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GRANULOCYTE ALKALINE PHOSPHATASE 
ACTIVITY IN HODGKIN’S DISEASE

By
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G ranulocytic alkaline phosphatase ac tiv ity  has been studied in  20 sub jects 
w ith  H odgkin’s disease. Any deterioration  of th e  clinical condition was associated 
w ith an early increase of GAP ac tiv ity  which, in  th e  con tex t of the entire clinical pic­
ture and of o ther laboratory  evidence, m ay assist in  th e  early assessment o f clinical 
deterioration or recurrences of th e  disease.

W a c h st e in  [22] in  1946 w as th e  f ir s t  to  d ra w  a tte n tio n  to  th e  clin ical 
sign ificance o f g ran u lo cy tic  a lka line  p h o sp h a ta se  (G A P). This phosph o -m o n o - 
e ste rase  w hich req u ires  an  a lk a lin e  m ed ium  fo r  i ts  a c tiv ity , is an in tra c e llu la r  
enzym e. I ts  p resence  is d em o n strab le  s e m i-q u a n tita tiv e ly , by  lxistochem ical 
p rocedures m ak in g  use of v a rio u s azo-dyes w h ich  h a v e  th e  cap ac ity  o f  fo rm in g  
deposits  o f w ater-in so lu b le  p re c ip ita te s  a t  th e  s ite s  o f hydro lysis. T h e  e x te n t  
o f th e  deposits  th u s  fo rm ed  being  re la ted  to  th e  a c t iv i ty  of GA P serves as its  
in d ic a to r  accessib le to  d irec t read in g . G A P is a ssu m ed  to  be in v o lv ed  in  th e  
glycogen sy n th esis  o f leukocy tes, th e  increase  o f  w hich  goes p a ra lle l w ith  an  
en h an ced  en zy m a tic  a c tiv ity  [6, 7, 23]. I t  a lso  seem s to  be co n n ec ted  w ith  
v a rious h o rm o n a l an d  genetic  fac to rs  [1, 4, 19, 20 ]. A n increased G A P a c tiv i ty  
w as fu rth e rm o re  n o te d  in  connec tion  w ith  p y o g en ic  in fections, su rg ica l in te r ­
v en tio n s , o b s tru c tiv e  jau n d ice , p reg n an cy  a n d  s te ro id  th e ra p y  [5, 9, 17, 21]. 
A b n o rm alities  o f G A P a c tiv ity  o f d iag n o stic  v a lu e  h av e  been found  in  c e r ta in  
h aem ato log ica l d iseases. In  c o n tra s t to  m yelo id  leu k aem ia  w here G A P  a c tiv i ty  
is g re a tly  red u ced , m yelo id  reac tio n s an d  p o ly c y th a e m ia  are a sso c ia ted  w ith  
an  enh an ced  G A P a c tiv ity . T hese figu res a re  re liab le  enough to  fo rm  a basis  
for ro u tin e  in v es tig a tio n s  su ited  fo r d iffe ren tia l d iag n o stic  purposes [4, 8, 15, 16].

T he values fo r G A P n o ted  in  H o d g k in ’s d isease are g re a tly  v a ry in g  
[3, 17], a fa c t co nnec ted  by  B e n n e t t  [3] w ith  th e  clin ical course o f th e  d isease 
w here rem issions a lte rn a te  w ith  e x ace rb a tio n s . In c rea sed  values a re  th u s  
in te rp re te d  b y  th is  a u th o r  as a sign  of im p a irm e n t o r even as a p re sa g e  of 
recu rrence .

In  p a tie n ts  w ith  H o d g k in ’s disease t r e a te d  a t  o u r D e p a rtm e n t a n d  its  
h aem ato log ica l clinic th e  possible re la tio n sh ip  b e tw een  G A P a c tiv ity  a n d  th e  
clin ical s tage  o f th e  disease has been  s tu d ie d  w ith  th e  aim  of e s ta b lish in g
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w h e th e r  an  increase in  G A P  a c tiv ity  m ay  be  re g a rd e d  as p re d ic tiv e  o f  a  re lap se . 
T h is  w o u ld  he of a p ra c tic a l significance, b y  in d ica tin g  w hen to  s t a r t  th e ra p y  
fo r  t h e  p re v e n tio n  o f  recu rren ces.

M aterial and m ethod

A ll th e  patients involved in  th e  study suffered from  histologically verified H odgkin’s 
disease. T he  stage of the  disease w as classified according to  Peters as follows:
S tag e  I  =  process confined to  a sole lym ph node group;
S tage  I I  =  involvem ent of m ore th an  one lym ph node group bu t all of suprad iaphragm atic

site;
S tage  I I I  =  subdiaphragm atic lym ph  node groups also involved;
S tag e  IV  =  generalization, in filtra tiv e  involvem ent o f various organs.
S y m p to m s of systemic involvem ent a t  any tim e place th e  patien t in the  subsequen t stage. 
R e liab le  classing to stage I I I  m ay  require the add itional evidence of lym phography . T his was 
ac tu a lly  perform ed in a fa ir num ber of patients belonging to  stages I and  II . F u ll rem ission 
w as u n d ers tood  to  mean a condition  or a period m arked  b y  th e  absence of any  sign or sym ptom ; 
recu rrence  or exacerbation, th e  appearance of any of th e  following signs: en largem en t of 
ly m p h  nodes, spleen, liver, increase in  BSR, fever, itch ing , pain, loss of w eight, progressive 
an aem ia . In  stages I I I  and IV th e re  generally was som e sign of activ ity  i t  hav ing  been no 
longer possible to  a tta in  full rem ission in these stages.

T h e  patien ts w ith evidence of activ ity  in stages I and I I  were im m ediately  s ta rted  on 
m assive-dose irradiation, supplem ented in stages I I I  an d  IV  by  cy tostatic th e rap y . In  stages 
I I I  a n d  IV  where no full rem ission had been achieved, corticoid trea tm en t w as prescribed 
in  th e  in tervals.

B etw een January , 1968, and  December, 1969, 20 patien ts w ith  H odgkin’s disease 
w ere s tu d ied  for GAP.

F o r  th e  dem onstration of G AP, Kaplow’s azo-dye technique was used [2, 10, 13, 24]. 
In  each  case a to ta l of 400 cells w as counted, i.e. 2 X 200 cells or two separa te  slides. The 
in d iv id u a l cells were graded from  0 to  5 according to  th e  in tensity  of GAP ac tiv ity , as recom ­
m ended  b y  H e il m e y e r :
0 =  n o  dem onstrable change;
1 =  th e  cytoplasm  shows bare ly  discernible brow nish  patches;
2 =  inhom ogeneous dye deposits in  the cytoplasm  w ith  the exception of th e  m arginal

p a rts ;
3 =  dye  deposits over th e  en tire  cytoplasm , w ith  th e  cellular structure  still d iscernible

in  all its details;
4 =  dye  deposits forming black clumps through w hich th e  nucleus is fa in tly  discernible;
5 =  th e  entire cell is occupied b y  a black hom ogeneous mass.
T he in d e x  given here refers to  100 cells. Normal values averaged 60 ± 2 1 . E nzym e ac tiv ity  in 
sm ears o f norm al subjects hard ly  ever a ttained grade 4 or 5. Due a tten tio n  w as p a id  to  in­
te rc u r re n t diseases, in w hich case GAP determ inations w ere refrained from .

Results

T h e  d a ta  g rouped  acco rd in g  to  clin ical s ta g e  an d  recu rrence  o r rem ission  
a re  sh o w n  in T able I .

F ro m  T able I  i t  em erges th a t  in  th e  a b sen ce  o f an y  clin ical a c t iv i ty  th e  
G A P  v a lu e  w as n o rm al in  e v e ry  case b u t  one. M odera te  anaem ia  w as p re se n t 
b u t  B R S  an d  leu k o cy te  c o u n t w ere e n tire ly  n o rm a l. P a t ie n t  K .J .  re lap sed  
o n e  y e a r  la te r .

A s T ab le  I I  show s, in  th e  cases m a rk e d  b y  clinical a c t iv i ty  th e  G A P 
v a lu e  w a s  u su a lly  in creased . T h e  h ighest levels w ere  found  in  s tag e  IV . I t  w as
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likew ise in  th is  g ro u p  w here th e  h ig h e s t B S R  v a lu e s  w ere d e m o n s tra b le . 
In  th e  sm ears of th e  su b jec ts  in s tag es  I I I  an d  IV , cells o f  g rad e  4 and  5 re f le c tin g  
an  excessive G A P -a c tiv ity  could be  n o te d . T he f ig u re s  seen in  Tables I  a n d  I I

Table I

Data o f patients in fu l l  remission

Name Stage GAP BSR , mm W BC RBC, million

p . j . I 77 16 5,600 3.5
V.A. I 60 5 8,200 4.2
K J . I 120 6 7,200 3.4
P .J. I 60 8 6,000 3.5
Sz.L. I 78 16 6,000 4.1
B.B. I 40 20 4,000 3.8
N .J. I 66 12 4,800 3.1
K .K . II 30 20 8,000 3.6

Table II

Data o f patients during exacerbation
The da ta  pertaining to  stages I and II  have been obtained p rio r to  trea tm en t. Those referring  

to stages I I I  and IV  represent two extrem e values o f repeated  determinations

N am e Stage GAP BSR, mm WBC RBC, m illion

K .J. I 190 120 8,000 3.4
Sz.L. I 80 25 5,200 3.1
N .J. I 80 25 6,000 4.5
P .I. I 150 45 7,200 4.1
B .B . I 120 48 8,400 4.2
M.M. и 48 25 10,000 3.0
Sz.J. и 30 58 6,600 3.6
K .K . i l 90 60 11,000 3.6
B.B. и 134 32 4,000 3.4
B.L. i l 191 10 6,400 4.1
V.L. i n 120 100 6,300 3.9
K .J. h i 6 0 -1 5 0 5 5 -1 1 0 c. 7,000 c. 3.4
II.Zs.* IV 160 100 10,000 2.8
B.I.* IV 80—192 8 0 -1 2 5 16,000 c. 3.5
U.L.* IV 6 6 -2 4 8 2 0 -  99 c. 6,000 c. 3.5
T.L. IV 7 0 -2 7 6 20— 89 c. 8,000 c .  3.6

* Died
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4 J. BOBORY

sh o w  a  close re la tio n sh ip  b e tw een  th e  c h a n g e s  in  GAP an d  in  B S R  b u t  none 
b e tw e e n  those  o f G A P  a n d  th e  R BC o r W B C .

T ab le  I I I  also show s a  certa in  p a ra lle lism  betw een th e  ch an g es in  G A P 
a n d  in  B S R . P e a k  v a lu es  u sua lly  o c c u rre d  b efo re  or d u ring  t r e a tm e n t  an d  
n o rm a liz e d  as a re su lt  o f th e rap y .

Table Ш

G A P  values in four patients at intervals o f one month

Stage

1 I I I I

G A P BSR GAP BSR G AP BSR GAP BSR

120 45 36 50 80 25 90 60

61 20 150 35 60 12 120 40

40 20 80 8 40 20 60 20

80 14 80 12 119 2 2

65 14 60 16

40 12 90 14

60 14

N am e

B.B. j P .I . I N .J.

P eriods of treatm ent are shown by  italics

K . K .

D iscussion

T h e  resu lts  o f G A P  stud ies in  H o d g k in  p a tie n ts  ap p ear w id e ly  d issim ilar 
i f  p re se n te d  w ith o u t o rd e r or system . I f , h o w ev e r, th ey  are g ro u p e d  in  acco rd ­
a n c e  w ith  th e  clin ica l s ta g e  or th e  d eg ree  o f  a c tiv ity  th e y  re v e a l a de fin ite  
re la tio n sh ip . F u ll c lin ica l rem ission w as u s u a lly  associated  w ith  n o rm a l va lues 
w h e re a s  recurrences w e n t h a n d  in h a n d  w ith  an  increase in  th e  G A P  v alue  
r e la te d  to  th e  se v e rity  o f  th e  clinical c o n d itio n . In  stages I I I  a n d  IY , n o rm al 
G A P  va lu es  w ere h a rd ly  ever found  ev e n  d u rin g  re la tiv e  rem issio n s. T here  
w a s  a  d e fin ite  para lle lism  betw een  th e  c h a n g e s  in  G AP an d  in  B S R : b o th  th ese  
v a lu e s  increased  p a ra lle l w ith  clinical d e te r io ra tio n . Serial s tu d ie s  allow ed 
to  fo llow  th e  successive no rm aliza tio n  o f  th e  G A P value u n d e r  th e  in fluence  
o f  successfu l th e ra p y . S ince m any  of th e  p a t ie n ts  h ad  to  tra v e l  f ro m  a g rea t 
d is ta n c e , during  rem issions th ey  fa iled  to  p re sen t for m o n th ly  fo llow -up, 
th e re fo re  we lack  su ffic ien t evidence as re g a rd s  th e  successive G A P -changes
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acco m p an y in g  or p reced in g  recu rrences. N or w ere w e ab le  to  a sce rta in  how  long 
befo re  an  ac tu a l c lin ica l recu rrence  o f  th e  G A P  a c tiv ity  h a d  b eg u n  to  rise . 
T he p re se n t s tu d y  h as  th u s  failed to  p ro v id e  an  an sw er to  th e  q u estio n  w h e th e r  
e lev a ted  G AP va lu es  a re  rea lly  p red ic tiv e  o f c lin ica l recu rrences in  H o d g k in ’s 
d isease. H ow ever, even  th e  p resen t scarce  d a ta  le f t no  d o u b t a b o u t th e  ex is­
ten ce  o f close re la tio n sh ip s  b e tw een  en h an ced  G A P  a c tiv ity  a n d  clin ical 
d e te rio ra tio n . S till, th e  p rognostic  u tiliz a tio n  o f th e se  re la tio n sh ip s  w ill rem ain  
la rg e ly  a th e o re tic a l issue. M any cen te rs  la ck  fac ilities  fo r re p e a te d  G A P 
es tim a tio n s  w hereas th e  B S R  w hich  h as  m u ch  th e  sam e in fo rm a tiv e  v a lu e , 
can  b e  perfo rm ed  everyw here.

T h e  p ro p er e v a lu a tio n  of th e  G A P  v a lu e  in  H o d g k in ’s d isease d ep en d s 
on v a rio u s  fac to rs. N o t on ly  is th e  p ro ced u re  i ts e lf  f ra u g h t w ith  considerab le  
sources o f e rro r in  w h ich  su b je c tiv ity  also p lay s  a p a r t  b u t  th e  d isease u n d e r  
s tu d y  an d  its  th e ra p y  also involve v a rio u s  fa c to rs  w hich  m ay  a ffec t th e  a c tiv ­
i ty  o f  G A P, to  q u o te  o n ly  th e  ty p e  o f  tr e a tm e n t ,  th e  p a t ie n t’s h o rm o n a l a n d  
im m unolog ica l s ta te , possib le in te rc u r re n t d iseases, e tc . B u t even  if  w e sh o u ld  
be  ab le  to  ru le o u t th e se  fac to rs an d  th u s  to  co n n ec t th e  in creased  G A P  v a lu e  
w ith  a clinical d e te rio ra tio n , we are  s till in  ig n o ran ce  o f th e  cause o f  th e  en ­
h a n ced  ac tiv ity .
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SURGICAL OBSERVATIONS 
IN POLYCYTHAEMIA VERA PATIENTS

By

G y . N agy  and G y . T om pa

FIR ST  D EPA R T M E N T OF M E D IC IN E , AND SECOND D E P A R T M E N T  OF SURGERY,
U N IV ER SITY  M EDICAL SCHOOL, D E B R E C E N

(Received Ju ly  9, 1970)

On th e  evidence of surgical observations in 14 p a tien ts  w ith po lycy thaem ia  vera  
full rem ission a t  the tim e of th e  in tervention is regarded as the only possible safeguard 
against the postoperative hazards of haem orrhages and  throm boem bolism  in heren t 
in the disease.

H aem o b lasto ses  are o ften  associa ted  w ith  d is tu rb a n c e s  of blood c o a g u ­
la tio n  w hich g re a tly  ad d  to  th e  h aza rd s  of su rg e ry  in  th e se  diseases a n d  ra ise  
special p rob lem s as regards th e  decision fo r th e  in te rv e n tio n  in c lu d in g  its  
tim in g  and  th e  necessity  fo r p reo p e ra tiv e  a n d  p o s to p e ra tiv e  m easures.

T he inc idence  o f th ro m b o em b o lic  and  h a e m o rrh a g ic  com plica tions in  
u n tre a te d  or p o o rly  con tro lled  cases of p o ly c y th a e m ia  v e ra  is re m a rk a b ly  h ig h  
[1, 5 — 8, 10, 13, 16]. Ch ie v it z  a n d  T iiie d e  [3], in  a su rv ey  of 250 cases o f  
p o ly cy th aem ia  v e ra  found  th ro m b o sis , th ro m b o em b o lism  or h aem o rrh ag ic  
com plica tions to  be  th e  d irec t cau se  of d ea th  in 5 0 % . R ig b y  and  L e a v e l l  [18] 
n o te d  th e  occu rrence  of th ro m b o sis  in  20 and  of b leed in g s  in  15 ou t of 50 cases. 
T c h erba k  [4] in  a su rv ey  o f 219 p a tie n ts  w ith  p o ly c y th a e m ia  v era  fo llow ed 
u p  fo r  m ore th a n  te n  y ears , n o te d  th e  occurrence  o f  th ro m b o sis , b leed ings or 
b o th  in  139 or 6 3 % . W a tk in s  a n d  F a ir l e y  [21] on th e  basis of p u b lish e d  
ev idence and  th e ir  own o b se rv a tio n s , e s tim a te d  th e  incidence o f v a sc u la r  
com plica tions in  p o ly c y th a e m ia  v e ra  a t  38 to  6 7 % . In  th e ir  view  i t  is ow ing  
to  th ese  com plica tions in te rfe rin g  w ith  a d e q u a te  c o n tro l th a t  th e  su rv iv a l in  
p o ly cy th aem ia  v e ra  is as sh o rt as 18 m on ths.

We have b een  concerned  w ith  th e  p a th o g e n e tic , clin ical and  th e ra p e u tic  
aspec ts  of p o ly c y th a e m ia  v e ra  since  1959 an d  d u r in g  th is  period  96 p a t ie n ts  
h av e  been tre a te d  a n d  follow ed u p . F o rty -s ix  of th e m  h a d  h ad  v ascu la r co m p li­
ca tio n s, i.e. th ro m b o sis , b leed ings or b o th  befo re  adm issio n , th u s , b efo re  th e  
s ta r t  o f ac tive  th e ra p y .

D uring  th is  p e rio d  surg ical in te rv e n tio n s  o f som e k in d  h ad  to  be p e rfo rm ­
ed  in  14 cases. I n  view] of th e  specia l problem s in v o lv e d  b y  th e  high in c id en ce  
o f  th ro m b o em b o lic  an d  h aem o rrh ag ic  m a n ife s ta tio n s  in  p o ly cy th aem ia  v e ra  
ad d in g  to  th e  su rg ica l h aza rd s  o f  th is  disease i t  seem ed  of in te re s t to  g ive  a 
su m m ary  of o u r ob se rv a tio n s.
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Material and m ethod

The 14 surgical cases included 8 males and  6 females aged betw een 26 an d  75 years, 
w ith  a m ean  of 55.5 years. The duration  of th e  disease ranged between 3 and  8 years.

A t th e  tim e of surgery, 11 pa tien ts were in fu ll rem ission as a result of successful therapy 
an d  3 w ere in a stage of exacerbation. In  th e  p a tie n ts  in remission th e  ery th ro cy te  counts 
averaged  4,180,000 per m l, th e  haem atocrit 41% , th e  leukocyte counts 7,000 and  th e  platelet 
co u n ts  207,000 per ml. In  th e  stage of exacerbation  th e  values were: 6,800,000, 61% , 11,500 
and  586,000, respectively.

I t  was always a ttem p ted  to  achieve fu ll rem ission before surgery. In  tw o of the three 
p a tie n ts  operated upon during a relapse th e  disease had remained unrecognized un til after 
opera tio n  despite the  high ery throcyte  count an d  haem atocrit values found  preoperatively. 
S urgery  had  been perform ed elsewhere and  th e  p a tien ts  were referred to  us afterw ards for 
closer investigation. In  th e  th ird  case i t  was an  acu te  abdomen which called for an  emergency 
op era tio n  regardless of th e  ac tiv ity  of the  process.

T he 14 surgical in terven tions were: gastrec tom y (1 case), repair of h ern ia  (3 cases), 
n ep h rec tom y  (1 case), rad ical operation for m am m ary  tum our (1 case), appendectom y (1 
case), am pu ta tion  of th e  toes of th e  righ t foot (1 case), splenectomy owing to  excessive spleno­
m egaly  of rapid  progression despite norm al b lood counts (1 case), exp lo ra to ry  laparotom y 
w ith  liver biopsy (1 case), exploratory  laparo tom y  w ith  intestinal resection (1 case), chole­
cystec tom y  (1 case), eye surgery (2 cases) (Table I).

R esults

P o s to p e ra tiv e  com plica tions o c c u rre d  in  6 p a tien ts  of th e  series. All th ree  
p a t ie n ts  o p era ted  on d u rin g  re lapse  d ev e lo p ed  v ascu la r c o m p lica tio n s , one 
(K .I .  ag ed  26) an  ex ten siv e  h ae m a to m a  o f  th e  abdom inal w all w ith  th ro m b o sis  
o f  th e  leg; one (B .J . ag ed  56) th ro m b o s is  o f  th e  leg follow ed b y  p u lm o n a ry  
e m b o lism ; an d  one d ied  o f  m esen te ria l th ro m b o sis  fo r w h ich  an  in te s tin a l 
re se c tio n  h ad  been  p e rfo rm ed . O f th e  11 p a tie n ts  hav ing  h a d  s u rg e ry  during  
re m iss io n , th ree  deve loped  p o s to p e ra tiv e  com plications. M inor h a e m a to m a  
o c c u rre d  in  tw o (O.M. aged  56, an d  V .G y , ag ed  44) and  b leed ing  fro m  th e  w ound 
ed g es, re a d ily  co n tro lled  b y  m a ttre ss  su tu re s , in  one (S .J ., 4 6 -y ea r-o ld  fem ale).

T h e  p a tie n ts  h a v in g  been  in  rem iss io n  a t  th e  tim e  o f su rg e ry  h a d  h ad  
32P  o r c y to s ta tic  th e ra p y  4 to  6 m o n th s  ea rlie r, 3 h ad  32P , 5 d ib ro m o m a n n ito l 
a n d  3 te tra m e th y lm a n n ito l.

T w o p a tie n ts  h a d  ex ten siv e  v a ric o s itie s . E lastic  b an d ag es  w ere  app lied  
in  b o th  fo r th e  p o s to p e ra tiv e  period . E a r ly  m obilisation  w as p e rfo rm e d  in  all 
o f  th e  cases.

D iscussion

I t  is well know n t h a t  th e  in c id en ce  o f  th rom boem bo lism  in  th e  postsu r- 
g ica l p e rio d  exceeds t h a t  found  in  th e  g enera l p o p u la tio n . T h e  s ta tis tic a l 
f ig u re s  show  a fa irly  w ide v a r ie ty  ran g e  b e tw e e n  0.6 and  3 .5%  [12, 2 0 ]. H aem o r­
rh a g e s , a p a r t  from  th ese  consecu tive  u p o n  su rg e ry , are  confined  to  h a e m o rrh a ­
gic d iseases an d /o r d is tu rb an ces  o f c o a g u la tio n  [2, 11].

T h e  occurrence in  p o ly c y th a e m ia  v e ra  of th ro m b o em b o lism  to g e th e r 
w ith  h aem o rrh ag ic  m an ife s ta tio n s  s till  a w a its  elucidation . W h ile  increased
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Table I

Name Age Stage R.B.C.
million

H crit 
per cent

P latele ts Type of surgery Complication W ound healing

1. O.M. ! 56 R 4.2 40 143,000 Gastrectomy Abdominal wall 
haematoma

Moderately protracted

2. Zs.I. 54 R 4.0 40 243,000 Herniotomy Abdominal wall 
haem atom a

F irst intention

3. B .J. 73 R 4.0 38 200,000 A m putation of toes x\bdominal wall 
haematoma

F irst intention

4. M.F. 53 R 4.2 41 277,000 Appendectomy Abdominal wall 
haem atom a

F irst intention

5. K .P. 58 R 4.1 43 197,000 Mayo’s operation 
(hernioplastica)

Abdominal wall 
haematoma

F irst intention

6. Sz.K. 61 R 4.9 45 250,000 Repair of abdominal 
wall

Abdominal wall 
haematoma

F irst intention

7. V.Gy. 44 R 4.9 45 380,000 Mammectomy for 
tum our

H aematoma Moderately protracted 

Protracted
8. K .l. 26 E 7.0 66 720,000 Exploratory

laparotom y
haem atom a
thrombosis

9. A .l. 67 R 4.6 42 100,000 E xtraction of cataract First intention

10. G.F. 74 R 3.8 36 135,000 E xtraction  of cataract - F irst intention

11. B .J. 56 E 6.7 63 650,000 Nephrectomy, left 
side

Haemorrhage thrombosis 
extr. inf. 1. d. pulmonary 
embolism

Protracted

12. H .J. 49 R 3.9 41 207,000 Cholecystectomy - F irst intention

13. S.J. 46 R 3.8 40 145,000 Splenectomy Haemorrhage Moderately protracted

14. s .s . 60 E 6.6 54 390,000 E xtirpation of lipoma 
of thoracic wall

Resection of small 
intestine for mesenteric 
thrombosis two weeks 
later
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b lo o d  v iscosity , slow ing o f  c irc u la tio n  and  th ro m b o c y th a e m ia  seem  to  acco u n t 
fo r  th e  hazards of th ro m b o s is , th e  h aem orrhag ic  m an ife s ta tio n s  are  ascribed  
to  a d istension  of th e  c a p illa ry  w all and  to  ab n o rm a litie s  of th e  in d iv id u a l 
p la s m a  fac to rs  [10]. T h e  p re v a le n c e  of th e  d isease in  or b ey o n d  th e  age g roups 
o f  40  50 years is su g g estiv e  o f a possible in v o lv e m e n t o f a th e ro sc le ro tic
c h a n g e s  o f th e  vessel w all.

A ccord ing  to  th e  s tu d ie s  o f  N agy e t al. [14] th e  m o st co n sis ten t a b n o r­
m a lit ie s  of th e  co ag u lo g ram  w ere  in th e  p ro th ro m b in  index , p ro th ro m b in  
c o n su m p tio n , th ro m b in  in a c tiv a tio n  and  th e  p la te le t  co u n t. In  a n u m b e r  of 
cases , b leed ing  tim e , re c a lc ific a tio n  tim e, th ro m b in  a n d  to lu id in e  b lu e  tim es 
a lso  rev e a le d  ab n o rm alitie s . T h e  a lte ra tio n s  o f th e  tw o  la s t-n am ed  p a ra m e te rs  
ra ise  th e  possib ility  o f  an  accu m u la tio n  of c irc u la tin g  a n tico ag u lan ts . K o l u - 
TOVA [8], Lasch an d  L in k e  [9] regard  h y p e rh e p a rin ae m ia  w hich  th e y  de­
m o n s tra te d  in p a tie n ts  w ith  p o ly cy th aem ia  v e ra  as one of th e  fa c to rs , i f  n o t 
as th e  o n ly  cause, of th e  h a em o rrh ag ic  m a n ife s ta tio n s , th e  m ore so as n ea rly  
fu ll n o rm a liza tio n  o f th e se  ch an g es was n o te d  p a ra lle l w ith  rem issions. T he 
th ro m b o e la s to g ra p h ic  s tu d ie s  p erfo rm ed  b y  N a g y  e t  al. [15], a n d  N a g y  an d  
B u r g e r  [17] revealed  a b n o rm a litie s  invo lv ing  re a c tio n  an d  co ag u la tio n  tim es, 
m a x im u m  elastic ity  a n d  f ib rin o ly s is ; these p a ra m e te rs  show ed l i t t le  im p ro v e ­
m e n t d u rin g  rem issions, a f a c t  w hich  m ay  a c c o u n t fo r th e  possib le, th o u g h  
ra re , occurrence of c o m p lica tio n s  during rem iss io n s .

S ince p o ly cy th aem ia  v e ra  is in co m p a tib le  w ith  th e  u su a l m easu res  
s e rv in g  fo r th e  p rev en tio n  o f  h aem o rrh ag ic  or th ro m b o em b o lic  m an ife s ta tio n s , 
th e  o n ly  w ay  of avo id ing  su rg ic a l com plications o f  th is  k in d  in  p o ly cy th aem ic  
p a t ie n ts  is to  refra in  from  o p e ra tio n  u n til com plete  rem ission  has been  ach ieved . 
T h is  is  c learly  illu s tra te d  b y  th e  occurrence o f  v a sc u la r  com plica tions in  all 
th r e e  cases w here su rg e ry  h a d  b een  perfo rm ed  d u rin g  ex ace rb a tio n  a n d  th e ir  
a b sen ce  in  all b u t  th re e  o f  th e  11 p a tien ts  o p e ra te d  u p o n  in  fu ll rem ission . 
A lso , w hile  th e  co m p lica tio n s occurring  d u rin g  ex ace rb a tio n s  w ere le th a l or 
g ra v e , th o se  app earin g  d u r in g  rem issions w ere s lig h t an d  reversib le .

W e were u n ab le  to  t r a c e  m ore  th a n  a few  sp o rad ic  o b se rv a tio n s on  th e  
s u b je c t  u n d e r discussion in  th e  lite ra tu re . T in n e y  e t  al. [19] in  a series o f  163 
p a t ie n ts  w ith  p o ly c y th a e m ia  v e ra  n o ted  h a em o rrh ag ic  com plica tions in  53 
cases, in  17 cases a f te r  su rg e ry , p a rtic u la rly  a f te r  d e n ta l e x tra c tio n s  (1943). 
O f th e  50 p a tien ts  rev iew ed  b y  R ig b y  and L ea v elu  [18], 15 h a d  been  su b je c te d  
to  m a jo r  or m inor su rg e ry ; s ig n ifican t p o s to p e ra tiv e  b leed ing  o r th ro m b o sis  
o c c u rre d  in 5 of these.
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LIPOLYTIC ACTIVITY OF EPINEPHRINE 
ON HUMAN SUBCUTANEOUS ADIPOSE TISSUE 

OF OBESE AND LEAN PERSONS IN VITRO

J .  F ö v e n y i, E . Góth  and I .  K oncz

SECOND D E P T . OF M ED IC IN E A N D  D E P T . OF SU R G ER Y , JÄN O S H O SPITA L, B U D A PEST

(R eceived Ju ly  26, 1970)

Spontaneous lipolysis and  th e  effect of epinephrine on subcutaneous adipose 
tissue of 45 norm al w eight and  29 obese persons was exam ined in  vitro.

(1) Spontaneous lipolysis of adipose tissue of norm al w eight and of obese sub­
jects was identical.

(2) Epinephrine sim ilarly and significantly  increased FFA -release in  both
groups.

(3) In  spontaneous and epinephrine-induced lipolysis there was no sex differ­
ence among th e  persons of norm al weight, b u t in  th e  obese group th e  adipose tissue 
of males reacted  poorly to  epinephrine.

(4) In  bo th  groups th e  subjects under fo rty  years of age showed a decreased 
spontaneous release of FFA , b u t a m ore intensive response to  epinephrine in comparison 
w ith the older subjects; the  difference was significant only in the obese group.

Introduction

A dipose tissu e  has w idely  b een  ex am in ed  fo r its  lip id  m e tab o lism  in  th e  
la s t  decade. Go rd o n  an d  Ch e r k e s  (1958) w ere th e  f irs t  to  in v e s tig a te  in  vitro 
th e  effect on r a t  ad ipose tissu e  o f  th e  b e s t k n o w n  lip o ly tic  h o rm ones, e p in ep h ­
r in e  and  A CTH . S u b seq u en tly  i t  w as fo u n d  th a t  th e  ad ipose tis su e  o f  obese 
r a ts  w as less sensitiv e  to  lip o ly tic  effects th a n  th a t  o f  an im als of n o rm a l w eight 
(L e b o e f  e t al. 1961, Ma y e r  1965).

R ep o rts  on sim ilar in v es tig a tio n s  in  h u m a n  ad ipose  tissue  a re  con flic ting . 
H ir sc h  an d  G o ld rich  (1965) fo u n d  no  d ifference in  F F A -re lease  betw een  
n o rm a l w eigh t a n d  overw eigh t p a tie n ts . L aszlo  (1965) show ed th a t  th e  su b ­
cu tan eo u s  ad ipose tissu e  o f e x tre m e ly  obese p a tie n ts  m obilized  less F F A  th a n  
d id  th a t  o f lean  persons. N o rep in ep h rin e  w as fo u n d  to  increase  F F A -re lease  by  
th e  ad ipose tissu e  o f n o rm al an d  obese su b je c ts . Ö stman  (1965) re p o r te d  th a t  
m esen te ric  ad ipose tissue  w as m ore  sensitiv e  to  lip o ly tic  effects th a n  su b cu ­
ta n e o u s  ad ipose tissue; th e re  w as no d ifference in  sp o n tan eo u s F F A -re lease  
b y  su b cu tan eo u s adipose tissu e  betw een  n o rm a l w eigh t ju v en ile s  a n d  obese 
e lderly  persons. N o r d id  Mo sin g e r  e t al. (1965) fin d  d ifferences in  sp o n tan eo u s  
F F A -re lease  b y  su b cu tan eo u s ad ip o se  tissu e  b e tw een  n o rm al and  obese persons. 
In  response to  ep inephrine , F F A -re lease  w as m o d e ra te ly  in c reased  in  b o th  
g ro u p s . M esenteric adipose tis su e  o f obese p a tie n ts  w as m ore sen s itiv e  to ,
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a n d  i t s  response was m ore  in te n s iv e  a fte r, e p in e p h rin e  tr e a tm e n t. G a l t o n  and  
B r a y  (1966) found  no  d iffe rence  betw een lean  a n d  obese su b jec ts  in  sp o n ­
ta n e o u s  an d  ep in ep h rin e -in d u ced  lipolysis in  iso la te d  su b cu tan eo u s  ad ipose 
t is s u e  cells.

A ll th e  above in v e s tig a tio n s  were c a rr ie d  o u t on a sm all n u m b e r  o f 
s u b je c ts  (n o t exceeding te n )  a n d  b y  d ifferen t m e th o d s . In  th e  p re se n t s tu d y , 
sp o n ta n e o u s  F F A -re lease  o f  h u m a n  su b cu tan eo u s  ad ip o se  tissu e  a n d  its  r e ­
sp o n se  to  sm all doses of e p in e p h rin e  has been in v e s tig a te d  in  v itro  in  a n u m b e r 
o f  p e rso n s  of no rm al w e ig h t a n d  in  obese in d iv id u a ls .

M aterial and m ethods

Subcutaneous adipose tissue w as obtained from 45 persons of norm al weight, displaying 
no m etabo lic  disorder, and from  29 obese patients, suffering neither of endocrine disease, 
no r o f m anifest diabetes m ellitus. T he tissue was rem oved from  the abdom inal subcutaneous 
fa t la y e r  surgically or by biopsy. P a tie n ts  whose w eight exceeded 20 kg th e  num ber of cm 
above 100 cm of their length , w ere regarded as obese. T he operation  was perform ed in general 
an aesth esia  except for 5 cases w here i t  was carried o u t in  anaesthesia w ith  0.5%  procaine. 
In  cases of biopsy, the following m ethod  of local anaesthesia was used. A rhom bic 5 cm by 
5 cm  in filtra tio n  was made on th e  le ft abdom inal side w ith  1%  xylocaine and th e  3 cm incision 
line in  th e  middle of the rhom bus w as infiltrated in traderm ally . The rem oved 2 — 3 g adipose 
tissue rem ained free from th e  anaesthetic  solution. W ound healing, except for a sm all haema- 
to m a  in  tw o cases, was uneven tfu l. P rior to the investigation  all patien ts were given a diet 
co n ta in in g  a t  least 2000 Cal w ith  200 g carbohydrate. On the  morning of the  in tervention  
th e y  w ere  fasting.

T he adipose tissue was placed into K rebs—R inger-bicarbonate buffer a t room  tem per­
a tu re  an d  subsequently m inced in to  20 to  40 mg pieces. A bout 100 mg of adipose tissue was 
p laced in  Hagedorn’s tubes in to  3 m l K rebs—R inger-bicarbonate buffer containing 2% lyo- 
philized  hum an album in (R esearch In s titu te  for H um an  Vaccines, B udapest). Incubation  
w as carried  out a t pH  7.4 a t  37 °C tem perature  for two hours in  a m etabolic shaker a t  90/min 
oscillation  frequency under air; 3 /tg /m l of epinephrine was added to  otherflasks. Two, occasion­
ally  th re e  specimens were exam ined in  parallel. To assess lipolysis, th e  in itia l and postincu­
b a tio n  F F A  content of the m edium  was determ ined according to  Dole (1956), and from  the 
difference th e  released fa tty  acid w as calculated in /tE q/g  adipose tissue /2 hours. S tu d en t’s 
t te s t  w as used for statistical analysis.

Results

T h e  ra te  of sp o n ta n e o u s  FFA -release b y  su b cu tan eo u s  ad ipose  tissu e  
w as s im ila r  in  th e  n o rm a l a n d  in  th e  o v erw e ig h t su b jec ts  (T ables I ,  I I ,  I I I ) .  
T h e  a n a e s th e s ia  d id  n o t  in flu e n c e  lipolysis. T h e re  w as a sig n ifican t increase  in  
F F A -re le a se  following e p in e p h rin e  a d m in is tra tio n  in  b o th  n o rm a l a n d  obese 
s u b je c ts .  A t th e  sam e tim e , th e  adipose tissue  o f  n o rm a l persons w as so m ew h at 
m o re  sen sitiv e  to  e p in e p h rin e  th a n  th a t  o f obese su b jec ts  (T ab le  I I I ) .

N o  sex difference w as fo u n d  in  th e  n o rm a l g ro u p , e ith e r  in  sp o n tan eo u s  
o r  in  ep in ep h rin e -in d u ced  lipo lysis . T here w as n o  sex  difference in  sp o n tan eo u s  
F F A -re le a se  in  th e  obese g ro u p , b u t  th e  ad ipose tis su e  of obese m ales d id  n o t 
r e s p o n d  sign ifican tly  to  ep in ep h rin e  s tim u la tio n  (T able  I I I ) .
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Table I

Spontaneous and epinephrine-induced FFA-release by 
subcutaneous adipose tissue o f normal subjects

N um ber Sex Age
W eight— length

(k gJ Diagnosis
FFA-release (u.Eq/g/2 hrs)

Spontaneous
E pinephrine 

(3 Mg)

l M 59 +  2 Rectal tum our 3.8 +  2.2
2 M 45 • +  6 Inguinal hernia 3.8 +  5.2
3 M 63 +  9 Inguinal hernia 3.4 +  3.4
4 M 28 9 Duodenal ulcer 1.6 +  2.2
5 M 52 4 Abdominal hernia 3.0 —  1.4
6 M 56 +  10 U reteral calculus 2.6 +  1.8
7 M 24 9 Duodenal ulcer 2.3 +  0.5
8 M 62 +  11 Vesical papilloma 3.6 +  1.5
9 M 61 +  4 Inguinal hernia 1.5 +  0.5

10 M 65 +  10 Prostatic  adenoma 2.5 +  2.5
11 M 64 +  4 Prostatic adenoma 4.0 +  0.8
12 M 66 +  8 Prostatic  adenoma 1.1 +  1.5
13 M 74 - 1 3 Gastric ulcer 1.0 +  2.1
14 M 47 +  7 Pancreatic tum our 4.5 +  0.8
15 M 57 13 Abdominal hernia 2.9 -4 0.5
16 M 46 0 Gastric ulcer 0.5 +  1.3
17 M 57 +  5 Abdominal hernia 2.6 +  1.1
18 M 54 +  5 Abdominal hernia 3.5 +  1.1
19 M 56 13 Duodenal ulcer 2.0 +  0.2
20 M 71 2 Prostatic adenoma 1.2 +  0.6
21 M 67 +  2 Cholelithiasis 2.0 +  0.3
22 M 66 -  5 Gastric ulcer 4.6 +  0.5
23 F 20 4 Inguinal hernia 1.8 +  0.8
24 F 22 +  2 Abdominal hernia 0.2 +  2.0
25 F 32 +  3 Abdominal hernia 1.8 +  4.6
26 F 64 7 Inguinal hernia 1.8 +  2.8
27 F 71 4 Gastric ulcer 1.6 +  0.4
28 F 52 +  17 Abdominal hernia 2.0 +  2.8
29 F 50 +  5 Cholelithiasis 2 .2 +  0.4
30 F 65 7 Cholelithiasis 3.8 +  1.4
31 F 2 9 1 Cholelithiasis 3.2 +  1.2
32 F 37 3 Abdominal hernia 4.2 +  1.2
33 F 42 +  8 Abdominal hernia 4.9 +  2 .6
34 F 37 0 Appendicitis 2 .9 +  1.8
35 F 23 +  16 Appendicitis 1.5 +  3.3
36 F 57 +  7 U reteral calculus 5.8 +  1.6
37 F 43 -b 5 Renal calculus 0.6 +  1.0
38 F 70 5 Colon tum our 4.5 +  0.6
39 F 47 +  1 Abdominal hernia 3.5 +  2 .2
40 F 38 +  13 Cholelithiasis 1.9 +  0.5
41 F 35 8 Gastric ulcer 3.4 +  2.3
42 F 61 4 Renal calculus 3.6 +  0.3
43 F 69 6 Gastric tum our 3.3 +  1.0
44 F 66 +  10 Abdominal hernia 2.1 +  0.7
45 F 18 +  7 Appendicitis 1.7 +  2.1

,Sex and  age of donors, weight kg — (length cm -  100), diagnosis, spontaneous FFA -release 
and response to 3 pg/m \ epinephrine are given. The la tte r  means the plus lipolysis re la ted  to 
spontaneous lipolysis. Tissue was removed surgically under general anaesthesia, except in pa tien ts 
Nos 2, 3, 9, 23, and 26, who were operated under local anaesthesia. Incubation was carried  out 
for 2 hrs.
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Table II

Spontaneous and epinephrine-induced FFA-release by 
subcutaneous adipose tissue o f  obese patients

N um ber Sex Age W eigh t— leng th  
(k g)

Diagnosis
FFA-release (^Eq/g/2 hrs)

Spontaneous
E pinephrine 

(3 i‘g)

I M
!

46 +  62 Obesity 3.6 - 1 . 6
2 M 23 +  58 Obesity 1.4 +  0.4
3 M 56 +  27 Cholelithiasis 3.2 + 0 .6

4 M 31 +  39 Obesity 1.7 + 0 .7
5 M 27 + 4 5 Obesity 2.1 +  0.8

6 M 38 +  35 Abdominal hernia 3.3 + 0 .4

7 M 39 + 4 1 Obesity 2.3 + 0 .8

8 M 25 +  23 Obesity 1.7 +  1.6

9 M 46 +  36 Obesity 1.8 —  0.5

10 M 53 +  57 Obesity 5.8 +  0.7

11 M 59 +  77 Obesity 3.8 —  2.8

12 M 22 +  58 Obesity 2.5 +  4.1

13 F 46 +  36 Obesity 3.4 +  0.6

14 F 29 +  38 Obesity 3.0 +  1.3

15 F 41 +  47 Obesity 2.9 +  0.6

16 F 46 +  39 Obesity 3.1 + 0 .5

17 F 30 +  37 Obesity 2.9 +  0.7

18 F 42 +  36 Obesity 2.6 +  0.2

19 F 34 +  25 Obesity 2.3 +  2.8

20 F 25 +  22 Obesity 3.8 +  1.2

21 F 47 +  21 Obesity 3.5 +  0.3

22 F 42 +  52 Obesity 3.8 +  2.0

23 F 56 + 4 3 Obesity 2.8 +  3.8

24 F 23 + 4 8 Obesity 2 0 +  1.7

25 F 15 +  47 Obesity 3.2 +  2.4

26 F 45 +  23 Obesity 3.4 +  0.4

27 F 37 +  46 Obesity 0.8 +  1.0

28 F 43 +  29 A bdom inal h e rn ia 3.3 +  0.5

29 F 34 +  29 j Obesity 1.6 +  2.2

Sex and age of donors, w eight kg — (length cm — 100), diagnosis, spontaneous FFA-release 
and  response to 3 /ig/rril ep inephrine are given. The la tte r  m eans the plus lipolysis related to spon­
taneous lipolysis. The tissue w as removed by biopsy except in patients Nos 3, 6, and 28, who 
were operated under general anaesthesia. Incubation w as carried out for 2 hrs.
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In  b o th  th e  n o rm a l a n d  th e  obese groups, th e  ad ipose tissue o f p a t ie n ts  
u n d e r 40 y ea rs  o f  age show ed a decreased sp o n ta n e o u s  F F A  release b u t  a m o re  
in ten siv e  response  to  ep in ep h rin e , th a n  th a t  o f  o ld e r sub jec ts . The d iffe ren ce  
w as sign ifican t on ly  in  th e  obese group (T able  I I I ) .

Table III
Spontaneous and epinephrine-induced FFA-release by subcutaneous adipose 

tissue o f normal and obese subjects. Sex and age differences

FFA-release (yuEq/g/2 h rs ; m ean ±  S.E. of mean) P
n

Spontaneous Epinephrine (3 jt/g)

Normal weight 45 2.67 ±0.18 +  1.48±0.18 <0.001
Obese 29 2.81 ±0.21 +  0.94±0.26 < 0 .0 1
Normal males 22 2.63+0.25 +  1 32+0.28 < 0 .001

weight fem ales 23 2.71 ±0.29 +  1.63 +  0.22 < 0 .001
males 12 2.77 ±0.45 +  0.43 ±0.49 N.S.

Obese
females 17 2.84±0.30 +  1.30+0.24 < 0 .001

Normal under 40 years 12 2.22 ±0.30 +  1.89 ±0.34 <0.001
weight above 40 years , 33 2.87 ±0.23 +  1.34±0.20 <0.001

under 40 years 15 2.30±0.35* +  1.47+0.28** < 0.001
( )besc

above 40 years 14 3.35 ±0.23* +  0.38+0.40** N.S.

•* and **p<0.05 in comparison w ith each other. N. S. no t significant.
Number of cases, spontaneous FFA-release and the response to  3 //a nil epinephrine are given. 
The la tter means the plus lipolysis related to spontaneous lipolysis. Incubations were carried  
out for 2 hrs and the results expressed as the mean +  S.E.M. P  values of epinephrine response.

Discussion

O ur f in d in g s co ncern ing  th e  ra te  of sp o n ta n e o u s  lipolysis o f h u m a n  
ad ipose tissu e  a re  in  acco rd an ce  w ith  those re p o rte d  in  th e  lite ra tu re . L a szlo  
(1965) found  a h ig h e r sp o n tan eo u s  FFA -release in  n o rm a l sub jec ts th a n  w e d id . 
T h is a u th o r , how ever, u sed  as m edium  th e  p a t ie n t ’s ow n plasm a c o n ta in in g  
horm ones an d  o th e r  fac to rs  in fluencing  fa t  m o b iliza tio n . W e found (u n p u b lish ­
ed d a ta ) th a t  th e  f a t ty  acid  m obilizing a c tiv ity  o f  th e  p lasm a of obese p e rso n s  
is reduced . Also o u r v a lu es  fo r th e  s tim u la tin g  e ffec t of ep inephrine d iffe r 
from  tho se  rep o rted  b y  Mo sin g e r  e t al. (1965); th e se  a u th o rs  found a m o d e ra te  
response to  ep in ep h rin e  o f th e  su bcu taneous ad ip o se  tissue  of b o th  n o rm a l 
an d  obese p a tie n ts , w hile a s ig n ifican tly  h igher F F A -re lease  by  th e  m esen te ric  
ad ipose tissu e  o f overw eig h t p a tie n ts . T he d iffe ren t b e h av io u r of su b c u ta n e o u s  
an d  m esen teric  ad ipose tissu e  is w ell-know n. O ur f in d in g s  differ also from  th o se  
rep o rted  by  Ö stm an  (1965) in  th a t  th e  adipose tissu e  o f  o u r older obese p a t ie n ts  
show ed a h ig h er sp o n tan eo u s  F F A  release th a n  th a t  o f norm al ju v e n ile s .
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SERUM HAPTOGLOBIN LEVEL 
IN ATHEROSCLEROSIS

By

J u d it  Sz é k e l y , Á. Sim o n  and E . H orváth

T H IR D  D EPARTM ENT OF M ED IC IN E , SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, B U D A P E S T . 
AND NATIONAL IN ST IT U T E  OF HAEMATOLOGY A ND BLOOD TRANSFUSION, B U D A PEST

(Received A ugust 3, 1970)

The serum  haptoglobin  level had been stud ied  in 387 atherosclerotic subjects 
w ith  myocardial infarction , coronary sclerosis, acu te  cerebro-vascular in su lts , p erip h ­
eral arterial disease. A significant increase in  th e  level was dem onstrable in  all these 
conditions, p articu la rly  in  acute com plications such as m yocardial in fa rc tio n  and 
cerebro-vascular insults. Association of diabetes w ith  atherosclerosis did n o t seem  to 
affect the haptoglobin  level. No correlation w as dem onstrable between th e  serum  
haptoglobin and cholesterol levels. In  25 subjects w ith  acute myocardial in fa rc tio n  th e  
peak haptoglobin was atta ined  by the end of th e  th ird  week.

H ap to g lo b in , a g lyco p ro te in  fo rm ing  a firm  com plex w ith  h a e m o g lo b in 1, 
w as f irs t  described b y  P olonovski an d  J a y l e  [23]. Sm ith ies  an d  W a l k e r  
[26, 27] sep a ra ted  i t  in to  th ree  ty p e s  c o n s titu tin g  a system  o f h e re d i ta ry  
c h a ra c te r . The h ap to g lo b in  level is fa irly  c o n s ta n t  in  th e  sam e in d iv id u a l  
[18, 19] b u t varies w idely  in  d iffe ren t su b je c ts . A ccording to  N y m a n  [19], 
th e  m ean  level am o u n ts  to  110 m g p e r 100 m l (ran g e , 30 to  190 m g p e r  100 m l), 
T h is v a lu e  agrees w ith  th o se  observed  b y  o th e r  a u th o rs  [5, 9, 21, 25]. N ym a n  
[19] fo u n d  sligh tly  h ig h e r va lues in  m ales th a n  in  fem ales, w hile H e v e r  [5] 
an d  Sh in t o n  e t al. [25] fa iled  to  d e m o n s tra te  a n y  significant sex d iffe ren ce . 
N or h as  ageing a n y  d em o n strab le  in fluence  on  th e  hap tog lob in  level [15, 19, 
25]. T h e  values a re  s lig h tly  affec ted  b y  th e  ty p e  o f  hap tog lo b in ; th is  is, h o w ­
ever, u su a lly  d isreg a rd ed , ow ing to  th e  w ide n o rm a l range.

T h e  clinical s ign ificance of h ap to g lo b in  h a s  been a ttra c tin g  in c re a s in g  
in te re s t  in  recen t y e a rs . I ts  level has been  fo u n d  to  increase in  various p rocesses 
asso c ia ted  w ith  th e  b reak d o w n  or reo rg a n iz a tio n  o f  tissues, in  p a r t ic u la r  in  
acu te  a n d  chronic in f la m m a to ry  co n d itio n s, num ero u s in fectious d iseases, 
collagen diseases, tu m o u rs , e tc . [4, 5, 9, 19]. In c re a se d  values w ere fo u n d  in  
v a rio u s n o n -h aem o ly tic  diseases of th e  h aem o p o ie tic  system , e.g. in  p a n m y ­
e lo p a th y  [12, 17], H o d g k in s’s d isease, re ticu lo ses  [6, 11, 13], th o u g h  n o t  in  
h aem ob lasto ses w here  th e  figures are  in c o n s is te n t [6, 12, 21]. O n th e  o th e r  
han'd, in  haem o ly tic  p rocesses th e  h a p to g lo b in  level is considerab ly  d ep re ssed  
[9, 12, 19, 21, 22, 25], a find ing  c h a ra c te r is tic  o f  every  h aem oly tic  re a c tio n , 
an d  th u s  o f d iag n o stic  im p o rtan ce  in  th e  case o f  com plications a f te r  b lood  
tra n s fu s io n  [2, 15].
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J a y le  e t al. [7, 9, 10] found  a h igh h a p to g lo b in  level in  c o ro n a ry  d isease 
a n d  i ts  fu r th e r  rise  a f te r  m yo card ia l in fa rc tio n . T here  is also o th e r  p u b lish ed  
ev id en ce  on in c rea sed  h ap to g lo b in  values in  c o ro n a ry  th rom bosis [1, 14, 16, 
2 2], th o u g h  M ü l l e r  a n d  M ü l l e r -Von V o ig t  [18] failed to  d e m o n s tra te  an y  
s ig n if ican t e lev a tio n  in  such  cases.

I n  v iew  o f th e  q u a lita tiv e  an d  q u a n t i ta t iv e  a lte ra tio n s  of se ru m  m u co ­
p o ly sacch arid es  in  a th ero sc le ro sis , th e  ab o v e  o b se rv a tio n s seem ed to  ju s t ify  
a  s tu d y  o f th e  b e h a v io u r  o f  hap tog lob in , a s u b s ta n c e  com posed o f p ro te in  and 
p o ly sacch arid e , in  som e cond itions a sso c ia ted  w ith  atherosclerosis.

Material and m ethods

a)  Patients

The haptoglobin level w as determ ined in  612 sub jects w ith atherosclerosis of various 
types and severity. In  th e  m ajority  a single estim ation  was performed, in some patien ts 
tw o or th ree estim ations, and in  25 patients w ith  m yocard ial infarction the haptoglobin  level 
w as recorded serially. In  th e  in te rest of correct in te rp re ta tio n , any potential add itional factor 
w as ru led  out w hich m igh t have affected the hap tog lob in  level. The cases where th is  w as no t 
possible w ith  any reliable certa in ty , were excluded from  analysis. In  this m anner, th e  data  
o f 387 pa tien ts were availab le  for processing. T here w ere 180 males and 207 fem ales, aged 
betw een 37 and 88 years (m ean 66 years). The p a tien ts  w ere divided into five clinical groups 
on th e  basis of th e  following criteria.

1) Myocardial infarction. Typical course, lab o ra to ry  findings, ECG; less th a n  4 weeks 
since th e  infarction.

2) Coronary sclerosis. T ypical anginal sym ptom s, ECG, and, in a num ber of cases, a 
h is to ry  of m yocardial in farc tion .

3) Acute cerebro-vascular insult. P a tien ts in  th e  f i rs t week after the onset o f hem iplegia, 
aphasia  or of o ther focal lesions, w hether proving tra n s ito ry  or perm anent in  th e  end. Caro- 
tog rap h y  was done in  a num ber of cases.

4) Cerebrosclerosis. One or several cerebrovascular insults in  the past, m entioned in the 
h is to ry  or diagnosed on th e  basis of hemiplegia or o f o th e r focal lesion.

5) Peripheral arterial disease. Typical signs an d  sym ptom s, including oscillographic 
p a tte rn , w ith  no evidence of necrosis.

Group 1 com prised 67 subjects (41 males, 26 fem ales); group 2, 205 subjects (81 males, 
124 fem ales); group 3, 48 subjects (21 males, 27 fem ales); group 4, 52 subjects (24 m ales, 
28 fem ales); group 5, 15 sub jects (13 males, 2 fem ales).

82 patien ts (30 m ales, 52 females) had also d iabetes. Their da ta  were evaluated  sep­
a ra te ly  in the respective groups.

As a control group, 52 healthy  blood donors (36 males, 16 females) were used. The 
co n tro ls  for the p a tien ts  w ith  atherosclerosis and  d iabetes were 10 young diabetics (5 males, 
5 fem ales), w ith  no vascu lar complication.

b)  Methods o f investigation

The serum level was estim ated by the colorim etric procedure of Ow e n  e t al. [20] 
based  on the m easurem ent of haptoglobin m ethaem oglobin peroxidase activity . A ll tes ts  were 
perform ed against con tro ls for w hich the  same m ix tu re  of norm al sera w ith less th a n  5%  scat­
te r in g  was used. The hap tog lob in  value was com puted from  a calibration graph and  expressed 
in  m g per 100 m l of bound  m ethaem oglobin. The no rm al range was between 40 and  190 mg 
p e r 100 ml.

The serum cholesterol level was estim ated by  th e  m ethod  of R a pp  APORT and E ic h h o r n
[24].

In  th e  first group (m yocardial infarction) SGOT, L D H , ESR  and WBC were also esti­
m ated .
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Results

F ig . 1 shows th e  h a p to g lo b in  values in  th e  e n tire  m a te ria l. In  th e  g re a t 
m a jo r ity  o f  cases th e  level w as betw een  th e  m ean  a n d  th e  u p p e r  no rm al lim it. 
T ab le  I  show s th e  figu res o b ta in ed  in  th e  co n tro ls , T ab le  I I  th o se  ob­

en
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Ö
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Fig. 1. Serum haptoglobin values in the various form s of atherosclerosis
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Table I

Serum haptoglobin level, mg per 100 ml, in  control subjects

Normal blood donors Diabetic controls T o ta l o f controls

Male Female T o ta l Male Female T otal Male Fem ale Total

n 36 16 52 5 5 10 41 21 62
X 109 105 108 141 139 140 113 113 113

s 34 35 34 43 52 45 35 38 38

Sx 5.7 8.7 4.7 19.2 23.2 14.2 5.4 8.3 4.8

t a in e d  in  th e  p a tie n ts . S ta tis t ic a l  s ign ificance w as e v a lu a te d  b y  th e  tw o- 
s a m p le  t te s t.

T h e  d a ta , w h e th e r re fe rre d  to  th e  to ta l  n u m b e r  of m ales o r to  th a t  of 
fe m a le s  or to  b o th  sexes, c o n s is te n tly  rev ea led  a s ig n ifican t e lev a tio n  o f th e  
s e ru m  hap tog lo b in  level in  a ll fiv e  groups (T ables I  an d  II) . To c la rify  th e  ques­
t io n  w h e th e r  or n o t th e  h a p to g lo b in  level is a ffec ted  b y  d iab e te s  associa ted  
w i th  a therosclerosis, th e  v a lu e s  fo r th e  n o n -d ia b e tic  su b jec ts  w ere com pared  
w i th  th o se  for th e  d ia b e tic s , w ith  respect to  sex  an d  clin ical ty p e . N o sign ifican t 
d iffe re n c e  was found  b e tw e e n  th e  d iabe tic  an d  n o n -d iab e tic  g roups. I n  conform ­
i t y  w ith  th is , th e  fo u r-sa m p le  t te s t  also fa iled  to  rev ea l a n y  sign ifican t 
d iffe re n c e  in  th e  case o f  d ia b e te s  associa ted  w ith  a therosclerosis .

T h e  cholesterol leve l w as sig n ifican tly  in c reased  in  all g ro u p s, b u t  co rre­
l a t io n  analysis fa iled  to  re v e a l an y  re la tio n sh ip  b e tw een  th e  h a p to g lo b in  and  
c h o le s te ro l  levels.

I n  th e  n e x t series, th e  serum  h ap to g lo b in  level w as se ria lly  recorded  
in  25 cases of m y o card ia l in fa rc tio n . T he co rre la tio n  w as te s te d  on th e  basis 
o f  a  reg ression  line d e riv ed  fro m  th e  in d iv id u a l va lu es  w ith  th e  sm a lle s t sca tte r . 
T h is  re su lte d  in  th e  p a ra b o la  seen  in  F ig . 2 w h ich  show s th a t  th e  av erag e  peak  
o f  180 m g  per 100 m l w as re a c h e d  to w ard s th e  en d  of th e  th ird  w eek.

Table II

Serum haptoglobin level, mg per 100 ml, in atherosclerosis,

M yocardial infarction Coronary sclerosis

Male F em ale Total Male Fem ale Total

n 41 26 67 81 124 205

X 185 179 183 151 151 151

s 51 52 51 43 37 39

s ; 7.9 10.1 6.2 4.7 3.3 2.7

t 7.50 4.84 8.75 4.97 4.35 6.26

p % <0.1 < 0 .1 <0.1 < 0 .1 < 0 .1 < 0 .1
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Fig. 2. Regression parabola of the serum haptoglobin level in myocardial infarction

including diabetic and non-diabetic subjects

A cute cerebro-vascular insult Cerebrosclerosis Peripheral arterial disease

Male Female T otal Male Female T otal Male Female T otal

21 27 48 24 28 52 13 2 15
156 170 167 161 139 150 149 - 154

33 43 40 42 40 44 46 _ 36
7.9 8.2 5.8 8.5 8.1 6.1 15.2 — 11.8
4.39 4.71 7.23 4.97 2.25 4 82 2.63 — 3.58

< 0 .1 <0.1 < 0 .1 < 0 .1 < 5 < 0 .1 < 5 — <0.1
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F in a lly , i t  was s tu d ie d  w h e th e r th e  se ru m  h ap to g lo b in  level in  m y o ca rd ia l 
in fa rc t io n  w as co rre la ted  w ith  th e  SGOT, L D H , E S R  or W BC v a lu es . T h e  cor­
r e la t io n  coefficient rev ea led  a slig h tly  p o sitiv e  co rre la tio n  betw een  h ap to g lo b in  
a n d  S G O T  during  th e  f ir s t  d a y s  a fte r  in fa rc tio n , a n d  also betw een  h a p to g lo b in  
a n d  L D H  one w eek a f te r  in fa rc tio n . T h e  su b se q u e n t d a ta  w ere in su ffic ien t 
fo r  e v a lu a tio n . H ap to g lo b in  an d  E S R  v a lu es  show ed a d e fin ite  co rre la tio n  
a t  t h e  e n d  of th e  f irs t  a n d  th e  second w eek . T h e  correlations b e tw e e n  th e  
p re v io u s  an d  la te r  va lu es  w ere  less defin ite . N o co rre la tion  w as d e m o n s tra b le  
b e tw e e n  h ap to g lo b in  a n d  W B C .

Discussion

T h e  p resen t f in d in g s h a v e  show n a s ig n if ic a n t increase in  th e  serum  
h a p to g lo b in  level in  all th e  s tu d ied  ty p e s  o f  atherosclerosis. T h ese  fin d in g s 
a g re e  w ell w ith  th e  d a ta  acco rd ing  to  w h ich  a n y  process acco m p an ied  by  
t is s u e  in ju ry  involves a rise  in  th e  h ap to g lo b in  level, and  w hich  w o u ld  also 
a c c o u n t  fo r our find ing  th a t  th e  h ighest e lev a tio n  occurred  in th e  g ro u p s m ark ed  
b y  g ra v e  tissue  d e s tru c tio n ; in  acu te  c o m p lica tio n s , nam ely  in  m y o ca rd ia l 
in f a r c t io n  an d  c e reb ro v ascu la r  in su lt.

I t  h a s  been so u g h t to  c la rify  also th e  q u e s tio n  w heth er sex  a ffec ts  th e  
b e h a v io u r  of th e  h a p to g lo b in  level. T he m ean  v a lu es  d isp layed  no se x -re la ted  
d iffe re n c e ; th e re  w ere s lig h t dev ia tio n s in  th e  v a lu e s  in  th e  in d iv id u a l g roups, 
b u t  th e s e  w ere likely  to  o ccu r in  e ith e r d ire c tio n .

In  o u r p a tie n ts , d ia b e te s  associated  w ith  atherosclerosis h ad  n o  in fluence  
o n  th e  h ap to g lo b in  level. T h o u g h  each of th e  tw o  conditions in v o lv es  a rise 
in  t h e  h ap to g lo b in  v a lu e , th is  in fluence does n o t  seem to  be a d d itiv e  in  th e  
ca se  o f  th e ir  associa tion .

A s to  m y ocard ia l in fa rc tio n , th is  w as th e  co n d itio n  in  th e  p re s e n t s.tudy 
w h e re  th e  h ighest levels (m ean  180 m g p e r  100 m l) were found ; th e y  occu rred  
b y  th e  e n d  of th e  th ird  w eek . I n  cases w here  th e re  is s trong  su g g estiv e , b u t  no 
c o n c lu s iv e , evidence o f m y o ca rd ia l in fa rc tio n , th e  h ap to g lo b in  lev e l m ay  
p ro v id e  d iagnostic  a id . T h is m a y  be tru e  to  a c e r ta in  e x te n t fo r th e  o th e r  clin­
ic a l ty p e s  o f a therosclerosis , too , b u t  in  th e se  co n d itions th e re  is a w ide  ran g e  
o f  o th e r  signs and  sy m p to m s  w hich are o f  h ig h e r  d iagnostic  v a lu e .

I n  th e  p a tie n ts  w ith  m yocard ia l in fa rc tio n  th e  peak  h ap to g lo b in  
v a lu e  w as  a tta in e d  s lig h tly  la te r  in tim e  th a n  i t  h a d  been expec ted  on  th e  basis 
o f  th e  d a ta  in l i te ra tu re  [1, 14, 16, 22], th o u g h  these  too  are  in c o n s is te n t. 
A t a n y  ra te , here th e  b e h a v io u r  of h ap to g lo b in  seem s to  follow a d e f in ite  p a t ­
te rn .  A cco rd ing  to  th e  p re s e n t cases, it  seem s to  co rrespond  to  a shallo w  p a ra ­
b o la  w ith  a re tu rn  to  th e  in it ia l  v a lue  in  th e  5 th  o r 6 th  week, r a th e r  th a n  to  a 
g ra p h  w ith  a steep  u p w a rd  in itia l slope.

A c ta  Medica Academiae Scientiarum Hungaricae 28, 1971



SERUM HAPTOGLOBIN LEVEL 25

S lig h t co rre la tions h a v e  been  n o te d  b e tw een  th e  h ap to g lo b in  a n d  SGOT 
levels in  th e  f irs t days a f te r  a c u te  m y o card ia l in fa rc tio n . In  th e  l ig h t  o f  th e  
above find ings, th e  reaso n  fo r  th is  seem s obv ious. A t th e  end of th e  f i r s t  48 hours 
w hen  SGOT has reach ed  its  p e a k  an d  is ra p id ly  falling  to  its n o rm a l v a lu e , th e  
c o n c e n tra tio n  of h ap to g lo b in  on ly  begins to  rise . T he co rre la tion  d e m o n s tra b le  
b e tw een  h ap to g lo b in  an d  L D H  a w eek a f te r  m yocard ia l in fa rc tio n  m a y  be 
ex p la in ed  b y  a jo in t rise in  th e  tw o  values in  th is  p a rtic u la r  p e rio d . T h e  co rre ­
la tio n s  b e tw een  E S R  a n d  h a p to g lo b in  a t  th e  en d  o f th e  f irs t as w ell as o f  th e  
second  w eek, are  se lf-ex p lan a to ry , since th e  E S R  v alue  increases to g e th e r  w ith  
th e  h ap to g lo b in  level in  th e  f irs t  tw o  w eeks, b u t  th e  E S R  g en e ra lly  declines 
a f te rw a rd .

*

T hanks are due to D r. J .  F ischer for his help in th e  biom etrical calculations.
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X-RAY FEATURES OF RENAL DISPLACEMENT 
AND COMPRESSION BY ENGLARGED 

SPLEEN AND LIVER IN POLYCYTHAEIV^IA VERA
By
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The roentgenologic appearance of the k idney  was studied in  30 pa tien ts  w ith  
polycythaem ia vera. D isplacem ent of the left k idney  was dem onstrable in 28, of the 
righ t k idney in  17 cases. The exten t of renal displacem ent was related to th e  clinical 
activ ity  of th e  disease and to the degree of spleno- and hepatom egaly. The roen tgeno­
logic signs of renal displacem ent during the periods of recurrence showed a defin ite 
regression during remissions.

C lassification  o f p o ly cy th aem ia  on a e tio p a th o g e n e tic  g rounds is in  
co n fo rm ity  w ith  th e  clin ica l ap p earan ce  o f  th e  co n d itio n  [12]. T he choice o f 
t r e a tm e n t as well as p ro g n o stic  considera tions m ak e  i t  im p o r ta n t to  d iffe ren ­
t ia te  carefu lly  be tw een  th e  in d iv id u a l ty p es o f  th e  cond ition .

P o ly c y th a e m ia  v e ra  belongs to  th e  m y e lo p ro life ra tiv e  diseases [3] 
m ark ed  b y  an  o vera ll p ro life ra tio n  o f th e  h a e m a to p o ie tic  system , f ir s t  o f  all 
o f th e  e ry th ro p o ie tic  a n d , to  a lesser degree, o f  th e  m yelo- and  th ro m b o p o ie tic  
sy s tem  [8, 9, 10, 11].

W hile  u n tre a te d  or p oo rly  con tro lled  cases o f  p o ly cy th aem ia  v e ra  c a rry  
a h igh  incidence o f v a scu la r  com plications in v o lv in g  irreversib le  consequences 
o r a c u te  life -th re a ten in g  com plications [11], a d e q u a te  th e ra p y  co n sid e rab ly  
im proves th e  p rognosis  b y  ensu ring  long p e rio d s o f rem ission, u su a lly  w ith  
fu lly  p reserv ed  w o rk ing  c a p a c ity  [13, 20].

R en a l p o ly c y th a e m ia  co n s titu te s  a p a r t ic u la r  ty p e  of secondary  p o ly ­
c y th aem ia , a p p ea rin g  u su a lly  in  association  w ith  ren a l tu m o u rs  o f  v a rio u s  
k inds, w ith  p o ly cy stic  k id n ey  or w ith  u n ilo cu la r o r m u ltilo cu la r cysts  o f  th e  
o rgan  [2, 14, 18]. T hese com plications are  u n re sp o n siv e  to  rad io p h o sp h o ru s  
or to  c y to s ta tic s  ad m in is te red  w ith  b en e fit in  p o ly cy th aem ia  v e ra  [18]. 
On th e  o th e r h a n d , unless th e  p rim a ry  process is n o t b ila te ra l, rem oval o f th e  
a ffec ted  k id n ey  ensures a p e rm a n e n t curve o f  p o ly c y th a e m ia  [14].

P o ly c y th a e m ia  v e ra  is u su a lly  acco m p an ied  b y  som e degree o f sp len o ­
m egaly  or h ep a to m eg a ly  [8 11] w hich, as i t  is know n  from  th e  l i te ra tu re
[5, 6, 7, 21], m ay  p ro d u ce  ce rta in  roentgenologic  ab n o rm alitie s  of th e  k id n e y  
suggestive  a t  f ir s t  o f som e p rim ary  ren a l d isease.

T he p re se n t s tu d y  has been  concerned  w ith  th e  incidence of ro en tg en o lo ­
gic ab n o rm alitie s  o f th e  k id n ey  in  p o ly cy th aem ia  v e ra , w ith  th e  n a tu re  o f
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th e se  ab n o rm a l fea tu res  an d  th e ir  re la tio n sh ip  w ith  th e  haem oto log ica l s ta tu s  
in c lu d in g  th e  degree o f  h e p a tic  an d  sp len ic  en la rg em en t. I t  also seem ed  o f  
in te r e s t  to  s tu d y  w h e th e r o r n o t th e  ch an g es in  question  w ere reversib le .

Material and m ethods

In  th e  studies, 30 p a tien ts  w ith  reliably diagnosed polycythaem ia vera were involved, 
16 m ales and  14 females betw een 27 and 68 years (m ean, 51 years) of age. The diagnosis had 
been ascerta ined  histologically in hone marrow biopsy m aterial [11]. A t the tim e of th e  study, 
25 p a tie n ts  were in the stage of recurrence, 5 in remission.

T he patien ts in recurrence had  the following average values: ery throcytes 6,300,000 
(5,730,000 to  6,660,000), leukocytes 12,700 (9,000 to  14,800), platelets 715,000 (510,000 to 
1,100,000). In  those being in  rem ission, the e ry th rocy te , leukocyte and p la te le t counts were 
w ith in  th e  norm al range. Of th e  30 patien ts , 29 had some degree of splenomegaly, 27 had  hepato­
m egaly.

E xcretion  urography was perform ed in  every p a tien t after appropriate  p reparation  
and  i t  w as repeated a few m onths la te r in  9 cases. F ive  patien ts in whom urography  was per­
form ed repeatedly, had been in  a s ta te  of recurrence a t  th e  first and in rem ission a t  th e  second 
exam ination , while in three p a tien ts  the firs t exam ination  was done during rem ission and the 
second during recurrence. In  one p a tien t, while being in  rem ission and displaying norm al blood 
coun ts a fte r repeated courses of 32P , the spleen g radually  grew in size un til its  lower pole had 
a tta in e d  th e  iliac crest In  th is p a tien t, excretion urography  was perform ed th ree  tim es; the 
f irs t  w hen th e  spleen was still m oderately  enlarged, th e  second when enlargm ent of th e  spleen 
was a t  its  highest; and the th ird  a fter splenectom y.

U rography was combined w ith  tom ography in 14 cases and it  had to  he com pleted by 
perfusion  urography in 4 and w ith  aortography in  2 cases. The X -rays had to  be faultless to 
be ev a lua ted , otherwise th e  exam ination  was repeated  a fte r the necessary p repara tion  two or 
th ree  days la ter. U rographs repeated  for technical reasons were evaluated as single exam ina­
tions.

Results

T h e  size of th e  sp leen  a n d  of th e  liv e r can  read ily  be e s tim a te d  b y  m an u a l 
p a lp a t io n  an d  from  th e  a n te ro -p o s te rio r  X -ra y s . A ccording to  R ö s c h  [16], 
th e  sp leen  m easures 3 to  7 cm  in  its  tra n sv e rsa l a n d  8 to  14 cm in  its  lo n g itu d in a l 
d ia m e te r . In  th e  p re se n t m a te r ia l, sp len o m eg a ly  an d  h e p a to m e g a ly  were 
g ra d e d  on th e  g rounds o f th e  p hysica l a n d  X -ra y  signs as follow s. D is tin c t 
(-)-) in  7 cases; m o d e ra te  ( + + )  in  13 cases; a n d  m ark ed  ( +  +  + )  in  9 cases. 
I n  g ra d e  -f- th e  low er b o rd e r  o f th e  liv e r  o r o f  th e  spleen w as p a lp a b le  1.5 
f in g e rb re a d th s , in  g rade  — —(— 2 to  3 f in g e rb re a d th s , in  grade +  +  +  m o re  th a n  
3 f in g e rb re a d th s  below  th e  co sta l a rch .

T h e  roen tgenologic  k id n e y  ab n o rm a litie s  are  p re sen ted  in  T ab le  I. 
D isp la c e m e n t and  ro ta tio n  o f  th e  r ig h t a n d  o f th e  left k id n ey  as also  o th e r 
signs in d ire c tly  re la te d  or u n re la te d  to  sp lenom egaly  or h e p a to m e g a ly  are 
fo u n d  u n d e r  se p a ra te  h ead in g s.

As seen in  T ab le  I ,  d isp lacem en t o f  th e  le ft k id n ey  w as d em o n strab le  
in  28 a n d  its  ro ta tio n  in  9 cases. T he l a t te r  a b n o rm a lity  w as a sso c ia ted  w ith  
a d isp la c e m e n t of th e  k id n e y  in  8 of th e  9 cases, in  all of w hich  sp lenom egaly  
w as o f  a  m a jo r degree. D isp lacem en t of th e  r ig h t  k id n e y  w as p re se n t in  17 and
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its  ro ta tio n  in  5 cases. R o ta tio n  w as alw ays asso c ia ted  w ith  d isp lacem en t. 
M arked  h e p a to m e g a ly  was p resen t in  all 7 cases of com bined  d isp lacem en t 
o f th e  r ig h t k id n ey .

Tabic I

Displacement I 1 O ther
abnor­

malities
Side Cranial

Caudal Medial Caudal
m edial

Total Rotation

1

Left l 12 6 9 28 9 7

R ight l 7 2 7 17 5 10

T h e o th e r ren a l ab n o rm alities  are  seen in  T ab le  I I ,  w hich  show s th a t  
b ila te ra l pye lec tasis  an d  p y e lo n ep h ritis  w ere fo u n d  in  tw o  in s tan ces  each. 
R en a l calculosis w as d e m o n s tra te d  in  th re e  cases. T hese com plica tions ex isted  
side  b y  side w ith  m a rk e d  sp lenom egaly  an d  h ep a to m eg a ly .

Table II

Side Pyelectasy
Pyelo­

nephritis
Nephro- 

! lilhiasis

1

Renal cyst
L ipom a­

tosis
Duplicity 
of renal 

pelvis

Bulging
renal

contours
Total

Left 2 2 i l — l 7

Right 2 2 2 2 1 l — 1 0

In  th e  m a jo rity  o f th e  p resen t cases th e  X -ra y  ab n o rm alitie s  w ere c h a r­
ac te ris tic  o f a cau d a l or o f a com bined , i.e. caudo-m ed ia l, d isp lacem en t of 
th e  k id n ey . T he m ost ty p ic a l find ings are  show n in  th e  follow ing case rep o rts .

Case 1. (Figs, la  and b), H . F ., a 56-year-old male. B oth  kidneys show norm al excre­
tion  and concentration. The left renal shadow is seen approxim ately  4 cm below its  norm al 
level, w ith  the lower pole in the height of the iliac crest. The contours of its  la te ra l upper 
segm ent are straightened ou t by the considerably enlarged spleen being in its  close proxim ity.

Case 2. (Figs 2a and b), D. M., a 62-year-old fem ale. B oth  kidneys excrete a t  a norm al 
rhy thm  and  concentrate adequately. The lower pole of the  left kidney reaches 4 fingerbreadths 
below th e  line of th e  iliac crest, being displaced 8 cm dow nw ard and 4 cm m edially. I t  joins 
the homogeneous shadow of the enlarged spleen. The renal pelvis and the calices are distended. 
There is an  in trapelvic staghorn calculus. The lower pole of the right kidney reaches 3 finger- 
bread ths below th e  iliac crest, being displaced dow nw ard by  the enlarged liver. There is a 
m oderate distension of the pelvic system.

Excretion urography was repeated a few m onths la te r in 9 cases; in  5 p a tien ts  the 
first exam ination was done during a recurrence and the  second during remission. In  two pa­
tien ts a considerable, in three a complete, regression of renal displacem ent was dem onstrable 
a t th e  second exam ination. On the o ther hand, in those th ree patien ts who had been in rem is­
sion a t  the tim e of the firs t and in exacerbation a t  th e  tim e of the second exam ination , a de­
fin ite  progression of renal displacem ent was dem onstrable on the second occasion, associated 
w ith  ro ta tion  in 2 cases.

One of the p a tien ts  was in remission when firs t exam ined as well as a t the tim es of the 
tw o subsequent follow-up studies. However, despite norm al blood counts the spleen gradually
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Fig. la

Fig. lb
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Fig. 3b
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Fig. 4a

3

Fig. 4b
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increased  to  an enormous size. F o r th is reason, splenectom y was performed. As show n by th e  
p o sto p e ra tiv e  urogram, the  displacem ent of the le ft k idney  in  consequence of splenom egaly 
h a d  p rac tic a lly  disappeared.

Case 3. (Figs 3a, b), S. J . ,  a  47-year-old fem ale. T he upper pole of the  left k idney  is 
seen a t  th e  level of the posterior p a r t  of the 10th rib , i.e. 3 cm higher th an  norm ally  and  2 cm 
to w ard s  th e  midline. The pyelo-ureteral junction  is stra igh tened  out. The low er pole of the 
r ig h t k id n e y  reaches down to  th e  line of the iliac crest, being displaced caudally  b y  4 cm  and 
m ed ia lly  b y  2 cm. Its  axis is paralle l w ith the spine. T he caliceal stalks are a t  rig h t angles to  
th e  re n a l pelvis.

O n th e  urogram perform ed one m onth a fter splenectom y (3b) the left k idney  appears 
n o rm al in  size and of p ractically  norm al position, w ith  its  upper pole a t the  low er bo rder of 
th e  1 1 th  r ib  and its axis parallel w ith  the psoas m uscle. The position of the r igh t k idney  was 
unchanged .

I n  tw o subjects, u n ila te ra l cysts of the k idney  w ere found. Since, on th e  evidence of 
clinical observations [14, 18] renal cysts belong to  th e  p rim ary  processes giving rise to  renal 
po lyg lobu lia , th is possibility had  to  be considered. H ow ever, the typical bone m arrow  picture , 
w ith  leukocytosis, throm bocythaem ia, enlargem ent of liver and spleen left no d oub t ab o u t the 
diagnosis o f polycythaem ia vera. O ne of the cases is reported  in the following.

Case 4. (Fig. 4a), M. G., a 61-year-old male. T he left kidney of norm al shape and size 
is s i tu a te d  3 cm lower th an  norm ally . Cranially and  la te ra lly  from there is the  shadow  of the 
considerab ly  enlarged spleen. The left ureter appears slightly  tortuous. The righ t k idney  is of 
n o rm al position , its lower half appears broader th a n  norm ally. The lower and m iddle calices 
fill poo rly . One of the m iddle calices has a tapering form , as a sign of compression w hich in­
volves th e  renal pelvis. The area of compression is sharp ly  outlined upw ards and  shows round­
ed co n to u rs .

Selective arteriography of th e  righ t kidney (Fig. 4b) revealed the in tra ren a l b ranches 
of th e  re n a l artery  supplying th e  caudal half of th e  k idney  to  curve upw ard and to  enclose 
a p oo rly  vascularized area of th e  size of a tennis ball. In  la te r  phases there was no artériographie 
sign o f a n y  functioning renal parenchym a within th is  area, indicating the presence of a cyst 
in  th e  r ig h t kidney.

Discussion

R e n a l dystop ia  d e m o n s tra b le  b y  X -ra y s  co n s titu te s  a p r im a ry  an o m a ly  
o r i t  m a y  be  secondary  to  re tro p e rito n e a l tu m o u rs , sp lenom egaly  o r to  tu m o u rs  
o f  t h e  k id n e y  itse lf [7, 11, 21 ]. T he X -ra y  fe a tu re s  of le ft ren a l d isp la c e m e n t 
b y  sp len o m eg a ly  have  a m p ly  been  d iscussed  in  th e  lite ra tu re  [5, 6, 7, 15, 17]. 
H e p a to m e g a ly  as a cause o f  r ig h t ren a l d isp lacem en t is also w ell-know n  [4]. 
D isp la c e m e n t and ro ta tio n  o f  th e  k id n ey  in v o lv e  ce rta in  d iffe ren tia l d iag n o stic  
p ro b le m s  [6, 7, 14, 21] o f decisive im p o rtan ce  as regards th e  th e ra p e u tic  course  
to  h e  a d o p te d .

F o r d e  e t al. [5] w ere ab le to  d e m o n s tra te  left renal d isp la c e m e n t by  
in tra v e n o u s  u ro g rap h y  in  25 o u t of 27 cases o f  sp lenom egaly  d u e  to  v a rio u s  
c a u ses , in  th e  f irs t p lace  to  diseases of th e  h aem ato p o ie tic  o rgans, c irrhosis  
o f  t h e  l iv e r  and  splenic cy s ts .

D ela m o re  e t al. [4] fo u n d  renal d isp la c e m e n t in  consequence o f h e p a to ­
m e g a ly  o r  sp lenom egaly  in  21 o u t of 25 cases o f  p o ly cy th aem ia  v e ra . T h e re  
w as n o  p r im a ry  ren a l d isease  in  th e ir  series.

T h e  p resen t s tu d y , w h ich  has been a im e d  a t  th e  X -ray  in v e s tig a tio n  o f  
th e  k id n e y  in  p o ly cy th aem ia  v e ra , invo lved  30 su b jec ts ; 29 of th e m  h a d  sp len o ­
m e g a ly , 27 h ep a to m eg aly . S p lenom egaly  o f  g ra d e  +  +  +  w as p re s e n t in  9, 
h e p a to m e g a ly  of th e  sam e g rad e  in  8 cases. D isp lacem en t of th e  le f t  k id n e y
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was d e m o n s tra b le  in  28, th a t  o f th e  r ig h t k id n e y  in  17 cases. S p len o m eg aly  as 
well as h e p a to m e g a ly  o f g rad e  +  w ere u su a lly  accom pan ied  b y  c o m b in ed ,
i. e. c au d o -m ed ia l d isp lacem en t o f th e  k id n e y  associa ted  in  m o s t cases 
w ith  a ro ta t io n  o f th e  o rg an . (O w ing to  m eth o d o lo g ica l co n sid e ra tio n s, th e  
incidence o f  a possible d isp lacem en t in  th e  s a g it ta l  d irec tion  as o b se rv ed  b y  
W e iss  [21] w as n o t in v e s tig a te d  in  th is  s tu d y .)  I n  th e  en tire  series, th e  e x te n t  
o f ren a l d isp lacem en t w as closely re la te d  to  th e  h aem ato log ica l s ta tu s  e x p re s ­
sing th e  p rev a ilin g  clinical co n d itio n  (recu rren ce  o r rem ission) as also  to  th e  
e x te n t of h e p a to m e g a ly  o r sp lenom egaly : w hile th e  X -ra y  signs of ren a l d isp la c e ­
m en t n o te d  d u rin g  th e  periods o f recu rren ce  show ed  a defin ite  reg ressio n  
d u rin g  rem issions, tho se  d em o n strab le  a t  th e  tim es  o f rem ission w ere  fo u n d  
to  h a v e  in c rea sed  in  degree in  th e  case o f a recu rren ce . T he above o b se rv a tio n  
w here all signs o f a com bined  re n a l d isp lacem en t d isap p eared  a f te r  sp len ec ­
to m y , co n v in c in g ly  illu s tra te s  th e  rev e rs ib ility  o f th e se  changes.

O th e r  ab n o rm alitie s  fo u n d  in c lu d ed  p y e le c ta sy  in  2 and  n e p h ro lith ia s is  
in 3 cases, a ll w ith  m ark ed  ren a l d isp lacem en t. T h e re  is every  reason  to  co n sid e r 
th e  ren a l d isp lacem en t, o r ra th e r  th e  u re te ra l a n g u la tio n  th u s  p ro d u c e d , as a 
p red isposing  fa c to r  of p y e lec tasy  as w ell as o f re n a l calculosis, th e  m o re  so as 
p o ly cy tlia em ia  h a d  been p re se n t fo r long y ea rs  in  b o th  cases (8 an d  10 y ea rs  
re sp ec tiv e ly ), th e re fo re  ren a l d isp lacem en t m u s t also h av e  been p re se n t fo r a 
long tim e . P in t é r  an d  F o rra i [15] re p o rte d  a case o f m yelosclerosis w h e re  th e  
com bined  d isp lacem en t o f th e  le ft k id n ey  due  to  sp lenom egaly  w as a sso c ia ted  
w ith  re n a l calculosis.

I t  w as rem ark ab le  to  f in d  tw o su b jec ts  w ith  u n ilocu la r cy s ts  o f  th e  
k idney . T h e  p o ssib ility  o f ren a l p o ly cy th aem ia  co u ld , how ever, be ru le d  o u t 
in b o th  cases on th e  g rounds o f th e  classical fe a tu re s  such  as sp len o m eg aly , 
h ep a to m eg a ly , ty p ic a l b one  m arrow , leu k o cy to sis , a n d  th ro m b o c y th a e m ia .
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COMPLEX CARDIORESPIRATORY INVESTIGATIONS 
WITH MINIMAL ERGOMETRIC LOAD FOR SCREENING 

OF PATIENTS IN CARDIAC REHARILTTATION*
By

M . H o rváth , T .  D ebrő czi an d  K .  L udvigh

STA TE H EA R T H O SPITA L, B A LA TO N FÜ RED , HUNGARY 

(Received Septem ber 14, 1970)

A com plex oxim etric and radiocardiographic m ethod performed in  r ig h t h e a rt 
ca theterization  during ergom etric load has been worked out. The 133X e-radiocardiogram  
proved well reproducible and its  course during the  load was planim etrically p ropo rtion ­
a te  to  the d ilution curve of the dye in jected  sim ultaneously.

In  th e  course of the loading reaction  there  was no significant difference in  c a r­
diac o u tpu t, stroke volum e and arteria l oxyhaem oglobin content betw een a  norm al 
and  the  postinfarction  group two years after th e  acute episode. In  the la t te r  group th e  
increase in h ea rt ra te  and recuperation  of the 133X e regional lung clearance w ere som e­
w hat delayed. The cause qf th is and of th e  m odest increase in alveolar ven tila tion  m igh t 
have been due to  th e  postinfarction rehab ilita tion  training.

To facilita te  in te rp re ta tion  typical loading diagram s are presented of th e  haem o­
dynam ic hyperreaction  of a p a tien t w ith labile hypertension, of one w ith com pensated  
chronic cor pulm onale and one w ith  prim ary  cardiom yopathy associated w ith  abso lu te  
arrhythm ia.

S election  o f  p o s tin fa rc tio n  an d  h e a r t-o p e ra te d  p a tie n ts  fo r r e h a b ili ta tio n  
tra in in g  m u s t o ccu r in  th e  know ledge o f th e ir  haem o d y n am ic  p a ra m e te rs , 
in  a d d itio n  to  th e  u su a l ECG , rad io log ic  a n d  sp iro -ergom etric  fin d in g s. F o r  th is  
p u rp o se  a com plex  ox im etric  an d  rad io ca rd io g rap h ic  load ing  te c h n iq u e  h a s  
been w o rk ed  o u t.

M aterial and m ethod

A so-called norm al group of ten  m iddle aged m ale patien ts served for determ ining th e  
norm al reaction. T hey had no valvu lar defect or cardiom yopathy and were adm itted  for a 
tem porary  increase of blood pressure in th e  functional stage of hypertension. T heir ECG was 
norm al in  tw elve derivations and th e  load did no t lead to  pathological changes. The second 
group consisted of ten  pa tien ts who were in  good condition two years after having suffered 
a m yocardial infarction; their ECG showed residual repolarisation disturbances w hich did n o t 
change on applying the  50 W bicycle ergom etric load in the  sitting  position.

The equipm ent consisted of a four channel radiocirculograph, an A tlas U niversal O xy­
m eter, an  A tlas-K rupp  C ardiognost-Recorder and an electrocardiograph. An analogue com pu­
te r (B erthold p roduct linear-logarithm ic ra tem eter) connected to  the magnetic d a ta  storage 
system  served for p u ttin g  into logarithm ic order and  in tegrating  the recorded ac tiv ity -tim e  
curve.

A t the s ta rt of th e  experim ent, arteria l oxyhaem oglobin content, lung-ear circu lation  
tim e, basal ECG and  caro tid  curve were determ ined. A fter righ t heart ca theterization  w ith 
a th in  flexible polyethylene ca the ter we recorded electrom anom etrically the pressure in th e  
great veins, in the r igh t auricle and in some cases in th e  righ t ventricle. Then a t res t tw o ind i­
cator boluses one a fter th e  o ther were injected into th e  right auricle, then one bolus every  one

* This work was supported by the In ternational A tomic Energy Agency.
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and  a h a lf  m inute du ring  four m inutes ergom etric load and  in  the recuperation period fu rther 
in d ica to r portions w ere injected. Loading was perform ed w ith a bicycle ergom eter in  the 
recu m b en t position, a fte r  the  p a tien t has used th e  ergom eter for a short tim e.

The recum bent position was necessary in  view of the radiocardiographic arrangem ent. 
T he reason for m inim alizing th e  ergom etric load to  50 W  and for departing from  the generally 
accepted  1 W /kg w as to  establish a bottom  lim it, u nder w hich a pathological response exclud­
ed th e  p a tien t from  th e  rehab ilita tion  train ing. A t th e  same tim e, the 50 W  loading level 
coincided well w ith  one of the loading grades ob ta ined  in  th e  sitting  position applied by  us 
for th e  routine classification of postinfarction pa tien ts .

The ind icator boluses consisted of 133X e dissolved in  saline, of m ethylene blue w ith  an 
iden tica l concentration  of 133X e and, a t  the conclusion of the experim ent, a fter th e  heart 
ra te  had  retu rned  to  its  basal value, of 131I hum an  serum  album in w ith an identical concentra­
tion  of m ethylene blue. D uring the rest, the loading and  the  recuperation periods a t  least one 
X c-m ethylene blue com bination  was available for th e  sim ultaneous control of th e  changes 
m easured  by  rad iocardiography and dye dilution. 133X e w as chosen in view of its  chemically 
in e r t n a tu re , in consequence of which i t  leaves th e  organism  through the lungs a t  th e  first 
rec ircu lation  already, so we could m easure th e  ac tiv ity  in  periods of one and a ha lf m inutes 
w ith o u t having to  reckon w ith  a residuum . A nother advan tage  of 133X e is th a t  i t  allows simul­
tan eo u s w ashout exam inations for estim ating th e  133X e regional lung clearance. The 13,I- 
a lbum in  radiocardiogram  obtained after norm alisation of the  heart ra te , supplied the  q u an ti­
ta t iv e  basis of the re la tive  133X e cardiac ou tpu t d a ta . T he ra te  of change is characterised by  the 
p ropo rtion  of th e  p lan im etred  area, as identical ac tiv ities have been injected.

The 13]I-album in  radiocardiographic procedure [1, 2] was based on th e  principle of 
selective qu an tita tiv e  radiocardiography in troduced  by  D onato  et al. [1] except th a t  as 
p o in t of detection th e  crossing of the pulm onal a rte ry  and  of the aorta  was used. E stim ation  
of th e  regional alveolar ven tila tion  in  the  right u pper iobe was perform ed by  the 133X e w ashout 
m ethod  after in travenous injection through a m icro-catheter, introduced by  H e k s c h e r , L a r ­
s e n  and  L a ssen  [4].

Methodical demonstration

In  the r igh t u p p er corner of Fig. 1 th e  ac tiv ity  calibration, in  the left upper corner 
th e  b asa l 133X e radiocardiogram  and regional clearance curve, in  the centre th e  logarithm ical 
and  in teg ra ted  changes can be seen. In  the second, th ird  and fourth  lines, the d a ta  of the 
one and  a half m inu te  periods from loading u n til recuperation , while a t the  b o ttom  line the 
basa l expirational apnoea-curve, th e  131I-album in  qu an tita tiv e  radiocardiogram  during
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Fig. 1. Complex radiocardiographic and oxim etric investigation  during load. For details, see
tex t
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recuperation and the sim ultaneous m ethylene blue dye dilution curve are v isib le. Flow and 
cardiac ou tpu t were estim ated on the basis of th e  f irs t exponential com ponent o f the 133Xe 
radiocardiogram . As the ac tiv ity  was introduced th rough  a catheter, the  areas of th e  two basal 
l33X e radiocardiogram s and of th e  two basal regional clearances were in good agreem ent.

Results

In  th e  figures, h e a r t  ra te , s tro k e  v o lum e, th e  p e rc e n tu a l changes of 
ca rd iac  o u tp u t, of th e  reg io n a l 133X e c lea ran ce , an d  of o x y h aem o g lo h in  are 
show n, to g e th e r w ith  ca rd ia c  o u tp u t  a t  th e  en d  of th e  re c u p e ra tio n  period, 
th e  reg iona l 133X e c learan ce  in  m l/m in  re la te d  to  1 m l of a lv eo la r a ir , th e  cir­
cu la tin g  blood vo lum e a n d  th e  dye  d ilu tio n /co n cen tra tio n  q u o tie n t.

250-

200 -

150-

100

50

............. ....^ * 4 ..

Л * * * * *  ....I I
71Уггип

Ô7min 
78min

DYE DIL Wc 1,8
172 V/z IVz

Fig. 2. 50 W ergom etry in Recumbent position, 4 min. N orm al cases, n  =  10. P e r  cen t of rest­
ing value: cardiac o u tp u t +  +  + ,  heart ra te  (m in) . . .,  stroke volume (m l) ДДДД

F ig . 2 shows th a t  in  th e  no rm al g roup  h e a r t  ra te  an d  c a rd ia c  o u tp u t 
reach ed  th e ir  m ax im u m  in  th e  f irs t one an d  a h a lf  m inu tes. C a rd ia c  o u tp u t 
th e n  rem ain ed  c o n s ta n t a t  th e  175%  level, w hile th e  in itia l h e a r t  r a te  of 140 
b eg an  to  decrease a lre a d y  d u rin g  th e  load ing ; th is  caused a c o n tin u o u s  increase 
in  s tro k e  volum e d u rin g  th e  w hole tim e  o f load ing . S ca tte rin g  o f  th e  values 
fo r th e  lis ted  p a ram e te rs  w as i 2 0 % .  M id -po in t o f th e  re c u p e ra tio n  o f  a ll th ree  
p a ra m e te rs  to o k  p lace in  th e  6 th  m in u te , a t  th e  sam e tim e  th e  a v e ra g e  d ilu tion / 
c o n c e n tra tio n  w as n o rm a l.

In  Fig. 3 th e  course o f  th e  reg ional 133X e c learance is s im ila r  to  th a t  of 
ca rd iac  o u tp u t, on ly  th e  r a te  o f th e  ch an g e  is a ro u n d  225%  a n d  th e  sc a tte r  
only  10% . A rteria l o xyhaem og loh in  s a tu ra t io n  s ta r ts  from  a n o rm a l level, 
i t  decreases a fte r  h a lf  a m in u te  to  re tu rn  h a lf  a m in u te  to  or in  so m e  cases to 
so m ew h at m ore th a n  its  s ta r t in g  value .

In  th e  p o stin fa rc tio n  g ro u p , h e a r t ra te , c a rd iac  o u tp u t an d  s t ro k e  volum e 
h a d  reach ed  th e ir  h ig h est level in  th e  th ird  m in u te . C ardiac o u tp u t  increased  
to  a b o u t 175% , ju s t  as in  th e  n o rm al g roup , th e  increase in  h e a r t  r a te  was
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less a n d  of t  ;e stroke v o lu m e  m ore th an  o f  th e  n o rm a l g roup; th e  d ifference 
in  h e a r t  ra te  was co n sid e rab le . T he m axim um  s c a t te r  w as ab o u t i 2 0 %  in  all 
th r e e  p a ram ete rs . T h e ir r e s t i tu t io n  occurred a ro u n d  th e  seven th  m in u te , a t 
th e  s a m e  tim e as d id  t h a t  o f  th e  d ilu tio n /co n cen tra tio n  qu o tien t.

Fig. 3. 50 W  ergometry in  re c u m b e n t position, 4 m in. N orm al cases, n  =  10. P er cents of 
re s tin g  value: regional 133X e clearance — — —, a rte ria l oxyhaem oglobin le v e l---------

Fig. 4. 50 W  ergometry in re c u m b e n t position, 4 min. P ostin farc tion  cases after two years .
n =  10. P e r cent of resting value: ca rd iac  output +  +  +  , h e a r t r a te  (m in ) .......... stroke volum e

(ml) ДДДД

T h e  cause of th is  m o re  fav o u rab le  h e a r t r a te  re a c tio n , as well as o f th e  
m o re  m o d e s t increase o f  a lv e o la r  v en tila tion  m ig h t h a v e  been  due to  t h a t  th e  
p o s tin fa rc t io n  p a tien ts  to o k  p a r t  in  co n stan t t ra in in g .

I n  F ig . 5, the  course o f  th e  clearance cu rv e  in  th e  p o s tin fa rc tio n  g ro u p  
is s im ila r  to  th a t  of c a rd ia c  o u tp u t ;  the  p e a k  a m o u n ts  to  180%  in  th e  th ird  
m in u te .  A rteria l o x y h aem o g lo b in  sa tu ra tio n  s ta r ts  f ro m  a low er v a lu e  in  th e  
n o rm a l group , it  begins 30 seco n d s after lo ad in g , b u t  a t  th e  end o f  th e  2nd  
m in u te  i t  reaches the  s t a r t in g  level, where i t  th e n  rem ain s.

A cta  Medico Academiae Scientiarum H ungaricae 28, 1971



COMPLEX CARDIORESPIRATORY INVESTIGATIONS 41

Fig. 6 is th e  su m m atio n  of th e  fo rm e r fig u res , offering a co m p ariso n  
o f th e  va lu es  fo r h e a r t  ra te , card iac  o u tp u t ,  s tro k e  volum e, reg io n a l 133X e 
c learance  an d  a r te r ia l oxyhaem oglob in  in  n o rm a l an d  p o stin fa rc tio n  p a tie n ts .

H e a r t  r a te  a n d  ca rd iac  o u tp u t reach ed  th e ir  peak  values one a n d  a h a lf  
m in u te s  la te r  a n d  la s te d  in  th e  re c u p e ra tio n  p e rio d  h a lf  a m in u te  lo n g e r in  
th e  p o s tin fa rc tio n  g roup  th a n  in  th e  n o rm a l one. T ak ing  th e  s c a t te r  in to  
acco u n t, th e  one a n d  a h a lf  m in u te  delay  in  th e  no rm a liza tio n  o f c a rd ia c  o u tp u t

Fig. 5. 50 W ergom etry in recum bent position, 4 m in. Postinfarction  cases a fter tw o years, 
n =  10. Per cents of resting value: regional 133X e clearance — — —. arterial oxyhaem oglobin

level ---------

app ro ach es s ta tis t ic a l  sign ificance , w hereas th e  de lay  in h e a r t ra te  n o rm a liz a -  
tio n  is s ig n ifican t. I t  is th e  133X e c learance  w h ich  dev ia tes m ost in  th e  re c u p e r­
a tio n . T he p o s tin fa rc tio n  p a tie n ts  s ta r t in g  a t  a som ew hat low er o x ygen  
sa tu ra t io n  level, in  th e  f i r s t  m in u te  of th e  lo a d  d isp lay  a value so m e w h a t low er 
th a n  th e  n o rm a l, an d  th e  basic  level sets in  a b o u t h a lf  a m in u te  la te r  in  acco r­
dance  w ith  th e  r e ta rd e d  a d a p ta tio n .

F ig . 7 show s ca rd iac  o u tp u t  an d  s tro k e  v o lu m e  in  a p a tie n t  w ith  lab ile  
h y p e rten s io n  w ith  a fa s t  increase in  h e a r t  r a te .  S im ila r reactions w ere o b se rv ed  
in  th e  n o rm a l g ro u p , to o , an d  th e y  w ere p ro b a b ly  slig h tly  in creasin g  th e  one 
an d  h a lf  m in u te  m ean  v a lu e  in  th e  n o rm a l g roup .

F ig . 8 show s th e  reac tio n  to  load ing  o f  a p a t ie n t  w ith  com p en sa ted  c h ro n ­
ic cor pu lm o n a le : a s ig n ifican t increase in  h e a r t  ra te , variab le  ca rd iac  o u tp u t  
an d  s tro k e  vo lu m e p a t te rn ,  d is tin c t d e sa tu ra tio n  an d  a defin ite  in c rea se  in  
a lv eo la r v e n tila tio n  w ere ty p ic a l in  th is  case.

F ig . 9 p re se n ts  th e  even  m ore u n fa v o u ra b le  reaction  of a p a t ie n t  w ith  
c a rd io m y o p a th y  a n d  an  au ricu la r f ib r illa tio n ; th e re  w as a g rea t in c rease  in  
h e a r t  ra te , a te m p o ra ry  a u g m en ta tio n  o f c a rd ia c  o u tp u t  in  th e  f irs t  m in u te  o f 
load ing , w hile s tro k e  vo lum e rem ained  a t  an  a p p ro x im a te ly  c o n s ta n t low  level.
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Fig. 6. Sum m ation of Figs. 1 to  5. Mean values. N orm al and postinfarction cases after two years, n  =  10 each Above left, com ­
parison of cardiac ou tp u t and heart ra te . Above righ t, com parison of stroke volumes. Below, comparison of regional 1S3X e clearance

and oxyhaem oglobin level
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COMPLEX CARDIORESPIRATORY INVESTIGATIONS 43

In  th e  fo u rth  m in u te  th e  p a t ie n t  becam e dyspnoeic  and  load ing  w as d iscon ­
tin u e d . A t th is  tim e , d e sa tu ra tio n  h a d  becom e ap p a re n t and  c a rd ia c  o u tp u t  
b eg an  to  decrease.

V/г 3 4/2 6 I'k  9 min

Fig. 7. 50 W ergom etric load in  recum bent position, 4 min. Labile hypertension. Per cent 
of resting value: cardiac ou tp u t +  +  + »  heart ra te  (m in) . . . stroke volum e (m l) ДДДД

Fig. 8. 50 W ergom etry in recum bent position, 4 min. Chronic com pensated cor pulm onale.
P e r cents of resting values: cardiac o u t p u t +  +  +  ; regional 133X e c lea ran ce— — —; 

h ea rt ra te  (min) . . . stroke volum e (m l) Д Д Д Д  ; arterial oxyhaemoglobin level
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Fig. 9. 50 W ergom etry in  recum ben t position, 4 m in. M yocardiopathy w ith absolute a rrh y th ­
mia. P e rc e n ts  of resting values: cardiac ou tpu t +  +  +  ; regional 133X e c le a ra n c e ---------;
h ea rt ra te  (min) . . . . ;  s troke  volum e (ml) Д Д Д  ; a rte ria l oxyhaemoglobin level

Discussion

T h e  o b ta in ed  d a ta  show  th a t  th e  h a e m o d y n a m ic  reactions o f load ed  
p a t ie n ts  who were in  a  go o d  condition  tw o  y e a rs  a f te r  m yocard ia l in fa rc tio n , 
d id  n o t  differ s ig n if ic a n tly  from  th e  group o f  n o rm a l m iddle-aged  m en . T he 
in i t ia l  slow er e lev a tio n  o f  h e a r t  ra te  and  c a rd ia c  o u tp u t  in  the  p o s tin fa rc tio n  
p a t ie n ts  does n o t allow  fa r-reach in g  q u a n t i ta t iv e  conclusions, since th e  in itia l 
c u rv e  o f  th e  s tro k e  v o lu m e  in  b o th  in v e s tig a te d  g roups ra n  its  course a t  a 
n e a r ly  id en tica l level, w h ic h  ap p ro x im ate ly  e q u a lized  th e  re ta rd e d  s ta r tin g .

N o rm aliza tio n  o f  c a rd ia c  o u tp u t in  th e  n o rm a l g roup  se t in  a t  th e  s ix th  
m in u te  w hile in  th e  p o s tin fa rc tio n  group i t  en su e d  a ro u n d  th e  sev en th  m in u te , 
w ith  h a lf  a m in u te  d iffe ren ce . The difference w as even  m ore p ro n o u n ced  in  
th e  case  o f reg ional 133X e clearance.

T h e  sc a tte r  in  th e  re su lts  is considerab le , b u t  w e can h a rd ly  ex p ec t a 
b e t t e r  one, tak in g  in to  a c c o u n t th a t  th e  b a se lin e  v a lu es  m ay  a lread y  show  a 
d e v ia tio n  of n ea rly  1 0 %  a n d  th a t  th e  course o f  th e  reac tio n  depends g re a tly  
on  th e  v eg e ta tiv e  to n e . W h e n  evaluating  th e  in s ta n ta n e o u s  s itu a tio n , w e m u s t 
re c k o n  w ith  a fa irly  w ide  n o rm a l zone. A t a n y  ra te ,  com paring  s im u ltan eo u sly  
se v e ra l p a ram e te rs  m in im izes  th e  possible e rro rs .
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T he changes in  h e a r t  ra te  an d  card iac  o u tp u t  observed  b y  us w ere som e­
w hat h igher th a n  th o se  re p o rte d  [5] fo r a  50 W  b icycle  load  in  s it t in g  position ; 
th is  m ig h t he due to  a so m ew h at d iffe ren t d is tr ib u tio n  o f th e  ca rd iac  o u tp u t 
d u rin g  th e  lo ad in g  in  th e  recu m b en t p osition .

K now ing  th e  n o rm a l va lues an d  th e  reac tio n s  to  load ing  o f  th e  card iac  
o u tp u t , s tro k e  v o lu m e, a r te r ia l oxyhaem og lob in  a n d  th e  h e a r t  r a te  an d  133X e 
clearance , ou r m e th o d  m ig h t be  o f help  in  th e  ea rlie r selection  o f p o s tin fa rc tio n  
p a tie n ts .

Methodical addendum

F o r m easu rin g  one o f  th e  d e tec to rs  w as p laced  over th e  r ig h t  ven tric le  
in  th e  fo u rth  in te rc o s ta l space n e x t to  th e  s te rn a l m arg in ; fo r th e  reg ional 
c learance we chose th e  r ig h t u p p e r  lu n g  zone a n d  d e tec ted  fro m  th e  rig h t 
th ird  in te rco s ta l space  in  th e  m id line o f th e  c lav icle . S ince we ex am in ed  th e  
changes in  re la tio n  to  th e  in itia l phase , th e  geo m etrica l d ifficu lties o rig in a tin g  
from  th e  a b so rp tio n  o f so ft-g am m a ray s  d id  n o t  co u n t m uch .

T he 133X e ra d io ca rd io g ram  w as considered  one from  th e  side o f th e  rig h t 
h e a r t , b u t  th is  d iffe re n tia tio n  w as of in te re s t  o n ly  in  th e  a d a p ta t io n  occurring  
in  th e  course o f th e  f i r s t  m in u te  [6]. L a te r , ca rd iac  o u tp u t  from  th e  tw o  sides 
of th e  h e a r t is id e n tic a l even  u n d e r  th e  effect o f  load ing .

A n E v an s-b lu e  series allow ing a re liab le  q u a n ti ta t iv e  d e te rm in a tio n  
w ould  have  lo ad ed  th e  p a tie n t  to  a m u ch  g re a te r  e x te n t th a n  th e  qu ick ly  
ex c re ted  m eth y len e  b lu e  h ad  done.

Comparison o f the planimetred areas and impulse rales

In  basic conditions Repeated 2nd injection

l33Xe prim ary radiocardio­
gram

I33X e regional clearance
10.1 +  1.2 cm2 302 +  25 cps 
18.8 +  1.5 585 +  61

9.7 +  0.9 cm2 280 +  26 cps 
18.2 +  1.6 558 +  56

Comparison o f the planimetred areas o f the 133X C primary radiocardiogram and o f  the methylene
blue dye dilution curve

S tart 3 min At the  end of recuperation

133X e prim ary radiocardiogram 9.9+1.0  cm2 5.9 +  0.7 cm2 9.6 +  1.0 cm2
Methylene blue dye dilution 

curve 6.2 +  0.7 3.6 +  0.4 6 .0+ 0 .7
n =  20 p 0.05
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T h e  ra d ia tio n  lo ad  w as m in im ized  as each  o f  th e  200 /tCj 133X e-boluses 
le f t  th e  o rgan ism  w ith in  one a n d  a h a lf  m in u te  a n d  th e  te rm in a l 131I-a lb u m in  
a c t iv i ty  fo r  card iac o u tp u t  c a lib ra tio n  w as 20 fiCj 131I.
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EFFECT OF VITAMIN K3 ON HUMAN AND RAT 
RENOCORTICAL SUCCINIC DEHYDROGENASE ACTIVITY

By

I. Ma r o sv á r i, В . T a nka  and M. K e l l e r

SECOND D EPA RTM EN T O F P ED IA T R IC S, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHO O L,
AND SECTION O F PA TH O LO G Y , NATIONAL IN ST ITU TE O F RHEUM ATISM , B U D A PEST

(Received Septem ber 24, 1970)

Succinic dehydrogenase activ ity  was dem onstrated  histochem ically in  isolated 
ra t  glomeruli. The ac tiv ity  of the glom erular enzyme was estim ated q u an tita tive ly  
under the effect of various substances affecting the  oxidoreductive processes of the 
cell. The sites of interference of two tétrazolium  salts (nitro-BT, TPC), and  of v itam in 
K 3, were located w ith in  the  oxidation cycle of succinic acid. H um an nephritic  kidneys 
showed a reduced succinic dehydrogenase ac tiv ity  which, unlike in norm al or nephro­
tic hum an kidneys, was hard ly  enhanced by v itam in  K 3, particularly  in  th e  glomeruli. 
A reduction in th e  ac tiv ity  of the K rebs-cyde enzymes indicates th a t  th e  m etabolic 
processes of the nephritic  k idney are profoundly affected.

W hile, on th e  ev idence  o f h istochem ical m e th o d s , th e  m a x im u m  a m o u n ts  
of succinic d eh y d ro g en ase  (SD H ) in b o th  th e  h u m a n  an d  th e  r a t  k id n e y  are 
co n ta in ed  in  th e  ascen d in g  lim b  o f H en le’s loop an d  in  th e  p ro x im a l a n d  dis­
ta l  co n v o lu ted  tu b u le s  (W a c h st e in  1955), th e se  p rocedures, even in  c o m b in a ­
tio n  w ith  e lectron  m icro sco p y , fail to  d e te c t a n y  S D H  a c tiv ity  in  th e  g lom eru li 
(K e r p e l  an d  H ajós  1968). H ow ever, N o w in s k i an d  P igon  (1967) show ed 
th e  p resence  o f S D H  in  iso la ted  r a t  g lom eruli b y  m ic ro m an o m etric  m e a su re ­
m e n t o f  th e  increase  in  0 2-u p ta k e  induced  b y  su cc in a te . B y  th e  e lim in a tio n  
o f th e  tu b u le s  w ith  th e ir  h ig h  S D H  c o n te n t w hich  m asks th e  s lig h t g lo m eru la r 
a c tiv ity , th e  iso la tion  te c h n iq u e  m akes th e  d e m o n s tra tio n  an d  e s tim a tio n  of 
th e  g lo m eru la r enzym e n o t  on ly  accessible to  m ic ro m an o m etry  b u t  also to  
sp e c tro p h o to m e try  u sed  in  co m b in a tio n  w ith  b iochem ical o r even  w ith  ro u ­
tin e  h is to ch em ica l p ro ced u re s  (Marosvári an d  T a nka  1969), an d  b y  m eans 
o f té tra z o liu m  sa lts  S D H  a c tiv i ty  can be as read ily  e s tim a ted  as in  th e  ren a l 
c o rtex  (K u n  an d  A bood  1949).

T h e  qu inones c o n ta in e d  in  th e  k id n ey  p la y  a s ig n ifican t p a r t  in  th e  ox i­
d a tio n  o f su cc in a te  (Sl a t e r , 1961). T hus, u b iq u in o n e  enhances c o n sid e rab ly  
th e  S D H  a c tiv ity  m easu red  b y  té trazo liu m  sa lts . V itam in  K 3 has a s im ila r  in ­
flu en ce  (W a t t e n b e r g  e t a l., 1960), an  effect w hich  m ay  be c o n n e c te d  w ith  
a s till u n id en tified  q u in o n e  (“ Q fac to r” ) s im ila r in  s tru c tu re  to  v i ta m in  K 3, 
w hich  beside u b iq u in o n e  is p re su m ab ly  in v o lv ed  in  th e  o x id a tio n  o f  su cc in a te  
(d e  H aan  an d  K r a a y e n h o f , 1970).

In  h a e m a tu ric  m em b ran eo u s  n ep h ritis  a red u ced  S D H  a c tiv i ty  h a s  been 
n o te d  (Marosvári e t a l., 1971). T h e  red u c tio n  m ig h t be co n n ec ted  w ith  som e
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a l te r a t io n  in  th e  re n a l q u in o n e s  in  n ep h ritis . S ince  ren a l u b iq u in o n e  c o n te n t 
r e m a in s  norm al in  n e p h r i t is  (N erv y n  an d  M o r t o n , 1959), we h a v e  s tu d ie d  
t h e  possib le  in fluence o f  o th e r  quinones such  as th e  “ Q -fac to r”  o r /a n d  o f v i ta ­
m in  K 3 on SD H  a c tiv i ty  in  n o rm al as w ell as in  g lo m eru lo n ep h ritic  h u m a n  
k id n e y s .

Material and m ethods

F o r the hum an k idney  enzym e studies, a 2%  hom ogenate was prepared from  the cor­
tic a l biopsy m aterial w ith  R in g er’s solution in a P o tte r  homogenizer. F o r th e  estim ation of 
S D H  activ ity  the m ethod of K u n  and Abood (1949) w as em ployed partly  in its  original form 
w i t h  0 .1 %  (2,3,5-triphenyl té trazo lium  chloride, TPC) p a rtly  in  our m odification by th e  use 
o f  0 .1 %  (3,3’-dim ethoxy-4,4’-diphenylene)-bis-2-p-nitrophenyl-tetrazolium  chloride, [nitro- 
BT1). F o r human m aterial on ly  nitro-B T was used as hydrogen acceptor: from  th e  renal 
co rtex  of the ra t a 20%  hom ogenate  was prepared w ith  R inger’s solution and TPC or nitro- 
B T  w ere used as hydrogen acceptors.

F or isolating the g lom eruli from  the renal cortex  th e  m ethod of F ong  and D rum m ond  
(1 9 6 9 ) was used in our m odification  (Marosvári 1970).

H istochem ical d e m o n s tra t io n  of SD1I was c a rr ied  o u t  b y  th e  m eth o d  of N achlas  e t 
a l.  (1957) parallel w ith  th e  q u a n t i ta t iv e  estim ation  o f th e  enzym e ac tiv ity .

F o r  th e  iso lation  o f l iv e r  m ito ch o n d ria  th e  m e th o d  o f S c h n e id e r  (1948) w as used .
The protein con ten t o f th e  homogenates, g lom erular suspensions and m itochondria 

w as m easured by the m icro-K jeldah l technique.

Results

I n  r a t  glom eruli S D H  a c tiv ity  becam e h is to ch em ica lly  d em o n strab le  
a f te r  an  incuba tion  p e rio d  o f  60 to  90 m in u tes  (F ig . 1). In  th e  p resence  of 600 
/tg /m l o f v itam in  K 3 m a rk e d  a c tiv ity  was d e m o n s tra b le  as ea rly  as in  15 m i­
n u te s  (F ig . 2). As m e a su re d  w ith  n itro -B T , th is  g lo m eru la r S D H  a c tiv ity  re p re ­
s e n te d  ap p ro x im ate ly  o n e  te n th  of th e  a c t iv i ty  o f th e  w hole co rtic a l h o m o ­
g e n a te  (Table I); th is  is w h y  th e  slight g lo m eru la r S D H  a c tiv ity  rem ain s u n d e ­
t e c te d  b y  th e  c o n v e n tio n a l m eth o d s unless th e  g lom eru li are se p a ra te d  from  
th e  tu b u le s .

I n  hum an  k id n e y  se c tio n s , tu b u la r  S D H  a c t iv i ty  w as c learly  d iscern ib le  
a f t e r  5 m inu tes in c u b a tio n . I n  th e  cortex  o f a h u m a n  n ep h ro tic  k id n e y  s ligh t 
g lo m e ru la r  a c tiv ity  w as d e m o n s tra b le  a t  25 m in u te s  (F ig . 3). In  th e  n e p h ro tic  
k id n e y , tu b u la r  as w ell as g lo m eru la r S D H  a c t iv i ty  increased  s ig n ifican tly  in  
t h e  p resence  of 600 /zg /m l o f  v itam in  K 3 (F ig . 4).

O n th e  o th e r h a n d , in  h u m an  n ep h ritis  th e  ren a l g lom erulus fa iled  to  
d is p la y  an y  d e tec tab le  S D H  a c tiv ity  a fte r  25 m in u te s  in c u b a tio n  (F ig . 5), 
n o r  d id  v itam in  K 3 in c re a se  th e  enzym e a c t iv i ty  to  an y  s ig n if ican t e x te n t
(F ig . 6).

I n  order to  c la rify  th e  n a tu re  of S D H  a c tiv a tio n  b y  v ita m in  K 3, w e h av e  
s tu d ie d  some o th e r su b s ta n c e s  affecting  th e  o x id o -red u c tiv e  ce llu lar processes 
fo r  th e ir  effect on th e  S D H -te tra z o liu m  sy s te m  (T ables I  an d  I I ) .  I t  can  be
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Fig. 1. SDH activ ity  of glomeruli isolated from rat kidney in  th e  absence of vitam in K 3 ( X 60)

Fig. 2. SD H  activ ity  of glomeruli isolated from ra t k idney in tin* presence of v itam in  K3
( X 60)
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seen  t h a t  SD H  a c tiv ity  m easu red  b y  m ean s o f  n itro -B T , w hile b e in g  m ore  or 
less in h ib ite d  b y  v ita m in  K 3 a t  low c o n c e n tra tio n , is considerab ly  en h a n c e d  a t 
h ig h e r  c o n cen tra tio n . O n th e  o th e r h a n d , w h en  m easured  w ith  T P C , v ita m in  
K 3 w as  in h ib itin g  S D H  a c tiv ity  th e  m ore  t h e  h ig h er its  c o n c e n tra tio n . P o ta s-

ТаЫе 1

Succinic dehydrogenase activity in  rat 
(10 experim ents)

renal cortex*

H om ogenate with N BT 40± 10

y V itam in  K 3 16 /ig/ml 26+12
-f-Vitamin 600 /ig/ml 68 +  14
+ K C N  3 /ig/ml 64 +  10
+K C N  110 /ig/ml 70+12
+ Methylene blue 6 /ig/ml 33+  5
Methylene blue 6 //g/ml 
-{-Vitamin K 3 600 /лg/ml

38+  8

Glomerulus w ith  NBT 3.8+1.5
-{-Vitamin K 3 600 //g/ml 7.9+2.4

♦SDH u n it: 1 U  =  fig form azan/m g protein/10 m inutes

s iu m  cy an id e  h ad  a s im ila r effect in  th a t  i t  en h a n c e d  SD H  a c tiv ity  w hen  n itro - 
B T  w as  used  an d  in h ib ite d  i t  w hen T PC  w as  em ployed. M ethy lene  b lu e  h ad  
n o  in f lu e n c e  b y  itse lf  on  S D H  a c tiv ity  a n d  abo lished  th e  in h ib ito ry  effect of 
v i ta m in  K 3 in  th e  T P C  sy stem . O n th e  o th e r  h a n d , in  th e  n itro -B T  system , 
m e th y le n e  b lue w as s lig h tly  in h ib ito ry  ev en  in  itse lf  and  even m o re  so on th e  
p o te n t ia t in g  effect of v i ta m in  K 3.

V ita m in  K 3 affec ted  S D H  a c tiv ity  o f  l iv e r  hom ogenates a n d  ev en  o f  iso­
la te d  m ito ch o n d ria  in  th e  sam e m an n e r as t h a t  o f renocortical h o m o g en a tes  
(T a b le  I I I ) .  This w ould  su g g est th a t  th e  e ffec t o f  v ita m in  K 3 on S D H  a c tiv i ty  is 
n o t  o rg a n  specific an d  t h a t  i t  seem s to  b e  connected  w ith  m ito c h o n d ria l 
o x id o -re d u c tiv e  processes.

T h e  use of n itro -B T  m akes th e  a c t iv a tio n  o f  g lom erular S D H  u n d e r  th e  
e ffec t o f  v itam in  K 3 c lea rly  d em o n strab le . T P C  does n o t len d  i ts e lf  to  th e  
d e m o n s tra tio n  of S D H  a c tiv i ty  u n d e r s im ila r  exp erim en ta l c o n d itio n s  since 
i t  g iv es  15 tim es low er figu res th a n  does n itro -B T  w hich, in  v iew  o f th e  fac t 
t h a t  th e  a c tiv ity  of th e  g lom eruli re p re se n ts  one te n th  of th a t  o f  th e  co rtex , 
w o u ld  b e  clearly  in su ffic ien t (Tables I ,  I I ) .
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Fig. 3. SD H  activity  of a glomerulus (centre) and of tubu li from nephrotic human kidney, 
in the absence of vitam in K 3 ( X 250)

Fig. 4. SDH activity of a glomerulus (centre) and of tubuli from nephrotic hum an kidney,
in the presence of v itam in K 3 ( X 250)
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Table II

Succinic dehydrogenase activity in  rat renal cortex 
(10 experiments)

Homogenate with TPC 2.5 ±1.4

+ V ita in iu  K 3 16 /tg/ml 1.4+0.6

-(-Vitamin 600 /tg/ml 0.8 +  0.5
+ K C N  3 fig/m l 1.1 +  0.4

-j-KCN 110 /tg/m l 0 .8+ 0 .6

-{-Methylene blue 6 /ig/ml 2.6 +  1.1
-{-Methylene blue 6 /fg/ml 
-{-Vitamin K 3 600 /ig/ml

3.1 + 1 .2

Glomerulus w ith  TPC 0
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Fig. 6. SDH activ ity  of a glom erulus (centre) and of tubuli from  nephritic hum an kidney 
in th e  presence of vitam in K., ( X 250)

Table III

Liver m itochondria SDH  activity*

-{-Vitamin K 3 600 /fg/inl 
w ith TPC 8.0
with TPC 1.6

-{-Vitamin K 3 600 fig/ml 
w ith NBC 120.0

w ith NBT 152.0

•SD H  un it, eee Table I

D iscussion

T h e  m etabo lism  a n d  enzym ology of th e  ren a l co rtex , in  p a r tic u la r  o f 
th e  g lom eru la r a p p a ra tu s , h av e  been  a t tra c t in g  increasing  in te re s t . F ong 
an d  D rum m ond  (1969) n o te d  an  enhanced  o x id a tio n  of g lucose an d  o f p a l­
m itic  acid in r a t  g lom eruli in  th e  early  stages o f n ep h ro to x ic  n e p h ritis . I t  was 
likew ise in n ep h ro to x ic  n ep h ritis  th a t  D ubach  a n d  R ecant  (1962) s tu d ied  
th e  a c tiv ity  of th e  enzym es invo lved  in  th e  h ex o se -m o n o p h o sp h a te  a n d  E m b-
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d e n — M ayerhof sh u n ts  a n d  d e m o n s tra te d  an  in c rea sed  G 6P -dehydrogenase  
a c t iv i ty  before th e  m a n ife s ta tio n  of p ro te in u ria . T h e  q u estio n  how  an o th e r 
e s s e n tia l  m etabolic p a th w a y , th e  K rebs-cycle, is a ffec ted  b y  n e p h ritis  has 
re c e iv e d  little  a tte n tio n . M a ro sv á h i e t al. (1971), in  b iop sy  m a te r ia l o f h u m an  
n e p h r i t is ,  found a re d u c e d  c o rtic a l a c tiv ity  o f S D H  an d  of isoc itric -dehydro - 
g e n a se  (IC D H ). S D H  a c t iv i ty  in  th e  glom eruli w as also w eaker an d  less re ­
sp o n s iv e  to  v itam in  K 3 th a n  u n d e r  no rm al co n d itions. T h e  n o rm a l u b iq u inone  
c o n te n t  o f th e  n ep h ritic  k id n e y  on  th e  one h a n d  a n d  th e  fa ilu re  o f v ita m in  K 3

Table TV

Vitamin K3( factor “Q" ) -------»-NBT

© ®lt ®
Succinate — - - - » Ubiquinone----- »Cytochrome ( b ,c1 , c, a) -

(SBED ;
Methylene blue--------------------------------------

CN~

'Cytochrome a3— -»-O2
V

-------------- -*TPT

to  r e s to re  SD H  a c tiv ity  o n  th e  o th e r, suggest t h a t  th e  red u c tio n  in  S D H  a c tiv ­
i t y  m a y  be due to  th e  q u a l i ta t iv e  о r  q u a n t i ta t iv e  a lte ra tio n s  o f th e  S D H  
m o lecu le  itse lf ra th e r  th a n  to  fa c to rs  in te rfe rin g  a t  som e p o in t w ith  th e  m ito ­
c h o n d r ia l  resp ira to ry  cycle , a su p p o sitio n  w hich  agrees w ell w ith  th e  p resen ce  
o f  h y d ro g e n  accep to r lin k s b e tw een  n itro -B T  a n d  v ita m in  K 3 w h ich  h av e  been 
in v e s t ig a te d  by  K r a a y e n h o f  a n d  D ie g e n b a c h  (1970). T he d iag ram  o f th is  
s y s te m  w ith  respect to  th e  p o sitio n s  of S D H —n itro -B T —v ita m in  K 3 an d  T PC  is 
seen  in  T ab le  IY  from  w h ic h  i t  em erges th a t  i f  su b s ta n c e s  ta k in g  effect a t  
p o in ts  3 and  2 (u b iq u in o n e , fac to r-Q ) are  a v a ilab le  in  a d e q u a te  am o u n ts , 
th e n  th e  d isorder re sp o n sib le  fo r  th e  red u c tio n  in  th e  a c tiv ity  o f th e  S D H  — 
n i tro -B T  system  m u st be  c o n n e c te d  w ith  d is tu rb a n c e s  aris in g  a t  p o in t 1, i.e. on 
th e  S D H  m olecule itse lf. C la rifica tio n  of th is  issu e  req u ires  fu r th e r  in v e s ti­
g a tio n  s.
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SUBTHALAMOTOMY IN PARKINSON’S DISEASE
ANALYSIS OF R ESPO N SES TO ELECTRO STIM U LA TIO N

By

J .  I I U L L A Y

SECTIO N  O F N EU RO SU RG ERY  (C H IE F : PR O F . J . HULLAY) OF T H E  D EPARTM ENT OF N E U R O P S Y C H IA T R Y  
(D IRECTO R: PR O F. L. M OLNÄRI, U N IV ER SITY  M EDICAL SCHOOL, D EB R EC E N

(Received Septem ber 28, 1970)

The subthalam ic ta rge t was decided by a new X -ray m ethod w ith  lesion-effect 
analysis of previous combined thalam o-subthalam ic lesions. E valuating  th e  various 
stereotactic interventions in th e  pallidum , in th e  v.o. p a rt of the VL tha lam us and 
suhthalam us, the last oue proved to  be the m ost efficient even w ith a sm all lesion. 
E lectrostim ulation perform ed for functionally controlling the position of th e  electrodes 
resulted in responses and th e ir com binations from  135 points m ainly in  th e  v.o. 
p a rt of the VL thalam us and in the subthalam us. E valuation  of the responses supplied 
da ta  which seemed to  confirm  the in teractions supposed to  exist in ex trapy ram idal 
reverberating circles. From  th e  detailed analysis it  has been concluded th a t  the v.o. 
p a rt of the V L thalam us, the n.S th. and the subthalam ic pathw ays, such as Z.i., and 
R a.prl., partic ipate  in the elaboration and autom atization  of some physiologic and 
pathologic m ovem ent-patterns as p a rts  of the extrapyram idal system w hich is neither 
a m otor nor a sensory system , h u t a system  elaborating and autom atizing th e  conditions 
of autom atic and vo lun tary  movem ents.

I.
A fte r th e  era  o f p a llid o to m y  an d  th a la m o to m y  an d  o f th e  d iffe ren t 

com b in ed  lesions, e x tra p y ra m id a l s te re o ta c tic  su rgery  has reach ed  th e  sub- 
t h a k m u s  a t  th e  beg inn ing  o f th e  six ties [1, 3, 10— 13].

Som e considera tions led b y  th e  aim  o f im prov ing  th e  re su lts  a n d  of 
m in im izing  th e  size of th e  lesions h av e  m ade us to  search  fo r th e  ta rg e t  in  
th e  p a th w a y  system s in s tead  o f th e  n u c lea r s tru c tu re s . W e found  o u r  s u b th a l­
am ic  ta rg e t  b y  ana lyz ing  th e  effect o f lesions in d u ced  b y  com bined  V L  th a l ­
am ic -su b th a lam ic  in te rv e n tio n s . E v a lu a tin g  th e  lesions effective on  tre m o r  
a n d  to n u s , tw o regions o f le s io n -co n cen tra tio n  w ere found  (F ig . 1). T h e  f irs t 
w as in  th e  Y L nucleus, in  th e  te r r i to ry  o f v .o .a ., v .o .p . an d  v .i.m . — s im ila r  to  
th e  ta rg e t  of H assler — an d  th e  second in  th e  su b th a lam u s, in  th e  b o rd e r 
reg ion  o f R a .p rl., H 2 an d  Z.i. — sim ila r to  th e  ta rg e t  o f M undinger. T h is  su b ­
th a la m ic  site  seem ed to  be effective fo r s to p p in g  th e  tre m o r an d  to  decrease  
th e  to n u s  even b y  m eans o f a sm all lesion. D epen d in g  on th e  size o f  th e  v e n ­
tr ic le s , th is su b th a lam ic  ta rg e t  s tru c tu re  is s i tu a te d  10— 13 m m  la te ra lly  from  
th e  m id line , i.e. 6 7 m m  from  th e  w all o f th e  th ird  ven tric le , in th e  p la n e  p a ra l­
lel w ith  th e  m idline an d  to u ch in g  th e  e x te rn a l w all o f th e  la te ra l  v e n tr ic le  
a t  its  in fe ro -la te ra l corner. In  th e  sa g itta l p lan e  th e  ta rg e t is localized  in  th e  
f ir s t  su b -in te rco m m issu ra l a n d  in  th e  second p o st-m idcom m issu ra l re c ta n g le , 
in  o u r re c ta n g u la r  system  u tiliz ed  fo r a im ing  a n d  iden tify in g  th e  o p e ra tiv e  
ev en ts .
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In the thalamus in S.1.10.,H.d. 1.5

In the subthalamus S.l.10., H.v. 1.5 

Together In S.l.10.,F.p.4.
F ig . 1. Location of the effective thalam ic (Th), sub thalam ic (SuTh) and thalam o-subthalam ic 
(Th, SuTh) lesions in sag itta l (S.1.10), fr jn ta l (F .p .4.) and  horizontal (H .d. and H .v.1,5) planes

Tonus L-A  
Tremor m  
Tonus lllllllll 
Tremor ШШП

A nalysis of th e  r e s u lts  show ed a so m a to to p ic  effect m a in ly  in  th e  sub- 
th a la m u s  (Fig. 2), w h ere  th e  h a n d  has a g re a te r  re p re se n ta tio n  th a n  h a v e  th e  
h e a d ,  th e  leg an d  th e  b o d y . On th e  basis o f  th e se  o bserva tions, in  th e  case 
o f  a  dom inance  of h e a d , to n g u e  or lip tre m o r, b esid e  th e  orig inal ta r g e t  an  
a d d it io n a l  m cdio-dorsal les io n , or in th e  case o f a leg -trem or dom inance , a 
la te ro -d o rsa l one m a y  b e  p laced . T he d o rsa l p a r t  o f th e  lesion m a in ly  in -
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Fig. 2. Somatotopic effect of lesions affecting trem or and ton icity  (according to  the  H .v. 1.5 
mm plane of Schaltenbrand-B ailey’s atlas). The m ost significant rep resen tation  is shown by 
the lesions affecting the hand. Medially from them  tow ards the R uber can be seen the repre­
sen tation  of the lesions affecting the head, laterally  tow ards the Nigra those affecting the foot, 
while anteriorly from them  is the representation  of the lesions affecting the hem i-body, as a

whole

fluences th e  trem o r, its  v e n tra l  p a r t  m ain ly  th e  to n u s . A ccord ing  to  ou r ex" 
perience , a lesion o f  a b o u t 40 - 60 m m 3 is su ffic ien t to  a rre s t  th e  c o n tra ­
la te ra l  trem o r an d  decrease  th e  to n u s  w hen a im ing  is ex ac t, i.e. w hen  th e  
in tro d u c tio n  of th e  e lec tro d e  in  th e  ta rg e t a lre a d y  s tops th e  tre m o r  p e rm a ­
n e n tly  an d  w hen low  v o ltag e  low frequency  E S  increases th e  tre m o r, while 
h igh v o ltag e  and  h ig h  freq u en cy  E S  stops it  [4 9].

W e have p erfo rm ed  63 s te re o ta c tic  op era tio i s on 55 p a tie n ts , in  6 cases 
b ila te ra lly  and  in  2 cases re p e a te d ly  on th e  sam e side. In  3 cases su rg e ry  was
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Table I

Location of lesion N um ber 
of cases

N um ber
of

operations

Lasting 
(1 /2 -8  

years) good 
result

Side-effect

D eath
transitional lasting

Pallidum  m. 5 5 l i l
(2) 2 months

VL nucleus 3 3 l l 1
(v.o.) (1) 1/2 hour

VL nucleus 27 28 22 6 2 3
and (2) 1/2 — 1 1/2
sub tha lam us years

Sub thalam us 26 27 25 4
(R a. p rl., Z.i.) (1)

61
T o ta l ( 6) 63 48 12 3 5

55

N um bers in brackets deno te  cases in which the operation  perform ed on th e  o ther side 
w as ca rried  ou t in another s tru c tu re .

p e rfo rm e d  in  d ifferent s t ru c tu re s ,  in  3 cases in  th e  sam e s tru c tu re s . T h e  resu lts , 
d e p e n d in g  on th e  sites of th e  les io n s, were well dem on s trah le  (d u ra tio n  o f follow up, 
1/2 —8 years) (Table I). O u r re su lts  in  a few casss o f  p a llid o to m y  an d  th a la m o to m y  
w ere  p o o r , h u t  the  overall re su lts  in  m an y  m ore cases w ith  com bined  V L th a lam ic  
a n d  su b th a la m ic  and w ith  is o la te d  su b th a lam ic  lesions w ere encouraging . B o th  
fo rm s  o f  lesions were p e r fo rm e d  in  m ore th a n  20 cases, allow ing for a re li­
a b le  com parison  of th e  r e s u lts .  T h e ir ev a lu a tio n  d e m o n s tra te s  t h a t  th e  g rea test 
p a r t  o f  th e  su b th a lam o to m ized  p a t ie n ts  belonged  to  th e  successful group an d  
i t  w as  in  th is  group th a t  th e  few est p o s to p e ra tio n a l side-effects w ere n o ted . 
R e s u lts  o f b ila te ra l in te rv e n tio n s  w ere excellen t in  2 cases (a com b in ed  VL 
th a la m o -su b th a la m ic  a n d  su b th a la m ic  lesion a n d  a b ila te ra l  su b th a lam ic  
lesion ) a n d  good in  one case  (b ila te ra l com bined  V L  th a lam o -su b th a lam o - 
to m y ) . In  3 cases (d iffe ren t com bined  lesions) th e  re su lts  w as u n sa tis fac to ry . 
T h u s  on  th e  basis of o u r ex p e rien ce , su b th a la m o to m y  seem s to  be th e  m eth o d  
o f ch o ice  for th e  s te re o ta c tic  tre a tm e n t o f P a rk in so n s ’s disease.

II.

F o r  a functional c o n tro l o f  th e  p lacem en t a n d  lo ca liza tio n  o f  th e  elec­
tro d e s  e lec tro -stim u la tion  (E S ) w as applied , w ith  1 —10 v , 10 —100 c/s, 1 —5 
m sec  sq u a re  waves an d  1 — 10 sec d u ra tio n . T he p o in ts  o f th e  E S  w ere reg is te r­
ed  a n d  sum m arized  in  d iffe re n t — 9, 10, 11, 13, 5, 16 m m  — sa g itta l  planes 
(F ig s  3 a —f) according to  th e  s te reo tac tic  a tla s  o f  S c h a lte n b ra n d  an d  B ailey.
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Fig. 3d
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Figs 3a —f .  Points of ES in sagittal planes, a) 9 mm, b) 10 mm , c) 11 mm, d) 13.5 nun, 
e) 15 m m , f) 16 mm, from the m idsag itta l plane
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S e v e ra l s tim u la tio n s  w ere p e rfo rm ed  a t  ev e ry  p o in t  w ith  d iffe ren t p a ra m e te rs . 
T h e y  re su lte d  in  d iffe re n t responses a n d  co m b in a tio n s , b u t  th e  responses 
w e re  s im ila r  in  th e  d iffe re n t e x tra p y ra m id a l su b co rtica l s tru c tu re s . C areful 
a n a ly s is  revea led  som e re m a rk a b le  p ecu lia ritie s . In  135 p o in ts  — in  th e  Y L 
th a la m u s ;  in  v .o .a ., v .o .p . a n d  in  th e  n .S th ., Z .i., R a .p rl., R u ., P . e tc . — ab o u t 
800 s tim u la tio n s  re su lte d  in  m ore th a n  1000 responses (F ig . 4).

T h e  responses w ere g ro u p ed  as tre m o r-in flu e n c in g  (a c tiv a tin g , in h ib it­
in g , a lte r in g ), sp eech -in fluencing  responses, se n sa tio n s , som ato , p sy c h o m o to r

Fig. 4. B o ttom : num ber of po in ts of ES in d ifferent struc tu res. Middle: num ber of responses-
Above: num ber o f ES

a n d  a u to m a tic  m a n ife s ta tio n s . F o r d e ta iled  an a ly s is , th e  trem o r-in flu en c in g  
re sp o n se s , sensa tions a n d  so m a to m o to r re sp o n ses  w ere subg ro u p ed  accord ing  
to  t h e i r  so m ato to p ic  m a n ife s ta tio n s  (head , h a n d , leg, body), th e ir  c h a ra c te r is ­
tic s , a n d  accord ing  to  th e  ty p e  of se n sa tio n  a n d  m ovem en t. T h e  p u rp o se  
o f  th is  analysis w as an  e v a lu a tio n  of th e  resp o n ses  and  th e ir  co m b in a tio n s 
d e p e n d in g  on th e  th re sh o ld  stim u lu s, th e  s tim u la tio n  p a ram e te rs , a n d  on  th e  
s ite  o f  th e  s tim u la tio n . To sim p lify  e v a lu a tio n , w e se t u p  six  av e rag e  p a ra m ­
e te r  ca teg o ries , w h ich  co u ld  be  done w ith o u t fa lsify ing  th e  re su lts  (F ig . 5).

D e ta ile d  an a lysis  w as perfo rm ed  acco rd in g  to  th e  in tr a s tru c tu ra l  s ite  
o f  th e  e lic ita tio n  a n d  to  th e  so m ato to p ic  m a n ife s ta tio n  of the  resp o n ses , w ith  
sp e c ia l reg ard  to  th e  possib le  an a to m ic  a n d  fu n c tio n a l re la tio n s. F ro m  th e  
n u m e ro u s  d a ta  on ly  tw o  o b se rv a tio n s w ill b e  d iscussed , in  v iew  o f th e ir  im ­
p o r ta n c e  in  re sp ec t o f  th e  e x tra p y ra m id a l sy s te m .

T h e  f irs t o b se rv a tio n  concerns th e  trem o r-in flu en c in g  responses, i.e. 
th e  tre m o r-a c tiv a tin g , in h ib itin g  and rh y th m  or ty pe-m od ify ing  m a n ife s ta ­
t io n s .  D ep en d in g  on th e  p a ra m e te rs  we o b se rv ed  th e  following.

T h e  I p a ra m e te r  c a te g o ry  seems to  be th e  th resho ld  s tim u lu s  m a in ly  
o f  t h e  a c tiv a tin g  m a n ife s ta tio n  o f th e  v .o .a ., n .S th . an d  R a .p rl., b u t  sim ul­
ta n e o u s ly  i t  is th e  th re sh o ld  stim ulus o f th e  in h ib ito ry  response o f th e  v .o .p . 
a n d  Z .i. and  even o f th e  m odify ing  responses o f  th e  v .o .p . and  R u .
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T h e I I  p a ra m e te r  c a te g o ry  p ro v ed  to  be  th e  th resh o ld  s tim u lu s  m ain ly  
o f th e  a c tiv a tin g  m a n ife s ta tio n  o f th e  v .o .p . a n d  o f th e  in h ib itin g  m an ifes­
ta t io n  o f th e  v .o .a ., n .S th . and  o f  th e  rh y th m  o r ty p e  m odify ing  re sp o n se  of 
th e  Z.i.

T h e  I I I  p a ra m e te r  c a te g o ry  w as th e  th re sh o ld  s tim u lu s m a in ly  o f the  
a c tiv a tin g  responses o f th e  Z .i., o f th e  in h ib itin g  responses o f  th e  R a .p rl. 
a n d  even  of th e  m o d ify ing  m an ife s ta tio n s  o f th e  s tru c tu re s  n o t  h a v in g  re­
sp o n d ed  h ith e r to  in  such  a w ay  (v .o .a ., n .S th .,  R a .p rl.) .

To illu s tra te  th e  ab o v e , le t  us review  th e  o b se rv a tio n  in  d e ta il.

A ctivating Modifying Inh ib iting

I  parameter 
category

v.o.a. (threshold) 
n.Sth. (threshold) 
Ra.prl. (threshold)

Ru.
v.o.p.

(threshold)
(threshold)

v.o.p.
Z.i.

(threshold)
(threshold)

I I  parameter 
category

v.o.p. (threshold) 
1 Ra.prl.

v.o.p.
Z.i. (threshold)

v.o.a.
n.Sth.

(threshold)
(threshold)

I I I  parameter 
category

Z.i. (threshold) 
n.Sth.

Ru.
v.o.a.
Z.i.
v.o.p.
n.Sth.
Ra.prl.

(threshold)

(threshold)
(threshold)

v.o.a.
v.o.p.
Ra.prl. (threshold)

I V  parameter 
category

Ra.prl. v.o.a.
v.o.p.
Z.i.

v.o.a.
v.o.p.
Z.i.

V  parameter 
category

n.Sth.
Ra.prl.

v.o.a.
v.o.p.
Z.i.
n.Sth.

v.o.a.
Z.i.

V I  parameter 
category

v.o.a. v.o.a.
v.o.p.
n.Sth.
Ra.prl.
Z.i.

To fa c ilita te  su rv ey , th e  s tru c tu re s  a n d  th e  p a th w a y s  h av e  b een  a rra n g e d  
beside each  o th e r  as follow s.

Cate­
gory

v.o.a. v.o.p. n .S th. Z i. R a.p rl.

I activating inhibiting activating inhibiting activating
и inhibiting activating inhibiting inhibiting activating

i n inhibiting inhibiting activating activating inhibiting
IV inhibiting inhibiting equalized inhibiting activating
V inhibiting equalized activating inhibiting activa ting

VI inhibiting inhibiting inhibiting inhibiting inhibiting
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F ig . 5. Responses and th e ir  com binations in different stru c tu res  (noted on righ t) according 
to  th e  param eters (bottom  I — Y I; th e  average param eter categories, Y; voltage of E S , F r; 
freq u en cy  of the ES). The n u m b e r a t  the right m eans th e  num ber of the responses. The 
n u m b e r in the first colum ns m ean s  the type of the responses in every column i. e. 1 —ocular 
m ovem en t, 2 —som atom otor response , 3 —inhibition, 4 —activ a tio n  of the other hyperkinesis, 
5 — a lte ra tio n  of the trem or rh y  th m  or type, 6 — sensation, 7 — disturbance of speech, 8 — vegeta­

t iv e  response, 9 — psychical response

T h e  general in h ib it io n  in  category  V I re p re se n ts  th e  re su lt of a s tim u lu s  
w h ic h  induces in h ib itio n  in  every  s tru c tu re , o r , else, of a s tim u lu s  w hich 
p a ra ly z e s  ac tiva tion  in  e v e ry  stru c tu re .

A t a low e x c ita tio n  le v e l, v .o .a. an d  v .o .p . show ed  a lte rn a tiv e ly  inverse  
w h ile  a t  higher levels, e q u a l ly  inh ib iting  m a n ife s ta tio n s . T he n .S th . show ed 
id e n t ic a l  or inverse m a n ife s ta tio n s  w ith  th e  v .o .a . an d  v .o .p . an d  even  in ­
v e rs e  m an ifesta tio n s w i th  b o th ,  as if b y  its  a d a p ta t io n  i t  w ould  ensu re  a cer­
t a in  ba lan ce  betw een  th e  ex am in ed  s tru c tu re s  o f th e  sy stem , reg u la tin g  th e re ­
b y  th e i r  cooperation . I n  th e  response m a n ife s ta tio n  o f R u ., th e  responses 
m o d ify in g  the  rh y th m  a n d  th e  ty p e  ap p ea red  to  d o m in a te .

I n  th e  su b th a lam ic  p a th w a y  system  i.e . in  Z .i. an d  R a .p rl., th e  p red o m i­
n a n c e  o f opposite m a n ife s ta t io n s  was ob se rv ab le  in  ev e ry  p a ra m e te r  ca teg o ry , 
as i f  to  ensure th e  t r a n s m is s io n  of a m o m e n ta ry  in te ra c tio n  (in h ib itio n , a c tiv a ­
t io n ,  rh y th m  an d  m a n ife s ta t io n  regu la tion ) b e tw e e n  th e  v .o . p a r t  o f th e  
V L  n u c leu s and  th e  n .S th . ,  o r o ther s tru c tu re s . A ccord ing  to  th e  above ob ­
s e rv a tio n s , th e  ta s k  o f  t h e  Z .i. would be th e  tra n sm iss io n  of in h ib itio n  an d  
o f  so m e  rh y th m  re g u la t in g  im pulses of th e  R u ., a n d  th e  ta s k  o f th e  R a .p r l.
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ra th e r  th e  tra n sm iss io n  o f th e  ac tiv a tio n  a n d  o f th e  cooperation  re g u la tin g  
im pulses o f th e  n .S th .

T h u s, we seem  to  h a v e  recognized in te ra c tio n s  supposed to  e x is t  in  th e  
re v e rb e ra tin g  e x tra p y ra m id a l  circles, c o rro b o ra tin g  th e  fac t th a t  th e  s t ru c ­
tu re  m a n ife s ta tio n s  are  re la te d  to  ce rta in  th re s h o ld  and  e x c ite m e n t levels 
an d  so th e  m a n ife s ta tio n s  o f d iffe ren t s tru c tu re s  m a y  be opposite  o r  id e n tic a l 
accord ing  to  th e  re q u ire m e n ts  o f th e  b a lan ce  o f  in te rac tio n s  w ith in  th e  sy s­
tem . In  P a rk in so n ’s sy n d ro m e  a defin itive  in h ib ito ry  dom inance w as m a n ife s t 
w hich m ay  c h a ra c te iiz e  th e  pa tho log ic  ch an g e  o f  in te rac tio n s  or m a y  m ean  
a new  ba lan ce  c h a ra c te r is tic  o f P a rk in so n ’s sy n d ro m e  (in o th e r h y p e rk in e tic  
co n d itions th e  d o m in a n t response  w as an  a c tiv a tin g  one).

F ro m  th e  d e ta ile d  analy sis  of th e  re sp o n se  i t  shou ld  be em p h asized  t h a t  
la te ra l gaze, ad v e rs io n , an d  m im ic m o v em en ts  su ch  as som e g rim aces, facio- 
vocal m an ife s ta tio n s  su ch  as w histling , w eep ing  a n d  som e h an d  m o v e m e n ts  — 
seem ing to  be physio log ica l au to m a tized  m o v e m e n t p a tte rn s  w ere  e lic ited  
m ain ly  in  th e  te r r i to ry  o f th e  v .o .a ., n .S th . a n d  R a .p r l. (where in  o th e r  h y p e r ­
k in e tic  co n d itions p a th o lo g ic  m o v em en t p a t te r n s  w ere evoked). O n th e  basis  
o f th is  o b se rv a tio n  a n d  th e  assum ed  re la tio n  b e tw e e n  th e  s tru c tu re ’s fu n c tio n  
an d  response m a n ife s ta tio n , i t  m ay  be co n c lu d ed  th a t  th e  v .o .a ., n .S th .  a n d  
R a .p rl. p la y  a ro le  in  th e  e lab o ra tio n  an d  a u to m a tiz a tio n  of c e r ta in  p h y s i­
ologic a n d  p a th o lo g ic  m o v em en t p a tte rn s .

T he m a jo r ity  o f  trem o r-in flu en c in g  resp o n ses  w ere elicited from  th e  v .o ., 
R u . and  Z.i. T h e  responses concerning sp eech  a n d  b rea th in g , a u to n o m o u s  
an d  psychic  m a n ife s ta tio n s  an d  th e  above m e n tio n e d  observations su g g es t 
th a t  th e  v .o .a . is th e  m o st m an y sid ed  m em b er o f  th e  exam ined  s tru c tu re s .

T h e  fa c t t h a t  th e  d is tu rb an ces  in  e x tra p y ra m id a l m ovem ents m a n ife s te d  
them selves only  in  th e  w ak e  s ta te  po in ts  to  th e  ro le o f th e  diffuse a c t iv a tin g  
sy stem . T h e  s te re o ta c tic  in te rv e n tio n  m u st th e re fo re  be d irec ted  to  t h a t  p a r t  
o f th e  a c tiv a tin g  sy s te m , w hich  affects ex c lu s iv e ly  th e  m o to r d is tu rb a n c e s , 
to  th e  s tru c tu re s  p a r t ic ip a tin g  in  th e ir  m a n ife s ta tio n . A ccording to  o u r  k n o w l­
edge, such  a se lec tiv e  in te rv e n tio n  m ay  a ffec t th e  ac tiv a tin g  sy s tem  a t  t h a t  
p o in t w here th e  ta r g e t  lesion w as effective a n d  w here  a p e r tu rb a tio n  o f  th e  
p atho log ic  in te ra c tio n  o f th e  s tru c tu re s  re sp o n sib le  fo r th e  e la b o ra tio n  a n d  
a u to m a tiz a tio n  o f th e  d is tu rb a n c e  of m o v e m e n t are  h igh ly  p ro b ab le .

T h e  p ra c tic a l conclusion  o f th e  response  an a ly sis , as regards th e  fu n c ­
tio n a l co n tro l o f th e  e lec tro d e  location  in  th e  su b th a la m u s  m ay  be as fo llow s. 
T he loca tio n  is a d e q u a te  if  th e  in tro d u c tio n  o f  th e  electrode p e rm a n e n tly  
s tops th e  trem o r, i f  low  v o ltag e  low freq u en cy  s tim u la tio n  induces o r in c reases  
th e  tre m o r or m od ifies its  rh y th m  or ty p e , w h ereas  high v o ltage  h ig h  fre ­
quency  s tim u la tio n  s to p s  i t ,  an d  m edium  v o lta g e  a n d  frequency  do n o t  e lic it 
e ith e r  a sen sa tio n  (V PL ) o r m ovem ents. In  th e  case o f p ro p o rtio n a l o r  p ro ­
p o rtio n a lly  d o m in a n t tre m o rs , our o b se rv a tio n s  o f  th e  e ffec t-so m ato to p y
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p ro v id e  a good o r ie n ta tio n  fo r  com pletion  o f  th e  lesion. As a f in a l conclusion , 
th e  o b se rv a tio n s  h a v e  a llow ed  to  assum e t h a t  th e  e x tra p y ra m id a l sy stem  
is n o t  a  sensory  sy s te m , n o r  a m o to r sy s te m  as is generally  su p p o sed , b u t 
a  s y s te m  o f o rgan iza tion  a n d  e lab o ra tio n  o f th e  a u to m a tiz e d  psycho- a n d  so m a to ­
m o to r  p a tte rn s , s u p p o r te d  b y  th e  in fo rm a tio n s  o f  th e  sensory  sy s te m s  and 
m a n ife s tin g  itse lf in  th e  m o to r  system , e n su r in g  an d  organizing th e  cond i­
t io n s  fo r  v o lu n ta ry  m an ife s ta tio n s .
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In  earlier studies, blood sera obtained from  sportsm en engaged in  regular exer­
cise were found to  inh ib it th e  production of peptic u lcer in ra ts. In  the presen t s tu d y , 
the  following effects of blood sera of exercise-adapted hum an subjects were dem onstrab le  
in  th e  ra t.

1) Inhibition  of h istam ine-stim ulated  secretion of gastric acid;
2) inhibition of the response to  h istam ine and  serotonin in acceptor ra ts ;
3) inhibition of the bypothalam o-p itu itary-adrenocortical reaction  to  re s tra in t. 
I t  is suggested th a t the above phenom ena as p a rtia l factors m ay be involved in

the antiulcerogenic effect of serum.

I t  w as show n earlie r [5] t h a t  in  th e  r a t ,  reg u la r  sw im m ing co n fe rred  
a p ro te c tiv e  effect a g a in s t v a rio u s u lcerogen ic  fac to rs . S ta tis t ic a l  s tu d ie s  
rev ea led  a low er incidence  o f p ep tic  u lcer in  sp o rtsm e n  u n d e r re g u la r  t ra in in g  
th a n  in  persons of th e  sam e age g roups a b s ta in in g  from  p h ysica l a c t iv i ty  [6].

U lce r-resis tan ce  o f  th is  k in d  w as fo u n d  to  be  tran sm iss ib le . S e ru m  ob ­
ta in e d  fro m  h u m an s a n d  an im als a d a p te d  to  ph y sica l exercise sh o w ed  an  
in h ib ito ry  effect on re s tr a in t  and  se ro to n in  u lcer in  ra ts  an d  on h is ta m in e  in ­
du ced  u lce r in  gu inea-p igs [7].

L ikew ise, responsiveness to  h is tam in e  a n d  se ro ton in  w as re d u c e d  in  
ra ts  re g u la r ly  m ade to  sw im , th e  an im als e x h ib itin g  a slig h te r g a s tr ic  sec re ­
to ry  resp o n se  to  h is ta m in e  an d  to  p e n ta g a s tr in  th a n  d id  th e  co n tro ls  [ 2 ,3 ,4 ] .

T h e  n e x t  o b jec tiv e  w as to  ex am in e  th e  an tiu lcero g en ic  p ro p e rtie s  of 
se ra  d e riv ed  from  organ ism s a d a p te d  to  p h y sica l exercise. W e h a d  tw o  p ossi­
b ilities  fo r  th e  s tu d y  of th is  p rob lem , i.e. to  search  for th e  ac tiv e  fa c to r  in  th e  
serum  o r to  c larify  th e  m echan ism  of its  an tiu lce ro g en ic  effect, id e n tify in g  th e  
fac to r(s) responsib le  fo r th e  effect in  th e  accep to r o rgan ism . T he p re se n t s tu d y  
has b een  ca rried  o u t from  th e  la t te r  angle o f ap p ro ach .

T h e  p re se n t ex p e rim en ts  w ere b ased  on th e  assu m p tio n  th a t  th e  u lcer- 
re s is tan ce  o f  th e  accep to r o rgan ism  was due  to  th e  sam e fac to rs  as h a v e  been  
d e m o n s tra te d  in th e  case o f reg u la r p hysica l exercise. I t  w as th e re fo re  b y  th e  
s tu d y  o f  g a s tric  acid  secre tion  an d  o f th e  responsiveness to  h is ta m in e  a n d  
se ro to n in  t h a t  we ex p ec ted  to  th ro w  lig h t on th e  Im m orally  tra n sm iss ib le  
u lce r-resis tan ce . W e also ex am in ed  th e  effect o f  th e  sera in q u es tio n  on th e  
h y p o th a la m o -p itu ita ry -a d re n o c o rtic a l reac tio n  in v o lved  in  re s tra in t  u lcer.
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Material and m ethod

The tes t group included 58 sportsm en in  regular daily  training, and a contro l group 
of 61 persons of sim ilar age, all w ith  sedentary occupation , abstaining from any k ind of physi­
cal exercise. The labo ra to ry  anim als to which the sera derived from these persons were adm in­
istered , were fem ale albino ra ts  of identical breed, to ta lling  190 in  num ber. T he dose of the 
serum  w as invariably  5 m l by th e  in traperitoneal rou te .

G astric H Cl-secretion was studied b y  th e  m ethod  of H e r r  and P órszász [10], the  
response to  histam ine and  to  serotonin, b y  the  rec ta l tem pera tu re  test.

F o r the induction  of restrain t-u lcer the anim al u nder superficial anaesthesia was fixed 
t o  a  r a t  bench w ith  adhesive tape. Plasm a steroids were estim ated by the m ethod  of G u i l l e - 
m in  [9]. R esults were evalua ted  by  S tudents’s t-test.

W ith  the exception of the restrain t-u lcer series, all tes ts  were perform ed 6 hours after 
adm in is tra tion  of th e  sera.

Results

In  th e  f i r s t  se ries  of experim en ts  th e  e ffec t o f th e  serum  of tra in e d  an d  
o f  in a c tiv e  h u m a n  su b je c ts  on th e  g as tric  se c re to ry  response to  1 m g/100 g 
h is ta m in e  w as s tu d ie d . In  th e  an im als t r e a te d  w ith  th e  serum  of tra in e d  su b ­
je c ts , g a s tric  ac id  sec re tio n  w as s ig n if ican tly  less th a n  in  th e  u n tre a te d  con­
tro ls  o r  in  th o se  t r e a te d  w ith  n o rm al sera. T h e  d ifference betw een  th e  con tro ls 
a n d  th o se  t r e a te d  w ith  n o rm al serum  d id  n o t  reach  s ta tis tic a l sign ificance
(Fig- 1).

In  th e  su b se q u e n t series, we ex am in ed  th e  in fluence  o f sera  on  th e  h is ta - 
m in e in d u ced  re d u c tio n  of re c ta l te m p e ra tu re . I n  th e  ra ts  in jec ted  w ith  serum  
fro m  ex e rc ise -ad ap ted  su b jec ts , th e  h y p o th e rm ic  response  to  2 m g/100 g h is ta ­
m in e  w as s ig n if ican tly  less w eaker th a n  in  th o se  t r e a te d  w ith  n o rm a l serum  
o r in  th e  u n tre a te d  co n tro ls  (Fig. 2).

T h e  h y p o th e rm ic  e ffec t of 0.6 m g/100 g o f  se ro to n in  c rea tin in e  su lp h a te  
w as in flu en ced  b y  th e  sera  in  a sim ilar m a n n e r  as th a t  o f h is tam in e . T hough  
th e  d ifference b e tw een  ex erc ise -ad ap ted  a n d  in a c tiv e  su b jec ts  w as s ig n ifican t 
as ea rly  as a t  45 m in u te s , a t  th is  tim e  th e  se ro to n in  h a d  s till a h y p o th e rm ic
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Fig. 1. E ffect of serum  of subjects adapted  to  exercise and of control subjects, on gastric
acid secretion in  ra ts
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effect. A t 90 m in u te s  th e  h y p o th e rm ic  response  ceased m ore ra p id ly  th a n  in 
th e  o th e r  g roups (F ig . 3).

In  th e  n e x t  series th e  h y p o th a la m o -p itu ita ry -a d re n o c o rtic a l re sponse  
w as s tu d ie d . As th e  m ost su itab le  in d ic a to r  o f stress, th e  p lasm a  s te ro id  level 
w as es tim a ted . In  th e  in te re s t o f  c o m p a ra b ility  w ith  th e  re su lt o f  o u r  ea rlie r

0' US 90

Fig. 2. E ffect of serum  of subjects adap ted  to  exercise and of control subjects on th e  hypo* 
therm ic response to  histam ine. Abscissa: tim e in min. a fte r histam ine adm inistra tion . O rdinate:

fall in  tem pera tu re  in °C

O' US 90

Fig. 3. E ffect of serum  of subjects adap ted  to  exercise and  of control subjects on the hypo­
therm ic response to  serotonin

s tu d ie s , th e  m easu rem en ts  w ere p e rfo rm ed  16 hours a fte r  se ru m  a d m in is ­
tra tio n .

T he blood sera  w ere fo u n d  to  reduce  th e  in ten s ity  of s tre ss  response . 
T ho u g h  th e  an im als w hich h a d  been  in je c te d  w ith  sera  o f e x e rc ise -ad a p te d  
donors ex h ib ited  a sligh t b u t  s ta tis t ic a lly  sign ifican t e leva tion , th is  w as less 
m ark ed  th a n  in th e  contro ls o r in th e  an im als  in jec ted  w ith  n o rm a l serum  
(F ig . 4). T he u lcer-index  show ed a response  sim ilar to  th a t  o b se rv ed  in  our 
p rev io u s s tu d ies.

T he s to m ach  of th e  ra ts  tre a te d  w ith  serum  from  e x e rc ise -ad a p te d  
su b jec ts  e ith e r  revealed  no sign o f a b n o rm a lity  or only u lcers o f m in o r  sever-
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i ty .  N o rm al serum  w as a lso  found to  co n fer som e degree of an tiu lcerogen ic  
p ro te c tio n . In  sum , th e  p la sm a  corticoid  lev e l seem ed to  be re la te d  to  th e  
s e v e r ity  o f th e  u lcer i f  th e  overall figures a re  con sid ered . This, how ever, w as 
n o t  v a lid  for th e  in d iv id u a l  values w hich fa ile d  to  reveal any  close re la tio n ­
sh ip  w ith  th e  sev e rity  o f  u lcer.

-5 . 100-

I  80:О
60

CD

S 40
CD

3 20 I

I /r ír í

A

I. Resting level
II. Restraint
III. Restraint+ serum 

of controls
IV. Restraint+serum 

of human subjects 
adapted to exercise

17

II. III. IV.
- p <D,01 — p > 0,05 —l— p-0,02-
— 0,01<p<0,02------ i p<0'01~
------------------ 0,02<p<0,05 J

F ig. 4. E ffect of serum of sub jec ts adapted to exercise and  of control subjects on th e  stress
reaction in restra in t-u lcer

Discussion

T h e  p resen t s tu d y  h a s  been based on  th e  assu m p tio n  th a t  th e  a n t i ­
u lcero g en ic  effect o f th e  Im m ora lly  tran sm iss ib le  se ru m  fac to r invo lves th e  
sa m e  m echanism  as in  th e  donor organism . T h e  re su lts  h av e  show n th is  to  
be  t r u e .  T he serum  o f  ex e rc ise -ad ap ted  su b je c ts  w as fo u n d  to  reduce  g astric  
ac id  secre tion  and  to  c o u n te ra c t  th e  h y p o th e rm ic  effect o f h is tam in e  a n d  of 
s e ro to n in . O ur fa ilu re  to  d e m o n s tra te  an y  c h an g e  in  th e  A TP c o n te n ts  an d  
a c t iv i ty  in  th e  g astric  m u c o sa  in  response to  th e  ad m in is tra tio n  o f th e  sera 
u n d e r  s tu d y  m ay  be  re g a rd e d  as negative  ev id en ce  in  su p p o rt o f o u r claim . 
E a r l ie r  s tud ies also re v e a le d  a  sim ilar A TP c o n c e n tra tio n  in  th e  gastric  m ucosa 
o f  th e  contro ls and  o f  th e  an im als  su b jec ted  to  sw im m ing  exercise [2].

As regards th e  q u e s tio n  w hether th e  se ru m  fa c to r  exerts  its a n ti-u lce ro ­
gen ic  effect b y  a d ire c t m ech an ism  or w h e th e r i t  a c ts  in d irec tly  by  p ro d u c in g  
c e r ta in  changes th ro u g h  w h ich  th e  an tiu lce ro g en ic  an tih is tam in e  a n d  a n t i ­
s e ro to n in  m echanism s ta k e  effect, it  is th e  seco n d  a lte rn a tiv e  w hich th e  p re ­
s e n t re su lts  seem to  s u p p o r t ,  p a rticu la rly  in  v iew  o f th e  fa c t th a t  th e  te s ts  
h a v e  b een  perform ed 6 h o u rs , and  in th e  g ro u p  o f  re s tra in t-u lc e r  even  as la te  
as 16 h o u rs , a fte r th e  a d m in is tra tio n  of th e  se ra . H ow ever, th e  resu lts  do n o t 
p e rm it  to  ride ou t th e  p o ss ib ility  of a d ire c t e ffec t or o f an  in v o lv em en t o f 
o th e r  p o te n tia l serum  fa c to r s  connected  w ith  a d a p ta t io n  to  exercise. W e h av e  
a c tu a lly  found  s ig n if ic a n tly  lower sero ton in  levels  in  th e  serum  of an im als
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a d a p te d  to  p h ysica l a c t iv i ty  th a n  in  tho se  o f th e  con tro ls. S ero ton in -free  
b lood-sera  derived  from  organ ism s a d a p te d  to  m u scu la r exercise d isp lay ed  
an  in h ib ito ry  effect on sero to n in -in d u ced  g as tr ic  co n trac tio n s  in vitro, in 
c o n tra s t  to  n o rm al se ra  w h ich  show ed no a c tiv i ty  o f th is  k ind .

T h e  serum  o f tra in e d  su b jec ts  w as fo u n d  to  c o u n te ra c t th e  s tre ss -re ­
sponse to  re s tra in t. O n th e  o th e r  h an d , no close re la tio n sh ip  w as d em o n strab le  
betw een  th e  sev e rity  o f  u lcers an d  of th e  in te n s i ty  o f th e  stress in  th e  in d iv id ­
u a l an im als. Ad e r  [1 ] o bserved  no  close p a ra lle lism  betw een  th e  d iu rn a l 
rh y th m  of th e  p la sm a  co rtico id  level and  o f  u lce r sev e rity  in  ra ts  if  th e  re ­
s t r a in t  w as carried  o u t in  acco rdance  w ith  th e  physio log ica l v a r ia tio n  o f th e  
co rticoste rone  level. G ra y  [8] reg ard s  th e  s te ro id s  as cond ition ing  o r  p e rm is­
sive fac to rs  in u lcerogenesis . T he sig n ifican tly  in c reased  endogenous s te ro id  
levels dem o n strab le  in  th e  co n tro l anim als m a y  w ell rep re sen t one o f th e  
possib le fac to rs o f r e s t r a in t  u lcer. I t  is, how ever, likew ise possible t h a t  th e  
h igh  ste ro id  level is m ere ly  an  in d ic a to r  of th e  h y p o th a la m o -p itu ita ry -ad re n o -  
co rtica l response a n d  t h a t  th e  m echan ism  of th e  u lcerogen ic  effect o f th e  stress- 
re a c tio n  tak es  p lace  th ro u g h  en tire ly  d iffe ren t p a th w a y s . Sera o b ta in e d  from  
exerc ise -adap ted  o rg an ism s w ere fo u n d  to  su p p re ss  th e  endocrine  reac tio n , 
an d  in  those  an im als w h ere  th e  ste ro id  level w as s ig n ifican tly  e lev a ted , th e  
an tiu lcerogen ic  effect m ig h t h av e  been  due to  o th e r  m echanism s re fe rred  to  
above. On closer an a ly sis  o f  th e  p lasm a s te ro id  level in  th e  co n tro l an im als, 
to g e th e r  w ith  th o se  o f  th e  ra ts  tre a te d  w ith  th e  se ru m  o f tra in e d  d onors, i t  
w ould  th u s  seem th a t  th e  a lte red  stress re a c tio n , m an ifestin g  itse lf  w ith  a 
s lig h te r  increase in  th e  p la sm a  ste ro id  level, fa ils to  acco u n t in  itse lf  fo r th e  
an tiu lce ro u s  m echan ism . O n th e  o th e r h an d , i t  m a y  well be  inv o lv ed , in  asso­
c ia tio n  w ith  o th e r h u m o ra l fac to rs , in th e  an tiu lce ro g en ic  effect o f  m u scu la r 
a c tiv ity .
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The u ltrastru c tu re  of developing granuloid elem ents in the fem ur w as studied 
in 1 6 -to 21-day-old ra t  foetuses, th e  tissues being fixed in glutaraldehyde -f- osmium, 
contrasted  w ith  uranyl acetate +  lead citra te  and em bedded in D urcupan ACM.

The fem ur exhibited intensive ossification on the  16th day of in trau te rin e  life. 
In te rcap illa ry  and in tracap illary  m edullary islets betw een th e  diaphyseal trabeculae 
appeared between the 17th and 18th day. Myeloid differentiation proceeded rapidly , 
num erous cells a tta ined  the prom yelocytic, m yelocytic and even m etam yelocytic 
stage of m aturation  by the 18th day. The s truc tu re  of these precursor cells differs, 
how ever, from th a t of the adu lt types, undifferentiated  nuclei (m arginal he terochro ­
m atin , well-developed nucleolus) being found together w ith a less intensive granulo- 
genesis (paucity  of azurophile granules; scarce, distended endoplasmic re ticu lum  and 
Golgi cisternae). F rom  th e  20th day onward num erous fully differentiated granulo­
cytes displaying a perinuclear halo, dense-core vacuoles as well as secondary and  te r­
tiary  g ranulation , were observed.

Parallel w ith the neutrophile cells, eosinophile and basophile granulocytes 
appeared early in the fem ur, and th e  em bryonal divergence of all these granules could 
be followed to the early b last stage.

In  a prev ious s tu d y  o f th e  u ltra s tru c tu re  o f  m edu lla ry  cells o f 21 -d ay - 
o ld  r a t  foe tuses an d  o f  ad u lts  ra ts  (B u k u ly a  a n d  B alázs, 1968) th e  fo e ta l 
hone m arro w  revea led  a fa ir  n u m b e r  o f b la s t  cells a n d  basophile  g ran u lo c y te s  
w ith  sp a rse  eosinophiles. T he tra n s itio n a l p recu rso rs  in th e  n e u tro p h ile  series 
(p ro m y e lo cy tes , m y elocy tes, m etam y elo cy tes) w ere found to  differ in  u l tra -  
s tru c tu re  from  th e  a d u lt  cell ty p es .

T he aim  of th e  p re se n t w ork  w as to  s tu d y  a t  w hich  stage o f fo e ta l life 
th e  g ran u lo id  cells are  fo rm ed  an d  to  e s tab lish  th e  u ltra s tru c tu ra l fe a tu re s  
m ark in g  th e ir  early  m orphogenesis.

M ateria l and  m ethods

The bone marrow of random ly bred C FE-rats was studied between the 14th and 21st 
day of foetal life, two foetuses of male, two of female sex, each from different m others, being 
worked up daily. The fem ur and tibia were prepared free from the muscles, both  epiphyses 
were cu t off and a longitudinal incision was made into the bone w ith a razor blade. T he speci­
mens were fixed for light microscopy in H elly’s fixative, and for electron microscopy in 4.5%  
g lu taraldehyde dissolved in 0.1 M N a-cacodylate buffer pH  7.2 a t 4 °C for 1 hr. F o r foetuses 
younger th a n  17 days, a 0.05 M buffer was used. Beyond the 18th day, the bone m arrow  was 
detached from the bone w ith a razor blade under a C y to sta t stereomicroscope and fixed for 
another 1 hr. The tissues were washed overnight w ith N a-cacodylate buffer of identical m olarity
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a t 4 °C, post-fixed w ith  a sim ilarly buffered 1% OsO , solution for 1.5 hrs, washed again for 
10 m inutes, dehydrated  in  an ethanol series and em bedded in D urcupan ACM. Sections 200 Â 
th ick  w ere cu t w ith a R eichert Om U2 u ltram icrotom e placed on a form w ar-coated, carbon- 
stab ilized  copper grid, con trasted  in  uranyl acetate  -(- lead  citra te  and exam ined w ith  a JEM  
6AS electron microscope.

F o r light m icroscopy, th e  specimens were fixed for 24 hrs, washed in tap  w ater, embed­
ded in  paraffin , cu t a t  5 /i and stained w ith haem atoxylin-eosin or w ith  Giemsa’s dye.

T he m axim um  deviation from  the foetal ages specified above was 12 hrs.

R esults

O n th e  16 th  d a y  o f in tra u te r in e  life , r a t  foetuses ex h ib it signs o f in te n ­
sive  fe m o ra l o ssifica tion .

T h e  f ir s t  m y elo id  e lem en ts are  d e m o n s tra b le  on th e  17 th  to  1 8 th  d a y  in  
th e  in tra c a p illa ry  a n d  in te rc a p illa ry  areas o f  th e  new ly  fo rm ed  in te r tra b e c u la r  
m e d u lla ry  islets. T h e y  a re  b la s t cells o f a n  u ltr a s tru c tu re  p re v a le n tly  s im ila r 
to  t h a t  o f a d u lt cells (F ig . 1), th e ir  nucle i b e in g  ch arac te rized  b y  a m arg in a l 
d is tr ib u tio n  of h e te ro c h ro m a tin  an d  b y  a w ell-developed  nucleo lus. T h e  c y to ­
p la sm  co n ta in s  po lysom es, m ito ch ro n d ria  w ith  p ro m in en t c ris tae  (F ig . 2) 
a n d  endo p lasm ic  re tic u lu m  in ab u n d an ce . T h e  Golgi system  is u su a lly  well 
d ev e lo p ed  an d  tra n sv e rse  sections of th e  cen trio les  are u su a lly  d e te c ta b le  
in  th e i r  p ro x im ity  (F ig . 3).

M a tu re  g ran u lo cy tes  id en tica l in  s t ru c tu re  w ith  a d u lt cells a re  still 
a b s e n t  on th e  18 th  d ay . T h e  few  tra n s it io n a l p recu rso rs  d em o n strab le  a t  th a t  
t im e , m a n y  of th e m  m y elo cy tes , are o ften  o f  in tra c a p illa ry  lo ca liza tio n . On 
th e  2 0 th  d ay  th e re  is a lre a d y  a fa ir n u m b e r  o f d iffe ren tia ted  g ran u lo cy te s  
id e n tic a l in  s tru c tu re  w ith  th o se  of a d u lt  an im als . The lo b u la te d  n u c leus 
c o n ta in s  p le n ty  of h e te ro c h ro m a tin  an d  is su rro u n d ed  b y  a h a lo  (F ig . 4). 
T h e  c y to p la sm  is r ich  in  fin e  h e te ro fo rm  (seco n d a ry  an d  te r t ia ry )  g ranu les, 
th e re  a re  p le n ty  o f dense-core vacuoles a n d  cells o f th is  k in d  m ay  occasionally  
show  n u m ero u s  tra n sv e rse  sections of en d o p lasm ic  re ticu lum .

As reg a rd s th e  o rd e r o f fo e ta l m orp h o g en esis , th e  in c ip ien t as w ell as 
th e  e n d  form s of g ranu lopo iesis are  id en tica l w ith  th e  ad u lt ty p e s  (b la s t cells) 
on  th e  17 th  to  1 8 th  d a y  a n d  d iffe ren tia ted  g ran u lo cy tes  be tw een  th e  1 9 th  an d  
2 0 th  d ay s . Fo llow -up  of th e  o rder of d iffe re n tia tio n  of th e  tra n s i t io n a l  p re ­
cu rso rs  w as, h o w ever, m ad e  d ifficu lt b y  th e  fo llow ing c ircu m stan ces .

(a) B etw een  th e  1 8 th  an d  19 th  d a y , a  ra p id  an d  asy n ch ro n o u s d if­
fe re n tia t io n  is in  p rogress, recognizable  b y  th e  s im u ltaneous p resence  o f  cells 
b e lo n g in g  to  d iffe ren t co m p artm en ts .

(b) T he em b ry o n a l g ran u lo id  p recu rso rs  are  m arked  b y  a s tru c tu ra l  
h e te ro c h ro n ism . O rganelles occurring  in  a d u lt  cells o f d ifferen t c o m p a rtm e n ts  
m a y  b e  fo u n d  in  one an d  th e  sam e foeta l cell, as seen in  Figs 6 to  8. I n  c o n tra s t  
to  th e  cells o f a d u lt  an im als  ch a rac te rized  b y  a n  ab u n d an ce  of g ran u les  a t ta in ­
in g  th e  size o f 300 to  600 m/j,, th e  u l t r a s t ru c tu ra l  p a tte rn  of y o u n g  p recu r-
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Fig. 1. B last cell w ith m arginal heterochrom atin, d ifferen tia ted  nucleolus and num erous cy to ­
plasmic polysomes. Bone m arrow of an 18-day-old ra t  foetus. X 14,000. c =  centriole, 
ch =  chrom osom e, dv =  dense-core vacuole, db =  dense body, er =  endoplasm ic reticulum , 
f  =  fibrils, g =  granule, G =  Golgi apparatus, h =  halo (perinuclear halo), he — hetero­
chrom atin , 1 — lipid droplet, m m itochondrium , m b m ultivesicular body, m f =  m icro­
filam ent, N  =  nucleus, nb =  nuclear body, nl =  nucleolus, о = osmiophile body, p =  poly­

some, ph — phagosome, pv = p inocytotic vacuole, v =  vacuole,
Fig. 2. M itochondrium -rich cytoplasm . D etail of a b last cell. Bone marrow of a 19-day-old ra t

foetus. X 34,000
Fig. 3. D ifferentiated  Golgi region and centriole in a m edullary blast cell of a 19-day-old ra t

foetus. X 54,000
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Fig. 4. M ature granulocyte from th e  bone marrow of a 19-day-old ra t  foetus. Lobulated nucleus 
w ith  perinuclear halo, dark  cytoplasm  w ith abundan t secondary  and tertia ry  g ranulation .

X 22,600
Fig. 5. T ransitional granuloid  precursor in  the bone m arrow  of a 20-day-old ra t  foetus. The 
young nucleus contrasts w ith  the  fine cytoplasm ic granu la tion  characteristic of m ore differ­

en tia ted  cells. X 16,600
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Fig. 6. P rim ary  granules together w ith a lohulated nucleus and a perinuclear halo characteris­
tic of d ifferen tia ted  cells. T ransitional precursor from  th e  hone marrow of a 21-day-old ra t

foetus. X 11,900
Fig. 7a. Nuclear body in a prom yelocyte of an 18-day-old ra t foetus. X 40,000 

Fig. 7b. F ibrils in a m edullary m yeloblast of a 21-day-old ra t foetus. X 40,000
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sors (F ig . 5) is b y  no  m eans in co m p atib le  w ith  th e  p resence  of sm all a n d  sp a rse  
g ra n u le s . O n th e  o th e r  h a n d , som e cells w ith  im m a tu re  nuclei m a y  e x h ib it 
a g ra n u la tio n  c h a ra c te r is tic  o f m ore d iffe re n tia te d  form s. A gain  in  o th e r  
cases (F ig . 6) th e  cy to p la sm  of cells w ith  n u c le i o f  fa irly  ad v an ced  d iffe ren ­
t ia t io n  m a y  show  y o u n g e r la rge  g ranules.

(c) F u r th e r  d ifficu lties in  a sce rta in in g  th e  o rd e r o f d iffe ren tia tio n  are  
p o sed  b y  th e  occurrence o f  organelles in  fo e ta l g ran u lo id  cells w h ich  m a y  oc­
c a s io n a lly  occur in  cells o f  a d u lt  an im als, as fo r  in s ta n c e  th e  n u c lea r b o d y  in  
th e  p ro m y e lo c y te  o f an  18-day -o ld  foetus show n in  F ig . 7a, or b y  th e  p resence  
o f  f ib r ils  in  th e  cy to p la sm  o f b la s t  cells (F ig . 7b).

F o rm a tio n  o f  g ran u les  is m o st consp icuous alongside th e  G o lg i-cysternae  
(F ig . 8a). T h e  f ir s t  g ran u les  a re  e ith e r  c lear p a r tic le s  of hom ogeneous s tru c ­
tu r e  o r  m in u te  dense bodies n o t  la rg e r th a n  200 т/л 0  . In  such cells tra n sv e rse  
sec tio n s  o f  ro u g h  endop lasm ic  re ticu lu m  a re  o f te n  seen (Fig. 8b). G ranu lo - 
genesis m a y  also invo lve  th e  p e rip h e ry  in s te a d  o f  be ing  confined to  th e  Golgi 
reg io n .

I n  th e  cell p o p u la tio n  of th e  18th  d a y  o f  fo e ta l life rep resen tin g  d iverse  
s ta g e s  o f  d iffe ren tia tio n , a ll g ran u le  ty p e s  c h a ra c te riz in g  th e  m e d u lla ry  cells 
o f th e  a d u lt  an im al a re  id en tif iab le .

T h e  eosinophils show  signs of seg reg a tio n  as ea rly  as th e  1 8 th  d ay . A t 
th is  t im e  y o u n g  fo rm s co n ta in in g  num ero u s b aso p h ile  bodies are d e m o n s tra b le  
(F ig . 9). O n th e  2 0 th  d a y  a n u m b e r o f m ore  d iffe ren tia ted  eosinophils, i.e. 
m e ta m y e lo c y te s  (F ig . 10) a n d  g ran u lo cy tes  m a y  b e  fo u n d  in th e  b o n e  m arro w .

I n  acco rd an ce  w ith  th e  o b se rv a tio n s in  a d u lt  an im als, we h a v e  been  
ab le  to  tra c e  b ack  th e  genesis o f eosinophile g ran u le s  to  th e  b la s t cell c y to ­
p la sm  in  fo e ta l m a te ria l. T h e  in c ip ien t form s o f eosinophile  granu les are  sm all 
(n o t la n g e r  th a n  300 to  400 m/i) an d  o f s lig h t e lec tro n  density  (F ig . 11).

Y o u n g  basoph ils  w ere f irs t  d e tec ted  on  th e  1 9 th  d ay  of fo e ta l life (F ig . 
12a). F ig . 12b show s a d iffe re n tia te d  b aso p h il on  th e  21st day.

M itoses are  f re q u e n t in  fo e ta l m a te ria l. S im ila rly  to  th e  in te rp h a se  fo rm s, 
y o u n g  d iv id in g  g ranu lo id  cells a re  m ark ed  b y  a sp a rse  g ran u la tio n  (F ig . 13).

D iscussion

E m b ry o n a l d iffe re n tia tio n  o f th e  e ry th ro id , lym p h o id  and  m eg ak ary o - 
c y to id  e lem en ts h as  been  s tu d ie d  b y  n u m ero u s  a u th o rs  (Ack erm a n n  an d  
K n o u f f , 1960; B u k u l y a , 1966; G rasso e t ah , 1962; H agem ann  a n d  Sc h m id t , 
1960; I I a r l a n d , 1940; H o ly o k e  e t ah , 1969; J o n e s , 1960; Sa n e l , 1967; 
Za m b o n i, 1965). In  c o n tra s t , th e re  are  few  d a ta  concern ing  th e  em b ry o n a l 
m o rp h o g en esis  of m yelo id  elem en ts.

P lum  (1943) tra c e d  th e  beg inn ing  o f g ran u lo id  m orphogenesis to  th e  
1 8 th , J a c o b sen  an d  P lum  (1942) to  th e  2 0 th  d a y  o f fo e ta l life. In  an  ea rlie r
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Fig. 8. Form ation of prim ary granules in the myeloid cells of an 18-day-old ra t  foetus. T he 
youngest granules, dense m inute bodies w ith clear core, are seen in the Golgi region (a 

X 59 400) or peripherally from it (b X 40,400)

Fig. 9. Young eosinophil in the bone marrow of a 19-day-old ra t foetus. The specific m atu re  
granules wit h a crystal core are found together w ith several basophile bodies (—*-) X 21,400
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Fig. 10. D etail of a m ore differentiated eosinophil of a  20-day-old ra t foetus. X 40,000

Fig. 11. P rim ary  form s of eosinophil granules (—*•) in  an  em bryonal blast cell. B one m arrow
of a 21-day-old foetus. X 35,600
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Fig. 12. a) Detail of a young basophil cell on the 19tli day of foetal life. X 15,400. b) D etail 
of a m atu re  basophil; 21-day-old foetus. X 22,700

big . 13. D ividing myeloid cell w ith  chromosomes and sparse granulation, from  th e  fem ur of
a 19-day-old foetus. X 17,800
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s tu d y  we have been  ab le  t o  iden tify  all ty p e s  o f  d iffe ren tia tio n  from  m yelo­
b la s ts  onw ard  to  m a tu re  g ran u lo cy te s  in  th e  2 1 -d ay  foetus b y  lig h t an d  elec­
t r o n  m icroscopy (B u k u l y a  a n d  B alázs, 1968). In  th e  p re se n t s tu d y  i t  has 
b e e n  show n th a t  m y e lo g en esis  in  th e  fem o ra l d iap h y sis  begins on th e  17th 
t o  1 8 th  d ay  of fo e ta l life . I n  th e  epiphysis th e  p rocess of d iffe ren tia tio n  s ta r ts  
l a t e r  (K öh ler , 1958); i t  is n o t  u n til the  13 th  d a y  o f  e x tra u te r in e  life t h a t  th e  
p r im it iv e  hone m arrow  a ssu m es  th e  fu n c tio n  o f  a  b lood  fo rm ing  o rgan .

G ranu lo id  e lem en ts  o f  advanced  m a tu r i ty  m a y  be fo u n d  in  th e  early  
s ta g e s  o f em bryogenesis. I t  is tru e  th a t  th e se  e lem en ts  lack  th e  c rite r ia  of 
d if fe re n tia te d  g ran u lo cy te s , b u t  i t  m ust b e  b o rn e  in  m ind  th a t  em bryonal 
h a e m a to p o ie tic  cells m a y  s tru c tu ra lly  d iffer f ro m  th e  cells o f th e  a d u lt o r­
g a n is m  (B ukulya  a n d  B a l á z s , 1968), an d  y o u n g e r  fo rm s, such  as la rge  n u ­
c le a te d  e ry th rocy tes c o n ta in in g  little  haem o g lo b in  m ay  also f in d  access to  
t h e  c ircu la tio n  (H a g e m a n n  a n d  Schm idt , 1960). T h erefo re , th e  p o ssib ility  
t h a t  m yelo id  d iffe re n tia tio n  m a y  s ta r t  s im u lta n e o u s ly  or ea rlie r in  som e o th e r 
h a e m o p o ie tic  organ a n d  t h a t  th e  rep o p u la tio n  o f  th e  bone m arro w  is secon­
d a r y  to  th is  process, c a n n o t  b e  ru led  out. D iffe re n tia tio n  o f th e  n o n -g ranu lo id  
h a e m o p o ie tic  cells is b e lie v e d  to  tak e  p lace in  th e  follow ing m an n er.

T h e  p rim itive  b lo o d  ce lls , th e  h aem o cy to b la s ts , are  th e  f irs t  to  be segre­
g a te d  in  th e  th y m u s, ly m p h  nodes and liv er, a p rocess ta k in g  p lace  in  th e  r a t  
o n  th e  11th day  of fo e ta l  life . O f these cells, th e  ly m p h o id  e lem ents d ifferen­
t i a t e  f ir s t ,  i.e. in th e  r a t  o n  th e  11th day  (B u k u l y a , 1966), in  th e  m ouse also 
o n  th e  11th  day (H o s h in o  e t  ah , 1969), in  th e  r a b b i t ’s th y m u s  a n d  lym ph  
n o d e s  on th e  17th to  1 8 th  d a y , in  th e  r a b b i t ’s sp leen  on th e  23rd  d a y  (H os­
t e t l e r  and  Ac k e r m a n n , 1969). E ry th ro p o ie s is  s ta r ts  so m ew h at la te r , in  
t h e  r a t ’s liver on th e  1 3 th  d a y  (H agemann  a n d  Sm it h , 1960), in  th e  r a t ’s spleen 
o n  th e  17th  day  (H o l y o k e  e t  ah , 1966), in  th e  r a b b i t  b e tw een  th e  13 th  and  
1 5 th  d a y  (Grasso e t a h , 1962), in  m an b e tw een  th e  7 0 th  an d  100 th  d a y  (Zam- 
b o n i , 1965b; Grasso  e t  a h , 1962). The m e g a k a ry o c y te  p recu rso rs  a re  d is­
c e rn ib le  in  th e  r a t  liv e r  b e tw e e n  the  13 th  a n d  1 5 th  d ay , in  th e  h u m a n  liver 
b e tw e e n  th e  10th a n d  1 5 th  w eek ( J o n es , 1960; Za m b o n i, 1965a an d  b). 
A c k e r m a n n  and  K n o u f f  (1960) iden tified  p r im itiv e  m eg ak ary o cy tes  on th e  
b a s is  o f  th e ir  s tro n g  P A S -p o s itiv ity  in  th e  liv e r  cells of 15 to  40 m m  long 
p ig  fo e tu ses  before th e  a p p e a ra n c e  of m e g a k a ry o c y to b la s ts .

E v e r  since th e  s tu d ie s  o f  Maxim ow  (1909) th e  p o ssib ility  o f an  e x tra ­
m e d u lla ry  genesis o f m y e lo id  elem ents has b een  b ro u g h t u p  tim e  an d  again  
in  t h e  lite ra tu re . In  th e  th y m u s  of 10-w eek-old r a ts  Syn  an d  Sa in t e -Ma r ie  
(1 9 6 5 a  and  b) d e m o n s tra te d  islets m ade u p  o f  n e u tro p h ile  an d  eosinophile 
ce lls  w h ich  on th e  b as is  o f  th e i r  d is tinc tive  fe a tu re s  w ere fo u n d  to  cover th e  
e n t i r e  series of g ran u lo id  e lem en ts . As to  e m b ry o n a l cells, H a rla n d  (1940) 
n o te d  ea rly  signs o f g ran u lo cy to p o iesis  in  th e  cap su le  an d  in te r lo b u la r  sep ta , 
a n d  la te r  in the  co rtex , o f  th e  r a t  th y m u s. I n  a p a p e r  of Sa n e l  (1967) th e re
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is an  e lec tro n  m icrograph  o f th e  th y m u s  o f a 16-day-o ld  m ouse fo e tu s  w ith  
a p o r tio n  of a m yelocy te  a t  th e  p e rip h ery . T h e  observ a tio n s of La t s in ik  e t al. 
(1970) re la tiv e  to  th e  p a t te rn  o f h aem opo ie tic  cell series in  liv er tis su e  c u ltu re s  
d e riv ed  from  16-day-old CBA foetuses a re  o f p a r t ic u la r  in te re s t. O n e x p la n ta ­
tio n , 8 9 %  p roved  to  be e ry th ro id  p recu rso rs, 7 %  o f th em  h a e m o c y to b la s ts , 
2 %  m yelo b lasts , 1%  p ro m y elo cy tes  an d  a n o th e r  1%  m yelocytes. H ow ever, 
d u rin g  cu ltu rin g  th e  p ro p o rtio n  of e ry th ro id  p recu rso rs  d im in ished  in  fa v o u r  
o f th e  g ranu lo id  elem ents w h ich  increased  th e ir  p ro p o rtio n  from  th e  in itia l 
4 %  to  81 %  b y  th e  5 th , an d  to  98%  b y  th e  21st d ay . Changes in  th e  co lony­
fo rm in g  p o ten cy  (CFU ) o f  th e  em b ry o n a l cells w ere  also n o ted . T h ese  fac ts  
an d  th e  resu lts  of ou r s tu d ies  are  w ell co m p a tib le  w ith  th e  p o ss ib ility  o f  an  
e x tra m e d u lla ry  em b ry o n a l g ranu lopo iesis.

O u r observations concern ing  p r im a ry  g ranulogenesis m o s tly  agree 
w ith  d a ta  in  th e  lite ra tu re . A ccord ing  to  Za m bo n i (1965b), th e  f i r s t  g ran u les  
d em o n strab le  in  h aem o cy to b las ts  an d  m eg ak a ry o b la s ts  in  th e  h u m a n  fo e ta l 
liv e r a re  ac tu a lly  m in u te , c lea r vesicles, o ccasionally  w ith  a dense co re, evag- 
in a te d  an d  d issociated  from  th e  G olg i-system . T h e  genesis o f  a z u ro p h ile  
g ran u les  of m yeloid  cells o f  a d u lt  an im als is s im ila r; i t  o ccasiona lly  ta k e s  
p lace  in  cy top lasm ic  areas fa r  ou tside  th e  Golgi reg ion  (B e ssis  a n d  T h ie r y , 
1961; B alá zs , 1969).

D iffe ren tia tio n  o f th e  n eu tro p h ile , eosinophile  an d  b aso p h ile  g ra n u lo ­
cy te s  is com plete  a t  an  ea rly  stag e  of d ev e lo p m en t. O n th e  21st d a y  o f  in t r a ­
u te r in e  life eosinophils are  s till sparse  (B uiculya a n d  B alázs, 1968) d e sp ite  th e  
ap p e a ra n ce  of th e ir  p recu rso rs  on th e  18 th  d ay . O n th e  2 0 th  d ay , m a tu re  g ra n u ­
lo cy tes  o f th e  sam e degree o f  d iffe ren tia tio n  as th o se  of ad u lts  m a y  also  be 
fo u n d .

I n  our earlier s tud ies o f th e  m yelo id  e lem en ts  of a d u lt r a t s  (B alázs 
an d  B u k u l y a , 1968; B alázs, 1969) i t  h as  been  show n th a t  th e  m y e lo b la s t 
cy to p la sm , ligh t-m icroscop ica lly  of hom ogeneous ap p e a ra n ce , a c tu a lly  co n ta in s  
in c ip ie n t form s of eosinophile g ranu les o f s lig h te r e lec tro n  d e n s ity  a n d  sm alle r 
vo lu m e th a n  th e  granu les o f  d iffe re n tia ted  eosinophils. On th e  ev idence  o f  th e  
p re se n t s tu d y  th is  is va lid  also fo r em b ry o n a l cells.

*

T he authors are indebted to  Mrs. E . Fazekas, Miss E . Kovács and Miss E. R üm m er for 
skilful technical assistance.
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COAGULATION DEFECTS IN GLOMERULONEPHRITIS 
AND THE NEPHROTIC SYNDROME

By

A. H á m o ri, G y . B oros, L. Go fm a n  and I. P ásztory

SECOND D EPA R T M E N T OF M ED ICIN E, U N IV E R S IT Y  M EDICAL SCHOOL. PÉCS 

(Received November 16, 1970)

Blood coagulation was studied in 70 cases of acute, in 4 of subacu te , in  34 of 
chronic glom erulonephritis and in 20 of nephrotic syndrom e; 780 coagula tion  stud­
ies involving 16 d ifferen t procedures were carried  out. Close a tten tio n  was given 
to  the clinical course.

H ypercoagulability was invariably dem onstrable a t the onset of typ ica l acute, 
and during acute exacerbations of chronic glom erulonephritis. The signs were more 
m arked in the nephrotic syndrom e w hether of th e  prim ary  type or secondary to  amyloi­
dosis, diabetic glomerulosclerosis or systemic lupus erythem atosus. A case of Good­
pastu re’s syndrome was likewise associated w ith  hypercoagulability th ough  an an ti­
throm bin factor of heparin  character was dem onstrated  ju s t before d ea th . Hypo- 
coagulability was m ost frequent in inactive chronic glom erulonephritis. On the other 
hand , hypercoagulability m ay be in terpreted  as a sign of activ ity  in  nephropathies, 
and its persistence is an adverse prognostic sign.

A nticoagulants failed to  produce any decisive change in 8 patien ts w ith  glomerulo­
nephritis or the nephrotic syndrome.

P ro d u c tio n  o f f ib r in  clo ts in  th e  g lo m eru la r loops in  h u m a n  g lom eru lo ­
n e p h ritis , occasionally  ev en  in  large n u m b e rs  (R eichel-type) h a s  long  been 
n o te d  b y  p a th o log ists , a n d  i t  has also been  d e m o n s tra te d  in  th e  g lo m eru la r 
lesions o f ra ts  [19] a n d  dogs [24] tre a te d  w ith  n ep h ro to x ic  se ru m . W e have 
p re se n te d  in d irec t ev id en ce  o f coagu la tion  defects in  n e p h ro to x in - tre a te d  
ra b b its . In  th e  successive stages of th e  p rocess, g e la tin -s tab ilized  In d ia -in k  
w as in jec ted  in tra v e n o u s ly  accord ing  to  J a n c sÓ. O n t r e a tm e n t  w ith  v e ry  
p o te n t  n ep h ro to x in , In d ia - in k  th ro m b i p lug g in g  th e  sm all vessels w ere de­
m o n s tra b le  in  th e  ren a l c o rtex . P re c ip ita tio n  o f  th e  exogenous co llo id  was 
in te rp re te d  as a sign o f la te n t  co ag u lo p a th y  [11, 12, 13]. On th e  g ro u n d s  of 
th e se  find ings, we h av e  now  stu d ied  th e  c o ag u la tio n  defects a sso c ia te d  w ith  
g lom eru lonephritis  an d  th e  n ep h ro tic  sy n d ro m e . O u r f irs t  resu lts  w ere  rep o rted  
in  1967 [4]. The q u es tio n  has been  in v e s tig a te d  sim u ltan eo u sly  b y  num ero u s 
o th e r  au th o rs  an d  v a rio u s  coagu la tion  d efects  w ere described  [1, 5 -  8, 10, 
16, 18, 20 23, 25].

T h e  p resen t w ork  w as ca rried  o u t to  s tu d y  th e  re la tio n sh ip  betw een  
co ag u la tio n  defects an d  th e  clin ical course o f ren a l disease.
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M ateria l and m ethods

In  128 patients, 780 coagu la tion  studies were perform ed. Of the patien ts, 70 h ad  acute, 
4 su b acu te  and 34 chronic glom erulonephritis and 20 w ere nephrotic. The following 16 labo­
r a to ry  te s ts  were performed.

1) Bleeding tim e, accord ing  to  D u k e ;
2) W hole blood c lo tt in g  t im e , according to  L e e  a n d  W h it e ;
3) P latelet count by  p h ase  con trast microscopy, according to  B r e c h e r  and  .Cr o n k it e ;
4) Clot retraction, accord ing  to  B iggs and M cF a r l a n e ;
5) Coagulation tim e of recalcified  plasma, according to  H o w e l l ;
6) Qu ick ’s p ro th ro m b in  t im e ;
7) Prothrom bin consum ption ;
8) S tu d y  of serum  c o a g u la t io n  accelerating  fa c to r , acco rd in g  to  H o rn , K ovács an d  

A l t m a n n ;
9) Thrombin tim e;

10) Thrombin clo tting  tim e  in  the  presence of to lu id ine  blue (Toluidine blue tim e);
11) Thrombin in ac tiv a tio n  tim e, according to  Ge r e n d á s ;
12) Fibrinogen g rav im e try ;
13) Euglobulin  lysis t im e , acco rd in g  to von  K a u l l a  a n d  Sch ultz ;
14) Partial th rom bop lastin  tim e;
15) Throm boplastin genera tion  test, according to  B ig g s  and D oug la s;
16) T h ro m b o e las to g rap h y  acco rd in g  to  H a r t e r t .
W e primarily relied on th e  plasm a fibrinogen level, euglobulin lysis tim e and on th ro m ­

boelastog raphy  (TEG). T he h a tc h e d  areas seen in th e  d iag ram s correspond to  th e  sca tte r of 
th e  n o rm al values. The n o rm al throm boelastogram  is represented  by a b roken  line. 
M ax im um  elasticity of th ro m b u s (me) has also been rep resen ted . M easurem ent o f partia l 
th ro m b o p lastin  time and th e  th rom bop lastin  generation te s t  were confined to  cases involving 
p a r tic u la r  problems. The coagu la tion  tests were supplem ented w ith capillary tes ts  (L a n d is , 
G ö t h l in , R u m pel-L e e d e , B o r b é l y ).

T he dynamics of the  process responsible for the  p rim ary  disease was checked on the 
g ro u n d s of several param eters, as seen in the diagrams. T he m ost im portan t of these included 
th e  A d d is  count [26], estim ation  o f protein  excretion by  m easurem ent of the am oun t of n itro ­
gen, serum  albumin, the serum  com plem ent titre  [17], A SO -titre, G FR m easured by  routine 
endogenous creatinine clearance. In  special cases, th e  clearance of inulin and PA H  and  th e  
f i ltra tio n  fraction were also estim ated .

Results

F ig . 1 sum m ariz in g  th e  resu lts  shows t h a t  a n o rm al c o ag u la tio n  w as 
c o n f in e d  to  a frac tio n  o f  th e  p a tien ts , m o stly  a f te r  th e  cure  o f g lom eru lo ­
n e p h r i t is .  T he p re d o m in a n t c o ag u la tio n  defect in  th e  v a rio u s ty p es  o f g lom eru lo ­
n e p h r i t is  an d  nephrosis w as  a h y p erco ag u lab ility , e ith e r  iso la ted  or to g e th e r  
w ith  s ig n s  of h y p o co ag u lab ility . I t  is therefore  th e  re la tio n sh ip  b e tw een  h y p e r ­
c o a g u la b ili ty  and th e  c lin ica l course which h a d  f i r s t  to  b e  considered .

I n  th e  early  s tag e  o f  ty p ic a l acute g lo m eru lo n ep h ritis  h y p e rc o a g u la ­
b i l i ty  w as a regular f in d in g . A n illu s tra tiv e  case is g iven  in  th e  fo llow ing.

T h e  p a tie n t w as a 1 9 -y ea r-o ld  fem ale, f i r s t  seen  on th e  17 th  d a y  o f  a c u te  
g lo m eru lo n ep h ritis . T h e  h ig h  fib rinogen  level, th e  p ro tra c te d  eu g lobu lin  
ly sis  t im e  and  th e  b ro a d  th ro m b o e la s to g ra m  w ere  conclusive of h y p e rc o a g u la ­
b i l i ty .  P en ic illin  t r e a tm e n t  re su lte d  in an  im p ro v e m e n t of th e  co n d itio n , w ith  
th e  d isa p p e a ra n ce  of gross h a e m a tu r ia , red u c tio n  in  th e  A ddis co u n t o f  e ry th ro ­
c y te s  a n d  in h y p e rc o a g u la b ility . E ven  m icroscopic  h a e m a tu ria  d im in ish ed  to  
a m in im u m , and  th is  co u ld  b e  considered a re s id u a l h ae m a tu ria , th e  m ore  so
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Fig. 1. R esults of coagulation studies in glom erulonephritis and  in the nephrotic syndrom e. 

О =  norm al coagulability , f =  hypercoagulability , j =  hypocoagulabihty
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Fig. 2. Coagulation defects a t the onset of acu te  glomerulonephritis

as endogenous c rea tin in e  c learance  po in ted  to  a  n o rm a l g lom eru lar fu n c tio n . 
A t th is  s tag e , fib rin o ly tic  a c tiv ity  was still re d u c e d . This p h enom enon  w h ich  
w as observed  in  several s im ila r  cases m ay be  re g a rd e d  as a residua l co a g u la ­
tio n  d efect (F ig . 2). T h e  opposite  p h en o m en o n , an  enhanced  f ib r in o ly tic  
a c tiv ity  o f p lasm a, m ay  o ccu r occasionally  as a  sign  o f a residual co a g u la tio n  
defect. I n  som e v e ry  m ild  cases th e  f ib r in o ly tic  a c tiv ity  o f p la sm a  m a y  be
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in c re a s e d  early  accord ing  to  eug lobulin  ly sis  t im e , or any  changes in  co ag u la ­
t io n  m a y  be ab sen t.

A c u te  exacerbations o f  chronic g lo m eru lo n ep h ritis  are also acco m p an ied  
b y  h y p e rco ag u lab ility .

T h e  p a tie n t, a 27 -y ear-o ld  m ale h a d  b e e n  u n d e r our ca re  fo r  y e a rs  for 
c h ro n ic  in ac tiv e  g lo m eru lo n ep h ritis . A p a rt f ro m  m in o r signs o f h y p o co ag u la-

T herapy
3 X 200000 IU

I phenoxymethyl penicillin /d a y

I 122 92

|Penicillin 1 M [Ufctqyi 

89

1 Septem ber 1969 10 20 1 October

F ig . 3. R eduction in  plasm a fibrinolytic activ ity  during  acute exacerbation of chronic glo­
m erulonephritis

b i l i ty  n o  o th e r  c lo tting  a b n o rm a lity  h ad  b een  n o te d . H e h ad  been  on  a p re v e n ­
t iv e  sch em e  of oral p en ic illin  w hich w as d isco n tin u ed  on adm ission . A  few 
d a y s  la te r  he developed a  sore th ro a t  w ith  fe v e r and  gross h a e m a tu r ia . A 
p h a ry n g e a l  swab y ie lded  /З-haem o ly tic  s trep to co cc i. H ere we w ere  ab le  to  
fo llo w  u p  th e  coagu la tion  d e fec t associa ted  w ith  an  acu te  e x a c e rb a tio n  from  
its  e a r lie s t  stage  and  th u s  to  d em o n stra te  a p ro tra c te d  euglobulin  lysis  tim e ,
i.e . a  d is tin c t red u c tio n  in  fib rin o ly tic  a c t iv i ty ,  w ith in  a few h o u rs  o f  th e  
a c u te  e v e n ts . T hus, th e  e a r lie s t s tage  of b lo o d  co ag u la tio n  d iso rders asso c ia ted  
w i th  th e  allergic process is an  enhanced  c o a g u la b ility  (Fig. 3).

T h e  m ost consp icuous signs o f h y p e rc o a g u la b ility  w ere fo u n d  in  th e  
n e p h ro t ic  syndrom e, reg a rd less  w h e th e r th e  p rocess was of th e  p r im a ry  ty p e  
o r  s e c o n d a ry  to  am ylo idosis, d iab e tic  g lom erulosclerosis, system ic lu p u s  e ry th e -
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m a to su s , e tc . On th e  ev idence o f o u r o b se rv a tio n s , h y p e rco ag u lab ility  m a y  he 
re g a rd e d  as a sign o f a c tiv ity  o f th e  n e p h ro tic  syndrom e.

O ne o f th e  p a tie n ts , a 28-year-o ld  fem ale , was a d m itte d  w ith  a p r i­
m a ry  n ep h ro tic  syndrom e. A d m in is tra tio n  o f  furosem ide (L asix , H o ech s t, 
F ra n k fu r t)  induced  a sp e c ta c u la r  im p ro v e m e n t, w ith  th e  loss o f 15 litre s  of 
o ed em a  flu id  in th ree  w eeks, as well as an  in c rea se  in  s tru m  p ro te in  concen-

Ji 
40 I

Human albumin infusion g (25)

me
TEG

I 455

Euglobulin lysis time > 4 8 hl  
>  24h]

kg body weight

Serum complement U

|12.09 8.64___ 8.84

Serum albumin g /100 

Proteinuria g /2 4 h

H aem aturia 100
Addis count /million/ 5 0  

20

9.38 6.48

i l l  l i f l l l l i i n i f
20 February 1 March 

1969

“1

1.01 0.98 0.951.16 0.90 0.60

2.8

3.76 5.47 5.28

10 20 30

Fig. 4. Coagulation defects in p rim ary  nephrotic syndrome

■ 1 ф в а а ш | в 1 | | |

8  May 18

t r a t io n  an d  a fall of da ily  u rin a ry  p ro te in  e x c re tio n  from  12 g to  3 o r  5 g. H ow ­
ev er, b lood  c lo tting  w as s till en h an ced , as in d ica ted  by  th e  th ro m b o e la s-  
to g ra p h ic  p a tte rn  an d  b y  th e  d im in ished  sp o n tan eo u s  fib rino lysis. T h e  serum  
co m p lem en t t i tre  was declin ing  as a sign o f im m unological a c tiv ity . T h e rap y  
h a d  th u s  little  in fluence on th e  coagu la tion  defec t, and  in fa c t la te r  an  exa­
c e rb a tio n  ensued (F ig. 4).

C om bination  of sy m p to m a tic  an d  im m unosuppressive  t r e a tm e n t  m ay  
co m p le te ly  change th e  s itu a tio n , as illu s tra te d  by  th e  follow ing case .

A 16-year-old m ale  h a d  been u n d e r o b se rv a tio n  for p r im a ry  n ep h ro tic  
sy n d ro m e , i.e. for “ p u re ”  nephrosis. A n e le v a te d  p lasm a f ib rin o g en  level, a 
red u ced  fib rin o ly tic  a c tiv ity  to g e th e r  w ith  a b ro ad  th ro m b o e la s to g ra m  had 
re p e a te d ly  been found  p rio r  to  t re a tm e n t. A d m in is tra tio n  o f  p red n iso lo n e
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a n d  su b seq u en tly  o f fu ro se m id e  resu lted  in  a  loss o f  20 litres of o ed em a flu id . 
P a ra l le l  w ith  th e  c lin ica l response h y p e rc o a g u la b ility  changed te m p o ra r ily  
in to  h y p o co ag u lab ility , as in d ic a te d  by  an a b n o rm a l narrow ness of th e  th ro m b o - 
e la s to g ra m . The low  se ru m  com plem ent level re tu rn e d  to  norm al a n d  la s tin g  
re m iss io n  ensued (F ig . 5).

T h e  following case  o f  am yloidosis re p re se n ts  th e  group w here th e  n e p h ­
ro tic  syndrom e w as e lic ite d  b y  some id e n tif ia b le  p rim ary  process.

therapy | Prednisolone per os 50 m g /d ay
Lasix per os mg/day 

I 80 ____________ 40
I KC1 per os 3g/day

Fig. 5. Coagulation defects in  prim ary nephrotic syndrom e (“ pure” nephrosis)

T h e  p a tie n t w as a  59 -year-o ld  fem ale w ith  c lo ttin g  d is tu rb an ces w hich  
h a d  b e e n  in v estig a ted  fo r  th e  la s t m onths w ith o u t  show ing any  ch an g e . She 
w as s ta r te d  on a n tic o a g u la n t  th e rap y . To acen o co u m aro l (S yncum ar, E G Y T , 
B u d a p e s t) ,  th e  th ro m b o e la s to g ra m  showed a  ty p ic a l  response. H ow ever, th u s  
fa r  w e can n o t y e t assess th e  effect of a n tic o a g u la n ts  in  am yloid n ep h ro sis , 
th o u g h  p e rs is ten t h y p e rc o a g u la b ility  belonigs to  th e  ty p ic a l fea tu res  o f  am y ­
lo idosis  (F ig . 6).

O ne of th e  cases p ro v id e d  us w ith  th e  o p p o r tu n i ty  of stu d y in g  th e  coag­
u la t io n  disorders a sso c ia te d  w ith  G oo d p astu re ’s sy n d ro m e. The p a t ie n t  w as 
a 19 -year-o ld  fem ale. F ig . 7 sum s up  th e  re su lts  o f in v estiga tions a n d  th e  
c lin ica l fea tu res. T h e  c lin ica l course was m a rk e d  b y  h y p e rco ag u lab ility  as 
re f le c te d  b y  h y p e rfib rin o g en aem ia  and  an excessive  red u c tio n , if n o t an  en tire  
lack , o f  fib rino ly tic  a c t iv i ty  an d  an  ab n o rm a lly  b ro a d  th ro m b o e la s to g ram . 
T h e  re s u lts  have been re p re s e n te d  d iag ram m atica lly  accord ing  to  Ge r e n d á s  [9].
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Fig. 6. Persisten t hypercoagulability in renal amyloidosis
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Fig. 7. Coagulation defects in G oodpasture’s syndrome
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O n th e  evidence o f th e  coagu log ram  p erfo rm ed  before  d e a th  th e  p a tie n t  
d e v e lo p e d  a bleeding te n d e n c y  te rm in a lly , m o st p ro b a b ly  u n d e r th e  in fluence  
o f  a n  a n tith ro m b in  fa c to r  o f  h ep a rin  c h a ra c te r . W e h av e  co n n ec ted  th is  f in d ­
in g  w ith  th e  te rm in a l e v e n ts . T he su c tio n  cup  te s t  an d  th e  to u rn iq u e t  te s t  
re v e a le d  an  excessive c a p illa ry  frag ility . T h ere  is im m unolog ica l ev idence 
t h a t  G o o d p astu re ’s sy n d ro m e  involves th e  fo rm a tio n  o f an tib o d ie s  d irec ted  
a g a in s t  th e  basem en t m e m b ra n e , th u s  lin k in g  u p  th e  ren a l an d  p u lm o n a ry  
a l te ra t io n s  w ith  an  a u to im m u n e  p a th o m ech an ism  [2, 15]. O n c o n fro n tin g  
th e s e  re su lts  w ith  ou r f in d in g s  i t  appears t h a t  th e  b leed ing  te n d e n c y  in  G ood­
p a s tu r e ’s syndrom e is c o n n e c te d  w ith  an  ab n o rm a l cap illa ry  p e rm e a b ility .

A s to  th e  h y p o co ag u lab ility  in  th is  case, i t  is b y  no m eans an  u n fa v o u r­
a b le  s ig n  as regards th e  a c t iv i ty  o f n e p h ritis  o r nephrosis; i t  w as u su a lly  
o b se rv e d  in  inac tive  ch ro n ic  n ep h ritis  o r a f te r  successful im m u n o su p p ressiv e  
t r e a tm e n t ,  as seen in  F ig . 5.

Discussion

H y p erco ag u lab ility  is a  sign of a c t iv i ty  of g lo m eru lonephritis  a n d  n e p h ­
rosis , p a r tic u la r ly  in fo rm a tiv e  in  th e  n e p h ro tic  sy n d ro m e. O ne o f o u r  p a tie n ts  
h a d  d ev e lo p ed  signs o f h y p e rc o a g u la b ility  q u ite  su d d en ly  an d  w e n t in to  a 
re la p se  soon a fte rw ard . I n  o th e r  w ords, th e  recu rren ce  h a d  been  fo re sh a d ­
ow ed  b y  an  increase in  b lo o d  coag u lab ility , an d  th is  w ould  call fo r  th e  in c lu ­
s io n  o f  coagu la tion  te s ts  in to  th e  follow  u p  schem e in  ren a l d isease.

P e rs is te n t h y p e rc o a g u la b ility  is an  u n fa v o u ra b le  p rog n o stic  sign . W e 
h a v e  lo s t  11 p a tien ts  w ith  g lo m eru lo n ep h ritis  o r nephrosis  in  th e  la s t  years. 
H y p e rc o a g u la b ility  w as co n firm ed  b y  an  in c reased  p lasm a fib rin o g en  level, 
a re d u c e d  fib rino lysis, a n d  a  ty p ic a l th ro m b o e la s to g ra m  in  9 p a tie n ts  an d  
b y  tw o  o f these  signs in  2 p a tie n ts . O n th e  o th e r  h a n d , h y p o co ag u lab ility  
p o in ts  to  a favourab le  p ro g n o sis , as i t  d id  in  fa c t in  our cases o f ch ro n ic  glo­
m e ru lo n e p h ritis  of s ta t io n a ry  n a tu re .

T h ese  observations h a v e  th e ir  im p lica tio n s  in  th e  in tr ig u in g  p rob lem  
o f th e  an tico ag u lan t t r e a tm e n t  of g lo m eru lo n ep h ritis  [11, 13]. R ecen tly , 
B e r l y n e  an d  Ma llick  [3] h a v e  suggested  t h a t  ischaem ic h e a r t  d isease was 
one o f  th e  com plications o f  th e  n ep h ro tic  sy n d ro m e , w ith  an  incidence  85 tim es 
as h ig h  as in  th e  a g e -m a tch ed  general p o p u la tio n . W e h av e  also observed  
c o ro n a ry  occlusion in  p r im a ry  n ep h ro tic  sy n d ro m e . Tw o of our p a tie n ts  w ith  
S ch o en le in  -H e n o c h ’s p u rp u ra  associa ted  w ith  g lo m eru lonephritis  developed  
d ig ita l  g ang rene; one o f th e s e  p a tie n ts  d ied , th e  o th e r h ad  a m p u ta tio n s  o f 
se v e ra l d ig its .

T h ese  observations h a v e  p ro m p ted  us to  u se  an tico ag u lan ts  in  th e  d i­
seases u n d e r  discussion. H o w ev er, in  th e  8 cases o f g lom eru lonephritis  o r  nep h ro -
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sis w here  i t  h ad  been  em ployed , i t  failed to  p ro d u c e  an y  im p ro v em en t, th o u g h  
th e  clin ical course o f tw o  p a tie n ts  c e r ta in ly  encourage  fu r th e r  a t te m p ts . 
O ne o f th e m , a m ale  w ith  system ic  lu p u s  e ry th em a to su s , d ev e lo p ed  vein 
th ro m b o sis  o f  r ig h t leg. H e h ad  been in a p re u ra e m ic  condition  w hen  s ta r te d  on 
acenocou inaro l. T h is t r e a tm e n t  was c o n tin u e d  fo r 18 m o n th s, u n ti l  d ea th . 
A t n ec ro p sy , b o th  re n a l veins, p a r tic u la r ly  th e  r ig h t one, w ere n a rro w e d  by  
o rgan iz ing  th ro m b i. T h e  inference th a t  w ith o u t an tico ag u lan t th e ra p y  occlu­
sion o f b o th  ren a l ve in s  w ould  h av e  in e v ita b ly  ensued, a lm ost su g g ested  i t ­
self. In  th e  o th e r case, a p a tie n t w ith  p r im a ry  n ep h ro tic  sy n d ro m e , leg  vein  
th ro m b o sis  recu rred  fo u r tim es before a n tic o a g u la n t th e ra p y  h a d  b e e n  p re ­
scribed . Since tw о y ea rs  he h ad  no recu rren ce . A lthough  th e  d a ta  in  th e  l i t ­
e ra tu re  a re  scarce [14] a n d  ou r o b se rva tions s till to o  few  to  he conclusive , n e v e r­
the less, th e y  p o in t to  th e  a d v a n ta g e  o f co m b in ed  an tico ag u lan t a n d  c o rti­
co ste ro id  or c y to s ta tic  tre a tm e n t.

F in a lly , th e  q u es tio n  arises w h e th e r g lo m eru lonephritis  a n d  th e  n e p h ro ­
tic  sy n d ro m e  are  to  be  reg a rd ed  as co ag u lo p a th ies  ? This m u st b e  answ ered  
in  th e  n eg a tiv e , since th e  coagu lation  defec ts  fa il to  accoun t fo r  th e  en tire  
sy n d ro m e , th o u g h  th e y  c e rta in ly  do belong to  i t ,  in  th e  sam e m a n n e r as oedem a, 
h y p e rten s io n  or h a e m a tu r ia  belong to  th e  clin ical p a tte rn  o f  g lo m eru lo ­
n ep h ritis .
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THERAPY OF AUTOIMMUNE NEPHROPATHY 
WITH STEROIDS AND CYTOSTATICS

A FOLLOW -UP STUDY OF 80 PA TIEN T S AND OF 16 Y EA R S
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The therapeutic aspects of lupus nephropathy  as the p ro to type  of autoim ­
m une nephropathies — are analysed in the light of sixteen years observations. The in­
troduction  of “ im m unosuppressive” therapy  w ith  6-MP in 1963 m arks a tu rn in g  point 
in its  h itherto  generally fata l prognosis. W ith  th e  use of haemodialysis and  of kidney 
transp lan tation  survival is possible even after to ta l destruction of the k idney , however 
it is more reasonable first to  apply the “ im m unosuppression” w ith ap p ro p ria te  cyto­
sta tics to avoid autoim m une nephropathy, th a n  to prevent the rejection of a tran sp lan t 
ed kidney.

Of the 250 patien ts w ith  typical SLE observed between 1953 —1968, 80 had 
lupus nephropathy. Of these th e  outcom e of 11 is unknown, 36 died, 33 are  still under 
observation.

This follow-up study  of 16 years m ay be divided into 3 periods each of five 
years. During the first five-year period (1953 — 57) lupus nephropathy was th e  prevalent 
cause of death  in SLE, which m ay be ascribed to the sporadic application  of steroids 
and to  the inadequacy of its doses. A ntim alarial drugs applied in th a t  period also 
failed to influence th e  renal process. Long-term  intensive (“ im m unosuppressive” ) 
steroid therapy m arking the second period (1958 62) was found to reduce th e  inci­
dence of nephropathy in SLE and so to  im prove the prognosis. By the add itional use 
of cytostatics from 1963 on, even the stero id-resistan t cases have become curable. Since 
the dem onstrability  of the L E-factor or o ther diagnostic criteria of SLE affected  neither 
the outcome, nor the clinical p icture of autoim m une nephritis, the observations are 
entirely  valid for the similar autoim m une nephropathies w ithout the signs o f SLE.

In v o lv e m e n t of th e  k id n ey s  in sy s tem ic  lupus e ry th e m a to su s  (S L E ), 
th  e so-called  lupus n e p h ro p a th y , u su a lly  assum es th e  clinical fe a tu re s  of 
g en u in e  nephrosis or o f p r im a ry  chron ic  n e p h r it is  or of b o th . In  i ts  m ildest 
fo rm , th e  cond ition  m an ifests  i ts e lf  w ith  p ro te in u ria  w ith o u t an y  o th e r  sy m p ­
to m . N e p h ro p a th y  is reg a rd ed  as th e  m o s t th e ra p y -re s is ta n t o f a ll system ic  
m a n ife s ta tio n s  o f S L E , acco u n tin g , in  fac t, fo r  th e  m a jo rity  o f d e a th s  in  th is 
d isease.

In  th e  lite ra tu re  th e re  a re  rep o rts  on  a favourab le  re sp o n se  o f  lupus 
n e p h ro p a th y  to  long-term  m assive  s te ro id  th e ra p y  [10, 12]. O u r experience  
[6, 7, 8], in ag reem ent w ith  th a t  o f o th e r  au th o rs  [4, 11, 13, 14] have 
b een  m u ch  less fav o u rab le . I t  has been th e  in d u c tio n  of c y to s ta tic s  in to  th e  
tr e a tm e n t  [6] w hich im p ro v ed  rad ica lly  th e  ra th e r  gloom y p rognosis  o f lupus 
n e p h ritis .

As a resu lt o f th e  o b se rv a tio n  th a t  in  th e  course of th e  n a tu ra l  h is to ry  
o f  S L E , m an ifesta tio n s m ay  be confined  to  a single organ for long p e rio d s  [5],
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c e r ta in  issues of p r im a ry  im p o rtan ce  a p p ea r no w  in  a new ligh t. Id e n tic a l 
is o la te d  renal disease m a y  th u s  well be due to  th e  sam e im m une p a th o g en esis , 
th o u g h  obviously i t  is n o t  re fe rred  to  as lu p u s  n e p h ro p a th y  b u t, as th e  case 
m a y  b e , usually  as “ c h ro n ic  g lom eru lo n ep h ritis” , o r “ nephrosis” , o r as an  
in te rm e d ia ry  sy n d ro m e co m b in in g  th e  tw o  ty p e s ,  “ N ephritis  m it n e p h ro ti­
sc h e m  E inschlag”  (n e p h r it is  w ith  n ep h ro tic  fe a tu re s ) .

T w en ty  years  o b se rv a tio n s  have g iven g ro u n d  to  our im pression  th a t  
n e i th e r  th e  outcom e, n o r  th e  th e rap eu tic  p o ssib ilitie s  in  “ lupus n e p h ro p a th y ”  
a re  a ffec ted  by  th e  v a r ia b le  p o sitiv ity  of th e  L E -ce ll phenom enon , i.e . th e  
p re se n c e  of th e  L E -fa c to r  in  th e  a n tib o d y -sp e c tru m  an d  b y  th e  m icroscop ic  
ev id en ce  of h aem a to x y lin -b o d ie s . I f  in a g iven  case o f nephrosis or ch ro n ic  
g lo m eru lo n ep h ritis , th e  L E -fa c to r  happens to  b e  d em o n strab le  for som e tim e , 
o f  co u rse  i t  fac ilita tes to  recogn ize  th e  a u to im m u n e  n a tu re  of th e  basic  p rocess. 
B y  m ean s of b iopsy  la b e lle d  an ti-an tib o d y  te c h n iq u e s , electron  m icroscopy , 
e tc . shou ld  be used  to  id e n tify  th e  c h a ra c te r  o f  th e  au to im m une re a c tio n , 
o n ce  its  invo lvem ent h a s  b e e n  estab lished  a n d  to  lo c a te  i t  w ith in  th e  s tru c tu re  
o f  th e  k idney . In s ig h t in to  th e se  re la tionsh ips h a s  rev ea led  th a t  th e  th e ra p e u ­
tic  observ a tio n s d e riv e d  fro m  th e  diverse ty p ic a lly  au to im m une  ren a l m a n i­
fe s ta tio n s  of SL E , a re  v a lid  for o ther s im ila r im m u n o p a th o lo g ica l ty p e s  o f 
n e p h ro p a th ie s , even fo r th o s e  w ithou t any  d e m o n s tra b le  signs of S L E .

I n  th e  p resen t s tu d y ,  w e have collected f u r th e r  evidence re la tin g  to  th e  
v a lu e  o f  “ im m u n o su p p re ss iv e”  (cy tosta tic) th e r a p y  in  add ition  to  o u r ea rlie r 
r e p o r t  w ith  low an d  h ig h  dose  steroids [7, 14], in  th e  lig h t of 16 y ears  o b ser­
v a tio n s  of our c lin ical m a te r ia l  of 250 su b je c ts  w ith  S L E , 80 of th e m  w ith  
lu p u s  n e p h ro p a th y .

Patients and treatm ent

A to ta l of 80 p a tien ts  w ith  lupus nephropathy was observed since 1952/53. The 16 years 
elapsed since may be d iv ided in to  three periods. In  th e  f irs t  period, 1953—1957, th e rap y  of 
S L E  w as confined to  sm all-dose cortisone and to  an ti-m alaria l agents (m epacrine, 
chloroquine), their ad m in is tra tio n  having been lim ited  to  dangerous exacerbations. In  
th e  second period, 1958 —1962, a  purposeful intensive “ im m unosuppressive” tre a tm en t was 
carried  ou t by the use of p rednisolone in  every case, w ith  th e  aim  of attaining com plete rem is­
sion and  of maintaining i t  by  long-term  therapy on th e  basis of a suitably organized follow-up 
schem e. In  the third period from  1963 on, cytostatic agen ts (generally 6-m ercaptopurine, and 
in  a few cases azathioprine, cyclophospham ide, chloram bucil) were used, in addition  to  the 
h igh  dose steroid m edication referred  to  above.

Dosage of the cy to s ta tic  agents was adapted to  th e  individual case. The general rule 
w as to  a tta in  the m axim um  dose which, while ensuring th e  desired therapeutic effect would 
still n o t damage the haem opoietic organs during the tre a tm en t.

Results

D is trib u tio n  o f th e  p a tie n ts  over th e  th re e  periods is show n in 
T a b le  I .  I t  can be seen t h a t ,  since the  use o f s te ro id s  in  “ im m u n o su p p ressiv e” 
doses, regardless o f th e  p re sen ce  or absence o f  n e p h ro p a th y  a t th e  o n se t, th e  
in c id en ce  of lupus n e p h ro p a th y  has been d ec lin in g , n o t only in  re la tio n  to
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th e  to ta l  series b u t  also to  th e  n u m b e r of new  cases, an d  its  decline co n tin u e d  
over th e  th ird  p erio d , m ark ed  b y  a co n sis ten t c y to s ta tic  th e ra p y  in  s te ro id - 
re s is ta n t n ep h ro p a th ie s . T he d a ta  re la tiv e  to  th e  tw o  earlier periods [7] se rv e  
here  as a basis for com parison  w ith  th e  resu lts  o b ta in e d  d u rin g  th e  th ird  p erio d .

Tabic I
Treatment o f lupus nephropathy between January, 1953, and December, 1968

Diagnosis

I
1953- 1 9 5 -  

Corticosteroids, 
small-doses, sporadic 

use

II
1958-1962 

Corticosteroids, 
massive doses, 
long-term  use

I I I
1963 1968

Corticosteroids
cytostatics

Total num ber
of cases

SLE 53 (21.2%) 117 (46.8%) 80 (32%) 250 (100% )

N ephropathy 28 (52.8%) 32 (27.2%) 20 (25%) 80 (32% )

Table II
Lupus nephropathy : 36 fa ta l cases and 33 survivors. Distribution o f cases and duration o f disease

N um ber of cases Average age (years) j A verage duration  of disease (years)

Sex Death Survival' D eath

D eaths Survival

Survival
Between the 
first m ani­
festation of 

SLE and 
death

Between the 
first renal 
m anifesta­
tion and 

death

Since the 
first m ani­
festation of 

SLE

Since the  
first renal 

m anifes­
ta tio n

$ 26 26 36
(16 64)

37
(14 69)

4 3 8 6
S 10 7 41

(2 8 -6 7 )
30

(1 7 -5 5 )

W e have fo u n d  th a t  1) m assive-dose “ im m u n o su p p ressiv e”  co rtico id  
th e ra p y  reduced  th e  incidence o f n e p h ro p a th y  in  th e  course of S L E , an d
2) s te ro id -re s is ta n t nephrosis  is responsive to  su itab le  c y to s ta tic  d rugs in  th e  
m a jo rity  of cases, to  th e  degree o f full rem ission , an d  possib ly  even o f a p e r­
m a n e n t cure.

Since 1953, 36 o f th e  80 p a tie n ts  w ith  lu p u s  n e p h ro p a th y  d ied , 33 re ­
m ain ed  un d e r our co n tin u o u s co n tro l an d  th e  fa te  o f 11 is unknow n . M ost p a tie n ts  
are  y o u n g  fem ales. In  th e  fa ta l cases, m ean  su rv iv a l a f te r  th e  f irs t  m an ifes­
ta tio n s  o f  SL E  was 4 y ea rs  and  a f te r  tho se  of n e p h ro p a th y , 3 years. In  a n u m b e r  
o f cases n e p h ro p a th y  w as d em o n strab le  a t  th e  tim e  of th e  f irs t m a n ife s ta tio n s  
o f S L E . F o r th e  su rv iv o rs , th e  respective  tim es  co rrespond  to  8 a n d  6 y e a rs  
(T able  I I ) ;  up to  1968, su rv iv a l in th is  group w as tw ice  as long as in  th e  fa ta l  cases.

T hese fac ts  c learly  show  th a t  in ten siv e  ste ro id  th e ra p y  is a p t  to  b rin g  
th e  process to  a h a lt , an d  su p p lem en ta ry  c y to s ta tic  th e ra p y , to  in d u ce  fu ll 
rem ission  (T able I I ) .
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I t  w as ch iefly  in  th e  nephrosis  sy n d ro m e  w here  c y to s ta tic  th e ra p y  elicited  
a  p r o m p t  response. E v e n  in  cases of m a jo r se v e rity , m ark ed  b y  e x ten s iv e  oede­
m a , p o ly u ria , o ften  b y  iso s th en u ria  an d  b y  n o n -p ro te in  n itro g en  levels over 
60 m g  p e r  100 m l, th e  e ffec t o f a d e q u a te  doses w as m an ifest in  th re e  w eeks. 
R e c o v e ry  o f c o n c e n tra tio n  c a p a c ity  an d  re lie f  o f oedem a ensued ; p ro te in u ria  
re s p o n d e d  less re a d ily .

Table II I

Treatment and mean survival in fa ta l cases o f lupus-nephropathy

T reatm ent N um ber of 
cases

Mean survival 
(years)

1 Sporadic adm inistration of corticosteroids in small 
doses (40 mg daily) +  antim alarial drugs 19 2.5

2 Long-term adm inistration  of corticosteroids in large 
doses (50 mg daily) 10 6.0

3 Corticosteroids (40 mg daily) -f- 6-MP (50 to  100 mg 
daily) 5 17 3.5 5.0

4 Corticosteroids (60 mg daily) -f- 6-MP (50 to  150 mg 
daily) 2 5.5

I f  th e  36 le th a l cases o f lu p u s n e p h ro p a th y  are  g ro u p ed  acco rd in g  to  
sc h e d u le s  o f t re a tm e n t, i t  is found  th a t  ev en  here  th e  longest su rv iv a l was 
e n s u re d  b y  im m u n o su p p ressiv e  th e ra p y . A t f irs t , th is  t r e a tm e n t  w as confined  
to  s te ro id -re s is ta n t cases o f  u tm o s t se v e rity . T herefo re , th o u g h  su rv ivals  
in  th e  series of c y to s ta tic  th e ra p y  (T able I I I ,  g roups 3 — 4) h av e  n o t y e t  reached  
th o s e  in  group 2 w h ere  no such  th e ra p y  h a s  been  used , th ese  re su lts  m u s t be 
n o n e  th e  less ra te d  as exce llen t, since b efo re  th is  th e ra p y  th e  o u tco m e o f these  
c a se s  w as hopeless, d e a th  in e v ita b ly  ensu in g  w ith in  a few  m o n th s . T h e  resu lts  
m ig h t  h a v e  been s till b e t te r ,  h ad  c y to s ta tic  t r e a tm e n t been in s t i tu te d  earlier.

U raem ia  has re m a in e d  th e  p re v a le n t cause  o f d ea th  in  lu p u s n e p h ro p a th y , 
a t  le a s t  in  th e  p re sen t m a te r ia l (Table IV ).

T ab le  У sum s u p  th e  re su lts  in  33 p a tie n ts  w ith  lupus n e p h ro p a th y  being 
u n d e r  close follow -up. A n tim a la ria l d rugs alone failed  to  b rin g  b e n e fit. F u ll re ­
m iss io n  w as o b ta in ed  on m assive-dose lo n g -te rm  ste ro id  th e ra p y  in  8 an d  by  
s te ro id  -f- c y to s ta tic  th e ra p y , in  11 cases. T h o u g h  sporad ic  sm all-dose stero id  
th e r a p y  too  h ad  o ften  a fav o u rab le  in flu en ce  on vario u s, even on  severe, 
sy s te m ic  m an ifesta tio n s o f S L E  o th e r th a n  n e p h ro p a th y  (group 2), th e se  re ­
s u lts  a re  fa r  from  th o se  ach ieved  b y  m assive-dose  im m u n o su p p ressiv e  s te ­
ro id  th e ra p y , and  if  even th is  p roves in a d e q u a te , cy to s ta tic s  s till o ffer th e  
c h a n c e  o f full rem ission .
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Since 1963 we have  p resc rib ed  c y to s ta tic s  in  au to im m u n e  n ep h ro sis  if
1) th e  response to  ste ro id s  w as n o t sa tisfac to ry ; 2) s te ro id s  had  to  he d iscon­
tin u ed  ow ing to  seco n d a ry  effects.

Table IV
Causes o f death in the fa ta l cases o f lupus nephropathy

Cause of <leat.li N um ber o f cases

Uraemia 26
H eart disease 8
Apoplexy 1

Septicaemia 1

Total 36

Table V
Patients with lupus nephropathy under follow-up . Treatment and results

Group Therapy Full re­
mission

Incom plete
remission

P artial
effect

No effect T o ta l

l . A ntim alarial agents 2 2

2. Corticosteroids, 40 mg 
(sporadic)

daily
l 1 2 3 7

3. Corticosteroids, SO mg 
(long-term)

daily
4 4 1 9

* *
4. Corticosteroids, 50 mg daily 3 ** 3 ** — 6

cytostatic agents * *

5. Corticosteroids, 60 mg 
-f- cytostatic agents

daily *
2 *

*
* * *

*
2 **

*
2 * 9

Total 10 11 4 8 33

* 6-MP, 50 to 100 mg daily, by m outh 
** Cyclophosphamide, 200 mg daily, by mouth 

*** Azathioprine, 50 to 100 mg daily, by mouth

T he response  to  s te ro id s  w as poorest in  p a t ie n ts  w ith  chronic g lom er­
u lo n ep h ritis . T he n ep h ro tic s  re sp o n d ed  fav o u rab ly  to  s te ro id s  b u t th e  p resence  
o f iso s th en u ria  seem ed to  c o n tra in d ic a te  th e ir  use .

As a re su lt o f ou r o b se rv a tio n s  we h av e  a d o p te d  th e  follow ing rules, 
(a) I f  m assive-dose s te ro id  th e ra p y  had  failed to  b r in g  an y  fav o u rab le  change 
in th e  renal cond itio n  in  4 w eeks or (b) if  s te ro id s  w ere poorly  to le ra te d , or 
(c) if  th e re  w ere signs o f p rog ression  despite  s te ro id  th e ra p y , or th e  co n d itio n  
had  been v e ry  po o r from  th e  v e ry  o u tse t (a s th e n u ria , o liguria , increase in N P N ),
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s te ro id - tre a tm e n t w as d isco n tin u ed  or red u ced  to  th e  lim its  o f to le ra b ility  
a n d  c y to s ta tic  th e ra p y  w as in s t i tu te d  u n d e r  close superv ision  o f th e  blood 
c o u n ts .

A  m odera te  leu k o p en ia  does n o t y e t c o n tra in d ic a te  c y to s ta t ic  th e ra p y , 
s in ce  th is  seems to  b e  co n n ec ted  w ith  th e  au to im m u n e  m ech an ism  o f th e  
d ise a se  itse lf  and  m a y  be  o ften  associa ted  w ith  n e p h ro p a th y  o f  th is  k ind . 
P a ra d o x ic a l  th ough  i t  m a y  seem , i t  is n o n e  th e  less c o n s is te n t w ith  th e  
a u to im m u n e  m echanism  t h a t  c y to s ta tic  t r e a tm e n t  m ay  re su lt in  a te m p o ra ry  
r ise  o f  th e  leukocyte  c o u n t.

I f  th e re  is no o b stac le  to  th e  use o f c y to s ta tic s  in  a d e q u a te  doses, in  th e  
n e p h ro s is  syndrom e a fa v o u ra b le  response m a y  be expec ted  w ith in  3 or 4 
w eek s . T h e  response is d o se -re la ted  w hich  im p lica tes  th a t  th e re  m a y  b e  a need 
fo r  h ig h  doses carry in g  serious h aza rd s  to  haem opoiesis. T he v u ln e ra b ili ty  of 
t h e  b lood-form ing  sy s te m  show s w ide in d iv id u a l v a ria tio n s . I f  leukopen ia  
d e v e lo p s , tre a tm e n t is d isc o n tin u e d  fo r a tim e  an d  resum ed  w ith  som e o th e r 
c y to s ta t ic  drug. I f  th is  to o  causes leu k o p en ia , we h av e  to  co m p ro m ise  on th e  
d o sa g e  b y  resum ing t r e a tm e n t  w ith  to le ra te d  doses a fte r th e  r e s t i tu t io n  of th e  
b o n e  m arrow .

As to  the incidence of spontaneous remissions in SLE, we had a single case in our 
en tire  series of 250 patien ts. T he p a tien t had been u nder trea tm en t for nephrosis of extreme 
sev e rity  20 years before th e  detec tion  of SLE a t  the  F irs t D epartm ent of M edicine in  B uda­
p e s t an d , being given up as hopeless, discharged home where she made a spontaneous recovery 
in  ab o u t ha lf a year and rem ained sym ptom -free un til th e  mid-fifties. She was th e n  adm itted 
fo r polysystem ic SLE w hich had  m ade its appearance a t th a t  time. A fter a course of steroid 
th e ra p y , full remission ensued. T he diagnosis of SLE was based on the typ ica l skin manifes­
ta tio n s  and  on the dem onstration  of th e  LE-cell phenom enon. A subsequent recurrence, asso­
c ia ted  th is  tim e w ith pro te inu ria , though  in  th e  presence of normal renal functions, was also 
fo u n d  to  respond to conventional steroid therapy . T hus, according to  our experience, the 
incidence of spontaneous rem ission of th e  typical syndrom e in adults is a t m ost 1%  (1 in 80).

T h e  au to im m une re n a l m an ife s ta tio n  co n fined  to  p ro te in u ria  show s wide 
f lu c tu a t io n s  even in  th e  sam e  in d iv id u a l. I so la te d  p ro te in u ria  m a y  persist 
fo r  lo n g  years w ith o u t dev e lo p in g  in to  nep h ro sis  w ith  h y p o p ro te in a e m ia  and 
o e d e m a  or affecting re n a l fu n c tio n s . In  o th e r  cases, p e rs is te n t p ro te in u ria  is 
a s so c ia te d  w ith  a g ra d u a l im p a irm e n t of re n a l functions w hile  p reserv in g  
i ts  d r y  charac ter, i.e . th e r e  is no nep h ro sis-sy n d ro m e m a rk e d  b y  oedem a. 
R e n a l  lesions associa ted  w ith  iso la ted  p ro te in u ria  w ith o u t o ed em a  h a rd ly  
e v e r  re sp o n d  to  im m u n o su p p ressiv e  th e ra p y , a t  le a s t n o t w ith in  th e  u su a l 3 or 
4 w eek s  in  a m anner to  be  a t tr ib u ta b le  to  th e  d rug  an d  n o t to  a sp o n tan eo u s 
re m iss io n .

T h e  various c y to s ta t ic  d rugs seem  to  a c t in  a d ifferen t m a n n e r  on the  
d iv e rse  m an ifesta tions o f  th e  au to im m u n e  diseases and  even  on th e  au to im ­
m u n e  reactions d irec ted  a t  p a r tic u la r  tis su e  co n stitu en ts . I n  o th e r  w ords, 
th e s e  d ru g s m ight be co n sid e red  to  h av e  in d iv id u a l a c tiv ity  sp e c tra  [8]. This 
m a k e s  i t  our ob jective to  se lec t th e  a p p ro p ria te  c y to s ta tic  fo r a g iv en  ty p e  of
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au to im m u n e  disease, i.e. th e  com pound e lic iting  an  op tim u m  response in  th a t  
p a r tic u la r  process in  doses s till harm less to  th e  b one  m arrow  or w ith o u t an y  
o th e r adverse effect.

F o r such reasons, in  au to im m u n e  n e p h ro p a th ie s  of th e  “ p rim a ry  n e p h ro ­
sis”  or “ N ep h ritis  m it neph ro tischem  E in sc h la g ”  ty p es 6 -m ercap to p u rin e  
(6-M P or aza th io p rin e ) shou ld  be p rescribed  f irs t . F a ilu re  of th e  m ax im u m  
to le rab le  doses to  b rin g  a b o u t any  convincing  im p ro v em en t in  3 to  6 w eeks 
m akes it  w a rra n ta b le  to  change over to  cy c lo p h o sp h am id e  or, possib ly , to  
ch lo ram bucil a f te r  a tre a tm e n t- f re e  in te rv a l. 6-M P h as v e ry  little , if  a n y , in f lu ­
ence on th e  v a rious o th e r  system ic  m an ife s ta tio n s  o f S L E , th ere fo re  i t  shou ld  
alw ays be given in  co m b in a tio n  w ith  p redn iso lone  in  po lysystem ic  sy ndrom es 
invo lv ing  an im m u n e  (or au to im m une) genesis.

T he m a jo r h az a rd s  of c y to s ta tic  th e ra p y  a re  an  irreversib le  d am ag e  to  
th e  bone m arrow  an d  a loss of resistance  to  in fec tio n s. T he la t te r  m a y  be 
b ro u g h t u n d e r co n tro l b y  th e  use of an tib io tic s . In te rc u r re n t  in fection  a c c o u n t­
ed for no  fa ta li ty  in  o u r m a te ria l. W e a re  n o t  in  favour o f a p re v e n tiv e  
ad m in is tra tio n  o f a n tib io tic s  in  im m u n o su p p ressiv e  th e ra p y . T hese ag en ts  
should be reserved  fo r th e ra p e u tic  use in th e  p resen ce  o f an  in fec tive  process 
an d  should  be d irec ted  a t  th e  in fective ag en t. (R ad io log ica l ev idence o f  tu b e r ­
culosis, even th o u g h  o f “ in a c tiv e ”  ap p ea ran ce , req u ires  a sim ilar a tt i tu d e .)  
Tn view  of a possible b one  m arrow  in ju ry , th e  lines o f tre a tm e n t are  en tire ly  
d iffe ren t from  tho se  to  be follow ed in leukaem ia . W hile for in stan ce  in m yelo id  
leukaem ia  a fall o f th e  leu k o cy te  coun t even below  1000//Л is generally  no  cause 
for m a jo r concern , in au to im m u n e  diseases th e  lim it  o f  drug -induced  leu k o p en ia  
should  never be below  3000 //1. A fall o f th e  leu k o cy te  cou n t to  th is  level 
requ ires th e  suspension  o f tre a tm e n t un til a c o u n t o f 3500 to  4000//Л has been 
su rpassed .

T he follow ing tw o  cases are  illu s tra tiv e  o f  the. effects of c y to s ta tic  th e ra p y .

Case 1. K. K.., a 60-year-old female, w ith a long history  suggestive of autoim m une 
disease, was adm itted  on 13 M arch, 1962 for typical nephrosis w ith generalized oedema having 
made its appearance two m onths earlier. She was oliguric, isosthenuric, daily average protein 
excretion was 7 g, serum  protein concentration less th an  5 g per 100 ml, creatinine clearance 
22 ml/m in, N PN  77 mg per 100 ml. The only sym ptom  of SLE was a transitory positiv ity  of 
the LE-cell phenomenon. D espite corticoid therapy she steadily  went downhill, w ith  deterio­
ration of the laboratory  results. E levation of the steroid doses failed to halt progression (NPN 
112 mg per 100 ml, leukocytes 2200//Л). At this ju n c tu re , she was started  on 6-MP adm in­
istered in doses of 50 rng daily , in  combination w ith prednisolone 30 mg daily. The response 
produced in three weeks was dram atic. Diuresis increased, th is was followed by the disappear­
ance of oedema, a rise in G FR  and the norm alisation of N PN. As a preventive measure, 
6-MP was given in the same doses for another 10 weeks. Full remission w ith freedom  from 
any renal disturbance ensued [6]. Four years later there  was a recurrence of nephrosis, p ro­
teinuria and oedema having appeared within three weeks in the presence of a fairly good con­
centration  capacity. On being given again 6-MP in doses of 100 mg daily, full rem ission ensued 
by the end of the second week. A t the last follow-up the p a tien t displayed no abnorm ality  
apart from a hepato-splenom egaly which had been present before. Renal functions were nor­
mal, the urine contained neither protein, nor casts or o th er abnorm al elements, the specific 
gravity  was 1021 (Fig. 1).
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Mrs. К.К.бОу. , ry L.E.positive 
Dg-SLE 100„r
( fo r  13 yrs.)

NPN=77tng

Cr. clearance 
22ml/min.

1962111/13 III./23 IV./3

60m9 p ^ 5 0 m a  PURINETHOL^^  
P R E D N I S O L O N  30 mg

HEPATO-
SPLENOMEGALY

IV./27 V./17 VI/20 1969 V.
a.:++++ spec, grav.: 1021

protein excretion 7g/24h 8g/24h 2g/24h 0,2g/24h . a ; ne9-
urine 200-300 ml/24h 1000ml/24h 1000-1500ml/24h sed im en t'n eg

Fig. 1. Case report of Mrs K. K ., 60 years old. (N PN  =  N on-protein N)

T he n ex t case proves the inform ative value of th e  variations in  the com plem ent level 
and  th e  dose-response relationship of cy tostatic  therapy  (Fig. 2). Having been firs t seen in 
1969, th is  p a tien t does not belong to  th e  1953/68 series.

Case 2. M. T., a 24-year-old fem ale, had been suffering from various m anifestations of 
SL E  fo r th e  last four years. P resen ting  w ith  fever, pericarditis, arthralgia, pu rp u ra , lym ph­
ad en itis  on an  earlier admission, she responded to  appropriate  therapy  w ith  full remission

U.ispec. orav.: 1020 
J a.: neg. 

urinary 
sediment: neg.

a.:+++ a.: neg.
urinary urinary
sediment: HAEMATURIA sedimentmeg. 
pr.otein
excretion : 1,5g/24hr

Fig. 2. Case report of Mrs M. T. 24 years old, w ith SLE. Serum com plem ent level in  per­
centage of the norm al value
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Readm ission on February 14, 1969, for arthralg ia , fever and purpura of recent origin. The urine 
was norm al bu t the serum com plem ent ti tre  a tta ined  only 25% of the norm al value. The LE- 
cell phenom enon was negative. On prednisolone trea tm en t the condition im proved b u t the 
serum  com plem ent level continued to decline. T reatm en t was then combined w ith  6-M P ad­
m inistered in doses of 50 mg daily. E igh t days la te r a fu rth er fall in the serum  com plem ent 
level to  1/16 of the norm al values was noted in association w ith proteinuria, haem atu ria  and 
oedema. The dose of 6-MP was raised to  150 mg daily , to  be reduced to  100 mg upon the 
first signs of im provem ent. As a result, the  serum  com plem ent level a tta ined  norm al values 
and th e  proteinuria and the haem aturia  disappeared (Fig. 2). This case is particu la rly  illus­
tra tiv e  of the inform ative value of the serum  com plem ent level confirmed in  o ther cases, 
too. A fall in  th is level provides a signal for the in tensification  of therapy. W hether th e  adm in­
istered  am ounts of corticoid or those of cy tostatic  drugs known for their suppressive effect 
on autoim m une reactions have been inadequate, elevation of their doses over the threshold  may 
still resu lt in a prom pt response.

D iscussion

G eneral accep tance  o f  th e  c y to s ta tic  ag en ts  fo r im m u n o su p p ressiv e  th e r ­
a p y  w as a slow process, p a r tic u la r ly  before  1964 [2, 3]. T hough , p e rso n a lly , 
we h a v e  been  adv o ca tin g  th e  use o f th ese  d rugs in au to im m une  n e p h ro p a th y  
ev er since 1962, giving due co n sid e ra tio n  to  th e ir  h azards, i t  w as a long  tim e  
b efo re  an y  th e ra p e u tic  a t te m p t  o f  th is  k in d  w as u n d e rta k e n . T h is m a y  have 
been  due  to  th e  v e ry  n a tu re  of S L E  an d  to  its  responsiveness to  in d iv id u a l 
d ru g s. A considerab le  tim e  h a d  to  e lapse befo re  we have recogn ized  t h a t  th e  
effec ts o f th e  various c y to s ta tic  ag en ts  d iffer in  c h a rac te r  an d  in  degree, no t 
on ly  as reg a rd s  th e  lesions o f d iffe ren t loca liza tion  b u t also lesions o f d iffe ren t 
ty p e s  a ffec ting  th e  sam e o rgan . I t  is, th e re fo re , a m istake  to  re ly  on a single 
a g en t in  th e  belief th a t  i t  w ould a c t in th e  sam e m an n er on all p rocesses of 
im m uno log ica l pa thogenesis , regard less o f ty p e  or localization . F o r  in s tan ce , 
in  1949, we h ad  been p ro m p te d  b y  th e  fav o u rab le  o b se rva tions o f  Ch a s i s , 
Go l d r i n g  an d  B a l d w i n  [1] w ith  n itro g en  m u s ta rd  in  g lo m eru lo n ep h ritis  
to  s tu d y  th e  effect o f m a n n o m u stin  in  S L E ; th is  t r ia l  w as, how ever, a fa ilu re . 
S ince th e  acu te  p o lysystem ic  sy n d ro m e of S L E , in its  ex trem e  d iv e rs ity , 
re p re se n ts  a consisten t e n ti ty , n o th in g  could  be  m ore ill-founded  th a n  th e  
b e lie f th a t  a single d rug , p ick ed  o u t a t  ran d o m  fro m  th e  w ide ran g e  o f  c y to s ta tic  
a g e n ts , m u s t necessarily  ach ieve fu ll con tro l o f th e  en tire  sy n d ro m e . F a ilu re  
o f rea liz in g  th is  in ev itab ly  ends in  d isa p p o in tm e n t an d  leads to  th e  v iew  th a t  
“ c y to s ta tic  th e ra p y ”  (u n d ersto o d  in  a genera l sense, no d is tin c tio n  b e in g  m ade) 
is “ m ere ly  o f academ ic in te re s t , to x ic , an d  its  v a lu e  has y e t to  he  e s ta b lish e d ”  
[3]. I n  th e  lig h t o f our o b se rv a tio n s , g en era liza tio n s of th is  k in d  a re  n o t  o n ly  
e rro n eo u s b u t  also h arm fu l.

In  recen t tim es, p a ra lle l w ith  th e  sp read  of renal t r a n s p la n ta t io n s , it 
is b e in g  increasing ly  realized  th a t  “ im m u n o su p p ressiv e”  t r e a tm e n t  ap p lied  
in  tim e  an d  in  an ad eq u a te  m an n e r, m ay  ensure  success in  au to im m u n e  n e p h ro ­
p a th y . T hus th e  use of th e se  d rugs shou ld  be tr ie d  w ith  skill in all im m u n e  
p rocesses d e s tru c tiv e  to  th e  k id n ey  so as to  avo id  th e  necessity  of in te rm it te n t  
h aem od ia lysis  or of renal t ra n s p la n ta t io n  [9].
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SODIUM AND WATER EXCRETION IN DOGS 
WITH RENOVASCULAR HYPERTENSION
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Chronic hypertension was induced in dogs by complete ligation of one renal 
artery ; in earlier studies th e  condition proved suitable for an experim ental model of 
hum an renovascular hypertension. The present study  was concerned w ith  sodium and 
w ater excretion in  dogs w ith  renovascular hypertension induced in this m anner. U nder 
basal conditions, i.e. w ithout loading, the anim als exhibited  norm al fluid and electro­
ly te  excretion, either in th e  original norm otensive or in  the induced hypertensive sta te , 
during the entire observation period of 360 days. On loading w ith electrolytes and 
w ater excretion significantly diverged from th a t recorded in the norm otensive state. 
I t  is suggested th a t the enhanced production of renin-angiotensin, or ra th e r its  direct 
inhibitory effect on tu b u la r reabsorption, is the p rim ary  cause of the increased loss 
of sodium and w ater in renovascular hypertension.

In  earlier s tu d ies  ( F e k e t e , 1957, 1970) th e  co m p le te  co n stric tio n  o f one 
ren a l a r te ry  w ith  an  in ta c t  o th e r  k idney  w as show n to  be follow ed b y  chronic  
a r te r ia l h y p erten sio n  in  th e  dog. T he cond ition  w as ch a rac te rized  b y  a slow 
d e te rio ra tio n , th o u g h  no com plete  fa ilu re , of ren a l fu n c tio n , lead ing  to  sp o n ta n e ­
ous d e a th  of th e  an im als w ith in  a period  of v a riab le  len g th . W e h av e  th u s  been 
ab le  to  p roduce an ex p e rim en ta l m odel w hich in resp ec t o f its fu n c tio n a l and 
m orphological c h a rac te rs  m ay  be regarded  as re p re se n ta tiv e  o f ren o v ascu la r 
h y p e rten s io n  in m an . T h e  m odel m ay  claim  th e  a d v a n ta g e  of allow ing to  s tu d y  
ren o v ascu la r h y p erten s io n  in th e  dog and , in v iew  o f th e  fac t th a t  th e  k id n ey  
w ith  th e  co n stric ted  a r te ry  ceases to  fu n c tio n  in 3 to  4 m o n th s, its  responses 
re fle c t th e  cond ition  o f th e  “ u n a ffec ted ”  c o n tra la te ra l  k idney .

I t  is generally  know n th a t  ren o v ascu la r h y p e rte n s io n  is asso c ia ted  w ith  
d is tu rb an ces  of th e  flu id  an d  e lec tro ly te  m etabo lism  (G rollman  an d  S h a p i r o , 
1953; P ic k e r in g , 1968), in  p a r tic u la r  w ith 1) an  ab n o rm a l re te n tio n  o f sodium  
an d  w a te r  in th e  tissu es ; 2) an  enhanced  excre tion  o f A D H ; and  3) an  increased  
sod ium  and w a te r  ex c re tio n  b y  th e  k idney .

T he p resen t s tu d y  has been concerned w ith  som e p a ram e te rs  o f th e  flu id  
and  e lc tro ly te  ba lan ce  in ren o v ascu la r h y p e rte n s io n  induced  b y  co n stric tio n  
of one renal a r te ry . D urin g  th e  en tire  360-day perio d  of o b se rv a tio n  th e  dogs 
w ith  induced  h y p e rten s io n  as com pared  w ith  th e ir  orig inal n o rm o ten siv e  
s ta te  1) exh ib ited  no m a jo r  a lte ra tio n  of th e  basa l sod ium  and  w a te r  ex cre tio n ;
2) b u t did so u n d e r th e  effect o f sodium  and  w a te r  load ing .
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M ateria l and m ethods

In  adu lt female dogs u n d e r pen tobarb ita l anaesthesia and sterile conditions from the 
p a raco s ta l approach the renal a r te ry  of one side (if p resent, also the accessory renal branches 
of th e  ao rta ) was ligated a t  its  origin, the  wound was closed, and perineotom y was perform ­
ed. M ean arterial pressure was m easured in the fem oral arte ry  w ith a m ercury  m anom eter 
p rio r to  th e  intervention and a t  2 0 -to 30-day in tervals postoperatively, invariab ly  in  th e  alert 
s ta te  of th e  animals these having been fam iliarized w ith  th e  procedure.

1. Basal water and sodium  excretion. Urine was collected w ith  a ca th e te r and blood 
sam ples were w ithdraw n from  six a le rt dogs accustom ed to  the procedure, in th e  norm otensive 
s ta te  p rio r to  ligation and in  th e  hypertensive sta te  consequent upon it, a t in tervals of 40 days, 
each tim e  during 2 to 3 successive periods of 20 to  30 min. The anim als were fasted  before each 
s tu d y  fo r 16 hrs. b u t were allowed w ater ad libitum .

2. Water and sodium loading. A fter the control values had been established, a) tepid 
ta p  w a te r was adm inistered b y  th e  oral route in  an am oun t corresponding to  3%  of body 
w eigh t; b) a 5% NaCl solu tion  was adm inistered by  th e  in travenous rou te  in  an am ount 
corresponding to 1% of body w eight. U rine was collected and venous blood sam ples were w ith­
d raw n  a t  30 m inute in tervals on 5 occasions (5 tim es 30 min. =  150 min). The investigations 
inc luded  m easurem ent of h em atocrit, endogenous creatinine and sodium concentration  in 
serum  and  urine. An in terval of a t  least 4 days was observed betw een the w ater and  salt loading 
te s ts . In  th e  course of the 360-day period of observation, a  to ta l of 9 w ater and sa lt loading tests 
w as perform ed.

T he animals were k ep t on stan d ard  food supplem ented by k itchen  scraps. W ater and 
sodium  in take  by the food showed little  variations owing to  the standard  conditions of the 
diet.

F o r  the calculation of endogenous creatinine clearance, sodium and w ater excretion, 
th e  diuresis per m inute was referred  to  sq.m, body surface derived from body weight. T he 
resu lts  w ere evaluated by th e  t te s t (F is h e r  1946).

R esults

B asa l values, i. e. th o s e  o b ta in ed  w ith o u t lo ad ing , are  su m m arized  in 
T a b le  I .  As contro l v a lu es , th e  re su lts  of 11 te s ts  p e rfo rm ed  in  6 dogs w ere 
u se d . I n  th e  successive s ta g e s  o f h y p e rten s io n , th e  “ p a th o lo g ica l”  b a sa l values 
h a v e  b e e n  derived  fro m  a p p ro x im a te ly  th e  sam e n u m b e r o f an im als .

I n  th e  course o f th e  o b se rv a tio n  perio d  o f 360 days, b lood  p re ssu re  was 
s ig n if ic a n tly  (p <  0.001) h ig h e r, u r in a ry  o u tp u t  a n d  sodium  e x c re tio n  w ere 
also  h ig h e r  a lthough  n o t  s ig n if ic a n tly  d iffe ren t fro m  th o se  o f th e  n o rm o ten siv e  
c o n tro ls , owing to  th e  w id e  s c a tte r  of th e  fig u res . E ndo g en o u s c rea tin in e  
c le a ra n ce  show ed a s ig n if ic a n t decline d u rin g  th e  h y p e rten s iv e  s ta te , serum  
c re a tin in e  and  sodium  levels rem a in ed  u n ch an g ed .

D u rin g  th e  360-day  o b se rv a tio n  perio d  w a te r  load ing  w as fo llow ed b y  
w a te r  d iu resis all th ro u g h o u t, a tta in in g  its  p e a k  in  60 to  90 m in. in  b o th  n o rm o ­
te n s iv e  a n d  h y p erten siv e  an im a ls  (F ig. 1). T h e  co n tinous h eav y  lin e  in  F ig . 1 
show s diuresis in  th e  c o n tro l co n d itio n  an d  th e  th in  lines re p re se n t w a te r 
d iu re s is  reg istered  in  th e  successive  stages o f h y p e rten s io n . In  th e  la s t-n a m e d  
c o n d itio n , th e  ascending  lim b s  o f th e  curves te n d e d  to  be s teep e r, th e y  w ere 
s h if te d  to  th e  left, o th e rw ise  th e ir  p a tte rn  w as s im ila r to  t h a t  of th e  con tro ls. 
B e y o n d  th e  260th d ay  o f h y p e rte n s io n  th e y  becam e f la t te r ,  as w a te r  excre tion  
w as p ro tra c te d . In  F ig . 2, w here  th ese  re la tio n sh ip s  are show n, to ta l  w a te r

Acta Medica Academiae Scientiarum Hungaricae 28, 1971



SODIUM AND WATER EXCRETION 109

min
Fig. 1. W ater diuresis in  six norm otensive dogs (control, continuous heavy line) and  in 
the same anim als in the successive stages of hypertension (th in  lines). The figures beside the 

graphs refer to  the respective day  a fte r  ligation
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Fig. 2. W ater ou tpu t expressed in per cent of in take. N orm otensive controls continuous 
heavy line; successive stages of hypertension thin lines. The figures beside th e  graphs 

refer to  th e  respective day a fte r ligation.
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Table I
Parameters in six dogs under basal conditions, i. e. without loading.

num ber of 
measure­

ments

blood pressure 
m m H g V ml/min ^creat ml/min

norm otensive control 11 13 5 ± 3 0.39+0.06 47 ± 4
hypertensive  40— 60 day 12 17 5 ± 5 0.58±0.15 4 5 ± 7
hyp erten siv e  80—100 day 12 180 ± 5 0.65±0.16 45 ± 6
hypertensive  120 —140 day 14 175 ± 4 0.68±0.12 34 ± 4
hypertensive  160 — 180 day 12 1 7 5 ± 3 0.73±0.12 41 ± 4
hypertensive  200 — 220 day 10 1 7 0 ± 5 0.50±0.09 41 ± 5
hypertensive  240—260 day 12 175 ± 4 0.67 ±0.20 39 ± 5
hypertensive  280—300 day 12 1 7 0 ± 5 0.69 ±0.27 4 0 ± 2
hypertensive  320—340 day 12 1 7 0 ± 3 0.85±0.33 37 ± 4
h ypertensive  360—380 day 10 1 7 0 ± 3 0.34±0.10 35 ± 5

o t i tp u t  in  150 m in is ex p ressed  in  p e r c e n ts  o f  w ate r in tak e . W h ile  in  th e  
n o rm o te n s iv e  s ta te  w a te r  excre tion  (h eav y  line) corresponded to  8 0 %  o f th e  
in ta k e ,  in  th e  h y p e rte n s iv e  s ta te  th e re  w as a declining te n d e n c y  a n d  w a te r  
o u t p u t  on  th e  280th  d a y  w7as m erely 65%  (p <  0.02); on th e  3 20 tli d a y , 68% ; 
(p  0 .01); and  on th e  3 6 0 th  day , 64%  (p  <7 0.001).

S a lt  loading co n sis ted  in  th e  slow in tra v e n o u s  a d m in is tra tio n  o f  a  5%  
s a lin e  so lu tio n  (800 to  840 m Eq/1) in  an  a m o u n t corresponding to  1 %  o f body  
w e ig h t , to ta llin g  a p p ro x im a te ly  80 to  120 m E q  sodium  and  100 to  150 ml 
w a te r .  T ak in g  th e  a m o u n t ad m in is te red  as 1 0 0 % , i t  was found t h a t  4 4 %  o f th e  
s o d iu m  a n d  157%  of th e  w a te r  ad m in is te red  w ere  excreted  w ith in  150 m in u tes  
in  t h e  no rm otensive  s ta te  (contro l p e rio d s), as rep resen ted  b y  th e  heavy

Table II

Renal parameters registered during 150 m in after loading with 5% saline in  normotensive

—
number 
of meas­

ure­
ments

0’
contro l

30’ 60’ 90’ 120’ 150’

n о г m  о t e n  s i V e

^ c r e a t ml/min 6 47 ± 8 64±14 67 ± 8 71 ± 7 76± 12 84± 10

^ N a m Eq/m in 6 150 ± 2 165 ± 4 164 ± 4 161 ±  2 157 ± 3 153± 2

^ l o a d 6 7.1 10.6 11.0 11.4 11.6 12.9

V ml/min 6 0.39 ± 0 .05 2.27±0.84 2 .36± 0 .43 2.56±0.36 2.26±0.42 2.12±0.36

^ N a  ' V  //Eq/m in 6 47 ± 9 452±193 534± 153 579 ±118 586±143 548 ±116

E /F per cent 6 0.7 4.3 4.9 5.1 5.1 4.3

R per cent 6 99.3 95.7 95.1 94.9 94.9 95.7
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in the normotensive state and in the successive stages o f induced hypertension (x  ±  sj)

SNa mEq/1 ^Na load 
mEq/niin U n » ' V /íEq/m in E /F  per cent R per cent Screat m P Per 100 ml

1 5 0 ± 1 7.1 0.047 ± 0 .0 0 9 0.7 99.3 0 .9 ± 0 .0 1
1 5 0 ± 1 6.8 0.071 ± 0 .0 2 9 1.0 99.0 0 .9 ± 0 .0 1
1 5 3 ± 2 6.9 0.085 ± 0 .0 2 2 1.3 98.7 1 .0 ± 0 .0 1
147 ± 1 5.0 0 .0 6 8 ± 0 .0 1 4 1.4 98.6 0 .9 ± 0 .0 2
148 ± 1 6.1 0 .0 7 8 ± 0 .0 1 3 1.3 98.7 0.9 ± 0 .0 1
150 ± 1 6.2 0 .0 5 9 ± 0 .0 1 7 1.0 99.0 0.9 ± 0 .0 1
1 4 8 ± 2 5.8 0.075 ± 0 .0 2 5 1.3 98.7 0.9 ± 0 .0 1
150 ± 2 6.0 0.057 ± 0 .0 1 8 1.0 99.0 0 .9 ± 0 .0 1
152 ± 2 5.3 0.052 ± 0 .021 1.0 99.0 0.9 ± 0 .0 1
1 5 0 ± 1 5.3 0.050 ± 0 .0 2 0 0.9 99.1 1.0 ±0 .01

lines in  F ig . 3. In  th e  successive stages o f h y p erten sio n , sod ium  a n d  w a te r 
ex c re tio n  (th in  lines) a f te r  load ing  increased  s tead ily  d ev ia tin g  s ig n ifican tly  
fro m  th e  con tro ls, i. e. co rresp o n d in g  fo r so d ium  to  69%  (p <7 0.1) betw een  
th e  80 th  and  100th days, to  70%  (p <C 0.1) b e tw een  160 and  180 d a y s , to  64%  
(p <  0.1) betw een  320 an d  340 day s; th e  va lu es  fo r w a te r ex c re tio n  w ere  234%  
(p <7 0.02) betw een  120 an d  140 days, 221%  (p <  0.1) be tw een  160 an d  180 
d a y s , 205%  (p <[ 0.1) b e tw een  320 and 340 days, an d  2 3 8 %  (p <T 0.05) 
b e tw een  360 an d  380 days.

T h e  con tinuous changes co n seq u en t u p o n  th e  a d m in is tra tio n  o f  a load 
o f 5 %  saline are show n in T ab le  I I .  O n th e  le f t side th e  m ean va lu es  a n d  d ev ia ­
tio n s  (x ih  Si) re la tiv e  to  six  n o rm o ten siv e  dogs are  seen, an d  on  th e  rig h t

and hypertensive dogs (x ±  sj.)

number 
of meas­

ure-

0’
control 30’ 60’ 90’ 120’ 150’

ments h y p e r t e n s i v e

^creat ml/min 54 40 ± 6 6 6 ± 8 61 ± 7 59 ± 7 5 6 ± 6 5 6 ± 4

^Na m Eq/m in 6 150 ± 1 165 ± 5 1 6 4 ± 4 161 ± 4 1 5 6 ± 4 151 ± 3

F|oad 54 6.0 11.0 10.2 9.5 8.8 8.5

V ml/min 54 0.68 ± 0 .1 4 3.86 ± 0 .5 3 3.27 ± 0 .1 6 3.31 ±0 .65 2.82 ± 0 .7 3 2.47 ± 0 .5 6

U Na ' V /Æ q/m in 54 66 ± 1 9 828 ± 141 8 2 0 ± 1 3 1 803 ± 120 6 8 0 ± 1 2 0 600 ± 1 0 3

E /F per cent 54 1.1 7.5 8.1 8.5 7.7 7.1

R per cent 54 98.9 92.5 91.9 91.5 92.3 92.9
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iod ium  excre tion  a f te r  lo a d in g  w ith  5%  N aC l (low er p a r t) ,  and  w a ter ex cre tio n  (u p p e r 
xpressed in  p e r c e n t  o f in ta k e . N o rm o ten siv e  v a lu e s  (C ontro l, co n tin u o u s heav y  
ues ob tained  in  th e  su ccess iv e  stages of h y p e rte n s io n , th in  lines). The fig u res beside 

th e  g ra p h s  re fe r  to  th e  resp ec tiv e  d a y  a f te r  liga tion

Medica Academiae Scienliarum  Hungaricae 28, 1971



SODIUM AND WATER EXCRETION I 13

side, th e  m ean  values an d  d ev ia tio n s  fo r th e  sam e dogs in  th e  h y p e rten s iv e  s ta te , 
on 9 occasions a lto g e th e r. T h e  values fo r endogenous c rea tin in e  c learance , d iu re ­
sis, an d  u rin a ry  sodium  c o n cen tra tio n  are  also show n. T he a m o u n t of sod ium  p re ­
sen ted  fo r f i ltra tio n  w as ca lcu la ted  on th e  basis of th e  fo rm u la  F Na =  Cp X Рыа» 
and  th e  am o u n t o f sodium  ex cre ted  w ith  u rin e , b y  th e  fo rm ula  Ема =  U Na X  V,

Fig. 4. Sodium excretion p lo tted  against the filtered load in the norm otensive (O) and hyper- 
tensive (# ) state. The regression coefficient of the two lines reveals a significant difference

(p <  0.02).

tu b u la r  sodium  ex cre tio n  an d  f iltra tio n  being  q u a n tita tiv e ly  expressed  in 
p e r cen ts  o f th e  filte red  sod ium  (E /F % , R % ). F ro m  T ab le  I I  i t  em erges th a t  
load ing  w ith  5 %  saline w as follow ed b y  an  increase  in  endogenous c rea tin in e  
c learan ce  and  also in  th e  serum  sodium  level; in  o th e r  w ords, th e  a m o u n t of 
sodium  ava ilab le  fo r th e  tu b u le s  increased  in b o th  th e  n o rm o ten siv e  an d  in 
th e  h y p e rte n s iv e  s ta te . H ow ever, a f te r  id en tica l load ings, u r in a ry  sodium  
ex c re tio n  was m ore, i.e. tu b u la r  reab so rp tio n  less, in th e  h y p erten s iv e  th a n  
in th e  n o rm otensive  s ta te .

T he regression coeffic ien t o f  th e  tw o lines rev ea ls  a s ta tis tic a lly  sign if­
ican t d ivergence (p <  0.02).
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D iscussion

R e n a l sodium  e x c re tio n  is th e  re su lt o f an  eq u ilib rium , exp ressed  by 
th e  e q u a tio n  Cp X Pp<a =  T Na -f- Т%а X V , w here  th e  le ft side rep resen ts  
th e  a m o u n t of filte red  so d iu m , i. e. th e  p ro d u c t o f serum  sodium  co n cen tra tio n  
a n d  o f  g lom erular f i l t r a t io n  ra te  (Ccreat), a n d  th e  r ig h t side, th e  to ta l  a m o u n t 
o f  so d iu m  reabsorbed  b y  th e  tu b u le s  (T Na) a n d  ex cre ted  w ith  u rin e  (U Na X V). 
A n  in c rea se  in u r in a ry  so d iu m  o u tp u t  m ay  re su lt from  an  e n h an ced  f iltra tio n  
a n d /o r  from  a d im in ish ed  tu b u la r  a b so rp tio n . O w ing to  m ethodo log ica l 
re a so n s , a sharp  se p a ra tio n  o f  th e  p a r ts  p la y e d  b y  th e  g lo m eru la r a n d  tu b u la r  
f a c to r s  is scarcely possib le  since o f th e  fa c to rs  o f th e  eq u a tio n  i t  is on ly  th e  
se ru m  sodium  level a n d  th e  u r in a ry  ex cre tio n  o f sod iu m  w hich  can  he  m easured  
re lia b ly , in  co n tra s t to  f i l t r a t io n , th e  m e a su re m e n t of w hich  invo lves well- 
k n o w n  d ifficulties ( B á l i n t  1969).

T h e  occurrence o f  f lu id  an d  e lec tro ly te  d is tu rb an ces  in  h u m a n  h y p e r­
te n s iv e  disease, th e ir  v a r io u s  clin ical ty p e s , a re  am p ly  d o c u m e n te d  in  th e  
l i te r a tu r e .  The o b se rv a tio n s  are , how ever, o ften  confusing  an d  th e  conclusions 
in c o n s is te n t. The a v a ilab le  d a ta  m ay  be g ro u p ed  as follows.

A ccording to  c e r ta in  au th o rs  (H o l l e y  e t al. 1951, Gr o l l m a n  and  
S h a p i r o  1953, D o n a l d  e t al. 1958, A l b e r t  e t al. 1958, T o b ia n  1960, etc.) 
se ru m  sodium  c o n c e n tra tio n  increases in  e x p e rim e n ta l h y p e rte n s io n  as well 
as in  h u m a n  h y p e rte n s iv e  d isease, w hile acco rd in g  to  o th e rs  (G r e e n e  and  
S a p i r s t e i n  1952, L e v i n e  e t  al. 1961, L e d in g h a m  1953 an d  o thers), it  
re m a in s  unaffected .

A t th e  basa l level, i.e . w ith o u t lo ad ing , e lec tro ly te  an d  w a te r  excre tion  
is n o t  d is tin c tiv e  of a n o rm o te n s iv e  or o f a h y p e rte n s iv e  s ta te  ( B ir c h a l l  e t al. 
1953 , T hompson  e t al. 1954), basa l sodium  ex cre tio n  ran g in g  b e tw een  52 an d  
63 /iE q /m in  in b o th  co n d itio n s  ( E i s in g e r  1966).

In  hyp erten siv e  d isease , u n d e r  th e  effect o f e lec tro ly te  or w a te r  loading, 
c e r ta in  d istu rbances o f e le c tro ly te  an d  w a te r  ex cre tio n  becom e m anifest. 
F o r  in s ta n c e , as n o te d  b y  Co tt ie r  e t al. (1958), w hile in  no rm o ten siv e  
in d iv id u a ls  th e  3-hr so d iu m  ex cre tio n  co rresponds to  20%  o f th e  to ta l  in fused  
a m o u n t ,  in  h y p erten s iv e  su b je c ts  i t  is as h igh  as 66% , th e  2 4 -h r excre tion  
b e in g  7 5 %  in n o rm o ten s iv e  an d  133%  in  h y p e rte n s iv e  in d iv id u a ls . S im ilar 
re s u lts  h av e  been o b se rv ed  w ith  th e  use of 2.5 or 5%  saline so lu tions b y  
B a l d w i n  e t al. (1958), F a r n s w o r t h  and  B a r k e r  (1943), G r e e n  e t  al. (1952), 
T h o m p s o n  et al. (1954), H o l l a n d e r  an d  J u d s o n  (1957), H o o b l e r  e t al. 
(1956), H a n e n s o n  e t al. (1963), S t ein  et al. (1964), etc.

In  h ypertensive  p a t ie n ts ,  w a te r  d iuresis is n o t  re s tr ic te d  ( B ir c h a l l  e t al. 
1953, S ta m e y  et al. 1961), w hile  A D H  ex cre tio n  is increased  (G r o llm an  and  
S h a p i r o  1953).

O n the  evidence o f th e  p re se n t s tu d y , dogs w ith  induced  h y p erten s io n
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ex h ib it no d is tu rb an ce  o f th e  basa l flu id  an d  e le c tro ly te  balance. T h e  se ru m  
sod ium  level rem ains 150 /Æ q/1 in th e  h y p e rte n s iv e  as well as in  th e  no rm o - 
ten s iv e  s ta te . Sodium  f il tra tio n  and  th e  ex c re te d  an d  absorbed  a m o u n t o f  
sodium  show  no a lte ra tio n .

F ro m  th ese  fac ts  i t  m ay  be in fe rred  t h a t  in  th e  h y p erten siv e  s ta te ,  in  
th e  absence o f an  e x tra  load , th e  e lec tro ly te  a n d  flu id  balance is a d e q u a te , 
in  o th e r  w ords th e  o rgan ism  is capab le  o f a d a p tin g  th e  excretion  o f  sod iu m  
an d  w a te r  to  th e  b asa l req u irem en ts .

On th e  ev idence o f th e  p re sen t find ings, dogs rendered  h y p e rte n s iv e  b y  
lig a tio n  o f one renal a r te ry  ex h ib it a n o rm al d iu re tic  response to  w a te r  lo ad in g  
in  th e  early  stage  of h y p e rten s io n , an d  a p ro tra c te d  response in  th e  a d v a n c e d  
s tage . L oad ing  w ith  h y p e rto n ic  saline so lu tio n  re su lte d  in  an in crease  in  th e  
f ilte re d  a m o u n t o f sod ium  in  th e  n o rm o ten siv e  a n d  h y p erten siv e  s ta te s  a like, 
w ith  th e  d ifference, how ever, th a t  in  th e  h y p e rte n s iv e  group th e  in c rea se  w as 
follow ed b y  an  increase o f  sod ium  and  w a te r  d iu resis , a find ing  in d ic a tiv e  o f  a 
reduced  tu b u la r  ab so rp tio n .

On th e  g rounds o f th e se  resu lts  we feel ju s t if ie d  in  assum ing t h a t  th e  
d is tu rb a n c e  o f th e  e lec tro ly te  an d  flu id  b a lan ce  asso c ia ted  w ith  h y p e rte n s io n  
becom es m an ifest u n d e r th e  cond itions in v o lv ed  b y  loading . In  ou r v iew  th e se  
d is tu rb an ces  are due  to  an  im p a irm e n t o f tu b u la r  w a te r  an d  sodium  a b so rp tio n , 
co nnec ted  w ith  th e  h y p e rte n s iv e  s ta te  in w h ich  th e  reg u la to ry  m ech an ism s 
becom e in a d e q u a te .

In te rp re ta t io n  o f ren o v ascu la r h y p e rten s io n  on th e  basis o f th e  ren in  
m echan ism  has been u n iv e rsa lly  accep ted . T h e  p resso r effect o f re n in , m ore  
p recisely  o f  ang io tensin , a n d  its  in h ib ito ry  a c t iv i ty  on sodium  a n d  w a te r  
excre tion  a re  well e s tab lish ed  (P ic k e r in g  1968, V a n d e r  1963). A cco rd in g  
to  G ross  e t  al. (1965) ren in  enhances so d ium  excretion  d ire c t ly . 
A ccord ing  to  L e y s sa c  (1964) ang io tensin  in h ib its  ac tive  so d iu m -tra n sp o rt 
in  k id n e y  slices. T he b lock ing  effect of an g io ten s in  on tu b u la r  sodium  a b so rp ­
tio n  h as  been  d e m o n s tra te d  b y  H e a l y  e t  al. (1965), a fin d in g  con­
firm ed  b y  L owitz e t al. (1969) and  St u m pe  e t a l. (1969) on th e  ev id en ce  o f 
m ic ro p u n c tu re  stud ies.

T he p re se n t m odel allow s ren in  p ro d u c tio n  b y  th e  k idney  w ith  a r e s tr ic te d  
a r te r ia l b lood  supp ly , since a fte r  co n stric tio n  o f  th e  ren a l a r te ry  a c o lla te ra l 
sy stem  is fo rm ed  (F e k e t e  1967) and  p rov ides fo r  1/10 to  1/5 o f th e  o rig in a l 
blood su p p ly  of th e  k id n ey  betw een  th e  7 th  a n d  110th day  a fte r  lig a tio n , 
p a r tic u la r ly  as concerns th e  co rtica l, i.e. th e  re n in -p ro d u c in g  areas o f th e  o rg an . 
T he p resso r fac to r  th u s  p ro d u ced  finds co n tin u o u s  access to  th e  b lood  s tre a m  
via th e  u n affec ted  ren a l vein . P ro d u c tio n  o f re n in  b y  th e  ischaem ic k id n e y  
a n d  th e  p resence  o f th e  p resso r su b stan ce  in  th e  b lood  stream  a f te r  lig a tio n  
of th e  ren a l a r te ry  has been  show n b y  b io -assays ( F e k e t e  e t al. 1970). E v e n  a f te r  
to ta l  a tro p h y  or e lim in a tio n  o f th e  ischaem ic k id n e y , an increased  presSot

8 * Acta Medica Academiae Scientiarum Hungaricae 28, 1971



116 Á. F E K E T E  et al.

a c t iv i ty  w as d e m o n s tra te d  in th e  venous b lood  derived from  th e  in ta c t 
k id n e y .

T h e  a b n o rm a lly  en h an ced  sodium  a n d  w a te r  excretion  u n d e r  th e  effect 
o f  lo a d in g  w ith  h y p e rto n ic  saline so lu tions in  h u m an  h y p e rte n s iv e  disease 
as w ell as in  th e  p re se n t m odel th u s seem s to  be  connected  p r im a rily  w ith  an  
in h ib itio n  o f tu b u la r  w a te r  an d  sodium  t r a n s p o r t  resu lting  fro m  th e  ren in - 
a n g io te n s in  a c tiv ity  p rev a ilin g  in , an d  c h a ra c te r is tic  of, re n o v a sc u la r  h y p e r­
te n s io n .
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AUTOMATIC ANALYSIS OF SPATIAL CARDIAC 
VECTORS BY THE TRIAXICARDIOMETER

By

Z. A n t a l ó c z y

STATE H O SPITA L, BA LA TO N FÜ RED  

(Received N ovem ber 30, 1970)

A new instrum en t, term ed triaxicardiom eter (TCM), has been devised and a  basi­
cally new autom atic procedure developed for th e  analysis of the spatial hea rt vectors. 
B ioelectrically in structed  TCM is an analogue com puter yielding absolute m agnitudes, 
azim uth  and elevation of the spatial heart vectors d irectly , w ithout need for fu r th e r 
calculations.

T h e sp a tia l c a rd iac  v ec to rs  are  defined  b y  th e ir  ab so lu te  m ag n itu d es  an d  
sp a tia l o rien ta tio n . F o r  th is  p u rp o se  th e y  h a v e  to  be resolved in to  com ­
p o n en ts . F ro m  v ec to r  com ponen ts X , Y  an d  Z, th e y  m ay  be derived  in  d if­
fe ren t w ays.

1 ) Vector electrocardiography [1 7]. V e c to r com ponen ts X , Y  a n d  Z
are  rep re sen ted  in th e  fo rm  o f E C G -trac ings fro m  w hich  th e  o rie n ta tio n  o f  th e  
v ec to r co m p o n en ts  is d e te rm in ed , in  o th e r  w o rd s, th e  angles fo rm ed  w ith  th e  
fro n ta l, h o rizo n ta l an d  sa g itta l p lanes an d  th e  ab so lu te  m ag n itu d e  o f  th e  
sp a tia l v ec to rs  a re  c o m p u ted  b y  v ec to r  an a ly sis  (F ig . 1).

2) Vector cardiography [4, 5, 8, 9]. V ec to r com ponen ts Y Z, Y X  an d  X Z ,
i.e. th o se  falling  in to  th e  sa g itta l, fro n ta l a n d  h o rizo n ta l p lanes a re  reco rd ed  
in  th e  fo rm  of L issajous-loops. F ro m  th e  P , Q R S  an d  T-loops th u s  o b ta in e d  
th e  angles fo rm ed  w ith  th e  p lanes a re  d e te rm in ed  an d  th e  abso lu te  m a g n itu d e  
o f th e  sp a tia l vec to rs , i.e . th e ir  p lan e  p ro jec tio n , is co m p u ted  b y  v ec to r  an a ly sis
(F ig . 2).

3) Automatic vector analysis [10, 11, 12]. T h e  abso lu te  m a g n itu d e  of 
th e  h e a r t  v ec to rs  as well as th e ir  sp a tia l o r ie n ta tio n  defined  by  th e  a z im u th  
an d  th e  e leva tion , a re  show n d iag ram m atica lly  o r num erica lly  b y  an  ana logue  
o r d ig ita l co m p u te r in d ica tin g  th e  v ec to r co m p o n en ts  X , Y  an d  Z, i.e. fo r  th e  
ECG leads X , Y an d  Z.

In  co llab o ra tio n  w ith  D r. E . Solti eng. w e h a v e  co n stru c ted  a new  in s tru ­
m e n t allow ing a u to m a tic  v ec to r  analysis [13]. T h e  a p p a ra tu s , te rm e d  t r ia x i ­
ca rd io m ete r (TCM), is an  e lectron ic  analogue c o m p u te r  to  be co nnec ted  as an  
a d a p te r  w ith  an y  m u ltich an n e l E C G -eq u ip m en t or s im u ltaneous reco rd e r 
(F ig . 3). (The m odel o f th e  e q u ip m en t has b een  execu ted  b y  th e  R esea rch  
I n s t i tu te  o f P recision  E ng ineering , B u d ap est.)
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Principle o f operation: B io cu rren ts  o f th e  F ra n k  [4] or o th e r  le ad  system s 
d ire c t ly  re la ted  to  th e  co m p o n en ts  Y x, V y a n d  Yz o f th e  sp a tia l h e a r t  v ec to r 
in s t r u c t  th e  TCM co n tin u o u s ly  to  in d ic a te  th e  abso lu te  m ag n itu d e  (V) of all 
th e  h e a r t  vectors as w ell as th e ir  angle o f  in c lin a tio n  (e levation) (со) form ed 
w ith  th e  X Z  (horizon ta l) p lan e , an d  th e  la te ra l  angle (az im uth) o f th e ir  p ro jec­
tio n  on  p lan e  X Z fo rm ed  w ith  axis X  (q>) (F ig . 4).

- Д л

Л - Z

- y

Ír~~/k< :
j

Fig. 1. V ector components X , Y and  Z are represented in  the  form of bipolar lead ECG -tracings

T h e  b ioe lec trically  in s tru c te d  TCM y ie ld s  abso lu te  m a g n itu d e , az im u th  
a n d  th e  e levation  of th e  sp a tia l  v ec to r (of a ll in s ta n ta n e o u s  vecto rs) sy n ch ro n o u s­
ly  w ith  th e  ECG, in  p a r t ic u la r  w ith  s ta n d a rd  lead  I . In  th is  sy s tem  th e  ECG 
se rv es  o n ly  as an  in d ic a to r  fo r  th e  id e n tif ic a tio n  of th e  sp a tia l h e a r t  vec to rs 
m a rk e d  b y  deflections P , Q, R , ST an d  T  a n d  o f th e ir  in s ta n ta n e o u s  v ec to rs. 
T h e  TCM  develops p o la r  co o rd in a te s ; p o la r  v ec to rs  from  c a r te s ia n  co o rd i­
n a te s  a n d  tran sfo rm s v e c to r  com p o n en ts  X , Y  a n d  Z in to  m ag n itu d e  a n d  po la r 
an g les  (F ig . 5).

T h e  triax ica rd io g ram  d isp lays ECG  s ta n d a rd  lead  I ,  th e  a b so lu te  m ag n i­
tu d e  o f  th e  sp a tia l in s ta n ta n e o u s  v ec to rs  (V), az im u th  (<p) an d  th e  e levation  
(со). T h e  az im u th  is re c o rd e d  b y  tw o  ch an n e ls , one reg isters in  th e  range  
0° to  -(-180° (<Pi) w ith  an  u p w a rd , an d  th e  o th e r  from  0° to  — 180° (ç?2) w ith  
a d o w n w a rd  deflection  o f  th e  d irec t w ritin g  sy stem . T he ch an n e l fo r  th e  ele­
v a tio n  (со) registers fro m  0° to  90° a n d  fro m  0° to  -(- 90° w ith  an  u p w ard  
a n d  a dow n w ard  d e flec tio n , respective ly .

A t a p ap e r speed  o f  50 or 100 m m , a  sm all sq u are  of 1 m m  rep re sen ts  
in s ta n ta n e o u s  vecto rs o f  10 o r 20 m sec. I n  F ig u re  5, a t  a p a p e r  sp eed  o f 50 
m m /sec  each  sm all sq u a re  rep resen ts  in s ta n ta n e o u s  vecto rs o f 20 m sec.
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T he abso lu te  m a g n itu d e  an d  th e  sp a tia l o r ie n ta tio n  of th e  in s ta n ta n e o u s  
v ec to rs  m a y  be read  d irec tly , in d ep en d en tly  o f  th e  p ap e r speed o f th e  s im u l­
ta n e o u s  recorder. D a ta  are  p rov ided  by  th e  p o in ts  a t  w hich th e  p e rp e n d ic u la r

\Fig. 2. Vector com ponents X , Y and Z are represen ted  in the form of Lissajous-loops

Fig. 3. T riaxicardiom eter (TCM) connected w ith  a 6-channel electrocardiograph

lines rep resen tin g  th e  E C G -deflections, i.e. in s ta n ta n e o u s  vec to rs , c u t  th e  
d iag ram . F o r abso lu te  m ag n itu d e , V, a sm all sq u a re  of 1 m m  equals 0.1 m V; 
for th e  angles, i t  equals 6° th u s  + 6 °  for <pl an d  th e  dow nw ard d e flec tio n  of со, 
and  6° fo r cp2 an d  th e  u p w ard  deflec tion  o f со.
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T h e  TCM lends its e lf  to  th e  re p re se n ta tio n  o f th e  vectors X , Y  a n d  Z 
to o , in  th e  form  of E C G -trac in g s, offering th e  follow ing a d v an tag es .

1) Cross-checking, as all electric p a ra m e te rs  y ielded a u to m a tic a lly  b y  
th e  TCM  can be co m p u ted  b y  v ec to r an a ly sis  from  ECG -leads X , Y  a n d  Z-

F ig. 4. Absolute m agnitude (V), azim uth (qs) and elevation  (со) of the spatial vecto r

X

V

^  'V 'k  4 go*

'f ;  O’, ^ -  W ’

со or 1
90"

+ 90*

Fig. 5. T riaxicardiogram  of a p a tie n t w ith a ven tricu lar sep tal defect. Spatial vecto r param e­
ters synchronously recorded w ith  th e  ECG are the abso lu te  m agnitude (V), th e  az im u th  (<p,

and  <p2) and the elevation (со)

2) T he co n v en tio n a l p ro ced u re  of d e fin in g  th e  sp a tia l v ec to r is coup led  
w ith  a  new  au to m a tic  m e th o d  to  enable th e  w o rk e r used to  c o n v en tio n a l 12 or 
15 le a d s  [6] to  com pare th e  ad v an tag es  a n d  sh o rtco m in g s of th e  tw o  m e th o d s , 
a n d  to  co n fro n t e lectric  in fo rm a tio n  p ro v id ed  b y  v ec to r e lec tro card io g rap h y  
w ith  in fo rm a tio n  g a th e re d  b y  tr ia x ic a rd io m e try .
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RECENSIG

IEE M edical Electronics -  M onographs 1 — 6

E dited  by: В. W. W a t s o n . P eter Peregrinus L td . 1971. London. V III  -f- 248 pp. 30 plates 
an d  over 90 illustrations. Price: £5.30; US $ 13.—

This volume is the  f irs t o f a series published by  P e te r Peregrinus L td . on behalf of 
the In s titu tion  of E lectrical E ngineers, edited by D r. D ennis H ill and Dr. B ernard  W atson. 
E ach volume in th is annual series will contain ab o u t six sho rt m onographs on topics of 
electrom edical in s tru m en ta tio n  and practices.

Volume 1 covers the  techniques th a t have con tribu ted  to an increased in terest in 
m edical diagnosis. The six m onographs are:

Biomedical applications of electrical-im pedance m easurem ents — L. E . B aker, USA 
Indirect m ethods of blod-pressure m easurem ent C. A. G reatorex, E ngland 
Application of lasers to  medicine D. W . H ill and  T. Powell, England 
Medical te lem etry  system s — J. Kuiper, N etherlands 
Clinical app lications of ultrasonics P . N. T. W ells, England 
E lectrom agnetic blood-flow  measurem ents D. G. W y att, England

According to  th e  in form ation  from the publisher, th e  second volum e is due in 1972 
and  will cover topics on electrodes for recording biological signals, D oppler-shift ultrasonic 
blood-flow techniques, biological amplifiers and evoked responses, and audiom etry.

This series w ill fill a gap in the literature  of m edical electronics and will be a source 
of reference for technical departm en ts of hospitals, m edical schools and research laboratories. 
I t  can be recom mended as a useful aid to doctors, life scientists, engineers and physicists.
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V lth  E U R O P E A N  C O N G R E SS O F  C L IN IC A L  G E R O N T O L O G Y  
(8 th  1 1 th  S E P T E M B E R  1971, B E R N E )

Prelim inary Program

I. A u to -im m une d iseases in  old age

1. P h y sio p a th o lo g ie  P . B o rd e t, B ruxelles
2. C onsidérations clin iques G. C uny, N ancy
3. C om m unications to  th e  su b jec t (10 m in u tes)
4. Conclusions D . A. H all, Leeds

I I .  D ru g  th e ra p y  in  o ld  age

1. P h arm ak o lo g isch e  G rundlagen  A.
2. P sy ch o p h arm aco lo g y  B.
3. P rinzip ien  d e r A rzneim edizin  im  A lte r D.
4. A llgem eine T h e ra p ie  im  A lte r I ^
5. Special th e ra p y  in  old age
6. C om m unications to  th e  su b jec t (10 m in u tes)
7. S ch lußfo lgerungen  II.

H ü rlim an n , B asel 
G unby , Oslo 
T sch eb o ta rev , K iew

B rüschke, B erlin

K aiser, A ugsburg

I I I .  T ra in a b ility  an d  tra in in g  in old age

D iscussion of th e  follow ing p o in ts :
1. A natom ical changes (lungs, h e a r t ,  m uscles)
2. F u n c tio n a l changes (lungs, h e a r t ,  m uscles)
3. E ffo rt to le ran ce : M ethods o f im p ro v in g

R esults
4 . R isk  associa ted  w ith  effort
5. E ffects o f p h y sica l tra in in g
6. P rac tica l m e th o d s  o f physica l tra in in g
7. P hysica l tra in in g  and  re h a b ilita tio n
8. G roup exercises
9. M otivation  fo r ph y sica l tra in in g

10. P sychic consequences of ph y sica l tra in in g

In tro d u c tio n :
D . M ateev , Sofia 
M. M orpurgo, M ilano

K . L ange A ndersen , Oslo

W . F . A nderson , G lasgow  
P . B eckm ann , O h ls ta d t 
C. D av id , B u k a re s t

C. M üller, L au san n e / 
P rilly
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11. Ideal q u a lifica tio n s  fo r P . T. In s tru c to rs
12. P rac tica l re su lts  o f  physica l tra in in g
13. Conclusions . T h . S ch reu d e r an d  co­

w orker, H ilv e rsu m

IV . E lec tro n ic  d a ta  p ro cessin g  in  g eria trics (C om puter)

1. Princip les an d  in fo rm a tio n  in g e ria tr ic s  A. C olom bi, M ilano
2. In fo rm a tio n  in  g reo p sy ch ia tric s  K . B ergm ann ,

N ew castle-on -T yne
3. In fo rm a tio n  en géron to log ie  sociale J .  T e illa rd , P a ris

V . F re e  co m m unica tions (10 m inutes)

V I. T o u r of in spec tion

For informations p lease a p p ly  to :

P ro f . В . S te inm ann , C. L . L o ry h au s , In se lsp ita l 
3008 B e r n e  (S w itzerlan d )

/le in  Medica Acaderniae Scientiarum Hungaricae 28, 1971
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ACTA M E D IC A

TOM 28 — ВЫП. 1

РЕЗЮМЕ

ИЗУЧЕНИЕ АКТИВНОСТИ ЩЕЛОЧНОЙ ФОСФАТАЗЫ 
В ГРАНУЛОЦИТАХ ПРИ БОЛЕЗНИ ХОДЖКИНА

Ю. БОБРИ

На основе сравнения величин щелочной фосфатазы в гранулоцитах 20 людей с 
болезнью Ходжкина автор устанавливает, что ухудшение состояния сопряжено с ранним 
повышением величин щелочной фосфатазы в гранулоцитах, и что сопоставление этих вели­
чин с прочими клиническими и лабораторными данными может способствовать раннему 
распознаванию прогрессирования, рецидивов или обострения процесса.

ОПЕРАЦИОННЫЙ ОПЫТ НА БОЛЬНИЧНОМ МАТЕРИАЛЕ С ИСТИННОЙ
ПОЛИЦИТЕМИЕЙ

Д. НАДЬ и Д. ТОМПА

Сообщаются хирургические наблюдения, сделанные у 14 больных с истинной 
полицитемией и устанавливается, что существенное уменьшение тромбоэмболических 
и геморрагических осложнений можно обеспечить только достижением стадии ремиссии

ЛИПОЛИТИЧЕСКАЯ АКТИВНОСТЬ АДРЕНАЛИНА НА ПОДКОЖНУЮ 
ЖИРОВУЮ КЛЕТЧАТКУ БОЛЬНЫХ ОЖИРЕНИЕМ И ЛИЦ С НОРМАЛЬНЫМ

ВЕСОМ in vitro

И. ФЕВЕНЬИ, Э. ГОТ и И. КОНЦ
Авторы изучали у 45 лиц с нормальным весом и у 29 больных ожирением само­

произвольный липолиз подкожной жировой клетчатки и липолитическое действие адре­
налина in vitro.

1. У лиц с нормальным весом и у больных ожирением самопроизвольный липолиз 
жировой клетчатки оказался одинаковым.

2. Адреналин в обеих группах вызывал одинаковое и достоверное повышение 
освобождения свободной жирной кислоты.

3. В группе лиц с нормальным весом самопроизвольный и вызванный адренали­
ном липолиз не показал различия у мужчин и у женщин, в то время как у больных ожи­
рением жировая клетчатка мужчин очень мало реагировала на адреналин.

4. У лиц моложе 40 лет жировая клетчатка показала в обеих группах пониженный 
самопроизвольный липолиз, но более высокую чувствительность к адреналину, чем жиро­
вая ткань пожилых лиц, хотя эти различия были достоверными только в группе больных 
ожирением.

УРОВЕНЬ СЫВОРОТОЧНОГО ГАПТОГЛОБИНА ПРИ АТЕРОСКЛЕРОЗЕ
Ю. СЕКЕЙ, А. ШИМОН и Э. ХОРВАТ

Уровень гаптоглобина был определен в сыворотке 387 больных атеросклерозом 
(инфаркт миокарда, коронаросклероз, острый цереброваскулярный инсульт, церебро- 
склероз, облитерирующий атеросклероз). Во всех группах величины сывороточного 
гаптоглобина оказались достоверно повышенными, причем наиболее выраженное повы



шение наблюдалось при острых осложнениях: инфаркте миокарда и остром церебро­
васкулярном инсульте. Присоединяющийся к атеросклерозу сахарное мочеизнурение не 
оказало влияния на средний уровень гаптоглобина. Между величинами сывороточного 
холестерина не наблюдалось корреляции. При еженедельном определении уровня сыво­
роточного гаптоглобина 25 больных инфарктом миокарда максимальное повышение было 
выявлено к концу третьей недели.

РЕНТГЕНОЛОГИЧЕСКИЕ СИМПТОМЫ СМЕЩЕНИЯ И СДАВЛЕНИЯ ПОЧКИ, 
ВЫЗВАННЫХ СПЛЕНОМЕГАЛИЕЙ И ГЕПАТОМЕГАЛИЕЙ 

У БОЛЬНЫХ ИСТИННОЙ ПОЛИЦИТЕМИЕЙ

Д. НАДЬ, я. ДЬЯРМАТИ и Ч. БАЛАЖ
У 30 больных истинной полицитемией было проведено рентгенологическое исследо­

вание почки. Левостороннее смещение почки было выявлено в 28 случаях, а правосторон­
нее смещение в 17 случаях. Размер изменений почек показывает связь со стадией заболе­
вания, а также со степенью выраженности спленомегалии и гепатомегалии. Дислокации, 
выявленные в стадии обострения, в стадии ремиссии, как правило, уменьшились или отчасти 
развивались обратно.

КОМПЛЕКСНЫЙ РАДИОЦИРКУЛОГРАФИЧЕСКИ-ОКСИМЕТРИЧЕСКИЙ МЕТОД 
С ЭРГОМЕТРИЧЕСКОЙ НАГРУЗКОЙ ДЛ Я ОЦЕНКИ 

РЕАБИЛИТАЦИИ СЕРДЕЧНЫХ БОЛЬНЫХ

М. ХОРВАТ, Т. ДЕБРЕЦИ и К. ЛУДВИГ

В введении к статье авторы описывают методику комплексного радиокардиографи" 
чески-оксиметрического исследования с нагрузкой, проводимого при катетеризации пра' 
вой половины сердца. Радиокардиограммы правой половины сердца с изотопом Х е133 
оказались при повторении хорошо воспроизводимыми, и их изменения при эргометри­
ческой нагрузке были соразмерными поведению симультанного разведения метиленовой 
синьки.

Принимая во внимание рассеяния, в отношении минутного и ударного объемов не 
было значительного отклонения, а также в изменениях содержания оксигемоглобина 
в артериальной крови между реакцией нагрузки так называемой нормальной группы 
(10 чел.) и группы больных с инфарктом двухлетней давности (также 10 чел.). Достойным 
упоминания является только, что у больных с инфарктом наблюдалось запаздывание 
повышения частоты и более длительное затихание регионального клиренса Х е133. Благо­
приятная реакция частоты, сопряженная с более умеренным повышением альвеолярной 
вентиляции может быть результатом непрерывной реабилитационной терапии с трени­
ровкой, проведенной у больных с инфарктом.

В целях наглядности приводятся также диаграммы нагрузки прочих образцовых 
случаев: лабильная гипертония с гиперреакцией гемодинамики, хроническое легочное 
сердце с компенсированным кровообращением, и первичная кардиомиопатия с абсолют­
ной аритмией и субкомпенсированным кровообращением.

ДЕЙСТВИЕ ВИТАМИНА К3 НА АКТИВНОСТЬ СУКЦИНИЛ-ДЕГИДРОГЕНАЗЫ 
В КОРКОВОМ СЛОЕ ПОЧКИ ЧЕЛОВЕКА И КРЫСЫ

И. МАРОШВАРИ, Д. ТАНКА и М. КЕЛЛЕР
При помощи гистохимических методов исследования была выявлена активность 

сукцинил-дегидрогеназы в клубочках, изолированных из коркового слоя почки крысы. 
Активность клубочкового энзима была определена также количественно. Поведение этих 
энзимов коркового слоя почки изучалось авторами также под влиянием различных 
веществ, оказывающих действие на окислительно-восстановительные процессы клеток 
(нитро-БТ, ТПЦ), а также роль витамина К3 в окислении янтарной кислоты.



В почках больных нефритом активность сукцинил-дегидрогеназы оказалась пони­
женной. В противоположность нормальной или нефротической человеческой почке при 
помощи витамина К3 не удалось достигнуть существенного повышения активности энзима, 
особенно в клубочках. Понижение активности энзимов цикла Кребса указывает на тяже­
лое нарушение обмена веществ в нефритической почке.

РАССЕЧЕНИЕ ПОДТАЛАМИЧЕСКОЙ ОБЛАСТИ ПРИ БОЛЕЗНИ ПАРКИНСОНА 
И АНАЛИЗ РЕАКЦИЙ, ПОЛУЧЕННЫХ НА ЭЛЕКТРИЧЕСКОЕ РАЗДРАЖЕНИЕ

Й. ХУЛЛАИ

После проведения экспериментов по рассечению бледного шара и таламуса, на 
основе определенных размышлений, автор выбрал для своих исследований подталами­
ческую область. Для определения цели повреждения он применял новый метод, состоящий 
в анализе действия предварительно проведенных комбинированных таламо-субталами- 
ческих повреждений. Он проводил оценку стереотаксических вмешательств, проводив­
шихся в различных структурах, в бледном шаре в О. V. части VL-таламуса и в субталами­
ческой области, и нашел, что подталамическое вмешательство даже в случае незначитель­
ного повреждения оказывается наиболее эффективным.

Для функционального контроля прицеливания и положения электрода автором 
были проведены эксперименты по электрическому раздражению. Он расценивал ответы, 
полученные на электрическое раздражение, проведенное в 135 точках, прежде всего в 
V. О. участке VL таламуса и в подталамической области. При анализе общей реакции 
были получены данные, по-видимому подтверждающие взаимодействие, предполагаемое в 
экстрапирамидных кругах ревербации. На основе подробного анализа автором сделан 
вывод, что V. О. часть VL таламуса, связи n. Sth. и путей подталамической области, Z. i. 
и Ra. prl., будучи частями экстрапирамидной системы, участвуют в выработке и автомати­
зации определенных физиологических и патофизиологических движений, и что экстра- 
пирамидная система является системой, служащей для выработки, автоматизации и 
организации условий волевых движений, а не двигательной или чувствительной системой.

ГУМОРАЛЬНЫЙ МЕХАНИЗМ РЕЗИСТЕНТНОСТИ ЗАКАЛЕННОГО 
ОРГАНИЗМА К ЯЗВЕ

Р. ФРЕНКЛ

Сыворотка крови спортсменов, систематически тренирующихся, подвергаясь большой 
нагрузке, в прежних исследованиях тормозила возникновение экспериментальной язвы 
у крысы. В настоящих экспериментах под влиянием сыворотки крови тренированных 
людей у подопытных животных наблюдались следующие изменения:

1. Сыворотка крови тренированных людей вызывала у крыс торможение секреции 
желудочного сока, стимулированной гистамином.

2. Сыворотки крови тренированных людей понижали у крыс-акцепторов чувстви­
тельность к гистамину и серотонину.

3. Сыворотки крови тренированных организмов вызывают торможение реакции 
гипоталамо-гипофизарно-надпочечниковой системы, наблюдаемой под влиянием напря­
жения.

Эти явления могут быть частичные факторы противоязвенного действия сыворотки
крови.

ВОЗНИКНОВЕНИЕ И РАЗВИТИЕ МИЕЛОИДНЫХ ЭЛЕМЕНТОВ 
В БЕДРЕННОЙ КОСТИ ЗАРОДЫШЕЙ КРЫС

Б. БУКУЙЯ и А. БАЛАЖ
Авторы изучали ультраструктуру гранулоидных элементов, образующихся в бед­

ренной кости 16—21-дневных зародышей крыс. Ткани фиксировались при помощи глюта- 
ральдегида +  осмия, окрашивались ацетатом уранила +  лимоонокислым свинцом и зали­
вались Дуркупан ACM.



На lö-ый день эмбрионального развития в бедренной кости наблюдается интенсив­
ное окостенение. На 17—18-ый день между костными перекладинами диафиза образуются 
межкапиллярно или внутрикапиллярно островки костного мозга. Дифференциация 
миелоидных элементов происходит очень быстро. На 18-ый день можно выявить уже 
многочисленные клетки: промиелоцита, миелоцита даже метамиелоциты. Однако эти 
прекурсоры в отношении структуры отличаются от соответствующих зрелых типов, так 
как при недифференцированном ядре (краевой гетерохроматин, развитое ядрышко) гра- 
нулогенез является менее интенсивным (немногочисленные азурофильные зернышки не­
много расширенного эндоплазматического остова ядра и цистерна Гольджи). Начиная с 
20-ого дня наблюдается уже значительное число совершенно диференцированных грануло- 
цитов, с перинуклеарным гало, вакуолы dense core вторичная и третичная грануляция.

Наряду с нейтрофильными клетками в бедренной кости сравнительно рано по­
являются также эозинофильные и базофильные клетки, и хорошо можно наблюдать также 
эмбриональную дивергенцию эозинофильных и базофильных зернышек, уже в ранней 
стадии бластулы.

РАССТРОЙСТВА СВЕРТЫВАНИЯ КРОВИ ПРИ ГЛОМЕРУЛОНЕФРИТЕ 
И НЕФРОТИЧЕСКОМ СИНДРОМЕ

А. ХАМОРИ, Д. БОРОШ, Л. ГОФМАН и И. ПАСТОРИ

Авторы изучали свертывание крови у 70 больных, страдавших острым, 4 больных 
— подострым и 34 больных — хроническим гломерулонефритом, а также у 20 больных 
с нефротическим синдромом. Авторы применяли 16 тестов и проводили 780 определений 
свертываемости крови. Одновременно с этим они следили также за активностью заболева­
ния почек.

В начале типичного острого гломерулонефрита и во время острого ухудшения 
хронического гломерулонефрита закономерно можно выявить повышение свертываемости 
крови. Наиболее выраженные признаки повышенной свертываемости крови наблюдались 
при нефротическом синдроме, будь это синдром идиопатического типа, будь он развился 
на фоне амилоидоза, диабетического гломерулосклероза или системной красной волчанки. 
У больных, страдавших синдромом Гудпасчура также авторы выявили повышенную 
свертываемость крови, несмотря на то, что непосредственно до наступления смерти был 
выявлен гепариноподобный антитромбин. Понижение свертываемости чаще всего наблю­
далось в связи с неактивным хроническим нефритом. Повышенная свертываемость крови 
является одним из признаков активности нефропатий. Стойкое повышение свертываемости 
крови означает плохой прогноз.

У восьми больных с нефритом или нефротическим синдромом авторы применяли 
лечение антикоагулянтами, без достижения резкого улучшения процесса.

ИММУНОСУПРЕССИВНОЕ ЛЕЧЕНИЕ АВТОИММУННЫХ НЕФРОПАТИЙ 
РЕЗУЛЬТАТЫ 16-ЛЕТНЕГО НАБЛЮДЕНИЯ

Д. ПЕТРАНЬИ, А. ЛЕВИ, Д. СЕГЕДИ, Д. КАКУК и Й. БОБОРИ

Авторы анализируют результаты 16-летнего наблюдения за лечением прототипа 
автоиммунных нефропатий, люпозных нефропатий. Иммуносупрессивное лечение озна­
чает решающий поворот в области прогноза заболеваний почек, которые раньше по боль­
шей части были неизлечимыми. Хотя в наши дни больных даже после гибели почек можно 
сохранить в жизни путем гемодиализа и трансплантации почки, и при помощи иммуно- 
супрессивного лечения можно предотвратить не только отталкивание трансплантата, но 
возможно также лечение автоиммунных нефропатий. Из 250 больных системной красной 
волчанкой в течение прошедших 16 лет у 80 больных имелась нефропатия. Судьба 11 из них 
неизвестна, 30 больных умерли, 33 больных еще находятся под наблюдением авторов. 
Способ лечения в течение периода наблюдения изменился. В первый пятилетний период 
(1953— 1957 гг.) главной причиной смерти от системной красной волчанки была люпозная 
нефропатия, так как несистематическая дача небольших доз стероидов и противомалярий­
ная терапия по большей части оказались безэффективными в отношении люпозной нефро­
патии. В период от 1958 до 1963 года применение интенсивной иммуносупрессивной 
терапии уменьшило появление нефропатии у больных системной красной волчанкой и улуч­



шило также прогноз больных с нефропатией. В последний период наблюдения (1963— 
1968 гг.) благодаря добавочному лечению цитостатическими средствами, даже рефрактер­
ные к стероидам больные стали излечимыми. Среди цитостатических средств авторы полу­
чали наилучшие результаты после применения меркаптопурина или азатиоприна, которые 
лучше всего оправдывались Также в области предотвращения отталкивания трансплан­
тата. Удовлетворительный результат был получен также после дачи циклофосфамида. 
По мнению авторов в прогнозе и терапии автоиммунных нефропатий не означает практи­
ческой разницы возможность актуального выявления фактора LE. Наблюдения авторов 
в полной мере действительны также для автоиммунных нефропатий без системной красной 
волчанки.

ВЫДЕЛЕНИЕ НАТРИЯ И ВОДЫ У СОБАК 
С РЕНОВАСКУЛЯРНОЙ ГИПЕРТОНИЕЙ

А. ФЕКЕТЕ, А. РЕНЬИ-ВАМОШ и А. СИТАШ

У собак посредством полного лигирования почечной артерии на одной стороне 
было вызвано состояние хронической гипертонии, которое, на основе прежних исследо­
ваний, можно рассматривать как модельный эксперимент человеческой реноваскуляр- 
ной гипертонии. Целью настоящих опытов было уяснение условий выделения натрия и 
воды у собак с гипертонией. Установлено, что без нагрузки, в так наз. базальных услови- 
виях, одни и те же животные в течение 360-дневного периода наблюдения, в состоянии 
нормотонии и в состоянии гипертонии в отношении выделения электролитов и воды не 
показали существенных отклонений. Однако после нагрузки электролитами и водой реак­
ции животных в состоянии нормотонии значительно отличаются от результатов, получен­
ных в состоянии гипертонии. Авторы придерживаются того мнения, что причинным 
фактором повышенной потери натрия и воды, наблюдаемой в состоянии гипертонии, 
является повышение образования ренин-ангиотензина, вернее его непосредственное инги­
биторное действие на всасывание в канальцах, выявленное также авторами при рено- 
васкулярной гипертонии.

АВТОЛ1АТИЧЕСКАЯ РЕГИСТРАЦИЯ ПРОСТРАНСТВЕННЫХ ВЕКТОРОВ 
СЕРДЦА ПРИ ПОМОЩИ ТРИАКСИКАРДИОМЕТРА

3. АНТАЛОЦИ

Для автоматической регистрации пространственных векторов сердца авторы скон­
струировали новый прибор: триаксикардиометр (ТКМ) и применяли принципиально 
новую методику. Биоэлектрически управляемый триаксикардиометр представляет собой 
аналоговую вычислительную машину, непосредственно предоставляющую абсолютные 
величины, азимуты и угол наклона (возвышение) пространственных векторов сердца, без 
всякого исчисления.





In spasm of the smooth muscles 
of the urinary tract, in lithiasis

GAPONA
ampoules, tablets

A com bination of

Gastrixon — parasympatholytic 
Halidor — spasmolytic 
Benactyzine — minor tranquillizer

The three components act as 
synergists in producing effect, 
antagonists regarding toxicity.

EGYT Pharm acochem ical W orks . Budapest

exported by

Medimpex Hungarian Trading Company for Pharmaceutical 
Products • Budapest, 5 • P.O.B. 126 • Hungary



VINBLASTINE
V incaleucoblastine

Alkaloid of Vinca rosea. By the inhibition of cell-division 
it exerts a cytostatic action directed mainly to the leuko­
cytes and tumour cells. Applied in therapeutic doses, it 
does not influence significantly red blood cell and platelet 
count and the haemoglobin content in erythrocytes. In­
dicated in generalized forms of lymphogranulomatosis 
(Hodgkin’s disease), lympho- and reticulosarcoma, chronic 
myeloses resistant to other chemotherapeutics or irradiation

Powder ampoules

Produced by Chemical Works of G ED EO N  RICHTER Ltd. • Budapest

Exported by M E D IM P E X  • Budapest, 5 • P.O.B. 126 • Hungary



M . R A D N Ó T  A N D  A. K E N Y E R E S

JOSEPH IMRE JR.
This monograph, enlightening for the whole medical profession, de­
scribes the life and activities of the Hungarian ophthalmologist Joseph 
Imre Jr. whose great achievements in the field of plastic surgery and 

the relationship of the eye to endocrinology gained international
distinction.

In English • Approx. 80 pages •  17 x 25 cm*Cloth

AKADÉMIAI KIADÓ
PUBLISHING HOUSE OF THE HUNGARIAN ACADEMY 

OF SCIENCES, BUDAPEST





Printed in Hungary

A k iadásért felel az Akadémiai K iadó igazgutója Műszaki szerkesztő:
A kézirat nyom dába érkezett: 1971. V. 17. — Terjedelem : 11,25 (A/5) ív , 64 ábra

V árhelyi T am ás

71.71806 Akadémiai Nyomda Budapest Felelős vezető: Bernét György





The Acta Medien publish papers on medical science in English, German, French and 
Russian.

The Acta Medica appear in parts of varying size, making up volumes.
Manuscripts should be addressed to:

Acta Medica
Budapest V III ., Szigony и. 43. 9 P .О.В. 67

Correspondence with the editors and publishers should he sent to the same address. 
The rate of subscription is $  16.00 a volume.
Orders may be placed with “Kultúra” Foreign Trade Company for Books and News­

papers (Budapest I., F5 utca 32. Account No. 43-790-057-181) or with representatives abroad.

Les Acta Medica paraissent en français, allemand, anglais et russe et publient des 
mémoires du domaine des sciences médicales.

Les Acta Medica sont publiés sous forme de fascicules que seront réunis en volumes. 
On est prié d’envoyer manuscrits destinés à la rédaction à l’adresse suivante:

Acta M edica
Budapest V I I I . ,  Szigony и. 43. 9 P .О.В. 67

Toute correspondance doit être envoyée à cette même adresse.
Le prix de l’abonnement est de $ 16.00 par volume.
On peut s’abonner à l’Entreprise du Commerce Extérieur de Livres et Journaux 

«Kultúra» (Budapest L, Fő utca 32. — Compte-courant No. 43-790-057-181) ou à l’étranger 
chez tous les représentants ou dépositaires.

*Acta M edica» публикуют трактаты из области медицинских наук на русском, 
немецком, английском и французском языках.

«Acta M edica* выходят отдельными выпусками разного объема. Несколько выпу­
сков составляют один том.

Предназначенные для публикации рукописи следует направлять по адресу:

Acta Medica
Builapest V i l i . ,  Szigony и. 43. 9 P .О.В. 67

По этому же адресу направлять всякую корреспонденцию для редакции и адми­
нистрации. Подписная цена $  16.00 за том.

Заказы принимает предприятие по внешней торговле книг и газет «K ultúra» 
(Budapest L, Fő utca 32. Текущий счет № 43-790-057-181) или его заграничные предста­
вительства и уполномоченные.



Reviews of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

ALBANIA
Drejtorija Qändrone e Pärhapjes 
dhe Propagandimit tä Librit 
Kruga Konferenca e Päzes 
Tirana

AUSTRALIA 
A. Keesing 
Box 4886, GPO 
Sydney

AUSTRIA 
GLOBUS 
Höchstädtplatz 3 
A-1200 W ien  XX

BELGIUM
Office International de Librairie 
30, Avenue Marnix 
Bruxelles 5 
Du Monde Entier
162, rue du Midi 
Bruxelles

BULGARIA
HEMUS
11 pi Slaveikov 
Sofia

CANADA
Pannónia Books 
2, Spadina Road 
Toronto 4, Ont.

CHINA
Waiwen Shudian
Peking
P. O. B. 88

CZECHOSLOVAKIA
Artia
Ve Smeïkdch 30 
Praha 2
PoStovnl Novinová Sluïba 
Dovoz tisku 
Vinohradskd 46 
Praha 2
Mad'arská Kultúra 
Vdclavské ndm. 2 
Praha I
SLOVART A. G.
Gorkého
Bratislava

DENMARK
Ejnar Munksgaard 
Nörregade 6 
Copenhagen

FINLAND
Akateeminen Kirjakauppa
Keskuskatu 2
Helsinki

FRANCE
Office International de Documentation
et Librairie
48, rue Gay-Lussac
Paris 5

GERMAN DEMOCRATIC REPUBLIC 
Deutscher Buch-Export und Import 
Leninstraße 16 
Leipzig 701 
Zeitungsvertriebsamt 
Fruchtstraße 3—4 
1004 Berlin

GERMAN FEDERAL REPUBLIC 
Kunst und Wissen 
Erich Bieber 
Postfach 46 
7 Stuttgart S.

GREAT BRITAIN
Blackwell’s Periodicals 
Oxenford House 
Magdalen Street 
Oxford
Collet’s Subscription Import 
Department 
Dennington Estate 
Wellingborough, Northants.
Robert Maxwell and Co. Ltd.
4—5 Fitzroy Square 
London W. I

HOLLAND
Swetz and Zeitlinger 
Keizersgracht 471—487 
Amsterdam C.
Martinus Nijhof 
Lange Voorhout 9 
The Hague

INDIA
Mind Book House 
66 Babar Road 
New Delhi I

ITALY"
Santo Vanasia 
Via M Macchi 71 
Milano
Libreria Commissionaria Sanson i 
Via La Marmora 4S
Firenze 
Techna 
Via Cesi 16.
40135 Bologna

JAPAN

Kinokuniya Book-Store Co. Ltd. 
826 Tsunohazu 1-chôme 
Shinjuku-ku 
Tokyo
Maruzen and Co. Ltd.
P O. Box 605 
Tokyo-Central

KOREA
Chulpanmul
Phenjan

NORWAY
Tanum-Cammermeyer 
Karl Johansgt 41 —43 
Oslo I

POLAND
RUCH
ul. Wronia 23 
Warszawa

ROUMANIA
Cartimex
Str. Aristide Briand 14 — 18 
Виси re f ti

SOVIET UNION 
Mezhdunarodnaya Kniga 
Moscow G —200

SWEDEN
Almquist and Wiksell 
Gamla Brogatan 26 
S — I0I 20 Stockholm

USA
F. W. Faxon Co. Inc.
15 Southwest Park 
Westwood Mass. 02090 
Stechert Hafner Inc.
31. East 10th Street 
New York, N. Y. 10003

VIETNAM 
Xunhasaba 
19, Tran Quoc Toan 
Hanoi

YUGOSLAVIA
Forum
Vojvode MiSida broj 1 
Novi Sad
Jugoslovenska Knjiga 
Terazije 27 
Beograd

15. X I .  1971 Index: 26.016



ACTA
MEDICA

A C A D  EM I A E S C IE N T IA R U M  
H U N G A B IC A E

A D I U V A N T I B U S

P .  G Ö M Ö R I ,  T .  J Á V O R ,  M.  J U L E S Z ,  I .  K Ö R N Y E Y ,  G Y .  P E T R Á N Y I ,
J .  S Ó S ,  E .  S T A R K

R E D I G I T

I .  R U S Z N Y ,Á K

T O M U S  X X V I I I F A S C I C U L U S  2

ACTA MED. HUNG.

A K A D É M I A I  K I A D Ó ,  B U D A P E S T  

I 9 7 1



ACTA MEDICA
A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  

O R V O S T U D O M Á N Y I  K Ö Z L E M É N Y E I

K I A D Ó H I V A T A L :  B U D A P E S T  V . ,  A L K O T M Á N Y  U T C A  2 1.

Az Acta Medica ném et, angol, orosz és francia nyelven közöl tudom ányos értekezéseket 
az orvostudomány köréből.

Az Acta Medica változó terjedelmű füzetekben jelenik meg, több füzet alkot egy kötetet.
A közlésre szánt kéziratok a következő cím re küldendők:

Acta M edica  
Dr. Stark E rv in

B udapest V III ., Szigony u . 43. 9 P.O.B. 67

Ugyanerre a címre küldendő minden szerkesztőségi levelezés.
Megrendelhető a belföld számára az „A kadém iai Kiadó”-nál (Budapest V., Alkotmány 

utca 21. Bankszámla: 05-915-111-46), a külföld számára pedig a „ K ultúra” Könyv és Hírlap 
Külkereskedelmi Vállalatnál (Budapest I., Fő u tca  32. Bankszámla 43-790-057-181) vagy  
annak külföldi képviseleteinél, bizományosainál.

Die Acta Medica veröffentlichen Abhandlungen aus dem Bereiche der medizinischen 
W issenschaften in deutscher, englischer, französischer und russischer Sprache.

Die Acta Medica erscheinen in Heften wechselnden Umfanges. Mehrere Hefte bilden 
einen Band.

Die zur Veröffentlichung bestimmten Manuskripte sind an folgende Adresse zu senden:

Acta M edica
Budapest V III .,  Szigony и. 43. 9 P.O.B. 67

An die gleiche Anschrift ist auch jede für die Redaktion bestim m te Korrespondenz 
zu richten. Abonnementspreis pro Band: $  16.00.

Bestellbar bei dem Buch- und Zeitungs-Außenhandels-Unternehmen »K ultúra« (Budapest 
I ., Fő utca 32. Bankkonto Nr. 43-790-057-181) oder bei seinen Auslandsvertretungen und 
Kommissionären.



THE BUDD -CHIARI SYNDROME
REPORT OF EIGHT CASES 

By

J .  S zö ő r , G y . N a g y  and S z . S z a k á l l

SECOND SECTION OF M E D IC IN E , AND SECTIO N  OF PATHOLOGY,
H A JD Ű -B IH A R  CO UN TY  COUNCIL H O SPITA L,

AND FIRST D EPARTM ENT OF M E D IC IN E , U N IV E R SIT Y  M EDICAL SCHOOL, D EB R EC E N

(Received September 21, 1970)

After a brief survey of the Budd—Chiari syndrome, eight cases are reported in 
four of which the primary process was polycythaemia; in three, tumour; in one case 
veno-occlusive disease of the liver. In three cases the disease was diagnosed during life. 
Seven patients died, the eighth is still in remission as a result of therapy directed 
against polycythaemia.

T he f irs t evidence of occlusion  o f th e  h ep a tic  vein  w as re p o r te d  b y  
B u d d  [5] in 1845, th e n  th e  s u b je c t  w as rev iew ed  b y  Ch ia r i  [7] in  1899. 
H ence  th e  n am e B u d d  Ch ia r i  sy n d ro m e  ap p lied  to  affections o f th e  liver 
d u e  to  p a r tia l  or com plete  o b s tru c tio n  o f th e  h e p a tic  veins. C om plete  o b s tru c ­
tio n  is associa ted  w ith  th e  a c u te  fo rm  of th e  sy n d ro m e, m ark ed  b y  severe 
ab d o m in a l p a in  o f acu te  onset, h aem a tem es is , m elaena , h ep a tic  com a. I ts  
o u tco m e is fa ta l, d e a th  ensues in  a few  h o u rs  o r days [12, 15, 16, 21 ]. P a r tia l  
o b s tru c tio n  of th e  h ep a tic  ve in  re su lts  in  th e  ch ron ic  form  of th e  sy n d ro m e  
th e  essen tia l fea tu re s  of w hich in c lu d e  h ep a to m eg a ly , p a in  in  th e  reg ion  of 
th e  liver, s ligh t jau n d ice , ra p id  d ev e lo p m en t o f ascites, d ila ta tio n  o f  th e  abdo- 
in in o -th o rac ic  cu tan eo u s co lla te ra l ve ins, m assive  oedem a o f th e  sa c ra l reg ion  
a n d  of th e  low er ex trem ities , re d u ced  p ro th ro m b in  v a lue , in c rea sed  B SP  
re te n tio n . T he o u tlook  is poor in  th is  fo rm , too . T he p a tie n ts  live fo r  a few 
m o n th s , su rv iv a l for a few years  is e x cep tio n a l [6, 7, 15, 16, 21].

To th e  p ioneer observa tions th e re  is l i t t le  to  add , b u t  know ledge co n cern ­
in g  th e  aetio logy , diagnosis an d  th e ra p y  o f th e  syn d ro m e has been increasing .

T he underly ing  cause accord ing  to  p re se n t know ledge includes a co n g en ita l, 
th ro m b o tic  or m a lig n an t o b s tru c tio n  of th e  in fe rio r v . cava , o b s tru c tiv e  endo- 
p h leb itis  o r th ro m b o sis  o f th e  h e p a tic  v e in , m ig ra to ry  th ro m b o p h le b itis  or 
th ro m b o sis , p o ly cy th aem ia , leu k aem ia , h e p a tic  abscess, tu m o u r, c irrhosis, 
g um m a, echinococcus, in ju ry , p e r ih e p a tit is , p e rito n itis , use of o ra l c o n tra c e p ­
tiv e s  [5, 7, 12, 15, 16, 20, 21, 26, 27, 36].

T he d iagnostic  advances a re  la rg e ly  d u e  to  cav o g rap h y  and  to  sp leno ­
p o r to g ra p h y  [10, 18, 19, 36] p e rm itt in g  to  lo ca te  th e  o b s tru c tio n , as also the  
lap a ro sco p y  an d  needle b iopsy  p ro v id in g  fo r a d irec t v isu a liza tio n  o f  th e  m o r­
pholog ica l signs o f congestion  (n u tm e g  liver, c en tr ilo b u la r  sta s is  o r  necrosis, 
p seu d o lo b u la tio n  [7, 12, 25]).

Acta Medico Academiae Scientiarum Hungaricae, Tomus 28 (2), pp. 127—138 (1971)

1 Acta Medica Academiae Scientiarum Hungaricae 28, 1971



128 J. SZÖŐR et al.

T h e  th e ra p e u tic  p o ss ib ilitie s  w hich are  co n fined  to  th e  ch ron ic  fo rm  o f 
th e  sy n d ro m e  are l in k e d  w ith  th e  advances in  su rg ica l te ch n iq u e . S p len o ren a l, 
p o r to c a v a l, azygocaval s h u n ts , cavocaval b y p a ss  m a y  be life-sav ing  b y  red u c in g  
p o r ta l  h y p e rten s io n  [10, 18, 36]. T he a c u te  sy n d ro m e  resists  a ll th e ra p e u tic  
a t te m p ts .  T h e  chances o f  lo n g -te rm  a n tic o a g u la n t th e ra p y  are  lim ited .

I n  th e  lig h t o f th e se  considera tions i t  w o u ld  a p p e a r as th o u g h , in  view  
o f th e  m u ltip lic ity  o f  i ts  possib le  cau sa tiv e  fa c to rs , th e  sy n d ro m e  w as fa r  
f ro m  ra re  and , in  v iew  o f th e  w ide range o f d iag n o stic  possib ilities, its  d iagnosis 
f a r  f ro m  d ifficu lt. I n  fa c t,  d iagnosed  cases a re  s till sp o rad ic  [1, 9, 14, 18, 21, 
3 4 ], th e  fea tu res b e in g  g e n e ra lly  a t tr ib u te d  to  c irrhosis  of th e  liver, В a n t i ’s 
sy n d ro m e , storage d isease , p o r ta l  th ro m b o sis , e tc . [1, 9, 14, 28] an d  th e  d iag ­
n o sis  is usually  rev ea led  p o s t  m ortem .

In  th e  period 1963 to  1970 we h av e  o b se rv e d  8 cases o f th e  sy n d ro m e  
in  o u r  H o sp ita l an d  th e  tw o  D ep a rtm e n ts  o f M edicine and  th e  In s t i tu te  o f 
P a th o lo g y  of D ebrecen  U n iv e rs ity ; these  e ig h t cases w ill be re p o rte d  below .

Case reports

C ase 1. B. L., a five-year-old girl was admitted because of severe abdominal pain of 
acute onset and meteorism. On admission the abdomen was distended, the liver was palpable 
6 to 7 cm below the costal arch, firm and tender on pressure. The urine contained increased 
am ounts of urobilinogen. Quantitative blood counts were normal, the differential count re­
vealed moderate eosinophilia and lymphocytosis. Serum bilirubin was 0.5 mg per 100 ml. 
thym ol turbidity was 2U, gold sol 2U; the total serum protein level and electrophoretic serum 
protein pattern were normal. Three days later percussion revealed ascites over an area of 4 or 
5 cm. Administration of chlorothiazide resulted in the disappearance of ascites and a relief of 
meteorism. In view of this improvement the parents refused their consent to splenoporto­
graphy and took the patient. Two weeks later she was brought in because of colicky pains and 
convulsions. On admission she was unconscious, in a state of shock, ascites was present. At­
tem pts to support the circulation failed and she died 2 hours later. The clinical diagnosis was 
hepatic coma of unidentified origin. Cirrhosis of the liver?

A t necropsy the abdominal cavity contained 300 ml fluid, liver and spleen were con­
siderably enlarged. The cut surface displayed a nutmeg liver pattern. The terminal sections of 
the hepatic veins in the areas of opening into the inferior v . cava were narrowed barely admit­
ting a blunt probe, their walls were thickened, greyish white in colour. There was a greyish-red 
clot obstructing the lumen of one of the veins.

Histology revealed general centrilobular congestion, central hepatocellular necrosis, 
w ith substantial connective tissue proliferation in the periportal areas and formation of pseudo- 
lobuli. The hepatic vein showed fibrous thickening of the media and intima. In the narrowed 
sections and the minor branches of the hepatic vein distal from this portion there were clots.

Diagnosis: Occlusive endophlebitis of the hepatic veins, Budd—Chiari syndrome (Fig. 1).
C ase 2. T. L., a 43-year-old female patient had polycythaem ia the beginning of which 

had been marked by recurrent épistaxis and bleeding of the gums and episodes of crural 
thrombophlebitis. On admission she displayed a plethoric face, enlargement of the liver by 8 
to 9, and of the spleen by 4 to 5 cm. RBC, 5 800 000; WBC, 12 000; platelet count, 400 000. 
The differential count showed a moderate shift to the left; the bone marrow smear increased 
erythropoiesis, myelopoiesis, megakaryocytosis. Administration of 4 mCi 32P resulted in 
clinical and haematological remission with shrinking of the liver and of the spleen by 4 to 5 cm 
each. Later, however, there was another episode of thrombophlebitis appearing in the right 
armpit and she was given further 2 x  100 microCi( !) 32P. Thereupon she became symptom-free 
and was discharged. The remission lasted three months when she experienced sudden intensive 
pains in the hepatic region, developed subicterus and became confused. She was admitted and 
given intravenous corticosteroids, Strophanthin, analeptics, but died within three hours. The 
clinical diagnosis was hepatic coma, polycythaemia vera.

A cta  Medico Academiae Scientiarum  Hungaricae 28, 1971



THE BUDD —CHIARI SYNDROME 129

Fig. 1. Major branch of hepatic vein w ith fibrous thickening and infiltration of its w all by 
round cells and plasmacytes. The liver shows a nutm eg pattern . H. E. X 40

A t necropsy the liver was enlarged, its surface was sm ooth. The subcapsular regions as 
well as the cut surface had a m ottled appearance w ith a yellow and brown patchy discoloration , 
the s truc tu re  was indistinct. The hepatic veins were filled w ith firm , dark red adhesive clots.

Diagnosis: R ecent thrombosis of th e  hepatic veins, B udd— Chiari syndrom e; poly- 
cythaem ia vera.

Case 3. Sz. I., a 55-year-old female p a tie n t had been complaining of abdom inal colics and 
w eakness for the last tw o days. On admission she was subicteric, she had m eteorism, th e  liver 
was enlarged by 6 or 7 cm; it was of firm consistency, tender on pressure. There was oedem a of 
the legs. U rinary urobilinogen was increased. RBC, 4 800 000; WBC, 9000; haem oglobin, 
15 g per 100 ml. The differential count revealed a slight sh ift to the left. Serum b ilirubin  was 
2.68 mg per 100 ml, giving a protracted d irect diazo reaction, the thym ol tu rb id ity  and  gold sol 
tes ts  were negative. Serum  GOT was 979 U. N PN  was 76.5 mg per 100 ml; serum to ta l p ro te in  
and th e  electrophoretic p a tte rn  were norm al. The pains ceased on the th ird  day b u t ascites 
developed rapidly and  the serum GOT a tta in ed  2400 U. On intensive diuretic tre a tm e n t the 
ascites practically disappeared. On the 54th day  she was discharged w ith the diagnosis of 
hepatic  cirrhosis b u t had to be readm itted  soon afterw ards because of the reappearance of 
ascites and pains. This tim e the investigations were s ta rted  w ith laparoscopy. A fter w ithd raw al 
of 5000 ml ascites fluid, a liver of uneven, brow nish-red surface, enlarged by 5 cm, as well as 
the normal-sized spleen, could be visualized. The finding was indicative of hepatic cirrhosis. 
The blood counts were largely the same as on th e  first occasion, only BSP reten tion  rose to  
94% . The ascites was rapidly progressing, th e  abdom inal pains were continuous. T hrom bo­
phlebitis appeared on th e  right lower ex trem ity  involving the entire area between the m alleolar 
and th e  inguinal regions. On repeated abdom inal paracentesis, diuretics and the tre a tm e n t of 
throm bophlebitis produced sym ptom atic im provem ent and the patien t was discharged. She 
was b rought back five days later with incip ien t hepatic coma. The blood counts now were 
typical of polycythaem ia, w ith RBC, 5 700 000; haem oglobin, 21.3 g per 100 ml; haem atocrit, 
70% ; WBC, 14 000. D espite infusions, g lu tam ic acid, neom ycin, cardiac drugs, the p a tie n t died 
seven days later. In spite of the term inal po lycythaem ia, true  in terpre tation  of the signs was 
missed and the clinical diagnosis rem ained hepatic  cirrhosis.

A t post m ortem  the abdominal cavity  contained  9000 ml of fluid. The liver was enlarged, 
its cu t surface displayed a nutm eg pa tte rn . T here was a palm-sized greyish-yellow area ad ­
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Fig. 2. Sublobular h ep a tic  vein. Oedematous wall w ith  in filtra tion  by granulocytes, lym pho­
cytes, plasm a cells and  eosinophils. In  th e  lum en a fresh red blood clot. H. E ., X76

ja c e n t to  the m ain tru n k  of th e  hepatic vein the lum en of which as well as th a t  of its  branches 
w as filled w ith stra tified  clots. The portal, lienal and  th e  superior mesenteric veins contained 
red  clots. Both fem oral veins were filled w ith organized clots. There was a considerable hyper- 
aem ia of all organs.

Histology: th e  p a tte rn  was th a t of a nu tm eg  liver m arked by centrilobular hepato ­
cellular atrophy, necrosis, haem orrhages. The p o rta l areas and the lobular centres were con­
nected  by fibrous s tran d s, creating  a pseudolobular p a tte rn . The branches of the hepatic vein 
contained throm bi in  successive stages of o rganization . There was fresh clot form ation in th e  
branches of the p o rta l vein.

Diagnosis: T hrom bosis of the hepatic vein in  th e  stage of organization. Congestive, in ­
d u ra ted  nutm eg liver tu rn in g  in to  cirrhosis. F resh  throm bosis of the portal, lienal and  superior 
m esenteric veins. O rganizing clot in the fem oral vein. Polycythaem ia. B udd— Chiari syndrom e
(Fig. 2).

Case 4. M. J . ,  a  41-year-old male p a tien t was a chronic alcohol addict who had  been 
u nder our care on rep ea ted  occasions for ascites an d  oedema. The signs and sym ptom s had  
been a ttribu ted  to  cirrhosis of the liver. Cardiacs and  diuretics proved beneficial each tim e. 
RBC, WBC and p la te le t counts had been a t th e  u p p er lim it of the norm al on these occasions. 
Readm ission was m ade necessary by severe colics. On admission m oderate jaundice, ascites, 
engorged veins of th e  abdom inal wall were found. The liver exceeded the costal m argin by 10 
cm, the spleen by 2.5 cm. The lower extrem ities and  th e  sacral region were oedem atous. Serum  
bilirub in  was 2.62 mg per 100 ml, giving a direct diazo reaction ; thym ol tu rb id ity , 2.65 U ; serum  
GOT, 54 U; p ro th rom bin  index, 45% , serum to ta l p ro te in  6.3 g per 100 ml. The results of 
haem atologic investigations were indicative of po lycythaem ia: RBC, 6 400 000; W BC, 10 000; 
p la te le t count, 400 000; haemoglobin, 20 g per 100 m l; haem atocrit, 60% ; th e  d ifferential 
coun t showed a shift to  th e  left; the sternal bone m arrow , increased erythro-, myelo- and throm - 
bopoiesis. On these grounds, B udd—Chiari’s syndrom e was diagnosed. A dm inistration of 5 
mCi 32P  and of heparin  in travenously  was followed by  a rap id  haematological response b u t was 
unable  to arrest the progress of the hepatic lesion and  th e  p a tien t died w ith hepatic coma in the 
second week of th e  haem atological remission.
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A t necropsy, th e  abdominal cavity  contained large am ounts of fluid. The righ t lobe of 
th e  liver was enlarged, its  structure was fibro-nodular. The hepatic veins, the inferior v. cava 
and th e  common iliac vein were obstructed  by greyish-red clots. The m edullary cav ity  of the 
righ t fem ur revealed b rig h t red bone m arrow  of unusual extent.

Histology: the lum en of the small and  medium-sized branches of the hepatic vein was 
occupied by blood clots in various stages of organization. The parenchym a exhibited  necrotic 
areas of variable size and  appeared to be d iv ided  up by coarse collagenous tissue. Bone m arrow  
sm ears taken  from the righ t femur revealed a hyperplasia of all elements.

Diagnosis: Throm bosis of the h ep a tic  veins in the stage of organization. F resh  focal 
necrosis and postnecrotic cirrhosis of the liver. Polycythaem ia vera. B udd—Chiari syndrom e.

Case 5. The 28-year-old female p a tie n t K. I. had been referred to us for epigastric pains 
of w hich she had been complaining for th e  las t year and which had aroused the suspicion of 
hepatic  cirrhosis. On admission, facial telangiectasia and engorged cutaneous veins in the 
region of the xiphoid process were noted. T he liver was greatly  enlarged and of cartilaginous 
consistency. The labo ra to ry  findings were ind icative of diffuse hepatocellular lesion. Thym ol 
tu rb id ity  was gold sol, 4 U; serum  GOT, 54 U; serum  aldolase, 9.3 U ; B SP-retention ,
32% ; prothrom bin index, 48% . U robilinogenuria was greatly  increased. All this was suggestive 
of po rta l cirrhosis, b u t th e  history, the co n stan t pains and the laparoscopy findings ruled out 
th e  presence of hepatic cirrhosis. At laparoscopy B udd—Ghiari’s syndrom e was no t identified: 
on the considerably vascularized surface of the excessively enlarged liver a norm al s truc tu re  
was found to  a lternate  w ith  translucent yellowish prom inent areas of pa tchy  character m easur­
ing 25—30 mm in d iam eter. The finding was com patible w ith a polycystic liver, m ultiple 
benign hepatic tum ours as well as w ith haem angiom a. Despite a liver-supporting regim en,the 
p a tien t developed hepatocellu lar jaundice w ith  slight ascites and enlargem ent of the spleen by 
2 cm as a sign of progression of the process. I t  was finally a laparotom y which threw  ligh t on 
the  tru e  condition. The abdomen was opened from upper midline incision. The veins of the 
skin, subcutaneous fa t ty  tissue and peritoneum  were distended. The liver was grossly enlarged, 
of sm ooth  surface, brow nish-red in colour. No node or cyst was seen. There was some fluid in 
the abdom inal cavity. A biopsy specimen was excised.

Histology: the cen tral veins were d ila ted , their walls showed hyaline thickening. The 
parenchym a was m arked by centrilobular hypoxaem ic necrosis and hyaline hyperplasia of 
connective tissue. The sinuses were d ilated as a sign of congestion. Form ation of pseudolobuli 
was d is tinc t (Fig. 3). The diagnosis was B u d d —Chiari syndrom e the prim ary cause of which 
had y e t to be identified. The plethoric face of the p a tien t was suggestive of polycythaem ia 
a lthough  the results of earlier haem atological investigations had been norm al. This tim e, how­
ever, th e  findings were conclusive, BBC being 5 400 000; WBC, 9000; haem oglobin, 18 g; the 
p la te le t count, 380 000. Bone-marrow b iopsy was typical of polycythaem ia. In  th e  loose 
m edullary  substrate th e  fa tty  tissue was su b s titu ted  by cellular elem ents. H yperplasia of the 
ery th ro - and m yelopoietic elements w ith an  increased num ber of m egakaryocytes was noted. 
V enipunctures and in travenous adm inistra tion  of 6 mCi :J2P resulted in a com plete haem ato ­
logical remission by th e  end of two m onths, parallel w ith a remission of the B udd—Chiari 
syndrom e. R B C w as4  600 000; WBC, 8000; p la te le t count, 240 000, haem atocrit was 45% , the 
d ifferential count was norm al, the pains h ad  subsided, there  was a regression of ascites and of 
collateral venous stasis , the liver had dim inished by approxim ately 6 cm, the spleen was no 
longer palpable, BSP retention  was 5% , serum  GOT, 40 U. I t  was assumed th a t , together w ith 
the haem atological rem ission, the resulting  Budd —Chiari syndrome had also been b rough t 
under definitive control. This was, how ever, not the case. One year la ter, in the presence of 
norm al blood counts, th e  signs of hepatic veno-occlusion reappeared, the pains in th e  hepatic 
region increased in severity , enlargem ent o f the liver by 4 or 5 cm was noted, BSP re ten tion  
a tta in ed  30% , serum GOT rose to 140 U. T his recurrence was, however, followed by a gradual 
im provem ent, probably due to a spontaneous recanalisation of the veins. On presenting  for a 
follow-up she reported  to  be well, the blood and  sternal m arrow counts were norm al, there  was 
no sign of portal hypertension. The liver exceeded the costal arch by 4 cm. BSP re ten tion  was 
5 % , serum  GOT, 36 U. She had been well ever since and able to a ttend  to her form er activ ities.

Case 6. The 49-year-old male p a tie n t S. K. had been referred to  the infection u n it be­
cause of suspected infectious hepatitis. D uring the first two weeks the clinical course seemed 
to  confirm  the suspicion. There was slight jaundice, the liver was enlarged by 4 cm, th e  urine 
contained increased am ounts of urobilinogen and bilirubin. Serum bilirubin was 4.26 to 5.48 
mg per 100 ml giving a direct reaction. Thym ol tu rb id ity  was +  +  +  ; gold sol, 3 U; serum  
alkaline phosphatase, 8 PhU ; ESR, 7 m m /h ; RBC, 4 000 000; WBC, 5200. A t the end of the 
second week, sudden severe abdom inal pa in  accom panied by haem atem esis and m elaena 
appeared, this was followed by the developm ent of ascites. On these grounds, the possibility  of 
hepa titis  was rejected, the signs were a ttr ib u te d  to hepatic cirrhosis and the p a tien t was tran s-
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Fig. 3. Fibrosis, hepatocellu lar a trophy  in the centrilobular area contiguous to  the central 
vein. Centrilobular stasis is indicated by th e  d istended sinuses. H. E. X 80

ferred  to the medical w ard where jaundice and ascites increased rapidly , and the abdom inal 
pa ins as well as the episodes of haem atem esis and m elaena appeared more and more frequently. 
D espite transfusions, haem osta tic  measures and in travenous corticosteroids the patien t died 
w ith  hepatic  coma a t the end of th e  th ird  week. The clinical diagnosis was cirrhosis of the liver 
of unidentified  origin, ru p tu red  oesophageal varices. H epatic  coma.

Necropsy: The abdom inal cavity  contained 2500 ml fluid. The liver was enlarged and of 
nodu la r structure. The righ t lobe enclosed a fist-sized greenish-brown tum our mass which, 30 
m m  from  the inferior v. cava had  rup tured  into one of the  m ajor branches of the hepatic vein, 
filling ou t its lumen. In  th e  branches of the hepatic vein tow ard  the centre there were stratified  
greyish-w hite clots. The oesophagus exhibited varicous veins and there were erosions on the 
gastric  mucosa.

Diagnosis: P orta l cirrhosis of the liver. H epatocellu lar carcinom a of the rig h t hepatic 
lobe vein w ith propagation  in the  vascular lumen and  recen t throm bosis of the hepatic vein. 
B u d d — Chiari syndrome (Fig. 4).

Case 7. The 69-year-old male patien t K. A. had  been experiencing persistent epigastric 
pa in  and  rapid  loss of w eight for the last m onth and was adm itted  in a poor condition. He was 
m odera te ly  jaundiced, th e  epigastric region was tender on pressure, the liver was enlarged by 
approx im ate ly  8 cm, and of uneven, firm  consistency. U ribilinogenuria was m arked. BSR was 
20 m m /h; RBC, 3 850 000; haem oglobin, 9.1 g per 100 ml, WBC, 10 000. Serum bilirubin was 
2 mg per 100 ml, giving a p ro trac ted  direct diazo reaction , th e  thym ol tu rb id ity  and gold sol 
reactions were negative. Blood sugar was 125 mg per 100 ml. The signs were suggestive of 
in tra-abdom inal m alignant disease, b u t in view of the p a tie n t’s poor condition no such investi­
gations were made. On the fou rth  day melaena and ascites appeared and the p a tien t became 
confused. Transfusions of blood, infusions of dextrose, in travenous corticosteroids were ad ­
m in istered  bu t he died w ith  hepatic  coma on the s ix th  day. The clinical diagnosis was tum our 
of th e  liver w ith throm bosis of th e  hepatic veins. H epatic  coma. B udd— Chiari syndrom e.

Necropsy: the abdom inal cav ity  contained 1500 m l fluid. The liver was m arkedly en­
larged , of uneven surface, w ith  greyish nodular struc tu res. The righ t main branch of the

A cta  Medica Academiae Scientiarum  Hungaricae 28, 1971



THE BUDD —CHIARI SYNDROME 133

Fig. 4. H epatic cirrhosis o f portal type. The arrow  indicates tum our tissue a t orifice of hepatic  
vein  (v.h.) as a result o f invasion of the vessels by th e  tum our. Inferior vena cava (v.c.)

hepatic  vein was obstructed  by a greyish-red stra tified  blood clot, the cut surface ex h ib ited  a 
palm -sized bright yellow area in the ad jacen t region.

Histology: the wall of the stomach was in filtra ted  by an ulcerating tum our m ade up of 
a typ ica l glandular elem ents, solid cellular foci and a fibrous strom a with in flam m ato ry  signs. 
There were m etastatic  deposits in the liver. The lum en of the hepatic veins was packed w ith  
m alignant tissue and fresh, stratified blood clots, th e ir  walls showed acute in flam m ation . 
M alignant emboli were dem onstrable in the lum en of th e  po rta l vein. The parenchym a of the 
liver displayed haem orrhagic and necrotic areas.

Diagnosis: G astric carcinom a with deposits in th e  liver. Thrombosis of the po rta l and 
hepatic  veins in consequence of the spread of the tum our. B udd—Chiari syndrom e.

Case 8. The 65-year-old male, K. S., a chronic alcohol addict, was adm itted  in a poor 
condition. He had been lacking appetite and  lost 20 kg in weight in the last six m onths. He 
had been jaundiced for a few weeks and had frequen t m otions of almost black colour. On ad ­
mission he was pale, em aciated , m oderately jaund iced  and slightly confused. H is mucous 
m em branes were pale, there  was sacral oedema. The edge of the liver was firm  and sharp , a t ta in ­
ing the iliac crest. The urine contained increased am ounts of urobilinogen and bilirubin 
E SR  was 70/h; RBC, 2 900 000; WBC, 12 900; serum  b ilirubin , 4.88 mg per 100 ml, giving a 
p ro trac ted  direct diazo reaction; thymol tu rb id ity  te s t, -f--{--f~ +  ; gold sol, 4 U; serum  GOT, 
510 U ; serum  aldolase, 49 U; alkaline phosphatase, 17 P h .U .; N PN, 60 mg per 100 ml: to ta l 
protein , 6.67/g per 100 m l, w ith gamma globulin 4 2 % ; th e  prothrom bin index was 78% . 
W eber’s reaction for occult blood in the faeces was strongly  positive. The signs were consistent 
w ith  hepatic  cirrhosis of alcoholic origin or w ith  m alignan t disease of the liver. Laparoscopy 
failed to  confirm either of these possibilities; the liver was grossly erdarged, oedeinatous, its 
sm ooth surface exhibited patches yellow and brow n in colour. The abdominal cav ity  contained 
some fluid, the veins of the abdominal wall were engorged. The finding was suggestive of 
hepatitis  or of hepatic oedem a. Infusions of dextrose, corticosteroids, antibiotic th e rap y  were 
given b u t the condition was deteriorating, he becam e more and more confused and he died 
wi th hepatic coma on th e  six th  day.

Necropsy: the abdom inal cavity contained 2500 ml fluid. The liver was enlarged as a 
resu lt of m alignant deposits varying betw een apple and  w alnu t size. The hepatic veins of the 
r igh t lobe were obstructed  by tum our tissue and red clots. The parenchym a of the liver showed
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Fig. 5. M ajor branch  of hepatic vein containing m e tas ta tic  tum our tissue and fresh  blood 
clots. The w all shows signs of reactive inflam m ation, (a =  wall of hepatic vein, b =  fresh 

blood clot, c =  tum our tissue). H . E . X76

fa t ty  degeneration , in th e  haem orrhagic infarctions were seen. On the m ajor cu rv a tu re  of th e  
stom ach  a t  th e  junction  of the corpus and the card ia , a palm -sized area of exulcerated  m alig­
n a n t tissue  w ith  elevated  edges was found.

H isto logy: solid, anaplastic , adenom atous gastric  carcinom a w ith deposits in  th e  liver 
The tu m o u r had  invaded the righ t lobar branches of th e  hepatic vein, in filtra ted  th e ir  walls 
and ex tended  in to  the ir lum en th u s producing fresh blood clots. The liver tissue was m arked  by 
fa t ty  dystro p h y  and exhibited extensive areas of haem orrhagic necrosis.

D iagnosis: G astric carcinom a w ith secondary deposits in  the liver and propagation  into 
th e  lum en of th e  hepatic  veins w ith  recent throm bosis. B udd— Chiari syndrome.

D iscussion

I . The Budd Chiari syndrome in Hungary

T h e  sy n d ro m e is u n fre q u e n t in  H u n g a ry , as reflec ted  b y  th e  sm all 
n u m b e r  o f  re p o rte d  cases. In  acco rdance  w ith  th is  fac t, we fo u n d  no  m ore 
th a n  8 cases in  th e  overall m a te r ia l of o u r in s t i tu te s  from  1963 to  1970.

T h e  essen tia l d a ta  re la tiv e  to  th e  cases p u b lish e d  in  H u n g a rian  l i te ra tu re  
h a v e  b een  su m m ed  u p  in T ab le  I.

T h e  a g e -d is tr ib u tio n  b e tw een  2 an d  69 y ea rs  w as fa irly  even.
T h e  fem ale-to -m ale  ra tio  co rresp o n d ed  to  17 : 8.
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Table I

Data relative to the cases published in  Hungary including those o f the present study

m =  m ale; f  =  fem ale; e.h.o. =  obliterating hepatic endophlebitis; cong. h.o. — congenital 
hepatic vein obstruction ; cong. sy. =  congenital syphilis; ae.u. — aetiology unknow n: p .v . =  
polycythaem ia vera; i.v. =  diagnosed during life; p .m . =  recognized post m ortem ; ? no 
clinical diagnosis given; B an ti’s =  B an ti’s syndrom e; cirrh . =  hepatic cirrhosis; hep . tu . — 

hepatic tum our; p.s. =  observation  reported  in present study

No.
\ ' J C .

years Sex Aetiology Diagnosis False diagnosis
Y ear of 
publi­
cation

Reference
num ber

l 2 m e.h.o. (cong. h.o.) p.m. chr. hep. 1906 4
2 18 f e.h.o. (cong. syph.) p.m. 9 1927 11

3 2 f e.h.o. (ae.u.) p.m. B an ti’s disease 1938 32
4 38 f e.h.o. (ae.u.) i.v. ' — 1956 16

5 50 f e.h.o. (ae.u.) p.m. hep. tu. 1957 31

6 45 f e.h.o. (ae.u.) p.m. cirrh. 1958 13

7 67 m p.v. p.m. card. fail. 1958 13

8 68 f hep. tu. i.v. — 1961 29

9 60 f p.v. i.v. — 1961 29
10 61 m e.h.o. (ae.u.) p.m. cirrh. 1962 35

11 31 f e.h.o. (ae.u.) p.m. cirrh. 1964 28

12 49 f p.v. i.v. — 1964 33

13 40 f e.h.o. (ae.u.) p.m. portocav.
throm b.

1968 1

14 13 f e.h.o. (ae.u.) p.m. B anti’s s. 1968 14

15 56 m hep. tu. p.m. cirrh., hep. tu. 1968 14
16 46 f p.v. i.v. — 1969 34

17 2 f e.h.o. (ae.u.) p.m. storage
disease

1970 9

18 5 f e.h.o. (ae.u.) p.m. cirrh. 1971 p.s.
19 43 f p.v. p.m. cirrh. 1971 p.s.

20 55 f p.v. p.m. cirrh. 1971 p.s.

21 41 m p.v. i.v. — 1971 p.s.

22 28 f p.v. i.v. — 1971 p.s.

23 49 m hep. tu. p.m. cirrh. 1971 p.s.

24 69 m hep. tu. (sec.) i.v. — 1971 p.s.

25 65 m hep. tu. (sec.) p.m . cirrh. 1971 p.s.

A etio log ically , th e  m a te ria l fa lls in to  th re e  groups, viz. 1. o b s tru c tiv e  
h ep a tic  en d o p h leb itis , 12 cases (u n k n o w n  orig in  10, congenita l o b s tru c tio n  
of th e  h ep a tic  ve in s  1, a ttr ib u te d  to  co n g en ita l syp h ilis , 1); 2. p o ly c y th a e m ia  
v e ra  8; 3. m a lig n a n t tu m o u r o f th e  liv e r 5 cases.
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I t  is in te re s tin g  to  n o te  th a t  for in s ta n c e  in  E g y p t and  J a m a ic a  o b s tru c ­
t iv e  h e p a tic  e n d o p h le b itis  a ttr ib u te d  to  n u tr i t io n a l  deficiency [3, 22] and  
in  J a p a n  congen ita l o b s tru c tio n  of th e  in fe r io r  v . cava  [36] is th e  p re v a le n t 
p r im a r y  fac to r o f th e  B u d d  Chiari sy n d ro m e .

T h e  ra tio  o f in -v iv o  to  p o st-m o rtem  d iagnoses co rresponded  to  8 : 17.
T h e  m a jo rity  o f  m isd iagnosed  cases h a d  been  a t tr ib u te d  to  c irrhosis 

o f  th e  liver (9 cases).
A t th e  tim e  o f p u b lic a tio n  th e re  a re  n o  m ore  th a n  th re e  su rv iv o rs  o f 

a ll 25 p a tien ts .

I I .  Analysis o f  the present cases

Aetiology. T h e  ae tio log ic  fac to r w as p o ly cy th aem ia  v e ra  in  four, 
m a lig n a n t disease o f  th e  liv e r  in th ree , a n d  o b s tru c tiv e  h ep a tic  en d o p h leb itis  
o f  u n k n o w n  origin in  one  o f  th e  eight cases.

T h e  h y p e rc o a g u la b ility  of blood in  p o ly c y th a e m ia  v e ra  a c co u n ts  fo r 
th e  in v o lv em en t o f th is  d isease in B udd  C h ia ri’s syndrom e. T hese  re la tio n ­
sh ip s  h av e  im p o r ta n t d iag n o stic  as w ell as th e ra p e u tic  im p lica tio n s: p o rta l 
h y p e r te n s io n  a p p e a rin g  in  p o ly cy th aem ia  is suggestive o f th e  sy n d ro m e  
w h ile  successful th e ra p y  o f  p o ly cy th aem ia  v e ra  m a y  resu lt in a  rem ission  o f th e  
sy n d ro m e . F rom  th e  d a ta  on th e  re la tio n sh ip  o f  th e  tw o sy n d ro m es [6, 10, 
13, 17, 18, 26, 29, 33, 34] as well as from  o u r  ow n o b serva tions, i t  em erges 
t h a t  B u d d  C hiari’s sy n d ro m e  is a f re q u e n t com plica tion  of p o ly cy th aem ia  
v e ra .  T h is is, how ever, a t  v a rian ce  w ith  th e  s ta t is t ic a l  figures o f P a r k e r  [21] 
a c c o rd in g  to  w hich  u p  to  1959 th ere  h a v e  b e e n  no m ore th a n  17 re p o rte d  
cases  in  w hich p o ly c y th a e m ia  vera  h a d  b e e n  responsib le fo r occlusion  o f 
th e  h e p a tic  veins. M o reo v er, Chievitz  a n d  T h i e d e  [8] have fo llow ed u p  250, 
a n d  T ch erba k  [30] 219 p a tie n ts  w ith  p o ly c y th a e m ia  v era  fo r long  years 
w i th o u t  no tin g  th e  o ccu rren ce  of B u d d —C h ia ri’s syndrom e in a single in s tan ce .

P r im a ry  an d  se c o n d a ry  tum ours o f  th e  liv e r  m ay  induce  th e  B u d d  
C h ia ri syndrom e b y  in v a d in g  th e  lum en o f th e  h e p a tic  veins or b y  th e ir  com ­
p re ss io n . The o u tco m e is in v a ria b ly  fa ta l  a n d  i t  is m ostly  p o st m o rte m  th a t  
th e  co n d itio n  is reco g n ized  [12, 13, 14, 20, 21, 25, 29].

T h e  aetio logy  o f  h e p a tic  endo p h leb itis  is s till p ro b lem atic . S yph ilis, 
o rig in a lly  in c rim in a te d  b y  Chia ri  [7] is no  lo n g e r considered a responsib le  
f a c to r , on  th e  o th e r h a n d , v a rio u s  o ther c o n d itio n s  such  as a lim en ta ry  to x aem ia , 
c o n su m p tio n  of b u sh - te a  [2, 3], po ison ing  w ith  Senecio Ja c o b e a  a lkalo id  
[23, 24] are  of no g e n e ra l v a lid ity . T he p ro cess  has no causal th e ra p y , its 
p ro g n o s is  is poor.

Diagnosis. D iagnosis  h as  been m ad e  d u r in g  life in  3 o f th e  8 p re se n t 
cases , in  Case 5 on th e  ev idence  of lap a ro sc o p y  com bined  w ith  liv e r b iopsy , 
a n d  in  Cases 4 an d  7 on  th e  basis of th e  c lin ica l p ic tu re . This p ro p o rtio n  is, 
on  th e  w hole, n o t u n fa v o u ra b le  in  view o f th e  fa c t  th a t  H u n g a rian  l i te ra tu re
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records five  cases on ly  w h ere  diagnosis h as  b een  m ad e  du ring  life [16, 29, 
33].

All e ig h t cases re p o r te d  reflect th e  d iag n o stic  d ifficu lty . I n  Case 2 it  
w as th e  h y p e ra c u te  c lin ical course, in  Cases 1, 3, 6 an d  8 th e  fea tu re s  im ita tin g  
h ep a tic  c irrhosis w hich  m ask ed  th e  veno-o cc lu siv e  process o f th e  liv e r. In  
cases 3, 4 an d  5 th e  p o ly cy th aem ia  w as m ask ed  a t  f ir s t  b y  th e  signs o f  p o rta l 
h y p e rten s io n , so th a t  th e  co rrec t in te rp re ta t io n  o f th e  signs su ffered  a c e r ta in  
delay . In  cases 6, 7 an d  8 th e  sy m p to m s o f th e  h ep a tic  tu m o u r  w ere  too  
closely linked  w ith  th o se  o f  veno-occlusion; th e  la t te r  cond ition  could  be d iffe r­
e n tia te d  in  Case 7 on ly .

Treatment. C ausal th e ra p y  could be  co n sid e red  in Cases 2, 4 a n d  5 in  
view  of th e  resu lts  of 32P  tre a tm e n t o f th e  p o ly cy th aem ia . As re g a rd s  th e  
b enefits  o f th is  th e ra p y  from  th e  a sp ec t o f th e  B u d d  Chiari sy n d ro m e , it 
was fo u n d  in  fa c t to  cause  a sign ifican t rem ission  in  Case 5 s till c o n tin u in g  
to  th e  p re se n t day .

W e fin d  th re e  s im ila r observa tions in  th e  l i te ra tu re  [10, 18, 29] in  tw o  
of w hich [10, 18] th e  fo rm a tio n  of a sp len o ren a l o r p o rta c a v a l sh u n t, re sp e c tiv e ­
ly , h ad  to  be p erfo rm ed , in  add ition  to  32P  th e ra p y .

In  tw o o f th e  p re se n t cases, 32P  failed  to  a v e r t  th e  occlusion o f th e  h e p a tic  
veins. In  Case 2, th is  com plica tion  en su ed  in  a s ta te  of fu ll h aem ato lo g ica l 
rem ission  an d  in  Case 4 i t  follow ed its  fa ta l  cou rse  in  th e  p resence o f  a f a v o u r­
able haem ato lo g ica l re sponse  to  32P.

As a f in a l  conclusion, th e  B udd  C hiari sy n d ro m e  m u st be co n sid e red  
a ra re  co n d itio n  w hich 125 years a fte r  B u d d ’s classical d esc rip tion , s till o ften  
escapes d e tec tio n . I n t im a te  fam ilia rity  w ith  th e  fea tu re s  of th e  sy n d ro m e  is, 
in ou r v iew , s till th e  b e s t m eans for its  d iag n o sis . P o r ta l  h y p e rte n s io n  an d  
pa in  in  th e  h ep a tic  reg ion  in  th e  absence  o f a ty p ic a l h is to ry  sh o u ld  d irec t 
a tte n tio n  to  its  p resence. In  add ition  to  th e  d iag n o stic  d ifficu lties, p rognosis 
is n e a rly  as po o r as before . Im p ro v ed  d iag n o stic  m eans for th e  early  reco g n itio n  
o f th e  o b s tru c tio n  o f th e  h e p a tic  veins a n d  m o re  e ffic ien t th e ra p e u tic  w eapons 
th a n  th o se  av a ilab le  a t  p re se n t m igh t b rin g  a ch an g e  fo r th e  b e tte r  in th e  o u t­
look o f th e  process.
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URINARY AND SERUM TRANSAMINASE LEVELS 
IN RATS WITH ORGANIC MERCURY POISONING

By

K o r n é l ia  L ehotzky  and S. B o r d á s*

STATE IN ST ITU TE OF OCCUPATIONAL H EA LTH , D E P A R T M E N T  OF A PPLIED  TO X ICOLOCY .
BUDAPEST

(Received October 23, 1970)

An organic m ercurial compound, m ethoxy-e thy l mercuric chloride (M EM C) has 
been studied  for its toxic effect on the renal tubu li in  ra ts . In  view of th e  p ro trac ted  
natu re  and  the slight degree of the effect, for its dem onstration  urinary tran sam in ase  
ac tiv ity  was chosen. On th e  evidence of parallel determ inations of serum GOT an d  GPT 
activ ity  i t  could be ascertained th a t urinary transam inase  activ ity  is due to  d e tach ed  and 
d isin tegrated  tubu lar epithelia l cells. This was fu r th e r  supported by the presence in 
urine o f large num bers o f such cells. N either the concentration  and dilution te s ts , nor 
the protein  and sugar co n ten t of the urine are sensitive enough for the d e tec tio n  of 
these slight tubu lar lesions.

Thus, MEMC, ap a rt from  its well-known tox ic  effect on the nervous sy s tem , has 
been found to induce renal lesions accessible to  th e  function  test employed.

O rgan ic  m ercuria l com pounds form  th e  b as is  o f num erous p e s tic id e s  
and  m e th o x y -e th y l m ercu ric  chloride (MEMC in  th e  following) has a n e p h ro ­
toxic effect s im ilar to  t h a t  o f corrosive su b lim a te  [1].

I t  has been  show n ea rlie r  th a t  MEMC, even  below  th e  dose-levels in v o lv ­
ing so m atic  m an ife s ta tio n s , in terferes w ith  p re v io u s ly  form ed c o n d itio n e d  
n u tr itio n a l reflexes in  ra ts  [2]. In  our s tud ies o f  a c u te  MEMC po iso n in g  B A E 
was less effec tive  th a n  a g a in s t o th e r organ ic  m e rc u ria l com pounds in c lu d in g  
su b lim ate  [3]. T he p re se n t s tu d y  has been  co n cern ed  w ith  th e  n e p h ro to x ic  
effect of M EM C. I t  is well know n  th a t  n e ith e r  th e  c u rre n t renal fu n c tio n  te s ts , 
no r th e  h isto log ic  p ro ced u res  are  sensitive en o u g h  for th e  de tec tion  o f  m in o r 
tu b u la r  lesions [4, 5, 6]. F o r  th is  reason , R o sa lk i  and  W i l k i n s o n  [7] 
suggested  to  e s tim a te  th e  u r in a ry  tra n sa m in a se  level for th e  d e m o n s tra tio n  
of sligh t tu b u la r  lesions. In  th e  p re sen t s tu d y  i t  w as so u g h t to  a sce rta in  w h e th e r  
th e  said  enzym e was a re liab le  in d ica to r o f th e  m in o r  tu b u la r  lesions in d u c e d  
by  MEMC.

Material and m ethod

A to ta l o f 132 male albino ra ts  weighing betw een 150 and 180 g was used. The anim als 
were kep t on syn thetic  ra t food. MEMC (Berk L im ited, L ondon) was adm inistered in traperi- 
toneally as a 1% solution in distilled water.

The following groups were set up.

* P resen t address: A grártudom ányi Egyetem , Növényvédelm i Tanszék, K eszthely , 
H ungary.

Acla Medica Academiae Scienliarum Hungaricae 28, 1971



140 К . LEHOTZKY and S. BO RDÁ S

Group I .  72 anim als were given 2 mg/kg MEMC six tim es weekly for six weeks. (The dose 
adm in istered  corresponds to  one fifth  of the acu te  L D 5U =  9.4 ±  0.9 m g/kg, determ ined 
earlie r.)

Group I I .  60 anim als were given 0.2 m g/kg MEMC six times weekly fo r 12 weeks.
In  both  groups th e  following investigations w ere performed before and  once weekly 

d u rin g  trea tm en t.
a) G lutamic oxaloacetic transam inase and g lu tam ic  pyruvic transam inase were esti­

m a te d  b y  the method of R e it m a n  and F r a n k e l  [8] in  urine collected for 16 hours;
b) epithelial cell counts in  the unstained u rin a ry  sedim ent, using a B uerker-cham ber;
E very  th ird  day th e  following tests were perform ed.
c) Concentration te s t, b y  refractom etric m easu rem en t of the specific g rav ity  of urine 

co llected  for six hours from  anim als kept for th is tim e  in  special containers;
d) dilution te s t by  m easurem ent of u rinary  specific gravity every hour a fter the  ad­

m in is tra tio n  a t 14 o’clock of 1.5 ml tap w ater per 100 g body  weight through a stom ach  tube:
e) estim ation of th e  serum  GOT and GPT levels every week in a d ifferen t group of 

fo u r  anim als for each of th e  tw o substances, blood sam ples of 5 ml being ob ta ined  by  heart 
p u n c tu re ;

f )  regular checking of th e  urine for protein  (sulphosalicylic acid) and sugar (B enedict’s 
te s t) , and  recording of body  weight.

A t the end of the experim en t, the anim als w ere killed by decapitation and  th e ir paren­
chym atous organs were sub m itted  to histological s tu d y .

R esu lts

In  p re lim in ary  te s ts  o f 24 ra ts , th e  se ru m  and  u r in a ry  tra n sa m in a se  
lev e l rem ain ed  n o rm a l in  a ll anim als th ro u g h o u t th e  en tire  period  o f  10 w eeks. 
P y ru v ic  acid c o n c e n tra tio n  in  urine ran g ed  b e tw e e n  5 and 7 fig, in v a r ia b ly  below  
10 fig, an d  in serum  b e tw e e n  14 and  17 fig, in  acco rd an ce  w ith  th e  fig u re s  given 
b y  B alázs e t al. [4].

Group I. Urine. I n  response to  M EM C, G O T  and  G PT a c tiv i ty  ex h ib ited  
a r ise  u p  to  30 fig u n t i l  th e  th ird  week, a n d  a su b seq u en t decline; a t  th e  end  
o f  s ix  w eeks th e  levels w ere  in th e  n e ig h b o u rh o o d  of th e  n o rm a l v a lu e . A t 
th is  p o in t, a d m in is tra tio n  o f MEMC w as d isc o n tin u e d , th e  su b se q u e n t changes 
in  th e  tra n sa m in a se  leve ls  w ere of no s ig n ifican ce . The cell co u n t in  th e  u r i­
n a r y  sed im en t re v e a le d  an  increase w h ich , s im ila rly  to  th e  tra n sa m in a se  
lev e l, a tta in e d  its  p e a k  in  th e  course of th e  th i r d  week (Fig. 1). A t  th is  tim e , 
n u m e ro u s  cell f ra g m e n ts  appeared  in  th e  u r in e , g rea tly  in te rfe rin g  w ith  th e  
a c c u ra c y  of th e  cell co u n ts .

D ilu tio n  and  c o n c e n tra tio n  cap ac ity , sp ec ific  g rav ity , an d  su g a r  c o n te n t 
sh o w e d  no ty p ica l c h an g e  b u t  p ro te in u ria  w as com m on.

Blood. An e le v a tio n  o f  serum  GOT a n d  G P T  was n o ted  th e  f i r s t  w eek. 
T h e  in c reased  va lu es  p e rs is te d  th ro u g h o u t th e  en tire  e x p e rim e n ta l period  
a n d  d id  n o t re tu rn  to  n o rm a l even a f te r  th e  ad m in is tra tio n  o f M EM C h ad  
ceased  (F ig . 2).

Histology. W ith  th e  progression o f  p o iso n in g , th e  d e ta c h e d  tu b u la r  
e p ith e liu m  was rep laced  b y  new ly fo rm ed  f l a t  basophilic  cells, p re su m a b ly  
as a  sig n  of ep ithe lia l reg en era tio n .
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2 mg/kg die ip MEMC

--------- UGOT
--------- UGPT
*— *—к sediment

week

Fig. 1. E ffect of 2 m g/kg/day of MEMC on u rinary  GOT and GPT level. Abscissa: К  — contro l 
tim e of trea tm en t in weeks. O rdinate: Na pyruvate  (oxaloacetate), fig. N um ber of ep ithe lia  
cells/ml in u rinary  sedim ent. Arrows: beginning and end of th e  trea tm en t. In  2nd, 3 rd ’and^4th 

week, p  <  0.02; th e  deviation  from the in itial values was significant

Group I I .  Urine. T h ro u g h o u t th e  en tire  12 w eeks th e re  w as a c o n tin ­
uous rise  in th e  tra n sa m in a se  level from  th e  in it ia l  values of less th a n  5 to  
7 /tg  u p  to  th e  20 to  25 / /g w hich  w ere reach ed  b y  th e  end of th e  5 th  to  6 th  
w eek to  decline again  from  th is  tim e  onw ard , re tu rn in g  to  th e  o rig in a l v a lu e  
b y  th e  end  of th e  1 2 th  w eek. T here  was a close para lle lism  b e tw een  th ese  
changes an d  th e  in crease  in  th e  cell coun ts in th e  u r in a ry  sed im en t, a lth o u g h  
th e  m ax im u m  of 300 cells p e r  m l w as a t ta in e d  in  th e  th ird  w eek (F ig . 3). 
T h e  co n cen tra tin g  a n d  d ilu tin g  cap ac ity  as w ell as u r in a ry  su g ar excre tion  
rem ain ed  u n ch an g ed ; ex cep tio n a lly , p ro te in  w as fo u n d .

Blood. Serum  G O T an d  G PT  rem ained  u n a ffe c ted  th ro u g h o u t th e  en tire  
o b se rv a tio n  period  o f 12 w eeks. T he an im als ex h ib ite d  no p a th o lo g ica l sy m p ­
tom s an d  gained in  w e ig h t ad eq u a te ly .

2mg/kg die ip MEMC
---------SeGOT
---------SeGPT

ф 40 -
ö

К I 1 2 Г  4 ~~!5 6 \  7 8 9 week

Fig. 2. E ffect of 2 m g/kg/day of MEMC on serum GOT and G PT level. Abscissa: К  — control; 
tim e of trea tm en t in weeks. O rdinate: Na pyruvate  (oxaloacetate), fig. Arrows: beginning and 

end of th e  tre a tm en t. Throughout the en tire  period, p  <  0.02
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F ig . 3. E ffect of 0.2 m g/kg /day  of MEMO on u rin ary  GOT and GPT level. Abscissa: К  — 
co n tro l; tim e of tre a tm en t in  weeks. O rdinate: N a py ru v a te  (oxaloacetate), fig. Arrows: 
beg inn ing  and end of th e  tre a tm e n t. Between the fou rth  and  eighth week, p  <  0.02; the de­

v ia tion  from  the initial values was significant

D iscussion

T he u rin a ry  tr a n s a m in a s e  level seem ed to  be a su itab le  in d e x  of the  
s l ig h t  tu b u la r  in ju ry  in d u c e d  b y  chronic m e rc u ry  poisoning. T h e  p rocedure  
re q u ire s  a sm all a m o u n t o f  u rin e , th u s p e rm ittin g  to  perform  re p e a te d  te s ts , 
a n  a d v a n ta g e  in  to x ico lo g ica l p rac tice , since i t  offers a co n v en ien t m eans 
o f  ch eck ing  th e  p ro g ress  o f  slig h t tu b u la r  lesions an d  prov ides a specific  te s t 
fo r  th e  d em o n stra tio n  o f  e a rly  tu b u la r  d am ag e .

MEMC has b een  fo u n d  to  induce tu b u la r  lesions. A p p lica tio n  o f m inor 
d o ses  resu lts  in  d e ta c h m e n t an d  e lim ina tion  w ith  u rin e  of th e  tu b u la r  ep ith e ­
lia l  cells, correspond ing  to  th e  e x te n t o f th e  in ju ry . T he d is in te g ra tin g  cells 
re le a se  tran sam in ase , th u s  increasing  its  u r in a ry  level. Since b o th  GOT and  
G P T  h a v e  been fo u n d  to  m a in ta in  th e ir  o rig in a l co n cen tra tio n  in  th e  serum , 
th e  increased  u r in a ry  tra n sa m in a se  level can  h a v e  no o th e r source  th a n  th e  
k id n e y .

A fte r  a d m in is tra tio n  o f  m a jo r doses o f M EM C, th e  serum  tra n sa m in a se  
le v e l also increases. T h is  m a y  be acco u n ted  fo r  b y  tw o possib ilities ; e ith e r 
th e  liv e r  is affected  b y  M EM C , m yo card ia l d am ag e  caused b y  th e  su b stan ce  
h a v in g  been  p ra c tic a lly  ex c lu d e d  [9] or th e re  is a re tu rn  of u r in a ry  tra n s a m i­
n a s e  in to  th e  serum .

Acknowledgements. W e are  indebted to S. M ányai for valuable advices, to Dr. G. K endrey 
fo r reviewing the histological findings, and to Miss K. Ányos for technical assistance.
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BRONCHIAL OAT-CELL CANCER 
PRODUCING ACTH, SEROTONIN AND CATECHOLAMINE

By

L. Mo s o n y i , G. S z il á g y i, L . G r á f , E r z sé b e t  P a l á st h y  and E . S z a t ló c z k y

FO U R TH  D EPARTM ENT O F M E D IC IN E AND EX PE R IM E N T A L  LABORATORY D EPA R T M E N T 
O F RESEA RCH ES, B U D A PEST, AND 

IN S T IT U T E  O F PHARM ACOLOGICAL R ES E A R C H , BU DA PEST

(R eceived December 16, 1970)

A case of bronchial carcinom a producing ACTH, serotonin and catecholam ine is 
reported. There has been th u s fa r no evidence of the production of horm ones of non­
polypeptide character in  bronchial carcinoma. The clinical signs and sym ptom s were 
consistent w ith catecholam ine-overproduction.

T here  has been in c reas in g  evidence in  th e  l i te ra tu re  on h o rm o n e -p ro ­
d u c in g  ectopic tu m o u rs  [27]. B etw een  1966 an d  1970, th e  re p o r te d  cases 
o f A C TH  an d  A D H -sec re tin g  tu m o u rs  as w ell as o f th o se  associa ted  w ith  h y p e r-  
ca lcaem ia  increased  from  a p p ro x im a te ly  150, 27 an d  37, re sp ec tiv e ly , to  175, 
40 a n d  52. T his increase w h ich  is fa r  bey o n d  th e  likew ise p rogressing  in c id en ce  
o f m alignancies is also v a lid  fo r tu m o u rs  sec re tin g  horm ones o f o th e r  k in d , 
e. g. g o n ad o tro p in , G H  o r se ro to n in . This m ig h t be  due  to  a grow ing  aw areness 
o f th e  fa c t th a t  th e  cases o f  th is  k ind , reg a rd ed  earlie r as in c id e n ta l, h a v e  a 
co n n ec tin g  link , th e  p ro d u c tio n  o f horm ones b y  non-endocrine  tis su e . M ean­
w hile th e  n u m b er of re p o r te d  cases o f ectop ic tu m o u rs  w ith  m u ltip le  h o rm o n e  
sec re tio n  has also been  on th e  increase. T he fo llow ing co m bina tions a re  k n o w n : 
A C T H  +  M SH [7], A C TH  +  A D H  [30], A C TH  +  a ld oste rone  [14], A C T H  +  
M SH  -f- g a s trin  [11], A C T H  -f- p a ra th o rm o n e -g as tr in  [13], c a te c h o lam in e  -f- 
e ry th ro p o ie tin  [24], TC T -f- A C TH  [4], in su lin  (IL A ) -f- e ry th ro p o ie tin  [23], 
in su lin  (IL A ?) -f- se ro to n in  [28], insu lin  (IL A ?) -f- e ry th ro p o ie tin  -)- p a r a th o r ­
m one [1], HCG - f -  T S H  [9], f in a lly , se ro to n in  -|- g astrin  [17]. A ll o f  th e se  
h o rm o n es p ro d u ced  in  ec to p ic  non -en d o crin e  tissu es  are p o ly p e p tid e s , w ith  
th e  ex cep tio n  of se ro to n in  an d  5 -h y d ro x y -try p to p h a n  [6] w h ich , h o w ev er, 
m ay  re su lt from  th e  b rea k d o w n  of t ry p to p h a n  an d  rep re sen t th u s  m e ta b o lite s  
r a th e r  th a n  p ro d u c ts  o f sy n th es is .

In  th e  on ly  re p o r te d  case o f an  allegedly  a ld o ste ro n e-secre tin g  o a t-ce ll 
c a rc in o m a  [14], a p a r t  fro m  clin ical, i.e. in d ire c t, signs, no d ire c t p ro o f  has 
been  ad d u ced  of th e  tu m o u r ’s a ldosterone  p ro d u c tio n . B u t even if  an  increase  
in  th e  a ldosterone  level h a d  been  a sce rta in ed , i t  need  n o t h av e  b e e n  d u e  to  
th e  tu m o u r  itself, since th e  in creased  A CTH  level p re se n t in  th is  case  re su lte d  
in  a h y p e rtro p h y  o f th e  a d re n a l co rtex .

Ada Medico, Academiae Scientiarum Hungaricae,  Tomus 28 (2), pp. 145— 154 (1971)
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N o r did th e  r e p o r te d  case of p h eo ch ro m o cy to m a  assoc ia ted  w ith  poly- 
c y th a e m ia  [24] n ecessa rily  im p ly  th a t  th e  tu m o u r  has been p ro d u c in g  a p o ly ­
p e p t id e  (e ry th ro p o ie tin ) in  ad d itio n  to  th e  ca tech o lam in es  th o u g h  th e o re tic a lly  
t h i s  is ce rta in ly  p o ssib le . I t  seem s, how ever, m o re  reasonab le  to  seek  th e  
p r im a r y  cause of th e  e n h a n c e d  haem opoiesis in  th e  anoxaem ic effect o f  th e  
c a te c h o lam in es  on th e  k id n e y .

W ith  a few ex c e p tio n s  including th e  Z o llin g e r—E lliso n -syndrom e, ec to ­
p ic  ho rm o n e  p ro d u c tio n  is a p ro p erty  of m a lig n a n t tu m o u rs .

O ne of th e  in te rp re ta t io n s  accoun ting  fo r  ectop ic  ho rm one  secre tion  
re g a rd s  th e  p o ly p ep tid es  o f  horm onal a c t iv i ty  p ro d u ced  as “ b y -p ro d u c ts” 
o f  a n  enhanced  p ro te in  u p ta k e  and  b reak d o w n  b y  th e  m a lig n an t cell. This 
is in  lin e  w ith  th e  fa c t  t h a t  m o s t of th e  su b s ta n c e s  th u s  p roduced  a re  im m uno- 
lo g ic a lly  d ifferen t fro m  th e  physiological h o rm o n es , an d  i t  is on ly  in  th e ir  
b io lo g ica l effects t h a t  th e y  a re  identical.

T h e  o ther th e o ry  [22] connects th e  p h en o m en o n  u n d e r s tu d y  w ith  a 
re le a se  from  genetic  re p re ss io n  (de-repression) as a  re su lt o f a m u ta tio n  a ffec t­
in g  th e  genetic in fo rm a tio n  o f  tu m o u r cells. T h e  possib ility  of a de-repression  
ta k in g  place in th e  p r im a ry  cell c o n s titu e n ts  o f  th e  tu m o u rs  is co n sis ten t 
w i th  th e  fac t th a t  i t  is in v a r ia b ly  th e  sam e p o ly p ep tid e s  w hich are  fo rm ed  
b y  a  g iven  tu m o u r, a n d  th i s  also applies to  th e  m é ta s ta sé s  fo rm ed  a f te r  th e  
e lim in a tio n  of p r im a ry  tu m o u r .  This th e o ry  also  im p lica tes  th a t  fo r th e  sy n ­
th e s is  o f  horm ones w ith  a cyclic (steroid) s t ru c tu re  th e  respective  endocrine  
o rg a n  m u s t be in  p o ssessio n  of certa in  specific  enzym es. H ow ever, w e find  
i t  h a r d  to  reconcile th e  m u ta tio n -d e -rep re ss io n  th e o ry  w ith  th e  o b se rv a tio n  
t h a t  th e  unusual h o rm o n e  sy n th es is  is a lm o st exc lusive ly  linked  to  a p a r tic u la r  
h is to lo g ica l s tru c tu re . F o r  in stan ce  b ro n c h ia l oa t-ce ll carc inom a p roduces 
A C T H  an d  A D H , sq u am o u s  cell carcinom a T S H , m acro ce llu lar adenocarcinom a 
g o n a d o tro p h in , n o n -b e ta  ce ll p an crea tic  a d e n o m a  g as trin , ce rebe llar h a e m a n ­
g io m a  secretes e ry th ro p o ie tin , a haem ang iom a o f o th e r  sites a h u m o ra l fa c to r  
o f  P T H -n a tu re  [26]. T h ese  re la tionsh ips a re  to o  close to  be due to  chance 
a n d  suggest in s tead  t h a t  m u ta tio n  is lim ited  to  a ce rta in  e x te n t b y  th e  cell 
ty p e .

In  th e  case to  be  re p o r te d , the  ho rm one  d e te c te d  in  th e  ec top ic  tu m o u r  
w a s , c o n tra ry  to  all o th e r  observ a tio n s, c a tech o lam in e , an d  th e  clin ical fea tu re s  
w e re  ty p ic a l of c a tech o lam in aem ia . T hus, th e  case  m ay  rep re sen t a h ith e r to  
u n p u b lish e d  v a r ie ty  o f  e c to p ic  horm one p ro d u c tio n .

Case repo rt

M. J ., a 49-year-old m ale w as adm itted on F eb ru a ry  5 th , 1968. His fam ily h is to ry  was 
irre le v an t. He was a heavy  c ig a re tte  smoker. For th e  la s t th ree  m onths he had  had  intensive 
p a in s  in  the chest and coughing spells, swelling of th e  ankles in the evenings and nyctu ria . 
O ccasionally , he had experienced crises of pa lp ita tion  accom panied by trem or and persp ira­
tio n . Seen by his physician on one of these occasions he was found to have a high blood pres­
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sure. One m onth la ter he had felt a sudden sharp pain in th e  region of the left costal a rch , 
a ttr ib u ted  to an infarct of th e  spleen. He had a m arked dyspnea lately  and had been losing 
weight. D uring an earlier admission, X -rays had revealed a fist-sized infiltration in the region 
of the left hilus suggesting a pulm onary  tum our or an aortic  aneurysm .

On admission there was a m arked generalized p igm entation  of the skin, slight ankle  
oedema, hoarseness and stridulous breath ing. Percussion revealed a palm-sized dullness over 
the left lung and restricted diaphragm ai motion. The left hypochondrium  was p ro tuberan t and  
tender to  percussion. The lower pole of the spleen was palpable. The patien t was em aciated , 
weak, he exhibited repeated runs of ectopic beats. Blood pressure was 115/50 m Hg; E SR , 20 
m m /hour; RBC, 2 500 000 (?); WBC, 7800; serum Na, 146; serum  K, 2.5; serum Cl, 107 Meq/1; 
blood sugar, 104 mg; endogenous creatinine clearance, 93 ml. ECG: auricular and ven tricu lar 
ectopic beats, diphasic T and depressed ST in standard  leads I —II ;  urinary catecholam ine 
excretion, 60 /ig/24h. Chest X -rays revealed a fist-sized in tensive in trapulm onary  m ass w ith  
sharp outlines, attach ing  to  the upper pole of the left hilus and  sending ou t several extensions 
into the surrounding area. On the sag itta l tom ogram it w7as found  to  cause narrowing and dow n­
ward displacem ent of the segm ental bronchus (Fig. 1). The bronchus of segment 3 could n o t be 
visualized (Dr. B artha). Laryngoscopy revealed thickening and  alm ost complete im m obility  of 
the left vocal cord w ith hyperaeinia in its surroundings. Bronchoscopy: slight displacem ent to  
the left of the left main bronchus as also of th a t of the upper lobe w ith free orifices and m inor 
inflam m atory  signs of the mucosa. Owing to  the bronchial displacem ent to the left, inspection  
of the bronchial lumen on th is side was not possible.

Clinical course. On F ebruary  9, the patien t experienced repeated  hypertensive crises up 
to  190/110 mmHg. Phentolam ine produced a fall to 140/70 w ith in  30 seconds, the effect lasted  
how ever 4 or 5 m inutes only, then the blood pressure rose again. On February 10, he w ent in to  
a c o inatous sta te  w ith hyperpyrexia, sluggish reflexes, followed by pulm onary oedema, Cheyne- 
Stokes respiration and death .

P ost m ortem  the heart weighed 440 g, the left ven tricu lar wall was 18 mm thick . The 
hilus of th e  left lung was occupied by a lobulated tum our o f 170 g weight, partly  p ro trud ing  
fro m  the pulm onary parenchym a tow ard the m ediastinum , p artly  extending into the pu lm on­
ary tissue and enclosing the left m ain bronchus to the degree of narrowing its lum en. On its  
c u t surface the tum our appeared soft, friable, and in places liquified; it was greyish-w hite in

F ig .  1
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co lo u r w ith  purplish-red patches (Fig. 2a). There w as pulm onary oedema. The spleen weighed 
250 g, i t  was bright red in  colour and firm  in consistency. The two adrenals weighed 50 g; on 
th e  c u t surface the cortical area m easured 2 to  3 m m  in bread th , the m edullary substance was 
liq u ified  (Fig. 2b). The cortex was densely packed w ith  bright whitish-yellow m iliary nodules. 
T he  th y ro id , p itu itary , pancreas and pelvic organs revealed no gross abnorm ality . Histological 
s tu d y : th e  cells of the pu lm onary  tum our are sm all, poorly differentiated, being typical of 
“ o a t  cell carcinoma” (Fig. 3). The nuclei form p a rtly  round, partly  tapering hyperchrom ie ir­
re g u la r aggregates or groups. T he connective tissue sep ta  are poor in cells; there  are scattered 
n ec ro tic  and haem orrhagic foci. The original s tru c tu re  of the adrenals is recognizable bu t the 
co rtic a l area is broadened. The zona glomerulosa is dissociated, the zona fasciculata has a 
v a rieg a ted  appearance: the gross whitish-yellow areas correspond to small poorly dem arcated 
adenom as formed by large, ligh t, lipid-containing cells of foamy structure . There are also 
sp o rad ic  groups formed by  cells w ith eosinophilic, finely  granulated cytoplasm  (Fig. 4). The 
co rtica l cells in the neighbourhood of the m edulla contain  finely dispersed brow n pigm ent

F ig . 2a
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F igs 3 and 4

granules. The m edullary cells are polym orphic. The an terio r p itu ita ry  lobe exhib its collections 
o f secretion  of concentric stru c tu re  w ith acidophilic staining character (M. Balázs).

In  addition to the m icroscopic features of the  tum our, its horm one-producing characters 
h ave  been studied.
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M ethods

The tum our was ex trac ted  according to  L y o n s  [15] w ith 80% acetone -]- 0.2 M HC1 
for 2hrs. Subsequently, 10 p a rts  of acetone were added to  th e  supernatan t and th e  p rec ip ita te  
was redissolved in w ater and lyophilized. The resulting substance weighed 102 mg. I ts  biological 
effectiveness was determ ined by O pton spectrofluorom etric r a t  corticosterone secretion te s t as 
described by P u r v e s  and S i r e t t  [23a]. The biochem ical identification  of the active substance 
was assessed by gel electrophoresis.

The catecholam ine conten t of the tum our was estim ated  by  the method of H i n g e r t y  
[9b], its serotonin con ten t by th a t of H a n s o n  and S e r i n  [7a].

R esults

I  V per 100 g ra t  weight
ACTH (3rd In t. W orking S tandard) mU Tum our ex trac t Mg

1 1,5 4,5 1,7 5 15

Corticosterone //g/100 ml 
plasma 21 36.5 42 19 34 40,5

Calculated from th e  above da ta  the tum our ex trac t contained 245 mU ACTH activ ity /m g 
weight (Gy. Hajós).

Gel elec trophoresis revealed  8 to  10 p e p tid e  co m ponen ts, one o f  th e m  in 
th e  zone of n a tu ra l  po rc ine  an d  sy n th e tic  h u m a n  A CTH  [2]. T he b io logical 
a c tiv ity  of th e  p r im a ry  m a te ria l an d  its  e lec tro p h o re tic  lo ca lisa tio n  in  th e  
basic  areas m ade its  s im ila rity , if  n o t i t s  id e n ti ty , w ith  A CTH  h igh ly  p ro b ab le .

T he tu m o u r co n ta in ed  75 ,ag/g d ry  w e ig h t o f ca techo lam ine , a to ta l  
a m o u n t o f 12,750 [xg. U n d e r physio logical co n d itio n s th é  c o n c e n tra tio n  of 
ad ren a lin e  and  n o rad ren a lin e  to g e th e r is 260 to  1000 jug/g, th u s , ta k in g  th e  
average  ad ren a l w eig h t an d  th e  usual c o rtico -m ed u llá ry  p ro p o rtio n  (90 : 10) 
in to  co n sid era tio n , th e  to ta l  co n te n t of th e  e n tire  organ  m ay  be e s tim a te d  
a t  470 to  1800 fxg. T he  to ta l  am o u n t in th e  p re se n t case, in  th e  no n -en la rg ed  
m ed u lla  w as fa r  in  excess of th is  va lue , i.e. 6000 to  7000 ц g, su ggesting  an  
in h ib itio n  of m ed u lla ry  release. The to ta l  a m o u n t of se ro ton in  w as 98 m g, 
or 576 f-'.glg-

D iscussion

I t  is genera lly  know n  th a t  th e  clin ica l m an ife s ta tio n s  o f ho rm one- 
p ro d u c in g  tu m o u rs  o rig in a tin g  from  non-en d o crin e  tissues are  o ften  d iffe ren t 
from  th o se  re su ltin g  from  an  excessive b u t  n one  th e  less physio logical o u tp u t  
of th e  sam e ho rm one . F o r  in stan ce , A C T H -producing  b ronch ia l ca rc in o m a, 
th o u g h  being  genera lly  assoc ia ted  w ith  excessive co rtiso l levels, h y p o p o tassae - 
m ia , m u scu la r a s th e n ia , reduced  glucose to le ra n c e , oedem a, h y p e rten s io n  as 
well as w ith  a red u c tio n  in  th e  A C T H -reserves o f th e  a n te rio r  p i tu i ta ry  lobe 
as a re su lt of th e  feedback  m echanism  b y  th e  e lev a ted  p lasm a co rtiso l levels 
an d  by  th e  ec top ic  A C T H -production  [16]. O n th e  o th e r  h an d , ob esity , s tr ia e , 
osteoporosis a re  lack ing , p ro b ab ly  because th e  tim e  is genera lly  to o  sh o rt 
fo r th e ir  p ro d u c tio n  [10] (here m ay , how ever, be an  ab n o rm al p ig m e n ta tio n  
u n u su a l in  C ushing’s disease). In  th e  p re sen t case, q u a lita tiv e  an d  q u a n ti ta t iv e
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s tu d ie s  o f ectopic h o rm o n e -p ro d u c tio n  w ere lim ited  b y  th e  sh o rtn ess  of th e  
o b se rv a tio n  period a n d  b y  th e  te rm in a l s ta te  o f  th e  p a tie n t, th e re fo re , in a d d i­
t io n  to  h y p e rp ig m e n ta tio n  i t  w as only  th e  p resence  o f h y p o p o ta ssaem ia  in 
th e  ab sen ce  of h y p o ch lo raem ia  w hich in d ic a te d  a d efin ite  increase  in  A CTH  
p ro d u c tio n . On th e  o th e r  h a n d , th e  h y p e rte n s iv e  crises w ere sugg estiv e  of 
so m e  a d d itio n a l h o rm o n a l a c tiv ity , an d  d is tin c tly  p o in ted  to  a sec re tio n  of 
c a te c h o lam in e  or se ro to n in . As to  th e  f irs t  a lte rn a tiv e , th e  re su lt o f  th e  phen- 
to la m in e  te s t  was inco n c lu siv e . T h e  fall in  b lood  p ressu re , u su a lly  o f a t  least 
30 m in . d u ra tio n  ceased w ith in  15 m in. a lth o u g h  th e  decrease b y  25 to  30 m m H g 
m e t  th e  c rite ria  o f p o s it iv ity .

T h e  patho log ica l a n d  h istochem ica l f in d in g s  p ro v id ed  a d d itio n a l p ro o f 
o f  th e  ec top ic  ho rm one sec re tio n . A b ro ad en in g  o f  th e  ad ren a l c o rtex  to  m ore 
t h a n  2 m m  is in  itse lf  in d ic a tiv e  o f th e  g la n d ’s h y p e rp la s ia ; th e ir  hom ogeneous 
e n la rg e m e n t to  50 g, g re a tly  exceeding th e  18 g considered  n o rm a l, w as s till 
m o re  conclusive [13]. T h e  p o ly m o rp h ism  o f th e  cells o f th e  zona fa sc icu la te  
as w e ll as th e  adenom as m a y  be connec ted  w ith  A CTH  s tim u la tio n  a n d  th e  
eo s in o p h ilic , P A S -positive  in te rc e llu la r  a ccu m u la tio n s  in  th e  a n te r io r  p i tu i ta ry  
lo b e  m a y  also have a cau sa l s ign ificance, since th ese  w ould seem  to  re p re se n t 
d e p o s its  o f g lycopro te in  m a te r ia l  o rig in a tin g  from  o th e r sites. In  cases of 
A C T H  producing  ec top ic  tu m o u rs , h y a lin e  d eg en e ra tio n  o f th e  b asoph ilic  
cells (Crooke-cells) is a co m m o n  o b se rv a tio n ; in  th e  p re se n t case, how ever, 
n e i th e r  su ch  cells, n o r h y p e rp la s ia  of (or fo rm a tio n  o f adenom a by) th e  p i tu i ta ry  
cells w as  d em onstrab le . I n  a n o th e r  case of b ro n c h ia l carc inom a asso c ia ted  w ith  
C u sh in g ’s syndrom e [8], C rooke-cells w ere likew ise ab sen t from  th e  h y p o p h y sis .

A  chem ical s tu d y  o f  th e  tu m o u r-h o m o g en isa te  fo r A C TH  p ro v id ed  
d ir e c t  p ro o f  of ectop ic  h o rm o n e  p ro d u c tio n . I n  th e  cases know n from  th e  
l i te r a tu r e  th e  organ c o n ta in e d  0.01 to  5950 m U  A C T H /g  [13], an d  in  th e  p re se n t 
case , 250 m U  A C TH /g.

T h e re  was no b asis  fo r  assum ing  t h a t  th e  sym p to m s w ould  h a v e  been 
d u e  to  an  ad renocortica l tu m o u r  of m ixed  (co rtico -m edu llary ) ty p e  o r  th a t  
so m e  h y p erp lasie  m e d u lla ry  cells w ould h a v e  p e n e tra te d  th e  c o rte x  [12].

T h e  earlier view  a t t r ib u t in g  to  ce rta in  tu m o u rs  th e  c a p ac ity  o f ab so rb in g  
e x te rn a l ly  p roduced  h o rm o n es  in  a sponge-like fash io n , w hich w ould  acco u n t 
fo r  th e  h ig h  horm one c o n c e n tra tio n  in  th e ir  tissu e , is no  longer te n a b le  [27]. 
B u t  ev en  if  abso rp tio n  co u ld  ta k e  p lace, th is  w ould  c e rta in ly  n o t be tru e  
in  th e  p re se n t case since i t  is h a rd ly  possib le t h a t  a p a tie n t  w ith  n o rm a l c a te ­
c h o la m in e  excretion  a n d  n o rm a l c learance sh o u ld  be capab le  o f accu m u la tin g  
in  a sin g le  tu m o u r m ore  th a n  tw ice  th e  a m o u n t o f ho rm one c o n ta in e d  in  th e  
a d re n a l  m edu lla , th e  less so as th e  half-life o f ca techo lam ines, even in  a “ s ta b le ”  
b in d in g , is as sh o rt as o n e  d ay  [21].

T h e  size of th e  tu m o u r  m a y  in c e r ta in  re sp ec ts  d e te rm in e  th e  clinical 
m a n ife s ta tio n s . In  tu m o u rs  w eighing  less th a n  5 g th e  ra te  o f sy n th es is  is
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v e ry  fa s t, b in d in g  is s lig h t, so th a t  th e  re lease  is in tensive . C o n seq u en tly , 
th e  crises are  co n tin u o u s or follow  in close succession, and  YMA e x c re tio n  is 
s lig h t. On th e  o th e r  h a n d , in  la rge  tu m o u rs , b in d in g  o f th e  horm one to  p ro te in s  
is s tro n g , its  re lease is slow, b reak d o w n  is en h an ced  an d  th e  V M A /C atechola- 
m ine ra tio  in  th e  u rin e  is h igh . In  th e  p re sen t case th e re  w as no tim e  fo r  th e  
d e te rm in a tio n  of th is  v a lu e  an d  th e se  fac ts  h av e  b een  derived  from  o b se rv a tio n s  
in phéo ch ro m o cy to m es o f ch ro m affin  cell o rig ine  [31]. Since, h o w ev er, we 
h av e  to  deal w ith  fac ts  w h ich  follow  from  th e  physico-chem ical c o n d itio n s  
o f th e  tu m o u r, th e y  m u s t likew ise be tru e  fo r  tu m o u rs  of ec top ic  h o rm o n e  
p ro d u c tio n .

W e m ig h t fu r th e rm o re  consider th e  p o ss ib ility  th a t  th e  c o rtico s te ro id s  
p o te n tia te  th e  a c tiv ity  o f  p h en y l-e th an o l-N -m eth y ltran sfe ra se , an  en zy m e 
in v o lv ed  in n o rad ren a lin  a d re n a lin  tra n s fo rm a tio n  [18], a lth o u g h  th is  w ou ld  
m ere ly  affect th e  p ro p o rtio n  be tw een  th e  ca tech o lam in es r a th e r  t h a n  th e ir  
to ta l  am o u n t.

T he possible role o f an  inverse  p o te n tia tio n  b y  a m ed u lla ry  tu m o u r  
in d u c in g  co rtica l h y p e rp la s ia  has also been ta k e n  u n d e r c o n sid e ra tio n , b u t  
n o t in  th e  p re se n t case w here  th e  m ed u lla ry  orig in  of th e  tu m o u r w as d e f in ite ly  
ru led  ou t by  th e  h isto log ica l fin d in g s. In  th e  lig h t of th e  la b o ra to ry  re su lts , 
i t  seem s fa r  m ore  p ro b ab le  th a t  th e  ca tech o lam in es de tec ted  in  th e  tu m o u r  
h av e  been p roduced  locally . In  th e  accessible li te ra tu re  th e re  is b u t  a single 
case sim ilar to  ours in  th is  re sp ec t [27], w ith  th e  difference, h o w ev er, th a t  
th e  tu m o u r  w as a b ro n ch ia l carc ino id  w ith  a rg e n ta ff in , ch rom affin  a n d  arg y - 
ro p h il elem ents an d  it  c o n ta in e d  0.5 fig p e r g tissu e  of ca tech o lam in e  w ith  
a to ta l  o f 60 fxg. In  th e  p re se n t case, n e ith e r  th e se  h istologic fe a tu re s  n o r  a 
n e u ro h la s tic  p ro life ra tio n  o f a n y  k in d  w ere d em o n strab le .

T he to ta l  a m o u n t o f se ro to n in  found  in  th e  p resen t case also ex ceed ed  
th e  5 -H T  c o n te n t described  as n o rm a l [3, 6, 18, 29] and  i t  w as o n ly  in  th e  
case rep o rted  b y  S m ith  [26] w here  w e fo u n d  h ig h er values, i.e. 4 ,0 0 0 /tg /g . 
T he question  m a y  arise  w h e th e r  th e  h igh  se ro to n in  c o n c e n tra tio n  m ig h t 
be connected  w ith  th e  secre tio n  of A CTH , th e  m ore so as co rtiso l en h an ces  
th e  a c tiv ity  of try p to p h a n  p y rro lase , a h e p a tic  enzym e invo lved  in  th e  b re a k ­
dow n of try p to p h a n  [5]. A n inverse  re la tio n sh ip  m ay  also be co n sid e red  
viz. in  th e  course o f t r y p to p h a n  an d  ty ro s in e  m e tab o lism  d eriv a tiv es  o f  t r y p t -  
am in e  and  o f ca tech o lam in e  m a y  w ell be fo rm ed  sim u ltan eo u sly  w ith in  th e  
sam e system  as a re su lt o f en zy m a tic  b reak d o w n . A lthough  th is  p o ss ib ility  
c a n n o t be ru led  o u t a lto g e th e r, th e  excessive am o u n ts  found  in  th e  tu m o u r  
m ak e  it  m ore like ly  t h a t  th e re  th e  sy n th es is  of th e  horm ones ta k e s  p lace  
in d ep en d en tly  o f each o th e r. I f  th is  is th e  case ( th e  benign b ro n ch ia l ca rc in o id  
re fe rred  to  earlie r [27] be ing  d isregarded ), i t  w as fo r th e  f irs t tim e  t h a t  beside 
A C T H  an d  se ro to n in  a h o rm o n e  of n o n -p o ly p ep tid e  s tru c tu re  has b e e n  fo u n d  
in  an  oat-cell b ro n ch ia l carc inom a.
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INHIBITION OF SKIN ALLOGRAFT REJECTION 
BY ANTILYMPHOCYTIC SERUM PRETREATMENT 

OF THE DONOR
IM MUNOLOGICAL PR EPA R A TIO N  O F T H E  GRAFT 

By

G y . P e t r á n y i , G y . S z e g e d i  and  B . F e k e t e

FIR ST D EPA RTM EN T OF M ED ICIN E, U N IV ERSITY  M ED ICAL SCHOOL, D EB R EC EN  

(Received January  25, 1971)

P re trea tm en t of th e  donor w ith antilym phocytic  (antithym ocytic) serum has 
been found to prolong the survival of mouse-skin allografts. The effect is a ttrib u ted , in 
addition to a suppression of the immune ac tiv ity  of th e  lym phocytes in  the donor 
tissue, to the presence of graft-protective antibodies.

T he fac t th a t  th e  in d iv id u a l’s h is to c o m p a tib ility  an tigens being  rep re ­
sen ted  in his leu kocy tes, len d s itse lf  to  s tud ies in  m ixed  ly m p h o cy te  cu ltu res 
[2]. In  th e  case of in c o m p a tib ility  in  vivo, th e  in tra d e rm a l in jec tio n  in to  th e  
d o n o r of th e  rec ip ien t’s s ly m p h o cy tes  resu lts  in  an  in fla m m a to ry  reac tio n  a t 
th e  s ite  of n o rm al ly m p h o c y te  tra n sfe r  (N L T -te s t)  [4]. I t  is fu rth e rm o re  
know n th a t  th e  ly m p h o c y te s  are  co n tinuously  c ircu la tin g  b e tw een  th e  blood 
an d  th e  tissues, th e re fo re  a p a r t  of th e  ly m p h o c y te  p o p u la tio n  is alw ays 
in th e  tissues.

P resum ing  th a t  in  a llo g rafts  an  in f la m m a to ry  reac tio n  of a m echan ism  
sim ila r as in  th e  N L T  m a y  arise in th e  v ic in ity  o f  th e  donor ly m p h o cy tes  
an d  th u s  c o n tr ib u te  to  th e  re jec tion  of th e  g ra f t, we h av e  ex am in ed  in  th e  
p re sen t s tu d y  w h e th e r p re tra tm e n t  of th e  d o n o r w ith  an tily m p h o c y tic  serum  
(ALS) was capab le  o f in h ib itin g  th e  re jec tio n  o f  th e  g ra ft.

M ateria l and  m ethod

For ALS an an tithym ocy tic  scrum  (ATS) was used which had been produced in two 
goats (I and II) against thym us-cell suspensions of 20 day  old AKR-m ice and exhausted  for 
anti-m ouse-erythrocyte antibodies. ATS of goat I revealed a considerably higher ac tiv ity  than  
th a t of goat I I  (Table I), therefore this serum was actually  used in the studies. T ransp lan tation  
was performed in fem ale mice, auricular skin of donor Balb/c mice being transferred  into the 
back of recipient CBA mice. The allograft measured approxim ately  8X 10 mm. Two control 
groups were set up, one un trea ted , the other trea ted  w ith  norm al goat serum  in th e  same 
m anner. For the dem onstration  of the effect of ATS, the  serum  was given to one recipient group 
only. P re trea tm en t of the donors consisted in the in traperitoneal adm inistration  o f 0.1 ml ATS. 
th ree times, i.e. 72, 48 and 24 hrs before the tran sp lan ta tion . In  the first p a rt of the study  we 
exam ined the survival of th e  g raft of pretreated  donors, and  in the second, ATS wasgiven to 
the recipients too, in the  same m anner as to the donors w ith  th e  difference th a t they  received 
an additional dose of 0.05 ml ATS 24 hrs after tran sp lan ta tion .
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Table I

Comparative data relative to goat anti-mouse A T S  I  and I I  
In  the absence of A TS-treatm ent, survival of skin grafts was 

11.7 ±  1.4 days (see Table 11)

Lym phocyte 
agglu tina tion  titre

Lym phocyto- 
toxicity  titre

Survival of skin grafts in 
A TS-treated recipients 

(in the  H 2 system)

I ATS 1 : 2048 1 : 256 18.5 ±  1.4 (SD)
II  ATS 1 : 1024 1 : 128 15 ±  1.2

R esults

M ean su rv iv a l o f th e  g ra f t  w as
1. in  th e  u n tre a te d  m ice , 11.7 i  1.4 d ay s;
2. in  th e  rec ip ien ts  t r e a te d  w ith  n o rm a l g o a t serum , 12 ^  1.2 days;
3. w ith  ATS I  p re a tre a te d  donors, 14 ±  1-5 day s;
4 . in  th e  rec ip ien ts  a f te r  t r e a tm e n t  w ith  ATS I I ,  15 ^  1.2 d a y s ; a n d  a fte r 

t r e a tm e n t  w ith  ATS I , 18.5 i  1.4 day s;
5. a f te r  p re tre a tm e n t o f  th e  donors a n d  t r e a tm e n t  of th e  rec ip ien ts  

w ith  A TS I , 22 days. I n  v iew  o f th e  fa c t th a t  in b re d  syngeneic  an im als of 
id e n tic a l  sex an d  s im ila r b o d y  w eig h t w ere u sed , th e  d ifference revea led  
b y  th e  one-sam ple i- te s t  b e tw e e n  g roups 1 an d  2 w as n o t s ig n ifican t (p < [ 0.5), 
w h ile  i t  w as s ign ifican t b e tw e e n  g roups 1 an d  3 (p 0.001) an d  s tro n g ly  so 
b e tw e e n  groups 1 an d  5 (p 0.0001). T he suppressive  effect of th e  re c ip ie n ts ’ 
A T S -tre a tm e n t on g ra ft re je c tio n  w as s ig n ifican tly  en h an ced  b y  A T S -p re trea t-  
m e n t  o f  th e  donor.

T h u s , A T S -p re tre a tm en t o f th e  d o n o r m ice s ig n ifican tly  p ro lo n g ed  the  
r e te n t io n  o f th e  sk in  g ra f t  b y  th e  rec ip ien t, fu rth e rm o re , a com bined  t r e a tm e n t  
o f  th e  d o n o r and  th e  re c ip ie n t re su lted  in  th e  longest g ra ft su rv iv a ls .

D iscussion

I t  h as  been assum ed  t h a t  passen g er d onor ly m p h o cy tes  p re se n t in  th e  
tis su e s  a re  in ev itab ly  tra n s fe r re d  to g e th e r  w ith  th e  g ra ft, an d  th u s  en d an g er 
its  s u rv iv a l by  giving rise to  a n  in f la m m a to ry  reac tio n  sim ilar to  t h a t  assoc ia ted  
w ith  th e  n o rm al ly m p h o c y te  tra n s fe r  te s t  (N LT). T h e  local a n tily m p h o c y tic  
re a c t io n  is also of tw o  ty p e s : i t  m a y  be a local g ra ft-v e rsu s-h o st (G vH ) a n d  a 
h o s t-v e rsu s -g ra f t (H vG ) re a c tio n . T he N L T -reactio n  is suppressib le  b y  p re t r e a t ­
m e n t  w ith  ALS of b o th  th e  d o n o r a n d  th e  rec ip ien t. I r ra d ia tio n  o f th e  donor 
o r  o f  th e  donor tissu e  m a y  also p ro long  th e  su rv iv a l o f th e  g ra f t  to  som e 
e x te n t .  I t  is fu rth e rm o re  k n o w n  th a t  p re tre a tm e n t of th e  d onor w ith  ALS
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or in c u b a tio n  o f b o n e-m arro w  g rafts  in  A LS reduces th e  in te n s i ty  o f  G vH  
reac tio n , a n d  of th e  “ seco n d ary  d isease”  ( ru n t  disease) [1, 8].

T he p re se n t resu lts  th u s  seem  to  s u p p o r t o u r  claim  th a t  A T S -p re tre a tm e n t 
o f th e  d o n o r is in h ib ito ry  to  th e  im m u n o c o m p e te n t, lym phoid  cells p re sen t 
in  th e  d o n o r’s tissues a n d  has th e re fo re  a g ra ft-p ro te c tiv e  effect. H ow ever, 
th e  on ly  fa c t p o sitiv e ly  a sce rta in ed  on th e  ev idence of ou r fin d in g s  is th e  
g ra f t-p ro te c tiv e  in fluence  o f A T S -p re tre a tm en t, b u t  w heth er th is  e ffec t was 
a c tu a lly  d u e  to  a su p pression  o f th e  p a ssen g e r donor-lym phocy tes occu rring  
in  th e  g ra f t, has y e t to  b e  con tro lled . In  e a rlie r  stud ies we h a v e  fo u n d  th a t  
a f te r  a b so rp tio n  w ith  e ry th ro c y te s  ATS s till  possesses an tib o d ie s  ag a in s t 
v a rio u s  o th e r  tissu e  an tig en s  aside from  th e  c ircu la ting  ly m p h o id  cells or

Table II

Survival o f skin grafts ( B A L B )C C B A ) after treatment with A T S  I

ATS-
trea tm ent

of
donors

ATS-
treatment

of
donors and 
recipients

ATS-
treatment

of
recipients

Treatment
of

recipients 
with normal 
goat  serum

No
treatment

Graft survival 
(days)

1 4  t  1 .5

( n  - 1 0 )

1 8 .5  ± 1 .4  

(n = 1 0 )

1.2 ± 1.2  

(n = 9 )
11.7 i  1.4  

( П -  4 5  )

Ü
У /1

Ê%
1
% $ |

1
th y m o c y te s  [5] and  th a t  i t  re ac ts  w ith  a n tig e n s  w hich are n o t  co n fin ed  to  
th e se  ly m p h o id  e lem ents. I t  has been show n in  re n a l a llo tra n sp la n ta tio n  stud ies 
in  ra ts  [7] th a t  from  th e  a n tith y m o c y tic  g am m a  globulin u sed  fo r  th e  p re ­
t r e a tm e n t  o f th e  donor s tro n g  an tib o d ies  becom e a tta c h e d  to  th e  k id n ey  
an d  a re  th u s  tra n s fe rre d  to  th e  rec ip ien t to g e th e r  w ith  th e  o rg a n ; how ever, 
n o n -p u rif ied  ATS m ay  cause  a ty p ic a l co m p lex  im m une n e p h r it is . O n th e  
o th e r h a n d , th e  opposite  o f th is , i.e. specific  im m unosuppression  w ith  p ra c ti­
cally  u n lim ite d  su rv iv a l o f th e  g ra ft h as  b e e n  achieved b y  o th e r  ty p e s  of 
im m une  tra n s fe r  [10]. I t  m a y  be assum ed  ev en  on th e  evidence o f  r a t  s tud ies 
th a t  th e  an tib o d ies  confer a p ro te c tiv e  e ffec t on th e  skin [3]. T h e re fo re  i t  is 
n o t, or n o t only , th e  specific  a n tily m p h o c y tic  o r a n tith y m o c itic  a c t iv i ty  of 
ATS w hich  accoun ts fo r its  effect on g ra f t  r e te n tio n  b u t th e  a c t iv i ty  o f  g ra ft- 
p ro te c tiv e , enhanc ing  an tib o d ies  fixed  to  th e  d o n o r tissue [11] also  h a v e  th e ir
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p a r t .  I t  h as  long been  o u r b e lie f th a t  th e  e ffec t o f som e a u to a n tib o d ie s  is 
p ro te c t iv e  r a th e r  th a n  agg ressiv e  [9] and  we in te n d  to  sep ara te  th is  m e c h a n ism  
in to  i ts  co m p o n en ts  b y  f u r th e r  stud ies. T his d u a l i ty  m a y  well a cco u n t fo r  th e  
d if f ic u ltie s  of ALS or A TS s ta n d a rd iz a tio n  as a lso  fo r th e  o b se rv a tio n  th a t  
n o n -p u r if ie d  ATS m a y  be  occasionally  of g re a te r  a c t iv i ty  th a n  h ig h ly  p u rif ie d  
p re p a ra t io n s  hav ing  been  a b so rb ed  w ith  o th e r  an tig en s.
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PAROTID RESPONSES TO INDIRECT STIMULATION 
IN PATIENTS WITH DEPRESSIVE ILLNESS

By

J .  L ip á k , Gy . Mó z sik *, P .  VÁczi** and B .  V ám osi

D EPA RTM EN T OF N EU ROLOG Y  AND PSY CH IATRY, U N IV E R SIT Y  M EDICAL SCHOOL, D EB R EC E N  
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Parotid  secretion has been investigated in 20 depressed patien ts (6 males and  14 
females, m ean age 41 years, one belonging to the reactive, 19 to the endogenous type  
of depression), against 15 non-depressed controls (10 males and 5 females, m ean age 33 
years) prior to therapy  and a fter recovery. Saliva was collected from the paro tid  by 
m eans of a plastic capsule, the in tensity  of secretion being measured by th e  ra te  of 
drops per m inute. In  the depressed patients, paro tid  secretion w hether under basal 
conditions or in response to nearly all stim uli em ployed (unilateral m echanical and 
chemical stim uli, “ sim ultaneous sum m ation” , “ successive sum m ation” , serial stim uli by 
means of 5 ml 5%  citric acid) suffered a significant reduction . D ehydration as a po ten tia l 
antisecretory factor was ruled out. The increase in secretion was inversely related  to  the 
in tensity  of the stim ulus. The initially  low secretion increased parallel w ith clinical 
im provem ent w ithout, however, a tta in ing  the control value even after recovery.

M ost in v estig a tio n s in to  th e  pathogenesis o f  depression  have  been focussed  
on th e  sign ificance o f ca techo lam ines. The possib le  in v o lv em en t of cholinerg ic  
m echan ism s an d  o f th e ir  d iso rders has received  l i t t le  a tte n tio n , th o u g h  it  
has been  p o in te d  o u t b y  St r o n g in  an d  H in s ie  [16] th a t  p a ro tid  sec re tio n  
o f p red o m in a n tly  p a ra sy m p a th e tic  in n e rv a tio n  is s ig n ifican tly  red u ced  in 
depressed  p a tie n ts  as co m p ared  w ith  tho se  w ith  m an ic  disease or w ith  h e a lth y  
co n tro ls .

T hough  in v e s tig a tio n  of th e  p a ro tid  fu n c tio n  is n o t expec ted  to  y ie ld  
re su lts  o f un iv ersa l v a lid ity , in  view  of th e  re la tiv e  s im p lic ity  of th e  p ro ced u re  
( th e  p a ro tid  g land  being  an  o rg an  o f p a r tic u la r  responsiveness), it  n o n e  th e  
less seem ed to  lend  itse lf  to  s tu d ies  of th e  cho linerg ic  m echan ism s [1].

T h e  d a ta  p u b lish ed  in  th e  l ite ra tu re  are  in c o n s is te n t and  even c o n tra ­
d ic to ry . W hile P eck  (1959) fo u n d  d e fin ite  co rre la tio n s  betw een  th e  s e v e rity  
o f depression  an d  th e  red u c tio n  in  p a ro tid  secre tio n , B u s f ie l d  and  W e c h sl e r  
(1961) d en y  an y  re la tio n sh ip  b e tw een  th e  in te n s i ty  o f p a ro tid  secre tio n  an d  
th e  g rad e  of depression . A gain , D a v ie s  an d  P alm a i (1964) re p o rte d  th a t  
b asa l p a ro tid  secre tion  s ig n ifican tly  d im in ished  w ith  th e  sev erity  of dep ression  
an d  rose p ara lle l w ith  clin ical im p ro v em en t, its  va lues a fte r  clinical cu re  being  
id en tica l w ith  tho se  of n o rm al su b jec ts . In  c o n tra s t , a reduced  p a ro tid  secre tio n

* Present address: F irs t D epartm ent of Medicine, U niversity  Medical School, Pécs.
** P resen t address: Second D epartm ent of Neurology and Psychiatry , Semmelweis U ni­

versity  of Medicine, B udapest.
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w as n o te d  b y  Go t t l ie b  a n d  P a u l so n  (1961) to  accom pany  th e  o n se t of th e  
p ro cess  and  to  p e rs is t even  a fte r  recovery , regard less of sex, ty p e  o f depression, 
a n d  its  th e rap y .

A ccording to  th e  fin d in g s o f L o e w  (1965) i t  is in  c ircu la r psychosis 
w h e re  basa l p a ro tid  sec re tio n  is th e  lo w est, low er th a n  e ith e r  in  th e  p sycho­
g en ic  o r in th e  in v o lu tio n a ry  ty p e  of d ep ression . A n x ie ty  an d  a g ita tio n  reduce 
b a s a l  p a ro tid  sec re tio n  to  a g re a te r  e x te n t  th a n  do in h ib itio n  a n d  a p a th y .

In  th e  depressed  su b jec ts  n o t on ly  b a sa l p a ro tid  secre tion  b u t  also its  
re sp o n se  to  citric ac id  s tim u la tio n  w as s ig n if ic a n tly  reduced , as co m p ared  w ith  
th e  con tro ls  (D a v ie s  a n d  G u r l a n d , 1961).

T he p e rta in in g  d a ta  concern  fo r th e  g re a te s t p a r t  th e  b a sa l secretion  
o r  (D a v ie s  e t al. 1961, 1964) th e  responses to  c itric  acid o r to  M ethacho line  
s tim u la tio n .

I n  th e  p re sen t s tu d y  in d ire c t s tim u la tio n  o f d iffe ren t ty p e s  a n d  variab le  
in te n s i ty  was p e rfo rm ed  in  o rder to  o b ta in  in fo rm a tio n  on c e r ta in  po in ts , 
in  p a r t ic u la r  w h e th e r  th e  in te n s ity  of sec re tio n  undergoes a n y  change as a 
r e s u l t  o f clinical im p ro v e m e n t.

M ateria l and  m ethods

The study included 20 depressed subjects (14 females and 6 males from 18 to 77 years, 
m ean  41 years of age). One of the patien ts belonged to  the reactive, and 19, to  the endogenous 
ty p e  o f depression. In one case depression was of m inor, in 6 cases of m edium , and in 15 cases 
o f m ajo r severity. W ith  th e  exception of one case, all had  been under our care as inpatients 
several tim es before, th e  diagnosis having been depressive psychosis in all instances. A gitation 
occurred  in none, anxiety in  one of the cases. Drug th e rap y  and ES were w ithheld for the period 
o f s tu d y . Six and ten  p a tien ts  were repeatedly te s ted  after full clinical cure.

The control group was m ade up of 15 nondepressed subjects, 10 males and 5 females 
betw een  21 and 60 (m ean, 33) years of age, all having been adm itted  for lum bar spondylosis or 
a slipped disk.

F or the collection of saliva a plastic capsule provided w ith an ou tle t was placed over the 
opening  of the parotid  duc t; for th e  purpose, a vacuum -fixed Lashley capsule (L a sh l e y  1916, 
Sza bó  1965, Mózsik  1966) has been adapted. In  opposition to the original the capsule had a 
single com partm ent and was held in position by  a m echanical device (L ip á k  1968) (Fig. 1).

The intensity  of secretion as reflected by th e  num ber of drops per m inute was registered 
by  an  E E G -apparatus and  an electric drop counter. In  every subject the following param eters 
w ere registered:

a) basal secretion prior to  stim ulation,
b) response to m echanical stim ulation applied first to  the right, subsequently  to  the left 

a n te r io r two thirds of th e  tongue for 20 seconds (trigem inal-glossopharyngeal reflex);
c) responses to chem ical stim ulation by th e  application of a gauze-pad soaked in 5% 

c itric  acid to the same areas of the  tongue and in  the  same order as under b)  for 20 seconds 
(facial-glossopharyngeal reflex);

d) response to a single citric acid-stim ulation by placing an 5% citric acid solution into 
th e  p a tie n t’s oral cavity  and leaving it  to  be swallowed after 20 seconds. Since th is procedure 
p rov ided  a synchronous stim ula tion  of the trigem inal, facial, glossopharyngeal and vagal re­
cep to rs, its effect was evalua ted  as th a t of a “ sim ultaneous sum m ation” ;

e) the former stim ula tion  was repeated one m inute  later (“ successive sum m ation” );
f )  serial stim ulations including three citric acid tests a t tw o-m inute intervals.
The order of succession, tim es and place of th e  tes ts  were invariably identical.
M athem atical analysis of th e  results was based on the arithm etical means and standard

d ev ia tion , significance was evaluated  by the one- and two-sample t te s t and, where this was 
possib le, by the F-test, otherw ise by the d-test.
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(Saliva

Elastic
wire

Fig. 1. Capsules for the collection of parotid  saliva. A . The conventional Lashley-capsule w ith 
vacuum  fixation; B. Capsule w ith mechanical fixa tion  used in the present stu d y

R esults

a) Basal secretion. T he  average drop  ra te  p e r  m in u te  (1.8) w as low er 
in th e  depressed  su b je c ts  th a n  in  th e  contro ls (11 .0), an d  show ed a s ig n if ic a n t 
(p <7 0.001) rise a f te r  cu re  (5.4) as com pared  w ith  th e  p re - tre a tm e n t va lu es  
(2.7), rem ain in g , how ever, low er (5.4) th a n  in  th e  non-depressed  co n tro ls  
(11.0) (F ig . 2, T ab le  Í).

Serial
stimulation

S u c c e s s iv e
summation

d l  Control ■ ■  Depression EZ3 Cured depression control 
S: Significant deviation

Fig. 2. Parotid  secretion under basal condition and its response to stim uli of various types 
(average num ber of drops per m inute) in depressed and in contro l subjects prior to tre a tm en t

and after recovery
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Table I

M ea n  resting parotid secretion and standard deviation (drops per m inute) in the controls ( N  =  15) 
an d  in  the depressed subjects ( N  =  20); resting secretion o f  depressed subjects before treatment

and after recovery

Group N
R esting secretion 

D rop/m inute
D ifference between the  tw o groups

Mean SD no. of drops per cent P

C o n tr o l ................................ 15 11.0 3.6 - 9 . 2 83 0.05 >  p  >  0.02

D epressed  .......................... 20 1.8 1.6

D epressed
before t r e a tm e n t ......... 6 2.7 0.8 +  2.7 100 0 .0 0 1  >  p

a fte r  re co v ery ............... 6 5.4 0.4

b)  T he “ rea l”  re sp o n se  to  m ech an ica l s tim u la tio n , i.e. th e  n u m b e r 
o f  d ro p s  p e r m inu te  p ro d u c e d  in  a d d itio n  to  th e  b asa l secretion  ra te , rev ea led  
n o  a p p re c ia b le  d ifference b e tw een  th e  d ep re ssed  p a tie n ts  (2.5) an d  th e  con tro ls  
(1 .4 ) (F ig . 2, Table I I ) .  N o sig n ifican t d iffe rence  was found  be tw een  th e  ipsi- 
l a t e r a l  a n d  c o n tra la te ra l responses, only th e  p e a k  of th e  c o n tra la te ra l response 
o c c u r re d  la te r  in tim e  (F ig . 3).

F ig . 3. Ipsi- and contralateral paro tid  responses to  hem ilateral mechanical stim uli applied to 
th e  to n g u e , plotted against tim e in controls (upper p a rt)  and in depressed subjects (middle). 

Course of all responses in tim e in the tw o groups examined (lower p a rt)
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Fig. 4. Ipsi- and contralateral paro tid  response to hem ilateral chemical stim uli app lied  to  the 
tongue, p lo tted  against tim e in controls (upper part) and in depressed subjects (m iddle). Course 

of all responses in tim e (lower part)

c)  T h e  response to  h e m ila te ra l chem ical s tim uli d isp layed  a d is tin c t 
d ifference  betw een  th e  d ep ressed  su b jec ts  (5.5 d rops per min) an d  th e  co n tro ls  
(11.7 d rops p er m in), i t  be ing  in  th e  n e ig h b o u rh o o d  of th e  lim it o f  s ta tis t ic a l  
s ign ificance  (0.10 )> p  0.05) (F ig . 2, T ab le  TIT). T he d rop -ra tes o f  th e  c o n tra ­
la te ra l  responses w ere red u ced  an d  th e ir  peak s ensued  la te r  in t im e  th a n  tho se  
o f th e  ip s ila te ra l responses (F ig . 4).

d)  S im ultaneous su m m a tio n . In  th e  case o f  a single c itr ic -a c id -s tim u ­
la tio n  th e  “ rea l”  response  o f th e  depressed  su b jec ts  (37 d rops p e r  3 m in) 
w as s ig n ifican tly  red u ced  (0.05 )> p )> 0.02) as com pared  w ith  t h a t  o f th e  
co n tro ls  (53 drops p e r 3 m in) (F ig . 2, T ab le  IV ). T he responses o f th e  p a tie n ts  
a f te r  th e  cure of depression  w ere s ig n ifican tly  (0.01 p )> 0.001) in c reased  
as co m p ared  w ith  th e  p re - tre a tm e n t va lues (47 drops p er 3 m in  as a g a in s t 
34 d rops p er 3 m in) w ith o u t, how ever, a tta in in g  th e  contro l v a lu e  (58 drops 
p e r  3 m in). T he responses a re  p re sen ted  a g a in s t tim e  in  Fig. 5.

e) Successive su m m a tio n . T he response  o f th e  depressed  su b je c ts  to  
tw o  c itric -ac id  s tim u la tio n s  a t  a o n e-m in u te  in te rv a l was s till m o re  sign ifi­
c a n tly  reduced  (0.05 p 0.02) w ith  re fe ren ce  to  th e  con tro ls  t h a n  in  th e  
fo rm er g roup  (47.3 d rops p e r  4 m in  as a g a in s t 89.5 drops p er 4 m in ) (F ig . 2, 
T ab le  V). T he responses a g a in s t tim e  are  p re se n te d  in F ig . 6.

f )  Serial s t im u la tio n  y ie ld ed  th e  m ost s ig n if ican t d ifferences (p  <70.001) 
in  th e  response betw een  th e  depressed  a n d  th e  con tro l su b jec ts  (89 .9  d rops 
p e r  8 m in  as ag a in s t 185.3 d rops p e r 8 m in) (F ig . 2, Table V I). T h e  responses 
a re  p re sen ted  in F ig . 7.
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F ig . 5. Parotid  response to  s tim u la tio n  with 5 ml 5%  c itric  acid for 20 sec (“ sim ultaneous 
su m m atio n ” ), plotted aga in s t tim e  in controls and depressed subjects, before and after

treatm ent

Discussion

F ro m  the  fin d in g s t h e  following conclusions h av e  been d raw n .
1. In  agreem ent w ith  p u b lish ed  evidence, th e  p a ro tid  secretion  o f  dep ress­

ed  su b je c ts  revealed a s ig n if ic a n t redu c tio n  u n d e r  re s tin g  cond itions as well 
as in  response to  v a rio u s  ty p e s  of ind irect s t im u la tio n , m echanical s tim u la tio n  
b e in g  th e  only ex cep tio n .

I n  th e  red u c tio n  o f  secre tion , severa l fa c to rs  m ay  have  h a d  a role.
a )  Though c e r ta in  fa c to rs  po in ted  o u t b y  P ec k  (1959) an d  L o u r ie  

(1943) to  m odify p a ro tid  sec re tio n  (e.g. d ru g s, t im e  o f m eals, te m p e ra tu re s ,

F ig . 6. Paro tid  response to  tw o successive citric acid stim uli a t an interval of one m inute 
(“ successive summation” ), p lo tte d  against time, in depressed and non-depressed subjects
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Table II

The “ real” response is the deviation from the pre-stimulation values expressed in  drops per min.

Ipsi- and contralateral parotid secretory response to hemilateral mechanical stimulation of the anterior two thirds of the tongue for 20 sec ( mean number
of drops per min), in the controls (N  =  10) and in depressed subjects (N  =  10)

Drop/min
, ,Real response”  per minute during stim ulation

Group N
D eviation between the  tw o groups

before during
stim ulation

after Drop/min SD
no. of drops per cent P

Ipsilateral response

C o n tro l............................................... 10 8.2 10.5 6.9 2.3 5.7 - l . i 47 0.80 >  p  >  0.70

Depressed ......................................... 10 5.7 6.9 4.4 1 .2 8 .6

Contralateral response 

C o n tro l............................................... 10 8.5 8 .6 6 .6 0 .1 6.5 +  3.9 3900 0 .2 0  >  p  >  0 .1 0

Depressed ......................................... 10 3.4 7.4 4.8 4.0 5.7

All responses
C o n tro l............................................... 10 7.7 9.1 6.7 1.4 5.4 +  1.1 78 0.70 >  p  >  0.60

Depressed ......................................... 10 4.6 7.1 4.6 2.5 5.4
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Fig. 7. P a ro tid  response to  serial stim ulation  (three successive citric acid stim uli a t in tervals of 
two m inutes) p lo tted  against tim e in  th e  two groups

e tc .)  h a v e  been excluded  as f a r  as possible fro m  th e  p re sen t o b se rv a tio n s , we 
h a v e  n o n e  th e  less to  c o n s id e r  d eh y d ra tio n  as a p o te n tia l fa c to r  in  v iew  of 
th e  p o o r  n u tr itio n  an d  f lu id  in ta k e  of depressed  p a tie n ts  m ak in g  th e m  liab le  
to  d e h y d ra tio n  w hich  m a y  b e  associated  w ith  a red u ced  sa liv a ry  secre tion . 
H o w e v e r , in  th e  p re se n t cases we failed to  d e te c t  an y  sign of d e h y d ra tio n .

b)  P a ro tid  sec re tio n  w as  s till fa r from  th e  n o rm a l a fte r  reco v ery , w hen  
fo o d  a n d  flu id  in ta k e  w as n o  longer in a d e q u a te .

c)  T he h a e m a to c rit v a lu e s  es tim a ted  in  a n o th e r  s tu d y  (L ip á k  1971) 
a v e ra g e d  44%  in th e  d e p re sse d  sub jec ts an d  4 2 %  in  th e  con tro ls . T h e  tw o 
f ig u re s  w ere p rac tica lly  id e n tic a l  and  w ith in  th e  n o rm a l range.

O n  these g rounds w e feel ju stified  in  ru lin g  o u t th e  possib le ro le of 
d e h y d ra t io n  in th e  re d u c tio n  o f sa livary  sec re tio n .

2. T he depressed su b je c ts  show ed an  in v e rse  re la tio n sh ip  b e tw een  th e  
re sp o n se  of p a ro tid  s e c re tio n  an d  th e  m a g n itu d e  o f  th e  app lied  s tim u lu s . 
T h e  m o re  th e  s tim u lus in c re a se d , th e  g re a te r  w as th e  d ivergence be tw een  
th e  re sp o n se  of th e  d ep re sse d  sub jec ts  an d  o f  th e  con tro ls , as i l lu s tra te d  b y  
F ig . 2.

3. C ertain  fac ts  re v e a le d  b y  th e  p re sen t s tu d y  seem  to  acco u n t fo r th e  
c o n tra d ic tio n s  betw een  th e  observa tions o f  G o t t l ie b  and  P a u l s o n  (1961) 
a n d  th o s e  of D a v ie s  a n d  P a l m a i (1964) in  t h a t  th e  poor sa liv a ry  secre tion  
a c c o m p a n y in g  th e  s ta r t  o f  th e  depressive p h a se , th o u g h  show ing a d e fin ite  
r ise  p a ra lle l w ith  clin ica l im p ro v em en t, w as s till  below  th e  co n tro l v a lues 
im m e d ia te ly  after reco v e ry .
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Table III

Ipsi- and contralateral secretory response of the parotid to hemilateral stimulation with 5 %  citric acid of the anterior two thirds of the tongue for 20 sec
(mean number of drops per min), in the controls (N  =  10) and in depressed subjects (N  =  10)

Drop/min
“ Real response”  per m inute during stim ulation

Group N
D eviation between the two groups

before during
stim ulation

after Drop/min SD
No. of drops per cent P

Ipsilateral response
C o n tro l............................................... 10 8.9 25.2 14.3 16.3 15.6 - 9 .9 60 0.20 >  p  >  0.10

Depressed ......................................... 10 4.8 11.2 3.3 6.4 11.4

Contralateral response 

C o n tro l............................................... 10 8.7 16.3 11.3 7.6 7.0 - 2 ,8 36 0.40 >  p  >  0.30

Depressed ......................................... 10 3.5 8.3 5.4 4.8 5.7

All responses
C o n tro l............................................... 10 8 .8 20.5 12.8 11.7 8.8 - 6 .2 53 0.10 >  p  :> 0.05

Depressed ......................................... 10 4.1 8.6 4.3 5.5 4.5
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Table IV

Secretory response o f the parotid to stimulation with 5 ml 5%  citric acid for sec ( “simultaneous sum mation” )  ; mean number o f drops per m in in the 
controls ( N  =  15) and in the depressed subjects (N  =  20); response o f the patiens prior to treatment and after recovery (N  = 10)

Group N

Absolute response, drops/m in “ Real”  response, drops/min

Basal
secretion

Stim u­
lation Global

response
drops/3 '

1' 2 ' 3'

Global response drops/3 '

Mean SD
D eviation between the  two groups

O' 1' 2 ' 3 ' no. of 
drops

per
cent P

C o n tro l................................ 15 10 44 25 14 83 34 15 4 53 22.5 - 1 6 30 0.05 >  p  >  0.02
Depressed ............................ 20 2 24 13 6 43 22 11 4 37 16.9

Depressed

before treatm ent ......... 10 2 21 13 6 40 19 11 4 34 8.1 +  13 38 0.01 >  p  >  0 .0 0 1

after recovery ............... 10 8 37 21 13 71 29 13 5 47 10.9
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T a b le  V

Secretory response of the parotid to two successive stimulations with 5 ml 5 %  citric acid for 20 sec at an interval of one minute (“successive
summation"); mean number of drops per min. in the controls (N  =  10) and in depressed subjects (N  = 10)

Absolute response, drops/min ‘•Real”  response, drops/min

Croup N
Basal 1. 2.

Global
response
drops/4 '

1. 2. Global response, drops/4 min.
secretion

Stim ulation Stim ulation Deviation between the two groups

O' 1' 2' 3 ' 4 ' 1' 2'
3 '

4 ' no. of drops per cent p

Control . . . . 10 8.4 33.7 48.5 2 2 .8 18.1 123.1 25.3 40.1 14.4 9.7 89.5 48.0 -4 2 .2  47 0.05 >  p  >

Depressed . 10 1.6 20.7 14.8 11.2 7.0 53.7 19.1 13.2 9.6 5.4 47.3 2 2 .8 0.02

Table VI

Secretory response o f the parotid to three successive stimulations with 5 ml 5%  citric acid fo r  20 sec. at intervals o f two minutes; mean number o f drops
per 2 minutes in the controls (N  = 10) and in the depressed subjects (N  =  10)

Absolute response, drops/2min. “ Real”  response, drops/2 min.

Group N
Basal 1.  1 2. 3.

Global
response
drops/8'

1. 2. 3. Global response: drops/8 '
secretion

Stim ulation Stim ulation D eviation between the two groups

0 O' 1 2 ' 3 - 4 ' 5 -  6' 7 8' 1 - 2 ' 3 - 4 ' 5 — 6' 7 - 8 ' no. of drops
1

per cent p

Control . . . . 18.6 66.6 79.1 79.5 34.5 259.6 48.0 60.5 60.9 15.9 185.3 36.9 -9 5 .4 51 p  < 0.001

Depressed . 10 4.0 29.6 29.0 40.3 7.0 105.9 25.6 25.0 36.3 3.0 89.9 19.6

о

PA
R

O
T

ID
 R

E
S

P
O

N
S

E
S

 T
O

 IN
D

IR
E

C
T

 ST
IM

U
L

A
T

IO
N



170 J .  LIPÁ K  et al.

R E FE R E N C E S

1. B u r g e n , A. S. V., E m m e l in , N . G.: Physiology of th e  salivary glands. E dw ard A rnold
L td , London 1961.

2. B u s f ie l d , B. L., W e c h s l e r , M.: Studies of salivation  in  depression. Arch. gen. Psychiat.
4, 1 0 - 1 5  (1961).

3. B u s f ie l d , B. L., B a r n u m , W . J .: Studies of sa liv a tio n  in depression. II . Physiological
differentiation of reac tive  an d  endogenous depression. A rch. gen. Psychiat. 5, 472 — 477 
(1961).

4. D a v ie s , B. M., Gu r l a n d , J .  B .: Salivary secretion in  depressive illness. J . psychosom.
Res. 5, 2 6 9 -2 7 1  (1961).

5. D a v ie s , B. M., P a l m a i, G.: Salivary and blood pressu re  responses to  M ethacholine in
depressive illness. B rit. J .  Psychiat. 110, 594 — 598 (1964).

6. G o t t l ie b , G., P a u l so n , G .: Salivation in depressed p a tien ts . Arch. gen. P sychiat. 5,
4 6 8 -4 7 1  (1961).

7. L a s h l e y , K. S.: The h u m an  salivary reflex and its  use in psychology. Psychol. R ev. 24,
4 4 6 -4 6 4  (1916).

8. L a s h l e y , K . S.: R eflex  secretion  of the hum an p a ro tid  g land . J .  exp. Psychol. 1, 461 — 493
(1916).

9. L ipák , J., Mózsik, Gy .: Egyszerű módszer az ingerlés és gátlás vizsgálatára emberen a
paro tis reflex segítségével. X X X . Meeting of H ungarian  Physiological Society, Debrecen 
1968.

10. L ip á k , J .,  Mózsik , Gy ., Y á c z i, P ., Vámosi, В.: A sa liv a tió s  re flex  v iselkedése dep ress ió b an .
X X V Ith  Congress o f th e  H ungarian  Neurological and  Psychiatrical Society, B udapest 
1968.

11. L ip á k , J ., Csaba i, A.: Cholinesterase activity in depression. T hird In ternational Meeting
of the In ternational Society  for N eurochem istry. B u d ap est 5 — 9 Ju ly  1971. A kadém iai 
K iadó. P. 185.

12. L o e w , D.: Syndrom, D iagnose und  Speichelsekretion bei depressiven Patien ten . Psycho-
pharm acologia (B erl.) 7, 339 — 348 (1965).

13. L o u r ie , R. S.: R ate  of secretion  of the parotid  glands in norm al children. Amer. J .  Dis.
Child. 65, 455 — 479 (1943).

14. M ó z s ik , Gy ., J á v o r , T .: Clinical-pharmacological te s tin g  of parasym patholytic drugs.
Med. Pharm acol, exp. 14, 183 —187 (1966).

15. P e c k , R. E .: The SH P  te s t  an  aid in the detection an d  m easurem ent of depression. Arch.
gen. Psychiat. 1, 35 — 40 (1959).

16. S t Ro n g in , E. I., H i n s ie , L. E .: Parotid  gland secretion  in  manic-depressive patien ts .
Amer. J . Psychiat. 94, 1459 —1466 (1938).

17. S za bó , A., P et r á ssy , К ., J á v o r , T., Mózsik , Gy .: E xam ina tion  of hum an paro tid  secre­
tion . Acta Tertii C onventus Medicináé In ternae  H ungarici. G astroenterologia. A ka­
démiai Kiadó, B u d ap est, 1965. Pp. 771 — 775.

D r. J á n o s  L ipák  
D r. B e r ta la n  V ám osi  
D r. G y u la  Mózsik

D r. P é te r  VÁczi

O rv o stu d . E gy ., Id eg - és E lm egyógy . K lin ik a , 
D ebrecen , H u n g a ry
O rv o stu d o m án y i E g y e te m , I .  sz. B elgyógyászati 
K lin ik a , Pécs, H u n g a ry
Sem m elw eis O rv o s tu d o m á n y i E g y e tem , I I .  sz. 
N euro lóg iai és P s y c h iá tr ia i  K lin ik a , B u d ap est

Acta Medica Academiae Scientiarum  Hungaricae 28, 1971



THE ROLE OF LONG-ACTING THYROID STIMULATOR 
AND OF THYROID AUTOIMMUNITY 

IN THE PATHOGENESIS
OF EUTHYROID ENDOCRINE OPHTHALMOPATIUA

By

J .  F ö l d e s , J .  T ak ó , Cs . B á n o s  and E rzsébet  Ge s z t e s i

FIR ST D EPA R T M E N T OF M ED ICINE, SEM M ELW EIS U N IV ER SITY  OF M EDICINE 
AND R A D IO -ISO TO PE LABORATORY OF JÁ N O S H O SPITA L, BUDAPEST

(Received February  15, 1971)

The presence of LATS—IgG in euthyroid endocrine ophthalm opathy is confined 
to the blood plasm a of some patients. This is also valid  for thyroid antibodies. LATS and 
thyroid au to im m unity  are discussed as possible responsible factors and poin ted  o u t as 
being of secondary natu re  ra ther th an  of causal significance, though the possib ility  of 
their involvem ent in the production of endocrine ophthalm opathy as ad ju v an t factors 
is adm itted . The present results confirmed th e  existence of close relationship betw een 
the various types of endocrine ophthalm opathy . Observations relative to th e  tra n s­
form ation of one ty p e  into ano ther are in te rp re ted  as being conclusive of th is fact.

E n d o crin e  o p h th a lm o p a th y  m ay  occu r in  h y p e rth y ro id , e u th y ro id , 
and  even in  h y p o th y ro id  cond itions. I ts  d ire c t cause is u n ce rta in . I n  recen t 
years, in v es tig a tio n s  h av e  b een  focussed on th e  long-acting  th y ro id  s t im u ­
la to r  (LATS), on th y ro id  a u to -im m u n ity  an d  on th e  e x o p h th a lm o s-p ro d u c in g  
su b stan ce  (E P S ) as possib le  fac to rs  responsib le  fo r its p roduc tion .

In v es tig a tio n s  concerned  w ith  th e  ae tio log ica l role of LA TS a n d  of 
th y ro id  a u to im m u n ity  in  th e  p ro d u c tio n  o f  endocrine  o p h th a lm o p a th y  are 
p re fe rab ly  ca rried  o u t in  e u th y ro id  su b jec ts , h y p erth y ro id ism  b e in g  o ften  
assoc ia ted  w ith  th e  p resence of LATS an d  o f  th y ro id  au to a n tib o d ie s  even 
in th e  absence o f eye signs. T he clinical sy n d ro m e  of endocrine o p h th a l­
m o p a th y  asso c ia ted  w ith  eu th y ro id ism  an d  th e  accom pany ing  a b n o rm a litie s  
of th y ro id  fu n c tio n  w ere f irs t  described  by  W e r n e r  [42] and  te rm e d  o p h th a l­
m ic form  of G raves d isease. O ur o b se rv a tio n s  concern ing  th is  q u e s tio n  h av e  
been rep o rted  ea rlie r [14]. F u r th e r  issues o f th e  prob lem , n am ely  th e  possib le  
role of LATS an d  of th y ro id  a u to im m u n ity  as also th e ir  re la tio n sh ip s  w ith  
th e  resu lts  o f th e  tr iio d o th y ro n in e  su p pression  te s t  have been s tu d ie d  an d  
fo rm  th e  su b je c t o f th e  p resen t rep o rt.

Ada Medica Academiae Scientiarum Hungaricae,  Tomus 28 (2), pp. 171- 179 (1971)

M ateria l and  m eth o d

Plasm a LATS was estim ated by the modified M c K e n z i e  technique [15, 34]. Analysis 
of the da ta  obtained was based on geometrical mean. The reaction was considered positive if 
the mean rad ioactiv ity  m easured in the blood of p lasm a-treated  mice 8 hrs after in travenous ad­
m inistration exceeded 150% of the activ ity  in the controls, i.e. of the group given a 5%  album in 
solution, the lower fiducial lim it being also in excess o f 150.
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LATS estim ation, based on concentration and  separation  of IgG, was perform ed by the 
m eth o d  of Ca rn iero  e t al. [5, 16] on 36x2 .5  cm D EA E-Sephadex-A  50 column w ith  0.02 M 
phospha te  buffer pH  6.6. The protein  fraction con tain ing  the pseudoglobulin-IgG served for 
th e  assay of LATS.

In  three cases th e  p lasm a TSH level was also estim ated  using the concentration  pro­
cedure  of A dams and K e n n e d y  [1, 13]. The T S H -con ten t of plasma extracts was determ ined 
in  m ice; their thy ro id-stim ulating  effect was considered positive if 2 hours after in travenous 
adm in is tra tion  of the p rep a ra tio n  the blood ac tiv ity  exceeded the 8-hour value, m oreover if 
m ean  ac tiv ity  exceeded th e  m ean  blood 125I-ac tiv ity  in  th e  control group.

The complement fix a tio n  te s t (CF) for the dem onstra tion  of antim icrosom al antibodies 
an d  B o y d e n ’s passive hem agglutination  test for thyroglobulin  antibodies (TRC) were per­
fo rm ed  as described earlier [41]. The thyroid an tibody  assays were considered positive in the 
case o f a CF of 1 : 6 and of a T R C  of 1 : 2500 or higher.

The triiodothyronine suppression test was carried  ou t by the estim ation of 131I uptake 
by  th e  thyroid prior to and  a fte r  adm inistration of 80 fig of 1-triiodothyronine daily  for six 
days. To be considered norm al, 24-hour iodine u p tak e  had  to be a t least 40% less after than  
before the test. Suppression was regarded as d is tu rbed  if  it  failed to a tta in  th a t value.

The curve of thy ro id  13lI-up take , and the values derived from m easurem ents o f plasma 
a c tiv ity  are known to be frequen tly  abnormal in eu thy ro id  endocrine ophthalm opathy [25, 14]. 
F o r th is  reason, in addition  to th e  above assays, th e  H am olsky-test was performed in each case 
and  th e  serum level of pro tein-bound  iodine as well as th a t  of euthyroid endocrine ophthalm o­
p a th y , aside from clinical fea tu res, the results of all th ree  tests  had to be indicative of euthy- 
ro id ism .

The diagnosis of endocrine ophthalm opathy was based on W e r n e r ’s criteria and  on the 
recom m endations issued by  th e  American Thyroid Society [43]. On the grounds of th is classifi­
ca tio n , Groups 2 to 6 to  be regarded as "progressive”  or “ m alignant” exophthalm os combine 
th e  following features: p e rio rb ita l oedema, exophthalm os, involvem ent of extraocular muscles, 
corneal ulceration and im pairm en t or loss of vision as a resu lt of optic nerve lesion. We followed 
W e r n e r ’s classification w ith  th e  sole difference th a t  we place patients w ith H erte l-values 
over 20/100 mm in the group of d istinct exophthalm os.

Endocrine o ph tha lm opathy  was present in one of our 12 patients w ith H ashim oto’s 
disease. Since thyroid biopsy was done in few of them , th e  diagnosis was made dependent on 
s tr ic t criteria including th e  presence of euthyroid or hypothyroid  goitre, accelerated ESR, 
positive protein lability te s ts , increased gamma globulin level, demonstrable thyroid  antibodies 
w ith  a minim um of 1 : 12 for CF and 1 : 25 000 for TRC. I f  these features were inconsistent, in 
o th e r words inconclusive of autoim m une thyroiditis, th e  patien ts were not included in the 
H ashim oto-group.

R esults

T ab le  I  show s th e  re su lts  for all 15 e u th y ro id  sub jec ts w ith  endocrine  
o p h th a lm o p a th y . T hose  o f  th e  fem ale p a t i e n t  L .N . are reg a rd ed  as being 
c o n s is te n t w ith  H a sh im o to ’s disease (E S R  35 m m /h o u r, th y m o l tu rb id i ty  
te s t ,  12 U ; th y m o l f lo c c u la tio n  te s t  +  +  +  +  5 gam m a globulin , 3 5 % ; CF,
1 : 4 8 ; T R C , 1 : 25,000; sc ru m  p ro te in -b o u n d  iod in e , 3 fig p e r 100 m l; R E l25I, 
6 3 % ; H am o lsk y -te s t, 1 1 % ; serum  ch o leste ro l, 256 m g p er 100 m l.) This 
p a t ie n t ,  as well as th e  o th e rs  w ere fo u n d  e u th y ro id  still a t  th e  en d  o f th e  
o b se rv a tio n  period  w h ich  w as n o t sh o rte r th a n  six  m o n ths in  an y  o f th e  cases.

F ro m  T able I I  i t  em erges th a t  u p o n  a d m in is tra tio n  to  m ice o f th e  non- 
c o n c e n tra te d  p lasm a o f e u th y ro id  su b jec ts  w ith  endocrine o p h th a lm o p a th y  
a r e a c tio n  ind ica tiv e  o f LA TS was confined to  3 o u t  of 15 cases. A fte r su b m ittin g  
th e  p la sm a  to  th e  p ro c e d u re  based  on se p a ra tio n  a n d  co n cen tra tio n  o f  pseudo- 
g lo b u lin -Ig G , th e  e x tra c ts  y ie lded  po sitiv e  re a c tio n s  for LATS in  as m an y  
as 6 cases. H ow ever, ev en  w ith  th e  aid o f  th e  co n cen tra tio n  p ro ced u re  we 
fa ile d  to  d em o n stra te  T S H  in  th ree  of th e  su b je c ts  stud ied .
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Table I

Results o f assays fo r L A T S  and fo r  thyroid antibodies and o f the triiodothyronine suppres­
sion test in  patients with euthyroid endocrine ophthalmopathy

(Only positive results are shown; suppr. =  l3lI uptake by thyroid is suppressible by
triiodothyronine)

N am e U ntreated plasm a 
LATS

LATS JgG CF TRC Suppression test

L. N. negative negative 1 : 48 1 : 250 000 suppr.

Sz. S. negative 354 1 : 6 negative supp r.

(345- 364)
Sz. L. negative negative negative negative no t suppr.

s. o. negative negative negative negative no t suppr.

Gy. E. negative negative negative negative not suppr.

0 . s. negative negative negative negative no t suppr.

P . I. 228 (195— 268) 222 (210 234) negative 1 : 2500 not suppr.

V. E . negative negative 1 : 12 negative suppr.

W. I. negative 218 (208 229) negative negative not suppr.

E. Gy. 180 (168 193) 263(246 282) negative negative no t suppr.

K. A. 450 (392 -516) 759 (661- 871) 1 : 12 1 : 25 000 no t suppr.

D. H. negative negative negative negative suppr.

V. E . negative negative negative 1 : 2500 suppr.

Cs. I. negative 389 (361 418) negative negative not suppr.

Gy. G. negative negative 1 : 6 negative no t suppr.

Table II

Plasma L A T S  and T S H  in endocrine ophthalmopathy in euthyroid subjects

Total number U ntreated plasm a LATS LATS IgG
of eases

neg. pos. neg. pos.

15 12 3 9 6

TSH ce TSH

15 15 . 0 3 0
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As i t  can be  seen  f ro m  Table I I I ,  CF w as  p o sitiv e  in  5, TR C  in  4 cases, 
th e  va lu es  of b o th  b e in g  ab n o rm al in  tw o  o f th e s e  p a tie n ts .

T ab le  IV  p re se n ts  th e  re lationsh ip  b e tw e e n  th e  resu lts of th e  tr i io d o ­
th y ro n in e  su p pression  t e s t  and  th e  d e m o n s tra b ili ty  of L A T S -Ig G . A m ong  
th e  6 L A T S-positive cases th ere  w as b u t  one  in  w hich i t  w as possib le  
to  red u ce  th y ro id  125I  u p ta k e  by  m ore th a n  4 0 % , in  opposition to  th e  LA TS- 
n e g a tiv e  cases w h ere  su p p ressio n  of 131I -u p ta k e  w as un im paired  in  5 o u t  of 
9 p a tie n ts .

Table II I

Thyroid antibodies in euthyroid endocrine ophthalmopathy

CF TRC

neg. 1 : 3 £ 1 : 6 neg. 1 1 : 5 — 1 : 250 ;> 1 : 2500

9 1 5 6 j 5 4

I t  m ight be  o f  in te re s t  to  p resen t th e  case of an  orig inally  e u th y ro id  
o p h th a lm o p a th y  in  d e ta il  w here the a p p e a ra n c e  o f h y p erth y ro id ism , to g e th e r  
w ith  h igh  in itia l p la sm a -T S H  levels, re p la c e d  la te r  by  LATS, w as w itn essed  
in  th e  course of th e  o b se rv a tio n  period of f iv e  y ea rs .

T he p a tie n t w as P .A ., a 48-year-old fem ale . E a rly  in  1965 she ex p e rien ced  
a ra p id ly  progressing  p ro tru s io n  of her r ig h t  eye  associated  w ith  im p a irm e n t 
o f  v ision , in ten siv e  la c h ry m a l secretion , la g o p h th a lm o s  and c o n ju n c tiv itis . 
O n  adm ission she a p p e a re d  eu thyro id  c lin ica lly . T he results of in v e s tig a tio n s  
re le v a n t  to  th y ro id  fu n c tio n  were: serum  P B J ,  3.2 jjg p e r 100 ml; 131I  u p ta k e , 
4 3 , 58, 66 and  7 2 % ; 48/2  h r  p lasm a te s t ,  0 .04 ; H am olsky -test, 11% , serum  
ch o leste ro l, 200 m g p e r  100 m l; serum  T S H , 3 9 7 %  (333 — 472), i.e. in c reased ; 
L A T S, negative (125% ). O phthalm ological f in d in g s : H ertel-value, 22 18/98.
T h e  diagnosis of e u th y ro id  endocrine o p h th a lm o p a th y  having  been  m a d e  on 
th e s e  grounds, X -ra y  t r e a tm e n t  was ap p lied  to  th e  p itu ita ry , and  p red n iso lo n e  
a n d  lio thy ron ine  w ere  ad m in is te red . Tw o m o n th s  la te r  th e  H e rte l-v a lu e  was 
20 — 18/98.

Table IV

Relationship o f triiodothyronine suppression test w ith the plasma L A T S  level 
in  euthyroid endocrine ophthalmopathy

Suppression Failure
of suppression

L A T S -Ig G  pos. 6 ................. l 5

L A T S -Ig G  neg. 9 ................. 5 4

Total num ber of cases ........ 6 9
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P rese tin g  fo r con tro l in 1968 she w as fo u n d  eu th y ro id  w ith  occasiona l 
e leva tions of b lood  p ressu re . P B J  was 5.1 p g /p e r  100 m l; th e  H a m o lsk y -te s t, 
12.6, serum  cho lestero l, 225 m g p e r 100 m l. LA TS h ad  becom e d e m o n s tra b le  
in th e  p lasm a, its  level being  256%  (247 265), p a ra lle l w ith  th e  d isa p p e a ra n ce
of T S H  (107% ). T h e  H erte l-v a lu e  w as 21.5 17/95.

In  S ep tem b er, 1968, she had  no ticed  p e rsp ira tio n s , trem or, in to le ra n c e  
to h e a t, p a lp ita tio n s , and  had  lost 6 kg in  w e ig h t desp ite  a good a p p e tite . 
We n o te d  occasional b o u ts  of a tr ia l f ib r illa tio n . T he values of m I -u p ta k e  
were 62, 74, 70 a n d  6 2 % . T he 48/2 h r  p lasm a te s t  w as 1.15; serum  ch o les te ro l, 
143 m g p er 100 m l; P B J  in se rum , 8.3 /tg p e r 100 m l; H am olsky  te s t ,  2 0 % ; 
p lasm a  LATS, 4 0 8 %  (359 455). T he H erte l v a lu e  was 21.5 17/95. This
tim e , th e  d iagnosis w as h y p e rth y ro id ism  w ith  o p h th a lm o p a th y . She w as given 
7000 rad  =  6 mCi m I , followed by  th iam azo le , prednisolone, T ra s ic o r, an d  
d iazepam .

As a re su lt o f six  m o n th s a n tith y ro id  th e ra p y  she becam e e u th y ro id . 
H ow ever, soon a f te r  th e  tre a tm e n t had  been  d iscon tinued  th e  h y p e r th y ro id  
m an ifes ta tio n s  successively  reap p eared  an d  increased  in sev e rity  a f te r  an 
in fection  of th e  u p p e r  re sp ira to ry  t r a c t .  T h e re  w as a sudden  p ro g ressio n  of 
ex o p h th a lm o s, p a r tic u la r ly  on th e  rig h t side , accom panied b y  p e r io rb ita l  
oedem a, increased  lach ry m al secretion , an d  lag o p h th a lm o s w ith  c o n ju n c tiv itis . 
The clin ical p ic tu re  w as m ark ed  by  occasional e levations of b lood  p ressu re  
w ith  genera l m ala ise  an d  th e  p aro x y sm s o f a tr ia l  f ib rilla tion  re a p p e a re d . 
T he values for 1311 u p ta k e  were 72, 81, 67 a n d  5 8 % ; th e  48/2 h r. p la sm a  te s t 
was 4 .2 ; serum  P B J ,  7.4 /ig p er 100 m l; th e  H am o lsk y  te s t 18% , se ru m  th y ­
roxine, 8 jttg p er 100 m l. Serum  tr iio d o th y ro n in e , expressed in  p e r  ce n ts  of 
the  to ta l  p lasm a a c tiv ity , was 8 .6% , 48 h rs a f te r  the  a d m in is tra tio n  o f  131I. 
P lasm a LATS w as 929%  (888 953); CF w as neg a tiv e ; TRC w as p o sitiv e ,
1 : 2500; th e  u r in a ry  ca techo lam ine  ex c re tio n  w as 30 to  40 ,ug da ily . O p h th a l-  
m ological f in d in g s: H erte l-v a lu e  28 21/95. H y p e rth y ro id  o p h th a lm o p a th y
was d iagnosed an d  predn iso lone, T h iam azo le , P io th y ro n in e  ra d io th e ra p y  and  
lib rium  w ere p rescrib ed . M arked im p ro v e m e n t ensued  b u t p red n iso lo n e  h ad  
to  be d isco n tin u ed  because of g astric  c o m p la in ts . In  consequence, th e  o p h th a l­
mic signs g rea tly  d e te rio ra ted  th o u g h  she rem ain ed  eu thy ro id . I n  v iew  of 
a possib le  a u to im m u n e  aetio logy , she w as p u t  on 100 mg a ra th io p r in e  da ily  
and  sm all doses o f  p redn iso lone on w hich she  has rem ained  since w ith o u t 
experienc ing  an y  ad v erse  effect. T he H erte l v a lu e  has decreased to  21 — 17/95.

D iscussion

T he p o ssib ility  o f LATS being  invo lved  in  th e  path o m ech an ism  o f e u th y ­
roid  endocrine o p h th a lm o p a th y  has closely b een  s tu d ied  in recen t y e a rs  b u t  
th e  q u es tio n  is s till u n se ttled . W hile c e r ta in  au th o rs  in crim in a te  L A T S fo r
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th e  o p h th a lm ic  signs [22, 28, 31, 37], o th e rs  r e je c t  th is  possib ility  [2, 3, 19, 
29, 33, 36]. C lear in s ig h t in to  th e  problem  is m a d e  d ifficu lt by  th e  c ircu m stan ce  
t h a t  w hile  LATS occurs in  m a n y  cases o f h y p e rth y ro id ism  even in  th e  absence  
o f  o p h th a lm o p a th y , a n u m b e r of o p h th a lm ic  p a tie n ts , th o u g h  e u th y ro id  
a t  th e  tim e  b e ing  m a y  h a v e  h ad  h y p e r th y ro id  episodes w hich h a v e  passed  
u n n o tic e d .

O n th e  ev idence  o f th e  p resen t s tu d y , b lo o d  p lasm a of th e  p a tie n ts  w ith  
e u th y ro id  o p h th a lm o p a th y , w hich had  n o t b e e n  su b m itte d  to  th e  c o n c e n tra tio n  
p ro c e d u re , e x h ib ite d  a LA T S-like reac tio n  in  o n ly  few mice. T his m ig h t be 
e x p la in e d  b y  th e  low  co n cen tra tio n  o f L A TS in  th e  blood o f th e  p a tie n ts . 
H o w ev er, th e  L A T S-like reac tio n  d e m o n s tra te d  w ith  u n tre a te d  p la sm a  in 
a few  cases, m ay  w ell be non-specific, as su g g ested  la te ly  b y  C h o p r a  e t al. 
w ho em phasize  th e  im p o r ta n c e  of IgG  s e p a ra tio n  [7]. Since no s tu d ie s  o f  th is  
k in d  w ith  e u th y ro id  p la sm a  h av e  th u s fa r  b een  re p o rte d , we p erfo rm ed  p a ra lle l 
a ssay s  fo r  LATS in  ev e ry  case w ith  p la sm a  in  i ts  u n tre a te d  s ta te  a n d  a fte r  
th e  se p a ra tio n  an d  iso la tio n  procedure. T h is allow ed to  d e m o n s tra te  LA TS 
in  6 o u t o f th e  15 cases. T h u s , LATS w ould seem  to  be p resen t in  a p p ro x im a te ly  
one  th i r d  o f th e  cases, th o u g h  a t  low c o n c e n tra tio n s , w hereas in  th e  o th e r  
tw o  th ird s  i t  c a n n o t be  d e te c te d . On these  g ro u n d s  i t  seems h igh ly  im p ro b a b le  
t h a t  LA TS shou ld  b y  its e lf  be responsible fo r th e  exoph thalm os even  th o u g h  
i t  m a y  w ell re p re se n t an  a d d itio n a l fac to r, m o reo v e r, its  presence in  one  th ird  
o f th e  cases c learly  p o in ts  to  th e  close re la tio n sh ip s  ex isting  betw een  th e  h y p e r ­
th y ro id  an d  e u th y ro id  fo rm s of endocrine o p h th a lm o p a th y .

Som e a u th o rs  ex p la in  th e  existence o f  e u th y ro id ism  in endocrine  o p h th a l­
m o p a th y  b y  a red u ced  “ rese rv e  cap ac ity ”  o f th e  th y ro id  affecting  its  re sp o n siv e ­
ness to  L A T S -stim u la tio n , th e  p rim ary  cause  b e in g  a ttr ib u te d  to  a u to im m u n e  
th y ro id it is  [30, 35]. T h e  significance of a u to im m u n e  th y ro id itis  in  end o crin e  
o p h th a lm o p a th y  is c o n s is te n t w ith  certa in  o b se rv a tio n s . T here is, fo r in s ta n c e , 
ev id en ce  o f h ig h - ti tre  th y ro id  an tibodies in  5 0 %  o f th e  cases [2, 18, 19] an d , 
a cc o rd in g  to  som e o b se rv a tio n s , endocrine o p h th a lm o p a th y  m ay  o ccu r in 
H a sh im o to ’s d isease , to o  [17, 32, 45]. I n  th e  p re s e n t  m a te ria l th e  freq u en cy  
o f th y ro id  a u to im m u n ity  w as n o t g re a te r  t h a n  in  h y p e rth y ro id  p a tie n ts  
in  g en e ra l [12], n o r  w ere th e  a n tib o d y -titre s  h ig h er. This w ould  th e re fo re  
b e  a t  v a rian ce  w ith  th e  possib le  aetiologic in v o lv e m e n t of au to im m u n e  th y ro i­
d it is . O n th e  o th e r  h a n d , am ong  our 12 cases o f  H ash im o to ’s disease w e h ad  
o n e  p a t ie n t  w ith  en d o crin e  o p h th a lm o p a th y  — in  whose b lood  L A TS w as 
a b s e n t . A ccord ing  to  th e  p re sen t re su lts , th y ro id  au to im m u n ity  seem s to  
p la y  n o  decisive p a r t  in  th e  p ro d u c tio n  o f en d o c rin e  o p h th a lm o p a th y . H o w ev er, 
th e  f a c t  th a t  i t  does n o n e  th e  less occur in  a n u m b e r  o f cases p o in ts  to  close 
re la tio n sh ip s  b e tw een  th e  ind iv idual ty p e s  o f  th y ro id  disease on th e  one 
h a n d , w hile being  su g g estiv e , in  th e  o ther, o f  th e  in v o lv em en t of som e aetio log i- 
ca l fa c to r  w hich  m a y  p o ssib ly  resu lt in  th y ro id  au to im m u n ity .
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In  eu th y ro id  endocrine  o p h th a lm o p a th y , s im ila rly  to  h y p e rth y ro id ism , 
tr iio d o th y ro n in e  fails to  su p p ress  m I  u p ta k e  b y  th e  th y ro id . T h is a b n o rm a l 
re a c tio n  has been n o te d  w ith  a v a riab le  f req u en cy  [32, 4, 19, 30, 42 , 45], 
p ro b a b ly  in  accordance w ith  th e  selection  o f th e  given m a te ria l. T h e  p a th o -  
m echan ism  of th e  ab n o rm a l triio d o th y ro n in e  suppression  te s t  h as  y e t  to  be 
c la rified . T he in v o lv em en t o f LATS is h ig h ly  p ro b lem atic , an d  th e  la te s t  
o b se rv a tio n s  re la tiv e  to  cases o f cu red  th y ro to x ico s is  are  likew ise c o n tra ­
d ic to ry  [8, 9, 20, 21, 40]. I t  seem ed th e re fo re  o f in te re s t to  ex am in e  th e se  
re la tio n sh ip s  in  th e  e u th y ro id  form s o f G raves’ d isease. T he resu lts  in d ic a te d  
th a t  in  th is  syndrom e p ro d u c tio n  of an  a b n o rm a l suppression  te s t  is n o t 
n ecessarily  linked to  th e  p resence  of LATS a n d , on th e  o th e r h an d , th e  tr i io d o ­
th y ro n in e  suppression  te s t  m ay  occasionally  be  ab n o rm al in L A T S -positive  
cases.

N o p ro o f could be m ore  conclusive o f  th e  close connections b e tw een  
e u th y ro id  an d  h y p e r th y ro id  endocrine o p h th a lm o p a th y  th a n  o b se rv a tio n s  
o f th e ir  tra n sfo rm a tio n  in to  one an o th e r. T h is gives p a r tic u la r  in te re s t  to  
th e  case of p a tie n t P .A . re p o rte d  in  th is  s tu d y . In  th e  course of a long fo llow -up  
period  th e  orig inally  e u th y ro id  p a tie n t  becam e h y p e rth y ro id ; a t th e  sam e  tim e  
T S H , in itia lly  o f h igh c o n c e n tra tio n , d isap p ea red  from  th e  p lasm a  a n d  w as 
rep laced  b y  LATS, th e  va lu es  o f w hich  g rea tly  increased  a fte r  131I t r e a tm e n t ,  
p a ra lle l w ith  a progression  o f th e  oph th a lm ic  signs. T ran sfo rm atio n  o f e u th y ro id  
in to  h y p e rth y ro id  endocrine  o p h th a lm o p a th y  has been w itnessed  b y  o th e r  
a u th o rs  as well [26] an d  a t t r ib u te d  to  th e  close re la tionsh ips b e tw e e n  th e  
tw o  form s.

T h e  high p lasm a T S H -level in p a tie n t P .A . in th e  early  stage  o f th e  d isease 
raises th e  possib ility  th a t  th e  beg inning  o f th e  process m ay  be asso c ia ted  
w ith  an  increased  p ro d u c tio n  of th y ro tro p h ic  h o rm o n e  w hich la te r  g ra d u a lly  
ceases. In  endocrine o p h th a lm o p a th y  th e  T S H -leve l is n o t h igher th a n  u n d e r 
n o rm a l conditions, as con firm ed  b y  th ree  o f  o u r cases w here even  w ith  th e  
aid  o f th e  co n cen tra tio n  p ro ced u re  we fa iled  to  d em o n stra te  an  in c reased  
p la sm a  T S H  level. O ur o b se rv a tio n  of increasing  LA TS-levels to g e th e r  w ith  
a d e te rio ra tio n  of th e  o p h th a lm ic  signs co n seq u en t upon  rad io iod ine  th e ra p y  
is in  accordance w ith  o th e r  d a ta  [27] and  i t  is on th ese  v e ry  g ro u n d s  th a t  
K r iss  [28] a ttr ib u te s  a role to  LATS an d  to  a u to im m u n ity  in  th e  p a th o g en esis  
o f endocrine  o p h th a lm o p a th y . O b serva tions o f  th is  k in d  h av e , how ever, 
been  n o t un ifo rm ly  co n firm ed  [4] and  even in  o u r m a te ria l th e y  w ere confined  
to  tw o  cases.

T im e an d  again , th e  p a th o g en e tic  s ign ificance  of E P S  is b e in g  d e a lt 
w ith  in  th e  lite ra tu re  [23, 28]. T his su b stan ce  has n o t y e t been id en tif ied , 
th o u g h  i t  seem ? to  be d is tin c t from  T S H  as w ell as from  LATS [11, 24]. T h e  
fa c t t h a t  th e  effect o f E P S  can  be b est d e m o n s tra te d  in fish  is a m a jo r  source  
o f d ifficu lties. T he su b s ta n c e  has been found  b y  W in a u d é  e t al. [44] to  be lik e ­
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w ise  an  IgG  w ith o u t b e in g  iden tica l w ith  LA TS an d , accord ing  to  D a n d o n a  
a n d  E l  K a b i r  [10] th is  Ig G , unlike L A T S, h a s  th e  c a p ac ity  o f increasing  
th e  w e ig h t of th e  H a rd e r ia n  gland, an in t r a o rb i ta l  s tru c tu re  in  th e  guinea- 
p ig . T h is  o b se rv a tio n  ca lls  fo r fu r th e r  s tu d ie s .

I t  has been a sc e r ta in e d  in  th e  p re se n t s tu d y  th a t  in  e u th y ro id  endocrine  
o p h th a lm o p a th y , d e sp ite  a  clinically  n o rm a l th y ro id  fu n c tio n  a n d  no rm al 
h o rm o n a l iodine levels in  th e  blood, LA TS a n d  th y ro id  a u to im m u n ity  are 
d e m o n s tra b le  in a n u m b e r  o f  cases and  th e  tr iio d o th y ro n in e  su p p ressio n  te s t 
a lso  y ie ld s ab n o rm al v a lu e s , th u s  rev ea lin g  d iso rders in  th y ro id  a c tiv ity . 
H o w e v e r, n e ith e r LA TS n o r  th y ro id  a u to im m u n ity  seem  to  be  responsib le  
fo r  th e  developm ent o f end o crin e  o p h th a lm o p a th y . I t  is fa r  m ore  lik e ly  th a t  
t h e y  a re  secondary  to  th e  process th o u g h  th e y  m ig h t s till p la y  som e p a r t  
in  i ts  p rod u c tio n . F ro m  o u r  resu lts  i t  fu r th e r  em erges th a t  th e  p resence  of 
L A T S  does n o t n ecessa rily  re su lt in  an e n h a n c e d  th y ro id  fu n c tio n  ev en  w hen 
th e  co -ex istence of a n  im m u n e  th y ro id itis  d e s tru c tiv e  to  th e  th y ro id  su b s tra te  
c a n  b e  ru led  ou t. O n th e s e  grounds, th e  a im  o f fu r th e r  stud ies is to  f in d  th e  
s u b s ta n c e  responsib le fo r  th e  o p h th a lm o p a th y  as well as for th e  secondary  
c h a n g e s . T he p re se n t s tu d y  has fu rn ish ed  ev id en ce  in  su p p o rt o f  th e  close 
re la tio n sh ip s  ex is tin g  b e tw e e n  th e  in d iv id u a l ty p e s  o f endocrine o p h th a lm o ­
p a th y ,  its  tra n s fo rm a tio n  in to  its  h y p e rth y ro id  fo rm  as w ell as th e  occurrence 
o f  o p h th a lm o p a th y  in  H a sh im o to ’s d isease, ev en  th o u g h  ra re , a re  p a r tic u la r ly  
su g g e s tiv e .
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RENIN ACTIVITY OF RENAL VENOUS BLOOD 
IN EXPERIMENTAL HYPERTENSION INDUCED 

BY LIGATION OF ONE RENAL ARTERY IN DOGS
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D evelopm ent of arterial hypertension in  its  acute and chronic phases has been 
studied in dogs after the ligation of one renal arte ry  w ith the other k idney  unaffected. 
I t  has been dem onstrated  on the grounds of renin  activ ity  in the venous blood of bo th  
the  ischaemic and the unaffected k idney as well as in peripheral blood, th a t  a pressor 
substance is being produced and released in to  the circulation by the ischaem ic, and 
after its rem oval by the contralateral k idney. While the production of hypertension 
was due to  the pressor agent secreted by the ischaemic kidney, its persistence after 
rem oval of the affected organ was the result o f continued secretion of th e  substance by 
the unoperated  kidney.

F a h r  (1925) w as th e  f irs t  to  p o in t to  a possible in v o lv em en t o f ren a l 
ischaem ia  in  th e  in d u c tio n  o f a r te r ia l h y p e rten s io n , a p o s tu la te  b o rn e  ou t 
la te r  b y  th e  ex p erim en ts  o f H ar t w ic h  (1929) and  of Go ld blatt  e t al. (1934) 
in  w hich  h y p e rten s io n  w as induced  in  dogs b y  u n ila te ra l c o n s tr ic tio n  of 
th e  ren a l a r te ry  com bined  w ith  rem o v al o f th e  o th e r k idney  or b y  th e  co n stric ­
tio n  o f b o th  ren a l a rte ries . On th e  ev idence o f  th ese  stud ies it  has b een  u n iv e r­
sally  accep ted  th a t  d is tu rb an ces o f in tra re n a l  haem odynam ics d u e  in  m an y  
cases to  a n a rro w in g  or o b s tru c tio n  o f th e  ren a l a r te ry  or of i ts  b ran ch es, 
re su lt in  th e  clinical syndrom e of re n o v a sc u la r  hypertension .

W hile  P ic k e r in g  an d  P rinz m e t al  (1937) induced  a r te ria l h y p e rte n s io n  
in  ra b b its  b y  s im ila r m eans as th e  la s t-n a m e d  a u th o rs , W il so n  a n d  B yrom  
(1939) found  th a t  th e  u n ila te ra l in te rv e n tio n  sufficed for b rin g in g  ab o u t 
a h y p e rte n s iv e  s ta te  in  ra ts . In  th is  m a n n e r  th e  various research  te a m s  s tu d y in g  
th e  m echan ism  of ren o v ascu la r h y p e rte n s io n  h a d  ad eq u a te  m odels on  d iffe ren t 
species a t  th e ir  com m and . T he fin d in g  o f  P age  (1935) an d  o f  F r e e m a n n  
an d  P ag e  (1937) th a t  d en erv a tio n , t r a n s p la n ta t io n  or sy m p a th e c to m y  failed  
to  a rre s t th e  d ev e lopm en t o f ren o v ascu la r  h y p erten sio n  b ro u g h t th e  issue 
o f a possib le  h u m o ra l m echanism  in to  focus an d  in itia ted  a sea rch  fo r th e  
p o te n tia l p resso r ag en t. T hen  P age  (1936), B r a u n -Me n e n d e z  e t  al. (1940), 
P age  an d  H e lm er  (1940) in  fac t o b se rv ed  th a t  co n stric tio n  o f  th e  ren a l 
a r te ry  re su lts  in  th e  release in to  th e  b lood  s tre a m  o f a pressor su b s ta n c e  w hich 
p roduces a r te r ia l h y p erten s io n  by  its  c o n s tr ic tiv e  effect on th e  sm o o th  m uscle 
e lem en ts of th e  a rte r io la r  wall. T hese f in d in g s in d ica ted  th a t  i t  w as th e  p roduc-
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tio ii o f  ren in  b y  th e  ischaem ic  k id n ey  w hich a c c o u n te d  for ex p erim en ta l ren a l 
h y p e rte n s io n .

G o l d bl a t t  p o in te d  o u t as ea rly  as 1937 t h a t i n  th e  presence of an  u n a ffe c t­
ed  k id n e y , ex p e rim en ta l h y p e rten s io n  in  dogs, i f  being p ro d u ced  a t  all, 
is o n ly  tra n s ito ry . P a g e  (1941) rep o rted  on th e  fav o u rab le  effect of n o rm a l 
k id n e y  e x tra c t  in  h y p e rte n s iv e  disease, p re su m in g  th a t  th e  n o rm al k id n e y  
e ith e r  d estro y s th e  p re sso r su b stan ce  or p ro d u ces  som e fac to r of a n tip re sso r 
a c t iv i ty .

T h e  ra t-m o d e l em p lo y ed  b y  W il so n  an d  B y e o m  (1939) in  w hich  one 
k id n e y  h a d  been  le f t u n a ffe c ted , fu rth e rm o re  th o se  acu te  dog e x p e rim e n ts  
in  w h ich  one k id n ey  w as k e p t  u n d e r a h ig h  a n d  th e  o th e r  u n d e r a low  b lood  
p re ssu re  b y  th e  aid  o f a c lam p  p laced  b e tw een  th e  tw o  ren a l a rte ries , p ro v id ed  
fo r  th e  p a ra lle l s tu d y  o f th e  ischaem ic a n d  th e  u n m a n ip u la te d  k id n ey  in  th e  
sam e an im al. O n th e  ev idence  o f  th ese  e x p e rim e n ts , i t  has been fo u n d  th a t  
re n in  c o n c e n tra tio n  is in c rea sed  in  th e  ischaem ic , a n d  reduced  in th e  u n m a n i­
p u la te d  c o n tra la te ra l  k id n e y  (T o b ia n  1962, S o k a b e  and  Grollman  1963).

I t  has been show n ea rlie r th a t  a to ta l  l ig a tio n  of one ren a l a r te ry  
in  dogs w ith  th e ir  o th e r  k id n e y  u n affec ted  is fo llow ed in a few days b y  th e  
a p p e a ra n ce  of a r te r ia l h y p e rte n s io n  w hich  su b se q u e n tly  becom es ch ron ic  
( F e k e t e  1967). This h y p e rte n s iv e  s ta te  m ay  be re g a rd e d  on clinical an d  m o r­
p h o lo g ica l g rounds as an  ex p e rim en ta l m odel o f ren o v ascu la r h y p e rte n s io n  
( F e k e t e  1970, F e k e t e  e t al. 1971), th e  v a so c o n s tr ic tio n  due to  ren in  release 
su g g estin g  itse lf  as th e  m o s t likely  p a th o g en e tic  fa c to r . In  th e  p re se n t p a p e r  
th e  re su lts  o f fu r th e r  s tu d ie s  concerned  w ith  th e  m echan ism  of p ro d u c tio n  
a n d  m a in te n a n c e  o f a c u te  an d  chronic h y p e r te n s io n  induced  b y  c o n s tr ic tio n  
o f  one  ren a l a r te ry  in  dogs w ill be rep o rted .

M ateria l and  m ethods

In  16 adu lt mongrel dogs of e ither sex under p en to b arb ita l anaesthesia the left (in some 
cases th e  right) renal a rte ry  and, if  present, the supernum erary  renal branches of th e  ao rta , 
were ligated  close to th e ir origin from the paracostal approach  under aseptic conditions, and 
the w ound was closed. A rterial blood pressure was checked prior to  and a t regular in tervals 
a fter th e  in tervention. Mean a rte ria l pressure was m easured percutaneously in the fem oral 
a rte ry  by  a m ercury m anom eter in  a lert animals which had  been hab itua ted  to the in tervention . 
F or the  estim ation of pressor ac tiv ity , blood samples were w ithdraw n from the veins of bo th  
k idney  and  from peripheral blood a t determ ined in tervals a fte r the intervention (day 0). The 
procedure was as follows: The anim als were anaesthesized w ith  pen tobarb ita l and peripheral 
blood sam ples were w ithdraw n from  the femoral a rte ry  by  needle puncture. Subsequently, 
th e  abdom en was opened under aseptic conditions, and sam ples of venous blood of the k idney 
w ith  its  a rte ry  constricted were w ithdraw n, then th is k idney  was removed, weighed and p re­
served for microscopic study . T hen venous blood was w ithdraw n from the unoperated kidney, 
too, e ither by needle punctu re  or via a catheter inserted th rough  the femoral vein, care being 
tak en  in bo th  cases to ob tain  s tric tly  venous blood for th e  m easurem ents, and then  th e  ab ­
dom inal wound was closed.

In  th e  further course of th e  study, blood pressure was m easured a t 10 to  20-day in tervals 
by  th e  technique referred to earlier and samples were taken  from  the venous blood of th e  un ­
operated  k idney and from  th e  peripheral blood of th e  same anim al a t determ ined times for the
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estim ation of pressor ac tiv ity . Between the 60th and 570th day after ligation the rem aining 
kidney was rem oved, weighed and  preserved for microscopic study.

Before the blood sam plings, in three dogs the venous blood of the unm anipulated  kidney 
was d iverted  into the jugular vein w ith the aid of a plastic T -tube allowing a d irect de term ina­
tion of renal blood flow. The same tube was used for blood sam plings for estim ation of pressor 
activity .

Estimation o f pressor activity

For the estim ation of plasm a renin activ ity  th e  m ethod of K a n e k o  e t al. (1967) was 
used in a slightly modified form. 20 ml blood taken from  the femoral artery  or from  the renal 
vein was transferred into a plastic tube containing 0.05 g EDTA and centrifuged im m ediately  at 
3000 r.p.m . a t 4° C for 10 min. The plasm a was stored for 16 hours a t  0° C, then  its p H  being 
ad justed  to 5.5 and neomycin being added, it was incubated  a t 37° C for 24 hours, th en  boiled 
so as to stop the enzyme reaction , and the pH  of the protein-free filtra te  was ad justed  to  7.4. 
Plasm a pressor activ ity  was ti tra te d  by comparing it w ith  th a t  of a known am oun t o f H yper- 
tensin (Ciba) in ra ts of 200 to  250 g body weight of our own stock, having been nephrectom ized 
24 hours before the experim ent, pretreated  w ith pentholinium , anaesthesized w ith  pento­
barb ita l and vagotom ized. R enin activ ity  was expressed in term s of angiotensin I I  equivalent 
ng/ml/24 hrs. By the procedure in 42 instances from 18 to  37% of the initial am ount was gained 
back and the difference betw een two parallel m easurem ents was 9.98 ±  9.41. On the evidence 
of 22 estim ations, renin ac tiv ity  in the peripheral blood of a dog w ith norm al blood pressure 
and norm al plasma sodium was 12.2 i  9.8 ng/ml/24 hrs.

The results were evaluated  by S tuden t’s tw o-sam ple t test.
For the histological studies the rem oved kidneys were fixed in 6% form aldehyde. Then 

specimens were taken  from three different areas of the k idney and stained w ith the M allory— 
Farkas, Mallory — Endes, azan, and W eigert’s resorcin-fuchsin dyes.

R esults

T ab le  I  p resen ts  th e  d a ta  fo r 16 dogs in  w hich  h y p e rten s io n  h as  been  
in d u ced  by  liga tion  o f one renal a r te ry . C olum n I  show s th e  seria l n u m b er, 
body  w eigh t and  sex  o f th e  an im als. In  th e  second  v e rtic a l co lum n th e  resu lts  
are  n u m b ered  as follow s: 1. a r te ria l blood p ressu re , 2. ren in  a c t iv i ty  o f th e  
venous b lood of th e  u n o p e ra te d  k idney , 3. re n in  a c tiv ity  in  p e rip h e ra l b lood, 
and  4 . ren in  a c tiv ity  in  th e  ischaem ic k id n ey . T he fu r th e r  co lum ns show  
th e  d a ta  o b ta in ed  a t  10 -2 0 , 40, an d  100 d ay s. On d ay  0, m e a su re m e n t of 
th e  o rig inal (norm al) b lood  p ressu re  an d  lig a tio n  of th e  left or r ig h t renal 
a r te ry  (L L  and  R L ) w ere perfo rm ed . P resso r a c tiv ity  w as e s tim a te d  in th e  
sam e dog on 3 to  6 occasions. I t  is seen from  T ab le  I  th a t  th e  periods o f  o b se r­
v a tio n  w ere no t id en tica l, six  dogs hav ing  b een  observed  for 60 to  140 days, 
seven  dogs for 220 to  320 days an d  th re e  dogs fo r 560 days. B lood  p ressu re  
w as checked  even b ey o n d  th is  period  in  sev era l an im als. T he ischaem ic  k id n ey  
w as rem oved  in th e  s ta te  of h y p e rten s io n  (L N  =  le ft n e p h re c to m y , R N  =  
r ig h t n ep h rec to m y ).

I t  h as been fo u n d  th a t
1. arterial blood pressure, com pared  w ith  th e  con tro l v a lu e  o f  126 ^  

4 m m H g , rose a f te r  ren a l a r te ry  lig a tion  a n d  rem ain ed  s ig n ifican tly  h igher 
d u rin g  th e  en tire  o b se rv a tio n  period  (com parison  o f th e  values of th e  in d iv id u a l 
v e rtic a l colum ns w ith  th e  n o rm a l blood p ressu re  v a lu es: p < / 0.001 and  p < / 0.01, 
respec tive ly ),
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Table I

Arterial blood pressure and renin activity in  dogs with renovascular hypertension

Animal Test 0 20- 30 31 40 41-50 51-60 61-70 71-90

132/1968 l 140 190 160 170 170 — 170

20 kg  3 2 — , — — — 42 — —

3 — 128 — — 22 — —

4 — LL 184 LN — - — — —

119/1968 1 135 180 160 170 170 — 170

17 kg ^ 2 — — — — 20 — —

3
4 — LL

200
320 LN : —

8
—

135/1968 1 120 160 170 170 — - 170

14 kg 3 2 — — ' — — — — —

3 — — — — — — —

4 - L L - L N — — - — -

131/1968 1 140 170 190 180 160 — -

16 kg 3 2 — — 300 — — — —

3 — — 80 - — — -

4 - R L — 160 RN — — — -

121/1968 1 120 170 190 170 170 160 190

16 kg  3 2 — - 540 — — — —

3 — — 480 - — —  ■ -

4 - L L — 380 LN — — — —

74/1970 1 130 190 185 — — 180 180

17 kg $ 2 — - - — — 180 41

3 — — 0 — - 24 0

4 —  L L - 41 LN — - — -

77/1970 1 130 210 220 — - — -

17 kg  ? 2 — — 36 — — — —

3 — — 25 — — — —

4 - L L -  • 36 LN — - — -

31/1970 1 130 170 — 165 - — 175

12 kg  ? 2 —  ■ — — 28 — — 42

3 — — — 14 - — 11

4 - R L — — 16 RN — — —

LL  =  complete ligation of le ft renal artery; RL =  complete ligation of right renal a rte ry  

LN  =  left nephrectomy; R N  =  righ t nephrectomy
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during a period o f observation extending to 570 days

91-100 101 120 121 140 141-160 161-180 200- 220 221 240 241-260 320 420 560 570

170 160 _ 170 170 190 180 170 — —

— 45 — — 92 — 25 50 - —
— 32 - — 56 - 17 11 - —

- - - — — — — — — —

170 160 — 170 160 190 190 170 — -
— 38 — — 170 — — 112 - —
— 27 - — 118 - — 78 - —

- - — — - - — — — —

— 180 — 175 — 170 — — 170 —
— — — — — — — — 110 —

- - — - - — — 67 —

160 160 160 _ 180 170 180 - —

42 — 360 — — 34 17 -
20

— -
120 —

—

32 8 :
165 170 — 180 170 180 185 180 — —
38 — — 62 — — 24 28 - —

5 — - 60 - - 22 28 - -

- - - — — — — — — —

— — 180 — 175 180 — — — —

— — - - — — — — — —

— — —
— — : — — —

— — — — — — — — —

— — — - . - — — —
— — - - — — —

- - _ — - - — — — —

— 165 170 180 — 180 — —
— 125 330 - — — - —

- 30 16 — — — — — —

— - — — — — — — — —
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Table I  (cont.)

A n im a l Test 0 2 0 -3 0 3 1 - 4 0 4 1 -5 0 5 1 - 6 0 6 1 - 7 0 7 1 -9 0

46/1970 î 115 170 _ 170 _ 150

12 k g  à 1 2 — — — 42 — — —

3 — — — 42 — — —

4 - R L — — 47 RN — — -

48/1970 1 125 200 — 180 180 — —

15 k g  ? 2 — - — 92 — — -

3 — — — 0 — — —

4 - R L — — 40 RN — — -

80/1970 1 125 170 160 160 — 180 —

14 k g  ? 2 — — 195 8 8 - — —

3 — — 2 18 — —

4 - L L — 35 LN - — - -

82/1970 1 130 180 — 180 — 160 —

12 k g  r? 2 — — — - - — -

3 — — — — — — —

4 - R L — — - - - R N -

227/1968 1 115 170 190 — — 180 —

12 kg  (J 2 - - —  ■ — — — -

3 — — — - — — -

4 - L L - — — — — -

221/1968 1 120 160 175 — — 170 —

11 kg  t? 2 - — — — — — -

3 — — — - — — -

4 - L L
w - — - - — -

49/1969 1 125 190 — 190 175 — 190
15 k g  ? 2 — — — - - — —

3 — — — — — — —

4 LL — — - — — —

53/1969 1 120 180 — 170 175 — 180
14 k g  $ 2 - — — — — — -

3 — — - — — — —

4 - L L - — — — — -
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91-100 101 120 121 -140 141 160 161 180 200-220 221 240 241 -260 320-420 560- 570

180
42
17

170
40
14

- —

175 — 170 170

— - —
- -

-
-

-
-

170

- —
-

- -
-

-
-

160 170 165 — 165 170 — - — -

82 113 230 — 83 220 - - — -

53 82 43 — 29 31 — - — —

— - — - — — — — — —

— 170 — — 175 180 190 — 180 175

— — — — - - - - 130

— — — — — — - — — 40

— - - — - L N - - - -

— 170 - - - 175 170 180 180 170

— - - - - — — — — 26

— — — — — — — — - 0

- — — - - - - - L N - -

— - 180 - _ 180 - - 180 —
— — — — — — — - 38 —
— _ — — — — — — 0 —

— — — - - - - - 42 LN -

— — 180 — — — 175 — 175 170
— — — — — — — — 127 105
— — — — — — — — 30 47

— - - — - - - — 145 65 LN
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2. in the venous blood fro m  the ischaemic kidney, p resso r a c tiv ity  was 
e x cess iv e ly  high in fo u r dogs (132 , 119, 131, a n d  121), th e  m ean  being  261 ng/ 
m l; lo w er in  six dogs (74, 77 , 31 , 46, 48 an d  80), w ith  a m ean  o f 36 ng /m l. 
T h e  q u o tie n t of ren in  a c t iv i ty  o f th e  venous b lo o d  o f th e  ischaem ic k id n ey  
a n d  t h a t  of p e rip h era l b lo o d  w as 1.89 i  1.32 (n  == 8),

3. ren in  a c tiv ity  in  t h e  b lood  from  th e  unoperated kidney  w as h ig h er 
t h a n  th e  contro l v a lu e  o f  12 .2  ^  9.8 ng/m l a n d  also th a n  th a t  o f p e rip h e ra l 
b lo o d . R en in  ac tiv ity  in  th e  v en o u s  blood o f th e  u n o p e ra te d  k id n ey  w as h ig h er 
t h a n  in  th e  ischaem ic k id n e y  also im m ed ia te ly  a f te r  rem oval of th e  la t te r  
(e .g . in  dogs 131, 121, 48 , 80 etc.),

4 . a f te r  removal o f  the ischaemic kidney, re n in  a c tiv ity  in  th e  venous 
b lo o d  o f  th e  u n o p e ra ted  k id n e y  persisted  a t  th e  in c reased  level (dogs 132, 46, 
53) o r  con tin u ed  to  rise  (dogs 119, 31, 82). In  tw o  cases, ren in  a c tiv ity  in  ren a l 
v e n o u s  blood was fo u n d  to  co rrespond  to  th a t  in  p e rip h era l b lood b u t  even 
h e re  i t  w as higher th a n  th e  n o rm a l value. In  som e dogs th e  p ressor a c tiv ity  
o f  th e  u n o p e ra ted  k id n ey  c o u ld  be assessed on a sing le  occasion only ; i t  exceeded 
th e  c o n tro l value (12.9 i  9 .8  ng /m l). T he q u o t ie n t  o f  ren in  a c tiv ity  in  th e  
v e n o u s  b lood of th e  u n a f fe c te d  k idney  an d  in  p e rip h e ra l blood w as 2.71 
1 .92  (n  =  33).

O ne of the i l lu s tra tiv e  ex perim en ts is show n  in  F ig . 1 in  th e  fo rm  o f a 
d ia g ra m  p resen ting  th e  d a ta  re la tiv e  to  dog 119. P re sso r  a c tiv ity  w as e s tim a ted  
in  th e  venous blood o f th e  isch aem ic  k idney  an d  in  p e rip h e ra l blood on th e  2 5 th  
d a y  a f te r  ligation  of th e  le f t  re n a l a rte ry . D u rin g  th e  h y p e rten s iv e  s ta te , b lood  
sa m p le s  tv ere o b ta in ed  f ro m  th e  vein  of th e  u n m a n ip u la te d  k id n e y  on fo u r 
f u r th e r  occasions and  p re sso r  a c tiv ity  was fo u n d  to  e x h ib it a rising  ten d en cy , 
a n d  to  be  higher th a n  in  p e r ip h e ra l blood. In  th is  dog th e  fu ll period  of o b ser­
v a t io n  w as 241 days.

I n  th ree  dogs th e  o b se rv a tio n  was c o m p le ted  b y  an  acu te  ex p erim en t 
c o n s is tin g  in  a d irect m e a su re m e n t of renal b lo o d  flow  w ith  th e  an im al u n d e r  
g e n e ra l anaesthesia . In  dog  119, th e  blood flo w in g  th ro u g h  th e  u n o p e ra te d  
r ig h t  k id n e y  on th e  2 4 1 st d a y  of h y p erten s io n  w as 454 m l/m in/100 g ren a l 
t is s u e  (ren in  ac tiv ity , 112 n g /m l) ; in  dog 227, R B F , m easu red  on th e  564 th  
d a y  o f  hypertension  w as 631 m l/m in /100  g ren a l tis su e  (ren in  a c tiv ity , 130 ng/ 
m l); a n d  in  dog 221, on  th e  5 5 7 th  day  of h y p e rte n s io n  i t  w as 571 m l/m in /100  g 
re n a l  tis su e  (renin a c tiv ity , 26 ng/m l).

K id n e y  w eight a t  th e  e n d  o f the  e x p e rim e n ta l perio d  revealed  th e  fo l­
lo w in g  re la tionsh ips (T ab les  I I  an d  I I I ) .

1. T he ischaem ic k id n e y  rem oved 20 to  40 day s a f te r  th e  in te rv e n tio n  
(“ e a r ly  n ep h rec to m y ” ) d isp la y e d  ex tensive a tro p h y , its  w eigh t co rrespond ing  
to  4 1 %  o f th a t  of a n o rm a l k id n e y . (N orm al re n a l w e ig h t w as ca lcu la ted  on 
th e  b a s is  o f the  fo rm u la  y  =  12 — 4.33 kg b o d y  w e ig h t, w here y  rep re sen ts  
t o t a l  re n a l w eight, i.e. th e  w e ig h t of b o th  k id n e y s  in  a dog of a g iven  b o d y
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I------- Day after ligation of the left renal artery

Fig. 1. Dog 119/1968. D ay 0: reading of blood pressure and ligation  of left renal artery . D ay 20: 
checking of blood pressure and blood sam pling for estim ation of renin activ ity . R enin ac tiv ity  
in blood of the fem oral artery , 200 ng/m l; in the venous blood of the kidney w ith ligated artery , 
320 ng/m l; arteria l blood pressure, 180 mmHg. In  the fu rth er p a rt of the diagram , blood 
pressure values determ ined a t regular intervals and renin ac tiv ity  estim ated  on four occasions 
during the observation period of 241 days are presented. The continuous line represents renin 
activ ity  in peripheral blood, the in te rrup ted  line th a t in th e  venous blood of the ischaemic 

kidney, and the cross-hatched line th a t  in the venous blood of the unoperated  k idney

w eigh t (T able I I ) . T he u n o p e ra te d  k idney , rem oved  on th e  100th to  30 0 th  
day , w as n o t h y p e rtro p h ic , its  w eigh t p rac tica lly  co rresp o n d ed  to  th e  n o rm a l 
v a lue  ca lcu la ted  fo r one k id n e y  from  th e  to ta l  ren a l w eigh t o f th e  n o rm a l 
an im al (98% ).

2. T he ischaem ic  k id n ey  rem oved  beyond  th e  4 0 th  d ay  a fte r  th e  in te r ­
v en tio n  (“ la te  n e p h re c to m y ” ) show ed ad v an ced  a tro p h y . I ts  w eig h t w as 
n o t m ore  th a n  17%  of th e  n o rm a l v a lue  (T able I I I ) .  T he c o n tra la te ra l, u n o p e ­
ra te d  k id n e y  rem oved  on th e  100 th  to  300 th  d a y  w as n o t h y p e rtro p h ic  an d  
ite  w e ig h t p ra c tic a lly  co rresp o n d ed  to  th a t  o f a n o rm a l k id n ey  ca lcu la ted  
from  t h e  to ta l  re n a l w eigh t o f n o rm a l anim als (102% ).

3. I f  d u rin g  th e  en tire  h y p e rten s iv e  s ta te  n e ith e r  o f th e  k id n ey s h ad  
been rem oved , in  o th e r  w ords, if  no p re lim in ary  n e p h re c to m y  of th e  isch ae ­
mic k id n ey  h a d  ta k e n  p lace (dogs 49 and  53), th e  k id n ey  w ith  th e  lig a ted  
a r te ry  u n d e rw en t severe a tro p h y  to  15.5%  of th e  ca lcu la ted  n o rm al w eigh t, 
and  th e  u n o p e ra te d  k id n ey  also show ed som e in v o lu tio n , its  a c tu a l w eig h t 
correspond ing  to  80%  of th e  ca lcu la ted  no rm al w eigh t.
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Table II
K id n e y  Height in hypertension induced by ligation o f  one renal artery, in  case o f removal o f 

the ischaemic kidney 20 to 40 days after the intervention (“early nephrectomy”)

No. o f animal 

1.

W eight of 
animal, kg

2.

W eight of 
k idney with 

ligated 
a r te ry , g 

3.

W eight of 
unoperated 
kidney, g 

4.

D uration  of 
hypertension 

(days)
5.

W eight calculat­
ed for one kidney 

in th e  norm al 
anim al, g 

6.

Columns
4/6

Columns
3/6

132/1968 20.0 19.0 43.2 243 49.2 0.88 0.39
119/1968 17.0 23.8 48.6 241 42.7 1.14 0.56
135/1968 19.0 24.7 42.8 326 47.2 0.91 0.58
131/1968 16.0 14.0 47.5 248 40.7 1.17 0.34
121/1968 16.0 13.8 38.0 250 40.7 0.93 0.33

74/1970 17.0 15.0 34.2 211 42.7 0.80 0.35
77/1970 17.0 14.1 43.6 150 42.7 1.02 0.33
80/1970 14.0 11.8 32.4 130 32.0 1.01 0.37

Z x  =  136.0 136.2 330.3 337.9 7.86 3.25
n = 8 8 8 8 8 8

0II1 
* 17.0 41.3 42.2 0.98 0.41

*1 =  0.7 1.7 2.1 1.8 0.05 0.04

Table III
K id n ey  weight in hypertension induced by ligation o f  one renal artery, in  case o f  removal o f 

the ischaemic kidney beyond the 40th day after the intervention ( “late nephrectomy”)

N o. o f animal 

1.

W eight of 
anim al, kg

2.

W eight of 
k idney with 

ligated 
a rte ry , g 

3.

W eight of 
unoperated 
kidney, g

4.

D uration  of 
hypertension 

(days)
5.

W eight cal­
culated for 
one kidney 

in th e  norm al 
anim al, g 

6.

Columns
4/6

Columns
3/6

31/1970 12.0 5.6 34.6 260 32.0 1.08 0.18
46/1970 12.0 8.2 40.0 256 32.0 1.25 0.26
48/1970 15.0 7.4 30.2 140 38.5 0.78 0.19
82/1970 13.0 5.8 35.5 218 34.2 1.04 0.17
227/1968 12.0 4.8 31.5 564 32.0 0.98 0.15
221/1968 11.0 2.5 29.6 557 29.8 0.99 0.08

Z x  =  75.0 34.3 201.4 198.5 6.12 1.03
n =  6 6 6 6 6 6
X  =  12.5 5.7 33.5 33.1 1.02 0.17

=  °-6 0.8 1.7 1.2 0.06 0.03
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Histological fin d in g s

1. K idneys w ith  lig a te d  a r te ry  show ed focal necrosis a lte rn a tin g  w ith  
a tro p h ic  an d  re la tiv e ly  in ta c t  areas. T he ju x ta m e d u lla ry  g lom eruli p re se rv e d  
in  th e  necro tic  a n d  a tro p h ic  areas, as w ell as th e  b asem en t m e m b ra n e s  of 
B o w m an ’s capsu le  w ere  th ick en ed , w ith  a d e s tru c tio n  of th e  m edu lla  p e r ta in in g  
to  th e se  co rtica l e lem en ts . T h e  walls of th e  b lo o d  vessels w ith in  th e  n e c ro tic  
and  a tro p h ic  areas d isp lay ed  hypoxic  ch an g es. T he size of th e  u n a ffe c te d  
areas v a rie d  in th e  in d iv id u a l anim als b u t  i t  a m o u n te d  in  no in s tan ce  to  m ore  
th a n  10%  o f th e  o rig in a l ren a l su b stan ce  in  i ts  u n affec ted  s ta te . I n  th e se  
areas th e  p a re n c h y m a  w as fa irly  w ell-p reserved , w ith  a sligh t fib rous p ro life ra ­
tio n  an d  th ick en in g  o f B o w m an ’s capsule. T h e  v a sc u la r  changes in  th e  in ta c t  
areas co rresponded  to  th o se  ex h ib ited  b y  th e  u n o p e ra te d  k idney  a n d  th e  c h a n ­
ges develop ing  in  th e  tw o  k idneys show ed a p a ra lle lism  in resp ec t o f p a t te rn  
and  degree (F ig . 2).

2. In  th e  u n o p e ra te d  k idney , th e re  w ere tw o  ty p es  of a lte ra tio n , a)  S ligh t 
v a scu la r  changes a ffec tin g  th e  in te rlo b u la r  a n d  affe ren t a rterio les (sw elling 
of th e  m edia  an d  o f  th e  in te rn a l elastic  m e m b ra n e ). P a tte rn s  of th is  k in d  are  
u su a lly  seen in th e  e a rly  s tag e  of h y p e rte n s io n , b)  V ascular lesions o f  m a jo r 
sev e rity : p ro life ra tio n  o f th e  in tim a , v a c u o la tio n  of th e  m edia, d isso c ia tio n  
of th e  in te rn a l e la s tic  m em b ran e , sclerosis o f  th e  in te rlo b u la r a n d  g ra d e  I 
a r te rie s , fibrosis o f th e  a ffe ren t arterio les, a t ro p h y  of th e  g lo m eru la r loops, 
p ro te in  in  B ow m an’s capsu le , th ick en in g  o f  th e  b asem en t m e m b ra n e , and  
fre q u e n tly  a f ib ro u s h y p e rp la s ia  ex ten d in g  to  th e  ren a l capsule an d  p ro d u c in g  
grooves on th e  su rface  of th e  organ. T hese fe a tu re s  w ere ty p ica l o f th e  k id n ey s  
of an im als w ith  lo n g -s ta n d in g  h y p erten s io n  (F ig . 3).

D iscussion

In  th e  p re se n t ex p e rim en ts , chronic h y p e rte n s io n  was in d u ced  in  dogs 
by  com plete  lig a tio n  o f one renal a r te ry , le a v in g  th e  o th e r k id n ey  u n a f fe c t­
ed. T h e  h y p e rte n s iv e  s ta te  induced  b y  u n ila te ra l  in te rv e n tio n  h as  been  
s tu d ied  fo r periods e x te n d in g  to  one or tw o  y e a rs  ( F e k e t e , 1967, 1970, 1971), 
and  th e  follow ing fa c ts  h a v e  been estab lish ed .

1. R em oval o f  th e  ischaem ic k id n ey  20 day s a fte r o b s tru c tio n  o f  its  
a r te ria l blood su p p ly  fa iled  to  norm alize b lood  p re ssu re . 2. A ce rta in  im p a irm e n t 
ensued  in  som e p a ra m e te rs  of renal fu n c tio n , fo r in stance  th e  g lo m eru la r  
f i l tra tio n  ra te  d ecreased . 3. In  th e  h y p e rte n s iv e  s ta te  th e  serum  so d iu m  level 
w as u n affec ted , an d  b a sa l (spon taneous) so d iu m  excre tion  did n o t  in crease .
4. W a te r  load ing  w as follow ed by  flu id  re te n t io n  and  sa lt lo ad in g  e lic ited  
an  increased  ex c re tio n  o f sodium . 5. T he a rte r io le s  of th e  u n a ffec ted  k id n e y  
u n d e rw e n t changes o f  th e  h y p erten siv e  ty p e . O n th e  grounds of th e se  fe a tu re s
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Fig. 2. Dog 77/1970. K idney a fter ligation 
of its  a rte ry . In  the fairly preserved paren­
chym a th e re  is a te rtia ry  in terlobu lar a r­
terio le  w ith  gross thickening and  fibrous 
hy p erp lasia  of its wall and a narrowed 

lum en. Azan stain, X 240

Fig. 3. Dog 77/1970. U noperated  kidney. 
P rim ary  interlobular artery  w ith  fibrous 
hyperp lasia  of its wall and dissociation  of 
th e  in te rn a l elastic lam ina. A zan stain , 

X 240

th e  h y p e r te n s iv e  s ta te  in d u c e d  b y  u n ila te ra l  in te rv e n tio n  in  th e  dog  m a y  
b e  re g a rd e d  to  co rrespond  to  h u m an  re n o v a sc u la r  hypertension .

T h e  u n d erly in g  m ech an ism  of th is  k in d  o f  a h y p erten siv e  s ta te  in v o lv ed  
so m e c o n tro v e rs ia l q u es tio n s . Since Go l d b l a t t  e t  al. (1934) h a d  succeeded  
in  in d u c in g  a rte ria l h y p e rte n s io n  by  red u c in g  ren a l flow and in  p re v e n tin g  
th e  c o n d itio n  b y  th e  s im u ltan eo u s  lig a tio n  o f  th e  renal vein, th e  id ea  o f a 
p re s so r  a g e n t being p ro d u c e d  by  th e  isch aem ic  k id n ey  and  re leased  in to  th e  
b lo o d  s tre a m  has gained  g en e ra l accep tance  a n d  h as  been confirm ed  b y  n u m e ­
ro u s  a u th o rs  (P age  1936, P ag e  a n d  H e l m e r  1940, P ic k e r in g  a n d  P r i n z ­
m e t a l  1942, F loyer  1957, H elm er  1962, F r a n k  1963, S okabe  a n d  G r o l l - 
m a n  1963, B arraclough  e t  al. 1965, B o r k o w s k i  et al. 1965, M cP h a u l  
e t a l. 1966). T hen  an  in c rea se  o f ren in  a c t iv i ty  w as show n in  th e  ischaem ic  
k id n e y  a n d  its  venous b lo o d , in  c o n tra s t to  th e  c o n tra la te ra l (n o rm o ten siv e ) 
k id n e y  in  w hich  ren in  a c t iv i ty  w as reduced  ( R e go l i  e t al. 1962, B a t h  e t  al. 
1966, H a a s  an d  Go l d b l a t t  1959, P r in z m e t a l  an d  F r ie d m a n  1936, B o r -
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KOWSKi e t  al. 1965, Ca r p e n t e r  e t al. 1961). As p o in ted  o u t b y  V a n d e r

(1967), fo r a rough  q u a n ti ta t iv e  e s tim a te  o f re n in  p ro d u c tio n  b y  th e  k id n ey  
we m u s t  know , in  ad d itio n  to  th e  v en o -a rte rio u s  ren in  difference o f  th e  k id n e y  
also th e  ren a l p lasm a  flow . S ince su ch  d a ta  a re  scarce, m o st s tu d ies  h a v e  been  
con fined  to  th e  d e m o n s tra tio n  o f  ren in -like  fa c to rs  in  p e rip h era l b lo o d , in 
renal venous b lood , an d  in  th e  ly m p h .

I t  h as been sugg ested  th a t  th e  p a r t  p lay ed  by th e  increased  sec re tio n  
of re n in  w as on ly  to  give rise  to  h y p e rte n s io n  ( D e x t e r  and  H a y n e s  1946, 
L e e  1969). R ecen tly , Ma c D o n a l d  e t al. (1970) have  succeeded in  in d u c in g  
h y p e rte n s io n  of th e  G o ld b la tt- ty p e  in  ra b b its  im m unized  ag a in st an g io ten s in  
I I ,  m o reo v er F u n d e r  e t al. (1970) found  th e  re n in -a c tiv ity  of th e  ren a l venous 
b lood  o f sheep w ith  G o ld b la tt- liy p e rten s io n  to  be u n re la ted  to  th e  level of 
b lood  p ressu re . O n th e  g rou n d s o f th e se  f in d in g s th e  au th o rs  re fe rred  to  above 
re je c t th e  possib ility  o f th e  re n in -an g io ten s in  system  being in v o lv ed  e ith e r  
in th e  p ro d u c tio n  or in  th e  m a in te n a n c e  o f ren o v ascu la r h y p erten s io n .

G oormaghtigh  (1940) suggested  th e  g ra n u la r  cells in  th e  w all o f th e  
p reg lo m eru la r a r te rie s  (JG A ) as th e  s ite  o f o rig in  of th e  pressor a g e n t and  
B o h l e  e t al. (1953) in  fa c t found  an  increased  g ran u la tio n  in  r a t  k id n ey s 
w ith  a re s tr ic te d  b lood  su p p ly . T he JG A -g ran u les  w ere n o ted  b y  T o b ia n  
e t al. (1958) to  doub le  th e ir  n u m b e r in th e  ischaem ic k id n ey  in h y p e rte n s io n  
in d u ced  in  ra ts  b y  co n str ic tio n  o f  one ren a l a r te ry , while th e  g ran u les  p r a c t i ­
ca lly  v an ish ed  fro m  th e  u n m a n ip u la te d  k id n ey . C orrelations b e tw een  th e  
JG A -g ra n u la tio n  an d  th e  a m o u n t o f ren in  e x tra c ta b le  from  th e  k id n e y  h av e  
b een  d e m o n s tra te d  b y  T o b ia n  (1962), in  ag reem en t w ith  P i c k e r in g ’s s ta te m e n t 
(1955) th a t  th e  p resence  o f  ren in  in  th e  k id n e y  is confined to  th e  g lo m eru la r  
a reas.

T h e  aim  o f th e  p re se n t ex p e rim en ts  w as to  th ro w  lig h t on th e  m ech an ism  
g iv ing  rise to  an d  m a in ta in in g  th e  a r te r ia l h y p e rte n s io n  resu ltin g  a f te r  th e  
to ta l  co n stric tio n  o f one re n a l a r te ry . T he in fo rm a tio n  p rov ided  b y  th e  re su lts  
of th e  s tu d y  fall in to  tw o  p a r ts .

1. In  th e  venous b lood  o f th e  ischaem ic  k id n ey  a h igh re n in  a c t iv i ty  
w as d em o n strab le . T h is m a y  be in te rp re te d  as follows. T he p o ss ib ility  o f  ren in  
p ro d u c tio n  is g iven  in  th e  ischaem ic  k id n ey  since a fte r  lig a tio n  o f  i ts  a r te ry  
a co lla te ra l c ircu la tio n  is re a d ily  fo rm ed  ( F e k e t e  1967). O n th e  ev idence  
of o u r  e s tim a tio n s, th e  co lla te ra l sy stem  th u s  p roduced  ensures 1/10 to  1/4 
of th e  o rig inal b lood  su p p ly  to  th e  k id n ey  an d  p rim arily  concerns its  co rtic a l, 
th u s  i ts  ren in  p ro d u c in g , a rea s . T h is is co n s is ten t w ith  h isto log ica l ev idence  
in t h a t  th e  in ta c t  a reas  o f th e  k id n e y  m ay  be e s tim a te d  a t  10%  o f th e  orig inal 
ren a l su b stan ce . T h e  p resso r a g en t th u s  f in d s  u n h in d ered  a n d  co n tin u o u s  
access to  th e  b lood  s tre a m  v ia  th e  ren a l vein . T o  q u o te  a few il lu s tra tiv e  fig u res , 
th e  k id n ey s  of dogs 132 a n d  119 w eighed  19.0 an d  23.8 g, re sp ec tiv e ly , on th e  
2 5 th  d a y  a f te r  lig a tio n , th u s  a t  th e  tim e  of b lood  sam plings an d  n e p h re c to m y .
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As i t  has been show n e a rlie r , w ith  a s im ila r ren a l w eight th e  ab so lu te  va lu e  
fo r  ren a l blood flow  ra n g e s  betw een  15 an d  20 m l/m in  and , referred  to  100 g 
re n a l tissu e , it  w ould  co rresp o n d  to  a p p ro x im a te ly  80 to  90 m l/m in. S ecre tion  
o f  re n in  by  th e  isch aem ic  k id n ey  th u s  d o u b tle s s ly  c o n stitu te s  th e  p rim a ry  
fa c to r  in  th e  a risa l o f  h y p e rte n s io n  in d u ced  b y  u n ila te ra l co n stric tio n  o f th e  
re n a l a r te ry  in dogs.

2. A fter th e  isch aem ic  k idney  h ad  b een  rem o v ed , th e  h y p e rten s io n  was 
n o n e  th e  less found  to  p e rs is t  over long p e rio d s . T h is observ a tio n  gives in ev i­
ta b ly  rise to  th e  q u e s tio n , w h a t k ind  o f a m ech an ism  m ay  m a in ta in  th e  h y p e r­
te n s iv e  s ta te  w hen re n in  p ro d u c tio n  b y  th e  ischaem ic k idney  h as  ceased.

a) The blood fro m  th e  c o n tra la te ra l, u n o p e ra te d , k idney  rev ea led  a 
h ig h  ren in  a c tiv ity , th is  e ith e r  show ed a ris in g  te n d e n c y  or its  level w as s tab le  
d u r in g  th e  whole h y p e r te n s iv e  period , b u t  in  all in stan ces  s ig n ifican tly  above 
th e  co n tro l value. A t th e  sam e tim e, th e  se ru m  sod ium  level rem ain ed  in  its  
n o rm o ten siv e  ran g e , co rresp o n d in g  to  150 ^  4 m E q /1  in b o th  cases. N e ith e r 
d id  th e  N P N  show  an  in c rease , and p ro te in u r ia  w as absen t.

b)  U nder n o rm a l c o n d itio n s  ( A d d i s  1924), a f te r  u n ila te ra l n ep h rec to m y  
th e  w eigh t of th e  re m a in in g  k idney  g ra d u a lly  a t ta in s  75%  of th e  orig inal 
to ta l  ren a l w eight. T h e  p rocess of h y p e r tro p h y  s ta r ts  to g e th e r w ith  th e  loss 
o f  re n a l p a ren ch y m a a n d  a tta in s  its m a x im u m  b y  th e  end  of th e  2 0 th  d ay  
( R o l l a s o n  1949). T h e  in c rease  in  renal tis su e  m ass resu lts  from  a tu b u la r  
h y p e rp la s ia  and  h y p e r tro p h y  an d  from  g lo m e ru la r  sw elling ( A r a t a k i  1926).

As po in ted  o u t e a r lie r , th e re  is am ple  ev id en ce  to  show  th a t  th e  c o n tra ­
la te r a l  k idney  is in  f a c t  f a r  from  being u n a ffe c te d , as c learly  show n by  its  
im p a ire d  functions, in a d e q u a te  a d a p ta tio n  a n d  m orphological changes. The 
p re s e n t s tu d y  has b ro u g h t  to  lig h t an a d d itio n a l fe a tu re , th e  lack  o f  a com ­
p e n s a to ry  renal h y p e r tro p h y  in  th e  h y p e r te n s iv e  s ta te . In  fa c t, th e  m ass 
o f  th e  rem ain ing  k id n e y  w as n o t g rea te r  th a n  i t  w ould  be in  th e  p resence  of 
a n o rm a lly  fu n c tio n in g  o th e r  kidney.

c) In  the  ch ro n ic  h y p e rte n s iv e  s ta te ,  re n a l b lood  flow  w as fo u n d  to  be 
n o rm a l. Since on th e  e v id e n c e  o f th e  m icroscopic  f in d in g s th e re  w as a n a rro w in g  
o f  th e  in te rlo b u la r a r te r io le s , th e re  can  be  l i t t le  d o u b t ab o u t th e  ex istence  
o f  a n  increase in  p re g lo m e ru la r  res is tan ce . (T he system ic an d  in tra re n a l 
h aem o d y n am ic  p a ra m e te rs  in  dogs w ith  re n o v a sc u la r  h y p erten s io n  fo rm  th e  
s u b je c t  o f a n o th e r p a p e r  ( F e k e t e  an d  F a z e k a s  1971). T herefo re , d esp ite  
th e  e lev a ted  b lood p re s su re  i t  seems m o st lik e ly  t h a t  th e  p ressu re  p rev a ilin g  
in  th e  afferen t a r te rio le s  is  n o t s ig n ifican tly  in c rea sed , owing to  th e  sc lero tic  
r ig id ity  o f th e  v a sc u la r  w a ll. In  th is m a n n e r th e  tra n s m u ra l p ressu re  increasing  
e ffec t o f  h y p erten sio n  fa ils  to  assert itse lf  a d e q u a te ly , if  a t  all, in  th e  a ffe ren t 
a r te rio le s , and, in  th e  ab sen ce  of th e  necessary  im p u lses  to  th e  s tre tc h -re ce p to rs , 
a hy p ersec re tio n  o f th e  ju x ta g lo m e ru la r  cells w ill ensue as an  in ev itab le  course 
o f  ev en ts .
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d) I f  i t  i s  t r u e  t h a t ,  a s  s u g g e s t e d  b y  t h e  r e s u l t s  o f  V a n d e r  (1967), 
F u n d e r  e t  a l .  (1970), W a t i i e n  e t  a l .  (1965), B u n a g  e t  a l .  (1968), i n  a d d i t i o n  

t o  i n t r a r e n a l  m e c h a n i s m s ,  e x t r a r e n a l  f a c t o r s  ( s y m p a t h e t i c  i n n e r v a t i o n ,  c a t e ­

c h o l a m i n e s )  a r e  a l s o  i n v o l v e d  i n  t h e  c h r o n i c  p h a s e  o f  r e n o v a s c u l a r  h y p e r t e n ­

s i o n ,  t h e n  t h e  r e l e a s e  o f  r e n i n  i s  m o s t  c e r t a i n l y  e n h a n c e d  b y  t h e  i n c r e a s e  i n  

a r t e r i o l a r  t o n e  d u e  t o  t h e  i n c r e a s e d  s y m p a t h e t i c  i n n e r v a t i o n  ( V a n d e r  1965).
T hus, th e  a risa l o f ren o v ascu la r h y p e rten s io n  m ay  be ascribed  to  th e  

secre tio n  and  release of a p resso r su b stan ce  b y  th e  ischaem ic k id n ey . This 
fa c to r  increases in tra re n a l v a scu la r  resistance  an d  gives th e re b y  rise  to  degen ­
e ra tiv e  changes in  th e  a rte rio les . T he h y p e rte n s iv e  s ta te  p e rs is tin g  a fte r  
rem o v a l of th e  ischaem ic k id n ey  m ay  have  th e  p ro d u c tio n  o f p resso r su b stan ce  
b y  th e  c o n tra la te ra l, th e  u n m a n ip u la te d , k id n ey  as its  possible m echanism . 
W hile  a co m p en sa to ry  cap illa riza tio n  an d  h y p e r tro p h y  o f th e  c o n tra la te ra l 
k id n e y  is in h ib ited  b y  th e  a rte r io la r  sclerosis in v o lv in g  th e  organ , JG A  h y p e r­
g ra n u la tio n  ensues due to  th e  r ig id ity  an d  n a rro w in g  o f th e  a rte rio les . T he 
p resso r su b stan ce  p ro d u ced  b y  th e  “ u n affec ted ”  k id n e y  has been d e m o n s tra te d  
in  its  venous b lood.

R E FE R E N C E S

A d d i s , T., M y e r s , B. A., O l i v e r , J .: Arch, intern. Med. 34, 243 (1924).
A r a t a k i , M.: Amer. J . A nat. 36, 437 (1926).
B á l i n t , P.: Normale und pathologische Physiologie der Nieren. Volk und G esundheit, Berlin 

1969.
B a rra clo u g h , M. A., B a cch u s , B ., B ro w n , J .  J . ,  D a v ie s , D . L ., L e v e r , A. F ., R o b er tso n . 

J .  I. S.: L an ce t 2, 1310 (1965).
B a t h , N. M., G r i m , С. E ., G u n n e l l s , J . C.: Circulation 34, Suppl. I I I .  51 (1966).
B i n g , J .,  K a z i m i e r c z a k , J .:  A cta path , microbiol. scand. 54, 80 (1962).
B in g , J . ,  W ib e r g , B .: Acta path , microbiol. scand. 44, 138 (1958).
B o h l e , A., K o h l e r , M ., T o m sc h e , U .: B e itr . p a th . A n a t. 113, 414 (1953).
B o r k o w s k i, A. .1., H o w a r d s , S. S., L arag h , .1. IL : Amer. J . Physiol. 208, 1087 (1965). 
B r a u n -M e n e n d e z , E., F a sc io lo , J . C., L e l o ir , L. F ., Mu n o z , J . M.: J . Physiol (L o n d .) 98, 

283 (1940a).
B r o w n , J . J .,  D a v ie s , D. L., L e v e r , A. F., P a sh e r , R. A., R o b er tso n , J . I. S.: Lancet 2, 

668 (1963).
B u n a g , R. D., P a g e , I. H . ,  M c C u b b i n , J . W.: Circulât. Res. 19, 851 (1966).
C a r p e n t e r , C. C. J .,  D a v i s , J . O., A y e r s , C. R.: J . clin. Invest. 40, 2026 (1961).
Co o k , W . F .. P ic k e r in g , G. W .: J .  Physio l. (L o n d .) 143, 87 (1958)
D e x t e r , L., H a y n e s , F. W.: Cit.: Lee, M. R.: Renin and hypertension. Lloyd and Luke 

L td . London, 1969, p. 145.
F e k e t e , A.: Kíséri. O rvostud. 19, 431 (1967).
F e k e t e , A.: A cta med. Acad. Sei. hung. 23, 353 (1967).
F e k e t e , A.: Kíséri. O rvostud. 22, 132 (1970).
F e k e t e , A.: Acta med. Acad. Sei. hung. 27, 191 (1970).
F e k e t e , A., R é n y i - V á m o s , A., S z i t á s , A.: Urology and Nephrology 2, 391 (1970).
F e k e t e , A., F a z e k a s , A.: Kíséri. O rvostud. 1971. (in press)
F l o y e r . M. A.: Brit. med. Bull. 13, 29 (1957).
F r a n k , M. H.: C irculât. 12, 241 (1963).
F r e e m a n n , N. E ., P age, I. IL : Amer. H eart J . 14, 405 (1937).
F u n d e r , J . W., B l a ir -W e s t , J . R., Ca in , M. C., Ca tt , K. J . ,  Co g h la n , J . P., D e n t o n , D. A., 

N e l so n , .1. F ., S c o g g in s , B. A., W r ig h t , R. D.: Circulât. Res. 27, 249 (1970). 
G o ld b l a t t , H., L y n c h , J .,  I I a n za l , R. F ., Su m m er v ill e , W. W.: J . exp. Med. 59, 347 (1934). 
G o ld b l a t t , H.: Ann. in tern . Med. 11, 69 (1937).

Acta Medica Academiae Scientiarum Hungaricae 28, 1971



196 к .  F E K E T E  et al.

G o o r m a g h t ig h , N.: Amer. J . P a th . 16, 409 (1940).
H a a s , E ., G o ld bla tt , H .: A m er. J .  Physiol. 197, 1103 (1959).
H a r t w ic h , A.: Verh. dtsch . Ges. inn. Med. 41, 187 (1929).
H e l m e r , O. M.: Circulation 25, 169 (1962).
K a n e k o , Y ., I k ed a , T., T a k e d a , T ., U r e d a , H .: J .  clin. Invest. 46, 705 (1967).
L e e , M. R .: Renin and hypertension . Lloyd and Luke, L td . London 1969.
M a c D o n a l d , G. J ., L ou is, W . J . ,  R e n z in i , Y., B o y d , G. W ., P e a r t , S.: C irculât. Res. 27, 

197 (1970).
M cP h a u l , J . J ., McI n t o sh , D. A ., W il l ia m s , L. F., Gr it h , E. J ., Gro llm a n n , A.: Circulation 

33, 781 (1966).
P a g e , I . H .: Amer. J . Physiol. 112, 166 (1935).
P a g e , I . H .: Proc. Soc. exp. Biol. (N. Y .) 35, 112 (1936).
P a g e , I . H ., H e l m e r , O. M.: J . exp. Med. 71, 29 (1940).
P ic k e r in g , G. W.: High blood pressure. Churchill, London 1955.
P ic k e r in g , G. W., P r in z m e t a l , M .: Clin. Sei. 3, 357 (1937 — 38).
P r in z m e t a l , M., F r ie d m a n , B.: Proc. Soc. exp. Biol. (N .Y.) 35, 122 (1936).
R e g o l i , D., B r u n n e r , H ., P e t e r s , G., Gr o ss , F.: Proc. Soc. exp. Biol. (N .Y.) 109, 142 (1962). 
R o l l a s o n , H. D.: A nat. Rec. 104, 263 (1949).
S o k a b e , H ., Grollm an , A.: Texas Rep. Biol. Med. 21, 93 (1963).
T a q u in i . A. C., B l a q u ie r , P., T a q u in i , A. C. jr .: Canad. med. Ass. J . 90, 210 (1965). 
T o b ia n , L.: Circulation 25, 189 (1962).
T o b ia n , L., T hom pson , J . ,  T w e d t , R ., J a n e c e k , J .: J . clin. Invest. 37, 660 (1958).
V a n d e r , A. J.: Amer. J . Physiol. 209, 659 (1965).
V a n d e r , A. J.: Physiol. Rev. 47, 359 (1967).
W a t h e n , R. L., K in g s b u r a , W . S., St o u d e r , D. A., S c h n e id e r , E. G., R o st o f e r , H. H.: 

A m er. J . Physiol. 209, 95 (1965).
W il s o n , C., B yrom , F. B.: L ancet 1, 136 (1939).

D r. Á gnes F e k e t e  

D r. I v á n  F o r g á c s  

D r. K a ta l in  Gaál

I n s t i tu te  o f P hysio logy , Sem m elw eis U n iv e rs ity  of M ed. 
B u d a p e s t

D r. T a m á s  M é s z á r o s

I n s t i tu te  o f A n a to m y , Sem m elw eis U n iv e rs ity  of M ed. 
B u d a p e s t



EFFECT OF ORAL ANTIDIABETIC AGENTS ON DIURESIS 
IN DIABETES INSIPIDUS OF THE VASOPRESSIN- 
RESPONSIVE AND THE NEPHROGENOUS TYPES
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FIR ST D EPA R T M E N T O F M ED ICIN E, U N IV ER SITY  M EDICAL SCHOOL, SZEGED 
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Oral an tid iabetic  agents, including buform in, chlorhexam ide and chlorpropam ide 
were adm inistered to five subjects with vasopressin-responsive, and two w ith  nephro­
genic diabetes insipidus and the param eters of u rinary  o u tp u t were registered. Chlor­
propamide was found to  produce a significant fall in u rinary  o u tp u t and free w ater 
clearance w ith an increase in urinary osm olality in four of the patien ts w ith  ADH- 
responsive d iabetes insipidus, whereas buform in and chlorhexam ide failed to influence 
the w ater-balance to any significant ex ten t. D iabetes insipidus of nephrogenic origin 
proved unresponsive to these agents. The results suggest th a t in diabetes insipidus 
chlorpropam ide has an ADH-like effect on w ater balance; the effect seems to be due to 
a potentiation of ADH ra th e r th an  to a direct renal mechanism.

The th e ra p y  o f  d iab e te s  insip idus has b een  o rien ted  to w ard  th e  oral 
a n tid ia b e tic  ag en ts  in  re c e n t y ears , since th e se  d rugs, p a rtic u la r ly  ch lo rp ro - 
am ide , have been found  to  m o d era te  th e  in c reased  w a te r  excre tion .

Since th e  f irs t  re p o r t  on th e  a n tid iu re tic  effect o f oral a n tid ia b e tic  
ag en ts  [2], th e  su b je c t has ex tensively  been s tu d ie d . H ow ever, n e ith e r  c lin ­
ical observations n o r an im al ex perim en ts h av e  been ab le to  th ro w  su ffic ien t 
lig h t on th e  p a th o in e c h a n ism  involved .

The p re sen t in v es tig a tio n s  have been concerned  w ith  th e  effects of 
v a rio u s an tih y p e rg ly caem ic  ag en ts  on w a te r  b a lan ce  in d iab e tes  in sip idus. 
T h e  p a tie n ts  s tu d ie d  su ffered  p a r tly  from  th e  h y p o th a lam ic , i.e. A D H -re- 
sponsive, p a r tly  from  th e  nephrogen ic , i.e. A D H -re s is ta n t, ty p e  o f th e  disease. 
T he p a ram ete rs  o f  responses reg istered  in th e  tw o  g roups and  th e ir  co m p ara tiv e  
ev a lu a tio n  form  th e  su b je c t o f th e  p resen t re p o rt.

M ateria l and  m ethods

Five subjects w ith vasopressin-responsive, and tw o w ith A D H -resistant, d iabetes insi­
pidus have been studied. The diagnosis was based on routine endocrine investigations, i.e. 
daily urinary o u tpu t, specific g rav ity  of urine, concentration  test, oral w ater and sa lt loading, 
C arter—Robbins tes t, responsiveness to ADH. The p a tien ts  of the first group had no significant 
ADH -reserves, nor was a hypofunction of the anterior p itu ita ry  lobe or vasopressin-resistance 
dem onstrable. In pa tien ts 6 and 7, unresponsiveness to A D H  was established on grounds of the 
intravenous HANKiss-test [10] and of the combined vasopressin-water-loading test [16] as well 
as by the use of vasopressin tan n a te  of protracted action. The subjects under study were free 
from liver or heart disease. Their relevant data are sum m ed up in Table I.

The investigations were carried ou t in six-day periods w ith the patien ts on a light 
mixed diet. During th e  first period no trea tm en t a t all was given. The schedule of dosage of the
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Table I

Serial
No.

N am e Age
(years)

Sex R elevant data

l Cs. I. 44 M Sudden onset of polyuria in the absence of any previous ab­
norm ality , 4 or 5 years ago. Daily urinary ou tpu t 12 to 15 1. 
N asal insufflations of P iton  R  and chlorthiazide treatm ent.

2 M. J . 51 M Cranial in jury  w ith loss of consciousness in 1941; subsequent 
onset of polyuria (6 to  8 1 daily). No drug trea tm en t.

3 B. s. 32 M Excessive intake of fluids since 1958. Prim ary diagnosis, 
H and — Schüller—Christian’s disease. Rarefactions of cranial 
bones and maxillae. X -ray  and prednisolone therapy. Daily 
u rinary  ou tpu t 13 to 15 1. Nasal insufflations of P iton  R and 
chlorothiazide trea tm en t.

4 S. M. 28 F In  Septem ber, 1956, sudden onset of polydipsia and polyuria 
(9 1 daily) after a febrile disease accompanied by  diarrhoea 
and blood in  the faeces (diagnosed as dysentery). Therapy: 
vasopressin tanna te  in injections, nasal insufflation being 
poorly tolerated.

5 F. P. 42 M Cranial in jury  in 1953, followed by polydipsia and polyuria. 
Daily urinary ou tpu t 30 to 40 1. Therapy: vasopressin tannate

6 A. I. 30 M Polydipsia since early childhood. P itu itary  im plantation  a t­
tem pted  twice in 1956. Daily urinary ou tpu t 10 to 15 1. No 
drug treatm ent.

7 K. I. 17 F Polydipsia since early childhood. Daily urinary ou tpu t 25 to 
30 1, resistant to treatm ent.

d rugs u n d e r study was buform in (A debit, Chinoin), 50 mg t.i.d .; chlorhexam ide (O radian, 
C hinoin) 200 mg, t.i.d .; chlorpropam ide (Diabinese, Pfizer) 250 mg, t.i.d . Before changing over 
to  th e  n e x t drug, a drug-free in te rv a l was observed u n til u rinary  ou tpu t had re tu rned  to the 
p re - tre a tm e n t level.

T he following param eters were registered daily: u rinary  o u tp u t (L/24 hrs), urinary 
osm ola lity  (mosm/1), serum osm olality  (mosm/1), endogenous creatinine clearance (ml/min), 
osm olar clearance (ml/min), free w ate r clearance (m l/min) and blood sugar (mg per 100 ml).

F o r the  estim ation of serum  and urinary  osm olality, a Therm istor cryoscope of th e  design 
of C en tra l Laboratory  of Szeged U niversity  Medical School was used. Blood sugar was determ in­
ed b y  th e  orthotoluidine m ethod, creatin ine by F o l i n  and  W u’s m ethod [8] modified by B r o d  
and  S i r o t a  [5].

R e s u l t s

T a b le  I I  sum s u p  th e  d a ta  o f th e  A D H -responsive  p a tie n ts . 
B u fo rm in  and  ch lo rh ex am id e  fa iled  to  a ffec t sp o n tan eo u s u r in a ry  o u tp u t 
in  C ase I ,  while th e y  re d u ced  i t  to  a s lig h t e x te n t  in  th e  o th e r  p a tie n ts . T he 
a n t id iu re t ic  effect of c h lo rp ro p am id e  w as s ig n ifican t in  four cases, i t  w as only 
in  C ase 5 w here i t  fa iled  to  exceed  20% . C orrespond ing ly , w ith  th e  o n ly  excep­
t io n  o f  Case 5, ch lo rp ro p am id e  w as th e  on ly  d ru g  to  induce  a s u b s ta n tia l  
e le v a tio n  o f u r in a ry  o sm o la lity . Serum  osm o la lity , endogenous c rea tin in e  
c le a ra n c e  an d  osm olar c lea ran ce  show ed m in o r v a ria tio n s  on ly . F ree  w a te r 
c le a ra n c e  d isp layed  no c o n s is te n t change in  response  to  b u fo rm in  o r ch lo r­
h e x a m id e : while s ligh tly  in c rea s in g  in  th e  f irs t  tw o  cases, i t  m o d e ra te ly  d im in ­
ish e d  in  th e  o th e r th re e . I n  c o n tra s t , th e  re d u c tio n  of free -w ater c learance  
in d u c e d  b y  ch lo rp ropam ide w as sig n ifican t, i t  a p p ro x im a ted  zero in  Case 2,

A d a  Mcdica Academiae Scientiarum Hungaricae 28, 1971



EFFEC T OF ORAL A N T ID IA B ET IC  AGENTS 199

Table II

ADH-responsive diabetes insipidus

Case I Case 2

Before
tre a t­
m ent

Treatm ent
Before
trea t­
ment

T reatm en t

bufor-
min

chlor-
hexa-
mide

chlor­
p ropa­
mide

bufor-
min

chlor-
hexa-
mide

chlor­
propa­
mide

U rinary output. 24 h r s ........... 10.8 10.5 10.5 4.6 7.8 6.9 6.6 2.3
U rinary osmolality, mosm/1 44.7 47.1 55.1 157.4 172.2 173.5 131.8 532.6
Serum osmolality, mosm/1 304.9 289.2 ! 303.9 310.7 292.3 313.4 283.7 309.4
Endogenous creatinine

clearance, ml/min ............... 102.9 193.6 184.4 143.4 128.7 160.4 158.3 141.1
Osmolar clearance, ml/min 1.5 2.3 1.2 1.5 2.6 2.4 2.2 1.9
Free w ater clearance, ml/min 4.5 5.0 6.1 1.7 2.0 2.4 2.3 0.3
Blood sugar, mg/100 ml . . . . 88 74 74 79 82 83 81 79

Case 3 Case 4 Case 5

Before
T reatm ent

Before
T reatm ent

Before
T reatm en t

treat- chlor- chlor- treat- chlor- chlor- treat- chlor- chlor-
men . min hexa-

mide
propa-
mide

m ent min hexa-
mide

propa-
mide

ment min hexa-
mide

propa-
mide

13.1 8.3 7.9 6.4 10.4 8.4 9.6 1.9 35.3 31.2 30.9 27.2
109.1 122. 1 105.0 200.4 95.0 108.9 107.3 436.6 57.4 52.2 49.7 43.0
310.2 308.0 322.8 330.9 313.1 313.4 300.4 325.5 308.4 317.4 309.3 306.7

160.2 141.8 129.7 177.6 147.8 140.4 88.3 115.9 170.4 156.9 180.2 192.9
2.5 2.1 2.1 2.8 2.5 2.0 2.2 1.6 4.2 4.1 3.5 3.0
4.4 3.3 4.0 1.7 4.8 3.8 3.8 0.5 20.3 17.4 18.0 15.8

93 79 80 65 82 72 80 67 78 79 71 60

and  becam e  n eg a tiv e  in Case 4 , so th a t  free w a te r  abso rp tio n  ensued . In  Case 5 
th e  re d u c tio n  in free -w ater c learance  w as o f m in o r degree. T he m o s t d is tin c t 
fall in  b lood  su g ar was in d u ced  b y  c h lo rp ro p am id e ; how ever, no h y p o g ly caem ic  
crisis w as en co u n te red  in  an y  of th e  cases.

T ab le  I I I  p resen ts  th e  d a ta  of th e  tw o  p a tie n ts  w ith  n ep h ro g en ic  d ia ­
b e tes  in sip id u s. H ere, th e  agen ts fa iled  to  a ffec t th e  p a ram e te rs  u n d e r  s tu d y  
to  a n y  sign ifican t e x te n t. E v en  ch lo rp ro p am id e  caused no re d u c tio n  of 
u r in a ry  o u tp u t an d  in  Case 7, even its  s lig h t increase to g e th e r w ith  t h a t  in 
fre e -w a te r  c learance w as n o ted .

S ince i t  w as ch lo rp ro p am id e  w hich in d u ced  th e  m ost m ark ed  d ifferences 
in th e  tw o  groups, i t  seem ed in te re s tin g  to  co m p are  th e  d a ta  b efo re  a n d  a f te r  
t r e a tm e n t  of a re p re se n ta tiv e  case of each  g ro u p .

F ig . 1 p resen ts  th e  d a ta  o f a p a t ie n t  w ith  A D H -responsive  d iab e te s  
in sip id u s (Case 4). T he d iag ram  c learly  show s th a t  u r in a ry  o u tp u t  p e r  m in u te  
g ra d u a lly  declined in  response to  ch lo rp ro p am id e , am o u n tin g  to  no  m ore 
th a n  one  f if th  of th e  co n tro l v a lu e  betw een  th e  3 rd  and  6 th  d ay  o f  tr e a tm e n t .
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Table III
ADH -resistant diabetes insipidus

Case 6 Case 7

Before 
tre a t-  j 
m ent

T rea tm en t
Before
trea t­
m ent

T reatm ent

bufor-
min

chlor-
hexa-
mide

chlor­
p ro p a­
m ide

bufor-
min

chlor-
hexa-
mide

chlor­
propa­
mide

U rin a ry  outpu t. 24 hrs ......... 12.1 10.7 12.0 12.1 26.0 26.1 29.6 28.7
U rin a ry  osmolality, mosm/1 77.1 61.9 95.4 93.5 48.4 35.0 29.6 49.8
Serum  osmolality, mosm/1 . . 301.5 279.8 294.5 320.1 301.3 295.9 271.7 287.8
E ndogenous creatinine

clearance, ml/min ................ 210.7 189.0 191.2 187.4 227.0 196.1 192.8 204.8
Osm olar clearance, m l/m in . . 2.2 1.7 2.7 2.5 3.7 2.1 2.2 3.5
F ree w ater clearance, m l/m in 6.2 5.7 5.7 6.3 13.8 16.0 18.3 16.4
Blood sugar, mg/100 ml . . . . 84 83 85 76 80 79 83 74

E n d o g e n o u s  c re a tin in e  c lea ran ce  an d  serum  o sm o la lity  w ere no t s ig n if ic a n tly  
a f fe c te d , in  o p p o sitio n  to  u r in a ry  o sm o la lity  w h ich  increased  s ig n if ican tly  
d u r in g  tr e a tm e n t.  O sm o la r c learance  failed  to  c h an g e  s ig n ifican tly  in  response  
to  ch lo rp ro p am id e . F re e -w a te r  c learance d im in ish ed  d is tin c tly  to  becom e 
n e g a t iv e  a fte r  th e  3 rd  d ay .
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30-year-old female. A D H -responsive diabetes insipidus
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F ig . 2 d e m o n s tra te s  tlie  d a ta  o f a p a t ie n t  w ith  nephrogen ic  d iab e tes  
insip idus (Case 6). I t  is seen th a t  d iu resis  w as largely  u n a ffec ted . U rin a ry  
o sm o la lity  p e rs is ted  a t  its  fo rm er low level th ro u g h o u t th e  period  o f  tr e a tm e n t  
an d  no change o ccu rred  in  free w a te r  c lea ran ce , e ith er. The a n tid iu re tic  effect 
ch a rac te riz in g  th e  h y p o th a la m ic  ty p e  o f d ia b e te s  insip idus fa iled  to  a p p ea r 
in  its  nep h ro g en ic  ty p e , in  o th e r  w ords, ch lo rp ro p am id e  d id  n o t  a ffec t th e  
d is tu rb a n c e  of w a te r  b a lan ce  in  th e  n ep h ro g en ic  fo rm  of th e  d isease.
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F ig . 2 . A. J ., 30-year-old male. ADH-resistant diabetes insipidus

Discussion

T h e effect o f th e  oral a n tid ia b e tic  a g e n ts  w as s tud ied  on w a te r  ba lance  
in d iab e tes  in sip idus. I t  w as ch lo rp ro p am id e  w hich  revealed  th e  m o s t p o te n t 
a n tid iu re tic  a c tiv ity  in  A D H -responsive  d ia b e te s  insip idus, w h ereas  on bufor- 
m in t r e a tm e n t th e  fall in u r in a ry  o u tp u t w as insign ifican t. T hese o b se rv a tio n s  
are  in  line w ith  th o se  o f K a tsu k i  and  I to [13]. O n th e  o ther h a n d , R efo r z o - 
Me m b r iv e s  e t al. [26] failed to  n o te  a n y  d iu re tic  response to  p h en fo rm in
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in  p a t ie n ts  w ith  d iab e te s  in sip id u s. The d isc re p a n c y  m ay  be a c c o u n te d  fo r 
b y  th e  d iss im ila rity  o f  th e  rad ica l a tta c h in g  to  th e  b iguan ide g ro u p . E v e n  
sm all m od ifica tio n s o f  th e  chem ical s tru c tu re  o f  su lp h an y lu rea  d e r iv a tiv e s  
m a y  p ro fo u n d ly  a ffec t th e ir  an tid iu re tic  a c t iv i ty . C om parison o f c h lo rp ro p ­
am id e  a n d  ch lo rhexam ide  conv incing ly  i l lu s tra te s  th is  po in t. T h o u g h  th e re  
is n o  o th e r  difference b e tw een  th e ir  chem ical s tru c tu re s  th a n  th e  p resen ce  
in  ch lo rh ex am id e  of a cyc lo h ex y l in stead  o f a p ro p y l group , y e t th e  a n tid iu re tic  
e ffec t o f  th e  d e riv a tiv e  is fa r  from  th a t  o f ch lo rp ro p am id e .

T h o u g h  th e  f ir s t  re p o rts  on th e  a n tid iu re tic  effect of o ral a n tid ia b e tic  
a g e n ts  a re  of recen t d a te , a  considerab le a m o u n t o f  evidence has b een  a c c u m ­
u la t in g  on th e  su b je c t, b u t  th e  p a th o m e c h a n ism  still rem ains u n c e r ta in . 
A r d u in o  e t al. [2] a ssum e ch lo rp ro p am id e  to  s tim u la te  th e  p ro d u c tio n  an d  
m o b ilisa tio n  of A D H , o r to  re s to re  th e  re sp o n siv en ess  of th e  o sm o recep tiv e  
c e n tre s  to  physio logical s tim u li, a hyp o th esis  w h ich , as po in ted  o u t b y  M e i n - 
d e r s  e t  al. [18] seem s to  b e  a t  va rian ce  w ith  th e  observ a tio n  th a t  c h lo rp ro p ­
am id e  causes u r in a ry  re te n tio n  in  th e  fam ilia l co n g en ita l form  of d ia b e te s  
in s ip id u s , th e  ty p e  m a rk e d  b y  a to ta l  lack  o f  vaso p ressin . B e r g m a n n  e t  al. 
[3] co n c lu d e  from  th e  re su lts  of in tra p h y p o th a la m ic  ch lo rp ropam ide im p la n ta ­
t io n  t h a t  th e  a n tid iu re tic  a c t iv i ty  of th ese  d ru g s ac ts  th ro u g h  a p re v a le n tly  
c e n tra l  m echan ism , su p p ress io n  o f th irs t  be in g  its  essen tia l fac to r. H o w ev er, 
th e  v iew  th a t  ch lo rp ro p am id e  ac ts  d irec tly  u p o n  th e  k idney  has la te r  g a in ed  
p re v a le n c e  [1, 14, 17, 18, 22 — 27], a re d u c tio n  in  free w a te r c lea ran ce  h a ­
v in g  b e e n  found  in  a sso c ia tio n  w ith  an u n im p a ire d  excretion  of so lub le  m a ­
te r ia ls  (o sm olar c learance) in  th e  m a jo rity  o f cases. T hese o b serv a tio n s a re  in  
a g re e m e n t w ith  th e  re su lts  o f  th e  p resen t s tu d y . O n these  grounds, c h lo rp ro p ­
am id e  seem s to  h av e  a d ire c t, A D H -like e ffec t o n  th e  k idney , a c la im  su p ­
p o r te d  b y  ou r o b se rv a tio n , in  ag reem ent w ith  o th e r  au th o rs  [2, 7, 9, 17, 18, 
28] in  t h a t  ch lo rp ro p am id e  has no a n tid iu re tic  effect in  v a so p re ss in -re s is t­
a n t  d ia b e te s  insip idus b u t  reduces u r in a ry  o u tp u t  in  h ea lth y  su b je c ts  [20] 
as w ell as in  p a tie n ts  w ith  psychogenic p o ly d ip s ia  [15].

T h ese  fac ts  co n fro n t u s  w ith  th e  q u es tio n  w h e th e r  i t  is ac tu a lly  th e  sam e 
m e c h a n ism  w hich und erlies  th e  a n tid iu re tic  e ffec t o f ch lo rp ropam ide a n d  of 
A D H . E v id en ce  av a ilab le  on  th e  su b jec t is in su ff ic ie n t as y e t to  p ro v id e  a 
dec isive  answ er to  th is  q u es tio n . T he resu lts  o f th e  classical p e rm e a b ility  te s ts  
on th e  frog  b lad d er h av e  also  p roved  in conc lusive . W hile some a u th o rs  fo u n d  
ch lo rp ro p a m id e  sim ila rly  to  A D H , to  en h an ce  th e  w a te r  p e rm eab ility  o f  th e  
frog  b la d d e r  [6, 17], o th e rs  fa iled  to  confirm  th e se  observations b u t  n o te d  a 
p o te n t ia t in g  effect on th e  p e rm eab ility -in c rea s in g  influence of v a so p re ss in  
a t  sm a ll co n cen tra tio n s  [12, 19]. T he re su lts  o f  M il l e r  et al. [21] a n d  o f 
B e r n d t  e t  al. [4] o b ta in e d  in  ra ts  un d er n o rm a l co n d itio n s and  in  c o n g en ita l 
h y p o th a la m ic  d iabe tes in sip id u s are  co n sis ten t w ith  th ese  o b se rv a tio n s; w hile  
c h lo rp ro p a m id e  b y  itse lf  fa iled  to  affect p o ly u ria , a s tr ik in g  redu c tio n  in  u r in a ry
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o u tp u t  b y  sm all doses o f A D H  w as observed  a f te r  ch lo rp ro p am id e  p r e t r e a t ­
m e n t. O n these  g rounds, ch lo rp ro p am id e  is believed  to  e x e r t its  a c t iv i ty  by  
a p o te n tia tio n  of endogenous vaso p ressin  r a th e r  th a n  to  h av e  a d ire c t a n t i ­
d iu re tic  effect of its  own.

C erta in  observ a tio n s seem  to  be a t  v a ria n c e  w ith  th e  d irec t re n a l m ech a ­
n ism  o f ch lo rp ropam ide. In  p a r tic u la r , i t  m ay  fail to  reduce  u r in a ry  o u tp u t  
an d  free  w a te r  c learance even in  A D H -responsive  cases of d ia b e te s  in sip id u s 
[11, 20], as i t  was in  fa c t observed  in  Case 5 o f th e  p resen t series. I n  th e  cases 
o f M il l e r  and  M o s e s  [20], ch lo p ro p am id e  an tid iu resis  was co n fined  to  th o se  
p a tie n ts  w ith  h y p o th a lam ic  d iab e te s  in sip idus in w hom  w a te r  d e p riv a tio n  
also induced  a fall in  free w a te r  c learance . T hese  au th o rs  found  close co rre la tio n s  
b e tw een  th e  response of free w a te r  c learan ce  to  flu id  d e p riv a tio n  a n d  to  ch lo r­
p ro p am id e , and  ad v o ca te  th e  ro u tin e  u se  o f th e  w a te r d e p r iv a tio n  t e s t  in 
d iab e te s  insip idus so as to  p re d ic t th e  response  to  ch lo rp ro p am id e . A  fu r th e r  
fa c t p o in tin g  to  th e  role o f endogenous A D H  in th e  a n tid iu re tic  m ech an ism  
o f ch lo rp ro p am id e  is th e  o b se rv a tio n  th a t  load ing  w ith  e th an o l or w a te r  w hich 
is know n to  suppress th e  release o f  A D H , fu lly  inh ib its  th e  ch lo rp ro p am id e- 
in d u ced  changes of th e  w a te r  ba lan ce  [20]. T hese clinical o b se rv a tio n s  lend  
in d ire c t su p p o rt to  th e  h y p o th es is  th a t  ch lo rp ropam ide  a n tid iu re s is  tak es  
effect on ly  in th e  p resence o f endogenous A D H , th e  m echan ism  b e in g  a t t r ib ­
u te d  to  a p o te n tia tio n  b y  ch lo rp ro p am id e  of th e  a n tid iu re tic  a c t iv i ty  o f th e  
su p p o sed ly  v e ry  sm all am o u n ts  o f vasop ressin . T he q u es tio n  is, how ever, 
b y  no m eans closed an d  aw aits  su p p o rt from  fu r th e r  s tu d ies , in  p a r tic u la r  
from  re liab le  d e te rm in a tio n s  o f th e  A D H - reserve  in h u m an s, w h ich  w ould  
p ro v id e  an  answ er to  th e  q u es tio n  w h e th e r th e re  ex isted  an y  p o s itiv e  co rre la ­
tio n  b e tw een  th e  av ailab le , i.e. m obilizab le , s to res  of A D H  an d  ch lo rp ro p am id e  
a n tid iu re s is .
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ANNOUNCEMENT OF AN IAEA SYMPOSIUM

T itle : N uclear A c tiv a tio n  T echn iques in  th e  Life Sciences
D a te : A pril 10— 14, 1972
L oca tio n : L ju b lja n a , Y ugoslav ia
O rganizers: In te rn a tio n a l  A tom ic E n e rg y  A gency , K ä rn tn e rr in g  11— 3, 

A— 1011 V ienna, A u str ia
Scientific  S ecre ta ries : D r. G. B. C ook a n d  D r. R . M. P a rr .

T he Sym posium  w ill be concerned  w ith  th e  app lica tio n s o f n u c lea r  
a c tiv a tio n  tech n iq u es in  th e  life sciences a n d  th e  significance o f th e  re su lts  
o b ta in e d  in  such a p p lica tio n s . I t  w ill th e re fo re  be concerned  b o th  w ith  th e  
te ch n iq u es  them selves a n d  w ith  th e  in te rp re ta t io n  o f th e  d a ta  w h ich  th e y  
y ie ld . A sym posium  o f th e  sam e title  w as held  in  A m ste rd am , N e th e rla n d s , 
in 1967 an d  th is , th e  second of th e  series, is in te n d e d  to  cover th e  ad v an ces  
m ade in  th e  fiv e-y ear in te rv a l.

As regards tech n iq u es , top ics to  be  d iscussed  include sam ple  p re p a ra ­
tio n  p rocedures, a c tiv a tio n  procedures a n d  d a ta  processing  system s, chem ical 
se p a ra tio n  procedures p a r tic u la r ly  in  m u ltic o m p o n e n t system s, an d  b io logical 
a n a ly tic a l reference m a te ria ls . As reg a rd s  in te rp re ta t io n  of d a ta , re su lts  ob ­
ta in e d  in  stud ies in  b o th  cellu lar an d  su b ce llu la r  sy stem s in  p la n ts  a n d  an im als 
w ill be discussed. C o n trib u tio n s  re la tin g  to  ag ric u ltu re , b io ch em istry , ecology, 
n u tr i t io n a l  s tud ies, p h a rm aceu tic s  an d  p h a rm aco lo g y , as well as a p p lica tio n s  
in  m ed ical d iagnosis, re sea rch  and  th e ra p y , w ill be inc luded . C o n trib u tio n s  
re la tin g  to  h u m an  ecology will deal espec ia lly  w ith  prob lem s o f p u b lic  h e a lth , 
e n v iro n m e n ta l po llu tio n  an d  food ad d itiv e s  a n d  co n tam in a tio n .

F u r th e r  in fo rm a tio n  an d  form s to  a c c o m p a n y  a b s tra c ts  o f p ap e rs  in te n d ­
ed fo r p re se n ta tio n  a t  th e  S ym posium  m a y  be  o b ta in e d  from  n a tio n a l a u th o r i­
tie s  fo r a tom ic  energy  m a tte rs . A b s tra c ts  m u s t be su b m itte d  th ro u g h  these  
a u th o ritie s  so as to  re a c h  th e  In te rn a tio n a l  A tom ic  E n erg y  A gency  before  
D ecem ber 13, 1971.

Acta Medico Academiae Scienliarum Hungaricae 28, 1971





Szöőr, J ., Nagy, Gy., Szakáll, S z . : The Budd Chiari Syndrom e: R eport of E ight Cases 127

Lehotzky, K ., Bordás, S .:  U rinary and Serum T ransam inase Levels in R ats with O rganic
Mercury Poisoning ......................................................................................................................  139

Mosonyi, L.. Szilágyi, G., Gráf, L., Palásthy, E., Szatlóczky, E .:  Bronchial Oat-Cell Cancer
Producing ACTH, Serotonin and Catecholamine ............................................................. 145

Petrányi, Gy., Szegedi, Gy., Eekete, B. : Inhibition of Skin A llograft Rejection by A nti- 
lym phocytic Serum P re trea tm en t of the Donor. Im m unological Preparation of the 
G raft .................................................................................................................................................  155

Lipák, J ., Mózsik, Gy., Váczi, P., Vámosi, В .: Parotid  R esponses to Indirect S tim ulation
in Patien ts w ith Depressive I l ln e s s .......................................................................................  159

Földes, J ., Takó, J ., Bános, Cs., Gesztesi, E. : The Role of Long-A cting Thyroid S tim ula to r 
and of T hyroid A utoim m unity in the Pathogenesis of Euthyroid E ndocrine 
O phthalm opathy ...........................................................................................................................  171

Fekete, A ., Forgács, I ., Gaál, К ., Mészáros, T .:  Renin A ctiv ity  of Renal Venous Blood in
Experim ental H ypertension Induced by L igation of One Renal Artery in Dogs 181

László, F., A Czakó, L.: E ffect of Oral A ntidiabetic A gents on Diuresis in Diabetes In s ip i­
dus of the Vasopressin-Responsive and the N ephrogenous T y p e s .............................. 197

I N D E X





A CTA  M E D IC A

TOM 28 -  Б Ы П .  2

Р Е З Ю М Е

НАБЛЮДЕНИЯ В СВЯЗИ С ВОСЬМИ СЛУЧАЯМИ СИНДРОМА Б У Д Д -Х И А Р И

Й. СЁЕР, Д. НАДЬ и С. САКАЛЛ

После краткого изложения синдрома Будд— Хиари авторы сообщают о наблю­
дении восьми случаев этого заболевания. У четырех из восьми больных причиной болезни 
была полицитемия, у трех — опухоль печени, у одного облитерирующий гепатический 
эндофлебит. В трех наблюдениях удалось поставить клинический диагноз. Из восьми 
больных семь умерли. У одного больного с синдромом Будд—Хиари противополицитеми- 
ческая терапия привела к ремиссии, которая еще держится. Кроме оценки своих соб­
ственных наблюдений авторы дают обозрение о важнейших данных, сообщенных венгер­
скими авторами в связи с синдромами Будд—Хиари.

ИЗМЕНЕНИЕ СОДЕРЖАНИЯ ТРАНСАМИНАЗЫ В МОЧЕ И СЫВОРОТКЕ КРЫС 
ПРИ ЭКСПЕРИМЕНТАЛЬНОМ ОТРАВЛЕНИИ ОРГАНИЧЕСКОЙ РТУТЬЮ

К. ЛЕХОЦКИ и Ш. БОРДАШ

Авторы изучали поражающее почечные канальцы действие органического соеди­
нения ртути, метокси-этил-меркурихлорида у крыс при хроническом отравлении.

Для изучения затяжного и малого действия, определение активности трансами- 
назы в моче оказалось очень подходящим. Результат параллельного определения транс- 
аминаз глютамино-щавелеуксусной и пировиноградной кислот в сыворотке доказывает, 
что повышенная активность трансаминазы в моче происходит из отслоенных и расщеплен­
ных эпителиальных клеток канальцев. Это подтверждается многочисленными эпителиаль­
ными клетками, наблюдаемыми в осадке. Пробы с концентрацией и разбавлением мочи, 
исследование белков и сахара не оказались достаточно чувствительными методами для 
выявления умеренного поражения канальцев.

Метокси-этил-меркури-хлорид вызывает у крыс, помимо известного нарушения 
функции нервной системы, также и поражение почек, хорошо выявляемое функциональ­
ной пробой.

ОБРАЗУЮЩИЙ АКТГ, СЕРОТОНИН И КАТЕХОЛАМИН РАК БРОНХОВ 
Л. МОШОНИ, Г. СИЛАДИ, Л. ГРАФ, Е. ПАЛАШТИ и Э. САТЛОЦКИ

Дается описание рака бронхов с множественной секрецией гормонов. Помимо 
уже известного образования АКТГ и серотонина в опухолевой ткани авторы наблюдали 
значительное количество катехоламина. До сих пор еще не были опубликованы сооб­
щения о секреции гормона полипептидного характера. Клинические симптомы больного 
соответствовали чрезмерному образованию катехоламина.
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ТОРМОЖЕНИЕ ИММУННОГО ОТБРАСЫВАНИЯ КОЖНОГО ТРАНСПЛАНТАТА 
ПУТЕМ ПРЕДВАРИТЕЛЬНОГО ЛЕЧЕНИЯ ДОНОРА АНТИЛИМФОЦИТАРНОЙ 

СЫВОРОТКОЙ. ИММУНОЛОГИЧЕСКАЯ ПОДГОТОВКА ТРАНСПЛАНТАТА
Д. ПЕТРАНЬИ, Д. СЕГЕДИ и Б. ФЕКЕТЕ

Время выживаемости трансплантата мышьей кожи повышается предварительной 
дачей донору гетерологичной антилимфоцитарной или антитимоцитарной сывороткой. 
Хорошее действие объясняется, предположительно, кроме торможения донорных лимфо­
цитов в пересаженной ткани также и обрааованием антител, защищающих трансплантат.

РЕАКЦИИ ОКОЛОУШНОЙ ЖЕЛЕЗЫ, ВЫЗВАННЫЕ НЕПОСРЕДСТВЕННЫМ 
РАЗДРАЖЕНИЕМ ПРИ ДЕПРЕССИИ 

Я. ЛИПТАК, д . МОЖИК, п. ВАЦИ и Б. ВАМОШИ

Была изучена секреция околоушной железы до лечения и после выздоровления у 
15 контрольных лиц без явлений депрессии (10 мужчин и 5 женщин со средним воз­
растом в 35 лет) и 20 больных депрессией (14 женщин и 6 мужчин со средним возрастом 
в 41 год, 1 случай реактивной и 1Ü случаев эндогенной депрессии). Слюна околоушной 
железы была получена через механически фиксированную капсулу, а размер секреции 
характеризована числом каплей в минуту.

При депресси в существенной мере понизилась секреция при покое и также реак­
ция околоушной железы, вызываемая почти всеми способами раздражения (односто­
роннее механическое и химическое раздражение, вызванное 5 мл 5% лимонной кислотой 
«симультанная» и «сукцессивная суммация», серийное раздражение). Понижающее сек­
рецию действие эксикоза можно исключить с большой вероятностью. При депрессии 
выражаемое числом каплей значительное повышение реакции показывает обратную 
связь с повышением силы раздражения. После излечения начальная низкая секреция 
достоверно повышается, но не достигает величин, определенных у контролен.

ЗНАЧЕНИЕ ДЛИТЕЛЬНО ДЕЙСТВУЮЩЕГО СТИМУЛЯТОРА ЩИТОВИДНОЙ 
Ж ЕЛЕЗЫ  (LATS) И АВТОИММУНИТЕТА ЩИТОВИДНОЙ ЖЕЛЕЗЫ ПРИ 

ВОЗНИКНОВЕНИИ ЭНДОКРИННОЙ ОФТАЛЬМОПАТИИ С ЕВТИРЕОЗОМ
я. ФЕЛЬДЕШ, Й. ТАКО, Ч. БАНОШ, и Е. ГЕСТЕШИ

Только у части больных эндокринной офтальмопатией с евтиреозом можно выявить 
в плазме LATS-IgG. Подобное положение наблюдается также в отношении автоантител 
против щитовидной железы. Авторы обсуждают значение первичного патогенного зна­
чения LATS и автоиммунитета щитовидной железы и рассматривают эти явления скорее 
как вторичные изменения, хотя в возникновении офтальмопатии может быть речь о их 
подсобном действии. Наблюдения авторов указывают на то, что различные формы эндо­
кринной офтальмопатии близки друг к другу. Это доказывается тем, что отдельные па­
тологические процессы показывают переходы друг в друга.

АКТИВНОСТЬ РЕНИНА В ВЕНОЗНОЙ КРОВИ ПОЧЕК У СОБАК ПРИ 
ГИПЕРТОНИИ, ВЫЗВАННОЙ ОДНОСТОРОННИМ ЛИГИРОВАНИЕМ 

ПОЧЕЧНОЙ АРТЕРИИ

А. ФЕКЕТЕ, И. ФОРГАЧ, К. ГААЛ и Т. МЕСАРОШ

В экспериментах на собаках после полного лигирования почечной артерии одной 
стороны при невредимой почке другой стороны авторы наблюдали развитие острой или 
хронической гипертонии. При определении активности ренина в венозной крови ишеми­
ческой и невредимой почек, а также в периферической артериальной крови было уста­
новлено, что ишемическая почка и, после ее удаления, невредимая почка производят 
прессорное вещество и выделяют его в кровообращение. Развитие гипертонии и под­
держание повышенного кровяного давления обуславливаются образованием прессорного 
вещества ишемической почкой, а после ее удаления невредимой почкой.
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ДЕЙСТВИЕ ПЕРОРАЛЬНЫХ АНТИДИАБЕТИЧЕСКИХ СРЕДСТВ НА ДИУРЕЗ  
ПРИ ЧУВСТВИТЕЛЬНОМ К ВАЗОПРЕССИНУ И НЕФРОГЕННОМ НЕСАХАРНОМ

МОЧЕИЗНУРЕНИИ
Ф. А. ЛАСЛО и Л. ЦАКО

Авторы применяли у пяти больных с чувствительным к вазопрессину и у двух 
больных с нефрогенным несахарным мочеизнурением пероральные противодиабетические 
средства: 1-бутил-бигуанид (Адебит, Хиноин) и хлор-бензилсулпропамнд (Диабинезе, 
Пфицер), и регистрировали характерные для диуреза данные. Было установлено, что 
хлорпропамид у четырех лиц с чувствительным к антидиуретическому гормону несахар­
ным мочеизнурением в существенной мере снижает мочеотделение, клиренс свободной 
годы и повышает осмолярность мочи. Лечение бутнл-бигуанидом, а также циклогексил- 
карбамидом вызывает только умеренные изменения водного обмена веществ. При нефро- 
венном несахарном диабете примененные антигипергликемические средства оказались 
безэффективными.

Результаты исследований говорят за то, что хлорпропамид обладает также подоб­
ным действию антидиуретического гормона влиянием на водный обмен веществ. По мне­
нию авторов непосредственный почечный механизм не является вероятным, и они выдви­
гают возможность, что хлоропропамид вызывает антидиуретический эффект путем по­
тенцирования действия эндогенного антидиуретического гормона.
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THE THROMBOELASTOGRAPHIG INDEX 
IN THE PERIODS OF RECURRENCE 

AND REMISSION OF POLYCYTHAEMIA VERA
By

G y . N a g y , M á r ia  M i s z , B . S ír ó  and  J .  S z e g e d i

F IR S T  AND SECOND D EPA RTM EN TS O F M ED ICIN E, U N IV ER SITY  M ED ICAL SCHOOL, D EBRECEN 

(R eceived February  24, 1971)

The throm boelastographic index, its com ponents and th e  fibrinolytic activ ity  
have been studied in 55 p a tien ts  w ith polycythaem ia vera. Practically  all param eters 
studied revealed abnorm alities during the periods of recurrence and subsided or became 
completely or partially  norm alized in the periods of remission. The results are consistent 
w ith the prevalence of vascular complications during th e  periods of recurrence of the 
disease in con trast to their low incidence during remissions.

P o ly cy th aem ia  v e ra , p a r tic u la r ly  in th e  absence  o f t re a tm e n t or of 
a d e q u a te  con tro l, is m arked  b y  th e  p revalence of th ro m b o em b o lic  an d  h aem o r­
rh ag ic  com plications [9, 11, 18, 19]. These m an ife s ta tio n s  are  o ften  of fa ta l 
ou tcom e or involve irrev ers ib le  com plica tions [2]. T h e  d u a l fea tu re s  of en ­
h an ced  blood c lo ttin g  an d  of h aem o rrh ag ic  d ia th esis  p o in t to  th e  ex istence  of 
com plex  coagu la tion  d iso rders [8, 12]. In  th e  periods o f rem ission ensued  by  
a d e q u a te  th e ra p y , co m p lica tions o f th is  k ind  are ra re  [5, 10], in o th e r  w ords, 
h aem ato log ica l n o rm aliza tio n  goes h an d  in h an d  w ith  a fall in th e ir  incidence 
an d  even  w ith  th e ir  to ta l  absence .

T he th ro m b o e la s to g rap h ic  p ro ced u re  described  b y  H a r t e r  [7] m easures 
th e  e la stic ity  of th e  b lood c lo t an d  its  changes, th u s  p e rm ittin g  to  follow up 
th e  process of coagu la tion  in c lu d in g  th e  conversion  o f th e  b lood  from  its flu id  
s ta te  to  a gel phase an d  its su b se q u e n t re liq u efactio n , i.e. fib rino lysis . I t  also 
reg iste rs  th e  e x te n t of th e  changes in  e la s tic ity  an d  th e ir  course vs. tim e . 
T he in fo rm ativ e  v alue  of th e  p rocedure  in  v a rio u s d iseases of th e  blood- 
fo rm ing  organs as well as in  co ag u la tio n  d isorders seco n d ary  to  o th e r  organic 
diseases is am p ly  d o cu m en ted  in  th e  lite ra tu re  [6, 13, 15, 16, 17]. A p p lica tion  
o f th e  m eth o d  an d  c o m p a ra tiv e  assessm ent of its  re su lts  are , how ever, m ade 
d ifficu lt b y  th e  lack  of u n ifo rm  c rite ria . In  fac t, th e re  are  d iverse , in co n sis ten tly  
used  in d ica to rs  in  ex istence , su ch  as r  =  reac tio n  tim e , c =  coagu la tion  tim e , 
r -f- c =  com plete  co ag u la tio n  tim e , r/c =  th ro m b o p la s tin  co n su m p tio n  coef­
f ic ien t, mA  =  m ax im um  a m p litu d e  of th e  clo t, m E  =  m ax im um  e lastic ity  
of th e  clot, t =  specific c o ag u la tio n  coefficient, T  — com plete  coagu la tion  
tim e  coefficient, c = bio logical re tra c tio n  coeffic ien t, m /i/c  =  th ro m b o e la s to ­
g rap h ic  re tra c tio n  coeffic ien t, e tc . In  th e  in te re s t o f co n sis ten t ev a lu a tio n  of 
th e  th ro m b o e las to g ram , O r l ik o v  an d  S t o k e r  [16] p ro p o sed  a fu r th e r  coeffi-
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c ie n t , th e  th ro m b o e la s to g rap h ic  in d ex  (I ) w hich  th e y  h a v e  d eriv ed  from  a 
la rg e  n u m b e r of h e a lth y  su b je c ts  a n d  of p a tie n ts  w ith  v a rio u s b lood  coagu la tion  
d iso rd e rs . This in d ex  is com posed  o f th e  th ree  essen tia l an d  m o st c u rre n t p a ­
r a m e te r s  of th e  th ro m b o e la s to g ra m , expressing  th e  resu lts  w ith  a single figure 
on  th e  basis of th e  fo rm u la

j _ r(m in) X c(m in)

m A (m m )

A c c o rd in g  to  th e  l i te ra tu re ,  th e  v a lu e  o f th e  in d ex  co rresponds in  h ea lth y  
s u b je c ts  to  1.08 0.98, in c rea s in g  n u m erica lly  in  th e  case of h y p erco ag u la ­
b i l i ty  a n d  decreasing in  h y p o co ag u lab ility . R efe rred  to  th e  n o rm a l value, 
i t  c e r ta in ly  serves as a u se fu l basis  for th e  com parison  of th e  re su lts  of in d i­
v id u a l  stud ies. I t  m u s t, h o w ev er, be  n o te d  th a t  possible changes of th e  n u ­
m e ra to r  and  of th e  d e n o m in a to r  in  th e  sam e sense m ay  p ro d u ce  a n  “ overlap” 
c o n fu s in g  th e  resu lts . I t  w o u ld  th e re fo re  seem  ex p ed ien t to  g ive, in  ad d itio n  
to  th e  /- in d e x  serv ing  fo r a ra p id , re liab le  co m p ara tiv e  e v a lu a tio n  of o rien ta tiv e  
c h a ra c te r ,  also th e  r, c a n d  m A  v a lu es . F ib rin o ly sis , as an  e ssen tia l p a ra m e te r  
o f  b lo o d  coagu la tion , m a y  b e  likew ise of in fo rm a tiv e  va lu e  in  b lo o d  coagula­
t io n  defects .

I n  earlier s tu d ies  w e h a v e  d e m o n s tra te d  in  th e  p e rio d  o f recu rren ce  of 
p o ly c y th a e m ia  v e ra  v a rio u s  ab n o rm alitie s  o f b lood  c o ag u la tio n , subsid ing  
o r  d isap p ea rin g  a lto g e th e r in  th e  p e rio d  of rem ission  [12, 13]. I n  th e  p resen t 
s tu d y  th e  th ro m b o e la s to g rap h ic  in d e x  has been  in v e s tig a te d  in  55 p a tie n ts  
w ith  p o ly cy th aem ia  v e ra , w ith  specia l reference  to  th e  r, c an d  m A  values 
as w ell as to  th e  e x te n t a n d  p rev a len ce  of increased  fib rino lysis .

M a te ria l and m ethods

The m aterial consisted of 55 p a tien ts  w ith polycythaem ia vera, 31 males, 24 females, 
rang ing  from  21 to  76 (m ean 55.6) years of age. F o rty  patien ts were in periods of full activ ity  
o f th e  process, 15 patien ts were in  rem ission.

T he controls were h ea lthy  subjects w ith norm al blood coagulation.
In  th e  periods of ac tiv ity  o f th e  disease, RBC ranged between 5.700,000 and 6.850,000 

(m ean  6.325,000). All of th e  p a tien ts  had  some degree of leukocytosis and  of throm bocytosis. 
Splenom egaly  was present in  37, hepatom egaly  in 32 of th e  40 cases. The diagnosis of poly­
cy th ae m ia  vera was based upon ste rn a l bone marrow sm ears and bone m arrow  biopsy in every 
case [1]. The bone m arrow was hyperp lastic  and hypercellular, erythropoiesis was in  general 
sign ifican tly , myelopoiesis m oderately  enhanced and there was a m arked  m egakaryocytosis 
in  th e  m ajo rity  of cases.

T he remission following radiophosphorus or cytostatic  trea tm en t was associated w ith 
a com plete  norm alization of the blood counts, a reduction of even com plete disappearance 
of th e  spleno- and hepatom egaly as well as of the subjective sym ptom s.

T he throm boelastographic studies were perform ed by  H a r t e r ’s original m ethod [7] 
by  m eans of a H ellige-throm boelastograph (model 2601D), using fresh whole blood for the 
te s ts . T he priming tim e varied  betw een 10 and 30 sec. We m easured th e  reaction  and coagula­
tion tim es (r and c values) in te rm s of m in and sec, the m axim um  am plitude (m A ) in mm, 
as also th e  degree and frequency of enhanced fibrinolysis.
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R esults

In  o rder to  o b ta in  no rm al re ference  v a lu es , th e  m ean r, c, m A  an d  
I  va lu es  were de te rm in ed  in 30 h e a lth y  su b jec ts  w ith  no coagu lation  d iso rd er. 
T h e  follow ing figures w ere found :

r: 9.19 ±  0.3663
c: 5.25 ±  0.2397
m .i : 56.60 ±  1.3558
I: 1.46 ±  0.3360

T h e  p a ram e te rs  th u s  o b ta in e d  d iffered  to  a ce rta in  degree from  th o se  
g iven  b y  O r l ik o v  an d  S t o f e r  [16], th e  n o rm a l con tro l values, c, m A  an d  
I  h av in g  been found  s ligh tly  h ig h er, a n d  r s lig h tly  low er, th a n  th o se  n o te d  by 
th e  la s t-n am ed  au th o rs .

R esu lts  are sum m ed  up  in  T ab le  I . T he av e rag e  values for r, c, m A  a n d  I  
a n d  dev ia tions in th e  periods o f rem ission  an d  recu rrence  w ere g ro u p ed  
se p a ra te ly .

Tabic I

Group No. r c mA I
Enhanced 

fibrinolysis, 
per cent

Normal controls 30 8.19±0.3663 5.2510.2397 56.6 ±1.3558 1.4610.336
Polycy thaemia,

recurrence 40 9.83±0.5216 7.9 10.4313 34.7511.6225 2.1510.1946 67.5
Polycy thaemia,

remission 15 10.1610.8436 7.1510.4995 50.33±4.2664 1.6710.3598 46.7

As i t  can  be seen from  T ab le  I ,  th e  average  r  an d  c values w ere d is t in c tly  
h ig h er th a n  tho se  o f th e  con tro ls b o th  d u rin g  recu rren ce  as well as in  re m is ­
sion . T he differences betw een  th e  re su lts  o b ta in e d  d u rin g  rem ission a n d  re c u r­
rence  w ith  respect to  th e  r an d  c v a lu es  w ere n o t  sign ifican t ow ing to  an  o v er­
lap  of th e  d ifferences of th e  av e rag es, in  c o n tra s t  to  th e  m A  va lu e  w h ich  was 
s ig n ifican tly  low er in  th e  recu rren ce  group  th a n  e ith e r  in th e  co n tro l o r in  the  
rem ission  group. T he d ifferences be tw een  th e  co n tro l an d  rem ission  g roups 
w ith  resp ec t to  th e  m ean  m A  a n d  I  values w ere n o t sign ifican t.

E n h an ced  fib rino lysis was d e m o n s tra b le  d u rin g  th e  periods o f recu rren ce  
in  67 .5%  an d  d u rin g  those  of rem ission  in 4 6 .7 % . H ow ever, th e  e n h a n c e m e n t 
o f fib rino lysis was in general m ore  m ark ed  in  th e  group of recu rren ce  th a n  
in  th a t  o f rem ission.

N one o f th e  p a tie n ts  d isp lay ed  a n o rm a l th ro m b o e la s to g ram  d u rin g  
th e  period  of recu rrence  in  c o n tra s t  to  th o se  o f th e  rem ission g ro u p  w here 
n o rm al th ro m b o e las to g rap h ic  v a lu es  w ere fo u n d  in 4 (26.6% ) o f  15 cases.
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D iscussion

C h ie v it z  and  T h i e d e  [3] in a su rv ey  o f 250 cases of p o ly cy th aem ia  vera  
fo u n d  th e  d irect cause o f  d e a th  to  be th ro m b o s is  in 100 (40% ) an d  bleeding 
in  15 (6% ) of th e  cases. T hrom bosis o ccu rred  in  20 (40% ) an d  b leed ing  in  15 
(3 0 % ) o f 50 cases of p o ly c y th a e m ia  vera  rev iew ed  b y  R ig b y  an d  L e a v e l l  [18]. 
C h e r b a k  [4] rep o rted  on  a  series of 219 p a t ie n ts  w ith  p o ly c y th a e m ia  v era  
fo llo w ed  up  for m ore th a n  10 years. V ascu la r com plica tions such  as th ro m b o sis , 
th ro m b o em b o lism  or b leed in g s  were fo u n d  in  139 (63% ).

W e have been en g a g e d  in the  s tu d y  o f  th e  clinical, p a th o lo g ica l and  
th e ra p e u tic  aspects o f  p o ly cy th aem ia  v e ra  since  1959 an d  h a v e  b een  able 
to  fo llow  u p  a to ta l  o f 111 cases since th a t  t im e . T h e  occurrence o f th ro m b o sis , 
b leed in g s  or b o th  b efo re  adm ission  and  b e fo re  th e  s ta r t  of ac tiv e  th e ra p y , 
w as n o te d  in 48 cases, i.e . in  43%  of th e  c o m p le te  series, in  c o n tra s t  to  th e  
g ro u p  w here full rem issio n  h a d  been ach iev ed  a n d  in w hich com plica tions of 
th is  k in d  were confined  to  tw o  cases. In  o u r ex p erien ce , su rg ical in te rv e n tio n s  
a lso  invo lve  a h igher r isk  o f  po sto p era tiv e  v a s c u la r  com plications in  th e  period  
o f  recu rren ce  th a n  d u rin g  rem ission [14].

A ccording to  c o a g u la tio n  studies in  p o ly c y th a e m ia  v era  [2, 8, 9, 12, 13, 
15], th e  p rev a len t a b n o rm a litie s  are red u ced  p ro th ro m b in  a c tiv ity  an d  con­
s u m p tio n , enhanced  p ro th ro m b in  in a c tiv a tio n  an d  f ib rin o ly tic  a c tiv ity , 
th ro m b o c y th a e m ia  g re a tly  exceeding th e  n o rm a l p la te le t coun t in  th e  m a jo rity  
o f  cases, and  a th ro m b o e la s to g ra m  m arked  b y  p ro tra c te d  r an d  c v a lu es  and  
a re d u c tio n  in m ax im u m  e la s tic ity  (m E ).

I n  th e  p resen t s tu d y  th e  th ro m b o e la s to g rap h ic  ind ex  was fo u n d  sign if­
ic a n t ly  above its  n o rm a l v a lu e  in th e  p e rio d  o f  recurrence . T h e  in d iv id u a l 
co m p o n e n ts  of I  (r, c a n d  m A) were also  ab n o rm a l. T he m a jo r i ty  of 
p a t ie n ts  displayed a s ig n if ic a n tly  enhanced  f ib r in o ly tic  a c tiv ity  d u rin g  re c u r­
ren ce . C om plete or p a r t ia l  no rm aliza tio n  of th e  v a lu es  w as n o te d  in  th e  period  
o f  rem ission . In  p a r t ic u la r , th e  th ro m b o e la s to g rap h ic  index  show ed  little  
d e v ia tio n  from  th e  n o rm a l co n tro l values.
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D ibrom om annitol was adm inistered to 26, te tram eth y l su lphonyl-m annitol to 
34 pa tien ts w ith polycythaem ia vera , bo th  drugs in  the  form of short-term , m assive- 
dose therapy  over a period of three years. Full rem ission was achieved in 23 o u t of 26 
cases of the firs t and in all cases of the second group. Reversible com plications 
related to  the therapy  were noted in two cases. The resu lts are confronted w ith  those 
of 32P and th e  general lines of cy tosta tic  trea tm en t are discussed.

T he d e m an d  for new  drugs an d  fo r o th e r  th e ra p e u tic  w eapons su ita b le  
fo r th e  m a n a g e m e n t of haem ob lasto ses has its  good reasons. In  th e  f ir s t  p lace , 
th e  in d iv id u a l ty p e s  of these  diseases e x h ib it fa ir ly  d ifferen t p a tte rn s  o f re ­
sponse to  th e  v a rio u s  drugs an d  to  o th e r  th e ra p e u tic  procedures [2, 3, 12, 29]. 
This m akes i t  desirab le  to  have  a w ide ran g e  o f  th e ra p e u tic  ag en ts  a t  ou r 
com m and  so as to  a d a p t th em  se lec tive ly  to  each  p a r tic u la r  ty p e . M oreover, 
th e  orig inal responsiveness of a p rocess m ay  ch an g e  in  th e  course o f tim e  [28] 
an d  req u ire  th e  ap p lica tio n  of o th e r  drugs. T h e  fa c t  th a t  in ce rta in  ty p e s  of 
h aem ob lasto ses p a r tic u la r  d ru g  co m b in a tio n s h a v e  been found to  g ive  th e  
b est re su lts  is also o f im p o rtan ce . F o r  th e se  reaso n s , s tud ies a n d  tr ia ls  of 
new  c y to s ta tic  ag en ts  an d  of th e ir  co m b in a tio n s a re  n o t only ju s tif ia b le  b u t  
even a m o u n t to  a necessity .

P o ly c y th a e m ia  v e ra  occupies a p a r tic u la r  p lace  am ong h aem o b las to ses , 
f irs t o f all b ecau se  i t  m ay  assum e a p ro tra c te d , fav o u rab le  course as a re su lt  
of ad eq u a te  th e ra p y  th u s  giv ing am ple o p p o r tu n ity  for th e  s tu d y  of its  p a th o ­
logical and  clin ica l fea tu res . M oreover, p o ly c y th a e m ia  v era  m ay be re g a rd e d  
in  ce rta in  re sp ec ts  as th e  p ro to ty p e  of m y e lo p ro life ra tiv e  diseases, n o t  on ly  
because th e  p ro life ra tiv e  changes assoc ia ted  w ith  th e  process a ffec t a ll th e  
th ree  (e ry th ro -, m yelo- an d  th ro m b o p o ie tic ) b lood -fo rm ing  system s b u t  also 
because n u m ero u s  c y to s ta tic  d rugs are e ffic ien t in  p o ly cy th aem ia  v e ra , ch ro n ic  
m yeloid  leu k aem ia  an d  h aem o rrh ag ic  th ro m b o c y to p e n ia  alike. T h e re fo re , 
th e ra p e u tic  o b se rv a tio n s in  p o ly cy th aem ia  a re  o fte n  valid  for o th e r  m y e lo ­
p ro life ra tiv e  sy ndrom es as well. I t  w as, for in s ta n c e , th e  fav o u rab le  re sp o n se  
o f p o ly cy th aem ia  v era  to  1 ,2 ,5 ,6 -te tra m e th an e  su lp h o n y l-D -m a n n ito l (Z ito - 
s to p ® , TMSM in  th e  follow ing) w hich  has m ad e  us to  use th is  c y to s ta tic  a g e n t 
in  m yeloid  leu k aem ia .
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O u r studies co n ce rn ed  w ith  th e  c lin ica l, pa th o lo g ica l an d  th e ra p e u tic  
a s p e c ts  o f p o ly cy th aem ia  v e ra  d a te  b ack  to  1959, an d  th u s  fa r  w e h a v e  h ad  
120 p a t ie n ts  un d er t r e a tm e n t  an d  regu lar fo llow -up . O ur o b se rv a tio n s re la tiv e  
to  32P  th e ra p y  have b e e n  re p o rte d  earlie r [6, 7, 20, 22]. Since 1967, w e h av e  
b e e n  p re v a le n tly  u sing  tw o  c y to s ta tic  d rugs deve loped  in  H u n g a ry , d ibrom o- 
m a n n i to l  ( l,6 -d ib ro m o l-l,6 -D -d id eso x y m an n ito l)  an d  TMSM. O u r f ir s t  obser­
v a t io n s  w ith  the  d rugs h a v e  been re p o rte d  ea rlie r  [19, 21]. I t  seem s now  of 
in te r e s t  to  review o u r o b se rv a tio n s  co llected  o n  a large p a tie n t m a te r ia l  over 
a p e r io d  of m ore th a n  th r e e  y ea rs  and  to  w eig h  th e  ad v an tag es o f  th e se  agen ts 
a g a in s t  th e ir  possible h a z a rd s  as also to  co m p are  th e ir  th e ra p e u tic  v a lu e  w ith  
t h a t  o f  rad io phosphorus.

M ateria l and  m eth o d s

D ibrom om annitol has been  administered th u s fa r to  26 and TMSM to  34 patien ts. 
T h ree  p a tien ts  of the firs t and  10 of the second group had  to be given repeated  courses of 
t r e a tm e n t a few months or years la te r because of recurrences of the process. In  th is m anner 
29 courses of dibrom om annitol and  44 of TMSM h ave  been given.

T he patients were betw een  18 and 74 years o f age (mean, 48.46 years). The criteria 
o f d ifferen tia l diagnosis have been dealt w ith earlier [17, 18]. At the s ta rt of tre a tm e n t, RBC 
av erag ed  6.900,000 (extrem e values, 8.200,000 and  5.500,000); WBC, 12,200; platelet 
co u n t 480,000 in the d ibrom om annito l group. The respective values were 6.500,000 (extrem e 
v a lu es 9.000,000 and 5.600,000), 10,800 and 560,000, in th e  TMSM group. T he m ajo rity  of 
th e  p a tie n ts  had splenomegaly an d  hepatom egaly. Some k ind of therapy had been adm inistered 
a few  m onths or years earlier to  18 patients of th e  d ibrom om annitol group (32P ) and  to  16 of 
th e  TMSM group (32P to  2, dibrom om annitol to 4, b o th  to  6).

B o th  dibrom om annitol an d  TMSM were adm in istered  by m outh, the daily  dose being 
250 m g and  1.0 g, respectively. T he average to ta l dose per course of trea tm en t was 6.25 w ith 
d ib rom om ann ito l and 8.10 g w ith  TMSM. In other w ords, th e  dosage scheme was th a t  of short­
te rm , massive-dose therapy  (Stosstherapie), no m ain tenance doses being given.

In  cases w ith excessively high erythrocyte, haem oglobin and haem atocrit values or of 
e a rlie r  vascular m anifestations (throm bosis, throm boem bolic complications, m ajo r bleedings), 
re p e a te d  phlebotomies were included  in the the rap eu tic  scheme, a to ta l of 1200 to  1600 m l 
b lood  hav ing  been w ithdraw n in  successive portions.

R esults

T h e  criteria  of fu ll rem ission  were c o m p le te  n o rm aliza tio n  o f  th e  b lood  
c o u n ts , o f th e  h aem o g lo b in  and  h a e m a to c rit v a lu es , d isap p ea ran ce  o r su b ­
s ta n t i a l  reduction  of sp leno - an d  h ep a to m eg a ly , com plete  re lief of a ll su b jec tiv e  
s y m p to m s  associated  w ith  th e  disease (h ead ach es , vertigo , im p a ire d  con­
c e n tr a t io n  capacity , p r u r i tu s  p rovoked  b y  b a th in g , etc.). A p a r t fro m  2 cases 
d u r in g  11 years, no v a s c u la r  com plications occu rred  du ring  th e  p e riods of 
re m iss io n . I f  a single co u rse  of t r e a tm e n t fa iled  to  achieve fu ll rem ission , 
i t  w a s  rep ea ted  w ith  th e  sa m e  cy to s ta tic  d ru g  o r w ith  32P  3 or 4 m o n th s  la te r .

R em ission was in v a r ia b ly  hera lded  b y  a decline in  th e  le u k o c y te  an d  
p la te le t  counts to  be fo llo w ed  by  th e ir  fu ll n o rm a liz a tio n  4 or 5 w eeks la te r  
in  th e  m a jo rity  of cases. D isap p earan ce  o f sp leno - and  h ep a to m eg a ly  o r sub-
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s ta n tia l  sh rin k in g  o f th e  o rgans in size ensued  6 to  8 w eeks a fte r c o m p le tio n  
of th e ra p y . This w e n t h a n d  in  hand  w ith  a re lie f o f th e  sub jec tive  sy m p to m s. 
F u ll n o rm aliza tio n  o f th e  e ry th ro c y te  c o u n t, haem o g lo b in  and  h a e m a to c r it  
values ensued w ith  b o th  d rugs in 8 to  10 w eeks a f te r  th e  conclusion o f  t r e a t ­
m en t.

T ab le  I  sum s u p  th e  resu lts  of c y to s ta tic  th e ra p y  in  p o ly c y th a e m ia  
inc lud ing  th e  average  doses o f d ib ro m o m an n ito l a n d  of TMSM for each  course 
of tre a tm e n t, th e  to ta l  n u m b e r  of p a tien ts  in  th e  tw o  groups, th e  courses of 
tre a tm e n t, th e  n u m b e r o f fav o u rab le  responses a n d  th e  d u ra tio n  of rem issions 
in te rm s of m o n th s.

Table I

Drug
Average total 

dose per 
treatment,

g

Number 
of patients 

treated

Number
of

treatments

Number
of

responsive
cases

Number 
of compli­

cations

Average duration 
of remission 

(months)

Dibromomannitol 6.25 26 29 26 3 18.2

TMSM 8.10 34 44 44 — 10.3

T he d ib ro m o m an n ito l series com prised  26 p a tie n ts . O f these, a rem ission  
was a tta in e d  in 23, 3 h a v in g  responded  p o o rly  to  th e  th e ra p y . H ow ever, one 
o f th e  th ree  la t te r  p a tie n ts  d ied  of m yocard ia l in fa rc tio n  tw o weeks a f te r  th e  
s ta r t  o f t re a tm e n t.

In  th e  tw o fu r th e r  cases w here d ib ro m o m a n n ito l failed to  g ive a n y  
d is tin c t b en efit, 32P  w as g iven  4 and  5 m o n th s  la te r  w ith  success. C om plica­
tions re la te d  to  th e  th e ra p y , i.e. tra n s ito ry  le u k o p e n ia  an d  th ro m b o c y to p e n ia  
respond ing  to  tran sfu s io n s  o f w hole blood a n d  p la te le ts , occurred in  tw o  cases, 
in  th e  f irs t  case tw o , a n d  in  th e  second four w eeks a f te r  th e  s ta r t  o f th e ra p y . 
T here  w as one fa ta l  case, b u t  th e  cause of d e a th  w as u n re la te d  to  th e  th e ra p y , 
th e  p a tie n t  h av in g  d ied  o f m u ltip le  m icroem bolism s an d  of m esen teric  v e in  
th rom bosis.

T he d u ra tio n  o f rem issions resu lting  fro m  th e  f irs t  tre a tm e n t av e ra g e d  
18.2 m o n th s. T hese v a lu es  are final, th ree  o f  th e  p a tie n ts  concerned  h a v in g  
d ied , an d  th e  re m a in in g  p a tie n ts  hav ing  re la p se d  in  th e  m ean tim e . F re sh  
courses o f t r e a tm e n t h a v e  been  m ade n ecessary  b y  recurrences in  th re e  o u t 
o f th e  23 responsive  p a tie n ts . T he second course w as successful all th ro u g h o u t;  
since, how ever, all th re e  p a tie n ts  are still in  rem issio n , no defin ite  f ig u res  can  
as y e t be given on its  d u ra tio n .

T he TMSM series com prised  34 p a tie n ts . F u ll c lin ica l and  h aem ato lo g ica l 
rem ission  has been  ach iev ed  in  all cases, a n d  s till p e rs is ts  in  20. N o co m p li­
ca tio n  co nnec ted  w ith  th e  d ru g  has been n o te d  in  a n y  of th e  cases. A t th e  
tim e  being  th e  d u ra tio n  o f rem ission averages 10.3 m o n th s. This is, h o w ev er,
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m e re ly  a provisional f ig u re  w hich will p ro b a b ly  increase in  v iew  o f th e  fac t 
t h a t  th e  m a jo rity  o f p a tie n ts  are still in  rem ission .

A  second course o f TM SM  h a d  to  be g iven  in  view  of recu rren ces  in  te n  
cases , in  all w ith  success, th e  p a tie n ts  b e in g  s till in  rem ission.

C ard iac  failu re or an g in a l sy m p to m s, i f  p re sen t, subsided  sp o n ta n e o u s ly  
o r  re sp o n d e d  m ore re a d ily  to  glycosides o r to  co ronary  d ila to rs  d u rin g  th e  
p e r io d s  o f rem ission. A ll p a tie n ts  s till in  th e  age of occupational a c t iv i ty  have  
re s u m e d  th e ir  fo rm er o ccu p a tio n  in v o lv in g  h e a v y  physical w o rk  in  several 
cases .

D iscussion

T h e  prevalence of v a sc u la r  com plica tions in  u n tre a te d  or p o o rly  co n tro lled  
cases  o f  p o ly cy th aem ia  v e ra  is v e ry  h ig h  [2, 5 ,9 ,  11, 12]. Ch ie v it z  and  
T h i e d e  [1], in a su rv ey  o f 250 fa ta l cases o f p o ly cy th aem ia  v e ra  fo u n d  th ro m ­
b o sis  to  be th e  d irec t cause  of d ea th  in  100 (40% ), and m a jo r  b leed ings in 
15 (6 % ). T ch erbak  [27] n o te d  th ro m b o sis , b leed ings or b o th  in  139 (63% ) 
o f  a series of 219 p a tie n ts  w ith  p o ly c y th a e m ia  v e ra . In  the  m a te r ia l o f W a t k in s  
a n d  F air ley ' [31] of n e a rly  100 cases th e  p rev a len ce  of v ascu la r co m p lica tio n s 
w a s  as h ig h  as 50% . As reg a rd s  th e  p re se n t series, 48 p a tie n ts , i.e . 4 0 % , had  
h a d  v a sc u la r  com plications such  as th ro m b o sis , th rom boem bo lism  o r rep ea ted  
b le e d in g s  before adm ission , in  o th e r  w ords befo re  th e  s ta r t  of a c tiv e  th e ra p y , 
a n d  in  20 cases (16 .6% ) th e se  co m p lica tio n s (cerebrovascu lar crises, m yo­
c a rd ia l  in farc tion , e tc . h a d  irreversib le  consequences. The g re a tly  reduced  
in c id e n c e  of v ascu la r com plica tio n s d u rin g  rem ission  clearly  em p h asizes  th e  
n e e d  fo r  tre a tm e n t even  if  sy m p to m s of a n y  sev erity  should be  s till ab sen t.

R ad io p h o sp h o ru s w as f irs t  ap p lied  in  p o ly cy th aem ia  b y  L a w r e n c e  
in  1939 [13] and  n u m ero u s o b se rva tions h a v e  su p p o rted  its fa v o u ra b le  effect 
[2, 3 , 4 , 11, 12, 13, 23, 25, 31]. T he m ain  o b jec tio n  against th is  th e ra p y  is 
b a s e d  on  th e  h ighly  c o n tro v e rs ia l a lleg a tio n  t h a t  i t  m igh t increase  th e  h a z a rd  
o f  leu k aem ic  tra n s fo rm a tio n  [16, 24, 30].

A s regards th e  u se  o f b u su lp h a n  in  p o ly c y th a e m ia , op inions a re  d iv ided  
[7, 10, 14] in view of th e  re la tiv e ly  h igh in c id en ce  of leukopenia  a n d  th ro m b o ­
c y to p e n ia  [5]. H ow ever, acco rd ing  to  Ma u r ic e  an d  A lberto  [15] i t  m a y  be 
u s e d  in  w ell-selected cases u n d e r  a close c o n tro l of th e  b lood  co u n ts . D e m i­
d o v a  [5] repo rted  on experience  w ith  tw o  e th y le n e  im ine d e r iv a tiv e s , triazi- 
q u o n e  a n d  M arkofen® ; rem ission  was a t ta in e d  in 16 ou t of 19 cases w ith 
th e  f i r s t ,  and  in 18 o u t o f 20 w ith  th e  second  d ru g . The incidence o f leu k o p en ia  
a n d  th ro m b o c y to p e n ia  w as fa irly  h igh in  b o th  groups.

O f th e  c y to s ta tic  a g e n ts  of H u n g a ria n  p rovenance  we h a v e  b een  using 
d ib ro m o m a n n ito l in  26 a n d  TMSM in  34 cases over a period  o f  m o re  th a n  
th r e e  y e a rs . F u ll rem ission  w as ach ieved  in  23 o f th e  26 p a tie n ts , i.e . in  88 .5% ,
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of th e  f irs t g roup , th e  d u ra tio n  o f  rem issions averag ing  18.2 m o n th s . C om pli­
ca tio n s re la ted  to  th e  th e ra p y  o ccu rred  in  tw o  cases, an d  p ro v ed  resp o n siv e  
to  su itab le  m easu res. TMSM w as g iv en  in  34 cases a lto g e th e r, in  all w ith  success. 
A t th e  p resen t m o m en t, th e  rem issions average  10.5 m o n th s in  d u ra tio n , since 
how ever th e  m a jo r ity  of p a tie n ts  a re  still in rem ission, its  d e fin ite  d u ra tio n  
w ill be obv iously  longer. No co m p lica tio n s of TMSM tre a tm e n t h a v e  th u s  fa r 
b een  no ted . O n th ese  grounds b o th  drugs h a v e  been fo u n d  su ita b le  fo r  th e  
m an ag em en t o f p o ly cy th aem ia  v e ra .

In  our experience  th e  q u e s tio n  w h e th e r th e  p a tie n ts  h av e  h a d  a n y  o th e r 
p rev io u s th e ra p y  does n o t affect th e  responsiveness to  e ith e r  d ib ro m o m a n n ito l 
o r TMSM.

On co n fro n tin g  th e  m erits  o f  c y to s ta tic  d rugs w ith  tho se  o f  32P , we 
f in d  on th e  g rou n d s of m any  y e a rs  o b serv a tio n s th a t  a d m in is tra tio n  o f 32P  
re su lte d  in  full clinical an d  h aem ato lo g ica l rem ission in 95 to  9 6 %  a n d  th a t  
th e  rem ission follow ing th e  f i r s t  courses averaged  25.68 m o n th s  in  d u ra ­
tio n  [22]. No com plica tion  calling  fo r  th e ra p e u tic  m easures has b een  n o te d  
in  o u r 32P-series.

T he ap p ea ran ce  of acu te  leu k aem ia  w as en co u n te red  in one case  an d  
t h a t  o f m yelofibrosis in a fu r th e r  case in o u r 32P -series d u rin g  th e  e n tire  
o b se rv a tio n  period  of 11 years. T h e  second p a tie n t  h a d  been g iven  d ib ro m o ­
m a n n ito l in  ad d itio n  to  32P . T he use  o f  TMSM p roved  successful all th ro u g h o u t 
a n d  invo lved  no com plications in  a n y  o f th e  cases, b u t  th e  periods o f rem ission  
a re  s till too  sh o r t  for any  c o m p a ra tiv e  ev a lu a tio n .

O ur earlie r s tud ies [20, 22] as w ell as th e  p re se n t o b se rv a tio n s  seem  to  
w a rra n t  th e  use o f cy to s ta tic  d ru g s in  a lte rn a tio n  w ith  32P . In  th e  e a r ly  stag es , 
p a rtic u la r ly  in  y o u n g  p a tie n ts , c y to s ta t ic  ag en ts  are recom m ended , since  th e y  
h a v e  been fo u n d  to  b ring  ab o u t a d e q u a te  rem issions in  cases of lesser sev e rity , 
w hereas m ore ad v an ced  cases, p a r tic u la r ly  in  th e  presence o f v a sc u la r  co m p li­
ca tio n s  or loss o f  responsiveness to  c y to s ta tic  agen ts, call fo r 32P . A po licy  
o f th is  k ind  p ro v id es  for th e  re d u c tio n  of th e  overall doses o f 32P  w h ich  th e  
fu r th e r  course o f disease m ay s till  req u ire . T h is is a p o in t of im p o rta n c e  since, 
n o tw ith s ta n d in g  th e  occurrence o f  sp o n tan eo u s leukaem ic  tra n s fo rm a tio n  
even  in  th e  absence of any  th e ra p y  [23, 31], th e  p o ssib ility  th a t  th is  e v e n tu a lity  
m ig h t be p ro m o ted  by  32P  th e ra p y , c an n o t be  ru led  o u t.

T he fa c t t h a t  c y to s ta tic  th e ra p y  dispenses w ith  th e  need  fo r  iso tope  
lab o ra to rie s  h as  also its d isa d v a n ta g e s  since i t  m akes th is  th e ra p y  accessib le  
to  th o se  w ho a re  n o t fam ilia r en o u g h  w ith  th e  d iag n o stic  an d  th e ra p e u tic  
a sp ec ts  of p o ly cy th aem ia  ve ra . I n  re a lity , th e  h aza rd s  o f g rave  o r re s is ta n t 
leukopen ia  an d  th ro m b o c y to p e n ia  invo lved  by  th e  ra p id  c y to s ta tic  effect 
ca ll fo r th e  c losest possible h aem a to lo g ica l superv ision  d u rin g  th e  en tire  
perio d  of tre a tm e n t.
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V ectorcardiography in patien ts w ith artificial pacem aker is suitable for (1) com ­
parative assessm ent of different vectorcardiographic systems; (2) close stu d y  of the 
stim ulus artifac t; (3) precise location of the stim ulating  electrode; (4) electrophysiological 
analysis of the spread of excitation  in hum an subjects.

E lec tro n ic  p acem ak ers  are  in creasin g ly  used  in  p a tie n ts  w ith  life- 
th re a te n in g  co n d u c tio n  d is tu rb an ces  an d  a rrh y th m ia s . T he s tud ies co n cern in g  
th e  e lec tro card io g rap h ic  aspects  o f p acem ak ers  have been p re v a le n tly  co n ­
ce rn ed  w ith  th e  sh o rtcom ings of th e  m e th o d  an d  w ith  p acem ak er-in d u ced , 
ia tro g en ic  a rrh y th m ia s  [11, 12, 15, 16, 21].

T he s tu d ies  on th e  sp read  of e x c ita tio n  g en era ted  by th e  p a c e m a k e r  
h av e  g rea tly  c o n tr ib u te d  to  ou r u n d e rs ta n d in g  of e lec trophysio logy . H u m a n  
p a th o lo g y  invo lves m an y  p h en o m en a  w hich are  n o t rep roducib le  in  th e  la b o ­
ra to ry  an im al an d  there fo re  we h av e  to  m ak e  use of every  m eth o d  p ro v id in g  
closer in fo rm atio n  on th e  processes in  q u es tio n  w ith o u t invo lv in g  m a jo r  
in te rv en tio n s . V ec to rca rd io g rap h y  p e rm its  a d e ta iled  s tu d y  o f v e n tr ic u la r  
d ep o la risa tio n  an d  rcp o la risa tio n  [2, 13, 20, 22] from  d iffe ren t a sp ec ts . W e 
m ay  s tu d y  in  th is  m an n er

1) th e  s tim u lu s  a rtifac ts ,
2) th e  Q R S-T -loop,
3) th e  fusion bea ts .

Acta Medica Academiae Scientiarum ttungaricae,  Tomus 28 (3 4)4 pp. 217 226 (1971)

Material and m ethod

The electro- and vectorcardiogram s of 30 patien ts w ith pacem akers were s tud ied , righ t 
ventricular un its having been used in 25 and left ven tricu lar units in 5. F ifteen were of the 
fixed-rate, 13 of the dem and, and 2 of the atrio-synchronized type. ECG and VCG were 
recorded before and after im plantation of the pacem aker or replacem ent of the b a tte ry . The 
corrected orthogonal F rank  lead system  was used. The recording apparatus was a V isocard 
or a Biokoinb type vectorcardiograph, the la tte r  of our own modification. P ho to reg istra tion  
of the spikes caused some difficulty, since despite the d istinct loops appearing on the  screen 
their direct photographic display was made impossible by the excessive shortness (1 to  2.5 msec) 
of the sequence of the stim ulus spreading. Therefore we had to retouch it  in full accordance
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w ith  the original. The following param eters were stud ied  in every case: spatial o rien tation  
of th e  stim ulus, inscrip tion  of th e  QRS-loop, o rien ta tion  of the QRS-loop in the fron ta l, righ t 
sag itta l and horizontal p lanes and  the precise site of conduction delay.

Results

Stim ulus artifact (sp ike )

T he spike of th e  p a c em ak er appears on  th e  sca la r ECG as a n e e d le -p o in t­
sh a p e d  p o te n tia l o f  e x tre m e ly  sh o rt d u ra t io n . T h e  b iphasic  n a tu re  of th e  
im p u lse  is d e m o n s tra b le  b y  v e c to rc a rd io g ra p h y  (F ig . 1). The in itia l d e flec tio n

Fig. 1. ECG and VCG of rig h t ventricular stim ulation . The continuous loop represents the
spike, the in terrup ted  loop the QRS

is a ra p id  n arrow  line , su b seq u en tly  th e  a f fe re n t lim b  swings su d d en ly  in to  
th e  opposite  d irec tio n . T h is  second phase  w h ich  genera lly  occupies a la rg e r 
su rface  area  is in  fa c t th e  re su lt of a co ndenso r-like  postd ischarge  of th e  tissues.

T he a m p litu d e  o f  th e  spike varies acco rd in g  to  th e  ty p e  of p acem ak er. 
T h e  stim ulus o f a u n ip o la r  pacem aker s ig n if ic a n tly  exceeds in  h e ig h t th e  
Q R S-loop . This is o n ly  n a tu ra l  since i t  is o n ly  th e  ca thode w hich  h as  an  
in tra c a rd ia l site  th e  o th e r  electrode being p la c e d  a t  som e d is ta n t p o in t o f th e  
b o d y . In  th e  case o f  a b ip o la r  p acem ak er th e re  is no sign ifican t d ifference in
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a m p litu d e  betw een  Q R S an d  th e  sp ike, b o th  po les being  placed in tra c a rd ia lly  
a p p ro x im a te ly  10 m m  a p a r t .  W ith  a u n ip o la r  pacem ak er the s p a tia l  o rien ­
ta tio n  of th e  spike d ep en d s on th e  position  o f th e  p ositive  pole. T h e  d irec tio n  
varies accord ing  to  w h e th e r  the  pacem ak er is p laced  in the  rig h t o r th e  left 
p ec to ra l m uscle or in  th e  ab d o m in a l w all. In  th e  conven tiona l E C G -leads th e  
u n ip o la r p acem ak er sp ik e  gives th e  b e s t p ro je c tio n  in  leads being  a t  r ig h t 
angles to  its  axis. T he d irec tio n  of th e  b ip o la r  sp ike  is definable b y  th e  line 
conn ec tin g  th e  n eg a tiv e  w ith  th e  p o sitive  e lec tro d e .

In  11 p a tie n ts  w ith  r ig h t v e n tr ic u la r  b ip o la r  pacem aker th e  sp ik e  was 
o rien ted  to  th e  r ig h t, a n te r io r ly  and  su p e rio rly , in  5 p a tien ts  to  th e  r ig h t, 
a n te r io r ly  a n d  in fe rio rly  an d  in 9 to  th e  le f t, a n te r io r ly  and  in fe rio rly . T he 
g rea t n u m b e r o f cases in  w hich  th e  stim u lu s w as o rien ted  to  th e  le f t w as due 
in  all p ro b a b ility  to  a rev e rsa l o f th e  p o sitiv e  a n d  neg a tiv e  poles. I n  th e  case 
of le f t v e n tr ic u la r  s tim u la tio n  th e  sp ike w as in v a r ia b ly  o rien ted  to  th e  r ig h t, 
p o s te rio rly  an d  in fe rio rly . O rien ta tio n  of u n ip o la r  pacem ak er s tim u li show ed 
no re g u la rity .

A nalysis o f  the QRS-loop

T h e p acem ak er-in d u ced  v e n tr ic u la r  com plexes considerab ly  d iffe r from  
th e  su p ra v e n tr ic u la r  com plexes sp read in g  to  th e  ventric les th ro u g h  n o rm a l 
p a th w a y s . I t  is a sim p lified  em pirical ru le t h a t  p acem ak er s tim u la tio n  o f one 
v en tric le  p roduces th e  E C G -p a tte rn  of co m p le te  b u n d le  b ranch  b lo ck  of th e  
opposite  side (F ig. 1).

V ec to rca rd io g rap h y  p rov ides for a c lo ser analysis of th e  v e n tr ic u la r  
sp read  o f s tim u lus. T h e  p a cem ak er-g en e ra ted  v e n tr ic u la r  com plex  assum es 
th e  p a t te r n  of a v e n tr ic u la r  p re m a tu re  b e a t, i. e. o f a bundle  b ra n c h  block . 
T he sp re a d  o f stim u lu s is likew ise sim ilar to  t h a t  of ectopic b ea ts . T h e  co n ­
d u c tio n  d e lay  is c learly  recognizable  an d  p rec ise ly  localizable in  th e  VCG. 
T he s tim u lu s  sp reads re tro g ra d e ly  u p w ard  fro m  th e  slow -conducting  fib res  
v ia  th e  P u rk in je  n e tw o rk . On com paring  th e  p a t te rn  of r ig h t v e n tr ic u la r  
p a c em ak er s tim u la tio n  w ith  t h a t  of le ft co m p le te  bund le  b ra n c h  b lo ck  th e y  
are  fo u n d  to  differ b y  th e  lo ca tio n  of th e  co n d u c tio n  delay  (F ig. 2). W hile  in 
com plete  le f t bund le  b ra n c h  block it  is found  in  th e  m id- and  te rm in a l p o rtio n s , 
w ith  p a c em ak er s tim u la tio n  it  m ay  be s itu a te d  in  th e  in itia l, m idd le  an d  te r ­
m in a l p o rtio n s  of th e  Q R S .

T h e  sites of co n d u c tio n  d elay  in th e  p re se n t cases have been su m m a riz e d  
in T ab le  I .  In  b o th  cases, i.e. w ith  p acem ak er-g en e ra ted  s tim u la tio n  as well 
as in  co m p le te  le ft b u n d le  b ra n c h  block, th e  s tim u lu s  spreads aphysio lo g ica lly  
from  r ig h t to  le ft, w ith  th e  d is tin c t d ifference, how ever, th a t  in th e  fro n ta l 
and  sa g itta l p lanes th e  com plex  of left bu n d le  b ra n c h  block tends to  be  o rie n te d  
do w n w ard , w hereas th e  p a c e m a k e r rev o lu tio n  d is tin c tly  po in ts u p w a rd . T h is
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Fig. 2. YCG p a tte rn  of righ t ven tricu lar pacem aker stim ulation  contrasted w ith  th a t  of
com plete left bundle b ran ch  block

Table I

Location o f conduction delay in  QRS-loop

In itia l and mid-portion 7 cases
Initial, middle and term inal portion 14 cases
Middle and term inal portion 6 cases
Terminal portion 3 cases

show s t h a t  in  th e  case of a le f t bund le  b ra n c h  b lo c k  th ere  is a specia l ty p e  of 
s e p ta l  d ep o la risa tio n  w h ich  is n o t rep ro d u c ib le  b y  s tim u la tio n  o f th e  r ig h t 
s e p ta l  su rface .

L eft ventricular pacemaker im p la n ta tio n  re su lts  in  a p a t te rn  s im ila r  to  
t h a t  o f  a r ig h t b u n d le  b ra n c h  block (F ig. 3). T h e  d irection  of th e  sp re a d  of 
s t im u lu s  depends on th e  p la c e m e n t of th e  le f t  v e n tr ic u la r  e lec trode . P o s te ro ­
la te r a l  im p la n ta tio n  gives a n  an te rio r, w h ile  a n te ro la te ra l im p la n ta tio n  a 
p o s te r io r  o rien ta tio n .

Right ventricular pacing  m ay  occasionally  give rise to  an  E C G  o r YCG 
p a t t e r n  o f th e  ty p e  o f co m p le te  le ft bund le  b ra n c h  block (Fig. 4).

I n  th e  cases w ith  r ig h t v en tr icu la r  p a c e m a k e rs  th e  m ax im al Q R S -v ec to r 
w as m o s tly  o rien ted  in  th e  fro n ta l  and  h o riz o n ta l p lanes betw een  0° a n d  90°. 
I n  4 p a tie n ts , d esp ite  a r ig h t  v e n tr ic u la r  s tim u la tio n , th e  Q R S -loop  w as 
o r ie n te d  in  th e  r ig h t low er q u a d ra n t. I t  w as assu m ed  th a t  th e  t ip  o f th e  elec-
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Fig. S. ECG and VCG patterns of left ventricular pacem aker stim ulation  contrasted  w ith 
those of com plete right bundle branch block

tro d e  h a d  p e n e tra te d  th e  se p tu m . In  tw o p a tie n ts  i t  w as possible in  fa c t to  
locate  th e  tip  of th e  c a th e te r  in  th e  p ro jec tion  o f th e  le ft v en tric le  b y  m eans 
o f X -ray s  tak en  in tw o view s. In  th e  case of left v e n tr ic u la r  pacing  th e  m ax im um  
Q R S v ec to r  was o rien ted  in  th e  fro n ta l p lane b e tw een  —|—120° an d  160° 
an d  in  th e  h o rizon ta l p lane  be tw een  —f-120° an d  150° (F ig. 5).

W ith  unipolar pacemakers th e  s tim u la tin g  e lec tro d e  was p laced  in tra -  
c a rd ia lly  and  th e  in d iffe ren t pole in th e  p ec to ra l o r ab d o m in a l m u scu la tu re . 
O nly  a p o rtio n  of th e  Q R S-loop  is recognizable on th e  VCG, co n d u ctio n  in th e  
s tr ia te d  m uscles be ing  u n re g is tra b le  (F ig. 6).

Demand-type pacemakers p rov ide  for successive re g is tra tio n  of the 
p acem ak er-g en era ted  com plexes an d  of those  o rig in a tin g  from  th e  sino- 
a u ric u la r  node. In  th e  m a jo r ity  of ou r p a tien ts , th e  p acem ak er had  been  m ade 
n ecessary  by  A V -ldock, m ore p recisely  by  A dam s^ S tokes a tta c k s  associa ted  
w ith  co ro n ary  h e a r t disease. T h e  onse t of com plete  a tr io v e n tr ic u la r  b lock  h ad  
been  p receded  b y  in tra v e n tr ic u la r  conduction  d is tu rb an ces  (com plete  le ft 
b u n d le  b ran ch  block, hem ib lock), there fo re  in p a tie n ts  w ith  d em an d  p a c e m a k ­
ers we h a d  th e  o p p o r tu n ity  to  com pare  th e  p a c em ak er g en era ted  com plexes 
o f th e  bu n d le  b ran ch  b lock  ty p e  w ith  tru e  b u n d le  b ra n c h  blocks (F ig . 7).2 Acta Medica Academiae Scientiarum Hungaricae 28, 1971

Fig. 3. ECG and VCG pa tte rn s of left ventricular pacem aker stim ulation  contrasted  w ith 
those of complete right bundle branch  block
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Identification o f myocardial infarction in the case o f artificial pacing

R ecen t or ea rlie r m y o ca rd ia l in fa rc tio n s are  d ifficu lt to  id e n tify  in  the  
E C G  o r VCG of p a tie n ts  w ith  an  a rtific ia l p acem ak er [3].

Fig. 4. R ight bundle branch  block p a tte rn  due to perforation of the septum  by  th e  electrode

W e have been  em ploy ing  th e  V a lsa lv a -m an eu v re  fo r y ea rs  in  order to  
b r in g  o u t th e  signs o f m y o ca rd ia l in fa rc tio n  m ore c learly  on th e  VCG [17]. 
I n  o n e  of th e  p a tie n ts  w ith  a ty p ic a l h is to ry  o f m y ocard ia l in fa rc tio n , d is tin c t 
ch an g es  in  th e  VCG c o n to u rs  ensued  in  th e  course of th e  V a lsa lva  te s t  (F ig. 8).
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FRONTAL PLANE HORIZONTAL PLANE
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Fig. 5. O rientation of the m axim um  vector of the QRS-loop in patients w ith pacem aker. 
1. R ight ventricu lar stim ulation. 2. L eft ventricular stim ulation . 3. R ight ventricular (atyp ical)

stim ulation

Fig. 6. ECG and VCG p a tte rn s  of right v en tricu la r unipolar pacemaker

2 * Acta Medica Academiae Scientiarum Hungaricae 28. 1971
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Fig. 7. VCG p a tte rn  of tru e  rig h t bundle branch b lock contrasted w ith th a t  of artificial right 
bu n d le  b ranch  block due to  left ventricular excita tion  in  a patient w ith dem and-type pace­

m aker. The difference in th e  maximum Q R S-vector is distinctive of th e  tw o types

Valsalva

BE

Fig. 8. The V alsalva-test produces a distinct angu la r distortion of th e  con tour, a sign 
suggestive of previous m yocardial infarction. 4- =  clockwise, f  =  counterclockw ise in­

scription of Q RS
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D iscussion

O n th e  ev idence o f th e  s tud ies of Castella n o s  e t  al. [6] th e  le ft v e n tr ic u la r  
b ip o la r  p acem ak er s tim u lu s  is in 70%  of th e  cases o rien ted  to  th e  r ig h t, 
p o s te rio rly  an d  inferio rly , w hile th e  rig h t v e n tr ic u la r  stim u lu s p o in ts  in  50%  
to  th e  rig h t, p o ste rio rly  an d  superio rly . G r e e n  [9] contro ls th e  co rrec t fu n c ­
tio n in g  of th e  p acem ak er on th e  basis of th e  p acem ak er v e c to r’s o rien ta tio n . 
F o r th is  purpose  he derives th e  position  of th e  sp ike  from  th e  s ta n d a rd  leads 
in  E in th o v e n ’s tr ian g le . T he fro n ta l p acem ak er v e c to r  p o in ts  a p p ro x im a te ly  
in  th e  d irec tion  of th e  aV R  lead. R eversa l of th e  poles resu lts  in  a ro ta tio n  of 
a b o u t 180°. I f  ow ing to  a d isp lacem en t of th e  r ig h t v e n tr ic u la r  e lec trode  th e  
sp ike does n o t p o in t to  th e  apex , th e  fro n ta l p acem ak er v ec to r changes its 
o rie n ta tio n .

C hest X -ray s  in tw o  view s p e rm it a re liab le  loca tio n  of th e  positio n  of 
th e  b ip o la r e lec trodes. T he sp ike, as an electric  im pulse  o f know n m ag n itu d e  
an d  o rie n ta tio n , lends itse lf  to  th e  s ta n d a rd iz a tio n  of v ec to rca rd io g rap h ic  
sy stem s. E n e n k e l  [8] used  th is  m ethod  fo r th e  co m p ara tiv e  s tu d y  o f th e  
a n g u la r  accu racy  of th e  p ro jec tio n s of th re e  v ec to rca rd io g rap h ic  system s so 
as to  find  ou t th e  m arg in  of e rro r co m p atib le  w ith  th e  p ro jec tion  o f an  im pulse 
o f a g iven o rien ta tio n  on th e  ind iv idual planes.

Ba r k e r  e t al. [1] found  th a t  ex c ita tio n  o f one ven tric le  re su lts  in a 
Q R S -p a tte rn  co rrespond ing  to  th a t  p roduced  by  d issection  of th e  opposite  
b u n d le  b ranch .

I t  has been d e m o n s tra te d  by  in tra c a rd ia l EC G  stu d ies  com bined  w ith  
r ig h t h e a r t  c a th e te r iza tio n  th a t  th e  d ev ia tio n  of th e  Q R S axis w ith in  th e  r ig h t 
v en tr ic le  varies w ith  th e  p lacem en t of th e  e lec trode  [5]. A t th e  level o f th e  
r ig h t v e n tr ic u la r  inflow  t r a c t  in  th e  fro n ta l p lan e  we fin d  a n o rm a l R -ax is. 
As th e  tip  of th e  e lec trode  m oves to w ard s th e  ap ex , th e  n o rm al positio n  of 
th e  R -ax is g rad u a lly  changes in to  an ex trem e  le ft d ev ia tio n . W ith  th e  tip  
a t th e  level of the  r ig h t v e n tr ic u la r  ou tflow  t r a c t  th e  position  o f th e  R -axis 
becom es no rm al again  to  assum e g rad u a lly  a v e rtic a l p osition , i.e. an  ex trem e  
r ig h t d ev ia tio n , as i t  reaches th e  su b v a lv u la r  reg ion  of th e  p u lm o n a ry  a r te ry . 
D e te rm in a tio n  of th e  positio n  of th e  R -ax is in  th e  fro n ta l p lan e  p e rm its  to  
lo ca te  th e  position  of th e  elec trode . A n in tra c a rd ia l  p acem ak er fix ed  in  th e  
ap ex  o f  th e  r ig h t v en tric le  invo lves an  ex trem e  le ft d ev ia tio n  w ith  th e  R -ax is 
be tw een  30° an d  —90° in  th e  fro n ta l p lane .

T h e  occasional fin d in g  of a p a tte rn  sim ilar to  r ig h t b u n d le  b ra n c h  b lock  
in  r ig h t v e n tr ic u la r  pac in g  is a t tr ib u te d  b y  D a n ie l s o n  [7] as w ell as b y  
St il l m a n n  [18] to  a p e rfo ra tio n  o f th e  sep tu m  o r o f th e  a n te r io r  w all o f th e  
r ig h t v en tric le  b y  th e  s tim u la tin g  e lec trode , a n  in te rp re ta tio n  w hich  has 
n u m ero u s o p p o n en ts  [4]. A p p earan ce  of a r ig h t b u n d le  b ra n c h  b lo ck  p a tte rn  
is n o t necessarily  a sign of p e rfo ra tio n  th o u g h  in  th e  case o f a su d d en  change
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o f ax is  position  th is  p o ss ib ility  shou ld  be n ev e r le f t o u t o f co n sid e ra tio n . I t  has 
b e e n  fo u n d  in  th e  course  o f  ca rd iac  c a th e te r iza tio n s  t h a t  s tim u la tio n  o f th e  
c o ro n a ry  sinus m a y  p ro d u c e  a r ig h t b u n d le  b ra n c h  block p a t te rn  [10]. The 
X - ra y s  p e rm it to  lo ca te  th e  p acem ak er e lec trode , in  o th e r  w ords to  a sce rta in  
w h e th e r  i t  is s i tu a te d  in  th e  neighb o u rh o o d  of th e  sep tu m  or of th e  co ronary  
s in u s . M o w e r  [14] p ro d u c e d  ex p erim en ta l ev idence  of th e  ex istence  of a c ir­
c u m sc rib e d  area of th e  r ig h t  v e n tr ic u la r  se p tu m , s tim u la tio n  o f  w h ich  p ro ­
d u ces  th e  electric p a t te r n  o f  le f t v e n tr ic u la r  s tim u la tio n .

Szabó e t al. [19] th o u g h t  to  define th e  fe a tu re s  of th e  v e n tr ic u la r  com ­
p le x  resu ltin g  from  p a c e m a k e r  s tim u la tio n  b y  th e  ex p e rim en ta l p ro d u c tio n  
o f  in fa rc tio n . D iffe re n tia tio n  of th e  ST -elevation  a n d  T -inversion  th u s  p ro d u ced  
f ro m  th e  rep o la risa tio n  a b n o rm a litie s  assoc ia ted  w ith  b u n d le  b ra n c h  b lock  is, 
h o w e v e r, d ifficult and  ev en  im possib le  unless a p rev ious ECG  is av a ilab le  for 
co m p ariso n .

P acem ak er s tim u la tio n  is co m p arab le  in  m a n y  respects  to  p re m a tu re  
b e a t .  I t  is p resum ed  t h a t  if  th e  p acem ak er s tim u la tio n  has th e  n e ig h b o u rh o o d  
o f th e  a rea  of in fa rc tio n  as its  o rig in , i t  m a y  give rise to  ECG  a n d  YCG com ­
p lex es  o f d iagnostic  v a lu e  in  th e  m an n e r of th e  phenom enon  of “ in fa rc tio n  
p re m a tu re  b e a t” .
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A procedure is described for the determ ination of individual 17-ketosteroids 
from hum an urine, excreted as unconjugated  m etabolites and as sulphate and  glucu- 
ronoside esters. For the isolation and  separation p a rtia l hydrolysis, ex trac tion  and 
subsequent paper chrom atography, for the quan tita tive  estim ation micro Zim m erm ann- 
reaction have been used.

In norm al individuals, th e  unconjugatcd u rinary  fraction consisted prevalently  
of etiocholanolone, 11-OH- and 11-kcto-etiocholanolonc, whereas in the su lphate  frac­
tion dehydroepiandrosterone and  5a-steroids, and in the glucuronoside fraction the 
5/J-reduced 11-oxy and 11-deoxy m etabolites predom inated.

Changes in the spectrum  of th e  urinary  m etabolites observed following adm inis­
tra tion  of corticotrophin, M etyrapone, testosterone or dehydroepiandrosterone are also 
discussed.

T he ste ro id  ho rm one m e ta b o lite s  in u rin e  a re  m a in ly  su lp h a te  an d  glu­
curonoside esters w hereas th e  u n c o n ju g a te d  ste ro id s  acco u n t on ly  fo r  a sm all 
frac tio n . I t  is suggested  th a t  th e  ho rm onal and  o th e r  biological effects are 
a t tr ib u te d  to  u n co n ju g a ted  s te ro id s . S u lp h a te  esters a re  reg a rd ed  as an  in ac tiv e  
reserve  of th e  horm ones, an d  g lucuronosides a p p e a r to  be e n d -p ro d u c ts  of 
s te ro id  m etabolism  [23, 27]. I n  th e  case of en h an ced  ho rm one p ro d u c tio n  
p rim arily  th e  ex cre tio n  of su lp h a te  esters increases, w hereas in  defic iency  
sy n d ro m es th e  horm ones are m e tab o lized  for a g re a te r  p a r t  to  g lucuronosides 
[24]. R ecen tly , in  a d d itio n  to  th e  p ro d u c tio n , th e  e x te n t an d  m ode of 
s te ro id  con ju g a tio n  h av e  been  considered  in th e  assessm en t of th e  m etab o lism  
a n d  ho rm one  ac tio n .

T he 17-ketostero ids (17-K S) are p ro d u c ts  o f com plex  m etab o lic  p ro ­
cesses. D eh y d ro ep ian d ro s te ro n e  (D ), th o u g h  h av in g  low an drogen ic  a c tiv ity , 
is a source of p o te n t  and rogens an d  oestrogens a n d  is reg a rd ed  as a “ p re ­
h o rm o n e”  [1]. I t s  m ain  m e tab o lite s , etiocho lano lone (E ) an d  an d ro s te ro n e  (A) 
as w ell as D itse lf, are ex c re ted  in  th e  urine  as su lp h a te  an d  g lucuronoside  
este rs  an d , in a sm all frac tio n , as u n c o n ju g a te d  s te ro ids. T he 17-K S are  p resen t 
in p e riphera l b lood p re v a le n tly  in  th e  form  of su lp h a te s ; th e  ren a l reab so rp tio n  
o f glucuronosides is in s ig n ifican t [3]. F u r th e r  17-K S, ro u tin e ly  d e te rm in ed  
in  u rin e , include 11-O H -etiocho lano lone (H O E ), 1 1 -O H -an d ro ste ro n c  (H O A )
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a n d  11 -ke to -e tiocho lano lone (O E ); th e y  are  m e tab o lite s  o f a d re n a l secreto ry  
p ro d u c ts .

T h e  im portance  o f a s im u ltaneous e s tim a tio n  o f D -su lp h a te  an d  D -glu- 
cu ro n o sid e  in u rine  em erges from  th e  o b se rv a tio n s w hich  d e m o n s tra te d  th a t  
th e  m easu rem en t o f th e  cu m u la tiv e  specific a c t iv i ty  o f th e se  m e tab o lite s  in  
th e  u r in e  after th e  in tra v e n o u s  ad m in is tra tio n  of [4-14C]D a n d  [7a-3H ]D - 
s u lp h a te  allows to  s tu d y  th e  ch a rac teris tic s  o f  D  an d  D -su lp h a te  dynam ics 
( r a te s  o f secretion, p ro d u c tio n , conversion a n d  o f irreversib le  m etabo lism ).

B ased  on th e se  o b se rv a tio n s , a p ro ced u re  su itab le  fo r th e  sep ara tio n  
a n d  q u a n tita tiv e  e s tim a tio n  o f th e  in d iv id u a l este rified  an d  u n c o n ju g a te d  
u r in a r y  17-KS has b een  e la b o ra te d . T he m e th o d  has been  d eriv ed  p a r t ly  from  
o u r  p ro ced u re  described  e a rlie r  fo r ro u tin e  17-K S f ra c tio n a tio n  [9] an d  p a r tly  
f ro m  o th e r  m ethods [5, 6, 10, 26] su itab le  fo r a se lective c leavage o f th e  in d i­
v id u a l  stero id  esters.

T h e  procedure, n o rm a l v a lues an d  re su lts  o f con tro l ex p erim en ts  and 
o f v a r io u s  function  te s ts  fo rm  th e  su b jec t of th e  p re se n t re p o rt.

M ateria l and m ethod

Isolation o f free steroids

A 50 ml aliquot of 24-hour urine was extracted  twice w ith 50 ml benzene. The combined 
e x tra c t was purified w ith 20 m l N NaOH and twice w ith  10 ml water. The aqueous phases 
were pooled with the rem aining urine for further processing. The benzene phase was dried 
over anhydrous N a2S 0 4 and evapo ra ted  to dryness.

Isolation and hydrolysis o f sulphates

In  an am ount corresponding to  half volume of th e  aqueous phase, 20 g (N H 4)2S 0 4 
w as dissolved and the pH  ad ju s ted  to  1.0 w ith concentrated  H 2S 0 4. The steroid conjugates 
(su lp h a te  -j- glucuronoside) w ere ex trac ted  twice w ith 50 m l ethy l acetate  and  the residual 
u r in a ry  phase was discarded. T he pooled ex trac t was incubated  a t 37 °C for 16 to  24 hours. 
A fte r solvolysis for cleaving su lphates, the ex trac t was cooled to  room  tem peratu re , alkalin- 
ized w ith  1 ml concentrated N H 4OH and the glucuronosides were ex trac ted  w ith  20 ml 
N N aO H  and twice w ith 10 m l w ater. The residual organic phase was dried over N a2S 0 4 
an d  evaporated . The residue w as dissolved in 0.5 m l benzene.

H ydrolysis and isolation o f  glucuronosides

To the aqueous phase, 10 m l concentrated HC1 and  30 m l benzene were added, and the 
m ix tu re  was gently refluxed a t  80 to  85 °C for 20 m inutes. Then the m ix tu re  was shaken, 
th e  benzene phase separated  an d  th e  aqueous phase was repeatedly  ex trac ted  w ith  30 ml 
benzene. The combined ex tra c t w as washed w ith 6 ml 10% N aOH , then  twice w ith  5 m l w ater, 
d ried  over N a2S 0 4 and evapora ted . The residue was dissolved in 0.5 m l benzene.

Separation and quantitative determination o f steroids

Thé total am ount of uncon jugated  steroids, the sulphates and glucuronosides in an 
am o u n t of 100 to 200 fig (0.1 to  0.3 ml, depending on th e  to ta l steroid level), furtherm ore 
A serv ing  as reference s tan d ard  in  am ounts of 10, 20 and  30 fig and m ethyl red  as m arker, 
were applied on 2 x 5 6  cm strip s of W hatm an No. 1 paper. I t  was then  im pregnated w ith 
a m ix tu re  of propylene g lyco l-m ethanol (30 : 70), thereafter equilibrated for 3 hours and chro­
m atographed  for 16 to 20 hours in  a system of n -heptane-benzene-m ethanol (130 : 60 : 10).
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The chrom atogram  was developed by Zimmermann reaction according to our m ethod described 
earlier [10]. The steroid zones were eluted from the paper w ith 3 ml m ethano l-w ater (90 : 10), 
and  evaluated  in a Spektromom-360 (MOM, Budapest) spectrophotom eter a t 520 nm  in 1 cm 
cuvettes using the corresponding calibration curve [10].

Comparative study o f glucuronoside hydrolysis

To investigate the efficiency of mild hydrolysis perform ed under benzene layer, the 
steroid glucuronosides were subm itted  to enzym atic hydrolysis [10] and to perchloric acid/ 
e ther solvolysis [26]. For th is purpose the free steroids and the sulphates were ex trac ted  from 
100 ml urine samples by the m ethod described above, and the residue was d iv ided into four 
parts  equivalent to 25 ml of urine. One aliquot was subm itted  to benzene/H C l hydrolysis 
and th e  o ther three were processed as follows.

(i) To a sample ad justed  to  pH  5.2 w ith concentrated  acetic acid, 1000 U /m l /S-glucuro- 
nidase (R eanal, B udapest) or ketodase (Gödecke, Berlin) dissolved in 5 ml 1M ace ta te  buffer 
was added. The system  was hydrolysed a t  37 °C for 24 hours, cooled, and ex trac ted  tw ice with 
50 ml benzene. The combined e x trac t was washed w ith 20 ml N NaOH  and tw ice w ith  10 ml 
w ater, dried over N a2S 0 4 and evaporated .

(ii) In  a sample of the sam e volum e, 20 g (N H 4)2S 0 4 was dissolved, it  was th en  ad justed  
to  pH  1.0 w ith concentrated I I 2S 0 4 and the glucuronosides were ex trac ted  tw ice w ith  50 ml 
ethy l acetate . The combined ex trac t was evaporated to dryness and the  residue dissolved in 
1% perchloric acid in 50 ml ether. This was incubated a t 37 °C for 16 to  24 hours, cooled and 
washed w ith  10 ml N N aOH , then  w ith 10 ml w ater, dried over N a2S 0 4 and  evaporated .

(iii) The last aliquot was handled as (ii), except th a t  50 ml of 3% perchloric acid in 
e ther was used for solvolysis.

Control experiments with labelled dehydroepiandrosterone and dehydroepiandroslerone sulphate

R ecovery experim ents were perform ed w ith labelled 1) and D -sulphate which, prior 
to  use, had  been purified by the following procedure.

A pproxim ately 1 ,aCi of [4-14C] dehydroepiandrosterone (Amersham), specific activ ity  
57.1 mCi/mM, was chrom atographed on Silicagel G layer by a system  of benzene-ethanol 
(96 : 4). P regnenolone-dinitrophenylhydrazone and cortisol-bis-dinitrophenylhydrazone served 
as m arkers. A fter chrom atography, the zone betw een the two references was rem oved with 
an asp ira to r, eluted w ith freshly distilled chloroform, evaporated  to dryness and  dissolved in 
10 ml absolute ethanol. The stock solution was checked for ac tiv ity  and stored a t  16 °C for 
not m ore th an  one m onth.

A pproxim ately 5 p d  o f [7a-3H ]dehydroepiandrosterone sulphate am m onium  salt 
(Ph ilips—D uphar), specific ac tiv ity  10 Ci/mM, and D -sulphate serving as reference standard  
were chrom atographed as above in ch loroform -m ethanol-N H 4OH (80 : 19.8 : 0.2). After 
chrom atography, the reference substance was developed w ith concentrated H 2SO ,, th e  corre­
sponding zone aspirated, eluted w ith chloroform m ethanol (80 : 20), and the eluate  evapo ra t­
ed to  dryness. Purification of the  labelled steroid was repeated  by chrom atography on Silicagel 
G layer in e thy l ace ta te -e th an o l-N H 4OH (75 : 25 : 5). The labelled steroid was dissolved in 
absolute e thanol and stored a t  16 °C for no t more than  two weeks.

To the  urine sample 2000 cpm  [14C]D or 20,000 cpin [3H ]D -sulphate, respectively , was 
added. A fter processing of th e  urine, the labelled steroids were eluted from  the  chrom atogram  
w ith ether, the eluates evaporated  to  dryness and dissolved in 5 ml Liquifluor (N E N  Chemicals, 
USA; 4 g PPO  +  50 mg P O P O P  -|- 1000 ml distilled toluene). R adioactiv ity  m easurem ents 
were done on a Packard  T ri-Carb Model 3314 liquid scintillation spectrom eter operating  at 
a 24% efficiency for 3H and a 55% efficiency for 14C.*

Patient material

The norm al values were obtained from inpatien ts of the D epartm ent w ith  no evidence 
of abnorm al steroid m etabolism  and  from  healthy persons belonging to the staff. The m easure­
m ents were made from 24-hour urine samples collected (1) under basal conditions; (2) after the

* In s titu te  of E xperim en tal Medicine, Isotope L aboratory , B udapest.
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Table I

Results o f different hydrolytic procedures fo r  the determination o f 17-KS glucuronosides

Patien t,
17-ketosteroids, mg,'24 h

age, sex H ydrolytic procedure
H OE HOA OE D E A

25 F /^-glucuronidase, 1000 U/ml 0.3 1.0 0.3 — 2.6 2.8
perchloric acid, 1% ether — 0.4 0.4 — 0.4 0.7
HCl, 20% benzene _ 1.8 0.6 - - 2.8 5.0

36 F /1-glucuronidase, 1000 U/ml 0.4 0.6 0.5 - 1.0 0.8

perchloric acid, 1% ether — — - traces traces

perchloric acid, 3%  ether 0.3 0.3 0.3 — 0.5 0.3

HCl, 20% benzene 0.3 0.5 0.5 — 2.0 1.5

40 F* /^-glucuronidase, 1000 U/ml — 0.9 0.3 0.2 8.2 12.3
perchloric acid, 1% ether — 0.2 0.1 0.1 0.2 0.3
HCl, 20% benzene — 0.6 0.6 0.2 8.3 14.2

32 M /’-glucuronidase, 1000 U/ml — 0.7 0.2 — 1.2 1.1

perchloric acid, 1% ether traces traces traces — 0.2 0.4

perchloric acid, 3% ether unmeasurable due to  chromogens

HCl, 20% benzene traces 0.2 0.2 — 1.3 2.0

35 M /^-glucuronidase, 1000 U/ml 0.6 0.4 0.8 0.2 3.2 3.0

Ketodase, 1000 U/ml 0.7 0.4 0.7 0.2 3.4 2.9
HCl, 20% benzene 0.5 0.3 0.8 0.3 3.5 3.2

42 M /1-glucuronidase, 1000 U/ml 0.5 0.7 1.2 0.1 2.8 2.4

Ketodase, 1000 U/ml 0.5 0.6 1.0 0.2 2.9 2.0

HCl, 20% benzene 0.3 0.4 1.0 0.2 3.3 2.5

F  =  female, M =  male, * from urine collected on the day of oral adm inistration of 100 mg dehydroepiandrosterone
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in tram uscular adm inistration of ACTH (E xac th in , R ich ter, B udapest), 80 U being injected 
twice on a day ; (3) on the two days of M etyrapone adm inistra tion  in daily doses o f 3 g; (4) on 
the last day of intram uscular adm in istra tion  of testosterone-propionate (A ndrofort, R ichter) 
in doses of 30 mg daily for five days; (5) on the day and the day after the oral adm inistra tion  
of 100 mg dehydroepiandrosterone (R ichter).

R esults an d  discussion

Control o f the procedure

A fte r e x trac tio n  o f th e  u r in a ry  u n c o n ju g a te d  17-KS w ith  a n o n p o la r  
so lv en t [13], frac tio n a l h y d ro lysis  w as p erfo rm ed  accord ing  to  B a u l i e u  and  
M ic h a u d  [2]. F irs t th e  su lp h a te s  w ere so lvolysed  b y  a m od ified  p ro ced u re  
o f B u r s t e in  an d  L ie b e r m a n  [5] th e n  th e  g lucuronosides h y d ro ly se d . T he 
c ritic a l p o in t of f rac tio n a l h y d ro ly sis  w as th e  sp littin g  of g lu cu ro n o sid es  for 
w h ich  th e  com m on m eth o d s are en z y m a tic  h y d ro ly sis  [5, 10], so lv o ly sis  w ith  
p e rch lo ric  acid  [6, 26] o r p ro te c te d  acid  h y d ro ly sis  u n d e r b e n z e n e  lay e r 
[9, 10]. C o m p ara tiv e  ex p erim en ts  w ere perfo rm ed  to  con tro l e ffic ien cy  o f the  
th re e  m e th o d s  and  th e  d a ta  o b ta in e d  h av e  been  su m m ed  up  in  T a b le  I .  O n the  
ev idence  o f re su lts , th e  p e rch lo ric  acid  m e th o d  has been  fo u n d  in a d e q u a te  
to  cleave th e  g lucuronosides. M ax im um  am o u n ts  fo r E and  A h a v e  in v a ria b ly  
b een  fo u n d  w ith  th e  H C l/benzene m e th o d . T h e  D va lu es  w ere id e n tic a l w h e th e r 
m ild  ac id  hyd ro lysis  w ith  HC1 o r th e  en zy m a tic  p ro ced u re  h a d  b e e n  used. 
As d e m o n s tra te d  earlie r [10], th e  p ro te c te d  HC1 m e th o d  invo lv es  a sligh t 
b reak d o w n  of H O E  an d  H O A . H o w ev er, th e  c h ro m a to g ra p h ic  p ro ced u re

Table II

Recovery o f dehydroepiandrosterone-4-liC 
and o f dehydroepiandrosterone-? а.-гН  sulphate from  urine

—
No. Steroid, cpm Recovery, cpm Recovery, p e r  cen t
of

sample added to the sample D DS DG D DS DG

l D-C14 2050 1480 — — 72.6 — —

2 , , , , 1860 — — 91.2 — —
3 , , 1650 — — 81.0 — —
4 -• » 1695 — — 83.5 — —

5 DS-H3 23,200 70 20.029 140 0.003 86.5 0.006

6 >> ,, 171 18.700 56 0.008 80.8 0.002

7 »> , , 22 17.133 237 0.001 73.8 0.01
8 >» , , 80 24.571 207 0.004 105.2 0.009

9 »> , , 53 19.549 289 0.002 84.2 0.012
10 »» ” 83 22.745 257 0.004 98.0 0.011

D dehydroepiandrosterone 
DS dehydroepiandrosterone sulphate 
DG dehydroepiandrosterone glucuronoside
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e m p lo y e d  appears to  be  su ita b le  for the  s e p a ra tio n  an d  q u a n tita tio n  of th e  
b re a k d o w n  p ro d u c ts , as w ell. These c o n sid e ra tio n s  have  m ade us to  select 
th e  H C l/benzene p ro c e d u re  fo r  glucuronoside h y d ro ly sis .

F o r  a fu r th e r  c o n tro l ,  recovery  e x p e rim e n ts  h av e  been  p erfo rm ed  by  
t r a c e r  [4-14C]D and  [7oc-3H ]D -su lp h a te  or “ co ld ”  E . T he resu lts  o f th e  iso tope 
s tu d y  h av e  been su m m e d  u p  in  Table I I .  I t  c a n  b e  seen th a t  from  th e  u n co n ­
ju g a te d  frac tion  [4-14C ]D , a n d  from  th e  s u lp h a te  frac tio n  [7<x-:!H ]D  sa tis fac ­
to r y  reco v ery  ensured  w ith  n o  m u tua l c o n ta m in a tio n  of iso topes b e tw een  th e  
u r in a r y  fractions. E x tr a c t io n  of the  u n c o n ju g a te d  D (72.6 to  91 .2% ), fu r th e r ­
m o re  solvolysis and  e x tr a c t io n  of th e  labelled  s u lp h a te  ester (73.8 to  105.2% ) 
m a y  b e  considered o f a d e q u a te  efficiency a n d  se lec tiv ity . M oreover, on th e  
e v id e n c e  of 12 e x p e rim e n ts  th e  m ean re co v e ry  of 10 to  50 fig E  was 
8 1 .6 %  (range 63.0 99.0% ,), which is c o n s is te n t w ith  resu lts  o f th e  iso tope
s tu d y .

A s to  the  s e n s itiv ity  a n d  specificity  o f th e  m e th o d , we refer to  o u r earlier 
p a p e r  [9].

Unconjugated 17-ketosteroids in urine

D a ta  concerning th e  ex c re tio n  of u n c o n ju g a te d  17-К.Ч b y  n o rm al m ales 
a n d  fem ales have been su m m e d  up in T ab le  I I I ,  in  w hich only th e  m ean  and  
lim its  o f basal ex cre tio n  a re  given. A ccording to  th e  ob se rv a tio n s, th e  urine  
o f  m a le s  contained  no free  D  and  th a t  of fem ales  only  sm all am o u n ts  of th e  
s te ro id . There was a p re p o n d e ra n c e  of 5/3-steroids (H O E , O E a n d  E ) in  th e  
u n c o n ju g a te d  frac tio n . F o r  in stan ce , ex c re tio n  o f  H O  A was con fin ed  to  a 
s in g le  case, and  ex c re tio n  o f  E was in excess o f  t h a t  o f A. As a re su lt, th e  
5/5/5<x ra tio  averaged 3.6 o r  6 .8 , respectively , as opposed  to  th e  to ta l  s te ro id  
v a lu e s  (u n co n ju g a ted  s te ro id s  -f~ su lphates -f- g lucuronosides) show ing  a ra tio  
o f  a b o u t  1.0 [11].

C o n tra ry  to  th e  e s te rs  form ing th e  p re v a le n t  p a r t  of 17-K S in u rine , 
f re e  17-K S were e ith e r  a b s e n t  or excreted o n ly  in  m in u te  am o u n ts . A ccording 
to  o u r  know ledge, th e  p re se n c e  of these s te ro id s  in  u rine  m ay  h a v e  th e  fo l­
lo w in g  causes.

1) A failure of c o n ju g a tio n  m echanism  in  th e  liver or o th e r  tissues 
k n o w n  to  occur u n d e r  p a th o lo g ic a l co n d itio n s [14, 19] b u t  to  a ce rta in  
d eg ree  also under “ n o rm a l”  cond itions.

2) R ehydro lysis o f  s te ro id s , having b een  c o n ju g a te d  in  th e  liv e r or in 
o th e r  o rgans, m ay o ccu r in  vivo p rio r to  th e ir  e x c re tio n  in  u rine . I t  is know n 
t h a t  c e r ta in  tissues h a v e  su lp h a ta se  [28] a n d  th e  k id n e y  has g rea t g lu cu ro n i­
d a se  a c t iv i ty  [25].

3) Since p a r t  o f th e  ste ro id s  is e x c re te d  th ro u g h  th e  in te s tin e  and  
th e  in te s tin a l flo ra  c o n ta in s  m icroorganism s o f  h y d ro lase  a c tiv ity  [8], th e
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Table Ш

Urinary excretion o f 17-KS in the form  o f unconjugated steroids and o f sulphates and glucuronosides by healthy subjects

Age, years, 
sex Form of excretion

17-ketosteroids

HOE HOA OE D E A 5/J/5«

1 6 -3 8  F Unconjugated 0—45 + 0—5 0 - 2 0 0 - 2 2 0—30 0 - 1 2 2.1— > 1 0

n =  16 12 + + — 6 4 9 5 3.6

2 0 -4 5 Unconjugated 0 - 6 5 — 0—20 — 0 - 6 0 0—55 0 .8 - > 1 0

n =  9 26 — 3 — 22 7 6.8

2 1 -4 0  F Sulphate 0—0.2* 0—0.3 0 -0 .1 0.1— 1.6 0 -0 .5 0.1—0.4 0.1 — 3.0

n =  9 0.1** 0.1 — 0.8 0.2 0.2 1.1

Glucuronoside 0.1 — 0.8 0—0.8 0.2—0.6 0 -0 .4 1.1—2.9 0.8 — 3.9 0.8 — 2.6

0.3 0.4 0.4 0.1 1.9 1.8 1.4

2 2 -4 3  M Sulphate 0 -0 .2 0 - 0 .6 0 -0 .1 0.4—3.2 0 - 0 .6 0 .4 -1 .5 0.1 — 0.9

n =  6 0.1 0.3 — 1.5 0.3 0.8 0.4

Glucuronoside 0.2 — 0.6 0.3— 1.2 0 .3 -1 .0 0 -0 .2 1.4—4.0 1 .5 -4 .2 0.8—1.3

0.4 0.7 0.5 0.1 2.6 2.7 1.0

F =  female, M =  male, n =  num ber of cases 
— not detectable

+ ränge 24 hrs 
+ + mean ■ nrS

range mg/24 hrs
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co lo n  m ay  well re p re s e n t a site  o f stero id  reh y d ro ly sis . On th e  g rounds of 
r e c e n t evidence [7], c e r ta in  ste ro id  m e tab o lite s  tra n sfo rm e d  b y  th e  in te s tin a l 
m icroo rgan ism s m a y  a p p e a r  also in th e  u rin e .

A ccording to  o u r o b se rv a tio n s , the  5/5-steroids p red o m in a te  in  th e  u r in a ry  
u n c o n ju g a te d  fra c tio n . T h is  suggests th a t  th e  m ech an ism  responsib le  fo r th e  
e x c re tio n  (or fo rm a tio n ) o f  u n co n ju g a ted  17-K S m u st be 5/5-stereospecific. 
C e rta in  5/5-steroids, su ch  as E , 5/5-pregnanediols are  know n to  h av e  pyrogen ic , 
h a e m o ly tic  or ic te ro g en ic , e tc ., effect [17], a n d  sy n d ro m es w ith  th e se  fe a tu re s  
m a y  be  accom panied  b y  a n  increase of u n c o n ju g a te d  5/5-steroid level in  th e  
b lo o d  [4, 12]. These a sp e c ts  m ay  give a s ign ificance  to  th e  sim u ltan eo u s s tu d y  
o f  u n co n ju g a ted  5 /5-steroid  m e tabo lites in  b lo o d  a n d  u rin e  u n d e r  n o rm a l and  
p a th o lo g ic a l cond itions.

17-Ketosteroid esters in  urine

V alues of th e  17-K S  su lp h a te  and  g lucu ro n o sid e  esters in  th e  u rin e  o f 
n o rm a l males and  fem a le s  h av e  been su m m ed  u p  in  T ab le  I I I .  D é h y d ro ­
ép ian d ro s té ro n e , th e  m a in  m e tab o lite  of th e  su lp h a te  frac tio n , d id  n o t exceed
0 .4  m g/24 hours in  th e  g lucuronoside  frac tio n . T h e  17-K S m etab o lites  in  u rine  
o f  fem ales were p a r t ly  5/5-, p a r tly  5 a -s te ro id s , w hereas th o se  of m ales 
w e re  p rev a len tly  5oc-steroids, hence th e  5/5/5a  ra t io  w as fo u n d  in v a ria b ly  less 
t h a n  th e  u n it in  m ales. Q u a n tita tiv e ly , g lucu ronosides fo rm ed  th e  m a in  fra c ­
t io n . I n  bo th  sexes, th e  11 -oxygenated  m e ta b o lite s  an d  E  w ere p re v a le n tly  
g lucuronosides, th e  re la t iv e  am o u n t of A in  th is  fra c tio n  being  less th a n  th a t  
o f  E . I n  th e  age g ro u p  s tu d ie d  (from  21 to  43 y ea rs) , no age re la te d  difference 
w as dem onstrab le  in  th e  d is tr ib u tio n  of s te ro id s .

D e h y d ro e p ia n d ro s te ro n e  an d  its  su lp h a te  e s te r are  p ro d u ced  m ain ly  
in  th e  adrenal. T he b io lo g ica l h a lf  life o f free  D does n o t exceed a b o u t 60 
m in u te s , th a t  of D -s u lp h a te  am oun ts to  10 to  15 hou rs  [3, 21, 22]. T h e  D -sul- 
p h a te  b y  slow h y d ro ly s is  is converted  in vivo in to  D  w hich  is tra n sfo rm e d  a t  
a n  excessive ra te  in to  v a r io u s  m etabo lites in c lu d in g  E - an d  A -glucuronosides. 
U n c o n ju g a te d  D, p a r t ic u la r ly  in  th e  case o f h ig h  ho rm one  levels, is r e tra n s ­
fo rm e d  in to  D -su lp h a te , p a r t  o f w hich is d ire c tly  red u ced  to  E - an d  A -su lp h a te  
in  th e  liver [3, 15]. F o rm a tio n  of th e  su lp h a tes  o rig in a tin g  from  th e  endocrine 
o rg a n s , th e  liver an d  p o ss ib ly  also from  o th e r  tissu es , is u n re la te d  to  th e  d e to x i­
c a tio n  m echanism , th e se  s te ro id s  being c o n v e rtib le  in to  u n c o n ju g a te d  stero ids 
o f  ho rm o n al a c tiv ity  [3]. T h is  is consisten t w ith  th e  re su lts  of iso tope  s tud ies 
acco rd in g  to  w hich th e  a p p e a ra n ce  of su lp h a te s  is slow an d  th a t  of g lu cu rono­
sid es  is rap id  in  u r in e  [3, 22].

Since th e  u n c o n ju g a te d  17-KS are  fo r th e  g rea te s t p a r t  ho rm o n ally  
in a c tiv e  b reakdow n p ro d u c ts  of 5/5-configuration an d  th e ir  u r in a ry  excre tion
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Table IV

Urinary excretion o f unconjugated 17-KS and o f 17-K S sulphate and glucuronoside esters 
by healthy subjects before, during and after administration o f ACTH, 

Metyrapone and testosterone propionate

Ag».
years, sex

Form 17-ketosteroids, mg/24 h
Treatment of

excretion HOE HOA OE D E A S/I/5a

35 F _ NC _ — ;-- — 0.03 0.01 3.0
s 0.2 — — 0.5 — 0.3 0.7
G 0.2 0.4 0.3 0.1 1.9 2.0 1.0

Meto II NC — — 0.02 0.01 0.02 0.01 4.0
S — — — 1.2 0.4 0.8 0.5
G 0.1 — 0.3 — 4.0

00 0.9

38 F — NC 0.01 — 0.01 0.01 0.01 0.01 3.0
S — 0.2 — 1.6 — 0.2 <  0.1
G 0.1 0.2 0.5 0.2 1.4 1.6 1.0

ACTH NC 0.07 — 0.3 — 0.05 0.01 > 1 0
S 0.2 0.5 0.1 3.4 0.4 0.6 0 .7

G 0.3 0.6 1 .8 0 .2 3.0 2.9 1.5

Meto I NC 0 .0 2 — 0.01 — 0.04 0.02 3 .5

S — 0.1 — 1.9 0.5 0.3 1.3

G 0.1 — 0.3 0.1 2.4 2.5 1.1

Meto II NC — — 0.02 0.03 0.08 0.03 3.3

S — — — 1.7 0.7 0.5 1.4
G — — 0.4 0.1 5.1 2.8 2.0

26 F — NC 0.02 — — — 0.01 0.01 3.0

S — 0.3 — 0.4 0.3 0.2 0.6
G 0.3 0.8 0.4 0.1 1.2 1.2 1.6

Testo NC 0.03 0.01 0.01 0.01 0.03 0.01 3.5
S — 0.4 — 0.6 0.4 0.8 0.3

G 0.2 0.7 0.4 0.2 5.3 3.2 1.6

NC unconjugated Meto I On the 1st day of adm inistration of M etyrapone (3 g)
S sulphate
G glucuronoside Meto II On the 2nd day of adm inistration of M etyrapone (3 g)

F female ACTH On the day after adm inistration of ACTH (80 U
twice)

Testo On the last day of testosterone propionate adm inistra-
tion (30 mg daily for five days)
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U rinary excretion o f unconjugated 17-KS and o f  17-K S sulphate and glucuronoside esters 
by healthy subjects before, during and after administration o f déhydroépiandrostérone

Table V

p orm  17-ketosteroids, mg/24 h

years ,  sex Time of test of
excretion HOE HOA OE D E A 5/S/ 5a

35  M before D NC 0.03 — 0.01 — 0.06 _ > 1 0

s — 0.1 — 3.1 — 0 .6 <  0.1

G 0.3 0 .4 0.3 0.2 1.4 2.1 1.0

during D NC 0.05 — 0.05 — 0.10 — > 1 0

S — 1.0 — 9.6 — 2.9 <  0.1

G 0.9 1.0 0.9 1.9 3.8 2.9 1.4

38  M before D NC 0.04 — — — — — > 1 0

S — 0.6 — 0.7 0.5 0 .4 0.5

G 0.3 1.2 0 .6 0.2 1.5 1.5 1.1

during D NC 0.04 — — 0.04 0.10 — > 1 0

S 0.3 0.3 — 12.3 1.9 1.8 1.0

G — 0.6 0.4 0.5 5.2 6.2 0.8

4 0  M before D NC 0.02 — — — — — > 1 0

S 0.2 0.5 — 3.0 — 1.0 0.1
G 0.4 0.5 0.4 — 3.2 2.1 1.5

during D NC — — — — 0.06 — > 1 0

S 0.2 0.7 — 14.8 0.9 2.3 0.4

G 0.6 0 .4 0 .4 0.3 8.2 6.5 1.3

after D NC — — — — 0.05 — > 1 0

S 0.2 0 .4 — 4.0 0.2 1.1 0.3
• G 0.5 0 .4 0.5 o-i 4.0 3.1 1.4

21  F before D NC 0.01 — — — 0.01 — > 1 0

S 0.2 0 .3 — 0.3 0.3 0.2 1.0
G 0.2 0.1 0.3 — ■ 1.8 1.6 1.4

during D NC 0.02 — — 0.01 0.03 — > 1 0

S — 0 .3 — 6.0 0.4 1.1 0.3

G 0.2 0 .2 0 .4 0.4 5.9 4 .6 1.3

after D NC 0.01 — — — 0.01 0.01 2.0

S 0.1 0 .4 — 1.0 0.2 0.3 0.4

G 0.2 0.3 0.5 0.2 3.5 2.5 1.5

NC unconjugated 
S sulphate 
G glucuronoside

D dehydroepiandrosterone, 100 mg 
F female 
M male
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is n o t re la ted  to  th e  u r in a ry  level o f th e  co n ju g a tes , th e  free f ra c tio n  seem s 
to  be no  in d ica to r  of ho rm one p ro d u c tio n  an d  m u st be a t t r ib u te d  to  o th e r 
m e tab o lic  fac to rs. Since, on th e  o th e r  h an d , th e  su lp h a te  esters are  tra n s fo rm e d  
in to  ac tiv e  horm ones an d  th e  ra te  of th e ir  m etabolism  is slow , th e  s te ro id  
su lp h a te  excre tion  m ay  be p resu m ed  to  he one of th e  b est “ u r in a ry  in d ic a to rs” 
o f ho rm one  p ro d u c tio n , w hereas th e  g lucuronoside ex c re tio n  seem s to  refer 
on th e  a c tiv ity  of th e  in a c tiv a tio n  m echanism .

17-Ketosteroid excretion following A C T H , Metyrapone, testosterone and 
déhydroépiandrostérone administration

T h e re lev an t d a ta  are to  be seen in  T ab le  IV . A ccording to  th e  o b se rv a ­
tio n s , M ety rapone  reduced  p rim a rily  th e  a m o u n t of ll-o x y -1 7 -K S  su lp h a te s  
an d  increased  th e  level of all 11-deoxy m etab o lites . In  response to  exogenous 
A C T H , a re la tiv e  increase in  th e  excre tion  of su lp h a tes  w as p re d o m in a n t, 
an d  a f te r  th e  ad m in is tra tio n  o f te s to s te ro n e  it  w as only  in th e  a m o u n ts  of 
E -g lu cu ro n o sid e , A -su lpha te  an d  A -glucuronoside w here an  increase  w as no ted .

D eh y d ro ep ian d ro s te ro n e  is p o s tu la te d  as a “ p rean d ro g en ” . I t s  in te r ­
m e d ia ry  m etabo lism  has been  s tu d ie d  recen tly  by th e  use o f tra c e rs  o r  b y  th e  
a d m in is tra tio n  of th e  ho rm one  in  pharm aco log ic  am o u n ts . T h e  l a t te r  has 
re c e n tly  been recom m ended  as a fu n c tio n  te s t  [20] w ith  th e  aim  to  gain  in fo r­
m a tio n  on th e  biological role an d  th e  w ays of tra n sfo rm a tio n  o f th e  stero id . 
T h e  m a jo rity  of these  s tud ies h av e  been based  on d e te rm in a tio n s  o f D , D -esters 
an d  th e  su lp h a tes  and  g lucuronosides of D m etabo lites [3, 15, 22, 27].

T h e  excre tion  of in d iv id u a l 17-K S m e tab o lite s  follow ing a d m in is tra tio n  
of U is p resen ted  in T ab le  V. As i t  can  be seen, D -su lp h a te  rep re sen ts  th e  chief 
m e ta b o lite  of exogenous h o rm o n e , th e  o th e r  m etab o lites  co m p rise , in  the 
o rd e r of m ag n itu d e  of th e ir  u r in a ry  level, E - an d  A -glucuronoside, a n d  E - and 
A -su lp h a te . U nder physio logical cond itio n s, 10 to  20%  o f th e  exogenous D 
ap p ea red  in th e  u rine  in th e  fo rm  of th ese  m etab o lites , for, th e  g re a te r  p a r t 
on th e  day  of in tak e . T he a m o u n ts  of u n co n ju g a ted  17-KS and  o f th e  11-oxy- 
g en a ted  17-KS esters w ere scarce ly  affected  by  exogenous D.

O u r find ings on exogenous D m etabo lism  are in ag reem en t w ith  the 
d a ta  o f  o th e r  au th o rs  [3, 18]. O b se rv a tio n s p erfo rm ed  by  th e  p re se n t m e th o d  
reg a rd in g  D an d  D -su lp h a te  m etab o lism  as well as changes in  th e  17-KS 
ex cre tio n  in th e  form  o f su lp h a te  an d  g lucuronoside esters u n d e r p a th o lo g ica l 
co n d itio n s will form  th e  su b je c t o f a fu r th e r  rep o rt.

*

We are indebted to Dr. L. C s á k i  and Dr. E. B ö s z ö r m é n y i  for radioactivity measure­
ments and to Miss E. P o t e c z i n  and Mrs G. E. J á v o r  for skilful technical assistance.
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TONOGRAPHIC STUDIES 
IN FUCHS’S COMBINED CORNEAL DYSTROPHY

By

Gy . I mre

SECOND D EPARTM ENT O F OPHTHALM OLOGY, SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL,
BUDAPEST

(Received April 22, 1971)

The tonographically determined rate of aqueous flow in 17 eyes affected by 
Fuchs’s combined corneal dystrophy was found to be an average of 0.49 i  0.37 cu. 
mm/min. This value is to be considered as decreased in spite of the errors of the method. 
Decreased formation of the aqueous humour may indicate nutritional disturbances 
to the cornea and it seems probable that the alteration of the posterior barrier (cornea 
guttata) and the decreased formation of aqueous humour are complementary conditions 
of the development of Fuchs’s combined corneal dystrophy.

F uchs [5] was th e  f ir s t  to  describe in 1910 th e  com bined  corneal d y s tro p h y  
w hich  w as to  be n a m e d  a f te r  him  u n d er th e  te rm  D y stro p h ia  ep ith e lia lis  
co rneae. T he p rim ary  n a tu re  of th e  endo thelia l ab n o rm a litie s  was f ir s t  p o in ted  
o u t b y  K raupa  [7 ]. T h e  observations of th is  a u th o r  w ere bo rn e  o u t by  
la te r  evidence (D u k e - E l d e r  an d  L eigh  [4]). T h e  ae tio logy  of th e  process is, 
how ever, still obscure.

T he tono g rap liic  s tu d ie s  w hich form  th e  su b je c t o f th e  p re sen t rep o rt 
have  been u n d e rta k e n  fo r  th e  m easu rem en t o f th e  ra te  o f aqueous flow  in 
F u c h s’s d y s tro p h y .

M ateria l and m ethod

Nine patients with Fuchs’s dystrophy were studied. The process was bilateral in all 
cases but one. The rate of aqueous flow was calculated on the basis of the equation 
F  =  (P 0 — P v) • C. P 0 was determined by differential tonometry using a Schiötz tonometer, 
on the basis o f the 1955 nomogram of Friedenwald. In the majority of cases applanation tono­
metry was not practicable on account of the unevenness of the surface. The venous pressure 
was considered to be 10 mm Hg. The C value was determined by means of 4-minute tonography.

The studies were invariably performed in the morning hours.

Results

T he resu lts  o b ta in e d  in  17 eyes w ith  F u c h s ’s d y s tro p h y  have  been 
su m m ed  up  in  T ab le  I .

O f th e  average  v a lu es  s tu d ied , those  o f F  w ere d is tin c tly  below  th e  
no rm al level. T he d ifferences betw een  th e  v a lu es  fo u n d  in  early  or adv an ced  
s tages of th e  process w ere  sligh t. The m ean  va lu e  of F  was 0.58 ^  0.40
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Table I

No. Age Sex p0 (mm Hg) c F  (cu.mm/min) Stage

l 65 ? 11 0.11 0.11 Advanced
11 0.25 0.25 E arly

2 70 ? 11 0.34 0.34 Advanced

3 64 <? 16 0.11 0.66 Advanced
16 0.18 1.08 Early

4 59 ? 23 0.03 0.39 Advanced
19 0.09 0.81 E arly

5 78 9 12 0.15 0.30 Advanced
12 0.15 0.30 Advanced

6 62 <? 13 0.19 0.57 Advanced
11 0.07 0.07 Advanced

7 45 <? 17 0.17 1.19 Advanced
17 0.17 1.19 Advanced

8 64 9 11 0.11 0.11 Advanced
11 0.19 0.19 E arly

9 75 9 12 0.15 0.30 Advanced
13 0.15 0.45 Advanced

M ean ±  SO 13.9 ±  3.5 0.15 ±  0.09 0.49 ±  0.37

c u .m m /m in  in the  four ea rly  an d  0.46 ^  0.39 cu .m m /m in  in  th e  13 advanced  
cases , th e  difference b e ing  n o t  s ig n ifican t (p <  0.60). T he p rocess w as con­
s id e re d  to  he in  th e  early  s ta g e  if  a d is tin c t co rnea  g u t ta ta  w as a lre a d y  asso­
c ia te d  w ith  slight cen tra l o ed em a  of th e  co rnea l s tro m a  an d  th e  o th e r  eye 
re v e a le d  m arked  signs of F u c h s ’s d y s tro p h y .

Table II

Age Sex Side P, (mm Hg) c F (cu.mm/min)

70 9 Affected
(Fuchs’s dystrophy) 11 0.34 0.34

Unaffected 15 0.34 1.70
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In  T ab le  I I ,  th e  d a ta  fo r th e  affec ted  an d  th e  unaffec ted  eye of p a t ie n t  
N o. 2 h av e  been se t o u t sep a ra te ly . I t  can  be seen th a t  th e  ra te  of aqueous flow  
w as d e fin ite ly  reduced  in th e  affec ted  eye.

D iscussion

B e c k e r , K e s k e y  and  Ch r is t e n s e n  [1] e s tim a te  th e  n o rm al av erag e  
ra te  o f aqueous flow  a t 2.3 cu .m m /m in . In  th e  view  of D u k e - E l d e r  an d  
G l o st e r  [3] th e  no rm al r a te  of aqueous fo rm a tio n , tak in g  in to  co n sid e ra ­
tio n  th e  find ings of th e  v a rious au th o rs  an d  th e  sources of e rro r of th e  m e th o d s , 
ranges betw een  1 an d  5 cu .m m /m in . T he p re se n t s tu d y  yielded a m ean  of
0.49 i  0.37 cu .m m /m in  in th e  eyes w ith  F u c h s ’s d y stro p h y , w hich  va lu e  
m ay  he considered  as defin ite ly  decreased  in  sp ite  of th e  errors o f th e  ton o - 
g rap h ic  m eth o d .

O n these  g rounds we feel ju s tif ied  in connecting  F u ch s’s d y s tro p h y  
w ith  a decreased  fo rm atio n  of aqueous h u m o u r. Since th e  en tire  su p p ly  of 
glucose to  th e  cornea and  th e  oxygen su p p ly  to  th e  corneal en d o th e liu m  
com e from  the aqueous h u m o u r, an im p a irm e n t of aqueous fo rm a tio n  m ay  
in te rfe re  w ith th e  a d e q u a te  n u tr i t io n  of th e  co rnea , p a rticu la rly  in ad v an ced  
age w hen th e  glucose c o n cen tra tio n  o f th e  aqueous h u m o u r declines (P o h jo l a  
[ 10]). T h is is consisten t w ith  th e  o b se rv a tio n  th a t  c a ta ra c t e x trac tio n  or cyclitis 
m ay  adverse ly  affect th e  process o f F u c h s’s d y s tro p h y . T hus G o ld m a n n  
[6], Mil l e r , K e s k e y  an d  B e c k e r  [9] an d  L ee  and  T r o t t e r  [8] 
n o ted  th a t  c a ta ra c t e x tra c tio n  or cyclodialysis w as generally  follow ed b y  a 
p ro longed  hyposecre tion  of aqueous h u m o u r an d  th is  is v e ry  o ften  th e  case 
a f te r  cyclitis too . In  th e  17 eyes w ith  F u c h s ’s d y s tro p h y  ex am in ed  in  th e  
p re se n t s tu d y , th e  d e te rio ra tio n  of th e  process h a d  been p receded  b y  c a ta ra c t  
e x tra c tio n  in 5, b y  iridencleisis in  1, an d  b y  iridocyclitis  in 2 cases.

Six eyes of the  p resen t  series exh ib i ted  a C-value below 0.15. Accord ing  
to  B e c k e r  and  Sh a f f e r  [2] decreased fo rm a tio n  of aqueous h u m o u r  m a y  
affect t ra b e c u la r  function .

C ornea g u t ta ta ,  th e  p rim a ry  en d o th e lia l lesion in  F u ch s’s d y s tro p h y , 
rep re sen ts  in itse lf  m a in ly  an  in v o lu tio n a ry  process associated  w ith  ageing  
w h ich  need  n o t develop in to  F u ch s’s d y s tro p h y  in  every  case. T h is w ould  
suggest th a t  th e  cond itions o f F u ch s’s d y s tro p h y  are  b o th  th e  ab n o rm a litie s  
o f th e  p o ste rio r b a rrie r  an d  th e  defic iency  of n u tr i t io n  caused b y  th e  decreased  
fo rm a tio n  of aqueous h u m o u r.
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THE TOTAL INTRAPANCREATIC PLASMA PROTEIN 
SPACE IN RATS UNDER NORMAL CONDITIONS 

AND IN ACUTE PANCREATITIS
E FFEC T  OF THORACIC DUCT LIGATION ON T H E  MORTALITY 

IN  ACU TE PA NCREA TITIS
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The to ta l in trapancreatic  plasm a protein  space was studied by m eans of 51Cr 
protein and 131I albumin in W is ta r and CFE albino ra ts , and 3 hrs a fter in traducta l 
injection of trypsin  and saline. In trad u c ta l injection was also combined w ith  thoracic 
duct ligation and the dry residue of the pancreas was estim ated. The m orta lity  ra te  
was recorded after 24 hrs. The to ta l plasma protein  space of the in tac t pancreas was 
found to correspond to  23 m l/100 g wet pancreas tissue; this value was increased tw o­
fold by in traduc ta l trypsin. T he d ry  residue am ounting to 27% in the u n trea ted  pancreas 
was as low as 16% in the try p sin -trea ted  organ. W hile in the saline-treated  pancreas 
3 hrs after thoracic duct liga tion  a significant expansion of the to ta l in trapancreatic  
plasm a protein  space was dem onstrable, the m ortality  of the anim als w ith  trypsin- 
induced pancreatitis showed a th ree to  fourfold increase.

In  acu te  p an c rea titis  v a so a c tiv e  su b stan ces  m ay  be fo rm e d  in  the  
pan creas  f l ,  2, 3] w hich are  k n o w n  to  induce local v a so d ila ta tio n  [4 — 7] and  
th u s  increase th e  a m o u n t of b lo o d  flow ing th ro u g h  th e  pan creas  [6]. T hey  
ind u ce  h is tam in e -ty p e  in ju ry  o f  th e  v ascu la r en d o th e liu m  re su ltin g  in  an  
increased  p e rm eab ility  of th e  cap illa ries , venu les an d  even of th e  a rte rio les  [9]. 
C onsequen tly , th e  p lasm a p ro te in s  gain  access in excessive a m o u n ts  to  th e  
in te rs ti t ia l  space  an d  oedem a o f th e  pan creas  develops. F ro m  th e  p lasm a 
p ro te in s  in v ad in g  th e  in te rs t i t iu m  vaso ac tiv e  su b stan ces are  fo rm ed  [10] 
w hich  fu r th e r  ag g rav a te  th e  in f la m m a to ry  process. T he p ro g ressiv e ly  grow ing 
oedem a m ay  com press th e  p a n c re a tic  vessels [11]. Im p a irm e n t o f local blood 
su p p ly  involves fu r th e r  d am ag e  to  th e  organ.

F rom  th e  m echanism  o u tlin e d  above i t  follow s th a t  a cu te  p a n c re a titis  
m u s t be accom pan ied  by  an  ex p an sio n  of th e  to ta l  in tra p a n c re a tic  p lasm a 
p ro te in  space. I t  seem ed in te re s tin g  to  s tu d y  th is  q u estio n  in  v iew  o f th e  lack 
of know ledge concern ing  th e  v o lu m e  of th e  to ta l  in tra p a n c re a tic  p la sm a  p ro te in  
space in  n o rm al conditions a n d  in  acu te  p a n c re a titis , and  such  d a ta  could 
fu rn ish  in fo rm atio n  on th e  p e rm e a b ility  of th e  v a scu la r en d o th e liu m  in th e  
pan creas  [12 — 15].

Local ly m p h  circu la tion  is a n  essen tia l fac to r  in  th e  p ro d u c tio n  o f  regional 
oedem a [16] as well as in th e  tra n s p o r t  of p ro te in s  hav in g  gained  access to
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th e  in te rs ti t ia l  space [17]. I n  add ition  to  p ro te in s , enzym es an d  even su b ­
s ta n c e s  capable of in i t ia t in g  in flam m atio n  are  tra n s p o r te d  from  th e  p ancreas 
b y  th e  lym phatics [18]. T h is  raises th e  q u e s tio n  w h e th e r th e  th o ra c ic  d u c t 
l ig a tio n  affects th e  e x p a n s io n  of the  to ta l  in tra p a n c re a tic  p ro te in  space 
a n d  increases the m o r ta l i ty  in  acu te  p an c rea titis .

M ateria l and m ethod

Home-bred W istar or C F E  albino ra ts  were used. T he anim als were grouped a t random  
care being  taken to have an  eq u a l num ber of animals from  each group for each experim ent. 
A cute  pancreatitis was induced b y  in traductally  injected 5 m g trypsin  in 0.2 m l physiological 
saline [19]. The animals serving as controls were subjected  to  in traduc ta l injection of 0.2 ml 
physiological saline or to lap a ro to m y  only. Each experim ental group was divided into two 
p a rts . I n  one part the thoracic  d u c t was left unaffected, in  the second its abdom inal portion 
was lig a ted  [20] in order to  b lock th e  lym phatic drainage from  the pancreas.

A to ta l of 329 ra ts  o f 250 to  300 g body weight, u n d er in traperitoneal sodium pento­
b a rb ita l anaesthesia (4 mg/100 g body  weight) was used in  the present experim ents, and we 
s tu d ied  th e  to tal in trapancreatic  plasm a protein space 3 hrs after the retrograde injection, 
as well as the 24-hour surv ival o f th e  animals.

1) The total in trap an crea tic  plasm a protein space [12, 14] was estim ated in 69 animals 
by m eans of 5ICr protein p rep a red  [21] in the Isotope L abo ra to ry  of our In s titu te , giving 
0.4 /гСл/r a t  of 51CrCl3 of 26.6 Ci/g or 74.0 Ci/g specific ac tiv ity . The in trapancreatic  album in 
space w as estimated in 23 an im als b y  means of 131I album in supplied by the H ungarian  Isotope 
In s ti tu te  (1 /(Ci/rat; specific a c tiv ity  0.025 mCi/mg). The labelled protein or album in  was 
in jec ted  into the inferior vena  cava  simultaneously w ith  the  in traduc ta l saline or trypsin 
in jec tion  or with laparotom y. T h ree  hours after the in trad u c ta l trypsin  the anim als were killed 
by b leed ing  from the abdom inal ao rta . The pancreas was rem oved, weighed, homogenized in 
5 n N aO H  and its activity  was m easured  in a Siemens w ell-type scintillation detector, activ ity  
o f th e  labelled protein being dete rm ined  in 1 ml blood plasm a. In  the pancreas hom ogenate 
and  in  th e  plasma of a few an im als , the protein-bound rad io ac tiv ity  was estim ated after pre­
c ip ita tio n  w ith 10% trich lo roacetic  acid, the residue was ta k e n  up  in 5% N aOH . In  the 51Cr 
p ro te in  assays, in 1 ml p lasm a 70 to  90% of the ac tiv ity  was protein-bound; in 1 g pancreas 
tissue , 70% ; and in the 131I-a lb u m in  assays, in 1ml blood plasm a 90% was bound to protein.

To determine the d ry  res id u e  of the pancreas, the o rgan  samples were dried to  constant 
w eight and  homogenized in  5 n  N aO H . R adioactivity of 1 g tissue was expressed in per­
cen tage  of the radioactivity  of 1 m l plasma. The to ta l in trapancrea tic  plasm a protein  space 
was g iven  in  terms of ml/100 g w e t pancreas.

T he to ta l in trapancreatic  p lasm a protein spaces of th e  trypsin -trea ted  and the solvent- 
tr e a te d  pancreas were com pared  after analysis of variance  by  the m ethod of orthogonal 
c o n tra s ts . For statistical ev a lu a tio n  of the dry residue of 100 g pancreas tissue, analysis of 
v a rian ce  and subsequently S c h e f f é ’s tes t was used.

2) Survival was recorded in  237 animals 24 hrs a fter the in traducta l injection. The 
m o r ta lity  was evaluated b y  th e  %2-test and by F i s c h e r ’s  hypergeom etric test. The efficiency 
of th e  trea tm en t was checked a t  autopsy. While in the  try p sin -trea ted  anim als pancreatic 
oedem a and haemorrhages, in  m an y  cases with ascites, w ere found, the changes in  the saline- 
tr e a te d  anim als were confined to  a slight local oedema and  in  those subjected  to  thoracic 
d u c t liga tion  only, to chym us ex trav asa tes  involving the m esenterial root, the  posterior abdo­
m inal w all and the pancreas. C om bination  of trea tm en t w ith  thoracic duct ligation  was found 
to  enhance  the extent and in te n s ity  of the lesions described above, particu larly  in the trypsin- 
tr e a te d  pancreas.

R esults

1) The values fo r  th e  to ta l p lasm a p ro te in  an d  a lbum in  spaces of th e  
in ta c t  an d  try p s in -tre a te d  p a n c re a s  are show n in T a b le  I .T h e  3 -hour to ta l  p lasm a 
p ro te in  or album in space  o f  th e  in ta c t p ancreas co rresp o n d ed  to  23 m l/100 g
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Tablv 1

Intrapancreatic 5lCr protein and 1:11 / albumin space 3 hours after intraductal trypsin  injection

Group

III 1/100 g wet pancreas
ml/100 g 
pancreas 

d ry  residue

6,Cr protein sp a re m I albumin space 51 Cr protein

n Total n Total Protein bound n Total

Trypsin -|~ thoracic duct
ligation 14 34.6±3.9*a 4 45.5±  7.3** 40.0 ± 7.2f’ 14 194 ± 2 6 “

Trypsin 14 48 .8± 3 .9ca 5 44.6 ±  1.5b 39.7± 1.5* 14 307 ± 3 1 “

Physiological saline - f -

thoracic duct ligation 9 36 .8± 1 .6° 5 32.8 I; 4.5 30.4 ± 4.2C 9 195±  9a

Physiological saline 7 19 .5± 1 .6 — 7 9 3 ±  10

Thoracic duct ligation 12 23.2 ± 1 .5 5 25.4 1; 1.5 23.4 ± 1.5 12 9 4 ±  7

In tac t 13 22.7 J 7.3 4 22.9 ±  11.5 20.0± 10.08 13 92 ± 3 3

a — p <  0.001 b — p <  0.01 c p <  0.05 л — num ber of ra ts 
* =  mean ±  S. E.

-  ‘ ----------------------------------------------- L---- >

J--------1---------------------------1------ 1 P<0,01
I----------------------------------- 1 p<0,05

Fig. 1. D ry  residue per 100 g w et pancreas tissue 3 hours after in traducta l try p sin  injection. 
I. In ta c t pancreas. II. Pancreas a fter in traducta l injection of 0.2 ml saline. I I I .  Pancreas 

after in traducta l injection of 5 mg trypsin  in  0.2 ml saline.
Q No thoracic duct ligation, § thoracic duct ligation, () num ber of ra ts

w et p an creas . T he h ig h es t v a lu e  w as observed  a fte r  in tra d u c ta l  t ry p s in  in ­
je c tio n . T horacic  d u c t lig a tio n  induced  no fu r th e r  increase  in  i t .  Com ­
b in a tio n  of in tra d u c ta l  in jec tio n  of physio logical saline w ith  th o rac ic  
d u c t lig a tio n  resu lted  in  a d is tin c t increase in  to ta l  in tra p a n c re a tic  p lasm a 
p ro te in  an d  album in  spaces, th o u g h  to  a s ig n ifican tly  s lig h te r e x te n t  th a n
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a f te r  in tra d u c ta l try p s in . N e ith e r  in tra d u c ta l sa lin e , n o r th o rac ic  d u c t lig a tio n  
b y  i ts e lf  increased th e  t o ta l  in tra p a n c rea tic  p la sm a  p ro te in  space. T he in ta c t  
p a n c re a s  was fo u n d  to  c o n ta in  27%  an d  th e  sa lin e -trea ted  one 21%  
d r y  resid u e  (p <  0.05) (F ig . 1). The m ost ex te n s iv e  p an c re a tic  oedem a was 
th u s  p roduced  by  in t r a d u c ta l  try p s in  (Fig. 1). T h e  th o ra c ic  d u c t lig a tio n  caused 
n o  o ed em a and did n o t  in c re a se  th e  t ry p s in -o r  sa lin e -in d u ced  oedem a (F ig . 1).

2) The tho racic  d u c t  lig a tio n  resu lted  in  a sig n ifican t increase in  th e  
2 4 -h o u r  m orta lity  in  try p s in - in d u c e d  p a n c re a titis  (T able I I ) .

Table II

Mortality o f rats 24 hours after intraductal trypsin injection

T re a tm e n t T rypsin
T rypsin  -f  th o ra ­
cic d u c t ligation

Physiological
saline

Physiological 
saline -f- thoracic 

d u c t ligation

Ligation
of thoracic duct Laparotom y

N um ber
o f ra ts 45 47 20 51 37 37

D ied 7 26* — 2 2 2

p *  <  0 .0 1

Discussion

T o ta l eq u ilib ra tio n  o f  labelled  p ro te in  o r a lb u m in  w ith  th e  com plete  
p la s m a  p ro te in  or a lb u m in  p o o l in  ra ts  ta k e s  p lace  w ith in  th ree  hou rs  [22]. 
T h e  n u m erica l values fo r  th e  to ta l  p lasm a p ro te in  space  of th e  in ta c t  pan creas  
a re  in  conform ity  w ith  th o s e  o f  th e  24-hour lab e lled  in tra o rg a n ic  p ro te in  space 
o f  th e  k idney  or th e  lu n g  [14]. The large to ta l  p la sm a  p ro te in  space o f th e  
k id n e y  m ay  he a t t r ib u te d  to  th e  p rac tica lly  free  p e rm e a b ility  to  p ro te in  of 
th e  m ed u lla ry  vessels [23]. O n  th e  evidence o f u ltram ic ro sco p ica l s tu d ies  th e  
p e rm e a b ili ty  of th e  c a p illa ry  endo thelium  to  la rg e  m olecules is s lig h te r in  th e  
p a n c re a t ic  th a n  in  th e  re n a l  vessels [24].

I t  has been show n e a r lie r  th a t  in acu te  p a n c re a ti t is  th e  local oedem a is 
e x tra c e llu la r  aá well as in tra c e llu la r  [25]. In  th e  p re s e n t s tu d y  p an c rea tic  oedem a 
w a s  q u a n tita tiv e ly  d e te rm in e d  from  the  d ry  res id u e  th e  red u c tio n  o f w hich  as 
a  r e s u l t  of oedem a h as b e e n  fo u n d  to  co rre la te  w ell w ith  th e  expansion  of th e  
t o t a l  in tra p a n c rea tic  p la s m a  p ro te in  space.

H ow ever, th e  q u e s tio n  w hy  tho racic  d u c t  lig a tio n  failed  to  increase  
th e  to ta l  in trao rg an ic  p ro te in  space of th e  t ry p s in - tre a te d , an d  th e  w a te r  
c o n te n t  o f sa lin e -trea ted  p a n c re a s , has y e t to  be an sw ered . I t  m ay  be  alleged as 
a n  e x p la n a tio n  th a t  th e  3 -h o u r  in te rva l m ay  h a v e  been  too  sh o rt fo r th e  th o ra ­
c ic  d u c t  ligation  to  ta k e  e ffec t.

T h e  m echanism  a c c o u n tin g  for th e  e x p a n s io n  o f th e  in tra p a n c re a tic  
p la s m a  p ro te in  space seem s to  have been c la rified  b y  th e  p resen t observ a tio n s.
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In  view  of th e  excessive leakage of m e th y len e  b lue  in to  th e  try p s in - tre a te d  
dog p an creas , acu te  p a n c re a titis  induces a n  increase  in  local v a sc u la r  p e rm e­
ab ility  [26]. W e h av e  show n earlier th a t  in  b ile  sa lt-induced  acu te  p a n c re a titis  
th e re  is a d irec t in ju ry  to  th e  v ascu la r e n d o th e liu m , and  in  su n flo w er oil- 
induced  p a n c re a titis , a sep a ra tio n  of th e  ju n c tio n s  betw een a d ja c e n t e n d o th e ­
lial cells accoun ts fo r th e  increased  v ascu la r p e rm e a b ility  [9]. V a sc u la r  leakage 
of th e  h is tam in e  ty p e  [8] is suggestive of a local release of v a so ac tiv e  p ro d u c ts  
in p a n c re a titis  [1, 2]. V aso ac tiv e  su b stan ces  induce , in ad d itio n  to  v ascu la r 
leakage an  increase in  p an c re a tic  b lood flow . In  earlier stud ies we h a v e  show n 
th a t  h is tam in e , se ro to n in  or k in ins in jec ted  in to  th e  arteries o f th e  pan creas  
increase th e  a m o u n t o f pan crea tic  b lo o d  flow  [27] ; in o th e r  stud ies 
we h av e  d e m o n s tra te d  t h a t  bile and  even  sa line  in jected  in to  th e  p an c re a tic  
d u c t h av e  a sim ilar e ffec t [6]. T he la te r  s ta g e  o f acu te  oedem atous p a n c re a tit is  
is also associa ted  w ith  an  increased  local b lo o d  flow  [28], an d  a n y  in crease  in 
local b lood  flow  fav o u rs  th e  passage of p la sm a  p ro teins across th e  v ascu la r 
walls of increased  p e rm e a b ility  [12, 13].

T he q u estio n  w h y  th o rac ic  d u c t lig a tio n  increases the  m o rta li ty  o f  r a ts  w ith  
try p s in -in d u ced  p a n c re a tit is  is s till unc lear. O u r earlier stud ies seem ed to  suggest 
th a t  th e  ly m p h a tic s  o f  th e  pancreas fu lfill th e  fu n c tio n  of a sa fe ty  v a lv e , th e  
p an c rea tic  lesions b e ing  a g g ra v a te d  in dogs b y  lig a tio n  of th e  th o ra c ic  d u c t  [29]. 
In  acu te  p a n c re a titis  th e  enzym e co n te n t o f  th e  p an crea tico -d u o d en a l lym ph  
is h ig h er th a n  in th e  b lood  of th e  p an c rea tico -d u o d en a l vein  [30], a n d  o th e r 
a u th o rs  h av e  show n su b stan ces  p ro d u ced  b y  re te n tio n  of excess p an c re a tic  
secre tion  an d  cap ab le  o f in itia tin g  in f la m m a tio n , in th e  ly m p h  o f th o rac ic  
d u c t [18].

W e h av e  to  co n sid er th e  possib ility  t h a t  in tra p a n c rea tic  a p p lic a tio n  of 
ac tiv e  try p s in  m ay  p ro m o te  th e  local fo rm a tio n  of kinins [31]. M oreover, 
th e  th o ra c ic  d u c t lig a tio n  m ay  lead to  an  en h an ced  p ro d u c tio n  o f  v aso ac tiv e  
su b stan ces from  th e  p ro te in s  re ta in ed  in th e  pan creas  and  in  th e  a sc itic  flu id , 
in v iew  o f th e  fa c t t h a t  th e  tho rac ic  d u c t  lig a tio n  m ay p ro m o te  th e  re te n ­
tio n  o f p ro te in s  [10] in  th e  p ancreas b y  in te rfe r in g  w ith  th e ir  t r a n s p o r t  by 
th e  local ly m p h a tic  p a th w a y s .

*

We are indebted to  Mr B .  H a j t m a n  and M r G . F o l l y  for sta tistical analysis of the 
results; to  Mrs J .  B o g n á r , Mrs E. B ö s z ö r m é n y i , Mrs L. G e r b e r , Mrs J . H e g y i  and 
Mr L. M o l n á r  for skilful technical assistance.
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PRODUCTION OF AUTOLOGOUS IMMUNE COMPLEX 
GLOMERULONEPHRITIS IN RATS BY INJECTIONS 
OF HETEROLOGOUS RENAL TUBULAR ANTIGEN

By

A. H . N a g i ,* A. Z. B a r a b a s ,** F. A l e x a n d e r ** and R . L a n n i g a n **

D EPARTM ENTS OF PATHO LO G Y, *THE Q U E EN ’S UNIV ERSITY  OF B EL FA ST,
AND TH E  ••U N IV E R S IT Y  OF CALGARY, A LBERTA, CANADA

(Received May, 19 1971)

Autologous im m une com plex (AIC) glom erulonephritis has been induced in 
ra ts  by repeated in traperitoneal injections of hum an renal tubu lar antigen. The devel­
oping renal lesion resulted in proteinuria and a kidney disease sim ilar to  th a t  in the 
experim entally induced (H eym ann type) autoim m une nephrosis in th e  r a t  and to 
hum an mem branous nephropathy . A hypothesis is presented which m igh t explain 
the developm ent of this progressive renal disease under the present experim ental 
conditions.

Introduction

T h e p ro d u c tio n  o f g lo m eru la r lesions in ra ts  by  th e  re p e a te d  in tr a ­
p e rito n ea l in jec tions of au to lo g o u s, isologous, hom ologous an d  hetero logous 
ren a l tu b u la r  an tigens is well d o cu m en ted  [1 5].

T h e  a m o u n t of k id n ey  an tig en  needed  to  in itia te  th e  d isease is sm all. 
F o u r  in jec tio n s of 2 m g m ito ch o n d ria l p re p a ra tio n  or a single in je c tio n  of 
3 fig, p u rified  an tigen  is su ffic ien t [6, 7]. Since th e  disease is p ro g ressiv e  it  is 
th o u g h t th a t  au to logous an tig en s m u st c o n tr ib u te  to  th e  fo rm a tio n  o f im m u n e  
com plexes in the  glom eruli.

I t  was prev iously  believed  th a t  the  disease was in itia te d  an d  m a in ta in e d  
by  lym p h o id  cells since it  ap p e a re d  to  be tran sfe rab le  to  su ita b le  rec ip ien ts  
b y  ly m p h o id  cells o b ta in ed  from  ra ts  w ith  AIC g lo m eru lo n ep h ritis  [8, 9]. 
H ow ever, these  early  claim s h av e  n o t been su b s ta n tia te d  [10 12]. P re se n tly
i t  is believed  th a t  th e  renal lesion is p ro d u ced  in itia lly  by th e  in je c te d  an tig en  
an d  a n tib o d y  form ed ag a in s t i t  [4] and  in  the  chronic phase  m a in ta in e d  by  
im m une-com plexes m ade up  o f  au to logous ren a l an tig en , au to lo g o u s im m u n o ­
g lobulins an d  com plem ent [3, 13].

E d g in g t o n , Glassock  a n d  D ix o n  [14] and  H e y m a n n  e t  al. [5] have  
show n  t h a t  n o t  only autologous, isologous an d  homologous k idney  p re p a ra t io n s  
b u t  heterologous (hum an , r a b b i t  a n d  guinea-pig) renal an tigens can  also p ro ­
duce a morphologically  s im ilar  renal disease in rats .

Since m em branous n e p h ro p a th y  in th e  h u m an  resem bles m orpho lo g ica lly  
an d  fu n c tio n a lly  th e  ex p e rim en ta lly  induced  AIC g lo m eru lo n ep h ritis  in  th e  
r a t ,  a considerab le  am o u n t o f w ork  has been done to  d iscover th e  im m uno-
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p a th o lo g ic a l processes w h ic h  are involved in  th e  in itia tio n  an d  p rog ression  
o f  th is  disease.

In  previous e x p e r im e n ts  we have tr ie d  to  e lu c id a te  th o se  im m unological 
e v e n ts  w hich c o n tr ib u te  to  th e  pathogenesis o f  th is  ex p erim en ta lly  induced  
a u to im m u n e  k idney  d ise a se . T he cellular im m u n e  sy s tem  ap p ears  to  p la y  no 
d ire c t  role in th e  m a in te n a n c e  of th e  co n d itio n  [6, 10 — 12]. O n th e  o th e r 
h a n d  c ircu lating  an d  g lo m e ru la r  fixed a n ti-k id n e y  tu b u la r  an tibod ies and  
a re n a l  tu b u la r  a n tig e n  a p p e a r  to  c o n tr ib u te  to  th e  p a th o g en ic  m ech a­
n ism  [3, 15].

I n  th e  p resen t e x p e r im e n t we in d u ced  A IC  g lom eru lo n ep h ritis  in  ra ts  
b y  re p e a te d  in tra p e r i to n e a l  in jections o f h u m a n  azo -k idney  m ito ch o n d ria l 
a n tig e n  in  com plete F r e u n d ’s ad ju v an t. A n a t t e m p t  is m ad e  to  exp la in  th o se  
p ro cesses  w hich lead  to  a n d  re su lt in  th is ty p e  o f  ch ron ic  progressive k id n e y  
d isease .

Materials and m ethods
P r e p a r a t io n  o f  renal a n tig e n

A fresh normal h u m an  k id n ey  was obtained from  a young donor who died in a road 
acc id en t. Mitochondrial p re p a ra tio n  (F 3) was ob tained  b y  differential centrifugation using 
th e  m ethod  of P i n c k a r d  an d  W e i r  [16]. The m itochondrial fraction  was chemically modified 
b y  a  m ethod of V o g e l  [17] to  o b ta in  an azo-m itochondrial preparation . The protein concen­
tr a tio n  was adjusted to 2.4 g p e r  100 ml.

E x p e r im e n ta l  procedure

Closely bred W istar r a t s  w ere used.
T e s t group . T w enty-five r a t s  were injected in trap e rito n ea lly  a t weekly intervals for 

six w eeks w ith the azo-hum an k idney  mitochondrial p repara tion . E ach  injection contained 
3 m g protein  in Freund’s com plete  adjuvant.

C ontrol group . Ten ra ts  w ere injected in traperitoneally  a t weekly intervals w ith bovine 
se rum  album in (BSA). The freq u en cy  of injections and  th e  am oun t of protein adm inistered 
in F re u n d ’s complete a d ju v a n t w ere the same as in  th e  te s t  group.

U rin a ry  p ro te in  a n a ly s is .  Twenty-four-hour specim ens of urine were collected from 
each  ra t ,  in metabolic cages a t  regu lar intervals u n til th e  term ination  of the experim ent at 
20 w eeks. The daily p ro te in  loss was determined by  a m odified W eichselbaum  biuret tech ­
n ique [18].

L ig h t m icroscopy. B locks o f kidneys were fixed in  4%  form aldehyde in saline. 3— 4 /i 
th ic k  sections were cu t and  s ta in e d  w ith haem atoxylin and  eosin, periodic acid-Schiff and the 
m ethenam ine silver m ethod.

F luorescent m icro sco p y . O ne kidney from each r a t  w as w rapped in parafilm  and stored 
a t  — 20 °C. 4 f t  thick sections w ere cut on a cryosta t, fixed  in 4%  phosphate buffered for­
m alin  pH  7.2, and th en  s ta in e d  using mono-specific an tise ra  to  dem onstrate ra t im m uno­
g lobulins, ra t complement a n d  BSA.

E lectron  m icroscopy. 1 cu .m m  blocks of renal co rtex  w ere fixed in  1% osmic acid, dehy­
d ra te d  in  ethanol and em bedded  in  Epon. U ltra-thin sections were stained w ith uranyl acetate  
an d  lead  citrate and exam ined  on  an A EI EM 6B e lec tron  microscope.

Results
U rinary protein analysis

In  th e  e x p e rim e n ta l a n d  contro l g ro u p s, a tra n s ie n t  p ro te in u ria  w as 
o b se rv e d  around fo u r  w e e k s . In  the  e x p e rim e n ta l g roup  (in all b u t  2 ra ts )  
a second  phase of p ro te in u r ia  developed fro m  8 — 10 w eeks onw ards an d
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becam e progressively  e lev a ted . T he co n tro l g roup  did  n o t develop th e  p ro g res­
sive second phase p ro te in u ria .

A g rap h  of th e  m ean  p ro te in  ex c re tio n  fo r b o th  groups of ra ts  is show n 
in F ig . 1.

Fig. 1. Mean daily protein  excretion in experim ental ( __ ) and control ra ts

Light microscopy

All te s t  group ra ts  excep t th e  tw o  an im als  w ith o u t p ro te in u ria  show ed 
m o d e ra te  to  severe th ick en in g  of th e  g lo m eru la r basem en t m em b ran e  a t  th e  
end  o f th e  experim en t. In  m eth en am in e  silver s ta in ed  k idney  sec tio n s, n u ­
m erous silver positive  p ro jec tions w ere n o te d  on th e  o u te r su rface  o f th e  glo­
m e ru la r  b asem en t m em b ran e  (F ig. 2). N o ce llu la r p ro life ra tion  o f g lo m eru la r 
tu f ts  w as observed.

T h e  p rox im al co n v o lu ted  tu b u le s  show ed an  increase in  th e  n u m b e r  of 
h y a lin e  d rop le ts  an d  m a n y  co n ta in ed  p ro te in  casts .

No histo log ical a b n o rm a lity  w as observed  in  an y  of th e  co n tro l an im als 
n o r in  th e  tw o te s t  an im als  w ith o u t p ro te in u ria .

Fluorescent microscopy

In  th e  k idneys o f th o se  p ro te in u ric  ra ts  w hich  w e re k i 1 d ,< • th e  en d  о 
th e  ex p erim en t, au to logous gam m a g lobu lin  an d  co m p lem en t w ere d e m o n s tra te d  
in  a b ead ed  fash ion  in  th e  g lom eruli (F ig . 3). T h e  ap ro te in u ric  ra ts  h a d  no  such 
g lo m eru la r localized com ponen ts.

In  th e  con tro l ra ts  th e re  w as no g lo m eru la r fluorescence w hen  te s ted  
lo r  th e  presence of B SA , au to logous g am m a g lobu lin  and  co m p lem en t.
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Fig. 2. Autologous im m une com plex glom erulonephritis. Portion  of a glom erulus showing 
irregu la rly  thickened g lom erular basem ent m em brane w ith  numerous silver positive p ro ­

jections on its  ou ter aspect. M ethenam ine silver, XllOO

Fig. 3. Autologous im m une com plex glom erulonephritis. Autologous gam m aglobulin is 
dem onstra ted  along the g lom erular capillaries in a beaded fashion. Fluorescent an tibody

technique, X 460
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Fig. 4. Autologous immune com plex glom erulonephritis. Portion  of two glom erular capillary 
loops (C) showing numerous osm iophilic deposits (D) on the epithelial side of th e  basem ent 
m em brane (BM). The foot-process layer is fused and the epithelial cell cytoplasm  is osmio­

philic ad jacen t to the deposits. EM, X 13,000

Electron microscopy

I n  th e  te s t g roup  r a ts  easily  recognisab le  g lo m eru la r chan g es w ere 
observ ed . T he g lom eru lar b a se m e n t m em b ran e  w as ir re g u la rly  th ic k e n e d , 
w ith  p ro jec tio n s to w ard s th e  ep ith e lia l aspect. L arge  su b ep ith e lia l e lectron- 
dense deposits , p a rtia lly  or co m p le te ly  su rro u n d ed  b y  b asem en t m em b ran e-lik e  
m a te r ia l  w ere visible a ro u n d  m o st o f th e  g lom eruli. T h e  ep ith e lia l fo o t p ro ­
cesses w ere fused an d  th e  cy to p la sm  overly ing  th e  deposits a p p e a re d  osm io­
p h ilic , o ften  to  th e  sam e degree as th e  deposits them selves (F ig . 4).

T h e  tu b u les  co n ta in ed  num ero u s p ro te in  ab so rp tio n  d ro p le ts  (F ig . 5) 
an d  som e o f th e  m ito ch o n d ria  in  th e  tu b u les  w ere sw ollen. T he tu b u la r  base­
m e n t m em b ran e  show ed no  a b n o rm a lity .
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F ig. 5. Autologous im mune com plex  glom erulonephritis. P o rtion  of a proxim al convoluted 
tu b u le  showing protein abso rp tion  droplets (Dr), cytosom es (C), and altered  m itochondria (M)

EM, X 7000

I n  th e  kidneys o f th e  tw o  ap ro te inu ric  r a ts  th e  on ly  changes observed  
w e re  occasional deposits o n  th e  ep ithelia l side o f  th e  b a sem en t m em b ran e . 

N o u ltra s tru c tu ra l c h a n g e  w as observed  in  th e  k id n ey s o f th e  co n tro l ra ts .

Discussion

A IC  g lom eru lo n ep h ritis  w as induced  in  r a ts  b y  re p e a te d  in tra p e rito n e a l 
in je c tio n s  of azo-hum an k id n e y  m itochondria l p re p a ra tio n  in  com plete  F re u n d ’s 
a d ju v a n t .  The developing  re n a l  disease, as fa r  as th e  p ro te in u ria  an d  m o rp h o ­
lo g y  allow ed to  ju d g e , w as s im ila r  to  n ep h ritis  p ro d u c e d  b y  hom ologous renal 
a n t ig e n . The contro l r a ts  m a n ife s te d  th e  te m p o ra ry  p h ase  of p ro te in u ria  only 
a n d  d id  n o t develop n e p h r i t is  p resum ab ly  b ecau se  no  c ircu la tin g  a n ti-k id n ey  
a n tib o d ie s  were in d u ced  b y  BSA .

I t  was shown b y  E d g i n g t o n , Glassock  a n d  D ix o n  [14] th a t  in  h e te ro ­
lo g o u s  ren a l antigen in d u c e d  A IC  g lom eru lonephritis , au to logous ren a l tu b u la r
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antigen  can be  d e m o n s tra te d  in  the  glom eruli. S om etim es a fte r th e  in d u c tio n  
phase, au to logous n e p h rito g en ic  tu b u la r  a n tig e n  becom es ava ilab le . T h e  
released an tig en  appears to  be  capable  of in i t ia t in g  a u to -an tib o d y  fo rm a ­
tio n  [19]. T hese au to -a n tib o d ie s  w ith  th e  c irc u la tin g  nephritogen ic  a n tig e n  
can form  im m u n e  com plexes in  th e  presence o f  com p lem en t on th e  e p ith e lia l 
side of th e  g lom eru la r b a se m e n t m em brane. I t  is like ly  th a t  au to logous re n a l 
tu b u la r  m a te r ia l becom es a con tin u o u s source o f  nephritogen ic  an tig en . T h e

( H-K-Ag 5 
\AZO-HU-K-Mit. /

PROTEINURIA

Fig. 6. Proposed pathogenic m echanism  in autologous im m une complex glom erulonephritis
induced by heterologous renal an tigen  in the ra t. The F igure shows the prim ary events (--------- )
which lead to  the release of autologous renal antigen. The cycle of events which m a in ta in  the 
release of autologous antigen during  the chronic progressive phase of nephritis, the p roduction  
of autoantibodies, and  the form ation  of immune complexes in the glomeruli is shown on the 

righ t-hand  side of the Figure (--------- )

chronic p rogressive  phase seem s to  be m a in ta in e d  b y  a cycle of ev en ts  w h ich  
relies on au to lo g o u s source o f  m ateria ls .

W e h a v e  p o s tu la te d  t h a t  AIC g lo m eru lo n ep h ritis  is in itia te d  a n d  m a in ­
ta in ed  b y  an tib o d ies  d irec ted  ag a in s t th e  n e p h rito g e n ic  an tigen  in th e  p ro x im a l 
tu b u la r  cy to p lasm  [4, 15]. T h e  follow ing ev en ts , in  ag reem en t w ith  o u r ea rlie r 
a ssum ptions, m ig h t c o n tr ib u te  and  ev en tu a lly  le ad  to  th e  deve lopm en t o f  th e  
chronic p rog ressive  k id n ey  disease.

T he azo -h u m an  k id n e y  m ito chondria l p re p a ra t io n  in  com plete F r e u n d ’s 
a d ju v a n t causes th e  p ro d u c tio n  of an tibod ies. T h ese  antibodies to g e th e r  w ith  
the c ircu la tin g  ren a l an tig en  p roduce  a te m p o ra ry  phase  of p ro te in u ria  ea rly
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in  th e  ex p erim en t a t  3 —4 w eeks, possib ly  d u e  to  a serum  sickness ty p e  of 
le s io n . D u rin g  th is  perio d  th e se  c ross-reactive  an tibod ies (a n ti-h u m a n  k idney  
m ito c h o n d ria l an tibod ies) a re  able to  pass th ro u g h  th e  g lom eruli. T h e y  are 
e i th e r  ex c re ted  or re a b so rb e d . P resu m ab ly  so m e of th e  reab so rb ed  an tib o d ies  
co m e  in  d irec t c o n ta c t w ith  the  n e p h rito g en ic  an tigen  in th e  p ro x im a l con­
v o lu te d  tu b u les. T his im m unolog ica l e v e n t m a y  lead to  th e  in tra v a s c u la r  
re le a se  o f au tologous tu b u la r  an tigen . A u to -a n tib o d y  m ay th e n  be  form ed 
a g a in s t  th is  an tigen . A uto logous im m u n e  com plexes com prised  o f  a u to ­
a n tib o d ie s , au to -an tig en s , a n d  com plem en t m ig h t th en  be fo rm ed  in  th e  glo­
m e ru li. T h e  cycle of e v e n ts  show n in F ig . 6 could  m ain ta in  th e  re lease  of 
n e p h rito g e n ic  an tig en , a u to -a n tib o d y  fo rm a tio n  and  th e  im m u n e  com plex  
d e p o s itio n  in  th e  g lom eru li.

T h e  chronic p ro g ressiv e  phase in  m em b ran o u s  n e p h ro p a th y  in  the  
h u m a n  m ig h t be m a in ta in e d  b y  a m ech an ism  sim ilar to  th e  p re s e n te d  cycle 
o f  e v e n ts .
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EFFECT OF ADENOSINETRIPHOSPHATE (ATP) 
ON BLOOD FLOW AND CEREBRAL METABOLISM
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FO U RTH  D EPARTM ENT O F SU R G ER Y , SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, B U D A PEST 
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The response of cerebral blood flow and cerebral metabolism  to th e  in travenous 
adm inistration  of 20 mg doses of ATP was studied in 30 subjects w ith cerebral ischaemia 
associated w ith cerebrovascular disease. Cerebral blood flow was m easured by  the 
counterflow-infusion, venous isotope d ilution m ethod w ith double punctu re  of the 
in te rna l jugular vein. A TP was found to induce a substan tia l rise in cerebral blood flow 
w ith a fall in cerebrovascular resistance in  a num ber of pa tien ts and  a reduction  in 
cerebral blood flow w ith  a slight rise in cerebrovascular resistance in 6 p a tien ts . In  gener­
al, neither cerebral blood flow nor cerebrovascular resistance was significantly  affected 
by ATP. However, com bined adm in istra tion  of ATP w ith noradrenaline in  in travenous 
drip infusion resulted in  a significant rise in cerebral blood flow together w ith  a signif­
ican t fall in cerebrovascular resistance. ATP, w hether adm inistered b y  itself or in 
com bination w ith noradrenaline, failed to  affect the cerebral up take  and  utilisation  
of 0 2 and glucose.

A T P  plays a decisive p a r t  in  ce llu lar m etabo lism , being  closely  in v o lv ed  
in  energy  tu rn o v e r an d  glucose u tilisa tio n . C erebral anox ia  is k n o w n  to  ind u ce  
a ra p id  fall in cerebral A T P  c o n c e n tra tio n  b y  in te rfe rin g  w ith  A T P  sy n th es is  
[1, 2]. On th e  o th e r h a n d , i t  is also know n th a t  a d m in is tra tio n  o f  A T P  resu lts  
in  a v a so d ila tio n  in  v a rio u s  areas of b lood  su p p ly . T he d a ta  co n cern in g  th e  
in fluence  o f  A TP on ce reb ra l b lood  flow  an d  on ce reb ro v ascu la r re s is ta n c e  is 
fa r  from  co n sis ten t. A ccord ing  to  c e r ta in  a u th o rs  [3 6] in  re sp o n se  to  A TP
cereb ra l flow  increases w hile  accord ing  to  som e o th ers  [7, 8] i t  rem a in s  u n a f­
fec ted . I t  has been show n earlie r [9] t h a t  A T P  a d m in is tra tio n  is u su a lly  fo l­
low ed b y  a tra n s ie n t fa ll in  ca ro tid  re s is tan ce  w hereas, owing to  a s im u ltan eo u s  
fa ll in  b lood  pressure, c a ro tid  flow  rises on ly  tra n s ie n tly  an d  to  a s lig h t degree.

In  v iew  of th ese  fa c ts  i t  seem ed rew ard in g  to  s tu d y  th e  re sp o n se  of 
ce reb ra l b lood  flow  a n d  o f oxygen  m etab o lism  in ischaem ic ce re b ra l disease 
a n d  to  a sce rta in  w h e th e r A T P  could  increase  th e  reduced  ce reb ra l flow  asso­
c ia te d  w ith  such diseases.

M ateria l and  m ethods

In  th e  study  30 subjects betw een 30 and 68 years of age (m ean, 51 years) were involved. 
They all suffered from ischaemic disease of the brain  (cerebrovascular encephalopathy , hyper­
tensive encephalopathy), th e  presence of which was ascertained on the grounds of th e  history 
(transient spells of dizziness, v isual disturbances, m uscular paralysis, etc.) and th e  neurological 
investigation including E EG , caro tid  angiography, study  of CSF, etc.
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F or the m easurem ent o f cerebral blood flow our counterflow , venous isotope-dilution 
m ethod  w ith  double punctu re  o f th e  internal jugular vein [10] was used. Cerebral blood flow 
was com puted for one hem isphere , of the side of the  punction . On the evidence of a large 
num ber o f m easurem ents, cereb ra l blood flow, referred to  one hem isphere, corresponds nor­
m ally  to  425 i  25 ml/m in. C erebral 0 2 uptake was calcu lated  from  th e  quotient of cerebral 
blood flow and cerebral arteriovenous oxygen difference. 0 2 in the blood of the  fem oral 
a r te ry  and  jugular vein was m easured  w ith a K ipp-oxym eter. Cerebral glucose up take  was 
d eterm ined  on the grounds of cereb ra l blood flow and  cerebral arteriovenous glucose difference. 
Glucose was estim ated according to  Somogyi w ith a H ilgar electrophotom eter. The resp iratory  
q u o tie n t o f the brain was determ ined  on the basis of 0 2-u p tak e  and C 0 2-release. 0 2 and C 0 2 
c o n te n t of the arterial and  cereb ra l venous blood sam ples w as estim ated  by N atelson’s micro- 
gasom etric procedure.

A rteria l blood pressure w as measured w ith  K oro tko ff’s on the  arm . Mean arterial 
p ressure was calculated from  th e  systolic and diastolic pressures, by  Wiggers’s form ula,
P m =  -P d +  1 /3 (P S-  -Pd)-

V ascular resistance o f th e  cerebral hemisphere was calculated  from  the cerebral per­
fusion pressure and from  th e  b lood  flow of the cerebral hem isphere. In  the m easurem ent of 
cereb ra l perfusion pressure, ce reb ra l venous pressure — in te rn a l jugu lar venous pressure — 
was also taken  into consideration: cerebral perfusion pressure =  Рщ Pjug-

The internal jugu lar venous pressure was m easured in  th e  bulb of the jugular vein w ith 
a M oritz—Tabora apparatus.

Cardiac ou tpu t was determ ined  b y  the dye-dilution principle, using 50 mg E vans blue.
In  the first p a rt o f th e  s tu d y , determ ination of th e  basal values was followed by  the 

in travenous adm inistration o f 20 m g ATP in no t less th a n  tw o m inutes. M easurem ents of 
ce reb ra l blood flow were perfo rm ed  a t 10 min. (culm ination  of th e  effect), those of cerebral 
glucose, 0 2-uptake and th e  cereb ra l respiratory quo tien t 10 min. and 15 min., respectively, 
a fte r injection.

In  the second p a rt of th e  s tu d y  th e  patients were given 20 mg ATP and 0.2 /ig/kg/mm. 
noradrenaline in drip infusion, in  10 min. M easurements were m ade prior to and after comple­
tion  o f the  infusion. F or s ta tis tic a l analysis, S tudent’s tw o-sam ple (-test was used.

R esults

E ffec t o f  A T P  on cerebral blood flow

T h e  effect o f A T P  on  cerebral b lood flow  w as s tu d ie d  in 11 cases of 
c e re b ra l ischaem ia. W h ile  m e a n  basa l cerebral flo w  re fe rred  to  one hem isphere  
w as  v e ry  low, th e  v a sc u la r  re s is tan ce  was a b n o rm a lly  increased . M ean a rte ria l 
p re s su re  — th e  m a jo rity  o f  p a tie n ts  being h y p e rte n s iv e  — exceeded th e  average  
lev e l. A T P  induced  a p e r s is te n t  redu c tio n  in  b lo o d  p ressu re  only  in  a few 
cases . A  tra n s ie n t h y p o te n s iv e  effect was n o te d  in  every  case, th e n  b lood  
p re s su re  in v ariab ly  r e tu rn e d  to  p rac tica lly  th e  in it ia l  v a lu e  in  a few  m in u tes . 
T h e  response  to  A T P  o f ce re b ra l blood flow  as w ell as of ce reb ro v ascu la r 
re s is ta n c e  was in c o n s is te n t. W hile  in  five  cases ce reb ra l flow  sig n ifican tly  
in c re a se d  and  ce re b ro v ascu la r  resistance d im in ish ed , in  th e  o th e r six  i t  w as 
th e  ce reb ra l flow  w h ich  d im in ished  w hile c e reb ro v ascu la r  res is tan ce  rose 
so m e w h a t. M ean ce reb ra l flo w  increased s lig h tly  a n d  m ean  ce reb ro v ascu la r 
re s is ta n c e  dim inished s lig h tly  in  response to  A T P ; th e se  changes w ere n o t 
s ig n if ic a n t s ta tis tic a lly . T h e  la s t-m en tio n ed  ch an g es are  show n in  F ig . 1.

T h e  graph  p re se n te d  in  F ig . 2 com pares th e  p a ra m e te rs  of tw o  p a tie n t  
g ro u p s , one respond ing  to  A T P  w ith  an in crease , th e  o th e r  w ith  a red u c tio n
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in  ce reb ra l b lood  flow . As i t  can be seen, th e  tw o  groups e x h ib ite d  d is tin c t 
d ifferences in  re sp ec t o f th e  basa l values fo r  ce reb ra l blood flow  a n d  v ascu la r 
re s is tan ce . In  P a tie n ts  respond ing  fa v o u ra b ly  to  A TP (A) th e  cereb ral 
b lood  flow  w as 270 m l/m in ., in  th o se  w ith  a n  u n favourab le  re sp o n se  (B), 
350 m l/m in . I t  w as rem ark ab le  to  no te  th e  p rev a len ce  of sy m p to m s in d ica tiv e  
o f p e rip h e ra l a r te ria l disease in te rm itte n t  c lau d ica tio n  in g ro u p  B.

Fig. 1. Pm — mean arteria l blood pressure. C H B F — cerebral blood flow calcu lated  to  one 
hem isphaerium . CHVR =  cerebral vascular resistance calculated to one hem isphaerium . 
rt =  num ber of the exam inations, p  =  probability  level before and after ATP adm in istra tion .

I  =  Standard error o f th e  means

C erebral 0 2 a n d  glucose u p tak e , c e reb ra l re sp ira to ry  q u o tie n t a n d  cere­
b ra l g lu c o se /0 2-q u o tie n t rem ained  largely  u n a ffe c te d  by  A TP, w ith  th e  ex cep ­
tio n  of a s ligh t n o n -sig n ifican t re d u c tio n  in  th e  re sp ira to ry  q u o tie n t 
an d  an  equally  s lig h t, n on -sign ifican t rise  in  cereb ral g lu c o se /0 2-q u o tie n t 
d em o n strab le  a t  10 m in . a f te r  A T P -in jec tion , b u t  no  longer p re sen t a t  15 m in.

Effect o f A T P  and noradrenaline on cerebral blood flow

T he response o f ce reb ra l blood flow  to  th e  com bined  a d m in is tra tio n  of 
A T P a n d  n o rad ren a lin e  w as s tu d ied  in  11 p a tie n ts . T he essen tia l re su lts  are 
p re se n te d  in  F ig . 3. M ean a rte ria l p ressu re  re m a in e d  unaffec ted  a n d  ce reb ra l 
b lood flow  increased  from  350 m l/m in. to  405 m l/m in ., a change a t ta in in g
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th e  level o f significance in  th e  sam e w ay  as d id  th e  fall in ce reb ro v ascu la r  
re s is tan ce . N o n eg a tiv e  response  w as n o te d .

A T P  failed  to  affect th e  ce reb ra l m e tab o lism  o f 0 2 and  glucose, w h e th e r  
ad m in is te red  b y  itse lf  or in  co m b in a tio n  w ith  no rad rena line. N o s ig n if ican t 
change in  ca rd iac  o u tp u t w as n o te d  e ith e r  in  response  to  A TP its e lf  o r to  its 
co m b in a tio n  w ith  n o rad ren a lin e . T he sam e app lies to  th e  in te rn a l ju g u la r  
venous p ressure .

Discussion

I t  w ou ld  be m ost d esirab le  to  be able to  increase cerebral b lo o d  flow  in 
co n d itions associa ted  w ith  ce reb ra l h y p o x ia . H ow ever, cerebral c ircu la tio n  
resp o n d s p o o rly  to  p h a rm aco d y n am ic  in flu en ces. This has tw o m a in  causes: 
(1) ce reb ra l b lood  c ircu la tion  h as  a h ig h  deg ree  of au to -reg u la tio n ; (2) th e  
cereb ra l vessels, com pared  to  th o se  of o th e r  reg ions, are sluggish to  resp o n d  
to  s tim u li. A T P  an d  its  d e riv a tiv e s  h av e  b een  recom m ended fo r  red u c in g  
ce reb ro v ascu la r resistance  an d  to  im p ro v e  ce reb ra l 0 2-m etabo lism , th e  com ­
p o u n d  being  a v aso d ila to r p ro d u c in g  a t r a n s ie n t  fall in blood p re ssu re  as well 
as v a so d ila tio n  in  th e  e x tre m ita l an d  c o ro n a ry  vessels alike. A d m in is tra tio n  
of A T P  to  la b o ra to ry  an im als w as follow ed b y  a sligh t rise in th e  c a ro tid  and  
fem oral flow  desp ite  a s im u ltan eo u s , th o u g h  s lig h t, fall in blood p re ssu re  [9]. 
In  o u r ea rlie r h u m an  stud ies p e rfo rm ed  b y  th e  N 20 -m e th o d  [9] we fo u n d  th a t  
A T P by  itse lf  has b u t  a s lig h t s t im u la tin g  e ffec t on cerebral b lood  flow , b u t 
th is  effect w as g rea tly  en h an ced  if  th e  acco m p an y in g  tra n s ie n t fa ll in  b lood  
p ressu re  w as co u n te rac ted  b y  th e  s im u ltan eo u s  a d m in is tra tio n  of som e p o te n t 
v a so co n stric to r.

In  th e  p re se n t s tu d y  n o ra d re n a lin e  w as ap p lied  as th e  v a so c o n s tr ic to r ; 
its  co m b in a tio n  w ith  A T P seem ed  a d v a n ta g e o u s , n o t only because  o f  i ts  ca­
p a c ity  to  c o u n te ra c t th e  tra n s ie n t  h y p o ten s iv e  effect of A TP, b u t  also  because  
i t  has no  d irec t in fluence on ce reb ro v ascu la r  to n e . T here is ex ten s iv e  e x p e ri­
m e n ta l ev idence [11—22] t h a t  n o ra d re n a lin e  affec ts only the to n e  o f e x tr a ­
c ran ia l vessels w hile leav ing  ce reb ro v ascu la r re s is tan ce  p rac tica lly  u n a ffe c ted . 
A ccord ing  to  o u r own o b se rv a tio n s [9] n o ra d re n a lin e  b y  itse lf has n o  in flu en ce  
on cereb ra l b lood  flow.

T h e  p re se n t s tu d y  has y ie lded  new  ev id en ce  to  th e  effect o f A T P  on 
cereb ra l b lood  flow . A TP b y  itse lf  h ad  no  a c u te  effect e ither on ce re b ra l b lood  
flow o r on cereb ro v ascu la r re s is tan ce . H o w ev er, i f  com bined  w ith  n o ra d re n a lin e , 
i t  in d u ced  a s ign ifican t rise in  ce reb ra l b lo o d  flow  w ith  a para lle l s ig n if ican t 
fall in  ce reb ro v ascu la r res is tan ce .

A fu r th e r  p o in t was th e  fa ilu re  o f ce reb ra l 0 2 and  glucose u p ta k e  and  
u tilisa tio n  to  respond  e ith e r to  A T P  or to  A T P  -|- n o rad renaline. I n  sy n d ro m es 
asso c ia ted  w ith  cerebral isch aem ia  th e  m e tab o lism  of th e  b ra in  is g re a tly  im ­
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p a ired  as re flec ted  b y  a p o o r cerebral 0 2 u p ta k e  a n d  b y  low values of th e  ce reb ra l 
re s p ira to ry  q u o tie n t as w ell as of th e  g lu c o s e /0 2 ra tio . T he la s t m e n tio n e d  
a b n o rm a litie s  are in d ic a tiv e  o f an  im p a irm e n t in  th e  aerobic g lycolysis o f  th e  
b ra in . A d m in is tra tio n  o f A T P  left th e  m e tab o lism  of th e  b ra in  u n a ffe c ted , 
an d  ev en  th e  en h a n c e m en t o f cerebral flow  b y  A T P  -f- n o rad ren a lin e  failed  
to  p ro d u c e  any  fav o u ra b le  response. T his in d ic a te s  th a t ,  o th e r th in g s  being  
e q u a l, e n h an cem en t o f ce reb ra l blood flow  b y  itse lf  does n o t y e t im p ly  an  
im p ro v e m e n t of ce reb ra l m etabo lism .

T h e  o b se rv a tio n  t h a t  in  ce rta in  cases o f  ce reb rovascu la r d isease , A T P  
p ro d u c e s  a p ro m p t a n d  m a rk e d  fall in  cereb ral b lo o d  flow  also deserves n o tice . 
T h e  d a ta  p resen ted  in  F ig . 3 w ould  seem  to  suggest th a t  c e reb ro v ascu la r 
re s is ta n c e  fails to  re sp o n d  to  A TP unless its  o rig in a l level has been excessively  
h ig h . T h is  is, how ever, a t  v a r ia n c e  w ith  th e  re su lts  o b ta in ed  in th e  A T P  - f  n o r­
a d re n a lin e  group  w h ere  ce reb ro v ascu la r re s is ta n c e  w as n o t excessive, ce reb ra l 
flow  in c rea sed  in  re sp o n se  to  th e  d rug  co m b in a tio n . I t  seems m ore  p ro b a b le  
t h a t  th e  fre q u e n t n e g a tiv e  cerebral response  to  ATP is connected  w ith  its  
v a so d ila to r  p ro p e rty . A T P  induces a t r a n s ie n t  fa ll in blood p re ssu re  an d  
a g en e ra l v a so d ila tio n , w h ich  often  goes h a n d  in  h and  w ith a re d u c tio n  in 
ce reb ra l flow . Tf co ex is tin g  ab n o rm alitie s  of o th e r  v ascu la r areas, e.g. p e rip h e ra l 
v a sc u la r  disease, in te rfe re  w ith  th e  p ro d u c tio n  o f  general v a so d ila tio n , ATP 
m ay  e n h an ce  cereb ra l b lo o d  flow .

T h e  p re se n t re su lts  i llu s tra te  th a t  th e  re g u la tio n  of ce reb ra l flow  is 
in se p a ra b le  from  th e  g en era l h aem o d y n am ic  resp o n se  and  p o in t to  th e  possib le  
b e n e fits  o f th e  s im u lta n e o u s  a d m in is tra tio n  of d ru g s affecting ce reb ra l c ircu ­
la t io n  fro m  d iffe ren t s ite s  o f  .action.
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UNTERSUCHUNGEN DER NICHT VERESTERTEN 
FETTSÄUREN BEI EXPERIMENTELLER 

HYPERTONIE AN DER RATTE
Von

M. L. MlCHAILOV
DEUTSCHE A K A D EM IE D E R  W ISSEN SCH A FTEN  ZU B E R L IN , IN S T IT U T  F Ü R  K O R T IK O -V ISZ ER A LE 

PATHOLOGIE U N D  T H E R A P IE  (D IR E K T O R : PR O F. D R. R . BAUM ANN), BERLIN -BU CH

(Received May 25, 1971)
Es w urde eine gaschrom atographische A nalyse des Musters der freien, n icht 

veresterten F e ttsäu ren  (FFS) im  B lutplasm a bei zwei Modellen der experim entellen 
H ypertonie (nephrogen und neurogen-interorezeptiv) an der R a tte  durchgeführt, und 
die Ergebnisse w urden m it denen gleicher norm otoner Tiere verglichen. Bei hypertoner 
Belastung veränderte  sich das FFS-M uster in charak teristischer Weise:

1. die gesättig ten  FFS, besonders die P alm itin - und Stearinsäure, erhöhten sich;
2. die ungesättig ten  FFS  verm inderten  sich d iam etral zu den gesättig ten , 

nam entlich die Öl-, Palm itolein-, Linolsäure.
Die V eränderungen w aren deutlicher bei dem  nephrogenen H ypertoniem odell, 

annehmlich infolge der in tensiveren Teilnahme des Renin-Angiotensin-M echanismus.

Es is t b e k a n n t, daß  die n ic h t  v e re s te r te n , fre ien  F e tts ä u re n  (F F S ) im 
P la sm a  eine -wesentliche R olle als energetisches S u b s tra t  bei a k u te n  u n d  ch ro ­
n isch en  B e las tu n g en  im  O rgan ism us spielen. D ie K in e tik  der F F S -F re ise tzu n g  
aus den  F e ttd e p o ts  in  das B lu tp la sm a , ih r  T ra n s p o r t  u n d  die O x y d a tio n  v e r­
lau fen  versch ied en  be i n o rm alen  physio log ischen  B ed ingungen  sowie bei 
B e las tu n g en  v e rsch ied en er A rt, z. B . p h ysischen  u n d  psych ischen  S tresso ren  
w ie auch  bei ch ro n isch en  B e las tu n g en  des O rg an ism u s auch  im  S inne eines 
a rte rie llen  h y p e r to n e n  S yndrom s. E s  d o m in ie rt die A uffassung , d a ß u n te r  d ie­
sen  B ed ingungen  d e r b esch leu n ig te  U m sa tz  d er F F S  m eistens m it e iner A k ti­
v ie ru n g  des sy m p a th isc h e n  N erv en sy stem s e inschließ lich  e iner e rh ö h ten  
P ro d u k tio n  von  C atech o lam in en  g ek o p p e lt is t, w elche eine s tim u lie ren d e  Rolle 
a u f  die A deny lcyclase  u n d  3’,5 ’-A M P ausühen .

N euere U n te rsu c h u n g e n  v o n  O rö u n d  M ita rb . [12], H odge  u n d  M ita rb . 
[7], Vassalle  u . M ita rb . [14], G e b b e r  u n d  Sn y d l e r  [6] u . a. zeigen, d aß  die 
F re ise tzu n g  von  C atecho lam inen  teilw eise ein T eil eines a rte rie llen  in te ro rezep - 
tiv en  B aroreflexes is t. E ine  e lek trisch e  S tim u la tio n  v ersch ied en er su b m ed u l­
lä re r  H irn s tru k tu re n , vorw iegend  k re is la u fa k tiv e r  A reale m it p resso rischen , 
k a rd io v ask u lä ren  R e a k tio n e n  fü h re n  zu e iner In h ib itio n  von  v agalen  K o m p o ­
n e n te n  u n d  einer S tim u la tio n  des sy m p a th isch en  N erv en sy stem s. M an sp r ic h t 
v o n  einer »C atecho lam inerhöhung  u n te r  v ag a le r K ontro lle« . E s is t au ß erd em  
b e k a n n t, daß  eine e rh ö h te  L ipolyse bei E le k tro s tim u la tio n e n  des S y m p a th ik u s  
o d e r H y p o th a la m u s  u n te r  e iner k o o rd in ie rten  K o n tro lle  des K o rte x  v o n ­
s ta t te n  geht.
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M ethodik

Die heutigen chrom atographischen M ethoden sind im stande, die einzelnen FFS-F rak- 
Monen im  Plasm a exak t zu trennen . W ir bedienten  uns dabei der rou tinem äßigen  D ünn­
schichtchrom atographie und  G asflüssigkeitsverteilungschrom atographie (G iede-Gaschrom ato- 
g rap h  m it dem  F lam m enionisationsdetektor m it entsprechender R eproduzierbarkeit), durch 
welche eine U ntersuchung der einzelnen F rak tionen  auch in m inim alen Mengen möglich ist. 
Die gaschrom atographischen B edingungen w aren folgende: Säulenabm essung 3 m  X  4 mm. 
s ta tio n ä re  Phase 20% A thylenglykolsuccinatpolyester au f Chromosorb W , 60 — 80 mesh, 
S äu len tem pera tu r 180°C —190°C, Schleppgas S tickstoff, D urchfluß 2,6 1/Std., E m pfind lich ­
k e it 10- 9/10. Die E x trak tio n  der L ipide aus dem B lu tp lasm a erfolgte nach dem  Chloro­
form -M ethanol-V erfahren, ihre F rak tion ierung  m it H ilfe der D ünnschichtchrom atographie, 
ihre V eresterung m it B E 3-M ethanol. E s w urde die gaschrom atographische A nalyse des 
F e ttsäu rem u ste rs  im P lasm a bei verschiedenen H ypertoniem odellen an der A lbinoratte 
(S tam m  W istar, m ännliche Tiere von  derselben G eneration, 10 M onate, ca. 220 g) vo r­
genom m en, wobei wir folgende Modelle p rak tiz ierten : das nephrogene Zellophankapselm o­
dell (eine M odifikation von M e ie r  u . Zb in d e n  [10] nach der M ethode! von  P age 
[13]) u n d  ein neurogen-interorezeptives Carotissinusm odell (nach K r ie g e r  [9]), und  zwar 
jew eils an  20 Tieren. Als K ontro lle  diente eine gleiche Anzahl no rm otoner R atten . 
D er B lu td ru ck  der norm otonen Tiere zeigte 110 d: 9,5 m m H g, der der nephrogen  hyper- 
to n en T ie re  w ar 165 ±  12,5 m m H g u n d  der der neurogen hypertonen 180 di 12,5 m m H g. Die 
M essung des systolischen B lu tdruckes erfolgte unblu tig  nach der M ethode von F r ie b e l  und 
V r e d e n  [5]. Nach 12stündiger N ahrungskarenz w urde den Tieren m ittels H erzpunk tion  bei 
k o n s tan ten  Versuchsbedingungen B lu t entnom m en. Als A ntikoagulant verw endeten  wir N a­
trium fluo rid . Zur statistischen V erifikation  unserer Ergebnisse benutzten  wir den t-Test nach 
S tu d e n t un d  die K orrelationsprüfung.

E rgebnisse

T ab e lle  I  zeig t die R e ih e  d e r la n g k e ttig e n  g e sä ttig te n  u n d  u n g e sä ttig te n  
F e t ts ä u r e n  aus dem  G e sa m tsp e k tru m . D eu tlich  e rk e n n b a r u n d  s ta tis tisc h  
v e r if iz ie r t  is t der U n te rsch ied  d e r su m m arisch en  V erän d eru n g en  d e r g e sä ttig ­
te n  F e tts ä u re n , die bei ex p e rim e n te lle r  H y p e rto n ie  eine s ta rk e  E rh ö h u n g  
ze igen . D ie u n g e sä ttig te n  F e t ts ä u re n  zeigen eine d iam e tra le  V ersch iebung , 
die eb en fa lls  s ig n ifik an t is t. B e i dem  n ep h ro g en en  H y p e rto n ie m o d e ll sind  
d iese U n te rsch ied e  a u sg e p rä g te r , m it h ö h e ren  W erten . B e treffs  d e r  einzelnen  
G lied e r des M usters der F F S  im  P la sm a  bei v e rsch ied en en  H y p e rto n iem o d e llen  
k o n n te n  w ir c h a ra k te ris tisch e  g leichsinn ige V erän d eru n g en  im  V erg leich  zu 
d en  K o n tro llg ru p p e n  f in d e n . D ie g e sä tt ig te n  F F S  sind  e rh ö h t, besonders 
d ie  r e la t iv  k u rz k e ttig e n  F F S , w ie L au rin -  u n d  M y ris tin säu re , w elche  b e i den 
n o rm o to n e n  T ieren  in  g e ringen  M engen zu f in d e n  sind . D as N iv e a u  d er b io ­
lo g isch  w ich tigen  P a lm itin sä u re  s te ig t an . E b en fa lls  eine a u sg e p rä g te  E rh ö ­
h u n g  ze ig t die S tea rin säu re . D ie V erm in d e ru n g  d e r u n g e sä ttig te n  F F S  b e ­
t r i f f t  v o r  allem  die Ö lsäure w ie au ch  die P a lm ito le in säu re  u n d  die essen tie llen  
F e t ts ä u r e n .

B esprechung

U n sere  U n te rsu ch u n g en  ze ig ten , d a ß  bei E n e rg ie b e d a rf  vo rw iegend  
d ie  u n g e sä ttig te n  F e tts ä u re n , in sb eso n d ere  die Ö lsäure, u n d  s e k u n d ä r  die 
h o c h g e sä ttig te n , v e rw e rte t w erd en . B ei schw eren  B e las tu n g en  sp ie len  bei
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Tabelle 1

C-Zahl Normotonie
%

Nephrogene Hypertonie
%

N eurogen-interorezep t i ve 
Hypertonie

%

I. Gesättigte Fettsäuren

C12 (Laurinsäure) 1.0 ± 0 ,2 4,8 ± 1 ,1  (p <  0,01) 3,8 ± 0 ,9  ( p <  0,01)
C13 (Tridekansäure) — 2,4 ± 0 ,6 1,0 ± 0 ,2
Ci4 (Myristinsäure) 3,5 ± 0 ,5 8,6 ± 1 ,4  (p <  0,01) 7,4 ± 1 ,2  ( p <  0,01)
C15 (Pentadekansäure) — 2,5 ± 0 ,4 2,3 ± 0 ,4
C1G (Palmitinsäure) 35,2 ± 3 ,9 40,6 ± 3 ,8  (p <  0,01) 41,1 ± 4 ,0  ( p <  0,01)
C17 (Margarinsäure) — 1,7 ± 0 ,3 1,9 ± 0 ,4
C18 (Stearinsäure) 4,8 ± 0 ,7 11,8 ± 2 ,1  (p <  0,01) 8,8 ± 1 ,7  (p <  0,01)
C20 (Arachinsäure) 1,2 ± 0 ,2 2,1 ± 0 ,5  (p >  0,01) 2,0 ± 0 ,5  (p >  0,01)

E = 45,7% 74,5% 68,3%

I I .  Ungesättigte Fettsäuren

Ci4u (Myristoleinsäure) 1,5 ± 0 ,4 — —
C il • ; 1 (Palmitoleinsäure) 9,6 ± 1 ,6 4,6 ± 1 ,0  ( p <  0,01) 5,5 ± 1 ,4  (p  <  0,01)
C18;1 (Ölsäure) 24,6 ± 2 ,2 13,3 ± 1 ,9  (p <  0,01) 15,1 ± 2 ,0  (p <  0,01)
C18:2 (Linolsäure) 9.2 4 1,3 4,1 ± 1 ,0  ( p <  0,01) 5,8 ± 1 ,2  ( p <  0,01)
C18:3 (Linolensäure) 6.1 4  1,1 2,5 { 0,6 (p <  0,01) 3,8 ± 0 ,6  (p <  0,01)

С г о : i (Arachidonsäure) 3,3 ± 0 .6 1,2 ± 0 ,4  (p 0,01) 1,5 i  0,5 ( p ^  0,01)

r  = 54,3% 25,5% 31.7%

dem  energetischen  M etabo lism us die le ich te r m o b ilis ie rb a ren  u n d  le ich te r 
sy n th e tis ie rb a re n  g e sä ttig te n  F e tts ä u re n  eine R olle. D as e n tsp r ic h t n a c h  B l o c h  

[1] u n d  W a r e m b o u r g  u .  M ita rb . [15] der A n n ah m e, d aß  fü r  das L eb en  im  a ll­
gem einen  die U n g e sä ttig th e it n ic h t en tsche idend  is t. D ie A nalyse  des M usters 
d er F F S  bei ex p erim en te lle r H y p e rto n ie  u n te rsc h e id e t sich  v o n  den  V erän d e ­
ru n g en  der F F S  bei N o rad ren a lin in fu sio n  n ach  B o h l e  u n d  M ita rb . [2], 
D e s c o m p s  u .  M itarb . [3], bei w elcher eine Z u n ah m e  d e r b io logisch  w ich tig en  
F e tts ä u re n , P a lm itin - u n d  Ö lsäure, im  V o rd erg ru n d  s te h t. D ie S te a rin sä u re , 
die w ir bei unseren  M odellen  e rh ö h t fan d en , e n tsp r ic h t den  U n te rsu c h u n g s­
ergebn issen  von  J á k y  u. M ita rb . [8], F e l t  u n d  S t a j n e r o v á  [4], w elche die 
gleichen E rgebn isse  bei h y p o x äm isch en  Z u s tän d en  gefunden  h ab en .

D ie R e su lta te  der S p e k tra lan a ly se  der F F S  im  P la sm a  bei ex p erim en te llen  
H yperto n iem o d ellen  fü g en  sich  in  das kom plexe P ro b lem  des h y p e rto n e n  
Z u stan d es  ein, w obei K o rte x  u n d  S u b k o rtex , die C atecho lam ine  u n d  an d ere  
n eu ro h u m o ra lc  u n d  genetische  F a k to re n  b e te ilig t s ind . Bei d er b io k y b ern e tisch en  
In te rp re ta tio n  der H y p e rto n ie  als v e rm asch te r R egelkreis d er B lu td ru c k h o ­
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m ö o s ta se  (nach N itschkoff  [11]) m it seinen A d a p ta tio n s- , K o m p en sa tio n s- und  
E n tg le isu n g sm ech an ism en  sp ie len  die F F S  als E n e rg ie lie fe ran t eine R olle.

D ie  K in e tik  d er M ob ilisa tio n  u n d  U tilisa tio n  der F F S , die versch iedene 
L ä n g e  ih re r  K e tte n  u n d  d ie  versch iedenen  G rade  d er S ä ttig u n g , zeigen eine 
g ese tzm äß ig e  R e a k tio n  sow oh l bei der n o rm o to n en  K re is la u fs itu a tio n  als auch 
b e i d e n  versch iedenen  F o rm e n  d e r H y p erto n iem o d e lle . D ie g rad u e llen  U n te r­
sc h ie d e  der ex p erim en te llen  H y p erto n iem o d e lle  zeigen deu tlich e  pa tho log ische  
V e rä n d e ru n g en  in  dem  G leichgew ich t des M etabo lism us, in sb eso n d ere  bei der 
n e p h ro g e n e n  H y p e rto n ie , b e i w elcher der R en in -A ngio tensin -A ldosteron-M echa- 
n ism u s  von  besonderer B e d e u tu n g  is t u n d  in  d en  F e tts to ffw ech se l eingreift.

D as  g asch ro m ato g rap h isch  an a ly s ie rte  S p e k tru m  d er F F S  im  P lasm a 
b e i ex p erim en te ller H y p e r to n ie  zeig t ch a ra k te ris tisch e  V erän d eru n g en , deren 
W echselbeziehungen  u n d  d e re n  D y n am ik  eng m it dem  G esam tsto ffw echsel 
v e rb u n d e n  sind u n d  d ie  in  A b h än g ig k e it zu  d e r B e la s tu n g  u n d  d en  k o m p en ­
s a to r is c h e n  biologischen R e a k tio n e n  des O rgan ism us stehen .
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The effect of phenylbutazone on thyroid function  has been studied by estim ation 
of the coefficients of iodine up take and mobilisation reflecting the iodine kinetics.

1. Sustained levels of the drug were found to produce a dose-related, b u t in v a­
riably significant inhibition of thy ro id  function.

2. Phenylbutazone applied as prelim inary tre a tm en t left thyroid  iodine m etab ­
olism unaffected.

3. In view of th e  absence of any  increase in thy ro id  weight, it is not an enhanced 
TSH -production which accounts for the inhibitory effect.

4. A dm inistration  of the drug after completion of radio-iodine up take results 
in a m obilisation of a “pseudo” -hyperthyro id  type which, however, on the evidence 
o f plasma ac tiv ity  studies expresses only the iodine released by the thyroid and thus 
the ratio of active to inactive fraction  in the serum.

T he p h en y lb u ta z o n e  d e riv a tiv e s  owe th e ir  w orld -w ide  use in rh e u m a tic  
d iseases and in o th e r  fie lds of m ed ic ine  inc lud ing  gynaeco logy , to  th e ir  a n t i ­
p y re tic , analgesic an d  a n ti- in f la m m a to ry  p ro p ertie s . T h ey  are  believed  to  a c t 
as a n ti- in f la m m a to ry  ag en ts  in a co rtisone-like  fa sh io n  b y  in h ib itin g  th e  b re a k ­
dow n o f cortisone [7, 8]. In  view  of th e  close in te rre la tio n s  betw een  th e  v a rio u s 
end o crin e  organs th is  a c tiv ity  c a n n o t be re s tr ic te d  to  a n y  p a r tic u la r  g land  
b u t  possib ly  invo lves an y  o th e r end o crin e  o rgan  in c lu d in g  th e  th y ro id  [12], 
as ind eed  th e re  is clin ical evidence th a t  p h e n y lb u ta z o n e  d e riv a tiv es  in h ib it 
th e  u p ta k e  of iod ine  b y  th is  o rgan  [4, 11]. A ccord ing  to  ce rta in  au th o rs , th e  
a n ti- in f la m m a to ry  e ffec t of th e  d ru g  fails to  a sse rt itse lf  in case of p rev ious 
th y ro id e c to m y , an  o b se rv a tio n  p o in tin g  to  th e  close in v o lv em en t of th e  th y ro id  
in  th e  p ro d u c tio n  o f  th e  effect [2, 14, 15, 16]. T h e  analgesic  effect o f p h e n y l­
b u ta z o n e  is a t t r ib u te d  b y  som e o th e r  au th o rs  to  th e  th y ro s ta tic  p ro p e rtie s  
o f th e  drug  [1, 5].

T he aim  of th e  p re se n t s tu d y  h as  been to  a sc e rta in  to  w h a t e x te n t p h e n y l­
b u ta z o n e  in terferes w ith  iodine m etab o lism  an d  how  th is  in h ib itio n  ta k e s  
effec t.

M ateria l and  m ethod

The response of iodine m etabolism to various factors is estim ated  on the basis of the 
changes in iodine-binding (a) and the m obilization (a) coefficients.

In  euthyroid subjects the value of a  is roughly 0.1 h -1 , and  th a t  of a, 0.005 h —1, depend­
ing on the iodine con ten t of food and of drinking w ater [3]. B oth  coefficients increase in the
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case o f hyperthyroidism  and  decline in hypothyroidism . The two coefficients can  be computed 
from  th e  ascending (iodine u p tak e ) and from the  descending (iodine m obilization) limbs, 
respective ly , of the iodine re ten tio n  curve on th e  basis of the differential equation  [9, 10]

ciT
dt — a S  — o T

w here T  represents thy ro id  ac tiv ity , S th a t of blood, a. and a the  coefficients of up take  and 
m obilization , respectively.

Since the organic iodine binding coefficient can be only derived from  th a t  section of 
th e  iodine-retention  curve w here l3lI-m obilization is still negligible (a =  0), th e  above equation 
has been  referred to a  by  utilizing  the values for 2, 4 and  6 hrs up take  [10] as follows

a  =  c T,
2 (Г , -  T t )

(Tt -  T,)»
T„ , ] Ig

(T t ~  Г ,) 
< r. -  T 4)

w here c represents a constan t of 1.151 h _1.
On similar grounds th e  m obilization coefficient of the reten tion  curve can also be derived 

from  th e  d a ta  of the descending lim b of the curve where a is a negligible q u an tity

a

where, Ta and represent th y ro id  activ ity  estim ated  a t two arb itra ry  tim es (ta and  th), of the 
m obilisation  phase of the iodine reten tion  curve.

In  the studies, male albino ra ts  of 200 g average body weight, k ep t on R em ington’s 
iodine poor diet were used. F o u r groups of 30 to  40 anim als each were form ed. They were 
tr e a te d  w ith  phenylbutazone in traperitoneally . In  each group 10 u n trea ted  anim als k ep t o ther­
wise u n d e r identical conditions served as controls. The active substance was adm inistered 
in  am o u n ts  ranging from therap eu tic  to  toxic doses.

F o r determ ination of the coefficient

1) iodine retention  curves were prepared by  the use of carrier-free m I on the basis 
of th e  values found in vivo 2, 6 , 24, 48 and 72 hours a fter adm inistration , using a  scintillation 
d e tec to r counter [6];

2) th e  am ount of m I released into the blood plasm a was estim ated  and , w ithin th is 
•value, th e  ratio  of organic to  inorganic 131I of serum  iodine was determ ined. F o r serum  iodine 
e stim atio n  the TCA -precipitation m ethod was used and ac tiv ity  was m easured in  a well-type 
sc in tilla tion  counter.

R esu lts

I n  G roup I , p h e n y lb u ta z o n e  was ad m in is te red  in  doses of 50, 100 and  
150 m g , each dose to  10 an im als , th e  f i r s t  dose being g iven  s im u ltan eo u sly  
w ith  131I  and  th ree  fu r th e r  doses a t  24 h r  in te rv a ls . T his schem e p ro v id ed  
fo r su s ta in e d  blood levels. T h e  resu lts  a re  show n in  F ig . 1 w here  th e  average 
io d in e  u p ta k e  curves of th e  an im als are  p re sen ted . T he coeffic ien ts w ere th en  
d e r iv e d  from  these  cu rves, w ith  due co n sid e ra tio n  to  th e  s c a tte r .

F ig . 1 shows th a t  p ro lo n g ed  p h e n y lb u ta z o n e  a d m in is tra tio n  p ro d u ced  
a d ose  re la ted  red u c tio n  o f iod ine u p ta k e  a n d  m ob iliza tion  in  th e  an im als.
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*- ----------con tro lc
o  ----------50 m g /k g / d a y

Fig. 1. 1311 reten tion  curve of thyroid under sustained phenylbutazone level

T his w as also re flec ted  b y  th e  differences o f th e  a  an d  a values from  th e  
con tro ls:

*(50)

* ( 100 )

*(150)

=  0.081 h ] 
0.063 h 1 

=  0.050 h - 1 
=  0.038 h 1

<r(o) =  0.0057 h " 1
<T(S0) =  0.0052 h _1
^(ioo) =  0.0045 h -1  
rr(150) =  0.0022 h - i

T he red u c tio n  w as sign ifican t s ta tis tic a lly  in  every  case (p <  0.01), 
w ith  th e  exception  o f w here 0.05 > p  > 0 .0 1 .

T he question  w h e th e r  th e  in h ib ito ry  e ffec t o f iod ine u p ta k e  w as due  to  
a reduced  fo rm atio n  o f T S H  or i t  w as th e  consequence  of an  en h an ced  T S H - 
p ro d u c tio n  rep re sen tin g  a seco n d ary  effect of th e  d ru g  as in th e  case of th ia -  
m azole , has been a p p ro a c h e d  b y  tw o  series of ex p erim en ts .

1) G roup I I  h a d  a p re lim in a ry  p h en y lb u ta z o n e  t re a tm e n t w ith  doses 
of 25, 50, 100 an d  150 m g da ily  fo r seven days a n d  i t  w as on th e  e ig h th  d ay  
th a t  th e y  received  th e  sam e in tra p e rito n e a l dose o f 131I  as th e  o th e rs  serv ing  
as contro ls. T he iod ine  re te n tio n  curve su b se q u e n t to  t r e a tm e n t  is show n 
in  F ig . 2; i t  show s t h a t  th e  p re tre a tm e n t d id  n o t  in flu en ce  th e  tu rn o v e r  of 
iod ine, e ith er in  its  u p ta k e  or in  its  m o b iliza tion  p h ase , to  an  e x te n t th a t  
m ig h t have  a ffec ted  131I  u p ta k e  24 hours la te r , i.e. a t  th e  tim e  of 131I a d m in ­
is tra tio n . T he to x ic  dose, w hich  in  24 h ours red u ced  th e  iodine re te n tio n  
c a p ac ity , induced  convu lsions in  50%  of th e  an im als.

2) In  o rder to  ru le  o u t a possible in v o lv e m e n t o f an  in h ib ito ry  m ech a­
n ism  o f th e  th iam azo le  ty p e , th e  anim als of G ro u p  I I I  w ere given A :  pheny l-
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с<ко
control

Fig. 2. 131I-u p tak e  a fter phenylbutazone pre trea tm en t

b u ta z o n e , В : th iam azo le , C: th e  co m b in a tio n  o f th ese  tw o  d rugs. A fte r  th ree  
w eeks tre a tm e n t, th e  th y ro id  w as rem oved  an d  th e  m asses w ere com pared . 
R e s u lts  are sum m arized  in  T ab le  I .

F ro m  th e  tw o series o f ex p erim en ts  i t  c learly  em erged  th a t ,  u n like  in 
th e  case  of th iam azo le , i t  w as n o t  an  en h an ced  secre tion  of T S H  w hich ac­
c o u n te d  for th e  in h ib ito ry  effect o f p h en y lb u tazo n e . T his w as con firm ed  f irs t

Table I

Changes induced in  thyroid weight by phenylbutazone, thiamazole 
and their combination

Animal groups
Average 

thyroid  w eight, 
mg

Scatter,
mg 1 P

U ntreated 17.90 ± 1.17 _ —

Phenylbutazone 13.66 ± 0.32 7.72 0.001
Thiamazole 50.92 ± 7.15 13.99 0.001
Phenylbutazone -(- thiam azole 39.94 ± 8 .55 8.90 0.001

b y  th e  fa c t th a t  a t  th e  en d  o f th e  seven  d ay  p re tre a tm e n t th e  in ten sifica tio n  
o f  io d in e  tu rn o v e r co n se q u e n t u p o n  th e  increase  in  T S H  sec re tio n  w as n o t 
o f  a degree w hich cou ld  h a v e  led  to  a h y p e rfu n c tio n  p e rs is tin g  even  a fte r 
th e  te rm in a tio n  of t r e a tm e n t ,  a n d , second, b y  th e  absence of a n y  increase  in 
th y r o id  m ass w hich w o u ld  h av e  re su lted  from  an  increased  T S H  secretion , 
a n  in c rea se  w hich, as i l lu s tra te d  b y  T ab le  I ,  w as in  fa c t s ig n ifican t in  th e  case 
o f  th ia m a z o le  tre a tm e n t.
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I n  th e  an im als in  G roup IV  tr e a tm e n t  w as begun  24 hours a f te r  th e  
in jec tio n  o f 131I  an d  a d m in is tra tio n  of th e  doses w as rep ea ted  every  24 ho u rs . 
In  th is  g roup  i t  has been  s tu d ied  how  th is  t r e a tm e n t  affected  th e  steep n ess  
of th e  m ob iliza tio n  p h ase  of th e  iod ine  re te n tio n  cu rve , i.e. its  a. F ig . 3 co m ­
pares  th e  m o b iliza tion  phase of th e  re te n tio n  curves of th e  t r e a te d  an im als  
w ith  t h a t  o f th e  con tro ls .

Fig. 3. Phenylbutazone induced m odifications of the m obilization phase of the iodine reten tion
curve

a(Cl) =  0.00475 h " 1 <r(25) =  0.00695 h “ 1
a(Ct) =  0.00505 h “ 1 cr(50) =  0.00720 h " 1
ff(i2.5) =  0.00625 h “ 1 <r(75) =  0.00800 h “ 1

A lth o u g h  th e  differences of th e  in d iv id u a l cr-values were n o t s ig n if ic a n t 
s ta tis tic a lly , th e ir  increasing  te n d e n c y  w as in d ic a tiv e  of h y p e rfu n c tio n in g  of 
th e  th y ro id .

S ince th e  re su lts  seem ed to  be  a t  v a r ia n c e  w ith  th e  in h ib ito ry  effect 
n o te d  in  th e  o th e r  p h en y lb u tazo n e  series, th e  p la sm a  131I level an d  th e  ra tio  o r­
ganic to  ino rgan ic  iod ine was e s tim a te d  in  th e  sacrificed  an im als. R esu lts  
a re  su m m arized  in  F ig . 4, w hich  show s t h a t  as a resu lt o f t r e a tm e n t ,  th e  
to ta l  p la sm a  131I c o n te n t d im in ished  a n d  th e  ra tio  organic to  in o rg an ic  
iod ine u n d e rw e n t a dose re la te d  sh if t to w a rd s  th e  inorganic p h a se . T h u s, 
in  c o n tra s t  to  th e  increase in d ica tiv e  of h y p e rfu n c tio n , th e  la t te r  o b se rv a tio n  
p o in te d  to  an in h ib itio n  of th y ro id  fu n c tio n .
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control 

4x12.5 m g /k g

Fig. 4. M odifications of plasm a 131I and the ratio  organic to  inorganic iodine as a function  of 
phenylbu tazone trea tm en t. C0 =  plasm a 131I in th e  contro ls; Cr =  plasm a lalI  in  phenyl­

butazone trea ted  anim als

D iscussion

F ro m  th e  in h ib itio n  o f iodine u p ta k e  b y  th e  th y ro id  as w ell as fro m  th e  
re d u c tio n  in  to ta l  p la sm a  iod ine  and in  its  o rg an ica lly  hound iod ine co m p o ­
n e n t ,  i t  m ay  be in fe rred  t h a t  p h e n y lb u tazo n e  in te rfe re s  w ith  iod ine tu rn o v e r . 
T h is in h ib ito ry  effect a sse rts  itse lf  in  th e  s ta g e  o f  iod ine u p tak e , a  h a v in g  been  
s ig n if ic a n tly  red u ced . T h e  low  iodine u p ta k e  w as followed b y  an  im p a ire d  
m o b iliz a tio n , as re flec ted  b y  th e  sign ifican t re d u c tio n  in  cr. T his ty p e  o f in h i­
b it io n  m a y  acco m p an y  a fa ll in  th e  T S H -lev e l. S ince p h en y lb u tazo n e  ex erts  
its  co rtiso n e -ty p e  e ffec t b y  in te rfe rin g  w ith  th e  breakdow n of co rtiso n e , 
i t  in d u ces  an  increase  in  th e  cortisone level. T h e  h igh  cortisone lev e l, on  its  
p a r t ,  th e n  affects p i tu i ta ry  A C TH  secretion . I n  v iew  o f th e  fa c t t h a t  th e  T S H  
is also  p ro d u ced  b y  th e  p i tu i ta ry , i t  m ay  b e  assu m ed  th a t ,  to g e th e r  w ith  th e  
p ro d u c tio n  of A C T H , th a t  o f T S H  is also in h ib ite d , th u s  acco u n tin g  fo r  th e  
ch an g es in  th e  u p ta k e  a n d  m ob iliza tion  coeffic ien ts  ch a ra c te ris tic  o f  an  
im p a ire d  fu n c tio n , an  in te rp re ta tio n  su p p o r te d  b y  th e  resu lts  o b ta in e d  in  
G ro u p s I I  an d  I I I .

In h ib itio n  o f th e  m ob iliza tio n  phase en su ed  even if  t re a tm e n t w as n o t 
s ta r te d  u n ti l  iod ine u p ta k e  h a d  been co m p le te . I n  th is  case, th e  in h ib ito ry  
e ffec t o f th e  d ru g  w as obv io u sly  confined  to  th e  u p ta k e  of in a c tiv e  iod ine  
a n d  th e  ra tio  ac tiv e  to  in a c tiv e  iodine sh if te d  in  favour o f 131I . T h is  w as, 
h o w ev e r, c e rta in ly  in d e p e n d e n t o f an y  d ru g  in d u ced  a lte ra tio n  o f  iod ine  
m etab o lism .
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I t  m ay  be assum ed  th a t ,  as a re su lt o f t r e a tm e n t, th e  131I  lib e ra te d  in  
th e  course of b reak d o w n  of th e  iod ine ho rm ones h av in g  a tta in e d  th e  p e rip h e ry , 
is ex c re ted  th ro u g h  th e  k id n ey  in s te a d  of b e ing  re sy n th e tiz e d  in to  io d ine  h o r­
m ones. T his in te rp re ta t io n  w ould  be co n s is ten t w ith  o u r figures co ncern ing  
p lasm a  131I  an d  th e  ra tio  organic to  in o rg an ic  iod ine. T he fin d in g  t h a t  th e  
p lasm a 131I  levels e x h ib it a dose d ep en d en t fa ll m ay  likew ise be co n n ec ted  
w ith  an  in h ib itio n  o f resyn thesis .
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HAEMODYNAMIC STUDIES 
IN POLYCYTHAEMIA YERA

II. R ESPO N SE  O F P E R IP H E R A L  BLOOD FLOW  
TO SYMPATHO- AND PARASYM PATHOM IM ETIC AGENTS

By

P .  D a r ó c z y , G y . N a g y  and J .  S z e g e d i

DEPARTM ENT O F D ERM ATOLOGY, AND F IR ST  D EPA R T M E N T OF M E D IC IN E ,
U N IV E R S IT Y  MEDICAL SCHOOL, D EB R EC E N

(R eceived June 18, 1971)

The response of periphera l blood flow to sym patho- and parasym pathom im etic 
agents has been studied  in 40 subjects w ith polycythaem ia vera. The m ajority  of 
th e  patien ts, regardless w hether in remission or in relapse, revealed a vasospastic 
susceptibility w ith an increased reactiv ity  to adrenaline. The change responds poorly, 
if a t  all, to  therapeu tic  facto rs, unless the p rim ary  disease is trea ted  w ith  success.

I t  has been show n ea rlie r [1, 2 ,4 , 5] th a t  th e  reac tio n  to  v a so d ila to rs  and 
to  ex p o su re  to  cold w as c h an g ed  in  p a tie n ts  w ith  p o ly c y th a e m ia  v e ra . These 
s tu d ie s  h av e  revealed  p ro fo u n d  h aem o d y n am ic  a lte ra tio n s  in v o lv in g  th e  en tire  
c u ta n e o u s  v ascu la r sy stem  in  th e  periods o f rem ission an d  re c u rre n ce  alike. 
T he p re se n t s tu d y  has b een  concerned  w ith  th e  effects o f sy m p a th o m im e tic  
an d  p a ra sy m p a th o m im e tic  a g e n ts  on th e  b lood  flow  of th e  lim bs a n d  on the  
m ic ro c ircu la tio n  of th e  sk in  in  p o ly cy th aem ia  ve ra .

M ateria l and  m ethods

Studies were made in 40 p a tien ts  w ith polycythaem ia vera (18 m ales, 22 females, 
average age 52.4 years, the youngest being 34, and the oldest 76 years old). In  15 of the 40 
patien ts the investigations were carried  ou t once, in 20 twice and in 5 th ree tim es, th u s making 
up a to ta lity  of 70 investigations w hich form the basis of the present evaluation . F ifty  of the 
70 investigations were perform ed during periods of relapse and 20 during rem issions. The 
red blood cell count of the p a tien ts  averaged 6,380,000/ml in the periods of relapse and  4,350,000 
in those of remission.

Control values were ob ta ined  from 28 healthy  individuals (15 m ales, 13 females).
The patien ts as well as th e  contro l subjects were exam ined a t 23 °C room  tem perature. 

The tonoscillogram  was recorded on th e  upper limbs w ith a F lesh-apparatus, subsequently 
a tracing  was made w ith a finger-plethysm ograph w ith the aid of a d irect-w riting  cardiograph 
adap ted  to  this purpose. The vessels of the nail fold and th e  ra te  of capillary flow were examined 
w ith a Leitz capillaroscope. Skin tem pera tu re  was m easured on the flexor surface of the fore­
arm  w ith  a therm istor skin therm om eter w ith 0.1 °C accuracy. E valuation  of th e  results was 
based on th e  mean of the figures th u s  obtained. The reaction  to  direct exposure to  cold was 
studied by th e  procedure of B u rck h ard t; the forearm of th e  side to  be exam ined was immersed 
in a w ater b a th  of 15 °C for five m inutes after which th e  tim e necessary for rew arm ing was 
m easured [7], i.e. the  in terval betw een the term ination  of the cold b a th  and  th e  re turn  to 
+  25 °C of the skin tem perature . A susceptibility to arterio lar d ila ta tion  was ind icated  if the 
rew arm ing tim e was shorter th a n  9 m inutes and a susceptibility  to  arteria l con traction , if it
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w as as long as 21 to  30 m inutes. To examine reactive hyperaem ia, the upper arm  was raised 
and  a  pressure slightly exceeding th e  systolic arterial pressure was applied to  it  by means of a 
m an o m e te r cuff, then the lim b w as lowered to the horizontal position and 5 m inutes la te r the 
p ressu re  was released. U nder n o rm al conditions the skin of th e  contracted  limb becam e bright 
red  w ith in  five minutes. In  p a tie n ts  w ith  blood flow abnorm alities th is tim e was prolonged by 
som e m inutes.

T he tests were repeated  a f te r  subcutaneous in jections of 0.5 mg acetylcholine, 0.5 mg 
ad ren a lin e , 0.5 mg noradrenaline, 0.05 g ephedrine and 0.06 g synephrine, respectively. A fter 
d rug  adm inistration , the a rte riog ram , the rate of capillary  blood flow and skin tem perature  
on th e  forearm  of the exam ined side were checked a t 5 m inu te  in tervals over 30 m inutes, 
th e n  th e  oscillation tests were re p e a te d  and rewarm ing tim e after direct cooling as well as the 
tim e  o f  reactive hyperaem ia w ere again determined.

Results

T h e  tonoscillogram s o f  su b jec ts  w ith  p o ly c y th a e m ia  v e ra  in  rem ission 
re v e a le d  dim inished a m p litu d e s  as com pared  w ith  th o se  o f h e a lth y  contro ls. 
A f u r th e r  reduction  in  a m p li tu d e  as com pared  w ith  th o se  found  in  rem ission, 
w as  d em o n strab le  in  th e  p e r io d s  o f relapse (F ig . 1). N one of th e  d rugs stud ied  
h a d  a n y  sign ifican t e ffec t o n  th e  oscillatory  a m p litu d e .

S im ilarly  to  th e  a m p litu d e s  on the  to n o sc illo g ram , th o se  o f pu lse  p le thys- 
m o g ra m  also exh ib ited  a m o d e ra te  reduction  d u rin g  rem issions an d  a m ajo r 
o n e  in  th e  periods of re lap se . P u lse -p le th y sm o g rap h y , being  a fa r  m ore sen­
s i t iv e  p rocedure  th a n  to n o sc illo g rap h y , is b e t te r  su ite d  fo r th e  d em o n stra tio n  
o f b lo o d  flow d isorders a ffe c tin g  the  m ost d is ta l p a r ts  o f th e  lim bs (F ig . 2).

I n  an  earlier re p o r t  [4] w e have  described  th e  d is tin c tiv e  fe a tu re s  of the  
c a p il la ry  bed  in p o ly c y th a e m ia  ve ra . H ow ever, to  g a in  an  overall view  of th e  
c o n d itio n  of the  vessels in  th e  p resen t series a n d  to  be ab le to  co m p are  th e  
cap illa ro sco p ic  find ings o f  th e  po lycy thaem ic  p a t ie n ts  w ith  th o se  o f h e a lth y  
s u b je c ts , we have to  use  h ig h e r  m agn ifications (F igs 3a, 3b). T h e  m ic ro p h o to ­
g ra p h s  are  of X 100 e n la rg e m e n t. In  th e  periods o f  re lapse  of p o ly cy th aem ia  
v e ra  th e  a rte ria l an d  v e n o u s  p o rtio n s of th e  cap illa rie s  are  fa r  m ore  a p a r t 
th a n  u n d e r  norm al c o n d itio n s  a n d  have n ea rly  eq u a l lu m in a . I n  th e  periods 
o f  rem iss io n  these a b n o rm a litie s  subside fo r th e  g re a te s t  p a r t .  A co n tin u o u s 
fo llo w -u p  allowed to  n o te  an  excessive slowing o f  th e  flow  so th a t  som e of the 
c a p illa r ie s  becam e p a ck ed  w ith  s ta g n a n t red  b lo o d  cell m asses. T his explains 
w h y  acrocyanosis, p e r s is te n t  sen sa tio n  of cold  a n d , a t  low er te m p e ra tu re s , 
a c ro p a rae s th e s is  an d  p a in s  in  th e  d istal p a r t  o f th e  lim bs are  p re v a le n t in 
p o ly c y th a e m ia  vera . In je c t io n  o f  acety lcholine le f t th e  p a ra m e te rs  o f cap illa ry  
flo w  u n affec ted . A d m in is tra tio n  of ad renaline re su lte d  in  a d is tin c t, th a t  of 
n o ra d re n a lin e  in  a m a rk e d  red u c tio n  in th e  flow  ra te , n o rad ren a lin e  even 
b r o u g h t  th e  flow to  a t r a n s i to r y  s tan d still in  th e  g re a te s t  p a r t  o f th e  cap illa ry  
b e d . E p h e d rin e  had  sca rce ly  a n y  effect on c a p illa ry  flow . Slow ing o f th e  c ir­
c u la t io n  o f the  in tra c a p illa ry  b lood  colum n c o n se q u e n t u p o n  th e  a d m in is tra ­
tio n  o f  synephrine  w as s im ila r  to  th a t  p ro d u ced  b y  n o rad ren a lin e .
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Fig. I

b

c

Fig. 2. a) Pulse plethysm ogram  of healthy  subject, b) Pulse plethysm ogram  of p a tien t with 
polycythaem ia vera in relapse, c) Pulse p lethysm ogram  of pa tien t w ith polycythaem ia vera

in remission
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Fig. 3a. Capillaroscopic picture of polycythaem ic p a tien t in relapse

Fig. 3b. Capillaroscopic picture of polycythaem ic p a tien t in remission

S k in  te m p e ra tu re , in  com parison  w ith  t h a t  o f n o rm al su b jec ts , w as 
g re a tly  reduced  in  ev e ry  ease  o f p o ly cy th aem ia  v e ra , in  its  periods of rem ission  
a n d  recu rrence  alike. I t  re m a in e d  un affec ted  b y  acety lcho line  and  w as n o t 
s ig n if ic a n tly  affected  b y  ep h ed rin e . H ow ever, i t  e x h ib ite d  a sign ifican t fall 
in  re sp o n se  to  ad ren a lin e , n o rad ren a lin e  or sy n e p h rin e .
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Table I

Blood flow , skin temperature and reivarming time in healthy controls and in patients with poly cythaemia vera in periods o f relapse and remission
after subcutaneous injection o f vasoactive drugs

Controls
P atien ts  w ith polycythaem ia vera

In  relapse In  remission

Rate of 
blood flow

cm/sec

Skin
tem p.

°C

Rewarming
tim e

Rate
of blood flow

cm/sec

Skin
tem p.

°C

Rewarming
tim e

Rate
of blood flow

cm/sec

Skin.
tem p.

°C

Rewarming
tim e

No drug 0.05 32.9 15'40" 0.005 28.4 37/ 10" 0.009 28.6 26'19"
±0.01 ± 0 .1 ±  32" ±0.001 ± 0 .1 ±  1 ' ±0.001 ± 0 .3 ±  45"

0.5 mg acetylcholine 0.05 32.9 15' 0.005 27.4 37'5" 0.009 28.6 26' 4"
±0.01 ± 0 .1 H- ьо О -0 .0 0 2 ± 0 .1 ±  55" ±0.002 ± 0 .2 ±  19"

0.5 mg adrenaline 0.03 31.2 16'55" 0.003 27.0 43' 0.007 27.2 29'
-0 .0 1 ± 0 .3 ±  37" =  0.001 ± 0 .1 ±  2' ±0.002 ± 0 .1 ±  1 '

0.5 mg noradrenaline 0.03 30.7 17'12  " 0.002 26.1 51' 0.005 26.9 36'
±0.01 ± 0 .4 ±  25" ±0.001 ± 0 .5 ±  1' ±0.001 ± 0 .4 ±  1'

0.05 g ephedrine 0.04 32.1 15'55" 0.004 28.0 37'40" 0.009 28.0 25'55"

0.06 g synephrine 0.04 30.6 16'18" 0.002 27.6 58'49" 0.007 27.3 36'50"
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R ew arm in g  o f th e  lim b a fte r  d ire c t ex p o su re  to  cold was p ro tra c te d  
in  p o ly c y th a e m ia  v e ra , a n d  a fte r a d m in is tra tio n  of th e  drugs u n d e r  s tu d y , 
p a r tic u la r ly  of n o ra d re n a lin e , i t  w as sev e ra l tim e s  as long as n o rm a lly . T he 
changes in  cap illa ry  flow  ra te , sk in  te m p e ra tu re  a n d  in  th e  rew arm in g  tim e  
co n seq u en t u p o n  d ire c t exposure to  cold a re  show n  in  T ab le  I.

Fig. 4. A ppearance and  term ination  of reactive hyperaem ia. I i Controls. Polycythaem ia in 
relapse a m ;  in rem ission I/ / / / /I. 1 =  No vasoactive d rug ; 2 =  0.5 mg acetylcholine; 3 =  0.5 

m g adrenaline; 4 =  0.5 mg noradrenaline; 5 =  0.05 g ephedrine; 6 =  0.06 synephrine

R eac tiv e  h y p e ra e m ia  appears slow er a n d  te rm in a te s  la te r  in  p a tie n ts  
w ith  p o ly c y th a e m ia  v e ra  th a n  in th e  co n tro ls . I n  th e  periods of recu rren ce  
o f th e  disease th e  p ro tra c tio n  is s till m ore m a rk e d . W hile rem ain ing  u n a ffec ted  
b y  ace ty lcho line , i t  is g re a tly  delayed b o th  in  p ro d u c tio n  an d  course b y  a d re ­
n a lin e  an d  ep h ed rin e , a n d  to  an even g re a te r  e x te n t  by  n o rad ren a lin e  a n d  sy ­
n e p h rin e , p a r tic u la r ly  in  th e  periods of e x a c e rb a tio n  of th e  disease (F ig . 4).

D iscussion

T h e  resu lts  o f th e  p re sen t s tu d y  in d ic a te  th a t  p o ly cy th aem ia  v e ra  is 
a sso c ia ted  w ith  a re d u c tio n  in  th e  ra te  o f p e r ip h e ra l b lood  flow, as re flec ted  
b y  clin ical signs su ch  as acrocyanosis, low  sk in  te m p e ra tu re , red u ced  am p li­
tu d e s  o f ton o sc illo g ram  an d  pulse p le th y sm o g ra m , slowing of cap illa ry  b lood  
flow , p ro tra c te d  rew arm in g  tim e, ab n o rm a l p a t te r n  of reac tive  h y p e ra e m ia  
as w ell as b y  su b je c tiv e  sy m ptom s such  as ac ro p a raes th es is , pains in  th e  d is ta l 
p a r t  o f th e  lim bs e tc . R a t s c h o w  [6] as w ell as H e i l m a y e r  [3] re fe r to  th e  
o ccu rrence  of e ry th ra lg ia  in  association  w ith  p o ly cy th aem ia  v e ra  w h ich  is 
c e rta in ly  a clear sign  o f  ab n o rm al v a so m o to r fu n c tio n .

T h e  o v e rre a c tiv ity  o f po lycy thaem ic  su b je c ts  to  no rad ren a lin e  a n d  sy n ­
ep h rin e  also confirm s th e  presence of v a so m o to r  d is tu rbances, in  p a r tic u la r
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of an  ang iospastic , less fre q u e n tly  of a v a so d ila to ry  su scep tib ility  and  acco u n ts  
fo r th e  p h en o m en a  arising  in response to  v a r ia tio n s  of te m p e ra tu re , or to  
m echan ical fac to rs (ov erex ertio n  or hang ing  o f  th e  hands), reac tions w h ich  
are  d em o n strab le , th o u g h  in  an  a t te n u a te d  fo rm , also during  th e  periods of 
rem ission. T he re d u c tio n  in  th e  ra te  of b lood flow  resu lts  from  an increase  in  
b lood  vo lum e an d  v isco sity . An ad eq u a te  c o n tro l of these  ab n o rm alitie s  
requ ires effic ien t th e ra p e u tic  m easures d irec ted  a t  th e  p rim ary  disease.
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LIPID FRACTIONS OF SERUM 
AND LIVER AFTER X-RAY IRRADIATION 

OF THE LIVER WITH 4000 R

By
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D EPA RTM EN T OF RADIOLOGY, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BUDAPEST 

(R eceived June 24, 1971)

The lipid fractions in blood serum and in th e  liver have been studied after local 
adm inistration  of 4000 R to  th e  liver. While in the f irs t week after irradia tion  no signif­
ican t change in the serum  lipid com ponents was dem onstrable, th e  cholesterol concen­
tra tio n  in the liver showed a significant decrease. This, however, proved reversible, 
the norm al values being restored  by the 42nd day . The phospholipids and esteri- 
fied fa tty  acids rem ained unaffected  in the liver, while in the serum  the phospholipids 
increased significantly from  th e  7 th , the estcrified fa t ty  acids from the 10th, and choleste­
rol from the 28th day onw ard. The fall in liver cholesterol during the first 42 hours after 
irradiation  m ay be a ttr ib u te d  to  a direct in jury  to  the organ. The rise in the serum 
lipid level a t la ter stages suggests an involvem ent of additional factors.

M assive ionizing ra d ia tio n  induces changes in  th e  serum  lip id  levels in 
m am m als [8, 9, 11, 23]. T h e  a lte ra tio n s  o f th e  in d iv id u a l lip id  frac tio n s have 
been  fo u n d  to  v a ry  from  species to  species. A fa ll in  serum  cho lestero l has 
been n o te d  in goats a fte r  f ra c tio n a l irrad ia tio n  [14] an d  in ra b b its  a f te r  w hole- 
b o d y  ir ra d ia tio n  [24], w hile  ra ts  [15], gu inea-p igs an d  dogs [6] ex h ib ited  an 
in itia l rise of th e  cho lestero l levels.

F ro m  th ese  d iv e rg en t o b se rv a tio n s  derived  from  w h o le-b o d y  irra d ia tio n  
of d iffe ren t an im al species i t  w ou ld  scarcely be possib le  to  id e n tify  th e  tissue 
or o rgan  th e  in ju ry  of w h ich  m ig h t be held  re sp o n sib le  fo r th e  change in the  
serum  lip id  com position . I n  th e  p resen t s tu d y , local ir ra d ia tio n  o f th e  liver 
w as p e rfo rm ed , i.e. o f th e  o rg an  w hich  p lays a decisive  p a r t  in  lip id  m etabo lism . 
T he aim  w as to  a sce rta in  w h e th e r  such ir ra d ia tio n  p ro d u c e d  q u a n tita tiv e  
changes in  th e  lip id  frac tio n s , a n d  also to  ex am in e  th e  changes in  th e  tissue 
lip id  level in th e  ir ra d ia te d  liv e r. Since th e  liv e r’s ra d io se n s itiv ity  is a c o n tro ­
versia l issue an d  th e  o rg an  has been considered  ra d io re s is ta n t by  certa in  
a u th o rs  [4, 13], we found  i t  p re fe rab le  to  a d m in is te r  doses as la rge  as 4000 R.

M aterial and m ethods

A to ta l of 186 male W istar ra ts  weighing 280 ±  30 g was used. The rad iation  source 
was a T H X  250 apparatus for d ep th  therapy  w ith a ha lf value layer of 0.9 m m  Cu, a focal- 
skin distance of 50 cm, and a dose ra te  of 97 R/min. The to ta l dose was 4000 R measured 
on the skin surface. The field size of the area corresponding to the liver surface was 2.5 by
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2.5 cm , w ith the exception of a part of its left lobe overlying the anterior surface of the stomach. 
In order to protect the stomach, th is area of the liver together with the other parts of the body 
was shielded with 3 mm lead. Measuring the scattered radiation by means of C aS04: Mn thermo­
lum inescent dosimeters, it was found to represent 1 to 3% of the direct radiation.

The animals were irradiated under pentobarbital anaesthesia (30 mg per kg body weight), 
and received normal rat chow and water ad libitum during the entire period from radiation 
until 48 hrs before processing, w ith  the exception of the animals sacrificed on the first day, 
from w hich food was withdrawn 24 hrs before irradiation.

The individual groups were worked up 1, 2, 3, 5, 7, 10, 14, 21, 28, 42 and 63 days, 
respectively , after irradiation. B lood was withdrawn by heart puncture, likewise under pento­
barbital anaesthesia.

A  group of animals subjected to anaesthesia only was used as control, as it was found 
in prelim inary tests that pentobarbital anaesthesia leaves the serum lipid fractions unaffected.

For estimation of the lipid fractions of the liver, specimens were taken from the middle 
part o f the right lobe. The estim ations were made at the same time of the day. Values were 
referred to 1 g wet weight, concentration of serum lipids was expressed in terms of mg per 100 ml. 
For evaluation of the results, S tudent’s t-test was used.

CT
E 100

tv- (3)(7) (4)(9) (6)(6)(3)(6)
S:  *  *  *

I I I I
d: 10 14 21 28

(4)(9)
*
I

42

(5)03)
*
I

63
1 □ 2

F ig .  1 . A  cholesterol; В phospholipids; C fatty esters in serum after local application of 
4000 В  to  the liver. 1: Test group (anaesthesia and irradiation). 2: Control group (anaesthesia 

only). *: significant change (Student’s t test)
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The serum lipid fractions were estimated directly, those of the liver were extracted with 
chloroform-methanol (2 : 1) and the extract was salted out with 0.05 N KC1 solution for the 
elimination of non-lipid components. Cholesterol was determined by the colorimetric method 
of Zak  [25] by sulphuric ferrichloride. For the determination of phospholipids the method of 
B a g in s z k i  and Zak  [3] was used. The samples were treated with nitric acid or evaporated 
and the anorganic phosphate was estimated by colorimetry according to F is k e  and Su b b a R ow 
[10]. F atty acid esters were determined in the form of hydroxamic acid as ferrihydroxamate, 
by means of Co n n e r t y ’s [5] hydroxylamine reagent used for ester linkages. The colour reac­
tion thus produced lends itself for colorimetry.

Results

Serum. T he cho lestero l level rem ained  u n a ffe c ted  u n til  th e  2 1 s t d ay  
a fte r  irrad ia tio n . F rom  th e  2 8 th  day  to  th e  end  o f th e  s tu d y  th e re  w as a sig­
n if ic a n t rise. T he p h o sp h o lip id  co n cen tra tio n  e x h ib ite d  a sign ifican t in crease  
on th e  7 th  day  and  rem a in ed  high u n til th e  42nd  day . By th e  63rd  d a y  th e

d 1 2 3 5 7 10 14 21 28 42 63
S:  *  *  *  *  *  *  *

F ig . 2. Cholesterol content of liver after its local irradiation with 4000 R

value  h a d  norm alized . T h e  este rified  fa t ty  acids w ere found  to  in c rea se  a t  
a re la tiv e ly  early  tim e  and  th e  values rem ained  h igh  th ro u g h o u t. I t  w as here  
th a t  th e  frac tions show ed th e  h ig h est e levation  (T ab le  I ,  Fig. 1).

Liver. The changes in  th e  h ep a tic  frac tio n s w ere confined  to  ch o leste ro l. 
F ro m  th e  3rd to  th e  2 8 th  d a y , th e re  was a fall in  its  c o n cen tra tio n  a t ta in in g  
its  m ax im um  betw een  th e  7 th  an d  10th  days. N o change in  th e  tw o  o th e r  
frac tio n s was d em o n strab le  a t  an y  tim e  (T able I I ,  F ig . 2).

D iscussion

T h e  p e rta in in g  d a ta  in  th e  lite ra tu re  h av e  m o stly  been o b ta in e d  a fte r  
to ta l  b o d y  irrad ia tio n .

Serum. A su b s ta n tia l increase  in  th e  cho lestero l an d  p h o sp h o lip id  levels 
has been  found  a fte r  1000 R  w hole bo d y  ir ra d ia tio n  in  ra b b its  [7]. A  s im ila rly
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Table I

Serum lipid fractions after local application o f  4000 R  to the liver ( mg/100 ml)

Day Group
Cholesterol Phospholipids E Verified fa t ty  acids

n X SD n X SD n X SD

c (4) 79 ±  4 (4) 106 ± 1 6 (7) 196 ± 2 3

l Rtg (15) 84 ± 1 1  n.s. (16) 102 ± 1 4  n.s. (22) 222 ± 5 8  n.s.

C (7) 94 ±  3 (7) 93 =b 5 (5) 209 ± 2 3

2 Rtg (12) 92 ±  4 n.s. (9) 101 ± 1 2  n.s. (13) 214 ± 3 7  n.s.

C (7) 82 ±  6 (7) 90 ±  8 (4) 150 ± 1 1

3 Rtg (10) 85 ±  6 n.s. (И ) 92 ±  7 n.s. (И ) 157 ± 2 4  n.s.

C (3) 102 ±  6 (3) 103 ± 1 0 (3) 191 ±  o

5 Rtg (9) 110 di 8 n.s. (8) 113 ± 2 3  n.s. (9) 308 ± 7 1  n.s.

C (3) 97 ±  9 (3) 97 ±  4 (3) 202 ± 1 7

7 Rtg (9) 107 ±  8 n.s. (6) 120 i  6 8. (6) 252 ^ 5 5  n.s.

C (3) 85 i  5 (3) 87 ±  8 (3) 237 ± 3 0

10 Rtg (7) 97 ± 1 0  n.s. (6) 119 ± 1 0  s. (7) 344 ± 4 0  s.

C (3) 113 ± 1 0 (3) 91 ±  5 (4) 267 ± 3 5

14 Rtg (7) 122 ±  8 n.s. (6) 125 ± 1 6  s. (9) 360 ± 6 2  s.

C (4) 99 ± 1 5 (3) 88 ± 1 0 (6) 282 ± 4 8

21 Rtg (8) 115 ± 1 2  n.s. (7) 122 ± 2 4  s. (6) 419 ± 9 2  s.

C (4) 70 ±  7 (4) 85 ±  8 (3) 249 ± 4 7

28 Rtg (9) 99 ± 1 6  s. (7) 126 ± 1 6  s. (6) 417 ± 1 2 6  n.s.

c (4) 115 ± 2 2 (4) 111 ± 2 0 (4) 198 ± 4 0

42 Rtg (9) 146 ± 1 4  s. (9) 144 ± 2 4  s. (9) 326 ± 6 0  s.

C (5) 103 ±  9 (5) 81 ±  7 (5) 152 ± 3 4

63 Rtg (13) 127 ± 1 8  s. (11) 90 ± 1 7  n.s. (13) 202 ± 4 6  s.

Rtg: anaesthetized and irradiated group C: control group (anaesthesia only) n: number of animals x: mean
SD: standard deviation s.: significant change (p <  0.05) n.s.: non-significant
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Liver lipid fractions after local application o f 4000 R to the liver ( ingig wet weight)

Table П

Day Group
Cholesterol Phospholipids Esterified fatty acids

n X SD n SD n X SD

c (3) 5.1 ± 0 .7 (3) 39 ± i (4) 46 ± 4

1 R tg (6) 4.5 ± 0 .6  n.s. (17) 35 n.s. (15) 43 ± 4  n.s.

C (7) 6.3 ± 0 .6 (7) 38 ± 8 (4) 48 ± 4

2 Rtg (20) 5.7 iO .9  n.s. (19) 37 ± 5  n.s. (15) 45 ± 3  n.s.

C (7) 6.0 ± 0 .5 (7) 39 ± 4 (7) 47 ± 2
3 Rtg (12) 5.1 ± 0 .4  s. (9) 38 ± 6  n.s. (12) 46 ± 2  n.s.

C (3) 5.5 ± 0 .6 (3) 39 ± 3 (3) 47 ± 2

5 Rtg (9) 4.7 ± 0 .3  s. (8) 31 ± 7  П .8. (9) 45 ± 2  n.s.

C (3) 5.2 ± 0 .6 (5) 38 ± 7 (3) 45 ± 3

7 R tg (8) 3.3 ± 0 .5  8. (17) 37 ± 3  n.s. (8) 42 i 4  n.s.

C (3) 4.7 ± 0 .6 (3) 33 ± 4 (3) 51 ± 2

10 R tg (8) 3.3 ± 0 .4  s . (7) 35 n.s. (8) 45 ± 7  n.s.

C (3) 5.3 ± 0 .3 (3) 27 ± 4 (3) 55 ± 4

14 Rtg (9) 4.5 ± 0 .4  s. (8) 29 ± 4  n.s. (7) 48 i 4  n.s.

C (4) 4.6 ± 0 .1 (4) 30 ± 1 (4) 39 ± 3
21 Rtg (9) 3.9 ± 0 .2  s. (8) 28 ± 5  n.s. (9) 33 i 3  n.s.

C (4) 4.1 ± 0 .6 (4) 34 ± 3 (4) 37 ± 4
28 R tg (9) 3.2 ± 0 .3  s. (9) 29 ± 5  n.s. (9) 36 ± 3  n.s.

C (5) 5.3 ± 0 .2 (5) 40 ± 4 (5) 58 ± 2

42 R tg (10) 4.5 ± 0 .5  n.s. (10) 34 ± 5  n.s. (10) 54 ± 5  n.s.

C (5) 5.1 ± 0 .4 (4) 28 ± 2 (5) 45 ± 4

63 Rtg (14) 4.9 ± 0 .2  n.s. (14) 27 ± 4  n.s. (14) 42 ± 5  n.s.
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s ig n if ic a n t rise w as n o te d  a f te r  850 R  w hole  b o d y  ir ra d ia tio n  in  ra ts  [21]. 
S tu d y  of th e  fa t  d ep o ts  h a s  show n th a t  f a t t y  acids are  successively  released  
fro m  th em  afte r w hole b o d y  irrad ia tion  o f r a ts  [1].

Liver. A n in crease  in  th e  to ta l lip id  c o n te n t  has been  re p o rte d  in  m ice 
a f te r  650 R  w hole b o d y  irrad ia tio n ; th e  c o n c e n tra tio n  of cholestero l and  
p h o sp h o lip id s  re m a in e d  u n ch an g ed  [22]. O n  th e  o th e r h an d , a rise in  th e  
ch o le s te ro l con ten ts h a s  b e e n  n o ted  in ra ts  a f te r  850 R  w hole b o d y  irrad ia tio n . 
1000 R  le ft th e  ch o leste ro l level in ra b b its  u n a ffe c te d  w hile an  increase was 
n o te d  in  phospho lip ids a n d  n e u tra l fa ts [7]. T h e  c e n tra l p a r t  p lay ed  b y  th e  
l iv e r  is in d ica ted  b y  th e  o b se rv a tio n  th a t  th e  r ise  in  th e  serum  cholestero l level 
en su in g  tw o days a f te r  w h o le  body  ir ra d ia tio n  w ith  1000 to  2000 R  in  m ice 
fa ils  to  appear a f te r  h e p a te c to m y  [17]. 14C s tu d ie s  revealed  an  enh an ced  
sy n th e s is  of cho lestero l, phospho lip id s an d  n e u tr a l  fa ts  in  th e  liv er o f an im als 
a f te r  w hole body  i r r a d ia t io n  [12, 19, 20].

A fte r local i r ra d ia t io n , during the  p e rio d  fro m  th e  3 rd  to  th e  2 8 th  day  
i t  w as  only  th e  liv e r c h o le s te ro l level w hich  sh o w ed  a decline, w hile th e  serum  
c h o le s te ro l was u n a ffe c ted . T h e  o ther lip id  f ra c tio n s  failed  to  rev ea l an y  sign if­
ic a n t  change u n til  th e  7 th  d a y  after ir ra d ia tio n . N o change in  th e  p h o sp h o ­
lip id  a n d  fa t ty  e s te r  f ra c tio n s  was no ted  d u r in g  th e  en tire  period  of s tu d y .

T h e  reduc tion  in  th e  cholesterol c o n te n t  o f  th e  liv e r m u s t h a v e  been  
d u e  to  a d irect ra d ia tio n  in ju ry  which, h o w ev er, le f t  th e  serum  lip id  frac tio n s  
u n a ffe c te d  in  th e  e a rly  s ta g e . T he changes in  th e  se ru m  lip id s, th u s  th e  increase  
o f  th e  f a t ty  esters on  th e  1 0 th  and of c h o le s te ro l on th e  2 8 th  d ay  are  signs 
o f  a  de lay ed  reac tio n  w h ic h , b y  lacking a n y  p a ra lle lism  w ith  th e  changes in  
th e  liv e r  lipids, does n o t  seem  to  be th e  re s u lt  o f  a d irec t ra d ia tio n  in ju ry  to  
th e  o rg an , th o u g h  an  e n h a n c e d  lipid syn th esis  in  th e  liv er m ay  w ell h av e  been  
in v o lv e d  in  th e  a lte ra tio n s .
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NEUROTOXIC EFFECT 
OF METHOXY-ETHYL-MERCURY-CHLORIDE

By

K ornélia  L e h o t z k y , S. B o r d á s ,* J .  Sebő k  and I lo n a  A. B á t sk o r

STATE IN ST ITU TE OF OCCUPATIONAL H E A L T H , AND SECTION 
OF PATHOLOGICAL ANATOMY, POSTG RA DU A TE M EDICAL SCHOOL, BU DA PEST, H U N G A R Y

(R eceived Ju ly  7, 1971)

The nervous effects of m ethoxy-ethyl-m ercury-chloride have been stud ied  in 
albino rabb its. Conduction velocity of the sciatic nerve was determ ined in 18 unan aesth e ­
tized rabb its  placed in stocks. Following the oral adm inistra tion  of 6.0 and  0.6 mg/kg 
of MEMC daily over periods of 8 and  10 weeks, the conduction ra te  of th e  sciatic  nerve 
was depressed to  57% and 40% of th e  control values, respectively. This was associated 
w ith a dem yelination of the fibres o f th e  sciatic nerve as revealed histologically.

O rganic m ercu ria l com pounds, s im ilarly  to  m ercu ry  and  in o rg an ic  m e r ­
cu ria l su bstances, are  n ep h ro to x ic  a n d  cause a t  th e  sam e tim e  sev ere  c e n tra l  
n ervous sy m p to m s [1]. T he h isto log ica l o b se rv a tio n s o f H ay e t al. [8 ] an d  
H u n t e r  e t al. [9] h av e  show n th a t  th e  cerebellar P u rk in je  cells as w ell a s  th e  
sp inal m o toneu rons undergo  v a c u o la r  d eg en era tio n  follow ing e th y l-H g -ch lo rid e  
an d  m e th y l-H g -p h o sp h a te  in to x ic a tio n  in  m an ; th ese  changes m ig h t b e  re ­
sponsible fo r th e  ch a rac te ris tic  c lin ical fea tu re s  o f poisoning, th e  so -ca lled  
M inim ate D isease, described  b y  T a k e u c h i [17], T su b a k i [18] an d  K u r la n d  
[11]. The m echan ism  b y  w hich o rgan ic  m ercu ry  com pounds ( f irs t  o f  all 
m e th y l m ercury) a ffec t th e  c e n tra l nervous system  has n o t so fa r  b e e n  e lu ­
c id a te d  [15, 16].

A ch a rac te ris tic  com pound  o f th is  g roup  of su b stan ces is m e th o x y -e th y l-  
m ercu ry  ch lo ride  (M EM C), th e  fu n g ic id a l seed d is in fec tan t. O b se rv a tio n s  from  
th is  la b o ra to ry  [2] h av e  show n t h a t  in th e  r a t  th e  com pound , in  a d d itio n  to  
i ts  n ep h ro to x ic  effect, causes c h a ra c te r is tic  c e n tra l nervous signs su ch  as 
tre m o r , a ta x ia , occasionally  p a lsy  o f th e  h in d lim b s. Also, M EM C h as  been 
show n to  affect co n d itioned  re flex  a c tiv ity  in th e  r a t  [12].

To clarify  th e  m echan ism  o f th e  c e n tra l nervous effects o f  M EM C, 
e lec tro m y o g rap h ic  s tu d ies  w ere u n d e r ta k e n  in  ra b b its .

M ethods

A to ta l of 86 experim ents was undertaken  in 18 full-grown male albino rab b its  weighing 
2.5 to  3.0 kg, by  the m ethod of K a e s e r  and L a m b e r t  [10], using the stim ulation  technique 
described by E a t o n  [3]. Conduction ra te  of th e  sciatic nerve was determ ined in th e  u n an aes th e ­
tized rabb it, using a DISA  2-channel electrom yograph. The nerve was stim ulated  th ro u g h  the

* P resent address: A grártudom ányi Egyetem , N övényvédelm i Tanszék, K eszthely
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in ta c t  skin, using bipolar e lectrodes and a DISA M inistim  equipm ent, w ith supram axim al 
s tim u li o f 1 c/s, 0.2 msec; ac tion  potentials were recorded from  the gastrocnem ius muscle using 
need le  electrodes. To elim inate  th e  error due to sy n ap tic  delay, stim ulation was performed 
a t  tw o  points, a t a distance o f a t  least 1 cm, according to  the  m ethod of E a t o n . The distance 
w as m easured with an accu racy  of 1 mm, and conduction  velocity was calculated from the 
d ifference, in the latency of th e  two action po ten tia ls  ob tained  when stim ulating  the two 
p o in ts .

P rio r to the experim ents, a study was m ade to  reveal w hether an in jury  of the sciatic 
n erv e  arising as a consequence o f stim ulation th rough  th e  skin or the resulting tissue reaction 
a ffec ted  th e  conduction ra te  in  th e  nerve. Therefore in  6 rab b its  the conduction ra te  was m eas­
u re d  six  tim es at weekly in te rv a ls , and after killing th e  anim als the sciatic nerve was subjected 
to  gross and microscopic exam ination . W ithin th is period , no tissue reaction occurred, and 
th e re  w as no change in th e  conduction  rate. Then th e  effect of daily 6.0 mg/kg of MEMC given 
o ra lly  in  a capsule on th e  conduction  rate of the sciatic nerve was studied. This tre a tm en t was 
c o n tin u ed  throughout a period  o f 8 weeks, during w hich th e  conduction ra te  was determ ined 
ev e ry  second week on th e  basis o f 160 or 250 m easurem ents of latency. The d a ta  are subjected 
to  s ta tis tic a l analysis, using S tu d e n t’s t-test. In  th e  second series of experim ents, one-tenth 
o f th e  above dose, 0.6 m g/kg, w as given to 6 rabb its  daily  over a period of 10 weeks.

The animals were observed  throughout the en tire  period of experim ents and  the appear­
ance o f toxic sym ptom s w as recorded; survivors w ere killed b y  a blow on the nape. Mercury 
levels in  th e  tissues were d e te rm ined  by the dithizone m ethod  and expressed in g per 100 g 
w et w eight. In  addition to  th e  u su a l histological techn iques, luxol-fast-blue, Nissl and osmium 
te tro x id e  staining were used to  reveal the changes b ro u g h t abou t in the central and peripheral 
nervous systems.

Results

Conduction velocity. M axim um  c o n d u c tio n  ra te  in  th e  co n tro l rab b its  
a n d  in  th e  ex p e rim en ta l r a b b i ts  p rior to  th e  a d m in is tra tio n  of M EM C ranged  
f ro m  23 to  25 m /sec. L a te n c y  v a ried  betw een  1.1 a n d  2.0 m sec, th e  am p litu d e  
o f  t h e  ac tio n  p o te n tia l a t ta in e d  0.5 to  2.0 m V  (F ig . 1).

C onduction  ra te  o f  th e  sciatic nerve w as s ig n ifican tly  depressed  in  the  
f o u r th  w eek of t r e a tm e n t  in  th e  group rece iv in g  6.0 m g/kg  o f M EM C daily , 
th e  av e ra g e  being 10 m /sec  (p  < / 0.05). T he sh a p e  o f th e  ac tio n  p o te n tia l deflec­
t io n  d id  n o t change. H o w e v e r , th e  s tim u lu s  th re sh o ld  w as s ig n ifican tly  in ­
c re a se d , in  som e cases f ro m  3 5 mV to 10 — 12 m V . F o u r an im als o f  th e  group
d ie d  o f  th e  poisoning. T h u s , th e  conduction  r a te  w as e s tim a ted  in  on ly  tw o 
r a b b i t s  in  th e  8 th  w eek  o f  tre a tm e n t. C h a ra c te r is tic  neuro logical sym p to m s 
w ere  n o t  seen in an y  o f  th e  an im als; a s ig n if ic a n t loss of w eigh t w as recorded . 
T h e  a d m in is tra tio n  o f  d a ily  0.6 m g/kg of M EM C re su lte d  in a g rad u a l decrease 
o f  c o n d u c tio n  ra te , w h ic h  w as 12.5 m /sec in  th e  lOtlx w eek o f tre a tm e n t 
(p  <C 0 .02; Fig. 2). T h e  a n im a ls  rem ained free  o f  neuro logical sy m p to m s and  
sh o w e d  a norm al ga in  in  w eig h t.

Mercury in tissues. A s com pared  to  th o s e  o f  th e  con tro ls , th e  organs 
t r e a t e d  con ta ined  s u b s ta n t ia l  am ounts o f  m e rc u ry , irrespec tive  o f  w h e th e r 
th e  an im als  had  died sp o n ta n e o u s ly  or h ad  b een  k illed  a t  th e  end  o f th e  ex p eri­
m e n t .  E v e n  th e  b ra in  o f  th e s e  rab b its  c o n ta in e d  m ercu ry , w hile in  th e  contro ls 
n o t  ev e n  traces of m e rc u ry  cou ld  be revealed  in  th is  o rgan  (Table I).

A s expected , th e  h ig h e s t am ount of m e rc u ry  w as found  in  th e  k idneys, 
th e  av e rag e  in th e  th i r d  g ro u p  am ounting  to  5 .8  m g/100 g.
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МЕМС

1 rnVj

1 ms ec  
CONTROL

1mV

1 m s e cI
F ig . 1. Evoked muscle potential, photographed from oscilloscope. R abbit No. I I / l ,  10 weeks 
MEMC trea tm en t. Top tracing, experim ental anim al, 25 superimposed ac tion  potentials. 

Lower tracing, contro l anim als, 25 superimposed deflections

Table I
Mercury, mg/100 g

No. Doses m g/kg Blood Brain Liver K idney

1/1 5 control 0.002 0 o.oot 0.015

II/2* 6 — ' — 2.80 10.0
II/4» 6 — 0.064 1.76 13.04
II /l 6 0.02 0.04 0.96 14.4
II/6 6 0.02 0.062 0.60 15.4

I I I / l 0.6 0.012 0.06 0.80 4.48
III/2 0.6 0.012 0.12 0.40 5.20
III/3 0.6 0.012 0.086 0.40 8.80
III/4 0.6 0.012 — 0.42 4.96
III/5 0.6 — 0.086 0.40 8.80
III/6 0.6 0.014 0.042 0.34 3.08

* died
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F ig. 2. Conduction velocity , as m easured by the m ethod  of E a t o n , following adm inistration  
of MEMC in two different doses. Abscissa, time from th e  onset o f trea tm en t (weeks). O rdinate,

conduction ra te  (m/sec)

Histological studies. B o th  lo n g itud ina l a n d  cross sections of th e  scia tic  
n e rv e  show ed m ark ed  d e m y e lin a tio n  w ith  lu x o l-fa s t-b lu e  and  osm ium  te tro x id e  
s ta in in g  (Figs 3, 4). T h e  o th e r  histological ch an g es  of th e  nervous system  
in c lu d e d  degenerative a lte ra t io n s  in  th e  c e reb e lla r  P u rk in je  cells an d  sp inal 
m o to n eu ro n s  (Figs 5, 6).

Discussion

D epression of th e  m a x im u m  co n d u c tio n  r a te  of th e  sciatic  n e rv e  in  
a n im a ls  was recorded  in  p o ly n eu ritis  caused  b y  d ip h th e r ia  and  in  lead  an d  
a c ry la m id e  poisoning [5, 6 , 13, 14]. A decrease  o f th e  conduction  ra te  w as 
re c o rd e d  also follow ing a c u te  thallium  a n d  p h e n o l poisoning [7, 10] and  
e x p o su re  to  m ercury  v a p o u r  [4]. In  these e x p e rim e n ts  th e  change in  th e  con­
d u c tio n  ra te  of p e r ip h e ra l n e rv es  was a t t r ib u te d  to  axo n a l d eg en era tio n  an d  
to  dem yelination . A c c o rd in g  to  th e  o b se rv a tio n s  o f K a e s e r  [10] fib res  w ith  
a h ig h e r  conduction r a te  sh o w ed  signs of d e g e n e ra tio n  m uch  earlier th a n  fib res 
w ith  a low conduction  r a te  follow ing acute  th a ll iu m  poisoning  an d  in  W alle rian  
d eg en e ra tio n  due to  t r a n s e c t io n  of the  n e rv e ; n ev e rth e le ss , i t  has been  found  
t h a t  as fa r  as a n e rv e  c a n  s t i l l  be s tim u la ted , i t  r e ta in s  its  conduction  ra te  a t  
a lm o s t norm al values. I n  th e  p resen t ex p e rim en ts , M EM C caused a sig n ifican t 
d ep ress io n  of the  c o n d u c tio n  ra te  in  th e  sc ia tic  n e rv e  of rab b its . W h en  giving
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Fig. 3. Five-m icron cross section of sciatic nerve, s ta ined  w ith osmium te trox ide. Contre

Fig. 4. Five-m icron section of sciatic nerve, sta ined  w ith  osmium tetroxide. R ab b it No. II/6 ,
10 weeks MEMC trea tm en t
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F ig. 5. Degenerative changes in cerebellar P u rk in je  cells. Nissl stain , X 400

Fig. 6. Degenerative changes in  anterior roo t o f sp inal cord. Nissl sta in , X 450
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doses of 0.0 m g/kg  da ily  over a period o f 8 w eeks, th e  d im inution  o f  th e  co n ­
d u c tio n  ra te  am o u n te d  to  57% , how ever, th is  dosage gave rise to  to x ic  
m an ife s ta tio n s  in  som e o f th e  anim als. A d m in is tra tio n  of 0.6 m g /k g  d a ily , 
on th e  o th e r h an d , d id  n o t effect n o rm a l d ev e lo p m en t and tox ic  sy m p to m s  
failed  to  ensue d u rin g  th e  10-week t r e a tm e n t ,  d esp ite  th e  s ig n ifican t (40% ) 
decrease of co n d u c tio n  in th e  sciatic  n e rv e . H isto log ica l ex am in a tio n  o f th e  
nerve  has u n eq u iv o ca lly  show n th a t  th e  c h an g e  is due to  a d e m y e lin a tio n  of 
th e  fib res in response to  MEMC tre a tm e n t.
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EXTRACELLULAR AND INTRACELLULAR 
FLUID COMPARTMENTS IN DOGS WITH INDUCED 

RENOVASCULAR HYPERTENSION

By

A. F e k e t e , A. F a z e k a s  and A. R é n y i -V ám o s

IN ST IT U T E  OF PH Y SIO LO G Y , UNIVERSITY' M ED ICAL SCHOOL, BUDAPEST 

(Received July 26, 1971)

Ligation of one renal artery and leaving the other kidney intact induces reno­
vascular hypertension in the dog. The condition may be regarded as an analogue of 
the human clinical condition by sharing some of its essential features. In the chronic 
stage of this renovascular hypertension, thiosulphate space as well as plasma and blood 
volumes are significantly reduced. The reduction of the extracellular and intravascular 
fluid spaces is attributed to a maladjustment of the volume-sensitive receptors charac­
teristic of the chronic stage of the condition.

As re p o rte d  p rev iously , lig a tio n  of one re n a l a r te ry  in th e  dog w ith  th e  
o th e r k id n ey  in ta c t ,  a r te ria l h y p e rten s io n  w as in d u c e d  (F e k e t e  1967, 1970a), 
a cond ition  w hich  on th e  g ro u n d  of its  m o rp h o lo g ica l featu res an d  v a rio u s  
m an ifesta tio n s m ay  be reg a rd ed  as an  an a lo g u e  o f th e  clinical sy n d ro m e  of 
ren o v ascu la r h y p e rten s io n  in  h u m an s. T he e x p e rim e n ta l procedure a llo w ed  to  
s tu d y  th e  sy n d ro m e in  a species fa irly  close to  th e  h u m an  being, m o reo v e r, 
to  p rov ide  in fo rm a tio n  concern ing  th e  u n m a n ip u la te d  k idney , since th e  isch ­
aem ic k id n e y  ceases to  fu n c tio n  in  3 to  4 m o n th s  as a resu lt of p ro g re ss iv e  
a tro p h y .

In  ch ron ic  h y p e rten s io n  consecu tive to  lig a tio n  of one renal a r te r y  in  
th e  dog, a g ra d u a l re s tr ic tio n  o f th e  fu n c tio n a l p a ram e te rs  of th e  u n m a n i­
p u la ted  k id n ey , a r te rio la r  sclerosis and  a tro p h y  of th e  renal tissu e  ensue . 
In  th is  co n d itio n , sa lt load ing  elicits ab n o rm a lly  h igh  sodium  losses a n d  th e  
venous b lood  o f th e  o p e ra ted  as well as o f th e  u n o p e ra ted  k id n ey  e x h ib its  
an  enhanced  p resso r a c tiv ity , w hich  th e  u n m a n ip u la te d  k idney  m a in ta in s  
for a considerab le  period  even a f te r  rem oval o f  th e  o p era ted  k id n ey  ( F e k e t e  

e t al. 1970a, b , 1971a, b).
In  v iew  o f th e  close in v o lv em en t of re n in  p ro d u c tio n  in  th e  re g u la tio n  

of flu id  an d  e lec tro ly te  ba lan ce  an d  of th e  f lu id  co m p artm en ts  u n d e r  n o rm a l 
cond itions ( P e a r t  1965, G r o s s  e t al. 1965, T h u r a u  an d  S c h n e r m a n  1965, 
V a n d e r  1967, 1970, W i n d h a g e r  1968, P e s s i n a  1970) an  a tte m p t w as m ad e  
to  s tu d y  in  th e  dog th e  ex tra c e llu la r  and  in tra v a s c u la r  co m p artm en ts  in  re n o ­
v ascu la r h y p e rten s io n  accom pan ied  by  an  in c rea sed  ren in  a c tiv ity  a n d  b y  
a su scep tib ility  to  sodium  loss. I t  was fo u n d  t h a t  in  th e  chronic p h a s e  of
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e x p e r im e n ta l ren o v a sc u la r  h y p erten sio n , a t  le a s t  8 to  9 m o n th s a f te r  its  p ro ­
d u c tio n , b o th  th e  e x tra c e llu la r  and  th e  in tra v a s c u la r  c o m p a rtm e n ts  a re  sig­
n if ic a n t ly  reduced .

M ateria l an d  m e th o d

In  th e  experim ents, a te s t  group of 24 m ongrel dogs of either sex was used, and  a group 
of 16 norm otensive dogs (Group A) served as controls. In  24 dogs under pen to b arb ita l anaesthe­
sia from  a midline incision th e  righ t renal a rte ry  w as ligated, care being tak en  com pletely 
to  suppress renal blood flow. The left kidney was le f t in ta c t. The abdom inal w ound w as closed 
u n d e r sterile conditions.

M easurement o f blood pressure. Mean a rte ria l pressure was m easured d irec tly  b y  per­
cu taneous puncture of th e  fem oral artery  w ith th e  a id  of a mercury m anom eter in th e  alert 
s ta te  o f th e  anim als, these hav ing  been familiarized w ith  th e  intervention. A rteria l hypertension 
ensued  in  a few days after ligation  of the renal a r te ry . Blood pressure of these anim als was 
checked  a t  20 to  30-day in tervals throughout the en tire  period of observation.

Test groups. Since it  has been noted in earlier studies th a t the individual param eters 
o f ren a l function  begin to  decline when hypertension has been in existence for 6 to  8 m onths 
th e  flu id  spaces were studied in 8 dogs (group B) in th e  6 th  to  7th m onths, in 13 dogs (group C) 
in  th e  8 th  to 9th m onths and  in  3 dogs (group D) in  th e  15th to 16th m onths of th e  sta te  of 
h y pertension . On every occasion th e  th iosulphate and  in travascu lar spaces were determ ined, 
a t  le a s t tw o estim ations being m ade in each anim al a t  in tervals of 6 to 8 days.

T he extracellular com partm en t was estim ated  on th e  basis of the th io su lpha te  space, 
by  a single injection w ithou t collection of urine ( B á l i n t  1958). In alert dogs hav ing  been 
fam iliarized  w ith the procedure, under local anaesthesia , a plastic cannula was tied  in to  the 
saphenous vein of one side. A fter w ithdraw al of a co n tro l blood sample, into a fro n ta l leg vein 
10 g sod ium  th iosulphate in 20 m l physiological saline was infused in 3 to  4 m inu tes so as to 
avoid  th e  em etic effect of th e  substance (R oss 1956). B lood samples were w ithdraw n 1, 5, 10, 
15 an d  20 m inutes la ter and a fte r  centrifugation th e  p lasm a thiosulphate concen tra tion  was 
d e te rm in ed  iodom etrically. F rom  the value thus ob ta in ed  the spaces prevailing a t  the  times

of w ithd raw al (V )  were determ ined on the basis of th e  equation V I ■ V
P , where I  represents

th e  th io su lp h a te  concentration  o f th e  injected solu tion , P  th a t of the blood plasm a in mg/ml 
and  V th e  volum e of in jected flu id  in ml. In  view of th e  rap id  elimination of th io su lpha te , the 
spaces m easured a t successive in tervals showed an increasing tendency.

Plasm a volume estimation. 20 min. after th e  adm inistra tion  of th iosu lphate , 2 m l of 
a 0 .5%  solution of Evans blue w as adm inistered th ro u g h  th e  indwelling venous cannula . Blood 
sam ples were w ithdraw n four tim es a t 10 min. in te rv a ls , centrifuged and the colour of the 
p lasm a w as estim ated by pho tom etry . The logarithm s of the plasma ex tinction  values thus 
o b ta in ed  were p lo tted  on a coordinate system and  from  th e  value ex trapo lated  for 0 min. 
th e  p lasm a volume, and w ith  reference to  the sim ultaneously  determined h aem atocrit value 
th e  to ta l  blood volume was com puted (B á lin t  1958).

A fter completion of the m easurem ents under local anaesthesia, the cannula was rem oved 
and  th e  w ound was closed u nder sterile conditions. T he hypertensive anim als as well as the 
con tro ls were kep t on the  sam e norm al standard  d ie t supplem ented w ith k itchen  scraps. 
D uring  th e  entire 7 to 16 m onths period of observation no changes in body w eight were noted. 
F o r s ta tis tic a l evaluation of th e  results the tw o-sam ple i- te st was used (F is c h e r  1946).

R esults

T h e  figures an d  s ta n d a rd  dev ia tions (x  ^  sx) ob ta ined  in  th e  24 dogs 
w ith  h y p e rte n s io n  an d  in  th e  16 n o rm o te n s iv e  anim als serv ing  as con tro ls  
h a v e  b e e n  sum m ed u p  in  T ab le  I.

Blood pressure. M ean blood pressure w as 126 ^  3 m m  H g in  th e  co n tro ls , 
183 4 m m  H g in g roup  B , 175 ±  6 m m  H g  in group C, 176 ^  5 m m  H g
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Tabic I

Normal Hypertensive
Group A Group В Group C Group D

N um ber of animals 16 8 13 3
Number of experiments 32 17 26 6
Blood pressure, mm Hg 126 ±  3 183 ±  4 175 ±  6 176 ±  5
Body weight, kg 14.2 17.4 16.2 14.3

liter 3.09 ±  0.10 3.55 ±  0.14 3.28 ±  0.13 3.23 ±  0.20

1 min. per cent
body w eight 22.1 1 0.4 20.7 ±  0.7 20.2 ±  0.6 22.3 ±  0.9

p <  0.1 p <  0.01 p <  0.1

liter 3.63 ±  0.10 4.16 ±  0.20 3.87 ±  0.16 3.44 ±  0.20

о 5 min. per cent
body weight 26.1 ±  0.6 24.4 ±  0.8 23.9 ±  0.7 24.0 ±  1.2

'м p <  0.1 p <  0.02 p <  0.1
tл

43 liter 4.26 ±  0.10 4.97 ±  0.30 4.45 ±  0.20 3.83 ±  0.20
s«ae/) 10 min. per cent

body w eight 30.4 ±  0.6 28.6 ±  0.9 27.3 ±  0.8 26.7 ±  1.5

«J p <  0.1 p <  0.01 p <  0.02
a,
(Л liter 4.80 i  0.10 5.44 ±  0.20 5.10 ±  0.24 4.34 ±  0.31

IB
H 1!) min. per cent

body weight 34.5 ±  0.7 32.5 ±  0.9 31.3 ±  0.9 30.2 ±  1.9

p <  0.1 p <  0.01 p <  0.02

liter 5.46 ±  0.20 6.77 ±  0.40 5.82 ±  0.25 4.94 ±  0.40

20 min. per cent
body w eight 39.0 ±  0.8 38.6 ±  1.40 35.3 ±  0.80 34.4 ±  2.00

p <  0.9 p <  0.01 p <  0.02

N um ber of estim ations (n) of plasma
volume 35 18 25 6

liter 0.85 ±  0.02 1.13 ±  0.10 0.84 ±  0.04 0.76 ±  0.07

Plasma volume per cent
body w eight 6.0 ±  0.1 6.4 ±  0.5 5.1 ±  0.2 5.3 ±  0.3

p <  0.1 p <  0.001 p <: 0.05

H aem atocrit 41 38 44 39

liter 1.43 ±  0.04 1.82 ±  0.09 1.49 ±  0.07 1.26 ±  0.13

Blood volume per cent
body w eight 10.1 ±  0.2 10.3 ±  0.3 9.1 ±  0.3 8.7 ±  0.6

p <  0.5 p <  0.01 p <  0.05
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in  g ro u p  D . The v a lu es  fo r  all te s t  g roups, as com pared  w ith  th o se  fo r th e  
c o n tro ls , were s ig n ifican tly  in c reased  (p <  0.001).

Thiosulphate space in  g roup  В w ith  6 to  7 m o n th s  h y p e rte n s io n  d id  n o t 
d iffe r from  th e  con tro l. I n  g roup  C w ith  8 to  9 m o n th s  h y p e rte n s io n  s tan d in g , 
th e  th io su lp h a te  space  w as sig n ifican tly  less th a n  in  th e  con tro ls  (p <  0.01)

Fig. 1. Thiosulphate space in  norm otensive (em pty  colum n) and hypertensive (full column) 
dogs, in per cent of body w eight, a t  1, 5, 10, 15, and 20 min. after the th iosu lphate  adm inistra­

tion. (The g raph  shows th e  da ta  of groups A and C)

a t  e ach  estim ation . I n  g ro u p  D com prising  th re e  an im als w ith  15 to  16 m o n ths 
h y p e rte n s io n  s tan d in g , th e  th io su lp h a te  space w as com parab le  w ith  th e  con tro l 
v a lu e  a t  1 and  5 m in ., b u t  a ll su b seq u en t m easu rem en ts  rev ea led  sig n ifican tly  
re d u c e d  values (p <  0 .02), in  ab so lu te  va lu es  as well as in  th e  p e rcen tag e  of 
b o d y  w eight.

Plasma and blood volume. C om pared  w ith  th e  con tro ls , p la sm a  volum e 
re m a in e d  unaffec ted  in  g ro u p  В a n d  w as s ig n ifican tly  red u ced  in  g roups C 
a n d  D . T o ta l blood v o lu m e  co m p u ted  w ith  reference to  th e  s im u ltan eo u sly  
m e a su re d  h a e m a to c rit v a lu e  rem ain ed  likew ise u n a ffec ted  in  g roup  В and  was 
re d u c e d  in  th e  m ore a d v a n c e d  groups.

F ig . 1 shows th e  re s u lt  o f 26 m easu rem en ts  of th io su lp h a te  space a t  1 
to  20 m in . in th e  13 an im a ls  of g roup  C (full colum ns), c o m p ared  w ith  th e  
32 m easu rem en ts  in  th e  16 an im als of th e  co n tro l group A (e m p ty  colum ns).
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T h e  an im als w ith  chronic  h y p e rte n s io n  show ed a sign ifican t red u c tio n  o f th io ­
su lp h a te  space a t  all po in ts  of tim e .

F ig . 2 p resen ts  th e  values fo r b lo o d  p ressu re , p lasm a volum e, l ia e m a to c rit 
a n d  blood  volum e o f th e  sam e a n im a l groups. I n  th e  h y p erten s iv e  an im als  
p la sm a  and  blood  volum e was s ig n if ican tly  red u ced  as com pared  w ith  th e  
n o rm o ten siv e  con tro ls .

□  Й 5та C = l bVo °d Щ Ц “ re

Fie. 2. Plasma and blood volumes and liaem atocrit value in norm otensive and hypertensive
dogs (groups A and C)

D iscussion

I n  co n tra s t to  th e  p lasm a v o lu m e  an d  th e  to ta l  flu id  c o m p a rtm e n t w h ich  
re p re se n t w ell-defined  ana tom ica l a n d  physio logical en titie s , th e  lim its  of 
th e  ex trace llu la r flu id  c o m p a rtm e n t a re  n o t sh a rp ly  defined . T here  a re  n u m e r­
ous substances, in u lin , th io su lp h a te , m an n ito l, e tc ., w hich, on e x a m in a tio n  
a t  su itab le  tim es, a re  found  to  be  d is tr ib u te d  o v er c o m p artm en ts  of th e  b o d y  
considered  e x trace llu la r; th e  space th u s  e s tim a ted  corresponds to  16 to  2 4%  
o f b o d y  w eight. H ow ever, m ore a n d  m ore su b stan ces  of th is  k in d  are  
fo u n d  to  be able to  pass in to  th e  cells. Since th e  ob jec tiv e  of th is  s tu d y  h as  
b een  to  com pare th e  p a r tic u la r  f lu id  c o m p a rtm e n ts , no reliab le e s tim a tio n  of 
th e  ex trace llu la r space  has been  a t te m p te d .

T h io su lp h a te , a su bstance  o f  p re v a le n tly  e x tra re n a l excre tion , is p a r t ic ­
u la r ly  su ited  for ex perim en ts in  dogs in  view  of its  invo lv ing  a single in je c tio n  
a n d  no  collection o f u rine. T he th io su lp h a te  space  w as found  b y  Ca r d o z o  
a n d  E d e l m a n  (1952) to  co rrespond  to  24 .4% , b y  B e c k e r  an d  J o s e p h  (1954) 
to  24 .1% , by  F r a n k  an d  Ca r r  (1955) to  22 .5%  and  by  R a isz  e t al. (1953) 
to  2 4 .7%  of bo d y  w eigh t. S im ilar v a lu es  were o b ta in e d  in  th e  p re se n t s tu d y  
a t  1 an d  5 m in. a f te r  th io su lp h a te  a d m in is tra tio n .
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F o r  th e  e s tim a tio n  o f  p lasm a vo lu m e , E v a n s  b lue, a dye f ir s t  recom ­
m e n d e d  b y  G r e g e r s e n  e t  al. (1950) w as em p lo y ed . T he n o rm al v a lu es  range  
n o rm a lly  from  48 to  64 m l per kg  b o d y  w e ig h t in  dogs; G r e g e r s e n  an d  
S t e w a r t  (1939) a n d  C o u r t i c e  (1943) o b ta in e d  56 m l/kg . R e e v e  (1947) 
p o in te d  to  sp ec ies-re la ted  v a ria tio n s. I n  th e  p re se n t s tu d y , th e  p rocedure  
y ie ld e d  p lasm a v o lu m es o f  60 m l/kg in  n o rm a l dogs, a fig u re  co n sis ten t w ith  
th o se  qu o ted  above. S ince  th e  h a e m a to c rit in  th e  dog co rresponds to  th a t  
fo u n d  in  h um ans, th e  fig u re s  for to ta l  b lo o d  v o lu m e  ca lcu la ted  on th is  basis 
a re  in  general o f th e  o rd e r  of 100 m l/kg  b o d y  w eigh t.

As to  th e  f lu id  c o m p a rtm e n ts  in  h y p e rte n s io n , a 12%  red u c tio n  in  to ta l  
b lo o d  volum e has b e e n  n o te d  by  R o c h l i n  e t al. (1959). A red u c tio n  in  p lasm a 
v o lu m e  w as observed  b y  G o r d o n  e t al. (1967) in  h y p erten s iv e  h u m a n  sub jec ts . 
G r e e n e  and  S a p i r s t e i n  (1952) ru led  o u t th e  p o ssib ility  o f an  ex p ansion  of 
p la sm a  volum e an d  o f  th e  ex trace llu lar sp ace . T o b i a n  (1960) fo u n d  th a t  th e  
e x tra c e llu la r  space w as u n affec ted  in  p a t ie n ts  in  th e  3rd  to  5 th  m o n th s  of 
h y p e rten s io n . W i n e r  (1958) repo rted  n o rm a l find ings in re sp ec t o f all fluid 
c o m p a rtm e n ts . C o n w a y  (1967) and  L e d i n g h a m  (1953) n o ted  in  dogs w ith  
in d u c e d  renal h y p e r te n s io n  a tra n s ito ry  e x p a n s io n  o f ex trace llu la r sp ace  w hich 
th e n  norm alized  in  14 d ay s . G r o l l m a n  a n d  S h a p i r o  (1953) d e m o n s tra te d  an 
in c reased  ex trace llu la r space  in G o ld b la tt- ty p e  h y p erten s io n , i.e . in  dogs 
w ith  a single k id n ey  o f  re s tr ic te d  a rte ria l flow .

In  th e  p re se n t s tu d y  th e  u n ila te ra l co n str ic tio n  of th e  re n a l a r te ry , 
le a d in g  to  a p rog ressive  a tro p h y  of th e  o rg a n , w as follow ed b y  a r te r ia l  h y p e r­
te n s io n . The changes w ere  of a degree to  in v o lv e  a co n d ition  w hich  th e n  
b ecam e  stab le  in th e  co u rse  of th ree  m o n th s  fo llow ing th e  in te rv e n tio n . A fte r 
th is  period , th e  b lo o d  su p p ly  to  th e  k id n e y , th e  in ta c t  tissu e  of w hich  h ad  
s h ru n k  to  10%  of its  n o rm a l su b stra te , w as re s tr ic te d  to  10%  o f its  original 
v a lu e  ( F e k e t e  1967). P a ra lle l w ith  th e  d ev e lo p m en t of h y p e rten s io n , th e  
u n m a n ip u la te d  k id n e y  becom es invo lved  in  v a sc u la r  lesions of deg en era tiv e  
c h a ra c te r  re la ted  in  deg ree  to  th e  d u ra tio n  o f h y p e rten s io n  an d  resu ltin g  
f in a lly  in  a narrow ing  o f  th e  a rte rio la r lu m e n  a n d  r ig id ity  of th e  v a sc u la r  w all, 
th e  ren a l tissue la c k in g  a n y  capac ity  o f  c o m p e n sa to ry  h y p e r tro p h y  u n d e r 
th e se  conditions. G ra d u a l im p a irm en t of g lo m eru la r  f iltra tio n  ra te , iso s th en u ria  
a n d  co m p en sa to ry  p o ly u r ia  ensue ( F e k e t e  1970a, F e k e t e  e t al. 1971a). 
T h o u g h  no p e rm a n e n t so d ium  loss of m a jo r  degree was d em o n strab le  in th e  
dogs w ith  induced  re n o v a sc u la r  h y p e rte n s io n , th e  presence o f co n tin u ed  
th o u g h  sligh t sod ium  losses m u st be n o n e  th e  less assum ed  in  v iew  of th e  
fu n c tio n a l im p a irm e n t o f  a n tin a tr iu re tic  a n d  a n tid iu re tic  n a tu re  on sa lt an d  
w a te r  load ing  ( F e k e t e  e t  al. 1970b, 1971b).

T h e  changes d esc rib ed  in th e  fo rego ing  becam e m an ifest a ro u n d  th e  
e ig h th  m o n th  of th e  ch ro n ic  stage  of h y p e rte n s io n . In  o rd er to  de te rm ine  
w h e th e r  these  changes a re  associated  w ith  chan g es in  th e  flu id  c o m p artm en ts ,

Acta Medica Academiae Scientiarum  Hungaricae 28, 1971



EXTRACELLULAR AND IN TRA CELLU LA R F L U ID  COMPARTMENTS 309

wc h a v e  g ro u p ed  th e  anim als in a m an n e r allow ing  to  estim ate  th e se  c o m p a r t­
m en ts  p rio r  to  th e  m an ifes ta tio n  of th e  o th e r  fu n c tio n a l abnorm alities (g ro u p  B) 
as w ell as p a ra lle l w ith  th e ir  p rogress (g roups C a n d  D).

I t  has th u s  been show n th a t  in  chronic  h y p e rten s io n , as long as n o  o th e r  
fu n c tio n a l ab n o rm alitie s  are  p re se n t (i.e. fo r som e 6 to  7 m o n th s fo llow ing  
lig a tio n  o f th e  ren a l a r te ry ) , no  change is d em o n strab le  in  th e  e x tra c e llu la r  
an d  in tra v a s c u la r  flu id  c o m p artm en ts . In  th e  su b se q u e n t stage (g ro u p  C) th e  
th io su lp h a te  space as well as th e  b lood  vo lum e u n d erg o  a sig n ifican t decrease  
(F igs 1 an d  2) an d , a fte r h y p e rten s io n  h a d  p rev a iled  for 15 to  16 m o n th s  
(group  D ), p a ra lle l w ith  th e  s ta b iliz a tio n  o f h y p e rten s io n  and  re s tr ic tio n  of 
ren a l fu n c tio n , th e  hypovo laem ia  becom es p e rm a n e n t, th e  p lasm a is iso-os­
m o tic , an d  its  e lec tro ly te  com position  co rresp o n d s to  th e  norm al v a lu es .

A ccord ing  to  p resen t know ledge, re g u la tio n  o f  th e  e lec tro ly te  a n d  f lu id  
c o m p a r tm e n ts  falls to  th e  k id n ey  w hich  copes w ith  th is  ta sk  b y  v a r io u s  
re g u la to ry  m echan ism s, an d  th e  h o m eo sta tic  m echan ism s are m e d ia te d  in  all 
p ro b a b ili ty  th ro u g h  th e  ren in -an g io ten s in -a ld o s te ro n e  system  ( G a u e k  an d  
H e n r y  1963, T h u r a u  and  S c i i n e r m a n  1965, V a n d e r  1967, W i n d h a g e r  1968).

I t  is g en era lly  know n th a t  ren o v ascu la r h y p e rten s io n  leads to  e le c tro ly te  
an d  flu id  d is tu rb an ces  w hich fin d  th e ir  m ost m a n ife s t expression in  an  in creased  
sod ium  an d  w a te r  excre tion  b y  th e  k id n ey  ( C o t t i e r  e t al. 1958, E i s i n g e r  1966, 
L O W I T Z  e t al. 1968, B l R C H A L L  e t al. 1958, 11A N E N S O N  e t al. 1963, S e l k u r t  

e t al. 1965). T h e  w a te r an d  sa lt losing te n d e n c y  is a ttr ib u te d  b y  U l l m a n n  

e t al. (1965) to  th e  v u ln e ra b ility  o f vo lu m e re g u la tio n  in th e  h y p e rte n s iv e  
o rg an ism , b y  M a r t i n o  an d  E a r l e y  (1967) to  a d irec t effect o f p e rfu s io n  
p re ssu re , b y  N i c k e r s o n  an d  S u t t e r  (1964) to  an  an g io tensin -induced  decrease  
in p la sm a  v o lu m e, b y  V a n d e r  (1963) to  a d ire c t in h ib ito ry  effect o f an g io ­
te n s in  on tu b u la r  re ab so rp tio n , b y  D a v i s  e t al. (1966) to  th e  D O C “ escap e”  
p h en o m en o n , b y  R e c t o r  e t al. (1968) to  th e  fo rm a tio n  of a su b stan ce  in h ib ito ry  
to  tu b u la r  e lec tro ly te  a b so rp tio n , b y  G o r d o n  e t  al. (1967) to  a d ec rease  in 
p la sm a  vo lu m e connected  w ith  sy m p a th e tic  h y p e ra c tiv ity  c h a ra c te r is tic  o f 
ch ro n ic  h y p e rte n s io n , b y  F e k e t e  e t al. (1971a) to  an  increased re n in  a c t iv i ty  
e x h ib ite d  b y  th e  venous b lood  of th e  o p e ra te d  a n d  th e  u n o p era ted  k id n e y  a like , 
b y  G i r n d t  a n d  O c h w a d t  (1969) to  th e  en h an ced  m edu lla ry  b lood  flo w  p ro ­
du c in g  a fall in  th e  osm otic g rad ien t.

A ssessm en t of th e  ac tu a l or possib le in v o lv e m e n t of th e  fac to rs  rev iew ed  
above allow s to  form  a concep tion  o f th e  m ech an ism  responsible fo r th e  v o lu m e  
re la tio n sh ip s  in  ren o v ascu la r h y p e rten s io n . T h e  en h an ced  p ro d u c tio n  o f  ren in - 
an g io ten s in  in  th e  early  s tag e  of h y p e rte n s io n  m a in ta in s  an  in creased  a r te r ia l  
p re ssu re  due  to  vaso co n stric tio n . T h e  recep to rs  o f  vo lum e re g u la tio n  s i tu a te d  
in  th e  v a sc u la r  w alls send o u t signals co rresp o n d in g  to  a s ta te  o f  p le th o ra  
( T o b i a n  1960) as a re su lt o f w hich  th e  b o d y  g ra d u a lly  ad ju s ts  i ts e lf  to  th e  
sa lt-lo sin g  co n d itio n . Im p a irm e n t o f tu b u la r  a b so rp tio n  associated  w ith  ch ro n ic
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h y p e rten s io n  m an ife s ts  i tse lf  in sp o n tan eo u s p o ly u ria  as well as in  a fall in 
th e  [ / osm/P osra ra tio  a n d  goes h an d  in  h a n d  w ith  a reduction  in  g lo m eru la r 
f i l t r a t io n  ra te  ( F e k e t e  1970a). T hough  excessive  sodium  ex cre tio n  u n d e r  
b a s a l conditions (i.e. in  th e  absence of a n y  e x tr a  load) is n o t c h a ra c te r is tic  
o f th is  stage  (C o t t i e r  1958), th e  osm otic p e rfo rm a n c e  of th e  k id n ey  is red u ced  
to  5 0 %  (B r o d s k y  a n d  G r a u b a r t h  1953) a n d  lo ad in g  w ith  h y p e rto n ic  saline 
so lu tio n s  elicits ex cessiv e  losses of w a te r  a n d  sodium . A rte rio la r  sclerosis 
re su ltin g  from  th e  c o n tin u o u s  h y p ersec re tio n  o f  ren in -an g io ten sin  is an  a d d i­
tio n a l  source of h y p o v o laem ia . The c o n tra c tio n  o f  th e  in tra v a sc u la r  c o m p a r t­
m e n t p rovides a re n e w e d  im pulse for th e  p ro d u c tio n  of ren in , m o reo v er, th e  
a r te rio le s  on th e ir  p a r t  fu r th e r  increase th e i r  to n e  as a sign of a d a p ta t io n  to  
th e  d im in ished  in tra v a s c u la r  space. In  a g iv en  s tag e , th e  p e rm a n e n t h y p e r ­
te n s io n  results in a c o n tra c tio n  of th e  e x tra c e llu la r  and in tra v a sc u la r  flu id  
c o m p a rtm e n ts , p r im a r ily  as a resu lt of a m a la d ju s tm e n t of th e  e x tra re n a l 
v o lu m e-sensitive  re c e p to rs . The d is tu rb an ces  o f  sodium  equ ilib rium  are  s till 
m a sk e d  by  th e  re a d ju s te d  hom eostasis ( F r i e d m a n  e t al. 1955). T h e  sp o n ­
ta n e o u s  dea th  ensu in g  a f te r  some leng th  o f tim e  in  dogs w ith  ch ron ic  h y p e r­
te n s io n  is a t t r ib u te d  to  haem o d y n am ic  fa c to rs  resu ltin g  in a co llapse of th is 
c o m p e n sa to ry  h o m e o s ta tic  m echanism .

*

W e are indebted to  M rs A. Spitzár for skilful technical assistance.
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ANTIBODY NATURE
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A procedure suitable for the partition  of antigen-antibody complexes was 
found to leave the activ ity  of LATS-IgG unaffected. This is inconsistent w ith  the claim 
th a t  LATS is an antigen-antibody com plex in nature.

While antibodies formed against the microsom al fraction of thy ro id  epithelial 
cells are more prevalent in LATS-positive th an  in LATS-negative cases, their titre  
in the blood plasm a is unrelated  to  the plasm a LATS level. Using colum n-chrom ato­
graphy for the separation of the slow and th e  fast IgG -fraction, LATS and CF were 
found only in the former whereas antithyroglobulin  antibody in both  fractions. This 
indicates th a t  the various antibodies belong to different subfractions. The fact th a t 
LATS and microsomal antibodies belong to the same subfraction accounts for the diffi­
culty  of their separation.

T h e lon g -ac tin g  th y ro id -s tim u la to r  (LATS) co n ta in ed  in th e  p la sm a  of 
p a tie n ts  w ith  G rav es’ disease is a su b s ta n c e  id en tica l w ith  or s tro n g ly  a tta c h e d  
to  Ig G  [13]. I ts  a n tib o d y  c h a ra c te r  has, how ever, n o t been asce rta in ed  an d  
th e re  are  in d ica tio n s th a t  it  m ay  re p re se n t an  a n tig e n -a n tib o d y  com plex  [11]. 
T his has p ro m p te d  us to  s tu d y  LA TS u n d e r  exp erim en ta l co n d itions b rin g in g  
a b o u t a d issocia tion  of a n tig e n -a n tib o d y  com plexes, and , shou ld  LA TS p ro v e  
to  be an  a n tib o d y , to  exam ine its  re la tio n sh ip  w ith  th e  an tib o d ie s  to  o th e r  
th y ro id  an tigens. I t  w as also in te n d e d  to  exam ine th e  q u a n tita tiv e  d is tr ib u tio n  
o f LA TS and  of th e  o th e r a n tith y ro id  an tib o d ies  in th e  c h ro m a to g rap h ica lly  
sep a rab le , in d iv id u a l IgG  frac tio n s o f d iffe ren t e lec tro p h o re tic  m o b ility .

Ada Medien Acadcmiae Scienliarum llungaricae,  Tomas 28 (3— 1), pp. 313— 319 (1971)

Material and method

The antigen-antibody nature of the LATS-IgG complex was studied under experim ental 
conditions which are known to cause the dissociation of im mune complexes [18]. The separated  
LATS-IgG was dissolved in physiological saline and dialyzed for 24 hours a t -j-4 °C against 
a 0.1 M glycine-HC.l buffer pH 3.0, a procedure w hich results in an an tigen-antibody disso­
ciation w ithout the risk of affecting the an tibody . A fter centrifuging, the su p ern a tan t was 
dialyzed against 0.15 M NaCl a t -f-4°C for 24 hours by this procedure.

F ou r series of experim ents were carried ou t in order to examine how far the thyroid- 
stim ulating  effect of LATS, in its un trea ted  condition and after dialysis against the glycine-HCl 
buffer would be affected by activated charcoal. Assuming LATS to be an antigen-an tibody  
com plex, the antigen released during the dialysis would have to  be bound by charcoal, in which 
case LATS would lose its thyroid-stim ulating  capacity . Therefore, in all four series, dialysis 
was followed by the addition of 20 ml of a suspension of 100 mg activated  charcoal to the LATS- 
containing m edium and incubation for 15 m inutes. Otherwise the procedure was as described 
above. A similar te s t w ith LATS-IgG which had  no t been dialyzed served as control.

F or the separation of slow and fast IgG, chrom atography on D EA E-Sephadex-A -50 
prepared according to  B aum stark  e t al. [1] was used [6]. 5.75 M am m onium  su lphate was
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added successively to  50 m l plasm a a t room tem peratu re  under continuous stirring up to 
a final concentration  of 1.6 M. The m ixture was left to  s tan d  a t  + 4  °C for 1 hr, then  cen tri­
fuged a t  3500 r.p.m . for 30 m inutes a t — 4 °C for the  separation  of the  precipitate w hich was 
then  dissolved in  3 m l distilled w ater and dialyzed against 200 ml distilled w ater for 48 hours 
while changing the w ater several times. Subsequently , dialysis was continued against 0.02 M 
phosphate  buffer pH  6.6 for 24 hours. The precip ita te  was rem oved and the pseudoglobulin 
contain ing superna tan t was transferred on 3 6 x 2 .5  cm D EA E-Sephadex-A-50 columns p re ­
tre a te d  w ith  0.02 M phosphate  buffer. For th e  separation  of the  nonabsorbable slow IgG, elution 
was s ta r te d  w ith  0.02 M phosphate  buffer pH  6.6 and  5 m l fractions were collected (F raction  I), 
then  continued w ith 0.05 M phosphate buffer pH  6.5 for the separation of the absorbable 
fas t IgG  (Fraction  II). F o r the estim ation of protein  in  Fractions I  and II  an U nicam  Spectro­
pho tom eter (280 m/t) was used. Then, the  IgG -containing eluate was again dialyzed against 
distilled w ater for 24 hours and lyophilized. Before th e  estim ation of LATS and of the antibody, 
the  lyophilized p ro tein  w as dissolved in physiological saline pH  7.0.

The IgG con ten t of Fractions I and  I I  was checked by  im munoelectrophoresis.
LATS was estim ated  by th e  modified procedure of M cK e n z ie  [4, 12]. The experim ental 

d a ta  were analyzed on th e  basis of geom etrical m eans. The reaction  was considered positive 
if in th e  anim als having been injected w ith  the IgG -containing ex trac t the blood rad ioactiv ity  
estim ated  8 hours la te r exceeded 150% of the ac tiv ity  in th e  blood of the control mice having 
been given a 5%  solution of album in, and  if th e  low er fiducial lim it was in  excess of 150.

The com plem ent fixa tion  te s t (CF) suitable for th e  dem onstration  of antim icrosom al 
antibodies and B oyden’s passive haem agglutination te s t (TRC) for the dem onstration  of 
antibodies form ed against thyroglobulin  were described earlier [19]. The assays for an tithy ro id  
antibodies were regarded as positive if CF yielded a positive reaction  a t titres  of 1 : 6 and 
TRC a t 1 : 2500 or higher.

Results

T ab le  I  show s t h a t  th e  a c tiv ity  of L A T S -IgG  rem ain ed  u n ch an g ed  a f te r  
d ia ly sis  a g a in s t g lycine-H C l b u ffe r p H  3.0 a n d  w as n o t  affec ted  b y  a c tiv a te d  
ch a rco a l (T able I I ) .

Table I
A n tig e n -a n tib o d y  n a tu re  o f  L A T S

E xam ination  of the thyroid-stim ulating effect of LATS-IgG after dialysis against glycine-HCl 
buffer pH  3.0 and w ithout this procedure. In  brackets, the 95% fiducial limits

Serial num ber Name LATS-IgG
LATS-IgG -f glycine- 

HCl

l P .E . 299 251
(277—323) (233—271)

2 J.K . 439 410
(415—463) (388—434)

3 J.U . 173 170
(165— 181) (161—178)

4 M.D. 613 571
(562—668) (523 -622 )

5 A.T. 273 258
(266—280) (251—264)

LATS S tandard 314 283
0.010 U (288—341) (2 60 -308 )
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Table II

T h yro id -s tim u la tin g  effec t o f  L A T S - lg G  d ia lyzed  a g a in st g lyc in e- H C l b u ffer p H  3.0  
and  n o n -d ia ly zed , in  the presence a n d  in  the absence o f  activated charcoal

Serial
number Name LATS-lgG LATS-lgG 1 charcoal LATS-lgG 1 buffer LATS-lgG 1 buffer 

-|- charcoal

l Cz.I. 225 225 229 223

(216-234) (216-234) (219 -238 ) (214 233)

2 B.E. 424 416 415 411
(410-438) (402-430) (401-429) (39 7 -4 2 5 )

3 D.E. 302 309 300 297
(293-312) (299-318) (291 -309 ) (28 8 -3 0 6 )

4 G.R. 298 267 281 266
(284-313) (254- 280) (267 -295 ) (253 -2 7 9 )

T h e CF re a c tio n  serv ing  fo r th e  d e m o n s tra tio n  of m icrosom al an tib o d ies  
w as positive  in  a s ig n ifican tly  la rg e r n u m b er of L A T S -positive th a n  o f LATS- 
n eg a tiv e  cases (P  < ( 0 .1 % ). No su ch  difference w as fo u n d  betw een  th e  LATS- 
po sitiv e  and  n e g a tiv e  groups w ith  respect of T R C  (T able I I I ) .  O n th e  o th e r 
h a n d , no  re la tio n sh ip  betw een  th e  p lasm a LA TS level and  th e  CF t i t r e  was 
d em o n strab le , as show n in F ig . 1.

700-

6 0 0 -

5 0 0 -

^ 400 -
t—
<
_ j

300- 

200-  

100 -  

0 -
1:6 1:12 1 :24 1:48 1:96

CF

Fig. 1. Correlation betw een plasm a LATS level and CF ti tre  in patien ts w ith G raves’ disease
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Table 111

P lasm a L A T  S  a n d  th yro id  au toan tibody level in  G raves’ disease

CF TRC

positive ! negative positive negative

LATS
positive 69 30 39 13 56

LATS
negative 70 10 60 13 57

Table IV

L A T S  a n d  thyroid  a n tibody co n ten ts  o f  slow (F ra c tio n  I )  a n d  fa s t  (  Fraction  I I )  IgG -fraction

Seria l
n u m b e r Name Diagnosis

Fraction  I F rac tio n  I I

LATS CF TR C LATS CF TRC

l V.Gy. H ashim oto lieg. 1 : 96 1 : 2500.000 neg. neg. 1 : 2500,000

2 L.N. ,, neg. 1 : 24 1 : 25,000 neg. neg. 1 : 25,000

3 B.F. ,, neg. 1 : 48 1 : 2500,000 neg. neg. 1 : 2500,000

4 N.S. Graves’ pos. 1 : 12 1 : 2,500 neg. neg. 1 : 2,500

5 H .J. ,, pos. 1 : 6 1 : 25,000 neg. neg. 1 : 2,500

6 K.B. „ pos. 1 : 12 1 : 2,500 neg. neg. 1 : 2,500

7 P.A. ,, pos. 1 : 12 neg. neg. neg. neg
8 B.J. », pos. 1 : 12 neg. neg. neg. neg.
9 Sz.S. »» pos. 1 : 12 neg. neg. neg. neg.

10 N.I. ,, neg. 1 : 6 neg. neg. neg. neg.
11 Gy.O. „ neg. 1 : 12 neg. neg. neg. neg
12 ILL ,, neg. 1 : 6 neg. neg. neg. neg
13 J .l . ,, pos. neg. 1 : 25,000 neg. neg. 1 : 2,500

14 V.O. „ neg. neg. 1 : 25,000 neg. neg. 1 : 2,500

15 K.A. ,, neg. neg. 1 : 2,500 neg. neg. 1 : 2,500

16 A.I. neg. neg. 1 : 25,000 neg. neg. 1 : 2,500

17 V.E. »» neg. neg. neg neg. neg. neg.
18 T.M. .. neg. neg. neg. neg. neg. neg.
19 G.M. » neg. neg. neg. neg. neg. neg.
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T ab le  IV illu s tra te s  th e  presence of LA TS a n d  th y ro id  an tib o d ie s  in 
th e  slow IgG  I, and  in  th e  fa s t IgG  I I  frac tion . T h e  f ir s t  w as e lu ted  w ith  0.02 M 
(p H  O.b), th e  second w ith  0.05 M (pH  6.5) p h o sp h a te  buffer. LA TS an d  CF 
w ere d e tec tab le  in  F ra c tio n  1 only . TR C  was p re se n t in  b o th  frac tio n s , th o u g h  
in F ra c tio n  I I  in slig h tly  sm alle r am oun ts (T able  IV ).

Discussion

Since LATS c a n n o t be sep a ra te d  from  IgG , i t  is assum ed  to  be an  a n ti­
b o d y  d irec ted  ag a in st th y ro id  an tigen  [2]. I t  h as  also been suggested  th a t  it  
c o n s titu te s  a com plex fo rm ed  b y  a p ro d u c t o f th y ro tro p h ic  ho rm one  c h a ra c te r  
w ith  Ig G  w hich acco u n ts  fo r its  L A T S -ac tiv ity  [11]. A n tig en -an tib o d y  com ­
plexes are  know n to  d issoc ia te  u p o n  dialysis a g a in s t bu ffers of low p H  (p H  3.0). 
S ince th is  p rocedure  h as  been em ployed w ith  success for th e  se p a ra tio n  of 
in su lin -an tib o d y  com plexes [7, 10], we have s tu d ie d  its  effect on th e  a c tiv ity  
o f LA TS-IgG . The th y ro id  s tim u la tin g  effect of L A T S-IgG  rem ain ed  u n affec ted  
a f te r  d ialysis ag a in st th e  glycine-H C l pH  3.0 bu ffe r, a re su lt w h ich  agrees 
w ell w ith  th e  recen t f in d in g s of Ochi and  D e G root  o b ta in ed  by  a d iffe ren t 
p ro ced u re  [16].

O u r resu lts m ay  be  in te rp re te d  as follows, a)  L A T S-IgG  is n o t an  an tigen- 
a n tib o d y  com plex an d  th e re fo re  no t dissociable; b)  th e  p rocedure  has failed 
to  d issociate  th e  a n tig e n -a n tib o d y  com plex; c) th e  d issocia tion  by  th e  glycine- 
H C l b u ffe r of th e  a n tig e n -a n tib o d y  com plex m ay  h av e  been follow ed by  its 
reco m b in a tio n  before th e  e stim a tio n  of LATS, an  in te rp re ta tio n  w h ich  does 
n o t  ta lly  w ith  th e  fin d in g  th a t  a f te r  dialysis th e  a c tiv a te d  charcoal le ft the 
LA TS u n affec ted , in o th e r  w ords it  failed to  b in d  th e  an tig en  w hich h a d  been 
re leased  from  th e  com plex .

S hould  L A T S-IgG  re p re se n t an  an tib o d y , its  re la tio n sh ip  to  th e  o th e r 
th y ro id  an tibod ies m u s t be w o rth  exam in ing , th e  m ore so as on th e  ev i­
dence o f earlier s tu d ies  [5] p o s itiv ity  of LATS an d  CF o ften  occur to g e th er, 
an  observa tion  con firm ed  b y  th e  p resen t find ings.

A ccording to  T o r r ig ia n i  an d  R oitt [20] th e  an tib o d ies  fo rm ed  ag a in st 
th y ro id  an tigens belong  to  th e  7S globulins an d  th e  overw helm ing  m a jo rity  
o f th e  an tith y ro g lo b u lin  an tib o d ies  m ay be fo u n d  in  th e  IgG  fra c tio n  [20]. 
T hese au th o rs  found  an tib o d ie s  of IgA  ty p e  to o  in  a sm all n u m b er of cases b u t, 
w ith  th e  exception  of one case, failed  to  d e m o n s tra te  IgM  an tib o d ies . On th e  
o th e r  h a n d  Cru ch a u d  a n d  J u ditz  [3] n o ted  v a rio u s  ty p es  o f a n tib o d y  (IgG , 
IgA , IgM ) against th y ro id  cells in  a d iv ersity  o f co m bina tions. LA TS is in sep ­
a rab le  from  IgG , th o u g h  its  a n tib o d y  n a tu re  h as  y e t  to  be a sce rta in ed . I t  is 
an  essen tia l question  how  th e  an tibod ies fo rm ed  a g a in s t th e  in d iv id u a l th y ro id  
an tig en s are d is tr ib u te d  in  th e  heterogeneous IgG .
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Im m u n o e lec tro p h o resis  o f IgG  gives a p re c ip ita tio n  b a n d  deep ly  e x te n d ­
in g  in to  th e  zone of b e ta -g lo b u lin s , as a sign t h a t  i t  com bines v a rio u s  p ro te in  
m o lecu les  d ifferent in  m o b ili ty  b u t  iden tica l in  an tig en ic  s tru c tu re . C h ro m ato ­
g r a p h y  on D E A E  S e p b a d e x  A -50 is well su ite d  fo r  th e  sep a ra tio n  o f th e  h e te ro ­
g en eo u s  IgG -m olecules [17]. Im m u n o e lec tro p h o re tic  analysis o f th e  ch ro m a to ­
g ra p h ic  fractions show s t h a t  th e  IgG -frac tions e luab le  from  th e  D E A E -co lu m n  
w ith  e luen ts of low m o la r i ty  a re  of sligh ter m o b ility  th a n  th o se  o b ta in e d  w ith  
b u ffe rs  of higher m o la r ity . T h e  e lec tro p h o re tic  h e te ro g en e ity  o f th e  IgG  
m o lecu les  shows a p h y sio lo g ica l h e te ro g en e ity  to o , since i t  seem s th a t  
e a c h  o f  th e  in d iv id u a l Ig G  groups p lays a p a r tic u la r  p a r t  in  th e  im m une 
m ech an ism s. In  th e  ab sen ce  o f cysteine, th e  f a s t  co m p o n en t is fa ir ly  re s is ta n t 
to  p a p a in ,  in  c o n tra s t to  th e  slow co m p o n en t w hich  is read ily  d igested  by  
p a p a in  [8]. The fo rm er g ro u p  com prises th e  p re v a le n t p a r t  of p ro te in s  belonging 
to  th e  subfractions Ig G 2 a n d  Ig G 4, an d  th e  la t t e r  g roup  tho se  o f su b frac tio n  
Ig G 3 [9]. The p ro te in s  o f  su b frac tio n  Ig G , h a v e  been  fo u n d  heterogeneous 
u n d e r  su ch  tre a tm e n t.

I t  has been show n e a r lie r  [6] th a t  th e  L A T S -con ta in ing , n o n -ab so rb ab le  
Ig G  o b ta in e d  b y  c h ro m a to g ra p h y  on S ephadex  A-50 w as of an  e lec tro p h o re tic  
m o b il i ty  d ifferent from  t h a t  o f th e  o th e r IgG , i t  be ing  localized  n e a re r  to  the  
c a th o d e  (slow frac tio n ). T h is  re su lt w as in  co n fo rm ity  w ith  t h a t  o f Miy a i  
a n d  W e r n e r  [14] acco rd in g  to  w hich IgG  of s u b s ta n tia l  LATS c o n te n t differs 
in  r e s p e c t of electric ch a rg e  fro m  th e  o th e r IgG . O n th e  ev idence of o u r recen t 
s tu d ie s , while LATS a n d  an tim icro so m al a n tib o d y  occur on ly  in  th e  slow 
f ra c tio n , an tith y ro g lo b u lin  a n tib o d y  is d em o n strab le  in  th e  slow  as w ell as 
in  t h e  fa s t  fraction . T h is w o u ld  seem  to  in d ic a te  t h a t  LATS a n d  an tim icro so m al 
a n tib o d ie s  p rev a len tly  b e lo n g  to  sub frac tio n  Ig G 3, possib ly  to  Ig G ,, w hereas 
th e  a n tith y ro g lo b u lin -a n tib o d ie s  are d is tr ib u te d  over all fo u r su b frac tio n s . 
T h o u g h  LATS and  a n tim ic ro so m a l an tib o d ies  a re  o ften  fo u n d  to g e th e r  in  
G ra v e s ’ disease an d  b o th  seem  to  belong to  th e  sam e IgG  su b fra c tio n , ye t 
i t  is c e rta in ly  n o t a g a in s t th e  sam e an tig en s  t h a t  th e y  h av e  been  form ed. 
I n  G ra v e s ’ disease, to o , p o s itiv e  LATS an d  CF reac tio n s  are  o ften  d issocia ted , 
a n d  in  H ash im oto ’s d isease  an tim icro so m al a u to -a n tib o d y  is u su a lly  dem on­
s t r a b le  a lthough  LATS is a b s e n t from  th e  p la sm a . T he resu lts  o f o u r stud ies 
n o n e  th e  less confirm  th e  close re la tio n sh ip  ex is tin g  b e tw een  an tim icro so m al 
a n t ib o d y  and  LA TS, a  re la tio n sh ip  w hich  follow s from  th e  fa c t  t h a t  b o th  
b e lo n g  to  th e  sam e Ig G  su b fra c tio n . This m ig h t ex p la in  th e  d iff ic u lty  o f th e ir  
s e p a ra tio n . A nd, our f in d in g s  in d ica te  th a t  th e  p ra c tic a l d ifficu lty  in  id en tify in g  
L A T S  b y  th e  rad io im m u n e  p rocedure  b ased  on a co m p e titiv e  b in d in g  [15] 
m u s t  be  sought in  a c o n ta m in a tio n  w ith  an tim ic ro so m al a n tib o d y  of th e  
L A T S -Ig G  conta in ing  f ra c tio n .
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ZUM KLINIKUM DER LAKTAZIDOSE

Von

E lisa b e th  H o l l ä n d e r

I I .  M ED IZIN ISCH E A BTEILUN G  (VORSTAND: DOZ. D R. MED. P. SCHWARCZMANN) 
DES IN STITU TS FÜ R Ä R ZTL IC H E FO RTBILD U N G , BUDAPEST

(Eingegangen am 9. A ugust 1971)

Die Laktazidose ist eine Form  der m etabolischen Azidose, gekennzeichnet neben 
überm äßiger E rhöhung des Milchsäurespiegels, durch Zunahme der B renztraubensäure­
konzentration im Blute, E rhöhung des M ilchsäure/B renztraubensäurequotienten, und 
häufig m it einer Verminderung des B ikarbonatgehaltes und des pH im arteriellen  B lute.

Die Veränderungen der M ilchsäure-B renztraubensäure- sowie der S äu re-B asen ­
werte im Blute wurden in 230 Fällen un tersuch t.

Die beobachteten Laktazidosefälle waren in der Mehrzahl m it einer bekann ten  
C rundkrankheit verbunden. Die klinischen Erscheinungen, die erst jenseits eines Lak- 
tatspiegels von 5 niÄq/1 zur B eobachtung kam en, waren von S törungen der A tm ung 
und des Bewußtseins beherrscht. E in im V erhältnis zu den Na- und К -W erten  niedriger 
Cl-Plasmaspiegel gilt als Vorzeichen einer Laktazidose. Die Laktazidose schw eren 
Crades spricht auf die B ehandlung kaum  an, ihre Prognose ist ungünstig .

D ie M ilchsäure is t ein Z w isch en p ro d u k t d e r anaeroben  O x y d a tio n  der 
K o h le n h y d ra te . Ih re  p a tho log ische  A n h äu fu n g  im  B lu te  fü h r t  zu  k lin isch en , 
m it b iochem ischen  V erän d eru n g en  v e rb u n d e n e n  E rsch e in u n g en , d e ren  B e d e u ­
tu n g  e rs t in  d en  vergangenen  10 J a h re n , se it dem  E rscheinen  v o n  H u c k a b e e s  
A rb e iten  e rk a n n t w urde [21 24]. I n  k lin isch er H in s ich t w erden  zw ei H a u p t ­
ty p e n  d er L a k ta ta n h ä u fu n g  u n te rsch ied en :

1) D ie L ak taz id o se , deren  K rite r ie n  w eder bezüglich  d e r H ö h e  des 
L a k ta tsp ie g e ls , noch des G rades d e r A zidose e inheitlich  sind . E in ze ln e  A u to re n  
sp rech en  von  L ak taz idose  bere its  ü b e r 2 mÄq/1, an d ere  h ingegen e rs t  im  F a lle  
e in er M ilch säu rek o n zen tra tio n  ü b e r  7 mÄq/1. A uch  die p H -W e rte  m ü ssen  
n ic h t v e rm in d e rt sein: in  T r a n q u a d a s  F ä llen  w ar die P u f fe rk a p a z itä t  des 
O rg an ism u s se lb st bei einem  M ilchsäuresp iegel ü b e r 7 mÄq/1 zu r K o m p e n ­
sa tio n  d er A zidose ausre ichend  [39, 42, 43].

D ie L ak taz id o se  k an n  a) sich  se k u n d ä r  einem  K ra n k h e itsp ro z e ß  b e k a n n ­
te r  Ä tio log ie  h inzugesellen , oder b) als id io pa th isches K ra n k h e its b ild  in 
E rsch e in u n g  tre te n . So z. B . w u rd e  sie bei A lk o ho lverg iftung , w ä h re n d  
P h en fo rm in B eh an d lu n g , bei L eu k äm ie , bei G ierkescher K ra n k h e it, b e i aze- 
to n ä m isc h e r d iabe tischer A zidose sow ie bei ex trak o rp o rea lem  K re is la u f  b e o b ­
a c h te t  [2, 7, 8, 10, 13, 20, 2 6 - 2 9 ,  36, 38, 40, 44].

D ie id io p a th isch e , p rim äre  o d er sp o n ta n e  F o rm , von  der n eu erlich  an g e ­
n o m m en  w ird , d aß  sie eine m it la te n te n  K reis lau fs tö ru n g en  oder P rä sc h o c k ­
z u s tä n d e n  v e rb u n d en e  S to ffw echse lstö rung  is t, die zum  T ode fü h r t ,  b e v o r
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sich  die E rsch e in u n g en  d e r G ru n d k ra n k h e it e n tfa lte n  k o n n ten  [15, 16, 21, 
31, 32].

2) U n te r  H y p e r la k ta tä m ie  wird eine m äß ig e  E rh ö h u n g  des M ilchsäure­
spiegels ohne A zidose v e rs ta n d e n . Ih re  U rsa c h e n  s ind : M uskelarbeit, H y p e r­
v e n tila tio n , A näm ie , H y p o x ie , A d re n a lin -E in sp ritz u n g  sowie G lukose- u n d  
B ik a rb o n a t-In fu s io n  [1, 4 , 5, 12, 19, 30, 35, 36, 39, 41, 43]; das p H  is t no rm al 
o d e r in  R ich tu n g  d e r A lkalose  verschoben .

D ie m it e in er p a th o lo g isch en  E rh ö h u n g  des M ilchsäurespiegels e in h er­
g eh en d en  Z u stän d e  la sse n  sich auch a u fg ru n d  des V erh a lten s  des M ilchsäure— 
B re n z tra u b e n sä u re -Q u o tie n te n  (L /P) d iffe ren z ieren . E rh ö h u n g  des L /P  Q uo­
tie n te n , ein » lac ta te  excess« , kom m t in  d er M eh rh e it d er p rim ären  u n d  sek u n ­
d ä re n  L ak taz id o sen  sow ie bei den m it a k u te r  H y p o x ie  u n d  A d ren a lin v e rab re i­
ch u n g  v e rb u n d en en  L a k ta tä m ie n  vor, w ä h re n d  be i den  üb rigen  F o rm en  d er 
L a k ta tä m ie  der Q u o tie n t no rm al b le ib t.

D ie E rk e n n u n g  e in e r  L ak taz idose  is t  n u r  u n te r  A n sta ltsb ed in g u n g en  
m öglich . W enn b e i m e tab o lisch er A zidose die B ik a rb o n a t-K o n z e n tra tio n  
n ied rig , das Serum -C l n o rm a l oder v e rm in d e r t  is t u n d  sich fü r  die S äure— 
B asen stö ru n g  k e in e  U rsa c h e  finden  lä ß t , is t  s te ts  die M öglichkeit n a c h ­
zu p rü fen , ob sich  h in te r  dem  scheinbaren  A n io n m an g e l eine L a k ta te rh ö h u n g  
v e rb irg t, die auch  fü r  d ie  pH -V erm in d eru n g  v e ra n tw o rtlic h  ist.

D ie den G e g e n s ta n d  der gegenw ärtigen  M itte ilu n g  b ild en d en  U n te r ­
su ch u n g en  w urden  v o r  2 1/2 Ja h re n  b eg o n n en . A us dem  bei B e ttru h e  ohne 
S ta u u n g  en tn o m m en en  venösen  B lu t w u rd e  d ie M ilchsäure nach  d e r m od ifi­
z ie r te n  k o lo rim e trisch en  M ethode von  B a r k e r  u n d  S u m m e r s o n ,  u n d  die 
B re n z tra u b e n säu re  n a c h  d e r  M ethodik v o n  F r i e d m a n n  u n d  H a u g e n  b e s tim m t 
[3, 14, 25]. In sg e sa m t w u rd e n  230 K ra n k e  u n te rs u c h t. E in e  L a k ta tä m ie  
m itt le re n  G rades (3 — 5 mÄq/1) ließ sich b e i 44 F ä lle n  festste llen , bei w eite ren  
9 P a tie n te n  w ar e ine  au sg ep räg te  L a k ta z id o se  (ü b e r 5 mÄq/1) v o rh an d en . 
R esu sz itie r te  F ä lle  m it  ex trem en  W erten  w u rd e n  bei diesen U n te rsu ch u n g en  
n ic h t  b erü ck sich tig t. D ie  V ie lfä ltigkeit des B ildes d e r L ak taz idose  g eh t au ch  
au s  den  im  w eite ren  an zu fü h ren d en  B e o b a c h tu n g e n  h e rv o r.

D ie 9 P a tie n te n , b e i denen eine a u sg e p rä g te  L ak taz id o se  v o rlag , lassen  
sich  in  3 große G ru p p e n  e in te ilen : je  n a c h d e m , ob die L ak taz id o se  m it einem  
ch ro n isch en  re sp ira to r isc h e n  P rozeß, e iner a k u te n  k a rd io v ask u lä ren  E p isode , 
o d e r einer ch ron ischen  L e b e rk ra n k h e it v e rb u n d e n  w ar. D ie k lin ischen  E rsch e i­
n u n g e n  der M ilchsäure-A zidose w aren  n ic h t  spezifisch . E in e  H y p e rta c h y p n o e  
versch ied en en  S ch w ereg rad es ließ sich b e i sä m tlic h e n  K ran k en , u n d  eine 
Z y an o se  bei den P a t ie n te n  N r. 1, 2 u n d  9 b e o b a c h te n . Als B eschw erden  w u rd en  
in  jed em  Falle a llg em ein e  Schw äche, N ied erg esch lag en h e it u n d  A tem n o t 
angegeben . M it A u sn a h m e  des Falles N r. 8 w a r  das B ew uß tse in  in  säm tlich en  
F ä lle n  b e e in trä c h tig t; gew öhnlich  ließen sich  L e th a rg ie , Som nolenz, in  F ä llen  
N r. 1, 2 u n d  4 sogar S tu p o r  bzw. K om a b e o b a c h te n . D ie P u lsfreq u en z  w ar er-
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h ö h t, R h y th m u ss tö ru n g e n  k a m e n  bei F ä llen  N r. 2 u n d  6 vor. B ei M y o k a rd ­
in fa rk t u n d  P u lm onalem bo lie  w a r  der B lu td ru c k  h e rab g ese tz t. E in e  ausge­
p räg te  H ypo ch lo räm ie  w ar n u r  bei den  F ä llen  N r. 2 u n d  6 zu b e o b a c h te n  (80 
bzw. 82 mAq/1). A zotäm ie oder A ze to n u rie  k a m  n ie  vor.

D ie L ak taz id o se  w ar s te ts  m it e iner V ersch lech te ru n g  der G ru n d k ra n k h e it 
v e rb u n d en . A uch  der B ren z trau b en säu re sp ieg e l zeig te in  jed em  F a lle  eine 
Z unahm e, doch  n ich t in  dem  G rad e  wie d er L a k ta tsp ie g e l, d a ru m  b lieb  der 
L /P -Q u o tie n t s te ts  höher als 10 (T ab . I).

Tabelle I

Fall
A lter, B lutbrenz-

L /P DiagnoseGeschlecht mÄq/1 traubensäure

l 72 8 0,27 28,8 Em physem , Kyphoskoliose,

$ Cor pulmonale ehr.

2 69 12,2 0,86 14,1 Embolia pulmonum

Î
3 42 6 0,37 16 Leberzirrhose

c?
4 62 7,1 0,56 12,5 Leberzirrhose

<?

5 63 6,88 0,30 22,8 Leberzirrhose, H erzinfarkt

c?
6 64 9,1 0,41 21,6 H erzinfarkt

<?

7 69 5,3 0,27 19,5 H erzinfarkt

<?
8 43 5,7 0,24 23,7 H erzinfarkt

<?
9 48 5,3 0,22 24 H erzinfarkt

а •

E in e  deko m p en sie rte  m e tab o lisch e  A zidose w ar in  F ä llen  N r. 2 u n d  
6 n ach w eisb ar. E ine  V e rm in d e ru n g  der B ik a rb o n a t-K o n z e n tra tio n  — m it 
n eg a tiv em  B E  — lag  bei e inem  K ra n k e n , u n d  ein geringfügiger B asism an g el 
bei 2 P a tie n te n  v o r (Tab. I I ) .  E in e  p a th o lo g isch e  H y p e rv e n tila tio n  — m it 
n ied rigem  p C 0 2 u n d  re sp ira to risc h e r A lkalose ließ  sich bei d en  K ra n k e n  
N r. 3, 4 , 7, 8 u n d  9 nachw eisen  u n d  bei einem  d ieser (F a ll N r. 7) w a r d ie  re sp i­
ra to risch e  A lkalose m it k o m p e n s ie rte r  m e tab o lisch e r A zidose v e rb u n d e n .

D ie h äu fig s te  A bw eichung bei un seren  la k taz id o tisch en  K ra n k e n  w ar 
die H y p ox ie . In  8 der 9 F älle  k a m  sie in  seh r schw erem , m itte lsch w erem  bzw. 
le ich terem  G rade zur B eo b ach tu n g .
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Tabelle II

Fall pH
S tandard

Bicarb.
mÄq/1

Base Excess 
mÄq/1

pCo,
mmHg

pO,
mmHg

l 7,375 23,1 - 0 , 9 42 61,5
2 7,24 17,6 - 9 , 2 47 37
3 7,45 21,2 — 3,8 31,5 86
4 7,44 22,6 — 1,6 31,5 90
5 7,38 22,1 — 2,1 38 68
6 7,21 12 — 17 32 70
7 7,41 18,6 7,4 22 49
8 7,44 21,1 — 3,8 25,5 85
9 7,43 22,6 — 1,9 28,5 78

A u fg ru n d  u n se re r  B eo b ach tu n g en  u n d  d e r  A ngaben des S c h rif ttu m s  is t 
hei L a k ta z id o se  die p a th o lo g isch e  H y p e rv e n tila tio n  oder die H y p o x ie  se lb st 
b e im  F e h le n  einer sy s te m a tisc h e n  A zidose s te ts  n achw eisbar [6, 37]. D ie 
U rsa c h e  d er bei passiv er o d e r pa tho lo g isch er H y p e rv e n tila tio n  erfo lgenden  
M ilch säu re -A n h äu fu n g  is t u n b e k a n n t, es lä ß t  sich  aber an n eh m en , d aß  die 
A k t iv i t ä t  der P y ru v a t-K a rb o x y la se  d u rch  d ie  in traze llu lä re  H y p o k a p n ie  
b e e in trä c h t ig t  w ird  u n d  d a ru m  die R e d u k tio n  d er B re n z tra u b e n säu re  zu 
M ilch säu re  n u r  au f an ae ro b em  W ege m öglich is t . E in e  andere  E rk lä ru n g  w äre , 
d a ß  d ie  L eb er bei in tra z e llu lä re r  A lkalose in fo lge  der v e rm in d e rten  P erfu s io n  
w e n ig e r  L a k ta t  au fn im m t.

B e i säm tlichen  L ak taz id o se fo rm en  fä ll t  d e r  L eber eine zen tra le  R olle  zu 
[9, 17]. D ie  A u fn ah m efäh ig k e it der L eber fü r  M ilchsäure is t ab er w e it g rößer 
als d ie  v o n  den e x tra h e p a tisc h e n  m ilch säu rep ro d u z ie ren d en  G ew eben e rzeu g ten  
M en g en , deshalb  k an n  es sich  b e i L ak taz id o se  u m  keine einfache Ü b e rp ro d u k ­
tio n  a n  M ilchsäure h a n d e ln , sondern  es m u ß  eine m angelhafte  V e rw ertu n g  
in fo lg e  d e r  k ra n k h a fte n  V o rg än g e  in  der L eb er o d e r der D u rc h b lu tu n g ss tö ru n ­
gen  im  S p lan ch n icu sg eb ie t vorliegen .

D ie  in  B egleitung  e in e r H y p o x ie  k a rd io v a sk u lä re n  oder re sp ira to risc h e n  
U rs p ru n g s  au ftre ten d e  L a k ta z id o se  ist von  p ro g n o stisch e r B ed e u tu n g : n a c h  
P e r e t z  ble iben  bei e iner M ilch säu rek o n zen tra tio n  u n te r  4,3 mÄq/1 100% , 
zw isch en  4,4 — 8 mÄq/1 3 3 % , ü b e r 8,8 m Ä q/ je d o c h  n u r  15%  d er K ra n k e n  
am  L e b e n  [33].

A u c h  im  gegenw ärtigen  M ateria l w u rd e  n u r  eine L ak taz id o se  m äß ig en  
G rad es  (u n te r  6 mÄq/1) ü b e r le b t  bzw. von  B esseru n g  gefolgt. D ie K ra n k e n  
N r. 7 u n d  9 s ta rb en  sp ä te r  an  e iner anderen  K o m p lik a tio n  d er G ru n d k ra n k h e it.

E in e  L ak taz idose  in  V e rb in d u n g  m it V ersag en  des K reislau fes o d er d er 
R e s p ira t io n  kam  n u r  bei a k u te n  E p isoden  bzw . a k u te n  R ü ck fä llen  zu r B e ­
o b a c h tu n g , z. B. bei frisch en  M y o k a rd in fa rk ten , P u lm onalem bo lien  oder bei
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E x aze rb a tio n en  des ch ro n isch en  Cor p u lm o n a le . B ei chronischen  H y p o x ie ­
zu s tän d en  ließ sich keine  b ed eu ten d e  L ak taz id o se  nachw eisen .

Die L ak taz id o se  is t e igen tlich  eine S to ffw echse lstö rung , die in traze llu lä r 
in  G ang gesetz t w ird ; so is t  sie keiner q u a n ti ta t iv e n  B estim m u n g  zugänglich , 
auch  du rch  die T h e rap ie  w erd en  n u r ihre sich a u f  den  E x tra z e llu lä rra u m  p ro ji­
z ierenden  V ersch iebungen  e rfaß t.

Die G rund lagen  d e r B eh an d lu n g  sind:
1) E lim in a tio n  des L ak ta t-Ü b ersch u sses  m itte ls  W ied erh e rs te llu n g  des 

peripheren  K reislau fs,
2) K o rrek tio n  d e r A zidose m it a lk a lis ie ren d en  L ösungen  u n d
3) B indung  des z irk u lie ren d en  L a k ta ts  a u f  p harm ako log ischem  W ege, 

d . h . m itte ls  M e th y len b lau , — oder seine B ese itig u n g  a u f  m echanischem  W ege, 
m itte ls  D ialyse.
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Continued adm inistration  of heterogenic  blood (HB) and of phytohaem ag- 
g lu tin in  (PH A) by  th e  intravenous rou te  to  ra b b its  resulted in typical changes of all, 
peripheral and cen tral, lym phatic organs, characterized  by a shift in th e  size d istri­
bu tion  of the lym phocyte population w ith  a prevalence of large lym phocytes, form ation 
o f b last cells and  appearance of dividing form s. This response may be regarded  as a 
coun te rpart in vivo to  the reactions exh ib ited  by  lym phocyte cultures to  m itogenic 
stim uli, and corresponds in its cytologic fea tu res  to  some pathologic lym ph node changes 
by  hum ans characterized by the prevalence of large lymphocytes and th e  form ation 
of b last cells, w ith  individual specific a lte ra tio n s. On these grounds i t  is suggested 
th a t  the cytological changes arising in  response to lym phocyte stim ula tion  rep resen t 
an  adequate reaction  of lym phocytes.

In  addition to  these changes involving th e  en tire  lym phatic system  th ere  m ay 
be particu lar, organ-related  responses w hich are probably specific to  th e  individual 
organs. Reactions of th is kind, such as ex tram ed u lla ry  haemopoiesis in th e  spleen and 
thym us or m astocy te  reaction in th e  th y m u s, m ay  possibly involve a fu r th e r  prolif­
era tive  capacity of b las t cells.

T h e  d iscovery  o f N o w e l l  [19] t h a t  p h y to h aem ag g lu tin in  (P H A ) in duces 
in  ly m p h  cell cu ltu res  th e  tra n s fo rm a tio n  o f  sm all lym phocy tes in to  large , 
ac tiv e  cells capab le  o f  cell division h a s  o p en ed  up  new aspects  in  re sea rch  
re la tin g  to  th e  ly m p h a tic  system . I t  h a s  b een  e s ta b lish e d  th a t  th e  sm a ll ly m p h o ­
cy tes re p re se n t a q u ie scen t cell fo rm  o f th e  ly m p h a tic  sy stem , c a p a b le  of 
fu r th e r  d ev e lo p m en t r a th e r  th a n  th e  e n d  s ta g e  o f cell tra n s fo rm a tio n  [29]. 
In  th e  la s t  y ears , th e  l i te ra tu re  on th e  s u b je c t  h as  becom e too v a s t  to  b e  k e p t  
in  ev idence . H ere  w e o n ly  refer to  th e  m o n o g ra p h  of L in g  [12] a n d  to  th e  
p ap ers  o f  A s t a l d i  e t a l. [2, 3] an d  o f L o z z io  [13].

T h e  effects o f P H A  in vivo h a v e  fa iled  to  a t t r a c t  general in te re s t .  A p a r t  
from  clin ical tr ia ls  o f questionab le  o u tc o m e  in  ap las tic  anaem ia  [7, 10, 11], 
th e  effec ts o f P H A  on th e  ly m p h a tic  o rg an s  h a v e  received lim ited  a t te n t io n  
in  th e  l i te ra tu re  [5, 8, 18, 21, 24, 25, e tc .] .

T h e  aim  of th e  p re se n t s tu d y  h as  b e e n  to  c larify  th e  effect o f  P H A  on 
th e  liv in g  organism , p a rtic u la r ly  on th e  ly m p h a tic  organs, by  c o m p a rin g  its  
effects w ith  those o f o th e r  an tigens, o n  th e  one  h a n d , and  w ith  its  ow n  effects 
in  v itro , on th e  o ther. I n  ad d ition , th e  cy to lo g ica l response to  th e  e x p e r im e n ta l 
s t im u la tio n  of th e  ly m p h a tic  organs h as  b e e n  co m p ared  w ith  th e  cy to lo g ica l 
fe a tu re s  o f diseases o f th e  ly m p h atic  o rg an s  in  h u m an s.
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M ateria l  and m e th o d s

R abb its  weighing approxim ately  2.0 kg, of random  sex and breed, were used. They 
were k e p t on dry syn thetic  food for four weeks before and  during  the period of study . Several 
groups were set up, each including ten test animals and  tw o controls.

The antigen used was heterogenic blood (HB), R h  negative human group О blood being 
in jec ted  in doses of 1.0 m l/kg daily  into the m arginal ear vein  for 21 days. The anim als were 
sacrificed and processed histologically and cytologically, on the 21st day. The organs and 
tissues stud ied  included th e  spleen, lym ph nodes, th y m u s, appendix, bone marrow and  liver. 
Ind iv id u a l anim als of each group were occasionally sacrificed earlier or later th an  th e  21st 
day, according to the purpose of the experiment.

P H  A (Difco P) was in jec ted  intravenously in doses of 0.1 mg/kg daily, likewise for 
21 days. Processing was th e  sam e as in the H B -treated  groups.

The H B -treated  anim als appeared to be in poor h e a lth  and failed to increase in  w eight 
during trea tm en t, there were, how ever, only occasional dea th s . In  the groups allowed to  su r­
v ive, regeneration was rap id  and control body weight was regained in two or three weeks. The 
P H A -trea ted  anim als had  a norm al appearance w ith no rm ally  ascending weight curves during 
the en tire  period of tre a tm en t. There were a few occasional deaths, mostly unrelated  to  the 
tre a tm en t.

Results

B efore d escrib ing  th e  abnorm alities o f th e  ly m p h a tic  organs in  d e ta il, 
w e h a v e  to  o u tline  th e  m a in  abnorm al cy to lo g ic  fea tu res  of th e  p e r ip h e ra l 
b lo o d . T h is q u estio n  h as  b een  dealt w ith  in  d e ta i l  in  an earlier s tu d y  [23]. 
T h e  d iffe ren tia l b lood  c o u n t was checked tw ic e  w eekly during  th e  e n tire  
p e rio d  o f  s tu d y , th e  la s t  te s t  being perfo rm ed  o n  th e  m orning of th e  a n im a ls ’ 
sacrifice .

A p a r t  from  a t r a n s i to ry  leukocytosis th e  b lo o d  counts revea led , as th e  
m o s t c h a ra c te ris tic  fe a tu re , à  s trik ing  increase  in  th e  num ber of la rge  ly m p h o ­
c y te s  a t ta in in g  80%  o r even  m ore of th e  to ta l  ly m p h o id  cell p o p u la tio n  b y  th e  
e n d  o f  th e  ex p erim en t. T h e  popu la tio n  of la rg e  ly m p h o c y te s  co n ta in ed  n u m e r ­
ous cells o f b iza rre  c o n fig u ra tio n  sim ilar to  g la n d u la r  fever cells b u t  th e re  
w ere  also  c learly  reco g n izab le  b last cells a n d  d iv id in g  form s. In  g en e ra l th e  
c y to lo g y  o f p e rip h e ra l b lo o d  w as rem in iscen t o f  t h a t  associated w ith  in fec tio u s  
m o nonucleosis , in  th e  H B - an d  P H A -tre a te d  an im als  alike, w ith  th e  o n ly  
d iffe ren ce  th a t  in  th e  P H A -g ro u p  th e  le u k o c y to s is  w as of lesser degree.

T h e  gross a p p e a ra n ce  w as cha rac terized  b y  a n  en largem en t of th e  ly m p h a ­
tic  o rg a n s  w hich, h o w ev er, rev ea led  d iffe ren t f e a tu re s  according to  th e  s tim u lu s  
ap p lie d . In  th e  H B - tre a te d  anim als th e  sp leen  w as considerab ly  e n la rg e d , 
w eig h in g  in  genera l 5.0 g, in  som e cases ev en  m o re  th a n  10.0 g, th e  n o rm a l 
ra n g e  in  th e  co n tro l an im als  being be tw een  0.5 a n d  1.0 g. T he m e se n te r ic  
ly m p h  nodes fo rm ed  h u g e  conglom erates w e ig h in g  severa l gram s. T h e  th y m u s  
w as m o d e ra te ly  en la rg ed  in  som e an im als, co m p le te ly  a tro p h ied  in  som e 
o th e rs .

I n  th e  P H A -tre a te d  an im als the  sp leen  w as  sm aller, w eighing b e tw e e n  
2.0 a n d  3.0 g. T he m e se n te ric  ly m p h  nodes w ere  s im ila r in  size to  th o se  o f  th e  
H B - tre a te d  series. T h e  th y m u s  was co n sid e rab ly  la rg e r  th a n  in  th e  o th e r  g ro u p  
a n d  th e re  w as scarce ly  a n y  a tro p h ied  o rgan  in  th is  series.
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T h e m ost im p o r ta n t  cy to logical chan g es concerned  th e  p ro p o rtio n  
be tw een  th e  sm all an d  th e  large ly m p h o cy tes . In n o rm al u n tre a te d  an im als 
th e  d is tr ib u tio n  of sm all and  large cells in th e  ly m p h o cy te  p o p u la tio n  co r­
resp o n d s to  70 : 10. T he H B -tre a te d  an im als ex am in ed  a t the  end o f  th e  firs t 
w eek s till show ed th e  sam e d is tr ib u tio n , w hile a t  th e  end  of th e  second  w eek 
th e  p ro p o rtio n  of large ly m p h o cy tes  was 30%  a n d  con tin u ed  to  rise, a tta in in g  
b y  th e  end  of th e  ex p e rim en t 50 to  60% . In  a d d itio n , num erous b la s t cells 
w ere seen. In  respect of m orpho logy , th e  tra n s it io n  from  th e  sm all ly m p h o cy te s , 
th ro u g h  th e  large ones, to  th e  b la s t cells w as u n b ro k e n .

I t  is to  be m en tio n ed  th a t  th e  te rm  “ la rg e ”  ly m p h o cy te  is u sed  in a 
co llec tive  sense to  d en o te  all lym phocy tes once h a v in g  m oved in an y  d irec tio n  
fro m  th e  q u iescen t s ta te  rep resen ted , acco rd in g  to  th e  general v iew , b y  th e  
sm all ly m p h o cy tes . T h e  use of th e  te rm  “ m ed iu m -sized ”  lym p h o cy tes  is being  
re fra in e d  from . I t  m u s t be em phasized  th a t  fro m  th e  end of th e  seco n d  w eek 
o n w ard  num erous cells o f d iffe ren t sizes w ere n o te d  am ong th e  large  ly m p h o ­
cy te s  in  th e  spleen of th e  H B -tre a te d  b u t  also o f th e  P H A -tre a te d  an im als . 
T h e re  w as a p ra c tic a lly  u n b ro k en  tra n s itio n  fro m  th e  sm all ly m p h o c y te s  to  
th e  b la s t  cells, in  o th e r  w ords, th e  cyto logical re sp o n se  in  vivo was o f  th e  sam e 
p a t te r n  as in  P H A -tre a te d  ly m p h o cy te  cu ltu re s .

T h e  spleen of H B -tre a te d  anim als e x h ib ite d  a m arked  p la sm ace llu la r  
re a c tio n , th e  p lasm a cells in  v a rious s tages o f m a tu r i ty  accoun ting  fo r  15 to  
2 0 %  o f th e  en tire  p o p u la tio n  of n u c lea ted  cells b y  th e  end  of th e  ex p e rim e n t. 
T h is  w as accom pan ied  b y  an in tensive  m yelopo iesis in  th e  spleen; th e  m yelo id  
cell p o p u la tio n  w as p re v a le n tly  form ed b y  y o u n g  p rom yelocy tes a n d  m y e lo ­
cy te s , a p a r t  from  num ero u s n o rm ob lasts .

In  th e  spleen of th e  P H A -tre a te d  an im als th e  changes were o f th e  sam e 
c h a ra c te r  as in th e  fo rm er group w ith th e  only  d ifference  th a t  the  p lasm ace llu - 
la r  re a c tio n  as well as m yelopoiesis a p p ea red  o f lesser in ten sity . H ow ever, 
in re sp ec t of th e  sh ift in  th e  ra tio  o f sm all to  la rge  lym phocy tes, th e  response  
in  th e  P H A -g ro u p  d iffered  n e ith e r  q u a n ti ta t iv e ly  n o r  q u a lita tiv e ly  fro m  th a t  
e x h ib ite d  b y  th e  H B -g ro u p , th e  p red o m in an ce  o f large lym phocy tes a n d  th e  
p resence  o f num erous b la s t  cells b y  th e  end  o f  th e  ex perim en t be ing  ty p ic a l 
fo r b o th  groups (F igs 1, 2).

N o th in g  could  be m ore illu s tra tiv e  of th e  p ro fo u n d  cy to logical changes 
ta k in g  p lace  in  th e  sp leen  th a n  th e  fac t th a t  n o t  o n ly  has th e  organ  m u ltip lie d  
its  o rig in a l size, its  cell p o p u la tio n  being  m a n y  tim es  th a t  o f th e  orig inal 
n u m b e r, b u t  i t  has been com plete ly  reo rg an ized  in  resp ec t of its ce llu la r su b ­
s tr a te ,  th e  m yeloid e lem ents an d  p lasm a cells, n o rm a lly  few in n u m b e r, ac­
c o u n tin g  fo r a p p ro x im a te ly  one th ird  of th e  e n tire  nu c lea ted  cell p o p u la tio n .

As m en tio n ed  before, th e  m esen teric  ly m p h  nodes were s ig n if ican tly  
en la rg ed  in b o th  g roups to  n ea rly  th e  sam e e x te n t .  N o sign ifican t d ifference 
w as fo u n d  in  th e  cy to log ical p a tte rn  e ith e r. T h e  essen tia l fea tu re  w as a sh ift
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Fig. 2. Spleen of P H A -stim ulated  anim al. 22nd day. M ay— Grünwald—Giemsa sta in , X800

in  th e  ra tio  of sm all to  la rg e  ly m p h o cy tes ; b y  th e  end  of t r e a tm e n t  th e  cell 
p o p u la t io n  was p re v a le n tly  fo rm ed  b y  la rg e  ly m p h o cy tes . I n  a d d itio n , th e re  
w e re  n u m ero u s b la s t  cells, a m o u n tin g  in  th e  P H A -g ro u p  to  5 %  a n d  in  th e  
H B -g ro u p  to  6 .2% . T h e  cy to p la sm  of th e se  cells exh ib ited  a m a rk e d  p y ro n in - 
o p h ilia  u p o n  m eth y lg reen  p y ro n in e  sta in in g . H e re  again, an  u n b ro k e n  tr a n s i­
t io n  fro m  sm all ly m p h o cy te s  (qu iescen t fo rm ) to  large ly m p h o cy tes  a n d  b la s t 
cells w as d em onstrab le . I n  consid era tio n  of th e  ad d itio n a l fin d in g  o f n u m ero u s 
d iv id in g  form s, th e  cy to lo g ica l p a tte rn  m u s t b e  regarded  as s tro n g ly  rem in is­
c e n t  o f  th a t  ex h ib ited  b y  P H A -s tim u la te d  ly m p h o c y te  cu ltu res  (F igs 3, 4). 
As re g a rd s  th e  o th e r cell e lem en ts , th e re  w as a  m o d e ra te  increase in  th e  n u m b e r 
o f  p la s m a  cells a t ta in in g  1 to  2 %  an d  occasiona l no rm o b lasts  w ere  fo und . 
T h e  n u m b e r  and  a c tiv ity  o f  m acrophages w as increased , th e re  w ere n u m ero u s
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Fig. 3. Lym ph node of H B -stim ulated  animal. 22nd day . M ay— Grünwald—Giemsa stain,
X 800

Fig. 4. Lym ph node of PH A -stim ulated  animal. 22nd day. M ay—Grünwald—Giemsa stain,
X 800

cells w ith  p h ag o cy ted  e ry th ro c y te s  an d  leu k o cy te s . I t  could be e stab lish ed  
from  th e  pseudoeosinophilic  g ran u la tio n s t h a t  th e se  g ranu locy tes w ere a u to ­
genous. T he re tic u la r  cells w ere also increased  in  n u m b er. T he n u m b e r  of the  
n o n -lym phocy tes none th e  less fa iled  to  a t ta in  5 %  of th e  cell p o p u la tio n .

On com parison  o f th e  ly m p h  nodes of H B -tre a te d  w ith  th o se  o f P A H - 
tr e a te d  an im als, th e  tw o  ty p e s  o f s tim u la tio n  w ere found  to  a ffec t th e  ly m p h  
nodes in th e  sam e m an n er.

I t  seem ed of in te re s t  to  con fro n t th is  ev id en ce  w ith  th e  f in d in g s derived  
from  ly m p h  node b iopsy  in h u m a n  diseases. A few  illu s tra tiv e  cases are  show n 
in F igs 5 to  11.
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Fig. 5. Mrs. S. J. Infective h ep a titis . Cervical lym ph node biopsy. May—G rünw ald_Giemsa
stain, X800

Fig. 6. Y. J . Non-specific lym phaden itis . Cervical lym ph node biopsy. M ay— G rünw ald—

Giemsa stain, X800

T h e  m ateria l o b ta in e d  fro m  h u m an  cases show n in  Figs 5 to  11 reveals 
a  s t r ik in g  resem blance o f th e  changes to  th o se  o f th e  ex p erim en ta lly  s tim u la te d  
ly m p h  nodes. H ere to o , a s id e  fro m  th e  possib le  specific a lte ra tio n s , th e re  is 
a co n sp icu o u s p red o m in an ce  o f large ly m p h o cy te s  an d  b la s t cells. These 
c h a n g e s  w hich are an a lo g o u s w ith  those  e x h ib ite d  b y  s tim u la te d  ly m p h o c y te  
c u ltu re s ,  seem to  a c c o m p a n y  th e  specific lesions in  h u m an  ly m p h  nodes an d  
e v e n  p reced e  them  in  tim e .

A s regards th e  c e n tra l  ly m p h a tic  organs i t  is th e  th y m u s  w h ich  w e h av e  
to  d isc u ss  first. The p a r t  p la y e d  b y  th e  th y m o c y te s  is still a su b je c t o f  c o n tro ­
v e rs y  in  th e  lite ra tu re . I t  is c la im ed , for in s ta n c e , t h a t  lym phopo iesis  o f th eA c ta  M edica Academiae Scientiarum H ungaricae 28, 1971

Fig. 6. V. J . Non-specific lym phaden itis . Cervical lym ph  node biopsy. M ay— G rünw ald—
Giemsa stain, X 800
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Fig. 7. Mrs. Sz. G. Tuberculous lym phadenitis. Cervical lym ph  node biopsy. Tubercle. X350

Fig. 8. Same as in Fig. 7. Л portion, farther aw ay from the tubercle. X 800

th y m u s is in d e p e n d e n t o f an y  an tigen ic  s tim u la tio n  [17] or th a t  th e  th y m o ­
cy tes are n o t d irec tly  invo lved  in any  reac tio n  d ire c te d  ag a in st foreign an tig en s  
[16]. A ccording to  Metcalf [15], th e  th y m o c y te s  are  an tig en -u n resp o n siv e . 
C orrespondingly , p lasm a  cells are p rac tica lly  a b se n t from  th e  th y m u s . O n th e  
o th e r  h an d , v a rious a u th o rs  includ ing  Marshall  an d  W hite [14] n o te d  a 
reg u la r im m une re a c tio n  in  lab o ra to ry  an im als w ith  th e  ap p earan ce  of g e r­
m in a tiv e  cen ters a n d  num erous p lasm a cells in re sponse  to  a d irec t in tr a th y -  
m ic in jec tio n  of th e  an tig en .

In  th e  p re se n t s tu d y , H B  as well as P H A  s tim u la tio n  was found  to  ind u ce  
an  en la rgem en t o f  th e  th y m u s  w hich was j 'a r f ic u la r ly  m ark ed  in  th e  P H A  
g roup . T he essen tia l m icroscopic fea tu res  w ere s im ila r to  th o se  d iscussed
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Fig. 9. Z. R . Toxoplasmosis. Cervical lym ph node. x800

Fig. 10. P. J . Lym phogranulom atosis. A xillary lym ph node. X800

e a r lie r  in  respect o f th e  o th e r  ly m p h a tic  o rgans, nam ely  a p rev a len ce  of large 
ly m p h o cy te s  an d  b la s t-ce ll tra n s fo rm a tio n . T his reac tion  seem s to  ta k e  a 
s im ila r  course in th e  th y m u s  as in  th e  p e rip h e ra l ly m p h a tic  o rg an s (Figs 
12, 13). I n  ad d itio n  to  th e  changes describ ed  above, spo rad ic  p la sm a  cells 
w ere also d e tec tab le . T h e  ap p ea ran ce  o f  y o u n g  m yeloid  e lem en ts w as fa irly  
co m m o n  w hich seem s to  s u p p o r t th e  v iew  o f th o se  reg ard in g  th e  th y m u s  as 
a  haem o p o ie tic  o rg an  [28, 20]. A m a rk e d  m asto cy te  reac tio n , in te rp re te d  
b y  T ö r ő  [27] an d  b y  C s a b a  [4] as a nonspecific  response o f th e  th y ­
m u s, w as also d em o n strab le . In  th is  c o n te x t we h av e  to  m en tio n  th e  find ing , 
th o u g h  w ith o u t th e  in te n tio n  of d raw in g  a n y  far-reach in g  conclusion  from  it,
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Fig. 11. Mrs. N. C. B reast cancer. A xillary lym ph node free from m étastasés. X800

Fig. 12. H B -stim ulated  rabbit. Thym us. M ay—G rünw ald—Giemsa sta in , X800

t h a t  th e  p erip h era l basoph ile  co u n t w as 6 to  9 %  in th e  P H A -g ro u p  a n d  4 
to  6 %  in th e  H B -g ro u p  a t  th e  en d  of tr e a tm e n t.

T he o th e r c e n tra l  ly m p h a tic  organ  is th e  b u rsa  of F a b ric iu s  in  b irds. 
I ts  c o u n te rp a r t in  m am m als is s till u n id e n tif ie d  b u t i t  m u st be p resu m ab ly  
so u g h t in th e  ly m p h o ep ith e lia l s tru c tu re s  sc a tte re d  along th e  e n tire  g a s tro in ­
te s tin a l canal, from  W ald ey er’s ring  dow n to  a lm o st th e  re c tu m , p ro v id ed  the 
fu n c tio n  of th e  b u rsa  shou ld  be co n fined  in  m am m als  too  to  a n y  single organ 
in s te a d  of being ta k e n  over by th e  en tire  sy s tem .

T úrba [26] called attention as early as 1921 to the presence o f  numerous 
lym ph follicles in th e  vermiform appendix and in the adjoining sacculus rotun-
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Fig. 13. P H A -stim ulated  rabb it. May— G riinwald — Giemsa stain , X800

Fig. 14. H B -stim ula ted  rabbit. A ppendix. X800

d us in  ra b b its . In  the  v iew  o f  F arkas [6] i t  w ould  be te m p tin g  to  re g a rd  th e  
v e rm ifo rm  append ix  as a c e n tra l  reactive ly m p h a tic  o rg an  of th e  sam e b io lo ­
g ica l p ro p ertie s  as th e  to n s ils . In  fac t, i t  has been  show n by  A rcher é ta l .  [1] 
t h a t  n o t  only does th e  v e rm ifo rm  app en d ix  o f ra b b its  closely resem ble  
th e  b u rs a  of F ab ric iu s in  m orpho log ica l an d  em bryo log ica l resp ec ts  b u t  i t  
a lso  p la y s  th e  sam e p a r t  in  th e  im m une m ech an ism s an d  now  i t  is g en era lly  
a c c e p te d  th a t  the  v e rm ifo rm  ap p en d ix  in ra b b its  co rresponds to  th e  b u rsa  of 
F a b r ic iu s . In  view of th is  f a c t  th e  cyto logy  of th is  o rg an  has also been  ex ­
a m in e d  in  th e  p resen t s tu d y .

M acroscopically , th e  v e rm ifo rm  appen d ix  in  ra b b its  is an  8 to  10 cm  long, 
1.5 to  2 cm wide s tru c tu re  lin ed  w ith  a th ic k , v e lv e ty  m ucous m em b ran e .
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Fig. 16. U. L. aged 12. Tonsil. Chronic tonsillitis X800

T h e cytological p a tte rn  la rg e ly  corresponds to  th a t  o f o th e r  ly m p h a tic  organs, 
w ith  th e  only possible d ifference th a t  here th e  n u m b e r o f la rge  lym p h o cy tes  
is h igher. T here is a fa ir  n u m b e r  of g ian t cells o f ep ith e lo id  ty p e  to  w hich th e  
su rro u n d in g  lym phocy tes seem  to  adhere . Changes o f s im ila r k in d  w ere found  
sp o rad ica lly  in  the  th y m u s , to o , an d  are  com m on in sm ears of h u m a n  tonsils.

T h e  append ix  o f th e  s tim u la te d  anim als e x h ib ite d  p ra c tic a lly  th e  sam e 
changes as did th e  o th e r  ly m p h a tic  organs, i.e. a sh if t o f th e  ly m p h o cy te  
p o p u la tio n  tow ard  th e  la rg e  lym phocy tes. T he ra tio  o f sm all to  large 
ly m p h o cy tes  was s ig n ifican tly  reduced . In  ad d itio n  to  th e  p red o m in a tin g  
large lym phocy tes th e re  w ere num erous b last cells. N o p la sm ace llu la r reac tion  
w as n o ted . O nly spo rad ic  p la sm a  cells were d e te c ta b le  (F igs 14, 15).
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W e have  y e t to  re fe r b rie fly  to  the  tonsils in  h u m a n  w hich  in  th e ir  s tru c ­
tu r e  as w ell as in th e ir  e v o lu tio n  a n d  regression are  rem in iscen t o f  th e  th y m u s 
a n d  m a y  be regarded , if  n o t  as th e  sole re p re se n ta tiv e , a t  a n y  ra te  as a m em ber 
in  t h e  sy stem  of ly m p h o id  o rg an s an d  s tru c tu re s  w h ich  a re  considered  th e  
e q u iv a le n ts  of th e  b u rsa  o f  F a b ric iu s  in  h um ans.

S m ears of tonsils re m o v e d  fo r chronic in fla m m a tio n  w ere  exam ined . 
T h e  m icroscopic  find ing  w as m a rk e d  b y  num ero u s large  follicles a n d  from  th e  
c y to lo g ic a l featu res i t  c le a rly  em erged  th a t  th e  to n s illa r  ly m p h o c y te s  respond

Fig. 17. M. É ., aged 27. Tonsil. Chronic tonsillitis X800

to  s tim u li  (in th is  case p ro b a b ly  b ac te ria l an tigens) in  th e  sam e m an n er as 
d oes a n y  o th e r lym pho id  tis su e . T h e  overw helm ing  m a jo r ity  of th e  ly m p h o cy te  
p o p u la t io n  was m ade u p  o f  la rg e  ly m p h o cy tes; d iv id ing  cells a n d  p a rtic u la rly  
b la s t  cells w ere p resen t in  la rg e  n u m b ers . P la sm a  cells w ere b y  no  m eans rare , 
e v e n  p lasm ace llu la r s y n c y tia  a n d  isle ts w ere seen. I t  w as in te re s tin g  to  no te  
p e c u lia r  connections b e tw een  th e  g ia n t cells an d  th e  ly m p h o c y te s ; th e  la t te r  
cells w ere  found  to  a d h e re  f irm ly  to  th e  g ian t cells a n d  even to  in tru d e  in to  
th e i r  cy to p lasm  w here th e y  w ere  fo r th e  g rea te s t p a r t  d e s tro y e d  (F igs 16, 17).

Discussion

I t  w as observed t h a t  in  sh o rt-liv ed  ce ll-cu ltu res th e  sm all ly m p h o ­
c y te s  s ta r t  growing, d iv id in g  a n d  undergo  tra n s fo rm a tio n  in to  b la s t cells on 
e x p o s u re  to  P H A , a n tig e n s , fo re ign  leukocy tes a n d  even  to  phy sica l, e.g. 
u l tr a s o n ic , stim uli. T his h a s  p ro m p te d  us to  exam ine  w h e th e r  th e  lym p h o cy tes  
o f  th e  liv ing  organism  w o u ld  re sp o n d  to  sim ilar s tim u li in  a s im ila r m anner. 
I f  so , w e proposed to  ex am in e  w h e th e r th is  reac tio n  in v o lv ed  th e  cells of th e
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en tire  ly m p h a tic  system , co n sid e ra tio n  being g iven  to  th e  cells of th e  
ce n tra l ly m p h a tic  organs w h ich  d is tin c tly  differ in  th e ir  ty p es  o f  response 
from  th e  p e rip h e ra l organs.

T he p re sen t resu lts  sh o w ed  th a t  s tim u la tio n  w ith  P H A  or H B  elicits 
an  id en tica l p a t te rn  of re sp o n se  o f th e  en tire  ly m p h a tic  sy s tem  in c lu d in g  th e  
c e n tra l organs of ly m p h o ep ith e lia l s tru c tu re  such as th e  th y m u s , th e  verm ifo rm  
ap p en d ix  an d  h u m an  tonsils . T h e  essential fea tu re s  o f th e  re a c tio n  include 
a s ig n ifican t en la rg em en t o f th e  ly m p h a tic  organs a n d  a  sh if t in  th e  p ro p o rtio n  
of th e  ly m p h o cy te  p o p u la tio n  to w ard s  a p rev a len ce  o f la rge  ly m p h o cy tes , 
num ero u s b la s t cells and  d iv id in g  form s. This response  basica lly  co rresponds 
to  th a t  ex h ib ited  b y  s tim u la te d  ly m p h o cy te  cu ltu res .

O n c o n fro n ta tio n  of th is  m a te r ia l  w ith  th e  cy to log ica l fin d in g s c h a ra c te r­
istic  of h u m a n  ly m p h o g lan d u la r  d iseases we fin d  th e ir  basic  fea tu re s  s trik in g ly  
id en tica l. P rev a len ce  of la rge  ly m p h o c y te s  an d  b last-ce ll tra n s fo rm a tio n  w ere 
in v a ria b ly  d em o n stra ted  side b y  side w ith  in d iv id u a l specific  changes. This 
response n o t only  occurs in  d iseases caused b y  ly m p h o tro p h ic  v iru ses  w here 
th is  k in d  of reac tio n  w ould b e  ty p ic a l [9], b u t  p ra c tic a lly  in  ev e ry  disease 
invo lv ing  th e  ly m p h a tic  sy s tem .

In  view  of th e  fac ts  t h a t  (1) lym p h o cy tes  in cu ltu re s  a re  eq u a lly  resp o n ­
sive to  specific an d  nonspecific  m itogens as well as to  sim ple chem icals or to  
physica l fac to rs ; (2) th e  ly m p h a tic  system  is likew ise responsive  to  th e se  stim uli 
in  v ivo  an d  (3) h u m an  diseases in v o lv in g  th e  ly m p h a tic  sy stem  e x h ib it sim ilar 
cy to log ical fea tu re s , i t  is safe to  assum e th a t  th e  changes a rising  in  response 
to  th e  s tim u li, i.e. fo rm atio n  o f  la rg e  ly m p h o cy tes , b la s t-ce ll tra n s fo rm a tio n , 
m itosis, a c tu a lly  rep resen t a d e q u a te  reactions of th e  ly m p h o cy te s  to  an y  s tim ­
ulus th a t  m ay  affect th em .

W hile th e  ty p e  of re sp o n se  d e a lt w ith  in  th e  fo regoing  invo lves th e  en tire  
ly m p h a tic  sy stem , th e re  are  c e r ta in  o rg an -re la ted  a d d itio n a l reac tio n s  d ep en d ­
ing on th e  c h a ra c te r  of th e  in d iv id u a l organ, such  as e x tra m e d u lla ry  haem ato - 
poiesis in  th e  spleen and  th y m u s , p lasm acellu lar m e tam o rp h o sis  in  th e  spleen 
an d  tonsils , gen era tio n  of m a s to c y te s  in  th e  th y m u s . A fu r th e r  tra n sfo rm a tio n  
of b la s t cells re su ltin g  in  v a r io u s  o th e r  cell g roups m a y  well p ro v id e  th e  c y to ­
logical basis fo r reactions o f th is  k in d .
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CLINICAL AND HISTOPATHOLOGICAL STUDIES 
IN HUMAN RENAL DISEASE

I. SOME ASPECTS OF T H E  PA TH O G EN ESIS 
AND A G E -R E L A T IO N SH IP  OF G LO M ER U LO N EPH R ITIS
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R ESEA R C H  D EPARTM ENT OF GERONTOLOGY AND SECOND D EPA RTM EN T OF M E D IC IN E , 
SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL. BU DA PEST
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Evidence indicating th a t  the immune deposits of granular type form ed on the 
glom erular basem ent m em brane are connected in the m ajority  of cases w ith  infection 
presum ably of streptococcal origin, in contrast to  the deposits of linear charac te r reveal­
ing no relationships of th is kind, has been substan tia ted  by the present stu d y  on the 
grounds of the morphological features and the clinical course of the process. In  the 
younger age groups (10— 29) im m une deposits of the linear type were significantly  
m ore frequent than in m ore advanced age, a finding which seems to suggest th a t  glome­
rulonephritis occurring a t  th is tim e of life is prevalen tly  of nephrotoxic origin. On the 
o th er hand, over 40 years of age the incidence of g ranular type im m une deposits was 
significantly  higher th an  th a t  of the linear ones and over 50 years of age th e  gam m a­
globulin and com plem ent form ed on the glom erular basem ent m em brane w ere exclu­
sively granular in type. These morphological relationships suggest th a t glom eruloneph­
ritis  occurring la ter in life is m ostly consecutive to  upper respiratory  tr a c t  infection 
presum ably  of streptococcal origin. As far as m em braneous glom erulonephritis is concerned 
morphological signs of chronicity  were found in a larger num ber of cases w ith  granular 
ty p e  deposits which suggests th a t  nephritis a fter resp iratory  tra c t infections presum ­
ab ly  of streptococcal origin is more liable to chronic transform ation th a n  is nephro ­
tox ic  nephritis.

The genesis of hum an glom erulonephritis cannot be reduced to  one pathogenetic  
factor. More factors m ay have a role. The aim  of the present study  has been to  ex­
am ine w hether and how fa r th e  morphological features of renal biopsy m ateria l can 
be related  to the p rim ary  fac to r in itiating the process.

T h ere  has been  m o u n tin g  ev idence in re c e n t y ears  th a t  th e  p a th o g e n e s is  
o f h u m a n  diffuse g lo m eru lo n ep h ritis  invo lves im m unolog ica l fa c to rs . T he 
in c rea s in g  use of ren a l b io p sy  h as  im p ro v ed  th e  u n d e rs ta n d in g  of re n a l disease 
b y  a llow ing  to  s tu d y  its  c lin ica l m an ifes ta tio n s  in  th e  c o n te x t o f m orp h o lo g ica l 
fe a tu re s , a n d  to  follow u p  th e  course o f th e  process in  its  ea rlie r p h ases  in s te a d  
o f h a v in g  to  rely  on p o s tm o rte m  find ings m ark in g  th e  te rm in a l s tag e . Im m u n o - 
h is to lo g ica l an d  e lec tronm icroscop ica l in v es tig a tio n s  also help ed  to  c la rify  
th e  p a th o g en esis  of th e  in d iv id u a l ty p es  of n ep h ritis .

E x p e rim e n ta l g lo m eru lo n ep h ritis  p rov ides an  im p o r ta n t source  o f  in fo r­
m a tio n  on  th e  p athogenesis  o f h u m a n  g lom eru lo n ep h ritis  b y  sh a rin g  m a n y  of 
its  m orpho log ica l an d  clin ica l fea tu re s . T he e x p e rim e n ta l m odels o f  th is  k in d  
m a y  th u s  give a closer in s ig h t in to  th e  ev o lu tion  o f h u m a n  g lo m eru lo n ep h ritis .
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O ne of the  m e th o d s fo r inducing  in  th e  la b o ra to ry  an im al m orphological 
a n d  c lin ica l m a n ife s ta tio n s  sim ilar to  th o se  o f h u m a n  g lo m eru lonephritis  
is th e  ex p erim en ta l a n tig e n -a n tib o d y  co m p lex -n ep h ritis  w hen  foreign  p ro te in  
s u c h  as horse serum  a d m in is te re d  in  m ass iv e  single doses or in  m u ltip le  
sm a ll  doses [4, 13] re su lts  in  g lo m eru lo n ep h ritis  w hich  is ch a ra c te riz e d  by 
g am m a-g lo b u lin  an d  c o m p le m e n t deposits o f g ra n u la r  ty p e  on th e  b asem en t 
m e m b ra n e , and its u ltram ic ro sco p ica l p a t te rn  b y  an  elec tron-dense  m a te ria l 
on  th e  ep ithe lia l site  o f th e  b a se m e n t m em b ran e . T hese fea tu re s  are ty p ic a l of 
e x p e r im e n ta l a n tig e n -a n tib o d y  co m p lex -nephritis  as well as in  th e  m a jo rity  
o f  cases  o f hum an  g lo m eru lo n ep h ritis  d ev e lop ing  a f te r  s trep to co cca l in fection . 
S im ila r  changes h av e  b e e n  described  in  S L E -n e p h ritis  as w ell [2, 5, 10, 11].

T h e  o ther ty p e  o f e x p e rim e n ta l n ep h ritis  w h ich  has s im ila r c lin ical and 
m o rp h o lo g ica l fea tu res  as h u m a n  n ep h ritis  is M asugi’s n ep h ritis . T he im m u- 
n o h is to lo g ica l fea tu res  o f th is  ty p e  of n e p h r it is  o f n ep h ro to x ic  p a th o m ech - 
a n ism  is m arked  b y  a l in e a r  ty p e  IgG  an d  C’ localized on th e  g lom eru lar 
b a s e m e n t  m em brane [1, 3, 16, 17], w hereas i t  is on its  en d o th e lia l site 
e lec tro n m ic ro sco p ica lly  t h a t  th e  elec tron-dense  d ep o sit ap p ears . S ince in  th is  
ty p e  o f  n ep h ritis  th e  c irc u la tin g  an tig lo m eru la r a n tib o d y  reac ts  w ith  th e  glom e­
r u la r  an tig en , i t  is a c tu a lly  th e  an tig lo m eru la r a n tib o d y  w hich  acco u n ts  for 
th e  changes. C ertain  ty p e s  o f hum an g lo m eru lo n ep h ritis  d isp lay  m o rp h o ­
lo g ic a l fea tu res  of s im ila r  c h a ra c te r , sug g estin g  th a t  here  an  an tig lo m eru la r 
a n t ib o d y  is responsib le  fo r  th e  process [7].

T h e  aim of th e  p re s e n t  s tu d y  has b een  to  a sce rta in  on th e  basis o f our 
r e n a l  b io p sy  m ate ria l w h e th e r  an d  how fa r  th e  clin ica l h is to ry  an d  th e  m o rp h o ­
lo g ica l fea tu res  allow to  d ra w  a n y  valid  in fe rence  on th e  pa thogenesis  in  a given 
c a se  o f  nep h ritis . T he ag e -re la tio n sh ip  of th e  m o rpho log ica l fea tu re s  o f n ep h ritis  
h a s  a lso  been stud ied .

Material and method

Needle biopsy of the  k idney  was performed w ith  th e  aid of X -ray  television screen 
by  th e  m ethod of К л и к  and  B d e n g e r  [6], using a F ran k lin —V im —Silverm an needle.

T he renal tissue th u s rem oved  was fixed im m ediately  in  4 °C ethanol and embedded 
by  th e  m ethod of S a i n t e - M a m e  [14], for light m icroscopy sections of 4 и were prepared  and 
s ta in ed  w ith  haem atoxylin-eosin, Jones methenam ine silver, PAS, H art and Congo red  dyes. 
F o r  im munofluorescence stud ies th e  sections were incubated  w ith an tihum an gam m a glo­
b u lin , complement, fibrin  and  gam m a-M  (C. H yland T ravenol In ternational GMbH) conju­
g a te d  to  fluorescein-isothiocyanate (FITC). Specificity o f th e  process was checked by  means 
of inh ib ition .

The light-miscroscopic an d  fluorescence-microscopic studies were perform ed w ith an 
O PT O N  microscope, using a H B O  200 W Osram lam p. T he photographs were made w ith  an 
a u to m a tic  camera attached  to  th e  microscope.

F o r electronmicroscopy, th e  biopsy specimens were fixed in osmium after short 
f ix a tio n  in  cold glutaraldehyde an d  embedded in  A rald it. U ltra -th in  sections were prepared 
b y  a R eichert u ltram icrotom e, con trasted  w ith lead  c itra te  and exam ined p a rtly  w ith a 
P h ilip s , p a rtly  w ith a H itach i-H u-10  electronm icroscope.
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R esults

T he p resen t s tu d y  concerns 180 cases o f needle b iopsy . T h e  o ld est in ­
d iv id u a l was 60, th e  y o ungest 11 y e a rs  o ld. A verage age w as h ig h e s t in the  
g roup  of n e p h ro p a th y  associated  w ith  sc le ro d erm a  (Table I).

Table I

Histological diagnosis Clinical diagnosis
No. of
cases

Sex Age (years)

female j male average youngest oldest

Membraneous
glomerulonephritis

N ephrotic syndrome 
A cute nephritis 
Proteinuria
O rthostatic album inuria 
H aem aturia 
Chronic nephritis 
Pyelonephritis

120 64 56 29.2 l i 60

Membranoproli- 
ferative glomerulo­
nephritis

Nephrotic syndrome 
A cute nephritis 
Proteinuria 
Chronic nephritis

12 7 5 24.2 15 30

Subacute
glomerulonephritis

Subacute
glomerulonephritis

2 - 2 32.5 23 42

Chronic glomerulo­
nephritis

N ephrotic syndrome 
A cute nephritis 
Chronic nephritis 14 4 10 31.6 17 52

Focal glomerulo­
nephritis

Nephrotic syndrome 7 6 1 27.7 14 36

Lupus nephritis SLE 6 5 1 37.3 30 46

Scleroderma with 
renal involvem ent

Scleroderma 4 3 1 38.2 26 50

Amyloid nephrosis Amyloid nephrosis 
N ephrotic syndrome

4 2 2 27 21 34

У ascular 
nephropathy

Chronic nephritis 
H ypertensive disease 
Proteinuria

11 6 5 32 16 48

90 .8%  of th e  548 n ep h ritis  p a t ie n ts  m ak in g  up  the  m a te r ia l o f  th e  Second 
D e p a r tm e n t of M edicine in  th e  la s t fo u r  y e a rs  w ere under 50 y e a rs  o f  age, 5%  
b e tw een  50 an d  60 a n d  4 .2 %  over 60. T h e  reason  w hy re n a l b io p sy  was 
scarce ly  ever ca rried  o u t beyond  th e  s ix th  decade was because  m o s t o f these 
p a tie n ts  w ere u raem ic .

A to ta l  of 120 cases of m e m b ra n e o u s  g lom eru lonephritis  h a v e  been 
an a ly zed  in  o rder to  gain  closer in s ig h t  in to  th e  pathogenesis o f  glom erulo-

Acta Medica Acadcmiae Scientiarum Hungaricae 28, 1972



344 E. BEREGI and I. VARGA

n e p h r i t is .  H istological a n d  im m unohisto log ica l s tu d ie s  w ere perform ed in  ev e ry  
case  an d  add itional e le c tro n  m icroscopical in v e s tig a tio n s  in  49 cases.

L ig h t m icroscopical a n a ly s is  revealed a d iffu se  th icken ing  of th e  g lo ­
m e ru la r  basem ent m e m b ra n e  in  all of the cases a n d  i t  h a d  a sim ilar m o rp h o ­
log ica l appearance  reg a rd le ss  o f  age. H ow ever, in  9 cases vascu lar changes 
in  th e  fo rm  of lam ellar h y p e re la s to s is  of th e  in te r lo b u la r  a rte ry  w ere also

Fig. 1. Gamma-globulin of g ran u la r type  on glomerular b asem en t m em brane in m em braneous 
glom erulonephritis. (The section h as been incubated w ith  an ti-hum an  gamma-globulin con­

jugated  to FITC)

d e m o n s tra b le . In  th e  cases w ith  vascular in v o lv e m e n t th e  average age w as 
41 y e a rs . T here was no c o rre la tio n  betw een b lood  p re ssu re  and  these changes. 
H o w e v e r , th e  h isto ry  o f  s e v e ra l p a tien ts  in c lu d ed  e a rlie r  tre a tm e n t fo r a r te ­
r ia l  h y p e rte n s io n  or a c u te  n e p h r it is .

I n  28 of the  120 cases o f  m em braneous g lo m eru lo n ep h ritis  in itia l signs 
o f  tra n s fo rm a tio n  in to  th e  ch ro n ic  stage w ere n o te d , i.e. g lom erular h y a lin i-  
z a tio n  a n d  adherence o f th e  loops to  B ow m an’s c a p su le , changes confined  to  
one  o r  tw o  glom eruli, as a lso  a  sim ultaneous d iffuse  th ic k e n in g  of th e  b a se m e n t 
m e m b ra n e  in th e  o th e r g lo m e ru la r  areas. M ean age  in  these  cases w as 33.6 
y e a rs .

O n  th e  evidence o f  im m unoh isto log ica l s tu d ie s , in  58 cases th e  g a m m a ­
g lo b u lin  an d  com plem ent d e p o s its  on the  g lo m eru la r  b a sem en t m em brane w ere  
o f  g ra n u la r  ty p e  (Fig. 1). I n  a  few cases, th e  b a s e m e n t m em brane of th e  t u ­
b u le s  a lso  revealed f lu o re scen ce , in  con trast to  th e  tu b u la r  epithelial cells a n d  
th e  vesse ls w hich d isp la y e d  no  fluorescence. S p ec ific ity  was confirm ed b y

A ria  M edic a Academiae Scientiarum Iiungaricae 28, 1971



A
da 

M
edico Academ

iae Scientiarum
 H

ungáriáié 28, 1971

Fig. 2. Electronmicroscopieal findings: the glomerular basem ent m em brane forms multiple spinelike 
projections bulging tow ard the epithelial site. A t the sites of these projections there is an electron-dense 
precip itate on the basem ent m em brane ( x  56,000) A bbreviations: Bm =  Basement m em brane. Ep =  

E pithelial cell. End =  E ndothelial cell. Lu =  Lumen. P =  Precip itate
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t h e  in h ib itio n  te s t  w h ich  fa iled  to  reveal fluo rescence  on th e  g lom eru la r base­
m e n t  m em brane in  a n y  in s ta n c e . On th e  ev idence  o f e lec tron  m icroscopy, 
th e  e lectron-dense m a te r ia l  w as found  to  a p p e a r  on th e  ep ith e lia l surface of 
th e  b a sem en t m e m b ra n e  (F ig . 2). The e p ith e lia l cells rev ea led  occasional c y to ­
p la sm ic  lipid d rop le ts  a n d  m icrovilli.

I n  54 cases, th e  gam m a-g lo b u lin  a n d  co m p lem en t d eposits  on th e  glo­
m e ru la r  basem en t m e m b ra n e  w ere lin e a r  ty p e  (F ig . 3). H ere  to o , w hile th e

F ig. 3. Membraneous glom erulonephritis. Im m unohistology revealed gam m a-globulin of linear 
type  on glomerular basem en t m em brane. (The section has been incubated  w ith  anti-hum an 

gam m a-globulin conjugated to  FITC)

tu b u la r  basem ent m e m b ra n e  revealed  fluo rescence , th e  tu b u la r  ep ithelia l 
cells an d  vessels fa iled  to  do so. No flu o rescen ce  w as d em o n strab le  b y  th e  
in h ib itio n  te s t, as a sign  o f  th e  specific ity  o f th e  process. T h e  electron-dense 
m a te r ia l  was found  on th e  endo thelia l su rface  of th e  b a se m e n t m em brane 
(F ig . 4). The b a se m e n t m em b ran e  w as th ic k e n e d  an d  an  occasional fusion 
o f  th e  foo t processes w as n o ted .

In  a few cases o f  m em b ran eo u s g lo m eru lo n ep h ritis , sp a rse  deposits of 
f ib r in  of g ran u la r ty p e  w ere  also d e m o n s tra b le , p a r t ly  on th e  b asem en t 
m e m b ra n e , p a r tly  in  th e  m esang ium . In  a d d itio n , th e  g lo m eru la r b asem en t 
m e m b ra n e  revealed  IgM  to o  in  a few cases.

In  eight cases, Ig G  a n d  C’ ap p eared  in  a focal fo rm , to o  sparse  to  be 
id e n tif ie d  as lin ear o r g ra n u la r  ty p e .

As m entioned  ea rlie r , th e  ap p earan ce  o f g ra n u la r  ty p e  im m u n e  deposits 
o n  th e  g lom erular b a s e m e n t m em brane  is re g a rd e d  b y  num ero u s au th o rs  
as b e ing  ty p ica l o f g lo m eru lo n ep h ritis  fo llow ing s trep to co cca l in fection ,
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Fig. 4. Electroninicroscopical findings: the thickened basem ent mem brane forms spine-like projections 
to the endothelial site of the basem ent m em brane. On the endothelial site of the basem ent mem brane 

there is an electron-dense precipitate. The foot processes are fused a t m any sites (x 9000 )
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c o n tra ry  to  the  lin e a r  ty p e  deposits w hich arc  ascribed  to  a n tib o d y  fo rm ed  
a g a in s t th e  g lo m eru la r basem en t m em b ran e . U n d e r  these  aspects i t  seem ed 
to  be  in te re s tin g  w h e th e r in th e  case o f g ra n u la r  ty p e  im m une d ep o sitio n  
we cou ld  find d a ta  in  th e  anam nesis  re g a rd in g  s trep to co ccal in fec tio n  an d  
in  th e  case of lin ea r d ep o sitio n , som e in d ica tio n  o f  n ep h ro to x ic  fac to rs , re sp e c ­
tiv e ly . in  fa c t, in  43 o u t o f 58 cases w ith  g ra n u la r  ty p e  deposition  a co n ­
n e c tio n  b e tw een  the  k id n e y  disease and  som e p rev io u s in fection  p re su m a b ly  
o f s tre p to c o c c a l origin could be found . In  23 ou t o f th e  43 cases g lo m eru lo ­
n e p h r i t is  began  a f te r  an  u p p e r  re sp ira to ry  t r a c t  in fec tio n  and  in 20 cases th e  
h is to ry  rev ea led  re c u rre n t to n sillitis , or tonsillec to m ies . I t  is a p o in t of 
in te re s t  t h a t  in fo u r cases n ep h ritis  w as co n n ec ted  w ith  p reg n an cy . S L E  
cou ld  b e  ru led  o u t in  th ese  cases all th ro u g h o u t an d  form s a s e p a ra te  g roup  
w h ich  h as  been  se t o u t in  T ab le  I.

Im m u n o g lo b u lin  fo rm ing  lin ea r d ep o sitio n  on th e  basem en t m em b ran e  
w as show n  in  54 cases. H ere , how ever, o n ly  in  th re e  cases an  u p p e r  re s p ira ­
to ry  t r a c t  in fec tion  could  he d e tec ted  in th e  an am n esis , i.e., in a s ig n ifican tly  
low er n u m b e r th a n  in  th e  case of g ran u la r  d ep o sitio n . S ta tis tic a l analysis  b y  
th e  X2 te s t  rev ea led  th a t  th e re  is a co rre la tio n  b e tw een  g ran u la r d ep o sitio n  
a n d  re sp ira to ry  t r a c t  in fec tio n  (p <  0.001). I n  14 cases of lin ea r deposits  
th e re  w ere  re c u rre n t episodes of to n sillitis  in  th e  h is to ry  and  in  th re e  cases 
th e  p rocess w as co n n ec ted  w ith  p reg n an cy . N o o th e r  ind ica tions of a possib le  
n e p h ro to x ic  m echan ism  w ere no ticeab le .

I n  ad d itio n , i t  seem ed of in te re s t to  ex am in e  th e  m orphological ty p e s  
o f im m u n e  deposits  on th e  b asem en t m e m b ra n e  accord ing  to  age g roups 
a n d  th e  co n n ec tio n  b e tw een  th e  p a th o g en esis  o f g lo m eru lo n ep h ritis  a n d  age 
g roups.

T ab le  II  sum s up th e  ty p es  of im m u n e  deposit accord ing  to  age 
g ro u p s. T he p rev a len ce  o f th e  linear ty p e s  o f im m unoglobu lin  dep o sits  
occu rs s ig n ifican tly  m ore  f re q u e n tly  b e tw een  10 to  29 years of age, a fin d in g  
w h ich  in d ic a te s  the  ro le o f th e  a n tib o d y  fo rm ed  a g a in s t th e  g lo m eru la r base-

ТаЫе II

Im m u n o h is to lo g ic a l f in d in g s  in  m e m b ra n eo u s  g lo m eru lo n ep h ritis

Age group (years)
G ranular type 

of IgG 
per cent

Linear type 
of IgG 

per cent

1 0 -1 9 10.7 16.2

20—29 12.5 17.8

3 0 -3 9 9.8 11.6
40—49 14.3 2.6

5 0 - 4.4 —
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m e n t m em b ran e  for th e  m a jo rity  of cases o f  g lom eru lonephritis  o c c u rr in g  in  
th is  age group . In  th e  30 39-year age g ro u p  th e  incidence of l in e a r  d ep o ­
sits  w as s ligh tly  h ig h er th a n  th a t  of g ra n u la r  dep o sits , w hereas o v e r 40 years 
o f age th e  g ra n u la r  ty p e  p red o m in a ted  (p  <T 0.05). B eyond 50 y e a rs  of 
age th e  deposits w ere exclusively  of th e  g ra n u la r  ty p e ; th is  w o u ld  seem  to  
su g g est th a t  w ith  ad v an c in g  age p ro b a b ly  th e  pathogenesis o f  g lo m eru lo ­
n e p h r it is  a f te r  s trep to co cca l in fection  p la y s  a role.

T h e  q u estio n  th e n  arose w h e th e r in th e  cases of m em braneous g lo m eru lo ­
n e p h ritis  th e  m orphological signs of c h ro n ic ity  w ere related  in a n y  w a y  to  the  
p a th o g en esis .T h e refo re , we exam ined  in ev e ry  case  w ith  early signs o f  c h ro n ic ity  
w h e th e r th e  im m une  d ep o sit was of th e  lin e a r  o r of th e  g ranu la r ty p e . I t  was 
g ra n u la r  in 19 and  lin ea r  in  9, d isp lay ing  a s ig n if ic a n t difference (p <  0 .05), in 
o th e r  w ords m em b ran eo u s g lom eru lonephritis  w ith  signs of ch ro n ic ity  carries  a 
s ig n ifican t p revalence  of im m une d ep o sitio n  o f  th e  granu lar ty p e . T h is  w oidd  
im p lica te  th a t  th e  cases of g lom eru lonephritis  co n n ec ted  w ith u p p e r re sp ira to ry  
t r a c t  in fections and  a su b s ta n tia l n u m b er o f  th o se  w ith  s trep to co ccal in fec tio n  
are  m ore  liable to  ch ron ic  tra n sfo rm a tio n  th a n  those  of n e p h ro to x ic  orig in . 
In  fu lly  developed chron ic  g lo m eru lo n ep h ritis  th e  im m une d ep o sits  w ere  too  
sp a rse  to  allow a re liab le  d iffe ren tia tio n  b e tw e e n  linear or g ra n u la r  ty p e s .

D iscussion

T h e  in v es tig a tio n s  of D i x o n  e t al. [2] in  an tig en -an tib o d y  co m p lex  n e p h r i­
tis  h a v e  been concerned  w ith  th e  fac to rs  d e te rm in in g  th e  tra n s fo rm a tio n  o f glo­
m eru lo n ep h ritis  in to  a chronic form  or its  a c u te  course ending w ith  reco v ery . 
T h e ir resu lts  in d ic a te d  th a t  th e  ren a l ch an g es induced  in ra b b its  w ere  d e te r ­
m ined  b y  th e  an tib o d y -fo rm in g  cap ac ity  o f  th e  anim al. In  th e  case  o f a poor 
a n tib o d y  p ro d u c tio n , each  in jec tion  of a n tig e n  will resu lt in  a n  an tigen - 
a n tib o d y  com plex w ith  a p revalence of a n tig e n . This com plex f in d s  access 
th ro u g h  th e  b lood  s tre a m  to  th e  k id n ey  th u s  producing g lo m eru lo n ep h ritis . 
In  su ch  an im als th e  am o u n ts  of an tig en  a d m in is te re d  daily w ere su ff ic ie n t for 
the  n e u tra liz a tio n  o f th e  c ircu la tin g  a n tib o d y . In  th is m anner, p ro te in  ad ­
m in is tra tio n  leads to  a progressive su b a c u te  o r chronic g lo m eru lo n ep h ritis , 
regard less w h e th e r o r n o t th e  a d m in is tra tio n  o f th e  an tigen  is co n tin u ed . 
If, 1 low ever, th e  ra b b its  are  pow erful a n tib o d y  producers, th e  e x p e rim e n ta l 
g lom eru lo n ep h ritis  assum es an acu te  fo rm  w ith  rap id  recovery  d e sp ite  the  
co n tin u ed  a d m in is tra tio n  o f th e  an tig en , s ince  in  th e  an tig en -an tib o d y  com plex  
fo rm ed  b y  these  an im als i t  is th e  a n tib o d y  w h ich  predom inates a n d  th e  p re ­
valence of a n tib o d y  m akes th e  com plex f a r  less nephritogenic th a n  th a t  of 
an tig en . F ro m  these  fac ts  S a r r e  [15] in fe rre d  th a t  abundance o f  p ro te in s  in 
th e  d ie t  p rom otes th e  chronic  tra n s fo rm a tio n  o f g lom eru lonephritis . T h e  ques-
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t io n  th e n  is w h e th e r in  m a n , too , th e  ch ro n ic  tran sfo rm a tio n  of g lo m eru lo ­
n e p h r i t is  m ay  be re la te d  in  an y  w ay to  a p o o r a n tib o d y  p ro duc tion  in  s t r e p ­
to c o c c a l in fec tion . I t  is th e  aim  of fu r th e r  s tu d ie s  to  exam ine th is  p o ss ib ility .

T h e  role of s tre p to c o c c a l infection in  th e  d ev e lo p m en t of h u m a n  g lom e­
ru lo n e p h ritis  has long  b een  know n. R ecen t in v e s tig a tio n s  have, h o w ev er, s till 
c o n tr ib u te d  to  o u r u n d e rs ta n d in g  of th e  p a r t  p la y e d  b y  s trep tococci in  th e  
p a th o g en es is  o f th is  p rocess. In  p a rticu la r, Ma r k o v it z  e t al. [8] h a v e  show n 
t h a t  th e re  is a com m on a n tig e n  of th e  b a sem en t m em b ran e  of hum an  g lom eru li 
a n d  th e  n ep h rito g en ic  ty p e  12 of h aem o ly tic  S trep tococcus A.

O n these  g ro u n d s th e  a n tib o d y  fo rm ed  as a  re su lt of s trep to co ccal in fec ­
tio n  m a y  well give rise  to  n ep h ritis  by  c ro ss -re a c tin g  w ith  the  a n tig e n  o f  th e  
b a s e m e n t m em b ran e , an  a ssu m p tio n  co n sis ten t w ith  th e  results of e x p e rim e n ts  
in  w h ich  g lo m eru lo n ep h ritis  has been p ro d u c e d  in  m onkeys b y  in je c tio n  of 
s tre p to c o c c i to g e th e r  w ith  h u m an  g lo m eru la r b a sem en t m em b ran e  a n t i ­
gen  [8, 9].
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1) Compulsory screening tests may greatly con tribu te  to the detection of mono- 
sym ptom atic proteinuria.

3) On the evidence of renal biopsy and clinical observations of 39 patien ts w ith 
inonosym ptom atic proteinuria, persistent pro teinuria  m ust be regarded as a sign of 
renal disease. Even o rthosta tic  proteinuria is m ostly  indicative of such a condition.

3) O rthostatic  p roteinuria in the light o f observations extending to  several 
decades carries a favourable prognosis, in con trast to  persistent p ro te in u ria , p a rtic ­
ularly in the case of in te rm itten t and inconspicuous pathologic signs in the u rinary  
sediment. D iagnostic studies m ust therefore include, in  addition  to renal biopsy, repeated  
tests of the u rinary  sedim ent even if it has been found  norm al a t first.

4) The diagnosis of an im munohistologically active glom erulonephritis involves 
the necessity for clinical observation in order to  ascerta in  its progressive or regressive 
tendency. In m any cases, biopsy m ust be repeated  after 3 to 4 m onths. In  the  case 
of a progression m arked by an increase in p ro teinuria , the appearance of haem atu ria  
or a deterioration of th e  histological signs, im m unosuppressive therapy  should be 
attem pted.

U n til recen tly  an in c id e n ta l f ind ing  of iso la ted  p ro te in u ria  in  a p p a re n tly  
h e a lth y  in d iv idua ls h ad  no  p a r tic u la r  d iag n o stic  significance. I t  w as on ly  
m a jo r p ro te in u ria  w hich posed  a d iagnostic  p ro b lem  unless it  w as asso c ia ted  
w ith  th e  n ep h ro tic  sy n d ro m e , d iabetes, c a rd iac  fa ilu re , h y p e rten s iv e  d isease , 
im p a irm en t of renal fu n c tio n , abnorm al u r in a ry  sed im en t or u ro g rap h ie  f in d ­
ings or if  th e re  was no in d ica tio n  of renal disease in  p a s t h is to ry . T h o u g h  t r a n s i ­
to ry  p ro te in u ria  m ay  occur in  h e a lth y  in d iv id u a ls  u n d e r  p a r tic u la r  co n d itio n s 
such  as physica l exercise, m e n ta l stress, fever o r  m a jo r  lordosis, ev idence accu ­
m u la tin g  as a re su lt o f th e  com m on use of ren a l b io p sy  none th e  less in d ica tes  
th a t  p ro te in u ria , how ever s lig h t, is often  due  to  ren a l disease even  in  th e  
absence of an y  o th e r sign o f ren a l a b n o rm a lity .

T he p e rta in in g  d a ta  in  th e  lite ra tu re  m ak e  i t  b y  no m eans easy  to  assess 
th e  clinical sign ificance o f iso la ted  p ro te in u ria . O ne o f th e  m a jo r sources of 
confusion is th e  in co n sis ten cy  of te rm inology . P ro te in u r ia  of a p p a re n tly  h e a lth y  
in d iv idua ls has been q u a lified  as “ a sy m p to m a tic ” , “ ju v en ile” , “ b en ig n ” , 
“ cyclic” , “ physio log ica l” , “ m in im al” , “ id io p a th ic ” , “ in te rm itte n t” , “ p o s tu ra l”  
“ o r th o s ta tic ” , “ c o n s ta n t”  or “ p e rs is te n t”  b y  th e  v a rio u s au th o rs . T hese te rm s  
are  in a d e q u a te , n o t on ly  because th e y  a d m it o f  aetio log ical o r p ro g n o stic
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in te rp re ta t io n s  lack ing  a n y  p ro o f  b u t  also b ecau se  th e  d iagnostic  c r ite r ia  on 
w h ic h  th e y  are based  are  in a c c u ra te , all re le v a n t fac to rs  such  as th e  u r in a ry  
s e d im e n t, ren a l fu n c tio n , e tc .,  w ith  th e  on ly  ex cep tion  of p ro te in u r ia , being 
d is re g a rd e d .

T h e re  is general a g re e m e n t th a t  i t  is ex p ed ien t to  d iv ide  th e  cases of 
p r o te in u r ia  in to  tw o m ain  g ro u p s , i.e. p e rs is tin g  (p e rm an en t) a n d  o r th o s ta tic  
( in te rm it te n t)  p ro te in u ria . T h e  analysis o f o u r cases has also been  b ased  on 
th is  classification .

M aterial and m ethod

T he data  expected to  th ro w  light on the question to be studied were derived from 
p a tie n ts  w ith  m onosym ptom atic persisten t or exclusively o rthostatic  pro teinuria , rena l biopsy 
h av in g  been  performed w ith success in all of them . Only patien ts w ith norm al 24-hour Addis- 
co u n ts  o f leukocytes and e ry th rocy tes  (below 2,000,000) were included in  th e  study .

T hirty-nine out of 289 p a tie n ts  were found to m eet these requirem ents. The orthostatic  
g roup  (Table I) comprised 14, th e  persisting  group (Table II )  25 patients. As regards th e  history, 
a t te n tio n  was paid to the p relim inary  circum stances under which proteinuria had  been detec t­
ed. C onsideration was given to  th e  possible factors pointing to some earlier process of the 
u r in a ry  tra c t. I t  also seemed of im portance to include all those cases in w hich occasional 
u r in a ry  samples revealed 1 to  4 erythrocy tes per high power field though th e  24-hour Addis- 
co u n t w as w ithin the norm al range. U rinary samples of th is kind were generally obtained 
a f te r  w alking or physical exercise. A transito ry  slight elevation of blood pressure as well as 
o bserva tions of oedema in the la te  phase of the study  have also been included in  th e  tables.

H istopathological evalua tion  of the biopsy m ateria l was based on light-microscopic 
an d  im m unofluorescent studies (B e r e g i  and V arga  1971).

Results

I n  th e  o rth o sta tic  g ro u p  (T able I) th e  p ro p o rtio n  of m ales w as p re d o m ­
in a n t  (73 .3% ), m ean  age  w as 17.5 y ea rs , th e  u p p e r age lim it, 25 years. 
I n  m o re  th a n  50%  of th e  cases, d e tec tio n  of p ro te in u ria  w as in c id e n ta l, i.e. 
c o n n e c te d  w ith  screening  o r  w ith  ro u tin e  in v es tig a tio n s  in  co n n ec tio n  w ith  
illn ess  o f  some k ind . I n  6 cases th e re  w ere in d ica tio n s  of earlier d isease  of th e  
u r in a r y  t r a c t  in  th e  h is to ry . S ligh t m icroscop ical h a e m a tu ria  a f te r  forced 
p h y s ic a l  exercise was co n fin ed  to  tw o  p a tie n ts  an d  th re e  p a tie n ts  w ere  found  
s l ig h tly  h ypertensive  fo r a s h o r t  period . R en a l fu n c tio n  was n o rm a l all th ro u g h ­
o u t. H ow ever, i t  was in  sca rce ly  m ore th a n  one th ird  of th e  p a tie n ts  t h a t  th e  
h is to lo g ic a l s tu d y  fa iled  to  rev ea l an y  ab n o rm a lity . In  fac t, m em b ran eo u s 
g lo m eru lo n ep h ritis  w as fo u n d  in  6 cases. S lig h t m icroscopic ab n o rm alitie s  
d e m o n s tra b le  in  tw o  cases d id  n o t f i t  in  w ith  th e  co n v en tio n a l h isto log ica l 
c la ss if ic a tio n  (Nos 5 a n d  12) a n d  in  one case v ascu la r  ab n o rm alities  associa ted  
w ith  h y p erten s iv e  disease w ere  p resen t.

I n  th e  group o f  p e rs is te n t  p ro te in u ria  (T able I I ) ,  m ean  age w as 29.3 
y e a r s , th e  upper age l im it, 59 years. F em ale  p a tie n ts  acco u n ted  fo r  60%  of 
th is  g ro u p  w here p ro te in u r ia  h a d  been d e te c te d  in  m ost cases in  th e  course
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of in v es tig a tio n s  in  connec tion  w ith  defin ite  signs suggestive of som e disease 
of th e  u r in a ry  t r a c t .  T he g roup  included  p a t ie n ts  w ith  m assive p ro te in u r ia  
(3.43 g/24 hours) an d  also th e  ap p earan ce  o f o ed em a  w as no ted  in  th e  course 
of th e  o b se rv a tio n  period  o f 18 m on ths fo llow ing b iopsy . In  28%  o f th e  cases, 
re p e a te d  stud ies of th e  u r in a ry  sed im en t rev ea led  occasional m ic ro h a e m a tu ria . 
An im p a irm e n t of th e  g lom eru la r f iltra tio n  ra te  w as fo u n d  in one case (N o. 5).

In  none o f th e  cases of th is  group w as th e  h isto log ica l find ing  c o m p a tib le  
w ith  th a t  o f an  u n a ffec ted  k id n ey . In  four cases (N os 16, 20, 29, 38) a n g io p a th ic  
lesions of the  h y p e rte n s iv e  ty p e  w ere d e m o n s tra b le  in  th e  absence o f  o th e r  
ren a l ab n o rm alitie s , th e  b lood  p ressu re  being  e ith e r  n o rm a l or s lig h tly  e lev a ted . 
In  o th e r  respects th e  h isto log ical findings w ere s im ila r to  those n o te d  in  th e  
o r th o s ta tic  g roup ; g lo m eru lonephritis  w ith  signs of im m unological a c t iv i ty  
was found  in 72%  o f th e  p a tie n ts .

D iscussion

In  th e  p re sen t b iop sy  m ate ria l th e  fig u re  fo r m o n o sy m p to m a tic  p ro ­
te in u ria  seem s s trik in g ly  low (13.7% ), in v iew  o f th e  fa c t th a t  H a n k i s s  (1971) 
found  o r th o s ta tic  p ro te in u ria  in  9 .5%  of 2846 schoolchildren . I t  m u s t  be 
em phasized  th a t  ou r b iop sy  m ateria l does n o t  re flec t th e  p o p u la tio n  w ith  
ren a l d isease, n o t on ly  because  i t  includes no  c h ild ren , b u t  also b ecau se  b iop sy  
h ad  been  p rim arily  p ro m p te d  b y  th e  th e ra p e u tic  possibilities o f th e  case, 
in  o th e r  w ords i t  h a d  been  app lied  only fo r d iag n o stic  purposes. T h is ex c lu d ed  
th e  cases o f ad v an ced  chron ic  g lo m eru lo n ep h ritis , nephrosclerosis, K im m el- 
stiel W ilson sy n d ro m e, o r m u ltip le  m yelom a fro m  th e  s tudy .

O n review  o f th e  e n tire  series i t  was s tr ik in g  to  fin d  th a t  in 4 6 %  o f th e  
p a tie n ts  th e  d e tec tio n  o f p ro te in u ria  h ad  been  due  to  screening o r  ro u tin e  
te s ts  o f som e k in d  (schoolch ildren , a th le tes , d riv e rs) , or to  clinical e x a m in a tio n s  
fo r som e disease. T his em phasizes th e  s ign ificance  of com pulsory  sc reen ing  
te s ts , an d  also p e rm its  to  m easu re  th e  c o n tr ib u tio n s  o f th e  h e a lth  serv ices, 
as i llu s tra te d  b y  th e  fa c t th a t  in  none of th e  cases in  th e  whole series h as  th e  
d iagnosis of p ro te in u ria  com e from  a tu b ercu lo sis  o r d iabe tes clinic. T h e  o th e r  
p o in t of sign ificance is th e  fa c t th a t  th e  d e v e lo p m e n t of p ro te in u ria  is o ften  
insid ious. On th e  o th e r h a n d , o r th o s ta tic  p ro te in u r ia  m ay  p e rs is t ev en  a f­
te r  th e  cure  of acu te  n e p h ritis  as illu s tra te d  b y  th e  h is to ry  of tw o  p a tie n ts  
in th e  series (Nos 3, 7). I n  th e  cases of p e rs is te n t p ro te in u ria  th e re  w ere  in d i­
ca tio n s of a diffuse ren a l disease in th e  h is to ry  a n d  in  th is group th e  f o r tu ­
itous d iscovery  o f p ro te in u ria  w as ra re r th a n  in  th e  o r th o s ta tic  g ro u p .

A s trik in g  fa c t em erg ing  from  th e  h is to lo g ica l s tu d y  was th e  p resen ce  
of o rgan ic  renal disease in  all o f th e  cases o f p e rs is te n t, and  in tw o  th ird s  of 
th o se  of in te rm itte n t  p ro te in u ria . I t  was in  th re e  cases only (N os 5, 13, 28)
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Table I

Orthostatic proteinuria

N ature and time 
of study  leading to  

detection of proteinuria

Sign of renal disease Histological evidence

P
at

ie
nt

, 
N

o.
, 

se

Age H istory, symptom s O rthostatic
proteinuria

In te rm itten t
erythrocyturiaj

Oede­
ma

H yper­
tension

H istology
Imm uno-
histology

Note

l
F 1 15

Clinical exam ina­
tion one m onth 
earlier

upper respiratory 
catarrh, low-back 
pain one m onth 
earlier

heavy pre­
cipitate

2 to  3 
erythro­
cytes

—
negative not

performed —

2
M

18 Screening (school) 
one year earlier

recurrent tonsillitis slight opal­
escence — —

negative not
performed

—

3
F

16 Clinical exam ina­
tion four months 
earlier

facial oedema, 
hypertension, 
proteinuria four 
months earlier

slight opal­
escence

1 to 2 
erythro­
cytes — —

.
negative negative

—

4
M

17 Clinical exam ina­
tion one year 
earlier

hypertensive 
symptoms one 
year earlier

opalescence
— — 170/100 nephroan-

giopathy negative —

5
M

19 Clinical exam ina­
tion five years 
earlier

low-back pain, 
hypertension five 
years earlier

slight opal­
escence

— — —

focal
glomerular
hyalinosis

not
performed a t time of biop­

sy, 7 yrs. later 
persistent p ro­
teinuria, in se­
dim ent 5 to 6 
erythrocytes, 
blood pressure 
170/100 m m H g

6 25 Screening (school) 
11 years earlier

—

heavy pre­
cipitate

— — —

m em bra­
neous glo­
merulo­
nephritis

linear IgG

—

. V
A

R
G

A
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7
M

16 Clinical exam ina­
tion three years 
earlier

facial oedema, 
hypertension, 
proteinuria three 
years earlier

opalescence

— — -

m em bra­
neous glo­
merulo­
nephritis

linear IgG 
and C’ —

8
M

20 Accidental finding 
six years earlier -

opalescence
— - -

mem bra­
neous glo­
merulo­
nephritis

linear IgG 
and C’

—

9
M

16 Accidental finding 
six years earlier _

opalescence

- -

150/90 mem bra­
neous glo­
merulo­
nephritis

granular 
IgG and C’ —

10
M

17 Accidental finding 
five months earlier

—

heavy pre­
cipitate -

150/90 mem bra­
neous glo­
merulo­
nephritis

sparse IgG 
and C’ —

11
M

21 Routine blood do­
nor tests five 
months earlier -

slight opal­
escence — - -

m em bra­
neous glo­
merulo­
nephritis

granular 
IgG and C’

12
M

15 Accidental finding 
four years earlier

m icrohaem aturia, 
persistent protein­
uria four years 
earlier

heavy pre­
cipitate

- —

negative negative

—

13
M

17 Accidental finding 
six years earlier _ opalescence

- -
focal

interstitial
fibrosis

negative

14
M

15 Clinical examina­
tion two months 
earlier

recurrent tonsillitis opalescence

— — -

negative negative urography in 
the erect pos­
ture: marked 
nephroptosis

1. O rthostatic proteinuria denotes positivity of sulphosalicylic test obtained after walking.
2. In term itten t ery throcyturia refers to  the m aximum num ber of erythrocytes per high power field upon physical exercise w ith a normal 

Addis-count, the urinary sediment having been negative a t least on two previous occasions.
3. In  the column “ Hypertension” only the elevated blood pressure values have been given.
4. Immunohistology denotes the character (linear or granular) of Ig and complement deposits.
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Table II

Persistent proteinuria

и
«. V

Age
N ature and time

H istory, symptom s

Sign of renal disease
H yper­
tension

Histological evidence

N ote« Г ‘♦3 о « S5 0*

of study leading to 
detection of proteinuria O rthostatic

proteinuria
In te rm itten t

erythrocyturia
O ede­

ma
Histology Im m un o- 

histology

15
F

44 Accidental finding 
two years earlier

haem aturia, pro­
teinuria two years 
earlier

slight opal­
escence —

140/90
diffuse
proliferative

glomerulo­
nephritis

not
performed —

16
F

51 Clinical examina­
tion two years ear­
lier

crural oedema, 
fatigue two years 
earlier

heavy pre­
cipitate - + —

nephroan-
giopathy

not
performed —

17
M

28 Routine medical 
test for driving 
licence

—
heavy pre­

cipitate — —

diffuse
proliferative

glomerulo­
nephritis

not
performed —

18
F

35 Clinical examina­
tion one year ear­
lier

signs of acute 
nephritis one year 
earlier

opalescence 1 to 3 ery th­
rocytes -

mem bra­
neous glo­
merulo­
nephritis

scanty IgG
—

19
M

45 Clinical examina­
tion five months 
earlier

dysuria five months 
earlier

slight opal­
escence

2 to 4 ery th­
rocytes —

150/90 m em bra­
neous glo­
merulo­
nephritis

granular
IgG —

20
M

59 Clinical examina­
tion four months 
earlier

genaralized oedema 
four months earlier

heavy pre­
cipitate - +

150/90 nephroan-
giopathy

negative Ccr: 27.5 ml/min 
Se. cr. 2.55 m g°0

21
F

30 Accidental finding 
six months earlier -

opalescence
— - -

focal glo­
merulo­
nephritis

fibrin

358 
I. V

A
R

G
A

 cl ai.



Acta M
edico Academ

iae Sciontiarum
 H

ungaricae 28, 1971

22 46 
F

Clinical examina­
tion 16 years ear­
lier

toxaemia of preg­
nancy 16 years 
earlier

0.192 g

—

membra­
neous glo­
merulo­
nephritis

patchy 
deposits 
of IgG 
and C’

—

23
M

25 Clinical exam ina­
tion six months 
earlier

low-back pain six 
months earlier

0.500 g 1 to 3 ery th­
rocytes —

m em bra­
neous glo­
merulo­
nephritis

linear IgG 
and C’ —

24
F

28 Clinical examina­
tion six months 
earlier

oedema six months 
earlier

0.840 g

— — —

m em bra­
neous glo­
merulo­
nephritis

granular 
IgG and C’ —

25
F

15 Clinical exam ina­
tion two weeks 
earlier

low-back pain, head­
aches, subsequent 
to tonsillitis two 
weeks earlier

0.264 g 150/100 m em bra­
neous glo­
merulo­
nephritis

linear IgG 
and C’ —

26
F

34 Accidental finding 
one m onth earlier

episodes of tonsil­
litis, cystitis two 
years earlier

0.155 g

— —

145/90 m em bra­
neous glo­
merulo­
nephritis

linear IgG 
and C’

—

27
M

15 Clinical examina­
tion four months 
earlier

tonsillitis four 
m onths earlier

0.410 g

— — —

m em bra­
neous glo­
merulo­
nephritis

linear IgG, 
C \ deposits 
of fibrin —

28
F

25 Routine sports 
medical examina­
tion nine years 
earlier

recurrent tonsil­
litis

opalescence

— — —

focal glome­
rular hyali- 
nosis, in ter­
stitial 
fibrosis

negative

29
M

35 Routine medical 
tests for driving- 
licence one year 
earlier

1.020 g 2 to 3 ery th­
rocytes —

145/95 nephro an­
giopathy

negative

—
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Table II  (cont.)

И» «
Age

N ature and tim e
H istory, symptom s

Sign of renal disease
Hyper-

Histological evidence

N ote4> ?'Z о « £ CU

of study leading to  
detection of proteinuria O rthostatic

proteinuria
In te rm itten t

erythrocyturia
Oede­

ma

tension
. H istology Im m uno-

histology

30
F

35 Pregnancy test five 
years earlier

toxaem ia of preg­
nancy five years 
earlier

1.160 g 1 to 2 ery th ­
rocytes — —

m em bra­
neous glo­
merulo­
nephritis

granular 
IgG and C’ —

31
м

16 Screening (school) 
three months ear­
lier —

1.169 g

'
— —

m em bra­
neous glo­
merulo­
nephritis

linear IgG 
and C’

32
F

26 Clinical exam ina­
tion two months 
earlier

low-back pains two 
months earlier

1.129 g

— —

membra­
neous glo­
merulo­
nephritis

linear IgG 
and C’

—

33
F

18 Clinical examina­
tion two years ear­
lier

low-back pains, 
dysuria two years 
earlier

0.520 g 1 to 4 ery th­
rocytes —

m em bra­
neous glo­
merulo­
nephritis

linear IgG 
and C’

—

34
F

16 Routine sports 
medical exam ina­
tion two years 
earlier

0.203 g 1 to 2 ery th ­
rocytes — -

mem bra­
neous glo­
merulo­
nephritis

linear IgG 
and C’ -

35
M

14 Clinical exam ina­
tion one year ear­
lier

signs of acute 
nephritis one year 
earlier

0.928 g

— — —

m em bra­
neous glo­
merulo­
nephritis

linear IgG 
and C’ — '
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36
F

21 Clinical examina­
tion two months 
earlier

signs of acute neph­
ritis two months 
earlier

2.500 g

— —

membra­
neous glo­
merulo­
nephritis

linear IgG 
and C’ —

37
M

27 Accidental finding 
five years earlier

3.420 g

— —

mem bra­
neous glo­
merulo­
nephritis

patchy 
deposits of 
IgG and C’ —

38
F

21 Clinical examina­
tion two years ear­
lier

crural oedema two 
years earlier

2.640 g
— +

nephroan-
giopathy

negative
—

39
M

18 Clinical examina­
tion eight years 
earlier

gross haem aturia 
eight years earlier

0.154 g

— —

mem bra­
neous glo­
merulo­
nephritis

linear IgG 
and C’ —

1. 24-hour urinary excretion of protein on the basis of biuret-reaction.
2. 3. and 4. see Table I.
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t h a t  th e  changes fo u n d  d id  n o t fit in w itli a n y  of th e  w ell-estab lished  typ es 
o f re n a l  disease. T he in te r s t i t ia l  fibrosis a n d  focal-segm ental h y a lin e  degener­
a t io n  o f glom eruli d e m o n s tra te d  in th ese  cases m ay  have rep re sen ted  residua l 
le s io n s a f te r  som e p rev ious in fectious or to x ic  dam age , or of cu red  g lom eru lo ­
n e p h r i t is .  T he h isto log ica l find ings in  all o th e r  p a tie n ts  w ere c o n s is te n t w ith  
so m e  w ell-defined  co n d itio n  such as m em b ran eo u s  or p ro life ra tiv e  g lom eru lo ­
n e p h r i t is ,  focal n ep h ritis , in te rs titia l n e p h ritis  o r v ascu la r n e p h ro p a th y . The 
d a t a  in  th e  l ite ra tu re  on  th e  resu lts  of b io p sy  in  th is  k in d  of p ro te in u ria  a re  b a s i­
c a lly  co n sis ten t w ith  th e  p re se n t o b se rv a tio n s ; in  ad d itio n , th e y  m e n tio n  th e  
p o s s ib il i ty  of m yelom a a n d  o f am yloidosis (P ollak e t al. 1958, М и тн  1965, 
A n t o in e  e t al. 1966, R o binso n  e t al. 1961, P hillippi e t al. 1966, Morel- 
Ma ro g er  e t al. 1967, T hompson e t al. 1970).

A s to  th e  re la tio n sh ip  betw een  th e  ty p e  o f  p ro te in u ria  a n d  t h a t  of renal 
le s io n , i t  is found  th a t  b o th  ty p es of p ro te in u r ia  u n d e r s tu d y  m a y  be  asso­
c ia te d  w ith  th e  sam e ty p e  o f lesion. T he a n g io p a th y  group deserves n o n e  th e  
less p a r tic u la r  a tte n tio n , i t  being c h a ra c te r iz e d  b y  a lam ellar e lastosis  o f th e  
p re g lo m e ru la r  vessels. L esions of th is  ty p e  w ere  confined to  a single case of 
o r th o s ta t ic  p ro te in u ria  (N o. 4), w here th is  f in d in g  w as am ply  a c c o u n te d  for 
b y  a lo n g  h y p e rten s iv e  ep isode experienced  b y  th e  p a tie n t a t  le a s t  one y ear 
b e fo re  b iopsy , and  re f le c ted  by  ty p ica l ch an g es in  th e  eyegrounds. A ll o th e r 
cases  w ith  h isto log ical ev idence  of n e p h ro a n g io p a th y  revealed  m assiv e  p ro ­
te in u r ia  w ith  a n o rm a l b lo o d  pressure (N os 16, 20, 29 38). Morel-Maroger 
e t  al. (1967) found  in tim a i p ro life ra tio n  a n d  h y a lin  an d  fib rin  depositions in  th e  
a r te r ie s  w ith  no lig h t-m icroscop ica l ev id en ce  of g lom eru lar d am ag e  in  one 
th i r d  o f th e ir  cases o f m o n o sy m p to m a tic  p ro te in u r ia , none of th e  p a tie n ts  being 
d ia b e tic  or h y p erten s iv e , s im ila rly  to  th o se  o f  th e  p re sen t series. A ll t h a t  seems 
to  s u p p o r t  th e  o b se rv a tio n s  o f Szinay  e t al. (1963) an d  th a t  of Gömöri e t al.
(1968) th a t  th e  sev e rity  o f v a scu la r changes o f  th e  affected  k id n ey  is o ften  u n re ­
la te d  to  th e  d u ra tio n  of h y p e rten s io n . R e c e n tly , Takebayashi e t al. (1971) have 
su g g e s te d  th e  p o ssib ility  o f  an  im m une p a th o m e c h a n ism  for th e  in te rp re ta t io n  
o f  th e  v ascu la r lesions o f th e  k idney . I t  ad d s  to  th e  problem s th a t  th e  re la ­
t io n s h ip  betw een  th e  a r te r ia l  lesions a n d  th e  p a th o m ech an ism  o f p ro te in u ria  
is n o t  clear. E lec tro n m icro sco p ic  ex a m in a tio n s  m ig h t perh ap s th ro w  lig h t on 
th e  n a tu re  of g lo m eru la r lesion.

B efore d iscussing  th e  clinical s ig n ifican c  o f m o n o sy m p to m atic  p ro te in ­
u r ia , i t  m u st be s tre ssed  th a t  th e  h is to lo g ica l changes found  in  o u r group 
o f  o r th o s ta tic  p ro te in u r ia  show a fa r  h ig h e r  figu re  th a n  th o se  n o te d  by  
R o b in so n  e t al. (1961). T h e  difference m a y  be  due to  th e  fa c t t h a t  in  th e  firs t 
p e r io d  of th e  s tu d y  w e a b s ta in e d  from  b io p sy  in  those  cases w here  u ro g ra p h y  
p e rfo rm e d  in  th e  e rec t p o s tu re  revealed  a d is tin c t n ep h rop tosis . As a re su lt, 
a  n u m b e r  of th e  cases o f p ro te in u ria  re su ltin g  from  ac tu a l venous congestion  
m a y  h a v e  been ex c lu d ed  from  th e  series. O n th e  o th e r h an d , th e  p ercen tag e
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o f organ ic  renal d isease  found  in o u r group o f p e rs is te n t p ro te in u ria  co rre ­
sp onds to  the  fig u res  of o th e r a u th o rs  (P ollak  e t al. 1958, P h il l ippi  e t al. 
1966, Mo rel-Ma r o g e h  1967), w ith  th e  ex cep tion  o f McL a in e  and  D r u m m o n d

(1970) who found  no renal disease in  th e ir  series o f p ro te in u ric  ch ildren .
P red ic tions o f th e  clinical course and  su rv iv a l on th e  g ro u n d  of th e  

h isto log ical ap p e a ra n ce  are  f ra u g h t w ith  d ifficu lties, since it  is h a rd ly  ever 
possib le  to  te ll w h e th e r  a given lesion is p rogressive , s ta tic  o r regressive. T h is 
g ives p a rticu la r  sign ificance to  lo n g -te rm  o b se rv a tio n s .

W e owe th e  f ir s t  w ell-docum en ted  re p o rt on a follow -up of p a tie n ts  
w ith  o rth o s ta tic  p ro te in u ria  over a period  of five  y ea rs  to  L ecocq e t al. (1966). 
A t th e  end of th is  period  p ro te in u ria  was s till p re se n t in  70%  of th e  cases 
w ith o u t any  sign o f  fu n c tio n a l im p a irm e n t o f th e  k id n ey . H ow ever, s lig h t 
chan g es in  th e  u r in a ry  sed im en t o f a few p a tie n ts  (m ic ro h aem atu ria , casts) 
m a d e  th e  au th o rs  cau tio u s  in th e ir  p red ic tio n  as to  su rv iv a l. T he sam e p a t ie n t  
m a te r ia l  a t  th e  en d  o f a ten -y ea r period  p ro v id ed  m ore  sa tis fac to ry  ev idence  
(T h o m pso n  e t al. 1970); th o u g h  p ro te in u ria  o f th e  o r th o s ta tic  o r p e rs is tin g  
ty p e  w as still p re se n t in  40%  o f th e  cases, none o f th e se  p a tie n ts  d isp lay ed  
a n y  clinical or la b o ra to ry  evidence o f progressive ren a l disease. A n t o in e  e t al. 
(1966, 1969) re p o rte d  on a still lo n g er follow -up of p a tie n ts  w ith  p e rs is tin g  
p ro te in u ria . D esp ite  defin ite ly  ab n o rm a l h isto log ica l find ings, signs o f fu n c ­
tio n a l im p a irm en t w ere confined to  tw o cases k n o w n  to  be p ro te in u ric  fo r 15 
a n d  18 years, re sp ec tiv e ly . B asica lly  th e  sam e re su lts  em erge from  th e  o b se r­
v a tio n s  of Le v it t  (1967) p u rsu ed  over still lo n g er periods, th o u g h  w ith o u t 
b io p sy , in 185 college s tu d en ts  w ith  p ro te in u ria . T h e ir reex am in a tio n  37 to  
45 y ea rs  la te r  a llow ed  th e  conclusion  th a t ,  in th e  absence of o th e r signs of 
re n a l disease, in te rm it te n t  p ro te in u ria  is a h a rm less  co n d itio n  n o t lead in g  to  
re n a l fa ilu re . If, h ow ever, p ro te in u ria  is p e rm a n e n t or asso c ia ted  w ith  a p a th o ­
logic u rin a ry  sed im en t, th e  ou tcom e is u n fav o u rab le , d e a th  from  renal fa ilu re  
h a v in g  occurred  in  5 7 %  of th e  cases.

T hough th e  d a ta  derived  from  the  p re se n t m a te r ia l  give little  in s ig h t 
in to  th e  possible chan g es of th e  p rocess in tim e , we m a y  none th e  less allege 
in  su p p o rt of th e  harm less n a tu re  o f m o n o sy m p to m a tic  p ro te in u ria  t h a t  in 
th e  o rth o s ta tic  g ro u p  we h ad  an  in s ta n c e  of p ro te in u ria  d a tin g  11, an d  in  th e  
p e rs is te n t group one d a tin g  16 y ears  b a c k  w ith o u t a n y  clin ical sign of fu n c tio n a l 
im p a irm e n t of th e  k id n ey . On th e  o th e r  h an d , in case N o. 5 th e  h isto log ica l 
changes were s ligh t an d  in d is tin c t, y e t th e  d iagnosis of o r th o s ta tic  p ro te in u ria  
w hich  had  been ju s t if ie d  seven y e a rs  earlier, w as no longer ten ab le  in  v iew  
o f th e  co n stan t p ro te in u ria  found  in  association  w ith  a patho log ic  u r in a ry  
sed im en t and  w ith  a r te r ia l  h y p e rten s io n  a t th e  tim e  o f b iopsy . No im p ro v e ­
m e n t w as no ted  in  th e  cases of n e p h ro a n g io p a th y  d u rin g  th e  tw o years p e rio d  
of o b serva tion . O n th e  co n tra ry , oedem a a p p e a re d  in  th ree  cases, a r te r ia l  
h y p e rten s io n  of m in o r degree was fo u n d  in case N o. 29 a t  th e  end  of one y e a r ,
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a n d  th e  ren a l fu n c tio n  h a d  been  a ffec ted  a t  th e  very  o u tse t in  case  N o. 20. 
T h e  f in a l  outcom e of p ro te in u r ia  acco m p an y in g  n e p h ro a n g io p a th y  is obv iously  
less fa v o u ra b le  th a n  t h a t  o f  o th e r  iso la ted  p ro te in -lo sin g  co n d itio n s .

A s in  any  diffuse re n a l d isease, in  re n a l disease asso c ia ted  w ith  iso la ted  
p r o te in u r ia  th e  possib ility  o f im m u n o su p p ressiv e  th e ra p y  m u s t be  considered . 
T h is  obv iously  does n o t a p p ly  to  p y e lo n e p h ritis  or focal n e p h ritis  o r to  renal 
c o n d itio n s  of in d is tin c t m orp h o lo g ica l p a t te r n  w hich m ay  re p re se n t irrev e r­
s ib le  sequelae  of som e ea rlie r  in fec tion , in  p a r tic u la r  of g lo m eru lo n ep h ritis .

F ro m  th e  o b se rv a tio n s  p u b lish ed  i t  c a n  be concluded  th a t ,  w hile in 
th e  p ro sp e c t of ten  to  f if te e n  y ea rs , ca re fu lly  selec ted  cases o f m o n o sy m p to m - 
a t ic  p ro te in u ria  c a rry  a fa v o u ra b le  lo n g -te rm  prognosis, a p a th o lo g ic  u rin a ry  
s e d im e n t, how ever in co n sp icu o u s, m ay  h a v e  a grave p ro g n o stic  sign ificance. 
I n  th e  p resen t m a te r ia l th e  m a jo rity  of p a tie n ts  w ith  in te rm it te n t  m icro- 
h a e m a tu r ia ,  th o u g h  s till in s id e  th e  lim its  o f  a no rm al A d d is-co u n t, h ad  an 
im m u n o h is to lo g ica lly  a c tiv e , m em b ran eo u s g lo m eru lo n ep h ritis . I n  g lom eru lo ­
n e p h r i t is  associated  w ith  s im ila r m orp h o lo g ica l changes, im m u n o su p p ress iv e  
th e r a p y  is considered  im p e ra tiv e . O b v iously , i t  needs m ore th a n  a single ex ­
a m in a t io n  to  know  w h e th e r  th e  h isto lo g ica l changes re p re se n t a regressive 
p o s t-n e p h r it ic  cond ition , o r a p rogressive  g lo m eru lo n ep h ritis  s till in  th e  early  
l a t e n t  s tag e . In  som e cases clin ical o b se rv a tio n  fo r a perio d  n o t  lo n g er th a n  
tw o  w eeks m ay  be su ffic ie n t to  m o tiv a te  a th e ra p y  of th is  k in d  (increase in 
p ro te in u r ia ,  s tab ilisa tio n  o f  m ic ro h a e m a tu ria ) . O th e r cases m a y  req u ire  an 
o b s e rv a tio n  period  as lo n g  as 3 or 4 m o n th s , as a p e rs is te n t, ev en  th o u g h  
d im in ish in g , p ro te in u ria  a n d  th e  decision fo r  im m u n o su p p ressiv e  th e ra p y  rests  
on  th e  evidence of re p e a te d  b iop sy  an d  im m u n o h isto lo g ica l s tu d ie s .

T h e  poor u n d e rs ta n d in g  of th e  p a th o g en esis  o f v a sc u la r  n e p h ro p a th y  
m a k e s  im m u n o su p p ressiv e  th e ra p y  u n su ite d  fo r th is  ty p e  o f re n a l disease. 
C loser stud ies in to  th e  n a tu re  of th e  p rocess are expec ted  to  open  u p  new 
th e ra p e u t ic  possib ilities.
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ACTA M E D IC A

TOM 28 —  БЫГ1. 3— 4

Р Е З Ю М Е

ИЗУЧЕНИЕ ТРОМБОЭЛАСТОГРАФИЧЕСКОГО ПОКАЗАТЕЛЯ В СТАДИЯХ 
ОБОСТРЕНИЯ И РЕМИССИИ ИСТИННОЙ ПОЛИЦИТЕМИИ

Д. НАДЬ, М. МИС, Б. ШИРО и Я. СЕГЕДИ

У 55 больн ых истинной полицитемией проведен анализ тромбоэластографического 
показателя и его компонентов, а такие активности фибринолиза. В стадии обострения поч­
ти все исследовавшиеся параметры показали патологическое изменение. В фазе ремиссии 
эти отклонения уменьшались или отчасти нормализовались. Результаты исследований 
находятся в полном согласии с наблюдением, согласно которому в стадии обострения 
заболевания часто наблюдаются васкулярные осложнения, в то время как в фазе ремиссии 
они только очень редко встречаются.

ЛЕЧЕНИЕ ИСТИННОЙ ПОЛИЦИТЕМИИ ПРИ ПОМОЩИ НОВЫХ ВЕНГЕРСКИХ
11ИТОСТАТИЧЕСКИХ СРЕДСТВ

Д. НАДЬ, Ч. ЬАЛАЖ и Д. ПЕТРАНЬИ

В течение более чем трехлетного периода наблюдения авторы применяли для лече­
ния 26 больных истинной полицитемией Миелобромол, а у 34 больных — Цитостоп, при 
кратковременной даче больших доз. В первой группе у 23 из 26 больных, а во второй груп­
пе у всех 34 больных удалось достигнуть полной ремиссии. В двух случаях наблюдали об­
ратимое осложнение, которое можно было привести в связь с терапией. Результаты со­
поставлены с результатами, полученными в связи с применением 32Р, и подытоживаются 
руководящие принципы лечения истинной полицитемии.

ИЗУЧЕНИЕ ВЕНТРИКУЛЯРНОГО ПРОВЕДЕНИЯ РАЗДРАЖЕНИЯ МЕТОДОМ 
ВЕКТОРКАРДИОГРАФИИ У БОЛБНЫХ С ИМПЛАНТИРОВАННЫМ 

ЭЛЕКТРОСТИМУЛЯТОРОМ СЕРДЦА

П. КЕНЕДИ

Векторокардиографическое исследование больных с имплантированным электро­
стимулятором является

1. пригодным методом для сравнения векторокардиографических систем;
2. при его помощи можно подробно изучать искусственное раздражение;
3. точно определить локализацию раздражающего электрода;
4. открывается возможность для электрофизиологического анализа проведения 

раздражения в опыте на человеке.



ОПРЕДЕЛЕНИЕ ОТДЕЛЬНЫХ НЕКОНЪЮГИРОВАННЫХ, СУЛЬФАТНЫХ И 
ГЛЮКУРОНОЗИДНЫХ ЭФИРОВ 17-КЕТОСТЕРО ИДО В В ЧЕЛОВЕЧЕСКОЙ МОЧЕ

Т. ФЕХЕР

Сообщается метод для определения отдельных метаболитов 17-кетостероидов в 
неконъюгированной форме или в форме эфира сульфата или пиокуронозида в челове­
ческой моче. После частичного гидролиза и экстракции разделение отдельных метаболи­
тов проводилось методом хроматографии на бумаге, и количественное определение при 
помощи микрореакции Циммермана.

Согласно результатам исследования здоровых лиц в неконъюгированной фракции 
мочи господствуют главным образом этиохоланолон, 11 — ОН- и 11—кето-этиохоланолон, 
в фракции сульфата — дедигроэпиандростерон и в большем соотношении 5 а-стероиды, a в 
фракции глюкуронозида — 5 /î-производные 21-окси- и 11-дезоксиметаболитов.

Сообщаются также изменения выделения неконъюгированных эфиров и эфиров 
сульфата и глюкуронозида после введения АКТЕ, метопирона, тестостерона и дегидро- 
эпиандростерона.

ТОНОГРАФИЧЕСКОЕ ИССЛЕДОВАНИЕ ГЛАЗ С КОМБИНИРОВАННОЙ 
ДИСТРОФИЕЙ РОГОВИЦЫ ФУКСА

Д. ИМРЕ

На 17 глазах с комбинированной дистрофией роговицы Фукса при определении 
тонографическим методом средняя величина минутного объема камерной влаги составляла 
0,49 +  0,37 мм3/мин. Вопреки источникам ошибок метода эту величину можно рассматри­
вать как признак выраженного уменьшения. Пониженное образование камерной влаги 
может привести к нарушению питания роговицы, и очень вероятно, что совместное нали­
чие изменения заднего барьера (cornea guttata) и понижения образования камерной влаги 
обуславливают развитие комбинированной дистрофии роговицы Фукса.

РАЗМЕР ПРОТЕИНОВОГО ПРОСТРАНСТВА В НЕВРЕДИМОЙ ПОДЖЕЛУДОЧНОЙ 
ЖЕЛЕЗЕ И ПРИ ОСТРОМ ПАНКРЕАТИТЕ У КРЫС 

Действие лигирования грудного протока на смертность от панкреатита

М. ПАПП, Л. ЧАКИ и Ш. ОРМАН

На белых крысах породы Выстар или штамма CFE было изучено протеиновое про­
странство в поджелудочной железе при помощи меченого Сг51 протеина или У13,-аль- 
бумина, и определено содержание сухого вещества в поджелудочной железе через три часа 
после введения в грудной проток 5 мг трипсина или растворителя. Инъекция была комби­
нирована также лигированием грудного протока. Смертность животных изучалась через 
сутки после указанных вмешательств. Было установлено, что меченое протеиновое про­
странство невредимой поджелудочной железы составляет 23 мл/100г влажной поджелу­
дочной железы. Дача трипсина повышает эту величину до двукратного исходного значе­
ния. Без вмешательства в 100 г влажной поджелудочной железы сухое вещество со­
ставляет 27%, после введения трипсина в 100 г влажного панкреаса содержание сухого 
вещества понижается до 16%. Через 3 часа после лигирования грудного протока не на­
блюдается изменения размера отека поджелудочной железы, а после введения раствори­
теля меченое протеиновое пространство панкреаса увеличивается на 150%. По истечении 
24 часов под влиянием лигирования грудного протока смертность животных, получивших 
только трипсин, повышается на трох-четырехкратное исходной величины.



ВЫЗВАНИЕ АВТОЛОГИЧНОГО ИММУННОГО КОМПЛЕКСНОГО 
ГЛОМЕРУЛОНЕФРИТА ПРИ ПОМОЩИ ИНЪЕКЦИЙ ГЕТЕРОЛОГИЧЕСКОГО 

ПОЧЕЧНО-ТУБУЛЯРНОГО АНТИГЕНА

А. Н. НАГИ М. Б., Б. С., А. 3. БАРАБАШ, Ф. АЛЕКСАНДЕР и Р. ЛАННИГАН

Автологичный иммунный комплексный (АИК) гломерулонефрит был вызван у 
крыс при помощи повторных внутрибрюшинных инъекций человеческого почечно-ту­
булярного антигена. Развитие поражения почек привело к протеинурии и заболеванию 
печени, подобно тому, как и при экспериментально вызванном автоиммунном нефрозе 
(типа Геймана) у крысы и при человеческой перепончатой нефропатии. Выдвигается 
гипотез, быть может, объясняющий развитие этого прогрессирующего заболевания почек 
в указанных экспериментальных условиях.

ДЕЙСТВИЕ АДЕНОЗИНТРИФОСФАТА -  АТФ -  НА ЦЕРЕБРАЛЬНОЕ 
КРОВООБРАЩЕНИЕ И НА ОБМЕН ВЕЩЕСТВ МОЗГА ПРИ ИШЕМИЧЕСКИХ 

11АТОЛОГИЧЕСКИХ 11РОЦЕССАХ

Ф. ШОЛЬТИ, Д. ХАДИЕВ, Э. ВИТЧЕВ и Й. НАДЬ

Авторами было изучено действие аденозинтрифосфата (20 мг, внутривенно) в 30 
случаях церебральной ишемии цереброваскулярного происхождения, оказанное на кро­
вообращение и на обмен веществ головного мозга. В экспериментах по определению 
церебрального кровообращения авторы использовали метод двойной пункции внутренней 
яремной вены и метод венозной дилюции изотопа при помощи противотока После дачи 
АТФ в части случаев существенно возросло церебральное сосудистое сопротивление, 
в общем однако ни церебральное кровообращение, ни сосудистое сопротивнение мозга не 
показали достоверных изменений. После совместного введения АТФ +  норадреналина — 
в форме внутривенного капельного вливания — однако, церебральное кровообращение 
достоверно повысилось, а сосудистое сопротивление мозга достоверно понизилось. По­
глощение и использование глюкозы и О» в мозге не показали изменения, ни под влия­
нием АТФ, ни после одновременного введения АТФ +  норадреналина.

ИЗУЧЕНИЕ НЕЭСТЕРИФИЦИРОВАННЫХ ЖИРНЫХ КИСЛОТ 
ПРИ ЭКСПЕРИМЕНТАЛЬНОЙ ГИПЕРТОНИИ У КРЫС

М. Л. МИХАЙЛОВ

Рисунок газового хроматогрифического анализа свободных, неэстерифнцированных 
жирных кислот (СЖК) в плазме крови был изучен на двух моделях экспериментальной 
гипертонии крыс — нефрогенной и нейрогенно-интероцептивной гипертонии — и резуль­
таты были сопоставлены с данными животных с нормотонией. При гипертонии рисунок 
СЖК показывает характерные изменения.

1. Содержание насыщенных СЖК повышается, главным образом содержание паль­
митина и стеариновой кислоты;

2. Содержание ненасыщенных СЖК уменьшается диаметрально противоположно 
содержанию насыщенных СЖК, особенно концентрация олеиновой кислоты, пальмитино­
вой кислоты и линолевой кислоты.

На модели нефрогенной гипертонии изменения, указывающие на повышенное 
участие механизма ренин-ангиотензина были более выраженными.



ИЗМЕНЕНИЕ КИНЕТИКИ ЙОДА В ОРГАНИЗМЕ ПОД ВЛИЯНИЕМ ВВЕДЕНИЯ
РЕОПИРИНА

К. БАРТА

Автором было изучено действие реопирина на функцию щитовидной железы путем 
определения коэффициента поглощения и мобилизации йода, характерных для йодной 
кинетики организма. Результаты исследований следующие:

Стойкий уровень медикамента в зависимости от применяемой дозы, всегда достовер­
но тормознет функцию щитовидной железы.

Предварительное применение фенибутазона не влияет на йодный обмен щитовидной 
железы.

Ингибиторное действие нельзя приписать повышению введения TSH, так как не 
наблюдалось повышения веса щитовидной железы.

Когда действующее вещество попадает в организм после окончания поглощения 
радиойода, то наблюдается мнимая гипертиреотическая мобилизация. Однако по свиде­
тельству данных определения активности плазмы это характерно только для выступа­
ющего из щитовидной железы йода или для соотношения активного-неактивного йода 
в сыворотке.

ИЗУЧЕНИЕ ФУНКЦИИ КРОВООБРАЩЕНИЯ У БОЛЬНЫХ ИСТИННОЙ
ПОЛИЦИТЕМИЕЙ

11. Действие симпатико и парасимпатико-миметических веществ на периферическое
кровообращение

П. ДАРОЦИ, Д . НАДЬ, и Я. СЕГЕДИ

Авторами было изучено действие симпатико- и парасимпатико-миметических ве­
ществ на периферическое кровообращение у 40 больных истинной полицитемией. Было 
установлено, что у большинства больных полицитемией можно выявить склонность к 
сосудистым спазмам при повышенной чувствительности к норадреналину. У больных 
полицитемией эти явления выявляемы как в стадии обострения, так и в стадии ремиссии, 
и они едва поддаются лечению. Следовательно прекращение жалоб больных зависит от 
успешного лечения основной болезни.

ИЗМЕНЕНИЯ ЛИПОИДНЫХ ФРАКЦИЙ СЫВОРОТКИ И ПЕЧЕНИ У КРЫСЫ 
ПОСЛЕ МЕСТНОГО ОБЛУЧЕНИЯ ПЕЧЕНИ ДОЗОЙ 4000 р

Л. ШОЛТЕС и Г. ГОТТВАЛЬД

После местного облучения печени крысы 4000 р были изучены изменения липоид- 
ных фракций сыворотки и печени. В течение первых семи дней после облучения ни в одной 
из липоидных фракций сыворотки не наблюдалось достоверного изменения. В то же время 
в печени в существенной мере понизилось содержание холестерина. Это изменение оказа­
лось обратимым и оно нормализовалось в течение 42 дней. Фракции фосфорлипоидов и 
эстерифицированной жирной кислоты печени не показали изменения. Начиная с седьмого 
дня после облучения концентрация фосфорлипоидов, по истечении десять дней концен­
трация эстерифицированной жирной кислоты и после 28-го дня концентрация холестерина 
достоверного повысились. Понижение холестерина в печени, наблюдаемое через 72 часа 
после облучения позволяет сделать вывод о непосредственном поражении этого органа. 
На повышение концентрации сывороточных липоидов, наблюдаемое позже, могут влиять и 
другие факторы.



ЭКСПЕРИМЕНТАЛЬНОЕ ИЗУЧЕНИЕ НЕЙРОТОКСИЧЕСКОГО ДЕЙСТВИЯ 
МЕТОКСИ-ЭТИЛ-МЕРКУРИ-Х ЛОРИДА

К. ЛЕХОЦКИ, Ш. БОРДАШ, Я. ШЕБЁК и И. БАТШКОР

Авторами было изучено на белых крысах нейротоксическое действие метокси-этил- 
меркури-хлорида (МЭМХ). У 18 ненаркотизированных, иммобилизированных в колодках 
кроликов авторы определяли скорость проведения импульса в седалищном нерве. Под 
влиянием дозы 6 mi МЭМХ на кг веса тела в день, введенной на протяжении десяти недель, 
скорость проведения импульса в седалищном нерве уменьшалась до 57% или 40% кон­
трольных величин. Понижение скорости проведения импульса сопровождается хорошо 
выраженной демилинизацией нерва. Изложенные результаты предоставляют дальнейшие 
экспериментальные данные о нейротоксических действиях органических соединений 
ртути.

ОБЪЕМ ВНЕКЛЕТОЧНОГО И ВНУТРИСОСУДИСТОГО ПРОСТРАНСТВ ЖИДКОСТИ 
У СОБАК С РЕНО-ВАСКУЛЯРНОЙ ГИПЕРТОНИЕЙ

А. ФЕКЕТЕ, А. ФАЗЕКАШ и А РЕНЬИ—ВАМОШ

У собак, после одностороннего лигирования почечной артерии — при невредимой 
почке противоположной стороны — была вызвана рено-васкулярная гипертония, которая 
на основе ряда особенностей подобна человеческому заболеванию. Было установлено, что в 
хроническом периоде гипертонии достоверно уменьшены как пространство распределения 
тиосульфата, так и объем плазмы и крови, по сравнению с контрольными собаками с 
нормотонией. Наблюдаемое уменьшение объема внеклеточного и внутрисосудистого про­
странств авторы рассматривают как последствие характерной для гипертонического со­
стояния перестройки восприятия обьема.

ИЗУЧЕНИЕ ПРИРОДЫ АНТИТЕЛ ПРОТИВ LONG-ACTING THYROID
STIMULATOR (LATS)

Я. ФЕЛЬДЕШ, Й. MAKO, Ч. БАН и Е. ГЕСТЕШИ

При применении методики, служащей для отделения комплекса антиген-антитело, 
ействие LATS— IgG остается неизменным. Это наблюдение говорит против природы 

комплекса антиген-антитело LATS— IgG.
Противотела, образовавшиеся против микросомальной фракции эпителиальных 

клеток щитовидной железы встречаются в случаях LATS-положительности чаще, чем в 
LATS-отрицательных случаях. В то же время между содержанием LATS в плазме и титром 
микросомальных противотел не наблюдается связи. При применении хроматографии на 
столбе, пригодной дли обособления так наз. «медленных» и «быстрых» IgG, LATS и CF 
присутствуют только в «медленном» типе IgG, в то время как противотела, образовавшиеся 
против тиреоглобулина, присутствуют в обоих типах IgG. Этот результат указывает на то, 
что различные противотела относятся к различным подклассам IgG. Тот факт, что LATS и 
микросомальные противотела относятся к одному и тому же подклассу IgG, обьясняет, 
почему обособление этих противотел является такой трудной задачей.

КЛИНИКА ЛАКТАЦИДОЗА

Э. ХОЛЛЕНДЕР

Лактат-ацидоз является одной формой метаболических ацидозов, для которой наря­
ду с увеличением содержания молочной кислоты в крови характерно повышение концен­
трации пировиноградной кислоты и коэффициента молочная кислота/пировиноградная 
кислота, и часто также понижение содержания бикарбоната и pH артериальной крови.



Изменения величин молочной кислоты, пировиноградной кнслоды и кислотно-цс- 
лочного равновесия крови были изучены в 230 случаях. Лактацидоз присоединился к 
известному, по большинстве случаев тяжелому основному заболеванию. Клинические 
симптомы наблюдались при уровне молочной кислоты выше 5 мэкв/л. На переднем плане 
клинической картины находились нарушения дыхания и сознания. Как симптом, указы­
вающий на лактацидоз, автор рассматривает сравнительно более низкую концентрацию 
хлора в плазме, чем можно полагать на основе величин содержания натрия и калия. Тяже­
лый молочнокислый ацидоз — состояние, трудно поддающееся терапевтическому влиянию, 
и имеет плохой прогноз.

СТИМУЛИРОВАНИЕ ЛИМФАТИЧЕСКИХ ОРГАНОВ IN VIVO

Д. САС

У кроликов пролонгированным внутривенным введением гетерогенной крови (ГК) 
и фитогемап лютинина (ФГА) удалось вызвать характерное изменение всех (перифериче­
ских и центральных) лимфатических органов. Сущность изменения следующее: изменение 
распределения лимфоцитов по размерам, перевес крупных лимфоцитов, образование 
бластов и появление митозов. Это изменение соответствует изменению, возникающему в 
культурах лимфоцитов под влиянием специфических и неспецифических митогенов. Из­
менение in vivo можно поставить в параллель с картинами изменений лимфатических 
узлов, известных из человеческой патологии, в которых кроме специфических изменений 
также видно преобладание крупных лимфоцитов и образование бластов. Из всего сказан­
ного можно сделать вывод, что изменение, возникающее в результате стимулирования 
лимфоцитов, собственно говоря, является реакцией лимфоцитов.

Наряду с указанным выше изменением, наблюдаемым во всех лимфатических орга­
нах, появляются и такие изменения, которые, предположительно, связаны с особенностями 
отдельных органов. Такими изменениями являются гемопоэз в селезенке и в миндалинах, 
тучноклеточная реакция в зобной железе. Эти изменения, быть может, связаны со спо­
собностью бластов к дальнейшей пролиферации.

КЛИНИЧЕСКИЕ И ГИСТОПАТОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ 
ПРИ ТЕРАПЕВТИЧЕСКИХ ПОЧЕЧНЫХ БОЛЕЗНЯХ 

I. Некоторые вопросы взаимосвязи патогенеза гломерулонефрита и возраста

Э. БЕРЕГИ и И. ВАРГА

Подытоживая полученные нами результаты, можно констатировать, что в ходе на­
ших исследований на основании морфологической картины и данных анамнеза мы можем 
подтвердить те данные, которые указывают на то, что появляющееся на базальной перепон­
ке клубочков иммунное отложение зернистого характера в значительной части случаев 
зозникает в результате инфекции, предположительно стрептококковой инфекции,в то время 
как в случае отложения линейного характера нельзя было выявлять такой связи. Наряду с 
этим можно было констатировать, что в молодом возрасте (от 10 до 29 лет) достоверно чаще 
наблюдалось иммунное отложение, появлявшееся в линейной форме, что указывало на то, 
что нефрит в этом возрасте в большинстве случаев носит нефротоксический характер. В 
более пожилом возрасте (старше 40 лет), в противоположность этому достоверно чаще 
можно было выявлять иммунное отложение зернистого характера на базальной перепонке 
клубочков, чем отложения линейного характера, в то время как у больных старше 50 лет 
на базальной перепонке клубочков обнаруживались гамма-глобулин и комплемент зер­
нистого характера. В связи с этим морфологическим наблюдением возникает вопрос, что 
в более пожилом возрасте чаще имеет место инфекция верхних дыхательных путей и 
возникающий -вероятно после стрептококковой инфекции гломерулонефрит. Морфологи­
ческие наблюдения указывают, наряду с этим, на то, что при мембранозном гломеруло- 
нефрите морфологические признаках роничности процесса встречались чаще в случае от­
ложения зернистого характера, что указывает на то, что нефрит, возникающий после



инфекций верхних дыхательных путей, предположительно стрептококкового Характера, 
более склонен к переходу в хроническую форму, чем нефрит нефротоксической этиологии.

Возникновение человеческого гломерулонефрита не может быть сведено к одному 
лишь фактору, вероятно в его возникновении роль играет ряд факторов. Целью настоя­
щей работы было указать на то, какая возможность имеется из материала биопсии на осно­
вании морфологической картины делать выводы относительно фактора, индуцировавшего 
процесс.

КЛИНИЧЕСКИЕ И ГИСТОПАТОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ 
ПРИ ТЕРАПЕВТИЧЕСКИХ ПОЧЕЧНЫХ БОЛЕЗНЯХ 

II. О значении изолированной протеинурии

И. ВАРГА, Э. БЕРЕГИ и Б. КЕНЕЗ

1. В деле распознавания изолированной протеинурии большую роль смогут играть 
обязательные массовые профилактические обследования.

2. По данным гистопатологического (почечная биопсия) исследования и клиниче­
ского обследования 39 больных изолированной протеинурией, постоянное выделение белка 
может рассматриваться почечной болезнью. Ортостатическая протеинурия также лишь 
в меньшей части случаев является безвредным состоянием.

3. Согласно работам, основывающимся на длительных наблюдениях прогноз орто­
статической протеинурии в перспективе нескольких десятилетий благоприятный. Если 
же протеинурия постоянная, особенно если в осадке мочи время от времени имеются 
незначительные патологические явления, прогноз неблагоприятный. Поэтому, наряду с 
проведением биопсии, важно тщательное, повторное исследование осадка мочи и в том 
случае, если при первом исследовании результат отрицательный.

4. В случае иммуногистологически активного гломерулонефрита на основании кли­
нического наблюдения или на основании результата повторенной через 3 4 месяца 
биопсии делается вывод относительно регрессивного или прог рессивного изменения про­
цесса. В случае усиления протеинурии, появления гематурии или ухудшения гистологи­
ческой картины нужно попытаться с иммуносупрессивным лечением.
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J. SÓS,  T. GÁTI,  L. CSALAY A N D  I. DÉSI

PATHOLOGY OF 
CIVILIZATION DISEASES

The book is concerned with the definition, classification 
and main causes of civilization diseases. A detailed treat­
ment is given of harms due to chemical agents, to factors 
of traffic and habitation; possible pathogenic circumstances 
originating in the food industry and the consequences of 
taking medicaments unneccessarily, are discussed. Cancer, 
hypertension and coronary disease as spreading harms 
due to civilization are pointed out. The role of the age of 
life and of alimentary factors is dealt with, too. Statistics of 
gastric ulcer in the last decades and the connection between 
sports and ulcer are analyzed. The importance of neuro­
logic examinations in the prevention of civilization dis­
eases is pointed out.

In English ■ 173 pages • 98 figures • 16 tables 17x25 cm ■ Cloth
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Vincaleucoblastine

Alkaloid of Vinca rosea. By the inhibition of cell-division 
it exerts a cytostatic action directed mainly to the leuko­
cytes and tumour cells. Applied in therapeutic doses, it 
does not influence significantly red blood cell and platelet 
count and the haemoglobin content in erythrocytes. In­
dicated in generalized forms of lymphogranulomatosis 
(Hodgkin’s disease), lympho- and reticulosarcoma, chronic 
myeloses resistant to other chemotherapeutics or irradiation

Powder ampoules
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Recent Progress in the Study 
of Disorders of the Colon 
and Rectum

P roceedings o f  th e  4 th  In te rn a tio n a l  Congress o f 
H edro logicum  C onleg ium  — J u n e  1970 B u d a p e s t — 
H u n g ary

E d ited  b y  S . D robni a n d  M . Fehér

This volum e, c o n ta in in g  96 p ap ers  re a d  a t  th e  Congress, 
tre a ts  th e  h is to ry  o f  th e  diseases o f  th e  colon, lesions 
o f th e  colon a n d  re c tu m , co ngen ita l an om alies an d  th e ir  
tre a tm e n t, d ia g n o s tic  a n d  e x p e rim e n ta l p rob lem s, th e  
m alignan t a n d  b e n ig n  g row ths a n d  th e  in fla m m a to ry  
processes. T h e  p a r t  on  p lastic  su rg e ry  a f te r  colectom y, 
th e  in te rp o s itio n  o f  an  a n tip e r is ta ltic  in te s t in a l  segm ent, 
th e  p re p a ra tio n  o f  in te s tin a l rese rv o ir, re sp ec tiv e ly  th e  
constru c tio n  o f  a r tif ic ia l re c tu m  m a y  a rouse  in te re s t. 
A sign ifican t se c tio n  touches u p o n  th e  p rob lem s of 
p rocto logy  th a t  a re  d iscussed  b y  e x p e r ts  k n o w n  a ll over 
th e  w orld.

In  E ng lish  • A p p ro x . 450 pages • C lo th
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Leinen 84 ,— M

Die F ettsuch t is t keinesfalls ein bloßer Schönheitsfehler, sondern sie is t eine 
K rankheit und nur allzuoft ein schweres Schicksal. Deshalb ist die In tensiv ierung  
der A dipositasforschung sehr dringend. H err Prof. Dr. Ries hat in diesem B uch 
das gesam te Problem  auf der Basis eigener V orstellungen und R esulta te  u n te r 
B erücksichtigung der W eltliteratur e rläu te rt. D abei wurden auch chem ische, 
physikalische, physiologische, psychologische, anthropologische und soziologische 
G esichtpunkte herangezogen, da sie für die Auswahl und D urchführung der 
U ntersuchungsverfahren von W ichtigkeit sind. Gleichzeitig hat der A u to r die 
in der ganzen W elt verbreitete L ite ra tu r über die F ettsuch t zusam m engestellt
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