у п п е  ж и в о т н ы х ,  
п о л у ч а в ш и х  п р и  о д и н а к о в ы х  э к с п е р и м е н т а л ь н ы х  у с л о в и я х  4 0 0  е д . д е к с т р а н а з ы  н а  г  п и щ и ,  
н а б л ю д а л о с ь  м е н ь ш е е  п о н и ж е н и е  в о з н и к н о в е н и я  к а р и о з а .
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