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X-RAY CHANGES IN POLYCYTHAEMIA YERA

J .  Gy a r m a t i , G y. N a g y , J .  S z e g e d i

F IR S T  D EPA RTM EN T OF M E D IC IN E  AND D EPA R T M E N T OF RADIOLOGY, 
U N IV ER SITY  M ED ICAL SCHOOL, D EB R EC E N

(R e ce iv e d  M ay 27, 1972)

R o u tin e  chest X -ray s  h a v e  b een  ev a lu a te d  in  49 cases o f p o ly c y th a e m ia  v e ra  
A bnorm al rad io log ica l fe a tu res  re su ltin g  from  th e  m o d ified  h aem o d y n am ic  c o n d itio n s ’ 
in  o th er w o rds, fro m  th e  p r im a ry  disease itself, o ccu rred  in  35 cases. T h e  freq u e n c y  
of th e  changes show ed a d irec t re la tio n sh ip  w ith  th e  s tag e  of a c tiv ity  o f  th e  d isease. 
W ith  th e  ex ce p tio n  o f p u lm o n a ry  fib rosis, th e  changes p ro v ed  reversib le . T h e  X -ra y  
signs fo u n d  d u rin g  re lapses su b s id e d  or d isap p ea red  d u rin g  rem issions.

P o ly cy th aem ia  v e ra  re p re se n ts  a p a r tic u la r  ty p e  o f po ly g lo b u lism  in 
w hich  no p rim a ry  fac to r  or p r im a ry  process can  be d e m o n s tra ted : th e  disease 
consists in th e  po lyg lobu lism  [9]. T he disease is m ark ed  b y  a p ro life ra tio n  
o f  all th e  th ree  h aem opo ie tic , i.e . e ry th ro ,-leu k o -an d  th ro m b o p o ie tic , e lem en ts  
o f  th e  bone m arro w . This d e te rm in es  its  m o st p ro m in e n t h aem a to lo g ica l 
fe a tu re s : an  increase  in  e ry th ro c y te  coun t, h a e m a to c r it v a lue , b lo o d  vo lu m e 
a n d  generally  also in  th e  leu k o cy te  an d  p la te le t co un ts. B lood v isc o s ity  is 
in v a ria b ly  in creased . These h aem ato lo g ica l ab n o rm alitie s  acco u n t fo r  th e  
classical clin ical syndrom e in c lu d in g  th rom b o em b o lic  com plications a n d  h a e 
m o d y n am ic  changes ch a rac te rized  b y  a slow ing o f  c ircu la tio n , co n g estio n  an d  
v a so d ila ta tio n . T he associated  c a rd io re sp ira to ry  sy m p to m s and  th e  co rre 
sp o n d in g  find ings o f b lood-gas an a ly s is  [8, 10] are  due  to  these h a e m o d y n a m ic  
changes.

T hough  i t  is com m on know ledge th a t  h aem o d y n am ic  d iso rders o f  th e  
lesser c ircu la tion  cause X -ra y  changes in th e  p u lm o n a ry  p a re n c h y m a , th e  
h e a r t  and  th e  large  vessels, th e re  are  few re p o rts  on X -ra y  o b se rv a tio n s  of 
a large m a te ria l o f  p o ly c y th a e m ia  v e ra  follow ed u p  for longer p e rio d s  [4, 
5, 6, 11].

T here a re , basica lly , tw o  reaso n s for w hich  X -ra y  s tud ies in  p o ly 
cy th aem ia  v era  m ig h t be o f  im p o rta n c e . F ir s t ,  th e  ty p ic a l X -ra y  chan g es 
m ay  help  to  d iffe ren tia te  p o ly c y th a e m ia  v e ra  from  secondary  p o ly c y th a e -  
m ias. Second, i f  th e  syndrom e is assoc ia ted  w ith  X -ra y  signs of c o rre sp o n d in g  
se v e rity , th e n  th e  possible ch an g es in  these signs m ay  be re g a rd e d  as an  
in d ex  o f  the  h aem ato log ica l re sp o n se , of th e  effic iency  o f tre a tm e n t.

O n th e  g rou n d s of these  consid era tio n s i t  seem ed  in te res tin g  to  ex am in e  
th e  chest X -ra y  changes in  a la rg e  series o f  p o ly cy th aem ia  v e ra  p a tie n ts .

1 Acta Medica Academiae Scientiarum Hungaricae 30, 1973
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T h e  a im  of these s tu d ie s  w as  to  clarify th e  in c id en ce  o f X -ra y  changes in  poly- 
c y th a e m ia  vera  as w ell as the  n a tu re  a n d  assoc ia tion  of th e se  signs. The 
s tu d y  w as also e x p e c te d  to  answ er the  q u e s tio n  how  fa r th e  X -ra y  signs are 
c o rre la te d  w ith  th e  h a em a to lo g ica l f in d in g s a n d  th e  d u ra tio n  o f th e  d isease.

M aterial and  m e th o d s

I n  th e  p as t tw o y e a rs  57 p a tie n ts  w ith  p o ly c y th a e m ia  v e ra  confirm ed  on  h aem ato log ica l 
a n d  c lin ica l grounds w ere  s u b m itte d  to  chest X - ra y  s tu d ie s  p a ralle l w ith  ex am in a tio n s  o f 
th e  g en era l s ta te , b lood  c o u n ts , bone  m arrow  sm e a r, h a e m a to c r it  an d  h aem o g lo b in  values.

I n  th e  h is to ry  o f  8 p a t ie n ts  th e re  w ere v a r io u s  p u lm o n a ry  d iseases (tu bercu los is , 
e x u d a t iv e  p leu ritis , c h ro n ic  b ro n c h itis , b ro n ch iec tasis , e tc .)  w hich  h a d  le ft p e rm a n e n t  changes 
in te r f e r in g  w ith  p ro p er in te rp re ta t io n .  These cases w ere  excluded  from  th e  an alysis.

T h e  rem ain ing  49 p a t ie n ts  were divided in to  tw o  g ro u p s acco rd ing  to  w h e th e r  —  on  
th e  g ro u n d  of clinical a n d  h aem ato lo g ica l fe a tu re s  —  th e y  w ere in  re lapse  o r in  rem ission. 
A t  th e  tim e  of th e  f i r s t  s tu d y  33 p a tien ts  w ere in  re la p se , th e ir  m ean  co u n ts  be ing  RBC 
6 ,4 6 1 ,0 0 0 ; W BC 10,700; 430 ,000  p la te le ts . S ix teen  p a t ie n ts  w ere in  rem ission , th e  resp ec tiv e  
v a lu e s  b e in g  4,393,000; 6 ,700 a n d  192,000.

T h e  in v es tig a tio n s  w ere  re p e a te d  6 to  12 m o n th s  l a te r  in  27 cases. O f th ese  p a tie n ts , 
7 w e re  in  relapse on  th e  f i r s t ,  a n d  in  rem ission o n  th e  second in v es tig a tio n , fo r 3 p a tie n ts  
th e  in v e rse  was tru e . T h ir te e n  p a tie n ts  were in re la p se , fo u r  in  rem ission  on  b o th  occasions.

A t th e  tim e of th e  f i r s t  in v estig a tio n  th e  p o ly c y th a e m ia  h a d  been  p re se n t fo r 0 to  
5 y e a rs  in  24, for 6 to  16 y e a rs  in  21, and longer t h a n  10 y ears  in  4, cases.

T w en ty -s ix  p a tie n ts  w ere  fem ales, 23 were m ales . T h e ir  age ran g ed  fro m  19 to  76 y ears , 
th e  m a jo r i ty  of th e  p a t ie n ts  w ere  betw een 40 a n d  60 y e a rs  o f age.

E ig h teen  p a tie n ts  h a d  a r te r ia l  h y p e rte n sio n  resp o n d in g  to  th e  c o n v en tio n a l a n ti 
h y p e r te n s iv e  agents.

T h e  radio logical e x a m in a t io n  com prized c h e s t X - ra y s  in  tw o view s, f lu o ro sco p y  com 
b in e d  w ith  a b a riu m  m ea l fo r  v isu a liza tio n  of th e  o e so p h ag u s . T his was co m p le ted  b y  kym og 
r a p h y  in  in d iv idual cases. A tte n t io n  was given in  e v e ry  case to  th e  p a rs  in te rm e d ia  of th e  
p u lm o n a ry  a rte ry  s i tu a te d  in  th e  r ig h t hilum , i ts  s ig n ificance  has b een  p o in te d  o u t by  
A s s m a n n  as a reliable in d e x  o f  p u lm o n ary  a r te r ia l  p re ssu re  [1].

R esults

T he X -ray  fe a tu re s , th e ir  association  a n d  th e ir  re la tio n sh ip  w ith  th e  
p re v a ilin g  stage o f th e  p rocess are show n to g e th e r  w ith  th e  clin ica l diagnosis 
in  T ab le  I.

A ccording to  th e  l i te ra tu re  [4, 6, 11] co n firm ed  b y  ou r ow n observa
t io n s  th e  m ost ty p ic a l  X - ra y  featu res a sso c ia te d  w ith  p o ly cy th aem ia  vera

Table I

Phase 
o f disease

X-ray signs
Dilatation 

of pars 
intermedia

N um ber 
of cases typ ica l suggestive nontypical to ta l none

R elap se 33 24 2 2 28 5 16

R em ission 16 2 2 3 7 9 5

T o ta l 49 26 4 5 35 14 21
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include e n la rg e m e n t of the  h e a r t to  th e  le ft, d is tin c t concav ity  o f th e  s in u s, 
p rom inence  o f th e  ao rtic  knob , m o d e ra te  sy m m etrica l h ila r e n la rg e m e n t a n d  
h y p e rv a sc u la riza tio n  of th e  lungs. T hese signs h av e  been sum m arized  u n d e r  
th e  h ead in g  ty p ic a l X -ray  fea tu res  in  C olum n 3. Colum n 4 re p re se n ts  signs 
suggestive  o f th e  disease, th u s  h y p e rv a sc u la riza tio n  in  the  p resence  o f  a 
no rm al h e a r t  and  ao rta , an d  C olum n 5 show s tho se  in d iv idua l changes o f  th e  
h e a r t  an d  a o r ta  w hich form  p a r t  o f th e  ty p ic a l syndrom e. C olum n 6 re p re 
sen ts th e  cases in  w hich th e  pars in te rm e d ia  o f  th e  p u lm o n ary  a r te ry  w as 
m ore th a n  14 m m  in d iam eter.

As T ab le  I  show s, in v estig a tio n s rev ea led  X -ra y  changes re la te d  to  th e  
p rim a ry  disease in  35 p a tie n ts , m ore th a n  tw o  th ird s  of th e  cases. X - ra y  
changes w ere d em o n strab le  in 80 %  o f th e  cases in  re lapse and  in  5 0 %  o f  th o se  
in  rem ission . T w en ty -six  X -ray s show ed all fe a tu re s  of th e  ty p ic a l sy n d ro m e
(F ig . 1).

V. G y., a 46-year-old  fem ale p a tie n t, h a d  been un d er t r e a tm e n t  fo r 
7 y ea rs . She is now  in a re lapse.

A n te ro p o s te rio r  X -ray s rev ea led  a m o d e ra te  en largem en t o f  th e  h e a r t  
to  th e  le ft, w ith  a d is tin c t co n cav ity  o f  th e  sinus and  a sligh t p ro m in en ce  o f 
th e  ao rtic  k n o b . T he cen tra l b ran ch es  o f th e  p u lm o n a ry  a r te ry  are co n g ested , 
th e  h ila  slig h tly  en larged . T here  are n u m ero u s pe rih ila r po in t-like  v a sc u la r

F ig . 1 (Case 1). C hest X -ray s. T y p ica l p o ly cy th a em ia  vera  syndrom e in  re la p se
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densities. The h ila r  vessels are sh a rp ly  o u tlin e d , th e ir  b ranches can  be fo l
low ed  up  to  th e  p e r ip h e ry .

In  4 cases h y p e rv a sc u la riza tio n  o f th e  lu n g  w as n o t associa ted  w ith  an y  
a b n o rm a lity  o f h e a r t  a n d  aorta .

In  21 cases th e  p a rs  in te rm ed ia  m e a su re d  m ore th a n  14 m m  in  d iam e te r  
( th e  no rm al ra n g e  g iv en  b y  A ssmann [1] is fro m  9 to  14 m m ).

F o u rteen  o f  th e  49 p a tie n ts  fa iled  to  re v e a l an y  m orpho log ical change 
re la te d  to  p o ly c y th a e m ia  vera . These cases in c lu d ed  5 p a tien ts  in  re lap se  an d  
9 in  rem ission. T h is  also  illu stra tes  th e  f a c t  t h a t  p o ly cy th aem ia  v e ra , even  
in  th e  period o f  re c u rre n ce , need n o t be  asso c ia ted  w ith  ab n o rm a l chest 
X -ra y s  [6, 11].

T able I I  su m s u p  th e  re la tionsh ips b e tw e e n  th e  presence o f th e  ty p ic a l 
sy n d ro m e , in c lu d in g  d ila ta tio n  of th e  p a rs  in te rm e d ia  and  p u lm o n a ry  fib rosis , 
on  th e  one h a n d  a n d  th e  d u ra tio n  o f th e  d isease  on th e  o ther.

Table II

H istory
Number 
of cases

T ypical
syndrom e

Dilatation 
of pars 

intermedia

Pulm onary
fibrosis

0 to  5 years 24 i l 9 3

6 to  10 y ears 21 i l 8 6

Longer th a n  10 y ea rs 4 4 4 4

T otal 49 26 21 13

T hough, as sh o w n  in  Table I I ,  th e  f re q u e n c y  of th e  ty p ic a l sy n d ro m e  is 
re la te d  to  the  h a e m a to lo g ic a l s ta tu s , in  o th e r  w ords, to  th e  p rev a ilin g  stage  
o f  a c tiv ity , i t  is n o n e  th e  less a fac t t h a t  in  th e  four cases w here th e  disease 
h a d  been p re se n t fo r  m ore  th a n  te n  y e a rs , th e  ty p ic a l signs w ere m ark ed .

This was t ru e  also  for th e  re la tio n sh ip  b e tw een  p u lm o n a ry  a r te r ia l 
d ila ta tio n  and  d u ra t io n  o f  th e  disease.

The incidence o f  p u lm o n a ry  fib rosis  in v o lv in g  th e  basa l reg ion  o f th e  
lu n g s in  the  fo rm  o f  f in e  re ticu la r densities w as also re la ted  to  th e  d u ra tio n  
o f  th e  disease.

In  opposition  to  R ichter  [11] we fo u n d  no  K erley  lines in  th is  series.
As m en tio n ed  ea rlie r , the  stud ies w ere  re p e a te d  6 to  12 m o n th s  la te r  

in  27 cases. T he re s u lts  allow ed to  assess th e  changes in  th e  X -ra y  fin d in g s 
in  th e  ligh t o f th o se  o f  th e  h aem ato log ica l s ta tu s .

In  5 p a tie n ts  w ho  w ere in  re lapse w h en  ex am in ed  fo r th e  f i r s t  an d  in  
rem ission  w hen seen  fo r th e  second tim e , a considerab le , in  th re e  o f th e m  
ev en  com plete, reg re ss io n  of the  X -ra y  ab n o rm a litie s  was d em o n strab le .
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In  2 o f  the  th ree  p a tie n ts  h av in g  b een  in  rem ission  w ith  n o rm a l X -ra y s  w hen  
seen fo r th e  f irs t , an d  in  re lapse  w h en  seen for th e  second tim e , th e  second 
X -ra y  s tu d y  revea led  a ty p ic a l sy n d ro m e  an d  in  th e  th ird  p a tie n t, p u lm o n a ry  
h y p e rv ascu la riza tio n . T h irteen  p a tie n ts  w ere in  re lapse  on b o th  occasions. 
I n  12 o f  these th e  X -ra y s  rem ain ed  p ra c tic a lly  u n ch an g ed , w hereas in  one w ith  
o rig inally  n o rm al fin d in g s, a d is tin c t h y p e rv ascu la riza tio n  o f th e  lu n g s  w as 
d em o n strab le  on th e  second occasion. In  th e  4 p a tie n ts  w ho h a d  b een  in  
rem ission  on b o th  occasions th e re  w as p ra c tic a lly  no  difference in  th e  re su lts  
o f  th e  tw o stud ies.

T he in d iv id u a l X -ra y  ab n o rm a litie s  an d  th e ir  changes m ay  be su m m ed  
u p  as follows.

C ardiac en la rg em en t, in c reased  co n cav ity  o f th e  sinus, e lo n g a tio n  o f  th e  
a o r ta , prom inence o f  th e  ao rtic  k n o b  w ere o f m ino r degree in  m o st cases. 
T hese signs are ra re ly  en co u n te red  d u rin g  rem ission , an d  even  in  re lap se  th e y  
u su a lly  rem ain  a b se n t u n til  signs o f  h y p e rv ascu la riza tio n  becom e m an ifest. 
A  h e a r t  o f ao rtic  co n fig u ra tio n  w ith  m ark ed  le ft v e n tr ic u la r  en la rg e m e n t w as 
on ly  seen in cases associa ted  w ith  a r te r ia l h y p e rten s io n . X -ra y  ab n o rm a litie s  
o f  th is  ty p e  w ould  rem ain  u n c h a n g e d  in  clin ical rem ission . E n la rg e m e n t of 
th e  r ig h t v en tric le  w as confined  to  cases o f m ark ed  p u lm o n a ry  fib rosis . H y p e r- 
v a scu la riza tio n  of th e  lungs is a ty p ic a l an d  com m on fe a tu re  w h ich  m ay , 
h ow ever, be obscured  b y  th e  p resence  o f p u lm o n a ry  fib rosis  on film s ta k e n  
w ith  co n v en tio n a l tech n iq u es . T he m o st d is tin c tiv e  sign o f  h y p e rv a sc u la r iz a 
tio n  is th e  sh a rp  d em arca tio n  o f th e  d is ten d ed  vessels w hich  can  easily  be 
follow ed up to  th e  p e rip h ery . T h e re  are also m u ltip le  po in t-lik e  o r th o ro e n t-  
genograde  densities. T he re g u la r ity  o f  ram ifica tio n s  ta p e r in g  o ff to w a rd  th e  
p e rip h e ry  are suggestive o f vessels r a th e r  th a n  o f fib rosis . V ascu la riza tio n  
h as  a  w ide range o f in d iv id u a l v a rie tie s  d ep en d in g  on c o n s titu tio n a l fac to rs  
a n d  its  X -ray  ap p earan ce  m ay  be  d iffe ren t in  th e  successive phases  o f  r e 
sp ira tio n  even in  th e  sam e in d iv id u a l. T he m ost c h a ra c te ris tic  change in  th e  
X -ra y  p ic tu re  p ara lle l w ith  a fav o u rab le  h aem ato log ica l response  w as a c lea r
in g  u p  or th e  d isap p earan ce  o f h y p e rv ascu la riza tio n . A n asso c ia ted  lesser 
c ircu la to ry  failu re  b lu rs  th e  o u tlin es  o f th e  h ila r an d  p e rip h e ra l vessels an d  
m akes p ro p er in te rp re ta tio n  d iff ic u lt. H ow ever, in  th e  p re se n t series h ila r 
en la rg em en t an d  d ila ta tio n  o f th e  p a rs  in te rm e d ia  was o f  m in o r deg ree  all 
th ro u g h o u t an d  th e  d ia m e te r  o f th is  sec tion  o f th e  p u lm o n a ry  a r te ry  w as 
n e v e r in  excess o f 18 m m . A ctive p u lsa tio n  o f  th e  sh a rp ly  o u tlin ed  d is te n d e d  
c e n tra l  vessels w as con firm ed  b y  k y m o g rap h y . A d is tin c t re d u c tio n  in  th e  
ca lib e r o f these  vessels w as d em o n strab le  in  severa l cases d u rin g  rem ission  
an d  i t  was only  in  th e  presence o f  ag e -re la ted  sclerosis t h a t  th e  ab n o rm a litie s  
in  q u estio n  w ere in d e p e n d e n t o f  th e  a c tiv ity  o f th e  p rim a ry  d isease.

T he X -ray s p resen ted  in  F igs 2 /a  an d  2/b p e rm it to  follow  up  th e  changes 
in  ca liber of th e  p a rs  in te rm ed ia  asso c ia ted  w ith  th e  clin ical response .
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Fig. 2a (Case 2). C h est X -rays. P a rs  in te rm e d ia  17 m m  in  d iam e te r

F ig . 2b (Case 2). C hest X - ra y s  in  rem ission. T he p a rs  m ed ia  has d im in ish ed  to  13 m m  in
d iam ete r
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Fig. 3 (Case 3). C hest X -rays. T y p ic a l p o ly cy th a em ia  v e ra  sy n d ro m e w ith  p u lm o n a ry  fib ro sis

G. E . w as a 47-year-o ld  m ale  p a tie n t in  w hom  p o ly cy th aem ia  v e ra  h ad  
been  d iagnosed  th ree  years ea rlie r . X -ray s m ade in  a period  o f re lap se  (a/a) 
show ed all fe a tu re s  of th e  ty p ic a l sy n d ro m e. T he pars in te rm ed ia  o f  th e  p u l
m o n ary  a r te ry  m easured 17 m m  in  d iam e te r  accord ing  to  th e  c r ite r ia  s e t  b y  
A ssm a n n . X -ra y s  m ade 9 m o n th s  la te r  in a period  o f rem ission  (2/b) show ed  
th a t  h y p e rv ascu la riza tio n  h a d  d e fin ite ly  subsided , th e  pars in te rm e d ia  
d im in ished  to  13 mm in  d ia m e te r  an d  h ila r en la rg em en t w as less m a rk e d . 
P u lm o n a ry  fib rosis  was g en era lly  assoc ia ted  w ith  processes o f long  s ta n d in g  
or o ccu rred  in  p a tien ts  w hose e a r ly  t re a tm e n t h ad  been neg lec ted  o r  in 
cases o f u tm o s t severity  acco m p an ied  by  re p e a te d  re lapses or h e a r t  fa i
lu re . F ib rosis  w as always o f p e rm a n e n t n a tu re . I f  o f m a jo r e x te n t, i t  re su lte d , 
s im ilarly  to  o th e r  processes a sso c ia ted  w ith  a loss of p u lm o n a ry  p a re n c h y m a , 
in p re c a p illa ry  p u lm o n ary  h y p e rte n s io n  an d  cor pu lm onale  w hich  in  our 
experience m ay  be a source o f  m is in te rp re ta tio n  b y  obscuring  th e  X -ra y  
fea tu re s  o f p o ly cy th aem ia  v e ra .

T he film  in Fig. 3 show s a case o f p o ly cy th aem ia  v era  a sso c ia ted  w ith  
p u lm o n a ry  fib rosis.

T . D ., a 62-year-old m ale p a tie n t , h ad  h ad  p o ly cy th aem ia  v e ra  fo r  13 
y ears . A t th e  tim e  of s tu d y  he w as in re lapse.
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X -ray s  show ed th e  h e a r t  m o d era te ly  en la rg ed  to  th e  le ft, a m ark ed ly  
co n cav e  sinus, a s lig h tly  p ro m in en t ao rtic  k n o b . T he b asa l areas o f th e  lungs 
sh o w ed  fine f ib ro u s b a n d s  w hich, to g e th e r w ith  th e  increased  v ascu la r  m a rk 
ings decreased  th e  ra d io lu c e n c y  of the  b a sa l p u lm o n a ry  areas. T he f ilm  clearly  
show s th e  rad io m o rp h o lo g ica l differences b e tw e e n  th e  f ib ro u s bund les an d  th e  
v a sc u la r  shadow s.

D iscussion

B bednow  [2] w as th e  f irs t to  describe  th e  ty p ic a l X -ra y  ab n o rm alities  
in  p o ly cy th aem ia  v e ra  h a v in g  no ted  in  4 cases h ila r  en la rg em en t w ith  sh a rp ly  
o u tlin e d  p u lm o n ary  a r te r ia l  b ranches re a d ily  traceab le  to  th e  p e rip h e ry . 
H e  also  fu rn ished  k y m o g ra p h ic  evidence t h a t  h ila r  en la rg em en t w as p ro d u ced  
b y  th e  d ila ted  c e n tra l  b ran ch es  of th e  p u lm o n a ry  a r te ry . Since th is  p ap e r, 
th e  tex tb o o k s  [12, 13, 14], in  discussing th e  d iffe ren tia l d iagnostic  aspects  
o f  p u lm o n a ry  co n g estio n , have  been re fe rr in g  to  an  increased  p u lm o n a ry  
d e n s ity  in  p o ly c y th a e m ia  v e ra . H ow ever, w e f in d  b u t  sparse  d a ta  in  th e  
l i te r a tu r e  on th e  fre q u e n c y , typ es and  d iffe re n tia l d iagnostic  v a lue  o f  these  
ch an g es.

H odes and Gr iffit h  [5] found a norm al heart in their cases o f poly
cyth aem ia  vera. H o dg so n  e t al. [6] reported on pulm onary congestion and 
fibrosis in 25 out o f  35 cases. A moderate enlargem ent o f the heart to the left 
w as also noted b y  th ese  authors in a num ber o f their cases.

R ichter [11] fo u n d  uniform  p u lm o n a ry  h y p e rv ascu la riza tio n  in  38, 
e n la rg e m e n t of th e  p a rs  in te rm ed ia  in  29, a n d  p rom inence  o f th e  ao rtic  knob  
in  43 , o u t of 50 cases. T h e  h e a r t  was m o d e ra te ly  en la rged  to  th e  le ft in  every  
p a t ie n t .  D elamore e t  al. [4] observed fo ca l p o ly c y th a e m ia  v e ra  p a tie n ts  in  
th e  course of a lo n g -te rm  follow -up.

T he p resen t r e s u lts  assessed in  th e  l ig h t  o f  d a ta  in  th e  li te ra tu re  and  
o f  c e r ta in  h aem o d y n am ic  considerations a llow ed  to  connect th e  X -ray  fea tu res  
d ire c tly  w ith  p o ly c y th a e m ia  v era  in 35 o f th e  47 cases. In  26 cases p u lm o n ary  
h y p e rv a sc u la riza tio n , s lig h t concav ity  o f th e  sin u s, e longa tion  o f th e  a o rta  
a n d  p rom inence o f th e  a o rtic  knob were fo u n d . T hese signs m ay  be considered  
ty p ic a l. E n la rg em en t o f  th e  pars in te rm e d ia  w as dem o n strab le  in  21 cases.

T he X -ray  a b n o rm a litie s  u n d er d iscussion  rem a in  reversib le  for a long 
t im e , corresponding  to  th e  a c tiv ity  of th e  p ro cess , subsid ing  para lle l w ith  th e  
responses of the  h a e m a to lo g ic a l s ta tu s , p a r t ic u la r ly  in  y o u n g  in d iv idua ls w here 
d eg en era tiv e  fac to rs  h a v e  n o t  y e t e x h a u s te d  th e  a d a p ta b ili ty  of th e  organs 
a n d  tissues. R e v e rs ib ility  o f  these fea tu re s  is re flec ted  b y  th e  su b s ta n tia l 
d ifference  in  the  in c id en ce  o f  these ab n o rm a litie s  in  re lapse  an d  in  rem ission , 
as w ell as b y  a reg re ss io n  o r com plete d isa p p e a ra n ce  o f th e  abnorm alities 
d u r in g  periods of rem issio n . D espite these  fa c ts  w e are fa r  from  assertin g  th a t
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th ere  is a n y  lin e a r  co rre la tion  b e tw een  c lin ica l s e v e r ity  and  the  p re sen ce  of, 
or th e  changes in , th e  X -ray  signs. In  fac t, in  a n u m b e r  of p a tien ts  n o  X -ra y  
sy m ptom  w as p re se n t d u rin g  rem ission , w h e reas  in  tw o cases a ty p ic a l  sy n 
drom e w as d e m o n s tra te d  d u rin g  rem ission. I t  m u s t  be n o ted  th a t  in  th e  fo rm e r 
cases th e  d isease h a d  been p re se n t for one o r tw o  y ears , w hereas in  th e  o th e r  
tw o for 8 a n d  10 years.

P u lm o n a ry  fib rosis, d e m o n s tra te d  in  13 o f  th e  p resen t cases, is a p e r
m an en t ch an g e  o f slow prog ression  p rim a rily  asso c ia ted  w ith  lo n g -s ta n d in g  
cases o f p o ly c y th a e m ia  ve ra . T h e  h aem o d y n am ic  fac to rs  involved in  i ts  p a th o -  
m echanism  in c lu d in g  an  increase in  b lo o d -v o lu m e, slow ing of c ircu la tio n , p u l
m onary  p le th o ra  an d  a fa ilu re  o f  th e  lesser c irc u la tio n , w ere regarded  b y  N a g y  

[7] as a fa ir ly  com m on fe a tu re  o f p o ly c y th a e m ia  vera .
As re g a rd s  th e  d iffe ren tia l d iagnostic  v a lu e  o f X -ray s, changes s im ila r  

to  th e  o b se rv ed  ones m ay  re su lt  from  n u m ero u s  o th e r  p rim ary  processes such  
as co n g en ita l v a lv u la r  defects associa ted  w ith  a  le f t- to -r ig h t sh u n t ( a t r ia l  o r 
v e n tr icu la r  s e p ta l  defect, p a te n t  d u c tu s  a r te r io u s ) , diverse form s o f  c irc u la 
to ry  h y p e rk in es ia , as m ay be fo u n d  in  h y p e rth y ro id ism  and  anaem ia , a n d  even  
in  th e  absence o f  an y  d em o n strab le  p rim ary  ca u se , fu rth erm o re  in  a sso c ia tio n  
w ith  p u lm o n a ry  congestion  a n d  w ith  an a c tiv e  h y p e raem ia  of th e  b ro n c h ia l 
vessels, e .g ., in  p u lm o n ary  a tre s ia  or F a llo t’s te tra lo g y .

A m ong  a ll th ese , i t  is a le f t- to -r ig h t s h u n t  o f m inor degree a n d  an  
essen tia l c irc u la to ry  h y p erk in esis  w hich m a y  pose  serious d iffe ren tia l d ia g 
nostic  p ro b lem s. In  the f irs t  case th e  h e a r t ’s c o n fig u ra tio n  (righ t v e n tr ic u la r  
h y p e rtro p h y  a n d  d ila ta tio n , p ro m in en t p u lm o n a ry  arc), and  in  th e  second , 
absence o f  signs o f an y  m ark ed  sev erity  a n d  th e  n o rm a l co n fig u ra tio n  o f  th e  
h e a rt, w ill decide  th e  issue. S till th e re  are  cases in  w hich the X -ra y s  a re  o f 
little  d iag n o stic  a id  an d  th e  d iagnosis has to  re ly  on  clinical and h a e m a to lo g ic a l 
evidence.

D esp ite  th e se  fac ts , a ty p ic a l a ssoc ia tion  o f  th e  ch a rac te ris tic  fe a tu re s  
will co n firm  th e  clinical d iagnosis o f p o ly c y th a e m ia  v e ra  in m an y  cases  on 
th e  sole ev id en ce  o f ro u tin e  X -ra y s . T h e re fo re , in  th e  case of a su sp e c te d  
p o ly cy th aem ia  v e ra , am ong th e  various c lin ica l te s ts , X -rays sh o u ld  h av e  
th e ir  p lace w ith  th e  u n d e rs ta n d in g , how ever, t h a t  a negative  X -ray  f in d in g  b y  
itse lf  does n o t  in v a lid a te  th e  diagnosis o f p o ly c y th a e m ia  vera.

R E F E R E N C E S

1. Assm a nn , H .: D ie klinische R ö n tg en d iag n o stik  d e r  in n e re n  E rk ran k u n g en . V ogel V e rlag ,
B erlin  1934.

2. B r e d n o w , J . :  R ö n tg en p rax is  5 , 732 (1933).
3. Csá k á n y , Gy .: A  k isvárkor rö n tg en v izsg á la ta . M ed ic in a , B u d ap es t 1963.
4. D el a m o r e , J .  W . e t al.: B rit. J .  R adio l. 35, 671 (1962).
5. H o d e s , P . J .  a n d  Gr if f it h : A m er. J .  R o en tgeno l. 46 , 52 (1941).
6. H o d g so n , J .  R . e t  al.: P roc. M ayo Clin. 21, 152 (1946).

Ada Medic a Academiae Scientiarum Hungaricae 30, 1973



10 J. GYARMATI et al.

7. N a g y , Gy .: K lin ika i v iz sg á la to k  és e ry th ro p o e tin  a k tiv i tá s  m érések p o ly e y th a e m ia  veras
b e teg an y ag o n . T hesis, D eb recen  1968.

8. N a g y , Gy .: A cta  m ed. A cad . Sei. H ung . 23, 139 (1967).
9. N a g y , Gy .: M agy. B elo rv . A rch . 19, 272 (1966).

10. O s v á t h , S.: M agy. B elo rv . A rch . 21, 37 (1968).
11. R ic h t e r , К .: F o rtsch r. R ö n tg e n s tr . 90, 179 (1959).
12. S c h in z , H . R .: L eh rb u ch  d e r R ö n tg en d iag n o stik . T h iem e  Verlag, S tu t tg a r t  1952.
13. T e s c h e n d o r f , W .: L eh rb u c h  de r rö n tg en o lo g isch en  D ifferen tia ld iagnostik . T h ie m e  V er

la g , S tu t tg a r t  1952.
14. Z d a n s k y , E .: R ö n tg en d ia g n o s tik  des H erzens u n d  d e r  grossen Gefässe. S p rin g e r  V erlag ,

W ien  1949.

D r. J á n o s  Gyarmati

D r. G y ö rg y  N agy 
D r . J á n o s  Szegedi I

D O T E  R ad io lóg iai K lin ik a  
4012 D ebrecen  H u n g a ry  
D O T E  I. sz. B e lk lin ik a  
4012 D ebrecen  H u n g a ry

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



Aria Medic a Acadcmiae Scientiarum Hungaricae,  Tomus 30 (1 —2), pp. 11 — 17 (1973)

IRRADIATION OF THE THYMUS 
IN RHEUMATOID ARTHRITIS

L. S z á n t ó , J .  F ü l ö p , M. F e h é r , F .  G ö r g é n y i

NATIONAL IN ST ITU TE OF RHEUM ATOLOGY AND F IZ IO T H E R A PY , SECOND SECTION OF M E D IC IN E 
AND SECTION OF RADIOLOGY, BU D A PEST

(R eceived  M arch 3, 1972)

In  v iew  of th e  in v o lv em en t of th e  th y m u s  in  au to im m u n e  processes, th e  th e r 
a p eu tic  effec t o f th y m u s  irrad ia tio n  was o b se rv ed  in  51 p a tie n ts  w ith  rh e u m a to id  
a r th r it is .  O n  th e  g ro u n d s  of th e  fav o u rab le  re su lts ,  ir ra d ia tio n  of the  th y m u s  is re 
g a rd ed  as a  useful a d ju v a n t  p rocedure  in th e  m a n a g e m e n t o f rh e u m a to id  a r th r i t is .  
In  66%  o f th e  cases th e  e ffec t o f tre a tm e n t w as n o t lim ite d  to  a  sh o rt- te rm  b e n e fit 
b u t  w as s till  d e m o n s tra b le , on  th e  evidence o f  o b jec tiv e  find ings, on re e x a m in a tio n  
6 m o n th s  an d  2 y e a rs  la te r . P a tie n ts  o f ad v an c ed  age w ere fo u n d  m ore re sp o n siv e  
th a n  ju v en iles  w here th e  response  w as usu a lly  poor.

R ecen t progress in  im m unology  has g iven  a g re a t im p etu s  to  th y m u s  
research . T he ce n tra l p a r t  p lay ed  by  th is  o rgan  in  th e  m a tu ra tio n  an d  a c tiv i ty  
o f  th e  im m une  sy stem  has been  estab lished  b y  e x p e rim e n ta l ev id en ce . T he 
o rg an  p reserv es  its  role even  a fte r  its  in v o lu tio n  in  a d u lt age. I t  is u su a lly  
en la rg ed  in  au to im m u n e  d iseases, p re su m ab ly  because  of its  in v o lv e m e n t in 
these  processes [10, 16, 17, 18]. M a c k a y  an d  D e  G a i l l  [15] have p e rfo rm ed  
th y m e c to m y  w ith  b e n e fit in  rh eu m ato id  a r th r i t is  (R A ), th e  in te rv e n tio n  
h av in g  been  p ro m p te d  b y  th e ir  find ings of th y m ic  changes in t h a t  d isease . 
I t  is, on th e  o th e r h a n d , w ell-know n th a t  su rg ica l rem o v al of th e  th y m u s  
because  o f h y p e rp la s ia  or adenom a in m y a s th e n ia  grav is m ay be fo llow ed 
b y  th e  p ro d u c tio n  o f  au to im m u n e  disease. A source  o f co n trad ic tio n s  lies in 
th e  v e rsa tile  c h a ra c te r  o f  th e  p a r t  w hich th e  th y m u s  is assum ed to  p la y  in 
au to im m u n e  reg u la tio n s . T ho u g h  th ere  is d isa g re e m e n t on the in te r re la tio n s  
o f th e  cells be ing  fo rm ed  in  th e  th y m u s or p a ss in g  th ro u g h  it, th e  fa c t th a t  
th e  cells acq u ire  th e ir  im m uno-com petence  in  th e  th y m u s  s tan d s  b ey o n d  d o u b t 
[4, 5]. T h is s tro n g ly  p o in ts  to  a m ed ia to ry  ro le o f  th e  th y m u s  in a u to im m u n e  
diseases, as suggested  b y  th e  presence o f g e rm in a l cen tres  no t o n ly  a t  an 
e x p e rim e n ta l level in  N Z B  m ice w ith  au to im m u n e  diseases b u t also in h u m a n  
p a th o lo g y . M icroscopic changes of th is  k in d  m u s t alw ays be re g a rd e d  as 
ev idence  o f som e a u to im m u n e  disease [4, 5, 12, 15].

T he fa c t th a t  th e  ly m p h o id  cells arc c losely  invo lved  in a u to im m u n e  
processes, fo r in stan ce  in R A , and  th a t  th e ir  in v o lv em en t stem s in  all p ro b 
a b ility  from  th e  p a r t  p lay ed  by  th e  th y m u s  in these  cond itions, g ives a 
sound  basis to  th e  th e ra p e u tic  irrad ia tio n  o f th e  o rgan  in these d iseases. T his
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w as fir st  advocated for R A  b y  Farkas [7 ], in  the first place in the presence 
o f  enlarged lym ph nodes. The response to  irradiation o f the th ym ic  region in 
occasion a l cases o f grave, steroid-resistant R A  w ith  lym phoid hyperplasia was 
lik ew ise  favourable [8, 21]. This has prom pted  further observations on a 
larger scale.

I n  o u r opinion, ir ra d ia t io n  of th e  th y m ic  region w ith  low er doses th a n  
th o s e  u sed  for tu m o u rs , is p referab le  to  th y m e c to m y  [19], since com plete  
r e m o v a l o f the  organ  m a y  give rise to  a c o u n te r-re g u la to ry  im m u n e  m ech a
n ism  o f  adverse effect on  th e  fu r th e r  course o f  th e  process. T h is is a t  least 
o u r  in fe ren ce  d raw n fro m  tw o  cases of R A  w here  X -ra y  th e ra p y  fo r  b re a s t 
c a n c e r  am o u n tin g  in  r e a l i ty  to  ra d io th y m e c to m y , was follow ed b y  a sp ec tac 
u la r  d e te rio ra tio n  o f R A . In  opposition  to  th is , the  ra d ia tio n  doses o f  850 
to  1200 R  ad v o ca ted  b y  u s , w hile p ro d u c in g  no  irreversib le  d am ag e  to  th e  
t is s u e s , h av e  th e  a d v a n ta g e  o v er surg ical th e ra p y  to  be o p era tiv e  e v e n  in  th e  
p re se n c e  of a b e rra n t m e d ia s tin a l th y m ic  tissu e .

F ifty -o n e  p a tie n ts  w ith  R A  h ad  i r ra d ia t io n  o f th e  th y m u s  b e tw e e n  1968 
a n d  1970. All h ad  b een  assigned  to  th e  g ro u p  o f  “ c e r ta in ”  d iagnosis b y  com 
b in in g  m ore th a n  six  c h a ra c te r is tic  fe a tu re s  o f th e  disease. T he p ro cess  was 
o f  m a jo r  severity  all th ro u g h o u t, all p a t ie n ts  being  s te ro id -d e p e n d e n t and  
in  S te in b ro c k e r’s s tages I I  o r I I I .  T here w ere  7 m ales an d  44 fem ales be tw een  
9 a n d  79 years of age, av e rag e  age being  50 y e a rs . T hree  p a tie n ts  w ere  b e tw een  
9 a n d  20, 7 betw een  21 a n d  40, 23 b e tw een  41 an d  60, 18 over 60 y ea rs  o f  
age . D u ra tio n  of d isease ra n g e d  from  six  m o n th s  to  35 years  (a v e ra g e : 9.8 
y e a rs ) . 39 p a tien ts  w ere seropositive  (L a tex -p o sitiv e )  fo r rh e u m a to id  fac to r, 
12 w ere  seronegative.

T h e  ch arac teris tic s  o f  ir ra d ia tio n  ap p lied  to  th e  m e d ia s tin u m  w ere, 
160 k V , 10 mA, foca l-sk in  d is tan ce  40 cm , h a lf  value lay er o f  0.5 m m  Cu, 
f ie ld  size 4 x 1 0 x 1 5  cm . T h e  to ta l  dose w as 850 R in  th e  m a jo r i ty  o f the  
cases , tw o  p a tien ts  h a v in g  b een  given 750 R  a n d  tw o  o thers 1200 R . A verage 
d u ra t io n  o f tre a tm e n t w as 10 days. T he doses w ere increased  fro m  50 to  100, 
f in a l ly  to  150 R.

T h e  p a tien ts  re m a in e d  on th e ir  fo rm e r d ru g  t re a tm e n t d u r in g  rad io 
th e r a p y .  A fter its  co m p le tio n  24 p a tie n ts  w ere  given aza th io p rin e  in  doses 
o f  2 .5  m g  p er kg bo d y  w e ig h t da ily  over sev e ra l m o n th s. Success o f  t r e a tm e n t  
w as  assessed  on th e  basis  o f  th e  follow ing c rite r ia .

a )  Laboratory param eters. A m ong th e se , a fa il in E S R  an d  th e  im p ro v e 
m e n t  o f  anem ia p ro v ed  th e  b e s t in d ica to rs  o f  a favourab le  re sp o n se . Serum  
te s ts  fo r  rh eu m ato id  fa c to r , p a p e r  e lec tro p h o res is , as w ell as sk in  se n s itiv ity  
te s ts  fo r  tu b ercu lin  an d  fo r o th e r  b a c te r ia l a n d  m ycetic  an tig en s w ere  p e r
fo rm e d  in  every  case. I n  th e  m a jo rity  o f cases im m une-e lec tro p h o resis  w as also 
c a r r ie d  o u t. The ly m p h o cy te  tra n s fo rm a tio n  te s t  was confined  to  in d iv id u a l 
cases .
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b)  T he decisive clinical param eters  in c lu d e  th e  n u m b er o f  a ffec ted  
jo in ts , im p ro v e m e n t in  locom otion , in  th e  p o w er o f m anual p ressu re , su b je c 
tive  relief, p o ssib ility  o f red u c in g  th e  co rtic o s te ro id  doses. In  o rd e r to  check 
the  lo n g -te rm  re su lts , th e  p a tie n ts  w ere re ex am in ed  six m o n th s a n d  tw o 
years la te r .

R esults

T he re su lts  o f irrad ia tio n  o f th e  th y m ic  reg io n  assessed on th e  basis  of 
the  foregoing  c rite r ia  are p re sen ted  in T ab les  I  an d  I I .  S ix ty  six  p e r  c e n t of

Table I

Results o f  irradiation o f  the thym us in  rheumatoid arthritis 

E a rly  resu lts

Im provem ent

Number 
of patients

Marked Fair None Deterioration

51 2 0 16 l i 4

T o ta l n u m b er o f responsive cases: 36 
T o ta l n u m b er o f unresponsive cases: 15

L ong-term  re su lts

Im provem ent

Number 
of patients

M arked Fair None Deterioration

40 16 9 9 8

T o ta l n u m b er o f responsive cases: 25 
T o ta l n u m b er o f unresponsive cases: 15
N ote: In  24 o u t o f 40 p a tie n ts  p resen ted  u n d e r  th e  heading “ L ong-term  re su lts”  c y to 

sta tic  tre a tm e n t h a d  been applied in ad d itio n  to  ra d io th e ra p y . These cases a re  in c lu d ed  in 
Table I I .

the  p a tie n ts  h av e  th u s  been fo u n d  to  re sp o n d  to  th y m ic  irra d ia tio n . I n  view  
of th e  sp o n tan eo u s  changes, in  th e  a c tiv ity  o f  R A , as reflec ted  b y  th e  clin ical 
s ta te s  an d  b y  o th e r  p a ram e te rs  inc lu d in g  E S R , ad e q u a te  long -term  follow -up 
was considered  essen tia l, th ere fo re  th e  p a t ie n ts  w ere reexam ined  s ix  m o n th s 
and  tw o y ea rs  a f te r  irra d ia tio n . T he b e n e fits  o f  t re a tm e n t were s till d em o n 
strab le  on th ese  occasions in  66 %  o f th e  cases.
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Table II

Long-term  results o f  irradiation  alone and in  com bination with cytostatic therapy
Im p ro v em en t

Irradiation 
of the thym us 

Number 
of patien ts

Im provem ent

M arked Fair None Deterioration

16 5 4 3 4

T o ta l  num ber of responsive  cases: 9 
T o ta l  num ber o f un resp o n siv e  cases: 8

Irradiation +  
cytostatic 
therapy 
Number 

of patients

Im provem ent

M arked Fair None Deterioration

24 l i 5 4 4

T o ta l  num ber of responsive  cases: 16 
T o ta l  num ber of u n responsive  cases: 8

D iscussion

I r ra d ia t io n  of th e  th y m u s  was f irs t  u n d e r ta k e n  b y  H a l s t e d  [ 1 1 ]  for 
G ra v e s ’ disease in  1915. A t p re se n t, ir ra d ia tio n  o f  th e  th y m u s, e ith e r  in  i tse lf  
o r in  co m b in a tio n  w ith  th y m e c to m y , p rio r  to  th e  opera tion  or co n se q u e n t 
u p o n  i t ,  belongs to  th e  c u r re n t  th e ra p y  o f  m y a s th e n ia  gravis [9, 13]. I n  th e  
a v a ila b le  lite ra tu re  we f in d  reference to  ir ra d ia t io n  of th e  th y m u s  in  R A . 
C o n s id e r in g , how ever, th a t  th e  general effec ts o f  ra d io th e ra p y  are less adverse  
t h a n  th o s e  o f th e  o th e r im m u n o su p p ressiv e  p ro ced u res , i t  seem ed p ro m isin g  
to  s tu d y  th e  value o f ir ra d ia t io n  in  RA.

T h e  resu lts  raise th e  q u e s tio n  w h e th e r th e  th y m u s  of th e  p a tie n ts  u n d e r  
s tu d y  w as  function ing  a t  a ll an d  w h e th e r th e  b en efits  o f t r e a tm e n t  shou ld  
n o t  b e  a sc rib ed  to  th e  g en era l effects of r a d ia t io n . In  order to  be ab le  to  ru le 
o u t  th i s  possib ility , we a p p lie d  th e  sam e ra d ia t io n  doses to  th e  sacro -iliac  
re g io n  in  th re e  and  to  th e  sp leen  in  fu r th e r  th re e  cases. N o t only  d id  we fail 
to  n o te  a n y  b enefit b u t  th e re  w as even a d e te r io ra tio n  of a r th ro p a th y  in  th e  
th r e e  cases  w here th e  sp leen  h a d  been ir ra d ia te d . T hough  th e  c u rre n t la b o ra 
to r y  in v e s tig a tio n s  h ad  been  perfo rm ed  in  th e  m a jo rity  of th e  cases, n one  of 
th e  p a ra m e te rs  th u s o b ta in e d  w ere a p t to  fu rn ish  any  reliable in d ic a tio n  of 
p o ss ib le  changes in th e  im m u n e  s ta tu s . N o r d id  we no te  an y  change in  tho se  
im m u n o lo g ic a l p a ram e te rs  w h ich  h a d  been  e x a m in e d  in in d iv id u a l cases. F o r
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in stan ce , th e  ly m p h o c y te  tra n sfo rm a tio n  te s t  w h ich  h a d  been perfo rm ed  in  a 
few  cases y ie lded  no  in fo rm a tio n  w hich m ig h t h av e  been  reg a rd ed  as co n c lu 
sive. I t  is tru e  th a t  in  response to  irra d ia tio n  th e re  w as a m ore sig n ifican t fa ll 
in  th e  n u m b e r o f  p h y to h aem ag g lu tin in -sen sitiv e  ly m p h o cy tes  th a n  in  th e  
abso lu te  ly m p h o cy te  c o u n t, b u t  th is  w as so also  in  th e  case o f  ir ra d ia tio n  o f  
th e  spleen w hich  w as follow ed b y  a clinical re lap se . O n th e  o th e r h a n d , no  
sim ilar changes w ere n o te d  a fte r  irrad ia tio n  o f  th e  sacro-iliac region.

The ra d ia tio n  doses em ployed  in  th e  p re se n t s tu d y  w ere low er th a n  
those  app lied  fo r th y m ic  tu m o u rs  [21]. This h a d  its  good reasons. W e h av e  
re fe rred  to  o u r o b se rv a tio n s  re la tiv e  to  th e  consequences of tu m o u r doses 
earlie r in th is  re p o r t . T h is fa c t in  itse lf w ould s tro n g ly  suggest th a t  th e  th y m u s  
m u st be in v o lved  in  au to im m u n e  diseases in  d iffe re n t w ays [6], w hich  w ould  
acco u n t for th e  in co n sis ten cy  of pub lished  ev idence . F o r in stan ce , H ow ie a n d  
H elyek  [12] n o te d  an  in ten s ifica tio n  or m u ltip lic a tio n  o f au to im m u n e  m a n i
festa tio n s, in  p a r tic u la r  a rise in th e  an tin u c le a r  fa c to r  t i t re s  a fte r  th y m e c to m y  
in  N ZB m ice w ith  au to im m u n e  disease. M an ifes ta tio n  of th y ro id itis  an d  o f  
S L E  as well as p o s it iv ity  o f  R F  and  o f A N F  h av e  been  described  in  m an  a f
te r  th y m ec to m y  fo r m y a s th e n ia  gravis [1]. In  o p p o sitio n  to  th is , o th e r a u th o rs , 
includ ing  Osserm ann  an d  W ein er  [20] fa iled  to  n o te  im p ro v em en t o f th e se  
serological changes, likew ise a fte r  th y m e c to m y  perfo rm ed  fo r m y a s th e n ia  
gravis. These o b se rv a tio n s  th u s  ap p ea r to  be e n tire ly  opposed to  each  o th e r . 
T here  is no w ay  o f te llin g  w hich o f th em  is t ru e  unless we shou ld  be ab le to  
com pare ag e -m a tch ed  th y m ec to m ized  su b jec ts  o f id en tica l im m unolog ica l 
s ta tu s . So long as we are  unab le  to  sa tisfy  th e se  cond itio n s, we have no p o s
s ib ility  o f re je c tin g  a n y  o f  th e  seem ingly c o n tra d ic to ry  observ a tio n s. E a c h  
m ay  be tru e  in  its  ow n r ig h t. I t  m u st be bo rn e  in  m ind  th a t  th e  c h a ra c te rs  
o f im m une diseases a n d  im m une s ta te s  are e x tre m e ly  va riab le , d ep en d in g  on 
th e  tim e o f o n se t, on th e  in te n s ity  as well as on th e  site  of im m une  m a n i
festa tio n s, m oreover, on d iverse  influences on th e  p a r t  o f the  o rgan ism . T h e  
sam e in te rv e n tio n  m ay  h av e  d ifferen t consequences in a d iffe ren t im m u n e  
s ta tu s  or u n d e r d iffe ren t im m une cond itions. F o r in s tan ce , i t  m ay a c tiv a te  
som e o f th e  h u m o ra l or cellu lar fac to rs o f th e  im m u n e  process while su p p re s 
sing som e o th e rs . T he th e ra p e u tic  response to  an  id en tica l ra d ia tio n  dose 
delivered  to  th e  th y m u s  th u s  seems to  v a ry  w ith  th e  p reva iling  im m unolog ica l 
co n ste lla tio n . U n d e r th e se  aspects , irra d ia tio n  o f  th e  th y m u s  in  RA m ay  n o t 
be e q u iv a len t to  a su p p ressio n  b ro u g h t to  b e a r on th e  im m u n o co m p e ten t cells 
o f th e  organ  b u t  w ould  ra th e r  seem  to  re p re se n t an  in te rv e n tio n  w hich, th o u g h  
being  dou b tless ly  su p p ressiv e , m ay none th e  less w ell he a p t to  e lic it an  
im m une reg u la tio n  o f clin ical ben efit, if  th e  th y m u s  h ap p en s  to  be in a p h ase  
su itab le  for th is  response .

As reg a rd s th e  p re se n t p a tie n t m a te ria l, a lon g -te rm  b en efit has been  
o b ta in ed  in  m ore th a n  50 %  o f th e  cases. O u r o b se rv a tio n s seem  to  sug g est
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t h a t  responsiveness o f ch ild ren  d iffers w idely  from  th a t  o f su b jec ts  o f  ad v an ced  
ag e . W hile  in  ch ild ren  th e  response , i f  a n y , w as generally  p oo r a n d  tra n s i to ry , 
in  o ld e r sub jec ts  w ith  R A  o f m a jo r  s e v e rity  i t  was s trik in g  an d  o f fa ir ly  long 
d u ra t io n , a lth o u g h  ir ra d ia tio n  h a d  b een  th e  on ly  t re a tm e n t ap p lied . T his has 
p ro m p te d  us to  ap p ly  in c reased  or re p e a te d  ra d ia tio n  doses in  ch ild ren , in 
a c c o rd a n ce  w ith  th e  re la tiv e ly  la rg e r size o f  th e ir  th y m u s . T hese a t te m p ts  
p ro v e d  likewise unsuccessfu l.

T he resu lts  o f  K o l l e r  [14] are a p t  to  th ro w  lig h t on th e  possib le  causes 
o f  fa ilu re  in ch ildren . I t  h as  been  d e m o n s tra te d  b y  th is  a u th o r  th a t  re g e n e ra 
t io n  o f  th e  th y m u s co n seq u en t u p o n  its  rad ia tio n -in d u ced  a tro p h y  com prizes 
tw o  p h ases , th e  second  p h ase  b e ing  asso c ia ted  w ith  a re p o p u la tio n  b y  cells 
f ro m  th e  bone-m arrow . U n responsiveness to  ra d io th e ra p y  in  ch ild h o o d  m ay  
th u s  be  accoun ted  fo r b y  th e  la rg e r size a n d  th e  g rea te r c a p a c ity  fo r re g e n e ra 
t io n  o f  th e ir  th y m u s  [3]. I t  is fe lt, h o w ev er, th a t  ir ra d ia tio n  o f th e  th y m u s  
c o m b in e d  w ith  c y to s ta tic  th e ra p y  m ig h t be m ore successful in  v iew  o f its  
su p p re ss iv e  effect on re g e n e ra tio n . F u r th e r  o b se rva tions w ill h av e  to  c larify  
th is  p o in t. A t an y  ra te , in creasin g  th e  ra d ia tio n  doses is lim ited  b y  th e  well- 
k n o w n  haza rd s [2].

T he p resen t o b se rv a tio n s  show  th a t  ir ra d ia tio n  of th e  th y m u s  is a useful 
p ro c e d u re  of d u rab le  b e n e fit, as co n firm ed  b y  follow -up s tu d ies  a fte r  six 
m o n th s  an d  tw o y ea rs . C om b in a tio n  o f th e  p rocedure  w ith  c y to s ta tic  th e ra p y  
m ig h t he lp  to  a t te n u a te  recu rren ces o f  R A  and  to  p ro long  th e  periods o f 
rem iss io n . In  th e  p re se n t m a te r ia l a z a th io p rin e  has been used  for th is  p u rpose .

*

A cknow ledgem ent: W e a re  in d e b te d  to  P ro fe sso r S. BozSÓKY, N a tio n a l I n s t i tu te  o f 
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EVALUATION OF THE LABORATORY PROCEDURES 
FOR THE DIAGNOSTICS OF DISSEMINATED 

INTRAVASCULAR COAGULATION (DIC)
ON THE BASIS OF A MODEL EXPERIMENT

G. S a s , J .  J á r ó , É .  M a g y a r , I .  R ó z s a , E . N e m e s á n s z k y

F IR ST  D EPA R T M E N T OF M E D IC IN E , SECOND D EPA RTM EN T OF SURG ERY ,
D EPA RTM EN T O F PATHOLOGY, PO STG RA D U A TE M ED ICAL SCHOOL, B U D A PEST

(R eceived  A p ril 17, 1972)

A m ild  fo rm  o f d issem inated  in tra v a s c u la r  coagu lation  (D IC ) w as in d u ce d  in 
r a b b its  by  a sing le  in jec tion  of e n d o to x in  in  o rd e r to  exam ine th e  in fo rm a tiv e  v a lu e  
o f th e  lab o ra to ry  procedures u sed  in  th e  d iag n o s tic s  o f th is  clinical c o n d itio n . T h e  
v a r ia tio n s  o f th e  coagu lation  fa c to rs  o f th e  p la sm a  w ere s tud ied , th e  e th a n o l-g e la tio n  
te s t  w as also e v a lu a te d . The f ib r in o g e n  d e g ra d a tio n  p ro d u c t (F D P ) w as m ea su re d  
in  p lasm a  a n d  se ru m  by im m u n o e lec tro p h o re sis .

O f all p a ra m e te rs  stu d ied , th e  p la te le t  c o u n t an d  F ac to rs  I I  an d  X  w ere  fo u n d  
m o st in fo rm a tiv e , b u t  th e  a b n o rm a l v a lu e s  show ed w ide in d iv id u a l v a r ia tio n s . F D P  
w as d e m o n s trab le  in  nearly  all o f  th e  se ra  a f te r  t r e a tm e n t. T he e th a n o l-g e la tio n  te s t  
w as p ositive  in  50%  of th e  an im als . O n th e  ev id en ce  of h isto logical s tu d ie s , th e  p re s 
ence o f f ib rin  w as d em onstrab le  in  th e  h e p a tic , sp lenic  and  re n a l m ic ro c irc u la to ry  
sy s te m  of th e  a n im a ls  th u s  t re a te d . A fte r  e n d o to x in  in jec tio n , e lec tro im m u n o d iffu sio n  
rev ea led  a fa ll in  th e  fib rinogen  lev e ls to  50%  o f th e  original values.

The re su lts  show  th a t  any  su sp ic io n  o f D IC  calls for th e  u til iz a tio n  o f a ll p ra c 
tic a b le  la b o ra to ry  procedures in  th e  in te re s t  o f co rrec t d iagnosis an d  a d e q u a te  th e r 
a p e u tic  m easures.

T h e clinical p rob lem s of h a e m o rrh a g ic  d iso rders have been c e n te r in g  on 
d issem in a ted  in tra v a sc u la r  c o ag u la tio n  (D IC ) in  recen t years. T his sy n d ro m e  
o f e x tre m e ly  v a ria b le  m an ife s ta tio n s  m a y  arise on th e  basis o f d iverse  p r im a ry  
co n d itio n s an d  seem s to  acco u n t fo r  th e  m a jo r ity  of coagu la tion  d iso rders 
[ L a s c h , 1970]. T h e  h aem o sta tic  d e fec t u n d e rly in g  the  cond ition  o rig in a tes  
from  a diffuse a c tiv a tio n  of th e  e n tire  c lo ttin g  system  and  gives i ts  c lin ical 
an d  la b o ra to ry  fe a tu re s  a w ide, a lm o s t in d iv id u a l, d iv ersity  w h ich  m akes 
d iagnosis an d  th e r a p y  likewise d iff ic u lt.

T he aim  o f th e  p resen t s tu d y  h as  b een  to  p roduce a m odel o f  D IC  in 
its  m ild e s t form  w h ich , despite o f  b e in g  th e  m o st com m on ty p e  o f  th is  co n 
d itio n , v e ry  o ften  eludes diagnosis b ecau se  o f  th e  scarc ity  of c lin ica l m a n i
fe s ta tio n s . The m odel w as in ten d ed  fo r  th e  e v a lu a tio n  of th e  c u rre n t la b o ra to ry  
p ro c e d u re s  em p lo y ed  in the d iag n o stic s  o f  D IC .
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M ateria l a n d  m ethods

In d u c tio n  o f  D IC  in  rabbits. 14 ra n d o m ly  se lec ted  n o n p reg n an t fem ale r a b b its  o f  2.5 
to  3 kg  bod y  w eigh t w ere used . 8 ra b b its  w ere  t r e a te d  w ith  100 /ig E . coli 055; B 5 (B o iv in ) 
en d o to x in  p e r body  w e ig h t in  5 to  6 m l p h y sio lo g ica l sa line  in jec ted  in tra v e n o u s ly  in to  th e  
ear v e in . T he o th e r an im a ls  serving as c o n tro ls  rece iv ed  physio logical sa line  o n ly .
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Im m e d ia te ly  b e fo re  in je c tio n  th e  follow ing b lo o d  sam ples were d ra w n  fro m  th e  
e a r  vein ;

1) 1.6 m l b lo o d  -f- 6,4 m l 3 .3%  sodium  c itra te ;

2) 1 m l b lood +  0.05 T ra sy lo l®  (B ayer, 20 000 K IU /m l).

T h e  T ra sy lo l®  sam p le  o f  in h ib ited  f ib rin o ly tic  a c t iv ity  w as left to  c lo t, th e n , a f te r  
in c u b a tio n  a t  37°C fo r 2 h o u rs  th e  c lo t w as se p a ra te d , c en trifu g e d  a t  2000 r .p .m . fo r 20 m in  ** 
a n d  th e  s u p e rn a ta n t  se ru m  w as sucked  off. T h e  in co ag u lab le , c itra te d  b lood sam p le  w as 
h a n d le d  in  th e  sam e m a n n e r , how ever here fo r all m a n ip u la tio n s  a  silicon-coated  sy s te m  
w as used .

Sam pling  w as fo llow ed  b y  th e  in jec tio n  re fe rre d  to  above. 24 hours la te r  sam p les w ere 
ta k e n  a g a in  an d  th e  an im a ls  w ere k illed  by  e x sa n g u in a tio n  th ro u g h  th e  fem o ra l a r te ry . 
Im m e d ia te ly  a f te r  d e a th ,  tis su e  specim ens were ta k e n  fro m  th e  liver, spleen, k id n ey , lu n g  
a n d  m y o ca rd iu m  fo r h is to lo g ic  s tu d y .

T h e  follow ing s tu d ie s  w ere  carried  out.
Blood coagulation studies. T he p re - tre a tm e n t v a lu e s  w ere  com pared  w ith  th o se  o b ta in e d  

a t  th e  en d  of t r e a tm e n t,  th e  v a lu e  of th e  te s t  g ro u p  b e in g  re fe rred  to  those  o f th e  co n tro ls .
a )  T h ro m b in  t im e ; to  0.1 m l c itra te d  p la sm a  0 .05 m l O w ren-buffer [Ow e e n , 1947]

w as a d d e d  and  le ft to  c lo t w ith  0.05 m l o f a th ro m b in  so lu tio n  20 N IH -U  ( =  T o p o s ta s in ®  
H o ffm a n  la  R oche) p e r  m l a t  37°C.

b) T h ro m b o p la s tin  tim e  [Qu ic k , 1935], b y  th e  u se  o f  a  ca lc ium -con ta in ing  th ro m b o 
p la s t in  p re p a ra tio n  (T h ro m b o k in ase , Geigy).

c)  P a r t ia l  th ro m b o p la s t in  tim e  [P roctor  a n d  R a pp a p o r t , 1961] b y  th e  u se  o f 
In o s i th in  (A ssocia ted  C one., N ew  Y ork) as p a r tia l  th ro m b o p la s tin .

d )  M easu rem en t o f  fib rin o g en  [Cla u ss , 1957]. C o n tra ry  to  th e  o rig ina l p ro ced u re , 
o n ly  th e  ten fo ld  p la sm a  d ilu tio n s  w ere considered , i.e ., e s tim a te d  for th ro m b in  tim e . No 
c a l ib ra t io n  g rap h  w as p re p a re d  fo r th e  ca lcu la tio n s o f  th e  fib rin o g en  co n ce n tra tio n s , since 
th e  p re sen ce  of th e  f ib r in  m o n o m er an d  f ib rin  d e g ra d a tio n  p ro d u c t (F D P ) in  D IC  in te rfe re s  
w ith  re liab le  d e te rm in a tio n  o f fib rinogen .

e)  E th a n o l-g e la tio n  te s t  fo r th e  d e m o n s tra tio n  o f fib rin -m onom er [G o d a l  an d  
A b il d g a a r d , 1966].

f )  M easu rem en t o f  p ro th ro m b in  [K o ller  e t a l., 1951] by  th e  use o f ca lc iu m -co n 
ta in in g  th ro m b o p la s tic  m a te r ia l  (T hrom bokinase, G eigy). T h e  p rocedure  serves fo r th e  d e 
te rm in a tio n  of “ tru e ”  p ro th ro m b in .

.g )  D e te rm in a tio n  o f F a c to r  X  b y  th e  m e th o d  o f  H o u g ie  [1962,] w ith  th e  re a g e n ts  
B e n to n i t  (P ro -L ab o , P a r is ) ,  S ty p v e n  (B orrough  a n d  W elcom e, L ondon), In o s ith in  (A sso c ia ted  
C one., N ew  Y ork).

h )  D e te rm in a tio n  o f  th e  n u m b er o f p la te le ts  in  B u e rk e r’s ch am ber by  th e  m e th o d  of 
F e is s l y  a n d  L ü d in  [1949.]

i )  D e te rm in a tio n  o f f ib rin o g en  and  of f ib r in o g e n  d eg rad a tio n  p ro d u c t (F D P )  by  
im m u n o e lec tro p h o re s is  [JÁKÓ e t  al., 1970]. The n ece ssa ry  a n tira b b it  fib rinogen  se ru m  w as 
ra is e d  in  go a ts b y  m ea n s  o f p u rif ie d  ra b b it  fib rin o g en  p re p a re d  b y  th e  p ro ced u re  o f  K azal 
e t  al. [1963], 2 m l doses o f th e  1.5%  fib rin o g en  so lu tio n  h a v in g  been  a d m in is te re d  in t r a 
v e n o u s ly  every  second  d a y  on  18 occasions a lto g e th e r, a n d  th is  being  follow ed by  in tra m u sc u la r  
im m u n iz a tio n  w ith  th e  sam e fib rin o g en  doses in  c o m p le te  F re u n d ’s a d ju v a n t  ev ery  fo u r 
d a y s  o n  5 occasions a lto g e th e r . T h en , a f te r  a p a u se  of 7 d ay s , im m u n iza tio n  w as co n tin u e d  
u n d e r  an tih is tam in e  p ro te c tio n , likewise on five  occasions. 15 days a fte r th e  la s t  in je c tio n  
th e  a n im a ls  w ere k illed  b y  e x san g u in a tio n .

Specificity  o f th e  a n tise ru m  w as checked b y  im m u n o e lec tro p h o resis . A fte r  e x h a u s tio n  
w ith  r a b b i t  serum  ( 9 : 1 )  a  m onospecific  a n tise ru m  o f h ig h  t i t r e ,  giving p re c ip ita tio n  e x 
c lu s iv e ly  w ith  f ib rin o g en , w as o b ta in ed .

E lec tro im m u n e  d iffu s io n  w as p e rfo rm ed  on  g lass p la te s  m easu ring  1 2 x 8 .2  cm  in  th e  
fo llow ing  system ; A garose  (K o ch -L ig h t) in  1% N a-V eronal-V eronal buffer o f p H  8.6, 8.75 
m l; a n ti r a b b i t  f ib rin o g e n  g o a t serum , 3.2 ml; h e p a r in  (C hem ical W orks G edeon  R ic h te r , 
B u d a p e s t) ,  0.1 m l. T h e  su b se q u e n t steps are given in d e ta i l  in  th e  original d e sc rip tio n  o f th e  
p ro c e d u re  [JÁKÓ a n d  Sa s , 1970].

H istologic studies. T h e  fresh  tissu e  sam ples w ere f ix ed  in  10%  fo rm alin  a n d  96%  
e th a n o l, em bed d ed  in  p a ra f f in  a n d  s ta in ed  w ith  M asson— G o ld n er’s trich rom e dye  [G o l d n e r , 
1938] w h ich  sta in s  th e  in tr a v a s a l  f ib rin  p re c ip ita te s  a  consp icuous b rig h t o range.

R esu lts  w ere e v a lu a te d  b y  S tu d e n t’s i- te s t.
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R esults

Blood coagulation. T he  g rap h  in F ig . 1 d isp lay s th e  coagu la tion  d a ta  
o b ta in ed  p rio r to  an d  24 hou rs  a fte r th e  in je c tio n  o f en d o tox in , th e  p re 
in jec tio n  va lu es  being  fo u n d  a t  th e  le ft, and  th e  p o st-in jec tio n  values a t  th e  
r ig h t side o f th e  co lum ns rep resen tin g  th e  in d iv id u a l te s ts . The successive 
co lum ns from  le ft to  r ig h t rep re sen t th e  p la te le t  co u n t, th ro m b in  tim e , 
th ro m b o p la s tin  tim e , p a r tia l  th ro m b o p la s tin  t im e , th ro m b in  tim e o f d ilu te d  
p lasm a , th e  am o u n ts  o f p ro th ro m b in  and  o f fa c to r  X , all being e x p re ssed  in  
p er cen t o f th e  values, o f pooled  con tro l p lasm a. M a th e m a tic a l analysis re v e a le d  
s ig n if ican t dev ia tio n  o f th e  p la te le t co u n t, p a r t ia l  th ro m b o p la s tin  t im e , p ro 
th ro m b in  an d  fac to r  X  (F ig . 1).

T he resu lts  o f th e  e th a n o l gelation  te s t  h a v e  n o t  been  included in  F ig . 1. 
In  n one  o f th e  e n d o to x in - tre a te d  eigh t an im als  h a d  been  the  te s t  p o s itiv e  
p rio r to  in jec tio n , w hereas 24 hours a fte r  th e  a d m in is tra tio n  of e n d o to x in , 
p o s itiv ity  o f th e  te s t  w as n o te d  in  4 cases, th u s  in d ica tin g  the  p resen ce  o f  
fib rin  m onom er.

In  th e  con tro ls, i.e., in  th e  an im als h av in g  b een  tre a te d  w ith  p h y sio log ica l 
saline in s te a d  o f  en d o to x in , th e  sam e values w ere  fo u n d  a fte r as b efo re  th e  
a d m in is tra tio n  o f en d o to x in . F ib rin  m onom er w as n o t d em onstrab le  in  a n y  
of th e  cases.

Fig. 1. R esu lts  o f co ag u latio n  s tu d ies  p rio r to  en d o to x in  in je c tio n  (left side of th e  co lu m n s) 
an d  24 h rs  a f te r  in jec tio n  (r ig h t side o f  th e  colum ns)

I. P la te le t  co u n t. I I .  T h ro m b in  tim e. I I I .  Q uick tim e . IV . P a r t ia l  th ro m b o p la s tin  t im e . 
V. C lauss tim e. V I. F a c to r  I I .  V II. F a c to r  X . T he in d iv id u a l d o ts  rep resen t th e  a v e ra g e  of

tw o m easu rem en ts
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F ig . 2 . R e su lts  o f e lectro im m u n o d iffu sio n  s tu d ies . Ip  a n d  l s: im m u n o g ram s o f  p la sm a  and  
s e ru m  b efo re  t re a tm e n t. 2S— 7S: F D P  ap p earin g  in  th e  se ru m  a fte r e n d o to x in  a d m in is tra tio n

T h e  e lec tro im m une  diffusion s tu d ie s  rev ea led  m ean  f ib r in o g e n  con
c e n tra t io n s  of 400 m g p e r 100 ml r a b b it  p la sm a  p rio r to  en d o to x in  in jec tio n . 
24 h o u rs  a fte r in je c tio n  th e  fib rinogen  co n cen tra tio n s  w ere n o t  h ig h e r  th a n  
210  m g  p er 100 m l p la sm a  (p 0.02). A d m in is tra tio n  o f e n d o to x in  th u s  
r e s u l te d  in  a s ig n if ican t fa ll in  th e  a m o u n t o f p ro te in  m ark ed  b y  th e  im 
m u n o lo g ica l ch a rac te rs  o f fib rinogen .

F D P  w as a b se n t from  all sera p rio r  to  th e  ad m in is tra tio n  o f  en d o to x in , 
b u t  w as d em o n strab le  in  s ix  o u t o r e ig h t an im a ls  a fte r in jec tio n . F ig . 2 shows 
th e  e lec tro im m u n o g ram s o f  th e  pooled  p la sm a s  an d  sera p rio r to  t r e a tm e n t 
a n d  o f  th e  F D P -c o n ta in in g  sera a fte r  t r e a tm e n t .

H istology. A p a r t  from  q u a n t i ta t iv e  differences, in tra v a s c u la r  pre-
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c ip ita te s  w ere  d em o n strab le  in  all e n d o to x in - tre a te d  anim als, w h e th e r f ix a tio n  
in fo rm alin  or in  e thano l h a d  been  used. O f th e  o rgans exam ined , th e  k id n e y , 
spleen a n d  liv e r  exh ib ited  m ark ed  in tra v a s c u la r  c lo ttin g . The p re c ip ita te s  
were of v a r ia b le  ex ten t, ap p e a rin g  genera lly  as a hom ogeneous f ib r in  m ass, 
th o u g h  a rea s  o f  fib rilla r s tru c tu re  were also n o te d . F ig . 3 shows f ib r in  p re 
c ip ita te s  in  th e  ren a l vessels.

D iscussion

O ur te a m  has been s tu d y in g  for y ea rs  th e  d iagnostic  and  th e ra p e u tic  
aspects o f  D IC  [S as e t al., 1968; J ákó and  Sa s , 1970; Sas et al., 1971; 1971b], 
T he aim  o f th e  p resen t s tu d y  has been to  e x a m in e  th e  d iagnostic  v a lu e  o f  th e  
cu rren t la b o ra to ry  te s ts  in  th e  com m on m ild  fo rm s o f D IC on th e  g ro u n d s 
of a m odel ex p e rim en t. F o r  th e  induc tio n  o f  D IC , in jec tions o f e n d o to x in  or 
o f th ro m b o p la s tin  are u su a lly  em ployed  [S e l y e , 1966; B e l l e r , 1971]. T h e  
classical p ro ced u res  are b a sed  on th e  p ro v o c a tio n  o f  th e  generalized S h w artz - 
m an  p h en o m en o n  by  tw o  in jec tio n s o f e n d o to x in  sep ara ted  b y  a c e r ta in  
in te rv a l a n d  g iv ing  rise to  D IC  in  its  m o st sev ere  acu te  form . H o w ev e r, in  
clinical p ra c tic e  m ilder fo rm s liab le  to  elude d iagnosis are fa r m ore co m m o n . 
T herefore, we confined  o u r ex p erim en ts  to  th e  f i r s t  s tep  o f th e  re a c tio n , to  th e  
effect o f th e  p re p a ra to ry  in jec tio n  of en d o to x in , w hich  alone is a p t  to  b rin g  
a b o u t a genera lized  a c tiv a tio n  o f th e  b lood  c lo ttin g  system  [B e l l e r , 1971; 
B l e y l  e t a l., 1969]. I t  m u s t, how ever, be em p h a s iz e d  th a t  th e  c lo tt in g  an d  
fib rin o ly tic  system s of th e  la b o ra to ry  an im a ls  g re a tly  differ from  th o se  of 
hum ans. T h ere fo re , as fa r as h u m a n  p a th o lo g y  is concerned , th e  re su lts  o f  th e  
m odel e x p e rim e n t should  be  in te rp re te d  w ith  d u e  cau tion .

I t  h as b een  found t h a t  am ong  all p a ra m e te rs  stu d ied , the  p la te le t  c o u n t, 
th e  p a r tia l  th ro m b o p la s tin  tim e , fac to rs I I  a n d  X  were m ost f re q u e n tly  
affected . O n th e  evidence o f  clinical o b se rv a tio n s  [Sas and  Pálo s , 1971], 
p ro lo n g a tio n  o f  th e  Q u ick -tim e  an d  of th e  p a r t ia l  th ro m b o p la s tin  tim e  as 
well as a fa ll in  th e  p la te le t co u n t are th e  e a r lie s t ind ica to rs of D IC .

In  a ll o f  th e  e n d o to x in - tre a ted  an im als th e re  w as a fall in  th e  p la te le t  
co u n t. O n th e  o th e r h an d , th ro m b o c y to p e n ia  w as n o t  d e tec tab le  in  m ore  th a n  
60 to  70 %  o f o u r clinical m a te r ia l. This d ifference  m ay  be due to  th e  th ro m b o 
cy topen ic  e ffec t o f en d o to x in  w hich  was h a rd ly  ev er th e  responsib le  fa c to r  
in  our c lin ica l cases. On th e  o th e r h an d , in  diffuse coagulation  d iso rd e rs  
accom pany ing  chronic liv e r in ju ry , th e  e ffec t o f  th e  to x in  m ay  be decisive 
[Jákó an d  Sa s , 1968; Sas a n d  J ákó , 1968]. M oreover, on co n fro n tin g  th e  
resu lts  o f an im a l ex p erim en ts  w ith  those o f  h u m a n  observations, i t  is w ell 
to  b ear in  m in d  th a t ,  while in  th e  m odel e x p e r im e n t D IC  has b een  in d u c e d  
b y  a single, a c u te  in te rv e n tio n , th e  clinical co n d itio n  is p rev a len tly  th e  co n 
sequence o f  a p ro tra c te d , ch ro n ic  process.
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T h o u g h  in  th e  m o d e l exp erim en t th e  co ag u la tio n  d iso rder h a s  been  
in d u c e d  w ith  id en tica l en d o to x in  doses a n d  u n d e r  id en tica l e x p e rim e n ta l 
c o n d itio n s , y e t th e  re sp o n se  w as nearly  as he te rogeneous as in  th e  clin ica l 
c ases . E n d o to x in  se n s it iv ity  o f th e  la b o ra to ry  an im als shows w ide in d iv id u a l 
v a r ia t io n s  and  also d ep en d s  on  sex, age, g en e ra l cond itio n , etc. T h o u g h  co n s id e r
a t io n  h a s  been given to  a ll possible fac to rs  o f  th is  k in d , y e t  th e  en d o to x in - 
in d u c e d  condition  w as b y  n o  m eans u n ifo rm . H o w  m ore h e te ro g en eo u s m u st 
be  th e n  th e  clinical c o n d itio n  w here, in a d d itio n  to  all these fa c to rs , th e  p r i
m a ry  d isease and  th e  resp o n sib le  fac to r a re  also  ex trem ely  v a riab le .

I n  certa in  re sp ec ts , th e  im m unological p ro ced u re s  are of g re a te r  s e n s itiv 
i t y  t h a n  th e  co n v en tio n a l coag u la tio n  te s ts . H o w ev er, th e y  req u ire  e la b o ra te  
e q u ip m e n ts  and  are tim e-co n su m in g . The tim e  fa c to r  is n o t a serious d ra w 
b a c k  in  th e  presence o f  ch ron ic  form s of D IC , m oreover, im m uno log ica l d em 
o n s tr a t io n  of F D P  re p re se n ts  here a h igh ly  v a lu a b le  diagnostic  clue. H o w ev er, 
th e  d isc rep an cy  b e tw een  th e  p lasm a a n d  se ru m  findings w hich  h a s  also 
b e e n  con firm ed , ra ises th e  possib ility  o f  th e  presence o f som e a r t ifa c t  
[M e k s k e y , 1969].

I n  a num ber o f  o u r c lin ica l cases, ev e n  in  those  of le th a l o u tc o m e , we 
h a v e  b e e n  unable  to  e s ta b lish  th e  co rrec t d iagnosis o f D IC , d esp ite  th e  use 
o f  co a g u la tio n  te s ts  a n d  o th e r  d iagnostic  p ro ced u re s . On th e  o th e r  h a n d , in  
th e  p re s e n t  m odel e x p e rim e n t, in trav asa l f ib r in  p rec ip ita te s  w ere d e m o n s tra b le  
e v e n  in  th e  cases of m ild es t degree. H isto log ic  s tu d y  of th is  k in d  of th e  a u to p sy  
m a te r ia l  in  le th a l cases w o u ld  be there fo re  m o s t in s tru c tiv e  b y  re v e a lin g  th e  
p re se n c e  o f th e  diffuse c o ag u la tio n  d iso rder in  re tro sp e c t. T his m ig h t p ro v id e  
u se fu l clues for the  a sse ssm en t o f th e  d iag n o stic  v a lue  of la b o ra to ry  ev idence  
a n d  p ro m o te  the  e la b o ra tio n  of fu r th e r  p ro c e d u re s .
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URINARY EXCRETION OF HYDROXYPROLINE 
IN PREGNANCY

I .  P l U K O V I C H ,  J .  M o R V A Y

D EPA RTM EN T O F OBSTETRICS A N D  GYNAECOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, SZEG ED

(R ece iv ed  A pril 26, 1972)

U rin a ry  h y d ro x y p ro lin e  ex cre tio n  has b een  s tu d ie d  in  10 n o n -p reg n a n t an d  
102 p re g n a n t  w om en. In c re a se d  values were c o n fin ed  to  th e  second h a lf  o f p re g n an c y . 
H y d ro x y p ro lin e  ex cre tio n  w as sim ilar in im m in e n t a b o rtio n  as in  no rm al p re g n an c y , 
b u t  in  cases o f p re m a tu re  d e liv e ry  a s ig n ific a n t re d u c tio n  in  th e  figu res w as de
m o n strab le .

T he m etab o lism  o f m esen ch y m al tissues is s ig n ifican tly  increased  d u rin g  
p regnancy . T h is  increase is b y  no m eans co n fin ed  to  th e  organs o f s tr ic tly  
rep ro d u c tiv e  fu n c tio n  w hich  a re  u n d er en d o crin e  co n tro l b u t invo lves o th e r 
organs as w ell [12, 13]. T h e  q u a n tita tiv e  chan g es in  th e  fib rous e lem en ts  
and  in  th e  g ro u n d  su b stan ce  o f  th e  u te ru s  h a v e  ex ten s iv e ly  been s tu d ie d  an d  
th e  m ucopo lysaccharide  c o n te n t  o f th e  g ro u n d  su b stan ce  has been  fo u n d  to  
increase p a ra lle l w ith  th e  en la rg e m e n t of th e  p re g n a n t u te ru s . T his increased  
p ro duc tion  o f  g lycosam inog lycan  in th e  tissu es  seem s to  accoun t fo r th e  h igh  
ra te  of g ly co p ro te in  sy n th esis  an d  for th e  e le v a tio n  o f  th e  serum  g ly co p ro te in  
level d u rin g  p reg n an cy .

A lth o u g h  in  p reg n an cy  th e  to ta l  collagen m ass o f th e  u te ru s  is s ig n if
ican tly  in c rea sed , the  increase in  th e  am o u n t o f  f ib ro u s  com ponents lags b eh in d  
th a t  of th e  g ro u n d  su b stan ce . Collagen is k n o w n  to  be  th e  only p ro te in  w hich  
con ta ins h y d ro x y p ro lin e  in  la rg e  am o u n ts  [19, 27 ]. An increase in  th e  ra te  
o f collagen sy n th es is  th u s  re su lts  in  an in c rea sed  p ro d u c tio n  an d  u r in a ry  
excre tion  o f h y d ro x y p ro lin e . C onversely, th e  a m o u n t o f h y d ro x y p ro lin e  e x 
cre ted  in  th e  u rin e  is an  in d e x  of th e  ra te  o f  collagen  synthesis [30, 31, 3 8 ]. 
The com position  of th is  sc le ro p ro te in  p er 100 g p ro te in  is as follows.

A lanine 9.5 g
C ystine 0.0
G lycine 27.0
H y d ro x y ly sin e 1.5
P ro lin e 15.0
H y d ro x y p ro lin e 14.0
V aline 3.0

T hus, collagen consists for th e  g rea te s t p a r t  o f  g lycine, prolm e an d  h y d ro x y 
proline, as in d eed  the  th re e  links o f th e  co llagen  chain  are fo rm ed  b y  th ese
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F ig . 1. P ro d u c tio n  of h y d ro x y p ro lin e

a m in o  ac ids in  the  seq u en ce , g lycine— h y d ro x y p ro lin e —pro line . H y d ro x y 
p ro lin e  is confined to  th e  co nnec tive  tissu e  p ro te in  o f an im al o rig in , an d  is 
a b s e n t  fro m  o ther p ro te in s .

H y d ro x y p ro lin e , 4 -h y d ro x y p y rro lid in e -2 -ca rb o x y lic  acid, is fo rm ed  from  
p ro lin e  b y  th e  jo in t a c tio n  o f  an  o x y d ase  c a ta ly z e r  of p lu r ip o te n tia l a c tiv ity  
a n d  o f  ascorb ic  acid (F ig . 1).

M aterial and m ethods

T h e  pooled  24-hour u rin e  o f  10 n o n -p re g n a n t a n d  102 p re g n an t w om en in  d iffe re n t 
s ta g e s  o f  p reg n an cy  has been  s tu d ied . U rine  w as co llec ted  du ring  five d a y s , b u t  o n ly  th e  
m e a n  o f  th e  la s t  th ree  days w as considered . In  th e  f i r s t  tw o  days, co llection  o f u r in e  is o ften  
u n re lia b le , th ere fo re  i t  w as fo u n d  p re fe rab le  to  d is re g a rd  these  values. U r in a ry  c rea tin in e  
w as e s t im a te d  in  every case as a n  in d ex  o f  re liab le  u r in e  collection. T he cases w h ere  th ere  
w as r e a s o n  to  suspect som e in ac cu ra c y , w ere also  ex c lu d ed  from  an alysis. E s t im a tio n  of 
h y d ro x y p ro lin e  was carried  o u t  on  th e  basis o f th e  p ro c ed u re  o f Steg em a n n  [32] as m od ified  
b y  B e r g m a n  an d  L o x l ey  [1], a n d  K o ev o et  [17].

Reagents

Concentrated H C L ,

0,001 M  H C L  (1 m l c o n c e n tra te d  H C l in  1 lite r w ater)
Iso p ro p a n o l acetate-citrate b u ffer  (P H  = 6 .0 )  so d iu m  ace ta te  • 3 H 20 ,  57 g; tr iso d iu m  

c i t r a te  • 2 H 20 ,  37.5 g; c itr ic  ac id  • H 20 ,  5.5 g;

iso p ro p a n o l, 385 m l; m ade  u p  w ith  w a te r  to  1 l itre .

O xid a n t solution: T o sy lch lo ram id e  sod ium  7 g in  100 m l w ater, m ade  u p  im m ed ia te ly  
b e fo re  u se .

Isopropano l.

E hrliches reagent (m ade  u p  im m ed ia te ly  b e fo re  use): p -d im e th y lam in o -b en za ld eh y d e  
10 g, d isso lv e d  in 11 m l 60%  p e rch lo ric  acid. 3 m l o f th is  so lu tion  is a d d e d  to  16 ml 
iso p ro p a n o l before  use. E ach  te s t  tu b e  req u ires  13 m l o f  th is  m ix tu re .

D ilu te d  buffer so lution: to  4 p a r ts  o f th e  iso p ro p a n o l-a ce ta te -c itra te  s to c k  so lu tio n
1 p a r t  w a te r  is added im m ed ia te ly  before  use.

D ilu te d  oxidant so lu tion: iso p ro p a n o l-a ce ta te -b u ffe r  stock  so lu tio n  a n d  o x id an t
s o lu tio n  a re  m ixed  4 : 1 before  use .
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Procedure

1 m l o f 24 h r  u rin e  is hyd ro ly zed  w ith  1 m l c o n ce n tra ted  H C l in a g las-sstoppered  
te s t- tu b e  a t  120°C, th e n  r in sed  tw ice  w ith  1 m l 0.001 M H C l in to  th e  dish  a n d  th e  co n ten ts  
are  ev ap o ra te d  to  d ry n e ss  in  a w a te r  b a th  u n d e r  an  e x h au s t. T he d ry  residue 
is ta k e n  up  in 5 m l 0.001 M H C l, tran sfe rre d  in to  a cen trifu g e  tu b e  an d  sp u n  fo r 5 m in  a t 
3000 r .p .m . F rom  th e  su p e rn a ta n t,  tw o 1 ml sam p les a re  p ip e tte d  in to  tw o  g ro u n d  glass- 
s to p p e red  tubes, 2 m l iso p ro p an o l is ad ded  to  each  an d  sh aken . T h en  1 m l o f th e  d ilu ted  
c itra te  buffer is p ip e tte d  in to  th e  f irs t  and 1 ml o f th e  o x id a n t so lu tion  in to  th e  second tube. 
13 m l o f E h rlich ’s re a g e n t is th e n  ad d ed  to  each  tu b e . A fte r sh ak ing , th e  sea led  tu b es  are 
k e p t a t  37°C fo r 17 h o u rs . B o th  substances are th e n  e s tim a te d  in  a S p ek tro n o n  360 p h o to m 
e te r  a t  558 nm  ag a in s t w a te r  in  1 m l cu v ettes .

Calculation

T he difference b e tw een  th e  e x tin c tio n  v a lu es fo r th e  ox id ized  an d  th e  buffered  
sam ple  p e rm its  to  re a d  fro m  th e  ca lib ra tio n  cu rv e  th e  a m o u n t o f h y d ro x y p ro lin e  
in  m g p e r 100 m l w h ich  is m u ltip lied  by  th a t  o f th e  da ily  u r in a ry  ex cre tio n .

T he re su lts  h a v e  b een  ev a lu a te d  by  S tu d e n t’s t- te s t.

R esults

M ean u r in a ry  h y d ro x y p ro lin e  ex c re tio n  in  24 h r  u rin es  o f h e a lth y  
fem ales betw een  20 a n d  30 years o f age w as 18.7 +; 2.4 m g. T h is figure  is 
s lig h tly  low er th a n  th o se  given in  th e  l i te ra tu re . Zorab [39] fo u n d  27.1 ;+ 
+: 1.8 mg in 17 to  18-year-o ld  girls, P latt e t  al. [28] 21 +; 6.2 on ly . The cause 
o f th is  inconsistency  m u s t be so u g h t in  d ifferences in  th e  tech n iq u es .

U nder n o rm a l co n d itio n s , th e  u r in a ry  ex c re tio n  o f h y d ro x y p ro lin e  is 
s ig n ifican tly  low er in  e a r ly  p reg n an cy  th a n  in  n o n -p re g n a n t w om en . On the 
o th e r  h an d , from  th e  2 4 th  w eek of p reg n an cy  onw ard  it  rises to  s ig n ifican tly  
h ig h er levels th a n  in  n o n -p reg n an t w om en an d  reaches its  p e a k  a fte r  the 
3 7 th  w eek, i.e., close to  te rm , as indeed  in  th is  s tu d y  th e  m ax im u m  figu re  of 
80 m g/24 h r w as fo u n d  in  th is  period .

U rin a ry  h y d ro x y p ro lin e  excre tion  h as  fu r th e r  been ex am in ed  in cases 
o f  im m in en t a b o rtio n  a n d  p re m a tu re  d e livery . I t  w as only in  th e  la t te r  group 
w here a sign ifican t d e v ia tio n  of the  figures from  those o f n o rm a l p regnancy  
w as dem o n strab le  (T able  I).

Table I

U rinary excretion o f  hydroxyproline in  women with normal pregnancy, 
im m inent abortion and im m inent prem ature delivery

W eek of pregnancy

- 1 2 13 20 2 1 -2 8 29 36 3 7 -

N orm al pregnancy

Im m in en t abortion  and 
p rem a tu re  delivery

9 .4 + 1 .1 5 *
(10)

7.8 +  1.36 
(10)

14.7 +  1.17 
(11)

14.2 +  1.21 
(10)

2 5 .9 + 3 .5 8
(11)

1 9 .4 + 1 .3 3
(12)

3 1 .9 + 2 .0 8
(10)

21 .9+1 .75**
(11)

44.2 +  2.31 
(17)

(The figures in b ra ck e ts  rep resen t th e  n u m b er o f cases) 
* m g/24 h r  +  SD 

** p <  0.05
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Discussion

I t  h a s  been p o in ted  o u t b y  Meilman e t  al. [20] an d  K lein  an d  Y e n  [15] 
t h a t  u r in a ry  h y d ro x y p ro lin e  ex c re tio n  s ig n ifican tly  declines in  th e  p u e r
p é r iu m , a n  observation  im p lic a tin g  th a t  from  th e  collagen d eg rad ed  in  th e  
p o s t-p a r tu m  period p ra c tic a lly  no  h y d ro x y p ro lin e  is ex c re ted  in to  th e  u rin e , 
d e sp ite  th e  fac t th a t ,  as d e m o n s tra te d  b y  Morrione  an d  Seifter  [22], a b 
s o rp tio n  o f collagen in  th e  f i r s t  d ay s  of p u e rp e riu m  as a re su lt o f u te rin e  
in v o lu tio n  am oun ts to  53 g.

K l e in  and  Y en  [15] s tu d ie d  u r in a ry  h y d ro x y p ro lin e  ex c re tio n  fro m  th e  
2 0 th  w e e k  o f p regnancy  u n t i l  th e  8 th  week p o st p a r tu m  in  6 cases. As in  th e  
p re s e n t  s tu d y , excre tion  w as fo u n d  to  increase w ith  ad v an c in g  p reg n an cy , 
an  o b se rv a tio n  po in tin g  to  a n  increasing  ra te  o f  collagen sy n th esis  p a ra lle l 
w ith  th e  en la rgem en t o f th e  p re g n a n t u te ru s . O n th e  ev idence o f an im al 
e x p e r im e n ts , the  collagen c o n te n t  o f  the  u te rin e  h o rns is closely re la te d  to  
th e  size o f  th e  u te ru s  an d  to  th e  n u m b e r o f  foe tuses [7].

A n  increase in  th e  a m o u n t o f  u te rine  collagen to w a rd  th e  en d  o f  p re g 
n a n c y  h a s  been  n o ted  b y  se v e ra l a u th o rs . A ccord ing  to  an im al ex p e rim en ts  
a n d  h u m a n  stud ies, th e  p re g n a n t  u te ru s  is th e  site  o f en h an ced  collagen 
s y n th e s is . A ccording to  Cr e t iu s  e t al. [4], th e  b o d y  an d  cerv ix  o f th e  p re g n a n t 
u te ru s  a re  richer in  sa line-so lub le  collagen th a n  th o se  o f th e  n o n -p re g n a n t 
u te ru s .  T h is  collagen o f re a d y  so lu b ility  is ty p ic a l o f  y o u n g  connective  tissue . 
O n th e  ev idence of th e  s tu d ie s  b y  K ühn  w ith  14C -labelled glycine [18], th e  
sa lin e -so lu b le  collagen is d ire c tly  tran sfo rm ed  in to  its  inso luble  d e fin ite  fo rm . 
In  o th e r  w ords, th e  y o u n g  co llag en  o f re a d y  so lu b ility  g rad u a lly  assum es its  
in so lu b le  m a tu re  form .

T h o u g h  the  to ta l  co llagen  o f  th e  u te ru s  reach es 6 to  lOfold its  o rig inal 
v a lu e  b y  th e  end of p re g n a n c y , its  co n cen tra tio n s re fe rred  to  d ry  su b stan ce  
a c tu a lly  decline to  one th i rd  [2, 3, 21, 35, 36]. T h e  re su lts  o f an im al e x p e ri
m e n ts  a re  consisten t w ith  th e s e  find ings [3, 7, 9 , 24]. T he fa ll in  collagen 
c o n c e n tra tio n  is clearly  due  to  th e  excessive increase  in  th e  b u lk  o f  g ro u n d  
s u b s ta n c e  w hich  is o u t of p ro p o r tio n  to  th a t  of th e  f ib ro u s e lem en ts.

I t  is on ly  th e  increase o f  th e  g round  su b stan ce  m ade up  o f p ro te in s  an d  
p o ly sa c c h a rid es  w hich keeps p ace  w ith  th e  g ro w th  o f th e  p re g n a n t u te ru s . 
A t th e  e n d  o f p reg n an cy  th e  ra tio  be tw een  g ro u n d  su b stan ce  a n d  f ib ro u s  
e le m e n ts  corresponds to  3 : 1 in  th e  u te rine  b o d y , a n d  to  5 : 1 in  th e  cerv ix , 
as a g a in s t  1.5 : 1 and  2 : 1, re sp ec tiv e ly , in  th e  n o n -p re g n a n t u te ru s . T h u s , 
th e  t o t a l  m ass and  c o n c e n tra tio n  o f  th e  am o rp h o u s in te rs ti t ia l  su b s ta n c e  is 
fa r  in  excess of th a t  o f th e  co llagen  in  b o th  u te r in e  b o d y  and  cerv ix  [4, 33].

O th e r  d a ta  also in d ic a te  t h a t  collagen sy n th es is  is en h an ced  in  th e  
seco n d  h a l f  of p regnancy . T h e re  a re , for in stan ce , th e  s tud ies b y  H alme an d  
J ä a s k e l ä in e n  [6] on th e  p ro lin e  h y d roxy lase  a c t iv i ty  o f p ro to co llag en  in
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th e  p re g n a n t m ouse u te ru s . P ro toco llagen  is a collagen p recu rso r consisting  
o f p o ly p ep tid es  o f h igh  p ro line  an d  low h y d ro x y p ro lin e  c o n te n ts  in  w h ich  the  
pro line  g roup  is co n v e rted  to  h y d ro x y p ro lin e  b y  th e  said  en zy m e. I t  has 
been  d e m o n s tra te d  b y  th e se  a u th o rs  [6] in  m ice th a t ,  w hile in  th e  f i r s t  h a lf  
o f p reg n an cy  th e  a c tiv ity  o f  th e  enzym e is th e  sam e as in  n o n -p re g n a n ts , in  the  
second  h a lf  i t  reaches a p p ro x im a te ly  fourfo ld  va lues. A n in c rea sed  p ro to 
collagen proline h y d ro x y la se  a c tiv ity  has been  n o te d  in  th e  p re g n a n t u te ru s  
b y  K ao e t  al. [11] to o , fu r th e rm o re  i t  h as  been  d e m o n s tra te d  t h a t  oestrogen  
an d  p rogeste rone , p a r tic u la r ly  th e  fo rm er, are a c tiv a to rs  o f th e  en zy m e in 
q u estio n .

In  th e  lig h t o f  th e  p re se n t fin d in g s w hich  are in  line w ith  p u b lish ed  
ev idence , th e  increase in  u r in a ry  h y d ro x y p ro lin e  ex cre tio n  in  th e  second  h a lf  
o f p reg n an cy  m ay  th u s  be  co n n ec ted  w ith  an  increased  ra te  o f u te r in e  collagen 
sy n th es is . T his, how ever, is b y  no  m eans in co m p atib le  w ith  an  a d d itio n a l role 
of th e  foetus an d  o f th e  ap p en d ag es  o f th e  ovum , th e  less so as th e re  is ev idence 
suggestive  of th is  possib ility .

As p o in ted  o u t b y  N eum an  an d  L ogan [26], h y d ro x y p ro lin e  is a b se n t 
from  egg-w hite as w ell as from  egg-yolk. I t s  fo rm a tio n  in  th e  fo e tu s  a n d  its  
m em b ran es s ta r ts  d u rin g  e m b ry o n a l life. N eum an  in  a la te r  s tu d y  [26] th e n  
show ed th a t  h y d ro x y p ro lin e  a t ta in s  d em o n strab le  am o u n ts  in  th e  fo u r-d ay  
ch ick  em bryo  an d  co n tin u es to  rise  to  1 .16%  o f th e  d ry  m a te r ia l  b y  th e  
19tli d ay .

H arkness an d  H a r k n ess  [8] fo u n d  th a t  th e  ra te  o f g ro w th  o f  col
lagen  in  th e  r a t  foe tus is fa r  in  excess o f  th a t  o f  b o d y  w eigh t, th e  collagen 
co n cen tra tio n s  a tta in in g  six fo ld  values b e tw een  th e  13 th  an d  2 1 s t d a y  o f 
in tra u te r in e  life. T h is is also v a lid  for th e  p la c e n ta , um bilica l ch o rd , and  
m em b ran es.

D a ta  on th e  h y d ro x y p ro lin e  excre tion  o f th e  h u m a n  fo e tu s  a re  scarce . 
Y ounoszai and  H awort [37] fo u n d  low  ex cre tio n  figures d u rin g  th e  f irs t 
th re e  n e o n a ta l days in  fu ll- te rm  or p re m a tu re  new borns as well as in  foe tuses 
w ith  p re n a ta l d y s tro p h y .

P la c e n ta l h y d ro x y p ro lin e  p ro d u c tio n  seem s to  co n tin u e  u n t i l  th e  end  
o f p reg n an cy . Sch euner  a n d  R uck h äberle  [29] found  a s te a d y  in c rease  in 
p la c e n ta l h y d ro x y p ro lin e  from  th e  s ix th  w eek o n w ard  u n til  te rm . T h e  fin d in g s 
o f  K nopp  [16] also p o in t to  a progressive  co llagen ization  o f th e  p la c e n ta  
th ro u g h o u t p reg n an cy .

T hese views a re , how ever, n o t  u n iv e rsa lly  sh a red . A ccord ing  to  Zhuk  
d ev e lo p m en t o f th e  con n ec tiv e  tissu e  of th e  v illi is com plete  befo re  th e  end 
o f th e  fo u rth  m o n th  a n d , acco rd ing  to  N agy  [25], th e re  is even a reg ression  
o f p la c e n ta l tissue  b e tw een  th e  sev en th  an d  n in th  m o n th s.

T he p resen t o b se rv a tio n  th a t  h y d ro x y p ro lin e  excre tion  is s ig n if ic a n tly  
less in  w om en w ith  im m in e n t p re m a tu re  de liv ery  th a n  in  n o rm a l p re g n a n c y

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



32 I. PIUKOVICH J. MORVAY

is th u s  b y  no m eans in c o m p a tib le  w ith  an  a b n o rm a l collagen tu rn o v e r  in  th e  
u te ru s  as well as in  th e  fo e to p la c e n ta l sy s tem  u n d e r  th ese  cond itions.
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IDIOPATHIC THROMBOCYTOPENIC PURPURA: 
EXAMINATION OF CELLULAR IMMUNITY 

WITH HOMOLOGOUS PLATELET ANTIGEN IN VITRO
M. B alázs, T . B u r g er , A. Pár , I .  P alk a , G. D eák

FIR ST D EPA R T M E N T O F M ED ICIN E, U N IV ERSITY  M ED ICAL SCHOOL, PÉCS, HUNGARY 

(R ece iv ed  M ay 10, 1972)

L y m p h o c y te  tra n s fo rm a tio n , as a ce ll-m ed ia ted  im m u n e  reac tio n  to  specific  
(p la te le t) an d  non-specific  (p h y to -h aem ag g lu tin in ) s t im u la n ts  has been  s tu d ied  in th e  
ly m p h o cy te  c u ltu re s  o f 12 p a tie n ts  suffering  fro m  id io p a th ic  th ro m b o cy to p en ic  p u r 
p u ra  (IT P ) a n d  in t h a t  o f 10 n o rm al sub jects. T h e  p la te le t  a n tig e n  induced  ly m p h o c y te  
tran s fo rm a tio n  in  a large  n u m b er o f th e  p a tie n ts  b u t  n o t in  th e  n o rm al sub jec ts . T h is is 
in d ica tiv e  o f th e  cellu la r im m u n ity  w hich  p lays a ro le  in th e  p a th o m ech an ism  o f IT P . 
T he m eth o d  seem s to  be su itab le  fo r d iagnostic  use.

Introduction

In  recent years, the lym phocyte transform ation test has increasingly  
been used for d iagnostic and differential-diagnostic purposes chiefly in aller
gic and autoaggressive conditions [H irschhorn , e t al., 1963; N ow ell , 
1960; Schellekens and E ijsvoogel , 1968].

The im p o rtan ce  o f  a ly m p h o cy te  cu ltu re  lies in  th e  fac t th a t  ly m p h o 
c y te  tra n sfo rm a tio n  is an  in v itro  m odel of ce ll-m ed ia ted  im m une reac tio n s. 
In  response to  p h y to h a e m a g g lu tin in  (P H A ), a co n sid erab le  increase in m e ta b 
olism  begins in  th e  c u ltu re ’s sm all ly m p h o cy tes  w hich  sy n th e tize  D N A  an d  
w h ich , o r a t  le a s t som e of w hich , tran sfo rm  in to  large  basophilic  b la s to id  
cells con ta in in g  nucleo li. S im ilarly  to  P H A , o th e r  non-specific  s tim u la to rs  o f  
ly m p h o cy te  tra n s fo rm a tio n  are pokew eed, iso la ted  from  P h y to lacca  am erican a  
[F arnes e t a l., 1964], S -s trep to ly sin  [H irschhorn  e t al., 1964], 
staphy lococcus a lp h a -to x in  [Ling  e t al., 1965] an d  m ercuric ch lo ride  
[Schöepf e t al., 1967]. To th e  g roup  of specific  m itogens belong sev era l 
an tig en ic  or h a p te n ic  su b stan ces, such  as tu b e rc u lin  [Cow ling  e t al., 1963; 
Oppenheim  et a l., 1965; P erm ain  e t al., 1963; S ch rek , 1963], pen ic illin  
[H olland and  Ma n e r , 1964; Sá r k á n y , 1967], th e  en d o to x in s  o f G ram  n e g a 
tiv e  b ac te ria  [Oppen h eim  and  P e r r y , 1965], a n d  tissu e  an tigens [D a u sset  
a n d  R apaport, 1966; Oppe n h e im , 1969]. W hile in  response  to  a non-specific  
m itogen , 30 9 0 %  ly m p h o cy te  tra n s fo rm a tio n  can  be observed , specific  
m itogens will on ly  e lic it one o f 4 —20% .

I t  is m ore th a n  20 years ago th a t  in IT P  th e  presence of a h u m o ra l 
a n tip la te le t fac to r  w as d e m o n s tra te d  [H arrington  e t a l., 1951]. L a te r  ex-
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p e r im e n ts  iden tified  th is  a n tip la te le t  fa c to r  as im m unog lobu lin  [Shulm ann  
e t  a l.,  1965]. K arpatkin  fo u n d  a n tip la te le t  an tib o d ies  in  73% o f IT P  p a tie n ts  
[K a r pa t k in  and  Sis k in d , 1969]. In  re c e n t years  severa l a u th o rs  h a v e  m ade 
a t te m p ts  a t  app ly ing  im m u n o su p p re ss iv e  tre a tm e n t in  IT P  p a tie n ts . T he 
a u th o r s  agree in  th a t  s te ro id s  ensure rem ission  in  a la rge  n u m b e r  o f  cases 
b u t  th e  th ro m b o c y to p e n ia  re tu rn s  a f te r  t re a tm e n t has b een  d isco n tin u ed  
[Cortallaro  e t al., 1970; Marmont a n d  Fusco, 1958]. Sussm an  e t al. ob

ta in e d  good resu lts w ith  aza th io p rin e  [1967] an d  Laros a n d  P e n n e r  [1971] 
a c h ie v e d  rem ission w ith  cy c lo p h o sp h am id e  in IT P  p a tie n ts  w ho w ere re s is ta n t 
to  o th e r  tre a tm e n ts . R e c e n tly , th e re  h a v e  been  accoun ts in  th e  l ite ra tu re  
o f  c e llu la r  im m u n ity  in  IT P . P ie sse n s  e t  al. [1970] elicited  ly m p h o c y te  tr a n s 
fo rm a tio n  w ith  au to logous th ro m b o c y te s  in  an  IT P  p a tie n t . A ccord ing  to  
Cl a n c y  [1972], s tim u la tio n  w ith  p la te le ts  w as follow ed b y  ly m p h o c y te  tr a n s 
fo rm a tio n  in  six of seven  IT P  p a tie n ts . IT P  m ay  be reg a rd ed  as an  au to 
im m u n e  disease in w hich  th e  p resence o f  au to -an tib o d ie s  can  be  d e m o n s tra te d  
w ith  sero logical m eth o d s. T h is  gave rise to  th e  question  how  th e  ce ll-m ed ia ted  
ty p e  o f  im m u n ity  w as im p lic a te d  in  th e  p a th o m ech an ism  o f IT P , an d  w h e th e r 
th is  sp ec ia l ty p e  of im m u n ity  could  be  follow ed w ith  th e  h e lp  o f  th e  cell- 
m e d ia te d  reaction  in v itro .

Material and methods

E x a m in a tio n s  w ere m ad e  in  12 p a tie n ts  su ffe rin g  from  IT P  an d  in  10 h aem ato lo g ica lly  
a n d  im m u n o lo g ica lly  n o rm al su b je c ts . L y m p h o c y te  tran s fo rm a tio n  w as o b se rv ed  in  six -day  
c u ltu re s  o f pe rip h eral leu co cy tes  g row n acco rd in g  to  a  m odified  m eth o d  of M o o r h ea d  e t al. 
[1 9 6 0 ].

Iso la tio n  of th e  cells w as done  b y  se d im e n ta tio n : 80— 90%  o f th e  c e llu la r e lem ents 
w e re  ly m p h o c y te s . T he ly m p h o c y te s  w ere c u ltu re d  in  a 10-ml cen trifu g e  tu b e ;  1 p a r t  o f 
a u to lo g o u s  serum  in a c tiv a te d  a t  56°C w as ad d ed  to  3 p a r ts  o f P a rk e r’s 199 m ed iu m  and  a 
p la s m a  r ic h  in  ly m p h o cy tes  o b ta in e d  fro m  h e p a rin iz e d  b lood was in tro d u c ed . T h e  n u m b er 
o f  cells  w as 106/m l, i.e ., one c u ltu re  tu b e  c o n ta in ed  4 x l 0 6 cells. Since in  IT P  a n tip la te le t  
a n tib o d ie s  a re  p re sen t, i t  seem ed  obvious to  u se  p la te le ts  or p la te le t  e x tra c ts  as specific 
a n tig e n s .

T h e  th ro m b o cy te  a n tig e n  w as p re p a re d  b y  th e  m eth o d  of D a u s s e t  a n d  Co lom bani 
[1964] fro m  a  w ashed p la te le t  su sp en sio n  o b ta in e d  fro m  fresh  h ep arin ized  b lood . To each  
o f  th e  c u ltu re s  0.05 ml o f a n  a q u eo u s  so lu tio n  o f th e  p la te le t e x tra c t (w h ich  c o n ta in ed  0 .02 
m g  d ry  m ate ria l) , was ad d ed . T h e  c u ltu re  c o n ta in ed  106 cells p e r m l in  each  case. In  ad d itio n , 
fo r  e a c h  p a tie n t  one a n tig en -free  (n eg ativ e ), a n d  one P H A -s tim u la te d  (p o sitiv e ) co n tro l 
c u ltu re  w as se t up . T he c u ltu re s  o f  th e  P H A  c o n tro ls  co n ta in ed  0.08 m l o f p h y to h ae m ag g lu ti-  
n in  P  (D ifco). These cu ltu res  w ere  g row n fo r 72 h rs , w hile  those  co n ta in in g  a  spec ific  an tig en , 
fo r  s ix  d a y s . E v a lu a tio n  of each  c u ltu re  w as c a rr ied  o u t on 1000 cells u n d e r  th e  l ig h t m icro
sco p e . T h e  cell form s k n o w n  a s  “ tra n s it io n a l”  w ere n o t included  in to  th e  g roup  of large  
ly m p h o b la s t ic  cells. E v a lu a tio n  o f ly m p h o c y te  tra n s fo rm a tio n  was done  b y  tw o  exam iners 
w o rk in g  in d ep en d en tly . O n th e  s ix th  d a y , a n o th e r  cell co u n t w as done a n d  th e  cells w ere 
f ix e d  in  th e  te s t  tub e . B efore a n d  a f te r  su rg ery  th e  ex am in atio n s w ere ca rried  o u t  tw ice in 
th e  I T P  p a tie n ts . M ean re su lts  o f  th e  p re o p e ra tiv e  a n d  p o sto p e ra tiv e  e x a m in a tio n s  a re  given 
in  T a b le  I. In  th e  con tro l g ro u p , too , tw o  e x am in a tio n s  were perfo rm ed . T h e  p a tie n ts ,  none 
o f  w h o m  b lood  tran sfu sio n  h a d  p re v io u s ly  been  g iven , now  received  a  tra n s fu s io n  o f 360 m l o f 
w h o le  b lo o d  only du ring  su rg ery  a n d  in  th e  course  o f  d e te rm in in g  p la te le t  life sp a n  each  of th em  
w as g iv e n  a tagged  hom ologous th ro m b o c y te  suspension  fo r d iagnostic  p u rp o se s  on one 
o c casio n .
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Table I

* Lymphocyte transform ation (per cent) elicited with P H  A  and thrombocyte antigen, before and after splenectomy

Name Age, years

D ura
tion
of

disease,
years

Sex

PHA stim ulation Thr. antigen stim ulation
Control

(w ithout stim ulation)

before after before after before after

splenectomy splenectomy splenectom y

1 M. L. 40 l M 64
(63) (67)

68
(71) (65)

18 +
(17.2) (15.2)

14.1 +  +  
(15.2) (13.0)

0.0
(0.0) (0.0)

0.2
(0.3) (0.0)

2 ,T. M. 50 3 F 71
(68) (73)

72
(77) (68)

6.2 +
(6.4) (6.0)

7.2 +
(8.4) (6.0)

0.2
(0.3) (0.1)

0.1
(0.2) (0.0)

3 B. L. 25 2 F 45
(45) (47)

56
(49) (62)

1 3 .8 +
(13.0) (14.6)

11.6 +
(10.6) (12.6)

0.0
(0.0) (0.1)

0.0
(0.0) (0.1)

4 Gy. K. 67 2 F 48
(49) (45)

60
(59) (60)

15.0 +
(13.6) (16.4)

16.8 +
(18.4) (15.2)

0.2
(0.3) (0.0)

0.3
(0,4) (0.3)

5 K . A. 34 2 F 66
(66) (69)

64
(62) (67)

1 . 6 -
(1.9) (1.3)

0 . 8 -
(0.5) (1.1)

0.3
(0.2) (0.4)

0.2
(0.3) (0.1)

6 Gy. M. 22 2 F 61
(58) (65)

79
(83) (76)

5.8 +
(5.4) (6.2)

2 . 1 -
(2.3) (1.9)

0.0
(0.0) (0.0)

0.1
(0.3) (0.0)

7 H . M. 32 1 F 31
(25) (39)

45
(40) (49)

1.2 —
(1.3) (1.1)

0 . 5 -
(0.8) (0.2)

0.2
(0.0) (0.4)

0.0
(0.0) (0.1)

8 D. I. 33 3 F 68
(70) (65)

67
(60) (73)

12.6 +
(13.0) (12.2)

10.2 +  
(8.6) (11.8)

0.0
(0.0) (0.4)

0.0
(0.0) (0.1)

9 R . M. 15 2 M 34
(31) (37)

39
(36) (43)

0 . 6 -
(0.2) (1.0)

1.9—
(2.0) (1.8)

1.1
(0.6) (1.5)

0.2
(0.3) (0.1)

10 V. A. 16 2 M 82
(89) (75)

73
(80) (65)

14.8 +
(15.2) (13.4)

1 8 .4 +
(20.4) (16.4)

0.2
(0.2) (0.2)

0.2
(0.4) (0.1)

11 B. D. 34 1 M 73
(70) (73)

61
(60) (63)

20.4 +
(18.4) (22.4)

12.1 +  
(9.6) (14.6)

0.4
(0.4) (0.3)

0.1
(0.1) (0.2)

12 Sr. K. 41 2 F 46
(48) (44)

64
(52) (76)

12.8 +
(13.6) (12.0)

1 0 .3 +  
(11.0) (9.6)

0.1
(0.2) (0.1)

0.2
(0.3) (0.2)

In  b rackets: resu lts of tw o separa te  exam inations.
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Results

P H A  s tim u la tio n  in v a ria b ly  p ro d u ced  ad e q u a te , p ro n o u n ced  t r a n s 
fo rm a tio n  in IT P  ly m p h o c y te s  (T able I) . In  response to  p la te le t  an tig en  in 
th r e e  cases (Nos 5, 7 a n d  9) th e  tra n s fo rm a tio n  value o b ta in e d  w as so low 
t h a t  i t  could n o t be  re g a rd e d  as po sitiv e . C lin ically , each o f th e se  th re e  cases 
co rresp o n d ed  to  IT P  a n d  th is  w as co n firm ed  b y  th e  sp len ec to m y  a n d  h is to 
lo g ica l ex am in a tio n  ex c lu d in g  o th e r  sp len ic  d iseases. T he re m a in in g  nine 
cases show ed d e fin ite  ly m p h o c y te  tra n s fo rm a tio n  w ith  p la te le t an tig en . The 
sp ec ific  stim ulus e lic ited  a low , a t  m ost 2 0 .4 %  tra n sfo rm a tio n . A ll cases w ere 
re e x a m in e d  n ea rly  a  y e a r  a fte r sp len ec to m y  w ith o u t fin d in g  a sig n ifican t 
d iffe ren ce  betw een  th e  p re o p e ra tiv e  a n d  p o sto p e ra tiv e  va lu e . I n  o rd e r to  
ch eck  w heth er a p la te le t  e x tra c t  as a specific  an tigen  elic ited  ly m p h o cy te  
tra n s fo rm a tio n  in  p a tie n ts  n o t su ffering  from  IT P , cu ltu res w ere se t up  w ith  
p e r ip h e ra l ly m p h o cy tes  fro m  10 p a tie n ts  free from  an y  in te rn a l  disease. 
T a b le  I I  shows th a t  in  response  to  a p la te le t  an tig en  th e  ra te  o f ly m p h o cy te  
tra n s fo rm a tio n  n e v e r exceeded  2 % . (The p la te le t  e x tra c t h a d  b een  o b ta in ed  
fro m  n o rm al su b jec ts  a n d  w as o f th e  m ixed  pooled  type .)

Table II
Lym phocyte transform ation (per cent) elicited with P H A  

and thrombocyte antigen in  healthy subjects

Name Age,
years Sex

PHA
stimulation

Thr. antigen 
stimulation

Control
(without stimulation)

1 N. J . 42 M 72
(80) (64)

0.8
(0.6) (1.0)

0.2
(0.3) (0.2)

2 S. K. 21 F 61
(56) (62)

0.4
(0.7) (0.3)

0.3
(0.4) (0.2)

3 P. J . 19 F 83
(78) (88)

1.1
(0.4) (1.7)

0.4
(0.6) (0.3)

4 B. M. 53 M 54
(66) (42)

0.0
(0.1) (0.0)

0.2
(0.2) (0.3)

5 F. K. 45 M 59
(46) (72)

0.6
(0.5) (0.6)

0.0
(0.0) (0.1)

6 K. M. 49 F 67
(76) (58)

0.3
(0.4) (0.2)

0.0
(0.0) (0.0)

7 A. E. 58 F 47
(54) (40)

0.2
(0.3) (0.1)

0.2
(0.3) (0.1)

8 B. I. 36 F 55
(52) (58)

1.3
(1.7) (0.1)

0.5
(0.6) (0.4)

9 Gy. A. 31 F 73
(66) (80)

0.1
(0.2) (0.1)

0.2
(0.0) (0.4)

10 S. P. 27 M 49
(42) (56)

0.2
(0.0) (0.2)

0.0
(0.0) (0.1)

In brackets: resu ts  o f t wo sep ara te  ex am ina tions.
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Discussion

T h e resu lts  show ed th a t  in  clinical IT P  p a tie n ts  ly m p h o cy te  t r a n s 
fo rm a tio n  could be elic ited  w ith  a hom ologous p la te le t an tigen , w h ile  in  
n o rm a l su b jec ts  th is  in v itro  re a c tio n  could n o t be elicited  w ith  th e  sam e 
an tig en . P a ra lle l w ith  th e  e x a m in a tio n  of cellu lar im m u n ity , h um ora l a n tib o d y  
s tu d ies  w ere also carried  o u t in  each  p a tie n t, v iz. th e  com plem ent f ix a tio n  
reac tio n  o f p la te le ts  and  th e  L E  serological reac tio n . T he fo rm er was n e g a tiv e  
in  all p a tie n ts , w hile th e  la t te r  w as positive in tw o . T hese resu lts  are in  ag ree 
m en t w ith  those rep o rted  by  P ie sse n s  et al. [1970] an d  Clancy [1972]. T h e re  
w as no essen tia l difference in  th e  cellu lar im m u n e  reac tio n s done b e fo re  an d  
a f te r  sp lenec tom y . S u rgery , h o w ever, resu lted  in  an  essen tia l im p ro v e m e n t 
in th e  clinical cond ition  o f  ev e ry  p a tie n t. All th e se  seem ed to  c o n firm  th e  
im m u n e  c h a ra c te r  of IT P . T h e  u n im p o rta n t d ev ia tio n s  from  th e  p re o p e ra tiv e  
values fo r ly m p h o cy te  tra n s fo rm a tio n , as o bserved  in  th e  sp len ec to m ized  
p a tie n t, ind ica te  th a t  th e  clin ical im p ro v em en t m an ifests  itse lf  n o t  in  th e  
process itse lf  b u t  in th e  re d u c tio n  o f th e  su b seq u en t increased  se q u e s tra tio n .

In  conclusion, ex am in a tio n  o f  cellular im m u n ity  b y  m eans o f ly m p h o 
cy te  tra n sfo rm a tio n  m ay  fu rn ish  useful d a ta  in  th e  diagnosis of IT P .
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EFFECT ON STEROID METABOLISM 
OF STC-407 AND CYPROTERONE ACETATE 

IN FEMALE HIRSUTISM
L. M o s o n y i , L. H a l m y , T . F e h é r , M . Z ö l d

FO U R TH  D EPA RTM EN T OF M ED ICIN E, POSTGRADUATE M EDICAL SCHOOL, B U D A PEST 

(R eceived  May 18, 1972)

1. T he a m o u n t o f te s to s te ro n e  precursor*  w h ich  are  d e te rm in a tiv e  o f th e  p lasm a  
te s to s te ro n e  level, h a v e  been fo u n d  to  d im in ish  in  response  to  th e  a d m in is tra tio n  of 
STC-407, as in d ic a te d  b y  a s ign ifican t fall in  th e  u r in a ry  excre tion  of th e  m a jo r ity  
o f k e to s te ro id  frac tio n s .

2. T here  is a  sh if t in  th e  ra tio  b e tw een  th e  p lasm a  D EA -S an d  А -S levels. 
T he fa c t  th a t  th e  la t te r  belongs to  th e  m e ta b o lite s  o f  th e  fo rm er, raises th e  p o ss ib ility  
th a t  STC-407 m ay  h a v e  a d irec t en zy m atic  p o in t o f  a tta c k , in  ad d itio n  to  i ts  p re su m ed  
h y p o th a la m ic  site  o f ac tion .

3. C y pro terone  a c e ta te  fails to  affec t th e  ex c re tio n  of th e  m a jo rity  o f k e to 
s te ro id  frac tions. I t s  c lin ical efficacy  th u s  seem s to  re su lt  from  a c o m p e titiv e  m ech 
an ism  in vo lv ing  th e  recep to rs .

In  th e  pa thogenesis  o f h irsu tism  a role is p la y e d  b y  the  p lasm a an d ro g en  
ho rm o n e  level as w ell as th e  sen s itiv ity  o f  th e  recep to rs. As re g a rd s  th e  
q u a lita tiv e  and  q u a n ti ta t iv e  re la tio n sh ip  o f  th e se  horm ones, th e  p lasm a 
te s to s te ro n e  level in  h e a lth y  w om en are d e riv ed  from  th ree  sources: 1) te s to 
s te ro n e  o f a)  ad ren o co rtica l (70 to  75% ) an d  b)  o v a rian  (25 to  3 0 % ) orig in ; 
2) in te rco n v ersio n a l tra n sfo rm a tio n  of an d ro s ten ed io n e , likewise o f  ad re n o 
co rtic a l orig in  and  of th e  o th e r “ p reh o rm o n es”  o f  th e  tissues, in p a r tic u la r  of 
d é h y d ro ép ian d ro s té ro n e  (D E A ), e tiocho lano lone (E ), an d roste rone  (A) [2]. T he 
ca rr ie r  o f in trace llu la r  a c tiv ity  is a p la sm a-te s to s te ro n e  d eriv a tiv e , d ih y d ro 
te s to s te ro n e  (D H T ) w hich , a f te r  its  p ro d u c tio n , m ay  fin d  its  w ay  b a c k  from  
th e  cells to  th e  p lasm a an d  from  th e re  to  o th e r  organs w here i t  m a y  also 
e x e rt a ho rm o n al a c tiv ity . T he daily  m e tab o lic  c learance of th is  su b s ta n c e  
(as fa r as its  irrev e rs ib ly  m etabo lized  ra tio  is concerned ) am oun ts to  a p p ro x i
m a te ly  75 pg  [10]. F o llow -up  of th e  fa te  of ra d io a c tiv e  steroids in th e  o rgan ism  
has show n th a t  p rev io u sly  fo rm ed  te s to s te ro n e  acco u n ts  for n o t m ore  th a n  
15%  o f D H T  [2]. T h is gives th e  p reho rm ones a p rim ary  s ign ificance , as 
in d ic a te d  b y  th e  fac t th a t  th e  g rea te s t p a r t  o f  th e  circu la ting  te s to s te ro n e  
rem ains in ac tiv e  b y  its  b in d in g  to  TeB G , an d  o n ly  its  free and  a lb u m in -b o u n d  
frac tio n s are  invo lved  in  m etabo lism  [1], as o p posed  to  an d ro sten ed io n e  w hich  
is n o t b o u n d  to  T eB G  an d  finds therefo re  free access to  th e  in te r io r  o f  th e  
cell. In  fem ales w ith  h irsu tism  th e  m etabo lic  c learan ce  of te s to s te ro n e  is far 
in  excess o f th a t  o f h e a lth y  w om en, it  be ing  n e a rly  of th e  sam e ra te  as in 
m ales. T h is is th e  reason  w hy u n d er ce rta in  ab n o rm al cond itions, desp ite
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Table I

Plasma cortisol levels and urinary K S-frac tions under

P a tie n t
Time 

of study
N orm al
scatter:

Plasma cort. 
16 ±  10 
/tg/lOOml

H OE 
0.1 0.5

HOA 
0.2 0.6

OE
0 .7 -1 .4

V . K . I 8.8 0.2 0.8 0.4

и 10.0 0.2 0.2 —

i n 13.4 0.1 0.1 —

IV 6.4 0.7 1.0 0.8

V 17.2 — 0.9 0.4

E . G y . I 12.0 0.8 0.7 1 .0

I I 7.8 0.3 0.3 0.6

IV 4.6 0.4 0.3 0.5

V 8.6 1.0 0.3 1.1

V I — — 0.8 0.3

N . J . I 9.0 0.2 0.3 0.2

I I 13.2 — 0.1 —

IV 12.6 — 0.1 0.1

V 25.8 — 0.4 0.3

V I 9.2 — 0.5 0.3

P . J . I 12.2 0.2 0.9 0.4

II 12.5 — 0.2 —

IV 13.0 — 0.3 0.2

V 13.2 — 0.7 0.3

V I 21.8 — 0.8 0.2

K . I . I 34.5 0.6 0.6 0.6

II 17.2 — 0.1 —

I I I 12.6 0.2 0.2 0.3

IV 10.4 0.3 0.6 0.4

V 18.8 1.1 0.8 0.3

VI 17.2 — 0.8 0.2

H . M . I 8.8 0.5 0.4 0.5

II — 0.3 0.1 0.4

Sz. M. Zs. I 10.0 0.5 0.4 0.4

I I 8.4 — 0.1 —

I I I 16.4 0.1 0.2 0.1

IV 11.2 0.1 0.2 0.1

V 6.4 — 0.6 0.3

V I 10.6 — 0.7 0.2

I  =  STC-407 basic values; I I  =  STC-407 a t  30 d a y s ; I I I  =  STC-407 a t  60 d a y s ; IV  =
a f te r  second 10-day course o f cypro terone

H O E  =  11-O H -etiocholanolone D E A  =  dehydroep iandrosterone
H O À  =  11-O H -androsterone E  =  etiocholanolone
O E  =  11-keto-etiocholanolone
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the in fluence o f  STC -407 and cyproterone acetate mg/100m l

D E A 
1 .0 5 -2 .4

E
1.2 4.3

A
1.5 4.1

TH F
0 5 2.0

A TH F 
0.1 1.2

TH E
1 .1 -5 .5

11-D 
0.0 1.5

0.6 0.9 2.1 0.4 0.1 1.2 —

— 1.2 1.9 — — 0.6 ■ —

— 0.6 0.8 — — 0.6 0.1

1.2 2.4 3.2 0.3 0.1 2.4 —

1.4 1.9 3.2 — 0.4 1.9 -

2.3 4.7 2.8 0.6 0.2 2.9 —
— 0.6 0.3 0.2 — 0.1 0.4

— 3.0 1.6 0.8 0.4 3.2 0.5

0.5 2.7 2.6 0.8 0.3 2.6 —

0.2 1.1 1.3 — 0.1 2.3 0.2

— 0.7 2.1 0.5 0.2 1.4 -

— 0.3 0.9 — — 0.3 0.3

— 0.6 1.4 0.3 0.2 1.3 0.1

0.2 0.6 1.5 — 0.2 1.4 0.2

— 0.4 1.2 — — 1.3 0.3

0.6 1.7 2.3 0.2 — 1.5 —

— 0.8 1.1 — 0 .1 0.7 0.5

— 1 .0 1.5 0.5 0.2 1.8 0 .1

0.3 1 .0 1.8 — 0.5 2.0 0 .1

— 0.9 1.6 — 0.5 2.3 0.4

0.5 1.6 2.2 0.2 - 1.2 —

— 0.6 0.5 0.2 — 0.2 —

— 0.8 0.8 0.2 — 0.4 —

— 2.1 2.6 0.5 0.3 1.8 -

0.3 1.1 2.1 - 0.2 1.3 —

— 1 .0 2.5 — — 1.6 0.3

0.6 2.1 1.3 0.3 0.3 0.9 —

0.4 0.7 0.7 0.3 0.3 0.7 0.4

— 0.9 1.8 0.5 0.6 1.6 0 .1

— 0.2 0.2 0 .1 - 0.2 -

— 0.8 0.4 0 .1 — 0.3 -

0.5 1 .0 1.2 0.2 0 .1 1.1 -

— 1 .0 1.6 — 0 .1 1.4 —

- 0.8 1.6 - 0.2 1.2 0 .1

10 d ay s  a f te r  com pletion of t r e a tm e n t;  V =  a fte r  f irs t  10-day course of cy p ro te ro n e; V I =

A  =  androsterone T H E  =  te trah y d ro co rtiso n e
T H F  =  te trahy d ro co rtiso l 11-D =  ll-d eo x y -17-O H -cortico ids
A T H F  =  a llo -tetrahydrocortiso l
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e n tire ly  no rm al to ta l  p la sm a-te s to s te ro n e  levels, th e  h a ir follicles, even  th o u g h  
th e i r  specific  se n s itiv ity  o r enzym atic  sup p lies  shou ld  be n o rm a l, receive 
a b n o rm a lly  h igh a m o u n ts  o f  horm one, a c o n ste lla tio n  w hich m ig h t be com 
p a re d  to  th e  clin ical consequences of th e  acc e le ra te d  b reakdow n  o f th y ro x in  
o f  sh o rte n e d  half-life [7]. T he role of th e  p e rip h e ra l recep to rs p o in te d  ou t 
ab o v e  is of obvious im p o rta n c e  in  local (non-v iriliz ing) h a ir-g ro w th . T here  
m a y  b e  also d ifferences in  th e  d isap p earan ce  o f  th e  horm one. W hile  in  w om en 
o f n o rm a l c o n s titu tio n  d e g ra d a tio n  of te s to s te ro n e  tak es  place a lm o s t in  its 
t o t a l i t y  in  th e  liv er, in  h irsu tism  th e  h o rm o n e  is u tilized  to  32%  o u ts id e  th e  
liv e r  a n d  th u s  m ade a v a ilab le  to  th e  h a ir  fo llicles. In  view  o f th e  fa c t th a t  
an d ro s te n e d io n e  acco u n ts  fo r 50 %  and  D E  A fo r 20%  of c ircu la tin g  te s to 
s te ro n e  [2], i t  w as deem ed  o f in te re s t to  ex am in e  th e  effect o f STC-407 (6-de- 
h y d ro -1 6 -m e th y len e -h y d ro co rtiso n e ) and  o f  cy p ro te ro n e  ace ta te  (6-chloro-17- 
h y d ro x y -1 -a lp h a , 2 -a lp h a-m eth y len ep reg n a-4 ,6 -d ien n e-3 ,2 0 -d io n e-ace ta te ) on 
th e  p la sm a  level o f D E A -S  a n d  of an d ro ste ro n e-S  an d  on th e  u r in a ry  ex cre tio n  
o f  th e  17 -ketostero id  a n d  17 O H -cortico id  fra c tio n s , th e  f irs t su b s ta n c e  being 
k n o w n  to  in fluence ad ren o co rtica l ho rm one  secre tio n , and  th e  second  to  
opp o se  a co m petitive  m echan ism  to  th e  a n d ro g en s  a t  th e  level o f  th e  ta rg e t  
o rg a n s .

Material and m ethods

S ev en  fem ale in p a tie n ts  h a v in g  sough t m ed ica l ad v ice  fo r h irsu tism  w ere s tu d ied  
O n th e  ev id en ce  of endo crin e  s tu d ies , th e  ab n o rm al h a ir  g ro w th  could  be id en tified  as “ sim ple’ 
h i r s u t is m  in  five , a n d  in  p a r tic u la r  o f th e  ab n o rm a litie s  o f  su g a r m etabo lism  as w ell as o f th e  
fe a tu re s  o f  th e  c ircad ian  rh y th m  as h y p e rtrich o s is  acc o m p a n y in g  Cushingoid o b e sity  in  tw o 
cases. T h e  re su lts  o f th e  s tu d ie s  m ad e  th is  c lass ifica tio n  unnecessa ry . T he cases in  q u estio n  
w ere q u a lif ie d  as “ sim ple”  h irsu tism  also on th e  ev id en ce  o f th e  find ing  th a t  th e  b asic  k e to - 
s te ro id  f ra c tio n s  rem a in ed  w ith in  th e  n o rm al s c a tte r  a ll th ro u g h o u t (T able I).

T h e  p a tie n ts  h a d  f i r s t  co n tin u o u s STC-407 t r e a tm e n t  in  doses of 30 m g d a ily  fo r 60 
d a y s . T h e  p a ram e te rs  u n d e r  s tu d y  were d e te rm in ed  a t  th e  s ta r t  o f t re a tm e n t, su b seq u e n tly  
a t  30 a n d  60 days o f  t r e a tm e n t  a n d  fin ally , 8 to  10 d a y s  a f te r  its  com pletion , b y  th e  m eth o d  
o f  F e h é r  e t al. [4, 5]. T h e n  cy p ro te ro n e  ace ta te  w as g iv en  for th e  f irs t  10 p o s tm e n s tru a l 
d a y s  in  tw o  doses o f 10 m g  d a ily . A sim ilar course o f c y p ro te ro n e  was g iven  a f te r  th e  n e x t 
m e n s tru a tio n . T he p a tie n ts  w ere ad v ised  ag a in st p o ss ib le  p regnancies d u rin g  t r e a tm e n t  in  
v iew  o f  th e  h a za rd  o f in tr a u te r in e  fem in iza tion  o f m ale  fo e tu ses by  c y p ro te ro n e  [6]. Con
s id e ra t io n  w as given to  possib le  changes of th e  p lasm a  c o rtiso l level in th e  course o f  t r e a tm e n t.

R esults

T h e  clin ical re sp o n se  to  t r e a tm e n t  (decrease  of h irsu tism ) a n d  th e  
o ccas io n a l secondary  effec ts  (m inor v a r ia tio n s  o f  b ody-w eigh t, len g h ten in g  of 
th e  m e n s tru a l period) h av e  been  d ea lt w ith  e lsew h ere  [8]. H ere we give only 
th e  d a ta  re la tiv e  to  th e  levels and  ex cre tio n  o f  androgen .

W h ile  th e  p la sm a  D E A -S  level d im in ish ed  in  response to  STC-407 
t r e a tm e n t ,  th a t  of А -S te n d e d  to  rise (T able  I I ) .
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Table II

Plasm a dehydroepiandrosterone-S a n d  androsterone-S levels 
under the influence o f  STC -407

P atien t
Time 

of study
Norm, value 

D-S
63 ±  14

A-S 
21 ±  9

(fig  per 100ml)

V. K . a) 58.5 9.4

b) 35.0 17.9

K . I. a) 104.2 14.5

b) 61.7 23.8

Sz. M. Zs. a) 70.0 38.7

b) 44.7 48.3

a) before tre a tm e n t
b) afte r tre a tm e n t

W ith  th e  ex cep tio n  o f O E , all th e  u r in a ry  k e to ste ro id  frac tio n s  s tu d ied  
d im in ished  in th e  course o f th e  s tu d y , th e  m a jo r ity  (H O A , E , A, T H F , T H E ) 
to  th e  level of s ign ificance . T he frac tio n s w ere assessed in  every  case, for 
ca teg o ry  I  in  7, fo r ca teg o ry  I I  in  7, fo r c a te g o ry  I I I  in 3, for c a te g o ry  IV 
in 6, for ca teg o ry  V in 6, fo r ca tegory  V I in  5 cases. Sym bol “ n ”  in  th e  T ables 
rep re sen ts  th e  n u m b e r  o f  cases su itab le  fo r m a th e m a tic a l analysis. W h en , in 
consequence of th e  lim its  o f sensitiv ity  o f  th e  p ro ced u re , th e  a m o u n t o f som e 
in d iv id u a l frac tio n  w as to o  sm all to  be exp ressed  q u a n tita tiv e ly , i t  was 
excluded  from  s ta tis t ic a l  analysis, even th o u g h  i t  w as su ffic ien t fo r th e  d em 
o n s tra tio n  of th e  supp ressiv e  effect of th e  a g e n t used. A fter t r e a tm e n t  had  
been  d isco n tin u ed , th e  m a jo rity  of the  p a ra m e te rs  re tu rn ed  to  th e  p re - t r e a t
m en t level b y  th e  s ta n d a rd s  o f s ta tis tic a l s ign ificance (Tables I I I ,  IH /a ) .

Changes in  th e  p lasm a  cortiso l level a n d  o f  th e  u rin a ry  frac tio n s  w ere 
s tu d ie d  a fte r co m p le tio n  o f  b o th  courses o f  cy p ro te ro n e  tre a tm e n t. In  opposi
t io n  to  a te m p o ra ry  rise in  in d iv idua l fra c tio n s , e tiocholanolone e x h ib ite d  a 
s ig n ifican t fall (T ables I I I ,  I l l /a ) .

Discussion

STC-407 has been  found  to  suppress th e  fu n c tio n  of th e  h y p o th a lam o - 
p itu i ta ry  system  in th e  m an n er of g lycocortico ids [3], th u s  low ering th e  A CTH  
c o n te n t o f th e  a n te r io r  lobe and in h ib itin g  th e  release o f A CTH  from  ra t  
p itu i ta ry  cells in  v ivo  as well as in v itro , fu r th e rm o re  reducing  th e  r a t  p lasm a 
an d  ad ren o co rtica l co rticoste rone  levels. O n th e  evidence o f ou r s tu d ie s  it 
also affects th e  p lasm a  an d  u rin a ry  levels o f  th e  androgen  frac tio n s . The
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Table I I I

M ean values o f  urinary androgenic K S  fractions under the influence o f  STC-407 and o f  cyproterone acetate m g/100m l

„ HOE n HOA n OE n DEA n E 11 A

I 7 0.43 +  0.12 7 0.6 +  0.12 7 0.5 +  0.2 5 0.66 +  0.21 7 1.8 +  0.36 7 2 .1 + 0 .1 2
I I 3 0.3 7 0 .2 + 0 .0 1 2 0.5 - — 7 0.6 +  0.3 7 0.8 +  0.5
I I I 2 0.1 3 0.2 2 0.2 — — 3 0.7 3 0.7
IV 4 0 .4 + 0 .2 6 0 .4 + 0 .3 6 0 .4 + 0 .3 2 0.85 6 1.7 +  0.9 6 1.9 +  0.8
V 2 1.1 6 0 .6 + 0 .2 6 0 .5 + 0 .3 5 0 .5 + 0 .2 6 1 .4 + 0 .8 6 2 .1 + 0 .7
V I — — 5 0 .7 + 0 .2 6 0 .3 + 0 .1 — 5 0 .8 + 0 .3 5 1 .6 + 0 .5

Significance I —II N .S. I —II p < 0 .1 I - I V N.S. I - V I N .S. I —II p < 0 .0 5 I — II p =  0.001
I —I I I N .S. I - I I I N.S. I - V N.S. I - I V N .S. I - I V N.S.
I - I V N.S. I - I V N.S. I - V I N.S. I - V p < 0 .1 I - V N.S.
I - V - I - V N.S. V - V I N.S. I I - I V p < 0 .0 2 I I - I V p < 0 .0 2
I - V I - I - V I N.S. V - V I p < 0 .1 V - V I N.S.

11 IV p cO .O l

I I - V I p < 0 .0 5

V - V I N.S.

I =  STC-407 basic values; I I  =  STC-407 a t  30 days; I I I  =  STC-407 a t  60 days; IV =  10 days a fte r com pletion of trea tm e n t; V =  after 
f irs t 10-day course of cypro terone; V I =  a fte r  second 10-day course of cyproterone

M
O

SO
N

Y
I et al.



Table H I /а

M ean values o f  plasm a cortisol /ig/100ml and o f  urinary glycocorticoid K S  fractions under the influence o f  STC-407 and o f  cyproterone

acetate m g/100ml

n
Plasma
cortisol n T H F n ATHF n TH E n ll-D

I 7 1 3 .9 + 9 .2 7 0.4 +  0.02 7 0.25 +  0.05 7 1.5 +  0.18 —

I I 6 11.8 +  3.9 4 0.2 +  0.1 2 0.2 7 0 .4 + 0 .3 3 0.4

I I I 3 14.1 2 0.3 — — — — — -

IV 6 9.7 +  3.4 6 0.4 +  0.2 6 0.2 +  0.1 6 1 .9 + 0 .8 2 0.15

V 6 15 .0 + 7 .1 — — 6 0 .3 + 0 .2 6 1 .8 + 0 .5 2 0.25

V I 4 1 4 .7 + 5 .9 — — 3 0.3 5 1 .7 + 0 .6 5 0.3 +  0.1

Significant I — I I N .S. I — I I p < 0 .0 5 I - I V N.S. I - I I p < 0 .0 1

I - I V N.S. I - I V N .S. I - V N.S. I - I V N.S.

I - V N.S. I I - I V p < 0 .1 I - V p < 0 .0 5

I - V I N.S. I VI N.S.

I I  IV pcO .001

V - V I N.S.

1 =  STC-407 basic values; I I  =  STC-407 a t 30 d ays; I I I  =  STC-407 a t  60 days; IV =  10 days a fte r com pletion of trea tm e n t; V =  a fte r 
f i r s t  10-day course o f cypro terone; V I =  a fte r  second 10-day course o f cyproterone
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46 L . M O S O N Y I  e t  a l.

m o d if ic a tio n  in th e  in te rre la tio n sh ip s  of th e  in d iv id u a l frac tio n s  a re  suggestive 
o f  a  d ire c t action  u p o n  th e  ad ren o co rtica l enzym e sy stem . T h is w ould  seem 
to  a c c o u n t for th e  fa v o u ra b le  clin ical effect o f th e  d ru g  on h irsu tism  [9]. I t  is, 
fu r th e rm o re , possible t h a t  a t  low er g lycocortico id  levels, th e  w ell-know n 
“ p e rm iss iv e  effect”  on th e  se n s itiv ity  o f  th e  and rogen  re c e p to rs  is less 
o p e ra t iv e .

I n  view  of th e  re la tiv e ly  s c a n ty  d a ta , all th a t  th e  m o d ifica tio n s  o f th e  
p la s m a  D E A -S an d  А -S levels p e rm it to  n o te  is th e ir  rec ip ro cal ten d en cy .

T h e  for th e  g re a te s t  p a r t  s ta tis tic a lly  s ig n ifican t fa ll in  th e  u r in a ry  
e x c re tio n  of th e  k e to s te ro id  frac tio n s  in d ica tes  t h a t  th e  p a r t  av a ilab le  for 
m e ta b o lism  g reatly  d im in ish es  in  th e  course of tre a tm e n t. F ro m  th is  i t  follows 
t h a t  th e  an tiand rogen ic  e ffec t o f STC-407 is la rge ly  due to  a re d u ced  secretion  
o f  a n d ro g en s  b y  th e  a d re n a l c o rte x  as a re su lt o f  th e  su p p ressio n  o f  ad ren o 
c o r tic a l horm one p ro d u c tio n  re fe rred  to  above.

T h e  p rac tica lly  u n ifo rm  rise  in  th e  values conseq u en t u p o n  th e  in te r 
ru p t io n  o f tre a tm e n t m a y  b e  reg a rd ed  as a sp o n tan eo u s n o rm a liz a tio n  ra th e r  
t h a n  as an  “ escape p h e n o m e n o n ”  [3], in  o th e r  w ords, th e  enzym e system s 
o f th e  h o rm one-p roduc ing  tissu es  h av e  suffered  no irreversib le  d am ag e  from  
th e  a g e n ts  used. A ccord ing  to  B erthold [3], th e  values s ta r t  to  rise  on the  
3 1 s t d a y  in  th e  case o f c o n tin u o u s  a d m in is tra tio n , an  o b se rv a tio n  w hich we 
h a v e  b e e n  unable  to  c o n firm  u n d e r  sim ilar cond itions.

A  tra n s ito ry , n o n -s ig n if ic a n t, in itia l rise in  th e  p lasm a co rtiso l level has 
b e e n  n o te d  in response  to  c y p ro te ro n e  a c e ta te , while som e o f th e  u r in a ry  
k e to s te ro id  frac tions, in  p a r t ic u la r  e tiocho lano lone am ong th e  and ro g en s and  
T H E  am ong  th e  g ly co co rtic id  m e tab o lite s , ex h ib ited  a s ig n if ic a n t increase. 
T h is  is a t  variance w ith  th e  f in d in g s o f R ausch -Stroomann [9], accord ing  
to  w h ic h  th is agen t o f  gestag en ic  p ro p ertie s  ex e rts  a su p p ressiv e  effect on 
th e  m e tab o lic  c learance o f  p la sm a  as a re su lt o f  a co m p e titiv e  m echan ism .

A fte r  th e  second 1 0 -d ay  course of cy p ro te ro n e  a c e ta te  a fu r th e r  rise w as' 
n o te d  in  th e  u rin a ry  ll-d e o x y -1 7 -O H  ste ro ids, in  c o n tra s t to  th e  11-deoxy- 
1 7 -k e to s te ro id s  (D E A, E , A) th e  u r in a ry  ex cre tio n  of w hich  w as found  to  
d ec lin e . T he fact th a t  th e  l l-d e o x y -1 7 -O H  frac tio n  co n ta in s  th e  p recurso rs 
o f  c o rtiso l b iosyn thesis, len d s  fu r th e r  su p p o rt to  ou r view  th a t  cy p ro te ro n e  
a c e ta te  ac ts d irec tly  on th e  ad ren o co rtica l sy stem , in  ad d itio n  to  its  com 
p e t i t iv e  action  on th e  ta r g e t  o rgans.

I n  opposition  to  som e d a ta  in  th e  l i te ra tu re , no re d u c tio n  in  th e  p lasm a 
c o rtiso l level was d e m o n s tra b le  in  th e  p re sen t s tu d y . C onsidering  th e  sm all 
n u m b e r  o f  cases, we h a v e  b een  u n ab le  to  fo rm  a n y  d efin ite  v iew  on  th e  resu lts  
o b ta in e d  in  th e  th e ra p y  o f  C ush ing’s sy n d ro m e. On th e  o th e r  h a n d , a f te r  
d isc o n tin u a tio n  of STC-407 tr e a tm e n t  we n o te d  a fa ll in  th e  p la sm a  cortiso l 
lev e l, an  observation  w h ich  is in co n sis ten t w ith  th e  re su lts  o f  R ausch- 
StrooMa n n  e t al. [9] w ho fo u n d  a com plete  n o rm a lisa tio n  o f  th e  co rtiso l
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level in  th is  “ re b o u n d ”  phase . As expec ted , 28 o u t o f  33 m easu rem en ts  in  
th is  s tu d y  revea led  s ta tis tic a lly  s ign ifican t d ev ia tio n s , th u s lend ing  s u p p o r t 
to  th e  in te rp re ta tio n  g iven above.

*
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AN ANOMALOUS LACTATE DEHYDROGENASE 
ISOENZYME BAND IN ACUTE VIRAL HEPATITIS

Ilo n a  L i t t e r , K . J o b s t , К . B a r n a

CEN TRA L CLINICAL CHEMICAL LABORATORY, U N IV E R S IT Y  M EDICAL SCHOOL, PÉCS 
AND D EPA R T M E N T OF IN FE C TIO U S DISEASES, COUNTY COUNCIL HOSPITAL, PÉCS

(R ece iv ed  M ay 25, 1972)

A n  an o m alo u s frac tio n , te rm e d  “ H P -b a n d ” , w as fo u n d  betw een  th e  isoenzym e 
frac tio n s  L D H 2 a n d  L D H 3 in  a  25-year-o ld  fem ale  b e tw een  th e  3rd an d  1 6 th  d a y  of 
acu te  v ira l  h e p a titis .

N o rm a liza tio n  of th e  isoenzym e p a tte rn ,  in c lu d in g  d isap p earan ce  o f th e  e x tra  
b a n d , en su ed  p a ra lle l w ith  c lin ical recovery .

In  th e  lig h t o f recen t ev idence re la tin g  to  th e  ty p ica l d is tr ib u tio n  of 
la c ta te  d eh y d ro g en ase  (L D H ) an d  o f its  f iv e  isoenzym e frac tions in  d iseases 
o f th e  h e a r t , liv er, m a lig n an t tu m o u rs  an d  a n a e m ia , es tim atio n  o f  th e se  fa c 
to rs  h as  com e to  be  reg a rd ed  as an  essen tia l d iag n o stic  p rocedure  in  c lin ica l 
m edicine [3, 8, 11, 14, 15, 16, 19, 20]. H ow ever, th e  L D H -iso en zy m e-d is trib u - 
tio n  m ay  n o t a lw ays be c h a ra c te ris tic  even in  w ell-defined  clinical co n d itio n s . 
K reutzer  e t  al. [9] rep o rted  on irreg u la ritie s  in  e lec tro p h o re tic  m o b ility  of 
th e  L D H  isoenzym es in  liver d isease. H oenigova  a n d  H oenig  [1967], L ubrano  
e t al. [1971] described  an  e x tra  L D H  b a n d  co n n ec ted  w ith  isoenzym e p o ly 
m orph ism  in  cirrhosis of th e  liv e r, L undh  [1967] a n d  Voigt [1967] in  acu te  
m yeloid leu k aem ia , V oigt [1967], B iew eng a  a n d  T h u s  [1970] in  a c u te  m y o 
card ia l in fa rc tio n , B uckell an d  B arnes [1968] in  gliom a, F ujimoto  e t al.
[1968] in  seco n d ary  carc inom a o f th e  liver, a n d  F orbes et al. a f te r  re p e a te d  
blood tran sfu s io n s  [1971]. W e h a v e  observed  an  e x tra  L D H -b an d  in  a case 
o f acu te  v ira l h e p a titis . T he b a n d  ap p ea red  b e tw een  frac tions L D H 2 and  
L D H 3 an d  p ro v e d  reversib le .

In  1971, th e  sera  o f all p a tie n ts  w ith  a c u te  v ira l h ep a titis  w ere  su b 
m itte d  to  re p e a te d  e stim a tio n  o f to ta l  L D H  [1] a n d  to  agar-gel e lec trophores is  
[18] fo r th e  s tu d y  o f L D H  isoenzym es. In  53 cases, five  isoenzym e b an d s  
a n d , as a sign  o f h ep a to ce llu la r lesion, a rise  in  fra c tio n  L D H S w ere  n o te d . 
In  th e  case to  be rep o rted  an  anom alous "sixth b a n d  was id en tified  b e tw een  
frac tio n s L D H 2 an d  L D H 3.

Cs. L ., a 25-year-o ld  fem ale p a tie n t, w as a d m itte d  on M arch 3 1 ,1 9 7 1 , w ith  
ty p ic a l signs o f  acu te  in fectious h e p a titis . T h e  d iagnosis was co n firm ed  by  
la b o ra to ry  te s ts  (T able I).

4 Acta Medica Academiae Scientiarum Hungaricae 30, 1973



50 I L O N A  L I T T E R  e t  a l.

T al ,J

Serum

B ilirubin 
in  to ta l mg 
per 100 ml

Bilirubin 
direct mg 

per 100 ml

Thym ol te s t 
M aclagan 

un its

GOT
WU

GPT
WU

LD H
to ta l
W U

Alkaline
phosphatase

A d m issio n

M arch  31 6.4 5.2 6.9 1240 1350 427 —

A p ril 2 — - — —  ■ — — —
A p ril 5 — - — — — — —

A p ril  6 8 .6 7.2 9.4 320 600 74 —
A p ril  7 — - — — — 67
A p ril 9 — — — — — 62
A p ril  13 2.4 1.6 8.5 74 72 — —

A p ril  15 — - — — — 8 6

A p ril  19 1.4 1.3 6.4 2 2 32 - 6 .6

D isch a rg e

A p ril  22 — — — - — 42 - -

F o llo w -u p

M a y  5 0.9 - 2 .0 36 16 — —

F o llo w -u p

J u ly  7 0 .8 — 1.1 11 2 58 —

T h e  condition  im p ro v e d  rap id ly  an d  so d id  th e  la b o ra to ry  te s ts . The 
p a t i e n t  w as d ischarged on  A p ril 21, 1971, a n d  th e n  rep o rted  fo r fo llow -up  a t 
o u r  h e p a t i t is  clinic.

T h e  sm ooth  clin ical course  and  th e  fa v o u ra b le  ou tcom e o f th e  process 
w e re  re f le c te d  by  th e  la b o ra to ry  find ings (T ab le  I) . H ow ever, th e  L D H -iso- 
e n z y m e  sp ec tru m  rev ea led  a d e fin ite  ir re g u la r ity  (Fig. 1). On th e  th ird  day  
a f t e r  adm ission , th e  e n zy m o g ram  show ed fiv e  b a n d s  and , w ith in  th is  sp ec tru m  
a  m a rk e d  rise in  frac tio n  L D H 5, as a sign  o f  h ep a to ce llu la r d am ag e . T hree 
d a y s  la te r ,  a s ix th  f ra c tio n  o f  6%  was fo u n d  betw een  b an d s I I  a n d  I I I ;  it  
w as  te rm e d  b and  H P . In  o rd e r to  a sce rta in  i ts  presence b eyond  d o u b t, we 
r e p e a te d  th e  s tu d y  tw o d a y s  la te r  and  fo u n d  th e  b an d  m ore d is tin c t (11% ). 
In  t h e  n e x t  tw o days i ts  a c t iv i ty  declined (3 % ) and  on th e  1 6 th  d a y  a fte r 
a d m is s io n  th e  abn o rm al f ra c tio n  was no  lo n g e r d em onstrab le . T h e  enzym e 
p a t t e r n  becam e no rm alized  b y  th e  23rd d a y  a f te r  adm ission, to  re m a in  n o r
m a l su b seq u en tly .
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Urine

L D H t
per cent

LD H , 
per cent

LD H HP
per cent

LD H 3
per cent

LDH, 
per cent

l d h 5
per cent Bilirubin, Urobilinogen

positive  increased

31 26 0 6 7 30
43 24 6 15 3 9

- - - - - — positive  increased

25 36 11 14 9 5

53 22 3 10 6 6
— — - — — — 0  increased

35 25 0 17 16 7

— - - — — 0  norm al

38 37 0 21 3 1

35 45 Ф 14 4 2 0  norm al

T he p o ssib ility  t h a t  th e  e x tra  b an d  w as d u e  to  a d issociation  an d  re 
co m b in a tio n  as a re su lt  o f  successive re fr ig e ra tio n  an d  h ea tin g  [11] could  be 
ru led  ou t since fresh  sera  w ere alw ays used. S e ra  in c u b a te d  w ith  N A D -N A D 2 
do n o t give an  e x tra  b a n d  o f th e  location  o b se rv ed  w ith  our frac tio n  [9]. 
W e m ay  th u s  reg a rd  th e  H P -b a n d  in q u estio n  as a genu ine  one.

A n e x tra  L D H -b a n d  o f sim ilar location  h as  b een  described  b y  F ujim oto  
e t al. [1968] and  W i l k i n s o n  [1970] in tu m o u r  p a tie n ts , b y  B i e w e n g a  an d  
T h u s  [1970] in a c u te  m y o card ia l in farc tion  a n d  b y  L u b r a n o  e t  al. [1971] in  
c irrhosis of th e  liv er.

T he m echan ism  o f p ro d u c tio n  of th e  ir re g u la r  L D H -b a n d  is u n c lea r. 
As in d ica ted  by  th e  f in d in g s o f F ujimoto  e t a l. [1968] i t  m ay  well re su lt 
from  a b ind ing  be tw een  L D H  an d  some p a th o lo g ica l se ru m  p ro te in  ap p ea rin g  
in th e  course o f th e  d isease (hepa toce llu lar n ecrosis , h ig h  th y m o l values due  
to  lab ile  p ro te in s), an d  i t  m ig h t rep resen t a h y b r id  o f  a n o rm a l and  o f  an  
abn o rm al L D H  “ M ”  su b u n it.
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)

: DH 1 2 f  3 4 5
HP

5 III
F ig . 1 . L D H  isoenzym es se p a ra te d  b y  agar-ge l e lectrophoresis, w ith  an o m a lo u s  L D H -iso- 
e n z y m e  (H P )  b an d  in  a  case o f  a c u te  v ira l h e p a titis .  Top: increase  to  30%  o f  L D H 5 on 
3 rd  d a y  o f  disease. C entre: a n o m a lo u s  s ix th  (H P ) b a n d  be tw een  L D H 2 a n d  L D H 3 in  serum  

o n  8 th  d ay  of disease. B o tto m : 4 m o n th s  la te r ,  no rm al L D H -iso en zy m e sp e c tru m
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RED EYES IN RENAL DISEASE
L. Go f m a n , T . S ü l é , I ré n  Á goston

SECOND D EPARTM ENT O P M E D IC IN E AND D EPA R T M E N T OF OPHTHALM OLOGY, 
U N IV E R S IT Y  M EDICAL SCHOOL, PÉCS

(R ece iv ed  Ju n e  9, 1972)

T h e  phenom enon  o f re d  eyes due  to  c o n ju n c tiv a l calcium  d e p o sitio n  h a s  been 
o bserved  in  fo u r cases o f c h ro n ic  re n a l d isease. H yperca lcaem ia  w ith  n o rm o p h o sp h a t-  
aem ia  w as p re sen t in  one, h y p o ca lcaem ia  w ith  n o rm o p h o sp h a taem ia  in  tw o , a n d  no rm o- 
calcaem ia  w ith  h y p e rp h o sp h a ta e m ia  in  one, o f th ese  cases. In  th e  la s t-n a m e d  case 
th e  red  eye ap p eared  d u rin g  in te rm it te n t  h aem o d ialy sis. H isto log ica l e v id e n ce  con
firm ed  th e  p resence of ca lc iu m  dep o sits  in  th e  b a sa l cells of th e  co n ju n c tiv a l e p ith e liu m . 
In  tw o  cases th e  m as to c y te  g ran u le s  o f  th e  c o n ju n c tiv a  also revealed  c a lc iu m  d ep o sits : 
th is  p o in ts  to  a possible in v o lv e m en t o f m asto ca lc ip h y lax is .

O n th e  g rounds o f p u b lish ed  ev idence  a n d  o f th e  p re sen t o b se rv a tio n s , i t  is 
suggested  t h a t  th e  red  eyes m a y  arise  on th e  b asis  o f various p a th o m e ch a n ism s .

C o n ju n c tiv a l calcium  d ep o sitio n  asso c ia ted  w ith  h y p e rc a lc ae m ia  w as 
f ir s t  described  b y  Meesm an  [9], in  1938. T h is  o bserva tion  w as fo llo w ed  b y  
re p o rts  on sim ilar cases (H a ld im a n n  [7]; W alsh  [12]). H y p e rca lcaem ic  con
ju n c tiv a l deposition  was f ir s t  co nnec ted  by Cogan e t al. [4] w ith  re n a l  d isease; 
th is  q u estio n  h as , how ever, rece iv ed  li ttle  a tte n tio n .

T he in tr ic a c y  of th e  p ro b lem  is em p h asized  b y  recen t re p o r ts  on  co n 
ju n c tiv a l  ca lcium  deposition  in  th e  p resence o f  hypocalcaem ia . B e r l y n e  an d  
S haw  [2] n o te d  calcium  d ep o sits  causing  local ir r ita tio n ; th e  c o n d itio n  w as 
te rm e d  red  eyes. In  th e ir  15 cases o f chronic  ren a l fa ilu re , h y p e rp h o sp h a ta e m ia  
w ith  a n o rm a l or d im in ished  calcium  level w as fo und . As i t  has b e e n  p o in te d  
o u t b y  B e r ly n e  [3], c o n ju n c tiv a l calcium  deposition  is n o t in v a r ia b ly  as
soc ia ted  w ith  h y p eraem ia ; he te rm e d  these  cases w h ite  eyes. T h ere  h a v e  been  
spo rad ic  observ a tio n s o f co rn ea l an d  c o n ju n c tiv a l calcification  in  co n n ec tio n  
w ith  ch ron ic  haem odia lysis also  [1, 10].

W e h av e  n o te d  red  eyes due  to  ca lcium  deposition  in fo u r cases; in  one 
w ith  h igh  ca lc ium  and  n o rm a l p h o sp h a te , in  tw o  w ith  low calcium  a n d  n o rm a l 
p h o sp h a te , an d  in one w ith  n o rm a l calcium  an d  h igh  p h o spha te  se ru m  levels.

Case reports

Case 1. In  L. I ., a 18-year-o ld  fem ale p a tie n t , a rte ria l h y p e r te n s io n  w as 
n o te d  as an  in c id en ta l f in d in g  in N o v em b er, 1968. She was f irs t  a d m it te d  in  
M arch, 1969. On adm ission th e  re le v a n t fin d in g s w ere: blood p re ssu re , 250/190
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m m H g ; E S R , 42 m m /h o u r ; ASO, 100 U. I n  se ru m : com plem ent, 1.2 U ; N P N , 
56 m g p er 100 m l; se ru m  N a , 143 mEq/1; se ru m  K  4.4 m Eq/1; serum  c rea tin in e , 
1.5 m g  p er 100 m l. In u lin  clearance, 20 m l/m in ; P A H  clearance, 107 m l/m in ; 
F F ,  0 .19; u rin a ry  p ro te in  ex cre tio n , 4 g/24 h r . A d d is  c o u n t: 104 m illion e ry th ro 
c y te s ; 12 m illion le u k o c y te s , 200,000 casts . D ilu tio n -c o n c e n tra tio n  te s t ,  1002 
to  1012; u rin a ry  b a c te r ia l  cu ltu re , sterile . In fu s io n  pyelog raphy  rev ea led  a 
co n siderab le  delay  in  th e  excretion  of b o th  k id n e y s  w hich w ere m ark e d ly  
re d u c e d  in size. O n th e  ev idence  of iso tope  re n o g ra p h y  th e  sec re to ry  phase  
w as g rea tly , and  th e  e x c re to ry  phase d is tin c tly  p ro tra c te d . The clin ical d iag n o 
sis w as chronic g lo m eru lo n ep h ritis .

A zath ioprine , 1.5 m g /k g  daily  was p re sc r ib e d ; i t  resu lted  in  a fa ll in  
p ro te in  excretion  w ith o u t  affecting h a e m a tu r ia  to  any  sign ifican t degree. 
In  S ep tem b er 1969, th is  t r e a tm e n t  was re p e a te d  w ith  doses of 3 m g /k g  body  
w e ig h t daily . In  sp ite  o f  so m e d im inution  o f  th e  c lin ica l ac tiv ity , ren a l fu n c tio n  
re m a in e d  unaffec ted .

T he p a tie n t w as a g a in  ad m itted  in  a s ta te  o f  u raem ia  on J u ly  7, 1970. 
T h e  red  eye developed  d u r in g  th is h o sp ita liz a tio n .

T he essential f in d in g s  were: blood p re ssu re , 170/110 m m H g; N P N , 98 
m g  p e r  100 ml. In  se ru m : c rea tin ine , 16 m g  p e r  100 m l; serum  a lb u m in , 4.1 g 
p e r  100 ml; serum  Ca 14.5 m g per 100 m l; se ru m  P 4 .1  m g per 100 m l; serum  
a lk a lin e  p h o sp h a tase , 4 B U . U rinary  p ro te in  ex c re tio n , 2.8 g/24 h r ;  A ddis 
c o u n t:  28 m illion e ry th ro c y te s , 2 million le u k o c y te s , no casts.

T he co n ju n c tiv a  o f  th e  left eye w as in je c te d . H yp eraem ia  ex ten d ed  
fro m  th e  lim bus o u tw a rd . S lit-lam p e x a m in a tio n  revealed  a th ick en in g  and 
w h ite  p laques of th e  l im b ic  zone as a sign o f  ca lc iu m  deposition . T he corneal 
edge appeared  as a g re y ish  zone of fine g ra n u la r  s tru c tu re  from  w hich  b iop sy  
m a te r ia l  was tak en .

T he fu rth e r  c lin ica l course was m a rk e d  b y  progressive d e te rio ra tio n  
w ith  o liguria and  se ru m  c rea tin in e  a tta in in g  20 m g  p e r  100 ml. She w as t r a n s 
fe rre d  to  th e  D ialysis U n i t  o f the  U rological D e p a r tm e n t on S ep tem b er 17, 
1970, an d  died on S e p te m b e r  28, 1970. P o s t-m o r te m  diagnosis w as ch ron ic  
g lom eru lonephritis .

Case 2. D. H ., a  19-year-o ld  fem ale p a t ie n t .  In  J a n u a ry , 1964, she n o ted  
sw elling  of eyelids a n d  an k les  subsequen t to  a n  in fec tion  of th e  u p p e r  a ir 
w ay s . She was h o sp ita liz e d  and  acute g lo m eru lo n ep h ritis  was d iagnosed . She 
w as f ir s t  a d m itted  to  o u r  D ep a rtm en t on A u g u s t 1, 1964. R e lev an t fin d in g s 
w ere : blood p ressure , 120/80 m m H g; E S R , 24 m m /h r , ASO, 84 U. In  serum , 
co m p lem en t: 0.2 U ; N P N , 21 mg per 100 m l; se ru m  N a, 137 m Eq/1; se ru m  K ,
5.2 m Eq/1; serum  c re a tin in e , 0.72 mg p e r  100 m l. E ndogenous c rea tin in e  
c lea ran ce , 48 m l/m in . P ro te in u r ia  2 g/24 h r . A d d is  c o u n t: 6 m illion e ry th ro 
c y te s , 2 million le u k o c y te s , no casts. R e n a l b io p sy  confirm ed th e  p resence 
o f  p ro life ra tive  g lom eru lo n ep h ritis .
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P redn iso lone  w as p rescribed  in daily  doses o f  50 mg, su b se q u e n tly  for 
m a in ten an ce  tr e a tm e n t,  10 mg daily . A fte r d ischarge , she re p o rte d  a t  th e  
clinic a t  reg u la r in te rv a ls .

W hen  re a d m itte d  fo r th e  sev en th  tim e , in  J u n e , 1967, she w as p ra c tic a lly  
sy m p to m -free . E ssen tia l f ind ings: blood p re ssu re , 150/100 m m H g ; N P N , 
25 m g p er 100 m l; serum  crea tin in e , 1.3 m g p e r  100 m l; serum  co m p le m e n t, 
0.3 U ; serum  a lb u m in , 3 g p er 100 m l; serum  C a, 7.4 m g per 100 m l; se ru m  P ,
3.2 m g p er 100 m l; serum  alkaline p h o sp h a ta se , 4.2 B U . P ro te in u ria , 1.5 g/ 
/24 h r; A ddis c o u n t: 54 m illion e ry th ro c y te s , no  leukocy tes, no c a s ts .

Fig. 1. D. H . R ed  eye invo lv ing  th e  lim b u s of th e  left eye

O n th e  te n th  d ay  a f te r  adm ission a h y p e ra e m ic  secto r sp re a d in g  from  
th e  lim bus o f th e  le f t eye w as n o ted  (F ig . 1); i t  d isappeared  sp o n ta n e o u s ly  
in  a few  days.

Case 3. N . I .,  a 27-year-o ld  fem ale p a t ie n t ,  in J a n u a ry , 1970, h a d  ex 
p erienced  sw elling o f  th e  eyelids in connec tion  w ith  acu te  to n sillitis . T h is  h ad  
been follow ed b y  e lev a tio n  o f blood p ressu re  an d  p ro te in u ria . She h a d  been  
re fe rred  to  a h o sp ita l w here  acu te  g lo m eru lo n ep h ritis  h ad  been d iag n o sed . 
She w as f irs t  u n d e r  o u r tre a tm e n t as an  in p a t ie n t  betw een M ay 22 a n d  S ep 
te m b e r  5, 1970. On adm ission  th e  essen tia l f in d in g s w ere: blood p re ssu re , 
160/110 m m H g; E S R , 48 m m /hr; ASO, 240 U . In  serum : com plem en t, 1.2 U ; 
N P N , 107 m g p er 100 m l; serum  N a, 139 m E q/1 ; serum  K , 4.6 m E q/1; serum  
c rea tin in e , 5 m g p e r 100 m l. In  u rine : p ro te in , 2.5 g/24 h r; A ddis c o u n t:  38 
m illion e ry th ro c y te s , 17 m illion leu kocy tes, 200,000 casts.

In  an  a t te m p t  to  h a lt  th e  rap id ly  p ro g ressin g  course o f th e  p rocess, 
a za th io p rin e  w as g iven in  doses o f 3 m g/kg  b o d y  w eight daily . As a re su lt, 
h a e m a tu ria  and  azo taem ia  d im in ished , b u t  th e  tre a tm e n t had  to  be  d isco n 
tin u e d  because o f  leukopen ia . O n h er n e x t  adm ission , a z a th io p rin e  w as 
a tte m p te d  fo r th e  second tim e . I ts  effect w as fav o u rab le  h u t in d u ced  le u k o 
penia .
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T h e  p a tie n t w as a d m itte d  for th e  th ird  t im e  in  A pril, 1971. T h e  e ssen tia l 
f in d in g s  w ere: b lood  p re ssu re , 200/120 m m H g . I n  serum : N P N , 81 m g  p er 
100 m l; serum  crea tin in e , 5.7  m g p er 100 m l; se ru m  album in , 4.1 g p e r  100 m l; 
s e ru m  C a, 7.6 m g p e r 100 m l; serum  P , 4 .4  m g  p e r  100 m l; se ru m  a lk a lin e  
p h o s p h a ta s e , 1 B U . U r in a ry  p ro te in  e x c re tio n , 1.3 g/24 h r. A ddis c o u n t:  90 
m illio n  e ry th ro cy te s , 8 m illion  leu kocy tes, no  cas ts .

O n  th e  th ird  d a y  a f te r  adm ission h y p e ra e m ia  of th e  n asa l p a r t  o f  th e  
c o n ju n c tiv a  was n o ted . S lit- lam p  ex am in a tio n  rev ea led  w hite  g ra n u la r  deposits  
in  th is  a rea . C o n ju n c tiv a l b iop sy  was p e rfo rm ed .

T h e  p a tie n t  w as a d m itte d  for th e  la s t  t im e  in  O ctober, 1971. H e r  con
d it io n  w as d e te rio ra tin g , th e re fo re  she w as tra n s fe r re d  to  th e  D ia ly s is  U n it 
o f  th e  D e p a r tm e n t o f U ro lo g y  w here she d ied  on  F e b ru a ry  5, 1972. T h e  p o s t
m o r te m  fin d in g  was ch ro n ic  g lo m eru lo n ep h ritis .

Case 4 . N . I .,  a 4 7 -y ea r-o ld  m ale p a t ie n t  h a d  been tre a te d  fo r h ig h  b lood  
p re s su re  since 1955. E a r ly  in  1971 he h ad  n o te d  gross h aem a tu ria  su b se q u e n t 
to  a n  a c u te  ton sillitis . F ro m  th is  tim e  o n w a rd  he w en t s tead ily  d o w nh ill. 
A r te r ia l  h y p e rten s io n  b ecam e  fixed  and  h e  w as uraem ic  w hen  a d m it te d  on 
S e p te m b e r  17, 1971.

O n  p h y sica l e x a m in a tio n  th e  h e a r t w as  en la rg ed  to  th e  le ft b y  1.5 cm . 
T h e re  w as ta c h y c a rd ia  a n d  an  a c c e n tu a te d  2 n d  ao rtic  sound. T h e  re le v a n t 
f in d in g s  w ere: blood p re ssu re , 270/190 m m H g ; E S R , 25 m m /h; A SO , 336 U . 
I n  s e ru m : com plem ent, 1 U ; N P N , 66 m g p e r  100 m l; serum  N a, 133 m E q/1 ; 
s e ru m  K , 3.0 m Eq/1; se ru m  creatin ine , 6.2 m g  p e r  100 m l. U r in a ry  p ro te in  
e x c re tio n , 2.9 g/24 h r . A d d is coun t: 2 m illion  e ry th ro cy te s , 2 m illion  leu k o 
c y te s , n o  casts.

T h e  process re m a in e d  u n affec ted  b y  sy m p to m a tic  tr e a tm e n t, a n d  th e  
p a t i e n t  w as s ta r te d  on in te rm itte n t  h aem o d ia ly s is . A fter th e  f i f th  h a e m o 
d ia ly s is  co n ju n c tiv a l h y p e ra e m ia  ap p eared  o n  th e  la te ra l area  o f  b o th  eyes. 
B io p sy  m a te r ia l  w as ta k e n  from  th e  c o n ju n c tiv a  o f th e  le ft eye.

F ig . 2 . L . I .  Calcium  deposits  in  th e  b asa l cells o f  th e  co n ju n c tiv a . K ossá’s m e th o d . X 400
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F ig. 3. N . I .  C alcium  deposits am ong th e  collagen f ib re s  o f  th e  cornea. K ossa’s m e th o d . x 4 0 0

T he essen tia l find ings a t th is  tim e  w ere: b lood  pressure, 200/140 m m H g ; 
N P N , 121 m g p e r 100 m l. Serum  c rea tin in e , 7.1 m g per 100 m l; se ru m  a lb u m in ,
3.2 g p er 100 m l; serum  Ca, 11 m g p er 100 m l; serum  P , 10.2 m g p e r  100 m l; 
serum  a lk a lin e  p h o sp h a tase , 2.1 B U .

T he p a t ie n t  died  on O ctober 24, 1971. T h e  clin ical diagnosis o f  m a lig n a n t 
h y p e rten s io n  w as confirm ed a t  necropsy .

H istology o f  conjunctiva and  cornea. B iopsy  w as perfo rm ed  in  Cases 1, 
3 a n d  4. In  th e  h isto log ical sec tions, calcium  w as revealed  b y  th e  m e th o d  of 
K o s s á . T h e s ite  o f  deposition  w as th e  b a sa l cells o f th e  ep ith e lia l la y e r  of 
th e  c o n ju n c tiv a  (F ig . 2). T his is co n sis ten t w ith  th e  rep o rted  o b se rv a tio n s  
confirm ed  h isto log ica lly . In  th e  fo u r th  case, ex am in a tio n  of th e  co rn ea  rev ea l
ed calcium  deposits  am ong th e  collagen fib res  (F ig . 3). The m ast cell g ran u les  
also c o n ta in e d  calcium  deposits (F ig . 4).

Fig. 4. N . I. C alcium  deposits in  th e  g ran u les o f c o n ju n c tiv a l m astocy tes . K o ssa ’s m eth o d .
X 1000
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Discussion

I t  is com m on know ledge th a t  renal fa ilu re  m a y  be associated  w ith  hypo- 
c a lc a em ia  an d  h y p e rp h o sp h a ta e m ia , re su ltin g  in  secondary  or re n a l h y p e r-  
p a ra th y re o id ism . On th e  o th e r  h an d , th e  c o m p e n sa to ry  p a ra th y ro id  h y p e r 
fu n c tio n  causes h y p e rca lcaem ia , in  w hich case ca lc iu m  depositions in v o lv in g  
th e  c o n ju n c tiv a  rep re sen t in  fa c t m e ta s ta tic  ca lc ifica tio n s . T he p re se n t Case 1 
b e lo n g e d  to  th is ty p e . T he process m ay be in te rp re te d  by  S e l y e ’s ca lc iphy - 
lax is . T h is  phenom enon  has b een  described in  h u m a n s  by  R e es  an d  Co le s  [11] 
w ho n o te d  calcium  d ep o sits  in  u raem ic p a t ie n ts  a t  th e  in jec tio n  s ite s  of 
iro n -d e x tra n .

H o w ev er, deposition  o f  ca lcium  in th e  p resen ce  o f a low or n o rm a l serum  
c a lc iu m  leve l s till lacks a d e q u a te  e x p lan a tio n . T h e  p e rta in in g  l i te ra tu re  gives 
no sa t is fa c to ry  answ er to  th e  question . Som e a u th o rs  including  H e a t h  [8], 
A b r a m s  [1], E a s t e r b r o o k  a n d  Mo rtim er  [6] also fail to  acco u n t fo r th e  
p a th o m e c h a n ism  of c o n ju n c tiv a l calc ification . O n th e  o ther h a n d , B e r l y n e  
a n d  S h a w  [2] reg ard  th e  h ig h  C a x P  p ro d u c t as an  essen tia l fac to r. A ll th e ir  
p a t ie n ts  w ith  co n ju n c tiv a l ca lc ium  deposits, ev en  tho se  w ith  h y p o ca lcaem ia , 
h a d  a h ig h  Ca X P  p ro d u c t, a n d  th e y  reg a rd  th e  h igh  p lasm a ino rg an ic  p h o s
p h a te  lev e l as responsib le  fo r th is  e levation . Case 4 in  th e  p resen t series co r
re s p o n d e d  to  th is  ty p e . O n th e  o th e r h an d , in  C ases 2 and  3, a n o rm al serum  
p h o s p h a te  level was found  a n d  th e  h y p o ca lcaem ia .

D h e r m y  [5] re p o rte d  a case of p a lp e b ra l ca lcification  o f th e  W iner- 
ty p e  w ith  a n o rm al b lood  ca lc iu m  level. H e em p h asized  th a t  th e  d eg en era tio n  
o f co llag en  is accom pan ied  b y  a release o f  ca lc ium  from  th e  tissu es ; its  
p re c ip ita t io n  m ay  be p ro m o te d  by  local p H  changes.

C onsidering  a ll th e  ab o v e , i t  clearly em erges th a t  th e  red  eyes, as con
cern s  th e i r  p a th o m ech an ism , fa ll in to  d iffe ren t ty p e s . W h a t th e y  h av e  in  com 
m o n  is som e u n id en tified  fa c to r  w hich in duces th e  deposition  of ca lc ium  in 
th e  c o n ju n c tiv a . T his fa c to r  m a y  be soug h t in  a physical ir r ita tio n  o f  som e 
k in d , fo r  in stan ce  excessive cooling, e v a p o ra tio n , d u s t, sm oke, e tc ., a c tin g  as 
a m ic ro tra u m a  to  th e  ex p o sed  co n ju n c tiv a l a re a .

T h e  o b se rv a tio n  th a t  th e  co n ju n c tiv a l m a s to c y te s  also revealed  ca lcium  
d e p o s its  in v ite s  fu r th e r  in v es tig a tio n s  in to  th e  p a r t  p layed  b y  these  cells an d  
th e  p o ss ib le  in v o lv em en t o f  m asto ca lc ip h y lax ia  in  th e  phenom enon o f re d  eyes.
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THE HAEMODYNAMIC BASIS 
OF ANGINAL RELIEF PRODUCED BY STIMULATION 

OF THE CAROTID SINUS NERVE
(E F F E C T  O F  C A R O T ID  S IN U S  S T IM U L A T IO N  ON  C IR C U L A T IO N  ,

A N D  O N  T H E  D IS T R IB U T IO N  O F  C A R D IA C  O U T PU T )

F . Solti, Z. Szabó, L. F e d in a , F . R é n y i-Vámos, jr., K . Sárai

FO U RTH  D EPA RTM EN T O F SU R G ER Y  AND E X PE R IM E N T A L  RESEA RCH  IN ST IT U T E , 
SEM M ELW EIS U N IV E R SIT Y  M EDICAL SCHOOL, BUDAPEST

(R eceived  Ju n e  22, 1972)

T he effects o f  s t im u la tio n  o f th e  c a ro tid  sinus nerve on th e  b lo o d  flow  o f  th e  
essen tia l o rgans (h e a r t ,  b ra in , k id n ey , m uscles, sk in ) an d  on h a em o d y n am ic  re g u la 
tio n s  hav e  been ex am in ed  in  16 dogs, w ith  40 o th e r  dogs serv ing as co n tro ls .

T he ca ro tid  sinus w as s tim u la te d  b y  a  M ed tron ic  rad io freq u en cy  c a ro tid  sinus 
s tim u la to r . T he p a ra m e te rs  w ere th e  fo llow ing: 3 to  6 mV vo ltage , 30 to  50 H z  fre 
q u en cy , 350 /usee, im pu lse  d u ra tio n . C ard iac  o u tp u t  a n d  blood flow  w ere d e te rm in e d  
b y  th e  d y e -d ilu tio n  m eth o d  w ith  E v an s-b lu e , o rg an  b lood  flow b y  8eR b  a n d  131I-a n ti-  
p y rin e . A sig n ifican t fall in  card iac  o u tp u t,  p e r ip h e ra l v a scu la r re sis tan ce  a n d  v e lo c ity  
o f  b lood  flow  w as d e m o n s trab le  d u rin g  s tim u la tio n , w ith  th e  m ean  re d u c tio n  in  p re s
su re  w ork  ca lcu la ted  for th e  le f t v e n tric le  a m o u n tin g  to  4 0% . D esp ite  th e  re d u c tio n  
in  b lood p ressu re  a n d  card iac  o u tp u t  th e re  w as a n  increase  in  c o ro n ary  flow  d u rin g  
s tim u la tio n , in  c o n tra s t  to  cereb ra l, re n a l, c u ta n eo u s  a n d  m u scu la r flo w  w h ich  ex 
h ib ite d  a  sligh t fall. T he card iac  frac tio n  o f ca rd iac  o u tp u t  show ed a m a rk e d  increase  
in  response to  c a ro tid  sinus s tim u la tio n .

T h e o b se rv a tio n  th a t  s tim u la tio n  o f th e  ca ro tid  sinus n e rv e  is a p t  to  
re lieve  an g ina l pa in  is n o t a new  one [1]. In  re c e n t years  e lec tric  s tim u la tio n  
o f  th e  ca ro tid  sinus h as  been  successfu lly  em ployed  in  d ru g -re s is ta n t cases 
o f an g in a  pecto ris  [2, 3, 4 , 5, 6]. T he p re se n t a u th o rs  u n d erto o k  im p la n ta tio n  
o f  a c a ro tid  sinus electric  s tim u la to r  (M edtron ic  rad io freq u en cy  c a ro tid  sinus 
s tim u la to r)  w ith  com plete  success in  a d ru g -re s is ta n t case o f a n g in a  pec to ris . 
D esp ite  ex tensive  research  w ork  on th e  su b je c t, th e  h aem o d y n am ic  fac to rs  
acco u n tin g  for th e  an tia n g in a l response  to  s tim u la tio n  o f th e  c a ro tid  sinus 
n e rv e  are  n o t fu lly  u n d ers to o d . T he aim  o f th e  p re sen t s tu d y  w as to  gain  
in fo rm a tio n  on th e  changes o f th e  e ssen tia l a reas o f b lood su p p ly  a n d  o f  th e  
d is tr ib u tio n  o f ca rd iac  o u tp u t  to  th e  in d iv id u a l organs c o n seq u en t upon  
s tim u la tio n  o f th e  ca ro tid  sinus nerve .

Material and methods

F ifty -s ix  m ongrel dogs of e ith e r sex w ere s tu d ied . In  16 an im als th e  h a em o d y n am ic  
s tu d ies  w ere p e rfo rm ed  d u rin g  c a ro tid  sin u s-n erv e  s tim u la tio n , 40 served as c o n tro ls . C ard iac  
o u tp u t ,  c ircu la tio n  tim e  a n d  th e  vo lum e of c irc u la tin g  b lood were d e te rm in ed  b y  th e  dye- 
d ilu tio n  m eth o d , w ith  E v an s-b lu e  (2 m g p e r kg  b o d y  w e igh t in trav en o u s ly ). B lood  flow  of 
h e a r t ,  b ra in , k id n ey , m uscles a n d  sk in  w ere m easu red  b y  S a p i r s t e i n ’s  in d ic a to r  o f frac-
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t io n a l  d is tr ib u tio n  m eth o d  [8], b y  th e  jo in t  use o f  86R b  a n d  131I-an tip y rin e  [9]. T h e  o rg an  
f ra c t io n s  o f  card iac  o u tp u t  w ere c a lcu la ted  from  th e  v a lu e s  o f  card iac  o u tp u t  a n d  of re g io n a l 
b lo o d  f lo w  p e r  100 g o rg a n  w e ig h t. F o r s tim u la tio n , th e  c a ro tid  sinus ne rv e  w as exp o sed  
in  th e  c a ro t id  b ifu rca tio n  a n d  th e  e lectrode  was p lac ed  ro u n d  it.  T he m an ip u la tio n s  w ere  
p e rfo rm e d  u n d e r  superfic ia l p e n to b a rb itu ra l  a n ae s th es ia  (20 m g p e r kg b o d y  w e ig h t in t r a 
v e n o u s ly ) . T h e  stim uli w ere ap p lie d  w ith  a c a ro tid  sin u s s tim u la to r , vo ltage  be ing  3 to  5 V , 
th e  f re q u e n c y  of stim uli 30 to  50 p e r  second, d u ra tio n  of im p u lses 350 m icroseconds. S tim u la 
t io n  w as fo llow ed  by  a fa ll in  b lo o d  pressu re  and  slow ing o f  th e  pu lse  r a te  (checked  b y  E C G ) 
a v e ra g in g  20 to  30 a n d  15 to  2 0 % , respec tive ly .

F o r  th e  analysis o f th e  re su lts ,  S tu d e n t’s tw o -sa m p le  t- te s t  was used.
F o r  re ference p u rp o ses , th e  d a ta  o f h u m an  h aem o d y n am ic  s tud ies p e rfo rm ed  p rio r  

to  a n d  d u r in g  s tim u la tio n  o f th e  c a ro tid  sinus ne rv e  are  also  g iven. C ardiac o u tp u t,  c irc u la t
in g  b lo o d  vo lu m e and  c irc u la tio n  tim e  were m easu red  w ith  th e  E v an s-b lu e  tech n iq u e  (50 m g 
<5 in tra v e n o u s ly ) .

R esults

R e su lts  of th e  an im al experim en ts  are  show n  in  Figs 1 an d  2.
F ig . 1 shows th e  changes p roduced  in  sy s tem ic  c ircu la tio n . As a r e s u lt  

o f s t im u la tio n  of th e  c a ro tid  sinus nerve  (c ro ss-h a tch ed  colum ns) b lood  p re s 
su re , c a rd ia c  o u tp u t a n d  p e rip h e ra l a r te ria l re s is ta n c e  s ig n ifican tly  d im in ish ed , 
as o p p o sed  to  a p ro lo n g a tio n  o f c ircu la tio n  tim e . All these  changes w ere  
s ig n if ic a n t s ta tis tic a lly .

L e f t  v e n tr ic u la r  p ressu re  w ork was c a lc u la ted  from  m ean a r te r ia l p re s 
su re  a n d  card iac  o u tp u t  (in v iew  o f th e  n o rm a l haem o d y n am ic  s ta te  o f th e  
a n im a ls , th e  left v e n tr ic u la r  end-d iasto lic  p ressu re  w as considered zero). As it  
c a n  b e  seen , s tim u la tio n  o f th e  caro tid  sinus n e rv e  relieved  th e  p ressu re  w ork  
im p o se d  on th e  h e a r t  b y  n e a rly  40 %  (F ig . 1).

F ig . 2 shows th e  in d iv id u a l organ  flow s a n d  th e  organ  frac tio n s o f ca rd iac  
o u tp u t  in  response to  s tim u la tio n  o f th e  c a ro tid  sinus, expressed in  p e r cen t 
o f th e  co rrespond ing  p a ra m e te rs  o f th e  c o n tro l g ro u p , th e  m ean  v a lu es  o f  
th is  g ro u p  being ta k e n  as 100%  (Fig. 2). F ro m  th e  g rap h  i t  em erges t h a t  
c o ro n a ry  b lood flow  in c reased  by  15%  in re sp o n se  to  caro tid  sinus s tim u la 
tio n  d e sp ite  a fall in  b lood  p ressu re  and  in  ca rd ia c  o u tp u t, w hereas b ra in , 
k id n e y , m uscle and  sk in  flow  sligh tly  d im in ish ed . T he increase in  ca rd iac  
b lo o d  f lo w  w as s ig n ifican t s ta tis tic a lly . T he ca rd iac  frac tio n  of ca rd iac  o u tp u t  
also sh o w ed  a 4 0 % , s ta tis t ic a lly  sig n ifican t, in crease . A sligh t increase  w as 
d e m o n s tra b le  in th e  ce reb ra l, rena l, m u scu la r an d  cu taneous frac tio n s  o f  
c a rd ia c  o u tp u t , w ith  th e  ex cep tio n  o f th e  re n a l f ra c tio n , th e  v alue  fo r w hich  
fa iled  to  a t ta in  th e  level o f  significance.

F ig . 3 rep resen ts  th e  response of th e  h aem o d y n am ic  p a ra m e te rs  o f a 
p a t ie n t  w ith  grave an g in a  pecto ris  to  successfu l e lectric  s tim u la tio n  o f th e  
c a ro tid  sinus nerve (F ig . 3). I t  can be seen (full colum ns) th a t ,  s im ila rly  as 
in  th e  la b o ra to ry  an im als , s tim u la tio n  of th e  c a ro tid  sinus nerve  p ro d u ced  a 
s u b s ta n t ia l  fall in  b lood  p ressu re , p e rip h era l v a sc u la r  resistance  an d  v e lo c ity  
o f b lo o d  flow .
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A b b rev ia tio n s fo r figures 1 3.
B F  =  organ  blood flow
C O B F =  organ  frac tio n  o f  ca rd iac  o u tp u t
P m  =  m ean  a rte ria l b lo o d  pressure
CO =  card iac  o u tp u t
T V R  =  to ta l  v ascu la r re s is tan c e
MT =  m ean  tra n s it  t im e
LVW  =  calcu la ted  w o rk  o f le ft v en tric le
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Discussion
O n th e  evidence o f  th e  p resen t s tu d y , c a ro tid  s inus-nerve  s tim u la tio n  

r e s u lts  in  changes in  th e  h aem o d y n am ics o f sy s tem ic  c ircu la tion  to  th e  p ro f it 
o f  b lo o d  flow  of th e  e s se n tia l organs o f c irc u la tio n  an d  also p ro d u ces slig h t 
m o d if ic a tio n s  in  th e  h a e m o d y n a m ic  reg u la tio n s. A  fa ll in  a r te r ia l m ean  p re s 
su re  a n d  in  card iac o u tp u t  h as  been n o ted , in  acco rdance  w ith  th e  p re se n t 
r e s u l ts ,  b y  o ther w o rk ers  as well. B eveg ard  e t  al. [10], Gr iffith  and  
S chw artz  [11], R eich  e t a l. [12], E pstein  e t  a l. [13], R othfeld  e t al. [14], 
L o w n  a n d  Levine  [15] as w ell as Gersm eyer  [16] found  a decrease in  p u l
m o n a ry  pressure in  re sp o n se  to  stim u la tio n  o f  th e  ca ro tid  sinus n e rv e .

T h e  findings in  r e s p e c t o f th e  effect o f c a ro tid  sinus-nerve  s tim u la tio n  
o n  c o ro n a ry  flow  are  less co n s is ten t. W hile, a cco rd in g  to  Falicov e t  al. [17], 
c o ro n a ry  blood flow  d im in ish es , according to  V a t n e r  e t al. [18, 19] i t  rem ains 
g e n e ra lly  u naffec ted , d e sp ite  a decrease in  b lo o d  p ressu re , th o u g h  in c reasin g  
in  a n u m b e r  of cases. D e G e e st  e t al. [20] n o te d  a fall in  co ro n ary  res is tan ce  
re sp o n se  to  s tim u la tio n  o f  th e  caro tid  sinus n e rv e  [20].

T h e  h aem o d y n am ic  responses of th e  o th e r  o rgans are less a m p ly  d o cu 
m e n te d  in  th e  l i te ra tu re . A cco rd ing  to  E r n st in g  an d  P arry  [21], Z ing h er  
a n d  G rodins [22], Ga ult  e t  al. [23] and  to  B evegard  an d  Sh eph er d  [10], 
p e r ip h e ra l  (ex trem ita l) v a sc u la r  resistance s ig n if ic a n tly  d im in ishes d u rin g  
s t im u la t io n  of th e  c a ro tid  s inus nerve. A fa ll in  ren a l b lood  flow  p ara lle l 
w ith  s tim u la tio n  o f th e  c a ro tid  sinus has b een  observed  b y  T uckman  e t 
a l. [24] an d  N eistadt  a n d  Schwartz [25]. R esnico ff  e t al. [26] n o te d  a 
re g io n a l increase in  p e r ip h e ra l vascu lar re s is ta n c e  w ith in  th e  a rea  o f  b lood  
s u p p ly  o f  th e  v e r te b ra l a r te ry ,  in  opposition  to  th e  area o f c a ro tid  b lood  
s u p p ly  w here th e  p e r ip h e ra l v ascu la r re s is tan ce  w as u n affec ted .

T h e  p resen t f in d in g s  seem  to  in d ica te  t h a t  s tim u la tio n  o f th e  c a ro tid  
s in u s  n e rv e  n o t only  p ro d u c e s  changes in  b lo o d  c ircu la tio n  b u t  also m odifies 
th e  d is tr ib u tio n  of c a rd ia c  o u tp u t  in  th e  in d iv id u a l o rgans, p a r tic u la r ly  as 
c o n c e rn s  th e  increase in  th e  card iac  frac tio n  d u r in g  s tim u la tio n  o f  th e  ca ro tid  
s in u s . C oronary  flow , i.e ., th e  n u tr itiv e  b lo o d  su p p ly  to  th e  h e a r t ,  g rea tly  
in c re a se s  despite a s u b s ta n t ia l  s im ultaneous fa ll in  b lood  p ressu re  a n d  card iac  
o u tp u t .

T h e  h aem o d y n am ic  chan g es d e m o n s tra te d  b y  th e  p re se n t s tu d y  th u s  
a c c o u n t  fo r th e  re lie f o f  a n g in a l pain  p ro d u ced  b y  s tim u la tio n  o f th e  c a ro tid  
s in u s  n e rv e . The w ork  im p o se d  on the  le ft v e n tr ic le  g rea tly  d im in ishes as a 
r e s u l t  o f  th e  fall in  c a rd ia c  o u tp u t, in  a r te r ia l  p ressu re  an d  in  p e rip h e ra l 
v a s c u la r  resistance. M o reo v er, desp ite  th e  fa ll in  b lo o d  p ressu re  an d  in  card iac  
o u tp u t ,  coronary  b lood  f lo w  increases in  consequence  of a s u b s ta n tia l  d i la ta 
t io n  o f  th e  coronary  v a s c u la r  bed . A m o d ific a tio n  of these  tw o  fa c to rs  b y  
th e  c a ro tid  sinus s tim u la tio n  th u s  b en efits  th e  o x y g en a tio n  o f  th e  h e a r t  
m u sc le . *
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ECG AND YCG IN ACCIDENTAL 
AND EXPERIMENTAL HYPOTHERMIA

I .  P r éda , P. K e n e d i

SECOND SECTION OF M E D IC IN E , POSTGRADUATE M ED IC A L SCHOOL, BUDAPEST 

(R ece iv ed  Ju ly  17, 1972)

T he EC G  fe a tu re s  o f  a cc id en ta l h y p o th e rm ia  a re  p re sen ted  in  th e  l ig h t  o f  f iv e  
o b se rv atio n s, c o n sid e ra tio n  b e in g  given to  possib le  re la tio n sh ip s  betw een  h y p o th e rm ic  
ECG ab n o rm a litie s  a n d  v e n tr ic u la r  f ib rilla tio n . T h e  EC G  an d  VCG a b n o rm a lit ie s  
associated  w ith  h y p o th e rm ia  h a v e  been re p ro d u ced  in  dog ex p erim en ts a n d  th e  e x a c t  
loca tion  in  tim e  an d  space  o f th e  J  deflection  h a s  b een  a tte m p te d  by  ep ic a rd ia l lea d s  
an d  its  d e riv a tiv e s. I t  h a s  b e en  fo u n d  th a t  th e  J  d e fle c tio n  belongs p a r tly  to  d e p o la r iz a 
tio n , p a r tly  to  re p o la r iz a tio n  a n d  th a t  i t  is due  to  a n  e x tre m e  delay  in  th e  a c t iv a t io n  
of th e  p o ste ro b asa l reg ion .

H y p o th e rm ia , w h e th e r  acc id en ta l or a r tif ic ia l, is associated  w ith  v a rio u s  
e lectrophysio logical changes. V en tricu la r f ib r illa tio n  is th e  g ravest h a z a rd  o f  
su rg ica l h y p o th e rm ia  [4, 8, 19, 28, 33]; it  c o n s ti tu te s  th e  d irec t cause o f  d e a th  
in acc id en ta l h y p o th e rm ia  as well as in h y p o th e rm ia  resu lting  from  g rav e  
h y p o th y ro id ism  [10, 11, 13, 24, 32].

T omaszewszky [39] w as th e  firs t to  d escribe  an  ECG change in  a case 
o f acc id en ta l h y p o th e rm ia  (1939), in p a r tic u la r  a ch a rac te ris tic  slow d eflec 
tio n  betw een  th e  Q R S com plex  and  th e  ST seg m en t. This could th e n  be 
rep ro d u ced  by  o th e r  w ork ers  in  various an im a l species u n d er e x p e rim e n ta l 
cond itions [8, 11, 12, 30, 23, 29, 40]. The a b n o rm a l ECG  fea tu res o f  h y p o 
th e rm ia , inc lud ing  a w iden ing  o f Q R S, ab n o rm a l Q, pro longed PQ -, Q T- a n d  
R R -in te rv a ls , p a r tic u la r ly  an  e levation  of th e  J  ju n c tio n  giving orig in  to  th e  
deflec tion  w ave ST (deflec tion  J )  have been am o n g  th e  m ost w idely d e b a te d  
issues of ex p e rim en ta l h y p o th e rm ia  in th e  la s t  f if te e n  years. Osborn  [29] 
reg a rd s  th e  re la tio n sh ip  b e tw een  th e  a p p ea ran ce  o f  th e  J  deflection  a n d  o f 
v e n tr ic u la r  f ib rilla tio n  as es tab lish ed  and  asc rib es  th ese  ab n o rm a litie s  to  
h y p o v e n tila tio n  asso c ia ted  w ith  h y p o th e rm ia  a n d  to  consecutive ac id o sis . 
W hile  W y n n e , F uller  a n d  Székely  [47] as w ell as Schwab an d  h is a s 
sociates [35] also re la te  th e  J  deflection  to  v e n tr ic u la r  fib rilla tio n , o th e r  
w orkers [10, 33, 40] h av e  q u es tio n ed  th is  re la tio n sh ip . E mslie-Smith , e x a m in 
ing  th e  v ec to r-card io g ram  in one case o f h y p o th e rm ia , d em o n stra ted  an  e x tr a  
loop, th e  J  loop, co rresp o n d in g  to  the  J  d e flec tio n , betw een  th e  Q R S a n d  T  
loops [12].

W e had  f iv e  p a tie n ts  w ith  acciden tal h y p o th e rm ia  a t our In te n s iv e  
Care U n it in th e  period  1970/71. R ecta l te m p e ra tu re  on adm ission w as b e tw een
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F ig s  1, 2. G. R ., fem ale , 80 y e a rs . EC G  trac in g s  in  h y p o th e rm ia  (24°C) a n d  a f te r  successful 
re w a rm in g  (35.7°C). J -d e f le c tio n  ch ara c te ris tic  o f h y p o th e rm ia  is m o st o b v io u s  in  V 44_ 5. 

ECG o b ta in ed  a f te r  rew arm in g  no lo n g er show s these  a b n o rm a litie s
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Fig. 3. G. F ., m ale, 66 y ears . H y p o th e rm ie  ECG w ith  a d is tin c t J  deflection  in  I I ,  I I I  and 
aV F. T he saw -to o th ed  a p p ea ran ce  of th e  base line  is due to  m uscle tre m o r

24° a n d  31°C. R ep ea ted  12-lead E C G -trac ings w ere recorded  u n d e r  m o n ito r
ing  th e  rec ta l te m p e ra tu re  an d  th e  ECG. T h is w as com pleted  in  one  case by  
th e  o rth o g o n a l F ra n k  leads an d  b y  VCG. T h e  ECG  find ings w ere e v a lu a te d  
in  th e  co n tex t o f th e  clin ical p ic tu re  an d  o f  la b o ra to ry  evidence.

T he ECG find ings inc luded  b ra d y c a rd ia  an d  a len g then ing  o f  Q T re la ted  
to  th e  degree o f h y p o th e rm ia , in  tw o cases au ric u la r  f ib rilla tio n , in  th re e  cases 
p ro longed  QT, in tw o  cases ap p earan ce  o f an  ab n o rm al Q, an d  in  a ll o f  th e  
cases an  e levation  o f th e  J  ju n c tio n  an d  th e  ap p earan ce  of a J  deflec tio n  
(ST deflec tion). T his J  deflec tion  w as m o st obvious in th e  c e n tra l  prae- 
co rd ia l leads.

F igs 1 an d  2 show  th e  ECG trac in g s o f  G. R ., a 80 -y ear-o ld  fem ale 
p a tie n t  w ith  b a rb itu ra te  po isoning . T he f i r s t  tra c in g  w as m ade a t  adm ission  
in h y p o th e rm ia  (rec ta l te m p e ra tu re  24°C) an d  th e  o th e r in n o rm o th e rm ia . 
T he f irs t  ECG  m ade a t  a p a p e r  speed o f 25 m m /sec revealed  a u ric u la r  f ib r illa 
tio n  w ith  ex trem e b ra d y c a rd ia  (18 p er m in). Q R S m easured  0.12 sec ; QT,
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F ig . 4. Sam e p a tie n t as in  F ig . 3. O rthogonal leads X , Y  a n d  Z in  h y p o th erm ia . E le v a tio n  
of ju n c tio n  J  a n d  th e  J  deflection a re  m o s t  o bv ious in  lead  Y

0.92  sec. In  leads I ,  I I ,  I I I ,  aV F and Y 3_ e th e re  w as ledging  o f th e  b ase  o f 
Q R S , fo rm ing  th e  p o in t  o f  o rig in  of an e x tra  J  d e flec tion . A fter rew arm in g  
to  35.7°C  th e  ECG sh o w ed  sinus rh y th m , a h e a r t  ra te  of 88. PQ  m easured
0 .14  sec; QRS, 0.06 sec; Q T , 0.38 sec.

T h e  ECG in F ig . 3 b e lo n g s to  the 6 6 -y ea r-o ld  m ale p a tie n t  W . F ., w ho 
h a d  a rec ta l te m p e ra tu re  o f  28.5°C on a d m iss io n . EC G  revealed  a u ric u la r  
f ib r i l la t io n  w ith  b ra d y c a rd ia  o f 60 per m in  a n d  a v e rtic a l position  o f R . In  
le a d s  I I ,  I I I  and  aV F  th e  descending lim b o f Q R S  was ledged an d  fo rm ed  
th e  p o in t  of origin o f a J  d eflec tio n . The fin e  o sc illa tions on th e  baseline w ere 
c a u se d  b y  muscle tre m o r  [24, 32] (Fig. 4). T h e  F ra n k  o rthogonal leads show n 
in  F ig . 4 lead X  an d  Y  c le a r ly  show an e le v a tio n  o f th e  J  ju n c tio n  (F ig . 5). 
T h e  V CG  seen in F ig . 5 rev e a le d  a h em ic ircu la r co n cav ity  o f th e  te rm in a l 
se c tio n  o f QRS (J  loop) in  a ll th ree  planes, p a r t ic u la r ly  in  th e  h o riz o n ta l an d  
th e  s a g itta l  plane. T h e  J  lo o p  appeared  b efo re  th e  com pletion  of v e n tr ic u la r  
d ep o la riza tio n , as a sign  o f  w hich  the  descen d in g  lim b of R failed  to  re tu rn  
to  i ts  origin in th e  o r th o g o n a l Y  lead.
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Fig. 5. V ec to r-ca rd io g ram  in  th e  f ro n ta l  sa g itta l a n d  h o r iz o n ta l p lanes o f th e  sam e p a tie n t  
in  h y p o th erm ia  (28.5 C). T he te rm in a l p o rtio n  of Q R S d isp lay s  a hem ic ircu lar c o n c a v ity  

(J  loop) in  all th ree , p a r tic u la r ly  in th e  sa g itta l  an d  h o rizon tal, p lan es
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E xperim en ta l s tu d ies

I t  w as sougbt to  s tu d y  th e  ECG  ab n o rm a litie s  fo u n d  in h y p o th e rm ia  m o re  closely 
u n d e r  e x p erim en ta l c o n d itio n s, in  p a rticu la r , to  d e fin e  th e  ex ac t tim e  a n d  sp ace  re la tio n 
sh ip s  o f  th e  J  deflection w h ich  e a rlie r  w orkers h a v e  fa iled  to  clarify  [10, 14, 29, 32, 46].

S ix  ap p earen tly  h e a lth y  m o n g rel dogs of e ith e r  sex  w eighing b e tw een  10 a n d  14 kg 
w ere  s tu d ie d . A cock tail m ad e  u p  of 100 m g p e th id in ,  50 m g p ro m eth az in e  a n d  25 ch lo r
p ro m a z in e  w as adm in iste red , th e  fem ora l a rte rie s  a n d  v e in s w ere p rep ared  a n d  w ith  th e  re c ta l 
t e m p e ra tu r e  still ran g in g  b e tw e e n  37.5 and 38.0°C , a  co rrec ted  o rth o g o n al E C G  accord ing  
to  M cF e e  an d  P arungao  [25] a n d  th e  Y CG, w ere  re co rd ed , th en  a fte r  su cc in y l-re la x a tio n  
c o n tro l le d  resp ira tio n  w as a p p lie d  w ith  a 2 : 1 m ix tu re  o f N 20  and  0 2. L e ft th o ra c o to m y  was 
p e r fo rm e d  while th e  an im als  w e re  still n o rm o th e rm ic , th e  h e a r t  was exposed , a n d  ep ica rd ia l 
u n ip o la r  a n d  bipolar e lec tro d es w ere  fix ed  to  d e te rm in e d  p o in ts  o f th e  le f t  v e n tric le . The 
re c o rd in g s  were m ade w ith  a 3 -ch an n e l d irec t-w ritin g  H eilige a p p a ra tu s , a t  a  p a p e r  speed 
o f  100 m m /sec. For th e  b ip o la r  e lectrodes we u se d  a  p lan tin u m  wire 0.5 m m  in  d iam e te r 
w i th  ro u n d e d  tip s m o u n te d  in  a  p la s tic  fram e. T h ese  w ere  p laced  1 m m  a p a r t  a n d  con n ec ted  
to  s t a n d a r d  lead  I I .  F o r th e  u n ip o la r  leads we u se d  a  s ta in le ss  steel e lectrode  1 m m  in  d iam 
e te r ,  w h ic h  was co n n ec ted  to  th e  chest e lectrode . P a ss iv e  de riv a tiv es b y  m ea n s  of a n  RC 
c ir c u it  w ith  a tim e -co n s ta n t o f  1 m sec were re c o rd e d  synchronously  w ith  th e  ep icard ia l 
t r a c in g s .  A fte r  closure o f th e  th o ra c o to m y  w ound , lo ca l cooling was p e rfo rm ed  b y  im m ersion  
in  ice  co ld  w ater. R e sp ira to ry  r a te  w as reduced  in  p ro p o r t io n  to  th e  fall o f  re c ta l  te m p e ra tu re . 
A t  29°C  th e  anim als w ere re m o v e d  from  th e  coo ling  b a th  and  th is  w as fo llow ed  b y  a sp o n 
ta n e o u s  fu r th e r  fall to  28°C. T h is  tem p e ra tu re  w as m a in ta in e d  if  necessary  w ith  th e  aid  of 
w a rm e d  perfusions. T he c o n tro l reco rd ings w ere d e r iv e d  from  id en tica l p o in ts , p a r t ly  w ith  
o p e n , p a r t ly  w ith  closed c h es t. T h e  trac in g s w ere  a n a ly se d  on th e  basis o f th e ir  co n fig u ra 
t io n  a n d  q u a n tita tiv e  c h a ra c te r . T h e  stud ies w ere  co m p le ted  b y  a c id - b ase-, b lo o d -g as and  
e le c tro ly te  m easurem ents.

T h e  E C G -ab n o rm alitie s rev ea led  by  th e se  e x p e rim e n ts  w ere c o n s is te n t w ith  those  
fo u n d  in  h u m an  acc id en ta l h y p o th e rm ia .

F ig . 6 shows lead s X , Y  an d  Z in n o rm o th e rm ia  and  h y p o th erm ia . O n  com parison  
o f  th e  tw o  trac ings we f in d  a consp icuous increase  in  a m p litu d e  of P , p a r tic u la r ly  in  lead  Y, 
a n d  th e  appearan ce  of a deep  Q in  lead  X . Q R S in c re a se d  from  0.09 sec to  0.12 sec a n d  QT 
f ro m  0 .22  sec to  0.34 sec. I n  a ll th re e  leads th ere  is a n  e lev a tio n  of ju n c tio n  J ,  a n d  th e  a p p ea r

in g .  6. C om parison of lead s X , Y  an d  Z in  n o rm o th e rm ia  a n d  h y p o th erm ia  (28.0°C ). W idened  
Q R S , p ro lo n g ed  Qt. D eflec tio n  J  o rien ted  to  th e  le f t ,  p o s te rio rly  and  d o w n w ard  c an  be  seen 

in  all th ree  leads: a )  n o rm o th e rm ia  (37JC), b) h y p o th erm ia  (28°C)
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Fig. 7. VCG in th e  f ro n ta l p lan e  in  ex p erim en ta l h y p o th e rm ia . T he loop of clockwise in sc rip 
tio n  gives origin a t  i ts  te rm in a l p o rtio n  to  an  e x tra  loop ( J  loop), and  loop T  s ta r ts  only

a fte rw ards

Fig. 8. B ipo lar ep icard ia l leads an d  th e ir  f irs t d e riv a tiv e s in  n o rm o th e rm ia  an d  h y p o th erm ia . 
A fter cooling, th e  steepness o f th e  ascending lim b d im in ish es w hile th e  ac tio n  p o ten tia l 

increases in  d u ra tio n : a )  n o rm o th erm ia  (37°C): b) h y p o th e rm ia  (28°C)

fro n ta l p lane seen in Fig. 7 d is tin c tly  shows an  e x tra , U -sh ap ed  loop (J  loop) arising  from  
th e  te rm in a l p a r t  of th e  loop o f clockw ise in scrip tio n , w hile th e  T  loop s ta r ts  on ly  a fte rw ard s.

T he ep icard ia l lead s de riv ed  from  th e  surface  of th e  le ft v e n tric le  an d  th e ir  f i r s t  de
riv a tiv e s  in tim e  give closer d e ta ils  o f th e  spread  o f im pu lse  (F ig . 8). In  F ig . 8 th e  b ipo lar 
leads h av e  been co m p ared  in n o rm o th e rm ia  and  in h y p o th e rm ia . I t  is seen th a t  a f te r  cooling 
th e  ascending  lim b becom es less s teep , th e  d u ra tio n  o f th e  ac tio n  p o te n tia l  be ing  pro longed. 
In  th e  u n ip o la r leads cooling is follow ed by  the  d isap p ea ran ce  of th e  physio log ic  T  deflection  
an d  by  th e  ap p ea ran ce  o f a w ide, u p r ig h t deflection  J  (F ig . 9). T h e  trac in g  p ro v ides v a luab le  
clues to  th e  analysis o f th e  com plex. T he second u p rig h t p eak  p o in ts  to  th e  e lev a ted  J  ju n c tio n , 
th u s  m ark in g  o u t th e  tu rn in g  p o in t be tw een  d ep o la riza tio n  an d  re p o la riza tio n . T h ere  is a 
delay  in  d ep o la riza tio n  be tw een  th e  free  wall of th e  left v e n tric le  a n d  its  p o ste ro b asa l region. 
T his gives th e  b est p ro jec tio n  in th e  un ip o la r ep icard ia l lead s w here  th e  in trin sico id  deflec-
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F ig . 9 . U n ip o la r  ep icard ia l lead s  a n d  th e ir  f i r s t  d e riv a tiv e s  in  n o rm o th e rm ia  an d  h y p o 
th e rm ia .  T h e  second u p w a rd  p e a k  o f  th e  d e riv ed  lead  p o in ts  to  th e  e le v a te d  J  ju n c tio n , th u s  
c le a r ly  m a rk in g  th e  tu rn in g  p o in t b e tw ee n  d ep o la riza tio n  a n d  rep o la riz a tio n . D ep o lariza tio n  
is d e la y e d  be tw een  th e  free w all a n d  th e  p o ste ro b asa l reg ion  o f th e  le f t  v e n tric le , accord ing ly  
th e  in tr in s ic o id  deflection  is a lso d e layed : a)  free  w all o f  le f t v e n tric le , b) p o s te ro b asa l

region

Table I

U nipolar

Case Electrodes

Basic values 28°C

R/mV
QT

(sec)
dV/dt

mV/sec R/mV
QT

(sec)
dV/dt

mV/sec

l L eft ventricle , an te rio r 19 0.27 1200 19 0.40 700

Posterobasa l 19 0.27 1000 26 0.40 600
2 L eft ventricle , a n te rio r 9 0.25 1400 10 0.35 800
3 L eft ven tricle , a n te rio r 21 0.20 1400 20 0.30 1100
4 L eft ventricle , a n te rio r 15 0.30 900 17 0.38 800
5 L eft ventricle , a n te rio r 10 0.32 1000 11 0.40 900
6 L eft ventricle , a n te rio r 16 0.28 800 15 0.35 700
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T able  II

B ipolar

Cate Electrodes

Basic raluce 28 C

R/mV
Dura
tion

dV/dt
mV/sec R/mV

Dura
tion
H

dV/dt
mV/sac

l L eft ven tric le , an terio r 19 0.21 700 15 0.38 250

P o ste ro b asa l 29 0.21 600 — —

2 L eft v en tric le , an te rio r 25 0.24 1300 20 0.39 800

3 L eft ven tric le , an te rio r 28 0.27 700 25 0.40 500

4 L eft v en tric le , an te rio r 22 0.25 1200 25 0.38 700

5 L eft v en tric le , an te rio r 16 0.27 900 19 0.35 600

6 L eft v en tric le , an te rio r 22 0.27 1150 19 0.36 800

Q u a n tita tiv e  analysis of th e  u n ip o la r  an d  b ipo lar ep icard ia l leads shows th a t  th e  d u ra 
tio n  of QT, m ore correctly  of th e  ac tio n  p o te n tia l ,  increases in all o f th e  cases. C orresponding ly , 
th e  frac tio n  d V /d t expressed in m Y /sec d im inishes.

t io n  show s a  de lay  in  th e  p o s te ro b asa l reg ion . In  acco rdance  w ith  th is , th e  d e r iv a tiv e  give 
a sm alle r d V /d t va lue .

Q u a n tita tiv e  evalu a tio n  o f th e  ep ic a rd ia l leads h as been -set o u t in  close d e ta i l  in 
T ab le  I an d  I I .  QT, th e  d u ra tio n  o f  a c tio n  p o te n tia l  is s ign ifican tly  p ro longed  u n d e r  h y p o 
th e rm ia  all th ro u g h o u t and ow ing to  a d e lay  in  d ep o la risa tio n  th e  dV /d t v a lu e  ex p ressed  in 
m V /sec d im in ishes.

D iscussion

H u n g a ria n  lite ra tu re  d ea lin g  w ith  th e  ca rd io v ascu lar a sp ec ts  o f  h y p o 
th e rm ia  [5, 15, 17, 21, 26, 37, 38 , 43, 44] offers no ad eq u a te  in fo rm a tio n  on 
th e  EC G  ab n o rm alities  a sso c ia ted  w ith  th e  cond ition . On th e  ev idence  o f  th e  
o b se rv a tio n s  b y  B Ü K Y  [ 6 ] ,  in tra v e n o u s  ad m in is tra tio n  of m agnesium  reduces 
th e  h a z a rd  o f v en tricu la r f ib r il la tio n , hypo m ag n esaem ia  being th e o re tic a lly  a p t 
to  p ro d u ce  in trace llu la r  p o ta ss iu m  loss [2, 30, 45]. W hile B e r n e  [3] a t t r ib u te s  
th e  low  fib rilla tio n  th resho ld  to  an  im p a ired  A T P  a c tiv ity  o f th e  h e a r t ,  T o r r e s , 

A n g e l a k o s , S z é k e l y  and  W y n n e  [40 1, 36,] assum e, on th e  c o n tra ry , th e  
p resence  o f  in trace llu la r h y p o p o ta ssa e m ia . As it  has been p o in te d  o u t  b y  
E m s l i e - S m i t h  [10], deflection  J  is in v a ria b ly  p re sen t below  31.5°C, m oreover, 
its  a m p litu d e  is re la ted  to  th e  deg ree  o f h y p o th e rm ia , i t  m ay  exceed  th e  Q R S 
com plex  in  m agn itu d e  and  i t  m a y  be assoc ia ted  w ith  an  in v e r te d  T . T he 
EC G  changes are  reversib le, y ie ld in g  g rad u a lly  to  successful rew arm in g . T h ey  
lack  an y  ch a rac te ris tic  lig h t-m icro sco p ic  su b s tra te  [20, 31]. V arious e x p la n a 
tio n s , such as conduction  d is tu rb a n c e s  [32, 39], subep icard ia l isch aem ia  [29, 
47 ], d iso rders o f  acid base [42] o r e lec tro ly te  [2 ,3 0 ,3 6 ]  ba lance  o r o f e n z y m 
a tic  a c tiv ity  [7, 9, 34, 48] h a v e  b een  p u t  fo rw ard  to  acco u n t fo r th e  changes
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b u t  a ll are  co n te s tab le  on  th eo re tica l g ro u n d s. R e e  [32] concluded  from  th e  
an a ly s is  o f a single h y p o th e rm ic  ECG tra c in g  th a t  deflec tion  J  o rig in a ted  in  
an  ex tre m e  delay  in  d ep o la riza tio n  of th e  p o s te ro b a sa l region. T he resu lts  of 
o u r p re se n t s tud ies a re  co n sis ten t w ith  th is  in te rp re ta tio n . T he u n ip o la r 
t r a c in g  an d  its d e r iv a tiv e s  clearly  b rin g  o u t th e  coincidence in tim e  of th e  
ap p e a ra n ce  of d e flec tio n  J  w ith  d ep o la riza tio n  o f  th e  p o ste ro b asa l region 
w h ich  show s a s u b s ta n t ia l  delay.

I t  has been co n firm e d  b y  th e  p re se n t re su lts  t h a t  deflec tion  J  coincides 
p a r t ly  w ith  d ep o la riza tio n , p a r tly  w ith  re p o la r iz a tio n . T hese tw o phases are  
s e p a ra te d  b y  th e  J  ju n c t io n  w hich, th o u g h  n o t  a p p a re n t in  th e  sca la r lead s, 
is c lea rly  d isp layed  on  th e  У  CG in  th e  fo rm  o f a sligh t an g u la r d is to rtio n  
o f th e  J  loop, an d  can  b e  lo ca ted  w ith  th e  a id  o f  th e  ECG , m ore p recisely , 
o f  th e  f irs t  d e riv a tiv e s  o f  th e  ep icard ial leads.

C larifica tion  o f th e  re la tio n sh ip  b e tw een  E C G  changes and  v e n tr ic u la r  
f ib r illa tio n  associa ted  w ith  h y p o th e rm ia  re q u ire s  fu r th e r  stud ies.
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URINARY OESTROGENS IN NORMAL EGYPTIAN 
SURJECTS AND IN PATIENTS 

WITH BILHARZIAL HEPATOSPLENOMEGALY
B y

M. T . A b d e l - A z i z , M. M. A b d e l - K a d e r , M. K h a t t a b , S .  A .  S a l e h ,

S . G o b b a , H . T a e m a

DEPARTM ENTS OF BIO CH EM ISTRY , M ED ICIN E AND PATHOLOGY, FACULTY OF M E D IC IN E ,
CAIRO U N IV ERSITY

(R ece iv ed  Ju ly  18, 1972)

T o ta l oestrogen , o e s tro n e , o estrad io l a n d  o estrio l frac tio n s w ere e s t im a te d  in 
n o rm al E g y p tian s a n d  p a tie n ts  w ith  hep ato sp len o m eg aly . T he p a tie n ts  w e re  d iv id ed  
in to  3 g roups; a d u lt  m ales, a d u lt  fem ales an d  p o stm en o p au sa l w om en. T h e re  w as a 
te n d e n cy  to  h igh oestro g en  leve ls in m ales a n d  p o stm en o p au sa l w om en. T h e  increase  
w as sign ifican t in  th e  o e s trad io l frac tio n . In  a d u lt  fem ales, to ta l  o e s tro g en  a n d  th e  
o es trio l frac tio n  w ere s ig n ific a n tly  lower.

No corre lation  cou ld  be  e s tab lish ed  b e tw ee n  th e  fem inine c lin ical f e a tu re s  an d  
th e  oestrogen level, th e  re su lt  o f liv e r biopsy  a n d  th a t  of liver fu n c tio n  te s ts .

T h e  role of th e  liv e r in  oestrogen  m etab o lism  is w ell-know n. B ilh a rz ia s is , 
a d isease  endem ic in E g y p t, a ffec ts  th e  liv er a n d  th is  m ay  re su lt in  a  fa ilu re  
o f  p ro p e r  oestrogen in a c tiv a tio n  an d  th e  occurrence o f m a n ife s ta tio n s  o f 
hy p ero estro g en ism  such as g y n aeco m astia , te s tic u la r  a tro p h y , h y p o tr ic h o s is , 
sp id e r angiom as and p a lm a r e ry th e m a  [4, 7].

S evera l w orkers h av e  re p o r te d  e leva ted  levels of oestrogenic m e ta b o lite s  
in  th e  u rin e  of c irrho tic  p a tie n ts  [1, 9, 11]. In  c o n tra s t, o thers fo u n d  a n o rm a l 
b lood  a n d  u rin a ry  oestrogen  leve l [2]. H ence, th e  question  w h e th e r th e  a lte re d  
o estro g en  m etabo lism  a c c o u n te d  fo r some clin ica l sym ptom s o f liv e r  disease 
is a co n tro v ers ia l one [4, 7].

W ith  th e  in tro d u c tio n  o f  new  and  de lica te  m ethods of o e s tro g en  assay , 
th e  q u es tio n  has been s tu d ie d  anew , and  i t  arose th a t  th e  an sw er m a y  n o t 
d e p e n d  on th e  to ta l  v a lu e  b u t  on th e  re la tiv e  va lu es  o f th e  d iffe ren t o es tro g en ic  
c o n s titu e n ts  of variab le  a c t iv i ty  an d  d iffe ren t ra te s  of d e g ra d a tio n  a n d  d is
posal.

T h e  aim  of th e  p re se n t w ork  was to  s tu d y  th e  u rin a ry  o es tro g en s , i.e., 
o estrio l, oestrad io l and  o es tro n e , in  no rm al su b jec ts  and  p a tie n ts  w ith  liv e r 
d isease an d  to  t r y  to  co rre la te  th e  find ings w ith  th e  clinical, b io ch em ica l and  
p a th o lo g ic a l sym ptom s.

M aterial and m ethods

T w o groups of h u m an  su b je c ts  w ere exam ined . A to ta l  of 57 norm al h e a l th y  su b je c ts , 
co n su m in g  norm al d iets, w ith o u t a n y  endocrine  disease  w ere classified in to  th r e e  g roups. 
T h e  f i r s t  g ro u p  consisted of 15 n o rm a l m ale  v o lu n tee rs  aged 21— 33 y ears , in  a rm y  serv ice .

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



80 M . T . A B D E L -A Z IZ  e t  a l .

T h e  second group  w as m a d e  up  of 22 fem ales 1 9 — 36 y ears  of age w ith  a  h is to ry  of 
n o rm a l reg u la r m enses since  m en a rch e . From  th is  g ro u p  2 4 -h our-u rine  sam ples w ere  col
le c te d  on  th e  14th day  o f  th e  cycle.

T h e  th ird  group c o m p rise d  20 m enopausal a n d  p o st-m en o p au sa l fem ale  su b jec ts  
3 5 — 62 y ears  of age. F ro m  th e s e ,  24-hr-urine sam ples w e re  co llected  w ith o u t a d d in g  a p re 
s e rv a t iv e  and  k ep t in  th e  d eep  freeze  un til processed.

Cases were se lected  fro m  in p a tien ts  suffering  fro m  ch ro n ic  liver disease w ith  h ep ato - 
sp len o m eg a ly . They w ere n o t  a ffe c te d  by any o th e r  m e ta b o lic  or endocrine d isease. These 
s u b je c ts  w ere classified in to  3 g ro u p s .

T h e  f irs t group c o n s is te d  o f 10 male p a tie n ts  a g e d  20 to  35 y ears w ith  b ilharzia l 
h e p a to sp len o m eg a ly . M any  o f  th e m  were in an  a d v a n c e d  s tag e  of th e  disease. T h ey  were 
c o m in g  from  endem ic a re a s  a n d  h a d  a history  o f b i lh a rz ia l  in fec tio n  and  tre a tm e n t.  L iver 
b io p sy  w as done (4) to  show  th e  n a tu re  of the lesion. H is to ry  a n d  clinical d a ta  w ere reco rded , 
w ith  em p h asis  on th e  sy m p to m s  a n d  signs re la ted  to  o e stro g en s .

T h e  second group  w as m a d e  up  of 10 fem ale  p a t ie n ts  w ith  b ilh a rz ia l h ep a to sp len o 
m e g a ly , aged 19 to  36 y e a rs . A t  th is  age, wom en a re  u su a lly  less exposed to  in fec tio n  th a n  
m a le s . I n  these p a tie n ts , no  g y naeco log ical or en d o crin e  m an ife s ta tio n s  were obse rv ed . 24 hr 
u r in e  w as collected on th e  1 4 th  d a y  of the  m en s tru a l cy c le  in  view  of th e  o estro g en  peak  
a t  o v u la tio n .

T h e  th ird  group c o n s is te d  o f  9 m enopausal a n d  p o s t-m e n o p a u sa l p a tie n ts , aged  54—62 
y e a rs ,  w ith  liver cirrhosis. M o st o f  th em  were a d v a n c e d  cases of non-b ilharzia l c irrhosis as 
e v id e n c e d  by  history  an d  liv e r  b io p sy . 24-hr urine w as c o lle c ted  w ith o u t add ing  a p re se rv a tiv e  
a n d  k e p t  in  the  deep freeze  u n t i l  processed.

T h e  following l iv e r - fu n c tio n  te s ts  were ca rried  o u t  in  ev ery  p a tien t: se rum  b iliru b in , 
t o ta l  p lasm a  p ro tein , a lb u m in — globulin  ratio , th y m o l a n d  z inc-su lphate  tu rb id i ty  tes ts , 
a lk a l in e  phosphatase , se ru m  g lu ta m ic  oxaloacetic tra n s a m in a se , serum  g lu tam ic  p y ru v ic  
tra n s a m in a s e  and p ro th ro m b in  tim e .

T h e  h isto ry  and  c lin ica l d a ta  were recorded a n d  an a ly se d .
T h e  th ree  classical o e s tro g e n s  were d e term ined  in  th e  24-h r-u rine  sam ples by  a m od i

f ie d  p ro ced u re  based on th e  m e th o d  of M i l l e r  e t a l. [ 6 ] .
T h e  m ethod co n sis ted  o f  a c id  hydrolysis o f 100 m l u rin e  a f te r  th e  ad d itio n  of 0.2 ml 

fo rm a lin , ex trac tio n  w ith  d ich lo ro m e th an e , and p re lim in a ry  p u rific a tio n  by  so lv en t p a r ti
t io n . T h en  th e  residue w as s u b je c te d  to paper p a r t i t io n  c h ro m a to g ra p h y . A fte r e lu tio n , the  
o e s tro g e n s  were fu r th e r  free d  fro m  co n tam inations b y  silica-gel-colum n ch ro m a to g rap h y  
in s te a d  o f th e  th in -lay er c h ro m a to g ra p h y  em ployed b y  M i l l e r  [ 6 ] .  R ecovery  of th e  classical 
o e s tro g e n s  was m ore fa v o u ra b le  b y  colum n th a n  th in - la y e r  ch ro m ato g rap h y . T h e  colum n 
w as m a d e  by m ixing of one  g silica  gel (100 200 m esh ) to  benzene, and tra n s fe r re d  to  a
d isp o sa b le  p ipette .

D ifferen t e lu ting  so lv e n ts  w ere tried  using  d ich lo ro m e th a n e  and  m eth an o l in  v a ry 
in g  p ro p o rtio n s . The o p tim u m  t o t a l  volum e of e lu e n t w a s  also  stu d ied . T he follow ing e luen ts 
e n s u re d  th e  m axim um  re c o v e ry  o f added oestrogen.

T o confirm  th e  n a tu re  o f  th e  oestrogen reco v e red  fro m  th e  colum n, th e  e lu te d  sam ple 
w as  e v a p o ra te d  to a re s id u e  t h a t  was run  ag a in st a u th e n t ic  oestrogen  s ta n d a rd s  on  th in - 
la y e r  p la te s  in  two d iffe re n t s o lv e n t  system s. E ach  sam p le  h a d  th e  sam e R f v a lu e  as th e  cor
re sp o n d in g  au th en tic  o e s tro g en  s ta n d a rd .

Oestrogen Eluent
Recovery 
per cent

O estrone 30 m l o f 1%  m eth an o l-d ich lo ro m eth an e 71

O estradio l 30 m l o f 4%  ,, ,, 76

O estriol 30 m l o f 10% 84
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Results and com m ent

R esu lts  are reco rd ed  in  T ab le  I —V I w ith  th e ir  s ta tis t ic a l  analysis, 
w hile  F igu res 1, 2 an d  3 co m p are  th e  u r in a ry  o estro n e , o estrad io l, oestrio l 
a n d  to ta l  oestrogens in  th e  n o rm a l sub jec ts an d  th e  p a tie n ts  w ith  liv e r  disease. 
T h ere  w as a sligh t in crease  in  to ta l  oestrogens in  th e  m ale p a tie n ts  w ith  
h ep a tosp lenom egaly  (16, 54) as com pared  w ith  th e  level in th e  n o rm a l su b 
je c ts  (13, 9); th e  increase  w as n o t s ign ifican t s ta tis t ic a lly  (P  >  0 .1), y e t the 
figu res fo r oestrad io l show ed  a s ta tis tic a lly  s ig n if ic a n t increase (P  0.01).

Table I

U rinary oestrogens in  a group o f  norm al E gyp tian  males

Case
No. Age

Oestrone Oestradiol Oestriol
T o tal 

oestrogens 
/ig/24 h rE i /“g/24 hr Ei i“g/24 h r E* A*g/24 hr

l 26 7.38 2.02 7.25 16.65

2 29 5.91 1.98 7.90 15.79

3 22 2.03 3.10 2.30 7.34

4 24 7.82 2.30 3.70 13.82

5 32 3.20 3.80 1.70 8.70

6 27 3.20 4.00 10.60 16.80

7 22 8.10 1.90 8.20 18.20

8 26 0.96 3.20 4.31 8.47

9 33 5.71 4.52 4.61 14.84

10 21 4.40 5.05 7.67 17.12

11 25 5.96 3.39 9.35 18.70

12 23 9.10 2.40 3.42 14.92

13 24 1.78 2.84 4.34 8.96

14 32 6.04 5.78 3.44 15.26

15 28 3.64 4.23 4.97 12.84

M ean 4.95 3.37 5.58 13.90

S.D . ± 2.57 1.18 2.64 3.72

S .E . ± 0.66 0.31 0.68 0.96

%  of to ta l 35.7 24.2 40.1

In th e  sam e group, o es tro n e  an d  oestriol f rac tio n s  w ere n o t s ig n ifican tly  
a ffec ted  (P  > 0 .5 ,  > 0 .1 0  respective ly ).

A m ong th e  p a tie n ts  s tu d ie d  (Table IV ), 4 cases (2, 4, 9, 10) show ed  the  
h ighest u rin a ry  oestrogen  levels. T hree of these  cases (4, 9, 10) show ed  endo
crine m an ifesta tio n s: in Case 4 th e re  was a loss o f  ax illa ry  an d  p u b ic  hair
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Table II

Urinary oestrogens in  a group o f  normal young  E gyptian  fem ales  
(urine collected on  14th day after the beginning o f  menstruation)

Case
No.

Age

Oestrone Oestradiol Oestriol
Total

oestrogens
/tg/24 hrБ ,  /rg/24 h i E , /rg/24 h r E s fig/24 hr

l 28 14.62 12.62 42.03 69.27

2 26 8.34 15.73 35.94 60.01

3 32 10.41 21.46 57.41 89.23

4 19 13.06 8.71 32.42 54.19

5 25 12.14 13.34 37.67 63.15

6 28 7.65 16.61 28.34 52.60

7 35 6.70 26.00 79.2 111.90

8 26 7.40 21.00 38.20 66.60

9 29 8.70 15.80 20.30 44.80

10 27 10.10 13.10 15.50 38.70

11 27 5.60 10.60 41.50 57.70

12 28 9.67 3.92 70.43 84.20

13 23 12.55 8.41 53.68 74.64

14 33 18.50 13.40 34.10 66.90

15 24 12.90 12.70 18.70 44.30

16 30 7.90 18.60 43.30 69.80

17 27 9.32 10.23 32.91 52.46

18 36 15.16 6.76 345.32 67.24

19 21 6.34 9.24 33.96 49.54

20 26 11.78 15.06 18.63 45.47

21 25 6.42 17.39 50.36 74.17

22 26 8.07 14.97 41.04 94.08

M ean 10.11 14.38 42.32 66.81

S .D . ± 3.33 8.59 17.29 18.17

S .E . ± 0.71 1.83 3.68 3.87

%  of to ta l 15.1 21.5 63.4

w ith  im p o ten ce ; in  Case 9 , gynaecom astia , Case 2 d isp layed  no  change, 
a l th o u g h  th e  to ta l o e s tro g en s  w ere high.

In  those  cases w h ich  d isp lay ed  endocrine sy m p to m s, th e  o e s trad io l level 
w as  h ig h  and  liver fu n c tio n  te s ts  w ere m o d e ra te ly  p o sitive . Cases 1, 5, 6 an d  7 
sh o w e d  clinically a d v a n c e d  liv e r  disease w ith  a sc ites; th e  la s t th re e  had  
ja u n d ic e  too , and Case 7 w as  in  hepatic  com a. O nly  Case 6 show ed  p a lm ar 
e r y th e m a  and spider n a e v i. L iver-function  te s ts  w ere p a th o lo g ica l in  these
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T a b le  I I I

U rinary oestrogens in  a group o f  post-menopausal women

Case
No. Age

O astrone Oestradiol Oeetriol
Total 

oestrogens 
/tg/24 h rE i /Jg/24 hr E , /ig/24 h r E , /rg/24 hr

l 58 3.25 1.65 5.62 10.52

2 60 1.64 2.42 6.38 10.44

3 57 4.37 1.76 3.18 9.31

4 53 3.30 2.70 3.80 9.80

5 58 2.50 3.80 3.40 9.70

6 57 4.96 2.10 5.70 12.76

7 54 5.10 4.90 6.72 16.78

8 59 2.41 1.41 7.07 10.89

9 60 4.03 0.83 2.37 8.13

10 56 7.19 4.43 1.11 12.73

11 58 1.03 2.26 4.73 8.02

12 62 2.10 1.25 7.35 10.70

13 58 3.36 2.75 5.76 11.87

14 55 5.06 3.41 1.61 10.08

15 54 4.35 3.27 2.46 10.08

16 58 5.26 3.44 4.41 13.11

17 57 0.69 4.21 5.67 10.57

18 60 6.07 1.39 6.34 13.80

19 59 2.96 3.86 7.62 14.44

20 58 1.72 2.94 3.28 7.96

M ean 3.56 2.81 4.77 11.14

S.D. ± 1.73 1.16 1.80 2.97

S .E . ± 0.38 0.26 0.40 0.66

%  o f to ta l 31.9 25.2 42.9

p a tie n ts  an d  th e  am o u n t o f  to ta l  oestrogens w as w ith in  n o rm al l im its  b u t  
th e  re la tiv e  v a lu e  of oestrad io l w as h igh  and  h ig h es t in th e  case w ith  h e p a tic  
com a.

In  Case 3 th e  p a tie n t h a d  rep e a te d  a t ta c k s  o f h aem atem esis  a n d  th e  
liv e r-fu n c tio n  te s ts  were p a th o lo g ica l. T here w as a sligh t increase  o f  to ta l  
oestrogen , h u t  th e  o estrad io l level w as norm al.

T here  w as only  one case (8) w hich  show ed a decreased  a m o u n t o f  to ta l  
oestrogens an d  th is  decrease in c lu d ed  all th e  th re e  frac tio n s, a lth o u g h  th e  liv e r- 
fu n c tio n  te s ts  w ere p a tho log ica l.
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Table IV
Urinary oestrogens (fig/24 hr s) and liver fu n c tio n  test8

Case
No. Age

O estrone
Ei

Oestradiol
e 2

O estriol
E 3

Total
oestrogens

Serum
bilirubin

Total
plasm a
protein

l 2 0 4 .26 8.25 2.03 14.54 0.3 6 .6

2 2 2 7.14 4.34 9.47 20.59 0.7 7.6

3 2 2 5.27 3.55 7.25 16.07 0 .6 6 .8

4 35 4 .39 8 .0 1 6.29 18.69 0.9 8 .2

5 26 5.07 5.69 0.42 11.18 1 .2 6 .2

6 32 5.27 7.39 1.45 14.11 1 .6 5.9

7 2 2 1.61 10.92 0.89 13.42 3.2 6 .2

8 25 2.79 2 .0 1 3.17 8.15 0 .8 5.5

9 30 6.51 9.60 5.38 21.49 0 .8 6.7

1 0 27 8.18 15.86 2.73 26.75 0 .6 6 .8

M ean 5.07 7.56 3.91 16.54

S .D . ± 2.18 3.78 3.03 5.57

S .E . ± 0.69 1.19 0.96 1.73

%  o f  to ta l 30.7 45.6 23.7

Table V
U rin a ry  oestrogens (pg /24 hrs)  and liver func tio n  tests in  a group

Case
No. Age

O estrone
E ,

Oestradiol
E,

Oestriol
E ,

Total
oestrogens

Serum
bilirubin

Total
plasma
protein

l 28 9.86 10.28 11.61 38.75 0 .6 7.2

2 2 2 8.67 1 0 .0 2 22.82 41.01 0.5 6.7

3 27 7.89 17.37 28.50 53.76 1 .1 6.3

4 25 3.11 15.74 16.32 35.17 0.4 7.3

5 35 9.14 9.26 33.32 51.72 1 .6 6 .8

6 33 27.21 5.91 51.37 84.49 0 .6 7.1

7 36 1 2 .1 1 16.71 33.73 62.55 2 .2 5.6

8 19 12.61 6.77 32.20 51.58 0 .8 0.1

9 26 7.88 16.54 27.62 52.04 0.7 7.2

10 24 14.17 14.31 13.08 41.56 0.5 6.3

M ean — 11.26 12.29 27.06 50.61

S .D . ± 6.29 4.33 11.83 15.26

S .E . ± 1.99 1.37 3.51 4.83

%  o f to ta l 2 2 .2 24.3 53.5
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in  a group o f  male patients w ith  bilharzial hepatic fib ro sis
Liver tests Enzymes

Alb. /glob.
Thym ol Z n S 0 4 Aik. phos. S.G.O.T. S.G.P.T.

Pro
throm bin 
per cent

Clinical notes

1.27 4 6 12 15 1 0 78 Ascites
0.13 3 8 8 12 12 76 — '

0.92 6 11 11 27 28 65 H aeinatem esis

0.82 5 8 18 13 8 57 H ypo trichosis -J- im potence

0.72 6 10 17 23 18 63 Ascites +  ja u n d ic e

0.54 2 10 23 34 21 48 A scites +  ja u n d ic e  +  

gyn aeco m astia  +  p a lm ar 

e ry th em a +  sp id e r  naevi
0.49 8 28 52 52 28 43 Ascites +  ja u n d ic e  +  coma

0.69 6 И 16 11 9 52 -

0.85 7 12 7 32 22 53 G ynaecom astia  -J- te s tic 

u la r  so ften ing
0 .8 8 3 6 10 16 5 72 G ynaecom astia

o f young  fem ale  patients with bilharzial hepatic fib ro sis

Liver tests
Enzymes

Alb./glob. Pro
throm bin 
per cent

Clinical no tes

Thym ol ZnSo4
Aik. phos. S.G.O.T. S.G.P.T.

1.17 5 и 18 30 19 56 —

1.08 3 10 8 12 7 67 —

1.08 6 8 10 23 13 52 Ascites
1.22 8 13 3 10 8 76 —

0.49 12 14 16 34 12 44 Jaund ice
0.78 7 12 28 82 32 45 —

0.58 8 10 14 34 21 43 Ascites -|- J a u n d ic e
1.63 4 9 21 16 6 58 —

1.38 7 5 10 23 12 55 —

1.77 4 7 11 14 7 63
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Table VI

Urinary oestrogens (fig/24 hrs) and liver fu n c tio n  tests

Case
No. Age Oestrone

E,
Oestradiol

E.
Oestriol

E,
Total

oestrogens
Serum

bilirubin
Total

plasma
protein

l 54 2.83 6.88 5.88 15.57 0.9 6.2

2 56 2.52 3.90 8.52 14.94 0.8 5.8

3 55 4.02 3.44 6.62 14.08 1.5 6.8

4 58 0.96 6.13 2.09 9.18 2.6 6.2

5 57 3.42 1.37 4.98 9.77 0.9 5.6

6 56 2.35 5.64 5.37 13.36 0.8 6.7

7 57 4.57 1.98 1.49 8.94 0.2 7.2

8 62 1.65 7.41 2.97 12.03 0.4 6.3

9 61 2.49 8.26 6.01 16.76 0.3 6.1

M ean 2.85 4.99 4.88 12.72

S .D . ± 1.33 2.43 2.28 2.91

S .E . ± 0.44 0.81 0.76 0.97

°/0 o f  to ta l 22.4 39.2 38.4

A ll th e  cases of th e  f i r s t  group p ro v ed  to  be  b ilharz ia l h e p a tic  fib rosis  
b y  l iv e r  b iopsy.

F ig . 2 and  T ab le  У  show  th e  resu lts in  th e  g roup  of young  fem ales w ith  
h ep a to sp len o m eg a ly . M ean to ta l  oestrogens (50.61 ,ug/24 hrs) w as s lig h tly  
b e lo w  th e  no rm al, b u t  a ll cases were w ith in  n o rm a l lim its. T he o estrio l fra c 
t io n  w as sign ifican tly  re d u c e d  (P  < 0 .0 1 ) .

I n  Case 3 th e  p a t ie n t  h a d  ascites; in  C ase 5, jau n d ice ; an d  in  Case 7, 
b o th .  L iv e r function  te s ts  in  these cases w ere  patho log ica l. T he oestrogen  
le v e l in  th ese  th ree  cases d id  n o t differ from  t h a t  in  th e  cases w ith o u t co m p li
c a t io n s  show ing slig h tly  to  m odera te ly  a ffe c ted  liv er fu nc tion  (T ab le  У).

A ll these  cases p ro v e d  to  be b ilh a rz ia l h e p a tic  fibrosis ex cep t Case 5 
w h ic h  w as p o st-h ep a tic  in  n a tu re .

N o gynaecological c o m p la in t or en d o crin e  m an ifesta tio n s w ere n o te d  in  
th e s e  cases. P a tie n ts  2 , 7, 8, 9 were single, th e  o th e r  six w ere m a rr ie d  an d  
h a d  n o rm a l pregnancies a n d  children.

T a b le  V I and  F ig u re  4 rep resen t th e  re su lts  in  th e  group o f p o s t-m e n o 
p a u s a l  fem ales w ith  liv e r  c irrhosis. A re m a rk a b le  change in th e se  w as th e  
s ig n if ic a n t  increase in  th e  oestrad io l fra c tio n  (P  <  0.05).

F iv e  cases (1, 3, 4 , 8 an d  9) and  esp ec ia lly  3, 4, 9 h ad  ad v a n c e d  liver 
d ise a se  w ith  poor liv e r-fu n c tio n  tests (T able I I I ) .  O f th e  five, th re e  p a tie n ts
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in  a group o f  post-m enopausal women tvith liver cirrhosis

Alb./glob.

Liver tests Enzymes

CUnical notes
Thymol Z nS 04 Aik. phos. S .G O T . S.G.P.T.

Pro
throm bin  
per cent

0.94 3 10 и 22 8 55 A scites -}“ p a lm a r ery-

them a -|- sp id e r naev i

1.08 7 9 8 10 7 78

0.88 7 12 31 44 24 55 A scites +  jau n d ic e

0.85 8 9 21 30 15 51 A scites -f- jau n d ic e

0.61 2 6 26 53 41 45 —

1.38 4 6 12 16 10 67 —

1.32 6 5 6 7 7 58 —

1.13 7 12 7 15 12 62 A scites -f- p a lm a r e ry th em a

0.92 10 11 20 26 21 57 A scites

(1, 8, 9) h ad  ascites a n d  tw o  (5, 4) jau n d ice  an d  ascites. Two p a tie n ts  (1, 9) 
d isp layed  p a lm ar e ry th e m a . S p ider n aev i w ere n o ticed  in  Case 1. In  a ll th ese  
cases liver b iopsy  rev ea led  L aennec cirrhosis ex c e p t Cases 1 a n d  5 w hich 
p ro v ed  to  be p o s t-h e p a titic .

Discussion

T he resu lts  show ed  clearly  th a t  th e  o e s trad io l level as well as its  per 
c en t o f th e  to ta l  u r in a ry  oestrogens w ere increased  in  liver disease. T h is m ay  be 
due to  th e  im p aired  c a p a c ity  of th e  liver to  tra n s fe r  o estrad io l in to  th e  less 
ac tiv e  oestrogens, as i t  w as show n b y  Schedl [8] th a t  th e  liver in a c tiv a te s  
oestrogen . E l-Ma h d y  [3] found  an  increase in  to ta l  u r in a ry  oestrogen  accom 
p an ied  b y  an  in crease  in  oestrad io l an d  oestrio l in  m ale p a tie n ts  w ith  u n 
co m plica ted  b ilh arz iasis , b u t  a decrease of all th e  frac tio n s in p a tie n ts  w ith  
h ep a to sp len ic  b ilh a rz iasis  an d  ascites.

Leutscher  [5] found dim inished libido and im potence in men with  
active hepatic cirrhosis and Szarvas et al. [9] suggested that hypogonadism  
in cirrhotic patients w as m ost likely the result o f  a primary testicular change.

T he increase o bserved  b y  us in o estrad io l excre tion  in  th e  p a tie n ts  
w ith  liver disease co n firm ed  th e  find ings o f B rown [1]. T he decrease in
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F ig . 1. O estrogens /tg/'24 h rs  in  a  group  of n o rm al E g y p tia n  m ales an d  in  a  g ro u p  o f m ale 
p a tie n ts  w i th  b ilh a rz ia l h e p a tic  fib ro sis  (M ean y  SD)

o e s tr io l m ay  be ex p la in ed  b y  th e  fa c t th a t  o estro n e  is co n v erted  to  h y d ro x y - 
o e s tro n e , a p recu rso r o f  oestrio l, a step  d e f in ite ly  im paired  in  p a tie n ts  w ith  
se v e re  liv e r disease [3].

T h u s , a d irec t c o rre la tio n  w as fo u n d  b e tw een  th e  sev erity  o f  th e  liv e r  
c o n d itio n  and  th e  o es tro g en  p ic tu re . F a ir ly  com m on w as th e  in crease  in  
o e s tra d io l, especially  in  m ales an d  p o s t-m en o p au sa l w om en. G y n aeco m astia  
o r  loss o f  ax illary  an d  p u b ic  h a ir  w ere n o t a sso c ia ted  w ith  th e  h ig h es t oestrogen  
v a lu e s , so o ther fac to rs  a lso  seem  to  be a t  p la y  in  th e  d ev e lo p m en t o f  these  
sy m p to m s .

A lso , i t  m igh t be  d u e  to  th e  va riab le  s e n s itiv ity  of th e  c irrho  tic  p a t ie n ts ’ 
sk in  a n d  m am m ary  tissu e  to  th e  horm ones a t  issue  th a t  som e c irrh o tic s  have  
h y p o tr ic h o s is  and  sp id e r a n g io m a ta , w hile o th e rs  do n o t show  th e se  m a n i
fe s ta tio n s . This also d ep e n d s  on th e  age being  p re p u b e rta l or p o s tp u b e r ta l  
w h en  th e  h y p ero es tro g en em ia  occurs. I f  th e  m ax im u m  in su lt occurs before  
p u b e r ty  th e  p a tie n t m a y  su ffe r from  severe hy p o g o n ad ism  an d  even  in fa n 
ti l ism . H y p ero estro g en em ia  m ay  in h ib it th e  a n te r io r  p i tu i ta ry  tro p h ic  h o r
m o n es  such  as g o n a d o tro p h in s  an d  g ro w th  h o rm o n e . T he c o n d itio n  m ay  
b eco m e  w orse w hen u n d e rn u tr i t io n  and  h y p o p ro te in a e m ia  are p re se n t.
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Fig. 2. U rin a ry  oestrogens yUg/24 hrs in  a g roup  o f norm al 
E g y p tia n  y oung  fem ales and  in  a g roup  of young  fem ale p a tie n ts  

w ith  b ilharzia l h ep atic  fib rosis (M ean ±  SD)
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Fig. 3. O estrogens /ig/24 h r  in  a g roup  o f E g y p tia n  p o stm en o 
p au sa l w om en an d  a  g roup  of p o stm en o p au sa l p a tie n ts  w ith  

liv e r c irrhosis (M ean ±  SD)
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METABOLISM OF [4-,4C] DEHYDROEPIANDROSTERONE 
BY HUMAN SKIN IN VITRO

I I . IN  V IT R O  FO R M A T IO N  O F  W A T E R -S O L U B L E  D E H Y D R O E P IA N D R O S T E R O N E  
S U L P H A T E  AND A N D R O S T -S -E N E -3/î,17 j9-D IO L -3-SU L P H A T E  

IN  H U M A N  A B D O M IN A L  S K IN

I . F a r e d i n , I . T ó t h , f  M. J ulesz

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY 

(R ece iv ed  A u g u st I I ,  1972)

N orm al fem ale a n d  m ale ab d o m in a l sk in  slices were in cu b a ted  w ith  [4 -u C] 
d e h y d ro ep ian d ro s te ro n e . O f th e  n um erous ra d io a c tiv e  m etab o lites  fo rm ed , d é h y d ro 
ép ia n d ro sté ro n e  su lp h a te , androst-5-ene-3/l,17/3-diol and  androst-5-ene-3/?,17/9-diol-3- 
su lp h a te  w ere iso lated  a n d  id en tified  by  th e  rev ersed  iso to p e-d ilu tio n  m eth o d . I t  was 
co n firm ed  th a t  b o th  fem ale  an d  m ale ab d o m in a l sk in  c o n ta in  A 5-3 /3-hydroxystero id  
su lp h o k in ase  ac tiv ity , w h ich  ca ta ly zes th e  su lp h o -co n ju g a tio n  of n o t on ly  th e  de
h y d ro e p ia n d ro ste ro n e  s u b s tra te ,  b u t  also th e  androst-5-ene-3/?,17/I-diol fo rm ed  durin g  
f iv e -h o u r  in cubation . T h e  sign ificance of th e  w a ter-so lub le  s te ro id  su lp h a te s  fo rm ed 
in  th e  sk in  is d iscussed.

T h e  fo rm atio n  o f w a te r-so lu b le  d eh y d ro ep ian d ro s te ro n e  su lp h a te  (D H A -S) 
and  androst-5-ene-3/?,17/?-dio l-3-sulphate (A5-diol-3-S) was f irs t describ ed  by 
Gallegos  a n d  B e r l i n e r  [1] who in c u b a te d  m ale abdo m in a l sk in  slices w ith  
[4-14C ]d eh y d ro ep ian d ro s te ro n e  (D H A ). A few  m o n th s la te r , th e  fo rm a tio n  of 
D H A -S w as confirm ed in in c u b a tio n  ex p e rim en ts  w ith  fem ale a b d o m in a l skin 
slices an d  [4-,4C ]D H A  [2]. T hese  resu lts  p e rm itte d  th e  conclusion th a t  h e a lth y  
m ale a n d  fem ale  ab d o m in a l sk in  con ta in s ZlE-3/9-hydroxystero id  su lp h o k in ase  
(3/Î-HSS) a c tiv ity , w hich ca ta ly zes  th e  fo rm a tio n  from  free D H A  o f w ater- 
soluble D H A -S  and  zl5-diol-3-S .

T h e  im p o rtan ce  o f w ate r-so lu b le  s te ro id  su lp h a te  esters in  h u m a n  skin 
is n o t k n o w n . F o r th is  reaso n  we h av e  ca rried  o u t in cu b a tio n  s tu d ie s  to  de
te rm ine  w h e th e r fem ale a n d  m ale ab d o m in a l sk in  slices are  eq u a lly  cap ab le  
of fo rm ing  D H A -S an d  4 5-diol-3-S from  [4-14C ]D H A . T he p resen t p a p e r  gives 
an acco u n t o f th e  iso la tio n  an d  id e n tif ic a tio n  o f these  tw o  su lp h a te  esters.

Material and methods

Solvents. T he organic so lv e n ts  were o f a n a ly tic a l p u r ity , and  were fu r th e r  p u rif ied  by  
d is tilla tio n .

Steroids. [4 -14C]D H A  (specific  a c tiv ity ;  57.1 m Ci/m M ) (The R ad io ch em ica l C entre , 
A m ershain , E n g lan d ) was su b je c te d  to  p re lim in a ry  p u rif ic a tio n  on an  A120 3-G th in  layer 
in so lv en t sy s te m  “ D”  (3). A T P , N A D + an d  N A D P +  w ere com m ercial p ro d u c ts  (Sigm a 
C hem ical Co., S t. Louis, U SA ). T h e  a u th e n tic  s te ro id s  (D H A , D H A -S, / l5-d io l, zl5-diol-3-S) 
were p u rif ied  on  th in  layers in  so lv en t system s co rresp o n d in g  to  th e ir  p o la ritie s  [4].

S k in  sam ples. N orm al fem ale  an d  m ale ab d o m in a l sk in  was o b ta in ed  d u rin g  o p e ra 
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t io n s  fo r  ap p en d ic itis . T he “ c o m p le te ”  sk in  sam ples, c o n ta in in g  b o th  derm is a n d  ep id e rm is , 
w ere  p u r i f ie d  from  germ icide a n d  acc o m p a n y in g  f a t ty  tis su e , an d  w ere th e n  c u t  w ith  scissors 
in to  1— 2 -m m  slices.

In c u b a tio n . 0.5 g of th e  fe m a le  abdom inal sk in  slices or 0.4 g sam ples o f  th e  m ale 
a b d o m in a l  sk in  slices were in c u b a te d  a t  37°C for fiv e  h o u rs  in  a ir  w ith  1,084,296 d p m  (0.4884 
/tC i, 8 ,5 5 3 .7 9 3  pM) [4-14C ]D H A  (sp ec , a c t.: 57.1 m C i/m M ) in  5 m l K reb s— R in g er p h o sp h a te  
200 m g  p e r  100 m l glucose (K R P G )  m ed iu m , a t  p H  7.3. T h e  co n ce n tra tio n  of A T P , N A D  + 
a n d  N A D P +  in  th e  in cu b a tio n  m ix tu re  w as 10—3 M. B efore  in cu b a tio n , th e  [4 -14C ]D H A  
w as d is so lv e d  in  0.2 m l p ro p y le n e  glycol. To av o id  b a c te r ia l  c o n ta m in a tio n , c ry s ta llin e  
p e n ic i l l in  (1000 I .  U ./m l) an d  s tre p to m y c in  su lp h a te  (100 / ig /m l) w ere ad d ed  to  th e  in c u b a tio n  
m e d iu m . A t  th e  end of th e  in c u b a t io n  th e  re ac tio n  w as s to p p ed  b y  th e  a d d itio n  o f  1 ml 
m e th a n o l ,  a n d  th e  in cu b a te  w as s to re d  a t  — 15°C.

A s co n tro ls , sam ples o f th e  sam e  sk in  slices w ere  in a c tiv a te d  b y  bo iling  in  K R P G  
s o lu t io n  fo r  te n  m inutes, a n d  in c u b a te d  w ith  th e  s u b s tra te  in  K R P G  m ed iu m  in  th e  p resence  
o f th e  c o fa c to rs .

I n  a n o th e r  contro l e x p e r im e n t on ly  th e  [4-14C ]D H A  su b s tra te  was in c u b a te d  in  th e  
g iv e n  m e d iu m .

E xtra c tio n . A fter th e  f iv e -h o u r  in cu b a tio n , k n o w n  a m o u n ts  o f “ cold”  D H A , D H A -S , 
_15-d io l a n d  Zl5-diol-3-S were a d d e d  a s  c arrie rs  to  each  in c u b a te , th e n  th e  m ed iu m  w as p o u red  
o ff  t h e  s k in  slices.

T h e  sk in  slices were w a sh e d  f i r s t  w ith  5 m l K R P G  so lu tio n , an d  th e n  w ith  5 m l 2 N 
a m m o n ia  so lu tio n , and th e  w a sh in g s  w ere added  to  th e  m ed ium . T he sk in  slices w ere  n e x t 
e x t r a c te d  w ith  4 X 5 ml m e th a n o l, a n d  th e  e x tra c ts  w ere  e v a p o ra te d  to  d ry n ess in  v a cu u m  
b e lo w  45°C .

T h e  m ed iu m  was p o u red  o n to  th e  d ry  residue, th e  v o lu m e w as m ade  up  to  20 m l w ith  
K R P G  so lu tio n  and th en  h a lf - s a tu ra te d  w ith  (N H 4) 2S 0 4 (8 g/20 m l). T he so lu tio n  th u s  
o b ta in e d  w as ex trac ted  w ith  4 x  20 m l e th y l a c e ta te . T h e  com bined  e x tra c ts , co n ta in in g  
b o th  f re e  a n d  w ater-soluble  m e ta b o li te s , w ere e v a p o ra te d  to  d ry n ess in  v a cu u m  below  45°C. 
87— 9 9 %  o f  th e  ra d io a c tiv ity  o f  th e  m ed iu m  w as re co v e red  d u rin g  th e  e x tra c tio n .

C hrom atography
C o lu m n  chromatography. T h e  free  a n d  su lp h o -c o n ju g a ted  m etab o lite s  w ere se p a ra te d  

o n  a  1 .5  g  “ N ym co”  florisil co lu m n  (60/100 m esh) (F lo r id in  Co., T a llahassee , F lo rid a , U SA ) [5]. 
24 m l b e n z e n e  was poured  o n to  a  1.5 flo ris il co lum n su sp en d ed  in  benzene, an d  th e  ra d io a c tiv e  
a n d  “ c o ld ”  s te ro ids were th e n  d isso lv e d  in  1 m l m e th a n o l a n d  tran s fe rre d  to  th e  co lum n 
b y  P a s t e u r  p ip e tte . The m e th a n o lic  so lu tio n  was w ell m ix ed  w ith  th e  benzene, th e  so lv en t 
w as a llo w e d  to  drip  th ro u g h  th e  co lu m n , an d  th e  w hole  o p e ra tio n  w as re p ea te d . T h e  50-m l 
e lu a te  t h u s  o b ta in ed  was co m b in e d : th is  was e lu a te  0. T h e  co lum n w as n e x t e lu te d  w ith  
3 x 2 0  m l 4 %  m ethanolic  b en zen e  (e lu a te s  1— 3), a n d  th e n  w ith  3 x 2 0  m l 20%  m eth an o lic  
b e n z e n e  (e lu a te s  4 —6), 20 m l a t  a  tim e . E lu a tes  0— 2 fro m  th e  co lum n w ere co m b in ed  in to  
f r a c t io n  I ,  a n d  eluates 3— 6 in to  f ra c t io n  I I .  T he ra d io a c tiv ity  o f  f rac tio n s  I  a n d  I I  w as 
m e a s u re d  b y  a P ack ard  T ri-C arb  L iq u id  S c in tilla tio n  S p e c tro m e te r (M odel 3375). T h e  e ffi
c ie n cy  o f  th e  a p p ara tu s  fo r f ra c t io n  I ,  co n ta in in g  th e  free  ste ro id s , w as 86 .5%  fo r 14C, w hile 
in  th e  c a se  o f th e  su lp h o -c o n ju g a ted  s te ro id s (f rac tio n  I I )  i t  w as 7 7 .5% .

T h e  free  steroids (frac tio n  I )  w ere  ch ro m a to g rap h ed  on  a 3 g A120 3 co lum n (E . M erck 
A . G ., D a r m s ta d t ,  G erm any) (B ro c k m a n n  a c tiv ity  III/T V ), an d  th e  u n ch an g ed  [4-14C ]D H A  
a n d  t h e  zl5-d io l form ed from  th e  s u b s tr a te  were d e te rm in e d  by  th e  rev ersed  iso to p e-d ilu tio n  
m e th o d  d esc rib e d  p rev iously  [6, 7 ].

T h e  su lpho-con jugated  s te ro id s  w ere iso la ted  fro m  fra c tio n  I I  an d  id en tified .
T h in -la ye r  chromatography. 250 p  layers o f e ith e r  silica-gel-G  (E . M erck A. G. n ach  

S ta h l)  o r  A120 3-G (E . M erck A. G. n a c h  S tah l) a re  su ita b le  fo r th e  se p a ra tio n  o f th e  free 
a n d  th e  su lp h o -co n ju g a ted  s te ro id s . T h e  su lp h o -co n ju g a ted  ste ro id s w ere se p a ra te d  as done 
b y  S a r f a t y  a n d  L ipse tt  [8] u s in g  so lv en t system  I  (ab s. e th a n o l —  e th y l a c e ta te  —  cone. 
N H 4O H  ( 5 : 5 : 1 ,  v /v /v) on  A120 3-G  a n d  silica gel-G  [5].

T h e  follow ing th in -la y er c h ro m a to g ra p h ic  (T L G ) sy s tem s w ere app lied  fo r th e  s e p a ra 
t io n  o f  th e  free  steroids;

A l 20 3-G thin-layer
T L C  “ A ” : n -hexane —  e th y l  a c e ta te  —  glacial a ce tic  acid  — abs. e th a n o l (210 : 30 : 

2 : 0 .5 , v /v /v /v )
T E C  “ D ” : n-hexane — e th y l  a c e ta te  — glacial a ce tic  acid  —  abs. e th an o l (140 : 100 : 

0.5 : 2, v /v /v /v )
S ilic a  gel-G thin layer
T L C  “ 1 a ” : cyclohexane —  e th y l  a ce ta te  (60 : 40, v /v )
T L C  “ 1 b ” : d ich lo ro m eth an e  —  e th y l a c e ta te  (4 : 1, v /v )
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TLC  “ 1 d” : ben zen e  —  abs. e th a n o l (86 : 14, v /v )
TLC  “ 2” : benzene  — e th y l a c e ta te  (3 : 2, v /v )
TLC  “ L isb o a-E ” : n -h ex an e  —  e th y l ace ta te  — glac ia l a ce tic  acid  -  abs. e th an o l 

(13.5 : 72 : 10 : 4.5, v /v /v /v )
T he p ositions o f th e  ra d io a c tiv e  sp o ts on th e  th in - la y e r  p la te s  w ere d e te rm in ed  w ith 

a P a c k a rd  R ad io ch ro m ato g ram  S can n er (M odel 7201). T he p o sitio n s  o f  th e  sp o ts o f  th e  “ cold” 
s te ro id s were exam in ed  w ith  a “ D esag a”  U. V. lam p (M odel 131000) a n d  iodine vapour. 
T h e  ste ro id s were e x tra c te d  from  th e  lay e r w ith  m eth a n o l [5].

D eterm ination o f  the am oun ts o f  steroids. T he a m o u n ts  o f th e  “ co ld ”  D H A  and  D H A -S 
w ere de te rm in ed  sp e c tro p h o to m e tr ic a lly  v ia  th e  Z im m erm an n  re a c tio n : th e  w avelengths 
used  w ere 450, 510 a n d  570 nm , a n d  th e  Allen e q u a tio n  w as a p p lied  [9]. T h e  am o u n ts  of 
Zl5-diol a n d  zP-diol-3-S w ere d e te rm in e d  a f te r  boiling fo r f iv e  m in u te s  w ith  c o n ce n tra ted  sul
p h u ric  acid  and  m ea su re m e n t a t  380, 410 an d  440 n m  [4, 6], w ith  th e  help  o f th e  Allen cor
re c tio n  equation .

Iden tifica tion  o f  D H A -S  and  Л6-diol-3-S. T he tw o  w ater-so lu b le  su lpho-con jugated  
s te ro id s w ere iso la ted  fro m  fra c tio n  I I  an d  iden tified . F ra c tio n  I I  w as ch ro m a to g rap h ed  in 
so lv en t system  I , f i r s t  on  a  silica gel-G  lay e r, th en  on  a A120 3-G lay e r. I n  th is  w ay  th e  sulpho- 
c o n ju g a ted  stero ids w ere p u rif ied  fro m  a n y  free ste ro id s w h ich  m ay  h av e  been  p resen t, and 
w ere th e n  solvolyzed. A fte r  so lvolysis th e  <d5-diol an d  th e  D H A  w ere se p a ra te d  on a siliea- 
gel-G  th in -lay er, a n d  th e n  id en tif ie d  in  th e  m an n er g iven  in  T ab le  I I .  Specific  a c tiv ity  was 
d e te rm in e d  a fte r  ev ery  in d iv id u a l ch ro m a to g rap h ic  step , a n d  th e  D H A  o r Â5-diol was regarded  
as id en tified  w hen i ts  specific  a c t iv ity  rem ained  w ith in  a  lim itin g  e rro r  o f  10%  a fte r  two 
successive ch ro m a to g rap h ic  s tep s. T h e  a m o u n t of D H A -S or .T’-diol-3-S fo rm ed  was calcu 
la te d  fo r 1 g w et sk in  tis su e , a n d  th e  conversion  re ferred  to  th e  su b s tra te  w as expressed  in 
p icom oles (pM ), and  th e n  co m p u te d  in  percen tage .

Preparation o f  steroid derivatives. A cety la tio n  a n d  h y d ro ly sis  w ere c a rried  o u t acco rd 
ing to  B u s h  [10]. Solvolysis w as pe rfo rm ed  in acco rdance  w ith  T r e i b e r  [11] as follows; 
30 m l 1%  perch loric  acid  so lu tio n  in  e th e r  was ad ded  to  th e  su lp h o -co n ju g a ted  stero ids in 
a s to p p e red  tu b e , an d  th e  m ix tu re  w as le ft to  s ta n d  a t  37°C fo r 24 h ours. T h e  solvolyzed 
m ix tu re  was e x tra c te d  w ith  1 X 5 m l 5 N  N aO H , and  th e n  w ith  2 X 5 m  d istilled  w ater. The 
e th e r  w as finally  e v ap o ra te d  o ff to  d ry n ess below 45°C. R eco v ery  cou ld  be carried  o u t w ith  
a y ie ld  o f 88— 9 5 % .

Results

T he resu lts  given in T ab le  I ind ica te  th a t  b o th  n o rm a l fem ale and  m ale  
ab d o m in a l sk in  slices u tilize  [4-u C ]D H A  u n d e r th e  ex p e rim en ta l co n d itio n s

Table I

Control studies connected with steroid-sulphate esters fo rm ed  in  the course o f  incubation  
o f  hum an sk in  slices w ith  [4-llC]dehydroepiandrosterone

Cases studies Incubation
Sulphate esters 

Total dpm/g 
skin/5 hr

Per
cent

Déhydro
épiandrostérone 

sulphate 
Total dpm/g 

skin/5 hr

Per
cent

1. norm al a) n o rm al ab d o m in a l skin
%

fem ale slices 62,957 5.81 49,732 4.59
(24 years) b) abdom inal sk in  slices boiled

for ten  m inutes 0 0.00 0

c) on ly  [4-l4C]D H A  su b stra te 0 0.00 0

2. norm al male a) norm al abdom inal skin
(21 years) slices 39,096 3.61 34,672 3.19

b) abdom inal skin slices boiled
for ten  m inu tes 0 0.00 0

c) only [4-u C]D H A  substra te 0 0.00 0
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Table II

Iso la tion  and  identification o f  unchanged substrate [d - '^^eh yd ro ep ia n d ro stero n e  and androst-
dehydroepi-

Identified steroid
“ Cold”
steroid

/^g

Chemical
reaction Derivative TLC systems

D eh y ro ep ian d ro stero n e  + 317* — D H A S y s t. “ D ”

210** - D H A S y s t. “ 2”

A cety la tio n D H A -A c. S y s t. “ 1 a ”

H ydro lysis D H A S y s t. “ 2”

Androst-5-ene-3/3,17/3-diol 213* A cety la tio n /ls-diol-di Ac. S yst. “ A ”

213** A cety la tio n Zl5-diol-diA c. S y s t. “ 1 b ”

H ydro lysis / l5-diol S y s t. “ L isb o a-E ”

+ [4 -u C ]dehydroep iandrosterone su b s tra te  (1,084,296 d p m  =  0.4884 f i d ,  8,553.793 pM) 
* A m o u n t of “ cold”  (carrie r) s te ro id  used for fem ale sk in  slices 

** A m o u n t of “ cold”  (carrie r) s te ro id  used for m ale sk in  slices

d e sc rib e d . I f  boiled sk in  slices w ere in cu b a ted  w ith  lab e lled  D H A , n e ith e r 
s u lp h a te  e s te r nor D H A -S fo rm a tio n  w as observed . S im ila rly , m etabo lism  
co u ld  n o t  be detec ted  i f  on ly  th e  su b s tra te  w as in c u b a te d , w ith o u t sk in  slices, 
u n d e r  th e  given e x p e rim en ta l cond itio n s. These co n tro l ex p e rim en ts  con
f irm e d  t h a t  th e  fo rm ation  o f  su lp h a te  esters is a re su lt o f th e  a c tiv ity  o f the 
en zy m e  sy stem  in th e  sk in .

Table III

Iso la tion  and  identification o f  dehydroepiandrosterone sulphate and A5-diol-3-sulphate fro m  nor-

Identified eteroid
“ Cold”
steroid

y“g

Chemical
reaction Derivative TLC systems

S u lp h a te  este rs 288* — S u lp h a te  este rs Silica gel-G  “ I ”

216** - S u lp h a te  este rs A 1 ,0 3-G  “ I ”

D eh y d ro ep ian d ro stero n e Solvolysis F ree  D H A S y st. “ 1 d ”

su lp h a te A cety la tion D H A -ace ta te S y s t. “ 1 a ”

Zl5-d io l-3-su lp h a te 163 Solvolysis F ree  zl5-diol S y st. “ 1 d ”

A cety la tio n zl5-diol-diAc. S y s t. “ 1 a ”

- zl5-diol-diAc. S y s t. “ 1 b ”

H ydro lysis /15-diol S y s t. “ 2”

* A m o u n t of “ cold”  (carrie r) s te ro id  used for fem ale sk in  slices
** A m o u n t of “ cold”  (carrier) s te ro id  used for m ale sk in  slices
+ A m o u n t of “ cold”  (carrie r) s te ro id  used for fem ale and  m ale  sk in  slices
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5-ene-3ß,17ß-diol fro m  normal fem ale  and male abdom inal sk in  slices incubated w ith  [4 - 'lC]- 
androsterone

Female skin (24 yr) Male skin (21 yr)

Specific activity Incorpn/g/5 hr
per cent

Specific activity Incorpn/g/5 hr per centdpm//ig dpm dpm//<g dpm

1,153.8 3,590.3

1,243.7 432,030 39.85 2,584.8 533,022 49.16
1,371.2 2,491.6

1,354.6 —

123.30 54.26

102.73 42,204 3.89 53.37 28,507 2.63

95.42 53.70 *

T he m etabo lites fo rm ed  d u ring  th e  in c u b a tio n  o f th e  norm al fem ale  a n d  
n o rm a l m ale  ab d o m in a l sk in  slices w ere se p a ra te d  in to  frac tions I  a n d  I I ,
i.e ., in to  groups of free ste ro id s  and  su lp h a te  e s te r  s tero ids. T able I I  p re se n ts  
th e  id e n tif ic a tio n  of th e  u n ch an g ed  su b s tra te  a n d  th e  resu lting  zl5-d io l iso la ted  
from  fra c tio n  I . A s ig n ifican t p ro p o rtio n  o f th e  [4-14C ]D H A  was m e tab o lized  
d u rin g  th e  fiv e -h o u r in c u b a tio n  of b o th  th e  fem ale  an d  th e  m ale a b d o m in a l

m al fem ale  and male abdominal sk in  slices incubated w ith  [d -'^^eh yd ro ep ia n d ro stero n e

Female skin (24 yr) Male skin (21 yr)

Kf Spécifie
activity
dpm//<g

Incorpn/g/5 hr
Specific
activity
dpm///g

Incorpn/g/5 hr

total
dpm pM per cent

total
dpm pM per cent

0.41 108.28 62,957 5.81 73.03 39,096 3.61

0.31 110.32 496.65 71.78 308.42

0.49 87.19 49,732 4.59 64.27 34,672 3.19

0.65 85.49 392.32 64.16 273.52

0.35

0.63 14.96 18.21
0.70 16.42 5,095 40.19 0.47 15.12 5,932 46.79 0.55

0.29 15.51 14.00
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sk in  slices. W ith  th e  rev e rsed  iso tope d ilu tio n  m ethod , 39 .85%  o f  th e  u n 
c h a n g e d  su b s tra te  w as recovered  from  th e  in c u b a te  o f fem ale a b d o m in a l sk in  
slices, a n d  49 .16%  in  th e  case of th e  m ale  a b d o m in a l skin.

T h e  fo rm atio n  o f  / l 5-diol could be  show n  fro m  th e  in  v itro  in c u b a te s  of 
b o th  th e  fem ale a n d  th e  m ale ab d o m in a l sk in  slices. D uring  th e  f iv e -h o u r 
in c u b a tio n  th e  in c o rp o ra tio n  o f ra d io a c tiv ity  w as 3.89%  in th e  case o f  th e  
fem a le  ab d o m in a l sk in , a n d  2 .63%  fo r th e  m ale  abdom inal sk in .

T h e  p ro o f o f th e  fo rm a tio n  of D H A -S  a n d  A 5-diol-3-S is g iven  in  T ab le
I I I .  I t  can  be seen t h a t  d u rin g  th e  f iv e -h o u r  in cu b a tio n  of th e  fem ale  an d  
m ale  a b d o m in a l sk in  slices, w ater-so lub le  su lp h a te  esters w ere fo rm e d  w ith  
s ig n if ic a n t ra d io a c tiv ity . I n  th e  case o f th e  fem ale  abdom inal sk in  slices th e  in 
c o rp o ra tio n  of r a d io a c tiv ity  w as 5 .81%  (496.65 pM ), w hile fo r th e  m a le  skin  
slices i t  w as 3 .61%  (308.42 pM).

A fte r  solvolysis o f  th e  su lp h a te  e s te rs , ch ro m a to g rap h y  in  so lv e n t sy stem  
‘‘1 d ”  on  silica-gel-G  th in - la y e r  led to  th e  s e p a ra tio n  of th e  ra d io a c tiv i ty  in to  
tw o  p eak s . The ra d io a c tiv e  peak  e x h ib itin g  th e  g rea te r  m ovem ent (Rf =  0.49) 
r a n  to g e th e r  w ith  D H A , a n d  th a t  w ith  th e  lo w er m ovem ent (Rf =  0.35) ra n  
to g e th e r  w ith  J 5-diol. T he c o n s ta n t specific  a c tiv itie s  of th e  stero ids s e p a ra te d  
in  v a r io u s  c h ro m a to g rap h ic  system s an d  in  th e  form  of various d e riv a tiv e s  
co n firm e d  th a t  th e  s te ro id s  iso la ted  from  th e  su lp h a te  ester f ra c tio n  w ere 
id e n tic a l w ith  D H A -S  a n d  Zl6-diol-3-S.

T ab le  I I I  show s th a t  th e  m a jo rity  o f  th e  rad io ac tiv ity  in c o rp o ra te d  
in to  th e  su lp h a te  e s te r  frac tio n  h ad  o rig in a te d  from  th e  D H A -S. T h e  D H A -S 
in c o rp o ra tio n  in  th e  fem ale  abdom ina l sk in  w as 4 .59%  (392.32 pM ) a n d  in 
th e  m a le  ab d o m in a l sk in  3 .19%  (273.52 pM ). T h e  fo rm ation  of Zl5-diol-3-S  was 
m u c h  less. R a d io a c tiv ity  in co rp o ra tio n  in  th e  case of th e  fem ale ab d o m in a l 
sk in  slices was 0 .4 7 %  (40.19 pM ), and  fo r th e  m ale  slices, 0 .55%  (46.79 pM ).

Discussion

In  ad d itio n  to  free  D H A , D H A -S is an  im p o r ta n t secre to ry  p ro d u c t of 
th e  a d re n a l co rtex  [12, 1 3 ,1 4 ] and  th e  o v a ry  [15]. D H A -S c ircu la tes in  p e r ip h 
e ra l b lood  in  h igh  c o n c e n tra tio n  (1 0 —550 fig/100  ml) [18, 19].

I t  is n o t k n o w n  e x a c tly  w h a t role th e  D H A -S  plays in th e  t r a n s p o r t ,  
m e ta b o lism , or possib le  s to rag e  of D H A . M an y  a u th o rs  regard  it  as an  in ac tiv e  
m e ta b o lite  of th e  w eak ly  androgen ic  D H A  [13, 14]. D H A -S can  tra n s fo rm  
“ d ire c tly ”  in to  zl5-diol-3-S , w ith o u t th e  sp lit t in g -o ff  of th e  su lp h a te  g ro u p  [20]. 
K im  a n d  H e r r m a n n  [21] in c u b a te d  D H A -S  w ith  hom ogenizates o f  th e  v ag in a l 
m u c o sa  o f m a tu re  fem ales, an d  th e  p re p u tia l  a n d  abdom inal sk in  o f  in fa n ts . 
5 .7 — 14.2%  of th e  s u b s tra te  was c o n v e rted  to  free  D H A , and an d ro st-4 -en e- 
3 ,1 7 -d io n e  an d  te s to s te ro n e  too  ap p eared  in  th e  in cu b a te . D H A -S p la y s  a role
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in th e  reg u la tio n  of the  p ro d u c tio n  o f and rogen ic  stero ids by  m eans o f  its  
“ in d ire c t”  m etabo lism  [3, 7, 21].

B esides th e  ad rena l co rtex  [22], th e  gonads [23] too , p re su m ab ly  p la y  
a p a r t  in  th e  fo rm atio n  o f th e  J 5-diol. T he la t te r  can  be found  in  p e r ip h e ra l 
b lood  in  th e  form  of m ono- an d  d isu lp h a te  es te rs  [24]. The c o n c e n tra tio n  o f 
Zl5-diol-3-S in  th e  blood o f m ales is m uch  h ig h er (28.7 /xg/100 ml) th a n  in  th e  
b lood  o f fem ales [25], an d  is a b o u t h a lf  th e  co n cen tra tio n  of Æ’-d io l-3,17- 
d isu lp h a te  [24].

он

1 7 p - H S D  = 17(3 - hydroxysteroid dehydrogenase 
A 5- 3 p - H S S =  Д5-Зр-hydroxysteroid sulphokinase

F ig. 1. Possib le  ro u tes  o f [4-14C ]d eh y d ro ep ian d ro s te ro n e-su lp h a te  fo rm atio n  in  n o rm a l h u m a n
ab d o m in a l sk in

O ur s tud ies su p p o rt th e  re su lts  o f p rev ious au th o rs  [1, 26] in  t h a t  in  
th e  course o f in cu b a tio n  o f  fem ale an d  m ale abd o m in a l skin slices w ith  
[4-14C ]D H A , n o t only  D H A -S b u t  also Zl5-diol-3-S is form ed. O u r re su lts  
show  th a t  b o th  th e  m ale an d  th e  fem ale ab d o m in a l sk in  contains zds-3/3-HSS 
a c tiv ity , w hich  also ca ta lyzes th e  su lp h o -co n ju g a tio n  o f the  Zl5-diol fo rm ed  
d u rin g  th e  in c u b a tio n  w ith  th e  D H A  su b s tra te . T he possible ro u te s  fo r  th e  
fo rm a tio n  o f th e  A 5-diol-3-S in  th e  sk in  are  g iven  in  Fig. 1. T he fa c t  t h a t  
free A 5-diol is fo rm ed in th e  in c u b a te  proves th e  presence of 17 /?-hydroxy- 
s te ro id  dehydrogenase  a c tiv ity  in  th e  sk in , w hile th e  /F -d io l fo rm ed  is co n 
v e r te d  to  w ater-so lub le  Zl5-diol-3-S w ith  th e  p a r tic ip a tio n  of Zl5-3/?-H SS. As 
described  b y  H a y  and  H o d g in s  [27] for th e  case o f fem ale a x illa ry  sk in  
slices, th is  w ater-so lub le  s te ro id  su lp h a te  can  also be form ed b y  a n o th e r  p a th 
w ay , th e  D H A -S p a th w ay .

T he s te ro id  su lphokinase ac tiv itie s  o f th e  v a rio u s hum an  tissu es  h a v e  
been  s tu d ied  b y  v e ry  m an y  a u th o rs , an d  i t  h as  been  show n th a t  Zl5-3/?-H SS
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en zy m e is co n ta in ed  in  th e  adrenal co rtex , th e  liv er, th e  ovary , th e  te s te s  an d  
th e  sm all in te s tin a l m u co sa  [28, 29, 30, 31, 3 2 ]. T h e  physio logical sign ificance 
o f  th e  Zl6-3/S-HSS a c t iv i ty  detec ted  in  h u m a n  sk in  has n o t been  c larified . 
I n  o u r earlier s tu d ie s  i t  w as shown t h a t  h u m a n  ax illa ry  sw eat co n ta in s  a 
considerab le  a m o u n t o f  17-K s-S [33], th e  a m o u n t o f w hich increases sign if
ic a n tly  on sy n th e tic  a 1-28-ACTH tre a tm e n t  [33].

M ention m u s t b e  m ade of th e  s tu d ie s  b y  O e r t e l  an d  T r e i b e r  [34], 
w ho iso la ted  a w ho le  series of rad io ac tiv e  and rogen ic  stero ids fro m  sw eat 
co llec ted  from  th e  su rfa c e  of the h u m an  t r u n k  a f te r  in trav en o u s in jec tio n  of 
[7 a -3H ]d e h y d ro e p ia n d ro s te ro n e -[35S ]su lp h a te -N a . T heir resu lts  in d ic a te d  th a t  
th e  overw helm ing  m a jo r i ty  of the  D H A , an d ro s te ro n e , e tiocho lano lone and  
/ I s-d io l d e tec ted  in  sw e a t could be iso la ted  in  free form , an d  lesser am o u n ts  
in  th e  su lp h a te -e s te r  fo rm . These s tud ies co n firm ed  th e  connection  betw een  
th e  D H A -S level in  p e rip h e ra l blood an d  th e  a m o u n t of D H A -S secre ted  in 
sw e a t. W e assum e t h a t  th e  d 5-3/?-HSS a c t iv i ty  o f th e  skin p lay s a role in  
th e  su lp h o -co n ju g a tio n  o f  th e  and rogen ica lly  ac tiv e  steroids en te rin g  th e  skin 
fro m  th e  blood s tre a m .

*

We are indebted to Dr. L. Csern ay  for making the Packard Liquid Scintillation 
Spectrometer available for radioactivity measurements.
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DIAGNOSTIC VALUE OF THE RHEUMATOID ROSETTE

B . F e k ete , Gy. Szeg ed i, P . Gerg ely , G. Szabó, G y. P e tr á n y i

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, DEBRECEN 

(R eceived  S ep tem ber 27, 1972)

T h e  p ro p o rtio n  o f  rh e u m a to id  ro se tte -p o s itiv e  cases was ex am in ed  in  
57 p a tie n ts  w ith  rh e u m a to id  a r th r itis , 39 w ith  som e o th e r au to im m u n e  d isease 
an d  53 con tro ls w ith  o th e r  diseases. I t  was fo u n d  t h a t  1) 50%  of th e  p a tie n ts  
w ith  rh e u m a to id  a r th r it is  w ere ro se tte -p o sitiv e , as ag a in s t 20%  o f th o se  w ith  
o th e r au to im m u n e  diseases an d  b a re lv  4 %  o f th e  con tro ls; 2) th e re  w as no 
d irec t co rre la tio n  b e tw een  th e  n u m b er o f ro se tte s  an d  th e  R F -se ru m  leve l; 
3) th e re  w as som e correspondence  betw een  ro s e tte  p o s itiv ity  and  th e  a c t iv i ty  
of th e  process.

C onsidering  th e  fa c t th a t  th e  R F  as w ell as th e  rh eu m ato id  ro s e tte  are  
co nnec ted  w ith  th e  a n ti- Ig -a c tiv ity  of th e  ly m p h o id  cells, p a r tly  b ecau se  R F  
m ay  be  p re sen t on th e  su rface  o f th e  ro se tte -fo rm in g  cells, p a r tly  b ecau se  
of th e  in v o lv em en t o f  a d irec t cell-m ediated  Ig  sen s itiv ity , i t  is fe lt t h a t  th e  
tw o d iag n o stic  reac tio n s are  com p lem en ta ry , th o u g h  th e ir  d irec t c lin ica l 
sign ificance rem ains questio n ab le .

I n  23 to  40 %  o f th e  p a tie n ts  w ith  rh e u m a to id  a r th r it is  (RA) n o  rh e u 
m ato id  fac to r  (R F ) is d em o n strab le  [1, 2]. T h is se ro n eg a tiv ity  m igh t h a v e  th e  
follow ing ex p lan a tio n . 1) F o rm a tio n  o f R F  m a y  be  a b sen t; 2) its  a m o u n t m a y  
be to o  sm all to  be d e te c ta b le ; 3) i t  m ay  be p re se n t in  a b ound  s ta te  w h ich  
p re v e n ts  its  d e tec tio n . A ll th is  has p ro m p ted  a ce llu la r approach  to  th e  s tu d y  
of th e  R F . T he rh e u m a to id  ro se tte  te s t  was d esc rib ed  b y  B ach and  D elba r r e  
in  1968 [3]. О R h -p o sitiv e  h u m an  e ry th ro c y te s  co a ted  w ith  ra b b it  im m u n o 
globulin  w ere in c u b a te d  w ith  b lood  ly m p h o cy te s  o f p a tie n ts  w ith  R A . T h e  
reac tio n  w as p o sitive  i f  a ce rta in  n u m b er o f ly m p h o c y te s  per th o u sa n d  fo rm ed  
a b in d in g  w ith  th e  co a ted  e ry th ro cy te s  in  th e  fo rm  o f ro se ttes . E x te n d in g  th e  
te s t  to  o th e r  d iseases, th e  au th o rs  c ited  fo u n d  t h a t  a)  th e  rh eu m a to id  ro se tte  
was p o sitiv e  in  70 %  o f R A  p a tie n ts  as a g a in s t 5 %  o f th e  con tro ls; b)  th e re  
was no  d irec t co rre la tio n  b e tw een  th e  rh e u m a to id  ro se tte  and  R F  p o s itiv ity , 
in o th e r  w ords, th e  ro se tte  te s t  m ay  be p o sitiv e  in  th e  absence o f R F , an d  
conversely .

T h e  p resen t s tu d y  h as  been concerned w ith  th e  p ro p o rtio n  of rh e u m a to id  
ro se tte  p o sitive  cases in  o u r R A -p a tien t m a te r ia l  a n d  w ith  th e  co rre la tio n s  
o f th e  reac tio n  w ith  th e  o th e r  p e rtin e n t c lin ica l a n d  lab o ra to ry  d a ta .
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M ateria l and  m eth o d s

P reparation  o f  the lym phocyte  suspension. 20 m l h ep arin ized  blood of th e  s u b je c t to  be 
s tu d ie d  w as allow ed to  se d im e n t w ith  3%  g e la tin  a t  37 °C fo r 45 m inu tes a n d  th e  s u p e rn a ta n t  
w as  f i l te r e d  th ro u g h  a ny lo n  w a d  colum n. T he ly m p h o c y te  suspension w as w a sh e d  th rice  
w i th  P a r k e r ’s 199 m ed ium  co n ta in in g  10%  c a lf  se ru m . T he cell n u m b er w as a d ju s te d  to 
1.5 X 105 p e r  ml.

C oating o f  the erythrocytes w ith  im m unoglobulin . R a b b its  were im m u n ized  w ith  2 X 109 О 
R h -p o s i t iv e  h u m an  e ry th ro c y te s , ad m in iste red  in tra v e n o u s ly  on  th ree  occasions a t  7 day 
in te r v a ls .  T h is gave an  a n ti-h u m a n  ra b b it  h a em ag g lu tin in  o f a t it re  o f a p p ro x im a te ly  1 : 1200. 
T h e  lo w e s t n o n -ag g lu tin a tin g  d ilu tio n  w as d e te rm in e d . Since our h aem ag g lu tin in  se ru m  was 
k n o w n  to  p roduce no a g g lu tin a tio n  a t  tw ofo ld  d i lu tio n , th is  d ilu tion  was a d o p te d  fo r the  
p u rp o s e s  o f  th e  p re sen t s tu d y . F o r  coating , О R h -p o s itiv e  h u m an  e ry th ro c y te s  w ere  w ashed 
th r e e  t im e s  w ith  p h o sp h a te  b u ffe r  an d  m ade u p  to  a  2 .5 %  suspension w hich  w as in cu b a ted  
a t  37°C  fo r  30 m inu tes w ith  th e  a n tih u m a n  ra b b it  h a e m a g g lu tin in  of th e  low est n o n -a g g lu tin a t
in g  d i lu tio n . T h en  th e  su sp en s io n  w as w ashed th re e  t im e s  and  a d ju s te d  to  3 m illio n  cells 
p e r  m l.

R osette  form ation . 0.5 m l o f  th e  ly m p h o cy te  su sp en sio n  an d  0.5 m l o f  th e  Ig -co a ted  
e r y th r o c y te  suspension w ere c e n trifu g e d  to g e th e r  a t  600 r.p .m . fo r 10 m in.

R eading . A fter care fu l re su sp en sio n  in  th e  n u t r ie n t  m edium , th e  n u m b e r  o f ro se tte 
fo rm in g  cells/1000 ly m p h o c y tes  w as co u n ted  on  a  slide  u n d e r  a coverglass (F ig . 1).

R eproducib ility . T he p ro c ed u re  w as re p e a te d  w ith  th e  ly m p h o cy tes  o f  15 ro se tte 
p o s i t iv e  p a tie n ts  3 to  7 tim e s  w ith in  10 days. A p a r t  f ro m  m inor v a ria tio n s , th e  re su lts  were 
p r a c t ic a l ly  th e  same.

T h e  re su lts  of th e  Rose— W aaler-test w ere re g a rd e d  as positive  w hen  th e  t i t r e s  were 
in  e x c e ss  o f 1/32.

P atien ts . 149 p a tie n ts  w ere  s tu d ied  fo r th e  rh e u m a to id  ro se tte . 57 h a d  rh e u m a to id  
a r th r i t i s ,  39 h ad  o th e r a u to im m u n e  diseases a n d  53 se rv in g  as con tro ls h a d  v a r io u s  o th er 
d ise a se s . T h e  second ca teg o ry  co m prised  cases o f  S L E , po lym yositis , d e rm a to m y o s itis  and 
sc le ro d e rm a . In  th e  co n tro l g ro u p  th e re  w ere cases o f p ep tic  ulcer, h y p e rte n s iv e  disease, 
n e u ro s is , a n d  of o th er d iseases u n re la te d  to  th e  f i r s t  tw o  groups.

I n  every  case th e  c lin ica l s tag e, th e  g en era l c o n d itio n , th e  E S R  a n d  th e  re su lts  of 
th e  R o se - te s t  were p u t  on  reco rd .

R esults

O f th e  53 con tro ls  4 w ere seropositive  ( th e  R ose— W a a le r-te s t g iv ing  a 
t i t r e  o f  1/64 in  3 cases a n d  o f 1/128 in  one), a n d  49 were R F -n e g a tiv e . In  the  
n e g a t iv e  group th e  rh e u m a to id  ro se tte  te s t  w as positive in  tw o cases (in  one 
o f  c h ro n ic  n ep h ritis  an d  one o f chronic p a n c re a titis ) .

T h e  R F -p o sitiv e  p a tie n ts  o f th e  c o n tro l g roup  were ro se tte -n e g a tiv e  all 
th ro u g h o u t .

Table I

R esults o f  the rheum atoid rosette test

Groups Number 
of cases ^6 /1000 6 10/1000 >  10/1000

R F -p o s itiv e  RA 46 24 12 10

R F -n e g a tiv e  RA 11 5 1 5

O th e r  au to im m une d iseases 39 31 3 5

C ontro ls 53 51 l 1
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F ig . 1. T he rh eu m a to id  ro se t te  te s t

T h e n u m b e r o f rh e u m a to id  rose ttes w as in  excess of 6/1000 in  28 o u t 
o f  57 p a tie n ts  w ith  R A , as ag a in st 8 ou t o f 39 w ith  o th e r  au to im m une d iseases. 
46 p a tie n ts  w ith  R A  w ere R F -positive , 11 w ere R F -n eg a tiv e . 22 o u t o f  39 
p a tie n ts  w ith  o th e r  au to im m u n e  diseases w ere R F -positive , 17 w ere R F - 
n eg a tiv e  (F ig . 2, T ab le  I ,  I I ) .

Correlation between the number o f  rheum atoid  rosettes and R F  titres. 22 
o u t o f  46 R F -p o sitiv e  an d  6 o u t o f 11 R F  n e g a tiv e  R A  p a tien ts  w ere ro s e t te 
p o sitive , th e  p ro p o rtio n  o f rh eu m ato id  ro se tte  p o s itiv ity  th u s  being  5 0 %  in 
b o th  groups. In  th e  g roup  o f o th e r a u to im m u n e  diseases 5 ou t o f  22 R F - 
p o sitive  cases (i.e., a p p ro x im a te ly  1/4 of th e  p a tie n ts )  and  3 ou t o f  17 R F -

Rosette 1 1000 iy

diseases d iseases

F ig . 2. P ro p o rtio n  of rh e u m a to id  ro se tte  p o s it iv ity  in  th e  ind iv idual g roups
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Table I I

Proportion o f  the results o f  the rosette test in  the individual groups

Number of rosettes Rheumatoid
arthritis

Other
autoimmun > 

diseases
Control

<  4/1000 =  neg. 26 24 51

4 —6/1000 =  u n c e rta in 2 4 0

7 — 10/1000 =  pos. 11 5 0
>  10/1000 =  s tro n g ly  pos. 15 3 2

n e g a tiv e  cases (a p p ro x im a te ly  1/6 of th e  p a tie n ts )  w ere fo u n d  rh e u m a to id  
ro se tte -p o s itiv e .

O n closer e x a m in a tio n  o f th e  re la tio n sh ip  betw een  R F  t i t r e  a n d  rh e u m a 
to id  ro se tte  p o s itiv ity  i t  w as found  th a t  th e  n u m b e r of rh e u m a to id  ro se tte s , 
so f a r  from  co rrespond ing  to  th e  R F  t i t r e s ,  shows an opposite  te n d e n c y  
(F ig . 3). B ach e t al. also n o te  a s ig n ifican t n eg a tiv e  co rre la tion  b e tw e e n  th e  
tw o  p a ra m e te rs  [4].

Correlation w ith  c lin ica l data.
1 . D uration o f  disease. W hile p o s it iv ity  o f  th e  ro se tte  t e s t  w as less 

in te n s iv e  in  lo n g -s tan d in g  processes th a n  in  th o se  of re la tiv e ly  re c e n t onset, 
R F -p o s it iv i ty  show ed an  inverse  te n d e n c y  (F ig . 4).

2. A c tiv ity  o f  the process  (a rth ra lg ia ). A  close correspondence h as  been 
fo u n d  betw een  a r th ra lg ia  a n d  rh e u m a to id  ro s e tte  positiv ity , in  o p p o sitio n  to  
R F  w h ich  revealed  no  co rre la tio n  o f th is  k in d  (F ig . 5).

Rosette / 1000 ly 

Д 0 -

4 1/32 Об« 1/128 '/256 г '/512

•  = Rheumatoid arthritis 
X = Other autoimmune diseases

F ig • 3. C orre la tion  b e tw e e n  R F  t i t r e  an d  th e  n u m b er of rh eu m ato id  r> И-

A Ha Medica Academiae Scientiarum Hungaricae 30, 1973



D I A G N O S T I C  V A L U E  O F  T H E  R H E U M A T O I D  R O S E T T E 105

V.

<  2 2-10 > 1 0  < 2  2-10 >  10 years

Fig. 4. C orre la tion  of th e  d u ra tio n  o f disease w ith  ro se tte  p o sitiv ity  a n d  w ith  R F  t i t r e

7.

pain pain

Fig. 5. C orre la tion  of p a in  w ith  ro se tte  p o s itiv ity  an d  R F  ti t r e

3. Correlation with the sedim entation rate. W ith  an  E S R  o f m ore  th a n  
35 m m /h r  th e  p ro p o rtio n  o f ro se tte -p o sitiv e  cases w as sig n ifican tly  la rg e r  th a n  
below  th is  E S R  level (T able I I I ) .

Table III

Correlation between sedimentation rate 
and rheumatoid rosette p o sitiv ity

Number Rheumatoid rosette
of cases

negative positive

35 m m /hour 28 15 13
<  35 m m /hour 29 8 21
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D iscussion

O n th e  ev idence  o f  th is  s tu d y , th e  rh e u m a to id  ro se tte  te s t  p roved  
p o s itiv e  in  rough ly  5 0 %  o f th e  R F -p o sitiv e  a n d  o f th e  R F -n eg a tiv e  g roup  
a like . O u r figures are  th u s  low er th a n  th o se  re p o rte d  b y  R ach  e t al. w ho 
fo u n d  th e  te s t po sitiv e  in  70%  of th e ir  cases. T h is m ay  have th e  follow ing 
cau ses: a )  our cases w ere sm aller in  n u m b e r; b )  th e  m a jo rity  of o u r p a tie n ts  
w ere  on im m u n o su p p ressiv e  tre a tm e n t (s te ro id s , in  some cases c y to s ta tic  
d ru g s) w hich  in te rfe res  w ith  th e  fo rm atio n  o f  rh e u m a to id  ro se tte s ; c) th e re  
m ig h t h av e  been m in o r d ifferences in  th e  te c h n iq u e , such as p H , in cu b a tio n  
t im e , d iam e te r of th e  tu b e s  used for in c u b a tio n , e tc .

T h e  ro se tte -fo rm in g  lym p h o cy tes  are  assu m ed  to  be e ith e r R F -p ro d u c - 
in g , o r ra b b it-Ig (a n tig en )-se n s itiv e  cells. E x p e r im e n ta l evidence suggests, 
h o w ev er, th a t  th e  cells responsib le  for th e  fo rm a tio n  o f th e  rh e u m a to id  ro se tte  
a re  n o t  o f  th e  sam e ty p e  [5, 6], p a r t  o f  th e m  belonging  to  th e  a n tib o d y 
fo rm in g  ly m p h o cy tes  o f  ty p e  “ B ”  and  th e  o th e r  to  th e  an tig en -sen sitiv e  
ly m p h o c y te s  of ty p e  “ T .”  T he o b se rv a tio n  t h a t  n o n tox ic  co n cen tra tio n s  of 
a z a th io p r in e , know n to  a ffec t p rim arily  th e  cells o f ty p e  “ T ,”  are b u t  incom 
p le te ly  suppressive  to  ro se tte  fo rm ation  [6], also seem s to  be co n sis ten t w ith  
a possib le  in v o lv em en t o f  tw o  d ifferen t ly m p h o c y te  p o p u la tio n s [6].

P rev io u s t r e a tm e n t  o f  th e  ly m p h o cy tes  w ith  an ti-h u m an  im m u n o g lo b u 
lin  h as  been found  to  in h ib it  rh eu m a to id  ro se tte  fo rm atio n  [4, 7]. On th e  
ev id en ce  o f  m orpho log ical s tu d ies  th e  m a jo r ity  o f  th e  ro se tte -fo rm in g  cells are 
sm all ly m p h o cy tes  [8].

M onocytes a re  also capab le  o f fo rm in g  non-specific  ro se tte s , th e re  is, 
h o w ev er, no d ifficu lty  in  id e n tify in g  these  cells ligh t-m icroscop ica lly  an d  th u s  
in  e lim in a tin g  th em  in th e  course of co u n tin g .

R F  p o sitiv ity  and  rosette positiv ity . N o d ire c t co rre la tion  has been  found  
b e tw e e n  R F  p o s itiv ity  a n d  th e  n u m b er o f  rh e u m a to id  ro se ttes . T h is adm its  
o f  th e  follow ing in te rp re ta tio n s .

a)  W hile ro se tte  fo rm a tio n  is th e  re s u lt  o f  th e  p ro life ra tio n  o f a n t i 
g a m m a  G -specific ly m p h o c y te s  an d  o f th e ir  re lease to  th e  p e rip h e ry , th e  
R F  leve l is closely re la te d  to  th e  sec re to ry  a c tiv ity  of specific p lasm oid  
ly m p h o c y te s . A n increase  in  th e  n u m b er o f  ro se tte s  rep resen tin g  th e  cellu lar 
im m u n e  p henom ena e n su in g  earlier in tim e , p recedes th e  d e m o n s tra b ility  of 
th e  R F . I t  is m o reo v er possib le th a t  th e  an tig en ic  s tim u lus elicits m ere ly  a 
c e ll-m ed ia ted  response w ith  no e levation  o f  th e  a n tib o d y  level (in  th e  case 
o f R A , o f  th e  R F  level). U nder e x p e rim e n ta l cond itions, th e  rh e u m a to id  
ro s e tte  phenom enon  is d em o n strab le  a few  d ay s  earlie r th a n  th e  R F  [4], on 
th e  o th e r  h an d , th e  R F  is s till p resen t in b lo o d  w hen  th e  ro se tte s  are  no  longer 
d e m o n s tra b le , b)  I t  is possib le  th a t  R F -p ro d u c in g  cells o f ty p e  “ B ”  acco u n t 
o n ly  fo r a ce rta in  p a r t  o f th e  ro se tte -fo rm in g  p o p u la tio n , th e  o th e r p a r t  con
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s is tin g  o f an tig en -sen sitiv e  “ T ”  cells, c) F in a lly , as p resum ed b y  B rown an d  
E pstein  [8] excessive a m o u n ts  of R F  a n tib o d y  m a y  well be supp ressiv e  to  
th e  ro se tte -fo rm in g  ly m p h o cy tes .

R  F  po sitiv ity  and  rosette negativity. 24 o u t  o f 46 R F -p o sitiv e  cases of 
R A  w ere ro se tte -n eg a tiv e . T he m ajo rity  o f th e se  p a tie n ts  were in  rem ission  
o r u n d e r tre a tm e n t.

R F  negativity and  rosette p ositiv ity . 6 o u t  o f  11 R F -n eg a tiv e  cases of 
R A  w ere ro se tte -p o sitiv e . T h e  lack  o f a d ire c t co rre la tio n  b e tw een  R F  and  
th e  rh e u m a to id  ro se tte  h a s  been discussed e a r lie r  in  th is  paper.

R F  negativity and  rosette negativity. R F  n e g a tiv i ty  and ro se tte  n e g a tiv ity  
w ere coupled  in 7 cases o f  R A , all of m ino r s e v e rity , hav ing  been in  co m p le te  
rem ission  for a fa irly  long  tim e.
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EFFECT OF HEPARIN ON THE CONCENTRATION 
OF INSULIN IN SERUM AND PLASMA
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(R eceived  O ctober 5, 1972)

B y using  th e  im m u n o reac tiv e  double  a n tib o d y  assay  of H a les  a n d  R a n d l e  
in  h e p arin  p lasm a  an d  h ep arin ized  serum , a low er in su lin  co n ce n tra tio n  w as observed  
th a n  in  serum  w ith o u t h ep arin . In  th e  rad io im m u n o reac tiv e  single a n tib o d y  m eth o d  
of Zie g l e r  e t al., h e p a rin  fa iled  to  influence th e  a m o u n t o f insulin . I t  h a s  b een  con
cluded  t h a t  th e  effec t o f h e p a rin  is connected  w ith  th e  p resence of th e  second  —  a n ti
gam m aglobu lin  — an tib o d y .

A  h ig b  serum  in su lin  co n cen tra tio n  m ay  o ccu r as a  consequence o f th e  second 
a n tib o d y  in h ib itin g  th e  effect o f com plem en t as well as o f th e  c ro ss-reac tion  be tw een  
th e  second an tib o d y  an d  h u m a n  gam m aglobu lin . B ecause  o f th e  fav o u ra b le  effect 
o f h e p arin  on  th e  an tic o m p lem e n t an d  th e  o p tim u m  p re c ip ita tio n  zone i t  is ad v isab le  
to  d e te rm in e  th e  in su lin  v a lu e  in  h ep arin  p lasm a b y  th e  rad io im m u n e  d o ub le  an tib o d y  
assay . A blood  h ep arin  c o n ce n tra tio n  of 1.0 IU /m l p ro v ed  to  be su ffic ien t fo r en su ring  
a fav o u rab le  effect.

T he re la tiv e  s im p lic ity  o f  rad io im m u n e  in su lin  d e te rm in a tio n  offers a 
g re a t help  in  d iagnostics a n d  research . D a ta  on th e  c o n cen tra tio n  o f  n o rm a l 
in su lin  in  h u m an  serum  an d  p lasm a  are  fa r  from  un ifo rm  [14]. T h e  e x p la n a 
tio n  o f th e  d ifferences lies in  th e  fa c t th a t  som e a u th o rs  d e te rm in ed  th e  insu lin  
in  serum , o thers in  p lasm a p re p a re d  in  d iffe ren t w ay s, a n d  th e re  are  even  d a ta  
on “ insu lin  juU/ml”  (se ru m ?  p lasm a?). F u r th e r  d ifferences are  aris in g  from  
th e  v a r ie ty  o f th e  m eth o d s ap p lied , th e  effect o f  chem icals used  fo r p re p a ra 
tio n  o f th e  p lasm a, an d , f in a lly , from  in d iv id u a l v a ria tio n s  (F ig . 1).

T he p re sen t s tu d y  w as a im ed  a t c larify ing  tw o  po in ts , viz.
1) Is  th e re  an y  d ifference betw een  th e  se ru m  an d  p lasm a in su lin  levels 

in  th e  sam e su b je c t?
2) Does h e p a rin  ad d ed  to  th e  serum  in v itro  in fluence  th e  in su lin  level?

Material and methods

1. In su lin  concentration in  serum  and heparin  p la sm a . F a s tin g  blood sam ples were 
tak e n . T he p lasm a h e p arin  co n ce n tra tio n  was 15 jug/ml (H e p a rin  R ich te r, 1 m g =  134.6 IU ). 
75 //g  of h ep arin  w as g iven  to  5 ml o f blood in  a te s t  tu b e  co n ta in in g  0.1 ml o f physio log ical 
N aC l so lu tion .

2. Effect o f  heparin  in  vitro on the serum -insu lin  concentration.
H ep arin  d issolved in physio log ical NaCl so lu tio n  a t  a  co n cen tra tio n  of 1, 5, 500 /zg/m l 

w as ad ded  to  serum  a t  a ra tio  o f 0.1 : 0.9. In  th e  d e te rm in a tio n  o f th e  se ru m -in su lin  con
c e n tra tio n , in s tead  of h ep arin  so lu tio n  0.1 ml o f physio log ical NaCl so lu tio n  was ap p lied  
in  o rd e r to ensu re  s ta n d a rd  co n d itions.
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Plasma Serum

F ig . 1. F a s tin g  insulin  leve l o f h e a lth y  subject»  d e te rm in e d  b y  d iffe ren t im m u n e  assay  on 
th e  b a s is  of 22 rep o rts . T h e  n u m b ers  show  th e  l ite ra ry  re ferences (a fte r  H e n d e r s o n )

3. In su lin  concentration in  serum , heparin p la sm a , E D T A  p lasm a and the effect o f  
h e p a r in  in  vitro on the in su lin  level.

O n  p rep arin g  E D T A  p la sm a , th e  co n ce n tra tio n  o f E D T A  was 0.75 m g /m l in  th e  
b lo o d , a n d  th e  co n cen tra tio n  o f h e p a r in  w as 15 /ig /m l in  th e  h e p a rin  p lasm a. 1, 5 o r 500 /ig /m l 
o f h e p a r in  w as added  in  v i tro  to  th e  serum , h e p a rin  p lasm a  a n d  E D T A  p lasm a .

T h e  exam inations w ere  p e rfo rm ed  on  h e a lth y  su b je c ts  and  p a tie n ts  w ith  hyp er- 
in su lin ism , p red iabetes, a n d  d ia b e te s . T he h igh  s ta n d a rd  e rro r  w as due  to  th e  sim u ltan eo u s 
o c c u rre n c e  o f norm al a n d  p a th o lo g ica l h igh  v a lues. In su lin  w as d e te rm in ed  b y  th e  m eth o d  
o f H a e e s  a n d  R a n d le  [11] as w ell as t h a t  o f H a d in g  [10] as m odified  by  Zie g l e r  e t  al. [30]. 
I n  g ro u p s  2 and  3 b o th  m e th o d s  w ere used  in  p a ralle l.

S ignificance was e s t im a te d  b y  th e  t-te st.

R esults

1. T he co n cen tra tio n  o f  in su lin  w as low er in  h ep a rin  p la sm a  th a n  in  
s e ru m . T h e  difference w as n o t  sign ifican t (T ab le  I).

2. A )  H eparin  g iven  to  th e  serum  in v itro  decreased  s ig n if ican tly  th e  
v a lu e  fo r  insulin  c o n c e n tra tio n , w hereas a fu r th e r  dose o f h e p a rin  added  to  
h e p a r in  p lasm a failed to  cause  an y  change (T able  I I ,  F ig . 2).

В )  The insulin  leve l w as d e te rm in ed  in  se ru m  an d  p lasm a  o f  th e  sam e 
p e rso n  in  10 cases b y  tw o  d iffe ren t im m u n o reac tiv e  m ethods. Tw o an tib o d ies  
(a n tiin su lin -  and an tig am m a g lo b u lin -a n tib o d y ) w ere used by  H ales and  
R a n d l e  [11] (m ethod  A ) ,  a n d  only  one (a n tiin su lin -an tib o d y ) b y  Ziegler  
e t  a l. [30] (m ethod В ).
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Table I

In su lin  concentration in  serum  
and plasma estim ated by the H a le s— Randle method

Serum Heparin plasma

M 34.8 2E7

SEM ±  4.3 ±  2.7

P П.8.

n 30 30

M =  m ean  value ftE /m l 
SEM =  s ta n d a rd  error of m ean  
p =  significance level 
n =  n u m b er of experim ents 
n. s. =  n o t  significant

W hen h e p a rin  was ad d ed  to  th e  se rum , low er insu lin  v alues w ere o b 
ta in e d  by  m e th o d  A )  (Table I I I /A ,  F ig . 3/A ). T h e  change was n o t  s ig n if ic a n t 
because o f th e  g re a t s ta n d a rd  e rro r  and  th e  re la tiv e ly  few e x a m in a tio n s . 
H ep a rin  ad d ed  to  heparin  p la sm a  in  v itro  fa iled  to  cause any  change . H e p a rin  
d id  n o t affect th e  insulin  value i f  th e  d e te rm in a tio n  was carried  o u t b y  m e th o d  
В  (Table I I /B , F ig . 3/B).

3. In  g ro u p  3, insulin  w as d e te rm in ed  in  serum , hep arin  p la sm a  and  
E D T A  p lasm a o f th e  sam e b lood  a f te r  ad d in g  h ep arin  a t a c o n c e n tra tio n  of 
1, 5 or 500 /ig /m l.

Table II

In su lin  concentration in  serum and  plasm a after the addition 1, 5, 500 p g /m l  
heparin in vitro , estim ated by the H a les—Randle method

Serum

Heparin 
in vitro 0 1 5 500
^g/ml

M 48.4 29.1 30.8 34.1

SEM +  3.4 ±  3.4 ±  3.2 ±  3.3

P 10/ ^  1 /о <  1% <  1%
n 24 24 24 24

H e p a r in  p lasm a

M 36.5 31.6 32.8 30.4

SEM ±  3.0 ±  3.1 ±  3.0 ±  3.2

1» n.s. n .s. n.s.

□ 24 24 24 24
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F ig . 2. In su lin  level in  se ru m  a n d  p lasm a a fte r th e  a d d it io n  of h ep arin  a t  a  c o n ce n tra tio n  
o f 1, 5 or 500 /tg /m l in  v itro ,  estim ated  b y  th e  H a l e s— R a n d le  m eth o d

In  m ethod  A ,  a d d it io n  of heparin  to  th e  se ru m  resu lted  in low er insu lin  
v a lu e s , w hile in h e p a rin  p la sm a  i t  failed to  cau se  a n y  change. I n  th e  case 
o f  E D T A  plasm a th e  c h a n g e  was n o t u n eq u iv o ca l. T he insulin  values m easu red  
in  E D T A  plasm a w ere h ig h e r  th a n  in serum  o r in  h ep arin  p lasm a (T able  IV /a, 
F ig . 4 /A).

I n  m ethod  B , w h en  a  hep arin  c o n c e n tra tio n  o f 500 pg/m l w as u sed , an 
in c rea se  in  th e  in su lin  lev e l was observed, w ith o u t  any  o th e r changes. The 
in su lin  level in  se ru m , h e p a r in  p lasm a a n d  E D T A  plasm a w as p ra c tic a lly  
id e n tic a l  w hen assayed  b y  m eth o d  В  (T able  IV /B , Fig. 4/B).

F ig . 3. In su lin  level in  se ru m  a n d  p lasm a afte r th e  a d d it io n  of h ep arin  a t  a  c o n ce n tra tio n  
o f 1, 5 o r  500 jug/ml in v itro , as e s tim a te d  by the  m e th o d s  o f  H a l e s— R a n d le  (A) a n d  Z ie g l e r

e t al. (В )
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T able Ш /А

Insulin concentration in serum and plasma after the addition 1, 5, 500 fig!ml
heparin in vitro, estimated by the Hales—Randle method

Serum

Heparin 
in vitro 
"R •»!

0 1 5 500
'

M 48.2 26.9 26.9 29.6

SEM ±  7.4 ±  7.9 ±  8.5 ±  9.0

P n.s. n .s. n.s.

n 10 10 10 10

H ep arin  p lasm a

M 33.9 35.4 33.9 30.0

SEM ±  5.5 ±  4.7 ~t~ 4.4 ±  3.6

P n.s. n .s. n .s.

n 10 10 10 10

Table III/B

In su lin  concentration in serum and p lasm a  after the addition 1, 5, 500 fig/m l 
heparin in  vitro, estimated by the method o f  Ziegler et al.

Serum

Heparin 
in vitro 0 1 5 500
/ig/ml

M 45.7 43.7 45.1 48.4

SEM ±  5.2 ±  5.2 ±  5.0 +  4.8

P n .s. n .s. n .s.

n 10 10 10 10

H ep arin  p lasm a

M 42.9 41.7 45.4 38.6

SEM +  4.7 ±  3.7 ±  3.5 ±  3.7

P n.s. n .s. n .s.

n 10 10 10 10
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Table IV /A

Insulin concentration in serum and plasma after the addition 1, 5, 500 pg/ml
heparin in vitro, estimated by the method o f Ziegler et al.

Serum

Heparin 
in vitro 

f t g / m l
0 1 5 500

M 34.8 19.4 29.0 27.0
SEM ±  14.2 +  9.0 ±  9.6 +  11.8

P n.s. n .s . n.s.
n 5 5 5 5

H eparin  p lasm a

M 24.4 26.0 23.0 25.8
SEM ±  11.5 +  13.1 ±  12.3 +  10.8

P n.s. n .s . n.s.
n 5 5 5 5

ED TA  p lasm a

M 47.4 58.4 46.0 56.0
SEM ±  17.6 +  23.3 +  15.9 +  17.6

P n.s. n .s . n.s.
n 5 5 5 5

F ig . 4. In su lin  level in  se ru m  a n d  p lasm a a fte r  th e  a d d it io n  of h ep arin  a t  a c o n ce n tra tio n  
o f  1 ,5  o r 500 p g /m l  in  v i tro ,  as e s tim a te d  by  th e  m e th o d  o f H a l e s— R a nd le  (A) a n d  Z ie g l e r

e t al. (В )
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T ab le  IV/B

Insulin  concentration in serum and plasma after the addition 1, 5, 500 p/ml heparin
in vitro, estimated by the method o f Ziegler et al.

S eru m

Heparin 
in vitro 0 1 5 500

M 33.2 29.8 28.4 40.6

SEM ±  7.7 ±  7.9 ±  6.8 ±  14.4

P П.8. n .s. n .s.

n 5 5 5 5

H e p a rin  p lasm a

M 28.8 30.0 29.2 29.6

SEM +  6.0 +  8.3 +  7.0 ±  4.4

P n .s. П.8. n .s.

n 5 5 5 5

E D T A  plasm a

M 28.2 25.6 25.8 32.2

SEM ±  2.3 ±  4.8 +  2.3 ± 5 . 4

P n .s. n .s. n.s.

n 5 5 5 5

D iscussion

D a ta  in th e  l i te ra tu re  are n o t  un ifo rm  concern ing  th e  changes o f  insu lin  
c o n cen tra tio n  in  p la sm a  and  se ru m  as well as in  th e ir  d irec tion  (-f- or — ) 
u n d e r  th e  effect o f  h ep a rin  added  to  th e  serum  or fu ll b lood  in  v itro  in  th e  
course o f  th e  d e te rm in a tio n .

A ccording to  H en d er so n  [14] th e  a d d itio n  o f h ep a rin  to  b lood  re su lted  
in  a h ig h er insulin  v a lu e , an d  he suggested  to  d e te rm in e  th e  in su lin  n o t  in  
h e p a rin  p lasm a b u t  in  serum . W e ourselves o b ta in e d  a low er in su lin  va lu e  
in  h e p a rin  p lasm a a n d  in  serum  h ep a rin ized  in  v itro  th a n  in  serum , in  ag reem en t 
w ith  th e  d a ta  o f a n u m b e r o f re p o r ts  [4, 18, 24, 25, 28].

N o n egative  p ara lle lism  w as fo u n d  betw een  th e  change o f th e  serum  
insu lin  co n cen tra tio n  an d  th e  in crease  of th e  dose o f  h ep a rin  w hile a n eg a tiv e  
p ara lle lism  was o b serv ed  b y  So eld n er  and  Slone [24] be tw een  th e  a m o u n t 
o f  h e p a rin  and  th e  v a lu e  for insu lin . T h ey  observed  t h a t  th e  p lasm a  o b ta in ed  
b y  m ix ing  blood w ith  a know n a m o u n t of h ep a rin  h a s  th e  sam e in su lin  con
c e n tra tio n  as th e  se ru m  co n ta in in g  th e  sam e a m o u n t o f hep arin .
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H eparin  can a ffe c t th e  in su lin  level b y  sev era l m echan ism s. In  p a r t  o f  
o u r  s tud ies —  w hen h e p a r in  w as added  to  th e  se ru m  —  th e  ro le o f  coagu la tion  
c o u ld  certa in ly  be ex c lu d e d .

T he insulin  v a lu e  w as  n o t in fluenced  b y  th e  ad d itio n  o f  h e p a rin  to  th e  
s e ru m  or blood if  th e  m e th o d  o f Ziegler  e t al. [30] was used  fo r th e  e s tim a
t io n  o f  insulin. S ince in  th is  m eth o d  on ly  one a n tib o d y  —  an  an tiin su lin  
a n t ib o d y  — is ap p lied , th e  effect o f h e p a rin  m u s t be co n n ec ted  w ith  th e  
p re sen ce  of the  second , th e  so-called p re c ip ita tin g , a n tib o d y .

A ccording to  H a les  a n d  R andle  [12], th e  c ross-reaction  b e tw een  hum an 
gam m ag lo b u lin  an d  th e  p e rc ip ita tin g  an tise ru m  m ay  cause a rtif ic ia lly  high 
in s u lin  values. T his can  b e  reduced  b y  en su rin g  th e  o p tim u m  co n cen tra tio n  
o f  p re c ip ita tin g  a n tis e ru m . T he stud ies b y  Morgan e t al. [17] in d ica te  th a t  
th e  artific ia lly  h ig h  se ru m -in su lin  values are  n o t  due to  th e  cross-reaction  
b u t  to  the  com plem en t.

T he ap p lica tio n  o f  h e p a rin  is fav o u rab le  a n d  n ecessary  in  th e  course 
o f  in su lin  d e te rm in a tio n  b y  th e  double a n tib o d y  assay  as, in  v iew  o f its  an ti- 
co m p lem en ta ry  e ffec t, i t  accelerates th e  re a c tio n  o f th e  second  an tib o d y , 
w id en s  th e  zone o f o p tim u m  p rec ip ita tio n , a n d  in  th is  w ay  e lim ina tes th e  
a r tif ic ia lly  high in su lin  o f  th e  serum  sam ples [4, 28]. T his is w h y  i t  is reason
a b le  to  determ ine in su lin  in  h ep arin  p lasm a.

To determ ine a n d  s ta n d a rd iz e  th e  o p tim u m  dose of h e p a rin  is o f the  
g re a te s t  im portance . A s h e p a r in  sligh tly  in h ib its  th e  reac tio n  o f  th e  f irs t  a n ti
b o d y , according to  W e lbo r n  an d  F raser  [28], i t  is desirab le  to  a p p ly  th e  o p ti
m u m  dose of h ep a rin . W elbo r n  an d  F raser  [28] used  h e p a rin  a t  a co n cen tra 
t io n  o f  25 IU /tu b e , B r u n f e l d t  an d  J o rg ensen  [4] 125 IU /m l. A ccord ing  to  
o u r  in v estig a tio n s, ev en  0 .1 5 —0.7 IU /m l o f h e p a rin  (R ich te r)  in  p la sm a  can 
e n su re  th e  fav o u rab le  e ffec t o f h ep arin  in th e  course o f th e  d e te rm in a tio n . 
I n  th e  d e te rm in a tio n  o f  th e  h ep arin  dose, i t  m u s t, how ever, be rem em bered  
t h a t  th e  a n tic o m p le m e n ta ry  effects o f sev era l h ep a rin  p re p a ra tio n s  are d if
f e r e n t  and  th ey  do n o t  sho w  a paralle lism  w ith  th e  a n tic o a g u la n t a c tiv ity .

Conclusions

1. F o r insulin  d e te rm in a tio n  i t  is m ore su itab le  to  a p p ly  th e  radio- 
im m u n e  double a n tib o d y  assay  in  h ep arin  p la sm a  th a n  in  se ru m  o r p lasm a 
o b ta in e d  in d iffe ren t w a y s .

2. I t  is desirab le  to  s ta n d a rd iz e  th e  h e p a rin  dose an d  to  use th e  sam e 
p ro d u c t  for the  p re p a ra t io n  o f  h ep arin  p lasm a . A blood c o n c e n tra tio n  of 1.0 
IU /m l o f heparin  is su ff ic ie n t to  ensure th e  o p tim u m  h ep a rin  effect.
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CYTOTOXICITY OF HUMAN LYMPHOCYTES 
IN TISSUE CULTURE

G. Szabó, G. Gaszto nyi, G y. Szeg edi, В . F ek ete , Gy. P e t r á n y i

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, DEBRECEN 

(R ece iv ed  O ctober 5, 1972)

A new  51Cr rad io iso to p e  p ro ced u re  for th e  s tu d y  of th e  c y to to x ic ity  o f  h u m an  
ly m p h o cy tes  h as been  developed . M onolayers fo rm ed  b y  labelled  am n ion ic  cell cu ltu res  
are in h ib ite d  in  th e ir  a d h es io n  to  glass surfaces by  cy toaggressive  ly m p h o c y te s . The 
re su ltin g  d ifference in  a c t iv ity  is m easu rab le . T he p ro ced u re  is rap id , i t  p e rm its  24-hr 
read in g s a n d  th e  re su lts  a re  reproducib le .

T he c y to to x ic  effec t o f  ly m p h o cy tes  o f  su b je c ts  w ith  au to im m u n e  d isease  and  
o f co n tro ls  h av e  been  s tu d ie d  by  th is  p ro ced u re . T h e  lym p h o cy tes o f  s u b je c ts  being  
in  a c tiv e  periods o f au to im m u n e  disease an d  rece iv in g  no im m u n o su p p re ss iv e  t r e a t 
m e n t caused  a s ig n ifican t d e s tru c tio n  of c u ltu red  h u m a n  am nionic cells. T h e  cy to to x ic  
effec t is fa r  less e x ten siv e  in  periods o f rem ission  ev en  in  u n tre a te d  cases.

Im m u n o su p p ressiv e  tr e a tm e n t  re su lts  in  a s ig n ifican t a tte n u a tio n  o f  ta rg e t-c e ll 
d e s tru c tio n .

T h e  p rocedure  is b e liev ed  to  lend  itse lf  to  th e  assessm ent o f th e  d eg ree  o f cell- 
m ed ia te d  im m unoagression  a n d  o f th e  efficacy  of im m unosuppressive  t r e a tm e n t  in 
au to im m u n e  a n d  in  h e te ro im m u n e  reac tio n s (e.g. h o m o g raft-re jec tio n ). I n  acu te  
e x p erim en ts , a d m in is tra tio n  of 6 -m ercap to p u rin e  in  a  single 100 m g dose w as follow ed 
by  a to ta l  suppression  o f th e  cy to to x ic  a c t iv ity  o f  lym p h o cy tes o b ta in e d  fro m  a 
p a tie n t  w ith  rh e u m a to id  a r th r i t is  an d  th ree  ho u rs  la te r  th e ir  c ito to x ic ity  w as fa r  less 
in ten siv e  th a n  before th e  a d m in is tra tio n  o f th e  im m unosuppressive  a g en t.

T he cy to to x ic  (cy to ly tic ) effect o f ly m p h o id  cells has been g iv en  m uch  
a t te n tio n  in  recen t y ea rs , th is  effect being  closely involved  in  h o m o g ra f t-  
re jec tio n  an d  in  tu m o u r im m u n ity  alike. T he m echan ism  of th e  e ffec t is far 
m ore d ifficu lt to  s tu d y  in  v ivo  th a n  in  m odel experim en ts.

T he p re sen t s tu d y  w as concerned  w ith  th e  e lab o ra tio n  of a s u ita b le  p ro 
cedure  for th e  assessm ent o f  th e  ta rg e t-ce ll agg ressiv ity  of ly m p h o c y te s  and  
so u g h t answ ers to  th e  fo llow ing questions.

A re th e  ly m p h o cy tes  o f  sub jec ts  w ith  au to im m u n e  disease m o re  to x ic  
to  hom ologous (allogeneic) cell cu ltu res th a n  are  lym pho id  cells o f  o th e r 
p a tie n ts  or o f  h e a lth y  su b je c ts?

Is th e  a c tiv ity  o f au to im m u n e  disease or, conversely , its  rem iss io n  p ro 
duced  b y  tre a tm e n t, a p t  to  m odify  th e  cy to to x ic  aggressiv ity  o f ly m p h o c y te s?

H ow  fa r  is th e  ag g ressiv ity  o f  lym p h o cy tes  on th e  ta rg e t cells a ffec ted  
b y  im m unosuppressive  ag en ts  in  acu te  ex p erim en ts  ?
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Material and m ethods

T h e  procedure is b a se d  o n  th e  principle th a t  in ta c t  cells cling to  glass su rfaces w hereas 
a f fe c te d  cells fail to  do so.

1) Lymphocytes. T en  m l h ep arin ized  venous b lo o d  w as p o u red  on to  a  c o tto n  co lum n 
(400 m g  c o tto n  in  a 10 m l sy r in g e )  a n d  left to s tan d , th u s  a llow ing  th e  g ran u lo cy tes  to  ad h ere  
to  th e  c o tto n  th reads. T h e  c o lu m n  w as then  w ashed  w ith  30 m l P a rk e r’s 199 m ed iu m , th e  
w a sh in g  f lu id  was allow ed to  s e d im e n t w ith  1/3 p a r t  o f  3 %  g e la tin  a t  room  te m p e ra tu re  for 
1 h o u r .  T h e  su p e rn a ta n t w as c en tr ifu g e d  a t 500 r .p .m . fo r  10 m in , th e n  w ashed  th re e  tim es 
w ith  P a rk e r ’s 199. A fter th e  se c o n d  washing th e  re s id u a l  e ry th ro c y te s  w ere rem o v ed  w ith  
d is t i l le d  w a te r  (4 m l fo r 20 sec), th e n  th e  cell su p en sio n  w as  m ade  up  w ith  th e  m ed iu m  to  
30 m l. T h e  lym phocyte  su sp e n s io n  h a d  to  m eet th e  s t a n d a r d  o f  90%  p u r ity  w h ich  w as checked  
b y  ce ll co u n tin g  a t  th e  e n d  o f sep a ra tio n .

2) T he target cells w ere  h u m a n  am nionic cells (f ro m  th e  s tra in  m a in ta in e d  a t  th e  
U n iv e r s i ty  M icrobiological I n s t i tu t e .  D ebrecen, fo r 2 y e a rs ) . F ro m  th e  cell s tra in  su b m itte d  
to  w e ek ly  passages a su sp en s io n  o f  2 m illion/m l w as p re p a re d  on th e  occasion  of a  passage  
a n d  25 «ci 51Cr ch ro m ate  w as a d d e d  to  it. The m ix tu re  w as in cu b a ted  a t  37°C fo r 1 h o u r, 
t h e n  th e  u n b o u n d  ch ro m a te  w as rem o v ed  by w ash ing  w ith  P a rk e r ’s 199. T he lab e llin g  p ro v ed  
to  b e  o f  30 to  40%  effic iency. W e  ignore  to  which p a r t ic u la r  cell s tru c tu re  th e  iso to p e  is lin k ed  
a n d  w e h a v e  n o t found  a n y  in d ic a tio n  in  th e  l ite ra tu re  o n  th is  p o in t.

3) M ixed  lym phocyte target-cell culture. P o rtio n s  o f  50,000 am nio tic  cells w ere p laced  
in  W asse rm a n n -tubes a n d  th e  ly m p h o cy te  suspension  w a s  ad d ed  in  10, 50 a n d  lOOfold 
a m o u n ts .  T he m ixed cell su sp en s io n s  were m ade u p  w ith  P a rk e r ’s 199 to  1.5 m l. P a ra lle ls  
o f  2 to  4 tu b es  were h a n d le d  in  th e  sam e m anner. T h e  tu b e s  w ere p laced  in  a  fram e  in  an  
in c lin e d  p o sitio n  form ing  a n  a n g le  o f 8° w ith  th e  h o r iz o n ta l  line an d  in cu b a ted  a t  37°C fo r 
20 h o u rs .

4) Evaluation. A fte r  in c u b a tio n  th e  ra d io a c tiv ity  o f  each  tu b e  w as m easu red , th e  
p a ra l le l  values were av era g ed . I n  th is  m anner was o b ta in e d  th e  to ta l  a c tiv ity . T he m ed ium  
w as p o u re d  off, th e  tu b es  w ere  w ash ed  twice w ith  p h y sio lo g ica l saline, th e n  th e  a c t iv ity  o f 
th e  cells still adhering  to  th e  w a ll o f th e  glass tu b es  w ere  m easu red  again. T h e  v a lu es th u s  
o b ta in e d  w ere expressed in  p e r  c e n t  of th e  to ta l a c t iv ity .  I t  w as no ted  in  p re lim in a ry  ex p eri
m e n ts  t h a t  a failure o f th e  cells to  adhere  to th e  su rface  w as  a h ighly  sensitive  in d ic a to r  o f 
c e l lu la r  lesion. In  fa c t, th e  cells a re  unab le  to  cling to  th e  w all even  before th e ir  com ple te  
d e s tru c t io n .

Patients

T h e  blood ly m p h o c y te s  of 30 p a tie n ts  w ith  au to im m une  disease w ere 
s tu d ie d . There were 6 m a le s , 24 females, 12 o f  th e  p a tie n ts  being in  an  ac tiv e , 
18 in  an  inactive p e rio d . T h e  lym phocytes o f  10 o th e r p a tie n ts  (3 m ales, 
7 fem ales) an d  of 7 h e a l th y  subjects (2, m ales, 5 fem ales) were also s tu d ie d .

Results

I .  F ig. 1 rep re sen ts  th e  adhesion te n d e n c y  a g a in s t tim e of th e  am nionic  
ce lls . I n  th e  presence o f  aggressive ly m p h o cy te s  th e  51Cr labelled  am nion ic  
cells a tta c h e d  poorly  to  th e  w all (Fig. 1).

T h e  cy to to x ic ity  o f  ly m p h o cy tes  s e p a ra te d  in  ac tive  periods o f a u to 
im m u n e  disease w as g re a tly  enhanced by  in c re a s in g  th e  am nionic cell/lym pho- 
c y te  ra t io  of 1 : 10 to  1 : 50 o r  to  1 : 100. F ig . 2 show s th e  decrease o f  a c tiv ity  
e x h ib ite d  b y  th e  am n io n ic  cells adhering  to  th e  w all, in  o th e r  w ords, th e  
in te n s if ic a tio n  of c y to to x ic i ty , parallel w ith  th e  increase in  th e  n u m b e r o f 
cy to ag g ressiv e  ly m p h o c y te s  (F ig . 2).
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F ig . 1. In h ib itio n  of ad h esio n  of SICr-labelled h u m an  am nionic  cells b y  h u m a n  blood lym 
p h o cy tes

----------- =  A m nionic cells on ly
------- - - =  A m nionic  cells: L y m p h o cy tes  =  1 : 10

— .—.— =  A m nionic  cells: L y m p h o cy tes  =  1 : 50 
L y m p h o cy tes  of T . J . ,  46 y e a r , ? . w ith  rh e u m a to id  a r th r it is .  T he in h ib ito ry  effec t on th e  

adhesion  of ta r g e t  cells increases w ith  th e  p ro p o rtio n  of ly m p h o c y te s

I I .  I t  has been  fo u n d  in  ag reem en t w ith  p u b lish ed  ev id en ce  [2, 10, 11, 
13] th a t  ly m phocy tes o f  su b jec ts  w ith  au to im m u n e  disease (sy stem ic  lupus 
e ry th em a to su s , rh e u m a to id  a r th r it is , derm ato m y o sitis) are m ore  to x ic  to  cells 
o f hom ologous cell c u ltu re s  th a n  are tho se  o f con tro ls . T he in te n s i ty  of th is  
c y to to x ic ity  is re la te d  to  th e  a c tiv ity  o f th e  disease. H ow ever, considera tion  
m u st be given to  th e  fa c t th a t  im m u n o su p p ressan ts , w h e th e r s te ro id s  or cy to 
to x ic  drugs, are a p t  to  m od ify  th e  cy to ag g ressiv ity  o f ly m p h o cy te s  in  v a rious 
w ays.

Total rad io ac tiv ity

Fig. 2. Sz. Z., fem ale p a t ie n t  w ith  rh e u m a to id  a r th r it is .  R a d io a c tiv ity  o f  th e  adh erin g  cells 
m easu red  a t  37°C a f te r  24 h o u rs  in cu b a tio n  is expressed  in  pe r cen t o f to ta l  ra d io ac tiv ity : 
1. A m nionic  cells alone as co n tro ls . 2. A m nionic  cells: ly m p h o cy tes  1 : 10. 3. A m nionic  cells:

ly m p h o cy tes  1 : 50
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F ig . 3 . Cz. G., fem ale p a tie n t  w i th  S L E . L y m p h o cy to to x ic ity  before  t re a tm e n t  w ith  6-M P 
in  d a ily  doses o f 100 m g an d  on  th e  7 th  d a y  of t re a tm e n t. A c tiv ity  o f th e  ad h erin g  am nionic 
cells is  ex p ressed  in per cen t o f t o ta l  a c tiv ity :  1. A m nionic cells a lone  as con tro ls. 2. A m nionic

cells : ly m p h o cy tes 1 : 10

I I I .  T he influence o f  im m u n o su p p ressiv e  th e ra p y  in  au to im m u n e  disease 
on  th e  c y to to x ic ity  o f ly m p h o c y te s  has been s tu d ie d  b y  com parison  w ith  the  
in te n s i ty  o f cy to tox ic  e ffec t fo u n d  before t r e a tm e n t. In  Fig. 3, th e  d a ta  of 
a p a t i e n t  w ith  system ic lu p u s  e ry th em a to su s , in  F ig . 4, o f one w ith  rh e u m a 
to id  a r th r i t is  are seen befo re  t r e a tm e n t  w ith  m e rc a p to p u rin e  (6-M P) an d  a fte r 
7 -a n d  14 -day  tre a tm e n t. Im m u n o su p p ress iv e  t r e a tm e n t  has th u s  been  found 
to  r e s u l t  in to ta l su p p ressio n  o f  th e  cy to to x ic ity  o f  th e  ly m p h o cy tes , as re 
f le c te d  b y  a norm al adhesion  o f  am nionic cells s im ila rly  to  tho se  of th e  con tro l 
tu b e s .  T h ese  findings are  c o n s is te n t w ith  th e  fa v o u ra b le  clinical response, in 
p a r t ic u la r  as concerns a r th ra lg ia ,  tem p era tu re  a n d  E S R  (Figs 3 an d  4).

IY . H eparin ized  b lood  w as ta k e n  from  p a tie n ts  w ith  ac tiv e  rh e u m a to id  
a r th r i t i s  hav ing  had  no im m u n o su p p ressiv e  t r e a tm e n t ,  th e n  100 m g 6-M P

Total rad io a c tiv ity

Ш  1 

□ 2 

■ 3

F ig . 4 . L y m p h o cy to to x ic ity  u n d e r  th e  influence of 6 -M P -tre a tm e n t. K . J . ,  fem ale p a tie n t 
w ith  rh e u m a to id  a rth ritis . L y m p h o c y to to x ic ity  before t r e a tm e n t  w ith  6-M P in da ily  doses 
o f  100 m g  a n d  a t  7 and 14 d a y s  o f  t r e a tm e n t.  R ad io a c tiv ity  o f th e  ad h erin g  cells is expressed  
in  p e r  c e n t  o f to ta l r a d io a c tiv ity :  1. A m nionic cells a lone as con tro ls . 2. A m nionic  cells: 

lym phocy tes 1 : 10. 3. A m nionic cells: ly m p h o c y te s  1 : 50
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Fig. 5. C y to to x ic ity  o f ly m p h o c y te s  sep a ra ted  1 a n d  3 h o u rs  a fte r  o ra l in g e s tio n  of 100 mg 
6-M P. A c tiv ity  of th e  a d h erin g  am nionic  cells m ea su re d  a fte r  20 hours in c u b a tio n  is ex
p ressed  in  per cen t o f to ta l  ra d io a c tiv ity : 1. A m n io n ic  cells alone as c o n tro ls . 2. Am nionic

cells: ly m p h o cy tes  1 : 50

w as ad m in is te red  b y  m o u th  and  blood w as ta k e n  again  a t  1 a n d  3 hours. 
T h e  ly m p h o cy tes  w ere se p a ra te d  and  th e ir  c y to to x ic ity  was e x a m in e d  by  the  
p ro ced u re  described above  (F ig . 5). I t  can  be seen in Fig. 5 th a t ,  w h ile  before 
a d m in is tra tio n  o f  th e  im m u n o su p p ressiv e  a g en t th e  p a tie n t’s ly m p h o cy tes  
w ere defin ite ly  to x ic  to  th e  am nionic cells, on ly  a m in o rity  o f  th e m  having  
been  capab le  o f cling ing  to  th e  wall, by  th e  end  o f th e  f irs t h o u r a f te r  ingestion  
o f th e  d ru g  th e  ly m p h o cy te s  h av e  p ra c tic a lly  lo st th e ir  c y to to x ic i ty , and  a t 
th e  en d  of th e  th ird  h o u r  th e y  have n o t  y e t  regained  th e ir  fu ll c y to s ta tic  
a c tiv ity .

Discussion

Studies concern ing  th e  d es tru c tiv e  effect o f ly m p h o cy tes  o n  cells and 
tissu es  in  v itro  d a te  scarce ly  te n  years  b a c k . B raunsteiner  e t  al. [1963], 
ex am in in g  th e  effect o f  ly m p h o cy tes  on am n io n ic  cell cu ltu res fo u n d  a co n tac t 
ag g reg a tio n  of th e  m a jo r ity  o f ly m p h o cy tes  to  th e  cells w ith in  th e  f i r s t  th ree  
h o u rs  an d  an in ten s iv e  am nion ic  cell d e s tru c tio n  a t th e  en d  o f  24 hours. 
L y m p h o cy tes  deriv ed  from  ly m p h  nodes o f  h e a lth y  su b jec ts  e x h ib ite d  no 
d e s tru c tiv e  effect o f th is  k in d . H olm e t al. [1964] stud ied  th e  c y to to x ic  effect 
o f p h y to h a e m a g g lu tin in -s tim u la te d  ly m p h o id  cells o f a n o rm al, n o n sensitized  
in d iv id u a l in allogeneic an d  xenogeneic sy s tem s. T he ta rg e t cells w ere  labelled 
w ith  14C -thym id ine an d  th e  e x te n t o f cell d e s t r u c t io n  was ex p re ssed  by  the 
a m o u n t o f  th y m id in e  b e ing  released as a re su lt o f cell d e s tru c tio n . C r-isotope 
labelling  w ith  m easu rem en t o f Cr release, h as , how ever, been m o re  generally  
a d o p te d  [4, 5]. W ilson  [1965] assessed th e  in te n s ity  of hom ologous ta rg e t
cell d estru c tio n  b y  m o d ify ing  th e  in cu b a tio n  tim e  and  th e  a m o u n t o f  lym pho-

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



124 G . SZ A B Ó  e t  a l.

c y te s . H e  found th a t  in  a d d it io n  to  the  d u ra tio n  o f  in cu b a tio n  th e  n u m b e r  
o f  ly m p h o c y te s  added  to  th e  c u ltu re  was also e sse n tia l. T arget-cell d e s tru c tio n  
a t t a in e d  its  peak a t  a ta rg e t-c e l l /  lym phocy te  r a t io  o f  1 : 100. O n ad d in g  
a z a th io p r in e  to  the  c u ltu re  in  o rd er to  a v e rt th e  c y to to x ic  effect, he fo u n d  
t h a t  th e  com plete su p p re ss io n  o f  th e  cy to tox ic  e ffe c t req u ired  th e  p resence  
o f  t h e  im m unosuppressive  a g e n t  in  the  m ed iu m . M ö l l e r  e t al. so u g h t to  
c o u n te r a c t  th e  cy to to x ic  e ffe c t o f PH A - an d  s tre p to ly s in -s tim u la te d  ly m 
p h o id  cells on f ib ro b las t c u ltu re s  b y  X -ray  ir r a d ia t io n , cortisone a n d  ch lo ro 
q u in e . A s repo rted  b y  L ü n d g r e n  e t al. [1968], h u m a n  g ranu locy tes also a ffec t 
h u m a n  fib ro b lasts , as a r e s u l t  o f  w hich th e  m o n o lay e r o f these  cells se p a ra te s  
f ro m  th e  glass surface w i th o u t ,  how ever, being  d e s tro y e d , as show n b y  th e ir  
a b i l i ty  so be cu ltu red  a fre sh  fro m  the  s u p e rn a ta n t. A ccording to  L u n d g r e n , 
h e te ro lo g o u s  an tily m p h o cy te  se ru m  (ALS), w hile in d u c in g  a cy to to x ic  a c t iv i ty  
in  ly m p h o c y te s  a t c e rta in  co n cen tra tio n s , su p p resses  a t  o th e r c o n cen tra tio n s  
th e  c y to to x ic  ac tiv ity  o f  ly m p h o c y te s  induced  b y  P H A  and  by  o th e r  m ito - 
b la s to g e n ic  substances. T i m o t h y  e t al., h av in g  fo u n d  th e  cy to to x ic  re a c tio n  
s u i ta b le  fo r in-vitro  s tu d ie s  o f  cell-m ediated  im m u n ity , recom m end its  q u a n 
t i t a t i o n .  As pointed  o u t b y  th e se  au thors, in  o rd e r  to  be in fo rm a tiv e , th e  
c y to to x ic  procedures re q u ire  in  th e ir  m a jo rity  a fa ir ly  long in c u b a tio n  tim e  
w h ic h , how ever, involves a sp o n tan eo u s  d e s tru c tio n  o f  th e  ta rg e t cells as w ell 
as o f  ly m p h o cy tes . T h ere fo re , th e y  used th e  p ro ced u re  described  b y  B r u n n e r : 
m ice  w e re  sensitized w ith  tu m o u r  cells, th e n , on  ad d itio n  of an  a d e q u a te  
a m o u n t  o f  splenic cells o f  th e s e  m ice to  th e  51C r lab e lled  tu m o u r cells, th e y  
fo u n d  a n  extensive release o f  Cr isotope a t  th e  en d  o f  3 to  4 hours in c u b a tio n .

U n t i l  recently  th e  to x ic  effect of ly m p h o c y te s  on th e  tissues h a s  been  
g e n e ra l ly  stud ied  on cell m o n o lay e rs  of firm  ad h esio n  [6] o r on suspension  
c u l tu re s  [3, 12]. L abelling  w i th  14C thym id ine  [6], m ore  often  w ith  Cr iso to p e  
[3, 4 , 5 , 12] perm its to  assess th e  degree of c y to to x ic i ty  b y  th e  m e asu rem en t 
o f  is o to p e  release (Cr re lease) associa ted  w ith  cell d e s tru c tio n . I t  has, h ow ever, 
b e e n  fo u n d  th a t  in case o f  in co m p le te  cellular d e s tru c tio n  resu ltin g  fro m  th e  
c y to to x ic  effect of ly m p h o c y te s  th e  cells s till fa il to  re lease th e  in c o rp o ra te d  
is o to p e . T h is requires a d d it io n a l  try p sin iza tio n  o f th e  cell cu ltu res and  m e a su re 
m e n t  o f  th e  rad io ac tiv ity  in  th e  “ su p e rn a ta n t I I , ”  to o . Labelled  Cr is k n o w n  
to  b e  re lea sed  in  large a m o u n ts  even spo n tan eo u sly  a f te r  som e len g th  o f  tim e . 
T h is  m e th o d  thus invo lves v a r io u s  sources o f e r ro r  w hich  have  to  be  ta k e n  
in to  a c c o u n t when assessing  th e  results.

O u r procedure e lim in a te s  th e  sources o f  e rro r  ou tlined  ab o v e , th e  
m e a su re m e n ts  as well as th e  calcu lations being  s im p le  and  read ily  re p ro d u c 
ib le . I t  is based on th e  f a c t  t h a t  cell cu ltu res  b e in g  su b m itted  to  re g u la r  
p a s sa g e s  fail to  cling to  g la ss  surfaces if  th e y  h a v e  suffered  som e in ju ry . 
S e n s itiz e d  lym phocytes a re  k n o w n  to  aggregate  w ith in  1 to  4 h ou rs on  th e  
cells o f  th e  culture an d  c y to ly s is  ensues 24 to  48 h o u rs  la te r . The new  fe a tu re
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o f  th is  p rocedure  consists in  h a v in g  th e  adhesion  o f  cu ltu re d  cells fo r its  basis 
w h ich  m akes i t  sim pler an d  m ore sensitive th a n  th e  iso tope-re lease  m ethods.

A u to im m une diseases give rise to  th e  p ro d u c tio n  o f a u to c y to to x ic  ly m 
p h o cy tes  against p a r tic u la r  cells ca rry ing  au to lo g o u s an tig en s. T h is im poses 
th e  ta s k  of id en tify in g  th e  g iven ty p e  o f cells b y  th e  d e m o n s tra tio n  o f au to- 
cy to tox i'c  ly m p h o cy tes  in  th e  b lood. W ith  th e  au to im m u n e  re a c tio n  being 
d irec ted  ag a in st a p a r tic u la r  o rgan  or cell ty p e , th e n , in  a d d itio n  to  a u to 
an tib o d ies , au toaggressive  ly m p h o cy tes  d irec ted  ag a in s t i t  m u s t be also 
dem o n strab le  in  v itro  b y  m eans o f lym phocy tes s e p a ra te d  from  th e  b lood. The 
in v es tig a tio n  o f th is  q u es tio n  m u st there fo re  cen tre  on th e  c ito to x ity  of 
ly m p h o cy tes  to  specific  ta rg e t  cells. G row ing a n d  m a in ten an ce  o f specific 
ta rg e t  cell cu ltu res is, how ever, fa r from  sim ple. T his has m ad e  us to  use 
h u m a n  am nionic cells d eriv ed  from  cu ltu res o f successive passages. A ccord
ing  to  B o n s t e in  e t a l., tissu e  cells, while losing th e ir  specific tissu e  an tig en ic ity  
in  th e  course o f c o n tin u ed  passages, re ta in  th e ir  species specific  an tigens. 
A ccord ingly , on th e  ev idence  o f our p re lim in a ry  ex p erim en ts , i t  m ade no 
d ifference w h e th e r cu ltu re s  o f  h u m a n  fib ro b lasts  or o f H E P  cells from  hum an 
tu m o u rs  or o f h u m an  am nion ic  cell cu ltu res w ere used  as ta rg e t  cells. W ith o u t 
w a itin g  for th e  fo rm a tio n  o f th e  m onolayer in  th e  glass tu b es , th e  ly m p h o cy te  
suspension  to  be s tu d ie d  w as added  im m ed ia te ly  to  th e  51C r-labelled  am nionic 
cells. I f  no cy to to x ic  ly m p h o cy te s  w ere p re se n t, th e  am nion ic  cells were 
fo u n d  to  cling to  th e  w all, to  p ro life ra te , an d  b y  th e  end  o f 20 h ours 50 to  
6 0 %  o f th e  o rig inal a c tiv ity  w as recovered  from  th e  ad h erin g  cells. If, on the  
o th e r  h an d , th e re  w as a la rg e  n u m b er of cy to to x ic  cells am ong  th e  ly m p h o 
cy tes , th e  am nionic  cells fa iled  to  adhere, rem ain ed  in  suspension  and  were 
f in a lly  destroyed . T he p re se n t p rocedure  b ased  on th e  adhesion  of 51Cr- 
labe lled  cells th u s  len d s i tse lf  to  th e  q u a n ti ta t iv e  s tu d y  o f  c y to to x ic ity . 
M easurem ent of th e  a c t iv i ty  o f  th e  adhering  lab e lled  cells, an d  b y  th is  fac t, 
o f  th e  suppression  o f th e ir  c a p ac ity  of adhesion , seem s to  be m ore  sensitive 
th a n  recovery  o f th e  re leased  51Cr. T hough th e  use o f  am nion ic  cells offers 
no fu ll su b s titu te  fo r specific  ta rg e t  cells ( th y ro id , gastric  p a r ie ta l  cells, etc .) 
a g a in s t w hich th e  au to im m u n e  reac tio n  is su p p o sed  to  be d irec ted , th e  p ro 
ced u re  has th e  a d v a n ta g e  o f be ing  sim ple, rep ro d u c ib le  an d  fa ir ly  in fo rm ativ e  
o f  th e  au to ag g ressiv ity  o f  ly m p h o cy tes .
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PSEUDO-SEASONAL RHYTHM 
OF HUMAN CEREBRAU STRESS BEARING CAPACITY 

IN THE PSYCHOCHRONOGRAPHIC (PCG) TEST
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(R eceived  N o vem ber 14, 1972)

P sych o ch ro n o g rap h y  (PC G ), by  m eans o f th e  c ritica l f lick e r-freq u en cy  series 
e ffec t (C F F S E ), allow s to  s tu d y  th e  genera l stre ss-b earin g  cap ac ity  o f  th e  h u m an  
b ra in  th ro u g h  tim e  p e rcep tio n . T h e  p seu d o-seasonal b io rh y th m  of 504 m ale  a n d  219 
fem ale  sub jects was d e te rm in ed  from  th e  d e c re m e n t o f th e  “ fa tig u e ,”  “ a d a p ta t io n ,”  
o r “ h a b itu a tio n ”  cu rve. T h is c ircan n ia l rh y th m  seem s to  show  a m o rb id ity  a n d  m o r
ta l i ty  im p o rtan ce  as w ell, an d  deserves a tte n tio n  in  b o th  th e ra p y  a n d  p ro p h y lax is .

T he in te rac tio n s  b e tw een  th e  h u m a n  o rgan ism  and  its  su rro u n d in g s  are 
n o t  c o n s ta n t. Changes o f  th e  su rro u n d in g s  d em an d  th e  a d a p ta t io n  o f  th e  
o rg an ism , an d  th e  a d a p ta tio n  c a p a c ity  o f th e  organism  is chang ing  sim ila rly . 
T h u s , th e  sam e en v iro n m en ta l change will e x e r t a d iffe ren t s tre ss  on  th e  
in d iv id u a l in  d ifferen t p o in ts  o f  tim e , ow ing to  f lu c tu a tio n s  in  th e  o rg a n ism ’s 
s ta te  o f  a d a p ta tio n .

T he daily  (c ircad ian) v a ria tio n s  in  th e  a d a p ta tio n  o f th e  h u m a n  o rgan ism  
h a v e  been  ex tensively  d iscussed  in  th e  l i te ra tu re . On th e  o th e r h a n d , m uch  
less is know n  concern ing  th e  ex istence  an d  im p o rtan ce  of seasonal ch an g es. 
T romp [1, 2] found in  th e  N e th e rlan d s  th a t  a s th m a  was ra re  in  w in te r  and  
sp rin g , b u t  qu ite  f re q u e n t in  th e  su m m er, a n d  p a rtic u la rly  in  th e  a u tu m n . 
H e o b serv ed  seasonal f lu c tu a tio n s  o f th e  in d iv id u a l disease ty p e s  [1] an d  
re fe rred  to  ex tensive d a ta  in  th e  li te ra tu re , in  th e  b ackground  o f  w h ich  f lu c 
tu a tio n s  o f th e  o rgan ism ’s in te rn a l m ilieu m ay  be h idden . Tromp p ro v e d  th a t  
th e  com position  of th e  b lood  w ould  ex h ib it s im ila r seasonal v a r ia tio n s : th e  
a lb u m in  level is h igher in  w in te r  th a n  in  su m m er, th e  haem oglob in  lev e l has 
a m in im u m  in Ju n e , th e  p la te le t co u n t d isp lay s a peak  in  M arch  a n d  A pril, 
a n d  th e  low est figure in  A u g u st, e tc . F e n sk e  an d  H olzmann [3] re p o r te d  
on th e  seasonal v a ria tio n s  o f  derm ato lo g ica l diseases.

W e h av e  proved  th e  p resence o f  a pseudo-seasonal rh y th m  in  723 h o sp ita l 
p a tie n ts  b y  th e  p sy chochronograph ic  te s t  o f h u m an  cerebral s tre ss -b e a rin g  
c a p a c ity , based  on c ritica l f licker-frequency-series effect (C F F S E ) m e a su re 
m e n ts  [4].
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M ethodology

P sy ch o ch ro n o g rap h y  (P C G ) is based  on th e  re g is tra tio n  of 50 critica l f lick er-freq u en cy  
(C F F )  d a ta  w ith in  a sing le  series. F lu c tu a tio n  of th e  C F F  d a ta  o f th e  sam e su b je c t w ith in  
one  series u n d e r id en tica l te s t  co n d itio n s is called th e  C F F  series effect (C FF SE ). T h e  su b jec t 
h a s  to  w a tc h  a lig h t source  lo c a te d  a t  th e  end of a  40 cm  long  b lack  funnel. T he fu n n e l ensures 
a n  id e n tic a l d istance o f v iew , a n d  th e  e lim ination  o f e n v iro n m e n ta l effects. T h e  lig h t  source 
is a  c a th o d e  eye, c o n tro lled  b y  th e  square  w ave s ignals o f a  g en era to r in d ica tin g  o n e -te n th  
c /s w ith  th e  co rrespond ing  a cc u rac y  (in these in v e s tig a tio n s  th e  g en era to r w as a  S o la rtro n  
lo w -freq u en cy  osc illa to r (T y p e  O S .103.2.A), w h ereas in  o th e r  cases g en era to rs  designed 
sp ec ia lly  fo r th is  p u rp o se  w ere  u sed , and  freq u en cy  o u tp u t  w as d e term ined  b y  a freq u en cy  
c o u n te r  in  each case). T h e  l ig h t  source  in ten sity  w as a b o u t  1 lu m en . A m ore precise d e te rm in a 
t io n  o f  th e  in te n sity  a n d  c o m p o s itio n  of th e  l ig h t su p p lied  b y  th e  in d ica to r tu b e  is o f  less 
s ig n ifican ce  as i t  is th e  v a r ia tio n s  o f C FF d a ta  m ea su re d  w itb  th e  sam e lig h t source  w hich  
a re  com p ared .

N o p re -a d a p ta tio n  o r  a r tif ic ia l p up il w as u sed . T h e  in itia l frequency  of each  series 
w a s  21.0 c /s, and  th e  C F F  d a ta  w ere  alw ays reco rd ed  in  a  d escend ing  sequence. E a c h  m easu re 
m e n t  w as evaluated .

PC G  began  one d a y  a f te r  a  p re lim inary  le a rn in g  re g is tra tio n  consisting  of tw o  series 
w h ic h  w ere n o t e v a lu a te d , a n d  invo lved  th ree  d a ily  reco rd in g s (early  and  la te  m orn ing , 
a n d  no o n ) for th ree  d ay s . E a c h  record ing  included  tw o  series in  an  in te rv a l o f  5 m in . T he 
f i r s t  se ries co n ta ined  50 C F F  d a ta  recorded  c o n tin u o u s ly  (co n tin u o u s =  c series), w hile 
th e  second  an o th er 50 C F F  d a ta  w ith  a 30 sec in te rv a l  a f te r  every  te n th  series ( in te rm it
t e n t  =  i series). T h u s, th e  c o m p le te  te s t  of each  su b je c t  covers 900 ev a lu a te d  C F F  d a ta .

T h e  resu lts  p re sen te d  b e low  w ere ob ta in ed  fro m  su b je c ts  17 to  82 y ears o f  age, h o sp ita l
ized  b ecau se  of d iffe ren t d iseases. T he te s t  is p e rfo rm ed  w ith  b o th  eyes. B espectac led  su b jec ts  
w e a r  th e ir  glasses.

Results

C F F S E  is a tw o -d im en sio n a l p h en o m en o n : each  C F F  value  is c h a ra c 
te r iz e d  b y  th e  freq u en cy  a n d  th e  sequence o f  reco rd in g . T his can  be il lu s tra te d  
in  a co -o rd ina te  sy s te m  w h ere  th e  h o rizo n ta l ax is  in d ica te s  th e  d a ta -reco rd in g  
seq u en ce , and  th e  v e r t ic a l  d a ta  re flec t th e  fre q u e n c y  nu m b er. C urves con
s is tin g  o f  such series a re  u su a lly  h igh ly  v a r ia b le  (F ig . 1).

T h e  question  m a y  b e  raised  w h e th e r th e  f lu c tu a tio n  o f th e  C F F S E  
c u rv e s  reveals a gen era l re g u la r ity . The q u e s tio n  can  be answ ered on a s ta t is 
t ic a l  basis  by  p ro cessin g  th e  in d iv idua l c o n tin u o u s  (c) an d  in te rm itte n t  (i) 
se rie s  sep a ra te ly , a n d  se lec tin g  from  each series o f th e  tw o categories th e  m a x i
m u m  an d  m inim um  C F F  values for groups o f  f iv e  d a ta . T hus, each C F F  series 
w ill b e  ch a rac te rized  b y  10 m axim a an d  10 m in im a , s ta r tin g  w ith  th o se  of 
th e  f i r s t  5 C F F  d a ta ,  fo llow ed by  th e  co rresp o n d in g  values of th e  second, 
th i r d ,  e tc . 5 C F F  fig u re s . W ere th e  tw o p o in t series connected , tw o  envelope 
c u rv e s  w ould  be o b ta in e d , w ith  all th e  o th e r  v a lu es  o f th e  series be tw een  
th e m . If , th en , th e  p o in ts  o f  th e  envelope cu rv es  are  given, a tru e  p ic tu re  
c a n  be  ob ta ined  o f  th e  f lu c tu a tio n  of th e  successive d a ta , accord ing  to  th e  
se q u en ce  of th e ir  re g is tra tio n . T hen  th e  se lec ted  va lu es  of all th e  series are 
a v e ra g e d  sep a ra te ly . T h u s  20 averages each  are  ren d ered  by  th e  1590 (c) 
a n d  (i) series, w ith  each  average  form ed fro m  th e  ex trem es o f th e  seq u en 
t ia l ly  id en tica l 1590 d a ta  groups. T ab le  I  p re se n ts  these  averages fo r th e  
(c) series.
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196Д.

F ig. 1. K . G., 45, fem ale , p so ria tic . One tra in in g  m ea su re m e n t reco rd ing  (w ith  o n ly  th e  con 
tin u o u s  series reg is te red ), a n d  th e  en tire  p sy ch o ch ro n o g rap h ic  re g is tra tio n . E a c h  c u rv e  con 
ta in s  50 C FF  d a ta , from  le f t  to  r ig h t, in  th e  sequence o f m easu rem en t. L eft: th e  co n tin u o u s 
series; r ig h t:  th e  in te rm it te n t  series, w ith  an  in te r ru p tio n  o f 30 sec a f te r  every  10 d a ta . T hese 
in te r ru p tio n s  a re  in d ica ted . T h e  C F F  d a ta  are  m a rk e d  w ith  o n e -te n th  c/s a cc u rac y , co r
re sp o n d in g  to  th e  v e r tic a l ax is , w ith  a d iffe ren t scale fo r eac h  series; th e  C F F  d a ta  can  he 
re a d  o ff  on  th e  basis o f th e  fu ll c/s v a lu e  n e x t to  th e  s ta r tin g  figu re  o f th e  series o n  th e  left 
side . T h e  c/s va lue  n e x t to  th e  C F F  figu re  closing th e  series is in d ica ted  on  th e  rig h t-s id e  

v e r tic a l ax is . T h e  days o f m ea su re m e n t a re  also in d ica ted

F ig . 2 illu s tra te s  th e  curves p lo tte d  on  th e  basis  o f d a ta  fro m  T ab le  I , 
show ing  th e  n eg a tiv e  ex p o n en tia l ty p e  co nsidered  c h a rac te ris tic  o f  “ a d a p ta 
t io n ,”  “ fa tig u e ,”  or “ h a b itu a tio n .”  O n th e  r ig h t, th e  curves o f  th e  co rre sp o n d 
in g  in te rm itte n t  series averages a re  seen w here , in  ad d itio n  to  th e  re g e n e ra t
in g  effect o f th e  in te r ru p tio n , th e  n eg a tiv e  e x p o n e n tia l c h a ra c te r  o f  th e  curves 
is ag a in  m an ifest.
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Table I

Averages o f  the m axim a and m in im a  per groups o f  5, 
fr o m  a total o f  1590 series consisting  

o f  50 continuously recorded C F F  data in  c/s

Serial num ber o f 
the  group o f 5 Maximum Minimum

l 29.01 28.09
2 28.51 27.79
3 28.21 27.53

4 27.98 27.31

5 27.77 27.10

6 27.57 26.91

7 27.40 26.73
8 27.24 26.57

9 27.08 26.42

10 26.95 26.28

Table I I

M onthly G averages (circannial rhythm ) o f  723 subjects

Moufth
Males Females

Subjects G (per cent) Subjects G (per cent)

I 39 78.58 16 77.67
il 29 80.94 14 79.11

in 44 82.37 16 80.71
IV 59 81.91 23 80.08
V 37 81.01 29 74.44

V I 56 78.46 28 75.55
V II 44 77.56 24 79.48

V III 42 79.65 15 76.52

IX 51 80.87 17 76.71
X 41 74.72 10 72.31

X I 33 77.20 14 77.37
X II 29 82.09 13 80.42

T otal 504 79.61 219 77.45
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Fig. 2. A verages o f m ax im u m  a n d  m in im um  C F F  d a ta ,  b y  g ro u p s of 5, o f 1590 C F F  series 
p a irs . L eft: averages o f  c o n tin u o u sly  reco rded  series; r ig h t:  av erag es o f  series reco rd ed  w ith  
fo u r 30-sec in te rru p tio n s . V e rtica l ax is: c/s d a ta  w ith  an  accu racy  o f one h u n d re d th ;  h o rizo n ta l 

axis: successive  g roups o f 5 in th e  sequence  o f reco rd ing

F ig. 3. V aria tio n  o f m o n th ly  G -ra tio  average by  sex. D ash  line: m ales; fu ll line: fem ales. 
V ertica l axis: G per c en t; h o rizo n ta l axis: m o n th s , an d  m o n th ly  n u m b er o f su b jec ts  in  th e

groups by  sex
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Z- U37 
Z. 158

F ig . 4. M o n th ly  G averages o f  tw o  m ale  age groups o f d iffe re n t p a tie n ts . D a sh  line: 17— 34;
fu ll  line : 35— 49 y e ars  o f age

N um ber of subjects

G roup type I I I I I I IV V VI V II V III IX X X I X II

17 — 34 41 23 53 52 46 37 27 27 35 35 29 32

3 5 —49 13 8 1 2 22 16 27 7 11 14 1 0 11 7

In  th e  C FF series a decrease  o f  th e  values o ccu rred  w ith  re g u la r ity . 
T h e  ch an g e  can be c h a ra c te r iz e d  b y  a single ra tio  exp ressing  th e  v a lu e  v a r ia 
t io n  ra n g e  (VR) of th e  f i r s t  30 d a ta  in  th e  series, i.e ., th e  d ifference betw een  
th e  m a x im a  and m in im a o f  th e  f ir s t  30 d a ta  (A), a g a in s t th e  Y R  o f th e  en tire  
se ries  (B ). This ra tio  is e x p re ssed  in  p ercen tag e  b y  th e  in d e x  G =  100 A /B .

I f  th e  series c h an g ed  lin e a r ly , th e  ra tio  G w ou ld  a m o u n t to  60 %  (30 : 
50 =  60 : 100). Since, h o w ev e r, th e  average  decrease o f th e  series is b y  a 
d e c re m e n t, th e  average is c h a ra c te r iz e d  by  G >  6 0 % .

A s for the  d a ta  in  T a b le  I ,  e.g ., A =  2.10, В =  2.72 an d  G =  77 .30% .
I f  th e  G averages a re  b ro k en  dow n b y  m o n th s , a p ecu lia r pseudo- 

se a so n a l flu c tu a tio n  can  b e  d iscovered  (T able I I  a n d  F ig . 3).
F ig . 3 reveals a s im ila r  b u t  ce rta in ly  n o t id e n tic a l a n n u a l rh y th m  for 

m a le s  a n d  fem ales w hich  does n o t  co rrespond  to  th e  seasons.
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F o r th e  sake  o f co m p ariso n , Fig. 4 p re sen ts  th e  c ircan n ia l rh y th m  o f 
437 y oung  (17— 34) an d  158 m edium  age (35—49) m ale  su b jec ts . T hese tw o  
age groups are su ffic ien tly  large  to  com pensate  in  th e  averages th e  differences 
caused  b y  th e  u n ev en  h e a lth  cond itions (th e  g ro u p  o f  fem ales an d  th a t  o f  
old sub jec ts  w ere n o t  la rg e  enough to  sa tisfy  th e  ab o v e  re q u irem en t a n d , 
th e re fo re , th e ir  c ircan n ia l averages can n o t be accep ted ).

F ig . 5 illu s tra te s  th e  ab o v e  c ircann ia l b io rh y th m  fo r 158 m ales an d  117 
fem ales, b o th  n eu ro tic  an d  o f  m ixed  age.

Discussion

T he ra tio  G show s th a t  genera l fea tu re  o f  th e  C F F S E  w hich  c h a ra c te r 
izes th e  decrem en t o f  th e  av erag e  decrease o f th e  series. T his selected  c h a r 
ac te ris tic , u su a lly  considered  ty p ic a l o f  th e  “ fa tig u e ,”  “ a d a p ta tio n ,”  or 
“ h a b itu a tio n ”  curves [5], d isp lay s n o t only  a c ircan n ia l rh y th m  [6]. W e h a v e  
show n [7] th a t  i t  is a ffec ted  also b y  age, sex, h e a lth  co n d itio n s, e tc .

T he facts t h a t  in  a g roup  o f  su ffic ien t n u m b e r  o f  ind iv id u a ls  th e  m ale  
an d  fem ale su b jec ts  e x h ib ite d  a sim ilar a n n u a l rh y th m , th a t  th e  m ales in  a 
b reak d o w n  b y  age rev ea led  th e  sam e c ircan n ia l rh y th m , th a t  th e  n eu ro tic  
m ale  an d  fem ale p a tie n ts  d isp lay ed  th e  sam e f lu c tu a tio n s  p roved  th a t ,  in  
th e  case o f su ffic ien tly  la rg e  groups, th e  p seu d o -seaso n a l rh y th m  th u s  d is
covered  w as rea listic . T h is is su p p o rted  b y  D r ie t o m s z k y  [8] w ho, in  h is 
sp ring  and  a u tu m n  PC G  e x am in a tio n s  on h e a lth y  su b jec ts  over 50 y ea rs  o f 
age found  th e  sam e sense o f  d ifference betw een  th e  G averages for th e  tw o  
g roups, w ith  a h igh  sign ificance (p 0.00001). I f  th e  g roup  te s te d  is h o m o 
geneous, an d  consists o f  a su ffic ien t n u m b er o f su b je c ts , like  th a t  o f th e  n eu ro tic  
m ales (F ig . 5), th e  d ifference o f  th e  M arch an d  O c to b er averages w ill a lre a d y  
be sig n ifican t (p <[ 0.05).

T his an n u a l rh y th m  w as observed  in  B u d a p e s t. W h e th e r th e  sam e 
applies to  o th e r  s ites, req u ires  fu r th e r  in v es tig a tio n . PC G  is a p sy ch o p h y sica l 
te s t ,  th e  essen tials o f  w h ich  a re  o th e r  th e n  th e  in - tim e  d is tin c tio n  on w h ich  
th e  C F F  is based . C F F  is th e  m ax im um  freq u en cy  n u m b e r, accord ing  to  
w hich  th e  d iscrete  c h a ra c te r  o f th e  flickers can  s till be d is tingu ished . S om e
th in g  en tire ly  d iffe ren t is exp ressed  b y  th e  C F F S E : i t  is b a sed  on th e  fa c t th a t ,  
in  th e  course o f successive C F F  o bserva tions, th e  p reced in g  ap p rec ia tio n s  
affect th e  su b seq u en t re su lts , in  o th e r w ords, th e  C F F  d a ta  h av e  an  in -tim e  
sequence. This m eans t h a t  a f te r  th e  physica l s tim u lu s  i ts  tra c e  w ill e x e r t an  
ac tio n  du ring  th e  su b se q u e n t record ing , th e  b ra in  com pares th e  earlie r f re 
q u en cy  o b se rva tions o f  th e  series (its traces) to  th e  a c tu a l p hysica l freq u en cy  
ap p rec ia tio n . In  o th e r  w ords, th e  tem p o ra l d is tin c tio n s  are  associa ted  w ith  
d iffe ren tia l tim es. T hese d iffe ren tia l tim es are ca lled  m icro -in te rv a ls  since, on
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£  156 
£1 1 7

F ig .  5. M on th ly  G averages o f m ix ed  age g ro u p  n e u ro tic  m ales (d a sh  line) a n d  fem ales (full
line)

N um ber of subjects

G roup type I I I I I I IV V V I V II V III IX X X I X II

M ales 2 0 7 15 18 25 15 10 8 1 0 9 10 6

F em ales 19 6 9 14 12 12 10 8 1 0 7 1 0 6

th e  b as is  o f m easu rem en t accu racy , th e ir  o rd e r of m ag n itu d e  o f  10-4 to  10-5 
sec can  read ily  be ca lcu la ted .

T h e  PCG reco rds tim e  p e rcep tio n , a n d  n o t th e  tim e  o f p e rcep tio n . I ts  
o rd e r  o f  m ag n itu d e  is 1 0 -2 to  10~3 tim es th a t  o f th e  o b se rv a tio n  o r reac tio n  
t im e , so i t  is re la te d  to  tim es  sm aller b y  severa l o rders o f m a g n itu d e .

In  our opin ion , th e  C F F S E  m easu red  b y  PCG  is o f a c e n tra l  an d  n o t 
p e r ip h e ra l (re tinal) o rig in . I t  is w ell-know n th a t  li te ra tu re  offers d iffe ren t
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F ig . 6. C ontinuous series o f  100 C F F  d a ta  ren d ered  by  3 su b jec ts  on  th e  sam e d a y . T he firs t 
50 d a ta  w ere recorded  w ith  one, th e  second 50 w ith  th e  o th e r  eye. R : r ig h t ey e ; L: le ft eye. 
V e rtica l axis: c/s va lues n e x t to  th e  f ir s t  and  la s t  va lues o f th e  series. T he scale  g ra d u a tio n s  
in d ic a te  c/s un its . No te n th s  a re  in d ica ted . In d iv id u a l C F F  d a ta  o f th e  series a re  show n by 
th e  p o in ts  from  left to  r ig h t, w ith  an  accu racy  of one te n th  c/s, in  th e  sequence o f record ing . 

E ach  p o in t re p re se n ts  one m easu rem en t, n o t a n  average

s ta n d p o in ts  on th e  c e n tra l o r p e rip h era l g en era tio n  o f C F F  d a ta . As fo r th e  
C F F S E , th e  follow ing e x p e rim en t w as c o n d u c ted  to  p ro v e  its  c e n tra l  origin.

T he sam e su b jec t h a d  to  su p p ly  co n tin u o u sly  50 C F F  d a ta  w ith  one 
eye covered , th e n , a f te r  chan g in g  qu ick ly  th e  eye cover, his (her) n e x t  50 
C F F  d a ta  were m easu red . T his ex p e rim en t w as perfo rm ed  tw ice w ith  each 
su b je c t: once s ta r tin g  w ith  his (her) r ig h t eye, an d  once w ith  th e  le f t one. 
H a d  th e  tw o eyes been fu n c tio n in g  in d ep en d en tly  w ith  resp ec t to  th e  C F F S E  
te s t ,  th e  f irs t and  second series, each  consisting  o f 50 d a ta , w ould  be sim ilarly  
in d e p e n d e n t o f each  o th e r , since th e  re tin a l v a ria tio n s  o f one eye could  no t 
in flu en ce  th e  a c tiv ity  o f  th e  o th e r  re tin a . F ig . 6, how ever, reveals  t h a t  th e
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c u rv e  p lo tte d  from  th e  d a ta  supp lied  b y  th e  second  eye follow s th a t  o f th e  
f i r s t  eye  in  a regu lar m a n n e r , so th e  C F F S E  is o f c e n tra l orig in  [7].

In  th e  p resen t p a p e r , th e  c ircann ia l r h y th m  o f th e  v a ria tio n s  in  cereb ral 
s tre ss -b e a rin g  c a p ac ity  h a v e  b een  d em o n stra ted  b y  th e  decrease o f th e  con
t in u o u s  series decrem en t. T h e  C F F S E  fu n c tio n  co n n ec ted  to  tim e  pe rcep tio n  
e x h ib ite d  a su rp rising  a n n u a l  rh y th m  from  b iom eteo ro log ica l a spec ts . T his 
b io rh y th m  is ce rta in ly  n o t  co in c id en t w ith  th e  seasons o f th e  y e a r, n o r w ith  
th e  w e a th e r  cond itions p re v a ilin g  in  H u n g a ry . T h u s  th e  p seudo-seasonal 
r h y th m  ough t to  be co n sid e red  an endogenous ra th e r  th a n  an  exogenous 
c h a n g e .

O n th e  basis o f  c o m p a ra tiv e  ex am in a tio n s ca rried  o u t on h e a lth y  and  
d ise a se d  subjects [8] we m u s t  believe th a t  th e  h ig h e r G ra tio  is an  u n fa v o u r
a b le  sy m p to m  w hich re fe rs  to  a red u c tio n  o f  th e  ce reb ra l s tress-b earin g  
c a p a c ity .  W hen c o m p arin g  th e  G per cen t o f  c e rta in ly  h e a lth y  m ales and  
fem a le s  over 50 years  o f  age  to  th a t  of th re e  g roups o f th e  sam e age w ith  
f r e q u e n t  disease (n eu ro sis , h y p erten sio n , ce reb ro v ascu la r sy n d ro m e), th e  
v a lu e s  o b ta in ed  w ere a lw ay s  h igher th a n  th o se  fo r th e  h e a lth y  su b jec ts , 
w ith  a s tro n g  sign ificance in  each  case (p <  0.01). I n  in v es tig a tio n s  co n d u c ted  
in  co -o p era tio n  w ith  D r. S. B lazsÓ th e  sam e w as fo u n d  w ith  ch ild ren , w here 
th e  p a tie n ts  ren d ered  h ig h e r  G -per-cen t fig u res  th a n  th e  h e a lth y  su b jec ts , 
w ith  a significance o f p < ( 0.000001 of th e  d ifference b e tw een  h e a lth y  sub jec ts  
a n d  ep ilep tics.

W ith  respect to  th e  c irc a n n ia l rh y th m , i t  w as re m ark ab le  th a t  th e  sp ring  
p e a k  shou ld  have e sse n tia lly  coincided w ith  th e  sp rin g  m o rta li ty  m ax im u m  
o b se rv e d  in  B u d ap est a lm o s t every  year.

I t  m ay  be of in te re s t  t h a t  W üthkich  a n d  R i e d e r  [9] concluded  from  
th e i r  Swiss d a ta  co llec tion  on  th e  seasonal in c id en ce  o f sclerosis m u ltip lex  
t h a t  m o s t cases o ccu rred  in  M arch, while th e  low est n u m b e r w as observed  in  
O c to b e r . As for our fin d in g s , th is  m ay  be th u s  in te rp re te d  th a t  w hen  th e  general 
s tre ss -b e a rin g  c a p ac ity  o f  th e  b ra in  is a t  i ts  m in im u m , th e n  th e  frequency  
o f  sclerosis m u ltip lex  cases is a t  its  m ax im u m , a n d  w hen PCG  reflects th e  
a n n u a l  m ax im um  o f th e  ce re b ra l load -bearing  c a p a c ity , th e n  th e  occurrence 
o f  sclerosis m u ltip lex  is lo w est.

A ll these raise  th e  q u e s tio n , as a fu r th e r  re sea rch  ta rg e t , w h e th e r it  
w o u ld  be  possible to  in te r fe re  ac tive ly  w ith  th is  c ircan n ia l rh y th m  an d , for 
e x a m p le , increase som ehow  th e  general s tre ss-b ea rin g  c a p a c ity  o f  th e  b ra in . 
B a se d  on PCG te s tin g , th e  re su lts  of various in te rv e n tio n s  could  be m easu red . 
F u r th e rm o re , w ith  th is  m a rk e d  an n u a l b io rh y th m  recogn ized , w hen  decid ing  
o n  th e  th e ra p y  o f ch ro n ic  d iseases, th e  p seu d o -seaso n a l f lu c tu a tio n  shou ld , 
p e rh a p s , also be ta k e n  in to  considera tion .

F in a lly , i t  shou ld  be  m en tio n ed  th a t  th e  h ig h  G -p er-cen t va lues observed 
a t  th e  end  of th e  y e a r  a re  re g a rd e d  as in d u ced  d a ta . A ro u n d  C hristm as only
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th e  m o st serious p a tie n ts  s ta y  in  h o sp ita l, e v e ry b o d y  else w ould  spend  th e  
season  in  fam ily  circle. This selec tion  m ay  w ell cause  th e  D ecem ber p eak  of 
th e  curve.
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EFFECT OF CLOFIBRATE ON WATER METABOLISM 
IN HYPOTHALAMIC

AND ADH-RESISTANT DIABETES INSIPIDUS
By

F . A. L á s z l ó , L .  C z a k ó

FIR ST  D EPARTM ENT OF M ED IC IN E , U N IV E R SIT Y  MEDICAL SCHOOL, SZEG ED , H UN G ARY  

(R ece iv ed  N o v em b er 24, 1972)

The an tilip aem ic  d ru g , c lo fib ra te , was ad m in iste red  o ra lly  to  n in e  vasopressin- 
sensitive  d iab e tes  in sip id u s p a tie n ts  w ith  som e reserve , one p a tie n t  w ith o u t ADH 
reserve , and  fo u r A D H -re s is tan t p a tie n ts , and  th e  re su ltin g  chan g es in  w a te r  m e tab 
olism  were ex am ined . In  th e  n ine  A D H -sen sitiv e  p a tie n ts  c lo fib ra te  d ec reased  u rin ary  
o u tp u t  and  free w a te r  c learan ce , an d  increased  u r in a ry  o sm o la rity . I n  th e  vasopressin- 
sensitive  p a tie n t  w ith  no A D H  reserv e , an d  in  th e  A D H -re s is ta n t d ia b e te s  insip idus 
p a tie n ts  th e  d ru g  d id  n o t  a ffec t u r in a ry  o u tp u t.

T he re su lts  in d ic a te d  t h a t  c lo fib ra te  ex erts  an  A D H -like  e ffec t o n  w a te r  m e tab 
olism , an d  m ay  be use fu l in  th e  tr e a tm e n t  o f v aso p ressin -sen sitiv e  p a tie n ts  with 
h y p o th a lam ic  d iab e tes  in sip idus.

Introduction

In  w ork on th e  t r e a tm e n t  o f  d iab e tes  insip idus a t te n tio n  has recently  
tu rn e d  to  sa lu re tics [10, 20, 27, 38, 43], o ral an tid iab e tic s  [3, 7, 15, 18, 23, 26, 
29, 32, 33, 39, 40, 45, 46, 48, 49] an d  an tiep ilep tics  [5, 17, 44 ]. T h e  ad v an tag e  
o f  th e se  drugs is th a t  th e y  d ispense w ith  th e  need fo r d a ily  A D H  in jections 
a n d  th e  use of sn u ff pow ders, w hich  can  lead  to  rh in itis . As a re su lt o f  th e ir 
m a n y  side-effects, how ever, th e ir  p ro longed  a d m in is tra tio n  is possib le  only 
ra re ly . W ith  d iu re tics  or ch lo rp ro p am id e , h y p o p o tassaem ia  a n d  hypoglycae- 
m ia , re spec tive ly , m u st be reck o n ed  w ith . In  1970, d e  G e n n e s  e t  al. [19] 
re p o rte d  th a t  c lo fib ra te , w h ich  is know n  for its  an tilip aem ic  effec t, decreases 
th e  vo lum e o f u rine  in  d iab e te s  in sip id u s. In  th e  p re se n t in v e s tig a tio n  the 
effect o f  c lo fib ra te  on w a te r  m e tab o lism  w as exam ined  in  p a tie n ts  suffering 
from  A D H -sensitive  h y p o th a la m ic , or A D H -re s is tan t d iab e te s  in sip id u s.

Material and methods

T he d iab e tes  in sip id u s p a tie n ts  w ere classified in to  tw o  g ro u p s. G roup  one was 
m ad e  up  of nine v aso p ressin -sen sitiv e  p a tie n ts  w ith  a  c e rta in  A D H  reserv e , a n d  one p a tie n t 
w ith  no A D H  reserve : in ev ery  p a tie n t,  th e  a n te r io r  p i tu i ta ry  fu n c tio n ed  n o rm a lly . Group 
tw o  w ere fo u r A D H -re s is tan t cases. T he d iagnosis was e s tab lish ed  on th e  b asis  o f m ethods 
d e ta iled  earlie r (László e t al. [29], László a n d  Czakó [28]). T he A D H -rese rv e  c ap a c ity  was 
e s tim a te d  from  th e  change in  A D H  ex c re tio n  d u rin g  th ir s t  o r h y p e rto n ic  sa lin e  infusion 
(Czakó e t a l., in p re p a ra tio n  [11]). T he ineffectiveness o f A D H  in  th e  second  g ro u p  was con
f irm e d  by  th e  H an k iss  in tra v en o u s  A D H  te s t  (H ank iss  [21]): w a te r-lo ad in g  com b in ed  w ith
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Table I

Data o f  the patients

No. Patient
Age,
years Sex Aetiology

D uration 
of disease, 

years

Pre
treatm ent 

urine 
volume, 

24 hrs

Previous therapy Additional information

A D H -sensitive d iabe tes insip idus

1 B. L. 58 M idiopath ic 52 1 0 - 1 2 P ito n -sn u ff pow der —

2 H . L. 38 M skull in ju ry 4 2 0 - 2 5 P itress in -tan n a te  and 
P ito n -sn u ff pow der

C hlorpropam ide n o t to le ra ted

3 У. K. 27 M tuberculo-m eningo-
encephalitis

24 1 0 - 1 2 P ito n -sn u ff pow der and  
chloroth iazide

Could n o t tak e  drugs fo r a 
long period

4 L. M. 43 M idiopath ic 1 6 -  8 - -
5 S. M. 30 F febrile infectious disease 16 8 - 1 0 P itressin -tan n a te P ito n -sn u ff pow der and  chlor

p ropam ide n o t to le ra ted
6 B. s. 33 M H an d  — Schü lle r— 

C hristian-disease
14 1 3 - 1 5 P ito n -sn u ff pow der, 

chloroth iazide
—

7 M. J . 52 M skull in ju ry 21 6 -  8 - —

8 R. A. 63 M idiopath ic 2 1 0 - 1 2 P itress in -tan n a te —

9 M. I. 67 F id iopath ic 8 1 2 - 1 5 P ito n -sn u ff pow der —

10 F. P. 43 M skull in ju ry 19 3 0 - 4 0 P itressin -tan n a te O ral an tid iab e tic s ineffective

A D H -resistan t d iabe tes insipidus

11 Cs. J . 23 M idiopath ic 18 1 3 - 1 5 — D iuretics no t to le ra ted
12 T. F . 15 M idiopath ic 12 1 0 - 1 2 C hlorothiazide, spirono

lactone
—

13 K. I. 19 F id iopath ic 16 1 3 - 1 5 — D iuretics n o t to le ra ted

14 A. I. 32 M idiopath ic 28 1 0 - 1 5 C hlorothiazide, spirono
lactone

—
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vaso p ressin  in jec tion  (L ászló  e t  al. [30]), and by th e  a d m in is tra tio n  of lo n g -ac tin g  p itre ss in  
ta n n a te .  N one of th e  p a tie n ts  suffered  from  d e m o n s tra b le  h e a r t  or liv e r d isease . T h e  m ore 
im p o r ta n t  d a ta  re la tin g  to  th e  p a tie n ts  are g iven  in  T ab le  I.

T he experim en ts  w ere m ad e  on  p a tie n ts  m a in ta in e d  on a lig h t, m ix ed  d ie t:  fo r seven 
d a y s  th e y  received no specia l t r e a tm e n t,  th en  fo r 6 d a y s  th e y  received 2.0 g o f  c lo f ib ra te  daily.

T he follow ing p a ra m e te rs  w ere d e te rm ined : u r in a ry  o u tp u t  (1/24 h rs), u r in e  a n d  serum  
o sm o la rity  (m osm /1), endo g en o u s crea tin in e , o sm o lar an d  free w a te r  c le a ra n c e  (m l/m in), 
b lood  sugar, cho lestero l, to ta l  lip ids, free f a t ty  acids, trig lycerides, se ru m  N a + a n d  K + 
(m E q /1 ), an d  N a + a n d  K +  (m E q /2 4  hrs) excre tion . S e ru m  an d  u rine  o sm o la rity  w as e s tim a t
ed  b y  m easu rem en t o f th e  freez ing -po in t depression . T he follow ing m e th o d s  w ere used: 
fo r b lood  sugar, an  o rth o to lu id in e  p ro ced u re ; fo r serum  an d  u rine  N a + an d  K +, flam e-p h o to m 
e try ;  c rea tin ine: B ro d  a n d  S ir o ta ’s [6] m o d ifica tio n  of th e  F o lin  an d  W u  [16] m eth o d ; 
cho lestero l: th e  m eth o d  o f Za k  e t al. [50]; to ta l  lip id s: th e  v an illin -p h o sp h o ric  acid  m ethod  
o f  D iiev o n  and  Sch m it  [13]; trig ly cerid es : th e  m e th o d  o f Co n n e r t y  e t al. [9 ]; free  fa tty  
acid s: as copper soap b y  A n st a l l  a n d  T r u jil l o ’s [2] m o d ifica tio n  of th e  m e th o d  of D u n - 
co m be  [14]. The co pper c o n te n t o f th e  soap w as m easu red  w ith  d ip h en y lca rb o h y d raz id e  
acco rd in g  to  Ma h e d e v a n  e t  al. [31].

T he resu lts  w ere e v a lu a te d  b y  m eans of S tu d e n t’s single-sam ple «-test.

R esults

D uring  c lo fib ra te  t r e a tm e n t for 6 d ay s  no su b s ta n tia l ch an g es were 
o bserved  in  th e  se ru m  cho lestero l, to ta l  lip id , trig lyceride  a n d  free fa tty  
ac id  levels. N or w ere a n y  sign ifican t changes fo u n d  in  b lood  su g a r, o r in  the  
se ru m  an d  u r in a ry  N a + an d  K + levels.

T ab le  I I  show s th e  re su lts  in th e  A D H -sen sitiv e , h y p o th a la m ic  d iabetes 
insip idus cases. S p o n tan eo u s  u r in a ry  o u tp u t  w as considerab ly  dec reased  in 
n in e  p a tie n ts ; th is  w as th e  m ost p ronounced  in  Case 2, while i t  w as sligh tly  
m od ified  in Case 9. U r in a ry  o sm o larity  in c reased  su b s ta n tia lly . S e ru m  osm olar
i ty  an d  endogenous c rea tin in e  c learance d id  n o t change, o sm o la r clearance 
w as som ew hat d ecreased . F ree  w a te r c learance  w as co n sid e rab ly  red u ced  in 
Cases 4 , 5 and  7, a n d  even  becam e n eg a tiv e , th u s , free w a te r  reab so rp tio n  
re su lted . A m o d era te  re d u c tio n  in free w a te r  c learance could be o b serv ed  in 
th e  o th e r  p a tien ts .

T he response o f c lo fib ra te  in  Case 10, w ho h ad  no A D H  rese rv e , was 
co m ple te ly  d ifferen t. A n tid iu resis  could n o t be d em o n stra ted  in  th is  p a tie n t, 
a n d  th e  d a ta  m easu red  rem ain ed  u n ch an g ed  even d u ring  c lo f ib ra te  adm in 
is tra tio n  (because th e  d iffe ren t response o f th is  p a tie n t from  th o se  w ith  A D H  
reserve , th e  re su lts  h av e  n o t been inc luded  in  T ab le  I I I ) .

T ab le  I I I  show s th e  re su lts  for th e  A D H -re s is ta n t d ia b e te s  insip idus 
p a tie n ts . D aily  u rine  vo lum e w as n o t a ffec ted  sig n ifican tly  b y  c lo f ib ra te , and 
in  Case 2 th ere  was even  a s ligh t increase. S erum  and  u rine  o sm o la rity , osm olar 
c learance  and  free w a te r  c learance increased  to  a m o d era te  e x te n t ,  while 
endogenous c rea tin in e  c learance  decreased  slig h tly . In  o rder to  show  how  the 
changes developed in tim e , d e ta iled  d a ta  fo r one ty p ica l p a t ie n t  fro m  each 
g roup , b o th  before an d  d u rin g  c lo fib ra te  th e ra p y , are  given.
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T able  I I

A D H -sensitive

N o. Name Age, Sex

Urinary output, 
1/24 hrs

Serum osmolarity, 
mosm/1

years
before after before after

treatment change treatment change

l B . I. 58 M 10.9 -  6 .8 299.8 +  5.7
2 H . L. 38 M 23.3 — 15.2 304.3 +  3.6
3 V. K. 27 M 9.4 — 6.3 300.7 +  8 .6

4 L . M. 43 M 6.1 -  3.3 303.6 -  1.0
5 S. M. 30 F 11.9 -  8.3 313.1 -  3.2
6 B . S. 33 M 11.1 — 4.7 329.9 -  9.2
7 M. J . 52 M 8.3 -  5.3 316.9 - 1 8 .7
8 R . A. 63 M 12.3 — 5.5 311.8 - 1 6 .2
9 M. J . 67 F 10.5 — 1.5 316.9 +  0.4

M ean 11.5 — 6.3 310.7 — 3.3
S ta n d a rd  e rro r of th e  m ean ±  1.61 +  1.29 +  3.25 +  3.18

p < 0 .0 1 p =  NS

F ig u re  1 show s th e  d a ta  fo r an A D H -sensitive  d iab e tes  in sip idus p a tie n t  
(C ase 5). On th e  f irs t  d a y  a lre a d y , urine vo lum e w as sig n ifican tly  decreased  
b y  c lo f ib ra te , and  on th e  3 r d —6 th  day  u r in a ry  o u tp u t  fell to  one f if th  o f  th a t  
i n  th e  con tro l period . N o m a rk e d  change could  b e  observed  in  se ru m  osm o-

T able  I I I

A D H -resis tan t

N o. Name Age,
years Sex

U rinary o u tp u t, 
1/24 hrs

Serum osm olarity, 
mosm/1

before after before after

treatm ent change trea tm en t change

l c. J . 23 M 11.6 +  0.4 302.4 -  1.0
2 T . F . 15 M 11.8 +  2.3 291.5 +  27.6
3 K . I. 19 F 12.3 — 1.2 316.9 +  2.2
4 A. I. 22 M 13.5 — 1.8 317.6 -  0.1

M ean 12.3 — 0.1 307.1 +  7.1
S ta n d a rd  e rro r of th e  m ean + 0 .4 2 +  0.91 +  6.27 +  6.84

p =  NS 43 II as (Л
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diabetes in sip idus

Urinary osmolarity, 
mosm/1

Endogenous creatinine 
clearance, ml/min

Osmolar clearance, 
ml/min

Free waer 
clearance, ml/min

before after before after before after before after
treatment change treatment change treatment change treatment change

130.9 +  98.7 129.1 +  9.6 3.4 — 1.4 4.2 — 3.2

130.7 +  190.2 197.5 - 4 9 .3 7.3 - 2 . 9 8.9 - 2 . 0
163.6 +  124.0 145.3 +  31.8 3.5 — 1.7 3.0 — 1.2

223.9 +  236.3 144.0 +  18.3 3.1 - 0 . 3 1.1 - 6 . 2

131.1 +  255.3 137.9 +  15.5 3.4 —0.7 4.8 - 6 . 1
136.8 +  164.6 101.4 -  2.2 3.2 +  1.5 4.5 — 1.3
137.7 +  198.8 125.4 +  25.7 2.5 —0.2 3.2 — 4.4

195.6 +  25.4 184.7 -  4.2 5.4 - 2 . 0 3.1 — 1.8
180.5 +  44.6 175.0 - 4 5 .0 4.2 - 0 . 1 3.1 — 1.0

158.9 +  148.7 148.9 +  0.02 4.0 - 0 . 9 4.0 — 3.0

+  11.40 ±  27.05 +  10.32 +  82.56 ± 0 .4 9 +  0.43 ± 0 .7 1 ± 0 .6 9
p <  0.001 p =  NS p =  NS p <  0.01

NS =  no t sign ifican t

la r i ty  or in  endogenous c rea tin in e  clearance . In  c o n tra s t, u rine  o sm o la r ity  
increased  co nsiderab ly  d u rin g  th e  t r e a tm e n t, a n d  osm olar c lea ran ce  w as 
s lig h tly  a lte red . O n th e  o th e r  h an d , th e re  w as a p ronounced  decrease in  free 
w a te r  c learance , w hich  becam e neg a tiv e  from  th e  th ird  d ay  of t r e a tm e n t .

diabetes insip idus

Urinary osmolarity, 
mosm/1

Endogenous creatinine 
clearance, ml/min

Osmolar
ml

clearance,
min

Free-water 
clearance, ml/min

before after before afrer before after before after
treatment change treatment change treatment change treatment change

161.0 - 2 9 .0 79.5 +  12.6 4.3 —0.7 3.8 +  0.9
114.3 +  23.3 68.8 -  7.9 3.2 +  0.9 5.0 +  0.7

86.8 +  14.2 138.3 +  4.8 2.3 +  0.6 6.2 +  0.1
142.7 +  8.4 189.1 - 7 2 .0 4.2 +  0.1 5.2 — 1.3

126.2 +  4.2 118.9 - 1 5 .6 3.5 +  0.2 5.0 +  0.1
± 1 6 .2 7 ± 1 1 .4 9 ± 2 4 .7 8 ± 1 9 .2 6 ± 0 .4 1 ± 0 .3 4 ± 0 .5 0 ± 0 .4 9

p =  NS 43 II as in p =  NS p  =  NS

NS =  n o t sign ifican t
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F ig u re  2 shows th e  e ffec t o f t r e a tm e n t  in  Case 1, an A D H -re s is ta n t 
d ia b e te s  insip idus p a tie n t. I t  can  be seen t h a t  th e  daily  u rine  v o lu m e  did 
n o t  c h a n g e  su b stan tia lly . U r in a ry  o sm o la rity  rem ain ed  a t a low leve l d u rin g  
th e  a d m in is tra tio n  o f c lo fib ra te . T here w as no  s ign ifican t change in  serum  
o s m o la r i ty , endogenous c re a tin in e  clearance o r osm olar c learance , n o r  could 
a n y  d iffe rence  be d e te c te d  in  free w a te r c learan ce .

D iscussion

T h e  effect o f c lo f ib ra te  on w a te r m e tab o lism  has been  in v e s tig a te d . 
T h e re  w as  a decrease in  d a ily  u r in a ry  o u tp u t  in  n ine  A D H -sensitive  p a tie n ts . 
T h e  d ru g  did  n o t a ffec t th e  ex tensive  p o ly u ria  in  a te n th  A D H -sen sitiv e  
p a t i e n t  w ith o u t A D H  re se rv e . S im ilarly , th e re  w as no decrease in  fo u r  A D H -
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F ig . 2

re s is ta n t d iab e tes  in sip id u s cases. T here  seem to  be  few rep o rts  on th e  d iu re tic  
ac tio n  o f c lo fib ra te : in  1970 d e  Gen n es  e t al. [19] re p o rte d  th a t  w hen  th e  
chem ically  id en tica l p re p a ra tio n  A trom ide-S  or L ip a flav o n e  w as ad m in is te red  
in  da ily  doses o f 2— 2.5 g, in  th ree  d iabetes in s ip id u s  p a tie n ts  da ily  u r in a ry  
o u tp u t  decreased  to  a b o u t one th ird  of th e  in itia l. In  n o rm al p a tie n ts  th e  
d iuresis e lic ited  b y  h y p e rh y d ra tio n  was affected  b y  th e  d ru g  to  a sm all e x te n t. 
B ertrand  [4], U hlich [47] an d  D ecourt [12] re p o rte d  effective c lo fib ra te  
t r e a tm e n t in  p a tie n ts  w ith  h y p o th a lam ic  d iab e te s  insip idus.

T he an tilip aem ic  effect o f c lo fib ra te  h as  b een  know n for a b o u t te n  
y ea rs . F ro m  am ong th e  in d iv id u a l lip id  c o n s titu e n ts  i t  exerts  th e  g re a te s t 
effect on th e  serum  trig lycerides (Ca r l s o n  e t al. [8],  O l i v e r  [34, 35]). T he 
change o f  th e  cho lestero l level is n o t c lear-cu t ( H e l l m a n n  et al. [22], H o o d  
e t al. [24, 25], R o b i n s o n  [41]). I t  is certa in  th a t  in  th e  case of no rm olip idaem ia  
c lo fib ra te  does n o t induce  im p o r ta n t  a lte ra tio n s in  th e  b lood  lipids (O l i v e r  [36]).
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T h e  m echanism  o f ac tio n  o f c lo fib ra te  on w a te r m etabo lism  is unknow n. 
D e  G e n n e s  et al. [19] m en tio n  th a t  th e  d ru g  h ad  an  effect s im ila r to  th a t  of 
c h lo rp ro p am id e . O ur ow n re su lts  allow  som e suggestions. A re n a l site  of 
a c tio n  in d ep en d en t o f th e  A D H  m echan ism  can n o t be accep ted  since a n ti
d iu re s is  does no t re su lt in  A D H -re s is ta n t d iab e tes  insip idus. T h e  d ru g  does 
n o t  a ffe c t so lute ex c re tio n  b u t  decreases free w a te r c learance . T h is suggests 
an  A D H -lik e  effect, an d  th is  a ssu m p tio n  is also su p p o rted  b y  th e  o b se rv a tio n  
t h a t  c lo fib ra te  did n o t p ro d u ce  a s ig n ifican t difference in  w a te r  m etabo lism  
in  v a so p re ss in -re s is ta n t d iab e te s  in sip id u s p a tie n ts . H ow ever, th e  re n a l effect 
o f  th e  d ru g  is n o t ex ac tly  th e  sam e as t h a t  o f A D H , for th e  p o ly u ria  rem ained  
u n c h a n g e d  in th e  A D H -sen sitiv e  d iab e te s  insip idus p a tie n t w ith o u t A D H  
re se rv e . T hus A D H  m u st b e  p re se n t fo r c lo fib ra te  to  affect w a te r  m etabo lism , 
th e  e ffec t being ex erted  e ith e r  b y  a m o b iliza tio n  of th e  A D H  reserv e  or by  
th e  p o te n tia tio n  of th e  a c tio n  o f th e  sm all a m o u n t o f v aso p ressin  reserve. 
F in a lly ,  c lo fib ra te  m ay  red u ce  w a te r  ex c re tio n  b y  a change in  th e  m etabo lism  
o f  A D H .

In  th e  p resen t s tag e  o f  o u r ex p e rim en ts  we are unab le  to  ta k e  a stand  
in  p re fe ren ce  of one or o th e r  o f th e  possib ilities. In  o rder to  e lu c id a te  th e  
m e c h a n ism  of th e  effect w e are  now  c a rry in g  ou t q u a n tita tiv e  A D H  reserve 
d e te rm in a tio n s  in  our d iab e te s  in sip idus p a tie n ts , an d  we also w ish  to  s tu d y  
w h e th e r  th e re  is a re la tio n  betw een  th e  degree of c lo fib ra te  a n tid iu re s is  and  
th e  e x te n t  o f th e  m ob ilizab le  A D H  rese rv e . In  ad d itio n , we are  seek ing  an 
a n sw e r to  th e  questio n  o f  w h e th e r A D H  excre tion  increased  d u rin g  th e  
t r e a tm e n t .

N o n o tew o rth y  s ide-effect w as o b serv ed  du ring  our e x am in a tio n s . F ive  
o f  th e  p a tie n ts  have  now  b een  ta k in g  th e  d ru g  for six m o n th s , w ith  m inor 
in te r ru p tio n s ,  w ith o u t a n y  serious com plains. O ur find ings w ith  prolonged 
t r e a tm e n t  will be re p o rte d  in  d e ta il in  a fu tu re  p ap er.

O u r resu lts  in d ica te  t h a t  c lo fib ra te  is an  effective d ru g  in  th e  th e ra p y  
o f  d ia b e te s  insip idus. I ts  a d v a n ta g e  is t h a t  in  can be ad m in is te re d  orally , 
w i th o u t  h ypopo tassaem ic  o r hy p o g ly caem ic  side-effect, an d  th a t  i t  can  also 
b e  u se d  w hen d iabe tes in sip id u s is acco m p an ied  b y  a fa ilu re  o f th e  an te rio r 
p i tu i ta r y .
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ÜBER PATHOLOGISCHE VERÄNDERUNGEN 
DER LUNGE BEI DER INTERMITTIERENDEN 

HYPERBAREN SAUERSTOFFTHERAPIE*
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G. W a l t h e r
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DER JOHANNES-GUTENBERG-UNIVERSITÄT MAINZ

(E in g eg an g en  am  4. D ezem b er, 1972)

Einführung

B ald  n ach  d er E n td e c k u n g  des S au ersto ffs  u n d  E rk e n n tn is  se iner 
fu n d a m e n ta le n  B ed eu tu n g  fü r  an im alische P ro zesse  w urde a u f d ie to x isch e  
W irkung  dieses »Lebensgases« hingew iesen. D e r E n td e c k e r  P r i e s t l e y  se lb s t 
h a t  eine »mögliche schäd igende W irk u n g  b e i U berdosis«  v e rm u te t. D e r  B e 
g riff der S a u e rs to ffv e rg iftu n g  w urde von  B e r t  1878 gep räg t. In  d en  fo lg en 
den k n a p p  100 J a h re n  sind  viele U n te rsu ch u n g en  p u b liz ie rt w orden . Im  w e
sen tlichen  h a n d e lt es sich um  U n te rsu ch u n g en  ü b e r V e rän d eru n g en  des 
Z en tra ln e rv en sy s tem s u n d  d er L unge (L it. be i B e a n , J a c o b s o n , W a l t h e r ). 
So h a t  m an  besonders h in sich tlich  der S ch äd ig u n g  des zen tra len  N e rv e n 
system s den  B egriff des L o rra in —S m ith -E ffek te s  [16, 17] h e ra u sg e a rb e ite t, 
w onach  d er A n g e lp u n k t d er S au ersto ffv e rg iftu n g  die S tö rung  d e r G a sa u s
ta u sc h fu n k tio n  der L unge d a rs te llt. A uch die ü b rig e n  patho log ischen  B e fu n d e  
w urden  a u f  diese g e s tö rte  L u n g en fu n k tio n  z u rü c k g e fü h rt.

B ei diesen V erän d eru n g en  h a n d e lt es sich  jed o ch  um  o rganspez ifische  
E n d z u s tä n d e  d er S au ersto ffv erg iftu n g . A u fg ru n d  eigener en zy m h isto ch em i- 
scher S tu d ien  an  H erz , L eber, N iere, H oden  u n d  M ilz sowie in  V e rb in d u n g  m it 
den b iochem ischen  U n te rsu ch u n g en  — e r in n e r t  sei h ie r an  die A rb e ite n  v o n  
H a u g a a r d , G i l b e r t , D i c k e n s , La m b e r t s e n , W ood  u . v . a. (L it. b e i H a u - 
g a a r d , W a l t h e r ) —  h a n d e lt  es sich v ie lm eh r u m  eine allgem eine V e rg if tu n g  
m it S tö ru n g  des Z ellm etabo lism us. Als p r im ä re  R eak tio n en  des h y p e rb a re n  
S auersto ffs  sind  die O x y d a tio n , P e ro x y d a tio n  u n d  R ad ik a lb ild u n g  a n z u fü h 
ren . S ek u n d ä r k o m m t es d an n  zu E n zy m b lo ck ie ru n g en , S chäd igungen  von  
P ro te in en , L ip iden  u n d  d a m it zu m an n ig fach en  S tö rungen  des Z e llm e ta 
bolism us. D ie te r tiä re n  p a tho log isch -h isto log ischen  V eränderungen  w erd en  
d an n  an  den  versch iedenen  O rganen in  F o rm  v o n  Zellnekrosen (z. B . am

* V org e trag en  am  I I I .  K o n g reß  der U n g arisch en  G ese llschaft fü r  G erich tliche M edizin . 
D ebrecen , O k to b e r 1972.
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G e h irn ) , M em b ran v erd ick u n g en  m it e n tz ü n d lic h e n  V eränderungen  (z. B . in 
d e r  L unge) oder e iner N ekrob iose  von H erzm u sk e lfasern  n ach w e isb a r (siehe
A b b . 1).

R e a k tio n s k e tte  des h y p e rb a re n  Sauerstoffs
P rim är
O xygen
S e k u n d ä r
(Z ell-M etabo lism us)
T e rtiä r
(H isto lo g isch e r E ffek t)

O x y d a tio n , P e ro x y d a tio n , R ad ik a le
1

P ro te in e , E n z y m e , L ipide
1

O rg an sp ezifisch e  V eränderung

A b b . 1. R eak tio n sv e rla u f d e r  S au ersto ffv e rg iftu n g . D ie  A bb ild u n g  zeigt d ie p r im ä re n  R e 
a k tio n e n  des Sauersto ffs , d ie  se k u n d ä r zur S tö ru n g  des Z ellm etabolism us fü h re n  u n d  im  

S p ä ts tad iu m  die b e k a n n te n  h isto lo g isch en  V erän d eru n g en  b ew irk en

D u rch  eine B e h a n d lu n g  m it S a u e rs to ff  im  Ü berd ruck  is t es in  e rs te r 
L in ie  au fg ru n d  des H en ry sc h e n  G asgesetzes m öglich , das S au e rs to ffan g eb o t 
in  d e r  P eripherie  zu  e rh ö h en . Diese T h e ra p ie  h a t  dah er b re ite n  E in g a n g  in 
f a s t  alle  klinische B ere ich e  gefunden. D ie m an n ig fach en  In d ik a tio n s s te llu n 
g en  m u ß te n  jedoch  a lsb a ld  einer n ü c h te rn e n  B e tra c h tu n g  w eichen . D ennoch  
s in d  n o ch  genügend F ä lle  v o rh an d en , bei d en en  n u r  eine h y p e rb a re  O x y g en a 
t io n  th e ra p e u tisc h e  E rfo lg e  b rin g t.

D a  eine längere  k o n tin u ie rlich e  h y p e rb a re  O xygenation  a u fg ru n d  der 
to x is c h e n  W irkung  des S auersto ffs  n ich t m ö g lich  ist, w ird in  d er P ra x is  die 
in te rm itt ie re n d e  T h e ra p ie  an g ew an d t. In  d e r  R egel erfolgt im  A b s ta n d  von 
6 — 8 S td . eine zw e istü n d ig e  H yperox ie . D ie  F rag e  b es tan d  n u n , ob diese 
T h e ra p ie  außerhalb  des to x isch en  B ereiches lieg t.

Material und M ethode

E s w urde d ah er eine T ie rversuchsserie  a n  R a t te n  ü b e r  2 volle T age d u rc h g e fü h r t ,  in  
d e r  im  A b s ta n d  von  6 S td . —  w as dem  T a g e srh y th m u s e n ts p r ic h t  — eine zw eis tü n d ig e  H y p e r
o x ie  be i 3,8 A ta  erfolgte. D a  d e r  k lin ische B efund  d e r  T ie re  n ach  der 3. H y p e ro x ie  u n d  B eginn 
d e r  4 . se h r sch lech t w ar u n d  es z u  b e fü rch ten  w ar, d a ß  d ie  T iere die 4. H y p e ro x ie  n ic h t  ü b e r
s te h e n  w ürd en , w urde d e r D ru c k  h ier a u f  2,8 A ta  g e m in d e rt . (Die B eschreibung  d e r genauen  
V ersu c h sa n o rd n u n g  siehe bei v . L ie v e n  e t al.) N u n m e h r  soll ü b er w e ite rh in  d u rc h g e fü h rte  
h is to lo g isch e  U n te rsu ch u n g en  d e r  L unge u n d  eine B e stim m u n g  der o sm o tisch en  R esis ten z  
d e r  E ry th ro z y te n  b e r ic h te t  w erden .

Ergebnisse

D ie histo logische U n te rsu ch u n g  d er L u n g e  zeigt eine au sg e d e h n te  E n t 
z ü n d u n g , die sich ab  d e r  3. und  4. h y p e rb a re n  O xygenation  en tw ick e lte . 
D a n e b e n  w aren au ch  d ie  typ isch en  V e rä n d e ru n g en  der V e rb re ite ru n g  der 
A lv eo la rsep ten , der Ö d em ab lag eru n g  in d en  einzelnen  h isto log ischen  S tru k tu 
re n  d e r  Lunge au sg eb ild e t. E ine  B estim m u n g  d e r  osm otischen R esis ten z  der
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E ry th ro z y te n  ließ keine nachw eisbare  V e rä n d e ru n g  erkennen. D ies is t  sow ohl 
h in s ich tlich  des jew eiligen V ergleichs zw ischen  den  K o n tro llg ru p p en  zu  den 
e inzelnen  Z e itp u n k ten  als auch  h insich tlich  des M ittelw ertes ü b e r d ie  gesam te  
Z eit zu  sagen.

Diskussion

B isher p ub liz ierte  U n te rsu ch u n g en  ze ig ten , daß  sich bei d en  T ie ren  eine 
m etab o lisch e  Acidose en tw ick e lte . E n zy m b estim m u n g en  im  Serum  ließ en  einen 
d eu tlich en  A nstieg  d er L D H  u n d  SGOT e rk en n en . W eiterh in  w ar in  fa s t  allen 
u n te rsu c h te n  P a ra m e te rn  ein d eu tlich e r E rh o lu n g se ffek t nach  o d e r teilw eise 
schon  w äh ren d  d er 4. h y p e rb a re n  O x y g en a tio n , die n u r m it e inem  D ru c k  von  
2,8 A ta  erfo lg te, fe stzuste llen  [10, 11].

D ie patho log isch-h isto log ischen  B efu n d e  a n  der Lunge sin d  an g esich ts  
d er A usb ild u n g  einer m etab o lisch en  —  n ic h t  resp ira to risch en  — A cidose von 
b eso n d ere r B ed eu tu n g : T ro tz  schw erer p a th o lo g isch er V erän d eru n g en  an  der 
L u n g e , die sicher eine S tö ru n g  d er G asau stau sch fu n k tio n  b e d e u te n , k a m  es 
n ic h t zu r H y p e rk ap n ie  des B lu tes . D aß  im  Gewebe eine K o h len d io x y d - 
R e te n tio n  b es teh t, is t b e k a n n t [4, 12], je d o c h  is t diese u rsäch lich  n ic h t  m it 
der v o rh an d en en  L ungensch äd ig u n g  in  B ez ieh u n g  zu b ringen . D ie h ie r  ge
n a n n te n  B efunde w eisen w ieder e inm al d a ra u f  h in , daß  bei d e r h y p e rb a re n  
O x y g en a tio n  n ich t die L unge das p r im ä r  g eschäd ig te  O rgan is t.

D ie B estim m u n g  d er osm otischen  R esis ten z  der E ry th ro z y te n  w urde 
d u rc h g e fü h rt, da u n te r  d er h y p e rb a re n  O x y g en a tio n  eine M em b ran sch äd ig u n g  
nachgew iesen  ist [3, 6, 7, 8, 9, 13, 15, 19]. E in e  solche konn te  im  V e rla u f  der 
in te rm ittie re n d e n  T h erap ie  n ic h t b e o b a c h te t w erden . D ieser B e fu n d  is t  fü r 
die In te rp re ta tio n  der V erän d eru n g en  d er S erum enzym e (L D H , SG O T) von  
B ed eu tu n g , da h ie raus zu  sch ließen  is t, d aß  d ie  E n z y m a k tiv itä tse rh ö h u n g en  
[11] n ic h t das R e su lta t e iner H äm olyse  d a rs te lle n  können. E s m u ß  sich  h ier 
d em n ach  um  G ew ebsenzym e h an d e ln , d e ren  A u s tr i t t  m it d e r a llgem einen  
M em branschäd igung  d er Zellen sowie d e ren  O rganellen in B ez ieh u n g  zu 
se tzen  is t.

Zusam m enfassung

A n h an d  eigener en zy m h isto ch em isch er, histo logischer u n d  b lu tc h e m i
scher U n te rsu ch u n g en  sowie den A ngaben  in  d er L ite ra tu r  s te l l t  sich  die 
h y p e rb a re  S au ersto ffv e rg iftu n g  im  G egensatz  zu m  L orrain—S m ith -E ffe k t als 
eine allgem eine V erg iftung  d a r, die ab er die m orphologischen u n d  fu n k tio n e l
len S y stem e des In d iv id u u m s m it u n te rsc h ie d lic h e r In te n s itä t  sc h ä d ig t.
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ANNOUNCEMENT OF AN IAEA SYMPOSIUM

T itle : D ynam ic S tu d ie s  w ith  R ad io iso to p es in Clinical M edicine 

an d  R esearch

D a te : 1 5 - 1 9  J u ly  1974

L ocation : K noxville , T ennessee , USA

O rganizers: In te rn a tio n a l A tom ic E n e rg y  A gency  

K ä rtn e r  R ing  11 —13, P . 0 .  B. ox 590 

A —1011 V ienna , A ustria

Scien tific  S ec re ta ries : R . A. D u d ley  and  E . H . B elcher 

M edical A pp lica tio n s Section

This S y m p o siu m , a sequel to  th e  sym posium  on th e  sam e su b je c t h e ld  b y  

th e  In te rn a tio n a l A tom ic E n e rg y  A gency in R o tte rd a m  in 1970, will he  co n 

cerned  w ith  a ll th o se  ap p lica tio n s  of rad io n u c lid es  in  clinical m ed ic ine  and  

research  th a t  invo lve  in v es tig a tio n  of th e  tem p o ra l p a tte rn s  of u p ta k e , m e ta b 

olism , c learance  o r excretion  o f  adm in iste red  ra d io a c tiv e  m ateria ls .

E m p h asis  will be p laced  on  th e  m ethods used  an d  th e ir  p o te n tia litie s . 

T opics covered will include te c h n iq u e  (ra d io a c tiv ity  m easu rem en t, d a ta  a n a l

ysis, etc .), ap p lica tio n s  in s tu d ie s  of th e  fu n c tio n  o f o rgans and  system s o f th e  

b o d y  (specific o rg an s, th e  c irc u la to ry  system , e tc .)  an d  ap p lica tions in  s tu d ie s  of 

th e  m etabo lism  o f substances in  th e  body  (m in era ls , p ro te in s , ra d io p h a rm a 

ceu tica ls e tc .). S tu d ies  based  on  sc ien tig raph ic  te ch n iq u es  will be excluded  

ex cep t inso far as th e y  are co n cern ed  w ith  d y n am ic  s itu a tio n s .

F u r th e r  in fo rm atio n  an d  fo rm s to  acco m p an y  a b s tra c ts  of p ap ers  in te n d 
ed for p re se n ta tio n  a t th e  S ym posium  m ay he o b ta in e d  from  n a tio n a l a u th o r 

ities for a to m ic  energy  m a tte rs . A b strac ts  m u s t be su b m itte d  th ro u g h  th e se  
a u th o ritie s  so as to  reach th e  In te rn a tio n a l A tom ic  E n erg y  A gency b y  8 
F e b ru a ry  1974.



P R E S S  R E L E A S E
IN T E R N A T IO N A L  SY M PO SIU M  ON W O U N D  H E A L IN G  

8 — 12 A p ril, 1974, R o tte rd a m , th e  N e th e rlan d s

A t th e  new p rem ises o f  th e  M edical F a c u l ty  of th e  E ra sm u s  U n iv e rs ity , 

R o t te rd a m , an In te rn a tio n a l  Sym posium  on W o u n d  H ealing  w ill be  h e ld  from  

8 — 12 A pril, 1974.

P r im a ry  purpose  o f  th is  Sym posium  is to  c rea te  a fo ru m  fo r surgeons 

a n d  o th e r  m edical sp ec ia lis ts  to  exchange id eas  on w ound h ea lin g . U ltim a te  

g o a l is th e  in teg ra tio n  o f th e  la te s t  know ledge of ex p erim en ta l a n d  clinical 

o rig in  in  order to  p ro v id e  a ra tio n a l basis fo r su rg ica l p rocedures a n d  for pre- 

a n d  p o s to p e ra tiv e  m a n a g e m e n t of p a tie n ts .

B iological, b io m ech an ica l, physio log ica l, p harm aco log ical, p a th o lo g ica l 

a n d  c lin ica l aspects of th e  p rocess of healing  in  d iffe ren t tissues w ill be  d iscussed. 

T h e se  to p ic s  will be  d e a lt w ith  b y  a u th o ritie s  of in te rn a tio n a l re p u te .

C hairm an  of th e  S c ien tific  P ro g ram m e C om m ittee  is D r. J .  C. v a n  der 

M eu len , M. D ., R o tte rd a m , th e  N e th e rlan d s . O th e r m em bers o f  th e  C om m ittee  

a re :  P ro fesso r A. A lgöw er, M. D ., B asle , S w itze rlan d , M r. T . G ib son , M. D ., 

G lasg o w , G reat B rita in , P ro fesso r Ch. M. L ap è ire , M. D ., L iège, B elgium , 

P ro fe s so r  W . v an  W in k le , M. D ., T ucson , A rizona, U . S. A. P ro fesso r B. 

Z e d e rfe ld t,  M. D ., M alm ö, Sw eden.

E x p e r ts  from  all o v e r th e  w orld  are  in v ite d  to  a tte n d  th e  S y m posium , to  

w h ic h  a  book  exh ib itio n , a sc ien tific  ex h ib itio n  as well as a te c h n ic a l ex h ib itio n  

o f  m e d ic a l equ ipm ent a n d  p h a rm a c e u tica l p ro d u c ts  will be a t ta c h e d . T hose, w ho 

in te n d  to  p resen t a p a p e r  sh o u ld  su b m it an  a b s tra c t  of m ax im u m  300 w ords 

b e fo re  15 D ecem ber, 1973, to  th e  S e c re ta ria t.

F o r  fu rth e r  in fo rm a tio n  p lease a p p ly  to  th e  S e c re ta r ia t, c/o H olland  

O rg a n iz in g  C entre, 16 L an g e  Y o o rh o u t, T h e  H ag u e , th e  N e th e rla n d s .

T h e  H a g u e , 8 th  A u g u st, 1973



T h e C zechoslovak S ocie ty  for R e sp ira to ry  P hysio logy  an d  P a th o lo g y  

organizes th e  In te rn a tio n a l  Sym posium  P u lm o n a ry  C ircu la tion  I I  sponsored 

b y  Societas E u ro p a e a  P hysio log iae  Clinicae R esp ira to riae .

T h e  S ym posium  w ill be held  in  P r a h a ,  C zechoslovakia , from  Ju n e , 

17th to  Ju n e  19th, 1974.

T hree  top ics w ill be  d iscussed: 1) lo n g -te rm  dev e lo p m en t o f p u lm o n a ry  

h y p erten s io n  in ch ro n ic  o b s tru c tiv e  b ro n ch o -p u lm o n a ry  d isease, 2) p u lm o n a ry  

h y p erten s io n  a t  a l t i tu d e , 3) p u lm o n a ry  c ircu la tio n  in  le f t-h e a r t fa ilu re .

P re lim in ary  ap p lic a tio n  form s can  be o b ta in e d  b y  T he C zechoslovak M edi

ca l S ociety  J . E . P u rk y n è ,

Sokolská 31,

120 26 P  r  a h a 2, 

C zechoslovakia



IMMUNOLOGICAL ASPECTS OF ALLERGY 
AND ALLERGIC DISEASES I—II

e d ite d  b y  E. Rajka  an d  S . K orossy

V ol. I :  S tud ies in E x p e r im e n ta l Im m unology  

V ol. I I :  Clinical Im m u n o lo g y . A llergic D iseases

T h e  f i r s t  volume  deals w ith  th e  general p rincip les o f ex p e rim en ta l im m u n o lo g y  
a n d  a llergo logy . The v a rio u s  fa c to rs  w hich h av e  a p a r t  in  th e  a n tig e n -a n tib o d y  
r e a c t io n  an d  which se t th e  co u rse  of u p -to -d a te  d iag n o stic s  are  d iscussed  in  
s e v e ra l p ap e rs . The m ost r e c e n t  resu lts  o f re sea rch  in  th e  fields o f t ra n s p la n 
t a t io n  a n d  tu m o u r im m u n ity  are  described.
In  th e  second volume th e  p ro b le m s of clinical im m u n o lo g y  are  d iscussed . The 
d if fe re n t  allergic diseases a re  described  accord ing  to  in d iv id u a l o rg an s and  
o rg a n  sy s tem s. The im m u n o lo g ica l apsects o f a c u te  an d  chron ic  in fec tio n s , 
a lle rg ic  processes due to  ch em ica ls  and  d rugs as w ell as v a rious au to im m u n e  
s y n d ro m e s  are given e x te n s iv e  t re a tm e n t in  th e  in d iv id u a l c h ap te rs .
T h e  h a n d b o o k  is th e  w ork  o f  sev e ra l o u ts ta n d in g  a u th o rs , each  o f th e m  an  ex 
p e r t  o f  th e  respective fie lds.
T h e  s tu d ie s  have been b ased  o n  recen t ex p e rim en ta l w ork  as w ell as on d a ta  
o f  th e  l i te ra tu re .

In  E n g lis h  • The tw o v o lu m es to g e th e r  ap p ro x . 1800 pages • C lo th

A K A D É M IA I K IA D Ó  

B u d a p e s t



PATHOPHYSIOLOGY AND PHARMACOLOGY 
OF CAPILLARY RESISTANCE
b y  M .  G A B O R

In  th e  f irs t  p a r t  o f  th e  m on o g rap h  th e  physio log ical a n d  p a th o lo g ica l aspects o f  c a p illa ry  
re sis tan ce  are  tre a te d . T he d iffe ren t m eth o d s used  fo r  m easu rin g  cap illary  re s is ta n c e  a re  
described  follow ed b y  th e  d iscussion  of th e  m ech an ism  o f  p e tech ia  fo rm ation . D a ily  a n d  
seasonal f lu c tu a tio n s  o f cap illa ry  resis tan ce  as well as i ts  age, d ie t-an d  physical im p a c t- (h e a t ,  
u .v . an d  X -ra y  irra d ia tio n )  d ep en d en t changes a re  g iv en  ex ten siv e  trea tm e n t. T h e  a u th o r  
also considers th e  m eth o d s  of d e te rm in in g  c ap illa ry  re s is tan c e  in  th e  inner o rg an s o f  e x p e ri
m en ta l an im als  a n d  in  th e  co n ju n c tiv a . S ep a ra te  c h a p te rs  h a v e  been devoted  to  th e  c h an g e s  
in c ap illa ry  re s is tan ce  due to  stress  an d  to  th e  p ra c tic a l im p lica tio n s , re sp ec tive ly . V a rio u s  
d iseases in  w h ich  c ap illa ry  resis tan ce  m ig h t be  ch an g e d , m o stly  decreased, a re  d e sc rib e d . 
In  th e  second p a r t  all th o se  d ru g s w hich  m ay  in flu en ce  c a p illa ry  resistance, are  su rv e y e d . T h e  
]a s t  p a r t  o f th e  m o n o g rap h  p ro v id es in fo rm a tio n  on  th e  h o rm o n a l an d  o th e r con tro l m e c h a n ism s  
re g u la tin g  c ap illa ry  resis tan ce .

In  E n g lish  • A p p ro x . 320 pages • C loth

ARTERIAL LESIONS AND ARTERIOSCLEROSIS
ed ited  by  H. J E L L I N E K

T his m o n o g rap h  discusses th e  p a tho log ica l aspects o f e x p e rim e n ta l vascu lar lesions b ro u g h t 
a b o u t b y  v a rio u s  d am ag in g  fac to rs . In v e stig a tio n s  h a v e  b e en  m ad e  in  m ost cases a lso  o n  th e  
u l tra s tru c tu ra l  level. T h e  a u th o rs  co m pare  m odel e x p e rim e n ts  as well as d iffe ren t v a sc u la r  
changes in  m an  w ith  m orpholog ical ch a ra c te ris tic s  o f  a rte rio sc le ro sis  show ing t h a t  a r te r io 
sclero tic  changes a p p e a r  in th e  f in a l stages o f  m odel ex p e rim e n ts . Several of th e ir  o b se rv a tio n s  
a re  d escribed  fo r th e  f i r s t  tim e  in  th e  l i te ra tu re , su ch  as th e  appearance  of c ry s ta llin e - lik e  
bodies in  f ib rin o id  a n d  th e ir  changes in  hya lin e , th e  ro le  o f  sm o o th  m uscle cells in  e la stic  
fib rillogenesis, v a sc u la r  p e rm eab ility  changes in  h y p e rte n s io n , th e  im portance  o f  ly m p h a tic  
d ra in ag e  in  th e  p e rm e ab ility  o f th e  v a scu la r w all o r th e  ro le  o f  ly m p h a tic  vessels in  a r th e ro -  
genesis.

In  E n g lish  • A p p ro x . 300 pages • C loth

A K A D É M IA I K IA D Ó
P u b lish in g  H ouse  o f th e  H u n g a rian  A cadem y o f Sciences 
B u d a p es t



Die Lungenentzündungen
und ihr W a n d e l  unter der  C h em oth erap ie

V on D oz. D r. D r. H E R M A N N  K Ü H N , Leipzig

1972. 503 S e iten  m it 120 A b b ildungen  u n d  60 Tabellen
L einen  9 0 ,— M  . B estell-N r. 793 363 3

A u f  G rund  eines um fassenden  L ite ra tu rs tu d iu m s  u n d  ausgedehn ter e igener 
m orpholog ischer u n d  bakterio log ischer U n te rsu c h u n g e n  an  einem  g ro ß en  
P n eu m o n ieo b d u k tio n sg u t sowie im  T ie rv e rsu c h  erfo lg t eine D a rs te llu n g  
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Р Е З Ю М Е

ИЗМЕНЕНИЯ ПРИ ИСТИННОЙ ПОЛИЦИТЕМИИ,
ВЫЯВЛЯЕМЫЕ ПРИ ПОМОЩИ РЕНТГЕНОВСКОГО 

ИССЛЕДОВАНИЯ ГРУДНОЙ КЛЕТКИ

Я. Д Ь Я РМ А ТИ , Д . НАДЬ и Я . СЕГЕДИ

Авторы анализировали данные обыкновенного рентгеновского исследования груд
ной клетки 49 больных истинной полицитемией, и они в 35 случаях обнаружили изменен
ные условия гемодинамики, т. е. кардиопульмональные рентгенологические изменения, 
объясняемые с основной болезнью. Частота изменений показала связь со стадиями болезни, 
и они были, за исключением фиброза легких, как правило обратимыми. Рентгенологи
ческие симптомы, наблюдаемые в фазе обострения болезни, уменьшались в фазе ремиссии, 
и в отдельных случаях они совершенно развивались обратно.

ОПЫТ РЕНТГЕНОВСКОГО ОБЛУЧЕНИЯ ЗОБНОЙ ЖЕЛЕЗИ ПРИ 
ЛЕЧЕНИИ ХРОНИЧЕСКОГО ПРОГРЕССИРУЮЩЕГО ПОЛИАРТРИТА

Л . САНТО, Й. Ф Ю ЛЕП , М. Ф Е Х Е Р и Ф. ГЁ РГ Е Н ЬИ

На основе роли зобной железы в различных аутоиммунных процессах авторы про
водили в связи с лечением хронического прогрессирующего полиартрита рентгеновское 
облучение зобной железы. Они сообщают данные лечения 51 больного, и на основе хоро
ших результатов рекомендуют этот вид лечения, как вспомогательную терапию хрони
ческого прогрессирующего полиартрита. В почти двух третьих случаев им удалось выя
вить терапевтический эффект рентгеновского облучения не только непосредственно после 
проведения вмешательства, но и по истечении шести месяцев и двух лет. Подчеркивается, 
что у пожилых больных наблюдались хорошие результаты, тогда как при ювенильном 
хроническом прогрессирующем полиартрите были получены гораздо более скромные 
терапевтические результаты.

ИЗУЧЕНИЕ ЛАБОРАТОРНЫХ МЕТОДОВ, СЛУЖАЩИХ ВЫЯВЛЕНИЮ 
ДИФФУЗНОГО ВНУТРИСОСУДИСТОГО СВЕРТЫВАНИЯ (ДВС)

НА ОСНОВЕ МОДЕЛЬНОГО ЭКСПЕРИМЕНТА

Г. ШАШ, Й. Я К О , Е . М А ДЬЯ Р, И. РОЖА и Э. НЕМЕШ АНСКИ

В целях изучения пригодности тестов, применяемых для диагноза ДВС, авторы 
вызывали у кроликов разовой инъекцией эндотоксина свертывание или расстройство 
свертывания. Они изучали изменения факторов свертывания плазмы и проводили также 
исследование теста этанолового желатинирования. Содержание продуктов деградации 
фибриногена (ПДФ) в плазме и сыворотке определяли методом иммунноэлектрофореза.

В препаратах больше всего информаций предоставляло определение числа тромбо
цитов, факторов II и X, однако разница между патологическими величинами была 
индивидуально очень различной. После вмешательства в сыворотке почти во всех случаях 
был выявлен ПДФ. Тестом этанолового желатинирования в половине подопытных живот
ных был получен положительный результат. Гистологической техникой в микроциркуля- 
ционной системе печени и почки животных не удалось выявить фибрина.

Результаты опытов на животных подкрепляют клинические усилия, направленные 
на то, что при предположении наличия ФПД в целях постановки правильного диагноза 
и выбора терапии необходимо провести по возможности больше простых и информатив
ных исследований.



ОПРЕДЕЛЕНИЕ СОДЕРЖАНИЯ ГИДРОКСИПРОЛИНА В МОЧЕ БЕРЕМЕННЫХ

И. ПИУКОВИЧ и Й. МОРВАИ

Авторами было изучено выделение гидроксипролина в моче 10 небеременных и 102 
беременных женщин. Повышенное выделение гидроксипролина наблюдали только во вто
рой половине беременности. В случаях угрожающего выкидыша и преждевременных 
родов только в последней группе удалось выявить достоверно меньшее выделение, чем 
при нормальной беременности.

ИЗУЧЕНИЕ КЛЕТОЧНОГО ИММУНИТЕТА ПРИ ПОМОЩИ 
ГОМОЛОГИЧНОГО АНТИГЕНА ПРИ ITP

М. БА Л А Ж , Т . Б У Р Г Е Р , А. ПАР, И. П А ЛК А  и Г. Д ЕА К

В культурах лимфоцитов 12 больных ITP и 10 здоровых лиц была изучена лимфо- 
бластозная трансформация как клеточная иммунная реакция на специфические (тромбо- 
цитарные) и неспецифические (РНА) антигены. Тромбоцитарные антигены вызывают у 
большей части больных ITP бластозную трансформацию, тогда как в культурах лимфо
цитов здоровых лиц этого явления не наблюдается. Результаты указывают на то, что в 
патомеханизме ITP играет роль клеточный иммунитет. Описанный метод повидимому 
пригоден также для диагностики этого заболевания.

ОБМЕН СТЕРОИДНЫХ ГОРМОНОВ У ЖЕНЩИН, СТРАДАЮЩИХ ГИРСУТИЗМОМ, 
ПОСЛЕ ЛЕЧЕНИЯ STC 407 И ЦИПРОТЕРОНАЦЕТАТОМ

Л . М О Ш ОНЬИ , Л. ХАЛМИ, Т. Ф Е Х Е Р  и М. ЗЁ Л Д

1. Под влиянием лечения препаратом STC 407 уменьшается количество прекурсо
ров тестостерона, в значительной мере влияющих на уровень тестостерона в плазме. 
На это указывает достоверное уменьшение количества кетостероидных фракций, выделяе
мых мочой.

2. Изменяется соотношение уровня DEA-S и А-S в плазме: ввиду того, что A-S 
является продуктом распада DEA-S, изменение указывает на то, что кроме предполагае
мой до сих пор гипоталамической точки приложения действия, возможно, что STC 407 
оказывает также непосредственное действие на ферменты.

3. Ципротеронацетат не вызывает достоверного изменения выделения большинства 
фракций кетостероидов. Согласно этому наблюдению клиническая эффективность препа
рата основывается на соперничестве, развертываемом на уровне внутриклеточных рецеп
торов.

АНОМАЛЬНАЯ ПОЛОСА ИЗОЭНЗИМА ЛАКТАТДЕГИДРОГЕНАЗЫ (ЛДГ) 
ПРИ ЭПИДЕМИЧЕСКОМ ГЕПАТИТЕ

И. Л И Т ТЕ Р, к. ЙОБСТ и К . ВА РН А

В связи с изучением изоэнзима ЛДГ системной сыворотки больных острым гепати
том у 25-летней больной в период от 3—16-го дня болезни между фракциями ЛДГ2 и 
ЛДГ3 изоэнзима появилась аномальная, так называемая HP-полоса, выявляемая также 
при повторных исследованиях. После излечения болезни картина изоэнзима стала нор
мальной и полоса HP также исчезла.



КРАСНЫЙ ГЛАЗ ПОЧЕЧНЫХ БОЛЬНЫХ

Л. ГОФМАН, Т. ШЮЛЕ и И. АГОШТОН

Авторы наблюдали у четырех больных хроническим заболеванием почек явление 
«красного глаза», вызванное отложением кальция. В одном наблюдении установили гипер- 
кальциемию и нормофосфатемию, в двух случаях гипокальциемию и нормофосфатемию и 
у одного больного нормокальциемию и гиперфосфатемию. В последнем случае явление 
«красного глаза» развилось во время хронического гемодиализа. Согласно данным гисто
логического исследования коньюнктивы в базальных клетках эпителиального слоя отло
жился кальций. В двух наблюдавшихся случаях отложения кальция были обнаружены 
также в тучных клетках коныонктивы. Явление можно привести в связь с мастокальци- 
филаксией.

На основе вышеописанных наблюдений и литературных данных авторы устанавли
вают, что с точки зрения патогенетики существуют несколько типов «красного глаза».

ГЕМОДИНАМИЧЕСКИЕ ОСНОВЫ ПРОТИВОАНГИНОЗНОГО ДЕЙСТВИЯ 
РАЗДРАЖЕНИЯ НЕРВА ПАЗУХИ СОННОЙ АРТЕРИИ

Ф. Ш ОЛЬТИ, 3. САБО, Ф. РЕНЬИ-ВАМ ОШ , К. Ш АРЛИ и Л . Ф ЕДИ НА

Авторами было изучено действие раздражения нерва каротийной пазухи на крово
ток важнейших органов (сердца, мозга, почек, мышцы и кожи) и на регулирование крово
обращения.

Анализ данных кровообращения был проведен у 16 собак во время раздражения 
пазухи сонной артерии, причем соответствующие параметры 40 собак служили конт- 
ролями.

Для раздражения нерва каротидной пазухи авторы использовали радиочастотный 
стимулятор пазухи сонной артерии Медтроник, со следующими параметрами: напряже
ние =  3—6 в, частота раздражений =  30— 50 гц, продолжительность импульса =  350 дсск. 
Минутный объем и скорость кровообращения авторы определяли методом дилюции краси
теля после введения ивенсовой синьки, а кровоток отдельных органов — методом одно
временного введения меченого 86Rb и 131J антипирина. Под влиянием раздражения досто
верное понижение показали минутный объем, сосудистое сопротивление в большом кругу 
кровообращения и скорость кровотока; исчисленная работа давления левого желудочка 
уменьшалась в среднем на 40%. В венечных артериях, вопреки понижению кровяного 
давления и минутного объема, наблюдалось ускорение кровотока, в то время как в мозге, 
почках, коже и мышце кровоток под влиянием раздражения нерва пазухи сонной артерии 
показал некоторое замедление. Доля минутного объема сердца показала под влиянием 
раздражения пазухи сонной артерии значительное увеличение.

АНАЛИЗ ДАННЫХ ЭКГ- И ВЕКТОРОКАРДИОГРАФИЧЕСКИХ ИССЛЕДОВАНИЙ 
ПРИ СЛУЧАЙНОЙ И ЭКСПЕРИМЕНТАЛЬНОЙ ГИПОТЕРМИИ

И. П РЕД А  и П. К Е Н Е Д И

В связи с 5 наблюдениями случайной гипотермии авторы анализируют характер
ные изменения кривых ЭКГ, вызванные гипотермией, с особым вниманием на то, что 
между гипотермическими изменениями ЭКГ и мерцанием желудочков, предположительно, 
существует определенная связь. В дальнейшем они в экспериментах на собаках успешно 
воспроизводили вызванные гипотермией изменения кривых ЭКГ и ВКГ. Авторы стреми
лись определить точную локализацию волны J при помощи эпикардиальных отведений 
и их производных. Они установили, что волна J относится отчасти к деполяризации и от
части к реполяризации. Ее причиной является крайнее запаздывание активации постеро
базальной области.



ЭСТРОГЕНЫ В МОЧЕ ЗДОРОВЫХ ЕГИПТЯН И БОЛЬНЫХ БИЛЬГАРЦИОЗНОЙ
ГЕПАТОСПЛЕНОМЕГАЛИЕЙ

М. Т . А Б Д Е Л -К А ЗИ З, М. М. А БД ЕЛ -К А Д ЕР, М. КАТТАБ, Ш. А. Ш АЛЕХ,
Ш. ГОББА и X. ТАЕМА

Авторы определяли общие величины эстрогенов и фракций эстрона, эстрадиола и 
эстриола у здоровых египтян и у больных гепатоспленомегалией.

Больные были распределены на три группы: взросзые мужчины, взрослые жен
щины и женщины постклимактерического периода.

У мужчин и у женщин постклимактерического периода наблюдается тенденция к 
повышению концентрации эстрогенов. Повышение фракции эстрадиола более достоверное; 
это наиболее активная фракция.

У молодых взрослых женщин общие величины эстрогенов и фракций эстриола ока
зались достоверно пониженными.

В материале биопсии и функциональных проб печени не удалось выявить корреля
ции между женскими клиническими признаками и уровнем эстрогенов.

Обсуждаются результаты и выдвигаются некоторые положения об ответственности 
гипопитуитаризма и target-органа.

ОБРАЗОВАНИЕ ВОДОРАСТВОРИМОГО ДЕГИДРОЭПИАНДРОСТЕРОНСУЛЬФАТА 
И АНДРОСТ-5-ЕН-3£, 17/5-ДИОЛ-З-СУЛЬФАТА В КОЖЕ ЧЕЛОВЕКА IN VITRO

И. Ф АРЕДИН, И. ТОТ и М. Ю ЛЕС

Срезы кожи живота здоровых женщин и мужчин были инкубированы [4-14С]де- 
гидроэпиандростероном в условиях in vitro. Из полученных многочисленных радиоактив
ных метаболитов дегидроэпиандростеронсульфат, андрост-5-ен-З/?, 17/3-диол и андрост-5- 
ен-3/5,17/?-диол-3-сульфат были изолированы и идентифицированы методом обратной 
изотопной дилюции. Было подтверждено, что как женская, так и мужская кожа живота 
обладает И5-3/?-гидростероидосульфокиназной аквитностью, катализирующей сульфо- 
коньюгацию не только дегидроэпиандростеронового субстрата, но и андрост-5-ен-3/5,17/?- 
диола, образующегося во время пятичасовой инкубации. Обсуждается значение водораст
воримых стероидных сульфатов, образующихся в коже.

ДИАГНОСТИЧЕСКОЕ ЗНАЧЕНИЕ РЕВМАТОИДНОЙ РОЗЕТКИ

Б . Ф ЕК ЕТ Е, Д . СЕГЕДИ, П. ГЕРГЕЙ , Г. САБО и Д . ПЕТРАНЬИ

Авторами была изучена частота положительности ревматоидной розетки у 57 боль
ных ревматоидным артритом, 39 больных с другими аутоиммунными заболеваниями и у 
53 контрольных больных. Было установлено, что ревматоидная розетка была положительна 
в половине случаев ревматоидного артрита, в одной пятой части случаев других ауто
иммунных заболеваний и у двух из 53 больных другими заболеваниями. 2. Между числом 
ревматоидной розетки и сывороточной концентрацией фактора ревматизма нет прямой 
связи. 3. Положительность ревматоидной розетки до известной степени параллельна актив
ности симптомов. Ввиду того, что кроме фактора ревматизма ревматоидная розетка также 
связана с анти-IgG-действием лимфоидных клеток, отчасти потому, что на поверхности 
клетки, образующей розетку, возможно, присутствует фактор ревматизма, отчасти потому, 
что она непосредственно целлулярно чувствительна к иммуноглобулину, две реакции 
дополняют друг друга, хотя их клиническая ценность и в дальнейшем остается сомни
тельной.



ДЕЙСТВИЕ ГЕПАРИНА НА КОНЦЕНТРАЦИЮ ИНСУЛИНА В СЫВОРОТКЕ
И В ПЛАЗМЕ

Л . ОРОС, Р. МИХАЕЛ и М. Ц И ГЛ ЕР

Х ей л с  и  Рендл  выявили радиоимунным методом, применяющим два противотела, 
в гепариновой плазме и в гепаринизированной сыворотке меньшую концентрацию инсу
лина, чем в нативной сыворотке. При определении радиоимунным методом Ц и глер а  и сот
рудников, применяющим только одно противотело, гепарин не оказал влияния на вели
чину инсулина.

Действие гепарина связано с наличием второго противогаммаглобулинового — 
противотела. Артерициально высокая концентрация инсулина в сыворотке возникает в 
результате действия комплемента, тормозящего реакцию второго антитела, и перекрестной 
реакции между вторым противотелом и человеческим гаммаглобулином. Ввиду благопри
ятного действия гепарина на антикомплемент и на зону оптимальной преципитации реко
мендуется определять инсулин радиоимунным методом с двумя противотелами в гепарино
вой плазме, а не в сыворотке. Концентрация гепарина в 1,0 ME/мл крови достаточна для 
обеспечения благоприятного эффекта гепарина.

ЦИТОТОКСИЧЕСКОЕ ДЕЙСТВИЕ ЛИМФОЦИТОВ ЧЕЛОВЕЧЕСКОЙ 
КРОВИ В ГОМОЛОГИЧНЫХ ТКАНЕВЫХ КУЛЬТУРАХ

Г. САБО, Г. ГАСТОНЬИ, Д. СЕГЕДИ, Б . Ф Е К Е Т Е  и Д. П ЕТРА Н ЬИ

Сообщается новая радиоизотопная техника мечения 5,Сг для определения цито
токсического действия человеческих лимфоцитов. Сущность метода заключается в том, 
что из культуры меченых амнионовых клеток на стекле можно создать так наз. «monolayer», 
однако, прилипанию препятствуют цитоагрессивные лимфоциты, причем разница радио
активности становится легко определимой. Метод быстрый, результаты можно оценить в 
пределах сутки и они хорошо воспроизводимы.

Авторы изучали этим методом цитотоксическое действие лимфоцитов больных, стра
дающих аутоиммунными заболеваниями, и у контрольных лиц. Они установили, что лим
фоциты больных, находящихся в активной фазе аутоиммунного заболевания и не получив
ших лечение подавлением иммунитета, оказывают значительное токсическое действие на 
амнионовые клетки человека. В фазе ремиссии, наступающей без лечения, цитотоксич
ность лимфоцитов значительно меньше.

Под влиянием иммуносупрессивного лечения деструкция клеток лимфоцитами в 
существенной мере снижается.

Описанный метод можно использовать для оценки степени целлюлярной (cell- 
mediated) иммуноагрессии и агрессии и эффективности медикаментозного подавления 
иммунологической системы, как в случае аутоиммунных, так и гетероиммунных (напр. 
трансплантационных) реакций. В остром эксперименте через час после принятия разовой 
дозы 100 мг 6-меркаптопурина прекратилось выраженное цитотоксическое действие лим
фоцитов взрослого больного ревматоидным артритом на культуру человеческих амнионо
вых клеток, и оно даже по истечении трех часов еще было значительно меньшим, чем до 
принятия лекарства.

ЛОЖНО-СЕЗОНАЛЬНЫЙ РИТМ СПОСОБНОСТИ К ПЕРЕНЕСЕНИЮ 
ЦЕРЕБРАЛЬНОГО СТРЕССА В ПСИХОХРОНОГРАФИЧЕСКОМ ТЕСТЕ (ПХГ)

К. АКОШ и А. М. АКОШ

Психохронография (ПХГ) при помощи эффекта серийной критической частоты мер
цания (ЭСКЧМ) предоставляет возможность для изучения посредством перцепции вре
мени общей способности головного мозга человека к перенесению стресса. Ложно-сезо- 
нальный биоритм 504 мужчин и 219 женщин определялся нисхождением кривых «утом
ления», «адаптации» или «привыкания». Этот ритм, повидимому, имеет значение при забо
леваемости и смертности и заслуживает внимания как в области терапии, так и про
филактики.



ДЕЙСТВИЕ КЛОФИБРАТА НА ВОДНЫЙ ОБМЕН БОЛЬНЫХ С 
ГИПОТАЛАМИЧЕСКИМ И РЕЗИСТЕНТНЫМ К АДГ НЕСАХАРНЫМ ДИАБЕТОМ

Ф. А. ЛАСЛО и Л . ЦАКО

У 9 больных несахарным диабетом, чувствительных к вазопрессину и обладающих 
запасом АДГ, у одного больного, не обладающего запасом АДГ и у четырех больных, 
резистентных к АДГ, авторами были изучены изменения водного обмена, возникающие 
после дачи перорального антилипемического средства: клофибрат (Мисклерон, Хими
ческого завода Хиноин). Было установлено, что у 9 больных несахарным диабетом, чувстви
тельных к АДГ, клофибрат понижает выделение мочи, клиренс свободной воды, и повышает 
осмолярность мочи. У больных несахарным диабетом, чувствительных к вазопрессину, 
не обладающих запасом АДГ, и у больных, резистентных к АДГ, клофибрат не вызывает 
изменения диуреза.

По данным исследований авторов клофибрат оказывает АДГ-подобное действие на 
водный обмен и является средством, хорошо применяемым при лечении больных с гипо
таламическим несахарным диабетом, чувствительных к вазопрессину.

О ПАТОЛОГИЧЕСКИХ ИЗМЕНЕНИЯХ ЛЕГКИХ ПРИ ИНТЕРМИТТИРУЮЩЕМ 
ГИПЕРБАРИЧЕСКОМ ЛЕЧЕНИИ КИСЛОРОДОМ

В. ГОТФРИД

На основе собственных гистохимических исследований ферментов, гистологических 
исследований и химического исследования крови, а также литературных данных отравле
ние гипербарическим кислородом представляет собой — в противоположность эффекту 
Лоррен Смиса — общее отравление, поражающее, однако, морфологические и функцио
нальные системы организма с различной интенсивностью.
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LYSOSOMAL ENZYMES IN NEUROLOGICAL 
AND PSYCHIATRIC CONDITIONS

S . T ó t h , I .  Ú j v á r o s i , В .  U n g a r

INSTITUTE OF PATHOPHYSIOLOGY. UNIVERSITY MEDICAL SCHOOL, DEBRECEN,
AND DEPARTMENT OF NEUROLOGY AND PSYCHIATRY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL,

BUDAPEST

R ece iv ed  M arch 17, 1972

Acid p h o sp h a tase  w as e s tim a te d  in the  sp in a l, c is te rn a l an d  v e n tr ic u la r  C FS of 
p a tie n ts  suffering  fro m  v a rio u s  neurological an d  p sy c h ia tr ic  conditions. N e u tra l  p ro 
tea se  a c tiv ity  was also d e te rm in e d  in in d iv idual cases. T h e  d a ta  o f m ore th a n  h u n d re d  
su b je c ts  w ith  w ell-defined  c lin ica l conditions w ere e v a lu a te d . Acid p h o sp h a ta se  was 
th u s  a scerta in ed  to  be  p re se n t in th e  CSF, its  a c t iv ity  co rresp o n d in g  to  a p p ro x im a te ly  
one  te n th  o f th a t  in  th e  b lo o d  serum . N eu tra l p ro te a se  a c t iv ity  was n o t d e m o n s tra b le  
in  th e  CSF of h e a lth y  su b je c ts .

A m ark ed  increase  in  a c id  ph o sp h a tase  a c t iv ity  w as fo u n d  in ben ign  o r m alig n an t 
tu m o u rs  o f th e  CNS. P e a k  v a lu e s  were no ted  a  few  h o u rs  before d ea th . N o rm a liza tio n  
o f th e  acid p h o sp h a tase  lev e l en su ed  a fte r  surg ical re m o v a l o f  th e  tu m o u r. A c tiv e  p ro 
tea se  app eared  in  th e  C SF in  th e  case o f tu m o u rs e v en  i f  th e  p H  was norm al. T h is  raises 
th e  possib ility  o f a  tu m o u r  a c t iv ity  o f h ith e rto  u n k n o w n  ty p e , a  long range  e n zy m a tic  
a c t iv ity  in  th e  CNS. T h o u g h  th e  cystic  flu id  o f tu m o u rs  revea led  a h igh  p h o sp h a ta se  
a c t iv ity  in  ev ery  case, th e  cells o f th e  en v iro n m en t, in  ad d itio n  to  th e  tu m o u r  tissue 
itse lf, are also considered  possib le  sources of th e  ly so so m al enzym es u n d e r s tu d y .

T h e  lysosom es a re  a ssu m ed  to  p lay  an  im p o r ta n t  p a r t  in  th e  b rea k d o w n  
o f ow n o r foreign p ro te in s , as w ell as o f c a rb o h y d ra te s  an d  fa ts . T h ese  sub- 
ce llu la r organelles are  c losely  in v o lved  in  cell d iv is io n  (A llison  an d  M a l l u c c i , 
1964), cell d iffe re n tia tio n  ( F a r q u h a r  and  P a l a d e , 1965) an d  cell m e ta 
m o rp h o sis  (D e D u v e  a n d  W a t t i a u x , 1966). O n th e  o th e r  han d , u n d e r  p a th o 
logic co n d itio n s , lib e ra tio n  o f  lysosom al enzym es re p re se n ts  th e  “ fin a l com m on 
p a th w a y ”  of ce llu lar a u to ly s is . T h e  enzym es re le a se d  from  th e  a ffec ted  cells 
m a y  cau se  in ju ry  to  ev e ry  tis su e  (W e is s m a n n , 1967; L a p i s , 1968).

L ysosom es a re  p re se n t in  th e  various cell ty p e s  o f th e  c e n tra l n erv o u s 
sy s tem  ( H o ltzman , 1969). C e rta in  au th o rs  (G o r d o n  e t ah , 1968) a t t r ib u te  a 
ly sosom al c h a ra c te r  to  th e  synap to so m es, to o , w h ich  a re  assum ed to  p la y  an  
e ssen tia l p a r t  in  th e  tra n sm iss io n  of stim u li. W e h a v e  none th e  less little  
know ledge of th e  in v o lv e m e n t o f th e  lysosom es a n d  o f  th e ir  enzym es in  th e  
v a rio u s  path o lo g ica l c o n d itio n s  of th e  c e n tra l  n e rv o u s  system  ( H o l t z m a n , 
1969). T h e  s tud ies w ere f i r s t  focussed on s to ra g e  d iseases inc lud ing  lip idoses 
a n d  m u co p o ly sacch arid o ses  ( W e i s s m a n n , 1964; K o e n i g , 1969) a n d  w ere 
c o n d u c te d  m ain ly  a long  h is to lo g ica l lines, th o u g h  th e re  have  been  re p o r ts  on 
ch an g es  in  th e  lysosom al enzym e levels of th e  C SF , p a r tic u la rly  in  in f la m 
m a to ry  cond itions (G u z o w s k i  an d  K n o b l o c h , 1963; A lle n  a n d  R e a g a n ,
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1964). I t  has th e re fo re  b e e n  so u g h t to  th ro w  lig h t on th e  p a r t  p la y e d  by  th e  
ly so so m es in  v a rious n e u ro p h sy c h ia tr ic  d iseases b y  s tu d y in g  th e  C S F  for acid 
p h o s p h a ta s e  w hich h as  p ro v e d  a lysosom al in d ic a to r  enzym e. E s tim a tio n  o f 
n e u t r a l  p ro tease  w as a lso  c a rr ie d  o u t in  in d iv id u a l cases, in  v iew  o f th e  possible 
p a th o g e n e tic  in v o lv e m e n t o f  th is  lysosom al enzym e, in  a d d itio n  to  its  role as 
a n  in d ic a to r .

Material and m ethods

CSF o b tained  b y  lu m b a r ,  c is te rn a l o r v e n tr ic u la r  p u n c tu re  w as u sed . I n  ad d itio n  to 
o th e r  te s ts , the  to ta l  cell c o u n t,  R B C , an d  th e  b en z id in e  reac tio n  w ere d e te rm in e d  in every 
ca se . W ith  th e  ex cep tion  o f  a c u te  v a scu la r syndrom es a n d  posto p era tiv e  co n d itio n s , cases w ith  
a  p o s i t iv e  benzidine re a c tio n  w ere  excluded  from  e v a lu a tio n , owing to  th e  acid  p h osphatase  
c o n te n t  o f th e  e ry th ro c y te s . I n  th is  m an n e r we h av e  b e en  able to  collect d a ta  fro m  m ore th an  
100 su b je c ts  w ith  w ell-defined  c lin ica l conditions, fa llin g  in to  th e  follow ing g ro u p s: neuroses 
(se rv in g  ac tually  as co n tro ls) , w ith  no evidence o f a n y  o rgan ic  neu ro lo g ica l o r  o f “ m ajo r”  
p s y c h ia t r ic  disease an d  w ith  n e g a tiv e  C SF-findings; p sy ch o ses; ep ilepsy ; c e reb ra l a tro p h y  
a n d  c h ro n ic  vascu lar lesions; in tra c ra n ia l  in f la m m a to ry  a n d  neuroallerg ic  co n d itio n s; acu te  
v a s c u la r  diseases; in tra c ra n ia l  tu m o u rs ;  sp inal p rocesses. In  view  of th e  sm all n u m b e r  o f cases 
su i ta b le  fo r evaluation , a  f u r th e r  b reak d o w n  of th e  m a te r ia l  in to  in d iv id u a l co n d itio n s  did n o t 
re c o m m e n d  itself.

F o r  th e  e stim a tio n  o f a c id  p h o sp h a tase , C alb iochem  Calsul was u sed , fo r  th e  m easure
m e n t  o f  n eu tra l p ro tease , A zocoll (C albiochem , C alif.). T h e  orig inal p ro ced u re s  e lab o ra ted  for 
s e ru m  h a v e  been m od ified  to  so m e e x te n t. Use o f la rg e r  specim ens an d  p ro lo n g a tio n  of the  
in c u b a t io n  tim es allow ed to  c a r ry  o u t  th e  e s tim a tio n s  w ith  th e  necessary  a cc u rac y  despite  
th e  lo w  lysosom al enzym e a c t iv i ty  o f th e  CSF.

F o r  th e  m easu rem en t o f  ac id  p h o sp h a tase  a c t iv i ty  th e  co n ten ts o f  th e  cap su le  (p -n itro - 
p h e n y lp h o sp h a te  and b u ffe r  co m p o n e n ts)  were d isso lved  in  10 m l d istilled  w a te r , a n d  1 m l CSF 
w as a d d e d  to  1 ml o f th e  s u b s tr a te  (p H  5.4). A fter 60 m in u te s  in cu b a tio n  a t  37°C, th e  reac tion  
w as s to p p e d  by the  a d d itio n  o f 4 m l 0.05 N N aO H . T h e  a lk a lin ity  o f th e  m ed iu m  w as in d ica ted  
b y  a  ch ara c te ris tic  change  o f  co lo u r. In  th e  О-m in u te  sam ple  N aO H  w as m ea su re d  prio r to  
th e  a d d it io n  of CSF. T h e  a m o u n t  o f lib e ra ted  p -n itro p h e n o l was d e te rm in e d  in  a  U nicam  
S p e c tro p h o to m e te r  in 1 c m -c u v e tte s  on th e  g rounds o f  th e  ex tin c tio n  a t  405 n m , w ith  th e  aid 
o f  a  c a lib ra tio n  graph. E n zy m e  a c t iv ity  was ca lcu la ted  o n  th is  basis and  ex p ressed , a t  th e  firs t 
a p p ro x im a tio n  in B essey— L o w ry  u n its , one B essey— L o w ry  u n it  being e q u a l to  t h a t  am o u n t 
o f  a c id  ph o sp h a tase  p e r  L  se ru m  or CSF w hich  sp lits  from  p -n itro p h e n y l-p h o sp h a te  1 mM 
p -n itro p h e n o l/h r  a t  37°C (B e s s e y  e t  a l., 1946). Since th e  va lues expressed  in  th is  m an n e r  were 
to o  lo w  in  th e  case of C SF, th e  te n fo ld  va lues o f th e  B e sse y — Low ry u n it w ere  ta k e n  a rb itra rily  
a s  th e  acid -p h o sp h a tase  u n i t  fo r  CSF. On these  g ro u n d s  one CSF ac id  p h o sp h a ta se  u n it  
(C S F A P U ) =  B essey— L o w ry  U n i t  (B L U )x lO .

T h e  serum  acid  p h o s p h a ta s e  level was m easu red  in  0.2 m l sam ples, b y  fo llow ing the  in 
s t r u c t io n s  valid  for Calsul.

F o r  th e  d e te rm in a tio n s  o f  n e u tra l  p ro tease , 25 m g  Azocoll (co llagen-bound  azo-dye) pe r 
t e s t  w a s  suspended in 1 m l 0.05 M p h o sp h a te  b u ffe r, p H  7.5. The m ix tu re  o f  1 m l su b s tra te  
a n d  1 m l C SF was in c u b a te d  a t  37°C fo r 60 m in. T he a m o u n t o f dye l ib e ra te d  b y  th e  p ro tease  
w as d e te rm in e d  p h o to m e tr ic a lly  f ro m  th e  f iltra te  o f th e  re ac tio n  m ix tu re  in  1 cm  c u v e tte s  a t  
580 n m . U n d e r th e  given c o n d itio n s  th e  enzym e a c t iv ity  is re la te d  to  th e  e x tin c tio n .

Results

T h e  procedure o u tl in e d  above p e rm its  to  a sce rta in  th e  p re sen ce  o f acid 
p h o s p h a ta s e  in  th e  n o rm a l C SF, enzym e a c t iv i ty  being  low er b y  one o rd er o f  
m a g n itu d e  th a n  in th e  s e ru m , th a t  is 0.01 to  0.045 B L U  (0.1 to  0.45 C SFA PU ) 
in  t h e  C SF as a g a in s t 0.1 to  0.45 B L U  in  th e  se rum . In  13 o u t  o f  14 cases o f 
th e  n eu ro s is  group, re g a rd e d  as norm al, a c t iv i ty  in  th e  sp inal C SF  w as below
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0.45 C S FA PU , th e  find ings h a v in g  been  checked  b y  re p e a te d  te s ts  in  a n u m b e r 
o f cases. (F ig . 1)

T he v a lu e  fo r th e  c is te rn a l an d  v e n tr ic u la r  CSF w as g e n e ra lly  0.1 
C SFA PU  low er th a n  in  th e  sp in a l CSF.

A s u b s ta n tia l  rise in  th e  enzym e level o f  th e  CSF w as fo u n d  in  tu m o u rs  
of th e  c e n tra l nervous sy s te m , w hile th e  serum  level u su a lly  re m a in e d  u n 
changed . O nly  in  one o u t o f  12 cases d id  th e  C SF-level fail to  a t ta in  0.60

x=Q31 x=0,31 x=0,37 xr0,32 x=0.48 x=0,43 x=5,3 x=0,36 Х-9Л 
N=14 N=7 N=6 N=27 N=7 N=11 N=12 N =19 N=4

Fig. 1. A cid p h o sp h a tase  and  n e u tr a l  p ro tease  levels in  CSF in va rio u s neu ro lo g ica l and 
p sy ch ia tric  cond itions. The d o ts  re p re se n t values fo u n d  in  th e  CSF of p a tie n ts  be long ing  to 
the  in d iv id u a l g roups and  of th e  c o n tro ls  (neurosis g roup). T he con tin u o u s an d  th e  in te r ru p te d  

h o rizo n tal lines m a rk  th e  b o rd er range  of th e  norm al.

C S F A P U . T he rise was d e m o n s tra b le  in  ben ign  an d  m a lig n a n t tu m o u rs  alike.
O n closer analysis o f th e  cases i t  w as fo u n d  th a t ,  p ara lle l w ith  th e  g row th  

o f th e  tu m o u r, in  o th e r w o rd s , w ith  p rog ressive  clin ical d e te r io ra tio n , th e  
enzym e level in  th e  CSF in c reases . F o r in s ta n c e , a c tiv ity  in  th e  C S F  o f a 35 
y e a r  old fem ale p a tie n t, T . I . ,  w ith  re ticu lo sa rco m ato sis , w as 0.65 C S F A P U  on 
N ovem ber 5, 1.1 C SFA PU  on  N o v em b er 18, an d  as h igh as 6.68 C S F A P U  on 
D ecem ber 5, p rio r  to  d e a th .

In  th e  37 y e a r old m a le  p a t ie n t  T . L. w ith  a m u ltifo rm  p a r ie ta l  glio
b la s to m a , th e  enzym e a c t iv i ty  w as 1.15 C S F A P U  on  N o v em b er 21 ; 25.76 
C S F A P U  on D ecem ber 5; a n d  a t ta in e d  th e  excessive level o f 85.1 C S F A P U  by 
th e  d a te  o f h is d ea th , D ecem b er 8. T h is case has n o t been  in c lu d e d  in  the
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tu m o u r  group of F ig . 1 in  v iew  of th e  p resen ce  o f e ry th ro c y te s  in  th e  C SF , 
w ith  s im ila r coun ts o n  D e c e m b e r 5 and  D ecem b er 8 a n d  a p o sitiv e  b enz id ine  
re a c t io n .

A fte r  surgical r e m o v a l o f th e  tu m o u r, a t r a n s i to ry  rise  o f th e  C SF acid  
p h o s p h a ta s e  level w as fo llo w ed  b y  a decline, as in  th e  case of K . J . ,  a 4 y e a r 
o ld  b o y  w ith  an  e p e n d y m o b la s to m a . C SF a c id  p h o sp h a ta se  m easu red  0.9 
C S F A P U  p re o p e ra tiv e ly , 1.72 on th e  3rd , 0.8 o n  th e  5 th  a n d  0.54 C S F A P U  
o n  th e  14 th  p o s to p e ra tiv e  d a y .

T h e  values fo u n d  in  c y s tic  fluids o f tu m o u rs  w ere excessively  h igh  in  
e v e ry  case.

T h e  values o b ta in e d  in  th e  o ther g roups w ere  inconclusive ow ing to  th e  
sm a ll  n u m b er of cases. I t  w as, how ever, re m a rk a b le  th a t  in  a c u te  v a sc u la r  
c o n d itio n s  no s ig n ifican t e le v a tio n  has b een  fo u n d  d esp ite  th e  p resence  of 
n u m e ro u s  e ry th ro cy te s  in  th e  C SF and  th e  p o s it iv i ty  o f th e  b enz id ine  reac tio n . 
I n  th e  group of in f la m m a to ry  an d  neuroallerg ic  d iseases, th e  va lu es  w ere in  
e x cess  o f 0.45 C SFA PU  in  6 o u t  o f 7 cases.

I n  opposition  to  a c id  p h o sp h a tase , no n e u tra l  p ro tea se  a c t iv i ty  w as d e 
m o n s tra b le  in  th e  C SF o f h e a lth y  sub jects. W ith  th e  ex cep tio n  of th e  tu m o u r  
g ro u p , i t  was a b se n t in  th e  o th e r  groups, to o . H o w ev er, in  th e  tu m o u r  group  
i t s  a c t iv i ty  in  th e  C SF  as w ell as in  th e  cy stic  f lu id  o f tu m o u rs  w as sign if
ic a n t ly  increased.

Discussion

F o r  th e  m e a su re m e n t o f  th e  lysosom al in d ic a to r  enzym e, ac id  p h o s p h a t
a se , C alsu l (C albiochem ) h a s  b een  applied , n o t  o n ly  because its  use is sim ple 
a n d  s ta n d a rd iz e d  a n d  th e  re su lts  are th e re fo re  rep ro d u c ib le  w ith o u t an y  
d if f ic u lty , b u t also b ecau se  i t  con ta ins p -n itro p h e n y lp h o sp h a te  as su b s tra te  
w h ic h  gives a low a c t iv i ty  w ith  certa in  a c id  p h o sp h a ta se  isoenzym es, in  
p a r t ic u la r  w ith  tho se  o f  e ry th ro c y tic  or p ro s ta t ic  o rig in . W hile th e  id ea l su b 
s t r a t e  fo r  th e  p ro s ta tic  iso en zy m e is a lp h a -n a p h th y lp h o sp h a te , th e  e ry th ro 
c y tic  p h o sp h a ta se  gives th e  h ig h es t ac tiv ities w ith  p h en o lp h th a le in  p h o sp h a te  
( B a b s o n  e t al., 1959). T h is  e x p la in s  w hy no s ig n if ic a n t e lev a tio n  in  a c t iv i ty  w as 
d e m o n s tra b le  by  th e  u se  o f  C alsu l even in  a c u te  v a sc u la r  cond itions.

O n  th e  o th e r h a n d , as  show n in our e a rlie r  s tu d ie s , th is  s u b s tra te  lends 
i t s e l f  to  th e  m easu rem en t o f  lysosom al p h o sp h a ta se s  u n d e r n o rm al a n d  a b 
n o rm a l conditions a like  (S z i l á g y i  e t al., 1973).

N o rm al blood p la sm a  is know n to  h a v e  a m a rk e d  p ro tease  in h ib ito ry  
a c t iv i ty .  T he p ro tease  in h ib i to r  com plex fails to  sp lit  p ro te in s  b u t  sp lits  sy n 
th e t i c  su b s tra te s  of sm a ll m o lecu la r w eight (S n o d g r a s s , 1970). S ince a CSF- 
p ro te a s e ,  to  be of a n y  in te r e s t ,  m u st be m e a su ra b le  even  in  th e  p resence  o f 
la rg e  m o lecu lar p ro te in  s u b s tra te s , we used  A zocoll for th ese  s tu d ies .
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T h e p ro ced u re  app lied  a llow ed  to  d e te rm in e  th e  p resence  o f  a c id  p h o s 
p h a ta s e  in  th e  CSF of h e a lth y  su b je c ts , its  enzym e a c tiv ity  b e in g  g en era lly  
below  0.45 C S FA PU . In  v a rio u s  p a th o lo g ic  cond itions th e  v a lu e s  ra n g e d  
b e tw een  0.45 an d  0.6 C S F A P U  w ith o u t be in g  ty p ic a l of th e  in d iv id u a l d isease . 
In  c o n tra s t , in  tu m o u rs  o f th e  c e n tra l n e rv o u s sy stem , enzym e a c t iv i ty  w as 
g en era lly  in  excess of 0.6 C S F A P U  an d , as confirm ed  b y  re p e a te d  m e a su re 
m e n ts , in  in d iv id u a l cases i t  a t ta in e d  25 to  85 C SFA PU .

T h e  ac id  p h o sp h a ta se  leve l w as n o t s ig n ifican tly  a ffec ted  b y  th e  p resen ce  
o f  e ry th ro c y te s . G row th  of th e  tu m o u r  a n d  d e te rio ra tio n  o f th e  g e n e ra l co n 
d itio n  w ere genera lly  m ark ed  b y  ris in g  a c tiv itie s . On th e  o th e r  h a n d , su rg ica l 
rem o v a l o f th e  tu m o u r w as fo llow ed, a f te r  a tra n s ito ry  increase , b y  a te n d e n c y  
o f  n o rm a liz a tio n  o f th e  o rig in a lly  h igh  v a lu es .

N e u tra l p ro tease  w as also  d e m o n s tra b le  in  th e  CSF o f tu m o u r  b ea rin g  
su b je c ts . N e u tra l p ro teases o r ig in a tin g  in  th e  lysosom es seem  to  be  o f  a p a th o 
gene tic  sign ificance, a t  le a s t as fa r  as h u m a n  leucocy tes are  co n cern ed  ( J a n o f f  
a n d  Z e l i g s , 1968). This p o ss ib ility  m a y  a p p ly  to  th e  p re se n t case as w ell, since 
th e  p ro tea se s  w hich  o p era te  a t  physio log ica l p H -levels  m a y  w ell a ffe c t th e  
p ro te in  c o n s titu e n ts  of th e  l ip o p ro te in  m em b ran es of th e  v a rio u s  e lem en ts  of 
th e  c e n tra l n erv o u s sy stem . M oreover, th ese  find ings ra ise  th e  p o ss ib ility  of a 
h i th e r to  un k n o w n  effect o f tu m o u rs  o f th e  c e n tra l nervous sy s te m , n a m e ly  an  
en z y m a tic  a c tiv ity  o p e ra tin g  a t  a d is tan ce , since th e  enzym es f in d in g  th e ir  w ay 
in to  th e  C SF m ay  well a ffec t n e rv o u s  s tru c tu re s  a t  a long d is ta n c e  fro m  th e ir  
s ite s  o f re lease.

E le v a tio n  o f  th e  lysosom al enzym e levels in  th e  C SF a sso c ia te d  w ith  
tu m o u rs  m a y  he  connected  b e y o n d  d o u b t w ith  th e  tu m o u r  i ts e lf  o r  w ith  th e  
in ju re d  cells in  its  n e ig h b o u rh o o d . A ccord ing ly , we h av e  to  co n sid e r v a rio u s 
possib ilities  as regards th e  source  of th e  increased  a m o u n t. F ir s t  o f a ll, th e y  
m a y  derive  from  th e  v e ry  cells o f th e  tu m o u r , a su p p o sition  b e in g  in  a g reem en t 
w ith  th e  f in d in g s o f Cl a u s e n  (1963) w ho w as able to  d e m o n s tra te  tw o  acid 
p h o sp h a ta se  isoenzym es (a lp h a  a n d  b e ta  ty p es) in  n o rm al c e re b ra l tissue . 
M eningeom as are  m ark ed  b y  a h igh  a lp h a  a c tiv ity  an d  n e u rin o m a s  b y  th e  
p resen ce  o f th re e  isoenzym es.

Since h y p o x ia  o f th e  c e n tra l  a reas  of th e  tu m o u r re sp ite  in  n ec rob iosis , 
th e  n ec ro tiz in g  cells m ay  also  re p re se n t a p o te n tia l source o f th e  ly sosom al 
enzym es. T h e  find ing  o f excessive ac id  p h o sp h a ta se  levels in  th e  c y s tic  flu id  of 
tu m o u rs  lends su p p o rt to  th is  p o ss ib ility .

F in a lly , th e  excess of ly so so m al enzym es m ay  h av e  its  so u rc e  in  th e  
im m e d ia te  v ic in ity  of th e  tu m o u r , as sugg ested  b y  th e  f in d in g  o f h ig h  acid  
p h o sp h a ta se  a c tiv ity  d em o n strab le  by  h is to ch em ica l p ro ced u res  in  th e  reac tiv e  
glia  con tig u o u s to  th e  tu m o u r  (S c h i f f e r  e t a l., 1967).

T he increased  enzym e levels n o te d  in  in fla m m a to ry  a n d  n eu ro a lle rg ic  
co n d itio n s  m ay  well o rig in a te  from  th e  lysosom es of th e  leu k o cy te s .
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I t  is believed t h a t ,  la rg e ly  as a re su lt o f  th e  h ig h  sen s itiv ity  o f th e  p ro 
c e d u re s  used  fo r en z y m e  d e te rm in a tio n , th e  p re se n t d a ta  m ig h t p ro v id e  
p ra c tic a l  in fo rm a tio n , a d d in g  th u s  to  th e  la b o ra to ry  p rocedures fo r th e  
d iag n o s tic s  of n e o p la s tic  d iseases of th e  c e n tra l  n e rv o u s  system .
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STUDY OF THE KINETICS OF IODINE HORMONES 
BY ABSORPTION SPECTROPHOTOMETRY

K l á r a  G. B a r t h a

INSTITUTE OF BIOPHYSICS, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

R e ce iv e d  M ay 5, 1972

T he re la tio n sh ip  b e tw ee n  th e  d is trib u tio n  o f a c t iv ity  o f  th e  in d iv id u a l iodine 
horm one com p o n en ts  and  th e  iod ine  horm one k in e tics  o f  th e  b o d y  was stu d ied . I t  was 
also so u g h t to  ascerta in  how  m a n y  of the  tw o, th ree  o r  fo u r iod ine su b s titu en ts  o f the  
iodine ho rm o n e  m olecule a re  rad io a c tiv e . The p ro p o rtio n  of a c tiv e  an d  inac tive  iodine 
horm one co m p o n en ts  of th e  th y ro id  was stu d ied  by  ra d io -a u to c h ro m a to g ra p h y  a n d  by  
ab so rp tio n  sp e c tro p h o to m e try . T h e  results m ay  be su m m ed  u p  as follow s:

1. T h e  percen tage  d is tr ib u tio n  of inac tive  ho rm o n es fo u n d  d u rin g  th e  period  of 
s tu d y  was c o n s ta n t and in  c o n fo rm ity  w ith  p u b lish ed  ev idence .

2. T h e  p ro p o rtio n  of a c t iv e  iodine horm one co m p o n e n ts  f lu c tu a te d  w ith in  th e  
range in d ic a tiv e  o f a  d y nam ic  eq u ilib riu m . The re su lts  m ay  be reg ard ed  as in fo rm ativ e  
o f th e  k in e tic s  o f  p ro d u c tio n  o f  iod ine  horm ones an d  o f th e ir  m obiliza tion .

3. T h e  re su lts  su p p o rt th e  claim  th a t  th ere  is o n ly  a  single ac tiv e  iodine su b 
s ti tu e n t on  th e  iodine h o rm o n e  m olecule.

4. T h e  in d iv id u a l a c tiv e  iod ine horm one co m p o n en ts  a t ta in  th e  va lues c h arac 
te ris tic  o f th e  d y n am ic  e q u ilib r iu m  of inac tive  iodine h o rm o n es by  th e  end of ap p ro x i
m ate ly  24 h o u rs .

In  th e  la s t  decades, ch ro m a to g ra p h y  co m b in ed  w ith  rad io iso tope  
tech n iq u es  h as  becom e c u rre n t fo r  th e  m easu rem en t o f iod ine  com pounds of 
th y ro id , b lood , u rin e  an d  sa liv a  [2, 5]. T hough  n u m ero u s  resu lts  h av e  been 
ach iev ed  b y  th is  m e th o d , s till i t  has to  be com bined  in  m a n y  cases w ith  non- 
rad io ac tiv e  p h y s ica l or chem ica l procedures of som e k in d . F o r in s tan ce , d is
tr ib u tio n  of th e  a c tiv ity  o f th e  ind iv idual h o rm o n e  com p o n en ts  does no t 
necessarily  re fle c t th e ir  rea l d is tr ib u tio n , p a r tic u la r ly  d u rin g  th e  f irs t hours 
a f te r  a d m in is tra tio n  o f th e  iso to p e . This m akes a n  a d d itio n a l d e te rm in a tio n  of 
th e  d is tr ib u tio n  o f in ac tiv e  io d in e  horm ones n ecessa ry . T hese m easu rem en ts  
a re  u sua lly  ca rr ied  o u t b y  m ic ro a n a ly tic a l p ro ced u res  req u ir in g  special lab o 
ra to r ie s  of m e ticu lo u s c lean liness.

T he ap p lic a tio n  of sp e c tro p h o to m e try  [4] in  th is  fie ld  n o t on ly  prov ides 
fo r  q u a n ti ta t iv e  d e te rm in a tio n  b u t  also p e rm its  to  follow  th e  k in e tics  of 
h o rm o n e -p ro d u c tio n  b y  th e  th y ro id  gland. T h e  jo in t  ev idence  of sp e c tro p h o to 
m e try  an d  ra d io c h ro m a to g ra p h y  offers in fo rm a tio n  on th e  n u m b e r of ra d io 
ac tiv e  iodine a to m s  a t  p o s itio n s  2, 3 or 4, fu r th e rm o re  on  th e  tim e  elapsing  
fro m  th e  a d m in is tra tio n  of 131I  u n t i l  th e  e s ta b lish m e n t o f a h o rm o n a l dynam ic  
eq u ilib riu m  fo r th e  ra d io a c tiv e  iodine. (A h o rm o n a l d y n am ic  equ ilib rium
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m e a n s  t h a t  th e  c o n d e n sa tio n  o f m ono  a n d  di-iod  o ty ro s in e  re p re se n tin g  the  
p r e l im in a ry  phases p ro ceed s a t  th e  r a te  as th e  re le a se  in to  th e  c ircu la tio n  o f 
tr i- io d o th y ro n in e  an d  th y ro x in e .)  T h is m a y  re su lt in  a c o n s ta n t  p ro p o rtio n  
c h a ra c te r is t ic  of th e  g iv en  in a c tiv e  iod ine horm one.

S p e c tro p h o to m e tric  m e a su re m e n t o f th e  c o n c e n tra tio n  o f  iod ine h o r
m o n e s  a n d  sep ara tio n  o f  th e  in d iv id u a l com ponen ts are  b a se d  on th e  fa c t th a t  
on  o p t ic  in d u c tio n  th e  fo u r  io d in e  ho rm ones ex h ib it an  u ltra v io le t  lig h t ab 
s o rp tio n  re la te d  to  th e  n u m b e r  o f b en zen e  rin g s a n d  o f th e  iod ine  su b s titu e n ts , 
a n d  t h a t  th e  m ax im um  o f th e  a b so rp tio n  b a n d  sh if ts  to  th e  ra n g e  o f longer 
■waves in  accordance w ith  th e  n u m b e r  of rad ica ls  s u b s ti tu te d  on  th e  benzene 
r in g s  [1 , 6 —9].

M ethods and  R esults

I n  en zy m atic  ho m o g en isa tes  o f r a t  th y ro id  g lands th e  re le a se d  iod ine  ho rm o n es were 
s e p a ra te d  b y  th in -lay er c h ro m a to g ra p h y  a n d  th e  p ro p o rtio n  of a c tiv e  a n d  in a c tiv e  h o rm ones 
w as d e te rm in e d . The a c tiv ity  d is tr ib u tio n  g rap h s of th e  th in - la y e r  c h ro m a to g ra m s w ere sub 
m it te d  to  a u to m a tic  analysis [3]. T h e  p e rcen tag e  d is tr ib u tio n  of th e  ho rm o n e  co m p o n en ts  was

F ig .  1.  A b so rp tio n  of ty ro s in e  a n d  o f  iod ine  horm ones (M easurem en ts w ith  U N IC A M  SP-700
a p p a ra tu s )
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Fig. 2. C orrelation  be tw een  e x tin c tio n  an d  co n ce n tra tio n  of iodine ho rm one so lu tio n s , 
m easu red  a t  w av elen g th s o f p eak  a b so rp tio n

d e te rm in e d  by  p lan im etry  of th e  a rea s o f peak  ac tiv ity . T he s ites o f  ad so rp tio n  w ere id en tif ie d  
b y  ra d io a u to g ra p h y . A fte r d e lim in a tio n  o f these a reas, th e  co m p o n en ts  w ere iso la te d , d is
so lved  in 2 n  am m onia  and  th e  a b so rp tio n  sp ec tra  o f th e  so lu tio n s th u s  o b ta in e d  w ere ex am in ed  
w ith  an  SF-4  and  an  U N IC A M  SP-700 m o n o ch ro m ato r. T he re su lts  were s im ila r on  b o th  
a p p a ra tu se s .

F o r th e  d e te rm in a tio n  o f th e  ab so rp tio n  m ax im a  o f th e  in d iv id u a l c o m p o n en ts , 10 
m o l/L  so lu tions were p re p a re d  from  each  of th e  fo u r h o rm o n es an d  th e  a b so rp tio n s  w ere 
m easu red  in  th e  range  of 250 n m  to  360 nm . These re su lts  a re  p re sen te d  in F ig . 1. A s i t  c an  be 
seen , th e  a b so rp tio n  m ax im u m  fo r th e  basic  co m pound , p -o x y p h en y la lan in e  ( ty ro s in e )  is 
s i tu a te d  a t  297 nm , th a t  for m on o -io d o ty ro sin e  w ith  as single iod ine su b s ti tu e n t  (T t ) a t  303 nm , 
fo r d i-iodo ty rosine  (T 2, w ith  a  single ty ro s in e  ring  b u t  w ith  tw o  iodine su b s titu e n ts  a t  p o sitio n s 
3 a n d  5, a t  310 nm . O f th e  co m p o u n d s w ith  tw o ty ro s in e -rin g s , tri- io d o ty ro n in e  (T 3) h a s  its  
m ax im u m  ab so rp tio n  a t  320 n m  a n d  te tra -io d o ty ro n in e  ( T t th y ro x in e )  a t  326 n m . T h e  a b 
so rp tio n  b an d s  are a p p ro x im a te ly  25 to  30 nm  wide. The sh if t  to  th e  r ig h t is o f th e  o rd e r  o f  5 
to  7 n m  if th e  n u m b er o f iod ine su b s ti tu e n ts  changes b y  one a n d  o f th e  o rder o f 10 i f  th e  rin g s 
increase  in  num ber.

Since these  peaks are close to  each  o th er, th e  a b so rp tio n  ran g es overlap , g iv ing  a  60 nm  
w ide overall abso rp tio n  w ith  a  m ax im u m  a t  317 n m  fo r th e  ho rm one m ix tu re . F ro m  th is  it 
follow s th a t  th e  sp e c tro p h o to m etric  v a lu e  of a h o rm o n e  m ix tu re  rep re sen ts  th e  to ta l i ty  o f  th e  
e x tin c tio n  va lues o f its  c o n s titu e n ts , th e re fo re  i t  is n o t c h a ra c te ris tic  o f  an y  of th e  co m p o n en ts . 
T he in crem en ts  in ab so rp tio n  a t  w av elen g th s sh o rte r  th a n  250 n m  m u st be a sc rib ed  to  th e  
h ig h  ab so rp tio n  of th e  (2n H 4N O H ) so lven t.

In  th e  in d iv id u a l frac tio n s  o f th e  th y ro id  h o m o g en isa tes , th e  c o n ce n tra tio n s  were 
a lw ay s m easu red  a t  th e  w a v e le n g th  correspond ing  to  th e  ab so rp tio n  m ax im a  in  F ig . 1, as 
follow s. T he ab so rp tio n s o f iod ine  h o rm ones o f know n  c o n c e n tra tio n  (10 to  50 m g /L ) in  am m o 
n iu m  so lu tion  were ex am ined  a n d  th e  re su lts  served fo r th e  c o n stru c tio n  of c a lib ra tio n  g ra ip h s 
(F ig . 2). I t  w as to  these  t h a t  th e  e x tin c tio n  of th e  horm one so lu tio n s o f unkn o w n  c o n ce n tra to n -  
w as th e n  referred .

Since th e  p rocedure  covers th e  to ta l i ty  o f th y ro id  h o rm o n es , th e  d is tr ib u tio n  o f  th e  
h o rm o n e  frac tio n s re flec ts  th e  s ta te  o f d y n am ic  e q u ilib riu m , if  th e  whole a m o u n t o f th e  four 
h o rm o n es in  th e  th y ro id  is ta k e n  as 100% . In  o rd er to  co rre la te  th ese  values w ith  th e  ra d io 
a c tiv e  horm one d is tr ib u tio n , th e  p e rcen tag e  of ac tive  iod ine h o rm ones w as also d e te rm in e d . 
C om parison  of these re su lts  is seen  in  T ab le  I w here each  fig u re  rep re sen ts  th e  m ea n  o f  100 
m easu rem en ts . Fig. 3 gives th e ir  g rap h ica l re p re sen ta tio n .
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D iscussion

F ro m  Table I  a n d  F ig . 3 i t  em erges th a t ,  as ex p ec ted , th e  p ercen tag e  
d is t r ib u t io n  of th e  in a c tiv e  horm ones w as id e n tic a l th ro u g h o u t, th e  va lu es  for 
t h e  in d iv id u a l h o rm o n e  co m p o n en ts  be ing  in  a g reem en t w ith  th o se  fo u n d  in  
th e  l i te ra tu re  [10]. T h e  p e rcen tag e  d is tr ib u tio n  o f  th e  ac tiv e  h o rm o n e  com 
p o n e n ts  flu c tu a te s  in  th e  n e ig h b o u rh o o d  o f th e  v a lu es  in d ica tiv e  o f  a dynam ic  
e q u ilib r iu m , these f ig u re s  re flec tin g  th e  k in e tic s  o f  p ro d u c tio n  o f  th e  ac tive  
c o m p o n e n ts  on th e  one  h a n d  an d  th e ir  m o b iliz a tio n  from  th e  th y ro id , on th e  
o th e r .

I n  Fig. 3 i t  can  a lso  h e  seen th a t  a t  v a lu e s  b ey o n d  24 h o u rs  T 2 increases 
a n d  T x decreases. T h e  ca u se  of th is  m ig h t b e  t h a t  d i-io d o ty ro sin e , while

Table I

2 hours 6 hours 24 hours 48 hours 72 hours

T , labelled 39.3 ±  1.7 21.3 ±  1.1 24.9 ±  2.2 27.9 ±  0.9 32.1 ±  1.6
inactive 22.6 ±  1.2 23.5 ±  1.8 23.4 ±  1.3 24.0 ±  1.5 24.9 ±  3.2

T , labelled 45.2 ±  1.7 58.5 ±  3.1 52.8 ±  4.5 46.7 ±  2.5 41.4 ± 3 .1
inactive 52.7 ±  1.9 52.8 ±  2.3 51.5 ±  2.8 52.2 ±  2.2 52.7 ±  1.9

labelled 5.4 ±  0.4 5.4 ± 0 .7 5.4 ±  0.3 5.1 ±  0.8 4.3 ±  0.6
inactive 3.7 ±  0.3 3.9 ± 0 .5 3.5 ±  0.2 3.6 ±  0.4 3.6 ±  0.4

T , labelled 10.2 ±  1.0 15.5 ±  0.5 17.7 ±  1.1 20.0 ±  0.8 21.9 ±  1.1
inactive 20.4 ±  0.9 19.8 ±  1.6 20.6 ±  0.8 20.1 ±  0.2 19.2 ±  1.5

F ig .  3.  T im e re la tionsh ips o f  p e rce n ta g e  d is tr ib u tio n  o f in ac tiv e  and  of rad io -io d in e  horm ones 
in  th e  th y ro id  gland. F u ll c irc les re fe r to  in ac tiv e , e m p ty  circles to  ac tiv e  iod ine  horm ones. 

E ac h  p o in t  re p re se n ts  th e  m ain  o f 100 m easu rem en ts
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fo rm ing  th y ro x in e  in  la rg e  a m o u n ts  as a re su lt o f  c o n d en sa tio n , is a t  th e  sam e  
tim e  in v o lv ed  in  th e  sy n th e s is  o f T 3. M oreover, i t  m a y  be  co n v erted  to  m ono- 
io d o ty ro sin e  as a re su lt o f  d e-io d in a tio n . C loser a n a ly s is  o f th e  k in e tic s  o f  th is  
p rocess is in  progress.

L ikew ise w ith  re fe ren ce  to  th e  p e rcen tag e  d is tr ib u tio n  o f a c tiv e  a n d  
in ac tiv e  T 3 an d  T 4 b e y o n d  24 ho u rs , i t  m u s t be em p h asized  th a t ,  as show n  in  
Fig. 3, m easu rem en ts  o f  rad io -io d in e  d is tr ib u tio n  a n d  th o se  of to ta l  h o rm o n e  
d is tr ib u tio n  gave th e  sam e  p ro p o rtio n . T h is co n firm s th e  generally  a c c e p ted  
b u t  n o t conclusively  p ro v e d  claim  th a t  only  one sing le  rad io iod ine  can  b e  in 
c o rp o ra te d  in to  th e  sam e  h o rm o n e  m olecule. W ere  th is  n o t so, th e n , on  th e  
g rou n d s of a c tiv ity  d is tr ib u tio n , th e  horm one c o m p o n en ts  w ith  tw o , th re e  or 
fou r iod ine su b s titu e n ts  w o u ld  show  tw o-, th ree -  o r  fo u r-tim es h igher a c tiv itie s .
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CLINICAL AND HISTOPATHOLOGICAL STUDIES 
OF HUMAN RENAL DISEASE IV. 

RELATIONSHIPS OF RENAL ARTERIAL 
FIRROELASTOSIS, GLOMERULONEPHRITIS 

AND ARTERIAL HYPERTENSION

I .  V arga , E dit  B eregi

SECOND DEPARTMENT OF MEDICINE AND RESEARCH DEPARTMENT OF GERONTOLOGY, 
SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

R ece iv ed , O ctober 6, 1972

I t  is concluded  from  h is to p a th o lo g ica l a n d  c lin ical d a ta  o f 55 p a tie n ts  w ith  ren a l 
d isease  t h a t  fib roelastosis o f  th e  re n a l a rte rie s  m a y  develop in d ep e n d en tly  o f  a r te r ia l  
h y p e rte n s io n , p re su m ab ly  as a  re su lt o f th e  p r im a ry  process. E v o lu tio n  o f th e  v a sc u la r  
change  is closely re la te d  to  th e  d u ra tio n  of th e  p rocess. T h ough  i t  m ay  occu r in  a n y  age 
g ro u p , i t  seem s to  be p re v a le n t  in  ad v an ced  age. I t  fails to  revea l a n y  re la tio n sh ip  w ith  
sp asm s or sclerosis o f th e  re tin a l  vessels. T h ere  is no clinical sign w hich  m ig h t  be  re 
g a rd ed  as conclusive o f th e  c o n d itio n  of th e  re n a l v a sc u la r  system .

E lec tro n  m icroscopy  m ay  rev ea l changes o f  th e  g lom eru lar b a se m e n t m em b ran e  
as well as o f th e  ep ith e lia l a n d  en d o th e lia l cells e v en  in  th e  case o f n eg ativ e  l ig h t  m ic ro 
scopic find ings. These changes m ay  be con secu tiv e  to  earlie r g lo m eru lo n ep h ritis  o r  to  
a r te r ia l  h y p e rte n sio n  a n d  a c c o u n t fo r th e  p resence  o f p ro te in u ria  ev en  i f  l ig h t  m icro 
scopy  fails to  revea l a n y  g lo m eru la r ab n o rm a lity .

In tim a i fib rosis o f th e  m in o r ren a l a r te r ie s  w ith  lam ella r h y p e rp la s ia  of 
th e  e lastic  m em b ran e  is a com m on  fin d in g  in  a r te r ia l h y p e rte n s io n . T h e  re 
la tio n sh ip  be tw een  th e  re n o v a sc u la r  ab n o rm a litie s  an d  a r te r ia l h y p e r te n s io n  
is, how ever, s till co n tro v ers ia l. B ell [3] ascribes th e  in tim a i th ic k e n in g  o f  th e  
in te r lo b u la r  a r te rie s  to  a re d u p lic a tio n  of th e  e lastic  fib re  w hich, on  i ts  p a r t ,  is 
c lose ly  ag e -re la ted , b u t  u n re la te d  to  a r te r ia l h y p e rten s io n , th o u g h  en h an c in g  
i ts  p ro d u c tio n . A ccording to  B ell  [3] th e  inc idence  o f a therosc le rosis  increases  
w ith  a d v an c in g  age, on th e  o th e r  h a n d  an  in c reased  b lood  p ressu re  is a sso c ia ted  
w ith  a h ig h er incidence o f a th erosc le rosis . I n  re n a l b iopsy  m a te r ia l o f  h y p e r 
ten s iv e  su b je c ts  o b ta in ed  in  th e  course o f sy m p a th e c to m y  Castlem an  an d  
S mithwick  [5] fo u n d  th e  m in o r ren a l vessels en tire ly  u n affec ted  in  4 0 %  o f th e  
cases. T h is is c o n s is te n t w ith  th e  o b se rv a tio n s o f  H eptinstal  [9]. O n  th e  o th e r 
h a n d , acco rd in g  to  th e  p o s t-m o rte m  find ings re p o rte d  b y  A l l e n [1], k id n e y s  of 
h y p e rte n s iv e  su b jec ts  h a rd ly  ev er fa il to  re v e a l v a sc u la r  a b n o rm a litie s . B aló 
a n d  Róna [2] reg a rd  la m e lla r  fib roe lasto sis  as a ty p ic a l v a sc u la r  p a t t e r n  in  
h y p e rte n s iv e  d isease a n d  ch ro n ic  g lo m eru lo n ep h ritis , an d  consider th e  increase  
in  b lood  p re ssu re  as th e  re sponsib le  fac to r . T h is  in te rp re ta tio n  w h ic h  agrees 
w ell w ith  th e  basic  lines o f  c o n d u c t in  th e  th e ra p y  o f h y p e rten s io n  a c c o m p a n y 
in g  ch ro n ic  n ep h ritis , w h ich  seeks to  c o u n te ra c t b y  h y p o ten siv e  m e a su re s  th e
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d ev e lo p m e n t of re n o v a s c u la r  sclerosis, in  o th e r  w ords, o f secondary  ischaem ic 
d a m a g e  to  th e  re n a l p a re n c h y m a .

I n  ren a l b io p sy  m a te r ia l  m arked  v a s c u la r  ab n o rm alitie s  w ere fo u n d  in  
se v e ra l instances w h e re  n e ith e r  ligh t m icro sco p ic , n o r im m u n o flu o rescen t 
s tu d ie s  h ad  rev ea led  a n y  sign  o f ac tiv e  g lo m eru lo n ep h ritis , b io p sy  h av in g  
b e e n  in d ica ted  on th e  b a s is  o f p ro te in u ria  o r  m icroscopic h a e m a tu r ia . In  
o rd e r  to  find  an  in te rp re ta t io n  for th e se  fin d in g s , i t  seem ed n ecessa ry  to  
re v ie w  th e  clinical a n d  h is to lo g ica l d a ta  o f a ll cases w here a b iopsy  d one  fo r th e  
su sp ic io n  of g lo m eru lo n ep h ritis  h ad  con firm ed  th e  p resence o f fib ro e las to s is  or 
o f  a lam e lla r h y p e re la s to s is  o f  th e  in te r lo b u la r  a r te rie s .

T h e  d a ta  o f o u r  p a t ie n t  m ateria l o f  55 cases h av e  been  a n a ly z e d  to  
a n sw e r  th e  follow ing q u estio n s .

1. W h a t a re  th e  re la tio n sh ip s  be tw een  th e  ren o v ascu la r ab n o rm a litie s , 
th e  age  of th e  p a tie n ts  a n d  th e  d u ra tio n  o f  th e i r  disease ?

2. H ow  fa r  a re  th e  ab n o rm alities  o f th e  re n a l a r te rie s  re la te d  to  blood 
p re s su re  ?

3. Is  th e re  a n y  p a r t ic u la r  clinical sign  w h ich  m ig h t be reg a rd ed  as con
c lu s iv e  o f v ascu la r n e p h ro p a th y ?

T h e  clinical, h is to lo g ica l, im m unoh isto lo g ica l an d  elec tron  m icroscopic 
m e th o d s  ap p lied  in  th e s e  s tu d ie s  have b een  d esc rib ed  earlier [4]. I n  ad d itio n  
to  re n a l  b iopsy , an  im m u n o h isto lo g ica l s tu d y  w as p erfo rm ed  in  ev e ry  case and  
e le c tro n  m icroscopy in  25 o f  th e  55 cases.

R esults

In  5 of th e  55 p a t ie n ts  G F R  and  c o n c e n tra tio n  cap ac ity  w ere red u ced  
b u t  n o n e  of th em  w ere  a z o ta e m ic .

T h e  g lom eru lar c h a n g e s  revealed  b y  lig h t  m icroscopy an d  im m u n o - 
h is to lo g ica lly  allow ed to  c lassify  th e  p a tie n ts  in to  th e  follow ing g roups.

a )  m em b ran eo u s g lo m eru lo n ep h ritis : 31 cases ;
b)  m e m b ra n o p ro life ra tiv e  g lo m eru lo n ep h ritis : 4 cases;
c)  m em b ran eo u s g lo m eru lo n ep h ritis  -)- p y e lo n e p h ritis : 2 cases;
d )  chronic g lo m e ru lo n e p h ritis : 3 cases;
e)  am yloidosis: 2 cases;
f )  focal g lom eru losc lerosis w ith  im m u n o h isto lo g ica l find ings: 7 cases;
g )  no rm al lig h t m icroscop ic  g lom eru lar p a t te r n :  6 cases.
T h e  m orphology  o f g lo m eru lonephritis  is o u ts id e  th e  scope o f th e  p re se n t 

p a p e r  w hich  will be c o n fin e d  to  the  d iscussion o f  v a scu la r  ab n o rm a litie s . On 
th e  ev idence  of th e  l ig h t m icroscop ic  find ings, a r te r io la r  lesions w ith  th ic k e n in g  
o f  th e  w all due to  h y a lin  d ep o sits  and  n a rro w in g  o f  th e  lum en  w ere p re se n t in  
4 o u t  o f  55 cases. I n  th e se  fo u r  cases th e  m a jo r  a r te r ie s  w ere u n a ffec ted . In  8 
cases th e  a rte rio la r lesions w ere  associated w ith  fib ro e las to s is  o f th e  in te r lo b u la r
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F ig. 1. E le c tro n  m ic ro g rap h . T he g ro u n d  sub stan ce  of th e  b a se m e n t m em brane  co n ta in s  a 
m a te ria l s im ilar in  i ts  s tru c tu re  to  ep ith e lia l cy to p lasm  (E p ) . F u s io n  of th e  fo o t p rocesses 

(F p ) o f  th e  ep ith e lia l cells. (H itac h i H U -10 e le c tro n  m icroscope; X 19775)

a rte rie s , w hile in  th e  re s t  on ly  fib roelastosis o r la m e lla r  hypere lasto sis  o f  th e  
in te r lo b u la r  a r te ry  w as d em o n strab le . In  th e  cases w here  g lo m eru lo n ep h ritis  
o f th e  ty p e s  lis te d  above w as accom pan ied  b y  v a sc u la r  ab n o rm alitie s , im m u n o - 
h isto logy  rev ea led  on th e  b asem en t m em b ran e  IgG -, C, an d  in  a n u m b e r o f 
cases IgM -deposits , w hile th e  vessels w ere free from  im m une  deposits . I n  th e  
cases w here  v ascu la r  ab n o rm a litie s  were n o te d  w ith o u t g lo m eru lo n ep h ritis , 
n e ith e r  th e  g lom eruli n o r th e  v a scu la r  walls rev ea led  a n y  im m une a c tiv i ty . In  
5 o f th ese  cases th e re  w as lig h t m icroscopic ev idence  o f  a sligh t g lo m eru la r 
m esang ia l co n n ec tiv e  tissu e  h y p erp las ia , in  th e  o th e r  cases no g lo m eru la r 
change w as d em o n strab le .
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F ig . 2 . E lec tro n  m ic ro g rap h . F in ger-like  p ro jec tio n s  (-»-) o f  an  en d o th e lia l cell (E n d )  in to  the  
b a s e m e n t  m em brane (B m ). In v a g in a tio n  (I)  o f th e  c y to p la sm  in to  th e  nucleus o f th e  en d o th e lia l 

cell. (H ita c h i  H U -10 e lec tro n  m icroscope; X 27720)

T h e  cases in  w h ich  o n ly  v a sc u la r  ch an g es w ere p re se n t, re v e a le d  th e  
fo llo w in g  electron  m icro sco p ic  fea tu re s . T h e  g lom eru lar b a se m e n t m em b ran e  
w as  irre g u la r  w ith  u n e v e n  th ick en in g s  a n d  a tte n u a tio n s . A t s ites, focal h y p e r
p la s ia  o f th e  m esang ia l m a tr ix  was d e m o n s tra b le . T here  w ere m u ltip le  fusions 
o f  th e  foo t processes o f  th e  ep ith e lia l cells, a n d  th e  b asem en t m e m b ra n e  con
ta in e d  a m a te ria l re m in isc e n t o f e p ith e lia l cy to p lasm  (Fig. 1). A t o th e r  sites, 
th e  en d o th e lia l cells w ere  p ro je c tin g  in  a fin g er-lik e  fash ion  in to  th e  b asem en t 
m e m b ra n e  (Fig. 2) o r, occasionally , even  p e n e tra t in g  th e  m em b ran e  in  its  en tire  
th ic k n e s s  (Fig. 3). As a f u r th e r  sign of en d o th e lia l a c tiv ity , in tra n u c le a r  cy to 
p la sm ic  in v ag in a tio n s co u ld  be n o te d . T h e  e p ith e lia l cells also d isp lay ed  a strong
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Fig. 3. E lec tro n  m icrograph . T he en d o th e lia l cell (E n d ) p e n e tra te s  deep in to  th e  b a se m e n t 
m em b ran e  (B m ) in te rru p tin g  i ts  c o n tin u ity  (-►). T he e p ith e lia l cells (E p ) show  m icrov illi 

a n d  n um erous cy to p lasm ic  organelles. (H itach i H U -10  e lec tro n  m icroscope; X 27720)

a c tiv i ty  as re flec ted  b y  th e  fo rm a tio n  of m icrov illi a n d  th e  p resence o f n u m e r
ous in tra c y to p la sm ic  organelles. In  th e  in te r lo b u la r  a r te ry  th e  c y to p la sm  
o f th e  sm oo th  m uscle cells co n ta in ed  sporad ic  lip id  d ro p le ts , th e re  w as accu 
m u la tio n  o f a su b stan ce  s im ila r in  its  e lec tro n  m icroscopic s tru c tu re  to  th e  
b a se m e n t m em b ran e  (F ig . 4). T h e  a rte rio la r  w alls rev ea led  an  e lec tron -dense  
g ra n u la r  m a te r ia l in  a d d itio n  to  lip id  d rop le ts  (F ig . 5).

One o f th e  in te re s tin g  u ltram icroscop ic  f in d in g s  w as th e  p e n e tra tio n  of 
ep ith e lia l an d  en d o th e lia l cells in to  th e  b a se m e n t m em b ran e . C hanges o f  th is  
k in d  h av e  been  f irs t  describ ed  b y  S p i r o  [12] w ho  p o in te d  to  a causa l re la tio n 
sh ip  be tw een  p ro te in u ria  a n d  th e  no tches on  th e  b asem en t m em b ran e  pro-
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F ig . 4 . E le c tro n  m icrograph . T h e  in te r lo b u la r  a r te ry  show s accu m u la tio n  o f a  su b s tan ce  
s im ila r  in  its  s tru c tu re  to  th e  b a se m e n t m em b ran e  (B m ). In  th e  cy to p la sm  o f sm o o th  
m u sc le  cells (S) there  are  sp o ra d ic  lip id  d rop le ts  (L i). (H ita c h i H U -10 e lec tro n  m icroscope;

X 27720)

d u c e d  b y  th e  foot p rocesses o f  th e  ep ith e lia l cells. C h u r g  e t al. [6 ]  described  
s im ila r  changes in  u n c la ss ified  ren a l d iseases. L y n n  [10] in d u ced  a r te r ia l 
h y p e r te n s io n  a fte r lig a tio n  o f  one ren a l a r te ry  w ith  c o n tra la te ra l n e p h re c to m y  
o r b y  b ila te ra l a r te ria l c o n s tr ic tio n , an d  fo u n d  th a t  ep ithe lia l an d  en d o th e lia l 
cells w ere  p ro jec ting  th e ir  p seu d o p o d ia  in to  th e  b asem en t m em b ran e  as e a rly  as 
30 m in  a f te r  s ta rtin g  th e  e x p e rim e n t. T here  is s tro n g  ev idence o f  c au sa l re la 
t io n s h ip s  betw een p ro te in u r ia  an d  th ese  e lec tro n  m icroscopic ch an g es. Since, 
in  a d d i t io n  to  these f in d in g s , h y p e rp la s ia  o f th e  m esang ia l m a tr ix  a n d  fusion  
o f  th e  fo o t processes a re  also  p re se n t in  a n u m b e r o f cases, th e se  a b n o rm a litie s
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F ig . 5. E lec tro n  m icroscopic  find ing  of cross-section  o f a re n a l a rte rio le . T h e  lum en  is 
p ack ed  w ith  e ry th ro c y te s  (R b ). T he en d o th e l cells (E n d )  hav e  p reserved  th e ir  s tru c tu re . 
T here  a re  su b endo thelia l e lec tro n -d en se  g ran u les (H y ) an d  lip id -d ro p le ts  (L i). (H ita c h i H U -10

e lec tro n  m icroscope; X 13230)

m ay  w ell rep re sen t re s id u a l changes a fte r  ea rlie r g lo m eru lo n ep h ritis , a possib il
i ty  sugg ested  b y  tw o  o f o u r o b serv a tio n s w here g lo m eru lo n ep h ritis  w hich  h ad  
b een  confirm ed  b y  th e  f ir s t  b iop sy  w as no longer d em o n strab le  b y  th e  second 
b io p sy , p erfo rm ed  a f te r  th e  com pletion  o f im m u n o su p p ressiv e  t r e a tm e n t, 
th o u g h  residua l v a sc u la r  ab n o rm a litie s  w ere still p re se n t. M oreover, 4 o u t o f 6 
p a tie n ts  w here lig h t m icroscopic  evidence w as co n fin ed  to  v a sc u la r  lesions, in  
th e  h is to ry  th e re  w ere in d ica tio n s  of acu te  g lo m eru lo n ep h ritis  a n d  of h y p e r
te n s iv e  episodes. H ow ever, fo r th ese  changes th e  h y p e rte n s io n  m ay  h av e  been  
resp o n sib le , s im ilarly  as in  Ly n n ’s ex p erim en ts  [10].
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I t  has been ex p e c te d  to  c la rify  th e  issues ra ised  in  th e  in tro d u c tio n  b y  
c o n fro n tin g  clinical o b se rv a tio n s  w ith  p a th o lo g ica l ev idence. T h e  d a ta  th u s  
o b ta in e d  (see Tables) p o in te d  to  th e  follow ing re la tio n sh ip s .

1. F ib roelastosis o f th e  re n a l a rte rie s  m ay  occu r a t  an y  age (T ab le  I) . I t  
w a s , h ow ever, re m ark ab le  t h a t  w h en  th e  process is tra c e a b le  to  its  beg inn ing ,

Table I

Ind ica tions o f renal disease a n d  retinal changes in  the history, in  the various age-groups

Age group 

years

Number of cases Time elapsed 
since the earliest 
sign of renal 

disease 
years

Occurrence of hypertension

Retinal
changespersistentmales females total

limited to ante
cedents earlier 

than 1 year back

limited to 
time of 

biopsy

10 — 20 3 +  3 6 3.2 ___ l l 2
21 — 30 1 +  13 14 4.1 3 3 5 5
3 1 - 4 0 4 + 1 0 14 5.0 2 3 2 7
41 — 50 7 +  7 14 4.7 2 2 5 11
51— 60 4 +  3 7 1.3 - 1 2 6

T o ta l 19 +  36 55 7 10 15 31

N o te : In  the  h is to ry , th e  e a r lie s t  e v en t ind icative  o f re n a l disease was acu te  nep h ritis  in 7, 
to x a e m ia  o f pregnancy in  7 cases. I n  all o th e r  cases, de tectio n  o f ren a l disease w as in c iden ta l, in 
c o n n ec tio n  w ith  screening or o th e r  investiga tions.

i t  is u n u su a lly  of long d u ra tio n , ex cep t in  th e  ad v a n c e d  age g roups w here i t  is 
o f  f a i r ly  recen t origin. In  r e a l i ty ,  th e  process m u s t h av e  d a te d  b a c k  ea rlie r th a n  
in d ic a te d  b y  th e  figures in  th e  T ab les . I t  w as a c tu a lly  in  14 cases t h a t  we w ere 
a b le  to  tr a c e  its  orig in  w ith  a reaso n ab le  degree o f p ro b a b ility : in  7 cases i t  was 
a c u te  n e p h r itis , in  7 to x a e m ia  o f p reg n an cy  w h ich  h a d  led  to  th e  d iagnosis of 
r e n a l  d isease . In  all th e  o th e r  cases its  d iscovery  w as in c id en ta l, as a re su lt of 
s c re e n in g  or of ro u tin e  in v e s tig a tio n  for som e o th e r  reason . T h erefo re  th e  onset 
m u s t  h a v e  been la te n t.

2 . R en a l a r te r ia l ch an g es  w ere found  even in  th e  p resence  o f a no rm al 
b lo o d  p re ssu re  a t  th e  tim e  o f b io p sy  (T able I I ) .  I t  is tru e  t h a t  in  a la rg e  n u m b er 
o f  p a t i e n t s  who w ere n o rm o te n s iv e  a t  th e  tim e  o f s tu d y  th e re  h a d  b een  e ith e r  
h y p e r te n s iv e  episodes in  th e  p a s t  o r o th e r even ts (acu te  n e p h ritis , to x a e m ia  of 
p re g n a n c y )  w hich m ay  h a v e  b een  assoc ia ted  w ith  h y p e rten s io n .

A s i t  can  be seen from  T ab le s  I  an d  I I ,  changes of th e  ren a l a r te r ie s  need 
n o t  b e  a sso c ia ted  w ith  sp asm  or sclerosis o f th e  r e tin a l vessels. O n th e  o th e r 
h a n d ,  as c learly  in d ic a te d  b y  th e  figures, th e  p rev a len ce  of th e se  lesions is 
c lo se ly  re la te d  to  age a n d  to  th e  sev e rity  of h y p e rten s io n .

3. I n  th e  p resen t se ries, ren o v ascu la r lesions asso c ia ted  w ith  th e  clin ical 
sy n d ro m e  o f chronic g lo m eru lo n ep h ritis  w ere of a c o m p a ra tiv e ly  low  incidence
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Table II

R elationships between indications o f  renal disease, retinal changes and blood pressure in  the history

Blood pressure (mmHg) at 
time of biopsy

Number 
of cases

Indication of renal disease in the case history
Retinopathy 

a t time of biopsyhypertension acute nephritis
toxaemia 

of pregnancy

U n d er 140/95 30 7 2 3 и

1 4 0 /9 5 -1 8 0 /1 1 0 18 8 5 l 14

O ver 180/110 7 7 — 3 6

T ota l 55 22 7 7 31

Table III

Clinical fea tures and  age

Clinical features Number of cases Mean age

.proteinuria
erythro-
cyturia females males years

oedema hypertension

— —
l 0 32.0

— +

+

—
2 5 30.4

+

•—
0 1 41.0

+ + 3 7 38.5

+ —
2 2 49.0

+ —

+ —
4 7 35.4

— +

+ + 1 34.05
+ —

+ + 6 9 38.7
+ +

(T ab le  I I I ) .  M ost cases w ere clin ically  h e te ro g en eo u s  and  o lig o sy m p to m atic ; 
iso la ted  p ro te in u ria  or h a e m a tu ria , e v e n tu a lly  a r te r ia l  h y p ertension  b e in g  th e  
co m m o n est fea tu re s , b u t  th e  n ep h ro tic  sy n d ro m e  was also re p re se n te d  b y  
som e cases.
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D iscussion

O n  th e  ev idence  of corrosion  stud ies o f  k id n e y s  from  sub jec ts  d e a d  w ith  
re n a l fa ilu re , G ömöri e t a l. [7] claim ed a r te r ia l  h y p e rten s io n  to  be  th e  fa c to r  
re sp o n s ib le  for th e  n a rro w in g  of m a jo r (a rc u a te  a n d  in terlobu lar) re n a l a r te r ie s  
a n d  a d v o c a te d  h y p o te n s iv e  tre a tm e n t in  re n a l  hyperten sio n . O n th e  o th e r 
h a n d , th e y  found  no c o rre la tio n  betw een  th e  d u ra tio n  of h y p e rten s io n  a n d  th e  
s e v e r i ty  of lesions o f th e  re n a l a rte rie s . In  e a r lie r  s tu d ies , Moritz a n d  O l d t  [11] 
n o te d  ren o v a sc u la r  sclerosis in  a p p ro x im a te ly  1 2 %  of norm otensive  cases. In  
p y e lo n e p h ritic  k id n ey s , S z in a y  e t al. [13] fo u n d  lam ellar h y p e re la s to s is  
re g a rd le ss  of th e  b lo o d  p ressu re  alm ost e x c lu s iv e ly  in  cases w here th e  ren a l 
p a re n c h y m a  was g rav e ly  a ffec ted , th e  lesions b e in g  of focal p a t te r n .  T hese 
f in d in g s  w ere re g a rd e d  b y  th e  a u th o rs  as c o m p a tib le  w ith  th e  p o ss ib ility  th a t  
th e  v a s c u la r  changes w ere d u e  to  th e  p a re n c h y m a l in ju ry . In  th e ir  v iew , in  th e  
a re a s  a ffe c ted  b y  in f la m m a to ry  or tox ic  p ro cesses , even norm al b lood  p re ssu re  
m a y  g iv e  rise  to  la m e lla r  hypere lasto sis  a n d  h ig h  blood p ressu re  m a y  p re 
c ip i ta te  its  p ro d u c tio n , i t  be ing  assum ed  t h a t  th e  tone  of th e  “ w e a k e n e d ” 
a r te r ia l  w all becom es in a d e q u a te  to  re s is t th e  p ressu re  in  its  lu m en , a s ta te  
e n h a n c in g  th e  d e v e lo p m en t of in itia l f ib rosis . A s em phasized by  H e p t in s t a l  
[9 ], g lo m e ru la r  chan g es a re  o f tw o ty p es , th e  f i r s t  resu lting  from  n e p h r it is  an d  
th e  seco n d  from  th e  v a sc u la r  lesions a sso c ia ted  w ith  a rte ria l h y p e rte n s io n , b u t  
d if fe re n tia tio n  b e tw een  th e  tw o  ty p e s  is n o t  a lw ay s  possible.

I n  th e  lig h t o f th e se  considera tions w e feel ju s tif ie d  in  in te rp re t in g  ou r 
f in d in g s  as follows. T h e  a r te r ia l changes in  g lo m eru lo n ep h ritis  are  u n re la te d  to  
h y p e r te n s io n . T h e  resp o n sib le  fac to r is th e  g lom eru lonephritis  i ts e lf  w hich  
a ffe c ts  th e  a r te r ia l w all to  a  degree th a t  a  n o rm a l or a tra n s ie n tly  e le v a te d  
b lo o d  p re ssu re  m ay  be  su ffic ien t fo r in ju rin g  th e  in te rn a l elastic m e m b ra n e . In  
o ld  ag e , a therosc le rosis  m a y  rep re sen t a p re d isp o s in g  facto r, a p o ss ib ility  su p 
p o r te d  b y  th e  o b se rv a tio n  t h a t  in  th e  p re se n t cases  o f  renovascu lar le sion  in  th e  
age g ro u p  b e tw een  50 a n d  60 y ears , th e  re n a l d isease  was of recen t o rig in . T he 
les io n s m a y  arise ev en  a f te r  th e  healing  o f  g lom eru lonephritis  a n d  fo llow  a 
p ro g re ss iv e  course in  th e  p resence of n o rm a l, im m unohisto log ica lly  in a c tiv e  
g lo m eru li. T his w ould  a c tu a lly  m ean  t h a t  in  h ea led  cases th e  g lo m eru lo 
n e p h r i t is  m a y  well ch an g e  its  p a tte rn  a n d  a ssu m e  vascu lar fe a tu re s . T h is  is 
w h a t  seem s to  h av e  h a p p e n e d  in  tw o of o u r cases w here  th e  v ascu la r a b n o rm a l
i ty  e n su e d  a f te r  a successfu l im m u n o su p p re ss iv e  tre a tm e n t o f g lo m eru lo 
n e p h r i t is ,  an d  in  tw o  fu r th e r  cases o f im m u n o h isto lo g ica lly  in ac tiv e  g lo m eru lo 
p a th y  asso c ia ted  w ith  p ro te in u ria , w here d u rin g  a n  observation  p e rio d  o f  tw o  
y e a rs  w e w itnessed  a  p rogressive  rise in  b lo o d  pressure p a ra lle l w ith  th e  
d e v e lo p m e n t of a n g io p a th y . I t  is com m on know ledge  th a t  in te r s t i t ia l  ro u n d  
cell in f il t ra t io n , fib ro sis  a n d  im p a irm en t o f  b lo o d  supp ly  associa ted  w ith  p e r
s is te n t  g lo m eru lo n ep h ritis  a re  h o u n d  to  r e s u lt  sooner or la te r  in  tu b u la r
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a tro p h y . T h e  v ascu la r lesions are  secondary  to  th e  g lom eru la r p rocess a n d  are 
p re se n t even in  th e  absence  o f h y p erten sio n . A f te r  th e  healing  o f  g lom eru lo 
n e p h ritis  th e y  m ay  re p re se n t th e  ac tu a l ren a l d isease . I t  should  be  b o rn e  in  
m in d  th a t  g lo m eru lo n ep h ritis  a ffects th e  n ep h ro n , th e  in te rs ti t ia l  tissu e  a n d  th e  
v a sc u la r  bed , in  b rie f  th e  k id n e y  as a whole.
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A new  p ro ced u re  has been  dev elo p ed  fo r th e  induction  of ren a l h y p e r te n s io n  in 
th e  r a t:  th e  re n a l a r te ry  o f  one side w as l ig a ted  w ith o u t in terference w ith  th e  o p p osite  
k id n ey . D u rin g  an  o b se rv a tio n  p e rio d  e x te n d in g  to  30 weeks p e rm a n e n t e le v a tio n  of 
b lood  p ressu re  by  a p p ro x im a te ly  55 m m H g , to g e th e r  w ith  cardiac  an d  re n a l h y p e r tro p y  
has been fo u n d  in  ra ts  u n d e r  one y e a r  o f age.

S tud ies o f th e  re n a l im p lica tio n  o f sy stem ic  h y p erten sio n  s ta r te d  w ith  
th e  fu n d a m e n ta l ex p erim en ts  of G o l d b l a t t  e t  al. (1934). T hey  re s tr ic te d  renal 
flow  b y  ap p ly in g  an  a d ju s ta b le  c lam p to  one re n a l a r te ry  in  th e  dog  a n d  found  
th is  to  cause a sligh t t ra n s i to ry  rise  of sy s tem ic  blood pressure. N o p e rm a n e n t 
e le v a tio n  o f b lood  p ressu re  w as o b ta in e d  u n less b o th  renal a r te r ie s  w ere  con
s tr ic te d  or, in  th e  case o f u n ila te ra l c lam p in g , th e  opposite  k id n ey  w as  rem o v ed . 
E le v a tio n  of b lood  p ressu re  w as re la te d  to  th e  degree of c o n s tr ic tio n . T h o u g h  
i t  w as clearly  d e m o n s tra te d  b y  th e se  e x p e rim e n ts  th a t  a r te ria l h y p e r te n s io n  
m a y  he of ren a l orig in , th e y  p ro v id ed  no a n a lo g y  w hatsoever to  h u m a n  clin ical 
sy n d ro m es, since in  th e  an im als  no p e rm a n e n t h y p erten sio n  en su ed  in  th e  
p resen ce  of p reserv ed  re n a l fu n c tio n  (G o l d b l a t t , 1937; B e r m a n , 1971). H ow 
ev e r, in  th e  la s t decade severa l w orkers h a v e  succeeded in  p ro d u c in g  p e r
m a n e n t h y p e rten s io n  b y  u n ila te ra l in te rv e n tio n , in p a rtic u la r  F r a n k  (1963) 
in  m on k ey s, B o u n o u s  a n d  S c h u m a c h e r  (1962), B rattström  a n d  K a l k o ff  
(1969), H a y d u k  e t a l. (1970) in dogs, B l a ir -W est  et al. (1968) in  sh eep . T he 
p re se n t au th o rs  (F e k e t e , 1970) h av e  n o te d  h y p e rten s io n  over sev e ra l y e a rs  in  
dogs a f te r  com plete  lig a tio n  o f one ren a l a r te r y  w ith o u t in te rfe ren ce  w ith  th e  
o p p o site  k id n ey .

R a ts  are m ore liab le  to  develop  ch ro n ic  exp erim en ta l h y p e r te n s io n  a f te r  
in te rv e n tio n  on one k id n ey  th a n  are  o th e r  species. W ilso n  an d  B y r o m  (1939) 
in d u ced  chronic  h y p e rten s io n  in  ra ts  b y  m ean s  of an  ad ju s tab le  c lam p  ap p lied  
to  one ren a l a r te ry , le av in g  th e  o th e r  k id n e y  unaffec ted . Go l d b l a t t , K a h n  
a n d  H a n za l  (1939) ap p lied  th e  a r te r ia l c lam p  to  th e  a o rta  b e tw een  th e  orig in  
o f  th e  tw o  ren a l a r te rie s  in  ra ts , th u s  le av in g  th e  k id n ey  of one side u n a ffe c ted .

W e h av e  been  ab le to  ind u ce  ch ron ic  h y p e rten s io n  in  ra ts  b y  lig a tio n  of 
one ren a l a r te ry  w ith o u t a ffec tin g  th e  o p p o site  k idney . W hile th e  a d ju s ta b le  
c lam p  p e rm its  no  full co n tro l o f ren a l flow , th e  p resen t p ro ced u re  h a s  th e
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a d v a n ta g e  o f re s tr ic tin g  re n a l  blood su p p ly  to  th e  u tm o s t, if  no t b lo ck in g  i t  
a lto g e th e r , m oreover, th e  op p o site , u n m a n ip u la te d  k id n ey  can  be s tu d ie d  as 
lo n g  as  necessary .

I n  o rder to  a s c e r ta in  w h e th e r our p ro c e d u re  is su itab le  for th e  in v e s t i
g a tio n  o f  ren o v ascu la r h y p e rte n s io n  we u n d e r to o k  se ria l stud ies of th e  fe a tu re s  
o f  th e  co n d itio n  th u s  p ro d u c e d  w hich also a llo w ed  to  exam ine th e  im p lic a tio n s  
o f  species specific ity  b y  co m p arin g  th e  re su lts  w ith  th o se  o b ta ined  in  dogs. T h e  
d a ta  co llec ted  d u rin g  a n  o b se rv a tio n  perio d  o f  30 w eeks in respect o f b lo o d  
p re ssu re  an d  of ca rd iac  a n d  ren a l w eight in  r a t s  a f te r  com plete lig a tio n  o f  one 
re n a l  a r te ry  have  b e e n  su m m ed  up in  th e  p re s e n t  s tu d y , th e  re su lts  b e in g  
re fe rre d  to  th e  co rre sp o n d in g  d a ta  of u n o p e ra te d  r a ts  an d  of an im als  su b 
m it te d  to  u n ila te ra l n e p h re c to m y .

Material and m ethod

H o m e-b red  fem ale  r a ts  w eigh ing  betw een 160 a n d  230 g w ere stud ied . P rio r to  th e  s tu d y  
a n d  th ro u g h o u t its  en tire  co u rse  th e y  were k e p t on  s y n th e tic  r a t  food  contain ing  a p p ro x im a te ly  
150 m E q /k g  sodium , w a te r  b e in g  allow ed ad  lib itu m .

G roup  I. Controls: 16 n o rm a l ra ts  w ith  229 g m e a n  b o d y  w eigh t were an ae sth e tise d  w ith  
e th e r . A rte ria l  blood p re ssu re  w as m easu red  by  a  m e rc u ry  m an o m e te r  in serted  in to  a  c a ro tid  
a r te ry .  T h e n  anaesth es ia  w as d e ep e n ed  u n til d e a th  h a d  e n su e d , b o d y , h e a r t  and  k id n ey  w e ig h t 
w as re co rd e d , th e  h e a r t  b e in g  e x c ise d  a t  th e  p ro x im al o rig in  o f  th e  large  vessels an d  th e  k id n ey s  
b e in g  d ecap su la ted  an d  iso la te d  a t  th e  hilus.

G ro u p  I I .  U nilateral renal artery ligation. I n  47 r a t s  o f  175 g m ean  body w e ig h t u n d e r  
e th e r  a n ae sth es ia  th e  le f t  re n a l  a r te r y  was lig a ted  fro m  m id lin e  ap p ro ach  and  th e  w o u n d  w as 
c losed . A t 2, 6, 13, 16 a n d  30 w eek s , blood pressure w as m e a su re d  u n d e r  in tra p e rito n ea l p e n to 
b a r b ita l  (37.5 m g/kg) a n a e s th e s ia , th e n  th e  organs w ere  re m o v e d  an d  weighed.

G ro u p  I I I .  U nila teral nephrectom y. In  24 r a ts  o f  177 g m ean  body  w eight, u n d e r  e th e r  
a n a e s th e s ia  le f t n e p h rec to m y  w as perfo rm ed  from  th e  m id lin e  ap p ro ach  and  th e  w o u n d  w as 
closed . A t 6, 13 and  30 w eeks a f te r  th e  in te rv en tio n , u n d e r  p e n to b a rb ita l  an aesth es ia  b lo o d  
p re ssu re  a n d  organ  w e ig h ts  w ere  de term ined .

F ig . 1. B lood p ressure  in  r a t s  d u rin g  an  o b se rv a tio n  p e r io d  o f 30 weeks a f te r  lig a tio n
o f  one  re n a l a r te ry  ( • ------•  ) a n d  a f te r  u n ila te ra l n e p h re c to m y  ( o —o) com pared w ith  v a lu es

for th e  con tro ls
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R esults

R esu lts  h av e  been  su m m arized  in  T ab le  I  a n d  F igs 1, 2 an d  3. S ta t is t ic a l  
e v a lu a tio n  w as done w ith  th e  tw o-sam ple t t e s t  a n d  regression an a ly sis .

l a )  U n ila te ra l lig a tio n  o f one ren a l a r te ry  w ith o u t affecting  th e  o p p o site  
k id n e y  w as follow ed b y  p e rs is tin g  h y p e rten s io n . A s lig h t rise in  b lood  p re ssu re

F ig . 2 . C ard iac  w e ig h t re fe rred  to  b o d y  w eight in n o rm al (o ---- o ) a n d  hyp erten siv e  ( • ------• )  r a ts

w as d e m o n s tra b le  as ea rly  as 2 to  6 weeks a f te r  th e  in te rv en tio n . B y  th e  end  
o f  th e  1 3 th  p o s to p e ra tiv e  w eek , th e  m ean  in c rea se  a tta in e d  —(-55 m m H g  a n d  
b lood  p re ssu re  rem ain ed  h ig h  th ro u g h o u t (p <  0.001) (Fig. 1).

l b )  In c rea sed  ca rd iac  w eigh t was d e m o n s tra b le  over th e  en tire  30 w eeks 
o f  o b se rv a tio n . T he ra t io  h e a r t  w eigh t to  b o d y  w eig h t w as 0 .2 6 %  in  th e  
co n tro ls , w hile i t  rose to  0 .35%  in  th e  o p e ra te d  r a ts  b y  th e  end  o f  th e  s tu d y  
(p <  0.001) (T able  I) .

l c )  W eig h t of th e  u n o p e ra te d  k id n ey  in c rea sed  from  0 .39%  o f  b o d y  
w e ig h t in  th e  con tro ls  to  0 .57%  of bo d y  w e ig h t in  th e  te s t  ra ts  (p <  0.001).

l d )  F o r closer e v a lu a tio n  o f th e  changes in  h e a r t ,  an d  u n o p e ra te d  k id n e y  
w e igh t, th e  co rresp o n d in g  v a lu es  for co n tro l an im a ls  belonging to  d iffe re n t 
bo d y  w eig h t levels h a v e  b een  com pared  w ith  th o se  o f  h y p erten siv e  r a ts  o f  th e  
sam e b o d y  w eig h t a n d  th e  co rre la tio n s b e tw een  th e  regression lines d e riv ed  
from  th e se  d a ta  h av e  b een  an a ly zed  (Figs 2, 3). O n th ese  g rounds, in  h y p e r 
ten s io n  co n seq u en t u p o n  lig a tio n  o f one re n a l a r te ry ,  h e a r t an d  u n o p e ra te d
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T able I

Blood pressure, total body, heart and k idney weight in  normal rats, in  rats after ligation o f  one renal artery and after unilateral nephrectomy

Animal group Number Blood pressure 
mm Hg

Body weight 
g

Cardiac weight 
mm Hg

Cardiac weight 
(per cent of body 

weight)
Weight of one 

kidney mg
Renal weight 

(per cent of body 
weight)

Weight of ligated 
kidney 

mg

Renal weight 
(per cent of body 

weight)

Control 16 1 0 5 ± 2  
n =  13

2 2 9 ± 7 5 9 5 ± 2 1 0.26 ±  0.08 9 1 0 ± 3 9  
n =  32

0.39 ±  0.01 
n =  32

— —

2 weeks afte r
liga-

6 1 1 4 ± 6 16 8 ± 1 1
(1 8 1 ± 7 )*

6 1 9 ± 2 9 0.38 ±  0.01 
d

9 5 1 ± 4 4 0.58 ±  0.03 
d

4 0 1 ± 7 9 0.24 ±  0.04

6 weeks tion
of

7 1 1 6 ± 1 0 2 0 8 ± 6
(1 7 3 ± 4 )*

6 6 4 ± 3 3 0.32 ±  0.02 
d

1121 ± 4 4 0.54 ±  0.02 
d

1 2 8 ±  17 0.06 ±  0.01

13 weeks left
renal

7 1 6 0 ± 6  
n =  13 

d

2 4 7 ± 6
(1 6 7 ± 5 )*

8 5 1 ± 3 7 0.34 ±  0.02 
d

1 1 5 4 ± 5 3 0.51 ±  0.01 
d

1 2 3 ± 9 0.05 ±  0.002

16 weeks a r
te ry

9 1 5 9 ± 7  
n =  8

d

2 6 4 ± 1 0
(1 6 5 ± 5 )*

9 5 1 ± 2 4 0.36 ±  0.02 
d

1570±157 0.60 ±  0.01 
d

1 1 1 ± 6 0 .04±0.0001

30 weeks 18 1 6 7 ± 8  
n =  11 

d

2 6 9 ± 8
(1 7 9 ± 5 )*

9 6 4 ± 3 4
d

0.37 ±  0.03 
d

1 6 4 4 ± 6 7
d

0.60 ±  0.03 
d

9 3 ± 9 0.03 ±  0.003

6 weeks afte r
left

6 1 0 3 ± 5 197*±7
(1 7 6 ± 5 )*

5 8 6 ± 1 3 0.30 ±  0.02 
b

1 0 4 6± 62 0.53 ±  0.03 
d

— —

13 weeks ne-
phrec-

6 1 2 8 ± 5
d

2 5 7 ± 8
(1 7 2 ± 6 )*

8 2 1 ± 3 5 0.32 ±  0.02 
d

1 4 1 3± 60 0.55 ±  0.02 
d

— —

30 weeks to m y 9 1 2 6 ± 6
d

2 5 7 ± 1 0
(1 8 3 ± 6 )*

923 ± 5 6  
d

0.34 ± 0 .0 2  
d

1 434± 139
d

0.52 ±  0.05 
d

— —

a =  p  <  0.05; b  =  p  <  0.02; c =  p  <  0.01; d  =  p  <  0.001 
* =  body  w eigh t a t  0 day
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k id n e y  w eigh t p ro v ed  to  be  in  excess of th e  v a lu es  p red ic ted  on th e  b as is  o f th e  
in c rease  in  bo d y  w eig h t, as in d ic a te d  b y  an  in crease  in  th e  regression  coeffic ien t. 
I n  k id n ey  w eigh t, th e re  w as a s ig n ifican t d e v ia tio n  (p <  0.05) b e tw e e n  th e  
coeffic ien ts  o f th e  tw o  regression  lines, w hereas fo r h e a r t w eight th is  d e v ia tio n  
w as n o t sign ifican t s ta tis tic a lly .

F ig . 3. R en a l w eigh t re ferred  to  b o d y  w e igh t in n o rm a l (o— o) an d  h y p e rten siv e  ( ф ----- • )  ra ts

2a)  A s lig h t (m ean  -f- 25 m m H g) b u t  s ta tis tic a lly  sig n ifican t in c re a se  in  
b lood  p ressu re  ensued  in  th e  an im als  w ith  u n ila te ra l n e p h rec to m y , fro m  th e  
1 3 th  p o s to p e ra tiv e  week o n w ard  (p <  0.001) (F ig . 1). On th e  o th e r  h a n d , th e se  
v a lu es  w ere s ig n ifican tly  low er th a n  th o se  fo u n d  a fte r  lig a tio n  o f  th e  ren a l 
a r te ry  (p <  0.001).

2b)  A t all tim es of m e asu rem en t over th e  en tire  period  of 30 w eek s, a f te r  
u n ila te ra l  n ep h rec to m y  in creased  card iac  w eigh ts a tta in in g  0 .3 2 %  o f bo d y  
w eig h t, as a g a in s t 0 .26%  in  th e  co n tro ls  (p <  0.001), w ere d e m o n s tra b le  
(T ab le  I).

2c)  A n increase in  u n o p e ra te d  k id n e y  w eigh t a tta in in g  0 .5 3 %  o f bo d y  
w e ig h t, as a g a in s t 0 .39%  in th e  con tro ls , w as also dem o n strab le  (p  <  0.001).

Discussion

P ro d u c tio n  an d  s ta b iliz a tio n  o f a r te r ia l  h y p erten sio n  en su e d  a fte r  
lig a tio n  o f one ren a l a r te ry  in  ra ts . In  a d d itio n  to  its  sim plicity , th is  u n ila te ra l
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in te rv e n tio n  has th e  a d v a n ta g e  of leaving th e  o p p o s ite  k id n ey  u n m a n ip u la te d  
a n d  a llow ing  its c o n tin u o u s  s tu d y  in  th e  s ta te  o f  h y p e rten s io n .

O ne of the  m ean  fe a tu re s  of th e  h y p e rte n s iv e  co n d itio n  th u s  p ro d u c e d  is 
c a rd ia c  h y p e rtro p h y . A s p o in te d  ou t b y  D o naldso n  (1924), in  th e  W is ta r  r a t  
g ro w th  o f  th e  h e a r t a n d  th e  k idney  is ra p id  in  e a r ly  life, w hile a f te r  sex u a l 
m a tu ra t io n  (beyond th e  seco n d  m o n th  o f life) th e  ra te  of g row th  o f  th e se  
o rg a n s  keeps pace w ith  t h a t  o f th e  en tire  b o d y , th o u g h  abso lu te  w eig h ts  m ay  
v a r y  accord ing  to  species. L e ft v e n tr icu la r  h y p e r tro p h y  has been n o te d  in  
a sso c ia tio n  w ith  h y p e r te n s io n  in  ra ts  by  W ilso n  a n d  B yrom (1939). Grollman 
a n d  H alpert  (1949) fo u n d  th e  increase in  c a rd ia c  w e ig h t to  be re la te d  to  th e  
b lo o d  p ressu re  level.

I n  th e  p resen t s tu d y ,  in  ra ts  of 229 g m e a n  b o d y  w eight m ean  h e a r t  
w e ig h t w as 595 +  21 m g  (252 m g/100 g b o d y  w e ig h t) . I n  th e  an im als w ith  one 
re n a l  a r te ry  liga ted  s im ila r  b o d y  w eights w ere  re g is te re d  13 weeks a f te r  th e  
p ro d u c tio n  of h y p e rte n s io n  (Table I) an d  th e  h e a r t  w eighed 851 +  37 m g 
(345 m g/100  g body  w e ig h t)  co rresponding  to  a n  a b so lu te  increase in  w e ig h t o f 
th e  o rd e r  o f 40% . C ard iac  h y p e r tro p h y  o f a s im ila r  degree was found  in  ren a l 
h y p e r te n s io n  by  Ma s s o n , K a s h ii  an d  P a n is s e t  (1964).

T h e  findings in  re s p e c t  o f u n o p era ted  k id n e y  w eigh t in  chronic  h y p e r 
te n s io n  are  inco n sis ten t. A r o n so n  and  Sa m p so n  (1951), Ma sso n , K a s h ii  a n d  
P a n is s e t  (1964), S c h l e g e l  an d  Okamoto (1961), H a y s l e t t , K a s h g a r ia n  
a n d  E p s t e in  (1967), M e r t z  a n d  W e iss  (1971) o b se rv e d  a co m p en sa to ry  h y p e r 
t ro p h y ,  w hile o th e r w o rk e rs , in  p a rtic u la r  Om a e  a n d  Ma sso n  (1960), B r a u n - 
M e n e n d e z  (1958), G l a z ie r  an d  L om bardo  (1959), G u y to n  a n d  Co le m a n

(1969) n o t  only failed  to  n o te  any  increase in  u n m a n ip u la te d  k id n ey  w e ig h t 
b u t  e v e n  d em o n stra ted  g ra v e  v ascu la r lesions c h a ra c te r is tic  of nephrosclerosis . 
I n  th e  v iew  of Me rtz  a n d  W e iss  (1971), th e  d isp o sitio n  of th e  la b o ra to ry  
a n im a l to  develop re n a l h y p e r tro p h y  depends o n  i ts  age. In  2-or 3 -year-o ld  
r a ts ,  h y p e rp la s ia  is neg lig ib le  w hile in  young  a n im a ls  i t  is a com m on o ccu rrence .

T h e  inconsistency  o f  d a ta  m ay  h av e  tw o  possib le  sources. F ir s t ,  th e  
v a r io u s  au th o rs  s tu d ie d  la b o ra to ry  an im als o f v a r io u s  ages, an d , second , th e  
d u ra tio n  of h y p e rten s io n  w as d ifferen t w hen  th e  re su lts  w ere re g is te re d . 
T h e re fo re , th e  re su lts  m a y  h a v e  been in flu en ced  b y  th e  reg en era tiv e  c a p a c ity  
o f y o u n g  tissues an d  b y  th e  d u ra tio n  of th e  h y p e r te n s iv e  s ta te .

In  o u r ra ts  of 229 g m e a n  body  w eight b e in g  in  possession of b o th  k id n e y s , 
800 m g  ren a l tissue m a y  b e  ca lcu la ted  fo r 100 g b o d y  w eigh t, each  k id n e y  
w e ig h in g  ap p ro x im a te ly  910 +  39 mg. L ig a tio n  o f  one  ren a l a r te ry  re su lte d  in  
an  a tro p h y  of the  isch aem ic  a n d  a h y p e rtro p h y  o f th e  u n m an ip u la ted , k id n e y . 
I n  h y p e rte n s iv e  ra ts  m a tc h e d  for body  w e ig h t (e.g . 13 weeks a f te r  th e  in te r 
v e n tio n )  th e  w eight o f  th e  u n m a n ip u la te d  k id n e y  w as 1253 +  53 m g, show ing  
a n  in c rea se  of a p p ro x im a te ly  40% . These d a ta  a re  in  ag reem en t, ev en  in  
re sp e c t o f th e  n u m erica l d a ta ,  w ith  those  o f M a s o n , K a s h ii an d  P a n is s e t
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(1964) acco rd ing  to  w h ich  th e  a tro p h ic  k id n ey  w eighed  330 m g a n d  th e  h y p e r 
tro p h ic  k id n e y  938 m g tw o  w eeks a f te r  p ro d u c tio n  of h y p e rten s io n . O n  th e se  
g ro u n d s, 500 to  600 m g ren a l tissu e  m a y  be  th u s  p re d ic te d  fo r  each  100 g b o d y  
w eig h t as a re su lt  o f h y p e r tro p h y  o f th e  u n o p e ra te d  k id n e y  in  th is  ty p e  o f  
h y p e rte n s io n . A ccording to  a ro u g h  e s tim a te  solely on  th e  g ro u n d  o f h y p e r 
tro p h y , th is  ren a l su b s tra te  p ro v id e s  fo r 60 to  70%  of th e  fu n c tio n  o f  b o th  
k id n ey s.

A fte r  u n ila te ra l n e p h re c to m y  a m ild  b u t  s ta tis t ic a lly  s ig n if ican t r ise  in  
b lood  p ressu re , s ligh t ca rd iac  a n d  s ig n if ic a n t ren a l h y p e r tro p h y  w ere  d e 
m o n s tra b le . In  earlie r s tud ies we fo u n d  s im ila r changes in  th e  sam e p a ra m e te rs  
of dogs su b jec ted  to  th e  sam e in te rv e n tio n . P e rm a n e n t system ic  h y p e r te n s io n  
co n seq u en t u p o n  u n ila te ra l n e p h re c to m y  w as fo u n d  b y  Grollman, Mu ir h e a d  
an d  V anatta  (1949) in dogs, b y  Grollman (1948) in  ra ts , th e  co n d itio n  b e in g  
asso c ia ted  w ith  h y p e rtro p h y  of h e a r t  an d  k id n ey . N ep h rec to m y  in  1 to  2 -y ear- 
old r a ts  w as follow ed by  a rise  in  b lood  p ressu re  from  100 to  150 m m H g  in 
57%  a n d  ab o v e  th is  level in  20%  of th e  an im als , b lood  p ressu re  re m a in in g  
u n a ffe c ted  in  23%  (G rollman a n d  H alpert , 1949). As p o in ted  o u t b y  Mertz 
an d  W eiss  (1971), h y p e r tro p h y  o f a p p ro x im a te ly  70%  will in v a ria b ly  deve lop  
in  a few  w eeks a f te r  n e p h re c to m y , p ro v id ed  th e  rem ain in g  k id n e y  is n o rm a l 
m orpho log ica lly . Sabin  (1948), H a y slett , K ashgarian  an d  E pst e in  (1967) 
re g a rd  th e  co m p en sa to ry  h y p e r tro p h y  o f th e  rem ain in g  k id n ey  as a c ru c ia l 
fa c to r  in  p re v e n tin g  th e  p e rs is ten ce  o f h y p e rten s io n . T he fac t t h a t  in  th e  
p re se n t s tu d y  e leva tion  of b lood  p ressu re  co n seq u en t u p o n  u n ila te ra l  n e p h 
re c to m y  w as of no sign ifican t degree is in te rp re te d  as be ing  due  to  th is  co m 
p e n sa to ry  m echan ism .

W e a re  in d e b te d  to  M rs. E d i t  S p it z a r  fo r  th e  sk illfu l te c h n ic a l  a s s is ta n c e .
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PLASMA, BLOOD AND TOTAL WATER VOLUME 
IN EXPERIMENTAL RENAL 

HYPERTENSION IN THE RAT

Á. F e k e t e , P . M é z e s , L . T ó t h

INSTITUTE OF PHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

R ece iv ed  O ctober 23, 1972

P e rm a n e n t system ic  h y p e rten sio n  w as in d u ce d  in  ra ts  b y  com plete l ig a tio n  o f  one 
re n a l a r te ry  w ith o u t in te rferen ce  w ith  th e  o th e r  k id n ey . A red u ctio n  in p la sm a  a n d  b lood  
vo lum e w ith o u t a lte ra tio n  of th e  to ta l  w a te r  v o lu m e w as d em onstrab le  13 w eeks as well 
as 30 to  37 w eeks a f te r  th e  p ro d u c tio n  o f h y p e rte n s io n .

I t  h a s  b een  re p o rte d  earlie r th a t  a s ta te  o f  p e rm a n e n t h y p e rte n s io n  was 
p ro d u c e d  in  r a ts  b y  lig a tio n  o f  one ren a l a r te ry ,  th e  opposite  k id n e y  h av in g  
b een  k e p t  free from  a n y  m a n ip u la tio n  ( F e k e t e  a n d  T a r j á n , 1972). I n  op p o 
sitio n  to  th e  co n v en tio n a l m e th o d s  m ak in g  use  o f  a d ju s ta b le  c lam ps a p p lie d  to  
th e  re n a l a r te ry  w here th e  re n a l b lood  su p p ly  rem ain s in ca lcu lab le , o u r  p ro 
cedure  re s tr ic ts  a r te r ia l  b lood  su p p ly  to  th e  k id n e y  to  a m in im u m , i f  n o t 
b lock ing  i t  a lto g e th e r . I t  h as  m oreover th e  a d v a n ta g e  th a t  th e  o p p o s ite , u n 
m a n ip u la te d  k id n ey  can  be s tu d ied  as long as necessa ry . In  o rd er to  a sc e r ta in  
w h e th e r th is  m odel w as su itab le  fo r th e  s tu d y  o f  h u m a n  re n o v a sc u la r  h y p e r 
ten s io n  we h a d  u n d e r ta k e n  seria l s tud ies o f th e  fea tu re s  o f th e  h y p e r te n s iv e  
s ta te  th u s  p ro d u ced . I t  could  be  observed  t h a t  lig a tio n  of one re n a l  a r te ry  
re su lte d  in  (1) a su b s ta n tia l  rise in  blood p re ssu re  a n d  in  its  s ta b iliz a tio n  a t  high 
levels, (2) ca rd iac  h y p e rtro p h y , (3) a m ark ed  h y p e r tro p h y  of th e  u n m a n ip u la te d  
k idney .

I t  is w ell kn o w n  th a t  h y p e rte n s io n  a ffe c ts  v a rio u s m ech an ism s, in  th e  
f irs t  p lace  th o se  o f ren a l o rig in  w hich  m ay  lead  to  a sh ift in  th e  e le c tro ly te  and  
flu id  ba lan ce . T h is gives obvious in te re s t to  s tu d ie s  of th e  p a ra m e te rs  in v o lv ed  
in  th e se  m echan ism s.

T h e  p re se n t p a p e r  is sum m ariz ing  th e  re su lts  of our s tu d ies  in  r a ts  re 
la tin g  to  p la sm a , b lood  a n d  to ta l  b lo d y  w a te r  v o lu m e  in  h y p e rte n s io n  in d u ced  
b y  u n ila te ra l  lig a tio n  o f th e  re n a l a r te ry , th e  o b se rva tions e x te n d in g  to  a 
period  o f  37 w eeks. T he re su lts  h av e  b een  co m p ared  to  co rresp o n d in g  d a ta  
derived  from  n o rm a l ra ts .

Material and m ethods

H o m e-b red  fem ale ra ts  w eighing be tw een  160 a n d  230 g were stud ied . B efore  a n d  d u rin g  
th e  period  of s tu d y  th e y  w ere k e p t on  sy n th e tic  r a t  chow  co n ta in ing  150 m E q /k g  sod ium , 
w a te r  being  allow ed ad  lib idum .
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In terven tion . In  47 n o rm a l r a ts  (m ean body  w e ig h t 196 g) under e th e r  a n ae s th es ia  and  
fro m  m id lin e  approach  th e  le f t  re n a l  a rte ry  was l ig a ted  a n d  th e  w ound w as closed. 6 to  8, 13, 
th e n  30 to  37 weeks a fte r  th e  in te rv e n tio n , caro tid  b lo o d  p re ssu re  was m easu red  w ith  a  m ercu ry  
m a n o m e te r  u n d e r p e n to b a rb ita l  (37.5 m g/kg) a n ae s th es ia  in  successive an im al g ro u p s a n d  a t  
th e  sam e  tim e  the  flu id  c o m p a rtm e n ts  were stud ied . T h e  in trav ascu la r and  to ta l  b o d y  f lu id  
c o m p a r tm e n ts  as also th e  d ry  su b s ta n c e  were m ea su re d  in  se p a ra te  an im al g ro u p s.

E stim a tio n  o f  p lasm a and  blood volume. A fte r m e a su re m e n t of blood p ressu re  a  p las tic  
c a n n u la  a tta c h e d  to  th e  t ip  o f  a n  in jec tion  needle w h ich  w as connected  w ith  a tu b e rc u lin  
sy r in g e  o f  1 m l was in se rted  in to  th e  ju g u la r  vein on  b o th  sides, one serving for th e  in je c tio n  of 
1 m l o f  0 .2 %  E v an s blue (T -1824), th e  o th er for th e  w ith d ra w a l of 0.6 m l b lood  sam p les a t  
in te r v a ls  o f  5 , 10 and  15 m in  a f te r  th e  injection . I n  th e  sam ples, th e  h a e m a to c rit  v a lu e  w as 
d e te rm in e d  b y  a H aw skley  m ic ro h ae m a to c rit cen trifu g e . F o r  th e  rep lacem en t o f f lu id  vo lum e 
lo s t  a t  sam p lin g , physio logical sa lin e  was ad m in iste red . A fte r  c en trifu g a tio n  of th e  sam ples 
a n d  d i lu t io n  of p lasm a, th e  p la s m a  ex tin c tio n  v a lu e s  re a d  on an  E L K O  I I I  p h o to e le c tr ic  
c o lo r im e te r  were e x tra p o la te d  fo r 0 m inu te . F rom  th e  p la sm a  volum e th u s  c a lcu la te d , to ta l  
b lo o d  v o lu m e  w as co m p u ted  w ith  reference to  th e  h a e m a to c r it  value (G r e g e r s e n  1944; 
B á l i n t , 1958, 1962). The v a lu e s  w ere  expressed in  te rm s  o f  p e r  cen t of bod y  w e ig h t to o .

E stim a tio n  o f  total body w ater volume. A fter m e a su re m e n t o f b lood p ressu re  a n d  sacrifice  
o f  th e  a n im a ls  th e  w eighed carcasse s were dried to  c o n s ta n t  w eigh t a t  105°C (M it c h e l l  e t  a l., 
1945), th e  an im als hav in g  b een  p rev io u s ly  s trip p ed  o f  th e i r  sk in  and  sp read  o u t on  a lu m in iu m  
foil. A f te r  d eh y d ra tio n  (14 to  16 h o u rs)  th e  carcasses w ere  w eighed again. T he v a lu e s  fo r d ry  
s u b s ta n c e  a n d  flu id  vo lum e w ere expressed  in pe r c en ts  o f  b o d y  weight.

Results

T h e  flu id  c o m p a rtm e n ts  o f h y p e rten s iv e  r a ts  have been c o m p ared  to  
th o s e  o f  n o rm otensive  c o n tro ls . T he h y p e rte n s iv e  an im als have  been  s tu d ie d  a t  
f ix e d  in te rv a ls  w hich h a d  b e e n  de te rm ined  b y  th e  resu lts  o f our p rev io u s  ex 
p e r im e n ts  accord ing  to  w h ic h  before th e  6 th  w eek  a fte r th e  in te rv e n tio n , 
h y p e r te n s io n  was n o t y e t  d em o n strab le  b u t  co u ld  be  confirm ed b e y o n d  d o u b t 
f ro m  th e  13 th  week o n w a rd .

R e su lts  have b een  su m m e d  up in  T a b le  I  a n d  Fig. 1. F o r s ta t is t ic a l  
e v a lu a t io n , th e  tw o -sam p le  t te s t  was used .

1. I n  th e  f irs t g roup  o f  20 anim als (m ean  b o d y  w eight, 208 g) a n d  in  th e  
se c o n d  g ro u p  of 17 an im a ls  (m ean  body w e ig h t, 219 g), th u s  in  a to ta l  o f  37 
a n im a ls , m ean  blood p re ssu re  w as 105 +  2 m m H g . In  th e  f irs t g ro u p , p la sm a  
v o lu m e  w as 5.07 +  0 .0 8 % ; m ean  blood v o lu m e , w ith  reference to  th e  42 %  
h a e m a to c r i t  va lue , w as 8 .73 +  0.17%  of b o d y  w eig h t. In  th e  o th e r  n o rm o 
te n s iv e  g roup  of 17 a n im a ls , th e  flu id  c o n te n t w as 63.9 +  0 .8%  a n d  th e  d ry  
re s id u e , 36.1 +  0 .9 % .

2 . B e tw een  th e  6 th  a n d  8 th  week a f te r  th e  in te rv e n tio n  a s lig h t rise  in  
b lo o d  p re ssu re  to  116 +  10 m m H g was d e m o n s tra b le . P lasm a a n d  blood  
v o lu m e s  w ere sim ilar to  th o se  found  in th e  c o n tro l g roups. A t th is  p h a se  o f th e  
e x p e r im e n t  th e  to ta l  b o d y  w a te r  volum e w as n o t  m easu red  (T able I) .

3 . A t 13 w eeks a f te r  th e  in te rv e n tio n , th e re  occurred  a s ta t is t ic a lly  
s ig n if ic a n t  rise in b lood  p re ssu re . In  th e  g ro u p  o f  15 ra ts  (b lood p re ssu re , 
160 +  6 m m H g) p lasm a v o lu m e  was 4.52 +  0 .1 0 %  an d  blood  v o lu m e , c o m 
p u te d  w ith  reference to  th e  h a e m a to c rit v a lu e  o f  4 1 % , w as 7.72 +  0 .1 5 %  o f
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b o d y  w eigh t, b o th  p a ra m e te rs  being  s ig n ifican tly  reduced  as c o m p ared  w ith  
th e  con tro ls  (p <  0 .001). In  th e  o th e r h y p e r te n s iv e  group  of 12 r a ts  (blood 
p ressu re  176 +  2 m m H g ) b o d y  w a te r  vo lum e w as 63.3 +  0 .8%  a n d  th e  d ry  
su b stan ce , 36.7 +  0 .6 %  o f bo d y  w eight, s im ila rly  as in  th e  con tro ls .

Table I

Plasm a and blood volume, f lu i d  content and dry substance in  rats with hypertension consequent 
upon ligation o f  one renal artery, and in norm al controls

Controls
6 to 8 weeks 13 weeks 30 to 37 weeks

after ligation of one renal artery

B ody w eigh(g) 208 ±  10 
219 ±  4

240 ±  9* 244 ±  6 
256 ±  6

263 ±  14
286 ±  8

N um ber of anim als 20 9 15 5
(n) 17 12 6

B lood pressure 
m m H g

105 ±  2 116 ±  10 160 ±  6d 
176 ±  2d

167 ±  8d

P lasm a volum e ml 10.89 ±  0.56 11.95 ±  0.35 11.05 ±  0.37 11.93 ±  0.75

P lasm a  volum e (per 
cen t o f body weight)

5.07 ±  0.08 5.04 ±  0.23 4.52 ±  0.10d 4.51 ±  0.20°

P lasm a, m l/kg 51 50 45 45

H aem a to c rit (per cent) 42 ±  1 42 ±  2 41 ±  1 42 ±  1

Blood volum e (ml) 18.20 ±  0.96 20.74 ±  0.65 18.84 ±  0.61 20.58 ±  1.40

B lood volum e (per cen t 
of body  weight)

8.73 ±  0.17 8.75 ±  0.38 7.72 ±  0.15d 7.77 ±  0.32°

B lood volum e (m l/kg) 90 86 77 78

T o ta l body  w a ter (g) 140 ±  3.0 — 142.8 ±  3.7 180 ±  5.7

T o ta l bod y  w a ter (per 
cen t of body  weight)

63.9 ±  0.84 — 63.3 ±  0.78 62.9 ±  1.9

D ry  substance  (g) 79.0 ±  3.0 — 82.7 ±  3.1 106.0 ±  6.2

D ry  substance  (per 
c en t of body  w eigh t)

36.1 ±  0.93 — 36.7 ±  0.61 37.1 ±  1.6

a =  p <  0.05; b  =  p  <  0.02; c =  p  <  0.01; d =  p  <  0.00]
* =  body w eight a t  the  tim e of intervention 196 ±  9 g

4. B etw een  th e  3 0 th  an d  3 7 th  week a f te r  th e  in d u c tio n  of h y p e rte n s io n , 
m ean  blood  p ressu re  rem a in ed  p e rm a n e n tly  a t  167 +  8 m m H g. P la sm a  vo lum e 
m easu red  in  5 an im als  w as 4.51 +  0 .2%  a n d  b lo o d  volum e, c o m p u te d  w ith  
re fe ren ce  to  th e  h a e m a to c r it  v a lu e  of 4 2 % , w as 7.77 +  0 .3%  o f b o d y  w eig h t. 
T h e  red u c tio n  in  b o th  v a lu es  w as s ign ifican t s ta tis t ic a lly  (p  <  0.01). T o ta l bo d y  
w a te r  vo lum e m easu red  in  6 ra ts  show ed no d e v ia tio n  from  th e  c o n tro l v a lu es .
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D iscussion

T h e re  is am ple e x p e r im e n ta l ev idence to  in d ic a te  th a t  h y p e rte n s io n  in 
v o lv e s  a  d is tu rb an ce  o f  e le c tro ly te  an d  f lu id  m e tab o lism , p rim a rily  re flec ted  
in  a n  en h an ced  ren a l e x c re tio n  o f  sodium  a n d  w a te r  (P ic k e r in g , 1955; Co tt ie r  
e t  a l . ,  1958; H a n e n s o n  e t a l . ,  1963; S e l k u r t  e t  a l., 1965; G o rdo n  e t  a l., 1967; 
L o w it z  e t  al., 1968; M ik s c h e , 1970; D ic k in s o n , 1971 ; F e k e t e  e t a l., 1 9 7 0 ,1971a). 
T h e  so d iu m  and  flu id  losses w ere a t t r ib u te d  b y  U llm a n n  e t al. (1963) to  a 
h y p e rs e n s it iv ity  of v o lu m e  re g u la tio n  o f th e  h y p e rten s iv e  o rg an ism ; b y  
M a r t in o  and  E a r l e y  (1967) to  a d irec t e ffec t o f  th e  increased  p e rfu sio n  
p re s s u re ;  b y  N ic k e r so n  a n d  S u t t e r  (1964) to  a re d u c tio n  of p la sm a  vo lum e 
d u e  to  ang io tensin ; b y  V a n d e r  (1963) to  a d ire c t in h ib itio n  b y  an g io te n s in  of 
tu b u la r  reab so rp tio n ; b y  D a v is  e t al. (1966) to  th e  “ escape”  p h en o m en o n  in 
c o n n e c tio n  w ith  DOC; b y  R e c t o r  e t al. (1968) to  th e  p ro d u c tio n  o f a su b s ta n c e  
in h ib i t in g  tu b u la r  e le c tro ly te  a b so rp tio n ; b y  G o r d o n  e t  al. (1967) to  a  re d u c tio n  
o f  p la s m a  volum e in  co n seq u en ce  o f enhanced  sy m p a th e tic  a c tiv ity  a sso c ia ted  
w ith  ch ro n ic  h y p e rten s io n ; b y  F e k e t e  e t a l. (1971b) to  an  e n h an ced  ren in

F ig . 1. Plasma, blood and total fluid volumes in rats at successive stages of experimental renal 
hypertension and in normotensive controls
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a ctiv ity  dem onstrable in th e  venous blood of th e  ischaem ic and unm anipulated  
kidney alike; by T hurau  (1962) as well as by Gir n d t  and Ochw adt (1969) 
to  a fall in  the osm otic gradient due to  the enhancem ent of m edullary blood  
flow ; and, finally , by Ma r t in e z -Maldonado  (1971) to  the vasod ilating  
a ctiv ity  o f  prostaglandins.

In  th e  p re se n t e x p e rim e n ts  th e  in tra v a sc u la r  a n d  to ta l  f lu id  c o m p a r t
m en ts  o f r a ts  w ith  p e rm a n e n t h y p erten s io n  h a v e  b een  s tu d ied  a t  successive 
s tages o f th e  h y p e rten s iv e  co n d itio n .

T he flu id  c o m p a r tm e n ts  h av e  been s tu d ie d  in  h u m a n  h y p e rte n s iv e  
d isease, to o . In  th is  co n d itio n , R ochlin e t al. (1959) fo u n d  a 12%  re d u c tio n  in  
b lood  v o lum e. S im ilar fin d in g s  in  respect of p la sm a  v o lu m e  h av e  b een  rep o rted  
b y  Gordon e t al. (1967). G r e e n  an d  Sa pir stein  (1952) re jec ted  th e  p o ssib ility  
of a n  ex p ansion  of th e  in tra v a s c u la r  an d  e x tra c e llu la r  c o m p a rtm e n ts  in  h y p e r
ten s iv e  d isease. T obian (1960) found  n o rm al e x tra c e llu la r  flu id  c o m p a rtm e n ts  
in  th e  3 rd  to  5 th  m o n th  o f  h y p e rte n s iv e  d isease. W a lser  e t a l. (1956) as well 
as W in e r  (1957) ex am in ed  a ll com ponen ts o f  th e  f lu id  spaces w ith o u t, how 
ever, fin d in g  a n y  a b n o rm a lity . A ccording to  Gra eff  (1957) th e  in u lin -space  
w as s im ila r in  n o rm al a n d  h y p e rte n s iv e  su b je c ts . R o ss  (1956) fo u n d  a  2%  
increase  in  to ta l  bo d y  w a te r  vo lum e in  h y p e rte n s iv e  d isease. I n  th e  s tu d ies  of 
Greg ersen  e t al. (1939) p la sm a  volum e as e s tim a te d  w ith  T -1824 w as 50 
m l/kg  in  h y p erten s iv e  su b je c ts . T arazi (1967), on  th e  ev idence o f rad io iso to p e  
s tu d ies , fo u n d  p lasm a v o lu m es o f 42.3 m l/kg in  h y p e rte n s iv e  d isease as ag a in s t 
48 m l/kg  in  n o rm o ten siv e  su b je c ts . T he f in d in g s o f  Conw ay  (1967) co nnec ted  
th e  ea rly  s tag e  o f ren a l h y p e rte n s io n  w ith  an  e x p an sio n  o f th e  e x tra c e llu la r  
flu id  co m p artm en ts . In  o p p o s itio n  to  th is , B ianchi (1970) found  a n  u n a lte re d  
p lasm a  vo lum e in  h y p e rte n s io n .

As reg a rd s induced  re n a l h y p erten sio n  in  a n im a l ex p erim en ts , L edingham  
(1964) fo u n d  in  dogs a t r a n s i to ry  increase in  EC vo lu m e in c lu d in g  th a t  of 
p la sm a , be tw een  th e  7 th  a n d  14 th  day , n o rm a liz a tio n  ensu ing  a f te r  th e  14th  
d a y . In  a dog w ith  G o ld b la t t  ty p e  h y p e rte n s io n  (induced  b y  re n a l a r te r ia l 
c o n s tr ic tio n  (Grollman a n d  S hapiro , 1953) fo u n d  a n  increased  e x tra c e llu la r  
v o lu m e. In  earlie r s tu d ies  o f  th e  p resen t a u th o rs  (F ek ete  e t a l., 1971c) a re 
d u c tio n  o f  th e  in tra  a n d  e x tra c e llu la r  c o m p a rtm e n ts  w as n o ted  b e tw een  th e  
8 th  an d  9 th  m o n th s  o f th e  ch ron ic  phase  of e x p e rim e n ta l ren o v a sc u la r  h y p e r
ten s io n  in  dogs. F o r th e  d o g ’s n o rm al p lasm a v o lu m e  Gregersen  a n d  Stewart 
(1939) found  48 to  64 m l/k g , Courtice (1943) 56 m l/kg , F ekete  e t a l. (1971c) 
60 m l/kg .

O n th e  ev idence o f  th e  d a ta  concern ing  W is ta r  ra ts  in  D o naldso n’s 
classical m onograph  (1924) a f te r  th e  tim e  of sex u a l m a tu r i ty  i.e. th e  age  o f tw o 
m o n th s , b lood  volum e in c rea se s  para lle l w ith  b o d y  w eigh t, in  o th e r  w ords, 
b lood  v o lu m e  exp ressed  in  p e r  cen t of b o d y  w e ig h t rem ain s u n c h a n g e d . The 
to ta l  f lu id  vo lum e co rre sp o n d s  to  a p p ro x im a te ly  6 7 %  o f body  w e ig h t. A ccord-
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in g  to  Caster e t al. (1955) th e  p lasm a vo lu m e y ie lded  b y  th e  E v a n s  blue 
m e th o d , corresponds to  4 .8 %  o f body  w eigh t in  th e  no rm al r a t .

R a ts  w ith  G o ld b la tt- ty p e  h y p erten sio n  being  in  possession  o f  b o th  
k id n e y s  (one k idney  w ith  c o n s tr ic te d  renal a r te ry ,  th e  o th e r k id n e y  u n m a n ip 
u la te d )  revealed  n o rm al E C  co m p artm en ts  in  th e  3rd  to  5 th  m o n th  o f h y p e r
te n s io n  (T obian , 1960). L eding h am  (1964) fo u n d  a rise  in  p la sm a  vo lu m e in 
h y p e r te n s iv e  ra ts  w ith  a single k idney  d u rin g  th e  f irs t  40 d a y s  o f  h y p e r
te n s io n . S u b sequen tly , n o rm a liz a tio n  of p lasm a vo lum e ensued  p a ra lle l w ith  
th e  s ta b iliz a tio n  o f h y p e r te n s io n . B raun-Me n e n d e z  an d  Martinez  (1949) 
n o te d  a n  expansion  o f th e  in tra v a sc u la r  an d  e x tra c e llu la r  c o m p a rtm e n ts  3 to  5 
m o n th s  a f te r  th e  p ro d u c tio n  o f h y p erten sio n . K ramer an d  Ochw adt  (1971) 
d e m o n s tra te d  a slig h t in c rea se  in  to ta l b o d y  w a te r  one w eek a f te r  u n ila te ra l 
n e p h re c to m y , a t  a tim e  w h e n  b lood  p ressure  w as s till w ith in  n o rm a l lim its. 
(N o rm a l va lue , 64 .6% , a f te r  n ep h rec to m y , 6 6 .7 % , o f  bo d y  w eigh t).

I n  th e  p resen t s tu d y , 6 to  8 weeks a f te r  u n ila te ra l  lig a tio n  o f th e  renal 
a r te r y ,  in  th e  presence o f  a n  u n m a n ip u la te d  o p p o site  k id n ey , b lo o d  p ressu re  
a n d  th e  flu id  c o m p a rtm e n ts  w ere p rac tica lly  th e  sam e as in  th e  con tro ls . 
T h ir te e n  weeks a fte r  th e  in te rv e n tio n , a s ig n ifican t e lev a tio n  o f  b lo o d  p ressu re  
w as fo u n d  to g e th e r w ith  a s ig n ifican t red u c tio n  in  p lasm a a n d  b lo o d  volum e, 
w h ile  to ta l  flu id  vo lum e w as u n a lte red . B e tw een  th e  3 0 th  a n d  3 7 th  week 
a f te r  th e  in te rv en tio n  th e re  w as likewise a s ig n if ic a n t e lev a tio n  o f b lo o d  p res
su re  a n d  a sign ifican t re d u c tio n  in  p lasm a an d  b lo o d  volum e, w hile  to ta l  body  
w a te r  w as u naffec ted . T h e  v a lu e s  found  w ith  a n o rm a l b lood p re ssu re  w ere 51 
m l/k g  fo r  p lasm a v o lu m e , 90 m l/kg  for b lood  v o lu m e , an d  6 3 .9 %  o f body  
w e ig h t fo r  to ta l  bo d y  w a te r . A t b lood  p ressures o f  a p p ro x im a te ly  170 m m H g, 
p la s m a  vo lum e was 45 m l/k g , b lood  volum e 78 m l/kg  (h a e m a to c rit b e ing  u n 
a l te r e d ) ,  an d  to ta l b o d y  w a te r , 63 .1%  of b o d y  w e ig h t. T he serum  so d ium  level 
w as 150 m E q /L  in  th e  n o rm o te n s iv e  and  h y p e rte n s iv e  an im als a like.

T h e  reduced  p la sm a  a n d  b lood  vo lum e in  ch ron ic  e x p e rim e n ta l renal 
h y p e r te n s io n  w ould seem  to  in d ic a te  th a t  th e  re g u la to ry  m echan ism s o f ren a l 
o rig in  a ffec tin g  th e  f lu id  c o m p a rtm e n ts  have  su ffe red  ce rta in  a lte ra tio n s  w hich, 
h o w e v e r , have y e t to  be c la rified .

W e  a re  in d ep ted  to  M rs. E d i t  S p itz a r  for th e  sk illfu l te c h n ica l a ssis tan ce .
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EFFECT OF CYTOSTATIC AGENTS ON THE ADHESION 
OF HUMAN AMNIOTIC CELL LINES

P . G e r g e l y , G .  S z a b ó , G y . S z e g e d i , В . F e k e t e , G y . P e t r á n y i

FIRST DEPARTMENT OF MEDICINE. UNIVERSITY MEDICAL SCHOOL. DEBRECEN 

R eceived O ctober 23, 1972

A ra p id  a n d  sim ple in -v itro  screening te s t  fo r  c y to s ta tic  agen ts is d e sc rib ed . B y  
m ean s o f 51C r-labelled  cells, i t  m easures th e  loss o f  ad h es iv ity  o f am nio tic  cells re su ltin g  
fro m  th e  c y to s ta tic  ac tio n  of these  agen ts. T h e  possib le  re la tionsh ips b e tw een  in h ib itio n  
of cell ad hesion  a n d  suppression  of m e ta s ta tic  im p la n ta tio n  are discussed.

I t  h as  been  d e m o n s tra te d  b y  E a g l e  a n d  F o l e y  [2—4] th a t  cell c u ltu re s  
p ro v id e  a screen ing  to o l fo r th e  ac tio n  o f  c y to s ta t ic  agen ts. A p a rt fro m  c e r ta in  
d isad v a n ta g e s , th e  p rocedures m ak ing  use o f  cell cu ltu res h av e  n u m ero u s  
a d v a n ta g e s  over an im a l ex perim en ts an d  h a v e  fo u n d  general a ccep tan ce .

Iso to p e  re lease  o f  51C r-labelled cells (C hang , am nion) has b e e n  w idely  
used  fo r th e  d e te c tio n  o f  im m unological c y to to x ic  reac tio n s [1, 6, 7, 9 ]. O n th e  
ev idence o f ea rlie r s tu d ies  [8], in h ib itio n  o f  th e  adhesion  of 51C r-labe lled  cell 
m on o lay ers  c o n s titu te s  a m ore sensitive  p ro ced u re  fo r th e  d e m o n s tra tio n  of 
c y to to x ic  re a c tio n s  th a n  does iso tope  re lease . I t  seem ed therefo re  o f  in te re s t  to  
ex am in e  th e  in h ib ito ry  ac tion  o f c y to s ta tic  a g e n ts  on th e  ad h esio n  o f  cell 
m onolayers.

M aterial an d  m eth o d s

H u m a n  a m n io tic  cells were o b ta in ed  from  th e  In s t i tu te  o f M icrobiology, D eb recen . T he 
cells a f te r  labe lling  w ith  51Cr were w ashed re p ea te d ly  w ith  th e  TC-199 m edium  a n d  m ad e  up  
to  a  co n ce n tra tio n  o f 105/m l w ith  th e  m edium  c o n ta in in g  10%  calf serum . T h en  1 m l o f the  
cell suspension  a n d  0.1 m l o f  th e  d ilu ted  c y to s ta tic  a g e n t were m easured  in to  s te rile  10 m l 
tu b es  a n d  m ade  u p  to  1.5 m l w ith  th e  m edium . T h e  tu b e s  w ere s toppered  an d  in c u b a te d  in a 
s la n te d  p osition  a t  37°C fo r 24 hours. T h en  th e  n u tr ie n t  m ed iu m  w as poured  off, th e  tu b e s  were 
r in sed  re p e a te d ly  w ith  iso ton ic  saline an d  th e  ra d io a c tiv ity  o f th e  cells ad hering  to  th e  w all of 
th e  tu b e s  w as m easu red  in  p a ralle l sam ples. T he a c tiv it ie s  th u s  ob ta in ed  w ere e x p re ssed  in 
p e r cen ts  o f th e  v a lu es fo u n d  in  th e  contro ls.

F o r th e  d e m o n s tra tio n  o f th e  c y to s ta tic  a c tio n  o f th e  agen ts, su p ra v ita l t r y p a n  blue 
s ta in in g  w as u sed , a  0 .25%  so lu tion  o f try p a n  b lue  b e in g  ad d ed  to  th e  su p e rn a ta n t. T h e  v iab le  
cells w ere th e n  c o u n te d  in  a  B u erker-cham ber.

E D 50, i.e. th e  dose in h ib itin g  th e  adhesion  o f 5 0 %  of th e  cells, was c o m p u te d  on  th e  
basis o f th e  B e h r e n s — K ä r b e r  fo rm u la  [5].

R esu lts

T he a c tio n  o f th e  c y to s ta tic  ag en ts  on th e  adhesion  an d  v ia b il i ty  o f th e  
cells is show n in  T ab le  I . All o f th e  a g e n ts  u n d e r  s tu d y  rev ea led  a g re a te r  
p o te n c y , i.e. low er E D ç 0 figures, in  th is  te s t  th a n  on th e  g rounds o f  s u p ra v ita l
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s ta in in g  (c y to to x ic ity ) . T h e  E D S0 values y ie ld ed  b y  th e  tw o p ro ced u res  gave  a 
f iv e -  to  ten fo ld  d ifference. I n  fac t, th e  a m n io tic  cells p roved  fa irly  r e s is ta n t  to  
c y to s ta t ic  ag en ts , p a r tic u la r ly  to  m e to th re x a te . T h e  d e te rg en t (T w een  80) 
u se d  fo r  reference  p u rp o ses  h a s  been  fo u n d  d e fin ite ly  to  in h ib it a d h e s io n  a t

Table I

E ffect o f  cytostatic agents on the adhesion and v ia b ility  o f  hum an amniotic cells

E D 50 concen
tra tio n  inhib ito ry  

to  adhesion
Pg/ml

E D 50 concent
ration cytotoxic 

/ig/ml

M annom ustine 11.3 5 0 -1 0 0

R-74 (d im esy le ry th rito l) 9.7 1 0 - 2 5

D ibrom odulcito l 250 2 5 0 -5 0 0

H y d ro x y u rea 3300 > 50 0 0

V inblastine 23 25—50

R ubidom ycin 0.9 5 - 1 0

M eto th rex ate > 1 0 0 0 > 1 0 0 0

T w een 80 8 > 10 0 0

c o n c e n tra tio n s  as low  as 50 jitg/ml w hich is s till below  th e  cy to to x ic  lev e l. T h e  
E D 50 o b ta in e d  b y  th e  tw o  p rocedures fo r  T w een  80 show ed a s ig n if ic a n t 
d iffe ren ce .

T h e  o b se rv a tio n  th a t  a t  h ig h er c o n c e n tra tio n s  some of th e  c y to s ta t ic  
a g e n ts  sh if t th e  p H  o f th e  m ed iu m  in  th e  d ire c tio n  of ac id ity  b y  e x h a u s tin g  
i ts  b u f fe r  c a p a c ity  has m ad e  us to  te s t  th e  in flu en ce  of p H  on cell ad h es io n . 
A d ec rea se  of th e  p H  below  5.5 re su lted  in  a n  a b ru p t  fall in  th e  n u m b e r  of 
a d h e r in g  cells to  a few  p e r  c en t. O n th e  o th e r  h a n d , above p H  5.5, cell ad h es io n  
a m o u n te d  to  n e a rly  100% .

D iscussion

T h e  p ro ced u re  b ased  on th e  ra tio  o f a d h e rin g  and  n o n ad h e rin g  cells 
a llo w ed  to  assess th e  e x te n t  o f  fu n c tio n a l in h ib itio n . W e found  th is  t e s t  to  r e 
p re s e n t  a m ore sen sitiv e  in d ic a to r  o f c y to to x ic  a c t iv i ty  th a n  fo r in s ta n c e  th e  
d y e  exc lu sio n  m e th o d . T h e  in h ib ito ry  effect o f  c y to s ta tic s  on th e  ad h esio n  o f 
m o n o ce llu la r  lay e rs  is be lieved  to  re su lt from  a d ire c t b u t v e ry  s lig h t c y to 
to x ic  a c t iv i ty  o p e ra tin g  below  th e  cy tocide  lev e l. In h ib itio n  o f cell a d h e s io n , 
v ie w e d  as a m e th o d , exam in es th e  a lte ra tio n s  o f  th e  cell surface. C y to s ta tic s  of 
th e  a lk y la tin g  ty p e , be in g  a p t  to  p roduce  a d ire c t lesion to  th e  cell m e m b ra n e , 
m ig h t  b e  ex p ec ted  to  in h ib it th e  adhesion  o f m o n o ce llu la r layers even  in  sub- 
le th a l  doses, as opposed  to  n o n a lk y la tin g  a g e n ts  w hich  w ould seem  to  re q u ire
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m assive  doses for affec ting  cell adhesion . E x p e rim e n ta l ev idence h a s , h o w ev e r, 
fa iled  to  b e a r  o u t th is  co n jec tu re . In  fa c t, no difference in  in h ib ito ry  a c t iv i ty  
h a s  been  found  b e tw een  a lk y la tin g  o r n o n a lk y la tin g  agents.

T he pH -changes in d u ced  b y  th e  c y to s ta tic s  h ad  no in flu en ce  o n  cell 
ad h esio n . A t th e  c o n cen tra tio n s  ap p lied  in  th e  p resen t s tu d y , th e  p H  w as 
ab o v e  6.0 w ith  all th e  c y to s ta tic s  ex am in ed , a p H  a t  w hich cell a d h e s io n  is 
u n a ffec ted .

T he adhesion  in h ib itio n  te s t  lends i tse lf  to  th e  s tu d y  o f  th e  su rface  
a c t iv i ty  o f n o n c y to s ta tic  su b stan ces  as w ell. O n exposure to  n o n to x ic  con
c e n tra tio n s  of T w een 80, th e  m ono layers fa il to  adhere  to  th e  g lass su rface . 
W ou ld  th e  c y to s ta tic  ag en ts  exam ined  e x e r t  th e ir  in h ib ito ry  a c tio n  on  cell 
ad h esio n  b y  p rim arily  a ffec tin g  th e  cell m e m b ra n e , th e n  th e  d ifference b e tw een  
th e  tw o  E D 50-values w ould  h av e  to  be as g re a t as in  th e  case of T w een  80.

I t  is in fe rred  from  th ese  re su lts  t h a t  th e  in h ib itio n  of ad h esio n  is d u e  to  
th e  c y to s ta tic  p ro p ertie s  specific of th e  g iven  ag en t an d  th e  rea so n  w h y  it 
in d ica te s  m ore sensitive ly  th e  to x ic  effect th a n  o th e r c u rren t te s ts  is b ecau se  
long befo re  its  to ta l  d e s tru c tio n  th e  cell loses its  cap ac ity  of ad h esio n  in  con
sequence  o f a lte ra tio n s  p ro d u ced  on its  su rface .

I t  w ould  be reaso n ab le  to  p re d ic t an  a n tim e ta s ta tic  a c t iv i ty  in  th e  f irs t 
p lace  for those  ag en ts  w hich a ffec t th e  cell m em b ran e , in  o th e r  w o rd s, w hich  
h av e  an  in h ib ito ry  effect on cell adhesion . F u r th e r  s tu d ies  are p la n n e d  in  o rd er 
to  te s t  th e  possible c o rre la tio n s  b e tw een  th e  in h ib ito ry  effect o f c y to s ta tic s  
d ru g s  on cell adhesion  a n d  th e ir  p re v e n tiv e  e ffec t on m e ta s ta tic  im p la n ta tio n  
in  la b o ra to ry  an im als .
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Sera of p a tie n ts  w ith  ch ron ic  liver disease  h a v e  been stu d ied  fo r th e  c o n cen tra tio n s  
o f IgG , IgA , IgM , C oeruloplasm in, a -2 -m acrog lobu lin , ß-1-C  g lobulin  a n d  tran sfe rrin , 
b y  th e  rad ia l im m u n o d iffu sio n  p rocedure , fu r th e rm o re  for th e  t i t r e s  o f h u m o ra l a n ti
bodies reac tin g  w ith  n u c le a r, m ito ch o n d ria l a n d  soluble p ro te in  an tig en s  fro m  allogenic 
liv e r  by  th e  passive  h a em ag g lu tin a tio n  m e th o d , f in a lly  fo r A u s tra lia  a n tig e n  a n d  for its 
a n tib o d y -titre  b y  a  m ic ro co m p lem en t f ix a tio n  p ro ced u re . In  chron ic  p e rs is te n t  h ep atitis  
th e  IgA  an d  IgM  lev e ls , in  ch ron ic  aggressive h e p a ti tis  a n d  in  c irrhosis o f th e  liv e r those 
o f a ll th ree  im m u n o g lo b u lin s  show ed a s ig n ifican t increase  as co m pared  w ith  th e  controls. 
I n  chronic aggressive  h e p a titis ,  th e  in crease  in  IgG  was p a r tic u la r ly  m ark e d . The 
se ru m  C oeruloplasm in a n d  a-2 -m acro g lo b u lin  levels were increased  in  re la tio n  to  the 
e x te n t  of th e  in f la m m a to ry  process in vo lv ing  th e  h e p a tic  s tro m a. In  c o n tra s t ,  ß-1-C 
g lobulin  and  tra n s fe r r in  w ere n o t  sig n ifican tly  a ffec ted . A u s tra lia  a n tig e n  a n d  hum oral 
an tib o d ies  w ere e n co u n te re d  m o st freq u e n tly  in  chron ic  aggressive h e p a ti tis .

T h e aetio logy  o f  ch ro n ic  h e p a titis  is s till u nclear, in  sp ite  o f  ex tensive  
re se a rc h  on th e  su b je c t. In f la m m a tio n  an d  h ep a to ce llu la r lesion m a y  he due 
to  v a rio u s  fac to rs su ch  as in fec tious m ononucleosis, A u s tra lia  a n tig e n  (A u/SH  
an tig e n ), alcohol, d ru g s  o r o th e r  agen ts. As tissue  lesions in  g en era l, the  
p r im a ry  h ep a to ce llu la r lesion  is also acco m p an ied  b y  a m esen ch y m al reac tio n , 
co n sis tin g  in  a p ro life ra tio n  o f fib ro b la s ts , m acrophages, ly m p h o c y te s  and 
p la sm a  cells. T he a c t iv i ty  o f th e se  cells re su lt  in  fib rosis w ith  th e  ap p ea ran ce  
o f  sessile an d  h u m o ra l a n tib o d ie s , fo rm a tio n  o f a n tig e n -a n tib o d y  com plexes 
a n d , fin a lly , in  a se c o n d a ry  h ep a to ce llu la r lesion, a v itio u s circ le  b e in g  thus 
g e n e ra te d .

W e have s tu d ie d  th e  im m unolog ica l a sp ec ts  of ch ron ic  h e p a ti t is  and 
c irrhosis  of th e  liver in  a c lin ica l m a te ria l, w ith  especial a tte n tio n  to  th e  possible 
re la tio n sh ip s  be tw een  th e  in te n s ity  of m esen ch y m a l reac tio n  c h a ra c te r is tic  of 
th e  in flam m ato ry  p rocess a ffec tin g  th e  h e p a tic  su b s tra te  an d  th e  se ru m  glyco- 
p ro te id  levels.

M ateria l an d  m ethod

Serum  of h o sp ita lized  p a tie n ts  w as used  in  th e  stud ies . C hronic h e p a tic  disease was 
d iag n o sed  on  th e  basis o f th e  h is to ry , c lin ica l fe a tu re s , la b o ra to ry  te s ts , a n d  h isto lo g ical and 
h is to ch em ica l find ings o f  liv e r  b io p sy  m a te ria l.  L iv e r b iopsy  was p e rfo rm ed  if  o f  th e  te s ts  for 
SG O T, SG PT , L D H , B S P , colloid la b ility , se rum  b iliru b in  level, p ro th ro m b in  tim e , IgG  at 
le a s t  th re e  revealed  a b n o rm a l va lues. C lassifica tion  o f  th e  cases in to  in d iv id u a l g roups was 
b a se d  on m orphological ev id en ce . T he d a ta  o f 91 p a tie n ts  selected on th e  b asis o f  histo logical
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d ia g n o s is  from  ap p ro x im ate ly  300 cases have been u tilized . T h e  p a tie n t  m ate ria l co n sis ted  o f  
16 c a se s  o f  chronic p e rs is ten t h e p a t i t i s ,  25 cases o f c h ro n ic  aggressive  h e p a titis , 30 cases of 
c ir rh o s is  o f th e  liver an d  20 cases o f  f a t ty  in filtra tio n . C ases o f  cirrhosis e x h ib itin g  tissu e  
a c t iv i ty  w ere only considered .

F o r  th e  estim a tio n  o f Ig G , Ig A , IgM and C oeru lop lasm in , a -2 -m acro g lo b u lin , /8-1-С- 
g lob u l in  a n d  tran sferrin , th e  r a d ia l  d iffusion  techn ique  d esc rib e d  by  M a n c in i  e t al. [19] w as 
u se d . P o o le d  serum  deriv ed  fro m  100 blood donors se rv ed  as co n tro l. V alues ex p ressed  in 
p e rc e n ta g e  were tran s la ted  in to  a b so lu te  values on th e  b asis  o f reference sera  ( H y l a n d , 
K a l l e s t a d ), and  in  th e  case o f  t r a n s fe r r in  and /J-l-C -g lobulin , b y  co rre la tio n  w ith  th e  d a ta  o f  
B e c k e r  e t  al. [5]. R esu lts w ere e v a lu a te d  sta tis tica lly  b y  S tu d e n t ’s t te s t.

F o r  th e  d e m o n s tra tio n  o f  A u /S H  antigen and a n tib o d y , th e  m icrocom plem en t f ix a tio n  
p ro c e d u re  [35] was used. T h e  t i t r e s  o f hum oral a n tib o d ie s  a g a in s t allogenic h e p a to ce llu la r  
n u c le u s , m ito ch o n d ria  an d  so lu b le  p ro te in  were e s t im a te d  b y  passive h a e m ag g lu tin a tio n  
a c c o rd in g  to  th e  p rocedure  d e sc rib e d  b y  Sz é c s e y  e t al. [34].

Results

T h e  p rop o rtio n  o f A u /S H  an tigen -positive  se ra  w as 16 : 3 in  ch ron ic  p e r
s i s te n t  h e p a titis , 25 : 8 in  c h ro n ic  aggressive h e p a t i t is  an d  30 : 2 in  c irrhosis  
o f  th e  liv e r . No p o sitive  re a c t io n  was found in  a n y  o f th e  cases of s te a to s is  of 
th e  l iv e r . A nti-A u/S H  a n tig e n  an tibod ies w ere fo u n d  in  8 cases. In  th e  absence  
o f  A u /S H  an tigen , th e  p re se n c e  of an ti-A u/S H  a n tib o d y  w as confined  to  one  
p a t i e n t  w ith  chronic ag g re ss iv e  hep a titis .

T h e  sera  revealing  id e n tic a l  an tib o d y  an d  se lf-b in d in g  titre s  w ere assigned  
to  th e  A u /S H  a n tib o d y -n e g a tiv e  group. Self b in d in g , suggestive of c irc u la tin g  
so lu b le  a n tig en -an tib o d y  co m p lex es [31] w as fo u n d  in  7 cases o f ch ron ic  
a g g re ss iv e  h ep a titis , in  2 o f  c h ro n ic  pers is ten t h e p a t i t is  an d  in  one o f c irrhosis  
o f th e  liv e r. In  th e  cases o f  h e p a tic  steatosis th e  self-b ind ing  re a c tio n  w as 
n e g a tiv e  all th ro u g h o u t.

T h e  hum oral a n tib o d y  t i t r e s  were m easu red  a g a in s t soluble p ro te in , 
m ito c h o n d r ia l  and  n u c lea r a n tig e n s . D istrib u tio n  o f  a n tib o d y  titre s  is p re se n te d

Table I

H um oral an tibody titres in chronic liver disease

Antibody titre
Chronic persistent 

hepatitis
Chronic aggressive 

hepatitis Cirrhosis of liver Steatosis oi liver

S M N S M N S M N S M N

N e g a tiv e 14 13 13 22 20 21 28 28 28 18 18 18

P o s itiv e 2 3 3 3 5 4 2 2 2 2 2 2

1 : 8 2 2 2 1 2 0 1 0 0 1 1 1

1 : 16 0 1 1 0 1 2 1 1 0 1 1 1

1 : 32 0 0 0 1 0 1 0 1 1 0 0 0

1 : 64 0 0 0 1 1 0 0 0 1 0 0 0

1 : 128 0 0 0 0 1 1 0 0 0 0 0 0

S =  soluble protein; M =  m ito ch o n d riu m ; N =  nucleus.
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Table II

Im m unoglobulin- and glycoproteid concentrations (mgjlOO m l) in chronic liver disease

Normal
Chronic

persistent
hepatitis

Chronic
aggressive
hepatitis

Cirrhosis of liver Steatosis 
of liver

IgG n 25 16 25 30 30

X 1200 1525 2320 1810 1396

s 280 175 321 271 169

p > 0 .0 5 < 0 .0 0 1 < 0 .0 5 > 0 .0 5

IgA n 25 16 25 30 20

X 210 334 363 568 289
g 80 51 47 116 47

p < 0 .0 5 < 0 .0 1 < 0 .0 1 > 0 .0 5

IgM n 25 16 25 30 20

X 130 265 184 242 200

s 53 47 \ 32 42 37

p < 0 .0 1 < 0 .0 1 < 0 .0 1 > 0 .0 5

C oeruloplasm in n 25 16 25 30 20

X 31 49 53 54 53

s 11 7 6 9 11

p < 0 .0 5 < 0 .0 1 < 0 .0 5 < 0 .0 5

A lpha-2-m acroglobulin n 25 16 25 30 20

X 244 283 367 368 272

s 60 26 42 55 34

p > 0 .0 5 < 0 .0 1 < 0 .0 5 > 0 .0 5

B eta -l-C -g lo b u lin n 25 16 25 30 20

X 110* 128 118 108 154

s 20 12 6 4 26

p > 0 .0 5 > 0 .0 5 > 0 .0 5 > 0 .0 5

T ransferrin n 25 16 25 30 20

X 295* 334 345 361 326

s 55 28 49 39 32

p > 0 .0 5 > 0 .0 5 > 0 .0 5 > 0 .0 5

n =  n u m b er of cases X =  m ear ; s =  s ta n d a r à d ev ia tio n ; p =  significance;; * =  accord-
ing to  B e c k e r  e t al. [5].

in  T ab le  I .  A n tibod ies re a c tin g  w ith  allogenic an tigens occu rred  m a in ly  in  
ch ron ic  h e p a titis .

T h e re  w as a considerab le  e lev a tio n  o f th e  IgG  level in  ch ron ic  aggressive  
h e p a tit is  a n d  in  cirrhosis o f th e  liv e r. T h e  IgA  level increased  in  b o th  ty p e s  of
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c h ro n ic  h ep a titis  as w ell is in  cirrhosis o f th e  liv e r . T h is w as also t ru e  fo r  IgM , 
th e  h ig h e s t c o n c e n tra tio n s  o f  w hich w ere fo u n d  in  ch ron ic  p e rs is te n t h e p a titis . 
I n  s te a to s is  of th e  liv e r , n o  appreciab le  ch an g es  w ere observed  (T able  I I ) .

As regards th e  se ru m  g lycopro teids, a s ig n if ic a n t e lev a tio n  of th e  Coerulo
p la sm in  level w as d e m o n s tra b le , in chronic h e p a ti t is ,  c irrhosis o f th e  liv er, an d  
a lso  in  stea tosis  o f th e  l iv e r  (Table I I ) , w ith  th e  h ig h e s t m a th e m a tic a l s ign ifi
c a n c e  in  chronic ag g re ss iv e  h ep a titis . T h e  a-2 -m acro g lo b u lin  u n d e rw e n t a 
s ig n if ic a n t increase in  ch ro n ic  aggressive h e p a ti t is  an d  in  cirrhosis w hile in  
c h ro n ic  p e rs is ten t h e p a t i t is  an d  in  s tea to sis  o f  th e  liv e r  its  changes w ere n o t 
s ig n if ic a n t. No ap p re c ia b le  changes in th e  /З-1-C -globulin  an d  tra n s fe rr in  levels 
o c c u rre d  in  an y  o f th e  g ro u p s.

Discussion

T h e  tw o p re v a ilin g  th eo rie s  acco u n tin g  fo r th e  p a th ogenesis  o f  ch ron ic  
l iv e r  d isease, th e  f i r s t  c la im in g  a v ira l, th e  second  a n  au to im m u n e  o rig in , a re  
b a se d  on w eighty  ev id en ce . T he claim  o f v ira l o rig in  is su p p o rted  b y  th e  d is
c o v e ry  of A u/SH  a n tig e n  [6] and  b y  i ts  su b se q u e n t d e m o n s tra tio n  in  th e  
se ru m  o f num erous p a t ie n ts  w ith  chronic h e p a t i t is  a n d  cirrhosis o f  th e  liv e r 
[1, 20 , 30, 41]. O n th e  b a s is  o f  m orphological, sero logical, ep idem iological an d  
ph y sico ch em ica l c r ite r ia , th e  A u/SH  a n tig e n  seem s to  be  id en tica l w ith  th e  
v iru s  o f  serum  h e p a tit is  o r  w ith  some of its  s t ru c tu ra l  c o n s titu e n ts  [8]. W right 
[39] fo u n d  A u/SH  a n tig e n  in  14% , W ew alka  e t a l. [38] in  62%  o f sera  in  
c h ro n ic  ac tiv e  (aggressive) h e p a titis . P rince  [26] re p o rte d  a figu re  o f  5 .5 % , 
Sa n w a l d  e t al. [27] o f  2 3 %  fo r th e  p o sitiv e  se ra  in  cirrhosis o f th e  liv er. T he 
re c e n t  find ings o f N ie l s e n  e t  al. [22] in d ic a te  t h a t  p a tie n ts  w ith  a c u te  h e p a 
t i t i s  in  w hom  th e  A u /S H  a n tig e n  p e rsists , a re  liab le  to  develop ch ron ic  h e p a 
t i t i s .  H u n g a ria n  l i te r a tu r e  a lso  contains am p le  ev idence  on th is  su b jec t [2, 13, 
16, 17, 21]. Szécsey e t  a l. [34] have show n th e  p resen ce  o f A u/S H  a n tig e n  in  
a c u te  serum  h e p a titis  in  7 8 % , in  chronic h e p a t i t is  in  60%  an d  in  c irrhosis  of 
th e  liv e r  in  40% . In  th e  p re se n t p a tie n t m a te r ia l ,  th e  p ro p o rtio n  o f  A u/S H  
p o s itiv e  cases w as sm a lle r: th e  figures o f A u /S H  p o s itiv ity  w ere 18%  fo r p e r
s is te n t  h e p a titis , 32 %  fo r aggressive h e p a tit is  a n d  6 %  fo r cirrhosis o f  th e  liv er. 
T h is  m a y  be due to  th e  f a c t  t h a t  our cases h a v e  b e e n  d eriv ed  from  an  u n se lec ted  
m a te r ia l  a d m itte d  fo r v a r io u s  causes, m o reo v er, a  n u m b e r of our p a tie n ts  h a d  
h a d  a c u te  h ep a titis  m a n y  y ea rs  earlier. O n th e  o th e r  h a n d , th e  m a te r ia l  o f 
Sz éc sey  e t al. [34] c o n s is te d  of p a tie n ts  re g u la r ly  follow ed up  a f te r  a cu te  
h e p a t i t is .

T h e  au to im m u n e  o rig in  of chronic liv e r  d isease  is su b s ta n tia te d  b y  th e  
p re sen ce  of various a n tib o d ie s  in  th e  sera  o f  th e se  p a tie n ts . A n ti-sm o o th - 
m u sc le  an tibod ies h a v e  f i r s t  been  described  in  lu p o id  h e p a tit is  [18] b u t  on th e  
ev id en ce  of m ore re c e n t re sea rch , th e y  a re  fo u n d  in  o th e r  form s o f acu te
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h e p a tit is  too , an d  o ften  also  in  chronic  h e p a ti t is  [7, 37, 40]. T h e  a n tin u c le a r  
an tib o d ie s  form  a fu r th e r  g roup . N o an tib o d ie s  o f th is  ty p e  h av e  b een  fo u n d  in  
a c u te  v ira l h e p a titis  or in  d rug -in d u ced  ja u n d ic e . O n th e  o th e r h a n d , th e ir  
p resence  is fa irly  ty p ic a l o f  lu p o id  h e p a tit is  a n d  th e y  m ay  occur in  ch ron ic  
aggressive h e p a titis , in  c ry p to g en ic  cirrhosis a n d  in  p rim a ry  b ilia ry  c irrhosis  
[7, 10, 23, 33]. T h e  th ird  m a in  group inc ludes th e  m ito ch o n d ria l a n tib o d ie s  
w hich , accord ing  to  D oniach  [11], are d em o n strab le  in  90%  o f th e  cases of 
p r im a ry  b ilia ry  cirrhosis w hile being p ra c tic a lly  a lw ays ab se n t in  b il ia ry  ob 
s tru c tio n , p e richo lang itis  a n d  v ira l h e p a tit is , a fin d in g  of d iag n o stic  im p li
ca tio n s . B alázs e t al. [3] s tu d y in g  th e  im m u n e  responsiveness b y  m e a n s  o f th e  
ly m p h o cy te  tra n so rm a tio n  te s t  n o ted  an  im p a irm e n t o f th e  re sp o n se  in  a u to 
im m u n e  liver disease to g e th e r  w ith  th e  d ev e lo p m en t o f d e layed  ty p e  h y p e r
se n s itiv ity  to  h ep a to c e llu la r  m ito ch o n d ria l m a te ria l. H u m o ra l an tib o d ie s  
d ire c te d  ag a in st su b ce llu la r liv e r  frac tio n s  a re  k n o w n  to  be p re se n t in  n u m ero u s  
cases of chronic h e p a tit is  [4, 12, 33]. I n  th e  p re se n t o b se rv a tio n s , an tib o d ie s  
a g a in s t h ep a to ce llu la r nucle i, m ito ch o n d ria  a n d  soluble p ro te in  o ccu rred  in 
ch ron ic  p e rs is te n t h e p a tit is  in  18% , in  ch ron ic  aggressive h e p a tit is  in  2 0 % , in  
cirrhosis o f th e  liv e r in  6 %  a n d  in  h e p a tic  s tea to s is  in  10% . T hese  r e s u lts  are 
co m p arab le  to  th e  re c e n t o b serv a tio n s o f  SzÉCSEY e t a l. [34] on  a d iffe ren t 
p a t ie n t  m a te ria l. T h ere  is also earlie r ev idence  in d ica tin g  th a t  im m u n o lo g ica l 
m an ife s ta tio n s  a re  d is tin c tiv e  o f ce rta in  ty p e s  o f chronic in f la m m a to ry  liver 
d isease [9, 24]. A b n o rm al im m u n e  re a c tio n s  a n d  p ro te in  chan g es h a v e  been 
d e m o n s tra te d  in  ch ron ic  h e p a titis , in  th e  f ir s t  p lace  in  its  aggressive  a n d  ne
c ro tiz in g  ty p es [25, 28, 32]. A ccording t o  Schumacher a n d  Gross [29], in 
ch ron ic  aggressive h e p a tit is  th e  serum  level o f IgG , in  ch ro n ic  p e rs is te n t 
h e p a titis  th a t  o f IgM  is increased . T hese  fin d in g s agree w ith  o u r  e a r lie r  ob
se rv a tio n s  [14]. In  th e  p re se n t p a tie n t m a te r ia l  an  increase in  th e  Ig A  a n d  IgM 
levels was p re v a le n t in  ch ron ic  p e rs is te n t h e p a tit is  w hereas ch ro n ic  aggressive 
h e p a tit is  an d  cirrhosis o f th e  liv er w ere a sso c ia ted  w ith  an  in c rea se  in  a ll th e  
th re e  im m unoglobu lin  co m p o n en ts . T h e  m ax im u m  rise w as fo u n d  in  c irrhosis 
o f  th e  liver, an d  th e  im m u nog lobu lin  co m p o n en t a tta in in g  th e  h ig h e s t level 
w as IgG .

T he serum  C oeruloplasm in level w as increased  in  chronic h e p a t i t is  as well 
as in  cirrhosis an d  s tea to s is  of th e  liver. A n increase  re la te d  to  th e  in te n s i ty  of 
th e  in fla m m a to ry  change in  th e  liver w as d em o n strab le  in  th e  a-2 -m acro- 
g lobu lin  level. I t s  e lev a tio n  w as s ig n ifican t in  th e  ac tiv e , agg ressiv e  fo rm  of 
ch ro n ic  h e p a titis  a n d  in  c irrhosis  o f th e  liv er, a n d  n o t sign ifican t s ta t is t ic a l ly  in 
ch ron ic  p e rs is te n t h e p a tit is  a n d  in  s te a to s is  o f th e  liver. N o s ig n if ic a n t changes 
h a v e  been  found  in  th e  se ru m  tra n s fe r r in  a n d  Д-1-C -globulin leve ls , in  agree
m e n t w ith  ou r ea rlie r o b se rv a tio n s  [15].

In  s tea to sis  o f th e  liv e r  w here, a p a r t  from  a v e ry  s ligh t ly m p h o c y tic  in 
f i l t ra t io n  of th e  p o rto b ilia ry  co nnec tive  tissu e , th e  b iopsy  rev ea led  no  sign of
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an inflam m atory reaction , no appreciable changes were noted in the levels o f  
th e  im m unoglobulins and  o f  the individual g lycoproteids, w ith  th e  on ly  e x 
cep tio n  o f Coeruloplasmin. The increase in  th e  Coeruloplasmin level m ay  
p o ssib ly  reflect the in flam m atory  reaction o f  th e  liver, despite its m inim um  
in ten s ity , an in terpretation  in  agreement w ith  th e  observations o f  U rbaszek  
[36].

I n  ag reem en t w ith  d a ta  in  th e  lite ra tu re , th e  p re se n t re su lts  th u s  seem  to  
su g g e s t th e  ex istence o f  d e f in ite  re la tionsh ip  b e tw e e n  th e  p ersistence  o f A u /S H - 
a n t ig e n  an d  th e  p ro d u c tio n  o f  chronic p a re n c h y m a l in ju ry  in  th e  liv e r . M ore
o v e r , th e y  su p p o rt th e  c la im  th a t  th e  im m u n e  sy s te m  is a ffec ted  b y  ch ron ic  
h e p a t i t is .  T he in crease  in  th e  a-2 -m acrog lobu lin  a n d  C oeruloplasm in leve ls , 
re f le c ts  in  our view  th e  in te n s i ty  of th e  in f la m m a to ry  reac tio n  of th e  h e p a tic  
s tro m a .
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SECRETAGOGUE GLOBULINS IN THE BLOOD 
OF DUODENAL ULCER PATIENTS
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The cause of h y p e rsec re tio n  exceeding th e  u su a l re g u la tio n  m ech an ism s in  duo
denal u lcer p a tie n ts  is u n c lear. In  th e  p re sen t s tu d y , in  7 o u t o f 17 h y p e rch lo rh y d rie  
sub jects w ith  d u o d en al u lce r th e  blood globulin  frac tio n  has b een  fo u n d  to  elic it a 
s ign ifican t g astric  h y p e rsec re tio n  in  ra ts . I t  is suggested  t h a t  in  c e r ta in  cases the  
presence in blood of a  secre tagogue  fac to r o f th e  im m unog lobu lin  ty p e  o r a n  au to im m une 
process m ig h t be responsib le  fo r th e  p ro d u c tio n  of g a s tr ic  h y p e rsec re tio n .

T he aetio logy  o f p e p tic  u lcer has n o t been  c larified  b u t  fo r th e  d ifferen t 
ty p e s  of ulcer d iffe ren t p a th o g e n e tic  fac to rs  seem  to  be re sp o n sib le  [1— 3]. 
D uodenal .ulcers a re  o ften  m ark ed  b y  a su b s ta n tia l g astric  h y p e rsec re tio n  in 
com parison  w ith  th e  n o rm ac id  genera l p o p u la tio n . I t  is re m a rk a b le  th a t  no 
connection  could  be e s tab lish ed  betw een  th is  ty p e  of h y p e rsec re tio n  and  the  
h y p e ra c tiv ity  of th e  physio log ica l reg u la to ry  m echan ism s o f g a s tr ic  secretion 
[4— 8]. On th e  ev idence o f h isto log ica l an d  o th e r  s tu d ies , in  d u o d en a l ulcer 
p a tie n ts , th e  H C l-p roducing  p a r ie ta l cells h av e  b een  found  to  increase  th e ir  
m ass to  th e  e x te n t o f supersed in g  th e  physio logical sec re to ry  phases  (cephalic, 
g astric , en te ra l). As a re su lt, a t  le a s t in  th e  periods o f a c tiv ity , th e y  are  con
tin u o u s ly  secreting , g iv ing  th u s  rise  to  an  excessive b asa l secre tio n  even  in  th e  
re s tin g  s ta te  o f th e  s to m ach  [9— 12]. I t  m ay  be q u estio n ed  w h e th e r i t  is 
a c tu a lly  g a s trin  alone w hich  acco u n ts  for th e  figures o f “ g a s tr in -lik e ”  a c tiv ity  
y ielded  b y  b io logical t i t r a t io n s  for g a s tr in -a c tiv ity  of sera  o r o f  serum  con
c e n tra te s  [13, 14].

P ern ic ious an aem ia  is kn o w n  to  be due to  a n  au to im m u n e  m echanism  
re su ltin g  in g astric  a c h lo rh y d ria  [15]. C onversely, th e re  are  im m unoglobu lins 
o f secretagogue p ro p e rtie s , as exem plified  b y  Lats [16—19]. I t  has been 
assu m ed  on th e se  g rou n d s th a t  au to logous im m unog lobu lin s m ay  be  responsible 
f o r  h y p e rac id ity  asso c ia ted  w ith  duodena l u lcer. I t  h as  been  so u g h t to  clarify  
th is  issue by  ex am in in g  th e  serum  globulins of d u o d en a l u lce r p a tie n ts  for 
secretagogue a c tiv ity  b y  m ean s of biological t i t r a t io n . H y p e rc h lo rh y d ria  of the  
p a tie n ts  was d e te rm in ed  b y  te s tin g  th e ir  g astric  secre tion  u n d e r  basa l con
d itio n s  and  a f te r  a u g m e n te d  h is tam in e  te s t .
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M aterial and method

I n  an aesth e tized  ra ts ,  a f te r  co n tin u o u s  slow g a s tr ic  lav ag e  fo r  1 h o u r  th e  g astric  ju ice  
w as t i t r a te d  for free HC1, th e n , a f te r  a d m in is tra tio n  of se ru m  g lobulin  o b ta in e d  from  h ea lth y  
c o n tro l  su b jec ts  and  of d u o d e n a l u lce r  p a tie n ts , g a s tr ic  sec re tio n  w as s tu d ied  b y  rep ea ted  
t i t r a t i o n  o v er 6, 8 and  10 h o u rs . F o r  th e  sep a ra tio n  o f g lo b u lin , th e  serum  w as d ialyzed  in 
p h o s p h a te  b u ffer p H  5.8 fo r 48 h o u rs , w ash ed  th ree  tim es w ith  d is tilled  w a te r  fo r th e  rem oval 
o f a lb u m in  an d  of possible p o ly p e p tid e  c o n ta m in a tio n s  a n d  th e  p re c ip ita te  w as dissolved in 
T R I S  b u ffe r  o f  p H  8. T he te c h n iq u e  p rec lu d ed  th e  p resen ce  o f g a s tr in  o r o f  o th e r  know n 
se c re tio n -s tim u la tin g  fac to rs  in  th e  frac tio n . T w en ty fiv e  te s ts  w ith  g lobulin  o b ta in e d  from  17 
u lc e r  p a t ie n ts  were carried  o u t, a g a in s t 11 co n tro l te s ts .

Table I

P roduction o f  HCl/hour by rat stomachs, fig

C hour 111 34 58 467 624 416 88 817 108 286 703

1.0 ml 0.9 TRIS TRIS m. g. m. g. TRIS m. g. m. g. m. IgG
i.  V. 0 NaCl buffer buffer B. B. B. B. buffer 0

(21y) (21y) (21y)

1. h o u r 126 43 57 305 189 146 71 307 95 198 304
2. h o u r 131 57 73 350 62 88 54 277 108 216 166
3. h o u r 131 43 88 350 84 114 69 188 117 202 131
4. h o u r 117 56 88 365 83 102 28 162 148 207 135
5. h o u r 120 53 85 336 208 28 81 83 97 74
6. h o u r 135 42 291 41 114 87 57 74
7. h o u r 42 394 97 83 57 69
8. h o u r 83

M axim um  increase: 1.6 fo ld ; m ax im u m  decrease: 0.1 fold.

Results

T a b le  I  shows th e  re su lts  o f con tro l te s ts , w h ich  h a v e  been  u n d e rta k e n  
fo r th e  v e rifica tio n  of th e  p o ssib le  secre to ry  chan g es exp ressed  in  H C l/hour 
w h ich  m a y  occur sp o n ta n e o u s ly  o r in  response to  non-specific  in te rv e n tio n s  
su ch  as  th e  in trav en o u s a d m in is tra tio n  of physio log ica l saline, o f T R IS  bu ffer 
o r o f  g lo b u lin  derived  from  p o o led  sera of h e a lth y  su b jec ts , in  ex p erim en ts  
c o n t in u e d  for 8 to  9 h o u rs . A s co m p ared  to  th e  b a sa l figu res se t o u t in  th e  
u p p e rm o s t  row  C, th e  m a x im u m  increase w as 1.6 fo ld  a n d  th e  m ax im u m  
d e c re a se  0.1 fold. T his is re p re s e n te d  also in  F ig . 1 w here , in s te a d  of giving 
a b s o lu te  figu res, th e  a c id ity  v a lu e s  o f th e  successive h o u rs  h av e  b een  re ferred  
to  th e  b a s a l values. T he f i r s t  sm a ll co lum n re p re se n ts  th e  b a sa l level (row  C in 
T a b le  I ) ,  regard less of th e  d iffe ren ces in  H C l/hour sec re tio n  in  th e  in d iv id u a l 
a n im a ls . A s referred  to  th e se  v a lu e s , th e  m a jo rity  o f su b se q u e n t ones show ed 
a d ec rea se .

T h e  resu lts  of th e se  e x p e rim e n ts  are show n in  T ab le  I I ,  in  th e  sam e 
a r ra n g e m e n t  as in  T ab le  I  a n d  in  F ig . 2. T en  o u t o f 25 m easu rem en ts  revealed
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to  V} to
at at 5H I -  H

F ig. 1. P ro d u c tio n  o f H C l/hour by  r a t  s to m ach  as re fe rred  to  basal sec re tio n . V ertica l ax is : 
u n its  o f b asa l sec re tio n ; h o rizo n ta l axis: g ro u p s an d  sym bols as in  T ab le  I

Fig. 2. P ro d u c tio n  o f H C l/h o u r b y  r a t  sto m ach  in  response  to  g lobulin  o b ta in e d  from  subjects 
w ith  h y p e rch lo rh y d rie , as re fe rred  to  b asa l secre tion . V e rtica l ax is: u n its  o f b asa l secretion ; 

h o rizo n ta l ax is : groups and  sym bols as in  T able  I I

a m ore th a n  tw ofo ld  increase in  H C l-secretion . These in c reased  values were 
caused  b y  th e  g lobu lin  o f 7 p a tie n ts ;  th e  g lobu lin  o f 3 o f  th e se  (M. L , S. A.,
K . S.) caused  a fo u rfo ld  increase b y  th e  en d  o f th e  3 rd , 4 th  a n d  8 th  hour. 
R ep e a te d  te s ts  y ie ld ed  id en tica l resu lts  in  th re e  cases (M. I .  in  co lum ns 1—2,
S. A. in  colum ns 13— 15 an d  G-. R . in  co lum ns 23— 24).
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Table II

A c id  secretion in  HCl/hour by rat stomachs after intravenous

C hour 137 39 418 183 139 504 172 29 46 307 459

1.0 ml M. I. M. I. Sz. I. R. Gy. V. I. N. J. R. S. Zs. A. T. Gy. I. s. K. P.
i .  V. t- g- t.g . t. g. *• g- *■ g- g- t.  g. g- t. g. t. g. g-

1. h o u r 110 73 222 201 28 189 116 88 29 208 321
2. h o u r 766 790 414 219 55 184 88 29 44 160 277
3. h o u r 610 175 307 328 81 194 88 88 146 360 256
4. h o u r 402 107 195 347 0 83 73 43 456
5. h o u r 323 120 134 365 118 55 29 42 429
6. h o u r 146 147 131 168 166 139 43 58 102
7. h o u r 29 168 59 142 73 44 284

8. h o u r 122 234
9. h o u r

10. h o u r

11. h o u r

12. h o u r

I n  th e  second line, in itia ls  o f  th e  p a tie n ts  from  w hom  th e  g lobulins have been o b ta in e d .

Discussion

I t  is safe to  assum e t h a t ,  s im ilarly  to  th e  w e ll-e s tab lish ed  m echan ism s 
in v o lv e d  in  gastric  sec re tio n , a lso  th o se  w hich  h a v e  y e t  to  he ex p lo red , in  
p a r t ic u la r  th e  im m une re g u la tio n s , m ay  be a ffec ted  in  som e m an n er. I t  is w ell- 
k n o w n  t h a t  u n d er ce rta in  c o n d itio n s  th e  im m une sy s tem  m a y  p lay  a s ig n if ican t 
p a r t  in  th e  p ro d u c tio n  o f  h y p e r tro p h y  an d  h y p e rp la s ia  [20— 23]. T h e  g a s tro 
in te s t in a l  invo lvem en ts d u e  to  im m unolog ical d is tu rb a n c e s  p re se n t a w ide 
d iv e rs i ty , from  an  acu te  a b d o m e n  [24— 26] to  p e rn ic io u s  anaem ia , ch ron ic  
a u to im m u n e  g a s tr itis , a n d  even  ce rta in  ty p e s  of m a la b so rp tio n  
[27— 3 0].

T h o u g h  h u m an  p e p tic  u lc e r  is a k in d  o f f ib rin o id  necrosis s im ila r to  th o se  
a s so c ia te d  w ith  collagen or a u to im m u n e  disease, u lcers h a v e  been  re g a rd e d  as 
n o n sp e c if ic  [31].

T h e  p re sen t re su lts  w o u ld  seem  to  suggest t h a t  h y p e rse c re tio n  asso c ia ted  
w ith  d u o d e n a l u lcer m ig h t be d u e  in  ce rta in  cases to  a g lo bu lin  ty p e  s tim u la tin g  
fa c to r . F u r th e r  stud ies are  in  p ro g re ss  to  id en tify  an d  iso la te  th e  fa c to r  c a rry in g  
th e  s tim u la tin g  a c tiv ity .
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adm inistra tion  o f  globulin obtained fro m  patients with hyperchlorhydria

1338 42 92 58 125 759 1610 41 87 125 708 105 131 214

K. M. S. A. K. S. S. A. K. B. K. S. в .  B. K. S. G. R. G. R. G. R. G. R. G. R. V. S.

IgG t-g- IgG t-g- IgG t- g- t-g- IgG IgG IgG IgG t-g- t- g- t- g

321 57 122 84 108 235 805 43 156 125 160 226 199 2 2 2

180 83 88 78 92 162 362 128 190 110 69 263 308 277

100 85 83 77 55 207 312 152 186 131 57 328 393 407

85 108 105 84 99 214 236 139 140 134 73 312 284

139 85 95 88 41 114 270 131 147 125 74 366 278

114 102 97 105 41 99 176 111 85 143 57 255 234

95 97 148 41 194 131 83 117 57 156 184

408 54 143 117 87 102 74 139 128

384 161 99

307

152

IgG =  IgG  so lu tion ; tg  =  to ta l  globulin .
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The co n ce n tra tio n  o f 5 -hydroxy indo leace tic  ac id  (5 -H IA A ) in  th e  ce reb ro sp in a l 
f lu id  has been e s tim a te d  in  95 n eu ro p sy ch ia trie  cases. T he level was fo u n d  to  v a ry  
acco rd ing  to  age a n d  to  p re se n t a wide sca tte r. T he v a lu es ten d e d  to  be h igh  in  juven iles 
as well as in su b je c ts  o f a d v an ced  age, while low er in  m iddle  aged ones, b u t  th e  d if
fe rences were n o t s ig n ific a n t s ta tis tica lly . The lo w est c o n ce n tra tio n  o f 5 -H IA A  in  CSF 
(8.1 ±  4.5 ng /m l) w as fo u n d  in  th e  group  of depressive  disease. In  ep ilep tics an d  p a tie n ts  
w ith  organic  cereb ra l disease  th e  5-H IA A  level w as d e f in ite ly  h ig h er th a n  in  th e  p rev ious 
g ro u p  (15.4 i  5.0 a n d  15.3 i  7.0 ng/m l, re sp ec tiv e ly ). L ow er c o n cen tra tio n s  were 
fo u n d  in th e  d ru g -free  g ro u p , b u t  th e  d ifference w as n o t  s ig n ifican t. T he level was 
e x tre m e ly  low (5 to  8 ng /m l) in  tw o sub jects w ith  g rav e  b ra in -s te m  lesion , in  one w ith  
com pression  of th e  sp in a l co rd  an d  in  one w ith  tab o p a re s is .

The effect on  th e  C SF 5-H IA A  level o f t ry p to p h a n  an d  p robenecid  load ing  has 
b een  stu d ied  in v iew  o f e v e n tu a l d iagnostic  possib ilities .

T h e  possib ilities o f  s tu d y in g  th e  tu rn o v e r  o f b iogenic am ines in  p a tie n ts  
a re  n a tu ra lly  re s tr ic te d , b u t  th e  p resen t ran g e  o f d iag n o stic  in v es tig a tio n s  of 
th e  C SF  cu rren tly  ap p lied  in  n eu ro p sy ch ia try  can  s till be e x ten d ed . R ecen t 
te c h n iq u e s  allow to  e s tim a te  th e  sero ton in  m e ta b o lite s  in  1 m l CSF, a n  a m o u n t 
la rg e ly  covered b y  th e  u su a l sam ples co llected  fo r  ro u tin e  te s ts . In  o th e r 
w ords, th e  p rocedure  req u ire s  no ad d itio n a l lu m b a r  p u n c tu re  th u s  avo id ing  
u n n ecessa ry  d iscom fort to  th e  p a tie n t.

I t  has been q u es tio n ed  w h e th e r th e  levels o f b iogenic am ines or o f th e ir  
m e ta b o lite s  in th e  C SF a re  like ly  to  fu rn ish  a n y  usefu l in fo rm a tio n , i t  being  
u n c e r ta in  w hether th e  v a rio u s  fac to rs  a ffec ting  th e  C SF c o n s titu e n ts  b ea r an y  
re la tio n sh ip  to  ce reb ra l m etab o lism .

I t  has been co n firm ed  ex p erim en ta lly  t h a t  th e  se ro to n in  m e ta b o lite  5- 
h y d ro x y in d o leace tic  ac id  (5-H IA A ) does n o t p ass  across th e  b lo o d -b ra in - 
b a r r ie r  (R o o s, 1962; M orn a n d  E c c l e s t o n , 1968). T h e  fin d in g s o f G u l d b e r g  
a n d  Y a t e s  (1968), A n d e r s o n  an d  R oos (1968) a n d  o th e rs  in d ic a te  t h a t  th e  
C SF 5 -H IA A  level re flec ts  th e  cerebral tu rn o v e r  o f se ro to n in . T he 5 -H IA A  
fo rm ed  in  cerebral tissu e  passes in to  th e  C SF, a n d  a s ta te  of eq u ilib riu m  is 
e s tab lish ed  betw een  th e  b ra in  an d  CSF 5 -H IA A  levels. I t  is tru e  t h a t  c e rta in  
fa c to rs  p rov ide  a source o f m is in te rp re ta tio n s  in  re sp e c t o f se ro to n in  tu rn o v e r , 
in  p a r tic u la r  th e  e lim in a tio n  from  th e  CSF o f th e  ac id  m e ta b o lite , th e  r a te  o f its 
passag e  in to  th e  b lood , th e  a c tiv ity  of th e  t r a n s p o r t  p rocess (G u l d b e r g  an d  
Y a t e s , 1968). A llow ance b e ing  m ad e  for th e se  fa c to rs , m easu rem en t of m e tab -
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d it e s  in  the CSF offers an  inform ative angle o f approach to  the m etabolism  
o f  th e  brain (Moir et al., 1970).

I n  hum an  p a th o lo g ica l cond itio n s, a d d itio n a l fa c to rs  m ay  a ffec t th e  CSF 
5 -H IA A  level. T he re la tio n sh ip s  b e tw een  ce rta in  syndrom es a n d  th e  5-H IA A  
le v e l h a v e  been w idely  s tu d ie d . O n th e  ev idence o f re c e n t o b se rv a tio n s , th e  
5 -H IA A  co n cen tra tio n  in  th e  C SF is d e fin ite ly  ag e -d ep en d en t, as h as  been 
sh o w n  in  h ea lth y  v o lu n te e rs , to o  (G o t t f r i e s  e t a l., 1971). D rugs also  a ffec t th e  
5 -H IA A  level, i t  is, h o w ev er, d ifficu lt to  es tab lish , how  fa r  th e  chan g es a re  due 
to  so m e in terferences or to  th e  a c tu a l d rugs.

In  th e  la b o ra to ry  a n im a l, th e  CSF 5 -H IA A  level w as show n to  increase 
in  re sp o n se  to  reserp in e  a n d  to  rem ain  u n a ffec ted  b y  im ip ram in e  (A s h c r o f t  
a n d  S h a r m a n , 1962). C h lo rp rom azine  p roduced  an  increase in  th e  c o n c e n tra tio n  
o f  a c id  m e tabo lites in  th e  c a u d a te  nucleus of th e  dog, p a ra lle l w ith  a rise  in  th e  
m e ta b o li te  levels in  th e  C SF  (M o i r , 1967). U n d e r  try p to p h a n  lo ad in g  th e  
c e re b ra l sero ton in  c o n c e n tra tio n  increased  (M o i r  an d  E c c l e s t o n , 1968) while 
in tra v e n o u s  a d m in is tra tio n  o f  a -m eth y l-d o p a  an d  o f tr ip to p h a n  w as follow ed 
b y  a n  e lev a tio n  o f th e  5 -H IA A  co n cen tra tio n  in  th e  b ra in -s tem , as re flec ted  by 
a p a ra l le l  rise in th e  5 -H IA A  level in  th e  c is te rn a l flu id  ( E c c l e s t o n  e t a l., 1962). 
5 -h y d ro x y tr ip to p h a n  w as fo u n d  to  raise th e  co n cen tra tio n  of 5 -H IA A  in the  
C S F  in  park inson ism  (Ch a s e  e t a l., 1962). A n e lev a tio n  of th e  H IA A , in  ad d itio n  
to  th o s e  an d  dopam ine lev e ls , w as p roduced  b y  1 -d ih y d ro x y p h en y la lan in e  
(1 -d o p a ). A n increase in  th e  ce reb ra l co n cen tra tio n s  of 5 -H IA A  w as dem on
s tr a b le  in  au to p sy  m a te r ia l  o f  su b jec ts  w ith  P a rk in so n ’s d isease h a v in g  been 
t r e a te d  w ith  1-dopa ( R i n n e , 1971). On th e  o th e r  h an d , th e  C S F  5 -H IA A  
lev e l w as found to  decrease in  th e  course o f lo n g -te rm  a d m in is tra tio n  o f 1-dopa 
( W o e r t  e t al., 1970). O n th e  ev idence of th e  s tu d ies  o f N e f f  e t  a l. (1964), 
G u l d b e r g  e t al. (1966), A s h c r o f t  e t al. (1960) a n d  of o th e rs , p ro b en ec id  in 
h ib its  th e  tra n sp o rt o f ac id  m e ta b o lite s  from  th e  C SF to  th e  b lood  s tre a m . This 
a c c o u n ts  for the  p ro b en ec id -in d u ced  excessive rise  in  th e  c o n c e n tra tio n s  of 
h o m o v a n illic  acid (H V A ) a n d  o f 5 -H IA A  in th e  CSF.

W e have m easu red  th e  c o n c e n tra tio n  o f 5 -H IA A  in  th e  C SF in  n eu ro 
p s y c h ia tr ie  cases, w ith  th e  aim  o f co llecting  in fo rm a tio n  co n cern in g  the  
fa c to rs  affecting  th a t  level. W e h av e  an a ly zed  th e  age re la tio n sh ip s  o f  the  
ch a n g e s , fu rth e rm o re , th e  in flu en ce  of d rugs b y  se ttin g  u p  a s e p a ra te  u n 
t r e a te d  group  and  co m p ared  th e  re su lts  w ith  th o se  o b ta in e d  in  ep ilep tic s  and  
d e p re ss iv e  cases. M oreover, th e  response o f th e  C S F -5-H IA A  level to  load ing  
w ith  try p to p h a n  an d  w ith  p ro b en ec id  have  been  s tu d ied .

M a te ria l and  m ethods

A  to ta l  of 102 CSF sam ples o b ta in e d  from  95 p a tie n ts  were s tu d ied  fo r th e  c o n c e n tra tio 11 
o f 5 -H IA A . E stim a tio n  o f 5 -H IA A  w as done by  th e  m odified  sp ec tro p h o to flu o rim e tric  te c h ' 
n iq u e  o f  K o rf  e t al. (1969). CSF (c is te rn a l in  12, lu m b a r  in  83 cases) w as s ta b ilize d  w ith  4%
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cy s tin e  an d  sto red  a t  — 20°C before processing. T h en  i t  w as shaken  w ith  d ie th y l  e th e r  and 
tra n s fe r re d  from  th e  e th e r ic  ph ase  to  a  p H  7 p h o sp h a te  b u ffer. A fter o x id a tio n  w ith  p e rio d a te , 
f lu o ro p h o re  was fo rm ed  w ith  o -p h th a la ld eh y d e . T he v a lu es were read  a t  365/495 n m  (O pton) 
ag a in s t s tan d ard s . In  a d d itio n  to  req u irin g  no m ore th a n  1 m l CSF, th e  p ro c ed u re  has the  
a d v an tag e  of being  h ig h ly  sensitive . (5 ng /m l co rresp o n d s to  80 div isions a t  a  0 .5 /0 .5 slit and 
a t  a sen sitiv ity  o f 3 /3 .) T h e  co n ce n tra tio n  o f  H IA A  w as expressed  in te rm s o f n g /m l CSF. The 
d e v ia tio n s  of th e  m ean s w ere ca lcu la ted  b y  th e  F - a n d  t- te s ts  b y  p a ired  co m parison .

Results

T h e p a tie n ts  w ere d iv id ed  in to  4 age g ro u p s. T he m eans a n d  s ta n d a rd  
d ev ia tio n s w ere co m p u ted  fo r each g roup . A s T ab le  I show s, th e  h ig h e s t CSF 
5-H IA A  levels w ere fo u n d  in  th e  age-group  below  20 years (15.2 +  6.6). In  th e  
tw o su b seq u en t g roups th e  level w as low er (12.1 +  6.2 a n d  13.1 +  7.5). 
B ey o n d  th e  6 th  decade th e  level again  te n d e d  to  increase (13.8 +  6 .8), b u t  th e  
d ifferences w ere n o t  s ig n ifican t s ta tis tic a lly  (F ig . 1).

Table I

Age and 5 -H IA A  level in  C S F  (ng /m l C S F )

Age group 20 20—40 4 1 -6 0 over 60

range of v a ria tio n 8— 30 4 - 2 5 5— 31 5— 30

5-H IA A
m ean -(- S. D. 15.2 ±  6.6 12.0 ±  6.2 13.1 ±  7.5 13.8 ±  6.8

n u m b er o f p a tie n ts 10 27* 40 17

m ean  age (13.7) (33.3) (49.3) (70.9)

* R esults of probenecid-load ing  perform ed in  one case (130 ng/m l) have  n o t  been included 
in  these  figures.

T he differences be tw een  th e  m eans for th e  in d iv id u a l age-groups w ere n o t  significant 
s ta tis tic a lly .

ng/ml

15- 

14- 
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12-  
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20 40 60 80

F ig. 1. Age and  H IA A  level in  CSF

year
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T h e  groups w ere d iv id e d  in to  six su b g ro u p s (depressive d isease, o th e r  
p s y c h o tic  syndrom es, ep ilep sy , o rganic  cerebral les io n , o th e r  n eu ro -p sy ch ia tr ic  
d ise a se s , drug-free g roup).

T h e  m eans an d  s ta n d a r d  dev ia tions w ere co m p u ted  for each  g roup  
(T a b le  I I ) .  A nalysis o f th e  d a ta  y ie lded  th e  low est 5 -H IA A  c o n c e n tra tio n  in  th e  
g ro u p  o f  depressive d isease  (8.1 +  4.5), th e  h ig h e s t in  th e  group o f  ep ilepsy  
(15.4  ±  5.0, p <  0.05).

ng/ml

18 

17

16 

15 

M 

13- 

12 

11-  

10 Л

261 A.
ng ) A

Л epilepsy
• depression

-o - total
• (mean values)

----------- 1------------------------------- !---------------- 1-----------------
20 A0 60 80 years

Fig. 2. 5 -H IA A -level in  CSF in depressive a n d  ep ilep tic  cases

T ab le  I I

5 -H IA A  level in  C S F  in  neuropsychiatrie conditions

Condition
O ther O rganic

Depression psychiatric
conditions

Epilepsy cerebral
lesion

psychiatric condition Drug-free

R an g e  of 4— 16 5— 30 8 - 2 6 4— 30 5— 32 4— 28
varia tio n s

< M ean  ±  S. D. 8.1 13.1 15.4 15.3 13.8 12.6t—1
К ± 4 . 5 ±  6.3 ±  5.0 ±  7.0 ±  6.2 ± 6 .9

IM u m b er of 6 13 11 29 35 21
p a tie n ts  

M ean  age (48) (49.8) (31.8) (47.4) (50) (38.7)

L u m b a r fluids (83), c is te rn a l flu id s (12).
* 2 p a tie n ts  w ith  grave b ra in -s te m  lesion (5 and  6 ng /m l), 1 p a tie n t w ith  sp ina l cord 

co m p ress io n  (8 ng/m l), 1 p a tie n t  w i th  taboparesis (7 ng/m l).
T h e  difference betw een th e  m ean s fo r the depressive a n d  th e  epileptic  cases is sign ifican t 

s ta tis t ic a l ly  (p  c  0.05). T he d ifferences betw een  the  m eans fo r th e  o th e r groups are n o t s ign ifican t 
s ta tis t ic a lly .
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V alues v e ry  close to  th e se  levels w ere fo u n d  in  th e  organic cereb ra l lesion  
group (15.3 +  7.0). T h e  v a lu es  for th e  groups “ o th e r  psychoses”  an d  “ o th e r  
n eu ro p sy ch ia trie  sy n d ro m es”  w ere low er, an d  s till  m ore  so in  th e  d ru g -free  
g roups (12.6 +  6.9). H ow ever, th e  differences b e tw e e n  th e  groups w ere n o t

Table III

Loading tests

P atients Loading
5-HIAA level 
in CSF, [Xg/ml

1. (F- J .) probenecid  (2.5 g/16 h r) 130

2. (P . Gy.) try p to p h a n  (6 g/16 hr) 31

3. (H . A.) try p to p h a n  (6 g/16 hr) 16

sign ifican t. C o m p ara tiv e  an a ly sis  of th e  resu lts  show ed  th a t ,  w ith  reference  to  
th e  g rap h  rep re sen tin g  th e  ag e -d is trib u tio n  o f  th e  w hole series, th e  levels 
m easured  in  th e  depressive  psychosis group w ere s ig n ifican tly  low er th a n  in  th e  
epilepsy g roup  w here  th e  5 -H IA A  was high in  th e  m a jo rity  of cases (F ig . 2).

In  th e  “ organ ic  ce reb ra l lesion”  group th e  low est levels w ere fo u n d  in  
tw o  p a tie n ts  w ith  g rav e  b ra in -s te m  lesion, in  one  w ith  com pression o f th e  
spinal cord  and  in  one w ith  tab o p a re s is . T ry p to p h a n  lo ad in g  perfo rm ed  in  tw o  
cases y ielded  31 jUg/ml in  th e  f irs t  case (neurosis) a n d  16 /tg/m l in  th e  o th e r  
(epilepsy). (See T ab le  I I I ) .

P robenec id  load ing  p e rfo rm ed  in  one case (P a rk in so n ’s syndrom e) g av e  
an  excessively  h igh  v a lu e  (130 ng/m l).

D iscussion

A nalysis of th e  p re se n t d a ta  has been  focussed  on  th e  groups of dep ressiv e  
illness a n d  of ep ilepsy . T h o u g h  we h ad  few dep ressiv e  cases, th ere  is fa ir ly  co n 
sis ten t evidence of d ecreased  C S F -co n cen tra tio n s o f 5 -H IA A  in  dep ressive  
illness. In  th e  p re se n t cases, th e  m ean  level w as low  b u t  p lo ttin g  a g a in s t th e  
g rap h  of age d is tr ib u tio n  o f  th e  w hole series b ro u g h t o u t th e  d ifferences v e ry  
c learly . A s h c r o f t  e t al. (1966) found  a m ean  o f 10.3 ng /m l in  neu ro log ica l 
cond itions. T he low  5 -H IA A  level in  depressive illn ess  m ay  be due to  a d ec rease  
of se ro to n in  tu rn o v e r  in  th e  lim bic system , b u t  a possib le  im p a irm en t o f  th e  
tra n s p o r t  m echan ism s in  depressive  illness m u s t also  be  ta k e n  in to  a c c o u n t 
(G l e n  e t a l., 1968), th e re fo re  th e  low  level m ay  he  co n n ec ted  w ith  som e d iso rd e r 
of 5 -H IA A  tra n sp o r t .

T here  is no p u b lish ed  ev idence of any  c h a ra c te r is tic  change in  th e  C SF  
5-H IA A  level in  ep ilepsy . A c tu a lly , our aim  o f s tu d y in g  th e  5 -H IA A  level in
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e p ile p tic s  has been to  e s ta b lish  th e  m ean  in  a fa ir n u m b er o f e p ile p tic  cases 
w i th in  a n  unselected  n e u ro p sy c h ia tr ie  p o p u la tio n , ra th e r  th a n  to  f in d  changes 
sp e c if ic  o f epilepsy. In  f a c t ,  in  th e  ep ilepsy  group  th e  level w as fo u n d  to  be 
c lo se s t to  th a t  in th e  o rg an ic  cereb ral lesion  group . T his m ak es i t  ju s t if ie d  to  
a s c r ib e  th e  elevation  of th e  5 -H IA A  levels to  sim ilar fac to rs in  b o th  groups. 
T h e  b a rrie r-fu n c tio n  m ay  b e  im p a ired  in  b o th  cases. I t  c an n o t be  ex c lu d ed  th a t  
th e  in c rea se  in th e  5 -H IA A  co n cen tra tio n s  is secondary  to  th e  se izu res. On the  
o th e r  h a n d  th ere  is e x p e rim e n ta l evidence t h a t  se ro to n in  p ro m o tes  th e  ten d en cy  
to  convu lsions (T r u i t t  a n d  E b e r s b e r g e r , 1962), th o u g h  o th e r  o b se rv a tio n s  
s u g g e s t th a t  sero ton in  does n o t affect th e  se izu re-th resho ld  (S c h a e p d r y v e r  e t 
a l . ,  1962). The o b se rv a tio n s  of P f e i f e r  e t  al. (1966) suggest t h a t  o f  th e  tw o 
c o m p o u n d s  n o rad ren a lin  a n d  sero ton in , i t  is n o rad ren a lin  w hich  is m o re  cosely 
a f fe c tin g  te  pred isposition  o f  th e  b ra in  to  convu lsive  a c tiv ity . I t  m a y  b e  assum ed 
t h a t  a h ig h  su scep tib ility  to  convulsious re q u ire s  reduced  levels o f b o th  am ines. 
In v o lv e m e n t of th e  b ra in -s te m  in th e  p ro d u c tio n  of generalized  e p ilep tic  seizures 
h a s  b e e n  confirm ed b y  e lec trophysio log ica l evidence. On th e  o th e r  h a n d , th e  
c h a ra c te r is t ic  changes in  th e  cereb ral c o n c e n tra tio n  of 5 -h y d ro x y in d o le  p o in t 
to  a n  essen tia l biological ro le  of th is  c o m p o u n d . I t  has been  show n  (C o sta  e t 
a l . ,  1958, etc.) th a t  th e  5 -h y d ro x y in d o le  co n cen tra tio n s  of th e  b ra in -s te m  are 
fa ir ly  h igh . This has b een  con firm ed  b y  o u r find ings in  h u m a n  a u to p s y  m a
te r ia l .

In fo rm a tiv e  ev idence  re la tiv e  to  th e  h ig h  co n cen tra tio n s o f 5 -H IA A  of 
C S F  in  epilepsy has b een  p ro v id ed  b y  th e  s tu d ies  o f A n d e r s o n  e t  a l. (1962), 
d ip h e n y lh y d a n to in  h av in g  been  found  to  in crease  th e  cereb ral se ro to n in  level 
p a ra l le l  w ith  th e  a n tic o n v u lsa n t ac tio n .

B o w e r s  and  G e r b o d e  (1968) n o te d  a re la tio n sh ip  b e tw een  age  an d  th e  
c o n c e n tra tio n  of m o n o am in e  m e tab o lite s  in  h u m a n  CSF, ex p ressed  b y  an  U- 
s h a p e d  curve. E a rlie r a u th o rs  ( J o h a n s s e n , a n d  R o o s , 1967) fa iled  to  d em 
o n s t r a te  an y  re la tio n sh ip  o f th is  k in d . T h e  connection  b e tw een  age  an d  th e  
C S F  m e tab o lite  levels is em phasized  b y  th e  low 5-H IA A  a n d  H V A -con- 
c e n tra t io n s  in th e  C SF, th u s  th e  v e ry  re v e rse  o f tho se  p red ic ted  on th e  basis o f 
th e  U -sh ap ed  curve , in  c e r ta in  cond itions a ffec tin g  th e  e lderly , in  p a r t ic u la r  in 
th e  sen ile  and p resen ile ty p e s  of d em en tia  (G o t t f r i e s  e t a l., 1969, 1970). We 
a lso  so u g h t to  gain  in fo rm a tio n  on th e  v a lu e  o f load ing  te s ts . T h o u g h  a defin ite  
in c re a se  in  th e  5 -H IA A  lev e l in  response  to  try p to p h a n -lo a d in g  w as dem on
s t r a b le  in  our stud ies to o , th e  re su lts  h av e  y e t  to  be confirm ed b y  re p e a te d  self- 
c o n tro ls . B y ex tend ing  o u r  s tud ies to  t r y p to p h a n  loading  we so u g h t to  gain in 
fo rm a tio n , in  accordance w ith  th e  find ings o f M o i r  e t al. (1970), on th e  in te g rity  
o f  th e  p a th w ay s  of ce re b ra l 5 -h y d ro x y in d o le  m etabo lism . P ro b e n e c id  loading 
w a s  re p o r te d  to  p rov ide  in fo rm a tio n  of s im ila r va lu e  in  resp ec t o f th e  tra n s p o r t  
m ech an ism s . The v a lu e  o f  th is  te s t  in  P a rk in s o n ’s disease has b een  d iscussed  by  
S o n n i n e n  (1971) on th e  g ro u n d s of a w ell-d o cu m en ted  analysis .
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SERUM GLYCOPROTEIDS 
IN CONNECTIVE-TISSUE DISEASES 
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R ece iv ed  D ecem ber 28, 1972

T he levels o f  in d iv id u a l serum  g lycopro te ids a n d  o f th e ir  ca rb o h y d ra te  c o m p o 
n e n ts  h av e  b een  s tu d ied  in  con n ec tiv e  tissue d iseases a n d  o th e r  pathologic p rocesses. T he 
changes o f th e  g ly co p ro te id s d isp lay ed  no c o n sis ten t p a t te rn  in  any  of these  p rocesses. 
T here  w as a  ris in g  te n d e n cy  o f th e  ca rb o h y d ra te  com p o n en ts . I t  is p o in ted  o u t  t h a t  
g ly co p ro te id  e s tim a tio n  m u s t be selective to  be o f  c lin ica l aid .

T he g ly copro te id s b e lo n g  to  th e  essen tia l e lem en ts  of th e  co n n ec tiv e  
tissue g ro u n d  su b stan ce . T here fo re , every  p rocess invo lv ing  the  g ro u n d  su b 
stance  is b o u n d  to  a ffec t th e  m etabo lism  of g ly co p ro te id s  an d  to  m o d ify  th e ir  
serum  level.

Q u a n tita tiv e  changes in  th e  c a rb o h y d ra te  g ro u p s of serum  g ly co p ro te id s , 
in  p a r tic u la r  in  p ro te in -b o u n d  hexose, h ex o sam in e  an d  sialic ac id , h a v e  ex 
ten siv e ly  b een  s tu d ied  in  v a rio u s  p a tho log ica l co n d itio n s inc lu d in g  d iseases 
of connective  tissu e , o f th e  k id n e y , and  m a lig n a n t tu m o u rs . A ll these  p rocesses 
are  asso c ia ted  w ith  an  increase  in  co n cen tra tio n  o f  th e  ca rb o h y d ra te  c o m p o n e n t 
[2, 7, 22]. D esp ite  th e  w idely  d iverse  physica l, ch em ica l, biological an d  im m u n o 
logical p ro p e rtie s  of th e  h u m a n  serum  g ly co p ro te id  frac tio n s, th e y  a ll in c lu d e  
th e  c a rb o h y d ra te  g roups re fe rred  to  above [8, 14]. C onsequently , q u a n t i ta t iv e  
changes in  th e  co n c e n tra tio n  o f  these  c a rb o h y d ra te  com ponen ts do n o t  allow  
conclusions as to  changes in  th e  in d iv id u a l g ly co p ro te id s . T herefore, th e  d if
fe ren t serum  g ly copro te id s h a v e  to  be  s tu d ie d  in d iv id u a lly . This w o u ld  also  
offer a p ro m isin g  angle  o f a p p ro a c h  to  th e  ae tio lo g y  a n d  pathogenesis o f  c e r ta in  
path o lo g ica l processes. In v e s tig a tio n s  in  th is  fie ld  a re  still in th e  ea rly  s tag e
[2 ,1 0 ,1 1 ,1 5 ,  19].

In  th e  p re se n t s tu d y , sera  o f p a tie n ts  su ffe rin g  from  d ifferen t d iseases 
have been s tu d ie d  fo r in d iv id u a l g lycopro te id s, e s tim a tin g  th e  p ro te in -b o u n d  
hexose, hex o sam in e , sialic ac id  a n d  serom uco id  levels.

M ateria l and m eth o d

T he sera  fo r s tu d y  h av e  b een  o b ta in ed  from  p a tie n ts  o f b o th  sexes a d m it te d  in  th e  
period  1970 to  1972. T h e ir  age ra n g e d  from  24 to  76 y ears .

F ro m  th e  se ra  o f 14 p a tie n ts  (12 fem ales, 2 m ales) w ith  sy s tem ic  lupus e ry th e m a to su s  
th e  c o n ce n tra tio n s  o f IgG , IgA , IgM , Coeruloplasm in, a 2-m ac ro g lo b u lin , tran s fe rrin  a n d  ß t C-
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g lo b u lin  h a v e  been d e te rm in ed  on  16 occasions b y  th e  ra d ia l  im m une d iffusion  tec h n iq u e  of 
Ma n c in i  e t  al. [9], using  m onospecific  sera su p p lied  b y  th e  In s titu te  o f H u m a n  V accine P ro 
d u c tio n  a n d  R esearch , B u d ap es t.

T h e  group  of rh e u m a to id  a r th r i t is  in cluded  12 p a tie n ts  (8 fem ales an d  4 m ales). T here  
w ere  9 cases o f  chronic p y e lo n e p h ritis , (5 fem ales a n d  4 m ales) th e ir  sera hav in g  b een  s tu d ied  on 
11 o c ca sio n s . M alignan t disease w as rep resen d ited  b y  17 cases (13 fem ales a n d  4 m ales). I n  th e  
m a jo r i ty  o f  cases, th e  p ro te in -b o u n d  c a rb o h y d ra te  co m p o n e n ts  were also d e te rm in e d . H exose 
w as e s t im a te d  according to  S t a r y  e t  al. [16]; hex o sam in e  according to  S w a n n  a n d  B a l á z s  [17];

Table I

Serum  glycoproteid concentrations (m g /100 m l)

Controls SLE Rheumatoid
arthritis

Chronic
pyelonephritis

Malignant
disease

IgG n 17 16 12 и 17
/

X 1200 1719 1526 1194 1488

t 2.19 1.61 0.42 1.93

p < 0 .0 5 > 0 .0 5 > 0 .0 5 > 0 .0 5

IgA n 17 16 12 11 16
/

X 210 344.8 324.8 362.7 296

t 2.25 2.09 2.13 2.3

p < 0 .0 5 < 0 .0 5 < 0 .0 5 < 0 .0 5

IgM n 17 16 12 11 16

x / 130 213.2 229.5 163.5 190.8

t 2.5 2.24 1.74 2.3

p < 0 .0 5 < 0 .0 5 > 0 .0 5 < 0 .0 5

C oeru lo p lasm in n 17 16 12 11 16
/

X 31 51.3 53.3 43.6 54.6

t 2.39 2.24 1.78 2.7

p < 0 .0 5 < 0 .0 5 > 0 .05 < 0 .0 1

a  2 m acro g lo b u lin n 17 16 12 11 16

X 7 244 266.1 295.1 395.6 339.0

t 0.96 1.48 2.06 2.31

p > 0.05 > 0 .0 5 < 0 .0 5 < 0 .0 5

T ra n s fe r r in n 17 15 12 9 15
/

X 295 228.9 294.4 236 244.9

t 2.09 0.04 1.5 1.77

p < 0 .0 5 > 0 .0 5 > 0 .0 5 > 0 .0 5

/?,C g lo b u lin n 17 16 12 11 16
f

X 110 90.8 123.8 119.2 134.8

t 1.83 1.15 0.92 1.77

p > 0.05 > 0 .0 5 > 0 .0 5 > 0 .0 5
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sialic acid  according to  W a r r e n  [21]; serom ucoid  accord ing  to  W e im e r  an d  R e d l ic h -Mo sh in  
[23]. P ooled  n o rm al h u m an  se ra  fro m  100 b lood  donors se rv ed  as con tro ls fo r ra d ia l  im m une 
d iffusion  an d  sera  from  16 h e a lth y  sub jec ts  (12 fem ales, 4 m ales) fo r th e  b iochem ical p roce
dures. T he re la tiv e  va lues y ie ld ed  b y  ra d ia l im m u n o d iffu sio n  w ere tra n s la te d  in to  abso lu te  
figures on  th e  basis o f re ference  se ra  (H y l a n d , K a l l e st a d ). In  th e  case o f t ra n s fe r r in  an d  of 
/SjC-globulin, reference se ra  w ere n o t  availab le , th ere fo re  th e  re su lts  o b ta in ed  w ere re fe rred  to  
th e  genera lly  accep ted  co n tro l v a lu es b y  g iven  B e c k e r  e t  al. [1]. F o r s ta tis t ic a l  analysis the  
m eth o d  o f  S c h il d e r  [13] a n d  th e  t te s t  w ere app lied .

R esults

W ith  th e  ex cep tio n  o f  th e  S L E -g ro u p , no s ig n ifican t e lev a tio n  of IgG  
w as found . T h e  c o n c e n tra tio n  of IgA  w as s ig n ifican tly  increased  in  all four 
groups. E lev a tio n  o f IgM  w as n o t s ig n ifican t in  ren a l d isease, w h ile  i t  was 
s ig n ifican t in  th e  o th e r  g roups. T h e  changes in  C oeruloplasm in w ere  sim ilar. 
T he c o n c e n tra tio n  o f a 2-m acrob lobu lin  w as s ig n ifican tly  in c reased  in  renal 
disease an d  in  tu m o u rs . T h e  b eh av io u r of tra n s fe r r in  req u ires  special com m ent. 
A s ig n ifican t fa ll w as n o te d  in  S L E , b u t  th e re  w ere tw o  cases each  in  th e  renal 
an d  th e  m a lig n an t g roup  w here  th e  va lu es  w ere to o  sm all fo r q u a n ti ta t iv e  
e v a lu a tio n . I f  th ese  v a lu es  h a d  been  accessib le to  q u a n ti ta t iv e  an a ly sis , a 
s ig n ifican t fa ll could h a v e  been  reg is te red  in  th e se  groups, to o . T h e  con-

ТаЫ е II

Serum -protein-bound carbohydrate concentrations (mg/100 m l)

Controls SLE
Rheumatoid

arthritis
Chronic

nephritis
Malignant

disease

H exose n 16 15 10 9 13
/

X 104.1 145.8 163.5 156.8 143

t 4.1 4.28 5.12 2.98

p < 0 .0 1 < 0 .0 1 < 0 .0 0 1 < 0 .0 5

H exosam ine n 16 15 10 9 13
/

X 71.8 88.2 111.1 101.1 89.5

t 2.4 4.5 3.36 2.04

p < 0 .0 5 < 0 .0 1 < 0 .0 1 > 0 .0 5

Sialic acid 11 16 15 10 9 13
f

X 61.1 83.6 107.2 93 92.5

t 3.98 6.25 4.76 4.58

p < 0 .0 1 < 0 .0 0 1 < 0 .0 1 < 0 .0 0 1

Serom ucoid n 16 15 10 9 13
/

X 12.6 19 31.1 18.8 36.3

t 1.25 5.3 1.8 4.6

p > 0 .0 5 < 0 .0 0 1 > 0 .0 5 < 0 .0 0 1
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Table I I I

D irection o f  changes in  serum glycoproteid concentration

SLE Rheumatoid
arthritis

Chronic
pyelonephritis

Malignant
disease

IgG + 0 © ©
IgA + + + +
IgM + + © +

Coeruloplasm in + + © +
a 2-m 0 © + +

T ran sfe rrin — © © 0
/3l C-globulin 0 © © ©

Table IV

Direction o f  changes in  serum glycoprotein carbohydrate components

SLE Rheumatoid
arthritis

Chronic
pyelonephritis

Malignant
disease

He + + + +
Ha + + + ©
Si + + + +
Se © + © +

+  sign ifican t increase; — sig n ifican t decrease.
©  non-significant increase ; ©  non-sign ifican t decrease.

c e n tr a t io n  of /JjC-globulin re m a in e d  largely  u n a ffe c ted  in  all g roups. A m ong  
th e  p ro te in -b o u n d  c a rb o h y d ra te  com ponen ts, hexose  an d  sialic ac id  revealed  
s ig n if ic a n tly  increased  leve ls  in  all groups. E le v a tio n  o f th e  h ex o sam in e  level 
w as n o t  sign ifican t in  m a lig n a n t d isease, b u t  s ig n if ican t in  th e  o th e r  groups. 
E le v a t io n  of serom ucoid c o n c e n tra tio n s  was s ig n ifican t in  rh e u m a to id  a r th r it is  
a n d  in  m a lig n an t disease (T ab les  I  to  IV).

D iscussion

C l e v e  and  St r o h m e y e r  [2] e s tim a ted  th e  c o n c e n tra tio n  o f  a^-acid G P , 
a 2-m acro b lo b u lin  an d  G c-g lobu lin  in  a la rg e  p a t ie n t  m a te r ia l com prising  
d if fe re n t  ty p es  of d isease. A n  e lev a tio n  o f a ^ a c id  G P  c o n c e n tra tio n  w as fo u n d  
in  c h o la n g itis , tu m o u rs  a n d  sy s tem ic  disease, in  c o n tra s t  to  h e p a tic  c irrhosis 
w h e re  th e  values te n d e d  to  decline . T he a 2-m acro g lo b u lin  c o n c e n tra tio n  w as 
in c re a se d  in  cholangitis, m a lig n a n t d isease, S L E , liv e r  cirrhosis a n d  h e p a titis .
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A re d u c tio n  in  th e  G c-globulin  c o n c e n tra tio n  w as found  in  h e p a tic  disease« 
S n y d e r  a n d  A s h w e l l  [15] d e te rm in ed  15 d iffe re n t g lycopro te in  f ra c tio n s  in  a 
few  p a tie n ts  w ith  m a lig n an t d isease a n d  in  a co n tro l group in c lu d in g  h e a lth y  
su b jec ts  a n d  p a tie n ts  w ith  v a rio u s d iseases. T h o u g h  th e  sm all n u m b e r  o f  cases 
a n d  th e  h e te ro g en e ity  of th e  g roups call fo r ca u tio n  in e v a lu a tin g  th e  re su lts , 
c e r ta in  fac ts  none th e  less deserve n o tice . In  seven  of th e  g ly co p ro te id s  u n d e r 
s tu d y  ( tra n sfe rr in , a 2-m acrog lobu lin , G c-g lobu lin , IgA , IgD , IgG , IgM ) n o rm al 
c o n cen tra tio n s  w ere n o ted  all th ro u g h o u t, in  c o n tra s t  to  th ree  o th e rs  (a j-ac id  
G P , C oeruloplasm in, ocj-antitrypsin) w hich  rev ea led  increased c o n c e n tra tio n s  in  
all p a t ie n t  g roups. T he co n c e n tra tio n s  o f  tw o  (hap tog lob in , haem o p ex in ) 
w ere increased  in  m a lig n an t d isease, th o se  o f  th re e  o thers ( ^ hs'G P ,  /?2-G P I, 
p rea lb u m in ) w ere decreased  in  m a lig n a n t d isease , an d  unch an g ed  in  o th e r  con
d itio n s . I t  is rem ark ab le  th a t  th e  se rom uco id  g roup  w hich has b een  re g a rd e d  as 
hom ogeneous is a c tu a lly  m ad e  u p  o f d iffe ren t g lycoproteids d isp lay in g  u n 
a lte re d , in creasin g  or d im in ish ing  c o n c e n tra tio n s .

M ie sc h  e t al. [10] s tu d ie d  a la rg e  p a t ie n t  m a te ria l, b u t  h e re  to o  th e  in 
d iv id u a l ca tego ries w ere hete ro g en eo u s, a n d  a ll th e  contro ls w ere 20 y e a r  old 
h e a lth y  m ales. I t  deserves n o tice  t h a t  a n o rm a l a j-a n titry p s in  lev e l w as never 
fo u n d  u n d e r  p a tho log ica l co n d itio n s, a n d  oc2-m acroglobulin  leve l rem ain ed  
p ra c tic a lly  u n a ffec ted  in  a ll cases. A n in crease  o f som e e x te n t w as d e m o n s tra b le  
in  m a lig n a n t disease an d  in  h e p a tit is . T h e re  a re  d a ta  show ing a n  in c rease  in  
som e g lycopro te id  frac tio n s in  rh e u m a to id  a r th r i t is  [12].

Zaw adski an d  E dw ards [24] o b serv ed  h y p e rtra n s fe rrin a e m ia  in 
p a tie n ts  w ith  iron-deficiency  a n aem ia . In c re a se d  serum  h a p to g lo b in  levels 
w ere fo u n d  in  p a tie n ts  w ith  m y o ca rd ia l in fa rc tio n , ce reb ro v ascu la r acc id en ts  
a n d  p e rip h e ra l a r te r ia l disease [18]. H evér  e t al. [6] as well as T ó th  e t  a l. [20] 
m easu red  th e  h ap to g lo b in  level on th e  basis  o f th e  h aem o g lo b in -b in d in g  
c a p a c ity  a n d  th e  C oeruloplasm in level b y  co lo rim etry . T h e  h aem o g lo b in 
b in d in g  c a p a c ity  of serum  w as fo u n d  to  in crease  para lle l w ith  th e  p rog ression  
o f th e  m a lig n a n t process, th e  f in d in g s in  leu k aem ia  were sim ilar. N o ch an g e  was 
fo u n d  in  th e  d is tr ib u tio n  o f th e  h a p to g lo b u lin  ty p es . W ith  th e  e x c e p tio n  of 
m u ltip le  m yelom a, all m a lig n a n t p rocesses o f th e  b lood-form ing  sy s te m  were 
asso c ia ted  w ith  an  increased  C oeru loplasm in  level. T he in c rease  w as m ost 
c h a ra c te r is tic  in  H o d g k in ’s d isease, w here  th e  level was re la ted  to  th e  sev e rity  
o f th e  process. A n increase w as fo u n d  also in  p a tie n ts  w ith  m a lig n a n t tu m o u r. 
F eh ér  e t al. [4, 5] exam ined  th e  level o f in d iv id u a l g lycopro te ids a n d  o f p ro 
te in -b o u n d  ca rb o h y d ra te  co m p o n en ts  in  v a rio u s  ty p es of chronic h e p a t i t is  an d  
in  c irrhosis o f th e  liver, an d  rev ea led  d iffe ren t a lte ra tio n s in  th e  d iffe ren t 
co n d itio n s.

In  v iew  of th e  sm all n u m b e r  o f cases th e  p resen t re su lts  a re  fa r  from  
conclusive , none th e  less th e y  allow  to  s tre ss  som e p o in ts . T he m o s t re m a rk a b le  
fe a tu re  em erg ing  from  th e  fin d in g s is th e  d iffe ren tia ted  c h a ra c te r  o f  th e
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ch an g es  in  the  levels o f  th e  v a rio u s g lycopro te id s. A m ong  th e  im m u n o g lo b u lin s , 
th e  g lyco p ro te id  c h a ra c te r  o f  w hich is com m on  know ledge, IgG  rev e a le d  a 
s ig n if ic a n tly  increased  c o n c e n tra tio n  only in  S L E  w hereas th e  IgA  level w as 
in c re a se d  in  all fo u r d isease  groups. T he c o n c e n tra tio n  of tra n s fe rr in  w as 
s ig n if ic a n tly  reduced  in  S L E , while i t  was p ra c tic a lly  u n affec ted  in rh e u m a to id  
a r th r i t i s  an d  ten d in g  to  d ec rea se  in  th e  tw o  o th e r  g ro u p s. T he co n c e n tra tio n  o f  
ß i-C -g lobu lin  rem ain ed  p ra c tic a lly  u n a ffec ted ; i ts  changes, i f  any , w ere n o t  o f  
th e  sam e d irec tion . T h is  w as especially  clear in  co m p ariso n  w ith  th e  changes in  
th e  p ro te in -b o u n d  c a rb o h y d ra te  com ponen ts, as th e s e  w ere m ark ed  b y  a ris in g  
te n d e n c y  in  all p a t ie n t  g ro u p s , a tta in in g  th e  leve l o f significance in  th e  m a jo r ity  
o f cases. I t  is h a rd ly  p o ss ib le  to  estab lish  a n y  d is t in c t  re la tionsh ip  b e tw een  th e  
ch an g es  in  th e  c o n c e n tra tio n  o f g lycopro teids a n d  in  th o se  of th e  p ro te in -b o u n d  
c a rb o h y d ra te  co m p o n en ts . T h is m ay  h av e  h a d  v a rio u s  causes. T h e  g lyco 
p ro te id s  u n d e r s tu d y  re p re s e n t  b u t  a m in o rity  o f  th o se  occurring  in  th e  se ru m . 
M o reo v er, th e  in d iv id u a l g lycopro te ids d iffer w id e ly  in  ca rb o h y d ra te  c o n te n t. 
T h e  cases m aking  u p  th e  in d iv id u a l p a tie n t g ro u p s w ere in ad eq u a te  in  n u m b e r 
a n d  hom ogeneity . I n  a d d it io n , refin em en t o f  th e  p rocedures app lied  fo r th e  
s tu d y  o f these  co m p o u n d s w o u ld  be desirab le  in  o rd e r  to  increase th e ir  re lia 
b il i ty  a n d  in fo rm ativ e  v a lu e .

T h e  p resen t re s u lts ,  w ith o u t being co nc lusive , c learly  in d ica ted  th a t ,  in  
o rd e r  to  be of an y  d ia g n o s tic  help  or to  ad d  to  th e  u n d e rs ta n d in g  o f d iffe re n t 
p a th o lo g ic a l processes, s tu d ie s  m u st be d irec ted  a t  in d iv id u a l g lycopro te id s. I t  
also  em erged  from  th e  re s u lts  th a t  in  connective  tis su e  diseases th e  c o n ste lla tio n  
o f se ru m  g lycopro te ids is d iffe ren t from  th a t  in  re n a l  or in  m a lig n an t d isease . 
D iffe ren ces have also b e e n  fo u n d  in  SLE a n d  in  rh e u m a to id  a r th r it is .  T hese 
fa c ts  c learly  p o in t to  th e  bio logical s ign ificance o f  g lycoproteids a n d  th e ir  
possib le  in v o lv em en t in  th e  pathogenesis o f  v a r io u s  patho log ical co n d itio n s.
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The im m un o g lo b u lin -b earin g  ly m p h o cy tes o f p a tie n ts  w ith  au to im m u n e  disease 
have  been s tud ied  by  d irec t im m unofluorescence. In  th e  cases w here th e  a u to im m u n e  
process revealed  signs o f a c t iv ity , a n  increase in  th e  p ro p o rtio n  of B -ly m p h o cy tes  was 
fo u n d , w hereas in in ac tiv e  cases th e  d is trib u tio n  o f B -ly m p h o cy tes  was s im ilar to  th a t  
in th e  contro ls. T he increase  in  th e  p ro p o rtio n  of В -cells is a ttr ib u te d  to a re d u c tio n  in 
th e  ab so lu te  n u m b er o f c ircu la tin g  T -lym phocytes.

T he h u m an  ly m p h o cy tes  rep re sen t a doub le  p o p u la tio n , one of w hich  
d isp lays a h igh d en sity  o f im m unog lobu lin s on its  su rface  [2, 6, 14]. E a rlie r  
s tu d ies  [1, 5, 12] h av e  fu rn ish ed  in d irec t p ro o f o f th e  ex istence  of m em b ran e  
b o u n d  im m unoglobu lins. R e c e n tly , th e  presence o f  im m u nog lobu lin  recep to rs  
on th e  su rface  of ly m p h o cy te s  has been co n firm ed  in  an im al ex p e rim en ts  
[4, 7— 11, 13], s im ilar re su lts  w ere  o b ta in ed  w ith  h u m a n  ly m p h o cy tes  [2, 3, 6]. 
Im m u n o g lo b u lin -b ea rin g  cells o f th is  k ind  are  now  considered  to  be  id en tica l 
w ith  B -ly m p h o cy tes  (b u rsa -d e p e n d e n t or b o n em arro w -d eriv ed  cells).

P am ich ail  e t al. [6] fo u n d  a n  increase in  th e  p ro p o rtio n  of th ese  im m u n o 
g lo b u lin -b earin g  cells in  th e  a c tiv e  periods o f rh e u m a to id  a r th r it is . In  v iew  of 
th e  p r im a ry  p a th o g en e tic  ro le  o f  ce ll-m ed ia ted  im m u n e  reac tio n s, th u s  o f th e  
T -ce llp o p u la tio n  in  au to im m u n e  diseases, i t  w as d eem ed  o f in te re s t to  ex am in e  
th e  p ro p o r tio n  of th e  ly m p h o c y te s  in  th e  ac tiv e  a n d  in ac tiv e  p h ase  o f a u to 
im m u n e  d isease .

M ateria l and m ethod

S ev en ty s ix  p a tie n ts  w ith  au to im m u n e  disease an d  10 co n tro ls  were s tu d ied . A u to 
im m u n e  diseases were as follow s: 58 (40 activ e) cases o f S L E , 10 cases (6 ac tive) o f rh e u m a to id  
a r th r i t is ,  1 a c tiv e  case o f th y ro id itis , 2 (1 active) cases o f lu p o id  h e p a titis , 1 in ac tiv e  case o f 
po ly m y o sitis . In  4 cases th e  a u to im m u n e  process in d is tin c t (2 ac tive). A c tiv ity  was based  on 
c lin ica l signs and  on th e  ev idence o f im m unological and  o th e r  la b o ra to ry  te s ts  (B S R , A N F  and  
D R F  t i t r e ,  L E -ce ll p h en om enon , e tc .) . T he abso lu te  leu k o cy te  co u n t was d e te rm in ed  in ev ery  
case.

D ire c t im m unofluorescence  w as carried  o u t as follow s: th e  b u ffy  co at of 10 ml h e p a rin 
ized b lood  w as a sp ira ted , c en trifu g ed  a t  200 g, w ashed w ith  TC-199 m edium , an d  resu sp en d ed  
in 4 m l o f TC-199 m edium . T he suspension  w as layered  o n to  2 m l o f a  m ix tu re  (1077spec. 
g ra v ity )  o f  6 .3%  F ico llR (P h a rm ac ia )  a n d  10%  U rom iroR (B racco), th e n  cen trifu g ed  a t  4°C 
a t  1000 g for 15 m in. T he cell-layer a t  th e  in terface  was a s p ira te d ,  w ashed tw ice w ith  TC-199 
m ed ium , cen trifu g ed  a t  200 g, f in a lly  m ade up to a d ilu tio n  o f 107 cells pe r ml. T h en , 0.05 m l of 
th e  ly m p h o c y te  suspension was in c u b a te d  w ith  an e q u a l a m o u n t o f fluoresceine  iso th io cy an a te

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



2 2 8 P .  G E R G E L Y  e t  a l.

— c o n ju g a te d  AH G  (H y la n d  g o a t a n tih u m a n  IgG , IgA , IgM ) u n d e r re p ea te d  sh a k in g  a t  room  
te m p e ra tu re  for 30 m inu tes. C o n c en tra tio n  o f th e  c o n ju g a te  w as 1 m g/m l. A fte r  in c u b a tio n  th e  
cells w ere  centrifuged a t  200 g, w ash ed  tw ice in TC -199, a n d  resu sp en d ed  in  0.1 m l glycerol 
b u ffe r  (eq u a l p a rts  of iso ton ic  sa lin e  w ith  0.01 M  p h o sp h a te  b u ffer an d  glycerol). T h e  cells were 
e x a m in e d  in  suspension u s in g  a Z eiss (Je n a )  m icroscope (lig h t source H B O  200, e x c ita n t  f i lte r  
B G  12, b a rrie r  f ilte r OG 1). A

R esults

T h e  im m u n o g lo b u lin -b earin g  В -cells rev ea led  th e  com m on fluorescence 
p a t t e r n  (Figs 1, 2). T h e ir  d is tr ib u tio n  is show n in  T ab le  I . I n  th e  in a c tiv e  cases 
th e  p ro p o rtio n  of В -cells w as  sim ilar as in  th e  co n tro ls . T he re su lts  o b ta in e d  in  
t h e  co n tro ls  were c o n s is te n t w ith  p u b lish ed  d a ta  [6]. O n th e  o th e r h a n d , in  th e  
p a t ie n ts  w ith  signs o f a c t iv i ty ,  an  increase w as fo u n d  in  th e  p ro p o rtio n  of IgG- 
Ig A - a n d  IgM -bearing  В -cells. T he ab so lu te  ly m p h o cy te  co u n ts  a re  given in 
T a b le  I I .  W hile in th e  in a c tiv e  cases th e  ab so lu te  ly m p h o c y te  co u n t was 
p ra c tic a l ly  th e  sam e as in  th e  con tro ls, in  th e  cases w ith  signs of a c t iv i ty  i t  w as 
s ig n if ic a n tly  reduced .

F ig. 1 F ig . 2

T able  I

Immunoglobulin-bearing lymphocytes, per cent

IgG IgA IgM

C ontrols 15.4 5.9 5.5
( 7 - 3 5 ) ( 3 - 1 1 ) ( 2 - 1 1 )

A ctive  auto im m une disease 25.4 12.8 8.6
( 1 1 - 7 6 ) ( 4 - 2 0 ) (2— 26)

In ac tiv e  au to im m une disease 16.2 6.2 5.9
(8— 32) ( 1 - 1 2 ) ( 2 - 1 1 )

I n  brackets: range.
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Table II

A bsolute lymphocyte count in  active and inactive autoim m une disease

Controls 

Active cases 

In ac tiv e  cases

2100 (1800—2500) ml 

1300 (8 0 0 -1 6 0 0 )  ml

2100 (1 6 0 0 -2 5 0 0 )  ml

D iscussion

A co n sis ten t p ro p o rtio n  o f th e  p e rip h e ra l ly m p h o cy tes  belongs to  th e  В 
ty p e . O n th e  evidence o f  th e  p re se n t s tu d y , in  in ac tiv e  periods o f a u to im m u n e  
d iseases, in  th e  ly m p h o cy te  p o p u la tio n  th e  p ro p o rtio n  o f В -cells is s im ila r  as in 
h e a lth y  con tro ls , an d  i t  increases w ith  th e  a c tiv a tio n  o f th e  im m u n e  p rocess, 
p a ra lle l w ith  th e  ap p ea ran ce  o f leu k o p en ia . A sig n ifican t fa ll in  th e  a b so lu te  
ly m p h o c y te  co u n t w as d e m o n s tra b le  in th e  p re se n t cases, too . T h is m ak es  it  
o b v ious th a t  th e  p rep o n d e ran ce  o f В cells is a re la tiv e  one. T he fa ll in  th e  
n u m b e r  o f T  ly m p h o cy tes  m ay  be a t t r ib u te d  to  a f ix a tio n  o f th e  ly m p h o 
cy te s  in  th e  tissues in  consequence  of an  a c tiv a tio n  o f th e  ce llu la r im m u n e  
re a c tio n s . T he leukopen ia  to o  m ig h t be due to  an  in v o lv em en t of th e  ly m p h o id  
sy s te m  b y  th e  au to im m u n e  process.
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IMMUNOGLOBULINS IN SPUTUM AND SERUM 
IN IMMUNE DEFICIENT 

HAEMATOLOGICAL SYNDROMES 
(PARAPROTEINAEMIA, LYMPHATIC LEUKAEMIA)

•

Z s. M is z l a i , A. P a t a k f a l v i , I. B a r a n y i , G y . K ö v e s i , T . J á v o r

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, PÉCS.

R ece iv ed  F eb ru a ry  17, 1973

Im m u n o g lo b u lin s in  serum  and  sp u tu m  h a v e  been  e s tim a te d  in  22 cases o f 
im m une defic iency  seco n d ary  to  haem ato log ical sy n d ro m es ( ly m p h a tic  leukaem ia, 
m u ltip le  m yelom a) an d  in  25 p a tie n ts  w ith  b ro n c h itis . A sig n ifican t decrease in  serum  
IgA  an d  IgM  w as fo u n d  in  th e  cases of im m une d e fic iency . On th e  o th e r  h a n d , th e  
sp u tu m  im m u n o g lo b u lin  leve ls w ere increased in  co m p ariso n  w ith  those  observed  in  th e  
b ro n ch itis  g roup . Ig G  w as m o d era te ly , secre to ry  Ig A  a n d  IgM  w ere s ig n ifican tly , in 
creased . The increase  in  th e  sp u tu m  im m u n o g lo b u lin  c o n cen tra tio n  in  th e  cases of 
im m une deficiency is re g a rd e d  as a com pensa to ry  p h en o m en o n .

T h e locally  p ro d u ced  im m unoglobu lins o ccu rrin g  in  b io logical flu id s h av e  
b een  a ttra c tin g  increasin g  in te re s t  in  recen t y e a rs . T h e  secre tions o f th e  re sp ir
a to ry  an d  a lim e n ta ry  t r a c ts  h a v e  been found to  c o n ta in  all th ree  m ain  im m u n o 
globu lins in  v a riab le  p ro p o rtio n s  [9, 13, 14, 15]. T h e  p re d o m in a n t ty p e  of im- 
m uno-g lobu lin  d e m o n s tra b le  in  biological flu id s  is th e  sec re to ry  IgA , a com plex 
fo rm ed  b y  th e  IgA  m olecu le  o f tw o  n o n -co v a len t b o n d s an d  b y  th e  tra n s fe r  
f a c to r  (secre to ry  co m p o n en t, secre to ry  piece) o f  50,000 m olecu lar w eigh t [9]. 
T h e  Ig A  m olecule a n d  th e  sec re to ry  com ponen t a re  fo rm ed  in d e p e n d e n tly  of 
each  o th e r, th e  fo rm er in  th e  p lasm a cells o f th e  su b m u co sa , th e  la t te r  in  th e  
ep ith e lia l cells [21, 29, 30, 32]. L a te ly , in  a d d itio n  to  th e  h eav y , th e  lig h t an d  
th e  secre to ry  p o ly p e p tid e  ch a in s , a fo u rth  ch a in , th e  J -c h a in  (jo in ing-chain) 
h as  b een  id en tified , f ir s t  in  th e  secreto ry  IgA , su b se q u e n tly  also in  th e  IgM , 
m olecule . T hus fa r , th e  J -c h a in  has been fo u n d  exc lusive ly  in  po lym eric  IgA  
a n d  IgM  m olecules. T h e  J -c o m p o n e n t is o f 20,000 m o lecu la r w eigh t, i t  co n ta in s 
g lu ta m ic  acid and  a sp a r tic  in  la rge  am oun ts. I t s  in  tra m o le c u la r  s ite  of ju n c 
tio n  is n o t y e t k n o w n . A n ti-J -co m p o n en t a n tib o d ie s  h a v e  been d e m o n s tra te d  
d esp ite  its  w eek a n tig e n ic ity . T h e  J -co m p o n en ts  lin k ed  to  IgA  an d  to  IgM  
d iffe r in  respect o f th e ir  an tig en ic  d e te rm in a n ts  [31a].

On th e  ev idence o f im m unofluo rescen t s tu d ie s , th e  ra tio  be tw een  th e  IgA  
p ro d u c in g  p lasm a cells a n d  th e  IgG  produc ing  im m u n o cy te s  o f th e  in te s tin a l 
m u co sa  equals 20 : 1 a n d  th a t  betw een  th e  Ig A -p ro d u c in g  an d  th e  IgM  p ro 
d u c in g  cells, 7 : 1 [32]. T h e  b ronch ia l m ucosa fo rm s p re v a le n tly  IgA , to  a 
lesser e x te n t IgM  [3, 27].
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S ecre to ry  IgA  is a b io a c tiv e  p ro te in  of a sed im en ta tio n  co effic ien t of 1 IS. 
I n  c o n tr a s t  to  th e  p lasm a  Ig A  po lym ers i t  is n o t affec ted  b y  red u c in g  agents. 
L o c a lly  form ed IgA  re s is ts  th e  d igestive  ac tio n  o f pepsin  or try p s in  as long as 
24  to  72 hours w ith o u t a n y  loss o f a n tib o d y  a c tiv ity . T he p o ly m eric  s tru c tu re  
o f  s e c re to ry  IgA p ro v id es  fo r  a h igher efficiency of its  a n tib o d y  a c tiv ity
[2 1 ,2 5 ,  27, 28].

B r a n d t z a e g  e t al. [6] a t t r ib u te  IgA  a n d  IgM  of th e  b io log ica l flu id s  to  
a c t iv e ,  IgG  to  passive  t r a n s p o r t .  IgA  a n d  th e  sec re to ry  c o m p o n e n t are  de
p o s ite d  in  th e  form  of a f in e  film  on th e  su rface  of th e  in te s t in a l  m ucosa, 
fo rm in g  a barrie r a g a in s t th e  e n try  o f p a th o g en s  [32, 1]. I n  fa c t,  ce rta in  
a u th o r s  a t tr ib u te  to  se c re to ry  IgA  a la rg e r  p a r t  in  th is  p ro te c tiv e  m echan ism  
t h a n  t o  serum  [23].

T h e  functions a t t r ib u te d  to  th e  sec re to ry  im m une  sy s tem  a re  as follows.
1. con tro l of th e  n o rm a l b a c te r ia l f lo ra  of th e  re sp ira to ry , d ig es tiv e  and  

u ro g e n i ta l  organs;'
2. defence m echan ism s a g a in s t p a th o g en s (secre to ry  Ig A  b e in g  involved  

in  v a r io u s  an tiv ira l an d  a n tib a c te r ia l  a n tib o d y  fu n c tio n s [26]; B o n o m o  e t al. 
[3] c o u ld  d em o n stra te  iso a n tib o d ie s  in  th e  sp u tu m  b y  passive  h aem ag g lu ti-  
n a t io n  in  a case of b ro n c h itis  a f te r  a d m in is tra tio n  o f ty p h o id  v acc in e ;

3. th e  local im m une  sy s te m  seem s to  be  in v o lv ed  in  th e  p a th o m e c h a n ism  
o f  a u to im m u n e  disease [2, 22 , 32, 33].

P a th o lo g ica l co n d itio n s  m a y  a ffec t th e  im m unog lobu lin  co m p o sitio n  of 
b io lo g ic a l flu ids an d  th e  p la sm a tic /s e c re to ry  im m unog lobu lin  r a t io . P ara lle l 
m e a su re m e n ts  of im m u n o g lo b u lin s  in  serum  an d  sp u tu m  h av e  b een  c a rrie d  ou t 
in  c o n g e n ita l  hypo- a n d  a g a m m a g lo b u lin a e m ia , chronic  b ro n ch itis  a n d  b ronch ia l 
a s th m a . S tudies of th is  k in d  in  a n tib o d y  defic iency  seco n d ary  to  haem o- 
b la s to s e s  h av e  n o t been  re c o rd e d  in  th e  l i te ra tu re . I n  earlie r s tu d ie s  we have  
m e a s u re d  th e  serum  a n d  sa liv a ry  im m unog lobu lin s ch iefly  in  Ig A -d efic ien t 
p a ra p ro te in a e m ia  an d  in  ly m p h a tic  leu k aem ia  [23]. D e sp ite  a s ig n if ic a n t fall 
in  s e ru m  IgA  th e  sa liv a ry  Ig A  level show ed a m o d era te  in c rea se . T h e  fa c t t h a t  
in  se c o n d a ry  an tib o d y  d efic ien cy  sin o b ro n ch ia l in fec tions a re  f r e q u e n t ,  has 
m a d e  u s  to  s tu d y  th e  im m u n o g lo b u lin s  in  th e  sp u tu m  w ith  re fe rence  to  th o se  
in  s e ru m  a n d  th e  d igestive  t r a c t .

M aterial and method

P a ra lle l  serum  and  sp u tu m  im m u n o g lo b u lin  m easu rem en ts  were c a rried  o u t  in  22 cases 
o f  ly m p h a t ic  leukaem ia a n d  m u ltip le  m y elo m a; 25 cases o f chronic o b s tru c tiv e  re sp ira to ry  
d ise  ase  se rv e d  as controls. T he r a d ia l  im m u n o d iffu sio n  p rocedure  o f Ma n c in i, Ca r b o n a r a  and 
H e r e m a n  s [18] was used  w ith  m o n o sp ecific  an ti-Ig G  (L -25B ), an ti-Ig A  (L -40B ) a n d  an ti-IgM  
(L -1 4 7 L ) im m u n e  sera  supp lied  b y  th e  In s t i tu te  fo r H u m a n  V accine P ro d u c tio n  a n d  R esearch , 
B u d a p e s t.  F ro m  th e  serum  to  be  e x am in ed  fourfo ld  d ilu tio n s were p re p a re d  w h ereas the  
s p u tu m , a f te r  m echani cal h o m o g en iz a tio n , w as p laced  u n d ilu te d  in to  th e  an tig e n  re c ip ie n t. In  
v iew  o f  th e  re la tiv e ly  low im m u n o g lo b u lin  co n cen tra tio n s  o f  th e  sp u tu m  in  co m p ariso n  w ith  
t h a t  o f  th e  serum , the  im m u n e  se ra  w ere  d ilu te d  ten fo ld  fo r IgA  an d  IgG , a n d  fiv efo ld  fo r IgM , 
so as to  re n d e r  th e  p ro ced u re  m ore  sen sitiv e .
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R esults

C ontro l g roup . T h e  se rum  an d  sp u tu m  im m u nog lobu lin  levels  w ere 
m easu red  in  25 a d u lts  w ith  o b s tru c tiv e  re sp ira to ry  d isease. A decrease  in  
se ru m -Ig G  w as fo u n d  in  c o n tra s t  to  an  e lev a tio n  o f serum  IgA  an d  IgM  levels.

T ab le  I

M ea n  serum  and sputum  im m unoglobulin values 
in the controls and in  the im m une deficient haematological group

Serum

IgG
mg per 100 ml

IgA
mg per 100 ml

IgM
mg per 100 ml

C ontro l group (chronic b ro n ch itis , 1302 ±  61.7 258.9 ±  29.8 236 ±  29.4
bronch ia l asthm a), n  =  25

Im m unodefic ien t haem ato log ica l group 1160 ±  131.6 119.1 ±  18.4 79.9 ±  12.6
(m ultip le  m yelom a, ly m p h a tic p  <  0.001 p  <  0.001
leukaem ia), n  =  22

N orm al sub jects, n =  60 1570 ±  52 210 ±  27 193 ±  15

Sputum

IgG
mg per 100 ml

IgA
mg per 100 ml

IgM
mg per 100 ml

C ontrol group (chronic b ro n ch itis , 
b ronchial asthm a), n =  25

30.08 ±  6.15 25.9 ±  2.53 4.71 ±  1.1

Im m unodefic ien t h aem ato log ica l group 
(m ultip le  m yelom a, ly m p h a tic  
leukaem ia), n  =  22

48.21 ±  12.3 45.2 ±  7.1
p  <  0.01

11.1 ±  2.52 
p  <  0.05

V ersus th e  no rm al co n tro ls , th ese  changes w ere n o t sig n ifican t s ta tis t ic a lly . 
(The no rm al serum  levels  h a d  been  estab lish ed  ea rlie r in  60 h e a lth y  a d u lts .)

In  th e  im m une  d e fic ien t h aem ato log ica l g ro u p , th e  serum  IgG  level w as 
m o d e ra te ly , th e  Ig A  a n d  IgM  levels w ere s ig n ifican tly  red u ced  as co m p ared  
w ith  th e  con tro l v a lu e s . O n th e  o th e r h a n d , th e  sp u tu m  IgG  level show ed a 
m o d e ra te , while IgA  a n d  IgM  a sig n ifican t, in crease  (T able I).

No co rre la tio n  w as fo u n d  b e tw een  th e  im m u n o g lo b u lin  co n c e n tra tio n s  of 
serum  a n d  sp u tu m  in  th e  in d iv id u a l p a tie n ts . R ed u ced  serum  im m u n o g lo b u lin  
levels w ere asso c ia ted  w ith  increased , n o rm a l or red u ced  sp u tu m  im m u n o 
g lobulin  levels.

F ig . I  p resen ts  th e  se ru m  an d  sp u tu m  im m u nog lobu lin  v a lu es  fo u n d  in 
th e  sam e p a tie n ts . W hile  in  th e  con tro l g roup  th e  serum  im m un o g lo b u lin  levels 
genera lly  a tta in e d , a n d  in  th e  case o f IgA  a n d  IgM  even  s ligh tly  ex ceeded , th e  
n o rm al m ean  v a lu es , in  th e  g roup  of haem ato lo g ica l diseases th e  serum  im m u n o 
g lobulin  levels w ere fa r  below  th e  n o rm al m ean  v a lu es . On th e  o th e r  h a n d , in
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th e  im m u n o d efic ien t h aem ato lo g ica l cases th e  sp u tu m  im m u nog lobu lin  levels 
w ere h ig h er th a n  in  th e  co n tro ls . T he serum  a n d  sp u tu m  im m u nog lobu lin  levels 
show ed no co rre la tio n  w h a te v e r.

Discussion

T he lack  of a c o rre la tio n  betw een  th e  se ru m  an d  secre to ry  im m u n o 
g lobulin  co n c e n tra tio n s  h as  been show n b y  sev e ra l a u th o rs  [5, 10]. Serum  
im m unog lobu lin  d efic iency  does n o t ex c lu d e  th e  p ro d u c tio n  o f  sec re to ry  
im m unoglobu lins, a n d  converse ly , im p a irm e n t o f th e  local im m un o g lo b u lin  
p ro d u c in g  system  is co m p a tib le  w ith  n o rm a l serum  im m u nog lobu lin  co n 
c e n tra tio n s  [4, 13, 28].

T ü r k  an d  W i e r b i t z k y  [33] found  a co m p le te  or incom plete  d efic iency  
of IgA  an d  IgG  in th e  b ro n c h ia l secretion  o f c h ild re n  w ith  re c u rre n t b ro n c h itis  
an d  p n eu m o n ia , d e sp ite  no rm al serum  im m u n o g lo b u lin  co n c e n tra tio n s . 
A ccord ing  to  BÜRGI e t  al. [8] an d  B ü r g i  a n d  M e d i c i  [9], acu te  b ro n c h itis  an d  
recu rrences o f b ro n ch ia l a s th m a  are  a sso c ia ted  w ith  increased  s p u tu m  IgA  
levels. In  co n g en ita l iin m u n ed efic ien t co n d itio n s , defic iency  of loca lly  form ed 
IgA  a n d  of th e  “ sec re to ry  co m p o n en t”  m ay  w ell be  responsib le , in  a d d itio n  to  
serum  im m unog lobu lin  defic iency , for th e  re c u r re n t  in fections [11, 17]. 
B o n o m o  e t al. [3] fo u n d  no  IgA  in serum  o r s p u tu m  in in d iv id u a l cases o f  th is  
ty p e . In  a case re p o rte d  b y  B u c k l e y  e t al. [7], in c reased  serum  Ig A  co n cen 
tra tio n s  w ere asso c ia ted  w ith  secre to ry  Ig A  defic iency . In  th e  cases o f  IgA  
defic ien t a ta x ia  te le a n g ie c ta tic a  rep o rted  b y  S o u t h  e t al. [27] an d  M c F a i r l i n  
e t al. [27] sa liv a ry  Ig A  a n d  th e  secre to ry  fa c to r  levels w ere norm al. M a r t i n e z - 
T e l l o  e t a l. [19] id e n tif ie d  th e  secre to ry  co m p o n e n t in  b ronch ia l ep ith e liu m  
an d  secre tions in  th e  n e o n a ta l period  a n d  in  ag am m ag lo b u lin aem ia . E i d e l - 
m a n  e t  al. [12] fo u n d  in  th e  in te s tin a l m u co sa  a n o rm al IgA  p ro d u c in g  
im m u n o cy te  p o p u la tio n  in  to ta l  serum  Ig A  defic iency . In  a tro p h y  o f th e  in 
te s tin a l m ucosa , im m u n o g lo b u lin  secre tion  m a y  b e  defic ien t an d  IgA  tra n s p o r t  
d eran g ed , in  consequence  o f  th e  d efic ien t p iece d e te rm in a n t p ro d u c tio n  b y  th e  
a ffec ted  in te s tin a l ep ith e liu m . T he serum  IgA  leve l is increased  in in f la m m a to ry  
processes of th e  in te s tin a l m ucosa an d  in  m a la b so rp tio n  syndrom es o f  ch ild ren  
[16, 24]. Im m u n o flu o re sc e n t stud ies in  a d u lts  h av e  revealed  c e r ta in  co rre 
la tio n s  b e tw een  th e  n u m b e r  o f im m un o g lo b u lin  fo rm ing  cells of th e  in te s tin a l 
t r a c t  an d  th e  increase  in  th e  serum  IgA  leve l [12].

W e h av e  been  considering  th e  p o ss ib ility  o f  an  enhanced  c o m p e n sa to ry  
a c tiv ity  o f th e  local im m u n e  system  ev e r since  o u r earlie r o b se rv a tio n s  in 
h aem ob lasto ses a sso c ia ted  w ith  im m une defic ien cy , w here th e  s a liv a ry  IgA  
level w as n o rm al or in c rea sed  desp ite  a s ig n if ic a n t red u c tio n  in serum  Ig A  [23]. 
P a ra lle l e s tim a tio n s  o f  sp u tu m  an d  serum  im m uno g lo b u lin s  th e n  re v e a le d  in
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th e  s p u tu m  a s ign ifican t in c rea se  in  IgA  a n d  IgM , an d  lesser in c rease  in  IgG . 
T h e  p re s e n t  resu lts  th u s  seem  to  confirm  o u r ea rlie r  supposition .

T h e  stud ies of T h o m p s o n  [30] an d  o f  B r a n d t z a e g  [6] h a v e  fu rn ish ed  
d i r e c t  p ro o f  of a c o m p e n sa to ry  p ro d u c tio n  o f  secre to ry  IgA . T h o m p s o n  
s tu d y in g  th e  IgA -levels a n d  th e  piece d e te rm in a n ts  in  saliva an d  in  d u o d en a l 
s e c re t io n s  of IgA -defic ien t ch ild ren  w ith  coeliac  disease acco m p an ied  b y  re 
c u r r e n t  in fec tions w as ab le  to  id en tify  piece d e te rm in a n ts  a t ta c h e d  to  IgM  in 
th e  d u o d e n a l ju ice. B r a n d t z a e g  [6] in  an  Ig A  d efic ien t p a tie n t  w ith  p lasm o- 
c y to m a  invo lv ing  th e  p a ro tid , found  h ig h er Ig G  co n cen tra tio n s in  th e  in ta c t  
p a r o t id  s tro m a  th a n  in  n o rm a l in d iv id u a ls , w h ile  th e  sa livary  Ig A  a n d  IgM  
le v e ls  w ere  tw ice as h igh  as th e  IgG  level. O n these  g rounds, th is  a u th o r  
a t t r i b u t e d  IgA  an d  IgM  to  a c tiv e , IgG  to  p a ss iv e , tra n sp o r t.

A cco rd ing  to  th e  c u r re n t  v iew , in  Ig A  d efic iency  th e  de fic ien t g la n d u la r  
Ig A  fo rm in g  im m u n o cy tes  a re  rep laced  b y  IgM  im m unocy tes [4, 6]. T he 
q u e s t io n  w h e th e r in  Ig A -d e fic ien t co n d itions th e  im m unocy tes o f  th e  w hole 
s e c re to ry  system  are re p la c e d  b y  IgM -im m u n o cy tes , still rem ains op en .

T h e  p resen t s tu d y  h a s  fu rn ish ed  on ly  in d ire c t evidence in  s u p p o r t o f th e  
c o m p e n s a to ry  fu n c tio n  of th e  local im m une sy s te m  in  a n tib o d y  defic iency . I t  is 
e x p e c te d  to  o b ta in  d irec t p ro o f  of th is  c o m p e n sa to ry  m echanism  from  im m u n o - 
f lu o re s c e n t studies.
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Zs. H o l l á n : H aem oglob inok  és h aem o g lo b in o p a th iák . (H aem oglob ins a n d  h aem oglob ino- 
p a th ie s .)  P u b lish in g  H ouse o f th e  H u n g a rian  A cadem y o f Sciences, B u d a p es t 1972. 280 pages, 
n u m ero u s illu s tra tio n s .

In te g ra tio n  o f ex p e rim e n ta l re sea rch  w ith  c lin ica l o b se rv a tio n s ensu res a  f ru itfu l 
ap p ro ach  to  m an y  prob lem s of m edicine . T his is a t r u th  w hich  could  n o t be i llu s tra te d  m ore 
co n v inc ing ly  th a n  by  th e  re su lts  o f haem oglobin  re sea rc h  th e  c u rre n t s ta tu s  o f w h ich  is p re 
sen ted  in th is  vo lum e. D isclosure o f  th e  sp a tia l s tru c tu re  o f  th e  haem oglob in  m olecu le  a n d  of 
i ts  d iverse  v a r ia n ts  an d  its  sy n th es is , to g e th e r w ith  a c loser in s ig h t in to  its  physico -ch em ica l as 
well as im m unolog ical an d  gen etic  im p lica tio n s b e a r te s tim o n y  to  th e  p ro d u c tiv ity  o f  in te r 
d isc ip lin a ry  (chem ical, g enetic , im m uno log ica l, c lin ical, e tc .)  research .

T his book rep re se n ts  a  successfu l b lend  of th e o ry  a n d  p rac tice . I t  gives a lu c id , co m p re
hensive  su rv ey  o f th e  s tru c tu re  a n d  fu n c tio n  of th e  h aem o g lo b in  m olecule (C h a p te r  I )  an d  of 
its  po ly m o rp h ism  (C h ap te r  I I ) .  I t  describes th e  v a rio u s  h aem o g lo b in o p a th ies  (C h a p te rs  I I I  to 
V I) an d  fin a lly  discusses th e  p rev alen ce  an d  th e ir  g en etic  a sp ec ts  o f h aem o g lo b in o p a th ies  in 
c e r ta in  p o p u la tio n s . T he ab u n d an c e  o f p rac tica l ex am p les illu s tra tin g  th e  issues u n d e r  dis
cussion c o n tr ib u te s  to  th e  4 in d e rs ta n d in g  of th e  p a th o lo g y  of th e  in d iv id u a l h aem o g lo b in o 
p a th ie s  a n d  offers he lpfu l clues to  th e  selection o f a p p ro p ria te  th e ra p y .

T h e  s tu d e n t  o f a book o f th is  k in d  will be u su a lly  m o st a tt ra c te d  b y  th e  c h a p te r  w hich  
su its  b e s t his own line o f s tu d y  or his p e rso n al sphere  o f in te re s t . H ere th e  rev iew er h a s  som e 
d iff icu lty  in  decid ing  to  w hich  p a r t  o f  th e  book he w ou ld  give p reference, because  a ll c h ap te rs  
offer e q u a lly  a ttra c t iv e  read in g . I f  he none th e  less p o in ts  o u t  those  on th a la ssa e m ia  a n d  on th e  
haem o g lo b in o p a th ies  asso c ia ted  w ith  po lyg lobulism , th is  is because , in h is view , th e se  a re  the  
m o st illu s tra tiv e  o f  th e  re su lts  o f  jo in t  ex p erim en ta l a n d  c lin ical stud ies.

T he large  n u m b er o f g rap h s  a n d  illu s tra tio n s , as w ell as a n  e x h au s tiv e  lis t o f  550 references 
a d d  to  th e  m erits  o f  th e  book.

G y . R a ppa y
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A CTA  M E D IC A

ТОМ 3 0 - В Ы П .  3

РЕЗЮМЕ

ОПРЕДЕЛЕНИЕ ЛИЗОСОМАЛЬНЫХ ФЕРМЕНТОВ ПРИ НЕЙРОЛОГИЧЕСКИХ 
И ПСИХИАТРИЧЕСКИХ ЗАБОЛЕВАНИЯХ

Ш. ТО Т, И . У Й В А Р О Ш И  и Б .  У Н Г А Р

Авторы проводили определения Кислой фосфатазы в вентрикулярном, цистерналь
ном и поясничном ликворе больных, страдающих нейрологическим или психиатрическим 
заболеванием. От случая к случаю они определяли также активность нейтральной про
теазы. При оценке данных более чем 100 больных, относящихся к определенной группе 
заболеваний, можно установить, что в ликворе можно выявить кислую фосфатазу, однако, 
ее активность составляет только одну десятую часть величин, иьмс) яемых в сыворотке. В 
противоположность этому в ликворе здоровых лиц нельзя выявить активности нейтраль
ной протеазы.

Сильно повышенная активность кислой фосфатазы наблюдается при опухолевых за
болеваниях центральной нервной системы, как в случае доброкачественных, так и злока
чественных опухолей. Наивысшие величины были получены в ликворе, взятомза несколько 
часов до наступления клинической смерти, в то время как после удаления опухоли актив
ность кислой фосфатазы показывает тенденцию к нормализации.

В ликворе больных опухолями при физиологической величине pH появляется ак
тивная протеаза. Этот факт выдвигает предположение о том, что опухоль, якобы, оказывает 
в центральной нервной системе отдаленное действие нового типа — ферментативное от
даленное действие.

ИССЛЕДОВАНИЕ КИНЕТИКИ ЙОДНЫХ ГОРМОНОВ ПРИ ПОМОЩИ 
СПЕКТРОФОТОМЕТРИЧЕСКОГО МЕТОДА

К . Г. Б А Р Т А

Исследования авторы были направлены на выяснения соотношения распределения 
активных йодных гормонов и их связи кинетики йодных гормонов организма. Автор 
асследовал далее вопрос сколько из двух, трех или четырех йодных субституетнов в мо
лекуле йодного гормона являются мечен иодом. В своем исследовании автор определял 
соотношение активных и неактивных компонентов йодного гормона щитовидной железы 
методами ауторадиографии и абсорбционной спектрофотометрии. На основании получен
ных результатов можно делать следующие установления:

1. Процентное отношение йодных гормонов за время исследования было постоян
ным и совпадало с таковым, приведенным в литературных данных.

2. Соотношение активных гормональных компонентов колебается вокруг величины, 
характерной для динамического равновесия. Из этого можно делать выовды относительно 
кинетики образования и мобилизации йодных гормонов.

3. Полученные результаты подтверждают то предположение, что в молекуле йод
ного гормона размещается только один активный йодный субститует.

4. Каждый из активных компонентов йодного гормона достигает через 24 часа ту 
величину, которая характерная для динамического равновесия неактивных йодных гор
монов.



КЛИНИЧЕСКИЕ И ГИСТОПАТОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ ПРИ 
ТЕРАПЕВТИЧЕСКИХ ПОЧЕЧНЫХ ЗАБОЛЕВАНИЯХ

IV. ВОПРОС СВЯЗИ МЕЖДУ ФИБР0ЭЛАСТ030М ПОЧЕЧНЫХ АРТЕРИЙ, 
ГЛОМЕРУЛОНЕФРИТОМ И ГИПЕРТОНИЕЙ

И . В А РГ А , Э. Б Е Р Е Г И

На основании изучения гистопатологических и клинических данных 55 почечных 
больных авторы пришли к выводу, что при терапевтических почечных болезнях фибро- 
эластоз почечных артерий может возникать также и без наличия гипертонии, предполо
жительно, в результате основной болезни. На возникновение сосудистого изменения 
влияет продолжительность существования болезни. Болезнь может встречаться в любом 
возрасте, у пожилых лиц она, однако, вероятно встречается чаще. Заболевание почечных 
артерий не параллельное явление со спазмом, со склерозом сосудов глазного дна. Нет ха
рактерной клинической картины, на основании которой можно было бы сделать выводы 
относительно состояния почечных сосудов.

Наряду с отрицательным результатом исследования под оптическим микроскопом 
электронномикроскопическим исследованием можно выявлять изменение базальной 
перепонки клубочков, эндотелия и эпителиальных клеток. Эти изменения монут быть по
следствием имевшего место гломерулонефрита или гипертонии и они объясняют протеину
рию, наблюдающуюся при клубочках, кажущихся под опитческим микроском интактными.

ВЫ ЗВАННАЯ НОВЫМ МЕТОДОМ ЭКСПЕРИМЕНТАЛЬНАЯ ПОЧЕЧНАЯ
ГИПЕРТОНИЯ У КРЫС

А . Ф Е К Е Т Е , Е . Т А Р Я Н

Авторы разработали новый метод для вызывания экспериментальной почечной ги
пертонии у крыс: почечная артерия на одной стороне полностью перевязывается, на дру
гой стороне не проводится никакого вмешательства. У подопытных животных, моложе од
ного года, за 30-недельный срок наблюдения авторы обнаружили ^прочное повышение 
кровяного давления приблизительно на 55 мм рт. ст., значительную гипертрофию сердца 
и почек.

ОБЪЕМ ПЛАЗМЫ, КРОВИ И ОБЩИЙ ОБЪЕМ ВОДЫ ПРИ ЭКСПЕРИМЕНТАЛЬНОЙ 
ПОЧЕЧНОЙ ГИПЕРТОНИИ У КРЫС

А. Ф Е К Е Т Е , П . М Е ЗЕ Ш , Л .  Т О Т

Односторонной перевязкой почечной артерии у крыс, при отсуствии вмешательства 
на контралатеральной стороне, авторы вызывали хроническую гипертонию. На 13-ой и на 
30— 37-ой неделях гипертонического состояния авторы обнаружили при неизмененном 
общем объеме воды понижение объема плазмы и крови. Уменьшение интравазального объе
ма авторы считают результатом изменения до сих пор еще невыясненного механизма ре
нальной регуляции объема.

ДЕЙСТВИЕ ЦИТОСТАТИЧЕСКИХ ПРЕПАРАТОВ НА ПРИРАСТАНИЕ 
ПАССИРОВАННЫХ ЧЕЛОВЕЧЕСКИХ АМНИОНАЛЬНЫХ КЛЕТОК

П. Г Е Р Г Е Й , Г . С А Б О , Д . С Е Г Е Д И , Б . Ф Е К Е Т Е , Д . П Е Т Р А Н И

Автори описывают быстрый и простой проводимы in vitro цитостатический тест. 
Суть метода заключается в определении при помощи ???? клеток, меченых Сг51. понижения 
способности прирастания человеческих амниональных клеток под влиянием цитостати- 
ческого препарата. Авторы расматривают возможность связи между ингибированием 
прирастания и возникновением метастазов.



ИССЛЕДОВАНИЕ ИММУНОГЛОБУЛИНОВ, ГЛИКОПРОТЕИДОВ И АНТИГЕНА 
АВСТРАЛИЯ ПРИ ХРОНИЧЕСКИХ ПЕЧЕНОЧНЫХ БОЛЕЗНЯХ

Я . Ф Е Х Е Р , Л . Я К А В , И . С И Л ВА Ш И

Авторы определяли радиальным иммунодиффузионным методом в сыворотке крови 
хронических концентрацию иммуноглобуринов IgG, IgA и IgM, а также церулоплазмина, 
альфа-2-макроглобулина, бета-I-С глобулина и трансферрина. Далее они исследовали 
пассивным гемагглютинационным методом титр гуморальных антител, реагирующих с 
белковыми антигенами клеточных ядер, митохондриев и растворимых белков, полученных 
из аллогеновой печени, а также они определяли микрометодом связывания комплемента 
антиген Австралия в сыворотке больных и титр антител против него. Авторы обнаружили, 
что при хроническом персистирующем гепатите IgA и IgM, а при хроническом агрессивном 
гепатите и при циррозе печени/содержание всех трех иммуноглобулинов достоверно выше, 
чем в контрольных случаях. При хроническом агрессивном гепатите наиболее выраженное 
повышение IgG Концентрация церулоплазмина в сыворотке и альфа-2 макроглобулина 
повышены параллельно со степенью воспаления в строме печени; концентрация бета-1-C 
глобулина и трансферрина не повышены в оцениваемой мере. Антиген Австралия и гумо
ральные антитела авторы шаходили чаще всего при хроническом агрессивном гепатите.

ИНДУЦИРУЮЩИЕ ГИПЕРСЕКРЕЦИЮ ГЛОБУЛИНЫ В КРОВИ БОЛЬНЫХ 
ЯЗВОЙ ДВЕНАДЦАТИПЕРСТНОЙ КИШКИ

(На основании доклада, сделанного на конгрессе терапевтов в 1972 г.)
Ш . Д О Б И , Д . П Е Т Р А Н И

Причина гиперсекреции, существующей в значительной части случаев язвы двенад
цатиперстной кишки, нарушающей известные регуляторные механизмы, все еще не выясне
на. Глобулиновая фракция в крови гиперацидных больных язвой желудка провоцировала в 
семи из семнадцати случаев значительную гиперсекрецию в желудке крыс. Этим возникает 
возможность, что в деле гиперсекреции соляной кислоты в желудке в определенной части 
роль может играть стимулирующий фактор иммуноглобулинового типа, возможно, аутоим
мунный процесс.

ИССЛЕДОВАНИЕ МЕТАБОЛИТА СЕРОТОНИНА В ЛИКВОРЕ
Д . ’М О Л Н А Р, А. Ф О Д О Р , И . К А Р Ц А Г , А. С И Л А Д И , И . У Й В А Р И

Авторы изучали на состоявшем из 95 больных смешанном найро-психиатрическом 
больничном материале, содержание 5-HIES в ликворе. На основании своих исследова
ний авторы установили, что в различных возрастных группах концентрация 5-HIES раз
личная и разброс также довольно значительный. Величины в молодом и в пожилом возра
стах сравнительно более высокие, в среднем возрасте — ниже, но разница средник вели
чин не является достоверной. Среди отдельных групп больных, наименьши оказалось 
содержание 5-HIES в ликыоре в группе больных депрессией (8,1 ±4,5  нг/мл), сравнительно 
более высокое содержание авторы определяли в группе больных эпилепсией и «органи
ческими церебральными поражениям» (15,4+5,0 и 15,3+7,0 нг/мл). Ниже концентрации 
содержания в этих двух группах больных оказалась концентрация 5-HIES в группе, не 
получавшей медикаментов. (Разница недостоверная), у двух больных с тяжелым пораже
нием ствола мозга, у одного больного с компрессией спинного мозга и у одного боль
ного табо-параличном авторы нашли крайне низкие величины содержания 5-HIES в лик
воре (5—8 нг/мл).

Авторы приобрелы опыт исследованиями нагрузкой триптофаном и пробеницидом, 
надеясь на то, что они обогатят шкалу клинико-биохимических методов.



ИЗМЕНЕНИЯ КОНЦЕНТРАЦИИ ГЛИКОПРОТЕИДОВ СЫВОРОТКИ ПРИ 
СОЕДИНИТЕЛЬНОТКАННЫХ БОЛЕЗНЯХ И ПРИ ДРУГИХ ПАТОЛОГИЧЕСКИХ

ПРОЦЕССАХ 
Л .  Я К А В , я. Ф Е Х Е Р

Авторы исследовали изменения концентрации гликопротеидов сыворотки и их 
углеводных компонентов при заболеваниях соединительной ткани и при других патологи
ческих процессах. Они констатируют, что исследованные гликопротеиды сыворотки при 
отдельных патологических процессах меняются не одинаковым образом. Повышающийся 
характер концентрации углеводных компонентов гликопротеидов сыворотки одинаковый. 
Авторы указывают на то, что индивидуальное определениегликопротеидов сыворотки мо
жет оказывать и используемую в клинике помощь.

ПОВЕРХНОСТНЫЕ ИММУНОГЛОБУЛИНЫ ЛИМФОЦИТОВ ПРИ 
АУТОИММУННЫХ БОЛЕЗНЯХ

П. Г Е Р Г Е Й , Д . С Е Г Е Д И , Г. САБО, Б . Ф Е К Е Т Е , Д . П Е Т Р А Н И

Авторы исследовали прямым иммунофлюоресцентным методом носящие иммуно
глобулины лимфоциты больных, старадающих аутоиммунными болезнями. У аутоиммун
ных больных с активным заболеванием авторы наблюдали увеличение процента клеток 
В. Неактивные больные давали такие же результаты, как и контрольные лица. Увеличе
ние процентного соотношения клеток В авторы привели в связь с уменьшением абсолют
ного числа циркулирующих клеток Т.

СОДЕРЖАНИЕ ИММУНОГЛОБУЛИНОВ В МОКРОТЕ И В СЫВОРОТКЕ ПРИ 
ГЕМЕТОЛОГИЧЕСКИХ БОЛЕЗНЯХ, СОПРОВОЖДАЮЩИХСЯ ДЕФИЦИТОМ 

ИММУНОГЛОБУЛИНОВ (ПАРАПРОТЕИНЕМИИ, ЛИМФОИДНАЯ ЛЕЙКЕМИЯ)
Ж . М ИСЛАИ, А. П А Т А К Ф А Л Ь В А И , И. Б А Р А Н Я И , Д . К Ё В Е Ш И , T. Я В О Р

Авторы определяли содержание иммуноглобулинов в мокроте и в сыворотке 2 2  
больных, страдающих синдромом вторичного недостатка в антителах (хроническая лим
фоидная лейкемия, миелома) и 25 больных бронхитом, У больных с недостатком в имму
ноглобулинах величины концентрации IgA и IgM по сравнению с нормальными контроля- 
ми достоверно понизились. Содержание иммуноглобулинов в мокроте былб повышенным по 
сравнению с величинами бронхитической группы. Количество IgG было умеренно, коли
чество IgA и IgM — достоверно повышено. Авторы считают повышение содержания имму
ноглобулинов в мокроте больных с иммунным недостатком компенсаторным.



IMMUNOLOGICAL ASPECTS OF ALLERGY 
AND ALLERGIC DISEASES I—II

ed ited  b y  E . R a jka  a n d  S . Korossy

Vol. I: S tud ies in  E x p e rim e n ta l Im m u n o lo g y  

Vol. I I :  C linical Im m u n o lo g y . A llergic D iseases

The f i r s t  volum e  deals w ith  th e  general p rin c ip le s  o f  ex p erim en ta l im m u n o lo g y  
an d  allergology . The v a rio u s  factors w h ich  h a v e  a p a r t  in  th e  a n tig e n -a n tib o d y  
re a c tio n  an d  w hich se t th e  course of u p - to -d a te  d iagnostics are d iscu ssed  in  
sev era l p ap e rs . The m o st recen t re su lts  o f  re sea rch  in  th e  fields o f  t r a n s p la n 
ta t io n  a n d  tu m o u r im m u n ity  are d esc rib ed .
In  th e  second volume th e  problem s of c lin ica l im m u n o lo g y  are d iscu ssed . T h e  
d iffe re n t allergic d iseases are described  acco rd in g  to  in d iv id u a l o rg a n s  an d  
o rg an  sy stem s. The im m unological a sp e c ts  o f  a c u te  an d  chronic in fections*  
a llerg ic  processes due  to  chem icals a n d  d ru g s  as w ell as various a u to im m u n e  
sy n d ro m es are g iven ex ten siv e  t r e a tm e n t  in  th e  in d iv id u a l c h a p te rs .
T he h an d b o o k  is th e  w ork  o f several o u ts ta n d in g  au th o rs , each o f th e m  an  ex 
p e r t  o f th e  re spec tive  fields.
T he s tu d ie s  have  been  based  on re c e n t e x p e rim e n ta l w ork as well as o n  d a ta  
of th e  lite ra tu re .

In  E n g lish  • The tw o  volum es to g e th e r  a p p ro x . 1800 pages • C lo th

A K A D É M IA I K IA D Ó  

B u d a p e s t



PATHOPHYSIOLOGY AND PHARMACOLOGY 
OF CAPILLARY RESISTANCE
b y  M . G Á B O R

I n  th e  f i r s t  p a r t  o f  th e  m o n o g rap h  th e  physio log ica l a n d  patho log ical a sp ec ts  o f  c a p illa ry  
re s is ta n c e  are  tre a te d . T h e  d iffe ren t m ethods u sed  fo r  m easu ring  cap illa ry  re s is tan c e  a re  
d e sc r ib e d  follow ed b y  th e  d iscussion  of th e  m e c h a n ism  o f  pe tech ia  fo rm atio n . D a ily  a n d  
se a so n a l f lu c tu a tio n s  o f  c a p illa ry  resistance  as w ell as i t s  ag e , d ie t-and  p h y sica l im p a c t- (h e a t ,  
u .v . a n d  X -ra y  ir ra d ia tio n )  d e p en d e n t changes a re  g iv e n  ex tensive  t re a tm e n t. T h e  a u th o r  
also  c o n sid e rs  th e  m e th o d s  o f  d e te rm in in g  c ap illa ry  re s is ta n c e  in  th e  in n er o rg an s o f  e x p e r i
m e n ta l  an im als  an d  in  th e  co n ju n c tiv a . S ep a ra te  c h a p te r s  h av e  been d ev o ted  to  th e  c h an g es  
in  c a p il la ry  resistan ce  d u e  to  s tre ss  and  to th e  p ra c t ic a l  im p lica tions, re sp ec tiv e ly . V a rio u s  
d ise a se s  in  w hich  c a p illa ry  re s is tan ce  m ig h t be c h a n g e d , m o stly  decreased , a re  d e sc rib ed . 
In  th e  second  p a r t  all th o se  d ru g s  w hich  m ay  in flu en ce  c ap illa ry  resistance, a re  su rv e y ed . T h e  
la s t  p a r t  o f  th e  m o n o g rap h  p ro v id es in fo rm atio n  on  th e  h o rm o n a l and  o th er co n tro l m ec h an ism s 
re g u la tin g  cap illa ry  re s is tan c e .

I n  E n g lis h  • A pprox . 320 pages • C loth

ARTERIAL LESIONS AND ARTERIOSCLEROSIS
e d ite d  b y  H . J E L Ű N E K

T h is  m o n o g ra p h  d iscusses th e  pa th o lo g ica l aspects o f  e x p e rim e n ta l v ascu la r lesions b ro u g h t 
a b o u t  b y  v a rio u s  d a m ag in g  fa c to rs . In v estig a tio n s h a v e  b e e n  m ade  in  m o st cases also o n  th e  
u l t r a s t r u c tu r a l  level. T h e  a u th o rs  com pare  m odel e x p e rim e n ts  as well as d iffe re n t v a sc u la r  
c h a n g e s  in  m an  w ith  m o rp h o lo g ica l ch a rac te ris tic s  o f  a rte rio sclerosis show ing t h a t  a r te r io 
sc le ro tic  ch an g es a p p ea r in  th e  f in a l  stages o f m odel e x p e rim e n ts . Several o f  th e ir  o b se rv a tio n s  
a re  d e sc rib e d  fo r th e  f i r s t  tim e  in  th e  l ite ra tu re , su ch  a s  th e  appearance  of c ry s ta llin e -lik e  
b o d ies  in  fib rin o id  an d  th e ir  changes in  hyaline , th e  ro le  o f  sm ooth  m uscle cells in  e lastic  
fib rillo g en esis , v a scu la r p e rm e a b ility  changes in  h y p e r te n s io n , th e  im p o rtan ce  o f ly m p h a tic  
d ra in a g e  in  th e  p e rm e ab ility  o f th e  v ascu la r w all o r  th e  ro le  o f ly m p h a tic  vessels in  a r th e ro -  
genesis .

In  E n g lis h  • A pprox . 300 pages • Cloth

A K A D É M IA I K IA D Ó
P u b lish in g  H ouse of th e  H u n g a r ia n  A cadem y of Sciences 
B u d a p e s t



T h e  A cta  M edico  p u b lish  pap ers  on m ed ic a l science in E n g lish , G erm an, F re n c h  a n d  
R u ssian .

T h e  A cta  M edico  a p p e a r  in  p a r ts  of v a ry in g  size, m ak in g  u p  vo lum es.
M a n u sc rip ts  should  b e  add ressed  to :

Acta M ed ico
1083 B udapest, Szigony и . 43. 9 P .О. В . 67

C orrespondence w ith  th e  ed ito rs and p u b lish e rs  should  be  s e n t  to  th e  sam e a d d re ss . 
T h e  ra te  o f su b sc rip tio n  is $ 24.00 a v o lu m e .
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UNTERSUCHUNG DER PLASMAEIWEIß-EINDUNG 
DER HARNSÄURE BEI GICHTKRANKEN

V on

E rzséb e t H o l l ä n d e r

II. MEDIZINISCHER LEHRSTUHL (LEITER: DR. P. SCHWARZMANN) 
DES INSTITUTS FÜR ÄRZTLICHE FORTBILDUNG, BUDAPEST

(E ingegangen  am  2. O k to b e r 1972)

Z usam m en fassu n g

Die p lasm aeiw eißgebundene  u n d  die freie H a rn sä u re  w urden  m itte ls  S ep h ad ex - 
G e lfiltra tio n  g e tre n n t. Bei der K o n tro llg ru p p e  b e tru g  die Menge der e iw eiß g eb u n d e
nen  H arn säu re  20 ,3%  der G esam th a rn säu re , w ä h re n d  bei den G ic h tk ra n k en  diese 
Z ahl 16,9%  au sm ac h te . M itte ls 14C-2 H a rn sä u re  ließ  sich  im  N orm alp lasm a eine E iw eiß 
b in d u n g  von  äh n lic h e r G rößenordnung  n ach w eisen . Bei A rth ritis  u rica  b e trä g t  die 
zum  P lasm aeiw eiß  g ebundene  H a rn s ä u re a k tiv i tä t  n u r  46%  der N orm . D as P lasm a  
des u n b e h an d e lte n  G ich tk ran k en  ist zu r B in d u n g  g rö ß ere r H a rn säu rem en g en  fäh ig , 
als das der m it A llo p u rin o l b e h an d e lte n  P a tie n te n .

Bei H y p e ru rik ä m ie  ist die ab so lu te  M enge d e r gebundenen  in a k tiv e n  H a rn 
säu re , t ro tz  de r n ied rig eren  B in d u n g sp ro p o rtio n  s ig n ifik a n t höher, als bei d e r K o n tro ll
g ruppe . Die n o rm a len  P lasm aeiw eiße sind  ih re r  h a rn säu re b in d en d e n  F ä h ig k e it zufolge 
bis zu einem  gew issen  G rade fähig  die G ew eb eau sfä llu n g  der H arn säu re  zu h em m en .

U n te r  den  m itte ls  P ap iere lek tro p h o rese  g e tre n n te n  P lasm ae iw eiß frak tio n en  
b in d e t sich die m ark ie r te  H arn säu re  zu den  G lo b u lin en  ou und  ß v

D ie P a th o lo g ie  d e r G ich t, d ieser a l tb e k a n n te n  K ran k h e it, is t au ch  h e u te  
noch  g rö ß ten te ils  u n g e k lä r t. N ach dem  zw eiten  W eltk rieg  stieg die H ä u fig k e it 
d e r K ra n k h e it in  b e d eu ten d em  M aße an , so d aß  selbst die a ty p isch en  F ä lle  
e rk e n n t w erden k ö n n en . D ieser U m sta n d  le n k te  u n se re  A u fm erk sam k e it a u f  
die K lä ru n g  ein iger F rag en  der P a th o g en ese .

D as g rund legende  d iagnostische K rite r iu m  d er K ran k h e it is t  die E rh ö 
h u n g  des P lasm a-H arn säu resp ieg e ls . D ie fre ie , n ic h t  eiw eißgebundene H a rn 
säu re  is t b e k a n n tlic h  je n e r  F a k to r , d u rch  den d ie  G ew ebeausfällung  b e e in f lu ß t 
w ird . D as Ziel u n se re r  U n te rsu ch u n g en  w ar d ie  K lä ru n g  jen e r F rag e , ob sich 
in  bezug  a u f  die h a rn sä u re b in d e n d e  K a p a z itä t  d e r  P lasm aeiw eiße v o n  N o rm a l
p erso n en  u n d  G ic h tk ra n k e n  irgendw elche U n te rsch ied e  nachw eisen  lassen . 
L a u t der L ite ra tu ra n g a b e n  is t die H a rn sä u re -P ro te in v e rb in d u n g  v o n  u n te r 
sch ied licher G rö ß en o rd n u n g . Sheikh  u n d  Möller  [10] fanden  m itte ls  U ltr a 
f i l t ra t io n  in sgesam t 5 %  der P la sm a h a rn sä u re  in  gebundener F o rm , w ä h re n d  
A lvsaker  [1] die P ro p o rtio n  der V e rb in d u n g  im  N orm alp lasm a a u f  e tw a  
2 5 —30%  sch ä tz te .

Im  Laufe u n se re r  U n te rsu ch u n g en  t r a c h te te n  w ir die fo lgenden  F ra g e n  
zu  k lä ren :
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1. Die Größe des p lasm ae iw e iß g eb u n d en en  A nteils des P la s m a -H a rn 
sä u re g e h a lts .

2. B esteh t ein U n te rsc h ie d  in  bezu g  a u f  die B indung  des 14C -2 -H arn - 
säu rem o lek ü ls  zum  P la sm ae iw e iß  zw ischen N orm alpersonen , b e h a n d e lte n  u n d  
u n b e h a n d e lte n  G ic h tk ra n k e n  ?

3. Genaue V e rte ilu n g  d er e iw eißgebundenen  14C -2-H arnsäure  u n d  d er 
f re ie n  H arnsäu re .

4 . D urch  w elche P la sm ae iw e iß frak tio n  w ird  die H arn säu re  g e b u n d e n ?

U ntersu ch u n g sm eth o d en

D e r P la sm a-H arn sä u re g eh a lt w urde m it d em  k lassischen  V erfah ren  v o n  F q l in  u n d  
D e n is  sowie m it der e n z y m a tisc h e n  M ethode (U ricase  lyoph ilis ie rt p ra k tisc h  w asserlöslich , 
S e rv a ,  Feinbiochem ie) b e s t im m t [2, 4, 8, 9, 11]. A us dem  E x tin k tio n sw e rt des v e rd ü n n te n  
P la s m a s  bei der S p e k tro p h o to m e tr ie  (Zeise S p e k tro p h o to m e te r  UV V S U 2-P , W ellen länge  
290 m /() w urde der ak tu e lle  H a rn sä u reg e h a lt au sg e rech n e t. Zu B eginn w u rd e n  säm tlich e  
P la sm a p ro b e n  sowohl ch em isch  als auch  en zy m atisch  an a ly s ie rt. D a es sich  je d o c h  a n h a n d  
d es  V erg le ichs h e rau ss te llte , d a ß  die E rgebnisse  de r b e id e n  V erfah ren  nah ezu  v o n  id en tisc h er 
G rö ß e n o rd n u n g  sind u n d  d a ß  d ie  H arn säu rem en g e , w elche bei der chem ischen  M eth o d e  im  
L a u fe  d e r  E iw eißausfällung  v e r lo re n  geh t, n ic h t m e h r  als 0,1 m g%  b e trä g t, h a b e n  w ir des 
w e ite re n  den P la sm a-H arn sä u re g eh a lt m it dem  ch em isch en  V erfahren  u n d  d ie n ied rig eren  
H a rn sä u re m e n g e n  der f ra k t io n ie r te n  U n te rsu ch u n g e n  m it der en zy m atisch en  M ethode 
b e s t im m t.

D ie  T rennung der e iw e iß g eb u n d en en  u n d  d e r  fre ien  H arn säu re  erfo lg te  d u rc h  Chro
m a to g ra p h ie  auf einer 240 m m  h o h en  S ephadex-G -75-S äule  n ach  P orath  u n d  F l o d in  [7], 
b e i e in e r  T rennungs-M olekulärgew ich tsgrenze  v o n  40 000 [3].

0,5 m l frisch g ew o n n en es u n d  zen trifu g ie rte s  m ensch liches P lasm a  w u rd e  in  einer 
A z e ta tp u ffe rlö su n g  (0,05 M, p H  7,4) f iltr ie rt. M itte ls  eines au to m a tisch en  F ra k tio n se m p fä n 
g e rs  w u rd e n  insgesam t 14 F i l t r a te  zu  je  2 m l g e sam m elt u n d  de r E iw eißgehalt sp e k tro p h o to -  
m e tr is c h  (Zeiss V SU 2-P, W ellen län g e  260 m /i) b e s tim m t. D ie P lasm aeiw eiße w a re n  in  den 
F i l t r a t e n  3— 8 vorzufinden . D ie  e iw eißhaltigen  F ra k tio n e n  w u rd en  m it 50 y  H a rn sä u re  (pro  
a n a l .)  v e rse tz t  u n d  de r G e sa m th a rn sä u reg e h a lt eb en fa lls  sp e k tro p h o to m e trisc h  b e s tim m t. 
Z u n ä c h s t  w urde das S y stem  m it  1 m g U rikase (S erv a  Fe inb iochem ie) v e rse tz t u n d  im  W asser
b a d  b e i 37°C 1 S tunde la n g  in k u b ie r t .  Die zu rü ck g eb lieb en e  H arn säu rem enge  w u rd e  p h o to 
m e tr is c h  gemessen. Die K o n z e n tra tio n  der e iw e iß g eb u n d en en  H arn säu re  w u rd e  u n te r  B e
rü c k s ic h tig u n g  des V e rd ü n n u n g sg ra d es  aus dem  E x tin k tio n su n te rsc h ie d  a u sg e rech n e t.

D ie  V orversuche sp ra c h e n  d a fü r, daß  sich sow ohl d ie angew and te  U rik asem en g e  als 
a u c h  d ie  In k u b a tio n sze it zu m  A b b a u  der jew eiligen  H arn säu rem en g e  au sre ich en d  w aren .

Z u r U ntersuchung  d e r  V e rte ilu n g  der g e b u n d en e n  u n d  freien H arn sä u re  d ien te  14C-2 
H a rn s ä u re  (A m ersham , S earle , D es P la ines, Illino is). D as H a rn säu re -Iso to p  (R e in h e itsg ra d : 
98 — 9 9 % ) w urde in 0,05 M T R IS -P u ffe r  p h  7,34 g e lö s t; d ie L ösung  e n th ie lt 2 f ic je  m l H a rn 
sä u re . 0,5 m l frisch gew o n n en es, zen trifu g ie rte s  P la sm a  w urde  m it H a rn sä u re  v o n  0,2 fic  
G e s a m ta k tiv i tä t  v e rse tz t, so d a n n  n a ch  3 0 m inü tiger In k u b a tio n  bei -j-20°C, so d a n n  in  0,05 
M T R IS -P u f fe r  (pH  7,34) a u f  e in e r  Sephadex  G -75-Säule f i ltr ie r t .  Aus 15 F i l t r a te n  zu  2 m l 
w u rd e  n a c h  vorangehender E iw eiß b es tim m u n g  d e r e iw eißhaltige  A nteil g e sam m elt u n d  die 
F i l t r a t e  w urd en  bei 80°C e in g e tro c k n e t. Z u n äch st w u rd e  das U n te rsu ch u n g sm a te ria l in  10 m l 
P a c k a rd -In s ta -G e l L ösung  g e le g t u n d  die A k t iv itä t  m it  d em  P ack ard -T rica rb  L iq u id sz in - 
til la tio n s -S p e k tro p h o to m e te r  gem essen . Aus den  M itte lw e rte n  v o n  6 P a ra lle lb e s tim m u n g en  
w u rd e  d ie  A k tiv itä t de r B lin d p ro b e  in  A bzug g e b ra c h t u n d  die endgültige  A k t iv i tä t  de r 
e in z e ln e n  P roben  au f 1 m l P la s m a  u n d  1 /гс H a rn s ä u re a k t iv i tä t  gerechnet in  103 c. p . m. 
a u sg e d rü c k t .

D ie  B estim m ung d e r  V e rte ilu n g  der e iw e iß g eb u n d en en  u n d  freien  H a rn sä u re  u n te r  
A n w e n d u n g  m ark ierte r H a rn s ä u re  u n tersch ied  sich  v o n  d e r oben besch rieb en en  M ethode 
n u r  d a r in ,  daß  die m itte ls  G e lf iltra tio n  gew onnenen  15 F ra k tio n e n  einzeln  e in g e tro c k n e t 
w u rd e n  u n d  die A k tiv itä t  e in e s je d e n  F iltra ts  zu r B e stim m u n g  kam .

D ie  L okalisation  d e r H a rn säu re -P la sm ae iw e iß -V erb in d u n g  w urde p a p ie re le k tro p h o re 
t is c h  b e s tim m t. 0,1 m l f r isc h  en tn o m m en es u n d  zen trifu g ie rte s  P lasm a  w urde m it  0,2 /нс 
m a r k ie r te r  H arnsäure  v e rse tz t ,  u n d  1 S tunde  lan g  bei Z im m ertem p e ra tu r s te h en  gelassen .
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H ie rn a c h  wurde 0,05 m l des m ark ie rten  P lasm as in  V c ro n a l-N a triu m -P u ffe r  p H  6,8 bei 25°C 
a u f  WHATMANschen P a p ie r  N r. 1 e le k tro p h o ris ie rt. Zwei B estim m u n g en  w u rd en  p a ralle l 
v o rgenom m en; das e ine  P rä p a ra t  w urde  m it S au erfuchsin  g e fä rb t, d as an d ere  b lieb  u n g e 
fä rb t .  E s folgte die p ro z en tu a le  E iw eiß b estim m u n g  des g e fä rb ten  P ap ie rs tre ifen s , w äh ren d  
das u n g efärb te  P r ä p a ra t  den  e inzelnen F ra k tio n e n  e n tsp rec h en d  in  S tre ifen  g esch n itten  
w u rd e . Die m ark ierte  H a rn sä u re  w urde m itte ls  0,1 n  N aO H  12 S tu n d e n  lan g  ausgelöst, u n d  
n a ch  E lu ierung  e in g e tro c k n e t. Des w e ite ren  w urde die U n te rsu c h u n g  in de r oben besch rie 
b en en  W eise d u rc h g e fü h rt. Die E rgebnisse  w erden in c. p . in. angegeben .

E rgebnisse

1. Zu B eginn  h ab e n  w ir die e iw eißgebundene H a rn sä u re  m it S ephadex- 
G elfiltra tio n  b e s tim m t. So w urde  das P lasm a  v o n  12 G ich tk ran k en  u n d  10 
gesunden , n o rm o u rik äm iseb en  P erso n en  an a ly s ie rt. V or d e r G e lfiltra tio n  fa n 
den  in  säm tlichen  F ä lle n  P la sm a-H arn säu re -  sowie q u a lita tiv e  u n d  q u a n tita tiv e  
E iw e iß b estim m u n g en  s ta t t .  F ä lle  m it pa tho lo g isch en  P ro te in w e rte n  w urden  
aus dem  U n te rsu ch u n g sm a te ria l ausgeschlossen . D a  säm tlich e  u n se re r G ich t
k ra n k e n  M änner w a re n , w urden  als K o n tro llp e rso n en  ebenfa lls M änner gew ählt.

Bei N o rm alp erso n en  betrvig d e r e iw eißgebundene A n te il des G esam t
h a rn säu reg eh a lts  des P lasm as 20,3 ^  1 ,56% ; be i den  G ich tk ran k en  16,9 ±  
0 ,6 % . D er U n te rsch ied  erwies sich  als s ig n ifik an t (p  <  0,05) (A bb. 1). D a 
d e r P lasm ah arn säü resp ieg e l bei N orm alp erso n cn  4,1 m g ^  0 ,02%  u n d  bei 
G ich tk ran k en  8,4 ^  0 ,85%  b e tru g , k o n n te  es sich n ic h t d a ru m  h an d e ln , daß  
die P lasm aeiw eiße d e r G ich tk ran k en  n u r  geringere H arn säu rem en g en  zu

•/o

oQ _ p <0,05

L Y//À
Abb. 1. M ittels S ep h ad ex  G -7 5 -F iltra tion  nachgew iesene V erte ilu n g  der e iw eißgebundeneii 

H arn säu re  in N o rm al- u n d  G ich tp lasm a 
1 =  N o rm alp lasm a, 2 =  G ich tp lasm a
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b in d e n  fäh ig  w ären . D ie u n te rsc h ie d lic h e  h a rn sä u re b in d e n d e  K a p a z itä t  der 
P lasm ae iw e iß e  von N o rm a lp e rso n en  u n d  G ich tk ran k en  is t  so m it, w enn  m an  
d ie  p ro zen tu e llen  W erte  b e t r a c h te t ,  n ic h t a b so lu t s ig n ifik an t, dagegen  is t in  
a b s o lu te n  W erten  die E iw e iß -H arn säu re -V erb in d u n g  s ta rk  s ig n if ik a n t. D ie in  
d e r G ich tg ru p p e  gefundene K o n z e n tra tio n  d er g ebundenen  H a rn sä u re  (16,9% ) 
e n ts p r ic h t  einem  1,43 i  0 ,0 5 %  G eh a lt. D ie 20 ,3%  au sm ach en d e  V erb in d u n g s
p ro p o r t io n  der K o n tro llg ru p p e  b e d e u te t einen  H a rn sä u re g e h a lt v o n  0,83 m g ^  
0 ,0 3 %  (P  <  0,001).

B ei G ich tk ran k en  w ird  so m it eine geringere P ro p o rtio n  d e r  P lasm a- 
G e sa m th a rn sä u re  d u rch  E iw e iß  g eb u n d en , die ab so lu ten  W e rte  zeigen aber, 
d a ß  d ie  M enge der fre ien  u n d  au ch  d e r geb u n d en en  H a rn sä u re  e rh ö h t is t.

D ie  E rgebnisse d ieser U n te rsu c h u n g e n  in fo rm ie rten  u ns ü b e r  die M enge 
d e r e iw eißgebundenen  H a rn sä u re  m it n u r  a n n ä h e rn d e r  G en au ig k e it, zum al m it 
e in e r  e tw a  5% igen  F eh le rg ren ze  zu  rech n en  w ar.

2 . Im  In te resse  d er g en au e ren  A nalyse  der B in d u n g sv e rh ä ltn isse  der 
H a rn s ä u re  bei gesunden , n o rm o u rik äm isch en  P erso n en  sowie be i u n b e h a n d e l
te n  u n d  b e h an d e lten  G ic h tk ra n k e n  se tz te n  w ir unsere  U n te rsu c h u n g e n  m it 
14C -2 -H arn säu re  fo rt. 33 P la sm a p ro b e n  w u rd en  u n te rsu c h t, 10 s ta m m te n  von 
g esu n d e n  Personen  u n d  23 v o n  G ic h tk ra n k e n . 12 d er an  A rth r it is  u rica  le iden 
d en  P a tie n te n  e rh ie lten  k e in e rle i B eh an d lu n g , 11 P a tie n te n  w u rd en  täg lich  
200— 400 m g A llopurino l (Z y lo ric , В orroughs-W ellcom e) v e ra b re ic h t. Die 
E rg e b n isse  v e ran sch au lich t A b b . 2.

A bb . 2. B estim m ung  d e r e iw eiß g eb u n d en e  11G-2 - H a rn  s äu rc  in  N o rm al- u n d  G ich tp lasm .a  
1 =  N o rm a lp la sm a , 2 =  G ich tp lasm a
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D ie A k tiv itä t d e r e iw eißgebundenen  H a rn sä u re  b e tru g  in  d er K o n tro ll-  
g ru p p e  8,34 X l O 3 0,76 c .p .m . u n d  b e i den b e h a n d e lte n  u n d  u n b e h a n d e lte n  
G ich tk ra n k e n  3,84 X 103 ^  0,66 c .p .m . aus. D er p -W e r t b e lief sich a u f  < 0 ,0 0 1  
u n d  is t  som it s ta rk  s ig n ifik an t. W ird  die m a rk ie rte  H a rn s ä u re a k t iv i tä t  der 
K o n tro llfä lle  als 100%  b e tra c h te t ,  so m a c h te  die e iw eißgebundene H a rn s ä u re 
a k t iv i tä t  der G ic h tk ra n k e n  n u r  4 6 %  aus.

p< 0,05

Abb. 3. V erteilung de r e iw eißgebundenen  1,C -2 -H arnsäu re  im  P la sm a  von u n b e h an d e lte n  
u n d  m it A llopurinol b e h a n d e lte n  G ic h tk ra n k en  

1 =  beh an d e lt, 2 =  u n b e h an d e lt

H iern ach  w u rd en  die an A rth r it is  u rica  le id en d en  P a tie n te n  in  zwei 
G ru p p en  eingete ilt: In  12 F ällen  w u rd e  im  Z e itp u n k t d er B lu tn a h m e  bzw . 
w ä h re n d  der 6 täg igen  v o ran g eh en d en  P erio d e  k e in e  m ed ik am en tö se  B e h a n d 
lu n g  an g ew an d t, w ä h re n d  11 P a tie n te n  täg lich  200 —400 m g A llopurino l e r
h ie lte n . Die D u rc h sc h n ittsw e rte  d er P la sm a -H a rn sä u re k o n z e n tra tio n  m ach ten  
in  d e r u n b eh an d e lten  G ru p p e  9,6 m g %  u n d  in  d er b e h a n d e lte n  5,1 m g %  aus. 
D ie eiw eißgebundene H a rn s ä u re a k t iv i tä t  b e tru g  in  d er u n b e h a n d e lte n  G ruppe 
4,55 X  103 0,23 c .p .m . u n d  bei d er b e h a n d e lte n  3,52 —)—103 ^  0,55 c .p .m . D a
p  <  0,05 au sm ach te , lag en  die W erte  an  der G renze d er S ign ifikanz . (A bb. 3) 
D ie im  P ro zen tsa tz  d e r N o rm alk o n tro lle  au sg ed rü ck te  A k tiv i tä t  b e tru g  bei den 
u n b eh an d e lten  P a tie n te n  54,5%  u n d  bei den  b e h a n d e lte n  41 ,8 % .

3. Die D iffusion d e r e iw eißgebundenen  14C -2 -H arnsäu re-M akrom oleke ln  
u n d  d e r freien H a rn sä u re  hab en  w ir im  P lasm a von  3 N o rm alp erso n en  m itte ls  
S e p h ad ex -G e lfiltra tio n  u n te rsu c h t. D ie M itte lw erte  d er einzelnen  F ra k tio n e n
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s in d  in  A bb. 4 d a rg e s te llt . U n te r  den 15 F il tra te n  zu  je  2 m l en th ie lte n  
d ie  F i l t r a te  3—8 eine A k tiv i tä t ;  in  den F il tr a te n  1— 3 ließ  sich  k eine  n en n en s
w e r te  A k tiv itä t  nach w eisen . D ie A k tiv itä tss te ig e fu n g  m eld e te  sich  in  P ro b e  4 
u n d  5 ; von  hier an  s tieg  d ie  A k tiv itä t  stu fenw eise an  u n d  e rre ich te  ih re  e rste  
S p itz e  im  F iltra t  8, d. h . im  le tz ten , ke in  E iw eiß  e n th a lte n d e n  R öhrchen  
(25 ,87  X 103 c.p .m .). H ie r  ließ  sich  som it 72%  d e r e iw eißgebundenen  A k tiv itä t  
n ach w e isen .

A bb. 4. T rennung  der e iw e iß g eb u n d en en  u n d  fre ien  14C -2-H arnsäure  im  N o rm alp lasm a  
.................... g e b u n d en e  H a rn sä u re , ---------------- freie  H a rn sä u re

N ach  der F ra k tio n  8 b e g a n n  sich die A k tiv i tä t  p lö tz lich  zu v e rm in d e rn , 
b is in  d en  F iltra te n  10 u n d  11 das M axim um  d e r fre ien  H a rn sä u re  erschien . 
A u c h  a u f  diese S p itzen w erte  fo lg te  eine ra sch e  V erringerung , das F i l t r a t  15 
e n th ie l t  bereits keine A k tiv i tä t .

W äh ren d  die e iw e ißgebundene  G e s a m ta k tiv itä t  3 5 x l 0 3 c .p .m . aus
m a c h te , b e tru g  die A k t iv i tä t  d er freien H a rn sä u re  242 X 103 c .p .m . D ie E r 
g eb n isse  un te rsch e id en  sich  w enig  von  den  W e rte n  d er n ic h t f ra k tio n ie r te n  
M essungen . Mit d er Iso to p te c h n ik  fanden  w ir im  N o rm alp lasm a  20 ,9%  ge
b u n d e n e  und  79,1%  fre ie  H a rn sä u re .

4 . Im  In teresse  d e r F e s ts te llu n g  der L o k a lisa tio n  der H a rn säu re -E iw e iß 
b in d u n g  w urden  14 P la sm a p ro b e n  an a ly s ie rt (8 von  u n b e h a n d e lte n  G ich t
k ra n k e n  u n d  6 von  N o rm alp erso n en ). In  d er A lb u m in frak tio n  d er G ich t- und
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K o n tro llp lasm en  w ar n u r  eine dem  B lin d w ert en tsp rech en d e  A k tiv i tä t  vo rzu 
f in d e n . D ie c .p .m . in  d e r a 1-F ra k tio n  w ar in  be id en  G ruppen  n ie d rig  u n d  ob
w ohl sich die bei den  G ich tk ran k en  re g is tr ie r te n  W erte  als h ö h er erw iesen , w ar 
d e r  U n tersch ied  n ic h t s ig n ifik an t. D as M axim um  der 14C -2 -H a rn sä u re ak tiv itä t 
k o n n te  a u f  dem  G ebiet d e r a 2- u n d  /Sj-G lobuline e rm itte lt  w erd en , w obei sich 
im  P la sm a  der G ich tk ran k en  s ig n if ik an t höhere  W erte  n ach w eisen  ließen 
(p  0,001). Die sich in  den  /?2-G lobu linen  m eldende H a rn s ä u re a k t iv i tä t  w ar

Abb. 5. B indung  von  14C -2 -H arnsäure  d u rc h  die P lasm ae iw eiß frak tio n en  bei G ich tk ran k en
u n d  N o rm a lp e rso n en  

1 =  N o rm al, 2 =  G ich t

in  b e id en  G ruppen  id en tisch . Die E rgeb n isse  sind  in  A bb . 5 d a rg e s te llt . Die 
G esam tm enge der fre ien  H a rn sä u re  t r a t  a u f  den  R an d te ilen  d e r y-G lobulin- 
f ra k tio n  in  E rscheinung . U nsere B eo b ach tu n g en  sprechen  d a fü r, d a ß  y-G lobulin  
die H arn säu re  n ic h t b in d e t.

B esp rechung

D ie Z ielsetzungen  un serer U n te rsu ch u n g en  w aren  die G rö ß en o rd n u n g  
bzw . L okalisa tion  d e r H a rn säu re -E iw e iß b in d u n g  zu k lä ren , sow ie a u f  die 
F ra g e n  eine A n tw o rt zu  e rh a lten , ob die Ä n d eru n g  d er B in d u n g sp ro p o rtio n  
von  H a rn sä u re -P ro te in  in  der E n ts te h u n g  des a k u te n  G ich tan fa lls  sowie der 
K nochengelenks- u n d  ren a len  A u sfä llung  irgendeine  Rolle sp ie lt.

D ie S ephad ex -G elfiltra tio n  e ig n e t sich zu r T ren n u n g  n ied erm o lek u lä re r 
S u b stan zen , wie z. B . h a rn säu rig e  F ra k tio n e n . M ittels G e lfiltra tio n  lassen  sich 
d er fre ie  und  der g ebundene  A n te il d er H a rn sä u re  le ich t tre n n e n , w ährend
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d u rc h  A k tiv itä tsm essu n g  d ie  G enau igkeit der B estim m u n g  g este igert w ird . 
D u rc h  A k tiv itä tsm essu n g  k a n n  die Zahl der sich zu  den  noch  freien  S tellen  der 
P lasm ae iw e iß e  b in d en d en  14C -2 -H arnsäu rem oleke ln  b e s tim m t w erd en ; diese 
W e rte  s in d  der abso lu ten  M enge d er e iw eißgebundenen  H a rn sä u re  p ro p o rtio n a l.

D ie  obigen U n te rsu c h u n g e n  ergaben, daß  d ie  M enge der e iw eißgebunde
n e n  H a rn sä u re  bei g e su n d en , n ic h t  h y p eru rik äm iseb en  P erso n en  20,3— 20,9%  
d es G e sa m th a rn sä u reg e h a lts  au sm ach t. Die n o rm a le n  P lasm aeiw eiße , w as 
M enge u n d  Z u sam m en se tzu n g  an b e lan g t, v e rm ö g en  so m it, ih re r  h a rn sä u re -  
b in d e n d e n  F äh igkeit zu fo lge  in  h y p eru rik äm isch en  Z u s tän d en  die M enge der 
a k t iv e n ,  freien, sich in  d en  G ew eben p rä z ip itie ren d e n  H arn säu re  gew isser
m a ß e n  herabzuse tzen , d a  sie d ie  U m w andlung  d e r fre ien  H a rn sä u re  in  in a k tiv e  
H a rn s ä u re  bew irken.

B e i h y p o p ro te in äm isch en  Z u ständen , so z. B . bei sich zu  G ich tn iere  ge
se lle n d e r  N ephrose v e rm in d e r t  sich  die M enge u n d  w ahrschein lich  au ch  die 
h a rn sä u re b in d e n d e  K a p a z i tä t  d er P lasm aeiw eiße. G leichzeitig  s te ig t die M enge 
d e r a k t iv e n  freien H a rn s ä u re  sow ohl in abso lu tem , als au ch  in  re la tiv em M aß  an . 
U b e r  d ie  sich neb st d em  p a th o lo g isch en  E iw e iß b ild  en tw ick e lte  H a rn säu re - 
P ro te in v e rb in d u n g  w ollen  w ir  sp ä te r  b e rich ten .

D u rc h  A llopurinol, d a s  h e u te  als das m e is tv e rw en d e te  M ed ik am en t bei 
d e r  B e h an d lu n g  von A rh tr i t is  u rica  gilt, w ird  die H a rn sä u re  aus d er E iw eiß 
b in d u n g  gelöst. F ü r das G e sa g te  liefert auch  u n se re  ex p erim en te lle  B eo b ach 
tu n g  e in en  Beweis, l a u t  d e r  d as  P lasm a der b e h a n d e lte n  G ich tk ran k en  zur 
A u fn a h m e  kleinerer H a rn sä u re m e n g e n  fäh ig  i s t ,  als das d er u n b e h a n d e lte n  
P a t ie n te n ,  d. h ., daß  d ie  14C -2 -H a rn sä u re a k tiv itä t des P lasm as der a llo p u rin - 
b e h a n d e lte n  G ich tk ran k en  im  P ro zen tsa tz  der n o rm o u rik äm isch en  P erso n en  
n ie d r ig e r  is t. A ngesichts d e ssen , d aß  das P la sm a  d e r G ich tk ran k en  w eniger 
e x o g en e  H arn säu re  zu b in d e n  fä h ig  ist als das d e r  U n b e h a n d e lte n , s te ig t a u f  
W irk u n g  von A llopurino l d ie  M enge der fre ien , a k tiv e n  H a rn sä u re  re la tiv  an. 
D ie E rsch e in u n g  lie fe rt e ine  E rk lä ru n g  u nserer f rü h e re r  k lin ischen  B eo b ach 
tu n g e n , la u t  deren sich  in  d e r  In itia lp e rio d e  d er d ie  H a rn sä u re sy n th e se  h em 
m e n d e n  B ehandlung , t r o tz  d e r  abnehm enden  T en d en z  des P la sm a -H a rn sä u re 
sp ieg e ls , häu fig  ak u te  G ic h ta n fä lle  m elden [5, 6].

I m  Laufe u nserer U n te rsu c h u n g e n  h ab en  w ir  au ch  die L o k a lisa tio n  der 
H a rn sä u re -E iw e iß v e rb in d u n g  festg este llt. A l v s a k e r  [1] fa n d  die H a rn sä u re  
g rö ß te n te ils  in  A lb u m in b in d u n g  u n d  in  k le in e rem  A usm aß  in  a j-G lo b u lin - 
b in d u n g . U n te r den a n g e fü h r te n  V ersuchsbed ingungen  v e rm o ch ten  w ir keine 
H a rn sä u re -A lb u m in v e rb in d u n g  zu  b eobach ten , in  den  a x- u n d  /?2-G lobulinen  
w a r  d ie  V erb indung  v o n  g e rin g em  A usm aß, w ä h re n d  sich  die a 2-, /Sj-Globulin- 
H arn säu re -V erb in d u n g  fü r  a u sg e p rä g t erwies. D ie A bw eichungen  f in d e n  ih re  
E rk lä ru n g  annehm bar in  d e r  V ersch iedenheit d e r  M ethoden . D ie a 2- u n d  ß x- 
G lo b u lin e  der G ich tk ran k en  h a b e n  s ign ifikan t m e h r  H a rn sä u re  geb u n d en , als 
die e n tsp rech en d en  G lo b u lin fra k tio n e n  der K o n tro llp e rso n en .
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D iese M essungen e rm ög lich ten  die B estim m u n g  d er L ok a lisa tio n  der 
H arn säu re -E iw e iß b in d u n g  u n d  es gelang  uns m it d e r e lek tro p h o re tisch en  
M ethode den U m stand  zu bew eisen, d aß  die P lasm aeiw eiße  der G ich tk ran k en , 
in sbesondere  die a 2- u n d  ß j-G lobu line  größere H arn säu rem en g en  b in d en , als 
die no rm alen  P lasm aeiw eiße.

*

H e rrn  Prof. Dr. E . E n dkoczi w ollen w ir fü r  seine liebensw ürd ige H ilfe u n d  seine 
w ertv o llen  R atsch läge au ch  an  d ieser Stelle u n seren  herzlichen  D ank  zukom m en  lassen .
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In  70 p a tie n ts  w ith  ren a l disease re p e a te d  biopsies were m ad e . A ccord ing  to 
th e  find ings, th re e  g ro u p s could be d is tin g u ish e d , viz. 1) healing ; 2) p e rs is ten ce  of 
th e  changes rev ea led  b y  th e  f irs t  b io p sy ; 3) d e te rio ra tio n . In  G roup  1 th e  o n ly  ligh t 
m icroscopic  in d ica tio n  o f earlie r g lo m eru lo n ep h ritis  was an  occasional m in o r  increase 
of th e  m esangial m a tr ix  a n d  sligh t m esan g ia l h y p e rce llu la rity . T he im m u n o h isto lo g ica l 
find ings were n eg a tiv e . E lec tro n  m icroscopic  ev idence of earlie r g lo m eru lo n ep h ritis  
w as confined to  an  o ccasional fusion of th e  fo o t processes, th e  p resence  o f  lip id  d rop lets 
in  ep ith e lia l cells a n d  v acu o lisa tio n  o f en d o th e lia l cell. In  G roup 2 th e  l ig h t  m icro
scopic findings w ere th e  sam e as a t  th e  f i r s t  b iopsy . In  a n u m b er o f  cases im m uno- 
h is to lo g y  revealed  th e  d isap p earan ce  o r decrease  o f th e  im m une d e p o s its ; th e  base
m e n t m em brane a n d  th e  m esangium  e x h ib ite d  f ib rin  deposits . T h e  re la tio n sh ip s 
b e tw een  fib rin  a n d  th e  course o f g lo m eru lo n ep h ritis  are discussed. E le c tro n  m icro
scopy  revealed , in  a d d itio n  to  im m une d e p o sits , num erous “ m o th -e a te n ”  defec ts of 
th e  th ick en ed  b a se m e n t m em brane . In  G ro u p  3 th e re  was lig h t m ic ro sco p ic  evidence 
o f local adherence a n d  h y a lin iza tio n  o f  g lo m eru la r tu fts . T he im m u n o h isto lo g ica l 
f in d in g s  were s im ilar as in  G roup 2. T he e le c tro n  m icroscopic fe a tu re s  in c lu d e d  h y p e r
p la s ia  o f  th e  m esan g ial m a tr ix , th ick en in g  o f th e  b asem en t m em b ran e , f ib r in  deposits 
on  th e  basem en t m em b ran e  and  th e  m esan g iu m , an d  “ m o th -e a te n ”  d e fec ts  o f the  
b a se m e n t m em brane.

N eedle b iopsy  o f  th e  k idney  offers v isu a l in fo rm atio n  on th e  renal 
disease a t  its  onset a n d  allow s to  follow i ts  course and  to  co rre la te  th e  clinical 
re su lts  o f  th e ra p y  w ith  m orpho log ical ev id en ce  o f th e  im p ro v em en t, s ta g n a tio n  
or d e te rio ra tio n  of th e  p rocess an d  th u s  to  assess th e  fu r th e r  ch an g es  o f the  
p a tie n t.

T h e  p resen t re p o r t  sum s up th e  re su lts  in  70 cases of re n a l d isease of 
ren a l b io p sy  p erfo rm ed  on 2, 3 or 4 occasions fo r a closer s tu d y  o f  th e  suc
cessive s tages of th e  p rocess.

Material and Method

T h e  m ate ria l consisted  o f 70 p a tie n ts  w ith  re n a l d isease; in  64 of th e m  tw o , in  5 th ree , 
and  in  1 p a tie n t  four successive  re n a l biopsies w ere  p e rfo rm ed . E lec tro n  m ic ro sco p ic  stud ies 
were ca rried  o u t in 25 cases.

R e n a l needle b io p sy  w as perfo rm ed  b y  m ea n s  of a n  X -ray  te lev is io n  sc reen , acco rd 
ing to  K a r k  and  B u e n g e r  [15], using  a  F ra n k lin —Y im  —Silverm an needle.

T he b iopsy  m ate ria l w as fix ed  im m ed ia te ly  in  70%  e th an o l o f 4 ° C  fo r  l ig h t  m icro
scopic a n d  im m unofluorescence stu d ies . F o r th e  la t te r ,  th e  specim ens w ere p ro cessed  b y  the  
m eth o d  o f Sa in t e -Ma r ie  [22], th e  sections w ere in c u b a te d  w ith  f lu o resce in -iso th io cy an a te -  
(F IT C )-lab e lled  a n ti-h u m an  IgG , a n ti-h u m an  co m p lem en t (C’), a n ti-h u m a n  Ig M  a n d  an ti-
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h u m a n  fib rin . (F IT C -labelled  a n tib o d ie s  were supplied  b y  C. H y la n d  T raveno l In te rn a tio n a l,  
G M B H .)  Specificity  was c h eck ed  b y  in h ib itio n , th e  sec tio n s b e in g  in cu b a ted  f irs t  w ith  u n c o n 
ju g a t e d ,  th e n  w ith F IT C -c o n ju g a te d  an ti-h u m an  serum .

F o r  ligh t and f lu o rescen ce  m icroscopic stud ies , a n  O P T O N  m icroscope w ith  a  H B O  
200 W  O sram  lam p w as u sed . P h o to g ra p h s  were m ad e  w ith  a n  a u to m a tic  cam era  a tta c h e d  
to  t h e  m iscroscope. T he b lo ck s p ro cessed  for th e  im m u n o h is to lo g ica l stud ies se rv ed  also 
fo r  lig h t-m ic ro sco p y  a f te r  s ta in in g  w ith  h aem ato x y lin -eo sin , P A S , H a r t ’s, m e th e n am in e - 
s i lv e r  (Jo n e s), and Congo d yes.

F o r  electron  m icroscopy , th e  specim ens a fte r  a  s h o r t  f ix a t io n  in  g lu ta ra ld eh y d e  w ere 
f ix e d  in  osm ium  te tro x y d e  a n d  em b e d d ed  in  a ra ld ite . T h e  sec tions w ere p re p a re d  w ith  a 
L K B -U ltra to n e  I I I ,  c o n tra s te d  w i th  lead  c itra te  a n d  e x a m in e d  w ith  a  H itac h i-H u  10, o r a 
J E M  6 AS electron  m icroscope.

Results

T ab le  I  shows th e  m orp h o lo g ica l and  im m u n o h is to lo g ica l find ings o f  th e  
f i r s t  b io p sy , com pared  w ith  th o se  of th e  su b se q u e n t b iopsies. The te rm in o lo g y  
o f  Ch u r g , H abib an d  W h it e  [4] was ad o p ted  w ith  th e  m odifica tion  th a t  th e  
m e m b ra n e o u s  (e x tra m e m b ran e o u s  or ep im em b ran eo u s) n ep h ro p a th ie s  w ere 
su b d iv id e d  on th e  basis  o f  th e  ligh t-m icroscop ic  a n d  im m unofluo rescence  
f in d in g s  in to  th ree  ty p e s . I n  T y p e  I , the  lig h t m icroscop ic  changes are  co n fined  
to  a  f in e  th icken ing  o f th e  b a se m e n t m em brane  w ith  no  sp ik y  p ro jec tio n s b u t  
im m u n o h is to lo g y  show ed Ig G  an d  C’ deposits  on  th e  g lom eru lar b a se m e n t 
m e m b ra n e . S im ilar ch an g es  h a v e  been described  b y  Seym our  e t al. [23] in  th e  
e a r ly  p h ase  of e p im em b ran eo u s  n e p h ro p a th y  w ith  s lig h t or in d is tin c t lig h t-  
m ic ro sco p ic  changes. B o h le  e t al. [2] a t t r ib u te d  th e se  changes to  a c u te  
m e m b ra n e o u s  g lo m eru lo n ep h ritis . We cou ld , h o w ev er, fu rn ish  im m u n o 
h is to lo g ic a l evidence o f m a ss iv e  IgG  and  C’ d ep o sits  on th e  g lom eru lar b a se 
m e n t  m em brane even in  th is  early  stage (F ig . 1). In  fa c t, we re g a rd  th is  
f in d in g  as d istinc tive  o f m em b ran eo u s  g lo m eru lo n ep h ritis  T ype I . T y p e  I I  is

F ig . 1. M em braneous g lo m e ru lo n ep h ritis  Type I. L ig h t m icroscopic  changes are  co nfined  
to  a  s lig h t th icken ing  of th e  b a s e m e n t m em brane. Im m u n o flu o rescen ce  revea ls m assive  Ig G  
d e p o s its  on  th e  g lo m eru lar b a s e m e n t  m em brane. ( In c u b a te d  w ith  F IT C -co n ju g a ted  a n ti-h u -

m an IgG)
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Table I

Histology 
first biopsy

Number 
of cases Histology repeated biopsy Number Immunohistology repeated biopsy 

of cases j Number of cases

M em braneous M em braneous in patches fib rin no unchanged
glom erulonephritis I. 8 glom erulonephritis II . 29 IgG. C’ only IgG, C’ IgG , C’

M em braneous No change M em braneous 17 9 19 25
glom erulonephritis I I . 43 glom erulonephrits I I I . 10

M em braneous M em branoproliferative
g lom erulonephritis I I I . 10 g lom erulonephritis 2

Diffuse proliferative W ith  crescen t 1
glom erulonephritis 9 M em braneous
including Im p airm en t gh m eru lonephritis II . 3

M em branoproliferative M em braneous
glom erulonephritis 6 glom erulonephritis I I I . 10

Focal g lom erulonephritis 2 M em branoproliferative
W ith  crescents 1 g lom erulonephritis 4
Associated vascu lar changes 6 Chronic g lom erulonephritis 1
A ssociated pyelonephritis 3 M em braneous

Healing g lom erulonephritis I. 6
M em braneous

glom erulonephritis II . 3
Focalis glom erulonephritis 1

P yelonephritis healed 3
Associated vascu lar changes 8
Associated pyelonephritis 2
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d e f in e d  b y  th e  p resence  o f  sp ik y  p ro jec tio n s o f th e  b a se m e n t m em b ran e  in  
a d d i t io n  to  im m unolog ica l a c tiv ity . F in a lly , th e  fea tu re s  m a rk in g  T y p e  I I I  of 
m e m b ra n e o u s  g lo m eru lo n ep h ritis  inc lude , in  a d d itio n  to  th e  fo rm e r changes a 
fu s io n  an d  h y a lin iza tio n  o f  occasional g lo m eru la r loops a n d  o f  in d iv id u a l 
g lo m e ru li, in o th e r w ords s igns in d ica tiv e  o f  in c ip ien t c h ro n ic ity  b u t  still too  
in d is t in c t  to  w a rra n t th e  d iagnosis o f ch ro n ic  g lo m eru lo n ep h ritis . D ifferen
t i a t i o n  o f these th ree  ty p e s  w as expected  to  p ro v id e  a basis fo r th e  th e ra p e u tic  
lin e s  to  be adop ted . F o r  in s ta n c e , d rug  t r e a tm e n t  of T ype I  is d iffe ren t from  
t h a t  o f  T ype  I I I .  In  a c c o rd a n ce  w ith  th e  c la ssifica tio n  b y  Churg  e t  a l. [4], th e  
g ro u p  o f diffuse p ro life ra tiv e  g lo m eru lo n ep h ritis  co n sid e ra tio n  w as given to  
th e  m esang ia l, focal, c rescen t-fo rm in g  a n d  m e m b ra n o p ro life ra tiv e  ty p es . 
T h e re  w as no ex u d a tiv e  ty p e  in  our series. N o r d id  our re p e a te d  b io p sy  m a te ria l 
in c lu d e  cases w ith  m in im a l changes or focal sclerosing g lo m eru la r lesions. The 
c a se s  w ith  histo logical fe a tu re s  of associa ted  p y e lo n ep h ritis  h a v e  b een  set ou t 
s e p a ra te ly  in  T able  I  b e c a u se  th is  ty p e  o f p y e lo n e p h ritis  u su a lly  h ea led  to  
a d e q u a te  th e ra p y . W e fo u n d  i t  im p o r ta n t to  in d ica te  th e  n u m b e r  of cases 
in  w h ic h  v ascu la r ch an g es  su ch  as fib roe lasto sis  or a lam ella r h y p e re la s to s is  of 
th e  in te r lo b u la r  a r te ry  h a d  b een  revealed  b y  th e  f irs t  b iopsy . I n  T ab le  I ,  th e  
f in d in g s  of th e  la s t b io p sy  h a v e  been  d iv id ed  in to  th ree  g roups, viz.  hea ling , no 
c h a n g e  (persistence o f th e  ch an g es revealed  b y  th e  f irs t  b iopsy) a n d  im p a irm en t. 
T h e  changes are also p re s e n te d  in  w hich asso c ia ted  v ascu la r ch an g es  or p ye lo 
n e p h r i t is  had  n o t b een  d e m o n s tra te d  b efo re  th e  second b io p sy .

H ealing  of th e  p ro cess  w as revea led  in  10 o u t of 70 cases. T h e  h isto lo g ica l 
ty p e s  a re  shown in  T ab le  I .  A t th e  tim e  o f th e  f i r s t  b iopsy  th e re  w ere  IgG  and  
C’ d ep o sits  on th e  b a s e m e n t m em brane  (F ig . 2) in  m em b ran eo u s  glom erulo-

F ig . 2. R en a l b iopsy  o f 14 y e a r  old boy. F irs t  b io p sy : lig h t m icroscop ica l fin d in g  ty p ica l 
o f  m em b ran eo u s g lo m e ru lo n ep h ritis , T ype I. Im m un o flu o rescen ce: m assive  Ig G  deposits of 
g r a n u la r  ch aracte r on  g lo m e ru la r  b asem en t m em b ran e . ( In cu b a ted  w ith  F IT C -con jugated

an tih u m an  IgG )
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n e p h ritis  I  an d  I I ;  e lec tro n  m icroscopy rev ea led  a th ick en in g  of th e  g lom eru la r 
b a se m e n t m em b ran e  w ith  e lectrodense p re c ip ita te s , in  som e cases on its  sub- 
ep ith e lia l in som e o th e rs  on its  su b en d o th e lia l a sp ec t (F ig. 3), m o reo v er th e  
foo t processes w ere fu sed  an d  th e  ep ith e lia l cells co n ta in ed  lip id  d ro p le ts  and  
vacuo les. In  a case o f  focal g lom eru lo n ep h ritis , su b en d o th c lia l fo ca l th ic k e n 
ing o f th e  b a sem en t m e m b ra n e  an d  focal p ro life ra tiv e  changes w ere n o te d .

F ig. 3. Sam e case as F ig . 2. E le c tro n  m icroscopy show s focal th ick en in g  of b a se m e n t m em 
b ran e , su b e n d o th e lia l deposits o f e lectro d en se  p re c ip ita te . X 36,750

In  th e  cases, re g a rd e d  as healed  on th e  ev idence o f th e  la s t b io p sy , th e  
g lo m eru la r b a sem en t m e m b ra n e  h ad  a m em b ran eo u s appearence  all th ro u g h 
o u t. T h e  residual lig h t m icroscopic changes co n sis ted  of a sligh t h y p e rp la s ia  of 
th e  m esang ia l tissu e  a n d  a t  th e  ax ia l region th e re  was a sligh t p ro life ra tio n  
of m esang ia l cells. In  a single case only  d id  th e  residua l v a sc u la r  changes 
rem in d  of th e  earlie r in f la m m a to ry  process. Im m u n o h is to lo g y  w as n eg a tiv e  
in all cases. T he re s id u a l e lec tro n  m icroscopic changes w ere con fined  to  a sligh t 
h y p erp las ia  o f th e  m esan g ia l m a tr ix  (Fig. 4) an d  an  occasional inhom ogeneous 
th ick en in g  of th e  g lo m eru la r b a sem en t m em b ran e  w hich  w as free from  im m une  
d eposits . T here w ere s till spo rad ic  fusions o f th e  fo o t processes. Som e ep ith e lia l 
cells w ere m ark ed  b y  o ed em ato u s  sw elling or lip id  d ro p le ts  an d  th e  en d o th e lia l 
cells b y  v acu o la tio n  (F ig . 5).
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F ig . 4 . Sam e case as F ig . 3. R e p e a te d  b iopsy. E le c tro n  m icroscopy  shows a  th in  b a se m e n t 
m e m b ra n e , occasional fu sion  o f  e p ith e lia l  foo t processes; fo ca l h y p e rp la sia  o f th e  m esangial

m a tr ix  (X 4,750)

I n  42 cases, th e  l ig h t m icroscopic  changes w ere  sim ilar to  th o se  rev ea led  
b y  th e  f ir s t  biopsy. In  18 cases, th e  process te n d e d  to  d e te rio ra te , in  o th e r 
w o rd s , to  assum e chron ic  fe a tu re s . One case o f focal g lom eru lo n ep h ritis  h ad  
p ro g re sse d  in to  a diffuse g lo m eru lo n ep h ritis . In  8 cases w here no  v ascu la r 
c h a n g e s  h ad  been p re se n t a t  th e  f irs t  b iopsy , th e  re p e a te d  b iop sy  rev ea led  
f ib ro e la s to s is  and la m e lla r  hy p ere lasto sis  o f th e  in te r lo b u la r  a r te ry . In  2 
c a se s , associated  p y e lo n e p h ritis  h a d  rem ained  u n d e te c te d  u n til  re p e a te d  b iopsy . 
T h e  im m unoh isto log ica l f in d in g s  w ere sim ilar in  th e se  tw o groups. In  9 cases, 
th o u g h  th e re  was a d e f in ite  l ig h t m icroscopic ev idence  o f g lo m eru lonephritis , 
Ig G  a n d  C’ w hich h ad  fo rm e d  m assive deposits a t  th e  tim e  of th e  f i r s t  b iopsy
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F ig. 5. F em ale  p a tie n t  o f rep ea ted  b iopsy . B y  lig h t m ic ro sco p y  and  o f im m u n o flu o rescen ce  
th e  p ro cess  h ad  hea led  com plete ly . E le c tro n  m icroscopy  revea ls a g lo m eru lar b a se m e n t 
m em b ran e  o f no rm al th ick n ess; o ed em atous sw elling  of ep ith e lia l cy to p lasm ; o ccasio n al 

fu sion  o f foo t processes; sw elling and  v a cu o la tio n  o f en d o the lia l cells (X  17,000)

(F ig . 6), w ere no longer d em o n strab le . (In  o th e r  cases, th e  neg a tiv e  re su lts  w ere 
in d ic a tiv e  of a hea led  process.) W hile im m un o lo g ica l a c tiv ity  was c o n fin e d  to  
sm all p a tc h e s  (F ig . 7) or w as ab sen t, in  a n u m b e r o f cases g ra n u la r  f ib r in  
d ep o sits  w ere d em o n strab le  p a r tly  on th e  b a se m e n t m em brane, p a r t ly  in  th e  
m esan g iu m  (F ig . 8). T his ra ised  th e  p o ss ib ility  t h a t  s tag n a tio n  or d e te r io ra tio n  
o f th e  process m ig h t be connected  w ith  th e  p resence  o f fib rin . I n  17 cases 
dep o sits  o f  IgG  an d  C’ w ere confined  to  sp o rad ic  p a tc h y  areas, in  25 cases 
im m uno log ica l a c tiv ity  h a d  rem ain ed  u n ch an g ed . As regards th e  f a c to r s  
a c c o u n tin g  for th e  d isap p earan ce  or decrease  o f  Ig G  an d  C’, tw o p o ss ib ilitie s
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F ig . 6. M ale, 31 y ea rs . F i r s t  b iopsy. G lom eru lar b a se m e n t m em brane  w ith  m assive  IgG  
deposits . ( In c u b a te d  w ith  F IT C -c o n ju g a ted  a n ti-h u m an  IgG)

F ig . 7. Sam e case as in  F ig . 6. R ep ea ted  biopsy. T h e  g lo m eru la r b asem en t m em b ran e  show s 
Ig G  o n ly  in p a tch es  in s te a d  o f th e  fo rm er m assive d ep o sits . (In c u b a te d  w ith  F IT C -c o n ju g a ted

a n ti-h u m an  IgG )

F ig . 8. R ep ea ted  b io p sy , sam e case as in Fig. 6, show s m assive  fib rin  dep o sits  o f g ra n u la r  
s tru c tu re  on g lo m eru lar b a se m e n t m em brane  a n d  in m esan g ia l connective tissue . ( In c u b a te d  

w ith  F IT C -con jugated  a n ti-h u m a n  fib rin )
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Fig. 9. M ark ed  th ick en in g  w ith  m o th -ea ten  d efec t o f  g lo m eru lar basem ent m em b ran e  (arrow ).
(X  30,000)

m ay be  considered . F ir s t ,  im m u n o su p p ressiv e  th e ra p y  m ay have  a ffe c ted  th e  
im m u n e  a c tiv ity  [23] o r, else, th e  c h ro n ic ity  o f  th e  process m a y  h a v e  been 
responsib le  fo r it. In  o rd e r to  judge  th is , w e h a d  on ly  to  check how  m a n y  o f th e  
p a tie n ts  su b jec ted  to  im m u n o su p p ressiv e  th e ra p y  h av e  becom e im m u n o n e g a tiv e  
or on ly  s lig h tly  im m u n o p o sitiv e , as opposed  to  th o se  who had  h a d  no  im m u n o 
supp ressiv e  t re a tm e n t. In  fa c t, 63 o f th e  70 p a t ie n ts  h ad  had  im m u n o su p p ressiv e  
th e ra p y . R e p e a te d  b io p sy  failed  to  rev ea l Ig G  or C’ deposits in  16 cases; th e  
deposits  w ere confined  to  p a tc h y  areas in  a n o th e r  16; and  were u n c h a n g e d  in  
22 cases. N o im m u n o su p p ressiv e  th e ra p y  h a d  been  given in 7 cases. In  3 of

2 * Acta Medica Academiae Scientiarum Hungaricae 30, 1973



2 6 0 E D I T  B E R E G I  I .  V A R G A

F ig . 10. T h ickened  g lo m eru lar b a se m e n t m em brane  w ith  tu b u la r  s tru c tu re s  (a rro w ). C y to 
p la s m ic  v acu o lisa tio n  of th e  e p ith  elialcells and  fusion  o f  e p ith e lia l foo t processes. (X  26,220)

th e s e , Ig G  and  C’ w ere no lo n g er d em o n strab le  on  th e  basem en t m e m b ra n e  
(sp o n ta n e o u s  healing), in  3 th e  deposits h ad  re m a in e d  unchanged  an d  in  1 th e y  
h a d  s lig h tly  d im in ished . T h o u g h  th e  n u m b er o f  p a tie n ts  w ith  no im m u n o su p 
p re s s iv e  th e ra p y  w as to o  sm all to  be co nc lusive , th e  p roportion  o f th o se  in  
w h ic h  im m u n e  a c tiv ity  re m a in e d  unchanged  w as rem ark ab ly  high. T h e  o th e r  
a l te rn a t iv e ,  nam ely  th a t  o f  ch ro n ic ity , could  also  be  supposed in  th e  cases o f 
lo n g -s ta n d in g  g lo m eru lo n ep h ritis . H ow ever, co n sid e ra tio n  m ust be g iven  to  
th e  f a c t  th a t ,  desp ite  o f th e  c h ro n ic ity  of th e  p ro cess , th e  IgG  and  C’ d ep o sits  on 
th e  g lo m eru la r  b a sem en t m em b ran e  rem ain ed  n o n e  th e  less u n ch an g ed  in  25 
cases.
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T h e e lectron  m icroscopic  changes in  th e  follow -up b iopsy  m a te r ia l  were 
s tu d ie d  in  25 cases. T h e  change m ost essen tia l in  com parison  w ith  th e  f irs t  
b io p sy  w as th e  p resence  o f m o th -ea ten  defects a t  num erous sites o f  th e  b a se 
m e n t m em brane , p re su m a b ly  a t  tho se  o f ea rlie r deposits o f e lec tro -d en se  
m a te r ia l. A c tu a lly , th is  m a te r ia l w as s till d e te c ta b le  a t  th e  p e r ip h e ry  o f th e  
m o th -e a te n  defects (F ig . 9). In  a d d itio n , th e  sam e m ate ria l, th o u g h  in d is tin c tly  
in  som e cases, w as s till observ ab le  a t  sites o f th e  su bep ithe lia l o r  subendo- 
th e lia l  a spec t o f th e  th ic k e n e d  b asem en t m em b ran e . Some fo o t p ro cesses  of 
ep ith e lia l cells an d  also en d o th e lia l cells p ro je c te d  in to  th e  b a s e m e n t m em 
b ra n e , an d  in  3 cases tu b u la r  s tru c tu re  w ere recognizable on th e  th ic k e n e d  
b a se m e n t m em brane  (F ig . 10).

D iscussion

T he p resen t fin d in g s in d ic a te  in  acco rdance  w ith  pub lished  ev id en ce  th a t  
im m unosu p p ressiv e  th e ra p y  resu lts  in  a decrease or d isap p earan ce  o f  Ig G  and  
C’-d eposits  on th e  g lo m eru la r b a sm een t m em b ran e  and  in  som e cases  in  th e  
p ro d u c tio n  of fib rin  dep o sits .

T he m orphological fe a tu re s  o f ren a l d isease h a v e  ex tensively  b e e n  s tu d ie d  
b y  re p e a te d  b iopsies. Miescher  an d  P aronetto  [19] n o ted  a d ec rea se  in 
g lo m eru la r IgG  in S L E  p a tie n ts  on im m u n o su p p ressiv e  th e ra p y  a n d  co nsidered  
th e  f ib r in  deposits to  be  d u e  to  changes in  th e  c lo ttin g  m ech an ism  o r to  th e  
v a sc u la r  dam age. Cameron [3] stressed  th e  sign ificance of tw o  a d v e rse  fac to rs  
in  th e  pa thogenesis  o f  g lo m eru lo n ep h ritis , viz.  com plem ent a n d  c o ag u la tio n . 
In  fa c t,  coagu la tion  leads to  local tissue  lesions as a re su lt o f m ic ro th ro m b o ses  
an d  in flam m atio n . T h e  m e d ia to r  o f in f la m m a tio n  is F a c to r  X I I  (H ag em an - 
fac to r)  [20] w hich, on i ts  p a r t ,  m ay  be a c tiv a te d  by  an a n tig e n -a n tib o d y  
co m p lex , am ong o th e rs , w hile b o th  p lasm in  an d  th ro m b in  by  th e  co m p lem en t. 
In  th is  m anner, co ag u la tio n  a c tiv a te s  th e  com plem en t an d  gives r ise  to  an  
in f la m m a to ry  process. M oreover, th e  co m p lem en t b y  som e u n e x p la in e d  
m echan ism  m ay  in it ia te  co ag u la tio n . In  h u m a n  p ro life ra tive  an d  in  c re sc e n t
fo rm ing  g lom eru lonephritis  as well as in  ce rta in  form s of e x p e rim e n ta l g lom e
ru lo n e p h ritis , fib rin  b reak d o w n  p ro d u c ts  are  dem o n strab le  in  la rg e  am o u n ts  
in  th e  u rine  (Clarkson e t  a l., [5]). This seem s to  be due to  a d e g ra d a tio n  in 
s itu  o f th e  g lom eru lar f ib r in  or fib rinogen  d ep osite . Cameron [3] asc rib es  a 
m a jo r  p a r t  to  chronic  in tra v a sc u la r  coag u la tio n  in  th e  p a thogenesis  o f  h u m an  
g lo m eru lo n ep h ritis . T h is w ould  agree w ith  o u r observ a tio n  acco rd in g  to  w hich 
in  g lom eru lo n ep h ritis  w ith  n o  ten d en cy  to  h ea lin g  g lom erular f ib r in  deposits  
a re  d em o n strab le  even  in  th e  absence o f im m unolog ica l a c tiv ity . D o dge  e t al. 
[7] on th e  evidence o f  ren a l b iop sy  in  ch ild ren , rep o rted  on h y p e rc e llu la rity , 
m esang ia l deposits an d  “ h u m p s”  o f th e  b a se m e n t m em brane in  cases w ith  no 
te n d e n c y  to  regression 2 y ea rs  a fte r  th e  on se t o f th e  process. T h e  a p p e a ra n c e  of
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ep im em b ran eo u s “ h u m p s ”  w ou ld  be a sign o f  p ro g ressio n  of acu te  g lom eru lo 
n e p h r i t is .  In  our ow n m a te r ia l  there  w ere, h o w e v e r, cases show ing com plete  
reg re ss io n  in spite  o f  th e  p re sen ce  of ep im em b ran eo u s  deposits. Seym our  e t al. 
[23] fo u n d  in SL E  n e p h r i t is  th a t  the  im m u n e  deposits  m ay  s ig n ifican tly  
c h a n g e  in  am oun t, c o n f ig u ra tio n  and site  in  th e  course  of th e  process. In  th e  
ca se  o f  successful th e r a p y  th e y  decrease in  m ass  a n d  assum e a pale , flo ccu la r 
a p p e a ra n c e  in d ica tiv e  o f  p a r t ia l  reso lu tion . H o w e v e r, th e  deposits m a y  rem ain  
u n a f fe c te d  by  t r e a tm e n t  a n d  even increase o r  sh if t from  su b en d o th e lia l to  
in tra m e m b ra n e o u s  o r ep im em b ran eo u s sites. I n  o u r  cases of g lom eru lonephritis  
w e , to o , have observed  a d ec rea se  and  fad ing  o f  th e  im m u n e  deposits, a n d  in  one 
c a se , th e  deposits w ere  su b en d o th e lia l a t  th e  f i r s t  an d  su b ep ith e lia l a t  th e  
s e c o n d , biopsy. S im ila r im m unoh isto lo g ica l f in d in g s  h av e  been re p o rte d  by  
T a k eba y a sh i et al. [24] a n d  Lange et al. [17]. E hrenreich  and  Churg  [8], 
o n  th e  evidence of e le c tro n  m icroscopic s tu d ie s  o f  th e  successive s tag es  o f th e  
p ro c e ss  suggested t h a t  th e  bu lg ings of th e  b a s e m e n t m em brane w ere due  to  
su b e p ith e lia l p ro te in  p re c ip ita te s  and th a t  th e  su b se q u e n t diffuse th ick en in g  
o f  th e  basem ent m e m b ra n e  ensued  as a re su lt o f  a n  inco rp o ra tio n  o f th e  p re 
c ip i ta te .  W ith  th e  f u r th e r  ad v an ce  of th e  p ro cess  th e  p rec ip ita te  m a y  d is
a p p e a r  from  th e  b a s e m e n t m em brane an d  le a v e  m o th -ea ten  defects, desp ite  
th e  persistence  of th e  d iffu se  th icken ing  o f th e  b a se m e n t m em b ran e . O n th e  
e v id e n c e  of o ther d a ta  [25, 18], in  this form , to o , th e re  is a sligh t p ro life ra tio n  
o f  m esang ia l cells. W e c o u ld  confirm  in n u m ero u s  in s tan ces  th e  p resence on th e  
b a s e m e n t m em brane o f  m o th -e a te n  defects a n d  o f  a fa in t p re c ip ita te . I t  has 
b e e n  p o in ted  ou t b y  S e y m o u r  e t al. [23] t h a t  th e  hum ps of th e  b a sem en t 
m e m b ra n e  appear 4 to  6 w eek s a fte r onset, a n d  t h a t  th e ir  n u m b er is re la te d  to  
th e  sev e rity  of th e  p ro cess . W hile  in the  v iew  o f th e s e  au th o rs  ep im em braneous 
g lo m eru lo n ep h ritis  does n o t  respond  to  th e ra p y , R osen  [21] n o te d  reg ression  
e v e n  in  these cases. R e m iss io n  in  children w as re p o r te d  b y  H abib  e t al. [12], 
a n d  in  adu lts  b y  H o ppe r  e t  al. [13]. K o b a y a sh i [16] observed  th e  t r a n s 
fo rm a tio n  of w hat a p p e a re d  in  th e  firs t b io p sy  as fo ca l g lom eru lonephritis  in to  
d iffu se  g lo m eru lonephritis , confirm ed b y  la te r  re p e a te d  b iopsy . W e h a d  a 
s im ila r  case, b u t in  o u r  o th e r  p a tie n t w ith  focal g lo m eru lo n ep h ritis , reco v ery  
w a s  com plete.

R ena l biopsy allow s to  correlate  th e  c lin ica l sym p to m s and  th e  m o rp h o 
lo g ic a l features. A cco rd in g  to  H eptinstall [14], h a e in a tu r ia  and  p ro te in u ria  
a re  o fte n  un re la ted  to  th e  se v e rity  of th e  g lo m e ru la r  lesion. B erman e t al. [1] 
a n d  Cohen et al. [6] r e p o r te d  on h isto log ically  co n firm ed  g lom eru lonephritis  
n e g a t iv e  u rin ary  f in d in g s . C onversely, g lo m e ru la r  changes m ay  be a b se n t 
o r  co n fined  to  focal g lo m eru lo n ep h ritis  in  p a t ie n ts  w ith  m assive h a e m a tu ria . 
A cco rd in g  to  H eptin sta ll  [14] diffuse m e sa n g ia l cell p ro lifera tion  (“ lo b u la r 
s t a lk s ” ) is ind ica tiv e  o f  c h ro n ic ity  or of a p ro g re ss iv e  ten d en cy  o f th e  process 
a n d  m a y b e  associated  w ith  p e rs is ten t p ro te in u r ia . F u r th e r  m orphological signs
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o f clin ical p rogress inc lude  g lo m eru la r necrosis , fibrosis, c a p illa ry  th r o m 
bosis, p ro life ra tio n  o f B ow m an’s cap su le , ad h eren ce  o f g lom eru lar tu f t s ,  and  
th e  ap p e a ra n ce  o f  m esang ia l IgG  an d  C’ d eposits . O ur fin d in g s a re  in  line 
w ith  th e se  o b se rv a tio n s , since m orpho log ica l no rm aliza tio n  ensued  in  som e of 
o u r cases desp ite  th e  p ersistence  o f p o s itiv e  u r in a ry  find ings. T h is  m ig h t be 
due  to  th e  fa c t t h a t  d esp ite  a p p a re n t m orpho log ica l healing  th e re  w ere  still 
som e signs o f th e  course of g lo m eru lo n ep h ritis , such  as m esangial h y p e rp la s ia  
an d  occasional inhom ogeneous th ic k e n in g  o f  th e  b asem en t m e m b ra n e . O n th e  
o th e r  h a n d , in  som e o th e r  cases d esp ite  p e rs is te n t g lom eru lonephritis  th e  u rin e  
w as n eg a tiv e .

T u b u la r  s tru c tu re s  have  been id e n tif ie d  in  th e  cy top lasm  o f g lo m eru la r 
c ap illa ry  en d o th e lia l cells in  SL E  n e p h ro p a th y  an d  also in  g lo m eru lo n ep h ritis . 
A ccord ing  to  Gy ö rk ey  an d  Sinkovits [10], H aas and  Y unis [11], Garancis 
e t al. [9], th ese  s tru c tu re s  re p re se n t m y x o v iru ses . In  th e  p re se n t m a te r ia l 
tu b u la r  s tru c tu re s  w ere n o te d  in  th e  g lo m eru la r b asem en t m e m b ra n e  in 
th re e  cases, h u t  th e se  s tru c tu re s  seem ed  m ore  elongated  th a n  th o se  d esc ri
b ed  in  th e  en d o th e lia l cells. C la rifica tio n  o f th e ir  n a tu re  req u ire s  fu r th e r  
s tu d ie s .
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Inhibition of the proteolytic activity of purulent sputum by normal human 
serum and by sera of low ^-antitrypsin concentration has been studied. Sera of low 
a,-antitrypsin concentration exerted a poor inhibitory action; the degree of inhibition 
was in direct correlation with the (Xj-antitrypsin level.

E v e r  since 1963, w hen  th e  re la tio n sh ip  be tw een  p u lm o n ary  em physem a 
an d  a j-a n ti try p s in  d efic iency  h a d  been f irs t  p o in te d  o u t b y  L a u r e l l  and  
E r i k s s o n  [26] th e  su b je c t has been ex ten s iv e ly  s tu d ied  [3, 4, 6, 10, 16, 18, 
19, 20, 36]. I t  has been  con firm ed  th a t  th e  defic iency  is o f  a gene tic  n a tu re  
an d  o f  au to so m al co -d o m in an t tran sm issio n , an d  th e  p ro p o rtio n  o f  hom o
zygo tes (ZZ) in  th e  n o rm a l p o p u la tio n  w as e s tim a te d  a t  0 .1 %  a n d  th a t  of 
he te ro zy g o tes  (MZ) a t  5 %  [16, 20, 36]. T he m echan ism  acco u n tin g  fo r th e  
p ro d u c tio n  o f p u lm o n a ry  em physem a in th e  in d iv id u a ls  w ith  in h e rite d  enzym e 
deficiency  is be lieved  to  he  due  to  u n co n tro lled  d igestion  o f p u lm o n a ry  tissue  
b y  th e  p ro te o ly tic  enzym es re leased  from  leu k o cy tes  an d  m acro p h ag es [17, 22, 
23]. T h is is co n s is ten t w ith  th e  observ a tio n  th a t  leu k o p ro teases  d ig est h u m an  
p u lm o n a ry  tissu e  an d  h aem og lob in  su b s tra te  in  th e  sam e w ay  an d  t h a t  h u m an  
serum  in h ib its  th is  a c t iv i ty  on various su b s tra te s  [22]. ^ - a n t i t r y p s in  is th e  
p re v a le n t p ro te in a se -in h ib ito r  in  h u m an  serum . A t n o rm a l co n c e n tra tio n s  i t  
acco u n ts  fo r a p p ro x im a te ly  9 0 %  of th e  to ta l  in h ib ito ry  c a p a c ity , th e  rem ain in g  
10%  being  sh a red  b e tw een  a 2-m acrog lobu lin , cc2-a n titry p s in , in te ra lp h a -  
try p s in - in h ib ito r  an d  (X j-antichym otrypsin . T he in h ib ito ry  a c tiv ity  o f th e  las t- 
n am ed  fac to rs  is, how ever, in sig n ifican t [9].

a j-a n ti try p s in , as a non-specific  p ro teo ly tic  enzym e in h ib ito r , has been 
show n to  in h ib it p a n c re a tic  e las tase  [37, 39], as w ell as try p s in , ch y m o try p s in , 
p lasm in , th ro m b in  [33], p ro teases  o f  b a c te ria l o r p la n t  origin [21], kallik - 
re in  an d  leu k o cy te  p ro teases  [22, 23]. On th e  o th e r  h a n d , i t  does n o t  affect 
pepsin  [24]. T hese o b se rv a tio n s  have  p ro m p te d  us to  exam ine to  w h a t e x te n t 
th e  p ro te o ly tic  a c tiv ity  o f p u ru le n t sp u tu m  w as in h ib ite d  b y  n o rm a l serum  
an d  b y  serum  w ith  d e fic ien t a n titry p s in  levels.
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M ateria ls  and M ethods

Serial dilutions prepared from sera of various aj-antitrypsin levels were studied for 
their inhibitory effect on labile protease activity of purulent sputum. Sputum was collected 
from subjects

a )  having completed the British Medical Research Council questionnaire in respect 
of the history (long-standing cough, expectoration) in the affirmative;

b j  with purulent sputum at the time of study.
The pathologic sera were obtained from 40 to 60 years old non-smoking females with 

non-specific chronic respiratory disease [36], the normal sera from an age-matched normal 
female population. The serum a,-antitrypsin level was normal (0.80 to 1.2 mg/ml) in five, 
intermediary (0.50 to 0.60 mg/ml) in five, and deficient (0.20 to 0.40 mg/ml) in five cases. 
Total inhibitory capacity (TIC) was estimated by the method of E r ik s s o n  [3] o n  the basis 
of the inhibitory effect of serum on amidase activity of trypsin measured on a synthetic 
substrate. The serum dilutions were 1 : 8 ,  1 : 16 and 1 : 32.

One to two g aliquots of the sputum sample were weighed on an analytical balance, 
made up with distilled water to tenfold weight, mixed by means of a mixer for 30 to 60 min., 
and homogenized in portions in a Potter glass homogenizer. The volume of the agneous sus
pension of approximately 10% thus obtained was measured, made up with analytical grade 
NaCl to a concentration of 1 M, cooled to -)-2 to —4 °C and centrifuged at 16,000 r.p.m. for 
15 min. The supernatant was poured off and processed immediately. Protease activity was 
estim ated on native bovine haemoglobin as the substrate (2% bovine haemoglobin in 0.05 M  
phosphate buffer, pH =  7.5, w ith  1 : 50,000 merthiolate as preservative, stored at —]— 4 °C 
until use).

The components were

Control test Inhibition test

Sputum 1.0 ml 1.0 ml
Serum — 30—60—120 /Л
Substrate 5.0 ml 5.0 ml

Physiological saline 120 /Л.

The haemoglobin substrate and the sputum-serum and sputum-saline mixtures, were 
immersed in a water bath of 37 °C for 10 minutes. Then 5 ml of the haemoglobin solution was 
added to the above mixtures and mixed. Two ml aliquots were withdrawn from the control 
sample immediately and at 2 hours, from the other samples only at 2 hours, i.e. after incuba
tion in a 37° C water bath. The portion withdrawn immediately served as the blank (zero 
point). To the 2 ml portion, 4.0 ml of 0.3 M  trichloroacetic acid was added, the mixture was 
shaken and left to stand at room temperature for 30 min., and filtered. Five ml 0.5 M  NaOH 
and 1.5 ml Folin’s phenol reagent (1 : 3 dilution) were added to 2.5 ml of the filtrate and after 
standing for 5 min., the extinction was measured in 1 cm cuvettes against distilled water at 
675 nm.

The amounts of serum used were 30, 60 and 120 /Л.
From the 2 hour extinction reading the blank value was subtracted; the ratio of the 

extinction  of the serum-free control sample and the serum-containing sample was expressed 
in per cents.

R esults

In h ib itio n  of lab ile  le u k o p ro te a se  b y  sera  o f  v a rio u s a n titry p s in  levels, 
e x p re sse d  in  per cen ts , is sh o w n  in  Fig. 1. I t  is seen  th a t  n o rm a l se ra , even  a t 
d i lu t io n s  o f 1 : 16, e x e r te d  an  in h ib ito ry  effect o f  84 to  90 p e r c e n t, on th e
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p ro teo ly tic  a c tiv ity  o f  sp u tu m , while sera  from  h e te ro zy g o u s su b jec ts  fa iled  to  
in h ib it a t  d ilu tions o v er 1 : 8. Sera o f hom ozygous su b jec ts  revea led  a decrease 
o f in h ib ito ry  c a p a c ity  (10 to  30% ) a t  d ilu tio n s as h ig h  as 1 : 8.

T he degree o f  in h ib itio n  w as found  to  c o rre la te  d irec tly  w ith  th e  oCj- 
a n titry p s in  level. T h e  a b ili ty  o f ind iv id u a ls  w ith  hom ozygous an d  h e te ro 
zygous enzym e d efic ien cy  to  in h ib it leu k o p ro tease  a c t iv i ty  w as co rresp o n d in g ly  
red u ced  (F ig. 1).

Serum dilutior

F ig . 1

D iscussion

P u ru le n t sp u tu m  c o n ta in s  tw o m a jo r leu k o p ro tea se s , ac tiv e  a t  p h y s io 
log ical pH -levels. T h e  lab ile  leukopro tease  o f try p s in  c h a ra c te r  is d e n a tu ra te d  
b y  h ea tin g  a t  65 °C. T h e  s tab le  fac to r, le u k o c y tic  e lastase , is re s is ta n t to  
te m p e ra tu re s  of 65 °C. J a n o f f  an d  Sc h e r e r  [11, 12] id en tified  an  e lastase-like  
enzym e in  th e  g ran u le  f ra c tio n  of h u m an  p o ly m o rp h o n u c lea r leu k o cy tes . T his 
fa c to r  has been  fo u n d  to  a ffec t th e  elastic  fib e rs  a n d  th e  b asem en t m em b ran e , 
a 1-a n titry p s in  b e in g  in h ib ito ry  to  its  a c tiv ity  [13].

P ro teo ly tic  a n d  e la s to ly tic  ac tiv itie s  a re  a b se n t from  m ucoid  sp u tu m  
an d  are u n re la te d  to  a n y  p a r tic u la r  in fec tin g  o rgan ism  [22]. B o th  ty p e s  of 
p ro tea se  w ere show n to  d ig est p u lm o n ary  tissu e , th e  lab ile  enzym e b e ing  m ore 
ac tiv e  th a n  th e  s ta b le  one [22]. G r a h a m  [8] a n d  R i n d e r k n e c h t  [34] suggest 
th e  possib ility  o f a sy n erg ism  betw een  th e  tw o  enzym es.
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T h e  alveo lar m acro p h ag es  also c o n ta in  p ro te o ly tic  enzym es. T h o u g h  th e  
p ro te o ly t ic  a c tiv ity  o f th e se  enzym es a m o u n ts  to  10%  on ly  o f  t h a t  of th e  
le u k o c y tic  granules, th e ir  b io log ica l a c tiv ity  is g rea te r , because  th e y  a re  less 
lia b le  to  in h ib itio n . T obacco  sm oke has b een  fo u n d  to  elicit an  in te n s iv e  m ac
ro p h a g e  a c tiv ity  [22]. M c L a u g h l i n  [28] id e n tif ie d  p ig m en t-lad en  m acro p h ag es 
in  th e  v ic in ity  of d e s tru c tiv e  lesions in  sm o k ers’ lungs as well as th e  sp u tu m  of 
sm o k e rs . T h e  brow n p ig m e n t has been  fo u n d  s im ila r to  som e co m p o n en ts  of 
to b a c c o  sm oke and w as m a d e  responsib le  fo r th e  increase  in  n u m b e r, a c tiv ity  
a n d  d e s tru c tiv e  p o te n tia l  o f  th e  m acro p h ag es o f sm okers’ lu ng . F i t z p a t r i c k  
a n d  H o s p e l h o r n  [5] a n d  M a n d l  an d  K e l l e r  [27] h av e  show n a s ig n ifican t 
v a r ia t io n  in  th e  chem ical co m p o sitio n  of th e  e lastic  tissu e  in  e m p h y sem a  th a t  
th e  n o rm a l ra tio  be tw een  n o n  p o la r  an d  p o la r  am ino  acids w as sh if te d  to w ard  
th e  p o la r  am ino acid. E la s t in  consists  of an  in n e r  core o f p o la r an d  o f  an  o u te r 
sh e ll o f  n o n -p o la r am ino  ac ids. T he o u te r  shell gives th e  f ib e r  its  e la s tic  p ro p 
e r tie s  a n d  th e  observed  chan g es could  be th e  re su lt of p ro te o ly tic  a t ta c k , and  
w o u ld  ac c o u n t for th e  chan g es in  th e  m ech an ica l b eh av io u r o f th e  lu n g  in 
p u lm o n a ry  em physem a.

A d a m s o n  e t al. [1] fo u n d  th a t  e la s tin  c o n te n t w as decreased  in  th e  lungs 
o f  su b je c ts  w ith  (X j-an titrypsin-deficiency  a n d  p u lm o n a ry  em p h y sem a . E lasto - 
ly t ic  a c t iv i ty  m ay  th u s  p la y  a p rim a ry  ro le  in  th e  p ro d u c tio n  o f  p u lm o n a ry  
e m p h y se m a  [17, 37, 22 ] ,  th o u g h  th e  q u es tio n  w h e th e r th e  e la stin  o r collagen 
c o n te n ts  o f th e  lung  a re  m o d ified  in  p u lm o n a ry  em physem a is s till co n tro 
v e rs ia l  [30, 31]. P e c o r a  [32] fo u n d  an  in crease  o f collagen in  em p h y sem a to u s  
lu n g s . A d a m s o n  [1] an d  J o h n s o n  an d  A n d r e w s  [14], an d  B r i s c o e  and  
L o r i n g  [2] observed an  a g e -re la ted  in crease  in  p u lm o n a ry  e la s tin  a n d  a loss of 
p u lm o n a ry  collagen, irre sp e c tiv e  o f th e  p resence  o f em physem a.

M u s t a f a  and  Cr o s s  [29], s tu d y in g  th e  b iochem ical effects o f p ro te o ly tic  
e n z y m e s  a t  cellular a n d  su b ce llu la r levels fo u n d  th a t  these  enzym es in h ib ite d  
th e  re sp ira tio n  of cell h o m o g en isa tes  an d  m ito ch o n d ria , as also A T P  h y d ro 
ly s is . T h is  w ould suggest t h a t  p ro teases  m ay  n o t only dam age th e  co n n ec tiv e  
t is s u e  b u t  also affect th e  in te g r i ty  o f th e  ce llu la r and  sub ce llu la r e lem en ts  of 
o th e r  p u lm o n a ry  s tru c tu re s .

T h ese  lesions o f th e  p u lm o n a ry  p a re n c h y m a  p ro d u ced  b y  p ro te a se s  of 
p la n t  o r  b ac te ria l orig in  a re  in d ic a tiv e  o f th e  p o te n tia l role o f th e se  enzym es.

G o l d r i n g  e t al. [7] o b serv ed  p u lm o n a ry  lesions sim ilar in  m orpho logy  
to  h u m a n  em physem a o f th e  p a n a c in a r  ty p e  a f te r  th e  in tra tra c h e a l in jec tio n  
o r • aeo ro so l in h a la tio n  o f  p a p a in , b ro m ela in , fic in  or b a c te r ia l p ro teases . 
L i e b e r m a n n  [25] assum ed  th a t  th e  p la n t-p ro te a se s  ac ted  m ere ly  b y  s tim u la 
t io n  o f  leu k o cy te  an d  m ac ro p h ag e  accu m u la tio n , an d  i t  is from  th e se  cellu lar 
e le m e n ts  th a t  th e  p ro teases  o f  d e s tru c tiv e  ac tio n  are  released .

K i m b e l l  [15] o b s e r v e d  p u l m o n a r y  e m p h y s e m a  in  dogs  8 d a y s  a f te r  
e x p o s u r e  t o  aeroso ls  o f  h u m a n  a n d  c a n in e  p o ly m o r p h o n u c le a r  l e u k o c y te

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



S E R U M  ^ - A N T I T R Y P S I N  A N D  P R O T E O L Y T I C  A C T IV IT Y 2 69

h o m o g en isa tes . T he lesions w ere less ex te n s iv e  i f  ra b b it leu k o cy te s  o r can ine 
a lv e o la r  m acrophages h a d  been  ap p lied . E ry th ro c y te  and  m o n o c y te  ho m o 
g e n a te s  w ere in ac tiv e  in  th is  respec t.

T h e  p re se n t fin d in g s, in  acco rd an ce  w ith  d a ta  in  th e  l i te ra tu re ,  th u s  lend 
s u p p o r t  to  th e  p ro tease  p a thogenesis  b y  lin k in g  up  th e  s ta te  o f a 1-a n titry p s in  
d efic ien cy  w ith  th e  p ro d u c tio n  o f p u lm o n a ry  em physem a.
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RENAL VEIN NATIVE PLASMA PRESSOR ACTIVITY
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T he d iag n o stic  v a lu e  o f ren al venous n a tiv e  p lasm a  pressor a c t iv ity  h a s  been  
s tu d ie d  b y  co rre la tin g  i ts  v a lu es w ith  th e  f in d in g s  o f serial n ep h ro -an g io g rap h y  a n d  of 
re n a l v enous p lasm a  ren in  a c tiv ity  in  h y p e rte n s iv e  sub jec ts . A lthough  re n a l  v enous 
n a tiv e  p lasm a  p resso r a c t iv ity  was found  to  v a ry  in  p ro p o rtio n  to  th e  lo g a r i th m  of 
re n a l venous p lasm a  re n in  a c tiv ity , th e  fa lse ly  p o sitiv e  re su lts  m ake i t  no n e  th e  less 
u n su ite d  for th e  re p la ce m en t o f th e  la t te r  as a  d iag n o s tic  te s t  for th e  d e m o n s tra tio n  
o f a possib le in v o lv e m en t o f ren a l a rte ria l sten o sis  in  in d iv id u a l cases o f h y p e rte n s iv e  
disease.

T h e  p rim a ry  sign ificance  o f serial n e p h ro -a n g io g ra p h y  in  th e  clin ical 
s tu d y  o f  ren o v ascu la r  h y p e rte n s io n  has u n iv e rsa lly  been  accep ted . O p in ions 
are  d iv id ed  on th e  choice o f  a p rocedure  fo r th e  s tu d y  o f th e  fu n c tio n a l in v o lv e 
m en ts  o f  ren a l a r te r ia l stenosis. The m a jo r ity  o f  au th o rs  applies th e  ren a l 
v en o u s  p lasm a  ren in  a c t iv i ty  (R V — PR A ) a ssa y  in  o rder to  co n firm  o r to  
re je c t th e  susp icion  o f ren o v ascu la r h y p e rten s io n , in  o th e r  w ords, th e  n ecess ity  
fo r su rg ica l co rrec tio n . O n th e  o th e r h a n d , McP haul  e t al. [1, 2, 3] re ly  on 
m easu rem en ts  o f ren a l ven o u s n a tiv e  p la sm a  p re sso r a c tiv ity  (R Y — N P P A ) 
for th e  c la rific a tio n  of re la tio n sh ip s  betw een  re n a l a r te r ia l stenosis a n d  a r te r ia l 
h y p e rte n s io n . In  ad d itio n  to  its  sim plicity , th e  l a t t e r  m e th o d  allows to  m easu re  
th e  r e s u l ta n t  o f th e  p resso r an d  depressor a c tiv itie s  in  renal v en o u s b lood . 
Since, how ever, th e  re lia b ility  of th is  p ro ced u re  has been questio n ed  [4] we 
u n d e rto o k  acu te  ex p e rim en ts  fo r th e  assessm en t o f  i ts  v a lu e  [5]. W e fo u n d  th a t  
a re s tr ic tio n  of ren a l b lood  flow  in dogs w as fo llow ed  b y  a s ig n ifican t in c rea se  
in  R Y — N P P A , due to  a q u a n ti ta t iv e  increase o f  p resso r substances r a th e r  th a n  
to  in c reased  c o n cen tra tio n .

In  th e  p re se n t s tu d y  th e  d iagnostic  v a lu e  o f  R V — N P P A  h a s  b een  ex 
am in ed  in  h y p e rte n s iv e  su b jec ts , com paring  th e  re su lts  w ith  th o se  o f  serial 
n ep h ro -an g io g rap h y  an d  o f ren a l venous p la sm a  re n in  ac tiv ity .

M ateria l and M ethod

T h ir ty s ix  p a tie n ts  w ith  h y p e rten siv e  disease w ere  s tu d ied . The possib ilities o f  pheo- 
ch ro m o c y to m a , co a rc ta tio n  o f  a o r ta , n ephritis , e tc ., h a v in g  been ru led  ou t, th e  su b seq u e n t 
in v es tig a tio n s  w ere d irec ted  a t  th e  d ifferen tia tio n  b e tw ee n  essen tia l and  re n o v asc u la r  h y p e r
tension . M ean system ic  b lood  p ressu re  (1/3 of systo lic  + 2 /3  o f d iasto lic  p ressure) w as above 
100 m m H g  in ev ery  p a tie n t,  17 o f w hich had  a d ia s to lic  p re ssu re  above 110 m m H g .
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P la sm a  and  u rin e  v a lu e s  w ere  s tu d ied  b y  th e  co n v en tio n a l p rocedures.
A n tih y p e rten s iv e  t r e a tm e n t  w as d iscon tinued  7 d a y s  before th e  te s t.  F o r  th e  s tim u la 

t io n  o f  p re sso r  p ro d u c tio n , in  th e  la s t  th ree  days a  d ie t  co n ta in in g  10 m E q  N aC l d a ily  w as 
g iv e n  a n d  h y d ro ch lo ro th iaz id e  w as ad m in istered  in  doses o f 50 m g da ily . S e ria l nep h ro - 
a n g io g ra p h y  and  sam pling  fro m  b o th  ren a l veins w ere  p e rfo rm e d  b y  Se l d in g e r ’s m e th o d  [6].

R e n in  a c tiv ity  w as m e a su re d  according to  B o u c h e r  [7].
E stim a tio n  o f R V - N P P A .  T h e  blood sam ples w ere  collected  in  a  re c ip ie n t c o n ta in in g  

o n e  d ro p  o f  c o n cen tra ted  h e p a r in  w hich  had  b een  p re-coo led  and  s to red  a m o n g  sa lte d  
ic e -c u b e s . T he collected sam p le s w ere  th e n  cen trifu g ed  a t  4 ° C  fo r 10 m in  a t  5,000 g  in  a  cooled 
M S E  c e n trifu g e  ty p e  M K 2. A liq u o ts  o f 1 m l p la sm a  w ere  m easu red  in to  p re -co o led  flask s 
s to re d  in  th e  deep freezer a t  — 20 °C u n til  th e  d a y  o f  b io assa y  when th e  deep -fro zen  sam ples 
w e re  th a w e d  a t ro o m -te m p e ra tu re  a n d  s tu d ied  fo r p re sso r  a c tiv ity .

B ioassay . H o m e-bred  m ale  ra ts  o f 150 to  180 g b o d y  w eight w ere su b je c te d  to  b i
la te ra l  n ep h rec to m y  u n d e r  e th e r  a n aesth es ia  18 to  24 h o u rs  before th e  assay. T h e n  th e  fa s ted  
a n im a ls  w ere  an aesth e tized  w ith  1 g /kg  u re th a n , a n d  in je c te d  subcu tan eo u sly  w ith  15 m g/kg 
o f  0 .5 %  ch lo risondam ine-ch lo ride  (E colid  Ciba) o r 2.5 m g /k g  h ex am éth o n iu m , in  a d d itio n  
to  0 .5  m g /k g  of 0.05%  a tro p in e , m ad e  up  to  1 m l w ith  a  5%  p o ly v in y lp y rro lid o n e  so lu tio n . 
40 to  60 m in  la te r  b ila te ra l v a g o to m y  was p e rfo rm ed  a n d  th e  trac h ea  w as c a n n u la te d . B lood 
p re s su re  w as m easured  in  th e  c a ro tid  a r te ry  w ith  a m e rc u ry  m an o m ete r a n d  re g is te red  kym o- 
g ra p h ic a l ly .  A po ly ae th y len e  c a th e te r  was tied  in to  th e  le f t fem oral o r ju g u la r  v e in  in  th e  
in te r e s t  o f  ra p id  an d  re liab le  a p p lic a tio n  of th e  te s t  su b s tan ces .

T h e  p lasm a sam ples w ere  ad m in iste red  in a  c o n s ta n t  volum e of 0.5 m l w ith  0.1 ml 
L o c k e ’s so lu tion . M easu rem en ts w ere  m ade a t  in te rv a ls  o f 5 to  8 m in. E v e ry  sam p le  was 
t i t r a t e d  in  accordance w ith  th e  c o m b in a to ria l ru les on  tw o  r a ts  and was a d m in is te re d  to  each  
a n im a l  o n  tw o occasions.

T h e  b ioassay  is b a sed  o n  th e  princip le th a t  th e  u n k n o w n  substance  h as to  be  a d m in 
is te re d  in  a  co n cen tra tio n  c o rre sp o n d in g  to  th e  a c t iv ity  o f  th e  s ta n d a rd . To f in d  th e  dose 
a f fo rd in g  th is  co n cen tra tio n  is a  lab o rio u s p rocedure . T h e  ad v an tag e  of th e  p re se n t m e th o d  
lie s , in  a d d itio n  to  d ispensing  w ith  biochem ical p re p a ra tio n , in  th e  poss ib ility  o f  m easu rin g  
th e  a c t iv i ty  o f a given dose (0.5 m l) o f th e  u n k n o w n  su b s ta n c e  (renal venous n a tiv e  p lasm a).

E va lua tion . N a tiv e  p la sm a  p resso r a c tiv ity  w as e s tim a te d  on th e  basis o f  th e  m ax i
m u m  h y p e rte n s iv e  a c tiv ity  o f th e  p lasm a  sam ples, u s in g  as a s ta n d a rd  1, 2 o r  4 ng  ang io 
te n s in  I I  (H y p e rten sin , Ciha).

F o r  th e  assessm ent o f R V -N P P A , various c r ite r ia  h a v e  been e la b o ra ted . E a r l ie r  th e  
R V -N P P A  w as considered  p a th o lo g ic  if  th e  h y p e rte n s iv e  e ffec t of 0.5 p lasm a  w as in  excess 
o f  10 m m H g  (McP h a u l  e t al. [1]). L a te r  th is  w as m o d ifie d  b y  Grollm an  a n d  E b ih a r a  [8] 
d e f in in g  R V -N P P A  as p a th o lo g ic  if  th e  h y p e rte n s iv e  e ffec t of 1.0 m l p la sm a  exceeded  
t h a t  o f  5 ng  of s ta n d a rd  a n g io te n s in  II .

F o r  th e  q u a n tita tiv e  co m p ariso n  of th e  sam p le s th e  following schem e w as a d o p te d . 
C o n s id e ra tio n  being g iven  to  th e  d ifferences in  in d iv id u a l  sensitiv ity  o f th e  an im a ls , th e  
h y p e r te n s iv e  a c tiv ity  o f th e  p la s m a  sam ples w as d e fin e d  b y  th e  q u o tien t o f th e  p e a k  h y p e r
te n s iv e  response  in  m m H g  o f th e  p lasm a  sam ple a n d  t h a t  o f  1 ng an g io ten sin  I I .  E v a lu a 
t io n  w as  based  on these  q u o tie n ts . R V -N P P A  a c t iv i ty  w as considered a b n o rm a lly  h ig h  if 
th e  q u o t ie n t  was m ore th a n  1.9, in  agreem en t w ith  th e  c rité riu m  defined b y  Gro llm a n  and  
E b ih a r a  [8]. A ccording to  re tro sp e c tiv e  analysis, lo ca liz a tio n  is no t possible un less  R V -N P P A  
o f  o n e  s id e  is abnorm ally  h ig h  a n d  th e re  is a  d ifference o f m o re  th a n  0.5 be tw een  th e  R V -N P P A - 
q u o t ie n ts  o f th e  tw o sides.

R V -P R A  was re g ard e d  as ab n o rm a lly  h igh  i f  a f te r  p ro v o catio n  th e  v a lu e  fo r  th e  side 
e x h ib i t in g  a h igher a c tiv ity  e x ceed ed  th e  values o f 1,000 ng  ang io tensin  11/100 m l p Iasm a/3  h r 
in c u b a t io n .  T he ra tio  o f  th e  tw o  sides w as defined  b y  th e  ren in  q u o tie n t, i.e. th e  q u o tie n t 
o f  th e  h ig h e r  and th e  low er v a lu e . ( In  th is  m an n e r th e  re n in  q u o tien t w as 1 o r m o re .) T he 
q u o t ie n t  be tw een  th e  v a lu es fo r  th e  side o f  h igher a n d  fo r  t h a t  of low er a c tiv ity  h a d  to  be in 
e x ce ss  o f  1.6 to  be co n sid ered  p a th o g n o m o n ic  [9].

T h e  re su lt o f seria l n ep h ro -a n g io g rap h y  (SN A G ) w as regarded  as p a th o lo g ic  if  th e  
r e n a l  a r te r y  was narrow ed  to  5 0 %  o r  less o f  its  lu m en  [10] a n d  if  in  th e  phase  o f a r te r ia l  a rb o ri
z a t io n  th e  excretion  of c o n tra s t  m a te ria l  was p ro tr a c te d  [9].

B iom etry . F o r s ta tis t ic a l  analy sis  o f th e  d a ta ,  S tu d e n t ’s tw o-sam ple t t e s t  o r, in  case 
o f  u n e q u a l  w ith in-group  v a r ia n c e s  ( F  te s t) , th e  d  t e s t  w as applied [11]. T h e  c o rre la tio n s 
b e tw e e n  th e  h y p ertensive  e ffe c t a n d  ren in  a c tiv ity  (R V -N P P A  and R V -P R A ) o f  th e  p lasm a  
sa m p le s  w ere  tes ted  also b y  reg re ss io n  analysis.
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R esults

1. R ena l v en o u s n a tiv e  p lasm a p resso r a c tiv ity .
In  o rd e r to  te s t  th e  d iagnostic  va lu e  o f  R V — N P P A , th e  d a ta  fo r  th e  36 

p a tie n ts  w ere g ro u p ed  accord ing  to  T ab le  I ,  re p re se n tin g  th e  m ean  v a lu e s  an d  
th e  s ta n d a rd  e rro r  o f th e  m ean  (Table I) ,

a)  on th e  b asis  o f R V — P R  A;
b)  on th e  basis  o f sign ifican t ren a l a r te r ia l  stenosis;
c)  in  th e  case o f a s ign ifican t re n a l a r te r ia l  stenosis, on th e  b as is  of

R V — P R A .
T he values w ere co m p ared  betw een  su b g ro u p s  a) ,  b) and  c).
Since b y  o u r s ta n d a rd s  no p a th o lo g ica lly  h ig h  ren in  values w ere  fo u n d  

in  th e  absence o f m orpho log ica l changes, th e  p a th o lo g ic  cases o f g ro u p  a )  co r
re sp o n d  to  tho se  o f  g roup  c) ,  b o th  fo rm in g  a d iagnostic  su b g ro u p  o f  re n o 
v a sc u la r  h y p e rten s io n .

a)  RV— P R A .
T he values fo r R V — N P P A  w ere s ig n if ic a n tly  h igher in  th e  su b g ro u p  of 

in c reased  ren in  a c t iv i ty  th a n  in  th a t  o f n o rm a l re n in  a c tiv ity . In  th e  su b g ro u p  
o f p a th o lo g ica lly  h ig h  ren in  a c tiv ity , RV— N P P A  on th e  side of h ig h e r a c t iv i ty  
w as 1.4 tim es, th e  d ifference betw een  R V — N P P A  o f th e  sides of h ig h e r  a n d  of 
low er a c tiv ity  w as 3 .6 -tim es, as h igh as in  th e  subgroup  of n o rm a l ren in  
a c tiv ity . A t th e  sam e tim e , in  th e  subgroup  o f in creased  renin a c t iv i ty ,  RV-— 
P R A  on th e  side o f h ig h er a c tiv ity  was 9 tim e s , th e  ren in -q u o tien t tw ic e , as 
h igh  as in  th e  n o rm a l su b group . T he d ifference  re flec ted  in th e  c lin ica l d a ta  
w as confined  to  a b io logically  negligible d iffe ren ce  in  th e  specific g r a v i ty  of 
sp o n tan eo u s  m o rn in g  u rin e .

b)  R ena l a r te r ia l  stenosis.
T here  w as no d ev ia tio n  betw een  th e  su b g ro u p  o f sign ifican t re n a l  a r te r ia l  

s tenosis  an d  th e  m orpho log ica lly  n o rm al su b g ro u p  in  respect o f R V — N P P A  
on th e  side o f h ig h er a c tiv ity . On th e  o th e r h a n d , th e re  was a m inor d iffe ren ce  
in  R V — N P P A  b e tw een  th e  sides o f h ig h er a n d  o f  low er activ ities. I n  th e  case 
o f  re n a l a r te r ia l s tenosis , RV— P R A  as w ell as th e  ren in -q u o tien t on  th e  side 
o f h ig h e r a c t iv i ty  w ere s ig n ifican tly  ab o v e  th e  values for p a tie n ts  w ith  a 
n o rm a l seria l n ep h ro -an g io g ram . C linically  th e re  w as again an in s ig n if ic a n t 
d ifference in  th e  specific  g ra v ity  o f sp o n tan eo u s  m orn ing  urine.

c)  RV— P R A  in  sign ifican t ren a l a r te r ia l  stenosis .
T h e  R V — N P P A  va lu es  for th e  side o f  h ig h e r a c tiv ity  as w ell as th e  

d ifference  b e tw een  th e  sides o f h igher and  o f lo w er a c tiv ity  revealed  a s ig n if ic a n t 
d e v ia tio n  be tw een  th e  tw o  subgroups, th e  d iffe rence  fo r th e  positive  su b g ro u p  
i.e. t h a t  o f re n o v a sc u la r  h y p erten s io n , b e ing  th r e e  tim es th a t  for th e  n e g a tiv e  
su b g ro u p . In  acco rd an ce  w ith  th e  g ro u p in g  schem e on w hich th e  p re se n t 
a n a ly s is  has been  b ased , th e  RV— P R A  o f th e  sides o f higher a n d  o f  low er
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Table I

M ean values and standard error o f  the mean

a)
Grouping on the basis of RY-PRA

b) .
Grouping on the basis of significant renal 

arterial stenosis

In the cases of 
arterial stenosis 

basis of

).significant renal 
grouping on the 
RY-PRA

positive negative positive negative positive negative

n
Age

6
38.3 ±  2.3

30
33.1 ±  2.1

14
38.8 ±  2.2

22
31.8 ±  2.4

6
38.3 ±  2.3

8
38.0 ±  4.2

M ean a rte ria l blood pressure, m m H g 145.2 ±  6.3 132.8 ±  4.8 137.7 ±  5.6 124.9 ±  4.3 145.2 ±  6.3 161.7 ±  9.5
U rin e  specific g rav ity 1020.2 ±  1.3 1024.1 ±  0.8* 1020.5 ±  1.0 1024.8 4- 0.9* 1020.2 ±  1.3 1021.3 ±  1.7
Ccr: m l/m in 105.8 ±  11.7 112.8 ±  7.4 102.5 ±  7.8 114.2 4- 9.2 105.8 ±  11.7 107.7 ±  9.0
Serum  creatin ine, m g/100 ml 0.96 ±  0.07 0.99 ±  0.04 1.17 ±  0.14 0.95 ±  0.05 0.96 ±  0.07 1.12 ±  0.09
Serum  N a +, m E q /lite r 139.0 ±  1.5 140.3 ±  0.56 139.3 ±  1.1 140.4 ±  0.5 139.0 ±  1.5 139.8 ±  1.9
Serum  K +, m E q /lite r 4.03 ±  0.18 4.26 ±  0.07 4.29 ±  0.14 4.21 ±  0.07 4.03 ±  0.18 4.45 ±  0.18
H b , g/100 m l 14.4 ± 0 . 2 13.5 ±  0.4 13.8 ± 0 . 5 13.6 ±  0.4 14.3 ±  0.2 13.4 ±  1.0
R V -P R A  ng/100 ml 

side o f h igher a c tiv itv 9867 ±  4008 1014 ±  156** 5386 ±  2344 1052 ±  187** 9867 ±  4008 905 ±  262**
R V -P R A  ng/100 ml

side of lower ac tiv ity 4000 ±  2045 739 ±  122 2296 ±  1104 779 ±  151 4000 ±  2045 597 ±  160**
H igher/low er R V -PR A  q u o tien t 2.90 ±  0.41 1.42 ±  0.06** 2.06 ±  0.27 1.40 ±  0.07** 2.9 ±  0.41 1.43 ± 0 .1 2 *

R V -N PPA  P  Plasm a side of h igher 
P  1 ng

a c tiv ity 2.93 ±  0.518 2.05 ±  0.175* 2.44 ±  0.259 2.04 ±  0.238 2.93 ±  0.518 2.05 ±  0.175*

R V -N PPA  P  Plasm a side o f lower 
P  1 ng

a c tiv ity 2.10 ±  0.276 1.84 ±  0.177 1.91 ± 0 .1 5 1 1.86 ±  0.241 2.10 ± 0 .2 7 6 1.84 ±  0.177
D ifference of h igher and lower RV- 

N P P A 0.83 ±  0.33 0.23 ±  0.04* 0.49 ±  0.15 0.21 ±  0.05* 0.83 ±  0.33 0.28 ±  0.34**

Com parison of positive  and  negative  subgroups 
no sym bol p  >  0.05 

* p  <  0.05
** p  <  0 .01
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a c tiv ity  as well as th e  ren in  q u o tien t, d if fe re d  in  th e  tw o g roups to  a p p ro x i
m ate ly  th e  sam e e x te n t  as in group a) .

2. R e la tio n sh ip  b e tw een  RV— N P P A  a n d  R Y — PR A .
A b n o rm a lly  h ig h  R Y — N P P A  v a lu es  w ere  found  in  6 p a tie n ts ;  in  3 of 

th em  th e  p a th o lo g ic  R V — N P P A  v a lu es  w ere  associated w ith  p a th o lo g ic  
SNAG a n d  RV— P R A . In  one case th e  r e n a l  a r te ry  revealed  a s ig n if ic a n t

RV-NPPA 
д р  plasma
др 1ng agll у =-0.893 (±0.5605)+1.000 (±0.1885) log x

RV- PRA
log angiotensin II ng/100m l-plasm a/3h

Fig. 1. R e n a l v enous n a tiv e  p lasm a pressor a c t iv i ty  (R V -N P P A ) p lo tted  a g a in s t log ren a l 
venous p lasm a  ren in  a c t iv ity  (R V -PR A ). E ac h  sa m p le  w as estim ated  se p a ra te ly ; s ta tis t ic a l  
analysis w as based  on  64 p a ired  d a ta  derived  fro m  32 p a tien ts . The co rre la tio n  be tw een  

th e  p a ire d  d a ta  was h igh ly  s ig n if ic a n t (p  <  0.001)

stenosis w ith  a n o rm a l R V — P R A . In  tw o  cases th e  RV— N P P A  h a d  to  be  
d ism issed as fa lsely  p o s itiv e  since n e ith e r  th e  m orphological s tu d y  n o r  R V -  
P R A  revealed  a n y  a b n o rm a lity . These d a ta  m ig h t, how ever, re flec t a d ifference  
betw een  th e  re su lts  o f  R V — N P P A  and  o f R V — P R A  estim ations.

RV— N P P A  a n d  R V — P R A  of th e  in d iv id u a l k idney w ere c o m p a re d  on 
th e  basis o f th e  o v era ll d a ta  w ith  th e  aid  o f  co rre la tio n  and regression  an a ly sis  
(F ig. 1). A h igh ly  s ig n if ic a n t co rrelation  w as  fo u n d  betw een R V — N P P A  an d  
th e  lo g arith m  o f R V — P R A , RV— N P P A  in c reasin g  in  p ro p o rtio n  to  th e  
lo g arith m  o f RV— P R A .

Discussion

In  th e  in te re s t  o f  an  ad eq u a te  e v a lu a tio n  o f RV—N P P A , th e  p a tie n ts  
w ere g rouped  from  d iffe ren t points o f v iew , as seen in T able I. N o m a jo r 
d ifference could , h o w ev e r, be found b e tw een  th e  ind iv idual g roups in  re sp ec t 
o f age, blood p ressu re , c learance, u rine  a n d  p la sm a  constitu en ts . W h ere  b o th  
serial n e p h ro -a n g io g ra p h y  an d  RV— P R A  w ere  pathologic , m ean R V — N P P A  
values for th e  re sp e c tiv e  groups were likew ise patho log ic .
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O n com paring  th e  o v e ra ll resu lts , a s ig n if ic a n t co rre la tion  b e tw een  R V —  
N P P A  a n d  log RV— P R A  w as found  (F ig . 1). Grollman an d  E b ih a r a  [8] 
n o te d  ab n o rm ally  h igh  R V — P R A  and  R V — N P P A  values in  tw o th ird s  o f 
t h e i r  cases.

O n  th e  evidence o f th e  l i te ra tu re  i t  seem s n o  longer questionab le  t h a t  a 
p a th o lo g ic  SNAG asso c ia te d  w ith  a p a th o lo g ic a lly  h igh  RV— P R A  is c o n 
c lu s iv e  o f  renovascu lar h y p e rte n s io n  an d  th u s  an  in d ic a tio n  for su rg ery . I n  th e  
p r e s e n t  m a te ria l no in c re a se d  R V — P R A  w as fo u n d  in  th e  absence o f  m o rp h o 
lo g ic a l abnorm alities. O n th e  o th e r  h an d , th e re  w ere  tw o  cases w ith  a b n o rm a lly  
h ig h , fa lse ly  positive R V — N P P A  in  th e  p resen ce  o f  n o rm al SNAG a n d  n o rm a l 
R V — P R A .

E s tim a tio n  of R V — N P P A  is considered  fu lly  in fo rm ative  a n d  re lia b le  
o n ly  b y  McP haul e t  al. [1 ,3 ]  an d  even th e se  a u th o rs  found i t  n e c e ssa ry  to  
n a r ro w  dow n th e ir  c r ite r ia  o f  ev a lu a tio n  [8]. T h e  p re se n t findings sh o w ed  in  
a c c o rd a n c e  w ith  Thompson [4] th a t  m e a su re m e n t o f RV— N P P A , sim p le  as i t  
m a y  b e , offers no su b s tite  fo r  th e  e s tim a tio n  o f  R V — PR A .

A ccord ing  to  re c e n t ev idence  [12], R V — N P P A  is closely re la te d  to  th e  
a m o u n t  o f  angio tensin  I  b o u n d  to  an a 2-g lo b u lin  in  th e  venous b lo o d  o f  th e  
isc h a e m ic  k idney . T he a d v a n ta g e  of rad io im m u n o assay  is th a t  i t  su its  i ts e lf  
a lso  fo r  th e  m easu rem en t o f  angio tensin  I .

*

W e are in deb ted  to  D r. L . T akács for adv ice; to  D r. K . K állaY for a o rtic  a n d  re n a l 
v e in  c a th e te r iz a tio n s  an d  fo r m ak in g  th e  clinical d a ta  a v a ilab le ; to  Dr. A. B o G S C H  fo r  th e  
in te r p r e ta t io n  of serial a n g io -n ep h ro g rap h y ; to  M rs. L . V a jd a  for renin  assay . A ssis tan c e  
in  b io lo g ic a l titra tio n s  o f th e  la te  M r. I. L u lit y  is g ra te fu lly  rem em bered.
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INHIBITION OF MOUSE SPLEEN CELL 
ROSETTE FORMATION BY COBALT IRRADIATION: 

MEASUREMENT OF THE IMMUNOSUPPRESSIVE EFFECT 
OF GAMMA-RADIATION

B y

B. F e k e t e , Gy. S z e g e d i , J .  P e t r á n y i , P .  G e r g e l y ,  G .  S z a b ó  a n d  Z. D é z s i

FI RTS DEPARTMENT OF MEDICINE, AND INSTITUTE OF RADIOLOGY,
UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(R eceived  A pril 2, 1973)

T o ta l bod y  c o b a lt irrad ia tio n  of B a lb /c  m ice w ith  a dose of 1 /5 L D 30 p ro v ed  
to  in h ib it  im m une ro se tte  fo rm atio n . T he ir ra d ia tio n  reduced  th e  n u m b e r o f ro se tte -  
fo rm in g  cells and  su p p ressed  th e  ro se tte -fo rm in g  c ap a c ity  o f th e  re m a in in g  ly m p h o 
c y te  p o p u la tio n . T  ly m p h o cy tes  were p a r tic u la r ly  sen sitiv e  to  th e  ir ra d ia tio n .

W hen irrad ia tio n  w as g iven  before th e  a n tig e n  or on th e  d ay  of i ts  a d m in is t ra 
tio n , suppression  of ro se tte  fo rm atio n  w as m ore m ark e d  th a n  w ith  ir ra d ia t io n  fo llow 
ing  th e  an tigen ic  stim u lu s.

T he resu lts  p ro v id e  a d d itio n a l in fo rm a tio n  on  th e  im m u n o cy te -su p p re ss iv e  
a c t iv ity  o f ionizing ra d ia tio n .

L y m p h o cy tes  of m ice im m u n ized  "with hetero logous e ry th ro c y te s  are  
b in d in g  th e  red  cells in  th e  fo rm  o f a ro se tte  [8, 9, 26, 37, 38]. R o se tte  fo rm a tio n  
re fle c ts  one o f th e  essen tia l specific fu n c tio n s o f th e  im m u n o co m p eten t ly m p h o 
cy te s , i.e . th e ir  an tig en -b in d in g  c a p ac ity  [7]. T h e  ly m p h o cy tes  form  th e  ro s e tte  
b y  m ean s o f  specific recep to rs  [17, 19, 32] w hich  a re  p resen t on th e  su rfaces  o f 
T  a n d  В ly m p h o cy tes , th e re fo re  th e  ro se tte  p h enom enon  lends i ts e lf  to  th e  
s tu d y  o f b o th  ly m p h o cy te  p o p u la tio n s .

T h e  ly m p h o cy te  recep to rs  being  m o st sen sitiv e  to  im m u n o su p p re ss iv e  
fa c to rs , th e  ro se tte  ph en o m en o n  to  w hich  in ta c t  recep to rs are  e sse n tia l, is 
e m in e n tly  su itab le  for th e  m easu rem en t o f th e  im m unosuppressive  a c t iv i ty  o f 
v a r io u s  d rugs [1—4].

In h ib itio n  of ro se tte  fo rm a tio n  b y  ion izing  ra d ia tio n  has rece iv ed  l i t t le  
a t te n t io n . I t  has been re p o rte d  th a t  ir ra d ia tio n  o f  spleen cells in  v i t ro  is in 
h ib ito ry  to  ro se tte  fo rm a tio n  [27], h u t  ev idence in  v ivo is lacking.

In  p rev ious stud ies th e  in h ib itio n  o f ro se tte  in  v ivo was found  to  b e  m ore  
in fo rm a tiv e  for th e  im m u n o su p p ressiv e  effect o f  d rugs th a n  such te s ts  in  v i tro  
[20— 22]. I t  w as th e re fo re  ex p ec ted  to  gain  closer in sig h t in to  th e  im m u n o 
su p p ressiv e  effect of ra d ia tio n  b y  s tu d y in g  its  e ffect on ro se tte  fo rm a tio n  in  
v ivo . F o r  ir ra d ia tio n , co b a lt w as selected  because  o f th e  facility  o f  i ts  d osage  
an d  th e  hom ogeneity  o f i ts  ra d ia tio n .
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M aterial and  M ethod

1. Im m u n iza tio n  a n d  ir ra d ia t io n  of m ice.
In b re d  tw o m o n th s  o ld  m ale  B alb/c m ice w ere  in je c te d  in tra p erito n ea lly  w ith  3 x 1 0 s 

sh eep  re d  cells (SRC) o n  one occasion . Seven g ro u p s  o f  16 an im als each  w ere se t u p . T o ta l 
b o d y  c o b a lt irrad ia tio n  o f 150 r  (46 R /m in) w as g iv en  to  th re e  groups p rio r to  im m u n iza tio n  
( a t  — 10, —6 and  — 3 d a y s , re sp ec tiv e ly ), to  one g ro u p  o n  th e  d ay  of im m u n iza tio n , an d  
to  th re e  groups a fte r  im m u n iz a tio n  (a t 1, 2 an d  4 d a y s , respec tive ly ).

2. T he ro se tte  te s t  a n d  i ts  evaluation .
T h e  dynam ics o f  ro s e t te  fo rm atio n  being  ta k e n  in to  consideration , th e  te s ts  were 

p e rfo rm e d  on th e  4 th  a n d  th e  8 th  day  a fte r  im m u n iz a tio n .
T h e  capsule o f th e  sp le en  w as sp lit len g th w ise , th e  p u lp  was squeezed o u t, t r e a te d  in  

P o tte r -c e l l  hom ogenizer. T h e  suspension  was ta k e n  u p  in  P a rk e r ’s 199 m ed ium  co n ta in in g  
10%  c a lf  serum , a sp ira te d  th ro u g h  a 18 bore in je c tio n  c a n n u la  for th e  e lim in a tio n  o f s tro m al 
re s id u es , a n d  a fte r tw o  w a sh in g s  th e  cell co u n ts  w ere  a d ju s te d  to  2 X KR/ml. A liq u o ts  of
0.5 m l o f each  sam ple w ere  in c u b a te d  in  20 //g m i a z a th io p rin e  and  sim ilar a liq u o ts  in  th e  
m e d iu m , a t  37 °C for 90 m in . D u r in g  th is  tim e b lo ck in g  o f  th e  T-cell recep to rs b y  aza th io p rin e  
is  a c h ie v e d  [5]. A fter in c u b a t io n  th e  suspensions w ere  w ash ed  and  ad ju s ted  to  th e  orig inal 
cell c o u n t. T hen 5 x W 8/m l sh eep  red  cells were a d d e d  to  each  sam ple in  th e  sam e vo lum e. 
T h e  suspensions were c e n tr ifu g e d  a t  200 g a t  37 °C fo r 15 m in , resuspended , a n d  th e  n u m b er 
o f ro s e t te s  pe r th o u sa n d  ly m p h o c y te s  was co u n ted  o n  a  slide. In  ad d itio n , th e  n u m b er o f 
ro s e t te s  fo r th e  whole sp leen  w as  estim a ted  on th e  b a s is  o f  th e  spleen cell co u n t.

T h e  lym p h o cy tes a t ta c h in g  a m inim um  of 5 SR C  w ere regarded  as ro se tte -fo rm in g  
cells (R FC ).

I n  th e  a z a th io p r in e - tre a te d  sam ples, on ly  th e  a z a th io p rin e -re s is tan t B -ly m p h o cy tes , 
in  th e  u n tre a te d  sam ples b o th  th e  T and  В ly m p h o c y te s  w ere  fo rm ing  ro se tte s. T h e  difference 
b e tw e e n  th e  tw o v a lu es g ives th e  n u m b er of T -cell ro se tte s .

R o se tte  in h ib itio n  b y  im m u nosuppressive  a g en ts  (in  th e  p re sen t case b y  c o b a lt i r ra d ia 
t io n )  w as n o t considered  s ig n if ic a n t unless th e  n u m b e r  o f  R FC  was red u ced  b y  a t  lea s t 
2 5 %  [5].

R esults

F ig . 1 d e m o n s tra te s  th e  redu c tio n  in  th e  spleen cell co u n t u n d e r  th e  
e ffec t o f  irrad ia tio n . A  re d u c tio n  occurred  in  e v e ry  group . I t  was m o st m ark ed  
w h e n  irrad ia tio n  w as g iv en  close to  or s im u lta n e o u s ly  w ith  th e  an tig en ic

Control -10. -6. -3. 0. 1. 2. 4. group
Л

Fig. 1. E ffe c t o f  C o-irrad iation  on  th e  n u m b e r  o f spleen cells
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s tim u lu s . T he decrease  in  spleen cell c o u n t w as m ore sign ifican t on  th e  4 th  
th a n  on th e  8 th  d a y  a fte r  im m u n iza tio n .

F ig . 2 i l lu s tra te s  th e  changes o f  th e  n u m b e r  o f R FC  a fte r  C o -irrad ia tio n . 
T h e  h a tc h e d  p o rtio n s o f th e  co lum ns re p re se n t th e  a z a th io p rin e -re s is ta n t, 

th e  e m p ty  p o rtio n s  th e  aza th io p rin e -sen sitiv e  ro se ttes .

Rosettes/1000 splenocytes

F ig . 2. E ffec t o f C o -irrad ia tio n  on  th e  p ro p o rtio n  o f ro se tte -fo rm ing  T  an d  В ly m p h o c y te s

I r ra d ia tio n  ad m in is te red  p rio r to , or s im u ltan eo u sly  w ith  th e  an tig en ic  
s tim u lu s  re su lted  in  a m ore m a rk e d  ro se tte  in h ib itio n  th a n  d id  ir ra d ia tio n  
su b se q u e n t to  im m u n iza tio n . T his w as d e m o n s tra b le  a t th e  4 -d a y  a n d  8 -d ay  
read in g s  alike.

W hile  on th e  4 th  d ay  a fte r  im m u n iz a tio n  th e  R FC  w ere p re v a le n tly  
a z a th io p rin e -re s is ta n t В ly m p h o cy tes , b y  th e  8 th  day  th e  ro se tte s  fo rm e d  by  
aza th io p rin e -sen sitiv e  T  ly m p h o cy te s  h a d  g a in ed  p rep o n d eran ce . I n  a ll th e  
g ro u p s, th e  T  cells w ere p rim arily  a ffec ted .

R ed u c tio n  in  th e  n u m b e r o f  R FC  re fe rred  to  th e  w hole sp leen  is seen in 
F ig . 3.

T h e  n u m b er o f  R FC  re fe rred  to  th e  to ta l  sp leen can be c a lc u la te d  on  th e  
basis  o f  th e  to ta l  n u m b e r o f sp leen  cells a n d  of th e  p ro p o rtio n  o f  R F C . 
T he figu res th u s  o b ta in ed  re flec t th e  co m p lex ity  of th e  ro se tte -su p p re ss iv e  
effect re su ltin g  from  tw o fac to rs , a re d u c tio n  o f  th e  ro se tte -fo rm in g  sp leen 
cell p o p u la tio n , an d  a b locking  o f th e  ro se tte -fo rm in g  cap ac ity  o f th e  rem a in in g  
ly m p h o cy te s .

T h e  h a tch ed  p o rtio n s  o f th e  co lum ns re p re se n t th e  n u m b e r o f  aza th io - 
p rin e -re s is ta n t, th e  e m p ty  p o rtio n s  th a t  o f th e  aza th io p rin e -sen sitiv e  ro s e t te 
fo rm in g  ly m p h o cy tes .

R ead ings ta k e n  a t  4 an d  8 d ays a f te r  im m u n iza tio n  show ed  t h a t  th e  
decrease  in  th e  ro se tte -fo rm in g  cell p o p u la tio n  w as m ore m ark ed  i f  th e  irra -
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X105 Rosette / Spleen

F ig . 3. N u m b e r  o f ro se tte -fo rm in g  ly m p h o c y tes  re fe rre d  to  to ta l  spleen

d ia tio n  occurred  a few  d ay s  b efo re  or on th e  d a y  o f  im m u n iza tio n  in s te a d  o f  its  
a p p lic a tio n  a fte r th e  a n tig e n ic  stim ulus. F u r th e r ,  C o-irrad iation  p r im a r ily  
a ffe c ted  th e  T ly m p h o c y te s  b y  reducing  th e ir  p o p u la tio n  and b y  in te rfe r in g  
w ith  th e  ro se tte -fo rm in g  c a p a c ity  of th e  re m a in in g  cells.

D iscussion

I t  h as  long been  k n o w n  th a t  im m u n o su p p ress io n  belongs to  th e  b io logical 
effec ts o f  ionizing ra d ia t io n , as reflected  b y  th e  suppression  of a n tib o d y  p ro 
d u c tio n  [17, 30, 32], b y  th e  p ro lo n g a tio n  of sk in  h o m o g ra f t su rv ival [10, 13, 14] 
a n d  b y  in h ib itio n  o f sk in  re a c tio n s  of tu b e rc u lin  ty p e  [23, 25, 33, 35].

I n  add itio n  to  th e se  te s ts , o ther p ro ced u res  o f  m ore recen t o rig in , b a sed  
on ly m p h o b la s t t ra n s fo rm a tio n , inh ib ition  o f  ly m p h o c y te  m igration , ly m p h o - 
c y to to x ic ity  in  v itro , ro s e t te  fo rm atio n  e tc ., a llow  to  estim a te  th e  im m u n o 
su p p re ss iv e  effect a t  th e  ce llu la r  level [29, 36, 20— 22, 31]. Of these p ro ced u re s , 
th e  ly m p h o b la s t tra n s fo rm a tio n  te s t  has a lre a d y  b een  used  for th e  m e a su re 
m e n t o f  th e  im m u n o su p p re ss iv e  effect o f io n iz in g  rad ia tio n  [24], b u t  th e  
ro se tte  inh ib itio n  te s t  in  v iv o  has n o t y e t  b e e n  em ployed  for th is  p u rp o se  
d e sp ite  i ts  h igh se n s it iv ity  to  im m u n o su p p ressiv e  fac to rs .

I t  has been d e m o n s tra te d  by  th e  p re s e n t s tu d y  th a t  C o -irrad ia tio n  
a ffec ts  th e  im m u n o cy tes . T h e  cells o f T a n d  В ty p e s  are of d iffe ren t r a d io 
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sen sitiv ity . C o -irrad ia tio n  in te rfe res  in  th e  f ir s t  p lace  w ith  th e  ro se tte -fo rm in g  
cap ac ity  o f  th e  T  ly m p h o c y te s . T his im p lica tes  t h a t  th e  im m u n o su p p ressiv e  
effect o f g am m a -ra d ia tio n  p rim arily  affec ts th e  ce ll-m ed ia ted  im m u n e  re 
actions. T his o b se rv a tio n  is in  line w ith  th e  d a ta  in  th e  l i te ra tu re  concern ing  
th e  h igh resis tan ce  o f  an tib o d y -fo rm in g  cells to  ion iz ing  ra d ia tio n  [15, 28, 34]

As a lread y  m en tio n ed , O s o b a  [27] fo u n d  t h a t  ir ra d ia tio n  in  v itro  
in h ib ited  th e  ro se tte  fo rm a tio n  b y  spleen cells. T h e  ro se tte  in h ib itio n  te s t  in  
v itro  is, how ever, n o t conclusive enough to  he  accep ted  as a re liab le  in d ic a to r  
o f im m u n osuppression , n o t  on ly  because th e  ro se tte -su p p ress iv e  a c t iv i ty  o f a 
d rug  is n o t n ecessarily  assoc ia ted  w ith  im m u n o su p p ressiv e  p ro p e rtie s  [29] 
b u t  also because ce llu la r co opera tion  an d  th e  v a rio u s  rep a ir  m echan ism s fail 
to  assert th em selves in  v itro .

In  o u r experience, th e  in h ib itio n  o f ro se tte  fo rm a tio n  in  v ivo  b y  c y to 
s ta tic  ag en ts , co rtico ste ro id s , an tily m p h o cy te  g lobu lin  p re p a ra tio n s  m ay  be 
regarded  as p red ic tiv e  o f  th e  chances of h u m a n  im m u n o su p p ressiv e  th e ra p y  
[20— 22]. T h e  fac t t h a t  C o-irrad ia tio n  is in h ib ito ry  on ro se tte -fo rm a tio n  m ig h t 
allow to  assess b y  th is  m e th o d  th e  im m u n o su p p ressiv e  cap ac ity  o f in d iv id u a l 
ra d ia tio n  doses. T his w o u ld  be o f h igh  p ra c tic a l in te re s t , since th e  im m u n o 
suppressive  p ro p ertie s  o f  ra d ia tio n  are  a lread y  u tilized  for h o m o g ra ft p ro tec tio n  
[10] as also for th e  su p pression  o f in fla m m a to ry  processes of a u to im m u n e  
origin [31].
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T he h u m o ra l im m u n e  response  has been  s tu d ie d  in  va rio u s ty p es  o f  ch ro n ic  
liver disease (ch ro n ic  a c tiv e  h e p a titis , chronic p e rs is te n t h e p a titis , c irrhosis o f  liv e r , 
f a t ty  liver) in 69 p a tie n ts  on  th e  basis of th e  g am m a-g lo b u lin  level, se d im e n ta tio n  r a te ,  
th y m o l tu rb id i ty  te s t ,  se ru m  levels o f th e  th ree  m a in  im m unog lobu lins, a n tib a c te r ia l  
an tib o d y  titre s  an d  fa c to rs  o f au to a n tib o d y  c h a ra c te r .

A n en h an ced  h u m o ra l im m une response w as fo u n d  to  rep re sen t a  com m on  
fe a tu re  o f ch ron ic  liv e r  disease  assoc iated  w ith  m esen ch y m a l reac tion . T he d a ta  re 
fe rred  to  above, in  p a r tic u la r  th e  im m unoglobulin  a n d  a n tib o d y  levels, p ro v ed  in d ic a t
ive o f th e  p resence o r o f th e  absence  of a m esen ch y m al reac tio n . H igh  a n tib o d y  leve ls, 
especially  for e n te ra l  b a c te r ia , w ere found  ty p ic a l o f  chron ic  liver disease a sso c ia ted  
w ith  a  m esen ch y m al re a c tio n , in  opposition  to  n o n -e n te ra l  b ac te ria l a n tib o d ies  w h ich  
rem ain ed  p ra c tic a lly  u n a ffe c te d . The presence o f fac to rs  o f a u to -a n tib o d y  n a tu re  
p o in ts to  a p ro b ab le  in v o lv e m en t o f au to im m u n e  m echanism s.

E x ten siv e  e x p e rim e n ta l a n d  clinical s tu d ie s  in  th e  la s t tw o decades 
show ed th a t  au to im m u n e  fac to rs  m ay  he in v o lv ed  in  th e  p a th o m e c h a n ism  of 
ch ron ic  liv er disease or even  acco u n t for its  p a th o g en esis  [2, 4, 8— 13, 16— 18, 
21, 24, 25, 28— 33, 36, 37].

H y p erg am m ag lo b u lin aem ia  is a com m on fe a tu re  o f chronic liv e r d isease  
[1, 22, 27, 44]. I ts  d ev e lo p m en t has been a t t r ib u te d  to  a u to -an tib o d ie s  su g 
g estive  o f an  a u to im m u n e  m echan ism  on th e  one h a n d  [12, 13, 28—30, 32, 33, 
46], an d  to  an tib o d ies  in d u c e d  b y  exogenous a n tig en s , on th e  o th e r [6, 18, 19, 
42, 43]. In  th is  p a p e r  we sh a ll re p o rt on stud ies o f  th e  h u m o ra l im m une  s ta tu s  
in  ch ron ic  liver d isease.

Material and Method

T he 69 p a tie n ts  fo rm in g  th e  p re sen t m a te ria l w ere d iv id ed  on th e  basis o f th e  c lin ical 
fe a tu re s , b iochem ical p a ra m e te rs  a n d  liv e r b iopsy  in to  th e  follow ing groups

C hronic  ac tiv e  h e p a titis  20 cases
C hronic  p e rs is te n t h ep a titis  13 „
C irrhosis o f th e  liver 23 ,,
F a t ty  liv e r  13 ,,

F o r th e  assessm en t o f th e  h u m o ra l im m une sy s te m  th e  follow ing stud ies w ere  c a r 
ried  ou t.

1. S e ru m -p ro te in s : g am m a-g lo b u lin  frac tio n  (p a p e r  e lectrophoresis), red  b lo o d  cell 
se d im e n ta tio n  ra te  (W estc rg reen ), th y m o l tu rb id ity  te s t.

2. Q u a n t i t a t iv e  im m u n o g lo b u lin  e s t im a t io n  b y  th e  r a d ia l  im m u n e  d if fu s io n  p r o c e d u re  
o f  M a n c i m  e t  a l. [26];
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3. E s tim a tio n  of a n tib a c te r ia l  a n tib o d y  lev e l b y  T a k á tsy ’s m icro m eth o d  [40] and th e  
m ic ro h a e m a g g lu tin a tio n  a n d  h a em o ly sis-in h ib itio n  p ro ced u re s o f B a ckh a usz  e t  al. [3];

4. Id en tif ica tio n  of f a c to rs  o f  a u to a n tib o d y  n a tu re ,  b y  p rocedures desc rib ed  ea rlie r [35]; 
-— s tu d y  of an tig a m m ag lo b u lin  rh e u m a to id  fa c to r  b y  th e  R o se -W aa le r a n d  la tex -

re a c tio n s ;
— in d irec t im m un o flu o rescen ce  according to  W e l l e r — Coons [45] fo r th e  s tu d y  of 

a n tin u c le a r  fac to r (A N F) in  c a lf  th y m u s  sm ears , a n d  fo r  an tic y to p lasm  (an tim ito ch o n d ria l)  
a n t ib o d y  (АСА), in  r a t  k id n e y  sec tions;

— au to im m u n e  c o m p le m e n t f ix a tio n  fo r th e  s tu d y  of an tib o d ies to  su b c e llu la r  frac 
t io n s  o f  hom ologous liv e r cells (n u c leu s, m ito c h o n d ria , m icrosom es, s u p e rn a ta n t) ;

— s tu d y  of th e  L E -fa c to r  b y  m eans of th e  la tex -n u c leo p ro te in  re a g e n t o f  H y la n d . 
T h e  m ean  t it re  o f n o rm a l a n tib a c te r ia l  a n tib o d ie s  w as e s tim a te d  in  th e  se ra  o f 114,

th e  s e ru m  im m unoglobulins in  60 h e a lth y  a d u lts . T o  th ese  figures w ere re fe rre d  th e  values 
o f  th e  p a tie n ts  [34]. T he re su lts  o f  th e  im m u nosero log ical te s ts  w ere checked  w ith  those  
o b ta in e d  in  20 h e a lth y  y o u n g  su b je c ts  [35]. F o r  c o m p a ra tiv e  analysis, S tu d e n t’s tw o-sam ple  
t - te s t ,  fo r  t h a t  of th e  a n tib o d y  t i t r e s  as well as fo r  th e  o th e r  lab o ra to ry  re su lts , th e  x2-test 
w a s  u se d .

R esults

T h e  pa ram ete rs  re g a rd e d  as in d ica tiv e  o f  serum  p ro te in  changes a re  p re 
s e n te d  in  Fig. 1. The d iffe rence  is obvious b e tw e e n  th e  chronic  ac tiv e  h e p a titis  
a n d  f a t t y  liver groups. P a th o lo g ic a lly  h igh  v a lu es  fo r g am m a-g lobu lin , e ry th ro 
c y te  sed im en ta tio n  ra te  a n d  th y m o l tu r b id i ty  w ere  sig n ifican tly  m ore  freq u en t 
in  th e  p a tie n ts  w ith  ch ro n ic  ac tiv e  h e p a tit is  th a n  in  tho se  w ith  f a t t y  liver 
(p  < ( 0.001 for g am m a-g lo b u lin ; p  <'  0.01 fo r B S R  an d  th y m o l tu rb id ity ) . The 
d iffe re n c e  betw een ch ro n ic  p e rs is te n t h e p a ti t is  an d  f a t ty  liv e r  w as n o t  signif
i c a n t  (p  ]> 0.05). In  c irrh o sis  o f th e  liv er, co m p ared  w ith  f a t ty  liv e r , on ly  th e  
in c re a s e  in  th e  g am m a-g lobu lin  level show ed a s ig n ifican t difference ( p  <Z 0.05), 
in  o p p o s itio n  to  th e  tw o  o th e r  p a ra m e te rs  th e  d is tr ib u tio n  o f w hich  w as sim ilar 
in  t h e  tw o  groups ( p  0 .05).

T h e  serum  levels o f  th e  th re e  m ain  im m u n o g lo b u lin s  are  show n in  Fig. 2. 
T h e  in d iv id u a l im m u n o g lo b u lin  values u su a lly  exceeded th e  n o rm a l m ean . In  
th e  in d iv id u a l g roups, th e  difference w as obv ious betw een  ch ro n ic  active 
h e p a t i t i s  an d  fa t ty  liv e r. W h ile  in  th e  fo rm er g roup  th e  serum  levels o f  a ll th ree  
im m u n o g lo b u lin s  w ere s ig n if ican tly  in c rea sed  (p  <  0 .001), in  th e  la t te r  no 
s ig n if ic a n t  devia tion  fro m  th e  n o rm al v a lu es  w as dem o n strab le  (p  ]>  0,05).

I n  p e rs is ten t h e p a ti t is ,  th e  m ean  se ru m -Ig A  an d  IgM  levels (p  <  0.05 
fo r  b o th  values), in  c irrhosis  o f th e  liver, th e  se ru m  IgG  an d  Ig A  levels  (p
0.01 fo r  b o th  values) w ere  s ig n ifican tly  in c reased .

F ig . 3 shows th e  a n tib a c te r ia l  a n tib o d y  t i te r s  (F ig. 3). T h o u g h  th e re  was 
a  d iffe ren ce  betw een  ch ro n ic  ac tiv e  h e p a tit is  an d  f a t ty  liv e r, th is  w as less 
o b v io u s  th a n  w ith  th e  im m u n o g lo b u lin  v a lu es . T he incidence  o f  increased  
sa lm o n e lla -a n tib o d y  t i te r s  w as s ig n ifican tly  h ig h er in  ch ron ic  a c tiv e  and 
c h ro n ic  p e rs is ten t h e p a tit is  th a n  in  f a t ty  liv e r  (p <( 0.01 fo r b o th  g roups). In  
c ir rh o s is  an d  in  f a t ty  liv e r , th e  salm onella  a n tib o d y  t i t r e  show ed th e  sam e 
d is t r ib u t io n  (p ]> 0.05).
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F ig. 1. Serum  p ro te in  p a ra m e te rs

X C hronic ac tiv e  h e p a ti t is  
•  C hronic p e rs is te n t  h e p a titis  
▲ C irrhosis o f liv e r  
□ F a t ty  liver

The h o rizo n ta l lines re p re se n t th e  l im its  o f norm al range

I n  th e  case o f s ta p h y lo -a lp h a -a n tito x in , no  increase in  a n tib o d y  t i t r e  
in d ic a tiv e  o f enhanced  im m une  a c tiv ity  h as  b een  found. In  c h ro n ic  h e p a tic  
d isease th e  incidence o f an  increased  sa lm o n e lla -an tib o d y  ti t re  w as s ig n if ic a n tly  
h ig h er th a n  th a t  o f in c reased  s ta p h y lo -a lp h a -a n tib o d y  titre s  (p  0 .001).

F ig . 4 show ing th e  sh ig e lla -an tib o d y  t i t r e s ,  illu stra tes  th e  te n d e n c y  to  
in creased  levels. T he t i t r e  w as h igher th a n  n o rm a l in  sig n ifican tly  m ore  cases 
th a n  th e  t i t r e  of s ta p h y lo -a lp h a -a n tito x in  (p  <[ 0.001). The fre q u e n c y  o f  in 
creased  sh ig e lla -an tib o d y -titre s  was s ig n if ic a n tly  h igher in  ch ron ic  a c tiv e  and  
p e rs is te n t h e p a titis  th a n  in f a t ty  liv e r  (p  0.05 fo r chronic a c tiv e , p  0.001
for ch ron ic  p e rs is te n t h e p a titis ) . In  c irrhosis  a n d  in  fa t ty  liv e r th e  shigella- 
a n tib o d y  ti tre s  d isp lay ed  sim ilar d is tr ib u tio n  (p  >  0.05).
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F ig . 2. S e rum -im m unog lobu lin  levels
T h e  h o rizo n ta l lines re p re se n t th e  norm al m ean i S E ,  th e  p e rp end icu lar arrow s th e  m ean

d zS E  for th e  in d iv id u a l g ro u p s

F ig . 5 shows th e  E . coli an tib o d y  ti tre s . T h e  freq u en cy  of in creased  ti t re s  
w as sig n ifican tly  h ig h e r fo r  th ese  an tibod ies to o  th a n  for s ta p h y lo -a lp h a -a n ti-  
b o d ie s  (p  0.001). T h e  n u m b e r  o f p a tie n ts  w ith  increased  E . c o li-an tib o d y
leve ls  w as sig n ifican tly  h ig h e r  in th e  chronic a c tiv e  h ep a titis  (p  0 .001) an d
th e  cirrhosis (p  <  0.05) g ro u p s th a n  in th e  f a t ty  liv e r  group.

T h e  frequency  o f  fa c to rs  of an tib o d y  c h a ra c te r  is show n in F ig . 6. I n  th e  
g ro u p  o f  chronic ac tiv e  h e p a ti t is  th ere  w ere m ore  R F -p o sitiv e  cases th a n  in  th e  
o th e r  th re e  groups to g e th e r  (p  <  0.05). Im m u n o flu o rescen ce  and  co m p lem en t 
f ix a t io n  reactions w ere fo u n d  to  be fa r  m ore  specific  th a n  th e  R F . In  th e  
g ro u p  o f  chronic ac tiv e  h e p a tit is  b o th  te s ts  w ere  p o s itiv e  in 18 ou t o f 20 cases. 
T h e  re su lts  of im m u nofluo rescence  were n e g a tiv e  a ll th ro u g h o u t in  f a t t y  liv e r, 
th o s e  o f au to im m u n e  co m p lem en t f ix a tio n  in  f a t t y  liv er and in  p e rs is te n t 
h e p a ti t is .  In  ch ron ic  a c tiv e  h ep a titis  th e  tw o  te s ts  y ielded  far m ore  p o s itiv e  
re s u lts  th a n  in  th e  th re e  o th e r  groups to g e th e r  (p  0.001).
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F ig. 3. Sa lm onella -, О -AST, s ta p h y lo -a lp h a  an tib o d y  titre s  
H o riz o n ta l lines: no rm al m ean  values

D iscussion

D y sp ro te in aem ia  is com m on in ch ron ic  liv e r  disease, as r e f le c te d  b y  th e  
p o s it iv ity  o f th e  colloid la b ility  te s ts , th e  in creased  B SR , th e  h ig h  g a m m a 
g lobulin  an d  im m un o g lo b u lin  levels an d  th e  h igh  a n tib a c te ria l a n t ib o d y  titre s  
[1, 19, 2 2 ,2 7 , 44].

D y sp ro te in aem ia  o f  th is  k in d  m ay  be a t t r ib u te d  in th e  f i r s t  p lace  to  a 
h y p e rfu n c tio n  o f th e  h u m o ra l im m u n e  sy s tem . T his h y p e rfu n c tio n  is closely 
co nnec ted  w ith  th e  e x te n t o f  p e rip o rta l ly m p h o -p lasm ace llu la r in f il t ra t io n , 
re flec tin g  th e  degree o f h e p a tic  m esenchym al reac tio n  [29], c h a ra c te r is tic  of 
th e  ty p es  o f h e p a tic  d isease. T he reac tio n  is m o st ty p ica l in  c h ro n ic  ac tiv e  
h e p a titis  and  th e  least so in  f a t ty  liver. T h e  p a ram e te rs  u n d e r  s tu d y  th u s  
re flec t a sh a rp  difference be tw een  th e  g roup  o f  chronic active h e p a ti t is  an d  of 
f a t ty  liver. T his is n o t a lw ays v a lid  for in d iv id u a l cases, in  a ll p ro b a b ili ty  
because  th e re  m ay  be occasional cases o f f a t ty  liv e r w ith  signs o f m esen ch y m al 
reac tio n .
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Shigella Shigella Shigella Shigella
flexner 1. flexner 2. flexner 3. shonnei

F ig . 4. Shigella a n tib o d y  t i t r e s  

H o r iz o n ta l  lines: n o rm al m e a n  v a lu es

In  th e  groups o f  p e rs is te n t h ep a titis  a n d  o f  cirrhosis o f th e  liv e r  th e  
p a ra m e te rs  s tud ied  y ie ld e d  n o rm al as w ell as p a th o lo g ica l va lues, ow ing to  
d iffe rences in  th e  m e se n c h y m a l reaction  a c c o m p a n y in g  these  form s o f ch ron ic  
l iv e r  disease.

T h e  changes o f  se ru m  im m unoglobulins re g a rd e d  as ty p ica l o f th e  in 
d iv id u a l  typ es of ch ro n ic  l iv e r  disease w ill n o t b e  d iscussed  here, as o u r re su lts  
w e re  la rg e ly  co n sis ten t w ith  d a ta  in th e  l i te r a tu r e  [7, 14, 15, 23, 38, 41]. I t  
m u s t ,  how ever, he n o te d  t h a t  no d iagnostic  conclusions have been  d raw n  
f ro m  th e  im m ung lob id in  fin d in g s  in  in d iv id u a l cases [29].

T h e  an tib a c te ria l a n tib o d y  titre s  d id  n o t  seem  to  re flec t th e  changes in 
th e  se ru m  im m u n o g lo b u lin  levels. This m a y  h a v e  a d u a l e x p lan a tio n . F irs t , 
t h e  an tib a c te ria l a n tib o d y  ti t re s  stud ied  a re  u n lik e ly  to  follow closely  th e  
se ru m  im m unoglobulin  lev e ls  w hich rep resen t in  f a c t  th e  to ta li ty  of n u m ero u s 
se ru m  a n tib o d y  fac to rs , a lth o u g h  th e  en te ra l a n tib a c te r ia l  an tibod ies c o rre la te  
su rp r is in g ly  well w ith  th e  se ru m  im m unog lobu lin s. Second, th e  lack  o f a co rre 
la t io n  o f th e  titre s  o f c e r ta in  a n tib ac te ria l a n tib o d ie s  w ith  th e  serum  im m u n o 
g lo b u lin  levels shou ld  n o t  b e  dism issed as fo r tu ito u s . In  p a rticu la r , th e  absence
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F ig. 5. E . coli a n tib o d y  titre s  
H o riz o n ta l lines: n o rm al m ean  va lues

of h igh  ti tre s  in d ica tiv e  o f an  en h an ced  a c tiv ity  in  case o f s ta p h y lo -a lp h a  a n ti
to x in  gives some food fo r th o u g h t. In  fac t, th e  p reva lence  o f in c reased  im m u n o 
globu lin  an d  a n tib o d y  levels in  ch ron ic  liver disease has been  co n n ec ted  to  
en h an ced  an tigen ic  s tim u li by  e n te ra l b ac te ria , i.e. to  an  im p a ire d  h ep a tic  
e lim in a tio n  of these  an tig en s [5, 6, 42, 43]. T he an tib o d ies  to  e n te ra l  b a c te ria  
(in th e  p resen t case to  sa lm o n e lla , shigella, E . coli) a re  c e r ta in ly  m ore  con
s is te n t in d ica to rs  o f an  e n h an ced  im m u n e  a c tiv ity  th a n  are  th e  n o n -e n te ra l 
s ta p h y lo -a lp h a  an tib o d ies . T h is is, how ever, n o t en tire ly  v a lid  fo r O -strep to - 
ly sin  an tib o d y , a fin d in g  w h ich  seem s to  be a t  v a rian ce  w ith  th e  v iew  re fe rred  
to  ab o v e . H a v e n s  [18] n o te d  an  enh an ced  h u m o ra l im m u n e  a c tiv i ty  in  re 
sponse to  active im m u n iza tio n  w ith  b a c te ria l an tigens in  ch ron ic  liv e r  disease 
d esp ite  th e  n o n -en te ra l orig in  o f  th e  an tigens [18, 19]. I t  m ay  be  o f  in te re s t  to  
m en tio n  in  th is  co n te x t t h a t  th e  m o st co n sis ten t rise in  e n te ra l a n tib o d y  t i t r e  
w as fo u n d  in  p e rs is ten t h e p a tit is , w here rev e rsib ility , i.e . co m p le te  re s ti tu tio n , 
is com m on.

A n increased  h u m o ra l im m u n e  responsiveness m ay  th u s  be reg a rd ed , on 
th e  ev idence o f th e  p re se n t re su lts , as a general fea tu re  o f ch ron ic  liv e r  disease 
asso c ia ted  w ith  a m esen ch y m al re a c tio n . The s tu d ie d  p a ra m e te rs , in  p a r tic u la r  
th e  im m unoglobu lin  an d  a n tib o d y  levels, th o u g h  being  in d ic a tiv e  o f  th e  pre-
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Fig. 6. S e ru m  facto rs of a u to a n tib o d y  c h a ra c te r  

T h e  colum ns rep re sen t th e  n u m b e r  o f cases; th e ir  sh a d e d  p o rtio n s , th e  p ositive  cases

se n c e  or absence o f  a m esen ch y m al re a c tio n , o ffer no  a d e q u a te  basis for 
d iag n o sis  in  in d iv id u a l cases.

D em o n stra tio n  o f se ru m  fac to rs of a u to a n tib o d y  n a tu re  m ay  be helpful 
in  th e  detec tio n  o f a u to im m u n e  p a to m ech an ism s [10, 23, 28— 30, 33, 46], in  
p a r t ic u la r ,  as in  th e  p re s e n t  s tu d y , in  th e  d iffe re n tia tio n  o f chronic  ac tive  
h e p a t i t is  from  o th e r fo rm s  o f  chronic liver d isease. O bv iously , none of th e  
e x is tin g  p rocedures a re  e x e m p t of fa lse -n eg a tiv e  o r fa lse -positive  resu lts  
[28, 30, 31].

D iagnosis o f ch ro n ic  liv e r  disease is a co m p lex  ta s k  req u irin g  clin ical, 
b io ch em ica l, h isto log ica l a n d  im m unological d a ta . C loser in sig h t in to  th e  
p a th o g e n e s is , im p ro v e m e n t o f d iagnostic  p o ssib ilities , p ro p e r  ev a lu a tio n  of th e  
th e ra p e u t ic  fac to rs , a re  o b je c tiv e s  s tim u la tin g  re sea rch  fo r new  too ls of in 
v e s tig a tio n . I t  m ig h t be  re w a rd in g  to  assess th e  d a ta  re flec tin g  th e  s ta tu s  of 
c e ll-m ed ia ted  im m u n ity . S tu d ie s  concerned w ith  th is  q u es tio n  are  in  progress.

*
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EFFECT OF BETA-ADRENERGIC STIMULATION 
ON CORONARY BLOOD FLOW 

IN SEGMENTAL MYOCARDIAL ISCHAEMIA
B y

A. J u h á s z - N a g y  a n d  G .  G r ó s z

FOURTH DEPARTMENT OF SURGERY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R eceived  A pril 24, 1973)

T he co ro n ary  h aem o d y n am ic  response  to  th e  ad m in is tra tio n  0.1 / ig k g -1 m in -1 
to  1.6 /ig k g ~ 1m in _1 o f isop rénaline  w as s tu d ie d  in  anaesth e tized  o p e n -ch e st dogs 
w ith  norm al co ro n ary  flow  an d  in  m y o ca rd ia l isch aem ia  induced  b y  lig a tio n  o f  th e  
an te rio r  descending b ra n ch  of th e  le f t  c o ro n ary  a rte ry . C oronary  b lood  flo w  w as 
s tu d ied  b y  th e  d irec t m easu rem en t o f co ro n ary  sinus flow. Local m y o ca rd ia l b lood  
flow  of th e  v e n tr ic u la r  a rea  supp lied  b y  th e  d escend ing  co ro n ary  b ra n ch  w as s tu d ie d  by  
th e  h e a t  c learance m eth o d . T h ough  a  s lig h t d ecrease  in  th e  overall b e ta -a d re n e rg ic  
d ila to r  response o f th e  co ro n ary  sy s tem  was fo u n d  a f te r  occlusion of th e  d e scen d in g  
co ro n ary  b ra n ch , no s ig n ifican t change in  th e  slope of th e  dose-response cu rv es  of 
co ro n ary  d ila ta tio n  w as d em o n strab le . Iso p rén a lin e  was fo u n d  to  in d u ce  lo ca l v a so 
d ila ta tio n  in  th e  ischaem ic  a rea  to o , w hich  w as o f  th e  o rder o f 50%  o f t h a t  re co rd e d  
p rio r to  occlusion of th e  descending  co ro n ary  b ra n c h . I t  is concluded th a t  th e  c o lla te ra l 
v a sc u la tu re  resp o n d s to  b e ta -ad ren erg ic  im pu lses sim ilarly  as th e  c o ro n a ry  sy s tem .

B eta -ad ren erg ic  s tim u la tio n  is w ell k n o w n  to  re su lt in  a m ark ed  in c rea se  
in  co ro n ary  blood flow , in  associa tion  w ith  an  in creased  v en tr icu la r  c o n tra c ti l i ty  
a n d  ta c h y c a rd ia . W e ignore , how ever, w h e th e r  a f te r  occlusion o f a c o ro n a ry  
b ra n c h  th e  co lla tera ls  su p p ly in g  th e  ischaem ic m y o card ia l a rea are  also ca p a b le  
o f d ila ta tio n . I t  is also u n c e rta in  w h e th e r th e  ab n o rm al cond itions re su ltin g  
from  co ro n a ry  occlusion a re  a p t to  m odify  th e  responsiveness o f th e  c o ro n a ry  
ad ren erg ic  s tim u la tio n  p ro d u ced  b y  th e  in tra v e n o u s  in fusion  o f  iso p ré n a lin e . 
B y  using  th is  d ru g  no sim u ltan eo u s a lp h a -ad ren e rg ic  s tim u la tio n  o f  c o ro n a ry  
vessels h a d  to  be ta k e n  in to  acco u n t, an  e v e n t w hich  w ould h av e  s till fu r th e r  
a d d e d  to  th e  co m p lex ity  o f h aem o d y n am ic  cond itions p rev a ilin g  in  th e  
ischaem ic  m y ocard ia l a rea .

Material and Method

10 dogs of e ith e r  sex w eighing be tw een  14 to  22 k g  w ere used. A n aesthesia  w as in d u ced  
w ith  0.11 g /kg of chloralose. T he tra c h e a  w as c a n n u la te d  fo r p o sitive-p ressu re  re sp ira tio n  
w ith  room  a ir , a t  a  p eak  p ressu re  o f 10 cm  H 20 .  T he ch es t was opened in  th e  f o u r th  in te r 
co sta l spaces. T h ir ty  m in  before  th e  m easu rem en ts  th e  an im als were in fused  w ith  15 to  20 
m l/kg  d e x tra n  (R h eom acrodex). B ila te ra l cerv ica l v ag o to m y  was perform ed fo r th e  e lim in a 
tio n  o f in te rferin g  re flex  a c tiv ity . H e p a rin  served  as a n tic o ag u lan t; its  f i r s t  dose w as 500 
IU /k g  bod y  w eigh t; th e  second , ad m in iste red  90 m in  la te r ,  250 IU /kg  b o d y  w e ig h t.

C oronary  flow w as m easu red  b y  tw o  p a ra lle l p rocedures.
a)  F o r  m easu rem en t o f venous o u tflo w  from  th e  co ro n ary  sinus, a  M o raw itz  c an n u la  

6 m m  in  d iam e te r p ro v id ed  w ith  a n  in fla tab le  balloon  w as in se rted  th ro u g h  th e  r ig h t  a u r ic u la r  
a p p en d ag e  in to  th e  sinus, a n d  th e  v enous co ro n ary  b lo o d  was re tu rn e d  v ia  a  w ide p o ly -
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e th y le n e  can n u la  in tro d u c e d  th ro u g h  th e  c en tra l s tu m p  o f th e  r ig h t ju g u la r  v e in  in to  th e  
r ig h t  a tr iu m . A c a th e te r  co n n ec te d  w ith  th e  T -b ra n c h  o f  th e  can n u la  w as fix ed  a t  a  level 
co rre sp o n d in g  to  th e  r ig h t  a tr ia l  p ressure . I t  was o p en ed  fo r periods o f 15 sec d u ra tio n  in o rder 
to  m ea su re  th e  e fflu e n t c o ro n a ry  sinus b lood, u s in g  a  g ra d u a te d  cy linder an d  a s to p -w a tch . 
T h e  co llected  b lood  w as th e n  im m ed ia te ly  re tu rn e d  to  th e  an im al. T he p ressu re  g ra d ie n t 
p re v a ilin g  in  th e  en tire  a r tif ic ia l  c ircu it was n o t h ig h e r  t h a n  3 m m H g  even a t  p eak  b lo o d  flow.

b)  T he h e a t c learan ce  m e th o d  was app lied  fo r  s tu d y in g  m y o card ia l flow  in  th e  a re a  su p 
p lie d  b y  th e  an te rio r  descen d in g  co ronary  b ran ch . T h e  a tra u m a tic ,  h ea ted , flexible copper-con- 
s t a n ta n  th e rm a l p ro b e  w as in se r te d  in to  th e  m y o c a rd iu m  a t  a  d istance  fro m  th e  m ajo r 
c o ro n a ry  b ran ch es a n d  f ix e d  w ith  an  ep icard ia l s t i tc h  d is ta l  to  th e  site  of m ea su re m e n t. 
H e a t in g  w as p ro v id ed  b y  s tab ilized  d irect c u rre n t a n d  a n  in itia l tem p e ra tu re  d ifference  of 
1.5 °C w as estab lished  b e tw ee n  th e  h ea ted  an d  th e  re fe ren ce  poles of th e  p robe . T h en  th e  
te m p e ra tu re  d ifference b e tw e e n  th e  poles v a ry in g  in  in v erse  p ro p o rtio n  to  th e  flow  was 
co n tin u o u s ly  reco rded  on  a com pensograph  of h ig h  se n s it iv ity  (K ipp-Z onen m ic ro g rap h ). 
T issue  b lood  flow  w as ex p ressed  in  pe r cen ts of 100%  b e in g  th e  restin g  value fo u n d  a t  th e  
b e g in n in g  of th e  e x p e rim e n t. T h e  zero p o in t o f th e  tra c in g  w as rep resen ted  b y  th e  th e rm a l 
c o n d u c tiv ity  m easu red  a f te r  h a v in g  arrested  th e  h e a r t  o f th e  ex san g u in a ted  a n im a l b y  an  
e le c tr ic  shock.

M yocard ia l isch aem ia  w as induced  b y  o cclusion  o f th e  an te rio r  descending c o ro n ary  
b ra n c h  b y  m eans of a  loop  p lac ed  a round  it  a n d  p u lle d  th ro u g h  a p las tic  tu b e . O cclusion  
w as e ffec ted  a t  a leve l b e tw ee n  th e  u p p e r and  m idd le  th i r d  o f th e  a r te ry  over th e  p o in t w here 
i t  g ives o ff a m ajo r b ra n c h  ru n n in g  in  oblique d irec tio n  to  th e  le ft v e n tricu la r  m arg in . O n th e  
ev id en ce  of our ea rlie r f in d in g s  (U rbanics  a n d  J u h á s z -N a gy  1971), th e  isch aem ia  th u s  
p ro d u c e d  involves a p p ro x im a te ly  20%  of th e  left v e n tr ic u la r  m u scu la tu re . The th e rm o co u p le  
w as p lac ed  in  every  case w ith in  th e  ischaem ic a rea  w h ich  a f te r  th e  p ro d u c tio n  of isch aem ia  
w as c e r ta in  to  receive i ts  b lo o d  supp ly  exclusively  fro m  th e  co lla terals. In  o rd e r to s tu d y  
c o lla te ra l b lood flow  in  a  ra n g e  as wide as possib le, in  in d iv id u a l ex p erim en ts we v a r ie d  th e  
d is ta n c e  of th e  th e rm a l p ro b e  fro m  th e  p resu m ab le  c e n tre  o f th e  ischaem ic zone.

A rte ria l b lood  p re ssu re  w as m easured  v ia  a  c a th e te r  passed  th ro u g h  th e  c a ro tid  in to  
th e  a scen d in g  a o r ta  b y  m ea n s  o f  a  S ta th a m  e le c tro m a n o m e te r  and  was reg is te red  on  an  
E lem a-M ingograph . M ean  sy s te m ic  blood pressu re  w as d e te rm in e d  by  e lectric  in te g ra tio n .

T he co ronary  resp o n se  w as p a r tly  defined b y  th e  v a r ia tio n s  of blood flow  p a r t ly  by  
th e  v a lu e s  o f v a scu la r  c o n d u c tan c e  calcu la ted  acco rd in g  to  th e  fo rm ula ,

C o n d u c tan ce  (per cent) Q X  pc 
Qc X  p

Xi oo

w here Q an d  p  re p re se n t a c tu a l  b lood  flow  an d  m e a n  sy s tem ic  blood pressure , re sp ec tiv e ly , 
a n d  Qc a n d  p c the] re sp ec tiv e  co n tro l values. p 0 2 a n d  p H  w ere m easured  in  se ria l a r te r ia l  
a n d  c o ro n ary  sinus b lo o d  sam p le s w ith  an  A stru p  a p p a ra tu s  in  five successive ex p erim e n ts .

D ose-response cu rv es  o f  isoprénaline  w ere d e te rm in e d  b y  con tinuous in fu sio n  o f th e  
d ru g , m od ify ing  its  doses in  a  geom etric  p ro p o rtio n  in  th e  ran g e  betw een  0.1 /(gkg - 'm in  _I 
a n d  1.6 / tg k g -1m in _1. A f te r  eq u ilib ra tio n  of th e  e ffe c ts  o f increasing  doses en su in g  in  1.5 
to  2, a n d  o f d im in ish ing  doses en su ing  in 3 to  4 m in u te s , th e  haem o d y n am ic  resp o n ses were 
re g is te red , s ta r tin g  w ith  th e  re g is tra tio n  of th e  re sp o n se  o f n o rm al coronary  flow  to  b e ta -  
ad ren e rg ic  s tim u la tio n  u n d e r  n o rm a l conditions. A fte r  a p au se  o f 35 to  40 m inutes th e  a n te r io r  
d e scen d in g  co ro n ary  b ra n c h  w as occluded an d  a f te r  s ta b iliz a tio n  of co lla te ra l b lo o d  flow 
lev e l th e  dose-response cu rv es  w ere de te rm in ed  ag a in . T h e  n u m b er o f successive in fusion  
p e rio d s as well as th e  u p p e r  dose-levels were lim ited  b y  th e  s ta b ili ty  of th e  p re p a ra tio n . H ow 
ev er, fo r  th e  c o n stru c tio n  o f th e  in d iv id u a l curves th e  re sp o n se  w as s tu d ied  a t  le a s t  in  th ree  
d iffe re n t ranges. Doses in  th e  ran g e  of 0.2 Ggkii 'm in  1 a n d  0.8 iu g k g -1m in -1 w ere app lied  
in  a ll e x p erim en ts  u n d e r  b o th  n o rm al and  ischaem ic  co n d itio n s  an d  s ta tis tic a l a n a ly s is  was 
b a se d  on th e  responses to  th e se  doses. The effect o f th e  m ax im u m  dose (1.6 ^ g /k g _1m in _1) 
w as s tu d ie d  in  8 of th e  10 an im als .

T h e  re su lts  w ere e v a lu a te d  s ta tis tica lly  b y  S tu d e n t’s i-te st.

R esults

T h e  resu lts  c lea rly  in d ic a te d  th a t  th e  re sp o n se  o f th e  co lla te ra l sy s te m  to  
a  b e ta -a d ren e rg ic  s tim u lu s  basica lly  co rresp o n d s to  t h a t  of th e  n o rm al co ro n ary  
sy s te m . T he dose-response  re la tio n sh ip s  of th e  c a lc u la ted  v ascu la r co n d u c tan ce
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re flec tin g  d ila ta tio n  o f th e  co ro n a ry  system  are  re p re se n te d  in  F ig . 1, in d ica tin g  
th e  dose-response curves from  every  in d iv id u a l ex p e rim e n t. B e ta -ad ren erg ic  
re a c tiv ity  o f local m y o ca rd ia l as well as o f c o ro n a ry  sinus flow , is show n. In  th e  
m a jo rity  o f th e  ex p e rim en ts , co ronary  occlusion w as follow ed b y  a m ark ed  
decrease in  local m y o ca rd ia l flow . H ow ever, in  a few  in s tan ces , especially  w hen

per cent 
300-,
280- 
260- 
240- 

220 -  

200 -  

180- y 
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120- Î 
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0 J  n— ,— ,-----n n— >---- ,— и p— 1— 1---n  p----- 1-----1— n
0.2 04 0.8 1.6 0.2 04 0.8 1.6 pg/kg/min 0.2 0.4 0.8 1.6 0.2 0.4 08 1.6 pg/kg/min

F i g .  1. R e sp o n se  o f  c o ro n a ry  v a s c u la r  c o n d u c ta n c e  to  is o p ré n a lin e . D o se -re sp o n se  c u rv e s , 
le f t  s id e , o n  th e  b a s is  o f  c o ro n a ry  s in u s  f lo w ; r ig h t  s id e , o n  th e  b a s is  o f  m y o c a rd ia l  f lo w . 
A ; n o rm a l  s ta te ,  B : m y o c a rd ia l  is c h a e m ia , - - - - - -  - a v e ra g e d  d o se -re sp o n se  c u rv e s ,

in d iv id u a l  dose re sp o n se  c u rv e s

th e  th e rm a l probe h a d  been  fix e d  in  th e  ap ical reg io n , th e  re stin g  level o f th e  
co lla te ra l b lood su p p ly  h a rd ly  differed  from  th a t  o f  th e  n o rm al flow . In  all b u t  
one ex p erim en t, th e  a d m in is tra tio n  of iso p ren ah n e  w as follow ed b y  a m ark ed  
d ila ta tio n  o f th e  co lla te ra ls . T h is d ila ta tio n  w as u n re la te d  to  th e  re stin g  flow  
level. A t th e  sam e tim e , th e  d ila to r  co lla teral re sp o n se  w as s ligh tly  w eaker th a n  
th e  local reac tio n  o f n o rm a l co ro n ary  sections su p p ly in g  th e  sam e v e n tr ic u la r  
a rea . The average  slope o f  th e  dose-response cu rv es  in  th e  ischaem ic s ta te  
d iffered  s ig n ifican tly  (p  <  0.05) from  th a t  o f th e  co n tro ls .

O verall v a so d ila to r  responses of th e  c o ro n a ry  sy s tem  w ere fo u n d  to  be 
m ore p ronounced  th a n  th o se  o f th e  tissue b lood  flo w , a phenom enon  described  
b y  us earlier ( J u h a s z - N a g y  a n d  S z e n t i v Á n y i  1973). O n th e  o th e r h a n d , a f te r  
th e  p ro d u c tio n  o f  isch aem ia , on ly  slight m o d ifica tio n s  w ere d em o n strab le  in  
th e  overall flow  response , a lth o u g h  th e  doses-response curves w ere genera lly
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sh if te d  to  th e  rig h t in  co n seq u en ce  o f som e low ering of th e  b a se lin e  o f blood 
f lo w . T h e  decline in  th e  a v e rag e  slope o f  th e  curves w as, h o w ev er, n o t  sig
n i f ic a n t  s ta tis tic a lly  (p  0 .50).

A  ty p ic a l ex p e rim en t in c lu d in g  th e  dose-response curves is show n in 
F ig . 2 a n d  th e  s ta tis tic a l e v a lu a tio n  o f th e  responses in  T ab les  I  a n d  I I .  I t  is 
se e n  t h a t ,  w ith  th e  e x c e p tio n  o f th e  m od ifica tions of flow  in  th e  d irectly  
a f fe c te d  v en tricu la r se g m e n t, co ro n a ry  occlusion in  its e lf  fa iled  to  affect 
s ig n if ic a n tly  the  re s tin g  v a lu e s  o f th e  exam ined  h aem o d y n am ic  p a ra m e te rs , a 
f in d in g  reflecting , a p a r t  f ro m  th e  re m a rk a b le  s ta b ility  o f  th e  p re p a ra tio n , a 
c o n s id e ra b le  co m pensa to ry  c a p a c ity  o f th e  co ro n ary  c ircu la tio n . M oreover, th e  
r e d u c t io n  of to ta l co ronary  flo w  w as n o t  co m m en su ra te  w ith  th e  e x te n t  of th e  
isc h a e m ic  area. p 0 2 te n s io n  a n d  p H  in  co ro n ary  sinus b lood  a n d  th e ir  responses 
to  iso p rén a lin e  show ed no  c h a ra c te r is tic  m o d ifica tio n  a fte r  c o ro n a ry  occlusion. 
N o r  h a d  th e  ischaem ia a n y  d e fin ite  h y p o ten siv e  effect. On th e  o th e r  h a n d , in 
th e  p e r io d  of ischaem ia th e  h y p o te n s iv e  response to  m a jo r doses o f  iso p réna line  
w as e n h an ced . The in c rease  in  pu lse  p ressu re , a ch a rac te ris tic  sign  o f  a norm al 
re sp o n se  to  b e ta -ad ren erg ic  s tim u la tio n , w as considerab ly  red u ced  a f te r  th e  in 
d u c tio n  o f m yocard ial isc h a e m ia , in  all likelihood  because o f an  im p a ire d  re 
sp o n s iv e n e ss  to  in o tro p ic  s tim u li o f th e  a ffec ted  m y o card ia l a rea . I n  c o n tra s t, 
th e  ch ro n o tro p ic  ac tio n  o f  iso p ro te ren o l —  a t  le a s t as fa r as th e  h ig h e r dose 
lev e ls  a re  concerned —  p ra c tic a lly  a tta in e d  th e  v alue  fo u n d  u n d e r  no rm al 
c o n d itio n s .

D iscussion

I t  has been p ro v ed  b y  re c e n t ex p e rim en ta l ev idence o b ta in e d  in  several 
a n im a l species th a t ,  a lth o u g h  local m y o card ia l flow  declines s ig n if ic a n tly  a fte r 
th e  occlusion  of a m a jo r c o ro n a ry  b ra n c h , i t  decreases fa r less th a n  i t  has been 
a ssu m e d  in  th e  lig h t o f  th e  ea rlie r d o c trin e  of th e  “ co ro n ary  e n d -a rte rie s”  
(cf. S c h a f e r  1971).

I n  fac t, blood su p p ly  to  th e  ischaem ic  area  is p ro v id ed  b y  p r im a ry  col
la te r a l  com m unications o p en in g  u p  im m ed ia te ly  a fte r  co ro n ary  occlusion. The 
p re s e n t  resu lts  are c o n s is te n t w ith  th e  above find ings, as th e  m ean  v alues for 
c o lla te ra l  blood flow  w ere  ev en  in  excess o f  tho se  generally  fo u n d  in  th e  dog 
h e a r t  ( S c h a p e r  1971). H o w ev e r, view s are  still d iv ided  concern ing  th is  issue. 
I t  is  c e r ta in  th a t  th e  v a lu e  fo r  m y o card ia l co lla tera l flow  d ep en d s  on th e  
a n a to m ic a l  site of m e a su re m e n t ( L i n d e r  1966; T ö r ö k  e t al. 1969), on th e  size 
o f  th e  o b s tru c ted  co ro n a ry  b ra n c h  ( U r b a n i c s  an d  J u h á s z - N a g y  1971), on th e  
n a tu r e  o f  anaesthesia  ( C h i m o s k e y  e t al. 1967) an d , la s t b u t  n o t  le a s t ,  on th e  
m e th o d  o f m easu rem en t ( S c h a p e r  1971). In  areas o f a d e q u a te  co lla te ra l 
s u p p ly , p a rticu la rly  in  th e  ap ic a l reg ion  of th e  dog h e a r t, flow  v a lu es  a tta in in g
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Fig. 2. Dog of 18 kg b o dy-w eigh t. E ffec t o f isop rénaline  in fusion  u n d e r  n o rm al co nd itions (u p p e r p a r t)  an d  d u rin g  m y o card ia l isch ae
m ia  (low er p a r t) .  R ecord ing  of m y o card ia l b lood  flow  a t  th e  to p , o f a r te r ia l  blood pressu re  a t  th e  b o tto m  of th e  in d iv id u a l blocks.
R ig h t m arg in : dose-response re la tio n sh ip s o f co ro n ary  v ascu la r  co nductance , о ---------О co ro n ary  sinus flow , о ----------- — о  m y o card ia l
b lood  flow . N u m b erin g  dow nw ards: isoprénaline  dose; m y o card ia l flow  (p e r cen t); local v ascu la r conductance  (p e r cen t) ca lcu la ted  
on  th e  basis o f m y o card ia l flow ; m ean  system ic  blood pressu re  (m m H g); co ro n ary  sinus flow  (m l/m in); v a scu la r con d u ctan ce  (per cen t) 
c a lcu la te d  on  basis o f co ro n ary  sinus flow  The in te g ra te d  m iddle  sections o f th e  blood pressu re  curves also m ark  th e  periods of co ro n ary  

sin u s flow  m easu rem en t. T he synchronous periods o f m y o card ia l flow  re g is tra tio n  are  m ark ed  b y  h o rizo n ta l lines
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T ab le  I

H aem odynam ic responses ( n =  10) to in fusions o f  isoprénaline

Normal state

control 0.2 ng kg-' 0.8 Hg kg-1

L o ca l m y o ca rd ia l flow, pe r cen t 100 +  8.5 +  31.1

±  0 ±  6.0 ±  13.1
L o ca l co n d u ctan ce , per cen t 100 +  14.5 +  49.2**

±  0 ±  7.5 ±  11.7
C o ro n a ry  sinus flow, m l m in -1 46.8 —14.9*** +  41.7***

±  3.3 ±  1-9 ±  5.2
C o ro n a ry  sinus flow, pe r cen t 100 +  31.7*** +  87.0***

±  0 ±  3.9 ±  7.5
S in u s co n d u ctan ce , per cen t 100 +  38.7*** +  120.1***

±  0 ±  6.5 ±  14.0
M ean  sy s tem ic  blood p ressure , m m  H g 112.3 — 4.1 — 14.5**

±  8.7 ±  1.9 ±  4.4
P u lse  p re ssu re , m m  Hg 27.1 +  8.1*** +  26.9***

±  3.6 ±  1.0 ±  4.6
H e a r t  r a te ,  m in-1 171.0 + 33.9*** +  58.4***

± 1 2 .1 ±  4.7 ±  7.4

T able  II

Response o f  blood p 0 2 and p H  to in fusion  o f  isoprénaline

Normal state

control 0.2 ,ug kg-1 0.8 Hg kg“1

P °2 22.0 + 0 .2 — 1.2

C o ro n ary  sinus, m m  Hg +  2.3 ± 0 .9 ± 1 .3

p 0 2 87.6 — — 0.7
A rte ria l,  m m  Hg ± 1 .1 ± 1 .2

p H 7.348 — 0.014 — 0.038**
C o ro n a ry  sinus ± 0 .0 3 1 ± 0 .0 0 5 ± 0 .0 0 7

p H 7.394 — 0.001
A rte ria l ± 0 .0 2 1 — ± 0 .0 0 3
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(0 .2  fig and 0.8 fig kg~ 1m in ~ 1) .  M ean  values and  ± S ~ E .M

Myocardial ischaemia

control 0.2 fig kg-I 0.8 fig kg“1

Local m yocard ia l flow, per cen t 47.1 +  4.6 +  10.3

±  8.6 ±  2.6 ±  6.7

Local conductance, per cent 49.6 +  6.0* +  24.7**

± 1 0 .4 - ±  2.4 ±  7.0

C oronary  sinus flow, ml m iii“ 1 43.3 +  7.5** +  25.3***

±  4.1 ±  2.0 ±  3.4

C oronary  sinus flow, per cen t 93.0

**©+

+  52.8***

±  6.4 ±  5.1 ±  5.2

Sinus conductance, pe r cent 93.3 +  22.2** +  103.3***

±  6.3 ±  6.6 ±  19.7

M ean system ic blood pressure, m m H g 110.1 — 3.5 — 21.7**

±  6.7 ±  2.2 ±  5.9
P ulse  pressure , m m H g 28.0 +  3.4* +  13.4*

±  2.0 ±  1-6 ±  5.3

H e a r t ra te , m in-1 175.6 +  18.5*** +  48.6***

±  9.6 ±  3.9 ±  9.9

* p  <  0.05 ** p  <  0.01 *** p  <  0.001

(0 .2  and 0.8 fig kg lm in  l)  (n  =  5 ) .  M ean values and  ± S .E .M .

Myocardial ischaemia

control 0.2 fig kg-' 0-8 fig kg“1

p 0 2 24.1 — 1.2 — 1.4
C oronary  sinus, m m H g ±4.1 ± 2 .7 ± 5 .1

P°2 89.7 — — 0.9
A rte ria l, m m  Hg ± 2 .3 ± 1 .6

pH 7.294 — 0.012 — 0.038*
C oronary  sinus ±0.028 ±0.007 ±0 .011

pH 7.378 — 0.001
A rteria l ±0.026 — ± 0 .004

* p  <  0.05 ** p <  0.01
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o r ev e n  exceeding n o rm a l leve ls  are com m on (Co u lso n  e t al. 1970). I t  h a s  been 
d e m o n s tra te d  b y  re c e n t  s tu d ie s  under s t r ic t ly  co n tro lled  e x p e rim e n ta l con
d it io n s  th a t  a fte r c o ro n a ry  occlusion th e  a ffe c te d  region of th e  dog h e a r t  n o t 
o n ly  preserves som e o f i ts  co n tra c tile  force (its  m u scu la r  tension  th u s  b e ing  n o t 
m e re ly  a passive p ro d u c t  o f  th e  c o n tra c tility  in  th e  su rro u n d in g  u n a ffec ted  
m y o ca rd iu m ) b u t  also  t h a t  th is  residual m u sc u la r  cap ac ity  is s till cap ab le  of 
b e in g  fu r th e r  in creased  b y  adrenerg ic  im p u lses  ( S c h e l b e r t  e t al. 1971). The 
re g u la to ry  m echanism s o f m yocard ia l c irc u la tio n  in  th e  ischaem ic zones are 
th e re fo re  of obvious im p o rta n c e .

Y e t, a lthough  th e re  a re  som e am ply  co n firm e d  d a ta  concern ing  th e  re 
g u la tio n  of flow in th e  n o rm a l coronary  sy s te m , th e  reg u la to ry  m echan ism s of 
c o ro n a ry  co llateral f lo w  a re  poorly  u n d e rs to o d . A ccord ing  to  th e  tra d itio n a l 
v ie w  ( K a t t u s  an d  G r e g g  1959), th e  co lla te ra ls  rep re sen t passive  v ascu la r 
c h a n n e ls . This view  w as sh a rp ly  co n tra d ic te d  b y  p re sen t fin d in g s, since th e  
b e ta -m im e tic  effect, th e  m o s t  im p o rta n t n e u ro h u m o ra l m echan ism  responsib le  
fo r  th e  regu lation  o f  c o ro n a ry  flow , in v o lv ed  also  th e  co lla te ra l c ircu la tion . 
F u r th e rm o re , th e  c o lla te ra l  v asod ila tion  w as u n re la te d  to  th e  re s tin g  level of 
f lo w  w h ich  varied  w ith in  a  b ro a d  range acco rd in g  to  th e  site  o f m easu rem en t. 
T h e  be ta -ad ren erg ic  d i la ta t io n  of th e  co lla te ra ls  supp ly in g  th e  ischaem ic  area 
a m o u n te d  to  ab o u t 5 0 %  o f  n o rm al co ronary  d ila ta tio n .

C onsidering th e  f a c ts  th a t  th e  A — V О 2 d ifference p rev a ilin g  in  th e  
c o ro n a ry  bed u n d e r r e s t in g  conditions is n o t  be low  70% , an d  m y o card ia l 
h y p o x ia  is the  m ost p o te n t  s tim u lus of d i la ta t io n  in  th is  v a scu la r fie ld , i t  is 
sa fe  to  assum e th a t  th e  m ic ro v ascu la tu re  o f  th e  ischaem ic  a rea , a t  le a s t in  th e  
ca se  o f  resting  va lu es  o f  less th a n  th e  n o rm a l 70 to  75% , w as in  a s ta te  of 
m a x im u m  d ila ta tio n  f ro m  th e  very  o u tse t. U n d e r  th ese  cond itions a fu r th e r  
in c re a se  in  the  b lood  s u p p ly  o f th e  ischaem ic a re a  can  only  be ach iev ed  b y  a 
d i la ta t io n  of those a r te r ia l  com m unications w h ich  are  s itu a te d  in  th e  m arg in a l 
z o n e , in  th e  f irs t p lace  in  th e  unaffec ted  c irc u la to ry  areas. I t  m ay  be  assum ed  
t h a t  since these c o lla te ra ls  h a d  n o t been a ffe c ted  b y  th e  local h y p o x ia , th e ir  
a d a p ta t io n a l  c a p ac ity  w as  n o t  ex h au sted  a n d  so th e y  w ere s till cap ab le  of 
f u r th e r  d ila ta tio n  in  re sp o n se  to  be ta -m im etic  im p u lses , in  th e  sam e m a n n e r as 
w e re  th e  coronary  sec tio n s  d is ta n t  from  th e  isch aem ic  area.

In  th e  course o f  th e  p re se n t s tu d y  lo ca l isch aem ia , th o u g h  in v o lv in g  a 
co n sid e rab le  p a r t  o f th e  le f t  ven tric le , p ro d u c e d  n o  n o te w o rth y  change in  th e  
r e s t in g  A —V 0 2 d ifference, n o r  d id  i t  affect th e  ca rd ia c  0 2 e x tra c tio n  u n d e r  th e  
in f lu e n c e  of b e ta -a d ren e rg ic  stim u la tio n . A lth o u g h  th e  iso p rena line-induced  
in c re a se s  in  v ascu la r c o n d u c ta n c e  re flec ting  ch an g es in  th e  overa ll co ro n ary  
c irc u la tio n  rem ained  s lig h tly  below th e  v a lu e s  ch arac teriz in g  th e  n o rm al 
v a s c u la r  response, th e  slopes o f th e  dose-response curves w ere la rg e ly  s im ila r in  
th e  ischaem ic  and  th e  n o rm a l s ta te . These fa c ts , th o u g h  in d irec tly , also  p o in t 
to  th e  rem arkab le  a d a p ta b i l i ty  of th e  v a sc u la r  segm ents responsib le  fo r th e
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m a in te n a n c e  o f co lla te ra l c ircu la tio n , since th e  v aso d ila tio n  ensuing in  re sponse  
to  b e ta -ad ren e rg ic  s tim u la tio n  h a d  to  be “ su p e rp o sed ”  on an  a d a p ta t io n a l  
v a so d ila tio n  d irec ted  a t  th e  co rrec tion  o f th e  ischaem ic  s ta te . I t  is o b v ious, 
m oreover, th a t  th is  a d a p ta tio n  could n o t be im p o sed  uniform ly  on th e  en tire  
co ro n a ry  system  b u t p rim a rily  on th e  v a sc u la tu re  a d jacen t to  th e  isch aem ic  
a rea , even  th o u g h  a general fu n c tio n a l h y p e raem ia  m ay  have also h a d  a p a r t  
in  its  p ro d u c tio n , since th e  fu n c tio n  of th e  ischaem ic  v en tricu la r se g m e n t is 
ta k e n  o v er b y  th e  u n affec ted  v e n tr ic u la r  m u sc u la tu re  as a whole. A t a n y  ra te , 
how ever, even u n d e r re s tin g  cond itions, th e re  h a d  to  be an  a d a p ta t io n a l  
g ra d ie n t p revailing  b e tw een  th e  in ta c t  v e n tr ic u la r  areas d is ta n t fro m  th e  
ischaem ic  area an d  tho se  a d ja c e n t to  i t  (i.e. fu rn ish in g  th e  co lla tera ls) a n d  no 
s ig n if ican t decrease in  th is  g ra d ie n t could h a v e  b een  produced  b y  th e  g rad u a l 
increase  in  b e ta -ad ren e rg ic  to n e . O therw ise, t h a t  is in  th e  absence of a n  in te rn a l 
co ro n ary  coo rd ina tion  o f  th is  k in d , th e  b e ta -a d ren e rg ic  s tim u la tio n  w ould  
h av e  h a d  to  be follow ed, in s te a d  o f a v a so d ila ta tio n  b y  th e  reverse o f i t ,  n a m e ly  
b y  a s te a l phenom enon  w ith in  th e  ischaem ic  a rea . This p h en o m en o n  w as, 
how ever, confined  to  a single jirep a ra tio n  in  o u r s tu d y  an d  even th e re  i t  was 
n o t sig n ifican t (Fig. 1).

A n in te rn a l co ro n ary  stea l phenom enon  h as  been  described re c e n tly  in 
e x p e rim e n ta l m yo card ia l ischaem ia  b y  S h a r m a  e t  al. (1971) an d  b y  U c h i d a  

an d  U e d a  (1972). T he cond itions o f  its  p ro d u c tio n  a re , how ever, s till  c o n tro 
versia l. In  th e  lig h t o f th e  p re se n t s tu d y , a c tiv e  co ronary  d ila ta tio n  o f  th e  
u n a ffec ted  v e n tr icu la r  areas offers no sa tis fa c to ry  ex p lan a tio n  for th e  c o ro n a ry  
s tea l. P ro d u c tio n  of th is  phenom enon  p resu p p o ses  some d iso rd e r o f  th e  
co ro n a ry  a d a p ta tio n  a d d itio n a l to  a sim ple h y d ro d y n a m ic  m ech an ism .
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A b sorp tion  o f  131I-a lb u m in  from  th e  d iap h ra g m a tic  a sp ec t o f  th e  p e rito n eu m , 
fro m  th e  liver a n d  th e  in te s tin a l serosa w as m easu red  in  dogs. P ro te in  ab so rp tio n  
fro m  th e  liver su rface  w as a b o u t fo u r tim es  m ore ra p id  th a n  t h a t  fro m  th e  d iap h rag m . 
No p ro te in  w as ab so rb ed  from  th e  g u t serosa. A b o u t 40%  of th e  ab so rb ed  p ro te in  
e n te red  d irec tly  in to  th e  b lood  cap illa ries. T he ly m p h a tic s  jo in in g  th e  g re a t veins a t 
th e  r ig h t side o f th e  neck  carried  a b o u t tw ice as m u ch  ab so rb ed  p ro te in  as d id  th e  
th o rac ic  duct.

A b o u t 20 y ea rs  ago, w hen  C o u r t i c e  an d  S i m m o n d s  [3] rev iew ed  th e  
p h y sio logy  of serous m em b ran es, i t  seem ed firm ly  e s tab lish ed  th a t  p ro te in  
m olecules are ab so rb ed  from  th e  ab d o m in a l c a v ity  m ain ly  on th e  p e rito n ea l 
a sp ec t o f th e  d iap h rag m  an d  are  th e n  tra n s p o r te d  in to  th e  c irc u la tio n  alm ost 
exclusively  by  th e  ly m p h  vessels. A t closer sc ru tin y  i t  seem s, how ever, th a t  
th is  a ssum ption  h as  been  based  on slender evidence.

T h e  site  of a b so rp tio n  from  th e  p e rito n ea l c a v ity  w as in v e s tig a te d  m ain ly  
w ith  p a rtic le s , such  as g ra p h ite , collo idal s ilver, red  cells, e tc . [1, 8, 9, 12]. 
T h ere  are  only few  re p o r ts  on an  in ten se  s ta in in g  o f th e  d ia p h ra g m  a fte r  th e  
in tra p e r ito n e a l in jec tio n  o f  dye-labelled  p lasm a p ro te in  [5, 6]. F ro m  th ese  ob
se rv a tio n s  i t  has been  concluded  th a t  th e  d iap h rag m  w as th e  s ite  o f p ro te in  
a b so rp tio n .

On th e  o th e r h a n d , v a rio u s pa rtic le s  are  carried  aw ay  fro m  th e  serous 
cav itie s  b y  the  ly m p h  vessels. F ro m  th is  o b se rv a tio n  ag a in  n o  conclusions 
shou ld  be draw n as to  th e  tra n s p o r t  o f p ro te in  m olecules. T h ere  is no  d o u b t 
t h a t  th e  sm all m olecules are  exchanged  across th e  en d o th e lia l a n d  m éso
th é lia l m em branes b y  a d iffusion  process an d  evidence is now  av a ila b le  th a t  in  
th e  b lood  capillaries, th e re  m ay  occur a sim ilar exchange o f collo id  m olecules 
[13— 16]. The assu m p tio n  th a t  no su b s ta n tia l am o u n ts  o f p ro te in  a re  ab so rbed  
from  th e  perito n ea l c a v ity  in to  th e  b lood  capilla ries is b ased  on a single ob
se rv a tio n  m ade in  3 r a ts  w ith  th e  in jec tio n  o f T -1824-labelled  se ru m  [5].

F ro m  th e  c lin ica l p o in t o f v iew , in  th e  u n d e rs ta n d in g  o f  th e  fo rm atio n  
an d  reso lu tion  o f p e r ito n e a l effusions, p ro te in  ab so rp tio n  an d  t r a n s p o r t  from  
th e  p e rito n ea l c a v ity  is o f  considerab le  in te re s t. A ccord ing ly , a  s tu d y  of th is  
p ro b lem  seem ed to  be  w a rra n te d .
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M ate ria l and  M ethods

In v e stig a tio n s  were m ad e  o n  58 m ongrel dogs u n d e r  p e n to b a rb ita l  a n aes th es ia  ( in itia l 
d o se , 30 m g/kg). The abdo m en  w as o pened  b y  a m idline incision . T h en  131I-lab e lled  h u m an  
a lb u m in  ( to ta l  ra d io a c tiv ity  a b o u t  5 /tC i), dissolved in  0.1 m l 2 %  a lb u m in  so lu tio n  w as in 
tro d u c e d  in to  th e  p e rito n ea l c a v ity .  T h e  m ate ria l w as d ia ly sed  a n d  checked  to  c o n ta in  less 
th a n  2 %  o f uncoupled  free 131I .  T h e  p ro te in  so lu tion  w as a p p lie d  on  a  ro u n d  piece or s trip  
o f  f i l t e r  p a p e r  (surface 3 to  4 sq . cm .).

1. A b so rp tio n  fro m  the peritoneal aspect o f  the diaphragm

A  ro u n d  filte r p a p e r 2 cm  in  d ia m e te r  w ith  m I-a lb u m in  w as p laced  on th e  d iap h rag m  
a n te r io r ly  an d  to  th e  le f t  o f th e  v e r te b ra l  colum n. To p re v e n t  c o n ta c t w ith  th e  a d ja c e n t 
s t r u c tu r e s  th e  f ilte r p a p e r w as c o v e re d  w ith  a sh ea t o f p la s tic . T h e n  th e  ab d o m en  w as closed 
a n d  ly m p h  and  serum  sam ples w ere  co llected . A t th e  e n d  o f th e  e x p erim e n t th e  f i l te r  p a p e r 
a n d  a  la rg e  p o rtio n  of th e  d ia p h ra g m  w ere rem oved  a n d  m ea su re d  fo r ra d io a c tiv ity .

G roup A .  In  15 dogs th e  th o ra c ic  d u c t and  th e  r ig h t  ly m p h  t ru n k  were d irec tly  can- 
n u la te d  in  th e  neck w ith  a te f lo n  tu b e . The difficulties o f r ig h t  d u c t c an n u la tio n  are  well 
k n o w n . A n  in d irect ap p ro ach  p ro v e d  to  be en tire ly  u n sa tis fa c to ry . T herefore, c an n u la tio n  
o f  a  m a in  b ra n ch  of th e  r ig h t d u c t  w as a tte m p te d  in e v e ry  a n im a l. I f  such  a  vessel w as no t 
fo u n d  o r i f  its  can n u la tio n  w as unsu ccessfu l th e  an im a l teas d iscard ed  o r th e  p ro ced u re  
d e sc rib e d  below  (G roup B) w as a d o p te d . L y m p h  was co llected  e v e ry  h o u r fo r 6 h o u rs  and  
a t  th e  e n d  of each collection p e r io d  a n  a r te ria l blood sam ple  w as tak e n .

G roup B . In  a n o th e r g ro u p  o f  8 an im als th e  th o rac ic  d u c t  w as can n u la te d  in  th e  left 
side  o f  th e  neck. On th e  r ig h t sid e  th e  subc lav ian  and  th e  in n o m in a te  veins w ere b a red  an d  
iso la te d . T h e  su rround ing  tis su es  w ere  sectioned  be tw een  b u lk  lig a tu res . B y  th is  p rocedure  
a ll ly m p h a t ic  and venous ch an n e ls  co m m u n ica tin g  w ith  th e  g re a t cerv ica l ve ins w ere severed .

I n  th ese  anim als th o rac ic  d u c t  ly m p h  and  a r te r ia l  b lo o d  w as co llected  as in  th e  p re 
v io u s  g ro u p .

2. A b so rp tio n  fro m  the liver surface

A  ro u n d  piece of f i lte r  p a p e r  w ith  labelled  a lb u m in  so lu tio n  w as p laced  on th e  a n te rio r  
su r fa c e  o f th e  left lobe of th e  l iv e r  a n d  covered w ith  p las tic .

G roup  A . In  11 dogs ly m p h  fro m  th e  th o rac ic  a n d  th e  r ig h t  d u c t w as co llected  as in 
G ro u p  1A.

G roup B . In  9 dogs th e  sam e  p ro ced u res were a p p lied  as in  G roup IB .
A t th e  end of th e  e x p e rim e n t th e  f i lte r  p ap er an d  th e  a d ja c e n t p a r ts  o f th e  liv e r were 

re m o v e d  fo r ra d io a c tiv ity  m ea su re m e n t.

3. A b so rp tio n  fro m  the p eritoneum  covering the je ju n u m

I n  15 dogs th e  labe lled  p ro te in  w as applied  on a 0.5 X 6 cm  s tr ip  of f i lte r  p a p e r  p laced  
a ro u n d  th e  je ju n u m  a t  a d is tan ce  o f 30 to  40 cm  from  th e  d u o d en u m . T he p a p e r w as iso la ted  
fro m  i t s  su rround ings b y  a sh e a t o f  p la s tic . A t th e  end o f  th e  e x p e rim e n t th e  f i lte r  p a p e r  an d  
a d ja c e n t  p a r ts  o f th e  in te s tin a l w a ll w ere rem oved  fo r ra d io a c tiv ity  m easu rem en t.

I n  8 o f these anim als a g a in  th e  th o rac ic  d u c t a n d  th e  r ig h t  t ru n k  w ere can n u la te d . 
As in  th e s e  anim als th e  r ig h t t r u n k  d id  n o t  carry  apprec iab le  a m o u n ts  o f rad io ac tiv e  p ro te in , 
in  th e  re m a in in g  7 dogs on ly  th e  th o ra c ic  d u c t was c a n n u la te d  an d  no a tte m p t w as m ade 
to  in te r r u p t  ly m p h  inflow  in to  th e  v e in s a t  th e  r ig h t side o f th e  neck.

A t th e  end of th e  e x p e r im e n t, c ircu la ting  p lasm a  vo lu m e w as m easu red  w ith  th e  
E v a n s  b lu e  dye-d ilu tion  m e th o d . T issue  sam ples an d  th e  f i l te r  p a p e r  rem oved  fro m  th e  
a n im a ls  w ere tre a te d  w ith  20%  so d iu m  h y d ro x id e . R a d io a c tiv ity  in  ly m p h  an d  p lasm a  sam ples 
as w ell a s  in  a liquots of th e  d ig e s te d  tis su es  and  th e  f i lte r  p a p e r  w as m easu red  in  a w ell ty p e  
s c in ti l la t io n  d e tecto r. T he a m o u n t o f  131I-a lb u m in  p re sen t in  c irc u la tin g  blood p lasm a  was 
c a lc u la te d  from  th e  p ro te in b o u n d  ra d io a c tiv ity  and  p lasm a  vo lu m e. 131I-a lb u m in  t r a n s 
p o r te d  b y  th e  ly m phatics was c a lc u la te d  from  th e  ra d io a c tiv ity  fo u n d  in  th e  co llected  ly m p h  
sa m p le s . T he resu lts  were ex p ressed  as p e r  cen t o f th e  to ta l  in tro d u c ed  ra d io a c tiv e  dose. 
T h e  v a lu e s  given in  th e  te x t  a n d  f ig u re s  are  m eans i  s ta n d a rd  erro r.
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Results

1. A bsorption  fro m  the diaphragm  w as slow  (Fig. 1). In  6 h o u rs , on ly  
1.6 i  0 .4 %  o f th e  in tro d u c e d  rad io a lb u m in  w as recovered  in th e  th o ra c ic  
d u c t ly m p h ; 1.9 i  1 .2 %  w as found  in  th e  ly m p h  flow ing  from  th e  c a n n u la te d  
r ig h t d u c t and  8.6 ^  2 .2 %  w as recovered  from  th e  c ircu la ting  p la sm a , g iv ing  
a to ta l  o f 12 .1%  fo r d ia p h ra g b ia tic  a b so rp tio n . 58.7 i  12.6%  of th e  m a te r ia l  
re m a in e d  on th e  f i l te r  p a p e r  or in th e  a d ja c e n t tissu es .

In  th e  an im als w ith  lig a ted  r ig h t ly m p h  t r u n k  th e  frac tion  t r a n s p o r te d  
in  6 h o u rs  b y  th e  th o ra c ic  d u c t w as 2.4 0 .9 %  a n d  4.7 ^  0.8 was re c o v e red  in
th e  c ircu la tin g  p lasm a, g iv ing  7 .1%  as a to ta l  fo r  th e  6 h r ab so rp tio n  (F ig . 2).

F ig . 1. A b so rp tio n  o f 131I-a lb u in in  from  p e rito n ea l asp ec t o f th e  d iap h ra g m  
(P e r c en ts  o f  th e  in tro d u c ed  dose recovered  from  c irc u la tin g  blood serum , th o ra c ic  d u c t

a n d  rig h t ly m p h  t ru n k  ly m p h )

F ig. 2. A b so rp tio n  of 13>I-a lb u m in  from  d iap h ra g m a tic  a sp e c t o f p e rito n eu m  in  dogs w ith
lig a ted  r ig h t ly m p h  t r u n k

(P e r cen ts  o f dose found  in  serum  a n d  th o ra c ic  d u c t lym ph)
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T h e  a m o u n t w hich re m a in e d  u n ab so rb ed  a t  t h e  site  o f a p p lic a tio n  w as 
5 8 .0  ±  8 .7% .

A  com parison  o f  th e  tw o  groups m a d e  i t  clear th a t  th e  ly m p h a tic s  
te r m in a t in g  on th e  r ig h t  side o f th e  n eck  a re  p ro b a b ly  th e  m o st im p o r ta n t  
p a th w a y  for th e  t r a n s p o r t  o f  th e  p ro te in  a b s o rb e d  a t  th e  p e rito n e a l a sp ec t o f 
t h e  d iap h rag m . T h is is d e m o n s tra te d  in  F ig .^ 3 , w here th e  a m o u n t o f  th e

7o

F ig . 3. A b sorp tion  o f 131I-a lb u m in  from  d iap h rag m . C a lcu la ted  tra n sp o r t  b y  ly m p h  vessels 
o n  th e  r ig h t  side o f th e  n e ck  (“ t r .  d e x te r” )

(F u r th e r  ex p la n a tio n  in  te x t)

la b e lle d  p ro te in  en te rin g  th e  veins a t  th e  r ig h t  side of th e  neck (“ t r .  d e x te r” ) is 
c a lc u la te d  b y  ad d in g  to  th e  differences o f  th e  p la sm a  131I-a lb u m in  v a lu es  of 
g ro u p s  A  and  B, th e  a m o u n ts  recovered  in  th e  r ig h t ly m p h  d u c t  ly m p h  of 
g ro u p  A . In  th e  g ra p h  th e  v alues for th o ra c ic  d u c t  ly m p h  an d  b lo o d  p lasm a  
a re  th o s e  of group B.

2. Absorption fr o m  the liver surface w as fo u n d  to  be m ore ra p id  th a n  th e  
a b s o rp tio n  from  th e  d ia p h ra g m . A fter 6 h r , th e  to ta l  am o u n t fo u n d  in  p lasm a  
a n d  ly m p h  was 5 0 .5 %  a n d  only  3.1 k ; 1 .0 %  w as recovered  a t  th e  s ite  of 
a p p lic a tio n . The fra c tio n  ca rried  aw ay b y  th e  tho rac ic  d u c t ly m p h  was
7.1 k :  1 .3% , w hile 9.3  k : 1 .9%  was fo u n d  in  th e  r ig h t ly m p h  t r u n k  and
34.1  k r 5 .0%  in th e  c irc u la tin g  p lasm a (F ig . 4).

In  th e  an im als w ith  lig a te d  rig h t d u c t (G ro u p  B), recovery  in  c ircu la tin g  
p la s m a  d ro p p ed  to  18.7 k :  2 .5 , and  in  6 h r  9.3 k : 2 .6 %  was tra n s p o r te d  b y  th e  
th o r a c ic  d u c t (F ig . 5). A cco rd ing ly , th e  t o t a l  a m o u n t found  in  p la sm a  an d  
ly m p h  w as in these  an im a ls  28 %  of th e  in tro d u c e d  dose. The im p o rta n c e  o f th e  
ly m p h a tic s  on th e  r ig h t  s id e  o f th e  neck  in  th e  tra n s p o r t  of p ro te in  w as e s ti
m a te d  in  th e  sam e m a n n e r  as in  th e  p rev io u s  ex p erim en ts . F ig . 6 show s th a t  
a g a in  th e se  channels a re  p ro b a b ly  th e  m o s t im p o r ta n t  p a th w a y  o f p ro te in  
a b s o rp tio n .
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Fig. 4. A b so rp tio n  o f 131I-a lb u m in  fro m  liv e r surface 
(Ver cen ts  o f  th e  dose fo u n d  in  serum , th o rac ic  d u c t a n d  r ig h t ly m p h  t ru n k  ly m p h )

•/.

M g. 5. A b so rp tio n  of 131I-a lb u m in  from  liver surface  in  an im als  w ith  lig a ted  r ig h t  ly m p h
tru n k

(P e r  cen ts  o f in tro d u c ed  dose found  in se ru m  a n d  th o rac ic  d u c t ly m p h )

F ig. 6. A b so rp tio n  of 131I-a lb u m in  from  liv e r surface . C a lcu la ted  a m o u n t o f t r a n s p o r t  b y  
ly m p h a tic s  on  r ig h t side o f  th e  neck 

(F u r th e r  in fo rm atio n s in  te x t)
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3. From  the serosa o f  the je ju n u m  th e re  w as p ra c tic a lly  no  a b so rp tio n . 
A f te r  6 h r  only 2 .9%  o f th e  ap p lied  a m o u n t was fo u n d  in  th e  c ircu la tin g  
p la s m a  a n d  th e  th o rac ic  d u c t  ly m p h . In  th e  r ig h t ly m p h  t r u n k  131I-a lb u m in  
c o n c e n tra t io n  rem ain ed  below  its  p la sm a  co n cen tra tio n , c o n seq u en tly  no 
a b s o rb e d  p ro te in  is t ra n s p o r te d  b y  th is  ro u te  (F ig . 7).

Fig. 7. A b so rp tio n  o f 131I-a lb u m in  fro m  in te s tin a l serosa

I n  v iew  of th e  sm all a m o u n ts  of lab e l fo u n d  in  p lasm a an d  ly m p h , th e re  
is  n o  ev idence  th a t  th is  p ro te in  is ab so rb ed  from  th e  p e rito n ea l su rface  of th e  
sm a ll in te s tin e . A ctu a lly , th e  ab so rp tio n  m a y  h av e  occurred  from  som e o th e r 
p a r t  o f  th e  p e rito n eu m  a f te r  th e  p a r tia l  e lu tio n  o f th e  p ro te in  from  th e  f ilte r  
p a p e r  b y  th e  perito n ea l f lu id . T his a ssu m p tio n  is co rro b o ra ted  b y  th e  fac t 
t h a t  a t  th e  end of th e  e x p e rim e n t only 20.4 i  3 .7%  of th e  lab e l w as fo u n d  on 
th e  f i l t e r  p ap e r and  in  th e  a d ja c e n t p o rtio n  o f  th e  g u t wall.

D iscussion

T h e  experim en ts re p o r te d  show ed t h a t  th e  p e rito n ea l asp ec t o f  th e  d ia 
p h r a g m  is n o t th e  on ly  a n d  n o t even th e  m o s t im p o r ta n t s ite  o f p ro te in  a b 
s o rp t io n  from  th e  a b d o m in a l cav ity . P la sm a  p ro te in  is ab so rb ed  w ith  con
s id e ra b le  speed also from  th e  capsule o f  th e  liv er. W h e th e r th e  r a te  o f a b 
s o rp t io n  p e r  u n it a rea  fro m  th e  liv e r su rface  rea lly  exceeds a b o u t fo u r tim es 
t h a t  f ro m  th e  p e rito n ea l a sp e c t o f th e  d ia p h ra g m , is n o t easy  to  decide. I t  has 
b e e n  re p o r te d  [2, 6, 9] t h a t  th e re  are  s u b s ta n tia l  reg ional d ifferences in  th e  
a c t iv i ty  o f  th e  d ia p h ra g m a tic  abso rb in g  su rface . In  th e  p re se n t ex p erim en ts , 
th e  a p p lic a tio n  site  o f th e  lab e lled  p ro te in  w as chosen for its  conven ience  and  
a c c e ss ib ility . I t  is qu ite  possib le  t h a t  in  th e  dog  th is  is a re la tiv e ly  in a c tiv e  area 
o f  t h e  d iap h rag m . A n o th e r source  o f e rro r cou ld  be th a t  th e  c o n ta c t be tw een
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th e  m oving  d ia p h ra g m  an d  th e  in tro d u c e d  p ro te in  is less in tim a te  a n d  co n 
s ta n t  th a n  on th e  im m obile  liver su rface . T h ese  considera tions c a n n o t, h o w 
ever, in fluence  th e  fa c t th a t  th e  liver su rface  is a site  o f ra p id  p ro te in  a b 
so rp tion .

As to  th e  im p o rta n c e  of these  f in d in g s  in  physio logy  an d  p a th o lo g y , 
th e re  is an ov ersim p lifica tio n  w hich shou ld  b e  d e a lt w ith . T he n o rm a l process 
o f p e rito n ea l flu id  fo rm a tio n  or th e  a c c u m u la tio n  o f effusions is u su a lly  d e 
scribed  in  te rm s o f  escape  from  th e  b lood cap illa rie s  of a flu id  w ith  a d e te rm in e d  
com position  an d  o f  i ts  ab so rp tio n  in to  th e  ly m p h  vessels in  som e specific  a rea  
o f th e  p e rito n eu m . T h is is, how ever, o n ly  th e  f in a l consequence o f  a com 
p lica ted  process. N e t flu id  and  solute flow  is a re su lt of th e  diffusion o f  c ry s ta l
loid an d  colloid m olecules across th e  vessel w alls  an d  th e  p e rito n ea l m e m b ra n e , 
th e  f i l tra tio n  o f th e  so lv en t from  th e  cap illa rie s , u p ta k e  o f  th e  f lu id  b y  th e  
te rm in a l ly m p h a tic  vessels, e tc . These p rocesses a re  governed b y  d iffe re n t an d  
in d ep en d en t h y d ro s ta tic  and  osm otic forces, a n d  th e y  m ay occur on d iffe re n t 
p a r ts  o f th e  p e rito n eu m . T he com position  o f  n o rm a l peritoneal flu id  re f le c ts  an  
equ ilib rium  b e tw een  cap illa ry  f i ltra tio n  a n d  a b so rp tio n , exchange b y  d iffusion  
of th e  in d iv id u a l m olecules an d  b u lk  a b so rp tio n  b y  th e  ly m p h a tic s . T h e  liv e r 
capsu le seem s to  b e , beside th e  d ia p h ra g m a tic  a sp ec t of th e  p e r ito n e u m , th e  
m ost im p o r ta n t s ite  o f  th is  exchange, a t  le a s t in  re sp ec t of th e  p ro te in  m olecules. 
P a tho log ic  flu id  accu m u la tio n s are  th e  re s u lt  o f  a p e rtu rb ed  e q u ilib riu m . In  
th e ir  m ost com m on v a r ie ty , in  ascites p ro d u c e d  in L aennec’s c irrhosis  b y  
p o sts inuso ida l v en o u s s tasis , th e  liver cap su le  is ac tu a lly  th e  p lace  o f  flu id  
and  p ro te in  leakage  [10, 11]. I t  was su g g ested  th a t  th is  flu id  o f h ig h  p ro te in  
c o n te n t is f ilte re d  n o t , or n o t only, from  th e  liv e r  sinusoids b u t  also fro m  th e  
engorged cap su la r ly m p h a tic s  [10, 17]. In  th is  cond ition , th e  escaped  f lu id  is 
reab so rb ed  obv io u sly  n o t  from  th e  liv e r su rface  b u t  from  som e o th e r  p a r t  of 
th e  p e rito n eu m .

In  th e  p re se n t ex perim en ts p ro te in  a b so rp tio n  from  th e  serosa covering  
th e  sm all in te s tin e s  w as also m easured . T h is  s ite  w as selected  on th e  basis  of 
th e  a ssu m p tio n , t h a t  in  some c irrh o tic  p a tie n ts  flu id  and  p ro te in  escap ing  
from  th e  in te s tin a l w all could be th e  cau se  o f ascites fo rm a tio n  [7]. O ur 
resu lts  h av e , h o w ev er, m ade to  seem  ra th e r  im p ro b ab le  th a t  p ro te in  d iffu sion  
—  an d  for th a t  m a t te r  also f iltra tio n  —  w ou ld  occur across th e  in te s tin a l 
cap illaries an d  th e  serosa o f th e  gu t w all.

F ro m  our ex p erim en ts  i t  could also b e  concluded  th a t  p ro te in  m a y  be 
rem oved  from  th e  p e rito n ea l space by  a b so rp tio n  in to  b lood  cap illa rie s . I t  
w as fo u n d  th a t  a t  th e  p e rito n ea l aspect o f  th e  d iap h rag m  th e  ra tio  o f  ven o u s 
versus ly m p h a tic  tra n s p o r t  (ca lcu la ted  fro m  b o th  series of ex p e rim en ts) w as 
0.66 an d  th e  sam e ra tio  for abso rp tio n  fro m  th e  liver capsu la  w as 0 .59. T h is 
m eans th a t  n ea rly  40 %  of th e  to ta l  a b so rb ed  p ro te in  en tered  d irec tly  th e  b lood  
capillaries.
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T h e  ly m p h a tic s  fro m  th e  d iap h rag m  a n d  th e  liv e r capsule a re  jo in in g  
p re d o m in a n tly  th e  co llec tin g  p a th s  on th e  r ig h t  side o f th e  neck , an d  n o t  th e  
th o ra c ic  d u c t. A c tua lly , b o th  from  th e  d ia p h ra g m  an d  from  th e  liv e r  su rface  
a b o u t  tw ice  as m uch a b so rb e d  p ro te in  is t r a n s p o r te d  b y  th e  tr ib u ta r ie s  o f  th e  
r i g h t  d u c t  as b y  th e  th o ra c ic  d u c t.

T h e  in ferio r p a r t  p la y e d  b y  th e  th o ra c ic  d u c t  in  th e  tra n sp o r t  o f  th e  a b 
s o rb e d  p ro te in  an d  p a rtic le s  from  th e  p e r ito n e a l c a v ity  has been  d esc rib ed  
p re v io u s ly  in  guinea p igs, c a ts  an d  ra b b its  [4].
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SODIUM EXCRETION AFTER SALINE INFUSION 
UNDER NORMAL CONDITIONS 

AND IN THE SUCCESSIVE STAGES 
OF HYPERTENSIVE DISEASE
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T he n a tr iu re tic  re sponse  to  h y p e rto n ic  (5 % ) saline in fusion  has b e en  s tu d ied  
in  112 su b jects. A fter th e  a cu te  sa lt lo ad , a  s ig n ifican t difference in  n a tr iu re s is  was 
n o te d  be tw een  th e  h y p e rte n siv e  su b je c ts  an d  th e  n o rm al con tro ls. T he d iffe ren ce  was 
likew ise  sign ifican t be tw een  th e  n o rm al con tro ls a n d  th e  no rm otensive  su b je c ts  o f th e  
h y p e rre a c to r  (NAT positiv e ) g ro u p . No sig n ifican t difference in  re ac tiv e  n a tr iu re s is  
w as fo u n d  betw een  th e  h y p e rte n siv e  a n d  th e  h y p e rre a c to r  group.

S odium  excre tion  b y  h y p e rte n s iv e  su b jec ts  a f te r  an  acu te  s a lt  lo a d  has 
w id e ly  b een  s tud ied  w ith  th e  conclusion  th a t  su ch  p a tie n ts  ex cre te  m o re  o f  th e  
in fu se d  N aC l an d  a t  a h ig h er r a te  th a n  do n o rm o ten siv e  in d iv id u a ls . W e h av e  
in v e s tig a te d  th e  problem  in  th e  d iffe ren t stages of h y p erten s iv e  d isease .

M ateria l an d  M ethods

T h e  m a te ria l consisted  of 112 su b je c ts ; th e y  w ere d iv id ed  in to  th e  fo llow ing  groups.
I. N o rm a l sub jects w ith o u t a n y  ev idence  of h e a r t  o r c ircu la to ry  disease.
I I .  H y p e rten siv e  p a tie n ts .
I l /a .  A p a r ticu la r  g roup  w as fo rm ed  b y  e lderly  p a tie n ts  w ith  a rte rio sc le ro sis . T hese 

w ere d iv id e d  in to  tw o su b groups , th e  f i r s t  consisting  of 6 p a tie n ts  w ith  h ig h -am p litu d e  h y p e r
te n s io n , d ia s to lic  p ressures be ing  in  th e  ra n g e  of 95 to  100 m m H g  (“ sc lero tic  h y p e rte n s io n , 
ty p e  I ” ); a n d  th e  second of 4 p a tie n ts  w ith  h ig h -am p litu d e  h y p e rten sio n , d ia s to lic  p ressu re  
ra n g in g  fro m  70 to  90 m m H g (“ sc lero tic  h y p e rte n sio n , ty p e  I I ” ).

I I I .  N o rm otensive  su b je c ts  w ith  v e g e ta tiv e  d y s to n ia  an d  a p ositive  n o ra d re n a lin e  
te s t ,  i.e . e x h ib itin g  a s ign ifican t e le v a tio n  (b y  m ore th a n  20 m m H g) of a r te r ia l  b lo o d  p ressu re  
in  resp o n se  to  th e  in trav en o u s  a d m in is tra tio n  of a single dose of 5 pg  n o ra d re n a lin e . (F o r 
d e ta ils , see K o m o r  and  P o l g á r , 1965.)

IV. N orm otensive  su b je c ts  w ith  v eg e ta tiv e  d y s to n ia  an d  a neg ativ e  n o ra d re n a lin e  
te s t ,  th u s  e x h ib itin g  no s ig n ifican t rise  in b lood  pressu re  in  response to  n o ra d re n a lin e .

A n tih y p e rten s iv e  d rugs w ere w ith d raw n  an d  o n ly  m ild seda tives a llow ed  d u rin g  th e  
la s t  tw o  w eeks before an d  d u rin g  th e  sa lt loads. P a tie n ts  w ith  h e a r t  o r k id n e y  fa ilu re  o r 
c e re b ro v ascu la r  lesions w ere ex c lu d ed  from  th e  stu d ies . D aily  d ie ta ry  so d iu m  in ta k e  was 
re s tr ic te d  to  3 to  5 g. D uring  a p re lim in a ry  te s t  period  o f th ree  d ays, 24 h r  u r in e s  w ere col
lec ted  fo r th re e  successive d ay s a n d  u r in a ry  N a, К  an d  Cl w ere m easu red  in  th e  p o o led  u rin e . 
I n  o rd e r to  check th e  re liab ility  o f co llection , endogenous c rea tin in e  c learance  w as also de 
te rm in e d . T h e  sa lt loading te s ts  w ere p e rfo rm ed  on  tw o  successive d ay s, 25 g N aC l being 
a d m in is te re d  da ily  in  th e  fo rm  of a 5%  in tra v en o u s  in fusion  a t  a ra te  o f 60 to  80 d ro p s  pe r 
m in u te . C ollection  of urine w as c o n tin u e d  d u rin g  and  a f te r  th e  load ing  fo r a n o th e r  th re e  d ays.

К  a n d  N a c o n cen tra tio n s  w ere m easu red  w ith  a  Zeiss I I I  flam e p h o to m e te r ,  u sing  
c o n c e n tra te d  am m onia  in  100-fold d ilu tio n  as d ilu en t. F o r  th e  e s tim a tio n s  o f К  100-fold,
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fo r  th o se  of N a, 50-fold u r in a r y  d ilu tions were u sed . C l-ions w ere m easu red  acco rd ing  to  
S c h a l e s  b y  m eans of m e rc u ro m e try  w ith  d ip h en y lc a rb a zo n e  as in d ica to r. U rin a ry  c rea tin in e  
w as  e s tim a te d  b y  th e  J a f f e  re a c tio n : in  a lka line  m e d iu m , in  th e  p resence o f sa tu ra te d  
p ic r ic  ac id , c reatin ine  is c o n v e r te d  to  sodium  p ic ra te  re d d ish -b ro w n  in  colour, th e  in te n s ity  
o f  w h ic h  is re la ted  to  th e  a m o u n t  o f  crea tin ine . In  g en era l, 100-fold u r in a ry  d ilu tio n s w ere used .

R esults

G roup I . C o n tro ls , i .e . n o rm otensive  in d iv id u a ls , w ith  no ev idence o f 
c a rd ia l , ren a l or h e p a tic  d isease  an d  w ith  a n e g a tiv e  fam ily  h is to ry  fó r  h y p e r
te n s io n  (30 sub jec ts).

D a ily  sodium  e x c re tio n  am o u n ted  from  3.21 to  3.67 g p rio r to  th e  te s ts  
a n d  a t ta in e d  7.56 to  8 .49 g in  response to  N aC l-load ing . In  th e  course o f th re e

F ig . 1. N aC l excretion  in  30 n o rm a l cont- Fig. 2. N aC l ex cre tio n  in  51 h y p e rten siv e
ro ls , in  response to  tw o  in fu s io n s  of 25 g su b je c ts  in  response  to  N aC l-load ing  (see
N a C l ( =  19.6 g Na) each  o n  4 th  a n d  5 th  day  legend  of F ig . 1)

d a y s  a f te r  th e  te s ts  i t  su ccessiv e ly  d im in ished  to  6 .15, fin a lly  to  4.55 g (F ig . 1). 
B lo o d  p ressu re  in c reased  d u rin g  th e  period  o f  s tu d y  inc lud ing  th e  p re lim in ary  
s ta g e , th e  loading te s ts  a n d  th e  su b seq u en t th re e  d ay s , to  7.3 systo lic  an d  11.12 
m m H g  d iasto lic  v a lu e . A s co lu m n  1 o f F ig . 7 show s, b lood  p ressu re  rem ain ed  
s lig h tly  below  th e  o rig in a l lev e l for a few d ay s  a f te r  com pletion  o f th e  load ing  
te s ts  (F ig . 7).

G roup  I I .  T h e  h y p e r te n s iv e  g roup  co m p riz in g  p a tie n ts  in c lu d ed  10 
e ld e r ly  p a tie n ts  in  s tag es  I I I — IV  o f sc lero tic  ty p e  h y p e rten s io n  w ith  a r e 
sp o n se  d ifferen t from  t h a t  o f  th e  o th e r 51 h y p e r te n s iv e  su b jec ts  (see G roup 
I l / a ) .  N a triu resis  of th e  51 su b je c ts  in  th e  course  o f  th e  3 days p rio r  to  load ing  
ra n g e d  from  3.27 to  3.62 g, an d  from  11.13 to  11.72 g in  response to  NaCl- 
lo a d in g . I t  declined th e r e a f te r  to  a m ean  v a lu e  o f  7.63, th e n  to  4.61 g in  th e
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course o f th e  f i r s t  th ree  days a f te r  load ing  (F ig . 2). T he h y p erten siv e  re sp o n se  
w as systo lic  as w ell as d iasto lic  in  all h u t  2 cases o f th is  group , th e  m e a n  rise  
in  systo lic  p re ssu re  being  12.7 a n d  in  d iasto lic  p ressu re , 24.0 m m H g  (see 
co lum n I I  in  F ig . 7). I t  w as likew ise in  th is  g roup  th a t  occasional ad v e rse

1 2 3 A 5 6 7 6

Fig. 3. NaCl ex c re tio n  in response to  NaCl 
load ing  in  6 su b je c ts  w ith  a rte rio sc le ro tic  h y 
p e r  ten s io n  (d ias to lic  pressure  fro m  95 to  

100 m m H g)

Fig. 4. N aC l ex cre tio n  in response  to  N aC l 
load ing  in 4 sub jec ts  w ith  a r te r io sc le ro tic  
h y p e rte n s io n  (d iasto lic  p ressu re  b e lo w  90 

m m H g)

reac tio n s w ere n o ted , a lth o u g h  th e  h y p e rto n ic  saline infusion w as to le ra te d  
w ell b y  m ost p a tie n ts .

G roup I l / a .  In  th is  g roup  o f sclero tic  h y p e rte n s io n  th e  response to  N aC l- 
lo ad in g  w as in co n sis ten t. In  6 o f th e  10 su b jec ts  th e  response w as s im ila r  to  
t h a t  found  in  th e  h y p e rten s iv e  group , w ith  th e  d ifference th a t  to ta l  so d iu m  
ex cre tio n  on th e  second d ay  o f lo ad in g  w as less th a n  in  th e  fo rm er g ro u p  (F ig .3 ). 
In  th e  o th e r 4 cases, th e  load in g  failed  to  e lic it a ty p ic a l response. T h ese  cases 
m ay  th u s  he reg a rd ed  as u n resp o n siv e . In  fac t, sod ium  excretion  on th e  second  
d ay  o f  load ing  failed  to  a t ta in  th e  figu res found  in  th e  contro ls (T able  I ) .

G roup I I I .  T his group  w as fo rm ed  h y  14 n o rad ren a lin e-p o sitiv e  su b je c ts  
w ith  v e g e ta tiv e  dy sto n ia . T he v e g e ta tiv e  sy m p to m s w ere in  m a n y  re sp e c ts  
s im ila r to  th o se  o f h y p e rten s io n . All p a tie n ts  in it ia lly  w ere n o rm o te n s iv e . In  
th e  n o ra d re n a lin e  te s t , 14 o u t o f  21 gave a p o sitiv e  reac tio n .

T he response  of th e  14 reac to rs  w as s im ila r to  th e  reac tio n  o f th e  h y p e r 
ten s iv e  p a tie n ts  (F ig. 5). In  th e  th re e  days b efo re  load ing , m ean  s o d iu m  ex 
c re tio n  ran g ed  betw een  2.96 a n d  3.63 g, a t ta in in g  12.78 to  13.23 g in  re sp o n se  
to  N aC l-loading  an d  declin ing successively  to  8.97 and  4.36 g, in  th e  c o u rse  o f

Acta Medica Academiac Scientiarum Hungaricae 30, 1973



A
cta

 
M

ed
ica

 
A

ca
d

em
ia

e 
S

cien
tia

ru
m

 
H

u
n

g
a

rica
e 

3
0

, 
1973

Table I

Salt excretion (m ean  ^  S D ) as a fu n c tio n  o f  tim e (d a ys). Loading on 4th and 5th days

Group Day 1 2 3 4 5 6 7 8 4/3 day ratio N

I. Controls 3.21 3.49 3.67 7.56 8.49 6.15 5.21 4.55 2.17 30

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

и . H ypertension 3.27 3.64 3.62 11.13 1 L.72 7.63 6.05 4.61 3.19 51

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

II .a . Sclerotic h y p ertension  I 3.18 3.67 3.95 10.25 10.83 7.20 5.88 4.97 2.64 6

± 0 .6 9 ± 0 .8 3 ± 0 .4 9 ± 1 .4 2 ± 2 .3 6 ± 1 .4 9 ± 1 . 2 2 ± 0 .9 3 ± 0 .5 7

II .a . Sclerotic hypertension  I I 2.55 2.93 3.23 6.33 6.03 3.70 3.23 3.15 2.00 4

± 0 .2 4 ± 0 .2 6 ± 0 .5 7 ± 0 .3 8 ± 0 .3 9 ± 0 .4 2 ± 0 .5 0 ± 0 .2 6 ± 0 .2 8

I I I . N oradrenaline  positive 2.96 3.70 3.63 12.78 13.23 8.97 5.63 4.36 3.56 14

± 0 .4 5 ± 0 .6 2 ± 0 .4 2 ± 1 .2 3 ± 1 . 1 2 ± 1 .5 1 ± 0 .8 7 ± 0 .8 3 ± 0 .5 3

IY. N oradrenaline  negative 3.79 3.91 3.93 9.59 8.24 6.57 5.30 3.87 2.46 7

± 0 .5 8 ± 0 .3 0 ± 0 .4 5 ± 0 .4 6 ± 0 .5 8 ± 1 . 0 1 ± 0 .6 0 ± 0 .7 1 ± 0 .2 7
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th e  th re e  days su b seq u en t to  load ing . T h e  average  h y p e rten s iv e  re sp o n se  to  
N aC l-load ing  w as 21.1 m m H g  systo lic  an d  36.1 d iasto lic  in  th e  14 su b je c ts  of 
th is  g roup  (see Fig. 7, G roup  I I I ) .  H ead ach es , d ryness of m o u th  w ere  rep o rted  
a f te r  th e  load ing  te s ts  b y  th e  m a jo rity  o f  p a tie n ts ;  8 p a tie n ts  co m p la in ed  of 
w eekness in  th e  lim bs, 6 o f  m ild  oppression .

F ig. 5. N aC l ex cre tio n  in  resp o n se  to  N aC l Fig. 6. NaCl excre tion  in  re sp o n se  to  NaCl- 
lo ad in g  in  14 no rm otensive  n o rad ren a lin e - lo ad in g  in 7 no rm o ten siv e , n o ra d re n a lin e 

p o sitive  sub jects (reac to rs ) n eg ativ e  sub jec ts  w ith  v e g e ta t iv e  d y ston ia

G roup IV . In  th e  7 n o ra d re n a lin e -n e g a tiv e  cases, th e  r e a c tio n  to  th e  
lo ad in g  w as sim ilar as in  th e  n o rm a l con tro ls  (T able I , Fig. 6). T h e  h y p e rte n s iv e  
response  to o , was basica lly  th e  sam e as in  th e  contro ls (see F ig . 7, C o lum n IV).

D iscussion

I t  is som e 70 years  ago th a t  F re n c h  au th o rs  have  f irs t  p o in te d  to  the  
h y p o ten siv e  effect o f a low  sa lt d ie t: re s tr ic tio n  o f d ie ta ry  so d iu m  in ta k e  or 
a d m in is tra tio n  of sa lu re tic  ag en ts  is u su a lly  follow ed by  a fall in  b lo o d  pressure. 
T h e re  is ex tensive  e x p e rim e n ta l ev idence suggestive of th e  e x is te n c e  of con
n ec tio n s  betw een  h y p e rte n s iv e  disease an d  sodium . A rteria l h y p e r te n s io n  can 
be  in d u ced  b y  m assive a m o u n ts  o f sod ium  ad m in iste red  to g e th e r  w ith  desoxy- 
co rtico ste ro n e  and  Sarre (1944) show ed th is  effect to  be a sso c ia ted  w ith  an  in 
crease in  p e rip h era l re s is tan ce . These fin d in g s s tim u la ted  f u r th e r  stud ies; 
in te rp re ta t io n  of th e  re su lts  w as, how ever, d ifficu lt as H o lla en d er  and 
J udson  (1957) o b ta in ed  s im ila r resu lts  w ith  iso ton ic , som e o th e r  a u th o rs  w ith  
h y p e rto n ic  saline so lu tions, again  o th e rs , e.g. B rodsky an d  Gra d ba r th  (1953), 
w ith  m an n ito l infusion.
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Fig. 7. Systo lic  a n d  d ia s to lic  pressure in  re sp o n se  to  N aC l loading 
I :  m e a n  o f 30 norm al co n tro ls  

I I :  51 h y p e r te n s iv e 'su b je c ts
I I I :  14 n o rad ren a lin e -p o sitiv e  n o rm o te n s iv e  sub jects w ith  v e g e ta 

t iv e  d y sto n ia
IV : 7 n o rad ren a lin e -n eg a tiv e  n o rm o te n s iv e  sub jects w ith  v e g e ta 

t iv e  d y sto n ia

Gr een  et al. (1952) in d u c e d  an increase in  d iu re s is  an d  n a triu re s is  in  6 
s u b je c ts  b y  infusing h y p e r to n ic  (5% ) saline; b lo o d  p re ssu re  increased  p a ra lle l 
w i th  n a tr iu re s is . Thom pson  e t  al. (1954) in fu sed  2 .5 %  saline to  h y p e rten s iv e  
s u b je c ts ;  NaCl was e x c re te d  in  la rger am o u n ts  a n d  a t  a h igher ra te  th a n  in  
n o r m a l  contro ls. Ba ld w in  e t  a l. (1958) n o ted  an  ex cessiv e  n a triu res is  n o t on ly  
a f t e r  in fusions of 5%  sa lin e  b u t  also after th o se  o f  g lucose, inu lin  an d  P A H  in  
20 s u b je c ts  w ith  e ssen tia l h y p erten s io n ; tu b u la r  so d ium  reab so rp tio n  r e 
m a in e d  no rm al in  th e se  p a t ie n ts .

Cottier et al. (1958), e x a m in in g  the  re sp o n se  to  2 .5 %  saline of h y p e r te n 
s iv e  a n d  norm otensive in d iv id u a ls , found th e  m a x im u m  increase in  n a tr iu re s is  
in  t h e  h ypertensive  p a t ie n ts  in  th e  firs t 3 h o u rs  o f  lo ad in g .

S u b sequen tly , Co t t ie r  (1960), Dahl e t a l. (1960, 1961), Mertz an d  
Sa r r e  (1964), and  o th e rs  h a v e  show n th a t  h y p e r te n s iv e  disease is m ark ed  b y  
a  p a ra d o x ic a l response to  h y p e r to n ic  saline in fu s io n , as m ore o f th e  lo ad  is 
e x c re te d  an d  a t a h ig h er r a t e  t h a n  in  norm al su b je c ts .

T h ese  studies o f f lu id  a n d  sa lt balance w ere  m o s tly  confined  to  p a tie n ts  
w i th  m a n ife s t h y p e rten s io n  a n d  to  norm al c o n tro s . Cottier  e t ah , exam ined  
th e  n a tr iu re t ic  responses in  8 p a tie n ts  w ith  lab ile  h y p e rte n s io n  in  th e  norm o-
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ten s iv e  perio d , an d  found  a response s im ila r to  th a t  given b y  m ost n o rm o ten s iv e  
su b je c ts . In  c o n tra s t, A viram  e t al. n o te d  a h y p e rten s iv e  p a t te rn  o f  d iu re tic  
a n d  sa lu re tic  response  in  25 su b jec ts  w ith  “ p o te n tia l h y p e rte n s io n ” , i.e . in  10 
p a tie n ts  w ith  earlie r to x aem ia  of p reg n an cy  a n d  in  15 w ith  lab ile  h y p e rte n s io n .

In  m ost o f th e  clin ical o b se rv a tio n s  a n d  an im al ex p e rim en ts  i t  w as 
a t te m p te d  to  co rre la te  th e  n a tu r iu re tie  re sponse  w ith  changes in  re n a l h a e m o 
d y n am ics . V arious theo ries w ere ad v a n c e d , b u t  none was su p p o rte d  b y  a d 
e q u a te  e x p e rim e n ta l evidence. R ecen t f in d in g s  (Mroczek e t al. 1970) h av e  
co n n ec ted  th e  h y p e rten s iv e  ty p e  o f n a tr iu re t ic  response to  a sa lt lo a d  w ith  a 
sy m p a th e tic  re a c tio n  since i t  could  he in h ib ite d  b y  b e ta ly tic  ag en ts  such  as 
p ro p ran o lo l.

I t  seem s to  be new  in th e  p re se n t o b serv a tio n s th a t  n o rm o te n s iv e  
h y p e rre a c to rs  to  n o rad ren a lin e , i.e . th o se  in  w hom  th e  d rug  e lic its a h y p e r
te n s iv e  re a c tio n , ex h ib it a p a rad o x ica l so d ium  ex cre to ry  p a t te rn  s im ila r to  
t h a t  o bserved  in  h y p e rten s iv e  su b jec ts . O u r fin d in g s in d ica te  t h a t  a d is tu rb 
ance o f ren a l sodium  an d  w a te r  ex cre tio n  is p re se n t in  th e  early  p h ase  o f  h y p e r
te n s iv e  disease a lread y  an d  asserts  i tse lf  in  an  increasing  degree  w ith  th e  
p rog ress o f th e  process b u t  ten d s to  be n o rm alized  in  th e  sclero tic  p h a se . In  our 
sc le ro tic  p a tie n ts  over 60 years  o f age, so d ium  excre tion  declined p a ra lle l w ith  
th e  decrease  in  d iasto lic  blood p ressu re  a n d  d im in ished  g rad u a lly  below  th e  
c o n tro l va lu es  w ith  th e  advance  of th e  p rocess (F igs 3, 4).

F o r  s ta tis t ic a l  ev a lu a tio n , th e  4 /3 -d ay  ra tio , i.e. th a t  of th e  v a lu e s  fo u n d  
p rio r  to  load ing  on th e  3rd  d ay  an d  on th e  f ir s t  d a y  o f th e  te s t  (4 th  d ay ) w as 
ca lc u la ted  fo r each  group . A s ig n ifican t d ifference was fo u n d  b e tw e e n  th e  
co n tro ls  an d  th e  h y p e rten s iv e , as well as th e  n o rad ren a lin e-p o sitiv e  n o rm o 
te n s iv e  su b jec ts , w hereas th e  difference b e tw een  th e  contro ls a n d  th e  n o r 
ad ren a lin e -n eg a tiv e  no rm o ten siv e  in d iv id u a ls  w as n o t sign ifican t. P a ra lle l w ith  
th e  ad v an ce  of age (and  o f th e  process) th e  difference in  n a tr iu re s is  w indles 
a n d  th e  p a tie n ts  w ith  low  d iasto lic  p ressu re  show  again  no s ig n ifican t d ifference 
from  th e  con tro ls  in  resp ec t o f sa lt ex c re tio n  (T able I I ) .

T able  II
Statistical evaluation o f  the 4/3-day ratio

Groups V alue Significance level

C ontro l-H ypertension 7.70 <  0.1%  sig n ifican t

C ontro l-Sclero tic  H y pertension  I. 1.77 >  5.0%  no t s ig n ifican t

C ontro l-noradrenaline  positive 7.48 <  0.1%  sig n ifican t

C ontro l-no rad renaline  negative 1.25 > 3 0 %  n o t s ig n ifican t

N o rad ren a lin e  negative  positive 5.03 <  0.1%  sig n ifican t

H y p erten sio n  no radrenaline  negative 2.87 <  1.0% sig n ifican t

H y p e rten sio n  noradrenaline  positive 1.81 >  5.0%  no t sig n ifican t
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GUINEA PIGS IMMUNIZED WITH XENOGENEIC CELLS: 
SKIN TEST, IN VITRO STIMULATION, MIGRATION, 

CYTOTOXICITY OF LYMPH NODE CELLS
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a n d  H . J a c o b s o n
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(R ece iv ed  A ugust 1, 1973)

T he ly m p h o cy te  response  in  th ree  in  v itro  te s ts :  b la s t  tra n s fo rm a tio n , in h ib i
t io n  of m ig ra tio n  an d  c y to to x ic ity  w as com pared  w ith  th e  cu tan eo u s te s t  in  th e  e a rly  
p e rio d  o f delayed  ty p e  h y p e rsen s itiv ity . G uinea p igs w ere im m unized  w ith  cells of 
h u m an  ly m p h o id  line in  F re u n d ’s a d ju v a n t. N o n -sen sitized  ly m p h  node cells d id  n o t 
re a c t w ith  th e  xenogeneic  cells in e ith e r te s t.  H ig h  th y m id in e  in co rp o ra tio n  o f th e  
im m u n e  ly m p h o cy te  p o p u la tio n  a n d  a re la tiv e  fa s te r  m ig ra tio n  w ith o u t ad d ed  a n tig e n  
in  v itro  w as reco rded  w ith  m ax im u m  values on d a y  6. In  th e  presence o f th e  im 
m u niz ing  cells all th e  in v i tro  te s t  were neg ativ e  2 d a y s  a f te r  im m u n iza tio n  a n d  m a x i
m u m  a c tiv ity  w as fo u n d  a t  d a y  6. These responses w e n t p a ra lle l w ith  th e  deg ree  of 
p o s it iv ity  o f th e  sk in  te s t.  In  sp ite  o f th e  fa c t t h a t  sk in  te s t  and  ly m p h o c y te  c y to 
to x ic ity  could  be evoked , th e  m ixed  ly m p h o cy te  ta r g e t  cell te s t  was n e g a tiv e  w ith  
m ouse cells u sed  as an tig e n  (YCA B) or ta rg e t cells (A9).

Introduction

In  a n u m b e r of in  v itro  system s designed  to  s tu d y  d e lay ed  h y p e r 
se n s itiv ity , th e  p e rfo rm an ce  o f lym p h o id  cells c o rre la te  w ell w ith  th e  a n im a l’s 
im m u n e  s ta tu s . E .g . th e  e x te n t  o f th e  skin re a c tio n  elic ited  b y  an tig en s  w en t 
p a ra lle l w ith  th e  in d u c tio n  o f  b la s t  tra n s fo rm a tio n  o f lym p h o cy tes  [3, 28, 32, 
34], in h ib itio n  of m ig ra tio n  o f  m ac ro p h ag e -ly m p h o cy te  m ix tu re s  [4, 5, 12, 16], 
a n d  w ith  th e  to x ic  effect o f ly m p h o cy tes  on th e  an tig e n  carry ing  ta rg e t  cells 
[ 1 ,6 ,2 6 ,3 3 ,3 8 ,4 0 ] .

I t  seem s th u s  th a t  each  fu n c tio n  o f th e  im m u n o p o te n t cells s tu d ie d  by  
th e se  in  v itro  tech n iq u es co rre la te  well w ith  sk in  r e a c tiv ity  and  th u s  p ro b a b ly  
also w ith  each  o th e r. E x p e rim e n ts  p erfo rm ed  w ith  tu b e rc u lin  sensitized  
gu in ea  pigs p o in ted  how ever to  ce rta in  d iscrepancies w hile a good co rre la tio n  
b e tw een  sk in  te s t  an d  tra n s fo rm a tio n  of ly m p h o c y te s  w as found , th e  m ig ra tio n  
in h ib itio n  te s t  d id  n o t  co rre la te  w ith  them  [5, 32]. S im ilarly , k in e tic  s tu d ie s  on 
sk in  te s t ,  m ig ra tio n  in h ib itio n  an d  a n tib o d y  p ro d u c tio n  in  th e  course o f  th e  
d e v e lo p m en t of d e layed  h y p e rse n s itiv ity  also show ed discrepancies [15, 20, 33].

1 R ec ip ien t o f W H O  fellow ship . P re se n t ad d ress : N a tio n a l In s t i tu te  o f H a em a to lo g y  
an d  B lood T ran sfu s io n , 1113 B u d a p e s t D aróczi u t  24, H u n g a ry

2 Peel M edical R esearch  T ru s t  T ravelling  Fellow . P re se n t address : U n iv e rs ity  D e p a r t 
m e n t o f P a th o lo g y , W este rn  In f irm a ry , G lasgow, S co tlan d .
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A s th e se  experim en ts  in v o lv e  several v a r ia b le  fac to rs  an d  re la te  to  d iffe ren t 
a n tig e n s , th e  p a ra m e te rs  o f  th e  im m une resp o n se  also seem  to  be  v a ria b le  [24]. 
T h e  d ivergences are  m a in ly  seen in  th e  e a r ly  s ta g e  o f de layed  h y p e rse n s itiv ity , 
a s  in  th e  la te  s tage  th e re  is a good co rre la tio n  b e tw een  th e  in  v itro  te s t  an d  th e  
s t a te  o f im m une r e a c t iv i ty  [18, 20, 34, 43].

T hese co n sid e ra tio n s  h av e  m o tiv a te d  us to  s tu d y  th e  s tim u la tio n  of D N A  
sy n th e s is , th e  m ig ra tio n  in h ib itio n , an d  th e  cy to to x ic  effect o f  ly m p h  node 
cells in  com parison to  th e  sk in  te s t  in  th e  e a rly  stag e  of de layed  h y p e rse n s itiv ity . 
A s an tig e n , xenogeneic  ly m p h o b la s to id  cell cu ltu re s  w ere u sed .

M ethods

A n im a ls . A d u lt g u in ea  p ig s o f b o th  sexed, w eigh ing  250 to  400 g, w ere used .
Cell lines. T he h u m a n  ly m p h o id  cell line  d e riv ed  from  B u rk i t t  ly m p h o m a  (D audi) 

w a s  m a in ta in ed  in s ta t io n a ry  su sp en sio n  cu ltu re . T h e  m ouse line YCAB is a m u rin e  M oloney 
v iru s  in duced  leu k aem ia  cell lin e  o rig in a tin g  fro m  АСА X A T, mice w as also ca rried  in  sus
p e n s io n . The MGB cell lin e  w as de riv ed  from  a m ouse m e th y lch o lan tren e  in d u ced  sarcom a 
in  a  C B A  m ouse. The A  9 m ouse  f ib ro b la s t line w as d e riv ed  from  th e  L cell line  b y  selection 
fo r  8 -asaguanine re s is tan c e .

A ll cell lines w ere c u ltu re d  and  th e  te s ts  w ere p e rfo rm ed  in  M EM  su p p le m e n ted  w ith  
1 0 %  fo e ta l  calf serum .

Im m uniza tion . 0.5 m l 107 w ashed  D au d i cells w ere m ixed w ith  e q u a l q u a n tit ie s  of 
c o m p le te  F reu n d ’s a d ju v a n t  (D ifco  L ab o ra to rie s , M ich igan , U SA) a n d  in je c te d  in to  th e  
r e a r  fo o tp ad s . In  th e  c o n tro l g ro u p s , th e  sam e a m o u n t o f F re u n d ’s a d ju v a n t  w as in je c te d  alone.

S k in  test. The an im a ls  w ere  in jec ted  in tra d e rm a lly  in  a shaved  a rea  on  b o th  sides of 
th e  ab d o m en  w ith  0.1 m l c o n ta in in g  106, 105, 104, 103 w ashed  cells in  b a la n ce d  sa lt so lu tion  
(B S S ). A s a contro l, 0.1 m l o f  cu ltu re  m edium  o r com ple te  F re u n d ’s a d ju v a n t  w as used . 
T h e  re a c tio n  was read  40 h r  la te r  a n d  th e  d iam e te r o f  e ry th e m a  and  in f il t ra t io n  w as recorded.

H arvesting o f  lym p h  node cells. The guinea pigs were bled by heart puncture and killed 
by air embolisation. The inguinal and exillary lym ph nodes from 3—5 guinea pigs were pooled 
2, 4, 6, 8, 10, 12 days after sensitization. The whole protocol was repeated twice.

T h e  lym ph  nodes w ere  co llected  and  th e  suspensions were p re p a re d  u n d e r  sterile  
c o n d itio n s . The nodes w ere c u t  in  sm all pieces a n d  su sp en d ed  b y  gentle  su c tio n  in  1 m l p las tic  
sy r in g e . A fter a few  m in u te s , th e  sed im en ted  cells in  th e  su p e rn a ta n t w ere w ash ed  tw ice 
w i th  M EM . Cell v ia b ility  w as assessed  b y  t ry p a n  b lue  exclusion . O nly  cell su spensions w hich 
c o n ta in e d  less th a n  15%  o f  s ta in e d  cells were u sed  in  th e  tests .

T h e  lym ph node su sp en s io n  of in d iv id u a l a n im a ls  w as em ployed  se p a ra te ly  in  th e  b las t 
t r a n s fo rm a tio n  s tu d y . F o r  m ig ra tio n  an d  c y to to x ic ity  te s ts , th e  suspensions fro m  d ifferen t 
a n im a ls  were pooled, d iv id e d  a n d  d ilu ted  acco rd in g  to  th e  req u irem en ts  of e ach  te s t.

Induction  o f D N A  syn thesis . The s tim u la to r  cells D aud i, YCAB an d  CBA  spleen  cells 
w e re  ir ra d ia te d  w ith  6,000 t  (150 kW , 20 m A, 2 m m  A1 filte r). The cells w ere w ash ed  before 
a n d  a f te r  irrad ia tio n  a n d  su sp en d e d  in  cu ltu re  m ed iu m .

T h e  m ixed cu ltu res  c o n ta in in g  guinea p ig  ly m p h  node cells a n d  10s D a u d i, YCA B or 
M G B  c 11s, or 5 x l 0 5 CBA  sp leen  cells, were se t u p  in  a to ta l  volum e o f 2 m l. L y m p h  node 
ly m p h o c y te s  were in c u b a te d  a lone  or w ith  P H  A (T he W ellcom e F o u n d a tio n  L td . ,  L ondon) 
a t  a  f in a l  con cen tra tio n  o f  0 .5 %  v /v . T ubes co n ta in in g  d iffe ren t i r ra d ia te d  s t im u la to r  cells 
a lo n e  o r  P H A  or m edia  w ere  se t u p  as contro ls. T h e  tu b e s  w ere in cu b a ted  a t  37 °C in  h u m id i
f ie d  a tm o sp h e re  co n ta in in g  5 %  C 0 2, fo r periods fro m  1.5 to  5.5 days. 24 h r  b e fo re  h a rv estin g  
th e  c u ltu re  1 pCi of 3H  th y m id in e  (2Ci) mM (T rad io ch em ica l C entre, A m ersh am ) w as added . 
T h e  tu b e s  were c en trifu g ed  a t  2,000 r.p .m . fo r 5 m in u te s , th e  s u p e rn a ta n t  w as d iscarded , 
th e  cell pelle t was w ash ed  w ith  4.0 m l o f D N A  a n d  p re c ip ita te d  tw ice  w ith  4.0 m l o f  cold 
tr ic h lo ro a c e tic  acid. T he p re c ip ita te s  were d isso lved  in  0.5 m l H y am in e  (d im e th y lb en zy l- 
a m m o n iu m  hydroxide, P a c k a rd  In s tru m e n t Co., In c .,  G row e I 11) a n d  th e  tu b e s  w ere k e p t 
in  d a rk n e ss  a t room  te m p e ra tu re  fo r a t  lea s t 5 h r . A fte r  a d d itio n  of 0.8 m l m e th a n o l, th e  
c o n te n ts  o f th e  tu b es w ere tra n s fe r re d  to  P a c k a rd  co u n tin g  v ials co n ta in in g  15 m l o f sc in tilla 
t io n  f lu id  [15.2 g 2 ,5 -d ip h en y lo x azo le  (P P O ), 0.380 g 4-b is-2-(5 -pheny loxazo ly l)-benzene

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



G U I N E A  P I G S  IM M U N I Z E D  W I T H  X E N O G E N E I C  C E L L S 321

(P O P O P ), 30%  T rito n  X -100 , m ad e  u p  w ith  to luo l to  3.8 1]. R a d io a c tiv ity  o f th e  v ia ls w as 
m easu red  a t  4°C in a  m o d el 500 D P a c k a rd  sc in tilla tio n  co u n te r .

In h ib itio n  of m ig ra tio n . T he cell m ig ra tion  tec h n iq u e  used  has been described  in d é ta il 
by  C ochran (1971). 10° ly m p h  node  cells alone or m ixed  w ith  D au d i o r YCAB cells in 100 : 1 
and  10 : 1 ra tio  were p e lle ted  in  c ap illa ry  tubes. T he tu b e s  w ere f ix ed  to  th e  base o f  19 m m  
clear p las tic  p la n c h e tte s  filled  w ith  th e  cu ltu re  m ed iu m  a n d  sealed  w ith  a coverslip . T he 
ch am b ers  were in cu b a ted  a t  37 °C fo r 18 — 24 hr. The a re a s  w ere assessed by p lan im e try  an d  
expressed  by th e  m ig ra tio n  in d ex ,

L y m p h  node cell/test cell m ix  
L y m p h  node cell alone X 1.5

F a c to r  1.5 is b a se d  on th e  ob se rv a tio n  th a t  a m ix tu re  o f  non-im m une ly m p h  node 
cells a n d  cells from  th e  ly m p h o b la s to id  lines covers a n  a re a  w h ich  was on th e  average  150%  
th a t  o f  th e  ly m p h  node  cells alone.

L ym phocylo toxic ity . T h e  in  v itro  ly m p h o c y to to x ic ity  te s t  w as perform ed in th e  m icro- 
c y to to x ic  assay  [39]. A  9 a n d  M B G  ta rg e t  cells w ere in c u b a te d  in  hum id ified  5 %  C 0 2 a t- 
m o sphera . A fter 24 h r  th e  cu ltu re  m edium  was chan g ed  a n d  im m unized , con tro l F re u n d ’s 
a d ju v a n t  sensitized , a n d  n o rm a l cells w ere added , re su ltin g  in d ifferen t ta rg e t  cell: ly m p h o 
cy te  ra tio s  (1 : 50, 1 : 25, 1 : 12.5, 1 : 6.25, 1 : 3.12). A fte r  48 h r  in cu b a tio n , th e  ly m p h o 
cy tes w ere g en tly  w ash ed  w ith  BSS an d  th e  live ad h erin g  ta r g e t  ceils were fix ed  in  m eth a n o l, 
d e h y d ra te d  w ith  5 N  HC1, a n d  s ta in e d  w ith  d ilu ted  G iem sa’s dye. In  th is  w ay  on ly  th e  nucle i 
were sta in ed , w hich fa c ili ta te d  co u n tin g . L ym phocy te  a c t iv i ty  w as expressed  as p e rce n ta g e  
of th e  rem ain in g  a d h erin g  ta rg e t  cells com pared to  th e  cell n u m b er of ta rg e t  cells w ith o u t 
ad d ed  lym phocy tes . F o r  e ach  p o in t, 6 —12 paralle l wells w ere se t u p . As th e  su rv iv a l o f ta rg e t  
cells a re  sensitive to  th e  e n v iro n m e n t during  c u ltiv a tio n , each  te s t  was se t up  on  p a ra lle l 
p la te s  an d  th e y  were p la te d  d iffe ren tly  in the  in c u b a to r  box . In  each  p la te , n o rm al an d  
im m u n e  ly m p h o cy tes  w ere p re sen t.

F o r d e tectin g  ly m p h o c y to to x ic ity , th e  51Cr re lease  te c h n iq u e  was perfo rm ed  on M icro- 
te s t  p la te  I I  (F a lcon  P la s tic s , Los A ngeles). D audi an d  Y C A B  ta rg e t  cells were lab e lled  w ith  
51Cr (Sodium  ch ro m a te , 1 m C i/m M ol, The R ad iochem ica l C en tre , A m ersham ). T he lab e lled  
ta rg e t  cell suspension w as se t u p  a t  a co ncen tra tion  o f 5 x l 0 4 0.1 m l in  cu ltu re  m ed ium ). 
L y m p h  node ly m p h o c y tes  from  im m u n e  and n o rm al g u in ea  pigs were su spended  in co n 
cen tra tio n s  o f 2 .5 x 1 0 ° ; 1 .2 5 x 1 0 ° .  . . till 0 .1 5 x l0 G/0.1 m l m ed ium . 0.1 ml o f d iffe ren t d ilu 
tio n s  o f ly m p h o cy tes  w ith  0.1 m l o f ta rg e t  cells was a d d e d  in to  each  well. T he p la te s  w ere 
in cu b a ted  in 5%  C 0 2 a t  37 °C fo r 24 hr. For d e te rm in a tio n  o f th e  ly m p h o cy to to x ic  e ffec t, 
th e  cell suspension w as o b ta in e d  b y  rinsing  each well w ith  0.6 m l BSS. A fter c en trifu g a tio n , 
a c tiv ity  of su p e rn a ta n t a n d  p e lle t w as counted  in a P a c k a rd  a u to g am m a sp ec tro m ete r. slCr 
re lease  was ca lcu la ted  fro m  th e  to ta l  c .p .m . o f sam ples a n d  expressed  in p e rce n tu a l v a lues.

Serum  antibodies. A n tib o d ie s  reac tin g  w ith  D aud i cells w ere d e tec ted  using  th e  in d ire c t 
im m unofluorescence m eth o d .

T he serum  w as te s te d  fo r c y to to x ic ity  using A 9 cells. T he cells were th ere fo re  in cu b a ted  
w ith  in ac tiv a te d  serum  w ith o u t co m plem en t in 5%  C 0 2 a tm o sp h e re  a t  37 °C fo r 48 hr.

E n h an c in g  a n tib o d y  or fa c to r  w as inv estig a ted  in  tw o  d ifferen t w ays.
1. In  37 °C w a te r  b a th  fo r 30 m in. F rom  th is  su sp en sio n , l x l O 5 D audi cells w ere in 

je c te d  in tra cu ta n eo u s ly  in to  im m u n ized  guinea pigs. A  c o n tro l le s t was done a t  th e  sam e 
tim e w ith  th e  sam e n u m b e r  o f D au d i cells b u t  w ith o u t in cu b a tio n  w ith  th e  serum  d ilu tio n .

2. The b lock ing  a c t iv ity  o f th e  serum  of im m u n ized  gu in ea  pigs was in v es tig a te d  by  
m eans of th e  T ak asu g i a n d  K le in  m eth o d , described in  d e ta il e lsew here [39].

R esults

S k in  test. T es ts  w ere ca rried  ou t on d iffe re n t an im als  on th e  d a y  o f  se n 
sitiza tio n  an d  2, 4, 6, 8 an d  10 days la te r. I n te n s i ty  o f  th e  reac tio n  w as d e 
p e n d e n t on th e  n u m b e r  o f cells in jec ted  and  th e  tim e  w hich h ad  e lapsed  since 
im m u n iza tio n . 1 X 10° cells p ro d u ced  th e  s tro n g e s t re su lt, w hereas 1 X 10:i cells 
in d u ced  a w eak re a c tio n  so lely  on day  4.
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W ith  1 X 106 h u m a n  cells (D aud i) th e  sk in  te s t  becam e p o sitiv e  on th e  4 th  
d a y  a n d  show ed a m a x im u m  on th e  6 th  d a y  (F ig . 1). T he sk in  t e s t  w as n o t 
sp e c if ic  fo r  th e  h u m an  cells since po sitiv e  reac tio n s  were o b ta in ed  w ith  m ouse 
cells a lso  (YCAB). A sk in  re a c tio n  d id  n o t  a p p e a r in  an im als w h ich  h a d  re 
c e iv e d  M EM  of F re u n d ’s a d ju v a n t  alone. C on tro l te s ts  invo lv in g  th e  in tra -  
c u ta n e o u s  in jec tion  o f F re u n d ’s a d ju v a n t, M EM  or FCS alone, w ere essen tia lly  
n e g a t iv e  in  im m unized  a n im a ls , a lth o u g h  occasional te s ts  show ed  a m ild 
(5 m m  0  ) reac tion .

0  mm

F ig . 1. C u taneous te s t  in  g u in ea  p igs im m unized  w ith  h u m an  ly m p h o b la s to id  cells a t  dif
fe re n t  t im e s  a fte r sen sitiza tio n . T h e  te s t  w as p e rfo rm e d  w ith  106 h u m an  (D a u d i)  □  and  
m o u se  (Y C A B ) H  cells. Scores o f  re ac tio n  are in d ic a te d  b y  th e  d iam e te r o f e ry th e m a  and  
in d u r a t io n .  T he tim e in d ica te s  th e  in jec tio n . E v a lu a tio n  was m ade tw o  d a y s  la te r .

cu taneous te s t  p e rfo rm e d  w ith  cu ltu re  m ed iu m  (M EM ), FCS, in  sen sitiz ed  an im als 
a n d  p e rfo rm e d  w ith  D au d i a n d  Y C A B  cells in  co n tro l an im a ls  in jec ted  w ith  F re u n d ’s a d ju v a n t

T h e  in te n s ity  o f th e  re a c tio n  to  h u m a n  an d  m ouse cells w as sim ilar 
e x c e p t  a f te r  10 days w h en  th e  m ouse cells in d u ced  no  reac tio n  b u t  re a c tiv ity  
to  t h e  D au d i cells p e rs is te d .

A n tig en ic  stim ula tion  o f  lym phocytes. O n th e  6 th , 8 th  an d  1 0 th  d a y s  a f te r  
im m u n iz a tio n  th e  ly m p h  n o d es w ere en la rg ed  an d  firm . T his w as a p p a re n t 
a lso  in  th e  guinea pigs s tim u la te d  w ith  F re u n d ’s a d ju v a n t.

T h y m id in e  in c o rp o ra tio n  o f cells fro m  sensitized  ly m p h  n o d es , in  th e  
a b se n c e  o f  added specific s t im u la n t  cells, in c rea sed  from  d ay  2 to  d a y  6 (F ig . 2). 
T h is  is  obv ious from  th e  v a lu e s  observed  on th e  3 rd  an d  4 th  day s o f  in c u b a tio n . 
T h e  v a lu e s  were of th e  sam e  m ag n itu d e  as th o se  for P H A  s tim u la te d  con tro l 
ce lls. O n  th e  10th d ay , th y m id in e  in c o rp o ra tio n  re tu rn e d  to  n o rm a l levels .

T h e  P H A  effect on cells from  im m u n ized  an im als w as s tro n g e r  th a n  in 
th e  c o n tro ls ; th e  d ifference w as n o t  s ig n ifican t s ta tis tic a lly  (F ig . 3).

L y m p h  node cells fro m  n o rm a l gu inea  pigs w ere n o t in flu e n c e d  b y  th e  
p re se n c e  o f D audi, Y CA B o r CBA cells (F ig . 4). T he cells fro m  im m u n ized
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C-PM. /106 LY

Fig. 2. 3H -th y m id in e  in co rp o ra tio n  d u rin g  24 h o u rs  b y  th e  ly m p h  node cell p o p u la tio n , a t  
d iffe re n t tim es a f te r  im m u n iza tio n  in  absence of a n tig en . T he iso tope w as a d d ed ; 1 О - -, 
2 * - - , 3  Д  - -, f  4  '  - d ay s in cu b a tio n . - - - - - -  c .p .m . o f ly m p h  of cells o f gu in ea
pigs im m u n ized  w ith  F re u n d ’s a d ju v a n t. T he values a re  co rrec ted  to  th e  c .p .m . o b ta in e d  fo r 

no n -im m u n e  gu inea  pig ly m p h o cy tes

C.PM. /10® IY 

1x105 -

6x10‘ -

2x104 -

Д
Д

Д
Д

F ig. 3. P H  A induced  in co rp o ra tio n  of 3H -th y m id in e  of ly m p h  node cell p o p u la tio n s . The 
v a lu e s  re p re sen t th e  increase  o f in co rp o ra tio n  above  th e  con tro ls. L y m p h  node  cells from  

im m unized  • ,  u n tre a te d  O , F re u n d ’s a d ju v a n t  t re a te d  Д ,  guinea  p igs

g u in ea  p igs w ere s tim u la te d  b y  exposu re  to  D au d i cells. T his effect show ed  a 
p e a k  4 an d  6 days a f te r  im m u n iza tio n  an d  a f te r  4— 5 days o f  m ixed  c u ltu re . 
A n in d ica tio n  of s tim u la tio n  w as a p p a re n t a f te r  1 d a y  an d  ra th e r  s tro n g  a f te r  
2 d ay s  o f in cu b a tio n . S tim u la tio n  o f th ese  cell p o p u la tio n s is th u s  e ffec ted  
m ore  ra p id ly  th a n  o f cells rem oved  before or a f te r  th a t  period .
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F ig . 4. In c o rp o ra tio n  o f 3H -th y m id in e  of ly m p h  node cells a ttr ib u te d  to  th e  p resence  of 
D a u d i M a ,  o r Y C A B , CB A  m ouse  cells aM , re la te d  to  th e  tim e  a fte r  im m u n iza tio n  w ith  
D a u d i cells. 3H -th y m id in e  w as a d d ed  du rin g  24 h o u rs  a n d  a f te r  d ifferen t tim es o f in cu b a tio n . 
T h e  c .p .m . values re p re se n t th e  d ifference of in c o rp o ra tio n  b e tw een  th e  m ixed  cu ltu res  and  
th e  ly m p h o c y te  c u ltu res . C olum ns “ A”  rep re sen t th e  c .p .m . v a lu es o f sensitized  ly m p h  node 
cells a f te r  im m u n iza tio n . I n  e ac h  te s t ,  ly m p h o cy tes  f ro m  non-im m unized  an im a ls  were 
in c lu d e d ; th e  m ean  re su lts  a re  in d ic a te d  in  co lum ns “ B ” . T he c .p .m . colum ns “ C”  are  th e  

v a lu e s  for ly m p h o c y te s  o b ta in e d  from  an im als t r e a te d  w ith  F re u n d ’s a d ju v a n t

Г :

F ig . 5. M ig ra tion  a rea s a n d  m ig ra tio n  indices o f 3 x W 6 ly m p h  node cells fro m  im m u n ized  
g u in e a  pigs. M ean m ig ra tio n  a re a  of ly m p h  node cells f ro m  an im als t re a te d  w ith  F re u n d ’s 
a d ju v a n t  Gt, M ig ra tion  a rea  o f  ly m p h  node cells fro m  im m u n ized  an im als — О — • M ean
m ig ra tio n  a rea  o f cells fro m  no n -im m u n ized  a n im a ls ---------- . M igra tion  index  of ly m p h  node
cells o f  im m unized  a n im a ls  m ix ed  w ith  D aud i cells in  10 : 1 ly m p h o cy te : D au d i cell ra tio  

— • — . V ertica l b a rs  a n d  covered  areas in d ic a te  s ta n d a rd  e rro r of th e  m ean
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T he ly m p h  n ode  cells o f  th e  4 th  d ay  w ere  o n ly  stim u la ted  b y  Y C A B  or 
CBA spleen cells a f te r  3— 4 day s subsequen t in c u b a tio n  (Fig. 4), b u t  th e  p e a k  
effect am o u n ted  to  n o t  m ore  th a n  0 .8—1.4 X 104 c .p .m .

T he cells h a rv e s te d  8 days a fte r t r e a tm e n t  w ith  F re u n d ’s a d ju v a n t  
resp o n d ed  w eakly  to  th e  presence  of D aud i cells. T h e  p eak  response o ccu rred  
a fte r  4 days m ixed  c u ltu re  (c .p .m .: 1.1 X Ю4; F ig . 4).

M igration studies. Cells from  non-im m unized  gu inea  pigs m ig ra ted  p o o rly  
(m ean  area, 11 ^  5 .6; ra n g e  3—21). Those fro m  im m unized  an im als , w ere 
m ore ac tiv e  (m ean m ig ra tio n  a rea , 39 i  22.2; ra n g e  20— 27). M axim um  v a lu es  
w ere o b ta in ed  w ith  cells co llec ted  4 days a f te r  im m u n iza tio n  (Fig. 5). M o tility  
th e n  declined  b u t  12 d ay s  a f te r  im m u n iza tio n  th e  m ig ra tion  areas w ere  still 
s ig n ifican tly  g rea te r  th a n  th o se  of n o n -s tim u la te d  ly m p h  nodes (P  <  0 .01). 
A nim als im m unized  w ith  F re u n d ’s a d ju v a n t a lo n e  y ie lded  lym ph  n o d e  p o p u 
la tio n s on th e  6 th  d a y  a f te r  im m unization  w h ich  h a d  a sign ifican tly  g re a te r  
m ig ra to ry  c a p ac ity  th a n  t h a t  of u n tre a te d  an im als  (P  <  0.01), b u t  in te r 
m ed ia te  betw een  th e  im m u n e  an d  u n tre a te d  g ro u p s  (m ean m ig ra tion , 20 ^  1.9; 
ran g e  19—23).

C o n tac t w ith  th e  a n tig en s  used fo r im m u n iz a tio n  (D audi cells) w as 
in h ib ito ry  a t  1 : 100 a n d  1 : 1 0  and  to  an e x te n t  w h ich  v a ried  w ith  th e  in te rv a l  
be tw een  im m u n iza tio n  a n d  exam ination . M ax im u m  depression w as fo u n d  on 
th e  6 th  d ay  a fte r  im m u n iz a tio n .

C on tact w ith  m ouse  cells (YCAB) w as a lone  in h ib ito ry  b u t on ly  on  days 
6 an d  8.

Lym phocyte cyto toxicity . R eg istra tion  o f  specific  cy to tox ic  a c t iv i ty  w as 
a tte m p te d  ag a in st 51Cr lab e lled  D audi cells. A c itiv ity  was f irs t d e te c te d  on th e  
4 th  d a y  a fte r  im m u n iz a tio n . I t  increased in  s tre n g th  on th e  6 th  d ay  (T ab le  I).

Table I

L ym p h  node cell cytotoxicity on hum an (D aud i) and  mouse ( Y C A B )  target cell lines  
fro m  im m unized  gu inea  pigs on d ifferent days after sensitization  

w ith hum an lym phoblastoid cells measured by the 5xChrom ium  release technique

Days after 
immuniza

tion

Target cell lines

Daudi YCAB

1 : 12 + 1 : 25 1 : 12 1 : 25

2 n. t . “ n. t. n . t. n. t.

4 0.12* 0.27 0.00 0.00

6 0.34 0.30 0.00 0.08

8 0.04 0.00 0.07 0.05

+ T arg e t cell: ly m p h o cy te  ra tios.
“  N ot tested .
* C ytotoxic in d ex  (B ru n n e r e t al. 1968). E ac h  in d ex  represen ts the  va lues o f  lym ph  

node cells pooled from  4 im m u n e  or 3 norm al guinea p igs. In  th is  experim ent, sp o n tan eo u s 61Cr 
release was less th a n  4 0% .
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O n  th e  8 th  day  i t  d ecreased . C y to to x ic ity  w as ex e rted  a t  1 : 1, 25 : 1 ly m p h o 
c y te  t a r g e t  cells. U n fo r tu n a te ly , la te r  th e  ta r g e t  cells h ad  a h igh  sp o n tan eo u s  
re le a s e  an d  therefo re  no  d a ta  are ava ilab le  concern ing  th e  su b se q u e n t even ts.

T h e  cy to tox ic  effect o f  im m une ly m p h o c y te s  on non-specific  ta r g e t  cells 
(A 9 a n d  MBG) using  th e  T a k a su g i— K lein  m e th o d , was d iffe ren t. I n  th e  case 
o f  A 9 ta r g e t  cells a s ig n if ic a n t ly m p h o to x ic  a c tiv ity  was d e m o n s tra b le  from  
d a y  4 , b u t  th is  d id  n o t a p p e a r  w ith  MBG ta r g e t  cells (Table I I ) .

T ab le  I I
L y m p h  node cell cytotoxicity on A 9  and M B G  m ouse target cell lines fro m  norm al and  

im m u n ize d  guinea pigs on d ifferen t days after sensitiza tion  with hum an lym phoblastoid cells

Days
after

sensiti
zation

Percentage survival of target cells+

1 : 50 = 1 : 25 1 : 12.5 1 : 6.2 1 : 3.1

A 9 ta r g e t  cells
n o rm a l* ' — 42.1 +  8.8** 59.8 +  12.3 65.5 +  10.7 72.2 +  13.8 74.9 +  13.2

Im m u n iz e d 2 36.8 +  8.0 59.5 +  9.8 75.0 +  14.9 79.5 +  11.8 82.0 +  19.4
4 16.8 +  9.1 30.6 +  10.2 47.7 +  10.3 60.8 +  15.4 --- .
6 19.8 +  3.8 34.5 +  7.2 5 7 .5 +  7.2 68.3 +  11.6 8 3 .4 + 1 0 .6
8 16.3 +  5.2 3 2 .3 ±  5.9 4 1 .0 +  8.1 66.5 +  15.2 7 3 .5 +  8.1

10 8 .4 ± 2 .5 34 .6+12 .1 69.1 +  13.2 72.9 +  22.7 85.3 +  13.2
12 0 .2 ± 0 .5 24.7 +  17.0 41.3 +  10.7 5 5 .8 +  9.5 —

M B G  ta r g e t
cells norm al* — 86.6 +  7.8 9 0 .3+ 10 .7 9 4 .0 +  5.6 97.6 +  11.2 1 0 3 .3 +  8.6

Im m u n iz e d 4 7 8 .2 + 9 .2 69.1 +  12.3 8 8 .3 +  7.2 102 .4+  6.8 1 0 5 .8 +  8.2
6 8 5 .2 + 6 .6 8 8 .7 +  7.3 9 0 .1 +  8.1 9 4 .4+ 10 .7 1 0 3 .4 +  7.2

10 8 4 .9 + 8 .3 9 7 .2 +  5.8 9 8 .0 +  8.6 9 2 .6 +  7.2 1 0 2 .3 +  6.0

+ 100%  surv ival =  th e  n u m b er o f ta rg e t cells a f te r  48 hours in c u b a tio n  w ith o u t 
ly m p h o c y te s .

=  T arg e t cell: ly m p h o cy te  ra tio s.
* U nim m unized.

** S ta n d a rd  error o f th e  m ean .

S eru m  antibodies and  enhancing fa c to r . U sing  the  in d irec t im m u n o flu o 
re sc e n c e  techn ique , a n tib o d ie s  reac tin g  w ith  D a u d i cells were d e te c te d  on d ay  6 
a f te r  im m u n iza tio n . 12 d ay s  a fte r  im m u n iz a tio n  th e  serum  too  a g g lu tin a te d  
th e  D a u d i  cells. The sera  w ere  te s te d  for co m p lem en t-in d ep en d en t c y to to x ic ity . 
N o rm a l  serum  a t  1 : 10 d ilu tio n  reduced  th e  su rv iv a l o f ta rg e t cells to  60% . 
S e ru m  w as tox ic  only  fro m  d a y  10 an d  12 a n d  reduced  th e  su rv iv a l o f  ta rg e t  
ce lls  to  4 0 % . In  th e  sam e se ru m  sam ples, e n h an c in g  or p ro te c tiv e  an tib o d ie s  
w e re  n o t  revealed  b y  e i th e r  m eth o d  (b lo ck in g  o f  in  vivo c u tan eo u s  te s t  or 
b lo c k in g  in  v itro  ly m p h o c y to to x ic ity ) .

D iscussion

C o n tra s tin g  allogeneic system s m ixed  xenogeneic  ly m p h o cy te  c u ltu re  do 
n o t  sh o w  stim u la tio n  w hen  n o n -p rim ed  ly m p h o c y te s  are used  [22, 27, 29, 41, 
4 2 ] . S om e species c o m b in a tio n  are ex cep tio n a l, e.g. ra b b it ly m p h o c y te s  re a c t
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b e t te r  to  xenogeneic (hum an) th a n  to  allogeneic cells [11, 24]. N o in d u c tio n  o f 
D N A  sy n th esis  w as o b ta in ed  in  our m ixed  c u ltu re  system  w hen  h u m a n  or 
m ouse  ly m p h o b las to id  lines w ere used  as s tim u la to rs  for gu inea  p ig  ly m p h  
n o d e  cells unless th e y  h a d  o rig in a ted  from  im m unized  an im als.

T h e  lack  of s tim u la tio n  b y  b o th  th e  m ouse an d  h u m an  cells lines is of 
in te re s t  because in  severa l re p o r te d  ex p erim en ts  cells o f ly m p h o b la s to id  line 
w ere  cap ab le  of inducing  D N A  sy n th es is  in  th e  p e rip h e ra l ly m p h o c y te s  o f  th e  
cell lin e  donor [17, 25]. T h is is be lieved  to  re flec t an  an tigen ic  d isp a r ity  b e tw een  
th e  c u ltu re d  and  th e  au to lo g o u s cells. No ev idence w as found  fo r th e  p resence  
o f a  so luble  b lastogén ie  fa c to r . T h e  lack  of such  an  effect in  th e  xen o g en e ic  
co m b in a tio n  in  our ex p e rim en t w ould  also in d ic a te  th a t  th e  m ech an ism  does 
n o t  o p e ra te  th ro u g h  non-specific  fac to rs .

A fte r im m u n iza tio n  th e  ly m p h  node cells resp o n d ed  w ith  h ig h  D N A  
sy n th e s is  w hen co n fron ted  w ith  th e  an tigen ic  cells. R e a c tiv ity  w as h ig h e s t in  
th e  c u ltu re s  set up  on day s 4 an d  6 a f te r  im m u n iza tio n . T h e re a fte r , th e  s tim u l- 
a b il i ty  o f sensitized  ly m p h o cy te s  decreased  b u t  w as still m a rk ed  on d a y  10. 
S im ila rly  to  o th e r sy stem s, th e  k inetics o f ly m p h o cy te  tra n s fo rm a b ili ty  
p a ra lle le d  th a t  of th e  sk in  te s t  |3 , 23, 28, 30, 36, 45].

In d u c tio n  of D N A  sy n th es is  w as h igh ly  specific, as i t  w as n o t  possib le  to  
s t im u la te  w ith  m ouse cells, ex cep t slig h tly  a t  m ax im u m  re a c tiv ity . T h is  is in  
acco rd an ce  w ith  resu lts  o b ta in e d  w ith  lia p ten -p ro te in  co n ju g a tes  [21, 34, 37, 
a n d  in d ic a te s ith a t re c e p to r site  o f th e  ly m p h o cy tes  trig g erin g  fo r  D N A  sy n 
th e s is  is ex trem ely  sensitive  fo r an tig en ic  d e te rm in a n ts .

T h e  skin te s t ,  since i t  could  be elicited  w ith  m ouse cells, to o , d id  n o t 
show  th is  h igh degree o f  specific ity .

A fte r  im m u n iza tio n  th e  ly m p h  nodes w ere enlarged a n d  th e ir  cells 
m ig ra te d  m ore ac tive ly . A n u m b e r o f ly m p h  n o d e  cells w ere tra n s fo rm e d , as 
show n  b y  b o th  an  e lev a ted  D N A  syn thesis  in  v itro  an d  b y  th e  g re a te r  p ro 
p o r tio n  o f  b la s t cells [9, 10]. T his re flec ted  th e  effect o f an tig en  in  v iv o  an d  
co u ld  be  m a in ta in ed  by  c a rry in g  over th e  an tig en  in  some form  in to  th e  c u ltu re . 
S im ila r re su lts  w ere re p o rte d  fo r ovalbum in -im m u n ized  gu inea  p igs [21]. As 
g u in ea  p ig  lym phocy tes h av e  a low  sp o n tan eo u s tra n sfo rm a tio n  r a te  [8], th e  
e ffec t is c e rta in ly  th e  consequence  of im m u n iza tio n . W e also fo u n d  t h a t  cell 
p o p u la tio n s  w ith  a h igh  sp o n tan eo u s  tra n sfo rm a tio n  ra te  w ere  s tim u la te d  
m o re  effic ien tly  b y  P H A . S im ilar re su lts  w ere re p o rte d  for gu inea  p igs im m u n 
ized  w ith  P P D  in  F re u n d ’s a d ju v a n t [14]. T hese resu lts  m ay  in d ic a te  t h a t  in  
th e  ea rly  stage  o f th e  im m u n e  response , a p o p u la tio n  o f a c tiv a te d  ly m p h o c y te s  
m a y  be  p re sen t in  th e  ly m p h  nodes, w hich can be  easily  be tr ig g e red  fo r  fu r th e r  
p ro life ra tio n  even b y  non-specific  m itogens.

S tim u la tio n  in  h u m a n  m ixed  ly m p h o cy te  cu ltu res show s a  good  co rre 
la t io n  w ith  th e  genetic  re la tio n sh ip  of th e  tw o  ly m p h o cy te  p a r tn e rs  [2, 13]. 
H o w ev er, p rim ary  sen s itiza tio n  in  v itro  does n o t  alw ays co rresp o n d  to  th e

Acta Medica Academiae Scientiarum Hungaricae 30, 1973



3 2 8 G Y . G . P E T R Á N Y I  e t  a l.

g e n e tic  background  [35]. I n  view  of th e  re su lts  show ing  a h igh  sp ec ific ity  o f 
se n s itiz e d  ly m p h o cy te  p o p u la tio n s  in a n tig en -in d u ced  D N A  syn thesis  an d  th e  
q u a n t i ta t iv e  d ifferences seen  in  th e  responses to  allogeneic or xenogeneic  cells, 
o n e  h as  to  assum e e i th e r  a  su b stan tia l d iffe rence  in  th e  n u m b er o f  an tig en  
re a c tiv e  cells or a d iffe ren ce  in  th e  events le a d in g  to  s tim u la tio n  in  v itro .

T he deve lopm en t o f  m ig ra tio n  in h ib itio n  o f  ly m p h  node cells b y  c o n ta c t 
w i th  specific an tig en s c lo se ly  paralle led  th e  d ev e lo p m en t o f th e  cu tan eo u s 
re a c tio n . The basis o f  th is  ag reem en t m ay  p a r t ly  b e  d e te rm in ed  b y  th e  hum oral 
m ig ra tio n  in h ib itio n  f a c to r  w hich, w hen in je c te d  se p a ra te ly , w as show n to  
ca u se  hyperaem ia  a n d  in d u ra tio n  [5]. T h e  sk in  te s t  m ig ra tio n  in h ib itio n  was 
n o t  en tire ly  specific on  d a y s  6 and 8, since c o n ta c t  w ith  m ouse cells (YCAB) 
a lso  caused  an in h ib itio n  o f  m ig ra tion . T h ere  w as a s lig h t d isc rep an cy  betw een  
o u r  re su lts  and  th o se  o f  o th e r  au tho rs u sing  o th e r  an tig en s  in  w hich  m ig ra tio n  
in h ib itio n  was reco rd ed  w i th  some delay  w h en  c o m p ared  to  th e  sk in  te s t  [32]. 
N on-spec ific  effects in  th e  m ig ra tio n  in h ib itio n  te s t  w ere also seen b y  H en n ey  
a n d  N ord in  using B S A  a n d  H S G — D N P  a n tig en s  in  th e  ea rly  stage  o f  delayed  
h y p e rse n s itiv ity  [20].

T he cy to tox ic  e ffec t o f  lym p h o cy tes  w as also a p p a re n t on d a y  4 as 
c o m p a re d  to  th e  o th e r  in  v itro  te s t  an d  to  th e  sk in  reac tio n . U sing  soluble 
a n tig e n s  (picric co n ju g a te s  o f  ovalbum in), R u d d le  a n d  W aksm an  fo u n d  a good 
c o rre la tio n  betw een th e  sk in  te s t  and  in  v itro  ly m p h o c y te  c y to to x ic ity  [33]. 
I t  m a y  be of in te re s t  t h a t  non-specific  c y to to x ic ity  w as ev id en t a g a in s t A9

)
human mouse

F ig . 6. K inetics of changes in  re a c tiv i ty  of sk in  te s t  (- - - - x  ST), in  v itro  b la s t t r a n s fo rm a 
t io n  (------ О ВТ), m ig ra tio n  in h ib itio n  (-------Д  M I), ly m p h o c y te  c y to to x ic ity  (--------□  LT)
e lic ite d  b y  HUM AN (D a u d i)  a n d  M O USE (Y C A B , A 9, M B G ) an tig en s d u rin g  th e  early  
p h a se  a f te r  im m u n iza tio n  w ith  h u m a n  cells in  g u in ea  p igs. T h e  d iffe ren t p a ram e te rs  are on 
a r b i t r a r y  scale. The h ig h es t v a lu e  fo r each p a ra m e te r  w as d e s ig n a ted  a rb itra r ily  as 10 and  

th e  o th e r  v a lu e s  were expressed  in  re la tio n  to  th is
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t a r g e t  cells, an d  n o t  a g a in s t th e  M BG cells. T his fac t m ay  suggest th a t  th e  
e ffec t is n o t  s tr ic tly  ce ll-m ed ia ted  as A9 cells a re  s ta n d a rd  ta rg e ts  on w h ich  th e  
c y to to x ic ity  of th e  h u m o ra l fac to rs  p ro d u ced  b y  im m u n o ac tiv e  or s t im u la te d  
ly m p h o c y te s  are d e m o n s tra te d  [19, 40]. T h is w as su p p o rted  b y  o u r f in d in g  of 
c y to to x ic  a n tib o d y  or fa c to r  in  th e  serum  o f im m u n ized  an im als w h ich  effected  
g ro w th  o f  A9 cells. T he serum  co n ta in in g  specific  an tibod ies h ad  no  d e tec tab le  
an tib o d ie s  or fa c to r  w hich  woxdd h av e  p ro te c te d  th e  ta rg e t  cells ag a in s t 
ly m p h o c y te  a c tiv ity .

T h e  s tr ic t sp ec ific ity  of th e  in  v itro  s tim u la tio n  of D N A  sy n th es is  co n 
fin e d  on ly  to  th e  im m uniz ing  an tigen  (h u m an  cells), co n tra s te d  th u s  th e  skin 
re a c tio n  in  v ivo an d  th e  m ig ra tion  in h ib itio n  or cy to to x ic ity  in  v itro  w hen  
m ouse  cells w ere used  (Fig. 6). T he p o sitiv e  re a c tio n  in  th e  la t te r  case w as 
th u s  n o t  necessarily  coup led  to  th e  s tim u la to ry  effect of th e ir  a n tig e n  (cross 
re a c tin g  ?) b u t  m ay  h av e  been d e te rm in ed  b y  th e  b eh av io u r o f th e  tra n s fo rm e d  
ly m p h o c y te s  in  th e  p o p u la tio n  upon  c o n fro n ta tio n  w ith  th e  m ouse cells. As 
m e n tio n e d  before, th is  p o p u la tio n  resp o n d ed  slig h tly  b e tte r  even to  P H A .

T h u s, in th e  ea rly  period  a fte r  im m u n iz a tio n , “ non-specific”  reac tio n s 
w ere  reco rded  w hich  w ere n o t accom pan ied  b y  fu r th e r  ly m p h o c y te  p ro li
fe ra tio n . T hese reac tio n s  m ay  be e lic ited  b y  h u m o ra l fac to rs  re leased  a fte r  
c o n fro n ta tio n  of th e  ly m p h o cy tes  w ith  th e  “ non-spefic ic”  an tig en ic  ta rg e t  cells.

*

T hese in v estig a tio n s w ere con d u cted  u n d e r  C o n trac t N r. N IH -69-2005  w ith in  th e  
Specia l V irus-C ancer P ro g ram  of th e  N a tio n a l C ancer In s t i tu te ,  N IH , V S P H S .

G ran ts  w ere also received  from  th e  Sw edish  C ancer Society.
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THE ORIGIN OF ANAEMIA 
IN TROPICAL SPLENOMEGALY SYNDROME
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(R eceived A ugust 21 , 1973)

T h ir ty  p a t ie n ts  w ith  the  d iagnosis o f  tro p ic a l  splenom egaly sy n d ro m e  were 
in v es tig a te d  in  G h a n a . T he p a tien ts  h ad  low  h a e m a to c r it  and low W B C  a n d  p la te le t 
co u n ts  and  th e  n u m b e r  o f re ticu locy tes a n d  in d ire c t  b ilirub in  were slig h tly  in creased . 
R ed  cell su rv iv a l a n d  rad io iro n  stud ies show ed  s lig h t haem olysis. IgM  im m u n o g lo b u lin  
was increased . R B C  vo lum e m easured  w ith  51C r tag g e d  e ry th ro cy tes  w as n o rm a l b u t 
p lasm a vo lum e a ssa y ed  w ith  125I labelled se ru m  a lb u m in  was increased . H e a t-d a m a g e d  
an d  51Cr labe lled  re d  cells were used to  s tu d y  m ic ro circu la tio n  in th e  sp leen . I t  was 
concluded t h a t  th e  low  h aem ato c rit was d u e  to  th e  increased  plasm a v o lu m e  a n d  th e  
te m p o ra ry  R B C  se q u e s tra tio n  in th e  large sp leen . In  ad d itio n , th ere  is a co m p en sa ted  
haem olysis.

T rop ical sp len o m eg aly  syndrom e or “ b ig  spleen disease”  re fe rs  to  a 
sy m p to m  com plex  co n sis tin g  of m assive sp len o m eg a ly , anaem ia a n d  n o  u n d e r
ly ing  disease or d ire c t ag en t w hich cou ld  e x p la in  th e  splenic e n la rg e m e n t. 
R ecen tly , an in c reased  IgM  co n cen tra tio n  h as  b een  found in p e r ip h e ra l b lood  
an d  th e re  is a s tro n g  s u p p o r t for th e  view  t h a t  tro p ic a l sp lenom egaly  sy n d ro m e 
is an  ab n o rm al a n d  u n u su a l reaction  to  m a la r ia l  infection . The re le v a n t  fac ts  
an d  th eo ries  a b o u t th e  syndrom e have b een  su m m arized  [24] an d  m o s t o f th e  
cases h av e  been re p o r te d  from  areas w h ere  m a la ria  is endem ic, th u s  from  
Senegal [5], M ad ag asca r an d  Iv o ry  Coast [6], U g a n d a  [19, 29, 13], Z a m b ia  [18], 
G hana  [27, 30] N ew  G uinea  [25], N igeria [8, 36, 31] and  in R w a n d a n s  liv ing  
in  U ganda [40].

T his an d  o th e r  fin d in g s p o in t to  th e  im p o r ta n t  role of m a la r ia  in  th e  
d ev e lopm en t of sp lenom egaly . In  th is  s tu d y  w e are p resen ting  d a ta  on th e  
p a to m ech an ism  o f a n a e m ia  in  th e  tro p ic a l sp lenom egaly  snydrom e.

Material and M ethods

T h ir ty  p a tie n ts  w ith  tro p ica l sp lenom egaly  sy n d ro m e  were selected a t  th e  D e p a r t
m en t o f M edicine, K orle  B u  T eaching H o sp ita l, A ccra . T h e  c riteria  of d iagnosis w ere  a  very  
large spleen an d  no p r im a ry  cause of th e  sp len o m eg aly . F a lc ip a ru m  m ala ria  p a ra s i te s  were

* P re sen t ad d ress : Second D ep artm en t o f M ed icine , Sem melweis M edical U n iv e rs ity , 
B u d a p es t, H u n g ary
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o c c a s io n a lly  fo und  in  th e  b lood  o f b o th  th e  con tro ls  a n d  th e  p a tien ts . This is n o t ,  h o w ev er, 
à n  u n u s u a l  fin d in g  in  in d iv id u a ls  liv in g  in  a h y p e ren d e m ic  a rea  and does n o t  im p ly  c lin ical 
m a la r ia .  M a la ria , like o th e r p ro to z o a n  d iseases, d iffe rs  f ro m  b ac teria l in fec tions in  t h a t  th e  
c a u s a t iv e  p a ra s ite s  do n o t d isa p p e a r , b u t  rem ain  in  th e  b o d y  where a balance is e s tab lish e d  
b e tw e e n  th e  resistance  of th e  o rg a n ism  an d  th e  in h e re n t  te n d e n c y  of th e  p a ra s ite s  to  in crease  
[1 8 a]. A ll p a tie n ts  were h o sp ita lize d  and  su b jec ted  to  c lin ica l and  lab o ra to ry  in v e s tig a tio n s . 
T o s e rv e  a s  con tro ls, p a tie n ts  w ere  se lec ted  who h a d  n o rm a l haem ato log ical v a lu e s , a  sp leen  
o f n o r m a l  size an d  no disease w h ic h  w ould  have  a ffe c te d  sp len ic  function.

R o u tin e  haem ato log ica l in v e s tig a tio n  in c lu d ed  PC Y , H b  estim ation , W B C , p la te le t  
a n d  re tic u lo c y te  counts, an d  te s ts  fo r d irec t and  in d ire c t b iliru b in  [16], p lasm a  v o lu m e  w ith  
135I  ta g g e d  se ru m  album in  a n d  R B C  volum e w ith  51C r ta g g e d  red  cells [21] w as p e rfo rm ed . 
R e d  ce ll su rv iv a l was d e te rm in ed  follow ing RB C  v o lu m e  e stim a tio n . R ad io iro n  s tu d ie s  w ere 
c a r r ie d  o u t  [17], and  ra d io a c tiv ity  over th e  sp leen , l iv e r , h e a r t  and sacrum  w as m ea su re d  
w ith  a  2 .5 4 x 1 7 .4  cm  sodium  io d id e  c ry sta l. H e a t  t r e a tm e n t  and  labelling o f re d  cells w ere 
c a r r ie d  o u t  accord ing  to  a  m e th o d  described  p rev io u s ly  [30]. To sum m arize th e  te c h n iq u e  
b r ie f ly ,  b lo o d  was tak en  in to  h e p a r in  and  tag g ed  w ith  51Cr, th is  was follow ed b y  in c u b a 
t io n  o f  th e  re d  cells in  a w a te r  b a th  (49.5 °C 0.5) fo r  30 m inutes. A fter in c u b a tio n  th e  
cells w e re  w ash ed  tw ice in  sa line  a n d  resuspended  in  th e  p a t ie n t ’s own p lasm a. T h e  su sp en 
sion  w a s  re in jec ted  w ith in  30 seco n d s; th e  re in jec ted  v o lu m e  v aried  betw een  5 a n d  8 ml. 
B lo o d  w a s  ta k e n  from  th e  o p p o site  c u b ita l vein  a t  3, 10, 20 and  40 m in u tes  fo r  m e a su re 
m e n t  o f  ra d io a c tiv ity .

R a d io a c tiv ity  over th e  sp leen  an d  liv e r was re c o rd e d  continuously  using  a  tw in  p ro b e  
d e te c to r  w h ic h  was used  also fo r iso to p e  ren o g rap h y . O ne d e te c to r  was p laced  o v e r th e  sp leen  
b e tw e e n  th e  m am m illary  a n d  a n te r io r  ax illary  lines, th e  o th e r  over th e  liver, in  th e  a n te r io r  
a x il la ry  lin e . Care was ta k e n  to  p lace  th e  d e tec to rs  on  th o se  p a rts  of these  o rg a n s  w here  
v a s c u la r iz a tio n  is m axim al, i.e. to  av o id  th e  edges. A fo re a rm  cou n te r was u sed  fo r  m e a su re 
m e n ts  o f  th e  c ircu la ting  r a d io a c tiv ity  in  th e  a rm  w ith o u t  v en ip u n c tu re .

Ig M  im m unoglobulin  w as m ea su re d  b y  ra d ia l  im m u n o d iffu sio n  using  im m u n o p la te s  
(B e h rin g w e rk e )  and  S ta n d a rd  H u m a n  Serum  (B eh rin g w erk e ) fo r calib ra tion .

R esults

Splenom egaly. In  th e  m a jo r ity  of th e  p a tie n ts , the  low er e n d  o f  th e  
sp le e n  co u ld  be found a t  th e  um bilicus or low er, n o t in freq u en tly  n e a r  th e  
sy m p h is is . T he liver w as en la rg ed  in  a lm o st e v e ry  case; d istended  v e in s  over 
th e  a b d o m e n  w ere n o t p re se n t in  an y  o f th e  p a tie n ts .

A g e  and sex d istribu tion  (Table I). T h e  inc idence  was a lm o st e q u a l in  
b o th  sex es an d  m ean  age w as a ro u n d  36 y e a rs  in  b o th  groups, in d ic a tin g  th a t  
p re d o m in a n t ly  young  a d u lts  w ere affected .

P C V , W B C , reticulocytes and platelets (F ig . 1).
A n a e m ia  was p re sen t in  a lm o st every  case. T h e  m a jo rity  o f th e  p a t ie n ts  

h a d  P C Y  va lu es  betw een  20 a n d  30% . T he n u m b e r  of W BC was d e c re a sed  in  
tw o  th i r d s  of th e  cases w h ereas  th e  p la te le t c o u n t gave  low values in  e v e ry  case

T ab le  I

Sex No. Age, mean 
(years)

Age, range 
(years)

M 17 36.9 15—67

F 13 35.9 18—55

T ota l 30 36.4 15—67
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RC.V. V. W.B.C/cm3 RETICS V. PLATELETS/ml

Fig. 2. In d irec t b iliru b in , R B C  vo lu m e, p lasm a  vo lum e, and  IgM  in  p a tie n ts

w here  i t  has been e s tim a te d . T he re tic u lo c y te  cou n t show ed a m o d era te  
increase .

Ind irect b ilirub in , R B C  and p lasm a  volum e and Ig M  concentration  (F ig . 2). 
In d ire c t b iliru b in  w as e lev a ted  in  a b o u t h a lf  o f th e  p a tie n ts . I n  te n  cases 

w here  th e  RBC vo lum e w as m easu red , th e  re su lts  fell w ith in  th e  n o rm a l range. 
H o w ev er, th e re  w as a s tr ik in g  increase  of p la sm a  volum e, th e  av e ra g e  being 
61.4 m l/kg , w hereas none o f  ou r con tro ls  h a d  a va lu e  higher th a n  50 m l/kg .

IgM  w as increased  in  m ore th a n  h a lf  o f th e  cases in v e s tig a te d . In  som e 
p a tie n ts  i t  w as fo u r to  f iv e  tim es h ig h er th a n  th e  up p er lim it o f h e a l th y  young  
G h an a ian s  ( R i n g e l h a n n , u n p u b lish ed ).
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TISSUE
ACTIVITY

F ig . 3/a. In  vivo u p ta k e  o f ra d io iro n  in  th e  no rm al su b je c t .  R a d io a c tiv ity ^ a f te r  fiv e  days 
is h ig h e s t  over th e  h e a r t .  T h e re  is a rap id  and e ffic ien t u t i l iz a t io n  of rad io iron  fo rJH h Jp ro -

duction

TISSUE
ACTIVITY

F ig . 3/b. In  vivo u p ta k e  o f  ra d io iro n  in  a  p a tie n t  w i th  tro p ic a l sp lenom egaly  sy n d ro m e. 
U ti l iz a t io n  of rad io iro n  is less  e ffic ien t, and  iro n  is d e p o s ite d  in  th e  spleen a n d  liver

R ed  cell survival a n d  uptake  o f radioiron in  vivo  (F igs 3a and 3b).
R e d  cell su rv iv a l w a s  m easu red  in  fo u r p a t ie n ts ;  th e  h a lf  life v a lu es  w ere 

20 d a y s  (2 p a tien ts), 21 a n d  25 days. The n o rm a l ra n g e  in  our la b o ra to ry  is 
26— 35 days.

I n  v ivo e s tim a tio n  o f  a c tiv ity  a fte r  in je c tio n  o f 59F e labelled  p lasm a 
tra n s fe r r in  was done in  f iv e  p a tie n ts . In  fo u r cases th e  coun t over th e  spleen 
w as h ig h e s t a fter th e  6 th  d a y ;  in  th e  con tro ls , th e  h e a r t  coun t was h ig h e s t a t
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th is  tim e . U tiliz a tio n  o f iron  fo r H b  p ro d u c tio n  w as slig h tly  below  8 0 % , w hich  
is th e  low er lim it o f th e  n o rm al range.
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Fig. 4/a. C ontinuous reco rd ing  of ra d io a c tiv ity  u p tak e  in  sp leen  an d  liver o f a  n o rm al su b je c t 
follow ing in jec tio n  of Cr51 labelled  h e a t-d am a g ed  cells

F ig . 4jb. R ecord ing  of rad io ac tiv e  u p ta k e  over sp leen  a n d  liv e r in  a  p a tie n t  w ith  tro p ic a l 
sp lenom egaly . N ote  th e  d ifference in splenic u p ta k e . (H e a t- tre a te d  cells)
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F ig . 5. C ontinuous reco rd in g  o v e r liver and  th e  la rg e  sp leen  in  a p a tie n t  w ith  ch ro n ic  ly m 

p h a tic  leukaem ia. (H e a t-d a m a g ed  cells)

R adioactivity  over the spleen and in  periphera l blood (Figs 4 a , 4b  an d  5)
I n  th e  no rm al c o n tro l in d iv id u a l th e  in je c te d  h e a t-d am ag ed  a n d  51Cr 

la b e lle d  red  cells d isa p p e a r  soon from  th e  c ircu la tio n  and  ra d io a c tiv ity  over 
th e  sp leen  increases p a ra lle l  w ith  th e  d isap p ea ran ce  o f these  cells. I n  tro p ic a l 
sp len o m eg a ly  syndrom e th e  d isap p earan ce  w as fa s t  w ith  an  in c reased  splenic 
u p ta k e .  T he increase o f ra d io a c tiv ity  o v er th e  liv e r in  con tro ls la s te d  a b o u t 3 
m in u te s , th e n  th e  cu rve  lev e lled  off. In  c o n tra s t , u p ta k e  over th e  sp leen  show ed 
a  f a s t  increase  la s tin g  fo r  a b o u t 4 m in u tes , a n d  th is  w as follow ed b y  a slow er 
b u t  co n tin u o u s rise u p  to  40 m inu tes. In  tro p ic a l sp lenom egaly  sy n d ro m e th e  
u p ta k e  curve over th e  liv e r  w as sim ilar to  t h a t  o f th e  con tro ls, an d  th e  shape  of 
th e  sp len ic  curve w as also  sim ila r, b u t  m u ch  g re a te r  u p ta k e  is ra te d . In  th e  
n o rm a l contro ls, th e  r a t io  o f  splenic an d  liv e r  co u n t ra te s  w as 1.0 w hile in  
tr o p ic a l  splenom egaly  sy n d ro m e  th e  ra tio  w as 3.0. N evertheless, in  one h e a lth y  
in d iv id u a l  selected as a c o n tro l case we fo u n d  a fa s t d isap p earan ce  o f th e  h ea t- 
t r e a te d  51Cr tagged  red  cells, an d  th e  sp leen -liv er ra tio  was 2.0.

A n  u p tak e  cu rve  o v e r th e  spleen a n d  liv e r  in  a p a tie n t  w ith  chronic  
ly m p h o id  leukaem ia re sem b led  th a t  o b serv ed  in  th e  con tro ls , th o u g h  th e  
p a t i e n t  h a d  a very  la rg e  sp leen .

A n a ly s is  o f the up take curves (Figs 6 a n d  7). P lo ttin g  on log lin e a r  p lo t 
th e  d ifference  betw een  th e  u p ta k e  a t  an y  g iven  tim e  an d  th e  fin a l eq u ilib riu m  
v a lu e  fo r  th e  u p ta k e  show ed  tw o  e x p o n e n tia l com ponen ts w hich  cou ld  be 
s e p a ra te d  b y  sim ple g ra p h ic a l curve peeling . T he tw o  com ponen ts h a d  h a lf  
t im e s  o f  a p p ro x im a te ly  1.2 a n d  6.1 m in u te s , resp ec tiv e ly .
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E.A.
SPLEEN CURVES

Fig. 6. R a d io a c tiv ity  in  spleen of a p a tie n t  w ith  tro p ic a l splenom egaly p lo tte d  on  a sem i- 
lo g arith m ic  p a p e r , show ing tw o phases o f th e  u p tak e . (H eat-d am ag ed  cells)

E.A.

Fig. 7. R a d io a c tiv ity  in  th e  a rm  of a p a tie n t  w ith  tro p ic a l sp lenom egaly  sy n d ro m e , p lo tte d  
o n  sem ilogarithm ic  p a p e r, show ing tw o  p h ases o f  th e  u p tak e . (H e a t-d a m a g ed  cells)
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T h e half-life o f  th e  f a s t  com ponent on th e  a rm  curve  was a b o u t 2.2 m in , 
re p re se n tin g  32%  o f th e  to ta l  ra d io a c tiv ity . A lth o u g h  th e re  was a reaso n ab le  
a g re e m e n t for th e  sh o r t  h a l f  tim es in  splenic u p ta k e  an d  th e  d isap p earan ce  of 
r a d io a c tiv ity  in  th e  a rm , th e re  was no a g re e m e n t fo r th e  long ones, th e  slow 
co m p o n e n t in th e  a rm  cu rv e  hav ing  been  30 m in u te s , so th is  fig u re  w h ich  
re p re se n ts  68%  of th e  to ta l  rad io ac tiv ity  d id  n o t  agree well w ith  th e  sp len ic  
u p ta k e  curve.

D iscussion

T h e  h a e m a to c rit w as low  in all b u t  th re e  o f  o u r p a tie n ts  and  its  degree  
v a r ie d  betw een  m o d e ra te  a n d  sligh t. A s im ila r deg ree  of anaem ia  w as fo u n d  b y  
o th e r  w orkers [29, 22, 25, 27]. R e ticu lo cy to sis , ra ised  in d irec t b iliru b in , 
sh o rte n e d  RBC su rv iv a l a n d  th e  p a tte rn  o f o rg a n  59F e u p ta k e  im p lied  som e 
p re m a tu re  lysis an d  in c re a se d  red  cell p ro d u c tio n , p o in tin g  to  an a n aem ia  o f 
h ae m o ly tic  ch a rac te r . R e ticu locy tosis  and  a sh o r te n e d  red  cell life sp an  w ere 
fo u n d  in  tro p ica l sp len o m eg a ly  syndrom e in  N ew  G uinea [25], a lth o u g h  n o t  in  
th e  cases in v e s tig a te d  b y  F ren ch  au th o rs  [22], n o r  in  U ganda w here th e  r e t i 
cu lo cy te  cou n t ra n g e d  b e tw een  1 and  4 %  in  15 p a tie n ts  excep t one [29]. 
D esp ite  the  low h a e m a to c r i t  an d  th e  la b o ra to ry  f in d in g s  in d ica ting  haem olysis , 
th e  re d  cell vo lum e w as n o rm a l, an d  in 8 o u t o f  10 p a tie n ts  th e  p lasm a vo lu m e 
w as ex p an d ed . F ro m  th e  n o rm a l red  cell v o lu m e  w e m ay  infer th a t  th e  h a e m o 
lysis w as com pensa ted . T h is  com pensated  h aem o ly sis  m ay  have acco u n ted  for 
th e  increased  m e d u lla ry  ery th ropo iesis  w hich  w e h a v e  seen in  some p a tie n ts . No 
th o ro u g h  m orpho log ica l in v es tig a tio n  of e ry th ro p o ie s is  was carried  o u t in  th is  
s tu d y . T h e  m echan ism  w h ich  could accoun t fo r th e  low  h aem a to c rit is haem o- 
d ilu tio n  an d  th is h as  b een  fo u n d  in  splenom egalies o f various origin [12, 20, 23, 
3, 34, 4, 37, 25, 1]. S p len ec to m y  leads to  a co m p le te  or p a r tia l red u c tio n  o f th e  
b lo o d  vo lum e [20, 1, 25, 37, 7, 29, 14]. T h e  o rig in  o f th e  ex p an d ed  p la sm a  
v o lu m e  has n o t b een  c la rified . E x tension  o f  th e  v a scu la r  bed  and  a co m p en 
sa to ry  increase of p la sm a  volum e has b een  su g g ested  [1, 4]. A ccord ing  to  
a n o th e r  ex p lan a tio n , chan g es in  oncotic p re ssu re  [37] and  h y p erv o laem ia  
re la te d  to  h y p e rim m u n ity  against m a la ria  co u ld  p rovoke changes in  th e  
p la sm a  volum e [25]. In d e e d , in  our p a tie n ts  th e  co n cen tra tio n  of IgM  w as 
e le v a te d , sim ilarly  as fo u n d  b y  o ther a u th o rs  [6, 31, 39, 38, 40]. I t  is n o te 
w o r th y  th a t  th e  la rg e  sp leen  in  trop ica l sp len o m eg a ly  syndrom e decreases in  
p a tie n ts  on long te rm  m a la r ia  prophy lax is [36, 31] an d  th e  blood IgM  level 
also decreases [31]. I t  is  u n lik e ly , how ever, t h a t  th e  e leva ted  IgM  w ould  h av e  
cau sed  a h y p erv o laem ia  b ecau se  th is  la t te r  also occurs in  n o n -tro p ica l sp len o 
m egalies w ith o u t an  in c re a se  in  IgM.

T h e  no rm al red  cell vo lum e an d  th e  low  h a e m a to c rit associa ted  w ith  
dec reased  W BC a n d  p la te le t  coun t in  o u r p a t ie n ts  im p lica te  an  en la rg ed
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sp leen  for pooling o f p a r t  o f th e  c ircu la tin g  re d  cells [23, 15, 9, 10, 1, 2, 28]. 
T he spleen a fte r  sp len ec to m y  m ay  co n ta in  16— 3 0 %  of th e  to ta l  red  cell m ass 
[1]. T he pro longed  h a lf  c learance  tim e  of h e a t  d am ag ed  red  cells a f te r  sp len 
ec to m y  in our p rev io u s s tu d y  [30] adds fu r th e r  su p p o rt to  th e  th e o ry  o f  se
q u e s tra tio n  in  th e  sp leen .

T he co n tin u o u s  reco rd in g  of ra d io a c tiv ity  over th e  spleen an d  th e  
fre q u e n t m easu rem en ts  over th e  arm  in ou r ex p e rim en ts  offered som e in sig h t 
in to  th e  m echan ism  o f sp len ic  seq u estra tio n . T h e  f irs t  phase o f th e  splenic 
u p ta k e  curve (F ig . 6) h ad  a h a lf  tim e  of 1.2 m in . a n d  th e  slow er phase , 6.1 m in. 
T h is ty p e  of cu rve  m irro rs  th e  e n try  o f 51Cr lab e lled  cells in to  a tw o co m p a rt - 
in e n ta l system  [12, 15, 23, 28, 33, 9, 10, 11, 3]. T he rap id  f irs t phase  w ith  a 
ra p id  ou tflow  ra te  co rresp o n d s to  th e  d irec t or ‘c lo sed ’ c ircu la to ry  sy stem  o f th e  
red  cell pu lp  in th e  spleen [35, 26] w hich is a d ire c t a rte rio -venous sh u n t. T he 
second phase  w ith  a longer T 1/ ,  and  a less s teep  slope signals a slow inflow  ra te  
an d  th e  e n try  o f red  cells in to  th e  ‘open’ c ircu la tio n  ex isting  p a ra lle l to  th e  
closed or d irec t sy stem . A n a tom ica lly  th e  o pen  c ircu la to ry  system  is lo ca ted  
in  th e  ly m p h a tic  co rds (B illro th ’s cord) an d  fo rm s a loose f i l te r  sy stem  com 
posed  of m acrophages an d  a p e rtu re s  b e tw een  th e m  of 3 fi in  d iam e te r . The 
en v iro n m en t of th is  sy stem  p u ts  s tra in  on th e  cells (hypox ia , low er p H ) and  
th e  old and fa u lty  cells w ill he rem oved [15]. In  th e  norm al sp leen, a sm all 
p ro p o rtio n  o f th e  cells is d iv e rted  to w ard  th e  slow c o m p a rtm e n t, in  tro p ic a l 
sp lenom egaly  sy n d ro m e (and  in  som e o th e r  sp lenom egalies) th is  p ro p o rtio n  
increases an d  th e  red  cells due to  a longer s ta y  am id st h y p e rac tiv e  m ac ro 
phages are  prone to  u n tim e ly  lysis.

T he 6.1 m in  h a lf  tim e  o f th e  second p h a se  o f th e  splenic u p ta k e  cu rve  
in d ica tes  a g rad u a l b u ild -u p  of ra d io a c tiv ity  in  th e  spleen, in o th e r  w ords a 
slow  inflow  of cells in to  th e  open c ircu la tion . O w ing to  th e  slow o u tflo w  ra te , 
c ircu la tio n  in  th e  co rds slows dow n an d  th e  cells a re  tra p p e d  th e re  te m p o ra rily . 
O ne th ird  or one fo u r th  o f  th e  c ircu la tin g  red  cell m ass m ay  be seq u estred  in 
th e  large spleen. T h e  a c tiv i ty  cu rve  over th e  a rm  show s th a t  32%  o f th e  ra d io 
a c tiv ity  is b o und  to  th e  f i r s t  phase , and  68 %  to  th e  second, slow p h ase .

N ot every  la rg e  sp leen  can be assum ed to  be capab le  of seq u este rin g  red  
cells. F ig. 5 shows th e  sp len ic  u p ta k e  curve o f a p a t ie n t  w ith  ch ron ic  ly m p h a tic  
leukaem ia , w ho h a d  a v e ry  large spleen. In  th is  case th e  m a lig n an t g ro w th  of 
th e  ly m p h a tic  tissu e  p ro b a b ly  p rev en ted  th e  expansion  o f th e  second com 
p a r tm e n t. In  th is  c o n te x t we m ention  th a t  som etim es i t  is d ifficu lt to  d iffe ren 
t ia te  betw een  th e  tro p ic a l sp lenom egaly  sy n d ro m e  an d  chron ic  ly m p h a tic  
leu k aem ia  in  th o se  cases w here in  th e  p e rip h e ra l c ircu la tio n  th e  p e rcen tag e  of 
ly m p h o cy tes  is h igh  [31]. T he splenic u p ta k e  cu rve  a fte r  in jec tio n  o f h ea t-  
d am ag ed  51Cr labe lled  cells m ay  help  in e s tab lish in g  th e  d iagnosis.

F in a lly  we h a v e  to  co m m en t on th e  slow  d isap p earan ce  o f ra d io a c tiv ity  
on th e  a rm  curve  in  th e  second phase (F ig . 7). In  our experience, a f te r  10
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m in u te s  th e re  is no close a g re e m e n t b e tw een  fo rearm  co u n t an d  b lo o d  co u n t, 
th e  fo rm e r  m ostly  b e ing  h ig h e r. T his is in  c o n tra d ic tio n  to  th e  f in d in g  of 
F i s c h e r  e t  al. [10] who fo u n d  closely co rrespond ing  resu lts  an d  on a c c o u n t of 
th is  th e y  o m itted  b lood  sam p lin g  an d  m easu re  ra d io a c tiv ity  only  in  th e  arm . 
A t a la te r  stage  of th e  p o s tin je c tio n  period , som e dam aged  cells a n d /o r  cell 
f ra g m e n ts  m ay , how ever, b e  w ith h e ld  in  th e  cap illa ries an d  th is  excess ra d io 
a c t iv i ty  causes u n d u ly  h ig h e r  a rm  coun ts.
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ACTA M E D IC A

TOM 30 -  ВЫП. 4

РЕЗЮМЕ

ИЗУЧЕНИЕ СВЯЗЫВАНИЯ МОЧЕВОЙ КИСЛОТЫ ПЛАЗМЕННЫМИ 
БЕЛКАМИ ПРИ ПОДАГРЕ

Е. ХОЛЛЕНДЕР

Автор проводил отделение связанной плазменными белками и свободной мочевой 
кислоты методом фильтрования на геле Сефадекс. В контрольной группе 20,3%, а в группе 
больных подагрой 16,9% общего количества мочевой кислоты оказались связанными. 
При применении 14 C-2-мочевой кислоты в нормальной плазме было найдено связывание 
мочевой кислоты белками подобного порядка величины. При подагрическом артрите 
связанная белками активность меченной мочевой кислоты составила только 46% активности 
в норме. Плазма больных подагрой, не получавших лечения, способна связывать больше 
мочевой кислоты, чем плазма больных, лечившихся препаратом Зилорик.

Вопреки более низкому соотношению связывания при гиперурикемических состоя
ниях абсолютное количество связанной, неактивной мочевой кислоты достоверно больше, 
чем у контрольных лиц. Нормальные плазменные белки вследствие способности к связы
ванию мочевой кислоты до известной степени способны также тормозить тканевое выпаде
ние мочевой кислоты.

Из фракций плазменных белков, отделенных электрофорезом на бумаге, меченная 
мочевая кислоты связывается а2- и Д-глобулинами.

КЛИНИЧЕСКОЕ И ГИСТОПАТОЛОГИЧЕСКОЕ ИЗУЧЕНИЕ ЗАБОЛЕВАНИЙ
ПОЧЕК У ЧЕЛОВЕКА

V. Гистологические, иммунопатологические и электронномнкроскопические данные
ребиопсии

Э. БЕРЕГИ и И. ВАРГА

Сообщаются гистологические, иммуногистологические и электронномикроскопи
ческие данные ребиопсии, проведенной у 70 больных заболеваниями почек. Изменения, 
наблюдавшиеся при повторной биопсии, обсуждаются в распределении на 3 группы: 
1. излечившиеся случаи, 2. неизменно существующие процессы, подобные процессу, наблю
давшемуся при первой биопсии, 3. случаи ухудшения. У излечившихся больных под опти
ческим микроскопом в корешках местами удалось выявить незначительное размножение 
мезангиальных клеток и мезангиального матрикса, указывающее на протекавший гломе- 
рулонефрит. Других изменений не было найдено. Иммуногистологическое исследование 
привело к отрицательному результату. В электронном микроскопе же на нескольких 
местах еще удалось доказать слияние отростков клубочковых клеток, в эпителиальных 
клетках наблюдались липидные капли, а в эндотелиальных клетках — вакуоли. В группе 
больных с неизменным процессом при ребиопсии под оптическим микроскопом картина 
была идентичного характера, как и при первой биопсии. При иммуногистологическом 
исследовании в части случаев наблюдалось исчезновение или уменьшение иммунного 
депозита, и в то же время на основной перепонке и в мезангии был найден фибрин. Авторы 
обсуждают связь между наличием фибрина и гломерулонефритом. В электронном микро
скопе на многочисленных местах на утолщенной основной перепонке, наряду с иммунным 
депозитом, видны проточинки. В группе больных с ухудшением процесса в ходе ребиопсии 
под оптическим микроскопом было выявлено прикрепление и гиалиновое преобразование



клубочковых петель. Иммуногистологическим способом было выявлено такое же изменение, 
как и в первой группе. Электронномикроскопическое исследование показало размножение 
мезангиального матрикса и расширение основной перепонки, и, наряду с этим, на основной 
перепонке и в мезангии наблюдался иммунный депозит, и на основной перепонке — 
проточинки.

ДЕЙСТВИЕ СЫВОРОТОЧНОГО а,-АНТИТРИПСИНА НА 
ПРОТЕОЛИТИЧЕСКУЮ АКТИВНОСТЬ ГНОЙНОЙ МОКРОТЫ 

Э. ТАРЬЯН и П. ТОЛНАИ

Авторами был изучен вопрос о том, в какой мере можно тормозить протеолитическую 
активность гнойной мокроты введением нормальной человеческой сыворотки и таких 
сывороток, в которых в различной мере понижено количество а,-антитрипсина.

Было установлено, что последние сыворотки почти или совершенно не понижают 
протеолитическую активность мокроты, и что степень ингибирования соразмерна содержа
нию ocj-антитрипсина в сыворотке.

ПРЕССОРНАЯ АКТИВНОСТЬ НАТИВНОЙ ПЛАЗМЫ ПОЧЕЧНОЙ ВЕНЫ 
Л. ДЕБРЕЦЕНИ и В. СЕКАЧ

В целях изучения диагностической ценности определения прессорной активности 
нативной плазмы почечной вены авторы проводили сравнение серийных нефроангиограмм 
и активности ренина в плазме почечной вены больных гипертонией. Несмотря на то, что 
пропорционально логарифму активности ренина в плазме почечной вены, в нативной 
плазме почечной вены была выявлена повышенная прессорная активность, ложноположи
тельные результаты авторов указывают на то, что в индивидуальных случаях измерение 
прессорной активности нативной плазмы почечной вены не может заменить измерение 
активности ренина в плазме почечной вены в области доказательства причинной связи 
между сужением почечной артерии и гипертонической болезнью.

ТОРМОЖЕНИЕ ОБРАЗОВАНИЯ ИММУННОЙ РОЗЕТКИ В КЛЕТКАХ 
СЕЛЕЗЕНКИ МЫШЕЙ РАДИОКОБАЛЬТНЫМ ОБЛУЧЕНИЕМ

МЕТОД ДЛЯ ИЗМЕРЕНИЯ ИММУНОСУППРЕССИВНОГО ДЕЙСТВИЯ
Г А М М А И З Л У Ч Е Н И Я

Б. Ф ЕКЕТЕ, ДЬ. СЕГЕДИ, Ю. ПЕТРАНЬИ, П. ГЕРГЕЙ, Г. САБО и 3. ДЕЖИ

Авторами было установлено, что облучение всего тела мышей штамма Бальб/с 
радиоктивным кобальтом в дозе 1/5ЛД-,, представляет собой эффективный ингибитор 
образования иммунной розетки. Излучение радиоактивного кобальта с одной стороны 
уменьшает число лимфоцитов селезенки, образующих розетку, а с другой — задерживает 
образование розетки остальными лимфоцитами.

Наиболее чувствительными к иррадиации являются Т-лимфоциты.
Применение облучения до дачи или в день введения антигена привело к усиленному 

торможению образования розетки по сравнению с облучением после антигенового стимула.
Результаты, достигнутые методом торможения иммунной розетки, предоставляют 

новые данные об ингибиторном действии облучения на иммуноциты.

ИЗУЧЕНИЕ ГУМОРАЛЬНОГО ИММУНИТЕТА ПРИ ХРОНИЧЕСКИХ 
ЗАБОЛЕВАНИЯХ ПЕЧЕНИ

К. ШИМОН, А. ПАТАКФАЛЬВИ, А. ПАР и Ж . МИСЛАИ

Авторами было проведено сравнение поведения гуморального иммунного ответа 
при различных типах хронических заболеваний печени. Они определяли у 69 больных 
хроническими заболеваниями печени (хронический активный гепатит, хронический пер- 
систирующий гепатит, цирроз печени, жировая печень) величину содержания гаммаглобу- 
линов, РОЭ, тимол и концентрацию трех главных иммуноглобулинов, титры антибактери-



альных противотел. Они изучали также встречаемость аутопротивотелоподобных фак
торов.

Согласно полученным результатам, при хронических заболеваниях печени, сопря
женных реакцией мезенхимы, повышенный гуморальный иммунный ответ представляет 
собой общее явление. На основе вышеуказанных лабораторных показателей и изучения 
иммуноглобулинов и противотел можно делать заключение о наличии или отсутствии реак
ции мезенхимы. При хронических заболеваниях печени, сопровожденных реакцией мезен
химы, наблюдалось прежде всего повышение количества антител против кишечных бак
терий, тогда как противотела против некишечных бактерий не показали характерного из
менения. Выявление автопротивотелоподобных факторов в сыворотке может оказать по
мощь при открытии автоиммунных механизмов.

ВЛИЯНИЕ БЕТА-АДРЕНЕРГИЧЕСКОГО ВОЗБУЖДЕНИЯ НА КОРОНАРНОЕ 
КРОВООБРАЩЕНИЕ ПРИ СЕГМЕНТАРНОЙ ИШЕМИИ МИОКАРДА

Ш. Ю Х А С -Н А Д Ь  и Д Ь . ГРОС

Авторы исследовали у наркотизированных собак с открытой грудной клеткой реак
цию коронарного кровообращения на дачу изопротеренола (0,1 /тг на кг-1 мин-1— 1,6 дг 
на к г -1 мин-1) в норме и при ишемии миокарда, вызванной сжатием передней нисходящей 
ветви (RD). Коронарное кровообращение авторы измеряли отчасти способом определения 
венозного оттока из венечного синуса сердца и отчасти методом теплового клиренса в сег
менте желудочка, снабжаемом RD. Было установлено, что бета-адренергическое сосудо
расширяющее действие, оказанное на общее коронарное кровообращение, после сжатия 
RD до некоторой степени снижается, причем, однако, крутость кривых дилятации венеч
ной артерии в зависимости от дозы не показала значительного изменения. Изопротеренол 
вызвал также в местном кровообращении ишемической зоны расширение сосудов, размер 
которого было примерно половиной дилятации, измеряемой на том же месте до сжатия 
RD. Из полученных результатов авторы сделали вывод, что бета-адренергическое возбуж
дение вызывает, подобно расширению нормальных венечных артерий, также и расширение 
коллатералей.

АБСОРБЦИЯ И ТРАНСПОРТ БЕЛКОВ ИЗ БРЮШНОЙ ПОЛОСТИ
Г. С А Б О  и 3 . М А Д Ь Я Р

Абсорбция меченного J 131 альбумина с диафрагмальной стороны брюшины, серозной 
оболочки печени и кишок была изучена авторами на собаках. С поверхности печени абсо
рбция альбумина была примерно в четыре раза более быстрой, чем с поверхности диа- 
фрагмы.Из серозной оболочки кишок абсорбции белка не происходит.Около40%абсорбиро- 
ванных белков проникает непосредственно в капилляры. Лимфатические сосуды, сое
диняющие крупные кровеносные сосуды на правой стороне шеи, транспортируют в два 
раза больше абсорбированного белка, чем грудной проток.

ИЗУЧЕНИЕ ВЫДЕЛЕНИЯ НАТРИЯ У ЗДОРОВЫХ ЛИЦ И У БОЛЬНЫХ 
В РАЗЛИЧНЫХ СТАДИЯХ ГИПЕРТОНИЧЕСКОЙ БОЛЕЗНИ ВЛИВАНИЕМ 

РАСТВОРА ПОВАРЕННОЙ СОЛИ
Э. П О Л ГА Р, Б . К А Н Ь А Р , Ф . Ш О М О РЬЯ И  и К . К О М О Р

Сообщается результат исследований, проводившихся у 112 больных] вливанием 
5%-ого гипертонического раствора поваренной соли.

В экспериментах с острой нагрузкой солью наблюдались достоверные разницы 
между натриурезом контрольных здоровых лиц и больных гипертонией.

Достоверная разница была выявлена также между показателями контрольной 
группы и нормотензивной гиперреакторной (NAT-положительной) т руппы.

Между реакциями гипертонической и гиперреакторной групп не удалось выявить 
существенной разницы.



ОТДАЛЕННАЯ ЧРЕЗМЕРНАЯ ЧУВСТВИТЕЛЬНОСТЬ МОРСКИХ СВИНОК, 
ВЫЗВАННАЯ КСЕНОГЕННЫМИ КЛЕТКАМИ; РАЗВИТИЕ БЛАСТОЗНОГО 

ПРЕОБРАЗОВАНИЯ, МИГРАЦИИ И ЦИТОТОКСИЧНОСТИ КЛЕТОК 
ЛИМФАТИЧЕСКИХ УЗЛОВ, А ТАКЖЕ КОЖНОЙ РЕАКЦИИ in vitro
Г . Д Ь . П Е Т Р А Н Ь И , Е . К Л Е И Н , А. Й. К О Х Р А Н , Э. С В Е Д М И Р  и X . Я К О Б С О Н

Авторами было изучено в ранней фазе отдаленной чрезмерной чувствительности, 
вызванной у морских свинок введением человеческих лимфоидных клеток, развитие 
активности лимфоцитов in vitro (бластозная трансформация, торможение миграции и цито
токсичность) и возникновение кожной реакции. В регионарных лимфатических узлах 
иммунизированных животных поглощение ЗН-тимидина лимфоцитами и активность миг
рации оказались, даже без наличия антигена, повышенными, в частности на шестой день 
после иммунизации. В присутствии же антигена лимфоциты показали активность уже 
начиная с второго дня после иммунизации. Кинетика активности лимфоцитов, выявлен
ной в опытах in vitro, была параллельной с протеканием кожной реакции и показала мак
симальную активность на шестой день. Неспецифическим антигеном (опухолевые клетки 
мышей) кожная реакция и цитотоксичность in vitro давали положительный, а бластозная 
трансформация — отрицательный результат. Лимфоциты контрольных, неиммунизирован- 
ных морских свинок ни в одном опыте не дали положительного результата.

ПАТОГЕНЕЗ АНЕМИИ ПРИ СИНДРОМЕ ТРОПИЧЕСКОЙ СПЛЕНОМЕГАЛИИ
Б . Р И Н Г Е Л Х А Н Н , X . М И Л Л Е Р  и Ф .  И . К О Н О Т Е Й -А У Л Ь У

Авторы исследовали в Гане 30 больных диагнозом синдрома тропической сплено- 
мегалии. Они нашли низкие параметры гематокрита, числа лейкоцитов и тромбоцитов, 
тогда как число ретикулоцитов и величина непрямого билирубина оказались несколько 
повышенными. Изучение выживания эритроцитов и радиоактивного железа также пока
зало понижение гемолиза. Фракция IgM иммуноглобулинов была увеличена. При помощи 
эритроцитов, меченных Сг51 число эритроцитов не было повышенным, однако объем плазмы, 
определенный сывороточным альбумином, меченным J 125, оказался выше нормы. Для изу
чения микроциркуляции селезенки, авторы применяли теплоубитые и меченные Сг51 эрит
роциты. Они пришли к заключению, что низкий показатель гематокрита обуславливается 
совместным эффектом увеличенного объема плазмы и временной секвестрации числа эри
троцитов в увеличенной селезенке. Кроме того имеется также компенсированный гемолиз.
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D er B IE R  /B R A U N / K Ü M M E L L  is t d a s  u n en tb eh rlich e  N achschlagew erk , 
d as w eder in  d e r  K ra n k en h au sb ib lio th ek  n o ch  im  B ü ch ersch ran k  des 
C hirurgen  feh len  d a rf . D er erfah rene  F a c h m a n n  w ird  es gern  ko n su ltie ren , 
dem  jü n g eren  C h iru rg en  v e rm itte lt es a ls  L e rn b u c h  die ganze F ü lle  d e r  
m odernen  o p e ra tiv e n  M edizin.
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TUBERCULOSIS IN OLD AGE
by L . H aranghy and  K . Szem enyei

O ld-age tubercu lo sis  freq u en tly  ta k e s  an a ty p ic  course. C onsequen tly  th e  

disease often  escapes detec tio n  b y  th e  im m ed ia te  e n v iro n m en t an d  ev en  b y  

th e  a tte n d in g  p h y sic ian . On th e  basis  o f lo n g -s tan d in g  patho log ica l ex p erien ce  

th e  au th o rs  d iscuss th e  m ost im p o r ta n t  p u lm o n a ry  an d  ex tra p u lm o n a ry  fo rm s 

o f appearance  of tu b ercu losis . T h e  re la tiv e ly  f re q u e n t incidence of tu b e rc u lo u s  

in fec tion  in  old age is stressed a n d  m eans o f  p re v e n tio n  are discussed. T h e  

m onograph  will be a va luab le  to o l fo r all p ra c tic in g  physic ians because i t  calls 

a tte n tio n  to  th e  sy m p to m -p o o r fo rm s of th e  d isease .

In  E ng lish  • 210 pages • 66 p h o to g ra p h s  • 17 ta b le s  • C loth

A K A D É M IA I K IA D Ó

P ub lish in g  H ouse o f  th e  H u n g a ria n  A cadem y o f  Sciences 

B u d ap est
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ACTA MORPHOLOGICA

ACTA PAEDIATRICA

ACTA PHYSIOLOGICA

HAEMATOLOGIA

INTERNATIONAL UROLOGY AND 
NEPHROLOGY

These periodicals of the Hungarian Academy of Sciences publish original scientific 
treatises in English, German, French or Russian. The papers are written by outstand
ing scientists from Hungary and other countries. The editorial board of each periodica 
consists of professors of international reputation.
The volumes published so far have had a favourable reception in the international 
scientific world: the treatises are reviewed by the corresponding international ref
erence papers.

Our periodicals are, as a rule, quarterlies: four issues make up a volume ot some 400 
to 500 pages.

Subscription rate per volume: US $24.00

AKADÉMIAI KIADÓ
Publishing House of the Hungarian Academy of Sciences 

BUDAPEST

Distributor: KULTÚRA H-1389 Budapest. P.O.B 149

Ask for the quarterly lists o j our forthcoming books!

Address: AKADÉMIAI KIADÓ H-1361 Budapest, P.O.B. 36



ACTA MICROBIO LOGIC A
ACADEMIAE SCIENTIARUM HUNGARICAE

will submit papers based exclusively on original researches from the field of micro 
biology (and within it from bacteriology, virology, mycology and protozoology). 
Papers of immunological subject will only be accepted for publication if microbio
logical aspects are also involved. The main object of Acta Microbiologica is to make 
the results of Hungarian microbiological researches known to readers abroad.

A C T A  M I C R O B I O L O G I C A  is published mainly in English, but also in French, 
German and Russian. Four issues make up a volume of some 400 to 500 pages 
yearly.

Subscription rate per volume: US $32.00

AKADÉMIAI KIADÓ
Publishing House of the Hungarian Academy of Sciences 
BUDAPEST
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H-1363 B udapest, P. О. В. 24 

W e should  like to  o rd er:
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□  Subscrip tion  starting  w ith

(date) ...........................................................................................................................................

S ubscrip tion  rate  per vo lum e: U S  $32.00

□  Specim en copy (free o f  c h a r g e ) ........................................................................................
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ACTA BIOCHIMICA 
ET BIOPHYSICA
A C A D EM IA E SC IE N T IA R U M  H U N G A R IC A E

publishes new findings, methods and techniques in the field of fundamental bio
chemistry and biophysics : proteins (structure and synthesis), enzymes, nucleic acids, 
regulatory and transport processes, bioenergetics, excitation, muscular contraction, 
radiobiology, biocybernetics, functional structure and ultrastructure, etc., mainly 
in English.

A C T A  B I O C H I M I C A  E T  B I O P H Y S I C A  is published in four issues, making up a 
volume of some 400 to 500 pages yearly.

Subscription rate per volume: US $32.00
Contributions to all scientific periodicals of the Hungarian Academy of Sciences 
are regularly abstracted and indexed in all international reference journals.

AKADÉMIAI KIADÓ
Publishing House of the Hungarian Academy of Sciences 
BUDAPEST

A K A D É M IA I K IA D Ó  
H -1363  Budapest, P. О. В. 2а 

W e sh o u ld  like to  o rder:
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Subscrip tion  rate  per v o lum e: U S  $32.00

П  Specim en copy (free of cha rge ) ....................... ..................................................................................

N a m e  (in block letters): ......................................................................................................................................
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T h e  Acta M edico  publish  p a p ers  on m edical science in E n g lish , G erm an , French and 
R ussian .

T h e  Acta M edico  a p p ea r  in  p a r ts  o f v a ry in g  size, m ak in g  u p  vo lu m es.
M an u scrip ts  shou ld  be  add ressed  to :

A cta  M edica
1083 B udapest, S zigony  и. 43. 9 P .O .B . 67

C orrespondence w ith  th e  ed ito rs  a n d  pu b lish ers should be  s e n t  to  th e  sam e a d d re ss  
T he ra te  o f su b sc rip tio n  is $ 24.00 a  vo lum e.
O rders m ay  he p laced  w ith  “ K u ltú ra ”  F o re ign  T rade  C o m p an y  fo r Books a n d  N ew s

p a p e rs  (1389 B u d ap es t 62, P .O .B . 149, A cco u n t N o. 218-10990) o r w ith  re p re se n ta tiv e s  a b ro a d .

L es A cta M edica  p a ra issen t en  fran ç a is , a llem and , ang la is e t  ru sse  e t  p u b lie n t des 
m ém oires d u  dom aine  des sciences m édicales.

Les A cta  M edica  so n t publiés sous fo rm e  des fascicules qu i s e ro n t  réun is en vo lum es. 
On e st prié  d ’en v o y er m an u scrits  d e s tin é s  à  la  réd ac tio n  à  l ’ad resse  su iv an te :

A cta  M edica
1083 B udapest, S zigony  и. 43. 9 P .O .B . 67

T o u te  correspondance  d o it ê tre  en v o y ée  à c e tte  m êm e ad resse .
L e p rix  de l’ab o n n em en t e st de $ 24.00 p a r  volum e.
O n p eu t s 'a b o n n e r à l’E n tre p rise  d u  Com m erce E x té r ie u r  d e  L ivres e t J o u rn a u x  

»Kultúra»  (1389 B u dapest 62, P .O .B . 149. — C om pte-couran t No. 218-10990) ou à l’é tra n g e r  
chez to u s  les re p ré se n tan ts  ou d éposita ires.

»Acta M edica» публикуют трактаты из области медицинских наук на русском 
немецком, английском и французском языках.

«A cta M edica» выходят отдельными выпусками разного объема. Несколько выпу
сков составляют один том.

Предназначенные для публикации рукописи следует направлять по адресу:

A cta  M edica
1083 B udapest, S zig o n y  и. 43. 9 P .O .B . 67

По этому же адресу направлять всякую корреспонденцию для редакции и адми
нистрации. Подписная цена — $ 24.00 за том.

Заказы принимает предприятие по внешней торговле книг и газет »K u ltú ra» 
(1389 B u d ap es t 62, P .O .B . 149 Текущий счет № 218-10990) или его заграничные пред
ставительства и уполномоченные.
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