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INTRODUCTION

The  sign ifican t role of in fan tile  a tro p h y  in  in fa n t m o rta lity  in  H u n g a ry  
[113, 178] lends considerable im p o rtan ce  to  s tu d ies  concerned w ith  th e  
conditions.

In fan tile  a tro p h y  is a clin ical, or pa thoph y sio lo g ica l en tity  o f n o  u n ifo rm  
aetiology. F o r th is  reason research  has to  em b race  a ll aspects of th e  p ro b lem  ; 
in v estiga tion  in to  an y  as ye t uncla rified  d e ta il problem  m ay possess sign if­
icance.

In  recen t years, sy stem atic  research  on in fa n tile  a tro p h y  has b e e n  c o n d u c t­
ed in severa l in s titu te s  in  H un g ary .* *  B esides s tu d y in g  the  ae tio lo g y  [113, 
114] and  endocrine  rela tions [113, 299, 7, 23] o f  th e  disease, G e g e s i  K i s s  et 
al., o f th e  1st D ep a rtm en t o f P a e d ia tr ic s  o f th e  U n iv e rsity  M edical Schoo l of 
B udapest, in v es tig a ted  also o th e r  d e ta il p roblem s,***  firs t of a ll th e  m e ta -

* This work has been sponsored by the H ungarian Academ y of Sciences.
** To m ention only the sign ificant results obtained b y  K e r p e l - F r o n i u s  and h i s  asso­

ciates at the U n iversity  o f Pécs, as w ell as by K ulin , a t th e  U niversity of Debrecen (v . R efer­
ences [178, 179 and 197].

*** Studies on reticuloendothelial function [372], changes in  the bones [112], in testin a l 
bacterial flora [345], m eteoropathological relations [346].
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h o lism  in  a tro p h y . I t  seem ed , therefore , n e c e ssa ry  to  in v estig a te  v ita m in  
m e ta b o lism , in  a d d itio n  to  stud ies on c a rb o h y d ra te s  [24—28], p ro te in s  [29, 
34, 35, 367], an d  fa ts  [3].

As fa r  as we know , such system atic  s tu d ie s  on v itam in  m etab o lism  
h a v e  n o t been co n d u c ted  before and  th e re  a re  no perta in ing  d a ta  in  th e  
l i te r a tu r e .  S ta rv a tio n  h as  been  the  sub jec t o f  ex ten siv e  in v estig a tio n s, m o stly  
in  a d u l ts ,  an d  th e  o b se rv a tio n s m ade w ere p rep o n d e ran tly  c lin ica l. E x a c t 
ch em ica l d e te rm in a tio n s  o f  th e  single v ita m in s  a re  lacking even in  th e  en o r­
m o u s l i te ra tu re  on th e  su b jec t [180]. H ow ever, th e  findings o b ta in e d  in  s ta r ­
v ed  a d u lts  can n o t be ap p lied  w ithou t re s tr ic tio n s  to  in fan tile  a tro p h y . A l­
th o u g h  in  som e resp ec ts  th e  tw o conditions a re  closely analogous, th e re  a re  
im p o r ta n t  differences in  pa thophysio log ica l p ro p ertie s . Some o f th e se  are 
ev en  opposite  in ce rta in  s tag es  of in fan tile  a tro p h y  [178].

I n  th e  in v es tig a tio n s  to  be p resen ted  w e h av e  sought answ ers to  th e  
fo llow ing  questions :

a )  Does v ita m in  defic iency  occur in  in fa n tile  a trophy? I f  so, w hat 
is i ts  m easu re  (com plete , severe or m odera te ) a n d  in  which stage  o f  a tro p h y  
does i t  occur?

b) Is a lack  of som e v itam in  or v ita m in s  cha rac teris tic  of c e r ta in  stages 
o f a tro p h y , or is i t  o n ly  a change necessarily  accom pany ing  th e  single special 
fo rm s o f  a tro p h y ?

O n ly  a fte r  th e se  questions has been  an sw ered  will it  be possib le  to  
e s ta b lish  w hether (i) v i ta m in  deficiency p la y s  a role in the  in it ia tio n , co n ti­
n u a n c e  or ag g rav a tio n  o f  a tro p h y  ; (ii) i t  is possib le  to  draw  p ra c tic a l con­
clusions as to  th e  p re v e n tio n , th e rap y  (how  m u c h  should be given from  w hich 
v ita m in , an d  w hen), a n d  th e  daily  re q u ire m e n ts  o f single v itam in s . W e h ad  
to  face  ce rta in  d ifficu ltie s , as

(i) th e  no rm al v a lu es  for in fan ts w ere n o t  availab le for ev e ry  v ita m in . 
In  th e  case of v ita m in  E , fo r instance, in  H u n g a ry  we had  to  d e te rm in e  th em .

(ii) to  gain a deep er insigh t in to  th e  re la tio n s  of v itam in  m etab o lism , 
i t  d id  n o t suffice to  m ak e  in d iv idua l v i ta m in  determ inations. T o lerance  
te s ts  h a d  also to  be ca rried  o u t. A nd, as we w ere  dealing  w ith in fa n ts , a m icro ­
m e th o d  h a d  to  be deve loped  to  te s t sm all v o lu m es of blood [36].

(iii) a)  w hen e v a lu a tin g  the  resu lts , i t  does n o t suffice to  sp e a k  b ro a d ly  
a b o u t “ a tro p h y ” . O ne m u s t specify its  g ra d e  a s  ex ac tly  as possible. F o r th is  
re a so n  we were v e ry  ca re fu l when ap p ra ising  th e  severity  of th e  a c tu a l  s ta te . 
W e h a v e  re jec ted  th e  use o f th e  so-called  deve lopm en t q u o tien t (Q, D Q), 
b ecau se  th is  m ay  lead  to  erro rs in ap p ra isa l [178]. In s tead , we h av e  co m p u ted  
th e  “ loss of w eigh t” , b a se d  on a sounder p rin c ip le , i. e. the  p ercen tag e  lag  in  
w e ig h t, as com pared  to  a n  eu troph ic  in fa n t o f  th e  sam e body  le n g th . (On th e  
b as is  o f  th e  “ p aed io m etric  w eight index”  o f S im k o  [330, 331, 332].) O n g rounds 
o f  th e  paed iom etric  in d e x  (P,j th e  classic th r e e  grades of sev erity  o f  a tro p h y
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(F in k e l st e in  : d y s tro p h y , a tro p h y , decom position  ; Ma r f a n  : hypo-
trepsie  I , h y p o trep sie  I I ,  a tre p s ie ; Ma s l o v : h y p o tro p h y  I , h y p o tro p h y  II , 
h y p o tro p h y  I I I )  m igh t be d e te rm in ed  as follows.

P i

E u tro p h y  .............................................................................  107,5 to  97,5
D y stro p h y  (H y p o tro p h y  I) ..........................................  97,5 to  85
A tro p h y  (H y p o tro p h y  I I)  .............................................  85 to  75
D ecom position  (H y p o tro p h y  I I I )  ...............................  75 to  —

We are, n a tu ra lly , fu lly  aw are  of th e  fa c t th a t  th e  evidence derived  
from  body  w eight an d  length  can  be used on ly  as guide in th e  d e te rm in a tio n  
o f  th e  stages o f  a tro p h y  [113].

b) I t  does n o t suffice to  ta k e  in to  acco u n t th e  severity  o f  a tro p h y  
(grade I , I I , I I I ) .  G eg esi K is s  [113] has p o in ted  o u t th a t  th e  co n cep t of 
in fan tile  a tro p h y  should  be d iv id ed  in to  tw o p a r ts , n o tab ly  th e  p rocess of 
a tro p h y  and  th e  s ta te  of a tro p h y , because th e  f in a l s ta te  of g rave  a tro p h y  
differs from  th e  p re lim inary  an d  p re p a ra to ry  process no t only q u a n tita tiv e ly , 
b u t also q u a lita tiv e ly . T hus, in  th is  f in a l s tag e  th e  s tru c tu ra l com position  
an d  th e  corresponding  functions o f th e  a tro p h ic  in fa n t differ no t o n ly  from  
tho se  of th e  n o rm a l in fan t, b u t also from  those  o f th e  in fa n t still in  th e  process 
o f a tro p h y  [113]. F o r th is reason  we h av e  focussed a tte n tio n  p rim a rily  
on in fan ts  in g rad e  I I I  of a tro p h y . To ap p ro x im a te  th e  so-called f in a l stage, 
g rade  I I I  has been  subd iv ided  in to  fu r th e r  2 g roups :

Pi

D ecom position  (H y p o tro p h y  I I I )  ........................................  75 to  —
w ith in  th is I I I j ......................................................................... 75 to  65

I I I 2 ......................................................................... 65 to  —

B y so doing i t  has been a tta in e d  th a t ,  ceteris paribus, th e  severest form s 
(F in k e l s t e in ’s decom position  an d  Ma r f a n ’s a trepsie ) were inc luded  in  th e  
sam e group.

(iv) A precise aetiological analy sis  of in fan tile  a tro p h y  has been  g re a tly  
en deavoured . In  Cz e r n y ’s classical triad  (ex alim entatione, ex infectione, e consti­
tu tione), in fection  has an  o u ts ta n d in g , a lm ost d o m in an t role, as i t  h a s  been 
po in ted  out by  G e g e si K iss [113, 114] on th e  basis o f evidence d eriv ed  from  
a v e ry  large m a te r ia l. T hus, th e  in fectious fa c to r  h a d  to  be an a ly sed  in the 
f irs t place, b o th  as a p rim ary  fa c to r  s ta r tin g  th e  process of a tro p h y  a n d  as 
a secondary  one p a r t ly  responsible for th e  c o n tin u ed  ex istence an d  a g g ra v a ­
tio n  o f th e  co n d itio n . This close re la tio n sh ip  b e tw een  a tro p h y  an d  in fec tio n  
h as  m ade it n ecessary  to  include in th e  p resen t s tu d y  eu troph ic  in fa n ts  who 
h ad  co n trac ted  som e infection . A lthough  in  o u r m a te r ia l fa u lty  or defic ien t 
n u tr itio n  was ra re ly  th e  p rim ary  fac to r in it ia tin g  th e  process o f a tro p h y ,
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a n d  b y  th e  tim e th e  in fa n ts  were a d m itte d  th e re  was no so-called  “ p u re ” 
s ta r v a t io n  a tro p h y  e n c o u n te re d  [113, 114] — special a tte n tio n  h a d  s till to  
b e  d e v o te d  to  th e  a lim e n ta ry  fac to r (m ild o r severe q u a n tita tiv e  or q u a lita ­
t iv e  d am ag e ), since th e  a c tu a l  v ita m in  supp ly  to  th e  organism  is g re a tly  d ep en d ­
e n t u p o n  t i e  q u a n tity  o f v ita m in  ingested . C onstitu tio n  an d  a c tu a l condi­
t io n a l  fac to rs , as ae tio log ical a n d  m odifying ag en ts , as well as th e  o th e r  cond i­
tio n s  s ta r t in g  th e  process o f  a tro p h y  (such  as th e  various d ev e lo p m en ta l 
d iso rd e rs , p rem atu re  b ir th ,  ce reb ra l h aem o rrh ag e , haem oly tic  disease o f th e  
n e w b o rn  w ith  its seq u a lae , e tc .) have all b een  considered.

T h e  m etabolism  o f fa t-so lu b le  v itam in s  in  L einer's e ry th ro d e rm ia  and  
in  a t r o p h y  secondary  to  t h a t  condition  h as  been  s tu d ied  se p a ra te ly . The 
a t r o p h y  associated w ith  t h a t  disease is n a m e ly  one of th e  special fo rm s of 
in f a n t i le  a tro p h y , o f w hich  th e  ch a rac te ris tic  fea tu re  is a p a th o lo g ica l fa t 
m e ta b o lism  resu lting  fro m  a severe d is tu rb a n c e  o f digestion , a b so rp tio n  or 
in ta k e .  (To th is g roup  b e long , beside L e in e n s  e ry th ro d e rm ia , th e  cystic  
f ib ro s is  o f  th e  p an creas , th e  congenital a p la s ia  or occlusion o f b ile  ducts , 
th e  so -ca lled  “ M eh ln äh rsch ad en ”  (Cz e r n y ) (resp . kw ashiorkor). W ith  the  
l a t t e r  form  L einer's  e ry th ro d e rm ia  h a s  m an y  fea tu res  in  com m on 
( f a t ty  degenera tion  o f  th e  liver, h y p o p ro te in aem ia , oedem a, p an c rea tic  
fa ilu re ) . A ll these form s m a y  be associated  w ith  m ultip le  v ita m in  deficiency.

V itam in  m etabo lism  w as stud ied  in  n e a r ly  200 a tro p h ic  a n d  con tro l 
in f a n ts .  In  the  p resen t re p o rt we shall d iscuss investiga tions concerning 
v i ta m in s  E , A, B x, a n d  C.

VITAM IN E (Tocopherol)

Serum tocopherol levels in  eutrophic infants

W h en  study ing  v ita m in  m etabo lism  in  patho log ical co n d itions, th e  
k n o w led g e  of the  p h ysio log ica l values is e ssen tia l. This applies also to  v itam in  
E  s tu d ie s  in infantile  a tro p h y . T here have b een  no d a ta  as to  th e  physio logical 
v a lu e s  for v itam in  E  in  th e  se ru m  of norm al in fa n ts  in  H u n g a ry . T he few d a ta  
p u b lis h e d  in  foreign co u n trie s  could no t be  re lied  upon, because th e se  re la te  
to  o th e r  clim atic an d  d ie ta ry  conditions. F o r  th is  reason we h av e  d e te rm ined  
th e  n o rm a l value for v i ta m in  E  in the  se ru m  o f norm al in fan ts .

I .  Survey o f  the literature

(A su rv e y  of the  l i te ra tu re  concerning physio log ica l tocophero l co n cen tra tio n s
in  h u m an  blood serum )

O n  th e  basis o f th e  evidence p u b lish ed  b y  K ib a r d in  [181], Moyer  
[262 ], Cattaneo  an d  Ma r ia n i  [62], W rig h t  et al. [392], as well as G erlóczy ,
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B encze  et al. [115], th e  p h ysio log ica l leve l o f  to co p h ero l in th e seru m  o f  th e  
newborn in fan t ca n  b e p resen ted  as fo llow s.

Days of life Serum  tocopherol mg/100 ml

1st 0,20 (62)

0,24 (262)

breast-fed artificia lly  fed (392)

2nd 0,38 0,31
3rd

4th 0,81 0,52 (392)

5th

6th 1,46 0,50 (392)
2nd —5 th 0,36 (262)
2nd—6th 0,353 (115)
Newborn 0,30 (181)

In  d eterm in in g  th ese  d a ta , M oyer  [262], W r ig h t  et al. [392] em p lo y e d  
th e  a lpha-alpha d ip y r id y l m icrom eth od  o f  Q u a if e  S crim shaw  and L o w r y  ; 
Gerlóczy, B e n c z e  et al. [115] u sed  th e  p roced u re m odified  b y  B e n c z e  ; 
K ib a r d in  [181], th e  m eth od  o f  E m m erie , E n g e l s  an d  Min o t .

Breast-fed newborn — nursing  and non-nursing  mother. W rig h t  et al. 
[392] d em o n stra ted  th a t  th e  level o f to co p h ero l changed  in  th e  o p p o site  
d irec tion  in  th e  b lood  of th e  b reast-fed  n e w b o rn  an d  decreases in  th e  
b lood o f th e  m o th e r  during  th e  firs t days o f  p o s tn a ta l  life. I t  increases  
from  0,38 m g/100 to  1,46 mg/100 m l from  th e  2 n d  to  th e  6 th  d ay  in th e  b r e a s t­
fed  in fa n t, w hereas i t  h a rd ly  increases (from  0,37 m g/100 to  0,50 m g/100 ml) 
in  th e  a rtific ia lly  fed  in fan t. T his illu stra tes  c lea rly  w h a t a rich source o f  v i ta ­
m in E th e  co lostrum  is. I t  is rem ark ab le  t h a t  on  th e  f irs t days a lre a d y  th e  
level o f tocophero l is so m uch h igher in th e  n o n -n u rs in g  m o th er’s b lood  th a n  
in  th e  blood o f  th e  b reast-feed ing  m o ther. T h e  difference becomes s ta t i s t ic ­
a lly  sign ifican t b y  th e  4 th  d ay , w hen  th e  m a te rn a l b lood level is 1,63 m g/100 
in  th e  nursing , a n d  1,93 m g/100 m l in  th e  n o n -n u rs in g  m o ther. S im ilar o b se rv ­
a tio n s have b een  m ade b y  Mo y e r  [262] (b lood tocophero l level in  m a tu re  
in fan ts  increases from  o.23 m g/100 m l on th e  1st d a y  to  0,36 mg/100 m l in  th e  
period  o f from  2 to  5 days), as well as b y  G e r l ó c zy , B encze e t a l. [115] 
( th e  blood tocophero l level in  th e  new born increases du ring  th e  f irs t few  d a y s  
from  0,283 m g to  0,353 m g/100 m l and , th o u g h  n o t sign ifican t, th is  in c rea se  
appears to  be in  co rre la tio n  w ith  th e  s ta r t  o f  co lo stru m  secretion).
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M a m m a ry  barrier. T he level o f to co p h e ro l in  th e  b lood  o f  new borns 
is r e p o r te d  to  be as low  as 0,20, 0,23, 0,30, 0 ,35, 0,38 mg/100 m l [62, 262, 181, 
115, 392] a t  b ir th  a n d  on th e  f irs t tw o d a y s  o f  ex trau te rin e  life. I t  h a s  been 
e s t im a te d  to  1/2 [115], 1/5 [392] an d  1/7 [62] o f th e  m a te rn a l level. T h is  low 
lev e l changes w hen feed ing  begins. M easure a n d  ra te  of th e  increase  depend  
on  th e  tocophero l co n ten t o f  th e  food. (H u m a n  colostrum  c o n ta in s  m uch 
to c o p h e ro l [289, 4, 62], w hereas in te rm e d ia te  a n d  m atu re  h u m an  m ilk  con ta ins 
o n ly  m o d e ra te  am o u n ts  [190, 62])*. I t  is re m a rk a b le  th a t  240 m g o f to co ­
p h e ro l d a ily  given to  th e  m o th e r increased  th e  tocophero l level, b u t  th is  never 
re a c h e d  th e  physio logical co n cen tra tio n . U n d e r  patho log ical co n d itio n s  we 
[116— 118] succeeded in  in d u c in g  a d iu re tic  effect in p re m a tu re  bab ies  by 
a d m in is te r in g  d - l-a lp h a  tocophero l a c e ta te  (b y  m o u th , in  a to ta l  dose o f  150 
to  200 m g in  5 days) to  th e  m o th er, b u t  n o t to  th e  baby . T he d iu re tic  effect 
a p p e a re d  w hen la c ta tio n  began .

Prem ature in fan ts. A t b ir th  [262], or im m ed ia te ly  a fte r i t  [392] th e re  is 
h a rd ly  a n y  difference in  b lood  tocophero l lev e l betw een  p re m a tu re  a n d  n o rm al 
n e w b o rn s . L a te r, how ever, th e re  are d ifferences in  th is  resp ec t. In  th e  first 
40 d a y s  th e  blood level in th e  a rtific ia lly  n o u rish ed  p rem atu re  in fa n t decreases 
g ra d u a lly  an d  is as low  as 0,09 m g/100 m l a t  31 to  40 day s [392]. In  the  
b re a s t- fe d  p rem atu re  in fa n t th e  blood to co p h e ro l level does n o t increase** 
d u r in g  th e  firs t tw o m o n th s [262], re sp . be tw een  th e  second a n d  eighth  
w eeks [272], only in  th e  3rd  to  6 th  m o n th s  [262], reaching a level o f  0,50 
m g /1 0 0  m l. A ccording to  E n g e l , th e  m e a n  v a lu e  is 0,19 m g/100 m l.

A ccording to  W rig h t  et al. [392], b e tw een  th e  1st and  4 th  m o n th s  the 
b lo o d  level o f tocophero l is 1,25 m g/100 m l in  b reast-fed , an d  0,53 m g/100 ml 
in  a r tif ic ia lly  fed in fa n ts . F rom  5 to  8 m o n th s  o f age these values increase  to  
1,35 a n d  0,75 m g/100 m l, re spec tive ly . A ccord ing  to K ib a r d in  [181], the  
b lo o d  level o f tocophero l is 0,44 m g/100 m l be tw een  3 an d  12 m o n th s  o f age. 
N o s ig n if ican t differences h a v e  been fo u n d  b e tw een  boys an d  g irls, o r tw ins 
(S t r a u m f jo r d  an d  Q u a if e ) [343].

T h e  average serum  v ita m in  E  level in  th e  child has been fo u n d  to  be 
0,83 m g/100  m l a t 1 to  3 y ears , an d  0,94 m g/100 m l a t 8 to  16 y ea rs  o f age 
[181 ]. G uzman  an d  S crimshaw ' [70] fo u n d  th e  blood to co p h e ro l level to 
v a r y  b e tw een  0,61 an d  0,74 m g/100 m l in  c h ild ren  aged 7 to  12 y e a rs . Accord-

* As compared to hum an m ilk, cow’s colostrum  [149] and milk [266, 289, 153, 4, 1454 
218, 96 , 149] contain less v itam n E. Even less is contained in goat’s m ilk 388. A rtificial 
foods prepared w ith cow ’s m ilk are the poorest in  v itam in  E 144, 146. Skinned cow ’s miig 
con ta in s hardly any tocopherol 4. There are great differences in tocopherol conten t accordink 
to th e  cow s being fed green or dry fodder, and also according to seasons (sum m er and winter 
m ilk ) [196, 289.]

** In the period 1946 —1948 we have observed an increase in the incidence of scler- 
oedem a in premature infants fed hum an milk. W e believe the condition to be due to  vitam in  
E  d e fic ien cy  1 1 6 -1 1 8 , 1 1 9 -1 2 1 .
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in g  to  M ino t  and F r a n k  [257], th e  average tocop h ero l con ten t o f  th e  b lood  
in  n orm al children aged  5 to  12 years is 0 ,88  (0 ,64  to  1,12) m g/100  m l.

D aily  v itam in  E  requirement o f  the in fan t. T h e  re la tiv e  v ita m in  E  re q u ire ­
m en t is th e  h ig h est in  in fancy  [341]. T h e  o p tim u m  daily  su p p ly  h as  been 
e s tim a te d  to  30 m g in ad u lts  [391, 98, 49, 150], an d  to  abou t 5 m g d a ily  in 
in fa n ts . The reserves in fan ts  b ring  w ith  th e m  from  in tra u te rin e  life a re  low. 
T he physio logically  low  reserves are  filled  up  w hen th e  new born is fed  m ilk 
co n ta in in g  ab o u t 0,900 mg/100 m l v ita m in  E  [265]. As cow’s m ilk  is poor 
in  tocophero l, i t  is adv isab le  to  en rich  th e  food  o f a rtific ia lly  fed  new born  
or p re m a tu re  in fa n ts  w ith  v itam in  E [266]. T h e  average d ie t, how ever, will 
never answ er the  m in im u m  req u irem en t [290, 146]. The daily  doses em ployed  
v a ry  over a w ide ran g e  (1 to  3 m g [307] ; 3 to  9 m g [389] ; 12,5 to  25 mg 
[316] ; and  even h igher doses [339, 123, 375, 337, e tc .]).

N orm al adults. T he blood tocophero l level in  norm al ad u lts  h a s  been 
e s tim a te d  a t a ro u n d  1 mg/100 m l (0,96 m g/100 m l b y  W ech sler  et al. [384] ; 
1,2 m g/100 m l b y  Q u a if e  and  H a r r is  [287]; 1,04 m g/100 m l p lasm a b y  H a rr is  
et al. [143] ; 0,73 to  1,28 mg/100 m l serum  b y  M in o t  an d  F ran k  [258]. O thers 
[360, 296, 224, 90, 78, 101, 342, 181, 68, 63, 205, 203, 12, 361, 58] fo u n d  d iv e r­
gent values, th e  v a ria tio n s  rang ing  from  0,2 m g/100 m l to  2 m g/100 m l. As 
a lre a d y  po in ted  o u t [115], th e  d ifferences in  th e  resu lts  are  a scrib ab le  to  
d ifferences in th e  tech n iq u e  of d e te rm in a tio n  an d  iso lation , an d  m a in ly  to  
tho se  in n u tr itio n a l h a b its . The b lood level o f tocopherol depends m ain ly  
on th e  d ie t. I t  there fo re  varies accord ing  to  seasons, geographical a rea  and  
n u tr i t io n , (£. e. accord ing  to  th e  occurrence o f  tocophero l in n a tu re  a n d  th u s  
in th e  d ie t [143, 1, 203, 206, 384, 360, 79, 361]). T here are several d a ta  in the  
l i te ra tu re  concerning th is  problem .

W ith  age, th e  blood tocophero l level te n d s  to  increase, b u t  o n ly  in  m ales 
[68]. No d iu rn a l a n d  n o c tu rn a l v a r ia tio n s  h a v e  been observed [1].

Pregnant women. T he blood tocophero l level is h igher in p re g n a n t w om en 
th a n  in  m en or n o n -p reg n an t w om en [360, 362, 296, 63, 343, 361]* a n d  increases 
g rad u a lly  during  p reg n an cy  [343, 321, 62, 191]. The increase is so g rea t 
th a t  b y  th e  end  o f fu ll te rm  the  level m a y  be 1,5 to  2 tim es as h igh as in itia lly . 
In  th is  respect th e  beh av io u r o f th e  to co p h ero l level is th e  opposite  o f  th e  
o th e r  v itam in s, w hich decrease w ith  th e  a d v a n c e  of pregnancy.**

A ccording to  o u r in v estig a tio n s, th e  m ean  tocophero l level in  m o th e r’s 
blood is 0,573 m g/100 m l a t  th e  onset o f la b o u r  an d  im m ed ia te ly  a f te r  de livery , 
b u t  before th e  d e ta c h e m en t of th e  p la c e n ta  [115].

Placental barrier. A t b ir th  an d  for a few  d ay s  a fte r  b ir th  th e  level o f  to c o ­
phero l is m uch low er in m a te rn a l b lood  th a n  in  th e  blood o f th e  um bilica l

* Only A t h a n a s s i u  [19] found no differences,
** Other authors claim  the blood tocopherol level to decrease w ith the advance o f  preg­

nancy [362] or that there is no relation betw een the tw o [1].
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c o rd . (V arangot et al. [3 6 3 ]; S t r a u m fjo r d  a n d  Qu a if e , [343]; A t h a n a s s iu , 
[2 0 ]; Cattaneo  an d  Ma r ia n i . [62]; Gerlóczy , B encze  et al., [115]; W r ig h t  et 
al. [392]. Blood in  th e  u m b ilic a l vein co n ta in s  1,67 m g/100 m l toco p h ero l [20], 
w h ile  a r te r ia l blood, 0,44 m g/100 m l [20, 265], in d ic a tin g  th e  h igh  to co p h e ro l 
re q u ire m e n t of th e  fo e tu s . T h e  tissues an d  o rgans o f the  foetus a re  p oo r in  
to c o p h e ro l [3, 88], in  th e  m a tu re  an d  p re m a tu re  in fa n t th e  level is so m ew hat 
h ig h e r  [88], bu t s till low er th a n  in  ad u lts  [288]. T he p lacen ta  co n ta in s  2 to  
4 t im e s  as m uch to co p h ero l as foe ta l tissues, b u t  s till m uch  less th a n  m a te rn a l  
b lo o d  [88]. Thus, th e  fo e tu s  h as  a p p a re n tly  low  tocophero l reserves a n d  th e  
h ig h  req u irem en t is m e t o n ly  p a r tia lly  b y  p la c e n ta l tran sfe r. M any ex p e rim en ts  
h a v e  d em o n stra ted  t h a t  th e  p lacen ta  p e rm its  th e  passage o f a sm all frac tio n  
o f  th e  tocopherol a d m in is te re d  to  th e  m o th e r [363, 265, 350, 137, 306, 127, 
251 — 254, 255]. The ro le p la y e d  by  th e  p la c e n ta  is ap p a ren tly  n o t o n ly  one 
o f  s to ra g e , b u t also one o f  reg u la tio n  (20 a n d  88, respectively) : i t  m obilizes 
m a te rn a l  reserves, so t h a t  th e  new born gets su ffic ien t tocophero l in  th e  colos­
t r u m ;  tocopherol is n a m e ly  tran sfe rred  m uch b e t te r  b y  th e  m ilk  th a n  th ro u g h  
th e  p la c e n ta  [228].

I I .  Experim ental 

In fan ts tested

T h e  v itam in  E s tu d ie s  w ere m ade in  n o rm a l in fan ts . V ery  s tr ic t  c r ite r ia  
w ere  app lied  to  select th e  best-developed  in fa n ts , i. e. those th r iv in g  b est 
a n d  fu lfilling  all o th e r  c r ite r ia  of eu tro p h y .*

Determ ination o f  the state o f  development. T he  degree of dev e lo p m en t an d  
n u tr i t io n  has been d e te rm in e d  b y  m eans of th e  p aed io m eter devised b y  S im k Ó 
[330, 331, 332]. T his in s tru m e n t, s im ila r in  co n stru c tio n  to  a slide  ru le , 
se rv es  fo r de term ining  th e  so-called  iipaediom etric index”  (P ,), com posed  o f 
tw o , u n re la te d  d a ta  : w e ig h t index /leng th  in d e x . A ccording to  S im k Ó, th e  
p rin c ip le  underly ing  th e  Р,- is th a t  th e  w eigh t o f  an  in fan t depends on  its  
le n g th  a n d  body len g th  d ep en d s  on age. T he ra tio  o f body  w eight p e rcen tag e  
a n d  b o d y  length  p ercen tag e  is th e  P,-, w hich, be ing  derived  n o t from  eb so lu te  
v a lu e s  (g, cm) b u t from  a  difference b e tw een  th e  changes, is su ita b le  for 
c o m p a rin g  th e  degree o f n u tr i t io n  and  deve lopm en t o f  in fan ts . I f  P ; =  100/100, 
th e  w e ig h t of th e  in fa n t as re la te d  to  its  b o d y  len g th , as well as th e  b o d y  
le n g th  re la te d  to  th e  in f a n t’s age, are ideal. O w ing to  th e  biological v a r ia tio n s , 
a b a b y  is accepted as e u tro p h ic  if  th e  w eigh t in d ex  falls betw een  97,5 an d  
107,5 . W hen  the  w eight in d e x  is lower th a n  97,5, we speak  o f h y p o tro p h y . 
In  c o n tra s t  w ith P ,, w h ich  is based  on a so u n d  princip le , th e  so-called  “ d ev e­
lo p m e n ta l  quo tien t”  (Q ., D Q) shows n o t th e  co rre la tion  betw een  w eight

11 infants were exam ined  in  a day nursey, 6 in  a nursery and 1 at our departm ent.
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a n d  leng th , b u t  th e  increase in  w eight re la te d  to  th e  w eight a t b ir th  an d  
to  age. A nd, as i t  has been s tressed  also b y  o th e r  au th o rs  [288], th e  g a in  in 
w eight b y  itse lf , w ith o u t ta k in g  in to  acco u n t lo n g itu d in a l g row th , c a n n o t 
express th e  t ru e  degree o f developm ent o f a n  in fa n t . F o r exam ple, in fa n ts  
o f th e  sam e age a n d  w eight, b u t  o f d iffe ren t g ro w th  m ay  g rea tly  d iffe r in 
developm ent. W e h av e  co m p u ted  th e  Р,- fo r th e  d a y  o f e x a m in a tio n  in  
every  case.

Age. T he  18 in fan ts  exam ined  ran g ed  in  age from  1 1/3 to  13 1/2 
m on ths ; 17 in fa n ts  were less th a n  1 y ea r old, 7 w ere less th a n  6, and 3 less th a n  
3 m onths old.

Feeding. In fa n ts  Nos. 4, 6 a n d  14 were fed  exclusively  on m o th er’s m i lk ; 
th e  o thers w ere m a in ta in ed  on  a rtific ia l d ie ts , com ple te  in  all respects .

Procedure

Blood sam pling . B lood w as ta k e n  from  a v e in  4 hours a fte r  th e  la s t  
feeding. A fter c lo ttin g , th e  serum  was se p a ra te d  b y  cen trifugation .

Tim e o f  test. E x cep t for case N o. 11, th e  te s ts  w ere m ade betw een  S ep ­
tem b er and  F e b ru a ry .

E stim ation o f  v itam in  E  in  serum. S erum  v ita m in  E was d e te rm in ed  
b y  B encze’s m e th o d  [37, 38, 36], b ased  on th e  fo llow ing  princip le. T ocophero l 
is oxidized to  toco p h ero l red , th e n  condensed  w ith  o-pheny lene-d iam ine . 
T he condensation  d e riv a tiv e  d issolved in  a m ix tu re  o f  m ethy l an d  b u ty l  
alcohol shows an  in ten se  yellow ish-greenish flu o rescen ce  in  u ltrav io le t lig h t. 
U n d er a p p ro p ria te  ex p erim en ta l conditions th e  re a c tio n  yields q u a n ti ta t iv e  
re su lts  and  de te rm in es even 2 to  3 m icrogram s o f tocophero l w ith in  a 10 p e r 
cen t lim it o f e rro r . T he reac tio n  h as  th e  fu r th e r  a d v a n ta g e  o f being specific
i.e. i t  is given o n ly  b y  tocophero l. In te rfe rin g  c o n ta m in a n ts  can  be rem oved  
b y  ch ro m ato g rap h ic  p u rific a tio n .

Results and discussion

The serum  v ita m in  E values e s tim a ted  a re  ta b u la te d  in  the  o rd e r o f  
m ag n itu d e . The d ev ia tio n s  were m ark ed , in  sp ite  o f  th e  in fan ts  hav in g  been  
fed  p rac tica lly  th e  sam e diet o f  su itab le  co m position  an d  yielding ca lo ries 
su ffic ien t a t  th e  respective  ages. T he d ev ia tio n s w ere ap p a ren tly  d u e  to  
th e  fac t th a t  th e  v ita m in  E  co n ten t of m o th e r’s a n d  cow ’s m ilk depends on  
th e  v itam in  E  c o n te n t o f th e  food in gested  b y  th e  m o th e r  an d  cow, re spec tive ly .

S ta tis tica l an a ly sis  showed th e  m ean  (M) to  be  0,383 mg/100 m l v ita m in  
E , w ith  th e  tru e  va lu es  rang ing  from  0,350 to  0,416 m g/100 m l. T h u s, th e  
serum  of th e  n o rm a l in fan t co n ta in s a t  least 0,350 m g/100 m l of v ita m in  E .

A com parison o f  our resu lts  w ith  th e  r a th e r  scarce  evidence p u b lish ed  
in  th e  lite ra tu re  show s th a t  o u r d a ta  are closely s im ila r to  those re p o rte d
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Serum vitam in E values in  norm al infants

No.
E xp.

record
No.

Date of 
exam ination In itia ls

Age,
m onths Sex

Paediometric index 
weight i/length i 

or DQ

Serum  v it . E 
mg/100 ml

l . 118 Sept. 1954 P. T. 8 з 98/99 0,150

2. 120 Sept. 1954 N. I. 11 9 104/94 0,193

3. 141 Dec. 1954 P. E. 8 9 98/106 0,212

4. 147 Feb. 1955 T. A. 3Vs а 105/89 0,266

5. 132 Sept. 1954 T. K. П 2/з ? 101/110 0,300

6. 116 Sept. 1954 S. F. IV . <3 98/104 0,316

7. 138 Dec. 1954 К . E. 7 9 97s/101 0,328

8. 119 Sept. 1954 K. N. 62/з 3 975/98 0,350

9. 121 Sept. 1954 M. I. »v* 3 975/97 0,350

10. 149 Feb. 1955 F. T. 22/ 3 3 98/108 0,356

11. 107 May 1954 H. A. 12/з 9 i , i 0,387

12. 140 Dec. 1954 T. J. 9 ? 105/99 0,433

13. 117 Sept. 1954 K. 1. 7 9 99/100 0,466

14. 148 Feb. 1955 G. I. 32/з 3 100/100 0,480

15. 125 Sept. 1954 M. M. 51/» 9 976/ l  04 0,550

16. 145 Jan. 1955 Sz. G. 1 3 7 . 3 102/107 0,569

17. 139 Dec. 1954 T. G. 112/з 3 100/106 0,582

18. 144 Jan. 1955 Sz. J. 52/з 3 103/90 0,620  
M =  0,383

ffM =  0,032

b y  KiBARDiN [181] (0,44 m g/100 m l), a n d  S traum fjo rd  a n d  Q u a if e  [343] 
(0,30 to  0,48 mg/100 m l), and  are co m p arab le  to  th e  values re p o rte d  b y  W right 
et a l. [392] for a rtif ic ia lly  fed  in fa n ts  (0,53 m g/100 ml). W rig iit  et a l ., how ever, 
fo u n d  m u ch  h igher values for b reas t-fed  bab ies.

O n th e  basis o f th e  above, we consider a serum  to co p h ero l value of 
u n d e r  0,350 m g/100 m l as a sign in d ic a tiv e  o f hypov itam inosis .

T h is value agrees well w ith  th e  0,40 m g/100 m l one re p o rte d  to  be p a th o ­
log ica l (A b d e r h a l d e n ) [1].

S u m m a ry

T he serum  v itam in  E  level h as  b een  determ ined  in  18 n o rm a l, well- 
d ev e lo p e d  in fan ts , rang ing  in  age from  1 1/3 to  13 1/2 m o n th s . Som e of th e  
in fa n ts  te s te d  were fed exclusively  m o th e r ’s m ilk, the  o thers w ere fed  a com ­
p le te  a rtif ic ia l d ie t. E s tim a tio n  of v ita m in  E  was m ade b y  B e n c z e ’s m ethod . 
In  n o rm a l in fan ts th e  servim v ita m in  E  level was found to  v a ry  w idely , w ith
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a m ean  level o f 0,383 mg/100 m l o f serum . S ta tis t ic a l  calcu lations revealed  
th a t  th e  tru e  va lu es  v aried  betw een  0,350 a n d  0,416 m g/100 m l.

In  these in v estig a tio n s we h av e  d e te rm in ed  th e  serum  v ita m in  E  level 
fo r no rm al in fan ts  in  H u n g ary . Levels low er th e n  0,350 m g/100 m l are  in te r ­
p re te d  as in d ica tiv e  o f hypov itam inosis .

Serum tocopherol levels in in fantile  atrophy

I t  has a lre a d y  been m en tioned  w hich questions we en d eav o u red  to  
c la rify  b y  sy s tem a tic  studies on th e  v ita m in  househo ld  in in fan tile  a tro p h y . 
In  th e  presen t p a ra g ra p h  we sh a ll discuss th e  serum  level o f v ita m in  E  in  
in fan tile  a tro p h y , as well as in in fec ted , b u t  eu tro p h ic  babies. T he n o rm a l 
values have been p resen ted  in th e  prev ious sec tion . A tro p h y  associa ted  w ith  
L einer's  disease w ill be discussed se p a ra te ly , as in th a t  cond ition  fa t  m e ta ­
bolism  is severely  im paired .

I. Survey o f  the literature

D ata  concern ing  for v itam in  E in  in fa n tile  a tro p h y  are lack ing  in  th e  
li te ra tu re , nor are  th e re  exact d a ta  for ch ild ren , even in th e  am ple l i te ra tu re  
on sta rv a tio n .*

F or long, v ita m in  E  was p rescribed  exclusively  in o b s te tr ic a l-g y n ae ­
cological cond itions, such as h a b itu a l ab o rtio n , p rem atu re  b ir th , a b ru p tio n  
o f  th e  p lacen ta , m enorrhag ia , d y sm en o rrh o ea , p rim ary  s te rility  (in b o th  
fem ales and  m ales), m enopausal syndrom e, as well as in  progressive m uscle 
d y s tro p h y  and  in  neurological d isorders, b ecau se  in these  conditions, on th e  
an a lo g y  of the  deficiency sy m p to m s in  a n im a ls , an  a priori defic iency  of 
tocophero l had  been  suggested to  be p resen t. T h e  resu lts , how ever, le n t v e ry  
l ittle , if  any , co n firm a tio n  to  th is  view . A t th e  3rd In te rn a tio n a l V itam in  E 
Congress, held 1955 in Venice, less in te re s t h a s  been  devo ted  to  th e  above 
cond itions and  e n tire ly  d ifferent fie lds o f h u m a n  p a th o lo g y  have been p o in ted  
o u t as being th e  m a in  fields of v ita m in  E  a d m in is tra tio n . Since th e  1st (L ondon , 
1939) an d  2nd (N ew  Y ork , 1949) V itam in  E Congresses th is  “ p o ly fu n c tio n a l”  v i ta ­
m in has nam ely been  found to  possess such a g re a t n u m b er o f physio logical 
effects as is unique in  th e  field o f  v itam in s . Suffice  here to  m en tion  th a t  since 
th e  1949 Congress 1600 reports h av e  been dea lin g  w ith  v itam in  E . W hen 
ad m in is te red  in c e r ta in  doses, tocophero l a c ts  n o t as a v itam in , b u t  as a 
d ru g , and  in th is  case its  use rep resen ts a ch em o th erap eu tica l, r a th e r  th a n  a 
su b s titu tio n  tr e a tm e n t.

* In the blood o f  malnourished adults the v itam in  E level is 25 per cent lower [143] 
than in normal individuals. In the starving Germany even  lower values were found [1]. During  
the German occupation, 0,2 m g/100 ml average values w ere found in France [360] and sim ilar  
ones were reported for the Netherlands [79]. On the other hand, daily adm inistration o f sm all 
doses o f tocopherol prolongs the life o f starved rabbits [67].
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F ir s t  of all, th e  fav o u ra b le  resu lts  a t ta in e d  in  th e  p rev en tio n  a n d  t r e a t ­
m e n t o f  cardiovascular diseases should  be m en tioned .*  These are  b a se d  on 
th e  fo llow ing physio logical effects.

A lpha-tocophero l reduces th e  oxygen req u irem en t no t on ly  of th e  m uscles 
[160] a n d  th e  an im al as a w hole [395, 276, 162, 349, 350], b u t also o f th e  
is o la te d  h e a r t [171] th u s  c rea tin g  fav o u rab le  conditions in  a n o x ia  [162], 
fa v o u ra b le  influencing th e  fu n c tio n  of th e  enzym e system  of th e  m y o card iu m  
[130, 335]. I t  d ila tes th e  cap illaries [326], reduces cap illa ry  p e rm e a b ility  
[325] a n d  frag ility  [251, 256, 254, 252, 92, 250], relieves vascu la r spasm  [359]. 
I n  th e  r a b b it  i t  a p p a re n tly  p rom otes th e  fo rm atio n s of collagen fib res , p re se r­
ves a n d  p ro tec ts  th e  r e tic u la r  a n d  elastic  s tro m a  of m yocard ium  a n d  co ro n a­
ries a n d  d ila tes th e  c o ro n a ry  capillaries [245]. B y  v ir tu e  of its  physio logical 
a n ti th ro m b in  effect [171, 396, 172], i t  de lay s th e  fo rm ation  o f in tra v a sc u la r  
th ro m b i an d  b y  its  a c tio n  o n  fib rous tissue** it  is capab le  of d isso lv ing  a lread y  
e x is tin g  th ro m b i [171, 327]. Likewise, i t  can  de lay  th e  dev e lo p m en t and  
sh rin k a g e  of fresh an d  o ld  scars [326, 327, 328, 338, 54, 13, 314]. I n  an im als , 
a r t i f ic ia l  v itam in  E  d efic iency  induces oedem a b y  increasing  c a p illa ry  fra g ility  
(“ e x u d a tiv e  d ia th esis” ) [80],*** p roduces v a scu la r  changes, th ro m b o sis , 
h aem o rrh ag es  [231], or ev en  a rte ritis  [156]). I t  is in te restin g  th a t  in  m an  
v i ta m in  E  increases th e  th ro m b o c y te  co u n t [86, 275] an d  in  th e  p la c e n ta  it 
n o t  o n ly  d ilates th e  cap illa ries , b u t  also enhances ep ithe liza tion  a n d  v a sc u la r­
iz a tio n  [351].

B y  inducing chron ic  v ita m in  E  defic iency , m yocard ia l changes can  be 
p ro d u c e d  in  anim als [134, 229, 221, 103]. S im ila rly  v itam in  E  a d m in is tra tio n  
m a y  b rin g  abou t reg ression  o f th e  sp o n tan eo u sly  developing h e a r t  disease 
o f  th e  dog and  ca t [198], a n d  lessen th e  arteriosclerosis of th e  h en ’s a o r ta  th a t  
d ev e lo p s on norm al d ie t [387]. The ac id -fast ceroid p igm ent fo rm ed  in  th e  
d y s tro p h ic  muscles o f an im a ls  w ith  v ita m in  E  defic iency  is id en tica l w ith  th e  
p ig m e n t found  in th e  o ld -age  a tro p h y  o f th e  h u m a n  m yocard ium  [225, 258, 
268 ]. I n  th e  a rte rio sc le ro tic  h u m a n  a o rta  perox ide  accum ulates [124]**** 
q u i te  as in  th e  e x p e rim e n ta l an im als w ith  v ita m in  E  deficiency.

T hese, m ain ly  v a sc u la r , p h a rm aco d y n am ic  effects of v ita m in  E  exp la in  
th e  good results ob ta ined  b y  its  use in  pe rip h e ra l v ascu la r diseases,***** in  dis-

* W e do not wish to deal here w ith  the subject in  detail. Those interested should  consult 
th e  su rveys [14], [354] and [324], published since 1940, 1949, and in  1954, respectively .

** The action on th e  v esse ls and on the connective  tissue explains the results achieved  
in  prim ary fibrositis (Dupuytren  s contracture, Peyronie's  disease), in m yositis, fibrom yositis , 
m u scle  rheum atism , bursitis, in  collagenoses (lupus erythem atodes, granulom a annulare, 
scleroderm a).

*** Alpha-tocopherol has also som e antihyaluronidase activ ity  [61].
**** As a strong anti-ox idan t, vitam in E interferes w ith  the oxidation  o f unsaturated  

fa ts  ; th is is the primary cause o f  p igm ent form ation and it  is by  this property th a t vitam in  
E  a cts on proteines [61].

***** Throm bophlebitis, phlebothrom bosis, throm boangiitis obliterans ( Buerger's 
d isease), interm ittent claudication.
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eases o f th e  sk in  an d  o th e r  conditions closely re la te d  to  v ascu la r changes,*  
as w ell as in  h e a r t d isease, m a in ly  in  those w ith  co ro n ary  invo lvem ent.**  
I ts  “ a n tid i; b e tic”  effect*** can  he ascribed m a in ly  to  a p rev en tio n  an d  
cure o f progressive v a sc u la r  degeneration  in d ia b e te s . T he beneficial effect 
o f  v ita m in  E  in  ce rta in  o cu la r (retinal) changes is likew ise due to  its  v a sc u la r  
effec t. T he p rev en tio n  o f  ce reb ra l and  p u lm o n a ry  th ro m b u s fo rm atio n  b y  
v ita m in  E  has been m ad e  use o f  also in th e  p o s t-o p e ra tiv e  phase o f co n g en ita l 
h e a r t  disease.

T he a fo re-m entioned , a n d  more or less confirm ed , pharm aco log ical 
effects develop on ly  on p ro longed  ad m in is tra tio n  o f a t  least 150 (to  1000) 
m g o f tocophero l da ily , i. e. severa l tim es th e  a m o u n t con ta ined  in  th e  d ie t. 
In  such  cases th e re  is a p p a re n tly  a failure o f  th e  organism  to  supp ly  from  
its  n o rm a l tocophero l reserves th e  increased d e m a n d  due to  certa in  affec tions 
o f th e  connective tissu e  a n d  cap illaries asso c ia ted  w ith  a d is tu ib an ce  o f  tissu e  
m etab o lism  or even d es tru c tio n .

T h e  only p roven  a n d  p rincipal role o f to co p h e ro l as a v ita m in  in  th e  
h u m a n  bo d y  is its  be ing  an  im p o rta n t in tra c e llu la r  an tio x id a n t in  m e tab o lic  
processes. Is i t  th e n  ju s tif ie d  to  speak  of av itam in o sis  E  in  m an?

a )  As fa r as sim ple av itam inosis  E , i. e. a co n d itio n  due to  an  insuffic ien t 
in ta k e  o f  tocophero l for a long period of tim e, is concerned , it  is un like ly  th a t  
it w ould  develop in  a d u lts  an d  th ere  is no ev idence  availab le  to  show  th a t  
it  occurs a t  all. W hen  p rev io u sly  the  in tak e  a n d  sto rage  h ad  been n o rm a l, 
it m a y  ta k e  years for th e  av itam inosis to  develop  even i f  th e  d ie t co n ta in s  
no v ita m in  E  w h a tev er. V itam in  E  deficiency m a y , how ever, develop in 
new borns an d  in fan ts , i. e. a t  a tim e  when s to rag e  in  tissues has no t becom e an 
im p o r ta n t fac to r.

b) As regards th e  so-called  com plicated  av itam in o sis  E , i. e. a cond ition  
due to  im paired  a b so rp tio n , s to rage , and  to  in c reased  u tiliza tio n , to ta l  d e fi­
ciency is un likely  to  occur in  ad u lts , only  an  u n sa tis fa c to ry  supp ly  (hypo- 
v itam in o sis). In  in fa n ts , how ever, th e  reserves m a y  com pletely  be d ep le ted  
an d  th u s  to ta l  av itam in o sis  E  m a y  develop.

T he m easure o f v ita m in  E  supply  in  th e  o rgan ism  is reflec ted  b y  th e  
tocophero l con ten t o f tissu e  depo ts. This m ay  be  e s tim a te d  (on th e  basis  o f  
the co rre la tions betw een  th em ) [185, 186, 291, 243] on g rounds o f th e  p la sm a  
level, a lth o u g h , accord ing  to  Maso n  [232], th is  is unfeasib le  in  acu te  e x p e ri­
m en ts.

* Indolent ulcers, arteriosclerosis and early gangrene o f  the extrem ities, burns, delayed  
healing o f wounds, kraurosis vu lvae , nephritis.

** Coronary sclerosis, coronary occlusion, rheum atic heart disease, hypertensive  
arteriosclerotic heart disease, hypertension.

*** D iabetic arteriosclerosis, arteritis (throm boangiitis), diabetic gangrene, d iabetic  
vu lvovagin itis . V itam in E reduces the insulin requirem ent in diabetics, not by potentiating  
the insu lin  effec t, but by im proving the glycogen m etabolism  of m uscles.
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I n  recen t years, v i ta m in  E  defic iency  h as  been suggested  to  be  involved  
in  a v a r ie ty  of pa thologic  co n d itio n s a n d  fav o u rab le  resu lts  h av e  been  observed  
w ith  th e  use of tocophero l in  a w ide sp e c tru m  o f diseases. In  th e  perio d  of 
f ro m  1940 to  th e  second h a l f  o f 1950, 900 such  repo rts  h av e  been  p u b lished . 
T h e  m a jo r i ty  of these com m u n ica tio n s, how ever, should be eyed  w ith  critic ism , 
b e c a u se

a )  m ost of th e  conclusions d raw n  w ere based  exclusively  on th e  th e r a ­
p e u tic  re su lts  ob ta ined  w ith  v ita m in  E . B esides, th e  opinions concern ing  th e  
s ing le  diseases are fa r  from  being  u n eq u iv o ca l.

b)  th e re  has been  a te n d e n c y  to  use v ita m in  E in m a n y  a cond ition  
a b so lu te ly  lacking th e  ex p e rim e n ta lly  in d u ced  m an ifesta tions o f  v ita m in  E  
d e fic ien cy , or any  o f its  c r ite r ia . T hus, in  h u m a n  changes w ith  no ex p e rim en ta l 
e q u iv a le n t , conclusions sh o u ld  be d raw n  o n ly  from  in v es tig a tio n s  carried  
o u t  w ith  u tm ost care a n d  con tro lled  m o st m eticu lously  [394, 95].

c)  as com pared to  th e  d a ta  based  on th e ra p e u tic  resu lts ( “ex iuvan tibus" ) ,  
few  re p o rts  include ex p e rim en ts  (b a lan ce  ; b iochem ical o r p a th o lo g ica l 
s tu d ie s  ; to lerance or sim p le  tes ts) con firm ing  th e  claim s.

I t  should  be also b o rn e  in m ind  th a t  th e  d a ta  o b ta in ed  b y  e s tim a tin g  
th e  v i ta m in  E level in se ru m  or p lasm a do n o t alw ays give u n eq u iv o ca l resu lts.

F o r  instance, in  a d u lts  th e  to co p h ero l level in  serum  or p la sm a  is low 
w h en  th e  d iet is defic ien t, f a t  ab so rp tio n  is im paired , or w hen in ta k e  is low 
(ch ro n ic  stea to rrh o ea , coeliac disease, sp ru e , b ilia ry  o b stru c tio n , cy s tic  fibrosis 
o f  th e  pancreas, d ia rrh o ea  [102, 82, 83, 274, 357]. In  h e a r t an d  liv e r  disease 
[187, 188, 185], too , th e  level is low  for a lim e n ta ry  reasons an d  n o t b ecau se  of th e  
d isea se  p roper [224]. L ow er levels are  m easu red  in  h y p e rth y ro id ism  [154], 
in  m en o p au se  assoc ia ted  w ith  v a so m o to r d is tu rb an ces [32], in  D u p u y tre n ' s 
c o n tra c tu re  [183], w hereas in  m uscle d y s tro p h y  and  patho log ic  p reg n an cy  
so m e  au th o rs  observed  low  [385, 384, 297], o thers no rm al [258, 321] levels.

U n u su a lly  high is th e  tocophero l level in  conditions associa ted  w ith  hyper- 
ch o leste ro laem ia , for ex am p le  in  d iab e te s  associa ted  w ith  nephrosclerosis, 
c a ro te n a e m ia  and  co ro n a ry  th ro m bosis. M odera te ly  h igh levels a re  e n co u n t­
e re d  in  card iovascu lar a ffec tions asso c ia ted  w ith  h y p ertension  [83]. O th e r­
w ise, th e  level is n o rm al in  d iabetes [41], increased  in  n ep h ritis , b u t  no t in 
n e p h ro s is  [279].

In  m any  a co n d itio n  (including  p n eu m o n ia  an d  infection) w hich has 
b e e n  rep o rted  to  re sp o n d  w ell to  v ita m in  E  ad m in is tra tio n  [357, 188, 279] 
th e  b lo o d  level is n o rm a l.

V itam in  E has been observed  to  h a v e  a th e rap eu tic  effect in  a v a rie ty  
o f  d iseases of in fan ts  a n d  children .*  H ow ever, th e  considera tions ou tlined  
a b o v e  ap p ly  also to  th e se  claim s.

In  th e  following, o n ly  p roved  effects w ill be m en tioned , -— a n d  a cli­
n ic a l p ic tu re  will be described .



Table I

Atrophy ( Hypotrophy I I )

Clinical data for infants (P, =  85 — 75)

No.
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l . 88 ; Feb. 1954 F. Gy. 1 0 7 » 78/104 — + — + — — + — — + — — —

2. 109 May, 1954 Sz. M. 107» 78/104 - f + — — — — + — - — + — —

3. 73 Jan. 1954 F. K. 17» 80/93 + + — - - — — — - + - f + +

4. 65 Dec. 1953 B. J. 137» 76/112 — — — + — + — — — — — — —

5. 54 1 N ov. 1953 M. M. 17» 77/106 — + + + — + — + + + * — — —
6. 72 Dec. 1953 V. E. 37» 77/91 — + + — — + + - - - + - —
7. 21 March 1952 J. G y. 47» 0,82 - f + + + — — + — + + — — —

P; =  paediom etric index.

Infection, preceding (in history)
d ia rrh o ea ..........................
diarrhoea +  pneumonia 
diarrhoea -)- o titis . . . .  
influenza, pneumonia . 
pyoderm a ........................

1
1
1
2
1
6

Infection, on admission
o t i t i s .............................................................  1
otitis +  m astoiditis +  p n eu m on ia .. 1
otitis +  p n eu m o n ia .............................  1
influenza, pneum onia............................  2

* E rythrocyte count : 2 480 000.
Injury during pregnancy in 1 case (No. 5).
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Table II
Decomposition (Hypotrophy 111)

Clinical data for infants in subgroup I I I /l (Р/ =  75—65)

I n f e c t i o n D ietary njury Constitution Condition
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Post-m ortem  diagnosis
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l. 26 Apr. 1952 N. I. io 2/ 3 67/89 + + + + * + _ + + ° + + _ Partial atelectasis of

2. 95 March,1954 B. A. 7V. 70/100 - + + - - - + - - + - - -
lungs. Comp, em- 

phys. Congestion of
3. 22 March, 1952 V. M. 57з 70/92 + + + + — + + + + — — — — liver and spleen.

; **4. IK Aug. 1952 U. I. 51/ . 71/91 + — + — — — + + — — — + \  O titis m. s. 1. d.
5. 43 Feb. 1953 J. F. 12/з 74/93 - - + — j

6. 27 Dec. 1952 M. s . 97s 0,68 + — + + — — — + + — — — —

7. 74 Jan. 1954 A. J. 4 7 , 72/87 + - + + - + + + + + - - -
1 Bronchopneumonia, 

confluent paraver-
8. 75 J an. 

Jan.

1954 H. Zs. 

L. T.
6 7 , 75/88 + + + + — + +

+
— — — — — + tebral. Gastroenteri-

9. 79 1954 4 7 , 0,67 — + + + — + + + — — — — Dilatation of cardiac
10. 41 Jan. 1953 T. I. 37s 69/93 — — + — — + — — — 4- — — — ventrale. Parenchy-

11. 11 Dec. 1951 A. I. 47s 70/93 + - + + 1 *****T - - + + + + + —
m atous degeneration  
of the myocardium.

12. 63 Dec. 1953 Cs.F. 17s 66/102 + — + + + — — — — — + — — Passive hyperaemia.

13. 71 Dec. 1953 U . M. ■17, 73/98 + — + + _!_***** + 4* — — j oo + — — Cerebral oedema. 
O titis.

Infection, preceding (in history)
diarrhoea............................................  3
diarrhoea +  v o m it in g ................ 2
diarrhoea +  tbc, s y p h il is ...........  1
o t i t i s .................................................... 2
otitis +  m astoiditis -f- pyoderm a 1
vom iting ..........................................  1
p er tu ss is ............................................. 1

11

Infection, on admission
o t i t i s ...................................................  5
otitis -j- diarrhoea ....................  3
otitis -j- p n eu m o n ia ....................  2
otitis -j- m a s to id it is ....................  1
otitis +  pneum onia -f- diarrhoea 1
otitis +  p n eu m o n ia ....................  1

13

* semolina in water 
**1/2 milk w ithout sugar 

***vom iting since birth (Pyloric stenosis)! 38%  
****insufficient 1/2 m ilk from beginning J 

*****1/2 m ilk w ith saccharine

° erythrocyte count 1 020 000 
00 erythrocyte count 3 000 000 
Injury during pregnancy in  

4 cases (No. 1, No. 3, No. 9, No. 13).

O)

'. 
G

E
R

L
Ó

C
Z

Y
 and B

. 
B

E
N

C
Z

E



V ITA M IN  METABOLISM IN  IN F A N T IL E  A TRO PH Y 17

Min k o w sk i ad m in is te red  tocophero l to  th e  m o th er during  la b o u r  an d  
could  th e n  b y  p rev en t cen b ro m en in g ea l h a e m o rrh ag e  in  p re m a tu re  b ab ies  ; 
he su p p o rte d  his o b serv a tio n s b y  ex ac t s tu d ie s  o f  blood level, p e rm e a b ility  
an d  c a p illa ry  frag ility  [251, 256, 254, 257, 250]. I t  has been p ro v ed  b o th  
in  vivo  a n d  in  vitro th a t  v ita m in  E reduced  th e  lysis of th e  new born’s e ry th ro ­
cy tes b y  hydrogen  perox ide  [128, 127, 138]. T h e  good resu lts we ach ieved  by  
th e  use o f  v itam in  E  in  scleroedem a o f p re m a tu re  in fan ts  in the  years  follow ing 
W orld W a r I I ,  have  been su b s ta n tia te d  b y  th e  u n tre a te d  in fan ts, w hose p a th o ­
logical changes resem bled  th o se  occurring  in  an im als  w ith  v ita m in  E  d e fi­
ciency [116, 118, 120, 119, 117, 121]. As fa r  as re tro le n ta l fib ro p lasia  is con­
cerned , fav o u rab le  or encourag ing  resu lts  h a v e  been  m entioned  [272, 263, 
193, 310], b u t  also d o u b tfu l [182] effect o r even  no effect a t  all [15, 199, 
200, 298]. N o co rre la tio n  w as de tec ted  b e tw een  th e  blood v ita m in  E  level 
an d  re tro le n ta l  fib ro p lasia  [182, 298, 311], o r th e  level increased s ig n if ican tly , 
in sp ite  o f  th e  fa c t t h a t  th e  p a tie n t’s co n d itio n  d e te rio ra ted  [200, 209].

I I .  E xperim ental 

Patient m aterial

T he s tud ies were m ad e  on 27 a tro p h ic  in fa n ts , classified acco rd in g  to  
th e  sev e rity  o f a tro p h y . O f th e  27 in fan ts  7 be longed  to  the  group o f  a tro p h y  
(h y p o tro p h y  II )  an d  20 to  th a t  o f decom position  (h y p o tro p h y  I I I ) .  T h e  la t te r  
group has been  d iv ided  in to  tw o  subgroups. T h e  in fa n ts  w ith  a P , b e tw een  75 
and  65 w ere included  in  subgroup  I I I / l ,  th o se  w ith  a P , lower th a n  65 were 
lis ted  in  su bgroup  I I I /2 . In  th is  w ay  th e  in fa n ts  w ith  th e  severest decom po­
sition  fell in to  subgroup  I I I /2 . The clinical d a ta  fo r group I I ,  subg roups I I I / l  
and  I I I /2  h av e  been su m m arized  in  3 T ab les. F u rth e rm o re , we h a v e  d e te r ­
m ined th e  serum  v ita m in  E  level in 6 eu tro p h ic  in fan ts  suffering from  acu te  
febrile d isease. In  th e  follow ing we shall d iscuss th e  serum  v ita m in  E  level 
s tud ies m ad e  in these  33 in fan ts .

Methods

B lood w as ta k e n  d u rin g  th e  f irs t few  day s following adm ission , 
before a n y  th e ra p e u tic  v ita m in  ad m in is tra tio n  h a d  been s ta r te d . B lood was

* A norexia [42], pyloric stenosis [104, 309], postd iphtheritic  palsy [243], infantile  
acrodynia [105, 313], enuresis [300, 223], erythroblastosis [352, 353], non-occlusive congenital 
hydrocephalus [364, 341], poliom yelitis [341], m ental retardation, m ongolism  [70, 341], 
acute glom erular nephritis [285, 286], eryptorchidism  [307], m yocardial lesion [208], chorea 
[93]. V itam in E has been recom m ended for the prom otion o f w eight gained in prem ature infants 
[312, 300, 284, 389, 16, 135] and infants [269, 157, 175, 316, 176]. Contradictory evidence has 
been reported for its action on lactation  [148, 301, 40, 304, 50, 329].

2  Acta M -J ica I 1—2



Table III со
Decomposition (Hypotrophy I I I )

Clinical data for infants in subgroup III/2 (P; =  below 65)

I n f e c t i o n
D ietary

Constitution Condition

o
Z preceding on admission injury

’s .3‘f
No. ~oa Date of test Initials

Age
months

Pi
or я a

Я ^ <lT Post m ortem  diagnosis
u
d.
Xы

DQ

di
ar

rh
oe

s

ot
he

r

ot
it

is

ot
he

r

gr
av

e

m
od

er
at

i
1 E

xu
d.

Ьчо
3и
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ke

ts

A
na

em
ia

D
ev

el
op

]
di

so
rd

ei

Pr
em

at
u

bi
rt

h

D
ea

th

1.

2.

5

7

Dec.

N ov.

1951

1951

Sz. z .  

H. L.
71/ .

1 7 з

55/96

64/98
+

+

+

+

+

+

+

+

-

+

+

+

+ -

+

- -

+
^Haemorrhage in the lungs. 
< Dilatation of the heart.

3. 25 Dec. 1952 K. J. 10 0,56 — + + + — + + — + + ° — — — 1 Anaem ia. Jaundice

4. 44 Feb. 1953 L. M. 5 7 з 59/97 + + + - + * + + — - - + - —

5. 91 March 1954 K. J. 2 7 з 40/110 — + + + - - + - — - + — —
6 . 70 Dec. 1953 M. F. 82/з 58/99 - - + + - + + - - + — - —

7. 6 8 Dec. 1953 M. M. 92/з 0,42 + + + + + * * + + — + + — — —

Infection, preceding (in history)
diarrhoea -f- pneum onia 1
diarrhoea +  pneumonia +  pyoderma 1
diarrhoea -j- otitis +  m astoiditis . . . .  1
diarrhoea -f- pyoderm a....................... 1
p n eu m o n ia .............................................. I
pneum onia -f- otitis ................................. 1

6

* Vom iting since birth (pyloric stenosis) 1 ,9йо/ \ 
'* U ndiluted goat’s milk J ' ° '

Infection, on admission
o t i t i s ...............................................................  1
otitis -f- p n eu m o n ia ................................  2
otitis +  pneum onia +  h e p a t i t i s __ 1
otitis +  pneumonia -f- m astoiditis . .  1
otitis +  pneum onia -f- pyoderm a . . .  1
otitis m astoiditis -f- pyoderm a . . .  17

°E rythrocyte count, 3 200 000 
Injury during pregnancy in 2 cases (No. 1, No. 7).
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ta k e n  a n d  v itam in  E  co n ten t of th e  serum  w as determ ined  as d esc rib ed  p rev i­
ously.

T he paed io m etric  index  (P,) has b een  ca lcu la ted  in v a ria b ly  fo r th e  
d ay  o f th e  te s t. T he deve lopm en ta l q u o tie n t w as com puted only  i f  th e  leng th  
of th e  in fa n t could  n o t he m easured  a c c u ra te ly .

Results and d iscussion

T he resu lts  o f  th e  v itam in  E  d e te rm in a tio n s  for group I I ,  su b g ro u p s 
I I I / l  an d  III /2 , a re  show n in T able V.*

In  th e  in fan ts  o f  g roup  I I  (a tro p h y , h y p o tro p h y  II) th e  se ru m  v itam in  
E  level w as p ra c tic a lly  th e  sam e as in  n o rm a l in fan ts. The m ean  lev e l was 
M =  0,434 m g/100 m l, as com pared  to  th e  M =  0,383 mg/100 m l in  norm al 
bab ies.

T he in fan ts  o f  su bgroup  I I I / l  ex h ib ited  a m uch lower level (M =  0,253 
mg/100 m l), h u t s ta t is t ic a l  analysis show ed th e  difference to  be n o t s ig n if ic a n t. 
This m eans th a t  th e  low  levels found  in  su b g ro u p  I I I / l  cannot be in te rp re te d  
as a sign  o f hy p o v itam in o sis .

In  subgroup  I I I /2  th e  m ean  serum  v ita m in  E  level was 0,080 m g/100  m l, 
s ig n ifican tly  lower th a n  in  th e  norm al g ro u p , show ing th a t  these  in fa n ts  are

M <sM 5•
re la ted  to

Eutr. Hypo. И. Нуро.Ш.
E u tr o p h y  

H y p o tro p h y  II 

H yp o tro p h y  lll/j 

H y p o tro p h y  III/2 

Eutrophic. d iseased

0.363

0Л34 f06 OA

0.253 HO  1.1 
0060 32 6.7 3.1

0.17 it 60 3.0

1.5

yyy\ com parable to e u tr o p h ic  v a lu e s  

Ш  n o t s ig n ific a n tly  lo w e r  

s ig n i f i c a n t ly  low er

Fig. 1. Serum E v itam in  levels in infantile atrophy (as determined by B en cze’s m ethod) 
on the basis o f the m ean value (M /m g/100 Ml)

* As our purpose w as to study the vitam in  E  lev e l in decom position and a trophy, 
infants belonging to group I (dystrophy, hypotrophy I) were not examined. A ccording to 
our previous investigations, these show vitam in E va lu es near to normal.
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Table IV

Seru m  vitamin E  levels in  eutrophic infants suffering fro m  acute febrile disease

No. In itia ls months DQ D i a g n o s i s
Se. v itam in  E 

mg/100 m l

i . M. I. 7 1 ,1 2 Spastic bronchitis. O titis 0,042

2. Cs. I. 8V3 1 ,1 0 Pneumonia. O titis . M astoiditis 0,050

3. B . Gy. 82/з 0,98 Pneumonia. O titis 0,080

4. M. J. 3 7 3 1Д Pneumonia. O titis 0,226

5 . J . Gy. 67з 1 ,0 Bronchitis. E nterocolitis 0,226

6 . D . L. 3 0,97 Pneumonia. O titis 0,423

M =  0,174

a  M =  0,60  

S =  3,0

p o o rly  supp lied  w ith  v i ta m in  E . This fac t in d ic a te s  th a t  all the  7 b ab ie s  in 
th is  g ro u p  suffered from  h y p o - or av itam in o sis .

A ccord ing ly , in  in fa n tile  a tro p h y  th e  se ru m  v itam in  E level decreases 
w ith  th e  severity  o f a tro p h y . The level in  g ro u p  I I  was sim ilar to  w h a t 
we h a d  found  to  be n o rm a l, whereas in su b g ro u p  I I I / l  the  level w as m uch 
low er, th o u g h  no t s ig n if ic a n tly  so. In  su b g ro u p  Ш /2 , which in c lu d ed  th e  
in fa n ts  w ith  the  g rav est decom position , a P { less th a n  65, the level w as sign if­
ic a n t ly  below  th e  n o rm a l. I t  is rem arkable  t h a t  in  th e  serum  of 2 cases of 
g ro u p  I I I  there  were on ly  tra c e s , and  in 1 case n o t  even  a trace  of v ita m in  E . 
W e h a v e  no t found  su ch  observations in  th e  l i te ra tu re . F u rth e r , th e  level 
w as lo w er th a n  100 m icro g ram s in 10 of 20 cases . These, too, are v e ry  low 
v a lu e s  com parab le  o n ly  to  th o se  observed b y  F i l e r  et al. [102] a n d  W r ig h t  

et a l. [392] in cases o f im p a ire d  fa t ab so rp tio n .
As in  6 of th e  7 cases in  subgroup I I I /2  in  th e  h isto ry  there  was m e n tio n ­

ed  in fe c tio n  in itia tin g  a tro p h y  and  on a d m iss io n  a ll 7 cases su ffe red  from  
se c o n d a ry  infection  a p p a re n tly  co n trib u tin g  to  th e  m ain tenance  a n d  p ro g ­
re ss io n  o f  a tro p h y , th e  q u e s tio n  arose w h e th e r th e  low v itam in  E  leve ls  were 
d u e  to  th e  decom position  o r to  infection. A lth o u g h  infection was a com m on 
f e a tu re  also in subgroup  I I I / l  and  group I I ,  as a control eu tro p h ic  bab ies 
su ffe r in g  from  acu te  feb rile  diseases were e x a m in e d . The results can  be  found  
in  T a b le  IV . A lthough  in  th e se  eu trophic  in fa n ts  w ith  acu te , febrile co n d itio n s 
th e  lev e l o f v itam in  E  w as also bslow n o rm a l (M =  0,174 m g/100 m l), th e  
d iffe re n c e  was no t s ig n if ic a n t, only p ro b ab le . T h is shows th a t ,  a p a r t  from  
b e in g  th e  decisive fa c to r  in  th e  process of a t ro p h y , infection  m ay  p la y  a p o te n ­
t ia l  ro le  in  th e  decrease o f  th e  serum  v ita m in  E  level.
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Table V

Vitamin E  content of  the sarum in atrophic infants

A t r o p h y D e c o m i p o s i t i o n
(Hypotrophy II) (H ypotrophy III)

P< = 85—75
I I I / l

P< = 75—65
111/2

P, = 65 —

No.
Serum vitam in E

No.
Serum vitam in E

No.
Serum  vitam in  E

m /100 ml mg/100 m l mg/100 ml

l . 0,100 l . 0 l . traces

2. 0,115 2. traces 2. 0,040
3. 0,214 3. 0,026 3. 0,040
4. 0,517 4. 0,030 4. 0,058
5. 0,605 5. 0,035 5. 0,071
6. 0,724 6. 0,044 6. 0 ,1 0 0

7. 0,766 7. 0,075 7. 0,252

8 . 0,080

9. 0,150
1 0 . 0,214

1 1 . 0,425

1 2 . 1,000

13. 1 ,2 1 2

M =  0,434 M =  0,253 M =  0,080
erM =  0,108 <;М =  0,110 <rM =  0,032

S =  0,4 S =  0,1 S =  6,7*

* =  Related to norm al subjects 
** =  Related to hypotrophy II 

*** =  « « « I I I /l

S =  3,1**

S =  1,5***

I t  is w ell-known t h a t  as an  aetio logical fa c to r , d ie ta ry  in ju ry  a c ts  m ostly  
n o t b y  itself, b u t in a ssoc ia tion  w ith  infection . T h e  incidence o f m ild  d ie ta ry  
in ju ry  in  th e  h is to ry  w as p ra c tic a lly  iden tica l in  th e  3 te s t groups [43, 46 and  
43 p e r  cen t). H ow ever, in  g roup  I I  there  w as no  evidence of a g rav e  d ie ta ry  
fa c to r , w hereas th is  o ccu rred  a t  abou t th e  sam e ra te  in  subgroups I I I / l  and 
I I I /2  (28 per cent an d  38 p e r cen t, respectively ). T hus, beside in fec tio n  th e  
d ie t m ay  also in terfere  w ith  th e  serum  v ita m in  level, b u t, accord ing  to  th e  
p re sen t d a ta , it  is co rre la ted  f irs t  of all w ith  th e  sev erity  of th e  a tro p h y  a l­
re a d y  developed.

V itam in  E being so lub le  in  fa t , a d is tu rb an ce  o f  fa t  abso rp tion  m u s t also 
be ta k e n  in to  considera tion  as a fac to r low ering th e  serum  v ita m in  E  level.
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O u r m a te r ia l  did no t in c lu d e  cases associated w ith  severe im p a irm en t o f th e  
in ta k e ,  digestion or a b s o rp tio n  of fa t (L e in er 's  d isease, fibrosis o f  th e  p a n ­
c re a s , congenita l a p la s ia  o f  b iliary  d u c ts , “ M ehlnährschaden”  (Cz e r n y ) 
(p ro te in  deficiency d isease). I n  no case w as th e re  s tea to rrh o ea . I n  th e  p re ­
sen ce , o r shortly  a f te r  d ia r rh o e a  no te s ts  w ere m ad e . In  group I I I ,  serum  
c h o le s te ro l was d e te rm in e d  in  8 cases. I t  w as s lig h tly  less th a n  n o rm a l in 
1 c a se  on ly . There are  few  d a ta  concerning f a t  ab so rp tio n  in  in fan tile  a tro p h y  
( a p a r t  from  the  m e n tio n e d  diseases a n d  som e form s occu rring  u n d er 
th e  tro p ics), bu t th e  in v es tig a tio n s  of B a r t a  et al. [30] rev ea led  no 
d is tu rb a n c e  of fa t a b s o rp tio n  even when th e  developm en ta l q u o tie n t was 
less th a n  0,72. L e n g y e l  et al. [207] found  a good fa t u tiliza tio n  in  in fa n t­
ile  a t ro p h y  both  a t room  te m p e ra tu re  and  in  a c lim atic  m ilieu, in  sp ite  o f the  
f a c t  t h a t  in 2/3 of th e ir  p a tie n ts  the w eight loss am ounted  from  20 to  41 
p e r  c e n t, i. e. a tro p h y  w as m arked . A ccord ing  to  K e r p e l -F r o n iu s  and  
V a r g a  [179], ap a rt from  th e  above-m entioned  specia l conditions, th e  ab so rp ­
t io n  o f  f a t  is im paired  o n ly  in  th e  final stage  o f  decom position , in  consequence 
o f  th e  general d e te r io ra tio n  o f absorp tion  d u e  to  an hydraem ia  a n d  h y p o ­
th e rm ia .  We have so u g h t fo r  a correlation  b e tw een  serum  v ita m in  E  level, 
s e ru m  proteins, an d  liv e r  fu n c tio n , b u t d iscovered  no reliable p ro o f  o f th a t .

Sum m ary

T he fasting se ru m  v ita m in  E level h as  been  determ ined  in  27 cases of 
in fa n ti le  a trophy  an d  in  6 eutrophic in fa n ts  suffering  from  a c u te  febrile 
d ise a se . The infan ts w ere c lassified  in to  3 g ro u p s, according th o  th e  se v e rity  of 
a t r o p h y .  They belonged to  g roups I I  and  I I I .  T h e  la t te r  group was subd iv ided  
in to  2 subgroups.

T h e  serum  v ita m in  E  level was found  to  decrease w ith  th e  sev e rity  of 
a t r o p h y .  In  group I I  th e  v a lu e  was p ra c tic a lly  th e  sam e as w h a t h a d  been 
fo u n d  in  norm al in fa n ts  (M =  0,383 m g/100 m l). In  subgroup I I I / l  th e  level 
w a s  low er (M =  0,253 m g/100  ml), b u t th e  difference was n o t sig n ifican t. 
I n  su b g ro u p  III /2  s ig n if ic a n tly  lower levels w ere fo u n d  (M =  0,080 m g/100 ml). 
10 o u t  of the  20 cases in  g roup  I I I  y ie lded  v a lu es  of less th a n  100 m icrog. 
I n  2 cases traces, in  1 ca se  no trace  of v i ta m in  E  were found  in  th e  serum . 
T h e se  la t te r  values a re  u n u su a lly  low an d  no  su ch  levels have  b een  repo rted  
fo r  in fan tile  conditions n o t  associated  w ith  a d is tu ib a n c e  of f a t  abso rp tion . 
T h u s , as determ ined on  th e  basis of th e  se ru m  level, in fan ts  w ith  th e  severest 
g r a d e  o f a trophy  a re  v e r y  poorly  supplied  w ith  v itam in  E . T h a t  th is  is cor­
r e la te d  m ainly w ith  a t r o p h y  an d  not w ith  in fec tio n , has been p ro v ed  b y  the  
v i ta m in  E values o f e u tro p h ic  infants su ffe rin g  from  acu te  in fec tio n . These 
v a lu e s  were lower th a n  th o s e  for norm al e u tro p h ic  babies, b u t th e  difference 
w as on ly  probably  s ig n if ic a n t.
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Tocopherol tolerance tests in  infantile atrophy

I t  has been  show n in  th e  previous sec tion  th a t  the  se ru m  v ita m in  E 
level o f in fan ts  w ith  th e  sev erest g rade  o f a tro p h y  is s ig n ifican tly  low er th an  
th e  level we h a d  d e te rm in ed  for n o rm al in fa n ts .

None o f th e  in fa n ts  s tu d ie d  h ad  b een  a tro p h ied  in consequence  of a 
d is tu rb a n c e  o f fa t  ab so rp tio n , nor were th e re  clin ical sym ptom s to  suggest a 
poor ab so rp tio n  of fa t  (s tea to rrh o ea , d ia rrh o ea ). I t  has been re p o r te d  [30, 
207] th a t  fa t  ab so rp tio n  is u n im p a ired  even  in  th e  severest cases o f  a tro p h y  
a n d  a d is tu rb an ce  o f fa t  ab so rp tio n  is lik e ly  to  occur only  in  th e  te rm in a l 
s ta g e  o f decom position , as p a r t  o f th e  g enera l de te rio ra tio n  o f  abso rp tio n  
d u e  to  a n h y d raem ia  [178].

I f  we accep t th a t  in  in fan tile  a tro p h y  (not includ ing  sp e c ia l forms) 
f a t  abso rp tio n  is u n im p a ired , th e  reduced  a n d  sign ifican tly  low er se ru m  v ita ­
m in  E  levels found  in  th e  severe and  sev erest form s of deco m p o sitio n  m ust 
h av e  som e o th e r e x p la n a tio n . To e lu c id a te  th is  problem , to le ra n c e  studies 
h a v e  been ca rried  o u t.

I .  Survey o f  the literature

No evidence is av a ilab le  concerning th e  absorp tion  o f v i ta m in  E , or 
v ita m in  E  to le ran ce  te s ts  in  in fan tile  a tro p h y  an d  for th is reaso n  we cannot 
p resen t p e rta in in g  d a ta  from  th e  li te ra tu re .

Ingestion o f  v itam in  E  with food. T h e  thesis , s till to  be fo u n d  in  m ost 
tex t-b o o k s , th a t  th e  n o rm a l h u m an  d ie t co n ta in s suffic ien t v i ta m in  E , is 
n o t tru e  even for ad u lts .*  F o r th is  reaso n  an  ad u lt m ay  be  in a d e q u a te ly  
su p p lied  w ith  v ita m in  E , in  sp ite  o f  th e  absence of c lin ica l sym p­
to m s. Such a “ biochem ical h y p o v itam in o sis” , w hich has no c lin ica l sym ptom s 
o n ly  la b o ra to ry  ones, is know n  to  occur in  o ld  age w ith  o ther v ita m in s , to o  [295].

In  in fan ts  an d  ch ild ren  hypov itam in o sis , or even a v ita m in o s is  m ay 
develop  since m ost o f  th e  tocophero l in  th e  m o th e r’s blood c a n n o t pass the 
p la c e n ta l b a rr ie r  an d  th e  new born  has low tissu e  reserves a t b ir th . T h e  depleted  
sto res are ra p id ly  filled  up  w hen th e  b a b y  is fed m o th er’s m ilk  ( th e  low  blood 
tocophero l level increases a t  a fas t ra te ), because  colostrum , a n d  ev en  m atu re

* According to tests m ade in  the USA [143, 292, 288, 147] and in th e  Netherlands 
[98, 99], the average diet contains far less tocopherol than it should. For ex am p le, the average 
w orkm an in the USA gets m erely 10 to 90 per cent o f  the required quantity [151]. T he diabetic  
d ie t contains only about 50 per cen t o f  the tocopherol content of the normal d iet [288]. I t  should 
he borne in m ind that the m ain sources o f tocopherol in the poor diet are vegetab les and 
fru its, which contain  the relatively  less active gam m a form instead of the m ore effec tiv e  alpha 
form  [326a]. In the richer diet these are milk, bu tter  and lard, which, conta in ing  rancid fats 
and unsaturated fa tty  acids, cause a further reduction in the tocopherol co n ten t o f  the diet. 
It is also to be rem em bered that only a certain proportion of the tocopherol in g ested  will be 
absorbed (see later).
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h u m a n  m ilk, co n ta in  se v e ra l tim es as m uch  v ita m in  E  as cow’s m ilk . This 
e x p la in s  the  fact th a t  in  b ab ies  fed cow’s m ilk  th e  blood v itam in  E  level 
in c re a se s  slowly or n o t a t  a l l  and  when th e  in f a n t  is fed a low -fat a r tif ica l 
d ie t  i t  will continue to  d ecrease .

Absorption and e lim in a tio n  o f  v itam in E .  V itam in  E  is absorbed  to g e th e r 
w ith , o r by  the  sam e m ech an ism  as exogenous f a t  [278]. The fa s tin g  blood 
to c o p h e ro l level does n o t  sh o w  th e  ra te  of a b so rp tio n  from  the  in te s tin e s  and  
th e re fo re  a low fa s tin g  b lo o d  level is in d ic a tiv e  n o t o f defective a b so rp tio n  
[278], b u t  of a d ep le tio n  o f  tissue  depots [185, 186]. The v itam in  E  to le ran ce  
c u rv e  is believed to  re f le c t  th e  relations o f  a b so rp tio n  [102, 383].

A bsorption  of v i ta m in  E  in  in fan ts a n d  ch ild re n  has been in v e s tig a te d  
b y  F il e r  et al. [102] w ho  fo u n d  th a t  age p la y s  a v e ry  sm all o r no role in  
th e  sh ap e  of the  1 2 -h o u r cu rv es  after o ra l to c o p h e ro l ad m in is tra tio n  a n d  no 
s ig n if ic a n t differences w ere  observed in th e  to le ra n c e  curve betw een  m a tu re  
in fa n ts  and  p rem atu res . T h e  to lerance curves d e te rm in e d  in  in fan tile  diseases 
n o t associated  w ith  a d is tu rb a n c e  of fa t  a b so rp tio n  show ed th e  m ax im u m  
9 h o u rs  following th e  a d m in is tra tio n  of to c o p h e ro l.

M ost of th e  to c o p h e ro l ingested is e lim in a te d  in  th e  faeces [186, 189, 
152] a n d  very  little  o r  no  v ita m in  E is passed  in  th e  urine  [98, 186]. A ce rta in  
a m o u n t of the  ab so rb ed  to co p h ero l is re -e x c re te d  in to  th e  in testin es  [186, 
189]. T h e  tocopherol c o n te n t  o f th e  bile is p ra c tic a lly  th e  sam e as th a t  o f th e  
b lo o d . In  the  norm al a d u l t  a b o u t 2/3 of th e  to c o p h e ro l in troduced  is ex cre ted  
in  th e  faeces [189, 291].*  R ecen t experim ents w ith  rad ioactive  carbon  (C14) 
la b e lle d  v itam in  E  [267, 333] revealed th a t  in  th e  gu inea pig th e  faeces con­
ta in  2/3 of the  to co p h e ro l adm in iste red  [333], a n d  in  th e  r a t  75 p er cen t o f  
th e  ra d io a c tiv ity  fa ll to  th e  faeces [267], 0,9 p e r  c e n t to  th e  urine an d  20 per 
c e n t rem ain  in th e  b o d y . I n  fa t  tissue ra d io a c tiv i ty  was dem onstrab le  on ly  a 
few  d ay s  la te r. M etabo lic  s tu d ie s  w ith ra d io a c tiv e  isotopes len t su p p o rt to  
th e  ea rlie r  view th a t  to c o p h e ro l adm inistered  su b c u ta n e o u s ly  or in tra m u sc u la rly  
is a b so rb ed  a t a slow er r a te  th a n  th a t  given b y  m o u th .

Storage o f v itam in  E  in  tissues. D e ta iled  s tu d ie s  by  A b d e r h a l d e n  [3] 
a n d  o th e rs  [293, 233, 88 , 2 3 4 , 294, 89] re v e a le d  t h a t  th e  q u a n tita tiv e  s ta te  
o f  to co p h ero l in th e  b o d y  is  reflec ted  m ost t r u ly  b y  th e  tocopherol c o n c e n tra ­
t io n  in  fa t tissue. T h e  h u m a n  organism  sto res  to co p h ero l p rac tica lly  in  fa t 
tis su e  (like v itam in  A is s to re d  in  the liver) ; m u sc le  tissue is second to  fa t, 
b u t  i ts  v itam in  E c o n te n t is b y  fa r  lower th a n  t h a t  o f  fa t  tissue [322]. T he to co ­
p h ero l recoverable from  tissu e s  is p rep o n d eran tly  o f  th e  alpha ty p e ; gam m a and 
d e lta  tocopherols** a re  p re se n t in sm aller q u a n titie s .* * *  O rgan analyses [3]

* Others give the ratio  as 4 : 1,2 [152].
** A t the 1955 v itam in  E  Congress, G r e e n  [131] reported  also on the new e and f  forms 

o f  tocopherol.
*** In  general, the to cop h ero l content of tissue stores is expressed in total tocopherol

co n ten t.
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an d  tissu e  stud ies in  n o rm al sub jec ts who h a d  m e t an  acc id en ta l d e a th  [293] 
show ed th a t  th e  a d u lt  h u m a n  contains ab o u t 30 to  70 m g of tocophero l p e r 
kg b o d y  w eight [291, 293]. D ju  et al. [89] m ad e  tissu e  analyses in  a g re a t 
n u m b er o f foetuses, p lacen tae , p rem atu re  a n d  m a tu re  new borns, in fa n ts  
an d  children* an d  fo u n d  th a t  in  the  2 to  6 -m o n th  o ld  foetus (as a w hole or 
in single tissues) th e  co n cen tra tio n  of v ita m in  E  is as low  as 3,1 m g/kg  b o d y  
w eight [233, 88]. P re m a tu re  a n d  m atu re  in fa n ts  do n o t con tain  m uch  m ore  
(5,6 m g/kg). T hus b o th  p re m a tu re  an d  m a tu re  in fa n ts  are born  w ith  v e ry  
low  tissu e  reserves a n d  if  som e disease in te rfe re s  w ith  th e  rep len ish m en t 
o f th e  sto res, w hich  m a y  ta k e  years, h y p o v itam in o sis  or even av itam in o sis  
m ay  develop.

W hen assessing the u tilization o f  v ita m in  E  in  metabolism, we m u s t  
ta k e  in to  account n o t o n ly  th e  ne t ab so rp tio n  ( th e  difference betw een  in ta k e  
an d  o u tp u t) , th e  d a ta  for tissue depots, b u t also  o th e r  fac to rs. O f th e se , th e  
a n tiv ita m in s  p la y  a s ig n ifican t role [334, 248, 76, 340, 33].

I I .  E xperim enta l 

Patient material

T he to lerance  te s ts  were m ade in 6 decom posed  in fan ts (h y p o tro p h y  
I I I )  (3 in  subgroup  Ш /1 , 3 in  subgroup I I I /2 ) , as w ell as 6 eu troph ic  in fa n ts  
suffering  from  a c u te  d isease. T he 5 norm al in fa n ts  used  as controls w ere k e p t 
c o n s ta n tly  in a n u rse ry , u n d e r regu lar m edical c o n tro l, an d  were fed a co m p le te  
d ie t. T hus, v ita m in  E  to le ran ce  tests  were m ad e  in  a to ta l  of 17 in fa n ts .

Procedure

T w en ty  m g/kg  b o d y  w eight tocophero l a c e ta te  was ad m in is te red  b y  
m ou th .**  B lood was ta k e n  a fte r  4, 8 an d  12 h o u rs  a n d  th e  sera w ere te s te d  
q u a n tita tiv e ly  for v itam in  E .

T he in itia l v a lue  w as th e  v itam in  E  level e s tim a te d  in th e  serum  o f th e  
b lood  ta k e n  24 hours earlie r (4 hours a fte r  th e  la s t  m eal). This w as done 
to  avo id  an  a d d itio n a l blood sam pling on th e  d a y  o f th e  te s t.

To fa c ilita te  ev a lu a tio n , curves were p lo tte d  from  th e  m ean  in creases  
observed  a fte r 4, 8 an d  12 hours (Fig. 2). A lso show n are th e  values fo r th e  
a reas  enclosed b y  th e  cu rves (in square cm ).

* As well as in adults o f  different ages (in old age the depots are depleted again).
** An exactly  m easured quantity  o f tocopherol aceta te  w as dissolved in a few ml warm  

milk in a dish, the contents o f which were washed several tim es w ith human m ilk in to  the  
feeding hottle. Prior to adm inistration the contents o f th e  feeding bottle were slightly  warm ed  
and shaken several tim es. The drained bottle was shaken again w ith  10 ml tea and th is, to o , 
was given to the infant, in order to elim inate loss due to  dissolution or adm inistration.
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T h e areas enclosed b y  th e  curves w ere ca lcu la ted  b y  copy ing  th e  curve 
o n  c a rd b o a rd , cu ttin g  o u t th e  a p p ro p ria te  a re a , an d  weighing th is  on a n a ly tic a l 
sca le s . K now ing e x a c tly  th e  w eight o f th e  ca rd b o a rd  per sq u a re  cm , th e  size 
o f  th e  area cu t ou t w as de te rm in ed  on  th e  basis of its  w eigh t. T h e  m eans 
fo r  th e se  values (M) w ere also p lo tte d  in  curves (Fig. 3).

Fig. 2. V itam in E tolerance curves, plotted from  the mean increases in serum  vitam in E
level (m g/100 m l)

Eu tr o p h y  

H y p o tr o p h y  III. 

Eutrophic,diseased

M ŐM s
re la ted  to  
e u tro p h y

35 .6 1.3

93.2 s ig n ific a n tly
h ig h er

30 A 103 0 A 7

F ig .  3. Vitam in E tolerance tests , as evaluated on the basis o f the m ean area enclosed by
the curves (M in  square cm)

Results and discussion

T he resu lts o f th e  to le ran ce  te s ts  m ad e  in  norm al, decom posed  and  
a c u te ly  ill eu troph ic  in fa n ts  have  been  ta b u la te d . F o r th e  la s t  tw o  groups 
th e  c lin ica l d a ta  h av e  also been  p resen ted . T h e  size (in square  cm) o f th e  areas 
en c lo sed  b y  the  curves is show n in th e  a p p ro p ria te  colum ns o f  th e  Tables.

T h e  curves for th e  n o rm al and  a c u te ly  ill b u t eu tro p h ic  in fa n ts  were 
p ra c tic a lly  paralle l, w hereas th e  curves fo r th e  decom posed bab ies r a n  h igher. 
C orrespond ing ly , in  th is  la s t  g roup  th e  in c rease  in  th e  serum  v ita m in  E  con­
c e n tra t io n  was g rea te r th a n  in  th e  f irs t  tw o  groups (p a rticu la rly  a f te r  4 and
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8 hours) (see F ig . 2), an d  th e  size of th e  a re a  enclosed b y  th e  cu rv e  was 
also s ig n ifican tly  g re a te r  th a n  in  th e  case o f n o rm a l babies (see F ig . 3).

To in te rp re t th e  d iverg en t resu lts y ie lded  b y  th e  in fan ts  w ith  deco m ­
position , we m u st realize th a t  th e  process in d ic a te d  b y  th e  to le rance  cu rve  is 
com posed o f tw o  p art-p rocesses o f opposite  d irec tio n . The one in d ic a te d  b y  
th e  ascending  b ran ch  o f  th e  curve is th e  a b so rp tio n  o f v itam in  E  from  th e  
in tes tin es . T he o th e r, show n b y  th e  descend ing  b ran ch  o f th e  cu rv e , is th e  
flow  o f v ita m in  E  from  th e  b lood in to  th e  tis su es , w here u tiliza tio n , s to rag e  
an d  b reak d o w n  o f th e  excess v itam in  E  ta k e s  p lace b y  o x id a tio n . B o th  
processes m a y  proceed  a t  d ifferen t ra te s . T he cu rv e  is th e  re su lta n t o f  these  
tw o processes.

S ta r tin g  from  th e  to le ran ce  curve for n o rm a l bab ies, or from  th e  process 
in d ica ted  b y  th e  curve a n d  com paring w ith  th is  th e  curve for th e  decom posed 
in fa n ts , th e  follow ing can  be derived on th e  basis  o f p resen t know ledge on 
th e  su b jec t. A bsorp tion  is u n im paired  in  decom position  and  even  th e  ra te  
o f  a b so rp tio n  is a b o u t th e  sam e as in  n o rm a l in fa n ts . (In  th is con n ec tio n  we 
again  refer to  th e  d a ta  [30, 178, 207], accord ing  to  w hich in in fan tile  a tro p h y  
(excep t, of course, its  special form s) fa t  a b so rp tio n  is un im paired ).

In  co n tra s t w ith  th is , th e  descending b ra n c h  o f  th e  curve for th e  decom posed  
in fan ts  m ay  differ considerab ly  from  th e  n o rm a l, in so far as it  is s ig n ifican tly  
depressed  or p ro tra c te d .

T he slow ing dow n o f th e  la t te r  process ex p la in s  th e  fac t t h a t  in  decom ­
p o sition  th e  cu rve  has a high peak . Such a h ig h  tocopherol co n cen tra tio n  
can  re su lt on ly  if  th e  second process has slow ed dow n w ith  th e  f irs t  being 
u n ch an g ed . W ith  n o rm al abso rp tio n , s to rag e , u tiliz a tio n  and  b reak d o w n  th is  
h igh  co n cen tra tio n  can  obv iously  never be a t ta in e d . The possible ex p lan a tio n s  
o f th e  slow ra te  o f flow  are  : a)  v itam in  E  is s to re d  in  tissues a t  a slow ra te  
(red u c tio n  in  th e  size o f  fa t  t is s u e ;  b) u tiliz a tio n  is m inim al, p a r tic u la r ly  
in th e  m uscles (reduced  m o tility , m ark ed  m u sc u la r  a tro p h y ) ; c) tissue  
an o x ia  m ay  resu lt in  a reduced  ra te  of v ita m in  E  breakdow n.

Sum m ary

V itam in  E  to le ran ce  te s ts  have been m ad e  in  6 decom posed (h y p o tro p h y  
I I I )  a n d  5 no rm al in fan ts  and  6 eu troph ic  in fa n ts  suffering from  acu te  febrile 
d isease. T he sera o b ta in ed  4, 8 and  12 h ours a f te r  th e  ingestion o f 20 m g/kg 
b o d y  w eight o f to co p h ero l a c e ta te  were te s te d  q u a n tita tiv e ly  for v ita m in  E .

O f th e  rises in th e  serum  v itam in  E  level curves were p lo tte d  an d  
th e  size o f th e  area  enclosed b y  th e  curve w as g iven  in  term s o f sq u a re  cm .

T he curves for th e  n o rm al babies ra n  closely  para lle l w ith  tho se  for th e  
eu tro p h ic  in fa n ts  su ffering  from  acu te  feb rile  disease, w hereas th o se  for 
th e  decom posed bab ies ra n  a t a m uch h ig h e r level. C orrespondingly , in
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Table

Vitam in E  tolerance tests

D ietary 1 [ Condi- Consti- Rise in v it. E mg/100 ml serum

Exp.
precedent on admission injury tion tution

. ..
I 1г

No.
No. о DQ 2 C S я

s A A E о 4 h 8h 12h
4 > a A £ A

ь с
3

TS j Ao ; .a е в s 3
< " 3 0 о 0 Ц S 1 К С Ы г

1. 103 Apr. 1954 B. J. 13 Older 
than  
1 year

2. 107/a May 1954 H. A. 12/з 1,18
3. 127 Sept. 1954 P. M. 102/ 3 98/97
4. 128 Sept. 1954 M. Gy 5 97/102
5. 126 Oct. 1954 M. M. 5V3 97/104

Eutrophic (normal) infants 
Pi =  —97,5

0,374 0,750 0,532 34,3

0,725 0,760 0,312 41,7

0,528 0,990 0,356 41,5

0,345 0,633 0,237 27,0

0,473 0,594 0,499 33,3

0,489 M  =  0,745 0,387 M  =  35,6
o M  =  0,068

. G
E

R
L

Ó
C

Z
Y

 and B
. B

E
N

C
Z

E



Infants belonging to  the group decom position (hypotrophy III.) 
I I I /l Pf =  7 5 - 6 5 ;  Ш /2 P, =  6 5 - le s s

1. 63 Dec. 1953 Cs. F. l 2/3 66/102 + _ + + + _ III/l _ _ _ _ + 0,773 2,160 1,060 81,2
2. 68 Dec. 1953 M. M. 92/., 0,42 + + + + + — III/2 + — + — — 0,742 1,594 1,748 78,7
3. 70 Dec. 1953 M. F. 82/., 58/99 - - + + - + III/2 - — + — — 5,455 3,369 1,020 231,0
4. 71 Dec. 1953 V. M. 42/3 73/98 + - + + — + III/l - + + - + 1,458 2,925 0,282 108,0
5. 79 Jan. 1954 L. T. 4‘/3 0,67 - - + + - + III/l - + — — 0,369 0,760 0,533 36,9
6. 91 March 1954 K. J. 22/3 40/110 — + + + — — III/2 — + + — + 0,451 — 0,143 23,8

1,546 M  =  1,801 0,798 M  =  93,2  
a M  =  0,404 

S =  2,5
(As related to the normal)

A cutely ill eutrophic infants

1. 69 Dec. 1953 B. Gy. 82/ 3 0,98 — + ___ + ___ ___ eutr. ___ + + — — 0,186 0,053 0,000 5,6
2. 89 March. 1954 D. L. 3 0,97 - - — + — - eutr. - + + — - 0,317 0,396 0,446 24,5
3. 90 March 1954 M. I. 8 1,2 eutr. 0,184 0,184 0,456 14,1
4. 87 F e b .1954 Cs. J. 8 V3 1,1 - + + + — — eutr. — — — — — 0,496 1,150 0,070 40,6
5. 67 Dec. 1953 I. G. 6 \/3 1,1 ~h — — + — — eutr. — + — + 0,380 1,484 1,620 67,2

0,312 M  =  0,653 0,518 M  =  30,4  
a  M =  0,280  

S =  0,31
(As related to the normal)

* The size o f the area enclosed by the tolerance curves, in square cm
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th e  l a t t e r  group the  rise o f  v i ta m in  E  level w as m ore  m arked  8 hours follow ing 
a d m in is tra t io n . There w as a lso  a s ign ifican t d ifference betw een th e  f ir s t  tw o 
g ro u p s  a n d  th e  th ird  g ro u p  in  reg ard  to  th e  size of th e  area enclosed .

T h e  divergent re su lts  o b ta in ed  in decom position  are e x p la in e d  as 
fo llow s. I n  decom position th e  abso rp tio n  o f  f a t  is un im paired  a n d  th e  ra te  
o f  a b s o rp tio n  is a t le a s t e q u a l to  th a t  in  n o rm a l in fan ts. In  c o n tra s t  w ith  
th is ,  t h e  r a te  of the  flow  o f v ita m in  E from  th e  b lood  in to  tissues is d e fin ite ly  
r e d u c e d  an d  th is ex p la in s th e  h igh to co p h ero l co n cen tra tion  o b se rv ed  in 
d eco m p o sitio n . This slow  r a te  of v itam in  E  flow  from  blood in to  tis su e  is 
s u g g e s te d  to  be due to  th e  follow ing. S to rag e  in  th e  tissues is r e ta rd e d  (ex­
tr e m e  w a s tin g  of fa t tissue) ; u tiliza tio n , p a r t ic u la r ly  in  th e  m uscle, is g re a tly  
d im in ish e d  (decreased m o til i ty , m arked  m u sc u la r  a tro p h y ) ; an d , in  conse­
q u e n c e  o f  cellular anox ia , b reak d o w n  is slow.

Tocopherol m etabolism  in atrophic in fants suffering from  
Leiner’s erythroderm ia

O n th e  basis of an  a n a ly s is  of 1081 cases o f in fan tile  a tro p h y  a d m itte d  
to  o u r  d e p a rtm e n t in  6 y e a rs , G e g e si  K iss  [113] found  th a t  th e  fa c to r  p r im a ­
r i ly  re sp o n sib le  for th e  in i t ia t io n  of th e  process o f in fan tile  a tro p h y  w as a 
d e f ic ie n t  d ie t in 43 cases (3 ,97  p er cent) ; in fe c tio n  in  793 (73,40 p e r cen t) ; 
c o n s t i tu t io n a l ,  a c tu a l c o n d itio n a l an d  n o n -in fec tiv e  diseases in  245 cases 
(22 ,63  p e r  cent). In  th e  l a t t e r  g roup  th e re  w ere 65 cases (m aking  u p  6,0 per 
c e n t  o f  th e  to ta l)  in  w hich L e in er’s d isease h a d  s ta r te d  th e  process o f  a tro p h y . 
F o r  th i s  reason , Ge g e s i  K i s s  s ta te d  th a t  in  H u n g a ry  th e  successful therapy" 
o f  L e in e r ’s disease p re se n te d  a special sc ien tific  p rob lem  in th e  f ig h t ag a in s t 
in f a n t i le  a tro p h y . A ccord ing  to  F rank  [106], ap p ro x im a te ly  2 p e r cen t of 
a ll  h o sp ita liz e d  in fan ts  su ffe red  from  L einer’’s d isease ; an d  L einer’s disease 
w as  t h e  aetiologic fa c to r  in  10 p e r cen t o f  th e  in fa n ts  tre a te d  fo r a t ro p h y  in  
h is  o w n  d e p a rtm en t in  th e  p e rio d  of from  1950 to  1954.

I n  v itam in  m e tab o lism  stud ies in  in fa n tile  a tro p h y  it is rea so n a b le  
to  d isc u ss  sep ara te ly  th e  cases  o f  Leiner’s e ry th ro d e rm ia  and  th o se  in  w hich 
a t r o p h y  develops se c o n d a ry  to  th a t  d isease . T h e  m ore so, as a t ro p h y  due 
to  L e in e r ’s e ry th ro d e rm ia  is one of th e  fo rm s o f  w hich a p a th o lo g ic a l fa t 
m e ta b o lis m  (im pairm en t o f  d igestion , a b so rp tio n  or in take) is c h a ra c te r is tic . 
T o  th i s  g roup  belong f u r th e r  th e  co n g en ita l a p la s ia  or occlusion o f b ilia ry  
d u c ts ,  th e  cystic fib rosis o f  th e  pan creas , p ro te in  deficiency disease (“ M ehl­
n ä h r s c h a d e n ” ) [368], re sp . (kw ash io rkor) [356]. L einer’s disease re sem b les  p ro ­
te in  d efic ien cy  disease (kw ash io rkor) in  sev e ra l fu n d a m e n ta l fe a tu re s  
(o e d e m a , h y p o p ro te in aem ia , f a t ty  d eg en era tio n  o f  th e  liver, fa ilu re  o f  p an -

* More recently, H ungarian authors showed th a t in  protein deficiency d isease (M ehl­
n ä h rsch ad en ) (Vé g h e l y i, [368]) and Leiner's disease (M e s t e r , [246]) pancreatic function  
is im p aired .
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creatic  fu n c tio n )*  [178, 179, 84, 219] .  A ccord ing  to  K e r p e l -F r o n i u s , L e in e r s 
disease, p ro te in  d efic iency  disease an d  tro p ic a l  a tro p h y  w ould d iffe r  o n ly  
in th e  d ev e lo p m en t an d  q u a li ty  o f cu tan eo u s ch a n g e s , as well as in  th e  m a n i­
festa tio n s o f  th e  asso c ia ted  v ita m in  deficiencies [178].

F a t  a b so rp tio n  is severe ly  im p a ired  in  L ein er 's disease. A cco rd in g  
to  Me s t e r  [246],  s te a to rrh o e a  is a com m on fe a tu re  an d  the  red u ced  in ta k e  
due to  an o rh e x ia  shou ld  be also ta k e n  in to  c o n sid e ra tio n . Mester  et dl. [247]  
found t h a t  th e  cause o f s te a to rrh o e a  w as p a n c re a tic  failure. T h is, in  cases 
progressing  to w a rd  d e a th , was to ta l .  P o s t-m o rte m  exam in a tio n  re v e a le d  
cystic  fib ro sis  of th e  p an creas . A sim ilar case h a s  been observedby  B a l o g h  

[22]. T h e re d u c tio n  in  th e  n u m b er of h aem o co n ia  a fte r  m eals h as  a lso  been  
in te rp re te d  as in d ica tiv e  o f an  im p a irm en t o f  en zy m e production  in  L e in e r 's 
disease [87].

S tu d ie s  on v ita m in  m etab o lism  an d  th e ra p e u t ic  experim ents in  L e in e r 's 
e ry th ro d e rm ia  h av e  been m ade concern ing  th ia m in e , ribo flav in  [1 9 0 a], 
b io tin  [139, 344, 376, 353a, 156a], p y rid o x in e  [123, 283, 91], n ic o tin ic  acid  
[261], a n d  v ita m in  B 12 [107, 108, 308].*

In  o rd e r to  e lu c id a te  w h e th e r in  L e in e r 's disease w ith a t r o p h y  th e  
serum  v ita m in  E  level a n d  th e  v itam in  E  to le ra n c e  curves were d e te rm in e d  
p rim arily  b y  th e  disease i ts e lf  (or by  its  p ecu lia r aetio logy) or by  th e  s e c o n d a ry  
a tro p h y , we h av e  g rouped  o u r cases acco rd ing  to  th e  clinical se v e rity  o f  th e  
co n d itio n , ta k in g  in to  con sid era tio n  all c a rd in a l sym ptom s and p a th o p h y s i­
ological c r ite r ia , as w ell as accord ing  to  th e  s e v e rity  of a tro p h y . T o  o b ta in  
an  even  c lea re r v iew  of th e  in fluence o f L e in e r 's disease and a tro p h y  o n  th e  
serum  lev e l o f v ita m in  E , th e  in v es tig a tio n s  w ere  ex tended  to  in fa n ts  w ho 
were “ e u tro p h ic ”  in  sp ite  o f  suffering  from  L e in e r 's disease.** F in a lly , a t ro p h y  
due to  co n g en ita l b ilia ry  d u c t ap lasia  or occlusion  w as also s tu d ied , to  o b ta in  
d a ta  fo r a tro p h y  asso c ia ted  w ith  an  im p a irm e n t o f  fa t  ab so rp tio n  d u e  to  
causes o th e r  th a n  L einer's disease.

Survey o f  the literature

In  L e in er 's disease n e ith e r  th e  se ru m  v ita m in  E level, n o r v i ta m in  
E to le ran ce  h av e  been  in v e s tig a te d . In  th e  ab sen ce  o f perta in ing  o b se rv a tio n s  
we sh a ll d iscuss on ly  such  d a ta  from  th e  l i te r a tu r e  as can  be co nsidered  a n a ­
logous w ith  som e fea tu re s  fo u n d  in  ou r p a t ie n t  m a te ria l.

* A lthough the forms o f atrophy associated w ith  a m arkedly reduced absorp tion  o f  
fat obviously  involve a m ultiple v itam in deficiency, neither vitam in A, nor v itam in  E  have  
been in vestiga ted  in L einer4s disease.

** W e are aware of the fact that “ eutrophy” , as determ ined on the basis o f th e  paedio- 
metric index  (P /) [332, 330, 331] or the developm ental q u otien t (DQ), may in som e cases be 
m isleading, owing to the presence of laten t oedem a.
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I n  k w ash io rko r th e  d egenera tion  o f  s t r ia te d  an d  h ea rt m uscle  sug g ests  
v i ta m in  E  deficiency [356]. T he p lasm a v i ta m in  E  level has been fo u n d  to  be 
low  in  in fa n ts  su ffering  fro m  A frican k w a sh io rk o r  [356a].

A s reg a rd s co n d itions associa ted  w ith  im p a ire d  fa t  ab so rp tio n , in  a d u lts  
w ith  sp ru e  [82, 83, 102] a n d  chronic s tre a to r rh o e a  [83] the  serum  v i ta m in  E  
lev e l w as found  to  be low . T v e r d y  et al. [357] de tec ted  p o s t-m o rte m  signs 
o f  v i ta m in  E  defic iency  ( te s tic u la r  a tro p h y , ce ro id  p ig m en ta tion  o f  sm o o th  
m u sc les , m uscle a tro p h y ) in  a le th a l case o f  sp ru e . Pappe n h e im e r  et al. [274] 
m a d e  s im ila r  o b se rv a tio n s in  a case o f f a ta l  in te s tin a l disease. I n  in f a n t ’s 
a n d  c h ild re n  low serum  v ita m in  E values h a v e  b een  found in  occlusion  o f  th e  
b ile  d u c ts  [83, 102], in  consequence o f a d e f ic ie n t d ie t, in  cystic  f ib ro s is  o f 
th e  p a n c re a s  [83, 102], as w ell as in coeliac d isease . In  the  la s t th re e  co n d i­
tio n s  [102], as well as in  sp ru e  the  v ita m in  E  to lerance  te s ts  y ie ld e d  f la t  
c u rv e s . E x c e p t for one case , p rem atu re  in f a n ts  absorbed v ita m in  E  ju s t  
as w ell as n o rm al in fa n ts  [102]. (This is in  c o n tra s t  w ith  th e  poor a b so rp tio n  
o f  f a t  a n d  v ita m in  A in  p re m a tu re  in fa n ts .)  I n  m etabo lic  d is tu rb a n c e s  asso ­
c ia te d  w ith  h y p erch o leste ro laem ia  (d iabetes) th e  to lerance curve ru n s  v e ry  
h ig h  [102].

In  liv er disease in  a d u lts  low serum  v ita m in  E  levels [185, 186] an d  
f la t  to le ra n c e  curves h a v e  been  found [185, 186, 279, 188, 314]. T h e  sam e 
w as fo u n d  in  in fan tile  c irrhosis  [102].

T h e  a d m in is tra tio n  o f  tocophero l p ro v e d  to  be beneficial in  a v a r ie ty  
o f  sk in  d iseases.

I I .  E xperim en ta l 

Patient m ateria l

In  th e  follow ing we sh a ll discuss te s ts  m a d e  in  a to ta l  o f  27 in fa n ts  
in c lu d in g  25 w ith  L e in er 's  disease (20 w ith  a tro p h y  and  5 e u tro p liic  
b a b ie s  ; a n d  2 in fan ts  su ffe rin g  from  c o n g e n ita l bile duct ap lasia ). I n  14 of 
th e  25 in fa n ts  w ith  L einer’’s disease v ita m in  E  to le ra n c e  tests  were a lso  ca rried  
o u t .  T h e  in fa n ts  w ith  L e in er 's  disease w ere g ro u p e d  according to  d ev e lo p m e n t 
(o r a tro p h y ) . T heir c lin ica l d a ta  are su m m a riz e d  in  Table I. O n g ro u n d s  of 
th e i r  d ev e lo p m en t th e  d is tr ib u tio n  of th e  25 b ab ie s  was

E u t r o p h y ........................................................................ 5 cases
I . D y s tro p h y  (H y p o tro p h y  I) ...................... 5 ,,

I I .  A tro p h y  (H y p o tro p h y  I I)  ...................... 6 ,,
I I I .  D ecom position  (H y p o tro p h y  I I I )  ...........  9 ,,

T h e  ca rd in a l c lin ica l d a ta  and  sy m p to m s o f  Leiner 's disease h a v e  been 
c o m p rise d  on T able I I .  O n th e  basis o f th e se  d a ta  an d  on th a t  o f  th e  gen era l 
c h a n g e s , o f  th e  25 in fa n ts  14 were c lassified  as severe, 8 as m o d e ra te  an d
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m ild . T h ree  p a tie n ts  w ere convalescing from  th e  d isease. The g rade  o f  sev e rity  
in  th e  single cases is also show n in T ab le  I I .

Procedure

B lood  w as ta k e n  as described  p rev io u sly . Before ta k in g  b lo o d  th e  
in fan ts  h a d  been  given no fa t-so lub le  v ita m in s .

V ita m in  E to le rance  te s ts , as well as th e  d e te rm in a tio n  of th e  a re a  enclosed 
b y  th e  cu rv es  were ca rr ied  o u t as p rev io u sly  described .

20 m g tocophero l a c e ta te /k g  b o d y  w e ig h t w as adm in istered  b y  m o u th . 
V itam in  E  in  oil was n o t in jec ted , as on ly  a frac tio n  of th e  v i ta m in  th u s  
ad m in is te re d  is abso rbed  [102, 278, 271, 125, 100, 333].

Results and d iscussion

T h e  in fa n ts  w ith  L einer 's  d isease a sso c ia ted  w ith  group I ,  I I  a n d  I I I  
a tro p h y  show ed p ra c tic a lly  s im ila r serum  v ita m in  E  levels. T h e re  w as no 
s ig n ifican t d ifference in  th e  serum  v ita m in  E  level betw een th e se  a n d  th e

A c c o rd in g  to the  S e v e r i t y  o f  A t r o p h y

M (5M S
related to

Normal 0.383 norma /

iutrophic.with Lemers disease H I 0.109 AA 5.0

Hypotrophy 1 ̂Lemers disease 0.159 78 2B
Hypotrophy //..Lemers disease at Ao 75 3.0

Hypotrophy III.. Lemers d<sease 0.1 Ав AA A3

Total for Lemer s disease 0.127 32 5 5

According to the Severity of Leiner's disease

M o d e r a te l y  s e v e r e  m i l d  
L e m e r ' s  d i s e a s e

S e v e r e  L e i n e r ' s  d i s e a s e

0.237 61 1.6

0.0 96 32 6 3

n o t  s i g n i f i c a n t l y  l o w e r

significantly lower

Fig. 4. Serum E vitam in levels in infants sufferring from Leiner's d isease  
(Mean value (M) m g/100 ml)

n o rm a l in fa n ts . On th e  o th e r  h a n d , th e  “ e u tro p h ic ”  in fan ts w ith  Leiner's  
d isease h a d  a m uch less v ita m in  E  in  se ru m , th a n  th e  a troph ic  in fa n ts  w ith  
Leiner's  d isease  an d  th e  difference betw een  th e m  an d  th e  n o rm al g ro u p  was 
s ig n if ican t (T able I I I ,  F ig . 4). T hus, in  L e in er 's  disease no c o rre la tio n  was 
d e te c te d  b e tw een  th e  g rad e  o f  a tro p h y  a n d  th e  level of v itam in  E  in  serum .

3 A cta M cdica X II/1—2
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Table I

Clinical data fo r atrophy
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D ystrophy (H ypotrophy I) 
(Р/ =  9 7 ,5 -8 5 )

1. 93 Z. E. IV . 85/94 _ — + + — — — — + — —

2. 104 B. J. 2 92/103 — + + — — — + — + — —

3. 62 K. J. IV . 0,93 - - + - — + — + + — —

4. 60 J. L. 17з 86/107 - - + + - - - - + — —

5. 135 M. E. IV . 88/95

Atrophy (H ypotrophy II) 
(Р,- =  8 5 - 7 5 )

6. 42 P. I. IV . 78/94 _ — + + — — — + + — —

7. 105 Z. M. 27з 80/97 - - - + — — — + + — —

8. 150 D. Zs. 47з 83/108 + + + — - — + — + — —

9. 85 M. A. 2 7 з 81/95 + + + + - + — + + — —

10. 83 B. M. 2 Vs 0,77 - - + - - - - + + — —

11. 61 V. J. 1 7 . 80/104 — — + + — — — + + — —
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Decom position (H ypotrophy III)
(P| = 7 5 - )

12. 46 F. B. 42/ , 55/108 — + + + _ _ — + + — —

13. 76 P. F. 3V, 68/93 - f - + + - - - + + - +
14. 26 K. A. 9V. 0,46 — — + — — + - — + + —
15. 151 M. J. 2V, 61/110 + + + — — — — + + — —
16. 96 K. K. 22/з 0,63 + + — + — — — + + - -
17. 84 K. F. 22/ , 69/95 - — — + — + — + - —
18. 4 K. P. 5V, 56/92 -f- — + + — — — + + — +
19. 152 Sz. T. 3V, 67/92 — - + — - — — + + - -
20. 94 Cs. P. 3 64/93 — — + — + — — + + — —

Eutrophy  
(Р/ =  - 9 7 ,5 )

21. 82 P. Zs. IV . 1,15 _ _ + _ _ _ _ + + _ _
22. 59 Sch. G. IV , 0,98 — + + + — — — + + — —
23. 134 V. T. IV , 107/101 — — + — — — — — + — —
24. 137 K. I. IV , 1,0 — + — — — — — — + — —
25. 142 K. F. IV , 100/101 — + + — — — — — + —
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W hen, how ever, a ll th e  in fan ts w ith  L e in er 's  disease, b o th  th e  a tro p h ie d  
a n d  th e  “ eu troph ic”  ones w ere com pared  to  th e  no rm als, th e re  w as a signi­
f ic a n t  d ifference. T h e  se ru m  v itam in  E  lev e l w as m uch  low er in  th e  g roup  
w ith  L einer's disease (T ab le  I I I ) .  This m eans t h a t  th e  cause o f th e  low  v ita m in  
E  leve l should  be so u g h t fo r in  Leiner's d isease  p ro p e r an d  n o t re g a rd e d  as a 
seq u e l to  a tro p h y .

W e have a n a ly sed  th e  25 in fan ts w ith  L e in er 's  disease also on g rounds 
o f  th e  clin ical se v e rity  o f  th e  process (i. e. ig n o rin g  th e ir  grade of d eve lopm en t). 
C om p arin g  th e  s ta t is t ic a l  d a ta  for th e  v i ta m in  E  levels in  th e  m o d e ra te lv  
sev ere  an d  m ild cases w ith  th e  grave ones, i t  w as fo u n d  th a t  in  grave L e in er 's d is­
ease  th e  v itam in  E level is sign ifican tly  low er th a n  in  norm al in fa n ts , w hereas 
th e re  is no m ark ed  d iffe ren ce  betw een th e  m o d e ra te  an d  m ild  cases a n d  th e  
n o rm a ls  (see T ab le  I I I  a n d  F ig . 4). This f in d in g  lends fu r th e r  su p p o rt to  th e  
v iew  th a t  th e  low se ru m  v ita m in  E level o f  a tro p h ic  in fan ts  su ffering  from  
L e in e r 's disease is c o r re la te d  w ith  th e  d isease  o r w ith  its  sev e rity  a n d  not 
w ith  th e  a tro p h y  or its  g rad e .

I t  was re m a rk a b le  t h a t  only trace s , o r  n o t  even traces o f v ita m in  E 
w ere  p resen t in th e  se ra  o f  6 of th e  25 in fa n ts  w ith  Leiner's disease a n d  th e  
se ru m  level of v ita m in  E  was lower th a n  100 m icrogram s in  13 in fa n ts , 
in  a b o u t h a lf  o f th e  m a te r ia l .  V itam in  E  lev e ls  low er th a n  100 m icrogram s 
h a v e  ra re ly  been m e n tio n e d  in  p aed ia tric  l i te ra tu re ,*  and  v ita m in  E  was 
co m p le te ly  lack ing  in  th e  serum  in 1 case on ly .**

To fac ilita te  co m p ariso n , we have  te s te d  also 2 cases of a tro p h y  due 
to  co ngen ita l ap lasia  o f  th e  bile ducts. N o t ev en  traces of to co p h ero l were 
d e te c ta b le  in th e  se ra  fro m  these  tw o b ab ies .

T he resu lts o f th e  tolerance tests are p re se n te d  in  T able IV  w hich  shows 
th e  increase  in  se ru m  v ita m in  E values 4, 8 a n d  12 hours follow ing ad m in is­
t r a t io n ,  as well as th e  size o f th e  area en c losed  b y  th e  curves, in  sq u a re  c m , 
T h e  serum  v ita m in  E  v a lu e s  de te rm ined  a t  d iffe ren t po in ts o f tim e  have 
b e e n  p lo tte d  (F ig . 5) p re sen tin g  sep a ra te  cu rv e s  for th e  m o d e ra te ly  severe 
a n d  severe cases o f  L e in e r 's  disease. T he v a lu e s  fo r n o rm al babies h a v e  been 
likew ise p lo tted  in  a c u rv e .

T he p lan im e tric  d a ta  for the to le ran ce  curves of all th e  in fa n ts  w ith  
L ein er 's  disease w ere s ig n if ican tly  lower t h a n  th e  n o rm al values. T h e  signif­
ican ce  is even h ig h e r, i f  w e d iffe ren tia te  acc o rd in g  to  th e  sev erity  o f  L einer's 
d isease . T he e x te n t o f  th e  area  enclosed b y  th e  cu rve  was id e n tic a l in  th e  
g ro u p  com parising  th e  m o d e ra te ly  severe a n d  m ild  cases an d  th e  n o rm al

* In five prem ature in fan ts aged 31 to 40 days 0,090 [392], in two infants w ith  cir­
rhosis 0 ,090 and 0,060, resp ectiv e ly , and in anin fantw ith  coeliac disease 0,060 m g/100 ml [102]. 

** In a prem ature in fa n t [102].



Table И

Clinical dala fo r  Leiner's disease
-c ~.o Liver function
v в ^"2 e . .5 e

RBC WBC
± - о D uration of treat- Grade of

O t h e r
c. 6 
* Z Ы ^

Initials sym ptom J  •- -7 и  «-
w о &

£s
C

Se
ru

m
pr

ot
e

-Q
Д

Й о•2 j=
Q ь T

ak
at

i 1
A

Se
. b

il 
ru

bi
n 

m
g 

0 m ent, days severity Outcome

D ystrophy (H ypotrophy 1) 
(P, 9 7 ,5 -8 5 )

l . 93 Z. E. marked V , + 5,0 50 2 500 000 9,200 -j- 1 50 severe recovery

2. 104 B. J. marked 2 + 3,9 - 3 760 000 5,400 - neg. 8 0,5 14 severe recovery

3. 62 K. . 1 . mild 2 — 4,1 — 3 600 000 7,600 — lieg. 4 37 m ild recovery 1 Sinus thrombosis. A drenal

4. 60 J. L. marked l 1/ , 6,0 88 4 800 000 18,500 6 severe death ) haem orrhage, Em physem a  
I a te lect. Pancreatic change.

5. 135 M. E. m ild l ‘/ 2 +
3,8 3 820 000 1 1,200 neg. 1 4,6 37 mild recovery 1 H aem orrhagic enteritis.

Atrophy (H ypotrophy II) 
(P, =  8 5 - 7 5 )

6. 42 1). .1. marked -I- 5,3 70 3 920 000 9,400 + 4. 0 ,5 87 severe recovery j Bronchopneumonia. Ente-
7. 105 Z. M. marked 1V2 -j- 4,8 1 780 000 29,800 + neg. 3 0 ,5 14 severe Keratomalacia, death { ritis. Cerebral oedem a.

8. 150 D. Zs. convalescent 1 5,6 95 4 540 000 7,800 30 hepatitis recovery Jaundice.
Cerebral and subdural

9. 85 M. A. marked — — 4,7 3 500 000 12,200 — + 3 18 severe Anaemia of prog- death haem orrhage. Sinus throm-

10. 83 B. M. moderate IV . — 5,3 68 3 360 000 18,000 + 46 moderate nancy recovery bosis. Brochopneuinonia. 
F a tty  degeneration o f the

11. 61 V. .1. moderate IV. + 5,3 70 3 600 000 8,000 27 m oderate recovery liver

Decom position (H ypotrophy HI)
(Pi 75 )

j Bronchopneumonia.
1 2 . 46 F. B. marked 1 7 .. + 4 ,8 — 2 1 2 0  0 0 0 9,600 + 6 0 ,5 3 severe death ) E m physem a. Severe fa tty

13. 76 P. F. marked 1 7 . - 4 ,8 60 2 800 000 13,800 + +  + 3 0 ,5 35 severe Nephropathy of recovery I degeneration of the liver. 
' No change in pancreas.

14. 26 K. A. convalescent 7 s — 7 ,4 85 3 940 000 11,000 — 133 pregnancy recovery

15. 151 M. 1. marked 17s + 6 ,1 80 3 600 000 12,0)0 + 42 severe recovery

16. 96 K. K. marked 3 3 ,7 — 2 300 000 10,200 + sugg. 4 40 severe recovery

17. 84 K. F. marked 1 — 5 ,3 87 3 900 000 11,200 + + 7 0 ,5 61 severe recovery

18. 4 K. P. convalescent 1 + 6 ,4 60 3 000 000 4,200 + + + 14 0 ,5 175 recovery

19. 152 Sz. T. marked 1 + 4 ,5 68 3 800 000 22,000 + + 5 0 5 35 severe recovery

20. 94 Cs. P. m oderate 1 7 , — 56 3 200 000 9,200 — + 5 0 ,5 73 m oderate recovery

E u t г о p h у
(Р/ -9 7 ,5 )

2 1 . 82 P. Zs. marked 1 -f- 5 ,1 78 3 320 000 11,600 — + 4 37 severe recovery

2 2 . 59 Sch. G. marked - — 4 ,1 50 2 420 000 11,800 + 51 severe Keratomalacia recovery

23. 134 V. T. mild 17s 3 ,0 80 4 000 000 11,200 - neg. 1,5 1,7 25 mild recovery

24. 137 K. I. mild 2 — 3 ,4 — 3 820 000 11,800 — 14 mild recovery

25. 142 K. F. mild 2 — 7 ,0 — 3.980 000 11,200 — 20 mild recovery
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group  (M =  35,6 sq u a re  cm , oM =  1,3 sq u a re  cm ). The 7 in fa n ts  w ith  severe 
Leiner's  disease e x h ib ite d  s ig n if ican tly  low er values. T he re su lts  o f  th e  to le r­
ance te s ts  su p p o rt th e  above v iew  th a t  v ita m in  E  d efic iency  w as a resu lt 
o f th e  disease an d  w as closely c o rre la ted  w ith  its  severity .

M 6M s
re la te d  to  

n o r m a l

35.6 1.3

17.6 4  a  4 9

32 6.1 058

3.6 1A 16.6

Normal

ôtal. Leiner's disease
Moderately severe and 
mild Leiner's disease
Severe Leiner's disease

comparable to norma! 
not significantly lower

Significantly lower

Fig. 6. Vitam in E tolerance tests in in fa n ts  w ith  Leiner's disease. (Mean (M ) size o f  area
enclosed b y  th e  curve, square cm)

In  th e  tw o cases o f ja u n d ic e  due  to  congen ita l bile d u c t a p la s ia  there  
was no absorp tion  as in d ica ted  b y  th e  fa c t th a t  in  th e  to le ra n c e  te s ts  not 
even traces  of v ita m in  E were d e te c te d  in  th e  sera from  th ese  in fa n ts .

W e exp la in  th e  deve lopm en t o f  v ita m in  E  defic iency  in  th e  follow ing 
w ay. Leiner's  d isease is assoc ia ted  w ith  severe an a to m ica l a n d  fu n c tio n a l 
changes in th e  p an c reas  [246, 247, 22, 323, 87], re su ltin g  d ire c tly  in  a q u a n t i ­
ta t iv e  decrease or to ta l  absence o f  lipase  a c tiv ity . T his, in  tu r n ,  causes a 
d is tu rb an ce  in  fa t  a b so rp tio n . A b so rp tio n  being  im paired  th e  o rg an ism , can n o t 
ge t th e  requ ired  a m o u n t o f v ita m in  E , even  w hen in ta k e  is am p le  a n d  th ere
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Table III
Serum v ita m in  E  levels in infants w ith  L einer’s disease

Exp. Vitamin E
record Date of test Initiale rng/100 ml

No. serum

D ystro p h y  (H ypotrophy I) P; =  97,5 — 85

l . 93 March 1954 Z. E. 0 M — 0,159 mg

2. 104 Apr. 1954 B . J. 0,033 (ctM =  0,078)

3. 62 Dec. 1953 K . J. 0,067 S =  2,8 (related to the normal)

4. 60 Nov. 1953 J . L. 0,345

5. 135 Nov. 1954 M. E. 0,350

A tro p h y  (H ypotrophy II) P ; =  85 — 75

6. 42 Jan. 1953 P. I. 0

7. 105 Apr. 1954 Z. M. 0 M -  0 ,140 mg

8. 150 June 1952 D . Zs. traces (<tM = 0,075)

9. 85 Feb. 1954 M. Á. 0,033

10. 83 Jan. 1954 B . M. 0,120 S =  3,0 (related to the normal)

11. 61 Nov. 1953 V. J. 0,690

D ecom position  (H ypotrophy III) P; =  75 —

12. 46 Feb. 1953 F. B. traces

13. 76 Jan. 1954 P . F. 0,040 M =  0,148 mg

14. 26 Dec. 1952 K . A. 0,048 (uM =  0,044)

15. 64 June 1952 M. I. 0,099

16. 96 March 1954 K . K. 0,113 S =  4,3 (related to the normal)

17. 84 Jan. 1954 K . F. 0,120

18. 4 Oct. 1952 K . P. 0,185

19. 65 June 1952 Sz. T. 0,317

20. 94 March 1954 Cs. P. 0,410

Eutrophy P, =  - 9 7 ,5

21. 82 Jan. 1954 P. Zs. 0,033 M =  0,109 mg

22. 59 Nov. 1953 Sch. G. 0,250 ( ctM 0,044)

23. 134 Nov. 1954 V. T. 0,125

24. 137 Dec. 1954 K . I. traces S =  5,0 (related to the normal)

25. 142 Dec. 1954 K . F. 0,140

M =  0,127 mg 
oM =  0,032 

S =  5,5

(related to the norm al)



V I T A M IN  M E T A B O L I S M  I N  I N F A N T I L E  A T R O P H Y 3 9

Serum vitam in E  levels according to the severity o f  Leiner's disease 

Severe Leiner's disease (14 cases)

M =  0,098 

ctM = 0,032
S =  6,3 (related to the normal)

Moderately severe and mild Leincr's disease (8  cases)

M 0,237 

rrM =  0,081
S =  1,6 (related to the normal)

Table IV

V itam in E  tolerance tests in infants with Leiner's disease

No.
Exp.

record
No.

Date of test Initials
Severity of 

L e in er 's 
disease

Rise in se vit. E 
mg/100 ml

evei Size of 
area, 

square 
cm4Л 8/1 12/1

l . 93 Feb. 1954 Z. E. severe 0 0 0 0

3. 62 Dec. 1953 K. I. m ild 0,489 0,385 0 21,9
4. 60 Nov. 1953 .1. L. severe 0 0 0 0

5. 135 Nov. 1954 M. E. m ild 0 0 0,100 1,2
9. 85 Feb. 1954 M. A. severe 0,067 0 0 1,0

11. 61 Nov. 1953 V. J. m oderate 0,614 0,760 0,637 40,6
13. 76 Jan. 1954 P. F. severe 0,043 0,010 0,160 3,5
16. 96 March 1954 K. K. severe 0,037 0,038 0,161 4,4
17. 84 Jan. 1954 K. F. severe 0 0,151 0,624 11,4

20. 94 Marc h 1954 Cs. P. m oderate 0,192 0,780 0,590 30,8

21. 82 Jan. 1954 P. Zs. severe 0,067 0,092 0,067 4,5
23. 134 Nov. 1954 V. T. m ild 0,614 0,805 0,823 44,9

24. 137 Dec. 1954 K. I. m ild 0,694 0,852 0,741 48,0

25. 142 Dec. 1954 K. F. m ild 0,466 0,749 0,527 3,5

Average 0,235 0,330 0,316 M = 17,8 cm*

Normals (5  cases) oM =  4,8 cm 2
M =  35,6 square cm S  =  4,9

<tM =  1,3 (related to the norm al)

V itam in E tolerance results according to the

M oderately severe and m ild cases (7)

M =  32,0 square cm

пМ 6,1 square cm
S  =  0,58 (related to the normal)

severity o f  Leiner's disease

Severe cases (7)
M 3,6 square cm

oM = 1 ,4  square cm  
S =  16,8 (related to the norm al)
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is n o  an o rrh ex ia . As a r e s u l t ,  th e  tissue d ep o ts  a re  com plete ly  d ep le ted , th e  
le v e l o f  v itam in  E in  se ru m  decreases below  n o rm a l or, in  e x trem e ly  grave 
c a se s , d isappears a lto g e th e r. T h e  f la t  to le rance  cu rv es o b ta in ed  in  such  cases 
a re  o b v io u sly  due to  th e  f a c t  th a t  the  sm all a m o u n t o f v ita m in  E  en te ring  
th e  b lo o d  stream  in sp ite  o f  th e  poor ab so rp tio n , is eagerly  ab so rb ed  b y  the  
d e p le te d  tissue.* The m o re  sev ere  is the  L einer’ s d isease, th e  m ore  severe is 
th e  v i ta m in  E deficiency.

O u r investiga tions h a v e  revealed th a t  v ita m in  E  av itam in o sis  m ay  
d e v e lo p  in  grave L e in er’s d isease and  h a v e  th e re b y  c o n tr ib u te d  to  the  
p ro b le m  o f hum an a v ita m in o s is  E.**

F in a lly , i t  w ould  be  d iff ic u lt not to  o u tlin e  o u r h y p o th esis , w hich  is as 
fo llo w s. A lthough a n u m b e r  o f  factors h av e  b e e n  suggested  to  be invo lved , 
th e  d is tu rb e d  m etabo lism  o f  th e  liver an d  p a n c re a s  re s id tin g  from  p ro te in  
d e f ic ie n c y  appears to  p la y  th e  leading ro le in  th e  d ev e lopm en t o f L einer’s 
e ry th ro d e rm ia  [107, 108, 1 0 9 ]. The co rre la tio n  w ith  v ita m in  E  deficiency 
a p p a r e n t ly  lies in th e  f a c t  t h a t  th e  am ount o f  free  am ino acids is decreased  in 
b o th  th e  serum  of in fa n ts  w i th  Leiner’s d isease a n d  th e  m ilk  o f th e ir  m o th e rs . 
T h is  decrease is p a r t ic u la r ly  m a rk e d in th e  case o f  cystine  [110], an d  v ita m in  
E  is know n  to su b s ti tu te  m eth io n in e  an d  c y s tin e  in th e ir  p ro te c tiv e  action 
a g a in s t  liver in jury .***

Sum m ary

T h e serum  v ita m in  E  level has been  d e te rm in e d  in  25 in fa n ts  w ith 
L e in e r ’s disease. O f th e se  b a b ie s  20 were a tro p h ie d  an d  5 “ e u tro p h ic ” . In  14 
c a se s  v ita m in  E  to le ra n c e  te s ts  were also m a d e .

Tw o infan ts w ith  c o n g e n ita l bile d u c t a p la s ia  w ere used  as th e  con tro ls .
As com pared to  th e  se ru m  v itam in  E  level o f  n o rm al in fa n ts  de te rm ined  

b y  u s  (M =  0,383 m g/100  m l),
(i) th e  serum  v ita m in  E  levels for th e  in fa n ts  w ith  L einer’s disease and 

g ro u p  I ,  I I ,  and I I I  a t r o p h y  did  not differ s ig n if ican tly . L ikew ise, no signif-

* As it has been po in ted  o u t , the deficiency in  v ita m in  E appears to be correlated with  
th e  sev erity  of Leiner4s d isease , and not with th a t o f  atrophy. The volum e o f tissue depots 
( f ir s t  o f  all of fat tissue and m uscle) seemed to play a m inor role. In the presence of fat tissue and 
m u scle , which is not w asted  b u t is still depleted in  v ita m in  E , the v itam in  probably passes 
fa s te r  from  the blood into  th e  tissu es than in norm al in fants and the curve will be fla t also 
w h en  absorption is sa tisfactory , bu t the tissue depots are depleted [185, 186]). In contrast 
w ith  th is , we ascribe a great sign ificance to the extrem e, progressive w asting of these tissues 
in  th e  interpretation of the to lerance  curves yielded b y  gravely  atrophied infants (Р / =  below 
65 ) w ith  no disturbance o f fa t  absorption.

** Data for av itam inosis E  occurring in adults have  been supplied by T v e r d y  et ah 
[357), as well as by P a p p e n h e im e r  et al. [274].

*** Fatty degeneration o f  the liver and cystic  fibrosis o f the pancreas (o f which the 
la t te r  condition appears to  be th e  primary one [369]) can be produced not only by infection  
and to x ic  factors, but also b y  qualitative protein deficien cy  (deficiency in  m ethionine and 
cy stin e ). Both m ethionine and tocopherol can equally p reven t the developm ent, or am eliorate 
th e  course, of such hepatic changes [163, 155, 177, 164, 81, 318, 140, 235, 319, 320].
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le a n t  difference w as d e m o n s tra te d  b e tw een  a tro p h ied  in fa n ts  a n d  no rm al 
ones. On th e  o th e r h a n d , th e  “ eu tro p h ic ”  bab ies  w ith  Leiner 's  d isease  show ed 
m u ch  low er values th a n  th o se  w ith  a tro p h y  due to  L einer 's  d ise a se , and  
th e re  w as a sig n ifican t d ifference betw een  th is  group and  th e  n o rm a ls  (M =  
=  0,109 m g/100 m l, S =  5 ) ;

(ii) th e  g roup  in c lu d in g  a ll 25 bab ies w ith  Leiner 's d isease  show ed  a 
s ig n ifican tly  low er v ita m in  E  level in  serum  th a n  th e  norm al g ro u p  (M =  0,127 
m g/100 m l, S =  5,5). In  th a t  g roup  th e  se ru m  E  v itam in  leve l w as sign if­
ic a n tly  below n o rm al in  cases o f  g rav e  L einer’s disease (M =  0 ,098 m g/100 
m l, S =  6,3), w hereas no s ig n ifican t d ifference occurred  b e tw een  th e  g roup  
o f  m o d e ra te ly  severe L e in er 's  d isease an d  th e  norm al g roup  (M =  0,237 
m g/100 m l, S =  1,6).

In  24 per cen t o f th e  in fa n ts  w ith  L einer's  disease e ith e r  o n ly  trace s  
o r n o t even  traces  o f v ita m in  E  were p resen t in  th e  serum  and  in  50 p e r  cen t 
th e  level was below  0,100 m g/100 m l.

As regards th e  size o f  th e  a rea  enclosed b y  th e  to lerance  cu rv es  in  com ­
p ariso n  w ith  th e  n o rm a l in fa n ts  (M =  35,6 sq u a re  cm),

(i) th e  m ean  for a ll th e  in fa n ts  w ith  Leiner's  disease w as s ig n if ic a n tly  
sm alle r ; (M =  17,8 sq u a re  cm , S =  4 ,9 );

(ii) in  in fa n ts  w ith  m o d e ra te ly  severe L einer's  disease i t  w as p ra c tic a lly  
th e  sam e as in th e  no rm als  (M =  32,0 sq u a re  cm , S =  0,58), w hile in  g rave  
L einer's  d isease it  was s ig n if ic a n tly  sm alle r (M =  3,6 sq u a re  cm , S =  

=  16,8).
B o th  th e  serum  v ita m in  E  an d  th e  to le ran ce  values in d ic a te d  th a t  no 

co rre la tio n  ex ists be tw een  th e  sev e rity  o f a tro p h y  and  th e  v ita m in  E  co n ten t 
o f  se ru m . The low  serum  v ita m in  E  level in  a tro p h ic  in fan ts  w ith  L einer's  
d isease is co rre la ted  w ith  th e  disease an d  its  g rad e  o f severity , a n d  n o t w ith 
th e  process of a tro p h y  a n d  its  sev e rity .

W e exp la in  th e  dev e lo p m en t o f v ita m in  E  deficiency b y  a fa ilu re  o f  th e  
o rg an ism  to  get th e  req u ired  su p p ly  o f  v ita m in  E , due to  th e  d is tu rb a n c e  o f 
fa t  a b so rp tio n  invo lved  in  Leiner's  d isease. As a re su lt, th e  tis su e  d ep o ts  
becom e g ra d u a lly  d ep le ted  or to ta l ly  e x h a u s te d , th e  serum  level o f  v ita m in  
E  decreases below  n o rm a l. T he v ita m in  m a y  en tire ly  d isap p ea r from  th e  
se ru m  in  ex trem ely  g rave  cases. W hen  m ak in g  th e  to lerance  te s t  in  such  a 
c o n d itio n , it  is easy  to  in te rp re t th e  fla tn ess  o f  th e  curve : ow ing to  p o o r a b ­
so rp tio n  on ly  a sm all a m o u n t o f  v ita m in  E  en te rs  th e  blood a n d , th e  flow  
from  th e  b lood in to  th e  tissu e  being  fa s te r  th a n  norm al, th is  sm a ll a m o u n t 
is r a p id ly  absorbed  b y  th e  d ep le ted  tissues.

T h u s , th e  g rave  im p a irm e n t o f v ita m in  E  ab so rp tio n  in severe  L einer's  
d isease m a y  re su lt in  a dep le tio n  o f th e  v ita m in  E  reserves an d  th e re b y  in  th e  
d ev e lo p m en t o f av itam in o sis . O ur in v es tig a tio n s  have c o n tr ib u te d  new  ev i­
dence  to  th e  p roblem  o f v ita m in  E  defic iency , as it occurs in m a n .
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T h e correlation  b e tw e e n  v itam in  E  d e fic ien cy  an d  p ro te in  defic iency  
h a s  b een  discussed a n d  i t  h a s  been suggested  t h a t  th e se  factors m ay  p la y  a 
ro le  in  th e  p a th o m ech an ism  o f Leiner's d isease.

VITAMIN A

Serum  v ita m in  A levels in  in fa n tile  a trophy

A lthough  d iffe ren t f ro m  v itam in  A d e fic ien cy  o f ad u lts , th e  co n d ition  
in  in fa n ts  is in m a n y  re sp e c ts  analogous to  a v ita m in o s is  A in  fast-g row ing  
e x p e rim e n ta l an im als [77]. As the  sy m p to m s o f in fan tile  av itam in o sis  A 
in c lu d e  im paired  d e v e lo p m e n t, su scep tib ility  to  in fec tion  an d  ep ith e lia l 
m e ta p la s ia  in th e  re s p ira to ry , g a s tro in te s tin a l a n d  g en ito u rin a ry  tr a c ts ,  a 
c o rre la tio n  has been su g g e s te d  to  exist be tw een  a tro p h y  and  v itam in  A  su p p ly . 
In fe c tio n  plays n am ely  a decisive role in th e  in i t ia t io n  and  m a in ten an ce  of 
in fa n tile  a tro p h y  [114, 113]. Also, lo n g itu d in a l g ro w th  m ay  be r e ta r te d  or 
co m p le te ly  inh ib ited  d u r in g  a tro p h y . I t  seem ed  therefo re  in te re s tin g  to  
e x te n d  ou r in v es tig a tio n s  in to  th e  v itam in  m e tab o lism  of a tro p h ic  in fan ts  
a lso  to  v itam in  A. F o r  th is  reason, in a tro p h ic  in fa n ts  th e  level o f v ita m in  
A  in  serum  has been  e s tim a te d .

Is it possible to  ju d g e  th e  v itam in  A su p p ly  on  th e  basis of th e  b lood  level?
F rom  the serum  v i ta m in  A level d iag n o stic  inferences m u st be d raw n 

w ith  som e cau tion , as n o rm a l varia tions are  w ide  a n d  th ere  is a ce rta in  te n ­
d e n c y  fo r in d iv idua l b lo o d  levels [17]. The h e p a tic  d ep o t, p rac tica lly  th e  only  
s to re  o f v itam in  A in  th e  b o d y , plays an  im p o r ta n t  role in  th e  m a in ten an ce  
o f  th e  blood level. I f  th is  d e p o t is filled, th e  b lo o d  leve l m ay  rem ain  u n ch an g ed  
fo r  m o n th s  even on a v ita m in -fre e  diet [5]. O n th e  o th e r h an d , in  ch ild ren  a 
d e fic ie n t v itam in  A in ta k e  m a y  m anifest i ts e lf  in  th e  blood level w ith in  2 to  
4 m o n th s  [126]. Som e a u th o r s  [11, 194] fo u n d  no  co rre la tio n  b e tw een  p lasm a 
v i ta m in  A level, v i ta m in  A  in tak e  and  th e  sy m p to m s ascribed  to  v ita m in  
A  deficiency , w hereas o th e rs  [7] claim ed t h a t  a close co rre la tio n  ex isted . 
C onsidering , how ever, t h a t  a ll of the  v ita m in  A  in  b lood is co n ta in ed  in  th e  
p la sm a  [71] and  t h a t  th e  tissue  c o n c e n tra tio n  is a t  equ ilib rium  w ith  th e  
b lo o d  level [277], th e  v i ta m in  A supply  m a y  be  e s tim a te d  in d irec tly  on g rounds 
o f  th e  blood level. A lso in  s u p p o r t of th is  v iew  is th e  fa c t th a t,  n o tw ith s ta n d in g  
th e  w ide range of in d iv id u a l  varia tio n s, th e r e  s till  rem ains a considerab le  
d iffe ren ce  betw een  th e  lo w est values th u s  o b ta in e d  and  those  in d ic a tiv e  
o f  v ita m in  A d efic iency , as th e  average v a lu e  fo r p a tie n ts  ex h ib itin g  th e  
sy m p to m s  and  signs o f  v i ta m in  A deficiency is 6 I .  U ./100 m l serum  (0 to  27 
I .  U .) [126]. T hus, ceteris paribus, a low b lo o d  v ita m in  A level in d ic a te  th e  
p resen ce  of v itam in  A  d efic ien cy , a dep le tion  o f  d e p o ts  or of a disease affec ting  
v i ta m in  A m etab o lism  [126].
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I .  Survey o f  the literature

In  th e  lite ra tu re *  we found  no d a ta  co n cern in g  se rum  v itam in  A levels 
in  in fan tile  a tro p h y .

A ccording to  W a l t n e r  [378], in in fan tile  a tro p h y  th e  depots a re  no t 
n o rm al an d  one shou ld  look  u p o n  th e  a tro p h ic  in fa n ts  as one hav ing  a v ita m in  
A d ep o t su ffic ien t fo r n o t m ore th a n  a t  th e  m o s t a w eek.

The serum vita m in  A  level in  normal in fa n ts  is low er th a n  in a d u lts  an d  
ch ild ren . In d iv id u a l v a r ia tio n s  are  wide also in  in fa n ts , th e  value is ran g in g  
from  24 [220] to  above 100 I . U. [57].

The serum vitam in A level in normal infants, I. U

L u n d  et al. [220] 
L e w is  et al. [211]

B y rn  et al. [57]
L e w is  et al. [212] 
McCr e a r y  et al. [242] 
McCr e a r y  et al. [242] 
B rock  [53]
Masi [227]

McCr e a r y  et al. [242]

newborn (at birth) 49
« 76 (falls> to 37 at tbe end o f the

second day and rises to 61 on
the 4th)

« 91
prem ature baby (few w eeks old) 5 2 - 1 6 4

infant (birth — 6 m onths) 20,7
« (6 to 12 m onths) 27,6
« 5 0 -  80

infant and child 52 — 210 (the lower  
values tend  
to occur in 
infants)

« « « 32

The serum  vita m in  A  level in  in fan ts a n d  children suffering fro m  
disases not associated w ith  an im pairm ent o f  f a t  absorption.**  F ev e r 
a n d  in fec tion  s tro n g ly  in flu en ce  th e  serum  v ita m in  A level. F ev er b y  
its e lf  reduces th e  level, even  if  th e  rise in te m p e ra tu re  is due n o t to  
in fec tio n , b u t for ex am p le  to  d rugs [72, 18]. I n  su ch  cases th e  low seru m  
v ita m in  A level is due n o t to  poor abso rp tio n , b u t  to  d im in ished  m ob iliza tio n . 
A fte r th e  fever has sub sid ed , th e  serum  v itam in  A  v a lu e  re tu rn s  to  th e  o rig inal 
level [170]. On th e  o th e r  h a n d , in fec tion , w ith  o r w ith o u t fever,*** depresses 
the  level o f v itam in  A. T he fa ll is s teeper in  a c u te , feb rile  in fections a n d  r e ta r d ­
ed in  chronic afebrile  ones. A fte r in fection  th e  se ru m  v ita m in  A level increases 
ag a in , fa s te r  in th e  fo rm er, a n d  slowly in  th e  la t t e r  case [242]. In  lo b a r

* K r et siim er  and B a y a n d in a  [195] include hypovitam in osis A among the causes 
of the dystrophy of infants w ith  septicaem ia. In one group o f  newborns there was no vitam in  
A at all in the blood during the acute and convalescent stages and the vitam in A level in ­
creased gradually after or during clinical recovery. In another group the serum vitam in A level 
was very high during the acute phase and decreased during convalescence and in the phase  
of recovery. This apparently paradoxical phenomenon has been ascribed by the cited authors 
to liver disease depending in its gravity  on the duration o f  dystrophy and to a secondary  
im pairm ent of the liver’s ability  to store and synthetize v ita m in  A.

** The data in the literature concerning vitam in A su pp ly  in infantile diseases associ­
ated w ith  impaired fat absorption will be discussed in the section  on vitam in A m etabolism  
in atrophic infants suffering from Leiner's disease.

*** In chronic afebrile infection a serum vitam in A leve l o f  28 I. U. was found.
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p n e u m o n ia  v itam in  A  m a y  to ta l ly  d isa p p e a r  from  blood [71]. T h e  serum  
v i ta m in  A level is low  in  in co m p en sa ted  m itra l  stenosis [336] ; in fan tile  
h e a r t  disease [44, 281] a sso c ia ted  w ith  an o x aem ia  (since th is  in te rfe re s  w ith  
th e  fo rm a tio n  of v ita m in  A  from  caro ten e) a n d  w ith  h ep a tic  co n gestion  (since 
th is  affec ts  storage) ; n u tr i t io n a l  deficiencies [281] (owing to  th e  in su ffic ien t 
in ta k e )  ; in fected  a d en o id  v e g e ta tio n  o f in fa n ts  ; ecczem a a n d  a s th m a  of 
in f a n ts  an d  ch ildren  [336]. N o rm ally , v ita m in  A is no t ex c re ted  in  th e  u rine , 
o r  a t  th e  m ost trace s  o f i t  a re  th e re  p re se n t [355], b u t in  p n e u m o n ia  a n d , to  
a le sse r  e x te n t, in sk in  d iseases [202] v ita m in  A appears in  th e  u rin e . I n  sebo r­
rh o id  d e rm a titis  v ita m in  A  m a y  be lo st also th ro u g h  th e  skin .*

I n  nephrosis, e sp ec ia lly  w hen  th e  co n d itio n  is associa ted  w ith  m ark ed  
lip a e m ia , th e  serum  v ita m in  A level is h ig h  [173]. The values fo u n d  in  d ia ­
b e te s  a re  no t u n eq u iv o ca l [44].

Serum  vitam in  A  in  nu tritiona l deficiency (starva tion) o f  adults. 
R e c e n t  stud ies h a v e  rev e a le d  th a t  v ita m in  deficiencies do n o t  p la y  a 
m a jo r  ro le in  th e  s ta rv a tio n  disease o f a d u lts  [180]. A m ong th e  p risoners of 
c o n c e n tra tio n  cam ps a d m itte d  to  Swiss h o sp ita ls  only  occasional cases occurred , 
w ith  d iscre te  sy m ptom s [158] an d  th e  inc idence  of av itam inosis  w as re m a rk ­
a b ly  low  in th e  S pan ish  W ar (1936— 39) [305]. D uring W orld  W a r I I ,  th e  
in c id en ce  of av itam inosis  (p a r tic u la r ly  in  E urope) was less th a n  in  W orld 
W a r  I  [180]. This w as d u e  in  p a r t  to  th e  fa c t th a t  ex trem e s ta rv a t io n  leads 
to  d e a th  so soon t h a t  th e re  is no tim e  fo r a v itam in  d efic iency  to  develop 
[158], an d  in p a r t  to  th e  low  re q u ire m e n t du ring  s ta rv a tio n  [158]. A cute 
s ta rv a t io n  is no t a sso c ia ted  w ith  v ita m in  defic iency  because d u rin g  consider­
a b le  loss of w eight th e  o rgan ism  can  u tilize  th e  v itam in s re le a se d  from  its 
t is su e s . F o r th is reaso n  v ita m in  defic iencies develop only  w hen b o d y  w eight 
is re la tiv e ly  s tab le , o r w hen  w astin g  is slow.**

D eficiency in  v ita m in  A  is p a r t ic u la r ly  rare.*** K e ra to m a la c ia  d id  not 
o c c u r  e ith e r  in D ach au  [158], n o r am ong  th e  victim s of th e  B en g a l fam ine 
(1943 — 44) [43]. O n th e  c o n tra ry , v i ta m in  A in tak e  so m etim es even in ­
c re a se d  as, because o f th e  la c k  o f caloric r ich  food, m ore v eg e tab les  a n d  green 
p la n ts ,  or, in W orld  W a r I I ,  d u rin g  th e  G erm an  occupation , w eeds a n d  grass 
r ic h  in  caro tene w ere in g es ted . F o r ex am p le , am ong  B ritish  an d  S o v ie t prisoners 
o f  w a r  in  a G erm an cam p  th e  d a ily  v i ta m in  A in tak e  d u rin g  th e  severest 
fa m in e  has as high as 3000 I . U . [217], a n d  ca ro tan aem ia  o ccu rred  in  Lenin- 
g ra d e  in  1941 — 42 [210]. S im ila r o b se rv a tio n s  were m ade also in  o th e r  areas

* The serum vitam in  A  level in adults is low  in chronic liver disease [141, 280, 249], 
as w ell as in acute infectious hepatitis [280, 249, 282, 142].

** According to the so-called sem i-starvation  series of the “ M innesota E xperim ent” 
(K e y s  et al. [180]).

*** Only the Spanish fugitives transported to France during W orld W ar II [397], and 
th e  inhabitants of the M adrid slum s during the Spanish War [302, 303] developed  hem era­
lop ia  (n ight blindness) [66] believed to be due to  v itam in  A deficiency, as w ell as an im pair­
m en t o f dark adaption during the German occupation  o f Paris [66].
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d u rin g  W orld  W ar I I  [264, 236]. The serum  v ita m in  A  level w as n o t  low 
am ong  sub jec ts  w ith  ch ro n ic  n u tr itio n a l d efic iency  (w eight loss o f  f ro m  5 to  
15 kg) in  occupied B elg ium  in  1940—44 [94]. I n  th e  s ta rv a tio n  p h a se  o f  th e  
“ M innesota E x p e rim e n t”  [180], th e  serum  v ita m in  A level d id  n o t differ 
s ig n ifican tly  from  th e  c o n tro l [180, 374]. In  c o n tra s t  w ith  th is , a d e f in ite  fall 
(0 va lues in  9 ou t o f 34 p a tie n ts )  was found  in  1945 in  A m ste rd am  in  s ta rv e d  
su b jec ts  w ith  oedem a [165, 166] an d  low levels o ccu rred  du ring  th e  o ccu p a tio n  
o f P a ris  b y  th e  G erm ans [201, 66].

The vitam in  A  requirem ent o f  the norm al in fa n t  increases w ith  th e  in ­
crease in  b o d y  w eight. I t  app lies  equally  to  a n im a l [133, 129]* a n d  m a n  [132] 
th a t  th e  no rm al v ita m in  A requ irem en t is f ir s t  o f  all th e  fu n c tio n  o f  body  
w eigh t. In  in fan ts  th e  re q u ire m e n t is less th a n  a t  la te r  age. A rtif ic ia l feeding 
u su a lly  does no t cover th e  v ita m in  A dem and  (inc lud ing  storage) a n d  fo r th is 
reason  th e  a d m in is tra tio n  o f  v ita m in  A is ju s tif ie d  as long as th e  b a b y  is no t 
given a m ixed  d ie t. In  p re m a tu re  in fan ts, in w hom  th e  liver depo ts a re  poor, 
v ita m in  A should  be p re sc rib ed  as soon as th a t  th e  age o f 2 w eeks [71].**

The in fan t's  requirem ent is changed under pathologic conditions , because  
th e  d isease in terferes w ith  th e  abso rp tion  an d  m etab o lism  o f v ita m in  A . For 
th is  reaso n  a high v ita m in  A d ie t, or th e  a d m in is tra tio n  o f v i ta m in  A  are 
im p o r ta n t in  chronic d iseases [44]. The re q u ire m e n t is g rea t w ith  d ep le ted  
s to res, poor ab so rp tio n  (for exam ple  in cond itions asso c ia ted  w ith  a n  im p a ir­
m en t o f f a t  ab so rp tion ), in c reased  elim ination  th ro u g h  th e  k idneys (e. g. in 
p n eu m o n ia ), d im in ished  m o b iliza tio n  (for in s ta n c e  in  in fections).

A ccord ing  to  W a l t n e r , a f te r  am ple in ta k e  th e  no rm al in fa n t h a s  v i ta ­
m in A reserves capab le  o f  m ee tin g  its req u irem en t for ab o u t 1 m o n th  d u rin g  a 
to ta l  la ck  o f supply . A sick  b a b y  should be consid ered  to  have en o u g h  v i ta ­
m in A fo r abou t 2 w eeks [378].

I I .  Experim ental 

Patient m aterial

T w en ty -n ine  in fa n ts  w ith  a tro p h y  were s tu d ie d , all of th em  belong ing  
to  th e  g roup  of g ravest a t ro p h y  (decom position , h y p o tro p h y  I I I ) .  As co n tro ls  
were te s te d  5 abso lu te ly  n o rm a l in fan ts  less th a n  1 y e a r  o ld, liv ing  in  a n u rse ry

* In certain anim als equal doses of vitam in A are required to avoid hem eralopia  
w ithout perm itting storage.

** The daily dose for in fants under the age of 1 year was set at 1500 I. U . by the Food 
and N utrition  Board of the U SA  N ational Research Council [168]. The requirem ent o f the 
infant increases from m onth to m onth ; the 1500 I. U . daily  applies to infants 6 to 8 m onths 
of age.

u a ily  v itam in
L ew is  el al. [213] 
N y l u n d  [270]
L e w is  el al. [214]

in fan t by the adaptation m ethod  
« 1 9 - 3 8

1 0 0 - 2 0 0by blood level studies
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on  a  d ie t  com plete also as re g a rd s  v itam in  A. T h u s , th e  resu lts  p u b lish ed  below 
c o n c e rn  a to ta l o f 34 in f a n ts .  The clinical d a ta  o f  th e  a tro p h ic  in fa n ts  have 
b e e n  ta b u la te d  (T ab le  I ) .

Procedure

B lood was ta k e n  a t  le a s t  4 hours a f te r  th e  la s t  m eal. T he se ru m  was 
s e p a r a te d  b y  c e n tr ifu g a tio n  a n d  was te s ted  w ith o u t delay .

T h e  m ethod  em p lo y e d  fo r th e  e s tim a tio n  o f  v ita m in  A in se ru m  was 
t h a t  o f  B encze , b ased  o n  th e  Carr  —P rice  re a c tio n .

E u tr o p h y  

H ypo trophy  III

M  6 M  5
re la te d  to 

e u t r o p h y

61.6 8.6

6 2  9.6 0ЛЗ

n e a r l y  iden t ica l  w i th  t h e  e u t r o p h /c  v a lu e

F ia  7 . Serum vitam in A le v e ls  in  atrophic in fants (as determ ined by Bencze's m ethod, 
b ased  on the Carr— Price rea ctio n ) on the basis o f  th e  m ean value (M) (I. U ./100  m l)



Table 1

Clinical data fo r  decomposed (H ypotrophy I I I )  infants 
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m o n th s
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Л
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тэ
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: а

Мо
1
ее

Ü<и О
b ir th

Л
«

=3 * о о о е ы Z, 2 •< Q - Q

l . 2 March, 1 9 5 1 I I .  s . 2  0 1 / 3 7 5 / 8 6 — + + + — + + — + + — twin —

2 . 3 7 October, 1 9 5 2 V. Gy. 1 6 5 4 / 1 0 4 + - + + - - — — + - - - - i Dilatation of the ventric-
3 . 8 6 February 1 9 5 4 K .  .1 . 1 7 з 4 2 / 1 1 3 — — + — + — + — — + + — — les. Capillary bronchio-
4. Ef66 Ju ly , 1952 B. R. 152/з - - + + - - - - - + + - - + ! litis. Oedema and ate- 

{ lectasis in the lungs.
5. 1 March, 1951 H. A. 2 0 7 , 74/86 — + + + — + + — + + — twill — (Partial atelectasis and
6. 43 February, 1953 J. F. 17з 70/92 — — + — + — — + — — + — + 1 emphysema. C ongestion

7. 112 June, 1954 L. L. 3 73/89 - + + - - + + - + + - -
I o f liver and spleen.
* Cerebral oedem a. O titis .

8. 80 .1 anuary, 1954 Sch. K. 2 0,59 + + — + + - 1 — - - — —
9. 41 January, 1953 T. 1. З '/з 69/93 — — + - - + - — - + — — —

10. 44 February 1953 L. M. 5 59/97 + + + - + - - — + + + — -
11. 39 Novem ber,1952 Sch. L. 9 0,51 — — + + + - + — + + — — —
12. 38 Novem ber,1952 .1. T. 5V . 64/99 + — + + - + - - - + — - -
13. 81 January, 1954 T. J. 3 74/93 + + + + + - - + - + — — -
14. 26 July , 1952 N. 1. 102/з 67/89 — — + + + — + — + + — prema- —

tűre Capillary bronchiolitis and
atelectasis. D ilatation

15. 101 April, 1954 k .  L. З 7 з 69/88 + + + + + - - — + — - prema- +
of heart. P arenchym a­
tous m yocardial degener-
ation. M astoiditis. Cereb-

16. 14/1) February,1952 A. A. 10 69/91 — + + + — — — + - + И“ — — ral oedema.

17. 22 March, 1952 К. E. 127з 65/102 + + + + - - + — + - - — —
18. E 20/e April, 1952 K. P. 9 7 . 0,49 + - + + - - + — - + + — -
19. E 22/d April, 1952 V. M. 5 70/92 4- + + + - + + — + - — — —
20. 23 March, 1952 N. E. 4 68/95 - — + - + - + + + — — -
21. 12/b October, 1951 K. Sz. M. 7 62/98 + — + - - + + — + + — twin —
22. 12/a March, 1951 G. Z. 32/з 70/94 + - + + + - - + + - - — — Bronchopneum onia w ith
23. 14/a March, 1951 Z. L. 1 1 7 . 59/110 + + + — — — + — + + — — — abscess on right side.
24. 29 April, 1951 L. L. и 63/96 + + + + - - - - + + - — +

Suppurative bronchio­
litis. Fibrinous p leuritis.

25. 106 April, 1954 B. k . 117» 0,64 — + + — + — — — + — — — — Dilatation o f heart.
26. 27 March, 1952 Gy. I. 4 Vs 58/104 + — + + + — + — + + — — —

Mastoiditis.

27. 28 May, 1952 T. P. 7 7 . 0,59 — + + - - — + - + + - — -

28. 45 March, 1953 L. L. 7 0,50 + + + - + — - + — —

29. 18 April, 1951 M. M. 22/з 61/98 — + + + — — + — + + — — —
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T he Ca r k — P r i c e  an tim o n y -tr ich lo rid e  re a c tio n  is ia  tim e  re a c tio n . T h is 
m ean s th a t  th e  in ten se  blue co lo u r fo rm ed  increases n in te n s ity  to  a sh a rp  
m ax im u m  la s tin g  fo r a few seconds, th e n  fades g rad u a lly . T he in te n s i ty  o f 
th e  co lour depends on th e  a m o u n t o f  re a g e n t, th e  co n cen tra tio n  o f  v ita m in  
A , th e  volum e o f th e  reaction  m ix tu re , a n d  tim e . A ll these  are fa c to rs  m ak in g  
th e  d e te rm in a tio n  o f  v itam in  A te c h n ic a lly  d ifficu lt ; 2 w orkers a re  need ed  
to  e s tim a te  b y  m ean s o f a co lo rim eter th e  d e p th  o f colour a t  a c e r ta in  p o in t 
o f  tim e  w hich d ep en d s on the  sk ill o f  th e  w orkers.

To e lim in a te  these  errors, w e h av e  d isca rd ed  th e  co lo rim eter as th e  
m easu rin g  in s tru m e n t and  carried  o u t th e  re a c tio n  in a colourless g lass tu b e , 
8 m m  in d iam ete r a n d  8 to  10 cm  h ig h , observ ing  th e  u su a l ru les (av o id in g  
m o is tu re , etc .). A t th e  m om ent o f  m ix in g  th e  so lu tion  a sto p  w a tch  is s ta r te d  
to  m easu re  th e  tim e  during  w hich th e  b lu e  co lour tu rn s  in to  grey  o r d e fin ite ly  
greyish-yellow . F ro m  th e  s ta n d a rd  cu rv e  p lo tte d  from  know n q u a n ti t ie s  th e  
tim e  correspond ing  to  1 I. U. o f  v i ta m in  A is c a lc u la ted , an d  th is  v a lu e  is 
used  in  fu r th e r  co m pu tions. T he re su lts  o f m easu rem en ts  an d  th e  s ta n d a rd  
cu rv es p resen ted  in  F ig . 8 show  c le a rly  th a t  th e  p rocedure y ields w ell re ­
p ro d u c ib le  resu lts  a n d  by  its  use th e  erro rs m en tio n ed  can  be e lim in a te d . 
O f course, th e  p e rio d  o f tim e co rresp o n d in g  to  1 I .U . o f v ita m in  A d ep en d s  
also  on th e  co n cen tra tio n  of a n tim o n y  ch lo ride w hich  m u st there fo re  be d e te r ­
m in ed  w henever a new  solution is p re p a re d , a n d  its  value will be th e  fa c to r  
c h a ra c te ris tic  o f t h a t  solution.

Results a n d  discussion

T he m ean se ru m  v itam in  A v a lu e  for n o rm a l in fan ts  was fo u n d  to  be 
61 I .  U . (Table I I I ) ,  a value id e n tic a l w ith  tho se  m en tioned  in th e  l i te ra tu re . 
A m ean  value of 62 I .  U. was o b ta in e d  for th e  29 decom posed in fa n ts , p ra c t ic ­
a lly  th e  sam e as fo r  th e  norm als (T ab le  I I  an d  F ig . 7). The d iv ision  o f  th e  
g ro u p  o f  decom posed p a tien ts  (h y p o tro p h y  I I I )  in to  tw o subgroups d id  no t 
a l te r  th e  s itu a tio n .

U nlike w ith  v ita m in  E , th e  degree o f  a tro p h y  has no b ea rin g  on th e  
se ru m  v itam in  A level. F or th is re a so n  it  d id  n o t seem im p o rta n t to  e x te n d  
th e  s tu d ie s  to  in fa n ts  in  th e  group  o f  d y s tro p h y  (h y p o tro p h y  I), an d  in  t h a t  
o f  a tro p h y  (h y p o tro p h y  II) , and  to  eu tro p h ic  in fa n ts  suffering from  a c u te  
d isease.*

O n grounds o f  th e  serum  v ita m in  A level, th e  decom posed in fa n ts  seem  
to  be su ffic ien tly  supp lied  w ith v i ta m in  A . T his is in  co n trad ic tio n  w ith  th e

* Another reason w hy the vitam in A  studies were focussed exclusively on decom po­
sition  w as that our investigations concerning v itam in  E , another fat-soluble v itam in , had  
revealed that an eventual deficiency w as correlated w ith the grade of decom position and 
w ould have m anifested itse lf  best in the p a tien ts  w ith  the severest decom position.
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Table II

Serum vitam in A  levels in decomposed infants

No. Experimental 
record No. Date of testing Initials Vitamin A I. U. 

100 ml

l . 2 March, 1951 H. s . 7

2. 37 October, 1952 V. Gy. 10

3. 86 February, 1954 K. J. 13

4. Ef66 July, 1952 B. R. 15

5. 1 March, 1951 H. A. 15

6. 43 February, 1953 J. F. 17

7. 112 June, 1954 L. L. 24

8. 80 January, 1954 Sch. K. 25

9. 41 January, 1953 T. I. 26

10. 44 February, 1953 L. M. 27

11. 39 November, 1952 Sch. I. 33

12. 38 November, 1952 J. T. 35

13. 81 January, 1954 T. J. 43

14. 26 July, 1952 N. I. 46

15. 101 April, 1954 K. L. 54

16. 14/b February, 1952 A. A. 55

17. 22 March, 1952 К . E. 58

18. E 20/e April, 1952 K. P. 76

19. E 22/d April, 1952 Y. M. 76
20. 23 March, 1952 N. E. 79

21. 12/b October, 1951 K. Sz. M. 90

22. 12/a March, 1951 G. Z. 92

23. 14/a March, 1951 Z. L. 95

24. 29 April, 1951 L. L. 105

25. 106 April, 1954 B. K. 114

26. 27 March, 1952 Gy. I. 121

27. 28 May, 1952 T. P. 145

28. 45 March, 1953 L. L. 146

29. 18 April, 1951 M. M. 165

M =  62,0 I. U.
<тМ =  9,6 

S =  0,03
(related to the normal)

s ta te m e n ts  we h a v e  m ad e  in connection  w ith  v ita m in  E , a n o th e r fa t-so lu b le  
v ita m in  ; in  th e  decom posed  babies th e re  w as n am ely  a m ark ed  v ita m in  
E  deficiency. (T he ae tio lo g y  of th e  a tro p h y in g  process was p ra c tic a lly  th e  sam e 
in  th e  decom posed in fa n ts  s tud ied  w ith  re sp e c t to  v ita m in  E a n d  v ita m in  A.
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M oreover, th e re  w ere 7 babies te s te d  n o t  o n ly  fo r v itam in  A, b u t  also  for 
v ita m in  E . The above difference w as n o te d  also in  these  cases.)

T h e  causes o f th e  d iscrepancy  (n o rm a l v ita m in  A level w ith  v ita m in  
E  defic iency) are th o u g h t to  be th e  fo llow ing .

(i) T h e  v ita m in  A  req u irem en t o f  th e  decom posed  b a b y  is p re su m a b ly  
low  as, p a ra lle l w ith  th e  ex trem e loss in  w eig h t, th e  v itam in  A d e m a n d  also 
d ec reases . (On th e  o th e r  h an d , th e  lig h t-w e ig h t, o r th e  young o rg an ism  needs 
re la tiv e ly  m uch v ita m in  E .)

(ii) V itam in  A is s to red  m ain ly  in  th e  liv er an d , a lthough  th e  sy stem ic  
a tro p h y  involves also th a t  organ [178], th e  liver loses b y  fa r  n o t  so m uch  
w eig h t th a n  does th e  f a t  tissue. (As w ell-k n o w n , v ita m in  E is s to re d  a lm o st 
ex c lu s iv e ly  in  fa t ,  a n d  fo r th is  reason  s to ra g e  is h a rd ly  possible in  th e  p ra c tic ­
a lly  d e -fa tte d  decom posed  body.)

(iii) In  our op in ion  th e  no rm al v i ta m in  A level resu lts from  th e  w ide­
sp re a d  consum ption  o f  p ro v itam in  A in  th is  co u n try .*  The in fa n ts  invo lved

Table III

Serum vitam in A  levels in  normal infants

No. Experimental 
record No. Date of testing Initials P< — 97,5 Vitamin A I. U. 

/ 100 ml

i . 107/b May, 1954 H. A. 33
2. 129 November, 1954 M. P. 105/93 56
3. 131 Novem ber, 1954 M. M. 100/103 62
4. 132 Novem ber, 1954 Sz. I. 100/99 71
5. 130 Novem ber, 1954 P. M. 98/97 86

M =  61 ,6  I. U . 
er M =  8,6

in  th e  s tu d y  (except fo r 2 or 3 from  th e  to ta l  o f 29) were of such age  in  w hich 
f ru its  a n d  green vegetab les are w idely  co n su m ed . I t  m u st be ta k e n  in to  acco u n t 
t h a t  in  H u n g a ry  one o f th e  richest so u rces  o f  p ro v itam in  A is th e  ra w  ca rro t, 
w h ich , as a su b s ti tu te  for fru it (a n d  a coloured  vegetable) is re m a rk a b ly  
p o p u la r . As in  n e a rly  60 per cen t o f  o u r  cases d ia rrh o ea  was th e  im m ed ia te  
fa c to r  g iv ing  rise to  a tro p h y , ca rro t so u p  p resc rib ed  for th e ra p e u tic a l purposes 
m u s t be also ta k e n  in to  considera tion .

* W a ltn er  [379, 380, 381, 382] pointed  o u t th at the usual Hungarian d ie t m eets easily  
the v ita m in  Л requirem ent at any age and called atten tion  to the ample p rovitam in  Л con­
ten t o f  baked pum pkin and maize. According to  his investigations, the cases o f  v itam in  A 
deficien cy  among H ungarian children in th e  period betw een the two W orld W ars were due 
to  an inadequate diet.

4 Acta Mcdica XII/1—2
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T he incidence o f  ro u g h  d ie ta ry  e rro r w as 41 per cent in ou r cases o f  
a tro p h y . In  caloric s ta rv a tio n , how ever, v i ta m in  A  supp ly  m ay  be s a tis fa c to ry , 
as i t  h a s  been m e n tio n e d  p rev iously  in co n n ec tio n  w ith  n u tr itio n a l d efic ien cy  
d isease .

(O n th e  o th e r  h a n d , as i t  has been d iscu ssed  above, no t even an  o p tim u m  
d ie t m eets th e  v i ta m in  E  requ irem en t o f  a d u l ts .  As regards in fa n ts  on  an  
a r tif ic ia l  or de fic ien t d ie t, in ta k e  lags fa r  b e h in d  th e  dem and  in  som e cases 
so m u ch  th a t  a v ita m in o s is  m ay  develop).

N o co rre la tio n  h as  been  found  betw een  se ru m  p ro te in , serum  ch o les te ro l, 
liv e r  func tion  te s ts  a n d  th e  serum  v ita m in  A lev e l.

Sum m ary

Sera from  29 d eco m p o sed  an d  5 n o rm a l in fa n ts  under th e  age o f 1 y e a r  
w ere  te s te d  for v i ta m in  A  co n ten t by  th e  B e n c z e  m ethod  based on th e  C a r r —  
P r i c e  p ro ced u re . I n  ag reem en t w ith  th e  d a ta  in  th e  lite ra tu re  th e  se ru m  
v ita m in  A level w as fo u n d  to  be M =  61 I .  U . p e r  100 ml in n o rm al in fa n ts . 
N e a rly  th e  sam e v a lu e  (M =  62 I .  U ./100 m l) w as y ielded  b y  th e  decom posed  
in fa n ts . D ivision o f  th e  g ro u p  o f decom position  in to  2 subgroups (P ; =  75 — 65, 
a n d  P ; =  below  65) d isc losed  no su b s ta n tia l d ifference. T hus, as d e te rm in ed  
on  th e  basis o f th e  se ru m  level, even th e  in fa n ts  w ith  th e  severest a t ro p h y  
a p p e a r  to  be w ell su p p lie d  w ith  v itam in  A. T h is is a p p a re n tly  in  c o n tra d ic tio n  
w ith  o u r find ings in  conn ec tio n  w ith  v ita m in  E , a n o th e r fa t-so luble  v ita m in , 
th e  d efic iency  o f w h ich  w as u n d o u b ted ly  d e m o n s tra te d  in th e  severest g rad e  
o f  a tro p h y . As a b o u t th e  sam e aetio logical fa c to rs  were responsible fo r th e  
a tro p h y  of th e  in fa n ts  te s te d  for serum  v ita m in  A an d  of those for v ita m in  
E  a n d  severa l w ere te s te d  fo r b o th  v itam in s , a n d  th e  divergence in  th e  v a lu e s  
w as alw ays th e  sam e , th e  su ffic ien t supp ly  o f  v ita m in  A (as d e te rm in ed  on 
th e  basis  of th e  b lood  level) in  in fan tile  a t ro p h y  has been ascribed  to  th e  
fo llow ing.

(i) V itam in  A  re q u ire m e n t in th e  decom posed  in fan ts  p re su m a b ly  
decreases w ith  th e  excessive loss in  body  w e ig h t. (In  co n trast w ith  th is , th e  
low -w eigh t, and  th e  y o u n g  organism  req u ire s  re la tiv e ly  high a m o u n ts  o f  
v i ta m in  E .)

(ii) V itam in  A is s to re d  m ain ly  in th e  liv e r, b u t  th e  liver loses less w eigh t 
th a n  does fa t  tissue . ( In  c o n tra s t w ith  th is , v ita m in  E is sto red  a lm ost ex c lu si­
v e ly  in  fa t tissue a n d  fo r th is  reason sto rage  is h a rd ly  possible in  th e  p ra c tic ­
a lly  d e -fa tte d  d eco m p o sed  organism .)

(iii) Foods rich  in  p ro v ita m in  A are p o p u la r  in  H u n g ary . T he v ita m in  A 
su p p ly  m ay  he su ffic ien t even  w hen th e  d ie t is low  in calories. (On th e  o th e r  
h a n d , in fan ts , e spec ia lly  a rtif ic ia lly  or e rro n e o u s ly  fed ones, m ay  in g est so 
l i t t le  v ita m in  E  th a t  av itam in o sis  m ay  develop .)
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V itam in A to lerance te s ts  in  in fan tile  a trophy

In  th e  previous sec tion  it has b een  estab lish ed  th a t ,  as ju d g e d  from  th e  
serum  level, v itam in  A su p p ly  is a p p a re n tly  su ffic ien t in  even th e  g rav es t 
form  o f in fan tile  a tro p h y . I t  should , h o w ev er, be borne in m ind  th a t  in  sp ite  
of a n o rm a l blood level th e  tissue d ep o ts  m a y  be m ore or less d ep le ted , a n d , 
also , t h a t  th e  depletion  o f  th e  h ep a tic  v ita m in  d ep o t in in fan ts  fed a v ita m in  
A d e fic ien t d iet m ay  no t affect th e  b lood  level for 2 to  4 m on ths [126]. F o r 
th is  rea so n , to lerance  s tu d ies  were m a d e  to  d e te rm in e  w hether or n o t in  th e  
presence  o f norm al b lood levels th e  v i ta m in  A depo ts are  filled.

I .  Survey o f  the literature

W e h av e  no t found  repo rts  on v ita m in  A to le ran ce  te s ts  m ade in  in fa n t­
ile a tro p h y .

In  general, v ita m in  A supp ly  is d e te rm in ed  by  exam ining  v ita m in  A 
to le ran ce  (absorp tion  [126]). This, in  v iew  o f th e  fa c t th a t  v ita m in  A is a b ­
so rb ed  p a ra lle l w ith  f a t ,  is considered also  an  in d ic a to r  of fa t  a b so rp tio n  
[242].* T h e  increase o f th e  blood v ita m in  A level is th e  g rea tes t w hen  th e  
p a rtic le s  o f  th e  a d m in is te red  p re p a ra tio n  are  subm icroscopic (“ a q u e o u s” ) ; 
th e  low est, when th e y  are  m acroscopic (oil) ; in te rm ed ia te , w hen th e y  are  
1 to  20 Ц (em ulsion) in  size [215]. H o w ev er, d isp erg an ts  or th e  aqueous so lu ­
tion  i ts e lf  only  accelera te , b u t do n o t im p ro v e  ab so rp tio n . T hus, v ita m in  A 
in an  “ aq u eo u s” so lu tion  raises th e  b lood  level 2 to  3 tim es m ore th a n  v ita m in  A 
in oil, in  sp ite  of th e  fa c t th a t  v i ta m in  A  is com pletely  ab so rbed  in  b o th  
cases [44]. T hus, th e  rise in  th e  b lood  v ita m in  A level a f te r  o ra l a d m in is ­
t ra t io n  does no t show  th e  m easure o f  ab so rp tio n . I t  ind icates m ere ly  th a t  
a b so rp tio n  has ta k e n  p lace  and  i t  h a s  te m p o ra r ily  surpassed  s to rag e  [44]. 
A s, ex cep t in  some diseases,** v ita m in  A is n o t ex cre ted  in  th e  u rin e , th e  
q u a n t i ty  o f v itam in  A abso rbed  co rresp o n d s to  th e  am oun t in gested  m inus 
th e  q u a n t i ty  excre ted  in  th e  faeces [126]. W hile ad u lts  absorb  i t  co m p le te ly  
[377], in fa n ts  absorb  on ly  2/3 of a dose o f  35 000 I .  U. in oil, as ju d g e d  on th e  
basis o f  faecal excretion  [212, 216].

A ccord ing  to  th e  orig inal to le ran ce  m eth o d  o f C h e s n e y  an d  M c C o o r d  
[65], v ita m in  A is d e te rm in ed  in p la sm a  o r serum  4, 7 an d  24 hours follow ing 
th e  a d m in is tra tio n  o f 7000 I . U. o f v i ta m in  A (ester) per kg b o d y  w e igh t. 
T he v ita m in  A to lerance te s t  has been w id e ly  used an d  th e  n u m b er o f  rep o rted  
te s ts  is g re a t. Beside th e  este r, th e  alcoho lic  form  o f v itam in  A has also been  
u sed , in  d ifferen t doses. T he oral dose fo r ad u lts  varies from  50 000 [17] to  
500 000 [212] I. U .,*** b u t th ere  is no un ifo rm  stan d a rd  for ch ild ren .

* A daptation studies cannot be made in in fants.
** See the literature cited in the section dealing w ith  vitam in  A levels in atrophic infants.
*** For the details the reader should consu lt B ic k n e l l  and P resco tt’s hook, T he  

V itam ins in Medicine [44].

4*
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(25 000 to  50 000 I .  U . [194], 5000 to  6000 I .  U .) p er Lb (0,45 kg) b o d y  w eig h t 
([212, 227 an d  192 173], respectively ). In  in fa n ts  35 000 I. U. was a d m in is te re d  
in  to le ran ce  te s ts , irre sp ec tiv e  o f th e  a c tu a l  b o d y  w eight [212]. B igger doses 
p ro d u ce  h igher b lo o d  levels, b u t  th e  sh ap e  o f  th e  curve rem ains p ra c tic a lly  
th e  sam e [194]. B lood  is ta k e n  a t  v a rio u s  p o in ts  o f tim e  ; m ore f re q u e n tly  
d u rin g  th e  f irs t  6 to  8 hours follow ing a d m in is tra tio n  and  less f re q u e n tly  
la te r .  Owing to  th e  sh a rp  rise caused  b y  i t ,  w hen  an  aqueous so lu tio n  is 
ad m in is te re d  th e  b lo o d  level shou ld  b e  e s tim a te d  also a fte r  2 h o u rs . I n  
g en e ra l, th e  p e a k  is reach ed  in  3 to  6 h o u rs . T h en  a decline follow s, sh a rp  
fo r 8 hours an d  g ra d u a l la te r  ; a f te r  24-hours th e  level is s till h igher th a n  
in itia lly .

I I .  E xperim en ta l 

Patient m aterial

O ral v ita m in  A  to le ran ce  te s ts  w ere p e rfo rm ed  in  12 in fa n ts , 7 a tro p h ic  
a n d  5 n o rm al. A ll th e  a tro p h ic  in fan ts  be lo n g ed  to  th e  group o f decom position  
(h y p o tro p h y  I I I ) .  T h e  clin ical d a ta  for th e  decom posed  babies are  p re sen ted  
in  T ab le  I . T he n o rm a l in fan ts  w ere k e p t in  a n u rsery , fed a com plete  d ie t 
w ith  su ffic ien t v ita m in  A an d  C, an d  w ere u n d e r  p e rm an en t m edical superv is io n .

Procedure

N eith e r v i ta m in  A, nor an y  o th e r fa t-so lu b le  v itam in  p re p a ra tio n  w as 
a d m in is te re d  to  th e  a tro p h ic  in fan ts  a f te r  adm ission , or to  th e  n o rm a l ones 
u n t i l  th e  tim e  o f th e  to le rance  te s t .  T h e  dose o f  v itam in  A (25 000 I .  U ./k g  
b o d y  w eigh t, in  0,25 m l oil, as vehicle) w as th e n  ad m in is te red  b y  m o u th . 
T h is dose was p rec ise ly  m easu red , ad d e d  to  2 to  3 g rice w ate r, hom ogen ized  
a n d  a d d ed  to  a b o u t 30 m l of m ilk , in  w h ich  i t  w as hom ogenized again  befo re  
bein g  ad m in is te red . S ubsequen tly , th e  d ish  w as w ashed  w ith  m ilk , a n d  th is  
w as also given to  th e  b a b y . In  th is  w ay  losses in  so lu tion  an d  a d m in is tra tio n  
w ere e lim in a ted . V ita m in  A was d e te rm in ed  in  th e  sera from  blood  sam ples 
ta k e n  4, 8 an d  12 h o u rs  follow ing a d m in is tra tio n . B lood ta k e n  24 h ours ea rlie r, 
n o t sooner th a n  4 h o u rs  a fte r  th e  la s t m ea l, w as considered to  y ie ld  th e  in it ia l  
lev e l. This was done  to  avo id  one m ore b lo o d  ta k in g  on th e  d a y  o f th e  te s t .  
A fte r  c lo ttin g , th e  se ru m  was sep a ra te d  b y  cen tr ifu g a tio n  and  te s te d  w ith o u t 
d e la y  for v ita m in  A  co n ten t. D uring  th e  to le ra n c e  te s t th e  in fan ts  w ere fed  
th e  p re sc rib ed  d ie t.

T he values o b ta in e d  a fte r 4, 8 a n d  12 h o u rs , as well as th e  size o f  th e  
a re a s  enclosed  b y  th e  single to lerance  cu rves h a v e  been ta b u la te d  (T ab le  I I ) .
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2. 112 June, 1954 L. L. 3 73/89 - + + - — + + - + + — -

3. 80 January, 1954 Sch. K. 2 0,59 + + - + + - + - - - - - Bronchiolitis and púimon-
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tation  of the heart 
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6. 110 Sz. Gy. 0,64 m yocardial degenerat-
7. 106 April, 1954 в. K. П 7 . 0,64 - + + - + - - - - - - - ion. Cerebral oedema.
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Table II

Vitam in A  tolerance tests in decomposed (hypotrophy I I I )  infants

No.
Experi­
mental
record Date of testing Initials

Vitamin A absorbed 
I. U./100 ml Area enclosed by curve, 

square cm
No. 4h 8n 12л

l . 86 F ebruary, 1954 K. J. 380 159 205 12,7
2. 112 J u n e, 1954 L. L. 268 115 43 8,2

3. 80 Janu ary , 1954 Sch. K. 60 74 32 3,0

4. 81 Janu ary , 1954 T. J. 203 78 61 6,1
5. 101 A pril, 1954 K. L. 159 124 108 6,3

6. 110 M ay, 1954 Sz. Gy. 288 93 99 7,5

7. 106 A pril, 1954 в. K. 473 305 219 9,0

270 135 109

M = 9 ,0  sq. cm  

a  M =  l ,9  
S = 1 ,0

(related to the norm al)

To fac ilita te  e v a lu a tio n , an o th e r curve (F ig . 9) h a s  been co n stru c ted  from  
th e  m ean  rises. T h e  e x te n t  of the  area  enclosed  b y  the  curves h a v e  been 
co m p u te d  as ea rlie r d escrib ed .

W ith  th e  n o rm a l in fa n ts  the  procedure  w as th e  sam e. These re su lts  are  
show n in T able I I I ,  a n d  th e  u n ited  resu lts in  a cu rv e  (F ig. 9).

F ig. 9. V itam in A to lerance te sts  in atrophic in fan ts on the basis o f the m ean (M) increase
in serum vitam in A (I. U ./100  m l)
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Table III

Vitam in A tolerance tests in  normal infants

No.

Experi­
m ental
record D ate of testing In itia ls

Rise in vitam in A 
U./100 m l Area enclosed by curve 

square cm
No.

4 h Sh 12h

i . 129 Novem ber, 1954 M. P. 191 205 244 12,6

2. 131 N ovem ber, 1954 M. M. 199 107 98 6,9

3. 130 N ovem ber, 1954 P. M. 262 178 54 9,2

4. 132 N ovem ber, 1954 S. I. 358 223 74 10,7

5. 107/6 May, 1954 H . A. 616 631 347 28,8

325 269 163

M =  13,6 sq. cm  

oM =  1,9

E u tro p h y  

H yp o trophy  HI.

M crM S
related to
eulrophy

13,6 1,9

9,0 1,9 1,0

Not significantly lower

Fig. 10. V itam in A tolerance tests in a trophic  infants on the basis o f the m ean (M ) size  
o f the area enclosed by the curve (square cm)

Results a n d  discussion

T he d a ta  an d  curves ob ta in ed  rev e a le d  th a t  th e  to lerance cu rves o f  th e  
decom posed  in fan ts  ra n  s ligh tly  low er th a n  those  for th e  no rm al b ab ie s  b u t  
th e  d ifference betw een  th e  curves (o r b e tw een  th e  areas enclosed b y  th e m ) 
w as n o t sig n ifican t. T his m eans th a t  in  th is  serious stage  of in fan tile  a tro p h y  
th e  n o rm a l serum  v ita m in  A level is a sso c ia ted  w ith  a d e q u a te ly  filled  v ita m in  
A d ep o ts .

T hese resu lts  d iverge from  th o se  o b ta in e d  for v itam in  E , a n o th e r  fa t-  
so lub le  v itam in . T he ex p lan a tio n  h as  been  ou tlin ed  in  th e  p rev ious sec tio n .

S u m m a ry

V itam in  A to le ran ce  te s ts  h av e  been  m ad e  in  7 a tro p h ic  an d  5 n o rm a l 
in fa n ts . A ll th e  a tro p h ic  babies b e lo n g ed  to  th e  group of deco m p o sitio n  
(h y p o tro p h y  I I I ) .
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A fte r  oral a d m in is tra tio n  o f 25 000 I .  U ./k g  body  w eight o f  v ita m in  
A  in  0,25 m l oil as veh ic le  v ita m in  A w as e s tim a te d  in  th e  serum  o f b lood  
sam p les  ta k e n  a fte r  4 , 8 a n d  12 hours. F ro m  th e  m ean  values for th e  increase  
cu rv es  w ere p lo tte d . T h e  e x te n t o f th e  a reas  enclosed  b y  th e  single to le ran ce  
cu rv es  w as expressed  in  sq u a re  cm .

T h e  to lerance  cu rv es  o f  th e  a tro p h ic  b ab ies  ra n  som ew hat low er th a n  
th o se  o f  th e  n o rm al in fa n ts . The d ifference b e tw een  th e  m ean a reas  enclosed 
b y  th e  curves (13,6 s q u a re  cm  for th e  n o rm a l a n d  9 square  cm for th e  decom ­
posed  in fan ts) w as n o t  s ig n ifican t. These in v e s tig a tio n s  confirm  th e  view  th a t  
th e  n o rm a l serum  v i ta m in  A level we h a v e  d e m o n s tra te d  to  be p re sen t in  
th is  serious phase  o f  a tro p h y  is assoc ia ted  w ith  a d eq u a te ly  filled  v ita m in  
A d ep o ts .

Vitam in A  m etabolism  in atrophic infants suffering 
from  Leiner’s erythroderm ia

I t  has been p o in te d  o u t th a t  th e  a t ro p h y  in  L einer’s disease is one o f th e  
sp ec ia l form s of in fa n tile  a tro p h y , one asso c ia ted  w ith  d is tu rb ed  fa t  a b so rp ­
tio n . I t  has been show n  n am ely  th a t  to g e th e r  w ith  cystic  fibrosis o f  th e  p a n ­
creas an d  p ro te in  defic iency  disease (kw ash io rko r, “ M eh lnäh rschaden” , 
C z e r n y ) [370, 368], L e in er’s d isease [246, 247], also involves a d is tu rb a n c e  
in  th e  exocrine fu n c tio n  o f  th e  pancreas.

A ltho u g h  th e se  fo rm s of a tro p h y  a sso c ia te d  w ith  an  ex trem e  red u c tio n  
in  f a t  ab so rp tio n  o b v io u s ly  involve a m id tip le  v ita m in  deficiency, no e x a c t 
d a ta  concern ing  L e in er’s d isease are  a v a ia b le  in  th e  la t te r  respect.*  As fa r  
as v ita m in  A is co n cern ed , th is is th e  m ore  as to n ish in g , as x e ro p h th a lm ia  is 
n o t  uncom m on in  L e in er’s e ry th ro d e rm ia , sk in  changes are  serious, an d  
th e  in fa n ts  su ffering  fro m  th e  cond ition  a re  e x tre m e ly  su scep tib le  to  in fec ­
tio n , especially  o f th e  re sp ira to ry  t r a c t .

I .  Survey o f  the literature

T he serum  v ita m in  A  level in  in fa n ts  w ith  L einer’s d isease, or to le ra n c e  
te s ts  in  such in fa n ts  h a v e  n o t been  d iscussed  in  th e  lite ra tu re .

In  grave k w ash io rk o r th e  serum  c a ro te n e  level was found  low, m o stly  
less th a n  10 p er cen t o f th e  blood level in  E u ro p e a n  ch ildren  [261, 356]. C li­
n ic a l signs (especially  eye sym ptom s) h a v e  b een  described  to  occur [75, 6, 273]. 
T h e  incidence o f eye  sym p to m s m ay  a t ta in  44 p e r cent [11] a n d  in  M exico 
co rn ea l dryness w as rev ea led  b y  th e  s lit la m p  in  90 per cen t o f  th e  ch ild ren

* V itam in E  m etabolism  in Lciner's disease has been discussed in  a previous section .
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su ffering  from  kw ash io rkor, w hereas x e ro p h th a lm ia  associated  w ith  u lce ra ­
tio n  o ccu rred  in  7 p er cent [273].

A re p o rt from  th e  p a e d ia tr ic  d e p a r tm e n t in  K iel, G erm any , described  
30 cases o f k e ra to m a lac ia , as a co m p lica tio n  o f  pro te in  d efic ien cy  d isease 
(“ M eh ln äh rsch ad en ” , Cz er ny  [386]).

In  genera l, av itam inosis A develops eas ie r in  in fan ts th a n  in  ch ild ren  
o r a d u lts . I f  we ignore such sy m p to m s o f  av itam in o sis  A as m a y  be  d u e  to  
o th e r  causes (for exam ple  re ta rd e d  g ro w th  a n d  a reduced  resis tan ce  to  in fec­
tio n ), th e  m a in  clin ica l sy m p to m s o f th e  d efic ien cy  will be x e ro p h th a lm ia , 
hem eralop ia  an d  th e  specific d e rm ato s is  (k era to sis).

X e ro p h th a lm ia  develops easie r in  in fa n ts  an d  young c h ild ren  th a n  in 
o lder ones or a d u lts . I t  develops a t  th e  m o st d ra m a tic  ra te  in in fan ts  [46] ; i t  has 
been described  to  be presen t a lre a d y  a t  b i r th  [237]. In  In d ia  i ts  inc idence  
is h ig h er am ong  ch ild ren  u n d er 5 y ea rs  o f  age [393] and  alm ost e v e ry  case 
observed  in  J a p a n  was less th a n  5 years  o ld  [242]. The cases of k e ra to m a la c ia  
observed  in  R ussia  during  th e  re lig ious fa s t  (K u rsk , 1906) [238] o ccu rred  
w ith o u t ex cep tio n  in  in fan ts [315]. I t  is w ell-know n th a t  a t  th e  b eg in n in g  
o f W orld  W ar I  in  D enm ark  th e  in c id en ce  o f  in fan tile  cases in c re a se d  [47]. 
T he incidence is th e  h ighest in  in fa n ts  ag ed  from  6 to  12 m o n th s  [71]. T he 
b lood o f  x e ro p h th a lm ic  ch ild ren  c o n ta in  v e ry  l i t t le  [85] or no v ita m in  A. 
In  m ost cases o f x e ro p h th a lm ia  th e re  is also hem era lo p ia , only it  p asses  u n re ­
cognized [71]. T he incidence o f h em era lo p ia  is m uch  higher am ong  ch ild ren , 
th a n  am ong  a d u lts  [45, 184, 169]. Low  se ru m  v ita m in  levels h av e  b e e n  found  
in  cases of kera to sis  o f children [194].* X e ro p h th a lm ic  in fan ts a re  su sc e p tib le  
to  sk in  in fec tion  [48].

V itam in  A  deficiency  m ay  deve lop  n o t o n ly  p rim arily  (i. e. d u e  to  in su ff i­
c ien t in ta k e ), b u t  also secondarily , as a re su lt  o f  a d istu rbance  in  a b so rp tio n , 
s to rag e , in  th e  conversion  of ca ro ten e  to  v i ta m in  A, or due to  e x tre m e  loss. 
A bsorption  m a y  be  im paired  b y

1. a la ck  o f  p an crea tic  lipase  (fib rosis o f  th e  pan creas);
2. a la c k  o f  bile sa lts  (liver d iseases : in fec tious h ep a titis , c o n g e n ita l 

occlusion o f th e  bile  d u c ts , c irrhosis o f th e  l iv e r ) ;
3. in te s tin a l changes (sprue, coeliac d isease , colitis, g iard iasis). In  th ese  

co n d itions th e  ab so rp tio n  of b o th  th e  fa ts  a n d  v ita m in  A is im p a ired , b ecau se  
th e  ab so rp tio n  o f  v ita m in  A, like t h a t  o f f a ts ,  is preceded b y  h y d ro ly s is  (by  
ly tic  enzym es), em u lg ea tio n  (by  th e  b ile). V ita m in  A is abso rbed  lik e  fa ts , 
from  th e  superio r a n d  m edial sec tio n  o f  th e  sm a ll in testine  [44]. T h u s , in  
fib rosis o f  th e  p an creas  of in fa n ts  a n d  ch ild re n  th e  serum  v ita m in  A  level 
is low  (8,4 I . U .) [17]. In  p rem a tu re  in fa n ts  th e re  is a d istu rbance  of th e  ab so rp -

* Others found normal values [59] or no correlation between the sym ptom  and the  
serum vitam in  A leve l [204].
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tio n  o f  b o th  fa t  a n d  v ita m in  A [74]. In  p a n c re a tic  fibrosis of in fa n ts  a n d  
c h ild re n  th e  to le ran ce  cu rves are qu ite  f la t  [241, 239, 73, 212, 216, 240], b u t  
a b so rp tio n  m ay  be acce le ra ted  b y  a d m in is tra tio n  o f  pancreatic  enzym es [71, 
239, 73]. In  p a n c re a tic  fib rosis  th e  aqueous v i ta m in  A solu tion  is ab so rb e d  
b e t te r  th a n  th e  o ily  so lu tio n  in  no rm al s u b je c ts  [239, 212, 192]. In  m a n y  
cases n o t t r e a te d  w ith  v ita m in  A x e ro p h th a lm ia  develops [10]. In  co n g en ita l 
a p la s ia  o f  th e  bile d u c ts  th e  to le rance  curve  in d ic a te s  poor v itam in  A a b s o rp ­
tio n  [240, 9]. In  coeliac d isease th e  serum  v i ta m in  A  level is low (16,2 I .  U .) 
[242], a n d  th e  to le ran ce  curves a re  f la t  [393, 242 , 73, 192], or even  in d ic a te  
a t o ta l  absence o f a b so rp tio n . In  th e  coeliac sy n d ro m e  th e  serum  v ita m in  
A lev e l reflec ts  th e  g rad e  o f  s tea to rrh o ea  [238, 52 ]. In  giardiasis th e  v ita m in  
A to le ra n c e  curve is f la t  [174, 371].

I I .  E xperim en ta l 

Patient m aterial

T h e serum  v ita m in  co n te n t was d e te rm in e d  in  8 in fan ts su ffe ring  from  
L einer's  e ry th ro d e rm ia . In  6 cases to le ran ce  te s ts  have also been  m ad e .

T h e  8 in fan ts  w ith  Leiner's  disease sh o w ed  the  following d is tr ib u tio n  
as to  g rad e  of d ev e lo p m en t :

e u tro p h ic .....................................................................................  1
d y stro p h ic  (h y p o tro p h y  I) .............................................  1
a tro p h ic  (h y p o tro p h y  II)  ...............................................  6

T h e  clinical d a ta  concern ing  a tro p h y  a n d  Leiner's  disease h a v e  been 
p re se n te d  sep a ra te ly  in  T ab le  I  and  T ab le  I I  ; th e  la tte r  show s also th e  
g rad e  o f  sev erity  o f L einer's  disease, ignoring  t h a t  o f a trophy .

T h e  sev erity  o f  Leiner's  disease in th e  cases te s te d  лгав as follows : severe , 
6 cases ; m o d era te ly  severe or m ild, 2 cases. F o u r  of th e  in fan ts  su b je c te d  
to  to le ran ce  te s t h a d  severe and  2 had  m o d e ra te ly  severe or m ild  L einer's  
d isease .

Method

B lood sam p lin g  a n d  th e  to lerance te s t  w ere carried  out as a lre a d y  
d esc rib ed .

T he rises in  th e  serum  v itam in  A level reco rd ed  a fte r 4, 8 a n d  12 h ours 
h a v e  been ta b u la te d  (T able  IV ). F rom  th e  m ean s  a curve has been  p lo tte d  
(F ig . 12). The e x te n t  o f th e  area enclosed b y  th e  single curves is also show n 
(in T ab le  IV ), exp ressed  in square  cm.
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Clinical data for atrophy
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1. 114 June, 1954 R . G . l 1,0 _ _ + _ _ _ + _ _ + _ _ Bronchopneumonia.

2 . 105 April, 1954 Z . M. 27a 80/97 - - - + - - + - - + - +
Catarrhal enteritis. 
Cerebral oedema. Jaun-

3. 113 June, 1954 F . I. 17» 81/101 — + + — — — “Г — — + — — dice. Grave fa tty  dege-
4. 115 June, 1954 L. M. 2 83/99 - - + - - - + - - + - - neration of the liver. 

D ilatation of the
5. 42 Jan., 1953 P. I. 17» 78/94 + — + + — — + — — + — — heart
6. 97 March, 1954 P. s . 17» 85/99 + - + + — — + — + + - —
7. 100 April, 1954 V. E. 2 0,86 - - + + + - + - — + - —
8. 111 May, 1954 T. A. 1 84/98 — — + — — — + — — + — —
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M 6M 5
related to 
normals

Normal ^  61.6 в £
Lemer s disease

Ш  ” /A 3 A2 5.0

significantly louver

F ig . 11. Serum vitam in  A le v e ls  in  infants w ith  L ein er’s  disease on the basis o f  th e  m ean
(M) value (I. U ./1 0 0  m l)

F ig . 12. V itam in A  to lerance te sts  on infants w ith  L ein er’s disease, on the basis o f  the  
m ean rise (M ) in  the serum vitam in  A  le v e l (I. U ./100 ml)

Normal 
Lelner's disease

M oM s
related to 
normals

13.6 1.9
8.0 1.3 1.3

n o t s ig n if ic a n tly  lo w er

F ig . 13. V itam in A to lerance tests in infants w ith  L ein er’s disease, on the basis o f  the  
m ean size (M) o f  the area enclosed by the to lerance  curves (square cm )

Results and d iscussion

A s it can  be seen in  T able IV , th e  8 in fa n ts  w ith Leiner's d isease  h a d  
s ig n if ic a n tly  less v ita m in  A  (M =  13,3 I . U .) th a n  th e  norm al v a lu e  we h ad  
d e te rm in e d  (M =  61 I .  U .) (Table I I I ) .  N o n e  o f  th e  8 in fan ts w ith  Leiner's



Table II

Clinical data fo r  Leiner4s disease

A n a e m i a Leucocytosis Liver function Dura-
2 0 
£ Z

Oedema
Serum

tion
Severity of

6
Й

| t>
E I  
S iЫ

Date of test ing Initials symptom s protein
% Hb RBC WBC

О

£
Q

Taka t a Thymol Se. b ilirubin 
mg %

tre a t­
m ent
days

O ther Leiner’s
disease

disease P ost-m ortem  diagnosis

1. 114 June, 1954 R. G. marked + 4Д 3,200 000 15,000 + neg. 2 29 _ severe recovery I Bronchopneumonia. Catarrhal

2. 105 June, 1954 Z. M. marked + 4,8 — 1,780 000 29,800 + neg. 3 0,5 14 xerophtalm .
hepatitis

severe death 1 enteritis. Cerebral oedema. Jaun- 
1 dice. Grave fa tty  degeneration of 
1 liver. H eart dilatation .

3. 113 June, 1954 F. I. moderate — 4,6 — 3,480 000 12,000 — 1 neg. below 0,5 57 — moderate recovery

4. 115 June, 1954 L. M. marked 4,9 — 3,000 000 13,400 + - - — 41 — severe recovery

5. 42 Jan ., 1953 P. I. marked + 5,3 70 3.920 000 9,400 — 1 4 0,5 87 - severe recovery

6. 97 March,1954 P. S. marked - 5,1 - 3,800 000 7,200 - neg. 1 — 56 — severe recovery

7. 100 April, 1954 V. E. marked + 5,0 - 2,800 000 23,200 - neg. 3 below 0,5 43 — severe recovery

8. 111 May, 1954 T. A. moderate — 4,2 — 3,700 000 12,000 + — 3 1,06 18 — moderate recovery
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Table III

Serum  vitam in A levels in  infants w ith Leiner's disease

No.
Experi­
mental 

record No.
D ate of testing Initials Serum v it amin A I. U ./ 100 m l

l . 114 June, 1954 R . G. 0

2. 105 A pril, 1954 Z. M. 0

3. 113 June, 1954 F. I. traces
4. 115 Jun e, 1954 L. M. traces
5. 42 Jan ., 1953 P. I. 15
6. 97 March 1954 P. S. 21
7. 100 A pril, 1954 V. E. 25
8. 111 M ay, 1954 T. A. 46

M =  13,3 I. U.

<rM =  4,2
S =  5,0

(related to the norm al)

Table IV

V itam in A tolerance tests in infants w ith Leiner's disease

No.
Experi­
mental 

record No.
D ate of testing Initials

Increase o f se. v it . A 
I. U./100 ml

Area, square cm

4 h I2Í1

l . 114 June, 1954 R. G. 217 100 113 7,4
3. 113 Jun e, 1954 F. I. 140 76 36 4,8
4. 115 June, 1954 L. M. 210 109 102 7,4
6 . 97 March , 1954 P. S. 212 151 103 6,7
7. 100 April, 1954 V. E. 163 113 113 7,8
8 . 111 M ay, 1954 T. A. 446 191 166 14,3

231 123 105 M =  8,0 sq. cm

oM =  1,3 
S =  1,3

(related to the normal)
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d isease  reached  th e  n o rm a l level.* In  4 cases th e  serum  level was m u ch  low er 
t h a n  th e  norm al, in  2 cases o n ly  traces a n d  in  2 cases n o t even  tra c e s  o f 
v i ta m in  A were p resen t in  th e  serum . One o f  th e  2 p a tien t com plete ly  lack ing  
v i ta m in  A h ad  x e ro p h th a lm ia .

T h e  to lerance te s ts  rev ea led  th a t  in  L einer's  disease th e  v ita m in  A to le ­
ra n c e  curves were f la t te r  a n d  th e  areas enclosed  b y  th em  sm aller (M =  8,0 
s q u a re  cm) th a n  in  th e  co n tro ls  (M =  13,6 sq u a re  cm), b u t n e ith e r  difference 
w as sign ifican t (T able IV ).

A n  analysis o f th e  v ita m in  A values a n d  o f  th e  to lerance te s ts  d isclosed 
t h a t  in  a troph ic  in fa n ts  w ith  L e in e k s d isease a depletion  of tis su e  depo ts 
co n seq u en tia l to  m a la b so rp tio n  is responsib le  for th e  low serum  v ita m in  A 
lev e l. T h u s , these in fa n ts  su ffe r from  v ita m in  A deficiency.

S u m m ary

In  eight in fan ts  su ffering  from  Leiner's  d isease the serum  level o f v i ta ­
m in  A has been e s tim a te d . Six o f th e  in fa n ts  were su b jec ted  to  to le ran ce  
te s ts .  O f th e  8 in fa n ts  6 w ere a tro p h ic  (h y p o tro p h y  II) , 1 w as d y stro p h ic  
(h y p o tro p h y  I) an d  1 w as “ eu tro p h ic ” . In  6 cases Leiner’s disease w as severe 
a n d  in  2 it was m o d e ra te ly  severe or m ild .

As com pared to  th e  n o rm al level we h a d  de term ined  (M =  61 I . U .), 
th e  in fa n ts  w ith Leiner's  d isease show ed s ig n ifican tly  lower values (M =  13,3 
I .  U .). I t  was rem ark ab le  t h a t  th e  serum  v ita m in  A level was no t n o rm a l in 
a n y  o f  th e  in fan ts w ith  L einer's  disease a n d  in  4 cases e ith e r no v ita m in  A 
(one case exh ib ited  x e ro p h th a lm ia ) or on ly  trace s  of it were d e te c te d  in  th e  
se ru m .

T h e  results revea led  t h a t  th e  v ita m in  A to lerance  curves a n d  th e  area 
en c losed  b y  them  were f la t te r  an d  sm aller, respective ly , in  Leiner's  d isease, 
t h a n  in  norm al in fan ts , b u t  th e  difference w as no t sign ifican t.

A n analysis o f th e  se ru m  v itam in  A values and  th e  resu lts  o f  th e  to le ­
ra n c e  te s ts  revealed  th a t  in  Leiner's  d isease a depletion  of tissue  d ep o ts  due 
to  im p a ired  abso rp tio n  is responsib le for th e  low serum  v itam in  A level, i. e. 
in  t h a t  condition  v ita m in  A deficiency is p resen t.

* In  the chapter dealing w ith  vitam in  E m etabolism  in infants w ith Leiner's  disease  
it  has been stated that the low  v itam in  E  level w as correlated with Leiner's disease and its  
sev er ity  and not w ith atrophy and its grade. The v itam in  A level ought therefore also to be 
discussed  in the light o f the severity  o f Leiner's disease. W e have, how ever, n o t done so 
(in  sp ite  o f the fact that 6 o f th e  8 infants tested  had severe Leiner's disease), because the  
sm all num ber of cases did not ju stify  such a procedure.
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VITAM IN B x

V itam in B L tolerance tests in infantile atrophy

I .  Survey o f  the literature

V itam in B x (a n d  d ifferen t m em bers o f th e  v ita m in  В com plex) has 
been  ex tensively  s tu d ie d  in  a tro p h ic  in fan ts  an d  also in  th e  deficiency disease 
o f a d u lts  due to  s ta rv a tio n  [158, 180]. T he cases o f a tro p h y  in v e s tig a te d , 
how ever, were a lm o s t w ithou t ex cep tio n  o f th e  oedem atous ty p e  (Leiner's  
d isease,*  protein  d efic iency  disease (“ M eh ln äh rsch ad en ” , Cz e r n y ; kw ash io rkor) 
[356]. As fa r as we kn o w , th e  n o n -oedem atous, so-called  “ d ry ”  form s of a tro p h y  
h av e  n o t been s tu d ie d  sy stem atica lly  from  th e  p o in t o f view  o f v ita m in  B x 
m etabo lism .

11. E xperim enta l 

P atient material

T he v itam in  B x to lerance te s ts  invo lved  11 a tro p h ic  in fan ts  a n d , as 
th e  con tro ls , 5 n o rm a l babies. The d is tr ib u tio n  o f th e  a tro p h ic  in fan ts , acco rd ­
ing to  th e  severity  o f  a tro p h y , w as as follows :

D y s tro p h y  (H y p o tro p h y  I) .............................................  1
A trophy  (H y p o tro p h y  II )  ...............................................  5
D ecom position  (H y p o tro p h y  I I I )  ...............................  5

T he clinical d a ta  for th e  a tro p h ic  babies h av e  been ta b u la te d  (T able  I). 
T h e  norm al co n tro ls  were m o st care fu lly  selec ted  from  th e  m a te ria l 

av a ilab le  and only th o se  were su b jec ted  to  to le ran ce  te s ts  whose developm ent

Eutrophy Hypotrophy /., II., III.

ü I
M  = О.Нв Л1 -  0.076

6 M  = II, 8 <5M = 1 1
5  = 2.6

related to eutrophy
Percentage excretion of 0.5 mg vitamin Bi in2h30‘

23.6 15.2 '

Fig. 14. Vitamin Bx to lerance tests in atrophic infants (b y  the thiochrom e m ethod) 
on the basis o f the m ean total urinary excretion (M ) o f  v itam in  B x (m g)

* The pertaining literature has been discussed in one o f the sections dealing w ith the  
vitam in  m etabolism  of in fan ts suffering from Leiner's disease.
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w as ab so lu te ly  norm al an d  w ho  fu lfilled  all th e  o th e r req u irem en ts  o f  e u tro p h y .
T h e  a troph ic  babies ra n g e d  in  age from  3 to  12 m o n th s w hereas th e  

n o rm a ls  from  1 2/3 to  4 V3 m o n th s .

M ethods

V itam in  Bj supp ly  w as s tu d ie d  b y  d e te rm in in g  u r in a ry  ex c re tio n  follow ­
in g  a  to le ran ce  te s t [31]. A ccord ing  to  th e  d a ta  in  th e  l i te ra tu re , w hen  th e  
s u p p ly  is norm al th e  in tra m u sc u la r  in jec tio n  o f  0,5 m g of v ita m in  B x is followed 
b y  th e  appearance  o f a t  le a s t 0,050 m g o f an eu rin  in  th e  urine  co llected  for 
4 h o u rs .

A tte m p ts  have  been m ad e  to  develop  a su ffic ien tly  precise procedure  
n o t  cau sin g  severe s tra in  in  th e  a tro p h ic  in fa n ts .

F irs t of all, th e  n o rm a l in fa n ts  w ere su b jec ted  to  th e  to le ran ce  te s ts . 
T h e y  h a d  been am ply  su p p lied  w ith  v ita m in  B v an d  v itam in s  A, D a n d  € , 
b e in g  u n d e r co n stan t m ed ica l superv ision . On th e  d ay  o f th e  to le ran ce  te s t 
th e  b ab ie s  were given exc lu siv e ly  100 or 200 m l te a . T he in itia l va lu e  was 
o b ta in e d  prior to  th e  a d m in is tra tio n  o f th e  to le rance  dose, w hich  w as 0,5 mg 
o f  v i ta m in  B t in tra m u sc u la rly . A fte r th e  ad m in is tra tio n  o f th is  dose th e  urine 
w as co llected  over severa l h o u rs . A fte r th e  te s t  period h a d  been  com pleted  
th e  b la d d e r  was em p tied  b y  c a th e te r iz a tio n  a n d  th e  v ita m in  B j co n ten t of 
th e  pooled  urine sam ples w as d e te rm in ed  b y  th e  th ioch rom e m eth o d  [31]. 
T h e  n o rm a l in fan ts  well su p p lied  w ith  v ita m in  B j excre ted  a t  le a s t 0,118 m g 
o f  th e  0,50 mg w ith in  2 x/2 h o u rs  (T able I I ) .

Table II

V itam in  B 1 excretion o f normal infants

No.
E xperi­
m ental 

record No.
D ate of te stin g Initials

Age
m onths Pf or DQ

Excretion , to ta l

u rine
m l

v itam in  B! 
mg

l . 27 January 14, 1955 P. T. 4 V , 99/130 80 0,111

2. 28 January 14, 1955 M. G. 3 98/99 80 0,101

3. 32 February 18, 1955 T. A. 3x/3 105/89 77 0,085

4. 33 February 18, 1955 G. I. 12/з 100/100 100 0,140

5 . 34 February 18, 1955 F. T. 2V. 98/108 120 0,148

M =  0,118

oM =  11,8

23,6 per cent o f the 0,5 m g of vitam in B x 
injected  intram uscularly w as excreted in 2 
hours and 30 m inutes.



Table 1

D ystrophy (H ypotrophy I) 
(Р/ -  9 7 ,5 -8 5 )

8 Decem ber, 1954 K .S t.K . 3 96/101 — + + + - + — - - - - -

A trophy (H ypotrophy II) 
(P, 8 5 - 7 5 )

2. 2 October, 1954 T . .1. 5 76/92 + + + + — + — + — — — —

3. 4 Novem ber, 1954 H . E. 122/з 78/96 - + — - - + — - - - - -

4. 16 Decem ber, 1954 K. Gy. 12 78/83 + - + — - - + — - - - - -

5. 15 December, 1954 .1. M. 72/з 75/96 - + + + - - + - + +  * - —

6. 7 Decem ber, 1954 G. Z. 42/3 78/87 - + + — + — + - - - -

7. 23 December, 1954 P. J. 9 85/98 + — - + — - - - - ■ -

8. 9 December, 1954 V. L. 12 77/98 + + + + — — + — — — — — — Hare lip -j- rachischisis.

9. 3 October, 1954 N . M. 2 78/79 - + - - + - + - + — +
A ntrotom y. 
Degeneration of

10. 5 Novem ber, 1954 E. J. 1В2/ 3 79/105 + + + + + + liver and kidney.

in history) Infection (on admission)
1 ..............  5

Diarrhoea furunculosis 1 O titis +  furunculosis........................ ..............  1
Diarrhoea +  pneumonia 1 O titis -f- pneum onia ...........................
Other : pn eum onia.......... 1 O titis +  grippe 1

g r ip p e ................... 1 O titis -f- pneumonia -j- en teritis j ah-
m a sto id itis .......... 1 scess o f the t h ig h ...................... ................  1

6 9

* =  RBC : 2 920 000

Decom position (H ypotrophy III)
(Р / = 7 5 - )

11. 6 Novem ber, 1954 G. E. З7з 74/102 + — — + +  * + — — — — — —

12. 13 December 1954 St. L. 32/з 62/100 + + + + - - + - - +  *** - - -

13. 36 February, 1955 Zs. B. 5 70/91 - + + - - - - - + - - - -

14. 14 Decem ber, 1954 J . F. З'/з 73/98 — + + + j  * * - + - + - + - -

15. 24 January, 1955 V. I. 67з 69/98

16. 29 January 1955 Sz. V. 4 68/93

In fection  (in history)
Diarrhoea .......................... 1
Diarrhoea -f- furunculosis I 
Other : Pneumonia . . . .  1

O t it is ...................  1
4

Infection (on admission)
O titis ....................................................................... 1
O titis -f" e n te r it is ...............................................  1
O titis +  enteritis -f- sepsis -j- absc. fern. 1
Other : g r ip p e ................................................... 1

4

* l/2 milk with saccharine 
** Projectile vom iting since the age of two w eeks

*** RBC : 3 140 000
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T he sam e procedure was carried  o u t in  th e  a tro p h ic  babies. T h e ir  v i t a ­
m in B x su p p ly  was assessed b y  com paring  th e  re su lts  ob tained  fo r th e  tw o  
groups.

Table III

Vitam in B 1 excretion o f atrophic infants

Experimental 
record No. Date of testing Initials

Excretion, total
No.

urine, ml vitamin Bj, mg

l . 10 Decem ber 14, 1954 K . S t. K. 50 0,061

2. 19 Decem ber 23, 1954 K . Gy. 65 0,014

3. 20 Decem ber 23, 1954 J . M. 57 0,046

4. 12 Decem ber 16, 1954 G. Z. 142 0,073

5. 21 Decem ber 20, 1954 P. J. 270 0,108

6. 11 Decem ber 15, 1954 V. L. 210 0,084

7. 17 Decem ber 22, 1954 S t. L. 47 0,106

8. 35 Decem ber 22, 1954 Zs. B. 45 0,044

9. 18 Decem ber 22, 1954 J . F . 60 0,054

10. 22 Decem ber 29, 1954 У . J. 147 0,112

11. 30 January 27, 1955 Sz. V. 74 0,137

M =  0,076

<rM= 11,0 
S =  2,6

15,2 per cent o f the 0,5 mg of v ita m in  B x 
injected  intram uscularly was excreted  in  2 
hours and 30 minutes.

Results

D u rin g  th e  test period  th e  no rm al in fa n ts  excre ted  of th e  0,5 m g  o f 
v ita m in  B j 0,118 mg an d  th e  a tro p h ic  in fa n ts  0,076 m g. A ccordingly, v i ta m in  
B j re te n tio n  w as m ore m a rk e d  in  th e  a tro p h ic  th a n  in  the  n o rm a l in fa n ts . 
H ow ever, s ta tis t ic a l  analy sis  show ed th is  d ifference  no t to  be s ig n if ic a n t. 
As th e  a tro p h ic  in fan ts  ex c re te d  m uch m ore  th a n  0,050 mg of v i ta m in  B x, 
th e  level a ccep ted  as in d ica tiv e  of an  a d e q u a te  su p p ly , was no v i ta m in  B j 
defic iency  in  th e  a tro p h ic  in fa n ts . T he sm all n u m b e r of cases te s te d  does 
no t allow  conclusions as to  th e  co rre la tion  b e tw een  th e  grade o f s e v e r ity  o f 
a tro p h y  a n d  th e  excretion  o f  v itam in  B j.

5  A c ta  M e d ic a  X I I / 1 — 2
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S u m m a ry

To o b ta in  re liab le  d a ta , 11 in fan ts  w ith  a tro p h y  and  5 n o rm a l ones w ere 
su b je c te d  to  v i ta m in  B x to lerance  te s ts  u n d e r  th e  sam e conditions a n d  em p lo y ­
in g  th e  sam e m e th o d . T he a troph ic  in fa n ts  show ed  th e  following d is tr ib u tio n .
acco rd in g  to  th e  s e v e rity  of a tro p h y  :

D y s tro p h y  (H y p o tro p h y  I) .............................................  1
A tro p h y  (H y p o tro p h y  II)  ...............................................  5
D ecom position  (H y p o tro p h y  I I I )  ..............................  5

T he a m o u n t o f  v ita m in  B x ex cre ted  in  th e  urine collected for 1 1 /2  h o u rs  
a f te r  th e  in tra m u sc u la r  ad m in is tra tio n  o f  0,5 m g  o f v itam in  B x w as d e te rm in ed  
b y  th e  th ioch rom e m eth o d . The in itia l v a lu e  was ob tained  p rio r  to  th e  
a d m in is tra tio n  o f  th e  te s t  dose.

D uring  th e  te s t  period  th e  no rm al in fa n ts  excreted  0,118 o f  th e  0,5 m g 
o f v ita m in  B x ; th e  a tro p h ic  babies, 0,076 m g . T hus, the  la t te r  re ta in e d  m ore 
v ita m in  B t th a n  th e  form er. S ta tis tic a l a n a ly s is  showed th is d ifference to  be 
n o t sig n ifican t. I n  v iew  of th e  fac t th a t  v i ta m in  B x excretion exceeded  th e  
0,050 m g v alue  a c c e p ted  as ind ica tiv e  o f  a su ffic ien t supply , th e  a tro p h ic  
in fa n ts  h a d  no v ita m in  B x deficiency. T h e  sm all num ber o f cases d id  no t 
p e rm it conclusions as to  th e  co rre la tion  b e tw e e n  th e  severity  o f  a t ro p h y  and  
th e  a m o u n t o f v i ta m in  B x excreted .

VITAM IN C

V itam in C tolerance tests in  in fantile  atrophy

I .  Survey o f  the literature

S ystem atic  d a ta  on th e  v itam in  C su p p ly  of atrophic  in fa n ts  a re  few .
No v ita m in  C deficiency occurred  am o n g  th e  m any  a tro p h ic  bab ies 

d u rin g  th e  siege o f  B u d a p e s t in  1944—1945 [368], no r am ong th o se  in  G erm an- 
o ccu p ied  Greece [69].

O n th e  o th e r  h a n d , o ther a u th o rs , u s in g  d ifferen t la b o ra to ry  m e th o d s , 
d e m o n s tra te d  v ita m in  C deficiency in  d y s tro p h ic  [358, 244, 64] as w ell as 
in  a tro p h ic  [64] in fa n ts .

U n d erdeve loped*  in fan ts  excre te  s ig n if ic a n tly  less v ita m in  C th a n  
w ell-developed  ones o f th e  sam e age [167]. As ju d g e d  from  th e  2 4 -h o u r v i ta ­
m in  C excre tion , ev en  th e  m ild ly  d y s tro p h ic  in fa n ts  show v ita m in  C defici-

* Prem ature in fants retain about 50 per cen t o f  the vitam in C adm inistered [64]. 
The dose of vitam in  C th at m ust be adm inistered to  m ake vitam in C to appear in the prev i­
ously  v itam in  C free urine is higher in infants th a n  in  children and sign ificantly  higher in 
children than in adu lts [222].
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Clinical data fo r  atrophic infants

Ó
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D ystrophy (H ypotrophy
Р/ =  9 7 ,5 - 8 5

I)

l . 10 Decem ber, 1954 K. St. K. 3 96/101 + + - + — + - - + - -

A trophy (H ypotrophy II)
P, 8 5 - 7 5

2. 19 Decem ber, 1954 K. Gy. 12 78/83 + _ + — — — + ___ — — — ___ —

3. 20 Decem ber, 1954 J . M. n * 75/96 — + + + — — + — + 1 * — prema- —
tu re

4. 12 Decem ber, 1954 G. Z. *7з 78/87 — + + + + — — —

5. 21 Decem ber, 1954 P. J . 9 85/98 + — — - + — — — — — —

6. 11 Decem ber, 1954 V. L. 12 77/98 + + + + — — + — — — — — —

Infection (in h is to r y ) ...............................
d ia rrh ea ......................................  1
diarrhea +  pneum onia . . . .  1
pneum onia .................................. I
g r ip p e ........................................... I

4

Infection (on adm ission).............................................
o t i t i s .....................................................................................  3
otitis +  pneumonia -f- e n te r it is .............................  1
otitis +  pneumonia -{- enteritis -f- abscess . . . .  1
on the thigh ..................................................................  1

* Erythrocyte count 2 920 000 
Intrauterine injury in cases Nos. 3 and 4.

Decom position (H ypotrophy III) 
Р/ below 75

Infection (in history)
diarrhea furunculosis . . .  1
pn eum onia.................................  1
o t i t i s .............................................  1

3

Infection (on adm ission)
o t i t i s ..................................................................................... 1
otitis -f" sepsis -f- enteritis -f- abscess......................  1
otitis +  enteritis ..........................................................  1

3

* Projectile vom iting from 2nd week on 
** E rythrocyte count : 3 140 000





V I T A M I N  M E T A B O L IS M  I N  I N F A N T I L E  A T R O P H Y 67

ency  a n d  those w ith  severe d y s tro p h y  su ffer from h y p o v ita m in o s is . The 
u rine  o f a troph ic  b ab ies con ta in s o n ly  tra c e s  o f v itam in  C. U r in a ry  v itam in  
C increases w ith  th e  im p ro v em en t o f  th e  disease and  vica verse [365]. In  the 
organs o f dystroph ic  in fa n ts  p o s t-m o rtem  exam in a tio n  revealed  l i t t l e  v itam in  
C a n d  th e re  was a dem o n strab le  p a ra lle lism  betw een  the sev e rity  o f  d y stro p h y  
an d  th e  v itam in  C co n te n t o f o rgans [366].

I I .  E xperim en ta l 

P atient m aterial

V itam in  C to le ran ce  te s ts  w ere m ad e  in  16 atrophic  a n d  5 abso lu te ly  
n o rm al in fan ts , using th e  la t te r  as th e  co n tro ls . According to  th e  severity  
o f  a tro p h y , th e  a tro p h ic  babies w ere g ro u p ed  as follows.

D ystro p h y  (H y p o tro p h y  I ) ...............................................  1
A trophy  (H y p o tro p h y  I I )  ...............................................  9
D ecom position (H y p o tro p h y  I I I )  ..............................  6

T h e  clinical d a ta  fo r th e  a tro p h ic  b ab ies  can  be found in  T a b le  I.
T he norm al babies w ere m ost c a re fu lly  selected  and only in f a n ts  gaining 

w eight excellen tly  an d  fu lfilling  all o th e r  c rite r ia  of eu trophy  w ere  su b jec ted  
to  to le ran ce  te s ts .

In  age, th e  a tro p h ic  babies ran g ed  from  3 to  18 2/3 m onths ; th e  norm al 
bab ies, from  2 2/3 to  4 1/3 m on ths.

Procedure

A ccording to  th e  p resen t view , th e  v i ta m in  C supply  can be b e s t  assessed 
b y  d e te rm in in g  th e  u r in a ry  v itam in  C o u tp u t  a fte r  the a d m in is tra tio n  o f  a 
to le ran ce  dose. The m eth o d  is a t th e  sam e tim e  th e  one m ost re lia b le  c lin ic­
a lly  [31].

D iffe ren t m ethods h av e  been reco m m en d ed  for the to le ra n c e  te s t. 
G enera lly , 1000 mg of v ita m in  C is a d m in is te re d  in travenously  [358, 244] 
an d  th e  v itam in  C supp ly  is e s tim a ted  on th e  basis o f the to ta l u r in a ry  v ita m in  
C o u tp u t  in  6, or even in  24 hours [8].

I t  has been generally  accep ted  th a t  i f  40 p e r cen t of the in g es ted  v ita m in  
C is ex c re ted  w ith the u rine  in 4 —5 ho u rs , th e  organism  is su ffic ien tly  su p p lied  
w ith  ascorb ic  acid [31].

The urinary excretion o f vitam in  C is influenced by renal function and m ay  be altered  
by foods (proteins), drugs, infection  and other factors [44].

W e h av e  endeavoured  to  develop a re liab le  m eth o d  of assay n o t  ex p o sin g  
th e  a tro p h ic  babies to  g rea t s tra in . T he d a ta  th u s  obtained a llow ed  to  con­

s ’
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e lu d e  to  th e  measure to  w h ic h  th e  atrophic in fa n ts  h a d  been supplied w ith  
v i ta m in  C.

F ir s t  of all, the  n o rm a l in fa n ts  were su b je c te d  to  to lerance te s ts . T hese 
in f a n ts  w ere w ell-supplied w i th  b o th  v itam in  C a n d  o th e r v itam ins (A, D , 
B j), b e in g  under c o n s ta n t m e d ic a l control. F o u r  h o u rs  after the  la s t m eal 
1000 m g  o f vitam in C w as a d m in is te red  in tra v e n o u s ly . D uring  the  te s t  perio d  
o n ly  t e a  was given. U rine w as  fo r  several hours c o lle c te d  b y  m eans of a c a th e te r .

E u tr o p h y H y p o tr o p h y  l.,ll.,lll.

I
M  = 4 50 M  = 373

е м  = 33 ем  = эхе
5  = 7.7

r e la te d  to e u tn o p h y

Percentage urinary excretion of the test dose / 1000 mg 
of vitamin C intravenously / in 2 hours:

4 5  p e r  c en t 3 7 .3  p e r c e n t

F ig . 15. Vitamin C tolerance t e s t s  (by the dichlorphenol-indolphenol m ethod) in in fan tile  
atrophy, assessed on th e  b a s is  o f  the mean (M) to ta l urinary vitam in C outp ut (m g)

T h e  in itia l value was o b ta in e d  from urine c o lle c te d  b y  ca th e te riza tio n  befo re  
in je c t in g  v itam in  C. T h e  single urine p o rtio n s  w ere acidified w ith  acetic- 
a c id  (to  a concetration  o f  10 p e r cent) and  v i ta m in  C was determ ined b y  m ean s 
o f  d ich lo rp h en o l-in d o lp h en o l [31]. I t  has been  fo u n d  th a t  the  n o rm al in fa n ts  
w ell-supp lied  w ith v i ta m in  C excreted a t le a s t 45  p e r  cen t of the ad m in is te re d  
q u a n t i ty  w ithin 2 h o u rs . (T able  II.)

The same p ro c e d u re  w as carried ou t w ith  th e  atrophic  in fa n ts . U rin e  
w a s  collected for 2 h o u rs  a n d  a t the end  o f  t h e  te s t  period th e  b la d d e r  w as 
e m p tie d  by  c a th e te r iz a tio n . To avoid loss due  to  b re ak d o w n , th e  1-hour sam p le  
w a s  also tested  fo r v i ta m in  C content. V ita m in  C supply  in  th e  a tro p h ic  
in f a n ts  was assessed b y  com paring  the  r e s u lts  o b ta in e d  for th e  tw o  g ro u p s.

Results

A com parative a n a ly s is  of the resu lts o f  v i ta m in  €  to lerance te s ts  (T ab le  
I I I )  revealed th a t  t h e  a tro p h ic  in fan ts e x c re te d  abou t 37 p er c en t o f  th e  
ad m in is te red  q u a n t i ty  o f  v itam in  C, i. e. s l ig h t ly  less th a n  the  n o rm a l b ab ies .
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Table II

U rinary vitam in C output o f normal infants

No.
Experi­
mental 

record No.
D ate of testing Initials

Age
m onths Pi or DQ

T o tal o u tp u t

urine
ml

v itam in  C 
mg

l . 25 January 12,1955 M. G. 3 98/99 130 377
2. 26 January 12,1955 P. T. 4 7 . 99/130 90 493
3. 37 February 25,1955 T. A. 3 7 . 112/95 61 450

4. 38 February 25,1955 G. I. 2 98/100 56 380

5. 39 February 25,1955 F . T. 2 7 . 101/104 99 550

M =  450 mg 

<tM =  33,0

45 per cent o f the total am ount in jected  
(1000 m g o f vitam in C intravenously) w as 
excreted in 2 hours.

Table III

U rinary vitam in C output o f  atrophic infants

No.
Experimental 
record No. Date of testing Initia ls

T otal o u tp u t

urine ml v itam in  C mg

l . 8 December 7, 1954 K. St. K. 33 164
2. 2 October 14, 1954 T. L. 100 565

3. 4 Novem ber 20, 1954 H. E. 68 399
4. 16 December 21, 1954 K. Gy. 152 560
5. 15 December 21, 1954 J. M. 60 476
6. 7 December 7, 1954 G. Z. 21 354

7. 23 January 4, 1955 P. J. 190 330

8. 9 Decem ber 13, 1954 V. L. 134 485

9. 3 October 27, 1954 N. M. 51 235
10. 5 Novem ber 22, 1954 E. J. 265 385

11. 6 Novem ber 23, 1954 G. E. 50 400

12. 13 Decem ber 20, 1954 St. L. 114 331

13. 36 February 24, 1955 Zs. B. 27 297

14. 14 December 20, 1954 J. F. 102 106

15. 24 January 4, 1955 V. I. 97 444
16. 29 January 25, 1955 Sz. V. 62 444

M =  373 m g

<tM =  37,3  
S =  1,7

37,3 per cent o f the total am ount injected  
(1000 m g of vitam in C intravenously) was 
excreted in 2 hours.
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T h e  difference was n o t  s ta tis t ic a lly  s ig n if ic a n t. W hen , how ever, th e  cases 
w ere  s tu d ied  one b y  o n e , i t  was found t h a t  in  6 of th e  16 a tro p h ic  in fan ts  
u r in a r y  excretion a m o u n te d  to  only 34 p e r c en t o f th e  in jec ted  a m o u n t and 
v a lu e s  of 10 to  16 p e r  c e n t also occurred.

O n th is basis i t  seem s th a t  slight h y p o v itam in o sis  C (or in  som e cases, 
a considerab le  defic iency) occurs in  in fan tile  a tro p h y .

T he num ber o f cases w as too  sm all to  a llow  conclusions as to  th e  corre­
la t io n  betw een th e  s e v e r i ty  o f a tro p h y  a n d  u r in a ry  v ita m in  C o u tp u t in  the  
to le ra n c e  test.

Sum m ary

V itam in C to le ran ce  te s ts  have been m ad e  in  16 cases of in fan tile  a tro p h y  
a n d  5 norm al in fa n ts , u s in g  th e  la t te r  as th e  con tro ls. The d is tr ib u tio n  of 
a tro p h ic  in fan ts acco rd in g  to  th e  severity  o f  a tro p h y  was as follows :

D y s tro p h y  (H y p o tro p h y  I) .............................................  1
A tro p h y  (H y p o tro p h y  II) ................................................ 9
D ecom position  (H y p o tro p h y  I I I )  ............................... 6

The m ethod  o f e x a m in a tio n  was id e n tic a l in  every  case. U rin a ry  v itam in  
C o u tp u t  was e s tim a te d  1 an d  2 hours a f te r  th e  in trav en o u s a d m in is tra tio n  
o f  1000 mg of v ita m in  C, t i tra tin g  w ith  d ich lo rpheno l-indo lpheno l in  a 10 
p e r  cen t acetic acid  m e d iu m . The in itia l level was es tim a ted  in a sam ple of 
u r in e  ob tained  before  th e  ad m in is tra tio n  o f  v ita m in  C.

The norm al in fa n ts  ex cre ted  an av e rag e  o f  450 m g from  th e  1000 mg 
in je c te d , i. e. 45 p e r c e n t ; th e  a troph ic  b ab ie s , 373 m g (37,3 p er cen t). The 
d ifference  betw een th e  tw o  groups was n o t s ig n if ic a n t, b u t it  was s till concluded 
t h a t  slight h y p o v ita m in o s is  C. or in som e cases, a considerab le v itam in  C 
d efic iency  m ay occur in  in fa n tile  a tro p h y . T h e  n u m b e r o f cases te s te d  was too  
s m a ll  to  allow conclusions as to  a co rre la tio n  b e tw een  th e  sev e rity  o f a tro p h y  
a n d  th e  u rin a ry  v i ta m in  C o u tp u t.
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SUM M ARY

V itam in  metabolism in in fantile  atrophy

The fac t th a t  in fa n ti le  a tro p h y  s till p la y s  a s ign ifican t role in  in fa n t m o r­
t a l i t y  in H ungary , le n d s  im p o rtan ce  to  s tu d ie s  concerned  w ith  th e  condition .
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In fa n tile  a trophy  is a  syndrom e n o t un iform  in e ith e r  ae tio lo g y  or 
p a th o p h y sio lo g y . For th is  re a so n , in v es tig a tio n s  concerned w ith  i t  m u st he 
ex ten d ed  to  a ll aspects o f th e  p rob lem . T h u s fa r, th e  m etab o lism  o f  p ro teins, 
c a rb o h y d ra te s  and  fats h a s  been  th e  su b jec t of in vestiga tion . T h e  v itam ins 
have  no t b e e n  stud ied  from  th is  respect a n d  p erta in in g  ev id en ce  is lacking. 
Most d a ta  fo r  s ta rv a tio n  co n cern  a d u lts , a n d  these  findings c a n n o t be  applied 
w ithou t re s tr ic tio n  to  in fa n tile  a tro p h y . R eliab le  chem ical d e te rm in a tio n  of 
th e  single v ita m in s  could n o t  be found  in  th e  volum inous l i te r a tu r e  on the 
su b jec t.

In  th e  p resen t in v es tig a tio n s  we so u g h t th e  answ ers to  th e  following 
questions. D oes a v itam in  d efic ien cy  occur in  in fan tile  a tro p h y  a n d , i f  so, 
w h a t is its  m easu re  and in  w h ich  stag e  does i t  develop? Is th e  d e fic ien cy  of 
som e v ita m in  ch aracteristic  o f  a ce rta in  s tag e  of in fan tile  a t r o p h y  or is it 
o n lv  a p e rs is te n t com plication  o f ce rta in  special form s o f th e  co n d itio n ?

The m etab o lism  of v ita m in s  E , A, B x an d  C has been in v e s tig a te d  in 
n ea rly  200 a tro p h ic  and n o rm a l in fa n ts . T he stud ies had  to  be c a rr ie d  out 
w ith  th e  u tm o s t  care, because

(i) n o rm a l d a ta  for in fa n ts  were n o t av a ilab le  for each  v ita m in . For 
exam ple , in  th e  case of v i ta m in  E we h a d  to  determ ine th o se  p e c u lia r  to  
H u n g a ry ;

(ii) to le ra n c e  tests h ad  to  be  p erfo rm ed  an d  for th is reaso n  w e h a d  to  
develop m icrom ethods for v ita m in s  E  an d  A , allowing th e  a s sa y  o f  sm all 
volum es o f b lood  ;

(iii) w hen  appraising  th e  g ra d e  o f sev e rity  o f a tro p h y  we h a d  to  be m ost 
cau tio u s. T he use  of the so-ca lled  d ev e lo p m en ta l index  (DQ) w as d isca rd ed , 
because it  m ig h t have led to  serious e rro r. In s te a d , we have  em p lo y e d  th e  
paed iom etric  in d e x  (P,) m e th o d  o f  S im k ó . T his is based  on th e  so u n d e r  p r in ­
ciple o f “ loss o f  w eigh t” , i. e. t h e  p ercen tage  d ifference in  w eight as co m p ared  
to  th e  w eight o f  an  eutrophic in f a n t  o f th e  sam e b o d y  length  ;

(iv) g rea t significance w as a sc rib ed  to  a d e ta iled  analysis o f th e  d ev e lo p ­
m ent of a tro p h y . In  view of th e  d o m in a n t role p lay ed  b y  the  in fec tio n  fac to r, 
in fec ted , b u t eu tro p h ic  in fan ts  w ere also used  as controls.

V ita m in  E

The serum  v itam in  E level in  a tro p h ic  in fa n ts  decreased w ith  th e  sev e r­
i ty  o f a tro p h y . I n  in fan ts belong ing  to  th e  g roup  o f  h y p o tro p h y  I I ,  i t  w as p ra c ­
tic a lly  th e  sam e as in  the e u tro p h ic  bab ies. In  g roup  I I I ,  subg roup  I I I / l  i t  
w as m uch low er, b u t  not s ig n if ic a n tly  so, w hile i t  was sign ifican tly  lo w er in  
th e  in fan ts  w ith  а Р,- of less th a n  65, i. e. in  subgroup  III /2 . In  10 o f  th e  20 
cases in  th a t  la s t  group th e  v a lu e  w as below  100 m icrogram s. In  2 cases 
o n ly  traces, a n d  in  1 case not e v e n  traces , o f v ita m in  E  were p re se n t in  th e
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se ru m . S uch  low values h a v e  n o t  been described to  o ccu r in  diseases n o t asso ­
c ia te d  w ith  a d is tu rb an ce  o f  f a t  absorption . T h u s , in  th e  g ravest cases o f  
in fa n tile  a tro p h y , th e  v i ta m in  E  supply  is very  p o o r. T h a t  th is is in  co rre la tio n  
w ith  a tro p h y  and no t w ith  in fec tio n , it  was show n  b y  th e  v itam in  E  level in  
th e  in fe c te d  b u t eu tro p h ic  in fa n ts . This was m u ch  low er th a n  in th e  h e a lth y  
e u tro p h ic  babies, a lth o u g h  th e  difference was o n ly  p ro b a b ly  sig n ifican t. The 
in c id en ce  of rough d ie ta ry  in ju r y  was the  sam e in  th e  d iffe ren t groups. A n a n a ­
lysis  o f  our m ateria l m a y  ju s t i f y  us to  claim  th a t  a ro u g h  d ie ta ry  in ju ry , to o , 
m a y  effect the serum  v i ta m in  E level, w hich , h ow ever, is co rre la ted  f irs t 
o f  a l l  w ith  the  sev erity  o f  a t ro p h y  a lready  p re se n t. W h a t th en  a c tu a lly  ac ­
c o u n te d  for the  low b lo o d  lev e l?

T he tolerance te s t  c u rv e s  for the  eu tro p h ic , a n d  for th e  eu tro p h ic  b u t  
a c u te ly  ill infants w ere p a ra lle l , while th e  cu rv e  fo r th e  decom posed in fan ts  
r a n  a t  a m uch h igher le v e l. I n  th is group th e  rise  in  th e  serum  v ita m in  E  
lev e l a f te r  8 hours w as a lso  m ore  m arked  a n d  so w as th e  area  enclosed b y  
th e  cu rve . The process in d ic a te d  by  the  to le ra n c e  cu rve  can be d iv id ed  in to  
tw o  part-processes o f  o p p o s ite  direction. T he o n e , in d ic a te d  by  th e  ascend ing  
b ra n c h  of the  curve, is th e  absorp tion  of v i ta m in  E  from  th e  in te s tin e s . The 
o th e r , ind icated  by  th e  descen d in g  branch , is th e  flo w  o f v itam in  E  in to  tissues, 
w h ere  i t  is u tilized , s to re d  a n d  split. The ra te  o f  e ith e r  process m ay  g rea tly  
v a ry . The curve o b ta in e d  show s th a t  th e  a b so rp tio n  o f v itam in  E is u n im p a ired  
in  decom position a n d  th e  r a te  of abso rp tion  is a t  least com parable  to  th a t  
in  eu tro p h ic  in fan ts . I n  c o n tra s t  w ith  th is , th e  seco n d  part-process is slow ed 
d o w n  considerably. T h is  exp la in s w hy in  d ecom position  th e re  w as m ore 
to co p h ero l in th e  se ru m  th a n  in eu trophic  b a b ie s . Such a h igh co n cen tra tio n  
m a y  resu lt only if  th e  se c o n d  p a r t  process is s lo w ed  dow n w ith  th e  f irs t  rem a in ­
in g  unaffected . T he p o ss ib le  causes of th e  re d u c e d  ra te  of flow are  : a )  s to rage  
o f  v ita m in  E  in  tissu es  is re ta rd e d  or im p a ired  (w astin g  of fa t) ; b) u tiliz a tio n , 
p a r tic u la r ly  in  th e  m u sc le s , is m inim al ( red u ced  m o tility , m ark ed  m uscle 
w asting) ; c) ce llu la r a n o x ia , resid ting  in  a slow  b reakdow n  of v ita m in  E  in 
tissues.

V itam in  A

The serum  v i ta m in  A level o f d eco m p o sed  in fan ts was fo u n d  to  be 
p rac tica lly  th e  sam e  as  t h a t  of eu troph ic  b a b ie s . E ven  th e  subd iv ision  o f 
g ro u p  I I I  failed to  d e m o n s tra te  any  s u b s ta n t ia l  difference. T hus, on  th e  basis 
o f  th e  serum  v ita m in  A  level, even th e  m o s t severely  decom posed in fa n ts  
w ere excellently  s u p p lie d  w ith  v itam in  A. T h is  is a p p a re n tly  in  co n trad ic tio n  
w ith  the  finding t h a t  in  g rave  a tro p h y  th e re  is a m ark ed  deficiency o f v itam in  
E , ano ther fa t-so lu b le  v ita m in . As th e  in fa n ts  te s te d  for v itam in  A a n d  v i ta ­
m in  E had  ab o u t th e  sam e  h isto ry  an d  as in  sev e ra l p a tien ts  in  w hose serum  
b o th  v itam ins w ere d e te rm in ed  th e  sam e d iffe rence  was revea led , th e  s a tis ­
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fa c to ry  v ita m in  A supply , as a p p ra ise d  from  the  norm al b lood  level, is sug­
gested  to  be ascribab le  to  th e  fo llow ing fac to rs .

(i) T he v ita m in  A re q u ire m e n t o f  th e  decom posed in f a n t  decreases 
p re su m ab ly  p a ra lle l w ith  th e  loss o f  w e ig h t. (In  co n trast w ith  th is , th e  lig h t­
w eight an d  y o u n g  organism  req u ires  m u c h  v itam in  E .)

(ii) V itam in  A is sto red  p ra c tic a lly  o n ly  in  th e  liver, th e  w e ig h t o f  w hich 
o rg an  is less red u ced  th a n  th a t  o f  th e  f a t  tissu e . (In  co n trast w ith  th is , v itam in  
E is s to red  a lm o st exclusively in  f a t  tis su e , so th a t  th ere  is, p ra c tic a lly , no 
s to rag e  in  th e  n e a rly  com pletely  d e - fa tte d  decom posed body .)

(iii) In  H u n g a ry , some foods c o n ta in in g  m uch p ro v itam in  A  are  very  
p o p u la r . V itam in  A supp ly  m a y  be s a tis fa c to ry  even w ith  ca lo ric  s ta rv a tio n . 
(O n th e  o th e r h a n d , b ab y  foods — esp ec ia lly  in  case of a rtif ic ia l n u tr i t io n  or 
a lim e n ta ry  e rro r , — m ay  co n ta in  so l i t t le  v itam in  E  th a t  d e fic ien cy  m ay 
develop.)

T he to le ran ce  curve for th e  decom posed  in fan ts ran  so m e w h a t lower 
th a n  th a t  for th e  norm al ones, th o u g h  th e  difference was n o t s ig n ifican t. 
T h u s, i t  could be  confirm ed th a t  in  th is  g rav e  s ta te  of in fan tile  a tro p h y  th e  
b lood  level o f v ita m in  A being n o rm a l, th e  v itam in  A depots a re  a d e q u a te ly  
filled .

V ita m in  B l

A th ro p h ic  in fa n ts  re ta in ed  m ore o f  th e  v itam in  B x ad m in is te re d  th a n  
n o rm al bab ies, b u t  th e  difference w as n o t  sign ifican t. C onsidering th a t  th e  
excre tion  o f v ita m in  B x surpassed  th e  q u a n t i ty  generally  accep ted  as in d ica tiv e  
or a d e q u a te  su p p ly , th e  occurrence in  in fa n tile  a tro p h y  of v itam in  B x defic iency  
was excluded .

V ita m in  C

V itam in  C excre tion  in u rin e  w as n o t s ign ifican tly  less in  a tro p h ic  
in fa n ts  th a n  in  n o rm al babies. I t  w as a ssu m e d  th a t  slight h y p o v itam in o sis  
C, or, in  som e c a se s , 'm a rk e d  v ita m in  C d efic iency  m ay  occur in  in fan tile  
a tro p h y .

V itam in  metabolism  in  atrophic in fa n ts  su ffe r in g  fro m  Leiner's erythroderm ia

W hen  in v es tig a tin g  the  m e tab o lism  o f v ita m in s  (especially o f  th e  fa t-  
soluble ones) in  a tro p h ic  in fan ts, a tro p h y  in  Leiner's  disease sh o u ld  be  e x ­
am ined  sep a ra te ly . T his is ju s tif ie d  b y  th e  f a c t  th a t  Leiner's d isease  is one 
of th e  form s o f in fan tile  a tro p h y  asso c ia ted  w ith  pathological fa t  m e tab o lism . 
To th is  g roup  belong th e  cystic fib rosis o f  th e  p an creas , a tro p h y  d u e  to  a
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c o n g e n ita l b ile  d u c t ap lasia , th e  so-called p ro te in  d efic iency  disease (“ M ehl­
n ä h rs c h a d e n ” , Cz e r n y  kw ash io rk o r). Leiner's d isease  has m an y  fe a tu re s  
( f a t ty  d eg e n e ra tio n  o f th e  liv e r, h y p o p ro te in a e m ia , oedem a) in com m on w ith  
th e  l a s t  tw o  conditions a n d  H u n g a ria n  a u th o rs  h a v e  show n th a t  b o th  in  
p ro te in  d efic ien cy  disease a n d  L einer's  d isease p a n c re a tic  function  is im ­
p a ire d . A lth o u g h  th e se  form s o f  a tro p h y  a sso c ia te d  w ith  a severe im p a ir ­
m en t o f  fa t  m etabo lism  are o b v io u sly  involv ing  m u ltip le  v itam in  d e fic ien ­
cies, e x a c t  s tud ies concern ing  v ita m in  E a n d  v ita m in  A in Leiner's d isease 
h a v e  n o t  been  m ade. This is th e  m ore as to n ish in g  since in  Leiner's d isease 
x e ro p h th a lm ia  is n o t u n co m m o n , derm al lesions a re  severe and  th e re  is an  
e x tre m e  su scep tib ility  to  in fec tio n , especially  o f th e  re sp ira to ry  tra c t.

O u r in v estiga tions in v o lv ed  n early  40 cases. T he p a tien t m a te ria l h as  
b een  a n a ly sed  sep ara te ly  on th e  basis o f c lin ica l sev e rity , in d ep en d en tly  of 
th e  g ra d e  developm ent, ta k in g  in to  accoun t a ll th e  ca rd in a l sym ptom s a n d  
p a th o p h y sio lo g ica l fea tu res . A lth o u g h  it  h ad  been  suspected  th a t  th e  v ita m in  
su p p ly  o f  a tro p h ic  in fan ts  w ith  Leiner's d isease is de term ined  p rim arily  b y  
th e  d isease  and  secondarily  o n ly  b y  th e  co n seq u en tia l a tro p h y , we have g ro u p ed  
o u r  cases also according to  th e  severity  of a tro p h y . To ob ta in  reliable in fo r­
m a tio n  a b o u t th e  share  o f Leiner's  disease a n d  o f a tro p h y  in th e  chan g es 
d e m o n s tra te d , th e  in v es tig a tio n s  have been e x te n d e d  to  so-called e u tro p h ic  
in fa n ts  su ffering  from  L e in er 's disease. F o r th e  sake of com parison , w ith  
a t r o p h y  associa ted  w ith  a d is tu rb an ce  o f f a t  m e tab o lism  due to  causes o th e r  
t h a n  L einer's  d isease, a tro p h ic  in fan ts  suffering  fro m  jau n d ice  due to  co n g en i­
t a l  b ile  d u c t ap lasia  h av e  b een  in v estig a ted .

V itam in  E

As com pared  to  th e  se ru m  v itam in  E  lev e l observed  in no rm al in fa n ts ,
(i) th e  serum  v ita m in  E  levels in  in fa n ts  w ith  Leiner's disease a n d  g rad e  

I ,  I I ,  o r I I I  a tro p h y  d id  n o t m arked ly  differ ;
(ii) serum  v ita m in  E  was m ark ed ly  less in  th e  “ eu tro p h ic”  g roup  

w ith  Leiner's  d isease th a n  in  th e  a tro p h ic  g ro u p  an d  the  form er g ro u p  an d  
e x h ib ite d  a sign ifican t d ifference from  th e  n o rm als  ;

(iii) in  a ll in fa n ts  w ith  Leiner's d isease , in c lud ing  those w ith  g ra d e  I, 
I I  a n d  I I I  a tro p h y  an d  also  in  th e  “ eu tro p h ic”  ones th e  serum  v ita m in  E  level 
w as low  an d  th e  d ifference w as s ig n if ic a n t;

(iv) th e  serum  v ita m in  E  level was s ig n if ic a n tly  lower in  g rave  L ein er 's  
d isea se , w hereas in  m o d e ra te ly  severe cases th e  difference was no t s ig n if ic a n t.

In  24 per cen t o f th e  p a tie n ts  w ith  L einer's  disease th e  serum  c o n ta in e d  
n o , o r only  traces, of v i ta m in  E , and  in  50 p e r  cen t th e  serum  level w as below  
100 m icrogram s.
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C om pared to  th e  to lerance values y ie ld ed  b y  norm als in fan ts  an d  as 
ju d g ed  b y  th e  e x te n t  of the  a rea  enclosed b y  th e  to lerance  curve,

(i) th e  cases o f  severe L einer 's  d isease show ed  a sign ifican t d ifference 
(f la t curve), w hereas

(ii) th e  m o d e ra te  ones d id  n o t.
A co m p ara tiv e  analysis o f th e  serum  levels a n d  of th e  re su lts  o f  to le ­

rance  te s ts  show ed uneq u iv o ca lly  th a t  th e re  ex is ts  no correlation  b e tw een  
th e  severity  o f a tro p h y  and  the  serum  v ita m in  E  level. T he low level o f v ita m in  
E  in serum  is co rre la ted  w ith  L einer '’s disease a n d  its  severity  an d  n o t w ith  
the  a tro p h y  a n d  its  severity .

V itam in E  defic iency  in th ese  cases is b e liev ed  to  be due to
a) a poor ab so rp tio n  of v ita m in  E  ( fa t ab so rp tio n  is im p a ired  as a 

re su lt o f tn e  la ck  o f  lyp o ly tic  enzym es) ; th e re fo re
b) th e  v ita m in  E  depots o f  th e  b o d y  a re  com plete ly  d e p le te d ;
c) th e  tissu es  s to rin g  v ita m in  E  are w a s te d  (progressive w asting  o f  fa t  

tissue an d  d am age to  th e  o ther im p o r ta n t d e p o t o rgan , th e  liver) ;
d )  as a re su lt, th e  serum  co n ta in s  less v ita m in  E  level th a n  n o rm a l or, 

in  ex trem ely  g rav e  cases, none o f  it  ;
e) exposing th e  in fan ts  in  th a t  co n d itions to  th e  to lerance te s t ,  i t  w ill

be obvious w hy th e  curve is f la t  : owing to  po o r abso rp tion  on ly  m in u te
am o u n ts  of th e  te s t  dose reach  th e  b lood  a n d  even  tho se  am ounts are r a p id ly  
absorbed  by  th e  d ep le ted  tissues. As a re su lt o f  th e  depletion  of v ita m in  E  
depo ts, th e  v ita m in  will flow from  th e  b lood in to  th e  tissues a t a ra te  ex ceed ­
ing th e  norm al. T h is exp la ins w hy th e  curves show  h a rd ly  an y  rise.

T hus, in g rav e  Leiner 's  d isease th e  im p a ire d  abso rp tion  of v ita m in  E 
an d  th e  dep le tion  o f  th e  depots leads to  re a l defic iency . O ur in v estig a tio n s 
h av e  th u s  c o n tr ib u te d  in fo rm ation  to  th e  p ro b lem  o f av itam inosis E  in  m a n .

F in a lly , th e  obv ious h y po thesis  w hich p re sen ts  itse lf  is as follow s. 
In  Leiner 's  d isease th e re  is a d is tu rb an ce  in  th e  p a n c re a tic  an d  hepatic  sy s tem s, 
ow ing to  p ro te in  defic iency . The co rre la tion  w ith  v ita m in  E deficiency m a y  
be sough t for in  th e  fa c t th a t ,  as i t  has been d e m o n s tra te d  b y  a H u n g a ria n  
a u th o r , cystine is g re a tly  reduced in  th e  b lood  o f  th e  in fan t w ith  L e in er 's  
d isease an d  in  th e  m ilk  of its  m o th e r, an d  i t  is also  know n th a t  v ita m in  E  
can  su b s titu te  m e th io n in e  an d  cystine  in th e ir  e ffec t o f  p reven ting  liver d am ag e .

V ita m in  A

In  Leiner 's  d isease th e  serum  v ita m in  A level w as sign ifican tly  low er th a n  
in th e  no rm al in fa n ts .

In  none o f th e  sera  from  in fan ts  w ith  L einer 's  d isease was th e  v ita m in  
A level norm al. In  4 cases v itam in  A was e ith e r  to ta l ly  lack ing  (one o f  th e se  
cases exh ib ited  x e ro p h th a lm ia ) or o n ly  trace s  o f  i t  w ere presen t.
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T o leran ce  te s ts  in  in fa n ts  suffering fro m  Leiner's disease y ie ld ed  va lu es  
lo w er t h a n  norm al. T his w as show n b o th  b y  th e  curves an d  b y  th e  a re a  enclosed 
b y  th e  cu rves. The d ifference how ever, was n o t sign ifican t.

A n  analysis o f th e  se ru m  values a n d  o f  th e  resu lts of to le ra n c e  te s ts  
r e v e a le d  th a t  in  in fan ts  suffering  from  L einer's  disease th e  low  v ita m in  A 
c o n te n t  w as due to  a d ep le tio n  of tissu e  d ep o ts  resu lting  from  p oor a b so rp ­
t io n . T h u s , v itam in  A deficiency  occurs in  Leiner's  disease.
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NATURGESCHICHTE DES LUPUS ERYTHEMATOSUS 
UND DIE KLINISCHEN ZUSAMMENHÄNGE 
DER RHEUMATISCHEN ERKRANKUNGEN

,Von

J .  P e t r á n y i

I I .  M ED IZIN ISCH E K L IN IK  D E R  U N IV E R S IT Ä T  DEBRECEN 

(Eingegangen am 21. N ovem ber, 1957.)

E inige E n tz ü n d u n g sk ra n k h e ite n  u n b e k a n n te r  Ätiologie la ssen  s ic h  a u f  
G ru n d  h isto log ischer C h a rak te ris tik en  in  eine gem einsam e G ruppe e in te ilen . 
Diese h is to p a th o lo g isch en  C h arak te rzü g e  h a t  zu e rs t K l i n g e  in e ine  logische 
E in h e it zu sam m en g efaß t. D er gem einsam e C h arak te rzu g , der a ls ty p isc h  
b e tra c h te t  w ird , is t die fib rino ide  V e rän d e ru n g  im  Bindegewebe. A u f  G ru n d  
der V orausse tzung , d aß  das F ib rin o id  au s d e r  D egeneration  d e r  K o llag en - 
fasern  des B indegew ebes s ta m m t, h ab en  K l e m p e r e r  und M ita rb e ite r  diese 
E rk ran k u n g en  » K o llag en k ran k h e iten «  b e n a n n t.  Die E in re ih u n g  d ieser, 
versch iedene k lin ische  B ilder aufw eisender, sch e in b a r u n ab h än g ig er E r k r a n ­
kungen  in  eine gem einsam e G ruppe w u rd e  v o m  klinischen G e s ic h tsp u n k t 
auch  du rch  die A nnahm e re c h tfe rtig t, d aß  fü r  die gem einsam en o d er ä h n lic h e n  
h is to p a th o lo g isch en  und  h istochem ischen  V erän d eru n g en  eine g em ein sam e , 
oder ähn liche  P a th o g en ese  v e ran tw o rtlich  g em a c h t w erden d ü rf te .

K l e m p e r e r s  K ollagenose-Begriff, der hauptsäch lich  morphologisch war und den  
Schauplatz des pathologischen Prozesses bezeichnete, bedeutete jedoch im V ergleich  m it 
K l i n Ge s  zugleich eine Erklärung suchender, allergisch-hyperergischer pathogenetischer A n sich t, 
weder vom  Standpunkt der klinischen Praxis, noch von  dem  der allgemeinen B etrach tu n g  der 
Geschehen einen Fortschritt. Es steht hingehen außer Zweifel, daß trotz den durch die T ier­
versuche gelieferten B ew eisen , die man auch m it den m enschlichen Erkrankungen in A nalogie  
stellen kann ( M a s u g i , R i c h  u s w . ) ,  K l e m p e r e r s  E inw and berechtigt zu sein sch e in t, nach  
welchem  die als typ isch  angenom m ene Fibrinoidveränderung keineswegs sp ezifisch  is t ,  da 
sie auch dann vorkom m t, wenn Sensibilisation kaum  anzunehmen ist (U lcus pepticum , 
Trauma usw .). G leichzeitig erschütterten neuere Untersuchungen K l e m p e r e r s  B enennung  
(K ollagenose) in ihren Gründen, da diese U ntersuchungen außer Zweifel ste llten , daß die 
fibrinoide Veränderung des Bindegewebes n icht aus der Degeneration der K ollagenfasern  
entsteh t, sondern wahrscheinlich dadurch, daß die aus dem  Plasma durchsickernden p ath o­
logischen Eiw eißstoffe sich in der G rundsubstanz des Bindegewebes ablagern. A u f diese 
W eise wurde die m ittlerw eile sehr in  Mode gekom m ene Bezeichnung : »K ollagenkrankheit«  
unrichtig. N ichtsdestow eniger em pfieh lt sie K l e m p e r e r  auch weiterhin ; auf dem  1954 in 
Stockholm  gehaltenen 3. internationalen m edizinischen K ongreß begründete er seine A nsich t 
dam it, daß einerseits dieser Nam e noch im m er am  k lärsten  darauf hinwcise, daß das G rund­
problem interzellulär zu suchen ist, anderseits ist —  und er führte Goethes W orte an : »D och  
ein B egriff muß m it dem Worte sein« —  nicht der N am e das wesentliche, sondern das, was 
man darunter versteht. Obwohl das richtig ist, wäre es doch Schade, wenn m an sich  wegen  
der unrichtigen Benennung zu einer einseitigen »inter-zellularpathologischen« B etrachtu ng  
verpflichten  und die gute alte Bezeichnung »rheum atische Krankheiten« ganz verw erfen w ürde, 
die zu nichts verp flich tet und deren Begriffskreis m an der wissenschaftlichen F orsch ung en t­
sprechend jederzeit m odifizieren kann.
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W ährend  die P a th o lo g e n  die gem einsam en  C harak te ristiken  su c h te n , 
die die neue E rk ra n k u n g sg ru p p e  vere in t, w a ren  die K liniker eher b e s tre b t, 
die E inzelfragen d er E rk ra n k u n g e n  zu k lä ren , d ie  scheinbar zu d ieser G ru p p e  
g e h ö re n : sie su ch ten  n a c h  Zeichen, die diese E rk ra n k u n g e n , als auch  in n e rh a lb  
d e r  G ruppe se lb stän d ig e  u n d  unabhängige path o lo g isch e  E inheiten  c h a ra k ­
te r is ie re n , um grenzen  u n d  voneinander tr e n n e n . Diese B estrebung w ar seh r 
n ü tz lic h , b rach te  z ah lre ich e  neue E rk en n tn isse  ; doch erreichte sie, m einer 
A n s ich t nach , den  G eg en sa tz  dessen, das sie e rs tre b te  : sie u n te rs tü tz te  n ich t 
die S e lb stän d ig k e it d ie se r verschiedenen E rk ra n k u n g e n , sondern eb en  ihre 
U n z e r tre n n b a rk e it .

Die B eo b ach tu n g  d e r an  einer der c h a ra k te ris tisc h s te n  K o llag en k ran k - 
h e ite n , an  L upus e ry th e m a to su s  leidenden P a t ie n te n , die sorgfältige A u sw ertu n g  
ih re r  A nam nesen u n d  d ie  w eitere V erfolgung ih re r  Schicksale b ra c h te  uns 
z u r  Ü berzeugung, d a ß  in n e rh a lb  der » rh e u m a tisc h «  — »kollagénén« K ra n k ­
h e itsg ru p p e  der L u p u s  e ry th em a to su s  (LE) d a s  zen tra le  Syndrom  sei, d a ß  zu r 
p a th o g en e tisch en  G ru p p e n id e n titä t der e in ze ln en  kollagénén E rk ra n k u n g e n  
a u c h  von k lin ischer S e ite  überzeugende A n g a b e n  liefert.

Es ko n n te  noch  im m er entschieden w erd en , ob  d e r au f die H au t lo k a lis ie rte , 
»discoide« L upus e ry th e m a to su s  und der m it  a n d e re n  patho log ischen  S y m ­
p to m e n  verbundene »system ische« , » d issem in ie rte« , »viscerale« L u p u s e ry th e ­
m a to su s  zwei versch ied en e  Form en derse lben  E rk ran k u n g  seien ( R e i c h e s , 

K u s h n i r u k ) ,  oder a b e r  zwei verschiedene E rk ran k u n g en . M einer A nsich t 
n ach  w ürde diese D iskussion  schon län g st en tsch ied en , und zw ar n ic h t n u r 
a u f  G ru n d  k lin ischer B eobach tungen  ( K a p o s i , O s l e r , usw.), so n d e rn  auch  
a u f  G rund  h isto log ischer U ntersuchungen  ( M c C r e i g h t  und M o n t g o m e r y , 

S t a u g h t o n  und  W e l l s , E l l i s  und B u n d i c k ) .  D ie klinischen Z u sam m enhänge  
s in d  h eu tzu tag e  n ic h t n u r  in  der R ic h tu n g  des häufig  als M on o sy stem ­
e rk ra n k u n g  a u ftre te n d e n  H a u te ry th e m a to d es , so n d e rn  auch in d e rjen ig en  der 
ü b rig en  K o llag en k ran k h e iten , die ebenfalls h ä u fig  als M onosy stem erk ran ­
k u n g en  a u fz u tre ten  p fleg en , k lar zu e rk en n en .

Zweck der g eg en w ärtig en  M itteilung is t  d e r  Nachweis — m it H ilfe  der 
A nalyse  unseres e igenen  K ran k en m ate ria ls  — d e r Tatsache, d aß  d ie o ft als 
a lle ine , M o nosystem erk rankungen  a u f tre te n d e n  »rheum atisch-ko llagenen«  
E rk ra n k u n g e n  e ig en tlich  n u r  verschieden g e s ta lte te n , bzw. lo k a lis ie rten  V a­
r ia n te n  desselben G rundprozesses sind u n d  d a ß  der Lupus e ry th e m a to su s  
— cum  lupo oder sine lu p o  — auch n u r eine M an ifesta tion  dieses K ra n k h e its ­
prozesses d a rs te llt .

N om enkla tur. K a p o s i  h a t als e rs te r  e rk a n n t,  daß die L u p u s  e ry th e ­
m a to su s  b en an n te  H a u te rk ra n k u n g  »m it co n co m ittie ren d en  und  allgem einen  
E rsch e in u n g en «  v e rb u n d e n  sein kann , d ie  » d e n  G esam torganism us in  M it­
le id en sch a ft ziehen, j a  dessen  E xistenz g e fä h rd e n  und  vern ich ten« . D a dieser 
L u p u s  n ich t tu b e rk u lo tisc h e n  U rsprungs i s t ,  sch lu g  J a d a s s o h n  die B ezeich­
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n u n g  » E ry th em a to d es«  vo r. D er A u ftr itt  d er in n ero rg an isch en  P hänom ene  
k a n n  m it der Z e rs treu u n g  des A ussatzes in  V erb in d u n g  stehen , d a ru m  ge­
b ra u c h te  die L ite ra tu r  in  bezug a u f  diese E rk ran k u n g sfo rm  im  allgem einen 
die B enennung L upus e ry th em a to su s  »d issem in a tu s« , gegenüber dem  sich 
a u f  die H a u t b esch rän k en d en  L upus e ry th em a to su s  »discoides«. Diese B ezeich­
n u n g  ist jedoch  u n ric h tig , da  die E rk ra n k u n g  n ic h t n u r  ohne D issem ination , 
so n d ern  auch ganz sine lupo vo rkom m t. N ach  d er französischen  em pfehlen  
in  d er deu tschen  L i te ra tu r  S i e g e n t i i a l e r  u n d  H e g g l i n  die B enennung  
»v iscera ler L E«. Diese h a t  n ich t n u r den  N ach te il, d a ß  sie den h e u tz u ta g e  
b e re its  als e inheitlich  b e tra c h te te n  L upus e ry th e m a to su s  auch  w eite rh in  in 
» H a u tk ra n k h e it«  u n d  in  »v iscerale E rk ra n k u n g «  tr e n n t ,  sondern  au ch , daß  
w ir das B eiw ort »v iscera l«  im  allgem einen n u r  bezüglich  d er ab dom ina len  
u n d  th o rak a len  O rgane g eb rau ch en  und  es z. B . a u f  die G elenke u n d  a u f  das 
B lu t n ich t anw enden . D ie am erikan ische  L ite ra tu r  g eb rau ch t die B ezeichnung 
»system ischer«  (system ic) L E . Diese B enennung  is t u nsere r m edizin ischer 
F ach sp rach e  d a ru m  frem d , weil diese u n te r  »System « n ich t den ganzen  O rga­
n ism us, sondern  n u r  dessen  einzelne A nordnungen  (K n o ch en sy stem , N erv en ­
sy s tem , usw.) v e rs te h t. W ir w erden jedoch  sehen , d aß  das eine oder das 
an d e re  System  auch  in  sich  se lb st e rk ran k en  k a n n  ; an d erse its  k ö nnen  diese 
S y stem erk ran k u n g en  sich in  verschiedenen F o rm en  kom bin ieren . D arum  
w äre nach  m einer M einung am  rich tigsten  e instw eilen  den L upus e ry th e m a ­
to su s  (oder E ry th em a to d es)  als Sam m elnam en an zu n eh m en , zugleich b e to n en d , 
d a ß  das keine H a u tk ra n k h e it  b ed eu te t, u n d  d aß  in n e rh a lb  dieses Begriffs 
zw ei H a u p tty p e n  zu u n te rsch e id en  sind :

1. »M onosystem ische« Erscheinungsform  (M o n o ery th em ato d es), w enn  die 
V eränderung  sich h a u p tsä c h lic h  a u f ein S ystem , also en tw ed er n u r  a u f  die 
H a u t  (L E  cu tan eu s, H a u te ry th e m a to d es ) , oder a u f  die G elenke, o d er aber 
a u f  die N iere, usw ., d . h . n u r  a u f  ein O rgan , bzw . a u f  eine G ew ebsart (ein 
S ystem ) b esch rän k t u n d  an d e re  E rscheinungen  zu r Z eit n ich t, oder k au m  
zu en td eck en  sind.

2. »Polysystemische« Form  (P o lysystem ischer L u pus e ry th e m a to su s  : 
P L E , P o ly e ry th em ato d es), in  w eicher versch iedene m onosystem ische  T y p en  sich 
m ite in a n d e r kom bin ieren  : diese K om bin a tio n en  können  sehr m an n ig fa ltig  
se in  u n d  es können  in n e rh a lb  dieser K o m b in a tio n en  solche E rsch e in u n g en  
V orkom m en, die w ir in  sich  n ich t an treffen . Diese beid en  F o rm en  k ö nnen  in 
je d e r  R ich tu n g  in e in an d e r übergehen .

Das untersuchte Krankcninatcrial und die Kriterien der Diagnose des LE

U nsere an  L upus e ry th e m a to su s  e rk ra n k te n  P a tie n te n  b eo b ach ten  wir 
se it 1952 system atisch  ( P e t r á n y i  und L e ö v e y ) u n d  verfolgen ih r  Schicksal 
m it w enigstens h a lb jä h rlic h  vorgenom m enen U n te rsu ch u n g en . Die A nam nesen
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g re ifen  n a tü rlic h  auch  a u f  f rü h e re  Zeiten  zu rü ck , u n d  w ir b e n ü tz te n  d e ren  
A n g a b e n , w enn sie zu v erlä ss lich  w aren  (sch riftliche  B efunde d e r K ra n k e n ­
h ä u s e r , von  Ä rzten  gelie fe rte  A ngaben , c h a ra k te ris tisch e  S y m p to m b esch re i-  
b u n g e n  in te lligen te r P a tie n te n ) . In  der gegen w ärtig en  B e a rb e itu n g  w erden  
33 s ic h e r  an  » p o ly system ischem «  E ry th e m a to d e s  le idende P a t ie n te n  b e rü c k ­
s ic h tig t .

A ls »sicheres« K r ite r iu m  des p o ly system ischen  L u p u s e ry th e m a to su s  
(P L E )  b e tra c h te ten  w ir :

Tabelle 1

Klinische Erscheinungen des p  oly systemischen Lupus erythematosus 
G esam tzahl der F älle: 33 ( =  10 0 % ); davon F rau en : 29 (88% ); M änner: 4 (12% )

S y mp t o m Zahl der Fälle %

H a u tery th em a to d es................................................................ 21 63

H a a ra u sfa ll....................................................... 7 21

P olyarth ritis  +  Carditis......................................................... 8 24

R heum atoide Arthritis ......................................................... 25 75

Spondylitis (B echterew ) ............................ 1 3

H yd rop s art. in term itten s.................................................. 1 1

C arditis : K lappenfeh ler .................................................. 2 6

Myocardschaden ........................................... 21 63

Pericarditis......................................................... 6 18

Paroxysmale Tachycardie ..................... 2 2

Störun gen  der M enstruation ............................................. 8 30

G astrointestinale Beschwerden ........................................ 13 39

N eurologische Erscheinungen ........................................... 9 27

A ugensym ptom e ..................................................................... 3 9

B lu tu n gen  (Purpura, u s w . ) ................................................ 3 9

T h ro m b op h leb itis ..................................................................... 5 15

U lcu s cruris .............................................................................. 3 9

L ym phadenopathie ................................................................ 14 42

M ilzvergrößerung ................................................................... 3 9

L ebervergrößerung.................................................................. 5 15

A ty p isch e  P n eu m on ie ........................................................... 9 27

P le u r i t is ....................................................................................... 12 36

P olyserositis .............................................................................. 4 4

N ieren k ra n k h eit....................................................................... 9 27

T endovagin itis ......................................................................... 3 9

B u rsitis  ....................................................................................... 5 15

F ie b e r ............................................................................................ 30 90

M usk ela trop h ie ......................................................................... 11 33

A bm agerung (K ach ex ie)....................................................... 9 21
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Tabelle 2
Laboratoriumsbefunde bei polysystem ischem  Erythmalodes

U n t e r s u c h u n g Zahl der Fälle %

LE Zellphänom en (L E -Z e lle n ) ........................................ 22 66

BSG über 50 m m /s t ............................................................. 31 93

Leukopenie unter 4 500 ...................................................... 26 78

Anäm ie unter 3 000 000 ...................................................... 17 51

Album inurie, Hämaturie .................................................... 12 36

Pseudopositivität der W a R ............................................... 6 18

K oproporphyrinurie................................................................ 14 42

A .  n eb st e iner S ystem läsion  oder m e h re re r  System läsionen , d ie  n ach  
u n se ren  gegenw ärtigen  K en n tn issen  m it dem  po lysystem ischen  E ry th e m a ­
to d es  v e re in b a rt sind  u n d  zugleich a u f keine an d e re  b ekann te  Ä tio p a th o g en ese  
z u rü c k g e fü h rt w erden kö n n en ,

B .  d ie A nw esenheit w enigstens e iner d e r  fo lgenden drei E rsc h e in u n g e n  : 
1. m it  S icherheit fe s tg este llte  positive L E -Z ellerscheinung  ; 2. u n zw eife lh a ft 
c h a ra k te ris tisch e  H au tlä s io n  ; 3. c h a ra k te ris tisch e r  b iop tischer (o d er au to p - 
tischer) h isto log ischer B efund .

D ie bei p o lysystem ischem  L E  v o rk o m m en d en  B eschw erden  u n d  
S y m p to m e w urden  schon von  vielen  F o rsch e rn  beschrieben u n d  k a te g o r is ie r t , 
zu m eist u m  die d iagn o stisch en  u n d  d iffe ren tia ld iag n o stisch en  C h a ra k te rz ü g e  
des L E  als K ra n k h e itse in h e it um zugrenzen . T ab e lle  1 g ib t die H ä u f ig k e it  der 
e inzelnen  w ich tigeren  k lin ischen  B efunde be i unserem  eigenen K ra n k e n m a te ­
ria l a n , u n d  Tabelle 2 die H äu fig k e it d er L ab o ra to riu m sb efu n d e  in  ab so lu ten  
Z ah len  u n d  in % . Jedes S y m p to m , bzw. je d e r  L ab o ra to riu m sb e fu n d  k o m m t 
n u r  e in m a l pro P a tie n t vo r, u n ab h än g ig  d a v o n , wie oft es am  selben  P a tie n te n  
rez id iv ie rte . 88%  u nserer P a tie n te n  w aren  F ra u e n  und  12%  M än n e r. Aus 
den T ab e llen  geht h e rv o r, d aß  sozusagen alle in  der L ite ra tu r  b esch rieb en en  
E rsch e in u n g en  ( H a r v e y  e t al, D u b o i s , J e s s a r , S h e a r n  u n d  P i r o f s k y , 

G o l d  u n d  G o w i n g  u s w . )  in  unserem  M ate ria l v o rk am en  ; dieses k a n n  also  als 
ty p isc h  b e tra c h te t  w erden  u n d  eignet sich d esh a lb  auch in w e ite ren  S ch lu ß ­
fo lgerungen .

Schlüsse, die sich aus der Naturgeschichte des polysystemischen  
Lupus erythematosus ziehen lassen

D a ich  den Beweis zu  erb ringen  w ü n sch e , d a ß  die K o lla g e n k ra n k h e iten  
(ob m onosystem isch , oder a b e r in  v e rsch ied en en  po lysystem ischen  K o m b in a ­
tio n en ) keine se lbständ ige  patho log ische  E in h e ite n  sind, u n te rsu ch te  ich  zuerst 
die F ra g e , w elche E rk ra n k u n g e n  in  unserem  M ate ria l die ersten , a ls K o llagén -
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k ra n k lie ite n  q u a lif iz ie rb a re n  A ffektionen w a re n , d . h . diejenigen, m it denen  
d e r P rozess begonnen  h a t te .  Aus Tabelle 3 e rs ie h t m an , daß  die E rk ra n k u n g  
in  a llen  33 F ällen  als M o n o sy stem k ran k h e it e rsch ien . Von den A n gaben  d ieser 
T ab e lle  is t besonders w ich tig  u n d  v e rd ie n t h e rvo rgehoben  zu w erd en , d aß  
led ig lich  18%  u n se re r  F ä lle  m it einer H a u tlä s io n  (H a u te ry th e m a to d e s , dis- 
co id e r L upus e ry th e m a to su s)  anging. In  8 2 %  u n se re r  Fälle b eg an n  also  die 
E rk ra n k u n g  sine lu po .

Tabelle 3

B eginn der Reihe der Kollagén-Krankheiten

Die erste Diagnose Zahl
der Fälle % Zeit bis zur Erscheinung 

des nächsten Sym ptom s

Chron. rheum at. P olyarthritis l i 33 von bis
3 Monate 13 Jahre

U nbestim m te G elenkbeschwerden 5 15 von bis
3 Jahre 12 Jahre

S ta tu s febrilis 3 9 von bis
6 Monate 2 Jahre

H aut-E rythem atodes 6 18 von bis
2 Monate 15 Jahre

M itralstenose 2 6 von bis
4 Jahre 13 Jahre

C a r d i t i s 1 3 3 Monate

A typ . Pneum onie 1 3 5 Monate

P leuritis 1 3 3 Monate

H äm aturie 1 3 2 Jahre
P u r p u r a 1 3 2 Woche

M y a l g i e 1 3 4 Jahre

T abelle 4 s te llt  d a r , welche der drei » L E -K rite r ie n «  die D iagnose  der 
P L E  (po lysystem isches L upus e ry th e m a to su s)  zuerst e rm ög lich t h a t te .  
W ir h ab e n  alle u n sere  F ä lle  in vivo d ia g n o s tiz ie r t.

B ei unseren 33 P a tie n te n  verm och ten  w ir im  Laufe der J a h re  in sg esam t 
in  53 F ällen  eine als P L E  d iagnostiz ie rbare  P h a se  zu b eo b ach ten . D aru m  
h a b e n  w ir in  T abelle  4 au ch  diejenigen der d iag n o stisch en  K rite rien  an g eg eb en , 
d ie  w äh ren d  der R ez id iv en  gegenw ärtig  w a re n . A us dem  e rs ten  T eil der 
T ab e lle  geht h e rv o r, d a ß  w ir nach  A u f tr i t t  des ers ten  K rite riu m s seh r oft 
au ch  die w eiteren  K rite r ie n  auffinden  k o n n te n . B iopsie nahm en  w ir se lten  vor. 
In  ke in em  F a ll h a t te  d e r h istologische B e fu n d  d en  e rs ten  Beweis zu  d e r P L E - 
D iagnose  geliefert. D a ru m  feh lt auch die H isto lo g ie  u n te r  den K rite r ie n  in  
T ab e lle  4. Das R e s u lta t  d e r h isto logischen U n te rsu ch u n g en  und  d er S ek tio n en  
e rs ie h t m an  aus T ab e lle  5.
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Tabelle 4

H äufigkeit der P L E -K riterien  (H auterythem atodes und LE-Zellerscheinung)  von 
54 PLE-Perioden die die Diagnose zuerst möglich machten und später bestätigten

Diagnostisches Kriterium
Zahl des Vorkommens

Z u e r s t  positiv S päter auch positiv N egativ

H auterythem atodes 31 ( 58% ) 3 ( 5%) 20 (37% )
LE-Zellerscheinung 23 ( 42% ) 13 (24%) 18 (33% )
Z u s a m m e n 54 (100% ) 16 (30%) 38 (70% )

Tabelle 5
Wert der histologischen Untersuchungen bei K ranken m it polysystemischem L upus erythematosus

Z a h l  der Fälle
d a v o 

charakterist.

n

n ich t ch a rak t.

H aut 3 3 —
4>

Lym phknoten 4 — 4
tn
CU Gelenk 2 — 2
О

•'Ч iNiere
я

(iNadelbiopsie) 5 3 2

A u t o p s e 7 2 5

Die T h erap ie  w ar eine energische. Es w ar aber b e m e rk e n sw e rt, daß  
obw ohl bei der S ek tion  die D iagnose d e r K o llag en k ran k h e it in  a llen  F ällen  
u n te r s tü tz t  w urde, ein fü r  P L E  c h a ra k te ris tisch e r  B efund n u r  in  2 von  7 
F ä lle n  an zu tre ffen  w ar.

U m  zu erm öglichen, d a ß  m an die ä u ß e rs t  m annigfaltige N a tu rg e sc h ic h te  
des E ry th e m a to d e s  n ich t im  L ich te  der in  den  polysystem ischen  Z e ite n  au f­
tre te n d e n  S ym ptom e erb licke, sondern  — w as zu r B eurteilung  d e r K ra n k h e it  
v iel w ich tig e r is t — au ch  in  ih rem  zeitlichen  V erlau f k la r erfasse, s te l l te  ich 
in T abe lle  6 den K ra n k h e itsv e r la u f  der e inzelnen  K ranken  in  ih re n  H a u p t ­
d iagnosen  von der e rs ten  K o llag en k ran k h e it b is zum  A bschluß d ie se r M it­
te ilu n g , bzw . bis zum  T ode des P a tie n te n  d a r . Die K ranken  g ru p p ie r te  ich 
n ach  A lte r ; der ä lte s te  (62 Ja h re  a lt) s te h t oben  und  u n ten  f in d e t m a n  den 
jü n g s te n  (15 Ja h re  a lt) . D er A n sch au lich k e it h a lb e r begnügte  ich  m ich  m it 
den H a u p td iag n o sen , die in  der frag lichen  Z eit fü r  den P a tie n te n  a m  c h a ra k ­
te ris tisc h e s te n  w aren , u n d  erw ähne keine N ebensym ptom e, die an  d e r  G ru n d ­
d iagnose  n ich ts  ä n d e rte n  (z. B. von Zeit zu  Z eit einen A nfall p a ro x y sm a le r  
T ach y ca rd ie  oder V o rk am m erfib rilla tio n , m ässige psychische D ep ression  oder 
U n ru h ig k e it, le ich te  A lb um inurie , A näm ie, L eu k o p en ie ,T h ro m b o p h leb itis , Irido -



Tabelle 6

Naturgeschichte des polysystemischen Lupus erythematosus

соto

N o N a m e  Geschlecht 
Geb. Jahr

K rankheitsgeschichte in Diagnosen

1. F. L. 

1895
? 1946 i n — 1954 X,—XI. 23

? 1 PLE : E xitus

2. Sz. B. 

1900
¥ 1945 i x . - x — 1946— 1956 x — 1957 ц -ш .  

Pleuritis 1 RA 1 PLE | RA

3. R. J. 
1900

3 1946 i -  1947— 1951— 1952— 1953 v -  I X -  1954 XI -  1955 \M
RA 1 0  1 ? 1 ? 1 Polyserositis | RA | PLE : E xitus

4. N. I. 

1903
9 1948 и -  1952— 1954 rv.------v i-1 9 5 5 — 1956 i -  - n ------ 1957 m .

? 1 RA 1 PLE 1 ? 1 PLE 1 ?

5. Cs. J. 

1906
? 1947 i n -  1950 i x -  1951 i.23 

cut. E. PLE : E xitus

6. Sz. L. 

1909
9 1936 и.—vi— 1946— 1953— 1955 i x -  1956 ш - 1957 ш. 

4 1 0 1 ? 1 cut. E. I PLE 1 ?

7. S. .1. 
1910

9 1954 in .—v— 1955 h - ív.-IX - -1 9 5 6  i .— — in— 1957 н - ш .  
cut. E. 1 0  1 ? 1 0 1 Nephrose | PLE | ? | PLE

8. Cs. K. 

1912
9 1954 XH+ 1955 in . ----- V.—VIII.-----x i -  1956 ш .- x u -  1957 i — ix .-x

RA +  »pernio« 1 RA 1 0  1 RA 1 PLE | ? | PLE | ? | PLE

9. H. K. 9 1943 hi.—ix — 1944 V,— - I X — 1946 n.— —v — 1948 v i— 1953 x — 1954 v.---- VII.— —X— 1957 ш —

1915 cut. E. Psor. I Psor. RA I PLE I RA I Psor9 9 9
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No j'« a m e G eschlecht K rankheitsgeschichte in D iagnosen
Geb. Jahr

10 К. L. 9  1954 I.—ív.— VI.—v il— 1955— 1956 i— 1957 к—ш —

1916 RA I Pleuritis | 0  | Polyserositis | ? | PLE

11. P. I. ?  1956 i —V,—Vili.—x — 1957 in—
1918 RA I PLE I ? I 0

12. T. Zs. $  1945— 1951— 1953 v — v il— x — 1954 i.—и,—x .—XI— 1955 n — 1956 v.—vin — 1957 in-

1918 А I 0  I ? I Pleur. I cut. E. I RA | PLE | ? | PLE | ? | 0  | PLE | ?

13. K. .1. Q 1952 и,— 1953 iv. v il.—IX— 1954 in.—x -  1955 i.—x il— 1956 ix — 1957 in —
1919 RA I PLE I ? I 0  I PLE | ? | PLE | ? | RA

14 D. Gy. $  1952 I -  1954 n .-V I 1957 щ.

1922 RA I PLE j RA

15. K. .1. $  1952— 1953— 1954— 1955 ш .-IV . 6

1924 RA I Nephritis | PLE : E xitus

16. N y. I. $  1955 v.----- vil.—X— 1956— 1957 щ.

1924 atyp. Pneum onie | PLE | ?

17. F. J. $  1945 x -  1955 n i . - i v . 17

1925 RA I PLE : E xitus

18. H. R. $  1944 n i . - x -  1950 щ -  1951 v i -  1952 n -  1953 n .—  x . г

1925 ? I 0  ] RA I PLE | out. E . | PLE : E xitus

19. R. I. ?  . . .1 9 4 8 -------- 1952---------1953 i— 1955 i. B

1925 . .  .S ten . o. v. s. -f- Epilepsie | PLE : E xitus
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СО4̂
No N a m e  

Geb. Jahr
K rankheitsgeschichte in Diagnosen

20. B. I.

1928
9 1943 и -  1945— 1951— 1955 v . -  - X I -

A 1 0 1 ? 1 0 1 cut. E. 1
1956 v.— v n — 1957 ui. 

0 1 PLE 1 cut. E.

21. T. P.

1928
9 1951 i -  1956 и,—v i l -  1957 ii.—in. 

cut. E. 1 PLE 1 cut. E. ! PLE

22. V. E. 

1929
9 1947 hi-  1950 v ili.- I X -  1951 iv. VII- 

RA 1 PLE 1 RA 1 Purpura
1952 v i—VIII 1953— 1954 i x . - x i -  

] RA 1 PLE 1 RA 1 PLE |

1957 in.
9

23. K. J.

1930
9 . . .1 9 5 2  i -  1953— 1954— 1955 n - i v -  1956— 1957 m .

. . .Sten. o. v . s. +  RA 1 PLE | RA -f- Sten. o. v. s.

24. S. A. 

1930
9 1952 v i l i —x -  1953 V,—x — 1954 v .—vn .— ix  

cut. E 1 PLE 1 ? I PLE 1 ? 1 Neph
■ 11
rose : E xitus

25. Sz. .1. 

1931
9 1950 j— 1953 vil —VIII 1955 v i n . - i x -  1956 

A 1 PLE I ? j PLE 1 ?

I.—in— 1957 in. 

PLE [ ?

26. Sz. A. 

1931
9 1947— 1948— 1950 m - v -  1952)V- v i  1953 i 

Carditis 1 ? 1 Pleur. | ? ) A | PLE j
1954 XII— 1955 x -  1956 н—in— 
? 1 PLE 1 ? 1 PLE I

1957 hi.
?

27. V. K. 

1931
9 1953m.—vi - i x — 1954 v — 1955 x . 2s 

? |  0 1 RA 1 PLE : E xitus

28. 0 .  I.

1932
9 1943 in.—vi— 1956 ii.—in .—v — 1957 n.—in. 

Carditis 1 ? 1 RA 1 PLE | ? ] PLE ?

29. T. K. 

1932
9 1953 x i . - x i l l  1954 v n — 1955 i. - ii .—v ili— 1956— 1957 ш. 

RA 1 PLE 1 ? j PLE 1 ? 1 0

U
N

\U
I3

d
 

.



No N a m e  
Geb. Jahr

G eschlecht Krankheitsgeschichte in Diagnosen

30. B. J. 
1932

? 1953 VII—vili— 1954 v n = 1955 i.—n.—vi— 1956—1957 ni- 
cut. E. 1 PLE 1 ? 1 PLE 1 ? 1 0

31. 0 .  M.

1933
? 1952 x -  1953 l.—ix.—x— 1954 l.—VIII.—XI— 1955 i n —vil- 1956 i.

A +  Pleuritis 1 RA 1 PLE | ? | PLE | ? | 0  | ? | PLE : E xitus

32. K. J.
1937

0 1952 x— 1953 XI— 1954 xil— 1955 n— 1956—1957 ш. 

Haem aturie | 0  | PLE | 0

33. B. S. 

1942
0 1952 и— 1956 vil— ix .-x il- 1957 m.

? 1 А 1 PLE 1 0  1 PLE

Abkürzungen : A : Unbestim m te Gelenkbeschwerden

cut. E.: H auterythem atodes ohne andere Sym ptom e und Beschwerden 

PLE : polysystem ischer Lupus erythem atosus 

Pleur.: Pleuritis

Ra : Rheum atoide Arthritis (primär-chronisches rheumatisches Polyarthritis) 

Sten. o. v . s.: Stenosis ostii venosi sinistri

? : Beschwerden und Sym ptom e die aber keine bestim m te Diagnose ermöglichen 

0  : Keine Sym ptom e und Beschwerden.
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c y c litis , u sw .) obwohl diese d e n  V e rd ach t a u f  eine po lysystem ische E rk ra n k u n g  
le n k te n . A uch  die in  der Z w ischenzeit a u fg e tre ten e n  Prozesse v o n  b e s tim m t 
a n d e re r  Ä tiologie b leiben u n e rw ä h n t, da  die d as  Schicksal u n se re r P a tie n te n  
in  k e in e m  Falle w esen tlich  ä n d e rte n  (G rippe , P neu m o k o k k en -p n eu m o n ie , 
m e c h a n isc h e s  T raum a, u sw .). D a , wo das k lin ische  B ild  v e rw irr t o d e r u n b e ­
s t im m t w a r  und  die u n b e s tim m te n  B eschw erden  u n d  d ivergen te  S y m p to m e 
d ie  D iag n o se  jeder b e s tim m te n  E rk ra n k u n g  v erh in d erten , b eze ich n e t ein 
F ra g e z e ic h e n  (?) diesen Z u s ta n d . D o rt, wo eine D iagnose a n g e fü h rt w ird , w ar 
d iese  im m e r  typ isch . Die id en tisch e  D iagnose b e d e u te t se lb s tv e rs tä n d lic h  
n ic h t  im m e r  und  übera ll d iese lbe  Schw ere d er E rk ra n k u n g . Die rh e u m a tisc h e  
P o ly a r th r i t i s  (RA) z. B. ze ig te  vom  auch  als a k u te  rh eu m atisch e  P o ly a r th r it is  
q u a lif iz ie rb a re n  Bilde bis z u m  schw achen , ab e r noch  m it o b jek tiv e rV erän d e- 
ru n g  v e rb u n d en en  A rth ra lg ie , bzw . zu r sy m m etrisch  defo rm ierenden , c h a ra k ­
te r is t is c h e n  p rim är-ch ro n isch en  P o ly a r th r itis  alle m öglichen Ü b erg än g e  bei 
d e n  versch ied en en  K ra n k e n  u n d  m an ch m al au ch  bei dem selben  K ra n k e n . 
E s g e h ö r t  zu r N a tu r der k o llag én én  E rk ra n k u n g e n , daß  sie in  h o h em  M aße 
f lu k tu i r e n  ; Rem issionen u n d  R ezidive sind  h äu fig . Die F lu k tu a tio n  n im m t 
in  d e r  R ege l erst d ann  ab , w en n  infolge d er I r re v e rs ib ilitä t d er e n ts ta n d e n e n  
D e s tru k t io n  eine R em ission schon  k au m  m öglich  is t. Je  a u sg e b ra n n te r  ein 
O rg a n  im  Laufe der E n tz ü n d u n g , um so k le iner w erden die F lu k tu a tio n s ­
m ö g lic h k e ite n . Auch die p o ly sy stem isch en  F o rm en  w aren von  seh r ve rsch ie ­
d e n e r  G ra v itä t  sowohl v o m  G esich tsp u n k t d er allgem einen S y m p to m e , als 
au s  dem jen ig en  der O rg an läsio n en  u n d  d e ren  K o m b in a tio n en . D ie v ersch ie ­
d e n e n  K ran k h e itsp h asen  t r e n n te n  sich n ic h t sc h a rf  v o n e in an d er ab , sondern  
g in g e n  gew öhnlich stu fenw eise  in e in an d er ü b e r ; so w ar die E rk ra n k u n g  
— b e so n d e rs  wenn m an  a u c h  die N eben sy m p to m e in B e tra c h t z ieh t — in den 
Z e ite n  u m  die T ren n u n g slin ien  der T abelle  di-, tr i-  oder p o ly sy stem isch . 
D ie T ren n u n g slin ien  w en d e te  ich  an , um  d a m it die Tabelle tro tz  den  v ersch ie ­
d e n e n  K rank h e itsp ro zessen  ü b ers ich tlich  zu  m ach en , anderse its  u m  d ie D auer 
d e r  e in ze ln en  füh renden  S y m p to m en  zu reg is trie ren .

D ie  E rk ran k u n g  k o m m t in  derselben  F am ilie  n u r se lten  v o r ; darum  
is t  es erw ähnensw ert, d a ß  in  T abelle  6 die P a tie n tin  N r. 26 die T o c h te r  von 
N r. 4 i s t .  Die E rk ran k u n g  h a t  sich zu erst be i der T o ch te r g em eld e t, u n d  zwar 
n ic h t  n u r  dem L eb en sa lte r, sondern  au ch  dem  D atu m  e n tsp re c h e n d . Die 
P o ly a r th r i t is ,  die sich be i d e r M u tte r v o r 40 Ja h re n  abgespielt h a t te ,  konn te  
w eg en  M angel an A ngaben  n ic h t in  E rw äg u n g  gezogen w erden .

A us Tabelle 6 is t es k la r  ersich tlich , d a ß  die P erioden  m it m an ifestem  
p o ly sy stem isch en  E ry th e m a to d e s  ziem lich k u rz  sind  u n d  sich w äh ren d  der 
K ra n k h e i t  so lau n en h aft ab lö sen , daß  sie b e in ah e  als zufällige E rsch e in u n g en  
w irk e n . Tabelle 7 zeig t, w elchen  P ro z e n tsa tz  der in  M onaten  b e rech n e ten  
K ra n k h e its d a u e r  bei d en  einzelnen  K ra n k e n  die einzelnen — m e h r oder 
w e n ig e r  m ite inander zu sam m en fließ en d en  — P h asen  — u n d  u n te r  ihnen
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Tabelle 7
Dauer der verschiedenen Diagnosen während der Krankheit

Fall
Krankheitsdauer 

in Monaten 
[100%]

PLE RA cut. E andere
Diagnosen ? 0

Mo­
nat %

Mo­
nat %

Mo­
nat %

Mo­
nat %

Mo­
nat %

Mo­
nat %

l . 81 2 2 — — — — — — 79 98 — —

2. 139 5 4 132 95 — — 2 1 — — — —
3. 109 3 3 26 24 — — 4 3 28 26 48 44
4. 110 5 4 27 25 — — — — 78 71 — —

5. 47 5 11 — — 42 89 — — — — — —

6. 254 7 3 - — 32 12 5 2 96 38 114 45
7. 145 5 4 — — 3 2 4 3 12 8 121 83
8. 28 7 25 8 28 - — — — 10 36 3 11
9. 169 7 4 66 39 6 4 10 6 55 32 25 15

10. 39 3 8 3 8 — — 20 51 12 30 1 3
11. 15 4 27 1 27 — — - — 2 13 5 33
12. 147 7 5 3 2 3 2 14 10 33 22 87 59
13. 62 24 39 21 34 — — — — 11 18 6 9
14. 63 5 8 58 92 — — — — — — — —

15. 39 1 3 24 61 — — 14 36 — — — -

16. 23 4 17 — — — — 2 9 17 74 — —

17. 7 2 29 5 71 — — — — — ’ — — —
18. 115 17 15 15 13 11 10 — — 7 6 65 56
19. 84 24 29 — — — — 60 71 — — — —
20. 170 3 2 — — 14 8 23 14 12 7 118 69
21. 75 8 11 — — 67 89 — — — — — —
22. 21 8 7 82 68 — — 3 2 28 23 — —
23. 63 3 5 13 21 — — 47 74 — — — —
24. 26 16 62 — — 2 8 3 11 5 19 — —
25. 87 7 8 — — — — 42 48 38 44 — —
26. 60 21 35 — — — — — — 39 65 — —
27. 32 18 56 8 26 — — — — 3 9 3 9
28. 169 4 2 1 1 — — 3 2 161 95 — —
29. 41 10 24 1 3 — — — — 10 24 20 49
30. 45 12 27 — — 1 2 — — 8 18 24 53
31. 40 17 42 8 20 — — 3 8 8 20 4 10
32. 54 3 6 — — — — 13 24 — — 38 70
33. 62 4 7 — — — — 2 3 53 85 3 5

P L E  =  polysytem ischer Lupus erythem atosus.
cut. E =  Lupus erythem atosus der H aut, ohne andere Erscheinungen. 
RA -= Rheum atoide Arthritis, primär-chronische Polyarthritis.

? -= Verschiedene unbestim m te Sym ptom e und Beschwerden.
0  =  Dauer der beschwerden und sym ptom freien Zwischenperioden.

7  A c ta  M e d ic a  X I I / 1 — 2
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d ie  P h a se n  m it P L E  a u s m a c h te n . In  den n ich t a ls P L E  bezeichneten  P h asen  w ar 
d ie  E rk ra n k u n g  als so lche  n ic h t d iag n o stiz ie rb a r (d a  es keine H a u tv e rä n d e ­
ru n g e n  gab , die L E -P ro b e  w ied erh o lt n eg a tiv  w a r u n d  O rganbiopsie en tw ed er 
n ic h t  un ternom m en  w u rd e , oder kein b ew eisk rä ftig es  E rgebnis gab).

O bw ohl es uns d em  N achw eis unserer fe s tg e se tz te n  These n ic h t n äh er 
b r in g t ,  der V o lls tän d ig k e it h a lb e r sei e rw 'ähn t, d a ß  die L e th a litä t unseres 
K ra n k e n m a te ria ls  30 %  w a r . Die au f die L eb e n sd a u e r und  a u f  die T odes­
u rs a c h e n  bezüglichen E in z e lh e ite n  sind in  T ab e llen  8 —9 —10 zu sam m en g efaß t.

Tabelle 8

Lethalität

Zahl der Fälle L e ) e n d  i g G e s t o r b e n

33 100% 23 70% 10 30%

Tabelle 9

A) Lebensdauer von dem ersten Sym ptom  gerechnet

D i e  L e b e n d e n D i e  G e s t o r b e n e n

Z a h l  
der Fälle

Lebensdauer bis 
J a h r e

heute
Z a h l  

der Fälle

Lebensdauer bis zum Tode 
J a h r e

—2 3— 5 6— 10 11— 15 16— — 2 3—5 6— 10 11 —

23 2 6 8 6 1 10 l 5 4 -

70% 6 % 18% 2 4 % 18% 3% 30% 3% 15% 12% -

B ) Lebensdauer von der ersten P L E  D iagnose gerechnet

D i e  L e b e n d e n D i e  G e s t o r b e n i

Z a h l  
der Fälle

Lebensdauer bis 
J a h r e

heute
Z a h l  

der Fälle

Lebensdauer bis zum Tode 
J a h r e

—2 3— 5 6— 10 11— 15 16— _2 3— 5 6— 10 11—

23 12 10 l 10 8 2

70% 36% 30% 3 % 30% 24% 6%



Tabelle 10

Todesursache der K ranken mit polysystemischem Lupus erythematosus
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D i a g n o s e Za h l  d e r  F ä l l e

P L E , akuter Zustand 4

Urämie 5

Nephrose -)- Infektion I
Z u s a m m e n 10

Diskussion

Die K ran k h e itsg esch ich te  unserer an  L u p u s e ry th em a to su s  d issem in a tu s , 
n ach  am erikan ischer N o m e n k la tu r  an » system ischen«  L upus e ry th e m a to su s , 
n ach  französischer, bzw . d eu tsch e r N o m e n k la tu r  an  v isceralen  L u p u s  e ry ­
th e m a to su s , nach d e r h ie r  em pfohlenen N o m e n k la tu r  an  po lysystem ischen  
L upus e ry th em a to su s  le id en d en  P a tie n te n  bew eist, d aß  die K ra n k e n  fast 
ausn ah m slo s ziem lich lan g e  an  versch iedenen  » rheu m atisch -k o llag en en «  
E rk ra n k u n g e n  litte n  ; in  d er Zw ischenzeit w echselten  besch w erd e- und 
sy m p to m fre ie  Zeiten m it so lchen , in  denen d er P a tie n t  versch iedene B eschw er­
den  v o rb ra c h te . D an n  k a m  eine Periode, in  w elcher die E rk ra n k u n g  d en  h eu ­
tig en  K rite rien  des P L E  e n tsp ra c h . In  d ieser e rs ten  P L E -P e rio d e  s ta rb  ein 
Teil (21% , 2/3 aller V ersto rb en en ) tro tz  a lle r th e ra p e u tisc h er V ersuche  ; ein 
a n d e re r  Teil leb te  jed o ch  w e ite r u n d  die E rk ra n k u n g  dieser P a tie n te n  k a m  bei 
der b e k a n n te n  T h erap ie  in  R em ission, oder w urde  als » T e ile rk ran k u n g «  
fo rtg e se tz t und  der P a t ie n t  s ta rb  m it den S y m p to m en  dieser T e ile rk ra n k u n g  
(z. B . N ie ren k ran k h e it) , o d e r w urde  die E rk ra n k u n g  fü r  kürzere  o d e r längere 
Zeit w ieder als p o ly sy stem isch er LE  d iag n o stiz ie rb a r und  die T o d esu rsach e  
k o n n te  a u f  diesen z u ru c k g e fü h rt w erden, oder n u r  eine T e ile rk ra n k u n g  be­
s ta n d  w eiter, d ann  w u rd e  sie w ieder a u f  eine Z eit völlig b esch w erd en - und 
sy m p to m fre i, oder h a t te  d e r K ran k e  w ieder u n b estim m te  B eschw erden  und 
ungew isse S y m p to m e .. .  u n d  so w eiter ohne jeg liche  R ege lm äß ig k e it

Je d e m  unserer P a tie n te n  w urde seit 1952 eine, der L E -D iag n o se  e n t­
sp rechende w irksam e m o d ern e  B ehand lung  zu te il (C ortison, A C TH , P red n iso n , 
A teb rin , die der N o tw en d ig k e it en tsp rech en d en  sy m p to m a tisch en  E ing riffe , 
wie z. B . P e r ik a rd p u n k tio n  usw . u n d  andere  m oderne  V erfahren  d e r  T h era - 
p eu tik ) u n d  das tru g  zw eifellos dazu  bei, d a ß  ein  großer Teil d e r P a tie n te n  
die heftigen  ak u ten  P e rio d e n  überleb te  ; ab e r es k am  auch  v o r , d a ß  die 
E rk ra n k u n g  nebst U n v e rä n d e r th e it der b isher als w irksam  b e fu n d e n e r T h e ra ­
pie rez id iv ie rte , oder d a ß  sie n ach  d a u e rn d e r W irkungslosigkeit derse lb en

7*
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T h e ra p ie  in  Rem ission k a m . M it der T herap ie  h a b e n  w ir das L eben u n se re r 
P a t i e n t e n  verlängert, a b e r  d a s  bed eu te te  n ic h ts  a n d e re s , n u r  d aß  die E rk ra n ­
k u n g ,  d ie  viele leb en sw ich tig e  O rgane angriff, w ied er zahm er gew orden  is t, 
in  v e rä n d e r te r  Form  sich  a u f  e in  System oder e in  p a a r  System e b esch rän k te , 
o d e r  su bk lin isch  gew orden  i s t .  D as klinische B ild  w urde  du rch  die T h erap ie  
(d ie  d u rc h  sie v e ru rsa c h te n  K o m plika tionen  a b g e rech n e t) w esen tlich  n ich t 
v e r ä n d e r t .  Von G enesung k ö n n e n  wir n icht sp re c h e n , n u r  von  einer S y m p to m ­
f re ih e i t  v o n  ungew isser D a u e r ,  w oraus das R e z id iv  in  der u rsp rü n g lich en  oder 
in  e in e r  v erän d erten  F o rm  jed e rze it erfo lgen k a n n . Die G renze zw ischen 
G e su n d h e it  und K ra n k h e it  i s t  o ft völlig v ersch w o m m en . A u f diesen V organg  
p a ß t  d e r  b ekann te  E isb erg -V erg le ich  v o rzüg lich  ; d er b ed eu ten d e  T eil d ie­
se r E rk ra n k u n g  b e fin d e t s ich  u n te r  dem N iv e a u  u nserer K en n tn isse .

D ie Forscher, die d e n  fe s te n  Z u sam m en h an g  des po lysystem ischen  LE  
u n d  d e r  in  ihm  v o rk o m m e n d e n  T e ile rk ran k u n g en  n ich t als nachgew iesen  
b e t r a c h te n ,  mögen e in w e n d e n , daß  es sich h ie r  v o n  zufälligen B egegnungen  
h a n d e l t .  D ieser S ta n d p u n k t is t  ab er gänzlich u n h a l tb a r ,  da die versch iedenen  
F o rm e n  der K o lla g e n k ra n k h e iten  vor unseren  A u g en  ine in an d er ü berfließen  
u n d  je  s tä rk e r wir die d iffe ren tia ld iag n o s tisch en  Zeichen an p ack en  wollen, 
u m so  w eniger davon  in  u n se re n  H änden b le ib t. W ir wissen m it S ich erh e it, 
d a ß  E rk ran k u n g en  wie P n eu m o n ie , P le u ritis , A r th r it is ,  E pilepsie , T h ro m ­
b o p h le b itis ,  N ephritis , L y m p h a d e n o p a th ie , L eu k o p en ie , usw . auch  a u f  viele 
a n d e r e  U rsachen z u rü c k g e fü h r t  w erden k ö n n e n . W ir w issen jed o ch  k eines­
w eg s, ob es se lb ständ ige  rh e u m a to id e  (p rim är-ch ro n isch e) P o ly a r th r it is  und  
k lin is c h  von dieser a u f  k e in e  W eise abw eichende  » e ry th em ato d isch e«  P o ly ­
a r th r i t i s ,  — rh e u m a tisc h e  Pneum onie u n d  e ry th e m a to d isc h e  P neum on ie , 
rh e u m a tis c h e  p r im är-ch ro n isch e  N ephritis u n d  e ry th em a to d isch e  p r im ä r­
ch ro n isc h e  N ephritis , u s w ., usw . — g ib t. U n d  da  w ir es n ic h t w issen, 
s t e h t  es uns n a tü rlich  f re i , b e ide  M öglichkeiten  vo rauszusetzen . A ber ob 
w ir  u n s  a u f  den S ta n d p u n k t  d er E inheiten , o b  a u f  denjenigen d er S e lb s tän ­
d ig k e i t  stellen , w issen w ir  n ic h t, was die L o k a lisa tio n  der E rk ra n k u n g  und  
d ie  L a u n en h a ftig k e it des V e rlau fs  bestim m t. W o is t der w esentliche q u a lita tiv e  
U n te rsc h ie d  in  den E rk ra n k u n g e n , w enn sie sich  a u f ein einziges O rg an ­
s y s te m  lokalisieren, w en n  sie m ehrere O rg an sy stem e  befallen , oder w enn  sie 
z u g le ic h  auch den L E -K r ite r ie n  en tsp rechen? D e r B ean tw o rtu n g  d ieser F rage 
k ö n n e n  w ir aus zwei R ic h tu n g e n  nahe k o m m en . D ie erste  b e s teh t d a r in , d aß  
w ir  d ie  L E -K rite rien  im  K ran k h e itsb ild  des L E  u n te rsu ch en  ; die zw eite, 
d a ß  w ir  die wegen M an g e ls  a n  L E -K rite rien  in  d iese G ruppe n ich t passen d en  
F ä lle  un te rsu ch en  u n d  v o n  beiden  R ich tu n g en  ausgehend  die V erb indungs- 
b z w . T rennungszeichen  a u ssu ch en . B e tra c h te n  w ir zuerst die L E -K rite rie n  
d e r  R e ihe  nach. Im  V e r la u f  unserer B eo b ach tu n g  verm och ten  w ir in  unseren  
33 F ä lle n  m it B e rü c k s ic h tig u n g  der R ezidive in sg esam t 54m al a u f  G ru n d  der 
c h a ra k te ris tis c h e n  K r i te r ie n  die Diagnose des p o lysystem ischen  E ry th e m a to ­
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des fe stzuste llen . A uch  an  dem selben P a t ie n te n  h aben  sich die K rite r ie n  
im  L aufe  der R ezid ive  v e rä n d e rt. So k a m  es z. B . o ft genug v o r , d a ß  das 
K rite r iu m  bei d er e rs te n  G elegenheit die c h a ra k te ris tisch e  sc h m e tte rlin g fö r­
m ige L äsion a u f  dem  G esicht w ar ; bei sp ä te re n  G elegenheiten re z id iv ie rte  
jed o ch  die H a u tlä s io n  n ich t u n d  das K rite r iu m  w urde  die positive  L E -P ro b e .

V on den d re i K rite rien  — c h a ra k te ris tisc h e  H au tlä s io n , u n b e d in g t 
p o sitiv e  L E -P ro b e , ch a rak te ris tisch e r h is to lo g isch er B efund — v e rm o c h te  die 
H isto log ie  am  se lten s ten  einen b e s tim m te n  Beweis fü r die L E -D iag n o se  
e rb rin g en . D as is t le ich t zu v erstehen , d a  d ie  H istologie seiner N a tu r  n ach  
n ic h t u n b e sc h rä n k t an g ew an d t u n d  w ied e rh o lt w erden  k an n , g eg en ü b er der 
o ft u n te rsu c h b a re n  L E -P ro b e  u n d  der H a u t ,  d ie  vom  A rzte und  v o n  P a tie n te n  
se lb st b e s tän d ig  n ic h t aus den A ugen gelassen  w ird. Ü brigens is t  d e r  W ert 
d er B iopsie ziem lich ungew iss, weil sie n u r  se lten  ein b estim m tes E rg eb n is  
e rg ib t. L y m p h k n o ten b io p sie  fü h rte  z. B . in  je d e m  Falle zu d er D iagnose  : 
»n ich tspezifische  E n tzündu n g sze ich en « . D ie N adelb iopsie  der N ieren  fü h r te n  
w ir n u r  in  neuerer Z eit sy stem atisch  d u rch  ; so kennen wir den W e rt dieses 
V erfahrens noch n ic h t genau . A uch k e n n e n  w ir einerseits die H ä u fig k e it 
des V orkom m ens d er als ch a rak te ris tisch  b e h a u p te te n  »W ire-L oop«-L äsion  
n ic h t, an d erse its  w issen w ir n ich t, wie f rü h  u n d  beständ ig  dieses Z eichen  ist 
u n d  ob es v e rschw inden  u n d  rezid iveren  k a n n , schließlich, wie h ä u f ig  es in 
a n d e ren  K o llag en k ran k h e iten  v o rk o m m t. U n te r  unseren eigenen F ä lle n  gab 
es ein ige, bei denen  die O b duk tion  u n d  d e r au sfü h rlich e  h isto log ische B efund  
n ich t bew eisk räftig  w aren  (L e ö v e y  u n d  H a r a sz t i) ; dagegen s in d  F älle  
b e k a n n t, wo die W ire-L oop-L äsion  der N iere  d as  erste  sichere K rite r iu m  w ar, 
das die L E -D iagnose  erm öglich te  (L is t e r  u n d  B a k e r , Mo n t g o m er y  u n d  
McCr e ig h t ). D abei v e rm in d e rt es jed o ch  d en  W ert des B iopsiebefundes 
in  d er R ich tu n g  d e r »spezifischen E rk ran k u n g « -K o n zep tio n , u n d  es sp rich t 
fü r  den  engen Z u sam m en h an g  der V orgänge, dass  die W ire-L oop-L äsion  auch  
in  Skleroderm ie v o rk o m m t (A l l e n , H a n n ig a n  et al., B a e h r  u n d  P o llac k ). 
Bei einem  un serer K ran k en  erschienen im  L au fe  der p o ly system ischen  LE  
a u f  den  V ord erarm en  D erm ato m y o sitis-S y m p to m e. D er histo logische B efund  
zeigte e in  ch a rak te ris tisch es  B ild (Prof. S z o d o r a y , D erm ato logische K lin ik  
in  D ebrecen). D ie D erm ato m y o sitis  b e s ta n d  schw ach f lu k tu ie re n d  n o ch  fü r 
eine längere  Z eit, se lb st d a n n , als infolge d er T h e ra p ie  der Z u stan d  sich b e d e u te n d  
besse rte  u n d  auch  die L E -P robe  n e g a tiv  w u rd e . E inen  b e s tim m te n  Ü b er­
gang  zu r D erm ato m y o sitis  b eo b ach te ten  w ir au c h  bei zwei an d eren  K ra n k e n  ; 
le ider w urde  bei d iesen  keine Biopsie v o rg en o m m en .

D er H auterythem atodes als diagnostisches Zeichen  is t im  a llg em ein  das 
w ertv o lls te  u n d  au c h  das häu fig ste . Seine H äu fig k e it w ird  v ersch ied en  
angegeben  : von  S h e a r n  u n d  P ir o f sk y  m it 9 1 % , H a r v ey  et al. m it  8 5 % , 
D u b o is  m it 52% . In  unseren  eigenen F ä llen  k a m  er als erste , e in le iten d e  
K o llag en k ran k h e it in  18% , in der ganzen , 54 L E  en th a lten d en  P erio d e  jed o ch
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in  6 3 %  v o r . Die abw eichenden  P ro zen tzah len  f in d e n  ihren  G rund w ohl d a r in , 
d a ß  d ie  versch iedenen  B eo b ach te r  in  versch ied en em  M aße L E -P roben  u n te rn a h ­
m en  in  a n n e h m b a r sine lu p o -F ä llen . Das K ra n k e n m a te ria l ist vom  s ta tis t is c h e n  
G e s ic h ts p u n k t nie ohne A u sw ah l, da  die E rk ra n k u n g  m eistens vom  D e rm a ­
to lo g e n  e rk a n n t w ird, a n d e re rse its  weil die H a u te rsc h e in u n g  zum eist sch re ien d  
d ia g n o s tis c h  is t. O ffenbar is t  die Z ahl d er sine  lupo-F älle  infolge des L E - 
Z e llp h än o m en s  im  S teigen begriffen .

D ie  B ew ertung  des L E -Z ellphänom ens is t  G egenstand  einer fo lg en d en  
S tu d ie . H ie r  sei n u r  e rw ä h n t, d aß  zw ar 3 7 %  un se re r Fälle a u f  G ru n d  des 
L E -Z e llp h än o m en s d iag n o stiz ie rt w urde, 34 %  d e r F älle  dagegen L E -n e g a tiv  
w a re n . I n  H insich t der S p e z if itä t der P robe geh en  die M einungen n och  a u se in ­
a n d e r .  E s  is t ab er b e s tim m t, d aß  die N e g a tiv i tä t  der P robe n ich ts  b e d e u te t 
u n d  keinesw egs aussch ließ en d  is t (B obory  u n d  P e t r á n y i).

U n se re  A nsicht ü b er die 3 L E -K rite rie n  zusam m enfassend , k ö n n e n  w ir 
fe s ts te l le n , d aß  ihre N e g a tiv itä t  die M öglichkeit des LE-Y organges se lb s t in 
d en  p o ly sy stem isch en  F ä llen  n ich t au ssch ließ t u n d  ihre N e g a tiv itä t um so 
w a h rsc h e in lic h e r is t, je  n a rb ig e r  sich d e r m onosystem ische F a ll e rw e is t. 
W e n n  w ir  uns also der E in h e it  d er K o lla g e n k ra n k h e iten  von se iten  des p o ly ­
sy s te m isc h e n  L upus e ry th e m a to su s  n äh ern , gew innen  wir die Ü b erzeu g u n g , 
d a ß  d ie  versch iedenen  K o llag en k ran k h e iten  o hne  G renzen ine in an d er fließ en . 
T ren n u n g sz e ic h en  g ib t es n ic h t, da die » L E -K rite r ie n «  eigentlich n u r  S y m ­
p to m e  s in d , die in gegebenem  F alle  v o rh an d en  sein , aber auch fehlen k ö n n en .

W e n n  sich aus der R ic h tu n g  der m onosistem ischen  T e ile rk ran k u n g en , d er 
rh e u m a to id e n  A rth ritis , d er p rim ärch ro n isch en  N ep h ritis  usw. uns d er F ra g e  des 
k lin isc h e n  Z usam m enhanges o d er der U n ab h än g ig k e it der versch iedenen  K o lla ­
g e n k ra n k h e ite n  n äh e r k o m m en  w ill, g e lan g t m a n  zu dem selben S ch lüsse. In  
k e in e r  d ie se r T e ile rk ran k u n g en  f in d e t m an  n ä m lic h  irgendein  Z eichen, d as  die 
M ö g lic h k e it der Z usam m engehörigke it d ieser E rk ran k u n g en  au ssch ließ en  
w ü rd e . I n  bezug  a u f  den H a u te ry th e m a to d e s  is t der Z usam m enhang  h e u te  
sch o n  zw eifellos u n d  selbst die M itte ilungen , d ie  dies zu b estre iten  v e rsu ch en , 
n e h m e n  alle  fü r die I d e n t i tä t ,  und  fü r die M öglichkeit des gänzlichen  Ü b e r­
g an g es  in e in a n d e r S te llung . In  der rh e u m a to id e n  A rth ritis  f in d e t m a n  bei 
V e rfo lg u n g  des K ran k h e itsv o rg an g es  oft Ü b erg än g e  auch zu anderen  K o llagen - 
e rsc h e in u n g e n  und  zum  k lassischen  po ly sy stem isch en  LE.

J e  län g er m an  zah lre ich e , an  m o nosystem ischen  K o llag en k ran k h e iten  
le id e n d e  P a tie n te n  b e o b a c h te t, desto  h äu fig e r  t r i f f t  m an auch bei ih n en  einen  
Ü b e rg a n g  zu den übrigen  K o llag en e rk ran k u n g en . U nsere k linische B e o b ach ­
tu n g  b e g in n t h eu tzu tag e  a u c h  a u f  diesem  G eb ie t sich zu verfe inern .

F rü h e r  e rk a n n te n  w ir n u r  die e x tre m e n  V arian ten , z. B . d en  » L u p u s 
e ry th e m a to s u s  d issem in a tu s  acu tu s« . Seit d e r  L E -P ro b e  und  d er B iopsien  
e rk e n n e n  w ir auch  viele »sine lupo«-F älle . M it d er dauernden  B e o b a c h tu n g  
d e r P a t ie n te n  (die neben  d e r sp o n tan en  R em issionen  du rch  die T h erap ie
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erm öglich t w u rd e), h ab e n  w ir auch  die T a tsc h e  e rk a n n t, daß  die W ö r te r  wie 
»m alignus«  » a k u t« , » su b ak u t« , »chronisch«  n ic h t zu r D iagnose g e h ö re n  ; 
sie k ö nnen  n ic h t e in m al als T ypen , als E rsche inungsfo rm en , ja  a ls S ta d ie n  
ak z e p tie rt w erden , d a  d er K ran k h e itsv o rg an g  so la u n e n h a ft a u s fä llt , d a ß  es 
keine S tad ien  V orkom m en, u n d  jedes R ezid iv  e in en  an d eren  G rad der H e f tig k e it  
aufw eisen k a n n . D iese B eiw örter bezeichnen  höch sten s den m o m e n ta n e n  
Z u stan d . Sie h ab en  n ich t e inm al p rogno stisch en  W ert, da viele u n se re r  P a ­
tie n te n  leben  u n d  a rb e its fäh ig  sind , obw ohl sie h y p e ra k u te , m aligne K r a n k ­
h e itsp h asen  ü b e rs ta n d e n  h ab en  ; g leichzeitig  s ta rb e n  m ehrere P a t ie n te n  in  
N ieren insuffiz ienz in  v e rh ä ltn ism äß ig  k u rze r Z eit u n d  ohne heftigere S y m p to m e .

F ü r  die E in h e it d er rh eu m atisch -k o llag en en  E rk ran k u n g en  s p r ic h t noch  
d er a u f  d a u e rn d e  D osierung  von H y d ra laz in  (A presolin) e in tre ten d en  Z u s ta n d  
(Co m ens u n d  S c h r ö d e r , H e n n  et al., E r ic k so n  et al., R e in h a r d t  u n d  W a l d ­
r o n , S h a k m a n  et al., D u st a n  et al., Mo rro w  et al. P e r r y  und Sc h r ö d e r , S lo- 
n im ), d er in  e in igen  F ä llen  rh eu m ato id e  A r th r i t is  zeigt, in a n d e ren  w ieder 
das K ra n k h e itsb ild  des E ry th e m a to d e s  sine o d e r cum  lupo, m it z iem lich  
s ta rk e r  S treu u n g .

Bei den  K o llag en k ran k h e iten  w issen w ir n ic h t voraus, welche K o m b in a ­
tionen  s p ä te r  a u f tre te n  können  ; je  a u sd rü ck lich e r progressiv v e rn a rb e n d e n  
C h a ra k te r  die E n tz ü n d u n g  in  irgendeinem  S y stem  (H a u t, Gelenk) a n n im m t, 
um so w ah rsch e in lich er is t, d aß  die E rk ra n k u n g  g rö ß ten te ils  oder h a u p tsä c h lic h  
m onosystem isch  b le ib t u n d  große p o ly sy stem isch en  A ufflam m en  n ic h t 
V orkom m en.

Die k lin ischen  A ngaben  bew eisen also , d a ß  die rh eu m atisch -k o llag en en  
K ra n k h e ite n  n ich t se lb stän d ig , sondern  die T eilerscheinungen  d esse lben  
K ran k h e itsv o rg an g es sind . Die Ä tio p a th o g en ese  is t u n b ek an n t u n d  gleich 
vielen a n d e ren  E rk ra n k u n g e n  (z. B . der T u b erk u lo se ) wissen w ir a u c h  h ie r 
n ich t, was d ie  U rsache  d er versch iedenen  L o k a lisa tio n e n  und der L a u n e n h a f t ig ­
keit des V erlau fs is t u n d  was dazu  fü h r t ,  d a ß  d ie  versch iedenen  L äsio n en  
m onosystem isch  oder in  versch iedenen  K o m b in a tio n e n  V orkom m en. Sehr 
b em erkensw ert is t K l e m pe r e r s  neue B e o b a c h tu n g , daß  das L E -F ib r in o id  
in ih ren  F ä rb u n g se ig en sch a ften  von d erjen igen  d e r anderen  K o lla g e n k ra n k h e i­
te n  e tw as ab  w eich t. D iese These m uß  noch  e rs t  bew iesen w erden, a b e r  w enn  
sie erw iesen w ird , so sp ric h t dies d a fü r, d aß  die G efäßw ände d u rc h d rin g e n d e n  
u n d  in  d e r G ru n d su b s tan z  des B indegew ebes eine  V eränderung  a u s lö se n d e n  
K ran k h e itss to ffe  (patho log ische  P ro te in e? ) in  den  einzelnen K o llagenose- 
M an ifesta tionen  versch ieden  sein können . M ehrerle i pathogene P a ra p ro te in e  
d ü rf te n  den  U rsp ru n g  d er versch iedenen  S y stem fä llen  erk lären .

W ir w issen, d aß  in  den  K o llag en k ran k h e iten  die die A ntikörper e n th a l te n ­
de G a m m ag lo b u lin frak tio n  sich zum eist v e rm e h r t,  daß  auch der L E -F a k to r  
d a rin  P la tz  n im m t u n d  d a ß  m an  gewisse au to ag ress iv e  Stoffe im  L a u fe  der 
d er K o llag en e rk ran k u n g en  im  B lu t nacliw eisen k a n n . Man kann  je d o c h  a n n e h ­
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m e n , d a ß  diese sich als A n tik ö rp e r v e rh a lte n d e n  Stoffe auch  o hne  A n tig e n ­
e in w irk u n g  zu s tan d e  k o m m en  können , a ls P ro d u k te  einer E n tg le isu n g  im  
E iw eiß sto ff-W ech se l (M o e s c h l in , Mie s c h e r , M ü l l e r , W ü h r m a n n ).

G egenüber den a u c h  im  norm alen  S to ffw ech se l vorkom m enden  h arm lo sen  
E n tg le isu n g e n  (die m a n  P a ra m e ta b o lism u s  n e n n e n  m ag), k ö n n en  w ä h re n d  
d es  A n abo lism us oder des K a tab o lism u s a u c h  e rnstere  path o lo g isch e  E n t ­
g le isu n g e n  s ta ttf in d e n , die pa th o g en e  M e ta b o lite n  hervorbringen . D en  w eite ren  
F o r t s c h r i t t  erhoffen w ir v o n  der E rfo rsch u n g  d ieser E ntg le isungen .

ZUSAM M ENFASSUNG

V om  A uftritt der ersten  K allagenkrankheit v erfo lg ten  wir 33 solche K ranken Schritt für 
S c h r itt , bei denen wir inzw ischen  die Diagnose des L upus erythem atosus (d issem inatus, v i-  
scera lis , polysystem isch) au fzustellen  verm ochten. W ir haben die beobachteten Sym ptom e  
b esch rieb en  und deren H ä u figk eit berechnet. A ls K riter ium  der Diagnose betrach teten  wir —  
n eb st entsprechenden V eränderungen, die auf keine andere Ätiologie zurückzuführen sind — 
die A n w esenheit wenigstens e ines der folgenden drei Z eichen : charakteristischer H au tery­
th e m a to d e s , sicher positive LE-Zellerscheinung und charakteristischer histologischer B efund. 
W en n  keine dieser C harakteristiken vorhanden is t ,  kan n  m an Lupus erythem atosus n icht 
diagn ostiz ieren , sondern es kan n  nur eine dem k lin ischen  B ilde entsprechende sym p tom atisch e  
D ia g n o se  aufgestellt werden. Unsere 33 P atienten  entsprachen im Laufe der Jahre bei 5 
G elegen heiten  diesen B edingungen.

In  Tabellen stellten  wir d ie auf den K ran kh eitsverlau f bezüglichen w ichtigeren D aten  
dar. W ir ste llten  fest, daß jeder Übergang zu den übrigen  Kollagenkrankheiten m öglich  ist 
un d  d aß  den Kriterien entsprechende klassische p olysystem ische  Lupus erythem atosus nur 
ga n z  kurze Phasen der ganzen  Erkrankung au sm ach t ; auch in  bezug auf ihre G ravität 
g ib t  es zw ischen den einzelnen L E -K ezidiven solche A bw eichungen selbst bei ein und dem selben  
K ran k en , daß die früheren diagnostischen A ttribute : a k u t, subakut und chronisch höchstens  
zur B ezeichnung des augenblicklichen Zustandes d ienen  können.

D ie  den LE-K riterien entsprechenden und n ich t entsprechenden Phasen fließ en  launenhaft 
inein an d er . Wir besprachen den  W ert der sogenannten  diagnostischen Zeichen und ste llten  
fe s t , dass ihr Mangel n icht gegen  die LE-Diagnose sp rich t. So sind wir nicht im stand e, die Ver­
sch ied en en  K ollagenose-Teilerkrankungen voneinander zu  trennen. Wir w issen n ich t, ob es 
inn erhalb  der K ollagengruppe eine besondere »erythem atodische« und eine »nicht-erythem a- 
to d isch e«  Polyarthritis —  bzw . Carditis, N ephritis, Serositis gibt. A uf Grund der dauern­
den  B eobachtun g des Schicksals der auch in den p o lysystem ischen  Perioden vom  Lupus ery ­
th em a to su s  befallenen K ranken ist  der Zusam m enhang zwischen den K ollagenkrankheiten  
n eb st den  histologischen Zeichen auch klinisch nachw eisbar.
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RESORPTION VON INSULIN UND ASTHMOLYSIN 
VON DER NASENSCHLEIMHAUT

J .  H a n k i s s  und C s .  H a d h á z y

I  M ED IZIN ISCH E K L IN IK  UND ANATOM ISCH -H ISTOLOG ISCH-EM BRY O LO GISCH ES-INSTITUT 
D ER M ED IZIN ISCH EN  U N IV ER SITÄ T D EB R EC EN , UNGARN

Eingängen am 20. Decem ber 1957.

Die U rsache des bei N o v o k a in in filtra tio n  vo rkom m enden  K ollapses 
su ch en d , fan d  V e n d é g  an  Leichen [20], d a ß  das in  die N asen sch e id ew an d  
in jiz ie rte  M ethy lenb lau  an  d er G ehirnbasis n achw eisbar ist. K r o m p e c h e r  und 
M ita rb e ite rn  m ach ten  die V erb indung  d er N asenhöhle  m it der S chäde lhöh le  
zum  G egenstand  e ing eh en d er U n te rsu ch u n g  [10] und  s te llten  fe s t, d a ß  bei 
d er w eißen R a tte  zw ischen d er N asen sch le im h au t, des N äheren d e m  m ittle ren  
D ritte l  des septum  nasi, u n d  der Schädelhöh le , bzw. dem L iq u o rra u m  eine 
u n m itte lb a re  V erb indung  b e s te h t [8]. D as u n te r  die N a sen sch le im h au t des 
sep tum  nasi in jiz ierte  M eth y len b lau  w ar in —d e r Gegend des lo b u s  fro n ta lis , 
o lfac to riu s  und  des H y p o th a la m u s  nach w eisb a r. Die V ersuche w u rd e n  auch 
d u rc h  rad io ak tiv e  Iso to p e  e rg än z t und  b e s tä t ig t  [14]. In  g rö ß te r  M enge h a t 
sich das T horium  B. im  H y p o th a lam u s  a n g e h ä u ft. F erner s te l l te n  sie fest, 
d aß , w enn K indern  ein m it S trep to m y c in  d u rc h trä n k te r  T a m p o n  in  die 
N asenhöh le  eingelegt w u rd e , im  L iquor e in  viel höherer S trep to m y c in sp ieg e l 
zu  erzielen  w ar, als d u rch  in tra m u sk u lä re  V erabreichung. E in  ähnliches 
V erh ä ltn is  fanden  sie au ch  bei M en ing itisk ranken , wo die P e rm e a b il i tä t  der 
B lu tliq u o rsch ran k e  e rh ö h t is t [10].

In  der P atho log ie  u n d  dem  K lin ik u m  s in d  zahlreiche T a tsa c h e n  b e k a n n t, 
die diese V ersuche zu b e s tä tig e n  scheinen . W ir wissen, d a ß  b e i D iabetes 
in s ip id u s-K ran k en  das H y p o p h y sen h in te rlap p en h o rm o n -P u lv e r v o n  d e r  Nase 
aus re so rb ie rt w ird. Die A nw endung von  G lan d u itrin  du rch  N ase n ta m p o n  
is t in  der G eburtsh ilfe  w o h lb ek an n t [9]. E n d lic h  wissen wir, d aß  n a c h  In o k u lie ­
ru n g  ein iger, das zen tra le  N erv en sy stem  an g re ifen d er V iru sarten  (E n c e p h a litis , 
In flu e n z a , H eine-M edinsche K ran k h e it usw .) in  die N a sen sch le im h au t die 
en tsp rech en d en  K ra n k h e itsb ild e r  h erv o rg eru fen  w erden k ö n n en . N ach  den 
U n te rsu ch u n g en  von  R e a g e n  u n d  M ita rb e ite rn  [17] v e ru rsa c h t z. B . der 
in tra n a s a l in stillie rte  N ew castle  V irus äh n lich e  S ym ptom e, w ie n a c h  in tra ­
ze reb ra le r In fiz ierung .

M it unseren  g eg enw ärtigen  V ersuchen  h a tte n  wir die A b s ic h t, die im 
vo rigen  e rw äh n ten  U n te rsu ch u n g en  a u sz u b re ite n , und v e rw a n d te n  dazu 
S toffe, deren  W irkung  le ich t e rk en n b a r is t .
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Z u erst u n te rsu c h te n  w ir  die R esorption  des In su lin s  von der N asen - 
s c h le im h a u t. Seit der E n td e c k u n g , bzw. E rz e u g u n g  dieses M ittels [1] su c h te n  
z a h lre ic h e  Forscher e ine  M öglichkeit um  die In je k tio n sb e h a n d lu n g  zu  v e r ­
m e id e n . Sie b e o b ach te ten  d ie  W irkung des a n  v ersch ied en en  S ch le im h äu ten  
u n d  a n  der H au t a n g e w a n d te n  Insu lins, w äh ren d  a n d e re  Forscher sich b e m ü h ­
t e n ,  d ie  R esorp tion  des e n te r a l  gegebenen H o rm o n s  zu  fö rdern  — ohne je d e s  
n e n n e n sw e rte n  E rg eb n isses . (D ie diesbezüglichen L ite ra tu ra n g a b e n  h a b e n  w ir 
in  T a b . I zu sam m en g efaß t.)

Tabelle I

Versuche zur S u b stitu tio n  der Insulinverabreichung in Injektionsform  
(Z usam m enfassung der L iteraturangaben)

N am e des Verfassers
A rt und W eise der 

V erabreichung Ergebnis Anmerkung

H a r r is o n  [7] oral in einem Falle w irksam , in den 
übrigen nicht

ungeeignet

B e r n h a r d t  [2] oral schwache W irkung Tierversuch

M il l e r  [12] oral unbefriedigend —
Sá l é n  [18] oral minimale W irkung —

P a u l e s c o  [15] oral und rek ta l ohne Wirkung —

B lu m  [3] perlingual schwache W irkung —
W in t e r  [22] aus dem  M agen wirkt nur bei m it A lkohol behan­

deltem Hund, in  A lkohol ver­
abreicht

H a c h e n  [6] intestinal wird im Darm schn elll abgebaut Tierversuch
F is c h e r  [5] in testinal wirkungslos —
St e n s t r ö m  [19] rektal wirkungslos Ferm entabbau?

P e s k in d  [16] rektal wirkungslos —
Ma u r ia c  [11] intratracheal bei Tieren gute, bei Menschen 

schwache W irkung
—

Co l m a n t  [4] Aerosol in der Hälfte der F älle  V erm inde­
rung des B lutzuckers, in der 
anderen Steigerung desselben

F is c h e r  [5] vaginal schwache W irkung —
M ü l l e r  [13] intrakutan Hypoglykämie bei K aninchen schwächere W ir­

kung, als bei sub­
kutaner V erabrei­
chung

W a l l g r e n  [21] perkutan Salbe wird bei kleinen K in dern  resor­
biert

kostspielig

U n ser Zweck w ar e ig e n tlic h  kein th e ra p e u tis c h e r  : w ir r ic h te te n  u n se r  
B e s tre b e n  darauf, den  W eg  d e r  in die Nase e in g e fü h r te n  Stoffe zu verfo lgen . 
D a z u  sch ien  sich das In s u l in  zu  eignen, dessen W irk u n g  a u f den B lu tz u c k e r-
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Spiegel g u t reg is trie rb a r is t. W ir p ro b ie rte n  au ch  das A sth m o ly sin  d u rc h  
N a se n ta m p o n  aus, da sich h ier die R eso rp tio n  des M ittels an  k lin isch en  S y m ­
p to m e n  (B eseitigung  des A nfalls) abm essen  ließ.

M ethode

Unsere Beobachtungen wurden einerseits an gesunden Menschen, anderseits an an 
D iabetes m ellitus leidenden P atienten unternom m en. Die W irkung wurde durch In su lin b ela ­
stungskurven  dargestellt. Nach F eststellung des nüchternen Blutzuckerwertes in jizierten  wir 
den Untersuchungspersonen 20 E. kristallinisches Insulin subkutan ; dann bestim m ten  wir 
1,5 — 2 Stunden hindurch viertelstündlich  die B lutzuckerw erte nach H agedorn—Jensen. 
N ach ein igen Tagen gaben wir 20 E . kristallinisches Insulin denselben Patienten durch N a sen ­
tam pon , und bereiteten, wie oben, eine B lutzuckerkurve, und verglichen die beiden K urven. 
Die R eihenfolge war nicht im m er die hier beschriebene : in anderen Gruppen führten  wir 
den Nasentam pon-V ersuch früher aus, als denjenigen der subkutanen Injektion . In  wieder  
anderen Fällen injizierten wir dieselbe Q uantität von  Insulin unter die N asenschleim haut des 
m ittleren D rittels der Scheidewand. Als K ontrolle ste llten  wir auch Blindversuche m it p h y sio ­
logischer Lösung ein.

A u f dieselbe W eise führten wir an insgesam t 18 H unden Untersuchungen durch. Bei 
12 H unden wurde das Insulin subkutan und in N asentam pon verabreicht ; bei den w eiteren  
6 injizierten  wir es unter die Schleim haut der N asenscheidew and, bzw. in die Zisterne.

N ebst Insulin führten wir auch Versuche m it A sthm olysin  durch. Bei A nfällen  von  an 
A sthm a bronchiale leidenden Patienten befeuchteten  wir dünn zusam m engedrehte W atte  
m it — 1 Am pulle A sthm olysin und führten sie t ie f  in  die Nase hinein, der m ittleren  N a sen ­
m uschel entsprechend. Nun forderten wir den P atienten auf, ein paarmal zu schnupfen . Das 
Maß der Resorption haben wir auf Grund der Lösung des Anfalls geschätzt.

Ergebnisse

Die Z usam m enfassung  un se re r H u n d v e rsu ch e  zeigt A bb. 1. J e  eine 
K o lonne e n th ä lt  die A ngaben  von  12 —12, bzw . 6 — 6 T ieren. W ie e rs ic h tlic h , 
h a t  das su b k u ta n  gegebene In su lin  (20 E .) den B lu tzuckersp iegel u m  e tw a  
55%  re d u z ie rt, die du rch  den N asen tam p o n  e ingefüh rte  gleiche M enge von 
In su lin  u m  3 3 % , d. h ., d aß  die W irk u n g  des N asen tam p o n s u n g e fä h r  6 0%  
d er su b k u ta n e n  W irkung  a u sm ach t.

A bb . I I  g ib t die in d iv idue llen  K u rv en  eines H undes an .
W ir v e rsu ch ten  die R eso rp tio n  des in  die N ase e in g efü h rten  In su lin s  

a u f  versch iedene W eisen zu  fö rd e rn . M it dem  aus der O ph th a lm o lo g ie  als 
e in  die L y m p h strö m u n g  fö rderndes M itte l b e k a n n te n  D ionin v e rm o c h te n  
w ir die R eso rp tio n  n ich t w esen tlich  zu s te ig e rn . D a v ersu ch ten  w ir es m it 
H y ase , jed o ch  ohne E rfolg .

Als w ir das p H  des In su lin s  u n te rsu c h te n , fan d en  wir es zw ischen  5.1 
u n d  5.3, d. h . sauer. D a die F lim m erbew egungen  in  saurem  M edium  a b n e h m e n , 
n e u tra lis ie r te n  w ir die L ösung m it N a triu m h y d ro c a rb o n a t, doch v e rm o c h te n  
w ir d a m it keine W irkungsste igerung  zu erzielen.

T abelle  I I  zeigt die an  gesunden  P erso n en  u n d  an  D iab e tik e rn  g ew o n n e­
n en  W erte . Die K olonne des N asen tam p o n s w urde  a u f  G rund  d e r  K u rv e n  
von  D iab e tik e rn  zusam m engeste llt. Die W irk u n g  des nasa l in jiz ie rten  In su lin s  
b e tru g  d u rch sch n ittlich  77%  (von  58%  zu 9 2 % , in  drei F ällen  u n te rs u c h t)
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d e r su b k u ta n e n . B ei w eite ren  7 K ran k en  p ro b ie r te n  w ir auch  das m it N a tr iu m - 
h y d ro c a rb o n a t n e u tra lis ie r te  In su lin , doch  v e rm o c h te n  w ir die R eso rp tio n  in  
d iesen  F ällen  au c h  n ich t zu steigern .

Abb. 1. Zusam m enfassende D arstellung unserer m it In su lin  an H unden erreichten Ergebnisse. 
Erklärung der Zeichen : D er Blutzuckerw ert vor V erabreichung des Insulins wurde für „ 0 ” 
genom m en. Die B lutzuckersenkung bzw. Steigerung w urde prozentuell angegeben. (— ) 
b edeutet B lutzuckersenkung, ( +  ) B lutzuckersteigerung. D ie  Zahlen unter der Ordinate geben  
den Zahl der V ersuchstiere der einzelnen Serien an. D er D urchschnittsw ert der Prozentzahlen  

der Tieren ist in den K olu m nen  sichtbar

E s sei noch  d a r a u f  au fm erksam  g e m a c h t, d a ß  eine große S ch w an k u n g  
in  d e r W irkung  des N asen tam p o n s je  n a c h  In d iv id u e n  b es teh t (von  17 bis 
110%  in  22 F ä llen ).

Die E rgeb n isse  un se re r m it A sth m o ly sin  u n te rn o m m en en  V ersuche 
ze ig t T abelle I I I .

D iskussion

U nsere, m it In su lin  u n d  A sthm olysin  d u rc h g e fü h rte n  U n te rsu ch u n g en  
zeigen, d aß  diese M itte l von  der N a sen sch le im h au t reso rb ie rt w erden . D ie 
W irk u n g  des in  N a se n ta m p o n  gegebenen In su lin s  e rre ich t bei D iab e tik e rn  
e tw a  53%  derjen ig en  des su b k u ta n  v e ra b re ic h te n , bei H u n d en  e tw a 6 0 % .
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D as u n te r  die S ch le im h au t der N asensche idew and  in jiz ie rte  In su lin  
h a t  die W irkung  des su b k u ta n  v e rab re ich ten  n ic h t ganz e rre ich t, d ie jen ige  
des N asen tam p o n s jed o ch  ü b e rtro ffen . Zweifellos b le ib t ein Teil des In su lin s  
im  N asen tam p o n  zurück . Die U ntersch iede  d ü r f te n  auch durch  d en  k o m p li­
z ie rte ren  W eg der R eso rp tio n  e rk lä r t  w erden .

Abb. 2. B elastungskurven eines H undes nach versch iedenen Anwendungsform en
von Insulin

W ier verm ögen a u f  die F rag e , wie viel E in h e ite n  von In su lin  au s  dem  
T am p o n  reso rb ie rt w orden sind , keine A n tw o rt zu  geben, da w ir d ie  z u rü c k ­
geb liebenen  M enge n ich t bestim m en  k o n n ten .

D ie V ergleichung d er B lu tzu ck erw erte  n a c h  V erabreichung v o n  In su lin  
d u rc h  die N asensch le im hau t u n d  m itte ls  z is te rn a le r  In jek tio n  k a n n  u ns in

Tabelle II
Insulinresorptionsversuche an Menschen, in  %  der durschnilllichen Blutzucker Senkung ausgedrückt 
Die Blutzuckersenkung wurde prozentuell au sged rü ck t: der Blutzuckerwert vor A nw endung  
des Tam pons diente als Grundwert und der tiefste  P unk t der Blutzuckerkurve als zw eiter  
W ert. Erklärung z. B. zur K olum ne I V : 15 an D ia b etes mellitus leidenden P atienten  
wurde Insulin im  Nasentam pon verabreicht und es erfolgte  eine Blutzuckersenkung von  20%

I. I I . „ I . IV. V.

Insulin Insu lin  und  H yase

subkutan injiziert nasal injiziert Nasentampon N  asentam pon

Gesunde Diabetiker Diabetiker Diabetiker D iabetiker
16 Fälle 21 Fälle . 3 Fälle 15 Fälle 6 F älle

38% 34% 26% 2 0 % 15%
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Tabelle III

Wirkung von in  Nasentam pon gegebenen A sth m olysin  a u f den Asthm aanfall

Asthmanfall Zahl der Fälle A n m e r k u n g

g e lö s t .......................................... 8 an 1 P atien ten  8mal wiederholt
nahm  stark ab ................... 4 bei 1 P atien ten  4mal wiederholt

nahm  a b ................................... 5 bei 2-en davon wiederholt

lin d erte  s ich ............................ 4
kaum  beeinflußt ................. 3 bei 1 K ranken wiederholt
unverändert .......................... 3

insgesam t 27 Fälle

Physiologisches NaCl in N asentam pon:

w ir k u n g s lo s ............................... 6

schw ache subjektive W irkung 1 (an dem selben Krankenmaterial angewendet)

d ie se r  H in sich t gewisse S tü tz p u n k te  liefern . W e ite re  Versuche m it e in e r neuen 
M e th o d ik  sollen diese F ra g e  genauer b e a n tw o r te n .

M it der z is te rn a len  V erabreichung  b e z w e c k ten  wir einerseits die K lä ru n g  
d e r F ra g e , ob der W eg des aus dem  N a se n ta m p o n  resorb ierten  In su lin s  du rch  
d e n  L iq u o rrau m  fü h r t ,  u n d  anderseits b e a b s ic h tig te n  wir A ngaben  ü b e r  den 
W irk u n g sm ech an ism u s des von der N asen sch le im h au t re so rb ie rten  In su lin s  
zu  gew innen . Da die a u f  diese W eise e rre ich ten  W e rte  zum eist n ied rig e r w aren  
als d ie  n ach  su b k u ta n e r  In je k tio n  gew onnenen , k a n n  das In su lin  w ohl kau m  
e in e n  d irek ten  E in flu ß  a u f  das N erv en sy stem  ausüben .

A u f G rund  u n se re r  U n tersu ch u n g en  d ü rfe n  w ir wohl b e h a u p te n , daß  
d ie  n a sa le  A nw endung  des Insu lins th e ra p e u tis c h  — w enigstens in  k lin isch ­
sp ita lm ä ß ig e r  B eziehung  — n ich t in  F ra g e  k om m en  kann . D ie W irk u n g  
is t  h a lb  so groß wie n a c h  In jek tio n , u n d  d a z u  noch  sehr v e rä n d e rlich  ; sie 
w ird  a u ß e r  der S telle  des T am pons auch d u rc h  d en  Z ustand  der S ch le im h au t 
in  g ro ß em  M aße b e e in f lu ß t.

D as A sthm olysin  h a t  sich gut b e w ä h rt u n d  in  einigen F ä llen  u n b ed in g t 
w ertv o lle  H ilfe g e le is te t. Es is t geeignet d ie  H au sap o th ek e  des K ra n k e n  
zu  e rg än zen . Diese A rt d e r A nw endung d ü rf te  b e i Status asthmaticus — b eso n ­
d e rs  w en n  die schnell e in tre te n d e  g e fäß v e ren g e rn d e  W irkung u n e rw ü n sc h t 
is t (bei C oronarsklerose) — geeigneter se in , a ls  die In jek tio n sm e th o d e .

U nsere V ersuche h a b e n  den Weg der R e so rp tio n  der in die N ase g e lan g en ­
d e n  W irksto ffe  noch  n ich t g ek lä rt . A uf G ru n d  d e r  u ns zu r V erfügung s teh en d en  
A n g ab en  hab en  w ir m it fo lgenden  M öglichkeiten  zu rechnen. D er S to ff

1. gelang t u n m itte lb a r  in  das G efäß n e tz  ;
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2. w ird  d u rch  die su b m an d ib u la ren , su b lin g u a len , zerv ika len , bzw . 
re tro p h a rin g e a le n  L y m p h k n o ten  in  d en  truncus lym phaticus dexter 
bzw . sin ister  b e fö rd e rt ;

3. ge lang t d u rch  u n m itte lb a re  L ym phw ege in  das cavum  subarachnoidale;
4. p e riv ascu la r, bzw . p e rineu ra l in  das cavum  subarachnoidale.
W ir m öch ten  die A u fm erksam keit b esonders a u f  diese le tz te  M öglichkeit 

lenken . Die E rgebn isse  von  K o s a , F ö l d e s  u n d  O r o s z  [8] eröffnen  die 
P e rsp ek tiv e , a u f  d iesem  W ege den E ffek t so lcher S toffe m essen zu k ö n n en , 
d ie  ih re  W irkung  u n m itte lb a r  an  den H y p o th a la m u s  au sü b en .

V on th e ra p e u tisc h em  G esich tp u n k t is t es ab e r n ich t ausgeschlossen, 
d a ß  bei n asa le r A n w en d u n g  dieser M ittel m it F ra k tio n e n  der üb lichen  D osen 
E rgebn isse  erzielt w erd en  k ö nnen  (S eda tiva , H y p o p h y se n -H e m m itte l, M itte l, 
d ie a u f  das V ag u szen tru m  w irken , usw .). A n d erse its  w erden  die G eh irn zen tren  
m it so lchen S toffen  e rre ich b ar, deren  p e rip h e re  W irkung  n ich t e rw ü n sch t 
is t  oder tox ische  S y m p to m e h ervo rru fen  k a n n .

In  w eiteren  V ersuchen  beabsich tigen  w ir die R eso rp tio n  bio logischer 
S toffe von  der N asen sch le im h au t zu verfo lgen . W ir w ollen den W eg der 
R eso rp tio n  u n te rsu ch en  u n d  auch  die ev en tu e lle  A nhäu fu n g  der reso rb ie rten  
W irksto ffe  in  den  v e rsch iedenen  G ebieten  des G eh irns. Diese V ersuche sollen 
au ch  die F rage  k lä re n , ob der von der N asen sch le im h au t reso rb ie rte  S to ff  
in  den  L iq u o rrau m  g e lan g t, oder n ich t. A uch  die E n tsch e id u n g  der F rag e , 
a u f  w elchem  W ege die z is te rn a l gegebenen W irksto ffe  in  den pe rip h eren  
K re is lau f gelangen, w ird  von  W ich tigkeit se in . Diese U n te rsu ch u n g en  s ind  
im  G ange.

ZUSAM M ENFASSUNG

An gesunden Personen und an Diabetikern vorgenom m ene, dann durch H undeversuche  
ergänzte Untersuchungen zeigen, daß Insulin und A sthm olysin  in wirksamer Menge von  
der N asenschleim haut resorbiert werden. M ittels V erabreichung von 20 E. kristallinischen  
Insulins durch N asentam pon erreichten wir bei H unden durchschnittlich 60% , bei M enschen 
53%  der subkutanen W irkung.

Die Resorption verm ochten wir m it Dionin, H yase , oder der Änderung des pH  des 
Insulins n icht zu steigern.

Das Verfahren ist für Zwecke der Insulintherapie n icht geeignet.
Das A sthm olysin wird aus der Nase resorbiert, ja  es lindert oder behebt den typischen  

A sthm aanfall, darum ist die M ethode auch im K linikum  verwendbar.
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I

T he concep t of th e  re ticu lo en d o th e lia l sy s tem  has been c re a te d  b y  
A s c h o f f  [3]. T h is sy stem  is com posed o f m u ltip o te n tia l  m esen ch y m al cells 
s c a tte re d  in  th e  o rgan ism . T hey  s ta in  v i ta l ly  b y  acid dyes ; th e y  a re  ab le 
to  ph ag o cy tize  an d  s to re  colloidal, co rp u scu la r foreign  substances. T h e  sy s tem  
consists o f th e  re tic u lu m  cells, h is tio cy tes , th e  sinus endo thelia l cells o f th e  
bone m arro w  an d  sp leen , th e  red  pu lp  cells o f th e  sp leen , th e  en d o th e lia l sinuses 
of th e  ly m p h  nodes, th e  K upffe r cells, a n d  th e  en d o th e lia l cells o f th e  a d ren a ls  
an d  th e  p i tu i ta ry . L a te r  it has been o b serv ed  ih a t  these d ifferen t cells are  
no t q u ite  eq u iv a len t as regards sto rage  a n d  o th e r  functions. T he h is tio c y te s , 
w hich are  de riv a tiv es  o f  th e  less d iffe ren c ia ted  re ticu lu m  cells, possess in  th e  
f irs t place th e  c a p a c ity  o f  sto ring . In  a d d itio n , th e  different cells do  n o t res­
pond  in  th e  sam e w ay to  v a rious s tim u li. S om etim es it  is the  en h an ced  fu n c tio n  
an d  p ro life ra tio n  o f th e  re ticu lo cy tes , so m etim es th a t  of the  e n d o th e lia l cells 
a n d  a n o th e r  tim e  th a t  o f th e  h is to cy te -system  w h ich  p redom inates. A cco rd in g ly , 
th e  te rm s re ticu losis, endotheliosis and  h is to cy to s is  should  be used. C o n sid er­
ing th e  re la tio n  b e tw een  th e  re ticu lu m  cells a n d  th e  h istiocy tes, R o h r  [5] 
does n o t app ro v e  o f th e  tr ip a r ti t io n , an d  a d v o c a te s  to  denote th e  s y s te m  in 
questio n  re ticu lo -h is tio cy te -sy stem  in s te a d  o f  re ticu lo -en d o th elia l sy s tem . 
In  th e  p resen t s tu d y  we ab ide b y  A schoff’s o rig in a l concept, co n sid e rin g  th a t  
in  our ex p erim en ts  th e  re ticu lu m  cell, h is tio c y te , a n d  endothelia l cell sy stem s 
have  been  eq u a lly  invo lved .

T he re ticu lo -en d o th e lia l system  ex e rts  a v e ry  com plicated  fu n c tio n . 
T his follow s from  its  co m p lex ity  an d  e x tre m e ly  h igh  potency , as w ell as th e  
a c tiv ity  o f its  cells. O f its  functions, th e  defensive  one recognized b y  M e t s c h - 

n ik o f f  [1, 2] is th e  m ost im p o r ta n t. The re ticu lo -en d o th e lia l system  in te g ra te s  
th e  defense m echan ism  ta k in g  place in th e  o rg an ism  ( H e i l m e y e r , 6), b y  
ce llu lar a n d  h um ora l defense against th e  in fec tio u s  agents and  fo re ign  c o rp u s­
cu la r su b stan ces gain ing  access to  the  b o d y  ( D o a n , 7). Cellular defense  m a n i­
fests i tse lf  w ith  local an d  general in f la m m a to ry  reactions and  w ith  p h a g o ­
cy tosis . S to rage , i. e. the  accu m u la tio n  o f th e  fo re ign  or superfluous o r  re se rv e  
su b stan ces  o f th e  o rgan ism , is in close co n n ec tio n  w ith  phagocytosis. H u m o ra l
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d efen se  is re la te d  to  p ro te in  fo rm ation . T he re ticu lo -en d o th e lia l cells fo rm  th e  
im m u n e  g lobu lins. N o t o n ly  foreign corpuscles, b u t  also th e  obso lete , in ju re d  
e ry th ro c y te s  a n d  le u k o c y te s  are  p h ag o cy ted  a n d  com pletely  decom posed  b y  
th e  sy s te m . T he sam e sy s te m  exerts a n  in te n s e  cell form ing fu n c tio n , th e  
c e llu la r  com ponen ts o f  th e  hone m arrow , o f  th e  spleen and  o f th e  ly m p h  
n o d es  b e in g  also o f  r e t ic u la r  origin. I ts  f u r th e r  functions are p ro te in -  an d  
b iliru b in  fo rm a tio n , th e  decom position  o f h aem o g lo b in , th e  p ro d u c tio n  o f 
h e p a r in , th e  s to rag e  o f iro n  a n d  copper, a n d , f in a l ly ,  its  su pporting  s t ru c tu ra l  
fu n c tio n  as conn ec tiv e  tis su e  ( H a l p e r n  e t a l., 8 ; J a n c s ó , 9).

T h e  p ro te in s  in  th e  b o d y  are co n ta in ed  b o th  in  th e  cells a n d  ex trace l- 
lu la r ly .  T he e x tra c e llu la r  p ro te in s  are th o se  o f  th e  blood p lasm a. A cco rd in g  
to  sh a p e , th e re  a re  g lo b u la r  p ro teins — lik e  a lb u m in  and  g lobu lin  — an d  
s t r u c tu r a l  p ro te in s w ith  a f ib rilla r  s tru c tu re  — lik e  th e  fibrinogen in  th e  p lasm a  
a n d  e lsew here k e ra tin , co llagen , e lastin  ( K e n d r e y , 10 ; H u g h e s , 11). T he 
p ro te in s  o f  th e  p la sm a  a re  b u ilt up b y  th e  ce lls  o f th e  re ticu lo -en d o th e lia l 
s y s te m  [11, 12]. T h e  fo rm a tio n  [12, 13] o f som e o f  th e  album ins, o f p ro th ro m ­
b in , th e  acce la ra tin g  fa c to rs  of coagu lation  a n d  p a r t  of the  f ib rin o g en  ta k e s  
p lace  in  th e  liver, p re su m a b ly  in  th e  K upffer ce lls . F ibrinogen is also p ro d u ced  
b y  th e  bone m arro w  [14]. M ost o f the  g lo b u lin s  a re  form ed ou tside  th e  liver, 
in  th e  bone  m arrow , sp leen  an d  lym ph nodes [13, 15]. The im m une g lo b u lin s  
— g a m m a  globulins — o rig in a te  in the  p la sm a  cells [16, 16, 18, 19, 20] and  
in  th e  ly m p h o cy tes  [21, 22]. To build  up th e  p ro te in  molecules, am in o  acids, 
p ro te in  fo rm ing  en zy m es, energy  and  a p a t t e r n  o f th e  s tru c tu re  ( te m p la t)  
a re  n eed ed . A fte r th e  in c o rp o ra tio n  of am ino  a c id s , p ro te in  fo rm ing  enzym es 
c a r ry  o u t th e ir  lin k ag e  b y  m eans of su ita b le  co -fac to rs. The en e rg y  fo r th e  
p ro cess  is su p p lied  b y  A T P , an d  ribonucleic  a c id  serves as a p a t te rn  fo r  th e  
s t r u c tu r e  [23, 24, 25]. P ro te in  fo rm ation  in  th e  cells takes place in  th e  m icro- 
so m es. A change o f  th e  p la sm a  colloid-osm otic p re ssu re  is an im p o r ta n t  s t im u ­
lu s  fo r  th e  su b s ti tu tio n  o f  p lasm a p ro te in . T h e  fo rm a tio n  of im m une g lobu lins 
is e lic ite d  by  th e  access o f  an tigen  in to  th e  c irc u la tio n . I t  m ay  be assum ed  
t h a t  th e  cen tre  o f re g u la tio n  of pro te in  fo rm a tio n  is in  th e  h y p o th a la m u s  [26].

A  p atho log ic  fu n c tio n  a n d  change in  th e  re ticu lo -en d o th e lia l sy s te m  can 
be  b ro u g h t ab o u t in  tw o  w ays. There m a y  a r ise  in  th e  organism  processes 
w h ich  se t increased  ta sk s  fo r th e  system , su ch  as ex tensive in tra v a sa l h a e m o ­
lysis  in it ia tin g  a ra p id  decom position  o f h aem o g lo b in  and enh an ced  b iliru b in  
fo rm a tio n  ; m assive b a c te r ia l  infection in d u c in g  a n  enhanced defense re a c tio n  : 
th e  acces o f g rea t a m o u n ts  o f co rpuscu lar o r  co llo idal substances g iv in g  rise 
to  in c re a se d  p h ag o cy to s is  a n d  storage. H aem o ch ro m ato s is , a d iso rd e r in  th e  
a b s o rp tio n  of iro n , m a y  le a d  to  m assive p ig m e n t sto rage . E x ten siv e  h a e m o rr­
h a g e  inobilizises cell fo rm a tio n . All these  p rocesses m ay lead sec o n d a rily  to  
a n  in c rea sed , possib ly  pa th o lo g ica l, fu n c tio n  o f  th e  corresponding cells o f th e  
re tic u lo -e n d o th e lia l sy s tem .
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T here are i r r i ta n ts , e. g. v ira l and  o th e r  in fec tions, to x ic  a g e n ts  and  
u n k n o w n  aetiological fa c to rs  w hich affect p r im a rily  th e  re ticu lo -en d o th e lia l 
e lem en ts, bringing a b o u t in  th em  p ro life ra tiv e , or deg en era tiv e  changes. 
In  consequence, th e  fu n c tio n  o f th e  dam aged  re ticu lo -en d o th e lia l sy s tem  will 
be d is tu rb e d , causing fu r th e r  in ju ry  to  th e  w hole organ ism , or to  som e o f its 
p a r ts . T he p ro lifera tive  a n d  degenera tive  change o f  th e  system  m a y  be te rm ed  
re ticu lo -endo theliosis, o r, b r ie f ly  — perhaps n o t q u ite  co rrec tly  — re ticu losis. 
In  th is  sense reticulosis is a g enera l pa thologic  co n cep t inc lud ing  a ll d e g e n e ra t­
ive a n d  pro lifera tive  d iseases o f th e  re ticu lo -en d o th e lia l sy stem . In  th e  case 
o f a degenera tive  re ticu lo sis , even if  it  is t r a n s ie n t , a decreased , o r defic ien t 
fu n c tio n  o f th e  co rresp o n d in g  re ticu lo -en d o th e lia l e lem ents m u s t be tak en  
in to  acco u n t. P ro life ra tiv e  reticu losis m ay  in v o lv e  increased  an d  p a tho log ica l 
fu n c tio n . I f  the  p ro life ra tin g  cells suppress th e  n o rm a l e lem ents, a d im in ished , 
a n d  possib ly  a pa tho log ic  fu n c tio n  of th e  sy s tem  ensues.

So far, th e  concep t d egenera tive  re ticu losis  has no t been u sed  in  th e  
l i te ra tu re , a lthough  th e  d e s tru c tio n  of th e  re ticu lo -en d o th e lia l sy s tem  by  
v a rio u s  noxious in fluences h as  long been k n o w n . T he m ain  m orpho log ica l 
sign o f  pro lifera tive  re ticu lo s is  is a p ro life ra tion  o f  th e  re ticu lo -en d o th e lia l 
e lem en ts. This m ay  occu r in  d ifferen t in fec tious d iseases, such as v iru s  infec­
tio n , tubercu losis, sy p h ilis , brucellosis, k a la -a z a r , su b acu te  b a c te r ia l  endo­
c a rd itis , rh eu m atic  fever, e tc ., and  in ch ron ic  in fla m m a tio n  o f  unknow n 
ae tio logy , such as collagen  diseases. In  such cases th e  reticu losis is assoc ia ted  
w ith  a well defined d isease. T h e  origin of re ticu loses accom pan ied  b y  accu m u ­
la tio n  o f  lipids or g lycogen  is unknow n, q u ite  as o f th o se  asso c ia ted  w ith  
tu m o ro u s  haem ato logic  p ro life ra tio n  an d  leu k aem ia . A ccording to  ex ten sio n , 
c ircum scribed  an d  d iffuse, accord ing  to  th e  course , a cu te  an d  ch ro n ic , typ es 
m a y  be d istingu ished . F ro m  th e  p a th o -h isto log ic  aspec t th e re  a re  h yper-, 
m e ta -  an d  neoplastic  re ticu lo ses . A ccording to  th e  ty p e  o f th e  p ro life ra tin g  
cells th e re  are  re ticu la r , p la sm a c y ta ry , h is tio c y ta ry , m o n o cy ta ry  a n d  basoph il 
re ticu loses (B arta J . 27). O b e r l in g  [28] m en tions p u re  reticulosis a n d  a n  asso­
c ia te d  form  ; Me y e r  [29], au to ch to n o u s  an d  se c o n d a ry  ones. R o h r  [4] d is tin ­
guishes reac tive , a c c u m u la tiv e , tum orous an d  leukaem ic  re ticu loses ; B arta 
[27], reticuloses co n n ec ted  w ith  pathologic s to ra g e , g ran u lo m a to u s  disease, 
sy stem ic  generalised d isease , leukaem ia , an d  w ith  bone m arrow  tu m o u rs .

In  reticulosis th e  physio log ica l fu n c tio n s, o f  th e  re ticu lo -en d o th e lia l 
sy s tem  undergo  a change . T h e y  m ay  w eaken. D efense, a n tib o d y  p ro d u c tio n , 
th e  in fla m m a to ry  re a c tio n , p ro te in  and  cell fo rm a tio n  decrease a n d  becom e 
m an ifest as ap lastic  a n a e m ia  an d  p an cy to p en ia . B ilirub in  fo rm a tio n  a n d  th e  
s to rag e  o f iron  m ay  also d im in ish . I t  m ay also o ccu r th a t  th e  fu n c tio n  o f som e 
o f th e  com ponents o f  th e  re ticu lo -en d o th e lia l sy s tem  is en h an ced . P h ag o ­
cy to sis , sto rage , p ro te in  a n d  blood cell fo rm a tio n  m ay  be in c rea sed  a n d  a 
leukaem ia-like  p ro life ra tio n  ap p ears . One o f th e  m an ife s ta tio n s  o f th e  increas-
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e d  fu n c tio n  is h y p e rsp len ism  w hich m ay  in h ib it th e  fu n c tio n  o f  th e  bone 
m a rro w  or lead to  h aem o ly sis , to  “ to ta l” or “ p a r t ia l”  cy topen ia  in  th e  blood. 
A n o th e r  m an ifesta tion  o f  th e  dam aged  re ticu lo -en d o th e lia l sy s tem  is a con­
s id e ra b le  change in  th e  co m p o sitio n  of p lasm a p ro te in s , — d y sp ro te in aem ia ,
— or th e  appearance o f p a th o lo g ic  pro te in  in  th e  p lasm a , — p a ra p ro te in ae m ia ,
— a n d  th e  fo rm ation  o f  ir re g u la r  an tibodies.

T h e  changes of th e  p la sm a  proteins w hich a re  due to  p ro te in  defic iency , 
d iso rd e rs  of digestion a n d  ab so rp tio n , or to  in c rea sed  loss of p ro te in , a re  not 
in c lu d e d  am ong th e  d y sp ro te in aem ias  ; th e y  m a y  cause h y p a lb u m in aem ia  
o r  h y p o p ro te in aem ia .

T he different e le m e n ts  o f  th e  re ticu lo -en d o th e lia l system  are  responsib le  
fo r  th e  fo rm ation  o f v a r io u s  p ro te in  frac tio n s . H ence th e  p ro te in  p a tte rn  
w h ic h  appears m ay  be v e ry  v ariab le . In s te a d  o f  going in to  d e ta ils  we refer 
to  th e  m onograph  o f  W u h r m a n n  and  W u n d e k l y  [12].

O ne of the  w ays o f  th e  in ten se  p ro life ra tio n  o f th e  im m une g lobu lins is 
t h a t  th e  responding re ticu lo -en d o th e lia l sy stem  is exposed to  a s tro n g  a n ti­
g en ic  s tim u lus. T he a n tig e n  a lters  th e  enzym e sy stem  responsib le  for the  
fo rm a tio n  of th e  im m u n e  g lo b u lin . ( S e v a g , 30 ; M c B u r n e t , 31 ; P a u l i n g , 

32). O ne of the  large g ro u p s  o f the  d y sp ro te in aem ias  is th a t  o f hypo- and 
a -g am m a-g lo b u lin aem ia , th e  o th e r is W a ld e n s tro m ’s hy p erg lo b u lin aem ia . In 
th e  f ir s t  group a co n sid e rab le  congenital or a c q u ire d  dam age of th e  re ticu lu m  
is  a ssu m ed , in th e  second  g ro u p  reticulosis, a sso c ia ted  w ith  en h an ced  globulin  
fo rm a tio n , m ay be in v o lv e d . P athologic p ro te in s  are : m acro-, k rio -, pyro- 
g lo b u lin s , B ence—Jo n es p ro te in , m yelom ia p ro te in , am ylo id  an d  p a raam y lo id . 
K rio g lo b u lin s  have b een  d esc rib ed  b y  W i n t r o b e  an d  B u e l l  [35], a n d  the  
m acrog lobu linaem ias b y  W a l d e n s t r o m  [34]. A ccord ing  to  M a c K a y  [36] 
e t  a l, th e  macro- an d  k rio g lo b u lin s  form in som e w ay  in th e  d am ag ed  re ticu lo ­
e n d o th e lia l system . I t  is conceivab le  th a t  som e v iru s , foreign su b s ta n c e , tox ic  
a g e n t ,  gaining access in to  th e  re ticu lo en d o th e lia l cells change th e  p ro te in  
fo rm in g  enzym e sy s tem , o r th e  surface d e te rm in in g  th e  s tru c tu re , so th a t  
p a th o lo g ic  protein  m o lecu les w ill be form ed.

I t  is know n th a t  th e  so-called  im m une haem ato lo g ic  diseases are  caused 
b y  au to an tib o d ies  ( T z a n c k , D u s s e t  37, B e n k ő  38). T he au to a n tib o d ie s  are 
p a th o lo g ic , irregu lar a n tib o d ie s , according to  H e n n e m a n n  [39, 40], p seu d o ­
a n tib o d ie s , w hich are  c lo se ly  re la ted  to  th e  p a ra p ro te in s . S c i i u b o t e  [41] even 
co n sid e rs  them  to  be p a ra p ro te in s . In  th e  op in ion  o f  S t e f a n i n i  [42], th e  a u to ­
a n tib o d ie s  are form ed b y  a pathologic re ticu lo -en d o th e lia l sy s tem  on the  
a c t io n  o f a pathologic  s tim u lu s  due to  th e  a u to a n tig e n .

W e believe th a t  th e  d y sp ro te in aem ias , p a ra p ro te in ae m ia s  a n d  th e  irreg u ­
la r  au to an tib o d ies  a re  p ro d u c e d  by  deg en era tiv e  or p ro life ra tive  re ticu losis. 
T h e  appearance  of p a th o lo g ic  p ro te in s points to  a pa tho log ic  re ticu lo -en d o lh elia l 
s y s te m , and  in th is  sense i t  has a diagnostic  im p o rtan ce .
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I f  i t  is accep ted  th a t  patho log ic  fu n c tio n s  b rin g  ab o u t th e  described  
changes, i t  m ay  be assum ed  th a t  th e ir  a p p e a ra n ce  in  p a tie n ts  p o in ts  to  th e  
p resence of som e k in d  of re ticu losis . T hus, a pa th o lo g ic  p lasm a p ro te in  p a tte rn ,  
a red u ced  defense aga in st in fec tion , ce rta in  form s o f  defic ien t h aem atopo iesis , 
cy to p en ias , hypersp len ism , e tc ., m ay  re su lt from  re ticu losis, an d  i f  th e y  are 
considered  as syndrom es th e y  m ay  c o n s titu te  th e  basis for th e  fu n c tio n a l 
d iagnostic  o f re ticu lo en d o th e lia l diseases. T h e  m orphological d e te c tio n  of 
re ticu loses is ren d ered  possible b y  b iopsy  o f  th e  bone m arrow , sp leen , liver 
an d  ly m p h  nodes ( B a r t a , 27).

F o r ex p erim en ta l pa thophysio log ic  s tu d ie s  o f th e  re ticu lo -en d o th e lia l 
sy s tem  tw o m eth o d s are  g en era lly  used. O ne consists of s tim u la tio n  w ith  som e 
su b stan ce , such  as h is tam in e , acety lcho line , a n  e x tra c t  o f b ac te ria  (S alm onella  
e x tra c t) ,  a sm all dose o f B ogom olets’ serum . T h e  o th e r m eth o d  p a ra ly zes  th e  
sy stem  w ith  electroco llo idal copper, th o ro tra s t ,  rad io ac tiv e  carbon  p a rtic le s , 
co rtisone , dyes. In  a s tim u la te d  or b locked co n d itio n  th e  changes in th e  fu n c ­
tio n  o f phag o cy to sis , s to rag e , im m une su b stan ce  fo rm atio n s an d  cell fo rm a tio n , 
e tc . a re  exam ined  (Ja nc só , 9 ; H a l p e r n , 8).

II

Some dyes like try p a n  b lue , Congo red , e tc ., an d  som e su b stan ces such 
as h e p a rin , carbon  h y d ra te  po lym eres, g u m -a rab ic , d e x tra n , m e thy lce llu lo se , 
po lyv iny l-a lcoho l, p o lyv iny l-p irro lidone , p ro te in  su b stan ces , fu rth e rm o re  ge la ­
tin e  a n d  foreign p ro te in s  accu m u la te  p e rm a n e n tly  in th e  re ticu lo en d o th e lia l 
sy stem , b rin g in g  ab o u t p a r t ly  its  deg en era tiv e  d es tru c tio n  an d  p a r t ly  its 
considerab le  h y p erp las ia  a n d  p ro lifera tion  (J ancsó  9, H a l p e r  8). D e g en e ra ­
tio n  a n d  p ro life ra tion  due to  ex p erim en ta l s to rag e  shou ld  be looked  upon  
as re ticu lo -endo thelio sis  — re ticu losis. E x p e rim e n ta lly  induced  re ticu loses are 
m ost s ig n ifican t an d  in te re s tin g  from  th e  p a th o lo g ic  an d  clinical p o in t o f view  
as th e y  show  m an y  c h a rac te ris tic s  of th e  re ticu lo ses  developing sp o n ta n e o u s ly  
in th e  h u m a n  an d  an im al organ ism . N um erous a u th o rs  have  d ea lt w ith  ex ­
p e rim e n ta l s to rage  re ticu loses, a lthough  th is  te rm  is used for the f irs t  t im e  in 
th e  p re se n t p ap er. A m ong o th e rs , H u e p e r  [43, 4 4 ]  estab lished  in  his e x p e ri­
m en ts  w ith  p o lyv iny l py ro lidone , acacia, g e la tin e  an d  o th e r m acro m olecules 
th a t  th ese  substances are  genera lly  s to red  in  th e  re ticu lo en d o th e lia l sy stem  
an d  cause its  considerab le  h y p e rtro p h y , p ro life ra tio n  an d  d e s tru c tio n . In  
a d d itio n  to  th e  changes o f th e  vessels, an aem ia , leukocy tosis , enhanced  e ry th ro ­
cy te  se d im e n ta tio n  an d  a decrease in th e  se ru m  p ro te in  level occu r. This 
sy n d ro m e  w as te rm ed  b y  H u e p e r  [43, 44 ]  inacrom olecu lar haem ato lo g ic  
sy n d ro m e .

T h u s , inacrom olecu lar s to rag e  brings a b o u t re ticu losis and  a sy n d ro m e  
re su ltin g  from  it, a pa th o lo g ic  process v e ry  s im ila r to  spon teneous h u m a n  
re ticu losis.
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T h e  purpose of th e  ex p e rim en ts  described  below  was to  s tu d y  re ticu lo sis  
in d u c e d  b y  m acrom olecu lar s to rage . The ex am in a tio n s  were ca rried  o u t in 
r a t s  t r e a te d  w ith  m e thy lce llu lo se . This su b s ta n c e  was chosen for tw o  reasons. 
I n  t h e  f i r s t  place, because , accord ing  to  o u r ow n experience, it  is s to re d  ex ­
c e lle n tly  an d  causes h y p e rp la s ia  o f th e  re ticu lo -en d o th e lia l sy stem , a n d  also, 
as t h e  patho lo g ic  consequences of its  s to rage  h a v e  so fa r received  l i t t le  a t te n tio n  
a n d  o n ly  a few details o f th is  p rob lem  were s tu d ie d . The m orpho logy  o f m e th y l-  
c e llu lo se  sto rage  and  th e  e ffec t i t  ex erts  on th e  haem opoie tic  sy stem , th e  p lasm a 
p ro te in s , th e  fo rm ation  o f  im m u n e  su b stan ces  an d  on th e  co ag u la ry  fac to rs  
w as ex am in ed .

T h e  chem ical s tru c tu re  o f  th e  m ethy lce llu lo se  carbon  h y d ra te  p o ly m er is :

H OH
I I

C---------C H
/ О Н  \ |  

MC=C c— o —

CH20H

M ethylcellu lose consists  o f th e  e th e r  p o ly m er of th e  above com plex , 
i t s  m o lecu la r  w eight is 82 000 an d  its  degree o f  po lym eriza tion  480. In  a d ry  
s t a te  i t  is a ye llow ish-w hite , g ran u la r, f ib ro u s  sub stan ce , w hich  in  w a te r  
is w e ll so luble form s a gel a n d  yields a fte r  48 h ours a hom ogeneous, m ucous 
s u b s ta n c e  w hich can be in je c te d . I t  shou ld  be s to red  cold. For in je c tin g , an  
a q u e o u s  so lu tion  o f 2,5 p e r  cen t is th e  one m o st su itab le .

J u n g  an d  B r i z i a r e l l i  [46], R ö s s l e  [47], H u e p e r  [45] a n d  o th ers  
[48, 4 9 , 50] found th a t  m ethy lce llu lose  is r a p id ly  sto red  in  th e  re ticu lo -en d o ­
th e l ia l  sy stem  and  causes considerab le  re ticu lo -en d o th e lia l p ro life ra tio n . The 
s u b s ta n c e  is also s to red  b y  th e  p u lm o n a ry  vessels an d  th e  ren a l cap illa ries.

T h e  m orphological e x am in a tio n s  w ere p erfo rm ed  b y  K o v á c s . In  th e  
c o u rse  o f  th e  ex perim en ts a b o u t 600 ra ts  t r e a te d  w ith  m ethy lce llu lose  were 
e x a m in e d . The anim als w ere o f  b o th  sexes a n d  w eighed 180—200 g each . One 
m l o f  a 2.5 per cen t so lu tio n  o f m ethy lce llu lose  w as in jec ted  in tra p e rito n e a lly  
tw ic e  a w eek for 4 — 5 w eeks. T he an im als w hich  h a d  died or h a d  been  sac ri­
f ic e d  a t  th e  end of th e  e x p e rim e n t were d issec ted  an d  histo log ical e x am in a tio n s  
w ere  c a rr ie d  ou t. On gross ex am in a tio n  th e  follow ing changes w ere observed .

T h e  om entum  w as th ic k e n e d , th e  p e r ito n e u m  in som e p laces h a d  lost 
i ts  sm o o th n ess , th e  size o f  th e  spleen was do u b le  or th ree  tim es th e  n o rm al, 
o n  th e  capsu le of th e  sp leen  a n d  th e  liver signs o f perisp len itis a n d  p e r ih e p a ­
t i t i s  w ere  p resen t. H is to lo g y  revealed  p ro n o u n ced  storage in  th e  re ticu lu m  
cells o f  th e  spleen an d  in  th e  red  pu lp . T hese cells were sw ollen a n d  in  som e
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places decom posed. S im u ltaneously , th e  follicles a tro p h ied  (P h o to  1). In  th e  
spleen, g ia n t cells, of th e  foreign  b o d y  cell ty p e  were also seen.

In  th e  liver th e  n u m b e r o f K u p ffe r’s cells was s ig n ifican tly  in c reased . 
T he re ticu lo -endo thelia l cells o f th e  ad re n a l a n d  th e  cells o f th e  g lo m eru la r 
cap illa ries also con ta ined  m ethy lce llu lose . I n  th e  lum en of th e  tu b u le s  th e re  
w ere m ethylcellu lose casts . T he glom erules o f  th e  k idney  rem in d ed  one  o f  th e

Photo 1. Spleen o f  rat treated w ith  m ethylcellulose

p a t te rn  in  th e  K im m elstie l—W ilson sy n d ro m e. The experim en ts perfo rm ed  
w ith  co rtisone  ( K o v á c s , H o r v á t h  a n d  B e n k ő , 52) revealed  a n  en h an ced  
s to rag e  in  th e  ren a l g lom erules.

H isto log ically , m ethy lce llu lose  was ea s ily  dem o n stra ted  b y  m ean s  of 
Congo red , according to  th e  m e th o d  o f H o r v á t h  and  K o v á c s  [51], w h en  th e  
s to re d  su b stan ce  sta in ed  a v iv id  red  (P h o to  2.).

T he e x te n t of m ethy lcellu lose s to rag e  is b est expressed b y  th e  w eight 
o f  th e  sp leen  ca lcu la ted  for 100 g b o d y  w eigh t. T able 1. shows t h a t ,  o n  t r e a t ­
m e n t w ith  m ethylcellu lose, th e  w eight o f th e  sp leen  increased g ra d u a lly . The 
q u o tie n t sp leen w eight p er b o d y  w eigh t in creased  a fte r 8 d ay s’ t r e a tm e n t  to  
m ore  th a n  double th e  o rig inal.
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These d a ta  in d ic a te  t h a t  th e  r e t ic u lo e n d o th e lia l  system  stores co n sid e r­
a b le  am oun ts of m e th y lce llu lo se . S im u ltan eo u sly , signs of h y p erp lasia , p ro ­
life ra tio n  and d e g en e ra tio n  develop in th e  sy s te m , so th a t  th e  phenom enon  
m a y  be term ed  s to rag e  re ticu losis .

Photo 2. Spleen o f  rat trea ted  with m eth ylcellu lose, stained w ith Congo red.
The stored  m ethylcellu lose shows a v iv id  red colour

N ex t, the  fu n c tio n a l consequences of re tic u lo s is  due to  m ethy lcellu lose 
s to ra g e  were in v e s tig a te d .

T he h aem ato log ica l e ffec t of sto rage w as s tu d ie d  b y  A n d r á s i , C s a p ó  
a n d  K e c s e -N a g y  [53] on th e  basis th a t P a l m e r  e t  al. [48], as well as G i b l e t t

Table I

The extent of methylcellulose storage expressed in spleen weight calculated for 100 g body weight

No. Group
No.
of

animals

Average 
body weight

Spleen weight mg 
calculated for 

100 g body weight
Probability

I C o n tro ls.......................... 17 178.5 ±  11.0* 270.7 ±  16.8 — —

i i . Methylcellulose one day 10 152.5 ±  1.7 331.6 ±  13.3 l/II. 0.02 > p  > 0 .0 1

h i . Methylcellulose 8 days 14 160.4 ±  5.6 592.1 ±  44.4 I/III. p <  0.001

IV . Methylcellulose 33 days 1 1 162.3 +  8.1 572.9  ±  60.1 I/IV. p <  0.001

* Mean error.
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et al. [49], observed  sp lenom egaly , m arked  a n a e m ia  an d  leukocytosis in  ra ts  
tre a te d  w ith  m ethy lcellu lose.

B lood an d  bone m arro w  counts were s tu d ie d  in  15 anim als t r e a te d  w ith  
m ethy lcellu lose, in  15 splenectom ized  an im als  tr e a te d  w ith m ethy lce llu lo se  
an d  in  10 con tro l an im als. M ethylcellulose w as ad m in iste red  for 5 w eeks.

Photo 3. B lood sm ear o f  a rat treated w ith m ethylcellu lose. Norm oblasts 
in the peripheral blood

The find ings will he re p o rte d  in  detail e lsew here, now  only the  f in a l re su lts  
w ill be described  in brief. In  th e  first and  second g roups there  was a m o d e ra te  
decrease (by  a b o u t 1.5 m illion) o f the  e ry th ro c y te  co u n t. The leu k o cy te  c o u n t 
rose from  an  average of 10 000 to  40 000.

T he q u a lita tiv e  co u n t show ed a m o d e ra te  sh ift to  the left. T h e re  w as 
a considerab le  rise in the  re ticu lo cy te  co un t, fro m  1.5 p er cent to  12.6 p e r cen t 
in  th e  f irs t g roup , an d  from  1.5 per cen t to  7.7 p er cen t in the  second. In  th e  
p e rip h era l blood n o rm o b lasts  appeared  in b o th  g ro u p s (Photo  3.). In  th e  bone 
m arrow  e ry th ropo iesis  w as enhanced  (P h o to s  4 ., 5.). W hereas in  n o rm a l 
an im als th e  m yelopoietic  cells am oun t to  52 — 56 p e r cent and  th e  e r y th r o ­
poietic ones to  42 — 44 per cen t, in th e  f irs t g ro u p  th e  e ry th ro p o ie tic  cells 
n u m b ered  64 per cen t ; in  th e  splenectom ized  g ro u p , 49 per cent ; w h ereas
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in  th e  con tro ls , 42 per cen t. The osm otic re s is ta n c e  of the  e ry th ro c y te s  d ec reas­
e d  s ig n if ic a n tly  in  th e  f ir s t  an d  second g ro u p s , th e  C oom bs-test c a rr ie d  out 
w ith  a n t i - r a t  g lobulin  r a b b i t  serum  was n e g a tiv e .

T h u s , a d m in is tra tio n  o f m ethy lce llu lo se  re su lted  in  haem o ly sis , a de­
c rea se  o f  th e  e ry th ro c y te  c o u n t, re ticu lo cy to s is , increased e ry th ro c y te  fo rm a-

Photo 4. Norm al bone m arrow  o f a rat

t io n  a n d  decreased o sm otic  resistance. T h e  sam e  to o k  place in  th e  sp lenec to - 
m iz e d  g roup , b u t to  a sm alle r e x te n t. I t  is be liev ed  th a t  haem olysis w as due 
n o t  o n ly  to  th e  s to rag e  hypersp len ism , b u t  also  to  o ther fac to rs , p e rh a p s  to  
a c h an g e  in  p lasm a p ro te in , th e  m ore so as sp lenectom y d id  n o t in h ib it 
th e  e ffec t.

I n  recen t years, n u m ero u s  au th o rs  h a v e  s tu d ie d  th e  a lte ra tio n s  o f  p lasm a 
p ro te in  following a d m in is tra tio n  of m acro  m olecules [54, 55, 56, 57, 58, 59, 
60, 6 1 ]. Considering th e  sign ifican t m o rp h o lo g ica l changes b ro u g h t a b o u t b y  
m eth y lce llu lo se  in  th e  re ticu lo -en d o th e lia l, th e  pro tein -fo rm ing  sy s te m , — 
i t  h a s  been  th o u g h t n ecessa ry  to  s tu d y  th e  p la sm a  pro teins fo llow ing a d m in is ­
t r a t io n  o f m ethylcellu lose. These e x am in a tio n s  w ere carried  o u t b y  F r ö h l i c h  
a n d  B a l á z s  [62] ; K o v á c s  an d  T i s z a i  [62а].
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R a ts  w eighing 170—200 g each  w ere t r e a te d  tw ice a w eek  w ith  1 m l 
o f a 2,5 p er cen t so lu tion  o f m ethy lce llu lose  in tra p e rito n e a lly  fo r 5 w eeks. 
In  each  case sign ifican t s to rag e  resu lted . T h e  com position  of se ru m  p ro te in s  
w as ex am in ed  before a n d  a f te r  tre a tm e n t b o th  in  th e  tre a te d  an im a ls  a n d  in  
th e  con tro ls , by  p ap e r e lec trophoresis. As co m p ared  w ith  th e  c o n tro ls , th e

Photo 5. Bone marrow o f rat treated w ith m eth ylcellu lose. Increased erythropoiesis

Table II

The quantitative change o f the pro te in  fraction

P rotein

Average value o f the 
g per

before trea tm en t

protein fraction in 
100 ml

after MC 
adm inistration

Average difference P robab ility

alh. 2.56 2.03 — 0.52 ±  0.148*
a 1.37 0.85 — 0.55 ±  0.104

ß 1.05 0.59 — 0.46 ±  0.080 p <  0 .0 1

V 2.33 2.85 +  0.59 ±  0.185
total protein 7.31 6.32 — 1.12 ±  0.192

* Mean error Tim e o f  treatm ent : 33 days, N o. o f  anim als 26.
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se ra  o f  th e  tre a te d  an im a ls  show ed a t th e  en d  o f th e  experim ent a s ig n ifican t 
d iffe ren ce . T o ta l p ro te in  c o n te n t, a lbum in , a lp h a  a n d  be ta  g lobulin  frac tio n s  
d ec rea sed  sign ifican tly , w hereas gam m a g lo bu lin  was increased (Fig. 1 an d  
T a b le  2). The m ost s tr ik in g  q u a lita tiv e  d e v ia tio n  was a d is tinc t new  b a n d  
b e tw e e n  th e  b e ta  a n d  g a m m a  globulin zones (P h o to  6). This b and  w as e lu a te d

Photo 6. The effect o f m ethylcellu lose storage on plasm a proteins. Paper electrophoresis.
On the left, before trea tm en t w ith m ethylcellu lose. On the right, after treatm ent

a n d  e s tim a te d  to g e th e r  w ith  gam m a g lo b u lin . T h e  increase in  th e  gam m a 
g lo b u lin  value was due to  th is  new frac tion . I f  e lectrophoresis was ca rr ied  ou t 
w ith  A n tw eiler’s m e th o d , a new frac tio n  w as observed  on th e  descend ing  
b ra n c h  o f th e  gam m a g lo b u lin , w hich was b e t te r  sep a ra te d  in th is  w ay  from  
g a m m a  globulin  th a n  b y  p a p e r  e lectrophoresis a n d  consisted p ro b a b ly  e ith e r  
o f  T  or ß 2 g lobulin . B y  th e  a p p a ra tu s  of T ise lius a sim ilar p ic tu re  w as o b ­
ta in e d . I f  th e  m eth y lce llu lo se  h ad  been a d d e d  in  vitro to  the  r a t  sera  an d  
in c u b a te d  for 2 h o u rs , th e  above change w as n o t ex h ib ited  b y  p a p e r e le c tro ­
p h o res is .
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In  view  of th e  fa c t th a t ,  beside a decrease in  th e  gam m a g lobulin  an d  
a lb u m in  frac tions, th e  new  frac tio n  rem inds one o f  th e  e lec tro p h o re tic  change 
o f  th e  h yperim m unized  horse serum  [63], i t  w as exam ined  w h e th e r or n o t 
m ethy lcellu lose possesses an tig en ic  c h a rac te ris tic s . I t  was found  th a t  th e  
sera o f tre a te d  ra ts  p re c ip ita te d  a t  a d ilu tion  o f  1 : 8 a n d  th e  m ethylcellu lose 
so lu tio n  a t  1 : 8 .  T his ra ised  th e  possib ility  o f  a n  an tig en ic  ch a ra c te r  o f th e  
su b stan ce  and  also th a t  th e  new  pro te in  fra c tio n  w as sim ply  an  a n ti-m e th y l-  
cellulose an tib o d y . F u rth e rm o re , we exam ined  b y  m eans o f th e  agar-gel 
d iffusion  m ethod  of O ud in  a n d  G rabar w h e th e r th e  new  frac tio n  does possess

A v e ra g e  
g /p e *  cen t

3

I I = n o rm a l  

Д - tr e a te d  w ith  MC

A verage  
g /p e r  cent

8

a l b  Of (3 2Г f otgl
protein

Fig. 1. The effect o f  m ethylcellulose storage on the plasm a proteins

an  an tig en ic  p ro p e rty  w hich  differs from  th e  p ro te in  o f  th e  no rm al r a t  se rum ,
i. e. w h e th e r th e  frac tio n  is a p a rap ro te in . In  th e  se ru m  of ra ts  tre a te d  w ith  
m ethylcellu lose no new  an tig e n  com ponent w as fo u n d . F o r th e  analysis  of 
th e  new  p ro te in  co m p o n en t, fu r th e r  im m u n e-e lec tro p h o re tic  an d  u ltra c e n tr i­
fugal exam in a tio n s are  needed .

In  view  of th e  fac t th a t  th e  an tig en ic ity  o f m ethy lce llu lose  has been 
m ade m ost p robab le  th e  new  p ro te in  frac tio n  is be lieved  to  be in  th e  f irs t 
p lace an  an ti-m eth y lce llu lo se  a n tib o d y  due to  a h y p e rim m u n iza tio n  m echanism  
follow ing prolonged a d m in is tra tio n . I t  c an n o t, how ever, be ru led  ou t th a t  
m ethy lcellu lose sto rage  causes h yperp lasia  of th e  re ticu lo -en d o th e lia l sy s tem , 
asso c ia ted  w ith  d isorders in  p ro te in  fo rm ation  a n d  th a t  th is  m igh t have  a role 
in  th e  fo rm atio n  o f th e  new  p ro te in  frac tio n . I n  ra ts  tre a te d  w ith  m e th y l­
cellulose no fo rm atio n  o f  he terogenous an tib o d ies  w as observed .

I t  has a lread y  been  po in ted  ou t th a t  th e  re ticu lo -en d o th e lia l sy stem  
p lays an  im p o rta n t p a r t  in  an tib o d y  fo rm a tio n . A lthough  m an y  a u th o rs  
believe th a t  th e  im m une-g lo b u lin s  form in th e  p lasm a  cells and ly m p h o cy tes  
[16, 17, 18, 19, 20, 21, 22], th is  does not c o n tra d ic t th e  role p layed  by  the  
re ticu lo -en d o th e lia l sy s tem , considering th a t  th e se  cells o rig inate  from  th e
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re t ic u lu m . R ecently , th e  eosinoph il cells are  also considered to  p ro d u ce  a n ti­
b o d ie s  [54]. L ite ra ry  d a ta  co n firm  th a t  a depression o f th e  re ticu lo -en d o th e lia l 
s y s te m  b y  irrad ia tio n  o f th e  o rgan ism , co rtisone , or b y  o th e r m ean s is associa­
t e d  w ith  a reduction  o f a n tib o d y  fo rm a tio n  [55, 56, 57]. In  som e p ro life ra tiv e  
d ise a se s  orig inating  in  th e  re tic u lo -e n d o th e lia l sy stem , such  as ch ro n ic  m yeloid 
le u k a e m ia , an tib o d y  fo rm a tio n  is decreased . O n th e  o th e r h a n d , in  H o d g k in ’s 
d ise a se  a n d  lym phosarcom a a n tib o d y  fo rm a tio n  rem ains n o rm a l [68, 69, 70]. 
R i c e  o b served  a decrease in  th e  com plem en t t i t r e  an d  a n tib o d y  fo rm atio n  
fo llo w in g  a d m in is tra tio n  o f  m acro m o lecu la r substances (acacia) [71]. S t e r n  
[75] fo u n d  a depression o f h aem o ly sin  fo rm atio n  only  in  one s tr a in  o f mice 
t r e a t e d  w ith  po lyv iny l p y rro lid o n e . L e w i s  [77] re p o rte d  a t r a n s i to ry  decrease 
in  th e  fo rm atio n  of im m u n e  su b stan ces  in  ra b b its  t r e a te d  w ith  th o ro tra s t ,  
a n d  J u n g e b l u t  et al. [76] also  n o te d  a d im in u tio n  o f a n tib o d y  fo rm a tio n  a fte r 
t r e a tm e n t  w ith  In d ia -in k . O th e r  a u th o rs  ho ld  opposite  view s.

T h e  effect o f m ethy lce llu lo se  on th e  fo rm atio n  of h aem olysin  has been 
e x a m in e d  by  R a l Áz s , K o v á c s  a n d  T i s z a i  [72]. The ex p erim en ts  w ere carried  
o u t  o n  m ale  ra ts  w eighing  160—180 g each . P a r t  o f th e  an im als w as tre a te d  
fo r  8 a n d  an o th er p a r t  fo r 31 day s w ith  m ethylcellu lose in  th e  above  specified 
d o s e s . F o r  im m unisa tion  a fre sh ly  p rep a red  suspension of e ry th ro c y te s  from  
th e  sa m e  sheep was u sed . T he con tro ls  w ere tre a te d  s im u ltan eo u sly  w ith 
p h y sio lo g ica l saline. In  th e  f ir s t  ex p e rim en ta l series an  e ry th ro c y te  suspension 
o f  2 p e r  cen t was in je c te d  in tra v e n o u s ly  a n d  in  th e  second a n d  th ird  series 
a su sp en sio n  of 1 per cen t. T h e  h aem olysin  t i t re  in  th e  b lood w as dete rm in ed  
o n  th e  6 th  and  12th day s fo llow ing im m u n isa tio n . The e s tim a tio n  o f  im m une 
h a e m o ly s in  was perfo rm ed  in  167 an im als , accord ing  to  th e  p ro ced u re  m odified  
b y  T a k á t s y  [73], H o r v á t h  a n d  R a l Ázs  [74]. A considerab le  in c rease  in  th e  
w e ig h t o f  th e  spleen w as o b se rv ed . I f  th e  resu lts  of th e  h aem o ly sin  t i tra tio n  
a re  ex p ressed  in  logj, in  th e  f ir s t  e x p e rim e n ta l g roup  th e  h aem o ly sin  t i t r e  of 
t h e  t r e a te d  anim als w as low er on th e  6 th  a n d  12 th  days th a n  t h a t  o f the  
c o n tro ls . The firs t d ifference w as —1.02 (0.1 >  P  >  0.05), th e  second  — 1.38 
( P  0.01). In  th e  second  e x p e rim e n ta l series th e  haem olysin  t i t r e  o f the  
t r e a te d  anim als was also low er, in  th e  6 th  d a y  th e  difference a g a in s t th e  contro ls 
w as -—3 -81 (P  0.01) ; on  th e  12 th  d ay , —2.0 (P  0.01) (T able 3., Fig. 2.).

Table III
The effect o f methylcellulose storage on the formation of imm une-haem olysin

O n th e  6 th  day after im munisation On the 12th day after im m unization

Group N um ber
of

anim als

Average 
—loga

Mean
error
log.

P
Number

of
animals

Average
—log!

Mean
error
log.

P

T rea ted  w ith  M C ................... 22 4.50 0.34 p < sO.O] 10 3.40 0.25 p^O.Ol

C o n t r o ls ..................................... 40 8.31 0.04 23 5.40

*log2 means the logarithm  o f basis two of the degree of the dilution.
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F in a lly , th e  values ob ta ined  in  th e  th ird  ex p erim en ta l series a f te r  8 d ay s of 
m eth y lce llu lo se  ad m in is tra tio n  w ere a p p ro x im a te ly  th e  sam e as in  th e  second  
series. A ccord ing ly , in  th e  case o f  a  considerab le  m ethy lce llu lose  s to rag e  th e  
fo rm a tio n  o f haem olysin  was c o n s is ta n tly  a n d  s ig n ifican tly  less in  th e  t re a te d  
an im als  th a n  in  th e  norm al ones.

T h e  q u es tio n  o f th e  co rre la tio n  b e tw een  sto rage  an d  blood  co ag u la tio n  
w as ra ise d  b y  J a n c s ó  [78] in  1931. W h e th e r  sto rage  exerts  an  effect on b lood  
co ag u la tio n  w as exam ined  b y  R á k  a n d  K o v á c s  [79]. An increasing  n u m b e r

Fig. 2. The effect o f m ethylcellulose storage on the form ation o f im m une heam olysin . 
A ntigen: 1 per cent sheep blood suspension, 1 ml, intravenously

o f l i te ra ry  d a ta  suggest th a t  p a r t  o f  th e  specifically  fu n c tion ing  p ro te in s  of 
th e  b lood , th e  so-called c o a g u la to ry  ac tiv e  substances are  fo rm ed  in  th e  
re ticu lo -en d o th e lia l system  [12, 78, 80, 81]. F u rth e rm o re , it  has been  re p o rte d  
th a t  in  diseases involving d is tu rb an ces  in  re ticu lo -en d o th elia l fu n c tio n  re tic u lo ­
sis, leu k aem ia , pa ra - and  d y sp ro te in aem ia , d ifferen t k inds o f co ag u la to ry  
d iso rd ers  m a y  occur [82, 83, 84, 85].

C o agu la tion  was s tu d ied  in  66 ra ts  tre a te d  w ith  m ethy lce llu lose  for 
1, 8 a n d  33 d ay s. T he reca lc ination  tim e  o f th e  p lasm a, th e  a c tiv ity  o f  p ro th ro m ­
b in , th e  con su m p tio n  of th e  la t te r ,  as w ell as th e  coagu la tion  tim e  o f th ro m b in  
w ere d e te rm in e d . The tim e or re c a lc in a tio n  was pro longed in  a ll th e  t r e a te d  
g ro u p s, exceed ing  th e  average o f th e  con tro ls  (58 seconds). I t  was th e  h ig h est 
in  th e  an im als  tre a te d  for 8 days in  w hich th e  average a m o u n ted  to  113 seconds 
(F ig. 3 g roup  subacu te , I I ) .

9 A cta Medien X II/1—2
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T he p ro th ro m b in  a c tiv i ty  of th e  p la sm a  is i l lu s tra te d  on F ig . 4. T ak in g  
th e  values of th e  c o n tro ls  to  be 100 per cen t, th e  g re a te s t dev ia tio n  was fo u n d  
in  th e  group tr e a te d  fo r 8 days, w here th e  av e rag e  p ro th ro m b in  a c tiv ity  w as
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Fig. 3. R ecalcination  tim e in controls and treated animals
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Fig. 4. Prothrom bin activ ity  o f  controls and treated anim als

65 p e r cen t (Fig. 2). O n exam in ing  th e  p ro th ro m b in  consum ption , no eva luab le  
d ifference betw een  th e  contro ls an d  th e  t r e a te d  an im als was found .

The th ro m b in  co ag u la tio n  tim e  w as sh o rte r  in  th e  tre a te d  groups th a n  
in  th e  contro ls. A  s ta n d a rd  so lu tion  co ag u la ted  w ith o u t excep tion  th e  p lasm a 
o f th e  m ethy lce llu lose  t r e a te d  an im als 2 — 4 seconds earlier th a n  th a t  o f th e  
co n tro ls . On e x a m in in g  th e  d irec t effect o f th e  Me in  experim en ts  in  vitro  i t  
w as found th a t  i t  does n o t in fluence p ro th ro m b in  a c tiv ity , p ro th ro m b in  
co n sum ption  a n d  re c a lc in a tio n  tim e . In  th e  presence o f m ethylcellu lose th e  
th ro m b in  tim e  w as — like in  vivo — alw ays sh o rte r . M ethylcellulose, p ro b ab ly , 
sh o rten s  the  th ro m b in  tim e  b y  is t f ib rin o p la c tic  effect [78, 87].

On th e  basis o f  th e  above, i t  was co n c lu d ed  th a t  th e  d is tu rb an ce  re su lted  
in  th e  firs t phase  o f  co ag u la tio n , an d  th a t  th e  decrease o f coagu lab ility  m a y
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be m ain ly  a t t r ib u te d  to  th is  fa c t.  H ow ever, th e  co ag u la tio n  d is tu rb a n c e  was 
n o t considerab le . Y et, betw een  th e  e x te n t o f s to rag e  an d  th e  change in  co a g u ­
la tio n  — as can  be seen in  T ab le  I .  — th e re  was a ce rta in  re la tio n sh ip . T ak in g  
in to  a cco u n t th e  average values o f  th e  groups, th e  m ore in tensive  th e  s to ra g e , 
th e  g re a te r  th e  sh ift o f th e  v a lu es . T his was n o t v a lid  for th e  ch ron ic  g ro u p  
w here va lu es  app roached  m ore th o se  of th e  con tro ls .

T he ab o v e  experim en t suggest th a t  in  th e  case of re ticu lo -en d o th e lia l 
s to rag e  th e  coagu la tion  m echan ism  — in  th e  f ir s t  place th e  p ro th ro m b in  
com plex  — undergoes a ce rta in  change w hich is, how ever, m odera te .

T he q u estio n  m ay  arise  w h e th e r in  a d d itio n  to  m ethy lce llu lose  som e 
in fec tio n  also p layed  a role in  b rin g in g  ab o u t th e  p henom ena described  ab o v e . 
W e a t te m p te d  to  ca rry  o u t th e  ex perim en ts so cau tio u sly  th a t  th e  role of 
in fec tion  m a y  be ru led  o u t.

Discussion

A ccord ing  to  th e  l i te ra tu re , m acro  m olecules are ex tensively  s to re d  in 
th e  re ticu lo -en d o th e lia l sy stem  a n d  b ring  a b o u t its  hyperp lasia . T h is h y p e r ­
plasia  m a y  be considered analogous w ith  th e  clin ical and  patho log ical processes 
te rm e d  re ticu loses. H u e p e r  [43, 44] in  his re p o rt on th e  storage o f p o lym ers 
described  th e  consecutive h aem ato log ic  m acrom olecu lar sy n d ro m e. G i l l - 
m a n  [8 8 ]  observed  a fte r  a d m in is tra tio n  o f t ry p a n  b lue  reticulosis an d  conse­
cu tiv e  haem olysis, followed b y  tu m o u r-lik e  p ro lifera tions in  th e  liver, 
spleen an d  ly m p h  nodes. H e ex p la in ed  these  p henom ena  b y  a change in  th e  
re ticu lo -en d o th e lia l fu n c tio n  a n d  a  d is tu rb an ce  in  p ro te in  fo rm atio n s. T he 
haem olysis m ig h t be due to  th e  effect o f th e  m acrom olecules : t ry p a n  b lue 
com bines w ith  th e  p lasm a p ro te in  an d  th e  m o lecu lar com plex p roduces e ry th ro ­
cy te  a g g lu tin a tio n  an d  haem olysis. A m m o n  a n d  D e p n e r  [99] o b se rv ed  an  
am ylo idosis-like  phenom enon follow ing po ly v in y l py rro lidone s to rage . P a l m e r  
e t al. [48] a n d  G i b l e t t  e t al. [49] suggested  th a t  consecutive h aem o ly tic  
anem ia  w as due to  th e  re ticu lo -en d o th e lia l h y p erp lasia  and  h y p ersp len ism  
re su ltin g  from  storage of th e  m acrom olecu lar su b stan ce . R ecen tly , E s s  a n d  
F r i e d e r i c h  [92] have carried  ou t w ith  try p a n  b lue  th e  sam e k ind o f e x a m in a ­
tions as we d id  an d  o b ta in ed  s im ila r re su lts . W e also succeeded in  p ro d u c in g  
sig n ifican t sto rage  and  co n seq u en tia l re ticu losis. In  ad d itio n , p a r tic u la r ly  
follow ing cortisone a d m in is tra tio n , in  th e  g lom eru li a change resem b lin g  
W ilson — K im m elstie l’s syndrom e w as observed . A lso, th e  m orphological c h a n g ­
es in th e  re ticu lo -en d o th elia l sy s tem  were asso c ia ted  w ith  very  c h a ra c te r is tic  
h aem ato log ic  an d  blood p ro te in  a lte ra tio n . H aem o ly tic  anaem ia  a n d  d isp ro - 
te in aem ia  re su lted . This la t te r  phenom enon  w as obv iously  due to  a d am ag e  
o f th e  p ro te in  form ing fu n c tio n  o f th e  re ticu lo -en d o th elia l sy stem , in  conse-

9*
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q u en ce  o f considerab le  m ethy lce llu lose  s to ra g e . B eside th e  у  g lobulins a p ro te in  
f ra c t io n  w ith  a new  m o ti l i ty  was o b served . T h e  fo rm ation  o f th is  frac tio n  
w as in te rp re te d  in  tw o  w ay s . One, m ethy lce llu lo se  p lays th e  role o f a n  an tigen  
a n d  th is  s to red  a n tig e n  w o u ld  elicit th ro u g h  a h y p e rim m u n ity  m echan ism  th e  
a p p e a ra n c e  of th e  n ew  globulin  frac tio n  [63]. Two, m ethy lce llu lose  m ay  
b r in g  ab o u t a s t ru c tu ra l  change of th e  g lo b u lin  form ing  enzym e sy stem .

In  th e  course o f  m ethy lcellu lose s to ra g e , haem olysis occu rred . This was 
p a r t ly  accoun ted  fo r b y  th e  consecutive re ticu lo -en d o th e lia l h y p e rp la s ia  and  
h y p e rsp len ism  an d  p a r t ly  th e  new  p ro te in  fra c tio n  m igh t have p la y e d  in  som e 
w a y  a p a r t  in d am ag in g  th e  e ry th roc tes. A lth o u g h  th e  presence o f  a n tie ry th ro -  
c y tic  au to an tib o d ie s  c o u ld  no t be p roved , i t  is conceivable th a t  th e  m e th y l­
ce llu lose  and  th e  an ti-m eth y lce llu lo se  a n tib o d y  to g e th e r com pose a g ian t 
m o lecu le  an d  th a t  th is  com plex  in ju res th e  e ry th ro c y te s  [89, 90]. K o p e l o f f  
a n d  K o p e l o f f  [89], M i e s c h e r  an d  S t r e s s l e  [90] suggested  a llerg ic  haem o ­
lysis  to  resu lt in th is  m a n n e r . A ccording to  G i l l m a n  [88] ,  a sim ilar m echanism  
u n d e rlie s  th e  haem o ly sis .

P ro th ro m b in  re d u c tio n  was p re su m a b ly  due to  th e  m ethy lce llu lose  
s to ra g e  reducing  so m eh o w  th e  fo rm atio n  o f  p ro th ro m b in . Also in  th is  case 
th e re  w ere signs o f  a ch an g e  in  p ro te in  fo rm a tio n .

T he s ign ifican t decrease  of im m une  h aem olysin  p ro d u c tio n  po in ts  to  
th e  fa c t th a t  m ac ro m o lecu la r storage in h ib its  th e  p ro d u c tio n  o f c e r ta in  im m une 
b o d ies .

T he reticu losis b ro u g h t abou t b y  m eth y lce llu lo se  seems to  be analogous 
w ith  tho se  due to  s to ra g e  or infection  in  h u m a n s  an d  w ith  o th e r re ticu loses 
a sso c ia te d  w ith  d isp ro te in aem ia  and  p a ra p ro te in a e m ia , such as W a ld en stro m ’s 
d isease . The im m une h aem ato log ic  diseases in  th e  origin of w hich th e  p ro lifer­
a t io n  o f  th e  re tic u lo -h y s tio c y te  system  m a y  p la y  a role (S t e f a n i n i , 85 ; 
B e n k ö , 91) should  also  be m entioned.

Conclusions

O n th e  basis o f  th e  experim ents th e  fo llow ing w orking h y p o th es is  has 
b een  se t up.

T h e  course o f som e, expecially  seco n d a ry , re ticu lo -endo thelio ses an d  th a t  
o f  th e  consecutive d iseases associated  w ith  th e m  m ay  tak e  p lace as follows. 
T h e  w hole process can  b e  devided in to  3 p h ases . In  phase 1, som e disease, 
v iru s ,  b ac te ria l in fe c tio n , o r in to x ica tio n  in i t ia te s  degenerative a n d  p ro lifer­
a t iv e  a lte ra tio n s  o f  th e  re ticu lo -en d o th e lia l sy s tem , i. e. th e  re ticu losis . In  
phase  2  th e  sy m p to m s resu lting  from  th e  re ticu lo -endo theliosis d o m ina te , 
w ith  charac teris tic  p ro life ra tio n  of th e  re tic u lo  endo thelia l sy stem , h ep a to - 
•splenom egaly, sw elling o f  ly m p h  nodes, a n d  co n seq u en tia l changes. In  phase 3
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path o lo g ic  p ro te in s are  form ed : m acro g lo b u lin s , kyroglobulins, p y rro lg lo b u - 
lin s, irreg u la r  an tibod ies, am ylo id  e tc . T h ese  pathologic p ro te in s  b r in g  abou t 
o th e r  processes ; such  as m acrog lobu linaem ic  pu rpu ra , fever, d e g e n e ra tiv e  
changes in  th e  vessels, som e k ind  o f im m u n e  haem atologic p ro c e ss , and , 
f in a lly , am yloidosis.

A ccordingly , on th e  ac tion  o f th e  p a th o lo g ic  proteins, th e  re ticu lo ses  
b rin g  a b o u t secondary  syndrom es ; th e se  m a y  be term ed pa tho log ic  protein  
diseases. T he m echanism  resem bles t h a t  o f  au toaggression  in  a w id e r  sense 
th a n  T zanck  a n d  D a u s s e t  used  i t  in  th e  case o f the  so-called  a u to a lle rg ic  
d iseases. This h y po thesis  is also c o n firm ed  b y  recent lite ra ry  d a ta  : D a v ie s  
a n d  W e b e r  [93] described  in  th e  case o f  a p a tie n t suffering f ro m  m u ltip le x  
m yelom a th e  occurrence o f  rh eu m a to id  a r th r i t i s  as th e  consequence o f  a d iso rder 
o f  p ro te in  m etabo lism . W e also o b se rv ed  rheum ato id  a r th r i t is  a sso c ia ted  
w ith  re ticu losis.

W e believe th a t  th e  sto rage  o f m eth y lce llu lo se  rep resen ts a m o d e l o f 
th e  above pathologic  processes. In  th is  ex p e rim en ta l re ticu losis in d u c e d  by 
u s , th e  f irs t  phase w as th e  sto rage  o f m ethy lce llu lo se  ; the  seco n d  p h a se  th e  
re ticu lo -en d o th e lia l p ro life ra tio n  a sso c ia te d  w ith  h ep a to sp len o m eg a ly  ; th e  
th ird  phase  th e  a lte ra tio n  o f th e  b lood  p ro te in s , d isp ro te inaem ia  a n d  conse­
cu tiv e  haem olysis. T he course of th e  th re e  phases  m ay be s h o r te r  th a n  w ith  
sp o n tan eo u s  reticu loses.

T he above o b se rv a tio n  m ig h t p ro m o te  recognition o f th e  genesis o f 
c e r ta in  diseases co rre la ted  w ith  th e  p a th o lo g ic  s ta te  of the  r e t ic u la r  sy stem , 
su ch  as th e  patho log ic  p ro te in  disease, im m une-haem ato log ic  sy n d ro m e s  and , 
p ro b a b ly , th e  collagenoses, th e  orig in  o f  w h ich  is so far u n k now n .

SU M M AR Y

B y m eans of m ethylcellu lose storage, a reticu losis associated w ith  d ysproteinaem ia  
and haem olysis has been induced. A m odel has been created  for the study o f reticu lo ses inducing  
paraproteinaem ia and dysproteinaem ia, which also afforded an explanation fo r  th e  develop­
m ent o f protein- and im m une-haem atologic diseases.
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ÜBER DIE HYPERGLOBUUINÄMISCHEN 
PURPURAFORMEN

Von

M. W i n t e r  und K . R á k

I. IN N E R E  K L IN IK  D E R  M EDIZINISCHEN U N IV ER SITÄ T, SZEGED 

(E ingegangen am 24. Februar 1958)

W a l d e n s t r o m  besch rieb  zw ischen 1943 u n d  1952 in  m eh re ren  M itte i­
lu n g en  P u rp u ra fo rm en , die m it den  b isher b e k a n n te n  K ran k h e itsb ild e rn  n ich t 
ü b e re in s tim m te n  u n d  m it w esen tlichen  V erän d eru n g en  in  der S e ru m eiw eiß ­
zu sam m en se tzu n g  e inherg ingen . O bw ohl sich im  le tz te n  J a h rz e h n t zah lre ich e  
A b h an d lu n g en  m it diesem  S y m p to m en k o m p lex  b e faß ten , h a t  e r n o ch  n ich t 
die se in er B ed eu tu n g  en tsp rech en d e  B each tu n g  gefunden . Die h y p e rg lo b u lin - 
äm ische  P u rp u ra  zäh lt n äm lich  n ich t zu den  S eltenheiten . W ah rsch e in lich  
s ta n d  die P u rp u ra  bei einem  T eil der frü h er m it der D iagnose „ id io p a th isc h e ”  
o d e r »v ask u lä re«  P u rp u ra  en tla ssen en  K ra n k e n  m it H y p e rg lo b u lu n äm ie  im  
Z u sam m en h an g . D as S y n d ro m  w ird  auch  in  den  größeren  L e h rb ü c h e rn  n u r  
ganz  k u rz  b eh an d e lt, u n d  in  d e r ungarischen  L ite ra tu r  fanden  w ir a u ß e r  der 
1955 ersch ienenen  B esch re ibung  eines F alles v o n  K l i n g h o f e r , S z a b ó  u n d  
P i n t é r  [9] keine einschlägige M itte ilu n g . N ach  A bsch luß  v o rlieg en d er A rb e it 
e rsch ien  die kasu istische A b h an d lu n g  von B o r o v i c z e n y  u n d  M ita rb e ite r  [3] 
m it k u rz e r  C h arak te ris ie ru n g  des K ran k h e itsb ild e s . D rei unserse its  b e o b a c h te te  
F ä lle  gab en  uns V eran lassung , die F rage  e ingehender zu u n te rsu c h e n .

W a l d e n s t r o m  h a t te ,  n ach d em  die e lek tro p h o re tisch e  U n te rsu c h u n g  
d e r Serum eiw eiße b e k a n n t gew orden  w ar, die sog. essentielle H y p erg lo b u lin äm ie  
b esch rieb en  u n d  1944 v o n  K ra n k e n  b e ric h te t, bei denen  seit J a h re n  H a u t ­
b lu tu n g e n  b es tan d en  u n d  d er S erum globulinsp iegel b e träch tlich  e rh ö h t w ar. 
D ie S ym ptom e von  m u ltip le n  M yelom  oder a n d e ren  K ra n k h e ite n  fe h lte n , 
w eshalb  e r fü r  den Z u s ta n d  die B enennung  P u rp u ra  h y p erg lo b u lin aem ica  
em p fah l [22, 23]. In  den  fo lgenden  Ja h re n  b e o b ach te te  m an  d e ra r tig e  F ä lle  
au ch  in  D än em ark , N orw egen u n d  D eu tsch lan d . B ald  ab er e rsch ienen  M itte i­
lu n g en , n ach  denen im  H in te rg ru n d  der h y perg lobu linäm ischen  P u rp u ra  au ch  
eine m eh r oder m inder schw ere G ru n d k ra n k h e it nachgew iesen w erd en  k a n n . 
H ie rn ach  schien es frag lich , ob es sich bei d er P u rp u ra  hy p erg lo b u lin aem ica  
u m  ein  besonderes K ra n k h e itsb ild  oder n u r  u m  einen S y m p to m en k o m p lex  
h a n d e lte . N ach M itte ilung  d e r K ran k en g esch ich te  unserer 3 F ä lle  u n d  B e­
sp rech u n g  der L ite ra tu r  w ollen  w ir versu ch en , die F rage  zu b e a n tw o r te n .



138 M. W IN TER und К . R Á K

K asuistik

1. G. А., 51 J ., A n gestellter , wurde im Juli 1954 wegen einer seit 5 Jahren an den 
un teren  Extrem itäten besteh en d en  Purpura aufgenom m en. D ie B lutungen traten  von  einem  
T ag zum  anderen plötzlich  auf, verursachten keine besonderen Beschwerden und nur zuweilen  
le ich tes Jucken. An anderen K örperteilen kamen H autb lu tungen  nicht vor. An den unteren  
E xtrem itäten  verblaßte die Purpura zeitweise und tra t dann, hauptsächlich nach schwerer 
K örperarbeit, wieder in  E rscheinung. Gelegentlich h a tte  der Kranke wenig blutiges Sputum  
en tleert und war deshalb w iederholt in der Lungenfürsorge untersucht worden, wo m an jedoch  
keine pabnonalen V eränderungen fand. Anläßlich der früheren K rankenhausaufenthalte  
w urde die Natur der K rankheit nicht geklärt, und die angewandten therapeutischen Maß­
nahm en führten keine d au erhafte  Besserung herbei. P at. war nervös, appetitlos, schw ach und 
h a tte  in  der letzten Zeit etw as abgenommen. Andere erwähnenswerte Angaben fanden sich 
n ich t in  der Anamnese.

Bei der Untersuchung des Kranken sahen wir ausgedehnte Purpura an den unteren  
E xtrem itäten . Vergrößerte L ym phknoten waren n ich t vorhanden, die Leber war nicht 
tastb ar. Die kompakte Milz reich te 2 querfingerbreit über den Rippenbogen hinaus. Über dem  
norm al grossen Herzen b lasend es Systolengeräusch. D ie  R öntgenuntersuchung ergab eine 
m ächtige Dilatation des lin k en  Vorhofes m it m äßiger Vergrößerung der rechten Kammer. 
W ichtigere Befunde : SG w iederholt 75 mm/h : Rbk 3,5 M illionen, Leuko- und T hrom bozyten­
zah l, qualitatives B lutb ild , B lu tu ngs-, Gerinnungs- und  Prothrom binzeit norm al. Serum- 
eiw eißspiegel 8,65 g% , G am m aglobulin 3,2% , T hym ol 14 E ., Form olgel-Probe (K ürten ) 
bin nen  2 Stunden positiv . Im  H arn zeitweilig m inim ale E iw eißm engen, je G esichtsfeld 2 — 3 
E rythrozyten . H äm okultur steril. Auf m ultiples M yelom  deutende Knochenveränderungen  
waren auch bei wiederholter R öntgenuntersuchung n ich t nachw eisbar. Im K nochenm ark neben 
norm aler Hämopoese Plasm azellenverm ehrung. L eberbiopsie : geringe periportale Binde­
gewebsverm ehrung m it m ononukleärer Infiltration und herdartiger Verfettung. Zur Annahm e 
einer Zirrhose besteht keine G rundlage. Milzbiopsie : ausgeprägte P lasm azytose, einige Lym pho- 
b lasten . Dg. auf Grund dieser Befunde : M itralstenose und hyperglobulinäm ische Purpura. 
D ie zeitw eilige H äm optoe war verm utlich durch die S tenose bedingt.

Den Kranken verm ochten  wir im Laufe des fo lgen den  Jahres noch dreim al zu beobach­
ten . D ie  Purpura trat — w ahrscheinlich infolge schonender Lebensweise — seltener in E r­
scheinun g, die H yperglobulinäm ie nahm jedoch eher zu : neben dem 8,5 —9,0 g% igen E iw eiß­
sp iegel war der G am m aglobulinw ert ständig über 4,0 g% . SG 50 —100 m m /h, T hym ol 10 —15 E ., 
die Form olgelprobe stets p o sitiv . Über dem Herzen war auch  D iastolengeräusch hörbar gewor­
den , bei der R öntgenuntersuchung weitere Zunahme der Erweiterung des linken Vorhofes 
und gestaute Hili. Die Leber w ar tastbar. Bei regelm äßiger D igitalisverabreichung war der 
Z ustand des Kranken zufriedenstellend , er klagte nur über leichte Erm üdbarkeit. D ie letzte  
K ontrolluntersuchung erfolgte im  August 1955 : Leber- und M ilzvergrößerung waren unver­
ändert, auch die L aboratorium sbefunde zeigten keine A bw eichungen von den früheren Unter- 
s iichungsresultaten.

E in diagnostisches P rob lem  bedeutete in diesem  F a ll der eventuelle Zusammenhang 
der neben dem Mitralfehler beobachteten  H yperproteinäm ie und Purpura m it der H erzkrank­
heit. In  erster Linie m ußte m an an bakterielle E ndokarditis denken, aber auch Leberzirrhose 
und m ultip les Myelom kam en in  Frage. Die entsprechenden histologischen, radiologischen, 
häm atologischen bzw. bakteriologischen Befunde verm ochten  jedoch keine dieser M öglich­
k e iten  in ausreichender W eise zu  stützen.

2. Bei N. J ., einem  65j. Mann, trat zuerst im  Januar 1957 Purpura an den unteren  
E x trem itä ten , später nach schw erer Körperarbeit auch an den Armen auf. N ach Angabe des 
K ranken vermehrten sich die ro ten  Flecke nach F leisch- oder Alkoholgenuß. N ach längerer 
A rbeit schwollen die K nöchel etw as an, sonst keine a u f K reislaufsinsuffizienz hinweisende  
B eschw erden. Bei einer U ntersu ch ung im Jahre 1950 f ie l die K om plem entbindungsreaktion  
p o s itiv  aus. Deswegen w urde der Kranke jahrelang system atisch  gegen Syphilis behandelt 
(W ism u t, Salvarsan, P en icillin ), was aber an der P o s it iv itä t  der Reaktionen nichts änderte. 
V on einer syphilitischer In fek tio n  weiß er nichts, a u f unsere K linik wurde er nach einjährigem  
B esteh en  der Purpura aufgenom m en.

B ei der U ntersuchung sind  an den unteren E x trem itä ten  sowie in geringerem  Maße 
am  unteren Abschnitt der B au ch h au t und an den U nterarm en zahlreiche punktartige B lu tu n­
gen sow ie pigmentierte G ebiete zu sehen. An den K nöcheln  mäßiges Ödem. D ie Leber ist 
3 querfingerbreit unter dem  R ippenbogen tastbar, m itte lm äß ig  kom pakt, nicht em pfindlich. 
Vergrößerte Lym phknoten sind n ich t vorhanden, die M ilz is t  n icht tastbar. Die linke Pupille 
is t  lichtstarr, die rechte reagiert schwach. A ch illesreflex  feh lt, Rom bergsches Phänom en  
p o sitiv . Neurologische D g. : T abes dorsalis. W ichtigere U ntersuchungsbefunde : W asserm ann-,
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K ahn- und M einicke-R eaktion +  +  +  +  * SG 40 m m /h. R b k 4 000 000, Hämoglobin 14,0 g% , 
Wbr 3300 -4 1 0 0 , qualitative Zusam m ensetzung norm al. D ie Untersuchungsergebnisse der 
Blutungs- und G erinnungsverhältnisse haben wir zusam m en m it den Angaben des 3. Falles 
in Tabelle I vereinigt. Serumeiweiß.spiegel 7,0 g% , G am m aglobulin 3,0 g% , Thym ol 11 E ., 
Form olgelprobe nach 2 Stunden positiv . Sia-Probe positiv  (T rübung auch nach Erwärm ung). 
Harn negativ. Im  K nochenm ark norm ale H äm opoese, m äßige Plasm azellenverm ehrung. 
Leberbiopsie : die K upfferschen Zellen sind verm ehrt, geschw ollen , das periportale B inde­
gew ebe ist m äßig verm ehrt. Periportal, aber auch in den  Lobuli intensive herdartige In fil­
tration . Die Zellen entsprechen Fibroblasten, L ym phozyten , Retikulum zellen. Auffallend ist 
die Anw esenheit der zahlreichen Plasm azellen. Dg. : F ibrose m it intensiver retikuloendothe- 
lialer Proliferation. — An den Schädelknochen keine a u f m ultip les Myelom deutende Ver­
änderungen. — Liquorbefund in jeder Hinsicht negativ .

Im Laufe einiger Monate wurde der Kranke zw eim al untersucht ; weder iin A llgem ein­
zustand noch in den Untersuchungsergebnissen waren V eränderungen festzustellen. D ie Pur­
pura verschwand beim L iegen, trat aber wieder auf, w enn der Kranke aufstand. Alkohol 
oder Fleisch allein riefen — im  Gegensatz zu den anam nestischen Angaben — keine Purpura  
hervor. Ез sei hervorgehoben, daß bei dem  Kranken Schleim hautb lutungen niemals auftraten .

3. Frau Sz. L. hatte im  Jahre 1951, im Alter von 52 Jahren, zum erstenm al beobachtet, 
dass an ihren unteren E xtrem itäten  nach längerem Gehen oder Stehen punktartige B lutungen  
erschienen. Außerdem entw ickelten  sich an ihren Ober- und Unterschenkeln schm erzhafte  
kleine K nötchen. Anläßlich einer Anstaltsuntersuchung im  Jahre 1952 wurden die H aut- 
blu tu n gm  auf Grund der negativen  U ntersuchungsbefunde als idiopathische Purpura d iagno­
stiziert. Auffallend war nur die SG von 40—60 m m /h. 1953 wurde die Kranke wegen derselben  
Beschwerden in einer anderen Anstal" behandelt und dort m it der Diagnose vaskuläre Purpura  
entlassen. Die SG war auch hier 64 m m /h. Ihr Zustand b lieb  in den folgenden Jahren im w esen t­
lichen unverändert. Im Som m er 1957 traten gelegentlich Gelenkschm erzen auf, ferner k lagte  
sie über M undtrockenheit ; im  Bauch spürte sie S tiche unter den Rippenbogen, und die 
H autblutungen traten häufiger in Erscheinung. Im Januar 1958 wurde sie bei uns aufgenom m en.

An den unteren E xtrem itäten  der in gutem  A llgem einzustand befindlichen K ranken  
waren zahlreiche punktartige B lutungen, ferner linsen bis hellergroße braune, pigm entierte  
Gebiete zu sehen. Letztere entsprachen den Resten früherer B lutungen. Vergrößerte L ym ph­
knoten waren nicht vorhanden, die Leber war nicht tastb ar. D ie Milz war kom pakt und reichte  
3 querfingerbreit über den Rippenbogen hinaus. W ichtigere Untersuchungsbefunde : SG 55 
m n/h , Rbh 3,4 M illionen, H äm oglobin 11 g% , Leuko w iederholt 3100, m it L ym phopenie. 
Serum eiweißspiegel 7,2 g% , G am m aglobulin 2,8 g% , T hym ol 12 E ., Formolgelprobe negativ . 
Sia-Probe positiv  (Trübung auch nach Erwärmung). Im H arn m inim ales Eiweiß. Die Züchtung  
ergab E. coli, Harn nach Terram ycinbehandlung steril. — Knochenmark schw ach hyper­
zellulär, Häm opoese norm al. Geringe lym phoretikuläre H yperplasie. Leberbiopsie : K upffer- 
sche Zellen etwas geschwollen und verm ehrt. Periportal in tensive  herdartige Infiltration  m it 
L ym phozyten, Plasm a- und R etikulum zellen, F ibroblasten. D g. : retikuloendotheliale H yper­
plasie. (Abb. 1. u. 2.) An den Schädelknochen keine pathologischen  Veränderungen.

Im Liegen verschw indet die frische Purpura v ö llig , nach längerem Aufsein erscheint 
si? wieder an den unteren E xtrem itäten . Durch A lkoholgenuß oder K älteeinwirkung ließ 
sich die Purpura nicht provozieren. Schleim hautblutungen fehlten  auch bei dieser K ranken. 
Ез sei noch bem erkt, daß sich die Purpura seit m indestens 7 Jahren ständig w iederholte  
und während dieser Zeit eine wesentliche Veränderung iin Allgem einzustand der K ranken  
nicht festgestellt werden konnte.

B esprechung

Als gem einsam e Züge w aren  bei den b esch rieb en en  3 F ällen  die ohne 
S c h le im h a u tb lu tu n g e n  a u ftre te n d e n  u n d  h a u p tsä c h lic h  a u f  die u n te re n  
E x tre m itä te n  lo k a lis ie rte  P u rp u ra  und  die b e trä c h tlic h e  V erm ehrung  d er 
G am m aglobu line  zu b eo b ach ten . A uf G rund d e r  in  den  le tz ten  Ja h re n  e rsch ie ­
nenen  k asu is tisch en  u n d  zusam m enfassenden  M itte ilungen  lä ß t sich  diese 
K ra n k h e its fo rm  g u t de fin ie ren . Die K ran k en  h a b e n  zum eist keine allgem einen  
B eschw erden  u n d  w enden  sich n u r der H a u tb lu tu n g e n  wegen an  den  A rz t.



Abb. 1. und 2. H istologisches Bild der Leber (B iopsie). Vergrößerung 180 bzw. 400
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Tabelle I

Untersuchungsergebnisse der hämostntischen Verhältnisse

Untersuchung Sz. L. N. J . N orm al

Rum pel-Leedesche P ro b e ............................. pos. pos.

B lutungszeit (D u ke)........................................ 1 Min. 3 Min. 1— 3 Min.

T hrom bozytenzahl (Fonio) ........................ 170 000 180 000

R e tra k tio n ........................................................... norm. norm.

G erinnungszeit (Lee— W hite) ................... 6 Min. 8 Min. 5— 10 Min.

Rekalzinierungszeit (H o w e ll) ...................... 107 Sek. 103 Sek. 90— 120 Sek.

Throm bokinasebildung (Biggs— D ouglas) norm. norm.

Prothrom binkonsum ption (m odif. Quick) norm. norm.

Prothrom binaktivität (Q u ick )...................
оCO 70%

Fibrinogen (gravim etr.) ............................... 420 mg% 480 mg%

T hrom binzeit ................................................... 25 Sek. 30 Sek. 20 Sek.

Throm binzeit m it Toluidinblau (H orn) . 20 Sek. 24 Sek. 16 Sek.

Serum antithrom bin (G eren dás)................. norm. norm.

Throm belastogram m  (Hartert) ............... norm. norm.

D ie P u rp u ra  b leib t a u f  die u n te re n  E x tre m itä te n  b esch rän k t, d e h n t sich 
gegebenenfalls a u f  die H a u t d er B auchw and  au s u n d  t r i t t  an  den  A rm en  n u r  
n a c h  g rö ß ere r B e lastung  in  E rsch e in u n g . Im  L iegen versch w in d e t sie rasch , 
doch  b le ib t eine c h a rak te ris tisch e  b rau n e  P ig m e n ta tio n  zurück . L a u t W a l d e n ­
s t r o m  is t diese so k en n ze ich n en d , d aß  die D iagnose bereits a u f  G ru n d  dieses 
B ildes m it großer W ah rsch e in lich k e it g es te llt w erden k an n . S c h le im h a u t­
b lu tu n g e n  kom m en n iem als vo r, ebensow enig  w esentliche L y m p h k n o te n ­
v e rg rö ß e ru n g en , wohl ab e r die V ergrößerung  d e r Leber oder Milz bzw . be ider 
O rgane. A n einzelnen K ra n k e n  w urden  m äßiges U n te rsch en k e lö d em  u n d  
V enenerw eiterungen  b e o b a c h te t. U n te r  den L a b o ra to riu m sb e fu n d en  s in d  die 
V erän d eru n g en  in  der S e rum eiw eißzusam m ensetzung  am  w ic h tig s te n . D er 
Serum eiw eißspiegel is t n o rm a l oder e rh ö h t — selb st bis zu 10%  — , d e r G am m a­
globu linsp iegel aber in  a llen  F ä llen  s ta rk  e rh ö h t. M it der h e u te  a llgem ein  
a n g e w a n d te n  p ap ie re lek tro p h o re tisch en  U n te rsu ch u n g  läß t s ich  d iese  V er­
ä n d e ru n g  le ich t nachw eisen . Die v e rm eh rte  E iw e iß frak tio n  is t n ic h t  p a th o ­
log isch , d u rch  im m unchem ische  U n te rsu ch u n g en  w aren  A bw eich u n g en  vom  
G am m aglobulinsp iegel des N orm alseru m s n ic h t nachzuw eisen [2]. D er Glo­
b u lin v e rm eh ru n g  e n tsp rech en d  g ib t die T hym ol- oder Z in k su lfa t-T rü b u n g s ­
p ro b e  ein  s ta rk  positives R e s u lta t ,  o ft is t au ch  die F o rm o lg e lreak tio n  p o sitiv . 
D ie B lu tsenkun g sg esch w in d ig k e it is t gew öhnlich  s ta rk  e rh ö h t, a u c h  W erte  
ü b e r  100 m m /h kom m en oft v o r. A ußerdem  fä ll t  in  einem  b e trä c h tlic h e n  Teil 
d e r F ä lle  auch  die E ug lob u lin - (Sia-) P robe p o sitiv  aus. Ih re r  e in fach en  D urch-
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fü h rb a rk e it  wegen is t  d ieses U n te rsu ch u n g sv e rfah ren  sehr v e rb re ite t ; zu 
5 m l destilliertem  W a sse r  g ib t m an 1 — 2 T ro p fe n  Serum  ; O paleszenz m it 
an sch ließ en d er S e d im e n tb ild u n g  gilt als p o s itiv e s  R e su lta t. D er chinesische 
F o rsc h e r  SiA h a tte  d ie  P ro b e  in  seiner K a la -A za r-D iag n o stik  zum  N achw eis 
d e r  G lo b u linverm ehrung  e in g efü h rt [18], d och  n a h m  W a l d e n s t r o m  sp ä te r  
a n , sie sei auch zum  M akrog lobu linnachw eis g ee ig n e t. Diese A nsich t h a t  sich 
je d o c h  als irrtü m lich  e rw iesen . L au t Sa n d k ü h l e r  [16] b e ru h t die T rü b u n g  
n u r  d a n n  au f der A n w e se n h e it von M akrog lobu lin , w enn sie n ach  E rw ärm u n g  
o d e r Zugabe von iso to n isc h e r  Salzlösung v e rsc h w in d e t. Die V erm ehrung  der 
n o rm a le n  G am m aglobu line  fü h rt ebenfalls zu  O paleszenz, die sich indessen 
n a c h  E rw ärm ung  e h e r n o ch  v e rs tä rk t. T ro tz  d er scheinbaren  P o s itiv itä t  
d e r  S ia-P robe d a c h te n  w ir  also in  unseren  F ä lle n  N r. 2 und  3 n ic h t an  die 
A nw esenheit von M ak ro g lo b u lin en .

Bei den h ä m a to lo g isc h e n  U n te rsu c h u n g e n  is t m äßige n o rm o z itä re  
A n äm ie  ziemlich h ä u fig  z u  b eobach ten , ebenso  L eukopen ie . Bei b e trä c h tlic h e r 
T h ro m b o zy to p en ie  g la u b e n  w ir n a tu rg em äß , d ie  H äm o rrh ag ie  eher a u f  diese 
V e rän d e ru n g  z u rü c k fü h re n  zu m üssen. U n te r  d en  m it der H äm orrhag ie  zu sam ­
m en h än g en d en  U n te rsu c h u n g e n  ist die P o s i t iv i tä t  d er R um pel-L eedeschen  
P ro b e  erw ähnensw ert. Im  G erinnun g sm ech an ism u s besteh en  keine w esentlichen  
S tö ru n g e n . Bei u n se ren  F ä lle n  ste llten  w ir led ig lich  eine m äßige S enkung 
d e r  P ro th ro m b in a k tiv i tä t  u n d  eine geringe V erlän g eru n g  der T h ro m b in ­
gerin n u n g sze it fest. L e tz te re  dü rfte  eine F o lge  d er D y sp ro te inäm ie  sein ; 
in  Ü b ere instim m ung  m it d en  L ite ra tu ra n g ab e n  sah en  w ir näm lich  ähn liche 
A bw eichungen  in  z a h lre ic h en  Fällen, wo d er A lb u m in -G lo b u lin -Q u o tien t — 
u n a b h ä n g ig  von der G ru n d k ra n k h e it  u n d  k lin isch  von  der N a tu r  der H ä m o rr­
h a g ie  — n ich t no rm al w a r . D ie in  d e ra rtigen  F ä lle n  vo rau sg ese tz te  F ib rinogen- 
F ib rin -K o n v e rs io n ss tö ru n g  d ü rfte  w ahrsche in lich  im  Z u stan d ek o m m en  der 
B lu tu n g sn e ig u n g  eine gew isse Rolle spielen. D en n o ch  g lauben  w ir, u n d  zw ar 
g e ra d e  a u f G rund des o b ig e n , d aß  die m äß ige  S tö ru n g  der F ib rin o g en -F ib rin ­
u m w an d lu n g  bei P u rp u ra  hyperg lo b u lin aem ica  eh e r eine B egle iterscheinung  
d e r  D yspro te inäm ie  als e in e n  w esentlichen F a k to r  im  Z u standekom m en  der 
P u r p u r a  d a rste llt [7, 10, 21]. Im  K n o ch en m ark  fan d e n  w ir n o rm ale  B lu t­
b ild u n g , n u r die P la sm a z e lle n  und  H is tio zy ten  w aren  etw as v e rm e h rt. Ü ber 
d ie  histologische U n te rsu c h u n g  der Milz h a t te n  W a l d e n str o m  [23] und  
B r u n s  [4] im  A nschluß  a n  je  eine Splenektom ie b e r ic h te t . Sie fanden  lym plio ide 
u n d  plasm azeilige re t ik u lä re  H yperp lasie . B r u n s  b eo b ach te te  au ß erd em  
d en  G aucherschen Z ellen  äh n lich e  Z ellform en, fe rn e r  A rte riitis  u n d  Gewebs- 
eosinoph ilie . Diese V e rä n d e ru n g en  w urden  au ch  v o n  D ö r k e n [5] bei d er h is to lo ­
g isch en  U n te rsu ch u n g en  d e r  H a u t besch rieben . H isto log ische L eberbefunde 
h a b e n  w ir in der L i te r a tu r  n ich t an g e tro ffen . D ie unserseits b eo b ach te te  
in te n s iv e  ly m p h o zy tä re , re tiku lum zeilige  I n f i l t r a t io n  s te h t im  E in k lan g  m it 
d en  frü h e r  beschriebenen  V erän d eru n g en  im  K n o c h e n m a rk  u n d  in  der Milz.
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A u f G rund  d er L ite ra tu r  g ib t es zw eifellos F älle  von hyperg lo b u lin äm i- 
scher P u rp u ra , bei denen  tro tz  8 — 10jährigen B estehens eine G ru n d k ra n k h e it 
n ich t nachgew iesen  w erden  k o n n te . D ennoch  gehen die M einungen seh r 
au se in an d er, oh w irk lich  eine »prim äre«  F o rm  e x is tie r t oder ob jede P u rp u ra  
als sek u n d ä r b e tra c h te t  w erden m uß. B e r t i io u d  u n d  M ita rb e ite r [2] h a lte n  
n u r 1 ih re r 8 F älle  fü r  p rim är, W e ise  [26] n u r  11 d er aus der L ite ra tu r  g esam ­
m elten  28 F älle . S c h m e n g l e r  u n d  E s se r  [17] se tzen  sich en tsch ieden  d a fü r  
ein , d aß  die K ra n k h e it im m er sek u n d är a u f tr e te ,  u n d  wo sich die G enese 
n ich t e rm itte ln  lä ß t , fü h ren  sie die E n tw ick lu n g  des S ym ptom enkom plexes a u f  
eine re a k tiv e  F u n k tio n ss tö ru n g  des R e tik u lo -H is tio zy ten sy stem s zu rü ck . 
Es is t jeden fa lls  b e a c h te n sw e rt, d aß  der V e rla u f  in  diesen scheinbar p r im ä re n  
F ällen  ungew öhnlich  g u ta r tig  w ar und  der Z u s ta n d  der K ran k en  J a h re  oder 
J a h rz e h n te  h in d u rc h  u n v e rä n d e rt blieb.

»S ekundäre«  hyperg lobu linäm ische  P u rp u ra  k an n  bei folgenden G ru n d ­
k ran k h e iten  a u f tre te n  : m u ltip les M yelom , ly m p h o z y tä re  L eukäm ie, S a rk o i­
dose, rh eu m a to id e  A rth r itis , Z irrhose u n d  m a lig n er T um or. D er p rim äre  
oder sek u n d äre  C h a ra k te r  der P u rp u ra  is t b isw eilen  sehr schw er zu en tsch e id en . 
R o g e r s  u n d  W e l c h  [15] te ilte n  un län g st e in en  F a ll m it, bei dem  10 J a h re  
lan g  eine g u ta r tig  erscheinende P u rp u ra  h y p erg lo b u lin aem ica  b e s ta n d  u n d  
e rs t d an n  ein in  w enigen  M onaten  zum  T ode fü h re n d e s  P lasm ozy tom  d ia g n o s ti­
z ie rt w urde . Sie h a lte n  es fü r  m öglich, d aß  ein ige  P lasm o zy to m h erd e  b e re its  
seit längerer Zeit v o rh an d en  w aren u n d  H y p erg lo b u lin äm ie  (und  P u rp u ra )  
v e ru rsach ten , ab e r im  O rgan ism us keine a n d e re n  V eränderungen  he rv o rrie fen , 
die zu r E rk e n n u n g  der K ra n k h e it h ä tte n  fü h re n  können . O ffensichtlich  h ä t te  
je d e r  B eo b ach te r den F a ll jah re lan g  als p r im ä r  bezeichnet.

In  unserem  1. u n d  2. F a ll w ar neben P u rp u ra  M itralfeh ler bzw. la te n te  
Syphilis n achw eisbar. Diese k an n  m an vom  G esich tsp u n k t der P u rp u ra  
hy p erg lo b u lin aem ica  n ic h t en tsch ieden  als » G ru n d k ra n k h e it«  ansehen , w enn  
sie auch  in  der H in s ich t zu r V orsicht zw ingen , die P u rp u ra  als » p rim är«  zu  
ak zep tie ren . In te resse  v e rd ie n t die M itte ilung  v o n  B e n d e r  u n d  Gerlach  [1],  
die neben  Syphilis -j- E n d o c a rd itis  len ta  P u rp u ra  beschrieben , sowie die v o n  
W e is e  [26], in  dessen F a ll bei einem  an  P o ly a r th r it is  leidenden  K ran k en  
nach  der wegen G allenw egsinfek tion  e in g e le ite ten  C h lo ro n itrin b eh an d lu n g  
ty p isch e  hyperg lo b u lin äm isch e  P u rp u ra  a u f t r a t .  Im  Z usam m enhang  m it d er 
A rzneim itte lsch äd ig u n g  e rg ib t sich von selbst die F rag e  : in  w elcher B eziehung  
s te h t  die a k u te , sog. S c h ö n l e i n — HENOCHsche P u rp u ra  zum  W a l d e n s t r ö m - 
schen T y p u s?  D ie F rag e  ist noch n ich t ganz g e k lä rt ; nach  einigen A u to ren  
is t die H y p erg lo b u lin äm ie  auch  bei dieser K ra n k h e its fo rm  anw esend , D ö r k e n  
[5] h a t  dagegen  in  e inem  ty p isch en  F a ll n o rm a le  G am m aglobu linw erte  fe s t­
g este llt. A uch w ir b e o b a c h te ten  einen K ra n k e n , bei dem  m ehrere  M onate  
h in d u rch  am  ganzen  K ö rp er P u rp u ra  in  B eg le itu n g  von  ö d e m  u n d  m it seh r 
au sg ep räg te r H y p erg lo b u lin äm ie  in S chuhen  a u f t r a t .  Seit 10 M onaten  is t
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k e in e  P u rp u ra  m ehr v o rh a n d e n , a b e r im  E iw eißb ild  is t keinerle i V e rän d e ru n g  
e in g e tre te n .

Im  P a th o m ech an ism u s d e r P u rp u ra  k o m m t der geste ig e rten  G a m m a­
g lo b u lin b ild u n g  u n b ed in g t eine en tsch e id en d e  Rolle zu. W ir w issen jed o ch  
n ic h t ,  w o rau f diese Ü b e rp ro d u k tio n  b e ru h t . D ie von S c h m e n g l e r  u n d  E s s e r  
[17] b e to n te , das R e tik u lo -H is tio z y te n sy s te m  b e treffende re a k tiv e  F u n k tio n s ­
s tö ru n g  b ie te t in  d ieser F rag e  e igen tlich  kein en  näheren  A n h a lts p u n k t, w enn 
a u c h  eine  K läru n g  des P ro b lem s v ie lle ich t v o r allem  aus d ieser R ic h tu n g  
zu  e rw a r te n  ist.

W a l d e n s t r o m  [22] h a t te  in  seinen  e rs te n  M itte ilungen  die M öglichkeit 
e in e r  ch ron ischen  V iru s in fek tio n  v o rg e leg t, diese A nnahm e w ar a b e r  sp ä te r  
v o n  a n d e ren  F o rschern  n ic h t u n te r s tü tz t  w orden . D eu tsche  A u to re n  [19] 
h a b e n  v e rsu ch t die pa th o lo g isch e  E iw e iß p ro d u k tio n  d u rch  einen  a lle rg ischen  
M echan ism us zu e rk lä ren .

D ie andere w ichtige F rag e  is t , ob ein  Z usam m enhang  zw ischen  H y p er- 
g lo b u lin äm ie  u n d  P u rp u ra  b e s te h t?  H ie r  sind  allerd ings gewisse Zweifel 
b e re c h tig t ,  weil in  vielen  F ä llen  eine w esen tliche  G am m ag lo b u lin v erm eh ru n g  
o h n e  P u rp u ra  zu b eo b ach ten  is t. Es w u rd e  schon  e rw äh n t, d aß  die v e rm e h rte  
E iw e iß fra k tio n  n ich t p a th o lo g isch  is t, also eine q u a lita tiv e  V e rän d e ru n g  
im  S erum eiw eißb ild  n ich t s ta ttg e fu n d e n  h a t  [2]. W a l d e n s t r o m  d e n k t d a ra n , 
d a ß  info lge der v e rm e h rte n  G a m m ag lo b u lin p ro d u k tio n  ein M angel a n  irg e n d ­
e in e r  an d eren  — zur in ta k te n  K a p illa rfu n k tio n  b en ö tig ten  — G lo b u lin ­
f r a k t io n  zu s tan d ek o m m t. A n d ere  V erfaßer [14, 20] sind  der M einung , daß  
d ie  p a th o lo g isch  v e rm eh rte  E iw e iß frak tio n  die Schädigung d er K a p illa rw a n d  
d i r e k t  zu s tan d e  b rin g t, w ieder an d ere  [17] v e rsuchen  die E rsch e in u n g  m it einer 
a lle rg isch -h y p ererg isch en  S chäd igung  der G efäße zu e rk lä ren . Sehr in te re ssa n t 
is t  d ie  B eobach tung  von M a r t i n i  u n d  E n g e l k a m p  [13], n ach  w elcher die 
K ap illa rre s is ten z  bei L e b e rk ra n k en  au ch  be i no rm aler T h ro m b o zy ten zah l 
u n d  P ro th ro m b in -A k tiv itä t a b n im m t, w enn  G lobu linverm ehrung  v o rh a n d e n  is t. 
Z w ischen  Serum eiw eißkörpern  u n d  K a p illa rfu n k tio n  b es teh t zw eifellos ein 
e n g e r  Z usam m enhang , dessen  E in ze lh e iten  ab e r n ich t g ek lä rt s in d . E s sei 
h ie r e rw ä h n t, d aß  la u t den  T ie rv e rsu ch en  von  K e l e m e n  u n d  M ita rb e ite rn  [8] 
e in e  gew iße B eziehung zw ischen dem  E iw eißstoffw echsel und  der P e rm e a b ilitä t 
b e s te h t .  M i l e s  u n d  W i l h e l m  [12] v e rm o c h te n  aus frischem  M eerschw ein­
c h e n se ru m  eine p e rm e a b ilitä tss te ig e rn d e  G lo b u lin frak tio n  h e rzu ste llen . Bei 
d e r  A u fste llu n g  der v ersch ied en en  T h eo rien  m u ß  m an  un serer A n sich t nach  
a u c h  b erü ck sich tig en , d aß  Ö dem  hei P u rp u ra k ra n k e n  im  a llgem einen  n ich t 
v o rk o m m t und  die P u rp u ra  m e ist n u r  n a c h  S tehen  oder G ehen e n ts te h e n , 
so d a ß  also auch  diese E ig e n tü m lic h k e ite n  eine E rk lä ru n g  e rfo rd e rn .

W ie schon e rw ä h n t, v e r lä u f t  die P u rp u ra  h y p erg lo b u lin aem ica , w enn 
k e in e  G ru n d k ra n k h e it v o rh a n d e n  is t, g u ta r t ig  u n d  d a u e rt ja h rz e h n te la n g  an. 
In d e s s e n  kom m en auch  sp o n ta n e  R em issionen  vo r ; F i l i p  u n d  M ita rb e ite r  [6]
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te il te n  e inen  seit 3 J a h re n  b eschw erdefre ien  F a ll m it, in  dem  sich  a u c h  das 
E iw eiß b ild  besserte . D ie B e u rte ilu n g  d er th e ra p e u tisc h en  E rg e b n isse  w ird  
d a d u rc h  seh r ersch w ert. A C T H  u n d  C ortison  w u rd en  von m eh re ren  A u to re n  
erfolglos an g ew an d t. In  ein igen  F ä llen  h a t  m a n , n ich t wegen d e r P u r p u r a ,  
so n d ern  w egen der a u f  H y p ersp len ie  z u rü c k g e fü h rten  A näm ie u n d  L e u k o p e n ie , 
die S p lenek tom ie  vo rgenom m en , ohne jed o ch  eine w esentliche B e sse ru n g  der 
P u rp u ra  jem als  b eo b ach ten  zu  können .

ZUSAM M EN FA SSU NG

Im  Zusammenhang m it 3 eigenen Fällen von Purpura hyperglobulinaem ica w ird die 
Frage besprochen, wann die Purpura als »prim är« oder »sekundär« angesehen w erd en  kann. 
In einem  Fall blieb der Zustand des K ranken 7 Jahre unverändert, eine G rundkrankheit war 
nicht nachw eisbar, weshalb der Fall als primär b etrach tet wird. In den beiden and eren  F ällen  
lag keines der als Grundkrankheit in  Frage kom m enden Krankheitsbilder vor, d a  jedoch  
gleichzeitig  ein M itralfehler bzw. la ten te  Syphilis anw esend waren, erscheint es dennoch  
zw eife lhaft, ob die Purpura als primär angesehen w erden kann.

Die Ergebnisse der U ntersuchungen zur K lärung der B lutgerinnungsverhältn isse, 
ebenso die histologischen Befunde der Leberbiopsien w erden in Verbindung m it einer L itera tu r­
übersicht eingehend besprochen.
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A lthough  pharm aco log ical tex tb o o k s  agree in  t h a t ,  p a rtic u la rly  in  febrile  
p a tie n ts , a d rop  of p e rip h e ra l resistance  resu lts  fro m  v aso d ila ta tio n , if  th e r a ­
p eu tica l doses o f sa licy la te  are  applied , S a y e n  e t  al. (1951) observed  in  th e  
2nd  h o u r a fte r th e  in tra v e n o u s  in jec tion  of 1,8 g sa licy la te  to  4 n o rm al in d i­
v id u a ls  no essen tia l change in  th e  a rte ria l blood p re ssu re , pulse ra te , ca rd iac  
o u tp u t  an d  d ig ita l cu tan eo u s  b lood flow . On th e  o th e r  h an d , A l e x a n d e r  
an d  J o h n s o n  (1956) fo u n d  in  4 p a tien ts  su ffering  fro m  m yxedem a th a t ,  in  
th e  course of sa licy la te  t r e a tm e n t  w ith  daily  8 g, th e  te m p e ra tu re  of th e  lim bs 
was h ig h er also to  to u c h , c ircu la tio n  tim e  was sh o rte n e d  b y  25 per cen t a n d  
ca rd iac  o u tp u t increased .

In  th e  p resen t ex p e rim en ts  th e  change in  th e  a rte rio v en o u s oxygen  d if­
ference, i. e. th e  re su lta n t o f  c ircu la to ry  an d  m e ta b o lic  p a tte rn s  w as in v e s ti­
g a ted  in  18 a d u lt su b jec ts , 16 o f w hom e were a feb rile  an d  p rac tica lly  n o rm a l.

M ethods

Sodium  salicylate was adm inistered orally on an em p ty  stom ach in the m orning. The 
serum salicylate level was determ ined by the ferric chloride colour reaction w ith  Loberg’s 
technique. Skin tem perature was taken w ith  a therm istoric therm om eter. O xygen consum ption  
and carbon dioxide production were estim ated w ith a N oyon s diaferometer.

30 m inutes before the experim ent the patients were asked  to lie in a com fortable position  
on the experim ental table, where their arms were im m obilized . Venous oxygen saturation  
was determ ined from the blood o f the cubital vein sam pled w ith o u t stasis. Arterial blood was 
drawn from the femoral artery. O xygen saturation was m easured w ith  a M illikan typ e  o x y ­
m eter. The observations lasted  up to 4 hours after the ingestion  o f  the salicylate dose.

Results

T he resu lts  are su m m arized  in  Tables I  a n d  I I .  As T able I  show s, th e  
resu lts  o f th e  skin te m p e ra tu re  d e te rm in a tio n s w ere  n o t uniform . T he m e ta ­
bolic increase was n o t closely  para lle l w ith  th e  ch an g e  o f  skin te m p e ra tu re , 
a lth o u g h  a considerab le m e tab o lic  effect, an  in c rease  o f 31 per cen t o r m ore , 
was assoc ia ted  w ith  th e  rise  o f th e  sk in  te m p e ra tu re .

IQ*
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Table I

Changes o f  venous oxygen saturation  in  the forearm , o f  oxygen consumption and o f  sk in  temperature 
in  acute salicylate treatment o f  adult humans
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3 19 180 210 +  19 54 55 51
0,84 0,90

151 189
3 17 193 212 +  2 56 52 58

0,98 0,88
189 186

7 25 +  14 60 67 98 60*
7 35 Hand +  0.7 215 286 +  31 57 73 54*

Thigh +  1.0 0,93 0,89
Jugulum no change 200 255

7 29 Hand — 0.9 250 295 +  18 56 78 98,5 83*
Forearm — 0.5 0,91 0,91
Thigh no change 227 269

9 31 Forearm — 2.1 230 275 +  19 57 69 61
Shank — 1.2 0,90 0,82
Jugulum — 0.9 207 225

9 55 Forearm +  2.0 210 256 +  35 47 66 97 54
Shank +  1.7 0,82 0,95
Jugulum +  2.4 172 243

9 32 Forearm — 1.4 229 250 +  9 70 72 66
Shank — 3.2 0,92 0,94
Jugulum — 1.7 211 235

9 40 Forearm +  2.4 200 315 +  57 56 72 98 63
Shank +  1.4 0,91 0,90
Jugulum +  2 .0 182 284

7 22 Forearm — 1.2 264 284 +  10 56 54 98**
Shank — 2.1 0,94 0,97
Abdomen — 1.8 248 280

6 28 Forearm — 1.5 289 339 +  19 37 58 98***
Shank — 1.7 0,64 0,78
Jugulum — 0.9 185 264

Note

B lood  haem oglobin in  a ll th e  subjects exam ined was above 13 g per 100 m l.
D eterm inations took  place at a tem perature o f  19° to 21° C. Skin tem perature changes 

n o t exceed ing 0,5° C were designed as “ no change” . P arallel determ inations were m ade at sym ­
m etr ic  sk in  areas in all cases.

T he metabolic rate was determ ined 4 hours after salicylate adm inistration ; in  the cases 
m arked  w ith*, 2 hours after sa licy late  adm inistration.

** Rheumatoid arthritis. B ody tem perature 37,5° C. In itia l m etabolic rate, + 2 5  per cent.
*** M yelocytic leukaem ia. B ody tem perature 38,3“ C. In itial m etabolic  rate, + 5 2

per cent.
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Table I (continued)
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T he m etab o lic  increase  caused  b y  sa licy la te  w as in vestiga ted  b y  C o c h r a n  

(1952, 1954). In  th e  p re sen t ex p erim en ts  we m easu red  th e  m e ta b o lic  ra te  
o n ly  to  e v a lu a te  th e  change of venous oxygen  s a tu ra tio n . In  an y  case , a t  th e  
sam e sa licy la te  level th e  increase in  m etabo lic  r a te  varied .

O f o u r  re su lts , th e  change in  venous oxygen  s a tu ra tio n  should  be e m p h a s i­
zed as a new ly  recognized fa c t. S a tu ra tio n  o f  th e  b lood of th e  c u b ita l  vein  
m ay  in crease  b y  20 per cen t d u rin g  th e  acu te  sa licy la te  effect. T h en , i f  m e ta ­
bolism  in c reased  w ith  14 to  57 p er cen t, b lood  flo w  m u st have been a c c e le ra te d  
to  such  an  e x te n t th a t  th e  venous oxygen  s a tu ra t io n  rem ained  20 p e r  cen t 
above n o rm a l, in  sp ite  o f  th e  g re a tly  in c rea sed  oxygen c o n su m p tio n . T he 
o p e ra tio n  o f  p e rip h era l a rte rio v en o u s sh u n ts  in  th is  phenom enon re m a in s  an
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Table II

Oxygen saturation in the blood o f the ventricles under acute salicylate effect in rats

Arterial oxygen sa tu ra ­
tion in the left ventricle

Venous oxygen saturation in the right 
ventricle

before 2— 3 hours after before 2—3 hours after

550 m g/kg salicylate subcutaneously

95 94 46 56

96 96 47 58

97 96 51 60

52 63

53 67

58

The values “ before” and “ after” belong to  different adult rats.

o p e n  q u estio n . A rte ria l o x y g en  sa tu ra tio n  d id  n o t  change under o u r c o n d itio n s ,
i. e. th e  a rte rio v en o u s o x y g en  difference d im in ish e d  under th e  a c u te  sa lic y la te  
e ffec t* .

D iscussion

A ccording to  a n im a l exp erim en ts , a n  im p o r ta n t  site  of the  m e tab o lic  effect 
o f  sa licy la te  is th e  m usc le . I t  is possible, th e re fo re , th a t  th e  ch an g e  in  th e  
fo re a rm  frac tio n  o f o x y g en  consum ption  is g re a te r  th a n  th a t  o f  th e  w hole 
b o d y . T he increased  v en o u s  oxygen s a tu ra t io n  th u s  becomes m ore re m a rk a b le .

To com plete our observations, we exam ined m ixed  blood of the right ven tric le  in acute  
sa licy la te  injury in unanaesthesized  rats. As Table II . show s, the percentual increase in  the  
o x y g e n  saturation of m ixed venous blood occurred sim ilarly .

M i l l e r  and T e n n e y  (1956) observed after the intraperitoneal adm inistration  o f 200 
m g /k g /d a y  o f salicylate to rats th a t carbon dioxide and o x y g en  tension in tissues was dim inished. 
T his e ffect was attributed to increased alveolar ven tila tio n  and the greater oxygen  consum ption  
o f  th e  tissues as com pared w ith  their perfusion. T e n n e y  and M i l l e r  (1955) found a 50 per cent 
increase in  arteriovenous o x y g en  difference in  the sa licy la te  treated dog. R o w e  et al. (1956) 
confirm ed this observation. W e suggest that the ex p la n a tio n  of our divergent results lies in 
th a t the observations cited  were performed in n em bu tal anacsthaesia and oxygen  saturation  
w as estim ated  22 to 60 m inutes after adm inistering th e  salicylate.

T he a d v a n ta g e  o f  h ig h  sa licy la te  doses vs. low er ones is k n o w n  from  
c lin ica l l i te ra tu re . As T ab le  I . shows, venous o x y g en  sa tu ra tio n  d id  n o t  change 
e i th e r  in  th e  f irs t tw o  su b je c ts  tre a te d  w ith  lo w er doses, or in tw o  o th e r  cases 
w h e re  th e  m etabo lic  in c rea se  was less th a n  14 p e r  cen t. K e le m e n  e t a l re p o rte d  
in  1950 th a t  sm all doses o f  sa licy la te  h a rd ly  in h ib ite d  th e  acu te  e x p e rim e n ta l 
in f la m m a to ry  oedem a in  r a t  lim b oedem a te s t .

* W eg r ia  e t a l. (1955) re p o rte d  th a t  th e  d im in ish e d  a rte ria l oxygen  s a tu ra t io n  o f 
p a t ie n ts  w ith  chron ic  e m p h y sem a  increased  d u rin g  t r e a tm e n t  w ith  sa licy la te .
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Later we dem onstrated that a significant increase in m etabolic rate, increased peri­
pheral blood flow  and vasod ila tion  accom pany the anti-in flam m atory effect o f  h igh  salicylate 
doses. Therefore, circulation , m etabolism  and arteriovenous oxygen  difference ex h ib it similar 
changes during acute sa licy late  treatm ent both in hum an subjects and in rats.

SUMMARY

A m etabolic increase o f more than 14 per cent in  the first 4 hours, induced by 6 to 10 g 
sodium  salicylate given orally  to hum an subjects, is accom panied by an approxim ately  20 per 
cent increase of oxygen  saturation  in the blood o f the cubita l vein. A lthough skin tem perature  
rose on ly  i f  the m etabolic increase had surpassed 19 per cen t, the higher o x y g en  content of 
the venous blood m eans th a t a remarkable increase o f  blood flow  had occurred in 16 out of 
the 18 cases.
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I. In troduc tion

In  recen t years i t  has been d em o n stra ted  t h a t  th e  m e lan o cy te -s tim u la tin g  
ho rm one  o f th e  h y p o p h y sis  (M SH, In te rm e d in ) is no t only im p o r ta n t  as th e  
re g u la to r  o f skin p ig m e n ta tio n  in am p h ib ian s, b u t  th a t  it  is also fo rm ed  in 
h igher v e rte b ra tes  an d  m an , th a t  i t  is ex c re ted  in  th e  urine, an d  t h a t  its  ex ­
c re tio n  undergoes m ark ed  changes in certa in  c lin ica l syndrom es (S u l m a n  1956, 
B e e r m a n  1956, D e u t s c h  an d  M e s c o n  1957, L e r n e r  1955). T he q u estio n s 
o f th e  m echanism s lead in g  to  its  secretion  h av e  n o t ye t been so lved , a n d  li ttle  
is know n of th e  physio log ica l significance o f M SH  in m an. A m ark ed  re la tio n ­
sh ip  betw een  th e  fo rm a tio n  an d  excretion  o f M SH an d  certa in  en d o crin o p a th ies  
(A ddisonism , p o s ta d re n a le c to m y  sta tes) a n d  p reg n an cy  shows th e  n eed  for 
d e te rm in in g  MSH in biological m ateria l (u rin e , blood) in endocrino log ica l 
d iagnosis.

M ethods o f d e te rm in in g  MSH all reco rd  changes in the  sk in  o f  a m p h i­
b ians follow ing ap lica tio n  o f th e  horm one a n d  can  be divided in to  tw o  g roups 
accord ing  to  w h e th e r th e y  are based  on d e te rm in a tio n  in  vivo  o r in  vitro. 
M ethods d e te rm in in g  M SH  in  vivo requ ire  u su a lly  m ore com plex a p p a ra tu s  
(re flec to m etry ), a n d  a lth o u g h  som e au th o rs  p re fe r  th em  ( D e u t s c h  et ul. 1957), 
we decided  to  use an  in  vitro  m ethod . W e h a d  tw o  reasons for m a k in g  th is  
choice — we used th e  sk in  of one frog for s im u lta n e o u s  d e te rm in a tio n  o f  MSH 
a c tiv i ty  in e igh t sam p les , we com pared  a s ta n d a rd  an d  unknow n p re p a ra tio n  
in th e  skin of th e  sam e in d iv id u a l a t th e  sam e tim e  (thus exclud ing  in d iv id u a l 
differences), an d , f in a lly , we needed no spec ia l a p p a ra tu s . O ur m e th o d  was 
based  on th e  sam e p rin c ip le  as th a t  of F r i e d e n  et ál. (1948), i.e. on th e  re g is tra ­
tio n  o f  changes in  lig h t passed  th ro u g h  iso la ted  frog  skin a fte r ad d in g  a so lu tio n  
o f  M SH to th e  m ed iu m .
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II . M ethod

E xperim ents were perform ed in October and N ovem ber. Fem ale frogs (R an a  tem pora- 
ria) w ere kep t in aquaterraria w ith  continuously running tap  w ater, the room was continuously  
l ig h te d . The animals weighed 50 — 70 g each. One day  before titration  they were hypophysec- 
to m ize d  under urethane anaesth esia  (0,5 ml 20% u rethane solution per 50 g b od y  w eight, 
a d m in istered  subcutaneously in to  th e  dorsal lym ph sac) b y  th e  buccal route. The bone opening

F ig. 1.

S c h , Sch2

D raw ing o f division o f  sk in  from  the back o f large ind ividuals o f R. tem poraria (Schi) 
and from the back  and thighs o f  sm aller ind ividuals (Sch2)

F ig . 2 . D raw ing o f plates, b e tw een  which the skin sam p les are stretched and th e  adapted  
cu vette  o f  Colem an-Junior spectrophotom eter

w as c lo sed  w ith  bone wax and the m ucous membrane was sutured . The com m encem ent and degree 
o f  lo ss  o f  pigm entation varied considerably, a lthough hypophyseetom y was com plete . We 
carried  o u t the test in all com p lete ly  hypophysectom ized anim als, w ithout paying atten tion  
to  th e  develop m en t or degree o f lo ss o f  pigm entation. The frogs were decapitated and the skin 
w as str ip p ed  from the back and th ighs and im m ed ia te ly  placed in frog-R inger solution . 
T he sk in  was then pinned out o n  filter  paper m oistened w ith  Ringer solution, residua o f sub­
cu ta n e o u s  connective tissue were rem oved and the skin w as divided into eight p ieces m easuring  
1 cm  b y  2 cm , according to the d iagram s in Fig. 1. The p ieces o f skin were im m ediately  placed  
in  te s t - tu b e s , containing 5 ml. o f  R inger solution. T hen th e y  were successively stretched  out 
b e tw e en  tw o polyam ide p lates, jo ined  by brass screw s, w ith  an oval opening in  th e  m iddle 
correspon d ing  to the aperture o f th e  photocell o f a Colem an-Junior spectrophotom eter (F ig . 2). 
W e a lw a y s divided the skin in  th e  sam e w ay, paying no a tten tion  to the localization  o f  dark 
b lo tc h e s , etc . As described below , there was no correlation betw een the localization o f  the skin 
p iece  a n d  the reaction to the dose o f  M SH, but there w as a correlation between the localization
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o f  the skin and initial extin ction . This correlation was due to the thickness o f  th e  sk in rather 
than to pigm entation (the skin on  the lower part o f  the back and on the th igh s is thinner). 
The plates containing the taugh t skin were placed in adapted cuvettes o f the Colem an-Junior 
spectrophotom eter (F ig. 2), containing 18 — 20 ml. o f frog-Ringer solution.

EXT.

Fig. 3. Absorption spectra o f  tw o sam ples o f  isolated  frog skin before adding MSH to the 
m edium  (continuous lines) and after (broken lines). The thick line denotes th e  absorption  
spectrum  o f  the chosen standard. B elow  : increase in extin ction  o f both specim en after adding 

0.025 “ vairon”  un its M SH/m l. x =  w ave-lenght in m /i

A bsorption  spectra o f  frog  sk in

In  p re lim in ary  ex p e rim en ts  we d e te rm in ed  th e  ab so rp tio n  sp e c tru m  of 
th e  iso la ted  p a rts  o f frog sk in . T he resu lts  are  show n in  F ig . 3. W e th e n  p re ­
p a re d  a s ta n d a rd  from  b row n  w axed  p ap er, s tre tc h e d  betw eeen  th e  sam e  p la tes 
as th e  frog skin , w ith  an  a b so rp tio n  sp ec tru m  a p p ro x im a te ly  th e  sam e  as th a t  
o f  sk in . O n add ing  N SH  to  th e  in c u b a tio n  m ed ium , e x tin c tio n  o f  th e  frog 
sk in  increased , th e  m ax im u m  occuring  betw een  525 — 575 m p  an d  6 0 0 —650 m/i. 
(F ig . 3). W e therefo re  m easu red  c o n s ta n tly  a t  625 m p, w hich is a t  th e  sam e
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t im e  th e  w avelength , a t  w h ich  can be th e  e x tin c tio n  o f th e  s ta n d a rd  m ost 
e a s ily  ad ju s ted  to  th e  0 p o in t  o f  th e  scale o f th e  sp e c tro p h o to m e te r . W ith  ev e ry  
m e a su re m e n t we ch eck ed  a d ju s tm e n t o f th e  s e n s it iv ity  o f th e  co lo rim eter 
( a f te r  inserting  th e  s ta n d a r d ,  ex tinc tion  eq u a lled  0) an d  th e n  read  th e  e x tin c ­
t io n  o f  th e  skin sam p le .

M easurement

A fter inserting  th e  p la te s ,  w ith  th e  piece o f  sk in , in  cu v e tte s  co n ta in in g  
R in g e r ’s solution, we m e a s u re d  th e  ex tin c tio n  a t  h a lf-h o u rly  in te rv a ls , u n til  
th e  change was no m ore  t h a n  0.02. This to o k  1 %  t °  2 hou rs. W e th e n  m ade 
u p  th e  con ten ts of th e  c u v e t te s  to  20 ml b y  a d d in g  know n q u a n titie s  of M SH 
in  R in g e r’s so lu tion , so a s  to  o b ta in  a f in a l c o n c e n tra tio n  of 0,0125 — 0.05 
“ v a iro n ”  units M SH /m l. W e used  a lyophilized  p re p a ra tio n  o f M SH (In te r-  
m é d in e  Choay, P a ris ), c o n ta in in g  16.000 “ v a iro n ”  u n its  per am pou le . T he 
a m o u n t  of readily  so lu b le  p o w d er in each am p o u le  is 6 m g, one m g. th ere fo re  
c o n ta in s  2.666 “ v a iro n ”  u n its .

Im m ed ia te ly  a f te r  a d d in g  the  s ta n d a rd  so lu tio n  (or o th e r m a te ria l) , 
we checked  the  e x tin c tio n  o f  th e  sam ple, re g a rd in g  as th e  in itia l va lue . W e 
m e a su re d  ex tinc tion  a t  h a lf -h o u r ly  in te rv a ls , re co rd in g  these  read ings as th e  
c h a n g e  from  in itia l e x t in c t io n , which was ta k e n  as zero. F o r exam ple , if  th e  
in i t ia l  ex tinc tion  w as 0 .2 0 0 , a n d  a fte r h a lf  an  h o u r  0.240 was m easu red , th is  
w as recorded  as 0.040. A f te r  th e  add ition  o f M SH  to  th e  m edium , ex tin c tio n  
o f  th e  sk in  sam ples w as h ig h e r . We expressed th e  degree o f th e  reac tio n  as th e  
m a x im u m  increase in  e x tin c tio n  as com pared  w ith  in itia l e x tin c tio n , an d  
s im u ltan eo u s ly  in te rm s  o f  th e  area enclosed b y  th e  cu rve  of th e  reac tio n  for 
fo u r  h ou rs after th e  a p p lic a t io n  of the  te s t m a te r ia l .  T he area  of th e  reac tio n  
w a s  d e te rm in a ted  b y  d iv id in g  b y  0.02 th e  su m  o f all e x tin c tio n  changes, 
o b ta in e d  a t ha lf-h o u rly  in te rv a ls  for four h o u rs  a f te r  add ing  M SH (eight 
v a lu e s  a ltogether). In  o u r  g rap h ica l record ing  o f  th e  course of th e  reac tio n s , 
1 c m 2 corresponds to  a n  e x tin c tio n  of 0.02 we th e re fo re  express th e  area  of 
th e  reac tio n  in cm 2. E x p re s s io n  of th e  reac tions as an  area  has th e  a d v a n ta g e  
t h a t  we can eva lu a te  b o th  th e  m axim um  ch an g e  in  ex tin c tio n  an d  also th e  
r a te  o f  increase. As seen b e lo w , th is  is im p o rta n t, p a r t ic u la r ly  for d iffe ren tia tin g  
th e  q u a lity  of the e ffec t o f  M SH , V oegtlin’s p o w d er an d  ACTH.

III. R esu lts w ith  th e  stan d ard  p re p a ra tio n  of MSH

T he results of 76 t i t r a t i o n  te s ts , using  d iffe re n t co n cen tra tio n s o f  th e  
s ta n d a r d  MSH p re p a ra tio n  (In te rm éd in e  Choay) a re  g iven in  T ab . I  an d  th e  
a v e ra g e  curves of th e  re a c tio n s  in  Fig. 4. A verage  reac tio n s  to  th e  in d iv id u a l
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Table I

Dose o f M SH/m “ vairon”  units 0.0125 0.025 0.0375 0.05

Num ber o f tests ...................................... 17 25 17 17

m axim al increase of the extinction  . m 0.111 0.216 0.298 0.372
a 0.059 0.072 0.083 0.087
Gm 0.0149 0.0147 0.0207 0.0217

Area o f  the reaction cm 2 ........................ m 27 59 75 112
a 16.6 20.5 19.4 30.5
G m 4.1 4.2 4.8 7.6

m =  arithm etical mean ; a  =  standard deviation; a m =  s. d. o f mean

Fig. 4. A verage curves o f  the reaction to the g iven  concentrations o f MHS in th e  m edium  
x =  tim e in hours; у  =  absolute increase in ex tin ction  o f  the skin as compared w ith  th e  initial

value

doses o f M SH are given in  F ig . 5, to g e th e r  w ith  som e s ta tis tic a l v a lu e s . I n d i­
v id u a l reac tio n s to  th e  vario u s co n cen tra tio n s  o f  MSH can be seen in  F ig . 6. 
The m e th o d  re liab ly  d em o n stra te s  a c o n c e n tra tio n  of 0.0125 “ v a iro n ”  u n its  
per m l of th e  p re p a ra tio n , i. e. 0.0046 jug/m\.
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F ig. 5. A. R elationship betw een the dose of MSH (x  — “ varion” units/m l) and m axim um
extinction increase ( y )

B. R ela tion sh ip  betw een the dose o f MSH (x =  “ v a r io n ” u n its/m l) and the area o f  th e  reac­
tio n  in  cm 2 after 4 hours (y )  circles =  average va lues, a  =  standard deviation , a m =  s. d. o f

mean

IV . Analysis o f th e  m e th o d

I n  o rd er to  be ab le to  use all e igh t sk in  sam ples from  every  co m p le te ly  
h y p o p h y sec to m ized  frog  w ith o u t th e  d an g er o f  d is to r tio n  of th e  re su lts  th ro u g h  
a n y  re la tio n sh ip  betw een  th e  reac tio n  an d  th e  o rig in a l localization o f  th e  sk in , 
i t  w as necessary  to  exc lu d e  th e  possib ility  o f  a n y  such co rre la tio n . R a n k  
c o rre la tio n  coefficients (o) w ere therefo re  c a lc u la te d  (M ay 1957) fo r r e la t io n ­
sh ip s  b e tw een  th e  n u m b e r o f th e  sk in  sam ple  (F ig . 1, Nos. 1 an d  2, 3, an d  
4 , e tc . w ere alw ays re g a rd ed  as one group) a n d  in itia l ex tin c tio n , a n d  for 
re la tio n sh ip s  betw een  th e  n u m b er of th e  sam p le  a n d  th e  reac tion  to  a g iven  
dose  o f  M SH. F in a lly , th e  u su a l co rre la tio n  coeffic ien ts (r) were c a lc u la ted  
fo r re la tio n sh ip s  betw een  in itia l ex tin c tio n  a n d  th e  m agn itude  of th e  re a c tio n , 
e x p re sse d  as th e  m ax im u m  in ex tin c tio n  a n d  th e  area of th e  re a c tio n  cu rv e . 
T h e  re su lts  are given in  T ab le  I I .

T ab le . I I  show s th a t  th e  co rre la tion  b e tw een  th e  num ber o f th e  sk in  
sa m p le  a n d  in itia l e x tin c tio n  m ay  be s ta t is t ic a l ly  sign ifican t, b u t th a t  th e re  
is no  co rre la tio n  b e tw een  in itia l e x tin c tio n  a n d  th e  reaction , w h e th e r  th e  
la t t e r  is expressed  as th e  ex tin c tio n  m ax im u m  (p >  o .05), or as th e  a re a  of
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Table II

Correlation between
Skin sample 

division 
(Fig -1 )

MSH cone, 
“ vairon” 
units/m l

e r n P

Num ber o f skin sample and in itial 
extinction  ...................................

Schj — 0.42 14 > 0 ,1

Sch2 — 0.44 38 > 0 .0 1

In itial extinction and reaction 0.0125 — 0.41 17 > 0 .0 5
(m a x im a ) ........................................ 0.025 — 0.09 23 > 0 .0 5

0.0375 +  0.02 17 > 0 .0 5
0.05 — 0.38 17 > 0 .0 5

In itia l extinction and reaction 0.0125 0.26 17 > 0 .0 5
(area cm 2) ..................................... 0.025 — 0.21 23 > 0 .0 5

0.0375 — 0.21 17 > 0 .0 5
0.05 — 0.38 17 > 0 .0 5

Num ber o f skin sample and reac- 0.0125 +  0.56 14 0.08
tion  (area cm2) .......................... 0.025 — 0.04 14 > 0 .1

0.0375 +  0.28 12 > 0 .1
0.05 +  0.12 11 > 0 .1

Q =  rank correlation coefficient r =  correlation coefficient
n =  number o f  tests p  =  probability

th e  reac tio n  (p ]> 0.05). I t  follows from  th is  th a t  th e  reac tio n  o f  th e  sk in  to  
M SH m u st he expressed  in  ab so lu te  values o f  th e  increase o f th e  e x tin c tio n , 
an d  n o t in  re la tiv e  va lu es  (i. e. n o t th e  increase  o f e x tin c tio n  as a p e rcen tag e  
o f in itia l ex tin c tio n ). F in a lly , th e  ra n k  co rre la tio n  coefficients fo r th e  re la tio n ­
sh ips betw een  th e  n u m b e r o f th e  sk in  sam ple a n d  th e  reac tio n  to  a g iven  dose 
of M SH show  no s ta tis t ic a lly  sign ifican t re la tio n sh ip  betw een  th e  degree of 
th e  reac tio n  and  th e  n u m b e r of th e  skin specim en , o r its  lo ca liza tio n  on th e  
fro g ’s b o d y  : in ev e ry  case p was higher th a n  0.1, an d  ap p ro ach ed  th e  lim its  
of s ta tis t ic a l  s ign ificance, i. e. 0.08, only  w ith  th e  dose of 0.0125 “ v a iro n ” 
un its /m l.

In  concluding th e  above s ta tis tic a l an a ly sis , i t  should  be n o te d  th a t  it 
is possible to  use a n y  sam ple  of sk in , w h a tev e r its  o rig inal loca liza tio n  on th e  
fro g ’s b o d y  (in th e  lim its  o f F ig . 1). W e nev erth e less  alw ays use a d ja c e n t 
sam ples (e. g. 1 an d  1, 3 a n d  4, e tc .) w hen co m p arin g  a s ta n d a rd  a n d  u n k n o w n  
so lu tion .

V. The m elanocyte-expanding activity o f an ACTH-preparation

I t is generally  k n o w n , th a t  A CTH  p re p a ra tio n s  have  a m e lan o cy te -  
s tim u la tin g  a c tiv ity , a n d  i t  has been s ta te d  th a t  th is  effect is a p ro p e r ty  of 
p a r t  o f th e  A CTH  m olecule. We were th e re fo re  in te re s te d  as to  w h a t reac tio n  
th e  C zechoslovak A C T H  p re p a ra tio n , C o rtico tro p h in  SPO FA , w ould  produce
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u n d e r  th e  above e x p e r im e n ta l conditions. W e used  b a tch  No. 110257/5A. 
T h e  re su lt can be seen in  T a b le  I I I .

O n com paring w ith  th e  curve of th e  effect o f lyophilized  M SH (F ig . 5.), 
i t  c a n  be seen th a t  th e  m e la n o c y te  ex pand ing  a c tiv i ty  o f one m illiu n it A CTH  
S P O F A  corresponds a p p ro x im a te ly  to  one “ v a iro n ”  u n it  o f M SH (In te rm éd in e  
C h o ay , Paris).

EXT. MAX.

cm2

F ig . 6. Individual reactions (a b o v e  m axim um  increases o f  extin ction , below areas o f  reactions) 
to  th e  concentrations o f MSH in  m edium  (UV MSH =  “ varion” units/m l). In the first groups, 

marked O, the skin w as incubated in Ringer solution  w ithout adding MSH

VI. The m elanocyte-expanding activity o f  the Voegtlin’s powder

W hen de te rm in in g  M SH  ac tiv ity , som e a u th o rs  used  e x tra c ts  o f  th e  
n eu ro h y p o p h y sis  (or th e  in te rn a tio n a l s ta n d a rd  p re p a ra tio n , V oegtlin ’s pow der) 
as th e  s ta n d a rd . This w as em ployed  by  F r i e d e n  et al. (1948), whose p rincip le  
we used  in e lab o ra tin g  o u r  ow n m ethod . I t  is im p o r ta n t th a t  th ese  au th o rs
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Table III

Dose of ACTH in m illiunits/m l 0.0125 0.025 0.0375 0.05

Num ber o f  tests ...................................... 4 6 5 5

Average reaction (m a x im a )................. 0.105 0.153 0.302 0.312

Average reaction (area cm 2) .............. 29 44 102 106

d id  n o t succeed in  f in d in g  a q u a n tita tiv e  re la tio n sh ip  betw een th e  dose o f  
n eu ro h y p o p h y sea l e x tra c t  a n d  th e  reaction  o f iso la te d  frog’s skin, a n d  w ere 
th e re fo re  obliged to  re so rt to  a m ore co m p lica ted  t i t r a t io n  m ethod  (d e te rm i­
n a tio n  o f th e  increase in  e x tin c tio n  a fte r  ad d in g  th e  te s t  solution to  th e  s t a n ­
d a rd  so lu tion ). In  ou r own ex perim en ts we were u n a b le  to  find  a q u a n t i ta t iv e  
re la tio n sh ip  betw een th e  co n cen tra tio n  of Y o e g tlin ’s pow der e x tra c t in  th e  
m ed ium  an d  th e  degree o f dark en in g  of the  sk in . T h e  resu lt of 21 t i t r a t io n s  
is given in  T ab le  IV .

T ab le  IV  m akes it c lear th a t  V oegtlin ’s p o w d er cannot be used  as a 
s ta n d a rd  in ou r m eth o d  o f t i t r a t in g  MSH a c t iv i ty  in  iso lated  frog’s sk in , as 
th e re  w as no t th e  s lig h te s t co rre la tio n  betw een  th e  dose (concen tration ) a n d  
th e  re a c tio n . A t th e  sam e tim e , how ew er, V o eg tlin ’s pow der possesses a h ig h  
degree o f  MSH a c tiv ity  ; a co n cen tra tio n  of 0.625 m illiun its/m l (co rrespond ing  
to  0.31 /rg/m l) s till p roduced  a s trong  reac tion .

Table IV

Voegtlin U/ml 0.000625 0.00125 0.001875 0.0025 0.00375 0.005

No. o f tests ................ 5 о 3 3 2 2

Average reaction  
(m a x im a ) ................... 0,424 0,265 0,433 0,250 0,285 0,325

Average reaction  
(area cm 2) ................ 151 93 146 97 101 115

T he absence o f a re la tio n sh ip  betw een  th e  dose an d  the  re a c tio n  w as 
no t th e  on ly  ch a rac te ris tic  fe a tu re  of th e  ac tio n  o f  n eu rohypophysea l e x t r a c t  
in  o u r ex p erim en ts . T here  w as also a very  m a rk e d  difference in th e  co u rse  
o f th e  reac tio n , th e  com m encem en t of th e  re a c tio n  being  m uch s teep er th a n  
w ith  M SH. T he ra tio  o f th e  a rea  enclosed b y  th e  cu rv e  o f th e  reac tio n  fo r th e  
f irs t tw o  hours to  th a t  o f th e  second tw o h o u rs  w as 1 : 1.92 for M SH  a n d  
on ly  1 : 1.16 for n eu ro h y p o p h y sea l e x tra c t. A com p ariso n  of the  in d iv id u a l 
values (17 te s ts  w ith  0.05 “ v a iro n ”  un its/m l. fro m  T ab le  I . and  all c o n c e n tra ­
tions o f V oegtlin ’s pow der e x tra c t from  T ab le  IV ) o f  th e  re lationsh ips b e tw e e n

11 A cta Medica X l l / l —2.
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th e  tw o  halves of th e  re a c tio n  is given in  F ig . 7. The ch a rac ter o f  th e  reac tio n  
to  w ho le  p itu ita ry  e x tr a c t  (ra ts) was th e  sam e  as th a t  of th e  re a c tio n  to  Voegt- 
l in ’s pow der. We cou ld  n o t, there fo re  d e te rm in e  th e  M S H -ac tiv ity  in  whole 
p i tu i t a r y  glands of ra ts .

F ig . 7. Individual values o f  th e  ratio “ area o f  th e  reaction  for the first two h ou rs” : “ area of 
th e  reaction for the second two hours”

V II. Application o f th e  method for estim ation of MSH-activity in  fresh 
hu m an  serum and the results o f titration in  serum from pregnant women

M ost clinical s tu d ie s  dealing  w ith  p a th o lo g ica l p ig m en ta tio n , e tc . have 
d e sc r ib e d  th e  d e te rm in a tio n  of MSH in  u r in e  e x tra c ts . S u l m a n  (1956) exam ined  
th e  M SH  con ten t in  th e  b lood of a co n sid e rab le  num ber of p a tie n ts , b u t  also 
u se d  th e  e x trac tio n  m e th o d . The id ea l m e th o d  for th e  serial in v es tig a tio n  
o f  M S H -ac tiv ity  in  h u m a n  blood w ould  be to  w ork w ith  fresh  se ru m . The 
m e th o d  described above  is su ffic ien tly  se n s itiv e  for th is purpose .

W e used th e  fo llow ing  procedure  fo r  e s tim a tin g  M S H -ac tiv ity  in  fresh 
h u m a n  serum . W e p re p a re d  18 m l R in g e r’s so lu tion  in a c u v e tte  w ith  the  
sk in  sam ple, and  a f te r  e x tin c tio n  h ad  s ta b iliz e d  we added  2 m l fre sh  hum an  
se ru m , m ixed w ith  th e  m ed ium  and  im m e d ia te ly  read  th e  in it ia l  e x tin c tio n . 
T h e n  we proceeded as w ith  the  s ta n d a rd  p re p a ra tio n . We u su a lly  a d d e d  the  
s e ru m  w ith in  15 m in u te s  o f collecting th e  b lood , b u t found th a t  b lo o d  from  
p re g n a n t  wom en p ro d u c e d  a reac tio n  a f te r  a n  even longer period  (1 — 2 hours).
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W e e v a lu a ted  the  reac tio n  in  th e  usual w ay , i. e. b y  th e  e x tin c tio n  m ax im u m  
a n d  b y  th e  area  of th e  re a c tio n  curve. A sim ple com parison  w ith  th e  curve 
o f th e  effect o f M SH show s how  m an y  M SH u n its  are  rep re sen ted  b y  th e  
M S H -ac tiv ity  of th e  g iven  b lood  specim en. Sera from  n o rm al su b je c ts  or from  
p a tie n ts  convalescing from  m ild  b ronchopneum on ia  gave no re a c tio n  in  these  
ex p erim en ts  (ex tinc tion  o f  th e  sk in  sam ple d id  n o t change, o r v a rie d  only  
in  th e  lim its  o f i  0.02). T h e  resu lts  of 16 t i t ra t io n s  o f se ru m  M S H -ac tiv ity  
in  p re g n a n t wom en are  i l lu s tra te d  in  Fig. 8. T his show s th a t  th e  level o f MSH- 
a c tiv i ty  in  th e  serum  o f p re g n a n t w om en is q u ite  h ig h ; in  o u r cases i t  a m o u n t-

U V /m l
аь- 

аз- 

аг- 

ai- 

о-
Fig. 8. M SH -activity in fresh serum  from pregnant wom en, expressed in “ vairon” units/m l 

(UV/ml). The roman figures in the circles denote the m onth o f  pregnancy ; asterisks denote  
that blood wras co llected  during labour or im m ediately after delivery

ed  in  th e  te n th  m o n th  o f  th e  g rav id ity  to  0.1 — 0.25 “ v a iro n ”  u n its /m l. The 
d e te rm in a tio n  of M S H -ac tiv ity  in p regnancy  serum  was in te n d e d  on ly  for 
v e rifica tio n  of w hether o u r m e th o d  was su ffic ien tly  sensitive  to  d e m o n s tra te  
M S H -ac tiv ity  in fresh  se ru m . W e h ad  no in te n tio n  o f an a ly s in g  th e  re la tio n ­
sh ip  b e tw een  M S H -ac tiv ity  a n d  th e  m o n th  o f  p reg n an cy . T he c h a ra c te r  o f th e  
re a c tio n  was th e  sam e as a f te r  ad d in g  M SH , th e  ra tio  o f th e  f irs t  h a lf  o f th e  
re a c tio n  to  th e  second h a lf  be ing  : 2.08 (F ig . 7).

VIII. Discussion

T he m ethod  described  in  p resen t p ap e r is ch a rac te rised  b y  a h ig h  degree 
o f se n s itiv ity . I t  d e m o n s tra te s  a co n cen tra tio n  o f on ly  0.0125 “ v a iro n ”  u n its  
m l o f  M SH (In te rm éd in e  C hoay), i. e. 0.0046 /tg/m l of th is  lyoph ilized  p re p a ­
ra tio n , or 0.0125 m illiu n its /m l o f A C T H -SPO FA , i. e. 0.0125 /tg /m l o f th e  
p re p a ra tio n  used. In  t i t r a t in g  M S H -ac tiv ity  b y  F r i e d e n s  (1948) m e th o d , 
D e u t s c h  eta l. (1956) fo u n d  se n s itiv ity  to  o n ly  0.125 fig  A C T H /m l, th e  a c tiv ity  
being  1.56 IU /m g, so t h a t  req u ired  a m o u n t co rresponds to  a b o u t 0.2 milli-

11*
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u n its /m l. This am o u n t is 16 tim e s  m ore th a n  in  o u r m e th o d , n o t ta k in g , howe- 
w er, in to  account th e  fa c t  t h a t  d ifferent p re p a ra tio n s  w ere used  an d  th a t  
th e re  m igh t th erefo re  h a v e  been  an  u n e q u a l re la tio n sh ip  betw een  A CTH  
a n d  M SH  ac tiv ity .

I t  is d ifficult to  co m p a re  th e  sensitiv ities  o f th e  in  vivo  an d  in  vitro 
m e th o d s . D e u t s c h  et al. (1956) found  th a t  th e ir  in  vivo  m e th o d  (w hich th e y  
re g a rd  as more sensitive  t h a n  th e  t i tra t io n  in  v itro)  is sensitive  to  a m in im al 
a m o u n t  of 0.064 /ug o f  a n  A C T H  p re p a ra tio n , c o n ta in in g  1.56 IU /m g, so 
t h a t  0.064 mg co rresponds to  0.0998 m illiun its  o f  A C T H , i. e. ap p ro x im a tiv e ly
0.1  m illiu n it. The g iven  a m o u n t in  D e u t s c h ’s m eth o d  is ad m in is te red  to  th e  
liv in g  frog  in 0.1 m l so lu tio n .

T h e  causes of th e se  d ifferences in  s e n s itiv ity  are  p ro b a b ly  due to  th e  
d if fe re n t species of frogs ( F r i e d e n  used R a n a  p ip iens w hile we used  R an a  
te m p o ra r ia ) , and  to  th e  f a c t  t h a t  we w orked w ith  h y p o p h y sec to m ized  an im als 
(in  w h ich , according to  C o llip ’s princip le, g re a te r  se n s it iv ity  m ay  be expected) 
a n d  f in a lly , in our o p in io n , to  th e  fac t th a t  we d id  no t d e te rm in e  ex tin c tio n  
c h a n g e s  e ith er g lobally , th ro u g h  th e  whole sp e c tru m , b y  a d en sito m ete r, like 
D e u t s c h  et al. (1956), o r o n ly  using a f iltre , like F r i e d e n  et al. (1948), b u t 
we m easu red  the  re a c tio n  a t  i ts  spectra l m a x im u m , i. e. a t 625 m /и.

A fu rth e r  c h a ra c te r is tic  fea tu re  of o u r m e th o d  is th e  d iffe ren tia tio n  
b e tw e e n  th e  effect o f ly o p h ilized  MSH (In te rm é d in e , Choay) an d  th a t  of 
V o e g tlin ’s dried n e u ro h y p o p h y se a l pow der. Tw o ex trem e  ty p es  o f reaction  
c a n  be d istingu ished  — a re a c tio n  w ith a slow  o n se t, w hich is ch a rac te ris tic  
o f  M S H , and  a reac tio n  w ith  a ra p id  onset, c h a ra c te r is tic  o f V oeg tlin ’s pow der. 
In  th e  la t te r  ty p e  of re a c tio n , w hich is also c h a ra c te r is tic  o f w hole r a t  p itu ita ry  
e x t r a c t ,  we found no q u a n t i ta t iv e  re la tionsh ip  be tw een  th e  dose an d  th e  reac ­
t io n ,  w hereas w ith  a slow ly  developing re a c tio n  a re la tio n sh ip  was c learly  
e v id e n t .  As m en tioned  a b o v e , th e  ap p lica tion  o f  fresh  p re g n a n t se rum  p ro d u c ­
e d  a reac tio n  w ith  slow  o n se t (characte ristic  o f  M SH ), a lth o u g h  th e  ra tio  
o f  th e  f irs t to  th e  second h a l f  v aried  co nsiderab ly  (F ig . 7). T he A C TH  p re p a ­
r a t io n  used  (C ortico troph in  S P O F A ) p roduced  re a c tio n  w ith  an  average  ra tio  
o f  1 : 1.34 (average from  a ll te s ts  in  Table I I I ) ,  i. e. be tw een  th e  values for 
M SH  a n d  V oegtlin’s p o w d er. T here was, how ew er, a c learly  ev id en t q u a n t i ­
t a t iv e  re la tionsh ip  b e tw een  th e  dose and  th e  re a c tio n . I t  shou ld  be no ted  
t h a t  th e  p rep ara tio n  in  q u e s tio n  possesses m a rk e d  vasopressin  a c tiv ity .

W e can give no o p in io n  on th e  cause o f  th e  d ifferences be tw een  th e  
co u rse  o f th e  reac tio n  to  M SH  an d  V oegtlin ’s pow der ; we can  on ly  d raw  
a t te n t io n  to  the  co m m u n ica tio n  o f S u l m a n  an d  E v i a t o r  (1956), d em o n stra tin g  
th e  ex istence  of tw o M S H , w hich can be s e p a ra te d  ch ro m ato g rap h ica lly . 
O n e  o f  these  was iso la te d  fro m  th e  ad en o h y p o p h y sis  a n d  its  fo rm atio n  is 
b lo ck ed  b y  corticoids, th e  o th e r  was iso la ted  fro m  th e  n eu ro h y p o p h y sis  an d  
th e  in te rm ed ia te  lobe a n d  i ts  fo rm atio n  is n o t d ep en d en t on cortico ids.
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SUM M ARY

1. Fem ale frogs (R . tem poraria) were hypophysectom ized under urethane anaesthesia  
and n ex t day the skin o f their back and thighs was used in  the titration  o f MSH (M SH -activ ity) 
by a photom etric m ethod in  vitro. Absolute increase o f  the ex tin ction  o f the skin after adding  
MSH to the incubation m edium  was then registered at 625 m/r. on a Coleman Junior sp ectro ­
photom eter. E xperim ents were perform ed in October and N ovem ber.

2. A correlation was found betw een the original localization  of the skin and its  in ita l 
extin ction , but this was due to the thickness o f the skin rather than to its p igm entation . There 
was no statistica lly  significant correlation betw een in itia l extin ction  and the reaction  to the  
given  dose o f MSH, and hence no correlation betw een the original localization o f the sk in and 
its  sensitiv ity .

3. The m ethod is sensitive for as little  as 0.0125 “ vairon” units M SH /m l., using the 
preparation Interm édine Choay (i. e. 0.0046 /tg /m l.), o f  for 0.0125 m illiunits A C T H /m l., using  
the preparation Corticotrophin SPO FA  (i. e. 0.0125 ^ g /m l).

4. The m ethod reliably dem onstrates MSH a c tiv ity  in  fresh serum from  pregnant 
wom en, diluted w ith  Ringers solution in  the proportion o f  18 m l, Ringer solution : 2 m l serum . 
Using th is m ethod, a concentration o f 0 .1 —0.25, “ vairon”  units/m l. serum was found during 
the ten th  m onth of pregnancy or during labour.

5. U sing a standard neurohypophyseal preparation (V oegtlin’s powder), no relationsh ip  
was found betw een the dose o f extract and the reaction . The character of the reaction  to a 
V oegtlin’s powder extract (a rapid onset o f the reaction ) differed from the character o f  the  
reaction to MSH, to serum  from pregnant wom en and partia lly  to ACTH.
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THE USE OF ELASTASE IN THE TREATMENT 
OF CHRONIC SUPPURATIVE PULMONARY DISEASES

By

K . K ovács and D . B a g d y

D EPA R T M E N T O F TU B ER C U LO SIS,4th D ISTRICT HOSPITA L, AND BIO CHEM ICA L D EPA RTM EN T, PHARM ACO- 
IN D U STR IA L RESEARCH IN ST IT U T E , B U D A PEST

(R eceived March 28, 1958)

In  th e  tre a tm e n t o f ch ron ic  su p p u ra tiv e  p u lm o n a ry  co n d itio n s i t  is 
com m on p ra c tic e  to  su b jec t th e  a sp ira te d  b ro n c h ia l c o n ten ts  to b ac te rio lo g ica l 
a n d  se n s itiv ity  te s ts  an d  th e n  to  prescribe a n tib io tic  th e ra p y  on g ro u n d s  o f 
th e  s e n s itiv ity  th u s  d e te rm in ed . In  I his w ay  som e o f th e  chronic p u lm o n a ry  
d iseases (abscess, chronic p n eu m o n ia , b ro n c h ie c ta s is , e tc .) can  be c u re d  or 
ren d e red  sym ptom -free  [1, 2]. H ow ever, th e  re sponse  to  a n tib io tic  th e ra p y  
is n o t in v a ria b ly  fav o u rab le , because th e  necrosed  p u lm o n a ry  tissu e , 
ev en  if  it h a s  become s te rile , m ay  m a in ta in  a sep tic  su p p u ra tio n  in  th e  
b ronch i.

In  o rd e r to  liqu ify  th e  pus an d  to  p ro m o te  the  e jection  o f  necrosed  
tissu e , sev e ra l au tho rs a d m in is te r  in tra b ro n c h ia lly  p y o ly tic  enzym es a fte r  
b ronchoscop ic  suction . T h e  f ir s t  ex p erim en ts  a lo n g  these  lines w ere m ad e  
w ith  s tre p to k in a se -s tre p to d o rn ase , ad m in is te red  in tra b ro n c h ia lly  th ro u g h  th e  
b ronchoscope for the  tr e a tm e n t  of a te lec tas is  a n d  chronic p n e u m o n ia  by 
K o fm an  et. al. [3], M u e n s t e r  et al. [4], a n d  for th e  tre a tm e n t o f  b ro n c h i­
ec tasis b y  K ovács and  D é v é n y i  [5]. B e th g e  a n d  H erzer  [6] p resc rib ed  
in h a la tio n  o f  s tre p to k in a se -s tre p to d o rn ase  in  cases of p u lm o n a ry  abscess, 
a n d  a sp ira te d  th e  liq u ified  d ischarge b y  b ro n ch o sco p y . Since th e  use of 
s tre p to k in a se -s tre p to d o rn ase  gave rise to  to x ic  side effects an d  h ig h  fever, , 
p reference h as  been given to  try p s in . P e c k  a n d  L e v in  [7], as w ell as S t e ig - 
m a n  a n d  S cott [8], t r e a te d  a te lec tasis  in  p o liom yelitic  in fan ts  b y  th e  in tra -  
b ro n ch ia l ad m in is tra tio n  o f  try p s in . Cr a v e n  [9] h a s  reco m m en d ed  th e  use 
o f  try p s in  sp ray . T ry p sin  aerosol has been  a d v o c a te d  b y  G e r r it s  an d  
M u n ting ite  [10] in  a s th m a , b y  R o bel  [11] in  a s th m a , b ro n ch iec tas is  an d  
chronic p u lm o n ary  tu b ercu lo sis . B e r g sm a n n  a n d  K a r l h u b e r  [12] o b ta in e d  
good re su lts  b y  in tra b ro n c h ia l tiy p s in  tr e a tm e n t  in  cases o f a te le c ta s is  an d  
ex ten s iv e  tubercu losis.

W e, to o , achieved fav o u rab le  re su lts  w ith  try p s in  in  th e  tr e a tm e n t  
o f  su p p u ra tiv e  conditions o f  th e  lung an d  p leu ra  [13]. Two k inds o f p re p a ra tio n  
w ere u sed , th e  c ry sta lline , d ia ly sed  an d  lyoph ilized  try p s in  of N ovo In d u s tr i  
A/S, K 0 b en h av n , and  th e  am orphous p ro d u c t o f  M erck, Inc . T h e  la t te r

l  A ct« Medic« X II /3 —4.
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p ro d u c t  contains a b o u t 80 p er cent of la c to se  to  ensure b e tte r  so lu b ility . O f 
th i s  am orphous try p s in  we gave ab o u t th e  sam e effective dose as o f th e  
c ry s ta llin e  one, i. e. 50 m g  of th e  c ry s ta llin e , or 250 m g o f th e  am o rp h o u s 
p re p a ra tio n  were a d m in is te re d  a t b ronchoscopy  in to  th e  orifice o f  th e  a p p ro ­
p r ia te  segm ental b ro n c h u s . As a resu lt, th e  p u s  was liqu ified  a n d  cou ld  be 
a sp ira te d , in f la m m a tio n  becam e c ircum scribed  an d  in  m ost cases reco v ery  
e n su e d , so th a t  th e re  w as no  need for lu n g  re sec tio n . E ven  if  th e  p a tie n t  h a d  
to  b e  operated  u p o n , fa v o u ra b le  conditions w ere ensu red  fo r su rg e ry . In  cases 
o f  em pyem a th e  a d m in is tr a t io n  of try p s in  th ro u g h  th e  p u n c tu r in g  ca n n u la  
p ro d u c e d  excellent th e ra p e u t ic  resu lts.

C rystalline tr y p s in  h a v in g  a t  f irs t n o t b een  av ailab le , th e  ex p e rim en ts  
w e re  s ta r te d  w ith  a m o rp h o u s  try psin . L a te r , we used  th e  c ry s ta llin e  p re p a ra ­
t io n .  The two p re p a ra t io n s  were found to  d iffe r in ac tion . T he response  to  
am o rp h o u s  try p s in  w as p ro tra c te d  an d  e x p e c to ra tio n  was m ore  am ple . 48 
h o u rs  a fte r a d m in is tra tio n  th e  enzym e h ad  to  be a sp ira te d  from  th e  b ro n ch u s , 
b e c a u se  th e  m ucosa b e c a m e  hyperaem ic ; som e m inor h ae m o rrh a g es  also  
o ccu rred .

A com parison o f  t h e  tw o  preparations su g g ested  th a t am orp h ou s try p sin  
m a y  contain  som e a g e n t  w h ich  is riot p resen t in  the cr y sta llin e  on e. T h is  
a ssu m p tio n  has led  to  th e  u se  o f  e la sta se , th e  en zym e d iscovered  b y  B aló  
a n d  B anga  [14].

As it is knotvn, e la s ta s e  p repared  fro m  th e  pancreas sp lits  e la s tin , th e  
sp e c ia l protein  of e la s tic  f ib re s . In  recen t y ea rs  th e  chem ical a n d  bio logical 
p ro p e rtie s  of th e  new  en zy m e  have been s tu d ie d  ex ten siv e ly  b o th  in  th is  
c o u n try  and ab road . H a l l  et al. [15] in v e s tig a te d  in to  th e  fav o u ra b le  p re p a ra ­
t io n  o f the enzym e. P a r t r id g e  et al. [16] s tu d ie d  in  d e ta il th e  b io ch em is try  
o f  th e  enzym e a n d  i ts  s u b s tra te . La n s in g  [17] rep o rted  t h a t  b y  feed ing  
e la s ta s e  to  rab b its  he  su cceed ed  in  p rev en tin g  th e  developm ent o f  cholestero l 
a therosc le rosis  an d  o f th e  f a t t y  degenera tion  o f  th e  liver. B aló a n d  B a n g a  [18] 
w e re  th e  first to  p o in t o u t  th e  co rre la tion  b e tw een  th e  e la s ta se  co n ten t o f 
th e  h u m a n  pancreas a n d  th e  developm ent o f a rteriosc lerosis . W hereas in 
n o rm a l young m en a n d  advdts the  e la sta se  c o n te n t of the  p an c reas  v aries , 
w ith in  a w ell-defined ra n g e , in  in d iv idua ls w ith  arteriosclerosis i t  is v e ry  low. 
on th e  average 5 to  6 p e r  cen t of the p h ysio log ica l level.

One of the  m a in  p ro b le m s in  e lastase  re se a rc h  was to develop  a m et hod 
fa c il i ta t in g  the eco n o m ica l p ro duc tion  of la rg e  q u a n titie s  o f  th e  enzym e in 
ch e m ic a lly  pure and  p o ss ib ly  hom ogeneous fo rm . B a n g a , in 1952 [18], su cceed ­
ed  in  ob tain ing  a c ry s ta ll in e  enzym e p re p a ra tio n , b u t th is  d id  no t m eet 
th e  above req u irem en ts . O w ing to  th e  f a c t  t h a t  th e re  was a d em an d  for 
e la s ta s e  in  various f ie ld s  o f  th e rap y , th e  re sea rch  lab o ra to rie s  o f severa l 
p h a rm a c e u tic a l w orks h a v e  been  in v es tig a tin g  th e  iso la tion  o f e la s ta se . In  
H u n g a ry  B agdy  an d  B a n g a  [20] developed a sim ple a d so rp tio n  m e th o d  by
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w hich a h ig h ly -ac tive  (30 to  100 e lasta se  u n its /m g )*  enzym e p re p a ra tio n  
w as o b ta in ed  from  d ry  p a n c reas  pow der. As fa r  as its  specific e la s to ly tic  
a c tiv ity  is concerned, th is  p re p a ra tio n  is a t  le a s t eq u iv a len t to  th e  one m ade 
b y  L ig h t & Co., G rea t B r ita in . T he lyoph ilized , s lig h tly  yellow ish  dried  
e la s ta se  co n ta in s very  l i t t le  s a lt an d  its  m o is tu re  c o n te n t is below  0,5 p e r cen t.

A ccording to  th e  p re se n t view , e la s ta se  is a special p ro teo ly tic  enzvm e, 
w ith  e la s tin , th e  p ro te in  o f e lastic  fib res, as its  specific su b s tra te . E la s ta se  
is cap ab le  of dissolving n o t o n ly  e lastin , b u t  also a series of o th e r p ro te in s . F o r 
exam ple , it  d igests h aem og lob in  d e n a tu ra te d  h v  u re a , serum  a lb u m in , casein 
an d  also ce rta in  sy n th e tic  su b s tra te s . T ry p sin  also sp lits  these  s u b s tra te s , 
h u t  is u n ab le  to  lyse e la s tin . In  com p ara tiv e  s tu d ies  w ith h aem og lob in  as the 
s u b s tra te , P a r t r i d g e  arid  D a v i s  [21] found  th a t  e las tase  w as a b o u t tw ice 
as ac tiv e  as crysta lline  try p s in . This find ing , w hich  has been co n firm ed  from  
o th e r sides, is not on ly  o f  th eo re tica l s ign ificance , b u t  calls a t te n t io n  also 
to  th e  c ircum stance  th a t  elastr.se  m ay  successfu lly  rep lace try p s in  in  th e ra p y . 
L ike try p s in , e lastase  c a n  best sp lit d e n a tu ra te d  p ro te in  (necrosed  tissue), 
its  a c tiv ity  on live tissue  being  in h ib ited  by  th e  e la sta se  in h ib ito r  ( B a l ó  and 
B a n g a , [22]).

T here  being no d a ta  av a ilab le  as to  th e  clin ica l use of e la s tr s e , wre ca r­
ried ou t an im al ex p e rim en ts  to  d e te rm in e  th e  e v e n tu a l to x ic ity . T h ro u g h  
the  bronchoscope, 10, 20, 50, 100, 200, th e n  500 m g of e las tase  (33 e lastase  
u n its /m g ) in  5 ml of M /15 N a 2H P 0 4- 2 H 20  w ere ad m in is te red  in to  th e  rig h t 
m a in  b ronenus of ra b b its , u n d e r ch lo re th y l an a e s th e s ia . No u n to w a rd  effect 
wras n o ted , the ra b b its  re m a in e d  ac tive , fed well and  n e ith e r  X -ra y s , nor 
re p e a te d  b ronchoscopy rev ea led  an y  p a th o lo g ica l change. I t  h a s  been  con­
cluded  th a t  when app lied  locally  in th e  b ro n ch ia l sy stem , e la s ta se  is not 
noxious to  live, no rm al tissu e  an d  m ay  be used  w ith o u t risk  also  in  m an . 
W e h av e  in fact used th e  enzym e in 13 h u m a n  su b jec ts .

P rocedure

A fte r clinical an d  X -ra y  ex am in a tio n , b ronchoscopy  w as p e rfo rm ed . 
T he d isch arg e  in th e  b ro n c h u s  o f th e  lobe or segm en t co rresp o n d in g  to  the  
s ite  o f th e  lesion was a sp ira te d , exam ined  b ac te rio log ically  and  th e  se n s itiv ity  
to  an tib io tic s  of th e  iso la te d  agen t was e s tab lish ed . The a n tib io tic  found 
effective in  vitro was th e n  p rescribed . A fter 1 to  2 weeks of a n tib io tic  t r e a t ­
m e n t, X -ra y  ex am in a tio n  a n d  bronchoscopy w ere rep ea ted  to  fin d  o u t w h e th e r 
th e  b ro n ch u s h ad  becom e sterile  and  w h e th e r th e  shadow s show ed a n y  sign of 
becom ing  less in tense o r sm alle r in size.

* One elastase unit 1 E .U . the quantity o f enzym e which is capable o f dissolving  
1 in«; o f  elastin  in 30 m inutes, under the given experim ental conditions.

1*
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In  th e  absence o f  su b s ta n tia ]  im p ro v em en t an d  also w hen  b ronch ia l 
su p p u ra tio n  (even if  s te r ile )  persisted , 100 m g o f e la s ta se  (33 e la s ta se  u n its /m g l 
w ere  in jec ted  in to  th e  a ffe c te d  lobe or b ro n ch u s . T he e lastase  w as p rep a red  
a n d  assay ed  a t th e  P h a rm a c o in d u s tr ia l  R esearch  In s t i tu te .  The t ry p t ic  a c tiv ity  
o f  th e  elastase  p re p a ra t io n  used  was 16 A nson  u n its  pro g. T re a tm e n t was 
r e p e a te d  tw ice a w eek. T h e  n u m b er of tr e a tm e n ts  v aried  betw een  3 an d  10.

P a tien ts

a )  E lastase  w as a d m in is te re d  in  8 cases o f  p u lm o n a ry  abscess, in  w hich 
b ro n ch o sco p y  h a d  re v e a le d  p u ru le n t b ro n c h o rrh o e a . The abscesses were 
in v a r ia b ly  su rro u n d ed  b y  in f il tra te d  tissu e , th e ir  shape  was c h a ra c te ris tic  
a n d  th e y  con tained  f lu id .

O f th e  p a tie n ts , 6 h a d  an  abscess in  one lobe an d  2 h ad  abscesses in  
tw o  lobes.

Tw o of th e  6 p a t ie n ts  w ith  abscesses loca lized  to  one lobe h a d  also  K o c h ­
p o s itiv e  p u lm o n ary  tu b e rc u lo s is .

P u lm o n a ry  abscesses a re  know n to  h a v e  a ten d en cy  to  sp o n ta n e o u s  
h e a lin g . In  th e  p re -a n tib io tic , or p re -ch em o th erap eu tica l l i te ra tu re  th e  inc i­
d e n c e  o f spon taneous h e a lin g  h a d  been e s tim a te d  to  2 to  40 per cen t. A ccording 
to  S p e c t o r  [23], p o s tu ra l d ra in a g e  resulted  in  a cu re  in 58 p er cen t o f so lita ry  
ab scesses  ; p a tien ts  w ith  m u ltip le  abscesses, h o w ev er, died  w ith o u t ex cep tion . 
S im ila r  d a ta  h a t e been r e p o r te d  b y  S c o t t - Р ш с н ш  an d  M o r l o c h  [24]. A cco rd ­
in g  to  S t o i c h i t z a  [25], m e d ic a l tre a tm e n t is e ffec tiv e  in  all th e  cases t h a t  h av e  
a te n d e n c y  to  sp o n ta n e o u s  h ea lin g . Since th e  a d v e n t of an tib io tic s  th e  o v e r­
w h e lm in g  m ajo rity  o f th e  p a tie n ts  w ith  p u lm o n a ry  abscess w ere cu red  by 
a d e q u a te  th e rap y  a n d  o id v  a sm all p ercen tage  h a d  to  be o p e ra ted  u p o n . — 
I n  o u r  cases we re so rte d  to  endobronch ia l e la s ta se  tre a tm e n t o n ly  a fte r  
a n tib io tic  th e rap y  h a d  re n d e re d  the  b ro n ch ia l sy s tem  sterile , bu t p us fo r­
m a tio n  h a d  failed to  s to p  ev e n  a fte r re p e a te d  b ronchoscopie  su c tio n . T h u s, 
w e em ployed  e lastase  t r e a tm e n t  before or in s te a d  o f su rgery , in  cases of 
c h ro n ic  sterile  abscess.

T ech n iq u e  of e lastase tre a tm e n t

B ronchoscopy is p e rfo rm e d  and  suc tion  is ap p lied  to  the  orifice  o f th e  
lo b a r  or segm ental b ro n c h u s  corresponding  to  th e  site  of lesion. A fte r th e  
s u c tio n , 100 mg of e la s ta se  (33 E . U ./m g) d isso lved  in  5 m l of 1/15 M disod ium  
h y d ro p h o sp h a te  is in je c te d  in to  th e  orifice.

T h e  la t te r  so lu tion  is p re p a re d  by  d isso lv ing  11,876 g of N a2H P 0 4 • 2 H aO 
in  1000 m l d istilled  w a te r  a n d  is th en  ste rilized . T h e  p H  is 8,3.



Table I

No. In itials, age Localization

Bacteriology 
o f bronchial dis­

charge,
a t  f irs t bronchoscopy i

In te rval between i 
onset of ly mp- 
toniM and onset 

of elaetaRe 
trea tm en t

D uration of an ti­
biotic and  chemo­
therapeutic tre a t­
m en t before elaeta- 
ec adm in istra tion

N um ber and dura­
tion o f elaetasc 

trea tm en ts
Therapeutic re su lt

1 . V. S. 52 yrs. R ight superior lobe Sterile 2 months
4 weeks (penicil­

lin , terram ycin, 
sulphat hiazolc)

5 weeks 
10 treatm ens

Complete clin ical and  
radiological recovery

I
2 - K. G y., 38 yrs. R ight superior lobe Sterile 6 weeks

4 weeks (pen icil­
lin , sulpha- 
thiazole)

1 week  
2 treatm ents

Complete c lin ica l and  
radiological recovery

5 m onths (penicil-

3. K. J ., 32 yrs. A pex o f left inferior 
lobe

H aem olytic
streptococcus 6 months

lin , streptom ycin, 
terram ycin , 
chloram pheni­
col)

4 weeks 
7 treatm ents

Complete c lin ica l and 
radiological recovery

14 m onths (penicil-

4. V. J „  35 yrs.
L eft superior lobe 

and apex of in­
ferior lobe

B. protcus 14 months

lin , strep tom y­
cin , terram ycin, 
aureom ycin, 
chloram phenicol, 
su lphathiazole, 
w ith  in ter­
ruptions)

6 weeks 
10 treatm ents

Clinically recovered, 
purulent bronchorrhoea  
ceased. T om ography  
reveals bund les, scars 
in place of th e  ca v itie s

5. Cs. K., 50 yrs. A pex o f left inferior 
lobe

Sterile 2 months
6 w eeks (pen icil­

lin , strep to ­
m ycin)

2 weeks
3 treatm ents

Sym ptom -free, n o  puru­
lent bronchorrhoe. X - 
ray : th in-w alled cavity  
reduced to h a lf th e  orig­
inal size

6. Gy. J ., 58 yrs.
Tuberculous ab­

scess o f apex rig lit 
inferior lobe

P neum ococcus, 
M. tuberculosis

3 months
1 weeks (penicil­

lin , strep to­
m ycin , I IN 11)

5 weeks
6 treatm ents

No com plaints, bronchor­
rhoea ceased. T om o­
graphy shows c a v ity  to 
have shrunk

7. S. J ., 52 yrs.

Abscess of apex of 
right inferior 
lobe -j- fibrous 
tuberculosis of 
both superior 
lobes

Ps. pyocyanea -f- 
M. tuberculosis

ТВ since 
4 years. 

Sym ptom s 
of abscess 
6 weeks

2 years IN  II 
5 weeks strepto­
m ycin

2 weeks terra­
m ycin

6 weeks 
5 treatm ents

Scars, bundles in  th e  place 
of the abscess. No pus 
in sputum . Т В  un­
changed

8 . 1). J ., 54 yrs.
1 M ultiple abscesses 

in  both lobes of 
left lung

Ps. pyocyanea  
anaerobic strep­
tococcus -f- Can­
dida albicans

18 months

18 m onths 
(penicillin , 
streptom ycin, 
terram ycin, 
chloram phenicol, 
w ith  inter­
ruptions)

3 m onths 
18 treatm ents

Foetid, purulent bronchor­
rhoea ceased com pletely . 
No com plaints. Gained  
11 K g. X -ra y s, no 
change in size o f  cav ities, 
but they co n ta in  no 
fluid
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T h e d ilu te d  b ro n ch ia l d ischarge is su b se q u e n tly  ex p ec to ra ted  b y  th e  
p a tie n t a n d  b ronchoscopy  is requ ired  o n ly  w h e n  sp u tu m  is very  cop io u s o r 
in th e  ra re  in s tan ce  w hen fever appears. T h e  f i r s t  tre a tm e n t should be c a rr ie d  
ou t th ro u g h  th e  b ronchoscope, w hereas s u b s e q u e n t tre a tm e n ts  m a y  be  m a d e  
w ith  a soft ru b b e r  c a th e te r , u n d er X -ra y  c o n tro l.

Results of treatm ent

C om plete  clinical a n d  radiological re c o v e ry , n o rm al b ronch ial p a t te r n ,  
3 cases. C av ity  d isa p p e a re d  an d  X -ray  re v e a le d  in  its  place fa sc ic id a te  sp o ts  
of co n d en sa tio n . T he b ro n ch u s  is free fro n t d isch a rg e . H ealing (by  f ib ro s is ) , 
2 cases. T o m o g rap h y  rev ea led  th e  p resence  o f  a sh ru n k  cav ity  ; th e  p a t ie n t  
has no  co m p la in ts , b ronchoscopy  show s n o rm a l conditions, 2 cases. T h e  
c a v ity  d id  n o t change in  size, contains no  f lu id , i ts  env ironm ent is a te le c ta t ic ,  
b ro n choscopy  show s no p u ru len t b ro n c h o rrh o e a , th e  p a tie n t p u t  on 11 kg  
in  w eig h t, 1 case.

F o r th e  d e ta iled  d a ta ,  Table I  sh o u ld  be co n su lted .
b)  O ne o f ou r p a tie n ts  w ith  s u p p u ra tiv e  p u tr id  b ronchorrhoea  d u e  to  

b ro n ch iec tasis  becam e free  o f toxic sy m p to m s in  response to  e la s ta se  t r e a t ­
m en t. N ow  th e  b ronch i co n ta in  b u t l i t t le  odo u rless  pus ; X -rays sh o w  th e  
areas o f a te lec tas is  to  h a v e  cleared up  ; th e  b ro n ch o g ram  is u n a lte re d . (Sig­
n if ic a n t sy m p to m a tic  im provem en t.)

c )  Tw o cases o f p n eum on itis  in v o lv in g  one  lobe recovered co m p le te ly  
in response  to  3 in tra b ro n c h ia l e las tase  t r e a tm e n ts .

d )  In  one o f o u r p a tie n ts  th ere  w ere e x ten s iv e  tubercu losis c a v itie s  
in  b o th  su p erio r lobes. T here  was cop ious p u ru le n t-p u tr id  b ro n c h o rrh o e a  ; 
ab o u t 200 m l of pus w as discharged d a ily . In tra b ro n c h ia l  e lastase  -f- s t r e p to ­
m ycin  in tro d u c tio n  a lte rn a tin g ly  in to  th e  r ig h t a n d  left superior lobe b ro n c h i 
s to p p e d  th e  tox ic  sy m p to m s an d  the  s u p p u ra tio n  ceased . There w as n a tu r a l ly  
no rad io lo g ica l im p ro v em en t.

d )  In  one case o f  cavernous tu b e rc u lo s is  involv ing  the le f t in fe r io r  
lobe a n d  th e  apex , th e  ad m in is tra tio n  o f  1 g o f  s trep tom ycin  a n d  100 m g 
of e la s ta se  (33 E . U ./m g) tw ice a w eek in to  th e  dorsa l I. b ronchus re su lte d  
in th e  d isap p ea ran ce  o f th e  cav ity  in  3 w eeks tim e . As, how ever, th e  p a t ie n t  
was t r e a te d  in a d d itio n  w ith  s tre p to m y c in  a n d  IN H  by  m o u th , i t  c a n n o t 
d e fin ite ly  be d eclared  th a t  th e  re m a rk a b ly  fa s t  ra te  of healing w as d u e  to  
e la s ta se  t r e a tm e n t. N onetheless, good re su lts  m ig h t be expected  in  th is  fie ld , 
an d  fu r th e r  s tud ies sh o u ld  be carried  o u t  to  le n d  su p p o rt to  th is  v iew .

A ll in  all, a p o sitive  th e rap eu tic  e ffec t h a s  been  ascerta in ed  in  ev e ry  
single one o f  ou r 13 p a tie n ts .

In  th e  follow ing we p resen t a few  case h isto ries.
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(i) V. S. (604/1957), a locksm ith 52 years o f  age, weighing 60 kg, 173 cm  in  heigh t, 
had been  ill for m onths and had been treated w ith  penicillin  and sulphathiazole. A t ad m is­
sion  he was in  a tox ic  sta te , w ith  dyspnoea and cyanosis. ESR, 100 m m  in 1 hour. B lood  
co u n t : leucocytosis, tox ic  granulation, shift to the le ft . X -ray : In the right superior lobe  
th ere  w as a density o f the size of a m an’s fist (F ig .  1 ) .  No Koch bacilli were dem onstrated  
in the sputum . B ronchoscopy : purulent bronchorrhoea from  the bronchus of the oedem atou s  
righ t superior lobe. The m ucosa of the right bronchial system  was purple in  colour.

The bronchial aspirate was sterile. (Before adm ission  the patient had received am ple  
doses o f  antib iotics.) E lastase, 100 mg (33 E. U ./m g), w as injected twice weekly in to  the right 
lobe bronchus. As a result, cavities had appeared in  the dense area which th en  decreased  
in  size and finally  disappeared. After the first bronchoscopy, the volume of sputum  increased  
to 500 m l, then decreased gradually. After 10 trea tm en ts the patient was sym p tom less, pu t  
on 5 kg , had no com plaints. E SR  : 5 mm in 1 hour. X -r a y : practically norm al ( F ig .  2 ) .  
E v en  tom ography failed to reveal cavities. The p a tien t recovered com pletely in  5 w eeks.

Fig. 1

(ii) Y. J. (366/1958), a shepherd, 35 years o f  age, 177 cm in height, 70 kg in w e ig h t,
had been  treated for pulm onary abscess for 14 m onths. H eh a d  had no fever. ESR : 84 m m  in 
1 hour. Sputum  : Koch negative. X -ray : in the cen tre o f the left lung there was a ch ild ’s 
palm -sized  shadow w ith  fluid levels, localized to the apex  o f the inferior lobe and to the  
posterior segm ent of the superior lobe ( Fig. 3 ) . He had halitosis, the daily volum e o f  sp u tu m  
was a b ou t 180 ml. B ronchoscopy showed the left bronchial system to be filled w ith  den se, 
foetid  pus. W ith the cough the pus came from the orifice o f  the dorsal I. bronchus. B . proteus, 
sen sitiv e  to chloram phenicol, was isolated from the bronchial discharge. On chloram phenicol 
trea tm en t the pus becam e sterile, but its form ation did not cease. Ten elastase trea tm en ts  
brought about substantial radiological and clinical im provem ent, no cavity was form ed, on ly  
fascicles m arked the site o f the former process. A t the la st bronchoscopic exam in ation  there  
was no m ore suppuration and the bronchial system  w as free from inflam m ation. The p a tien t  
put on  6 kg weight, had hardly any sputum. E SR  : 30 mm in 1 hour.

(iii) Cs. K. (3808/1957), a boiler-sm ith aged 50, 176 cm  tall, 66 kg in w eight, had little  
sp utu m , w hich was Koch negative. ESR : 47 m m  in 1 hour. In the blood count there w as
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Fig. 3
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Fig. i

Fig. 5
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Fig. 7
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a slig h t sh ift  to the left. X -ray revealed  in the superior 4/5 of the left lung a m assive shadow  
( F ig .  5 ) .  B ronchoscopy: the le ft  bronchial system  was filled by foetid , sterile pus. After 
su ctio n , w ith  the cough pus cam e from  the dorsal I. bronchus. On the adm inistration  of  
100 m g (33 E . U ./m g) of elastase intrabronchially , the daily volum e of sputum  increased to  
300 m l and apple-sized cavity  appeared in  the left dorsal 1. segm ent (F ig .  6 ) ,  the  environ­
m en t o f  w hich became less dense. E lastase  treatm ent was repeated on tw o m ore occasions. 
S u b seq u en tly , X -rays showed the c a v ity  to  have been reduced to half its  original size and 
to  co n ta in  no flu id  (F ig .  7 ) .  The patien t gained 10 kg in  weight, had no com plain ts, ESR  
w as 5 m m  in 1 hour.

SUM M ARY

In  13 patients, the intrabronchial adm inistration of elastase, the proteo lytic  enzym e  
discovered  b y  B aló and B a ng a , ensured favourable results in  the treatm ent o f suppurative  
lung d isease and made surgery avoidab le. E lastase was found to be a perfect su bstitu te  
for trypsin .

In  the applied doses the to x ic ity  o f elastase was negligible, the enzym e caused no 
fever, neither side effects. E xtensive therapeutic trials w ith  the new enzym e preparation are 
urged.
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D a st r e  in  1893 w as th e  firs t to  d e m o n s tra te  th e  p ro teo ly tic  a c t iv i ty  
o f h u m a n  serum . Since th e n , evidence h as  been  accu m u la tin g  to  sh o w  th a t  
b o th  m a in  groups o f p ro tea se  are p re se n t in b lood  : th e  p ro te inases (p lasm in  
[41], pepsin  [27], c a th ep sin  [25], t ry p s in  [12]) a n d  th e  pep tidases ( th e  enzym e 
b reak in g  dow n p ep to n e  [17, 31], p o ly p e p tid a se  [1, 3], di- an d  tr ip e p tid a s e s  
[16, 26]). F rom  am ong th e  p ro te inases th e  pathoph y sio lo g ica l a n d  d iag n o stic  
sign ificance  of p lasm in  [4] and  of p epsinogen  [5, 29, 39, 45] has b e e n  ch ie fly  
e lucidated  w hereas in  th e  pep tidase  g ro u p  a lm o st exclusively  th e  di- an d  
tr ip e p tid a se s  have been inv estig a ted  [8, 13, 14, 15, 21, 28, 37, 38, 4 0 ]. S tu d ies  
on th e  a b ility  of th e  serum  to  b re a k  dow n p ep to n e  have been sca rce . T his 
is in d ic a te d  also b y  th e  fa c t th a t  tim e  d iag n o stic  te s ts  have been  dev e lo p ed  
for th e  q u a n tita tiv e  d e te rm in a tio n  of a lm o s t e v e ry  one of the se ru m  p ro te a se s , 
w hereas fo r th e  d e tec tio n  of p ep to n ase  in  se ru m  it was only re c e n tly  t h a t  a 
q u a li ta t iv e  te s t has com e in to  use (S c h ie r g e ).

T he im pulse to  c a rry  ou t th e  in v e s tig a tio n s  to  be described below  was 
su p p lied  n o t only b y  th e  above m e th o d ica l defic iency  or b y  th e  in su ffic ie n t 
a t te n tio n  devo ted  to  se ru m  p ep to n ase , b u t  f ir s t  o f  all by  th e  fa c t in  o u r  com ­
p a ra tiv e  enzym e s tu d ie s  in  p a tie n ts  w ith  ch ron ic  h ep a titis  [9] we s tro n g ly  
felt th e  need  for a q u a n ti ta t iv e  te s t  fo r se ru m  p ep tonase . T he q u a n t i ta t iv e  
d a ta  y ie ld ed  b y  o u r ex am in a tio n s , as w ell as o u r paper c h ro m a to g ra p h ic  
s tu d ies  o f th e  d e ta ils  of enzym e effec t, m ig h t be of a ss is ta n c e  in 
in te rp re tin g  the  d iag n o stic  value o f  th e  se ru m  level of th is  en zy m e  an d  
also in  assessing th e  path o p h y sio lo g ica l s ign ificance  of the  enzym es d em o n ­
s tra b le  in  blood.

T h e  te rm ino logy  used in  the  l i te r a tu r e  on serum  p e p tid a se s  is no t 
u n ifo rm . E arlie r, te rm s  such as “ p e p to ly tic  e ffec t”  [2], “ e re p s in ”  [30], 
“ p e p tid a se ”  h ad  been used, irre sp ec tiv e  o f  th e  su b s tra te  being a d r i- , tr i -  or 
p o ly p ep tid e , or p ep to n e . A fter th e  id e n tif ic a tio n  o f di- an d  tr ip e p tid a s e s  
we do n o t an y  m ore use these  te rm s i f  p e p to n e  is em ployed as th e  s u b s tra te . 
A t f ir s t ,  S ch ierg e  d e n o ted  the enzym e b re a k in g  dow n pep tone  b y  th e  nam e 
p ro tea se  [36], b u t h a s  recom m ended th e  te rm  p ep tase  re c e n tly  [36 /a]. In
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h is  s tu d ie s  on ce llu lar  p ro tea ses, I to ca lled  th e  en zym e break in g  d o w n  p e p ­
to n e  erep sin  [23], b u t m ore recen tly  h as referred  to  it as p ep to n a se  [2 4 ].

P ep to n ase  ap p e a rs  to  be th e  best te rm  to  den o te  the  enzym e b re a k in g  
d o w n  pep to n e , b u t  th e  te rm  p o lypep tidase  c a n n o t be re jec ted , e ith e r , b ecau se  
it  h a s  n o t been dec id ed  w h e th e r one specific  enzym e (pep tonase , p e p ta se )  
o r a co m b in a tio n  o f  sev e ra l p o lypep tidases is responsib le  for th e  b reak d o w n  
o f p e p to n e .

I t  is ju s tif ie d  to  sp e a k  ab o u t th e  “ le v e l”  o r “ a c tiv ity ”  o f se ru m  p e p ­
to n a s e , because it  is u n k n o w n  w h a t is th e  ro le  o f changes in  th e  a b so lu te  
q u a n t i ty  of th e  en zy m e, in  th e  ra tio  o f in h ib ito rs  to  a c tiv a to rs , or in  th e  
n o rm a l or p a th o lo g ica l b reak d o w n  of p e p to n e .

I n  th e  f irs t s tu d ie s  on th e  ab ility  o f h u m a n  serum  to  b re a k  dow n p e p ­
to n e , G r u b e r  used  p e p to n e  H offm ann  — L a  R o ch e  as th e  s u b s tra te . S a x l  
re co m m en d ed  th e  u se  o f  W itte  pep tone , em p lo y e d  reg u la rly  b y  S c h ie r g e . 
H o w ev er, even th e  la t te r  a u th o r  has m ade b u t  a few  q u a n tita tiv e  d e te rm in a ­
tio n s  (b y  S o r e n s e n  t i t r a t io n )  in  his s tu d ie s  on  th e  properties o f th e  en zy m e 
b re a k in g  dow n p ep to n e  [32 , 33, 34]. H e h as  recom m ended  a n d  is u sin g  a 
q u a l i ta t iv e  te s t fo r d iag n o stic  purposes [35 ], b a se d  on th e  co lour re a c tio n  
g iv en  b y  try p to p h a n e  lib e ra te d  on in c u b a tin g  pep tone  a n d  se ru m  w ith  
b ro m in e  w a te r. T he in te n s i ty  o f the  re su ltin g  co lou r, denoted  b y  crosses, is 
u sed  fo r  ap p ra is in g  th e  p e p to n a se  a c tiv ity  o f  se ru m .

Methods

For the qu antitative  determ ination of serum  peptonase we have investigated  the  
possib ilities offered by the b iuret and ninhydrin reaction s. In addition, paper chrom ato­
graphic studies have been m ade in  order to elucidate th e  details o f peptone breakdow n.

I .  Biuret  reaction. Principle : the enzym e reduces th e  number of biuret bonds in  the  
su bstrate  and thus from  the decrease in in tensity  o f  the biuret colour the qu antity  o f  
pepton ase m ay be estim ated.

One m l of serum and 1 m l o f  5 per cent W itte peptone are incubated at 37° C for 24 hours, 
fo llow ed b y  deproteinization w ith  acetic acid-saline according to S c h i e r g e . T o 4 m l o f the  
filtra te  4 m l o f biuret reagent [45] are added. The resulting colour reaction is associated w ith  
som e opalescence and 3 to 4 hours later a grayish-white precipitate is formed. This can be 
read ily  separated by centrifugation , after which the result is read in a Pulfrich photom eter  
(S 53 filter , 20 mm layer th ickness) against a reagent b lan k  (4 m l acetic acid +  NaCl so lu­
tio n  +  4 m l biuret reagent). P eptone blank test : One m l o f serum is incubated at 37° €  
fo r  24 hours and 1 m l o f  incubated peptone is added im m ed iate ly  before deprotein ization.

T h e  resu lts  a re  su m m arized  in  Table I .  B reak d o w n  is ex p ressed  in  
p e r c e n ts  ; th e  b iu re t co lo u r o f th e  pep tone  b la n k  te s t  is ta k e n  to  be 100 p er 
c en t a n d  th e  colour o f  th e  in c u b a te d  p e p to n e  is re la te d  to  th a t .

A lth o u g h  th e  p e p to n a se  a c tiv ity  ex p ressed  in  p e r cents is con sid erab le , 
th is  m e th o d  is n o t su ita b le  fo r  ro u tin e  w ork, b e c a u se  a )  even w hen th e  a c t iv i ty  
is r e la t iv e ly  h igh, th e  d ifference  in  ex tin c tio n  co rresp o n d in g  to  th e  en zy m a tic
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Table I

Determination o f  the peptonase content o f  serum by the biuret test

No. Name Diagnosis
Peptone

blank

E

Incubated
peptone

t t i n c t i

Diff.

0 n

Peptonase
activity

о//0

1 T. S. N o r m a l.............................................. 0,47 0,34 0,13 27,7
2 Zs I. „  .............................................. 0,48 0,35 0,13 27,1
3 B. I. ,, .............................................. 0,47 0,33 0,14 29,8
4 z . k . V egetative n e u r o sis ..................... 0,48 0,36 0,12 25,0

5 B. A. Chronic gastritis ......................... 0,48 0,39 0,09 18,7
6 V. Gy. Chronic n e p h r it is ......................... 0,47 0,35 0,12 25,5
7 M. I. D iahetes m e ll itu s ......................... 0,48 0,39 0,09 18,7
8 G. G. Acute h e p a t it is .............................. 0,48 0,30 0,18 37,5
9 V. L. ,, ,, .............................. 0,48 0,28 0,20 41,7

10 M. .1. ,, ,, .............................. 0,48 0,34 0,14 29,2
11 V. G. 0,48 0,30 0,18 37,5
12 M. L. 0,50 0,29 0,21 42,0
13 Sz. 1. 9 9 99 .............................. 0,49 0,32 0,17 34,7
14 K. L. ,, ,, .............................. 0,47 0,36 0,11 23,4
15 Sz. L. ,, ,, .............................. 0,49 0,39 0,10 20,4
16 V. E. ,, , ,  .............................. 0,49 0,28 0,21 42,9
17 G. G. ,, ,, .............................. 0,48 0,36 0,12 25,0
18 M. <• 0,48 0,33 0,15 31,3
19 M. L. ,, ,, .............................. 0,49 0,39 0,10 20,4
20 V. E. ,, ,, .............................. 0,47 0,32 0,15 31,9
21 Sz. I. ,, ,, .............................. 0,50 0,34 0,16 32,0
22 .1. A. ,, ,, .............................. 0,47 0,27 0,20 42,5
23 G. M. ”  ”  .............................. 0,48 0,35 0,13 24,0

ac tio n  is sm all ; b)  th e  d ifference in  e x tin c tio n  is p a rticu la rly  sm all b e tw een  
no rm al a n d  p a th o lo g ica l s e r a ;  c) d e p ro te in iz a tio n  often m akes th e  so lu tio n  
opalescen t an d  d ifficu lt to  f i l t r a te ;  d )  p a ra lle l te s tin g  requires a t  le a s t  4 m l 
o f each  serum .

I I .  N in h y d r in  test. W ith  due reg a rd  to  th e  conditions req u ired  in  an  
enzym e te s t ,  we h a v e  in v es tig a ted  w hich  m e th o d  of d ep ro te in iza tio n  a n d  
w hich of th e  d iffe ren t n in h y d rin  te c h n iq u e s  fo r am ino-N  d e te rm in a tio n  
were th e  m ost su ita b le  fo r th e  q u a n tita tiv e  d e te rm in a tio n  of lib e ra ted  am in o -N . 
T he fo llow ing p ro ced u re  h as  proved  to  be th e  m o st reliable.

P rincip le  : serum  a n d  5 per cen t W itte  p e p to n e  are in c u b a te d  in  s te rile  
tu b e s  a t  37° C for 24 h o u rs . D ep ro te in iza tion  b y  alcohol is followed b y  th e  d e te r-
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m in a tio n  o f am ino-N  accord ing  to  T r o l l  a n d  C a n n a n  in the alcoholic f i l t r a te ,  
s ta r t in g  w ith  0,2 m l of se rum . P e p to n a se  a c t iv i ty  is com puted  fo r 100 ml 
o f s e ru m . One u n it o f a c t iv i ty  is show n b y  th e  se ru m  100 ml of w hich  lib e ra te s  
1 m g  o f  am ino-N  in  24 h o u rs . This is ca lled  one peptonase un it ( P U ) .

Reagents.
1. W itte  pep to n e . K eep  in  d ry  p lace , s te rile .
2. A bso lu te  alcohol.
3. 60 per cen t alcohol.
4. N in h y d rin  so lu tio n  : 500 m g n in h y d r in e  (an a ly tica l p u r i ty )  d is­

so lv ed  in  10 m l ab so lu te  alcohol.
5. P heno la lcoho l : To 80 g d is tilled  am m onia-free  pheno l 20 m l o f

a b so lu te  a lcohol is ad d ed .
6. P y rid in e  p o ta ss iu m  cyanide : Tw o m l o f  a 0,01 M KCN  so lu tio n  is 

m a d e  up  to  100 m l w ith  am m onia-free p y r id in e .
7. A m ino-N  sto ck  so lu tion . 100 p g  am in o -N /m l. M ay be m a d e  from  

a n y  o f  th e  follow ing am ino  acids. L eucine o r iso leucine (46,78 m g), p h e n y l­
a la n in e  (58,93 m g), v a lin e  (43,22 mg), g lycine  (26,78 mg) ; d isso lve a n y  o f 
th e se  in  20 m l of b id is tilled  w a te r a n d  a d ju s t  th e  volum e to 50 m l w ith  
a b so lu te  alcohol.

R e a g e n ts  4, 5, an d  6 keep for 4 w eeks. R eag en ts  5 an d  6 a re  re a d ily  
c o n ta m in a te d  b y  am m o n ia  an d  i t  is a d v isa b le  to  free them  from  am m o n ia  
b y  th e  use o f p e rm u tit.

Incuba tion . 0,2 m l o f serum  and  0,2 m l o f  5 per cent p ep to n e  so lu tio n  
are  a d d e d  to  sterilized  W asserm ann  tu b e s . To avo id  foam ing, th e  m ix tu re  
is s h a k e n  g en tly , one d ro p  of to luo l is a d d e d , th e  tubes are a i r - t ig h t  w ith  
ru b b e r-s to p p e rs  an d  p laced  in  an  in c u b a to r  o f  37° C for 24 hours. P e p to n e  b lan k  
te s t  : 0,2 m l of serum  w ith  one drop  o f to lu o l in  it  is in cu b a ted  in  a sealed  
tu b e  a t  37° C for 24 h o urs, w hen, im m e d ia te ly  before d e p ro te in iza tio n , 0,2 
m l o f  s im ila rly  tre a te d  p ep to n e  is ad d e d .

D eprotein ization . A b o u t 0,5 ml of a to ta l  o f  1,6 ml of ab so lu te  alcohol 
is a d d e d  dropw ise u n d e r sh ak in g . The re s t is a d d e d  rap id ly  to  th e  m ix tu re . 
T h e  tu b e s  are  th e n  s to p p e re d  an d  shaken  a few  tim es . The p re c ip ita te  ap p ea rs  
as sc o n  as the  f irs t p o rtio n  of alcohol is a d d e d  a n d  can be cen tr ifu g ed  a fte r  
10 m in u te s  o f s tan d in g .

Colour reaction. In to  each  of a series o f d ry  te s t tubes, 0,1 m l o f th e  
p ro te in -fre e  alcoholic so lu tio n  is ad d ed  ab o v e  p re c ip ita te . A fter ad d in g  0,5 ml 
p y rid in e -K C N  an d  0,5 m l pheno l alcohol to  e ach  tu b e  an d  sh ak in g , th e  tu b e s  
a re  p la c e d  in to  a h o t w a te r  b a th . One to  2 m in u te s  are allowed fo r th e  tu b e s  
to  ta k e  u p  th e  te m p e ra tu re  of th e  b a th ,  th e n  ex ac tly  0,1 m l (6 d ro p s) of 
n in h y d r in  is ad d ed . B oiling  is con tinued  for fu r th e r  5 m inutes. A fte r  cooling 
w ith  ru n n in g  w a te r, th e  volum es are a d ju s te d  to  10 ml w ith 60 p e r  cen t 
a lco h o l. T he resu ltin g  d a rk  violet colour re m a in s  co n stan t for 24 h o u rs  or
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m ore. T he ex tinc tion  is re a d  in  a P u lfrich  p h o to m e te r  (5 m m  la y e r  th ick n ess , 
S 57 f iltre ) , ag a in st a re a g e n t b la n k  (0,1 m l 60 p er cen t a lcoho l -f- 0,5 m l 
re a g e n t 5 -f- 0,5 m l reag en t 6), m ak in g  th e  colour te s t s im u lta n e o u s ly  w ith 
th e  ab o v e  p rocedure.

Calculation. T he e x tin c tio n  o f th e  p ep to n e  b lan k  is s u b tra c te d  from  the 
e x tin c tio n  of th e  in c u b a te d  tu b e s  an d  th e  q u a n t i ty  of a in ino-N  co rresp o n d in g  
to  th e  d ifference is read  from  th e  ex tin c tio n  curve. Owing to  th e  d ilu tio n s, 
0,1 m l o f  th e  alcoholic so lu tio n  is e q u iv a le n t to  0,01 m l of se ru m . C om pu ted  
fo r 100 m l o f serum ,

, , rT у 10.000 ,
P L  =  —  У 10 =  m g am ino-]\/100  m l serum

ЮЗ

у  =  am in o -N  correspond ing  to  th e  d ifference in  ex tin c tio n .
Plotting o f  the extinction  curve. O f th e  am ino-N  stock  ( s ta n d a rd )  solution 

0,01, 0,02, 0,05, 0.10, 0,15 a n d  0,20 m l, respective ly , is a d d ed  to  te s t  tubes

6 6.5 7 7.5 в  в.5 9 pH

Fig.  7. E ffect o f  pH on the peptonase a c tiv ity  o f serum . 1 : normal sera. 2, 3, 4 , 5, 6 : sera 
w ith high peptonase activ ity . 7 : hepatic bile (obtained at operation for obstru cting  jaundice)

a n d  th e  volum es are a d ju s te d  to  0,2 m l w ith  60 per cen t a lcoho l. T h e  colour 
re a c tio n  is carried  ou t as described  above. The L a m b e r t— B eer law  being 
v a lid , it  suffices to  p lo t th e  cu rve  once. R ep ea ted  p lo ttin g  is re q u ire d  only 
w hen a fresh p rep a ra tio n  o f  n in h y d rin  com es in to  use.

The effects o f  p H  on the activity  o f  the enzyme  were in v e s t ig a te d  first 
b y  Schierge  (1953) w ho fo u n d  th e  o p tim u m  pH  betw een  7 a n d  7,5 fo r serum - 
p e p to n e  m ix tu res  in cu b a ted  for tw o w eeks. We in v estig a ted  th e  influence 
of th e  p H  on the  p ep to n ase  a c t iv i ty  d u rin g  24 hours of in c u b a tio n . T he pH 
of th e  pep tone  so lu tion  w as a d ju s te d  w ith  n/10 N aO H , u n d e r  th e  control 
o f a pH  m eter. The resu lts  a re  p resen ted  in Fig. 1.
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T he 5 per cen t W it te  pep tone  p rep a red  as described  below h as  a p H  
v a r y in g  betw een 7,2 a n d  7 ,3  a n d  for th is  re a so n  i ts  p H  need n o t be a d ju s te d . 
E x a c t ly  2 g of W itte  p e p to n e  is suspended  in  40 m l o f b isd istilled  w a te r. 
T h e  g ranu les are h o m o g en ized  b y  m eans of a g lass  ro d . A fter gen tle  h e a tin g  
a n d  su bsequen t bo iling  fo r  5 m inutes, the  so lu tio n  is cooled w ith  ru n n in g  
w a te r ,  filte red  an d  c e n tr ifu g e d . The clear f i l t r a te  is m ad e  up to  40 m l w ith  
b isd is tille d  w ater. I t  c a n  b e  s to re d  under re fr ig e ra tio n  fo r 2 to  3 days w hen 
se a le d  in  a sterile vessel in  th e  presence o f to lu o l.

T he d a ta  in  T ab le  I I ,  o b ta ined  in  som e o f  o u r cases, are p resen ted  
in  o rd e r  to  d em o n stra te  t h a t  (i) th e  results o f p a ra lle l  te s ts  on th e  sam e serum  
a re  closely  com parab le  ; (ii) th e  difference in  e x tin c tio n  betw een th e  colour 
o f  th e  peptone b la n k  a n d  o f  th e  in cu b a ted  p e p to n e  can  be well m easu red  
e v e n  in  a 5 m m  lay e r. T h is  app lies  to  sera w ith  b o th  n o rm a l an d  p a th o lo g ica l 
p e p to n a s e  ac tiv ity  ; (iii) in  se ria l tests i t  su ffices to  use a pep tone  b la n k  
m a d e  o f a single se ru m , s in c e  d ifferent sera g ive  th e  sam e ex tin c tio n . This 
g r e a t ly  sim plifies th e  p ro c e d u re .

C hrono log ica l course of pep tone b reakdow n

U sing sera of low  a n d  h ig h  peptonase a c t iv i ty ,  th e  q u a n ti ty  of am ino-N  
l ib e ra te d  was re p ea ted ly  d e te rm in e d  in 24-liour (F ig . 2) an d  5-day  (F ig . 3) 
e x p e rim e n ts .

T h e  d a ta  in Figs. 2 , 3 a n d  4 prove th a t  (i) p e p to n e  is b roken  dow n a t 
a  c o n s ta n t  ra te  for se v e ra l «lays ; (ii) a t  th e  sa m e  su b s tra te  c o n cen tra tio n

PU

Fig. 2.  The course of enzym e a c tio n  in  24 hours. 1 : norm al, 2 and 3 : highly active sera.
4 : peptone blank te st
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th e re  is a lin ea r co rre la tio n  b e tw een  th e  q u a n t i ty  o f enzym e and  th e  q u a n t i ty  
o f  am in o -N  lib e ra ted  ; (iii) th e  q u a n t i ty  of am in o -N  released in  24 h o u rs  
is su ita b le  for expressing  th e  p ep to n ase  a c tiv ity  (p ep to n ase  co n ten t) o f  se ru m .

P U  9

Fig. 3. The course of enzym e action  in 5 (lavs. 1 : norm al, 2 : highly active sera, v  : b lank test

Fig. 4. Correlation betw een tbe am ount o f serum or enzym e and peptonase a c tiv ity . 1 and 
2 : norm al, 3 and 4 : highly a ctive  sera

N o a c tiv a to r  was m ade use of. A gents in h ib itin g  or a c t iv a tin g  serum  
p ep to n ase  have n o t ye t been iso la ted . (A ccord ing  to  S c h i e h g e  [1923, 1924],

2  A cta  M edica X I I /3 -  1.
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Table II

Determination o f  peptonase content o f  serum by the ninhydrin test

No. Name Diagnosis

P ep tone
b lank

Incubated
peptone Diff. PU

mg ammo-N/100 m 
serum

E x t  i n  c t  i о n

l D . .1. N o r m a l................................. 0,38 0,58 0,20 27

0,38 0,58 0,20 27

2 K . J. , ,  ......................................... 0,37 0,57 0,20 27

0,38 0,57 0,19 26

3 S. I. , ,  ........................................ 0,38 0,61 0,23 31

4 z .  s . , ,  ........................................ 0,38 0,56 0,18 24

5 K . z . Pneum onia ....................... 0,37 0,80 0,43 60

0,38 0,82 0,44 61

0,37 0,81 0,44 61

0,38 0,81 0,43 60

6 B . L. A cute h e p a t it is ................ 0,39 0,83 0,44 61

7 M. L. ? ? ?? .................... 0,38 0,84 0,46 63

8 P .  E . , ,  , ,  .................... 0,38 0,80 0,42 59

9 T. K. , ,  , ,  .................... 0,37 0,97 0,60 81

10 H . J. , ,  , ,  .................... 0,38 0,66 0,28 38

11 F .  I. , ,  , ,  .................... 0,39 0,99 0,60 84

12 K . I. , ,  , ,  .................... 0,39 1,23 0,84 120

13 Sz. R. , ,  „  .................... 0,38 1,13 0,75 106

14 Cs. J. Compression am idice . . . 0,38 0,82 0,44 61

th e  a lb u m in  frac tio n  o f se ru m  con ta in s an  in h ib itin g  sub stan ce , w hile I t o  h a s  
show n  t h a t  liver p e p to n a se  can be a c t iv a te d  w ith  M nT .)

T h ree  p a ra lle l series o f  sera were se t u p . In  th e  f irs t th e  se ru m  teas 
in c u b a te d  alone, in  th e  second  in  th e  p resence  o f  M nCla (2 • 10“ 3 M) an d  
in  th e  th ird  w ith  K o m p lex o n  I I I  (5 • 10 4 M ), fo r 2 hours a t 37° C. S u b ­
se q u e n tly  was the  5 p e r c en t pep tone  ad d ed  to  each  series, an d  th e  p e p to n a se  
c o n te n t de te rm in ed .

I I I .  Paper chrom atography. Some o f th e  frac tio n s  re su ltin g  from  th e  
b re a k d o w n  of p ep to n e  c a n  be sep a ra ted  w ell b y  one-d im ensional c h ro m a to ­
g ra p h y  (Cso b a n ). M a c h e re y —  N agel 214 p a p e r  is used, an d  as a so lv en t, 
b u ta n o l-w a te r-a c e tic  ac id  ( 5 : 4 :  1). On p a p e r  s tr ip s  4 cm wide a n d  40 cm 
long , 0,06 m l of th e  se ru m -p ep to n e  m ix tu re , o r 0,3 m l of the  d ep ro te in ized  
a lcoho lic  f i l tra te  is p laced  on a 3 cm long line . A fte r th e  f irs t  ru n  th e  
p a p e r  is allow ed to  d ry  a t  room  te m p e ra tu re  fo r 2 hou rs, th e n  i t  is p laced  
b a c k  in to  th e  sam e so lv e n t. I t  is essen tia l t h a t  in  th e  second ru n  th e  fro n t
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o f th e  so lv en t shou ld  pass b ey o n d  th a t  o f th e  f ir s t  ru n . In  our e x p e r im e n ts  
th is  d is tan ce  was 26,5 an d  28,5 cm , re sp ec tiv e ly . D ry ing  is follow ed b y  d e v e l­
o p m en t accord ing  to  B o d e  in a m ix tu re  o f  90 p a r ts  o f 0,5 per c e n t a c e to n ic  
n in h y d rin  so lu tio n , 5 p a r ts  o f d istilled  w a te r  a n d  5 p a rts  o f g la c ia l ace tic  
acid . T he p a p e r  s tr ip  is p u lled  th ro u g h  th is  m ix tu re , then  it is su sp e n d e d  
for 15 m in u tes  in  an  ex sicca to r o f 90° C.

T he zones o f v a ry in g  th ick n ess , a p p e a rin g  on  th e  paper, w ere n u m b e re d  
in  succession . T he l y  values ca lc u la ted  for th e  c e n tre  of the single zo n es w ere

Ext. 0,5cm

Fig.  5. Preincubation o f serum w ith  MnCl, or K om p lexen  III has no influence on  the rate
and m easure o f  peptone breakdow n. 1 and 2 : norm al, 3 : highly active s e r a . ------- serum

a l o n e , ............. serum -)- MnCl2, - - - - -  serum  -f- Komplexon III.

th e  fo llow ing, from  zone 1 dow nw ard  : 0,60, 0 ,50, 0,42, 0,37, 0,32, 0 ,27 , 0,22 
0,19, 0 ,17, 0,16, 0,14, 0,11, 0,08, 0,07, 0,06, 0 ,05 an d  zone 17 u n d e r  0 ,03 .

A t d iffe ren t po in ts  o f tim e o f th e  e n z y m a tic  effect, the  fo llo w in g  p a t ­
te rn s  ap p ea red  (see F ig . 7).

I t  seem s from  Fig. 7 as if  th e  co lour in te n s i ty  of the single zo n es w ere 
increasin g  g ra d u a lly  d u rin g  th e  24 h o u rs  o f  in cu b a tio n . In  fa c t, th e  m ore  
in ten s iv e  co lour o f som e zones is c learly  v is ib le  if  sera of g rea t p e p to n a s e  
a c t iv i ty  are  c h ro m a to g rap h ed . M oreover, n o t o n ly  q u a n tita tiv e , h u t  q u a l i ta t iv e  
d ifferences are  also no ticeab le  in th e  d iffe ren t se ra . This is in d ic a te d  b y  F ig . 
8, show ing  th e  p ep to n ase  effect o f th e  se ru m  from  a p a tien t w ith  h e p a t i t i s ,  
a t  d iffe ren t in te rv a ls  d u rin g  in c u b a tio n . A t th e  m ark ed  site th ere  is a n  in te n se  
spo t w hich  is ab sen t in th e  p ap e r c h ro m a to g ra m  o f the  norm al s e ru m  show n 
in F ig . 7.

2*
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In  the  zones o f  th e  one-dim ensional c h ro m a to g ra m , peptides a n d  am ino  
ac id s  are  o v erlap p in g  : th e se  m ay be f u r th e r  d iffe ren tia ted  b y  th e  tw o-
d im en sio n a l m e th o d  u s in g  as a solvent f ir s t  b u ta n o l  : acetic acid, a n d  th e n  [22] 
am y la lco h o l : p y r id in e  : w a te r  (35 : 30 : 30).

In  th is  w ay  th e  t im e  of ap p earan ce  o f  c e r ta in  d eg rad a tio n  p ro d u c ts

©

I 1

Fig. 6. One-dim ensional pap er chromatogram o f  p ep to n e  breakdown. 1 : pepton e blank
te s t ,  1 : result o f 24 hours o f  incubation

c a n  also be estab lish ed . Som e appear d u rin g  th e  f ir s t  12 hours o f in c u b a tio n  
( th o se  designated  b y  th e  le tte rs  a, b, c, d , e , f ) . These continue to  in c rease  
in  in te n s ity  th ro u g h o u t th e  whole in c u b a tio n  p e rio d , whereas o th e rs  a p p e a r  
o n ly  a fte r  12 to  24 h o u r s ’ incubation  (e. g. th o s e  designated  h a n d  i). T he
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Fig. 7. Paper chrom atogram s at different points o f tim e (0, 4, 8, 12, 16, 20, 24, and 48 hours)
during incubation

F ig . 8. Peptone breakdow n in serum , in a case o f  hepatitis , after 0, 8, 16, 20, 24, and 48
hours o f incubation
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p a t te r n  is d ifferen t in  th e  a re a  w ith  low values, b u t  se p a ra tio n  here  req u ires  
th e  u se  o f  o th e r so lven ts.

T h e  above refer e x c lu s iv e ly  to  the  m eth o d  of p a p e r c h ro m a to g ra p h y  
fo r s tu d y in g  th e  en zy m atic  e ffec t. T he fu r th e r  an a ly s is  o f  th e  single frac tio n s

Fig. 9 and  10,  Two-dim ensional paper chrom atogram s after d ifferent lengths o f incubation
Fig. 9 :  0 hour, Fig. 1 0 :  10 hours

an ti th e ir  q u a n tita tiv e  d e te rm in a tio n  will be d ea lt w ith  in a n o th e r  re p o rt. 
T h u s  fa r , th e  follow ing ev id en ce  h a s  been o b ta in e d .



Q U A N TITA TIV E D ETERM IN A TIO N  OF SER U M  PEPTONASE 1X9

(i) T he p a p e r ch ro m ato g rap h ic  p a tte rn s  o f  th e  peptone b la n k  a n d  o f 
th e  in c u b a te d  p ep to n e  are  read ily  re p ro d u c ib le . The frac tions d e s ig n a te d  
b y  n u m era ls  ap p e a r in  ev e ry  case.

(ii) T he single frac tio n s  are com posed o f  p ep tid e s  and  am ino ac id s . T h e  
in te n s i ty  o f th e ir  co lou r is co rre la ted  w ith  th e  p e p to n a se  con ten t of th e  se ru m .

Fig. 11. T w o-dim ensional paper chrom atography after 24 hours of incubation

(iii) T he spot d e s ig n a te d  b y  the  n u m e ra l 1 (F ig. 6) in  th e  o n e -d im e n ­
sio n a l ch ro m a to g ram  co n ta in s  leucine a n d  iso leu c in e . These can  b e  iso la te d  
re a d ily  an d  d e te rm in ed  q u a n tita tiv e ly  (b y  th e  copper n itra te  m e th o d  of 
B o d e ) an d  th e ir  q u a n t i ty  is d irec tly  p ro p o r tio n a l to  th e  p ep to n ase  c o n te n t 
o f  th e  serum .

(iv) T he leucine zone is followed in  th e  o rd e r of colour in te n s i ty  b y  
th e  zones co rrespond ing  to  try p to p h a n e , v a lin e , m eth ion ine, g lu ta m ic  ac id , 
th reo n in e , glycine, a sp a r tic  an d  acid a rg in in e , as de term ined  by  co m p ariso n  
w ith  am ino  acid m ix tu re s .

(v) I t  is on ly  th e  17 th  zone th e  co lour o f  w h ich  fades during  in c u b a tio n . 
T h is  zone includes th e  area  to  w hich th e  t e s t  su b stan ce  has been  ap p lied .

P ep tonase  co n ten t o f sera  from  n o rm al su b jec ts  ami from  p a tien ts

B lood was ta k e n  from  fasting  su b je c ts  a n d  th e  d e te rm in a tio n  w as 
c a rr ie d  out w ith in  48 ho u rs , a lthough  th e  se ra  k e p t under a sep tic  c irc u m ­
stan ces  in  th e  re fr ig e ra to r  re ta in e d  th e ir  p e p to n a se  a c tiv ity  for at le a s t  5 d ay s .
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N e a r ly  400 sera  h a v e  been te s ted  (50 fro m  norm al su b jec ts  a n d  343 
fro m  p a tie n ts ) .  T he re su lts  are  p resen ted  in  F ig . 12.

T h e  serum  p ep to n ase  level has been  fo u n d  to  vary  from  20 to  35 P U , 
in d e p e n d e n tly  of age (20 to  70 years) a n d  sex .

T h e  se rum  p ep to n ase  level of th e  sam e  su b jec t show ed no  m a jo r  
v a r ia t io n s .

A cu te  hepatitis em erged  from  am ong  th e  g roups of diseases s tu d ie d  b y  
b e in g  a sso c ia ted  w ith  h igh  serum  p ep to n ase  leve ls . E a rly  in the  a c u te  p h ase , 
d u r in g  th e  in itia l 8 to  14 d a y s , m ark ed ly  h ig h  a c tiv i ty  has been d e m o n s tra te d  
in  10 p e r  cen t o f th e  cases. No p e rs is ten t co rre la tio n  betw een  th e  serum  
b i l iru b in  a n d  p ep to n ase  levels was d e m o n s tra b le  e ith er in  th is , o r in  th e  
la te r  p h ases  of th e  d isease.

T h e  serum  p ep to n ase  level m ay  v a ry  d u r in g  acu te  h e p a titis , in d e p e n ­
d e n t ly  o f  th e  b eh av io u r o f  serum  b iliru b in . I t  m a y  e ither re tu rn  g ra d u a lly  
to  n o rm a l, or m ay  rem ain  h igh  th ro u g h o u t th e  course of th e  d isease . A few 
su c h  v a r ia tio n s  are p re sen ted  in  F ig . 15.

P osthepatitic cases. T h e  fin d in g s show n in F ig . 16 were y ie ld ed  b y  50 
p a t ie n ts  w ho h a d  su ffered  from  h e p a titis  1 to  3 years earlier. O f 80 such  
p a t ie n ts  called in  for e x a m in a tio n , 50 an sw ered  th e  call. Ten h a d  c o m p la in ts  
in d ic a t iv e  o f chronic h e p a titis , for w hich th e y  h ad  been seeking  m ed ica l 
a d v ic e  sev era l tim es. E a c h  of th e  sera  o b ta in e d  from  these p a t ie n ts  w as 
te s te d  fo r to ta l  p ro te in , e lec tro p h o re tic  p a t te r n ,  response to  th e  g o ld  sol, 
th y m o l a n d  enzym e te s ts  show n in  Fig. 16. T h e  re su lts  are p re sen ted  in  th e ir  
re la t io n s  to  th e  ra tio  o f p ro te in  frac tions, a lp h a 2/g am m a and a lb u m in /g lo b u lin  
(А/G ) q u o tie n ts . A ccord ing  to  b iopsy  a n d  e lec tro p h o re tic  s tud ies ( C e s c h k a , 
K i s s e l  a n d  W e w a l k a ),  th e  a lp h a 2/g am m a q u o tie n t shows a c h a ra c te r is tic  
b e h a v io u r  in  chronic h e p a tit is  ; a q u o tie n t low er th a n  0,20 in d ica te s  c irrhosis  
a n d  one  ran g in g  from  0,20 to  0,40, ch ron ic  in flam m atio n .

T h e  serum  p e p to n a se  level was e le v a te d  in  33 per cen t o f th e  p o s t­
h e p a t i t ic  cases (F ig . 1 2 ), a n d  in  n ea rly  50 p e r cen t of the  cases in c lu d ed  
in  F ig . 16. A t the sam e tim e , th e  levels o f  som e enzym es show ed e ith e r  v e ry  
l i t t le  ch an g e  (alkaline  p o sp h a ta se , p h en y lb en zo a tes te rase ) or no  ch an g e  
a t a ll (cho linesterase, phosphohexo isom erase). T he pep tonase  leve l was 
e le v a te d  m ain ly  in  t h a t  g roup  in w hich  th e  a lp h a2/gam m a q u o tie n t 
in d ic a te d  th e  presence o f  chronic in f la m m a tio n , though  th e re  w as no 
c o rre la tio n  betw een  th e  p e p to n ase  level a n d  th e  absolute q u a n t i ty  o f  th e  
a lp h a ,, fra c tio n .

T h e  e v e n tu a l co rre la tio n  betw een  th e  se ru m  pep tonase  level a n d  th e  
“ a c t iv i t y ”  o f chronic h e p a tit is ,  as íveli as th e  sign ificance of th e  ch an g es  in 
th e  p e p to n a se  level in  a c u te  h e p a titis  (F ig . 15) w ith  respect to  se v e rity , 
re c o v e ry  a n d  prognosis, w ill be dealt w ith  in  a n o th e r  report [9] w h ere  th e  
c lin ic a l a n d  h isto log ica l an a ly sis  of the cases w ill also be d iscussed .
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T h e  origin of th e  di- a n d  tr ip e p tid a se s  d e m o n s tra b le  in th e  serum  u n d e r 
b o th  n o rm a l and p a th o lo g ic a l cond itions is s till  u n k n o w n . P a r t ic u la r  sig­
n if ic a n c e  has been a t t r ib u te d  to  hep a to ce llu la r lesion  (F l e is h e r  13, 14, 15), 
a n d  to  th e  d isin teg ra tion  o f  th e  co rpuscu lar e lem en ts  o f th e  b lood, f ir s t  o f

PU

Fig. 13.  V ariation of the serum  p ep to n a se  level in a norm al su b ject from 8 a. m . until 3 p. m
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Fig. 14. Serum bilirubin  lev e l and peptonase co n ten t in  acute hepatitis

a ll o f  th e  lym p h ocytes (C u l e e n ) and  ery th ro cy tes  (S m it h ). T o our b est k n o w ­
le d g e , exp erim en ta l s tu d ie s  o n  th e  origin o f  p e p to n a se  h a v e  not b een  carried  
o u t .  W e foun d  the p e p to n a se  co n ten t o f e r y th r o c y te s  80 to  100 t im es h igher  
th a n  th a t  o f  the serum  [1 0 ]. In  con n ection  w ith  th e se  op en  q u estio n s, it is 
d e e m e d  n ecessary to  c ite  so m e  c lin ica l d a ta . In  th e  group o f  d iseases other  
th a n  h ep a tic  we s tu d ie d  th e  e v e n tu a l corre la tion  b etw een  th e  ch an ges in
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Fig. 16. Data for 30 p osth ep atitis  patients. The num erals in  the colum ns ind icate the num ber 
o f cases in which enzym e a c tiv ity  was pathological, in  w hich the flocculation tests were 
positive, and in which characteristic spontaneous com plain ts were present w ith in  the groups 

set up according to the quotient a lpha2/gam m a
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Tumourous patients

Diagnosis
N um ber of

cases
Peptonase level

N ote
high norm al

G astric cancer ............................ 4 — 4 no m etastasis

G astric cancer ............................ 3 2 1 m etastasis in  liver

Cancer of the pancreas .......... 2 1 1 m etastasis in  liver

Cancer of the lung ................... 4 — 4 no m etastasis
Cerebral tumour ........................ 1 — 1 no m etastasis
Cancer of the bladder ............ 1 — 1 m etastasis -f- X -ray therapy
O varian ca n cer ............................ 2 — 2 m etastases +  X -ray  ther.
Cancer of the uterus .............. 3 1 о m etastases +  X -ray  ther.
L y m p h osarcom a.......................... 3 1 2 X-ray therapy
L ym ph ogran ulom atosis............ 3 — 3 X-ray therapy
Cancer o f the larynx .............. 1 — 1 X-ray therapy
E w in g  sarcom a............................ 1 — 1 m etastases
K aposi sa r c o id ............................ 1 1

O varian ca n cer ............................ 1 low — m etastases
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Fig. 17. Relation o f serum peptonase content to erythrocyte sedim entation  rate
in different diseases

th e  se ru m  pep tonase  level, on  th e  one h a n d , a n d  th e  ESK , e ry th ro c y te  an d  
le u c o c y te  count, d iffe ren tia l co u n t an d , in  ch ron ic  d isease, th e  b o d y  te m p e r­
a tu r e ,  o n  th e  o ther h a n d .

N o correlation  w as d e m o n s tra b le  betw een  th e  serum  p e p to n a se  an d  
a n y  o f  th e  above-m en tioned  d a ta .
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Discussion

E vidence  concern ing  th e  p ep to n ase  c o n te n t  o f h u m an  serum  is sca rce . 
N o o th e r  q u a n ti ta t iv e  d a ta  are availab le  t h a n  th o se  rep o rted  b y  G r u b e r  
for 7 cases an d  b y  S a x l  for 14 cases. S c h ie r g e  used th e  q u a li ta t iv e  
te s t in  a ll of his s tu d ies  b u t those co n cern ed  w ith  th e  p ro p e rtie s  o f  
th e  enzym e, in  w hich a few q u a n tita tiv e  d e te rm in a tio n s  were also  m ad e  
[32, 33, 34].

T h e  lack  o f d a ta  is due to  several fa c to rs , (i) In  earlie r te s t for e s tim a tin g  
th e  p ep tic  or e rep tic  effects o f serum  a n d , in  genera l in  those d e te rm in in g  
th e  p ep tid ase -lik e  enzym es o f serum , th e  s y n th e tic  di- an d  tr ip e p tid e s  w ere 
accep ted  as su itab le  su b s tra te s  an d  th e  p e p to n e s  were left u n co n s id e re d . 
W ith  th e  im p ro v em en t o f sy n th e tic  m e th o d s , in  clin ical m edicine a t te n t io n  
w as d e v o ted  exclusively  to  th e  d iag n o stic  sign ificance  of serum  di- a n d  
tr ip e p tid a se s  [8, 13, 14, 15, 16, 22, 26, 28, 30, 37, 38, 40]. (ii) T echn ica l fac ilitie s  
an d  fav o u rab le  co n d itio n s for enzym e k in e tic a l s tud ies have  m a d e  th e  use 
o f sy n th e tic  p ep tid e  as th e  su b s tra te  even m ore  a ttra c tiv e , (iii) P e p to n e  w as 
neg lec ted  owing to  th e  hope th a t  by  th e  use o f  sy n th e tic  pep tides su ch  specific  
p ep tid a se s  w ould be d em o n strab le  in th e  se ru m  th e  presence o r in c rease  
o f w hich  m igh t be c h a ra c te ris tic  cd' th e  in v o lv em en t o f ce rta in  o rg an s. 
\c c o rd in g  to  M értéin an d  W in s c iiu h , th e  p e p tid a se  a c tiv ity  of e ry th ro c y te s  
changes d iffe ren tly  in  d ifferen t d iseases, as d e te rm in ed  b y  th e  use o f  such  
s u b s tra te s  as D- a n d  L-leucoglycine, D - a n d  L -a lany lg lycine , D- an d  
L -g lyc ila lan ine . T he in v estig a tio n s in  p rog ress a t  th e  M ayo C linic since 
1948 [13, 14, 15] show ed th a t  th e  increase  o f  d ip ep tid ase  a c tiv a te d  b y  Mn 
(leucylglycinase) w as a ch a rac te ris tic  sign in  h e p a titis . H e r r e n , M e r t e n  
a n d  S chmitz lig a te d  th e  ren a l a r te ry  an d  th e  u re te r  in  an im als a n d  fo u n d  
an  increase  in  th e  a c t iv i ty  o f a specific tr ip e p tid a s e  p a r tic u la r ly  a c tiv e  on 
D -a lany lg lycy lg lyc ine  a n d  v e ry  s lig h tly  a c tiv e  on leucoglycylglycine.

T h e  ob jec tions to  th e  use of p ep to n es  are  u su a lly  su p p o rte d  b y  th e  
follow ing a rg u m en ts . 1. P ep tones are u n re lia b le  as su b s tra te s . 2. T h e ir  b re a k ­
dow n is th e  re su lt o f com plex en zy m atic  a c tio n s . T he resu lting  p e p tid e s  of 
low er am ino  acid  c o n te n t m ay  serve as new  s u b s tra te s  for th e  d iffe ren t p e p ­
tid ases  p resen t in th e  n o rm al or p a th o lo g ica l se ra . 3. P eptones are  u n su ita b le  
for use in  th e  search  for specific p ep tid ases .

O n th e  basis o f o u r ow n in v es tig a tio n s , th e  following m ay  be  s ta te d .
1. W itte  p ep to n e  as th e  su b s tra te  offers s ign ifican t a d v a n ta g e s  in 

q u a n ti ta t iv e  p ep to n ase  d e te rm in a tio n .
a)  T he re a c tio n  o f its  5 per cen t so lu tio n  is alw ays betw een  p II 7,2 

an d  7,3.
b) I ts  colour reac tio n  writh  th e  b iu re t re a g e n t (Table I) o r w ith  n in- 

h y d rin  (T able II)  gives alw ays th e  sam e e x tin c tio n  value.
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c)  I ts  p a p e r  ch ro m ato g ram  is rep ro d u c ib le  an d  shows alw ays th e  sam e 
fra c tio n s  (F ig . 6).

2. A ccord ing  to  o u r d a ta  fo r th e  ch rono log ica l (Fig. 2 a n d  3) and  
q u a n t i ta t iv e  re la tio n s  (F ig . 4) of th e  b re a k d o w n  of pep tone , th e re  is a lin ea r 
c o rre la tio n  b e tw een  th e  q u a n t i ty  of enzym e a n d  pep tonase  a c tiv ity , as e x ­
p ressed  in  p e p to n a se  u n its  (PU ).

3. B eside th e  serum  di- an d  tr ip e p tid a se s  it  is ju s tif ied  to  s tu d y  th e  
th e o re tic a l an d  p ra c tic a l significance o f p e p to n a se .

a )  P e p to n a se  is n o t id e n tic a l w ith  th e  di- an d  tr ip e p tid a se s .
b) I f  p e p to n a se  is a com plex  of d iffe re n t pep tid ases , p a p e r c h ro m a to ­

g ra p h y  a n d  o th e r  m odern  tech n iq u es allow  to  an a ly se  th e  d e ta ils  o f  p e p to n e  
b re a k d o w n  an d  also to in v es tig a te  q u a li ta t iv e  differences in th e  e n zy m a tic  
a c t iv i ty  o f d iffe ren t sera (F ig . 8).

c)  T he  fa c t m u st n o t be ignored  t h a t  W itte  pep tone is p re p a re d  by  
p e p tic  h y d ro ly sis  o f fib rin , so th a t  it re p re se n ts  a su b s tra te  closely re la ted  
to  th e  in  vivo  m e tab o lite s  of fib rin .

(iv) E v en  if  i t  is n o t c e r ta in  th a t  p e p to n a se  is one enzym e or a com plex  
of sev e ra l enzym es, it is u n q u estio n ab le  t h a t  in  norm al su b je c ts  its  
-e ru m  level is s ta b le  w hich in  ce rta in  d iseases i t  m ay  undergo c h a ra c te ris tic  
ch an g es.

As to  th e  d iag n o stic  v a lue  o f the se ru m  p ep to n ase  level, S c h ie r g e  h as 
show n b y  ex ten siv e  q u a lita tiv e  s tu d ies  t h a t  th e  increase in th e  p e p to n ase  
a c t iv i ty  is c o rre la ted  firs t o f all w ith  th e  a ffec tio n  of liver p a re n c h y m a . H is 
d a ta  h a v e  been con firm ed  b y  W e isb a c h , w ho com pared  th e  re su lts  o f  the 
te s t w ith  tho se  of o th e r  liver fu n c tio n  te s ts . H e  found  th a t  th e  q u a lita tiv e  
te s t  is p o s itiv e  in  th e  sam e p e rcen tag e  as th e  T a k a ta -A ra  an d  th y m o l te s ts  
in a c u te  h e p a tit is ,  an d  as th e  th y m o l a n d  th e  W eltm an n  te s ts  in  ch ron ic  
h e p a tit is ,  w hereas in liver cirrhosis its  d ia g n o s tic  va lue  is in fe rio r to  th a t  
o f th e  cad m iu m  a n d  T a k a ta  te s ts .

T h u s  fa r , o u r q u a n ti ta t iv e  te s ts  h av e  p e rm itte d  the  folloving s ta te m e n ts  
to  be m ad e .

1. O u r d a ta  y ie lded  b y  sy s tem a tic  q u a n t i ta t iv e  stud ies, are  th e  firs t 
to  ex p ress  th e  serum  p ep to n ase  co n ten t in  u n its .  The q u a n tita tiv e  values 
for se ru m  p e p to n a se  am ong th e  p ro teo ly tic  enzym es of serum  are n o t know n  
in an  o rd e r s im ila r to  th a t  for th e  d igestive  t r a c t  (pepsin ,ca thepsin , t r y p s in ,  
p e p to n a se , di- a n d  tr ip ep tid a se s) .

2. I n  th e  sera  of n o rm a l su b jec ts , th e  p ep to n ase  level varies  w ith in  
n a rro w  ran g es  (20 to  33 P U ), th u s  re p re se n tin g  a s ta n d a rd  va lu e . D aily  
in d iv id u a l v a r ia tio n s  are sm a 11 (F ig . 13).

3. In  th e  e a r ly  phase  of acu te  h e p a tit is  th e  serum  p ep tonase  leve l is 
e le v a te d  in  100 p e r cen t o f th e  cases (45 to  160 P U ). D uring the  a c u te  p h ase  
th e  ch an g es in th e  p ep to n ase  level do n o t d e p e n d  on those of th e  serum
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b iliru b in . Serum  p e p to n a se  m ay  re tu rn  to  n o rm a l or s la y  h igh , irre sp ec tiv e  
o f the  beh av io u r o f se ru m  b ilirub in  (Fig. 14 a n d  15).

4. In  p o s th e p a titic  s ta te s , even w hen su b je c tiv e  com plain ts  a re  s lig h t, 
th e  p ep to n ase  level w as e lev a ted  in a co n sid e rab le  p ercen tage  o f cases, 
in d e p e n d e n tly  o f th e  p o s it iv ity  o f th e  flo ccu la tio n  te s ts , w hich were po sitiv e  
m uch less freq u en tly , a n d  from  th e  in te n s ity  o f  o th e r  enzym atic  a c tiv itie s  
(F ig . 16). In  th ese  cases th e  e levation  of th e  se ru m  p ep to n ase  level co incided  
f irs t  o f a ll w ith  th e  e lec tro p h o re tic  p a tte rn  in d ic a tin g  th e  presence o f ch ron ic  
in flam m atio n , b u t w as in d e p e n d e n t of th e  q u a n t i ty  o f th e  frac tio n  a lp h a 2.

5. V ery  h igh  se ru m  p ep to n ase  levels o ccu r in  acu te  febrile d isease.
6. T he p ep to n ase  level is e levated  in b u t  a sm a ll percen tage  of p a tie n ts  

w ith tu m o u r, w ith  or w ith o u t m etastasis . X -ra y  th e ra p y  has no in fluence  
on th e  pep to n ase  level.

7. T he serum  p e p to n ase  level is in d ep en d en t o f  th e  g rade  of a n a e m ia , 
leucocy te  coun t, d iffe re n tia l blood coun t, e ry th ro c y te  sed im en ta tio n  ra te  
a n d , in chronic d iseases, of b o d y  te m p e ra tu re .

In  o rder p recisely  to  o u tlin e  the d iag n o stic  v a lu e  o f the  serum  p e p to n a se  
level, we ough t to  kno w  a p a r t  from  these e m p ir ic a l d a ta  also th e  fo llow ing 
po in ts  : is p ep to n ase  a hom ogeneous enzym e ; from  w here does it  com e 
in to  th e  blood s tre a m  ; w h a t m echanism  co n tro ls  its  no rm al serum  level ; 
a n d  w h a t pa th o lo g ica l ev e n ts  m ay  cause its  e le v a tio n  or decrease? A t p re se n t 
we are u n ab le  to  answ er th e se  questions. T h e  re su lts  o f  research  on th e  orig in  
a n d  fu n c tio n  o f o th e r  p ro te o ly tic  enzym es in  th e  serum  can n o t be app lied  
w ith o u t re se rv a tio n s  to  se ru m  pep tonase. N o t o n ly  enzym ological d ifferences 
b u t  also th e  d iffe ren t b e h a v io u r  of the  se ru m  level o f  d ifferent p ro te o ly tic  
enzym es in v a rious d iseases com pel us to  m ak e  th is  d is tin c tio n . For ex am p le , 
S c iu e r g e  [35] fo u n d  no paralle lism  betw een th e  se ru m  try p ta se  level and  
th e  a b ility  to b reak  dow n p ep to n e . Or, in liv e r d isease , fib rino lysis m a y  show  
an opposite  b e h av io u r th a n  th e  pep tonase  level : in a lm ost 100 p e r cent
o f th e  cases of c irrhosis fib rino lysis is in c reased , w hereas in  acu te  h e p a tit is  
it is on ly  slig h tly  d iffe ren t from  norm al (S ch ultz  a n d  K nobloch). In  c o n tra s t  
w ith  th is , we fo u n d  th e  p ep to n ase  level to  be  e lev a ted  in 100 per cent o f  th e  
cases o f acu te  h e p a ti t is ,  w hereas in c irrhosis, n o rm a l or even d ecreased . 
M e r t en  and  W i n s c h u h  found  increased tr ip e p tid a s e  co n cen tra tio n s in 
e ry th ro c y te s  in  v a rio u s patho lo g ica l co n d itio n s, in c lu d in g  liver d isease. On 
th e  o th e r h an d , th e  p e p to n ase  co n ten t of e ry th ro c y te s  is s ig n ifican tly  reduced  
in  acu te  h e p a titis  [10], even  w hen th e  se ru m  level is e levated . T hese fewr 
exam ples show' c learly  t h a t  from  th e  re su lts  o f  ex p erim en ts  p ro v in g  th e  
orig in  o f  o th e r k in d s o f  p ro te inases one c a n n o t y e t conclude to  th e  orig in  
o f  p ep to n ase .

F u r th e r  in v e s tig a tio n s  should  decide th e  cau se  o f these  d ifferences, 
w hich m ay  be ascrib ed  to  differences in th e  o rig in  o f th e  enzym es, to  an
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in c re a se  in  th e ir  abso lu te  q u a n t i ty  or to  th e  in fluence  of know n  a n d  unknow n 
a c t iv a to r s  an d  inh ib ito rs  in  d iffe ren t d iseases.

A ccord ing  to  S c h ie r g e  [35 ], se ru m  p ep to n ase  is no t a hom ogeneous 
e n z y m e , b u t, like in te s t in a l  e repsin , a com plex  of several p o ly p e p tid e s . He 
f u r th e r  suggested  th a t ,  m a in ly  as a re su lt o f  h ep a to ce llu la r lesion, considerab le  
q u a n t i t ie s  o f pep tonase  e n te r  th e  serum . T h is view  is su p p o rte d  b y  th e  find ing  
t h a t  th e  o p tim um  p H  o f th e  p e p to n ase  a c t iv i ty  of m inced liv e r tissu e  is 
n e a r ly  id en tica l w ith  th a t  o f th e  p e p to n a se  a c tiv ity  of se rum .

I n  ad d ition  to  th is  v ie w  o f  S c h ie r g e , o ther poin ts o f  v ie w  sh o u ld  also  
b e t a k e n  in to  con sid eration , f ir s t  o f  a ll th e  d a ta  y ie ld ed  b y  th e  few  exp er im en ts  
in  w h ich  p ep ton e h ad  b een  u sed  as th e  su b stra te .

A ccord ing  to  A b d e r h a l d e n  a n d  P in c u s s o h n , th e  p a re n te ra l  ad m in is­
t r a t io n  o f p ro te ins or th e ir  m e tab o lite s  re su lts  in a g rea t in crease  o f  serum  
p e p to n a s e  a c tiv ity . This p h en o m en o n  is dem o n strab le  as e a r ly  as 2 days 
a f te r  p ro te in  a d m in is tra tio n  a n d  is s till dem o n strab le  3 to  4 w eeks la te r . 
G r u b e r  found  a para lle lism  b e tw een  th e  l i tre s  of haem olysin , p re c ip tin  and  
a g g lu tin in  produced  a g a in s t e ry th ro c y te s , foreign pro te ins a n d  b a c te r ia  on 
th e  o n e  h a n d , and  th e  in c rease  in p e p to n a se  level re su ltin g  in  re sp o n se  to  
th e se  im m u n iza tio n s , on th e  o th e r. I to re p o rte d  th e  a c tiv ity  o f h ep a tic  
p ro te o ly tic  enzym es in c lu d in g  p e p to n ase  to  change in  response to  th e  in jec tio n  
o f  a d re n a lin e , insu lin , or to  a d ren ec to m y , even  in  th e  absence o f  a p rim a ry  
h e p a tic  lesion.

I t  m u st, therefo re , be assum ed  th a t  num erous fac to rs  a re  invo lved  
in  th e  changes of th e  se ru m  p e p to n ase  level an d  th a t  p e p to n a se  lev e l and 
a c t iv i ty  m a y  be in fluenced  no t on ly  b y  p r im a ry  liver d isease, b u t  also  by 
th e  n eu ro en d o crin e  re g u la tio n  an d  im m unob io log ica l even ts. W e fo u n d  th e  
c o n c e n tra tio n  of pep to n ase  in  se ru m  to  be in d ep en d en t of b o d y  te m p e ra tu re , 
e ry th ro c y te  an d  leucocy te  co u n ts , e ry th ro c y te  sed im en ta tio n  ra te ,  m e ta ­
s ta s is  fo rm a tio n  an d  X -ra y  th e ra p y  of n eo p la s tic  disease, an d  th u s  we su p p o rt 
th e  v ie w  th a t  the increase o f th e  serum  p ep to n ase  level m ay  be a n  accom ­
p a n y in g  sym p to m  of v a rio u s p a th o p h y sio lo g ica l even ts and  is n o t necessarily  
c o r re la te d  w ith  “ tissue d e s tru c tio n ” . I t  is possib le, how ever, t h a t  th e  v a rious 
p a th o p h y sio lo g ica l even ts in flu en ce  th e  se ru m  pep tonase  level f i r s t  o f all 
th ro u g h  an  ac tion  on th e  liver. T h u s, an  e lev a tio n  of th e  se ru m  p ep to n ase  
level in  som e disease m igh t be a sensitiv e  sign  o f a lesion of th e  liver p a re n c h y m a . 
T h is  p ro b lem  should  be d ecided  in  e x p e rim e n ta l stud ies.
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SUMMARY

Few data were available concerning peptonase, one o f  the proteolytic enzym es o f  
serum , and no quantitative ones. A m ethod has been elaborated for the quantitative d e te r ­
m ination of the enzym e. W itte peptone was used as the substrate. According to the results 
obtained for the pH relations of peptone breakdown, for the correlations between the quantity  
o f enzym e and peptonase a c tiv ity , for the chronological course o f  enzym e action, as w ell 
as for the paper chrom atographic pattern, W itte peptone is a suitable substrate and the  
peptonase content can be expressed by the am ount o f am ino-N  released during 24 hours 
o f  incubation. The te st is m ade in 0,2 m l o f serum. The peptonase content is expressed in 
peptonase units (PU ). One P U  is equivalent to 1 mg am ino-N  liberated by 100 ml serum.

In normal scrum , 20 to 33 PU  are dem onstrable. H igh values were found in acute  
hepatitis and in acute febrile disease. In the early phase o f acute  hepatitis the serum peptonase  
level was elevated in all the cases exam ined, to 45 to 160 P U . In the course o f the acute 
phase the serum peptonase level either returned to norm al or remained high for a longer 
period o f tim e, independently o f the bilirubin content o f  serum.

In posthepatitic conditions, even when com plaints were apparently insign ificant, 
the serum peptonase leve l was often  high. The elevated  lev e l showed no correlation either 
w ith  the results o f flocculation  tests or w ith the a c tiv ity  o f other enzym es.

The serum peptonase level was elevated only in  a sm all percentage o f patients w ith  
neoplastic  disease.

In non-hepatic conditions, the serum peptonase lev e l was independent o f  the grade 
o f anaem ia, leucocyte count, differential count, erythrocyte sedim entation rate and, in 
chronic diseases, from body tem perature.
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T he fa c t th a t  su rg ica l o p era tions are fo llow ed b y  a dim inished o u tp u t  
o f u rine  of h ig h  specific g ra v i ty  h ad  been recogn ized  ab o u t h a lf  a c e n tu ry  
ago [1, 2], b u t  i ts  e x p la n a tio n  d a te s  from  th e  la s t  few  years on ly . As a 
consequence o f m a jo r su rg ica l tra u m a , w a te r  is re ta in e d  [3] a n d  th e  
k id n ey  is u n ab le  to  ex c re te  d ilu te  urine  [5, 6 ] ; d u rin g  th is  period  u rin e  
flow  is d e te rm in ed  b y  so lu te  o u tp u t  [4, 5, 6]. T h is  phenom enon  s till p e rs is ts  
if  excessive w a te r  a d m in is tra tio n  resu lts  in  d ilu tio n  o f th e  bo d y  f lu id s  [4, 
5, 6, 7] w hich f in a lly  m a y  lead  to  w ate r in to x ic a tio n  [7, 8]. In  v iew  o f  th e  
fa c t th a t  a ll th ese  p h en o m en a  closely resem ble  th e  effect ex e rted  b y  th e  
a n tid iu re tic  horm one (A D H ) a n d  th a t  all th e  fin d in g s  can  fu lly  be rep ro d u ced  
b y  th e  a d m in is tra tio n  o f  a p o s te rio r p i tu i ta ry  p re p a ra tio n  [3, 4, 6], i t  h a s  
been assum ed  th a t  th e y  m a y  be due to  an  e n h a n c e d  A D H  a c tiv ity  [3, 4 , 5]. 
This la t te r  is p ro b a b ly  in d u c e d  b y  “ a non-osm otic  s tim u la tio n  of th e  p o s te rio r  
p i tu i ta ry ”  [4]. C l i n e  [9] a n d  E i s e n  [10] w ere th e  f ir s t  to  d e m o n s tra te  an  
increased  a m o u n t o f  a n tid iu re tic  su b stan ce  in  th e  u rin e  vo ided  a fte r  su rg e ry . 
A ccording to  M i r s k y  [11], su rg ica l o p era tio n  in d u ces a m arked  a u g m e n ­
ta t io n  in  th e  a n tid iu re tic  a c t iv i ty  o f th e  p la sm a  o f p a tie n ts .

C onsidering th e  lead in g  p a r t  p lay ed  b y  th e  A D H  m echanism  in  th e se  
ev en ts , th e  q u estio n  arose w h e th e r th e  ly tic  c o c k ta il o r its  m ain  p o te n t com ­
p o n en t, ch lo rp rom azine , — w hich  exerts  an  in h ib ito ry  effect on en d o crin e  
reac tio n s  [12, 13, 14, 15, 16] — m igh t be ab le  to  in fluence  th e  a c tiv a tio n  
of th e  A D H  sy stem  in it ia te d  b y  su rg ical s tre ss . R e c e n t ob se rv a tio n s, show ing  
th a t  in  p a tie n ts  p rem ed ica ted  w ith  these d rugs th e  p o sto p e ra tiv e  u rine  o u tp u t  
exceeded th e  u su a l vo lum e [17, 18], h ad  p ro m p te d  us to  exam ine how  s u r ­
gical stress a ffec ted  th e  se ru m  a n tid iu re tic  a c t iv i ty  (SADA) in  a g ro u p  o f 
p a tie n ts  p rem ed ica ted  w ith  th e  ly tic  co ck ta il. P a r t ly  fo r th e  sake  o f  co m ­
pariso n  an d  p a r t ly  to  p ro v id e  fu r th e r  d a ta  co n cern in g  th e  role o f A D H  in  
su rg ica l an tid iu re s is , a n o th e r  group o f p a tie n ts  w as p rem ed ica ted  w ith  
m orphine.

3*
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M aterial and  m ethods

The exam inations were carried out in 27 surgical patients of both  sexes, suffering from 
v ariou s diseases. Patients subjected  to major surgery were selected. Endocrine cases as well 
as p a tien ts  w ith clinical signs o f  dehydration were excluded.

The operations were perform ed partly  under general (ether) and partly  under local 
a n aesth esia  (using a 0,5 per cent procaine solution w ithou t epinephrine). In tw o cases a short 
a ctin g  barbiturate* was applied in  drip infusion ; in another, local anaesthesia w as combined 
w ith  sp in al anaesthesia.

B lood samples were taken  from  the cubita l vein  of fasting patients :
I. 2 days prior to  operation  ;
II . on the m orning o f surgery, 1 hour before the operation was started . Prem edication  

w as applied  im m ediately after blood sam pling ;
III . one hour after prem edication. This sam pling was carried out in  th e  ward and 

surgery com menced w ithin  10 m inutes ;
IV . one hour after the operation had been started  ;
V. on the m orning follow ing surgery ;
V I. on the morning of the fifth  postoperative day . The blood sam ples were im m ediately  

cen trifu ged  and injected w ith in  10 m inutes to  w ater loaded rats for assay.
In  the three days preceding surgery no infusion, no blood transfusion or drug therapy  

w as app lied  to the patients and except for the prem edication the same holds good for the 
d a y  o f  operation until blood sam ple IV  had been taken . No further blood sam ples were 
ta k e n  from  patients in  w hich these  criteria could not be observed. After blood sam pling IV, 
h ow ever, flu id  and drug therapy was applied according to the individual requirem ents of 
th e  p atien ts.

T he patients had been adm itted  at least a w eek before the operation and b y  the tim e  
o f  b lo o d  sam pling I th ey  were accustom ed to their environm ent and to venipunctures. They  
w ere o n ly  informed about th e  tim e o f the operation  after blood sam ple I had been taken. 
T he degree of psychic tension  was defined and sem i-quantitatively  denoted w ith  crosses 
on  th e  day of operation im m ediately  before blood sam pling II.

According to the ty p e  o f  prem edication, the patients were divided in to  tw o groups 
a t random . One hour before blood sam pling III , 13 patients were given  an intram uscular 
in jec tio n  of 20 mg m orphine hydrochloride and 0,5 m g atropin sulphate. To th e  other group 
o f  14 patients ly tic  cocktail, a m ixture of 25 m g chlorprom azine,1 20 m g Synopen2 and 50 
m g pethidine3, was adm inistered intram uscularly three tim es, via.:

1. im m ediately after blood sam pling II , i. e. 60 m inutes before b lood sam pling III;
2. 30 m inutes prior to  b lood sam pling III ; and
3. im m ediately after b lood sam pling III.
(Thus the full dose w as 75 m g chlorprom azine, 60 mg Synopen and 150 m g Dolar- 

g a n .)  A t the time of blood sam pling III the psych ic depressant action o f the prem edication  
w as recorded, according to  a sem i-quantitative scale. The blood pressures o f  the patients 
prem ed icated  w ith ly tic  cocktail were measured prior to  prem edication and ju st before blood 
sa m p lin g  III and the decreases presented as th e  percentage of the in itia l systo lic  blood 
pressures. Blood sam pling and recording of the degree of psychic tension and psychic 
d ep ressan t action of the prem edication was done b y  one person, blood pressure measuring 
b y  another and the assay o f SA D A  b y  a third person —  the latter was not inform ed which  
b lo o d  sam ple was which. A ssa y  o f  S A D A .  For th is purpose a m odification o f B urn’s test [19] 
w as em ployed . W hite rats o f b o th  sexes averaging 200 g in  weight were used. A ll animals 
w ere deprived of food for 16— 18 hours before th e  assay, but water was g iven  ad libitum.  
T w o hours before the assay each anim al was p laced into a separate m etabolism  cage and 
h y d ra ted  orally w ith 5 per cen t body w eight o f  tap  water. Two hours later urine output 
w as m easured and the anim als which did not excrete at least 50 per cent o f the water load 
w ere discarded.

The assay was then  started . The anim als received the same water load and sim ul­
ta n e o u s ly  an intraperitoneal injection  o f the serum  (0,5 m l per cent 100 g b od y  w eight). 
E a ch  serum  was injected in to  three rats. In each instance three saline controls were used.

* Intranarcon, Chinoin, B udapest. (2-th io-5-cyclohexenyl-5-allyl-barbiturate).
1 Largactil, Specia, Paris.
2 Synopen, G eigy, B asel. A potent antiliistam inic agent.
3 Dolargan, Chinoin, B udapest.
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The to ta l urinary excretion  of each rat w as first measured 30 m inutes a fter  the second 
water load and the m easurem ent was repeated every  15 m inutes for three hours. The area
under the curve representing th e  cum ulative urinary excretion of a rat w as calculated by
the form ula

A ■ -jj-  • (1,5 Z30 +  Z45 +  Z00 +  • • • +  Zle5 +  0,5 Z1M) 1.

where H is the quantity o f  the second water load in  m l and Z30, Z45, Z60, e tc . th e  quantity  of
urine excreted  in 30, 45, 60, e tc . m inutes (g iv en  to  an accuracy of 0,1 m l).

The assay value o f each serum was ca lcu la ted  according to the form ula

S
E j  -j- K2 +  Е Л
C, • c 2 +  c j

2.

where E 4, E 2, E 3 are the areas under the cu m u lative  urinary excretion curves o f  the rats 
treated w ith  serum (calculated according to form ula 1) and C4, C,2 C3 those o f  the controls. 

For details of calculations and assay m eth o d , see Appendix.
The m athem atical analyses were perform ed by m eans of Student’s t-tes t.

R esults

T h e resu lts  are su m m arized  in  T a b le  I a n d  II .
Tw o days before th e  opera tion  (a t  th e  tim e  of blood sa m p lin g  I) all 

b u t th re e  p a tie n ts  w ere a p p a re n tly  u n w o rried . These exceptions a re  m en tioned  
in th e  T ab les . The a n tid iu re tic  a c tiv ity  o f  th e  sera  tak en  a t  th is  t im e  exceeded 
so m ew h at th e  norm al v a lu e  ; nam ely , th e  av erag e  SADA of 22 n o rm a l persons 
[20] — de te rm ined  in  th e  sam e w ay  a n d  u n d e r sim ilar co n d itio n s  o f blood
sam p lin g  — was 2,76, w ith  a s ta n d a rd  d e v ia tio n  o f i  1,07 (ran g e , 0 ,9 0 —4,58).

On th e  m orning o f  su rg e ry  w hen th e  b lood  sam ples I I  w ere  ta k e n , the 
m a jo r ity  o f th e  p a tie n ts  w as in  a s ta te  o f  in c reased  psychic te n s io n  a n d  re la ted  
SA D A  va lu es  were co n sid e rab ly  in creased  as com pared  to  th e  v a lu e s  o b ta in ed  
tw o d ay s before. S um m ariz ing  th e  tw o  g roups, th e  m ean  o f SA D A  I was 
4,03, an d  th a t  of II , 5,47, th e  averages o f  th e  differences being h ig h ly  sign ifican t 
(P  <  0,001). These re su lts  w ere d ea lt w ith  in  a previous p a p e r  in  d e ta il  [21].

G enera lly , the  ly tic  cock ta il d id  n o t  in fluence  these v a lu es  (av e rag e  of 
th e  d ifferences betw een Г a n d  I I  =  d — — 0,12; 0,70 <  P <  0 ,80). M orphine- 
a tro p in e , on th e  o th e r h a n d , u n e x p e c te d ly  reduced  th e  SA D A  v a lu e s , b u t 
th e  d ifference was no t s ig n if ican t (d =  — 1,10, 0,05 P  <C 0 ,10). H ow ever, 
a g lance a t  Fig. 1 show s t h a t  all b u t one  o f th e  SADA values ex ceed in g  the  
n o rm al ran g e  decreased considerab ly  ; th e  p a tie n ts  involved re v e a le d  app reci­
ab le p sych ic  tension a t th e  tim e  of b lood sam p lin g  I I .  W hereas th e  tw o  values 
w ith in  th e  no rm al ran g e  in c reased , th e se  tw o  p a tie n ts  did n o t show  a n y  signs 
o f  a n x ie ty . H ence, if  o n ly  th e  SADA v a lu e s  exceeding th e  n o rm a l ra n g e  are 
ta k e n  in to  account in  th e  ca lcu la tio n s , th e  ob ta ined  d ifference  is h igh ly  
s ig n ifican t (d —- —1,66 ; 0,001 <C P  <C 0,01). A sim ilar re a rra n g e m e n t o f the  
values o b ta in ed  in th e  c o c k ta il- tre a te d  g ro u p  d id  no t change th e  re su lts .



Table I

Serum antidiuretic activity in  patients premedicaled with morphine and atropine 
Two (lays prior to operation (I) ; on the morning of the operation, before prem edication ( I I ) ; one hour after prem edication ( I I I ) ; one hour 

after operation had started (IV) ; 24 hours following the operation ( V ) ; and 5 days after the operation (VI).

Nr. Name Sex Age Diagnosis Operation Anaesthesia
S A D A Psychic

depres-

I. II. III. IV. V. VI. premedi­
cation

í. P. 13. ? 47 Gastric cancer Partial gastrectom y ether 5,08 3,19 — 5,54 6,35 3,82 +

2. A. Á. c? 69 Cholelithiasis Choledochoduodenostomy ether 3,42 4,06 _ 6,96 4,79 3,64 +

3. B. Zs. 3 56 Gastric ulcer Partial gastrectom y ether 5,24 5,26 3,71 2,95 2,97 0,30 -j-

4. M. F. 3 54 Duodenal ulcer Partial gastrectom y ether 6,89 7,52 5,95 7,62 6,18 4,67 +  +
5. K. w. ? 45 Hypertrophy of the breast M ammaplasty ether 2,75 5,64 5,60 6,85 1,97 2,29 -j-

6. I. D. 3 49 Pericardial cyst Extirpation ether 2,60 0,98 1,65 4,55 6,93 6,65 “h
7. I. II. 3 67 Gastric cancer Partial gastrectom y local 1,91 6,78 3,93 7,35 3,26 2,54 +

8. J. D. 3 55 Gastric cancer Exploration local 1,05 3,06 5,21 6,53 6,58 3,13 +
9. E. R. ? 71 Cholelithiasis Cholecystectom y local 7,68* 9,24 7,75 7,51 6,17 3,75 +

10. P. K. 3 47 Duodenal ulcer Partial gastrectom y local 5,95 8,51 5,32 8,45 8,22 3,06 ~b
11. I. P. K. 3 56 Gastric cancer Gastro-enterostom y local 5,00 6,08 3,71 4,48 4,04 4,59 +
12. J. T. ? 59 Cholelithiasis Cholecystectom y

Choledochotoiny
local 3,50 6,51 3,74 4,60 — . — + + +

13. P. K.** ? 24 Em pyem a of the gall 
bladder

Cholecystectom y Intra-
narcon

8,46 6,38 7,28 8,24 7,75 9,47 +

mean 4,59 5,64 4,89 6,34 5,44 3,99

* A t the tim e of blood sampling very excited and crying.
** Very sensitive patient, reacting w ith extraordinary excitem ent to every m anipulation throughout the whole period.
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Table II
Serum antidiuretic activity in  patients premedicated w ith  lytic cocktail 

(Blood sampling as in Table I)
Decreases in blood pressure, recorded at the tim e of the second blood sam pling, are expressed as the percentage of the initial systolic blood

pressure

Nr. Name Sex
Age Diagnosis Operation Anaesthesia

S A D A
Fall of 
blood 

pressure
Psychic
depression

(years)
II. h i . IV. V. VI.

after
preme­
dication

after pre- 
medication

l . I. M. 3 50 Duodenal ulcer Partial gastrectom y ether 1,60 3,22 4,76 4,26 2,70 1,45 50% +  +
2. A. D. ? 54 Hypernephroma Nephrectom y ether 5,64* 5,41 8,45 7,31 6,30 8,10 81% +
3. I. B. 3 53 Gangrene of the foot Am putation ether 2,40 4,03 5,20 5,05 1,12 2,89 75%

4. I. M. ? 34 Cholelithiasis Cholecystectomy ether 3,84 6,42 6,72 7,36 6,57 2,92 96% +  +
5. M. Gy. 3 19 Subclavian arterio­

venous fistula
Extirpation ether 3,79 6,60 5,30 5,45 4,40 5,64 85% +  +

6. M. K. $ 71 Cholelithiasis Cholecystectomy ether 0,90 6,02 3,35 4,55 2,19 3,55 96% +  +  +  +
7. I. T. 3 63 Gastric ulcer Vagotom y + Gastro- local 4,02 3,75 2,43 5,04 3,39 6,14 69% +  +  +  +

enterostom y
8. I. A. 9 63 Cholelithiasis Cholecystectomy local 2,11 5,17 5,63 8,01 7,59 8,77 95% +  +  +  +

9. L. K. 9 54 Gastric cancer Total gastrectom y local 7,02 6,23 7,07 7,93 3,19 7,86 86% +  +  +  +
10. .!. P. 9 54 Cholelithiasis Cholecystectomy local 3,64 2,71 1,98 3,70 2,19 2,71 62% +  +
11. I. H . 9 64 Gastric cancer Partial gastrectom y local 6,59 5,42 3,90 7,19 6,65 4,21 91% +  +  +
12. L. G. 9 65 Gastric ulcer Partial gastrectom y local 2,58 4,78 4,52 5,74 5,42 7,99* 64% +  +  +  +
13. K. B. 3 57 Sigmoid cancer Resection of the 

sigm oid colon
lo ca l-
spinal 3,40 7,70 7,92 8,61 2,90 — 70% -|—1—|-

14. P. K. 3 54 Gastric cancer Gastro-enterostom y Intra-
narcon 1,15 6,50 4,39 6,58 2,31 5,94 60% +  +

mean 3,48 5,28 5,16 6,20 4,07 5,25

* Retrograde pyelography the day before. At the tim e of blood sampling the patient complained of intense pain. 
** At the tim e of blood sampling extrem ely excited.
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P rem ed ica tio n  w ith  m o rp h in e  h a d  h u t  a s lig h t tra n q u illiz in g  effect as 
c o m p a re d  to  th a t  of th e  ly t ic  cocktail. The la t te r  ex e rte d  a p ro n o u n ced  psychic 
d e p re s s a n t  action  th e  d eg ree  o f  w hich, how ever, v a rie d  from  p a tie n t to  p a tie n t. 
A s a  re su lt of p re m e d ic a tio n  w ith  ly tic  c o ck ta il a  few  p a tie n ts  fell asleep, 
d id  n o t  w ake up th ro u g h o u t  th e  opera tio n  ca rr ied  o u t in  local an aesth esia

F ig . 1. E ffect of prem edication  on  serum antidiuretic a c tiv ity . The effect o f prem edication  
w ith  m orphine-atropine is p lo tte d  on the left (A), th a t o f the ly tic  cocktail, on the right (B). 
T w o SA D A  values are p resen ted  for each patient ; one b lood sam ple (II) was taken on the 
m orning  o f the operation before prem edication, and the other (III) 1 hour later. The horizontal 
d o tte d  line denotes the upper norm al lim it. The dots represent high SADA values o f excited  
p a tie n ts , whereas the circles sh ow  the lower values o f  relative ly  quiet patients. The corre­

spond ing values are connected

(N o . 7 an d  9) an d  co u ld  n o t  la te r  rem em b er a n y th in g  th a t  h a d  h appened . 
T w o  o thers, on th e  o th e r  h a n d , th ough  th e y  seem ed to  he asleep d u ring  th e  
o p e ra t io n , rep o rted  th e  n e x t  d a y  th a t  th e y  rem em b ered  ev e ry th in g , bu t h ad  
b e e n  unab le  to  sp eak  o r m o v e . The degree o f  b lood  p ressu re  decrease v aried  
in d iv id u a lly  over a w ide  ra n g e . One p a tie n t  (N o. 1) ex h ib ited  such  a great 
d ro p  th a t  it  did n o t seem  adv isab le  to  a d m in is te r  th e  th ird  dose, w hereas 
in  o th e rs  blood p re ssu re  h a rd ly  showed a n y  change . No re la tio n  could be 
f o u n d  betw een th e  re d u c tio n  of blood p ressu re  a n d  th e  psychic  depressan t 
a c t io n  of the  drugs.

As a resu lt o f  s u rg ic a l s tress, SADA rose  co n sid e rab ly  in  b o th  groups 
(m o rp h in e -tre a te d  g ro u p  : d  =  -j-1,43, 0,001 <  P  <( 0,01 ; c o c k ta il- trea te d  
g ro u p  : d — 1,05, 0,001 <  P  <  0,01). In  b o th  g roups th e  SA D A  of all b u t
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one p a tie n t  exceeded th e  n o rm a l range  d u rin g  th e  opera tio n , irre sp ec tiv e  of 
th e  ty p e  o f  an aesth esia  ap p lied  ; SADA in c reased  during  su rg e ry  even  in  the  
tw o p a tie n ts  who, ow ing to  th e  d ep re ssan t ac tio n  of p re m e d ic a tio n  w ith 
ly tic  co ck ta il, slept th ro u g h o u t th e  o p e ra tio n  (No. 7 an d  9).

U p to  th e  tim e  o f b lood  sam p lin g  IV  th e  tra u m a  to  w hich  the 
p a tie n ts  w ere sub jec ted  w as n ea rly  id e n tic a l. S ubsequen tly , h o w ev e r, th ey  
could  n o t be tre a te d  id e n tic a lly , since th e  e x te n t and  d u ra tio n  o f  th e  in te r ­
vention  v a rie d  from  p a t ie n t  to  p a tie n t, th u s  ap p ro p ria te  f lu id  a n d  drug 
th e ra p y  h a d  to  be ap p lied . SA D A  d e te rm in ed  24 hours fo llow ing  su rgery  
was still e lev a ted , b u t th e  in d iv id u a l v a lu es  sc a tte re d  over a w ide range. 
F ive d ay s  a f te r  th e  o p era tio n  th e  SA D A  w as n o rm al in  th e  g re a te r  p a r t  of 
th e  p a tie n ts , a lthough  in  som e it w as s till considerab ly  in c re a se d . Owing 
to  th e  d ifferences in  in d iv id u a l tr e a tm e n t,  th ese  values (V a n d  V I) were 
no t su b jec ted  to  m a th e m a tic a l analysis .

D iscussion

T he re su lts  show t h a t ,  p ro b ab ly  ow ing to  psychic te n s io n , SA D A  of 
surg ical p a tie n ts  increases ev en  d u rin g  th e  p reo p era tiv e  p h ase . T h is  e leva ted  
SADA is n o t affected  b y  th e  ly tic  cock ta il, b u t  declines a fte r  p rem ed ica tio n  
w ith  m o rp h in e -a tro p in e . S u rg e ry  per se e lic its a m arked  in c rease  o f  SADA 
w hich, ho ivever, can n o t be in h ib ite d  b y  m ean s of e ith er o f th e  tw o  types 
o f p rem ed ica tio n .

I t  is s till an  open q u e s tio n  w hich su b s ta n c e  or su b stan ces  a re  re sp o n ­
sible for th e  a n tid iu re tic  a c tio n  o f h u m a n  sera . These su b s ta n c e s , how ever, 
are  very  s im ila r  in n a tu re  to  th e  a n tid iu re tic  horm one [22]. E x p o su re  to  in ju ry  
resu lts  in a rap id  rise o f th e  a n tid iu re tic  su b s ta n c e  in th e  b lood [22], w hilst 
a s im u ltan eo u s  loss of h y p o p h y se a l an d  h y p o th a lam ic  n e u ro se c re to ry  m a­
te ria l [23] a n d  of th e  A D H  co n ten t o f th e  neu rohypophysis  [24] h as  been 
described . V ery  p ro b ab ly  ra p id  changes in  SA D A  closely p a ra lle l changes in 
th e  A D H  co n te n t o f serum  [25]. T hus ih e  re su lts  ob ta ined  m a y  be in te r ­
p re ted  as changes of th e  A D H  a c tiv ity .

T he p ronounced  rise o f  SA D A  on th e  m orn in g  of su rg e ry  is a t t r ib u te d  
to  p reo p e ra tiv e  psychic te n s io n . T his p rob lem  h as been d e a lt w ith  in de ta il 
in  a p rev ious p ap er [21].

I h e  fa c t  th a t  su rg ical s tre ss , as well as e th e r  an aesth esia  itse lf , causes 
an tid iu resis  o f  th e  sam e p a t te r n  as does A D H  is well know n [1, 3, 4] . Gin s- 
BtjRG a n d  H e l l e r  [26], as w ell as E v e r s o l e  a n d  G i e r e  [27] fo u n d  in  the  
ra t  increased  ti tre s  o f c ircu la tin g  a n tid iu re tic  horm one following e th e r  ad m in is­
tra tio n  an d  a loss of th e  n eu ro sec re to ry  m a te r ia l  in  th e  n eu ro h y p o p h y s is  was 
also d e m o n s tra te d  [23]. M i r s k y  [11] fo u n d  th a t  surgical o p e ra tio n  induced
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a m a rk e d  au g m en ta tio n  in  th e  an tid iu re tic  a c t iv i ty  of th e  p la sm a . O u r 
r e s u l ts  su p p o rt these d a ta .

T h e  action ex e rted  b y  m orphine on th e  A D H  m echan ism  h as  been  
th o ro u g h ly  reexam ined re c e n t ly .  D e B odo [28], D u k e  [29], W in t e r  [30] an d  
G ia r m a n  [31] concluded t h a t  th e  an tid iu re tic  a c tio n  o f  m orphine is m e d ia te d  
b y  th e  n eu rohypophysea l a n tid iu re tic  horm one. H o w ev er, K r a u sh a e r  [32] 
n o te d  m orphine a n tid iu re s is  to  occur also in  p a t ie n ts  suffering  from  d iab e te s  
in s ip id u s . B achman o b se rv e d  th e  sam e in  dogs w ith  th e ir  p i tu i ta ry  s ta lk  
t r a n s e c te d .  F inally , Cr a w f o r d  solved th e  p ro b le m  b y  m eans o f a m ore  
sp ec if ic  m ethod  of assay  [34], a n d  estab lished  th a t  m o rp h in e  (even in p h a rm a c o ­
lo g ic a l doses) does n o t in d u c e  A D H  release, b u t  is able to  p o te n tia te  th e  
e ffe c t o f  th e  A D H  s im u lta n e o u s ly  presen t in  th e  c irc u la tio n  [35]. P a p p e r  [36] 
d e m o n s tra te d  in h u m an s t h a t ,  th o u g h  th e ra p e u tic a l doses of m orphine red u ce  
u r in e  flo w  by  altering  re n a l  h aem o d y n am ics, th e  o sm o la lity  of u rine  ex c re ted  
does n o t change, hence A D H  is n o t involved in  m o rp h in e  an tid iu resis . A cco rd ­
in g  to  ou r ob se rv a tio n s, m o rp h in e-a tro p in e  a d m in is tra tio n  m o d era tes  
h y p e ra d iu re tin a e m ia  due  to  psychic tension , a l th o u g h  th is  p rem ed ica tio n  
a p p a r e n t ly  does no t e x e r t  a  s tro n g  depressan t a c tio n . T his find ing  h as  been  
s u p p o r te d  by  our o b s e rv a tio n  [37] th a t  fo liow ing  m o rp h in e-a tro p in e  p re ­
m e d ic a tio n  u rin ary  o sm ola l co ncen tra tions d ec rease  in  p a tie n ts  w ho ea rlie r 
h a d  ex c re ted  c o n cen tra ted  u rin e . I t  is th e re fo re  assum ed  th a t  m o rp h in e  
d im in ish e s  the  i r r i ta b il i ty  o f  th e  h y p o th a lam ic  cen tres  contro lling  A D H  
se c re tio n . (A sim ilar a c t io n  o f  m orphine on th e  A C T H  [38] an d  g o n ad o ­
tro p h ic  [39] system  h as b e e n  reported .) N a tu ra l ly , i t  c an n o t be ru le d  ou t 
t h a t  a tro p in e  had  a ro le in  b rin g in g  abou t th e  a b o v e  changes, as in  ce rta in  
c o n d itio n s  atropine m a y  in h ib i t  ADH release [40].

T h e  high SADA v a lu e s  due  to  psychic te n s io n  w ere not in flu en ced  by  
th e  ly t ic  cocktail, a l th o u g h  th e  psychic d e p re ssa n t ac tio n  of th e  d ru g  com ­
b in a t io n  was far m ore p ro n o u n c e d  th a n  th a t  o f m o rp h in e . E ven  in  p a tie n ts  
re sp o n d in g  to  the c o c k ta il w ith  m ost m ark ed  psy ch ic  depression, no co n ­
s id e ra b le  change in S A D A  o ccu rred . A few o b se rv a tio n s  seem, how ever, to  
c o n tr a d ic t  our resu lts. M e y e r  [41] found fo llow ing  a d m in is tra tio n  o f ch lor- 
p ro m a z in e  to  dogs a d ilu tio n  o f  urine and an  in c rea se  of urine flow. A ccording 
to  P a r r ish  [22], c h lo rp ro m a z in e  ad m in is tra tio n  to  p a tie n ts  re su lts  in  an  
a u g m e n te d  urine o u tp u t ; a t  th e  sam e tim e  tu b u la r  reab so rp tio n  o f w a te r  
a n d  u r in a ry  excretion  o f  a n tid iu re tic  su b s ta n c e  d im in ished . H e, a c c o rd ­
in g ly , suggested th a t  c h lo rp ro m az in e  in h ib its  A D H  secretion . I t  m u s t, 
h o w e v e r , be recalled t h a t  h is  p a tie n ts  were n o t u n d e r  th e  in fluence o f psych ic  
s tr e s s ,  as was the  case w ith  o u r p a tien ts . T he f a c t  th a t  in  our ex p erim en ts  
th e  ly t ic  cocktail h a d  fa ile d  to  reduce h y p e ra d iu re tin a e m ia  in d u ced  b y  
p s y c h ic  stress m ay be in te r p r e te d  as an  in a d e q u a c y  of its  dep ressan t ac tio n  
to  a ffe c t the  h y p o th a lam ic  cen tres  regu la ting  A D H  secretion .
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A D H  release in d u ced  b y  su rg ica l s tre ss  c an n o t e ith er be in h ib ite d  b y  
th e  ly tic  c o c k ta i l ; th is  ho lds good also  fo r th e  p a tie n ts  w ho, o w ing  to  th e  
d e p re ssa n t ac tio n  o f th e  d ru g  c o m b in a tio n , w ere sleeping th ro u g h o u t th e  
su rg ica l p rocedure . S im ilar o b se rv a tio n s w ere m ade in  ra ts  [43] in  w hich  
ch lo rp ro m azin e  d id  no t in h ib it endogenous A D H  release produced  b y  n ic o tin e  ; 
on th e  c o n tra ry , th e  d ru g  even  ex e rte d  a p o te n tia tin g  effect on th e  a c t iv i ty  
o f b o th  th e  endogenous a n d  th e  exogenous A D H . Also, S c u l t é t y  [44] 
a rriv ed  in  d e m o n s tra tin g  th a t  th e  ly tic  c o ck ta il d id  no t in h ib it th e  d ev e lo p ­
m en t o f  m orpho log ical changes asso c ia ted  w ith  h y p erfu n c tio n  o f  th e  h y p o ­
th a la m ic  A D H  centres follow ing to u rn iq u e t sh ock . A ccording to  o th e r  o b se r­
v a tio n s  [37], p rem ed ica tio n  w ith  ly tic  c o ck ta il d id  no t p rev en t th e  fo rm a tio n  
of c o n c e n tra te d  u rin e  in  p a tie n ts  exposed  to  su rg ica l stress.

M ost o f th e  au th o rs  dealing  w ith  th e  d iu re tic  action  o f th e  ly tic  co ck ta il 
or ch lo rp rom azine  observed  increased  u rin e  o u tp u t following a d m in is tra tio n  
o f th e se  d rugs [17, 45 , 46 , 4 7 ], b u t d id  n o t re fe r to  th e  changes in  o sm o la lity  
o f th e  u rin e  ex c re ted . An increase in  u rin e  o u tp u t  m ay , how ever, o ccu r in d e p e n ­
d e n tly  o f  th e  A D H  m echan ism , as a consequence  of an  a u g m e n te d  so lu te  
o u tp u t  [6]. S everal au th o rs  re p o rte d  t h a t  th e  ly tic  cock tail or ch lo rp ro m az in e  
e n h a n c e d  th e  excre tion  o f N a an d  Cl [41, 4 8 ] , o f th e  ions re p re se n tin g  th e  
m a jo r i ty  o f u r in a ry  so lu tes. In  a p rev io u s p a p e r  [18] it has been  show n  th a t  
th e  ly tic  co ck ta il u n q u e s tio n a b ly  in h ib ite d  th e  enhanced  tu b u la r  N aCl 
re a b so rp tio n  an d  consequen t o liguria  e lic ited  b y  surgical stress in  u n tr e a te d  
dogs ; s im ila rly , these  d rugs m o d e ra ted  th e  developm ent o f a l te ra t io n s  in 
re n a l h aem o d y n am ics due to  su rgery . I t  m a y  be  assum ed th a t  th e  d iu re tic  
ac tio n  o f  th e  ly tic  cock ta il o r o f ch lo rp ro m az in e  is exerted  th ro u g h  these  
m ech an ism s a n d  th e  a p p a re n t a u g m e n ta tio n  o f  p o sto p era tiv e  u rin e  o u tp u t  
in  su rg ica l p a tie n ts  m ig h t be ex p la in ed  b y  th e se  fac ts .

SUM M ARY

The antidiuretic a ctiv ity  o f the serum (SA D A ) from  27 surgical patients w as deter­
m ined b y  Burn’s test. One group o f the patients received 20 m g morphine and 0,5 m g atropine  
as a prem edication ; the other group was prem edicated w ith  a “ lytic  cocktail”  containing  
75 m g chlorprom azine, 60 m g Synopen and 150 m g pethidine.

On the m orning o f the operation, SA DA o f  the patients was significantly  increased  
as com pared to the value obtained tw o days previously . This increase has been a ttrib uted  
to the preoperative psychic tension.

The augm ented SADA decreased on m orphine adm inistration, whilst the ly t ic  cocktail 
caused no essential change, although the psychic depressant action of the latter w as far more 
pronounced th an  that o f morphine.

Surgical stress resulted in a marked rise o f  SA D A . This rise, however, was n ot affected  
by either typ e  o f prem edication.

Appendix

The antidiuretic a ctiv ity  o f different sam ples —  evaluated by means o f  B urn’s te st  
or sim ilar m ethods —  are usually characterized in  tw o different ways :

(i) b y  the tim e in which the experim ental anim al excretes 50 per cent o f the ingested  
water ; or



2 1 0 G. S. KOVÁCS, В. M. KOVÁCS, K. KOVÁCS and  G. P E T R I

(ii) by  the percentage o f  water excreted in  a certain period.
H ow ever, for determ ining the SADA of various sera — the antidiuretic activ ities  

o f  w hich  extend over a w ide range —  neither of the tw o  above-m entioned means are su itable. 
This is strikingly illu strated  by Fig. 2. In certain cases nam ely , SADA is so high th a t during  
th e  180 m inutes o f assay th e  rats do not excrete 50 per cen t o f  the water ingested. (The rate

F ig. 2. Cum ulative urinary excretion  of hydrated rats in jected  w ith a)  physiological saline ; 
b)  sm all, c)  m oderate, d )  large doses o f Piton. The hatch ed  area represents the difference  

betw een  the areas under curve a )  and b)

F ig. 3. The area under the polygon  denoting cum ulative urinary excretion is d iv ided  up into
triangles and quadrangles

o f d ilu tion  of the sam ples cannot be relied on, as the e x ten t o f  SADA is not known in advance). 
If, on  the other hand, the second m ethod is em ployed , no suitable point can be found  
on  th e  x  axis (tim e) where the corresponding у  va lu es (cum ulative urinary excretion) o f  the  
sera w ith  various a c tiv ities could be distinctly d ifferentiated . Fig. 2 implies a better  w ay for 
th e  interpretation of the actu a l SADA by taking th e  area ly ing between the curves for the



E F F E C T  O F  P R E O PE R A T IV E  M ED ICATION 2 1 1

control rat and for the rat treated w ith  serum. T hus, SA D A  is represented by the difference 
betw een the areas under the tw o curves.

The area under the curve, more accurately under the polygon can be ca lcu lated  if  
it  is previously divided up into triangles and quadrangles. According to Fig. 3 the area under 
the polygon is

A =

• • • +  ( x n  —  * ю ) - У 1 0  +
(x n  х ю )'(У п Ую) («)

But x 2 —  x 4 =  x 3 —  x 2 = 15 к ( c o n s t a n t ) ............................................. (b)

Substituting (b) into (a) and reducing the equation, we have

A =  к (1,5 y i +  У2 +  Уз + ------ +  Ую +  0,5 у ц )

у  is expressed here in the percentage o f water ingested , w hilst urinary excretion w as m easured  
in absolute figures. Let H be the qu antity  in m l o f  w ater ingested at the second hyd ration , 
and Z30, Z45, Z60, etc. the am ount in  m l o f urine excreted  up to the 30th, 45th , 60 th , etc. 
m inute. Thus,

100 • Z ,0 100 • Z45
y* =  и  ’ y* =  и  - etc-

After su bstitu tion  and reduction we obtain

A =  • (1.5 Z30 +  Z15 +  Z60 +  • • • +  Z 165 +  0,5 Z180)

Since 100- к is the sam e constant in  every case, there is no loss of generality in  assum ing  
that 100- к =  1. Thus we get th e  formula

A = - j j -  ■ (1,5 Z30 +  Z45 +  Z60 +  . . . +  Zler> +  0,5 Z 180) ...............................  1.

Calculation o f  the assay value. As m entioned above, the assay  value represents the difference  
between the curve denoting the cum ulative urinary excretion  of the controls and th a t o f the  
rats treated w ith  serum. Let the areas o f the controls be C4, C2, C3 and their m ean C, and 
those of the rats treated w ith serum  E 4, E 2, E 3 and their m ean E ; then the assa y  value  
would he C —  E . It m ust, how ever, be taken into account that the diuretic response o f  th e  
rats varies from day to day [49,50]. Hence the results gained on various days should  be 
related to an “ ideal control” to  render possible a com parison of the different assay  v a lu e s . 
Since the areas o f  the controls (calculated according to  formula 1) fluctuate a b ou t 10,0, 
the “ ideal control” area was considered arbitrarily to be 10,0. Thus, to get the “ ideal contro l” 
value the daily  control values had to be m ultiplied b y  a factor F.

C • F =  10,0 hence F =  -^=-
c

(The value of C and F is changing daily .) The area o f the anim als treated w ith serum  should  
also be m ultip lied  by F. Thus, the assay value for SA D A  is
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A fter  reduction , the formula

E ) - f  E j - f  E;'3
')

2.
Ci +  C2 + Q

is o b ta in ed .
T he valid ity  o f the assay m ethod was tested , usin g  known solutions o f a posterior 

p itu ita r y  extract (“ Piton” , O rganon, Oss, H olland).* To 25 groups (each consisting o f 3 to 
6 r a ts)  P ito n  was adm inistered a t doses o f  1,0 to 2000 m illiun its per 100 g body w eigh t. The 
response showed a log-dose relationship which is defined  b y  the equation,

w here x  is  the dose in m illiunits o f  P iton per 100 g b o d y  w eight, and у  is the assay  value  
c a lcu la ted  according to form ula 2.

T he index of precision (A) has been calculated using groups consisting o f 3 to 6 rats. 
In  th e  case  o f groups of three rats A =  0,362, hut i f  th e  extrem e doses (2000 m U  per 100 g 
b o d y  w t . )  are neglected, A =  0 ,306. I f  larger groups are used the m ethod becom es more 
p recise . On using

groups of 4 rats A =  0,287  
groups o f 5 rats A =  0 ,254  
groups of 6 rats A =  0 ,228
To present the SADA valu es as above seem s m ore appropriate than to  use in ter­

n a tio n a l u n its as, on the one hand, not only A D H  is responsib le for the antid iuretic  a c tiv ity  
o f  th e  b lood  and, on the other, th e  values expressed in  international units do n ot fo llow  the 
n o rm a l d istribution , thus not being suitable for sta tistica l analysis.
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UBER DIE CHIRURGISCHEN BEHANDLUNGS­
MÖGLICHKEITEN DER AORTENINSUFFIZIENZ

(E X P E R IM E N T E L L E  ST U D IE )

Von

L. Szőllőssy , В .  T örök  und H .  H ü b n e r

IN STITU T F Ü R  C H IR U R G IS C H E  ANATOM IE UND O PE R A T IO N S L E H R E  D E R  M EDIZINISCHEN U N IV E R S IT Ä T ,
PÉCS

(Eingegangen am 10. Jun i 1958)

Als Folge d er in su ffiz ien ten  A o rte n k la p p e  fü h r t  die in die linke K a m m e r 
zu rü ck strö m en d e  B lu tm enge, die in  e rn s te n  F ä lle n  die H älfte  des H e rz sc h la g ­
volum ens a u sm ach en  k a n n  (B a il e y  u n d  L i k o f f , N e w m a n  u n d  M ita rb e ite r) , 
zu r E rw e ite ru n g  d er lin k en  K am m er u n d  z u r H y p e rtro p h ie  ih re r M u sk u la tu r . 
W egen d e r R ü c k s trö m u n g  eines Teiles d e r  au sg esto ß en en  B lu tm en g e  v e r ­
m ag das H erz  die erfo rderliche  B lu tq u a n t i tä t  n u r  d u rch  F requenz- u n d  B lu t­
d ru ck e rh ö h u n g  an  die P eripherie  zu b e fö rd e rn . M it fo rtsch re iten d er E r k r a n ­
k u n g  h a t  die H e rz m u sk u la tu r  eine im m er um fangre ichere  M eh ra rb e it zu 
bew ältigen . Info lge d er R eg u rg ita tio n  ist d e r d iasto lisch e  D ruck  in  d e r A o rta  
sehr n iedrig , n a c h  je d e r  H e rz k o n tra k tio n  k o m m t es im  G efäßsystem  zu g ro ß en  
D ru ck sch w an k u n g en , die sich n a tu rg e m ä ß  au c h  a u f  das K ran zg e fäß sy s tem  
au sd eh n en . D ie B lu ts trö m u n g  im  K ra n z g e fäß sy s tem  geh t ab sch n ittw e ise  v o r 
sich, die B lu tv e rso rg u n g  der ohnehin  s ta rk  in  A nsp ruch  genom m enen H e rz ­
m u sk u la tu r  v e rsc h le c h te r t sich. Je  g rößer d ie  R eg u rg ita tio n , u m  so g rö ß er 
is t die M eh ra rb e it des H erzens u n d  um  so sc h le c h te r  seine B lu tv e rso rg u n g . 
In  der M ehrzah l d e r F älle  fü h rt d ieser C ircu lus v itio sus in n e rh a lb  e in iger 
J a h re  zu vö lliger E rsch ö p fu n g  der H e rz m u sk u la tu r .

Die A ufgabe  d er inneren  M edizin b e s te h t  in der P ro p h y la x e  bzw . 
B eh an d lu n g  d e r  zu r In su ffiz ienz  fü h ren d en  G ru n d k ra n k h e it ; bei d e r schon  
zu r E n tw ic k lu n g  gekom m enen A o rten in su ffiz ien z  ab e r k a n n  sich die in te r ­
n istische T h e ra p ie  lediglich a u f  die S chonung  d e r  R ese rv ek ra ft des H erzen s 
u n d  a u f  die S tim u la tio n  der im  E rsc h ö p fu n g sz u s ta n d  befind lichen  H e rz ­
m u sk u la tu r  b e sch rän k en .

Die zu n eh m en d e  E rschöpfung  d er H e rz m u sk u la tu r  b e ru h t a u f  d er 
feh le rh a ften , u n v o llk o m m en en  K la p p e n fu n k tio n , so d a ß  ihre rad ik a le  B e h a n d ­
lung  ebenso wie die je d e r  an d eren  a u f  a n a to m isc h e r  V eränderung  b e ru h e n d e n  
H erz e rk ra n k u n g  n u r  ch iru rg isch  erfolgen k a n n .

Als n äch stlieg en d e  M ethode d er ch iru rg isch en  K o rrek tio n  w ird  die 
T ra n sp la n ta tio n  eines in ta k te ,  fu n k tio n sfäh ig e  K la p p e n  e n th a lte n d e n  A o rten - 
(oder A. pu lm o n alis-) A b sch n itts  em pfohlen  ( B e n c in i  u n d  B e llin a zzo , 1949  ; 
L ám , A ram  u n d  M u n n e l , 1952). D as t r a n s p la n t ie r te  K lap p en sy stem  fu n k -  
tio n e rt an fan g s e in w an d fre i, im  L aufe d er Z e it e rle id e t es aber das S ch ick sa l

4  A cta Medica X II /3 — 4.
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a lle r  T ra n s p la n ta te  : die Z elle lem ente g ehen  zu g ru n d e , an  ih re  S te lle  t r i t t  
N a rb e n g e w eb e , das ganze K la p p e n sy s te m  sc h ru m p ft zusam m en  u n d  w ird  
a llm ä h lic h  insuffiz ien t.

D asse lbe  Schicksal e rle id en  alle M eth o d en , bei denen m an  m it H ilfe  
g e sc h ic k te r  techn ischer V e rfah ren  aus tr a n s p la n tie r te n  G ew eben (V en en ­
w a n d , A rte rien w an d , P e rik a rd ) K la p p e n  zu  b ild en  such t (L it w a k , Ga d b o y s , 
S cott  u n d  F e r r a r a , 1952 ; S e r v e l l e , S o u l i é , S immonet  u n d  B o u c h a r d , 
1954).

S e it E in fü h ru n g  d er K u n s ts to ffe  la g  d a h e r  der G edanke n a h e , das 
K la p p e n sy s te m  n ich t aus tr a n s p la n tie r te m  G ew ebe, sondern  aus e in em  der 
S c h ru m p fu n g sg e fah r n ic h t au sg ese tz ten  K u n s ts to f f  h e rzuste llen . B a h n ­
b re c h e n d e  A rbeit le is te te  a u f  d iesem  G eb ie t H u f n a g e l  (1951), d e r  die 
R e g u rg ita tio n  m it einem  in  die A o rta  e in g ese tz ten  K u g elven til au s  K u n s t­
s to f f  b e h o b . E r h a t  sein V erfah ren  in  h u n d e r te n  von  T ierv ersu ch en  e rp ro b t, 
u n d  d ie  B rau ch b a rk e it d e r M ethode h a t  sich  se ith e r  in  zah lre ichen  k lin isch en  
F ä lle n  erw iesen.

B e n j a m i n , T u r b a k , H a n n o n , S h u m w a y  u n d  L ew is  (1957) sow ie R o e , 
N a j a r i a n  u n d  Moore  (1957) s te llte n  au s K u n s ts to f f  eine N a c h b ild u n g  der 
n o rm a le n  A o rten k lap p e  h e r  u n d  im p la n tie r te n  sie in  die A o rta .

B a i l e y  u n d  L ik o f f  (1955) se tz te n  ü b e r  die geschädigte K la p p e  ein 
a n  d ie  A o rten w an d  f ix ie rte s  K u n s ts to f f im p la n ta t ,  das w ährend  d er D iasto le  
d ie  v o n  den  unvo llkom m en  sch ließenden  K la p p e n  freigelassene Ö ffnung  
g le ich sam  » tam p o n ie rt« . D er V o lls tän d ig k e it h a lb e r sei e rw ä h n t, d a ß  diese 
A u to re n  au ch  eine an d ere , v o n  den b isher b esch rieb en en  V erfahren  abw eich en d e  
M e th o d e  e rp ro b ten , in d em  sie den  V ersch lu ß  d er geschrum pften  K la p p e n  
d u rc h  E in en g u n g  des A o rten o stiu m s h e rb e iz u fü h ren  such ten .

D ie aus hom ogenem  K u n s ts to f f  h e rg es te llten  K lap p en  w eisen  den 
N a c h te i l  au f, d aß  sie n iem als  zum  o rgan ischen  B e s ta n d te il des W irtso rg an ism u s 
w e rd e n  können . Diese T ra n s p la n ta te  w erd en  vom  um gebenden  B indegew ebe 
led ig lich  ab g ek ap se lt, w o rau s sich v e rsch ied en e  K om plikationen  e rg eb en  : 
A n e u ry sm a  fa lsu m -B ild u n g  zw ischen d er K u n s ts to f f tra n s p la n ta tw a n d  u n d  
d e m  u m g eb en d en  B in d eg ew eb sb e tt (L o rd  u n d  St o n e , 1955 ; W olcott  u n d  
E l l i s o n , 1957), T h rom bose  d er aus K u n s ts to f f  h ergeste llten  K la p p e n ta sc h e n  
o d e r ih r  A n h aften  an  die W an d  (B e n j a m i n  u n d  M ita rb e ite r, 1957).

D iese N achteile  d e r K u n s ts to f fp la tte n  b ee in träch tig en  k a u m  ih ren  
G e b ra u c h sw e rt, da es ja  w enige ch iru rg isch e  V erfahren  g ib t, die n ic h t m it 
irg e n d e in e m  Risiko v e rb u n d e n  sind . In d e sse n  m üssen  uns diese N ach te ile  
d e n n o c h  ve ran lassen , n a c h  V erfah ren  zu  su ch en , die im stan d e  sind , d ie W irk ­
s a m k e it  d er oben e rw ä h n te n  u n d  g eg en w ärtig  an g ew an d ten  M eth o d en  m it 
g e rin g e rem  Risiko zu g ew ährle isten .

E is e m a n  und  Ma l e t t e  h a t te n  1953, B u r d e t t e  1954 ih re  M ethode  
m itg e te i l t ,  m it der sie in  g rößeren  V enen eine die E inw eg igkeit des K reis-
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laufs sich ern d e  K lap p e  in  d er W eise b ild e ten , d a ß  sie die V enenw and  an  einem  
gewissen A b sc h n itt z irk u lä r  in tu ssu sz ip ie rten . Sie b ild e ten  eine K la p p e , die 
aus d er G efäßw and  selber b e s ta n d , ohne d a ß  die K o n tin u itä t d er K la p p e n ­
gewebe u n te rb ro c h e n  w u rd e . Bei d ieser K la p p e  h a n d e lt es sich also  n ich t 
um  ein T ra n s p la n ta t ,  eine S ch rum pfung  oder D e s tru k tio n  des G ew ebes is t 
dem nach  w en iger zu  b e fü rc h te n  als bei den  aus G ew e b s tra n sp la n ta ten  b e s te ­
henden  K lap p en .

Die EiSEMANsclie M ethode w urde  von  S i l e n , Ma w d s l e y , Mil l e r  u n d  
McCo rk le  1956 ex p erim en te ll auch  an  d er A o rta  e rp ro b t. M it N ä h te n  
b ild e ten  sie in  der A o rten w an d  einen zum  L u m en  e ig en stü lp ten  k le inen  S aum , 
der das L u m en  d er A o rta  e ineng te . In  zw eite r S itzung  w urde das n o rm ale  
K lap p en sy s tem  d er A o rta  tra n s v e n tr ik u lä r  d u rc h tre n n t. Die K re is la u fv e r­
hältn isse  d er üb erleb en d en  T iere u n te rsu c h te n  sie angiographisch  u n d  oszillo­
m etrisch . B ei d er re tro g ra d e n  A ortog raph ie  b e o b a c h te ten  sie m in im ale  R e g u r­
g ita tio n  d u rc h  die geb ilde te  R an d k lap p e . O szillom etrisch  s te llten  sie z e n tra l 
von der R a n d k la p p e  große, p eripher von d ieser n ah ezu  norm ale A m p litu d en  
fest. Ih re  M ethode h a t te  also o ffenbar die K reislaufsfolgen d e r A o r te n ­
insuffizienz b eh o b en . Es ta u c h te  indessen d er G edanke  auf, ob die E in en g u n g  
der A orta d u rc h  eine e in fache  L ig a tu r  n ic h t zu m  gleichen E rgebn is fü h re n  
w ürde.

W i l d e r  u n d  M ita rb e ite r h ab en  an g io g rap h isch e  U n te rsu ch u n g en  an  
H u n d en  m it A orten insu ffiz ienz  vo rgenom m en u n d  zugleich den  B lu td ru c k  
in den H erzh ö h len  u n d  in  d er A o rta  re g is tr ie r t. P e rip h e r von den in su ffiz ien ten  
A o rten k lap p en  en g ten  sie die A o rta  m it e iner L ig a tu r  ein. In  dem  p e rip h e r 
von d er S tenose befind lichen  A o rte n a b sc h n itt fan d e n  sie tro tz  der In su ffiz ien z  
a n n äh e rn d  n o rm alen  D ru ck , w ährend  die D ru ck k u rv e  des linken  V en trik e ls  
d u rch au s  n ic h t n o rm al verlief, ja  im  V ergleich zu  den D ru ck k u rv en  d e r n u r 
in su ffiz ien ten  T iere e tw as größere S ch w an k u n g en  zeigte, w obei au ch  der 
d u rc h sc h n ittlic h e  K am m erd ru ck  e rh ö h t w ar. D ie E in en g u n g sv erfah ren  v e r­
m ögen also die K reislaufsfo lgen  der A orten insu ffiz ienz  an  der P e rip h e rie  zu 
beheben , k ö n n en  ab e r den Z u s ta n d  der gesch äd ig ten  H erzm u sk u la tu r  ev en tu e ll 
noch v e rsch lech te rn .

Bei u n se ren  V ersuchen  w aren  w ir b e s tre b t , ein K la p p e n b ild u n g sv e r­
fah ren  a u sz u a rb e iten , bei dem  die K lap p e  au s d e r G efäßw and b e s te h t  u n d  
ihre gew ebige K o n tin u itä t  b ew ah rt, ab e r k e ine  w esentliche S tenose  v e r­
u rsa c h t.

W ir u n te rsu c h te n  die F u n k tio n sfä h ig k e it von  zwei K la p p e n ty p e n . 
Der e rs te  b e s te h t aus einem  dreieck igen , au s  d e r A ortenw and  g e b ild e ten  
L appen  (A bb. 1), dessen S pitze  zu r P e rip h e rie  b lick t, w ährend  d ie  B asis 
im  Z u sam m en h an g  m it dem  zen tra len  G e fä ß a b sc h n itt b le ib t. A n d er L a p p e n ­
basis su c h te n  w ir m it in die G efäßw and a p p liz ie rte n  U -N äh ten  zu  e rre ich en , 
d a ß  d er L ap p en  e tw as zum  L um en neige u n d  a u f  diese W eise, in d em  e r sich

4 *
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a u f  W irk u n g  des reg u rg itie re n d en  B lu tes an  die gegenüberliegende G efäß ­
w a n d  le g t, den  W eg der re tro g ra d e n  S trö m u n g  versch ließe. D en in  d e r  A o r te n ­
w a n d  e n ts ta n d e n e n  rh o m b u sfö rm ig en  D efek t e rse tz te n  w ir m it e inem  G efäß ­
w a n  d s tü c k c h e n  von e n tsp re c h e n d e r F o rm  u n d  G röße.

D e r zw eite K la p p e n ty p u s  (A bb. 2) w u rd e  fo lgenderm aßen  h e rg es te llt. 
V o m  p erip h eren  S tu m p f  d e r  quer d u rc h tre n n te n  A orta  sc h n itte n  w ir in  
R ic h tu n g  der L ängsachse  des G efäßes im  W in k e l von  180° z u e in a n d e r zwei

Abb. 1

1 — 1,5 cm  lange D reiecke m it schm aler B asis  h e ra u s , w odurch  w ir zw ei sich 
z u m  E n d e  v e rjü n g en d e  L a p p e n  gew annen . A m  selben p e rip h e ren  G efäß ­
s tu m p f  b ild e ten  w ir — 1,5 — 2 cm vom  E n d e  — m it z irk u lä r g e fü h rte n  U- 
N ä h te n  v o rh e r einen R a n d  u n d  in v a g in ie r te n  die beiden » K la p p e n la p p e n «  
in  d e n  peripheren  G e fäß stu m p f. Zw ischen d em  zen tra len  G e fä ß s tu m p f u n d  
d e m  R a n d  des p e rip h e re n  G efäßstum pfes w u rd e  sod an n  eine G e fäß n ah t 
a n g e le g t.

D ie S trö m u n g se ig en tü m lich k e iten  d e r  b e id en  K lap p en  h a t te n  w ir v o r­
h e r  in  M odellversuchen u n te rs u c h t. D ie th o ra k a le  A o rta  w u rd e  g e tö te te n  
T ie re n  en tnom m en . W ir b e s tim m te n  den  S trö m u n g sw id e rs tan d  des e n tfe rn te n
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G efäß ab sch n itts , u n d  indem  w ir die zu  u n te rsu ch en d en  K lap p en  a n  d em ­
selben G efäß ab sch n itt h e rs te llten , u n te rsu c h te n  w ir erneut ih ren  W id e rs ta n d . 
Die D ifferenz zw ischen den beiden  W erten  o r ie n tie r t über den e ig en en  S trö ­
m u n g sw id ers tan d  der K lap p e , d. b . über den  E inen g u n g sg rad . E b en so  b e s tim m ­
ten  w ir in  M odellversuchen die Y ersch lu ß fäh ig k e it der K lap p en  g eg en ü b er 
d er re tro g ra d e n  S trö m u n g  bzw . die R eg u rg ita tio n sm en g e .

B e i  d e r  F ests te llu n g  d e s  d u r c h  d i e  K l a p p e  v e r u r s a c h t e n  S trö m u n g s ­
w i d e r s t a n d e s  s t ü t z t e n  w i r  u n s  a u f  d a s  P o i S E U i L L E s c h e  G e s e t z ,  w o n a c h  d e r

Abb. 2

W id e rs ta n d  eines R ö hrensystem s zur D ifferenz des an  den beiden E n d p u n k te n  
gem essenen  D rucks im  geraden  u n d  zu r d u rch strö m en d en  F lü ssig k e itsm en g e  
im  u m g ek eh rten  V erh ä ltn is  s te h t. D en W id e rs ta n d  e rrech n eten  w ir  n ach  
d er von  F r a n k  (1928) au fg este llten  F o rm el :

R  =
(.P ! -  Po) 1332

V  cm 3/sec
d y n  sec cm -5

P j u n d  P 2 en tsp rech en  dem  am  A nfangs- u n d  E n d p u n k t des S y stem s gem es­
senen  D ru ck , V  cm 3/sec dem  a u f  1 S ekunde  en tfa llen d en  A nteil des M in u te n ­
v o lum ens (der je  M inute d u rc h s trö m e n d e n  F lüssigkeitsm enge).
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D ie zur E rre c h n u n g  des W id erstandes b e n ö tig te n  A ngaben w u rd e n  in  
d em  a u f  A bb. 3 sc h e m a tisc h  d a rg este llten  S y s te m  gemessen. Die F lü ss ig ­
k e its s trö m u n g  w u rd e  so reg u lie rt, d aß  d e r D ru c k  am  A n fa n g sp u n k t des 
u n te rs u c h te n  G e fä ß a b sc h n itts  120 m m  H g  sei, u n d  der F lü ss ig k e itsd ru ck  
m it  e inem  angesch lossenen  M anom eter k o n tro ll ie r t .  W ir bestim m ten  d ie  bei 
120 m m  H g D ru ck  in  1 M inute d u rc h s trö m e n d e  F lüssigkeitsm enge u n d  
s te l l te n  an  dem  am  E n d p u n k t  des u n te rsu c h te n  G efäßabschn itts  an g esch lo s­
sen en  M anom eter d en  F lü ssig k e itsd ru ck  fe s t. A us diesen R esu lta ten  lä ß t  sich 
d e r W id e rs ta n d  des G efäß ab sch n itts  e rrech n en .

M it dem  a u f  A b b . 3 d argeste llten  S y s te m  bestim m ten  w ir a u c h  die 
S ch ließ fäh ig k e it d er K la p p e n , indem  w ir d e n  D ru c k  e rm itte lten , b e i dem

163cm H2O- 
120mm Hg

Abb. 3

die K la p p e n  dem  F lü ss ig k e itsd ru ck  ohne w esen tlich e  R egurg ita tion  u n d  ohne 
U m sch lag en  w id ersteh en .

D as A usm aß  d e r R eg u rg ita tio n  p rü f te n  w ir in  einem  die H e rz tä tig k e it  
n a c h a h m e n d e n  S y stem  m it periodischer F lü ss ig k e itss trö m u n g , das a u f  A b b . 4 
sc h e m a tisc h  w iedergegeben  is t. In  einem  d e r  b ő id en  großen G efäße w u rd e  
s tä n d ig  ein D ruck  v o n  200, im  anderen  ein so lch e r von  80 m m  H g a u f re c h te r ­
h a lte n . D urch  rh y th m isc h e n  a lte rn a tiv en  V e rsc h lu ß  bzw. Öffnung d er P u n k te  
1 u n d  2 des R ö h ren sy stem s m it der F req u en z  v o n  70/m in erreich ten  w ir, d a ß  
d ie  K la p p e n  ab w echse lnd  m it 120 bzw. 80 m m  H g  D ruck  beschw ert w u rd e n . 
W ird  d e r 2. H a h n  h e i o ffenem  1. H ah n  v e rsch lo ssen  (Systole), so s trö m t 
F lü ss ig k e it m it 120 m m  H g  D ruck  durch  d en  d ie  K la p p e  en th a lte n d e n  G efäß ­
a b s c h n it t .  Bei V ersch lu ß  des 1. H ahnes u n d  g leichzeitiger Ö ffnung des 2. 
H a h n e s  (D iasto le) g e la n g t die gegebenenfalls regu rg itie rende  F lü ss ig k e its ­
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m enge d u rch  das R eserv ero h r ln  e inen  M eßzy linder. A u f diese W eise k a n n  
m an  die M enge der a u f  eine D iasto le  e n tfa lle n d e n  R eg u rg ita tio n  fe s ts te llen .

B ei der U n te rsu ch u n g  des e rs te n  K la p p e n ty p u s  (aus der A o rte n w a n d  
g eb ild e te r  dreieckiger L ap p en ) s te llte  sich  h e ra u s , d a ß  die K lappe bei G egen­
s trö m u n g  n u r d an n  zu sch ließen  v e rm ag , w enn  ein  g roßer F lü ss ig k e itsd ru ck  
(120—140 m m  Hg) jä h  a u f  sie e in w irk t. In fo lg e  seiner E la s tiz itä t  leg t sich 
d e r L ap p en  an  seinen u rsp rü n g lich en  P la tz , so d a ß  er bei no rm alem  d ia s to li­
schem  D ruck  unvo llkom m en sch ließ t. H ie r  sei b e m e rk t, d aß  w ir m it d iesem  
K la p p e n ty p u s  auch  einige a k u te  T ie rversuche  vo rgenom m en h ab en , bei den en  
eben fa lls  festgeste llt w u rd e , d aß  die K lap p e  be i dem  im  G efäßsystem  h e r r ­
sch en d en  G egendruck  n ich t im stan d e  is t , d ie R eg u rg ita tio n  zu v e rh in d e rn .

Die U n te rsu ch u n g  des an d eren  K la p p e n ty p u s  im  M odellversuch e rg ab , 
d a ß  d e r W id erstan d  des die K la p p e  e n th a lte n d e n  G efäß ab sch n itts  um  
4 5 0 —550 d y n  sec cm -5  g rößer is t als d e r  W id e rs ta n d  im  gleichen A b sc h n itt 
ohne K lap p e , d. h . d er eigene W id e rs ta n d  d e r K lap p e  in der e inen  d u rc h ­
sc h n ittlic h e n  D urchm esser von  1,3 cm  au fw eisenden  H u n d e a o rta  4 5 0 —550 
d y n  sec cm -5  au sm a c h t. D ie d u rch  die K la p p e  h e rbe igefüh rte  W id e rs ta n d s ­
e rh ö h u n g  ist gering, w as au ch  aus dem  U m s ta n d  herv o rg eh t, d a ß  die d u rc h  
den  k la p p en trag en d en  G efäß ab sch n itt be i 120 m m  H g D ruck  strö m en d e  F lü ssig ­
k e itsm en g e  lediglich um  6 —8%  w eniger b e trä g t  als die d u rch  d ense lben  
G efäß ab sch n itt vo r d er K lap p en b ild u n g  fließ en d e  F lü ss ig k e itsq u a n titä t.
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D ie in  M odellversuchen  e rp ro b ten  K la p p e n  w id erstan d en  einem  G egen­
d ru c k  von  120 m m  H g  ohne R e g u rg ita tio n  u n d  U m schlagen . I n  dem  a u f  
A b b . 4 d a rg es te llten  S y stem  k o n n te  k eine  R e g u rg ita tio n  gem essen w erden .

A n m ensch lichen  k u rz  nach  dem  T ode  en tn o m m en en  A o rte n a b sc h n itte n  
h a b e n  wir gleichfalls M odellversuche d u rc h g e fü h rt. D ie W and  der m ensch lichen  
A o r ta  is t an r-ährend  so d ick  wie die d e r H u n d e a o r ta , da ja  beide u n g e fä h r 
d em  gleichen D ru ck  W id e rs ta n d  le isten  m ü ssen . I n  beiden  F ä llen  w ird  d em ­
n a c h  d er D urchm esser v o n  den in v a g in ie rte n  K lap p en lap p en  in  g leichem  
A u sm a ß  eingeengt. W ird  ein R ohr von  1 cm  D urchm esser z irk u lä r  u m  1 m m  
e in g een g t, so re d u z ie r t sich  sein Q u e rsch n itt a u f  das 0,6fache des u rsp rü n g ­
lic h e n  Q u ersch n itts . B ei derselben  Q u e rsc h n ittre d u k tio n  (d. h . u m  1 m m ) 
e ines R ohres von  2 cm  D urchm esser e rg ib t sich  n u r  noch eine 0 ,9fache E in e n ­
g u n g . Die d u rch strö m en d e  F lüssigkeitsm enge s te h t  bei gleichem  D ru ck  im  g e ra ­
d e n  V erhä ltn is  zum  R o h rd u rc h sc h n itt. D a d e r  W id e rs tan d  des R ö h ren sy stem s 
im  u m g ek eh rten  V e rh ä ltn is  zu r d u rc h s trö m e n d e n  F lüssigkeitsm enge s te h t, 
w a r be i der ein  e rh eb lich  größeres K a lib e r  aufw eisenden  m ensch lichen  A o rta  
im  F a lle  der K lap p en b ild u n g  ein noch g e rin g ere r W id erstan d  zu  e rw a rte n .

D ie M odellversuche ergaben , d a ß  d e r eigene W id ers tan d  d e r a n  d er 
m ensch lichen  A o rta  g eb ild e ten  K lappe led ig lich  2 0 —40 dyn  sec cm - 5  b e trä g t . 
E in e m  k o n s ta n te n  F lü ssig k e itsg eg en d ru ck  v o n  120 m m  H g v e rm o c h te n  die 
K la p p e n  ohne R e g u rg ita tio n  u n d  U m sch lagen  zu  w iderstehen . Im  S ystem  
m it  period ischer F lü ss ig k e itss trö m u n g  (A bb. 4) s te llten  w ir je  D ias to le  3 — 5 
m l R e g u rg ita tio n  fe s t. H ie r sei e rw ä h n t, d a ß  bei den an  der m ensch lichen  
A o r ta  geb ildeten  K la p p e n  die L ap p en  eine L änge  von  3 — 3,5 cm  aufw iesen .

E s h a t sich d e m n a c h  h e rau sg es te llt, d a ß  die aus der A o rten w an d  
g e b ild e te , in den p e rip h e re n  G efäß stu m p f in v ag in ie rte  zw eilappige K lap p e  
k e in e  w esentliche W id e rs ta n d se rh ö h u n g  (S tenose) v e ru rsach t u n d  d e r r e t ro ­
g ra d e n  B lu ts trö m u n g  g u t w id e rsteh t. Im  w e ite ren  such ten  w ir die F u n k tio n s ­
fä h ig k e it  der K lappe  in  T ie rversuchen  zu e rm itte ln . Um  den E ffek t d e r K la p ­
p en  b eu rte ilen  zu k ö n n e n , m uß te  jed o ch  v o rh e r das norm ale K lap p en sy s tem  
d e r T iere  insuffiz ien t g e s ta lte t  w erden.

D ie Insuffizienz d e r A o rten k lap p en  w u rd e  n ach  T h o rak o to m ie  ü b e r 
d as  lin k e  V en trikel h e rb e ig e fü h rt. A m  g e fäß fre ien  G ebiet d er H e rz sp itze  
le g te n  w ir in  der H e rz m u sk u la tu r  eine T a b a k sb e u te ln a h t an  u n d  fü h r te n  
d u rc h  die in  der M itte  d e r N a h t a n g e b ra c h te  k leine Inzisionsö ffnung  ein 
la n g stie lig e s , in  e in er Schlinge endendes In s tru m e n t in  die linke  K am m er 
e in . U n te r  A nziehen d e r T a b a k sb e u te ln a h t w u rd e  das E nde  des In s tru m e n ts  
u n te r  K on tro lle  des a n  d e r A orta  ru h e n d e n  F in g ers  in  diese h ineingeschoben . 
N a c h  e n tsp rech en d er E in s te llu n g  der Schlinge zogen w ir das In s tru m e n t 
z u rü c k . Beim  P assieren  des A ortenostium s b lieb  die Schlinge in  der g ew ü n sch ­
te n  K lap p en ta sch e  s te c k e n . D urch  vo rsich tig es  ru ck artig es  A nziehen  des 
In s tru m e n ts  w urde die K lap p e  d u rch lö ch e rt u n d  d ann  du rch  D reh en  des
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Stiels ganz abgerissen . D er an  d e r  A o rta  liegende F inger ta s te te  sogleich  
H u sch en  an  der A o rta  descendens, u n d  w egen der R eg u rg ita tio n  d ila t ie r te  
au ch  das linke V en trik e l sofort b e trä c h tl ic h . D urch vorsich tiges Z u rü c k ­
ziehen  w urde  die Schlinge des In s tru m e n ts  au s  der W unde d e r K a m m e r­
m u sk u la tu r  herausgenom m en  u n d  d ie  K am m erö ffn u n g  m it V e rk n o tu n g  der 
T a b a k sb e u te ln a h t verschlossen.

Vom  sicheren  Z u stan d ek o m m en  d e r Insu ffiz ienz  ü b erzeu g ten  w ir  uns 
oszillom etrisch  u n d  in  einigen F ä lle n  an g io g rap h isch . Schon am  A n fa n g  der

mmH2Ü

O p era tio n  h a t te n  w ir einen k leinen  A b sc h n itt  d e r A orta  descendens fre ige leg t 
u n d  um  das G efäß einen s te rilis ie rb a ren  d ü n n w an d ig en  G un im iballon  f ix ie r t 
D ie L u ftle itu n g  des B allons w urde  m it dem  O szillom eter v e rb u n d e n . D ie an 
d er A o rta  fe s tg este llten  osz illom etrischen  A m p litu d en  stiegen n a c h  E n tfe rn u n g  
d e r K lap p e  sogleich a u f  das d u rc h sc h n ittlic h  V ierfache der vor d e r  V alvu lo - 
to m ie  gem essenen W erte  (Abb. 5).

D ie angiograph ischen  K o n tro llu n te rsu c h u n g e n  erfolgten m it H ilfe  eines 
d u rc h  die linke A. subclav ia  in  d ie  A o r ta  ascendens e ingefüh rten  K a th e te r s .  
W enn  die K lap p en  in ta k t  sind , g e la n g t das K o n tra s tm itte l n ich t in  d a s  linke 
V en trik e l, w äh ren d  es bei In su ffiz ien z  au ch  die linke K am m erh ö h e  a n fü llt 
(A bb. 6 a, b , c).

Die M ehrzahl der in su ffiz ien t g e m a c h te n  Tiere to le rie rte  n ic h t  die 
infolge der R eg u rg ita tio n  p lö tz lich  z u r  E n tw ick lu n g  gekom m ene H e rz d ila ­
ta t io n  u n d  ging einige S tunden  n a c h  d e r O p e ra tio n  zugrunde. B ei d e r  S ek tion  
w u rd e  in  allen  F ä llen  lediglich d ie  h o ch g rad ig e  D ila ta tio n  der lin k e n  H e rz ­
h ä lf te  b e o b a c h te t. U nsere W a h rn e h m u n g e n  en tsp rechen  der v o n  S i l e n  u .
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M ita rb . nach  V a lv u lo to m ie  festgestellten  M o r ta l i tä t .  Im  H inb lick  d a ra u f  
fü h r te n  w ir im  w e ite re n  d ie  V alvulotom ie zu  g le ich e r Zeit m it dem  K la p p e n ­
b ild u n g se in g riff oder — in  zw eiter S itzung — 10 — 14 Tage nach  der K la p p e n ­
b ild u n g  aus.

Die O pera tion  d e r K lap p en b ild u n g  w u rd e  n a c h  im  5. In te rk o s ta lra u m  
vorgenom m ener T h o ra k o to m ie  ausgefüh rt. E in e n  15 — 20 cm langen  A b sc h n itt

A bb. 6ja. Bei normalen A orten k lapp en  gelangt 
das K ontrastm ittel aus der A orta  nicht in 

das linke V entrikel (postm ortale  
B arium sulfatfü llung)

Abb. 6/b. N ach  Valvulotom ie durch die linke  
A. su b c la v ia  in  die Aorta eingeführtes K on­
tra stm itte l gelangt durch die in su ffiz ien te  

K lap pe in  das linke V entrikel

d e r  A o rta  descendens le g te n  wir, vom  U rsp ru n g  d er linksseitigen A . s u b ­
c la v ia  ausgehend, d u rc h  U n te rb in d u n g  u n d  D u rc h tre n n u n g  der Seitenzw eige 
fre i u n d  3 cm d is ta l v o m  U rsprung  der A. su b c la v ia  zirkuläre U -N ä h te  in  
d e r  G efäßw and an . N a c h  V erschluß des fre ig e le g ten  G efäßab sch n itts  m it 
G efäßk lem m en d u rc h tr e n n te n  wir die A o r ta  u n te r  dem  U rsp rung  d e r A. 
su b c la v ia  und  b ild e te n  a m  peripheren G e fä ß s tu m p f  durch  V erk n o tu n g  der 
U -N ä h te  einen S au m  (A b b . 2). Die A d v e n tit ia  v o m  E nde  des p e rip h e re n  
G efäßstum pfes so rg fä ltig  en tfe rn en d , s c h n itte n  w ir aus ih r in  R ic h tu n g  der 
L ängsachse  des G efäßes zw ei dreieckige S tre ife n  h erau s und  in v a g in ie r te n  
d ie  en ts tan d en en  K la p p e n lä p p c h en  in  d en  p e r ip h e re n  S tum pf. D as E n d e  
b e id e r G efäßstüm pfe w u rd e  a u f  eine m it S a u m  versehene G lasröhre gezogen
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u n d  a u f  dieser m it K ö p e rb än d e rn  fe s tg e b u n d e n . N ach  E n tfe rn u n g  d er G efäß ­
k lem m en  kam  der K re is la u f d u rc h  d a s  in  die L u m in a  g eb u n d en e  G lasroh r 
in  G ang  ( J o h n s o n  u . M itarb .). Z w ischen  dem  zen tra len  u n d  p e rip h eren  
G efäß stu m p fe  leg ten  w ir n ach  A n se tzen  v o n  R ic h tu n g sn ä h te n  eine 
G e fä ß n a h t an . Vor A bsch luß  der G e fä ß n a h t w u rd en  die G efäßenden  w ieder 
ab g ek lem m t, das G lasröhrchen  d u rc h  die noch  anw esende Ö ffnung  der

Abb. 61c. Das H erzpräparat des Versuchstieres von  Abb. 6/b nach dem  Verenden. D ie rechte  
hintere K lappentasche ist ganz abgerissen. (D ie  linke vordere K lappentasche wurde beim  

Aufschneiden des H erzens durchtrennt)

G e fä ß n a h t en tfe rn t, so d an n  die G e fä ß n a h t m it einigen S tichen  b e e n d e t, die 
K lem m en  abgenom m en u n d  so d e r K re is la u f  w iederherges te llt. D ieses V er­
fa h re n  erm öglich te , d a ß  die A o rta  n ic h t  a llzu  lan g e  abgek lem m t zu  b le iben  
b ra u c h te . Ischäm ische M ed u llä rsch äd ig u n g en  k am en  bei den  ü b erleb en d en  
T ie ren  n ich t vor.

Info lge der In v a g in a tio n  der K la p p e n lä p p c h en  in  den p e rip h eren  G efäß ­
s tu m p f  e n ts te h t bei d er K la p p e n b ild u n g  ein  e tw a  2 cm lan g e r G efäß d efek t, 
doch  v e rm o ch ten  w ir die G e fäß n ah t d u rc h  A n n äh eru n g  d er G efäßenden  in  
a llen  F ä llen  ohne Schw ierigkeit a u sz u fü h re n .

B ei einem  T ier, bei dem  K la p p e n b ild u n g  u n d  V alvu lo to in ie  in  e iner 
S itz u n g  vorgenom m en w urden , fü h r te n  w ir d u rch  die A. fem oralis einen  bis 
zum  N iv eau  des Zw erchfellm uskels re ich en d en  K a th e te r  in  die A o rta  ein 
u n d  s p r itz te n  m it s ta rk e m  D ruck  eine  große K o n tra s tm itte lm e n g e  u n te r
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die K la p p e , w obei e ine  R ö n tg en au fn ah m e  g em ach t w urde  (A bb. 7). D as 
K o n tra s tm it te l  g e lan g te  n ic h t ü b er das N iv e a u  d e r K lap p e , obw ohl w ir in  dem  
z e n tra l  von  ih r gelegenen  A o rte n a b sc h n itt als R e s u lta t  d er va lv u lo to m isch en  
R e g u rg ita tio n  eine b e d e u te n d e  oszillom etrische A m p litu d e  b eo b ach te ten . A n 
dem  u n te r  dem  P la tz  d er K lap p en b ild u n g  b e fin d lich en  A o rte n a b sc h n itt stell-

Abb. 7

te n  w ir gleichzeitig  e tw as u n te r  dem  N o rm a lw ert liegende oszilla to rische  
A bw eichungen  fest.

W ie A bb. 7 ze ig t, s in d  die »T aschen«  d er k ü n s tlic h  geb ilde ten  K lap p e  
m it  K o n tra s tm itte l  g e fü llt. D er in  der M itte  des G efäßes s ich tb a re  längliche 
S c h a tte n a u s fa ll ze ig t die L ok a lisa tio n  d er versch lossenen  K lap p en läp p ch en  
a n . (D ie a u f  dem  R ilde  w ah rn eh m b are  In je k tio n sn a d e l zeig t a u f  den  zen tra len  
G efäßstum pf.)

B ei säm tlich en  ü b erleb en d en  T ieren  w ar zum  Zeichen d a fü r , d aß  der 
p e rip h e re  K re is lau f d u rc h  den K la p p e n w id e rs ta n d  n ich t geschäd ig t w ird , 
e in  k rä ftig e r  fem o ra le r P u ls  ta s tb a r .

E inige Tage n a c h  d er K lap p en b ild u n g  v e ren d e ten  die T iere, die län g ste  
Ü b erleb en sd au er b e tru g  13 T age. Bei der S ek tio n  fa n d e n  w ir in  allen  F ä llen , 
d a ß  a n  der G efäßw and  sow ohl des z e n tra le n  w ie des p erip h eren  S tu m p fes  
d ü n n e  F ib rin fäd en  ausgesch ieden  u n d  die K lap p en läp p ch en  in diesen F ib r in ­
n ied ersch lag  g leichsam  e in g e b e tte t w aren . D a sich  die K lap p en läp p ch en  a u f
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diese W eise e in a n d e r  n ich t zu n ä h e rn  v e rm ö g en , verlegen sie in  d e r  D ias to le  
dem  re g u rg itie ren d en  B lu t n ich t den  W eg. D ie T iere w aren d e m n a c h  ebenso 
infolge In su ffiz ien z  d er k ü n stlich en  K la p p e  zugrunde gegangen  w ie jene  
V ersuchstie re , be i denen  ein fach  n u r  d ie  Insuffiz ienz  des A o r te n k la p p e n ­
sy stem s h e rb e ig e fü h rt w orden  w ar.

Die K lap p en läp p ch en  ersch ienen  h e i d e r  Sektion in ta k t .  S e lb s t in  den 
K lap p en läp p ch en  des 13 T age ü b e rle b e n d e n  T ieres v e rm o ch ten  w ir keine 
h isto log ischen  A nzeichen  einer N ekrose zu  en td eck en .

A n tik o a g u la n te n  w urden  in  u n se re n  F ä lle n  n ich t a n g e w a n d t. W eite re  
V ersuche sind  im  G ange, um  fe s tzu s te llen , ob  eine energische A n tik o a g u la n t­
b e h a n d lu n g  n ic h t im sta n d e  w äre, die A u sfä llu n g  des e rw ä h n te n  F ib r in ­
n iedersch lages u n d  das A n h aften  d er K la p p en läp p ch en  zu v e rh in d e rn .

W ie aus d en  V ersuchen  zu r ch iru rg isc h e n  K orrek tion  d e r  A o r te n ­
in su ffiz ienz  h e rv o rg e h t, gew ährle isten  d ie  b isherigen  V erfahren  w egen  des 
Z ugrundegehens d e r  Gewebe der aus tr a n s p la n tie r te n  Geweben h e rg e s te llte n  
K la p p e n  u n d  d er S ch rum pfung  ih re r  S u b s ta n z  keine d a u e rh a ften  R e s u lta te . 
N ach  unseren  b isherigen  V ersuchen sc h e in t es, daß  die a u f  A u sm erzu n g  
d er T ra n sp la n ta tio n sm ä n g e l g e rich te ten  B estreb u n g en , die e ig en en  U n te r ­
su ch u n g en  e in g erech n et, bei denen  m a n  au s  d er G efäßw and se lb s t in  s itu  
eine K lap p e  zu b ild en  v e rsu ch te , eb en fa lls  n ic h t als geeignete M e th o d en  zu 
b e tra c h te n  sind , u n d  zw ar te ils w egen d e r z u s ta n d e  kom m enden E in en g u n g , 
te ils  — wie in  u n se ren  F ä llen  — w egen des A n h aften s  der K la p p e n lä p p c h en .

Als sicher erfo lgreiches V erfah ren  h a t  sich u n te r den b ish e rig en  V er­
suchen  zu r ch iru rg ischen  K o rrek tio n  d e r A orten insuffiz ienz  allein  d ie  Im p la n ­
ta t io n  des aus K u n s ts to f f  h e rg es te llten  K u g e lv en tils  erw iesen. Im  H in b lick  
a u f  den  e rw äh n ten  F eh le r bed ü rfen  je d o c h  d ie  K u n s ts to ff im p la n ta te  u n se re r 
M einung n a c h  e iner M odifika tion . D ie Z e lle lem en te  der U m gebung  verm ögen  
in  die hom ogenen  K u n s ts to f f im p la n ta te  n ic h t  e inzuw andern , so d a ß  sich 
zw ischen Im p la n ta t  u n d  U m gebung  k e in e  o rgan ische  V erb indung  e n tw ic k e lt. 
D iese P ro th esen  w erden  vom  b e n a c h b a r te n  B indegew ebe e in g e k a p se lt, doch 
b le ib t zw ischen d en  um gebenden  G ew eben u n d  der P ro th esen w an d  im m er 
eine v ir tu e lle  S p a lte  besteh en . A uch  d ie  G efäßenden  können  s ich  m it der 
P ro th ese  im  b io logischen Sinne n ich t e in ig en . Diese U m stände  e rm ö g lich en  
die A n eu ry sm a fa lsu m -B ild u n g  zw ischen  P ro th e se  und  U m gebung . E s w äre 
d a h e r  w ü n sch en sw ert, w enn m an  d ie  K lap p en p ro th esen  aus e in e r  po rösen  
S u b stan z  h e rs te ilen  k ö n n te , in  w elche d ie  Zellelem ente des b e n a c h b a r te n  
B indegew ebes e in zu d rin g en  im stan d e  s in d . D ad u rch  w ürde sich  d ie  P ro th e se  
— äh n lich  wie d ie zum  E rsa tz  d er G e fäß d efek te  erfolgreich a n g e w a n d te n  
gew obenen G efäß p ro th esen  — g le ichsam  zu  einem  organischen B e s ta n d te il  
des W irtso rg an ism u s g e s ta lte n , u n d  v ie lle ich t käm en  d ann  die a u f  d e r  Zell­
u n d u rch lä ss ig k e it d e r hom ogenen K u n s ts to ffp ro th e se n  b e ru h en d en  K o m p li­
k a tio n e n  n ich t m eh r vor.
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ZUSAM M ENFASSUNG

N ach einer Ü bersicht der auf die chirurgische K orrektion der A orteninsuffizienz  
gerichteten  Versuche wird eine eigene K lappenbildungsm ethode besprochen. D ie aus der 
G efäßwand in situ gebildete Aortenklappe hat sich in  M odellversuchen als geeignet erw iesen. 
Tierversuche m it dieser K lap pe sind im Gange.
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SUBSTRATSPEZIFITÄT UND URSPRUNG 
DER SER UMESTE RASEN

Von

A . F i s c h e r , L. P e r é n y i  und S. R oh iny

I II . M ED IZIN ISCH E K LIN IK  D ER  M EDIZINISCHEN U N IV E R S IT Ä T , BUDAPEST 

(E ingegangen am 1. A ugust 1958)

In  einer frü h e re n  M itte ilung  [1] b e ric h te te n  w ir über m it 4 v e rsch ie ­
denen  S u b stra ten  vorgenom m ene verg leichende U n te rsu ch u n g en  von  E s te r ­
asen  im  B lu tse rum  v o n  H e p a titisk ra n k e n . A u f G ru n d  von 700 B e s tim m u n ­
gen d er F e rm e n ta k tiv i tä t  w urde geschlossen, d a ß  obw ohl sich die D u rc h ­
s c h n itts a k tiv itä t  d e r  S eru m este rasen  g leichm äßg  ä n d e r t , in  den  einzelnen  
F ä llen  kein P a ra lle lism u s im  V e rla u f  der E rk ra n k u n g  b esteh t ; in  v ie len  
F ä llen  w urde eine deu tlich e  D issoziation  der e in ze ln en  F e rm e n ta k tiv itä te n  
b e o b ach te t. In  w e ite ren  V ersuchen  w urde fe s tg e s te llt , d aß  das S erum  bei 
G elbsuch t keinen  este raseh em m en d en  S to ff e n th ä l t ,  so d aß  die A b n ah m e 
d e r A k tiv itä t a u f  m an g e lh a fte  F e rm en tb ild u n g  z u rü ck g e fü h rt w erden  m u ß .

In  einer k ü rz lich  ersch ienenen  A rbeit von  C z y z i k  [2] w ird die A n sich t 
v e r tre te n , d aß  die versch iedenen  E ste rasen  » h ö ch stw ahrsche in lich  dasse lbe  
w enig spezifische F e rm e n t seien, w elches versch ied en e  m ikrom oleku lare  E s te r ­
verb indungen  s p a lte t« . Diese A nsich t b e ru h t a u f  d em  au ch  von uns b eo b a c h te ten  
Para lle lism us d er D u rc h sc h n ittsw e rte  bei v e rsch ied en en  L b e re rk ran k u n g en  ; 
obw ohl unsere B eo b ach tu n g en  d u rch  die A n n a h m e  der E in h e itlich k e it d er 
E s te ra sen  n u r sch w er zu e rk lä ren  w aren, h ie lte n  w ir es fü r  angezeig t, das 
V erh a lten  der E s te ra se n  gegenüber versch iedenen  In h ib ito ren  u n d  A k tiv a ­
to ren  zu p rü fen , u m  a u f  diese W eise A n h a ltsp u n k te  fü r  ihre S p ez ifitä t zu 
gew innen. In  w e ite ren  U n te rsu ch u n g en  h a b e n  w ir die B estim m ung  der 
F e rm e n ta k tiv itä te n  in  L eberhom ogen isa ten  g e su n d e r  u n d  m it CC14 b e h a n d e l­
te r  R a tte n  d u rc h g e fü h rt, um  die Z u sam m en h än g e  der F e rm e n ta k tiv itä t  in 
S erum  und  L ebergew ebe zu u n te rsu ch en . F e rn e r fü h r te n  w ir U n te rsu ch u n g en  
ü b er das V orkom m en der E ste ra sen  in der G alle au s  u n d  such ten  die e tw aigen  
Z usam m enhänge zw ischen G lu ta th io n  und  F e rm e n ta k t iv i tä t  zu k lä ren .

M ethodik

Die Bestim m ung der alkalischen Phosphatase erfolgte nach K i n g  und A r m s t r o n g  [3], 
die der Cholinesterase von  H u e r g a  und P o p p e r  [4] ; unsere Norm alwerte betrugen 180— 330 
/im ol/m l. Die B estim m ung der Procainesterase erfolgte nach H a z a r d  [5] ; bei letzterer  
M ethode wird bei Abbau von 100 /<g Procain 56 f t g p. Aminobenzoesäure gebildet ; das 
Mall der F erm entaktivität wird durch die gefundenen /rg p. Aminobenzoesäure ausgedrückt. 
Die Bestim m ung der Phenylbenzoatesterase erfolgte nach D á n  und V a j d a  [6] : das bei der
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Tabelle I

W irkung von Inhibitoren a u f  Serumesterasen

N am e der Verbindung Dosis
Inkubations­

dauer Cholin­
esterase

H e ra m u

Procain­
esterase

Ч В i %

P h en y l­
b enzoat­
esterase

Alkalische
Phosphatase

A tropin 0,05 mg zu 
2 m l Serum 0 0 0 0

P rostigm in 0,005 mg zu 48 77 100 0
2 m l Serum 45 85 85 0

C offein. Natr. benz. 0,4 mg zu

2 m l Serum 0 0 0 0

Chinin 0,1 m g zu 0 0 0 0
2 m l Serum 10 0 21 0

p Cl-mercuribenzoat 0,1 m g zu

1 m l Serum 30 Min. 0 0 0 0

B e S 0 4 10 m g zu 11 44 0 100
1 m l Serum 90 Min. 23 37 10 100

B eSO , SO mg zu 23 44 25 100
1 m l Serum 90 Min. 39 42 50 100

B e S 0 4 100 mg zu 56 50 25 100

1 m l Serum 90 Min. 47 60 70 100

M onojodessigs. К 0,3 m l einer 35 17 0 0
m /20  Lösg. 60 Min. 16 16 0 0
zu 0,7 ml
Serum

]NaF 2 m g 0 75 46 0

zu 1 ml 15 Min. 0 68 11 0

Serum 0 60 22 5

K om plexon II 1 m g 0 0 0 13

zu 1 ml 15 Min. 3 0 0 0

Serum 7 7 0 27

D F P 0,1 m g zu

1 m l Serum 100 100 100 0

D F P 1 m g zu

1 m l Serum 100 100 100 0
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Spaltung freiwerdende Phenol wird m it Perm anganat oxydiert und der Ü berschuß des 
Perm anganats jodom etrisch zurücktitriert. Es wurde eine Serum verdünnung v o n  1 : 30 v e r ­
wendet ; die nach 1 St. Inkubation nachweisbare Menge von  Phenol in  /tm ol/m l. ergibt die 
F erm en tak tiv itä t; wir erhielten Normalwerte zwischen 14— 33 /tm ol/m l.

D ie R atten wurden m ittels Nackenschlag getötet. 2 g frisches, a u f F iltrierpapier  
getrocknetes Lebergewebe wurde sofort in 5 m l phys. NaCl-Lüsung unter E iskühlung im  
Apparat von  P o t t e r  3— 4 m in. hom ogenisiert. B loß zur Bestim m ung der Cholinesterase  
haben wir Lebergewebe unverdünnt hom ogenisiert. D ie Bestim m ung des G lu tath ions erfolgte  
in denselben H om ogenisaten m it der Methode von  G r u n e r t  und P h i l l i p s  [7].

E rgebnisse der V ersuche

1. B eein flussung  der F erm entaktivitä t in  vitro

D ie E rgebnisse  d e r  V ersuche m it 10 versch iedenen  In h ib ito re n  zeigt 
T abelle  I .  Die angegebene H em m u n g  b ez ieh t sich  a u f  die F e rm e n ta k tiv i-  
tä te n ,  w elche in  dense lben  Seren ohne In h ib ito re n  gem essen w o rd en  sind. 
D er M itte lw ert von  je  3 B estim m u n g en  w ird  angegeben .

W ie aus T ab . I e rs ich tlich , b e s te h t bei den  m eisten  u n te rs u c h te n  In h ib i­
to re n  ein  d eu tlich er G egensatz  zw ischen d e r A lk a lip h o sp h a ta se  einerse its, 
d en  a n d e re n  E ste ra sen  an d ere rse its  ; w äh ren d  B e S 0 4 die P h o s p h a ta s e  ganz 
u n d  K o m p lex en  I I  zum  Teil h in d e rt, w erden  die üb rigen  E s te ra se n  durch  
B e S 0 4 n u r  schw ach u n d  d u rc h  K om plexon  I I  so g u t wie g a r  n ic h t g eh in d e rt ; 
a n d e re rse its  hem m en P ro s tig m in  u n d  D F P  s ta rk  die E s te ra se n , w ährend  
die P h o sp h a ta se  n ich t g eh em m t w ird . B esonders in te re ssa n t s in d  die E rg eb ­
nisse m it m onojodessigsaurem  К  u n d  N a F ; die e rs te  V erb in d u n g  h e m m t m äßig 
s ta rk  die C holinesterase u n d  die P ro ca in es te ra se , w äh ren d  die P h en y lb en zo a t- 
e s ta ra se  u n b ee in flu ß t b le ib t ; N a F  h em m t s ta rk  die P ro ca in - u n d  d ie  P h en y l­
b en zo a tes te rase , lä ß t  d agegen  die C holinesterase u n b e e in flu ß t.

D a  sowohl das p -C l-m ercu ribenzoa t wie die M onojodessigsäure die 
a k tiv e n  S H -G ruppen  d e r F e rm en te  b in d en , is t an zu n eh m en , d a ß  die A lkali­
p h o sp h a ta se  u n d  P h en y lb en zo a te s te ra se  n ich t zu  den T h io lfe rm en ten  gehören 
u n d  au ch  bei der Cholin- u n d  N o v o k a in este rase  d ü rfte  die S H -G ru p p e  keine 
en tsch e id en d e  Rolle bei d e r F e rm e n ta k tiv i tä t  sp ielen . N a F  w irk t h a u p ts ä c h ­
lich  d u rc h  B indung  d er Mg oder C a-Ionen, w elche die F e rm e n tw irk u n g  a k t i ­
v ieren  ; die C holinesterase  b e d a rf  ansch e in en d  keiner so lchen  A k tiv ie ru n g , 
w äh ren d  die übrigen F e rm e n te  d u rch  N a F  m eh r oder w eniger g e h e m m t w erden.

Z usam m enfassend  e rg ab en  unsere  V ersuche m it v e rsch ied en en  In h ib i­
to re n , d a ß  die 4 u n te rsu c h te n  E ste ra sen  w ohl k a u m  id e n tisc h e  F erm en te  
sein d ü rf te n .

Z u r E rg än zu n g  d ieser U n te rsu ch u n g en  h ab en  w ir v e rsu c h t, die 4 F e r­
m en te  d u rch  Z usa tz  v o n  G lu ta th io n  in  vitro  zu  ak tiv ie ren . J e  3 X 1 m l Serum  
h ab e n  w ir m it je  1 m g G lu ta th io n  90 M in. bei 37° steh en  lassen , n a c h h e r  w urde 
die F e rm e n ta k tiv i tä t  in  V ergleich m it K o n tro llen  ohne Z u sa tz  v o n  G lu ta th io n  
b e s tim m t. E s ergaben  sich  keine U n tersch iede  zw ischen den  K o n tro lle n  und 
den  S eren  m it G lu ta th io n z u sa tz .

5  A cta  M rdica XII/3-—4.
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2. Ferm entaktivität in  der Leber

D a die A k tiv itä ts ä n d e ru n g e n  der S e ru m este rasen  m eist m it L eb ere r­
k ra n k u n g e n  in V erb in d u n g  s te h e n , haben  w ir z u n ä c h s t para lle le  A k tiv i tä ts ­
b e s tim m u n g e n  der F e rm e n te  in  L eberhom ogenaten  u n d  im  Serum  v o n  n o r­
m a le n  R a tte n  d u rc h g e fü h rt. D ie E rgebnisse g ib t T a b . I I  ■wieder.

Tabelle II

Ferm entaktivität und Glutathiongehall normaler Rattenleber

No. Glutathion 
mg %

Cholinesterase
//mol/g

Procainesterase
/'g/g

Phenylbenzoat-
esterasc
//mol/g

Alkali­
phosphatase E.

i ........................................... 210 — 176 285 90
9 172 — 119 335 17

3 ........................................... 172 — 181 305 49

4 ........................................... 80 — 9.5 290 104

218 — 170 275 49

6 ........................................... 153 — 189 287 45

7........................................... 149 — 70 315 84

8 ........................................... 140 — 136 325 116

9 ........................................... 167 — 154 320 115

19........................................... 100 — 203 295 46

D u r c h s c h n it t .................. 1.56 137* 152 304 75

N orm ale Serumakti­
v i t ä t  .............................. 71 12,5 52 23

* Durchschnittswerte von  unverdünnt hom ogenisierten Lebern.

W ie aus T ab . I I  e rs ic h tlic h , en th ä lt die L eb e r w esen tlich  m eh r E s te r ­
a se n  a ls  das R a tte n se ru m  : d ie  V erteilung is t  a lle rd in g s sehr versch ieden , 
d a s  V erh ä ltn is  der A k t iv i tä t  d e r  L eber u n d  d e r S eru m ferm en te  b e trä g t

bei der C h o lin este rase 2 : 1
A lk a lip h o sp h a tase 3 : 1
P h en y lb en zo a te s te ra se 6 : 1
P rocainesterase 12 : 1

W as die A k tiv itä t d e r  S eru m ferm en te  b e tr if f t , so f in d en  sich w esentliche 
U n te rsch ied e  zwischen d en  R a tte n se re n  u n d  den  v o n  u ns frü h e r [1] b e s tim m ­
te n  M enschenseren (T abe lle  I I I ) .

W ir haben  sodann  m e h re re  G ruppen von  R a t te n  m it CC14 v e rg if te t ; 
G ru p p e  A  erhielt 0,5 rn l/100  g s. c. und  w urde  48 S t. sp ä te r  g e tö te t ; die 
h is to lo g isch e  U n te rsu ch u n g  e rg a b  n u r bei d er R a t te  N o. 5 au sg ed eh n te  
L eb erzelln ek ro sen , sonst n u r  ac inozen trale  D eg en era tio n  u n d  p e r ip o rta le
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Tabelle III^

Durchschnittswerte der Serum aktivität von Mensch und Ratte

Cholinesterase Procaiuesterase Phenylbenzoat- Alkali-
/imol/ml Ogi ml esterase //mol/nil phosphatase L.

Norm . M enschenserum ......................... 180— 300 50 14— 33 5— 10

Norm . Rattenserum  .............................. 71 12,5 52 23

Tabelle IV

Ferm entaktivität und Glutathiongehalt von Rattenlebern nach CClt - Vergiftung

No.
Glutathion 

mS %
Cholinesterase

/rniol/g
Procainesteraee

Z'g/'g
Phenylbenzoat­
esterase //mol/g

Alkali-
phosphatase E.

l .................................................... 210

G r u p p e  A

94 385 38

2 .................................................... 163 — 152 351 4 9

3 .................................................... 163 — 59 378 119

4 .................................................... 172 — 70 37 8 4 5

5 .................................................... 135 — 81 379 17 0

] .................................................... 176

G r u p p e  И

105 31 0 15 4

2 .................................................... 140 87 315 1 5 4

3 .................................................... 130 66 31 0 2 7 0

4 .................................................... 195 — 63 3 0 0 118

1.................................................... 214

G r u p p e  C

38 287 17 4

2 .................................................... 135 — 66 275 15 6

3 .................................................... 163 — 42 275 143

1 ....................................................

G r u p p e  D

235

2 .................................................... — — — 207 —

3 .................................................... 2 4 9 _
4 .................................................... 263

5 .................................................... — — — 242 —

D u r c h s c h n i t t ...................... 166 3 2 ,5 * 77 30 2 160

S e r u m  n a c h  CC14
V e r g i f t  g .............................. — 35 13,5 30 42

* Durchschnitt von unverdünnt hom ogenisierten Lebern, 24 St. nach intraperit. In jek­
tion  von  1 m l/100 g CClj

5*
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In f i l t ra t io n . G ruppe В e rh ie lt 1 m l/100 g CC14 s. c. und  w urde n a c h  24 S t. 
g e tö te t  ; s tä rk e re  ac in o z e n tra le  N ekrosen  ze ig ten  die L eber der R a t te n  N o. 1 
u n d  4. G ruppe C e rh ie lt 7 W ochen lan g  in sg e sa m t 20 X 0,1 m l CC14 s. c., 
fe rn e r  4 u n d  1 T ag  v o r  d e r T ö tu n g  0,2 m l CC14 p e ro ra l. 3 R a tte n  s ind  im  L aufe  
d e r  V erg iftung  e in g eg an g en , die Leber d e r  Ü b erleb en d en  ze ig ten  h is to lo ­
g isch  das Bild der A tro p h ia  ru b ra  m it g leichzeitig  beg innender F ib rose. G ruppe  
D v o n  5 R a tte n  w u rd e  m it 0,5 m l/100 g CC14 in tra p e rito n e a l v e rg if te t u n d  
n a c h  24 S t. g e tö te t ; d ie L ebern  dieser T iere  ze ig ten  bere its m ak ro sk o p isch  
sch w ers te  V e rän d e ru n g en , sie w urden  z u r B estim m u n g  der A k tiv i tä t  d er 
P h e n y lb e n z o a te s te ra se  b e n ü tz t .  E ine le tz te  G ru p p e  von  5 R a tte n  w urde  m it 
1 m l/100 g CC14 in tra p e r ito n e a l v erg ifte t, d ie sch w er v e rä n d e rten  L ebern  w u r­
d e n  24 S t. sp ä te r  u n v e rd ü n n t hom ogenisiert u n d  zu r B estim m ung  d er C ho lin ­
e s te ra se  b e n ü tz t. D ie E rgebn isse  g ib t T ab . IV  w ieder.

W ie aus T a b . IV  h e rv o rg eh t, sind  die D u rch sch n ittsw erte  d e r A k ti­
v i tä te n  der Cholin- u n d  P ro ca in este rase  in  d en  L ebern  s ta rk  gesu n k en , die 
d e r  A lk a lip h o sp h a ta se  h a b e n  dagegen s ta rk  zugenom m en  ; die A k tiv i tä t  d er 
P h e n y lb e n z o a te s te ra se  ze ig te  n u r  bei den  le tz te n  zwei G ruppen  m it s ta rk  
v e rä n d e rte n  L ebern  eine S enkung . Die F e rm e n ta k t iv i tä t  im  Serum  w ar bei 
d e r  Cholin- u n d  P h en y lb en zo a te s te ra se  v e rr in g e r t, bei der A lk a lip h o sp h a tase  
e rh ö h t ,  bei der P ro c a in e s te ra se  u n v e rä n d e rt.

3. F erm entaktiv itä t in  der Galle, die Rolle des Glutathions

In  der Galle is t b is j e tz t  n u r  die A lk a lip h o sp h a ta se  nachgew iesen  w o r­
d e n  ( F isch er  u. S z é c se i  [8]) ; da  w ir ü b e r d ie  a n d e re n  E ste rasen  keine A n g a ­
b e n  in  der L ite ra tu r  g efu n d en  haben , h a b e n  w ir F e rm en tb es tim m u n g en  in  
d e r B lasengalle leb e rg esu n d e r M enschen d u rc h g e fü h r t . Das U n te rsu ch u n g s­
m a te r ia l  w urde d u rch  D u o d en a lso n d ie ru n g  gew onnen , der B lasen reflex  w urde  
m it H y p o physin  au sg e lö s t. Die E rgebnisse  g ib t T a b . V w ieder.

Tabelle V

Esterasegehalt im Serum und in  der Galle

Fall No.
1. 2. 3. 4. 5. 6.

Galle Serum Galle Serum Galle Galle Galle Galle

C h o lin estera se ...................................... 0 150 0 245 0 0 0 0
P roca in esterase ................................... 0 — 0 — 0 0 0 0
Phenylbenzoatesterase ................... 69 16 71 19 58 38 67 48

w  ie aus T ab e lle  \  e rsich tlich , k o n n te  in  d er Galle w eder C holin­
e s te ra se , noch P ro c a in e s te ra se  nachgew iesen  w erd en , dagegen w ar in  allen
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6 u n te rsu c h te n  G allen  die A k tiv itä t  d er P h en y lb en zo a tes te rase  w esen tlich  
h ö h er, als in  d en  en tsp rech en d en  Seren. D ieses F e rm en t, w elches v o n  DÁN 
u n d  V a j d a  [6], G ömöri  [9] sowie von  G o l d n e r  und  M itarb . [10] im  B lu t 
nachgew iesen  w orden  is t, w ird  d a h e r  ebenso  wie die A lk a lip h o sp h a ta se  
auch  m it d er G alle ausgeschieden.

Es b lieb  noch  die F rage  zu u n te rsu c h e n , ob die Ä nderu n g en  d e r F e r ­
m e n ta k tiv i tä t  in  d er L eber m it Ä n d e ru n g en  des G lu ta th io n g eh a lte s  p a ra lle l 
v e rlau fen . B in e t  und  W e ll e r  [11] h a b e n  b ek an n tlich  g efu n d en , d a ß  der 
G lu ta th io n g e h a lt der L eber n ach  C h lo ro fo rm verg iftung  beim  H u n d  a u f  die 
H ä lf te , beim  K an in ch en  auch um  e tw a  50 %  s in k t u n d  es w ar n a h e lieg en d , die 
to x isch e  W irk u n g  der H a lo g en d eriv a te  des M ethans a u f S ch äd ig u n g  d e r 
L eb erfe rm en te  zu rü ck zu fü h ren , w elche d a d u rc h  zu s tan d ek o m m t, d a ß  d as  zu r 
R ed u k tio n  der S H -G ruppen  der F e rm e n te  erfo rderliche  G lu ta th io n  n ic h t in 
gen ü g en d er M enge zu r V erfügung  s te h t .  U nsere  eigenen U n te rsu c h u n g e n  
(vgl. T ab . I I  u n d  IV ) e rgaben , d a ß  d er G lu ta th io n g eh a lt der L eb e r se lb st 
bei sch w erste r CCl4-V erg iftung  n ich t a b n im m t, so d aß  die b e o b a c h te te  
A b n ah m e der F e rm e n ta k tiv i tä t  n ich t a u f  G lu ta th io n m an g e l z u rü c k g e fü h rt 
w erden  k a n n .

B esprechung der V ersuchsergebnisse

1. D er U m sta n d , d aß  sich die A k tiv i tä t  d e r A lk a lip h o sp h a tase  e in e r­
se its , die der ü b rig en  E ste rasen  a n d e rse its  bei L eberschäden  in  e n tg e g e n ­
g ese tz te r  R ich tu n g  ä n d e r t, sp rich t an  sich schon  d afü r, d aß  es sich  u m  zwei 
G ruppen  von  w esensversch iedenen  E n z y m e n  h a n d e lt. D aß die a lk a lisch en  
P h o sp h a ta se n  su b stra tsp ez ifisch  sin d , bew eist das V o rh an d en se in  e in e r  
eigenen  G lukose-6 -P hosphatase  (Sw a n s o n  [1 2 ]); bezüglich der a n d e re n  E s te r ­
asen  w ird  v ielfach  angenom m en, d aß  es sich  u m  ein w enig spezifisches F e r ­
m en t h a n d e lt, w elches versch iedene m ik ro m o lek u lä re  E s te rv e rb in d u n s e n  
sp a lte t .

Gegen die R ich tig k e it der le tz te re n  A nsich t sprechen die fo lg en d en  
ex p e rim en te llen  B eo b ach tu n g en  :

a )  U nsere frü h e r  [1] d u rch g e fü h rten  P ara lle lu n te rsu ch u n g en  im  S erum  
v o n  H e p a titisk ra n k e n  e rgaben  in  v ielen  F ä llen  eine deutliche D isso z ia tio n  
d er F e rm e n ta k tiv i tä te n  im  L aufe d er E rk ra n k u n g .

b)  In  der G alle k o n n te  au ß e r A lk a lip h o sp h a ta se  n u r P h e n y lb e n z o a t- 
e s te rase  nachgew iesen  w erden  ; Cholin- u n d  P roca ineste rase  w erd en  n ic h t  
m it d e r  Galle ausgeschieden .

c)  In  B eziehung a u f  versch iedene In h ib ito re n  erg ib t sich ein  d e u tlic h e r  
G egensatz  zw ischen d e r A lk a lip h o sp h a tase  e in e rse its , den an d eren  E s te ra s e n  
an d e rse its . M onojodessigsaures К  u n d  N a F  w irken  verschieden a u f  die C h o lin ­
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e s te ra se  u n d  die P h en y lb en zo a te s te ra se . N a F  h e m m t die F erm en te , d ie  d u rc h  
Mg- o d er C a-Ionen  a k tiv ie r t  w erden  ; die C ho lineste rase  b e d a rf  ansch e in en d  
k e in e r so lchen  A k tiv ie ru n g .

d )  D as V erh ä ltn is  d e r A k tiv itä t  d e r F e rm e n te  in  der Leber u n d  im  
S erum  d e r R a t te  ze ig t S chw ankungen  von  2 : 1 b is 12 : 1, was ebenfa lls gegen 
die E in h e itlic h k e it d e r F e rm en te  sp rich t.

A us alledem  fo lg t, d a ß  die u n te rsu c h te n  E s te ra se n  w ahrschein lich  s u b ­
s tra tsp e z if isc h  s ind  ; ih re  T endenz, u n te r  gew issen  patho log ischen  B e d in ­
g u n g en  g leichm äßig  ab zu n eh m en , ist d a h e r  k e in  Beweis der I d e n t i tä t  der 
F e rm e n te , so n d ern  ein  Zeichen d a fü r, d a ß  fü r  d ie  A bnahm e der A k tiv itä te n  
eine gem einsam e U rsach e  vorliegen  m uß. N ach  A b sch lu ß  unserer U n te rsu c h u n ­
gen  ersch ien  die A rb e it von  A u g u s t in s s o n  [17], in  w elcher über die e le k tro ­
p h o re tisch e  Iso lie ru n g  von  S erum esterasen  b e r ic h te t  w ird ; es ge lan g , aus 
m ensch lichem  S erum  2, au s  R a tten se ru m  3 v ersch ied en e, su b stra tsp ez ifisch e  
E s te ra se n  g e tre n n t nachzuw eisen .

2. W as den  U rsp ru n g  der S e ru m este rasen  b e tr iff t, so u n te r lie g t es 
ke inem  Zw eifel, d a ß  die A lk a lip h o sp h a tase  v o n  d e r Leber gebildet u n d  a u s ­
gesch ieden  w ird  ( K o ch - W e s e r  [13]). W as d ie  C holinesterase b e tr if f t , h a b e n  
B r a u e r  u n d  R oot [14] nachgew iesen, d a ß  n a c h  CC14-V ergiftung die S e ru m ­
a k t iv i tä t  sow ohl bei d er R a t te  wie beim  H u n d  a b n im m t; K och- W e s e r  [15] 
fa n d  n a c h  CCl4-V erg iftu n g  A bnahm e der C ho lin este rase  sowohl in  d e r L eber 
wie au c h  im  S erum , w ä h re n d  gleichzeitig d ie A k tiv i tä t  der A lk a lip h o sp h a ta se  
e rh ö h t wrar.

In  unseren  eigenen  U n te rsu ch u n g en  h a b e n  w ir gefunden , d a ß  die 
A k tiv i tä t  säm tlich e r E s te ra se n  in  der L eber h ö h e r  is t als im  Serum  ; n ach  
schw erer CCl4-V erg iftu n g  k a m  es zur E rh ö h u n g  d er A k tiv itä t d e r A lk a li­
p h o sp h a ta se  sow ohl in  d er Leber, wie au ch  im  S erum , w ährend  die A k tiv i tä t  
d e r ü b rigen  E s te ra se n  in d e r L eber m eist p a ra lle l m it der Schw ere d er V er­
ä n d e ru n g e n  a b n im m t. A uch  im  Serum  k a m  es zu r A bnahm e der A k t iv i tä t  
d e r C ho linesterase u n d  d e r P h en y lb e n z o a te s te ra se , w ährend  die A k tiv i tä t  
d e r P ro ca in es te ra se  — v ie lle ich t infolge d e r  k u rz e n  Ü berlebenszeit — u n v e r ­
ä n d e r t  blieb  ; n a c h  u n se ren  frü h eren  E rfa h ru n g e n  [1] ist das S in k en  d er 
A k t iv i tä t  der P ro c a in e s te ra se  im  Serum  e in  d iag n o stisch  u n d  p ro g n o stisch  
w ertv o lles  Z eichen be i d e r  a k u te n  H e p a ti t is .  D as gleichzeitige S inken  der 
E s te ra s e a k tiv i tä te n  in  d e r L eber u n d  im  S eru m  ist wohl k au m  an d e rs  zu 
e rk lä re n , als d u rc h  v e rrin g e rte  F e rm e n tsy n th e se  in  der Leber, w äh ren d  die 
e rh ö h te  A k tiv i tä t  d e r a lka lisch en  P h o sp h a ta se  te ils  a u f  die B e h in d e ru n g  
d er G a llen au ssch e id u n g , te ils  a u f  re g e n e ra to risc h e  Prozesse in  d e r L eb er 
(S u l k i n  [16]) z u rü c k z u fü h ren  is t.
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ZUSAM M ENFASSUNG

1. Bestim m ung der Ferm entaktivität der Cholinesterase, Procainesterase, P h en y l­
benzoatesterase und alkalische Phosphatase im  Serum  in Gegenwart von 10 versch iedenen  
Inhibitoren ergab abw eichende Hemmungen bei den geprüften  Fermenten, was gegen ihre 
Id en tität spricht.

2. Das Verhältnis der A k tiv ität der Leber- und der Serumfermente von R a tten  zeigte  
bei den untersuchten E sterasen Abweichungen von  2 : 1 bis 1 2 :1 ,  doch war die A k tiv itä t  
in  den Leberhom ogenaten stets höher als itn Serum.

3. Nach CCl4-V ergiftung erhöht sich die A k tiv itä t der Alkaliphosphatase sow oh l in 
«ler Leber wie im Serum , während die A ktiv ität «1er übrigen Esterasen in  versch iedenem  
Ausm aß abnimmt.

4. Der G lutathiongehalt der Leber bleibt se lb st bei schwerer CCl4-V ergiftung u n v er­
ändert, daher kann die A ktivitätsabnahm e der E sterasen nicht auf G lutathionm angel zurück­
geführt werden.

5. In der Galle is t  neben alkalischer P hosphatase nur Phenylbenzoatesterase n a ch ­
weisbar, die übrigen E sterasen werden nicht m it der Galle ausgeschieden.

6. Es wird der Schluß gezogen, daß die Serum esterasen wahrscheinlich su b stra t­
spezifisch  sind und aus der Leber stammen.
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K L IN IK  F Ü R  N EU RO LO G IE U N D  P SY C H IA T R IE  D E R  M ED IZIN ISC H EN  UNIVERSITÄT, D E B R E C E N  

(E ingegangen am 12. August 1958)

B ei der s y s t e m a t i s c h e n  B efragung  der E p ile p tik e r  s te llt sich  h e r a u s ,  

d a ß  A nfälle  im  S ch laf (in d e r N a c h t)  n ich t se lten  V o r k o m m e n .  Es g ib t K ra n k e , 
bei denen  die ep ilep tisch en  A nfä lle  n u r  n a c h ts  a u f t r e t e n ,  w ä h r e n d  sie bei 
a n d e ren  n u r  tag sü b e r, im  W ach zu stan d , V orkom m en. H äu fig e r  a b e r  
i s t  zu b eo b ach ten , d aß  N a c h t-  u n d  T agesan fä lle  abw echseln, w obei d ie  
A nfälle  oft anfangs n u r  im  S ch la f oder n u r i m  W ach zu stan d  i n  E r s c h e i n u n g  

t re te n .
Ü b er die F a k to re n , die in  diesem  ab w eich en d en  V erh a lten  d e r A n fä lle  

eine B olle sp ielen können , f in d e n  sich in  der L i te r a tu r  n u r  wenige A n g ab en . 
E in ige  A u to ren  w eisen a u f  die m ögliche k ram p fau slö sen d e  W irk u n g  d e r 
S y n ch ro n isa tio n  bzw. la n g sa m e n  R h y th m en  d e r e lek trischen  T ä tig k e it  im  
S ch la f [37, 18] oder d er H y pog lykäm ie  [34] h in . F u s t e r , Ca s t e l l s  u n d  
E t c h e v e r r y  [16] v e rsu c h te n  indessen  eine G ru p p e  d er n äch tlich en  A n fä lle  
m it n eu ra len , ze reb ra len  F o rm a tio n e n  in  B ez iehung  zu b rin g en . V on  81 
K ra n k e n , die ü b er n ä c h tlic h e , m it B ew u ß tlo sig k e it u n d  A m nesie e in h e r­
gehende a n fa lla rtig e  A n g s tz u s tä n d e  k lag ten , re g is tr ie r te n  sie im  n a tü r lic h e n  
oder k ü n stlich en  S ch la f d a s  E lek tro en zep h a lo g ram m . In  94,5%  d e r F ä lle  
fa n d e n  sie pa tho log ische  e lek trisch e  E rsch e in u n g en  im  G ren zg eb ie t des 
P a r ie ta l- , T em poral- u n d  O k z ip ita llap p en s . Sie n a h m e n  d ah er an , d a ß  d iese 
A rt v o n  U nw ohlsein  im m er au s  der ep ilep tisch en  A k tiv a tio n  des p a r ie to -  
o k z ip ita len  R in d engeb ie tes s ta m m t.

A u f die s tru k tu re lle n  B eziehungen  des n äch tlich en  A u ftre te n s  d e r  
ep ilep tischen  A nfälle w u rd e  u n se re  A ufm erksam keit an läß lich  der A k tiv ie ru n g  
d er K ra m p fp o te n tia le  m it E v ip a n , insbesondere ab e r bei der U n te rsu c h u n g  
d e r K ra m p ftä tig k e it  des m ensch lichen  H ip p o cam p u s im  E v ip a n sc h la f  g e len k t 
[28, 29, 30, 31]. A u f G ru n d  d ieser B efunde b eg an n en  w ir den Z e itp u n k t 
des A u ftre ten s  der A nfälle  zu  reg istrieren  u n d  Z usam m enhänge zw ischen  
ih rem  A u ftre te n  im  S ch la f u n d  den an a to m isch -fu n k tio n e llen  E ig e n tü m ­
lich k e iten  der als ep ilep to g en er H erd  zu b e tra c h te n d e n  G e h irn su b s ta n z  
zu  suclien .
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M aterial und  M ethoden

Vorliegender Bericht s tü tz t  sich auf die U ntersuchung von 200 epileptischen Kranken, 
die  ebenso wie ihre A ngehörigen in bezug auf ihre nächtlichen  Anfälle ausführlich befragt 
w urden . Besonderen W ert leg ten  wir auf die F estste llu n g , oh die ersten A nfälle im  Schlaf 
aufgetreten  waren. Säm tliche Kranke wurden neurologisch , serologisch, pneum oenzephalo- 
graphisch  und elektroenzephalographisch eingehend untersucht. In 45 Fällen erfolgte auch 
ein e neurochirurgisehe B ehand lung (J. H u lla y , P. T ö r ö k , L. F aragó), hauptsächlich durch 
E ntfernung des Sehliifenlappens und seiner m ediobasalen  Teile, außerdem durch Resektion  
v o n  m eningealen V erw achsungen, kortiko-subkortikalen Narben und A trophien sowie in

Abb. l a .  Von einem m it E vipannarkose aktivierten E E G  hergestelltes K om plexdiagram m . —  
Die punktierte Linie zeig t die Entwicklung des Sch lafn iveaus ; die gestrichelte Linie gibt 
die  A nzahl der m it der R achenelektrode, die fortlaufende Linie die m it der K opfhautelektrode  
an  der temporalen Sp itze der gleichen Seite aufgenom m enen K ram pfpotentiale je Minute 
w ieder. E =  Beginn der E vipaneinspritzung, T em po : 25 m g/15 sec. W  — W achzustand ;
R R au sch; OS - oberfläch licher Schlaf; TS =  T iefsch la f; NTS == narkotischer Tief­

schlaf.
F'all von A m m onshornsklerose ; die ersten A n fä lle  traten  nachts im  Schlaf auf, später 

kam  es aber auch am T age, im  W achzustand, zu Störungen . —  Die A nzahl der Raclien- 
(m ediobasalen) K ram pfpotentia le  ist etwas größer als die der tem poralen Sp itzen  ; m edio­
basa l entfä llt der H öh ep u n k t der A ktivation a u f die In itialphase des Schlafes, über der 
tem poralen  Rinde jedoch a u f  die Dauer des T iefsch lafes.

A bb .  ljb .  Ein Teil desselben E E G , der das Ü bergew icht der pharyngealen K ram p ftätik eit über 
der der temporalen Sp itze in  der 3. Minute der N arkose z e ig t .— Ph =  E lek trode (E ) in der 

Pharynx ; Tpo E  am  temporalen Pol ; Tm  m ittlere tem polare E

F orm  der Resektion raum einengender Prozesse (8 F ä lle ) und Gefäßentwicklungsanom alien  
(2  F ä lle ) , die wir zwecks B eseitigung des epileptogenen Herdes Vornahmen.

Elektroenzephalographische (EEG) A ufnahm en, deren Methode wir früher m itgeteilt 
hab en  [2 7 ], wurden sow ohl im  W achzustand wie in  Evipan-N atrium -Sehlaf hergestellt. In 
e in ig en  Fällen wurde w egen  erfolgloser Narkose auch  die Cardiazol- und Photocardiazol-
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belastung durchgeführt. In der Mehrzahl der Fälle wurden zw ei oder mehr EEG  aufgearbeitet 
und bei 30 Kranken auch unm ittelbare Elektrogram m e v o n  der Gehirnrinde (ECG) auf­
genom m en ; in 7 Fällen wurden Kortikogramme auch vom  H ippocam pus registriert [28, 
29 , 30].

D ie EEG  und ECG von  70 Kranken, einschließlich derjenigen, deren epileptischer 
Herd auch m orphologisch nachgewiesen werden konnte, wurden sehr gründlich aufgearbeitet. 
H ierbei zählten wir m it A usnahm e der von weitem  geleiteten  säm tliche an den wichtigsten  
K opfhaut-(kortikalen) und basalen (hippocam palen) E lektroden wahrnehm baren K ram pf­
potentiale. Die R esultate wurden parallel m it den Veränderungen der Schlaftiefe in jeder 
Minute der EEG-Aufnahm e in Diagram men dargestellt.

Abb. 2 a. K om plexdiagram m  v o n  einem  Kranken m it geschlossener Septum zyste, bei 
dem  die Anfälle nur nach ts im  Schlaf auftraten. —  B ezeichnungen wie a u f Abb. 1 /a ; 
Tem po der E vipancinspritzung 25 m g/10 sec. —  Nur aus der Rachenelektrode lassen sich 
K ram pfpotentiale aufnehm en, die vom  Schlumm er und oberflächlichen Schlaf ak tiv iert, vom  

tie fen  Schlaf zurückgedrängt W’erden

Die herausgeschnittene G ehirnsubstanz untersuchten wir histologisch. Vom  Schläfen­
lappen wurden F rontalschnitte hergestellt. Die Auswertung geschah auf Grund der m it 
Iläm atoxylin -E osin , nach N is sl  und nach der MALLORYschen Gliafärbung hergestcllten  
Präparate (H a b er la n d , 22].

Ergebnisse

A u f G rund  d er K ran k en g esch ich ten  te ilte n  w ir die K ra n k e n  in  5 G rup­
pen  ein . (Die B ezeichnung  »n äch tlich e r A nfall«  w urde  a u f  jedes U nw ohlsein 
a n g e w a n d t, w enn es im  S ch la f a u f tra t.)

1. A usschließlich  n äch tlich e  A nfälle w aren  bei 28 K ra n k e n  au fg e tre ten .
2. A nfangs w aren  die A nfälle n u r  im  S ch la f, s p ä te r  ab e r auch  im  

W ach zu stan d , ta g sü b e r , bei 60 K ran k en  e rsch ienen .
3. Die n äch tlich en  A nfälle  w aren  h äu fig e r  als die am  T age vo rk o m ­

m enden  in 26 F ä llen , in  d en en  jedoch  n ic h t g e k lä r t  w erden  k o n n te , ob die 
e rs te n  Anfälle im  S c h la f  oder im  W a c h z u s ta n d  a u fg e tre ten  w aren .

4. A uschließlich  ta g sü b e r , im W ac h z u s ta n d , w urden  die A nfälle  von 
43 K ran k en  b e o b a c h te t.

5. Die E rk ra n k u n g  h a t te  m it T ag esan fä llen  begonnen , doch  w aren 
sp ä te r  neben diesen a u c h  näch tlich e  A nfälle  in  43 F ällen  zu b eo b ach ten .

M anche K ra n k e  h ä t te n  in  zwei K a teg o rien  aufgenom m en  w erden  m ü s­
sen, w u rd en  ab er in  die G ruppe e in gere ih t, zu d e r  sie a u f  G ru n d  d er ersten  
A nfälle  gehörten .
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Zusam m enhänge zw ischen der anatomischen L oka lisa tion  des Herdes 
und der H ä u fig ke it der nächtlichen A n fä lle

U m schriebene m a k ro -  o d er m ikroskop ische G eh irn sch äd ig u n g  v e rm o ch ­
te n  w ir  du rch  ch iru rg ischen  E in g riff  oder h isto log ische  U n te rsu c h u n g  bei 37 
K r a n k e n  u n d  m it H ilfe  d e r  P n eu m o en zep h a lo g rap h ie  in  w eite ren  12 F ällen  
n ach zu w e isen . Von diesen  v e rg lich en  w ir in  10 F ä llen  zwei in  A b s tä n d e n  von 
2 M o n a te n  bis 3 J a h re n  a u fe in a n d e r  fo lgende, m it E v ip a n a k tiv ie ru n g  her-

A bb. 2/b. Vier Monate später zur K ontrolle aufgenom m enes E EG  vom  selben K ranken ; 
die A k tiv ieru ng der K ram pfpotentia le  stim m t im  w esentlichen m it dem  vorigen B ild überein

A bb. 2jc.  D ie Kurve stam m t aus der 5. Minute des dem Diagram m  der Abb. 2/b 
entsp rech en den  EEG. —  B ezeichn un gen  w ie auf Abb. 1/b. —  Aus der lebhaften  elektrischen  
R a c h e n a k tiv itä t ragen hohe, n eg a tiv e  E ntladungen hervor, während von  der tem poralen  

Spitze keinerlei K ram p ftätigk eit abgeleitet werden kann

g e s te ll te  E E G  in k o m p lex en  D iag ram m en  u n d  s te llte n  fest, d a ß  sich  das 
V e rh ä ltn is  der von b asa len  R eg io n en  m it N asen -R ach en e lek tro d en  au fg en o m ­
m e n e n  K ram p fen tlad u n g en  im  V ergleich zu den  von  der K o p fh a u t au f­
g en o m m en en  au f den sp ä te re n  A u fn ah m en  n ich t w esen tlich  v e rä n d e rte .

a )  E ine ana tom ische  V e rän d e ru n g  am  H ippocam pus  k o n n te  in  9 F ällen  
n ach g ew iesen  w erden ; in  6 d ieser F älle  erw ies sich d er T em p o ra llap p en  
— d ie  ty p isch e  Sklerose des A m nion sh o rn s ausgenom m en  — als vö llig  in ta k t .  
B ei e in em  K ranken  e rs tre c k te  sich  der d u rch  G e b u rts tra u m a  v e ru rsa c h te  
sch w ere  sklerotische P ro zeß  a u f  die ganze größere v o rd e re  H ä lfte  des S ch läfen­
la p p e n s ,  u n d  in 2 an d eren  F ä lle n  w ar die g liom atöse In f i l t ra t io n  u n d  D e s tru k ­
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t io n  des H ippocam pus u n d  v o rd e ren  T em p o ra llap p en s fe s tzu s te llen . D en 
K ra n k e n  m it au sg ed eh n te r Sklerose ausgenom m en , h ab en  alle a n d e ren  n ä c h t­
liche A nfälle  schon in  d er In itia lp h a se  d er K ra n k h e it  b eo b ach te t, u n d  6 K ra n k e  
b e h a u p te te n , die e rs ten  A nfälle  w ären  aussch ließ lich  im  S ch la f e rsch ienen .

D ie E E G -A ufnahm en  zeig ten  basa le  u n d  tem p o ra le  Z acken  u n d  ste ile  
W ellen , zum eist m it dem  Ü bergew ich t d er b asa len  (R achen-) A b le itu n g .

Abb. 3/a.  Durch tangentiale K opfschußverletzung verursachte zystische N arbe in  der 
äußeren-niittleren Tem porallappenrinde. D ie A nfälle traten  anfangs nur tagsü ber, später  
häu fig  auch nachts auf. —  D ie E vipau aktiva tion  erreicht ihren H öhepu nkt im  tiefen  
Schlaf, in  dem  die E ntladungen  über der tem poralen Rinde v iel häufiger erscheinen

als die m ediobasalen

Abb. 3/b. D asselbe EEG  wie au f A bb. 3/a. —  In der 12. Minute des Schlafes traten  
über der tem poralen Spitze m ehr Zacken und ste ile  W ellen auf als im  Rachen.

О - m onopolare A bleitung

D ie A n zah l der E n tla d u n g e n  ü b e r dem  T em p o ra llap p en  k am  in  e in em  F a ll 
d e r  d e r  b asa len  n ah e  ; das Ü bergew ich t d er h in te re n  T em p o ra lreg io n  w ar 
bei d e r lo b ären  Sklerose u n d  bei e iner T em p o ra llappengeschw ulst zu  b e o b a c h ­
te n . D ie b asa len  Z acken u n d  s te ilen  W ellen w u rd en  vom  le ich ten  S ch lu m m er 
u n d  oberfläch lichen  S ch laf a k tiv ie r t ,  ab e r vom  tiefen  Sch laf u n te rd rü c k t .

b)  Die G ruppe un serer E p ile p tik e r  m it nicht kom m unizierender Zyste  
des S ep tu m  pellucidum  zeigte in  ih re r  G esam th e it w eder fü r T ages- n och  fü r 
N a c h ta n fä lle  spezielle N eigung. In  allen  7 F ä llen  wies das E E G  e ine  gewisse
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Ä h n lich k e it m it dem  E E G  d e r K ran k en  m it H ip p o cam p u sh e rd  au f. So e rg ab en  
d ie kom plexen  D ia g ra m m e , d aß  die K ra m p f tä t ig k e it  von der b a sa len  u n d  
v o rd e re n  T em poralreg ion  aufgenom m en w erden  k a n n  und  d aß  die A k tiv i tä t  d e r 
R ach en e lek tro d e  im m e r g rö ß er is t als d ie jen ig e  d e r tem p o ra len . W eite rh in  
e n tf ie l  d e r H ö h ep u n k t d e r  b asa len  A k tiv a tio n  a u f  den  Schlum m er u n d  o b er­
fläch lich en  Schlaf u n d  n u r  in einem  F a ll a u f  d en  tiefen  Schlaf. W egen d er

Abb. 4ja.  Nach E ntfernung eines rechtsseitigen präzentralen  Meningeoms ausschließlich  
am  T age auftretende lin k sse itige  fokale m otorische A nfälle . —  In der N arkose K ram pf­
p o ten tia le  hauptsächlich in  der hinteren Frontalregion (fortlaufende Linie), ohne basale

K ram pftätigkeit

Abb. 4/b. In  der 7. M inute der in  Abb. 4/a dargestellten  E E G -U ntersuchung n egative  steile  
W ellen  und Zacken in der rechten  hinteren F rontale lek trode (Fp), während sich aus der 

R achenelektrode keine E ntladungen ab leiten  lassen

Ä h n lich k e it des k lin isch en  u n d  e lek tro g rap h isch en  B ildes n ah m en  w ir unseren  
e inzigen  Fall von A genesis corporis callosi in  d iese G ruppe auf.

c)  Die L äsionen  im  äußeren Tem porallappen  tre n n te n  w ir von  d en ­
je n ig e n , welche a n d e re  G ebiete der K o n v e x itä t  b e tra fe n , u n d  zAvar wegen 
d e r H äu fig k e it der b a sa le n  K ra m p ftä tig k e it. B ei 9 der 14 K ran k en  tra te n  
die an fäng lichen  o d er säm tlich e  A nfälle ta g s ü b e r  im  W ach zu stan d  auf. Ih r  
E E G  en th ie lt zw ar zah lre ich e  basale  E n tla d u n g e n , ab e r basales Ü bergew ich t 
Avar n u r  bei 4 K ran k en  fes tzu s te llen . Die V o rh e rrsc h a ft der tem p o ra len  K ram p f- 
p o te n tia le  Avar bei 9 K ra n k e n  o ffensich tlich , u n d  zugleich k am en  b einahe  
im  se lben  V erhältn is E n tla d u n g e n  an  den  R a c h e n - und  S c lilä fen -K o p fh au t- 
e le k tro d e n  vor.
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d ) Frontale , zentrale , parietale  u n d  frontotem porale  k o rtik a le  ep ilep to -  
gene A nom alien  fa n d e n  w ir bei 14 P erso n en , fü r  w elche die v e rh ä ltn ism äß ig e  
Seltenheit d er n äch tlich en  A nfälle u n d  — m it A usnahm e eines F a lles  — 
die Ä rm lich k e it der b a sa len  K ra m p fp o te n tia le  k en n ze ich n en d  w ar. E rw ä h n e n s ­
w ert is t noch , d aß  bei den  beiden  K ra n k e n , hei den en  w ir eine die f ro n ta le  
Spitze b edeckende tra u m a tis c h e  N arbe  e n tfe rn t h a t te n , A nfälle n u r  n a c h ts  
v o rk am en .

e)  E in  P a tie n t, bei dem  ein su p rase lla res  M eningeom  den B oden  d e r
I I I .  K am m er in  vo ller A u sd eh n u n g  k o m p rim ie rte , l i t t  ausschließlich an  T a g e s­
an fä llen . Sein E E G  zeigte zah lre iche  b e idse itige  vo rdere  fro n ta le  u n d  te m ­
porale Z acken  im  E v ip a n sc h la f , u n d  die R a c h en e lek tro d e  nahm  v e rh ä ltn is ­
m äßig  spärliche  K ra m p fp o te n tia le  auf.

D as Verhältnis der in tensivsten  bioelektrischen KrampJ'tätigkeit su m  N a ch t­
oder Tagesübergewicht des A uftretens der A n fä lle  im  gesamten M ateria l

Bei 70 (61% ) d er in  die 1., 2. u n d  3. G ru p p e  aufgenom m enen 114 K r a n ­
ken s ta m m te n  die K ra m p fe n tla d u n g e n  h a u p tsä c h lic h  aus der R ach en - (in 
gew issen F ä llen  aus d er h ip pocam palen ) E le k tro d e , w äh ren d  sie in  44 F ä llen  
(39% ) ü b e r einem  a n d e re n  B ereich d er K o n v e x itä t  im  Ü bergew ich t w a re n . 
A ußero rden tlich  hoch  w ar die A nzah l der b a sa le n  E n tla d u n g e n  hei e in igen  
K ra n k e n , deren  A nfälle  h a u p tsä c h lic h  am  frü h e n  M orgen, vor dem  E rw a c h e n , 
a u f tra te n . Die A nzahl d e r E n tla d u n g e n  zeig te im  ev ip an b ed in g ten  S ch lu m m er 
u n d  oberfläch lichen  S ch la f auffa llende  V e rm e h ru n g  und  san k  im  tie fe m  
S ch laf jä h  ah .

D ie zu r 4. u n d  5. G ru p p e  gehörenden  86 K ra n k e n  verh ie lten  sich e n t ­
sch ieden  en tg eg en g ese tz t. V on diesen p ro d u z ie r te n  die schw erste K ra m p f­
tä tig k e it  in  d er b asa len  R egion lediglich 22 (2 5 ,5% ), w ährend  sich  bei 48 
K ran k en  (56% ) die in te n s iv s te  E v ip a n a k tiv ie ru n g  a u f  irgendein  G ebiet d er 
H em isph ären w ö lb u n g  lo k a lis ie rte . A ußer d iesen  zeig ten  16 P erso n en  ü b e r  
beiden  H em isp h ären  3 cps Z acken- u n d  W ellen g ru p p en  oder P e t i t  m a l- 
V a ria n te n . E s d ü rf te  v o n  besonderem  In te re sse  se in , d aß  w ir den b ila te ra le n  
3 cps Z acken- u n d  W ellenfo rm en  sowie den  P e t i t  m a l-V arian ten  b ish e r n u r  
bei E p ile p tik e rn  b eg eg n e ten , deren  A nfälle  aussch ließ lich  am  T age o d e r 
zu m in d est an fan g s ta g sü b e r  a u fg e tre ten  w aren .

W eite rh in  b e s ta n d  bei n ah ezu  %  d er K ra n k e n  d e r  4. G ruppe die K ra m p f­
tä tig k e it  aus b ila te ra le n  n e g a tiv e n  ste ilen  W ellen  o d er Z acken. O ft e n tlu d e n  
sich die be id en  H em isp h ären  ung leich , a b e r  au c h  unabhäng ige  K ra m p f­
p o te n tia le  w aren  zu b eo b ach ten  : bei gew issen K ra n k e n  w ar die K ra m p f­
tä tig k e it h a u p tsä c h lic h  ü b e r der fro n ta len , be i a n d e re n  eher über d e r b a sa le n  
u n d  bei w ieder a n d e ren  besonders ü b e r d e r  v o rd e ren  tem p o ra len  R egion
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a k t iv ie r t .  Die b ila te ra le n  e lek trischen  E rsch e in u n g en  ähn lichen  C h a ra k te rs  
k a m e n  in  der 1. — 3. G ru p p e  in  w esen tlich  geringerem  V erh ä ltn is  v o r.

D ie e lek tro g rap h isch en  H erde  d er tem p o ro -p a rie to -o k z ip ita le n  R egion 
z e ig te n  große N eigung z u r  A uslösung  von  A n fä llen  im  Schlaf. D iese B e o b ach ­
tu n g  s tim m t m it der A u ffassu n g  von  F u s t e r  u n d  M ita rb e ite rn  [16] ü b ere in , 
d ie  d iesem  Bereich bei d e n  ep ilep tischen  n ä c h tlic h e n  A nfällen spezielle  B ed eu ­
tu n g  zuschre iben . D em g eg en ü b er u m fa ß te n  die 1 — 3. G ruppen  n u r  w eniger 
a ls  d ie  H ä lfte  der v o rd e re n  und  m ittle re n  T em p o ra llap p en h erd e .

D ie ep ilep tischen  S tö ru n g e n  d e rjen ig en  K ran k en , bei d en e n  w ir die 
in te n s iv s te  K ra m p ftä tig k e it  ü b e r dem  f ro n ta le n  Pol oder d em  v o rd e ren  
f ro n to - te m p o ra le n  G eb iet nachzuw eisen  v e rm o c h te n , w urden  ü b erw ieg en d  
v o n  n äch tlich em  Ü belsein  e in g e le ite t. Im  G egensatz  dazu  t r a te n  die S tö ru n ­
g e n  b e i den  m eisten  K ra n k e n  m it h in te re m  fro n ta lem , z e n tra le m  oder 
p a r ie ta le m  H erd  in der In it ia lp h a s e  oder im  g an zen  V erlau f ih re r  E rk ra n k u n g  
n u r  im  W ach zu stan d  in  E rsch e in u n g  (e inen  o k z ip ita len  F o k u s v e rm o ch ten  
w ir  n o c h  n ich t zu b e o b a c h te n ).

E in ige  u nserer B eo b ach tu n g en  d e u te n  d a ra u f  h in , d a ß  die sp ä te r , 
s e k u n d ä r  erscheinenden  n ä c h tlic h e n  oder T ag esan fä lle  als F o lgen  d e r E n t ­
s te h u n g  eines se k u n d ä re n  bzw . neuen  H erd es  b e tra c h te t w erd en  m üssen . 
W ir s te ll te n  fest, d a ß  d e r p rim äre  H ip p o cam p u sh e rd  in der R in d e  des v o r­
d e re n  T em p o ra llap p en s le ic h t einen  se k u n d ä re n  funk tio n e llen  H e rd  b ild e t, 
d e r  d a n n  die T agesanfä lle  v e ru rsa c h t. D er te m p o ra le  R in d en h erd  a b e r  k a n n  
e in e n  sek u n d ären  H ip p o cam p u sh e rd  g e s ta lte n  und  dieser die n äc h tlic h e n  
S tö ru n g e n  h erv o rru fen  [28, 29]. A ber e ine enge B eziehung zw ischen  dem  
A u f tr e te n  der A nfälle im  S c h la f  u n d  dem  E rsch e in en  eines n euen  te m p o ra le n  
H e rd e s  k o n n ten  wir au ch  im  F alle  eines f ro n ta le n  p rim ären  H erd es b e o b a c h ­
te n  (A b b . 5).

B esprechung

W  ie aus den b esch rieb en en  B e o b a c h tu n g e n  geschlossen w erd en  da rf, 
k a n n  es von der L o k a lisa tio n  des a n a to m isc h e n  bzw. e lek trisch en  H erd es 
a b h ä n g e n , ob der S ch la f o d e r das W achsein  d en  günstig sten  physio log ischen  
Z u s ta n d  darste llen  w ird , u m  die k o n v u ls iv en  T endenzen  bis zu  k lin ischen  
A n fä lle n  zu ste igern . In d e sse n  is t es m ög lich , d a ß  m anche A u to re n  einige 
u n s e re r  B efunde n ich t a ls zuverlässig  genug  b e tra c h te n  w erden , u m  d a ra u s  
S ch lu ß fo lg e ru n g en  zu z ieh en .

D ie epileptogene N a tu r  der A m m onshornsk lerose  is t beispielsw eise 
u m s t r i t t e n  [22], obw ohl sie d u rch  zah lre ich e  T a tsach en  g e s tü tz t  w ird . So 
lie g t sow ohl bei T ieren  [26, 4 , 32] wie bei M enschen [33] die Schw elle des 
H ip p o c a m p u s  zur A u slö su n g  der lokalen  u n d  w eite rd rin g en d en  e lek trisch en  
A n fä lle  v erh ä ltn ism äß ig  n ied rig e r  als die d e r  Iso co rtex . W e ite rh in  bew eisen
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gewisse h is to p a tho log ische , k lin ische u n d  ex p erim en te lle  B e o b a c h tu n g e n , d aß  
die Sklerose des A m m on sh o rn s als p rim ä re r  ep ilep togener H e rd  zu  w irken  
im s ta n d e  is t, ohne d a ß  d ie  T eilnahm e a n d e re r  S tru k tu re n  als des H ip p o ­
cam p u s n ö tig  w äre [12, 9, 21, 7, 22]. In  e in er S tu d ie  ü b er 6 K ra n k e  wiesen 
w ir gewisse gem einsam e E rsch e in u n g en  n a c h , a u f  G ru n d  w elch er w ir in 
u n se re n  F ä llen  die p rim ä re  ep ilep togene R olle d er A m m on sh o rn sk le ro se  
v o ra u sse tz te n  [31]. E in e  ähn lich e  A nsich t ä u ß e rte n  in  d ieser F ra g e  au ch  die 
F o rsc h u n g s in s titu te  fü r  E p ilepsie  in  M on trea l u n d  M arseille [17].

Die B ed eu tu n g  d e r n ich t k o m m u n iz ie ren d en  S ep tu m z y s te  u n d  der 
C orpus callosum -A genesie a ls ep ilep togene A b n o rm itä t geh t in  e r s te r  Linie

Abb. 5/a.  Seit einem halben Jahr bestehen —  nur im  W achzustand — kleine, m it B ew ußt­
seinsverlust verbundene Störungen m it Adversion nach rechts. -— Im Sedationszustand  zahl­
reiche steile W ellen über dem  linken Frontallappen ; im  m ittleren-h interen tem poralen  
Elektrodenpaar sind jedoch nur selten  h ingeleitete E ntladungen zu beobachten. F a =  vor­

dere frontale ; F p =  hintere frontale ; Tp =  hintere tem porale

d a ra u s  hervor, d aß  die m e is ten  Z y sten  E p ilepsie  v e ru rsach en  [23, 6 ] , j a  die 
A ttack en  n ach  Ö ffnung d e r Z yste  zuw eilen sogar ausb le iben  k ö n n e n  [13, 
23a]. Als eine ep ilep togene  M itte llin ie n s tru k tu r  des v o rd e ren  T e m p o ra l­
la p p e n s  w urde die S ep tu m z y s te  bere its  von  Ajmone-Marsan u n d  a u c h  von 
Stoll erw ähn t [3]. A u ß erd em  h ab e n  die K ran k en g esch ich ten  u n d  pneum o- 
enzep h a lo g rap h isch en  B efu n d e  in  unseren  8 F ä llen  eine an d ere  ep ilep to g en e  
G eh irnanom alie  als die Z yste  bzw . die A genesie n ich t ergeben .

F ern e r m üssen w ir d a ra u f  h inw eisen, d a ß  es aussch ließ lich  a u f  G rund  
d e r e lek tro g rap h isch en  B efunde  n ich t le ich t is t, die N e u ro n e n p o p u la tio n  zu 
b estim m en  die p rim ä r fü r  die A nfälle  v e ra n tw o rtlic h  is t. D ies g e h t z. B. 
d a ra u s  hervo r d aß  die S ep tu m zy sten  äh n lich e  b aso tem p o ra le  K ra m p fp o te n ­
tia le  b ilden  wie die p r im ä re n  H erde  des A m m onshorns. Die L o k a lis ie ru n g  
des P rim ärh erd es  k a n n  au c h  d a n n  p ro b lem atisch  sein, w enn es g e lin g t, einen 
ep ilep tisch en  F okus ü b e r irg en d e in er R egion  d e r K o n v e x itä t zu  u m re iß en . 
D ieser F okus k a n n  näm lich  lediglich die P ro je k tio n  der E n tla d u n g e n  des 
in  einem  su b k o rtik a len  K ern  b e find lichen  ech ten  H erdes se in . D era rtig e  
V erh ä ltn isse  h a t  m an  in  T ie rversuchen  b e o b a c h te t, z. B . fokale  E n tla d u n g e n

6  A cta  Medica Х П /3— 4.
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ü b e r  d e r R inde der z e n tra le n  Region au fg en o m m en  als m an  den k ü n stlich en  
H e rd  in  irgendeinem  K e rn  d e r s trio -p a llid a ren  K e rn g ru p p e  oder im  T h a la m u s  
a n le g te  [10. 11].

D ie sorgfältige A n a ly se  v erh ilft aber au ch  ohne A nw endung  d er in tra -  
z e re b ra le n  M ultie lek tro d e  z u r K lars te llu n g  des U rsp runges d er K ram p f- 
p o te n tia le .  Mit d ieser M e th o d e  verm och ten  w ir fe s tzu s te llen , d a ß  die m ed io ­
b a s a le n  (R achen-) E n t la d u n g e n  in ih rer A k tiv ie rb a rk e it  u n d  in  ih rem  V er-

A bb .  5/b. Im Laufe von 4 Jah ren  ergab die mehrmals w iederholte elektrographische U nter­
su ch u n g  im m er frontale K ram p fp oten tia le , aber das hier gezeigte  letzte EEG  zeigt die Ver­
sch ieb u n g  des elektrischen H erd es in den m ittleren-h in teren Tem porallappen. Seit einem  
J a h r  m eld eten  sich auch in der N a ch t und am frühen M orgen Anfälle, die in den W ochen  
vor  der letzten  EE G -A ufnahm e bereits häufiger waren als die Tagesanfälle. Es Hegt nahe, 
d iese  k lin isch  und im E EG  b eo b a ch te ten  auffallenden V eränderungen in kausalen Zusam m en­

hang zu bringen

l a u f  k e in  einheitliches B ild  zeigen. Bei zah lre ich en  K ra n k e n  en tw ick e lt sich 
d e r  H ö h ep u n k t der S c h la fa k tiv a tio n  im S ch lu m m er und  im  ob erfläch lich en  
S c h la f , bei anderen  je d o c h  im  tiefen  oder in  m a n c h e n  F ä llen  im  seh r tie fen  
S c h la f . Die a u f diesen v e rsch iedenen  S ch la fn iv eau s  a k tiv ie r te n  K ra m p f­
p o te n t ia le  weichen zu m eist in  ihrem  G ehalt u n d  in  ih re r F o rm  v o n e in a n d e r 
a b . Z u  Beginn der E in sc h lä fe ru n g  erscheinen  in  den  R a c h en e lek tro d en  im 
a llg e m e in e n  v e rh ä ltn ism ä ß ig  n iedrige, schnelle  n e g a tiv e  Z acken . Die vom  
tie fe n  S ch la f a k tiv ie r te n  E n tla d u n g e n  e n tsp re c h e n  g rö ß ten te ils  lan g sam en  
Z a c k e n  (steilen W ellen) m it  höherer S p a n n u n g  d ie  bei gew issen K ran k en  
a u c h  p o sitiv  sein k ö n n e n . D iese langsam en  Z ack en  k ö n n en  zu g leicher Zeit 
a u c h  ü b e r  der v o rd e ren  te m p o ra le n  oder se lb s t ü b e r d er f ro n ta le n  R egion 
a u f ta u c h e n  und  neigen m e h r  zum  b ila te ra le n  E rsch e in en  als die schnellen  
Z a c k e n . Bei m anchen  K ra n k e n  verm ag m a n  im  se lb en  E E G  die E n tla d u n g e n  
b e id e n  T yps je nach d e r V e rä n d e ru n g  des S ch la fn iv eau s  deu tlich  zu e rk e n n e n .
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In  bezug  a u f  den  U rsp ru n g  d er von d e r R ach en e lek tro d e  s ta m m e n d e n  
schnellen  Z acken h aben  w ir eine b eg rü n d e te  T heorie . Diese P o te n tia le  k o n n ­
te n  w ir näm lich  im  S ch lum m er u n d  oberfläch lichen  S ch laf in F ä llen , wo der 
H ip p o cam p u s einen p a th o lo g isch -an a to m isch en  H erd  aufw ies, re ich lich  w ah r­
n ehm en . A uch in den s im u lta n  von  der O berfläche des H ip p o cam p u s und  
d er tem p o ra len  N eocortex  aufgenom m enen  K o rtik o g ram m en  k o n n te n  w ir 
b e o b a c h te n , d aß  diese d u rch  die V ertiefung  des Schlafes im m er z u rü c k ­
g ed rän g t w urden  [29, 30]. So e ra c h te n  w ir es p er analog iam  als erw iesen , 
d a ß  die vom  Sch lum m er u n d  oberfläch lichen  S ch laf a k tiv ie r te n  schnellen  
R ach e n e n tla d u n g en  h a u p tsä c h lic h  aus dem  H ippocam pus u n d  d e r m it 
d iesem  eng zu sam m en h än g en d en  in fe rom ed ia len  tem p o ra len  R in d e  s ta m ­
m en [1, 2]. D er p rim äre  H erd  m u ß  n a tu rg e m ä ß  n ich t im m er im  H ip p o cam p u s 
sein . W ie unsere  K ra n k e n  m it S ep tu m zy ste  bew eisen und  a u f  G ru n d  von 
T ierv ersu ch en  [9] als w ah rsch e in lich  b e tra c h te t  w erden d a rf, k ö n n e n  diese 
K ra m p fp o te n tia le  aus d en  K e rn e n  d er M itte llin ie , vo r allem  aus d en  p r im ä re n  
H erd en  d er sep ta len , m am illä ren  und  in tra la m in ä re n  th a lam isch en  Z e llg ru p ­
pen , s tam m en .

Tabelle I
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Anfälle
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der

Fälle
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Nur im  Schlaf 4 _ _ _ _ _  j  2 ; 2 _
Anfänglich im  Schlaf, später im W achzustand 10 6 —  .4 1 —
Zum eist im  Schlaf 6 2 2 2 —  — —

Nur im  W achzustand 12 2 1 7 2 —

Anfänglich im  W achzustand, später im Schlaf 17 1* 2 j 8 5 1 1

19 9 8 14 I 14 3 1

D er U rsp rung  d er von  tie fem  S ch laf a k tiv ie r te n  basa len  E n tla d u n g e n  
k o n n te  n ich t e rk lä r t w erden . B ei diesen d ü rf te  es sich um  P o te n tia le  h a n d e ln , 
die w ahrschein lich  aus irg en d e in em  der su b k o rtik a len  d ien zep h a lisch en  K erne  
w eite rd rin g en  oder p ro p a g ie rt w erden . D a ra u f  können  Avir led ig lich  au s  den 
4 F ä llen  sch ließen , in  denen  sich h y p o th a lam o -liy p o p h y sea le  S tö ru n g en  
(au ffa llen d e , p rogressive F e ttle ib ig k e it, H y p e rten s io n , M e n s tru a tio n sa n o m a ­
lien , f lu k tu ie ren d es  ö d e m , Som nolenz usw .) zu r E pilepsie g e se llten . Bei 
d iesen  K ran k en  w aren  die A nfälle  an fangs m ehrere  J a h re  lan g  n u r  am  T age 
(im  W ach zu stan d ) a u fg e tre ten  ; in  dem  E E G  h a t te  der tiefe S ch la f b ila te ra le

6
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Tabelle II

Hauptlokalisation der Krampfpotentiale
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N ur im  Schlaf 28 18 2 3 _ 5 _
A nfänglich  im  Schlaf, später im  W achzustand 60 34 10 4 9 3 —
M eistens im  Schlaf 26 18 2 3 2 1 —

N ur im  W achzustand 43 13 5 — 1 12 12

A nfänglich im  W achzustand, sp äter  im  Schlaf 43 9 13 2 4 11 4

200 92 32 12 16 32 16

Abb. 6. D ie  Lokalisation der epileptogenen  Läsionen der K o n v ex itä t von 27 K ranken, auf 
einer H em isphäre zusam m engefaßt. —  Die zusam m enhängenden Kreise bezeichnen die Fälle, 
in  d en en  die Anfälle aussch ließ lich  oder anfangs im  W achzustand  aufgetreten waren (4. und 
5. G ruppe), während die unterbrochenen  Kreise denjenigen entsprechen, die spezielle Neigung  
für A n fä lle  im  Schlaf zeigten  (1 .— 3. Gruppe). Der eine F a ll von  diffuser m eningealer In fil­
tra tio n  an  der Außenfläche des vorderen Tem porallappens (5. Gruppe) is t  n icht angeführt. 
D ie b eid en  gestrichelten K reise a n  der Spitze des T em porallappens bezeichnen ausgedehnte

S p itzen - und m ediobasale A trophie

b a sa le , vo rdere  te m p o ra le  u n d  fron ta le  ste ile  W ellen  a k tiv ie r t. Dieses Z u sam ­
m e n tre ffe n  der S y m p to m e lä ß t  die A nnahm e zu , d a ß  die gem einsam e U rsache  
d e r  v e g e ta tiv e n  S tö ru n g e n  u n d  der ep ilep tisch en  A nfälle  eine H y p o th a la m u s ­
sc h ä d ig u n g  w ar, die w ir a lle rd in g s  p n eu m o en zep h a lo g rap h isch  n ich t e n tsch ie ­
d e n  zu  b estä tig en  v e rm o c h te n .

A u f  G rund u n se re r  h isto log ischen  B efu n d e  k ö n n e n  w ir b e h a u p te n , daß  
die ep ilep togenen  S c h ä d ig u n g e n  des H ip p o c a m p u s  eine spezielle D isposition  
zu r A uslösung  von A n fä lle n  im  Schlaf zeigen . E in e  ähn liche N eigung  lä ß t 
sich  a u c h  in  der H ä lfte  d e r  F älle  fests te llen , d ie  m orphologische A nom alien
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d e r sep ta len  R egion aufw eisen , sowie im  Z u sam m en h an g  m it d en  H erd en  
d er fro n ta len  S pitze  u n d  der tem p o ro -p a rie to -o k z ip ita len  Zone. D em gegen­
ü b er b ew irk t die große M ehrzahl der L äsionen  d e r K o n v ex itä t — z u m in d e s t 
am  A nfang  des ep ilep tisch en  Prozesses — T ag esan fä lle . Diese e ig en tü m lich en  
Z usam m enhänge e rg ab en  sich auch bei d e r A n a ly se  der viel zah lre ich eren  
e lek tro g rap h isch en  B efunde.

Die spezielle F ä h ig k e it der tem pora len  in fe ro m ed ia len  S u b stan z , n ä c h t­
liche A nfälle h e rv o rz u ru fen , w ar auch bei e in ig en  u nserer K ra n k e n  zu  b e ­
o b ach ten , bei denen  eine partie lle  P o lre sek tio n  vorgenom m en w u rd e . Bei 
diesen a k tiv ie r te  die E insch lä fe ru n g  m ed io b asa le  u n d  vo rdere  tem p o ra le  
K ra m p fp o te n tia le , u n d  p rä o p e ra tiv  t r a te n  sow ohl näch tliche  wie T a g e sa n ­
fälle au f. D urch  die R esek tio n  des vo rderen  T em p o ra llap p en s  u n te r  E rh a ltu n g  
des H ip p o cam p u s u n d  d e r anderen  in fe ro m ed ia len  Gebilde w u rd en  jed o ch  
n u r  die T ag esan fä lle  fü r  längere Zeit b e h o b e n , w ährend  die n äc h tlic h e n  
w eiter a u f tra te n . D iese k o n n te n  nach dem  p o s to p e ra tiv e n  E E G  n u r  von  der 
n ich t e n tfe rn te n  m ed io b asa len  S ubstanz  v e ru rs a c h t  w orden sein.

A us u n se ren  U n tersuchungsergebn issen  fo lgern  w ir schließlich d a ß  die 
g ü n stig s te  A ssozia tion  d er p räkonvu lsiven  B ed in g u n g en  fü r gewisse N eu ro n ­
p o p u la tio n en  vom  S ch la f gew ährleiste t w ird , fü r  an d ere  P o p u la tio n en  h in ­
gegen von  den  G eschehnissen  des b e w u ß te n  W ach zu stan d es . D ie p räz ip i- 
tie ren d e  Rolle des Schlafes kom m t vor allem  in d en  ep ilep togenen  Z e llg ruppen  
d er A llocortex  (H ip p o cam p u s) und der m it ih r  u n m itte lb a r  z u sa m m e n h ä n ­
genden  K erne  zu r G e ltu n g . D er konvulsive E in f lu ß  des W achseins e rs tre c k t 
sich h a u p tsä c h lic h  a u f  die Iso co rtex  u n d  d ie  m it ih r  eng v e rb u n d en en  K e rn ­
system e m it A u sn ah m e d er fron ta len  S p itzen - u n d  tem p o ro -o k z ip ito -p arie- 
ta le n  Zone. Zw ischen den  System en d e r Iso c o r te x  u n d  des H ip p o cam p u s 
b es teh t also ein gew isser A ntagon ism us, e in  äh n lich er, wie m a n  ih n  im  
Z u sam m en h an g  m it dem  A ufm erken  [19] b e sch rieb en  h a t.

D ie U rsache  dieses U ntersch iedes m u ß  m a n  u n se re r A nsich t n a c h  vor 
allem  in  d er an a to m isch -fu n k tio n e llen  O rg a n isa tio n  d er ep ilep togenen  S tru k tu r  
suchen . V ielleicht kom m en  w ir einer L ösung  d e r  F rag e  näher, w enn  w ir uns 
m it den B eziehungen  beschäftigen , die zw ischen  unseren  B eo b ach tu n g en  
u n d  ein igen n eu e ren  E rgeb n issen  der N europh y sio lo g ie  zu e rk en n en  s in d .

L a u t T ie rv ersu ch en  steh en  gewisse k o r tik a le  Regionen in u n m itte lb a re r  
fu n k tio n e lle r u n d  a n a to m isch e r B eziehung  z u r F o rm atio  re tic u la r is  des 
G eh irnstam m es [14, 15, 35, 36]. Die e lek trisch e  R eizung d ieser »k o rtik o - 
re tik u lä re n  R egionen«  lö s t bei T ieren e lek trisch e  u n d  V erh a lten se ig en tü m lich ­
k e iten  des b e o b ach ten d en  W achseins (»arousa l« ) aus. Diese k o rtik a le n  
G ebiete um fassen  die sensorisch-m otorische A rea , das fro n ta le  o ku lom oto - 
rische F e ld , die h in te re  p a rie ta le -p a ra o k z ip ita le  R in d e , die obere te m p o ra le  
W indung  u n d  te m p o ra le  Spitze sowie d ie  o rb ito fro n ta le  u n d  z ingu lä re  
O berfläche.
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B e tra c h te n  w ir A b b . 6, so sehen w ir, d a ß  die » k o rtik o -re tik u lä ren «  
O b e rf lä c h e n  im großen g a n z e n  m it jen en  G eb ie ten  der K o n v e x itä t ü b e re in ­
s t im m e n , in  denen die überw iegende  M ehrzah l d er H erde A n fä lle  an fan g s 
o d e r  s te ts  im  W ach zu stan d  (am  Tage) hervori-ief. M an k an n  d a h e r  a n n eh m en , 
d a ß  d ie  Z ellgruppen, die a u f  die A u fre c h te rh a ltu n g  des w achen  Z u s ta n d e s  
ü b e r  d ie  F o rm atio  re tic u la r is  u n m itte lb a re n  E in f lu ß  ausüben , spezielle N eigung 
z u r  A u slösung  von T ag esan fä llen  zeigen. A uch  d er enge Z u sa m m e n h a n g  der 
m it b i la te ra le r  3 cps w a v e -a n d -sp ik e -A k tiv itä t oder der ih rer V a ria n te n  e in ­
h e rg e h e n d e n  Anfälle m it dem  W a c h z u s ta n d  läß t sich dam it e rk lä re n . Das 
A u f tre te n  derartiger P e t i t  m a l-A ttack en  e rfo rd e rt näm lich  irg en d w ie  die 
B e te ilig u n g  des aspezifischen  affe ren ten  G eh irn stam m sy stem s [25].

D e r H ippocam pus h ä n g t dagegen m it d e r F o rm atio  re tic u la ris  a u f  ganz 
a n d e re  W eise zusam m en  als die e rw ä h n te n  » k o rtik o -re tik u lä ren «  A reas. 
D ie T e iln ah m e des H ip p o c a m p u s  an  den  zu m  W ach zu stan d  o d er S ch la f 
fü h re n d e n  neuralen  P ro zessen  is t noch u n g e k lä r t , u n d  ebensow enig v e rm o ch te  
m a n  se ine  u n m itte lb a re  V e rb in d u n g  zu den re tik u lä re n  System en des G ehirn- 
s ta m m e s  b isher zu e rm itte ln  [1, 2, 20]. Die n äc h tlic h e n  Anfälle u n se re r  K ra n k e n  
m it A m m onshornsk lerose  t r a te n  ohne E rw ach en  auf, xvährend die A nfälle  
v o n  n äch tlich em  U n w o h lse in , sow eit d iese ü b e rh a u p t a u f tra te n , b e i den 
K r a n k e n  m it H erd in d er z e n tra len  R egion v o n  E rw ecken  e inge le ite t w u rd en . 
E s e rsc h e in t daher n ich t ausgeschlossen , d a ß  die auffallende B e re itsch a ft 
des h ip p o k am p alen  S y stem s zur A uslösung  von  A nfällen im  S c h la f  a u f  
e in em  e igenartigen  V e rh ä ltn is  zu r F o rm a tio  re ticu la ris  und zum  W achsein  
b e r u h t .

N a tu rg e m ä ß  h ä n g t es n ich t lediglich v o n  d e r S tru k tu r  u n d  F u n k tio n  
a b , o b  d e r ep ileptische A n fa ll ta g sü b e r oder n a c h ts  a u f t r i t t .  A ndere  F a k to re n , 
z. B . e x tra n e u ro n a le  u n d  h u m o ra le  W irk u n g en , w elche a u f  die E lek tro g en ese  
xles G eh irn s  w esentlichen E in f lu ß  au sü b en  k ö n n en , die E n tw ic k lu n g  der 
S y n c h ro n isa tio n s-  u n d  D esy n ch ro n isa tio n se rsch e in u n g en  [5, 24, 34], K o n ­
d it io n ie ru n g  usw ., k ö n n en  fallw eise  in  d er V o rb e re itu n g  der n ä c h tlic h e n  A us­
lö su n g  d e r Anfälle eine en tsch e id en d e  Rolle sp ielen .

D ie h ier m itg e te ilten  B eo b ach tu n g en  b rin g e n  uns n ich t n u r  d e r K la r ­
s te l lu n g  des M echanism us d e r ep ilep tischen  A nfälle einen S c h r it t  n äh e r, 
s o n d e rn  können  auch  in d e r  m ed ik am en tö sen  B eh an d lu n g  d er E p ilepsie  
p ra k t is c h e  B edeu tung  g ew in n en . In  den  le tz te n  J a h re n  h a t  die A u ffassu n g , 
d a ß  d ie  E p ilep tiker xinter B erü ck sich tig u n g  d er K lin ik  u n d  L o k a lisa tio n  
d e r  H e rd e  sowie der E E G -B efu n d e  m ed ik am en tö s  ind iv iduell b e h a n d e lt 
w e rd e n  m üssen , im m er m e h r A nhänger g efu n d en . M it dieser a u f  S p e z if itä t 
g e r ic h te te n  Tendenz s te h t  unsere  F e s ts te llu n g  im  E in k lan g , d a ß  fü r  die 
A n fä lle  im  Schlaf zum eist a n d e re  N e u ro n g ru p p en  v e ran tw o rtlich  s in d  als fü r  
d ie  T a g e sa tta ck e n .



Ob e r  d i e  Zu s a m m e n h ä n g e  d e r  a n f ä l l e  im  s c h l a f  u n d  W a c h z u s t a n d 253

ZUSA MM EN FASSUNG

An 200 ausgew ählten E pileptikern wurden elektroklinische U ntersuchungen durch - 
geführt, um  festzustellen, oh zwischen dem Auftreten der Anfälle im Schlaf und der anato- 
m isch-funktionellen O rganisation der epileptogenen Struktur ein Zusam m enhang nach­
gewiesen werden kann.

Die L okalisation der als ep ileptogene Schädigung betrachteten  pathologisch -anato­
m ischen Gehirnanomalien wies einen entschiedenen E influß auf die H äufigkeit der nächt­
lichen Anfälle auf. Die H ippocam pusherde zeigten die größte Neigung zur Auslösung der 
im Schlaf erscheinenden Anfälle, danach folgen die in  der septalen Region und in der fron­
talen Spitze liegenden Herde. Die Herde der hinteren frontalen, sensorisch-m otorischen, 
parietalen und I— II. tem poralen W indungen verursachten dagegen zum  überwiegenden  
Teil Anfälle anfangs oder ausschließlich im  W achzustand.

Die elektrographische Lokalisation der vorherrschenden fokalen K ram pfpotentiale  
bew eist, daß die m ediobasalen, tem poro-parieto-okzipitalen und vorderen frontalen  Herde 
in überwiegender Mehrheit im  Schlaf auftretende Anfälle aufrechterhalten, während für 
andere Gebiete der K onvexität Anfälle im  W achzustand kennzeichnend sind. D ie bilaterale 
3 eps w ave-and-spike-A ktivität oder ihre Varianten produzierenden Epileptiker zeigen eben­
falls spezielle D isposition für T agesanfälle.

Zur Deutung der beschriebenen strukturellen Beziehungen der im Schlaf auftretenden  
Anfälle wird eine H ypothese aufgestellt.
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PARALLELE BESTIMMUNG DES ARTERIELLEN UND  
PORTALEN KREISLAUFS DER LEBER MITTELS DER  

BROMSULFALEINMETHODE UND MIT DEM
ROTAMETER

Von

A. F i s c h e r . L. T a k á c s  und G . M o l n á r

I I I .  M ED IZIN ISCH E K L IN IK  D ER  M EDIZINISCHEN U N IV ERSITÄ T, B U D A PEST 

(E ingegangen am 4. Septem ber 1958)

W äh ren d  die B ro m su lfa le in m eth o d e  zu r B estim m ung  d er g e sa m te n , die 
L eber passierenden  B lu tm en g e  allgem ein E in g a n g  gefunden  u n d  a ls  zu v e rläß ­
lich  a n e rk a n n t ist [1], b e ru h e n  die w enigen U n te rsu ch u n g en , w elche die re la ­
tiv e n  A nteile  des p o rta le n  u n d  arte rie llen  K re is lau fs  n eb e n e in a n d e r b estim m t 
h a b e n , a u f  A nw endung  d e r R einschen T h e rm o stro m u h r. M it H ilfe  dieses 
V erfahrens fanden  G r a b  u n d  M itarb . [2], d a ß  d er arterie lle  A n te il d e r L eber­
d u rc h b lu tu n g  in d er R u h e  1 2 — 22%  b e trä g t . S ch w ie g k  [3] fa n d  u n te r  d en ­
selben  B ed ingungen  einen  a rte rie llen  A n te il von  2 0 — 25% , d e r  sich  jedoch  
n a c h  m echan ischer D ro sse lu n g  der P fo r ta d e r  um  5 0 — 100%  e rh ö h te . O rale 
D arre ich u n g  von P e p to n , O livenöl und G lukose h a t te  einen a lle in ig en  A nstieg  
des p o rta le n , i. v . In je k tio n  von  D echolin, G lukose u n d  In su lin  e in en  alleinigen 
A nstieg  des a rterie llen  A nteils zu r Folge, w äh ren d  D arre ich u n g  von  N a triu m - 
l a k ta t  einen A nstieg  in  b e id en  K reislau fg eb ie ten  bew irk te . E s sc h e in t daher, 
d a ß  die R egu la tion  d er beiden  K re islau fgeb ie te  u n ab h än g ig  v o n e in an d e r 
erfo lgen  k an n . S o s k i n  u n d  M itarb . [4] fa n d e n  m it dem selben  V erfah ren  
V aria tio n en  des a rte rie llen  A nteils zw ischen 10 — 90% .

Die V erläß lichkeit d e r  W erte , w elche m it H ilfe der T h e rm o s tro m u h r 
gew onnen  w urden , s in d  v o n  vielen  N a c h u n te rsu ch ern  in  Zw eifel gezogen 
w orden  [5, 6, 7, 8]. D agegen  b e s te h t w eitgehende Ü b e re in s tim m u n g  d a rü b e r, 
d a ß  die arterie lle  D u rc h b lu tu n g  m it H ilfe des R o tam e te rs  m it e in e r  F eh le r­
quelle  von  etw a 10%  b estim m t w erden k a n n  [9]. W ir h ab en  d e m n a c h  die 
B rom su lfa le inm ethode  m it d er ro ta m e trisc h e n  B estim m ung  d e r  a rte rie llen  
D u rc h b lu tu n g  k o m b in ie rt, u n d  die K reislau fsg rößen  u n te r  R u h eb ed in g u n g en  
sowie n ach  versch iedenen  pharm ako log ischen  u n d  an d eren  E in w irk u n g en  
b e s tim m t. Die V ersuche h ab e n  w ir an  63 H u n d en  d u rc h g e fü h rt.

Methodik
Die Bestim m ung der gesam ten Leberdurchblutung erfolgte nach der v o n  B r a d l e y  [10] 

beschriebenen Methode. E in K atheter wurde bei den m it Chloralose narkotisierten  Hunden  
in  eine Jugularvene eingeführt, sodann unter R öntgenkontrolle in eine L ebervene geführt. 
Wir überzeugten uns von der richtigen I .age des K atheters m it Hilfe einer Probebestim m ung  
von  Brom sulfalein im K atheter- und arteriellen B lut ; die E xtraktion m uß te inehr als 25%
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betragen . Anschließend an die K atheterisierung wurden bei einem  Teil der Versuche einige 
V orperioden  von 5— 10 Min. b estim m t, nachher erfolgte die E röffnung der Bauchhöhle und 
P räp aration  der Leherarterie. Sodann erhielten die H unde 8 m g/kg Heparin i. v. D ie A. 
h ep atica  communis wurde m it dem  vorher in die A. fem oralis eingebundenen R otam eter  
verb u n d en , nachdem die d ista l v o n  den 1,eherzweigen w eiterführende A. pancreatico-duode- 
nalis abgebunden wurde. N ach  erfolgter Einbindung w urde der Versuch in Perioden von  
5— 10 M inuten fortgesetzt. Der R otam eter wurde nach jedem  Versuch kalibriert ; die B estim ­
m u n g  der gesam ten L eberdurchblutung erfolgte auf Grund der erm ittelten H äm atokritw erte  
nach  der üblichen Formel. D ie B estim m ung des B rom sulfaleins wurde m ittels dem Beckm an  
В. Spektrophotom eter durchgeführt.

V ersuchsergebnisse

1. Normalwerte u n d  Ä n d e ru n g  der Leberdurchblutung nach Laparatom ie

D ie erste F rage, die g e k lä r t  w erden m u ß te , w a r die W irkung  d er L a p a ra ­
to m ie  u n d  der E in b in d u n g  des R o tam eters  a u f  die gesam te L eb erd u rch - 
b lu tu n g .  Es w ar von v o rn h e re in  zu e rw arten , d a ß  dieser, etw a 20 M inu ten  
d a u e rn d e , E ingriff fü r  d en  K re is la u f  n ich t g le ich g ü ltig  se i; ta tsä c h lic h  k am  
es in  9 von  den in T ah . I  zu sam m en g este llten  10 V ersuchen  zu einem  m ehr 
o d e r  w eniger s ta rk en  B lu td ru c k s tu rz , der im  D u rc h sc h n itt  52 m m  H g b e tru g , 
a b e r  in  einzelnen F ä llen  v o n  25 bis 80 m m  sc h w a n k te . N u r in 2 F ällen  san k  
d e r  B lu td ru c k  tiefer als 100 m m  H g, doch k o n n te  au c h  bei höheren  ab so lu ten  
B lu td ru c k w e r te n  ein le ic h te r  S chockzustand  n ic h t ausgeschlossen w erden . Es 
is t  d e m n a c h  nicht ü b e rra s c h e n d , daß  der D u rc h sc h n ittsw e rt der g esam ten  
L e b e rd u rc h b lu tu n g  in d en  V orperioden  40,5 m l/M in ./kg , n ach  E in b in d en  des 
R o ta m e te rs  jedoch b loß  2 5 ,6  m l/M in./kg b e tru g . M erkw ürdigerw eise w ar 
a u c h  im  V ersuch 46, dem  e in z ig en , bei w elchem  d e r  E in g riff  keine S enkung  
des B lu td ru c k s  zur Folge h a t t e ,  die L e b e rd u rc h b lu tu n g  n ach  d er L a p a ra ­
to m ie  u m  41%  gesunken , a lso  u m  ca. ebensoviel, w ie im D u rch sch n itt aller 
V e rsu c h e  (38% ). Es h a t  d en  A nschein, d aß  d as  A u sm aß  der A b n ah m e der 
g e s a m te n  L eb e rd u rc h b lu tu n g  sowohl von den  a b so lu te n  B lu td ru c k w e rte n , 
wie a u c h  von der G röße d es  B lu td ru ck stu rze s  w ä h re n d  der L a p a ra to m ie  
a b h ä n g t  ; au f jeden  F a ll m u ß  d am it gerechnet w e rd en , d aß  die E in b in d u n g  
<les R o ta m e te rs  bere its e in e , im  E inzelfall u n b e re c h e n b a re  A b n ah m e der 
g e s a m te n  L e b e rd u rch b lu tu n g  z u r  Folge h ab en  k a n n , und  so die e rh a lte n e n  
W e rte  n ich t im m er als p h y sio lo g isch  b e tra c h te t  w erden  können .

D e r D u rch sch n ittsw ert d e r  abso lu ten  a r te r ie lle n  D u rch b lu tu n g  b e tru g  
5 ,4  m l/M in ./kg , m it S ch w an k u n g en  zwischen 2,5 u n d  9,3 m l/M in/kg. D er 
p ro z e n tu e lle  A nteil der a r te r ie lle n  D u rch b lu tu n g  sc h w a n k te  zw ischen 10 u n d  
5 8 % , e r b e tru g  im D u rc h s c h n it t  26% . Es b e s te h t je d o c h  ein b em erk en sw erte r 
U n te rsc h ie d  zwischen d en  P e rio d e n , bei w elchen d ie  L eb e rd u rc h b lu tu n g  30 
m l/M in ./k g  erreich t, bzw . ü b e rsc h re ite t, u n d  d en  P e rio d en , wo diese w eniger 
a ls 30 m l/M in./kg b e trä g t. D e r  prozentuelle  A n te il d e r  a rte rie llen  D u rch b lu tu n g  
in  d en  e rs ten  10 P erio d en  b e tr ä g t  in D u rc h sc h n itt  14 ,4% , w äh ren d  er bei 
d e r  zw e iten  G ruppe (18 P e rio d e n )  33%  au sm a c h t. Die g raph ische  R eg is trie ru n g
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Tabelle I

IS1 ormai werte des Leberkreislaufs vor und nach Laparotomie

H und  N«.
EHRE
ml/Miti.

E H R E 
ni 1 Min. 

kg

A. hep. 
ml/Min

A. hep. 
ml/Min. 

kg

A rt. Anteil
%

Blutdruck

44 720 36,0 — — 135 Vorperiode

20 kg 900 45,0 - — — 130 1 ■*

680 34,0 120 6 18 90 R otam eter

450 22,5 90 4,5 20 90 ч 9

395 20,0 80 4,0 20 85 9 9

640 32,0 72 3,6 11 60 9 9

46 873 43,5 — — — 150 Vorperiode

20 kg 980 49,0 — 160 ”

600 30,0 109 5,5 18 170 R otam eter

510 25,5 74. 3,7 18 150

490 24,5 50 2,5 10 150 ”

47 560 45,0 _ 170 Vorperiode

12,5 kg 560 45,0 — — 170 . .

610 49,0 — — 170 ”

360 29,0 82 6,6 22,5 90 R ota m eter

215 17,0 82 6,6 38,0 105 9 9

205 16,5 72 5,8 35,0 105 ”

48 580 29,0 — — — 170 Vorperiode

20 kg 660 33,0 — — 170 9 9

750 37,5 — 170 9 9

600 30,0 100 5,0 17 125 R otam eter

690 34,5 100 5,0 15 130 9 ,

820 41,0 85 4,2 10 125 99

670 33,5 85 4,2 13 120 ”

49 430 30,0 — — — 195 Vorperiode

14,5 kg 660 45,5 — — — 195

810 55,0 — — — 195

340 24,0 96 6,6 28 135 R otam eter

255 17,5 77 5,3 30 130 ,,
130 9,0 65 4,5 50 125 ”
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Tabelle I

( Fortsetzung)

Hund No. EH B F
ml/Min.

E H B F
ml/M in.

kg
A. hep. 
ml/Min.

A. hep. 
ml/M in. 

kS

A r t. Anteil
% Blutdruck

52 570 37,0 — — — 165 Vorperiode
15 kg 510 34,0 — — — 165 99

245 16,0 117 7,8 47 85 R otam eter

285 19,0 117 7,8 40 95

54 760 44 — — — 155 Vorperiode
17 kg 570 34 — — — 155 99

390 23 100 5,9 25 130 R otam eter
285 17 100 5,9 35 125

55 365 23 — — — 200 Vorperiode

16 kg 265 17 — — — 200 9 9

265 17 60 3,7 22 150 R otam eter
490 30,5 66 4,1 14 140 ”

56 700 48 — — — 200 Vorperiode

14,5 kg 760 52 — — — 200 ,,
590 40 — — — 200 9 9

175 12 90 6,2 52 120 Rotam eter

154 11 90 6,2 58 115 ,,

200 14 90 6,2 45 115 ”

57 500 36 — — — 150 Vorperiode

14 kg 920 65 — — — 160 9 9

720 51 130 9,3 18 115 Rotam eter

840 60 83 5,9 10 115 ”

Durchschnitt der 24 V orperioden: 40,5 
D urchschnitt der 28 Nachperioden : 25,6 
E H B F  : Gesamte Leberdurchblutung.

d e r E rg eb n isse  (A bb. 1) zeig t einen d e u tlic h e n  Z usam m enhang  zw ischen  
d e r G röße des a rte rie llen  A n te ils  und  der d e r  g e sam ten  L e b e rd u rch b lu tu n g . 
In  d e r  A n nahm e, d a ß  die e rs te  G ruppe d en  physio logischen  V erh ä ltn issen  
n a h e k o m in t, k an n  d a h e r  geschlossen w erden , d a ß  d er arterie lle  A n te il n ic h t 
m e h r a ls 10—18%  d er g e sa m te n  D u rc h b lu tu n g  d e r  Leber b e trä g t, u n d  n u r  
bei ap liysio log isch  n ied rig en  gesam ten  D u rc h b lu tu n g sw e rte n  sich  a u f  ü b er 
2 0 % , j a  se lb st bis 50%  oder m eh r erhöh t. D as b e d e u te t ,  daß  n ach  d e r L a p a ra -
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törnie die p o rta le  B lu tz u fu h r  zu r L eber m eist a b n im m t, w ährend  die a rte rie lle  
Z u fu h r e rh ö h t w ird  oder u n v e rä n d e r t  b le ib t. E in e  s tren g e  K o rre la tio n  zw ischen  
dem  A u sm aß  des B lu td ru c k s tu rz e s  e in e rse its , des p ro zen tu e llen  A nte ils  
(A bb. 2) bzw . d e r ab so lu ten  H öhe der a rte rie llen  D u rch b lu tu n g  (A bb. 3)

60

50

tu£ 30 
4
к.'
<r 20 - 

4

W

10 20 30 40
EH BF m l/H g  /m in

50 60

Abb. 1. Prozentuales V erhältnis des arteriellen A n teils bei verschieden W erten der gesam ten
Leberdurchblutung (E H B F )
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Abb. 2. Prozentuelles V erhältnis des arteriellen A nteils bei verschieden hohem B lutdrucksturz

an d erse its  ließ  sich  zw ar n ich t nachw eisen , doch g eh t aus den A b b ild u n g en  
h e rv o r, d a ß  bei s tä rk e re m  B lu td ru c k s tu rz  eine T endenz zur E rh ö h u n g  d er 
ab so lu ten  u n d  p ro zen tu e llen  a rte rie llen  D u rc h b lu tu n g  b es teh t. O ffen b a r sind  
auch  in  d ieser H in s ic h t die ab so lu ten  B lu td ru c k w e rte  n ich t be lang los ; eine 
gewisse T en d en z  zu r E rh ö h u n g  der a b so lu ten  W erte  der a rte rie llen  D u rc h ­
b lu tu n g  bei n ied rig en  abso lu ten  B lu td ru c k w e rte n  g eh t aus A bb. 4 h e rv o r.
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2. Ä nderungen  des Leberkreislaufs a u f  gefäßw irksam e Stoffe

W ir u n te rsu c h te n  z u n ä c h s t die W irk u n g  ein iger g e fäßw irksam er S u b ­
s ta n z e n  a u f  die e inzelnen  A b sch n itte  des L eberk re islau fs ; n a c h  ein igen

£\
I  5
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3 4
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О
q;
Q 3 
k
q:
4

1

0  10 2 0  3 0  4 0  5 0  6 0  7 0  6 0

BLUTDRUCK A B N A H M E  in H qm m

Abb. 3. A bsolute W erte der art. Durchblutung im  V erhältn is zur Höhe des B lutdrucksturzes
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Abb. 4. A bsolute W erte der arteriellen D urchblutung im  Verhältnis zu dem absoluten B lut­
druckwert
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Tabelle II

Änderungen des Leberkreislaufs a u f  vasoaktive Stoffe

H und No.
EH BF 

ml/Min.
A. hep. 
ml/Min.

A rt.
A nteil

%

A. hep. R esistenz 
101 dy n sec cm Blutdruck B ehandlung

46 600 109 18 124 170 —

20 kg 510 74 15 160 150 —

490 50 10 239 150 —

550 163 30 122 150— 250 100 /ig  Adrenalin/M in.

530 2 7 -  -42 7 — 130— 60 —

6H0 100 15 88 110 —

450 134— 186 35 107 100— 250 100 /tg  Noradren./M in.

550 80— 100 16 — 140— 65 —

42 500 162 32 49 100 —

13 kg 530 126 23 64 90 —

400 126 25 70 110 60 /ig  Noradrenal. Min.

250 80 32 — 55 —

41 530 120 23 ---- 1 10 —

19,5 kg 630 120 19 — 130 —

610 100 16 104 130 —

400 180 45 90 120- 200 60 /ig  Adrenal. Min.

460 70 —

400 — — 140— 200 60 /ig Noradr./M in.

460 — — — 100 —

39 220 65 29 92 75 —

18 kg 172 65 37 68 55 —

340 92 27 112 130 60 /ig Adrenal. Min.

460 60 13 66 50 —

320 120 37 73 110 60 /ig Noradr./M in.

260 70 35 68 60 —

19 360 130 36 — 110 —

17 kg 360 140 39 63 110 —

370 100 27 80 100 -

340 120 35 63 95 —

320 150 47 107 90— 200 60 /ig Noradr./M in.

310 40 13 60— 15 —
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Tabelle I I
(  F  ortsetzung 1)

H u n d  No. !
1

EH BF
ml/Min.

A. hep. 
ml/M in. j

A r t.  
A n te i l i

%

A. hep. Resistenz 
103 dyn/sec/cm 6 B lu td ru ck Behandlung

18 450 7 0 16 — 110 —

22 kg ; 460 42 9 190 100 —

415 40 10 200 100 —

215 40 19 200 100 —

245 70 29 171 90— 150 80 /ig Adrenal./Min.

385 52 14 115 75 —

12 220 73 33 131 120 —

19 kg 220 46 21 217 125 —

195 60 30 — 115 —

265 9 ? 9 95— 140 30 /ig Adrenal./M in.

155 46 30 — 75 —

145 50 30 112 70 —

147 7 3 50 153 60— 140 60 /ig Adrenal./M in.

138 50 35 — 70 —

13 600 160 26 — 150 —

24 kg 740 100 14 100 125 —

300 120 40 126 110— 190 30 / i g  Noradr./M in.

240 120 50 60 85— 70 —

620 205 33 70 105— 180 70 / i g  Adrenal./Min.

14 — 37 — — 110 —

14 kg — 27 — — 120 —

- 44 200 110 —

310 56 12 200 110— 140 80 /«g Adrenal./M in.

255 50 12 103 65 ____

425 72 11 176 60— 160 50 / i g  Noradrenal./M in.

- 56 — — ON О
I 

I со ° —

40 500 90 18 — п о —

16 kg 490 110 22 83 115 —

440 80— 36 8 133 60— 100 60 / i g  Acetylcholin Min.

48 600 100 17 — 125 —

20 kg 690 100 15 — 130 —

670 85 13 112 120 —
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Tabelle II

(Fortsetzung 2)

H und No.
EH BF

ml/Min.
A. hep. 
ml/M in.

A rt.
A nteil

%

A. hep. Resistenz 
103 dyn/sec/cm- 5 B lu td ruck Behandlung

48 670 65 10 129 105 60 /ig A cetylcholin/M in.

20 kg 830 85 10 — 85 100 /ig  Acetylcholin/M in.

47 360 82 22 — 90 —

12,5 kg 215 82 38 — 105 —

205 72 55 116 105 —

295 22— 44 74 174 50— 60 60 /fg Acetylcholin/M in.

260 54 21 — 70 —

300 62 21 — 80 —

E H B F  : Gesamte Leberdurchblutung.

V orperioden  w urden  d ie  M itte l in  Form  k o n tin u ie rlich e r In fu s io n  w äh ren d  
d er angegebenen  P erio d e  in trav en ö s  v e ra b re ic h t. D ie E rgebnisse  m it A d re ­
n a lin , N o rad ren a lin  u n d  A cety lcbolin  g ib t T a b . I I  w ieder.

W ie aus T ab . I I  e rs ich tlich , is t in  allen  P erio d en , in  w elchen A d ren a lin  
oder N o rad ren a lin  v e ra b re ic h t w urde, der B lu td ru c k  m ehr oder w en ig e r s ta rk  
angestiegen .

I n  den  P erioden , in  w elchen A d ren a lin  v e ra b re ich t w orden  is t , k am  
es in  5 F ä llen  zur E rh ö h u n g  der gesam ten  L eb e rd u rc h b lu tu n g , in  1 F a ll b lieb  
le tz te re  u n v e rä n d e rt, in  1 F a ll w ar sie g esu n k en . In  allen 7 u n te rs u c h te n  
F ä llen  k am  es zu e in er d eu tlich en  E rh ö h u n g  d e r arte rie llen  D u rc h b lu tu n g  
(A bb. 5) ; der p ro zen tu e lle  A nteil der a rte rie llen  D u rch b lu tu n g  ze ig te  keine 
e in d eu tig en  V erän d eru n g en . Die berech n e te  R esistenz  der L e b e ra r te r ie  h a t  
sich  w äh ren d  der A d ren a lin w irk u n g  n u r  u n w esen tlich  u n d  n ich t g le ichsinn ig  
v e rä n d e r t . D ie E rh ö h u n g  d e r L eb e rd u rch b lu tu n g  d ü rfte  d ah e r n ic h t  so sehr 
a u f  eine E rw eite ru n g  d e r L eb era rte rie , als a u f  die E rh ö h u n g  des B lu td ru c k s  
zu rü ck zu fü h ren  sein.

In  den  P erioden , in  w elchen N o rad ren a lin  v e rab re ich t w u rd e , w a r n u r 
in  1 F a ll die gesam te  L e b e rd u rch b lu tu n g  e rh ö h t ; in 4 F ä llen  w a r  diese 
h e ra b g e se tz t, in  1 F a ll u n v e rä n d e r t . Die a rte rie lle  D u rch b lu tu n g  w a r  dagegen  
in  a llen  6 F ällen  e rh ö h t (bei No. 42 w ar die arte rie lle  D u rc h b lu tu n g  vor 
N o rad ren a lin  100 m l/M in., vg l. T ab . IV ), d a h e r  w ar der p ro zen tu e lle  A n te il 
d e r  a rte rie llen  D u rc h b lu tu n g  nach  N o rad ren a lin e in w irk u n g  in  d e r  B egel 
h ö h e r. Die berech n e te  R esis ten z  der L e b e ra rte rie  w ar in  allen F ä lle n  m ehr 
oder w eniger s ta rk  e rh ö h t, d ah e r is t die E rh ö h u n g  der a rte rie llen  D u rc h ­
b lu tu n g  allein  a u f  die E rh ö h u n g  des B lu td ru c k s  zu rückzu füh ren .

7  A cta Mctlica XII/3-—4.
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A cety lcholin  b e w irk te  in  jedem  F a ll e in  S in k en  des a rte rie llen  B lu t ­
d ru c k s . D ie gesam te L e b e rd u rc h b lu tu n g  zeig te k e in e  eindeu tigen  V e rä n d e ru n ­
g e n , d agegen  ist die a r te r ie lle  D u rch b lu tu n g  in  d en  3 F ällen  der T ab . I I  d eu tlich  
g e su n k e n . Bei einem  w e ite re n  H u n d  (No. 62) v o n  17 kg h ab en  w ir a lle in  die 
a r te r ie lle  D u rch b lu tu n g  u n te r s u c h t  ; nach  i. v . In fu s io n  von 40 g/M in. A c e ty l­
c h o lin  sa n k  der D u rc h b lu tu n g sw e rt von 77 m l/M in . a u f 24 m l/M in. G leich­
z e itig  s a n k  auch der B lu td ru c k  von 150 a u f  110 m m  H g, w ährend  die R esis ten z

WOjugADRENAUN/min ЮО/лд NORADRENAUN/min

\- - - - 1 t- - - - 1
8 0 0  

6 0 0  

4 0 0  

2 00 
0

EH BF
m l/m in

A bb. 5.  Änderungen des L eberkreislaufs bei einem  20 k g  schweren Hund auf A drenalin
und Noradrenalin

d e r  L eb e ra rte rie  von 180 a u f  350 anstieg . W ir fa n d e n  in  3 F ällen  e in en  d e u t­
lic h e n , in  1 Fall einen g e rin g e re n  R esis ten zan stieg . E s k an n  d ah e r an g en o m ­
m e n  w erd en , daß  die A b n a h m e  der a rte rie llen  D u rc h b lu tu n g  z. T . a u f  G efäß ­
k o n s tr ik t io n  b e ru h t, o b w o h l die A bnahm e des B lu td ru ck es  im  se lben  S inne 
w irk e n  konn te  (Abb. 6).

D ibenam in  (verg le iche  T a b . I I I )  h a t  d en  B lu td ru c k  n u r  in  2 v o n  in sg e­
s a m t  6 u n te rsu ch ten  F ä lle n  gesenk t. (In  d en  V ersu ch en  52 u n d  54 betrvig 
d ie  D ibenam inperiode  20 M in ., in  den ü b rig e n  V ersuchen  10 M in., gefo lg t
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von  einer K o n tro llp e rio d e  von  10 Min.) Die g e sam te  L eb e rd u rch b lu tu n g  ze ig te  
in  2 F ä llen  eine le ich te  E rh ö h u n g , in  3 F ä llen  w a r sie deu tlich  g esu n k en  ; 
die arterie lle  D u rc h b lu tu n g  e r li t t  in allen u n te rs u c h te n  P erioden eine k u rz ­
d a u e rn d e , aber m eis t hochgrad ige  S enkung. D ie b erech n e te  R esistenz d e r 
L eb era rte rie  zeigte b e im  tie fs te n  S tan d  des R o ta m e te rs  in  allen F ä llen  e in en  
k leineren  oder g rößeren  A nstieg  ; es k an n  d a h e r  d ie  A bnahm e der a r te rie llen

4 9 0

3 0 0

200

100
0

60 и д /m in  ACETYLCHOLIN

l— t
ЕНВГ

\m //m ir

Abb. 6. Änderung des Leberkreislaufs bei einem 13 kg schw eren Hund auf A cetylcholin

D u rch b lu tu n g  a u f  k u rz d a u e rn d e  V aso k o n strik tio n  d e r L eberarterie  z u rü c k ­
g e fü h rt w erden , zu m al d e r  B lu td ru ck  in 4 von  in sg esam t 6 Fällen  u n v e rä n d e r t  
geblieben w ar.

3. Ä nderungen  des Leberkreislaufs a u f  i. v. verabreichte S to ffw echsel­
produkte

In  A n b e tra c h t des U m stan d es, d aß  A b b a u  bzw . A usscheidung v ie le r 
physio logischer S u b s ta n z e n  allein  oder ü b erw iegend  d u rch  die L eber e rfo lg t,

7*
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Tabelle III

Änderungen des Leberkreislaufs a u f  8  mg/kg Dibenamin i. v.

H u n d  N o.
EH BF

ml/Min.
A. hep. 
ml/M in.

A rt.
A nteil

%
A. hep. Resistenz 
103 dyn/sec/cm - 5 Blutdruck B ehandlung

52 245 117 47 — 85 —

15 kg 285 117 40 6i 95 —

305 33 11 265 110 Dibenam in

53 — 140 — — 120 —

20 kg — 140 — 68 120 —
— 100— 72 — 130 120 Dibenam in

— 120 — — 120 —

54 390 100 25 — 130 —

17 kg 285 100 35 96 125 —

245 100— 53 33 100 120— 70 Dibenam in

44 490 66 14 165 140 —

16 kg 520 54 11 188 130 Dibenam in

490 72 15 — 115 —

56 174 90 52 — 120 —

14,5 kg 154 90 58 — 115 —
200 90 45 100 115 —

150 90— 42 28 167 115— 90 Dibenam in

128 100 78 — 110 —

57 720 130 18 — 115 —

14 kg 840 83 10 107 115 —
380 31 8 300 115 Dibenam in

360 56 16 — 125 —

E H B F  : Gesamte Leberdurchblutung.

w a r es naheliegend , zu u n te rsu c h e n , ob B e la s tu n g  m it so lchen  S to ffen  zu 
Ä n d e ru n g e n  des L eberk re islau fs fü h re .

W ir haben  w egen d er u nsicheren  R eso rp tio n sb ed in g u n g en  in  k u rz ­
f r is t ig e n  V ersuchen a u f  o ra le  B e las tu n g en  v e rz ic h te t u n d  b lo ß  in tra v e n ö se  
B e la s tu n g e n  m it G lukose, G lykokoll, N a tr iu m la k ta t  u n d  D ech o lin  d u rc h ­
g e fü h r t  (T ab . IV).

W ie aus T ab . IV  ers ich tlich , h ab e n  G lukose, G lykokoll u n d  N a tr iu m ­
l a k t a t  w eder die gesam te  L e b e rd u rc h b lu tu n g , noch deren a r te r ie lle n  A nteil 
n e n n e n sw e r t g eän d ert. N ach  D ech o lin in jek tio n  h a t  sich die g e sam te  L eb er­
d u rc h b lu tu n g  in  2 F ä llen  e rh ö h t u n d  w ar in  2 Fällen  n ied rig e r gew orden  ;
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Tabelle IV

Änderungen des Leberkreislaufs a u f intravenöse Belastung mit Stoffwechselprodukten

Hund No.
EHBF

ml/Min.
A. hep. 
ml/Min.

Art. Anteil
% Blutdruck Behandlung

26 — 90 — 140 —

14,5 kg — 93 — 130 5 g Na laktat - f  5 g Glykokoll

— 90 — 130 —

28 345 180 52 110 —

15 kg 340 180 52 130 3 g N a laktat +  3 g G lykokoll

265 180 68 140 —

350 135 38 130 —

29 — 110 — 120 —

11 kg — 100 — 110 3 g Glykokoll

— 95 — 100 —

42 500 162 32 100 —

13 kg 530 126 23 90 —

450 126 28 90 8 g Glukose

540 100 18 60 1 g Decholin

43 225 90 40 120 —

*14,5 kg 210 105 50 120 —

200 105 55 110 —

255 105 41 95 1 g Decholin

360 105 29 100 4 g Glukose

320 105 33 90 —

255 110 43 90 2 g Decholin

44 680 120 18 90 —

20 kg 395 80 20 85 —

285 70— 40 25— 14 70 1 g Decholin

45 — 70 — 100 —

15 kg — 70 — 90 —

— 64 — 90 —

— 29— 43 — 80— 40 1 g Decholin

— 57 — 80 —

EH BF : Gesamte Leberdurchblutung.

die a rte rie lle  D u rch b lu tu n g  zeig te  in  3 F ä llen  eine deu tliche  S e n k u n g  u n d  
b lieb  in  2 P erioden  u n v e rä n d e rt. In  ke inem  F a ll k o n n ten  w ir d a h e r  d ie  m itte ls  
T h e rm o stro m u h r gew onnenen E rgebn isse  m it unserer M ethod ik  b e s tä tig e n .
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B esprechung

A us unseren  U n te rsu c h u n g e n  geht z u n ä c h s t h e rv o r, d aß  es p rinz ip ie ll 
s e h r  schw ierig  ist, den  »physio log ischen«  A n te il d e r A. h e p a tica  an  d er L eb er­
d u rc h b lu tu n g  zu b e s tim m e n , da  die erfo rd erlich e  L ap a ra to m ie  u n d  P rä p a - 
r ie ru n g  der Gefäße das V e rh ä ltn is  der be id en  K re is la u ffa k to ren  w esen tlich  
v e rä n d e r t .  Vor der L a p a ra to m ie  fanden  w ir m it d er B ro m su lfa le inm ethode  
eine  d u rch sch n ittlich e  L e b e rd u rc h b lu tu n g  v o n  40,5 m l/M in./kg, was m it den 
A n g a b e n  der L ite ra tu r  g u t  ü b e re in s tim m t ; d ieser W ert sa n k  n ach  E in b in d en  
des R o ta m e te rs  a u f  d u rc h sc h n ittlic h  25,6 m l/M in ./kg , also a u f W erte , w elche 
f rü h e r  m it Hilfe der T h e rm o s tro m u h r gefunden  w o rd en  sind  [2, 11, 12], deren  
A n w e n d u n g  ja  ebenfalls L a p a ra to m ie  u n d  P rä p a ra t io n  der G efäße v o ra u s ­
s e tz t .  E s m uß  jed o ch  b e to n t  w erden, d a ß  es sich  um  D u rch sch n ittsw erte  
h a n d e l t  ; in  10 von in sg e sa m t 28 Perioden e rh ie lte n  w ir n a c h  der L ap a ra to m ie  
W e rte  ü b e r 30 m l/M in ./kg , w elche den g esam ten  D u rc h b lu tu n g sw e rte n  v o r der 
L a p a ra to m ie  n ah ek o m m en . W ir h aben  be i d e r B esch re ibung  der V ersuche 
b e re i ts  e rw äh n t, d a ß  d ie A bnahm e der g e sa m te n  D u rch b lu tu n g  n a c h  der 
L a p a ra to m ie  sowohl von d e r  Größe des B lu td ru c k s tu rz e s , wie von den nach  
d e r L a p a ra to m ie  e rre ic h te n  abso lu ten  B lu td ru c k w e rte n  ab h än g en  d ü rf te .

D er p rozentuelle  A n te il  des arte rie llen  F a k to rs  b e tru g  in  den  P erioden  
m it a n n ä h e rn d  n o rm ale r g e sam te r L e b e rd u rc h b lu tu n g  10 —18% , im  D u rc h ­
s c h n i t t  14,4%  ; obw ohl a u c h  dieser W ert n a tü r l ic h  n a c h  L ap a ra to m ie  gew on­
n e n  w u rd e , k an n  er als a n n ä h e rn d  physio logisch  b e tra c h te t  w erden . D ieser 
W e r t  is t  w esentlich n ie d rig e r , als der von  B a r c r o f t  u n d  S h o r e  [13] a u f  
b lu tig e m  W ege n ach  A b k lem m u n g  der P fo r ta d e r  e rh a lten e  W ert von  39%  
u n d  au c h  niedriger, als d e r  von  S c h w i e g k  [3] m it H ilfe der T h e rm o stro m u h r 
g e fu n d e n e  W ert von  2 0 — 2 5 % . In  der L i te ra tu r  f in d e n  sich v ielfach  sch w an ­
k e n d e  u n d  hohe W erte  fü r  den  arterie llen  A n te il an  d er L eb erd u rch b lu tu n g , 
so b e i W a k i m  [14] v o n  12 — 44%  u n d  im  L e h rb u c h  von  E v a n s  [15] von 
» w en ig s ten s  25% « ; in  d e n  m eisten  L e h rb ü c h e rn  u n d  M onographien  w ird  
d ie  e in g an g s erw äh n te  A rb e it  von  S o s k i n  u n d  M ita rb . [4] m it S chw ankungen  
des a rte rie llen  A nteils v o n  10—90%  a n g e fü h rt. N u n  u n te rlieg t es keinem  
Z w eifel, d aß  rech t o ft ta ts ä c h lic h  höhere W erte  des a rte rie llen  A nteils g efu n ­
d e n  w erd en  ; so b e tru g  u n se r  D u rch sch n ittsw ert 33%  in den P erioden  m it 
e rn ie d r ig te r  gesam ter D u rc h b lu tu n g . Diese h o h e n  W erte  w erden, wie bere its  
e rw ä h n t ,  du rch  S enkung  d e r  gesam ten  D u rc h b lu tu n g  v e ru rsa c h t, w obei der 
a r te r ie lle  A nteil u n v e rä n d e r t  b le ib t oder zw ar e tw as  e rh ö h t w ird, der A nstieg  
d e r  p ro zen tu e llen  B e te ilig u n g  is t aber w ah rsch e in lich  in  e rs te r R eihe a u f  
A b n a h m e  des p o rta le n  A n te ils  des L eb erk re is lau fs  zu rü ck zu fü h ren . W ir 
h a b e n  gezeigt, d aß  bei n ied rig en  B lu td ru ck w erten  die abso lu ten  W erte  der 
a r te r ie lle n  D u rc h b lu tu n g  e ine  T endenz zum  A n ste ig en  zeigen (A bb. 4) u n d  
eine ähn lich e  T endenz b e s te h t  bei g rößeren  B lu td ru c k s tu rz e n  (A bb. 3). F ü r
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eine  »kom pensa to rische«  E rh ö h u n g  d e r a rte rie llen  D u rc h b lu tu n g  im  Falle 
s in k e n d e r G e sam td u rch b lu tu n g  h ab en  w ir je d o c h  keine Beweise ; d ie  g ra p h i­
sche  R eg is trie ru n g  des G esam tw ertes e in e rse its , der ab so lu ten  W e rte  der 
a rte rie llen  D u rc h b lu tu n g  an d erse its  ze ig te  keine gesetzm äßigen Z u sa m m e n ­
h än g e .

W as die W irk u n g  d er v a so ak tiv en  S to ffe  be trifft, so sind  u n se re  E rg eb ­
n isse  m it A drena lin  u n d  N o rad ren a lin  a u f  die gesam te D u rc h b lu tu n g  in  
g u te m  E in k lan g  m it den  R e su lta te n  von  S h er lo c k  [16]. Die arterielle D urch­
b lu tung  w ird , wie w ir gesehen h a b e n , sow ohl durch  A d ren a lin , w ie du rch  
N o ra d re n a lin  e rh ö h t, w as jed o ch  n ich t a u f  G efäßerw eiterung  b e r u h t ,  d a  die 
R esis ten z  der L e b e ra rte rie  n ach  A d ren a lin  k eine  eindeutige Ä n d e ru n g  zeigte 
u n d  sich nach  N o ra d re n a lin  deu tlich  e rh ö h te . Die i. v . D a rre ic h u n g  von 
A ce ty lcho lin  h a t  zu r A b n ah m e der a r te rie llen  D urch b lu tu n g  u n d  g le ichze itiger 
R esis ten ze rh ö h u n g  g e fü h rt ; die A b n ah m e  d e r D u rch b lu tu n g  k a n n  sow ohl 
d u rc h  die gleichzeitige S enkung  des B lu td ru c k s , wie durch  die K o n tra k tio n  
d e r L eb era rte rie  v e ru rs a c h t w orden  sein . A u ch  nach  i. v. V e ra b re ich u n g  von 
D ib en am in  ist es zu  k u rz d a u e rn d e r  A b n a h m e  der arterie llen  D u rc h b lu tu n g  
g ekom m en , w äh ren d  die R esistenz d er L eb e ra rte rie  gleichzeitig  a n s tie g .

In tra v e n ö se  B e la s tu n g  m it G lukose, G lykokoll u n d  N a tr iu m la k ta t  
h a b e n  w eder die g e sam te  L e b e rd u rc h b lu tu n g  noch den a r te r ie lle n  A nteil 
n e n n e n sw e rt g e ä n d e rt. N ach  In je k tio n  v o n  D echolin  w ar die a r te r ie lle  D u rch ­
b lu tu n g  — im G egensatz  zu frü h eren  L ite ra tu ra n g a b e n  [3] — in  d e r  M ehr­
z ah l d er Fälle v e rr in g e rt, was w ohl a u f  d ie  gleichzeitige B lu td ru c k se n k u n g  
z u rü c k g e fü h rt w erden  d ü rfte .

Ü ber das V e rh a lte n  der beiden  K re is lau ffak to ren  der L eb er b e i a r te ­
rie lle r H ypoxie w ird  s p ä te r  b e rich te t.

ZUSAM M ENFASSUNG

Zwecks getrennter Bestim m ung der arteriellen und der G esam tdurchblutung der 
Leber wurden an 63 H unden kem binierte U ntersuchungen m it Hilfe des Brom sulfalein- 
verfahrers und m ittels R otam eter durchgeführt. D ie Untersuchungen ergaben folgende 
R esu ltate .

1. Wir fanden, daß die G esam tdurchblutung der Leber nach L aparatom ie und E in­
bindung des Rotam eters in die Leberarterie von  durchschnittlich 40,5 m l/M in./kg a u f durch­
schn ittlich  25,6 m l/M in./kg, also um 38% gesunken ist ; eler für die M essung unerläßliche 
E in griff hat daher in der Mehrzahl der F älle  eine Abnahme eler G esam tdurchblutung  
zur Folge.

2. Der absolute W ert der arteriellen D urchblutung der Leber betrug durchschnittlich  
5,4 m l/M in./kg ; der prozentuelle Anteil war im  Durchschnitt 26%. Es ergab sich  jedoch  
ein deutlicher Zusam m enhang zwischen der arteriellen Beteiligung und der H öhe der gesam ten  
D u rch b lu tu n g; bei annährend physiologischen W erten von 30m l/M in./kg oder darüber wrar 
der arterielle Anteil im  Durchschnitt 14,4% , bei niedrigerer G esam tdurchblutung 33%. 
D er A nstieg ist w ahrscheinlich in erster Reihe a u f Abnahm e des portalen A nteils, in  m anchen  
F ällen  auch auf fb sc lu te  Erhöhung des arteriellen Faktors zurückzuführen, jedoch  haben 
wir keine Beweise für eine gesetzm äßige Erhöhung der arteriellen Durchblutung bei fallender 
G csam tdurchblutung.
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3. D ie arterielle D urchblutung der Leber wird sow ohl durch Adrenalin, w ie durch  
N oradrenalin erhöht, was jed och  nicht auf G efäßerweiterung, sondern auf die g leichzeitige  
ßlutdruckerhöhung zurückgeführt werden muß. A cety lch o lin  bewirkt Abnahme der a r te ­
riellen Durchblutung der Leber durch G efäßkontraktion ; ebenso wirkt, wenn auch k u rz ­
dauernd, die i. v. Injektion v o n  Dibenam in.

4. Intravenöse B elastungen  m it Glukose, G lykokoll und  Natrium laktat haben w eder  
die gesam te Leberdurchblutung, noch deren arteriellen A n te il nennenswert geändert ; n ach  
i. v . In jek tion  von Decholin w ar die arterielle D urchblutung in  der Mehrzahl der Fälle v e r ­
ringert, w ohl als Folge der gleichzeitigen Blutdrucksenkung.

Für die wertvolle tech n ische H ilfe bei unseren V ersuchen sind wir Frau V. Vajda 
und H errn A. Karai z u  D ank verpflichtet.
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ÜBER DIE ENDOANGIITIS (THROMBOANGIITIS) 
OBLITERANS AUF GRUND VON 300 FÄLLEN

Von

K . B u g á r - M é s z á r o s , G. O k o s  und V. S a s

I. INNERE ABTEILUNG DES ISTVÁN-KRANKENHAUSES, BUDAPEST 

(E ingegangen am 8. Septem bjr 1958)

Obw ohl m an  als e rs ten  B eschreiber d e r  E n d o an g iitis  o b lite ran s  im  
allgem einen W i n i w a r t e r  (1879), den S chü ler B i l l r o t h s , b e tra c h te t ,  s ind  
A ngaben  über die E rk ra n k u n g  schon in  der frü h e re n  L ite ra tu r  a n z u tre ffen . 
In  seiner 1841 ersch ien en en  M onographie b esch rieb  H e c k e r  16 jü n g e re  
(20—40jährige) K ra n k e , deren  G angrän  v o n  A rte r iitis  v e ru rsa c h t w orden  
w ar. S k e g g  (1851) b e r ic h te te  über die G an g rä n  eines 35 jährigen , J a e s c h e  

ü b e r die eines 30 jäh rig en  M annes u n te r dem  T ite l »Spon tane  N ekrose der 
E x tre m itä te n « . W i n i w a r t e r  g eb ü h rt das g ro ß e  V erd ienst, im  A n sch lu ß  
an  einen p a th o lo g isch -an a to m isch  und  h isto log isch  sorg fä ltig  au fg e a rb e ite te n  
F a ll als e rs te r e rk a n n t zu  h ab e n , d aß  das W esen  d e r K ran k h e it in  d er p r im ä ­
ren  en tzü n d lich en  V erän d eru n g  u n d  se k u n d ä re n  T hrom bose der G efäßw and  
b e s te h t u n d  d aß  fe rn e r am  K ran k h e itsp ro zeß  n e b e n  den  A rte rien  au c h  die 
V enen te ilnehm en . Bis zu  den  1908 u n d  1910 ersch ienenen  M itte ilu n g en  
B u e r g e r s  w urden  w eite re  F älle  noch von  z a h lre ich en  A utoren  besch rieb en . 
Die B enennung  » T h ro m b o an g iitis  ob lite rans«  s ta m m t von  B u e r g e r , d e r die 
A ufm erksam keit a u f  die die E rk ra n k u n g  d e r  A rte rien  oft b eg le iten d e  
T h rom boph leb itis  m ig ran s len k te . U n te r d en  sp ä te re n  M onograph ien  v e r ­
dienen  vor allem  die v o n  B r o w n , A l l e n , M a h o r n e r  (1928), H a s s e l b a c i i  

(1939) u n d  L l a v e r o  (1948) E rw ähnung . D er le tz te re  A u to r b e h a n d e lt  die 
G eh irn lokalisa tion  d e r E rk ra n k u n g . N eben  d en  E rk ra n k u n g e n  d er E x t r e ­
m itä te n - u n d  H irn g efäß e  w urden  auch noch  d ie  m eh rere r an d e re r O rgane 
beschrieben , so d a ß  die K ra n k h e it nach  h e u tig e r  A uffassung  n ic h t m eh r 
als periphere , sondern  als allgem eine G efäß e rk ran k u n g  b e tra c h te t  w erden  m u ß .

Die Ä tiologie u n d  P a thogenese  der K ra n k h e it  is t t ro tz  der in  d er L ite ­
r a tu r  da rg este llten  seh r zah lre ichen  Fälle n och  im m er ziem lich u n k la r , u n d  
auch  die A ngaben  ü b e r d en  K ra n k h e itsv e r la u f  b ed ü rfen  der E rg än zu n g .

Es schien uns d a h e r  lohnend , das v e rh ä ltn ism ä ß ig  große K ra n k e n ­
m a te ria l unserer A b te ilu n g  au fzuarbeiten  u n d  unsere  E rfah ru n g en  m it­
zu teilen .

Von den seit N o v em b er 1950 an  u n se re r A b te ilu n g  b e h a n d e lte n  300 
K ran k en  w aren 297 M änner u n d  3 F rau en , w elches V erhältn is u n g e fä h r m it
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d e n  L ite ra tu ra n g a b e n  im  E in k la n g  s te h t . Y on B u e r g e r s  500 K ra n k e n  w aren  
n u r  2 , v o n  S i l b e r t s  1200 P a tie n te n  eben fa lls  n u r  2, von den 948 K ra n k e n  
d e r  M ay o -K lin ik  ( lau t H o r t o n ) 2, u n te r  d en  550 Fällen  von  H e r r e l  und  
A l l e n  n u r  1, von K o g a s  120 K ran k en  1, von  O p p e l s  122 F ä llen  2, von 
K u k i n s  70 K ran k en  2, v o n  H a s s e l b a c h s  217 K ran k en  n u r  1 w eib lichen  
G esch lech tes .

D as  Alter  u nsere r K ra n k e n  w ar zu  B eg inn  der E rk ra n k u n g  zw ischen 
16 u n d  46, das d u rc h sc h n ittlic h e  L eb en sa lte r 37 Ja h re , was eben fa lls  m it den 
L ite ra tu ra n g a b e n  ü b e re in s tim m t.

W as den B e ru f  d e r K ra n k e n  a n la n g t, so le is te ten  112 (37% ) schw ere 
k ö rp e r lic h e , 114 (38% ) le ic h te  körperliche  A rb e it, w ährend  71 (25% ) G eistes­
a r b e i te r  w aren. Die g e is tig en  A rb e ite r w aren  u n te r  unseren  K ra n k e n  in  
h ö h e re m  P ro zen tsa tz  v e r t r e te n  als u n te r  d e r erw achsenen  m ä n n lich en  B evö l­
k e ru n g  des L andes. In  d e r  G ruppe d er schw ere K ö rp era rb e it L e is ten d en  
w a re n  lediglich 18, d. h . 6 %  aller K ra n k e n , L an d a rb e ite r . D as d ü r f te  aber 
g rö ß te n te ils  d a ra u f  z u rü c k z u fü h ren  sein, d a ß  in  der P rovinz v e rh ä ltn ism ä ß ig  
w en ig e r Fälle  e rk a n n t w erd en  u n d  n u r  ein  T eil der K ran k en  u n se re r  Spezia l­
a b te i lu n g  zugeführt w ird . D ieser U m s ta n d  t r ä g t  indessen in  h o h e m  M aße 
z u m  h ö h e re n  P ro zen tsa tz  d e r  geistigen A rb e ite r  bei, so d aß  m an  a u f  G rund 
u n s e re r  A ngaben keinesw egs fests te llen  d a r f , die M o rb id itä t d e r  geistigen  
A rb e i te r  sei größer als die d e r H a n d a rb e ite r . B r o w n , A l l e n  u n d  M a h o r n e r  

h a b e n  zw ischen der M o rb id itä t der v e rsch ied en en  Berufe g leichfalls keinen  
U n te rsc h ie d  festste llen  k ö n n e n . D asselbe e rg ib t sich auch aus d en  A ngaben 
v o n  R a t s c h o w .

A us den an am n estisch en  A ngaben  sei fo lgendes e rw äh n t :
I n  der F am ilien an am n ese  von  15 K ra n k e n  kam en  p e rip h e re  G efäß­

k ra n k h e i te n , in der v o n  61 an d ere  G efäß e rk ran k u n g en  (z. B . K o ro n a r th ro m ­
b o se , A poplexie usw .) v o r , unzw eife lhafte  allerg ische E rk ra n k u n g e n  in  der 
F a m ilie  von  7 K ran k en .

I n  der A nam nese d e r K ran k en  w aren  In fe k tio n sk ra n k h e iten  im  K in d es­
a l te r  in  120, im  E rw a c h se n e n a lte r  in  98 F ä llen  festzustellen . D iese Zahlen  
ü b e rsc h re ite n  w ahrsche in lich  n ich t die H ä u fig k e it des A u ftre te n s  in  der 
G esam tb ev ö lk e ru n g . T y p isch e  allerg ische K ra n k h e ite n  ergab  die A nam nese  
v o n  9 K ra n k e n  (3% ). D ie ju n g e n , an  p e rip h e re r  A rte rien v eren g eru n g  le iden ­
d e n  K ra n k e n , bei denen  S yph ilis fe s tg este llt w urde , schlossen w ir au s  dieser 
G ru p p e  aus, um  die V erm en g u n g  m it F ä llen  von  A rteriitis  sy p h ilitic a  zu 
v e rm e id e n . Das Z u stan d ek o m m en  d ieser K ra n k h e it  du rch  einen  spezifischen  
K ra n k h e itse rre g e r  k o n n te  b ek an n tlich  n ic h t nachgew iesen w erd en . A uch 
B u e r g e r s  Ü berim pfungsversuche  h ie lten  d e r K r it ik  n ich t s ta n d .

D ie M ehrzahl u n se re r  K ran k en  w u rd e  a u f  In fek tio n sh erd e  u n te rsu c h t, 
u n d  zw ar 228 in  bezug  a u f  s to m ato log ische , 234 a u f  la ryngo log ische  u n d  213 
a u f  tirologische H erde . In sg e sa m t e rfo lg ten  675 H e rd u n te rsu c h u n g e n , von
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d enen  234 positiv  ausfie len . V on den p o s itiv en  B efunden  w aren 106 s to m a to ­
logische, 123 laryngo log ische  und  5 u ro log ische  H erde . N eg a tiv en  A usgang  
n ah m en  122 stom ato log ische , 111 laryngo log ische  u n d  208 uro log ische U n te r­
su ch u n g en . Aus der g e ringen  Zahl der u ro log ischen  H erde d a r f  gesch lossen  
w erden , d a ß  diese p a th o g en e tisch  sehr w ahrsche in lich  keine R olle  sp ielen . 
Die A nzah l der la ryngo log ischen  H erde ü b e r tr if f t  die der n e g a tiv e n  B efunde, 
w äh ren d  die Zahl d er stom ato log ischen  H erd e  der der n e g a tiv e n  B efunde 
n a h e k o m m t. Bei den 188 K ran k en , die n a c h  a llen  drei R ich tu n g en  u n te rsu c h t 
w u rd en , w ar das E rg eb n is  n u r  in 6 F ä llen  vö llig  nega tiv . O bw ohl also  die 
aussch ließ liche Rolle d e r  H erde  in d e r P a th o g en ese  der K ra n k h e it  n ich t 
fe s tg e s te llt w erden k a n n , d ü rf te n  diese in  e inzelnen  Fällen  doch s ich e r eine 
R olle sp ielen , näm lich  in  je n e n , in denen  n a c h  E n tfe rn u n g  der H e rd e  B esse­
ru n g  e in tr i t t ,  sowie in  den jen igen , in d en en  es u n m itte lb a r  n a c h  d e r  E n tfe r ­
nu n g  zu k u rze r E x a z e rb a tio n  (H erd reak tio n ) k o m m t. In  diesen F ä lle n  d ü rfte  
e in  a llerg ischer P a th o m ech an ism u s m itw irk e n  ( B o s h a m e r , S c h o r c h e r , 

S u n d e r - P l a s s m a n n , A l b e r t i n i ).

Viel häufiger als die In fek tio n sh erd e  k a m  in  der A nam nese d e r  K ran k en  
d as  R a u ch en  vor. L ed ig lich  14 der 300 K ra n k e n  w aren N ic h tra u c h e r. Von 
den  286 R au ch ern  k o n su m ie rten  nur 40 tä g lic h  bis zu 10 Z ig a re tte n , 50 jedoch  
m ehr als 30. 196 K ra n k e  rau ch ten  tä g lic h  11 — 30 Z igare tten .

Z u r B ew ertung  d ieser A ngaben h ie lte n  w ir es fü r r ic h tig , e ine  ohne 
A usw ahl zusam m en g este llte  K o n tro llg ru p p e  von  300 m än n lich en  K ra n k e n ­
h a u sp a tie n te n  unserem  K ra n k e n m a te ria l gegenüberzustellen . V on dieser 
G ruppe w aren  70 N ic h tra u c h e r, w ährend  72 täg lich  1 —10, 127 tä g lic h  11 — 30 
und  31 m ehr als 30 Z ig a re tte n  rau c h te n . D ie K o n tro llg ruppe  w ies dem nach  
5m al so viele N ic h tra u c h e r auf, und  d ie  A n zah l der s ta rk e n  R a u c h e r  war 
e rheb lich  n iedriger als in  d er Gruppe d e r an  E n d o an g iitis  o b lite ra n s  L eiden­
den . Diese A ngaben sp rech en  dafü r, d a ß  in  d e r Pathogenese  d er E n d o an g iitis  
o b lite ra n s  dem  R a u c h e n  eine Rolle zugesch rieben  w erden m u ß , w as im 
ü b rig en  auch  in d er L i te ra tu r  b e to n t w ird . In  vielen F ällen  w u rd e  auch 
b e o b a c h te t, d aß  der V erz ich t au f das R a u c h e n  zu r B esserung des Z u stan d es, 
die W ied erau fn ah m e a b e r  zur s tü rm isch en  V ersch lech terung  fü h r te . Das 
h ab e n  w ir auch  am  eigenen  K ra n k e n m a te ria l w ahrgenom m en. E in ig e  A utoren  
fü h ren  das Z u stan d ek o m m en  der T a b a k sc h ä d ig u n g  ebenfalls a u f  e in en  aller­
g ischen P a th o m ech an ism u s zurück. H a r k a v y  n ah m  an  140 K ra n k e n  m it 
T h ro m b o an g iitis  m it 5 versch iedenen  T a b a k e x tra k te n  in t r a k u ta n e  H a u t­
p ro b en  v o r und  fa n d  bei 78%  positive R e a k tio n , in  der aus 400  R au ch ern  
b esteh en d en  K o n tro llg ru p p e  jedoch n u r  bei 9 %  und in der G ru p p e  der an 
A rteriosclerosis o b lite ra n s  L eidenden bei 4 5 % . In  44%  se in e r F ä lle  m it 
p o s itiv e r H a u tp ro b e  v e rm o ch te  er d u rc h  p assiv e  Ü b e rtrag u n g  a u c h  T a b a k ­
reag ine  im  Serum  nachzuw eisen . D a a n d e re  ( T r a s o f f , B l u m s t e i n  und 
M a r k s , A l l e n , B a r k e r  u n d  H i n e s ) die E rgebn isse  H a r k a v y s  n ic h t zu
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b e s tä t ig e n  verm o ch ten , k a n n  m an  die ä tio lo g isch e  Rolle der T a b a k a lle rg ie  
n o c h  n ic h t als v o llk o m m en  erw iesen b e tra c h te n . Sofern  m an  die ä t io p a th o -  
g e n e tisc h e  Rolle des R a u c h e n s  ak zep tie rt, d ü r f te  es sich keinesfalls n u r  u m  
e in e n  p h arm ako log ischen  b zw . tox iko log ischen , so n d e rn  h a u p tsä c h lic h  u m  
e in e n  allergischen P a th o m e c h a n ism u s  h a n d e ln , d a  ja  die überw iegende M eh r­
z a h l d e r  s ta rk en  R a u c h e r  v o n  der K ran k h e it n ic h t  befa llen  w ird. D aß  T a b a k ­
r a u c h  im  G efäßsystem  w irk lich  eine a lle rg ische  R eak tio n  auslösen  k a n n , 
b e w e is t der Fall jenes K ra n k e n  von  M o r a w i t z , b e i dem  das R au ch en  » n a h e z u  
m it  m a th e m a tisc h e r S ic h e rh e it«  Ödem v e ru rs a c h te  u n d  der auch  ö d e m a tö s  
w u rd e , w enn je m a n d  T a b a k ra u c h  au f ihn  b lies. A ls einzige U rsache d e r E n d o -  
a n g ii t is  ob literans is t je d o c h  d as  R auchen  au c h  im  F alle  der M itw irk u n g  eines 
a lle rg isch en  P a th o m e c h a n ism u s  n ich t zu b e tr a c h te n , da  die K ra n k h e it  a u c h  
b e i M enschen  v o rk o m m t, d ie  niem als g e ra u c h t h a b e n .

A us der B e o b a c h tu n g  unseres K ra n k e n m a te ria ls  u n d  den  L i te r a tu r ­
a n g a b e n  schließen w ir, a ls  A ntigene k ö n n en  sow ohl T a b a k ra u ch  als a u c h  
In fe k tio n sh e rd e  eine R o lle  sp ie len . H ierfür s p r ic h t  auch , d aß  u n te r  u n se re n  
K ra n k e n  n u r 3 v o rk a m e n , die w eder ra u c h te n  n och  einen n ac h w e isb a ren  
H e rd  aufw iesen. In  d ie sen  F ä llen  kann  sich  n a tü r l ic h  die F rag e  e rg eb en , 
ob  n ic h t  unzugängliche H e rd e  vo rhanden  w a re n .

D ie K ra n k h e itsd a u e r  b e tru g  bis zum  Z e itp u n k t  der U n te rsu c h u n g  b e i 
101 K ra n k e n  bis zu 12 M o n a te , in  100 F ä llen  1 — 5 Ja h re , in  99 F ä llen  m e h r 
als 5 J a h re .

Im  Z eitp u n k t d e r U n te rsu c h u n g  fa n d e n  w ir  A rte rien v eren g eru n g  b e i 
142 d e r  300 K ran k en  n u r  a n  einer E x tre m itä t ,  b e i 158 an  zwei o d er m e h r  
E x tr e m itä te n . In  9 d e r le tz te re n  Fälle b e o b a c h te te n  w ir die M a n ife s ta tio n  
d e r  K ra n k h e it  auch  a n  d e n  oberen G lied m aß en . U m  zu k lä ren , w elch en  
E in f lu ß  die K ra n k h e itsd a u e r  a u f  die M an ife s ta tio n  d er A rte rie n v e ren g e ru n g  
a n  m e h re re n  E x tre m itä te n  h a t ,  s te llten  w ir fo lg en d e  A ngaben  z u sam m en  :

Tabelle I

A u f  ivieviele Extremitäten erstreckte sich und seit w ieviel Jahren bestand d ie  K ran kh eit?

K raukheitsdauer in Jahren  : 0— 1 2—5 6— 10 11— 15 16—20 21—25 Mehr 
als 25

Insgesam t

E ine u n tere  E x tr e m itä t .......... 56 54 17 12 3 _ _ 142
Zwei u n tere  Extrem itäten . . . 42 40 39 23 3 2 — 149

Zwei un tere -f- eine obere  
E x trem itä t .............................. _ _ _ _ _ _ l 1

Zwei untere -j- zwei obere  
E x trem itä ten  ......................... 2 2 _ _ _ _ _ 4

Nur 1 obere E x tr em itä t............ 1 1 — — — — — 2

Nur 2 obere Extrem itäten . . . . — 2 — — — — 2
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N ach  den A ngaben  v o n  T abelle  I  is t d er P rozeß  be i e in er K ra n k h e its ­
d a u e r  bis zu  5 J a h re n  h ä u fig e r  a u f  eine u n te re  E x tre m itä t  b e sc h rä n k t, w ährend  
bei län g e re r K ra n k h e itsd a u e r  als 6 J a h re  die A u sd eh n u n g  a u f  beide u n te re  
E x tre m itä te n  h äu fig e r v o rk o m m t. D ie T e ilnahm e d e r g roßen  A rte rien  der 
o b eren  E x tre m itä te n  b e o b a c h te te n  w ir n u r  in  9 F ä llen , u n d  in  4 d ieser 9 
F ä lle  fa n d e n  w ir A rte rien v eren g eru n g  n u r  an  den  oberen  G liedm aßen  (1 ,3% ).

Z u r K la rs te llu n g  d e r F rag e , in  w elchem  V erh ä ltn is  die H öhe d er A rte rien ­
v e ren g e ru n g  zur K ra n k h e itsd a u e r  s te h t, s te llten  w ir T abe lle  I I  Zusam m en :

Tabelle II

Die Höhe der Arterienverengerung im Verhältnis zur Krankheitsdauer

Anzahl der seit 
Krankheitsbeginn 

verstrichenen Jahre
Fuß Unterschenkel Höhere

Lokalisation Unterarm Oberarm Insgesamt

0 1 .............. 10 24 66 l — 101

1 5 .............. 6 19 71 2 l 99

5 10 .............. 2 10 44 — — 56

10 15 .............. — 5 29 1 — 35

15 20 .............. — — 6 — — 6

20 25 .............. — — 2 — — 2

über 25 ............ — — 1 — — 1

W ie aus T abelle  I I  h e rv o rg eh t, zeig t der P ro zeß  p a ra lle l zu r K ra n k ­
h e itsd a u e r  eine T endenz zum  H öherd ringen .

V on unseren  300 K ra n k e n  lit te n  114 an  G an g rän  bzw . U lcus g an g rae ­
n o su m . Die V erte ilung  d ieser F älle  n ach  der K ra n k h e itsd a u e r  zeig t T abelle  I I I .

Tabelle III

Zwischen dem Krankheitsbeginn und dem Auftreten der Gangrän verstrichene Zeitspanne

K rankheitsdauer in Jah ren : 0—1 2—5 6— 10 11—15 16—20 21— 25 Mehr 
als 25

Insgesamt

A n einer E x tr em itä t................ 38 35 20 10 — — l 104

A n zw ei E x tr e m itä te n ............ 3 — 3 — 3 — — 9

A n m ehr als zwei Extrem itäten — — 1 — — — — 1

W ie es T abelle I I I  zu  en tn eh m en  ist, h a t  sich die G an g rän  bei 41 der 
300 K ran k en  in n e rh a lb  1 J a h re s , bei 76 b innen  5 J a h re n  u n d  bei 100, d . h . 
e inem  D ritte l a lle r K ra n k e n , b innen  10 J a h re n  e n tw ick e lt. E in  Vergleich 
d e r T abellen  I  u n d  I I I  e rg ib t, d a ß  bei ein igen K ra n k e n  G an g rän  au ch  nach 
21 — 25jähriger A nw esenheit des Prozesses n ich t a u f t r a t .  H ie r sei ein  57 jähriger
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P a t i e n t  e rw äh n t, bei dem  d ie  G an g rän  im  38. J a h re  d e r K ra n k h e it  in  E rsch e i­
n u n g  t r a t ,  wobei au ch  b e re its  d er sich a u f  d en  G ru n d p ro zeß  au flag e rn d en  
A rte rio sk le ro se  eine R olle beigem essen  w erden m u ß . B each ten sw ert e rsche in t 
a u c h  d a s  R esu lta t, d a ß  s ich  n u r  bei 10 der 114 K ra n k e n  m it G an g rän  d er 
P ro z e ß  a u f  zwei oder m e h r  E x tre m itä te n  e rs tre c k te .

T abe lle  IY  e n th ä lt  d ie  A ngaben  der A m p u tie r te n , u n te r  besonderer 
B erü ck sich tig u n g  der zw ischen  dem  w ahrschein lichen  K ra n k h e itsb e g in n  u n d  
d e m  A m p u ta tio n sz e itp u n k t v e rs trich en en  Z eit.

Tabelle IV

Zeitspanne zwischen dem Krankheitsbeginn und dem Zeitpunkt der A m putation

K rankheitsdauer in  Jahren  : 0— 1 2—5 6—10 11— 15 16— 20 21— 25 Mehr 
als 25

Insgesam t

E ine E xtrem ität ....................... 12 10 3 l i _ _ 27
Z w ei E xtrem itäten  .................. — — — l i — — 2
M ehrere Extrem itäten ............ — — 1 — — — — 1

In sg esa m t .................................... 12 10 4 2 2 — — 30

T abelle  IV  e n th ä lt  a u c h  die K ran k en , die w ir schon n a c h  der wegen 
G a n g rä n  vorgenom m enen A m p u ta tio n  d esha lb  au fg en o m m en  h ab en , weil 
s ich  d ie  K ran k h e it a u f  e in e  a n d e re  E x tre m itä t  au sg e d e h n t h a t .  A us dem  
V erg le ich  der Tabellen I I  u n d  I I I  lä ß t sich fe s ts te llen , d a ß  die große A m pu­
t a t i o n  n u r  bei 12 der in n e rh a lb  eines Jah re s  en tw ick e lten  41 G angrän fä lle , 
n u r  b e i 22 der b innen 5 J a h r e n  z u r E n tw ick lung  g ek o m m en en  76 gangränösen  
F ä lle  u n d  lediglich bei 26 d e r  in n e rh a lb  von  10 J a h re n  en tw ick e lten  100 
G a n g rä n fä lle  nötig  gew o rd en  w ar, d. h . die A m p u ta tio n  w u rd e  n u r  bei 30 
(2 6 ,3 % ) der 114 G a n g rä n k ra n k e n  d u rch g efü h rt. D ie A nzah l der k o n se rv a tiv  
m it E rfo lg  behande lten  K ra n k e n  is t dem nach  seh r b e trä c h tlic h . A ber selbst 
d ie se r  günstig  erscheinende P ro z e n tsa tz  sp iegelt n ic h t die E rgebn isse  der 
fa c h g e m ä ß en  k o n se rv a tiv en  T h e rap ie  g e treu  w ider, d a  in  den  T abellen  der 
G an g rä n ö se n  und der A m p u tie r te n , wie oben schon  e rw ä h n t w urde , auch 
je n e  F ä lle  en th a lten  sind , d ie  w ir bereits im  a m p u tie r te n  Z u s ta n d  au fgenom ­
m e n  h a b e n . Die n ach  A bzu g  d ieser Fälle gew onnenen  A n g ab en  v e ra n sc h a u ­
lic h t T abe lle  V.

Tabelle V

K rankheitsdauer in Jah ren  : 0— 1 1—5 5— 10 10— 15 15— 20 20—25 Mehr
als 25

Insgesamt

A nzahl der Gangränfälle . . . . 32 29 20 9 3 — l 94

A m p u tierte  .................................. 3 4 — 1 2 - — 10

E rfolgreich  konservativ B e­
h a n d e lte  .................................... 29 25 20 8 1 — i 84
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N ach  T abelle Y w ar die A m p u ta tio n  n u r  bei 10 ,5%  der K ra n k e n  m it 
G an g rän  notw end ig  gew orden ; bei 8 9 ,5%  w ar die k o n se rv a tiv e  in te rn is tis c h e  
T h e rap ie  von E rfo lg  b eg le ite t. Es m u ß  indessen  b em erk t w erd en , d a ß  in  
den  A m p u ta tio n s tab e llen  n u r  die sog. g roßen  A m p u ta tio n en  (U n te rsc h e n k e l, 
O berschenkel, U n te ra rm , O berarm ) a n g e fü h rt u n d  die A m p u ta tio n e n  bzw . 
die sp o n tan e  A bsto ß u n g  von  F in g e rn , Z ehen bzw . P h a lan g en  n ic h t e n th a lte n  
s in d . Diese m ach ten  w eitere  9 ,5%  au s (9 F älle). In  80%  d er G an g rän fä lle  
k a m  es dem nach  w eder zum  V erlu st von  F in g ern , Zehen oder P h a la n g e n .

U n te r  unseren  gangränösen  K ra n k e n  h a lte n  w ir den 5 9 jäh rig en  P a tie n ­
te n  fü r  e rw ähnensw ert, dessen E rk ra n k u n g  im  A lter von  31 J a h r e n  m it 
e iner K re is lau fs tö ru n g  der rech ten  H a llu x  b eg an n , die a llm äh lich  a u c h  auf 
d as  rech te  Bein Ü bergriff u n d  in fo lg e  G angrän isie rung  b innen  2 J a h r e n  zur 
A m p u ta tio n  der rech ten  u n te re n  E x tre m itä t  ü b e r dem  K nie fü h r te . 10 J a h re  
s p ä te r  w ar auch  die A m p u ta tio n  d e r linken  u n te re n  E x tre m itä t  ü b e r  dem  
K nie  infolge G angrän  notw end ig  gew orden . N ach  w eiteren  5 J a h re n  e n ts ta n d  
G an g rän  am  Zeigefinger der re c h te n  H a n d , der deshalb  a m p u tie r t  w urde . 
W iederum  5 J a h re  sp ä te r  t r a t  G an g rän  an  der linken  H a n d  a u f , d ie nach  
ein iger Zeit die A m p u ta tio n  über dem  E llbogen  notw end ig  m a c h te , obwohl 
m an  diese E x tre m itä t  m it lin k sse itig e r th o ra k a le r  S y m p a th e k to m ie  zu  re tte n  
v e rsu c h t h a tte .  Im  26. J a h r  der E rk ra n k u n g , als P a t. 57 J a h re  a l t  w a r, n ah m  
m a n  die th o ra k a le  S y m p a th ek to m ie  auch  rech tsse itig  vor, ab e r a u c h  h ie rn ach  
w ar d e r K re is lau f der rech ten  oberen  E x tre m itä t  noch im m er sch w er g e s tö rt, 
w as auch in  dem  oszillom etrischen  In d e x  von  0,1 P a c h o n -E in h e ite n  zum  
A u sd ru ck  k am . U ns w urde der K ra n k e  e rs t im  29. J a h re  se iner E rk ra n k u n g  
zugew iesen.

Bei der U n te rsu ch u n g  des a rte rie llen  K reislaufs der E x tre m itä te n  
fü h r te n  w ir in allen F ä llen  auch  oszillom etrische M essungen d u rc h , u n d  in  44 
F ä llen  h ab en  wir auch  die U n te rsu ch u n g  der s ta tisch en  T o n u sv e rä n d e ru n g  
der A rte rien  n ach  dem  V erfah ren  von B t jg á r -M é s z á r o s  u n d  O k o s  vor­
genom m en. U n te r  no rm alen  V erh ä ltn issen  fan d en  wir bei A n w en d u n g  dieses 
V erfahrens, d aß  d er oszillom etrische In d e x  s in k t, w enn die E x tr e m itä t  aus 
w aag erech te r in  sen k rech te  L age v e rb ra c h t w ird . Diese V e rä n d e ru n g  n a n n te n  
w ir positive  s ta tisch e  T o n u sre a k tio n . B le ib t der In d e x  u n v e rä n d e r t , so sprechen 
w ir von  feh lender, d . h . n e g a tiv e r , w enn er a n s te ig t, von p a ra d o x e r  s ta tisc h e r  
T o n u sreak tio n . Sowohl die n e g a tiv e , wie die p a rad o x e  R e a k tio n  is t  p a th o ­
logisch.

Bei 17 der d iesbezüglich u n te rsu c h te n  44 K ran k en  fan d e n  w ir positive, 
bei 22 n egative  u n d  bei 5 p a ra d o x e  s ta tisc h e  T o n u sreak tio n  a n  e iner dci 
E x tre m itä te n . In  der M ehrzahl d e r  F älle  (27 : 17) w ar d em n ach  d ie  s ta tisch e  
T o n u sreak tio n  einer E x tre m itä t  p a th o log isch .

U m  die T eilnahm e der A rte rio len  festzuste llen , u n te rs u c h te n  w ir bei 
40 K ran k en  die re a k tiv e  E rw ä rm u n g  eines F ingers nach  d er M eth o d e  von
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В  U g a r -M é s z á r o s  u n d  O k o s . In  32 F ä llen  w a re n  die W erte  n o rm a l, in  8 
k r a n k h a f t  verlängert. D a ra u s  k ann  geschlossen w erd en , d aß  sich in  einem  
T e i l  d e r  Fälle auch die A r te r io le n  auf o rg an isch e r oder fu n k tio n e lle r G ru n d ­
la g e  in  verengertem  Z u s ta n d e  befinden. D iese W a h rn e h m u n g  e rschein t auch 
d e s h a lb  in te ressan t, w eil w ir  die U n tersuchung  a n  den  F ingern  bei K ran k en  
v o rg e n o m m e n  h ab en , b e i d e n e n  an den g ro ß en  A rte rien  der oberen  E x tr e ­
m i t ä t  m it dem O sz illom eter keine V erengerung n achzuw eisen  w ar. Die B e te i­
l ig u n g  der A rterio len  k a n n  m a n  jedoch se lb s t in  d en  positiven  F ä llen  n ich t 
a ls  gen ere ll b e trach ten , d a  d ie  E inengung d er A rte rio len  sonst auch  zu B lu l- 
d ru c k e rh ö h u n g  h ä tte  fü h re n  m üssen . Von den  e rw ä h n te n  8 K ran k en  w ar aber 
k e in e r  hyperton isch . N u r  41 aller 300 K ra n k e n  (13,6% ) zeig ten  e rh ö h ten  
B lu td ru c k .  Dieser B e fu n d  w eich t von dem  v o n  R e i n i s  u n d  M ita rb e ite rn  
m itg e te i l te n  7% igen ab .

G efäß v erän d eru n g en  im  A u g en h in te rg ru n d , näm lich  K a lib e rsch w an ­
k u n g e n ,  engere A rte rien  u n d  gefülltere V enen , w iesen  69 der in  d ieser H in ­
s ic h t  u n te rsu ch ten  223 K r a n k e n  auf. Von d iesen  w aren  n u r  19 h y p e rto n isch , 
b e i 50 w ar der B lu td ru ck  n o rm a l. In  le tz teren  F ä lle n  b e s ta n d  also w ah rsch e in ­
lic h  e in  Z usam m enhang  zw isch en  der A u g en h in te rg ru n d sv e rän d e ru n g  u n d  
d e r  E n d o an g iitis , wie es a u c h  in  d er L ite ra tu r an g eg eb en  w ird . In  3 F ällen  fan d en  
w ir  a u c h  C horioretinitis m i t  p igm en tierten  H e rd e n , wie sie von  M a r c h e s a n i  
u n d  e in em  von uns b e sc h rie b e n  wurden.

K ap illa rm ik ro sk o p isch e  U n tersuchungen  h a b e n  w ir bei 42 K ran k en  am  
N a g e llim b u s  der F inger u n d  Zehen, am  H a n d -  u n d  F u ß rü ck en , an  der 
L ip p e n sc h le im h a u t u n d  a n  d e r  bu lbären  B in d e h a u t vorgenom m en. M orpholo­
g isch  ze ig ten  die K a p illa re n  v o n  28 K ranken  ke in e  A bw eichungen , am  F inger- 
n a g e llim b u s  dom inierte d ie  H aarn ad e lfo rm , w ä h re n d  w ir ein  dysp lastisches 
(v aso n eu ro tisch es) kap illa rm ik ro sk o p isch es B ild  n u r  in  14 F ällen  sahen , u n d  
z w a r in  1 Fall h o ch g rad ig e , in  6 m itte lm äß ige u n d  in  7 F ällen  n u r  le ich te  
D y s p la s ie . A usgeprägt sp as tisch -a to n isch e  E rsc h e in u n g e n  w aren  bei 38 der 
42  K ra n k e n  zu b eo b ach ten . V o r allem  am a rte r ie lle n  Schenkel der K ap illa ren  
w a r  S p asm u s anzu treffen . A m  S chaltstück  u n d  a m  venösen  Schenkel w aren  
d e re n  E rw eite ru n g  u n d  A to n ie  häu fig  w ah rzu n eh m en . In  2 F ällen  fan d en  w ir 
a u c h  a n eu ry sm aa rtig  e rw e ite r te  K apillaren , u n d  zw ar bei einem  K ran k en  
a m  F u ß rü c k e n , bei einem  a n  d e r bulbären B in d e h a u t.

D ie  B lu ts trö m ungsgeschw ind igke it u n te rs u c h te n  w ir bei 33 K ra n k e n  
in  d e n  K ap illa ren  des F in g ern ag e llim b u s, w obei w ir m it dem  O k u la rm ik ro ­
m e te r-K a p illa rm ik ro sk o p  b e o b a c h te te n  und  m it d e r  S to p p u h r fe s ts te llten , in 
w e lc h e r Z eit das B lut eine K a p il la re  von no rm aler L än g e  (400 /л) d u rc h s trö m t. 
B ei 32 d e r  33 K ranken  e rg a b  d ie  a u f  diese W eise gem essene D u rch strö m u n g s­
ze it e in e n  höheren W ert a ls  d e n  norm alen v o n  1,6 S ekunden . In  7 F ällen  
e r re ic h te  bzw . ü b e rsch ritt d ie  D u rch strö m u n g sd au e r sogar 5 Sekunden . In  
9 F ä l le n  tvar bei langsam er S trö m u n g  auch die D isk o n tin u ie rlich k e it der B lu t­
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säu le  zu  b eo b ach ten . A m  H a llu x  der K ra n k e n  sah en  wir im  a llg em ein en  sehr 
lan g sam e  S tröm ung , in  m eh re ren  F ä llen  au ch  längere  S tasen . Im  E n d e rg eb n is  
fa n d e n  w ir also in  d er ü berw iegenden  M ehrzahl d er Fälle  auch  an  d e n  K a p il­
la re n  A nom alien , die sich  h au p tsä c h lic h  in  sp as tisch -a to n isch en  E rsc h e in u n ­
gen u n d  in  v e rlan g sam te r S trö m u n g  ä u ß e rte n .

D ie K ap illa rres is ten z  u n te rsu c h te n  w ir in  28 F ällen  n ach  R u m p e l — 
L e e d e . In  7 F ällen  w ar d a s  R e su lta t  n e g a tiv , in  21 positiv . A u ch  dieser 
B efund  d eu te t a u f  eine T e iln ah m e der K a p illa re n  am  K ra n k h e itsp ro z e ß . 
H ier w ollen w ir die U n te rsu c h u n g e n  von H i l l e n b r a n d , H e i t e  u n d  S c h m a n d t  
e rw äh n en , die bei 20 K ra n k e n  die K ap illa rre s is ten z  an  16 P u n k te n  d e r H a u t­
ob erfläch e  m it dem  S a u g v e rfah ren  u n te rsu c h te n  u n d  patho log ische A b w eich u n ­
gen au ch  a u f G ebieten  fe s ts te llte n , an  denen  k lin isch  noch keine k ra n k h a f te  
V erän d eru n g  an zu tre ffen  w ar. A uf G ru n d  ih re r  E rgebn isse  e ra c h te n  sie die 
S te llu n g n ah m e von  B o r c i i a r d t  u n d  J ä g e r , d a ß  es sich bei d er E n d o a n g iitis  
u m  eine allgem eine S y s tem erk ran k u n g  des G efäßendo thels h a n d le , als 
b e s tä tig t .

E ine  ausgesprochene G eh irn lo k a lisa tio n  d er K ran k h e it k a m  be i 5 K ra n ­
k en  v o r. In  3 d ieser F ä lle  w ar im  Z u stan d ek o m m en  der G eh irn sy m p to m e 
au ch  d er au fg e lag erten  A rterio sk lerose  bzw . d er H y p erto n ie  eine R olle zuzu ­
sch re ib en . Bei 2 K ra n k e n  m it no rm aler T ension  v erm o ch ten  w ir je d o c h  die 
G eh irnsym ptom e aussch ließ lich  a u f  die E n d o an g iitis  o b lite ran s  z u rü c k z u ­
fü h re n . E in e r d ieser P a tie n te n  w ar ein  37 jäh riger M asch in en a rb e ite r m it 
2 jä h rig e r  A nam nese, bei dessen G eh irn sy m p to m en  V erg eß lich k e it und 
Schw indelgefühl im  V o rd e rg ru n d  s ta n d e n . B ei dem  anderen , e inem  4 3 jäh rigen  
K esselschm ied, w aren  n a c h  h a lbse itiger lu m b a le r  S y m p a th e k to m ie  re c h ts ­
seitige H em iparese u n d  A phasie  au fg e tre ten , die a u f  G eh irn th ro m b o se  z u rü c k ­
g e fü h rt w erden k o n n te n . G eh irn lo k a lisa tio n  k a m  dem nach  bei 1 ,7 %  un serer 
K ra n k e n  vor, ganz äh n lich  d e r A ngabe von  R e i n i s  u n d  M ita rb e ite rn , die 
sie bei 1%  von 826 a m b u la n te n  K ran k en  b e o b ach te ten .

E in e  eingehendere k a rd ia le  U n te rsu ch u n g  w urde hei 283 d e r 300 K ra n ­
ken  vorgenom m en. V on diesen h a tte n  n u r  31 k a rd ia le  B eschw erden , die sich 
h a u p tsäch lich  in  S tich en  u n d  Schm erzen in  d er H erzgegend ä u ß e r te n . Die 
H erzbeschw erden  w aren  in  13 F ä llen  in n e rh a lb  1 Jah re s  n ach  dem  E rsche inen  
d er e rs ten  K ran k h e itssy m p to m e , in  10 F ä llen  n ach  2 — 5 J a h re n , in  4 Fällen  
n a c h  6 —10 J a h re n , in  1 F a ll n ach  10—15 J a h re n  u n d  in  2 F ä llen  n a c h  1 5 —20 
J a h re n  au fg e tre ten . K o ro n a rth ro m b o se  k am  in  der A nam nese v o n  2 K ran k en  
v o r, in  1 F a ll 2 J a h re , im  an d eren  8 J a h re  n a c h  d er peripheren  M an ifesta tio n  
d er K ra n k h e it. Bei e inem  d r i t te n  K ran k en  b eo b a c h te ten  w ir se lb er 1 —2 Ja h re  
n a c h  K ran k h e itsb eg in n  K o ro n a rth ro m b o se  m it le ta lem  A u sg an g . K la p p e n ­
feh le r fan d en  w ir in  5 F ä llen  ; d ieser ließ  sich  ab e r n ich t m it d e r E n d o an g iitis  
in  Z u sam enhang  b rin g en . D ie R ö n tg en u n te rsu ch u n g  zeigte in  48 Fällen  
e inen  n ach  links e tw as g rößeren  H e rz sc h a tte n . N iedrigerer T o n u s  w ar in  8,

H A cta Mt-dira X II/3—4.
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e in  ab g eflach ter lin k e r K am m erb o g en  in  16, eine w eitere A orta  in  9 Fällen  
zu  b eo b ach ten .

D ie e lek tro k ard io g rap h isch e  U n te rsu ch u n g  e rgab  in  160 F ä llen  eine 
e le k tr isc h e  H a u p tach se  in  M itte lste llung , w ä h re n d  diese in  65 F ä llen  nach  
re c h ts ,  in  58 nach  lin k s  d e v iie rt w ar. R e izb ild u n g ss tö ru n g en  sah en  w ir in 
4  F ä lle n  in  Form  v e n tr ik u lä re r  E x tra sy s to le n , R e iz le itu n g sstö ru n g en  in  5 
F ä lle n , von denen 2 in  e in e r  a tr io v e n tr ik u lä ren  Ü berle itu n g sze it v o n  0,20 
sec u n d  3 als V e rb re ite ru n g  des Q R S-K om plexes in  E rscheinung  t r a te n .  A u f 
a k t iv e  K ard itis  h in w e isen d e  Sym ptom e w aren  be i keinem  dieser K ra n k e n  
an w e se n d . Bei einem  2 9 jä h rig e n  K ran k en  m it v e rlä n g e rte r  Ü b erle itu n g sze it 
fa n d e n  w ir auch au sg esp ro ch en  gew ölbte S T 2_ 3. E in en  vom  N o rm alen  a b ­
w e ich en d en  V erlau f d e r S T -S trecke  b e o b a c h te te n  w ir in  172 F ä llen , d . h . 
b e i m e h r  als der H ä lf te  a lle r  K ran k en , in  F o rm  von  D epression, E lev a tio n  
o d e r  ausgep räg te r W ö lb u n g . Die T-W ellen ze ig ten  in 51 F ällen  als p a th o lo ­
g isch  zu  bezeichnende A bw eichungen . Low  v o lta g e  kam  in 12 F ä llen  vor.

A us unseren U n te rsu ch u n g se rg eb n issen  d a r f  geschlossen w erd en , d aß  
d ie  a m  H erzen der an  E n d o a n g iitis  o b lite ran s  le id en d en  K ran k en  b e o b ach ­
t e t e n  V eränderungen  g rö ß te n te ils  v a sk u lä re r  H e rk u n f t sind  u n d  — w enn 
a u c h  be i den älteren  K ra n k e n  m it a rte rio sk le ro tisch en  A uflagerungen  gerech ­
n e t  w erd en  m uß — in  e r s te r  Linie au f die en d o an g iitisch e  V erän d e ru n g  der 
K ra n z g e fäß e  z u rü c k g e fü h rt w erden  m üssen. D ie fe stg este llten  V erän d eru n g en  
b e d in g te n  in  vielen F ä llen  z u r  Zeit der U n te rsu c h u n g  noch keine su b je k tiv e n  
B esch w erd en , zu m in d est n ic h t  solche, w elche die K ran k en  bei d e r A u f­
n a h m e  der A nam nese s p o n ta n  angaben.

U nsere B e o b a c h tu n g e n  stehen  im  E in k la n g  m it den A n g ab en  von  
R o s s i e r  und  G i a m p a l m o , d ie  bei 53 bzw. 55 %  ih re r  K ran k en  E k g -V erän d e- 
ru n g e n  fanden , w eite rh in  m it  den B eo b ach tu n g en  von  S z i g a l  u n d  L a s c h - 
t s c h e w k e r , die bei 6 5 %  ih re r  K ranken  a u f  e ine E rk ra n k u n g  der K ra n z ­
g e fä ß e  deu tende S y m p to m e  festgeste llt h a t te n .  L e tz te re  A u to ren  e rw ähnen  
beach ten sw erte rw e ise  bei 27 ih re r 155 P a tie n te n  ein a u f  H e rzm u sk e lin fa rk t 
h in w eisen d es E kg bzw . K u rv e n  in fa rk to iden  T y p s . D ie große Z ahl ih re r  K ra n ­
k e n  m it  derartigen  V erä n d e ru n g en  lä ß t sich  o ffen b a r d am it e rk lä ren , d a ß  
50 ih re r  155 K ranken  m e h r a ls  50 Jah re  a lt w a ren  u n d  auch  an  A rterio sk lerose  
l i t t e n .  M o l l  und S c h w a r z b a c h  fanden  bei %  ih re r  50 Fälle  ein fü r  K o ro n a r­
lä s io n  ch a rak te ris tisch es E k g .

D ie B eteiligung d e r K ran zg e fäß e  am  K ra n k h e itsp ro z e ß  h a tte  im  übrigen  
b e re i ts  P e r l a  (1925) b e sc h rie b e n . A nschließend  te il te n  C a v a d i a s , H a n s e r , 
J ä g e r , T e i l u m , B a r r o n  u n d  L i n e n t h a l  F ä lle  m it. A v e r b u c k  u n d  S i l b e r t  
b e r ic h te te n  von 18 K ra n k e n , die infolge E n d o a n g iitis  der K ran zg efäß e  v e r­
s to rb e n  w aren. H a u s n e r  u n d  A l l e n  sa m m e lte n  56 Fälle  von T h ro m b o ­
a n g iit is  ob lite rans, in  d en e n  k lin isch  oder p a th o lo g isch -an a to m isch  K o ro n a r ­
th ro m b o s e  festzustellen  w a r , w ährend  die zw eifellos en tzünd liche  V erän d e-
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ru n g  d er K ranzgefäße  lediglich in  7 F ä llen  p a th o lo g isch -an a to m isch  b e s tä t ig t  
■werden k o n n te . D e  V e g a , M a g r i  u n d  B u r i a n i  beschrieben  F älle  v o n  In fa rk t ,  
in  denen der E x itu s  d u rch  die P e rfo ra tio n  eines D ü n n d arm g esch w ü rs  v e ru r ­
sach t w orden  w ar. D ie T eilnahm e d e r K ra n z g e fäß e  am  K ra n k h e itsp ro z e ß  
v e rm o ch te  J ä g e r  in  7 von  11 sezierten  F ä lle n , J u l i t z  in  11 seiner 14 sez ie rten  
F älle  nachzuw eisen .

D ie T eilnahm e des V enensystem s in  F o rm  von T h ro m b o p h leb itis  m ig­
ran s  w ar in  32 un se re r 300 Fälle , d. h . bei e tw a  11%  des M aterials fe s tz u s te lle n . 
D ie e insch läg igen  L ite ra tu ra n g ab e n  zeigen ziem lich  s ta rk e  A bw eich u n g en . 
Von S c u p h a m  u n d  T a k á t s  w urde die B e te ilig u n g  des V en en sy stem s bei 
säm tlich en  K ra n k e n , von  B a r r o n  u n d  L i n e n t h a l  jedoch  n u r be i 3 0 % , von  
B u e r g e r  bei 2 0 —3 0 % , von H a s s e l b a c h  b e i 1 6 % , von T e l f o r d  u n d  S t o p - 
f o r d  bei m ehr als 10%  des gesam ten  b e h a n d e lte n  K ran k en m a te ria ls  b e o b a c h ­
te t .  D em gegenüber verm o ch te  sie K o y a n o  n u r  bei einem  von 120 K ra n k e n  
festzuste llen . In  unserem  M ateria l e rsch ien  die T hrom bo p h leb itis  m ig ran s  
im m er an  den  oberfläch lichen  V enen d e r E x tre m itä te n , m eistens a n  den 
u n te re n , se ltener au ch  an  den oberen.

W as die Laboratorium sbefunde  b e tr if f t ,  so fan d en  wir die B lu tse n k u n g s ­
geschw indigkeit n u r  in  35 F ällen  e rh ö h t. In  10 d ieser Fälle k o n n te n  w ir diesen 
B efund  m it der a k tiv e n  P hase  des G rundprozesses in Z u sam m en h an g  b r in ­
gen, w äh ren d  die E rh ö h u n g  in  25 F ä llen  w ahrscheinlich  d u rc h  U lcus, 
G an g rän  oder an d ere  V eränderungen  v e ru rsa c h t w ar.

Die A lbum in- u n d  G lobu lin frak tion  im  B lu tse ru m  u n te rsu c h te n  w ir in  
196 F ä llen  ; in  74 w ar der A /G -Q uotien t h ö h e r als 1,5 ; in 85 zw ischen  1,5 
u n d  1,0 ; in 37 F ä llen  n iedriger als 1.

In  der G ruppe der 74 P a tie n te n  m it h öherem  A /G -Q uo tien ten  als 1,5 
w ar d e r G esam teiw eißw ert in 68 F ä llen , d . h . in  d er überw iegenden  M ehrzah l, 
n o rm al u n d  n u r  in  4 F ä llen  erh ö h t bzw . in  2 n ied riger. In  der G ru p p e  d e r 122 
K ran k en  m it n ied rigerem  A /G -Q uo tien ten  als 1,5 w ar der G esam te iw eißw ert 
in  29 F ällen  e rh ö h t, in  91 no rm al u n d  in  2 su b n o rm a l. Als norm al b e tra c h te te n  
w ir die W erte  zw ischen 6,0 u n d  8 ,0 % .

In  der M ehrzahl der Fälle w ar d e m n a c h  eine V ersch iebung des A /G- 
Q u o tien ten  festzu ste llen . Von den A lbum in - u n d  G lo b u lin frak tionen  v e rm o ch ­
ten  w ir leider n u r  das G am m aglobu lin  n a c h  d er VERHAGENschen M ethode 
zu b estim m en . Von den  u n te rsu c h te n  107 K ra n k e n  zeigten 48 n o rm a le  (21%  
n ich t überste igende) W erte , w ährend  das R e s u lta t  in 35 F ällen  zw ischen  21 
und  2 4 % , in 24 F ä llen  höher als 2 4%  w ar.

Die U n te rsu ch u n g  des C holesterinsp iegels im  B lu tserum  e rfo lg te  in 
192 F ä llen . W erte  u n te r  160 m g %  e rh ie lten  w ir n u r  in  16, zw ischen  161 und  
200 m g %  in  61 F ä llen . A uffallenderw eise w a r d er W ert bei 115 K ra n k e n , 
d. h . bei der M ehrzahl, höher als 200 m g % , bei 83 höher als 240 m g % . D ieser 
B efund  s te h t jed o ch  im  E in k lan g  m it d en  A ngaben  von P a g l i a r d i  und

8 *
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M a r o s s e r o , die bei ih re n  K ra n k e n  ebenfalls h ö h e re  als n o rm ale  C h o les te rin ­
w e r te  festgeste llt h a t te n .

D en  P ro th ro m b in sp ieg e l im  B lu t u n te rs u c h te n  w ir n ach  d er Q u i c k - 
s c h e n  M ethode in  50 F ä lle n  ; in  45 w ar d e r W e rt no rm al (90— 11 0 % ), in  2 
F ä l le n  h ö h er (120% ), in  3 n ied rig e r (78, 83 u n d  8 4 % ). Diese E rgebn isse  s t im ­
m e n  u n g e fäh r m it den  A n g a b e n  von F o n t a i n e  u n d  M ita rb e ite rn  ü b e re in , 
d ie  d e n  P ro th ro m b in sp ieg e l bei ih ren  16 K ra n k e n  in  allen F ä llen  n o rm a l 
g e fu n d e n  h a tte n . F ü r  E n d o a n g iitis  o b lite ran s is t  dem nach  eine V e rä n d e ru n g  
d es  P ro th ro m b in sp ieg e ls  n ic h t  c h a rak te ris tisch .

ZUSAM M ENFASSUNG

V on  den Untersuchungsbefunden und B eobachtungen bei 300 Fällen von  E n d o ­
a n g iit is  obliterans sei folgendes hervorgehoben :

1. Nur 3 der 300 K ranken waren Frauen.
2. Für die prädisponierende Rolle irgendeiner B eschäftigung ergaben sich keine über­

zeu g en d en  Anhaltspunkte.
3. Es fanden sich nur 3 K ranke, die weder rauchten  noch einen Herd aufw iesen, 

w o ra u s unter Berücksichtigung der anderen erwähnten U m stände und der L iteraturangaben  
w ah rsch ein lich  auf die pathogenetische Rolle des R auchens bzw. der Infektionsherde gesch los­
sen  w erd en  kann. Für einen allergischen Pathom echanism us zeugen viele A ngaben, wenn  
a u ch  entscheidende Beweise fehlen .

4. D ie Arterienverengerung erstreckte sich nur in  9 Fällen, d. h. in 3% aller Fälle, 
a u f e in e obere Extrem ität.

5. W enn die Erkrankung bis zu 5 Jahren anw esend ist, bleibt sie häufiger a u f  eine  
u n tere  E xtrem ität beschränkt, bei längerem als 5jährigem  Bestehen kom m t sie häufiger  
a n  b e id en  unteren E xtrem itäten  vor.

6. Gangrän bzw. E xu lzeration  können schon im  1. Jahr, aber auch Jahrzehnte später, 
z. B . im  38. Jahr auftreten.

7. Nur bei 10 der m it G angrän aufgenom m enen 94 Kranken, d. h. in 10,5%  aller 
F ä lle , w ar große Am putation n ö tig , in  9 Fällen (9 ,5% ) led iglich  eine Zehenam putation bzw. 
h e ilte  d ie  Gangrän m it spontaner Abstoßung der Zehe. In  der überwiegenden M ehrzahl der 
F ä lle  k o n n te  also die Gangrän erfolgreich konservativ behandelt werdin.

8. B ei der Untersuchung der statischen Tonusveränderung der Arterien zeig ten  27 
v o n  44 K ranken pathologische R eaktion .

9. B ei der Untersuchung der Arteriolen durch reak tive  Erwärmung wurden in  20%  
der F ä lle  an den Fingern krankhafte  Abweichungen festgeste llt. Die Arteriolen nehm en dem ­
n a ch  —  zum indest an dieser S te lle  —  nicht sehr häu fig  am  Prozeß teil.

10. In  der überwiegenden Mehrzahl der Fälle w urden m it dem K apillarm ikroskop  
A n o m a lien  an den Kapillaren erm itte lt, und zwar hauptsäch lich  spastisch-atonische E rschei­
n u n g en  un d  verlangsamte Ström un g.

11. D ie K apillarresistenz war in  % der Fälle niedriger.
12. Eine Gehirnlokalisation wurde in 5 Fällen (1 ,7% ) beobachtet.
13. A u f eine Erkrankung der Kranzgefäße h inw eisende Sym ptom e wurden bei 172 

v o n  283 K ranken wahrgenom m en. Koronarthrombose kam  in  3 Fällen vor.
14. Eine Beteiligung des V enensystem s wurde in  32 Fällen (11% ) festgestellt.
15. Von den Ergebnissen der Laboratorium suntersuchungen sei die häufige Senkung  

d es A lbum in/G lobulin-Q uotienten und Erhöhung des G am m aglobulinwertes erwähnt, ferner 
d ie  E rh ö h u n g  des Cholesterinspiegels im  Blutserum bei einem  großen Teil der K ranken und 
sc h lie ß lic h  die Normalität des Prothrom binspiegels in  der überwiegenden Mehrzahl der Fälle.

LITE R A TU R

1. v . A l b e r t i n i , A. : Schweiz. Arch. Neurol. 57, 2 (1946).
2. A l l e n , E. B ., B a r k e r , N . W ., H i n e s , E. A. j r . : Peripheral Vascular Diseases. 2. Ausg.

Saunders. Philadelphia, 1955.



Ü B ER  D IE  ENDO A NG IITIS O B LITE R A N S 283

3. A v e r b u c k , S., S i l d é r t , S. : Arch. int. Med. 54, 436 (1934).
4. B a rron , L in e n t h a l  : Arch. Surg. 19, 735, 1929.
5. B orchard  : D tsch . Z. Chir. 44, 131 (1897).
6. B osham er , K . : Chirurg. 12, 661 (1940).
7. B ro w n , G. E ., A l l e n , E. V., Ma h o r n e r , H. R . : Throm boangiitis obliterans. 1928 ,

Saunders, P hiladelphia.
8. B u e r g e r , L. : Am er. J. Med. Sei. 136, 567 (1908).
9. B u e r g e r , L. : M itt. Grenzgeb. Med. Chir. 21, 353 (1910).

10. B u e r g e r , L. : The circulatory disturbances o f the extrem ities. Saunders, P hiladelphia
1924.

11. B ugá r-Mészá ro s , К ., O kos , G. : M agy. B elorv. A rch . 5, 49 (1952): Acta M ed. H ung.
4, 35 (1953).

12. B u g á r -M é s z á r o s , К ., O k o s , G. : Orv. H etil. 93, 1447 (1 9 5 2 ); Acta Med. Hun"-. 5.
47 (1954).

13. C a w a d i a s , A. : B rit. Med. J. 3605, 234 (1930).
14. F o n t a in e , R ., Ma n d e l , P ., B u c k , P ., A p r il l , G. : Gaz. Hop. Paris, 121, 439 (1948).
15. G iampalm o , V. : Arch. P a t. Chir. G enoa, 4, 399 (1949).
16. H a n s e r , R. : B eitr. K lin. Chir. 159, 390 (1934).
17. H a r k a v y , J ., K a l l ó s , P. : Progress in  Allergy. Bd. I l l ,  Karger. Basel, 1952.
18. H asselbach , H . : D ie Endangiitis obliterans. Thiem e, L eipzig, 1939.
19. H a u s n e r , E ., A l l e n ,  E. V. : Proc. Mayo Clin. 15, 7 (1940).
20. H ec k er  : Über die brandige Zerstörung durch B ehinderung der Zirkulation des B lu tes.

1841 (zit. von  K . D e n e c k e ) Zbl. Chir. 65, 2304 (1938).
21. H e r r e l , W ., A l l e n , E. W. : Amer. Heart. J. 12, 105 (1936)
22. H il l e n b r a n d , H . J ., H e it e , H. J ., Sch m a n dt , W. : Ä rztl. Wschr. 10, 246 (1955).
23. H o r t o n , B. T. : J . Amer. Med. Ass. 111, 2184 (1938).
24. J a e sc h k e , G. : Arch. klin. Chir. 6, 694 (1865).
25. J ä g e r , E. : Virchows Arch. 284, 526 (1932); 288, 833 (1933).
26. J u litz , R. : Z tsch . ges. Inn. Med. 8, 343 (1953).
27. K o c a , G. : D tsch . Ztschr. Chir. 121, 371 (1913).
28. K oyano , K . : A cta Scholae m ed. K yoto, 4, 489 (1922).
29. K u k in , N. ■ R ef. Zentralorg. Chir. 86, 557 (1938).
30. L lavero , F. : Throm boendangiitis obliterans des Gehirns. Schwabe, Basel. 1948.
31. M a g r i , B ., B u r i a n i ,  F. : Bull. Schweiz, Akad. W iss. Suppl. 1, 64 (1950).
32. Ma r c h e sa n i, O. : Arch. Augenheilk. 109, 124 (1935).
33. Mészáros (B u g á r -Mészáros), К. : D tsch. Arch. klin. Med. 180, 526 (1937).
34. Moll , A ., Sch w a rzba ch , W. : D tsch. Arch. klin. Med. 203, 162 (1956).
35. M o r a w i t z , P. : Fortschr. Ther. 2, 13 (1926).
36. Op p e l , W. A. : zit. m c li  H asselbach .
37. P a g l ia r d i, E ., Ma r o sser o , F. : Minerva Med. 1, 461 (1948).
38. P erla  : Surg . 41, 21 (1925).
39. R e i n i s , Z., P o k o r n y , L ., M e s t a n , J. F. : Cas. Lék. Ces. 90 , 709 (1951).
40. R o ssier  (1 9 4 7 ): z it. n ach  Gia m pa lm o .
4L  Sch o rch er , E. : Münch. Med. Wschr. 89, 166 (1942).
42. Scu ph a m , G. W ., de T akáts, G. : Arch. int. Med. 58, 531 (1936).
43. S i l b e r t , S. : Ann. Surg. 101, 324 (1935).
44. S k e g g , R. : Schm idts Jahrb. 70 , 73 (1851).
45. Su n d e r -P l a ssm a n n , P . : D urchblutungsschäden und ihre Behandlung. E nke, S tu ti-

gart. 1943.
46. Szigal , A. M., L a sc h tsc h ew k er , M. V. : Ter. Arch. (Moskau) 24, 28 (1952)
47. T e i l u m , G. : R ef. Kongrzbl. inn. Med. 111, 94 (1942).
48. T el fo r d , E. D ., St o p fo r d , I. S. F. : B rit. Med. J. 1140 (1927).
49. T ra so ff , A ., B l u m st e in , G., Ma r k s , M. : J. A llergy 7, 250 (1936).
50. d e  Vega  y  F e r n a n d e z , R. C. : Angiologia, B arcelona, 1. 278 (1949).
51. v. W i n i w a r t e r , F. : Arch. klin. Chir. 23, 202 (1879).





THE ROLE OF THE CENTRAL NERVOUS SYSTEM 
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One of us [1] h as  observed  in  crossed  dog ex p erim en ts  th a t  th e  in jec tio n  
o f  S tro p h an th in  in to  th e  iso la ted  h ead  c irc u la tio n  often  resu lted  in  a rrh y th m ia  
(ch iefly  v e n tr ic u la r  ex trasy sto les). O th e r d a ta  also  ind ica te  t h a t  th e  nervous 
sy s tem  often  has a role to  p lay  in  th e  d e v e lo p m e n t o f a rrh y th m ia . I t  is know n 
th a t  tra n se c tio n  o f th e  v ag a l or s y m p a th e tic  fib res  ru n n in g  to  th e  h e a r t ,  
lessens th e  ten d en cy  to  card iac  a rrh y th m ia . A t cereb ral op e ra tio n s, Ch a p m a n  
et al. [2] found  th a t  th e  s tim u la tio n  o f v a r io u s  p a r ts  of th e  b ra in , b u t  m a in ly  
th a t  o f th e  n . am y g d a lae , freq u en tly  gave rise  to  a rrh y th m ia . V agal s tim u la tio n  
con sid erab ly  enhances th e  a rrh y th m ia - in d u c in g  ac tion  o f v a rio u s  d rugs 
(aco n itin e , ace ty lcho line , calcium , e tc .)  [3]. A ccording to  H a y n a l  and  
Matsch  [4], a d is tu rb a n c e  in  th e  fu n c tio n  o f  th e  h y p o th a la m o -p itu ita ry  
sy s te m  p lays a s ig n if ican t role in  th e  genesis o f  su p ra v e n tr ic u la r  ta c h y c a rd ia . 
W e i n b e r g  and  H a l e y  [5, 6] in jec ted  S tro p h a n th in  in to  th e  th ird  v en tric le  
o f  th e  b ra in  an d  fo u n d  th a t  a r rh y th m ia  w as a com m on resp o n se . I t  m ay  
th ere fo re  be su rm ised  th a t  the  drugs cau sin g  a r rh y th m ia  ac t in  p a r t  th ro u g h  
th e  ce n tra l nervous sy stem .

T he crossed dog ex p erim en t in v o lv in g  iso la ted  perfusion  o f th e  rec ip ien t 
a n im a l’s h ead , is a m e th o d  em in en tly  su ita b le  for s tu d y in g  th is  p rob lem . 
T h e  ECG  curves o f th e  d o n o r and  th e  re c ip ie n t m a y  be exam ined  s im u ltan eo u sly .

S e e v e r s  an d  Me e k  [7] induced  la s tin g  a rrh y th m ia  in  dogs b y  th e  com ­
b in e d  a d m in is tra tio n  o f  S tro p h an th in  a n d  ep h ed rin e  in  acu te  ex p erim en ts , 
w ith o u t lesioning th e  h e a r t  or s tim u la tin g  th e  v agus, e tc ., th u s , b y  a p u re ly  
p h arm aco log ica l ac tio n .

In  th e  p re sen t s tu d y  we have an a ly sed  th e  m echan ism  of th e  d ev e lo p m en t 
o f  ca rd iac  a rrh y th m ia s  in  response to  s tro p h a n th in -e p h e d rin e .

Methods

Isolated head (brain) perfusion was carried o u t in  crossed dog experim ents. In the re­
cip ient anim al we ligated  bilaterally the vertebral arteries, the two vertebral veins, as well 
as the spinal vein. T hen the vascular branches running in  the skin o f the neck and in the 
superficial cervical m uscles (som e of which anastom ose w ith  the blood vessels o f  the head) 
were ligated bilaterally w ith  thin wire. The com m on carotids, as well as the tw o external
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ju g u la r  veins were prepared b ila tera lly  in  both  dogs. A fter ligating  these, the c ircu latorily  
iso la ted  head of the recipient dog w as perfused from the com m on carotid of the donor dog. 
T he v en o u s blood from the head w as conducted back in to  the internal jugular vein  o f  th e  donor.

C lotting was prevented b y  the use of heparin. T hus, the m ethod was essen tia lly  th a t  
d escrib ed  b y  K o v a c h  [8, 9]. T he control experim ents revealed  that dyes (E v a n s’ b lue), 
N aS C N  or radioactive iodine in jected  in to  the head circulation did not appear in th e  circu lation  
o f  th e  torso  o f the recipient anim al.

D o g s of both sexes were used . The recipients w eighed from  7 to 12 kg, th e  donors 
from  15 to  40 kg. Operation w as perform ed under chloralose anaesthesia.

D uring the experim ents w e recorded continuously the cranial blood flow  b y  m ean  
o f  a rotam eter ; the arterial b lood  pressure (from the cannulated  femoral arteries o f  bo th  
dogs) ; th e  venous pressure o f  th e  recip ient dog (by  m eans o f a polyethylene tub e  in the in ­
ferior  v en a  cava, using a M oritz-Tabora apparatus). The heart rate was recorded in  b o th  dogs 
b y  electrocardiography, using a n  E lm quist T riplex apparatus w ith  needle electrodes.

Our m ethod has the a d van tage  th at the strophanthin-ephedrine injected in to  the head  
c ircu la tio n  o f  the recipient reaches the circulation in  the torso o f  the donor anim al so th a t the  
a c tio n s  o f  the drugs in  the iso la ted  cranial circulation and in the system ic circulation can be  
stu d ied  sim ultaneously.

Procedure

A t the beginning o f the experim ent, ECG tracings were taken from both  anaes- 
th e s iz ed  dogs. The next ECG w as m ade during perfusion o f the brain (crossed circulation). 
P erfu sio n  itse lf caused no change in  the ECG or arrhythm ia in  either dog. Su bsequently , 
0,5 m g  Strophanthin and 20 m g per kg body w eight o f  ephedrine were in jected  slow ly  
(in  2 m inutes) into the head circu lation  o f the recip ien t (i . e. into the rubber tube in ­
ser ted  in to  the carotid). The ECG w as recorded from  both  dogs 2, 5, 8, 10, 15, 20, 30, and 50 
m in u tes follow ing adm inistration o f  the drugs, recording at th e  sam e point o f  tim e also th e  
oth er  va lu es m entioned above.

W e present below the resu lts obtained in  successfu l experim ents on seven dogs. In  
further  s ix  recipients we transected  th e  trunk of the vagus and the accom panying sy m p ath etic  
fib res b ilaterally , in  the m iddle o f  the neck, in  order to  elim inate the m ajority o f  th e  v a gu s  
fib res and  some of the sy m p a th etic  fibres running to the heart.

R esults

T h e  donor dog re sp o n d e d  to  th e  in je c tio n  o f s tro p h a n th in -e p h e d rin e  
b y  ta c h y c a rd ia  and  e x tra sy s to le s , m ain ly  v e n tr ic u la r . In  all seven cases th e re  
w as e x tra sy s to lia , in  one case  th e  v e n tr ic u la r  ex tra sy s to le s  ap p eared  en sa lve . 
P a ro x y s m a l tach y ca rd ia , a u r ic u la r  fib rilla tio n  d id  n o t occur.

In  th e  recip ien ts, m a rk e d  a rrh y th m ia  w as n o te d  in  every  case. In  th re e  
a n im a ls  a rrh y th m ia  p e rp e tu a , in  th re e  o th ers  m assed  v e n tr ic u la r  e x tra sy s to le s  
a n d  in  one dog au ricu la r a n d  v e n tr ic u la r  ex tra sy s to le s  were observed .

I n  add itio n  to  th e  a r rh y th m ia , b o th  th e  donors an d  th e  re c ip ie n ts  
e x h ib i te d  th e  ch a rac te ris tic  E C G  changes caused  b y  S tro p h an th in  (sh o rte n in g  
o f  Q T , p ro longation  o f P Q , f la tte n in g  or in v ersio n  o f T, depression o f  ST ). 
T h e se  s tro p h a n th in -in d u c e d  chan g es in  th e  E C G , as th e y  occurred  in  c rossed  
dog  ex p e rim en ts , have a lre a d y  b een  described  [1].

T h e  h ea rt ra te  w as in v a r ia b ly  increased  in  response to  s tro p h a n th in -  
e p h e d r in e , less m arked ly  in  th e  rec ip ien t th a n  in  th e  donor an im al.

T h e  changes in  E C G  a n d  h e a r t  ra te  a re  su m m arized  in  Table I .
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Table I

ECG changes caused by strophanthin-ephedrine

No. Donor dog Recipient dog

l . Depression of STX, ST2, inversion  
o f Tj. Frequency : 106— 142. 
Ventricular extrasystoles.

Depression o f STj, ST2. Inversion 
of T t, T2. Frequency : 98— 100. 
Auricular and ventricular extrasystoles.

2. Depression of ST2, ST3. Inversion  
of T in  leads I— III.
Frequency : 124— 148.
1_ ventricular extrasystole.

Depression o f ST in leads I— III. 
Inversion o f T. Frequency : 136— 152. 
B igem iny and massed ventricular 
extrasystoles.

3. Slight elevation o f ST2, ST3. 
Frequency : 100— 136. 
Ventricular extrasystoles.

Depression o f ST and inversion of 
T in leads I— III. Frequency : 100— 116. 
Auricular extrasystoles, fibrillation.

4. Depression of ST2, ST3, inversion  
of T2, T3. Frequency : 90— 140. 
Ventricular extrasystoles 
(som etim es en salve)

Depression of STj, ST2, inversion 
of T lf T2, T 3. W idening of QRS. 
F ibrillation, ventricular extrasystoles. 
Frequency : 116— 120.

5. Depression of STj, ST2, inversion  
of Tr  Shortening of QT. 
Frequency : 124— 148.
Auricular extrasystoles.

Depression of ST2, ST3, inversion 
of T j, T2, T3. Shortening of QT. 
Frequency : 136— 140. 
Fibrillation.

6. Depression of ST2, inversion of T3 
Frequency: 110— 130.
Occasional ventricular extrasystoles.

D epression o f STj, ST2, inversion 
of Tj, shortening of QT. 
Frequency : 102— 114.
Ventricular extrasystoles, transient 
paroxysm al tachycardia.

7. Depression of ST in leads I— III. 
Inversion of Tj, T2. Shortening of 
QT. Frequency : 110— 130. 
Ventricular extrasystoles.

Depression o f STj, ST2. Inversion 
of T j, T2. Frequency : 102— 110. 
Massed ventricular extrasystoles. 
Occasional auricular extrasystoles.

T he ECG trac in g s  in  a few  ch arac te ris tic  ex p erim en ts  are p re se n te d  in  
F ig. 1 to  3.

In  general, th e  b lood  p ressu re  sligh tly  in c re a se d  du ring  the  e x p e rim e n t, 
be ing  e lev a ted  in  th e  donors an d  p rac tica lly  u n c h a n g e d  in  the  re c ip ie n ts . 
T here  w as h a rd ly  an y  change in  th e  ro ta m e te r  v a lu e , w hich  showed a te n d e n c y  
to  increase s ligh tly  w ith  th e  increase in  th e  d o n o r’s blood p ressure . T h u s , 
ce reb ra l vascu la r re s is tan ce  rem ained  e sse n tia lly  u n changed  d u rin g  th e  
ex p erim en t. T he venous p ressu re  of the rec ip ien ts  d id  n o t change s ig n if ican tly . 
T he changes in  th e  c ircu la tio n  are sum m arized  in  Table I I .

In  th ree  fu r th e r  ex p erim en ts  we tra n se c te d  th e  v agal tru n k  a n d  th e  
co n co m itan t sy m p a th e tic  fib res  b ila te ra lly  in  th e  rec ip ien t dog, in  o rd e r to  
o b ta in  fu r th e r  in fo rm a tio n  as to  the  m ode o f  d ev e lo p m en t of th e  changes-
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Fig. 1. Experim ent N o. 5.

D : ECG o f donor
A c : ECG o f recipient
A : ECG before experim ent, during perfusion o f  the brain.
В : ECG 10 m inutes after the injection of strophanthin-ephedrine.

In  the ECG o f the recipient dog, depression o f  ST in leads II— III and ventricular extra­
systo les in  the form  of bigem iny are visib le.
T he donor dog shows depression o f ST in  lead s I I— III and tachycardia.

C : ECG 30 m inutes after the injection of strophanthin-ephedrine.
N o  change in the ECG o f recipient.
ECG of donor : tachycardia increased.
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Fig. 2. Experim ent N o. 7.
D : ECG of donor
Ac : ECG o f recipient
A : ECG before experim ent, during perfusion of the brain.
В : ECG 10 m inutes after the in jection  of strophanthin-ephedrine.

Recipient : ST depression in leads I—III. Tachycardia.
Donor : Tachycardia.

C : ECG 30 m inutes after strophanthin-ephedrine
R ecipient : fibrillation  
Donor : One ventricular extrasystole.
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F ig. 3. Experim ent N o. 2.

D  : ECG o f donor
A c : ECG o f recipient
A : ECG before experim ent, during perfubion of the brain.
В : ECG 10 minutes after strophanthin-ephedrine.

R ecip ient : fibrillation.
D o n o r: Depression of ST2, ST3, tachycardia.

C : 30 m inutes after strophanthin-ephedrine.
R ecip ient : depression o f  ST . Fibrillation persists.
D onor : two ventricular extrasysto les.
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Table II
Circulatory changes caused by slrophanlhin-ephedrine

No. P Rm Td Тг vp Pd Pr

l . В 9,0 80 90 20 106 98

5' 9,5 85 95 24 140 100

10' 10,0 90 90 26 142 90

20' 9,5 85 85 18 ПО 90

2. В 10,0 100 85 40 66 68

5' 10,0 95 90 44 110 ПО

10' 11,0 105 90 48 142 98

20' 9,5 95 75 38 140 70

3. В 12,5 90 110 32 106 100

5' 12,0 90 115 30 126 п о

10' 14,0 120 120 38 132 98

20' 13,0 100 105 36 130 116

4. В 13,0 90 80 48 90 116

5' 16,0 165 85 56 110 120

10' 17,0 110 75 50 140 120

20' 16,5 105 80 40 140 п о

5. В 8,0 80 100 30 124 136

5' 12,0 90 110 38 138 140

10' 11,0 95 105 28 148 132

20' 10,0 85 100 32 140 126

6. В

щсС 100 65 48 110 102

5' 12,5 120 75 52 120 п о

10' 12,5 120 70 44 116 114

20' 14,0 125 65 42 130 98

7. В 11,0 100 90 50 100 120

5' 12,0 120 100 44 130 130
10' 12,5 115 95 48 136 160

20' 12,0 115 100 50 110 108

Abbreviations :
N o. No. o f experim ental animals T d : blood pressure o f donor
Н,„: rotameter value Vp = venous pressure o f recip ient
Т г : blood pressure of recipient Pr: pulse rate o f recip ient.
Pd: pulse rate o f donor
Р : period
В : before experim ent
S ' : 5 m in. after the adm inistration o f strophantin-ephedrine

10': 10 m in. after the adm inistration o f strophantin-ephedrine
2 0 ': 20 m in. after the adm inistration o f strophantin-ephedrine
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n o te d . T h is opera tion  w as p e rfo rm ed  a fte r th e  d e v e lo p m e n t of a r rh y th m ia , 
w h ic h  d id  no t im pose o r d is a p p e a r  in response  to  b ila te ra l  vago- an d  s y m ­
p a th ic o to m y .

I n  th e  n ex t th re e  e x p e rim e n ts  the  re c ip ie n t an im a l was su b je c te d  to  
b i la te r a l  cervical vago- a n d  sy m p a th ico to m y  b e fo re  th e  a d m in is tra tio n  o f  
s tro p h a n th in -e p h e d rin e . I n  tw o  cases no a r rh y th m ia  developed  an d  in  th e  
t h i r d  case the  ECG o f th e  rec ip ien t an im al sh o w ed  occasional v e n tr ic u la r  
e x tra s y s to le s  only.

F inally , in three exp erim en ts Strophanthin and ephedrine were in jected  
ex c lu siv e ly  into the c ircu lation  o f the torso o f  th e  recipients. No arrhythm ia  
w as n oted  in any of th ese  dogs.

T h e  ECG changes a re  illu s tra te d  in  F ig . 4.

D i s c u s s i o n

O u r findings su g g e s te d  th a t  the a r rh y th m ia  caused  by  s tro p h a n th in -  
e p h e d r in e  develops m a in ly  th ro u g h  a nervous m ech an ism , m ed ia ted  b y  th e  
c e n tr a l  nervous sy s tem .

T h e  experim en ts o f  K ovach et al. an d  o u r ow n p rove th a t  th e  dy es 
in je c te d  in to  the  iso la ted  h e a d  circu la tion  do n o t re a c h  th e  to rso  of the  rec ip ien t. 
W e h a v e  show n in o th e r  in v es tig a tio n s  th a t  p h lo rh iz in e , NaSClV, and  ra d io ­
a c tiv e  I  do not reach  th e  t r u n k  of the re c ip ie n t, e ith e r .

T h u s , the  a r rh y th m ia  o bserved  in th e  re c ip ie n t dogs could arise e x c lu ­
s iv e ly  th ro u g h  the  c e n tra l  n e rv o u s  system . T he m ode  o f ad m in is tra tio n  of th e  
d ru g s  b y  itse lf  could n o t b e  th e  cause of th e  a r rh y th m ia , because an  id en tica l 
a m o u n t  of physio logical s a lin e  in jec ted  in to  th e  h e a d  c ircu la tion  gave rise  
n e i th e r  to  a rrh y th m ia  n o r to  changes in th e  EC G . L ikew ise, N ovurit (a m ercu ­
r ia l  d iu re tic ) , D ib en am in e , reserp in e , w hich w ere  in je c te d  in to  th e  cereb ra l 
c irc u la tio n  in  o th e r e x p e r im e n ts , h ad  no effect on th e  E C G  of th e  rec ip ien t dog .

I t  must be em phasized  that the arrhythm ia developed earlier and  
w as m ore marked in the recip ien t dog than in  the donor a n im a l.lt is conceiv­
ab le , therefore, that Strophanthin and ephedrine influence the irritability  
o f th e  heart principally th rou gh  a cerebral site  o f  action. As a certain con­
cen tration  of the  drugs is  reached sooner in th e  recip ient’s brain, it is on ly  
lo g ica l th a t arrhythmia sh ou ld  be more m arked in  the recipient.

C hanges in th e  c irc u la tio n  do no t e x p la in  th e  developm ent of th e se  
a r rh y th m ia s . T here w ere h a r d ly  any  changes in  a r te r ia l  and  venous p re ssu re , 
c e re b ra l blood flow a n d  h e a r t  ra te .

L ikew ise, tra n se c tio n  o f  th e  cervical v a g u s  a n d  th e  co n co m itan t sy m ­
p a th e t ic  fib res (b ila te ra l ce rv ica l vago tom y  a n d  sy m p a th ico to m y ) h a d  no 
in f lu e n c e  on the  a r rh y th m ia s ,  b u t  if  p erfo rm ed  p r io r  to  th e ir  d ev e lo p m en t, 
th is  o p e ra tio n  p re v e n te d  th e  appearance  o f  a r rh y th m ia . I t  seem s th a t  th e
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D : 
Ac : 
A :

В :

C :

Fig. 4
ECG o f donor 
ECG of recipient
ECG before experim ent, during perfusion of the brain, after transection o f cervical 
vagus trunk and accom panying sym pathetic fibres.
10 m inutes after strophanthin-ephedrine.
Recipient : No significant change.
Donor : Arrhythm ia.
30 m inutes after strophanthin-ephedrine  
R ecipient : No sign o f  arrhythm ia.
Donor : Arrhythm ia increased.
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c e n t r a l  nervous sy s tem  in flu en ces  card iac i r r i ta b il i ty  p a r t ly  th ro u g h  these  
p a th w a y s . In  3 o f 7 e x p e r im e n ts  au ricu la r f ib r illa tio n  also developed  in  the  
r e c ip ie n t  dogs, in d ic a tin g  t h a t  o u r m ethod  m ay  be  su itab le  fo r ana ly sin g  th e  
m e c h a n ism  of a u ric u la r  f ib r illa tio n . This f ib r illa tio n  developed  n am ely  in  
th e  in ta c t  h ea rt an d  th e  d ru g s  h a d  no d irec t in fluence  on ca rd iac  a c tiv ity . 
P a ro x y s m a l au ricu la r f ib r i l la t io n  is know n to  occur in  y o u n g  su b jec t n o t 
h a v in g  an y  dem o n strab le  h e a r t  lesion. I t  ap p ea rs  th a t  fu n c tio n a l changes in  
th e  c e n tra l , f irs t o f  all in  th e  au tonom ic , n e rv o u s sy stem  p la y  a role in  its  
in d u c t io n .

SUMMARY

(i) In  crossed dog experim en ts w ith perfusion o f th e  recipient anim al’s head the cir­
c u la to r y  response to the in jectio n  o f  Strophanthin and cphedrine into the iso lated  cerebral 
c ircu la tio n  has been studied . T he recip ient dog developed lasting arrhythm ia, while in the 
doses em ployed these drugs ind uced  no arrhythmia when injected  into the circulation of the 
to rso  o f  the recipient dog.

(ii) The arrhythm ia fo llow in g  injection of the drugs into  the isolated head circulation  
w as m ore marked in the recip ien t dog than in the donor after injection in to  the system ic  
c ircu la tion .

(iii) Previous bilateral cervical vagotom y and sym p ath icotom y inhib ited  the develop­
m e n t o f  arrhythmia in the recip ien t dog.

(iv ) During the experim en t, arterial and venous pressure, cerebral vascular resistance 
and h ea rt rate remained p ra ctica lly  unchanged.

(v ) The mode o f develop m en t o f  the arrhythm ia induced by strophanthin-ephedrine 
has b een  discussed in the lig h t o f  the experim ental evidence obtained.
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I t  i s  k n o w n  t h a t  i n  r e s p o n s e  t o  t h e  a c u t e  e f f e c t  o f  S t r o p h a n t h i n ,  t h e  r e n a l  

e x c r e t i o n  o f  w a t e r ,  s o d i u m  a n d  p o t a s s i u m  i n c r e a s e s  s i g n i f i c a n t l y  [ 1 ] .  L i k e w i s e ,  

t h e  s e c r e t i o n  o f  s w e a t  a l s o  i n c r e a s e s  : t h e  e x c r e t i o n  o f  p o t a s s i u m ,  a n d  t o  

a  l e s s e r  e x t e n t  t h a t  o f  w a t e r  a n d  s o d i u m  a r e  e n h a n c e d  [ 2 ] .  A s  t o  t h e  e f f e c t  

o f  S t r o p h a n t h i n  o n  t h e  f u n c t i o n  o f  s a l i v a r y  g l a n d s ,  h o w e v e r ,  w e  h a v e  b e e n  

u n a b l e  t o  f i n d  d a t a  i n  t h e  l i t e r a t u r e  a t  o u r  d i s p o s a l .

T h e  p u r p o s e  o f  t h e  p r e s e n t  s t u d y  w a s  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  

S t r o p h a n t h i n  o n  s a l i v a t i o n .  S u c h  a  s t u d y  s e e m e d  t o  b e  t h e  m o r e  i n t e r e s t i n g ,  

b e c a u s e  t h e  p a r o t i d  s a l i v a  i s  k n o w n  t o  c o n t a i n  a b o u t  f i v e  t i m e s  m o r e  p o t a s s i u m  

t h a n  s o d i u m  [ 2 ,  3 ] .  A n o t h e r  i n t e r e s t i n g  a s p e c t  o f  t h e s e  i n v e s t i g a t i o n s  w a s  

w h e t h e r  t h e  e v e n t u a l  a c t i o n  o f  S t r o p h a n t h i n  o n  t h e  s e c r e t i o n  o f  s a l i v a  b o r e  

a n y  r e s e m b l a n c e  t o  i t s  a c t i o n  o n  r e n a l  f u n c t i o n  a n d  s w e a t i n g .

M ethods

Saliva secretion was studied  by exam ining the a c tiv ity  o f  the parotid. This largest 
salivary gland produces about % o f the to ta l saliva ou tp ut and has a long wide d u ct, the duct 
o f Stennon. After inserting a probe, this duct was cannulated, inserting a po lyethy len e  tube 
to a depth  o f about 4 or 5 cm . This was som etim es difficu lt to  carry out, because o f  the bend 
at the anterior margin o f  the m asseter m uscle. The test subjects were exclusively  adult males, 
because the Stennon’s duct o f  fem ales and children is too  th in . The saliva thu s obta ined  was 
collected in  15-minute periods in  test tubes. In some cases sa livation  was enhanced b y  painting  
the tongue w ith vinegar. There were two collection periods in  each experim ent. F irst, the 
secretion o f saliva was determ ined w ithout treatm ent, then , on the next day, it  was determ ined  
again 1 hour after the intravenous injection o f 0,25 m g o f  Strophoside. The experim ents were 
carried out in the m orning, on fasting patients. After the exact determ ination o f  the volum e 
o f  sa liva , sodium and potassium  excretion was determ ined b y  flam e ph otom etry .

Results

T h e  r e s u l t s  o f  t h e  e x p e r i m e n t s  a r e  t o  b e  f o u n d  i n  Table I ,  t h o s e  f o r  t h e  

s t a t i s t i c a l  a n a l y s i s  i n  Table I I .
I t  c a n  b e  s e e n  t h a t  S t r o p h a n t h i n  c a u s e d  a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  

s e c r e t i o n  o f  s a l i v a  a n d  a  c o n s i d e r a b l e  r i s e  i n  t h e  e x c r e t i o n  o f  p o t a s s i u m .  I n  

m o s t  c a s e s  t h e  e x c r e t i o n  o f  s o d i u m  a l s o  i n c r e a s e d  s l i g h t l y .  T h e  i n c r e a s e  i n

9 A c t a  M e d ic a  X I I /3 — 4 .
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Table I
E ffe c t  o f  S tr o p h a n th in  o n  th e  secretion  o f  s a l iv a  b y  th e  p a r o t id  g la n d

No. In itia ls Period
Sodium

excretion
mg/h

P otassium
excre tion

m g/h

Saliva o u tp u t 
by th e  paro tid  

m l/h

i . F. A. A 1,14 9,0 10,20

В 1,68 13,4 16,40

2. A. J. A 4,38 9,36 14,00

В 5,34 22,30 12,00

3. S. Gy. A 2,04 5,04 7,20

В 2,22 18,00 11,40

4. M. K. A 2,16 8,17 6,78

В 0,60 22,44 6,90

5. Sz. У. A 1,15 7,14 7,62

В 2,88 11,70 13,62

6. Sz. Y. A 0,72 8,10 7,62

В 2,88 6,36 7,99

7. J. S. A 2,10 14,30 12,30

В 2,64 28,10 20,00

8. K. M. A 5,94 9,90 11,12

В 1,74 11,70 11,22

9. Z. E. A 0,44 9,00 9,18

В 1,02 10,00 10,00

10. Z. E. A 0,26 5,76 5,76

В 0,32 11,58 10,02

11. S. J. A 7,20 16,80 24,80

В 4,98 21,48 27,60

12. M. F. A 0,78 1,87 1,92

В 0,32 2,04 1,92

13. M. F. A 2,16 4,80 5,22

В 1,20 2,40 2,40

A : before Strophan th in  
В : a f te r  S trophanth in

sa liv a  secretion  an d  p o ta s s iu m  excre tion  was d e f in ite ly  sign ifican t accord ing  
to  th e  s ta tis tic a l an a ly s is . T h e  increase in  th e  ex c re tio n  o f sod ium  d id  no t 
p ro v e  sign ifican t.
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Table II

Effect o f S t r o p h a n th i n  on paro tid  saliva s e c r e t io n

Sodium
excre tion

Potassium
excretion Saliva o u tp u t

n 13 13 13

X —  0,20 5,56 2,13

s 1,71 6,03 3,30

t 0,43 3,32 2,33

p% 60 1 1

Significant N o H ighly Yes

D i s c u s s i o n

O ur m ethod  h as  th e  d isa d v a n ta g e  th a t  i t  de term ines th e  sa liv a  secre tion  
b y  th e  p a ro tid  on ly . H ow ever, th e  te c h n iq u e s  for stu d y in g  to ta l  sa liv a tio n  
h av e  serious sources o f e rro r. S t e i n  et al. [3] collected  saliva b y  m a k in g  th e  
su b je c ts  to  sp it, a m ost un re liab le  m e th o d . S c h r e ie r  and  L e v i n  [4] co llec ted  
sa liv a  from  d iffe ren t sa liv a ry  g lands b y  m eans o f sm all su c tio n  b e lls . This 
m e th o d  is ra th e r  cum bersom e an d  is d iff ic u lt to  rep roduce. T h e  m e th o d  we 
em p lo y ed  has th e  a d v an tag es  th a t  th e  ex p e rim e n t can be re p e a te d  w ith o u t 
d iff ic u lty  and  collection of saliva is p rec ise .

I t  appears th a t  th e  fu nc tion  o f  th e  p a ro tid  and  o f th e  o th e r  sa liv a ry  
g lan d s  is in fluenced  by  m astica tio n  a n d  d eg lu titio n  m ore m a rk e d ly  th a n  b y  
th e  in ta k e  of food (Sc h e u n e r t  et al. [5 ] ,  A n d e r s  [6]). T his m a y  b e  a n o th e r 
source  o f  e rro r w ith  th e  m ethods in v o lv in g  sp ittin g  and  th e  use o f  su c tio n  bells.

I t  h a s  b e e n  o b s e r v e d  [ 7 ,  8 ]  i n  s a l i v a r y  g l a n d  p e r f u s i o n  e x p e r i m e n t s  

t h a t  t h e  c o m p o s i t i o n  o f  t h e  s a l i v a  p r a c t i c a l l y  d o e s  n o t  c h a n g e  i n  r e s p o n s e  

t o  s i g n i f i c a n t  a l t e r a t i o n s  i n  t h e  s o d i u m  a n d  p o t a s s i u m  c o n c e n t r a t i o n  o f  t h e  

p e r f u s i o n  f l u i d .  T h e  s i g n i f i c a n t  i n c r e a s e  f o u n d  b y  u s  i n  t h e  s a l i v a r y  p o t a s s i u m  

c o n c e n t r a t i o n ,  t h e r e f o r e ,  d o e s  n o t  a p p e a r  t o  b e  a s c r i b a b l e  t o  t h e  s l i g h t  i n c r e a s e  

i n  t h e  b l o o d  p o t a s s i u m  l e v e l  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  o f  S t r o p h a n t h i n .

A c c o r d i n g l y ,  o u r  e x p e r i m e n t s  s u g g e s t  t h a t  p a r o t i d  s e c r e t i o n  c h a n g e s  

i n  r e s p o n s e  t o  S t r o p h a n t h i n .  T h e  s e c r e t i o n  o f  w a t e r ,  a n d  e s p e c i a l l y  t h e  e x c r e t i o n  

o f  p o t a s s i u m ,  i n c r e a s e  a n d  t o  a  l e s s e r  d e g r e e  a l s o  t h e  e x c r e t i o n  o f  s o d i u m  w a s  

i n c r e a s e d  i n  m o s t  c a s e s .  T h e  a c t i o n  o f  S t r o p h a n t h i n  o n  s a l i v a t i o n  i s  s i m i l a r  

t o  t h a t  o n  t h e  k i d n e y  a n d  s w e a t  g l a n d s  [ 1 ] .  I n  t h e  l a t t e r  c a s e  t h e  e x c r e t i o n  

o f  w a t e r  a n d  p o t a s s i u m  a r e  n a m e l y  i n c r e a s e d  s i n g n i f i c a n t l y ,  w i t h  t h e  d i f f e r e n c e  

t h a t  i n  u r i n e  a n d  s w e a t  t h e  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  s o d i u m  i s  m o r e  

m a r k e d .

9 *
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SUMMARY

Strophanthin was foun d  to  cause a significant increase in  the excretion o f potassium  
and w ater in the secretion o f sa liva  by the parotid gland. In  m ost cases the excretion o f sodium  
w as also slightly increased, b u t th is increase was not sign ifican t.

A  m ethod has been  described for studying parotid  secretion in man.
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The ac tions o f S tro p h an th in  an d  d ig ita lis  on ren a l function  a n d  on th e  
s a lt an d  w a te r househo ld  have  ex ten siv e ly  b een  s tu d ied . H ow ever, w e h av e  
n o t found  ev idence in  th e  l i te ra tu re  concern ing  th e  ac tion  of th ese  d ru g s  on 
th e  secre tion  o f  sw ea t, th o u g h  th e  p rob lem  is in te re s tin g  for m an y  a reason . 
Sw eating  has an  im p o r ta n t role to  p la y  in  th e  w a te r  an d  e lec tro ly te  h o u seh o ld . 
T he to ta l flu id  o u tp u t re su ltin g  fro m  sw eat g lan d  secre tion  an d  in sensib le  
p e rsp ira tio n  ap p ro x im a te ly  eq u a ls  th e  vo lum e o f u rin e  (depend ing  on th e  
te m p e ra tu re  an d  h u m id ity  of th e  e n v iro n m en t). W ork ing  a t h igh  te m p e ra tu re s  
m ay  cause excessive sw eating , am o u n tin g  to  5 or 6 litres  in  6 h o u rs  (K a l - 
m u k o w  and  E r e n in  [1]). In  a d d itio n , considerab le  am o u n ts  o f sa lts  (ch iefly  
N a an d  K) are  ex c re ted  in  sw ea t. A ccording to  S chw artz  an d  T h a y s e n  [2], 
th e  co n cen tra tio n  o f sodium  in  sw eat averages 39.5  i  18.5 m E q / L ; of 
p o ta ss iu m , a ro u n d  9.4 i  2.5 m E q /L . B lah d  an d  B a sse t  [3] e s t im a te d  th e  
d a ily  p o tassiu m  o u tp u t in  sw eat a t  4 to  8 m E q /L . T he daily  sod ium  ex c re tio n  
h as  been  re p o r te d  b y  Go c h ber g  et al. [4] to  a m o u n t to  18 to  2 0  m E q /L . 
A lth o u g h  differences in  th e  com p o sitio n  o f th e  sw eat in d iffe ren t a re a s  of 
th e  body , the  in fluence  of te m p e ra tu re  and  h u m id ity , d ifficu lties in  co llec tion , 
e tc . m ake precise d e te rm in a tio n  o f  th e  w a te r, sod ium  an d  p o tass iu m  ex c re tio n  
v e ry  d ifficu lt, i t  is ap p a re n t t h a t  th e  daily  ex c re tio n  o f  sa lts is con sid erab le . 
T he a c tiv ity  o f  th e  sw eat g lan d s  m u st th e re fo re  obv iously  be ta k e n  in to  
considera tion  in  s tud ies concerned  w ith  th e  w a te r  an d  e lec tro ly te  h o u seh o ld .

I t  was deem ed  in te re s tin g  to  s tu d y  the  e ffec t on  sw eating  of S tro p h a n th in , 
a d ru g  know n to  have  a considerab le  in fluence  on w a te r an d  e le c tro ly te  
ex cre tio n . O th e r d a ta  in d ica te  t h a t  th e  ex c re to ry  fu n c tio n  o f th e  k id n ey  
is co rre la ted  w ith , o r bears re sem b lan ce  to , th e  secre tion  of sw eat. A ccord ing  
to  Co nn  and  A rbo r  [5], th e  sod iu m  an d  ch lo ride co n cen tra tio n  o f  sw eat 
decreases in  response  to  A C TH  o r DCA, like t h a t  o f  u rine . T he so d iu m  chloride 
co n cen tra tio n  o f  sw eat was fo u n d  to  be e x trem e ly  h igh  in  A dd iso n ’s d isease 
a n d  less th a n  n o rm al in  C ushing’s disease. Co n n  et al. [6] found  a decrease 
in  th e  sodium  co n cen tra tio n  o f  sw eat in  re sponse  to  stero ids o f  D C A -like 
ac tio n . R e y n o l d s  [7] did  n o t f in d  an y  change in  th e  sodium  c o n c e n tra tio n
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o f  sw e a t on t r e a tm e n t  w ith  m ercurial d iu re tic s  (M ercuhydrin ), w hereas our 
ow n in v estig a tio n s [8] show ed  th a t  N o v u r it  (an o th e r m ercu ria l d iu retic) 
s ig n if ic a n tly  en h an ced  sw e a t secretion  in  p a t ie n ts  w ith  chronic  congestive 
h e a r t  fa ilu re . In  th e se  cases N ovurit caused  a m a rk e d  increase in  th e  sodium  
c o n te n t  o f sw eat a n d  a s lig h t one in  its  p o ta s s iu m  co n ten t. In  p a tie n ts  w ith  
no  c ircu la to ry  d iso rd e r th e  excretion  o f w a te r  an d  sodium  in c reased  in sig n if­
ic a n tly .  These d a ta  a n d  th e  fac t th a t  S tro p h a n th in  ex e rts  a considerab le  
in flu e n c e  on renal fu n c tio n , suggested  th a t  c o m p a ra tiv e  s tud ies o f th e  changes 
in  sw e a t secretion  a n d  re n a l  function  ev o k ed  u n d e r  th e  acu te  e ffec t o f  S tro­
p h a n th in  m ight y ie ld  in te re s tin g  evidence.

M ethods

In  order to obtain  correct results, two factors were obviously  decisive, viz. to elim inate 
as e ffe c tiv e ly  as possible interference by changes in  tem perature, hum idity  o f the air, action  
b y  other  drugs, etc., and to  co llect sweat precisely, in  volum es suitable for exact chemical 
a n a ly sis . In  view  of these requirem ents the follow ing procedure was adopted.

Sw eat was collected from  both  hands, by m eans o f  tigh t-fittin g  rubber g loves. A small 
piece o f  filter  paper was p laced  on  the palm, under the g love, to absorb sw eat. The increase 
in  th e  w eight o f the g loves and filter  papers gave the q u a n tity  o f sweat secreted. To enhance 
th e  secretion  of sweat and to  ensure constant tem perature, the palms were heated  w ith a 
Sollu x  lam p, from a distance o f  50 cm . The experim ent w as carried out in a room w ith  a tem per­
ature betw een  20 and 24°C. For a few  days before th e  experim ent the patients were given  
a lo w -sa lt diet containing abou t 6 g sodium chloride a day . No food or drink was allow ed for 
10 to  12 hours before the experim ent.

Our m ethod offered th e  follow ing advantages. T he secretion o f sw eat is m o st intense  
in  th e  palm , from which considerable volum es can be co llected , an essential requirem ent of  
e x a c t determ ination. No drug is  needed to increase sw eatin g  (B ec k er  et al. [9] adm inistered  
m ech o ly l, which m ay alter the results). The rubber g lo v e  prevents the entry  o f  air and loss 
o f  f lu id  b y  evaporation, and th u s sw eating is little  in flu en ced  b y  changes in the environm ent. 
Cr a ig  [10], as well as K a u f m a n n  et al. [11], showed th a t changes in air hum id ity  and tem per­
ature had  a significant in flu en ce  on the secretion o f  sw eat.

P relim in ary  experim ents. In  these we exam ined th e  reproducibility o f the test. I t  was 
fo u n d  th a t  the secretion o f  sw eat showed great variations from  subject to subject, bu t was 
m ore or less constant in  th e  sam e individual. The a m ou n t, the sodium and potassium  con­
cen tra tion  o f sweat, as determ ined  under identical cond itions, did not vary greatly  in  any of 
the te s t  subjects. Changes com parable to those caused b y  Strophanthin were never noted  
in  the prelim inary experim ents. W e could confirm the data  by Co hen  [12] that the secretion  
o f  sw eat b y  the right palm  did n o t significantly differ from  th a t by the left and for th is reason 
we determ ined the output o f  b o th  hands together.

Procedure. The experim en ts were carried out in  th e  m orning, on fasting patien ts. In a 
th in -w alled  dish w ith cover th e  tw o  rubber gloves and th e  tw o chem ically pure filter  papers 
were m easured accurately on  a n a ly tica l scales. The p a tien t washed his hands and dried them  
g en tly  w ith  a clean tow el. The p ieces o f filter paper were applied to the palm  and g loves were 
put on . A fter  heating the palm s w ith  a Sollux lam p from  a distance o f 50 cm for ex a ctly  30 
m in u tes, the gloves were pu lled  o ff , dried w ith filter paper and weighed again in  the sam e dish. 
To rem ove residual sw eat and sa lts , the hands were rinsed w ith  distilled water, w hich was 
co llected  in  50 ml flasks. The w eighed  gloves and filter papers were soaked in the sam e distilled  
w ater, th en  the flask was f illed  up  to 50 m l w ith  d istilled  water. After thorough shaking, 
the sod iu m  and potassium  concentration  o f this flu id  w as estim ated by flam e photom etry. 
Im m ed ia te ly  after the first co llectio n  period 0,25 m g Strophoside (Sandoz) was in jected  intra­
v en o u s ly  and after one hour o f  bed  rest the experim ent w as repeated under the sam e condi­
tio n s. T hese experim ents in v o lv ed  14 patients w ith  chronic circulatory insu ffic ien cy  and 8 
su bjects w ith  no circulatory disturbance. Before and during the experim ent no drug other 
th a n  Strophanthin was given .
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Table I

E ffe c t  o f  S tr o p h a n th in  c n  sw eat s e c re tio n  in  p a t ie n t s  w ith  c ircu la to ry  f a i l u r e

No. In itials, age, diagnosis
Sweat ou tput 

mg/h

Sweat
ENa

mg/h

Sw eat
E X

m g/h

l . O. F. 62 years A 206,8 0,70 0,64
Myodeg. cordis u 1067,2 2,04 5,00

2. Z. S. 62 years A 80,0 0,20 0,30
Cardiosclerosis В 460,0 0,50 0,90

3. D. J. 36 years A 160,0 0,34 0,25
Mitral insuff. & sten. В 183,0 0,44 0,50

4. V. L. 33 years A 151,8 1,35 0,84
Mitral insuff. & sten. В 1000,0 4,50 1,74

5. B. L. 46 years A 248,0 0,84 0,70
Mitral insuff. & sten. В 290,0 1,50 1,20

6. 11. A. 28 years A 149,6 1,44 1,50
Mitral insuff. & sten. В 480,0 2,10 2,24

7. V. J. 40 years A 382,6 0,50 0,50
Coronary sclerosis В

ООсо 1,60 2,74

8. U. Gy. 58 years A 110,0 0,15 0,20
Hypertension В 288,0 2,10 1,80

9. G. J. 44 years A 51,0 0,45 2,80
Insuff. aortae В 94,0 1,10 4,94

10. Sz. .1. 36 years A 145,8 0,70 0,50
Myodeg. cordis В 260,0 1,60 1,10

11. N. B. 32 years A 502,0 0,45 0,30
Sten. őst. ven. sin. В 1211,0 0,86 1,30

12. J. I. 34 years A 524,2 0,70 0,4-0
Sten. őst. ven. sin. В 1220,0 1,60 1,30

13. B. N. 22 years A 420,0 0,50 0,50
Mitral insuff. & sten. В 680,0 0,62 0,55

14. Cs. I. 48 years A 100,0 0,50 0,49
Mitral insuff. В 150,0 1,60 2,71

A b b r e v ia t io n s :

A =  before the administration of Strophanthin 
В =  after the administration of Strophanthin 
ENa =  sodium excretion 
Ek =  potassium excretion
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Table II .
E ffe c t  o f  Strophanthin on sweat secretion in p a t i e n t s  with n o  circulatory disorder

No. In itia ls , age, diagnosis
S w eat o u tp u t 

m g/h

Sweat,
E Na

mg/h

Sw C f t  
E  1 
m g/h

l . К . K. 28 years A 207,4 1,20 0,30
Duodenal ulcer В 300,0 1,30 0,40

2. Cs. P. 36 years A 160,8 0,40 0,50
Neurosis В 228 ,0 0,60 0,60

3. P. J. 40  years A 370,0 1,60 1,90

Bronchitis В 900,0 2,50 5,40

4. U. J. 27 years A 270,0 0,90 1,00

Chronic gastritis В 250,0 1,10 1,35

5. V. L. 36 years A 400.0 1,30 0,84
Cholecystopathy В 1020,0 2,30 1,74

6. II. N. 50 years A 300,0 1,34 1,04
Osteoarthrosis В 400,0 2,80 2,34

7. K. J. 49 years A 763,1 2,30 2,10
Anaemia В 1410,0 2,50 2,60

8. B. N. 50 years A 500,0 1,80 1,60

Neurosis В 680,0 2,40 2,50

Abbreviations :
A =  before Strophanthin  
Ii =  after Strophanthin 
E[\ja =  sodium excretion  
E «  == potassium excretion

Results

In  th e  group o f  p a t ie n ts  no t suffering fro m  c ircu la to ry  disease, th e  sec­
re t io n  o f sw eat an d  th e  ex c re tio n  of sodium  a n d  p o ta ss iu m  were h ig h er even  
a t  r e s t  th a n  in the  p a t ie n ts  w ith  h ea rt d isease . I n  th e  norm al su b jec ts  the  
av e ra g e  ra te  of sw e a t sec re tio n  was 370 m g /h  ; th e  excretion  o f so d iu m , 
1.48 m g/h  ; of p o ta s s iu m , 1.28 mg/b ; as c o m p a re d  to  th e  216 m g/h , 0.53 
m g /h  a n d  0.60 m g/h  v a lu e s  o b ta in ed  for th e  p a t ie n ts  w ith  h e a r t d isease. T h is 
w as in  ag reem ent w ith  o u r earlie r findings ( F ö l d i , S o l t i , R év , K o l t a y  [8]), 
acco rd in g  to  w hich in  c irc u la to ry  failure the  re s tin g  sw eat secretion  w as low er 
th a n  n o rm al. In  re sp o n se  to  S trophan th in , sw e a t sec re tio n  and w ith in  i t  the  
e x c re tio n  of sodium  a n d  p o tassium  increased  s ig n ifican tly . The increase  
w as m ore m arked  in th e  g ro u p  of card iac p a t ie n ts ,  h u t  was d em o n strab le
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in  th e  norm al con tro ls  as well. In  th e  no rm al g roup  sw eat secre tion  in c reased  
fro m  370 to  770 m g/h , sod ium  ex c re tio n  from  1.48 to  2.10 m g/h , p o ta ss iu m  
e x c re tio n  from  1.28 to  2.30 m g/h . T he card iac  p a tie n ts  show ed a re la tiv e ly  
g re a te r  increase, th e  co rrespond ing  values w ere from  216 to  570 m g/h , from
0.53 to  1.80 m g/h an d  from  0.60 to  2.05 m g/h. T h e  re su lts  o f s ta tis t ic a l  an a ly s is  
are  p resen ted  below .

S tro p h a n th in  increased  s ig n if ican tly  th e  r a te  o f  sw eat secre tion  in  n o rm al 
su b je c ts  and  ca rd iac  p a tie n ts  a lik e . T he increase w as m ore m ark ed  in  c ircu ­
la to ry  insuffic iency , b u t th e  d iffe rence  w as n o t  sign ifican t.

Response to Strophanthin in  cardiac patients and  
normal subjects difference (patients —  normals)

Sweat E Na E K

Ill -f- n2 8 +  14 8 +  14 8 +  14
diff. 53 ,72 0 ,3 8 0,46
s 301,82 0,71 1,17
t 0,40 1,21 0,89
P% ~70 >20 >30
significant no no no

E ffe c t  o f  S tr o p h a n th in  o n  th e  se c re tio n  o f  sw ea t

No circulatory disorder Circulatory disorder

Sweat E N a EK Sweat E Na EK

11 8 8 7 14 14 14
X 227,09 0,57 0,96 330,81 0,95 1,42
s 273,98 0,18 1,11 315,80 0,81 1,19
t 2,86 3,55 2,46 3,92 4,43 4,45
p% 2 1 5 1 1 1
significant yes highly yes highly highly highly

Discussion

In response to Strophanthin the secretion o f sweat, as well as the excretion  
of sodium and potassium, increased significantly in every case. In circulatory 
insufficiency both increases were relatively greater. The changes were marked 
and exceeded (always in the same direction) the spontaneous variations found 
under the experimental conditions employed.

There still remains the problem, how far these findings apply to the 
total sweat secretion. Mic k e l se n  and K e y s  [13 ], L a d e l l  [14], K l e e m a n  e t  a l .
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[15] fo u n d  no s ig n if ic a n t  d ifferences in  the co m p o sitio n  o f  sw eat or ig in atin g  
fro m  variou s p arts o f  th e  b o d y . A ccord ing to  W a t k in s  [16 ], there are certain  
v a r ia tio n s  in  sw eat se cr e tio n  in  th e d ifferen t sk in  areas, b u t th e  sam e response  
is  giv en  to  the sam e e f fe c t  everyw h ere. A lth o u g h  our resu lts d id  n o t  su p p ly  
e x a c t  d ata  as to  th e  t o ta l  sw eat secretion , it  can  n everth e less b e p o stu la ted  
th a t  in  response to  S trop h an th in  the secretion  o f  sw ea t, as w ell as th e  excretion  
o f  so d iu m  and p o ta ss iu m  increase s ig n if ic a n tly . T h e in creased  sw ea tin g  foun d  
a fte r  th e  ad m in istra tion  o f  S trophanthin  b y  V e il  and H e il m e y e r  [17] 
corrob orates our o b ser v a tio n s .

T h e changes in  th e  secre tion  of sw ea t in  response  to  S tro p h a n th in  h e a r 
re sem b lan ce  to  th e  a c u te  changes in  re n a l fu n c tio n  in d u ced  b y  th a t  d rug . 
I n  th e  la t te r  case, to o , th e  increase in  w a te r ex c re tio n  (increase in  th e  secre tion  
o f sw ea t) is assoc ia ted  w ith  a s ign ifican t increase  in  sodium  and  p o tassiu m  
tx c re t ic n  and th e  re sp o n se  develops ra p id ly .

W e wish to  ad d  t h a t  in  4 su b jects (3 card iac and 1 norm al) th e  ab ove  
t x p er im e n ts  w ere r e p e a te d  w ith  a d m in ister in g  0.5 m g o f  d ig ito x in  in tra ­
v e n o u s ly , in stead  o f  S troph anth in . As e x p e c te d , th e  resu lts w ere com parable  
to  th o se  obtained  w ith  S trophanthin .

SUM M ARY

(i) In response to  Strophanthin a significant increase has been found to occur in sweat 
secretion , and in the excretion  o f sodium  and potassium  in sweat.

(ii) The increase w as m ore marked in patien ts w ith  chronic circulatory failure.
(iii) The effect o f  Strophanthin on sw eating has been found to resem ble the action of  

the drug on renal function .
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P r e v i o u s l y  i t  h a s  b e e n  s h o w n  t h a t  i n  a c u t e  e x p e r i m e n t s  S t r o p h a n t h i n  

p r o d u c e s  m a r k e d  c h a n g e s  i n  t h e  s e c r e t i o n  o f  s w e a t .  T h e  a m o u n t  o f  s w e a t  

s e c r e t e d  a n d  t h e  e x c r e t i o n  o f  p o t a s s i u m  i n  s w e a t  i n c r e a s e  s i g n i f i c a n t l y  a t i d  

s o d i u m  e x c r e t i o n  i s  a l s o  e n h a n c e d .  T h e s e  c h a n g e s  a r e  m o r e  m a r k e d  i n  p a t i e n t s  

w i t h  c h r o n i c  h e a r t  f a i l u r e ,  h u t  o c c u r  a l s o  i n  t h e  a b s e n c e  o f  c i r c u l a t o r y  d i s o r d e r s .  

T h u s ,  t h e  c h a n g e s  i n  t h e  s e c r e t i o n  o f  s w e a t  i n  r e s p o n s e  t o  S t r o p h a n t h i n  

a r e  a p p a r e n t l y  n o t  a s c r i b a b l e  t o  e v e n t u a l  c h a n g e s  i n  c i r c u l a t i o n .

I n  o t h e r  s t u d i e s  [ 1 ]  w e  f o u n d  t h a t  D i b c n a m i n e ,  a  s y m p a t h o l y t i c  a g e n t ,  

p r e v e n t e d  t h e  a c u t e  c h a n g e s  i n  r e n a l  f u n c t i o n ,  i.e. t h e  i n c r e a s e  i n  t h e  e x c re tio n  
o f  s o d i u m  a n d  p o t a s s i u m ,  c a u s e d  b y  S tro p h a n th in  o r  d i g i t a l i s .

I t  w a s ,  t h e r e f o r e ,  s u g g e s t e d  t h a t  D i b e n a m i n e  m i g h t  i n f l u e n c e  t h e  s t r o -  

p h a n t h i n - i n d u c e d  c h a n g e s  i n  t h e  s e c r e t i o n  o f  s w e a t  a s  w e l l .

M e t h o d s  a n d  p r o c e d u r e

Sw eat was collected by m eans of rubber g loves from  both palms, as described in  detail 
elsew here. The volum e o f  sw eat, as well as the concen tration  o f sodium and potassium  in sw eat 
were determ ined, the la tter  b y  flam e ph otom etry .

The experim ents were carried out in  the m orning, on fasting patients. For a few  days 
before the experim ent the patients had been g iven  a low -salt diet containing abou t 6 g o f 
sod ium  chloride daily.

D ibenam ine was adm inistered in slow  in traven ous drip infusion, at a rate o f  5 m g/kg  
o f bod y w eight in 30 m inutes. One hour later  sw eat w as collected by the usual m eth od  from  
both palm s and im m ediately  after that 0,25 m g o f  Strophanthin (K om betin) w as injected  
intravenously . The experim ent was repeated after one hour of complete rest, under the sam e 
conditions. Ten patients w ith  no evidence o f  c ircu latory disorder were involved in  th e  study.

R e s u l t s  a n d  d i s c u s s i o n

T h e  r e s u l t s  a r e  p r e s e n t e d  i n  Table I.  A s  i t  i s  c l e a r  f r o m  t h e  d a t a ,  D i b e n ­

a m i n e  h a d  a  c o n s i d e r a b l e  i n h i b i t o r y  a c t i o n  o n  t h e  c h a n g e s  c a u s e d  b y  S t r o ­

p h a n t h i n .  W i t h o u t  D i b e n a m i n e ,  t h e  e x c r e t i o n  o f  s o d i u m  a n d  p o t a s s i u m  

i n c r e a s e d  m a r k e d l y  o n e  h o u r  a f t e r  t h e  a d m i n i s t r a l i o n  o f  S t r o p h a n t h i n  e v e n  

i n  t h e  p a t i e n t s  w i t h  a  n o r m a l  c i r c u l a t i o n ,  w h e r e a s  o f  t h e  t e n  c a s e s  t r e a t e d  

w i t h  D i b e n a m i n e  t h e  e x c r e t i o n  o f  s o d i u m  a n d  p o t a s s i u m  d e c r e a s e d  i n  2 ,  x v a s  

u n c h a n g e d  i n  5  a n d  r o s e  s l i g h t l y  i n  5 .  A n  i n c r e a s e  s o  m a r k e d  a s  i s  u s u a l  w i t h o u t
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Table I

Effect o f Strophanthin on sweat secretion after prev iou s treatment with Dibenam ine

No.
Initials, age, 

diagnosis
Sweat output 

mg/h
Sodium

excretion
mg/h

Potassium
excretion

mg/h

l . B. L., 26 years A 320 1,10 0,50

colitis В 345 1,05 1,45

2 . C. A ., 32 years A 450 1,30 0,60

hyperthyroidism В 500 1,45 0,50

3. T. B ., 40 years A 300 0,80 0,70

gastric ulcer В 280 0,70 0,55

4. N. L., 40 years A 250 1,10 0,40

gastric ulcer В 360 1,50 0,60

5. B. J ., 32 years A 500 0,80 0,60

hyperthyroidism В 580 0,88 0,50

6. K. L ., 44 years A 2 2 0 1,50 0,70

neurosis В 300 1,88 0,95

7. J. N ., 28 years A 700 1,60 1 ,1 0

neurosis В 820 1,48 1 ,2 0

8 . S. B ., 30 years A 800 1,50 1 ,0 0

cholelithiasis В 900 1,60 0,95

9. К. T ., 28 years A 290 1 ,20 1,50

neurosis В 280 1 ,10 1,60

10. B. Gy., 48 years A 350 1,70 1 ,2 0

chronic gastritis В 300 1,60 1,30

A  =  befo re  Strophanthin ; В =  a f te r  S trophanthin .

D i b e n a m i n e  d i d  n o t  o c c u r  i n  a n y  o f  t h e  p a t i e n t s  t r e a t e d  w i t h  s y m p a t h i -  

c o l y t i c  a g e n t .

T h e  i n c r e a s e  i n  t h e  v o l u m e  o f  s w e a t  w a s  a l s o  l e s s  m a r k e d  a f t e r  a d m i n i s t e r ­

i n g  D i b e n a m i n e  ; a n  i n c r e a s e  w a s  n o t e d  o n l y  i n  5  o f  t h e  1 0  p a t i e n t s ,  a n d  e v e n  

i n  t h e s e  t h e  i n c r e a s e  w a s  s m a l l e r  t h a n  w i t h o u t  D i b e n a m i n e .

T h e  e f f e c t  o f  S t r o p h a n t h in  o n  t h e  s e c r e t io n  o f  s w e a t  w a s  d i m i n i s h e d  

b y  D ib e n a m in e ,  a l t h o u g h  t h e  a m o u n t  o f  s w e a t  s h o w e d  a s t a t i s t i c a l l y  j u s t  

s i g n i f i c a n t  in c r e a s e .  T h e r e  w a s ,  h o w e v e r ,  n o  d e m o n s t r a b le  in c r e a s e  i n  t h e  

e x c r e t i o n  o f  p o t a s s i u m  o r  s o d iu m .
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Effect o f  Strophanthin on the secretion o f  sweat 
after treatment with Dibenamine

Sweat ENa E K

n 10 10 10

X 48,5 0,064 0,030

s 5 9 ,5 0,197 0,138

t 2 ,5 8 1,03 0,69

p% 5 > 3 0 50

Is it significant? Yes No No

Summing up, the changes in sweat secretion caused by Strophanthin 
in patients both with and without heart disease are significantly reduced 
following treatment with Dibenamine.

Effect o f Strophanthin on the secretion 
of sweat, without and with Dibenamine treatment

Sweat ENa E *

ni ; "s 10 ; 8 10 ; 8 10 ; 8

diff. __  9 29 —  0,51 —  0,93
t 2,58 3,03 2,64

p % 5 ~  1 5

Is it significant? Yes 11 ighly Yes

W e  w i s h  t o  p o i n t  o u t  t w o  i m p o r t a n t  f e a t u r e s  i n  t h e  r e s p o n s e  o f  s w e a t i n g  

t o  S t r o p h a n t h i n .  F i r s t ,  t h e  r a p i d  d e v e l o p m e n t  o f  t h e  c h a n g e s  ( u n d e r  t h e  

e x p e r i m e n t a l  c o n d i t i o n s  e m p l o y e d ,  m a r k e d  c h a n g e s  w e r e  n o t e d  w i t h i n  1 h o u r  

a f t e r  a d m i n i s t r a t i o n  o f  t h e  d r u g ) .  S e c o n d ,  a l t h o u g h  t h e  i n c r e a s e  i n  t h e  e x c r e t i o n  

o f  w a t e r  a n d  c h i e f l y  o f  p o t a s s i u m  a n d  s o d i u m  w a s  m o r e  m a r k e d  i n  p a t i e n t s  

w i t h  c h r o n i c  h e a r t  f a i l u r e ,  c h a n g e s  o c c u r r e d  a l s o  i n  s u b j e c t s  w i t h  n o  c i r c u l a t o r y  

d i s o r d e r .  T h e s e  f i n d i n g s ,  ceteris paribus ,  i n d i c a t e  t h a t  S t r o p h a n t h i n  a c t s  o n  

t h e  s e c r e t i o n  o f  s w e a t  n o t  a l o n e  b y  i n f l u e n c i n g  t h e  c i r c u l a t i o n .  W e  f o u n d  

t h a t  i n  t h e  E C G  t h e  a c u t e  c h a n g e s  c a u s e d  b y  S t r o p h a n t h i n  a r o s e  t h r o u g h  

t h e  m e d i a t i o n  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m ,  a n d  i n  p a r t  t h r o u g h  t h a t  o f  t h e  

s y m p a t h e t i c  n e r v o u s  s y s t e m .  T h e  c h a n g e s  i n  r e n a l  f u n c t i o n  w h i c h  f o l l o w  

t h e  a d m i n i s t r a t i o n  o f  S t r o p h a n t h i n  a r e  m e d i a t e d  m a i n l y  b y  t h e  s y m p a t h e t i c  

n e r v o u s  s y s t e m  [ 1 ] .  T h e  r e s u l t s  o f  o u r  D i b e n a m i n e  e x p e r i m e n t s  i n d i c a t e  

t h a t  s u c h  a  n e r v o u s  e f f e c t  m a y  b e  i n v o l v e d  a l s o  i n  t h e  r e s p o n s e  o f  t h e  s w e a t  

g l a n d s .
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T h e  C e n t r a l  n e r v o u s  s y s t e m  h a s ,  o f  c o u r s e ,  a  f a r - r e a c h i n g  i n f l u e n c e  o n  

t h e  s e c r e t i o n  o f  s w e a t .  N e r v o u s  e x c i t a t i o n  i s  k n o w n  m a r k e d l y  t o  i n c r e a s e  

t h e  p e r s p i r a t i o n ,  e s p e c i a l l y  o n  t h e  p a l m s  a n d  s o l e s .  T h i s  a r i s e s  m a i n l y  t h r o u g h  

t h e  m e d i a t i o n  o f  t h e  p a r a s y m p a t h e t i c  n e r v o u s  s y s t e m  a n d  c a n  b e  b l o c k e d  

b y  t h e  a d m i n i s t r a t i o n  o f  a t r o p i n e .  S o n n e n s c h e in  et al. [ 2 ]  a n d  G r e v il l e  
Y o u n g  [ 3 ]  f o u n d  a  s i g n i f i c a n t  i n c r e a s e  o f  s w e a t i n g  a n d  s a l i v a t i o n  i n  r e s p o n s e  

t o  t h e  s t i m u l a t i o n  o f  t h e  e x t r a p y r a m i d a l  n e r v o u s  s y s t e m .  B e c h t e r e w  [ 4 ]  

r e p o r t e d  t h a t  s t i m u l a t i o n  o f  t h e  p r e c r u c i a t e d  g y r u s  r e s u l t e d  i n  a n  i n c r e a s e  o f  

p e r s p i r a t i o n  o n  t h e  c o n t r a l a t e r a l  s i d e .  T h e  n e r v e  f i b r e s  s u p p l y i n g  t h e  s w e a t  

g l a n d s  a r e  m a i n l y  c h o l i n e r g i c  (D al e  a n d  F e l d b e r g  [ 5 ] ) .  H o w e v e r ,  a d r e n a l i n e  

a n d  n o r - a d r e n a l i n e ,  t h e s e  m e d i a t o r s  o f  t h e  s y m p a t h e t i c  n e r v o u s  s y s t e m  a n d  

s y m p a t h e t i c  n e r v e  e n d i n g s ,  a l s o  h a v e  a  m a r k e d  i n f l u e n c e  o n  s w e a t i n g .  T h e  

i n c r e a s e d  o u t f l o w  o f  a d r e n a l i n e  o r  n o r - a d r e n a l i n e  i s  k n o w n  t o  b e  a c c o m p a n i e d  

b y  i n c r e a s e d  p e r s p i r a t i o n  ( f o r  e x a m p l e ,  t h e  a t t a c k s  o c c u r r i n g  i n  p a t i e n t s  

w i t h  p h a e o c h r o m o c y t o m a ) .  E v a n s  et aZ.[6] o b s e r v e d  t h a t  i n  h o r s e s  p e r s p i r a t i o n  

w a s  i n c r e a s e d  p a r a l l e l  w i t h  t h e  i n c r e a s e  i n  t h e  s e r u m  a d r e n a l i n e  l e v e l .  H a im o - 
v ic i [7] r e p o r t e d  t h a t  t h e  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  D i b e n a m i n e  b l o c k e d  

t h e  i n c r e a s e  o f  s w e a t  s e c r e t i o n  d u e  t o  t h e  l o c a l  a p p l i c a t i o n  o f  a d r e n a l i n e .  

D i g i t a l i s  i s  k n o w n  t o  h a v e  a  s i g n i f i c a n t  i n f l u e n c e  o n  t h e  t o n e  o f  t h e  a u t o n o m i c  

n e r v o u s  s y s t e m ,  i n c r e a s i n g  t h e  v a g a l  a n d  d e c r e a s i n g  t h e  s y m p a t h e t i c  t o n e ,  

a n d  i t  i s  a l s o  k n o w n  t h a t  S t r o p h a n t h i n  l e s s e n s  t h e  e f f e c t  o f  a d r e n a l i n e .  A c c o r d ­

i n g  t o  S e l v in i et al. [8 ], d i g i t a l i s  p r e v e n t s  t h e  d e v e l o p m e n t  o f  c a r d i a c  h y p e r ­

t r o p h y  i n d u c e d  b y  a d r e n a l i n e  o r  e p h e d r i n e .  S im o n  [ 9 ]  f o u n d  t h a t  d i g i t a l i s  

a n d  a d r e n a l i n e  a n t a g o n i z e d  e a c h  o t h e r ’s  a c t i o n s  o n  t h e  f r o g  h e a r t .  O n  t h e  

o t h e r  h a n d ,  d i g i t a l i s  m a y  a t  s i t e s  p r o b a b l y  s t i m u l a t e  t h e  s y m p a t h e t i c  n e r v e s .  

F o r  e x a m p l e ,  W o lff  [10] a s c r i b e d  t h e  e f f e c t  o f  S t r o p h a n t h i n  o n  t h e  b l o o d  

s u g a r  l e v e l  t o  s y m p a t h e t i c  s t i m u l a t i o n  a n d  i n h i b i t e d  t h a t  e f f e c t  b y  t h e  a d m i n ­

i s t r a t i o n  o f  d i h y d r o e r g o t a m i n e .  Sarr e  a n d  H erzig  [11], s t u d y i n g  t h e  

p o s i t i v e  i n o t r o p i c  a c t i o n  o f  d i g i t a l i s ,  a t t r i b u t e d  i n  t h i s  s o m e  r o l e  t o  a n  i n c r e a s e  

i n  t h e  s y m p a t h e t i c  t o n e .

At any rate, our present experiments w ith Dibenamine suggest that 
Strophanthin acts on the swreat glands, at least in part, through the autonomic 
(chiefly the sympathetic) nervous system. There is another interesting simi­
larity between renal function and sweat secretion, in that Strophanthin 
enhances the excretion o f water, sodium and potassium , and Dibenamine 
markedly inhibits the development of these changes in both cases [1].

O u r  e x p e r i m e n t s ,  n a t u r a l l y ,  d o  n o t  a l l o w  n u m e r i c a l  c o n c l u s i o n s  a s  t o  

e v e n t u a l  c h a n g e s  i n  t o t a l  s w e a t  s e c r e t i o n .  S t r o p h a n t h i n  m o s t  p r o b a b l y  s i g n i f ­

i c a n t l y  i n c r e a s e s  t h e  e x c r e t i o n  o f  w a t e r ,  s o d i u m  a n d  p o t a s s i u m  a l l  o v e r  t h e  

b o d y  s u r f a c e ,  e s p e c i a l l y  i n  p a t i e n t s  w i t h  c h r o n i c  h e a r t  f a i l u r e ,  a n d  t h e  s w e a t  

g l a n d s  m i g h t  c o n t r i b u t e  t o  t h e  l o s s  o f  c a r d i a c  o e d e m a  i n  t h e  c o u r s e  o f  d i g i t a l i s  

t r e a t m e n t .
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F in a lly , it  m u st b e p o in ted  out th a t  th e action  o f  S trop h an th in  on the  
sw ea t g lan ds m ay n o t m ere ly  con sist in in crease o f  sw eat p rod u ction . B e r e n so n  
and B urch  [12] h a v e  sh ow n  th a t  som e o f  the sod iu m  and p o ta ss iu m  excreted  
w ith  sw ea t w as reabsorb ed  from  th e skin. I t  m ay  be surm ised  th a t  S trop h an th in  
in h ib its  th is  reabsorb tion  p rocess.

SUMM ARY

(i) The action o f Strophanthin on sweat secretion has been exam ined fo llow in g  pre­
treatm ent w ith  Dibenainine.

(ii) Dibenam ine a lm ost com pletely  blocked the action o f Strophanthin. T he increase  
in the excretion of sodium  and potassium  did not take place and the increase in  th e  volum e 
o f  sw eat was also reduced.

(iii) Strophanthin m ay  act on the secretion o f sw eat, at least in part, through the 
autonom ic nervous system .
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I n  t h e  e f f e c t  o f  t h e  d i g i t a l i s  g l y c o s i d e s  a  c e n t r a l  n e r v o u s  s i t e  o f  a c t i o n  

i s  a p p a r e n t l y  a l s o  i n v o l v e d .  F o r  t h i s  r e a s o n  i t  w a s  d e e m e d  i m p o r t a n t  t o  

i n v e s t i g a t e  w h e t h e r  d i g i t a l i s  w o u l d  p r o d u c e  c h a n g e s  i n  t h e  c i r c u l a t i o n  a n d  

m e t a b o l i s m  o f  t h e  b r a i n .  T h i s  p r o b l e m  h a s  n o t  b e e n  s t u d i e d  i n  a n y  d e t a i l  

a n d  v e r y  l i t t l e  i s  k n o w n  a b o u t  t h e  a b o v e  e f f e c t  o f  d i g i t a l i s .  M e u r e r  a n d  

O s t e r w a l d  [ 1 ]  d e t e r m i n e d  i n  d o g s  t h e  b l o o d  f l o w  i n  t h e  i n t e r n a l  c a r o t i d  

a r t e r y  a n d  f o u n d  n o  c h a n g e  i n  r e s p o n s e  t o  t h e  i n t r a v e n o u s  i n j e c t i o n  o f  0 , 5  m g  

o f  S t r o p h a n t h i n .  A c c o r d i n g  t o  D o u l l  et al. [ 2 ] ,  in vitro t h e  d i g i t a l i s  g l y c o s i d e s  

e n h a n c e  t h e  0 2 u p t a k e  o f  t h e  b r a i n ,  b u t  h a v e  n o  e f f e c t  o n  l i v e r  a n d  k i d n e y  

t i s s u e .  L i k e w i s e ,  W o l l e n b e r g e r  [ 3 ]  f o u n d  t h a t  d i g i t a l i s  g l y c o s i d e s  i n c r e a s e d  

t h e  0 2 u p t a k e  o f  b r a i n  t i s s u e  in vitro. I t  i s  r e m a r k a b l e  t h a t  b r a i n  t i s s u e  b i n d s  

v e r y  l i t t l e  d i g i t a l i s .  C h r o n i c  d i g i t a l i s  t r e a t m e n t  m a y  p r o d u c e  h i s t o l o g i c a l  

c h a n g e s  i n  t h e  b r a i n  ( D e a r i n g  et al., [ 4 ] ;  R o t i i l i n  a n d  B i r c h e r , [ 5 ] ) .

K now ing  th a t  in  th e  h e a rt, ske le ta l a n d  sm o o th  m uscles d ig ita lis  a c ts  
p rim arily  on th e  p o ta ss iu m  m etabo lism , we in v e s tig a te d , besides th e  chan g es 
in  the  cereb ra l b lood  flow , those th a t  m ay  o ccu r in  the  p o tassium  m e ta b o lism  
o f th e  b ra in  in re sponse  to  S trop h an th in .

M ethods

Isolated perfusion o f  the head was carried o u t in crossed dog experim ents, b y  the 
technique described in detail in a previous report (б]. A fter starting the perfusion we w aited  
until the perfusion pressure (the mean arterial pressure o f the donor animal) and the rate o f  
flow  had becom e constant. The m ean of 3 readings m ade at 5 m inute intervals was accepted  
as the in itia l value. Then 0,5 m g o f Strophanthin (K om betin ) was injected very slow ly  (in 
5 m inutes) into the cranial circulation o f the recip ient anim al. Rotam eter readings, arterial 
pressure o f  the recip ient, venous pressure o f both donor and recipient, as well as ECG tracings  
were recorded continuously  for one hour. Of these, on ly  the data pertaining to cerebral blood  
flow  will be presented beíow .

Before the experim ent, sam ples o f blood were w ithdraw n from the carotid artery (the  
arterial branch o f the isolated  head circulation) and from  the internal jugular vein (the v en ou s  
branch o f the isolated head circulation), to determ ine the potassium  concentration and the  
cerebral arterio-venous potassium  difference. These te sts  were repeated 30 m inutes and 2 
hours after the adm inistration o f Strophanthin. The 30 m inute interval was chosen because  
prelim inary experim ents had shown that it was at th a t tim e that the changes were the m ost 
marked, and also th a t after 2 hours the effect was about to  cease.

10 Act» Medic» X II /3 —t.
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T en dogs were used in  these  investigations. In  s ix  o f them  the cerebral arterio-venous 
o x y g e n  difference was also determ ined ; having found no appreciable changes, w e shall not 
p resen t these  results. Control studies (E vans b lue, rad ioactive iodine) showed th a t  during 
th e  experim en t the head circu lation  of the recip ient w as com pletely separated from  th e  trunk  
c ircu la tio n .

T he blood sam ples were centrifuged and th e  sera were tested  for К  by flam e p h oto ­
m etry . W e did not establish the num erical value o f  th e  cerebral (cranial) vascular resistance, 
h a v in g  been interested only in  th e  changes of resistance caused by Strophanthin and accepted  
th e  ra tio  : perfusion pressure m m  Hg per blood flo w  in  m l/m in, as the measure o f  resistance. 
To co n tro l the results, the experim ents were repeated  in  4 dogs, using this tim e a sm aller 
dose (0 ,25  m g) o f Strophanthin. These results, being practically  identical w ith  those obtained  
w ith  th e  larger dose, w ill not be presented.

Results

T h e  c h a n g e s  i n  c e r e b r a l  b l o o d  f l o w  a n d  c r a n i a l  ( c e r e b r a l )  v a s c u l a r  

r e s i s t a n c e  c a u s e d  b y  S t r o p h a n t h i n  a r e  s u m m a r i z e d  i n  Table I.  C e r e b r a l  b l o o d  

f l o w  c h a n g e d  v e r y  l i t t l e  a f t e r  t h e  i n j e c t i o n  o f  S t r o p h a n t h i n  i n t o  t h e  i s o l a t e d  

c i r c u l a t i o n  o f  t h e  h e a d .  I n  m o s t  c a s e s ,  h o w e v e r ,  t h e r e  w a s  a  s l i g h t ,  y e t  p e r s i s t ­

e n t ,  c h a n g e ,  viz. c e r e b r a l  ( c r a n i a l )  v a s c u l a r  r e s i s t a n c e  d e c r e a s e d .  C e r e b r a l  

b l o o d  f l o w  i n c r e a s e d ,  a l t h o u g h  t h e  p e r f u s i o n  p r e s s u r e  w a s  u n c h a n g e d .

T h e  c h a n g e s  i n  p o t a s s i u m  m e t a b o l i s m  a r e  s h o w n  i n  Table II .  I n  r e s p o n s e  

t o  S t r o p h a n t h i n  t h e  c o n c e n t r a t i o n  o f  p o t a s s i u m  i n c r e a s e d  s i g n i f i c a n t l y  in  

v e n o u s  b l o o d ,  b u t  w a s  v i r t u a l l y  u n c h a n g e d  i n  a r t e r i a l  b l o o d .  T h i s  f i n d i n g  

s u g g e s t s  t h a t  i n  r e s p o n s e  t o  S t r o p h a n t h i n  t h e  b r a i n  c e l l s  r e l e a s e  p o t a s s i u m .

T h e  c h a n g e s  i n  0 2 m e t a b o l i s m  i n d u c e d  b y  S t r o p h a n t h i n  w e r e  n o t  

u n e q u i v o c a l  a n d  f o r  t h i s  r e a s o n  w e r e  n o t  e v a l u a t e d .

Critical analysis. D iscussion

T h e  p r o c e s s  л \Ь а 1  t h e  e x p e r i m e n t a l  c o n d i t i o n s  e m p l o y e d  h a v e  a l l o w e d  

t o  d e t e r m i n e  i s  t h e  c h a n g e  i n d u c e d  b y  S t r o p h a n t h i n  i n  t h e  i s o l a t e d  c i r c u l a t i o n  

o f  t h e  h e a d .  T h e  c i r c u l a t i o n  o f  t h e  b r a i n ,  h o w e v e r ,  p r e p o n d e r a t e s  o v e r  t h a t  

o f  t h e  r e s t  o f  t h e  h e a d  t o  s u c h  a n  e x t e n t ,  t h a t  t h e  l a t t e r  s e e m s  t o  h a v e  v e r y  

l i t t l e ,  i f  a n y ,  i n f l u e n c e  o n  t h e  c h a n g e s  i n  t h e  i s o l a t e d  h e a d  c i r c u l a t i o n .  A c c o r d i n g  

t o  d a t a  i n  t h e  l i t e r a t u r e ,  c e r e b r a l  b l o o d  П олу m a y  b e  e s t i m a t e d  a t  1 0  t o  1 6  p e r  

c e n t  o f  t h e  c a r d i a c  o u t p u t ,  a n d  t h e  v a l u e  f o r  t h e  t o t a l  h e a d  c i r c u l a t i o n  i s  

o n l y  s l i g h t l y  h i g h e r  [ 7 ,  8 ,  9 ] .  C e r e b r a l  v a s c u l a r  r e s i s t a n c e  a p p a r e n t l y  d e c r e a s e s  

s o m e t v h a t  i n  r e s p o n s e  t o  S t r o p h a n t h i n .  T h e  s h i f t  i s  n o t  c o n s i d e r a b l e ,  s i n c e  

s e v e r a l  p r e c i s e  a n d  c o m p l e x  m e c h a n i s m s  a r e  k e e p i n g  t h e  c e r e b r a l  b l o o d  f l o w  

a t  a  p o s s i b l y  c o n s t a n t  l e v e l .  O f  a l l  c e l l s ,  t h o s e  o f  t h e  b r a i n  r e q u i r e  t h e  m o s t  O a, 

o f  T v h ic h  t h e  m e c h a n i s m  c o n t r o l l i n g  c e r e b r a l  b l o o d  f l o w  p r o v i d e  f o r  a  c o n ­

t i n u o u s  s u p p l y ,  i n d e p e n d e n t l y  o f  t h e  c h a n g e s  i n  t h e  s y s t e m i c  c i r c u l a t i o n .  

T h i s  e x p l a i n s  t v h y ,  a s  c o m p a r e d  t o  o t h e r  o r g a n s ,  t h e  c i r c u l a t i o n  o f  t h e  h e a d
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Table I

Effect o f  Strophanthin on cranial (cerebral) blood flow

No.
M ean  v a lu e s  

for p res su re  and  
b lood f lo w

Ep. 2 5 10 20 30 60

m i n u t e s

l . T : 100 1 0 5 100 1 0 5 110 110 9 0

Rm : 1 3 1 3 , 5 1 3 , 5 1 4 1 4 1 4 1 3

2. T : 9 5 9 0 8 0 8 5 8 5 8 5 8 0

Rm : 12 1 3 1 1 , 5 1 2 , 5 12 12 12

3 . T : 8 0 8 0 8 5 8 0 9 0 9 5 7 5

Rm : 1 3 1 4 1 4 , 5 1 4 , 5 1 4 1 4 , 5 1 3 , 5

4 . T : 100 100 9 0 100 100 9 0 9 5

Rm : 1 5 1 6 1 5 1 4 , 5 1 6 1 5 , 5 1 5

5 . T : 8 0 8 0 7 5 8 0 8 5 8 0 7 5

Rm : 10 1 0 , 5 11 1 0 , 5 10 11 11

6. T : 110 1 0 5 100 9 5 1 0 5 100 9 5

Rm : 11 1 1 , 5 12 1 2 , 5 1 0 , 5 11 11

7 . T : 9 0 9 5 9 5 100 1 0 5 100 9 5

Rm  : 1 1 , 5 12 1 1 , 5 1 3 1 1 , 5 11 1 2 , 5

8. T : 9 0 8 0 8 5 100 9 5 9 0 9 5

Rm  : 1 1 , 5 12 1 1 , 5 1 3 1 1 , 5 11 1 2 , 5

9 . T : 7 5 8 0 8 5 8 0 7 5 8 0 7 0

Rm : 1 3 1 6 1 6 , 5 1 5 1 5 1 5 , 5 1 6

10. T : 120 1 2 5 120 120 1 1 5 1 1 5 100
Rm : 1 1 , 5 1 2 , 5 1 3 1 2 , 5 12 1 2 , 5 1 1 , 5

A bbrevia tions:
T : m ean arterial pressure.
Rm  : rotam eter reading.
Ep : m ean of three readings before experim ent.
The m inutes mean the time elapsed after the administration o f Strophanthin.

i s  b u t  s l i g h t l y  d i m i n i s h e d  i n  c h r o n i c  h e a r t  f a i l u r e  [ 1 0 ,  1 1 ,  e t c . ] ,  a n d  w h y  

d r u g s  ( s u c h  a s  t h e o b r o m i n e ,  a d r e n a l i n e ,  c a f f e i n e ,  a l c o h o l ,  h e x a m e t h o n i u m  

b r o m i d e ,  p a p a v e r i n e ,  e t c . )  h a v e  s o  l i t t l e  i n f l u e n c e  o n  i t  [12, 13, 14, 15]. P a g e  

[16] h a s  m a d e  t h e  r e m a r k a b l e  o b s e r v a t i o n  t h a t  t h e  e f f e c t  o f  d r u g s  o n  t h e  

c e r e b r a l  v e s s e l s  o f t e n  d i f f e r s  f r o m  t h e i r  a c t i o n  o n  t h e  v e s s e l s  o f  o t h e r  o r g a n s .

10*
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Table II

Effect of Strophanthin  on the potassium  metabolism of the bruin

No. Period

Potassium  
concentration 

in arte ria l 
blood, 

m E q/L

Potassium  
concentration 

in  venous 
blood. 
m E q/L

1 . A 3,75 4,10

В 3,70 5,10

2. A 2,95 3,00

В 2,70 3,80

3. A 2,90 3,10

В 3,15 4,10

4. A 2,90 3,10

в 3,15 4,10

5. A 4,05 4,00

В 4,20 5,10

6 . A 4,20 4,30

В 4,00 5,00

7. A 3,90 3,80

В 4,20 5,00

8. A 3,80 4,00

В 3,70 4,85

9. A 4,30 4,30

В 4,00 5,30

10. A 4,10 3,90

В 4,10 4,80

Abbreviations :
Period A : before  S tro p h an th in .
Period В : 30 m in u tes after the injection o f Strophanthin. 
Arterial blood : blood withdrawn from th e  com m on carotid 

artery of the recipient dog.
Venous blood : blood withdrawn from the jugnlar vein ol

the recip ient dog.

F o r  i n s t a n c e ,  h i s t a m i n e  c a u s e s  c e r e b r a l  v a s o c o n s t r i c t i o n ,  n o r - a d r e n a l i n e  

v a s o d i l a t a t i o n ,  e t c .  T h i s  m a k e s  i t  c l e a r  t h a t  t h e  s m a l l  c h a n g e s  i n  c e r e b r a l  

c i r c u l a t i o n  c a u s e d  b y  S t r o p h a n t h i n  m a y  h a v e  c o n s i d e r a b l e  c o n s e q u e n c e s .
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According to G r e e f  [17 ], skeletal muscles release potassium in response 
to Strophanthin. R e g a n  e t  á l .  [18] found that -within 30 minutes after the 
injection of Strophanthin the concentration of К  was significantly increased 
in the coronary sinus, indicating that much К  was released from the heart. 
This seems to apply to the brain as well. The concentration of potassium  
in the cerebral venous outflow increases significantly in response to Strophan­
thin, apparently as a result of a release of potassium by the brain. This is 
another evidence showing that digitalis acts on the metabolism of potassium, 
on the one hand, and may be correlated with the effect of digitalis on the 
brain, on the other. It is known that the loss of К  results in changes in the 
bioelectrical phenomena of cells. If much К  is repeatedly lost by the cells 
(as in chronic digitalis treatment), histological changes may develop. The 
toxic nervous symptoms (vomiting, visual disturbances, delirium), occurring 
in the course of chronic digitalis therapy m ight in part be explained by the 
above process.

On the other hand, for the acute circulatory changes of c o r t i c a l  origin 
induced by Strophanthin, changes in the К  metabolism of the brain may 
perhaps be responsible. (As it has been seen, the changes develop rapidly.)

SUMMARY
(i) T he effect o f S tro p h a n th in  on  blood flow  a n d  p o tassiu m  m etab o lism  in  th e  b ra in  

h as been  s tu d ied  in  th e  iso la ted  c ran ia l (cerebral) c irc u la tio n .
(ii) In  response  to  S tro p h an th in , cerebral v a sc u la r  re sis tan ce  was s lig h tly  decreased  

a n d  cereb ra l blood flow  s lig h tly  increased .
(iii) The brain cells were found to release potassium  in response to Strophanthin. 

As a result, the concentration o f  К in the cerebral venous outflow  was significantly increased.
(iv) The significance o f  the above changes has been discussed.
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SYMMETRICAL NECROSIS OF THE RENAL CORTEX
IN INFANCY

B .  S t e i n e r  and A . V é c s e i

D EPARTM ENTS OF PA E D IA TR IC S AND PATHOLOGY OF T H E  B U D A PE ST  IN ST ITU TE FO R PO STG RA D U A TE
MEDICAL ED U CATION

(R eceived October 15, 1958)

S y m m etrica l necrosis o f th e  renal c o r te x  is ra re  in in fancy . T o  d a te ,  
25 cases have  b een  p u b lish ed . L elong  et al. [14] succeeded in  recogn iz ing  
the  cond ition  d u rin g  life  in  tw o cases. A lth o u g h  these tw o ch ild ren  d ied , 
as also those  o b se rv ed  earlie r, th e ir  d iagnosis re su lted  in  th a t  th is  m o rb id  
p a tte rn  ceased to  be  a p a th o an a to m ic  c u rio s ity  and  becam e a c lin ical 
problem .

T he clin ician  h as  now  tw o tasks : (i) to  sum m arize  th e  sy m p to m s an d  
d iagnostic  p rocedures o n  th e  basis of w hich  i t  becom es possible to  recognize 
th e  cond ition  ; an d  (ii) to  seek for th e ra p e u tic  possib ilities.

Problem s of d iagnosis

T he fac t w h y  cases o f sym m etrica l necrosis  o f th e  renal c o rtex  cou ld  
n o t be recognized w as t h a t  nobody h ad  i ts  p a t te r n  in  his m em ory . T h e  f irs t 
case occurring  in  in fa n c y  w as found  b y  C a m p b e l l  an d  H e n d e r s o n  [5] a t 
necropsy , in  1950. In  ad u lts  the  co n d itio n  m o stly  occurred  w ith  g e s ta tio n  
tox icosis. The o th e r  e lic itin g  factors m en tio n ed  b y  C a m p b e l l  and  H e n d e r s o n  

( tra u m a  : F u r t w ä n g l e r  [9], 1927 ; d io x an e  poisoning : B a r b e r , 1934 ; 
m yocard ia l in fa rc tio n  : Z a l k a  [22], 1933 ; c an ce r of th e  u re te r :  D u n n  an d  
M o n t g o m e r y  [ 6 ] ,  1941 ; p e ria rte ritis  n o d o sa  : M a l l o r y , 19 4 7 ; e tc .)  do 
n o t occur in in fan cy  e ith e r .

CÖMÖRI [12] h a s  p o in te d  ou t th e  fo llow ing  signs as ch a ra c te ris tic  o f  th e  
cond ition  in  ad u lts  : h ead ach e , abdom inal a n d  low  back  pain , g rad u a l in crease  
o f b lood  p ressu re , leucocy tosis , o liguria a n d  a n u ria . O f these  sy m p to m s, 
headache and  ab d o m in a l p a in  can, th e o re tic a lly , be recognized also in  in fa n ts , 
b u t  abdom ina l a n d  low  b ack  pain  can h a rd ly  be d istingu ished . T h e  g rad u a l 
increase o f blood p re ssu re  is a valuab le  sy m p to m , b u t blood p ressu re  is ra re ly  
ta k e n  in in fan ts  a n d  y o u n g  ch ildren . As re g a rd s  b lood pressure, on ly  th e  d a ta  
given by  L e l o n g  are  know n  ; in  his case th e  u p p e r  lim it was a t 140/80 m m  H g.
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T h e  m o s t  conspicuous sy m p to m s are  o ligu ria  a n d  an u ria . G ömöri [12] e m p h a ­
sizes t h a t  even adu lts  m a y  fa il to  no tice  th e i r  o lig u ria ; even in  th e  h is to ry  o f 
c h ild re n  suffering  from  a c u te  n ep h ritis  th is  sy m p to m  is ra re ly  b e ing  m e n tio n e d  
b y  th e  p a re n ts . The a m o u n t of u rine  is ra re ly  m easured  in  in fa n ts , p a r t ly  
on  a c c o u n t of techn ica l d ifficu ltie s , a n d  e rro rs  in  ju d g in g  i t  a re  f re q u e n t. 
A n u r ia  m a y  he d isreg a rd ed  because th e  p a re n ts  believe th a t  th e  u r in e  v o id ed  
b e c a m e  m ixed  to th e  faeces. Once o lig u ria  o r an u ria  has becom e o b v io u s, 
p ro v is io n s  are  m ade to rep lace  th e  lost f lu id s  a n d  sa lts , and  these  p ro ced u re s  
m a y  re s u l t  in  th e  re s t i tu t io n  of u rine  e x c re tio n . I f  th is  does n o t e n su e , th e  
u se  o f  th e  cond ition  m ay  b e  so u g h t fo r b y  a  w rong approach . I t  is  o ften  
a s s u m e d  t h a t  ren a l fu n c tio n  w as n o t re s to re d  because (i) th e  s a lt a n d  f lu id  
loss h a d  n o t  p roperly  b een  rep laced  ; (ii) re n a l  insu ffic iency  was due to  ca rd iac  
fa ilu re  o r (iii) to  severe to x ico sis . T he d ifficu ltie s  o f  d ifferen tia l d iagnosis  m av  
b e s t  b e  seen  from  th e  cases o f  Z u e l ze r  [23] : in  10 in fan ts  who d ied  o f  sy m ­
m e tr ic a l  co rtica l necrosis, o lig u ria  or a n u r ia  w as in v ariab ly  o bserved  1 o r 2 
d a y s  b e fo re  d ea th , b u t  th e  cause of a n u r ia  w as n o t recognized in  e i th e r  o f 
th e m . T h e  m is in te rp re ta tio n  o f  th is  sy m p to m  w as due p a r tly  to  th e  f a c t  th a t  
re n a l  in ju r y  o f v a scu la r o rig in  w as b e liev ed  to  be ex trem ely  ra re . A lth o u g h  
Z u e l z e r  [23] p roved  th is  o p in ion  to  be  u n te n a b le , h is view  h as  n o t  b een  
g e n e ra l ly  a d o p ted , n o r  is i t  q u o te d  in  th e  te x tb o o k s . I t  was only b y  th e  re p o r ts  
o f  Ca m p b e l l  an d  H e n d e r s o n  [5 ], L e l o n g  et ál. [14], and  Ga s se r  et al. [10], 
t h a t  a t te n t io n  has been  ca lled  to  sy m m e tric a l co rtic a l necrosis. Z u e l z e r  [23] 
fo u n d  in  h is  necropsy  m a te r ia l  be tw een  1940 a n d  1950 40 cases o f  severe  
re n a l d isea se  due to  c irc u la to ry  failu re  ; 34 o f  th e m  w ere in fa n ts . T h ese  d a ta  
h a v e  in d u c e d  us to  p a y  in c rea sed  a t te n tio n  to  sy m m etrica l co rtica l necrosis  
a n d  o th e r  ren a l diseases o f  v a scu la r o rig in  in th e  d ifferen tia l d iag n o sis  c f  
o lig u ria  a n d  anu ria .

I n  es tab lish in g  th e  d iagnosis , th e  fo llow ing  fac ts  ap p ear s ig n if ic a n t :
(i) I f  in  an  in fan t o lig u ria  or an u ria  does n o t  cease a fte r a d e q u a te  a d m in ­

i s t r a t io n  o f  flu id  and  sa lts , ex am in a tio n s  sh o u ld  he  done in  order to  e s tab lish  
o r e x c lu d e , ren a l or p o s tre n a l fac to rs . W e h a v e  observed  an u ria  in  a n ew b o rn , 
d u e  to  a  congen ita l u re th ra l  va lv e  (S ü s s k in d  a n d  B ir ó , 20).

(ii) T h e  so-called “ l i t t le  signs”  m ay  b e  h e lp fu l. One o f th e m  is leuco- 
c y to s is . I n  s a lt and  flu id  le ss  due to  com m on  in te s tin a l c a ta r rh , e sp ec ia lly  
a f te r  t h e  loss has been  c o rre c ted , leucocy te  c o u n ts  exceeding 20 000, u p  to  
50 000 , a re  in freq u en t, w h ils t s im ila r va lues m a y  occur in  sy m m etrica l c o rtic a l 
n e c ro s is . N o n -p ro te in  n itro g e n  is o ften  e le v a te d  in  exsiccosis. I f , h o w e v e r , 
v a lu e s  ex ceed in g  100 m g p e r 100 m l p e rs is t a f te r  rep lacem en t o f th e  lo s t f lu id , 
r e n a l  o r  p o s tre n a l fac to rs  o f  o ligu ria  m u s t be  so u g h t for.

( iii)  T h e  basic  disease g iv in g  rise to  c o r tic a l necrosis need  n o t be  s e v e re . 
I n  so m e  cases the  eliciting  d isease  could n o t be d e m o n s tra te d  a t all (Ca m p b e l l , 
G a s s e r ) .



SYM M ETRICAL NECROSIS OF T H E  R E N A L  CO RTEX 319

(iv) A lbum inuria  an d  re d  b lood corpuscles in  th e  sed im en t m a y  be 
fo u n d  in  b o th  exsicccsis an d  sy m m etrica l necrosis o f  th e  ren a l c o rte x . In  a 
few  cases o f th e  la t te r  co n d itio n  (Case 6 o f Z u e l z e r , Case 4 o f L e l o n g ), 
h ow ever, a lbum inuria  a n d  e ry th ro c y te s  w ere m issing . T hus, co rtica l necrosis 
c a n n o t be ru led  ou t on th e  basis o f no rm al u r in a ry  find ings.

(v) If , a f te r  th e  re p la c e m en t o f th e  s a lt  an d  flu id  lo st, ch lo rid es  are 
ex c re ted  w ith  the  u rine , th is  fa c t is no p ro o f a g a in s t chlorine d efic iency , because  
ch lo rides are in v a riab ly  e x c re te d  by  th e  k id n e y  in  iso sth en u ria  o r ad ren a l 
fa ilu re . T herefore, in d iffe re n tia l diagnosis a t te n tio n  has to  be  p a id  to  
th e  specific  g rav ity  o f  th e  u rin e  (F a n c o n i, [7 ]). T he d e fin itiv e  d iagnosis 
sh o u ld  n o t be e s tab lish ed  before th e  a d m in is tra tio n  o f ad ren o co rtica l 
h o rm ones.

(vi) I f  th e  co m pensa tion  o f  sa lt an d  flu id  loss is n o t follow ed b y  d iu resis , 
o ligu ria  or anuria  still m a y  h a v e  been caused b y  o th e r th a n  ren a l o r p o s tre n a l 
fa c to rs , e. g. by  in a d e q u a te  com pensation . T h erefo re , the d e te rm in a tio n  of 
n o n p ro te in  n itrogen , re se rv e  a lk a li, sod ium  level o r to ta l  a lka li, sh o u ld  be 
re g u la rly  perfo rm ed . F o r  c lin ical purposes th e  p rocedure  o f F e r e n c z  and  
B o d a  [8] has proved  usefxd.

(vii) Exsiccosis p lay s  a p ro m in en t role in  e lic iting  sy m m etrica l co rtica l 
necrosis. Y e t, in  ex cep tio n a l ca^es i t  m ay  be  m issing  (Case 4 o f  L e l o n g ).

(viii) In  dou b tfu l cases, X -ra y  e x am in a tio n , to m o g rap h y , p e riren a l 
a ir  in su ffla tio n , cystoscopy  a n d  b iopsy  m ay  offer som e help  in  d iffe ren tia l 
d iagnosis .

F ro m  these fac ts  th e  conclusion m ay be  d raw n  th a t  th e o re tic a lly  i t  is 
possib le  to  recognize th e  co n d ition  in  the  liv ing , i f  i t  is n o t d is reg a rd ed . 
I t s  sy m p to m ato lo g y  h as  in th e  la s t years been  enr-ched  by  new  c o n trib u tio n s .

T he significance o f th e  haem oly tic-u raem ic  syndrom e in  sym ptom ato logy

To d a te , only few  a u th o rs  have been concerned  w ith  th e  in te r re la tio n  
o f  h aem o ly tic  sy m m etrica l co rtica l necrosis. I t  w as discussed b y  S h e e h a n  
a n d  M oore [19], fu r th e r  b y  H u n t  [13], w hose p a tie n t  suffered from  th ro m b o ­
cy to p en ic  p u rp u ra . T he a u th o rs  m en tioned  the  sim u ltan eo u s o ccu rrence  o f  th e  
tw o syndrom es as an  in te re s tin g  phenom enon , b u t  th e  re la tio n sh ip s  w ere no t 
d iscussed . R ecen tly , Ga s s e r  et al. [10] have p o in te d  o u t th a t  th e  re n a l fa ilu re  
o b serv ed  b y  them  to g e th e r  w ith  haem oly tic  an aem ia  in 5 p a tie n ts , 4 o f  w hom  
w ere in fa n ts , m ay be due  also to  sy m m etrica l co rtical necrosis. N one of 
these cases was recogn ized  before  d ea th . T he above re p o rt, h o w ev er, gave us 
som e assistance in th e  p re m o rta l diagnosis. O ur p a tie n t  is th e  th i r d  in fa n t 
in  w hom  th e  diagnosis o f  sy m m etrica l necrosis o f th e  ren a l c o rte x  h a d  been 
e s tab lish ed  during  life an ti w as confirm ed a t  the  p o s t m o rtem  e x a m in a tio n .
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R eport of a case

V. G., a premature in fa n t born in the 8th m on th  o f  pregnancy, had w eighet at birth 
2700 g. W hen 7 weeks old, he had  suffered from Leiner’s erythroderm ia com plicated by otitis. 
A t th e  age o f  4 months again earache, and also vom iting and diarrhoea had occurred. He was 
a d m itted  being suspect o f  m a sto id itis . After 10 days’ observation  he was operated on (Dr. 
K árp át). Suppuration was found o n  both  sides. 200.000 I. U . penicillin daily were adm inistered. 
The w ound displayed little  te n d e n c y  to  heal. On the 4 th  and 5th postoperative days the 
p a tien t vom ited . Gastric lavage  w as done and a tox icosis d iet was prescribed. D esp ite  these  
m easures, he lost rapidly w e igh t, and  his tem perature rose to  39°C. As he could not be nour­
ished b y  m outh, a drop in fusion  was administered for 4 days. The faeces were sem ifluid, 
and subfebrility  persisted. E . coli 111 infection was assum ed and confirm ed by bacteriology.

The sym ptom s of d isease in  the order o f their occurrence were (Table I) (i) elevated  
tem p erature ; (ii) vom iting ; (iii)  diarrhoea ; (iv) m arked and gradually increasing leuco- 
cy to sis  ; (v ) severe, increasing anaem ia ; (vi) increase o f  b od y  w eight despite the diarrhoea ; 
(v ii)  m ild  enlargem ent o f the liv er  ; (viii) reduced p late let c o u n t ; (ix) m ild, th en  severe sub- 
derm al haemorrhages ; (x ) increasing oedema ; (x i) pathologic constituents in  th e  urine 
(a lbum in , 4 to 30 leucocytes, 4 to  10 haem olyzed and 8 to  60 in tact erythrocytes, per visual 
f ie ld ) th e  am ount of which p o in ted  to a progress o f  the disease ; (x ii) m eteorism  ; (xiii) 
oligu ria , later anuria ; (x iv ) h igh N . P. N. values ; (x v ) pathologic ECG w ith fla t, later nega­
t iv e  T x, 2, 3, and depressed T 3 ; (x v i)  vom iting o f b lood ; (xv ii) bloody stools.

I n  o rd e r to  find  th e  c o rre c t in te rp re ta tio n  o f  th e  sy m p to m s, th e y  were 
d iv id e d  in  groups (T able  I ) . T h e  f irs t sy m p to m s (fever, v o m itin g , d ia rrh o ea ,)  
w ere a t t r ib u te d  to  th e  in fe c tio n  w ith  E . coli ty p e  111. T herefo re , c h lo ram p h en i­
col in  a da ily  dose o f  50 m g /k g  body w eig h t w as ad m in is te red  beside  th e  
p e n ic illin . The leucocy te  c o u n t of 20 000 su p p o r te d  the diagnosis, h u t  its 
in c re a s in g  tendency  w as u n u s u a l  and  needed  e x p la n a tio n . The w eigh t increase 
in  s p ite  o f  vom iting  an d  d ia rrh o e a  po in ted  to  la te n t  oedem a, p e rh ap s  as a 
r e s u l t  o f  exaggera ted  h y d ra t io n . The card iac  o rig in  was un like ly , considering  
t h a t  th e  child had no d y sp n o e a , the  h e a r t so u n d s  w ere o f n o rm al in te n s ity , 
th e  l iv e r  w as hard ly  e n la rg e d , th e  urine f in d in g s  d id  n o t co rrespond  to  con­
g e s tio n , an d  venous p re ssu re  w as norm al. R en a l o edem a w as excluded  b y  the 
in i t ia l ly  no rm al u r in a ry  f in d in g . The p resence  o f  s ta rv a tio n  o edem a was 
c o n tra d ic te d  by th e  n o rm a l se ru m  p ro te in  level. F in a lly , increased  cap illa ry  
p e rm e a b ili ty  due to  th e  in fe c tio n  was m ade responsib le  for th e  oedem a.

A n aem ia  was also b e lie v e d  to  be due to  th e  in fec tion . T he haem oglobin  
c o n te n t  w as 35, la te r  20 p e r  c e n t, th e  e ry th ro c y te  co u n t d ropped  from  3 m il­
lion to  1.45 m illion. In  th e  sm e a rs  aniso-, m icro - a n d  po ik ilocytosis a n d  m any  
f ra g m e n te d  e ry th ro cy te s  w e re  seen. T he re tic u lo c y te  coun t w as s trik in g lv  
low , 7 p e r  1000. L a te r, w h en  th e  redu c tio n  o f  th e  p la te le t  coun t w as assoc ia ted  
w ith  su b ep id e rm al an d  su b d e rm a l h aem o rrh ag es  o f  increasing  e x te n t , the 
a s su m p tio n  becam e w a r r a n te d  th a t  the  a n a e m ia  w as only  p a r tly  due  to  the  
in fe c tio n , th e  h aem o rrh ag es fo rm ing  th e  o th e r , th o u g h  consecu tive , fac to r. 
U lt im a te ly , th e  follow ing fa c to rs  were considered  as responsib le  fo r th e  a n ae ­
m ia . (i) I ro n  deficiency d u e  to  p re m a tu r ity  a n d  in fec tio n . T he ro le o f  th is  
f a c to r  w as su p p o rted  b y  th e  po ik ilocy tosis , b u t  th is  sign is ra re  a f te r  a sim ple 
b lo o d  loss an d , fu rth e r, i t  h a d  been  presen t befo re  th e  appearance  o f the  h a e m ­
o rrh a g e s . (ii) A tox ic  p ro cess  giving rise to  th e  d es tru c tio n  o f e ry th ro c y te s
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a n d  p la te le ts , and  to  b o n e  m arro w  e x h a u s tio n . T he in c rea sed  h ae m o ly tic  
a c t iv i ty  o f the  p lasm a w as ev idenced  b y  th e  fa c t th a t  tra n sfu s io n  o f  b lo o d  d id  
n o t  e le v a te  th e  e ry th ro c y te  c o u n t. T he p resen ce  of fra g m e n te d  e ry th ro c y te s  
w a s  also  considered a sign  o f  h aem olysis . T h e  ex h au stio n  o f th e  b o n e  m arro w  
w as  e v id e n t from  the low  re tic u lo c y te  c o u n t. W e could n o t w ith d ra w  enough 
b lo o d  fo r  d em o n stra tin g  a u to g en o u s  im m u n e  bodies.

T h e  increasing o ed em a ag a in  su g g ested  th e  role o f th e  k id n e y s . This 
a s s u m p tio n  was fav o u red  b y  th e  m ark ed  o lig u ria , a lb u m in u ria , an d  th e  a p p e a r­
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an ce  o f  red  blood corpuscles an d  w hite  b lood  cells in  th e  u rin e . As fo r the 
a c c u ra te  designation  o f th e  ren a l a lte ra tio n , the following co n d itio n s w ere 
ta k e n  in to  account, (i) A cu te  diffuse g lo m eru lonephritis . This d isease, how ever, 
o u g h t to  have  followed th e  basic  disease sooner. A no ther c o n tra d ic to ry  fa c t 
w as th e  d iscrepancy  b e tw een  th e  severe illness an d  th e  sligh t u r in a ry  changes. 
F in a lly , th is  renal disease is ra re  in  in fan cy , (ii) A cu te  tu b u la r  (low er n ep h ro n ) 
n e p h ro s is . This cond ition  w as c o n tra d ic te d , as seen also from  Z u e l z e r ’s 
[23] d a ta ,  by  th e  h is to ry  a n d  th e  m issing h aem o sid erin u ria . In  a d d itio n , th e  
N . P . N . level is n ev er so h ig h  in  low er n ep h ro n  nephrosis as i t  w as in  th e  
p r e s e n t  case, (iii) S y m m etrica l necrosis o f th e  ren a l cortex . T his d iagnosis 
w as su g g ested  by  th e  ra p id  dev e lo p m en t o f th e  disease an d  its  m a lig n a n t
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c h a ra c te r . A p a rt from  th is , th e  severe an aem ia  o f p robab ly  h a e m o ly tic  orig in , 
th e  s im u ltan eo u s  occurrence o f h aem o rrh ag ic  d ia th esis  and  a c u te  re n a l  fa ilu re  
w ere rem in iscen t o f Gasser’s cases. F u r th e r  evidences w ere th e  in creasin g  
leu co cy to sis  th a t  h ad  no o th e r  e x p la n a tio n , th e  fa ilu re  o f our e ffo rts  to  co m p en ­
sa te  th e  f lu id  loss, th e  h aem atem es is  an d  m elaen a , b o th  o f w hich a re  f re q u e n tly  
a t te n d in g  sy m m etrica l co rtica l necrosis.

In  v iew  o f th e  h aem o rrh ag ic  d ia th es is , no b iopsy  was p e rfo rm ed , n e ith e r  
d e cap su la tio n .

T h e  lead ing  p rincip le  o f our th e ra p e u tic  efforts was th e  h o p e  t h a t  th e  
p ro lo n g a tio n  o f th e  p a t ie n t’s life m ig h t give a chance for th e  re g e n e ra tio n  
a n d  fu n c tio n a l re s titu tio n  o f th e  k id n ey s. Lelong rep o rted  o f  a s u rv iv a l of 
18 d ay s . A p a rt from  th e  a n tib io tic  t r e a tm e n t ,  p rocaine b lo c k a d e , blood 
tra n s fu s io n s , p a r tia l b lood exchange w ere re p e a te d ly  done. C o rtiso n e  was 
a d m in is te re d  fo r 6 days. T he ch ild  d ied  on th e  7 th  d ay  a f te r  th e  o n se t o f 
o ligu ria .

Data o f  necropsy and  histology

T he sk in  was pale, an d  d isp lay ed  p it t in g  oedem a. The ab d o m en  c o n ta in e d  
200 m l o f  clear flu id . T he sk u ll w as sy m m etrica l, th e  b ra in  o ed em a to u s , 
an aem ic . I n  th e  ty m p an ic  c a v ity  red  g ra n u la tio n  tissue was fo u n d .

T he h e a r t  was no rm al in  size, a n d  show ed no pa tho log ic  c h an g e . B o th  
lu n g s co n ta in ed  air, a p a r t  from  a p a ra v e r te b ra l area in  b o th  lo w er lobes 
w h ich  w as d a rk  red , a te lec tas ic  an d  frag ile .

T h e  d igestive  organs w ere n o rm a l in  size and  w ith o u t p a th o lo g ica l 
ch an g es. T he surface o f th e  liv e r w as sm o th , th e  organ was o f  n o rm a l co n sis t­
ency , i ts  s tru c tu re  w as b lu rred . T he p an c reas  w as finely  lobxdated , r a th e r  con­
s is te n t . T h e  in te s tin a l m ucosa w as sm o o th  a n d  pale.

T he k id n ey s were s lig h tly  en la rg ed  ; th e ir  w eight w as 170 g. T h e ir 
capsu le  s tr ip p e d  read ily . T h e ir  surface w as m o ttled , w ith  yellow ish -red d ish  
p a tc h e s . O n the  cu t surface, yellow  a rea s  rep re sen tin g  the  e x te n s io n  o f  the  
yellow  p a tc h e s  on th e  surface to  th e  c o rte x  w ere seen ; th e y  w ere su rro u n d ed  
b y  a re d  b o rd e r. A s im ila r re d  b o rd e rlin e  w as seen also a t  th e  ju n c t io n  of 
c o r te x  a n d  m edu lla . T he yellow  areas  o f th e  c o rtex  were pale , n o t  sh in y . The 
m ed u lla  w as even ly  v io le t-red . T he pelv ic  m ucosa an d  th a t  o f th e  u r e te r  was 
sm o o th  a n d  pale (F ig . 1).

M icroscopic exam ination. T he g a s tr ic  a n d  in tes tin a l m ucosa  d isp lay ed  
no p a th o lo g ica l change. In  th e  liv e r th e re  w as genera l h y p eraem ia  w ith  d ila ted  
c e n tra l  v e in s , th e  cy top lasm  w as fin e ly  g ra n u la te d . The organs w ere anaem ic . 
—  In  th e  k idneys th e  yellow  areas re p re se n te d  necrosed foci. W ith in  some 
o f th e se  necrosed  areas a few h y a lin ized  tu f ts  an d  ou tlines o f  a few  tu b u le s  
cou ld  be recognized , a t  o th e r  sites necrosis w as com plete (F ig . 2). T h e  necrosis
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Fig. 1. Gross appearance o f k idneys

e x te n d e d  to  nearly  th e  w h o le  cortex , a p a r t  fro m  a n a rro w  su bcapsu la r s trip e , 
a n d  a sim ilar one a t  th e  co rtico -m edu llary  ju n c t io n , w here in ta c t g lom eruli 
a n d  d ila te d  tubvdi w ere p re se n t. M any n ecro sed  a reas  were su rro u n d ed  b y  
a h aem o rrh ag ic  halo .

Fig. 2. J u n ctio n  o f necrotic and norm al tissue
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D iscussion

S y m m etrica l necrosis o f th e  ren a l c o rte x  is generally  believ ed  to  be due 
to  fu n c tio n a l ischaem ia. T h is , how ever, does n o t  in v ariab ly  lead  to  ex ten siv e  
necrosis. P e r tin e n t o b se rv a tio n s in  ad u lts  h a v e  been pub lished  b y  G ö m ö r i . 

A l l e n  is o f  th e  view  th a t  th e  necrosis is p ro d u ced  by  severe isch aem ia  due 
to  shock . In  our p a tie n t shock  could h av e  b e e n  elicited b y  th e  d e h y d ra tio n , 
th e  d im in ished  volum e o f c ircu la tin g  b lood , a n d  th e  infection . I t  is , how ever, 
n o t u n w a rra n te d  to  p resu m e  th a t  exsiccosis a n d  reduction  o f b lo o d  vo lum e 
w ere sequels to  th e  in fec tio n . N a v a s q u e z  produced  sy m m e tric a l co rtica l 
necrosis in  ra b b its  b y  tr e a tin g  th e m  w ith  s taphy lococcus to x in . S im ila r re su lts  
w ere o b ta in ed  b y  the  suspension  o f m en ingococci ( B l a c k — S c h a f f e r  et al.), 
in tra p e r ito n e a l ad renaline  in jec tio n  ( P e n n e r — B e r n h e i m ) ,  h ig h  doses of 
v aso p ressin  ( B y r o m ) ,  fa rad ic  s tim u la tio n  o f  th e  splanchnic n e rv e  ( T r u e t a  

et al. [21]). I t  m ay be supposed  th a t  in  our p a t ie n t  th e  renal change w as elic ited  
b y  E . coli to x in . I t  is d ifficu lt to  d e m o n s tra te  th is  aetiology, in fe c tio n  w ith  
E . coli be ing  com m on in  ch ild ren , w h ils t sym m etrica l co rtica l necrosis  is 
v e ry  ra re . E ith e r  th e  q u a lity , or th e  q u a n t i ty  o f  th e  tox in , or th e  su sc e p tib ility  
o f  th e  o rgan ism , ough t to  h av e  been  q u ite  uncom m on.

In  B e l l ’s opinion [2 ], sy m m etrica l necrosis o f the ren a l c o r te x  is p ro ­
d uced  by  th e  lastin g  spasm  o f th e  sm all a r te r ie s  and  arterio les o f  th e  k id n ey . 
T h is aetio log ic th eo ry  has n o t been  g en era lly  ad o p ted . Some a u th o rs  advance  
th e  v iew  th a t  v a so d ila ta tio n , in tra v a sc u la r  s ta s is  of the  e ry th ro c y te s  and  
th e ir  ag g lu tin a tio n  h av e  a p ro m in e n t ro le (ScRlVER and  B o e r t e l  [18]). 
L e lo n g  [14] believes th a t  b o th  m ech an ism s m ay  resvdt in  sy m m e tric a l 
co rtic a l necrosis.

Som e au th o rs  found  th ro m b i in th e  sm all a r te rie s  and a rte rio le s  ru n n in g  
a t  th e  b o rd e r of th e  necrosed  a rea . W e fo u n d , how ever, in th e  c o m p a ra tiv e ly  
in ta c t  su b cap su la r and iu x ta m e d u lla r  tissue  n e ith e r  d ila ted  vessels n o r  th ro m b i. 
M ore a t te n tio n  seem  to  deserve th e  a lte ra tio n s  of the  vessel Avails w hich 
m ay  occur also in the  in ta c t  a reas : in  o u r case th e  walls of sm a ll a r te rie s  
w ere m ark ed ly  th ick en ed , especially  the  m ed ia  (F ig. 3.). In  som e a re a s  the  
w all w as hom ogeneously  hyalin ized , in  th e  sm all arteries sw ollen en d o th e lia l 
cells covered  th e  th ick en ed  b asa l m em b ran e . I n  th e  in ta c t a re a s  h y a lin ized  
cap illa ries w ere seen beside in ta c t  tu b u le s . ( I t  shou ld  be no ted  th a t  no  v ascu la r 
changes w ere found in o th e r  o rgans.) T h u s , th e re  was no p a ra lle lism  b e tw een  
cap illa ry  an d  general dam age. T he described  ch an g e  of the vessel w all n a tu ra lly  
re s id ts  in  functional d am ag e , i. e. a change in  perm eab ility . T h e  p ro b lem  
w h e th e r or n o t th e  a lte ra tio n  o f  th e  vessel w all is p rim ary  is s till  u n se ttle d . 
I t s  p r im a ry  ch a rac te r has been  re fu te d  b y  G o r m s e n  et al. [11] w ho found  
no vessel changes in th e  b iop sy  m a te ria l fro m  which sy m m etrica l co rtica l 
necrosis w as diagnosed.
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O n exam in ing  th e  genesis o f the  co n d itio n , th e  s ta rtin g  p o in t m a y  be 
th e  o b se rv a tio n  th a t  i t  is a p p a re n tly  evoked  b y  sev e ra l factors. L e r iCHE [15J 
c la im s th a t  a m ere fu n c tio n a l change of th e  v a so m o to r  balance m a y  re su lt 
in  a n a to m ic  changes. To a d o p t th is  claim , a sp ec ia l sensitiv ity  o f th e  ren a l 
v esse ls , as em phasized  b y  L elo ng  [14], sh o u ld  b e  p resum ed. O n th e  o th e r 
h a n d , th e  fac ts  th a t  sp asm s w ere observed  in^ the  re tin a l vessels (B e l l , [2]) 
a n d  t h a t  sy m m etrica l c o rtic a l necrosis is o fte n  p re c e d e d  by  m elaena (L e l o n g , 
[1 4 ]), su g g est th a t  th e  ch an g e  in  th e  k idney  fo rm s p e rh a p s  only p a r t  o f a genen-

Fig. 3. M icroscopie view  of vessel. T hickening of media

al v a sc u la r  disease. T h is th o u g h t has b een  a d v a n c e d  also b y  Ca m p b e l l  and  
H e n d e r s o n  [5], as seen fro m  th e  te rm  “ sp la n c h n ic  vaso co n stric tio n  s y n ­
d ro m e ” . T he view  is p e rh a p s  too  narrow  to  re g a rd  sy m m etrica l co rtica l necrosis 
as th e  re su lt  o f an  o v e rse n s itiv ity  of only th e  re n a l vessels to  h y d ro d y n a m ic  
ch an g es , n eu ro v eg e ta tiv e  d iso rd ers , or to x ic  p ro d u c ts .

T h e  haem o rrh ag es o b serv ed  before th e  d e a th  o f our p a tie n t, a n d  those  
fo u n d  p o s t m ortem , m a y  w ell be in te rp re te d  as consequen tia l to  th e  changes 
o f  v esse ls  walls. T he re g e n e ra tio n  of th e  tu b u la r  ep ithe lium  m en tio n ed  by  
se v e ra l au th o rs  has n o t  b e e n  observed in  th e  la rg e  necrosed areas fo u n d  in  
o u r case.

Conclusions

T h e  sy m p to m a to lo g y  o f the  sy m m etrica l necrosis of the ren a l co rtex  
is less com plex  in  in fa n ts  th a n  in  adu lts . I t  is d iff ic u lt to  estab lish  t h a t  th e
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in fa n t lias p a in s . As m en tio n ed  above , o lig u ria , even anu ria , m a y  b e  obscu red . 
B lood p re ssu re  is, as a ru le , n o t  ta k e n . S evere anaem ia , h aem o rrh ag ic  d ia th esis  
an d  o lig u ria  or a n u ria , c o n s titu te  a sy n d ro m e  p o in tin g  to  sy m m e tr ic a l cortical 
necrosis, even  i f  th e  h aem o ly tic  c h a ra c te r  o f  th e  anaem ia is n o t  m a rk e d . Tin? 
co n d itio n  shou ld  be th o u g h t o f if  th ro m b o c y to p e n ic  p u rp u ra  is asso c ia ted  
w ith  a n u r ia . In  o rd er to  p erce ive  o lig u ria  o r an u ria , the  n u m b e r  o f  m oist 
n ap k in s  o u g h t to  be reco rded . B lood  p re ssu re  should be ta k e n  re g u la r ly  in 
in fa n ts .

As reg a rd s  th e ra p y , co rtisone shou ld  be  g iven  in h igher doses th a n  usual, 
an d  p red n iso n e  m ay  be tr ie d .

T he p a th o lo g y  o f  sy m m etrica l co rtic a l necrosis is full of u n s e t t le d  p ro b ­
lem s. O u r case rep resen ts  a c o n tr ib u tio n  to  th e  observation  t h a t  in  in fan ts  
th is  co n d itio n  occurs m ost fre q u e n tly  in  a sso c ia tio n  w ith  an  in te s t in a l  c a ta rrh .

SU M M AR Y

A case o f sym m etrical necrosis o f  the renal cortex  in an infant recognized during life 
has been reported. This is the third (in H ungary the first) reported case in w h ich  th e  diagnosis 
established during life has been confirm ed post m ortem .

The prom inent sym ptom  o f the condition is oliguria or anuria the overlooking  o f  which 
is com m on. The opinion o f G a s s e r  [10] is confirm ed th a t the condition should be reckoned  
w ith  i f  the triad o f severe anaem ia, haem orrhagic d iathesis, and renal fa ilu re, is present. 
The diagnosis is m ade probable if , after the rep lacem ent of fluid loss, oliguria persists ; the 
N. P . N . leve l einains above 100 m g per 100 m l ; the leucocyte count is considerably  elevated  ; 
and no m ass is felt at the renal region. The usual therapeutic measures (perirenal procaine 
blockade, cortisone, blood transfusions) were useless in  the case reported.
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T h e b an a l form s o f p y e lo n e p h ritis  a re  w ell-know n an d  easy  to  recogn ize. 
A lso, th e re  is general ag reem en t in  th a t  an  “ iso la ted ”  pyelitis  is a m o s t u n co m ­
m on o ccu rrence  and  th a t  a “ p y e litis”  will sooner or la te r  in v o lv e  th e  renal 
p a re n c h y m a . As i t  is k n ow n , a c u te  p y e lo n ep h ritis  is acco m p an ied  b y  fever, 
low  b a c k  pa in , cy stitic  c o m p la in ts , p y u ria  an d  is therefo re  n o t  d iff ic u lt to  
d iag n o se . T he chronic form s asso c ia ted  w ith  fever, su b feb rility , p a in , p y u ria  
a n d  d y su ria  are sim ilarly  w ell-know n. T he cond ition  is easiest to  recognize 
w hen  i t  develops in  co n ju n c tio n  w ith  som e urological co n d itio n  (calculus, 
e tc .) . T h e re  are, how ever, ch ron ic  form s in  w hich  th e  above sy m p to m s  are 
less m a rk e d  or even a b se n t. A lso, th e  disease m ay  s im u la te  so m e  o th e r 
p a th o lo g ic a l conditions. F ro m  th e  clin ical p o in t o f view  it is th e re fo re  ju s tif ie d  
to  call th e se  form s “ la te n t”  p y e lo n ep h ritis .

I n  th e  p resen t re p o rt we shall discuss m ain ly  these la te n t  fo rm s.
T h e  prob lem  o f “ la te n t”  p y e lo n ep h ritis  arose w hen in  p o s t-m o rte m  

a n d  b io p sy  stud ies in cases o f h y p e rten s io n  (E n d e s , T a k Ác s y -N a g y , 
R u b Án y i , G ömöri [5], G ömöri [7]) we fo u n d  th a t  in  a p p a re n tly  u n co m p li­
c a te d  h y p e rte n s iv e  v ascu la r d isease , an d  p a rtic u la rly  in  its  m a lig n a n t form , 
o th e r  p a th o lo g ica l cond itions inc lu d in g  chron ic  p y e lo n ep h ritis  m a y  be in 
th e  b a c k g ro u n d . These fo rm s o f  p y e lo n ep h ritis  were qu ite  f re q u e n t an d  p re ­
se n te d  th e  u su a l pa tho log ica l p a t te rn  o f m a lig n an t or ben ign  h y p e rte n s io n  
a n d  in  th e  course of clinical s tu d ie s  i t  h ad  n o t been  su spec ted  th a t  th e  disease 
in  q u e s tio n  w as ac tu a lly  ch ron ic  p y e lo n ep h ritis . T he tru e  d iag n o sis  was 
re v e a le d  b y  b iopsy  or a t  n ec ro p sy . W e h av e  rep o rted  th is  o b se rv a tio n  of 
o u rs  fo r th e  f irs t tim e  a t  a congress on h y p erten s io n  in  G o ttw a ld o w , Czecho­
s lo v ak ia  (G ömöri, [8]). S im ila r o b se rv a tio n s have  been m ade b y  D e r o w  and  
A l t sc h u e e  [4 ], F is h b e r g  [6 ], L o ng co pe  [10 ], P ic k e r in g  [1 ], W e is s  and 
P a r k e r  [16 ]. Sarr e  [14] re p o r te d  th a t  in  6.1 p e r cen t o f his cases o f  “ e ssen tia l” 
h y p e rte n s io n  there  w as p o s t-m o rte m  evidence o f chronic p y e lo n e p h ritis , 
th o u g h  d u rin g  life th is  h a d  escap ed  d e tec tio n .

T h e  prob lem  of p y e lo n ep h ritis  h as  u n d o u b ted ly  n o t b een  g iv en  su ffic ien t 
a t te n t io n  in  the  field  o f re sea rch  d u rin g  re c e n t decades. To m e n tio n  a few
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o u ts ta n d in g  persona lities co n cern ed  w ith  th e  m ed ica l a sp ec ts  of ren a l fu n c tio n , 
K o r á n y i, Volhard, F a h r , von  Müller , A d d is  focussed  g rea t a tte n tio n  
o n  th e  prob lem s of n e p h r i t is ,  nephrosis, n ep h ro sc le ro sis , b u t  failed  to  recognize 
th e  m ed ica l sign ificance o f  pyelon ep h ritis . R aaschou  [12] w as th e  f irs t  
a g a in  to  em phasize th e  im p o r ta n c e  of th is c o n d itio n , in  a m onograph  p u b lish e d  
in  C openhague, in  1948. I n  t h a t  sam e y ea r, B rod  [2] in  P rague  described  a 
case  in  w hich a m a x im u m  d e te rio ra tio n  o f tu b u la r  fu n c tio n  was asso c ia ted  
w ith  sa tis fac to ry  g lo m e ru la r  f iltra tio n . T he c lin ica l p ic tu re  h a d  suggested  
“ n ep h ro sc le ro sis” , b u t  p o s t-m o rte m  th e  p resen ce  o f  chronic p y e lo n ep h ritis  
w as  rev ea led . A t th e  co n g re ss  on hy p erten sio n  in  G o ttw aldow , B rod gave a 
d e ta i le d  accoun t of h is f in d in g s , th e n  in 1956 a n d  1957 he d iscussed th e  p rob lem  
o f  p y e lo n e p h ritis  in  c o n n e c tio n  w ith  132 cases, w h ich  h a d  been  an a lysed  b y  
m o d e rn  m ethods an d  in  w h ic h  th e  diagnosis w as co n firm ed  e ith e r b y  b iopsy  
o r  a t  n ecro p sy  [2]. In  1954, R e u b i [13] in  B ern e  ca lled  a tte n tio n  to  th e  im p o r­
ta n c e  o f  the problem  o f p y e lo n ep h ritis .

T hese  recen t in v e s tig a tio n s  clearly  show  th e  im p o rtan ce  of th e  p y e lo ­
n e p h r i t is  problem , th e  sig n ifican ce  of w hich h as  b e e n  illu s tra te d  by  Cottier 
et al. [3] in  the  follow ing.

(i) Beside th e  r e s p ir a to ry  tr a c t  i t  is th e  k id n e y  an d  th e  u r in a ry  t r a c t  
t h a t  m o s t often  fall v ic t im  to  b ac te ria l in fec tio n .

(ii) T h e  p r e s e n c e  o f  c h r o n i c  p y e l o n e p h r i t i s  w a s  r e v e a l e d  p o s t - m o r t e m  i n  

5 . 6  p e r  c e n t  o f  t h e  3 1 0 7  c a s e s  o f  R a a s c h o u . T h e  c l i n i c a l  d i a g n o s i s  h a d  b e e n  

c o r r e c t  i n  n o t  m o r e  t h a n  1 / 6  o f  t h e s e  c a s e s .

(iii) P y e lo n ep h ritis  is  responsib le  for 36 p e r  c e n t o f th e  ren a l affections 
le a d in g  to  uraem ia, w h ereas  in  only 19 p er cen t o f  th e  cases is g lom eru lonephri­
t is  p re s e n t.

T o  these c o n sid e ra tio n s  we should ad d  th a t  c e r ta in  form s o f ch ron ic  
p y e lo n e p h ritis  m ay  be  l a t e n t ,  ex trem ely  p o o r in  sy m p to m s or m ay  even 
s im u la te  some o th e r d isea se  an d  therefore  le a d  to  an  erroneous diagnosis. 
A c c o rd in g  to  our e x p e rie n c e , la te n t  chronic p y e lo n e p h ritis  u su a lly  sim u la tes  
b e n ig n  o r m alignan t h y p e r te n s iv e  vascu la r d isease , o r m ay  ap p ea r in  th e  
fo rm  o f  chronic n e p h ritis .

I t  is obviously o f  im p o r ta n c e  th a t  such “ l a t e n t ”  form s should  be recogn iz­
e d  d u rin g  life, th e  m o re  so as the  m a n a g e m e n t o f  chronic pye lo n ep h ritis  
is m a rk e d ly  d ifferen t f ro m  th e  tre a tm e n t o f e. g. th e  “ p r im a ry ”  h y p erten sio n .

O u r observations a n d  th o se  published  in  th e  l i te ra tu re  w ere th e  s ta r tin g  
p o in t  o f  som e d e ta iled  in v e s tig a tio n s  m ade b y  u s  in to  th e  prob lem  o f chronic 
p y e lo n e p h ritis .

C hronic p y e lo n e p h ritis  is a com m on d isease  a n d  i f  we reckon  w ith  i t ,  
w e sh a ll recognize i t  f r e q u e n tly .  This is c learly  sh o w n  b y  th e  fac t th a t  a t  our 
D e p a r tm e n t  the  d iagnosis  o f  chronic p y e lo n e p h ritis  h as  increased  fourfo ld  
sin ce  1951, even as e x p re sse d  in  p er th o u san d s o f  th e  to ta l  p a tie n t m a te ria l.
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W e are convinced that th is increase in incidence was due to the fact th a t the  
condition has been reckoned w ith  during the recent years and a ttem p ts have  
been made in every case o f  benign or m alignant hypertension, real or suspected  
renal disease, to determ ine w hether the patien t was suffering from  p yelo ­
nephritis. There is no reason to  believe th at the increase in the num ber o f  
diagnoses of “ chronic pyelonephritis”  at our D epartm ent had an yth in g  to  
do w ith  an eventual true increase in the incidence o f the condition.

Fis,. 1. Chronic pyelonephritis. F ocal interstitial chronic inflam m atory in filtration , w ith  
atrophied tubules in  the infiltrated areas

From N ovem ber, 1951, until ihe 30th o f June, 1958, we had 99 cases 
in  which the clinical diagnosis was chronic pyelom  phritis and w hich suited  
them selves well for a clinical analysis of the problem s involved.

In the follow ing we shall discuss the characteristic features o f  th e  con­
dition , on the basis o f observations made by us and by other authors.

Chronic pyelonephritis is essentially a chronic bacterial in flam m ation  
o f  the kidney. Infection m ay be haem atogenous or ascending and inflam m ation  
develops in the interlobular in terstitium  as well as on the mucosa o f  th e  renal 
pelvis. In terstitia l in flam m ation  m ay be focal or diffuse. In som e cases it 
occurs m ainly around the p elv is , in others it is found in the cortex, obviously  
as a result of the mode o f  spread o f the infection (urogenous or haem atogenous).
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T h u s, chronic pyelonephritis is u ltim ately  an interstitial inflam m ation of 
th e  k idney (Fig. 1, F ig . 2) and it has been su ggested  that the term  “ inter­
s t it ia l chronic nephritis” w ould be more appropriate to denote the condition. 
Som e authors have a lread y accepted th is term , but the term  pyelonephritis 
s till prevails in the literatu re so that for the tim e being it should be given  
preference. R ecently, S p ü h l e r  and Z o l l i n g e r  [14, 15] have dealt w ith  the

F ig . 2 . Chronic pyelonephritis. Diffuse interstitial chronic inflam m atory infiltration  with 
excessive destruction o f  th e  tubules. The g lom erules are com paratively in tact

problem  of interstitial chronic nephritis and reported  the occurrence o f inter­
s t it ia l  nephritis after phenacetine treatm ent.

However, even i f  from  the pathological p oin t of v iew  bacterial pyelo­
nephritis were not d ifferent from  Spühler and Zollinger’s interstitial nephritis, 
in our opinion the tw o conditions must not be regarded as clinically identical 
a n d  bacterial nephritis should  be considered a separate en tity  w ith in  the 
group o f interstitial nephritides.

In  accordance w ith  th e  data in the literature that the disease is more 
freq u en t in females, in  our m aterial 39.5 per cen t were males and 60.5 per cent 
fem ales. Of the 60 fem ales 36 (60 per cent) had  and 24 had not (40 per cent) 
b een  pregnant.
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T h e  a g e  d i s t r i b u t i o n  was as follows.

Age group 10— 20 20— 30 30—40 4 0 — 50 50— 60 60— 70 70— 80

Number o f cases 3 14 18 25 20 17 2

The history m ay be extrem ely variable. In  the banal forms show ing  
the classic sym ptom s o f pyelonephritis th e  patien ts seek m edical advice  
usually because o f  dysuria, fever, or low  back  pain. These com plaints m ay  
be absent in the la ten t form s. In our cases th e  body tem perature was normal 
in 44.4 per cent, a high tem perature occurred in  17.2 per cent and subfebrility  
in 37.2 per cent. C ystitis or pyelitis was m entioned  in the history in 50 per 
cent o f the cases. Such patients either presented some sym ptom  o f hyper­
tensive vascular d isease, or complained o f  w eakness, anorexia, headache, 
angina, cardiac decom pensation . D ecom pensation  occurred in 36.4 per cent. 
N ot infrequently the patien ts reported for exam ination  w ith the sym ptom s  
of renal failure. 19.2 per cent o f the cases were adm itted  with a high N P N  
level, w ithout any pertaining data in the h istory. In m any a case an accidental 
exam ination had revealed  the presence o f  hypertension  or of pus in the urine.

The s y m p t o m s  vary  over a wide range.
Urine analysis and studies of r e n a l  f u n c t i o n  are naturally o f  decisive  

im portance. O f our p atien ts, 90 (90.6 per cent) had a l b u m i n u r i a  o f a varying  
degree, while th e  rest (9.4 per cent) had no album in in the urine.

D o n n e ' s  t e s t  w as positive in 35 cases (35.3 per cent) and n egative in 
64 (64.7 per cent). T hus, even in a m ixed m aterial the m ajority o f cases show s 
a negative D onne te s t , i .  e . in  them  no clin ical pyuria is detectable. On the  
basis o f  the old criteria, these would not h ave been considered to  be cases 
of pyelonephritis.

H a e m a t u r i a ,  tisually  o f lesser degree, w as detected  by the sim ple exam i­
nation o f the sed im ent in 28.2 per cent o f the cases and was absent in 71.8  
per cent.

In 68 o f the 99 cases we exam ined the s e d i m e n t  also according to  A ddis 
[1]. This te st is w ell-know n to corroborate the presence o f pyelonephritis  
if  in the sedim ent there is an increase in the num ber o f leucocytes, and the  
erythrocytes are either not increased in num ber, or their increase is much  
less marked than  th a t o f  the leucocytes. U nder norm al conditions the num ber 
of erythrocytes excreted  in 24 hours is 130.000, th at o f the leucocytes 650 000. 
In 55 o f  our cases there was a marked rise in the leucocyte count, w ithout, 
or w ith only a sligh t, increase in the erythrocyte count. In  these cases 
the Addis count poin ted  to  the presence o f  pyelonephritis. In 5 cases, 
although there was convincing clinical evidence o f  pyelonephritis, the Addis 
count was norm al, and in 8 cases the erythrocyte count was m arkedly  
increased (81, 7.3 and 11.7 per cent o f th e  cases, respectively). H ow ever, 
o f these 8 patients 6 had renal calculi, one had  a polycystic kidney and in one
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wc w ere unable to find th e  cause o f  the increased erythrocyte count. Are 
th ese  8 cases not taken in to  account, it  is clear that a d issociated increase  
in  th e  num ber of leucocytes in the sedim ent occurs in the great m ajority  of 
p a t ie n ts  and is for this reason o f a particular diagnostic value.

B a c t e r i o l o g y  o f  the u r i n e  y ielded a p ositive result in 21 o f 77 cases (29.5  
per cen t) ; in 43 cases no pathogenic agent was isolated. In one case Proteus 
in 2 E nterococcus ; and in 25, E . coli organism s were isolated.

H y p e r t e n s i o n  (blood pressure higher than 150 mm H g systolic  and 90 min 
H g d iasto lic) was present in  68 cases (68.8 per cent) ; in 31 (31.2 per cent), 
b lood  pressure was normal. O f the 68 cases 10 presented the picture o f  m alig­
n an t hypertension .

T h e e y e  g r o u n d  c h a n g e s  generally corresponded to the grade o f  h yp er­
ten sio n .

M a n i f e s t  u ro lo g ic  d i s e a s e  was detected  in 21 cases (21.2 per cent), while 
in 78 cases (78.8 per cent) no urologic condition  o f  any kind лгав found. H yp er­
tr o p h y  o f  the prostate and calculosis луеге the com m onest am ong the urologic  
a ffec tio n s  ; tuberculosis teas also encountered.

A n a e m i a  occurred in 60 cases (60.5 per cent). The incidence o f  anaem ia  
in creased  w ith  the deterioration o f renal function .

T h e  e r y th r o c y te  s e d i m e n t a t i o n  ra te  tvas norm al in 21 cases (21.2 per cent) 
and accelerated  in 78 cases (78.8 per cent).

T h e relation betw een s p e c i f i c  g r a v i t y  and g l o m e r u l a r  f i l t r a t i o n  should  
be d e a lt  w ith  separately. In  previous studies on the relation o f specific grav ity  
o f the urine to glomerular filtra tion  rate, as determ ined by the (endogenous) 
crea tin in e  clearance techn ique, G ö m ö r i  and U r a i  [9] found th at about 20 to  
30 m l/m in  is the glomerular filtra tion  rate below  луЫ сЬ  isosthenuria is com m on. 
In  carefu l studies, B r o d  [2] s la v e d  th a t, in com parison Avith glom erulo­
n ep h r itis , in pyelonephritis th e  concentrating ролуег o f the kidneys deteriorates  
sooner and in a greater m easure than does the glomerular filtra tion  rate. 
T he in terstitia l nature o f  th e  process seem s to  involve sooner the tubules  
lk án  the glomeruli. In the m aterial under discussion, studies o f  creatinine  
clearan ce and m axim um  sp ecific  gra>4ty show ed th at in chronic pyelonephritis  
th e  deterioration  o f concentrating роле er лгав in  fact greater than  th a t o f  the 
g lom eru lar filtration rate. A com parison o f  th is etidence w ith  earlier data  
p u b lish ed  b y  G ö m ö r i  and U r a i  for glom erulonephritis in the fir st place 
(F ig . 3) revealed that the relative decrease o f  specific graлdty in pyelonephritis  
is in  fa c t  greater (Fig. 4) th an  in other renal diseases. In  cases o f  chronic 
n ep h ritis  a specific gravity o f  1010 does not occur above a creatinine clearance 
rate o f  20 to 30 ml/m in, лгЬегеав in pyelonephritis a similar specific  gra\dty  
m ay be associated  w ith high, or елгеп normal creatinine clearance rates. A m ath e­
m atica l analysis of the correlation betw een clearance and specific gravity  
луа8 m ade at the Biom etric D epartm ent, M athem atical Research In stitu te ,



Fig. 4. R elation o f the specific gravity  o f the urine to 
endogenous creatiuinc clearance in chronic pyelonephritis

Fig. 3. R elation o f the specific gravity o f the urine to 
endogenous creatinine clearance in chronic glom erulonephritis
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H ungarian  Academ y o f  Sciences (Leader o f the D epartm ent, Dr. I. J uvancz), 
T he regression curves y ie ld ed  the following resu lts :

chronic glom erulonephritis Y g =  0.18 X g  +  1010 
chronic pyelonephritis Y p —- 0.11 X p  -f- 1010
This means th at in th e  case of glom erulonephritis, taking 0  /m l clearance  

and a specific gravity  o f  1010 , as the startin g  poin t, the specific gravity  
increases by an average o f  1.8 with < ach 10 ml rise in  the clearance rate. A t the  
sam e tim e, in pyelonephritis the increase belonging to  the 10 ml rises averages- 
1.1. A s determ ined b y  the t  test, the difference betw een the two regression  
coeffic ien ts (a) was h ig h ly  significant (P <  1 per cent). The Figures show  
also th e  95 per cent re liab ility  range belonging to  the regression curve, i. e -  

th e  b an d  in which the regression curve can be supposed to run w ith  95 per  
cen t probability. In ad d ition  to the difference betw een  the regression coeffi­
c ien ts , it  is remarkable th a t th e  scattering from  th e regression curves was less  
in  glom erulonephritis than  in pyelonephritis. The F  te st showed the deviation  
to  b e significant (P ~  1 per cent). This d eviation  is clearly dem onstrable also- 
b y  th e  difference b etw een  the two correlation coefficients : r̂  =  0.79 ina
glom erulonephritis and r, =  0.56 in pyelonephritis. After transform ation  
the differences betw een th e  tw o (-;-) is sign ificant, as determ ined by the t test  
(P  <  5 per cent).

D i a b e t e s ,  suggested to prom ote the developm ent o f chronic pyelonephritis  
b y  certain  authors, w as present in 3 of the cases.

H e p a t o s p l e n o m e g a l y ,  apparently often encountered  in R e u b i’s m aterial 
[3, 13], did not occur in  an y  of our cases.

*

N ex t, it seemed in terestin g  to compare our observations with the resu lts  
o f  B r o d , the more so as b o th  had been obtained on large material (132 cases 
o f B rod  ; 99 of our own) stu d ied  by up-to-date d iagnostic  methods for assessing  
renal function. As far as th e  decisive issues are concerned, there was good 
agreem ent between B rod’s results and our ow n. For instance, by the A d d is  
cou n t w e have found an iso la ted  increase in the num ber o f leucocytes in 81 per  
cent o f  the cases, whereas B rod found it in 76 per cen t. The incidence o f hyper­
ten sion  was 68 per cent in  our own material and 60 per cent in B rod’s. Pro­
tein u ria  was present in 90 per cent o f our cases and in  100 per cent o f B rod’s. 
Furtherm ore, the results agreed also in th at the concentrating function  o f  
the k id n eys deteriorated faster than the glom erular filtration rate in both  
stu d ies. A ll these facts in d icate  that the two m aterials were closely com parable  
as far as the diagnostically reliable data characteristic o f chronic pyelonephritis 
are concerned. On the other hand, fever was more frequent in our cases, W'hereas 
bacteriuria significantly m ore frequent (in 81 per cent) in B rod’s m aterial.
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The latter fact m ay, how ever, have been due to  the circum stance th a t in the 
early phase o f our investigations we had not devoted  sufficient atten tion  to 
bacteriuria and did not go further than to m ake ju st one culture. R epeated  
studies would undoubtedly have brought us nearer to reality.

U ltim ately  we, to o 5 have to draw the conclusion that, in the diagnosis 
o f chronic pyelonephritis in general and in th a t o f  the “ latent form s” in parti­
cular, the study o f the urinary sedim ent according to Addis , th e  relation  
o f creatinine clearance to the m axim um  concentrating capacity, and the pres­
ence o f  bacteriuria supply the m ost reliable and decisive evidence. The 
occurrence o f other well-know n sym ptom s, such as for exam ple fever, increased  
erythrocyte sedim entation  rate, low back pain , w ill naturally corroborate 
the diagnosis.

The evidence concerning diagnosis m ay be summarized as follows.
(i) Pyelonephritis presenting in the typ ica l form, especially when it 

develops in association w ith  som e urological d isease, is usually not difficult 
to recognize.

(ii) In the so-called “ la ten t” forms the following exam inations will 
yield  decisive evidence.

a) T h e  A d d i s  c o u n t .  This can be determ ined m ost easily and it  should 
be m ade in every case o f  hypertension and suspected renal involvem ent. 
Its  result is characteristic o f pyelonephritis w hen the marked increase in the 
leucocyte count is associated with a m uch slighter, or no, increase in the 
erythrocyte count.

The Addis count, ju st like any other laboratory test, is n ot decisive 
by itse lf, though it m eans considerable aid when there is a m a r k e d  discrepancy  
betw een the increases in  the leucocyte and erythrocyte counts in favour of 
the former. It should, how ever, he borne in m ind th a t the increase in  leucocyte  
excretion m ay be due to uncom plicated cystitis, prostatitis or other diseases 
o f the urinary tract. To rule out such conditions is o f great im portance in 
diagnosis. A rise in the erythrocyte count, even i f  marked, does n o t by itself 
exclude the presence o f pyelonephritis ; nephrolithiasis, p o lycystic  kidney, 
tum our, cystitis m ay also cause haem aturia. A ccordingly, i f  copious haem aturia  
is present in a case suspect o f chronic pyelonephritis, we m ust not forget 
th at other conditions m ay also he the cause o f  bleeding and th a t this m ay 
result even from instrum ental exam ination or sim ple catheterization , if  they  
are not carried out in a gentle manner.

b) The d e c r e a s e  i n  t u b u l a r  c o n c e n tr a t io n ,  appearing clin ically  w ith a 
low urinary specific gravity  beside a satisfactory glomerular filtration  rate 
is not always easy to determ ine, owing to the considerable scattering o f values 
in pyelonephritis. In  addition, especially w ith focal changes, there m ay be a 
delay in the involvem ent o f the tubules and in  the deterioration o f  tubular 
function. In our opinion, the low  specific gravity  associated with a satisfactory
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creatin in e  clearance is a u sefu l sign in diagnosis, though its absence does not 
rule o u t the possibility o f  pyelonephritis.

c )  B a c te r i u r i a  is u n d ou b ted ly  another im portant sign, though -we m ay  
fa il to  demonstrate the presence o f bacteria even  in  confirmed cases o f pyelo­
n ep h ritis , and bacteria, ob v iou sly  coming from  the blood [2], m ay appear 
from  tim e to tim e in the urine o f subjects w ith  nephritis or even w ith  normal 
k id n ey s . It  is essential th a t  culturing should be made with great care and 
rep ea ted ly  ; the evidence th u s obtained is obviously  of param ount im portance  
also  in  regard to therapy.

A s far as the c o u r s e  and  t h e r a p y  of the disease are concerned, these forms 
o f  chronic pyelonephritis are unfortunately m alignant conditions, which, 
i f  a lready in the chronic s ta g e , are incurable and lead  to death w ith  the gradual 
d evelop m en t of pyelonephritic  contracted kidney. The course is sim ilar to that 
o f  chronic nephritis. T heoretica lly , there is a possib ility  for causal therapy, 
sin ce  th e  modern chem otherapeutics and antib iotics offer the m eans o f  steriliz­
in g  th e  urine. Penicillin, streptom ycin , terram ycin or Chloromycetin are usually  
prescribed, depending on th e  antibiotic sen sitiv ity  of the isolated  bacterium . 
T h e antibiotics u n d ou b ted ly  exert a favourable effect on bacteriuria and 
fev er . W e have often observed  the disappearance o f bacteria from  the urine, 
b u t unfortunately sooner or later a recurrence w ill residt and even  if  there 
is  n o  recurrent bacteriuria, the pyelonephritic process, i f  once chronic, in ev i­
ta b ly  leads to renal in su ffic ien cy . A considerable and lasting im provem ent 
o f  ren a l function occurred in  none of our cases and we have not achieved a final 
cure in  any of the cases o f  chronic pyelonephritis. Thoracolum bar sym pathec­
to m y  had been perform ed in  a few  cases, but it had no effect on the renal 
d isea se . The results are som ew h at more favourable in the rare cases o f  unilateral 
chron ic pyelonephritis. In  som e o f these rem oval o f  the affected k id n ey  m ay  
lea d  to  a normalization o f  blood pressure and to  w hat m ay be considered a 
p ractica lly  complete cure o f  the renal process. W e had both favourable and 
unfavourable results in  th is  field . After unilateral nephrectom y, in  some 
p a tie n ts  the disease con tin u ed  advancing, whereas others can he considered  
to h a v e  been cured even  from  a distance of several years. I f  we Avant to  solve 
the problem  of chronic pyelonephritis, and the frequent incidence and severity  
o f  th e  disease make it  im perative that th is problem  be solved, we must 
o b v io u sly  strive to p reven t the process from becom ing chronic and to start 
a d eq u a te  therapy im m ed ia te ly  after estab lish ing the diagnosis. For this 
reason , the widest m edical circles should be conscious o f the problem s involved  
in  chronic pyelonephritis.
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SU M M AR Y

From a study  o f  99 cases the following conclusions have been drawn. The incidence  
o f  chronic pyelonephritis is very high, not only  in  association  w ith urologic cond itions, but 
also w ithout them . I t  m a y  often  sim ulate the clin ical picture o f  chronic nephritis or m alignant 
hypertension. Urinary sed im ent analysis according to  Addis seems to present the m ost reliable 
aid in  establishing the diagnosis. H ypertension occurs in  2/з o f  the cases. T ubular function  
deteriorates m uch faster than  glomerular filtration  : the specific  gravity o f  the urine is usually  
low, even  when the creatin ine clearance is com paratively  satisfactory. Chronic pyelonephritis  
is an im portant pathological condition, not on ly  Decause it  is wide-spread, but also because  
it  m ay be m istaken for chronic nephritis or m align ant hypertension.





DIE WIRKUNG DES HYDERGINS AUF DIE DURCH 
LICHT HERVORGERUFENE EOSINOPENIE DES BLUTES

(Vorläufige Mitteilung:)

Von

M . R a d n ó t , E .  W a l l n e r  und M . H o n i g

I. AUGENKLINIK DER MEDIZINISCHEN UNIVERSITÄT, BUDAPEST 

(E ingegangen am 1. Septem ber 1958)

In  der Literatur gibt es mehrere Angaben darüber, daß bei der Ver­
abreichung von ACTH bzw . Adrenalin die Verminderung der E osinophilen  
im  B lut auf verschiedene W irkungsm echanism en zurückzuführen is t . B ei der 
Adrenalinwirkung fin d et sich neben der Verm inderung der E osinophilen  keine 
Steigerung der B lutcorticoiden, während bei ACTH-Gaben die Corticoiden  
sieh dem Grad der E osinopenie entsprechend verm ehren. A u f Grund der 
Literaturangaben und eigener Beobachtungen bei hypophysektom ierten  und 
adrenalektom ierten K ranken sind E s s e l i e r , M o r a n d i  u . J e a n n e r e t  z u  der 
F eststellung gelangt, daß die au f Adrenalinwirkung entstandende E osinopenie  
m it dem  Vorhandensein von  Glucocorticoiden verbunden ist. D ie  W irkung  
der Glucocorticoiden au f die Eosinopenie wird durch Adrenalin gesteigert, 
diese Steigerung der W irkung ist jedoch von dem H ypophyse-N ebennieren- 
S ystem  unabhängig, Uber die Art der Steigerung nehm en die V erfasser keine 
Stellung.

H  insiehtlich der au f ACTH bzw. Adrenalin entstandenen Eosinopenie  
haben Z u r l o  und B a r d e l l i  folgende U nterschiede gefunden.

Es wurde 12 gesunden Individuen 7 — 10 Tage hindurch 1,0 —1,5 mg 
Serpasil verabreicht. D ie Serpasil-Gaben haben die ACTH bed ingte E osino­
penie nicht beeinflußt. Im  allgem einen war die Eosinophilen Verminderung 
vor der Serpasilkur 42,9%  und nach dieser 51,4% . Die durch A drenalin­
w irkung entstandene Eosininophilenverm inderung wurde dagegen durch 
Serpasil gehem m t. Die E osinophilenzahl war vor dieser 41,2%  u n d  nachher 
3,9% . Nach Ansicht der Verfasser sprechen die obigen U nterschiede dafür, 
daß das Serpasil seine W irkung au f das Zwischenhirn und die H ypophyse  
en tfa lte t. Laut den m eisten  Autoren en tsteh t auch die adrenalinbedingte  
E osinopenie au f der gleichen W eise, während die ähnliche W irkung des 
A CTH s von dem D ienceplialon-H ypophysen-System  unabhängig is t .

Ebenso wie durch ACTH bzw. Adrenalin, wird auch durch L ichtein­
w irkung Eosinopenie hervorgerufen ( B a d n ó t , W a l l n e r  und T ö r ö k ) .  E s war 
für uns von Interesse zu untersuchen, ob der W irkungsm echanism us dieser 
»lurch Licht hervorgerufenen Eosinophilenverm inderung dem »les ACTH



3 4 2 M. RADNÓT, Е. WALLNER und M. KÖNIG

«der aber dem des A drenalins ähnelt und ferner, w ie sich die Lichteosinopenie  
n ach  einer Serpasil- und H yderginkur verhält. W ir haben  in unserem K ranken­
gut b ei einigen Fällen b eo b a ch te t, daß die E osinopen ie, die sich vorher a u f  
L icht eindeutig einsetzte, n a ch  einer R au sed ylk u r (eine W oche hindurch  
tä g lich  1,0 mg) nicht e in tra t. Wir folgern daraus, daß die Lichteinwirkung  
durch Serpasil ähnlich b eein flu ß t wird, wie die Adrenalinwirkung. Unsere 
diesbezüglichen B eob ach tu n gen  wollen wir noch erweitern.

In  einer anderen Serienuntersuchung haben wir den E influß des H yder­
gins stu d iert. Es ließ sich  feststellen , daß das H ydergin  die eosinopenische 
W irkung des Lichtes h em m t. Entweder blieb die Verm inderung der Eosino- 
p h ilen zah l völlig aus (Fälle : 2, 3, 4, 9, 10), oder war sie w esentlich geringer
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w ie v o r  den H ydergingaben (F älle: 1, 5, 7, 8). In unseren 10 Fällen fiel 
ursprünglich  die E osinophilenzahl auf L ichteinw irkung binnen 2 Stunden  
a u f 66% , binnen 4 S tunden  au f 73% des A usgangsw ertes. Bei denselben  
F ällen  war die E osinophilie nach  H ydergingaben nach 2 Stunden 89% und 
nach  4 Stunden 93% . E s w urde einmal 1 A m p. Hydergin i. m. gegeben.

U nser bisheriges K rankengut bestand aus 5 älteren Patienten  mit 
H yp erton ie  (Pat. : 1 — 5) u n d  5 jüngeren m it norm alen Blutdruck (P at. : 
6 — 10). D ie hemmende W irkung des H ydergins au f die Lichteosinopenie  
ließ  sich  besonders deutlich  bei den hypertonischen Kranken erkennen. Wir 
fan d en  bei diesen eine E osin op en ie auf L ichteinw irkung nach 2 Stunden von  
53%  u n d  nach 4 Stunden  v o n  74% gegenüber den W erten au f H ydergin­
gaben  folgende L ichteinw irkung von 92% bzw . 94% . In dieser Krankengruppe 
f ie l besonders der nach 2 S tu n d en  Einwirkungszeit gefundene W ertunterschied  
auf. L etzterer läßt sich durch  unseren Fall 2 schön  dem onstrieren (Abb. 1).
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Bei Fall 4 ersieht m an aus dem nach 4 Stunden festgeste llten  W ert, 
daß die E osinopenie-hem m ende W irkung des H ydergins bis zu d iesem  Z eit­
punkt schon abgeklungen war. In der Gruppe der jüngeren P atien ten  mit 
norm alem  B lutdruck war die Eosinophilkurve bei Fall 10 dem obenerw ähnten  
gleich (Abb. 2). In den übrigen Fällen (P at. : 7, 8, 9) fanden wir einen  
U nterschied in der E osinophilenzalil bei H yderginw irkung überw iegend nach  
4 Stunden  B eobachtungszeit, während die 2-Stunden-W erte m it u n d  ohne 
H ydergin ziem lich parallel verliefen  (Abb. 3). D ie unterschiedlichen B efunde  
bei den zwei Gruppen ergeben sich wahrscheinlich nicht nur daraus, daß die 
hem m ende W irkung des H ydergins bei Norm otonikern schwächer is t . V iel­
mehr sei die Ursache darin zu suchen, daß bei letzteren die eosinopenische  
Lichtwirkung auch ohne H ydergin viel später einzusetzen p fleg t, wie bei 
den H ypertonikern.

Auch das A lter scheint bei der verm inderten Eosinopenie-hem m enden  
W irkung des H ydergins eine Rolle zu spielen. Es ergab sich nähm lich  bei 
unserem  Fall 6, einem  14 Jahre alten P atien ten , eine inverse E osin op h il­
kurve, d. li. nach der H yderginkur trat, wider Erwarten, eine noch deutlichere  
Verm inderung der E osinophilenzalil ein. B ei dem selben Jungen k onnte jedoch  
die hem m ende W irkung des H ydergins durch höhere Dosen (2 A m p.) erzielt 
w erden.

L aut unserer bisherigen Ergebnisse können wir feststellen , daß die 
eosinopenische W irkung des Lichtes sow ohl durch R ausedyl wie auch  durch 
H ydergin verringert bzw . unterbunden wird. In dieser W irkung können sieh 
bezüglich des A lters und der B lutdruckverhältnisse U nterschiede ergeben. 
Aus dem  Einfluß der obigen M edikam ente fo lgt, daß die eosinopenische W ir­
kung des Lichtes durch das Zw ischenhirn-H ypophysen-System  vorgeht 
und dam it der eosinopenischen W irkung des Adrenalins gleich ist.

L IT E R A T U R
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D k. л . B a b i c s — D r . F . R é n y i -Y Á m o s  : Das L ym phgefäßsystem  der Niere

und seine B edeutung in  der N ierenpathologie und Chirurgie.

A kadém iai K iadó, B udapest, 1957. 472 S.

In ihrer 447 Seiten um fassenden, in acht 
K apitel aufgeteilten A rbeit befassen sich die 
A utoren auf Grund tierexperim enteller, h is­
tologischer und Laboratorium suntersuchun- 
gen m it den verschiedenen Teilerscheinun­
gen der in der N iere und in ihrem  H öhlen­
system  vor sich gehenden physiologischen  
und pathologischen Prozesse und wenden  
ihre A ufm erksam keit insbesondere einer 
K lärung der w ichtigen Rolle der bisher n icht 
genügend gewürdigten L ym phgefäße zu. An 
H and der durch diese U ntersuchungen ge­
botenen Beweise erklären die A utoren die 
E ntstehung der H ydronephrose und P yelo­
nephritis nach einer neuen T heorie, ferner 
teilen sie ihre wertvollen neuen O perations­
verfahren m it.

N ach  der E inleitung und kurzen B ehand­
lung der E ntw icklungsgeschichte fin d et sich 
im III. K apitel als w ichtiges neues Ergebnis 
die Beschreibung des im Nierenparenchym  
anw esenden reichen L ym phgefäßnetzes, das 
m it den pathologisch-physiologischen Ver­
hältnissen nahekom m enden Verfahren nach­
gewiesen werden konnte. In Ü bereinstim ­
m ung m it den F eststellun gen  von K a i s e r - 

L IN G  und S o o s t m e y e r  wird b estärkt, daß 
diese Lym phgefäße n ich t perivaskulär ver­
laufen. Im Gegensatz zur N iere en thält die 
N ierenkapsel wenige L ym phgefäße, ebenso  
wie sich  in der W and des H öhlensystem s  
nur sehr wenige befinden. E ine L ym ph­
gefäßverbindung zwischen der R indensub­
stanz und der N ierenkapsel verm ochten die 
A utoren nicht nachzuw eisen. D ie In itia lab­
schn itte  des in  der Niere anzutreffenden  
Lym phgefäßnetzes sind lum dschuhfingerar-

1 2*

tig  geschlossen und m it E nd othel ausge­
kleidet ; es wird daher als geklärt betrach­
tet, daß es sich  bei den in itia len  L ym p h -  
wegen n ich t um Ge w ebsspalten handelt- 
Die L ym phe ström t aus der N iere in  
m ehreren H auptzw eigen neben den B lu tge­
fäßen des N ierenstiels in den Truncus 
lum  balis.

A u f Grund eigener U ntersuchungen wer­
den die anatom ischen und funktionellen  
Verhältnisse der K elche und des Muskel- 
system s im  N ierenbecken besprochen. Es 
wird die M einung vertreten, daß die Mus­
kulatur der Calices und des P yelum s eine 
zusam m enhängende E inheit b ildet, vom  
P arenchym abschnitt über dem  F orn ix  aus­
geht und ohne U nterbrechung über die 
K elchstiele in  die W and des N ierenbeckens 
verläuft. D ie  A utoren halten es daher nicht 
für zutreffend , die einzelnen A bschn itte  
gesondert zu bezeichnen und em pfehlen die 
zusam m enfassende Benennung »K elchm us­
kulatur«.

Im IV . K apitel —  »Die N ierenfunktion  
unter besonderer Berücksichtigung der 
L ym phgefäße« —  wird auf Grund vorange­
gangener U ntersuchungen festgeste llt , daß  
es im  H in b lick  a u f den scharf um rissenen  
Rahm en und speziellen Inhalt der L ym ph­
gefäße in der Niere berechtigt sei, neben  
den B lutkapillaren , den Gewebszellen und 
dem In terstitium  die L ym phgefäße als 
»vierte K am m er« zu betrachten und in fo l­
gedessen von  einem  »V ierkam m ersystem «  
zu sprechen. Mit elektrophoretischen U nter­
suchungen verm ochten die A utoren nachzu­
weisen, daß  die Lym phe von M ensch und
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T ier säm tlich e  Serum eiw eißfraktionen en t­
h ä lt . S ie  nehm en an, daß d ie  G ew ebssäfte  
aus d e n  Blufgefäßen nach  and eren  G esetzen  
h era u streten  als aus den L ym ph gefäß en .

B a b i c s  und R e n Y l - V á m o s  haben sich  
m it der  F rage der L ym phström ungsuffizienz  
u n a b h ä n g ig  von R i t s z n y á k , F ö l d i  u n d  
S z a b ó  b eschäftig t und nehm en in  ihrer E n t­
s te h u n g  neben  den m echanischen  und d y n a ­
m isch en  Ursachen infolge der tox isch en  
E rkranku ng der L ym phgefäßw and und der 
M ö g lich k eit des Ü bertritts v o n  P roteinen  
aus d em  Interstitium  in die L ym ph kap illa - 
ren a u ch  das Vorhandensein e in er  Resorp- 
t io n su ffiz ien z  an, deren P räkapillar- und 
K apillarform  sie unterscheiden.

V on  wesentlicher B edeutung i s t  die F e s t ­
s te llu n g , daß  die Ö dem entw ick lung für jede  
F orm  d er  Insuffizienz charakteristisch  sei. 
D a s Sch icksa l des ödem atösen  G ebietes 
h ä n g t v o n  der Qualität der In su ffiz ien z  ab. 
V a ch  d en  Untersuchungen der A u toren  wird 
d as N ierenparenchym  hei H ydronephrose  
stark  ödem atös, aber von den w eiten  L ym p h ­
g e fä ß en  eine große L ym ph m en ge abtrans­
p o rtier t, so daß sich in der N iere , w eil das 
neu  geb ild ete  Ödem von den L ym ph w egen  
stän d ig  w eitergeleitet wird, e in  p ath olo­
g isch es G leichgewicht en tw ick e lt. E s en t­
s te h t  daher keine perm anente Stagn ation  
im  In terstitiu m . Infolgedessen fin d en  wir 
in  a lte n , vernachlässigten sterilen  F ällen  
a n  der  Ste lle  der Niere o ft e in en  m ächtigen  
H a rn sa ck  ohne Parenchym und o h n e w esen t­
lich e  B indegew ebsverm ehrung. W en n  aber 
e in e  In fek tio n  anwesend is t ,  so  besteh t  
n ic h t n u r  dynam ische, sondern a u ch  m ech a­
n isch e  In su ffiz ienz, die den A b tran sp ort des 
Ö dem s verhindert ; in den G ew eben kom m t 
E iw eiß stau u n g  zustande, die zur Erzeugung  
v o n  B indegew ebe und E n tw ick lu n g  von  
N arb en gew eb e führt, welche le tz te n  E ndes 
d ie  n arb ig e  Destruktion des O rgans nach  
s ic h  z ie h t . D ie Lym phgefäße transportieren  
vor a llem  die G ewebseiweiße, w ährend in 
der W eiterle itu n g  von W asser u n d  K ristal- 
lo id en  d ie  H auptrolle den B lu tgefäß en  zu­
k o m m t.

D as V. K apitel befaßt s ich  m it der 
F u n k tio n  des H arntransportsystem s. D ie

G esam theit der N ierenkelche funktioniert 
n ich t zu gleicher Z eit, und es is t  als sicher 
anzunehm en, daß die N ierenbeckenm usku­
latur au tom atisch  kontrah iert. D as H am - 
transportsystem  b ildet m it dem  N ieren­
parenchym  und der H arnblase eine anato­
m ische und funktionelle  E in h eit, und die 
versch iedenen physiologischen und p ath o­
logischen Erscheinungen verm ag m an nur 
von  dieser A nschauung ausgehend richtig  
zu erklären. A n H and der L iteraturanga­
ben, der U ntersuchungen von  M e r é n y i  und 
K o v á c s i  sow ie au f Grund klinischer B e­
obachtungen sehen die A utoren den E influß  
der Gehirnrinde a u f das H arntransport­
system  als erwiesen an, ebenso d ie Tatsache, 
daß sich  dieser E influß  in  jed em  A u gen­
blick  den w echselnden V erhältn issen  an­
paß t. Es is t  aber noch  n ich t k largestellt, 
w elchem  P lexus der v eg eta tiv en  Bahnen  
zw ischen dem  Z entralnervensystem  und der 
g latten  M uskulatur des H arnstransport­
system s die H auptrolle zu fä llt. N a c h  A nsicht 
der A utoren  kom m t der an d ie  R ezeptor- 
und G anglienzellen des N ierenbeckens ge­
bundenen autonom en F u n k tio n  beim  In ­
gangsetzen  des H arntransports große B e­
deutung zu, obgleich diese F u n k tio n  von  
dem  vom  Z entralnervensystem  aufrechter­
haltenen  M uskeltonus n ich t getrenn t wer­
den kann. D ie  W eiterle itung des Harns 
aus dem  N ierenbecken erfolgt fraktions­
weise, d ie H arnsäulen sind kleiner oder 
größer, w eil sich  die A usgangsreize in  der 
Z eiteinheit verändern. Die F unktionsform en  
können auch bei den einzelnen Individuen  
verschieden sein , ebenso w ie in  der F u n k ­
tion  der beiden N ieren A bw eichungen  in 
Erscheinung treten. Die R ich tun g der H arn­
ström ung ergibt sich  aus den D ruckdiffe­
renzen in  der N iere, und d ie  Ström ung  
fin d et innerhalb des H öh len system s von der 
Stelle m it  höherem zu der m it niedrigerem  
Druck s ta tt .

Im  V I. K ap ite l w ird die F rage der 
P yelek tasie  und H ydronephrose behandelt. 
D ie A utoren  stellen  fest, d a ß  der nach  
U reterverschluß im N ierenbecken zustande  
kom m ende hohe Druck n ich t vom  F iltra ­
tions- und Sekretionsdruck, noch  von der
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K ontraktion  der W and des N ierenbeckens, 
sondern von  der F unk tion  und H yper­
trophie der K elclunuskulatur hervorgerufen  
w ird, die durch peristaltische Bew egung  
H arn in das Pyelum  preßt. B ei Verschluß  
gesch ieh t die R egelung des Pyeluindrucks 
einerseits durch die H arnsekretion , ander­
se its durch die H arnrediffusion. Solange die 
K elchm uskulatur gut fun ktionert, is t  das 
N ierenbecken  stark erw eitert. N a ch  dem  
Ureterverschluß unterscheiden B a b i c s  und 
R é n y i - V á m o s  zw ei pathologisch  scharf 
voneinander abweichende Z ustände, die 
P yelek tasie  und die H ydronephrose. Bei der 
P yelek tasie  is t  nur das N ierenbecken er­
w eitert, aber es entsteht n o ch  keine Stauung  
in  den  K elchen. In diesem  Stadium  schü tzt 
die K elchm uskulatur das N ierenparenchym  
vor dem  im  N ierenbecken entstandenen  
hohen  Druck. B ei der H ydronephrose ist 
aber die K clchm uskulatur bereits erschöpft, 
ihre H öhlen konfluieren m it dem  Nieren­
becken , so daß der Druck im  Nierenbecken  
sin k t. E s b esteh t allerdings keine scharfe 
Grenze zw ischen den beiden Zuständen. Bei 
der P yelek tasie zeigt der im  Nierenbecken  
gem essene Druck nicht den Sekretionsdruck, 
sondern die Druckkraft der K elche an. 
Ü ber einen gewissen Druck hinaus kom m t 
die R esorption durch die W and des N ieren­
beckens in  Gang, und hierbei wird der 
Druck im  Nierenbecken vom  Verhältnis 
zw ischen Harnsekretion und -resorption ge­
regelt.

B ei Pyelektasie erfolgt die Resorption  
durch die N ierenbeckenw and, bei H ydro­
nephrose jedoch eher durch die Fornix- 
rupturen. In K aninchenversuchen war eine 
T eilnahm e der Tubuli an der Resorption  
nich t zu  erm itteln. Der H arn wird aus dem  
geschlossenen H öhlensystem  n ich t in  toto  
resorbiert, weil ein Teil der Salze zuriiek- 
bleib t. D ie  Autoren betonen, aus der experi­
m entellen  H ydronephrose darf m an nur sehr 
vorsich tige  Schlüsse auf d ie  m enschliche  
P atholog ie  ziehen.

N a ch  dem  Verschluß s te llt  die Niere 
ihre F unk tion  nicht ein , doch kom m t es 
zu w esentlichen Veränderungen in  der Glo- 
m erularfiltration , tubulären R esorption und

Sekretion  sowie im  B lutkreislau f des N ieren­
parenchym s. Durch die im  H öhlensystem  
der verschlossenen Niere zu sta n d e  gekom ­
m ene Drucksteigerung wird der in tra tu b u ­
läre D ruck erhöht, was zur E rw eiterung der 
T ubuli und zur D ruckatrophie des E pithels  
führt.

N a ch  U reterverschluß nahm  das N ieren­
gew ich t der Versuchstiere uin 30 — 60%  zu, 
und n ich t nur das N ierenparenchym , son­
dern auch die N ierenkapseln w erden  ödem a- 
tö s . W ährend die M uskulatur des H öhlen­
system s in  sterilen F ällen  stark  hypertrophi- 
siert, is t  bei Infektion V ernarbung zu be­
obachten . Das ganze N ierenparenchym  ist 
m it  E iw eiß  gesättigt, die Speicherung jedoch  
n ich t gleichm äßig, da m ehr oder m inder  
in ta k te  Zonen m it e iw eiß in filtrierten  ab­
w echseln. Zugleich beobachteten  d ie  A u to ­
ren die hochgradige E rw eiterung der N ieren­
lym phgefäße, die darauf b eru h t, daß  sieh  
im  In terstitiu in  eine b edeutend e F lüssig- 
k eits- und Eiweißm enge a n h ä u ft, die von  
den L ym phbahnen w eiterg ele ite t werden  
soll. In  der verschlossenen N iere  war der 
E iw eißgchalt bei säm tlichen  U ntersu ch un­
gen höher als auf der in ta k ten  Seite. W ie 
die A utoren festste llten , k o m m t es in  der 
versch lossenen N iere zur H istam in verm eh ­
rung, die das Erscheinen von  E iw eiß  im 
In terstitiu m  erklärt. D en in  der N iere  zum  
A b la u f kom m enden K rankheitsprozeß  deuten  
sie in der W eise, daß  n ach  dem  N ieren Ver­
sch lu ß  H arn in das N ierenparenchym  sowie 
in  die perirenalen Gewebe resorbiert und 
a u f seine W irkung in verstärk tem  Maße 
H ista m in  freigesetzt w ird, das d ie  P erm e­
a b ilitä t der G efäßkapillaren verän dert, so 
daß Plasm aeiw eiße in das In terstitiu m  ge­
langen und dadurch Ödem  e n ts te h t . D ie  
erw eiterten  L ym phgefäße hab en  die A u f­
gabe, dieses Ödem abzuleiten . D ie  L ym ph­
gefäßerw eiterung sei dem nach  eine K om ­
pensationserscheinung, d . h . e ine für das 
N ierenparenchym  sehr wuchtige und n ü tz ­
liche F unk tion . N ach  B a b i c s  und R é n y i -  

V á m o s  steh t diese Störung des In terstitiu m s  
im Zentrum  des au f den N ieren  Verschluß 
folgenden K rankheitsprozesses, und es sei 
nur eine Frage der Zeit, daß  je n e  Störung,
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wie a u ch  bei der sterilen H ydronephrose, 
das V erschw inden eines b eträ ch tlich en  Teils 
der N ierensubstanz nach sich z ieh t.

Im  V II. K apitel wird im  Z usam m enhang  
m it der Behandlung der e itr igen  N ieren­
en tzü n d u n g  nachgewiesen, d aß  d ie  in der 
N iere  anw esende entzünd liche Infiltration  
außerhalb  der Lym phgefäße im  In terstitium  
fo r tsch re itet und daß es sich  in  der N ieren­
k ap sel und in der W and des N ierenbeckens 
eb en so  verh ält. Die vom  N ierenb ecken  aus­
gehende und in die N iere  eindringende  
In fek tio n  kom m t nicht über d ie  Lym ph- 
w ege, sondern durch V erm ittlu n g  des F ett-  
iind  B indegew ebes zustande. S ta tt  der Be­
n en n u n g  lvm phogene A szen sion  em pfehlen  
чНе A u toren  daher die B ezeich n u n g  inter­
s t it ie lle  Aszension. D ie K rankheitserreger  
su ch t der Lym phapparat aus der N iere ab­
zutransportieren, zum T eil gehen  sie bereits 
in den  Lym phbahnen zugrund e, oder ihre 
V irulenz n im m t stark ab. D er  Lym phe 
schreib en  daher die A utoren in der Nieder- 
käm p fu n g  der Infektion eine w ich tig e  Rolle 
zu . D ie  Pyelonephritis s te llt  se lten  einen 
um schriebenen  Prozeß dar, m eisten s ist 
g le ich zeitig  auch die E n tzün du ng der N ieren­
kap seln  und des S inusfettgew ebes zu be­
o b a ch ten . D ie Infiltration is t  hauptsäch lich  
perilym phvaskulär anw esend, un d  in der 
pyelonephritischen  Schrum pfniere fin d et man 
verh ä ltn ism äß ig  wenige erw eiterte  L ym ph­
g efäß e . D ie  Autoren neh m en  a n , in der 
pyeloneph ritisch en  N iere kom m e es in  den 
N ep h ron en  und im In terstitiu m  ebenfalls 
zur E iw eißspeicherung, und  in fo lge der 
L ym phström ungsinsu ffizienz a u f  Grund der 
E iw eiß sta u u n g  zur B ildung n eu er  B inde­
gew ebsfasern  und schließ lich  zur N arben­
b ild u n g  sow ie zur Schrum pfung und vö lli­
gen D estru k tion  der N iere. H ierb e i spielt 
die n arb ige Kompression der im  N ierenstiel 
verlaufend en  Lym phgefäße eine w esentliche  
R olle. D ie  Niere m it chronischer P yelo ­
n ep h ritis  geht dem nach zugrund e, weil die 
F u n k tio n  ihrer L ym phgefäße insu ffiz ien t 
wird.

D ie  a u f Glom erulonephritis fo lgen de N ie ­
ren destru ktion  wird im w esen tlich en  auf 
den  vorsteh en d  erörterten P rozeß  zurück­

geführt. D ie A utoren setzen auch in F ällen  
von akuter und subakuter diffuser G lom e­
rulonephritis eine Insuffizienz der L ym ph- 
ström ung voraus, weil sie m ehr oder m inder  
starkes Ödem  in allen Fällen antrafen . 
D em gegenüber beobachteten sie keine E r­
w eiterung des L ym phgefäßsystem s, woraus 
sie a u f d ie  In su ffiz ienz der L ym phström ung  
folgern. N a c h  ihrer Theorie führt dieser 
U m stand zur E iw eißstagnation , zu ex tra ­
zellulärer B indegew ebsbildung und zur Skle­
rose des N ieren interstitium s.

In T ierversuchen stellten  sie fe st , daß  
nach der In fek tion  der verschlossenen N iere  
binnen w enigen  Tagen eine auffallende E n t­
zündung des Sinusfettgew ebes w ahrzuneh­
m en sei. D ie  L ym phström ungsinsuffizienz  
des S in usfettgew eb es ist dynam isch bedin gt 
und g eh t der m echanischen In su ffiz ienz  
voran. D ie  sich  daraus ergebende Peri­
p yelitis , P erinephritis, E pinephritis, U re­
teritis un d  P edunculitis renis bilden eng  
zusam m enhängende Erscheinungen bzw. 
K o m p lik a tio n en / die für das weitere Schick­
sal der N iere  von  großer B edeutung sind. 
P erinephritis und Epinephritis können  sich  
auch aus der P yelitis entw ickeln. Vor der 
P edunkulitis tr itt  stets P yelitis oder P y elo ­
nephritis a u f.

D as k lin ische und therapeutische Pro­
blem e besprechende VIII. K apitel b eschäftig t 
sich m it  der A nw endung der E rgebnisse  
der b isherigen U ntersuchungen sow ie experi­
m entellen  und theoretischen F estste llu n gen  
bei der T herapie einiger N ierenkrankheits­
form en. D ie  A utoren  beantw orten die Frage, 
wie die O perationen am H arntransport­
system  am  einfachsten  durchgeführt werden  
können, ohne daß wesentliche Störungen  
in seiner späteren Funktion Zurückbleiben, 
wie sich  jeg lich e  operative D rainage des 
N ierenh öh len system s verm eiden lä ß t, die 
zur Quelle weiterer Infektionen werden kann, 
und w elche operationstechnischen G rund­
sätze sie befolgen , um die unverm eidlicher­
weise a u ftreten d e Vernarbung im  B ereich  
des N ierenb eckens und Ureters a u f  ein 
M indestm aß zu  beschränken.

E in ige k lin ische Fragen der Erw eiterung  
des N ierenh öb len system s sowie die Indika-
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tionen der operativen Lösung werden nach  
-den vorstehend erörterten G esichtspunkten  
klassifiziert. Von entscheidender B edeutung  
is t  d ie W ahl der Stelle , wo der Chirurg 
e indringt. D ies soll —  se i es an den K elchen, 
am  Nierenbecken oder am  Ureter —  an 
e in em  Punkt geschehen, wo m an die p h y­
siologischen Verhältnisse w enigsten stört 
und die pathologischen Veränderungen so 
zu korrigieren verm ag, daß m an den ph ysio­
logischen V erhältnissen m öglichst nah e­
kom m t. Von dieser Ü berlegung ausgehend, 
haben die Autoren die ihrerseits m od ifi­
zierte Pyeloplikation e ingeführt, die den 
Zweck verfolgt, die Ö ffnung eines in fizier­
ten  N ierenhöhlensystem s zu verm eiden. 
W enn die R esektion der P yelum w and n ich t 
um gangen werden kann, so wird diese  
zw ecks Bewahrung des pyeloureteralen Ge­
b ietes hoch, nahe am  Sinusrand und m ög­
lich st an der hinteren P yelum w and vor- 
genom m en.

B ei N ierensteinoperationen bevorzugen  
sie  die ihrerseits eingehend ausgearbeitete  
P yelo-K alikotom ie, w obei sie die Läsion  
<les N ierenparenchym s und der versorgenden  
Gefäße verm eiden. B a bics  und R é n y i- 
VÁMOS m obilisieren die N iere nur sow eit, 
als unbedingt erforderlich, und weisen darauf 
hin , daß in der N ierenstein  Chirurgie n icht 
nur die E ntfernung des Steines w ichtig , 
sondern auch der U m stand w esentlich  sei, 
a u f welche W eise die H erausnahm e erfolgt, 
welche Verhältnisse Zurückbleiben und wie 
m an  die F unk tion  des H arntransportsy­
stem s zu schonen verm ag. Es zäh lt zu den 
Vorteilen der P yelo-K alikotom ie, daß diese 
die  N ephrotom ie m eisten s verm eiden läßt 
und daß m an das H öhlensystem  dort ö ffnet, 
wo seine F unkt ion am w enigsten gestört 
wird, die K elchsteine unm ittelbar entfernt, 
die  einzelnen Kelche überblickt und aus­
gew aschen und schließ lich  durch Ö ffnung  
eines schm alen K elchstieles die Stauung  
und das Steinrezid iv behoben bzw . verh in­
dert werden können. N ic h t weniger w ichtig  
is t  auch der vollkom m ene Verschluß des 
geöffneten  H öhlensystem s.

B ei steinbedingtem  N ieren Verschluß hängt 
es von der F unktion der L ym phbahnen ab,

w elche Veränderungen in der N iere  Zurück­
b leiben . Infolge ihrer reichen L ym ph gefäß­
versorgung is t  die N iere zu  bedeutender  
R egeneration im stande, während d ie  P yelum - 
U reterw and und die perirenalen Gewebe 
arm  an Lym phgefäßen sin d , so daß  ihre 
Vernarbung früher und in größerem  A us­
m a ß  beobachtet werden kann.

B ei der Behandlung der e itr igen  N ieren­
en tzünd un g steht, um die B e la stu n g  des 
In terstitiu m s herabzusetzen und den  A b ­
transp ort des Ödems zu gew äh rleisten , die 
N iederkäm pfung der akuten In fek tion  im  
Vordergrund, die in den m e is ten  F ällen  
m it m edikam entöser Therapie erreicht wird. 
Bei chronischen Prozessen h ä n g t das Schick­
sal der Niere in hohem M aße v o n  der Ver­
narbung der umgebenden B indegcw cbssub-  
stan z  ab. In diesen f  ällen em p feh len  die 
A u toren  die Entfernung der N a rb en  in der 
U ngebung des H ilus, des N ierenb eckens  
und Ureters. Auch eine sich a u f  ein  kleines 
G ebiet erstreckende P eriureteritis is t  auf 
die N ierenfunktion von großem  E influß  
und kann das Schicksal der N iere  besiegeln.

Im  Zusammenhang m it der R olle  der 
N ierenlym phgefäße wird auch das Problem  
der N ierentransplantation kurz besprochen. 
A u f Grund ihrer F orschungsergebnisse len ­
ken d ie  Autoren die A u fm erk sam k eit auf 
die R olle der Lym phgefäße bei der N ieren­
transp lan tation  und weisen d a ra u f h in , daß 
die Lym phbahnen den P athom cch anism us  
der N ierenprozesse entscheidend b eein flu s­
sen.

M it ihren U ntersuchungen über das 
L ym phgefäßsystem  der N iere und  den F est­
ste llu n gen , die sie daraus z ieh en , beschrei­
ten  d ie  Autoren neue W ege, in d essen  ver­
m ochten  sic ihre w issenschaftlichen  Ergeb­
n isse durch Anwendung neu artiger  Opera­
tionsverfahren  in der P raxis zu  b estä tig en . 
Es d arf als ihr großes V erd ien st bezeichnet 
w erden , daß sie nach den bei der U n ter­
suchung des L ym phgefäßsystem s der Niere  
gew onnenen Erkenntnissen n ic h t  stehen - 
blieb en , sondern zahlreiche M öglichkeiten  
der pathologischen E rscheinungen in  T ier­
versuchen weiter untersuchten und dam it 
zu der experim entell gestü tzten  überzeugen-
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den T heorie der E ntw icklung der Pyelektasie  
und H ydronephrose sow ie der akuten und 
chronischen Pyelonephritis ge lan gten .

B esonders hervorgehoben se i das aus 
233 zum  Teil farbigen A b b ild u n gen  bestehen­
de hervorragende Illu strationsm ateria l und

die ausgeze ichn ete  Reproduktion der h isto ­
logischen B ilder. Das Buch ersch ien  im  
Verlag der U ngarischen Akadem ie der W is­
sensch aften  in  einwandfreier A u ssta ttu n g .

D u .  A .  N o s z k a y
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ACTA M EDICA  

Том XII 
РЕЗЮМЕ

ВИТАМИННЫЙ ОБМЕН ВЕЩЕСТВ АТРОФИЧЕСКИХ ГРУДНЫХ ДЕТЕЙ
Ф. ГЕРЛОЦИ, Б. БЕНЦЕ, Т. МАЛИК и М. УГРАИ

В Венгрии атрофия в грудном возрасте все еще играет важную роль при смерт­
ности грудных детей. Это обстоятельство придает исследованию атрофии в грудном воз­
расте особое значение.

Атрофия в грудном возрасте не представляет из себя клинического или же пато­
физиологического симптомокомплекса однородного патогенеза, и поэтому весьма важным 
является распространять исследования на все детали данной проблемы. Однако, до сих 
пор витаминный обмен веществ еще не был исследован, а только белковый, углеводный и 
жировой обмены веществ. Следовательно, совершенно отсутствуют относящиеся к этому 
вопросу данные. Данные о голодании в большинстве случаев также относятся к взрослым, 
но они и без того не применимы к атрофии в грудном возрасте. Точных же химических 
определений относительно отдельных витаминов даже в данной обильной литературе 
не встречаются.

Авторы попытались при своих исследованиях ответить на следующие вопросы: 
наблюдается ли при атрофии в грудном возрасте недостаток витаминов, а если да, то в 
какой степени и в какой стадии атрофии. Является ли уменьшение или недостаток какого- 
либо витамина характерным для определенной фазы атрофии, или это представляет лишь 
постоянное сопутствующее явление отдельных специальных форм атрофии?

Авторы проводили над почти 200 атрофическими или же контрольными грудными 
детьми исследования обмена веществ витаминов Е, А, В и С. При осуществлении этих 
исследований необходимо было соблюдать большую предусмотрительность:

1. Не для каждого витамина авторы располагали нормальными данными груд­
ного возраста. Их пришлось установить впервые в отношении Венгрии (напр. в отно­
шении витамина Е).

2. Ввиду того, что авторы не могли обходиться без исследований с нагрузкой, они 
сами должны были выработать для отдельных витаминов (напр. для витаминов Е, А) 
такой микрометод, при котором определение витаминов возможно в весьма небольшом 
количестве крови.

3. К оценке степени атрофического состояния авторы приступили с большой тща­
тельностью. Они пренебрегали применением так наз. частного развития (F, Q), ибо на осно­
ве последнего оценка степени атрофического материала больных может привести к боль­
шим ошибкам. Они прибегли к определению «похудения», основанному на более пра­
вильном принципе, значит, к определению процентного отставания веса, измеренного по 
отношению веса хорошо упитанных грудных детей одинаковой длины.

4. Весьма важное значение авторы придавали точному анализу возникновения 
атрофии. Ввиду господствующей роли фактора инфекции — в качестве контроля — 
определялось также и снабженность витаминами зараженных, но хорошо упитанных 
грудных детей.

В и т ам ин ны й обм ен  веществ ат роф ически х гр у д н ы х  дет ей , ст радаю щ и х эри т родерм и ей

При исследовании витаминного обмена атрофических грудных детей — в отно­
шении растворимых в жире витаминов — целесообразно обсуждать страдающих эритро­
дермией атрофических грудных детей обособленно от других. Это обоснованно тем, что 
эритродермическая атрофия также одна из тех форм атрофии в грудном возрасте, для 
которых — вследствие сильного расстройства переварения, всасывания или внесения —



характерным является патологический жировой обмен. К этой группе относятся кистоз­
ный фиброз поджелудочной железы, атрофия вследствие врожденного отсутствия желч­
ного пути, далее гипопротеинемия (мучистое расстройство) и неизвестная в Венгрии 
болезнь Кваши. Эритродермия грудных детей показывает с последними двумя формами 
атрофии некоторое основное совпадение (ожирение печени, гипопротеинемия, отек) и в 
последнее время венгерские исследователи выявили также в отношении мучистого рас­
стройства и эритродермии, что они сопровождаются расстройством функции поджелудоч­
ной железы. Несмотря на то, что эти сопровожденные значительным уменьшением всасы­
вания жиров формы атрофии очевидно осложняются еще недостатком различных вита­
минов, то все же точных исследований относительно эритродермии не имеются, ни в отно­
шении витамина Е, ни витамина А. Последнее тем более поразительно, что при эритро­
дермии также встречается ксерофтальмия, изменение кожи весьма тяжелое, появляется 
также необычайная склонность к инфекциям — прежде всего дыхательных путей.

Исследования авторов распространяются на почти 40 случаев. Особенно были 
исследованы все эритродермические грудные дети согласно клинически определенной 
степени болезни — независимо от их степени развития, причем принимались во внимание 
все кардинальные симптомы, или же патофизиологические признаки. Можно было бы 
предполагать, что обеспеченность витаминами страдающих эритродермией атрофических 
грудных детей определяется прежде всего самой эритродермией, а во вторую очередь 
последующей атрофией, однако, авторы все же группировали свои случаи в порядке 
степени атрофии. Чтобы получить еще более ясную картину о том, поскольку по­
лученные результаты находились в связи с эритродермией, и в какой степени с атрофи­
ческим состоянием, авторы распространяли свои исследования также на страдающих 
эритродермией, но хорошо упитанных грудных детей. Наконец, чтобы выяснить картину 
также и относительно атрофии, сопровожденную не эритродермическим расстройством 
всасывания жиров, они исследовали атрофических больных, страдающих желтухой 
вызванной врожденным отсутствием желчного пути.

СИМПТОМАТИЧЕСКАЯ СВЯЗЬ РЕВМАТИЧЕСКИХ ЗАБОЛЕВАНИЙ НА ОСНОВЕ 
НАШИХ ЗНАНИЙ О ПОЛИСИСТЕМАТИЧЕСКОЙ КРАСНОЙ ВОЛЧАНКЕ

Д Ь. ПЕТРАНЬИ

Со времени первого проявления коллагеновой болезни автор проследил в течение 
нескольких лет за 33 больными, у которых был поставлен диагноз полисистематической 
красной волчанки. Автор описывает обнаруженные симптомы и частоту их появления. 
Критерием диагноза автор считает, кроме соответствующих и необъясняемых на основании 
другой этиологии изменений, наличие по меньшей мере одного из следующих трех приз­
наков : характерная эритема кожи, определенное положительное проявление клеток 
красной волчанки и характерный результат гистологического исследования. Если ни 
один из вышеприведенных признаков не обнаруживается, то нельзя ставить диагноз 
заболевания красной волчанкой, а только вынести соответствующий клинической картине 
симптоматический диагноз. Исследованные в течение нескольких лет 33 больных в 54 
случаях соответствовали этим требованиям.

Важнейшие данные о течении болезни больных сообщаются на таблицах. Было 
установлено, что в направление остальных коллагеновых болезней возможно много раз­
личных переходов и что соответствующая вышеприведенным критериям классическая 
полисистематическая красная волчанка составляет лишь весьма краткий период всей 
болезни. В отношении степени заболевания красной волчанкой проявляются также такие 
отклонения между отдельными рецидивами, даже у одного и того же больного, что преж­
ние диагностические установления, вроде острая, подострая и хроническая волчанка, 
применимы в большинстве случаев лишь для обозначения моментального состояния.

Соответствующие и не соответствующие критериям красной волчанки периоды 
взаимно сливались. Обсуждалось значение диагностических признаков, рассматриваемых 
диагностическими и было установлено, что их отсутствие не говорит против постановки 
диагноза красной волчанки. Таким образом нет возможности для дифференциального 
диагноза различных коллагенных частичных заболеваний. Неизвестно, имеются ли внутри 
коллагеновой группы обособленно эритематозные и неэритематозные полиартриты, кар­
диты, нефриты, серозиты и т. д. Наблюдением в течение длительного времени судьбы 
больных красной волчанкой, потерпевших также полисистематические периоды, автору 
удалось доказать связь между коллагенными заболеваниями не только на основании 
гистологических признаков, но и клинических симптомов.



ВСАСЫВАНИЕ ИНСУЛИНА И АСТМОЛИЗИНА СО СЛИЗИСТОЙ ОБОЛОЧКИ НОСА
Я. ХАНКИШ и Ч. ХАДХАЗИ

Авторы своими опытами над здоровыми и над диабетическими лицами, как и над 
собаками, выявили, что инсулин и астмолизин в эффективных дозах всасываются со сли­
зистой оболочки носа.

Дионин, гиаза и изменение pH не повышали степень всасывания. Внесение инсу­
лина на слизистую оболочку носа непригодно для терапевтических целей. Внесенный на 
слизистую оболочку астмолизин уменьшает или прекращает приступ удушья и следо­
вательно данный способ может быть использован также и в терапии.

КЛИНИКО-ПАТОЛОГИЧЕСКИЙ ОЧЕРК О РЕТИКУЛОЗАХ, ВОЗНИКАЮЩИХ 
ПУТЕМ МАКРОМОЛЕКУЛЯРНОГО НАКОПЛЕНИЯ И САМОПРОИЗВОЛЬНО

Ш. БЕНКЁ

Сопровожденные гиперплазией или патологическим разрастанием изменения 
ретикуло-эндотелиальной системы называются ретикулозами. Они часто сопровождаются 
диспротеинемией, парапротеинемией, или образованием нерегулярных антител (авто­
антител). Патологические белки ответственны за новые болезненные процессы, главным 
образом за изменения сосудов, кровотечения, — а автоантитела в первую очередь за 
иммуногематологические автоагрессивные процессы.

Авторы вызывали у крыс внутрибрюшинным введением метилцеллюлозы возни­
кающий вследствие накопления ретикулоз, к которому присоединялись еще гемолити­
ческая анемия, аномалия сывороточного белка, слабое расстройство свертывания крови, 
и уменьшение продукции иммуногемолизинов. Авторы того мнения, что они создали этим 
модель спонтанных ретикулозов, у которой в I. фазе появляется ретикулоз, во II. фазе 
расстройство сывороточного белка, а в III. фазе, последующая болезнь — гемолитиче­
ская анемия. Авторы того мнения, что они этими результатами предоставили новые дан­
ные к патомеханизму «пат ологи ческих заболеваний белков».

ГИПЕРГЛОБУЛИНЕМИЧЕСКИЕ ПУРПУРЫ
М. ВИНТЕР и К. РАК

Авторы описывают 3 случая гиперглобулинемической пурпуры. Они занимаются 
вопросом «первичности» или «вторичности» пурпуры. В одном из случаев состояние боль­
ного не изменялось в течение 7 лет, основной болезни нельзя было выявить и следова­
тельно авторы рассматривают данный случай первичной пурпурой. В остальных двух 
случаях не было установлено ни одной из рассматриваемых как основная болезнь картин 
болезней, однако, одновременное наличие митрального порока сердца, или же латентного 
люэса все же сделали сомнительным первичность пурпуры.

Авторы подробно описывают результаты своих опытов по выяснению условий свер­
тывания крови ; далее они излагают тканевую картину биопсического препарата печени. 
В заключение дается обзор литературы данного вопроса.

ИЗМЕНЕНИЕ НАСЫЩЕННОСТИ КИСЛОРОДОМ ВЕНОЗНОЙ КРОВИ НА ДЕЙ­
СТВИЕ ОДНОКРАТНОГО ВВЕДЕНИЯ БОЛЬШОЙ ДОЗЫ СОЛИ САЛИЦИЛОВОЙ

КИСЛОТЫ
К. ВАЛТЕР мл., Б. ТАНОШ и Э. КЕЛЕМЕН

Авторы наблюдали на действие однократного введения большой дозы соли салици­
ловой кислоты, у людей, как и у крыс, вопреки значительного повышения обмена веществ, 
повышение насыщенности венозной крови кислородом, достигающее 20 процентной на­
сыщенности, и следовательно уменьшение артерио-венозной реакции в содержании кис­
лорода. Таким образом они доказали также значительное, повышающее ток крови, дей­
ствие соли салициловой кислоты.



ФОТОМЕТРИЧЕСКОЕ ОПРЕДЕЛЕНИЕ IN VITRO НА ИЗОЛИРОВАННОЙ КОЖЕ 
ЛЯГУШЕК АКТИВНОСТИ СТИМУЛИРУЮЩЕГО МЕЛАНОЦИТЫ ГОРМОНА (СМГ, 
INTERMEDIN) ИЛИ ЖЕ УВЕЛИЧАЮЩИЕ ПРОДУКЦИЮ МЕЛАНОФОРОВ ДЕЙ­
СТВИЯ ПРЕПАРАТА АКТГ, ПОРОШКА ФЁГТЛИНА И СВЕЖЕЙ ЧЕЛОВЕЧЕСКОЙ

СЫВОРОТКИ
В. ШРЕЙБЕР

Автором был разработан метод для измерения активности СМГ, при котором по­
следний in vitro титрируется фотометрическим способом на коже лягушек с удаленным 
гипофизом. Метод весьма чувствительный и пригодный для выявления 0,0125 единиц 
«вайрона» СМГ/мл (препарат Intermedin Choay) или 0,0125 ме АКТГ/мл (Corticotrophin 
Spofa).

Методом автора с надежностью можно выявить активность СМГ в свежей сыворотке 
крови беременных женщин. При помощи этого метода к концу беременности или во вре­
мя родов в сыворотке крови устанавливалась активность, соответствующая 0,10—0,25 
единицам вайрона/мл.

При применении стандартного нейрогипофизарного препарата (порошка Фёгт- 
лина), автор не нашел связи между величиной дозы и реакцией. Характер реакции, 
полученной на действие порошка Фёгтлина (быстрое проявление) отличался от реакций, 
наблюдаемых в случае титрирования СМГ, сывороткой крови беременных женщин или 
же АКТГ.

ПРИМЕНЕНИЕ ЭЛАСТАЗЫ ПРИ ЛЕЧЕНИИ ХРОНИЧЕСКИХ НАГНОЕНИЙ
ЛЕГКИХ

К. КОВАЧ и Д. БАГДИ

Проведенные до сих пор сравнительно малочисленные наблюдения авторов показа­
ли, что обнаруженная Б ало  и Б а н г а  эласт аза  успешно используема при ее внутриброн- 
хиальном применении для лечения нагноений легких. Применением эластазы во многих 
случаях можно обойтись без резекции легких. Эластаза полностью заменяет зарубежные 
препараты трипсина. При примененных авторами дозах токсичность эластазы пренеб­
регаема. Эластаза не вызывает лихорадочной реакции, не является опасной. Весьма жела­
тельно, чтобы новый препарат энзима изготовлялся в достаточном количестве в целях 
его более широкого терапевтического применения.

КОЛИЧЕСТВЕННОЕ ОПРЕДЕЛЕНИЕ ПЕПТОНАЗЫ В СЫВОРОТКЕ И ДАННЫЕ 
К ЕЕ ДИАГНОСТИЧЕСКОЙ ЦЕННОСТИ

Ш. ДА Н , Ш. НАДЬ н Й. ТОТ

Из протеолитических ферментов сыворотки данные относительно пептоназы весьма 
недостаточны, а совершенно неизвестны ее количественные величины. Авторы разрабо­
тали метод для количественного определения пептоназы. В качестве субстрата они при­
меняли пептон Витте. Согласно их данным в отношении условий pH разложения пептона, 
связи между количеством энзима и его способностью к разложению, далее по длительно­
сти энзиматического действия, как и по результатам бумажно-хроматографических иссле­
дований, пептон Витте представляет из себя подходящий субстрат, а содержание пепто­
назы можно выразить количеством аминного азота, освобожденного в течение 24 часовой 
инкубации. Определение проводилось с 0,2 мл сыворотки. Содержание пептоназы равно 
стольким единицам пептоназы (РЕ) сколько мг аминного азота освобождались бы из 100 
мл сыворотки.

В сыворотке здоровых людей можно выявить 20—33 РЕ. Весьма большие величины 
были выявлены в сыворотке больных, страдающих острым гепатитом и острыми лихора­
дочными заболеваниями. При остром гепатите в начале болезни содержание пептоназы 
повышалось в 100% случаев (45—160 РЕ). После протекания острой фазы содержание 
пептоназы, независимо от содержания билирубина в сыворотке, возвращается к норме 
или остается еще некоторое время на высоком уровне.



При постгепетических состояниях авторы установили, даже при незначительных 
субъективных жалобах, в большом числе случаев более высокий уровень пептоназы, 
который не зависит от реакций флокуляции и от степени активности других ферментов.

При опухолевых заболеваниях, уровень пептоназы повышался лишь в незна­
чительной процентной ставке случаев.

При различных непеченочных заболеваниях уровень пептоназы не зависит от сте­
пени малокровия, от числа эритроцитов, от качественной картины крови, от снижения 
форменных элементов крови и при хронических заболеваниях от температуры.

На основании своих результатов авторы пришли к тому заключению, что повы­
шенный уровень пептоназы, даже при различных заболеваниях, представляет собой 
чувствительный признак повреждения паренхимы печени.

ДЕЙСТВИЕ ПРЕДОПЕРАЦИОННОГО ЛЕЧЕНИЯ И ХИРУРГИИ НА АНТИДИУ- 
РЕТИЧЕСКУЮ АКТИВНОСТЬ ЧЕЛОВЕЧЕСКОЙ КРОВИ

Г. Ш. КОВАЧ, М. КОВАЧ, К. КОВАЧ и Г. ПЕТРИ

Антидиуретическая активность сыворотки (SADA) 27 хирургических больных 
была определена посредством теста Бэрна. В качестве предварительного лечения одна 
группа больных получила 20 мг морфия и 0,5 мг атропина, а вторая группа «lytic coctail» 
состоящий из 75 мг хлорпромазина, 60 мг синопена и 150 мг петгидина.

Утром в день операции антидиуретическая активность сыворотки (SADA) больных 
была значительно повышена по сравнению со значениями, полученными на предыдущий 
день. Повышение активности следует приписать предоперационному психическому на­
пряжению.

Повышенная антидиуретическая активность сыворотки снизилась после подачи 
морфия, в то время так т. наз. «lytic coctail» не привел к значительному изменению, не­
смотря на то, что понижающее действие на психическое напряжение было гораздо выра- 
женнее у последнего, чем у морфия.

Хирургическое вмешательство вызвало значительное повышение антидиуретиче- 
ской активности сыворотки, причем предварительная подача морфия или «lytic coctail» 
не имела никакого эффекта на данное повышение.

О ВОЗМОЖНОСТЯХ ХИРУРГИЧЕСКОГО ЛЕЧЕНИЯ АОРТАЛЬНОЙ НЕДОСТА­
ТОЧНОСТИ

Л. СЁЛЛЁШИ, Б. ТЁРЁК И  X. ХЮ БНЕР

Авторы в данной статье дают обзор исследований по хирургической поправке аор­
тальной недостаточности. Они излагают разработанный ими метод для образования 
клапанов. Образованные in situ из стенки сосудов аортальные клапаны оказались в опы­
тах на модели подходящими. Опыты над животными по образованию изложенных аор­
тальных клапанов проводятся в настоящее время.

ПРОИСХОЖДЕНИЕ И СУБСТРАТНАЯ СПЕЦИФИЧНОСТЬ СЫВОРОТОЧНЫХ
ЭСТЕРАЗ

А. ФИШЕР, Л. ПЕРЕНЬИ и Ш. РОХНИ

1. Авторы исследовали активность холинэстеразы, новокаинэстеразы, фенилбен- 
зоатэстеразы и щелочной фосфатазы в присутствии 10 различных ингибиторов. Отдельные 
ферменты потерпели различное торможение, что говорит против того взгляда, будто-бы 
речь идет об одинаковом действии ферментов.

2. Соотношение активности печени и сыворотки колебалось между 12 : 1 и 2: 1, 
значит, активность всегда была более высокой в гомогенизатах печени.

3. После отравления СС14 активность щелочной фосфатазы повышалась, а актив­
ность остальных эстераз снижалась, как в печени, так и в сыворотке.

4. Содержание глютатиона в печени — даже в случае тяжелого отравления СС1 
— не уменьшается, и следовательно уменьшение активности ферментов нельзя приписать 
недостатку глютатиона.



5. Кроме щелочной фосфатазы в желчи в более значительном количестве можно 
выявить только фенилбензоатэстеразу; присутствия остальных эстераз в желчи не уда­
лось выявить.

6. Авторы на основе своих исследований пришли к тому выводу, что сывороточные 
эстеразы возникают в печени и предположительно являются субстрат-специфическими.

СВЯЗЬ МЕЖДУ ПРИПАДКАМИ ВО ВРЕМЯ СНА И ПРИПАДКАМИ В БОДР­
СТВУЮЩЕМ СОСТОЯНИИ И АНАТОМО-ФУНКЦИОНАЛЬНОЙ ОРГАНИЗОВАН­

НОСТЬЮ ЭПИЛЕПТОГЕННОГО ОЧАГА
Ф. КАЙТОР, Т. НАДЬ и ДЬ. БЕЛОК

Авторы проводили над избранными 200 страдающими эпилепсией больными элек- 
тро-клинические исследования с целью установления выявляемое™ связи между частотой 
припадков во время сна и анатомо-функциональной организованностью эпилептогенных 
структур.

Место патологоанатомических аномалий мозга, рассматриваемых эпилептогенными 
повреждениями, показало выраженное влияние на частоту ночных припадков. Очаги 
аммоново рога (Hippocampus) показали самую большую склонность к вызыванию припад­
ков во время сна, затем следовали очаги в regio septalis и лобной верхушке. В противо­
положность этому очаги в задне-лобовых, сензо-моторных, теменных и I—II. височных 
извилинах вызывали припадки преимущественно вначале или исключительно в бодр­
ствующем состоянии.

Электрографическая локализация господствующей очаговой судорожной деятель­
ности доказала, что средне-базальные, височно-теменно-затылочные и передне-лобные 
очаги в большинстве случаев обусловливают припадки во время сна, в то время как для 
остальных областей выпуклости характерны припадки в бодрствующем состоянии. Эпи­
лептики, производящие двусторонние 3 cp s-w ave-and-sp ike  зубцы или их варианты также 
проявляли исключительную склонность к дневным припадкам.

Авторы выдвигают возможное объяснение для вышеописанных структурных свя­
зей припадков во время сна.

ПАРАЛЛЕЛЬНОЕ ОПРЕДЕЛЕНИЕ АРТЕРИАЛЬНОГО И ВОРОТНОГО КРОВО­
ОБРАЩЕНИЯ ПЕЧЕНИ ПРИ ПОМОЩИ БРОМСУЛЬФАЛЕИНОВОГО МЕТОДА

И РОТАМЕТРОМ
А. ФИШЕР, Л. ТАКАЯ и Г. МОЛНАР

Авторы методом бромсульфалеина и ротаметром исследовали кровообращение 
печени у 63 собак. Они получили следующие результаты :

1. Полное кровообращение печени после вскрытия живота и привязки ротаметра 
снижается от 40,5 мл/мин/кг до 25,6 мл/мин/кг, т. е. в среднем на 38%. Следовательно 
операция сама по себе снижает кровообращение печени.

2. Авторы определили ток крови в печеночной артерии в среднем на 5,4 мл/мин/кг. 
Это составляло 26% всего тока крови в печени. Они установили тесную связь между 
полным кровообращением печени и кровообращением печеночной артерии, а именно : в 
случае величин, близких к физиологическим величинам полного кровообращения печени 
— 30 мл/мин/кг и выше -— кровообращение печеночной артерии составляло в среднем 
14,4% общего кровообращения, а в случае величин, более низких полного кровообра­
щения печени — 33% общего кровообращения. Повышение следует приписать, в первую 
очередь, уменьшению полного кровообращения печени и только в некоторых случаях 
повышению кровообращения печеночной артерии.

3. Артериальное кровообращение печени повышается как адреналином, так и 
норадреналином. Это обусловливается не расширением сосудов, а повышением кровя­
ного давления. Ацетилхолин снижает артериальное кровообращение печени путем со­
судистого сужения. Подобное временное действие проявляет и дибенамин.

4. Внутривенозная нагрузка глюкозой, гликоколлом и молочнокислым натрием 
не влияет ни на общее кровообращение печени, ни на ее артериальное кровообращение. 
Внутривенная подача деколина в большинстве случаев снижает артериальный ток крови 
путем снижения кровяного давления.



ДАННЫЕ К КАРТИНЕ БОЛЕЗНИ ОБЛИТЕРИРУЮЩЕГО ТРОМБАНГИТА 
(THROMBOANGIITIS OBLITERANS) В СВЯЗИ С НАБЛЮДЕНИЕМ

300 СЛУЧАЕВ
К. БУГАР-МЕСАРОШ, Г. ОКОШ и В. ШАШ

Авторы на основании обследования 300 больных, страдающих облитерирующим 
тромбангитом, устанавливают следующее : среди больных были только 3 женщины. 
Относительно предрасполагающей роли какой-либо профессии не было найдено доказа­
тельств. Среди больных были только 3, не оказавшихся курильщиками и не имевших 
выявляемых очагов ; это вместе с прочими приведенными обстоятельствами и согласно 
литературным данным говорит за то, что курение или же инфекционные очаги, по всей 
вероятности, играют патогенетическую роль. Ряд данных говорит за аллергический пато­
механизм, однако, решающих доказательств еще не имеются. На верхние конечности 
сужение артерии распространялось только в 9 случаях, значит в 3%-ах всех случаев. 
В случае существования болезни не выше 5 лет чаще всего встречается локализация на 
одну нижнюю конечность, а при наличии болезни выше 5 лет в большинстве случаев на­
блюдается распространение на обе нижние конечности. Гангрена, или же изъязвление 
могут проявляться уже в первый год болезни, но они могут возникнуть также и по исте­
чении десятилетий, так напр. на 38 год. У принятых в больницу 94 больных, страдающих 
гангреной только у 10, (т. е. в 10% случаев), вызывалась необходимость большой ампу­
тации, в 9 случаях (9%) была необходима лишь ампутация пальца стопы или же гангрена 
выцелела путем самопроизвольного отторжения пальца стопы. Следовательно, гангрену 
в преобладающем большинстве случаев успешно можно было лечить консервативным 
путем. При исследовании статического изменения тонуса артерий у 27 из 44 больных 
проявлялась патологическая реакция. Исследованием артериол путем реактивного 
нагревания в 20% случаев обнаруживались патологические отклонения на пальцах 
руки. Значит, участие артериол вданном процессе — по меньшей мере на этом месте — не 
слишком частое явление. Капиллярным микроскопом авторы обнаружили в преоблада­
ющем большинстве случаев аномалии капиллярных сосудов, что проявлялось, главным 
образом, в спазматических-атонических явлениях и в замедленном токе крови. Капилляр­
ная резистенция была в одной части случаев уменьшенной. Локализацию в мозге авторы 
наблюдали в 5 случаях (1,7%). Симптомы, указывающие на заболевание коронарных со­
судов они наблюдали у 172 из 183 больных. Коронаротромбоз встречался у 3 больных. 
Участие венозной системы было установлено в 32 случаях (11%). Из данных лаборатор­
ных исследований авторы упоминают частое уменьшение альбумин-глобулинового коэф­
фициента, как и частое повышение гаммаглобулина, далее у большой части больных 
повышенный уровень холестерина в сыворотке крови, и наконец у преобладающего боль­
шинства — нормальный уровень протромбина.

РОЛЬ ЦЕНТРАЛЬНОЙ НЕРВНОЙ СИСТЕМЫ В АРИТМИИ, ВОЗНИКАЮЩЕЙ 
НА ДЕЙСТВИЕ СТРОФАНТИН-ЭФЕДРИНА

Ф. ШОЛТИ, И. МАРТОН и Ф. ТАКАЧ

Авторы исследовали в перекрестных опытах над собаками, с помощью изолирован­
ной перфузии головного мозга, механизм возникновения аритмии, вызванной введением 
строфантин-эфедрина.

У собаки-акцептора (при введении в изолированное кровообращение) аритмия была 
гораздо выраженнее и повышалось быстрее, чем у собаки-донора (при введении в полное 
кровообращение).

При введении средства в изолированное кровообращение туловища акцептора, 
авторы не наблюдали при применяемых дозах появления аритмии. Предварительное 
пересечение ствола шейного блуждающего нерва у акцептора препятствовало возникно­
вению аритмии.

В ходе экспериментов не наблюдалось изменений артериального давления, веноз­
ного давления, как и резистенции сосудов головного мозга.

ДЕЙСТВИЕ СТРОФАНТИНА НА СЕКРЕЦИЮ ОКОЛОУШНОЙ ЖЕЛЕЗЫ
А. НАКО, Ф. ШОЛТИ, М. ФЁЛДИ и Э. КОЛТАИ

Авторы исследовали действие строфантина на слюноотделение околоушной железы.
После острого введения строфантина слюноотделение и выделение калия выра- 

женно повышались.



Выделение натрия в большей части случаев повышалось немного, но не сигнифи- 
кантно.

Авторы дают описание экспериментального метода для исследования секреции 
околоушной железы.

ДЕЙСТВИЕ СТРОФАНТИНА НА ПОТООТДЕЛЕНИЕ
Ф. ШОЛТИ, Ю. РЕВ, И. МАРТОН и Е. КОЛТАИ

После введения строфантина авторы наблюдали значительное изменение потоот­
деления. Количество пота, как и выделение натрия и калия пота сигнификантно повы­
шались.

У больных, страдающих хронической недостаточностью кровообращения, повы­
шение потоотделения сравнительно больше.

Действие строфантина на потоотделение во многом напоминает его действие на 
функцию почек.

ДЕЙСТВИЕ ДИБЕНАМИНА НА ИЗМЕНЕНИЯ ПОТООТДЕЛЕНИЯ, ВЫЗВАННЫЕ 
ПОДАЧЕЙ СТРОФАНТИНА (ПОВЫШЕННОЕ ВЫДЕЛЕНИЕ ВОДЫ, КАЛИЯ И

НАТРИЯ)
Ф. ШОЛЬТИ, Ю. РЕВ , И. МАРТОН, 3. РЕФИ н 3. КОЛТАИ

Авторы исследовали действие дибенамина на вызывающее потоотделение действие 
комбетина.

Предварительное введение дибенамина в большей части предотвращает вызванное 
комбетином повышенное отделение пота, калия и натрия. Повышенное потоотделение 
уменьшается, а повышенное выделение натрия и калия в поту почти совершенно пре­
дотвращается.

Можно предполагать, что комбетин оказывает свое действие на потоотделение при 
посредстве вегетативной нервной системы.

ДЕЙСТВИЕ СТРОФАНТИНА НА КРОВООБРАЩЕНИЕ ГОЛОВНОГО МОЗГА 
И НА ЕГО КАЛИЙНОЕ ХОЗЯЙСТВО

Ф. ШОЛЬТИ, И. МАРТОН и Е. КОЛТАИ

I. Авторы исследовали в изолированном кровообращении головного мозга дейст­
вие комбетина на мозговую циркуляцию и на обмен калия головного мозга.

II. На действие комбетина мозговое сопротивление немного снижается, а мозговая 
циркуляция немного повышается.

III. На действие комбетина мозговые клетки отдают калий, его концентрация в 
вытекающей из мозга венозной крови значительно повышается.

IV. Обсуждается значение вышеприведенных изменений.

СИММЕТРИЧЕСКИЙ НЕКРОЗ КОРЫ ПОЧЕК В ГРУДНОМ ВОЗРАСТЕ
Б. Ш ТЕЙНЕР и А. ВЕЧЕН

Авторы излагают наблюдаемый ими прижизненно случай симметрического не­
кроза коры почек. Это в Венгрии первый, а в литературе третий диагноз в детском воз­
расте, подтвержденный данными вскрытия. Основным симптомом картины болезни явля­
ется олигурия или анурия, нераспознавание которых является врачебной ошибкой. 
Авторы подтверждают воззрение Г а с с е р а , согласно которому в случае триады симптомов, 
а именно, тяжелой анемии, геморрагического диатеза и недостаточности почек, следует 
считаться также с некрозом коры почек. Диагноз симметрического некроза коры почек 
выдвигается на передний план, если, вопреки возмещения жидкости, олигурия не улуч­
шается, остаточный азот остается выше 100 мг %, количество лейкоцитов выражение 
повышенное, и в области почек нет увеличения объема.

Терапевтические попытки авторов (периренальная новокаиновая блокада, корти­
зон, трансфузии) оказались безуспешными.



ПИЕЛОНЕФРИТ
П. ГЕМЕРИ и А. СЕНДЕИ

Авторы на основе разработки 99 случаев установили следующее: хронический 
пиелонефрит встречается не только в качестве осложнения при урологических заболе­
ваниях, но независимо от последних, он весьма часто наблюдается в клинической картине 
хронического нефрита или злокачественной гипертонии. С точки зрения диагноза досто­
вернее всего количественное исследование осадки мочи по способу Аддиса. Авторы в 
2/3 части случаев обнаружили гипертонию. Функция трубочек гораздо быстрее ухуд­
шается, чем гломерулярная фильтрация : удельный вес мочи при сравнительно хоро­
шем Ск в большинстве случаев низкий. Важность пиелонефрита объясняется, наряду с 
его большой распространенностью, также и тем, что эту болезнь часто смешивают с хро­
ническим нефритом или злокачественной гипертонией.
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