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Az A cta  M ed ica  n é m e t, angol, orosz és f r a n c ia  n y e lv en  közöl tu d o m á n y o s  é r tek ezések e t 
az  o rv o s tu d o m án y  k ö ré b ő l.

Az A cta M ed ica  v á lto z ó  te rjed e lm ű  fü z e te k b e n  je le n ik  m eg, tö b b  fü z e t  a lk o t egy k ö te te t .
A közlésre s z á n t  k é z ira to k  a  k ö v e tk ező  c ím re  kü ldendők:

A cta  M e d ic a  

Dr. S ta rk  E r v in
B udapest V I I I . ,  S z ig o n y  u . 43. 9 P .O .B  67

U g y an erre  a  c ím re  kü ldendő  m in d en  sze rk esz tő ség i levelezés.
Az A cta  M ed ica  e lő fizetési á ra  k ö te te n k é n t  b e lfö ld re  80 fo rin t, k ü lfö ld re  110 fo rin t. M eg

re n d e lh e tő  a b e lfö ld  sz á m á ra  az „A kadém ia i K ia d ó ” -n á l (B u dapest V ., A lk o tm á n y  u tc a  21. 
B a n k sz ám la : 05-915-111-46), a  külfö ld  sz á m á ra  p e d ig  a „ K ultúra”  K ö n y v  és H írlap  K ü l 
k e resk ed e lm i V á lla la tn á l  (B u d ap est I .,  F ő  u tc a  32. B an k szám la  43-790-057-181) v ag y  a n n a k  
k ü lfö ld i k é p v ise le te in é l, b izom ányosainá l.

D ie A cta  M ed ica  veröffen tlichen  A b h a n d lu n g e n  aus dem  B ere ich e  d e r m ed iz in ischen  
W issen sch aften  in  d e u ts c h e r , englischer, f ra n z ö s isc h e r  u n d  ru ss isch er S p rach e .

D ie A cta  M ed ica  e rscheinen  in H e ften  w ech se ln d en  U m fanges. M ehrere  H efte  b ild e n  
e in en  B an d .

Die zu r V e rö ffen tlic h u n g  b estim m ten  M a n u sk r ip te  sind an  fo lg en d e  A dresse  zu se n d e n :

A cta  M e d ic a
B udapest V I I I . ,  S z ig o n y  и . 43. 9 P .O .B  67

A n die g le iche  A n sch rift is t auch  je d e  fü r  d ie  R ed ak tion  b e s tim m te  K o rre sp o n d en z  
z u  r ich ten .

A b o n n e m en tsp re is  p ro  B and : 110 F o r in t .  B este llb ar bei d e m  B u ch - u n d  Z e itu n g s- 
A u ß e n h a n d e ls -U n te rn e h m e n  »K u ltú ra « (B u d a p e s t  I . ,  Fő  u tca  32. B a n k k o n to  N r. 43-790- 
057-181) oder b e i se in en  A u s la n d sv e rtre tu n g en  u n d  K om m issionären .
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LAJOS MARKUSOVSZKY
(25 A pril 1815— 21 A p ril 1893)

M E M O R IA L  A D D R E SS TO  T H E  H U N G A R IA N  A C A D E M Y  O F SC IE N C E S 
ON T H E  1ST O C T O B E R , 1965, T H E  150T H  A N N IV E R SA R Y  

O F  M A R K U SO V SZK Y ’S B IR T H

By

J . Sós
INSTITUTE OF PATHOPHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST

To d raw  a p o r tra i t  t ru e  to  life is a d iff ic u lt ta s k . Y e t, th o u g h  n o t  w ith  
lines an d  co lours b u t  w ith  w ords, we m ust a t t e m p t  to  recall th e  fe a tu re s  o f a 
g rea t m a n ’s m ind .

M uch o f w h a t L ajos M arku so v szk y ’s c o n tr iv in g  genius ach ieved  fo r H u n 
garian  m edicine is s till a live a f te r  a cen tu ry , a n d  I  shall a tte m p t to  t r a c e  it  
hack to  its  v e ry  origins, th ro u g h  a closer s tu d y  o f  his in d iv id u a lity .

W e recognize a g rea t m a n  by  his w ork. H is life concerns us on ly  so fa r  as 
i t  concerns his w ork. L ajos M arkusovszky  w as b o rn  a t  Csorba (S trba) in  1815. 
H e began  his m edical s tu d ie s  a t  B u d ap est U n iv e rs ity  in 1834, b u t  h a d  to  
in te r ru p t th e m  ow ing to  f in a n c ia l d ifficu lties, a n d  to  accep t th e  p o st o f a tu to r  
in the  F e s te tic h  fam ily . T h is de layed  his g ra d u a tio n  u n til 1844. H e th e n  w en t 
to  V ienna to  com plete  his tra in in g . T here he m e t su ch  friends as Ig n a tz  S em m el
weis an d  Já n o s  B alassa. A fte r  his re tu rn  to  B u d a p e s t  he w orked as a house  s u r 
geon u n d e r B alassa  w ho used  e th e r  an aes th es ia  as ea rly  as 1847.

D u rin g  H u n g a ry 's  W a r of Independence  in  1848 —1849, M ark u so v szk y  
was a fie ld -su rgeon . T his cost h im  his p o sitio n  a n d  b ro u g h t police su rv e illan ce  
upon  him  in  th e  years of th e  H ab sb u rg  a b so lu tism  th a t  followed th e  c o u n try ’s 
defeat. B u t rep ressed  n a tio n a l fealing an d  th e  desire  to  prom ote H u n g a r ia n  
m edicine u n ite d  th e  few lead in g  m edical m en o f th e  n a tio n  v e ry  closely . T h e ir  
associa tion  w as re fe rred  to  in  co n tem p o ra ry  reco rd s  as th e  “ m edical f a c u l ty  on 
h o rseb ack ” . W ith  social a ssem bly  and even p ro fess io n a l m eetings p ro h ib ite d  as 
p o ten tia l cen tres  o f co n sp iracy , M arkusovszky , B a lassa , L um niczer, a n d  K o 
vács, used  to  r id e  o u t in  o rd e r to  m eet and  to  d iscu ss  th e ir  p lans. L a te r  th e y  w ere 
jo in ed  b y  H irsch le r, B ó k ay , an d  W agner an d , a f te r  his re tu rn  from  his ex ile  in  
th e  p rov inces, b y  F rigyes K o rán y i. This w as th e  b ir th  of the  M ark u so v szk y  - 
society , o ffic ia lly  n o n -e x is te n t h u t  none th e  less a liv e , so m uch so th a t  i t  w as to  
rem ain  th e  d riv in g  force o f H u n g a ria n  m edicine th ro u g h  nearly  ha lf a c e n tu ry  
betw een  1850 an d  1893.

I t  was n o t u n til th e  p o litica l a tm osphere  b eg a n  to  clear th a t  M ark u so v szk y  
could resum e his w ork. H e pub lished  m ore th a n  200 papers w hich is a g re a t
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d e a l  fo r  a m edical m an  o f th e  la s t c en tu ry . H e h a d  success in  his life b u t  th a t  
w a s  th e  f ru it  of h a rd  w o rk  a n d  ceaseless s tru g g le .

L e t  us now  reca ll to  o u r  m inds w h a t H u n g a ria n  m edicine owes to  L ajos 
M a rk u so v sz k y . We m u s t b e g in , in  th e  o rd e r o f  tim e , w ith  his m erits  in  m ed ical 
p u b lish in g . The fo und ing  in  1857 of O rvosi H e tila p  (M edical W eek ly ), s till th e  
m o s t  w ide ly  read  H u n g a ria n  m edical jo u rn a l, a n  effic ien t vehicle o f  sc ien tific  
a n d  p ra c tic a l  m edicine, w as th e  f irs t stage  o f  th is  a c tiv ity . The f in a l s ta g e  of i t  
w as  th e  found ing  of th e  H u n g a r ia n  M edical P u b lish in g  Society, in  1864.

W ith  th e  s ta r t  o f  O rv o si H etilap  th e  H u n g a ria n  physic ians w ere  again  
a b le  to  pub lish  p ap ers  in  th e ir  m o th e r to n g u e  an d  to  c u ltiv a te  H u n g a ria n  
m e d ic a l language sad ly  n eg lec ted  during  th e  y e a rs  of oppression , th u s  add ing  
th e i r  sh a re  to  n a tio n a l re v iv a l.

M arkusovszky  a d v o c a te d  th e  n ecessity  o f  a period ical co n cern ed  w ith  all 
th e  a sp e c ts  of m edicine. H e  fu rth e rm o re  p o in te d  o u t in  a rep ly  to  som e d isco u r
a g in g  o b jec tion  th a t  a p e rio d ica l fails to  be  th e  s tim u la n t to  m ed ica l life if  i t  
a p p e a r s  a t  m o n th ly  in te rv a ls . I t  m ust be a w eek ly  jo u rn a l th o u g h  th e  e n te r 
p r ise  m a y  be too  h a z a rd o u s .

I n  his in tro d u c tio n  to  th e  f irs t issue he stressed  th a t  th e  fo u n d in g  of 
O rv o s i H e tilap  h ad  b een  a d u ty  to  Science, to  o u r suffering fellow m en , a n d  to  
th e  H u n g a r ia n  n a tio n . — “ T he collective s p ir i t  belongs to  th e  m o s t fe rtile  
id e a s  o f  ou r tim e, an d  th e  P re ss  is its  n a tu ra l  ch an n e l of co m m u n ica tio n . A ction  
d e m a n d s  u n ity  !”  T hose a re  th e  conclusive w o rd s of his address. O rvosi H e tila p  
b e c a m e  an  essential to o l in  p o s tg ra d u a te  tra in in g , by  M ark u so v szk y  and  
B a la s s a ’s in itia tin g  in te rc h a n g e s  on a h ig h  lev e l, ex ten d in g  to  p ro b le m s of 
h e a l th  policy . These po ssib ilities  were b ro u g h t now  in to  th e  o rb it  o f  every  
H u n g a r ia n  physician .

W e fin d  in th e  f ir s t  vo lu m es of O rvosi H e ti la p  b o th  clinical a n d  th e o re tic a l 
p a p e rs  on d iagnostics, th e r a p y , surgical te c h n iq u e s , general su rg e ry , clin ical 
m e d ic in e , paed ia tric s , gynaeco logy  an d  o b s te tr ic s , an d  a v a r ie ty  o f  o th e r 
s u b je c ts . O ther b ran ch es o f m edicine, w hich  la te r  becam e in d e p e n d e n t, su ch  as 
u ro lo g y , o to -rh in o -la ry n g o lo g y , e tc ., found  ro o m  in  its  pages, as w ell as p h a rm a 
co lo g y , p ub lic  h ea lth , school m edicine, f ir s t-a id , oph tha lm o logy , b a ln eo lo g y  and  
d ie te t ic s . H osp ita l b u ild in g , c ity  p lann ing , h e a lth  policy, p rob lem s reg a rd in g  
a n c il la ry  staff, book rev iew s, m edical new s, a n d  rep o rts  of jo u rn e y s  h e lp ed  to  
e n la rg e  th e  scope of th e  w eek ly  p ap er w hich  th u s  h a d  all th e  req u is ite s  to  im p a r t 
a  co m p reh en siv e  v iew  o f th e  v a rious th e o re tic a l, p rac tica l an d  social a sp e c ts  o f 
m e d ic in e  and  to  insp ire  m ed ica l life in  H u n g a ry . D uring  th e  c e n tu ry  w h ich  has 
g one  b y  since, th ere  w as b u t  little  occasion to  im prove th is  co m p reh en siv e  
e d it in g .

T h e  ed ito ria l ta sk s  M arkusovszky  h a d  to  cope w ith  were fra u g h t w ith  d iffi
c u ltie s . H is jo u rn a l w as a t ta c k e d  a t  hom e a n d  from  ab road . In  B u d a p e s t, a 
r iv a l  p a p e r  was lau n ch ed  b u t  O rvosi H e tila p  cam e off v ic to rious, n o t  o n ly  by
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its  sc ien tific  s ta n d a rd  b u t  also th ro u g h  its  im p a c t on p rofessional life. In  V ienna, 
th e  o th e r  cap ita l o f th e  A u s tro -H u n g a ria n  M onarchy , th e  W iener M edizin ische 
W ochensch rift decried  his o rg an ’s v a lu e  b y  s ta tin g  a rro g a n tly  “ D ie K u ltu r  
k o m m t n ich t von  O sten ” . This was m e a n t as a f in a l blow  to  O rvosi H e tila p .

M any tim es, O rvosi H e tilap  Avas th e  b ea re r  o f sad  new s. In  1865 th e  d e a th  
o f B u g á t and  of Sem m elw eis were an n o u n ced  in close succession. M ark u so v szk y  
su m m ed  up th e  m ean ing  of B u g á t’s w ork  in  a few  b u t  im pressive w ords: “ One 
o f th e  pioneers of H u n g a rian  m ed ical w ritin g  has le ft us. T he e ra  o f  h is a c tiv ity  
belongs to  th e  p a s t, th e  aim s he p u rsu e d  h av e  been  reach ed , b u t  w h a t he has 
done to  im prove H u n g a ria n  m ed ical w ritin g  is o f ab id in g  v a lu e ” . Seen from  
th e  d is tan ce  of a c e n tu ry , th is  t r ib u te  w hich  M arkusovszky  p a id  to  th e  m em ory  
o f h is friend , applies w ith  th e  sam e reaso n  to  him self.

O rvosi H e tilap  h a v in g  gained  a safe fo o ting , M arkusovszky , in  1864, e s ta b 
lished  th e  H u n g a rian  M edical P u b lish in g  S ociety  to  p rom ote  an d  d issem in a te  
m ed ical know ledge an d  c u ltiv a te  th e  H u n g a ria n  pro fessional lan g u a g e . I t  
rem a in ed  in  ex istence  u n til  1944. T h e  m on o g rap h s w hich w ere is su ed  b y  th is  
S oc ie ty  on an  an n u a l su b sc rip tio n  b as is , w ere v a lu ab le  c o n tr ib u tio n s  to  H u n 
g a rian  m edicine, en ab lin g  th e  p ra c ti t io n e r  to  keep  a b re a s t w ith  th e  p rog ress of 
m ed ical science. M any o f these  vo lu m es serve as h is to rica l sources to d a y .

The found ing  of th e  N a tio n a l H e a lth  Council (1868) w hose a c t iv i ty  w as to  
re su lt in  th e  s ta tu to ry  reg u la tio n  o f  p ub lic  h e a lth  in  H u n g a ry  (1876), w as also 
due to  M arkusovszky’s in itia tiv e . N o t on ly  d id  i t  m a rk  a su b s ta n tia l  p rogress 
in  H u n g a rian  h ea lth  policy b u t  its  o rig inal schem e as conceived  b y  M ark u 
sovszky  has p reserved  its  v a lid ity  to  th e  p re sen t d ay . I t  s till is a n  ad v iso ry  
b o d y  co -o rd ina ted  to  th e  M inister o f  H e a lth , w ith  m em bers a p p o in te d  from  the 
lead in g  m edical ran k s  for periods o f  a few  y ears . T he C ouncil keeps an  eye on all 
th a t  is concerned w ith  public  h e a lth , an d  n o t on ly  to  give advice on re q u e s t b u t 
to  m ake suggestions free ly  w h en ev er necessary . As la id  dow n ex p ressed ly  
b y  one of th e  m em bers on th e  2 5 th  an n iv e rsa ry  o f th e  B oard  in  1893, “ we 
in te n d  to  m ake use o f our r ig h t to  in it ia te  an d  p u t  fo rw ard  m o tio n s  w henever 
we deem  it  necessary  in  th e  in te re s t  o f  th e  p u b lic” .

The core o f th e  N a tio n a l H e a lth  Council h ad  been a s ta n d in g  co m m ittee , 
f i r s t  organized  in 1860, and  its  ch a irm en  w ere B alassa , W agner, C sa tá ry  (Grosz) 
an d  S chw artzer. O n th e  10th  o f M arch , 1868, th e  M in ister fo r H o m e A ffairs 
a ccep ted  from  th re e  d ra fts  su b m itte d  to  h im  th e  one p rep a red  b y  B a la ssa , M ar
k u so v szk y , Je n d ra ss ik  an d  F rig y es K o rán y i. As soon as i t  h a d  th e  K in g ’s 
co n sen t, a ch a irm an , a v ice -ch a irm an , 10 o rd in a ry  an d  28 s u b s ti tu te  m em bers 
w ere a p p o in ted , an d  official re p re se n ta tiv e s  o f fo u r m in istries (H o m e A ffairs, 
E d u c a tio n , T ra n sp o rt, T rade) w ere d e leg a ted . In  th is  m an n e r th e  fu ll Council 
in c lu d ed  44, and  th e  exclusive C o m m ittee  16, m em bers. In  th e  d eed  o f  fo u n d a 
tio n  th e  new ly found  b o d y  is reg is te red  as “ M edical R esearch  C ouncil” . I t  still 
b ea rs  th is  nam e, w ith  a sligh t a lte ra tio n .
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T he firs t B o ard  o f  th e  new  Council was c o n s ti tu te d  as follow s. C h a irm an : 
J á n o s  B alassa. V ic e -c h a irm a n : E ndre K o v ács S eb esty én . M em bers: L ajos 
C sa tá ry -G ro sz , Je n ő  J e n d ra s s ik , Is tv á n  K a jd a c s y , F rigyes K o rán y i, S án d o r 
L u m n icze r, Mór M o sk o v itz , Já n o s  N epom uk R u p p , K á ro ly  T h a n , K á ro ly  
T o rm a y , and  Já n o s  W a g n e r . O fficial d e leg a te s : A d o lf H o llán  (H om e A f
fa irs ) ,  L ajos M ark u so v szk y  (E d u ca tio n ), V ilm os Z lam ál (T rade an d  In d u s try ) , 
F e re n c  R e itte r  (T ra n sp o rt) . T he f irs t session w as held  on th e  5 th  o f J u ly , 
1865.

T he w eight o f th e  C o u n cil’s work is b e s t  i l lu s tra te d  b y  th e  scope o f its  
a c tiv i t ie s , such as th e  re o rg a n iz a tio n  of m ed ica l se rv ices, h o sp ita l b u ild in g  an d  
a d m in is tra tio n , q u es tio n s  o f  m idw ifery  (1891), a sy lu m s, d e n tis try  an d  p ro s th e 
t ic  d e n tis try , th e  re o rg a n iz a tio n  of public h e a lth  serv ices, tra in in g  o f m ed ical 
o ffice rs , com petence o f  po lice-surgeons (1881), p riso n  h o sp ita ls  (1873), th e  
a p p o in tm e n t of s a n ita ry  in sp e c to rs  (1884), o rg a n iz a tio n  o f em ergency  services, 
t r a n s p o r t  of dead bod ies (1873), h ealth  codes co n cern ed  w ith  passen g er an d  
goo d s tra ff ic  (1885), m a t te r  of p h a rm aceu tics  a n d  ch em ists’ shops, food 
h y g ie n e , m eat in sp ec tio n  (1871, 1881, 1882), p u b lic -house  co n tro l, e tc . In  
a d d it io n , the  Council w as co n cern ed  w ith c u rr ic u la  o f m ed ical tra in in g  an d  th e  
s e t t in g -u p  of new  u n iv e rs i ty  d epart m ents; fo r in s ta n c e , th ey  m ade a p lea  fo r a 
u n iv e r s i ty  chair of p u b lic  h e a lth ,  and  also fo r a n  “ O b serv a tio n  C en tre”  w hich 
a  g e n e ra tio n  la te r  w as to  ta k e  life as the N a tio n a l In s t i tu te  of H ygiene  o f to d a y . 
T h e  tra in in g  of forensic p h y sic ian s  and of school te ach e rs  in  hygiene, school 
h e a lth  reform  (1885), d ra f t in g  Bills concerning v e te r in a ry  hygiene (1886), spas 
(1869), an d  th e  affairs o f  m ed ica l societies w ere likew ise on th e  agenda . In  th e  
f ie ld  o f  env iro n m en ta l s a n ita t io n , river c o n tro l, flood  p re v e n tio n , an d  th e  
d ra in in g  of m arsh lan d s w ere  discussed. W hen  th e  c ity  of Szeged w as re b u ilt  
a f te r  a g rea t flood, th e  s a n i ta ry  supervision o f  th e  w hole schem e o f c o n s tru c 
t io n  devo lved  on th e  e x p e r ts  o f  th e  Council.

T h e  M edico-legal C ouncil was a sep a ra te  b o d y  w ith in  th e  fram ew o rk  of 
th e  C ouncil of M edical R e se a rc h , only the  degree o f its  ind ep en d en ce  v a ried  
in  th e  course of a c e n tu ry .

A com prehensive P u b lic  H ea lth  A ct w as an  issue f irs t  ra ised  by  B u g á t in 
1845, a t  a m eeting  o f H u n g a r ia n  physicians an d  n a tu ra lis ts  held  a t  Pécs, h u t 
in  th e  y ea rs  of oppression  fo llow ing  upon th e  d e fe a t o f  th e  W ar o f In d ep en d en ce  
th e  p la n  was d ropped . In  1863 and  1867 th e  q u e s tio n  was resum ed  b u t  its  f in a l 
s o lu tio n  h ad  to  w ait u n t i l  M arkusovszky , w ith  fu ll su p p o rt o f th e  Council, 
b r o u g h t  i t  to  a successful issu e .

T h e  basic p rincip les to  u n d erlie  the Bill fo r th e  A ct were being  w orked  o u t 
in  1869. E x p e rt co m m ittees  w ere  appo in ted  to  e la b o ra te  th e  d e ta ils  as concerns 
m e d ic a l p rac tice , h e a lth  in s t i tu t io n s , and legal q u es tio n s . A y e a r la te r  th e  Bill 
w as in  f in a l d ra ft. Y e t y e a rs  o f exacting  n e g o tia tio n s , re su ltin g  in  v a rious 
a m e n d m e n ts , had  h ad  to  p a ss  before it was la id  b efo re  th e  K ing  b y  th e  P rim e
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M in iste r for consen t an d  th e n  su b m itte d  to  P a r lia m e n t. T he Bill w as v o te d  on 
th e  3 rd  an d  en ac ted  on th e  8 th  o f A pril, 1876.

T h e  orig inal d ra fte rs  o f th e  B ill were B alassa , L um niczer, F rig y es K o rá 
n y i, an d  M arkusovszky , b u t  obv io u sly , M arkusovszky , a f ir s t  class e x p e r t  in  
p u b lic  h e a lth  o rg an iza tion , m u s t h av e  h ad  a la rg e r share  in  th is  w ork  th a n  his 
asso c ia tes  w ho Avere b u sy  clin ic ians. T h u s M arkusovszky  w as in  one p e rso n  
the  o rig in a to r, th e  p ro m o te r , an d  essen tia lly , th e  bu ild er of th e  fram e-w o rk  of 
th is  im p o r ta n t s ta tu te .

T he th ird  lead ing  idea  in sp irin g  M arkusovszky’s ac tiv itie s  concerns 
m ed ica l teach in g  and  tra in in g  in  all its  asp ec ts , inc lud ing  new  u n iv e rs ity  
d e p a r tm e n ts  and  build ing  of prem ises. As e a rly  as 1859 he en te re d  u p o n  a 
cam p a ig n  for the  e s ta b lish m e n t o f  a m ed ical cen tre  in  B u d a p e s t, an d  also 
p ressed  a p lea  fo r it in  O rvosi H e tila p . H is effo rts rem ain ed  fru itle ss  u n ti l  he 
h a d  com e in to  office in th e  M in is try  o f E d u c a tio n , w here he rem ain ed  u n til  his 
re tire m e n t in 1892. His p o sitio n  en ab led  h im  to  ca rry  o u t his p lans. W h en  he 
cam e in to  office th e  U n iv e rs ity  M edical School h ad  13 cha irs ; on his r e t i r e 
m en t, a q u a r te r  o f a c e n tu ry  la te r , th e re  w ere 22, an d  a lm o st all hou sed  in  
su itab le  prem ises.

D u rin g  his f irs t y e a r  in  th e  M in istry  o f E d u c a tio n  he fo u n d  th e  fu n d s  for 
th e  e q u ip m e n t of e igh t new  m edical ch a irs , re c ru ite d  th e ir  p e rm a n e n t s ta ffs , 
an d  p ro v id ed  for th e ir  a n n u a l b u d g e ts . T he follow ing sp ring  he o rg an ized  a 
G o v e rn m en t Council d iscussion  w ith  a view  to  fu rth e rin g  th e  c o n s tru c tio n  o f 
p rem ises for th e  U n iv e rsity  M edical School. T h is he follow ed up  b y  p re ssu re  on 
th e  B u d ap est M unicipal Council fo r th e  long-prom ised  d o n a tio n  o f  su ita b le  
b u ild in g  sites. H e designed te a c h in g  h o sp ita ls , in s titu te s  o f genera l, a p p lie d , 
an d  forensic an a to m y , as well as o f  p hysio logy , p a th o lo g y , an d  ch e m is try  on 
b o th  sides of an  a rte ria l road  in  th e  so u th  o f th e  C apita l. T he designs to o k  m uch  
tim e  to  be tra n s la te d  from  b lu e -p r in t in to  fac t. The f irs t b u ild in g  co m p le ted  
w as th a t  for th e  C hair o f C h em istry  (1870). In  th e  sam e y e a r th e  M edico- 
p h y sica l C hair could he housed  an d  th e  old In s t i tu te  of P hysio logy  ex te n d e d . 
In  1871 th e  In s t i tu te  o f P a th o lo g y  an d  th e  In s t i tu te  of P h a rm aco lo g y  w ere 
g iven  in d ep en d en t prem ises. In  1873 an  e m b itte re d  M arkusovszky  co m p la in ed  
th a t  th e  b u ild ing  o p era tio n s fo r th e  M edical F a c u lty  were “ like th e  m a rin e rs ’ 
fab u lo u s seaserp en t w hich has no  e n d ”  an d  th a t  “ th e  g en era tio n  th a t  f ir s t  
p lan n ed  an d  fough t for th e  schem e has grow n grey in  h arn ess  or d ied ” . S till, 
th e  v e ry  sam e y ea r the  e rec tio n  o f a new  hom e for th e  In s t i tu te  o f P h y sio lo g y  
b e g a n , th o u g h  th e  b u ild in g  w as n o t com ple ted  u n til 1875.

A  special m erit o f M arkusovszky  w as to  have  a t  th a t  tim e  o rg an ized , 
a f te r  M oscow and  Leipzig , th e  th ird  C hair in  th e  w orld  fo r P u b lic  H e a lth . 
Jó z s e f  F odor was ap p o in ted  its  f ir s t  d irec to r.

T he years be tw een  1878 an d  1881 saw  th e  com pletion  o f new  an d  
fu lly  eq u ip p ed  prem ises for th e  f irs t  a n d  second D e p a rtm e n ts  o f  Sur-
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g ery , an  I n s t i tu te  o f  A n a to m y , an d  th e  f i r s t  an d  second D e p a rtm e n ts  o f  
M edicine.

T he D e p a rtm e n ts  o f O b ste trics  to o k  a good tw e n ty  years to  be o rgan ized  
a n d  housed . T he f i r s t  D e p a r tm e n t was co m p le te  b y  th e  a u tu m n  o f 1879. T he 
second  D e p a rtm e n t w as e rec ted  a fte r  th e  d e a th  o f M arku so v szk y  b u t  on a site  
m a rk e d  ou t b y  h im .

T he C en tra l B u ild in g  o f th e  U n iv e rs ity  M edical School was o p en ed  to 
w ard s  th e  end  o f 1884, w ith  prem ises fo r all th e  a d m in is tra tiv e  offices an d  th e  
C e n tra l L ib ra ry . L a rg e  p a r ts  of i t  ho u sed  tra n s ie n tly  hom eless d e p a r tm e n ts  
a n d  in s titu te s , such  as th e  I n s t i tu te  of P a th o lo g y  a n d  T h e ra p y , th e  I n s t i tu te  o f 
B io ch em istry , an d  th e  I n s t i tu te  of P h a rm aco lo g y , o f w hich  th e  la s t-m en tio n ed  
is s till in  th e  b u ild in g . T he fa c t  th a t  th e  p rem ises could  be used  for a v a r ie ty  of 
p u rp o ses  chang ing  fro m  decade to  decade show s M ark u so v szk y ’s in g e n u ity  in  
design ing  w ith  an  eye n o t  o n ly  on im m ed ia te  needs b u t  also  on fu tu re  d em ands.

T he square  fac in g  th e  C entral B u ild in g  o f th e  B u d a p e s t U n iv e rs ity  
M edical School has now  b een  nam ed  a f te r  M ark u so v szk y , an d  th e re  i t  is th a t  
we w ill now' u n ve il h is s ta tu e .

Ow ing to  th e  s te a d ily  grow ing n u m b e r o f  s tu d e n ts , ever w idening  cu r
r ic u la , an d  th e  co rresp o n d in g  increase a n d  d iv e rs ity  in  p ra c tic a l an d  tech n ica l 
t ra in in g  ( lab o ra to rie s , e tc .) , m an y  d e p a r tm e n ts  an d  in s ti tu te s  h av e  ou tg ro w n  
th e  b u ild ings o rig in a lly  m e a n t to  house th e m . B u t  n ev e r h a d  a b u ild in g  to  be 
a b a n d o n e d  for lack  o f  fo re s ig h t in p lan n in g  o r in c o m p e te n t design. M ark u 
so v szk y  g rasped  fro m  th e  s ta r t  th a t  th e  ch ie f c h a ra c te r is tic  o f know ledge is its  
m an y -sid ed n ess  an d  t h a t  soon th e  U n iv e rs ity  M edical School w ill have  to  sp read  
i ts  in te re s ts  an d  y e t p rese rv e  stud ies in  d e p th  — a n d  he p lan n ed , designed , an d  
o rg an ized  b u ild ing  c o n s tru c tio n  accord ing ly .

M arkusovszky  also  p ro je c te d  and  d rew  u p  p lan s fo r G o vernm en t m easures 
to  im prove  th e  econom ic s itu a tio n  of m ed ica l u n iv e rs ity  te ach e rs  an d  research  
w o rk ers , b u t  age a n d  illness th w a r te d  h is p u rp o ses .

D e a th  o v erto o k  L a jo s  M arkusovszky  a t  th e  age o f 78, one y e a r a f te r  his 
re tire m e n t. F o r 25 y ea rs  he  w as A d m in is tra to r  o f U n iversities in  th e  M in is try  of 
E d u c a tio n . T hough  he su ffe red  tra n s ie n t se tb a c k s , his w as a career rich  in  suc
cess. In  recogn ition  o f h is m erits  he w as e lec ted  co rrespond ing  m em ber o f th e  
H u n g a ria n  A cadem y o f Sciences in  1863 a n d  h o n o ra ry  m em b er in  1890. A  g rea t 
o rg an ize r, he lived  a fu ll life sp e n t in  c rea tiv e  w ork . H e could  n o t alw ays realize  
h is am b itio n , b u t  h is accom plishm en ts are  n o t on ly  im posing ly  g ran d  b u t  in  
m a n y  respects  still g u id in g  us.
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(R ece iv ed  M arch 10, 1965)

On th e  basis o f i ts  o n se t, ch a rac te r, tim in g , a n d  freq u en cy  th e  m u rm u r o f p u l
m o n ary  in su ffic iency  w ith o u t  p u lm o n a ry  h y p e rte n s io n  can  be d istingu ished  fro m  th a t  
o f ao rtic  insu ffic iency  a n d  t h a t  o f p u lm o n a ry  fu n c tio n a l incom petence  (G rah am  S teell 
m u rm u r). A ccording to  th e  o b se rv a tio n  m ade by  th e  a u th o rs , c e rta in  ty p es o f a cq u ired  
p u lm o n a ry  in su ffic iency  m a y  increase  in  in te n s ity  a f te r  som e tim e. In  co n n ection  w ith  
th e  d ila ta tio n  of p u lm o n a ry  a r te ry , th e  so-called r ig h t-s id e d  A ustin  F lin t p h en o m en o n  
m ay develop . A m yl n i tr i te  is u su a lly  su itab le  fo r d is tin g u ish in g  th e  m u rm u r, b u t  an  
increase  in  in te n s ity  does n o t  occur in  every  case. O n  th e  o th e r  h an d , th e  m u rm u r  
becom es lo u d er in  ev ery  case a f te r  rep ea ted  deep in sp ira tio n s . B y  w ay of conclusion  
th e  a u th o rs  s ta te  th a t  th e  m ech an o g ram s are  a v a lu a b le  help  in  th e  id e n tif ic a tio n  of 
p u lm o n a ry  in su ffic iency  m u rm u rs .

O rganic  p u lm o n a ry  in su ffic iency  m ay  be co n g en ita l or acqu ired  (R unco 
an d  R ooth, 1963). C ongen ita l p u lm o n ary  in su ffic ien cy  u sua lly  develops in  
consequence o f an  ab n o rm a l fo rm  or sup ern u m ero u s p u lm o n a ry  valves, b icu sp id  
p u lm o n ary  v a lv es , or th e  re g u rg ita tio n  is a sso c ia ted  w ith  p u lm o n ary  sten o sis . 
A cquired  p u lm o n a ry  in co m p eten ce  u sua lly  arises in  connection  w ith  a d i la ta 
tio n  of th e  p u lm o n a ry  a r te ry  or as a consequence o f  th e  surg ical co rrec tio n  of 
p u lm o n ary  stenosis. P u lm o n a ry  insuffic iency  dev e lo p in g  as a consequence  o f 
b ac te ria l en d o ca rd itis , rh e u m a tic  fever, syph ilis, fe n e s tra tio n  of th e  p u lm o n a ry  
va lves, tra u m a , or of th e  carc in o id  ty p e , is m uch  less freq u en t.

The d ifference b e tw een  th e  m u rm u r of o rg an ic  p u lm o n ary  in su ffic ien cy  
an d  ao rtic  re g u rg ita tio n  h as  b een  discussed p rev io u sly  (B odrogi et al., 1963). 
T he m u rm u r of organic  p u lm o n a ry  insuffic iency  is ro u g h , i t  is loudest in  th e  le f t 
2nd  — 3rd  in te rc o s ta l space; th e  frequency  is low , t h a t  can  be a t t r ib u te d  to  th e  
low -velocity  re g u rg ita tio n . I t  s ta r ts  w ith  a sh o rt p e rio d  a fte r  th e  second h e a r t  
sound  w ith  crescendo-decrescendo  ch arac te r. T he m u rm u r  reaches its  p e a k  a t  
th e  tim e  w hen  th e  p ressu re  g ra d ie n t be tw een  th e  p u lm o n a ry  a r te ry  an d  r ig h t  
v en tric le  is th e  g rea te s t an d  en d s in  m id-d iasto le  w ith  th e  d isap p earan ce  o f  th e  
g rad ien t. I n  p u lm o n a ry  in su ffic ien cy  th e  r ig h t v e n tr ic u la r  e jec tion  t im e  is 
p ro longed  b y  th e  re g u rg ita tin g  blood vo lum e, cau sin g  an  e x ag g e ra tio n  o f 
physio log ically  a sy n ch ro n o u s onset o f le ft an d  r ig h t  v e n tr ic u la r  d ia s to le . In  
th is  w ay p ro d u ced  re ta rd a tio n  of rig h t v e n tr ic u la r  re lax a tio n  ad d ed  to  th e  
ab sen t pu lm on ic  co m p o n en t o f  th e  2nd sound , in  m o st cases re su lt th e  s ilen t 
in te rv a l a f te r  th e  ao rtic  co m p o n en t. We m ust re m a rk , how ever, acco rd in g  to
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F ig . 1. P . A ., 17 years o f age o p e ra te d  u p o n  for p u lm o n a ry  stenosis. T he d ia s to lic  m u rm u r o f 
pu lm o n ary  re g u rg ita tio n  a f te r  h a lf  a n d  a f te r  tw o y ears o f th e  su rg e ry

F ig . 2 . B . S., 15 years o f age. P u lm o n a ry  re g u rg ita tio n  h a d  arisen  in  consequence o f p u lm o n a ry  
h y p e r te n s io n  associated  w ith  p a te n t  d u c tu s  a rte r io su s , an d  p ersisted  a f te r  th e  successful 
o p e ra t io n  even  afte r th e  p re ssu re  in  th e  p u lm o n a ry  a r te ry  h ad  re tu rn e d  to  n o rm al. T he pre- 

sy s to lic  crescendo ap p ears  a f te r  th e  c h a ra c te ris tic  m u rm u r of p u lm o n a ry  in co m p eten ce

o th e r  a u th o rs  ( L e v i n  e t a l . ,  1964), th a t  in  p a tie n ts  whose re g u rg ita n t  flow  is 
sm a ll, th is  delay  m ay  be a b se n t, so th a t  th e  m u rm u r begins im m e d ia te ly  a fte r 
th e  second  sound. The m u rm u r  is t ra n s m it te d  along th e  edge o f th e  s te rn u m
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I'll!. 3a. In c reased  in te n s ity  o f th e  re g u rg ita tio n  m u rm u r a f te r  th e  effec t o f  a m y l n itr i te

F ig . 3b. R ed u c tio n  of th e  a m p litu d e  of p o stsu rg ical re g u rg ita tio n  m u rm u r a f te r  a d m in is tra tio n
of am y l n itr i te
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d o w n  to  th e  4 th —5 th  in te rc o s ta l  space, o ccasiona lly  to  th e  r ig h t side o f th e  
s te rn u m . In  th e  p re se n t p a p e r  we shall re p o r t  on  tw o  y ea rs  o b se rv a tio n  o f 
p u lm o n a ry  reg u rg ita tio n  in  12 cases.

I t  is well know n, t h a t  som e reg u rg ita tio n  a lw ay s occurs a fte r  th e  su rg ica l 
c o rre c tio n  of p u lm o n ary  s ten o s is  (Talbert  et a l., 1963) an d  in  ou r m a te r ia l six  
su c h  p a tie n ts  were observ ed . I n  th ree  of our cases, th e  in su ffic iency  w as due  to  
d i la ta t io n  o f th e  p u lm o n a ry  a r te ry ,  th e  p u lm o n a ry  in su ffic ien cy  w as co ngen ita l

Rtf-sec t.
>iw » »»м »  "*

•'-«'/Var
Fig. 4. Increased v ib ra tio n s of the m urm ur a fter repeated  inspirations

in  tw o  cases, and  in  one case re g u rg ita tio n  w as due  to  p u lm o n a ry  h y p e rten s io n  
a sso c ia te d  w ith  a p a te n t  d u c tu s  arterio sus; th is  re g u rg ita tio n  p e rs is ted  a f te r  
su ccessfu l surgery , w hen  th e  p ressu re  in  th e  p u lm o n a ry  a r te ry  h a d  becom e 
a lm o s t no rm al.

I n  th e  cases of c o n g en ita l p u lm o n ary  in su ffic ien cy  diagnosis w as con firm ed  
b y  c in ean g io -card io g rap h y , a n d  in  th e  re s t of th e  cases b y  c a th e te r iza tio n . A t 
c a rd ia c  c a th e te riza tio n  th e  p u lm o n a ry  a r te ry  p re ssu re  cu rve  is ch a rac te rized  
b y  a d ic ro tic  lim b s teep ly  d escen d in g  to  th e  d ia s to lic  level, w hich  in  e n d -d ia 
s to le  is e q u a l to  r ig h t v e n tr ic u la r  pressure ( P r i c e  1961, K o h o u t  et a l., 1955). 
T h e  p u lm o n a ry  origin of th e  re g u rg ita tio n  in  th e  p a t ie n t  w ith  a p a te n t  d u c tu s  
a r te r io su s  was confirm ed b y  p a lp a tio n  too  d u rin g  o p e ra tio n .

O u r observations c o n ce rn in g  p u lm o n ary  re g u rg ita tio n  w ere as follow s:
(i) T h e  m u rm u r’s in te n s ity  in c re a se d  w ith  tim e , (ii) A n A u s tin  F lin t m u rm u r on 
th e  r ig h t  side was asso c ia ted  w ith  p u lm o n ary  a r te r ia l  d ila ta tio n , (iii) A p o si
t iv e  re sp o n se  to  am yl n i t r i te ,  (iv) Increase o f th e  re g u rg ita tio n ’s in te n s ity  on 
d e e p  in sp ira tio n , (v) I ts  c o n n e c tio n  w ith  m ech an o g ram s.
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F ig . 5. M u rm u r associated  w ith  p u lm o n a ry  insufficiency. I t s  o n se t occurs a sh o r t  p e rio d  a fte r
ao rtic  closure

Fig. 6. E n d  of the  c rescendo-decrescendo  ty p e  m u rm u r coincides w ith  th e  o n se t o f th e  (a)
w av e  o f th e  p h lebogram

In  tw o cases w here th e  insuffic iency  h ad  developed  a fte r  th e  co rrec tio n  
o f  p u lm o n a ry  stenosis tw o  y ea rs  a fte r  th e  o p e ra tio n  th e  m u rm u r becam e 
co n sid e rab ly  louder b o th  on a u sc u lta tio n  an d  on the  PCG  reco rd , a lth o u g h  the  
clin ical s ta te  of these  p a tie n ts  d id  n o t d e te rio ra te  (F ig. 1). W e ag ree  w ith  
Lu isa d a  (L uisada  an d  Satk o w sk y , 1961) in  t h a t  in  such  cases th e  in c rea s
ing  in te n s ity  of the m u rm u r is due to  fib rosis develop ing  a f te r  som e tim e  a t  the
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m a rg in  o f th e  valves, b u t  i t  is also  possible th a t  th e  change in  in te n s ity  is caused  
b y  a  s lig h t d ila ta tio n  o f  th e  r ig h t ven tric le  ( F o w l e r  an d  D u c h e s n e , 1958).

I n  th e  p a tie n t w ith  p u lm o n a ry  d ila ta tio n  a t  th e  2 n d —4 th  in te rc o s ta l 
sp a c e  p a ra s te rn a lly  th e  m u rm u r  could be d iv id e d  in to  tw o p a r ts ,  one low 
p i tc h e d  o f c rescendo-decrescendo  ch arac te r, s ta r t in g  w ith  a d iscre te  in te rv a l 
a f te r  th e  2nd h ea rt so u n d , a n d  one of crescendo c h a ra c te r  fa lling  in  th e  p re 
sy s to le  (F ig . 2). As fa r  as w e know , th is p h en o m en o n  has been  re p o rte d  in  th e  
l i te r a tu r e  in  3 cases o n ly , in  connection w ith  p u lm o n a ry  a r te r ia l d ila ta tio n

F ig . 7. P a t ie n t  w ith  p r im a ry  p u lm o n a ry  hypertension . T h e  d o u b le  sound  trac in g  c learly  show s 
th e  m u rm u r o f fu n c tio n a l  insufficiency w ell t r a n s m itte d  to  th e  ap ex

( B r a y s h a w  and P e r l o f f , 1962, O n g l e y  et al., 1960, G r e e n e  et al., 1949). 
A c c o rd in g  to  these a u th o rs , in  such  cases th e  m u rm u r  m ay  be d iv id ed  in to  tw o 
p a r t s :  a  m edium  freq u en cy  m u rm u r  in th e  2 n d  in te rc o s ta l  space an d  a m u rm u r 
o f  lo w e r frequency  in  th e  4 th  — 5 th  in te rco s ta l sp ace  p a ra s te rn a lly . T he p h en o m 
en o n  h as  been te rm e d  r ig h t  sided A u stin  F l in t  m u rm u r. T h ere  is no 
e x p la n a tio n  of the  p h e n o m e n o n ; th e  com parison  is en tire ly  clin ical w ith  th e  
A u s tin  F lin t m urm ur h e a rd  in  ao rtic  in co m p e ten ce .

A ccord ing  to  th e  l i te r a tu r e ,  pu lm o n ary  re g u rg ita tio n  m u rm u rs  u su a lly  
b eco m e louder or show  no  ch an g e  in in te n s ity  a f te r  a d m in is tra tio n  of am yl 
n i t r i t e  ( S u h  S o o n  K y u , 1960, E n d r y s  and B a r t o v a , 1962). In  8 of o u r p a tie n ts  
a m y l n i t r i te  m ade th e  m u rm u r  to  grow in in te n s i ty , w hile  in  2 cases i t  rem ain ed  
th e  sam e  and  in fu r th e r  tw o  cases it  was ev en  re d u c e d . In  one o f th e se , th e  
in su ffic ie n c y  had  deve loped  a f te r  surgery  fo r p u lm o n a ry  stenosis, in  th e  o th e r 
th e  in su ffic ien cy  was a co n seq u en ce  of p u lm o n a ry  d ila ta tio n  (F ig . 3 a —b).

U n d e r the  effect o f  r e p e a te d  deep in sp ira tio n s  (C r i s c i t i e l l o , an d  H a r 
v e y , 1963) an  increase in  th e  m u rm u r’s in te n s i ty  w as n o ted  (Fig. 4). Such an  
in c re a se  in  in ten s ity  w as fo u n d  in  every  case w here  th e  p a tie n ts  ex p ired
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slig h tly  a fte r  a few deep in sp ira tio n s . T h is in  our op in ion  is a sim ple a n d  p ra c t i 
ca l te s t ,  an d  its  m echanism  agrees t h a t  o f R ivero  — C arvallo  te s t.

T he sim u ltan eo u s record ing  o f th e  m u rm u r w ith  o th e r m ech an o g ra tn s  is 
a v a lu ab le  help  (B o u s v a r o s  an d  D e u c h a r , 1961). T he m u rm u r n ev e r s ta r ts  
sy n ch ro n o u sly  w ith  th e  incisure  o f th e  ca ro tid  cu rve  an d  ends w ith  th e  o n se t 
o f  th e  (a) w ave o f th e  ph lebogram  an d  a p ex ca rd io g ram  (Figs 5, 6).
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The serum  glycoprotein level has been found to  rise in experim ental tu rpentine 
inflam m ations. A parallel rise was noted in thoracic duct lym ph whereas in  the cervical 
trunk  lym ph, derived from the affected area, the values a t 24 and 72 hours were signif
ican tly  lower th an  those in blood and the thoracic duct lym ph. I t  is concluded th a t  the 
glycoproteins are re ta ined  a t the site of inflam m ation for tissue repair.

In creased  p ro te in -b o u n d  ca rb o h y d ra te  levels h av e  been  fo u n d  in  t u r 
p en tin e -in d u ced  in f la m m a tio n  [6, 23]. The cause o f th is  increase  is s till co n tro 
v e rs ia l. C ertain  a u th o rs  ascribe  i t  to  tissue b reak d o w n  invo lv ed  b y  th e  in ju ry  
[8, 22, 26], o thers be lieve i t  to  be th e  consequence o f  e n h an ced  p ro te in  sy n th e 
sis b y  th e  liver [4, 5, 14, 15, 16]. In  su p p o rt o f th e  f i r s t  a ssu m p tio n  i t  is alleged 
th a t  th e  co n cen tra tio n  o f  p ro te in -h o u n d  c a rb o h y d ra te s  in  th e  venous b lood  of 
th e  effec ted  area is h ig h e r th a n  in  th e  a rte ria l b lood  [26]. N o acco u n t h as  been , 
how ever, tak en  o f th e  fa c t e s tab lish ed  by  Starling , n am ely  th a t  th e  in te r s t i
t ia l  colloids, th e re fo re  th e  p ro te in s  too , are ca rr ied  in to  th e  b lood  s tream  
th ro u g h  th e  ly m p h  vessels. In  o rd e r to  gain  a closer in s ig h t in to  th e  p rob lem , 
th e  co n cen tra tio n s  o f  p ro te in -b o u n d  c a rb o h y d ra tes  h a v e  been  in v e s tig a te d  in  th e  
ly m p h  an d  in  th e  ven o u s b lood  collected  from  th e  a ffec ted  a rea , as w ell as in  
th e  a r te r ia l b lood su p p ly in g  it.

M ateria l and  m ethods

55 dogs of b o th  sexes w eigh ing  be tw een  12 an d  16 kg  w ere used  in  th e  s tu d ies . B lood 
sam ples w ere tak en  a t  th e  b eg in n in g  of th e  ex p erim en t, th e n  1 m l o f rectified  tu rp e n tin e  oil 
w as in je c te d  su b cu tan eo u sly  in to  th e  r ig h t ear of each  an im al. T h e  an im als  were d iv id ed  in to  
th re e  g ro u p s, to  be o p e ra te d  a t  24, 48 a n d  72 hours, re sp ec tiv e ly , u n d e r chloralose an aesth es ia  
(0 .10 g p e r kg body w e ig h t). T h e  th o rac ic  d u c t and  th e  r ig h t cerv ica l t ru n k  w ere iso la ted  from  
a m ed ian  cervical ap p ro ac h , an d  a p o ly e th y len e  c a th e te r  w as in se r te d  in to  th em . T h e  ly m p h  
w as co llected  in to  m ark e d  cen trifu g e  tu b es , while th e  head  o f th e  an im als  w as m oved  to  and  
fro  a t  th e  ra te  o f 15/m in. A t th e  m id -p o in t o f collection, b lood  sam ples w ere ta k e n  from  the  
fem o ra l vein . F rom  th e  an im a ls  to  be o p e ra ted  up o n  48 a n d  72 h o u rs  a f te r  th e  tu rp e n tin e  
in ju ry , b lood sam ples w ere ta k e n  daily .

In  a sep ara te  g ro u p  o f an im als , 48 hours a fte r  th e  in ju ry  b lood  w as co llected  from  th e  
e x te rn a l c a ro tid  a r te ry  su p p ly in g , a n d  from  th e  e x te rn a l ju g u la r  v e in  d ra in in g  th e  a rea  of 
in fla m m a tio n .

Serum  to ta l  p ro te in  c o n te n t w as e s tim a te d  by  th e  b iu re t te s t ,  th e  level o f p ro te in -b o u n d  
hexose  b y  th e  m eth o d  o f S t a r y  et a l.  [24] using  őrein as a re a g e n t, th e  serum  g lucosam ine level
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b y  th e  m e th o d  of Sü d h o p  a n d  P e t r o v ió  [25] w ith  E h r l ic h ’s re ag e n t. T he se ru m  d ip h en y lam in e  
r e a c tio n  w as eva lu a ted  b y  th e  m e th o d  o f N ia zi and  Sta te  [17] as m o d ified  b y  A y a l a  e t al. [1], 
w ith  D is c h e ’s reag en t (D P A  b e in g  th e  ex tin c tio n  v a lu e  re a d  on  th e  scale o f th e  d ru m ). N eu ra 
m in ic  a c id  w as estim a ted  b y  th e  m e th o d  of B öhm , D a u b e r  a n d  B a u m e is t e r  [3] using  B i a l ’s 
o rc in  re a g e n t.

F o r  colour e s tim a tio n  a P u lf r ic h  ty p e  Zeiss p h o to m e te r  w as u sed ; la y e r  th ick n ess for 
t o ta l  p ro te in  d e te rm in a tio n  w as 2 cm , otherw ise 1 cm . F o r  n eu ram in ic  ac id  d e te rm in a tio n  
a  S 57, o th erw ise  a S53 f i l te r  w as u sed .

T h e  resu lts  were e v a lu a te d  b y  S u d e n t ’s “ t ”  te s t.

R esults

T h e  tu rp e n tin e  in je c tio n s  failed  to  elicit a change in  th e  se ru m  to ta l  p ro te in  
lev e l as com pared to  th e  in i t ia l  values.

A  sign ifican t in c rease  in  th e  serum  D P A  va lu es  w as fo u n d  as ea rly  as 24 
h o u rs  a f te r  th e  in ju ry , a f u r th e r  increase w as n o te d  a t  48 h o u rs  a n d  a falling  
te n d e n c y  a t  72 hours. T he se ru m  level of p ro te in -h o u n d  hexose show ed  a sim ilar 
b e h a v io u r . No sig n ifican t rise  in  th e  serum  n eu ram in ic  ac id  a n d  glucosam ine 
le v e ls  w as d em o n stra ted  in  th e  f ir s t  48 hours of in f la m m a tio n  (T ab le  I).

Table I

Serum total protein and glycoprotein levels in dogs with turpentine inflammation 
in relation to normal values

Time

Serum

No. of 
animals

Total protein 
g per

100 ml ^  SE

DPA
Ext ^  SE

Protein-bound 
hexose 
mg per 

100 ml ^  SE

Neuraminic acid 
mg per

100 nú±  SE

No. of 
animals

Glucosamine 
mg per 

100 ml ^  SE

N orm al 25 5.82 ±  0.14 254.6 ±  8.8 103.8 ±  6.5 61.9 ±  3.68 23 98.4 ±  8.57

24 h rs 18 5.82 ±  0.17 288.9 ±  8.7 127.3 ±  4.0 71.0 ±  4.1 16 107.0 ±  6.9

48 h rs 12 6.00 ±  0.16 382.9 ±  10.0 166.9 ±  9.9 92.83 ±  6.1 10 128.0 ±  9.6

72 h rs 6 5.63 ±  0.20 330.0 ±  10.5 155.0 ±  14.6 80.2 ±  10.5 5 124.4 ±  14.7

F o rty e ig h t hou rs  a f te r  th e  f irs t signs of in fla m m a tio n , in  th e  th o rac ic  
d u c t  ly m p h  of th e  to ta l  p ro te in s  s ig n ifican tly  exceeded  th e  n o rm a l values. 
D P A  a n d  p ro te in -b o u n d  h ex o se  values show ed a s ig n ifican t rise a t  48 h ours and  
th is  w as still d em o n strab le  a t  72 hours; th e  g lucosam ine level w as essen tia lly  
u n c h a n g e d  (Table I I ) .

I n  th e  cervical t r u n k  ly m p h , to ta l  p ro te in  v a lu es  w ere s ig n ifican tly  in c reas
ed  a t  24 hours. D P A  a n d  g lucosam ine values, to o , were s ig n if ican tly  increased  
u p  to  72 hours. A s ig n if ic a n t red u c tio n  in  th e  p ro te in -b o u n d  hexose level 
o c c u rre d  a fte r the  f ir s t  48 h o u rs , an d  in th a t  o f n eu ram in ic  ac id  a f te r  th e  f irs t 
24 h o u rs  (Table I I I ) .

T h e  serum  values fo r  c a rb o h y d ra te  p er g p ro te in  u n d e rw e n t a s ign ifican t 
rise  d u rin g  th e  f irs t 48 h o u rs  follow ing in ju ry , h ig h  values bein g  s till p resen t a t
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Tabic II

Serum  total protein and glycoprotein levels in  thoracic duct lymph  
in  dogs w ith turpentine in flam m ation in  relation to normal values

Time

Thoracic duct lymph

No. of 
animals

Total protein 
К per

100 ml ±  SE

DPA
E x t±  SE

Protein-bound 
hexose 
rag per 

100 m l±  SE

Neuraminic acid 
mg per

100 m l±  SE

Glucosamine 
mg per 

100 m l±  SE

Norm. 6 3 .5 5 + 0 .4 9 180 ±  9.04 6 5 .5 +  8.34 57.2 ±  7.69 79.5 ±  18.9
24 hrs 8 4.21 ± 0 .4 6 165 ±  4.53 92.5 ±  8.54 40.4 ±  3.24 87.4 ±  15.4
48 hrs 5 5.20 ±  0.62 268 ±  19.1 146.2 ±  14.7 78.0 ±  13.9 121.0 ±  12.2
72 hrs 5 4.70 ±  0.36 276 ±  29.3 125.2 ±  14.9 69.2 ±  8.52 107.0 ±  14.1

Table III

Serum  total protein  and glycoprotein levels in  cervical trunk lymph  
in  turpentine i n f  lamination, in  relation to norm al values

Time

Cervical trunk lymph

No. of 
ani

mals

Total 
protein 

g per 100 
ml SE

No. of 
ani
mals

DPA
Ext ±  SE

Protein- 
bound 

hexose 
mg per 100

ml ±  SE

No. of 
ani
mals

Neuraminic
acid

mg per 100 
m l± S E

No. of 
ani
mals

Glucosamine 
mg per 
m + SE

Norm. 6 2.45 ±  0.55 6 93.3 ±  6.15 50.2 ±  8.80 6 50.0 ±  5.09 5 39.2 ±  3.38
24 hrs 4 4.10 ±  0.17 7 145.0 ±  7.95 61.4 ±  6.36 5 28.0 ±  2.28 4 57.0 ±  6.56
48 hrs 6 4.02 ±  0.42 6 203.3 ±  18.4 81.7 ±  7.28 6 56.3 ±  9.90 5 71.2 ±  6.47
72 hrs 5 3.30 ±  0.37 5 189.0 ±  26.2 68.8 ±  13.9 5 59.0 ±  8.50 4 63.5 ±  10.5

Table IV

Carbohydrate concentration per g protein in  turpen tine  inflamm ation, 
in  relation to normal values

Serum

Time No. of 
animals

Protein-bound 
hexose 
mg per 

100 ra l±  SE

Neuraminic acid 
mg per 

100 m l±  SE

No. of 
animals

Glucosamine 
mg per

100 n d ±  SE

N orm . 25 18.5 ±  0.57 10.7 ±  0.65 20 17.0 ±  1.06

24 hrs
18 22.2 ±  0.93 

P  <  0.0005

12.4 ±  0.74 

P  <  0.05

16 12.7 ±  1.52 

P <  0.0125

48 hrs
12 28.1 ±  1.86 

P  <  0.0005

15.7 ±  1.16 

P  <  0.0005

10 21.7 ±  1.68 

P <  0.0125

72 hrs
6 27.5 ±  2.36 14.1 ±  1.62 5 21.7 ±  2.94

P  <  0.0005 P  <  0.025 P  <  0.05
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72 h o u rs . N euram in ic  acid  b eh av ed  s im ila rly . A fa ll of th e  g luco sam in e  level 
w as re g is te re d  d u rin g  th e  f i r s t  24 ho u rs , in  c o n tra s t  to  th e  s ig n ifican t in crease  
a t  48  a n d  72 hours (T able IV ).

I n  th o ra c ic  d u c t ly m p h , i t  was on ly  a f te r  th e  f irs t 48 hours o f  in f la m m a 
t io n  t h a t  a sig n ifican t e lev a tio n  of th e  v a lu e s  fo r p ro te in -b o u n d  h ex o se  p e r  g 
p ro te in  cou ld  be n o te d . O n th e  o th e r h a n d , n eu ram in ic  acid w as s ig n if ic a n tly  
re d u c e d  on ly  a fte r  th e  f i r s t  24 hours, a n d  g lucosam ine ex h ib ited  n o  d is tin c t 
c h an g e  (T ab le  V).

Table V

Carbohydrate concentration per g  pro te in  in  thoracic duct lym p h  
in turpentine in flam m ation , in  relation to normal values

Thoracic duct lymph

Time No. of 
animals

Protein-bound 
hexose 
mg per 

100 ml ±  SE

Neuraminic acid 
mg per 

100 m l ±  SE

Glucosamine 
mg per

100 m l±  SE

N orm . 6 19.21 ±  1.97 16.8 ±12.28 22.26 ±  3.86

24 hrs
8 21.9 ±  1.60 

P  <  0.20

10.04 ±  1.02 

P  <  0.01

20.27 ±  1.31 

P  <  0.30

48 h rs
5 28.36 ±  0.65 

P  <  0.0025

14.88 ±  2.16 

P  <  0.30

23.56 ±  1.37 

P  <  0.40

72 hrs
5 26.48 ±  2.14 14.80 ±  1.53 22.44 ±  1.92

P  <  0.025 P  <  0.30 P  <  0.49

Table VI

Carbohydrate concentration per g  pro te in  in  cervical trunk lym ph  
in  turpentine in flam m ation  in  relation to normal values

Cervical trunk  lymph

Time No. of 
animals

Protein-bound 
hexose 
mg per

100 ml ±  SE

Neuraminic acid 
mg per

100 ml i  SE

No. of 
animals

Glucosamine 
mg per

100 m l ±  SE

N o rm . 6 23.26 ±  3.28 24.54 ±  3.82 5 19.07 ±  5.84

24 h rs
4 12.36 ±  1.25 

P  <  0.025

6.47 ±  0.53 

P  <  0.005

4 13.99 ±  1.67 

P <  0.25

48 h rs
6 21.12 ±  1.96

P  <  0.30

14.28 ±  2.45 

P  <  0.025

5 16.62 ±  1.90 

P  <  0.35

72 h rs
5 20.97 ±  3.21 19.0 ±  3.54 4 20.52 ±  5.09

P  <  0.35 P  <  0.20 P  <  0.45
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Table VII

Concentration o f  protein-bound hexose per g  prote in  in  thoracic duct and cervical 
tru n k  lym ph in  turpen tine  in flam m ation  in  relation to the serum levels

Protein-bound hexose per g protein

No. of 
ani
male

Normal
No. of 

ani
mals

24 hours
No. of 
ani
mals

48 hrs
No. of 
ani
mals

72 hrs

Serum 25 18.5 ±  0.6 18 22.2 ±  0.93 12 28.1 ±  1.86 6 27.5 ± 2 .3 6

T horacic 
d u c t lym ph

6 19.2 ±  2.0 
P  <  0.35

8 21.9 ±  1.60 
P  <  0.45

5 28.36 ±  0.63 
P  <  0.475

5 26.48 ±  2.14 
P  <  0.40

Cervical 
tru n k  ly m p h

6 23.3 ±  3.3 
P  <  0.01

4 12.36 ±  1.25 
P  <  0.0005

6 21.12 ±  1.96 
P  <  0.025

5 20.97 ±  3.21 
P  <  0.010

In  th e  r ig h t cervical t r u n k  ly m p h  th e  p ro te in -b o u n d  hexose a n d  n e u ra m i
nic ac id  levels reckoned  for 1 g o f  p ro te in  show ed a sign ifican t fa ll a t  24 h o u rs ; 
a t  48 h o u rs  th e  values of th e  fo rm e r a p p ro x im a te d  th e  in itia l levels a n d  th o se

Tabic VIII

Concentration o f  n euram in ic  acid per g  prote in  in thoracic duct 
and cervical trunk  lym ph in induced in flam m ation , in  relation to the serum  levels

Neuraminic acid per g protein

No. of 
ani
mals

Normal
No. of 

ani
mals

24 hrs
No. of 

ani
mals

48 hrs
No. of 

ani
mals

72 hrs

Serum 25 10.7 ±  0.7 18 12.4 ±  0.74 12 15.7 ±  1.16 6 14.1 ±  1.62

T horacic  
d u c t ly m p h

6 16.8 ±  2.3 
P  <  0.0025

8 10.04 ±  1.2 
P  <  0.05

5 14.88 ±  2.15 
P  <  0.40

5 14.8 ±  1.53 
P  <  0.04

Cervical 
tru n k  lym ph

6 24.5 ±  3.8 
P  <  0.0005

4 6.47 ±  0.53 
P  <  0.0025

6 14.28 ±  2.45 
P  <  0.45

5 19.0 ±  3.54 
P <  0.15

of th e  la t te r  w ere s ig n ifican tly  below  th e  n o rm a l. G lucosam ine d id  n o t  show  an y  
s ig n ifican t change (Table Y I).

T h e  m u tu a l re la tio n sh ip  o f  c a rb o h y d ra te  p e r g p ro te in  in  se ru m , th o ra c ic  
d u c t a n d  cerv ica l tru n k  ly m p h , re sp ec tiv e ly , h a s  also been s tu d ie d . I n  th is  
re sp ec t th e re  w as no s ig n ifican t d ifference b e tw een  tho rac ic  d u c t ly m p h  an d  
b lood  se ru m . In  co n tra s t, th e  re la tiv e  va lu es  in  th e  cervical t ru n k  ly m p h  w ere 
s ig n ifican tly  low er th a n  tho se  in  se ru m  a t  24 an d  48 hours (Table V II) .

N eu ram in ic  acid  levels in  th o ra c ic  d u c t a n d  cerv ica l tru n k  ly m p h  in  re la tio n  
to  its  se ru m  va lu es  showed a s ig n if ic a n t decline in  th e  f irs t 24 h o u rs  o n ly  (T able
V III) .
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T h e  c o n c e n tra tio n  o f  glucosam ine p e r g p ro te in  in  re la tio n  to  th e  se ru m  
v a lu e s  show ed a s ig n if ic a n t decline only  a f te r  th e  f i r s t  24 hours in  th e  th o ra c ic  
d u c t  ly m p h  an d  a f te r  48  h o u rs  in  th e  cerv ica l t r u n k  ly m p h  (Table IX ) .

F u r th e r  c o m p a ra tiv e  s tud ies d ea lt w ith  th e  co n cen tra tio n s o f  p ro te in -  
b o u n d  ca rb o h y d ra tes  in  th e  blood of th e  e x te rn a l  c a ro tid  a r te ry  a n d  o f th e  
e x te rn a l  ju g u la r  ve in . A t  24 hours th e re  w as a h a rd ly  evaluab le  e lev a tio n  in  th e  
a r te r ia l  as well as in  th e  v en o u s blood w hereas a t  48 hours a sig n ifican t rise  in  
b o th  va lu es  was n o te d . S e ru m  to ta l  p ro te in  w as b e lo w  its  in itia l v a lu e  in  b o th  
a r te r ia l  an d  venous b lo o d  a t  24 and  48 h o u rs  (T ab le  X ).

Table IX

Concentration o f  glucosamine per g p ro te in  in  thoracic duct 
and  cervical tru n k  lym p h  in  induced in fla m m a tio n , in  relation to the serum  levels

Glucosamine per g protein

No. of 
ani
mals

Normal
No. of 

ani
mals

24 hrs
No. of 

ani
mals

48 hrs
No. of 

ani
mals

72 hrs

S eru m 20 17.0 ±  1.1 16 12.7 ±  1.52 10 21.7 ± 1 .6 8 5 21.7 ±  2.94

T h o rac ic  
d u c t  ly m p h

6 22.3 ±  3.9 
P <  0.3

8 0.27 ±  1.31 
P  <  0.0025

5 23.56 ±  1.37 
P  <  0.25

5 22.44 ±  1.92 
P  <  0.45

C ervical 
t r u n k  ly m p h

5 19.1 ±  5.8 
P  <  0.30

4 13.99 ±  1.67 
P  <  0.35

5 16.52 ±  1.90 
P  <  0.05

4 20.52 ±  5.09 
P  <  0.045

D iscussion

In  ev a lu a tin g  th e  d a ta  o b ta in ed , i t  m u s t  b e  ta k e n  in to  a cco u n t t h a t  th e  
ly m p h  o f th e  th o ra c ic  d u c t  is largely  h e p a tic  w hereas th a t  o f th e  cerv ica l 
t r u n k  is p e rip h era l in  o rig in . P resu m ab ly , th e  p ro te in -b o u n d  c a rb o h y d ra te s  in  
th e  ly m p h  of th e  th o ra c ic  d u c t are m o stly  d e r iv e d  from  th e  liv e r, w hereas 
th o se  o f  th e  cerv ical t r u n k  from  tra n sc a p illa ry  p ro te in  tran sfe r. T h e  ly m p h  o f 
b o th  vessels carries, m o reo v e r, those p ro te in -b o u n d  c a rb o h y d ra tes  w hich  leak  
fro m  th e  connective tis su e  g ro u n d  su b stan ce  ac ro ss  th e  in te rs titia l spaces in to  
th e  b lo o d  s tream . T h is is su p p o rte d  b y  th e  f a c t  t h a t  u n d er no rm al co n d itio n s 
th e  co n cen tra tio n  of p ro te in -b o u n d  c a rb o h y d ra te s  p e r  g p ro te in  is h ig h e r in  
th o ra c ic  d u c t an d  ce rv ica l t r u n k  ly m p h  th a n  in  b lo o d  serum . W hen th e  in f la m 
m a tio n  h as  becom e m a n ife s t , th e  c a rb o h y d ra te  lev e l in  th e  lym ph  d ra in in g  th e  
a ffe c ted  area  is s ig n if ic a n tly  reduced  w hereas th e  v a lu es  found  in  th e  ly m p h  of 
th e  th o ra c ic  d u c t re m a in  id en tica l w ith  th o se  o f  th e  b lood  serum .

B erencsi a n d K rom pecher  [2] con c lu d ed  fro m h is to ch em ica l s tu d ies  t h a t  
th e  p o lysaccharides o r ig in a tin g  from  tu b e rc u lo u s  lesions pass in to  th e  b lood  
s tre a m  th ro u g h  th e  ly m p h a tic  p a th w ay s o f  th e  tis su e . T hey  based  th e ir  v iew  
on  th e  a ssu m p tio n  o f Ger sh  an d  Catchpole [8] a n d  o th e r au th o rs  t h a t  depoly-
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Table X

Serum  total protein and protein-bound hexose in external carotid arterial and jugu lar venous blood

Normal 24 hours 48 hours

No. of 
animals

mg per
100 m l±  SE

No. of 
animals

mg per 
100 m l±  SE

No. of 
animals

mg per 
100 ml i  SE

T o ta l p ro tein

A rt. caro t. ex t. 8 5.54 ±  0.05 5 4.80 ±  0.34 

P  <  0.01
P  <  0.25

4 4.58 ±  0.35 

P  <  0.0025 P  <  0.45

Vena ju g . ex t. 8 5.46 ±  0.08 5 4.46 ±  0.22 

P  <  0.005

4 4.73 ±  0.43 

P  <  0.025

Pro te in -bound

hexose

A rt. caro t. ex t. 8 113.1 ± 3 .3 5 123.2 ±  6.6 

P <  0.10
P  <  0.40

4 163.1 ± 6 .1  

P  <  0.0005 P  <  0.49

V ena ju g . ex t. 8 111.6 ± 4 .4 5 120.8 ±  2.8 

P  <  0.05
4 162.6 ±  4.8 

P  <  0.0005
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m e riz a tio n  of connective  tissu e  g round  su b s ta n c e  resu lts in  in c rea sed  b lood  
c o n c e n tra tio n s  o f w a te r-so lu b le  an d  d iffusib le  g lycopro te ins. L ocal a c c u m u la 
t io n  o f  p ro te in -b o u n d  c a rb o h y d ra te s  due to  in fla m m a tio n s  o r in ju rie s  o f  sm all 
e x te n t  w ould , how ever, be h a rd ly  so serious as to  accoun t fo r th e  h ig h  serum  
v a lu e s .

I t  is a further question , to  w hat ex ten t the protein-bound carbohydrates 
orig in a tin g  from the liver are represented in  the thoracic duct lym ph and how  
far th e y  are m obilized in order to m eet th e  organism ’s dem ands. H ouck  [9] 
fo u n d  cortisol to reduce in rats the am ount o f  subcutaneous connective tissue  
in  th e  first 24 hours, b u t to  cause no further tissu e loss upon continued adm in
istra tio n .

I t  is therefo re  th o u g h t t h a t  m o b iliza tio n  o f  g lycopro teins does n o t  exceed 
th e  d em an d s . Schmidt [21] has show n in  a n im a l experim en ts t h a t  th e  hexos- 
a m in e  level is d e fin ite ly  lo w er in  linear w o u n d s  th a n  in a u to g ra fts . A ccord ing  
to  o u r  observ a tio n s, in  cases of m a lig n a n t d isease associa ted  w ith  increased  
g ly c o p ro te in  values no  fu r th e r  increase occu rs in  th e  level o f th e se  su b stan ces  
i f  th e  tu m o u r  has su ccessfu lly  been rem o v ed . O n th e  o th e r h a n d , w h en  n o rm al 
v a lu e s  h a d  been  p re se n t p rio r  to  su rgery , th e y  h a v e  been fo u n d  to  rise  in v a ria b ly  
s u b s e q u e n t to  i t  [18]. T his fav o u rs  th e  v iew  t h a t  even w hen th e  p r im a ry  cause 
o f  e n h a n c e d  g lycopro te in  m o b iliza tion  h a s  b een  e lim inated  (e.g. a tu m o u r  b y  
su rg e ry ) , su ffic ien t a m o u n ts  req u ired  for tis su e  rep a ir  are s till av a ila b le  in  the  
b lo o d .

T h e  reduced  g ly co p ro te in  levels in  th e  ly m p h  of th e  cerv ical t r u n k  in v o lv 
ed  b y  tu rp e n tin e - in d u c ed  in fla m m a tio n  a re  in  conform ity  w ith  th e  increased  
a m o u n ts  of these  su b stan ces  found  a fte r  v a r io u s  in ju ries in  th e  a ffe c ted  area  
b y  J ackson  [13], F ish k in  et al. [7], W h ite  et al. [28] and  H ouck [10, 12]. In  
o th e r  w ords, our o b se rv a tio n s  lend  su p p o rt to  th e  th eo ry  th a t  th e  g ly co p ro te in s  
le a v in g  th e  cap illaries are  re ta in e d  w ith in  th e  dam aged  area  for th e  p u rp o se  of 
t is s u e  re p a ir . On th e  ev idence  of fu r th e r  s tu d ie s  b y  H ouck an d  J acob [11], th e  
c o n c e n tra tio n  of h y d ro x y p ro lin e  in  th e  w o u n d  decreases w hile t h a t  o f hexos- 
a m in e  increases, th e n , as h ea ling  of th e  w o u n d  proceeds, a q u a n t i ta t iv e  in 
c re a se  in  its  collagen an d  ac id  m u co p o ly sacch arid e  co n ten ts  ta k e s  p lace  a t  
th e  ex p en se  of g lycopro te in s.

A ccord ing  to  th e  re su lts  o f R o s e n l u n d  [20], Mi e t t i e n e n  [14], and  
o th e r s ,  th e  co n cen tra tio n  o f  p ro te in -b o u n d  ca rb o h y d ra tes  fails to  rise  a fte r  
h e p a t ic  in ju ry . I t  has b een  con firm ed  b y  o u r  ea rlie r ex perim en ts t h a t  th e  level 
o f  g ly co p ro te in s  co rre la tes  w ell w ith  th e  e x te n t  o f liver d am age [19]. T hough  
th e r e  is a ce rta in  rise in  g ly co p ro te in  c o n c e n tra tio n s  24 hours fo llow ing  carbon  
te tra c h lo r id e  po isoning , n ev erth e less , th is  in c rea se  only am o u n ts  to  50 p e r cen t 
o f  t h a t  occurring  in  h e a lth y  an im als. A f te r  p a r tia l  h e p a te c to m y , th e  level 
p e r s is ts  a t  th e  in itia l v a lu e . This w ould seem  to  account for th e  po o r w ound 
h e a lin g  in  p a tie n ts  w ith  liv e r  disease.
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STEROIDS IN HUMAN SKIN AND HAIRS

I. ZIM M ER M A N N  C H R O M O G E N S IN  T H E  S K IN  O F  N O R M A L  
A N D  O F  H IR S U T E  W O M EN

By

M. J U L E S Z ,  I .  F a r E D I N  and  I .  TÓ T H

FIRST DEPARTMENT OF MEDICINE (DIRECTOR: PROF. M. JULESZ),
UNIVERSITY MEDICAL SCHOOL, SZEGED

(R e ce iv e d  A pril 12, 1965)

S pecim ens of the  h a ir le ss  a b d o m in a l an d  th e  h a iry  pub ic  sk in  excised  fro m  endo- 
c rino log ica lly  h e a lth y  w om en w ere  fo u n d  to  c o n ta in  Z im m erm ann  ch ro m o g en s. T he 
ch rom ogen  c o n te n t was c o n s id e ra b ly  h ig h er in  th e  h a iry  skin.

Z im m erm ann  chrom ogens w ere d e te c te d  in  m u ch  g re a te r  a m o u n ts  in  th e  h a iry  
ab d o m in a l a n d  th e  pubic sk in  o f h irsu te  th a n  n o n -h irsu te  w om en.

Skin  e x tra c ts  were s tu d ie d  b y  m eans of p a p e r  an d  th in - la y e r  c h ro m a to g ra p h y . 
T h in -lay er ch ro m a to g rap h y  w ith  K ieselgel G as ad so rb en t, rev ea led  su b s ta n tia l  q u a n 
tit ie s  o f cho lestero l and sev e ra l k in d s  o f s te ro id s in m o d era te  a m o u n ts ; w ith  a lu m in iu m  
oxide as th e  adso rb en t, a few  1 7 -k e to s te ro id s w ere d e tec ted .

S evera l d is tu rb an ces o f  s te ro id  m etab o lism  h av e  been b ro u g h t to  l ig h t b y  
u r in a ry  an d  b lood  steroid s tu d ie s  a im ed  a t  c larify ing  th e  p a th o g en es is  o f 
h irsu tism , y e t  we are still ig n o ra n t o f th e  e x te n t to  w hich th e y  m ay  b e  essen 
t ia l  in  th e  c au sa tio n  of th e  c o n d itio n  (B ro o k sb a n k , 1961; D o r f m a n , 1963; 
J u lesz  e t al. 1963; F a r e d in  e t  a l., 1964). T his la ck  of know ledge is a sou rce  of 
m uch  u n c e r ta in ty  in  the  d iagnosis  an d  t re a tm e n t o f h irsu tism  an d  th is  is w hy  
m an y  cases re p o rte d  in  the  l i te r a tu r e ,  and  even  one th ird  o f our ow n cases, h ad  
to  be d iagnosed  as “ id iopa th ic  h ir s u tis m ” .

T he w o rk ing  hypo thesis  u n d e rly in g  th e  p re se n t in v es tig a tio n s  is, t h a t  th e  
cau sa tiv e  fa c to r  o f  h irsu tism  m u s t be so u g h t for in  th e  sk in , re sp e c tiv e ly  in  th e  
enzym e system s w hich are a c tiv e  in  th e  skin an d  its  seco n d ary  s tru c tu re s . 
H irsu tism  develops in  w om en in  w hose sk in , o r a ro u n d  w hose h a ir  fo llicles, 
th e  an d ro g en  to  oestrogen ra tio  is h igh . T h eo re tica lly  i t  m ay  th e re fo re  be p u t  fo r
w ard  th a t ,  on th e  cellu lar level, th e  w om an  becom es h irsu te  w hose h a ir  fo llicles 
are reach ed  b y  m uch  and rogen  fro m  th e  b lood , o r w hose fo llicu la r cells, d u e  to  
som e enzym e de fec t, b ind m ore  th a n  th e  n o rm al a m o u n t o f an d ro g en  o r b re a k  
dow n oestrogens a t  an excessive r a te . I t  is eq u a lly  possible th a t  s te ro id s  are 
p ro d u ced  from  precursors by  th e  sk in  itse lf. A d e ta iled  s tu d y  o f th ese  q u es tio n s  
m ig h t lead  to  a b e tte r  u n d e rs ta n d in g  o f w h a t is te rm ed  id io p a th ic  h irsu tism  
an d , p e rh ap s , to  th e  c la rifica tio n  o f its  S eab rig h t b a n ta m  sy n d ro m e-lik e  fo rm .

L ittle  is know n of th e  p rocesses o f ste ro id  m etabo lism  o ccu rrin g  in  th e  
skin . T h e ir s tu d y  rests  on th e  d e te c tio n  an d  e s tim a tio n  of th e  s te ro id s  in  th e  
skin . T he p re se n t p ap er will g ive an  acco u n t of in v es tig a tio n s  in to  su b s ta n c e s  
d e te c te d  in  th e  sk in  of norm al a n d  h irsu te  w om en b y  ap p lica tio n  o f th e  Z im m er
m an n  reac tio n .
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M ethods

Solubiliza tion  o f  s k in  tissu e

F ro m  n orm al a n d  h ir s u te  w om en, su b jec ted  to  lo w er m ed ia n  lap a ro to m y  fo r v a rio u s  
g y n aeco lo g ica l con d itio n s, 1 to  3 g specim ens of a b d o m in a l sk in  (hairless in  no rm als) a n d  of 
h a ir y  sk in  from  th e  p u b es, w ere  excised , carefu lly  c lean sed  o f f a t  a n d  blood, fro zen  and , a f te r  
re m o v a l o f th e  h o rn y  la y e r , c u t  in to  sections 20 to  25 ft  th ic k . T h e  sections w ere th e n  collected , 
w e ig h ed , suspended  in  40 m l o f  a  2.5 pe r cen t so lu tio n  o f  N aO H , a n d  allow ed to  s ta n d  a t  ro o m  
te m p e ra tu re  for 24 h ours.

E n zym a tic  hydro lysis a n d  extraction

T h e  lysed  tissu e  su sp en s io n  w as a d ju n c ted  to  n e a r  p H  6 w ith  a b o u t 2.5 m l o f 11 n  HC1, 
a n d  th e n  acid ified  to  p H  4.5 w ith  5 m l of a c e ta te  b u ffe r . A fte r  a d d itio n  of 0.5 m l o f a so lu tio n  
o f  c ry s ta llin e  pen ic illin  (25 ,000  IU )  and  50,000 U  o f  /З-g lu cu ro n id ase , th e  tis su e  suspension  
w a s  in c u b a te d  a t  43 °C fo r 18 h o u rs .

Follow ing h y d ro ly s is , th e  tis su e  suspension w as cen trifu g e d , a n d  th e  se p a ra te d  aqueous 
p h a se  e x tra c te d  w ith  4 x 2 0  m l o f chloroform . T he c h lo ro fo rm  w as se p a ra ted  fro m  th e  aqueous 
p h a se  b y  cen trifu g a tio n . T h e  co llected  chloroform ic e x tr a c t  w as sh ak en  o u t f i r s t  w ith  5 m l 
o f  co ld  1 n  N aO H  a n d  th e n  w ith  5 m l o f cold 0.1 N a O H , la s tly  w ith  5 m l o f  cold  d is tilled  
w a te r ,  th e re a f te r  d e h y d ra te d  w ith  2 to  4 g o f a n h y d ro u s  N a2S 0 4, a n d  e v a p o ra te d  to  d ryness 
in  v a c u o  a t  45 °C. T h e  d ry  re s id u e  w as d issolved in  2 m l o f ab so lu te  e th an o l, a n d  0.2 m l p o r
t io n s  o f th is  so lu tion  w ere u sed  fo r  th e  Z im m erm an n  re a c tio n  ( F a r e d i n  e t a l., 1956).

Hydrochloric-acid h yd ro lys is  and extraction

T h e  aqueous p h ase  le f t  o v e r a fte r ch loroform ic  e x tra c t io n  w as m easu red  a n d  ad d ed  to  
th e  re m a in s  of th e  tis su e  t h a t  h a d  been se p a ra te d  b y  c e n tr ifu g a tio n  follow ing en zy m atic  
h y d ro ly s is . To th is , 3 m l o f c o n c e n tra te d  HC1 w as a d d e d  fo r ev ery  20 m l o f th e  aqu eo u s phase  
a n d  th e  m ix tu re  w as b o iled  w ith  glass beads u n d e r  a  re flu x  con d en ser fo r 15 m in u te s .

T h e  tissue  h y d ro ly sa te  w as cen trifuged  a n d  th e  se p a ra te d  aqueous p h ase  e x tra c te d  
w ith  th e  sam e 20 m l o f e th e r  w ith  w hich th e  tissu e  f ra g m e n ts  h a d  p rev io u sly  b een  sh ak en  o u t. 
T h e  aq u eo u s phase  w as th e n  e x tra c te d  w ith  a d d itio n a l 3 x 2 0  m l o f e th e r.

T he collected e th e re a l e x tr a c t  was w ashed  w ith  2 X 20 m l o f 2 n  N aO H  a n d  2 x  10 m l 
o f  d is tilled  w ater, th e n  d e h y d ra te d  w ith  2 to  3 g o f a n h y d ro u s  N a2S 0 4 an d  e v ap o ra te d  to  d ry 
n ess . T h e  d ry  residue w as d isso lv ed  in  2 m l o f a b so lu te  e th a n o l, a n d  2 m l p o rtio n s  o f th is  
so lu tio n  w ere used  to  e s t im a te  th e  Z im m erm ann ch ro m o g en s.

Total Z im m erm a n n  chromogens

T he d a ta  o b ta in e d  w ith  en zy m atic  an d  h y d ro c h lo ric -a c id  h y d ro lysis w ere co m p u ted  
fo r  1 g o f  w et sk in  tis su e  a n d  ad d ed  up.

K etonic Z im m erm a n n  chromogens

T h e  ke ton ic  Z im m erm an n  chrom ogens w ere s e p a ra te d  b y  tre a tin g  th e  to ta l  Z im m er
m a n n  chrom ogens o b ta in e d  a f te r  enzy m atic  a n d  h y d ro c h lo ric -a c id  hydro ly sis  w ith  th e  G irard -T  
re a g e n t,  follow ing th e  m e th o d  o f P i n c u s  an d  P e a r l m a n  (1941), a n d  p u rified  on  N ym co flo risil 
a d so rb e n t  colum n ( F a r e d i n  a n d  T ó t h , 1964). T h e  d ry  su b s ta n c e  of th e  re su ltin g  e lu a te  w as 
d isso lv ed  in  1 ml o f a b so lu te  e th a n o l, and  0.2 m l p o r tio n s  o f  th e  so lu tio n  w ere u sed  fo r th e  
q u a n ti ta t iv e  d e te rm in a tio n  o f th e  ke ton ic  Z im m erm an n  ch rom ogens. T he va lues w ere co m p u ted  
fo r  1 g o f sk in  tissue, a n d  a d d e d  up .

Iden tifica tion  stud ies

P aper chrom atography. Schleicher-Schiill N o. 2043 b . M .G .I. f ilte r-p a p e r  w as im p reg 
n a te d  w ith  a m e th a n o l— p ro p y le n e  glycol m ix tu re  1 : 1, acco rd in g  to  K o c h a k ia n  an d  S t i d - 
w o r t h y  (1952). A 1 : 1 m ix tu re  o f benzene an d  cy c lo h ex an e  s a tu ra te d  w ith  p ro p y len e  glycol 
w a s  u sed  as th e  m obile p h a se . O n com pletion  of th e  r u n , w h ich  to o k  3 to  4 h ours, th e  Z im m er
m a n n  co lour re ac tio n  w as dev elo p ed .

Acta Medica Academiae Scientiarum Hungaricae 22 (I960)



STEROIDS IN HUMAN SKIN AND HAIRS, I. 27

T h in -layer chromatography w as done in  a D esaga a p p a ra tu s ,  u sing  a type  A K -01-A K -02  
a n a ly tic a l q u a r tz  lam p .

W ith  M erck K ieselgel G as th e  adso rb en t, a 0.25 m m  la y e r  w as m ade on a g las s  p la te  
m easu rin g  10 cm  b y  20 cm . A fte r  ru n n in g  in  4 per c en t e th a n o l  benzene the  p la te  w as t h o r 
o u g h ly  so aked  w ith  50 p e r c en t H 3P 0 1 an d  i t  was d ried  a t  80 °C fo r h a lf  an  hour to  d ev elo p  
th e  co lour reac tio n .

W ith  a lu m in iu m  oxide a  0.25 m m  lay e r was sp re ad  o n  a g lass p la te  m easu ring  10 cm  
b y  35 cm . T he Z im m erm an n  ch rom ogens were app lied  o n to  a  la y e r  a c tiv a ted  a t  120 °C, a n d  
ru n  in  a  m ix tu re  o f n -h ex an e , e th y l  ace ta te , glacial a ce tic  ac id  a n d  abso lu te  e th a n o l (120 : 
: 120 : 2 : 1) fo r 3 to  4 h o u rs  a t  30 °C. T he se p a ra ted  s te ro id s  w ere  developed w ith  th e  Z im 
m erm an n  reac tion .

Results

S am ples o f ab d o m in a l hairless skin excised  fro m  19 endocrino log ica lly  
h e a lth y  w om en, o p e ra te d  on fo r various g y naeco log ical diseases (re tro flex io n , 
D o ug las’ abscess, e tc .), w ere s tu d ied  for to ta l  Z im m e rm a n n  chrom ogens. In  
f iv e  o f  th e se  w om en, d e te rm in a tio n s  were also c a rr ie d  o u t in  sam ples o f  h a iry  
sk in  excised  from  th e  p u b ic  reg ion . All resu lts  a re  ex p ressed  in m icrog ram s o f 
an d ro s te ro n e  re fe rred  to  1 g o f w et skin.

T ab le  I  shows th a t  in  th e  hairless ab d o m in a l sk in  o f 19 non -h irsu te  w o m 
en  th e  a m o u n t o f th e  to ta l  Z im m erm ann  ch ro m o g en s ran g ed  betw een  53 a n d  
170 /tg /g  (m ean , 107 /ig /g), a n d  in  th e  h a iry  sk in  fro m  th e  pubes o f 5 w om en  
b e tw een  104 an d  274 yug/g (m ean , 193 /ig/g). T h o u g h  i t  v a rie d  over w ide ra n g e s , 
th e  a m o u n t o f Z im m erm an n  chrom ogens was tw ice  as m uch  in th e  p u b ic  th a n  
in  a b d o m in a l sk in . T he d ifference was s ig n if ican t s ta tis t ic a lly  (t(22) =  5 .251 ;
p <  0.001).

T he Z im m erm an n  re a c tio n  is n o t specific  fo r  17-ketostero ids; sev e ra l 
o th e r  s te ro id s , an d  even  c o n ta m in a n ts  acco m p an y in g  th e m , reac t w ith  a lk a 
line m -d in itro b en zen e. T h erefo re , th e  keton ic  f ra c t io n  w as sep ara ted  fro m  th e  
to ta l  Z im m erm an n  chrom ogens and  pu rified  on N y m co  florisil. We succeeded  
in  d e te rm in in g  th is  f ra c tio n  in  12 of the  a b d o m in a l a n d  4 of the  pub ic  sk in s . 
T ab le  I show s th a t  k e to n ic  Z im m erm ann  ch rom ogens v a ried  in hairless a b 
d o m in a l sk in  from  11 to  44 /tg /g  (m ean, 24 ^g /g ), a n d  in  pub ic  skin from  24 to  
82 /wg/g (m ean , 52 jug/g).

T h e  fin d in g  th u s  re v e a le d  th a t  only a sm all p ro p o rtio n  of th e  to ta l  Z im 
m erm an n  chrom ogens is k e to n ic  (21 and  23 p er c e n t, re sp ec tiv e ly ); fu r th e r , t h a t  
th e  h a iry  skin  tissue  o f h e a lth y  w om en co n ta in s  m ore  keton ic  Z im m erm an n  
chrom ogens.

So fa r we could s tu d y  th e  Z im m erm ann ch ro m o g en  co n ten t o f a b d o m in a l 
an d  p u b ic  sk in  in tw o  w om en w ith  ovarian  h irsu tism . T he diagnosis, v e rif ie d  
b y  h is to lo g y , was in  b o th  cases ovarian  m ic ro cy stic  degenera tion . T he to ta l  
Z im m erm an n  chrom ogen c o n te n t in  th e  a b d o m in a l sk in  of one w om an  w as 
147 yUg/g, an d  in  th a t  o f  th e  o th e r 240 /ig/g (m ean , 193 /tg/g). These a b d o m 
in a l sk ins w ere as h a iry  as w ere th e  pubic  sk ins fro m  th e  sam e tw o w om en .
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Table I

Zim m erm ann chromogen contents o f  s k in  in  non-hirsute women

Hairless abdominal skin Hairy pubic skin

Initials Age,
years Diagnosis Total 

Z. chr.
MiIs

Ketonic Z. chr. Total
Z.chr.
Mg/g

Ketonic Z. chr.

% Mg/g %

Sz. I . 19 D ouglas abscess 136 25 18.5 _ _ —
Zs. I. 35 O varia l tu m o u r 121 19 15.7 — — —
T . J . 36 O varia l cy st 107 16 15.1 — — —
Sz. L . 37 P erin ea l ru p tu re 109 28 26.0 274 82 29.8

N . I. 38 P erin ea l ru p tu re 85 22 26.0 — — —
M . G y. '38 H y p e rtro p h ic

u te ru s 65 16 25.3 _ _
Sz. P . 39 O v aria l c y s t 133 — — — — —
s. s. 39 P erin ea l ru p tu re 170 36 21.4 262 55 21.0
K . G y. 41 St. p. lap a r. 117 30 25.6 — — —
K . J . 42 M yom a 58 — — 104 — —
R . J . 42 P erin ea l p las t. 

oper. 96 16 16.8 147 24 15.9
F . L . 43 E x p lo r. la p a ro 

to m y 149 21 13.8 180 47 26.0
F . J . 55

'
A m p u t. o f th e  

u te r . cerv. 59 _ _ _ ._
Z. L . 56 M yom a 53 — — — — —
Cs. L. 65 Salp ing itis 129 11 8.7 — — -
Sz. s. 33 P erin ea l ru p tu re 119 44 36.6 — — -
B. I. 28 P erin ea l ru p tu re 125 — — — — —
H . G. 48 M yom atosis 56 — ■- — — — -
Cs. G. 53 M yom a 161 — - — — -

M ean 1 0 7 ± H 23.7 ± 2 .7 1 9 3 ± 3 3 5 2 ± 1 2

L im its 5 3 -1 7 0 1 1 - 4 4 1 0 4 -2 7 4 2 4 - 8 2

S ta tis tic a l analysis:

T o ta l Z im m erm an n  chrom ogens: t ( 22) =  5.251, p  <  0.001
K etonic Z im m erm an n  chrom ogens: t ( 14) =  4.710, p  <  0.001

T h e  k e to n ic  Z im m erm an n  chrom ogens a m o u n te d  to  31 an d  52 /rg /g , respec
t iv e ly  (m ean , 42 ,ag/g) (T ah ié  II).

T h e  am o u n t o f  t o t a l  Z im m erm ann  chrom ogens in  th e  p u b ic  sk ins was 
206 a n d  450 /tg/g (m ean , 328 /tg/g). A fte r p u rif ic a tio n , th e  k e to n ic  Z im m erm an n  
ch ro m o g en s  were 73 an d  75 g/g, re sp e c tiv e ly  (m ean, 74 /tg/g). T hese  find ings 
h a r d ly  p e rm it conclusions; all one m ay  sa y  is t h a t  the  h ir s u te  a b d o m in a l skin
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Table II

Zim m erm ann  chromogen contents o f  sk in  in  hirsute women

Initials Age,
years Diagnosis

Hairy abdominal skin
Mg/g

Hairy pubic skin 
Mg/g

Total Ketonic Total Ketonic

Sz. I. 23 O varial h irsu tism 147 52 206 73
L. D. 24 O varial h irsu tism 240 31 450 75

Means 193 42 328 . 74

A fte r tre a tm e n t w ith  ACTH

Â. K . 21 O varia l h irsu tism 225 95 — —

B. E . 27 O varia l h irsu tism 148 34 91 41

M. E . 18 S te in —L ev en th a l syndrom e 220 79 307 148

Means 198 69 199 95

m o s t p ro b ab ly  c o n ta in s  m ore Z im m erm ann  ch rom ogens th a n  does th e  non- 
h irsu te  skin.

T he question  arose w h e th e r th e  skin of h irsu te  w om en m ig h t n o t  respond  
to  A C TH  tre a tm e n t w ith  a rise in  th e  am o u n t o f Z im m erm an n  chrom ogens. 
T h ree  p a tie n ts  w ith  o v a ria n  h irsu tism  were each  g iven  40 IU  o f A CTH  for th e  
th re e  la s t  p reo p e ra tiv e  d ay s. To con tro l th e  effect o f  th is  t re a tm e n t, th e  to ta l  
17 -ketostero ids an d  1 7 -h y d ro x y -co rtico s te ro id s  w ere s tu d ie d  in th e  u rin e .T h e  
re su lts  o f th e  ex p e rim en ts  on th e  sk in  are p re sen ted  in  T ab le  I I .  In  th e  h a iry  
a b d o m in a l skin th e  to ta l  Z im m erm an n  chrom ogen c o n te n t v a ried  be tw een  148 
a n d  225 /xg/g (m ean , 198 /xg/g), an d  th e  k e ton ic  one be tw een  34 an d  95 /xg/g 
(m ean , 69 /xg/g). T ho u g h  no ap p reciab le  d ifference w as found  be tw een  th e  
u n tre a te d  and  A CTH  tr e a te d  g roups, th e  re su lts  co n firm ed  ou r fo rm er fin d in g  
th a t  h irsu te  abd o m in a l sk in  c o n ta in s  m uch m ore Z im m erm an n  chrom ogens th a n  
does th e  n o n -h irsu te  one. In  tw o  o f these  th ree  w om en in  p u b ic  sk in  th e  to ta l  
Z im m erm an n  chrom ogens am o u n te d  to  91 and  307 /xg/g (m ean , 198 /xg/g), an d  
th e  k e to n ic  to  41 an d  148 /xg/g (m ean  value of 95 /xg/g). D esp ite  th e  fa c t th a t  
th e se  values ap p ea r to  be h ig h er th a n  those o b ta in e d  fo r h irsu te  p a tie n ts  n o t 
t re a te d  w ith  A CTH , no s ign ificance  can be a t t r ib u te d  to  th em  in v iew  of th e  
lim ited  n u m b er of cases an d  th e  w ide sca tte r.

In  o rder to  d e te rm in e  w h e th e r th e  Z im m erm an n  chrom ogens found  were 
ste ro id s , th e  follow ing s tu d ie s  w ere u n d e rtak en .

P aper chrom atography. T h e  to ta l  and  th e  k e to n ic  Z im m erm an n  ch rom o
gens in  h a iry  and  hairless sk ins w ere s tu d ied . A t th e  p laces co rrespond ing  to  
an d ro s te ro n e , e tio ch o lan o lo n e , d eh y d ro ep ian d ro s te ro n e  an d  ep ian d ro s te ro n e ,
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u se d  fo r  con tro l purposes, i t  w as  n o t possible to  d e m o n s tra te  th e se  s te ro id s  w ith  
th e  Z im m erm an n  re a c tio n  e i th e r  from  th e  h a iry  or th e  h a irless sk in  sam ples. 
O n ly  a n  e longated  sp o t w as d e te c te d  whose va lu es  v a rie d  b e tw een  0.88 an d
0 .92 . S u ch  high Ry va lu es  w ere  o b ta in ed  only  w ith  3 -ch lo ro d eh y d ro ep ian d ro - 
s te ro n e  an d  th e  a c e ty la te d  d e riv a tiv e s  of a n d ro s te ro n e , e tio ch o lan o lo n e , 
d eh y d ro e p ia n d ro s te ro n e  a n d  e p ian d ro s te ro n e . T he colour o f th e  sp o ts  o f  the  
c o n tro l stero ids was m uch  m ore  s tab le  th a n  tho se  o f th e  Z im m erm an n  chrom o
gens s e p a ra te d  from  th e  sk ins.

Thin-layer chrom atography. P roceed ing  fro m  th e  a ssu m p tio n  th a t  skin 
e x t r a c ts  o b ta in ed  b y  e n z y m a tic  or h yd roch lo ric  acid  hy d ro ly sis  m a y  co n ta in  
s te ro id s  n o t dem o n strab le  w ith  th e  Z im m erm ann  reac tio n , a t te m p ts  w ere m ade 
to  s e p a ra te  the  to ta l  Z im m e rm a n n  chrom ogens b y  th in -la y e r c h ro m a to g ra p h y  
w ith  K ieselgel G as a d so rb e n t, an d  to  d em o n stra te  th e m  b y  fluo rescence  an d  th e  
p h o sp h o ric  acid colour re a c tio n  m eth o d s allow ing to  d e te c t m in u te  q u a n titie s  
o f  s te ro id s .

F ig . 1 p resen ts th e  th in - la y e r  ch ro m ato g ram  of th e  to ta l  Z im m erm an n  
ch ro m o g en s  o b ta in ed  w ith  e n z y m a tic  (E) an d  h y d ro ch lo ric  acid  (S) hyd ro lysis , 
as v iew ed  under u ltra v io le t lig h t. T he con tro ls w ere 20 g o f d e h y d ro e p ia n d ro 
s te ro n e , 40 g of a n d ro s te ro n e , a n d  40 g o f cholestero l. As seen, n o n e  o f these 
th r e e  co n tro l stero ids w as d e m o n s tra b le  u n d e r u ltra -v io le t l ig h t. I n  th e  skin 
e x t r a c ts  a few in ten se ly  flu o re sc e n t spo ts are v isib le ; in  ad d itio n , th e  sp o t w ith  a 
h ig h  R f  value also a p p e a re d .

F ig . 2 p resen ts th e  sam e  c h ro m a to p la te  w ith  colours d ev e lo p ed  b y  phos
p h o r ic  acid . I t  show s, in  a d d itio n  to  the  co n tro l spo ts o f d e h y d ro e p ia n d ro s te 
ro n e  a n d  cholesterol, a co n sid e rab le  am o u n t of cho lestero l (v io le t-red  spo t) an d  
a h ig h  Ry russe t sp o t, in  b o th  sk in  ex tra c ts .

F ig . 3 shows th e  sam e  c h ro m a to p la te  u n d e r  u ltra -v io le t lig h t. I t  d is
t in c t ly  reveals in ten se ly  f lu o re sc e n t spots o f th e  co n tro l s te ro id s  a n d  o f th e  skin  
e x t r a c ts  ob ta in ed  b y  e n z y m a tic  a n d  h ydroch lo ric  acid  h y d ro lysis .

W ith  Kieselgel G th e  sk in  e x tra c ts  rev ea led , in  a d d itio n  to  cholestero l, 
th e  sam e  spo t of ra p id  m o b ility , w hich  could  be show n to  be p re se n t b y  p ap er 
c h ro m a to g ra p h y . B esides, be low  an d  above th e  cho lestero l sp o t, sev era l o th e r 
s u b s ta n c e s  were d e te c te d  in  m in u te  am o u n ts , w hich m o st p ro b a b ly  were 
s te ro id s .

N e x t it  was s tu d ie d  w h e th e r  some of th e  Z im m erm an n  ch rom ogens d e te r
m in e d  in  su b s ta n tia l a m o u n ts  w ere 17-ketostero ids. In  our ex p erien ce , th e  to ta l  
Z im m e rm a n n  chrom ogens c o n ta in  considerab le  q u a n titie s  o f fo re ign  chrom o
g en s, f a t ,  e tc . To red u ce  th e  in te rfe rin g  effect o f such  su b stan ces, we app lied  th e  
k e to n ic  frac tio n  of th e  Z im m e rm a n n  chrom ogens o b ta in ed  from  a 4.3 g sam ple 
o f  h a irle ss  abdom inal sk in  exc ised  from  tw o n o n -h irsu te  w om en , u s in g  th in -lay e r 
c h ro m a to g ra p h y  w ith  a lu m in iu m  oxide w hich  w as found  th e  b e s t a d so rb e n t for 
th e  se p a ra tio n  of 1 7 -k e to ste ro id s .
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Fig. 1. C h ro m ato g ram  of sk in  e x tra c ts  o n  Kieselgel G 
la y e r  u n d e r u ltra -v io le t lig h t
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F ig. 4. C hrom atogram  of sk in  e x tra c ts  on  
a lu m in iu m  oxide lay er, dev elo p ed  w ith  th e  

Z im m erm ann  re ac tio n

Acta Medien icademiue Scientiarum Hungaricae 22 (1066)



»





F ro n t

F ig. 3. The sam e c h ro m a to g ra m  as on  Fig. 2 u n d e r 
u ltra -v io le t lig h t
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Fig. 2. C h rom atogram  of sk in  e x tra c ts  on  Kieselgel G 
lay er dev elo p ed  w ith  50 pe r c en t pho sp h o ric  acid in no r

m al ligh t

ictu Medica .icaderniae Scientiaruni Hungáriáié 22 (1900)





STEROIDS IN HUMAN SKIN AND HAIRS, I. 31

F ig . 4 p re sen ts  th e  re su ltin g  p ic tu re . O n th e  f irs t  s tr ip  (from  le f t to  r ig h t) ,  
to  w hich th e  e x tra c t  o b ta in ed  b y  e n zy m a tic  h y d ro lysis  h ad  been  a p p lied , d e v e l
o p m en t b y  th e  Z im m erm ann  re a c tio n  p ro d u ced  fo u r v io le t-b lue  sp o ts  a n d  a 
la rg e  b row nish -b lue  one of h igh  m o b ility , in d ica tin g  d iffe ren t 1 7 -k e to ste ro id s . 
T o  th e  second s tr ip  were ap p lied  th e  s ta n d a rd  s te ro id s  (from  above  d o w n 
w ards): 10 fig  o f 3 -ch lo ro d eh y d ro ep ian d ro ste ro n e , 20 fig  o f d é h y d ro é p ia n d ro 
s té ro n e , an d  11 fig of 1 1 -k e to an d ro ste ro n e . O n th e  th ird  s tr ip  th e  e x t r a c t  
o b ta in e d  b y  hydroch lo ric  acid h y d ro ly sis  w as ru n . O n th is , th e re  a p p e a re d  
th re e  fa in t sp o ts. B ecause o f  th e  in te rfe ren ce  b y  im p u ritie s  (m ostly  f a t) ,  th is  
ch ro m a to g ra m  could n o t be u sed  fo r id en tif ic a tio n  pu rposes b u t  d e m o n s tra te d  
th e  p resence o f 17-ketostero ids.

D iscussion

T he sk in  is no longer th o u g h t to  be th e  passive  o rgan , for w h ich  i t  h a d  
b een  ta k e n  fo rm erly . I ts  lifelong re s ti tu tio n  and  th e  cyclic process o f  h a ir-  
g ro w th  req u ire  v igorous m etab o lism . A w ide v a r ie ty  of enzym es has b e e n  d e 
scribed  from  th e  sk in  an d  its  seco n d ary  s tru c tu re s : cy to ch ro m o x y d ase , m u c in d e - 
h y d ro g en ase , m onoam ino  o x y d ase , d e rm o p ep tid ase , p h o sp h o ry lase , e tc . 
(M o n t a g n a , 1962).

Me y e r  (1931) d e tec ted  s u b s ta n tia l  am o u n ts  o f cholestero l in th e  h u m a n  
sk in . S evera l au th o rs  d e m o n s tra te d  th a t  v a rious an im al tissues, in c lu d in g  
h u m a n  sk in , are  capab le  o f sy n th es iz in g  cholestero l from  a c e ta te  (Sr e r e  e t  a l., 
1950; P op j a k  and  B e e c k m a n , 1950; K r it c h e v s k y , 1958). H ow ever, fro m  th e  
p o in t o f v iew  o f ou r w ork ing  h y p o th e s is , g re a te r  im p o rtan ce  a tta c h e s  to  tw o  
q u estio n s : can  th e  h u m an  sk in  be  show n to  co n ta in  s te ro id  ho rm o n es?  a n d  i f  
so, is th e  cho lestero l in i t  capab le  o f  conversion  in to  a s te ro id  h o rm o n e?  In  h is 
m o n o g rap h , R othman  defin ite ly  s ta te d  in  1955: “ up  to  th is  tim e , no b io lo g i
ca lly  ac tiv e  s te ro id  horm ones h av e  been  d e m o n s tra te d  to  be p re se n t in  th e  
sk in .”  T he s itu a tio n  has n o t ch an g ed  since (Mo n t a g n a , 1962). An in c re a s in g  
n u m b e r o f d a ta  has accu m u la ted  on th e  re la tio n sh ip  of h a ir-g ro w th  to  h o rm o n e s , 
b u t  none seem  to  be availab le  as y e t  on th e  d e m o n s tra tio n  of ste ro id  h o rm o n es  
in  th e  sk in . Ma l k in so n  et al. (1959) suggested  a role for th e  sk in  in  g ly co co rti-  
coid  m etab o lism , b u t  th e  p u b lish ed  d a ta  refe r only  to  th e  ste ro id  c o n te n ts  o f  
th e  sebum  an d  sw eat (Cook an d  L ö r in c z , 1963; B osse  an d  P a s c h e r , 1964; 
B osse  et a l., 1964). F azekas  (1961) suggested  a role fo r th e  sk in  in g ly c o -a n d  
m in era lo co rtico id  m etabo lism , too .

T he p a r t  p lay ed  by  th e  a n d ro g en s  and  oestrogens in  th e  d ev e lo p m en t o f  
th e  seco n d ary  sex u a l s tru c tu re s , h as  long been  recogn ized . T he d ifference  in  
h a ir  g ro w th  be tw een  th e  h u m a n  m ale  an d  fem ale is com m only  a t t r ib u te d  to  
th e se  s te ro id s . O ur w orking h y p o th es is  assigns to  th e m  also a role as ae tio lo g ica l 
ag en ts  in  h irsu tism . This is a d ifficu lt p rob lem , for v e ry  l i ttle  is know n  o f th e
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b io ch em ica l, p h y sio log ica l a n d  p a th o p h y sio lo g ica l cond itions p rev a ilin g  in  th e  
h a i r  follicles. N or h a v e  w e a n y  know ledge o f  th e  m echan ism  th ro u g h  w hich  th e  
an d ro g e n s  and o es tro g en s  w ould  p a r tic ip a te  in  th e  cau sa tio n  o f h irsu tism .

T o de tec t a n d  q u a n tita tiv e ly  d e te rm in e  an d ro s te ro n e , d éh y d ro ép i
a n d ro s té ro n e , e p ia n d ro s te ro n e , and  ce rta in  o th e r  and rogens, th e  Z im m erm ann  
re a c tio n  is m ost w id e ly  u sed . This reac tio n  is n o t , how ever, su itab le  fo r th e  
d e te c tio n  of te s to s te ro n e  a n d  i t  is of lim ited  sp ec ific ity ; m ore re liab le  are  th e  
v a lu e s  o b ta ined  fo r th e  k e to n ic  frac tion  s e p a ra te d  b y  th e  use o f th e  G ira rd ’s 
re a g e n t  T.

T he p resen t r e s u lts  h a v e  show n less Z im m erm an n  chrom ogens in  th e  
h a irle ss  abdom inal th a n  th e  h a iry  pubic sk in  o f  n o n -h irsu te  w om en. T he q u a n 
t i t y  o f  Z im m erm ann  ch ro m o g en s is p ra c tic a lly  th e  sam e in  th e  h a iry  abd o m in a l 
sk in  o f h irsu te  w om en as in  th e  h a iry  p u b ic  sk in  o f n o n -h irsu te  w om en. T re a t
m e n t w ith  ACTH leav es  u n affec ted  b o th  th e  ab d o m in a l an d  th e  p u b ic  sk in  of 
h ir s u te  wom en.

O ur p ap er c h ro m a to g ra p h ic  studies h a v e  show n th e  p resence  of a sp o t of 
h ig h  Ry value. T h in - la y e r  ch ro m ato g rap h y  w ith  K ieselgel G rev ea led  in  th e  
t o ta l  Z im m erm ann  ch ro m o g en s a su b s ta n tia l q u a n t i ty  o f cho lestero l an d  lesser 
a m o u n ts  of su b stan ces  fluo resc in g  w ith  p h o sp h o ric  acid ; th ese  are  p re su m ab ly  
s te ro id s . On a lu m in iu m  o x ide  layer, th e  k e to n ic  Z im m erm an n  chrom ogens are 
sep a ra b le  and  th e  Z im m erm an n  re a c tio n  y ie ld s  four s te ro id  spo ts. T heir 
id e n tif ic a tio n  is in  p ro g re ss .

F u r th e r  in v e s tig a tio n s  are requ ired  to  e x p la in  th e  d ifferences found  in  th e  
a m o u n t of Z im m erm an n  chrom ogens an d  to  id e n tify  th e  ste ro id s  p re sen t in  th e  
sk in  ex trac ts .
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STEROIDS IN HUMAN SKIN AND HAIRS

I I . N E W  M E T H O D S O F  C H O L E ST E R O L  ASSAY IN  H U M A N  SK IN  A N D  H A IR S

B y

I .  T ó t h , I . F a r e d in  and M. J ulesz

FIRST DEPARTMENT OF MEDICINE (DIRECTOR: M. JULESZ),
UNIVERSITY MEDICAL SCHOOL, SZEGED

(R eceived  A pril 12, 1965)

T h in -lay er a n d  co lum n c h ro m a to g ra p h y  rev ea led  considerable a m o u n ts  o f  cho
les te ro l in  e x tra c ts  o f h u m an  sk in  an d  h a irs . T h in -la y e r ch ro m ato g ram s sh o w ed , in 
ad d itio n , th e  occurrence  of o th e r ste ro ids.

A p ro ced u re  has been  e lab o ra ted  to  e s tim a te  m in u te  q u a n titie s  o f to ta l  ch o le ste ro l 
in  h u m an  sk in  a n d  ha irs . T he m ax im u m  d ifferen ce  be tw een  paralle l d e te rm in a tio n s  
am o u n te d  to  12.5 p e r cen t. T he m ean  re co v e ry  r a te  w as 92.2 pe r cen t.

I t  h as  been  kn o w n  since Me y e r ’s w ork  (1931) th a t  th e  h u m a n  sk in  con
ta in s  cho lestero l in  su b s ta n tia l q u a n titie s . M o o r e  an d  B aumann  (1952) show ed 
th a t  m o st h u m a n  organs are  rich  in  it. I t s  b io sy n th es is  in  th e  sk in , e sp ec ia lly  in  
th e  r a t ,  has been  s tu d ie d  b y  severa l in v e s tig a to rs  (M il l e r  and  Ba u m a n n , 1954; 
N e i d e r h i s e r  an d  W e l l s , 1959; Ga y l o r , 1960; H orlick  and  A v i g a n , 1963; 
Cla y to n  et al., 1963, e tc .).

O pin ions now  agree th a t  cho lestero l is one o f th e  p rincipal s te ro id  p re 
curso rs. In c u b a tin g  ad ren a l, te s ticu la r , o v a ria n , an d  p lacen ta l h o m o g en a te s , 
severa l a u th o rs  h av e  show n th e  fo rm atio n  o f  in te rm e d ia te  p ro d u c ts  d u r in g  th e  
conversion  o f cholestero l to  p regnenolone (Solomon  et al., 1956; Sh im iz u  et al., 
1960; D o r fm a n , 1961, e tc .). A q u estio n  s till open  is w h e th e r th e  ch o les te ro l 
p re se n t in  th e  sk in  is capab le  o f conversion  in to  biologically a c tiv e  s te ro id  
horm ones. N or are  an y  d a ta  availab le  on th e  q u a n t i ty  of cholestero l in  h u m a n  
ha irs .

In  th e  hope th a t  a d e ta iled  s tu d y  o f th e  la t te r  p o in t will lead  to  a b e t te r  
u n d e rs ta n d in g  o f th e  genesis o f h irsu tism , we f i r s t  h ad  to  e lab o ra te  a r a p id  and  
sim ple m e th o d  fo r th e  q u a n tita tiv e  d e te rm in a tio n  of th e  to ta l  ch o leste ro l co n 
te n ts  in  h u m a n  sk in  an d  hairs.

M ethods

1 .  Solub iliza tion  and exgtaction o f  hhm an sk in  a n d  hairs

H a irs  o b ta in e d  from  d iffe ren t areas (h ead , p u b ic  reg ion , a rm p it, e tc .) w as d e fa t te n e d  
w ith  a 5 p e r c en t so lu tio n  o f a  com m ercial d e te rg en t, w ash ed  several tim es w ith  d is til le d  w a te r , 
an d  d ried . A m o u n ts  o f 30 to  50 m g were used in  th e  ex p erim en ts .

S am ples o f sk in , excised  du ring  an  o p e ra tio n , w ere  c leansed of fa t  an d  su rfa ce  iod ine , 
c u t in to  slices, an d  used  in  q u a n titie s  o f 80 to  100 m g.
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S k in  an d  h a irs  a like w ere so lub ilized  by  bo iling  u n d e r  a re flu x  condenser fo r 20 m in u te s  
in  20 m l o f  2.5 pe r cen t so d iu m  h y d ro x id e  so lu tion . A f te r  cooling, th e  hom ogeneous so lu tio n  
w a s  a c id ifie d  w ith  11 n  h y d ro c h lo ric  acid  to  p H  2— 3, a n d  sh ak en  o u t w ith  4 x  15 m l o f e th e r . 
T h e  e th e re a l  e x tra c t  w as w ash ed  w ith  3 X 20 m l o f  2 n  so d iu m  hy d ro x id e  a n d  2 x 2 0  m l o f 
d is t i l le d  w a te r , th e n  tre a te d  w ith  1— 3 g of a n h y d ro u s  so d iu m  m o n osu lphate , a n d  e v a p o ra te d  
to  d ry n e ss .

2. T hin-layer chrom atography o f  sk in  and h a ir extracts

A  20 sq. cm  D esaga  g lass p la te  was used , w ith  250 ft M erck K ieselgel G la y e r  (a fte r  
S ta h l) .  T h e  sk in  an d  h a ir  e x tra c ts ,  an d  cholestero l as th e  s ta n d a rd , were app lied  in  ben zen e  
to  s t r ip s  2 cm  in  w id th . D u rin g  th e ir  ap p licatio n , a s tre a m  o f h o t a ir was d irec ted  to  th e  s ta r tin g  
p o in ts .  R u n n in g  tim e w as 60— 70 m inu tes.

T h e  d ried  p la te  w as sp ra y e d  w ith  50 pe r c e n t p h o sp h o ric  acid and  k e p t a t  80 °C fo r 
30 m in u te s ,  w hereupon  th e  c h a ra c te ris tic  spots o f c h o le s te ro l appeared .

3. P u rifica tion  o f  sk in  a n d  hair extracts on N ym co  f lo r is il  column

T h e  crude e x tra c ts  o f sk in  a n d  ha irs tre a te d  a cc o rd in g  to  Zla tk is et al. (1953), in  a d d i
t io n  to  th e  v io le t red  co lour c h a ra c te ris tic  of c h o le s te ro l, o f te n  revea led  a re a c tio n  b ro w n ish  
in  co lo u r. As th is  w as p re su m ab ly  d u e  to  im p u ritie s , th e  c ru d e  e x tra c ts  were p u rified  o n  N ym co  
f lo r is il (F a r e d in  a n d  T ó th , 1964). T he cholestero l e x tr a c t  w as app lied  on to  a  2 g co lu m n  
su sp e n d e d  in  benzene, a n d  w a sh e d  f ir s t  w ith  15 m l o f  b en zen e  an d  th e n  w ith  10 m l o f  0.5 
p e r  c e n t  e th a n o l in  benzene. T h e re a f te r , th e  p u re  c h o le s te ro l was e lu ted  from  th e  co lu m n  
w ith  12 m l o f 0.5 pe r cen t e th a n o l in  benzene. T he e lu a te  w as e v ap o ra ted  to  d ry n e ss  a n d  th e  
c o lo u r re a c tio n  of Zla t k is  et al. (1953) was p e rfo rm ed . T h is  y ie lded  th e  sam e colour as d id  th e  
c h o le s te ro l s ta n d a rd .

4. Iden tifica tion  o f  the p u r i f ie d  cholesterol fra c tio n

A p a r t  from  th e  su lp h u ric  acid -ferric  chloride m e th o d  of Zla tk is et al. (1953), to  id e n tify  
t h e  p u r if ie d  cholestero l o b ta in e d  fro m  h u m an  sk in  a n d  h a irs  th e  sulphosalicylic  ac id  m eth o d  
(R a p p a p o r t  an d  E ic h h o r n , 1960), th e  L ie b e rm a n n -B u rch a rd  reac tio n  (Sc h o e n h e im e r  a n d  
S p e r r y , 1934), th e  perch lo ric  acid  (T a u b e r , 1952), a n d  th e  p h o sp hom olybd ic  acid (K r it c h e v s k y  
a n d  K ir k , 1952) colour re a c tio n s  w ere perform ed.

5. Technique

T o th e  d ry  residue  o b ta in e d  from  th e  flo risil c o lu m n  4.5 m l of g lacial a ce tic  a c id  a re  
a d d e d  a n d  th e  c o n te n t o f th e  f la s k  is dissolved u n d e r  m ild  heating . T he so lu tio n  is m ix ed  
w ith  2.5 m l o f fe rric  ch loride  u n d e r  v igorous shak ing . A f te r  cooling for 5 m inu tes, th e  in te n s i ty  
o f  th e  develop ing  v io le t re d  co lou r is m easu red  a g a in s t th e  b la n k  in  a H av em an n  p h o to m e te r , 
u s in g  a  Y .G . 9 colour f i lte r  a n d  0.5 cm  cuvettes.

R esults

F o r  th e  q u a lita tiv e  s tu d y  of th e  cho leste ro l c o n ten ts , skin an d  h a irs  w ere 
o b ta in e d  from  d iffe ren t sites on th e  body o f a p a t ie n t  w ith  ovarian  h irsu tism  w ho 
h a d  b e e n  tre a te d  w ith  A C T H  p reo p e ra tiv e ly  fo r  th re e  days. The re su lts  are  
sh o w n  in  th ree  c h ro m a to g ra m s, in  each of w h ich  th e  sequence of th e  su b s ta n c e s  
s tu d ie d  is as follows (from  le f t to  th e  r ig h t) : 1 =  e x tra c t  of ha ir from  th e  h ead ; 
2 =  e x tr a c t  o f ax illa ry  h a irs ; 3 =  40 ft g o f c o n tro l cholesterol; 4 =  e x t r a c t  of 
p u b ic  h a irs ; 5 =  e x tra c t  o f  h a irs  from  th e  th ig h ;  6 =  h a iry  a b d o m in a l sk in  
e x t r a c t  o b ta in ed  b y  en z y m a tic  hydro lysis; 7 =  40 /ig of con tro l d eh y d ro ep i-
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Fig. 1. C hro m ato g ram  o f  e x tra c ts  o f sk in  a n d  lia irs under 
u ltra -v io le t lig h t
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F ig. 2. C hrom atogram  o f  e x tra c ts  of sk in  a n d  hairs de tected  w ith  
50 per c e n t phosphoric  acid  in  d ay lig h t
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F ig. 3. C h ro m ato g ram  o f e x tra c ts  o f sk in  an d  ha irs d e te c te d  
w ith  50 per cen t p h o sp h o ric  acid  u n d e r  u ltra -v io le t lig h t
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an d ro s te ro n e  an d  40 pg  o f cho lestero l; 8 =  a b d o m in a l skin e x tra c t  o b ta in e d  
b y  h y d ro ch lo ric  acid hyd ro lysis  ( J ulesz  et a l., 1966).

F ig . 1 p resen ts  th e  K iesclgel G th in - la y e r  ch ro m ato g ram  o f th e  e x tra c ts  
of h a irs  an d  ab d o m in a l sk in  view ed u n d e r  u ltra -v io le t lig h t. T h e  co n tro l 
s te ro id s  are  b a re ly  p e rcep tib le . T he e x tra c ts  o f  h a iry  abdom inal sk in  show  th e  
p ic tu re  know n  from  earlie r w ork  ( J ulesz  et a l., 1966). The e x tra c ts  o f  h a irs  from  
d iffe ren t areas rev ea l a few  flu o rescen t sp o ts .

F ig . 2 p re sen ts  th e  p h o sphoric  acid co lo u r reac tio n  on th e  sam e c h ro m a 
to p la te  as seen in  d ay lig h t. T he con tro l ch o leste ro l an d  d e h y d ro ep ian d ro s te ro n e  
sp o ts  are  d is tin c t. A t th e  level o f th e  ch o les te ro l s ta n d a rd , th e re  a p p e a r  th e  
cho leste ro l spo ts o f  th e  h a irs  and  th e  a b d o m in a l sk in . A t and  below  th e  level 
o f th e  d e h y d ro ep ian d ro s te ro n e  s ta n d a rd  ru sse t-co lo u red  spots are d e m o n s tra b le  
in  th e  ax illa ry  an d  p ub ic  hairs .

F ig  3. show s th e  sam e ch ro m a to p la te  v iew ed  u n d e r u ltra -v io le t lig h t. This 
is th e  m ost d is tin c tiv e  an d  in fo rm ativ e  o f th e  th re e  ch rom atog ram s. I t  d isp lay s 
th e  sp o ts  of th e  co n tro l s tero ids an d  th e  flu o rescen ce  of th e  a b d o m in a l sk in  
e x tra c ts . R e m ark ab ly , in  each  ty p e  of h a irs  a t  le a s t  th ree  in ten se ly  f lu o re sc e n t 
spo ts are  v isib le . M ost in ten se  is th e  sp o t a p p e a rin g  a t  th e  level of th e  ch o les te ro l 
s ta n d a rd . I n  th e  e x tra c t  of ax illa ry  h a irs  th e  s p o t appearing  a t th e  lev e l o f  th e  
s ta n d a rd  d eh y d ro ep ian d ro s te ro n e , w ith  one o r tw o  sm aller f lu o re sc e n t sp o ts  
above  a n d  below  i t ,  com pels a tte n tio n . T h e  sp o t  d e tec ted  a t  th e  sam e  lev e l in  
th e  e x tr a c t  o f p ub ic  an d  th ig h  ha irs  re sp ec tiv e ly  likew ise a t tra c ts  n o tic e . T he 
d iffe ren t e x tra c ts  show  th e  flu o rescen t sp o ts  o f  apo la r su b stan ces  a lre a d y  
d esc rib ed  from  sk in  e x tra c ts .

Table I

Cholesterol contents o f  hum an hairs before and  after purifica tion  on 
flo r is il  colum n

Cholesterol found, mg/g
Difference, 
per centsHairs studied without after

purification

2.22 1.66 25.2

2.37 1.94 - 1 8 .1

2.30 1.56 - 3 1 .8
O f th e  head 3.40 3.04 - 1 0 .6

2.42 1.82 - 2 4 .8

3.11 2.60 - 1 6 .4

3.39 3.43 +  1-2
Pub ic 3.36 3.26 -  3.0

3.21 3.20 -  0.3

3.45 3.27 -  5.2
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F ro m  th e  find ings i t  ap p e a rs  th a t  th e  c ru d e  cholesterol e x tra c ts  o f  sk in  
a n d  h a ir s  co n ta in  foreign  su b stan ces  in  co n sid e rab le  q u an titie s . T h is is  d e fi
n i te ly  su p p o r te d  b y  Z l a t k i s ’ colour re a c tio n , w h ic h  along w ith  th e  v io le t  re d  
c o lo u r c h a ra c te ris tic  o f cho leste ro l shows a b ro w n ish  t in t ,  w hich is p a r t ic u la r ly  
m a rk e d  in  e x tra c ts  o f h a irs .

T h e  d a ta  in  T ab le  I  sho w  differences in  th e  a m o u n t of cho lestero l fo u n d  
in  u n p u r if ie d  an d  flo risil p u r if ie d  h a ir e x tra c ts ;  th e se  differences ra n g e d  fro m  
— 10.6  to  —31.8 p e r c en t fo r  h a ir  from  th e  h e a d  a n d  from  —5.2 to  + 1 .2  p e r 
c e n t fo r  p u b ic  hairs.

A s to  th e  o th e r co lou r reac tio n s, 12 p e r  c e n t su lphosalicylic  ac id  in  th e  
p re se n c e  o f  su lphuric  ac id  g av e  w ith  cho leste ro l iso la te d  from  skin a n d  h a irs  a 
b lu ish -g re e n  colour. T he L ie b e rm a n n -B u rc h a rd t reac tio n  w ith  a c e tic  ac id  
a n h y d r id e  an d  su lphuric  ac id , gave a g reen ish -b lue  colour. The cho leste ro l s e p a 
r a te d  f ro m  sk in  and  h a irs  y ie ld e d  a p in k  co lou r w ith  70 per cen t p e rch lo ric  ac id  
in  c h lo ro fo rm  a t  56°C. T h is co lo u r d isap p eared  u p o n  th e  effect o f w a te r. S k in  an d  
h a i r  e x tr a c ts  d ropped  on p a p e r  and  sp ray ed  w ith  10 p e r cen t p h o sp h o m o ly b d ic  
a c id  a n d  k e p t  a t  110°C, gave a b lue spo t. T h ese  re a c tio n s  also in d ic a te d  t h a t  th e  
s u b s ta n c e  sep a ra ted  from  sk in  and  hairs a n d  id e n tif ie d  b y  th in -la y e r a n d  f lo 
r is il c o lu m n  ch ro m a to g ra p h y , was tru ly  ch o le s te ro l.

W ith  a view  to  a ssessing  th e  accu racy  o f  o u r  m ethod , p a ra lle l e x a m in a 
tio n s  w ere  carried  o u t. As th e  d a ta  in  T able I I  sh o w , th e  difference b e tw e e n  th e  
p a ra lle ls  w as less th a n  10 p e r  cen t for h a irs  a n d  m ax im u m  12.5 p e r  c e n t for 
sk in .

Table II

Parallel cholesterol determinations in  h u m a n  hairs and skin

Material studied
A

mg/g
В

mg/g
A —В difference, 

per cent

1.45 1.38 -  4.8

H air from  th e  h ead 2.70 2.74 +  1.5
2.42 2.23 -  7.9

2.33 2.55 +  9.4

3.18 3.38 +  6.3

Pubic  hairs 2.51 2.54 +  1-2
2.57 2.37 -  7.8

1.76 1.89 +  7.4

1.64 1.84 +  12.2

Skin 1.12 1.26 +  12.5

1.16 1.16 0

1.26 1.27 +  0.8
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As show n in  T ab le  I I I ,  an  average  o f 92.2 p e r cen t o f th e  cho leste ro l ad d ed  
to  th e  reac tio n  m ix tu re  could  be recovered .

Table III

Cholesterol recovered (a fte r  a lka line  lysis, 
e therea l e x tra c tio n  and pu rifica tio n  w ith  florisil)

Added to 
reaction 
mixture,

Mg

Recovered
Mean recovery, 

per cent
g per cent

80 73 91.2

80 71 88.7 92.2

120 114 95.0

120 108 90.0

D iscussion

I t  has been  show n ea rlie r ( J u l e s z  et al., 1966) th a t  h u m an  sk in , w h e th e r  
h a iry  or ha irless, co n ta in s  cho lestero l. T his is a fa c t know n since M e y e r ’s 

in v e s tig a tio n s  (1931) b u t, to  o u r know ledge, th e  d iffe ren t bo d y  h a irs  th em se lv es  
h av e  n o t  y e t been s tu d ied  fo r th e ir  cho lestero l co n ten ts . M ost in v e s tig a to rs  
h av e  o n ly  concerned  th em selves w ith  th e  cho lestero l in  th e  sebaceous a n d  lip id  
la y e r  p re se n t on th e  surface o f sk in  and  h a irs . W e h av e  succeeded in  d e te c tin g  
s u b s ta n tia l  am o u n ts  of cho leste ro l in  e x tra c ts  o f  sk in  an d  d iffe ren t ty p e s  o f 
h a irs  b y  th in -la y e r an d  flo risil co lum n c h ro m a to g ra p h y  as well as v a rio u s  co lou r 
reac tio n s.

In  th e  ch ro m ato g ram s o f th e  crude sk in  a n d  h a ir e x tra c ts  in  a d d itio n  to  
th e  large  cho lestero l sp o ts, sev e ra l sm all sp o ts  w ere v isib le. The f lu o re sc e n t 
sp o ts  seen below  it ,  p a r tic u la r ly  a t  th e  level o f th e  s ta n d a rd  d é h y d ro é p ia n d ro 
s té ro n e , w ere m ost p ro b ab ly  ste ro id s .

O ur w ork ing  hypo th esis  assigns a role to  th e  cho lestero l c o n te n ts  o f  sk in  
a n d  h a irs  in  th e  no rm al g ro w th  o f  h a ir  in  h u m a n s , and  in  th e  d ev e lo p m e n t o f 
h irsu tism  in  w om en. W e h av e  th e re fo re  w orked  o u t a m eth o d  o f ch o leste ro l 
a ssay  in  sk in  an d  hairs . T he m e th o d  allow ed th e  reco v ery  of ab o u t 92 p e r  c en t 
o f  th e  cho lestero l added  to  th e  re a c tio n  m ix tu re . T h e  d ifferences b e tw e e n  p a ra l
lels am o u n te d  a t  m ost to  12.5 p e r cen t. O n th e se  g rounds, th e  p ro c e d u re  is 
th o u g h t to  be su itab le  for th e  e s tim a tio n  o f  m in u te  q u a n titie s  o f ch o leste ro l in  
sk in  an d  h a irs . T he values fo r cho leste ro l p u rif ie d  on flo risil colum n a n d  d e te r 
m ined  w ith  phosphoric  ac id -fe rric  chloride as th e  reag en t, are re g a rd e d  as th e  
“ to ta l  cho leste ro l”  in  sk in  a n d  h a irs ; a s tu d y  o f  its  f ra c tio n a tio n  w ill be  th e  
su b je c t o f  a su b seq u en t p ap er.
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STEROIDS IN HUMAN SKIN AND HAIRS

I I I .  C H O L E S T E R O L  IN  T H E  SK IN  A N D  H A IR S  O F  N O R M A L 
AN D  H IR S U T E  W O M E N , A N D  IN  T H E  H A IR S  O F  N O R M A L M E N

By

I. F a r e d i n , I .  T óth and M. J ulesz

FIRST DEPARTMENT OF MEDICINE (DIRECTOR: PROF. M. JULESZ), 
UNIVERSITY MEDICAL SCHOOL, SZEGED

(R ece iv ed  April 12, 1965)

T he to ta l  cho lestero l c o n te n ts  of th e  sk in  a n d  of th e  ha irs  of h irsu te  a n d  endo- 
crinologically  no rm al w om en a n d  no rm al m en, w ere s tu d ied . In  b o th  h irsu te  and n o rm al 
w om en m ore cho lestero l w as fo u n d  in  th e  pub ic  th a n  in t he ab d o m in a l sk in . H a irs  w ere 
fo u n d  to  c o n ta in  cholestero l in  considerab le  q u a n ti t ie s , p a r ticu la r ly  th e  a x illa ry  h a irs  
o f n o rm al m en  an d  w om en. H a irs  o f h irsu te  w om en w ere rich  in cho lestero l. A C TH  
app eared  to  h av e  no effect on th e  cholestero l c o n te n t o f ha irs .

I t  h as b een  show n th a t  h u m a n  skin an d  h a irs  co n ta in  co n sid e rab le  
am o u n ts  of cho lestero l ( J u lesz  et al., 1966), an d  a m e th o d  has been  e la b o ra te d  
fo r its  q u a n ti ta t iv e  d e te rm in a tio n  (TÓTH et al., 1966).

I t  has long  been  know n t h a t  in  th e  p e rip h e ra l end o crin e  g lands (ad ren a l 
co rtex , te s tis , o v a ry , p lacen ta )  a w ide v a r ie ty  o f  s te ro id s  are fo rm ed  from  
cholestero l. A cco rd ing  to  D o r f m a n  (1961), th e  w ay  cho lestero l b reaks dow n in 
these  g lands is p ro b a b ly  th e  fo llow ing: 20 ct-hydroxycho lestero l — 20,  22 (?) 
d ih y d ro x y ch o le s te ro l (-> 2 0 « -liy d ro x y , 22-ke tocho leste ro l) —> p regneno lone 4* 
isocapron ic  acid . T here  are , h o w ev e r, no d a ta  in  th e  l i te ra tu re  ava ilab le  to  us 
on th e  role o f th e  cho lestero l p re se n t in sk in  a n d  h a irs . S till, a s tu d y  o f th e  
b iochem ical p rocesses ta k in g  p lace  in th e  sk in  m ig h t su p p ly  th e  k ey  to  th e  
pa thogenesis  o f h irsu tism . D is tu rb a n c e s  of s te ro id  m e tab o lism  can  on ly  be 
s tu d ied  if  the  m e tab o lite s  are re lia b ly  e s tim a ted . I t  w as on these  c o n sid e ra tio n s  
th a t  we u n d e rto o k  th e  q u a n ti ta t iv e  d e te rm in a tio n  o f cho lestero l in th e  sk in  an d  
h a irs  of n o rm al m ales an d  fem ales and  h irsu te  w om en .

M ethods
Specim ens o f h a iry  and  h a irless ab d o m in a l sk in  an d  p u b ic  sk in  w ere excised from  p a tie n ts  

su b je c ted  to  su rg ical o r gynaeco log ical o p era tio n s . P a tie n ts  n o t a ffec ted  b y  en d o crin o lo g ica l 
disease form ed th e  n o rm al group . T h e  p a tie n ts  in  th e  h irsu te  g ro u p  w ere a fflic ted  w ith  th e  
o v a ria n  ty p e  of th e  condition .

H airs w ere ta k e n  from  d iffe re n t s ites (head , a rm p its , p u b ic  region, e tc .)  o f n o rm a l 
m ales an d  fem ales, a n d  from  w om en w ith  o v arian , a d ren a l o r id io p a th ic  h irsu tism . T h e  h irsu te  
w om en were su b je c te d  to  t r e a tm e n t  w ith  80 I.U . o f A C TH  (E x a c th in ;  R ich te r , R u d a p e s t)  
da ily  fo r 3 days before  sam pling .

S ta tis tic a l an a ly se s w ere c a rr ie d  o u t  w ith  S tu d e n t’s t te s t .

R esults

In  th e  h a irless ab d o m in a l sk in  from  8 n o n -h irsu te  w om en, th e  cho lestero l 
co n ten ts  v a rie d  b e tw een  0.71 a n d  1.39 m g/g, a v e rag in g  1.09 m g/g. In  p u b ic  sk in

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



4 2 I. FAREDIN, I. TÓTH and M. JULESZ

o f  6 o f  th e  sam e 8 w om en , th e  cho lestero l c o n te n ts  ran g ed  fro m  1.12 to  1.94 
m g /g , w ith  an av erag e  o f  1.41 m g/g. W ith  th e  ex cep tio n  o f one p a t ie n t ,  m ore 
ch o le s te ro l was fo u n d  in  th e  p ub ic  th a n  in  th e  abdo m in a l sk in  (T able  I) . The 
v a lu e s  refer to  1 g o f  w e t sk in .

Table I

Cholesterol contents o f  the sk in  o f  non-hirsute  
women

Patient’s
initials

Age,
years

Cholesterol in skin, mg/g

Abdominal
(hairless)

Pubic
(hairy)

H . G. 48 1.22 —

B. I. 28 1.16 1.27

У. J. 32 1.36 1.94

Z .I . 39 0 .8 8 1.21

к . K. 35 0.71 1.12

F . J. 55 1.39

A. S. 41 1.14 1.19
Sz. S. 33 0 .8 8 1.72

M ean 1.09 ±  0.09 1.41 ±  0.13

E x tre m es 0.71 -  1.39 1.12 -  1.94

Significance t (12\ =  2.052 
p >  0.05

I n  5 w om en w ith  o v a ria n  h irsu tism , cho leste ro l in  ab d o m in a l sk in  v aried  
b e tw e e n  0.62 an d  1.09 m g /g  (m ean , 0.81 m g/g), and  in  p u b ic  sk in  betw een
0.87 a n d  1.56 m g/g (m ean , 1.27 mg/g) (T able I I ) .

Table II

Cholesterol contents o f  the sk in  o f  women with 
ovarian h irsu tism

Patient’s
initials

Age,
years

Cholesterol in skin, mg/g

Abdominal
(hairy)

Pubic
(hairy)

Á . K . 21 0.97 1.56

B . É . 27 0.74 1.42

L. D. 24 1.09 1.45

M. E . 18 0.62 1.04

S. I. 19 0.63 0.87

M ean 0.81 ±  0.11 1.27 ±  0.17

E x tre m es 0.62 -  1.09 0.87 -  1.56

Significance t(8\ =  2.251 
p  >  0.05
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Tabic III

Cholesterol contents o f  hairs o f  normal women

Patient’s Age, Hair, Pubic hairs, Axillary hairs,
initials years mg/g mg/g mg/g

\V. M. 41 1.56 2.53 2.97

K . J . 27 1.66 1.73 3.46

K . M. 32 1.65 2.47 3.84

B. J . 26 1.87 1.42 3.23

K . Zs. 22 1.94 2.11 3.17

Ö. M. 48 1.49 — -

L. I. 28 1.82 — —

F. E. 20 2.85 2.31 3.23

F. I. 25 1.40 2.30 2.28

B. J. 26 1.37 2.59 2.47

V .J. 32 1.22 2.53 3.12

M ean 1.71 ±  0.13 2.22 ±  0.13 3.09 ±  0.15

E x trem es 1.22 -  2.85 1.42 -  2.59 2.28 — 3.84

Significance in com parison w ith  ax illa ry  h a irs  t / 18) =  7.337 t / lej =  4.242
p <  0.001 p <  0.001

Table IV

Cholesterol contents o f  hairs o f  normal men

Patient’s Age, Hair« (mg/g)
initials years head pubic axillary chest

T . I. 29 2.64 1.89 3.09 1.73
W. M. 40 2.94 1.55 3.52 1.38
F. I. 41 2.43 1.36 3.47 1.96
F. I. 27 2.06 2.11 4.03 2.30
Sz. I. 49 2.11 2.73 2.70 1.77
B. I. 27 2.39 1.85 3.18 1.77
M. F. 54 2.56 2.17 3.40 2.63
B .S . 24 2.96 1.35 4.15 1.30
D . E . 26 2.12 2.25 3.09 —

II. S. 58 1.90 2.19 2.23 1.39
Sz. K. 55 — 1.54 - 1.55

M ean 2.41 ±  0.10 1.90 ±  0.13 3.28 ±  0.18 1.78
E xtrem es 1.90 — 2.96 1.36 -  2.73 2.23 — 4.15 1.30 -  2.30

Significance in  com parison  w ith  ax illary  ha irs (w ith o u t th e  ch est-h a irs): 
tps) ~  3.780 t(19) =  6,293

p <  0.01 p <  0.001

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



Age,
fears

21
49
21
18
27
28
20

23
27

24
21
19
18
20

t

Tabic V

Cholesterol contents o f  hairs o f  hirsute women

Hairs (mg/g)

head pubic axillary chest abdominal thigh beard buttocks

2.97 3.50 — 2.30 — — — —

2.29 2.90 — 3.20 - - - —

2.00 3.16 — 2.14 — — - —

2.34 2.41 — 3.12 - - - —

3.64 3.59 4.56 - - — — —

2.74 3.37 3.98 — - - - —

1.64 1.76 2.93 3.11 3.01 2.46 5.59 2.94

1.91 1.40 2.34 — 2.95 3.04 4.85 2.34

2.51 — 2.64 — — 2.70 - —

1.64 2.02 2.92 — 4.61 — - —

2.78 1.34 2.64 — - 3.13 - —

1.14 2.62 2.86 — — - 3.25 -

1.72 1.47 2.60 — — 3.43 - —

1.42 1.28 3.10 3.24 3.67 - - —

2.19 2.37 3.05 2.85 3.53 2.95 4.56 2.64

1.14-2 .97 1 .28-3 .59 2 .34 -4 .56 2 .14 -3 .24 2 .95-4 .61 2 .46 -3 .43 3 .25 -5 .59 2 .34 -2 .94
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T he q u estio n  arose how  m uch of th e  ch o les te ro l found  in the  sk in  o rig i
n a te d  from  h a irs  le f t em bedded  in  th e  ep iderm is. T h u s  th e  in v estig a tio n s w ere  
ex ten d ed  to  h a irs  in  d iffe ren t areas.

T ab le  I I I  p re sen ts  th e  d a ta  for no rm al w om en . I t  show s in d iv id u a l v a r ia 
tions in  th e  cho leste ro l c o n ten ts  betw een  1.22 a n d  2.85 m g/g for h a ir  (m e a n  
o f 11 p a tie n ts , 1.71 m g/g); b e tw een  1.42 and  2.59 m g/g  for pubic  hairs (m ean  of 
9 p a tie n ts , 2.22 m g/g); an d  b e tw een  2.28 and  3.84 m g/g  for ax illary  h a irs  (m ean  
for 9 p a tie n ts  3.09 m g/g).

T he co rresp o n d in g  values for no rm al m en w ere (Table IV) b e tw een  1.90 
an d  2.96 m g/g  fo r h a ir  (m ean  o f 10 p a tie n ts , 2.41 m g/g); betw een 1.36 a n d  
2.73 m g/g for p u b ic  h a irs  (m ean  of 11 p a tie n ts , 1.90 m g/g); and b e tw een  2.23 
and  4.15 m g/g fo r ax illa ry  ha irs  (m ean of 10 p a t ie n ts ,  3.28 mg/g). H a irs  g ro w 
ing on th e  m ale ch est w ere found  to  co n ta in  ch o leste ro l in  q u an titie s  b e tw e e n  
1.30 an d  2.30 m g/g (m ean of 10 p a tie n ts , 1.78 m g/g).

T ab le  V show s th e  values for cholestero l fo u n d  in  various sk in  a re a s  o f 
h irsu te  w om en.

In  th e  h a ir  1.14 to  2.97 m g/g; m ean  of 14 cases, 2.19 m g/g; in  p u b ic  h a irs  
1.28 to  3.59 m g/g ; m ean  o f 13 cases, 2.37 m g/g ; in  ax illa ry  hairs 2.34 to  4 .56 
m g/g; m ean  o f 10 cases, 3.05 m g/g; in  h a irs  on th e  chest 2.14 to  3 .24 m g /g ; 
m ean o f 8 cases, 2.85 m g/g; in abdom ina l h a irs  2.95 to  4.61 m g/g; m e a n  o f  4 
cases, 3.53 m g/g ; in  h a irs  on th e  th ig h  2.46 a n d  3.43 m g/g; m ean o f  5 cases, 
2.95 m g/g ; in  b e a rd  3.25 an d  5.59 m g/g; m ean  o f 3 cases, 4.56 m g/g; in  h a irs  on 
th e  b u tto c k s  2.34 an d  2.94 m g/g; m ean of 2 cases, 2.64 mg/g.

H a irs  from  5 h irsu te  w om en were s tu d ie d  fo r cholestero l c o n ten ts  b e fo re  
and  a f te r  A C TH  tr e a tm e n t. T ab le  V I shows th a t  th o u g h  in  th e  in d iv id u a l cases 
ACTH tre a tm e n t  m o d era te ly  increased  or d ec reased  th e  cholesterol c o n te n t , 
th e  m ean  v a lu es  w ere p rac tica lly  iden tica l b efo re  an d  a fte r  tre a tm e n t.

Table VI

Cholesterol contents in  hairs o f  hirsute women before and after A C T H  treatm ent

Patient’s
initials

Age,
years

Hairs (lllg/g)

head pubic axillary

before after before after before after

ACTH treatment

B. É . 27 2.51 2.49 — 1.42 2.64 2.51

N. J . 20 1.64 1.15 1.76 2.01 2.93 3.24

N. E . 23 1.91 2.36 1.40 2.26 2.34 2.80

K. Zs. 18 1.72 1.28 1.47 1.93 2.60 2.46

M. E. 20 1.42 1.70 1.28 1.57 3.10 2.61

M ean 1.84 1.80 1.48 1.84 2.72 2.72

E x trem es 1 .4 2 -2 .5 1 1.15 2.49 1 .2 8 -1 .7 6 1 .4 2 -2 .2 6 2 .6 0 -3 .1 0 2.46 — 3.24
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D iscussion

L ittle  is know n o f th e  significance o f  cho leste ro l in  h u m an  sk in  a n d  h a irs . 
Cl a y t o n  et al. (1963) h a v e  d e m o n s tra te d  th e  a b ility  of r a t  sk in  to  sy n th esize  
c h o le s te ro l from  a c e ta te . T h is  shows th a t  th e  sk in  of th e  r a t  is r ich  in  enzym es. 
B y  t r e a tm e n t  w ith  tr ip a ra n o l,  these  a u th o rs  successfully  in h ib ite d  th e  enzym e 
re sp o n s ib le  for re d u c tio n  o f  th e  2 4 ,25 -doub le  bond in  th e  s te ro ls . S im ilar 
r e s u l ts  h av e  been o b ta in e d  b y  H orlick  a n d  A  v íg a n  (1963). T hese f in d in g s  and  
th e  cyclic  g row th  o f h a irs  co n stitu te  a d d it io n a l  p roo f of v ig o rous m e tab o lic  
p ro cesse s  tak in g  p lace  in  th e  skin. H o rm o n a l influences a re  th o u g h t  to  be 
re sp o n s ib le  for th e  d ifferences in  h a ir  g ro w th  betw een  th e  h u m a n  m ale  and  
fe m a le , b u t  th e  c a u sa tiv e  b iochem ical p ro cesses  are  unknow n.

I n  th e  p resen t ex p e rim en ts  m ore c h o le s te ro l was found  in  th e  h a iry  pub ic  
t h a n  th e  hairless a b d o m in a l sk in  of endocrino log ica lly  n o rm al p e rso n s. In  
h i r s u te  w om en, pub ic  sk in  co n ta in ed  m ore ch o leste ro l th a n  d id  th e  h a iry  ab d o m 
in a l  sk in . H ow ever, in  n e ith e r  group w as th e  difference s ta tis t ic a lly  s ig n ifican t 
(T a b le s  I  and  II) .

A ccord ing  to  M e y e r  (1931), th e  a m o u n t o f  cholesterol in  d ry  n o rm a l skin 
is  367 m g/100 g. W e fo u n d  an  average o f 1.25 m g in 1 g of w et sk in . S ince skin 
c o n ta in s  ab o u t 60 p e r  c e n t w ate r, 1.25 m g /g  o f  w et skin co rresp o n d s to  313 
m g /1 0 0  g of d ry  sk in , w h ich  value agrees w ell w ith  th a t  e s tab lish ed  b y  M e y e r .

H a irs  show ed h ig h e r cholesterol c o n te n ts  th a n  did th e  sk in ; th e  co rre 
sp o n d in g  values w ere s im ila r  for m ales an d  fem ales . In  b o th  sexes, th e  c o n te n ts  
w e re  th e  h ighest in  a x illa ry  h a irs , s ig n if ic a n tly  less in  h a ir and  p u b ic  h a irs , and , 
in  m e n , in  hairs of th e  ch e s t (Tables I I I  a n d  IV ).

H a ir  and  p ub ic  a n d  ax illa ry  ha irs  c o n ta in e d  ab o u t as m u ch  cho lestero l 
in  h i r s u te  as in  endocrino log ica lly  n o rm al w o m en . M uch h igher w ere  th e  cho
le s te ro l  co n ten ts  in  h irsu te  w om en w ith  c h a ra c te r is tic  m asculine h a ir  g row th  
(c h e s t,  abdom en , th ig h s , b e a rd ). T hus, c o n s id e ra b ly  m ore cho lestero l w as found  
in  h a ir s  o f th e  chest o f h irs u te  fem ales th a n  o f  n o rm a l m ales (T ables IV  a n d  V).

A C T H  tre a tm e n t cau sed  no ap p rec iab le  ch an g e  in  th e  cho leste ro l c o n te n ts  
o f  h a ir s  from  h irsu te  w om en .

T h e  p resen t in v e s tig a tio n s  were r e s tr ic te d  to  to ta l  cholestero l d e te rm in a 
t io n ,  a n d  were n o t e x te n d e d  to  cho lestero l e s te rs , and  th e  ch o leste ro l d e riv a 
t iv e s  iso la te d  from  th e  sk in  b y  earlier w o rk e rs . M oore and  B a u m a n n  (1952) 
is o la te d  7 -deh y d ro ch o leste ro l from  r a t  sk in . I d l e r  and  Baum ann  (1952) d em o n 
s t r a te d  in  th e  r a t  sk in  th e  presence of A 7-ch o le s ten o l, N e id e r h is e r  a n d  W ells  
(1959) t h a t  of 4 a -m e th y l-A 7-cholestenol (m e th o sten o l), an d  St o k e s  et al. 
(1958) o f  24 -dehydroclio lestero l (desm ostero l). Gaylor  (1960) d e te rm in e d  th e  
p ro p o r t io n s  of th e  ch ie f cho lestero l d e riv a tiv e s  in  th e  r a t  skin and fo u n d  52 p er 
c e n t  ch o leste ro l, 31.2 p e r  c e n t A 7-cho lesteno l, 7.5 p er cen t ch o lestan o l, 2.4 p e r 
c e n t  d esm oste ro l, an d  1.9 p e r  cen t 7 -d eh y d ro ch o leste ro l. S tu d ies  o f  th ese
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ste ro ls  w ould  y ie ld  in te re s tin g  re su lts  a n d  m a y  ex p la in  th e  orig in  a n d  s ig n ifi
cance o f th e  s u b s ta n tia l  am o u n ts  of ch o leste ro l fo u n d  in  th e  h a irs  o f  h irsu te  
w om en.
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STEROIDS IN HUMAN SKIN AND HAIRS

IV. N E U T R A L  17-K E T O S T E R O ID S  IN  HUM AN H A IR S

By

M . J U L E S Z ,  I . F a R E B I N  an d  I . TÓTH

FIRST DEPARTMENT OF MEDICINE (DIRECTOR: PROF. M. JULESZ), 
UNIVERSITY MEDICAL SCHOOL, SZEGED

(R ece iv ed  A pril 12, 1965)

E x tra c ts  o f th e  h a irs  o f n o rm al m en a n d  w om en, and  of h irsu te  w o m en , have 
b een  stu d ied . H a ir, a x illa ry  a n d  p u b ic  h a irs  w ere found  to  co n ta in  1 7 -k e to s te ro id s ; 
a x illa ry  h a irs  w ere th e  r ic h e s t in  th em . D eh y d ro ep ian d ro stero n e  a n d  i ts  a r te fa c t, 
3 -ch lo ro -d eh y d ro ep ian d ro ste ro n e , w ere id en tif ie d  b y  th e ir  Hy in  d if fe re n t th in - la y e r  
ch ro m a to g rap h ic  sy s tem s a n d  b y  d iffe ren t co lo u r reac tions.

In  h a irs  from  h irsu te  w om en tw o 17 -k e to s te ro id s o f low Ry v a lu e  w ere  d e tec ted ; 
th ese  were a b se n t fro m  th e  h a irs  o f  n o rm al w om en. No q u a lita tiv e  d iffe re n ce s  were 
o bserved  betw een b o d y  h a irs  before  an d  a f te r  A C TH  trea tm e n t.

In  earlie r ex p erim en ts  i t  has been show n th a t  h u m an  sk in  e x t r a c t  puri* 
fied  w ith  G ira rd ’s re a g e n t T  co n ta in s  17 -ke toste ro ids ( J ulesz  et al.,  1966). In  a 
s tu d y  concerned w ith  th e  cho lestero l c o n te n t in  h u m an  b o d y  h a irs , th in - la y e r  
c h ro m a to g ra p h y  revealed  a t  th e  level o f th e  s ta n d a rd  17 -ketostero ids th e  a p p e a r
ance, in  a d d itio n  to  cho leste ro l, o f in ten se ly  fluo rescen t su b s ta n c e s , p ro b a b ly  
17-ketostero ids (T óth  et al., 1966). This ra ised  th e  question  w h e th e r  h a irs  m igh t 
c o n ta in  androgen  s te ro id s; a p o in t on w hich  we have been u n ab le  to  f in d  in fo r
m a tio n  in  th e  lite ra tu re . A n o th e r of ou r o b serv a tio n s was th a t  h u m a n  hairs 
c o n ta in e d  m ore cholestero l, th e  p rin c ip a l s te ro id  p recurso r, th a n  d id  h u m a n  skin 
(F a r e d in  et al., 1966). All th is  seem ed to  ju s t ify  a de ta iled  s tu d y  o f  th e  17-keto- 
s te ro id  c o n te n t o f th e  h a irs  from  n o rm al m en an d  w om en as well as w o m en  w ith  
h irsu tism .

As K ieselgel G is n o t su itab le  for th e  fine  sep ara tio n  o f a n d ro g e n -ty p e  
s te ro id s  on th in  layers, th in - la y e r  c h ro m a to g ra p h y  w ith  a lu m in a  as  a d so rb e n t 
(F a r e d in  and  T ó th , 1966) w as used  in  th e  p re se n t ex p erim en ts , w h ic h  allow ed 
th e  sep a ra tio n  of m in u te  q u a n titie s  o f 1 7 -ke toste ro id  p re se n t in  bio logical 
su b stan ces .

M ethods

E xposure and extraction o f  hairs

H airs  cu t from  d iffe ren t a rea s (h ead , a rm p its , pu b ic  region) o f no rm al m en  a n d  w om en 
w ere  co llected  in  h a tch es o f 400 to  1600 m g an d  bo iled  u n d e r re flux  in  40 m l o f  a  2.5 p e r  cent 
so lu tio n  of N aO H  fo r 20 m in u te s . T he so lu tion  w as th e n  n eu tra lized  w ith  3 m l o f 11 n  HC1 
a n d  acid ified  w ith  6 ml o f c o n c e n tra te d  HC1, a n d  bo iled  u n d e r re flu x  fo r a n o th e r  15 m inu tes.
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Cooling was fo llow ed  b y  e x tra c t io n  w ith  4 x 2 0  m l o f  e th e r . T he e th e rea l e x tr a c t  was 
w a sh e d  w ith  3X 20  m l o f  2 n  N a O H  an d  2 x 2 0  m l o f  d is t il le d  w a te r , th e re a f te r  d e h y d ra te d  
w i th  3 to  5 g of N a2S 0 4, f i l te r e d ,  a n d  evapora ted  to  d ry n e ss .

P urifica tion  o f  h a ir  extracts

T he crude e x tra c t  w as  d isso lv e d  in  5 ml o f ben zen e  a n d  e v a p o ra te d  to  d ry n ess in  v a cu o . 
T h e  d ry  residue was ap p lie d  in  3 X  5 m l of benzene o n to  a  2 g N y m co  flo risil co lum n su sp en d ed  
in  b en zen e . The colum n w a s w a sh e d  f irs t  w ith 15 m l o f  b e n z e n e  a n d  th e n  w ith  10 m l o f  0.5 
p e r  c e n t  e thanol in  b e n ze n e . T h e re a f te r , the  1 7 -k e to s te ro id s  w ere e lu ted  from  th e  co lu m n  
w i th  45 m l of 2 per c e n t e th a n o l  in  benzene. The e lu a te  w as  e v a p o ra te d  to  d ryness, p u rif ie d  
w ith  G ira rd ’s reag en t T  a c c o rd in g  to  P incus  and  P e a r l m a n  (1941), an d  th e  k e to n ic  f ra c tio n  
w a s  se p a ra ted .

Thin-layer chrom atography

T h e  ketonic f ra c t io n  w a s  a p p lie d  in  benzene on  a 0 .25  m m  lay e r o f a lu m in a  sp re a d  on 
a  c h ro m a to g rap h ic  p la te  m e a s u r in g  10 cm  by  35 cm , a n d  r u n  in  a  m ix tu re  o f e th y l a c e ta te , 
n -h e x a n e , glacial ace tic  a c id  a n d  a b so lu te  e thanol (120 : 120 : 2 : 1) a t  30° C fo r 3 to  4 ho u rs . 
A f te r  ch ro m ato g rap h y , th e  g la s s  p la te  was dried a n d  th e  la y e r  sp ra y ed  w ith  a 1 : 1 m ix tu re  
o f  2 p e r  cen t m -d in itro b en zen e  in  e th an o l and 2.5 n  K O H  in  m eth an o l. A fter d ry in g , th e re  
a p p e a re d  th e  lilac-blue 1 7 -k e to s te ro id  spots (F a r e d in  a n d  T ó t h , 1966).

Results

I n  th e  firs t p a r t  o f  th e  p re se n t in v es tig a tio n s , 17 -keto ste ro id s , in  th e  h a irs  
o f  n o rm a l m en an d  w o m e n  w ere stud ied  b y  th in - la y e r  c h ro m a to g ra p h y , w ith  
a lu m in a  as ad so rb en t. F ro m  m ales, 1432 m g o f h a ir ,  490 m g of ax illa ry  h a irs , 
a n d  1263 mg of p u b ic  h a ir s  w ere  studied. F ig . 1 p re s e n ts  th e  resu lts . P ro ceed in g  
f ro m  le f t to  rig h t, s tr ip  1 c o n ta in e d  the 1 7 -k e to s te ro id s  from  th e  p u b ic  h a irs ; 
i t  show s 5 sp o ts.O n  s t r ip  2 w ere  ru n  the  s ta n d a rd s :  2 0 fig of 3 -ch lo ro -dehydro- 
e p ian d ro s te ro n e  (C l.-D .E .A .) ; 20 fig o f d éh y d ro é p ia n d ro s té ro n e  (D .E .A .);
a n d  20 fig of 1 1 -h y d ro x y a n d ro s te ro n e  (11-H O -A ). T o  s tr ip  3 w as ap p lied  th e  
e x t r a c t  o f the  a x illa ry  h a ir s ;  10 spots can  be  seen  on it . S trip  4 show s ag a in  
sp o ts  o f  s ta n d a rd  1 7 -k e to s te ro id s ; nam ely , in  d o w n w a rd  o rder, 20 fig o f  Cl.-
D .E .A .;  20 fig o f  a n d ro s te ro n e  (A); 17 fig o f e tio ch o lan o lo n e  (E ); an d  11 fig  of 
k e to a n d ro s te ro n e  (11-O -A ). S trip  5 reveals 4 sp o ts  of k e toste ro ids from  h a ir .

F ro m  norm al w o m en  w ere  collected 1534 m g  o f h a ir , 482 m g o f ax illa ry  
h a ir s ,  and  1206 m g o f  p u b ic  hairs . The re su lts  a re  p re sen ted  in  F ig . 2. S tr ip  
1 re fe rs  to  pubic h a irs , s t r ip  2 to  s tan d ard  1 7 -k e to s te ro id s , viz.: 10 fig o f  Cl.- 
D .E .A ., 10 fig of D .E .A ., a n d  10 fig of 11-H O -A . O n s tr ip  3, 5 spo ts o f  th e  
e x t r a c t  of ax illary  h a irs  c a n  be  seen. S trip  4 sh o w s, in  dow nw ard  o rd e r, th e  
sp o ts  o f 10 fig of C l.-D .E .A ., 10 fig of A, 8.5 fig  o f  E .,  an d  5.5 /zg of 11-O-A. 
S tr ip  5 re la tes to  h a ir .

F ig . 3 presen ts th e  ch ro m a to g ram s of th e  p o o le d  h a irs  from  th ree  d iffe ren t 
a re a s  of tw o h irsu te  w o m e n , before ACTH tr e a tm e n t .  S trip  1 re la tes  to  th e  
e x t r a c t  o f 481 mg o f h a ir ,  s t r ip  2 to  the  s ta n d a rd s , 5 fig  o f C l.-D .E .A ., 5 fig  of 
D .E .A ., 6 fig of 11-H O -A , a n d  12 fig of k e to e tio ch o lan o lo n e  (11-O -E). On 
s t r ip  3 th e  ex tra c t o f 172 m g  o f  ax illary  h a irs  w as ru n . S trip  4 show s th e  sp o ts

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



F ig . 1. C h rom atogram  o f m ale hairs oil a lu 
m ina lay e r

Fig. 2. C h rom atogram  of fem ale  h a irs  on 
a lu m in a  layer
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Fig. 3. C h ro m ato g ram  of hairs from  h irsu te  
w om en, on  a lum ina  layer

F ig . 4. C hro m ato g ram  o f h a irs  from  h irsu te  
w om en, on  a lum ina  layer, a f te r  ÀCTH tre a t
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F ig. 5. C hro m ato g ram  of ste ro id s on  K iesel
gel G layer follow ing phosphoric  acid  colour 

reac tio n

Fig. 6. C hro m ato g ram  of s te ro id s on a lum ina 
lay er follow ing th e  Z im m erm an n  reac tion
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of 5 fig  o f C l.-D .E .A ., 5 /lg  o f  A, 8 /ug o f  E , an d  11 /.ig o f 11 -0 -A , s tr ip  5 
th e  e x tr a c t  o f  467 m g of p u b ic  h a irs .

F ig  4 show s th e  resu lts  for th e  pooled  h a irs  o f  th e  sam e tw o  h irs u te  w o m 
en a f te r  A CTH  tre a tm e n t in  th e  o rd e r as in  F ig . 3. T he q u an titie s  w o rk ed  u p  
w ere: 455 m g o f h a ir , 143 m g o f ax illa ry  h a irs , an d  186 m g of pub ic  h a irs .

D iscussion

F igs 1 an d  2 show  th a t  th e  h a irs  of n o rm a l m en an d  w om en c o n ta in  
considerab le  q u a n titie s  of 17 -ke toste ro ids an d  th a t  th e  rich est in  th e m  a re  th e  
ax illa ry  h a irs  in  b o th  sexes. In  h a irs  from  all th e  sk in  areas s tu d ied , 3 -ch lo ro - 
d eh y d ro ep ian d ro s te ro n e  is p re se n t in  th e  la rg es t a m o u n t. This is an  a r te fa c t  
arising  fro m  d eh y d ro ep ian d ro s te ro n e  u p o n  th e  effect o f h y d ro ch lo ric  ac id  
h y d ro ly sis . B o th  3 -ch lo ro d eh y d ro ep ian d ro ste ro n e  a n d  d e h y d ro ep ian d ro s te ro n e  
w ere id e n tif ie d  w ith  th e  Z im m erm an n  an d  th e  ph o sp h o ric  acid colour re a c tio n s , 
an d  also  w ith  th a t  o f P a tter so n  (1947) w hich  is specific  for these  tw o  s te ro id s . 
The c h a ra c te r is tic  Ry o f these  tw o  ste ro id s  ch ro m a to g rap h ed  in  tw o  d iffe re n t 
sy stem s (K ieselgel G an d  a lu m in a ), re p re se n ts  a d d itio n a l evidence.

In  h u m a n  ha irs , p a r tic u la r ly  th e  ax illa ry  h a irs , th e re  are a n u m b e r  o f 
o th e r  17 -keto ste ro id s . The tw o  sp o ts  below  th a t  o f  C l.-D .E .A . are p re su m a b ly  
5 a -a n d ro s ta n e -3  : 17-dione a n d  and rost-4 -ene-3  : 17-dione. Id e n tif ic a tio n  o f 
these  tw o  17-ketostero ids an d  th e  o th e r sp o ts , is in  progress.

A p a r t  from  th e  sp o t o f C l.-D .E .A ., tw o  w ell-d iscernible b u t  fa in t  sp o ts  
w ere p re se n t in  th e  h a ir  o f h irsu te  w om en, a t  th e  level o f th e  l l-o x y -1 7 -k e to -  
ste ro id s  (F ig . 3). No sim ilar sp o ts  could  be d e te c te d  in  th ree  tim es t h a t  a m o u n t 
of h a ir  o f n o rm a l w om en. A long w ith  th e  C l.-D .E .A . sp o t, th e  a x illa ry  h a irs  
gave sev era l sp o ts  o f low er v a lu e . T he p u b ic  h a irs  also y ielded a few  k e to -  
ste ro id  sp o ts  o f low er R^ va lue , w hich  could  n o t be d e tec ted  in  th e  p u b ic  h a irs  
from  n o rm a l w om en. These sp o ts  fad ed  aw ay  an d  are  n o t visible in  F igs 3 a n d  4.

T h e  ch ro m ato g ram  o b ta in ed  a f te r  A CTH  tre a tm e n t (Fig. 4) ag rees w ith  
th e  fo rm er ch ro m ato g ram  (F ig . 3). T hese q u a lita tiv e  resu lts  d id  n o t  y ie ld  
q u a n ti ta t iv e  in fo rm atio n . T h u s all we can  conclude up o n  is th a t  u p o n  th e  e ffec t 
of A C T H  th e re  ap p eared  no 1 7 -k e toste ro ids o th e r  th a n  in th e  con tro ls .

T h e  ex p erim en ts  raise a n u m b e r o f p rob lem s. T h e  f irs t  question  is w h e th e r  
th e  1 7 -k e to ste ro id s  d e tec ted  m a y  n o t be reg a rd ed  as m ere a r te fa c ts  a ris in g  
from  one o f tw o  17-ketostero ids due to  ro u g h  m an ip u la tio n s . This q u e s tio n  is 
now  b e ing  s tu d ied .

N o r can  th e  possib ility  be ru led  o u t th a t  th e  d e tec ted  1 7 -k e toste ro ids a re  
a r te fa c ts  fo rm ed  u n d er th e  effect o f a lkali or th a t  o f  acid hyd ro lysis . I t  w as 
show n ea rlie r (T óth  et al., 1966) th a t  a f te r  t r e a tm e n t w ith  alkali, acid  h y d ro ly 
sis an d  e th e r  e x tra c tio n , 92.2 p e r cen t o f th e  ad d ed  cholesterol was re c o v e red . 
This m akes i t  im probab le  th a t  s tero id s  o rig in a tin g  from  cholesterol d e g ra d a 
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t io n  shou ld  ap p ea r in  th e  ch rom atog ram . T o  ru le  o u t th is  po ssib ility , ch o le s te r
ol su b je c te d  to  d iffe re n t m an ip u la tio n s w as ru n  w ith  s ta n d a rd  s te ro id s . F ig . 5 
show s th e  ch ro m a to g ram s o f stero ids ru n  on  K ieselgel G lay er fo llow ing t r e a t 
m e n t w ith  ph o sp h o ric  ac id . F rom  left to  r ig h t  th e  follow ing su b stan ces  w ere 
ru n . S tr ip  1 : 150 fig  o f  u n tre a te d  cho lestero l (e x tra c tio n  w ith  e th e r  from  aq u e 
ous so lu tion ); s tr ip  2 : 20 fig o f s ta n d a rd  D .E .A . (lower spot) a n d  80 fig o f 
c h o le s te ro l; s trip  3 : 150 fig  o f  cholesterol a f te r  bo ilin g  in alkali for 20 m in u tes; 
s tr ip  4 : 20 fig o f s ta n d a rd  D .E .A . and  80 f ig  o f  cho lestero l; s tr ip  5 : 150 fig o f 
ch o leste ro l a f te r  b o ilin g  in  alkali for 20 m in u te s  followed b y  bo iling  w ith  
h y d ro ch lo ric  acid fo r  15 m inu tes.

T hese te s ts  re v e a le d  n o  a rte fac ts  w h a te v e r .
T h e  effect o f m a n ip u la tio n s  was c o n tro lle d  on a lu m in a  la y e r  b y  th e  

Z im m erm an n  re a c tio n . F ig . 6 p resen ts th e  d a ta ;  s tr ip  1 : 150 fig o f cho lestero l 
w ith o u t  previous b o ilin g ; s tr ip  2 : 20 fig o f  s ta n d a rd  D .E .A . a n d  11 fig o f 
11-O -A ; s trip  3 : 150 fig  o f  cholesterol a f te r  b o ilin g  in  a lkali; s tr ip  4 : 10 fig o f 
s ta n d a rd  C l.-D .E .A . a n d  20 fig of D .E .A .; s tr ip  5 : 150 fig o f cho lestero l a f te r  
b o ilin g  in  alkali a n d  su b se q u e n t acid h y d ro ly s is .

I n  th is  sy s tem , n o  stero id s  could be  d e te c te d  to  have fo rm ed  from  cho
le s te ro l.

These in v e s tig a tio n s  supp ly  evidence t h a t  th e  17-ketostero ids fo u n d  in  
h u m a n  hairs are s te ro id s  n o t  arising from  th e  d eg rad a tio n  of cho lestero l.

A ccordingly , o u r  assu m p tio n  th a t  h u m a n  h a irs  co n ta in  considerab le  
q u a n ti t ie s  of n o t o n ly  cho leste ro l b u t also o f  17 -ke to ste ro id s , has b een  v erified . 
T h e  a x illa ry  hairs a re  th e  rich es t in  1 7 -k e to s te ro id s ; th e y  are r ich e r in  choles
te r o l  th a n  is h a ir  a n d  th e  p u b ic  hairs. A lth o u g h  th e se  experim en ts are  of a p r i
m a r ily  q u a lita tiv e  c h a ra c te r , th ey  p e rm it th e  s ta te m e n t th a t  th e  h u m a n  h a irs  
c o n ta in  17 -ke toste ro ids in  m uch g rea te r a m o u n ts  th a n  does th e  h u m a n  sk in  
( J u l e s z  et al. 1966).

F a r e d in , I., T óth , I .:  K ísé ri. O rvostud . 18, 53 (1966).
F a r e d in , I., T óth , 1., J u l e s z , M.: A cta  m ed. A cad . Sei. hung . 22, 41 (1966). 
J u l e s z , M., F a r e d in , I . ,  T ó th , I.: A cta  m ed. A cad . Sei. hung . 22, 25 (1966). 
P a t t e r s o n , J . :  L an c e t 1 , 580 (1947).
P in c u s , G., P ea r lm a n , W . H .: E ndocrinology 2 9 , 413 (1941).
T ó t h , I . ,  F a r e d in , I .,  J u l e s z , M.: A cta  m ed. A cad . Sei. hung . 22, 35 (1966).

R E F E R E N C E S

D r. M iklós J u lesz , 
D r. Im re  F a r e d in , 
I s tv á n  T óth

F ir s t  D ep a rtm en t o f M edicine, U n iversity  M edical School, 
Szeged, K orány i r a k p a r t ,  12. H u n g ary

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



Acta Medica Academiae Scientiarum Hungaricae Tom us 22 (1), pp. 53— 60 (1966)

SERUM MUCOPOLYSACCHARIDES IN ALLOXAN 
AND STEROID DIABETES

By

L. J a k a b , M. B r e t á n , J .  F e h é r  a n d  L. K ä m m e r e r

THIRD DEPARTMENT OF MEDICINE (DIRECTOR: S. GERŐ), 
UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R eceived  A pril 26, 1965)

N e u tra l m u co p o ly sacch arid e  frac tions in  th e  serum  of rab b its  — h exose , hexos- 
am ine , sialic acid , and  serom uco id  — have been s tu d ie d  fo r changes occurring  in  d ia b e te s  
in d u ced  b y  t re a tm e n t  w ith  a lloxan , cortisone, a n d  a llo x an  com bined w ith  co rtiso n e . 
In  a llo x an  d iab e tes  hex o sam in e  an d  sialic acid , a n d  in  s te ro id  d iabe tes hexose  a n d  se ro 
m ucoid , w ere fo u n d  to  rise  in  co n cen tra tio n . T h e  ch an g es observed in d iab e te s  in d u ce d  
by  a llo x an  an d  co rtisone  w ere sim ilar to  those  o b se rv ed  in  stero id  d iab e tes . T h e  m o r
phological lesions w ere se v e re s t on a lloxan  •+- co rtiso n e  tre a tm e n t a n d  sh o w ed  no 
p a ralle lism  w ith  th e  changes in  th e  serum  levels o f n e u tra l  m ucopo lysaccharide  f ra c tio n s .

In  sp ite  o f co n tin u o u s effo rts , little  p rog ress h as  been  m ade in  th e  p ro b lem s 
o f v a scu la r  com plica tions in  d iab e tes . A n u m b e r o f  au th o rs  have su cceed ed  in  
d e m o n s tra tin g  increases in  th e  serum  m uco p o ly sacch arid e  (M PS) fra c tio n s  
m o stly  in p a tie n ts  w ith  m an ife s t com plications (1 th ro u g h  7). We have sh o w n  an  
increase  in  th e  n e u tra l M PS frac tio n s, p rin c ip a lly  th e  hexose and  se ro m u co id  
frac tio n s , in  s lig h t an d  m o d e ra te  d iabe tic  re t in o p a th y  [8]. H ow ever, M PS 
m e tab o lism  an d  th e  orig in  o f  serum  M P S -pro te in  com plexes are still u n c le a r  in  
m a n y  resp ec ts , in  sp ite  o f th e  fa c t th a t  b e tw een  se ru m  an d  tissue  M PSs th e re  
m u s t be a d y n am ic  re la tio n sh ip , for changes in  tissu e  MPS m e tab o lism  are  
u su a lly  accom pan ied  b y  changes in  the co m p o sitio n  o f serum  M PSs.

In  view  o f th is  i t  seem ed in te restin g  to  s tu d y  th e  serum  M PS fra c tio n s  in  
e x p e rim e n ta l d iab e tes , p a r tic u la r ly  in  cases acco m p an ied  by  vascu la r ch an g es.

A lloxan  in jec ted  in to  an im als  is followed b y  a d iabetes-like co n d itio n  due 
to  in su lin  defic iency , w hile co rtiso n e  ad m in is te red  fo r severa l weeks is k n o w n  to  
ind u ce  d iab e tes  an d  associa tes v ascu la r changes m orphologically  s im ila r  to  
h u m a n  m ic ro -an g io p a th y .

M ateria ls and m ethods

T he serum  n e u tra l  MPS frac tio n s  were estim a ted  in  a  to ta l  o f 51 female ra b b its  w eigh ing  
2200 to  2400 g each. T he an im a ls  w ere d iv ided in to  th ree  g ro u p s.

In  G roup  I ,  21 an im als w ere each  given a single in tra v e n o u s  in jec tion  of 100 m g p e r  kg 
body  w e igh t o f a llo x an  (B D H , L o ndon). F astin g  blood su g a r leve l w as th en  d e te rm in ed  w eekly  
fo r fo u r w eeks, w h e rea fte r th e  ra b b its  were e x sa n g u in a te d . A t th e  end of th e  e x p e rim e n t, 
th e  se ru m  M PS frac tio n s  w ere once m ore de term ined  a n d  th e  tissues, especially  th e  k id n ey s  
w ere su b je c ted  to  h isto logy . F o r  p ro te in -b o u n d  hexose a ssa y  in  serum  th e  orcin re a c tio n  w as 
used  follow ing Sl'ARY et al. [9]; hex o sam in e  was e s tim a te d  b y  th e  m eth o d  of RlMlNGTON [10],
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using  E h rlich ’s reagent; sialic acid  w ith diphenylam ine according to Ayala [11], and  sero- 
m ucoid  according to  W e im e r  and  R e d l ic h -Mo sh in  [12] from  the hexose contents.

I n  G roup II , each  o f  10 r a b b its  received d a ily  7 m g  o f cortisone (A d reso n , O rg anon , 
O ss.) fo r  fo u r weeks, fa s tin g  b lo o d  su g a r and  su g ar e x c re tio n  w ere exam ined  w eek ly .

I n  G roup III ,  20 an im a ls  w ere  each  given a sing le  in tra v e n o u s  in jec tio n  o f 100 m g  per kg 
b o d y  w e ig h t of alloxan , fo llo w ed  im m ed ia te ly  b y  4 -w eek  tre a tm e n t w ith  c o rtiso n e , as in 
G ro u p  I I .

R esults

A  single a lloxan  in je c tio n  induced  p e rs is te n t d iabetes in  10 o f  th e  21 
a n im a ls  in  the  f irs t g ro u p ; 10 an im als d ev e lo p ed  no  hyp erg ly caem ia  o r g lyco
su r ia ;  a n d  1 rab b it d ied  o f  in te rc u rre n t d isease .

I n  th e  c o rtiso n e -tre a te d  second g roup , th e  fa s tin g  blood su g a r leve l was 
fo u n d  to  have risen  in  a ll th e  anim als b y  th e  e n d  o f th e  th ird  w eek.

A ll th e  an im als in  th e  th ird  group d ev e lo p ed  diabetes in  th e  f i r s t  w eek 
w i th  th e  fasting  b lood  s u g a r  ran g in g  b e tw een  180 an d  260 m g p e r 100 m l. E ig h t 
r a b b i t s  d ied  of cach ex ia  in  8 to  10 d ay s. S ince in  these an im als  th e  serum  
M P S  frac tio n s  w ere d e te rm in e d  before th e  a llo x an  in jec tio n , th e i r  d a ta  
h a v e  b een  neglected . T h e  rem ain in g  12 ra b b i ts  su rv ived  th e  co rtiso n e  t r e a t 
m e n t ,  th o u g h  all o f th e m  w ere w asted  a n d  d ev e lo p ed  severe d ia b e te s .

Histology

1. Alloxan.  In  th e  no rm oglycaem ic  a n d  the  d iabe tic  ra b b i ts ,  only 
m ild  g lom eru lonephrosis a n d  th ick en in g  o f  th e  basem ent m e m b ra n e  were 
fo u n d . In  th ree d ia b e tic  an im a ls , sligh t f ib r in o id  necrosis o f som e g lo m eru la r 
s ite s  b u t  no hyaline d ro p le ts  w ere seen. Som e h y a lin e  in  th e  a r te r ie s  a n d  d y s
t ro p h ic  tu b u la r  lesions w ere  occasionally  o b se rv ed .

2. Cortisone. G ross in sp ec tio n  rev ea led  p in p o in t h aem o rrh ag es  on th e  
r e n a l  surface in  tw o  an im a ls . In  all th e  ra b b i ts  o f  th is  group g lo m e ru la r  lesions 
c o n s is tin g  in a th ic k e n in g  o f  th e  basem en t m e m b ra n e ; fib rino id  necrosis  in  some 
p laces  an d  hyaline d ro p le ts  ch a ra c te ris tic  o f glom erulosclerosis in  o th e rs  were 
o b se rv e d  (Fig. 1). I n  a d d itio n , lesions in d ic a tiv e  o f vascu litis  w ere  p resen t. 
D e g e n e ra tiv e  tu b u la r  lesions were rev ea led  in  ev e ry  anim al.

3. Alloxan  -(- cortisone. Gross e x a m in a tio n  revealed  p in p o in t h a e m o r
rh a g e s  on the  renal su rface  o f  th ree  ra b b its . H isto lo g y  revealed  s im ila r b u t  m uch 
m o re  severe g lom eru lar lesions th a n  in  th e  c o rtiso n e -tre a te d  g roup  (F ig . 2).

Serum M P S

T he results a re  p re se n te d  an d  e v a lu a te d  in  fou r Tables. T he chan g es were 
s tu d ie d  by  com paring  in it ia l  values an d  e n d  va lues. The fa c t t h a t  th e  in itia l 
v a lu e s  for the in d iv id iu a l g roups were d iffe re n t, m ade i t  d ifficu lt to  an a ly se  the  
r e s u lts  s ta tis tica lly . T h u s , th e  hexose v a lu es  fo r  th e  c o rtiso n e -tre a te d  anim als
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Fig. 1. R a b b it .  C ortisone t re a tm e n t. Foca l fibrinoid  
sw elling an d  g lobe-like processes in  g lom eru li. PA S sta in ing

F ig. 2. R a b b it. A lloxan  {- cortisone tre a tm e n t.  E x ten siv e  
fib rino id  necrosis in  som e glom eruli. E n d e s’ trich ro m e  sta in in g

w ere low er, and  th e  serom uco id  values for th e  a llo x a n -tre a te d  d ia b e tic  ra b b its  
h ig h er, th a n  th e  m ean values for th e  o th e r g roups (T able  I). F o r th is  re a so n , th e  
re su lts  w ere analysed  in  tw o d iffe ren t w ays: on th e  basis of th e  chan g es (T able  
I I I ) ,  a n d  on th e  basis of th e  end  values (T able I I ) .  T h e  values in  T ab le  I I I  d iffer 
íro m  th e  difference betw een  those in  T ab les I  an d  I I  because some a n im a ls  d ied  
d u rin g  th e  ex p erim en t, an d  so less ra b b its  w ere exam ined  a t th e  en d  o f  th e  
4 -w eek  period .

T h e  changes w ere e v a lu a te d  w ith  th e  one-sam ple  “ t ”  te s t;  a n d  in  re la 
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t io n  to  each  o th er, w ith  th e  tw o-sam ple “ t ”  t e s t  (to p  p a r t  of T ab le  IV ). T he 
e n d  v a lu e s  were a n a ly se d  w ith  th e  tw o-sam ple  “ t ”  te s t  an d , w here th e  hom o
g e n e ity  o f variances p e rm it te d  i t ,  w ith  th e  a n a ly s is  o f v arian ce  (b o tto m  p a r t

Table I

In itia l values

M ean  an d  sc a tte r  (m g p e r  100 m l)

Group Treatment Hexose Hexosamine Sialic acid Seromucoid

I A lloxan; n 12 12 12 12

no diabetes X 126 94 38.0 11.2

developed s 8 10 12.4 2.3

h A lloxan; n 8 8 8 8

diabetes X 134 86 48.1 18.5

developed s 14 12 6 .8 3.1

Cortisone; n 9 9 9 9

h i diabetes X 104 87 52.8 12.6

A lloxan co rtiso n e ; n 9 9 9 9

IV diabetes X 130 79 51.2 12.0

developed s 16 9 8.1 2.9

Table II

E n d  values

M ean and s c a tte r

Group Treatment Hexose Hexosamine Sialic acid Seromucoid

Alloxan; n 9 9 9 9

I no d iabetes X 128 86 54.8 12.9

developed s 8 6 5 2.2

Alloxan; n 8 8 8 8

I I d iabetes X 99 106 75.5 10.2

developed s 12 12 11 2 .6

Cortisone; n 7 7 7 7

I I I d iabetes X 209 8 6 62 29.1

developed s 41 18 11.2 8.3

Alloxan -f- co rtiso n e ; n 9 9 9 9

IV diabetes X 161 82 58.6 17.9

developed s 52 11 9.4 4
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of T ab le  IV ). D a ta  o b ta in ed  in  th e  g roup  t re a te d  w ith  alloxan  -f- c o rtiso n e  w ere 
n o t  co m p ared  w ith  those  o b ta in e d  in  th e  o th e r  g roups because, e x c e p tin g  th e  
v a lu es  fo r sialic acid, th e  changes observed  in  th is  g roup  w ere a ll w ith in  th e  
lim its  of tho se  seen in  g roups I I  an d  I I I .

Table III
Changes

M ean and  sc a tte r

Group Treatment Hexose Hexosamine Sialic acid Seromucoid

A lloxan ; n 9 9 9 9

I no diabetes X 2 — 7 13.4 1.7

developed s 12 8 13.9 2.6

A lloxan; n 8 8 8 8

i l d iab e tes X - 3 5 20 27.4 - 8 . 3

developed s 18 10 12.3 3.6

Cortisone; n 7 7 7 7

h i d iab e tes X 104 — 2 8.9 16.1

developed s 41 14 11.4 7.5

A lloxan  cortisone; n 9 9 9 9

IV d iab e tes X 31 3 7.4 5.9

developed s 58 17 12.4 3.6

Table IV

Com parison o f  individual treatments
Abbreviations used

I =  a lloxan  trea tm e n t: no d iab e tes  developed.
I I  =  a lloxan  tre a tm e n t;  d iab e tes  developed.

I l l  =  cortisone tre a tm e n t;  d iab e tes  developed.
Notes

A bove th e  diagonal, com parison  of values for changes; below the  d iagonal, com parison  
o f end  values.

U p p er num erals in each squ are  in d ica te  th e  differences betw een the  co rrespond ing  m eans 
in  T ab les  III  and II. These were o b ta in ed  by  deducting  fro m  th e  m ean in th e  row  th e  m ean  in 
th e  colum n. Lower num erals rep re sen t re su lts  of s ta tis tica l analyses (p values).

a) Hexose Changes

I II i n

I 37 - 1 0 2
< 0 .1 < s l

h
- 2 9
<3=0.1 X - 1 3 9

<§1

81 110
i n < 1 < 1 x \

E n d  values
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b) H ex o sam in e  Changes

I I I I I I

I 27 - 5

< 0 .1 > 4 0

20 22
II

< 1 < 5

0 — 20
I I I < 9 0 < 1

E n d  v a lu es

c) S ia lic acid Changes

I I I h i

I — 14 4.5

< 5 > 4 0

20.7 18.5
II

< 0 .1 . < 5

7.2 — 13.5
I I I > 1 0 < 5

E n d  v a lu es

d )  S ero m u co id  Changes
I I I I I I

I \ / 9.9 - 1 4 .4

< 0 .1 < 1

I I
- 2 .7

< 5 X - 2 4 .3

<< 1

16.2 18.19 - ..
I I I

< 1 < 1

E n d  v a lu es

I t  has been m e n tio n e d  t h a t  in  a few cases th e  in it ia l  va lues d iffered fro m  th o se  in th e  
o th e r  g roups. The ch an g e  in  th e  value  for sialic ac id  in  G ro u p  I (13.4 m g per 100 m l), th o u g h  
s ig n if ic a n t, was h a rd ly  a c c e p ta b le  because th e  in it ia l  v a lu e  w as 10 to  15 m g less th a n  th e  o th e r 
v a lu e s . In  Group II , th e  in i t ia l  v a lu e  for serom ucoid  w as a b o u t  6 m g h igher th a n  in  th e  o th e r 
g ro u p s , wherefore th e  d e c re a se  o f  8 mg per 100 m l, th o u g h  sign ifican t, w as to  b e  ev a lu a te d  
w ith  cau tion . In  G roup  I I I ,  th e  rise in  hexose w as d e f in ite ly  accep tab le  since th e  end  value
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fo r i t  exceed ed  b y  fa r  th e  end v a lu e s  in  th e  o th e r g ro u p s; fu r th e r , because if  to  th e  in it ia l  value  
30 m g p e r 100 m l (the  d ifference  ag a in s t th e  in itia l v a lu e  in  th e  o th e r g ro u p s) w ere  ad d ed , 
th e  rise  w as still sign ifican t, a n d  still sign ifican tly  g re a te r  th a n  in  th e  o th er g ro u p s.

E valu a tio n s o f resu lts

In  G ro u p  I  no ap p rec iab le  changes o ccu rred . In  G roup I I  th e  v a lu e s  for 
hexose a n d  serom ucoid  dec reased  and  tho se  fo r hexosam ine an d  sia lic  acid 
increased . I n  G roup I I I ,  in  c o n tra s t  to  G roup I I ,  hexose an d  se ro m u co id  were 
e lev a ted , hexosam ine w as u n ch an g ed , and  sialic  acid  show ed a s lig h t rise . In  
G roup  IV , th e  changes in  hex o se , hexosam ine a n d  serom ucoid  w ere w ith in  th e  
lim its  o b serv ed  in  th e  p reced in g  tw o g roups; th e  change in  sia lic  a c id  was 
a lm o st id e n tic a l w ith  th a t  seen  in  G roup I I I .

C om parison  o f th e  changes revealed  a s ig n if ican t d ifference b e tw een  
G roup  I  a n d  G roup I I  fo r all th e  M PS com ponen ts. I f  co rrec ted  in  th e  a b o v e  dis
cussed m a n n e r, th e  s ign ificance  increased  for sialic  acid  b u t  decreased  fo r  se ro 
m ucoid .

C om parison  o f th e  d a ta  in  G roup I I I  an d  G roup I  show ed s ig n if ic a n t 
d ifferences fo r hexose an d  fo r  serom ucoid ; b o th  th e se  frac tions w ere in c reased  
in  G roup I I I .  C orrection  d id  n o t  m ake th e  d ifference sign ifican t fo r sia lic  acid , 
an d  le ft t h a t  for hexose u n a ffec ted .

C om parison  of G roups I I I  an d  I I  revea led  s ig n ifican t d ifferences in  the  
changes fo r each frac tio n . C orrec tion  did n o t in te rfe re  w ith  sig n ifican ce  in  
th e  case o f  e ith e r  hexose or serom uco id . A rise in  th e se  frac tions w as c o n s id e ra 
ble in  G roup  I I I  w hereas in  G roup  I I  a decrease w as a p p a re n t. O n th e  o th e r 
h a n d , hex o sam in e  an d  sialic  ac id  w ere m ark ed ly  e lev a ted  in  G roup I I .  I n  G roup 
I I I  th e  changes were less conspicuous.

C om parison  o f end  v a lu es  in  G roups I an d  I I  revealed  s ig n if ic a n t d if
ferences fo r all four M PS co m p o n en ts . In  th e  a llo x an -d iab e tic  a n im a ls , serum  
hexose a n d  serom ucoid  levels w ere low er, and  h ex o sam in e  an d  sialic ac id  levels 
h igher. B e tw een  G roups I I I  a n d  I ,  a s ign ifican t d ifference w as found  fo r  hexose 
an d  serom uco id . B etw een  G ro u p s I I I  and  I I ,  th e  d ifference was s ig n if ic a n t for 
all th e  fo u r com ponen ts. In  G roup  I I I ,  th e  hexose an d  serom ucoid  levels  a n d  in  
G roup I I  th e  hexosam ine a n d  sialic  acid levels w ere h igher.

In  b rin g in g  a b o u t th e  re su lts  in  G roup IV , th ree  fac to rs h a d  a p a r t  to  
p lay , each  o f  w hich is in  i ts e lf  capab le  of in flu en c in g  M PS m etab o lism . A lloxan  
alone cau sed  p rac tica lly  no  ch an g e  in th e  serum  M PS level b y  th e  en d  o f  th e  
fo u r th  w eek . T h is o b se rv a tio n  is in  accordance  w ith  th e  d a ta  o b ta in e d  in 
G roup IV , th e  ten d en cy  o f  w hich  was s im ila r to  th o se  o b ta in ed  in  G ro u p  I I I .  
F o r th e  c h a ra c te ris tic  se ru m  M PS level to  a rise , tre a tm e n t w ith  co rtiso n e , 
re sp ec tiv e ly  th e  d iabetes acco m p an y in g  it, seem s to  be decisive.
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Conclusions

1. In  anim als t h a t  do  n o t  develop d ia b e te s  fo u r  weeks a fte r  a single in 
je c t io n  o f alloxan, no  c h a n g e  occurs in the  c o n c e n tra tio n  o f e ith e r  o f  th e  serum  
M P S  frac tio n s  s tu d ied .

2. In  anim als t h a t  d ev e lo p  diabetes a f te r  a  dose of a llo x an , th e  serum  
h e x o se  an d  serom ucoid lev e ls  decrease, an d  h ex o sam in e  an d  sialic acid  levels 
in c re a s e .

3. In  anim als d e v e lo p in g  diabetes d u rin g  4 -w eek cortisone t re a tm e n t, 
h e x o se  an d  serom ucoid  lev e ls  m arked ly  rise, a n d  th e  sialic acid  level m o d era te ly  
in c re a se s .

4 . A lloxan d ia b e te s  is associated  w ith  in c rea sed  hexosam ine a n d  sialic 
a c id  levels , and s te ro id  d ia b e te s  w ith  in c reased  hexose and  serom uco id  levels.

5. C haracteristic  o f  th e  changes in  se ru m  M PS observab le  in  d iab e tes  
in d u c e d  b y  com bined a llo x a n  and  cortisone t r e a tm e n t  is th e  fa c t t h a t  th e y  are 
w ith in  th e  lim its of th e  chan g es observed  in  co rtiso n e  d iabe tes a n d  alloxan  
d ia b e te s , though  n e a re r  to  th o se  in  the  fo rm er. T h is  is all th e  m ore  re m a rk 
a b le  as

6. vascu lar lesions w ere  th e  severest in  d ia b e te s  induced  b y  com bined  
a l lo x a n  and  cortisone t r e a tm e n t .

7. The severity  o f  m orpho log ica l lesions show s no p a ra lle lism  w ith  th e  
c h a n g e s  in  the  levels o f se ru m  MPS fiac tio n s .

*
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MECHANISCHE ZEICHEN 
DER KARDIALEN INSUFFIZIENZ

Von

Gy . B o d r o g i, G. D ió sszilá g y i und K . K o c s is

HERZFÜRSORGESTELLE FÜR JUGENDLICHE (VORSTAND: DR. GY. BODROGI), BUDAPEST 

(E in g eg an g en  am  21. M ai 1965)

Bei k a rd ia le r  In su ffiz ien z  e rsch e in t au f de r Y en en k u rv e  die a -D ruckw elle  schneller 
n ach  der P -W elle als in  N orm alfä llen . Die U rsache  d e r V erk ü rzu n g  d e r P -a -S treck e  
lieg t d a rin , d aß  a u f  d e r V en en k u rv e  au ß er der no rm alerw eise  v o rk o m m en d en  a-V olum - 
w elle auch  eine a -D ru ck w clle  a u f tr i t t ,  die info lge ih re r  w esen tlich  g rö ß e ren  F o r t 
p flan zu n g sg esch w in d ig k e it frü h e r  erschein t. E s is t  an genom m en , d aß  bei D ek o m p en 
sa tio n  fü r das E rsch e in en  de r sich in der V erk ü rzu n g  d e r P -a -S treck e  m an ifes tie ren d en  
a-D ruckw elle  die E rh ö h u n g  der en d d iasto lischen  K am m erfü llu n g  bzw . d e r A nstieg 
des d iasto lischen  E n d d ru c k e s  v e ran tw o rtlic h  is t.

A nhand  der A na ly se  von  e iner großen  A n zah l v o n  K u rv en  u n d  von  in  dem  V or
h o f  reg is tr ie rten  D ru c k k u rv e n , k o n n te  im  E in k lan g  m it  den  S ch rif ttu m sa n g ab e n  n ach 
gew iesen w erden , d a ß  in  F ä llen  bzw. Z u stän d en , in  d en en  w äh ren d  de r V o rh o fak tio n  
d e r K am m erd ru ck  e rh ö h t is t ,  die a-D ruckw elle  a u f  d e r V en en k u rv e  frü h e r  e rschein t

M an ist seit lan g em  b e s tre b t, du rch  R eg is tr ie ru n g  der B ew egungen  des 
H e rzen s  und  der um  das H erz  liegenden G roßgefäße a u f  die m echan ische  H erz
tä t ig k e it  Schlüsse zu ziehen .

In  K en n tn is  des engen  Z usam m enhanges u n d  d er w e ite rg eh en d en  z e it
lichen  K o o rd in a tio n , die zw ischen  den B ew egungen d er e inzelnen  H erzteile  
b e s te h t  u n d  der s tren g en  A ufeinanderfo lge von  K o n tra k tio n  u n d  R e lax a tio n  
d e r e inzelnen  M uskelg ruppen  is t es se lb s tv e rs tän d lich , daß  im  G leichgew ich ts
z u s ta n d  die versch iedenen  H erz te ile  bzw. die e inzelnen  A b sch n itte  d e r  G ro ß 
gefäße  s te ts  ü b e re in s tim m en d e  Bew egungen v e rr ic h te n  und  d aß  d ie  in  id e n ti
sch er A b le itu n g  au fgenom m enen  K u rv en  bei je d e r  P erso n  s te ts  id e n tisc h  aus- 
fa llen . D ie vom  H erzen  u n d  von  den G roßgefäßen  v e rfe r tig te n  M echanogram m e 
sind  also g leichförm ig u n d  re p ro d u z ie rb a r. A ller W a h rsch e in lich k e it n ach  h a t 
a u ß e rd e m  die in su ffiz ien te  H e rz tä tig k e it  gewisse gese tzm äßige  V erän d eru n g en  
d e r  K u rv en  zu Folge, die em pirisch  u n d  au f G ru n d  th e o re tisc h e r  E rw äg u n g en  
e rk a n n t  w erden  können .

W e b e r  [12], d er b e re its  1935 a u f  D ek o m p en sa tio n  c h a ra k te ris tisch e  
V erän d eru n g en  a u f  den V e n en k u rv en  b e o b a c h te te , wies d a ra u f  h in , daß  bei 
In su ffiz ien z  die die beiden  E b bew ellen  re p rä se n tie re n d e n  x und  y -P unk te  a u f  einer 
h ö h er gelegenen S telle d er K u rv e  erscheinen oder so g ar v ersch w in d en . Diese 
B e o b a c h tu n g  is t m it gew isser B esch rän k u n g  au ch  h eu te  noch  gü ltig . 
B e k a n n tlic h  k an n  n äm lich  be i gewissen K lap p en feh le rn  (P u lm o n a ls ten o se , 
T rik u sp id a ls ten o se ), V o rh o fsep tu m d efek t, p u lm o n a le r H y p e rto n ie  [2], sowie
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n a c h  A b k lin g en  einer K a rd it is  [4] ohne d as  g e rin g ste  Zeichen e in e r D ekom 
p e n s a t io n  y-M angel V orkom m en. D ie V orw ölbung  des ab s te ig en d en  Schenkels 
d e r  c-W elle  und  das frü h z e itig e  E rsch e in en  d er x-W elle  d eu ten  eb en fa lls  n ich t 
im m e r  a u f  linke K am m erin su ffiz ien z . W erden  je d o c h  diese b e k a n n te n  Zu
s tä n d e  v o r  Auge g eh a lten , so k a n n  die H erz insu ffiz ienz  a n h a n d  d er e rw äh n ten  
E b b e w e lle n v e rä n d e ru n g e n  u n te r  U m stän d en  d ia g n o s tiz ie r t w erden .

D ie  B estim m ung  d e r ze itlich en  V erh ä ltn isse  d e r E je k tio n sp h a se  h a t  sich 
z u r  F e s ts te llu n g  der k a rd ia le n  D ek o m p en sa tio n  eben fa lls  g u t b e w ä h rt [6].

U n te rsu ch u n g sm a te ria l und  M ethodik

W ir h ab en  von u n se rem  M a te r ia l  12 solche F ä lle  au sg e w äh lt, wo es u n s  ge lang , m ehrere  
M e c h an o g ra m m e  w ährend  D e k o m p en sa tio n  u n d  im  d a ra u f  fo lgenden  k o m p en s ie rten  Z u
s ta n d  au fzu n eh m en . E inige P a t ie n te n  v o n  denen  lagen  ö fte rs  in  unserem  I n s t i tu t ,  w egen Dekom 
p e n s a tio n ;  so k o n n ten  w ir b e i d e n  se lben  P ersonen  ö f te rs  die M echanogram m e au fn eh m en . 
Z u r  R e g is tr ie ru n g  der H e rz tä tig k e it  d ien te n  folgende V e rfah re n : E le k tro k a rd io g ram m , P h le 
b o g ra m m , K ard iog ram m , K a ro tis k u rv e ,  P h o n o k a rd io g ram m  u n d  m itu n te r  B a llis to k a rd io 
g ra m m .

Ergebnisse

A n h a n d  der g en au en  A nalyse  der S e rien au fn ah m en  ließen  sich  a u f  der 
V e n e n k u rv e  und  a u f  dem  A p ex k a rd io g ram m  V erän d e ru n g en  e rk en n en , die w ir 
f ü r  d ie  D ekom p en sa tio n  c h a ra k te ris tisc h  h ie lten .

A u f der V enenkurve  ä n d e r t  sich im  F alle  v o n  D ek o m p en sa tio n  d e r Z e it
p u n k t  d e r  E rscheinung  d e r  a-W elle in au ffa llen d er W eise. D iese B eo b ach tu n g  
s t e h t  m it der a l tb e k a n n te n  L ite ra tu ra n g a b e  im  E in k la n g , nach  d e r be i k a rd ia 
le r  In su ffiz ien z  große a -W ellen  a u ftre te n  k ö n n en . U nsere B efu n d e  e rgaben  
je d o c h , d aß  sich die a-W elle  n ic h t n u r bezüglich  ih re r  G röße v e rä n d e r t ,  sondern  
a u c h  vo rze itig  a u f t r i t t .  B e i d e r F ests te llu n g  d iese r E rsch e in u n g  k a n n  dem  
P -W ellen b eg in n  (B eginn  d e r  D ep o larisa tio n  des re c h te n  V orhofs) in  der I I .  
S ta n d a rd a b le itu n g  eine B e d e u tu n g  beigem essen w erden . A n h an d  des b e k a n n te n  
k a u s a le n  Z usam m enhanges zw ischen  V orhofsysto le  u n d  e lek trisch e r D ep o larisa 
t io n  h a b e n  w ir den B eg in n  d e r a-W elle von  d iesem  P u n k t angem essen . Die 
S tre c k e  vom  B eginn d e r  P -W elle  der I I .  A b le itu n g  bis zum  B eginn  d e r a-W elle 
d e r  V en en k u rv e  b e z e ic h n e te n  w ir m it P -а. A n h a n d  des V ergleiches d ieser A b
s c h n i t te  konn te  fe s tg e s te llt  w erden , daß  bei D ek o m p en sa tio n  die a-W elle 
re g e lm ä ß ig  früh  a u f tr a t ,  d ie  P -a-S treck e  in  sä m tlich en  F ä llen  u n te r  0,10" 
b lie b  u n d  im  allgem einen zw ischen  0,05 — 0,07" sch w an k te . N ach  A u fh ö ren  der 
D ek o m p en sa tio n  e rh ö h te  sich  die P -a -S treck e  ü b e r 0,10". B ei gesunden 
K in d e rn  d auerte  die P -a -S tre c k e  dem gegenüber in  säm tlich en  F ä llen  länger 
a ls 0 ,10" (0 ,1 2 -0 ,1 4 " ) .

A u f den K u rv en  d e r  D ek o m p en sie rten  fä l l t  es gleich auf, d aß  die a-W elle 
h ö h e r  u n d  b re ite r is t , d ie  Z eitm essung  vom  B eg in n  d er P -W elle  erm ög lich t 
je d o c h  eine ob jek tive  B e w e rtu n g  der a-W elle (A bb . 1).
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Abb. 1. H ohe u n d  b re ite  a-W elle. D ie v om  B eg inn  de r P-W elle 
d e r I I .  A ble itung  b is zu m  B eginn de r a-W elle v e rstrich en e  Z eit 

b e trä g t  0,08"

E s sei b e to n t ,  daß  a u f  d e r  V enenkurve  p a ra lle l m it d er frü h e re n  E rsch e i
n u n g  d er a-W elle auch an d ere  a u f  D ek o m p en sa tio n  hin-weisende Z eich en  zu 
b eo b ach ten  w aren . In  der M eh rzah l der F älle  w ar die x-W elle h o ch  u n d  t r a t  
frü h  au f, m itu n te r  w urde d er d iasto lische  K o llaps flach  (A bb. 2).

Abb. 2. D ie a-W elle e rsc h e in t 0,06" n ach  dem  B eg inn  de r P-W elle. 
D er x -P u n k t  t r i t t  f rü h e r  u n d  höher a u f ; n a ch  dem  v -P u n k t lan g 

sam  ab w ärts  v e rla u fen d e r a b s te ig en d e r Schenkel

A u f dem  K ard io g ram m  t r a te n  im  F a lle  v o n  D ek o m p en sa tio n  ebenfa lls 
F o rm v erän d e ru n g en  in  E rsch e in u n g . In  N o rm alfä llen  zeigte die A p e x k u rv e  bis 
zum  B eginn d e r E je k tio n  eine E rh ö h u n g , so d an n  s te llte  sich nach  d em  ö ffn e n  
d e r S em ilu n ark lap p e  der b e k a n n te  systo lische K o llap s ein, w o rau f die K u rv e  
ste il ab w ärts  v e rlie f  u n d  — e v e n tu e ll nach  e in er sp ä tsy s to lisch en  E rh ö h u n g  — 
den  T ie fp u n k t, d en  sog. O -P unk t im  M om ent d er Ö ffnung  d er A tr io v e n tr ik u la r 
k lap p e  e rre ich te , u m  d anach  in  e in e , a u f  rasche  F ü llu n g  c h a ra k te ris tisch e  W elle 
zu ü b ersch lagen  (A bb. 3).
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1904/65

A b b . 3. Schem atische D a rs te llu n g : a-W elle, — die d e r S em ilu n a rö ffn u n g  v o ran g eh en d e  2 P h a 
se n  u n d  d e r darauffo lgende sy s to lisch e  K ollaps m it sp ä tsy s to lisch e m  A ufstieg  (s. b .), d e r  den  
T ie f p u n k t  beim  ö ffn en  (0) d e r  A tr io v en trik u la rk la p p e  e rre ic h t — d e u tlich  d iffe ren z ie rte

F ü llu n g sp h a se n  der b e id en  K a m m e rn

B ei Insuffiz ienz w a re n  die V erän d eru n g en  a u f  dem  K ard io g ram m  n ich t 
so e in h e itlic h , wie a u f  d e r  V en en k u rv e ; an g esich ts  ih re r  au sg ep räg ten  T endenz 
s in d  d ie  b eo b ach te ten  F o rm v e rä n d e ru n g e n  je d o c h  e rw äh n en sw ert.

l.L-689/64. IV 28. 

APEX

100/stc

A----------------- 1----------

BULS. BUG

-4------ -4--------1-------- V--------- Ir-------- V

12BÖ/64

A b b . 4. I n  der o b ersten  R e ih e  d e r  o b en stehenden  A b b ild u n g : A p ex k ard io g ram m . D ie beiden  
d ia s to lisc h e n  F ü llu n g sp h asen  s in d  verschm olzen. D as u n te re  K a rd io g ram m  w u rd e  in  kom 
p e n s ie r te m  Z ustand  v e rfe r tig t .  D eu tlich  w a h rn eh m b a re  D ifferenzierung  d e r ra sch e n  R F

u n d  langsam en  SF  F ü llu n g sp h a se
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In  m an ch en  Fällen  w ar a n s ta t t  dem  sy sto lischen  A bstu rz  eine P la te a u 
b ild u n g  zu b eo b ach ten , m itu n te r  b eg an n  d er systo lische  A bstu rz  b e re its  n ach  
dem  Q -P u n k t. In  anderen  F ä llen  b eg an n  d e r d iasto lische A nstieg  v o r  dem  
O -P unk t, am  E n d e  der S ysto le ; diese S treck e  e n th ie lt auch die W i G G E R S s c h e  

p ro to d ias to lisch e  und  iso m etrisch e  R e lax a tio n ss treck e . N ach W ie d e rh e rs te l
lu n g  der K o m p en sa tio n  wies die K u rv e  w esen tliche  F o rm v erän d e ru n g en  au f: 
D er systo lische  A bstu rz  b e g in n t led ig lich  sp ä te r , d e r O -Punkt lieg t am  e n ts p re 
chenden  P la tz , u n d  die be id en  F ü llungsw ellen  zw eigen sich in d er D ia s to le  ab .

B ei D ekom pensation  s ind  die G renzen  d e r raschen  und  lan g sam en  F ü l
lu ngsphase  h äu fig  verw isch t bzw . es is t keine A b tren n u n g  fes tzu s te llen , a n lä ß 
lich d er W iederhers te llung  d e r K o m p en sa tio n  k ö n n en  sie jedoch  v o n e in a n d e r  
d eu tlich  ab g eso n d e rt w erden  (A bb. 4).

B esprechung

U m  die bei dek o m p en sie rten  K ra n k e n  b eo b a c h te te  V e n e n k u rv e n v e rä n 
d e ru n g  (frühze itige  a-W elle) k lä re n  zu k ö n n en , wollen w ir v o re rs t d ie  A u f
fassungen  bezüglich  des Z u stan d ek o m m en s d er V en en k u rv en  wellen ü b e rb lic k e n . 
In  d ieser F rag e  h a t  sich auch  h e u te  noch  keine einheitliche  M einung d u rc h g e 
se tz t; die V enenw ellen  w erden  m it D ruck - [11] oder m it V olum  V erän d eru n g en  
[13] e rk lä r t . Groedel  [7] n a h m  an , d aß  die V enenw elle sowohl D ru ck - wie 
auch V o lum kom ponen te  re p rä s e n tie r t . L uisada  [10] b e to n te , d aß  in n e rh a lb  
derse lben  W elle d er au fste igende  S chenkel a u f  D ru ck v erän d eru n g , d e r  a b s te i
gende dagegen  a u f  V o lu m v erän d eru n g  d eu ten  k a n n .

W ir sch ließen  uns w esen tlich  d er A nsich t v o n  Groedel [7] an . U nseres 
E ra c h te n s  e n ts te h t  die V enenw elle w ahrsch e in lich  in der W eise, d a ß  gew isse 
W ellen, die bei in ta k te m  K re is la u f  ledig lich  re in e  V o lu m v erän d eru n g en  b e d e u 
te n , im  d ek o m p en sie rten  Z u s ta n d  D ru c k v e rä n d eru n g e n  rep rä sen tie ren . B e z ü g 
lich  d e r a-W elle v e r tre te n  w ir die M einung, d aß  diese bei k o m p e n s ie rte m  
K re is la u f als re ine F lu tw elle  e rsc h e in t. E rg ä n z u n g sh a lb e r sei d a ra u f  h in g ew iesen , 
daß  d e r die venöse S trö m u n g  a u fre c h te rh a lte n d e  F a k to r  le tz ten  E n d e s  ein 
s te ts  ab n e h m e n d e r D ru c k g ra d ie n t is t, d e r seinen  tie fs ten  P u n k t im  V o rh o f bzw . 
w äh ren d  d er D iasto le  in  der K a m m e r e rre ic h t. D en  S tröm ungsgesetzen  e n ts p re 
chend  vo llz ieh t sich die w äh re n d  d er V orhofsysto le  im  V orhof a u f tre te n d e  
D ru c k v e rä n d e ru n g  in  R ic h tu n g  des geringeren  D ruckes, d. h. k a m m c rw ä r ts , 
w oraus fo lg t, d aß  in diesem  Z e itp u n k t in  R ic h tu n g  der Venen w eder R ü c k 
s trö m u n g , noch  D ru ck ste ig e ru n g  z u s ta n d e k o m m t. Die V orhofsysto le b e d e u te t  
d em n ach  dasse lbe , wie die E r r ic h tu n g  eines D am m es in einem  F lu ß b e t t :  
h in te r  dem  D am m  e n ts te h t w egen d er s tä n d ig  d ah inge langenden  F lü ss ig k e it 
eine F lu tw e lle  (V o lu m v erän d eru n g ), die sich in  re tro g ra d e r  R ich tu n g  la n g sa m  
fo r tp f la n z t. A u f diese W eise k o m m t infolge des augenblick lichen  A b flu ß 
h indern isses — im  Z e itp u n k t d e r V orhofsysto le  die D ru ck v e rän d eru n g  v en en -
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w ä r ts  n ich t zu r G e ltu n g , in  dem  d is ta l v o m  V o rh o f  liegenden  V enen  w äch st 
led ig lich  das V o lu m en  an , d . h . es t r i t t  e ine  F lu tw e lle  au f, d ie  fü r  ih re  F o r t 
p f la n z u n g  eine gew isse, g u t  b estim m bare  Z e it  b e n ö tig t. Die ze itliche V erzöge
ru n g  d er V olum w ellen  in  R ich tu n g  der P e r ip h e rie  is t eine u n zw eife lhafte  T a t 
sach e : dies bew eisen  au ch  unsere v o ra n g e h e n d e n  U n te rsu ch u n g en  ü b e r die 
P u lsa tio n  der S c h u lte rv e n e n  [3].

A nders s te h e n  d ie  D inge bei R ech tk am m erin su ffiz ien z . In  d iesen  F ä llen  
h a t  d e r V orhof, u m  se in en  In h a l t  in  die K a m m e r  b efö rd e rn  zu  k ö n n en , w egen 
des e rh ö h ten  d ia s to lisc h e n  E n ddruckes d e r  re c h te n  K am m er einen  s tä rk e re n  
D ru c k  zu ü b e rw in d e n . D e r  in  den V enen  h e rrsc h e n d e  D ru ck  is t  se lb s tv e r
s tä n d lic h  noch  h ö h e r , d a  d e r D ru c k g ra d ie n t n u r  a u f  diese W eise g esich ert 
w erden  k an n . D iese e rh ö h te n  D ru ck v e rh ä ltn isse  h ab e n  es zu r F olge, d aß  das 
D eh n u n g sv erm ö g en  d e r  V enenw and  sich a llm ä h lic h  erschöpft. Im  M om ent d er 
V orhofsysto le  is t die D is te n s ib il i tä t  der V en en w an d  zu r A ufnahm e d e r d u rc h  die 
V o rh o fak tio n  re tro g ra d  tra n sp o rtie r te n  R lu tm e n g e  m itte ls  e in fach er V o lu m 
v e rä n d e ru n g  b e re its  u n g en ü g en d , u n d  es e n ts te h t  eine D ru ck erh ö h u n g , die auch  
re tro g ra d , in n e rh a lb  d e r  V enen zu r G e ltu n g  k o m m t. D ies b e d e u te t, d a ß  im  
F a lle  von  über d e r N o rm  liegenden D ru c k w e rte n  in  d er Vene infolge d e r  V o r
ho fsy sto le  eine D ru c k v e rä n d e ru n g  e n ts te h t , w as die E rsche inung  d e r a -D ru ck - 
w elle h e rb e ifü h rt. D a  je d o c h  die F o rtp flan zu n g sg esch w in d ig k e it d e r D ru c k 
w elle jene  d er V o lum w ellen  w esentlich ü b e r tr i f f t ,  is t  es le ich t v e rs tä n d lic h , 
d a ß  die a-D ruckw elle  f rü h e r  a u f tr i t t ,  als die a-V olum w elle.

W ir k ö nnen  d ie  R ic h tig k e it der oben b esch rieb en en  These m it m eh re ren , 
in d ire k te n  R eo b a c h tu n g e n  u n te rs tü tzen .

R ek an n tlich  e rsc h e in t au f den v o n  d e n  u m  das H erz  e n ts ta n d e n e n  
R ew egungen  v e r fe r tig te n , D ru ck v e rän d eru n g en  re p rä sen tie ren d en  M echano- 
g ram m en  m itu n te r  au c h  eine v o rh o fak tio n sb ed in g te  D ruckw elle. A uf diese W eise 
tr e te n  vor dem  s te il au fste igenden  S ch en k e l d e r hohen  Pulsw elle h ä u fig  
2 k leine W ellen in  E rsc h e in u n g ; eine d ieser W ellen  b eg in n t nach  dem  R -G ipfel 
u n d  e n tsp ric h t u n z w e ife lh a ft der iso m etrisch en  S p an nungsphase . W ird  die A uf
n ah m e  m it e inem  e m p fin d lich en  und  auch  e tw a s  höhere R ew egungsfrequenzen  
ü b e rtra g e n d en  R e z e p to r  v e rfe rtig t, is t an  d iese r S telle  m anchm al eine w inzige 
In z isu r  e rs ich tlich , d ie  g leichzeitig  m it d em  S chließen  der A tr io v e n tr ik u la r 
k la p p e  a u f tr i t t .  V o r d iese r W elle bzw. v o r  d ie se r n ied rigen  In z isu r t r i t t  gem ein
sam  m it der V o rh o fa k tio n  0,06" nach  R eg in n  d e r  P -W elle m itu n te r  n o ch  eine 
n ied rige  positive  W elle au f.

In  unserem  M a te ria l der le tz ten  J a h r e  w a r a u f  der K a ro tisk u rv e  in  25 
F ä llen  eine au sg e p rä g te  a-W elle zu b e o b a c h te n . D a die V orhofak tion  die K a m 
m erfü llung  s te ig e r t , b e d e u te t  das E rsch e in en  d ieser W elle se lb s tv e rs tä n d lic h  
eine durch  die e rw ä h n te  A ktion  ausgelöste  D ru ck v e rän d eru n g , die d u rch  die 
geschlossene A o r te n k la p p e  auch a u f  d e r K aro tisw e lle  zu r G eltu n g  kom m en  
k a n n .
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V on In te re sse  is t au ß e rd em  unsere B e o b a c h tu n g  bezüglich d e r  V erzöge
ru n g  d e r  a-W elle , was u n zw eife lh a ft eine D ru c k v e rä n d e ru n g  b e d e u te t (A bb . 3). 
A n h an d  d e r eingehenden  A nalyse von 25 K ard io g ram m en , a u f  d e n e n  diese 
E rsch e in u n g  zu  b eo b ach ten  w ar, k o n n te  fe s tg e s te ll t  w erden, d aß  v o m  B eginn 
der P -W elle  d er I I .  A b le itu n g  bis zum  B eg in n  d e r a-W elle 0,06" e rfo rd e rlich  
sind. D iese W elle ist o ffensich tlich  eine F o lg e  je n e r  D ru c k v e rä n d e ru n g , die 
die V o rh o fak tio n  au f d ie  K am m erw an d  a u s ü b t. Die P -a -S treck e  b e trä g t  
auch in  d iesen  Fällen  0,06" (A bb. 5).

SC/sec _ _ L.E.-801/64. XII.Í6.

UL1 , 1  l T i - к r L , I\ , 1L jf ' 11 ' 1f kt
APEX

1855/B5

Abb. 5. E le k tro k a rd io g ram m , P h o n o k a rd io g ram m , A p ex -, K aro tis- und  R e c h tsk a m m e r
kurve. A u f b e id e n  K ard io g ram m en  deu tlich  e rk en n b a re  a-W ellen , die 0,06" n ach  d e m  B eg in n

d e r P-W elle b eg in n en

A u f P h o n o k a rd io g ram m en  von  n ied rig e r F req u en z  — beso n d ers  w enn  
diese bei K in d e rn  m it d ü n n e m  B ru stk o rb  v e r fe r t ig t  w erden — is t n ic h t  se lten  
eine a u f  die V orhofak tion  fo lgende S chw ingung  v o n  niedriger F re q u e n z  u n d  
k leiner A m p litu d e  zu b eo b ach ten . Diese is t  d ie  subaud ib ile  K o m p o n en te  des 
V orhoftons, die der infolge d er V o rh o fak tio n  en ts teh en d en  K a m m erfü llu n g  
en tsp ric h t u n d  dem zufolge in  jen em  M om ent a u f t r i t t ,  in dem  die d u rc h  die 
V orh o fak tio n  ausgelöste D ru ck e rh ö h u n g  eine m ax im a le  E rw eite rung  d e r  K a m 
m erw and  b e w irk t, w o rau f d iese an schw ing t. S e lb s t diese geringe V ib ra tio n  
b e d e u te t eine D ru ck v e rän d eru n g  und  die v o m  B eg inn  der P-W elle b e re c h n e te  
Z eit b e tr ä g t  im  D u rc h sc h n itt 0,10"; diese Z e itp e rio d e  ist ebenso la n g  w ie d e r 
Gipfel d e r a-W elle  (M axim um  des V orhofd rucks).

B e k a n n tlic h  k an n  d ie  V orhofak tion  au c h  u n te r  N o rm a lv e rh ä ltn issen  
einen h ö rb a re n  T on p ro d u z ie ren . Die U rsache  d iese r E rscheinung lie g t w a h r
scheinlich  d a r in , daß  infolge d e r  du rch  die V o rh o fa k tio n  v e ru rsach ten  D ru c k e r 
höhung  d ie  K lappensegel sich  an läß lich  d e r K am m er-E n d d ia s to le  p lö tz lic h  
erheben  u n d  d ad u rch  eine V ib ra tio n  v e ru rsach en . Diese S chw ingungen t r e te n
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in  d e r  R eg e l 0 ,16—0,20" n a c h  d e r P-W elle a u f  u n d  fließ en  som it m it dem  1. T o n  
z u sa m m e n . Falls n u n  irgendw elche  S ch äd ig u n g  des H erzm uskels v o rlie g t 
(z. B . A nox ie), so k a n n  sich  die hörbare K o m p o n e n te  des V orhoftons v o m  1. 
T o n  ab  tre n n e n  und  v o r d e r Q -W elle als p rä sy s to lisc h e r  Ton bzw. G a lo p p rh y th 
m u s e rsch e in en . K in c a id -Smith und  Barlow [8, 9 ], die die R ich tig k e it d ieser 
T h ese  bew iesen , h ab en  au ß e rd e m  fe s tg es te llt, d a ß  sich nach A u fh ö ren  d er 
Is c h ä m ie  d er au rik u lä re  T o n  von  der P -W elle e n t f e rn t  und  w ieder dem  1. T on  
b e im isc h t. Im  F alle  e in er au sgedehn ten  M y o k ard sch äd ig u n g  is t d as  f rü h e  
E rsc h e in e n  der h ö rb a re n  K o m p o n en te  a u sg e p rä g te r : In  diesen F ä llen  k a n n  d er 
T o n  0 ,06" nach  dem  B eg in n  der P-W elle e rsch e in en . Dem  A nschein  n ach  
f in d e n  sich  bei D ek o m p en sa tio n  ähnliche V e rh ä ltn isse . D er in diesem  Z e itp u n k t 
h ä u f ig  a u ftre te n d e  p rä sy s to lisch e  G a lo p p rh y th m u s  is t m itu n te r  m it d e r sub- 
a u d ib ile n  K o m p o n en te  g leichzeitig  zu b e o b a c h te n . Dies dürfte  d a m it e rk lä r t  
w e rd e n , daß  bei D ek o m p en sa tio n  sich die K lap p en seg e l infolge d er e n d d ia 
s to lis c h e n  K am m e rd ru c k erh ö h u n g  früher e rh e b e n  und  dad u rch  die in  N o r
m a lfä lle n  in  den l .T o n  eingeschm olzene h ö rb a re  K o m p o n en te  w esen tlich  frü h e r  
a u f t r i t t .  A ller W ah rsch e in lich k e it nach e n ts te h t  b e i e rhöh tem  en d d ia s to lisch en  
D ru c k  diese K la p p e n e rh e b u n g  bereits in  d em  Z e itp u n k t, in dem  in fo lge  der 
V o rh o fa k tio n  die su b au d ib ile  K om ponen te  e rsc h e in t. Dies e rk lä rt g le ichze itig  
d ie  b e k a n n te  T a tsach e , d aß  die H e rzv e rän d e ru n g  desto  schw erer is t , je  f rü h e r  
d e r  V orho fga lopp  a u f t r i t t  [5].

A lle diese B eo b a c h tu n g e n  sprechen d a fü r , d a ß  die durch  die V o rh o fa k tio n  
a u sg e lö s te n , m it d er D ru c k v e rä n d eru n g  zu sam m en h än g en d en  E rsc h e in u n g e n  im  
a llg em e in en  0,06" n ach  d em  B eginn der r e c h te n  V orh o fd ep o la risa tio n  au ftre -  
te n ,  ebenso  wie in  u n se re n  dek o m p en sie rten  F ä lle n  die a-D ruckw elle  a u f  der 
V e n e n k u rv e  ersch e in t. D ies u n te rs tü tz t  in d ire k te rw e ise  unsere A n n ah m e , nach  
d e r  im  d ek o m p en sie rten  Z u s ta n d  die a-W elle a ls  D ruckw elle 0 ,06— 0,08" nach  
d e m  B eg in n  der P -W elle  a u f t r i t t .

D ie R ich tig k e it u n se re r  H ypothese  u n te r s tü tz e n  auch an d ere  B eo b ach 
tu n g e n . W ie d a ra u f  die en d o k av itä ren  D ru ck b estim m u n g en  h in w eisen , b e 
g in n t  d ie  a-V orhofw elle 0 ,04 — 0,08" nach d em  B eg in n  der P -W elle. B a y e r  und  
W olter  [1] s te llten  a n h a n d  der A nalyse d e r  in tra k a v itä re n  D ru ck w ellen  fest, 
d a ß  d ie  a-V orhofw elle 0 ,0 2 —0,04" nach d e r P -W elle  a u f tr i t t .  U nsere  U n te r 
su c h u n g e n  ergaben , d aß  d ie  a-V orhofdruckw elle  0,06" nach  dem  B e g in n  der 
P -W e lle  der I I .  A b le itu n g  b eg in n t. D iese ze itlich e  Ü bere in stim m u n g  sp ric h t 
u n z w e ife lh a ft fü r d en  k au sa len  Z u sam m en h an g , der einerseits zw ischen  der 
a-V orh o fd ru ck w elle  u n d  d en  K am m er- bzw . K aro tisw e llen , an d e rse its  zw ischen 
d e n  a u f  dem  P h o n o k a rd io g ra m m  n ied riger F re q u e n z  m anchm al b e o b a c h te te n  
u n d  d en  oben a n g e fü h r te n  W ellen b e s te h t . D iese E rscheinung  u n te r s tü tz t  
g ew isserm aßen  u n se re  H y p o th ese , nach  d e r  d ie  in  dekom pensie rtem  Z u s ta n d  
f rü h e r  au ftre ten d e  a-W elle  eine, durch  die V o rh o fa k tio n  ausgelöste D ruckw elle  
re p rä s e n tie r t .
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Im  E in k la n g  m it dem  b ish e r  G esagten  s te h t auch  unsere  B eo b ach tu n g , 
die fü r  unsere  bezüglich  des F rü h a u f tre te n s  d e r a-W elle v e r tre te n e  M einung 
sp ric h t: Im  F a lle  eines to ta le n  V orhofb locks h ä n g t die Länge d e r P -a -S treck e  
a u f  d er V en en k u rv e  in e rs te r  R e ihe  von dem  U m stan d  ab , a u f  w elchen  A b
sc h n itt  d er D iasto le  die V o rh o fak tio n  fä llt. F a lls  die V orhofsysto le  zu  B eginn 
d e r D iasto le  e in tr i t t ,  b e trä g t d ie P -a -S treck e  z. B. 0,14" und  is t so m it m it der 
S treck e  id en tisch , die wir bei k o m p en sie rtem  K re is lau f re g is tr ie re n . W enn 
je d o c h  die V o rh o fak tio n  am  E n d e  der v e rlä n g e rten  D iasto le  e in t r i t t ,  in  F ällen  
also , in denen  an n eh m b are  b ed e u te n d e re  F ü llu n g  u n d  e rh ö h te r  K a m m e rd ru c k  
vorliegen , so e rsch e in t a u f  d er V en en k u rv e  die a-W elle w esentlich  f rü h e r  und  in 
b re ite re r  u n d  h ö h ere r F o rm  (A bb . 6). W ie a u f  Abb. 6 e rs ich tlich , v e rk ü rz te  
sich die P -a-S treck e  nach  d er e inen  V orhofsysto le  a u f  0,06", d . h .  d ie  a-W elle 
ersch ien  in der gleichen Z eit, w ie in unseren  d ek o m p en sie rten  F ä llen .

Abb. 6. T o ta le r  V orhof-K am m erb lock . D ie  zu der zu B eginn  der D iasto le a u f tre te n d e n  V orhof
a k tio n  gehörende a-W elle (nach dem  d r i t te n  K a in m erk o m p lex ) is t n iedrig  u n d  t r i t t  0,14" 
n ach  dem  B eginn de r P -W elle auf. D ie zu  de r am  E n d e  de r D iasto le  a u f tre te n d e n  V o rh o fa k tio n  
gehörende  a-W elle is t  b re it (vor d em  d r i t te n  K am m erk o in p lex ), hoch und  t r i t t  0 ,06" n ach  

dem  B eginn d e r  be tre ffen d en  P-W elle au f

U nsere, a n h a n d  dieser B e o b a c h tu n g  vo rgenom m enen  S erienm essungen  
w iesen d a ra u f  h in , d aß  zw ischen d e r, den B eginn  d er V orhofak tion  b e d e u te n d e n  
Q -P -S trecke  u n d  d e r P -a-S treck e  (dem  sich von  d er D ep o la risa tio n  des rech 
te n  V orhofs bis zum  A u ftre ten  d e r  a-W elle e rs tre c k e n d en  A b sc h n itt)  e in  enger 
Z u sam m en h an g  b e s te h t. Im  F a lle  e iner län g eren  Q -P -S trecke  w ird  d ie  P -a- 
S trecke  k ü rze r und  die a-W elle b re ite r .

Die le tz te rw ä h n te  E rsch e in u n g  s te h t m it d er B eo b ach tu n g  von  K in c a id - 
Smith und  B arlow [9] im  E in k la n g , la u t der das sog. P -G -In tc rv a ll (die S treck e  
zw ischen dem  B eginn der V orhofw elle u n d  dem  A u ftre ten  des 4. T o n s) d av o n  
a b h ä n g t, in  w elcher E ta p p e  d er D iasto le  die V o rh o fak tio n  a u f tr i t t .  N a c h  e iner 
frü h  in  d er D iasto le  a u ftre te n d en  V orhofw elle e rsch e in t d er au riku läre  T o n  sp ä te r , 
als w enn es sp ä t in d er D iasto le z u r V orh o fak tio n  k o m m t; a u f  d er V e n e n k u rv e  
h ab en  w ir bezüglich  des B eginns d e r  a-W elle dasselbe b eo b ach te t.
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D ie  im  Falle v o n  B lo ck d isso z ia tio n  b e o b a c h te te  zeitliche V erän d e ru n g  
d e r  a -W elle  s tim m t m it d e r  B eo b ach tu n g  v o n  K in c a id -Sm ith  u n d  B arlow  
[9] u n d  m it der F e s ts te llu n g  v o n  D uchosal [5] ü b e re in . D ies bew eist au ch  die 
R ic h tig k e it  unserer A u ffa ssu n g , d. h. w ährend  d e r  Z e it von  e rh ö h tem  d ia s to li
sc h e m  D ru ck  a u f tre te n d e r  V orhofak tion  f ü h r t  a u f  der V en en k u rv en  zur 
E rsc h e in u n g  der (a) D ru ck w e lle .
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ÜBER DIE WIRKUNG 
DER RADIOISOTOPENTHERAPIE 

AUF DIE INTENSITÄT DER TUBERKULINREAKTION

Von

K a t a l i n  P o n g o r  u n d  G y . P e t r á n y i

I I .  M EDIZINISCHE K L IN IK  (D IR E K T O R : PR O F. D R. GY. PETRÁ N Y I)
DER M ED IZIN ISC H EN  U NIV ERSITÄ T DEBREQEN

(E in g eg an g en  am  2. A u g u st 1965)

Die bei h y p e rth y re o tisc h e n  u n d  po ly zy th äm isch en  K ra n k en  d u rc h g e fü h rten
U n te rsu ch u n g e n  ergaben, d a ß  die R a d io iso to p en th e rap ie  (4 ,5 — 10 mC 131J  bzw.
4 — 5 mC 32P) die In te n s itä t  d e r  T u b e rk u lin re a k tio n  n ich t b ee in flu ß t.

B e k a n n tlic h  haben gew isse S trah len d o sen  die V e rm in d e ru n g  bzw . den 
v o llkom m enen  A usfall der Im m u n re a k tio n e n  zur Folge. D a die p e r  os bzw. 
p a re n te ra le  V erabfo lgung v o n  in k o rp o rie rte n  R ad io iso to p en  bei gewissen 
K ra n k h e ite n  a llm ählich  fü r e in  R o u tin v e rfa h re n  gilt, s te llten  w ir u ns die F rage , 
ob dies die allerg ischen  R e a k tio n e n  d er P a tie n te n  b ed eu ten d  b e e in f lu ß t. N ach 
d e r S tra h le n th e ra p ie  sind in  d en  L eu k o zy ten  C hrom osom schäd igungen  v e r
sch iedenen  T y p s  zu b eo b ach ten . I n  A n b e tra c h t, daß  das L y m p h o id sy s te m  ziem 
lich  s trah len em p fin d lich  ist, u n d  d e r P ro to ty p  d er allerg ischen  S p ä tre a k tio n e n , 
die T u b e rk u lin re a k tio n  die F o lg ee rsch e in u n g  der ly m p h o ze llu lä ren  Im m u n 
re a k tio n  (Sensib ilisation) is t, h a b e n  w ir zu r E n tsch e id u n g  der F ra g e  b e i h y p e r
th y re o tisc h e n  u n d  p o ly z th äm isch en  K ra n k e n  v o r und  nach  d e r  ro u tin a r tig e n  
131J -  bzw . 32P -R a d io iso to p e n th e ra p ie  die G esta ltu n g  der T u b e rk u lin re a k tio n  
u n te rsu c h t.

M ethodik

Die U n te rsu ch u n g en  w urden  te ils  an  h y p e rth y re o tisc h e n  u n d  p o ly zy th ä m isc h en  K ra n 
k en , teils bei M eerschw einchen d u rc h g e fü h rt .  D ie K ra n k en  w aren  frei von a k tiv e r  T u b erk u lo se . 
D ie den H y p e rth y re o tik e rn  v e rab re ic h te  131J-D o sis  sch w an k te  zw ischen 4 ,5 — 10 m C, w äh ren d  
d ie  p o ly zy th äm isch en  K ran k en  4 — 5 m C 32P  e rh ie lten . Die V ersuchspersonen  w aren  im  A lter 
v o n  35 — 60 J a h re n ,  die G esch lech tsv erte ilu n g  w ar id en tisch . Die T u b e rk u lin p o s itiv i tä t  18 
u n se rer K ra n k e n  w ar infektiösen  U rsp ru n g s . Die T u b erk u lin p ro b e  w urde m it d e r M a n t o u x - 
schen  M ethode m it 4fach v e rd ü n n te r  A lttu b e rk u lin lö su n g  5 — 6 T age vo r d e r 13,J -  bzw . 32P- 
T h erap ie  d u rc h g e fü h rt, sodann 24 bzw . 48 S tu n d e n  n ach  B eeindgung der M ed ik a tio n  in  einem  
A b s ta n d  von  e in igen  cm  von der e rs te n  P ro b e , a u f  die gleiche W eise w iederho lt. B ei d e r B ew er
tu n g  de r E rg eb n isse  h ie lten  w ir uns a n  die in te rn a tio n a le  V orsch rift: n eg a tiv e  P ro b e  =  w eder 
In d u ra tio n , noch  H a u trö te ;  zw eife lh a ft =  5 m m  große, bzw. kleinere In d u ra t io n ;  m äßig 
p o sitiv  In d u ra t io n  m it einem  D u rch m esse r von  6 — 10 m m  und  1 m m  H ö h e ; s ta rk  p o sitiv  =  
=  In d u ra tio n sd u rc h m e sse r 11 — 20 m m , H ö h e  2 m m . In sg esam t w urden  21 b e h a n d e lte  K ran k en  
(11 h y p e rth y re o tisc h e  und  9 p o ly zy th äm isch e) u n te rsu c h t, 12 dieser K ra n k e n  e rh ie lte n  das 
T u b e rk u lin  24 S tu n d e n , und  9 K ra n k e n , 48 S tu n d e n  n ach  B eendigung de r Iso to p e n th e rap ie . 
D ie K o n tro llg ru p p e  b estan d  aus 52 a n  H y p e rth y re o se  bzw . P o ly zy th äm ie  le id e n d en  P a tie n 
te n , die u rsp rü n g lich  zwecks Iso to p e n th e ra p ie  au fgenom m en w urden, info lge  v e rsch ied en e r 
U rsach en  jed o ch  (falsche E in sen d u n g sd iag n o se , V ero rd n u n g  einer an d eren  T h e ra p ie  usw .) 
ke ine  R ad io iso to p en  erh ielten .
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E rg än zu n g sh a lb e r w u rd e  be i M eerschw einchen d ie F ra g e  u n te rs u c h t, au f welche W eise 
d ie  in  d e r  in d u k tiv en  bzw . p ro d u k tiv e n  Phase  v e rab fo lg te n  131J - ,  32P- u n d  :i5S -llo sen  n ach  
B C G -Y ak z in a tio n  die S tä rk e  d e r  zu stan d eg ek o m m en en  T u b e rk u lin p o s itiv itä t  beeinflussen . 
D a  s ich  in  unseren  v o ra n g e h e n d e n  U n te rsu ch u n g en  zu r B e h a n d lu n g  ein iger au to im m u n e r 
E rk ra n k u n g e n  das 35S g u t  b e w ä h r te ,  h ab en  w ir den  T ie ren  in  vo rlieg en d en  E x p e rim en ten  
a u ß e r  131J  u n d  32P  au ch  d ieses R a d io iso to p  v e rab fo lg t. D ie  V e rsu ch stie re  w aren  tu b e rk u lin 
n e g a tiv .  B ei einer G ruppe d e r  M eerschw einchen w urde d ie ra d io a k tiv e  In k o rp o ra tio n  in  der 
in d u k tiv e n  Phase  d u rc h g e fü h rt:  15 T iere  e rh ie lten  1 S tu n d e  v o r  d e r B C G -V akzination  (2 m l) 
80 , 60 , 40, 20, 10 цС  A k t iv i tä t  e n th a lte n d e  D osen v o n  131J ,  32P  u n d  35S. D er an d eren  G ruppe  
d e r  T ie re  w urden  die R a d io iso to p e n  in  der p ro d u k tiv e n  P h a se  zu g efü h rt: 15 T ieren  w u rd e n  
d ie  j e  80 p,C A k tiv itä t e n th a l te n d e n  131J - ,  32P- u n d  ^ S -D o se n  10 T ag e  n ach  der V ak z in a tio n  
v e ra b fo lg t.  Die E rgebnisse  d e r  T u b erk u lin p ro b e  w u rd en  n a c h  48 S tu n d e n  abgelesen u n d  fo l
g e n d e rm a ß e n  bew erte t: w e d e r In d u ra t io n , noch H a u trö te :  n e g a tiv e  P ro b e ; In d u ra t io n  m it 
e in e m  D urchm esser von  h ö c h s te n s  2 m m : zw eifelhaft; In d u ra t io n  m it einem  D u rchm esser von  
3 m m : m äß ig  positiv ; In d u ra t io n  m it  einem  D urch m esser v o n  5 m m : s ta rk  positiv .

Z u r K ontro lle  d ien te n  15, m it  R ad io iso topen  n ic h t  b e h a n d e lte , von  den ü b rig en  T ieren  
iso lie r te  M eerschw einchen.

Ergebnisse

D ie In te n s itä t  d e r  v o r  u n d  nach  der R a d io iso to p e n th e ra p ie  d u rch g e
fü h r te n  T u b e rk u lin re a k tio n  zeig te im  V erh ä ltn is  z u r K o n tro llg ru p p e  keine 
w esen tlich e  A bw eichung. D ie  W erte  b lieben zw ischen  d en  G renzen der n o rm a 
le n  S treu u n g . In  den F ä lle n , in  denen  die T u b e rk u lin p ro b e  n ic h t 24, so n d ern  48 
S tu n d e n  nach  der I s o to p e n th e ra p ie  v o rg en o m m en  w u rd e , w aren  äh n lich e  
R e s u lta te  zu v erze ichnen  (T a b . I).

Tabelle I а

Tuberkulinprobe vor und 24 Stunden nach der Isotopenbehandlung  
(U n te rsu ch u n g en  bei K ra n k en )

Ergebnisse

Z ah l d e r  F ä lle

V or
131J-B e h an d lu n g

N ach
131J-B e h a n d lu n g

V or
32P -B eh an d lim g

N ach
:i2P -B eh an d lu n g

Zweifelhaft l l l l
M äßig 4 4 4 4

S ta rk 1 1 1 1
Insgesam t 6 6 6 6

Tabelle I b
Tuberkulinprobe vor und 48 Stunden nach der Isotopenbehandlung 

(U n te rsuchungen  bei K ra n k en )

Zahl der Fälle

Ergebnisse Vor
131J-Behandlung

Nach
131J-Behandlung

Vor
32P-Behandlung

Nach
32P-Behandlung

Zweifelhaft l 2 l l
M äßig 3 2 2 2
S ta rk l I 1 I
Insgesam t 5 5 4 4
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Tabelle I c

Unbehandelte Kontrollpersonen

Zahl der Fälle

Ergebnisse
Erste Probe Wiederholung 

der Probe

Z w eifelhaft 5 7
M äßig 29 32

S tark 18 13
Insgesam t 52 52

In  den  T ie rex p e rim en ten  g e s ta lte te n  sicli die E rgebn isse  in  äh n lich e r 
W eise: W äh ren d  u n te r  15 tu b e rk u lin p o s itiv e n  T ieren  1 bzw . 2 tu b e rk u lin 
n e g a tiv  w u rd en , b efan d  sich in  d er e n tsp rech en d en  K o n tro llg ru p p e  ebenfa lls 
1 T ier, das sp o n tan  tu b e rk u lin n e g a tiv  w urde  (T ab . II) .

Tabelle II a

Jsotopenbehandlung in der induktiven  Phase 
(m it BCG sensib ilisierte  M eerschw einchen)

Ergebnisse
Zahl der Fülle

13,J-Behandlung saP- Behandlung 35S-Behandlung

N egativ — — —

M äßig l — l
Mild 4 3 2
S tark — 2 2
Insgesam t 5 5 5

Tabelle II b

Isotopenbehandlung in der produktiven  Phase 
(m it BCG beh an d e lte  M eerschw einchen)

Ergebnisse
Zahl der Fälle

,3,J-Behandlung 3aP-Behandlung :i5S-Behandlung

N egativ 1 2
M äßig l 1 —

Mild 3 2 2
S ta rk i 1 1
Insgesam t 5 5 5
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Tabelle II с

Unbehandelte Kontroíltiere

Ergebnisse Zahl der Fälle

N eg a tiv l

M äßig l

M ild 9

S ta rk 4

In sg e sa m t 15

B esprechung

D ie  In te n s i tä t  d e r w ied erh o lten  T u b e rk u lin re a k tio n  k a n n  geringe, sp o n 
ta n e  S ch w an k u n g en  au fw eisen ; diese E rsc h e in u n g  k o n n te n  w ir sow ohl bei 
u n se re n  K ran k en , als au ch  b e i den  K o n tro llp e rso n en  b eo b ach ten . D ie T u b e r
k u lin p ro b e  selbst v e ru rsa c h t im  allgem einen  ke in e  S ensib ilisierung  u n d  s te ig e r t 
d ie  v o rh a n d e n e  S e n s ib ilitä t —• falls die zw eite  P ro b e  n ic h t an  derse lben  H a u t 
s te lle  v o rg en o m m en  w ird  — n ic h t. In  F ä llen , in  d en en  die n ach e in an d erfo lg en 
d e n  P ro b e n  an  id en tisch en  H a u tflä c h e n  v e r fe r t ig t  w erden , k a n n  eine geringe 
asp ez ifisch e  B esch leun igung  Z ustandekom m en , d ie  jed o ch  in  einigen S tu n d e n  
a b k lin g t  [4]. W ird  jed o ch  d as  zw eitem al eine a n d e re  Im pfu n g sste lle  gew äh lt, 
so b le ib t  auch  diese b esch leu n ig en d e  A bw eichung  weg. A n h an d  u n se re r  U n te r 
su c h u n g e n  k o n n te  som it fe s tg e s te llt  w erden , d aß  d ie , du rch  die in  der T h e rap ie  
d e r  H y p e rth y re o se  bzw . d e r  P o ly zy th äm ie  a n g e w a n d te n  R a d io iso to p en  die 
I n te n s i t ä t  der T u b e rk u lin re a k tio n  n ich t b ee in flu ssen . I n  A n b e tra c h t dessen  d aß  
d ie  C h ro m osom schäd igungen  ebenfalls in  d en  e rs te n  24 — 48 S tu n d en  n a c h  d er 
S tra h le n th e ra p ie  am  au sg e p rä g te s te n  s ind  [5], k a n n  die M öglichkeit e iner 
S p ä tw irk u n g  ausgeschlossen  w erden , zum al d a  d as  L y m p h o id sy stem  ü b e r  eine 
b e d e u te n d e  R e g en e ra tio n sfäh ig k e it ve rfü g t.
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EFFECT OF ENDOTOXIN PRETREATMENT 
ON SURGICAL LETHALITY 
IN ANIMAL EXPERIMENTS

By

P . K e r t a i , K .  Ú j h e l y i  and V. G e r h a r d t

w ith  th e  te c h n ica l a ssistan ce  of K . Sta r k  and  M. V arga 

STA TE IN STITU TE OF H Y G IEN E

(R ece iv ed  A ugust 31, 1965)

In jec tio n  o f Serratia  marcescens en d o to x in  w as fo u n d  to  a ffec t resis tan ce  to  
surg ical stress in  an im a l e x p erim en ts . N orm al re s is tan ce  w as re s to red  in  48 hours. 
In  an im als p re tre a te d  w ith  e n d o to x in  for e ig h t d a y s  re s is tan c e  rem a in ed  unaffec ted . 
In  th e  d ev elo p m en t o f re s is tan c e , th e  p itu ita ry -a d re n o c o rtic a l sy s tem  is essen tia l, h u t 
in  i ts  m a in ten an ce  o th e r  m ech an ism s are th o u g h t to  be  in v o lv ed .

E vidence  has been  in c reasin g  th a t  lip o p o ly sacch arid es  (endo tox ins) ol 
b a c te r ia l origin en h an ce  th e  o rg an ism ’s non-specific  re s is tan ce . A fte r p a re n te ra f  
a d m in is tra tio n  o f lip o p o ly sacch a rid es , e x p e rim e n ta l an im als  h av e  been found  
to  su rv iv e  in fec tions (Sh i l o , 1959; R o w l e y , 1964), to ta l  b o d y  ir ra d ia tio n  
(Sm it h , 1964), an d  tr a u m a tic  shock  (Zw e if a c h , 1957) le th a l  to  co n tro l an im als. 
U n d e r ce rta in  w ell-defined  ex p e rim en ta l co n d itio n s i t  h as  been  possible to  
d isce rn  tw o phases o f  th is  ch an g e  in resistance , a ph ase  o f  red u ced  resistance  
an d  a phase  of e n h an ced  non-specific  resistance . O ne o f th e  specia l p a tte rn s  of 
such  changes is e n d o to x in  to le ran ce , in o th e r w ords th e  fa ilu re  o f a rep ea ted  
in jec tio n  of en d o to x in  to  e lic it a to x ic  effect, or a t  le a s t a m a jo r to x ic  effect, in 
an im a ls  p re tre a te d  w ith  en d o to x in  (P e t e r s d o r f , 1964). In  th e  p re se n t in v e s ti
g a tio n s  th e  effect o f  e n d o to x in  in jec ted  a t  v a rio u s in te rv a ls  has been  s tu d ied  
on su rg ica l d ea th  in  tw o  g ro u p s o f ra ts , one w ith o u t p re tre a tm e n t a n d  one m ade 
to le ra n t to  en d o to x in .

M ethod

T he ex p erim en ts  w ere c a rried  o u t on  540 hom e-b red  a lb ino  ra ts  o f  b o th  sexes, w eighing 
b e tw e e n  110 and  160 g. T h e  e n d o to x in  w as o b ta in ed  by  p u r if ic a tio n  of a  b ro th  cu ltu re  of 
Serratia  marcescens. T he p u rif ied  e n d o to x in  was te s te d  fo r to x ic ity  a n d  in  th e  w hole course of 
th e  ex p erim en ts  L D ,0 a n d  L D 50 w ere app lied . C alcu lated  on  th e  basis  o f d ry  m ate ria l, the  
fo rm e r co rresponded  to  1 m g p e r 100 g, th e  la t te r  to  5 m g p e r 100 g. E x p e rim en ta l surgery  
in c lu d e d  liga tion  of a je ju n a l  loop , p a r tia l  h e p a tec to m y  (th e se  in v o lv in g  lap a ro to m y ), uni- 
a n d  b ila te ra l ad ren a le c to m y  a n d  b ila te ra l  nep h rec to m y  (lu m b a r  o p e ra tio n s). T he resu lts  were 
ex p ressed  an d  ta b u la te d  in  p e rcen tag es  o f d eaths. T o le ran ce  to  en d o to x in  w as in duced  by 
d a ily  in jec tions of L D 10 d u rin g  a w eek. In  these  an im als su rg e ry  w as pe rfo rm ed  48 hours a fte r  
th e  la s t  in jection .

R esults

In  th e  f irs t series we s tu d ie d  th e  in fluence o f  a single dose o f endo tox in  
u p o n  th e  effect o f  a second  in jec tio n . W hen L D l0 o f Serratia  marcescens
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e n d o to x in  h ad  been a d m in is te re d  s im u ltan eo u sly  w ith  L D 50, le th a li ty  was 60 
p e r  c e n t. W hen  L D 50 w as g iv en  tw o  hours a f te r  L D 10, le th a l i ty  w as 100 per 
c e n t. W h e n , how ever, th e re  w as a 48 -hour in te rv a l be tw een  L D 10 an d  L D 50, 
s u rv iv a l  w as 100 per cen t.

In je c tio n  of LD 10 lip o p o ly sacch arid e  th u s  re su lted  in  h y p e r re a c tiv i ty  o f the  
a n im a ls  a t  24 hours an d  in  a  to le ra n c e  to  sem i-le tha l doses a t  48 ho u rs .

T h e  resu lts  were s im ila r w h en  su rg ery  was p erfo rm ed  a t  v a rio u s  in te rv a ls  
a f te r  in je c tio n  of LD 10. T ab le  I I  show s th a t  LD 10 g iven  tw o  h o u rs  p r io r  to  o p era 
t io n  h a d  an  adverse effect u p o n  ou tcom e.

Table I

Effect on endotoxin sen sitiv ity  o f  S . marcescens endotoxin pretreatm ent 
D e a th  r a te  o f anim als, per cen t

Dosage
48-hour 
deaths 

per cent

1 m g/100 g, in tra p e r ito n e a lly 10

5 m g/100 g, in tra p e r ito n e a lly 52

1 m g/100 g, in tra p e r ito n e a lly , together w ith
5 m g/100 g in tra p e rito n ea lly 60

1 m g/100 g, in tra p e r ito n e a lly  J  a t  2-hour in te rv a l
5 m g/100 g in tra p e rito n ea lly 100

1 mg/100 g, in tra p e r ito n e a lly  -f- a t  48-hour
in te rv a l 5 m g/100 g in trap erito n ea lly 0

Table II

Effect on surgical lethality o f  S . marcescens endotoxin pretreatm ent 
D e a th  r a te  o f anim als, per cen t

Type of operation
Un

treated

Treatment 
2 hrs. 
before 

surgery

Treatment 
48 hrs. 
before 

surgery

U nilatera l ad ren a lec to m y 0 25 l

L igation  of je ju n a l  loop 6 52 7

B ila tera l n ep h rec to m y 0 78 9

P artia l h e p a tec to m y 28 100 18

S urg ica l dea th  by  p a r t ia l  h e p a te c to m y  seem ed to  be p a r tic u la r ly  su ited  
fo r th e  s tu d y  of changes in  re s is ta n c e . T ab le  I I I  c learly  show s th a t  th e  original 
re s is ta n c e  of th e  an im als w as re s to re d  betw een  th e  4 th  an d  4 8 th  ho u rs .
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Table III

E ffect on death fro m  partia l hepatectomy o f  S . marcescens endotoxin pretreatm ent 
D eath  ra te  o f an im als , per cen t

Type of operation
48-hour 

death rate, 
per cent

P a rtia l  h ep atec to m y 28

1 m g/100 g in tra p e rito n ea lly ,o p e ra tio n  a t  2-hour
in te rv a l 100

1 m g/100 g in trap erito n ea lly , o p e ra tio n  a t
4-liour in te rv a l 81

1 m g/100 g in trap erito n ea lly , o p e ra tio n  a t
6 -hour in te rv a l 70

1 m g/100 g in trap erito n ea lly , o p e ra tio n  a t
48-hour in te rv a l 15

T he sam e ex p e rim e n ts  y ie lded  re m a rk a b le  re su lts  w hen re p e a te d  in an im als 
w ith  in d u ced  to le ran ce  to  en d o to x in . No in c rease  in  surgical d e a th s  w as n o ted  
in  th e se  an im als, th o u g h  th e y  h ad  received  e n d o to x in  tw o hours p r io r  to  o p e ra 
tio n . T h is show s th a t  induced  to le ran ce  to  e n d o to x in  p ro tec ts  th e  an im a ls  from  
th e  ad v erse  effects o f en d o to x in  on su rg ica l re s is tan ce  as well.

B y m eans o f th e  p re sen t m eth o d  i t  was h o p ed  to  clear the  q u e s tio n  w h e th e r 
en d o to x in s  ab so rbed  th ro u g h  th e  in te s tin a l w all had  som e p a r t  in  th e  
d isa s tro u s  consequences of in te s tin a l o b s tru c tio n  an d  of renal fa ilu re . W ith  th is  
in  v iew , th e  an im als w ith  je ju n a l loop lig a tio n  an d  those w ith b i la te ra l  n e p h 
rec to m y  w ere fu r th e r  s tu d ied , each an im al b e in g  in jec ted  20 ml of iso to n ic  saline 
an d  20 ml o f iso ton ic  glucose tw ice da ily . I f  th e  en d o to x in  th eo ry  h o ld s  tru e , 
en d o to x in  to le ra n t an im als m u st die la te r  th a n  th e  contro ls. This w as, h ow ever, 
n o t th e  case. D e a th  occurred  a t  th e  sam e freq u en cy  in  the  f irs t  d a y s  a fte r  
o p e ra tio n  an d  all an im als  had  succum bed  b y  th e  s ix th  day.

Table IV

S u m  irai death 2 hour after a repeated injection o f  endotoxin in rats 
made tolerant by a 6-day course o f  S . marcescens endotoxin 

D eath  ra te  o f an im als , p e r  cent

Type of operation
Deaths in 
controls

Deaths in 
tolerant 
animals

1 m g/100 g in trap erito n ea lly , lig a tu re  o f 
je ju n a l loop a t  2-hour in te rv a l 52 9

1 m g/100 g in trap erito n ea lly , n ep h rec to m y  
a t  2-hour in te rv a l 78 14

1 m g/100 g in trap erito n ea lly , p a r tia l  h e p a 
tec to m y  a t  2-liour in te rv a l 100 20
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Table V

Death fro m  intestinal obstruction and  fro m  renal 
fa ilu re  in  the f ir s t  6 days after operation  

in  norm al and endotoxin tolerant rats

Induced condition Deaths in 
controls

Deaths in 
tolerant 
animals

In te s tin a l o b s tru c tio n 10 0 100

R enal fa ilu re 1 0 0 100

Table V I

Lethality o f  endotoxin injection in  norm al and tolerant 
adrenalectomized a n im als  

D eath  ra te , pe r c e n t

Treatment Treatment
Type of experiment

Un- 2 hrs.
treated prior to prior to

operation operation

A d renalectom ized , norm al 0 100 100

A d renalectom ized , to le ran t о 16 25

T h e  significance o f  th e  p itu ita ry -a d re n o c o r tic a l system  in th e  n o n -sp ec ific  
re s is ta n c e  of th e  o rg an ism  ju s tif ie s  in v es tig a tio n s  in to  th e  possible c o rre la tio n s  
b e tw e e n  end o to x in  to le ra n c e  an d  th e  second p h a se  o f th e  general a d a p ta t io n  
sy n d ro m e , i.e. th e  p h ase  o f  resistance . A d ren a lec to m ized  an im als h a v e  b een  
fo u n d  to  ex h ib it an  in c re a se d  sen s itiv ity  to  e n d o to x in  ( L e w i s , 1946). In  o u r 
e x p e r im e n ts  even h igh  d ilu tio n s  of en d o to x in  p ro v e d  fa ta l  to  ad ren a lec to m ized  
r a t s ,  w h ereas  doses to  th e  e x te n t  of L D 50 w ere w ell to le ra te d  b y  an im als  w ith  
in d u c e d  to le rance  to  e n d o to x in .

Table V II

Ascorbic acid content o f  adrenal gland in  norm al and endotoxin 
tolerant rats 2 hours fo llow ing  injection  

o f  1 mg/100 g  o f  endotoxin

Ascorbic acid
Type of experiment

content of 
adrenal gland, 
mg per 100 g

Physiological sa line  in trap erito n ea lly 490 ±  52

T o le ran t an im als  w ith  physiological sa line  
in tra p e rito n e a lly 488 ±  30

E n d o to x in  in tra p e rito n ea lly 365 ±  57

T o le ran t an im als  w ith  endotox in  in tr a p e r i 
to n ea lly 478 ±  54
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T h e ad ren a l co rtex  th u s  p lays an  essen tia l role in  in d u c in g  to le ra n c e . 
M ain ten an ce  of it  invo lves, how ever, o th e r m echanism s.

I t  was rem ark ab le  th a t  in  en d o to x in  to le ra n t  ra ts  in jec tio n  o f  e n d o to x in  
fa iled  to  cause a loss in  a d re n a l ascorbic acid . W e have th u s  no ev id en ce  to  
co n n ec t th e  fav o u rab le  e ffec t o f induced  en d o to x in  to le ran ce  on  su rg ica l 
re s is tan ce  w ith  a possible A C T H -ad ren o co rtica l h y p e rfu n c tio n  o r  h y p e r
re a c tiv ity .

D iscussion

T he resu lts  o f th e  p re se n t in v es tig a tio n s  m ay  be sum m ed up  as follow s.
1. A single in jec tio n  o f  en d o to x in  re su lts  in  an  increased  s e n s it iv i ty  to  

en d o to x in  a t  tw o ho u rs , an d  in  a reduced  e n d o to x in  sen s itiv ity  a t  48 ho u rs .
2. Surgical d e a th  ra te  is increased  a t  tw o  hours.
3. T he sensitiz ing  effect fails to  ap p ea r in  en d o to x in  to le ra n t a n im a ls .
4. T here is no ev idence to  connect th e  to le ran ce  w ith  a h y p e rfu n c tio n  

or h y p e rre a c tiv ity  o f th e  A C T H -ad ren o co rtica l sy stem .
O u r p re lim in ary  re su lts  a re  in  line w ith  th o se  of Ab e r n a t h y  (1957) an d  

Ch e d i d  (1964) w ho m ade m ice to le ra n t to  a second dose of e n d o to x in  b y  a 
single in jec tio n  of th e  su b stan ce . Increase  in  non-specific  re s is ta n c e  o f  th e  
an im als  to  in fections, rad io log ica l in ju ry  a n d  tra u m a tic  shock as a fu r th e r  
e ffec t o f  a single in jec tio n , has been  described  b y  v a rio u s observers, as q u o te d  in  
th e  in tro d u c to ry  p a r t  o f th e  p re se n t re p o rt. I t  is h a rd  to  acco u n t fo r th e  re d u c 
tio n  o f non-specific  res is tan ce  p reced ing  its  rise ; we likew ise ignore w h y  in  our 
an im als  th e  p o sto p e ra tiv e  d e a th  ra te  was con sid erab ly  h igher th a n  in  th e  
co n tro ls . The p o sto p e ra tiv e  course m ay  h av e  been  affected  b y  a tr a n s i to ry  
c irc u la to ry  d is tu rb an ce  due to  th e  en d o to x in  effect. B y d e m o n s tra tin g  th a t  
e n d o to x in  fails to  reduce  su rg ica l res is tan ce  in  en d o to x in  to le ra n t a n im a ls , we 
h av e  been  able to  p o in t o u t a fu r th e r  effect o f  en d o to x in  w hich is su p p re ssed  
in  en d o to x in  to le rance  (P e t e r s d o r f , 1964). T h is phenom enon , to o , is l i t t le  
u n d e rs to o d . In c reased  en d o to x in  clearance , en h an ced  R E S  a c tiv ity , a h ig h er 
t i t r e  o f  n a tu ra l an tib o d ies  m ig h t have  a p a r t  in  i t .  O ur view  th a t  th e  A C TH - 
co rtico ad ren a l sy stem  p lay s no essen tia l role in  th e  m ain ten an ce  o f  e n d o to x in  
to le ran ce  is shared  b y  E g d a h l  (1958) an d  Ch e d id  (1964) an d  is c o n s is te n t 
w ith  th e  resu lts  o f Sta rk  (1965) w ho found  a red u ced  A CTH  p ro d u c tio n  b y  th e  
p i tu i ta ry  g land  in  en d o to x in  to le ra n t an im als.

F in a lly , i t  m u st be s tressed  th a t  th e  ad v erse  effect of b a c te r ia l lip o p o ly 
sacch arid es  on resis tan ce , on th e  one h an d , an d  th e  increased  re s is ta n c e , on th e  
o th e r, h av e  im p o r ta n t p ra c tic a l issues in  c lin ica l su rgery . I t  is a lo n g  th ese  
v e ry  lines, i.e. w ith  a view  to  av e rtin g  th is  u n d esirab le  loss o f re s is ta n c e  w hile 
a u g m en tin g  surgical re s is tan ce  b ey o n d  its  n o rm a l lim its , th a t  fu r th e r  s tu d ie s  
are b e ing  pursued .
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INACTIVATION OF PENICILLIN BY SALIVA

By

C. A d l e r - H r a d e c k y , B. K e l e n t e y  and P. A d l e r

D EPA RTM EN T OF STOMATOLOGY AND D E PA R T M E N T  OF PHARMACOLOGY, 
UNIV ERSITY  MEDICAL SCHOOL, D EB R EC E N

(R eceived  S ep tem b er 13, 1965)

T he penicillin  in ac tiv a tin g  effect o f sa liv a  is con sid erab ly  d im in ished  b y  bo iling . 
On th e  a d d itio n  of penicillinase, th e  ad d ed  a m o u n t o f penicillin  is co m ple te ly  d e s tro y ed . 
T h e  bo iled  sa liva-buffer-pen ic illinase  m ix tu re  e x e r ts  a m ore m arked e ffec t th a n  th e  
boiled  sa liv a -b u ffer m ix tu re  does. S hak ing  sa liv a  w ith  d ith izone dissolved in  ch lo ro fo rm  
re su lts  in  an  increase  o f th e  in a c tiv a tin g  c a p a c ity . A sim ilar increase is in d u c e d  by 
sh ak in g  th e  sa liva  w ith  chloroform . In  co m p ariso n  to  m ixed saliva, p a ro tid  sec re tio n  
has a w eak er in ac tiv a tin g  effect.

In  p rev io u s ex p erim en ts  [ I ,  2] i t  has b e e n  show n th a t  saliva o f  so m e a n i
m als as well as o f m an  is capab le  o f in a c tiv a tin g  ce rta in  penicillins. S o m e co n 
n ec tio n  w as d e m o n s tra te d  b e tw een  d e n ta l caries experience  in th e  sa liv a  d o n o rs , 
an d  th e  pen icillin  in a c tiv a tin g  c a p ac ity  o f sa liv a .

Since th e  n a tu re  o f th is  pecu lia r s a liv a ry  fac to r  has no t b een  c la rified , 
fu r th e r  ex p e rim en ts  w ere carried  ou t to  e x a m in e  changes in  th e  p en ic illin  
in a c tiv a tin g  c a p a c ity  on su b jec tin g  th e  s a liv a ry  sam ple  to  d ifferen t t r e a tm e n ts .

M aterials and  m ethods

T w o a n d  a h a lf  m l p o rtio n s of sa liva  w ere co llec ted  fro m  v o lu n ta ry  d o n o rs  (p a tie n ts  
and  n u rse s o f th e  D e p a rtm e n t o f S to m ato logy) in to  f la sk s  co n ta in ing  an e q u a l v o lu m e  of 
p h o sp h a te  b u ffe r  p H  7.2. No a tte n tio n  was p a id  to  th e  o ra l condition  (caries a n d  g ing iva l 
s ta tu s )  o f th e  donors, an d  to  th e  tim e in te rv a l be tw een  th e  la s t  m eal and co llecting  th e  sa liv a . 
A liquo ts o f th e  sa liv a -b u ffer m ix tu re s  w ere su b je c te d  to  d iffe ren t t re a tm e n ts . T h e re a f te r  
c ry sta llin e  p o tass iu m  G -penicillin  was ad ded  to each  a liq u o t, to  a final penicillin  c o n c e n tra t io n  
of 5.0 U /m l.

T he t re a tm e n t  p rocedures are  sum m arized  — to g e th e r  w ith  th e ir effects — in  T ab le  I.
P en ic illin  a c t iv ity  of th e  a liq u o ts  was e s tim a te d  b y  th e  p la te  m ethod. O n e  t e n th  ml 

sam ples w ere p u t  in to  each  well of th e  p la te  p rev io u s ly  in o cu la ted  w ith  spores o f B . sub tilis  
ATCC 6633. A fte r  in cu b a tin g  th e  p la te  fo r 24 hours a t  37 °C, th e  w id th  of th e  in h ib i t io n  rings 
a ro u n d  th e  wrells w as m easu red  to  th e  n e x t 0.5 m m . T h e  b ro a d e r  th e  inh ib ition  r in g , th e  h ig h er 
th e  c o n c e n tra tio n  of penicillin  in  th e  well, an d  th u s  th e  sm alle r th e  in ac tiv a tin g  e ffe c t o f  th e  
sa liv a ry  sam ple . As o u r a im  w as a com parison  of th e  d iffe re n t trea tm e n ts , th e  w id th s  o f  th e  
in h ib itio n  rin g s w ere no t co n v erted  in to  u n its  o f p en ic illin  b u t  were h an d led  s ta tis t ic a l ly  
d irec tly .

R esults

R esu lts  are  sum m arized  in T ab les I  a n d  II .
B oiling  th e  sa liv a ry  sam ple p rio r to  th e  a d d itio n  of penicillin r e s u lte d  in  a 

d im in ished  in a c tiv a tio n  effect. T h is was th e  case w ith  all th e  tr e a tm e n t  p roce-
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d u re s  ap p lied . A to ta l  o f  140 com parisons o f  u n b o iled  an d  bo iled  salivary- 
sam p le s  w ere m ade; in  138 in s tan ces  th e  b o iled  sa m p le  was less in h ib ito ry  th a n  
th e  u n b o ile d  one. I n  tw o  sam ples of d ith izone t r e a te d  saliva no d ifference  w as 
fo u n d  b e tw een  th e  u n b o iled  a n d  boiled sa liv a ry  sam p le . This fin d in g  w as in  fu ll 
a g re e m e n t w ith  ou r fo rm e r experience [1, 2].

A d d itio n  of p en ic illin ase  to  the  m ix tu re  o f  s a liv a  and  bu ffer re su lte d  in  a 
c o m p le te  in a c tiv a tio n  o f  th e  ad d ed  am o u n t o f  p en ic illin . In  th e  f i r s t  e x p e ri
m e n ts  p en ic illin ase -p ro d u c in g  staphylococci w ere  in o c u la te d  in to , an d  in c u b a te d  
w ith , th e  sa liv a -b u ffe r m ix tu re . L a te r a s ta n d a r d  penicillinase p re p a ra t io n

Table I
E ffect o f  different treatm ents on inactivation o f  p e n ic illin  by hum an saliva  

A ) M eans and s ta n d a rd  e rro rs

Code
Treatm ent of the saliva* 

buffer mixture

Number
of

saliva
samples

Width of 
inhibition ring, 
and standard 
error in mm

A No tre a tm e n t =  n a tiv e 40 26.8 ±  0.62

В Boiled 40 32.1 ±  0.50

C Penicillinase, n a tiv e  (unboiled) 40 0

D Penicillinase, bo iled 40 28.6 ±  0.62

E Shaken w ith  d ith izo n e , native  (unboiled) 40 24.3 ±  0.57

F Shaken w ith  d ith izo n e , boiled 40 29.8 ±  0.75

Ex Like E  (in c lu d ed  in  th e  40 sam ples) 20 26.1 ±  0.67

F i Like F  (in clu d ed  in  th e  40 sam ples) 20 33.2 ±  0.80

G Shaken w ith  ch loroform , na tive  (u n bo iled ) 20 27.4 ±  0.37

H Shaken w ith  ch loroform , boiled 20 33.5 ±  0.33

B ) Differences o f m ea n s

Codes 
of samples 
compared

Difference 
and standard error

Codes 
of samples 
compared

Difference 
and standard error

A  -  В — 5.3 ±  0.8*** F t -  H - 0 .3  ±  0.86
C -  D — 28.6 ±  0.62*** E t -  G - 1 .2  ±  0.77
E  -  F — 5.5 ±  0.94***
G -  H — 6.1 ±  0.5*** B -  D 3.5 ±  0.8***

A  -  D - 1 .8  ±  0.88*
A -  E 2.5 ±  0.85** D -  F - 1 .2  ±  0.97
В -  F 2.3 ± 0 .9**
А -  F — 3.0 ±  1.2**

* =  s ta tis tica lly  p ro b ab le  
** =  s ta tis tica lly  v e ry  probab le  

*** =  s ta tis tica lly  sig n ifican t
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T a b le  II

Width o f  inhib ition  rings o f  d ifferen tly  treated aliquots 
o f  identical salivary sam ples

Difference of width in mm
Codes 

of .samples 
compared

more than 
1.0

up to 

10 1
0

up to 
-1 .0

more than 
-1 .0

A -  В n 0 0 2 38

c -  D 0 0 0 0 40

E -  F 0 0 2 1 37

G I I 0 0 0 0 20

A -  E 28 0 2 3 7

В F 28 0 0 7 5

1) -  В 4 2 1 5 28

A -  It 14 2 3 3 18

I f  th e  f irs t  sam ple was m ore in h ib ito ry , th e  d ifference was considered p o sitiv e ; if  th e  
second sam ple  was more in h ib ito ry , th e  d ifference w as considered  negative.

Table III

Inactivating effect o f  hum an m ixed and parotid  saliva

Width of inhibition 
/.one in mm

Source, and treatm ent of salivary sample in examinee No.

1 2 3

M ixed, n a tive 27 32 32

P a ro tid , native 39 39 39

M ixed, boiled 31 35 35
P a ro tid , boiled 40 41 41

P en icillinase-incubated  m ixed , n a tiv e  (unboiled) 0 0 0

P en icillinase-incubated  p a ro tid , n a tiv e  (unboiled) 0 0 0

Penicillinase-incubated  m ixed , boiled 29 23 28

Penicillinase-incubated  p a ro tid , boiled 38 35 35

D ith izone-shaken , m ixed, n a tiv e  (unboiled) 28 25 29

D ith izone-shaken , p a ro tid , n a tiv e  (unboiled) 28 25 31

D ith izone-shaken , m ixed , boiled 32 34 33

D ith izone-shaken , p a ro tid , boiled 33 33 35

M ixed saliva  was collected by  d irec t flow, p a ro tid  sa liva  by  aid of a suc tion  c u p  applied  
to  S ten so n ’s du c t.

{ N eu trap en  R icker) was used  o f w hich 0.8 IT w ere  ad d ed  to each u n i t  o f  p en i
cillin . T h e  m ix tu re  of sa liv a , b u ffe r and  pen ic illinase  w as kept at ro o m  te m p e ra 
tu re  fo r 24 h o u rs , th en  pen icillin  was ad d ed , a n d  th e  m ix tu re  was filled  in to  th e  
wells, p a r t ly  in th e  n a tiv e , an d  p a r tly  in  th e  b o iled  s ta te . The n a tiv e  m ix tu re s
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cau se d  no  in h ib itio n , w hile  w ith  th e  boiled ones m a rk e d  in h ib itio n  zones w ere  
o b v io u s  a f te r  24 hours in c u b a tio n . These w ere n a r ro w e r  th a n  w ith  b o iled  m ix 
tu re s  o f  sa liva  an d  b u ffe r  n o t  conta in ing  p en ic illin ase . The d ifference  w as 
s ig n if ic a n t s ta tis tic a lly . T h e  in ac tiv a tin g  e ffec t o f  th e  boiled sa liv a -b u ffe r- 
p en ic illin ase  m ix tu re  w as, n evertheless, w eak e r t h a n  th a t  of a n a tiv e  sa liv a- 
b u ffe r  m ix tu re , w ith o u t pen ic illin ase ; and  in  som e in s tan ces  the a fo rem en tio n ed  
b o iled  m ix tu re  e x e r te d  a s tro n g e r in a c tiv a tin g  e ffec t th a n  th e  b o iled  (y e t 
o th e rw ise  u n tre a te d )  s a l iv a ry  sam ple.

T h ese  ex p erim en ts  h a v e  proved  th a t  th e  p e c u lia r  sa livary  fa c to r  w as n o t 
p en ic illin ase . No e x p la n a tio n  can be offered  fo r  th e  s ign ifican t in c rease  o f 
in a c tiv a tio n  in  th e  b o iled  m ix tu re  of saliva, b u ffe r , a n d  penicillinase as co m p ared  
w ith  th e  boiled  m ix tu re  o f  sa liv a  and  buffer. D ilu tio n  of a fac to r in  s a liv a  b y  
w h ich  pen icillin  m ig h t be  p ro te c te d , th ro u g h  th e  a d d itio n  of pen ic illinase  m ay  
be  ta k e n  in to  co n sid e ra tio n .

I n  o rd er to  rem o v e  m e ta l traces w hich m ig h t be involved in  d e s tro y in g  
(o r p ro te c tin g )  pen ic illin  in  sa liva , a liquo ts o f  th e  sa liva-buffer m ix tu re s  w ere 
sh a k e n  w ith  0.5 p e r c en t d itliizo n e , d issolved in  chloroform  of w hich  0.5 m l 
w as a d d e d  to  each 5 m l o f  th e  m ix tu re . P en ic illin  w as th e n  added  to  n a tiv e  a n d  
b o iled  sam ples of th e  s u p e rn a ta n t . Sam ples s h a k e n  w ith  d ith izone d isp lay ed  
a m o re  m ark ed  in a c tiv a tin g  effect in  th e  n a t iv e  a n d  in  the  bo iled  s ta te  th a n  
co rre sp o n d in g  sam ples n o t  t r e a te d  w ith  d ith iz o n e . T he d ith iz o n e -tre a ted  b o iled  
s a m p le ’s in a c tiv a tin g  e ffec t w as, how ever, w e a k e r  th a n  th a t  o f th e  n a tiv e  
sa liv a -b u ffe r  m ix tu re . I n  th e s e  com parisons in d iv id u a l sam ples b e h a v e d  d iffe r
e n tly . I n  th e  case o f 10 o f  th e  40 sa livary  sam p les , in a c tiv a tio n  w as m ore  m a rk e d  
■with th e  n a tiv e  m ix tu re  th a n  w ith  the  n a tiv e  d ith izo n e-sh ak en  sam p le , a n d  in  
12 w ith  th e  boiled m ix tu re  th a n  w ith  the  b o iled  d ith iz o n e -tre a ted  one.

S ince by  th e  ab o v e  t r e a tm e n t  no t on ly  th e  m e ta ls  were rem o v ed  fro m  th e  
sp ec im en s b u t  b y  th e  ch lo ro fo rm  used as a so lv e n t also the  lip id s, 20 s a liv a ry  
sam p le s  w ere shaken  o u t  w ith  chloroform  a lo n e  (0.5 m l to  5.0 m l o f th e  sa liv a- 
b u ffe r  m ix tu re ). T he in a c tiv a tin g  effect of th e se  sa liv a ry  specim ens w as s im ila r 
w h e th e r  th e y  w ere s h a k e n  w ith  d ith izone d isso lv ed  in  ch loroform  o r w ith  
ch lo ro fo rm  alone. T h is w as tru e  for b o th  n a tiv e  (unbo iled ) and  b o iled  sam p les .

T hese ex p e rim en ts  h a v e  u n equ ivoca lly  d e m o n s tra te d  th a t  p en ic illin  is 
protected  aga in st d e s tru c tio n  b y  a salivary  fa c to r  w h ich  is of lip id  n a tu re .  M eta ls  
a p p a re n t ly  do n o t p la y  a n y  role in the  p rocess.

As regards th e  so u rce  o f th e  in a c tiv a tin g  fa c to r , our fo rm er e x p e rim e n ts  
p o in te d  to  its  p ro d u c tio n  b y  th e  oral f lo ra . T h is  conclusion w as now  fu r th e r  
s u b s ta n t ia te d  b y  c o m p a rin g  the  in a c tiv a tin g  e ffec t of m ixed sa liv a  a n d  o f  
p a ro t id  sa liva  o b ta in e d  d ire c tly  from  th e  d u c t  b y  a suction  cup . W hile  th e  
m ix e d  sa liva  o f th re e  v o lu n te e rs  exerted  a m a rk e d  in ac tiv a tin g  e ffec t, s ig n if
ic a n t ly  less in a c tiv a tio n  w as exerted  by  th e ir  p a ro t id  saliva, w h e th e r or n o t  th e  
l a t t e r  h a d  been b o iled  (T ab le  I I I ) .
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D iscussion

A ccord ing  to  th e  above fin d in g s, th e  p a r t ly  th e rm o lab ile  p en ic illin 
in a c tiv a tin g  fa c to r  of m ixed  sa liva  seem s to  be a p ro d u c t o f th e  o ra l f lo ra . This 
ex p la in s  th e  d ifferences in  th e  in a c tiv a tin g  e ffec t, induced  b y  d iffe ren t t r e a t 
m en ts . T he fa c to r  is c e rta in ly  d iffe ren t from  p en ic illinase . I t s  a c tio n  seem s to  be 
co n n ec ted  in  som e w ay  w ith  th e  lip id  f rac tio n s  co n ta in ed  in  th e  m ixed  sa liva .
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ACTA M E D IC A

ТОМ XXII -  ВЫП. 1

РЕЗЮМЕ

ХАРАКТЕРИСТИКИ ШУМА ПРИ ЛЕГОЧНОЙ НЕДОСТАТОЧНОСТИ, НЕ 
ОСЛОЖНЕННОЙ ГИПЕРТОНИЕЙ ЛЕГОЧНОЙ АРТЕРИИ И 

ПРАВОГО СЕРДЦА

Дь. ВИЛАГИ, Т. ЛОНЬАИ, К. ЛОЖАДИ и Дь. БОДРОГИ

Шум при недостаточности клапанов легочной артерии не сопровождающейся 
гипертонией правого сердца, можно на основании начала, формы, длительности и частоы 
дифференцировать от шума при недостаточности аортальных клапанов и при функцио
нальной легочной недостаточности (шум Грэхем—Стилля) (рис. 7). По наблюдениям 
авторов отдельные виды приобретенной недостаточности клапанов легочной артерии с 
течением времени могут усиливаться. В связи с расширением легочной артерии может 
возникнуть так называемый феномен Аустин—Флинта. Амилнитрит в общем пригоден 
для распознавания шума недостаточности клапанов легочной артерии, однако, усиление 
его интенсивности наблюдается не во всех случаях. В противоположность этому после 
повторного глубокого вдоха шум всегда усиливается. Авторы устанавливают, что механо
граммы весьма полезны при идентификации шума недостаточности клапанов легочной 
артерии.

ИССЛЕДОВАНИЕ КОНЦЕНТРАЦИИ УГЛЕВОДОВ, СВЯЗАННЫХ К БЕЛКАМ 
СЫВОРОТКИ И ЛИМФЫ ПРИ ЭКСПЕРИМЕНТАЛЬНО ВЫЗВАННОМ

ВОСПАЛЕНИИ

Л. ВАРГА, И. ПИУКОВИЧ, Т. Э. ЗОЛТАН, М. ГАБОР и М. ФЁЛЬДИ

В полном согласии с литературными данными, авторы наблюдали, в опытах на 
животных при воспалении, вызванном скипидаром, повышение уровня гликопротеидов 
в сыворотке. Параллельно повышению концентрации сывороточных гликопротеидов 
повышается также в грудном протоке содержание углеводов, связанных к белкам. Содер
жание гликопротеидов в шейном стволе, происходящем из области воспаления, было по 
истечении 24 и 48 часов достоверно ниже, чем в сыворотке или в грудном протоке. На 
основании этих результатов полагается, что в области воспаления организм удерживает 
гликопротеиды, в целях использования их для процессов регенерации.

СТЕРОИДНЫЙ ОБМЕН ЧЕЛОВЕЧЕСКОЙ КОЖИ И ВОЛОСЯНОГО ПОКРОВА 
В НОРМЕ И В ПАТОЛОГИЧЕСКИХ УСЛОВИЯХ

I. Хромогены Циммермана в коже здоровых женщин и при гирсутизме

М. ЮЛЕС, И. ФАРЕДИН и И. ТОТ

Исследовались хромогены Циммермана в коже, вырезанной из кожи живота (без- 
волосной) и из волосатой кожи лобка эндокринологически здоровых женщин. По резуль
татам исследований как волосатая, так и безволосная кожная ткань содержит хромогены 
Циммермана, причем в волосатой кожной ткани количество этих хромогенов значительно 
выше.

В волосатой коже живота и в лобковой кожной ткани женщин с гирсутизмом 
хромогены Циммермана можно выявить в значительно большем количестве, чем в соот
ветствующих контрольных тканях.
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Вытяжки кожи исследовались методом хроматографии на бумаге и на тонких 
слоях. При хроматографии на тонком слое кремнистого геля Г было выявлено значитель
ное количество холестерина и ряд стероидов, присутствующих в меньшем количестве. 
На слое окиси алюминия удалось выявить несколько 17-кетостероидов. Идентификация 
и выяснение роли этих стероидов проводится в настоящее время.

СТЕРОИДНЫЙ ОБМЕН ЧЕЛОВЕЧЕСКОЙ КОЖИ И ВОЛОСЯНОГО ПОКРОВА 
В НОРМЕ И В ПАТОЛОГИЧЕСКИХ УСЛОВИЯХ

II. Новые методы для исследования содержания холестерина в человеческой коже и
волосяном покрове

И. ТОТ, И. ФАРЕДИН и М. ЮЛ ЕС

Исследовались вытяжки человеческой кожи и волос при помощи методов хрома
тографии на столбе и на тонких слоях. Установлено, что кожа и различные волосы содер
жат значительное количество холестерина. В хроматограммах на тонких слоях был 
выявлено, что эти органы, помимо холестерина, содержат еще и другие стероиды.

Авторы разработали метод для определения количества «общего холестерина» в 
небольших количествах человеческой кожи и волос. При помощи нового метода проводи
лись параллельные исследования на образцах человеческой кожи и различных волос. 
Отклонения между параллельными исследованиями не превысили 12,5%. При этом методе 
добавленный холестерин в каждой фазе исследования (щелочная обработка, экстраги
рование, хроматография на столбе флорисила) можно получить обратно с 92%-ным вы
ходом.

СТЕРОИДНЫЙ ОБМЕН ЧЕЛОВЕЧЕСКОЙ КОЖИ И ВОЛОСЯНОГО ПОКРОВА 
В НОРМЕ И ПРИ ПАТОЛОГИЧЕСКИХ УСЛОВИЯХ

III. Содержание холестерина в коже и волосяном покрове здоровых женщин и женщин 
страдающих гирсутизмом, а также в волосяном покрове здоровых мужчин

И. ФАРЕДИН, И. ТОТ и М. ЮЛЕС

Исследовалось общее содержание холестерина в коже и волосяном покрове здоро
вых женщин и женщин с гирсутизмом, а также в волосяном покрове здоровых мужчин. 
Установлено, что в лобковой коже здоровых женщин и больных гирсутизмом содер
жание холестерина больше, чем в коже живота. Выявлено также, что волосы содержат 
большое количество холестерина, и что у здоровых женщин и мужчин бол ше всего 
холестерина содержится в подмышечных волосах. Волосы, появляющиеся при гирсутизме 
и отсутствующие у здоровых женщин содержат весьма большое количество холестерина. 
На основании результатов исследований кажется, что АКТГ не вызывает эффекта на 
содержание холестерина в волосах.

СТЕРОИДНЫЙ ОБМЕН ЧЕЛОВЕЧЕСКОЙ КОЖИ И ВОЛОСЯНОГО ПОКРОВА 
В НОРМЕ И ПРИ ПАТОЛОГИЧЕСКИХ УСЛОВИЯХ

IV. Нейтральные 17-кетостероиды в волосяном покрове человеческого тела 
М. ЮЛЕС, И. ФАРЕДИН и И. ТОТ

Исследовались вытяжки волос здоровых мужчин и женщин, а также женщин, 
страдающих гирсутизмом. Выявлено, что волосы, подмышечные, лобковые волосы жен
щин и мужчин содержат 17-кетостероиды, и что среди этих видов волос больше всего кето- 
стероидов содержат подмышечные волосы. Дегидроандростерон и его артефакт — 3-хлоро- 
дегидроандростерон — идентифицировались различными методами хроматографии на 
тонких слоях и различными цчетовыми реакциями. В волосах женщин, страдающих 
гирсутизмом, были выявлены два 17-кетостероида с такой низкой величиной Rf, которую
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не удалось обнаружить в волосах здоровых женщин. При лечении АКТГ не было от
мечено изменения по сравнению с качественной картиной волос, определенной до начала 
лечения.

ИССЛЕДОВАНИЯ МУКОПОЛИСАХАРИДОВ В СЫВОРОТКЕ ПРИ 
ЭКСПЕРИМЕНТАЛЬНОМ АЛЛОКСАНОВОМ И СТЕРОИДНОМ ДИАБЕТЕ

Л. ЯКАВ, М. БРЕТАН, Я. Ф ЕХЕР и Л. КАММЕРЕР

При помощи введения аллоксана, кортизона и аллоксана +  кортизона авторы 
вызывали у кроликов экспериментальный сахарный диабет и исследовали изменения 
нейтральных фракций мукополисахаридов (гексозы, гексозамина, сиалиновой кислоты 
и серомукоида). Установлено, что при аллоксановом диабете повышается концентрация 
гексозы и серомукоида. При диабете, вызванном совместной дачей аллоксана корти
зона, изменения мукополисахаридов в сыворотке более близки к изменениям, наблю
даемым при стероидном диабете. Морфологические изменения наиболее тяжелые после 
совместной дачи аллоксана +  кортизона и не происходят параллельно изменениям 
концентрации отдельных фракций нейтральных мукополисахаридов в сыворотке.

МЕХАНИЧЕСКИЕ ПРИЗНАКИ НЕДОСТАТОЧНОСТИ СЕРДЦА

Дь. БОДРОГИ, Г ДИОШСИЛАДЬИ и К. КОЧИШ

При недостаточности сердца на венозной кривой (а) после зубца Р зубец давления 
появляется раньше, чем в норме. Причиной укорочения зубца Р является то, что помимо 
наблюдаемой в норме зубца объема (а) имеется также зубец давления, который, так как 
его скорость распространения значительно выше, появляется раньше. По мнению авторов 
при декомпенсации сердца появление зубца давления, вызывающего укорочение зубца Р- 
обуславливается повышением наполнения желудочков в конце диастолы, то есть повы
шением давления в конце диастолы.

Наблюдения авторов, сделанные при исследовании других кривых и кривой дав
ления, измеренной в полости предсердия, а также литературные данные доказывают 
что более раннее появление зубца венозной кривой (а) наблюдается в условиях повышен
ного желудочкового давления во время предсердного действия.

ДЕЙСТВИЕ РАДИОТЕРАПИИ НА РЕЗУЛЬТАТ ТУБЕРКУЛИНОВОЙ ПРОБЫ

К. ПОНГОР и Дь. ПЕТРАНЬИ

Согласно результатам исследований, проводившихся у больных гипертиреозом и 
полицитемией, при даче 4,5—10 /<С J131 или 4—5 /гС Р32 результат туберкулиновой пробы 
не изменяется.

ДЕЙСТВИЕ ПРЕДВАРИТЕЛЬНОЙ ДАЧИ ЭНДОТОКСИНА НА 
ОПЕРАЦИОННУЮ СМЕРТНОСТЬ ПОДОПЫТНЫХ ЖИВОТНЫХ

П. КЕРТАИ, К. УЙХЕИ и Й. ГЕРХАРДТ

После впрыскивания эндотоксина S e rra tia  m arcescens уменьшается резистент
ность подопытных животных в отношении операционной нагрузки. По истечении 48 
часов после впрыскивания эндотоксина сопротивляемость животных нормализуется. 
Предварительная дача эндотоксина в течение недели предотвращает уменьшение резис
тентности. В развитии резистентности определенную роль играет система гипофиз-кора 
надпочечников, но в поддерживании резистентности следует считаться с другим меха
низмом.
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НОВЫЕ ЭКСПЕРИМЕНТЫ ПО ИССЛЕДОВАНИЮ ИНАКТИВИРУЮЩЕЙ 
СПОСОБНОСТИ СЛЮНЫ В ОТНОШЕНИИ ПЕНИЦИЛЛИНА

Ц. АДЛЕР-ХРАДЕЦКИ, Б. КЕЛЕНТЕИ и П. АДЛЕР

Кипячение в значительной мере снижает способность слюны инактивировать 
пенициллин. При добавлении пенициллиназы смешенный со слюной пенициллин можно 
полностью инактивировать. Однако прокипяченная смесь слюны—буферного раствора — 
пенициллиназы инактивирует добавленный к слюне пенициллин более сильно, чем про
кипяченная смесь слюны и буферного раствора. После встряхивания слюны с дитизоном, 
растворенном в хлороформе, повышается инактивирующая способность слюны в отно
шении пенициллина. Если слюну встряхивать лишь с хлороформом, получается такое 
же повышение ее инактивирующей способности. По сравнению со смешанной слюной 
инактивирующая способность слюны, полученной при помощи присоса из протока око
лоушной железы, оказалась меньшей.
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T he effects o f m ethy lcellu lose  an d  of S. typ h i  end o to x in  have been s tu d ie d  in 
dogs. B o th  su b stan ces given se p a ra te ly  o r to g e th e r  hav e  been  found  to  cau se  m o n o 
cy tosis , e n d o to x in  h ad  m oreover an  an aem iz in g  effect. Purified  en d o to x in  fa iled  to  
a tte n u a te  p u lm o n a ry  a r te r it is  a n d  p e r ia r te r ia l g ran u lo m as as did in  earlie r e x p e rim e n ts , 
f i lte re d  E. coli b ro th  cu ltu res . No histo log ical changes due to  en d o to x in  w ere d e m o n 
s tra b le  in  th e  va rio u s system s. M ethylcellu lose was in ten siv e ly  s to red  in  th e  R E S  
o f th e  liver, still m ore of th e  spleen an d  fo rm ed  sp h ero id  deposits in th e  re n a l g lom eru li. 
I n  th e  k id n ey s of an im als tre a te d  w ith  en d o to x in  a n d  m ethy lcellu lose  to g e th e r , th e  
re n a l deposits  were d is tin c tly  reduced . T he su b s tan ces  affec ted  th e  p h y sico ch em ica l 
s tru c tu re  of th e  serum  p ro te in s an d  lip o p ro te in s in  a sim ilar m anner. C om bined  a d m in 
is tra t io n  of th e  tw o sub stan ces w as fo und  to  a tte n u a te  th e  q u a n ti ta t iv e  ch an g es in  
th e  p ro te in  an d  lip o p ro te in  p a tte rn s . F if teen  o u t  o f  26 p a tie n ts  w ith  d y sp ro te in a e m ia  
d isp lay ed  a c h arac te ris tic  a b n o rm a lity  m ark e d  b y  th e  app earan ce  of th ree  l ip o p ro te in  
frac tio n s  on  th e  lip o p ro te in o g ram , a n d  a  b lu rred  p re c ip ita tio n  b an d  in  th e  im m u n e  
e lec tro p h o re tic  p a tte rn .

I t  has been show n [3, 4] th a t  so lu tions o f  m ethylcellu lose (Me) in je c te d  
in tra p e r ito n e a lly  are  s to red  in , an d  induce  h y p e r tro p h y  o f th e  R E S . P ro tra c te d  
in tra v e n o u s  m ethy lce llu lose  tr e a tm e n t o f dogs leads to  p ro life ra tiv e  in f la m 
m a tio n  an d  p e riv ascu la r g ran u lo m ato u s changes of, th e  p u lm o n a ry  vessels 
asso c ia ted  w ith  ab n o rm al serum  p ro te in  an d  se ru m  lip id  p a tte rn s , as rev ea led  
b y  p ap er-e lec tro p h o re tic  and  im m u n e-e lec tro p h o re tic  stud ies [2]. M e th y l
cellulose being  a su b stan ce  foreign to  th e  o rgan ism , we in ten d ed  to  s tu d y  th e  
effect o f  a m acrom olecu lar su b stan ce  w hich  m ay  occur n a tu ra lly  in th e  o rg a n 
ism , as for in stan ce  b ac te ria l en d o to x in . T h e  f i l t r a te  of a b ro th  c u ltu re  of
E . coli is a com plex  su b stan ce  c o n ta in in g  en d o to x in . W hen dogs w ere t r e a te d  
w ith  b o th  such  a f i l t ra te  an d  m ethy lce llu lo se , th e  in tra v a sc u la r  an d  p e ri
v a sc u la r  changes induced  b y  th e  la t te r  su b s ta n c e  w ere found to  b e  s lig h te r  
th a n  w ith o u t en d o to x in  [5, 6]. T he p rob lem  arose  w h e th e r th e  e ffec t w as due 
to  th e  en d o to x in  or to  o th e r su b stan ces p re se n t in  th e  b ro th .

E n d o to x in s  are  lipopo lysaccharides o f  b a c te ria l origin [7, 40] w h ich  p ro 
duce a v a r ie ty  o f phenom ena, such  as v aso co n stric tio n  an d  v a so d ila tio n , 
local a n d  general S h w artzm an  p h enom enon  w ith  b ila te ra l c o rtic a l n e c ro 
sis o f th e  k idneys [38], s tim u la tio n  o f  R E S -phagocy tosis  [26], re d u c tio n  o f 
th e  p la sm a  fib rinogen  level [39], in d u c tio n  o f fib rino lysis [24, 25], endogenous
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re lea se  o f  h ep arin  [28, 29, 33]. C ats an d  dogs a re  im m une  to  th e  a c u te  to x ic  
effec ts  o f  en d o to x in  [38].

T h e  in v estig a tio n s to  be rep o rted  in  th e  p re se n t p ap er have  b een  co n 
ce rn e d  w ith  th e  se ru m  p ro te in  an d  lip id  p a t te rn  u n d e r th e  effect o f m e th y l-  
ce llu lose an d  p u rified  b a c te r ia l  en d o to x in . I t  h as  b een  fu rth e rm o re  in v e s tig a te d  
w h e th e r  th e  in fluence  o f  p u rif ie d  en d o to x in  on th e  p ro life ra tiv e  m ethy lce llu lo se  
in d u c e d  changes o f  th e  p u lm o n a ry  a rte ries is s im ila r to  th a t  of f ilte re d  E . coli 
b r o th  cu ltu res . T he effects o f  th ese  su b stan ces  on  b lood  coun ts as w ell as on 
th e  h isto log ica l s tru c tu re  o f  th e  k idneys, liv e r  a n d  spleen in dogs h a v e  also 
b e e n  s tu d ie d .

S ince b o th  su b s ta n c e s  are capab le  o f  in d u c in g  h y p erp lasia  o f th e  R E S  
p a ra lle l w ith  changes in  th e  serum  p ro te in  a n d  lip id  p a tte rn s , we fo u n d  it  
o f  in te r e s t  to  s tu d y  th e  b lo o d  lip ids an d  p ro te in s  also in  h u m an  d isease asso
c ia te d  w ith  h y p e rp la s ia  o f  th e  R E S  or its  g ra n u la tio n  (reticuloses).

M ateria l and  m ethods

T h ir ty  m ongrel dogs of b o th  sexes w eighing b e tw een  9 a n d  12 kg an d  k e p t on  a  m ix ed  
d ie t  w ere  u sed . E ig h t an im a ls  rece iv ed  2.5 ml p e r kg  b o d y  w e ig h t o f a 1 pe r c en t so lu tio n  of 
m eth y lce llu lo se  in tra v en o u s ly  tw ice  w eekly. Six a n im a ls  w ere tre a te d  in tra v e n o u s ly  w ith  
10 /tg  p e r  kg  b o d y  w e igh t o f  p u rif ie d  b ac te ria l en d o to x in  in  a  s te rile  saline so lu tion . T h e  en d o 
to x in  w as o b ta in e d  fro m  th e  0 : 901 s tra in  of S. ty p h i , b y  e x tra c tio n  accord ing  to  B o i v i n  
a n d  M e s r o b e a n u  a n d  fu r th e r  p u rif ic a tio n  by  a lcoholic  p re c ip ita tio n . T he a m o u n t re leas in g  
a  S h w artz m a n -rea c tio n  w as 3 /tg . F u r th e r  6 dogs rece iv ed  in je c tio n s  of en d o to x in  in  th e  above 
doses tw ice  w eekly, on  th e  d a y s  su b seq u e n t to  th o se  on  w h ich  m ethylcellu lose  h a d  b een  g iven. 
T h e  10 co n tro ls  rece ived  2.5 m l p e r kg  bod y  w e ig h t o f sa line  in tra v en o u s ly  tw ice  w eek ly . 
S a m p lin g s  w ere done before  a n d  a f te r  tr e a tm e n t.  B lood  w as co llected  in  p las tic  tu b e s  o r sili- 
co n ed  g lass tubes.

B lood  ch em istry  in c lu d e d  1. se rum  to ta l  p ro te in s  b y  th e  b iu re t reac tio n , 2. p ro te in  
f ra c t io n s  b y  p a p e r e lec tro p h o resis , 3. p ro te in -b o u n d  h exose  b y  th e  m eth o d  of Sta r y  e t a l., 
4. s e ru m  g lu tam ic  o x a lace tic  tra n sa m in a se  (SGOT) b y  th e  m e th o d  of D u ba ch , 5. th y m o l te s t  
a cc o rd in g  to  Maclagan , 6. se ru m  to ta l  lip ids b y  th e  m e th o d  o f K u n k e l  et al., 7. lip o p ro te in  
f ra c t io n s  b y  p ap er e lec tro p h o resis , 8. se rum  to ta l  ch o leste ro l b y  th e  m eth o d  of Zla t k is  et al., 
9. p h o sp h o lip id s  b y  th e  m e th o d  of Y o un g burg  a n d  Y o u n g b u r g , and  10. free f a t ty  acids 
b y  th e  m eth o d  of D o l e . T h e  v a lu e  fo r to ta l  p ro te in  w as ca lcu la te d  b y  m eans of a B e c k m a n — 
S p inco  ph o to ce ll a p p a ra tu s  d ev ised  fo r ev a lu a tio n  o f p a p e r  e lectrophoresis.

I n  ad d itio n  to  th ese , th e  re d  b lood  cell, w h ite  b lo o d  cell, p la te le t  an d  d iffe ren tia l c o u n ts  
w ere  e s tim a te d .

R e su lts  o b ta in ed  b efo re  a n d  a f te r  t r e a tm e n t w ere  e v a lu a te d  b y  S tu d e n t’s t - te s t .
A t th e  conclusion  of t r e a tm e n t  th e  an im als w ere k illed  b y  a ir  em bolism . T he in te rn a l 

o rg an s  (h e a r t ,  k idneys, lu n g , sp leen , liver) were w eighed , th e ir  specim ens em bed d ed  in  p a ra f f in  
a n d  s ta in e d  w ith  h aem ato x y lin -eo sin  fo r h isto log ical s tu d y . T he k idneys of th e  dogs w hich  
h a d  b e e n  tre a te d  w ith  m eth y lce llu lo se  an d  m eth y lce llu lo se  -j- en d o to x in , w ere s ta in e d  w ith  
Congo re d  [22]. T he an im als  d id  n o t  d isp lay  an y  sig n ific a n t c irc u la to ry  change in  th e  course  o f 
th e  s tu d ies . T em p era tu res  reach in g  peaks o f 40°C w ere n o te d  2 to  4 hours a f te r  th e  in je c tio n .

I n  a  n u m b er o f an im a ls  th e  lip o p ro te in s w ere s tu d ie d  b y  u ltra ce n trifu g a l an a ly sis  fo r 
th e  d e te rm in a tio n  of G o fm an ’s S f-values, using  a P h y w e  131 ty p e  centrifuge. I n  one an im a l o f 
eac h  g ro u p  tre a te d  w ith  m eth y lce llu lo se , physio logical sa line , m ethy lcellu lose  a n d  e n d o to x in  and  
e n d o to x in  alone, lip id  e x tra c ts  o f  th e  serum  w ere su b je c te d  to  th in -la y e r c h ro m a to g ra p h y  in  
silicagel m ed iu m  in  a  ch lo ro fo rm -m eth an o l, 2 : 1 v /v  p h a se  before  and  a fte r  t r e a tm e n t.  T he 
la y e r  th ic k n e ss  o f th e  silicagel (G . M erck) was a ro u n d  0.25 m m . T he lay er w as a c t iv a te d  a t  
110°C d u rin g  25 m in u te s . T he c h ro m a to g ram  w as ev o lv ed  in  p e tro le th e r-e th e r-a ce tic  acid  
90 : 10 : 1 v /v . T he fro n t w as ru n  to  a d istan ce  of 15 cm . T h e  sp o ts  were developed b y  p h o sp h o - 
m o ly b d e n ic  acid  an d  su b seq u e n t h e a tin g  to  110°C [32, 35].
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In  26 p a tie n ts  w ith  d y sp ro te in a e ra ia , serum  p ro te in s  a n d  lip ids w ere s tu d ied  b y  p a p e r 
e lectrophoresis an d  im m u n e  e lectro p h o resis, according to  G r a b a h  an d  W i l l ia m s  as m odified  
b y  S h e i d e g g e r . P a p e r e lec tro p h o resis  w as carried  o u t on  Sch leicher an d  Schiill’s ty p e  2043 В 
p ap er, in  a  veronal buffer o f 0.1 ionic  s tre n g th  a t  p H  8.6, fo r 16 h o u rs  a t  250 V; c u r re n t  in te n 
sity  per s tr ip  was 1.5 to  2.0 m A. F o r p ro te in  e lectrophoresis 0 .02, fo r lip o p ro te in  e lectro p h o resis 
0.05 ml blood serum  w as used . P ro te in s  were s ta in e d  w ith  acid  fuchsin , lip o p ro te in s w ith  
S u d an  b lack  (a fte r S w a h n ). F o r im m u n e  p re c ip ita tio n , a n tih u m a n  ra b b it  se rum  w as used . 
T he sy s tem  was ru n  on an  agar-ge l m edium .

R esults

A )  A n im a l experim ents

In  th e  m ethy lce llu lose  g ro u p , th e  R BC, W BC an d  p la te le t co u n ts  rem a in ed  
essen tia lly  unch an g ed . T h e  av erag e  ab so lu te  ly m p h o c y te  co u n t show ed a 
decrease, th e  m on o cy te  co u n t, an  increase from  66 to  401. In  th e  e n d o to x in  
group  R BC show ed a red u c tio n  b y  1,200,000, th e  W BC a rise from  6600 to  
8600; th e  rise  in  th e  m o n o cy te  co u n t from  33 to  582 w as re m ark ab le . In  th e  
group  tre a te d  w ith  m ethy lce llu lo se  an d  en d o to x in  a s lig h t red u c tio n  o f th e  
RB C  (by  500,000) a n d  th e  ly m p h o cy te  co u n t asso c ia ted  w ith  a rise  from  22 
to  359 o f  th e  m on o cy te  co u n t occu rred . No s ig n if ican t changes in  th e  b lood  
co u n ts  o f  th e  con tro l an im als  w ere found  a t  th e  conclusion  o f tr e a tm e n t.  
R esu lts  for b lood co u n ts  are  p re sen ted  in T ab le  I .  No s ta tis tic a l e v a lu a tio n  
has been  carried  o u t.

Table I

Blood counts. M ean  values before and after treatment

Before treatment

Treatment 
No. of animals RBC WBC Platelet Differential count (abs. numbers)

mill. thousand
Meta«
myel.

Band
Form Segm. Eo Ly Mo

M ethylcellulose 8 5.37 7120 195 0 100 4446 108 2400 66

E n d o to x in  6 5.7 6600 206 0 99 3861 132 2475 33

M ethylcellulose +  endo
to x in  6 5.4 7500 226 7 120 4455 8 2888 22

Physiological saline 10 5.6 7100 247 7 280 4210 85 2518 0

After treatment

M ethylcellulose 8 5.42 7300 230 88 n o 4742 117 1842 401
E n d o to x in  6 4.5 8600 238 54 54 4953 137 2820 582

M ethylcellulose -f- endo
to x in  6 4.9 6200 228 93 93 3999 186 1470 359

Physiological saline 10 5.6 7200 260 73 187 4484 144 2168 144
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T h e  histo logical s tu d ie s  show ed a d is tin c t s to rag e  o f m eth y lce llu lo se  in 
th e  R E S  elem ents, p a r t ic u la r ly  in  th e  liv er an d  sp leen , b o th  in  an im als  tre a te d  
w ith  m ethy lce llu lo se  an d  in  th o se  w ith  m ethy lce llu lo se  an d  e n d o to x in . In  th e  
sp le e n  th e re  was an  in c re a se d  n u m b er o f  h is tio cy te s  w ith  a c h a ra c te ris tic  
fo a m y  p ro to p lasm . S to rag e  w as assessed b y  th e  re la tio n  o f liv e r  an d  spleen

Table II

S ta tistica l evaluation by S tudent's t-test 

G roups II , III,  a n d  IV have  been  co rre la ted  w ith  group I.

w e ig h t to  to ta l  bo d y  w e ig h t. E n la rg e m e n t o f  th e  spleen in  re la tio n  to  th e  
c o n tro ls  w as n o tab le  in  th e  an im als tr e a te d  w ith  m ethy lce llu lo se  an d  still 
m o re  so in  those w hich  h a d  received  m ethy lce llu lo se  an d  en d o to x in . L iver 
w e ig h t  show ed no s ig n if ic a n t change (T able I I ) .  P ro life ra tiv e  a r te r ii t is  and  
p e r iv a s c u la r  g ranulom as in  th e  lungs described  earlie r b y  us [3] w ere p re sen t 
in  e v e ry  in stance . T h e  m eth y lce llu lo se  deposits  in  th e  g lo m eru la r cap illa ry  
lo o p s  w ere  m ost consp icuous. F ig . 1 shows a d eg en e ra ted  sh ru n k en  g lom erulus 
w ith  m ethy lce llu lose  d e p o s its . Congo red  s ta in in g  disclosed th e  p resence  o f 
m e th y lce llu lo se  globules o f  v a rio u s  sizes in  th e  m a jo rity  o f th e  g lom erules in 
a ll s e c tio n s . The deposits  h a d  con sid erab ly  d am ag ed  th e  n e ig h b o u rin g  loops.

I n  th e  anim als t r e a te d  w ith  en d o to x in  a lone , th e re  w as no v a sc u la r  or 
s y s te m ic  change. In  dogs t r e a te d  w ith  m ethy lce llu lo se  an d  en d o to x in , p u l
m o n a ry  a rte riitis  an d  g ra n u lo m a to u s  p e r ia r te r iitis  o f th e  sam e e x te n t  was 
fo u n d  as in  those w hich  h a d  received  m ethy lce llu lo se  alone, in  o p p o sitio n  to  
o u r  p re v io u s  observa tions w ith  E . coli f i l t r a te  [5, 6].
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In  th e  glom erules o f  an im als  tre a te d  w ith  m ethy lce llu lose  an d  en d o to x in  
h aem ato x y lin -eo sin  s ta in in g  failed  to  rev ea l m ethy lce llu lose  d ep o sits  an d  th e  
glom erules w ere p ra c tic a lly  u n a ffec ted , w ith  th e  excep tion  o f  a sing le  dog 
w hich  show ed th ick en in g  o f B ow m an’s capsu le  in  a single g lom eru lus (F ig . 2). 
Congo red  s ta in in g  rev ea led  m ethy lce llu lo se  s to rag e  in  th e  g lom eru les o f  an i
m als tre a te d  w ith  m ethy lce llu lo se  and  e n d o to x in , neverthe less th e  p ic tu re

F ig . 1. H isto logic a p p ea ran c e  of a glo
m eru lu s in  a dog a f te r  t r e a tm e n t  w ith  
m ethy lcellu lose . S phero id  d ep o sits  of 
m ethy lce llu lose  a re  seen in  th e  g lom e
ru la r  loops (h aem ato x y lin -eo sin , X 300)

F ig . 2. G lom erulus o f a dog a f te r  com 
b ined  a d m in is tra tio n  of m e th y lce llu lo se  
a n d  S. typ h i  e n d o to x in , w ith  p ra c tic a lly  
no s tru c tu ra l  change an d  s lig h t m eth y l-  
cellulose deposit (h a em ato x y lin -eo sin , 

X300)

was e n tire ly  d iffe ren t from  th a t  seen a f te r  exclusive dosage o f m e th y lce llu lo se ' 
M ost glom erules co n ta in ed  m ethy lce llu lose  d eposits , b u t  th e  su b s ta n c e  occurred  
in  th e  form  of fine  g ran u les ; la rge  c lum ps w ere ra re . T he o rg an s o f  contro l 
an im al No. 10 show ed no s ig n ifican t change.

F ig . 3 shows th e  serum  p ro te in  an d  lip o p ro te in  e lec trophoresis  o f  a norm al 
an d  o f a m ethy lcellu lose t r e a te d  dog [15]. T he serum  p ro te in  p a t te r n  a fte r 
m ethy lce llu lose  t r e a tm e n t show ed in ten s iv e  b e ta -  an d  g am m a-g lo b u lin  spots, 
th e  serum  lip ids d isp lay ed  th re e  lip o p ro te in  b an d s . In  th e  se ru m  o f  th e  o ther 
7 dogs w hich  h a d  rece iv ed  m ethy lce llu lo se , increase  in  b e ta -  a n d  g am m a
g lobu lins w as less m ark ed .

T ab le  I I I  p resen ts  a q u a n ti ta t iv e  analy sis  o f serum  p ro te in s . A d m in is tra 
tio n  o f m ethy lce llu lose  re su lte d  in  a s ig n if ican t red u c tio n  o f  a lb u m in , a signif
ic a n t rise o f a lp h a-g lo b u lin , and  a less s ig n if ican t rise o f b e ta -  a n d  gam m a-
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Table III
E ffec t o f  treatments on serum  pro te ins

g lo b u lin s . E ndo tox in  re d u c e d  a lbum in  s ig n ifican tly , increased  a lpha-g lobu lin  
to  th e  sam e, and  g am m a-g lo b u lin  to  a so m ew h a t g re a te r  e x te n t, th a n  d id  
m eth y lce llu lo se . On th e  co m b in ed  a d m in is tra tio n  o f  th e  tw o su b stan ces th e  
re d u c tio n  of album in w as less m arked , w hile a lp h a - an d  gam m a-g lobu lins
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show ed p rac tica lly  no increase , — in brief, a ten d en cy  to  n o rm a liz a tio n  was 
recognizable  in th e  p ro te in  p a tte rn .

T ab le  IV  p resen ts d a ta  for serum  lip id s. F o r som e u n k n o w n  reason , 
possib ly  upon  th e  in fluence  o f  som e s tre sso r su b stan ce , to ta l  lip id  v a lu es  were 
con sid erab ly  ra ised  in all fo u r g roups. M ethylcellu lose red u ced  th e  to ta l  chol-

F ig . 3. P ap e r e lectrophoresis o f serum  p ro te in s  (15) a n d  lip o p ro te in s (15) o f a  dog  a f te r  m ethy l- 
cellulose tr e a tm e n t,  a n d  o f a n o rm al dog

este ro l values an d  le ft th o se  o f  th e  phospho lip id s and  free f a t t y  ac id s u n a f
fec ted . No sign ifican t change in  th e  serum  lip id  frac tions w as in d u c e d  e ither 
b y  en d o to x in  alone or b y  th e  com bined  a d m in is tra tio n  o f th e  tw o  su b stan ces.

T ab le  V reg isters  th e  values for p ro te in -b o u n d  hexose, SG O T , an d  the 
th y m o l te s t . A d m in is tra tio n  o f en d o to x in  alone o r in  co m b in a tio n  w ith  m ethyl- 
cellulose caused  a s ig n ifican t re d u c tio n  o f  SG O T w ith in  th e  n o rm a l range.

As seen in  T ab le  V I, in  4 o u t  o f 8 an im als tre a te d  w ith  m e thy lce llu lo se , 
in  3 o u t o f 6 an im als t r e a te d  w ith  en d o to x in , an d  in  4 o u t o f 6 a n im a ls  tre a te d  
w ith  th e  tw o su b stan ces, a t r ia d  o f  lip o p ro te in  frac tio n s a p p e a re d . U pon  the 
a d m in is tra tio n  o f m ethy lce llu lo se , a lp h a-lip o p ro te in s  show ed a s ig n if ic a n t rise, 
w hile b e ta -lip o p ro te in s  a fall. E n d o to x in  caused  no q u a n t i ta t iv e  change in 
th e  lip o p ro te in  level an d  in  co m b in a tio n  w ith  m ethy lce llu lose  i t  red u ced  the 
a lp h a -lip o p ro te in  level an d  ra ised  th a t  o f  b e ta -lip o p ro te in s . C om bined  adm in 
is tra tio n  o f th e  tw o su b stan ces th u s  h ad  an  effect opposite  to  t h a t  o f  m e th y l
cellulose on lip o p ro te in s . T ab le  V I also show s th e  am o u n ts  o f  a lp h a j- and 
a lp h a 2-lipopro te ins; th ese  h av e  n o t  been e v a lu a te d  s ta tis tic a lly .
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Table IV

E ffe c t o f  treatment on serum  lip id s

I. Methylcellulose (8 dogs )

p<0,02  

Total lipids

p <0,02

Total lipids

p<0,01

M mol/ml

Cholesterol Phosphor - 
lipids 20

15-

10
5-

Free fatty 
acids

P < 0,02 P > 0.10 

IT. Endotoxin (6 dogs)
mg %

2500- 500-

2000- 400-

1500- 300-

1000-
T~>NT CDCDto 200-+l

500- CDCDCDCm
CDNrCoОм

100-

Cholesterol F/ipiifs°'' M mot/mt
— 20-

15-

£>'
05 CD

5?
CDrv.'<Nj

10-

+l<o COCD 05UD ■ЦNT 5-
CD

p > 0.Ю

acids

1
CD<oCD'

$
■SL

■Цio

mg /» 
500-

400-

300

200-

100-

p  > 0,10 p> 0,10

. Methylcellulose + endotoxin ( 6 dogs )

p  < 0,10

Cholesterol P!'°sffhor- M mot/mt

20-

15-

Cm

■4
CD_
■Ц

CDCm
05CD+-I

10-

5-
§05 LT51Г505 UD

Free fatty 
acid

p > 0,10 p > 0.10

3000- Total lipids mg Л
2500- 500-

2000- 400-

1500- 300-

1000- CoD (£5 200-CM
500- <o05Оч CSj 100-

Cm

Ж. Physiological satine ( 10 dogs )

Cholesterol Phosphor-
lipids

05 ГМО) 05' 05'
См
См Й СМ СМ

M mol/ml 
20-  

15-

10- 

5-

P> 0,20

Free fatty 
acids

p > 0,01 P > 0.50
^  value before treatment

p > 0,50 P > 0,50
~j value after treatment

U ltra c e n tr ifu g a tio n  o f  th e  pooled serum  o f fo u r  h e a lth y  dogs rev ea led  
a c o m p o n e n t w ith  an  S f o f  1 6 .5 ; in  the  serum  o f  one  dog t r e a te d  w ith  en d o 
to x in ,  a  com ponen t w ith  a n  S f  o f  12; and in  th e  se ru m  o f a dog tre a te d  w ith  
m e th y lce llu lo se , a co m p o n e n t w ith  an Sf o f 7.7.
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mg '/. 

250- 

200 

150- 

100-  

50-

Protein-bound 
hexose

Table V

Effect o f  treatments on protein-bound hexose-, SC O T- and

1 Methyl cellulose (8 animats) 

soot

tu- tu -\
80- 2.0-\

60- 1,5-

<0 -| 1, 0 -

20-i Ö ?  0,5

p > 0,05 P > 0,20

thym ol values

Thymol

8 8
£ S'

J L 8-
p  >0,05

F ig . 4 show s th e  re su lts  o f  th in - la y e r  c h ro m a to g ra p h y  o f th e  lip id  e x tra c t ,  
o f  th e  se ru m  of four an im als  befo re  (I) and  a f te r  (II)  t re a tm e n t. T h e  firss  
an im al w as tre a te d  w ith  m ethy lce llu lo se , th e  second w ith  physio logical sa lin e t 
th e  th ird  w ith  m ethy lce llu lo se  an d  en d o to x in , th e  fo u r th  w ith  en d o to x in  
a lone. T h e  o rd er o f th e  frac tio n s  w as as follow s. 1. S te ro l e s te r (large h o m o 
geneous frac tio n ), 2. f a t ty  acid  m e th y l ester (a rtific ia l), 3. n e u tra l f a t  ( tr i-
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Table VI

E ffect of treatments on lipoprotein pattern

%
100-

80-

60-

40-

20-

Ш. Methplcellulose + endotoxin ( 6 animals ) 
Sum of Fraction triad in 4 animats 

a - lipoprotein
fractions <Xf lipoproteins o(2-lipoproteins

p  >0,05

ß - lipoproteins

_ ft ti
p  > 0,05

□  value before treatment □  value after treatment

g ly ce rid e ), 4. free f a t ty  ac id s , 5. cho lestero l, 6. p h o sp h a tid e s  ( s ta r t) .  T h e  fa t ty  
a c id  m e th y l ester f ra c tio n  w as m issing fro m  th e  co n tro l r a b b i t  serum  as well 
as fro m  th a t  o f th e  dog  o b ta in e d  a t  th e  conclusion  o f  t r e a tm e n t  w ith  physio log
ic a l saline. The sp o t o f  s te ro l e s te r fra c tio n  seem ed to  he  la rg e r a f te r  t re a tm e n t 
w ith  m ethylcellu lose a n d  e n d o to x in  an d  w ith  en d o to x in  a lone, th a t  o f n e u tra l
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Me. Phys.
saline

Mc.t  endo
toxin

Endotoxin Rabbit
serum

1. II. 1. II. /. II. /. II. control

^ ..... ^

* • • • * • • *

$$ | |  2

*  •  *  Ш  *  m  $
&  •  % . . .  „

F ig. 4. T h in -la y e r ch ro m a to g ra m s of lip id  e x tra c ts  o b ta in e d  from  sera o f dogs before  (I) 
a n d  a f te r  (II)  tre a tm e n t w ith  m ethy lce llu lose , physio log ica l sa line , m ethy lce llu lose  a n d  endo

to x in , a n d  en d o to x in , and  from  n o rm a l ra b b it  serum
1. s te ro l ester
2. f a t ty  acid  m eth y l e s te r
3. n e u tra l  fa ts
4. free f a t ty  acids
5. cholestero l
6. p h o sp h a tid e s s ta r t

fa t  an d  o f  cholestero l a f te r  t r e a tm e n t w ith  m ethy lce llu lo se  and  m ethy lce llu lo se  
an d  en d o to x in . In  th e  zone betw een  th e  free f a t ty  acids and  ch o leste ro l the 
a p p e a ra n ce  o f tw o fa in t lip id  b an d s has been n o te d  b u t  th e ir  n a tu re  is u n k n o w n . 
No q u a n ti ta t iv e  analysis  h as  been m ade in  th e  th in -la y e r c h ro m a to g rap h ic  
s tu d ies .

В )  P atien ts w ith dysproteinaem ia

T h e crite rion  o f  d y sp ro te in aem ia  w as in  th e  case o f m yelom a an  increase 
in  a b n o rm a l (m yelom atous) a lp h a-, b e ta - o r g am m a-g lobu lin s, in  th e  case of 
h aem o b lasto ses  or re ticu lo ses , an  increase in  gam m a-g lobu lin  or th e  d e m o n s tra 
tio n  o f  ab n o rm a l g lobu lins, in c lud ing  m acro- o r k ry o g lobu lin s, a n d , in  th e  case 
o f  co llagen  disease, in c rease  o f gam m a-g lobu lin  an d  th e  p resence  o f  p a ra 
p ro te in s . T h e  26 cases u n d e r  s tu d y  in c lu d ed : 1 case o f W a ld e n s tro m ’s hyper-
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g lo b u lin aem ic  p u rp u ra  c o n firm e d  by a u to p sy , 7 cases o f m u ltip le  m yelom a, 
10 cases  o f haem oblastosis o r  m a lig n an t re ticu lo s is  a n d  8 cases o f  collagenosis 
o f  v a r io u s  types (system ic  lu p u s  e ry th em ato su s , p o ly a r te r iitis  n o d o sa , rh e u m a 
to id  a r th r i t is ) .  All th ese  c o n d itio n s  are ch a ra c te riz e d  b y  a p rim ary  o r seco n d ary  
( re a c tiv e )  p ro lifera tion  o f  th e  R E S .

F ig . 5. P a p e r  electrophoresis o f  se ru m  pro teins (K iss , A . 4721/72) and  lip o p ro te in s (K iss , A. 
4 7 2 2 /7 2 ) in  a p a tie n t w ith  m u lt ip le  m yelom a, c o m p a red  w ith  th e  p ro te in o g ram  (L én á r 78 

and  l ip o p ro te in o g ra m  (L én ár 78/4705) o f  n o rm a l h u m an  serum

F ig . 6. Im m u n e  e lec tro p h o re tic  p a t t e rn  of lip o p ro te in s in  n o rm a l h u m an  se ru m . T h e  lip o 
p ro te in s  o f slow m obility  a re  c h a ra c te riz e d  by  a m ore in te n s iv e  b u t  sharp  p re c ip ita tio n  a rc , 

those o f f a s t  m o b il i ty  b y  a less in te n siv e  p re c ip ita tio n  arc

F ig . 5 shows th e  p ro te in  and  lip id  p a t te rn s  o f a p a tie n t w ith  b e ta - 
m y e lo m a  in  com parison  w i th  those  of a h e a lth y  su b je c t. T he b ro a d  sp o t o f 
th e  b e ta -g lobu lin s is m a rk e d ; th e  lipo p ro te in  s tr ip  d isp layed  in  7 o u t  o f 26 
cases  in s te a d  of th e  u su a l tw o  bands tw o in te n s iv e  lip id  bands a t  th e  level o f 
th e  be ta -g lo b u lin  sp o t a n d  one  fa in t b an d  a t  t h a t  o f  a lbum in .

O n agar-gel m ed iu m  th e  lipopro teins u su a lly  d issociate  in to  tw o  g roups, 
o n e  o f  slower and th e  o th e r  o f faster m ig ra tio n , g iv ing w ith  im m u n e  sera
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a b ro a d  p rec ip ita tio n  a rc  (F ig . 6). T he ab n o rm a l im m une e lec tro p h o re tic  
lip o p ro te in o g ram  is m ark ed  b y  a com plete ly  d is ru p te d  p a tte rn  o f  b o th  groups 
an d  w ith  im m une se rum  it gives a b ro ad  b a n d  in s te a d  of a sh a rp  p re c ip ita tio n  
arc . Such  a p ro te in  p a t te rn  o rig inates in a fa ilu re  o f th e  p re c ip ita te  to  dissolve 
in an  an tig en  excess an d  i t  is a sign o f a physicochem ical a b n o rm a lity  o f the  
p ro te in  [14]. T hough  no su ch  phenom enon  has been described  in  connection

V.

F ig . 7. Im m u n e  e lec tro p h o re tic  p a t te rn  o f serum  in  a case o f W ald en stro m ’s h y p e rg lo b u lin -  
aem ic p u rp u ra . The lip o p ro te in o g ram  show s a b ro a d , b lu rred  p re c ip ita tio n  b a n d  in  c o n tra s t  

to  th e  sh a rp  p re c ip ita tio n  arcs  in n o rm al serum

(1-57.

F ig . 8. Im m u n e  e lec tro p h o re tic  p a tte rn  o f se ru m  lip o p ro te in s in a case of m y elo m a m u ltip lex , 
w ith  b ro a d , b lu rred  p re c ip ita tio n  arcs, in c o n tra s t to  th e  sh a rp  p re c ip ita tio n  a rcs  in th e

n orm al lip o p ro te in o g ram

w ith  lipo p ro te in s , we feel ju s tified  in  in te rp re tin g  a b ro ad  p re c ip ita te  w ith  
b lu rre d  outlines as an  ab n o rm a l lipo p ro te in  p a tte rn .  Fig. 7 show s th e  im m une 
e lec tro p h o re tic  lip o p ro te in o g ram  o f a p a tie n t  w ith  W a ld e n s tro m ’s hyper- 
g lobu linaem ic p u rp u ra  an d  F ig . 8 th a t  o f a p a tie n t  w ith  m yelom a m u ltip lex . 
T h e  b ro a d  b lu rred  p re c ip ita tio n  bands o f th e  ab n o rm al sera on one h a lf  o f th e  
fig u re  a re  show n a g a in s t th e  sh arp  p re c ip ita tio n  arcs o f n o rm a l se ra  on its 
o th e r  ha lf. T he lip o p ro te in  ab n orm alities described  above w ere d e m o n s tra b le  
in  4 o u t o f 8 cases o f m yelom a m u ltip lex , in  5 o u t o f  10 cases o f h aem o b lasto sis  
an d  m a lig n an t re ticu losis an d  in 4 o u t o f 8 cases o f collagenosis.
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Discussion

T h e  observed in c re a se  in  th e  m onocyte  c o u n t up o n  th e  a d m in is tra tio n  
o f  m ethy lce llu lo se  or o f  e n d o to x in , as well as o f  th e  tw o substances to g e th e r  
is in te rp re te d  as a sign  o f  re t ic u la r  or r a th e r  ly m p h o re tic u la r  h y p e ra c tiv ity . 
E n d o to x in  has been fo u n d  to  in d u c e  a slight a n a e m ia , p resu m ab ly  b y  d am ag in g  
th e  b o n e  m arrow .

T h e  fac t th a t  m e th y lc e llu lo se  did n o t cause  an aem ia  is n o t in  c o n tra s t  
w ith  o u r  earlier find ings [1 ], since  th e  su b stan ce  in d u ced  h aem oly tic  an aem ia  
a s s o c ia te d  w ith  h y p e rsp le n ism  ch iefly  in r a ts  w h e reas  in  dogs an aem ia  occurs 
la rg e ly  as a consequence o f  p ro tra c te d  t r e a tm e n t w ith  m assive doses an d  even 
th e n  i t  re su lts  from  ch ro n ic  r e n a l  dam age ra th e r  th a n  from  hyp ersp len ism  [41].

F ro m  th e  h isto lo g ic  ch an g es, those fo u n d  in  th e  lungs an d  k id n ey s 
d e se rv e  to  be dealt w ith  in  m ore  detail. S ince th e  a tte n u a tin g  in flu en ce  of 
f i l te r e d  E . coli b ro th  c u ltu re s  on  pu lm o n ary  a r te r i i t is  an d  g ranu lom as could  
n o t  b e  rep roduced  b y  p u r if ie d  b ac te ria l e n d o to x in , i t  h a d  to  be p resu m ed  th a t  
th e  s tre s so r  effect of th e  E . coli f i l tra te  was fa r  s tro n g e r  th a n  th a t  o f th e  en d o 
to x in  doses applied. T h e  in h ib ito ry  effect o f  E . coli b ro th  f i l tra te  u p o n  p u l
m o n a r y  a rte riitis  an d  p e r i- a r te r i i t i s  has been a sc rib ed  b y  us to  co rtisone  m o b i
l iz a t io n . T he fact th a t  w e h a v e  been able to  in h ib it  th e  p u lm o n ary  changes b y  
m e a n s  o f  cortisone, co n firm s u s  in  th is b e lief [5, 6 ].

I t  is generally  b e lie v e d  th a t  m acrom olecules, th u s  also m ethy lce llu lose , 
a re  re ta in e d  by  th e  g lo m eru le s  an d  th is w ould  a c c o u n t for th e  ren a l d am age 
s u s ta in e d  in  this m an n e r [2 7 ]. H a l l  and  H a l l  [1 6 —20] induced  ren a l changes 
s im ila r  to  those in g lo m e ru lo n e p h ritis  or g lom erulosclerosis b y  m eans o f m e th y l
ce llu lo se  and  NaCl, a n d  th e s e  w ere a g g ra v a te d  b y  sp lenectom y . In  earlie r 
e x p e r im e n ts  on albino r a t s  w e w ere able to  in c re a se  th e  g lom eru lar s to rag e  
o f  m ethy lce llu lo se  b y  m a ss iv e  doses of co rtisone u n t i l  m assive sphero id  deposits  
r e m in is c e n t  of those  seen  in  K im m elstie l—W ilso n ’s syndrom e h a d  a p p e a r 
ed  in  th e  glom erular lo o p s  [21, 23]. On th e  ev id en ce  o f our p re se n t s tu d ie s , 
e n d o to x in  in co n trast to  c o r tiso n e , has a s tro n g  in h ib ito ry  effect on th e  s to rag e  
o f  m ethy lce llu lo se  in  th e  g lo m eru la r e n d o th e liu m . T h is fin d in g  m ig h t be 
c o n n e c te d  w ith  th e  tra n s g lo m e ru la r  passage o f  m acrom olecu les. E n d o to x in , 
b e in g  an  ac tiv a to r o f  th e  R E S , m ay enhance  th e  p h ag o cy tin g  an d  s to rin g  
fu n c tio n s  of this sy s tem  th e  a ff in ity  of w hich  to  m ethy lce llu lose  w ould  also 
in c re a s e  in  th is m an n er, o r , e lse , i t  s tim u la tes th e  tra n sp o r tin g  a c tiv ity  o f  th e  
g lo m e ru la r  endo thelium . T h e  cap ac ity  o f e n d o to x in  to  reduce  th e  p lasm a  
f ib r in o g e n  level m ay  also b e  reg a rd ed  as a fa c to r  in h ib itin g  coalescence an d  
d e p o s itio n  of m e th y lce llu lo se  m olecules in  th e  g lo m eru la r loops. F in a lly , 
a c o m p e titiv e  in h ib ition  o n  th e  p a r t  of en d o to x in , b a rr in g  th e  e n try  o f  m e th y l
ce llu lo se  molecules in to  th e  g lo m eru la r en d o th e liu m , m ay  also be considered  
as a p ossib ility .

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



BEHAVIOUR OF SERUM LIPIDS 101

T he changes caused b y  m eth y lce llu lo se  an d  endo tox in  in  th e  se ru m  p ro 
te in  p a t te rn  are  v e ry  sim ilar. B o th  m acrom olecules seem  to  a ffec t th e  m e ta 
bolism  an d  physicochem ical p ro p e rtie s  o f th e  p ro te in  co m ponen ts. I t  is, how 
ever, a p o in t o f in te re s t th a t  th e  e ffec t o f  th e  tw o su b stan ces w h en  given 
to g e th e r , so fa r  from  being  a d d itiv e , even  seem ed to  be m itig a te d . I t  is well 
w ith in  th e  possib ilities th a t  th e  tw o  su b stan ces  ac t on d iffe ren t su b c e llu la r  
s tru c tu re s  w hich m ay  re su lt in  a te n d e n c y  to  no rm aliza tio n  o f  th e  p ro te in  
ab n o rm alitie s .

T h e  changed  physicochem ical b e h a v io u r  u n d er th e  in flu en ce  o f  b o th  
m ethy lce llu lo se  an d  en d o to x in  is re fle c ted  b y  th e  lip o p ro te in o g ram  o f  tr ip le  
d is tr ib u tio n . A sim ilar p a t te rn  h as  been  described  in h u m an  liv e r d isease  [11]. 
On th e  ev idence  o f u ltra c e n tr ifu g a l analy sis  show ing  a red u c tio n  in  th e  f lo ta tio n  
c o n s ta n t (Sf) as well as o f th e  s lig h te r  b u t  nonetheless d is tin c t l ip id  changes 
rev ea led  b y  th in -la y e r c h ro m a to g ra p h y , b o th  polym ers m u s t be a ssu m ed  to  
cause s im ila r physicochem ical m o d ifica tio n s in  th e  lip id  co m p o n en ts .

T he serum  level o f a lp h a -lip o p ro te in s  rises u n d er th e  e ffec t o f  m e th y l
cellu lose a t  th e  expense o f  b e ta -lip o p ro te in s , w hile en do tox in  has an  o p p o site  
effect. U n d er th e  effect o f a co m b in a tio n  o f  th e  tw o su b stan ces, th e  level o f 
a lp h a-lip o p ro te in s  rem ain ed  u n ch an g ed  w hile th a t  o f b e ta - lip o p ro te in s  rose.

A m ong th e  26 d y sp ro te in aem ic  p a tie n ts , a lipop ro te in  a b n o rm a lity  w as 
fo u n d  b y  p ap e r e lectrophoresis in  7, b y  im m u n e  e lectrophoresis in  15 cases. 
T h is su p p o rts  our view  th a t  anom alies o f  p ro te in  syn thesis  are  a sso c ia te d , 
a t  le a s t in a n u m b er o f cases, w ith  ab n o rm a litie s  of th e  lip o p ro te in  p a t te r n .

*

W e are  in d eb te d  to  D r. T . G. K ováts fo r th e  p u rified  en d o to x in  an d  to  M rs. I .  L ászló 
fo r  tech n ica l assistance.
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ÜBER DIE WIRKUNG DER VORHOFSYSTOLE 
AUF DAS SCHLAGVOLUMEN

Von

A . N a s z l a d y  und -)-Gy . G o t t s e g e n

IV. MEDIZINISCHE UNIVERSITÄTSKLINIK UND UNGARISCHES INSTITUT FÜR KARDIOLOGIE 
(DIREKTOR: fPRO F. DR. GY. GOTTSEGEN)

(E in g eg an g en  am  12. J u l i  1965)

Bei 12 K ra n k e n  w u rd en  v o r  und  n ach  W ied erh e rste llu n g  des S in u srh y th m u s  
m itte ls E lek tro k ard io v ers io n  die G esta ltu n g  des Z eit-  (H erzm in u ten -)v o lu m en s u n d  
Schlagvolum ens u n te rsu c h t. E s w urde  fe stg es te llt, d a ß  sich nach  N o rm alisie rung  des 
S in u srh y th m u s beide  W erte  s ig n ifik a n t e rh ö h ten , d e r A n stieg  des Schlagvolum ens b e tru g  
d u rc h sch n ittlich  2 8% . Bei w e ite ren  6 P a tie n te n , be i d en en  die K ard io v ersio n  erfo lg los 
blieb u n d  de r S in u srh y th m u s n ic h t  no rm alis ie rt w e rd en  k o n n te , ließ sich die E rh ö h u n g  
der e rw äh n ten  W erte  n ich t b e o b ach ten .

». . .w enn n u r  m ehr die V o rk am m er a lle in  sch läg t u n d  die H e rz sp itze  
m it einer Schere ab g esch n itten  w ird , so f lie ß t aus d e r W unde bei jed em  V o r
kam m ersch lag  B lu t« , — schrieb  W i l l i a m  H a r v e y  1628. Seitdem  w u rd e  die 
V orhoffunk tion  von  zah lre ichen  V erfassern  im  T ie re x p e rim en t [5, 9, 21, 24] u n d  
beim  M enschen [3, 4 ,  6, 8, 13] u n te rsu c h t. H e n d e r s o n  [11] b e h a u p te te  n o ch , 
d aß  infolge der V o rh o fk o n tra k tio n  n u r  einige T ro p fen  B lu t in die K a m m e r 
gelangen. H i r s c h f e l d e r  [12] fa n d  bei e x p e rim en te lle r  M itralstenose, d a ß  fü r  
1/10— 1/4 des d iasto lischen  K am m erv o lu m en s die V orhofsysto le  v e ra n tw o rtlic h  
is t. S t r a u b  [24] k o n n te  bei K a tz e n  w ährend  der V orhofsysto le  eine d iasto lisch e  
V o lum enverg rößerung  der K a m m e r reg is trie ren . L e w i s  [14] m ein te , d aß  die 
bei V orhofflim m ern  b eo b a c h te te  Z e itv o lu m v erm in d e ru n g  n ich t d u rch  das 
F eh len  der V orhofsysto le , so n d ern  du rch  die F req u en zste ig e ru n g  v e ru rsa c h t 
w ird . Diese H y p o th ese  w urde von  S k i n n e r  und  M ita rb . [22] w iderleg t, d a  bei 
ih ren  U n te rsu ch u n g en  w äh ren d  des bei n a rk o tis ie r te n  H u n d en  h e rb e ig e fü h rten  
V orhofflim m erns n e b s t u n v e rä n d e r te r  K am m erfreq u en z  sowohl das Schlag- 
wie das Z e itvo lum en  ab n ah m . D ie an  H erz- u n d  L u n g e n p rä p a ra te n  d u rc h 
g e fü h rten  U n te rsu ch u n g en  von  G e s e l l  [5] e rg a b e n , daß  im  Falle n o rm a le r  
V orhofsysto len  das Z eitvo lum en  bei jedem  belieb igem  venösem  D ru c k  u m  
50%  höher w ar. S t e w a r t  [23] w ies m it H ilfe eines im p la n tie r te n  H e rz k a th e te rs , 
m it dem  d irek ten  FlCKsehen V erfah ren  w äh ren d  des V orhofflim m erns eine 
2 0 —60% ige V erm in d eru n g  des Z eitvo lum ens n a c h . H a w t h o r n e  [9] b e o b a c h 
te te  bei u n an ä s th e s ie rte n  H u n d en  w äh ren d  der V orhofsysto le  einen 30 4 0 % -
igen A nstieg  des en d d iasto lisch en  K am m erv o lu m en s.

Seit der V e rb re itu n g  der H e rz k a th e te r is ie ru n g  s ta n d  die h äm o d y n am i- 
sche U n te rsu ch u n g  der V orh o ffu n k tio n  te ils im  Z usam m enhang  m it d er
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C h in id in th e rap ie  des V orh o fflim m ern s, te ils  n a c h  der E n td eck u n g  d e r E lek tro - 
k a rd io version  im  M itte lp u n k t des In te re sse s . A nläß lich  der U n te rsu c h u n g e n  
w u rd e n  vornehm lich  die zw ischen der im  L au fe  des V orhofflim m erns bzw. 
d ie  n a c h  B ehebung d esse lb en  b es tim m ten  Z e itv o lu m en u n te rsch ied e  re g is tr ie r t.

F e r r e r  u n d  M ita rb . [4] sowie W a d e  u n d  M itarb . [25] fa n d e n  bei 
rh e u m a tisc h e n  H e rz k ra n k en , daß  bei V orh o fflim m ern  das d u rc h sc h n ittlic h e  
H erzm in u ten v o lu m en  n ied rig e r  is t als be i S in u srh y th m u s. H e c h t  u n d  M it
a rb . [10] s te llten  fe s t, d a ß  n ach  V o rh o fflim m ern  der S in u srh y th m u s  das 
H e rz m in u te n v o lu m e n  n u r  bei B e las tu n g  s te ig e r t, im  R u h e z u s ta n d  dagegen 
n ic h t .  K o r y  u n d  M e n e e l y  [13] fan d en  b e i 6 v o n  8 K ran k en  n a c h  B ehebung  
des V orhofflim m erns m it C h in id in b eh an d lu n g  sow ohl im  R u h e z u s ta n d  als 
a u c h  bei B elastung  e rh ö h te  M in u ten v o lu m w erte . R e e v e - H a n s e n  u n d  M it
a rb . [18] b eo b ach te ten  b e i 9 von 14 m it C h in id in  beh an d e lten  P a tie n te n  nach  
W ied e rh e rs te llu n g  des S in u srh y th m u s  a u c h  im  R u h ezu stan d  eine  m eh r als 
1 0 % ig e  E rhö h u n g  des H e rzm in u ten v o lu m en s . B r o c k  u n d  M ü l l e r  [3] reg is
t r ie r te n  die A ngaben  v o n  20 K ran k en  im  R u h e z u s ta n d  u n d  u n te r  B e lastu n g , 
v o r  u n d  nach  B eh eb u n g  des S in u srh y th m u s  m it C hinidin. W ä h re n d  des V or
h o fflim m ern s  e rh ö h te  sich  das im  R u h e z u s ta n d  gem essene d u rc h sc h n ittlic h e  
Z e itv o lu m en  von 5,6 1/m in bei B e la s tu n g  a u f  6,8 1/min. W ä h re n d  des S inus
rh y th m u s  b e tru g  d er in  R u h e z u s ta n d  re g is tr ie r te  W ert 6,2 1/min, b e i B e lastu n g  
d a g e g e n  8,1 1/min. D as S ch lagvo lum en  m a c h te  w ährend  des V orhofflim m erns 
im  R u h e z u s ta n d  66 m l u n d  bei S in u srh y th m u s  78 ml aus; bei B e la s tu n g  b e tru 
g en  d iese  W erte  d u rc h sc h n ittlic h  51 bzw . 69 m l. In  den 4  F ä llen  v o n  G i l b e r t  
u n d  M ita rb . [6] w a re n  n a c h  W ied e rh e rs te llu n g  des S in u srh y th m u s  sowohl 
n a c h  B elastu n g  als au ch  im  R u h e z u s ta n d  b e d e u te n d  erhöh te  Z eit- u n d  S chlag
v o lu m e n w e rte  zu b e o b a c h te n . D ie, bei an  M itra lstenose  u n d  a n d e ren  rh e u m a ti
s c h e n  E rk ran k u n g en  le id en d en  P a tie n te n  d u rch g efü h rten  V erg le ich su n te r
su c h u n g e n  von S e l z e r  [21] w iesen d a ra u f  h in , d aß  bei V o rh o fflim m ern  das 
H e rzm in u ten v o lu m en  im  a llgem einen  g erin g er is t , als bei S in u srh y th m u s .

M c I n t o s h  u n d  M ita rb . [16] fa ß te n  säm tlich e  L ite ra tu ra n g a b e n  über 
d ie  K ard io v ersio n  n eu lich  zusam m en. D em n ach  erhöh te  sich n a c h  W ieder
h e rs te llu n g  des S in u s rh y th m u s  bei 77%  d e r K ra n k e n  das H erzm in u ten v o lu m en  
im  R u h e z u s ta n d  d u rc h sc h n ittlic h  u m  4 3 %  u n d  bei 95%  der K ra n k e n  bei 
B e la s tu n g  um  2 6 % . E s sei jed o ch  e rw ä h n t, d aß  die einzelnen V erfasser n u r 
ü b e r  eine geringe A n zah l v o n  F ä llen  b e r ic h te te n  u n d  daß  die B estim m u n g en  
in  e in em  Z e ita b s ta n d  v o n  3 S tu n d e n — 16 T agen  vorgenom m en w u rd en . Im  
G eg en sa tz  m it der b ish e rig en  A uffassung  s te llte n  G r a e t t i n g e r  u n d  M ita rb . [8] 
fe s t , d aß  falls die K a m m erfreq u en z  bei V orho fflim m ern  u n d  S in u srh y th m u s  
id e n tis c h  ist, b le ib t au c h  das Z eitvo lum en  sow ohl im  R u h ezu s tan d  als auch  bei 
B e la s tu n g  u n v e rä n d e rt. In  diesem  Z u sam m en h an g  v e r t r i t t  B r a u n w a l d  [2] die 
M ein u n g  ,daß die E rg eb n isse  jen e r h äm o d y n am isch en  U n te rsu ch u n g en , in  denen 
d ie  W ied erh e rs te llu n g  des S in u srh y th m u s  in  d en  Zw ecken d er H e rz k a th e te r i
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s ie ru n g  dienenden  L a b o ra to rie n  vo rgenom m en  w urde , n u r  m it V o rb eh a lt 
b e w e rte t w erden d ü rfen , d a , falls es sich u m  einen  su b m ax im alen  S tre ß  h a n d e lt, 
m it H ilfe der das H e rzm in u ten v o lu m en  beein flu ssenden  zah lre ich en  F a k to re n  
an d e re  R eservm echan ism en  zur G eltung k om m en  können , die tro tz  des F ehlens 
der en tsp rech en d  te m p ie r te n  V orhofsysto le das H e rzm in u ten v o lu m en  a u f  n o r
m alem  N iveau  zu h a lte n  verm ögen . A n h an d  d ieser E rw äg u n g en  gelang te  
B ra u n w a l d  [2] zu r A n sich t, daß  die B ed eu tu n g  der V o rh o fk o n tra k tio n  bei 
m ax im ale r M uskelarbeit b e w e rte t w erden so llte . W ir w ollten diese, d en  P a tie n 
te n  u ngünstige  U n te rsu ch u n g sb ed in g u n g  verm eiden  u n d  a rb e ite te n  eine 
an d ere  M ethode aus.

U n te rsuchungstechn ik

In  unserer K lin ik  w u rd en  im  A ugust u n d  S ep tem b er 1964, 25 an  V o rh o fflim m ern  lei
den d e, vo r E lek tro k ard io v ers io n  steh en d e  K ran k en  u n te rsu c h t. In  18 d ieser F ä lle  e rh ie lten  
w ir e in  bew ertbares E rg eb n is  (fü r n ich t b e w ertb a r w u rd en  lediglich die F ä lle  b e tra c h te t,  
in  d en en  irgendein  m eth o d isch er F eh ler z. B. p a rav en ö se  In jek tio n  usw . v o rk a m ). U n te r  den 
18 K ra n k en  w aren 14 F ra u e n  u n d  4 M änner. Z ur K o n tro lle  d ien ten  die 6 F ä lle  (4 F rau en , 
2 M änner), in  denen sich de r H e rz rh y th m u s  n ich t no rm alis ie rte .

In  die rech tsseitige  A. fem ora lis  w urde in  F lu o th a n  -j- Succinyl -j- A tro p in -N ark o se  eine 
P u n k tio n sn a d e l e in g efü h rt, d ie d u rc h  einen dün n en  G um m isch lauch  m it dem  H a h n  des F ra k 
tio n sk o llek to rs  in  V erb in d u n g  s ta n d . D a die P a tie n te n  v o r de r E le k tro k ard io v ers io n  eine an ti- 
k o a g u la n te  (D ik u m arin ) B eh an d lu n g  erh ie lten , w u rd e  ih n en  im  L aufe der U n te rsu c h u n g  kein  
H e p a rin  zugeführt. N ach  V erfertig u n g  de r E K G -K u rv e  w urde  in  die rech te  K u b ita lv e n e  m it 
e iner S pritze  — vom  K ö rp e rg ew ich t abhäng ig  — 6 — 8 — 10 ml 5% ige B ro m su lfa le in - (B ro m 
th a le in  M erck)-lösung ra sch  in jiz ie rt. N ach  1 — 3 sec. w urde  der F ra k tio n sk o lle k to r  in  Gang 
g e se tz t u n d  der, m it de r A. fem ora lis  v e rb u n d en e  H a h n  geöffnet. Die P ro b e e n tn a h m e  erfolgte 
m it e iner G eschw indigkeit v o n  90/m in. Die F a rb e n d ilu tio n  ging in  der üb lichen  W eise  v o r sich. 
D em n ach  e rh ie lten  die P a tie n te n  zw ecks B ehebung  des V orhofflim m erns m it d e m  L ow N schen 
K a rd io v e rte r  einen G leichstrom schlag . In  den F ä llen , in  d enen  sich au f der u n m it te lb a r  d a rau f
fo lgend  v e rfe rtig ten  E K G -A u fn ah m e  die N o rm alisie rung  des H e rz rh y th m u s e rk e n n e n  ließ, 
w urde  das M inu tenvo lum en  d u rc h sch n ittlich  n ach  15 i  3 m in. aberm als b e s tim m t. N ach  der 
zw eiten  M essung w urde die N adel aus der A. fem oralis e n tfe rn t u n d  die S tich w u n d e  m it einem  
D ru c k v e rb a n d  versorg t. D ie K ra n k e n  w ach ten  e tw a  n ach  6 — 8 M inuten  auf. D ie  P u lsfreq u en z  
w u rd e  m it H ilfe der E K G -A u fn ah m en  reg is trie rt.

Die E rgebnisse  s ind  in  T abelle I d a rg es te llt.
D ie in T abelle I an g e fü h rte n  ziem lich hohen  H erzm in u ten  v o lu m en w erte  

sind  aller W ah rsch e in lich k e it n ach  der N arkose  (A tro p in w irk u n g ) u n d  der 
te ils  ko n sek u tiv en  T a c h y k a rd ie  zuzuschre iben . D a jedoch  im  ü b rig e n  die 
g leichen  U n te rsu ch u n g sb ed in g u n g en  Vorlagen, k ö nnen  die E rg eb n isse  d er vor 
u n d  n ach  dem  V orhofflim m ern  v e rfe rtig ten  U n tersu ch u n g en  o h n e  w eiteres 
v erg lichen  w erden. N ach  d er B ehebung des V orhofflim m erns w ar in  10 F ällen  
d er A nstieg  und  in  2 (F a ll 10 u n d  11) die V erm inderung  des H e rz m in u te n 
vo lum ens zu v erze ichnen ; das Schlagvolum en stieg  in 11 F ä llen  a n  u n d  v e r
m in d e rte  sich in 1 F a ll (F a ll 8). Bei dem  le tz te re n  K ran k en  w ar d as  Schlag
v o lu m en  bereits im  L aufe  des V orhofflim m erns in  b ed eu ten d em  M aße e rh ö h t, 
w oraus fo lg t, daß  d er O rgan ism us die n ach  N orm alisierung  des V o rh o fflim 
m erns a u ftre ten d e  ebenfalls m ax im ale — F req u en zste ig e ru n g  n ic h t  w eiter 
zu erhöhen  verm och te .
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Tabelle I

Werte des M in u ten vo lu m en s , der Pulsfrequenz u n d  des Schlagvolumens

N r.
M in u ten  v o lu m e n , 1/m in. P u ls fre q u en z , m in S ch lagvolum en, m l

V F S R V F S R V F S R

l . 8,3 10,3 100 110 87 93

2. 7,3 9,5 120 130 60 73

3. 7,0 . 9,3 130 110 53 84

4. 9,9 10,9 120 120 82 90

5. 9,0 10,7 90 80 100 133

6 . 9Д 10,1 80 70 113 144

7. 7,2 11,0 80 80 90 137

8. 11,0 11,9 80 100 137 119

9. 8,3 10,1 110 90 75 112

10. 9,6 8,1 110 80 87 101

11. 10,0 7,9 100 70 100 112

12. 8,7 10,0 115 80 75 125

V F  =  Vorhofflim m ern 
S R  =  Sim isrhythm us

D ie sta tis tisch e  A n a ly se  ergab, daß  das H e rzm in u ten v o lu m en  n a c h  
W ied e rh e rs te llu n g  des S im is rh y th m u s  s ig n if ik an t h ö h e r is t, als w äh ren d  des 
Y o rh o fflim m ern s; n o ch  a u sg e p rä g te r , d. h . s ta r k  s ig n ifik an t is t d er A nstieg  
des Schlagvolum ens. D ie m i t  H ilfe des S tu d e n tsc h e n  t-T ests b e rech n e ten  
A n g a b e n  v e ran sch au lich t T a b e lle  II .

Tabelle II

Statistische A n a lyse  der Veränderungen des Z e it- u n d  Schlagvolumens

X s * * [u ] P

Zeitvo lumen i , i6 0,45 2,5 0,05

Schlagvolum en 2 2 5,5 4,0 0,01

D a  sich die M ö g lich k e it e rhob , daß die V orgefundenen  V erän d eru n g en  
d u rc h  d en  S trom schlag  s e lb s t  v e ru rsach t w o rd en  w a re n , re g is tr ie r te n  w ir die 
G e s ta ltu n g  der P u ls fre q u e n z  u n d  des Schlag- u n d  Z eitvo lum ens au ch  in  den 
6 F ä lle n , in  denen die E lek tro k a rd io v e rs io n  erfo lg los blieb  (d. h . die N o rm a 
lis ie ru n g  des V orhofflim m erns n ic h t gelang). D ie d iesbezüglichen  D a te n  sind  
in  T a b e lle  I I I  ersich tlich .
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Tabelle III

Werte des H erzm inutenvolum ens, der Pulsfrequenz 
und  des Schlagvolumens vor und nach Kardioversionsversuch

Nr.
H e rz m in u te n v o lu m e n , 1/m in P u ls freq u en z /m in S ch lag v o lu m en  m l

V n V n V n

l . 1 2 ,0 1 1 ,3 9 0 1 1 0 1 3 3 1 1 1

2 . 1 0 ,4 1 2 ,0 6 0 7 0 1 7 3 1 7 1

3 . 6 ,1 8 ,5 6 0 8 0 1 1 0 1 0 0

4 . 9 , 3 9 , 0 1 2 0 1 2 0 7 7 7 5

5 . 1 3 ,0 1 0 , 3 1 1 0 1 5 0 1 1 8 6 8

6 . 1 0 ,1 1 1 , 8 7 0 8 0 1 4 4 1 4 7

V  =  vor E lek trokard ioversionsversuch  
n  =  nach  E lek trokard ioversionsversuch

D ie V erän d eru n g en  des Z eitvo lum ens w aren  n ic h t c h a ra k te ris tisc h , in  der 
H ä lf te  d er F ä lle  (F all 2, 3, 6) w aren  e rh ö h te , in  der an d eren  H ä lf te  (Fall 
1, 4 , 5) v e rm in d e rte  W erte  zu verzeichnen . D as Sch lagvo lum en  w a r en tw ed er 
v e rm in d e r t  (F all 1 ,3 ,5 ) ,  oder im  w esen tlichen  u n v e rä n d e r t  (F a ll 2 ,4 ,6 ) ;  
d ie  V erk ü rzu n g  der d iasto lisch en  F ü llu n g  sp ie lte  n u r  in  1 d ieser F ä lle  (F a ll 5) 
eine R olle , in  dem  sich eine p aro x y sm ale  su p ra v e n tr ik u lä re  T a c h y k a rd ie  e n t
w ick e lte .

D iese A ngaben  w eisen d a ra u f  h in , d aß  fü r  die E rh ö h u n g  d e r Schlag
v o lu m w erte , im  F alle  e rfo lg re icher K ard io v e rs io n  keinesw egs die P ro zed u r 
se lb s t v e ra n tw o rtlic h  ist.

A n h an d  d er G e s ta ltu n g  der G esam tw erte  des Z eitvo lum ens k a n n  fe s t
g e s te llt w erden , daß  d er A nstieg  des S ch lagvo lum ens n ic h t aussch ließ lich  
infolge d e r F req u e n z v e rän d e ru n g  zu s ta n d e k o m m t. In  den  F ä llen  1, 2 , 4 , 7 w ar 
d ie  F req u en ze rh ö h u n g  geringer als die E rh ö h u n g  des H erzm in u ten v o lu m en s; 
in  den  F ä llen  3, 5, 6, 9, 12, in  denen sich eine F re q u en zv e rm in d eru n g  v e r
ze ichnen  ließ , h ä t te  das H e rzm in u ten v o lu m en  — falls zw ischen S ch lag v o lu m en 
e rh ö h u n g  u n d  F req u en zv e rm in d eru n g  eine P ro p o r tio n a litä t  b esteh en  w ürde  — 
e n tw e d e r u n v e rä n d e rt b le iben , oder ab er in geringerem  M aße ab n eh m en  sollen; 
dem g eg en ü b er w urden  au ch  in  diesen F ä llen  e rh ö h te  H e rzm in u ten v o lu m en 
w e rte  re g is tr ie r t.

In  den F ä llen  10, 11 v e rm in d e rte n  sich sow ohl die F req u en z  als au ch  das 
H e rzm in u ten v o lu m en , die Q u o tien ten  der be id en  W erte  weisen je d o c h  d a ra u f  
h in , d a ß  sich das Z e itvo lum en  in geringerem  M aße v e rm in d e rte , als d as  an h an d  
d e r F req u en zv e rm in d ern n g  v o rau ssich tlich  w ar. F a lls  in  diesen F ä lle n  keine 
E rh ö h u n g  des S ch lagvo lum ens zu stan d eg ek o m m en  w äre, h ä t te  d ie  H erz 
m in u te n v o lu m en v e rm in d e ru n g  b ed eu ten d e r sein  sollen. D ie zw ischen  Z eit-
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v o lu m e n  und  F re q u e n z v e rän d e ru n g  b esteh en d en  Z u sam m en h än g e  h ab en  w ir 
in  T a b e lle  IV  zu sam m en g este llt.

Tabelle IV

Veränderungen des Pulsfrequenz — M inutenvolum en-Q uotienten

Herzminu
tenvolumen:

oder
Zeitvolumen

Steigerung Ver
minderung

P u lsfrequenz

geste ig ert 3 —

u n v e rä n d e r t 2 -

v e rm in d e rt 5 2

B esprechung

D ie  B ew ertung  d e r  im  S ch rifttu m  b ek an n tg eg eb en en  U n te rsu ch u n g en  
e rsc h w e r t die T a tsach e , d a ß  v o r u n d  n ach  d er W ied erh e rs te llu n g  des S inus
rh y th m u s  w esentlich v e rsch ied en e  U m stän d e  V orlagen. Die b e id en  U n te r
su ch u n g sse rien  fanden  in  e in em  A b stan d  von  ein igen  T agen  s t a t t ,  die P a tie n te n  
w u rd e n  n ich t n a rk o tis ie r t, w as die H erz fu n k tio n  zweifellos b ee in flu ß te . A uch 
d ie  H e rz k a th e te ris ie ru n g  lö s t  das erste M al s icherlich  eine an d ere  W irkung  
a u s , a ls das zweite M al. I n  d e n  m it C hinidin b e h a n d e lte n  F ä llen  is t  au ß e r den 
a n g e fü h r te n  F ak to ren  a u c h  d e r w oh lb ek an n ten  m y o k ard d ep ress iv en  W irkung  
des C h in id ins eine B e d e u tu n g  beizum essen.

U m  den stö ren d en  E in f lu ß  dieser b e k a n n te n  u n d  auch  d er zah lreichen  
u n b e k a n n te n  F a k to re n  au sz u sc h a lte n  fü h rte n  w ir unsere  U n te rsu ch u n g en  in  
d e r  b ek an n tg eg eb en en  W eise  du rch . Es b e s te h t k e in  Zweifel, d aß  fü r  den, 
zw isch en  den E rgebn issen  d e r  be iden , in  20 — 3 0 m in u tig e r N arkose  v e rfe rtig te n  
B e s tim m u n g e n  V orgefundenen  U n tersch ied  e n tw ed e r die n ach  W ied e rh e rs te l
lu n g  des S in u srh y th m u s z u r  G e ltu n g  kom m ende V o rhofsysto le  oder die W ied er
h e rs te llu n g sp ro zed u r se lb s t v e ra n tw o rtlic h  w ar. D ie zw eite M öglichkeit k o n n te  
a n h a n d  der bei der K o n tro llg ru p p e  (n a rk o tis ie rte , m it S tro m sch lag  b eh an d e lte  
K ra n k e n )  erzielten R e s u l ta te  ausgeschlossen w erd en .

U nsere  U n te rsu c h u n g e n  fü h rte n  som it zu r F e s ts te llu n g , d aß  die V orhof
f u n k t io n  die G esta ltu n g  des H erzm in u ten v o lu m en s — v o rn eh m lich  du rch  
d ie  V erän d eru n g  der K a m m e rfü llu n g  — b e e in f lu ß t. D ie bei S in u srh y th m u s 
b e o b a c h te te  E rhö h u n g  des S chlagvolum ens b e tru g  im  V erh ä ltn is  zu  den w äh 
re n d  des V orhofflim m erns re g is tr ie r te n  W erten  d u rc h sc h n ittlic h  2 8 % .

In  K enn tn is  d ieser A n g ab en  erhoben  sich  jed o ch  die F ra g e n , ob vom  
G e s ic h tsp u n k t des k ra n k e n  H erzens die S te ig e ru n g  des Z eit- u n d  Schlag-
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Volum ens günstig  sin d  bzw . ob das V orhofflim m ern  n ic h t e tw a  das E n d 
r e s u lta t  irgendeines K o m p en sa tio n sm ech an ism u s is t, der b ezüg lich  d e r H erz 
fu n k tio n  im  gegebenen F a ll günstigere  V erh ä ltn isse  s ich e rt?

D ie zuverläß liche  B e a n tw o rtu n g  d ieser F rag en  w äre  n u r  in  dem  Fall 
m öglich , w enn die P a th o p h y sio lo g ie  der V orh o ffu n k tio n  in  je d e r  H in sich t 
g e k lä r t w äre.

D ie E rgebnisse  d e r S e rien u n te rsu ch u n g en  von  B r a u n w a l d  u n d  F r a h m  

[1], S a r n o f f  und  M ita rb . [19, 20], M c I n t o s h  u n d  M itarb . [16] u n d  an d erer 
V erfasser [22, 8] k ö n n en  n ic h t e inh e itlich  e rk lä r t  w erden . Ü b er d ie  F rage , 
ob d e r V orhof die F u n k tio n  einer P u m p e  oder eines R eservoirs v e rso rg t, w ird 
au ch  h eu te  noch viel d isk u tie r t  [7]. B r a u n w a l d  u n d  F r a h m  [1] b e o b a c h te ten  
z. B ., d aß  bei K ra n k e n , bei denen  der V o rh o f »pum penartig«  a rb e ite te , das 
A u ftre te n  eines V orhofflim m erns die b ed eu ten d e  V ersch lech teru n g  des K re is 
lau fs u n d  den A nstieg  des M itte ld rucks im  linken  V orhof zu r F o lge  h a tte . 
D ie zw ischen d ieser p a th o lo g isch en  E rsch e in u n g  und  d er A rb e itsd y sp n o e  
sow ie dem  H erzas th m a  u n d  dem  L ungenödem  b esteh en d en  Z u sam m en h än g e  
sin d  se it langem  b e k a n n t. In  diesen F ä llen  sch e in t die W ied e rh e rs te llu n g  des 
S in u srh y th m u s u n b e d in g t w ünsch en sw ert zu sein.

Zwecks K lä ru n g  d er F rag en , w elche B ed eu tu n g  den  a n g e fü h rte n , s ta 
tis t is c h  s ign ifikan ten  V erän d eru n g en  bezüglich  der L e is tu n g sfäh ig k e it des 
H erzen s beizum essen is t  bzw . in w elchen K ra n k h e itsb ild e rn  d ie  H ervor- 
ru fu n g  derselben sich fü r  g ü n stig  erw eist, h a t  unsere  A rb e itsg ru p p e  w eitere 
U n te rsu ch u n g en  in G ang gese tz t.
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(R ece iv ed  A ugust 31, 1965)

In  th e  ram ifica tio n s  o f th e  left co ro n ary  a r te ry ,  pad-like  cellu lar s tru c tu re s  
bulg ing in to  th e  lu m en  h a v e  been d e m o n s tra ted . T h ey  are  sim ilar to  th e  s t ru c tu re s  
found  by  B a r á t h  et al. in  th e  blood vessels of th e  gall b lad d e r in  chronic  c h o le cy s titis , 
as well as to  th e  pad -lik e  b lood vessel sp h in c te r  a p p a ra tu se s  d e m o n s tra ted  in  b io p sy  
specim ens of th e  h u m an  n asa l m ucosa. B y  changes in  size due to  an  u p ta k e  o f sa lts  
and  flu id s , these  sp h in c te r  a p p a ra tu se s  can  s ig n ific a n tly  in fluence flow  re la tio n s  in  th e  
te rm in a l v a scu la r  system . In  th e  pa th o g en esis o f m y o ca rd ia l in farc tio n s w h ich  are  n o t  
assoc ia ted  w ith  m orpho log ical changes o f th e  co ro n a ry  vessels, a lte ra tio n s  in  th e  fu n c 
tio n  of th e  sp h in c te r  a p p a ra tu se s  m ay  p lay  a role. S u ch  a lte ra tio n s  m ay  lead  to  isch aem ia , 
anox ia , in fa rc tio n  acco m p an ied  by  h aem o rrh ag e , a n d  la te r  to  fib rosc lero tic  foci. F u n c 
tiona l d is tu rb an ces  m ay  re su lt  fro m  ab n o rm a l re flex es , au tonom ic  n e rv o u s a ffec ts , 
n u tr it iv e  in ju ries , stress, a n d  from  excessive ca tech o lam in e  effect. A cute  in fa rc tio n  
m ay  develop  in  consequence of e lectric  shock, p h y sica l ov er-ex ertio n , ep ilep tic  se izu res, 
b u rn s , e tc . T h e  fu n c tio n a l d is tu rb an c es  o f th e  sp h in c te r  a p p a ra tu se s  m ay  p lay  an  im p o r
ta n t  role in  th e  p a th o g en esis  of m y ocard ia l in fa rc tio n .

A m ong th e  causes o f  m y o card ia l in fa rc tio n , diseases a sso c ia ted  w ith  
h y p e rten s io n , as well as th e  d iseases an d  occlusion o f th e  co ronary  b lood  vessels 
are  considered  to  be th e  co m m o n est. T he co n n ec tio n , how ever, is n o t  a lw ays 
as close as u su a lly  believed . A l b e r t i n i , B r u n c k  an d  P a p e r n it z k y  (1956), 
analyzing  th e  2 -year a u to p sy  m a te ria l o f all th e  patho log ica l in s t i tu te s  o f 
S w itzerland , fo u n d  th a t  co ro n ary  sclerosis w as p re se n t in 1208 o f 7976 cases. 
H ow ever, w hile co ro n ary  th ro m b o sis  o ccu rred  in  15 p er cen t of th e  1208 cases, 
th e  incidence o f co ro n ary  in fa rc tio n  a m o u n ted  to  62 p er cen t. T he d iv erg en ce  
betw een  th e  re la tiv e ly  com m on m yocard ia l in fa rc tio n  and  th e  m uch  sm alle r 
n u m b er o f co ro n ary  th ro m b o sis  is re m ark ab le . P a th o lo g ica l ex perience  h as , 
how ever, show n th a t  m y o card ia l in fa rc tio n  is q u ite  freq u en t in  su ch  cases, 
in  w hich th e  co ronaries e x h ib it no m orpho log ical a lte ra tio n s . In  su ch  cases 
fu n c tio n a l, n e u ro h o rm o n a l, n u tr i t iv e  or o th e r  fa c to rs  m ay  be held  re sp o n sib le  
for th e  in fa rc tio n , for ex am p le  in  connection  w ith  h y p erten sio n  or as a re su lt 
o f  te rm in a l c irc u la to ry  fa ilu re  lead ing  to  isch aem ia  b y  som e o th e r m ech an ism .

In fa rc tio n , necrosis, and  I’ibrosclerosis in various organs

In  clin ical an d  a n a to m ica l in v es tig a tio n s , B a rá th  et al. (1955; 1958; 1959) 
d e m o n s tra te d  special g roups o f cells in  th e  m in u te s t  blood vessels of m a n y  
organs such as th e  gall b la d d e r , th e  nasa l an d  oral m ucosa. These cells, w h ich
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h a v e  an  im p o rta n t ro le  in  te rm in a l c ircu la tio n , fo rm  pecu liar s tru c tu re s  bu lg ing  
p a d - lik e  in to  th e  lu m en . T h e  pads v a ry  in  size ; th e y  can ta k e  u p  w a te r  an d  
s a l ts  o r  give th em  off, a n d  as a re su lt th e y  sw ell or decrease in  size. A ccord ing  
to  so m e  au th o rs , in  c e r ta in  organs th e se  s tru c tu re s  co n ta in  e p ith e lo id  cells 
w ith  ho rm o n al a c t iv i ty ;  accord ing  to  S c h u m a c h e r  (1938) c e r ta in  groups 
p ro d u c e  acety lcho line . Som e of these  ce llu la r cong lom erates are  in  close co r
re la t io n  w ith  th e  a rte rio v en o u s  anastom oses (Clara , 1956), a n d  changes in 
th e i r  size m ay p ro fo u n d ly  in fluence  th e  te rm in a l c ircu la tion . T h e ir d y sfu n c tio n  
m a y  h e  due to  n eu ra l, h u m o ra l or n u tr i t iv e  fa c to rs , an d  m ay  give rise  u n d er 
p a th o lo g ic a l co n d itions to  hyp o x ia , h a e m o rrh a g e , in fa rc tio n , necrosis and , 
u l t im a te ly ,  fib rosclerosis o f  n o n -in fla m m a to ry  origin. A ccord ing  to  R e n y i  
et al. (1955) th e  p a th o g en esis  o f ce rta in  fo rm s o f  chronic ch o lecy stitis  o f  non- 
b a c te r ia l  origin m ay  be ex p la in ed  in  th is  w ay .

A p p ara tu ses  regu la ting  te rm in a l c ircu lation  
and sph in c te r ap p ara tu ses  in  th e  co ro n ary  blood vessels

T hose  ou tlin ed  ab o v e  allow  th e  conclusion  th a t  in  th e  genesis o f  m yo
c a rd ia l  in farc tions o ccu rrin g  w ith o u t th e re  b e in g  m orphological changes in 
th e  v a sc u la r  w all, fu n c tio n a l causes m a y  p ro d u ce  p a th o lo g ica l changes in 
te rm in a l  flow . Z in c k  (1939; 1940), W atzka  (1942), Conti (1945; 1953) a lread y  
d e sc rib e d  cellu lar s tru c tu re s  in  th e  ra m ific a tio n s  o f co ronary  b lood  vessels 
a n d  in  th e  a rte rio v en o u s anastom oses. T h ese  s tru c tu re s , com posed o f  long i
tu d in a l  sm ooth  m uscle cells and  a t  sites o f  ep ith e lo id  cong lom erates, m ay  be 
co n sid e red  to  reg u la te  b lo o d  flow . Z in c k  assu m ed  to  th em  a re g u la tin g  role 
in  c o ro n a ry  blood flow ; u n d e r  patho log ical co n d itio n s th e y  w ould e x e rt va riab le  
a n d  n ox ious effects. S tu d y in g  fresh  b iopsy  specim ens of h u m an  n a sa l m ucosa, 
B a r á t h  et al. (1959; 1962) observed  c o n s tr ic tio n  and  d ila tio n , a slu ice-like 
e ffec t lead ing  to  co n gestion  or changes in  flow  in  response to  v a rio u s  agen ts, 
fo r  ex am p le  to  h y p o te n s iv e  drugs.

T h u s , in th e  case o f  m yo card ia l in fa rc tio n  in  young people , e x h ib itin g  
no  m orpho log ica l chan g es in  th e  v ascu la r  w all, fu n c tio n a l d iso rders o f th e  
v a s c u la r  sp h in c te r a p p a ra tu se s  m ay  be re sp o n sib le  for th e  in fa rc tio n . M yo
c a rd ia l  in fa rc tio n  w ith o u t b lood vessel ch an g es have  been fo u n d  follow ing 
su d d e n  d e a th  caused  b y  e lec tric  shock, in  s tre ss , epilepsy, ec lam p sia , a fte r 
p h y s ic a l o v e rstra in , fo llow ing  a large dose o f  ad ren a lin e , in cases o f  phaeochro- 
m o c y to m a , c ru sh -sy n d ro m e, severe b u rn s , in  to x ic  conditions, e tc . Sós et al. 
(1965) h av e  succeeded in  in d u c in g  in fa rc tio n  b y  d ie ta ry  m eans in  th e  h e a r t 
o f  r a t s ,  dogs and  cocks; changes in th e  w all o f  th e  co ronary  vessels, h y p e r
te n s io n  an d  v aso m o to r d is tu rb an ces  also developed .
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T erm ina l reg u la tin g  app ara tu ses  in  the co ronary  vessels.
The an a to m ica l p a tte rn s

W e h av e  s tu d ie d  specim ens o f h u m an  h e a r t  m uscle in o rd e r to  d e te rm in e  
w h e th e r th e  p ad -lik e  s tru c tu re s  w ere p re se n t in  th e  sm allest an d  m ed ium -sized  
co ro n a ry  b lood  vessels o f th e  a rea  su p p lied  b y  th e  le f t an te rio r  c o ro n a ry  a r te ry , 
w here in fa rc tio n  is fre q u e n t.

T he specim ens o f h e a r t  m uscle w ere fix ed  in 7 p er cen t fo rm a lin , em bedded  
in  p a ra ffin  an d  sections 5 to  8 ц  th ic k  w ere c u t. In  such th ick  sec tions th e  elastic

F ig . 1. S p h in c te r a p p a ra tu s  in  th e  blood vessels o f th e  n asa l m ucosa. T h ey  m a y  show  con
siderab le  v a r ia tio n s  in  size u n d e r th e  effect of d ru g s. B iopsy specim en. T a r j á n , B á l i n t  and

B a r á t h , 1959

fib res  ap p ea r in  a b rig h t colour; for s ta in in g , h aem ato x y lin -eo sin , resorcin  
fuchsin  and  v an  G ieson’s dye w ere ap p lied . Since th e  s tru c tu re s  reg u la tin g  
te rm in a l c ircu la tio n  m u st be no rm al an a to m ica l ones, th e  cases in  w h ich  a t 
a u to p sy  or on h isto log ica l ex am in a tio n  arteriosc lerosis, or o th e r  b lo o d  vessel 
changes w ere d e tec ted , h av e  been n eg lec ted .

Id e n tif ic a tio n  o f th e  s tru c tu re s  in q u estio n  was m ade a cco rd in g  to  th e  
descrip tio n  o f C o n t i . T he s tru c tu re s  are  u su a lly  hem ispheric  in  sh a p e , s ittin g  
w ith  th e ir  base  on th e  in te rn a l e lastic  m em b ran e , w hich re ta in s  its  c o n tin u ity  
in  every  case. T he p ad  im m ed ia te ly  u n d e r th e  endo thelium  is covered  b y  a th in , 
so-called  accessory  e lastic  lam in a . T here  m ay  be one or tw o fin e  e la s tic  fibres 
inside th e  p ad . T he p ad  b e tw een  th e  tw o  m em branes is com posed  o f  long i
tu d in a lly  ru n n in g  m uscle fib res w hich, if  th e y  c o n tra c t, im p ed e  blood  flow 
to  a g rea t e x te n t. A t th e  sam e tim e  th e  c ircu la r m ura l m uscles also  c o n tra c t 
an d  th e re b y  com ple te  occlusion o f th e  vessel re su lts . The fig u res  sh o w  such 
co ro n a ry  sp h in c te r  a p p a ra tu se s . T h e ir s tru c tu re  m ay  v a ry  in  th e  vario u s
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o rg a n s , and  even in  th e  sa m e  o rgan . For ex am p le , th o se  observed  in  th e  n asa l 
m u c o sa  hang  in to  th e  lu m e n  o f  th e  blood vessel, in c rea se  in  d iam ete r w hen  th e y  
c o n tr a c t  and  occlude th e r e b y  th e  lum en (  F ig  1 .)  Som e sm oo th  m uscle e lem ents 
s ta in  lig h t, these we call m y o ep ith e lia l e lem en ts ; acco rd in g  to  som e a u th o rs  
th e s e  a re  th e  ones c a p a b le  o f  swelling.

F ig . 2. Pad -like  s tru c tu re  in  a  sm a ll  a r te ry  of th e  le f t h e a r t .  T h e  31 y ears old fem ale  p a t ie n t  
suffering from  m itr a l  s te n o sis  died of h e a r t  fa ilu re . H aem ato x y lin -eo sin

F ig . 3. P a d - l ik e  s tru c tu re  in  le f t c o ro n a ry  a r te ry

In  Fig. 2 and  F ig . 3 a  sp h in c te r a p p a ra tu s  is v isib le  in  a m ed ium -sized  
a r te r y  o f  th e  left h a lf  o f  th e  h e a r t  of a fem ale p a t ie n t  aged 31 y ears . F ig . 4 
sh o w s an o th e r lay er o f  th e  sam e  pad . The e lastic  fib re s  ap p ea r in d a rk  co lour. 
H is to lo g ica lly , th e  h e a r t  m u sc le  showed no p a th o lo g ic a l changes.

F ig . 4 shows a p a d  in  a p recap illa ry  a r te r io le  o f  a m ale aged 66 y ea rs  
w h o  h a d  died of ao rtic  r u p tu r e .  In  the  a o r ta  s lig h t trace s  o f arteriosclerosis 
c o u ld  on ly  be d e m o n s tra te d , th e  cause o f th e  ru p tu r e  w as a necrosis o f th e
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F ig . 4. S p h inc ter a p p a ra tu s  in  a sm all a r te ry  of th e  le f t h e a r t ,  from  a m ale aged  66, w ho
died o f ao rtic  ru p tu re

m ed ia . A rteriosclerosis w as ru led  o u t  on th e  basis t h a t  i t  affects th e  v a scu la r  
w all d iffusely  and  a lw ays dam ages th e  elastic  fib res . P ro life ra tio n  o f  th e  in tim a  
m a y  occur in chronic  in f la m m a to ry  processes; th is , how ever, ex ten d s  in w a rd  
fro m  th e  in te rn a l e la s tic  lam ina  a n d  is n o t co v ered  b y  an  accessory  e lastic  
m em b ran e . In  rh e u m a tic  fever an d  nec ro tiz in g  a n g iitis , f ib rino id  necrosis is 
v is ib le  in  the  v ascu la r  w all; th is w as ab sen t in  th e  p re se n t cases. L ikew ise, 
ce llu la r in filtra tio n  h as  been  ab sen t in  every  case.

D iscussion

P ad-like  fo rm a tio n s  on th e  in tim a  o f sm all b lood  vessels can  be  fo u n d  
in  m a n y  organs. I t  is c e r ta in  th a t  th e y  p lay  a re g u la to ry , d irec ting , chok ing , 
c losing  role in te rm in a l local flow . As a lread y  been  m en tio n ed , Z i n c k  described  
su ch  s tru c tu re s  an d  b e liev ed  th em  to  be m ore th a n  sim p le  p a rts  o f th e  a r te r io 
v en o u s  anastom oses. T h e  pads o b serv ed  b y  us a re  b y  all c e r ta in ty  n o rm a l 
a n a to m ic a l fo rm atio n s, as confirm ed also b y  K iss . T h ese  co n trac tile  s tru c tu re s  
m a y  p la y  a s ig n ifican t ro le  in  the  occlusion  o f vessels free from  sclerosis. F ro m  
an  o b s tru c tio n  by  th e  p ad s  m ight re su lt  for ex am p le  th e  m yocard ia l in fa rc tio n  
o ccu rrin g  during  e p ile p tic  seizures.

T h e  pad-like fo rm a tio n s  m ay  p la y  an  im p o r ta n t ,  th o u g h  li t t le  k n o w n , 
ro le  in  c ircu la to ry  re g u la tio n . V arious noxious effects m ay  lead  to  a h y p o x aem ic
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c o n d itio n , th en  to  h a em o rrh ag ic  in fa rc tio n  an d  necrosis. Such effects m ay  be 
a b n o rm a l reflexes, a u to n o m ic  n erv o u s effec ts, stress (Se l y e  a n d  B a ju s z ), 
h y p o x ia  caused b y  ca tech o lam in es (R a a b ) etc . A ccording to  R aab  th e  neuro- 
h u m o ra l  d is tu rb an ce  is o f te n  due to  a la c k  o f  exercise, to  an  ab sen ce  o f  th e  
b ra k in g  action  o f a n tia d re n e rg ic  fac to rs . I n  response  to  ad ren a lin e  or to  sy m 
p a th e t ic  s tim u la tio n , th e  sp h in c te r  a p p a ra tu se s  show  in fac t excessive sw elling, 
w ith  n a rro w in g  o f th e  lu m e n  (Cla ra , 1956; B a ra th  and  T e m e s r é k Ás i , 1958). 
W e be lieve  th a t  an  a b n o rm a l fu n c tio n  o f th e  sp h in c te r a p p a ra tu se s  dem on
s tr a b le  in  th e  area su p p lie d  b y  th e  le f t c o ro n a ry  a r te ry  p lays a s ig n if ic a n t role 
in  th e  d ev e lopm en t o f  m y o ca rd ia l in fa rc tio n s  n o t  accom pan ied  b y  m o rp h o lo 
g ica l changes in  th e  c o ro n a ry  b lood  vessels.
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UNTERSUCHUNGEN ÜBER DAS WESEN 
DES SENILEN EMPHYSEMS

V on

L. H a r a n g h y , K lára Sz e m e n y e i , E rz sé be t  F ü r e d i ,
K lára T e n n e r , E va K o n y á r  und Zsuzsanna  Szabó

II. PATHOLOGISCHES INSTITUT DER MEDIZINISCHEN UNIVERSITÄT, BUDAPEST 

(E ingegangen  a m  6. S ep tem b er 1965)

Das senile E m p h y sem  sollte als e ine  physio logische a lte rsb ed in g te  E rsch e in u n g  
b e tra c h te t  w erden , d ie  a u f  dem  A lte rn  d e r e lastisch en  F ase rn  u n d  e in e r V e rm eh ru n g  
de r a rg y ro p h ilen  u n d  ko llagénén  F a se rn  b e ru h t.

D as senile E m p h y sem  is t eine d e r kennze ichnenden  V erän d e ru n g en  des 
A lte rn s  beim  M enschen, die so häu fig  v o rk o m m t, daß  B ü rg er  die  V erän d eru n g  
»bis zu einem  gew issen G rade als physio logisch« bezeichnete . D ie V erän d eru n g  
w u rd e  d u rch  m ehrere  A u to ren , wie H a r t u n g , G i e s e , H ie r o n y m i  u s w . ein 
gehend  u n te rsu c h t. G i e s e  b e h a u p te te : ». . .m an  f in d e t n u r  einen  a llm äh lichen  
S chw und  der e lastisch -m usku lösen , w en iger der kollagénén  F ase rsy s te m e , der 
m it e iner zunehm enden  E rsch la ffu n g  des Lungengew ebes u n d  e in er a llm äh 
lichen  E rw eite ru n g  d e r A zini in das d iffuse senile E m p h y sem  ü b ergeh t« , und  
fe rn e r: »An den e las tisch en  F asern  s in d  h isto log isch  b isher k e ine  V e rän d e ru n 
gen nachgew iesen w o rd en , aus d en en  diese F u n k tio n sm in d e ru n g  abgelesen 
w erd en  kann.« D iese u n d  ähnliche B e h a u p tu n g e n  b ra c h te n  u n s  zu  dem  E n t
sch lu ß , uns m it dem  Z u s ta n d  der e la s tisch en  u n d  kollagénén F a se rn  d e r senilen 
L u n g en  zu beschäftigen . W ir b e a rb e ite te n  13 aus M ännern  u n d  37 aus F rau en  
s ta m m e n d e , also in sg e sa m t 50 solche L u ngen ; der jü n g s te  F a ll w a r  65, der 
ä lte s te  95 Ja h re  a lt. B ei 8 der F ä lle  w ar n u r  E m p h y sem , bei 31 au c h  Ödem  
u n d  h y p o sta tisch e  P n eu m o n ie , bei 8 L ungenem bolie  u n d  sch ließ lich  bei 3 
sp ä rlich e  K reb sm e ta s ta s ic ru n g  zu b e o b a c h te n . H isto log isch  w u rd en  die von 
dem  L ungenprozeß  bzw . den M etastasen  fern liegende L u ngengeb ie te  b e a rb e ite t. 
M it den  L ite ra tu ra n g a b e n  ü b e re in s tim m en d  fanden  w ir in k e in em  d er Fälle  
Cor pu lm onale . D iese E rsche inung  w ird  d u rch  P a rsi  u n d  G e i s s l e r  d am it 
e rk lä r t ,  d aß  »da ä lte re  M enschen im  allgem einen  ke iner e rh ö h ten  kö rperlichen  
B e la s tu n g  ausgese tz t s in d , sich auch  die an  das H erz geste llten  A nfo rderungen  
verringern« .

D ie aus den L u n g en  v e rfe r tig te n  S ch n itte  w urden  m it H ä m a to x y lin -  
E o sin , O rzein bzw . n a c h  V an Gieson g e fä rb t. Schon die ers ten  U n te rsu ch u n g en  
bew iesen , daß  sich d ie  einfache O rze in fä rb u n g  zu r In fo rm a tio n  ü b e r den 
Z u s ta n d  der fe ineren  e lastischen  F a se rn  n ic h t e ignet, desw egen h a b e n  w ir die 
S c h n itte  vor dem  F ä rb e n  m it P e rm a n g a n a t b eh an d e lt. D a in  d en  üblichen
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S c h n itte n  von 5 /x die e la s tisc h e n  F asern  o ft als z e rb rö c k e lt e rsch ienen , b e d ie n 
te n  w ir uns m it G e fr ie rsc h n itten  von  50 fx D icke, d ie in  B erg am o ttö l aufgehellt 
w u rd e n . D er V erlau f d e r e las tisch en  F asern  w a r  so le ich t zu verfo lgen . Die 
a rg y ro p h ilen  F asern  w u rd e n  m it der F oo tschen  Im p rä g n a tio n  nachgew iesen . 
D e r Z u stan d  der F a se rn  w u rd e  du rch  die A nilin - bzw . P h en o l-R eak tio n  la u t  
R o m h á n y i  b eu rte ilt. Z u r V e rd au u n g  der e las tisch en  F ase rn  w urde in  unserem

A b b . 1. L unge, G efrie rschn itt v o n  50 / / . O rzeinfärbung . L in k s 13 jäh riges K in d , re ch ts  65jährige
F rau . 50 X

I n s t i t u t  iso lierte  P a n k re a s -E la s ta se  b e n u tz t. D ie D opp elb rech u n g  w urde m it 
T o lu id in b la u  von v e rsch ied en em  p H  u n te rsu c h t. L a u t  H e i m  u n d  C s e h  w urde 
a u c h  die eigene F lu o reszen z  d er F ase rn  ü b e rp rü ft.

In  den m it O rzein g e fä rb te n  5 /.i S ch n itten  (im  w eite ren  als D ü n n sc h n itte  
b eze ich n e t) erwiesen sich  d ie  e lastischen  F a se rn  als ze rb rö ck elt. D em gegen
ü b e r  w a r ih r V erlau f in  d en  50 (x G efrie rsch n itten  (im  w eite ren  als D ick sch n itt 
b e z e ic h n e t)  gu t s ic h tb a r  (A b b . 1 ). In  dem  v o n  einem  7 jäh rigen  M ädchen 
s ta m m e n d e n  u n d  m it A n ilin  b eh an d e lten  D ü n n s c h n itt  w aren  keine e lastische 
F a s e rn  nachzuw eisen , d em g eg en ü b er kam en  so lche  m it schw ach n eg a tiv e r  
D o p p e lb rech u n g  in  d er L u n g e  einer 81 jährigen  F ra u  zum  V orschein. Im  D ick 
s c h n i t t  is t  die A n ilin re a k tio n  n ic h t v e rw ertb a r, w eil die D o ppelb rechung  der
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d ü n n en  F asern  d u rch  je n e  d er d icken  ko llagénén  B ü n d e ln  v e rd e c k t w ird . 
In  D ick sch n itten  is t die n e g a tiv e  D o ppelb rechung  m it der P h en o lreak tio n  
sow ohl in  der A lveo larw and  wie auch  in den D u c tu s  a lveolares g u t s ic h tb a r.

Die elastischen  F a se rn  ä lte re r  F rau en  w u rd en  d u rc h  E la s ta se  ra sch er 
v e rd a u t  als d iejenigen von  den  L ungen  jü n g e re r  P e rso n en  bzw . E m b ry o n en  
(A b b . 2 ) .

Abb. 2. L inks 13jähriges M ädchen , re ch ts  65 jährige  F ra u . G e frie rsch n itt von  50 Ц, O rzein 
fä rb u n g  n ach  óstünd iger E la s ta sev e rd a u u n g . In  der Lunge des ju n g e n  M ädchens sin d  die e la s ti

schen  F ase rn  k au m  v e rd a u t. 50 X

W äh ren d  in  fö ta len  L ungen  en tw ed er ke ine , o d e r n u r  w enige F o o t
p o sitiv e  F asern  zu b e o b a c h te n  sind , k o n n ten  in  d er ze llarm en  L u n g e  von 
a lten  F rau en  F o o t-p o sitiv e  feinere  u n d  derbere  B ü n d e l in  g rößerer Z ahl v o r
gefunden  w erden. B eim  sen ilen  E m p h y sem  erscheinen  im  V ergleich zu S äu g 
lingslungen  eine große A nzah l a rg y ro p h ile r F ase rn  in  feinen oder d ickeren  
B ü n d e ln  (A bb. 3 ) ; ih re hoch g rad ig e  V erm ehrung  fü h r t  d an n  zu r E n ts te h u n g  
w ellenförm iger oder gerade  v e rlau fen d er F asern  (A b b . 4 ) .  D ie V erd ick u n g  der 
F a se rn  ist besonders im  su b p leu ra len  G ebiet a u ffa llen d . H in s ich tlich  der 
sen ilen  alveolaren  S tru k tu r  kön n en  w ir die A uffassung  von  H a r t u n g  vo ll
ko m m en  b es tä tig en : ». . .es is t also n ic h t rich tig  von  e iner A lveo lenerw eiterung  
zu sp rechen . Die A lveolen v e rs tre ich en  v ielm ehr u n d  gehen in  der W an d  der
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e rw e ite r te n  Gänge au f, d ie  zu  läng lichen  u n g eg lied e rten  S ch läuchen  um gefo rm t 
w erd en .«  Die alveo lare  S t r u k tu r  k an n  besonders n a c h  E la s ta se v e rd au u n g  m it 
F o o tsc h e r  Im p rä g n a tio n  u n te rs u c h t  w erden , d a  in  d ieser W eise die argyro- 
p h ile n  F asern  und  d a d u rc h  d ie  a lveo lare  S tru k tu r  besser zum  V orschein  k o m m t, 
a ls b e i der e infachen Im p rä g n a tio n ; die Z ahl d er N erv en e lem en te  u n te r  den

A b b . 3. D ickschn itt (50 fi) a u s  d e r L unge e iner F ra u  v o n  80 J a h re n . D ie F a se rn  b ilden  ein  
k o m p liz ie rte s  N etzw erk . F oo tsche  Im p räg n a tio n . 320 X

im p rä g n ie r te n  S tru k tu re n  k a n n  jed o ch  e rs t d u rch  w eitere  U n te rsu ch u n g en  
b e s t im m t w erden.

W eiterh in  w u rd en  im  P o la risa tio n sm ik ro sk o p  m it T o lu id in b lau  b eh a n 
d e lte  D ick sch n itte  von  p H -W e rte n  4,4, 5,6 u n d  6 u n te rsu c h t. Bei sen ilen  L ungen 
(z. B . bei einer 65 jäh rig en  F ra u )  k o n n ten  w ir bei p H  5,6 einen le b h a fte n  P o la risa 
t io n se ffe k t der e la s tisch en  F ase rn  b eo b ach ten . In  der A lv eo la rw an d  a lte r  
P e rso n e n  w aren fa s t  ü b e ra ll  aus b e sen a rtig  v erzw eig ten  d ü n n e n  e lastischen  
E le m e n te n  zu sam m en g ese tz te  e lastische F ase rn  m it le b h a fte r  e igener F lu o res
zen z  zu  beobach ten . In  d e r ju n g e n  L unge k om m en  n u r  in d er W an d  der D uctus 
a lv eo la res  und  in  d er G efäß w an d  vere inze lte  e lastische  F a se rn  m it schw acher 
F lu o re szen z  vor (S. A bb . 5 ) .
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Z usam m enfassend  d ü rf te  also b e h a u p te t w e rd en , d aß  bei dem  senilen  
E m p h y sem  sich die e la s tisch en  F ase rn  n ich t ze rb rö ck e ln , sondern  ih re  E la s t i
z i tä t  verlie ren , u n d  so m it sich  v erlängern . D em en tsp rech en d  w ird  ih r V e rla u f 
w ellenförm ig  und  ih re  e igene F luoreszenz v e r s tä rk t  sich . Im  G egensatz zu 
d er Säuglingslunge v e rm e h re n  sich  in  der a lten  L u n g e  die a rgyroph ilen  F a se rn

Abb. 4. 65jährige F ra u , G e frie rsc h n itt von  50 ц ,  F o o tsch e  Im p rä g n a tio n . L inks ohne V e r
d a u u n g , rech ts  n ach  2 4 stü n d ig er V erd au u n g  m it E la s ta se . N a ch  V erd au u n g  sind  die a rg y ro 

p h ilen  F ase rn  g u t s ic h tb a r. 128 X

in  d e r A lveo larw and , die D u c tu li alveolares u n d  ih re  W an d  v e rd ic k t sich. 
Zeichen der U m w an d lu n g  in  K o llaz in , K o lla s tin  o d er E laz in  w aren  m it dem  
GiESEschen V erfah ren  n ic h t nachw eisbar. D em g em äß  d ü rf te  w enigstens bei 
n ic h t v o rg esch ritten em  E m p h y sem  m it R ech t a u f  eine m it dem  A lte rn  in  
Z u sam m en h an g  s teh en d e  F u n k tio n sa b n a h m e  geschlossen  w erden . G leichzeitig  
v e rm e h r t sich das k o llagéné  S tü tzw erk  der W a n d  d e r A lveoli u n d  der D u c tu li 
a lveo la res. D as senile E m p h y sem  soll also als eine physio logische, a lte rs 
b ed in g te  E rsch e in u n g  b e tr a c h te t  w erden , die a u f  dem  A lte rn  der e lastischen  
F a se rn  u n d  einer V erm eh ru n g  der zum  A u fre c h te rh a lte n  der E la s tiz itä t  der 
L unge n ich t genügenden  a rgy roph ilen  u n d  k o llag én én  F ase rn  b e ru h t. U nsere  
m orpho log ischen  U n te rsu ch u n g en  sollen d u rc h  e lek tro n en m ik ro sk o p isch e
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A b b . 5 . L in k s 7jähriges K in d , re c h ts  8 1 jäh rige  F ra u . E igene F luo reszenz  d e r e lastischen  
F a s e rn .  B ei dem  K inde sind  n u r  in  de r W an d  d e r D u c tu s a lveo lares v e re in ze lte  elastische 

Fasern  s ic h tb a r , d ie  eine schw ache F luoreszenz  aufw eisen . 120 X

U n te rsu c h u n g e n  e rg än z t w erd en , die a b e r eben bei senilen  L u n g en  gewisse 
S ch w ie rig k e iten  bed eu ten .
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CHANGES IN AY-CONDUCTION AFTER 
ATRIAL FIBRILLATION

Uy

P. K á l m á n , I .  G y á r f á s  a n d  -{-Gy . G o t t s e g e n

FOU RTH  D EPA RTM EN T OF M EDICINE, U N IV ER SITY  MEDICAL SCHOOL AND 
NATIONAL IN ST ITU TE OF CARDIOLOGY, BUDAPEST

(R ece iv ed  S ep tem b er 6 , 1965)

C onversion  of e stab lish ed  a tr ia l  f ib r il la tio n  to  s in u s rh y th m  was c losely  fo llow ed  
b y  p ro lo n g ed  A V -conduction  in  40 per cen t o f  119 p a tie n ts . N orm al c o n d u c tio n  was 
a tta in e d  in  a fo r tn ig h t  in  m o st cases. T he ch an g e  w as ra re  a fte r  p a ro x y sm al f ib r il la t io n  
a n d  n ev er occu rred  w ith o u t o rgan ic  h e a r t  d isease , n e ith e r  could i t  be d e m o n s tra te d  
a f te r  t r a n s ito ry  pe rio d s o f  f ib rilla tio n  in  an im a l ex p erim en ts . In h ib itio n  o f  A V -con- 
d u c tio n , w hich  is a n  e ssen tia l fa c to r o f a tr ia l  f ib r il la tio n , m ay  tra n s ie n tly  p e rs is t  a f te r  
co n v ersio n  to  sinus rh y th m  w hen th e  c o n d u c tio n  sy s tem  has suffered  a p ro lo n g ed , 
th o u g h  m o stly  rev ersib le  d am age b y  th e  close seq u en ce  of a tr ia l im pulses.

I n  th e  genesis o f a tr ia l  fib rilla tio n  tw o fa c to rs  are  p rev a len t, i.e . th e  h igh  
ra tio  o f  au ricu la r  im pulses an d  th e  p a r t ia l  in h ib itio n  o f A V -conduction  
(H olzmann [2]). A ccord ing  to  th e  tra d itio n a l v iew , even th e  tim in g  o f  th e  tw o 
fac to rs  is v e ry  close. In  th e  w ords o f Scherf [6] “ as soon as f ib r illa tio n  an d  
ta c h y c a rd ia  cease, A V -conduction  becom es n o rm a l ag a in ” . In  c o n tra s t  to  th is , 
we h a v e  co llected  a fa irly  la rge  n u m b er o f  cases d isp lay ing  a p e rs is te n t p ro 
lo n g a tio n  o f A V -conduction  a fte r  conversion  o f  a tr ia l f ib rilla tio n  to  sinus 
rh y th m . W e could  f in d  no p e r tin e n t d a ta  in  th e  l i te ra tu re , w ith  th e  ex cep tio n  
o f K atz’s E le c tro ca rd io g rap h y  [3] w here F ig . 421 show s a trac in g  ta k e n  a fte r  
conversion  to  sinus rh y th m  b y  qu in id ine , w ith  an  A V -interval o f  0.21 sec. 
T he firs t-d eg ree  b lock  w as ascribed  to  th e  d ru g , th e  in h ib ito ry  effect o f  w hich  
on co n d u c tio n  has been  know n  for m ore th a n  fo u r decades (Cohn an d  L é v y  [1], 
Lew is e t  al. [4]). In v e s tig a tio n s  in to  th e  m ech an ism  of th is  p h en o m en o n  h av e  
n o t b een  m ede (P ick [5]) as, u n til  recen t y e a rs , i t  was ra re ly  possib le  to  ru le  
o u t th e  effect o f  qu in id in e . T o d ay , on th e  o th e r  h a n d , defib rilla tion  b y  d irec t- 
c u rre n t shock  has enab led  us to  d iffe ren tia te  th e  d ru g  effect from  th e  con v ersio n  
o f a tr ia l  f ib rilla tio n .

M ateria l and  m ethods

T h e  ECG has been  s tu d ied  in  119 su b jec ts  d u rin g  a tr ia l  fib rilla tio n  and  a f te r  co n v ersio n  
to  sin u s rh y th m . As seen in  T ab le  I, m ost p a tie n ts  h a d  rh e u m a tic  v a lv u la r d isease  (m itra l,  
w ith  th e  ex cep tio n  of a single su b jec t) , and  a b o u t 25 p e r c en t had  coronary  sc lerosis . In  10 
p a tie n ts  th e  p a ro x y sm s o f f ib rilla tio n  were in te rsp a ce d  b y  sym ptom -free  in te rv a ls ;  in  these  
p a tie n ts  th e  closest c lin ical and  in s tru m e n ta l s tu d ies  h a v e  fa iled  to  reveal an y  o rg a n ic  c a rd io 
v a sc u la r  disease.

B efore  e lectrica l d e fib rilla tio n  had  becom e k n o w n , conversion  to sinus rh y th m  h a d  been 
a tta in e d  by  m eans of d rugs, in  th e  m ajo rity  w ith  d ig ita lis  an d /o r quin id ine. In  th e se  cases
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Table I

D istribution  o f cases under study

Diagnosis
No. of cases with 

established paroxysmal 
fibrillation

R h e u m a tic  v a lv u la r  disease 57 9

C oronary  sc lerosis 16 17

H y p e r th y ro id ism 2 3

O th e r h e a r t  disease 3 2

No o rg an ic  change 10

T o ta l 78 41

Table II

A  V-conduction after conversion to sinus rhythm  in  119 cases o f  atrial fib r illa tio n

Type
of fibrillation Therapy

AY-conduction

prolonged normal

1. D rugs

(a ) D igitalis 7 7

(b) Quinidine 3 2

E stab lished (c) D igita lis q u in id ine 4 8

(d) M ethim azole 1 1

15 18

2. Electrical defibrillation

(a ) D igitalis 3 11

(b ) Q uinidine 2 3

E stab lished (3) D igita lis -f- qu in id ine 1 4

(d) N o drug 9 12

15 30

3.

(a) D igita lis 2 20

(b) Q uinidine 1 2

Paroxysm al (c) D igita lis -f- qu in id ine 1 10

(d) N o drug 1 4

5 36

T o ta l 35 84
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we co rre la ted  th e  p ro longed  a n d  n o rm al A V -in tcrvals w ith  th e  doses applied . I n  2 cases, con 
version  to  sinus rh y th m  w as successfu l w ith  M eth im azole. E lec trica l d e fib rilla tio n  w as effected  
by  m eans of a L o w n -ty p e  c a rd io v e rte r  a t  100 to  400 W /sec.

As reg ard s t re a tm e n t,  th e  p a tie n ts  fall in to  th re e  g ro u p s  (T able II). In  cases o f p ro longed  
f ib rilla tio n  th e  c u rre n t m e th o d  in  th e  la s t y ear w as e lec trica l d e fib rilla tion . A ra p id  h e a r t  ra te  
w as low ered b y  m eans of d ig ita lis  p rio r to  th e  p rocedure . A t f ir s t ,  q u in id ine  h a d  a lso been  used  
h u t  w as g iven up  because o f u n fa v o u ra b le  reports . A b o u t 50 pe r cen t of th e  p a tie n ts  h a d  no 
prev ious m edication .

I n  36 o u t of 41 cases, f ib rilla tio n  ceased on th e  in tra v e n o u s  in jec tio n  of d ig ita lis , th e  
doses being successively in creased  u n til sinus rh y th m  w as re s to red . In  5 cases fib rilla tio n  ceased 
spo n tan eo u sly . C onversion  to  sin u s rh y th m  was g en era lly  follow ed b y  p re v en tiv e  dosages of 
0,20 to  0,60 g qu in id ine  daily .

In  8 m ongrel dogs of b o th  sexes and  various b o d y  w e ig h t, a tr ia l f ib rilla tio n  w as in duced  
a f te r  th o rac o to m y  by  m ean s of a su bep icard ia l in je c tio n  o f 2.5 m g acety lcho line  ch loride  in to  
th e  region of th e  sinus node, u n d e r  chloralose an ae s th es ia  a n d  a rtific ia l re sp ira tio n .

R esults

Pro longed  A V -conduction , from  0.22 to  0.32 sec. follow ing u p o n  th e  
a rre s t o f es tab lished  a tr ia l  fib rilla tio n  ap p eared  w ith  an incidence o f 43 p e r cen t 
am ong  th e  cases w here sinus rh y th m  h ad  been re s to re d  b y  d ire c t-c u rre n t shock 
alone, w ith  an inc idence  o f  25 p er cen t am o n g  th o se  w here drugs h a d  been 
ap p lied  p rio r to  th e  in te rv e n tio n  and  w ith  an  inc idence  o f 38 p er cen t in  th e  
cases w here exclusively  d rugs h ad  been ad m in is te re d  (T able  I I I . ) .  In  one of 
th e  2 p a tie n ts  w ith  h y p e rth y ro id ism  w here e s ta b lish e d  fib rilla tio n  h a d  been 
co n tro lled  b y  M eth im azo le , A Y -conduction  w as p ro longed , w hile in  th e  
o th e r  p a tie n t it  rem ain ed  no rm al.

As show n by  T ab le  IY , th e  incidence o f p ro longed  co nduction  am ong  th e  
p a tie n ts  who h ad  been  t r e a te d  w ith  d ig ita lis a n d /o r  qu in id ine  was low er th a n  
in  th e  cases w ith  no p rev ious d ru g  tre a tm e n t.

Tabic III

Correlation o f  therapy with A  V-conduction

AV-conduction

Fibrillation Therapy prolonged normal

No. of cases % No. of cases %

D rugs 14 38 17 62

E lec trica l defib rilla tion 9 43 12 57

E stab lished E lec trica l d e fib rilla tion  drugs 6 25 18 75

M ethim azole 1 0 1 0

T o ta l 30 38 48 62

D rugs 4 11 32 89
P aroxysm al S pon taneous 1 20 4 80

T o ta l 5 12 36 88
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I n  paroxysm al f ib r il la tio n , w h e th e r its  a r re s t  h ad  been  sp o n tan eo u s  or 
in d u c e d  b y  drugs, su b se q u e n t p ro lo n g a tio n  o f  A Y -conduction  on ly  occurred  
in  1 1 — 20 per cent, re sp e c tiv e ly  (T able I I I ) ,  a n d  in  none o f th e  10 cases w here 
no  o rg a n ic  h ea rt disease h a d  been  found.

Table IV

P revio u s administration o f  d ig ita lis  and/or qu in id ine  and A  V-conduction after conversion 
o f established atrial fib r illa tio n  to s in u s rhythm

Drug

AV-conduction

prolonged normal

No. of cases % No. of cases %

Digitalis 10 36 18 64

Quinidine an d /o r d ig ita lis 10 37 17 63

No drug 10 43 13 57

Total 30 48

T w e n ty  p a tien ts  w ith  pro longed  A Y -conduction  w ere fo llow ed up  for 
a p e r io d  o f 15 days a f te r  co n v ersio n  to  sinus rh y th m . In  2 cases th e  re su lt  of 
th e r a p y  w as tra n s ito ry , in  a n o th e r , p ro longed  A V -conduction  p e rs is te d  d u ring  
th e  w h o le  period of o b se rv a tio n , w hereas in  th e  rem ain in g  cases i t  successively  
d e c re a se d  u n til th e  n o rm a l ra n g e  was reach ed , th o u g h  in  a sm all n u m b e r  of 
cases  i t  s till accounted  to  m o re  th a n  0.20 sec. on th e  1 5 th  d ay . Q u in id in e  was 
a d m in is te re d  to  all p a t ie n ts  d u rin g  th e  w hole perio d  o f s tu d y  (T able  V).

Table V

Progress o f prolonged A  V-conduction under the influence o f  further qu in id ine  dosage

Length of AV-conduction Total
Conversion to sinus rhythm

Medicamentous Electrical

R etu rn ed  to  less th a n  0.20 sec n 3 8
Decreased ( > 2 0 s e c .) 6 2 4
U nchanged l 1 —
F ibrilla tion  re tu rn e d 2 - 2

T ota l 20

A tr ia l  fib rilla tion  in d u c e d  in  8 dogs in  16 in stan ces ceased sp o n tan eo u sly  
a f te r  a  d u ra tio n  o f 30 to  45 m in u te s . A V -conduction  in  th e  m o m en t o f  con
v e rs io n  to  sinus rh y th m  w as fo u n d  n o rm al th ro u g h o u t.
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D iscussion

P ro lo n g a tio n  o f  A V -conduction  su b se q u e n t to  conversion o f  a u r ic u la r

T he th e o ry  co n n ec tin g  th is  p ro lo n g a tio n  w ith  a d ru g  effect has been in v a lid a te d  
b y  ou r find ings.

T here  w as no ev idence to  suggest a rh e u m a tic  re lapse  in  th e  cases d isp la y 
ing a p ro longed  А У-in te rv a l, n o r w as th e re  in  th e  in d iv idua ls w ith  c o ro n a ry  
disease a n y  cause to  connect th is  a lte ra tio n  w h ich  spo n tan eo u sly  su b s id e d  in 
a fo r tn ig h t, w ith  th e  process.

In  c o n tra s t to  e s tab lish ed  a tr ia l  f ib r illa tio n , paroxysm al f ib r illa tio n  
e n ta iled  a p ro longed  A V -conduction  in  12 p e r c e n t on ly . This is in  a g re e m e n t 
w ith  o u r an im al ex p erim en ts  w here A V -conduction  rem ained  n o rm a l d u rin g  
30 to  45 m in u te  periods o f fib rilla tio n . T h o u g h  th is  fin d in g  m igh t be in te rp re te d  
as be ing  due to  species differences, its  close ag reem en t w ith  th e  clin ica l o b se r
v a tio n s  nev erth e less  ju s tifie s  one to  c o rre la te  th e  p ro longa tion  o f A V -conduc
tio n  w ith  th e  d u ra tio n  o f  a tr ia l  f ib rilla tio n .
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f ib rilla tio n  to  sinus rh y th m  has been o bserved  in  38 per cen t o f o u r m a te r ia l.
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O rszágos K ard io ló g ia i In té z e t,
B u d a p e s t IX . N a g y v á ra d  té r  1. H u n g a ry
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EFFECT OF ANABOLIC HORMONE ON ALBUMIN 
AND GLOBULIN TURNOVER IN AGED PATIENTS

By
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THIRD DEPARTMENT OF MEDICINE (DIRECTOR: PROF. S. GERÖ), UNIVERSITY MEDICAL SCHOOL, BUDAPEST, 
AND BENCZUR-STREET HOSPITAL (DIRECTOR: DR. M. VASS), BUDAPEST

(R ece iv ed  S ep tem b er 13, 1965)

A s tu d y  of th e  e ffec ts o f anabolic  horm one p re p a ra tio n s  in aged  p a tie n ts  rev ea l
ed th a t

(i) d e lta -m e th y l te s to s te ro n e  an d  n o r-an d ro sten o lo n e  p h en y l p ro p io n a te  were 
fo u n d  to  s tim u la te  th e  d a ily  p ro d u c tio n  of b o th  a lb u m in  an d  g lobulin .

(ii) A ccording to  d irec t tu rn o v e r  s tu d ies  w ith  35S-m eth ion ine, th e  anabo lic  
horm ones ac t in  th e  an ab o lic  phase  of p ro te in  syn thesis.

(iii) A nabolic  h o rm o n es ra ise  th e  m ass d is tr ib u tio n  ra tio  o f a lb u m in  a n d  glo
b u lin  in  th e  e x tra v a sc u la r  pool, a fin d in g  in d ic a tiv e  o f  an  increased  m ig ra tio n  to w ard s  
th e  tissues.

(iv) A nabolic  h o rm o n es  m ig h t induce a sh iftin g  of e lec tro p h o re tic  m o til ity  of 
ce rta in  p ro te in  frac tio n s .

E a rlie r  stud ies on th e  effect o f th e  anab o lic  ste ro id  h o rm o n e  d elta j- 
m e th y l- te s to s te ro n e  (DM T) show ed th a t  w hile th e  serum  to ta l-p ro te in  level is 
n o t  a ffec ted , a lbum in  tu rn o v e r  is h igh ly  s tim u la te d  [1]. T he s tu d y  h as  ra ised  
fu r th e r  problem s, viz. (i) w h e th e r anabolic  horm ones affec ted  th e  m e tab o lism  
o f b o th  a lbum in  and g lo bu lin  an d  w h e th e r th e  sam e effect a sse rte d  i ts e lf  w ith  
b o th  su b stan ces; (ii) w h e th e r  th e  anabo lic  or th e  ca tab o lic  p h ase  o f  p ro te in  
m e tab o lism  was affec ted ; (iii) w h e th e r th e  d is tr ib u tio n  of a lb u m in  a n d  globulin  
in  th e  e x tra -  and  in tra v a sc u la r  pools was a ffec ted , and , fin a lly  (iv) w h e th e r 
a n y  change due to  th e  an ab o lic  horm one effect m ig h t be d e te c te d  in  th e  serum  
p ro te in  frac tions.

M ateria l and  m ethods

T he p a tie n t m ate ria l w as se lec ted  accord ing  to  th e  princip les specified  in  th e  p rev ious 
p a p e r  [1]. T he m ean age of th e  13 p a tie n ts  u n d e r co n sid era tio n  was 69 y ears.

T he f irs t  ex p erim en tal series in cluded  gam m a-g lobu lin  tu rn o v e r  s tu d ies  w ith  131I-labelled  
g lobulin  in  3 p a tie n ts  su b je c ted  to  DMT tre a tm e n t. H u m a n  g am m a-g lobu lin  (p ro d u c e d  b y  th e  
I n s t i tu te  fo r Serobacterio log ical P ro d u c tio n  an d  R esearch  “ H u m a n ” , B u d a p e s t)  w as used.

S im ultaneous tu rn o v e r  s tu d ie s  w ere perform ed to  d e te rm in e  th e  r a te  o f ch an g e  induced  
b y  DM T in  a lbum in  an d  g lo b u lin  m etabo lism . T his w as c a rried  o u t as follow s. T w o p a tie n ts  
w ere  g iven  131I-labelled  gam m a-g lo b u lin  an d  o th e r p a tie n ts  51C r-labelled a lb u m in  in tra v en o u s ly : 
50— 150 ,uC, resp ., w ere a d m in is te re d .' T he a lb u m in  w as labelled  acco rd in g  to  Gray  
a n d  St e r l in g  [2], th e  g lo b u lin  acco rd ing  to  V e a l l , P e a r so n  a n d  H a n l e y  [3]. Im m u n e  
e lectrophoresis and  d e te rm in a tio n  o f th e  biological half-life  confirm ed  th a t  lab e llin g  d id  no t 
d e n a tu re  th e  pro teins. L ugol’s so lu tio n , ad m in iste red  tw o d ay s before a n d  d u rin g  th e  whole

* P re se n t address: „ F ré d é r ic  Jo lio t-C u rie”  N a tio n a l R esearch  In s t i tu te  fo r R adiob io logy  
a n d  R adiohyg iene, B u d ap est.
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e x p e r im e n ta l  series was u sed  to  b lo c k  th e  thy ro id . R a d io a c tiv ity  in  b lood sam ples a n d  collected  
u r in e s  w as m easured  in  a  th a l l iu m -a c tiv a te d  w e ll-type  N a l  c ry s ta l  ( Gam m a  O p tica l W orks, 
B u d a p e s t) .  T he photo  p eak s o f 131I  a n d  51Cr being n e a r to  e ach  o th e r , a  c ry s ta l o f  good reso lu 
t io n ,  i.e . n o t exceeding 8.5 p e r  c e n t ,  w as used.

B lood  sam ples w ere c o lle c te d  10 m inutes a f te r  in je c tin g  th e  iso tope  a n d  su b seq u en tly  
e v e ry  o th e r  day  for ab o u t a  fo r tn ig h t ,  from  th e  c u b ita l v e in  on  th e  o p p osite  side. T h is m eth o d  
a llo w e d  to  estim ate  th e  in t r a v a s a l  a n d  e x tra v asa l poo ls o f g lobu lin  an d  a lb u m in , a n d  th e  
a m o u n t  p ro te in  produced  d a ily .

N e x t, d irect tu rn o v e r  s tu d ie s  w ere perform ed w ith  35S -m eth io n in e  to  d e te rm in e  w h e th er 
th e  a n ab o lic  or th e  catab o lic  p h a se  o f p ro te in  m etab o lism  w as a ffec ted  b y  th e  h o rm one. T hese 
s tu d ie s  w ere also perfo rm ed  b y  se lf-con tro l, so th a t  th e  in c o rp o ra tio n  r a te  o f 35S-m eth ion ine  
in to  a lb u m in  was d e te rm in ed  b e fo re  a n d  3 m on ths a f te r  D M T  tre a tm e n t.  In  th e  course  o f th e  
e x a m in a tio n s  perform ed on tw o  p a tie n ts  th e  ra d io a c tiv ity  o f p lasm a  a lb u m in  fra c tio n a te d  
a c c o rd in g  to  Cohn was m e a su re d  in  in fin ite  th ick n ess in  a n  a rg o n  gas flow  d e te c to r  ( Gam ma  
O p tic a l  W orks, B udapest).

T h e  values o b ta in ed  in  th e  f i r s t  group of p a tie n ts  a llow ed  to  co m p u te  th e  e x tra v asa l 
a n d  in tra v a s a l  a lbum in a n d  g lo b u lin  d is tr ib u tio n  ra tio . T h is  w as done acco rd ing  to  th e  e x tra 
p o la t io n  m eth o d  proposed  b y  S t e r l in g  [4], and  th e  eq u ilib riu m  tim e  m eth o d  suggested  by  
Ca m p b e l l  et al. [5], Ma t t h e w s  [6 ], a n d  F reem a n  et al. [7].

S ince th e  resu lts o b ta in e d  b y  th e  tw o m eth o d s w ere  in  p e rfe c t ag reem en t, th e y  w ill be 
p re s e n te d  according to  th e  e q u ilib r iu m  tim e m eth o d  o n ly .

P a p e r  e lectrophoresis w a s  u se d  for stu d y in g  th e  e ffec t on  serum  p ro te in  frac tio n s .
D M T and  n o ran d ro s ten o lo n e  p h en y lp ro p io n ate  (N P P )  w ere a d m in is te red  b y  th e  m eth o d  

la id  d o w n  in  lite ra tu re  a n d  sp e c if ied  in  our p rev ious p a p e r  [1]. T he to ta l  dose w as 630 m g 
o f  D M T  a n d  175 mg of N P P .

Table I

Values o f  y-g lobulins before and after D M T  treatment

Patient, age Plasma volume 
ml/kg

Intravascular 
globulin pool

Ф е

К
(degradation 

rate) %

Daily globulin 
production,
“tgAg/day

s. J . before 42 0.6 6.6 40

56 after 45 0.7 13.8 66

F . A. before <D
g 38 0.87 6.0 35

82 after CÜ 40 0.95 11.0 62

V. P. before 35 1.05 6.3 32

71 after 38 1.2 13.0 78

Results

A s seen in T able I ,  D M T  induced  a s lig h t in c rease  in  th e  in tra v a sc u la r  
g am m a-g lo b u lin  pool o f  a ll th e  th ree  p a tie n ts  u n d e r  co n sid e ra tio n . S im u lta 
n e o u s ly , th e  daily  p ro d u c tio n  o f  gam m a-g lobu lin  w as also ra ised , to g e th e r  
w i th  th e  deg radation  r a te  (k ). These d a ta  su g g est — as concluded  u p o n  in 
o u r  p rev io u s  paper [1] t h a t ,  in  add ition  to  its  e ffec t on a lbum in  m etab o lism , 
D M T  h as a sim ilar effect o n  g lobulin  sy n th esis .

T h is  prom ising h y p o th e s is  necessita ted  a s tu d y  o f  th e  DM T effect on 
th e  a lb u m in  and  g lobu lin  tu rn o v e r  by  a s im u lta n e o u s  estim a tio n  o f  ra d io 
a c t iv i ty  i.e. o f th e  tra c e r  ad m in is te red .
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As d a ta  in  T ab le  I I  c learly  suggest, acco rd ing  to  s im u ltan eo u s  in d ire c t 
tu rn o v e r  stud ies w ith  131I-lab e lled  gam m a-g lobu lin  and  51C r-labelled  a lb u m in ,

Tabic II

Sim ultaneous values o f  y-globulins and album in before and after D M T  treatm ent

Patient, age

Intravascular pool 
g/kS

Degradation rate
%

Daily protein production, 
mg/kg/day

globulin albumin globulin albumin globulin albumin

V. P. before ■M 1.05 1 . 0 6.3 9.9 32.0 42.0

71 afte r
s

1.20 1.25 13.0 13.6 78.0 80.0

A. F. before
+->
COV 0.96 0.95 14.0 9.3 20.0 65.0

70 afte r
и
4-» 1.58 1.20 16.0 11.0 25.0 95.0

D M T induces a rise in  th e  da ily  p ro d u c tio n  o f  b o th  a lb u m in  a n d  g a m m a 
g lobu lin . Since th e  re su lts  w ere o b ta in e d  in tw o  p a tie n ts  on ly , i t  w as im possib le  
to  o b ta in  fu lly  re liab le  d a ta  on th e  daily  p ro d u c tio n  o f a lbum in  a n d  g lo bu lin ; 
s till, i t  was ev id en t th a t  th e  rise  w as m ore m a rk e d  w ith  a lbum in .

F ig. 1. In co rp o ra tio n  o f 35S -m eth ion ine  in to  a lb u m in  before  and  a f te r  DM T tr e a tm e n t

R esu lts  o f d irec t tu rn o v e r  s tud ies w ith  35S-m eth ion ine  a re  show n  in 
F ig . 1, expressed  per m g o f d ry  m ate ria l from  th e  a lbum in  f ra c tio n  iso la ted  
acco rd in g  to  Cohn. In c o rp o ra tio n  o f labe lled  m eth ion ine  in to  th e  a lb u m in  
w as increased  by  30 to  35 p e r cen t on D M T tre a tm e n t. In  b o th  cases th e  
in co rp o ra tio n  peaks w ere reach ed  a b o u t th re e  h ou rs a fte r  th e  in je c tio n  o f  th e  
am ino  acid . The half-life  o f a lb u m in  am o u n ted  to  24 days b efo re  t r e a tm e n t  
an d  fell to  18 and  16 d ay s, re sp ec tiv e ly , a fte rw ard s  (Fig. 2).

T he m ass d is tr ib u tio n  ra tio  o f  globulin  a n d  a lbum in  — in c o n s ta n t  t r a n s 
fer b e tw een  th e  in tra v a sc u la r  an d  e x tra v a sc u la r  pools — is show n in  F ig . 3.
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F o llo w in g  tre a tm e n t, th is  r a t io  shifted  to w ard s  th e  e x tra v a sc u la r  pool. A cco rd 
in g ly , th e  EV/IV ra tio  (r) fo r  album in in c rea sed  fro m  1.3 to  1.6, th a t  fo r glor 
b u l in  from  1.2 to  1.7. T h e  rise  was s ig n ifican t in  b o th  cases.

F ig . 2. Sem ilogarithm ic p lo t  sh o w in g  re la tio n sh ip  o f F ig  3. Changes o f  e x tra v a sc u la r /  
sp e c if ic  a c tiv ity  of p lasm a a lb u m in  an d  in te rv a l fo llow ing  in tra v a s c u la r  (EV /IV ) m ass ra tio s  

th e  a d m in is tra tio n  o f  35S-m ethionine a f te r  t r e a tm e n t

T h e changes in d u c e d  b y  DMT in th e  se ru m  p ro te in  level an d  in th e  ra tio  
o f  th e  pro te in  frac tio n s  a re  show n in T ab le  I I I .  W hile  th e  a lb u m in  m ass 
d e c re a se d  sign ifican tly  in  th re e  patien ts  a n d  so m e w h a t less s ig n ifican tly  in 
tw o  o th e rs , a s ign ifican t in c re a se  in globulin m ass  to o k  place in  all th e  p a tie n ts .

Table III

S eru m  pro te ins before and after treatm ent

Patient,
age

Total 
protein 
g per 

100 ml
Albumin

Globulin fractions %

«1 a 2 A A У

Sz. 1. before tre a tm e n t 6.3 39.2 9.6 13.2 8.9 4.4 24.7

76 after 7.4 29.4 10.4 13.0 13.7 33.5

K . F . before t re a tm e n t 6.3 36.6 3.9 10.7 12.2 6.4 30.2

72 after 7.0 34.7 13.4 12.2 12.2 27.5

N . J . before t re a tm e n t 7.4 50.3 6.7 9.0 8.9 4.5 20.6

73 after 8.4 45.6 11.4 13.4 10.0 19.8

M . J . before tre a tm e n t 7.4 59.0 5.0 6.5 11.5 18.0

63 after 7.4 34.1 12.9 11.4 16.8 24.8

J .  J . before tre a tm e n t 5.5 35.4 8.3 8.7 17.3 5.7 24.6

82 after 6.7 28.0 10.8 16.5 13.6 33.5
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In  fo u r p a tie n ts  th is  increase  fell to  th e  a lp h a -1 , in  th ree  to  th e  a lp h a -2 , an d  
in fu r th e r  th re e  to  th e  g am m a globulin  f ra c tio n .

U pon th e  effect o f  DM T, th e  beta-1  a n d  b e ta -2  fractions becam e  h o m o 
geneous and  in s tead  o f m ig ra tin g  se p a ra te ly  — as before t re a tm e n t — th e y  
co n tin u ed  to  m ig ra te  to g e th e r.

D iscussion

O ur earlie r ex p erim en ts  have  show n t h a t  anabo lic  horm ones s tim u la te  
th e  a lb u m in  tu rn o v e r . In  th e  p resen t s tu d y  an  a t te m p t has been  m ad e  to  
e lu c id a te  som e d e ta ils  o f  th e  horm ones’ a c tio n  m echanism . I t  is w ell know n 
th a t  in  a d d itio n  to  a re la tiv e  decrease in a lb u m in  syn thesis , an in crease  o f  th e  
g lobulin  m ass is c h a ra c te ris tic  of th e  p ro te in  p a t te rn  in aged su b je c ts . I f  th e  
anabo lic  ho rm one w ere a ffec ting  th e  m e tab o lism  o f album in  only , th is  w ould  
n ecessarily  lead  to  a no rm aliza tio n  of th e  p ro te in  p a tte rn  in aged  su b je c ts . 
A ccord ingly , i t  seem ed in te re s tin g  to  s tu d y  w h e th e r  th e  horm one e x e r te d  an 
effect on th e  g lobulin  frac tio n s , too . The re su lts  suggest th a t  anabolic  h o rm o n es 
are s tim u la tin g  th e  sy n th esis  o f b o th  a lb u m in  a n d  globulin. As co n firm ed  b y  
d irec t tu rn o v e r  s tu d ie s , anabolic  horm ones a c t in  th e  anabolic p h ase .

I f  com pared  w ith  th e  daily  a lbum in  p ro d u c tio n  ch a rac te ris tic  o f  y o ung  
and  h e a lth y  in d iv id u a ls , am o u n tin g  to  145 m g/kg  body  w e ig h t/d ay  [8] an d  
w ith  th a t  o f g lobu lin , am o u n tin g  to  a b o u t 35 m g/kg b o d y -w e ig h t/d ay  [9] 
our re su lts  h av e  show n th a t  th e  anabolic  h o rm o n es fail to  norm alize  th e  A/G 
ra tio . Since th e se  ho rm ones s tim u la te  th e  p ro d u c tio n  of b o th  a lb u m in  an d  
g lobu lin , th e  А/G  ra tio  in  old people fails to  becom e sim ilar to  th a t  o f  y o u n g  
in d iv id u a ls .

T he s im u ltan eo u s d e te rm in a tio n  o f  a lb u m in  and  globulin  m e tab o lic  
processes b y  double  iso to p e  labelling  has b een  m ad e  difficult by  th e  fa c t  th a t  
th e  p h o to  peaks o f 5lCr an d  131I are  n ea r to  each  o th e r (0.32 MeV a n d  0.364 
MeV, resp ec tiv e ly ). H ow ever, as p roved  b y  A dams  et al. [12, 13] a n d  Ö b r in k  
and  U l f e n d a h l  [14], doub le  iso tope d e te rm in a tio n  m igh t still be p e rfo rm ed , 
p ro v id ed  th e  d e tec tin g  c ry s ta l has a so lv ing  c a p a c ity  o f less th a n  10 p e r  cen t. 
Som e a u th o rs  failed  to  o b ta in  reliab le re su lts  w ith  e stim ating  on ly  th e  values 
fa lling  betw een  0.64 an d  0.72 MeV in th e  en e rg y  range of lab e lled  iod ine . 
Since on ly  ab o u t 12 p er cen t of rad io a c tiv e  d is in teg ra tio n s are in c lu d e d  in 
th is energy  range , th e  s ta tis tic a l accu racy  o f  th e  m ethod  is g re a tly  red u ced .

O ur ca lcu la tio n s w ere done accord ing  to  A dams [13].
L abelling  o f p ro te in s  w ith  cation ic  ch ro m iu m  isotopes is h ig h ly  e ffic ien t 

and , if  care fu lly  done, th e  tagg ing  p ro ced u re  does n o t d en a tu re  th e  p ro te in s , 
as has been con firm ed  b y  im m unological e x p e rim e n ts  [16]. Iso to p e  lin k a g e  is 
s tab le  an d  no ap p rec iab le  d is in teg ra tio n  occu rs d u rin g  several w eeks.
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D a ta  concern ing  th e  ac tio n  m echan ism  o f  anabo lic  horm ones are  u n ifo rm  
in  em p h asiz in g  th a t  u p o n  th e  effect of th ese  h o rm o n es  body-w eigh t is in c rea sed  
a n d  th e  n itrogen  b a la n c e  becom es p o sitiv e  [10, 11]. W hen d e te rm in in g  th e  
e x tra v a s c u la r  and  in tra v a s c u la r  pools o f  a lb u m in  and globulin , D M T was 
fo u n d  to  increase th e  d is tr ib u tio n  ra tio  o f b o th  p ro te in s in th e  e x tra v a sc u la r  
p o o l. T h is suggests th a t  one  of th e  essen tia l e ffec ts  of th e  anabo lic  h o rm o n es 
co n s is ts  in  d irec ting  p ro te in s  tow ards th e  tis su e s . T hus, even if  th e se  h o rm o n es 
fa il to  a lte r  th e  p ro te in  p a t te rn  c h a ra c te r is tic  o f  advanced  age, in d ire c tly , 
— b y  increasing  th e  sy n th es is  of a lbum in  a n d  g lobulin  — th e y  s till p ro m o te  
th e i r  u tiliz a tio n .

I n  ad d itio n  to  th is  effec t, anabolic  h o rm o n es  in te rfe re  even m ore  d eep ly  
w ith  p ro te in  m etab o lism . T h is h y po thesis  is su p p o rte d  b y  ou r f in d in g  th a t  
N P P  changed  th e  m ig ra tio n  speed  of b e ta -1  a n d  be ta -2  globulins. C onsidering  
t h a t  N P P  did n o t in d u ce  essen tia l changes e i th e r  in  th e  to ta l p ro te in  p a t te rn  
o r in  th e  single p ro te in  frac tions, w hile b o th  th e  serum  p ro te in  level 
a n d  th e  ra tio  of th e  single p ro te in  frac tions w ere  changed , i t  m igh t be  su p p o sed  
t h a t  th e  effect o f th e  an ab o lic  horm ones d e p e n d e d  in  its chem ical s tru c tu re .
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B LO O D  C H E M I S T R Y  S T U D IE S  I N  R E N A L  F A I L U R E

By

J .  C s a p ó , G. N y e r g e s  and J .  B u d a i

EXPERIMENTAL LABORATORY, LÁSZLÓ HOSPITAL, BUDAPEST

(R ece iv ed  S ep tem b er 24, 1965)

1. A n o x id im etric  m e th o d  has been  w o rk ed  o u t  fo r th e  q u a n tita tiv e  d e te rm in a tio n  
of o rgan ic  m ate ria ls  o th e r  th a n  p ro te in , c a rb o h y d ra te  a n d  carbam ide  in  b lood  serum .

2. P lasm a  sod ium , p o tass iu m , ch loride, b ica rb o n a te , as well as th e  oxid izab le  
residue an d  N P N  w ere d e te rm in e d  in  every  case, em p h asis  being la id  on th e  co rre la tio n s 
be tw een  po tassiu m , N P N , a n d  oxid izab le  resid u e .

3. In  chron ic  n e p h ritis  th e  b ica rb o n a te  leve l is generally  red u ced , th o u g h , o cca 
sionally , n o rm al va lues m a y  be found . T he levels o f p o tassiu m , N P N  an d  th e  ox id izab le  
residue  are  genera lly  h igh . A s th e  oxid izable re s id u e  consists for th e  g re a te s t  p a r t  of 
o rgan ic  acids, i t  has  a larg e  share  in  th e  re d u c tio n  o f b ica rb o n ates .

4. In  tu b u la r  lesions asso c ia ted  w ith  o b s tru c tiv e  jau n d ice  or h e p a titis ,  serum  
p o tassiu m  rem ains n o rm al u n til  i t  comes to  e x tre m e  oliguria , w hereas th e  levels of 
N P N  an d  ox id izab le  resid u e  increase  in  sp ite  o f th e  p o lyuria .

5. A sim ilar p a t te rn  m ay  be found  in  tu b u la r  lesions o f sep tic  n a tu re .
6. T here  is no close c o rre la tio n  b e tw een  th e  va lues for N P N  a n d  oxid izab le  

residue.
7. P o tassium -losing  re n a l fa ilu re  m ay  b e  acco m p an ied  b y  severe ch loracidosis 

w ith  g rea tly  in creased  N P N , b u t  norm al v a lu es fo r ox id izab le  residue.

In c reased  levels o f  o rg an ic  acids w ere d e m o n s tra te d  in u raem ic  h u 
m an  serum  b y  C s a p ó  an d  K e r p e l - F r o n i u s  th i r ty  years ago [ 1 ] .  W hile 
su b seq u en t in v es tig a to rs  a rr iv e d  a t  th e  sam e  resu lts  b y  d e te rm in a tio n s  
o f o th e r  e lec tro ly tes in v o lv ed  in acid -base b a la n c e , i.e. sod ium , p o tassiu m , 
b ica rb o n a te , ch lorides, in  o th e r  w ords b y  in d ire c t inference from  increased  
levels o f residua l acid  rad ica ls  (p h o sp h a tes , su lp h a te s , organic acids, to ta l  
p ro te in s), our find ings w ere a rr iv ed  a t  by  d ire c t a lk a lim etric  t i t ra t io n s . A ccu
ra te  know ledge o f  th e  a m o u n t o f organic acids req u ires , in  th e  case o f  in d irec t 
m e th o d s, th e  d e te rm in a tio n  o f  th e  in d iv id u a l acid  rad ica ls .

A p a r t  from  th e  q u a n ti ta t iv e  in te r re la tio n  o f  anorgan ic  ions an d  in 
creased  carb am id e  levels i t  is th e  organ ic  f ra c tio n  w hich  has th e  g re a te s t  sign if
icance in  th e  clinical fe a tu re s  o f ren a l fa ilu re , as i t  rep resen ts th e  m a jo rity  
o f  to x ic  su b stan ces invo lved  in  u raem ia .

Since for a lk a lim e tric  t i t r a t io n  5.0 m l o f  se ru m  is req u ired , to o  m uch  to  
be su ited  for serial s tu d ies , i t  has been a t te m p te d  to  w ork  o u t a p ro ced u re  
sim p ler an d  y e t m ore a c c u ra te  th a n  a lk a lim e try  w ith  m in im um  a m o u n ts  of 
serum  to  be used. W e h av e  m odified  for th is  p u rp o se  o u r m e th o d  developed  
for th e  d e te rm in a tio n  o f  th e  o rgan ic  n o n -p ro te in  an d  n o n -c a rb o h y d ra te  con
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s t i tu e n ts  o f  th e  CSF, to  m ak e  i t  su itab le  for th e  q u a n tita tiv e  s tu d y  o f  th e  
o x id iz a b le  residue o f se ru m . W e are  going to  describe  our m e th o d  a n d  th e  
re s u lts  o b ta in ed  in  cases o f  re n a l fa ilu re .

M ethod

R eagents. 2 per cen t Z n S 0 4; 2 pe r cen t B a(O H )2 ( th e  a m o u n t req u ired  fo r th e  n e u tra li
z a tio n  o f  1.0 m l Z n S 0 4 is d e te rm in e d  o n  each  occasion  u sin g  p h e n o lp h th a le in  as in d ic a to r) ; 
ra/10 K M n 0 4; ra/10 oxalic acid ; 10 p e r c en t N aO H ; 4 n  H 2S 0 4; Som ogyi—Sc h a f f e r ’s copper 
r e a g e n t;  2.5 pe r cen t so lu tio n  o f K I  co n ta in in g  2.5 p e r c e n t p o tass iu m  o x a la te ; 2.5 p e r  cen t 
so lu tio n  o f  K I; I» /100 ceric s u lp h a te ;  n j200 sod ium  th io su lp h a te ;  1 pe r cen t s ta r c h  so lu tio n .

D epro te in iza tion
T o  1.5 m l serum  are  ad d ed  5 m l o f  a  2 pe r c en t so lu tio n  of Z n S 0 4 an d  th e  a m o u n t of 

B a (O H )2 re q u ire d  for i ts  n e u tra liz a tio n . T h e  m ix tu re  is m ad e  u p  to  30 m l w ith  d is tilled  w a te r , 
a llo w ed  to  s ta n d  for h a lf  a n  h o u r , c en trifu g ed  a n d  f i lte re d  th ro u g h  W h a tm an  N o. 1 f ilte r  
p a p e r .

H ot o x ida tion
T o  5.0 ml of th e  d ep ro te in iz ed  f i l t r a te ,  5.0 m l n/10 K M nO , an d  2 m l 10 p e r  c e n t N aO H  

a re  a d d e d  in  a  160 X 25 m m  te s t  tu b e ,  k e p t in  a boiling  w a te r  b a th  fo r 30 m in u tes , th e n  acid ified  
w ith  4 n  H 2S 0 4, th e  p e rm a n g a n a te  excess red u ced  w ith  5.0 m l n/10 oxalic ac id , a n d  a fte r  
c le a rin g , t i t r a te d  w ith  fresh ly  p re p a re d  n /50 p e rm a n g an a te , ag a in s t a  b lan k  so lu tio n  c o n ta in in g  
in s te a d  o f  serum  th e  sam e a m o u n t o f d istilled  w a ter.

C alcu la tion
T h e  difference of m l га/50 p e rm a n g a n a te  re q u ire d  fo r th e  t i t r a t io n  of th e  b la n k  a n d  of 

th e  se ru m  f il t r a te  m u ltip lied  b y  80 gives th e  to ta l  o x id a tio n  va lue . F ro m  th is  th e  am o u n t 
o f  p e rm a n g a n a te  req u ired  fo r th e  o x id a tio n  of su g ar is su b tra c te d . O x id a tio n  of e ac h  g sugar 
re q u ire s  1.33 m l ra/10 p e rm a n g a n a te . T he m g per 100 m l su g a r v a lu e  m u ltip lied  b y  1.33 m u s t be 
s u b t r a c te d  fro m  th e  to ta l  o x id a tio n  v a lu e . T h is co rresponds to  th e  m E q  value of th e  ox id izab le  
re s id u e  p e r  1 litre  serum . C a rb am id e  und erg o es no o x id a tio n .

S u gar determ ination  by the S o m o g y i— S h a f f e r ’s method
S o m o g y i  and  S c h a f f e r ’s c o p p e r re a g e n t is p re p are d  fro m  an h y d ro u s N a2C 0 3; R o c h e l l e  

s a l t ;  10 p e r  cen t so lu tion  of c ry s ta ll in e  C u S 0 4; N a H C 0 3; K I ;  ra/10 K I 0 3. T he re a g e n ts  should  
b e  d isso lv e d  in  th e  r ig h t o rd e r. 25 g N a H C 0 3 an d  25 g R o c h e l l e  sa lt are  d isso lved  in  500 m l 
co ld  d is til le d  w a ter w ith  c o n tin u o u s  s tirr in g . W hen  so lu tio n  is com plete , 75 m l 10 p e r  cen t 
C u S 0 4 is  lay e red  u n d e r th e  f lu id  w ith  g en tle  s tirr in g , th e n  1.0 g K I and  20 g N a H C 0 3 are 
a d d e d . A f te r  so lu tion , 50 m l K I 0 3 is ad d ed , m ade  u p  to  1 1 w ith  d istilled  w a te r , a n d  passed  
th r o u g h  a  f i lte r  pap er o f good q u a lity .

T echn ique
4 .0  m l dep ro te in ized  f i l t r a te  (0.2 m l serum ) is p u t  in to  a  1 6 0 x 2 5  m m  te s t  tu b e . 

5 .0  m l c o p p e r reag en t is a d d ed , th e n  th e  m ix tu re  is k e p t in  a  bo iling  w a te r  b a th  fo r 15 m in u te s , 
coo led  in  cold  w ater fo r 4 m in u te s , a n d  acid ified  w ith  1.25 m l 4 ra H 2S 0 4. T o  th is  is 
a d d e d  2.0 m l 2.5 per cen t K I w ith  2.5 pe r cen t p o tass iu m  o x a la te  and  t i t r a te d  w ith  s ta rc h  as 
in d ic a to r  w ith  ra/200 th io su lp h a te , a g a in s t a b lan k  of serum -free  f iltra te .

C alcu la tion
T h e  a m o u n t of th io su lp h a te  u sed  fo r b lan k  t i t r a t io n  m in u s  th e  a m o u n t u sed  fo r  t i t r a t io n  

o f th e  f i l t r a te  is m u ltip lied  b y  56.5 . T h is p ro d u c t co rresp o n d s to  th e  serum  su g a r lev e l in  mg 
p e r  100 m l. I f  th e  blood su g ar lev e l co n sid erab ly  exceeds 200 m g (as in  th e  case o f in tra v e n o u s  
d r ip  in fu sio n s), th en  2.0 m l f i l t r a te  is su ffic ien t, in  w hich  case th e  fa c to r is 113.

B lo o d  sugar d e te rm in a tio n s  h a v e  also been  carried  o u t  from  th e  orig inal se ra  b y  th e  
m e th o d  o f H a g e d o r n  a n d  J e n s e n . T h o u g h  th is  m e th o d  y ie lds sligh tly  h ig h er f ig u re s  th a n  
t h a t  o f  S o m o g y i  and  S c h a f f e r , w e h av e  fo u n d  i t  sa tis fac to ry .
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Cold oxidation
5 ml d ep ro te in ized  f i l t r a te  is p u t  in to  eac h  of tw o 160 X 25 m m  glass tu b e s . W ith  

each  tu b e  a b lan k  of serum -free  m ate ria l is se t u p . 2.0 m l re/100 ceric su lp h a te  is p ip e t te d  in to  
each  tu b e  an d  th e  m ix tu re  is allow ed to  s ta n d  a t  21°C. A fte r 10 m inu tes 0.5 m l 2.5 p e r  c en t K I 
is p u t  in to  th e  f irs t  tu b e  a n d  th e  co rresp o n d in g  b lan k , an d  t i t r a te d  w ith  ra/200 th io 
su lp h a te  using  s ta rch  as in d ic a to r. T h is is re p e a te d  w ith  th e  o th e r tw o tu b es  w h ich  h a v e  been  
allow ed to  s tan d  fo r 4 h o u rs  a t  21°C.

Calculation
T he difference b e tw een  th e  a m o u n t of th io su lp h a te  used for t i t r a t io n  of th e  b la n k  and 

th e  a m o u n t used  fo r t i t r a t io n  of th e  te s t  m a te ria l is m u ltip lied  by  200; th e  r e s u l t  g ives th e  
a m o u n t in  m E q  of ceric su lp h a te  necessary  fo r th e  o x id a tio n  of 1 l itre  p ro te in -free  serum . 
A t 21°C, ox id a tio n  of su g a r is negligible.

F or th e  e stim a tio n  of ox id izab le  su b s tan ces in  th e  CSF, th e  m eth o d  is m o d ified  in  th a t  
in s te a d  of 1.5 ml serum  3.0 m l CSF is used ; in  th e  case o f h o t ox id a tio n  th e  fa c to r  is 40, and  
of cold  ox id a tio n , 100. D e te rm in a tio n  of sugar in  C SF req u ires  5.0 ml f i l t r a te  (0 .5  m l CSF), th e  
fa c to r  being  23 in  th is  case.

R esults

F irs t  of all th e  h o t an d  cold o x id a tio n  va lu es  w ere e s tab lish ed  in  30 h e a lth y  
ch ild ren  an d  ad u lts . T h e  fo rm er ranged  be tw een  8 and  13 m E q , th e  residue 
o x id izab le  in cold b e tw een  2 an d  3 m E q  a t  10 m inu tes an d  8 a n d  12 m E q  
a t  4 hou rs. Cold o x id a tio n  values show ed a fu r th e r  rise b u t  th e se  f ig u re s  were 
n o t m ore in fo rm ativ e  th a n  th o se  o b ta in e d  a t  4 hours.

A fte r es tab lish in g  th e  n o rm al ra n g e , p a tie n ts  (m ost o f  th e m  ad u lts) 
d isp lay in g  p rim ary  or seco n d ary  ren a l fa ilu re  w ere stu d ied . P la sm a  sod ium , 
p o ta ss iu m , chloride an d  s ta n d a rd  b ic a rb o n a te  values w ere d e te rm in e d . T he 
ca lc ium  level w as in v a ria b ly  accep ted  as 5.0, th e  m agnesium  as 2.0 m E q . 
T h e  d ifference betw een  th e  to ta l  k a tio n s  a n d  th e  sum  o f s ta n d a rd  b ic a rb o n a te  
an d  chlorides co rresponds to  th e  so-called  re s id u a l acid rad ica ls  w h ich  inc lude  
p h o sp h a te s , su lp h a tes , o rgan ic  acids an d  p ro te in s . The o x id izab le  re s id u e  was 
e s tim a te d  in  se rum , n o t in  p lasm a. T he va lu es  o b ta in ed  w ith  ceric  su lp h a te  
a t  21 °C a t  10 m in u tes  an d  4 hours as w ell as values for N P N  are  also 
ta b u la te d . W hen serum  w as le ft over, p h o sp h a te  and c re a tin in e  w ere  also 
d e te rm in ed . C reatin ine  w as found  to  belong  to  th e  less o x id izab le  su b stan ces . 
W e w ere, how ever, ch iefly  concerned  w ith  po tassiu m , o x id a tio n  v a lu e s , and  
n o n -p ro te in  n itrogen .

T he p a tie n ts  lis te d  in T ab le  I  can  be d iv id ed  in to  th ree  g ro u p s: 1. p rim ary  
ren a l affections (Cases N os. 1 to  9); 2. re n a l fa ilu re  co n secu tiv e  to  p a re n 
ch y m a to u s  or o b s tru c tiv e  jau n d ic e  (Cases N os. 9 to  18); 3. m iscellaneous group .

In  th e  f irs t g roup , sodium  an d  ch lo ride  values were n o t c h a ra c te r is tic , 
an d  show ed no d is tin c t para lle lism . S ta n d a rd  b ica rb o n a te , th e  decrease  of 
w hich  usu a lly  po in ts  to  m etab o lic  acidosis an d  its  rise to  m e ta b o lic  a lkalosis, 
w as genera lly  low , th o u g h  no rm al va lu es  w ere also e n c o u n te re d . T h e  acid 
ra d ic a l residue , n o rm ally  betw een  24 an d  28 m E q , was in v a ria b ly  h ig h  in  th e  
re n a l cases. T hough  th is  rise  m ay have b een  due  to  an increase in  p h o sp h a te s ,
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T ab le  I

Na
mEq/1

К
mEq/1

Cl
mEq/1

1 K . J .  Chronic nephritis 132.5 5.0 95

2 S. J .  Chronic nephritis 150.0 7.9 122

3 T . J .  Chronic nepliritis 149.0 5.75 98

4 Sz. P . Chronic n ephritis 141.5 3.8 96

5 V . G y. Chronic n ephritis 126.0 6.3 81

6 F . S. Chronic nephritis 132.0 4.2 91

7 O. A. Subacute  n ep h ritis 137.0 4.5 100

8 D . J .  L ip id  nephrosis 143.0 5.4 90

9 G. L . P yelonephritis 133.0 7.7 100

10 S. M . O bstruc tive  jau n d ic e 151.0 5.5 103

11 P . I .  O bstruc tive  jau n d ice 140.0 3.2 97

12 L . J .  O bstruc tive  jau n d ice 145.0 3.5 67

13 P . S. O bstruc tive  jau n d ice 133.0 4.0 86.5

14 H . J .  O bstruc tive  jau n d ice 134.0 6.3 83

15 S. I .  In fec tio u s h ep a titis . C holaem ic n ephropathy 139.0 5.0 84

16 K .Z s . In fec tious h e p a titis . C h o laem ic  n ep h ro p ath y 127.0 4.8 88

1 7 M .G y . In fec tious h e p a titis . C h o laem icn ep h ro p a th y 130.0 4.2 84

18 B . 1. In fec tio u s h ep a titis . C holaem ic nephropathy 137.0 4.0 101

19 S. D . M alignant oedem a. S ep ticaem ia 142.5 3.9 93

20 T . L . P u ru le n t m ening itis 141.0 5.0 80

21 K . G y. Salmonella g a s tro e n te r it is 147.0 3.6 102

22 M . P . Leptospirosis 135.0 4.5 93

23 B . E . Periton itis , A p p en d icitis 131.0 5.3 84

24 Sz. L . Septic  abortion 137.0 7.5 90

25 K . M. H ypernephrom a 147.0 4.0 98

26 B . J .  Falc iparum  m alaria 140.5 6.5 97

27 L . P h . F alciparum  m ala ria 139.0 4.9 93

s u lp h a te s , and  p ro te in s , th is  alone does n o t a c c o u n t fo r th e  high values fo u n d  
in  o u r  cases. A large p a r t  m u s t  be ascribed to  o rg an ic  acids, an  a ssu m p tio n  
w h ich  w as su p p o rted  b y  e a r lie r  a lka lim etric  s tu d ie s  o f  C s a p ó  and  K e r p e l - 

F r o n i u s , as well as b y  th e  p resen t in v e s tig a tio n s  w hich show ed h ig h  
v a lu e s  fo r th e  ox id izab le  re s id u e . The la t te r  o b v io u sly  com prises organ ic  s u b 
s ta n c e s  o f non-acid  c h a ra c te r  to o . H ere lies one o f  th e  ad v an tag es  of o x id im e try  
o v e r  a lk a lim e try . T he v a lu e s  o f  oxidizable re s id u e  m a y  call our a tte n tio n  to  
so m e possib le in accu racy  in  th e  techn ique o f  d e te rm in in g  th e  resid u a l acid
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Standard
bicarbonate

mEq/1

Residual
acid

radicals
mEq/1

Hot
oxidation

mEq/1

Cold oxidation

NPN 
mg per 
100 ml

Phosphate 
mg per 
100 ml

Creatinine 
mg per 
100 ml

10 min. 4 hours

mEq/ml

7.5 42 267 9.6 24.2 208 — 14.0

6.1 37 277 11.6 20.8 243 6.6 11.6

24.0 40 248 4.0 14.8 216 — —

15.8 40 211 6.8 15.6 162 5.6 7.6

9.0 49 322 10.0 24.4 310 — —

20.1 32 159 2.8 11.2 85 5.3 3.6

13.8 35 275 6.8 16.4 212 — —

21.0 44 352 — — 260 — —

10.0 38 268 9.2 17.2 215 — —
21.0 40 231 5.6 17.6 165 — —
19.0 34 246 8.0 21.4 172 5.8 10.0

40.5 48 220 3.2 14.0 102 — —
16.0 41 225 5.8 12.4 256 8.3 6.5

11.0 53 318 11.2 23.6 338 4.8 8.1

18.0 49 262 8.4 18.0 247 2.6 5.8
13.0 38 346 7.6 24.0 214 9.4 —
18.0 39 253 6.0 22.0 182 4.8 —
13.0 35 193 6.0 18.8 203 8.0 6.1

12.3 48 302 — — 255 — —

23.0 50 253 12.8 34.2 128 — —
16.4 39 279 8.4 20.0 257 6.7 11.8

17.0 36 171 3.6 14.0 190 — —
23.0 36 266 6.4 20.6 102 — —
10.0 51 274 6.0 14.8 300 10.9 —
25.0 35 232 2.0 14.0 87 — —

14.3 43 256 5.4 18.2 105 — —
17.4 41 175 6.0 12.8 241 7.7 —

rad ica ls  ca lcu la ted  from  th e  values o f  sod ium , p o tassiu m , calcium , m ag n e 
sium , b ica rb o n a te , an d  ch loride.

In  ou r cases th e  increase  in  o rgan ic  acids w as largely  responsib le  fo r th e  
re d u c tio n  of s ta n d a rd  b ic a rb o n a te . O w ing to  c e r ta in  co rre la tions o f  sod ium  
an d  ch lo rides, th e re  m a y  occasionally  occur n o rm a l or even increased  b ic a r 
b o n a te  levels in sp ite  o f  an  increase  in  organ ic  acids (Case No. 12). N o rm al or 
excessive b ica rb o n a te  values in  th e  ran g e  o f m e tab o lic  alkalosis m ay  m ask  a 
su b s ta n tia l  rise in  o rg an ic  acids w hich  is b y  no m eans in d iffe ren t to  th e
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o rg an ism , th is  f ra c tio n  b e ing  responsib le  fo r th e  la rg es t p a r t  o f  u raem ic  
to x in s . In  sh o rt, b ic a rb o n a te  values alone do n o t  re flec t th e  tru e  co n d itio n  o f 
ac id -b ase  balance  a n d  m a y  even be m islead ing .

O u r resu lts  a re  in  ag reem en t w ith  th e  fa c t  th a t  in  ad v an ced  stages of 
ch ro n ic  n ep h ritis  h y p e rk a la e m ia  m ay  occur. T h e  h ig h  N P N  levels w ere in v a r i
a b ly  associa ted  w ith  an  increase  in  ox id izab le  re s id u e . O ccasionally , th e  serum  
p o ta ss iu m  levels m a y  re m a in  w ith in  th e  n o rm a l ran g e  u n til  o liguria  ensues.

O x id ab ility  o f  p ro te in -free  serum  w as d e te rm in ed  by  B o d a  [3 ] in 
u ra e m ic  an im als b y  th e  ceric su lp h a te  m e th o d  a t  21°C. E xcessive  values 
w ere  found  a t  10 m in u te s . This is in a g reem en t w ith  our find ings in  clin ical 
cases w here 2 —4 fo ld  v a lu es  w ere n o te d  a t  10 m in u tes . T he e lev a tio n  was 
s till  d is tin c t a t  4 h o u rs  th o u g h  less excessive th a n  found a t h igh  te m p e r
a tu re s . P re su m ab ly , in  ch ro n ic  n ep h ritis  th e  rise  in  th e  N P N  level is th e  earliest 
s ig n , w hile re te n tio n  o f  th e  residual su b stan ces  ox id izab le  a t low  an d  h igh 
te m p e ra tu re s  follow s on ly  la te r.

T he second g ro u p  com prised  cases o f  ja u n d ic e  due to  h e p a titis , b ilia ry  
o b s tru c tio n  or tu m o u r , com plica ted  w ith  re n a l fa ilu re  o f tu b u la r  orig in . 
T h e  re su lts  w ere in  c e r ta in  respects d iffe ren t fro m  those  o b ta in ed  in  ch ron ic  
n e p h r it is . T he so d iu m  va lu es  w ere v a ria b le , th e  chlorides w ere red u ced  in 
n e a r ly  every  case. T h e  b ic a rb o n a te  level v a r ie d  w ith in  a w ide ran g e  w ith  an 
e q u a l incidence o f re d u c e d , no rm al or excessive h ig h  values. W ith  th e  ex cep tion  
o f  one case, serum  p o ta ss iu m  was w ith in  n o rm a l lim its . T he acid ra d ic a l residue  
w as in v a ria b ly  h igh . W h en , how ever, th e  o x id izab le  residue is co rre la ted  w ith  
th e  N P N  in n e p h ritis  on th e  one h a n d  a n d  in  cholaem ic n e p h ro p a th y  on th e  
o th e r , in  som e cases o f  th e  la t te r  ty p e  th e  rise  in  th e  ox idizable res id u e  was 
h ig h e r  th a n  in  th e  N P N . W h a t m ay  have b een  th e  cause of th is  d isc rep an cy ?  
W hile  th e  early  s tag es  o f ren a l fa ilu re  are  m a rk e d  b y  a re te n tio n  o f  no rm al 
w a s te  p ro d u c ts  excessive  p ro d u c tio n  of o rg an ic  m a te ria ls  of acid  an d  n o n 
ac id  c h a ra c te r  ensues o n ly  a t  la te r  stages. I n  n e p h ro p a th y  associa ted  w ith  cho- 
la e m ia , con tro l o f o x id a tio n  b y  th e  liver is d is tu rb e d , th is  p ro b ab ly  accoun ts 
fo r th e  o v e rp ro d u c tio n  o f  pa tho log ic  m e ta b o lite s  in  ad d itio n  to  sim ple re te n 
tio n . O bviously , th e  N P N  values m ay  also be  h ig h , depend ing  on th e  sev erity  
o f  re n a l dam age. T h e  ox id izab le  residue, o r, m ore  exac tly , its  co rre la tio n  w ith  
th e  N P N , gives b e t te r  in fo rm a tio n  ab o u t th e  degree o f m etabo lic  d is tu rb an ces  
th a n  e ith e r  p o ta ss iu m  an d  b ica rb o n a te  or N P N  alone. T his co rre la tio n  shows 
w h e th e r  th e  o x id a tiv e  o r r a th e r  th e  ex c re to ry  fu n c tio n s  are u p se t in  a g iven  case.

T he th ird  g ro u p  is a m ixed one. In  th e se  cases, ex cep t for N o. 25 w ith  
h y p e rn e p h ro m a , tu b u la r  in su ffic iency  a n d  n e p h ritis  w ith  an u ria  developed  
as a consequence o f severe  in fections. T h e  p o ta ss iu m  level reach ed  a p a th o 
log ica l h igh  v alue  o n ly  in  one case (No 24, sep tic  ab o rtio n ). The decrease of 
b ic a rb o n a te  is n o t a n  in d isp en sab le  p e c u lia r ity  o f  th e  pa th o lo g ica l p ic tu re  in 
re n a l fa ilu re . T he c o rre la tio n  betw een th e  o x id izab le  residue an d  th e  N P N
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depends on th e  fac t, w h e th e r  th e  d is tu rb an ce  in  m etab o lic  processes or in 
th e  ren a l fu nc tion  is p re v a le n t. T he p o tassiu m  w ould  increase  to  p a th o lo g i
ca l level only in  cases w ith  a n u ria . Cold o x id a tio n  values give a less t ru e  in fo r
m a tio n  of renal fa ilu re  th a n  th o se  o f h o t o x id a tio n .

Two cases o f tro p ic a l m a la ria  are very  i llu s tra tiv e  (Cases N os. 26 and  27). 
In  th e  f ir s t  (26) one, th e  b lood  sam ples ta k e n  in  a s ta te  o f  h igh  p y re x ia  show ed 
a m o d era te  rise in N P N  to g e th e r  w ith  excessive h igh  values for o x id izab le  res i
due . In  th e  o th e r case, th e  sam ples w ere ta k e n  on th e  s ix th  d ay  o f  ap y re x ia , renal 
fa ilu re  consequen t to  tu b u la r  lesion hav ing  developed  in  th e  m ean tim e . H ere, 
th e  rise  in  N P N  w as p re v a le n t w hereas th e  ox id izab le  residue  exceeded  th e  
n o rm a l on ly  sligh tly , its  increase  hav ing  been due to  ren a l fa ilu re  a n d  n o t to  
a to x ic  d is tu rb an ce  o f th e  o x id a tiv e  processes.

Table II

Na
mEq/1

К
mEq/1

Cl
mEq/1

Standard
bicarbonate

mEq/1

Residual
acid

radicals
mEq/1

Hot
oxidation

mEq/1

NPN
mg per 
100 ml

CS. J .  E . coli sep ticaem ia, liver abscess

12. X II. 1963 132.0 3.8 92 15.6 35 221 70

13. X II. 132.0 4.0 93 12.7 37 335 126

14. X II. 139.0 4.0 87 21.5 42 332 189

16. X II. 123.0 3.9 81 16.0 37 249 225

18. X II. 127.0 4.7 85 21.0 33 197 207

20. X II. 137.0 3.7 94 26.0 28 157 106

27. X II. 160.0 3.2 116 25.5 28 131 71

29. X II. 161.0 3.0 119 22.0 30 125 72

3. I. 1964 148.0 4.3 114 16.0 29 174 72

8. I. 147.0 4.3 106 15.0 38 278 118

T ab le  I I  shows th e  d a ta  o f  a 30-year-old  fem ale p a tie n t  su ffe ring  from  
liv e r  abscess and  E . coli sep ticaem ia . T he u r in a ry  o u tp u t  w as 1 to  2 litres 
d a ily , there fo re  h y p e rp o ta ssa e m ia  d id  n o t develop , in  sp ite  o f  excessive 
N P N  va lues. The so d iu m , ch lo ride , b ica rb o n a te  levels w ere g re a tly  in fluenced  
b y  th e  in trav en o u s d rip . In  th e  in itia l s tage  th e  o x id a tiv e  d is tu rb a n c e  due to  
b a c te r ia l tox ins was p re v a le n t, w hereas in th e  second s tag e , w hen  th e  ox i
d a tiv e  d iso rder h ad  su b sid ed , a tu b u la r  lesion, m ark ed  b y  a p e rs is te n t e leva
tio n  o f  N P N , developed . T h e  ox id izab le  residue  w as n o t in creased  w hen th e  
N P N  w as still 72 m g p e r 100 m l. T he figures give a tru e  re flec tio n  o f  th e  tox ic  
s ta te  p revailing  in  th e  f ir s t  s tag e , in opposition  to  th e  u raem ia  en su in g  a few 
d ay s  la te r . The p a tie n t  succu m b ed  to  c ircu la to ry  fa ilu re .
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Table II I

Na
mEq/1

К
mEq/1

Ca
mEq/1

Standard
bicarbonate

mEq/1

Residual
acid

radicals
mEq/1

Hot
oxidation

mEq/1

S. G. G astroen teritis

6. I I .  1965. 135.0 2.8 42 56 47 263 77
8. I I . 129.0 3.5 62 36 41 191 109
9. I I . 132.0 2.0 74 34 33 181 102

10. I I . 137.0 3.3 89 30 28 97 70
12. I I . 138.0 5.0 104 21 25 123 52
13. I I . 134.0 5.2 102 19 25 111 47
15. I I . 134.0 4.1 100 21 24 113 47

T a b le  I I I  p resen ts d a ta  fo r a 52-year-old  m ale  p a tie n t  su ffe ring  from  
a c u te  g a s tro e n te ritis ; he w as  d e h y d ra te d  an d  co m ato se  a t  adm ission  and  
d is p la y e d  excep tionally  low  v a lu e s  for chloride a n d  a co n secu tiv e  rise  in  p lasm a 
b ic a rb o n a te .  W hile th e  N P N  w as sligh tly  e lev a ted , th e  o x id izab le  residue  
sh o w e d  a considerable in c rea se , a p a tte rn  m ade u p  o f  to x ic  o x id a tiv e  d is tu rb 
a n ce  a n d  consecutive d e h y d ra tio n . Copious a m o u n ts  o f saline an d  p o tassium  
w ere  ad m in is te red . A d e q u a te  d iuresis ensued, ch lo rid e  an d  b ic a rb o n a te  were 
r e s to r e d  to  norm al. T he successfu l contro l of d e h y d ra tio n  an d  th e  c learing  up 
o f  th e  confused  m en ta l s t a t e  w ere folloved b y  a ra p id  fall o f th e  ox id izab le  
re s id u e  w hile N P N  values re m a in e d  sligh tly  in creased  for a tim e . T he e x tra -  
r e n a l  d iso rd e r led to  a tu b u la r  fa ilu re  of m o d e ra te  se v e rity , s till p re se n t w hen 
th e  o x id izab le  residue h a d  r e tu rn e d  to  norm al v a lues.

T a b le  IV  presen ts a case  o f  po tassium -losing  ren a l fa ilu re  in  a 16-year-old  
m a le  w ith  congenital e c to p ia  o f  th e  b ladder, h av in g  m ad e  im p la n ta tio n  o f th e

Table IV

Cold oxidation |
------------j------------  NPN
10 min. I 4 hours mg per

— 100 ml
mEq/1

P . J .  H ypopotassaem ia

9. X I .  1964

10. X I .

13. X I .

17. X I .

142.0 1.9 119 6.2 26 122 3.6 10.8

140.0 1.9 107 18.0 24 126 2.0 9.2

140.0 2.8 105 20.0 25 84 2.0 8.4

142.0 3.7 108 18.0 27 103 1.8 8.4

Na
mEq/1

К
mEq/1

Cl
mEq/1

Standard
bicarbonate

Residual j 
acid j Hot 

radicals oxidation 
mEq/1 niEq/l
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u re te rs  in to  th e  sigm oid n ecessary . H e h a d  b een  a d m itted  ea rlie r on  severa l 
occasions fo r h y p o p o tassaem ic  p a ra ly s is , h a v in g  neglected  to  ta k e  th e  p re 
sc ribed  m a in ten an ce  doses o f  p o tassiu m . T h en  he was again a d m it te d , w ith  
to ta l  m u scu la r p ara ly sis . B lood  sod ium  w as n o rm a l, chloride level w as exces
sively  h ig h , th e re  was a co rresp o n d in g  re d u c tio n  of b ica rb o n a te  a n d  severe 
acidosis. T h is h ad  been fo u n d  on earlie r occasions too . The p o ta ss iu m  value  
w as 1.9 m E q . T he N P N  w as h igh , th e  re s id u a l acid rad icals, th e  ox id izab le  
res id u e  as well as th e  cold o x id a tio n  v alues w ere w ith in  th e  n o rm a l range. 
T he d ecrease  in  b ica rb o n a te  w as ascribab lc  to  th e  increase in ch lo ride . N o re te n 
tio n  o f  o rg an ic  acids was p re se n t. T he p a t ie n t  w as re h y d ra te d  w ith  5 p e r  cen t 
glucose w ith  high am o u n ts  o f p o tassiu m , w ith  th e  re su lt th a t  on  th e  n e x t 
d ay , th o u g h  still h y p o p o tassaem ic , he s a t  up  in  b ed  and  m oved his e x tre m itie s . 
W ith  th e  n o rm aliza tio n  o f  th e  ch loride v a lu e , th e  b ica rb o n a te  lev e l was 
re s to re d  to  norm al. T hou g h  th e  resid u a l ac id  rad ica ls , as well as th e  h o t  and  
cold o x id a tio n  values rem ain ed  n o rm al, th e  N P N  level was s till 116 m g per 
100 m l on  th e  fo u rth  d ay , w hen  d iuresis w as a b u n d a n t, and  fell r a p id ly  to  
n o rm al v a lues.

W e h av e  no reason  to  ascribe  th e  in c rea sed  N P N  v a lu es  to  p y e lo 
n e p h ritis , since in  th a t  case th e  ox id izab le  re s id u e  w ould also h a v e  b een  high, 
as in  p a t ie n t  No. 9 (T able I). M oreover, in a n y  severe case o f  p y e lo n e p h ritis  
w ith  u ra e m ia  th e  ten d e n c y  o f  b o th  th e  clin ica l s ta te  and th e  N P N  to  re tu rn  
to  n o rm a l is m uch slow er.

A ccord ing  to  th e  in v es tig a tio n s  o f K e r p e l - F ronius  et al. [4], p e rs is te n t 
h y p o p o ta ssa e m ia  leads to  s tru c tu ra l  changes in  th e  d is ta l tu b u li. I n  th e  cases 
u n d e r  s tu d y , chloracidosis o f  v a riab le  se v e rity  w as p resum ab ly  an  a d d itio n a l 
fa c to r . In  tu b u la r  dam age o f  th is  k in d , as opposed  to  n e p h ro p a th ie s  o f  chol- 
aem ic o r b ac te rio to x ic  orig in , re te n tio n  is co n fined  to  anorgan ic  ra d ic a ls  and 
N P N  w hile  excre tion  o f  o rg an ic  acids an d  o th e r  organic co m pounds rem ain s 
u n a ffec ted .

T h e re  seem s to  be a d ifference b e tw een  th e  tu b u la r  lesions a cco rd in g  to  
th e  c a u sa tiv e  fac to r, e.g. p o ta ss iu m  loss or b a c te ria l to x ins. In  o u r  case, 
tu b u la r  fa ilu re  was soon b ro u g h t u n d e r co n tro l b y  re s titu tio n  o f  p o ta ss iu m  
losses a n d  th e  p a tie n t, w hile s till s lig h tly  hyperch lo raem ic , w as d ischarged  
on a m a in ten an ce  dose o f  6.0 g p o tassiu m  b ica rb o n a te  and  3.0 g sodium  
b ic a rb o n a te .

D iscussion

I t  is questionab le  w h a t k in d  o f o rgan ic  substances ta k e  p a r t  in  th e  
in crease  o f  th e  o x id a tio n  v a lu es . As we h a v e  po in ted  ou t in a n o th e r  s tu 
d y , th e  rise  o f cold o x id a tio n  values a t  10 m in u te s  is due to  a re te n tio n  o f  uric, 
p y ru v ic  a n d  citric  acids, w hile for th e  in c reased  h o t and  co ld  o x id a tio n  
v a lu es  fo u n d  a t  4 ho u rs , in  a d d itio n  to  th e  fo rm er su b stan ces , re te n tio n
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o f  am ino-acids, la c tic  a c id  a n d  of various u n id e n tif ie d  organic su b stan ces  is 
re sp o n sib le .

A ccording to  th e  c u r r e n t  view , in  u ra e m ia  th e  blood p lasm a  co n ta in s  
in c re a se d  am ounts o f  o rg a n ic  acids, a p a r t  fro m  re ta in e d  carb am id e . T h is is 
c a lc u la te d  from th e  e le v a tio n  of residual ac id  ra d ic a ls  in  p lasm a, b u t  has 
n o t  b een  ascerta ined  b y  d irec t q u a n ti ta t iv e  d e te rm in a tio n s ow ing to  
m e thodo log ica l d ifficu ltie s . R eliable q u a n t i ta t iv e  d e te rm in a tio n  o f  o rgan ic  
ac id s  is n o t possible i f  th e  am o u n t of p h o sp h a te s , su lpha tes, an d  p ro te in s , 
m o re o v e r  the  ch a ra c te r  o f  th e  la tte r  su b stan ces , a re  le ft ou t of ca lcu la tio n . 
O n th e  o ther hand , in d ire c t  m ethods yield u n re lia b le  va lues, owing to  v a rio u s 
in h e re n t  sources of e rro r. I t  is th e  d irect m e th o d  t h a t  gives th e  p ro m p te s t an d  
m o s t  re liab le  q u a n ti ta t iv e  in fo rm atio n  a b o u t th e  ab n o rm ally  in c reased  su b 
s ta n c e s  o f acid and  p a r t ly  n o n -ac id  ch a rac te r o th e r  th a n  carbam ide. I t  c an  be 
a p p lie d  to  serial s tu d ie s  a n d  helps to  check th e  f ig u res  ob ta ined  b y  in d ire c t 
m e th o d s .

A ccum ulation  o f  o x id izab le  residue m a y  re s u lt  e ith er from  re te n tio n  
o w in g  to  renal fa ilu re , as in  chronic n e p h ritis  o r an u ria , or from  excessive 
p ro d u c tio n  in consequence  o f  in ad eq u a te  o x id a tio n  due to  b a c te rio to x ic  or 
ch em ica l influence. In  c e r ta in  conditions, e.g . in  tu b u la r  lesion o f  b a c te r io 
to x ic  orig in  or in th e  h e p a to re n a l syndrom e, b o th  fac to rs m ay be in v o lv ed . 
T h e re  is no close c o rre la tio n  betw een  th e  a m o u n t o f  ox id izab le  res id u e  a n d  of 
N P N . I n  re ten tio n  cau sed  b y  ren a l fa ilu re  b o th  v a lu es  are h igh, b u t  e lev a 
t io n  o f  N P N  appears e a r lie r . W hen, how ever, excessive  p roduction  is p re v a 
le n t ,  th e  increase in  N P N  is slight, w hereas th e  ox id izab le  res id u e  show s 
h ig h  v alues. The ra tio  o f  N P N  and ox id izab le  re s id u e  gives usefu l in fo rm a 
t io n , w h e th e r the  o x id a tiv e  o r  th e  excre to ry  p rocesses are  d is tu rb ed . T h e  p o 
ta ss iu m -lo s in g  tu b u la r  le s io n s  have th e  com m on  fe a tu re  o f being asso c ia ted  
w ith  h ig h  N PN  levels wdiile leav ing  the  a m o u n t o f  ox id izab le  res id u e  u n a f 
fe c te d . T he tu b u la r  le sions th u s  show a d iffe re n t b ehav iou r acco rd in g  to  
th e i r  orig in .

S ta n d a rd  b ic a rb o n a te , w hich  depends on  a v a r ie ty  of fac to rs, gives no 
re lia b le  in form ation  a b o u t th e  disorder, n am e ly  w h e th e r  excre to ry  or o x id a 
t iv e  processes are d e ran g ed . N orm al or even excessive  b ica rb o n a te  levels are  b y  
no  m ean s  incom patib le  w ith  ox id a tiv e  or e x c re to ry  fa ilu re . This m ay  be  b es t 
reco g n ized  by  co rre la tin g  th e  values of N P N  a n d  o f  th e  oxidizable re sidue .
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ADRENOCORTICAL AND PITUITARY FUNCTION 
FOLLOWING LONG-TERM PREDNISOLONE

TREATMENT
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E. G o t h , G. G ö r g é n y i , J. F ö v e n y i  and E. S z á n t ó
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AND DEPARTMENT OF RHEUMATOLOGY, POLYCLINIC OF TH E 6th DISTRICT COUNCIL, BUDAPEST

(R eceived  S ep tem b er 28, 1965)

A d renocortica l an d  p i tu i ta ry  fu n c tio n  h a s  been  stud ied  follow ing p ro lo n g ed  
predn iso lone  t re a tm e n t  in  40 cases o f rh e u m a to id  a r th r it is , by  the  A C TH  a n d  m é to 
p iro n e  tes ts . T h e  a b ility  o f th e  ad ren a l co rtex  to  re a c t was d im inished o r ceased  fo l
low ing  in te rm it te n t  p redniso lone  a d m in is tra tio n  o v e r 2 l/ 2 years. The n o rm a l p i tu i ta ry  
resp o n se  was u su a lly  a b se n t a fte r  one y ea r o f s te ro id  tre a tm e n t. A fter a  to ta l  dose o f 
3000 m g of p redniso lone  h a d  been ad m in iste red , n e ith e r  th e  ad renals nor th e  h y p o p h y s is  
re ac te d . D uring  p ro tra c te d  ste ro id  tre a tm e n t d u rin g  an d  following stress, p ro p h y la c tic  
co rtiso n e  a d m in is tra tio n  is necessary  for a t  le a s t h a lf  a year.

T h e glycocortico ids b y  suppressing  A C T H  secretion , cause a tro p h y  
o f th e  a d re n a l co rtex , m a in ly  in  th e  tw o in n e r zones. C onsequently , th e  p a t ie n t  
t r e a te d  fo r long periods w ith  co rticostero ids develops a s ta te  of h y p a d re n a lism  
an d  w hen  exposed to  stress  is n o t capab le  to  m obilize sufficient q u a n ti t ie s  of 
g lycocortico ids. T h u s, in  connection  w ith  su rg e ry , infections, d ia rrh o e a , e tc ., 
c irc u la to ry  failu re  m ay  develop  [2, 3, 4, 7, e tc .] . As a p rev en tiv e  m easu re , 
A C TH  tre a tm e n t has been recom m ended  d u rin g  an d  a fte r p ro tra c te d  co rtico id  
tre a tm e n t .  In  response to  th e  A CTH , th e  a tro p h ie d  cortex  regains its  n o rm a l 
fu n c tio n . In  our experience  [5] 3 to  4 doses o f  40 u n its  of Zn A C T H  each  
suffice  to  produce  th is  re su lt. T his, how ever, does n o t y e t solve th e  p ro b lem , 
i t  b e in g  u nknow n  w h a t th e  re a c tiv ity  o f th e  p i tu i ta ry  will be fo llow ing  p ro 
tr a c te d  cortico id  tr e a tm e n t.  T his is th e  essence o f th e  problem  b ecau se , i f  
exposed  to  stress, th e  p a tie n t  requ ires an  in c rea sed  ACTH secre tio n  a n d  no 
m a tte r  how  a d eq u a te ly  th e  ad rena l c o rtex  is function ing , th e  ab sen ce  of 
in c reased  A CTH  secre tion  d u rin g  stress w ill le a d  to  life-endangering  co llapse 
in  th e  sam e w ay as ad ren o co rtica l a tro p h y  does. No p ro tec tion  a g a in s t th is  is 
a ffo rd ed  b y  th e  a d m in is tra tio n  of A CTH  fo llow ing  p ro trac ted  co rtic o s te ro id  
tre a tm e n t .  This is c learly  show n b y  clin ical experience; severe, o r ev en  fa ta l  
co llapse has been described  to  occur a fte r  th e  a d m in is tra tio n  of A CTH  follow ing 
p ro tra c te d  s te ro id  t r e a tm e n t  [8]. W e, to o , h a v e  m ade sim ilar o b se rv a tio n s . 
One o f  o u r p a tie n ts  h a d  been  ta k in g  s te ro id s  fo r 3 years; a fte r th is  t r e a tm e n t  
was d isco n tin u ed , 40 U o f Zn ACTH w ere ad m in is te red  daily  fo r 4 d ay s. 
Two day s a fte r  th e  la s t  A C TH  in jec tion  v o m itin g , hypotension  a n d  excessive 
w eakness ap p eared . T hese sym p to m s w ere p ro m p tly  a llev iated  b y  co rtiso n e . 
H o l u b  et al. observed  th e  sam e hyaline  changes in  th e  basophilic  cells o f  th e
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h y p o p h y sis  as Cr o o k e  fo u n d  in C ushing’s d isease . F ro m  th is  it  was conc luded  
t h a t  th e  changes o f  th e  basoph ilic  cells w ere  in d u ced  by  th e  g lycocortico ids. 
A cco rd in g  to  K y l e  et a l., w hen  th e  b lood co rtiso l level is high, ACTH secre tio n  
re m a in s  insuffic ien t fo r a w hile. In  such cases i f  A CTH  tre a tm e n t is d isco n 
t in u e d , th e  ad ren a l is n o t  capab le  of m a in ta in in g  a norm al horm one sec re tio n , 
a n d  ad ren o co rtica l a c t iv i ty  decreases im m e d ia te ly  w hen  ACTH a d m in is tra tio n  
is d isco n tin u ed . H o lu b  et al., as well as Ca r r e o n  et al. found th a t  A C TH  
sy n th e s is  and  sec re tio n  decrease follow ing p ro tra c te d  stero id  t r e a tm e n t .  
A cco rd in g  to  H olu b  et a l., how ever, th e  p i tu i ta r y  A C T H -storing c a p a c ity  
d ecreases  only a f te r  m assiv e  doses of s te ro id . Savage rep o rted  t h a t  th e  
A C T H  response to  m e to p iro n e  dim inishes a f te r  one  y ear o f s te ro id  t r e a tm e n t  
a lre a d y  while Me l b y  fo u n d  a d im in ished  re sp o n se  to  pyrogenic v accine . O n th e  
o th e r  h a n d , Am a tru d a  is o f  th e  opinion th a t  A C T H  secretion  rem ain s n o rm a l 
ev en  a fte r  p ro tra c te d  s te ro id  tre a tm e n t. In  v iew  o f th e  c o n tra d ic to ry  d a ta , 
i t  seem ed  in te re s tin g  to  s tu d y  th e  problem .

M aterials and  m eth o d s

P itu ita ry  an d  a d re n a l c o rtica l function  has b een  s tu d ie d  in  40 p a tien ts  w ith  rh e u m a to id  
a r th r i t i s  t re a te d  for long  p e rio d s  w ith  5 to  10 m g o f p red n iso lo n e  daily. This t r e a tm e n t  w as 
su sp en d e d  2 to  5 days b e fo re  th e  te s t. To e s tim a te  a d re n a l  fu n c tio n , th e  24 h o u r  u r in e  w as 
p o o led  on  th ree  consecu tive  d ay s . On th e  2nd an d  3rd  d a y s , 40 u n its  of Zn ACTH w ere in je c te d  
in tra m u sc u la r ly . B lood sam p les w ere tak e n  before a n d  24 h o u rs  a fte r  th e  f irs t A C TH  in je c tio n . 
P i tu i ta r y  ACTH reserve  w as s tu d ie d  a t  least one w eek  la te r .  T h e  24 hour u rines w ere pooled  
o n  th re e  consecutive d ays. O n th e se  days th e  p a tie n ts  in g e s te d  from  8 o’clock a. m . t ill  8 o’clock 
p. m . 500 m g of m eto p iro n e  e v e ry  tw o hours, i.e. a  to ta l  dose  o f 3 g. In  4 cases th e  te s ts  w ere 
re p e a te d  a f te r  p redn iso lone  t r e a tm e n t  h ad  been  su sp en d e d  fo r 3 to  6 m onths. T he re s u lt  w as 
co n sid ered  norm al w h en  u n d e r  th e  effect o f A C T H  th e  u r in a ry  ketogenic s te ro id  c o n te n t 
in c re a sed  b y  a t  least 9  m g, a n d , in  response to  m eto p iro n e  b y  a t  least 8 m g, by  N o r y m b e r s k i ’s 
m e th o d , a n d  in  response to  A C T H  th e  p lasm a h y d ro c o rtiso n e  level, as de term ined  b y  V e c s e i ’s 
p a p e r  ch ro m ato g rap h ic  m e th o d , increased  b y  a t  le a s t  3 fig  p e r  100 ml. The m easu re  o f th e  
in c re a se  w as ju d g ed  fro m  th e  h ig h es t ste ro id  c o n te n t o f  th e  u rin e  sam ples o b ta in e d  o n  th e  
second  a n d  th ird  days. T h e  re sp o n se  was considered  p o s itiv e  in  th e  case of an  increase  in  u rin e  
o r p la sm a . T he re liab ility  o f u r in e  collection was co n tro lled  b y  crea tin ine  d e te rm in a tio n . As a 
c o n tro l g roup , 38 su b jec ts  n o t  t r e a te d  w ith  p red n iso lo n e  a n d  d isp lay ing  n o rm al a d re n a l a n d  
p i tu i t a r y  functions w ere te s te d  w ith  m etop irone. I n  p a t ie n ts  sensitive to  A C TH  th e  m e to 
p iro n e  te s t  alone was ca rried  o u t. To s tu d y  ACTH s e n s itiv ity , 1 : 1000 and  1 : 10 000 d ilu tio n s  
o f th e  d ru g  were in je c te d  in tra d e rm a lly ; in  positive  cases, e ry th e m a  app eared  in  2 to  4 h o u rs .

R esults

Table I  co n ta in s  th e  d a ta  for th e  p red n iso lo n e  tre a te d  p a tie n ts , in  th e  
o rd e r  o f  th e  t r e a tm e n t’s d u ra tio n .

A C T H  test. T w e n ty  p a tie n ts  had  been  ta k in g  prednisolone fo r 2 to  30 
m o n th s ; am ong th e se , 17 show ed a s a tis fa c to ry  response to  A C TH  o f th e  
a d re n a l co rtex . T w e n ty  p a tie n ts  h ad  been t r e a te d  w ith  stero id  for m o re  th a n  
30 m o n th s , of these  in  re sp o n se  to  ACTH th e  u r in a ry  ketogenic s te ro id  o u tp u t  
in c re a se d  in  2 cases a n d  th e  p lasm a h y d ro c o rtiso n e  increased  in  3 cases. In  7 
p a tie n ts  th e  te s t  could  n o t  be  carried  o u t in  v iew  o f th e ir  sen sitiv ity  to  A C TH .
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Table I

No. Sex Age

Dura
tion
of

treat
ment

months)

Prednisolone Response after ACTH Response
after

metopirone 
urine 

ketog. st.
mg/24h

Result

total
mg

daily
dose
mg

urine 
ketog. st.

mg/24h

plasma 
cortisol 
//g per 
100 nil

after ЛСТН After
meto
pirone
urineurine p la s m a

l . $ 65 2 500 8.3 5 .5 - 57.8 +
2 . 5 65 3 120 1.3 1.9 — 4.5 14.0  — 20.8 16 .1 -  5.0 0 + 0

3 . 5 57 4 240 2.0 3 .7 -  3.9 3 7 .4 - 13.5 5 .1 - 11.6 0 0 0

4 . $ 57 5 500 3.3 3 .2 - 29 .9 13 .3 - 18.0 5 .9 - 14.1 + + +
5 . S 30 7 900 4.3 20 .3 - 31 .3 2 .2 -  3.5 11 .5 - 22.3 + 0 +
6 . 5 59 10 1 800 6.0 5 .5 - 22.5 -1-

7 . Ç 74 11 270 0.8 2 .7 - 15.8 17 .8 — 6.9 5 .8 - 22.3 0 +
8 . 5 42 12 800 2.2 4 .3 - 45 .0 3 .0 - 12.0 3 .4 - 25.0 + + +
9 . $ 51 14 1 200 2.9 14 .2 -  7.5 8 .7 - 11.4 9 .7 - 16.9 0 0 0

10 . ? 43 16 850 2.0 8 .9 - 27.2 12.0  — 18.7 13 .6 - 14.8 + + 0

11 . c? 59 17 1 100 2.1 6 .2 - 20.1 6 .6 -  9.9 + 0

12 . 5 36 17 2 400 4.7 5 .0 -  6.0 9 .4 - 17.0 14 .3 - 11.3 0 + 0

13 . 3 34 18 400 0.7 38 .4 - 19.1 9 .2 -  1.6 1.9 -  6.4 0 0 0

14 . $ 52 21 2 600 4.1 28 .6 - 83.5 2 .2 - 15.7 29 .2 - 21.7 + + 0

15 . $ 78 23 1 600 2.3 21 .8 - 12.3 0

16 . 3 53 25 1 600 2.1 6.5  — 61 .3 9 .0 - 12.0 7 .0 - 16.9 + 0

17 . 9 64 26 1 000 1.3 19 .7 - 28.1 10 .0 - 10.0 10.6 - 21.5 + 0 +

18 . 9 53 27 2 100 2.6 5 .7 - 15.8 17.5  — 16.0 11 .2 -  5.6 0 0

19 . 9 71 27 2 800 3.5 10 .0 - 19.0 8 . 1 — 9.2 6 .6 - 10.3 + 0 0

2 0 . 9 62 30 1 900 2.1 9 .0 - 44 .6 2 7 .2 - 33.3 16 .4 - 20.8 + + 0

21 . 9 74 33 800 0.8 2 .0 — 2.9 15 .7 -  2.8 13 .4 - 14.1 0 0 0

22 . 9 71 33 1 500 1.5 11 .3 - 25 .0 2 5 .0 - 12.2 4 .7 - 12.1 + 0 0

23 . 9 75 33 3 000 3.0 5 .0 — 8.3 12 .7 - 10.7 3 .4 -  2.9 0 0 0

24 . 9 80 34 2 800 2.7 14.0 - 12.5 17 .5 - 38.0 11.2 - 10.9 0 + 0

25 . 9 68 35 800 0,8 3 .0 -  3.3 14 .1 - 21.0 4 .5 -  4.6 0 + 0

26 . 9 48 35 1 400 1.3 9 .9 - 8.8 14 .6 - 11.7 16 .3 -  8.0 0 0 0

27 . 9 67 36 4 000 3.9 10 .8 - 19.7 15 .0 -  8.5 4 .9 -  8.0 0 0 0

28 . 9 51 36 1 200 1.1 8 .1 -  5.9 17 .6 - 25.0 6 .0 - 12.9 0 + 0

2 9 . 3 70 39 3 800 3.2 12 .3 - 10.0 10 .8 -  7.2 25 .2 -  9.8 0 0 0

3 0 . 9 59 45 10 000 7.4 7.0 -  5.5 0

3 1 . 9 45 45 3 500 2.6 6 .6 -  8.8 0

3 2 . 9 43 46 10 000 7.2 6.6  — 12.0 15 .0 — 8.5 12.5 - 11.8 0 0 0

3 3 . 9 56 46 11 000 8.0 5 .4 - 12.5 0

3 4 . 9 56 46 2 200 1.6 7 .9 - 16.1 7 .5 -  3.5 6 .9 - 22.3 + 0 +
35 . 9 71 55 3 000 1.8 4 .4 -  4.0 0

36 . 9 28 59 7 000 4.0 4.8  -  5.0 0

37 . 9 58 59 9 000 5.1 9 .3 — 9.3 15 .7 - 16.5 7 .8 -  7.9 0 0 0

38 . 9 39 56 4  000 2.0 2 .1 -  4.7 0

39 . 9 48 67 2 200 1.1 1.8 -  7.9 0

4 0 . 3 50 68 12 000 6.6 3 .2 -  3.8 10 . 1 - 10.8 2 .6 -  3.6 0 0 0
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C4SES

F ig . 1. E ffec t of th e  t o ta l  d o se  o f prednisolone on  a d ren o c o rtic a l and  p i tu i ta ry  h o rm o n e
production

Table II

Control cases 

M etopirone te s t

Urinary ketogenic steroids mg/24*1

1 . 14.0 - 28.2 + 2 0 . 1 5 .6 - 42.5 +
2 . 12.7 - 21.2 + 2 1 . 17.1  — 35.9 +
3 . 15 .8 - 59.6 - f 2 2 . 9 .2  — 27.2 +
4 . 7.1 - 13.2 0 2 3 . 12 .0  — 27.4 +
5 . 22 .4 - 31.5 + 2 4 . 1 0 .6 - 33.4 +
6 . 16 .4 - 36.1 “ Г 2 5 . 9 .8 - 15.4 0

7 . 18.3 - 33.8 + 2 6 . 6 .0 - 63.8 +
8 . 30 .7 - 62.4 + 2 7 . 5 .5 - 39.2 +
9 . 6 .3 - 18.6 + 2 8 . 5 .6 - 19.0 +

10 . 16 .0 - 22.8 0 2 9 . 1 4 .8 - 12.1 0

11 . 9 .5 - 37.6 + 3 0 . 5 .1 - 14.7 +
12 . 10.8 - 34.4 + 3 1 . 5 .2 - 13.2

13 . 27 .2 - 52.4 + 32 . 14.5  — 27.3 +
14 . 5.2 - 28.4 + 3 3 . 1 0 .3 - 25.6 +
15 . 11.1 - 46.5 + 3 4 . 7 .9 - 16.6 +
16 . 15.8 - 23.8 + 3 5 . 9 .3 - 23.2 +
17 . 7 .7 - 23.3 + 3 6 . 9 .9 - 37.7 +
18 . 9 .7 - 24.5 + 3 7 . 10.1  — 18.2 +
19 . 14 .0 - 28.0 + 3 8 . 1 5 .2 - 34.4 +
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T his seem s to  in d ica te  th a t  a f te r  2 %  years  o f  tr e a tm e n t w ith  5 to  10 m g o f 
p redn iso lone  daily  th e  re a c tiv ity  o f  th e  ad ren a l co rtex  is abo lished , even  if  
a d m in is tra tio n  has been in te rm it te n t  as w as u su a l w ith  th ese  p a tie n ts . T his 
is in  ag reem en t w ith  ou r earlie r re su lts  [5] in  th a t  th e  ad ren a l fa iled  to  resp o n d  
to  A C TH  a fte r  1 y2 years o f  co rtico id  t re a tm e n t. In  tho se  cases co rtico ids 
w ere a d m in is te red  con tin u o u sly  an d  th e  doses w ere h igher, an d  th a t  is w hy 
a d re n a l insuffic iency  developed  sooner.

M etopirone test. O f e igh t p a tie n ts  who h ad  been  tre a te d  w ith  p redn iso lone  
for 2 to  12 m o n th s, six show ed a good response to  m etop irone . A m ong th e  32 
p a tie n ts  w ho h ad  h ad  p redn iso lone  fo r m ore th a n  12 m o n th s, o n ly  2 show ed 
a s a tis fa c to ry  response (N os. 17 an d  34; w ho h ad  received a to ta l  dose of 
1000 an d  1200 mg, respective ly ).

I n  th e  con tro l groups o f 38 p a tie n ts  37 show ed an increase ; th is  was 
s lig h t in  3 o f th em . In  one case th e re  was no increase  ( F ig. 1 an d  Table I I ) .

D iscussion

A ccord ing  to  L i d d l e , m eto p iro n e  in h ib its  th e  secre tion  o f  co rtiso l by  
th e  ad ren a l co rtex . This is follow ed b y  increased  A CTH  secre tion , w hich  th en  
increases th e  secre tion  o f o th e r  horm ones b y  th e  ad ren a ls . T hese are  co n v e rted  
b y  th e  m e th o d  o f N o r y m b e r s k i  to  ke togen ic  ste ro id s , th e  u r in a ry  o u tp u t  
o f  w h ich  increases if  th e  ad ren a l co rtico id  secre tion  an d  p itu i ta ry  A CTH  
secre tio n  are  in ta c t. T hus, if  th e  ad ren a l c o rtex  is in ta c t,  th e  m e to p iro n e  te s t  
allow s conclusions as to  p i tu i ta ry  A CTH  secre tion . I f  co rtico id  o u tp u t  increases 
in  re sponse  to  m etop irone , ad ren a l co rtica l and  p itu i ta ry  A CTH  a c tiv itie s  are 
n o rm a l. I f  i t  does n o t increase , th e  defec t m ay  be e ith e r in th e  ad ren a ls  o r in 
th e  p i tu i ta ry . This can  be decided  b y  th e  A CTH  te s t . I f  an  increase  ensues 
u p o n  th e  ad m in is tra tio n  o f A C TH , b u t  n o t upon  th a t  of m e to p iro n e , p i tu i ta ry  
fu n c tio n  is im p aired . I t  does n o t occur, o f course, th a t  in th e  absence o f  an  
increase  in  response to  A CTH  th e re  shou ld  be one in  response to  m e to p iro n e , 
b ecau se  if  th e  ad ren a l c an n o t re a c t to  exogenous A CTH , i t  will n o t be  cap ab le  
o f  re a c tin g  to  th e  endogenous A C TH  m obilized  b y  m etop irone , e ith e r . T he 
co n tro l o f  ou r m ethod  is th a t  no such  case has occurred . T he changes in  u rin e  
an d  p la sm a  w ere in  th e  sam e d irec tio n  or th e re  occu rred  no change follow ing 
A C TH  a d m in is tra tio n  in  17 cases, in  7 cases th e re  w as an  increase in  u r in a ry  
o u tp u t ,  b u t  none in  p lasm a, an d  in  5 cases th e re  w as an  increase  in  p lasm a  
on ly . In  these  la s t 5 cases th e  re a c tio n  was considered  positive  a lth o u g h  one 
m ig h t suggest th a t  24 hours a f te r  th e  in jec tio n  o f Zn A CTH  th e  h ig h er p lasm a  
level w as due n o t to  th e  A C TH , b u t  occurred  sp o n tan eo u sly  or w as in d u ced  
b y  som e k in d  o f a stress.

A ccord ing  to  th e  above re su lts  i t  tak es  a b o u t 30 m on th s for low  doses 
o f  p redn iso lone  to  cause such  a h y p o fu n c tio n  o f th e  ad ren a l c o rtex  th a t  it
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does n o t  resp o n d  to  A C T H , w hile p i tu i ta ry  A C TH  secre tion  decreases a fte r  
o n e  y e a r  a lread y . T h is is w h y  in  12 o f th e  cases th e  ad rena ls s till re a c te d  to  
A C T H  w hen no p i tu i ta ry  response  was e lic ited  b y  m eto p iro n e . In  th e  p a tie n ts  
w ho h a d  h ad  to ta l  dose o f  a t  le a s t 3000 g o f  p redn iso lone  b o th  th e  ad ren a l 
c o r te x  an d  th e  p i tu i ta ry  show ed a d im in ished  o r no re a c tiv ity . In  th e  cases 
o f  T r e a d w e l l  et a l., 4600 m g w as th e  sm a lle s t to ta l  dose a fte r  w hich  th e  
p i tu i ta r y  d id  n o t r e a c t to  m etop irone .

In  2 cases th e  p i tu i ta ry  failed  to  re a c t to  m e to p iro n e  a fte r  t r e a tm e n t of 
less th a n  10 m o n th s ’ d u ra tio n ; an d  in one o f  th e se  cases th e  ad ren a l co rtex  
fa iled  to  re a c t to  A C T H . In  th e  la t te r  p a t ie n t  th e  in itia l va lues, to o , w ere 
low ; th u s , a h y p o ad ren a lism  due to  som e o th e r  cause m ig h t have  been  p re sen t. 
H o w ev er, i t  m ay  h a p p e n  th a t  m eto p iro n e  e lic its no rise in  h e a lth y  su b jec t 
( K a p l a n ); th is w as th e  case in  4 p a tie n ts  o f  th e  co n tro l group.

S en sitiv ity  to  A C T H  seem ed to  be  in c reasin g ly  fre q u e n t in  p a tie n ts  
t r e a te d  w ith  p red n iso lone  fo r longer periods (Cases N os. 30, 31, 33, 35, 36, 38 
a n d  39). I t  ap p ears  as i f  h y p o ad ren a lism  w ou ld  increase  th e  te n d e n c y  to  
a lle rg y .

T r e a d w e l l  et al. h a v e  s tu d ied  ad ren a l an d  p itu i ta ry  a c tiv ity  in  41 
a r th r i t ic  p a tie n ts  t r e a te d  w ith  p redn iso lone  w hom  th e y  gave 40 U  o f Zn 
A C T H  daily  for 4 d ay s , in  o rd er to  no rm alize  ad ren a l co rtica l fu n c tio n  before 
c a rry in g  o u t th e  m e to p iro n e  te s t . On th e  fo u r th  d a y , u r in a ry  k e togen ic  s te ro id  
o u tp u t  was increased  in  ev e ry  p a tie n t;  th is  w as on ly  n a tu ra l in  th e  lig h t of 
th e  experience th a t  th e  h y p o ad ren a lism  su b se q u e n t to  co rtisone t r e a tm e n t  is 
ab o lish ed  b y  fou r doses o f  40 U o f Zn A C T H  each. In  th e  sam e p a tie n ts , 
p i tu i ta r y  fu n c tio n  w as s tu d ie d  w ith  m e to p iro n e ; th e  re su lts  agreed  well w ith  
o u r  experience in  t h a t  th e re  w as an  increase a f te r  1 to  15 m o n ths o f t re a tm e n t, 
v a r ia b le  resu lts  a f te r  16 to  31 m on th s o f tr e a tm e n t  (8 p a tie n ts  re a c te d , 8 failed  
to  do so), w hile am o n g  th e  p a tie n ts  tr e a te d  lo n g er th a n  31 m o n th s  on ly  2 
r e a c te d  to  m eto p iro n e .

In  Table I I I  we h a v e  com pared  o u r re su lts  w ith  tho se  o b ta in e d  b y  
T r e a d w e l l  et al. T h e re  w as a d ivergence in  th e  g roup  tre a te d  fo r 16 to  31 
m o n th s , w here th e  sa id  a u th o rs  observed  a p o sitiv e  re su lt m ore o ften  th a n

Table I I I

E ffe c t o f  th e  d u r a t io n  o f  tr e a tm e n t o n  th e  r e s u l t o f  the m e to p ir o n e  tes t

1 —  15 months 16 -31 months
longer than 
32 months Total

0 + 0 + 0 + 0 +
T r e a d w e l l  et al.,  41 cases l 4 8 8 18 2 27 14

P re se n t series 40 cases 3 6 10 1 19 1 32 8
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we d id . This m ay h a v e  been  due to  th e  fa c t  t h a t  th e y  applied  4.5 g o f  m e to - 
p iro n e  in s tead  o f th e  3 g ap p lied  b y  us, a dose to  w hich our con tro l cases a lw ays 
re sp o n d ed  no rm ally . T h e  effect o f p ro tra c te d  tre a tm e n t is in d ic a te d  b y  th e  
fa c t t h a t  in  th e  cases tr e a te d  for less th a n  40 m o n th s  th e  m ean in itia l k e to g e n ic  
s te ro id  v a lu e  was 10.5 m g/24 hours, w hile in  th e  p a tien ts  tr e a te d  fo r  longer 
p e riods i t  was on ly  5.9 m g, failing  to  re a c h  th e  lower lim it o f n o rm a l, 8 m g. 
T h e  m ean  value fo r th e  p a tie n ts  t r e a te d  fo r  th e  sam e len g th  o f  t im e  w as 
5.5 m g in our m a te ria l a n d  5.9 m g in  th a t  o f  T r e a d w e l l  et al. T h e  m e a n  in it ia l  
v a lu e  in  our co n tro l g ro u p  w as 11.7 m g (T ab le  I V ) .  Mean u r in a ry  o u tp u t  in

Table IV

M ean urinary  ketogenic steroid levels before melopirone administration

1 — 40 months 
treatment

More than 
40 months 
treatment

Control cases

T r e a d w e l l  el al. 7.4 5.5 _
P resen t series 10.5 5.9 12.3

resp o n se  to  m e to p iro n e  w as also m uch  low er in  th e  tre a te d  g ro u p : 13.2 m g, 
th a n  in  th e  contro ls (30.3 mg) ( Table V) .  T h e  m ark ed  decrease in  p i tu i ta ry -  
ad ren a l fu nc tion  is c lea rly  in d ica ted  b y  th e  d a ta  in Table I V  a n d  Table V.

Table V

M ean urinary  ketogenic steroid levels after metopirone administration  
m g/24 hours

Cases treated with prednisolone Control cases

T r e a d w e l l  et al. 15.6 _
P re se n t series 13.2 31.3

F ro m  the above th e  conclusion has b een  d raw n th a t  p ro tra c te d  glyco- 
co rtico id  tre a tm e n t lead s to  a decrease n o t  o n ly  in ad renal co rtiso l se c re tio n , 
b u t  also in  p i tu i ta ry  a c tiv ity . As a re su lt, in  th e  case o f stress no A C T H  will 
be  m obilized . A C TH  a d m in is tra tio n  fo llow ing p ro tra c te d  p red n iso lo n e  t r e a t 
m e n t is no sa feg u ard  a g a in s t th is . F o llow ing  s te ro id  tre a tm e n t fo r m o re  th a n  
1 y e a r  one m ust a lw ays reckon  w ith  a co llapse  in  th e  case o f s tre s s  d u e  to  
su rg e ry , in ju ry , in fec tio n , e tc . In  th e  case o f  such  events if  th e  p a t ie n t  h ad  
h a d  predn iso lone t r e a tm e n t  for m ore th a n  one  y e a r, th e  dose sh o u ld  th e re fo re  
be increased  te m p o ra r ily , an d  a fte r  t r e a tm e n t  p ro p h y lac tic  a d m in is tra tio n  of 
co rtico ste ro id  is n ecessa ry  for ab o u t h a lf  a y e a r . A ccording to  som e in fo rm a tiv e
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te s ts ,  th e  re s to ra tio n  o f  p i tu i ta ry  fu nc tion  ta k e s  a b o u t h a lf  a y ea r a f te r  p re d 
n iso lo n e  tre a tm e n t h a s  ceased .

I t  seems th e re fo re  im p o r ta n t  th a t  p a t ie n ts  su b jec ted  to  lo n g -te rm  p re d 
n iso lo n e  tre a tm e n t sh o u ld  ca rry  on th em  a  w a rn in g  no te  and  to  re a c h  an  
in te rn a tio n a l a g reem en t in  th is  sense.
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NEUE MÖGLICHKEIT ZUR VERHINDERUNG 
DER HORNHAUTVASKULARISATION

Von

G y . I m r e  und J .  B ö g i

I I .  A U G E N K L IN IK  (D IREK TO R: PR O F. D R. T . NÓNAY)
D E R  M ED IZIN ISCH EN  UNIVERSITÄT B U D A PEST

(E in g eg an g en  am  9. O ktober 1965)

P a n to th e n sä u re  u n d  Z y ste in , die in  der K o e n zy m -A -P ro d u k tio n  te iln eh m en  u n d  
den o x y d a tiv en  S toffw echsel de r H o rn h a u t fö rdern , h e m m e n  die m it M ilchsäure a u s 
gelöste H o rn h a u tv a sk u la r is a tio n  bei K aninchen . A m  w irk sa m sten  erwies sich  d ie  
3% ige Z ysteinsalbe. A n d en  m it diesem  P rä p a ra t  b e h a n d e lte n  A ugen e n ts ta n d  e in e  
s ig n ifik an t spärlichere  H o rn h a u tv ask u la risa tio n , u n d  a u c h  d e r  Z u stan d  de r K o rn e a  
besserte  sich ra sch e r als a n  d e r K ontro llseite . Im  G eg en sa tz  zu  den  b isherigen th e r a 
p eu tischen  V erfah ren  fo rd e r t  diese B ehandlung — n e b s t  V e rh in d eru n g  der H o r n h a u t 
v ask u larisa tio n  — au ch  d ie R egenerationsprozesse  d e r  K o rn e a .

Die H o rn h a u tv a sk u la r is a tio n  is t im  a llgem einen  schäd lich , da  sie die 
D u rch sich tig k e it d er K o rn e a  b e e in trä c h tig t, die A n tig e n im m u n itä t derse lben  
a u fh e b t und  F e tta b la g e ru n g  in  d e r K ornea e rm ö g lich t [4]. E ben  deshalb  is t  
die P rognose d er K e ra to p la s t ik  bei vo rangehend  v a sk u la r is ie r te r  H o rn h a u t 
sch lech t. In  diesen F ä llen  w ird  die übergep flanzte  S cheibe  infolge allerg ischer 
R eak tio n en  häu fig  trü b e , au ß e rd em  k ann  es an  d e r  W irt-S pender-G renzober- 
fläch e  zur L ip o id ab lag eru n g  kom m en  [15]. D ie V ask u la risa tio n  der ü b e r 
p fla n z te n  Scheibe is t ebenfalls schäd lich ; besonders u m  den  10. p o s to p e ra ti
ven  T ag  fü h r t  sie zu r S ch e ib en trü b u n g  [1].

Die zu r V erh in d eru n g  d e r V ask u la risa tio n  d ien en d en  gegenw ärtig  
geb räuch lichen  V erfah ren  (K o rtik o s te ro id b eh an d lu n g , I r ra d ia tio n  du rch  R ö n t
gen- bzw . b e ta -S tra h le n ) e rgeben  n ich t im m er b e fried ig en d e  E rgebnisse  u n d  
en tsp rech en  n ic h t in  je d e r  H in s ic h t dem  »nil nocere« P rin z ip , da sie auch  die 
R egenera tionsprozesse  d er K o rn e a  h indern . Die n e u e s te n  K en n tn isse , die u ns 
ü b e r die G efäßeinsprossung  zu r V erfügung s te h e n , erm öglichen  dagegen die 
B ea rb e itu n g  e iner k a u sa le n , die schädlichen S p ä tfo lg en  au ssch a lten d en  
M ethode.

Die G efäße w achsen  s te ts  in  Gewebe m it h y p o x isch em  Stoffw echsel u n d  
m it sch lech tem  venösem  A b flu ß  ein, wo die im  L au fe  d e r anäroben  G lykolyse 
p ro d u z ie rte  M ilchsäure a n g e h ä u ft w ird. A nhand  u n se re r  v o rangehenden  E x p e 
rim e n te  h a lten  w ir es fü r w ahrschein lich , daß  d e r v a so fo rm a tiv e  F a k to r  die 
M ilchsäure is t [9]. D ie H o rn h a u tv a sk u la risa tio n  lä ß t  s ich  in  säm tlichen  F ä llen  
a u f  die V erm inderung  des o x y d a tiv e n  Stoffw echsels d e r K o rn e a  zu rü ck fü h ren , 
w oraus fo lg t, d aß  im  In te re sse  d er V erh inderung  d e r k o rn ea len  V ask u la risa tio n
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e ine  S te igerung  des o x y d a tiv e n  S toffw echsels von  au ssch lag g eb en d er B edeu
tu n g  w äre .

D iese S teigerung  des o x y d a tiv e n  Stoffw echsels k an n  d u rc h  S au ersto ff
ü b e rs c h u ß  n ich t e rre ic h t w erd en , d a  fü r  die V erm inderung  des o x y d a tiv en  
S to ffw echsels der K o rn e a  im  a llgem einen  n ic h t der S au ersto ffm an g e l, sondern  
d ie  in fo lge  der b e e in trä c h tig te n  S a u e rs to ffv e rw ertu n g  zu s tan d ek o m m en d e  
S c h ä d ig u n g  des E p ith e ls  bzw . des o x y d a tiv e n  E nzy m sy stem s v e ra n tw o rtlic h  
is t .  D iese r U m stan d  e rk lä r t  auch  die E rfo lg losigkeit d er v o n  A sh t o n  und 
Co o k  [2] sowie Mic h a e l s o n , H erz  u n d  K e rt e sz  [16] d u rc h g e fü h rte n  K a n in 
c h en v e rsu ch e , in  denen  die ex p e rim en te ll (m itte ls  A lloxan  b zw . E lek tro - 
k o a g u la tio n )  h e rb e ig e fü h rte  H o rn h a u tv a sk u la r isa tio n  d u rch  H y p e ro x ie  n ich t 
v e rm in d e r t  w erden k o n n te .

D es w eiteren  w ollen  w ir einige, sich  zu r S teigerung  des o x y d a tiv e n  S toff
w ech se ls  der K o rn ea  eignende M eth o d en  an füh ren . N ach  T om iza w a  und  
K u d o  [19] sowie T h i e l  u n d  W a c k e r  [18] fö rd e rt die P a n to th e n s ä u re  — ein 
B e s ta n d te i l  des im  o x y d a tiv e n  S to ffw echsel w ich tigen  K o en zy m -A  — die 
R eg en era tio n sp ro zesse  d er K o rn e a . D ie U n te rsu ch u n g en  v o n  F u n a t su  und  
M o g i  [7] ergaben , d aß  die s u b k o n ju n k tiv a l in jiz ie rte  P a n to th e n s ä u re  auch  die 
H o rn h a u ta tm u n g  b esch leu n ig t. E in ig e  V erfasser wiesen d a ra u f  h in , d aß  das 
R ib o f la v in  die H eilu n g  d er ob erfläch lich en  K e ra titid e n  fö rd e r t  [11, 5]. 
D e B e r a r d in is  u n d  B onav o lo n ta  [3] n a h m e n  an, daß  die die K o rn e a re g en e ra 
tio n  fö rd e rn d e  W irk u n g  e in iger A m in o säu ren  — A rginin , H is tid in  [3], Z ystin  
[17, 6] u n d  des in  d er K o en zy m -A -B ild u n g  te iln eh m en d en  Z y ste in s  [3, 8] 
m it  d em  U m stan d  zu e rk lä re n  is t, d a ß  diese V erb indungen  d en  o x y d a tiv en  
S to ffw ech se l der K o rn ea  ste ig e rn . N ach  K ura ch i  u n d  Ma t s u d a  [13] fördern  
a u c h  K - u n d  M g -asp a rta t d ie  A tm u n g  d e r H o rn h a u t.

I n  vorliegender A rb e it w ollen w ir ü b e r  T ie rex p erim en te  b e rich ten , in 
d e n e n  d ie  E in w irkung  d er o x y d a tiv e n  S to ffw echselste igerung  a u f  die durch  
in tra k o rn e a le  M ilchsäure-In j ek tio n  h e rb e ig e fü h rte  K o rn e a v a sk u la r isa tio n  u n te r 
s u c h t  w urde .

V ersu ch sm ate ria l u n d  M ethodik

V ierzig , 2,5 kg  w iegende erw achsene  K a n in c h e n  w urden  in  4 G ru p p en  e in g e te ilt . Zwecks 
H e rb e ifü h ru n g  der K o rn e av a sk u la risa tio n  w u rd e  in  beide A ugen de r T ie re  m it  H ilfe  einer 
in  d ie  N ä h e  des H o rn h a u tz e n tru m s  e ingestochene  u n d  in te rlam ella r in  R ic h tu n g  des L im bus 
g e fü h r te n  In jek tio n sn ad e l (N r. 20) 0,05 m l 0 ,l% ig e  M ilchsäurelösung in jiz ie r t.  A u f  W irkung 
d e r  I n je k t io n  e n ts ta n d  im  a llgem einen  dem  L im b u s e n tlan g  eine Schw ellung  v o n  4 m m  D urch
m esse r, d ie  an  einem  3—4 m m  lan g em  A b sc h n itt  m it  dem  L im bus in  V e rb in d u n g  s ta n d . N ach 
3 T a g e n  w urde, m öglichst d u rc h  d en  e rs ten  S tich k a n a l die M ilch säu re in jiz ie ru n g  w iederholt.

B e id e  A ugen der K a n in ch e n  w u rd en  v o n  d e r e rs ten  In jek tio n  g e re c h n e t 10 T age h in 
d u rc h  b e h a n d e lt , das eine A uge w u rd e  m it M ed ik am en ten  u n d  das K o n tro lla u g e  m it  dem  G rund
s to f f  d e r  an g ew and ten  A u g en tro p fen  bzw . Sa lbe  b e h an d e lt.

I .  G ruppe (10 T iere): In  de r Z eitperiode  v o n  6 — 22 U h r w urde das re c h te  A uge  stündlich  
m it  S o lu tio  o p h th a lm ica  iso to n ica  u n d  d as lin k e  m it  l% ig e r  B e rn ste in säu re lö su n g  behandelt. 
Z u r  A n w en d u n g  des le tz te rw ä h n te n  M itte ls v e ra n la ß te  u ns die A n n a h m e , d a ß  die Bern-
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ste in säu re  du rch  S te ig e ru n g  de r O x y d a tio n  im  Z itra t-Z y k lu s  den o x y d a tiv e n  Stoffw echsel 
de r H o rn h a u t b esch leun ig t.

I I . G ruppe (9 T iere) (d as 10. T ier ging am  2. T ag  de r E x p e rim en te  e in ): Die A ugen- 
b eh an d lu n g en  erfo lg ten  tä g lich  3m al u n d  zw ar w urde  re ch ts  10% ige S trep to m y c in sa lb e  und  
links 10% ige, 3%  N a -P a n to th e n a t  e n th a lte n d e  S trep to m y c in sa lb e  an g ew an d t.

I I I .  G ruppe (10 T ie re): Zw ischen 6 —22 U h r w urde das rech te  A uge stü n d lich  m it 
Solutio  o p h th a lm ica  iso to n ica  u n d  das linke  m it l% ig e r  Z ystein lösung  b e h an d e lt. D ie Z y ste in 
lösung w urde täg lich  2m al frisch  hergeste llt.

IV . G ruppe: B ei d en , zu  dieser G ruppe g eh ö ren d en  T ieren  w urde e in  B lindversuch  
vo rgenom m en. In  de r A p o th ek e  de r M edizinischen U n iv e rs itä t  B u d a p es t ließen  w ir zweierlei 
Salben [3% ige Z yste insa lbe  u n d  K a i i á n — KoRlTSÁNSZKYsche Salbe) v e rfe rtig en , die — unseren 
A nw eisungen en tsp rech en d  in m it I bzw. II  beze ichnete  Tiegel v e rp a c k t w urden . Das 
re ch te  Auge der 10 V ersu ch stie re  w urde  m it Salbe I u n d  das linke m it Salbe  II  täg lich  5m al 
b eh an d e lt. Die Salben w u rd en  jed e n  zw eiten  Tag frisch  hergeste llt.

Bei säm tlich en  V ersu ch stie ren  w urd en  täg lich  fo lgende V erh ältn isse  u n te rs u c h t:  M axi
m a len tfe rn u n g  des z en tra le n  R an d es  de r H o rn h a u tv a sk u la r isa tio n  v o m  L im b u s, In te n s itä t  
der V ask u la risa tio n  u n d  Z u s ta n d  der K ornea. In  e in igen V ersuchen  w u rd e  a u ch  die B reite  
des L im b u sa b sc h n itts  abgem essen , v o n  dem  die V ask u la risa tio n  ausging. D er a rith m etisch e  
D u rc h sc h n itt und  die S tre u u n g  de r bei den  id en tisch  b eh an d e lte n  A ugen  en ts ta n d en e n  V as
k u la risa tio n  w urde b e rec h n e t. D as S tudenlsche-t-V erfahren  d ien te  zur F e s ts te llu n g  der Signi
f ik an z  de r D ifferenz zw ischen  den  beiden Seiten.

Ergebnisse

D ie ex p erim en te llen  A ngaben  sind  in  T abelle  I d a rg es te llt.
I . G ruppe: Z w ischen  der in  den m it l% ig e r  B e rn s te in säu re -T ro p fen  

b eh an d e lten  u n d  in  den K o n tro llau g en  e n ts ta n d e n e n  V ask u la risa tio n  bzw. 
K o rn eazu stan d  w ar n u r  ein  geringer U n te rsch ied  festzu ste llen .

I I .  G ruppe: In  den  m it 3% iger N a -P a n to th e n a tsa lb e  b e h an d e lten  Augen 
w ar eine geringere V ask u la risa tio n  zu b eo b ach ten  als in  den  K o n tro llau g en . 
A m  10. T ag  w ar das V ask u la risa tio n sg eb ie t in  6 von  9 F ä llen  k le in er, in  3 
F ä llen  w ar die G efäß b ild u n g  von  id en tisch em  A usm aß . D er zw ischen den 
beiden  Seiten b es te h e n d e  U n te rsch ied  w ar zw ar geringfügig , ab e r se lb st am  
4., 6. u n d  10. T ag  s ig n if ik a n t (p 0,01, p <  0,01, p <] 0 ,05). A n der m it 
P a n to th e n a tsa lb e  b e h a n d e lte n  Seite  w ar die V ask u la risa tio n  in  2 F ä llen  b ed eu 
te n d  spärlich er u n d  in  5 F ä llen  ging sie von  einem  schm aleren  G eb ie t aus, als 
an d er anderen  Seite . In  4 F ä llen  verlie f die V erm in d eru n g  des H o rn h au tö d em s 
in den  m it P a n to th e n a ts a lb e  b eh an d e lten  A ugen w esen tlich  ra sc h e r. In  den 
ü b rigen  F ällen  w aren  in  d ieser H in sich t keine U n te rsch ied e  festzuste llen .

I I I .  G ruppe: In  den m it l% ig e r  Z y ste in -T rop fen  b e h a n d e lte n  A ugen 
k am  eine w esen tlich  k ü rze re  G efäßb ildung  zu s tan d e . Am  10. T a g  w ar die 
L änge d er V a sk u la risa tio n  d u rc h sc h n ittlic h  um  19,9%  k ü rz e r  als an  der 
K o n tro llse ite . Bei 7 von  10 K an in ch en  w ar die V ask u la risa tio n  an  der m it 
Z yste in  b eh an d e lten  S e ite  k ü rz e r  u n d  sp ä rlich e r: in  3 F ä llen  w a r ein  der K o n 
tro llse ite  en tsp rech en d es B ild  zu e rh a lten . D ie zw ischen den  beiden  Seiten 
b e o b ach tb a re  A bw eichung  w ar am  8. u n d  10. T ag  s ig n if ik an t (p <  0,05).

Bei der IV . G ru p p e  (B lindversuch) e n ts ta n d  in  den m it d e r Salbe I I  
b e h an d e lten  linken  A ugen  eine w esentlich  m ildere  V ask u la risa tio n . A m  10. Tag 
w ar die G efäßb ildung  in  8 von 10 F ällen  an  d er linken  Seite  k ü rz e r  u n d  durch-
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T abelle  I

B  ehandl ungsergebnisse

Nr.
Zahl
der

Tiere
Seite

lOtägige Behandlung nach der ersten intrakornealen 
Milchsäureinjektion (0,1%, 0,05 ml)

Beginn der 
V askularisation 

(Tage)
4. Tag

I. 10 rechte Sol. oph th a lm o lo g ica  isotonica. B ei T ag
stü n d lic h 2—4 0,49 ±  0,40

linke l% ig e  B ernsäu re lösung . B ei T ag  s tü n d -
lieh 2 - 5 0,44 ±  0,39

i l . 9 rechte 10% ige S trep tom ycinsalbe . 3m al täg -
lieh 2—4 0,36 ±  0,17

linke 5% ige N a -P a n to th e n a t  -|- 10% ige S trep -
to m y c in sa lb e . 3m al täg lich 2—4 0,27 ±  0,15*

i n . 10 rechte Sol. o p h th a lm o lo g ica  isotonica. B ei T ag
s tü n d lic h 2—4 0,53 ±  0,40

linke l% ig e  Z y ste in trop fen . B ei T ag s tü n d -
lieh 2—4 0,53 dz 0,43

IV . 10 rechte U ng. o p h th a lm icu m  K a h án —K o ritsán -
szky . 5 m al täg lich 2—4 0,21 dz 0,07

linke 3% ige Z yste insa lbe  täg lich 3—4 0,14 ±  0,06*

* =  0,001 < p < 0,01, ** =  0,01 < p  < 0,02, *** =  0,02 < p  < 0,05, **** =  p  =  0,05

s c h n i t t l ic h  um  19,6%  g e rin g e r; d er U n tersch ied  w ar se lb s t am  4 ., 8. und  10. 
T a g  s ig n ifik an t (p <  0,01, p  <  0,05 und  p =  0,05). In  9 d ieser F ä lle  ging die 
V a sk u la r isa tio n  von einem  w esen tlich  (im D u rc h sc h n itt u m  24 ,4% ) schm aleren  
L im b u sa b sc h n itt  aus, als in  d en  k o n tra la te ra le n  A ugen ; der U n te rsch ied  w ar 
s ig n if ik a n t  (p <  0,02). In  6 F ä lle n  w ar im  V erh ä ltn is  zu den  K o n tro llau g en  
e in e  b e d e u te n d  sp ä rlich e re  P a n n u sb ild u n g  zu b e o b a c h te n , in  7 F ä llen  e n t 
w ic k e lte  sich die T rü b u n g  d e r  K o rn ea  rascher zu rü ck . A bb . 1 v e ran sch au lich t 
d a s  r e c h te  Auge eines V ersu ch sk an in ch en s , a u f A b b . 2 is t das m it Salbe I I .  
b e h a n d e lte  linke Auge d esse lb en  K an inchens s ic h tb a r . D ie A ufnahm en  w u rd en  
a m  10. B ehand lu n g stag  v e r fe r t ig t .  N ach B eend igung  d er E x p e rim en te  te ilte  
d ie  A p o th ek e  m it, d aß  d er m it  No I  bezeichnete  T iegel K a h á n — K o r it sa n - 
SZKYsche Salbe und  d er m it  N o I I  bezeichnete  3% ig e  Z y ste in sa lbe  e n th ie lt.

B esprechung

U nsere  v o ran g eh en d en  V ersuche ergaben  [10], d aß  in tra k o rn e a l in j i
z ie r te  M ilchsäurelösung be i K a n in c h e n  frü h e  u n d  a u sg ep räg te  H o rn h a u tv a s 
k u la r is a t io n  v e ru rsach t. V orlieg en d e  E x p e rim en te  h ab e n  es bew iesen, daß  
P a n to th e n s ä u re  und  Z y s te in  — die nach  einigen V erfassern  die R egenera tions-
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Entfernung der Vaskularisation vom Limbus (mm). Arithmetischer 
Durchschnitt und Standarddeviation

Länge
der Vaskularisation 
im Limbus (mm). 

Arithmetischer 
Durchschnitt 

und Standurd- 
deviation

6. Tag 8. Tag 10. Tag

1,15 ±  0,33 1,79 ±  0,23 2,49 ±  0,46 —

1,06 ±  0,36 1,70 ±  0,98 2,39 ±  0,65 —

1,22 ±  0,35 1,96 ±  0,26 2,57 ±  0,43 8,55 ±  3,06

1,06 ±  0,32* 1,78 ±  0,35 2,37 ±  0,38*** 7,39 ±  1,92

1,17 ±  0,46 1,98 ±  0,62 2,61 ±  0,66 —

1,02 ±  0,41 1,68 ±  0,48*** 2,09 ±  0,77*** —

1,08 ±  0,27 1,82 ±  0,35 2,55 ±  0,38 6,35 ±  1,60

0,91 ±  0,35 1,59 ±  0,31*** 2,05 ±  0,68**** 4,80 ±  1,32**

prozesse d er K o rn ea  fö rdern  u n d  den o x y d a tiv e n  S toffw echsel d e r  K o rn e a  
ste igern  — die d u rch  M ilchsäu re in jiz ierung  ausgelöste  G e fäß b ild u n g  d er 
K a n in c h e n h o rn h a u t zu v erh in d ern  v erm ö g en . B ei unseren  V ersuchen  h a t  sich 
zu d iesem  Zw eck die 3% ige Z yste in sa lbe  am  b e s te n  bew ährt.

D ie K o rn eav ask u la risa tio n  hem m en d e  W irk u n g  des Z yste in s u n d  des 
N a -P a n to th e n a ts  is t a ller W a h rsch e in lich k e it n ach  m it dem  U m s ta n d  zu 
e rk lä ren , d aß  diese V erb indungen  den o x y d a tiv e n  Stoffw echsel d er H o rn h a u t 
s te igern  u n d  die M ilchsäu reverw ertung  bzw . die E p ith e lreg en era tio n  b e sch leu 
nigen. D ie B esserung  des o x y d a tiv en  S toffw echsels tru g  auch d azu  b e i, d aß  
die R eg enera tionsp rozesse  die anärobe  G lyko lyse  d. h. die M ilch säu rep ro d u k tio n  
in g eringerem  M aße ste ig e rten . In  d iesem  P ro zeß  is t an n eh m b ar a u c h  der 
ra sch eren  R eg en era tio n  des gesch äd ig ten  o x y d a tiv e n  E n zy m sy stem s eine 
B e d eu tu n g  beizum essen .

Im  G egensatz  zu den b isherigen  th e ra p e u tisc h e n  V erfah ren  ü b t  die 
3% ige Z y ste in sa lb e  eine d oppe lte  W irk u n g  au s : H em m ung  der K o rn e a v a s k u 
la risa tio n  u n d  F ö rd e ru n g  der R eg en era tio n sp ro zesse . Zur V erh in d eru n g  schw e
re r  V ask u la risa tio n sp ro zesse  w ird  sich die Z y s te in th e ra p ie  allein v o ra u ss ic h tlic h  
n ic h t e ignen , in  diesen F ällen  em p fieh lt s ich  d esha lb  die m it a n d e re n  A m ino
säu ren  bzw . P a n to th e n sä u re  k o m b in ie rte  B eh an d lu n g . A nschließend sei b e to n t ,
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d a ß  im  bei K o rn e a v e rle tz u n g e n  bzw. n a c h  K e ra to p la t ik  e in  d u rch  D a u e r
v e rb a n d  h e rb e ig e fü h rte r, geringfügiger O x y g en m an g e l den Z ustan d  n och  w e ite r 
v e rsc h lim m e rt. D as A b b in d en  der A ugenlider h in d e r t  die S au ersto ffau fn ah m e 
d e r  A ugen , was n a c h  K a u fm a n , Capella u n d  R o b b in s  [12] die R e g e n e ra tio n s
p rozesse  der K o rn ea  u n g ü n s tig  b ee in flu ß t, n a c h  L angham [14] den A n stieg  
d e r  M ilch säu rek o n zen tra tio n  v e ru rsach t u n d  n a c h  unseren v o ran g eh en d en  
E x p e rim e n te n  [10] die H o rn h a u tv a sk u la r isa tio n  fö rd e r t. Diese A n gaben  sp re 
ch en  d a fü r, daß  n a c h  K o rn eav erle tzu n g en  u n d  K e ra to p la s tik  der A u g en 
v e rb a n d  m öglichst ra sc h  e n tfe rn t w erden soll. I n  A n b e trach t, d aß  im  L aufe  
d e r K e ra to p la s tik  die ü b erg ep flan z te  Scheibe m it  N äh ten  f ix ie rt w ird , k a n n  
d ie  f rü h e  V e rb a n d e n tfe rn u n g  keineswegs n a c h te ilig  sein.

U nsere E x p e rim e n te  ergaben , daß die z u r  V erh inderung  der K o rn e a v a s 
k u la r is a tio n  d ienende K a u sa lth e ra p ie  au f d er B esse ru n g  des o x y d a tiv e n  S to ff
w echsels , d. h . a u f  d e r F ö rd e ru n g  der E p ith é lis a tio n  u n d  der R eg en era tio n  des 
g esch äd ig ten  o x y d a tiv e n  E n zym system s b e ru h t .  D iese T herap ie  e rm ö g lich t 
d ie  V erm eidung  e in iger H o rn h a u tü b e rp fla n z u n g e n  u n d  eine B esserung  d er 
O p era tionsergebn isse .
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T H E  S P E R M A T O G R A M  O F  PA T IEN T S 
W IT H  C R Y P T O R C H ID IS M

Л F O L L O W -U P  ST U D Y  

B y

C. Sc h ir r e n

ANDROLOGY DEPARTMENT OF THE DERMATOLOGIC UNIVERSITY CLINIC HAMBURG—EPPENDORF
(DIRECTOR: PROF. J . KIMMIG)

(R eceived  N o v em b er 5, 1965)

I t  is im possible to  decide b y  p h y sica l e x a m in a tio n  w hether a  p a tie n t  w i th  c r y p t 
o rc h id ism  belongs to  th e  fe rtile  o r in fe rtile  g ro u p . T herefore every  p a tie n t  h a s  to  be 
tr e a te d ,  f irs t  w ith  h u m an  chorionic g o n a d o tro p h in e  (HCG). The o p tim a l t im e  to  s ta r t  
th is  t r e a tm e n t  is before  th e  10 th  y ea r o f life becau se  a f te r  th is tim e ir re v e rs ib le  defec ts 
(seco n d a ry  a tro p h y  o f th e  germ inal e p ith e liu m ) occur. Some au th o rs  s t a r t  h o rm o n e  
t r e a tm e n t  a t  th e  beg inn ing  of th e  6 th  y e a r  o f life ( M a i e r ,  H e c k e r  a n d  B r a r e n ) .  
A ccord ing  to  our op in ion , th e  b e s t tim e  is b e tw een  th e  8 th  and 10th y e a r o f  life . A  dose 
of 1000 to  1500 I .U . o f HCG should  be a d m in is te re d  tw ice weekly, th e  to ta l  dose  shou ld  
be 12,000 to  15,000 I .U . I f  descensus is n o t  a tta in e d  a f te r  th is f irs t course o f  t r e a tm e n t  
i t  is n ecessary  to  s ta r t  a  second cure  6 — 8 w eeks la te r  w ith  th e  sam e h o rm o n e  dosage. 
I n  case o f a n eg ativ e  re su lt, fu n icu lo -o rch id o ly sis ( O b e r n i e d e r m a y r  a n d  M a i e r ) 
sho u ld  be perform ed im m ed ia te ly  a f te r  h o rm o n e  tre a tm e n t. O rch idopexy  is n o t  a d v is 
ab le , i t  being  o ften  fo llow ed b y  te s tic u la r  a tro p h y  ( M a i e r ).

I t  is im possib le to  decide th e  o p tim a l tim e  o f he rn io to m y  in ch ildhood . Som etim es 
th e  course  o f th e  disease fixes th e  te rm  of su rg e ry . O ne should ab sta in  fro m  p e rfo rm in g  
h e rn io to m y  in  early  ch ildhood.

I t  is im possib le  to  p red e te rm in e  th e  th e ra p e u tic a l effect, a c o sm etica lly  s a tis 
fa c to ry  effect is no p ro o f of fe rtility .

T hese s tud ies w ere co n d u cted  in  c o o p e ra tio n  w ith  Dr. O. S teeno, D e p a r tm e n t  of 
M edicine of Löw en U n iv e rs ity , B elg ium .

T h e  m ost im p o r ta n t p a r t  o f m ed ical t r e a tm e n t  is to  follow -up th e  p a tie n t  
in  re g a rd  to  th e  cause o f  his disease a n d  to  th e  tre a tm e n t p re sc rib e d  b y  th e  
p h y sic ian . So every  tr e a tm e n t for u n d escen d ed  te s tis  m ust com e to  a n e g a 
tiv e  f in a l re su lt as long as th e  p h y sic ian  does n o t follow-up th e  p a t ie n t  for 
m an y  y ea rs .

In  th e  follow ing w e shall re p o r t  on  fo llow -up studies o f p a t ie n ts  p re 
v io u sly  t r e a te d  for u n d escen d ed  te s tis .

A ccord ing  to  th e  l i te ra tu re  th e  in c id en ce  o f cryp to rch id ism  in  th e  new 
b o rn  is b e tw een  1 and  10 p e r cen t w ith  a gen era l r a te  of 4 to  5 p er c e n t (S corer; 
B ierich ). A g rea t p a r t  o f  th e  re ta in e d  te s te s  descend sp o n tan eo u sly  in to  th e  
sc ro tu m ; in  a d u lt m en th e  percen tag e  o f  c ry p to rch id ism  is 0.23 to  0.5 p e r cen t 
(Gilbert  an d  H am ilton; Carroll; B ie r ic h ).

W e looked  in to  th e  files o f  o u r 5000 andro logic  cases to  f in d  all th e  
p a tie n ts  w ith  a de layed  descensus te s tis  o r th o se  who had  been t r e a te d  w ith  
horm ones o r su rg ica lly  in  o rd er to  en su re  a descensus. Cases o p e ra te d  upon  
for in g u in a l hern ia  in ea rly  ch ildhood  w ere  inc luded  in th e  m a te r ia l  as we
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b e lie v e  th a t  th e  te rm  “ h e rn io to m y ” in ea rly  c h ild h o o d  often m eans an  u n d e 
sc e n d e d  te s tis . In  a d d itio n  i t  m u st be m en tio n ed  t h a t  in  form er years th e  te s te s  
w ere  o fte n  dam aged  a f te r  a  hern io tom y in  ch ild h o o d .

A  to ta l  of 264 cases w ere exam ined. T h e  m a jo r ity  consisted  o f  m ales 
w ho re p o r te d  because o f  childlessness. T he m in o r i ty  consisted  of p a tie n ts  w ho 
h a d  b een  tre a te d  by  us w ith  horm ones fo r u n d e sc e n d e d  testis an d  w ho h a v e

C R Y P T O R C H I D I S M  

(undescended testicle)
>

I  R E T A I N E D  T E S T I C L E

I  N O R M A L

F ig . 1. The position  o f th e  te s tic le

been  followed-up for m any years. We did a p h ysica l exam ination w ith  special 
regard to  the genitalia and took a sperm atogram  (see Schirren — 1961). 
W e abstained from tak in g  a spermatogram in th e  case of young unm arried  
m ales w ithout sexual experience, it being unnecessary  to require m asturbation  
i f  th e  sperm atogram  has no therapeutic im p lication s.

R esu lts  are d e m o n s tra te d  in the  T ab les , a ll o f  w hich contain
(i) T he age o f th e  p a t ie n ts  and th e  d u ra t io n  o f tre a tm e n t, in  g ro u p s

o f  0 — 10, 11 —14, 15 20 a n d  > 2 0  years.
(ii) Clinical e x a m in a tio n  w ith  special re g a rd  to  te s ticu la r v o lu m e  in  

o rd e r  to  com pare th e  co sm etica l resu lt w ith  th e  c lin ica l facts.
(iii) S p erm ato g ram s accord ing  to d iagnoses.
In  5 cases th e  te s tis  cam e  down sp o n ta n e o u s ly  a t  th e  age of 10 —14 y e a rs . 

T h e  cosm etica l re su lts  w as sa tisfac to ry  w hile th e  sperm atog ram  show ed no r- 
m o sp e rm ia  in one case o n ly  an d  severe o lig o sp erm ia  in  4 cases. In  th e  l a t t e r  
th e  h isto lo g ica l p ic tu re  w as poor (Table I).

21 p a tie n ts  in  th e  age g roup  <[20 years w ere  tr e a te d  w ith  HCG in  d iv id e d  
doses o f  1000 I.U . tw ice  w eek ly ; th e  to ta l  d o sag e  w as 6000 — 8000 I .U . In  14 
cases th e  te s tis  was o f  n o rm a l size b ila te ra lly , 1 p a t ie n t  had  only one n o rm a l
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Table I

Delayed spontaneous descensus

Age
(investiga

tion)
(years)

Age
(descensus)

(years)
Volume of 

testicle
Sperm
count

Motility high 
(moderate) immotile

29 12 norm al < 3 _ _ 100

35 14 norm al < 3 50 20 30

30 10 norm al 300 60 20 20

31 14 norm al < 3 — — 100

29 10 norm al < 3 50 40 10

Testicular biopsy

N orm al (occlusion)
Serto li cells only
T u b u la r  insufficiency 2
T u b u la r  degeneration  2

Table II

Result o f  hormonal treatment

Age (therapy) 0 -1 0 11-14 15 — 20 years Total

Cases (total) 7 12 2 21

Clinical result

tes ticu la r volum e norm al 6 7 l 14

tes ticu la r volum e ab n o rm al b ila tera lly 5 l 6

tes ticu la r volum e ab n o rm al on  one side l 1

Spermatogram

im possible l 3 4

norm osperm ia l 2 3

hypozoosperm ia —
oligosperm ia 3 3 6

oligosperm ia, severe 2 1 l 4

azoo-, asperm ia 1 2 l 4

Testicular biopsy

tu b u la r  insufficiency 1 1

te s tis . A m ong these  15 cosm etica lly  sa tis fac to ry  cases only  3 w ere n o rm o sp e r
m ie, in  6 cases th e re  w as o ligosperm ia and  in  8 cases (47.5 p er cen t) ab so lu te  
in fe r tility . As reg ard s th e  effect on fe rtility , i t  w as ir re le v a n t a t  w h a t age th e  
p a tie n ts  were tre a te d  as all 3 p a tie n ts  w ith  n o rm o sp erm ia  h ad  been  tre a te d  
a t  th e  age o f 11 —14 y ea rs  (T able I I ) . F if ty  p e r c en t o f th e  6 p a tie n ts  w ith
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Table I I I

Cryptorchidism
(one-sided)

Cases (total) 23

Clinical result

tes ticu la r v o lu m e  u n ila te ra lly  n o rm al 14 60.9%

tes ticu la r v o lu m e  u n ila te ra lly  ab n o rm al 9 39.1%

Spermatogram

im possible 1

norm osperm ia 2

hypozoosperm ia 1

oligosperm ia 5

oligosperm ia, se v e re
i !  5 4 - ° %azoo-, a sp e rm ia i °  j

hypokinesis 2

Testicular biopsy  (c o n tra la te ra l)

norm al o cclusion -
Sertoli cells o n ly 2

tu b u la r in su ffic ien c y 1

tu b u la r  d e g e n e ra tio n 1

Table TV

Surgery fo r  undescended testicle 
(one-sided)

Age (operation) 0 - 1 0 1 1 -1 4 1 5 -2 0 > 2 0  y. Total

Clinical result

tes ticu lar vo lum e n o rm a l b ila tera lly l l

tes ticu lar volum e a b n o rm a l b ila tera lly 2 l 3

testicu lar volum e n o rm a l un ila te ra lly 6 4 4 14

Spermatogram

impossible 1 1 2

norm osperm ia 2 2 1 5

hypozoosperm ia —

oligospermia 3 1 4

oligosperm ia, severe 1 1

azoo-, asperm ia 2 1 2 5

hypokinesis 1 1

Testicular biopsy

tu b u la r insufficiency 3 - 1 4

cases (to ta l) 8 6 4 18
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o ligosperm ia  w ere tre a te d  a t  th e  age o f  0 10 years  an d  th e  o th e r f if ty  p e r  c en t
a t  11 14 y ears . T he m o tility  r a te  o f sp e rm a to zo a  was e x tra o rd in a r ily  h igh
an d  w as considered  n o rm al. T hese six  p a tie n ts  m ig h t still h av e  a sm all chance  
to  becom e fe rtile . In  4 o f th e  21 p a tie n ts  a sp e rm a to g ram  could  n o t  b e  p e r
fo rm ed . A ll th is  m eans t h a t  a cosm etica lly  sa tis fa c to ry  re su lt o f  h o rm o n e  
t r e a tm e n t  does n o t n ecessarily  m ean  n o rm o sp erm ia  or fe rtility .

In  th e  cases of one-sided  c ry p to rch id ism  in  60.9 p er cen t th e  n o rm a lly  
d escended  c o n tra la te ra l te s tis  w as o f n o rm al size, while in  39.1 p e r  c e n t i t  
w as below  n o rm al. O nly in  2 cases w ere no rm osperm ie . In  12 cases (52.1 p e r 
cen t) th e re  w as abso lu te  in fe r ti l i ty . 6 p a tie n ts  show ed o ligosperm ia or hypozoo- 
sp e rm ia  (T able V). On 2 p a tie n ts  o u t o f 4 b iop sy  o f th e  n o rm a lly  d escen d ed  
te s tis  rev e a le d  Serto li cells on ly . In  th e  cases o f  b ila te ra l c ry p to rc h id ism  a 
n o rm a l sp e rm ato g ram  could  n o t  be ex p ec ted . S erto li cells only  w ere fo u n d  in  
2 cases. A lth o u g h  only  9 cases w ere exam ined  b y  us, we feel ju s tif ie d  in  s ta t in g  
th a t  in  b ila te ra l c ry p to rch id ism  fe r ti l i ty  c an n o t be expected . R esu lts  a f te r  
su rg ica l t r e a tm e n t w ere eq u a lly  poo r. In  T ables IV  and  V 43 cases a re  show n , 
o f  w h ich  18 were su b jec ted  to  u n ila te ra l su rgery . T he c o n tra la te ra l te s tis  w as 
n o rm a lly  descended . T ab le  IV  d em o n stra te s  th a t  in  m ore th a n  3/4 o f  th e  cases

Tabic V

Surgery fo r  undescended testicle 
(b ila tera l)

Age (operation) 0-10 1 1 -1 4 1 5 -2 0 > 2 0  y. Total

Cases (total) 13 19 1 2 35

C linical result

te s tic u la r  volum e n orm al b ila te ra lly 2 4 6

tes tic u la r  volum e ab n o rm al b ila te ra lly 9 13 2 24

tes tic u la r  volum e n orm al u n ila te ra lly 2 2 l 5

Spermatogram

im possible 2 1 3

norm osperm ia 1 1

oligosperm ia 1 2 3

oligosperm ia, severe 4 4 8

azoo-, asperm ia 5 11 l 2 19

hypokinesis 1 1

Testicular biopsy

n orm al (occlusion) 2 2

Serto li cells only 1 l 1 3

tu b u la r  insufficiency 1 1

tu b u la r  degeneration 1 1 2
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o n ly  th e  n o rm ally  d escen d ed  te s tis  h ad  a n o rm a l size. T he sp e rm ato g ram  of 
th is  g roup  show ed a  d is tu rb a n c e  of fe r t i l i ty  in  65.2 p er cen t o f w hich  37.5 
p e r  c e n t was a b so lu te  in fe r tility . I f  we ta k e  in to  acco u n t th a t  th e  n o rm ally  
d escen d ed  c o n tra la te ra l  te s tis  was of n o rm a l size, th e n  th e  poor sp e rm ato - 
g ram s o f th is  g roup  allow  th e  conclusion t h a t  b o th  te s te s  h ad  been  dam aged  
a n d  n o t  only th e  u n d e sc e n d e d  one or one cou ld  n o t  exp la in  th e  h igh  p ercen tag e  
o f  fe r ti l i ty  d is tu rb a n c e . N orm osperm ia  w as fo u n d  in  5 cases (27.7 p e r cen t). 
I n  a ll th e  4 cases b io p sy  o f  th e  n o rm ally  d escen d ed  te s tis  revealed  a tu b u la r  
in su ffic iency .

In  T able V w e see th e  f in a l resu lts  o f  45 cases o f b ila te ra l su rg ica l t r e a t 
m e n t. In  29 cases (82.9 p e r  cent) th e  v o lu m e  o f th e  te s tis  w as below  no rm al. 
A m o n g  these  35 cases o n ly  one was n o rm o sp erm ie . In  31 cases (96.9 p er cent) 
a d is tu rb a n c e  o f fe r t i l i ty  an d  in 84.4 p e r  c e n t an  ab so lu te  in fe r tility  was 
d e m o n s tra te d . O f 8 te s t ic u la r  biopsies tw o re v e a le d  occlusion of th e  de fe ren tia l 
d u c t  w ith  a h is to lo g ica lly  n o rm a l te s tis , 3 tim e s  th e re  w ere Serto li cells only , 
once  a tu b u la r  in su ffic ien cy , and tw ice tu b u la r  degenera tion .

T ab le  V III  d e m o n s tra te s  th e  n u m b er o f  p a tie n ts  w ith  “ re ta in e d  te s te s” 
t h a t  m eans te s te s  w h ich  w ere pa lpab le  ju s t  a t  th e  ex it o f th e  in g u in a l canal. 

A cco rd in g  to  th e  p a t ie n ts ,  th e ir  testes h a d  n e v e r  show n a ten d e n c y  to  come 
d ow n  fu r th e r  in to  th e  sc ro tu m . I t  was of in te re s t  w h e th e r ce rta in  re la tio n sh ip s  
e x is te d  betw een  th e  h ig h  localisa tion  an d  th e  sp e rm a to g ram . T ab le  V III  fails 
to  rev ea l such a re la tio n sh ip . T he p e rcen tag e  o f  o ligosperm ia in  th is  group 
(31.25 p er cent) eq u a lled  th e  incidence o f o lig o sp erm ia  (30 per cent) in  th e  to ta l  
n u m b e r  of 5000 an d ro lo g ic  p a tien ts .

T here  are 136 cases w ith  h e rn io to m y , 100 u n ila te ra l an d  36 b ila te ra l. 
I n  th e se  cases th e  d iffe re n tia tio n  in to  c e r ta in  g roups o f age is of im p o rtan ce . 
A m ong  th e  100 cases w ith  u n ila te ra l h e rn io to m y  (T able V I) in  51 p er cen t were 
b o th  testic les n o rm a l in  size, while in 31 p e r  c e n t on ly  th e  c o n tra la te ra l te s tis  
w as o f  no rm al size. T h is m eans th a t  in  49 p e r c e n t th e  te s tis  w hich h a d  been 
o p e ra te d  upon w as a b n o rm a lly  sm all. In  18 p e r cen t th e  c o n tra la te ra l non- 
o p e ra te d  te s tis  w as also sm all. These 18 cases w ere p ro b ab ly  o p e ra ted  upon  for 
u n d escen d ed  te s tis  o r fo r th is  and  hern ia . T h is  is su p p o rte d  b y  th e  follow ing 
d a ta .  In  th e  age g ro u p  0 — 10 years th e re  w ere  21 cases an d  in  th e  age g roup  
11 — 14 years 4 cases w ith  a sm all te s tis  w h ich  m akes a to ta l  o f  25 cases 
(25 p e r  cen t). A m ong th e  100 cases 32 p er c e n t w ere norm osperm ie , 62 per cen t 
h a d  a d is tu rb an ce  o f  f e r t i l i ty  w ith  28 p e r c e n t ab so lu te  in fe r tility . A m ong 
th e  57 p a tien ts  w ith  d is tu rb an ces  o f fe r t i l i ty  23 p a tie n ts  belonged  to  th e  
0 — 10 y e a r an d  5 to  th e  11 —14 y ea r age g ro u p . E v e n  if  i t  is a f te r  th e  2 0 th  
y e a r  o f  age th a t  h e rn io to m y  is perfo rm ed , d is tu rb a n c e s  o f fe r tility  am o u n t 
to  20 p e r cen t. T his p ro v es  th a t  u n ila te ra l h e rn io to m y  can n o t be th e  cause o f 
th e  su b fe rtility . T h e  12 b iopsies of th e  c o n tra la te ra l  te s tis  show ed an  occlusion 
o f  th e  d efe ren tia l d u c t in  2 cases, Serto li cells o n ly  in  4 cases, tu b u la r  insuffi-
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Table VI

Surgery fo r  inguinal hernia  
(one-sided)

Age (operation) 0 - 1 0 1 1 -1 4 1 5 -2 0 20 y. T o tal

Cuses (total) 41 7 18 34 100

Clinical result

tes ticu la r volum e norm al b ila te ra lly 20 3 6 22 51

tes ticu la r  volum e ab n o rm al b ila te ra lly 7 3 2 6 18

tes ticu la r volum e ab n o rm al u n ila te ra lly 14 l 10 6 31

Spermatogram

im possible 1 l 1 1 4

norm osperm ia 14 l 7 10 32

hypozoosperm ia 3 1 3 7

oligosperm ia 12 2 2 7 23

oligosperm ia, severe 1 1 6 8

azoo-, asperm ia 8 2 3 6 19

hypokinesis 2 4 1 7

Testicular biopsy

norm al (occlusion) 2 2

Serto li cells only 3 1 4

tu b u la r  insufficiency 1 1 2 4

tu b u la r  degeneration 1 1 2

ciency  in 4, and  tu b u la r  d eg en era tio n  in  2 cases. In  th e  36 cases o f  b i la te ra l  
h e rn io to m y  (T able V II), in  14 p a tie n ts  su rg e ry  h a d  been perfo rm ed  a t  th e  age 
o f 0 —10 y ears  an d  in 6 p a tie n ts  a t  11 —14 y ea rs . In  17 o f th e se  cases b o th  
te s te s  w ere o f no rm al size an d  6 w ere o p e ra te d  u p o n  a fte r th e  age o f  15 y ea rs . 
In  15 cases b o th  te s te s  w ere ex trem ely  sm all, in  8 cases only 1 te s tis  w as sm all. 
T he sp e rm a to g ram  revealed  no rm o sp erm ia  in  8 cases, a d is tu rb an ce  o f  fe r t i l i ty  
in 25 cases o f w hich 16 cases show ed an  ab so lu te  in fe rtility . N o rm o sp erm ia  was 
found  especially  in  those p a tie n ts  w ho h ad  been  o p era ted  upon a f te r  p u b e r ty ;  
th e  d is tu rb an ces  o f fe r tility  w ere found  especia lly  in  those p a tie n ts  w ho  h ad  
been  o p e ra te d  on before th e  onse t o f p u b e rty . In  1 case biopsy re v e a le d  occlu 
sion o f  th e  d efe ren tia l d u c t.

T he h isto log ical resu lts  o f  th e  b iopsies show  th a t  in  th e  m a jo r ity  o f  these  
cases we h av e  to  expec t a poor ex c re to ry  fu n c tio n  o f the  te s tis . I t  h a s  been 
m en tio n ed  th a t  in 13 p a tie n ts  on ly  Serto li cells could be o b se rv ed ; b ecau se  
o f th e  sm all d iam ete r o f tu b u li  an d  lack  o f a n y  k in d  of sp e rm ato g en esis  we 
h av e  to  consider these  cases as congen ita l ones. Figs. 2 to  6 show  th e  re su lts  
o f te s tic u la r  biopsies in 5 d iffe ren t p a tie n ts  w ith  c ryp to rch id ism  b e tw e e n  th e
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Table VII

Surgery fo r  inguinal hernia  
(bilateral)

Age (operation) 0 - 1 0 1 1 -1 4 1 5 -2 0 > 20  y. T otal

Cases (total) 14 6 6 10 36

Clinical result

tes ticu lar volum e n o rm a l b ila tera lly 4 3 2 4 13

testicu lar vo lum e a b n o rm a l b ilaterally 7 l 3 4 15

testicu lar volum e a b n o rm a l un ila tera lly 3 2 l 2 8

Spermatogram

impossible 1 l 2

norm osperm ia 1 1 2 4 8

hypozoosperm ia 1 1

oligosperm ia 5 2 1 1 9

oligosperm ia, severe 2 3 1 6

azoo-, asperm ia 4 2 4 10

Testicular biopsy

norm al (occlusion) 1 1

Sertoli ceils on ly 1 1

tu b u la r  insufficiency 1 1

tu b u la r degen era tio n 1 1

F ig . 2. C ryp to rch id ism . S em in ife ro u s tubu les w ith  n o rm a l o r decreased  d iam ete r a n d  sclerosis 
o f th e  tu b u la r  w all. In s id e  th e  tu b u le s  Sertoli cells o n ly  a n d  som e sperm ato g o n ia , sp e rm a to 
c y te s  I .°  an d  sporad ic  m ito se s . No sperm s. I n te r s t i t iu m  e x te n siv e ; Leydig cells in creased

(b io p sy  a t  age of 42 y e a rs ) . X 240
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Fig. 3. C ry p to rch id ism . M any sem in iferous tu b u le s  w ith  decreased  d iam eter a n d  sclerosis 
of th e  tu b u la r  w all. Inside  th e  tu b u le s  S erto li cells only a n d  sp erm ato g o n ia . No sp e rm ato g en esis . 

In te r s ti t iu m  ex ten siv e ; L eydig  cells increased  (b io p sy  a t  age of 22 years). X 240

Fig. 4. C ry p to rch id ism . Sem iniferous tu b u le s  w ith  d ecreased  d iam e te r and sclerosis o f th e  
tu b u la r  w all. In side  th e  tu b u li  Serto li cells only . In te r s ti t iu m  ex ten siv e ; only som e L ey d ig  

cells (b iopsy  a t  age of 15 y ears). X 240
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F ig . 5. C ryp to rch id ism . Sem in iferous tubu les w ith  n o rm a l d iam eter, w ith o u t sclerosis o f th e  
t u b u la r  w all. C onnective tissu e  be tw een  th e  tu b u le s .Im m a tu re  te s ticu la r cells in side  th e  tu b u le s . 

N o L eyd ig  cells (biopsy  a t  age o f  13 years). X 240

F ig . 6. C ry p to rch id ism  (p en du lum -like  testis). S em in ife ro u s tu b u les  w ith  n o rm a l d iam e te r, 
w i th o u t  sclerosis o f th e  tu b u la r  w all. Inside th e  tu b u le s  im m a tu re  te s tic u la r  cells. No Leydig  

cells. (B iopsy  a t  age o f 10 y e a rs .)  X 240
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ages o f 10 years to  42 y ea rs . T hese figures show  a re la tio n sh ip  b e tw een  th e  
age o f  th e  p a tie n t and  th e  te s tic u la r  find ings w ith  d im in ished  d ia m e te r , sole* 
rosis o f th e  tu b u la r  wall an d  th e  lack  o f an y  k in d  o f  sp erm ato zo a . I t  seem s th a t  
if  th e  te s tis  is loca ted  n ea r th e  abd o m en  or in  th e  ingu ina l canal fo r a lo n g er 
p erio d , th e  tu b u la r  wall undergoes a progressive  sclerosis; a f te rw a rd s  th e  
tu b u li  are  d ispersed  and  con n ec tiv e  tissu e  or L eyd ig  cells are found  b e tw een  
th e  sem in iferous tu b u les . In s id e  th e  tu b u les  th e re  are  only  S erto li cells or 
a poor in itia l s ta te  o f sperm ato g en esis  w ith o u t spe rm ato zo a . In  th e  5 p a tie n ts  
w ith  a h isto log ica lly  no rm al te s tic le  su rgery  h a d  been perfo rm ed  fo r b ila te ra l  
descensus (T able V III) or u n ila te ra l (T able V I) o r b ila te ra l h e rn ia  (T ab le  V II).

W e do n o t in ten d  to  discuss th e  incidence  o f m alig n an t g ro w th  o f  th e  
u n d escen d ed  testic le . In  c o n tra s t  to  T hurzó  an d  P i n t e r , H a u s f e l d  an d  
Sc h r a n d t , m any  au th o rs  (Ob e r n i e d e r m a y r  and  Ma i e r ; O s t r o w s k i ; 
Ca r r o l l ; B ie r ic h ) found  no sign ificance in  th e  m alignancy  o f c ry p to rc h id  
te s te s . In  o u r opinion su rg ica l rem o v a l of th e  te s tis  shou ld  n o t b e  done 
as we fo u n d  no m alignancy  o f th e  c ry p to rch id  te s tis  in  ou r p a tie n ts . I n  sp ite  
o f th is , c ry p to rch id ism  m ay  he  a com m on sy m p to m  o f severa l em bry o lo g ie  
ab n o rm itie s , w hich m ay differ ju s t  in  th e  possib ility  o f tu m o u r d ev e lo p m e n t 
(Thurzó  an d  P i n t e r ).

Conclusions

In  2 o f  ou r groups (1 an d  4) th e re  w ere less th a n  10 cases; th e re fo re  
s ta tis t ic a l  conclusions c a n n o t be d raw n .

In  all g roups th e  d is tu rb a n c e  o f fe r tility  am o u n ted  to  60 to  80 p e r  c e n t; 
a n o rm o sp erm ia  was found  in  20 to  40 per cen t o n ly  (Table V III) . I f  b o th  te s te s

T able VIII

Synopsis o f  fertility-disturbances 
(264 cases)

Diagnosis Cases
Fertility-

disturbance
(%)

Infertile
(%)

D elayed spontaneous descensus 5 80 80

H orm onal t re a tm e n t (HCG) 21 82.6 47.2

C ryptorch id ism  (one-sided) 23 76.5 54.0
C ryptorch id ism  (b ila tera l) 9 100 100

Surgery  for undescended tes tis  (u n ila te ra l) 18 65.2 37.5

Surgery  for undescended te s tis  (b ila te ra l) 35 96.9 84.4
R e ta in ed  testicle  (b ila tera l) 17 31.25 18.75

S u rgery  for inguinal hern ia 100 62.13 28.53

S u rgery  for inguinal hern ia  (b ila te ra l) 36 77 47
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w ere  re ta in ed , th e  in c id e n c e  of fe rtility  d is tu rb a n c e  was 15 to  30 p er cen t 
m o re  th a n  in u n ila te ra l  cases. In  our m a te r ia l ,  ho rm one tre a tm e n t, su rgery , 
o r  th e  expectance o f  sp o n tan eo u s  descensus h a d  all th e  sam e th e ra p e u tic a l 
e ffec t. The incidence o f  ab so lu te  in fe r tility  w as th e  sam e in  all g roups. The 
h ig h  percen tage  o f  f e r t i l i ty  d istu rbances in  cases w ith  h e rn io to m y  in  early  
ch ild h o o d  d e m o n s tra te s  th e  danger of th is  k in d  o f  su rgery . W e believe, how ever, 
t h a t  in  m any of th e se  cases a  com bination  o f  h e rn io to m y  an d  descensus o r a p u re  
descensus surgery  m a y  h e lp . The group “ r e ta in e d  te s te s”  was ad d ed  as con tro l. 
H e re  th e  incidence o f  f e r t i l i ty  d istu rbance  w as a b o u t 30 per cen t, w ith  abso lu te  
in fe r t i l i ty  in a b o u t 18 p e r  cen t. The te s tic le s  descended  a t  th e  r ig h t  tim e , 
a n d  th e n  no a b n o rm a litie s  could be d e m o n s tra te d . T he 60 — 70 p er c en t in c id 
en ce  o f fe rtility  d is tu rb a n c e  in  cases w ith  u n ila te ra l  c ry p to rch id ism  o r u n ila 
te r a l  hern io tom y m a y  p ro v e  our th eo ry  t h a t  in  th ese  cases th e re  is a p rim ary  
m a ld ev e lo p m en t o f  b o th  testic les.
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EFFECT OF ANAESTHESIA ON SURVIVAL 
AND RENAL FUNCTION OF DOGS AFTER 

SEVERE HAEMORRHAGE
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P . B á l i n t , Á g n e s  F e k e t e , I . T a r a b a  and M a r i a  V i s y

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived  D ecem ber 4, 1965)

O ligaem ic shock  has been induced  in  dogs b y  b leed ing  to  a system ic  b lo o d  pressu re  
o f 50 m m  H g m a in ta in e d  fo r 90 m in u te s , th e n  th e  w hole blood was re tra n s fu se d .

1. O f th e  an im als  bled u n d e r chloralose an aesth es ia  a g rea ter n u m b e r  su rv iv ed  
th e  im m ed ia te  (48 h o u r)  effects o f  in ju ry  th a n  o f th e  non -an aesth e tized  a n im a ls .

2. Six o u t o f 16 an im als surv iv ing  th e  f i r s t  48 hours succum bed  to  a c u te  ren a l 
fa ilu re  be tw een  th e  2nd  an d  8 th  d ays. B y  a su ita b le  a d ju s tm e n t of b lood lo ss i t  is th u s  
possib le to  induce  a cu te  ren a l fa ilu re  in th e  dog. T en  an im als su rv iv in g  th e  f i r s t  14 
d ay s m ay  be reg ard ed  as d e fin ite  surv ivors.

3. On th e  ev idence of acu te  e x p erim en ts  c a rried  ou t w ith in  th e  f i r s t  30 hours 
a f te r  blood loss or 14 d ay s la te r , re spec tive ly , R B F  decreased  paralle l w ith  a  r ise  in  ren al 
re sis tan ce  an d  a considerab le  re d u c tio n  of G F R  a n d  Е р д ^  in th e  f irs t d ay s a f te r  in ju ry , 
while on  th e  14 th  d a y  no im p a irm e n t o f re n a l fu n c tio n  was d em o n strab le .

4. T he co rre la tio n  of ren a l 0 2 co n su m p tio n  to  R B F  and  to  tu b u la r  sodium  
reab so rp tio n  w as co m p arab le  in  th e  con tro l a n d  th e  bled anim als.

T he ou tcom e o f in ju ry , haem orrhage  o r su rg ica l in te rv e n tio n  is v a ria b le  
in th e  h u m an  su b jec t. Im m e d ia te  d ea th  o r, converse ly , com plete  re c o v e ry  m ay  
ensue , or, as a fu r th e r  p ossib ility , th e  sy n d ro m e  o f shock-k idney  m a y  develop , 
m ak in g  its  ap p earan ce  in  th e  f irs t days a f te r  in ju ry  w ith  th e  fu ll-b low n p ic tu re  
o f  a c u te  ren a l fa ilu re  an d  often  lead ing  to  d e a th  th ro u g h  an o lig o -an u ric  and  
azo taem ic  phase , in  a few  days or weeks. In  c o n tra s t, th e  la b o ra to ry  an im al 
e ith e r  succum bs to , or recovers from , th e  in ju ry . I t  has n o t as y e t b een  possib le 
to  in d u ce  acu te  ren a l fa ilu re  b y  b leed ing  o r  in ju ry  in an im al e x p e rim e n ts . 
P h i l l i p s , D o l e , H a m i l t o n , E m e r s o n , A r c h i b a l d  and  V a n  S l y k e  [14] 
ascribed  th is  to  tw o possib le  fac to rs , (i) a s lig h te r  sen sitiv ity  o f  th e  an im al 
k id n ey ; (ii) an d /o r a h ig h er sen s itiv ity  o f th e  an im al organism  to  in ju r ie s  to  
w hich  i t  is, for th is  v e ry  reason , b ound  to  su ccu m b  before ren a l fa ilu re  ensues 
(S m i t h  [2 0 ] ) .

As we have re p o rte d  in several p ap e rs  in  th e  course o f r e c e n t y ears , 
we w ere ab le to  ind u ce  acu te  ren a l fa ilu re  in  dogs by  tem p o ra ry  c lam p in g  of 
th e  re n a l a r te ry . W ith  ce rta in  re s tric tio n s  th is  m a y  serve as a m odel e x p e rim e n t 
fo r a c u te  ren a l fa ilu re  in  m an . I t  em erged from  th ese  stud ies th a t ,  th e  d u ra tio n  
o f ren a l ischaem ia  being  equal, th e  fu n c tio n a l an d  s tru c tu ra l changes a re  less 
m ark ed  if  (i) th e  in te rv e n tio n  is carried  o u t  u n d e r  deep an aes th es ia  a n d  (ii) if
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su rg ic a l o r p h arm aco log ica l d enerva tion  o f th e  ischaem ic k idney  h as  been  
c a r r ie d  o u t  (B á l i n t , F e k e t e  an d  T a r a b a  [4, 5 ]; B á l i n t , C h â t e l , F e k e t e  
a n d  F o r g á c s  [2]). T he “ p ro te c tiv e ”  in fluence  o f  genera l an aesth esia  on p cs t-  
isc h a e m ic  ren a l fa ilu re  h a s  been  d e m o n s tra te d  b y  S h e e h a n  an d  D a v i s  as 
w ell [19].

T h e  p resen t e x p e rim e n ts  w ere designed to  c lea r th e  questions, (i) w h e th e r 
g e n e ra l an aesth esia  h a d  a n y  influence on th e  m o r ta l i ty  of dogs a f te r  b leed in g ; 
a n d  (ii) w h e th e r i t  is possib le  to  induce ren a l fa ilu re  in  an aesth e tized  an d  non- 
a n a e s th e tiz e d  dogs b y  b leed in g .

T h e  dogs w ere b le d  b y  th e  s ta n d a rd  m e th o d  o f W iggers and  W erle  [24]. 
T h e  p o in t  o f th is  p ro ced u re  is to  m a in ta in  a r te r ia l  blood pressure on a given 
le v e l o f  hy p o ten sio n  th ro u g h  a given period b y  rem o v in g  and  re tu rn in g  su ita b le  
a m o u n ts  o f b lood. A ccord ing  to  W iggers e t al. [23] w hen blood p re ssu re  has 
b e e n  m a in ta in e d  in  dogs a t  50 m m  H g fo r 90 m in u te s  and  a t 30 m m  H g  for 
f u r th e r  45 m inu tes, 100 p e r  c e n t o f th e  an im als d ie  in  irreversib le  shock  w ith in  
a few  h o u rs  a fte r re in fu sio n  o f  th e  whole b lo o d . “ S ta n d a rd  in ju ry ”  w as con
s id e re d  a system ic  h y p o te n s io n  of 50 m m H g m a in ta in e d  for 90 m in u te s , a f te r  
w h ic h  p e rio d  th e  w hole a m o u n t of blood w ith d ra w n  w as re tu rn e d  by  th e  a r te r ia l  
r o u te .  T h e  anim als w ere th e n  k e p t under o b se rv a tio n  for a period o f  14 d ay s, 
o r u n t i l  spon tan eo u s d e a th  ensued . In  th e  co u rse  o f  th e  in v es tig a tio n s , th e  
p a ra m e te rs  of ren a l fu n c tio n  w ere de te rm in ed  in  acu te  experim en ts (re fe rred  
to  be lo w ).

M ethods

F o r ty -s ix  m ongrel dogs o f b o th  sexes were u sed . I n  th e  f ir s t  group (24 an im a ls )  deep 
a n a e s th e s ia  w as induced  b y  th e  in tra v e n o u s  in jec tio n  o f 0 .10 g /kg of chloralose (a n a e s th e tiz e d  
g ro u p ) , w hile  in  th e  second g ro u p  (22 anim als) b i la te ra l  in g u in a l procaine a n ae s th es ia  w as 
c a r r ie d  o u t  (u n a n ae sth e tize d  g ro u p ). T he fem oral a r te r y  w as exposed on b o th  sides in  each  
a n im a l fo r  th e  pu rposes o f b leed in g  an d  re infusion , as w ell as o f blood sam pling  a n d  b lood  
p re s su re  read in g .

T h e  an im als w ere b led  fro m  th e  fem oral a r te ry  in to  a  hep arin ized  co n ta in e r a t  a  r a te  
o f 50 m l/m in . u n til th e  a r te r ia l  b lo o d  pressure  h ad  fa llen  to  a b o u t  50 m m  Hg. In  som e an im a ls  
th e  in i t i a l  w ith d raw al w as su ffic ie n t to  m ain ta in  a r te r ia l  p ressu re  on th e  desired  lev e l fo r 
90 m in u te s ,  while in  o th ers  a  sp o n ta n eo u s  rise of b lood  p re ssu re  m ade fu r th e r  b leed ing  neces
sa ry . T h e  vo lum e of to ta l  b lood  lo ss p e r kg body w e ig h t is  re fe r re d  to  as “ to ta l  b leed ing  v o lu m e ” .

A t  90 m in u tes  th e  w hole b leed ing  volum e w as re tu rn e d  an d  th e  w ound  w as closed. 
I n  so m e  o f  th e  an im als, a  fa llin g  te n d e n c y  of system ic  b lo o d  p ressu re  a fte r  th e  in it ia l  b leed ing  
r e q u ir e d  p a r tia l  re tu rn  of b lo o d  befo re  th e  te rm  of 90 m in u te s .

N P N  w as d e te rm in ed  in  e ac h  dog every  second  d a y  u n t i l  th e  14 th  day  or sp o n ta n eo u s  
d e a th  (C l e g h o r n  and  J e n d r a s s ik  [10]).

A n  a cu te  ex p erim en t w as ca rried  o u t in  21 cases o n  a  d a y  of a rb itra ry  choice. T h e  te c h 
n iq u e s  a p p lie d  have  been d esc rib ed  in  deta il (B á l in t , F e k e t e , an d  T araba  [5]). T h e  p a r a 
m e te rs  d e te rm in ed  w ere, a r te r ia l  b lood  pressure (m m  H g ) , c ard iac  o u tp u t (1 /m in /m 2 b o d y  
su rfa c e ) ;  re n a l blood flow  (R B F ;  m l/m in/100 g k id n e y );  g lom eru lar f i ltra tio n  r a te  (G F R ; 
m l/m in/IO O  g k idney); e x tra c t io n  ra tio  o f P A H ; a r te r io -v e n o u s  0 2-difference, a n d  th e  co rre 
sp o n d in g  0 2-consum ption  b y  th e  k id n ey s . T o ta l p e rip h e ra l re s is tan c e  (T P R  per kg  b o d y  w eig h t), 
r e n a l  re s is ta n c e  (R ren p e r k g  k id n e y  w eight), an d  re n a l  f ra c tio n  of card iac  o u tp u t  (R F  in  
p e r  c e n t)  w ere ca lcu la ted  fro m  th e  corresponding  d a ta .  S ta tis t ic a l  evalu a tio n  w as c a rr ied  o u t 
b y  th e  u su a l p rocedures (F is h e r  [11]).
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R esults

T ab le  I  show s th e  m o rta li ty  o f 34 dogs su b jec ted  to  h aem o rrh ag e . 
E ig h teen  anim als (53 p e r cen t) succum bed  th e  v e ry  d a y  o f b leed ing  o r n e x t 
d a y , w ith  irreversib le  o ligaem ic shock. (The 12 an im als sacrificed  in  acu te  
ex p erim en ts  w ith in  th e  f irs t  48 post-b leed ing  hours w ere n o t e v a lu a te d  from  
th e  asp ec t o f m o rta lity .)

Table I

M ortality o f  dogs after bleeding

Bleeding

Died 
on the 
day of 
bleed

ing

Died on
Survived

the
14th day1st day 2nd day 3rd day 6th day 8 th  day

U n d er chloralose anaesthesia  
(18 dogs) l 4 1 (130) 1 (188) 1 (216) 1 (220) 7

In  th e  unan aesth e tized  s ta te  
(16 dogs) 5 8 —

1 (152)

—

1 (270)

3

Figures in b rack e ts  show  N P N  values in mg per 100 m l.

I t  em erges from  th e  com parison  o f  m o r ta li ty  in  th e  “ a n a e s th e tiz e d ”  
an d  “ u n a n a e s th e tiz ed ”  g roups th a t  13 o f th e  16 n o n -a n a e s th e tize d  an im als  d ied  
as ag a in s t 5 of th e  18 an a e s th e tiz ed  an im als. B y  th e  aid  o f th e  ^2- te s t  w hich  
show ed a h igh ly  s ig n ifican t difference (P  <  0.001), th e  p ro tec tio n  con ferred  
b y  general an aes th es ia  on th e  anim als a g a in s t irrev e rs ib le  shock h as  been 
e s tab lish ed  beyond  an y  d o u b t.

T he th ree  an im als o f  th e  u n a n a e s th e tiz ed  g roup  su rv iv in g  th e  f irs t  
48 h ours su rv iv ed  th e  14 th  d ay  as well. In  th e  an a e s th e tiz ed  group , how ever, 
13 an im als su rv iv ed  th e  f irs t  48 hours, b u t  on ly  7 o f  th e m  w ere alive  on th e  
1 4 th  d ay , 5 died b e tw een  th e  2nd  and  8 th  day s; one an im al show ed excessive 
azo taem ia  on th e  th ird  d ay  w hen i t  was su b jec ted  to  th e  acu te  e x p e rim en t.

F ig . 1 show s th e  N P N  values observed  in  th e  ex p erim en ts  ev a lu ab le  
from  th e  aspect o f sp o n tan eo u s  d ea th  ra te . In  th e  an im als w hich  d ied  w ith in  
th e  f irs t  48 p o stliaem o rrh ag ic  hou rs, N P N  did  n o t exceed  100 m g p e r 100 m l, 
a n d  in  tho se  w hich w ere alive  on th e  14th  d ay , N P N  rem ain ed  in  th e  n o rm al 
ran g e . In  one of th e  su rv iv in g  an im als, t ra n s ie n t a zo taem ia  developed , reach in g  
its  p eak  of 224 m g p e r 100 ml on th e  6 th  d ay  an d  p e rs is tin g  a t  a b o u t 60 m g 
p e r 100 m l on th e  14 th  d ay .

Six an im als in  th e  a n aes th e tized  g roup  died  w ith  acu te  re n a l fa ilu re  
betw een  th e  2nd an d  8 th  d ay s. (This g roup  inc ludes an  an im al sacrificed  for 
th e  p u rp o se  o f an  acu te  e x p e rim en t on th e  3 rd  d ay , w ith  a N P N  level o f  188 m g 
p e r 100 m l.) T he k id n ey s o f  th ese  an im als d isp lay ed  ex ten siv e  n ec ro tic  areas
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N  =  a n aesth e tized  g ro u p  
s .N .=  n o n -an aesth e tized  group

in v o lv in g  th e  ren a l c o r te x  to  a v a riab le  e x te n t . No serious changes w ere 
d e te c ta b le  in th e  k id n ey s  o f  th e  an im als w h ich  d ied  in  th e  f i r s t  48 h ours or 
s u rv iv e d  (including th o se  u sed  in  acu te  ex p erim en ts).

T o ta l blood loss in  th e  an aes th e tized  g roup  w as 50.0 Jk 2.3 m l p e r kg, 
in  th e  u n a n a e s th e tiz ed  g ro u p , 36.5 £  1.9 m l p e r kg ; th e  d ifference w as sign if
ic a n t  (P  < 0  .001). In  o th e r  w ords, in  th e  conscious group  considerab ly  less b lood 
h a d  to  be w ith d raw n  to  decrease  b lood  p ressu re  to  50 m m  H g an d  m a in ta in  
i t  th e r e  th a n  in  th e  a n a e s th e tiz e d  group . On th e  o th e r h a n d , w ith in  th e  tw o 
g ro u p s  th e re  was no d iffe rence  in  b leed ing  v o lu m e  betw een  su rv iv in g  an im als 
a n d  th o se  w hich d ied  in  shock , o r b e tw een  th e  an im als w hich  d ied  o f ren a l 
fa ilu re  an d  th e  o th e r an im a ls  o f th e  a n a e s th e tiz ed  group.

T h e  acu te  e x p e rim e n ts  are p re sen ted  a n d  e v a lu a te d  in  tw o  se p a ra te  
g ro u p s . T able I I  show s d a ta  o b ta in ed  im m ed ia te ly  a fte r  b leed ing  an d  on th e  
n e x t  d a y  (including th o se  o f  th e  a n im a l sac rificed  on th e  3 rd  d a y  a fte r  bleed-

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



EFFECT OF ANAESTHESIA ON SURVIVAL 177

Table II

Circulatory and renal fu n c tio n s in  the f ir s t  days after bleeding

No.
Systemic 

blood 
pressure 
mm Hg

Cardiac
ou tpu t
1/min

TPR RBF
ml/min ^ren RF

0//0
GFR

ml/min
V

m l/m in E PAH

B leeding u n d e r chloralose anaesthesia  
E x p erim en t one hour a fte r  re transfusion

74/63 108 1.85 51.9 240 2.68 16.5 21 0.79 0.39

75/63 110 3.19 47.8 340 1.92 12.2 31 0.53 0.68

12/64 90 1.33 117.0 94 5.90 12.3 0 0 0.20

E x p erim en t one day  a f te r  bleeding

21/64 99 5.26 23.3 285 2.10 10.2 41 0.47 0.77

56/64 80 3.04 38.8 319 1.51 13.7 23 0.11 0.65

57/64 103 3.92 37.7 579 1.07 17.3 42 0.89 0.89

E x p e rim en t th ree  days a f te r  bleeding

28/64 75 3.31 29.2 264 1.70 12.9 7 0.15 0.05

B leeding in  th e  u n an aesth e tized  s ta te  
E x p erim en t one hour a f te r  re transfusion

73/63 98 2.44 53.1 284 2.07 13.1 0 0 0.17

15/64 79 3.17 36.2 154 3.08 7.8 10 0.04 0.29

E x p erim en t one d ay  a f te r  bleeding

17/64 95 3.23 40.0 185 2.28 8.1 30 0.25 0.66

22/64 119 2.33 69.1 262 2.72 16.8 5 0.21 0.66

37/64 90 1.97 133.0 247 2.28 17.5 6 0.11 0.17

X 94 2.88 48.7 266 2.50 13.3 19 0.30 0.45

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

Control

X 122 3.97 66.2 467 1.69 14.8 59 0.95 0.68

(146)

Sx ± 2 ( 6 ) ± 0 .3 9 ± 5 .5 ± 1 1 ± 0 .0 5 ± 1 .1 ± 3 ± 0 .1 1 ± 0 .0 1

ing ). As co m p ared  w ith  th e  co n tro ls , th e  d ifference in re la tio n  to  R B F , G F R  
an d  E PAH w as sig n ifican t. In  th e  b led  an im als , th e  average  figu res fo r R B F  
w ere 57 per cen t, for G F R  32 p er cen t, for E PAH 66 per cen t, o f  th e  co rre sp o n d 
ing  m ean  con tro l values. (The la t te r  are rep ro d u ced  from  th e  p ap ers  o f  B á l i n t  
an d  F o r g á c s  [7] an d  B á l i n t  an d  C h â t e l  [1].)

T ab le  I I I  shows re su lts  fo u n d  in  th e  su rv iv in g  an im als on th e  1 4 th  day  
a f te r  b leed ing . C om paring  th e  m ean  values to  th e  con tro ls , none o f th e m  show ed 
a n y  sign ifican t d ifference.
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Table III

Circulatory and renal fu n c tio n s  in  dogs surviv ing  the 14th day after bleeding

Systemic
Cardiac

No.
blood

TPR
RBF R F GFR V

pressure 
mm Hg

o u tp u t
1/min

ml/min E ren % ml/min ml/min e PAH

B leed in g  u n d e r chloralose an aesth es ia

81/63 121 4.80 35.3 473 1.59 11.3 34 0.54 0.86
4/64 99 1.92 74.6 177 3.38 13.4 18 0.19 0.52

10/64 117 2.68 59.2 535 1.31 21.0 39 0.84 0.75

48/64 106 3.98 33.5 558 1.14 18.3 34 0.44 0.39

49/64 103 3.58 34.6 416 1.53 12.6 32 0.23 0.67

54/64 123 2.69 63.3 415 1.78 14.8 50 0.38 0.68

55/64 123 2.15 71.3 336 2.20 18.6 48 0.25 0.78

B leed in g  in  the u n an aesth e tized s ta te

3/64 103 — - 247 2.49 — 45 1.21 0.67
5/64 125 2.27 73.7 470 1.61 24.2 51 1.54 0.79

X 114 3.00 50.6 403 1.92 17.0 49 0.63 0.66

s i ± 2 ± 0 .3 6 ± 3 .6 ± 4 5 ± 0 .2 1 ± 1 .7 ± 4 ± 0 .1 6 ± 0 .0 5

C ontro l
X 122 3.97 66.2 467 1.69 14.8 59 0.95 0.68

(146)

Si ± 2 ± 0 .3 9 ± 5 .5 ± 1 1 ± 0 .0 5 ± 1 .1 ± 3 ± 0 .1 1 ± 0 .0 1

F ig . 2 shows th e  re la tio n sh ip s  betw een  re n a l 0 2-consum ption , R B F  and  
N a -re a b so rp tio n  in th e  a c u te  experim en ts. T h e  d a ta  show n in  Tables I I  an d  I I I  
f ig u re  sep a ra te ly  (circles a n d  dots) b u t in  p lo tt in g  th e  line o f regression  th e  
t o t a l i t y  o f  d a ta  has b een  ta k e n  in to  acco u n t. T h e  line  o f regression deriv ed  
f ro m  th e  contro l e x p e rim e n ts  (continuous line) show s no d ev ia tio n  fro m  th e  
co rre sp o n d in g  re la tio n sh ip s  d em o n strab le  in  th e  an im a ls  a fte r  b leed ing . O n th e  
b a s is  o f  th is  evidence, b le e d in g  did  no t a ffec t re n a l  b a sa l and  su p ra b a sa l 0 2 
c o n su m p tio n  (Bálin t  a n d  F orgács [6]).

Discussion

A ccording to  W i g g e r s  [23] th e  p rocedure  o f  b leed in g  used  in  th e  p re se n t 
s tu d y  (50 m m  H g b lood  p re s su re  for 90 m in u tes) ca rrie s  a m o rta lity  o f  a ro u n d  
40  p e r  cen t. Sim ilar f ig u re s  w ere  recorded  in  o u r  m a te r ia l, w here 53 p e r  cen t 
o f  th e  dogs died in  th e  f i r s t  2 4 —30 hours a f te r  re tra n sfu s io n  o f b lood . The 
s ta n d a r d  procedure in c lu d es b a rb ita l ,  a m y ta l or ch lo ra lo se  an aesth esia  (W e r l e , 
Co s b y  an d  W iggers  [22]).
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Fig. 2. R en a l 0 2 co n su m p tio n  co rre la ted  to  tu b u la r  sod ium  reab so rp tio n  (u p p e r  fig u re), and
re n a l blood flow  (low er figure)

Circles: v a lues o b ta in e d  in  th e  f ir s t  d ay s  a f te r  b leeding (d a ta  o f T ab le  I I )
D o ts: values o b ta in e d  in  su rv iv in g  dogs (d a ta  o f T able  III)
B roken  line: line  o f regression  in  te s t  g roup  
C ontinuous line : line o f regression  in  co n tro l g roup

In  th e  p re sen t m a te ria l, m o r ta li ty  of th e  an im als b led  u n d e r  an aesth esia  
w as sig n ifican tly  low er th a n  o f  tho se  b led  in  th e  u n a n a e s th e tiz e d  s ta te . 
A ccord ing  to  W iggers, I ngraham  an d  D ille [25], th e ir  s ta n d a rd  bleeding 
m eth o d  is associa ted  w ith  a low er m o rta li ty  an d  a less severe  co n d itio n  o f the  
an im als w hen ca rried  o u t u n d e r b a rb itu ra te  an aesth esia  in s te a d  o f local 
an aes th es ia , i.e. in  th e  conscious s ta te . This is a t  varian ce  w ith  th e  re su lts  of 
I ngraham , Goldberg , R oemhild an d  W iggers [12] w ho fo u n d  no  difference 
in  m o rta lity  o f dogs b led  in  th e  u n a n a e s th e tiz ed  s ta te  o r u n d e r  p e n to b a rb ita l 
an aesth esia . A ccord ing  to  W alcott [21], i t  requ ires s lig h tly  la rg e r  bleeding- 
vo lum es to  induce  shock  in  th e  n o n -an aes th e tized  dog.

A ccording to  our d a ta , to ta l  b leed ing  vo lum e is g re a te r  in  th e  a n aes th e 
tiz ed  th a n  in  th e  n o n -an aes th e tized  an im al. In  o th e r w ords, m o r ta l i ty  in  the
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a n a e s th e tiz e d  group is lo w er in  sp ite  of th e  g re a te r  b leed in g  volum e. Since we 
h a v e  no  reason  to  suppose  t h a t  th e re  has been  a n y  d ifference in  to ta l  b lood  
v o lu m e  in  th e  tw o groups p r io r  to  b leeding, i t  n ecessa rily  follows th a t  th e  to ta l  
b lo o d  vo lum e le ft a f te r  b leed in g  m u s t have been  co n sid e rab ly  less in  th e  an aes
th e tiz e d  group . I t  is th e re fo re  obvious th a t  th e  m ech an ism  m a in ta in in g  b lood  
p re s su re  w ere b e tte r  a d a p te d  in  th is  group, since i t  re q u ire d  a considerab ly  
g re a te r  b lood  loss to  m a in ta in  system ic b lood  p re ssu re  a t  50 m m  H g. Con
s e q u e n tly , th e  g rea te r b le e d in g  volum e is n o t  in c o n s is te n t w ith  th e  low er 
m o r ta l i ty ;  on th e  c o n tra ry , i t  is a sign of a b e tte r  a d a p ta t io n  enab ling  th e  c ir
c u la tio n  to  cope w ith  a g re a te r  b lood  loss.

To bridge over th e  seem in g  d iscrepancy  b e tw een  th e  p resen t find ings 
a n d  o th e r  rep o rts , we m u s t assum e th a t  ch lo ra lose  affo rds m ore p ro te c tio n  
a g a in s t  shock th a n  th e  b a rb i tu ra te s  used b y  W ig g e r s  e t al.

In  opposition  to  th e  c u r re n t  view  we h a v e  b een  ab le to  show  th a t  th e  
conseq u en ces of b leed ing  m a y  be th e  sam e in  th e  la b o ra to ry  an im al as in  m an . 
S om e an im als die in  ir re v e rs ib le  shock released  b y  th e  in ju ry , som e su rv ive  
w ith o u t  fu r th e r  h a rm , an d  th e re  are anim als w h ich  su rv iv e  th e  in ju ry  b u t  
d ev e lo p  acu te  ren a l fa ilu re  in  th e  course o f th e  f i r s t  d ay s. O u t of 16 an im als 
(fro m  th e  an aesth e tized  an d  u n a n a e s th e tiz ed  g roups) su rv iv in g  th e  b lood  loss, 
5 d ie d  in  u raem ia , one fu r th e r  an im al sacrificed  on th e  3 rd  day  in  an  acu te  
e x p e r im e n t w ould also h av e  p ro b a b ly  died, and  one an im a l in  th e  u n a n a e s th e 
tiz e d  g ro u p  recovered  a f te r  t r a n s ie n t  severe azo taem ia . O u t o f th e  13 a n a e s th e 
tiz e d  dogs su rv iv ing  th e  im m e d ia te  consequences o f  in ju ry , 6 developed  ren a l 
fa ilu re , in e v ita b ly  fa ta l  in  5 an im als  and  p re su m ab ly  so in  one. In  one an im al 
o f  th e  3 u n an aes th e tized  su rv iv o rs , tra n s ito ry  severe  azo taem ia  w as d em o n 
s tra b le .

I t  is obvious on th e se  g rou n d s th a t  th e  im m e d ia te  life-saving effect o f 
ch lo ra lo se  anaesthesia  p ro v id es  a g rea ter n u m b e r o f an im als w ith  th e  chance 
o f d ev e lo p in g  acu te  ren a l fa ilu re , th ough  th e  p re se n t m a te ria l was too  sm all 
to  d ec id e  conclusively  w h e th e r  am ong th e  a c tu a l su rv iv o rs , tho se  of th e  an aes
th e t iz e d  or o f th e  n o n -a n a e s th e tiz e d  group w o u ld  be affec ted  in  a g rea te r  
n u m b e r  w ith  acu te  ren a l fa ilu re .

T ab le  I I  shows b lood  p re ssu re , card iac o u tp u t  a n d  ren a l functions in  th e  
co u rse  o f  th e  acu te  e x p e rim e n t in  th e  firs t 24 h o u rs  a f te r  re tran sfu sio n  (w ith  
th e  ex cep tio n  of an im al N o . 28/64, w here th e  e x p e rim e n t to o k  place on th e  
3 rd  d a y  follow ing h aem o rrh ag e). In  ag reem ent w ith  o th e r  a u th o rs , a red u c tio n  
o f sy s te m ic  blood p ressu re , c a rd ia c  o u tp u t and  R B F  w as dem o n strab le  along 
w ith  an  increase in  ren a l re s is ta n c e . The red u c tio n  o f  ca rd iac  o u tp u t is com 
p a ra b le  w ith  th a t  o f R B F , as re fle c ted  num erica lly  b y  th e  absence of an y  sign if
ic a n t  change in th e  ren a l f ra c tio n  of card iac o u tp u t  (Selkurt [15], B á lin t , 
F e k e t e  an d  Sturcz [3], B á l in t , K iss and  Sturcz [9], B á lin t , F orgács an d  
P alá sti [8], etc .). T he G F R  is considerab ly  re d u c e d , o r, to  express i t  in  th e
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c u rre n t te rm s , th e  f i l tra tio n  frac tio n  decreases, p re su m ab ly  in consequence  o f 
co n stric tio n  o f th e  a ffe ren t arterio les. T he d ec rease  in Е Рдн is in d ic a tiv e  o f 
im p a ired  tu b u la r  fu n c tio n  ow ing to  b leeding.

T he d a ta  fo r c ircu la tio n  an d  renal fu n c tio n s  on th e  14th  day  o f  su rv iv a l 
(T able I I I )  show ed no s ig n ifican t d ev ia tio n  from  th e  con tro l values. A  su rv iv a l 
o f 14 day s th u s  allow s fu ll re s to ra tio n  of th e  c irc u la to ry  and  ren a l fu n c tio n s .

K ramer  [13] w ho also failed to  find  d a ta  concern ing  p o st-h aem o rrh ag ic  
or p o s t- tra u m a tic  ren a l fa ilu re  in dogs w hich w o u ld  correspond to  th e  h u m a n  
ty p e , c a rried  o u t acu te  ex p erim en ts  in th e  f ir s t  f iv e  hours a fte r re tra n s fu s io n  
an d  o bserved  an  in creased  ren a l re s is tan ce , an  ex trem e  red u c tio n  o f  G F R , 
an d  a d is tin c t im p a irm e n t o f th e  co n c e n tra tin g  c a p a c ity  as show n b y  th e  low  
o sm o la rity  ra tio  o f u rin e  an d  p lasm a (U osm/P osm). Se l k u r t  [16, 17] as w ell 
as Se l k u r t  an d  E l pe r s  [18] w ere able to  co n firm  these  find ings. As show n 
in T ab les I I  an d  I I I ,  th e  average  value for U osm/P osm found in  th e  p re se n t 
s tu d ies  was 1.54, w hich , how ever, does n o t s ig n if ic a n tly  differs from  th e  c o r
resp o n d in g  figures o f sim ila rly  tre a te d  no rm al dogs. T h e  m assive flu id  in fusio n s 
in v o lv ed  b y  th e  ex p erim en ts  seem  to  in te rfe re  w ith  a tru e  assessm ent o f  c o n 
c e n tra tin g  cap ac ity .
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Р Е З Ю М Е

ПОВЕДЕНИЕ СЫВОРОТОЧНЫХ ЛИПОИДОВ И СЫВОРОТОЧНЫХ У СОБАК, 
ПОЛУЧИВШИХ МЕТИЛЦЕЛЛЮЛОЗУ И ЭНДОТОКСИН, А ТАКЖЕ У 

БОЛЬНЫХ ДИСПРОТЕИНЕМИЕЙ

Ш. ВЕНКЕ, Л. ВАРГА, М. ЧАНАДИ, Ф. ДУРСТ, Т. ТИБОЛДИ и Д. МЕДДЬЕШИ

В продолжении своих прежних работ авторы изучали на собаках действие метил- 
целлюлозы и бактериального эндотоксина липополисахаридного характера. Установлено, 
что оба вещества вызывают, как при изолированной, так и при совместной даче, моноци- 
тоз, и, помимо этого, эндотоксин оказывает также анемизирующее действие. Дача очи
щенного эндотоксина не понижает воспаления сосудов и числа гранулов в легких, выз
ванных дачей метилцеллюлозы, как это наблюдалось в прежних экспериментах авторов 
в случае дачи фильтрата бактериальной культуры Е. coli. Эндотоксин не вызывал во 
внутренних органах гистологически доказуемых изменений. Метилцеллюлоза накопля
лась в элементах РЭС печени и, главным образом, селезенки, а в клубочках почек она 
отлагалась в виде шаровидных масс. В почках животных, получивших метилцеллюлозу 
и эндотоксин совместно, накопление метилцеллюлозы было значительно меньшим. Оба 
вещества вызывали подобные физико-химические изменения фракций сывороточных про
теинов и липопротеинов. После одновременной дачи двух веществ количественные откло
нения сывороточных белков и липопротеинов уменьшились. В случае болезней, сопря
женных диспротеинемией у 15 из 26 больных наблюдалась характерная аномалия липо
протеинов. На бумажных электрофореграммах это видно из появления трех протеиновых 
фракций, а на иммунноэлектрофореграммах — из расплывчатости полосы преципитации.

ДЕЙСТВИЕ СИСТОЛЫ ПРЕДСЕРДИЙ НА УДАРНЫЙ ОБЪЕМ
А. НАСЛАДИ и Д. ГОТТЗЕГЕН

Авторы исследовали у 12 больных до и после синусового ритма, восстановленного 
электрокардиоверсией, изменения минутного объема и систолического объема. После 
восстановления синусового ритма оба показателя значительно нарастали, систолический 
объем в среднем на 28%. У дальнейших 6 больных, у которых электрокардиоверсией не 
удалось восстановить синусовый ритм, не было отмечено нарастания минутного объема 
и систолического объема.

РОЛЬ ФУНКЦИОНАЛЬНЫХ ФАКТОРОВ И СПЕЦИАЛЬНЫХ ЗАМЫКАТЕЛЬНЫХ 
АППАРАТОВ КРОВЯНОСНЫХ СОСУДОВ В ВОЗНИКНОВЕНИИ ИНФАРКТА

СЕРДЦА
Й. БАРАТ, Я. ВЕРЕШ и М. ЧЁРГЕИ

Авторы выявили в разветвлениях левой венечной артерии подушкообразные кле
точные образования, проникающие в просвет сосуда. Они напоминают образования, об
наруженные Баратом и сотрудниками в сосудах стенки желчного пузыря в случае хро
нического холецистита, а также подушкообразные запирательные аппараты, выявленные 
в кусках сосудов слизистой носа, взятых у человека in  vivo . Эти запирательные аппараты 
могут — путем изменения своих размеров, поглощения воды и солей — оказать значи
тельное влияние на условия кровообращения в терминальной сосудистой системе. В воз
никновении инфаркта сердца, при котором нельзя выявить морфологических изменений



коронарных сосудов, по-видимому, участвуют патологические нарушения функции этих 
образований. Они могут создать ишемию, аноксемию, приводить к возникновению ин
фаркта, сопряженного кровотечением, и они вызывают позже развитие фибросклероти
ческих очагов. Патологическое нарушение функции может возникнуть в силу ненор
мальных рефлексов, воздействий со стороны вегетативной нервной системы, расстройств 
питания, действий, стресса чрезмерного действия катехоламина. Острый инфаркт может 
обуславливаться ударом электрического тока, при перенапряжении, эпилептическом 
приступе, ожогах и т. д. Согласно авторам патологические функциональные расстройства 
так называемых запирательных аппаратов играют важную роль в возникновении ин
фаркта сердца.

ИССЛЕДОВАНИЯ СТАРЧЕСКОЙ ЭМФИЗЕМЫ ЛЕГКИХ
Л. ХАРАНГИ, К. СЕМЕНЕМ, Е. ФЮРЕДИ, К. ТЕННЕР, Е. КОЧАР 

и Ж. САБО

Старческую эмфизему легких следует рассматривать как физиологическое явле
ние, вызванное старением эластических волокон и размножением аргирофильных и колла- 
генных волокон.

ИЗМЕНЕНИЯ АТРИОВЕНТРИКУЛЯРНОЙ ПРОВОДИМОСТИ ПОСЛЕ 
ТРЕПЕТАНИЯ ПРЕДСЕРДИЙ

П. КАЛМАН, И. ДЬЯРФАШ и Д. ГОТТЗЕГЕН

Непосредственно после прекращения трепетания предсердий на электрокардио
грамме приблизительно в 40% случаев обнаруживается удлиненное время атриовентри
кулярной проводимости. В преобладающем большинстве случаев время проводимости в 
пределах двух недель нормализуется. После пароксизмального трепетания предсердий 
указанное удлинение времени передачи импульсов наблюдается редко, а у лиц с интакт
ным сердцем никогда не встречается. У животных — путем экспериментального создания 
кратковременного трепетания предсердий — удлинения времени проводимости получить 
не удалось. Преходящее торможение проводимости, непременный фактор трепетания 
предсердий, наблюдается после прекращения последнего тогда, если система проводи
мости претерпевает вследствие большой частоты импульсов, продолжающейся в течение 
длительного времени, — как правило обратимое — нарушение.

ИССЛЕДОВАНИЕ ДЕЙСТВИЯ АНАБОЛИЧЕСКИХ ГОРМОНОВ НА 
АЛЬБУМИНОВЫЙ И ГЛОБУЛИНОВЫЙ ОБМЕН У ЛИЦ ПРЕКЛОННОГО

ВОЗРАСТА
Л. КОЧАР, Ш. ВИРАГ, М. ВАШ и Л. A4

При исследовании действия препаратов анаболических гормонов у лиц преклон
ного возраста было установлено:

1. Препараты анаболических гормонов (Неробол и Нероболил) стимулируют вы
работку альбумина и глобулина, выраженную в мг/кг/день.

2. На основании результатов прямого исследования обмена веществ при помощи 
метионина, меченого S35, анаболические гормоны оказывают свое действие в анаболиче
ской фазе синтеза белков.

3. Анаболические гормоны повышают процентное количество альбумина и глобу
лина во внеклеточном пространстве, что, повидимому, доказывает повышенное переме
щение в направление тканей.

4. Анаболические гормоны могут вызвать еще более тонкие изменения, как напри
мер, повышение электрофоретического перемещения некоторых белковых фракций.



ИССЛЕДОВАНИЕ ХИМИЗМА КРОВИ ПРИ НЕДОСТАТОЧНОСТИ ПОЧЕК
Й. ЧАПО, Г. НЬЕРГЕШ и Й. БУДАИ

1. Авторы разработали оксиметрический метод для определения органических 
веществ в крови за исключением белков, углеводов и карбамида.

2. Они во всех случаях определяли в плазме содержание натрия, калия, стандарт
ного бикарбоната и хлора, а в сыворотке содержание окисляемого остатка и остаточного 
азота. Наибольшее значение приписывается соотношению между калием, остаточным 
азотом и окисляемым остатком.

3. При хроническом нефрите содержание бикарбоната в общем понижается, но в 
виде исключения оно может быть также нормальным. Содержание калия, как правило, 
повышается, точно так же как и окисляемый остаток, вместе с остаточным азотом. Боль
шая часть окисляемого остатка, являясь органической кислотой, участвует в понижении 
количества бикарбоната.

4. В случае поражения канальцев, возникающего в связи с обструкционной жел
тухой и гепатитом, содержание калия остается нормальным до тех пор, пока не появ
ляется крайне сильная олигурия. Остаточный азот и окисляемый остаток значительно 
нарастают даже в случае выраженной полиурии.

5. При поражении канальцев в связи с септико-токсическими случаями картина 
крови подобна картине, наблюдаемой при обструкционной желтухе и гепатите.

6. В отношении остаточного азота и окисляемого остатка не во всех случаях на
блюдается параллельные изменения.

7. При гипокалемической недостаточности почек может развиваться тяжелый 
хлорацидоз, остаточный азот сильно повышается, однако, величина окисляемого остатка 
остается нормальной.

ФУНКЦИЯ ГИПОФИЗА И КОРЫ НАДПОЧЕЧНИКОВ ПОСЛЕ ДЛИТЕЛЬНОГО
ЛЕЧЕНИЯ ПРЕДНИЗОЛОНОМ

Э. ГОТ, Г. ГЁРГЕНЬИ, Й. ФЁВЕНЬИ и Э. САНТО

При помощи пробы АКТГ и метопироном исследовалась функция гипофиза и коры 
надпочечников у 40 больных с ревматоидным артритом, получивших длительное лечение 
преднизолоном. После интермиттирующего лечения преднизолоном в течение шести 
месяцев реактивность надпочечников уменьшилась или прекратилась. Нормальная 
реакция гипофиза на дачу метопирона уже после лечения стероидами в течение года в 
большинстве случаев отсутствовала. После принятия общего количества 3000 мг предни- 
золона ни надпочечники ни гипофиз не реагировали на указанные пробы. При длительном 
лечении стероидами в случае стресса и после стресса по крайней мере в течение шести 
месяцев необходима профилактическая дача кортизона.

НОВЫЙ МЕТОД ДЛЯ ПРЕДОТВРАЩЕНИЯ ВАСКУЛЯРИЗАЦИИ РОГОВИЦЫ
Д. ИМРЕ и Й. БЕГИ

Панготеновая кислота и цистеин, улучшающие окислительный обмен веществ 
роговицы, и участвующие в синтезе коэнзима А, препятствуют васкуляризации роговицы 
кроликов, вызванной молочной кислотой. Эффективнее всего оказалась 3%-ная мазь цис
теина. После нанесения этой мази пять раз в день на роговице возникновение васкуляри
зации было достоверно меньшее и состояние роговицы улучшалось быстрее, чем на конт
рольной стороне. В противоположность терапевтическим методам, применявшимся раньше 
для предотвращения васкуляризации роговицы, этот способ лечения, кроме предотвра
щения васкуляризации роговицы, способствует также процессам регенарации.



СПЕРМАТОГРАММА БОЛЬНЫХ КРИПТОРХИЗМОМ
Ц. ШИРРЕН

При помощи физического обследования нельзя установить, относится ли больной 
с крипторхизмом к плодовитой или бесплодной группе. Поэтому каждого пациента при
ходится лечить человеческим хорионгонадотрофическим гормоном (ХГГ). Лечение сле
дует начинать до достижения десятилетнего возраста, так как после этого срока про
исходят необратимые изменения (вторичная атрофия зародышевого эпителия). Некоторые 
авторы начинают лечение гормонами в пятилетием возрасте (Майер; Хеккер и Баррен). 
Авторы настоящей статьи придерживаются того мнения, что оптимальным сроком явля
ется возраст от 8 до 10 лет. Они рекомендуют давать 1000 до 1500 ед. гормона два раза в 
неделю, при общем количестве 12 000 до 15 000 ед. Если в результате первого курса лече
ния не достигается опущения яичек, то по истечении 6—8 недель необходимо повторять 
курс при прежней дозировке. Если и второй курс лечения остается безрезультатным, то 
немедленно после гормонотерапии следует провести фуникулярный орхидолиз (Оберни- 
дермайр и Майер). Проведение орхидопексии не рекомендуется, так как после этого 
вмешательства часто наблюдается атрофия яичек.

Оптимального срока проведения грыжесечения в детском возрасте нельзя опреде
лить. Иногда срок операции определяется течением болезни. У детей раннего возраста по 
возможности не следует провести грыжесечение.

Предопределить терапевтический эффект не представляется возможным, удовле
творительный косметический результат еще не является доказанием плодородности.

Исследования проводились при сотрудничестве с доктором О. Стеено, медицинский 
факультет университета г. Левен, Бельгия.

ДЕЙСТВИЕ НАРКОЗА НА ВЫЖИВАЕМОСТЬ СОБАК И ФУНКЦИЮ ИХ 
ПОЧЕК ПОСЛЕ ОБЕСКРОВЛИВАНИЯ

П. БАЛИНТ, А. ФЕКЕТЕ, И. ТАРАБА и М. ВИШИ

Авторы вызвали у собак путем кровопускания олигемический шок: на протяже
ние 90 мин артериальное давление понизилось до 50 мм ртутного столба, после чего полное 
количество снятой крови реинфундировалось. Установлено, что

1. Если провести кровопускание под хлоралозным наркозом, то доля животных, 
не погибающих от непосредственных последствий травмы (до второго дня после крово
пускания) больше, чем в случае обескровливания бодрствующих животных.

2. Шесть из 16 животных, еще живших на второй день после обескровливания, 
погибли на 2—8-ой день после травмы при явлениях острой недостаточности почек. Сле
довательно, соответствующей дозировкой обескровливания можно у собак вызвать пато
логический процесс острой недостаточности почек. 10 животных жили еще на 15-ый 
день после кровопускания. Этих собак мы считали окончательно выжившими.

3. В одной группе собак в пределах 30 часов или спустя 14 дней после кровопу
скания авторы провели острый опыт. Они установили, что непосредственно после травмы 
количество крови, протекающей через почки, понижается и сопротивление в почках по
вышается. Клубочковая фильтрация или выделение ПАРК в значительной мере пони
жаются. При проведении исследований спустя 14 дней после травмы наблюдается нару
шение функции почек.

4. Соотношение между потреблением кислорода почками, количеством крови, про
текающей через почки и канальцевой реабсорбцией натрия в норме и после кровопуска
ния отклонений не было выявлено.
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M A N N O M U S T I N E  D I H Y D RO C H LO R I D E (В. С. М.)

Strongly inhibits proliferating lymphocytes.
Of par t i cular  interest in the t r eatment  of

CHRONIC LYMPHOID LEUKAEMIA 
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A cta  M edica

B udapest V I I I . ,  S zig o n y  и. 43. 9 P .O .B  67
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щий счет №43-790-057-181) или его заграничные представительства и уполномоченные.
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A z  A cta  Medica n é m e t, a n g o l,  orosz és fran c ia  n y e lv e n  közöl tu d o m á n y o s  é rtekezéseket 
az  o rv o s tu d o m á n y  köréből.
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B a n k s z á m la :  05-915-111-46), a  k ü lfö ld  szám ára  p ed ig  a  „ K u ltú ra "  K ö n y v  és H írlap  K ü l
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D ie  A cta  M edica e rsc h e in e n  in  H eften  w ech se ln d en  U m fanges. M ehrere  H e fte  bilden 
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T H E  SY N D R O M E  O F  H A E M O R R H A G IC  
T H R O M B O C Y T H A E M IA

T H R O M B O C Y T O P A T H Y  V E R SU S C O A G U L O P A T H Y  A F FE C T IN G  P R IM A R Y
H A EM O STA SIS

B y

K.  R á k , L .  L a k a t o s  and  R .  S zabó

F IR S T  DEPARTM ENT OF M ED ICIN E (D IRECTO R, PR O F. M. JU L E S Z ), and  SECOND D EPARTM ENT O F M ED IC IN E 
(D IRECTO R, PR O F. M. FÖ LD I), U N IV ER SITY  M ED ICA L SCHOOL, SZEGED (HUNGARY)

(R eceived  F e b ru a ry  17, 1965)

C oagu la tion  fa c to rs  hav e  been in v e s tig a te d  in  tw o, and  p la te le t  fu n c tio n s  in 
fo u r cases o f h aem o rrh ag ic  th ro m b o c y th ae m ia . T h e  p la te le t coun t exceed ed  one m il
lion  in  all th e  fo u r cases, b leeding tim e w as p ro lo n g ed  in  th ree , an d  in  th e  fo u r th  i t  w as 
a t  th e  u p p e r lim it o f n o rm al. In  one case, th e  th ro m b o p la s tin  g en era tio n  te s t  w as in d i
ca tiv e  o f an  a b n o rm a lity  in  th e  phase  of th ro m b o p la s t in  fo rm ation , m ore  sp ec ia lly  o f th e  
defic iency  in fa c to r  X I  (PT A ). On th e  ev idence  o f t h a t  te s t, the  p la te le t co m p o n e n t has 
been found  to  ex h ib it a n  an tic o ag u lan t effec t a t  h ig h  p la te le t c o n cen tra tio n s . A cco rd 
ing to  th e  in v es tig a tio n s  o f th e  in  vivo a d h es iv e  p la te le t coun t desc rib ed  b y  B o r c h - 
G R E V IN K , fo rm a tio n  o f th e  p la te le t p lug  in v o lv e d  a n  excessive n u m b er o f p la te le ts .

T h o u g h  on th e  basis o f i ts  clinical fe a tu re s  haem orrhag ic  th ro m b o c y th a e m ia  
has a  d is tin c t p lace  w ith in  th e  m y e lo p ro life ra tiv e  syndrom es, i t  is no c le a r-c u t e n ti ty  
from  th e  p a th o g e n e tic  asp ec t. T he d iag n o stic  c r ite r ia  of th e  syndrom e h a v e  b een  su m 
m arized .

A ccord ing  to  th e  c u rre n t co n cep t, th e  p a r t  p lay ed  by  th e  p la te le ts  in  h a em o r
rh ag ic  p h en o m en a  a sse rts  itse lf th ro u g h  th e  c lo tt in g  system . D a ta  d e riv ed  fro m  cases 
reco rd ed  in  th e  l ite ra tu re  and  fro m  th e  p re se n t o bservations suggest, h o w ev er, th a t  
in  h aem o rrh ag ic  th ro m b o c y th ae m ia  th e  p r im a ry  haem ostasis, m ore e x a c tly  i ts  second 
step , th e  phase  of irrev ersib le  p la te le t ag g reg a tio n  (viscous m etam o rp h o sis  a n d  p la te le t  
c o n trac tio n ) is a ffec ted , an d  th is  is th e  re a so n  w h y  no firm  p la te le t p lug  im p e rm eab le  
to  blood is fo rm ed . T h o u g h  th e  closer m ech an ism  o f th e  process is o b scu re , i t  m ay  be 
p resu m ed  t h a t  fo r som e reason  th e  effect o f th e  th ro m b in  requ ired  b y  th e  p ro cess  fails 
to  a sse r t itse lf. T h e  c lo ttin g  d is tu rb an ce  a sso c ia ted  w ith  haem orrhag ic  th ro m b o c y th a e 
m ia m ay  be fu r th e r  im p a ired  by  a d e fec t in  p la sm a  clo tting  w hich  p lay s  a  decisive 
p a r t  in  seco n d ary  haem ostasis.

I t  is now genera lly  recognized th a t  a te n d e n c y  to  h a e m o rrh a g e  is fa r  
from  being  inco m p atib le  w ith  th ro m b o c y to s is  and  m ay even he one o f its  
jiro m in en t fea tu re s . T his is th e  very  c a se in  th e  ra re  syndrom e kn o w n  as h aem 
orrhag ic  th ro m b o c y th a e m ia  (H T ). T he cau se  o f th is  seem ing d isc re p a n c y  is 
n o t y e t fu lly  u n d e rs to o d  th o u g h  th e  sy n d ro m e  h as been cleared  u p  fro m  m a n y  
o th e r  a spec ts . O n th e  basis  of num ero u s o b se rv a tio n s  accu m u la ted  since its  
f ir s t  descrip tion  th ir ty - f iv e  years ago, H T  m u s t  be p laced am ong  th e  m yelo 
p ro life ra tiv e  sy n d ro m es, n e x t to  p o ly c y th a e m ia  vera  and  fa ir ly  close to  
ch ron ic  g ran u lo cy tic  leu k aem ia  a n d  th e  so -ca lled  p rim ary  (agnogenic) m yelo id  
m e ta p la s ia . I ts  fe a tu re s  d is tin c tiv e  fro m  th o se  of th e  re la te d  sy n d ro m es 
inc lude  a jo in t te n d e n c y  to  h aem o rrh ag e  a n d  th ro m b o sis , p e rs is te n t th io m b o -  
cy tosis  assoc ia ted  in  som e cases w ith  sp lenom egaly , leucocytosis, m ild  h y p o 
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ch ro m ic  anaem ia or a g a in  w ith  slight e ry th ro c y to s is , p a rticu la rly  d u r in g  th e  
h aem o rrh ag e-free  in te rv a ls  an d  m edu llary  signs o f enhanced  th ro m b o c y to -  
po iesis . The syndrom e is fu rth e rm o re  ch a ra c te riz e d  b y  a p ro tra c te d  cou rse  an d  
a  p reva lence  in  m id d le -ag ed  p a tie n ts . I t  h as  b e e n  fo u n d  to  respond  to  c e r ta in  
th e ra p e u tic  agen ts, p a r t ic u la r ly  b u su lp h an  (M yleran) an d  ra d io -p h o sp h o ru s .

T he tendency to haemorrhage has re m a in e d  th e  m ost puzzling  fe a tu re  
o f  H T . R esults of th ro m b o p la s tin  gen era tio n  te s t  o b ta in ed  b y  m o s t o f th e  
in v e s tig a to rs  w ould seem  to  suggest a d is tu rb e d  p ro d u c tio n  of th ro m b o p la s tin . 
O p in io n s diverge, h o w ev e r, as to  th e  n a tu re  a n d  e x te n t  of th is  d is tu rb a n c e . 
A  possib le  d is tu rb an ce  in  th e  c lo tting  fu n c tio n  o f  p la te le ts  is generally  assu m ed  
w h ile  som e au th o rs  a sc rib e  a n  an tico ag u lan t e ffec t to  th e  p la te le ts  a t  th e  th ro m - 
b o c y th a e m ic  level. T h e re  a re  also o th e r th e o rie s . W hile  some a u th o rs  leav e  
th e  w hole question  o pen  u n t i l  fu rth e r  o b se rv a tio n s  or m ore su itab le  m e th o d s  
o f  in v es tig a tio n  are  fo rth c o m in g , th e  m a jo r ity  a sc rib e  th e  bleeding te n d e n c y  
to  a  coagu lopathy  a n d  lo o k  upon  H T  as a “ haem ophilia-like sy n d ro m e ”  
(Sp a e t  [1]). The q u e s tio n , how ever, is b y  no  m ean s se ttled .

T he incidence o f  H T  is low, in sp ite  o f th e  increasing  a tte n tio n  i t  h as  
b e e n  receiv ing. F ro m  th e  cases rep o rted  b e tw een  1930 w hen i t  w as f i r s t  d e 
sc rib e d  byEpsTEiN  a n d  K retz [2] and  1955,H a r d ist y  an d  W olff [3] a c c e p ted  
18 cases as a u th e n tic  a n d  to  these  added  fiv e  o b se rv a tio n s  of th e ir  ow n. Ozer 
e t  a l. [4] accep ted  21 o u t  o f 48 recorded  cases a f te r  v e ry  th o ro u g h  s iftin g , 
d e sc rib in g  in th e  sam e p a p e r  fu r th e r  six  cases. I n  th e  sam e yea r, i.e . 1960, 
G tm z  [5] review ed 50 cases from  th e  l i te ra tu re  w ith  fiv e  of his own o b se rv a 
t io n s  in  a com prehensive  s tu d y  on th e  m ain  a sp e c ts  o f th e  syndrom e. W e h av e  
n o  know ledge of an y  re c e n t  review  w ith  e v a lu a b le  d a ta  as regards in c id en ce , 
b u t  in  our es tim a tio n  th e  n u m b e r of reco rd ed  cases recognized as H T  b y  all 
s ta n d a rd s  should n o t  be  f a r  below  a h u n d re d . W ith  th e  un p u b lish ed  cases, 
th e r e  m u s t be, obv io u sly , s till  m ore.

L ehoczky  e t al. [6] in  1963 were th e  f i r s t  H u n g a ria n  au tho rs to  describe  
H T . A n o th e r case o f “ e sse n tia l th ro m b o c y th a e m ia ”  w as rep o rted  in  th e  sam e 
y e a r  b y  N agy an d  L e ö v e y  [7]. T hen  B arta  [8] gave a com prehensive rev iew  
o f  th e  various co n d itio n s  associated  w ith  th ro m b o cy to s is . The sy n d ro m e  
f ig u re s  in  K e l e m e n ’s m o n o g rap h  [9] a n d  in  1964, F öldváry  e t a l. [10] 
r e p o r te d  tw o cases.

In  th e  p as t y ea rs  w e h av e  observed  h ae m o rrh a g ic  episodes a s so c ia te d  
w ith  p la te le t coun t ex ceed in g  a m illion in  v a r io u s  haem ato logic  c o n d itio n s , 
m o s tly  p o lycy thaem ia  v e ra  or chronic m yelo id  leu k aem ia . As to  th e  o th e rs , 
o n ly  a few cases are  f i t  to  b e  inc luded  in th e  p re se n t p a p e r as being c o n s is te n t 
w ith  H T  b y  all s ta n d a rd s  o f  diagnosis. In  o rd e r to  c la rify  th e  possible m e c h a 
n ism  o f th e  haem orrhag ic  m an ife s ta tio n s  in  p a tie n ts  w ith  haem orrhag ic  th ro m b o 
c y th a e m ia , a close s tu d y  h a s  to  be m ade o f th e  w hole haem ostasis. T h is p a p e r  
g ives a full accoun t o f tw o  cases an d  p resen ts  th e  essen tia l d a ta  of tw o  o th e rs ,
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w ith  a rev iew  of th e  d iag n o stic  c rite ria  of H T . O n th e  basis of o u r lim ited  
m a te ria l an d  of th e  d a ta  in  th e  lite ra tu re , we shall th e n  o u tlin e  o u r v iew  as to  
th e  n a tu re  of th e  b leed in g  ten d e n c y , ascrib ing  th em  to  an  a b n o rm a lity  of 
p rim a ry  h aem o sta tic  p la te le t  fu n c tio n , in opposition  to  th e  c u r re n t concep t 
of ‘‘c o ag u lo p a th y ” .

Case records

Case N o. 1. A 8 0-year-o ld  m ale p a tie n t  h ad  been f irs t  h o sp ita lized  fo u r y ea rs  p rev iously  
because of rep ea ted  g a s tro in te s tin a l h aem orrhage . T he d iagnosis was d iv e rticu lo sis  of the  
sigm oid  a n d  p o sth aem o rrh ag ic  an aem ia . L eucocyte  an d  p la te le t  co u n ts  h a d  been n o rm al a t  
th a t  tim e . T he p a tie n t’s e a rlie r  h is to ry  included  p ro tra c te d  h aem o rrh ag e  a f te r  to o th  e x tra c 
tions. D u rin g  th e  la s t fo u r y e a rs  he h ad  rep ea ted ly  experienced  in te s tin a l h aem o rrh ag e  and  
h a d  m o reover been tre a te d  fo r o steo arth ro sis , p u lm o n a ry  em p hysem a and  a therosc lerosis. 
In  J a n u a ry ,  1964, p e rs is te n t m elaen a  assoc ia ted  w ith  severe an aem ia  called  fo r u rg e n t ho s
p ita liz a tio n . I t  was th e n  t h a t  a  th ro m b o c y te  co u n t o f over one m illion w as f i r s t  n o ted . T he 
leu co cy te  co u n t was 13,000 w ith  a s lig h t sh ift to  th e  left. T h e  m ost s tr ik in g  fe a tu re  of the  
h y p e rce llu la r  bone m arro w  w as a  h y p e rp la s ia  of th e  m eg a k ary o c y te  system .

T h e  p a tie n t w as a d m itte d  for th e  la s t tim e in Ju ly , 1964, a f te r  re p ea te d  m elaena. T he 
spleen w as n o t palpab le. T h e  h a e m a to c rit  v a lu e  was 25 p e r cen t, th e  p la te le t  c o u n t 2,190,000 
w ith  m ark ed  anisocytosis, th e  leu co cy te  co u n t 58,000, w ith  2 m y elo cy tes  a n d  one n o rm o b la st 
per 100 cells. The bone m arro w  w as h y p e rce llu la r w ith  red u ced  fa t  tissue . T h ere  was h y p e r
p las ia  o f all th ree  system s w ith  a s trik in g  p rep o n d eran ce  of m eg ak ary o cy tes , m o stly  m atu re , 
fu n c tio n in g  elem ents. T h e  d a ta  received  by  th e  s tu d y  of haem o stas is  a re  show n  in  T ables 
I — I I I  (P a t .  No. 1). As a t r e a tm e n t,  M y leran  was p rescribed , b u t  th e  c o n d itio n  d e te r io ra te d  
before th e  d rug  could hav e  ac ted . H e a r t  fa ilu re , azo taem ia  ensued , th e  p a tie n t  becam e e v en tu a lly  
confused , th is  gave rise to  th e  susp ic ion  of cereb ra l th ro m b o sis  or h a em o rrh ag e . D ea th  was 
in ev itab le .

C linical diagnosis: h aem o rrh ag ic  th ro m b o c y th ae m ia . D iv erticu losis in  th e  colon. 
O steo a rth ro sis . A therosclerosis.

A u to p sy  revealed  g enera lized  a therosclerosis, p u lm o n a ry  an d  p e r ip h e ra l congestion , 
d iv erticu lo sis  of the  large  in te s tin e . T he bone m arrow  w as h y p e rce llu la r w ith  h y p e rp la s ia  of 
all th re e  system s and  a s tr ik in g  p rep o n d eran ce  of th ro m b o cy to p o iesis . T he m eg ak ary o cy tes  
w ere p a r t ly  im m atu re , m o stly  w ith  ev idence of p la te le t fo rm atio n . T here  w as a m in o r degree 
of m yelosclerosis in  th e  fem o ra l bone  w ith  no a p p a re n t fib rosis. E x tra m e d u lla r  haem opoiesis 
in v o lv in g  all th ree  sy s tem s w as fo u n d  in th e  spleen, liver a n d  ly m p h  nodes. T h e  spleen w as 
red u ced  in size b u t h ad  p re se rv e d  its  s tru c tu re .

E picrisis: On th e  ev id en ce  of clinical and  a u to p sy  fin d in g s th e  p r im a ry  d isease  was H T. 
T he co n co m itan t co n d ition  re su ltin g  in  h e a r t  fa ilu re  w as generalized  a th e rosc lerosis. An a d d i
tio n a l rem ark ab le  fin d in g  w as th e  d iv erticu lo sis of th e  large  in te stin e .

Case N o. 2. A 6 6-year-o ld  m ale was a d m itte d  fo r m elaena . T he h is to ry  in c lu d ed  hos
p ita liz a tio n  11 years ea rlie r fo r m elaen a  an d  h aem atem esis a tt r ib u te d  to  d u o d en a l u lcer w hich 
h a d  m ade  o p era tio n  necessa ry . A p a r t  fro m  re p ea te d  ép is tax is  th e  p a tie n t  h a d  b een  sy m p to m - 
free fo r th e  la s t years. On adm ission  in Ju ly ,  1964, his liver an d  spleen  w ere en la rg ed  and  th ere  
w ere som e p a lpab le  ax illa ry  ly m p h  nodes. H a e m a to c rit  w as 21 pe r cen t, th e  leu co cy te  co u n t 
ran g ed  from  12,000 to  20,000 w ith  a sh ift to  th e  left. R e p ea te d  p la te le t co u n ts  w ere fo u n d  to 
exceed one m illion w ith  s tr ik in g  an isocy tosis and  g ian t p la te le ts  n ea rly  o f lym ph o cy te-s ize . 
T h e  s te rn a l m arrow  show ed h y p e rp la s ia  o f all th ree  system s w ith  p re d o m in a n t m eg ak ary o cy - 
tosis. T h e  m eg ak ary o cy tes  w ere m ostly  m a tu re  fu n c tio n in g  cells. T he f a t  tis su e  of th e  bone 
m arro w  w as reduced. T h e  a x illa ry  ly m p h  node show ed h isto log ically  sim ple ly m p h a d e n o p a th y . 
A t th e  site  o f the  excision a n  ex ten siv e  h aern a to in a  developed , re sp ond ing  v e ry  sluggish ly  to 
local t re a tm e n t. G a s tro in te s tin a l e x am in a tio n s  failed  to  disclose a n y  possib le source of th e  
m elaena . (D a ta  on th e  h a em o stas is  a re  show n in T ab les I I I I ,  P a t.  No. 2.) L eu k aem ia  could 
be ru led  ou t. T he fin d in g s w ere c o n sis ten t w ith  H T. T he p a tie n t  was s ta r te d  on M yleran  b u t 
d id  n o t  a tte n d  for follow -up.

Case N o. 3. A 5 8-year-o ld  fem ale  h ad  a ten  y ea rs’ h is to ry  of c ru ra l v e in  th ro m b o sis . 
S p len ec to m y  for splenic v e in  th ro m b o sis  h a d  been p e rfo rm ed  e ig h t y ears  earlie r. E v er since 
th is  o p e ra tio n  the  leu co cy te  c o u n t h a d  ran g ed  be tw een  12,000 and  18,000, th e  p a tie n t had  
re p e a te d ly  in te stin a l, n asa l a n d  g ingival h aem orrhages. R e p ea te d  X -ray  f in d in g s  w ere sugges-

1* Acta Mcdica Academiae Scientiarum Hungaricac 22 (1966)



186 К . RÁK, L. LAKATOS and R. SZABÓ

t iv e  o f  v a ricosities in th e  u p p e r  in te s t in a l  tra c t.  T herefore  a  sh u n t o p e ra tio n  h a d  been  consid
e re d  a  few  years ago an d  la p a ro to m y  h ad  been u n d e r ta k e n  b u t  m assive  h aem o rrh ag e  m ade  
th e  o p e ra t io n  im possible. In  N o v e m b er, 1964, w hen  a d m itte d  to  th e  Clinic, th e  p la te le t  co u n t 
e x c e e d e d  one m illion, th e  s te rn a l  m arro w  was h y p e rp la s tic  w ith  p re p o n d e ra n t m eg ak ary o cy te  
in c re a s e . (Som e d a ta  are  p re se n te d  in  T ab le  I, P a t.  No. 3.) T h e  p re se n t p ic tu re  is c o n sis ten t 
w i th  th e  d iagnosis of H T.

Case No. 4. A 32-year-o ld  fem a le  p a tie n t h a d  been  su b je c ted  to  sp len ec to m y  fo r splenic 
v e in  th ro m b o s is  in  1961. She h a d  th e n  nasal a n d  g ing ival h aem o rrh ag es, m en o rrh ag ia  an d  
r e p e a te d  in te s tin a l b leeding. O n rad io lo g ica l evidence th e  la t t e r  h av e  been a sc rib ed  to  duodenal 
u lce r . S h e  h a d  a  severe a n ae m ia  c o n s is te n t w ith  th e  b lood loss. A p la te le t  co u n t exceed ing  one 
m illio n  w as no ted  in  1964. (S o m e d a ta  a re  p resen ted  in  T ab le  I ,  P a t .  No. 4.) T h e  splenic  vein  
th ro m b o s is  a  few years ea rlie r m a y  well hav e  been th e  consequence  o f H T.

M ateria ls  and  m ethods
M ateria ls

O x a la ted  and  c itra te d  b lo o d  p lasm a;
b lo o d  serum  o b ta in e d  fro m  c lo tted  whole blood w ith o u t  a n tic o ag u lan t;
adso rb -p lasm a , i.e. p la sm a  p re p a re d  w ith  B a S 0 4;
p la te le t- r ic h  p lasm a, r e su ltin g  from  fresh  c itra te d  p lasm a  cen trifu g ed  a t  800 r .p .m .;
p la te le t  suspension o b ta in e d  b y  d ifferen tia l c en tr ifu g a tio n  a n d  w ash ing  w ith  ph y sio 

lo g ic a l sa lin e , using s ilic o n e -tre a te d  in s tru m e n ts  a n d  c o n ta in e rs ;
silicone-serum  re su ltin g  f ro m  c lo ttin g  of w hole b lo o d  in  s ilico n e -trea ted  glass tu b es ;
tis su e  th ro m b o p la stin  (co m p le te )  p rep ared  w ith  ace to n e  fro m  h u m an  b ra in  in  o u r labo

r a to r y ;
p a r t ia l  th ro m b o p la s tin  (P T P )  e x tra c te d  from  h u m a n  b ra in  w ith  ch lo ro fo rm  b y  th e  

m e th o d  o f B ell  and Alton  [11].
P la te le t  count w as p e rfo rm e d  b y  phase  c o n tra s t m icroscopy  accord ing  to  F is c h e r  an d  

G e r m e r  [12].
B leed in g  tim e w as e s t im a te d  acco rd ing  to  I vy  [13]. T h e  in f la te d  m an o m e te r cuff was 

m a in ta in e d  a t  40 m m  H g  d u rin g  th e  p rocedure . A w ound  1 m m  deep a n d  6 to  8 m m  long  was 
m a d e  in  a  non-vascu larized  a re a  o f  th e  v o lar surface  of th e  fo rea rm , over th e  ex tenso rs . T he 
b lo o d  w as  b lo tte d  u p  ev ery  30 seco n d s. U nder no rm al c o n d itio n s th e  b leed ing  tim e  m easu red  
in  t h is  m a n n e r  was less th a n  7 m in u te s , rang ing  m o stly  b e tw een  3 a n d  4 m in u te s . T h is te s t  
m a y  b e  com bined  w ith  th e  d e te rm in a tio n  of th e  a d h e s iv ity  o f p la te le ts  in  vivo  described  by  
B o r c h g r e v in k  [14]. T he d iffe ren ce  o f th e  p la te le t co u n t o f th e  b lood  sam ple  fro m  th e  w ound 
a n d  t h a t  fro m  “ venous”  b lood  g iv es th e  n u m b er o f  p la te le ts  re ta in e d  on th e  w o u n d  surface, 
i.e . o f  th e  “ in  vivo adhesive”  p la te le ts .  T h is m ay  be also ex p ressed  in  p e rcen tag es  o f th e  p la te 
le ts  in  p e rip h e ra l (venous) b lood . F o r  “ v enous”  p la te le t  c o u n t s ilico n e-trea ted  glass tu b es  were 
u se d . F o r  “ w ound”  p la te le t c o u n t  th e  b lood  was co llected  fro m  th e  w ound  3 to  5 m in u te s  a fte r  
th e  w o u n d  has been m ade.

A g g reg atio n  in vitro  a n d  v isco u s  m etam orphosis w ere s tu d ie d  b y  phase  c o n tra s t  m icro 
sc o p y u s in g  p la te le t-rich  p lasm a , to  w h ich  h ighly  d ilu ted  th ro m b in  (a few u n its  p e r ml. saline) 
a n d  a  0 .025 m olar so lu tion  o f C aC l2 h a d  been added.

F o r  th e  TGT we used  p a r t ly  P T P , p a r tly  a p la te le t  su spension  a d ju s te d  to  th e  concen
t r a t io n s  show n in  th e  T ab le  I I I  a f te r  re p ea te d  w ashing w ith  physio log ica l sa line . T he tim e of 
a p p e a ra n c e  o f th e  clot has also b e e n  n o ted , th is being , in  o u r  experience  a re liab le  in d ic a to r of 
th e  r a te  o f  th ro m b o p lastin  g e n e ra tio n .

T h e  degree of re tra c tio n  h a s  b een  estab lished  on th e  g ro u n d s of th e  b e h av io u r of th e  
w h o le  b lo o d  clo t and of t h a t  o f reca lc if ied  o x a la ted  p lasm a.

A s to  th e  o th er m eth o d s f ig u r in g  in  th e  T ables, we re fe r  to  th e  co rrespond ing  l ite ra tu re .

R esults

R e su lts  for th e  fo u r p a tie n ts  re la tin g  to  th e  v ascu la r  a n d  th ro m b o - 
c y tic  sy s te m  are show n in  T ab le  I. B leeding tim e  w as p ro longed  in th ree  
cases , a n d  a t  the  u p p er l im it  o f n o rm al in one case. T o u rn iq u e t te s t  an d  blood 
c lo t r e tr a c t io n  were n o rm a l. W h en  d ilu ted  th ro m b in  w as ad d ed  to  th e  p lasm a ,
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p la te le t ag g reg a tio n  ensued  in 60 seconds; th e  p la te le ts  were e n m e sh e d  in  
th e  f ib rin  n e tw o rk  ap p e a rin g  la te r. T he b a llo o n -lik e  appearance  o f th e  c lu m p 
ing p la te le ts  w as c learly  discernible. R eca lc ifica tio n  caused s im ila r changes. 
B y th ese  s ta n d a rd s , agg regation  c a p ac ity  in  vitro  o f th e  p la te le ts  as w ell as 
th e ir  v iscous m e tam o rp h o sis  was co nsidered  no rm al. The p la te le t  c o u n t 
exceeded  one m illion  in  all th e  fo u r cases, a n d  tw o  m illion in  one o f  th e m . 
T he p la te le ts  re ta in e d  on th e  w ound su rface , i.e . th e  “ in. vivo ad h esiv e”  p la te le t  
co u n t was 200,000 or m ore, th u s  o u ts id e  th e  n o rm al range in d ic a te d  b y  
B o r c h g r e v in k  [14] an d  b y  tw o su b seq u en t in v e s tig a to rs  [64, 65]. W ith  th e  
excep tion  of one case, th e  p e rcen tu a l va lues w ere  low er th a n  n o rm a l. C o n sid er
ing, how ever, th e  excessive “ venous”  p la te le t  co u n t, th e  ab so lu te  n u m b e r  
of p la te le ts  re ta in e d  on th e  w ound su rface seem ed  to  be fa r  m ore in fo rm a tiv e  
th a n  th e  p ercen tag e  in dex .

Table I

S tu d y  o f vascular and p la te let systems

P la te le t “ In  v iv o  a d h e s iv e ”
ag g reg a tio n P la te le ts p la te le t  c o u n t

P a tie n t B leeding  tim e 
( Iv y ) , m in u tes

T o u rn iq u e t R e trac - V iscous p e r  ml.
N o. te s t tion m e ta m o r- (d irect)

phosis X 1000 p e r  m l
%(in  v i tro ) X 1000

l 15 20 negative norm al n orm al 2190 750 34
2 6.5 8 negative norm al norm al 1550 250 16
3 12 19 negative norm al norm al 1300 200 15
4 15 16 negative norm al 1150 280 24

N o rm al va lue  < 7 1 5 0 -3 0 0 45— 185 25— 58

average: average:
96 37

(  B orchgrevink )

T ables I I  a n d  I I I  show  th e  co ag u la tio n  d a ta  in  Cases N os. 1 a n d  2. 
R esu lts  o f c lo ttin g  tim e , fib rinogen  t i t r a t io n  a n d  ex p lo ra to ry  fib rin o ly s is  w ere 
w ith in  th e  n o rm a l ran g e . P a r tia l th ro m b o p la s tin  tim e  as well as Q u ic k ’s tim e  
w ere p ro longed  in  a v a riab le  degree, in d ic a tiv e  of a m odera te  re d u c tio n  of 
p ro th ro m b in  a c tiv ity . C orrection  w as n o t  p ossib le  e ith er w ith  s to re d  serum  
(fac to rs V II  a n d  X ) or w ith  ad so rh -p lasm a  (fa c to r  V). The re d u c tio n  p ro 
th ro m b in  a c tiv ity  w as there fo re  due to  a m o d e ra te  reduction  of th e  p ro th ro m 
bin  level. P ro th ro m b in  consum ption  v a lu es  p o in ted  to  a n o rm al, i f  n o t  in 
creased  p ro th ro m b in  u tiliz a tio n . T he silicone sera  were found  to  c o n ta in  fa ir ly  
eq u a l am o u n ts  o f  p ro th ro m b in  in  all th e  cases. (A  decreased su rface  a c t iv i ty  
m a y  h av e  co m p en sa ted  th e  ind iv idua l d iffe ren ces in  consum ption  v a lu e s  due
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Table I I
S tu d y  o f clotting system

T est M ethod P a tie n t  
no . 1

P a t ie n t  
n o . 2 C o n tro l

C lo ttin g  tim e  (m in.) L e e -W h it e  [15] 4 5.5 5— 10

P a r t ia l  th ro m b o p la s tin  tim e 
(P T T ) (sec.) m odif. L a n g d ell  e t  al. 

[16] 72 83 66 +  3.2

P ro th ro m b in  ac tiv ity  (sec.) Qu ick  [17] 18 17 15 +  1

T h e  sam e  w ith  1/10 vol. 
s to re d  serum Qu ick  [17] 14.5 14 12

T h e  sam e  w ith  1/10 vol. 
ad so rb -p lasm a Qu ick  [17] 18.5 17 15.5

P ro th ro m b in  consum ption  
(4 h o u rs , sec.) m odif. Qu ic k  [18] 95 71 > 4 0 (4 4 )

T h e  sam e  w ith  silicone-serum m odif. Qu ic k  [18] 45 35 36

T h ro m b in  tim e  (sec.) H orn  e t al. [19] 23 22 20

F ib rin o g e n  titra tio n  (plasm a- 
d ila tio n ) Sharp e t al. [20] 1 : 128 1 : 128 1 : 128

F ib rin o ly s is  (degree of lysis 
w ith in  24 hours) B ig gs—Ma cfa rla n e  [21] 0 0 0

T h ro m b o p la s tin  generation  te s t  
(T G T ) m odif. B ig g s— D ouglas 

[22] See T able I I I

Table I I I
R esults o f  throm boplastin generation  test ( TG T)

P la te le t P lasm a Serum 3 6 9 12 T im e  o f 
a p p e a ra n c e  o f

in c u b a tio n
c o m ] о n  e n  t  s s е с о n d s f lu id  (m in .)

F T P к к 16 9 10 12 4— 5
F T P l 1 25 9 10 11.5 5 - 6
F T P 2 2 49 20 16 17 8 - 9
P T p 2 К 30 10.5 i l 12.5 5— 6
F T P К 2 31 11 10.5 12 6 — 7

К К К 17 12 14 17.5 4 - 5

1/a К К 13 12 13 14.5 3— 4

1/b к К 45 18 17 18.5 5— 6

2/a к к 15 12 13 17 4 — 5

2/b к к 47 19 18 20 5 — 6

P la te le t  concen tra tions:

К  0.45 M per с. m m 2/а 0.4 М per с. m m

l /a  0.5 М per с. m m 2/Ь 4.5 М p e r с. m m

1/b 5.0 М per с. m m
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to  d iffe ren t p la te le t coun ts.) C ertain  d ifficu ltie s  in  evaluation  arose  fro m  th e  
red u ced  p la sm a-p ro th ro m b in  levels. T h ro m b in  tim es were s ligh tly  p ro lo n g ed . 
T G T -values b y  th e  use o f P T P  were n o rm a l in  Case No. 1, while in  Case N o. 2, 
a th ro m b o p la s tin  o f d e fic ien t a c tiv ity  w as g e n e ra te d  in the  p resence  o f  P T P  
a n d  Ca; su b s titu tio n  w ith  no rm al p la sm a  o r se ru m  com ponents (K ) re su lte d , 
how ever, in  full co rrec tion . T his seem s to  in d ic a te  a m oderate  fa c to r  X I  (P T A ) 
d e fic ien cy . A t th e  co n v en tiona l c o n c e n tra tio n s  of 0.5 М /с.m m  th e  p la te le t  
su spensions of th e  p a tie n ts  show ed a s a tis fa c to ry  th ro m b o p lastin  p ro d u c tio n  
in  th e  presence of n o rm al serum  an d  p la sm a  fa c to rs . A t tenfo ld  c o n c e n tra tio n s , 
th ro m b o p la s tin  gen era tio n  was so m ew h at d e lay ed  an d  th e ir  a c t iv i ty  re d u c e d . 
( I t  d id  n o t succeed to  o b ta in  a sim ilarly  c o n c e n tra te d  p la te le t su sp en sio n  from  
a co n tro l su b jec t.)

D iscussion

I t  has been fo u n d  p referab le  to  c lassify  th e  various cond itions a sso c ia ted  
w ith  an  increased  p la te le t coun t on th e  b as is  o f  th e ir  origin ra th e r  th a n  la b e l
ing  th e m  as p rim a ry  (“ th ro m b o c y th a e m ia ” ) o r secondary  (“ th ro m b o c y to s is ” ). 
(F o r in s tan ce , increased  p la te le t co u n t e n c o u n te re d  in certa in  p r im a ry  d iseases, 
as in  p o ly cy th aem ia , has been reg a rd ed  b y  m a n y  as secondary  th o u g h  being , 
a c tu a lly , th e  v e ry  in s tan ce  of p rim ary  th ro m b o c y to s is  of unknow n o rig in , w ith  
h igh  p la te le t co u n ts , fre q u e n tly  over 1 ,000 ,000; tlu o m b o cy to sis  is th e re fo re  
n o t  n ecessarily  secondary .)

M a l l a r m é  an d  A u z é p y  [23] d isce rn ed  th e  following g ro u p s : 1. po ly 
c y th a e m ia  v e ra ; 2. th ro m b o cy to sis  d u e  to  sp lenectom y or a t ro p h y  o f th e  
sp leen ; 3. ch ron ic  g ran u lo cy tic  le u k a e m ia ; 4. m yelofibrosis w ith  m yelo id  
m e ta p la s ia ; 5. “ essen tia l”  th ro m b o c y th a e m ia , i.e. th e  ac tu a l H T  sy n d ro m e ;
6. th ro m b o cy to s is  associa ted  w ith  in fec tio n s , m a lig n an t d isease, sarco idosis , 
b lood  loss, etc.

G roups 1, 3, 4, an d  5 m erge to d a y  in to  th e  so-called m y e lo p ro life ra tiv e  
sy n d ro m e  [24]. T h is also includes p a th o g e n e tic a lly  th e  H T w h ich  h a s  been 
f ig u rin g  u n til  re cen tly  or even to d a y  as essen tia l, p rim ary  o r  id io p a th ic . 
O n th e  w hole, H T  is reg a rd ed  to d a y  as a d is tin c t clinical sy n d ro m e  r a th e r  
th a n  as a c lear-cu t p a th o g en e tic  e n t i ty  [3, 4 , 5, 6, 25, 26, 27].

O z e r  e t al. [4] follow  th e  s tr ic te s t  lines in  th e  diagnosis o f  H T . In  th e ir  
v iew , d is tin c tio n  of H T  w ith in  th e  m y elo p ro life ra tiv e  syn d ro m e re s ts  upon 
th e  follow ing c rite r ia : a)  h aem o rrh ag ic  ep isodes coupled in m a n y  in stan ces 
w ith  a ten d e n c y  to  th ro m b o sis ; b) th e  sp leen  m u st be p reserv ed  a n d  be  no t 
sm alle r th a n  n o rm a l; c)  an e ry th ro c y te  c o u n t less th a n  6 ,000 ,000 , haem o 
globin  less th a n  18.0 g p e r 100 m l, a le u co cy te  co u n t of less th a n  50 ,000 , a p la te le t 
c o u n t p e rs is te n tly  over 800,000; d )  m e d u lla r  panm yelosis w ith  p re d o m in a n t 
m eg ak ary o cy to sis  an d  agg rega ted  p la te le ts ;  e)  absence of le u k a e m ic  in filtra -
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t io n . T he au th o rs  s tre s s  th e  th e rap eu tic  s ig n ifican ce  of s tric t d iffe re n tia tio n . 
A s to  criterion  b) ,  th e  sp leen  in  E pstein ’s [28] second  case was a tro p h ic  a n d  
le d  th e  au th o r to  a ssu m e  a  “ splenic su b fu n c tio n ” . T here  are several cases co n 
s is te n t  w ith  H T  a n d  a sso c ia te d  w ith  an en la rg e d  sp leen  and  even cases w h ere  
th e  spleen had  been  re m o v e d  p rio r to  th e  o n se t o f  th e  sym ptom s. T h ro m b o sis  
o f  th e  splenic vein  (BANTi-like syndrom e) w h ich  h as  been th e  in d ic a tio n  fo r 
sp len ec to m y  in m a n y  in s ta n c e s , m ay h av e  b e e n  th e  earliest m a n ife s ta tio n  
o f  H T  [17, 29, 30]. A cco rd in g  to  th e  p re se n t v iew , how ever, th e  p a r t  p la y e d  
b y  hyposp len ia  or a sp le n ia  in  the  m y e lo p ro life ra tiv e  syndrom e lies in  e n h a n c 
in g  i ts  progress r a th e r  th a n  in  in itia tin g  it. I t  m a y  p ro b ab ly  fav o u r th e  p rocess 
o f  tra n sfo rm a tio n  as su g g e s te d  b y  th e  re la tiv e  fre q u e n c y  of H T fo llow ing  th e  
sp len ec to m y  in cases o f  m y e lo id  m etap lasia  [27, 31], or, on th e  fa ith  o f c e r ta in  
o b se rv a tio n s  [25], i t  m a y  b e  responsible fo r  th e  conversion of n o n -h aem o r- 
rh a g ic  H T  in to  its  h a e m o rrh a g ic  form . I t  is th e re fo re  fe lt th a t  th e  second  
c r ite r io n  laid dow n b y  Ozer  should  be co nsidered  in  th e  lig h t of these  o b se rv a 
tio n s .

O bviously, i t  is e sse n tia l to  d iffe ren tia te  H T  from  m eg ak ary o cy tic  or 
m eg ak a ry o b la s tic  le u k a e m ia  w hich is an  e n tir e ly  d ifferen t process, c losely  
re la te d  to  acu te  m y e lo id  leu k aem ia  and  g e n e ra lly  u n a tte n d e d  b y  th ro m b o 
c y to s is  [5].

T h e  aspects o u tlin e d  ab o v e  show th a t  o u r  Cases Nos. 1 and  2 m e e t th e  
d iag n o stic  criteria , th o u g h  in  th e  f irs t th e  sp leen  w as som ew hat sm alle r th a n  
n o rm a l an d  th e  le u c o c y te  co u n t exceeded 50 ,000 . T h e  absence of leu k a e m ia  
w as confirm ed  a t  a u to p s y . In  our Cases N os. 3 a n d  4 th e  spleen h a d  b een  
re m o v e d  earlier an d  i t  re m a in s  a m a tte r  fo r sp e c u la tio n  w hether we a re  j u s t i 
f ie d  in  considering th e  sp len ic  vein th ro m b o sis  fo r  w hich th e  o p e ra tio n  h as  
b een  u n d e rta k e n  as th e  e a r lie s t sign of H T .

In  all four cases th e  ten d e n c y  to  h a e m o rrh a g e  w as th e  m ost consp icu o u s 
fe a tu re . The occurrence o f  g astro in te s tin a l o r g in g iv a l haem orrhage, é p is ta x is , 
m en o rrh ag ia  as w ell as su rg ica l haem orrhage co rresp o n d s to  th e  f in d in g s  o f 
o th e r  observers. P u rp u ra  o r  in tra a r tic u la r  h a e m o rrh a g e  an d  ex tensive h a e m a - 
to m a s  ch a rac te ris tic  o f  h aem o p h ilia , were likew ise  ab sen t.

T h e  cu rren t v iew s reg a rd in g  th e  pathogenesis  o f th e  bleeding tendency  
a sso c ia ted  w ith  H T  m a y  b e  resum ed  as follow s.

1. The p la te le ts  a re  assum ed  to  be d e fec tiv e  in  function  as w ell as a b 
n o rm a l in  num ber, f i r s t  o f  a ll as regards th e ir  throm boplastic  function  e ssen tia l 
to  th e  process of c lo tt in g  (in tr in s ic  p la te le t d e fec t) .

2. P la te le ts  in  H T  d isp la y  an abnorm al b e h a v io u r  in  vitro a t  h ig h  co n 
c e n tra tio n s  only. A t p h y sio lo g ica l levels, fo r in s ta n c e  in  th e  th ro m b o p la s tin  
g e n e ra tio n  te s t a f te r  d ilu tio n  o f  th e  p la te le t c o m p o n e n t, th e ir  function  b ecom es 
n o rm a l. I t  is th ere fo re  b e lie v e d  th a t  a t h igh  p la te le t  levels th e  effect o f  an  
a n tic o a g u la n t fac to r b eco m es m anifest.
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3. T he ten d en cy  to  h aem o rrh ag e  or th e  m ino r h aem o rrh ag ic  ep isodes 
are a sc rib ed  to  som e plasm atic  c o ag u la tio n  defect in s tead  of th e  p la te le ts .

4 . T hrom bosis of th e  sm all vessels lead in g  to  in fa rc tio n , vessel-w all in ju ry , 
an o x aem ic  haem o rrh ag es in consequence  of d is tu rb e d  local b lood  su p p ly , h av e  
also been  in c rim in a ted , in th e  sam e w ay  as a generalized  v ascu la r  fra g ility .

A d  1 and  2

B etw een  th e  tw o ex trem e  v iew s, i.e. th e  p la te le ts  reg a rd ed  as be ing  
co m p le te ly  n o rm al in  fu n c tio n  a n d  v ice v ersa , as being co m p le te ly  dev o id  of 
a n y  c lo ttin g  c a p ac ity  (Sied e  [32 J), th e re  are  v a rious op in ions. Sie d e  fo u n d  
a red u ced  te n d e n c y  to  ag g lu tin a te  o f th e  p la te le ts  assoc ia ted  w ith  m ark ed  
an iso cy tosis . W hile th e  m orpho log ica l a b n o rm a litie s  of th e  p la te le ts  h a v e  been 
m en tio n ed  b y  num erous a u th o rs , in v es tig a tio n s  in to  p la te le t fu n c tio n s  h av e  
been re la tiv e ly  scarce. Macpherson  [33] h ad  n o ted  on ly  a red u ced  p la te le t  
adhesiveness w hich , how ever, has n o t  been  confirm ed  b y  o th e rs  [34].* B igelow  
fo u n d  th e  se ro to n in  co n ten t o f th e  p la te le ts  ab n o rm ally  low  [35] a n d  th o u g h t 
th a t  th is  w as to  accoun t fo r a su p p o sed  v aso co n stric tiv e  defic iency . T h is 
a ssu m p tio n  is n o t v e ry  conv incing ; i t  is fo r in s tan ce  a t  v a ria n c e  w ith  th e  fa c t 
th a t  a red u c tio n  of th e  se ro ton in  lev e l en ta ils  no d is tu rb an ce  o f h aem o sta s is . 
T he c lo ttin g  fu n c tio n  of th e  p la te le ts  seem ed to  be a m ore p ro m isin g  to p ic  
o f re sea rch . T he T G T -values f irs t  s tu d ie d  in H T b y  H ardisty  an d  W olff [3], 
p o in t to  a defic iency  in p la te le t fu n c tio n . T he find ings o f Spaet  [1] confine 
th is  a b n o rm a lity  to  co n cen tra ted  p la te le t  suspensions, a d e q u a te  d ilu tio n  of 
w hich resu lts  in norm al T G T -valucs. H e even show ed th a t  n o rm a l p la te le ts  
b e h av e  ab n o rm a lly  in c o n c e n tra ted  suspensions; th is  was la te r  co n firm ed  b y  
K oller an d  B ounam eaux  [361. T hese  find ings suggest t h a t  th e  p la te le ts  
can  in h ib it  coagu la tion  w hen th e y  a re  in  excess. In  27 cases o f H T  rev iew ed  
b y  So ulier  e t al. [37] n o rm al T G T -figu res, as well as v a lu es  p o in tin g  to  an  
a lte re d  p la te le t  fu n c tio n  m ay  e q u a lly  be  found . T here  w ere n o t  o n ly  s u b 
s ta n t ia l  in d iv id u a l d ifferences, b u t  th e  sam e p a tie n ts  y ie ld ed  d iffe re n t re su lts  
on v a rio u s  occasions. Suggestive ev idence in  fav o u r o f th e  su rm ised  a n t i 
c o a g u la n t effect was b ro u g h t b y  B aumgartner an d  V uille  [3 8 ]; H iepler  
[39] even  w en t so fa r as to  co n n ec t th e  in h ib ito ry  effect w ith  th e  iso la ted  
a lp h a -g ra n u lo m er frac tion  c o n ta in in g  th e  3rd  p la te le t fa c to r . P erlick  [40] 
cou ld  d e m o n s tra te  an  in h ib ito ry  e ffec t on ly  in  th e  p a tie n ts ’ p la te le ts . An 
in h ib ito ry  effect w as d em o n strab le  in  b o th  our cases Nos. 1 a n d  2. W e m u s t 
n o t fo rg e t t h a t  w h a t we ex am in ed  w ere dam aged  p la te le ts ; i n ta c t  ones w ould  
be m o st u n lik e ly  to  d isp lay  an  in h ib ito ry  effect (H iepler  [3 9 ]).

* R ecen tly , Cronberg e t al. (S can d . J .  H a em a t. 1965. 2., 208) h av e  fo u n d  defec tive  
p la te le t  adhesiveness in  H T  by  an  in  v itro  te s t .  H ow ever, th e  absolute n u m b ers  o f a d h e 
s iv e  p la te le ts  w ere in  every  case in  o r a b o v e  th e  n o rm al range.
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I t  m u st be  s tre sse d  th a t ,  in  ag reem en t w ith  o th e r  observ a tio n s, th e  
co ag u la tio n  a b n o rm a lity  ceases para lle l w ith  th e  n o rm aliza tio n  o f th e  p e r ip h 
e ra l p la te le t c o u n t. T h is w ould  he a case in  s u p p o r t o f th e  in h ib ito r  th e o ry . 
O n th e  o th e r h a n d , in  ag reem en t w ith  Spaet  [1] we f in d  i t  h a rd  to  believe 
t h a t  th e  excessive n u m b e r  of p la te le ts  sh o u ld  fa il to  m ak e  up  fo r a p a r t ia l  
p la te le t  defect.

A d  3

R ed u ctio n  in  th e  leve l o f p rac tica lly  a ll o f th e  p lasm a coagu la tion  fac to rs  
h a s  b een  reco rded  b y  one or several a u th o rs , th e  a b n o rm a lity  h av in g  been  
a sc rib ed  b y  ce rta in  in v e s tig a to rs  to  a d is tu rb e d  p ro d u c tio n , b y  o th e rs  to  an  
in c rea sed  u tiliz a tio n . T h e  n o tio n  o f “ co n su m p tio n  co ag u lo p a th y ”  as conceived 
b y  L e v in  [41] has b een  b u il t  upon  th e  a ssu m p tio n  th a t  m ino r th ro m b i, th o u g h  
c lin ica lly  u n n o ticed , give off c lo ttin g  co m p o n en ts  re leased  from  m assive 
p la te le t  agg lom erates in to  th e  s tream in g  b lo o d , th is  re su lts  in  a co n sum ption  
o f fib rinogen , p ro th ro m b in , and  possib ly  o f  o th e r  fac to rs . This m echan ism  
w ould  seem to  a c c o u n t fo r  th e  h aem o rrh ag ic  episodes.

E x ten siv e  s tu d y  w ith  th e  TG T has shed  lig h t on th e  d isorders of th e  
e a r ly  phase  of c o ag u la tio n . R educ tion  in  fa c to rs  V I I I  (A H G ) an d  IX  (PTC) 
w as d em o n strab le . A b n o rm a l T G T -values in d ic a tiv e  o f a red u c tio n  in  fac to r  
X I  (PTA ) have been  fo u n d  in  our second case. T h is is th e  f irs t  such case to  our 
know ledge. The m in o r red u c tio n  in  th e  a c t iv i ty  of th e  coagu la tion  fac to rs  m u st 
be  so u g h t in  a fa ilu re  o f th e  op tim a l p la te le t  c o n c e n tra tio n  w hich is supposed  
to  b e  n ecessary  fo r th e ir  a c tiv a tio n , w hereas th e  p ro d u c tio n  o f th ese  fac to rs  
seem s to  be u n d is tu rb e d  [43, 44]. T he presence  of a n tith ro m b o p la s tin  has been 
d e m o n s tra te d  re p e a te d ly  b y  P erlick [40].

E vidence  o f a p la sm a  ab n o rm a lity  is n o t  u n co m m o n , b u t  th e  defec t is 
s lig h t an d  b y  no m ean s  co n sis ten t. As soon as th e  p la te le t  co u n t falls below  
500,000, th e  n o rm a l co n d itio n s are  re s to red .

A d  4

O f all co n jec tu res  as to  th e  possible causes o f haem o rrh ag e  in  H T , th a t  
of v a scu la r  origin is th e  le a s t  convincing. To beg in  w ith , th e  clinical ty p e  of 
h aem o rrh ag e  w idely  d iffe rs  from  th a t  a sso c ia ted  w ith  increased  v ascu la r 
f ra g ility . The la b o ra to ry  fin d in g s an d , above all, th e  to u rn iq u e t te s t ,  show , 
a p a r t  from  ex cep tio n a l cases, no a b n o rm a lity . L ocal d is tu rb an ces  of b lo o d  
su p p ly  can n o t be ru le d  o u t w ith  ab so lu te  c e r ta in ty , n ev erth e less  i t  is m o st 
u n lik e ly  th a t  th e  co m m o n  p ro lo n g a tio n  of b leed in g  tim e  shou ld  be of v a scu la r  
o rig in , th e  less so as, j u s t  lik e  th e  o th e r defec ts , i t  is re s to re d  to  n o rm al as soon 
as th e  p la te le t c o u n t h a s  fa llen  below  a c e r ta in  level. ( In  fa c t, th e  n u m b e r of 
co n d itio n s  in w hich p ro lo n g a tio n  of b leed ing  tim e  fin d s no o th e r  e x p lan a tio n  
th a n  v ascu la r  a b n o rm a lity , has sh ru n k  to  a low  fig u re , if  n o t  to  zero, as m ore
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an d  m ore o f th ese  anom alies are b e ing  fo u n d  to  be  corrigible b y  one  o r th e  
o th e r o f th e  p lasm a fac to rs  or by  p la te le ts . I t  is a question  w h e th e r th e re  is 
an y  basis  fo r th e  co n cep t of “ v ascu la r p seu d o h aem o p h ilia”  [46].)

On th e  ev idence o f th e  l i te ra tu re , b leed in g  tim e  is p ro longed in  60 to  
70 p e r cen t of th e  cases w ith  H T , p a r t ic u la r ly  w hen Ivy ’s m eth o d  is b e in g  
used. T he o th e r  c u rre n t m ethod , t h a t  of D u k e , is less sensitive [47]. B leed in g  
tim e  w as p ro longed  in  th ree  ou t o f o u r fo u r  cases, in  th e  fo u rth  i t  w as a t  th e  
u p p e r lim it o f n o rm al. T he theo ries o u tlin e d  ab o v e  fail, how ever, to  ex p la in  
th e  cause o f th is  ab n o rm a lity  an d  here  w e h a v e  arriv ed  a t th e  c ru c ia l p o in t 
of o u r d iscussion.

T he m o st co n sis ten t h ae m o sta tic  fe a tu re  o f H T  is th e  in creased  p la te le t  
co u n t fa r  in  excess o f n o rm al va lues, a sso c ia te d  w ith  q u a n tita tiv e  a n d  p e rh a p s  
q u a lita tiv e  changes of th e  th ro m b o p la s tic  (co ag u lan t) p la te le t fac to r . B leed ing  
tim e  is u su a lly  pro longed . On th e  ev idence  o f th e  TGT, the  excessive  m ass 
of p la te le ts  d isp lays an  a n tic o a g u la n t e ffec t, b u t  th e  global c lo tt in g  te s ts  
(co ag u la tio n  tim e , p ro th ro m b in  c o n su m p tio n ) a re  w ith in  th e  n o rm al ra n g e  an d  
th e  v a sc u la r  fra g ility  te s ts  are also n e g a tiv e . T h e  ty p e  of h aem o rrh ag es a re  n o t 
p u rp u ra -lik e , n e ith e r  do th e y  show  a n y  sign o f  th e  coagulopath ies. T h e y  ra th e r  
rem in d  of b leed ings associa ted  w ith  th ro m b a s th e n ia , th ro m b o c y to p a th ie s  an d  
VON W i l l e b r a n d ’s syndrom e (also co n sid ered  recen tly  a th ro m b o c y to p a th y ) , 
as reg a rd s  th e  p reva lence  of h aem o rrh ag es o f th e  m ucous m em b ran es, p a r t ic u 
la r ly  of th e  g a s tro in te s tin a l t r a c t ,  nose, g um s, m en o rrh ag ia , as well as o f  b leed 
ings asso c ia ted  w ith  surg ical or o th e r  in ju rie s . T h e  ac tu a l b leeding te n d e n c y  is 
closely co rre la ted  w ith  th e  p e rip h e ra l p la te le t  c o u n t and  less s tro n g ly , b u t  co n 
firm ed  b y  v a rio u s  observers, w ith  th e  b leed in g  tim e . In  th e  face o f  th is  ev i
dence th e re  is as l i ttle  ju s tif ic a tio n  to  a sc rib e  th e  haem orrhages in  th ro m b o - 
c y th a e m ia  to  a  co ag u lo p a th y , as th e re  w ou ld  be to  connect th e  p ro lo n g ed  
b leed ing  tim e  w ith  a coagu la tion  a b n o rm a lity . T here  is m ore rea so n  to  seek 
th e  cause  o f  p ro longed  b leeding tim e , a n d  o f  th e  consequent h a e m o rrh a g es  in 
som e d efec t o f p r im a ry  h aem ostasis  w h ich  concerns th e  p la te le ts  a lo n e  leav in g  
th e  p la sm a tic  c lo ttin g  system  o u t of c o n s id e ra tio n .

Since i t  w as show n by  Z u c k e r  [48] in  1947 th a t  the  f ir s t  s te p  o f th e  
h a e m o s ta tic  reac tio n  ta k in g  place in  th e  sm all vessels was th e  a p p e a ra n c e  of 
a p la te le t  p lug  a t  th e  site  of th e  e n d o th e lia l dam age, th e  p a r t ic ip a tio n  an d  
decisive role in  haem ostasis  o f th e  p la te le t  sy s tem  has been c o n firm e d  and  
clarified  in  m a n y  o f its  aspects b y  ex te n s iv e  s tu d ies  (L üscher  [49], Z u c k e r  
an d  B o r r e l l i  [50], R oskam an d  his school [51, 52, 53], Ow r e n  a n d  h is school 
[54, 55, 56, 57], Sh a rp  [58], Sp a e t  [59], e tc .)

T h e  g rap h  co n stru c ted  acco rd ing  to  H e l l e m  and  Ow r e n ’s sch em e  illus
t r a te s  th e  d y n am ic  concep t o f p la te le t  fu n c tio n s .

A fte r  in ju ry  to  th e  en d o th e lia l cells, th e  p la te le ts  adhere to  th e  ra w  su r
face  of collagen fib res . L ittle  is kn o w n  a b o u t th e  m echanism  o f th is  process.
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I t  is, how ever, c e rta in  t h a t  i t  in v a riab ly  occu rs as th e  firs t step  of h aem o sta s is  
even  in  patho lo g ic  co n d itio n s, w ith  th e  e x c e p tio n  of th ro m b o c y to p e n ia . 
D a m a g e d  cells, c o n seq u en tly  also d am ag ed  p la te le ts , release ad en o sin e  d i
p h o s p h a te  w hich, to g e th e r  w ith  o ther fa c to rs , causes a reversible p la te le t aggre
g a tio n  (F ig . 1 ) .  T his process fails to  a p p e a r  in  th ro m b o asth en ia , in  W i l l e -

platelets

(unknow n m ec h an ism )

p r im a ry
h a em o sta s is

adhaesion-------------- > —  A D P
Ca

_<____________ ___  a n ti-W ille b ra n d  fa c to r

— p la te le t-p ro p e r ty

reversible
aggregation  ----------------------------------------------------

th ro m b in
____________  (p la te le t-a tm o sp h .)

“in  vivo adhesive”  
platelet-count

se c o n d a ry
h a e m o sta s is

irreversible
aggregation  ----------------------------------------------

(v iscous
m etam o rp h o s is ,

c o n tra c tio n )
th ro m b in  (p la sm a - 

_______________ clo tting)

blood-clot

assay o f  bleeding tim e

F ig . 1. T h e  ro le o f p la te le ts  in  p r im a ry  haem ostasis

b r a n d ’s disease, an d  in  c e rta in , m ostly  a c q u ire d , th ro m b o cy to p a th ie s , p a r t ic 
u la r ly  in  cases caused  b y  m acrog lobu linaem ia. A th ro m b ia  was th e  o tig in a l 
te rm  ap p lied  to  th is  an o m a ly  b y  F r a n k  [61], in  1925. In  the  process re p re s e n t
ing  th e  f ir s t  s tep  o f p r im a r y  haem ostasis  no  c lo tt in g  m echanism  is in v o lv ed . 
I t s  d is tu rb a n c e  re su lts  in  a p ro lo n g a tio n  o f  th e  b leed ing  tim e. E x a m in a tio n  
o f th e  in  v ivo  p la te le t  adhesiveness or p e rh a p s  m ore  ex ac tly  of th e  p la te le t  
a g g re g a tio n  or p la te le t  co n su m p tio n  in  v ivo ,  d esc rib ed  recen tly  b y  B o r c h - 

G R E V I N K  [14] is b e s t su ite d  fo r th e  s tu d y  o f  th is  p h ase . In  fa c t i t  has d e f in ite  
p ra c tic a l  ad v a n ta g e s  o v er th e  various in  v itro  ag g reg a tio n  and  adhesion  te s ts .

T h e  n e x t  s tep  o f haem o stasis  is t h a t  o f  irreversib le  aggregation, v iscous 
m e tam o rp h o sis  a n d  c o n tra c tio n  of p la te le ts . In  th e  course of th is  p rocess th e  
p la te le t  p lu g ,w h ich  a t  f ir s t  h a sb e e n p e rm e a b le ,a c q u ire s  a firm ness an d  becom es 
im p e rm eab le  to  b lood . T h is is th e  second s te p  o f  p r im a ry  haem ostasis , w h ich , 
a cco rd in g  to  th e  genera l be lief, requires th e  p resen ce  of th rom bin  in  m in im a l 
a m o u n ts . B u t th e  source o f th is  th ro m b in  is n o t  a n d  c a n n o t even be th e  p la sm a
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a t  th is  s tag e , since i t  is on ly  a t  th e  te rm in a l p h ase  of viscous m e tam o rp h o ses , 
upon  th e  v e ry  effect o f th ro m b in , w hen th e  c lo tt in g  fac to r  of in trin sic  th ro m b o 
p la s tin  is lib e ra ted  from  th e  p la te le ts  to g e th e r  w ith  o th e r su b stan ces . I t  is 
d ifficu lt to  acco u n t fo r th e  p resence (tho u g h  in  tra c e s)  of a su b stan ce  a t  a stage  
w hen i t  c an n o t y e t be  possib ly  form ed in  th e  re g u la r  w ay. O w r e n  e t  al. h av e  
p ro v id ed  an  answ er to  th is  question  b y  d e m o n s tra tin g  th a t  th e  req u ired  
a m o u n t o f th ro m b in  is fo rm ed  on th e  su rface  o f  th e  p la te le ts , in  th e  p la te le t  
a tm o sp h ere , u n d e r th e  e ffec t of e ith er in tr in s ic  o r ex trinsic  fac to rs . M assive 
am o u n ts  o f a n tic o a g u la n ts  a re  necessary  to  b lo ck  th is  m echanism  w h ich  p ro 
ceeds n o rm ally  fo r in s ta n c e  in haem oph ilia  a n d  in  th e  m a jo rity  o f  coagu lo 
p a th ie s . T h is is th e  reason  w hy  in th e  la t te r  ty p e s  th e  bleeding tim e  is n o rm al 
th is  be ing  a re liab le  in d ic a to r  of th e  w hole p rocess of p rim ary  h aem o sta s is .

W hen  reversib le  agg rega tion  is u n d is tu rb e d , as confirm ed b y  in  vivo  
te s ts , b u t  b leed ing  tim e  is pro longed , th e n  th e  second  phase m u st be d efec tiv e . 
T h is is p ro b a b ly  th e  case in  certa in  co n g en ita l th ro m b o p a th ie s , as fo r  in s ta n c e  
in  B e r n a r d  —  S o u l i e r ’s disease w here, a t  le a s t  on th e  evidence o f  in  v itro  
te s ts , a d h es iv ity  a n d  ag g reg a tio n  are n o rm a l. I f  th is  can be co n firm ed  in  vivo  
th e n  th e  cause of th e  p ro lo n g a tio n  of b leed in g  tim e  m ust be so u g h t in som e 
a b n o rm a lity  of th ro m b in  p ro d u c tio n . T his a lso  app lies to  ex cep tio n a lly  severe 
cases of haem o p h ilia  [62] an d  to  ce rta in  in d u ced  coagu lopath ies, e.g . b y  
m assive doses o f h e p a rin  o r d ex tran  su lp h a te . O n ly  scan ty  o b se rv a tio n s  ex ist 
concern ing  th e  co n g en ita l haem orrhag ic  a b n o rm a litie s  associated  w ith  a p ro 
longed b leed ing  tim e  a n d  no rm al p la te le t ag g reg a tio n  in  vitro  a n d  in  v ivo , 
w here p la te le t tra n sfu s io n  — applied  ex ju v a n t ib u s  — resu lted  in fu ll co rrec
tio n  [63].

S econdary  h aem o stas is , th e  role o f w h ich  is to  p ro tec t an d  to  secure 
p rim a ry  h aem o stasis , invo lves th e  p la sm a tic  c lo ttin g  system .

R e tu rn in g  to  th e  p ro longa tion  of b leed in g  tim e  in  H T, i t  m a y  now  be 
a t te m p te d  to  localize th e  defect. The n u m b e r  o f p la te le ts  is am p ly  su ffic ien t 
fo r adhesion  an d  ag g reg a tio n . I t  could be a sc e r ta in e d  in our cases t h a t  ag g reg a
tio n  in  vivo  w as d u ly  ach ieved  and th a t  th e  n u m b e r of p la te le ts  fo rm in g  the  
p lu g  was excessive. (To o u r know ledge, th is  a sp e c t of H T  has n o t been  in v e s ti
ga ted .) O n th e  g rou n d s o f assays in  v itro , th e  fa c to rs  requ ired  by  v iscous m e ta 
m orphosis show  no a b n o rm a lity , likew ise, th e re  is no suggestion of a n y  c ircu m 
stan ce  in te rfe rin g  ab ovo  w ith  th e  p ro d u c tio n  o f th e  requ ired  a m o u n ts  o f th ro m 
b in . N evertheless, we h av e  every  reason to  believe th a t  th e  a b n o rm a lity  in 
volves th e  second p h a se  of p r im a ry  h a em o sta s is ,  presum ing  th a t  th e  aphysio - 
logic, m assif p la te le ts  e n ta il an u n d esirab le  sh ift in the  o p tim a l re la tio n  
betw een  p la te le t p lug  a n d  th ro m b in -su p p ly . T h is question  is b y  no m eans 
solved, all we know  is th a t  for som e re a so n , p ro d u c tio n  of an  im p erm eab le  
p la te le t p lug  capab le  o f sealing  up  th e  sm all vessels fails to  be fo rm ed  in  m ost 
cases o f H T.
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In  H T  the  seco n d a ry  h aem ostasis , in  o th e r  w ords, th e  co ag u la tio n  process 
m a y  also be affected . A t h ig h  co n cen tra tio n s , th e  p la te le t-p h o sp h o lip id s  m ay 
h a v e  a local in h ib ito ry  e ffec t on th e  p ro d u c tio n  o f th ro m b o p la s tin , fo r  w hich  
re a s o n  fo rm ation  of th e  d e fin itiv e  clot m a y  be delayed . This p ro b a b ly  p lay s 
a p a r t  in  surgical o r t r a u m a t ic  haem orrhages in c lu d in g  rebleedings. C o ag u la tio n  
s tu d ie s  in  vitro u su a lly  fa il to  d e te c t th is  a b n o rm a lity , in  all p ro b a b ility  b ecau se  
th e  m ed ium - an d  c o n c e n tra tio n  re la tio n sh ip s  as well as th e  tim e  fa c to r  are 
q u i te  d iffe ren t in  vivo.

T h e p a r t  p lay ed  b y  p la te le ts  in  th e  process o f  haem ostasis is now  g en era lly  
reco g n ized , b u t n o t y e t c le a r  in  all its  a sp ec ts . In q u iry  in to  th e  h aem o rrh ag es  
a s so c ia te d  w ith  H T  m a y  p ro v id e  fu r th e r  in fo rm a tiv e  evidence.
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CHANGES IN CEREBRAL ELECTRICAL ACTIVITY IN 
EXPERIMENTAL HYPEROXIA

B y

I. Szám, I lona  N ik o l it s  and f  G. Gottseg en

F O U R T H  D E P A R T M E N T  O F  M E D IC IN E  (D IR E C T O R : P R O F , f  G. G O T T S E G E N ) 
a n d  IN S T IT U T E  O F  P A T H O P H Y S IO L O G Y  (D IR E C T O R : P R O F . J .  SÓ S), U N IV E R S IT Y  M E D IC A L  S C H O O L ,

B U D A P E S T

(R ece iv ed  A pril 15, 1965)

E lec tro en cep h alo g ram s m ade  w ith  th e  use  o f im p lan ted  c o rtica l e lec tro d es  o f 
ra ts  exposed to  O , a t  3.7 a tm . p ressu re  rev ea led  gross, non-specific changes in  freq u en cy  
an d  am p litu d e , as well as spikes. T hese  changes p resen ted  them selves b e fo re  a n y  change 
in  re sp ira tio n  or card iac  ac tio n  h ad  becom e a p p a re n t, and  before th e  f i r s t  p h a se  o f p u l
m o n ary  oedem a h ad  se t in ; a t  th a t  tim e  a r te r ia l  0 2 sa tu ra tio n  w as still n o rm a l. A b so rp 
tio n  of exhaled  C 0 2, i.e. p re v en tio n  of re b re a th in g  i t ,  delayed th e  E E G  ch an g es an d , 
to  som e e x te n t, w ard ed  off sp ike  p o ten tia ls . — Im p a ired  cerebral a c t iv i ty  is  th e  f irs t  
sy m p to m  of 0 2 poisoning.

T he p a th o m ech an ism  o f lesions e lic ited  b y  high p ressu re  0 2 s till  aw aits  
c la rifica tio n . Some a u th o rs  have  s tressed  th e  cau sa tiv e  role o f local p u lm o n a ry  
d am ag e  [18, 21, 24, 26, 27, 28, 29], im p a ired  p u lm onary  c irc u la tio n  o r r ig h t 
v e n tr ic u la r  h e a r t fa ilu re  [6]. O th e rs  im p lica te  th e  n eu roendocrine  sy s te m  [3, 
4 ], a n d  y e t o thers in c rim in a te  th e  ce n tra l n erv o u s system  [17] on th e  g rou n d s 
t h a t  exposure  to  high p ressu re  oxygen  is know n  to  give rise to  sp asm s, o p is th o 
to n u s , a ta x ia , an d  p a ra ly s is  of th e  ex tre m itie s  in  lab o ra to ry  a n im a ls . H is to 
logical changes occur in th e  ce reb ra l co rtex  a n d  th e  re ticu la r fo rm a tio n  o f such 
an im als . Since these  changes a p p e a r  before th e  p u lm onary  o edem a c h a ra c te r 
is tic  of oxygen poisoning, th e y  c a n n o t re su lt from  th e  asso c ia ted  re sp ira to ry  
fa ilu re  [15, 16]. E v idence  has also been  p ro d u ced  th a t  u n d er h igh  0 2 p ressu re , 
in h a la tio n  of 1.5 to  4 p e r cen t C 0 2 a g g rav a te s  sym ptom s an d  sh o rte n s  su rv iv a l 
[13, 34].

T he p resen t p a p e r re p o rts  on in v es tig a tio n s  in to  cerebral e le c tr ic a l a c tiv 
i ty  in  oxygen poisoning, th e  f irs t  ap p ea ran ce  o f changes in w ave p a t te rn ,  and  
th e  in fluence  ex e rted  on th e m  b y  th e  p resence  or absence o f C 0 2. T hese  are 
q u estio n s to  w hich th e  few  e lec tro -encepha log raph ic  stud ies to  b e  fo u n d  in 
th e  li te ra tu re  [10, 14, 33] h av e  fa iled  to  su p p ly  e lucidative an sw ers .

M ateria ls and  m ethods

Tw o fro n ta l and  tw o  occ ip ita l e lectrodes w ere b u ilt in  each  o f 29 a lb in o  ra ts  of 
110 to  250 g body  w eight. As soon as th e  w ounds h ad  h ealed , w hich took  5 to  7 d a y s , an  e lectro 
en cep h alo g ram  was m ade o f th e  conscious an im al u sing  a four-channel d ire c t-w ritin g  a p p a ra tu s . 
T h e  ex p erim en ts  p ro p er b eg an  w hen  th e  trac in g s  w ere found  to  have becom e n o rm al. Singly 
o r in p a irs , th e  ra ts  were th e n  p laced  in  a c h am b er o f 60-litre  cap ac ity  a t  3.7 a tm . 0 2 pressure .
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F ig . 1. E x p erim en ta l a r ra n g e m e n t a: Cage inside oxy g en  ch am b er, b: E lectrode  h o ld e r fix ed  
o n  th e  r a t ’s skull, c : Cables c o n d u c tin g  cerebral e lec trica l a c t iv ity ,  d: Cable te rm in a l box . e: 
E lec tro en cep h alo g rap h , f :  H y p e rb a r ic  oxygen ch am b er, g :  M an o m eter in d ica tin g  p re ssu re  

inside c h am b er, h :  O xygen cy linder w ith  p re ssu re  red u cto r

3 —4

5 —3

3 —4

1 '}2 -3 .

3 - 4

F ig . 2. E E G  of r a t  A K , o b se rv ed  fo r  120 m inutes in  c h a m b e r  co n ta in in g  air o f room  te m p e r
a tu re  a t  a tm ospheric  p re ssu re . I :  S ta r tin g  record. I I ,  I I I  a n d  IV : R ecords a t  30, 60 a n d  120 
m in u te s , respectively . F re q u e n c y  a n d  am plitude  changes w ith in  th e  J ;  15 per cen t ra n g e ;

spike discharges a b se n t

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



CHANGES IN CEREBRAL ELECTRICAL ACTIVITY 201

To p re v e n t in te r ta n g le m e n t o f th e  cables or d isco n n ec tio n  of th e  plug inside th e  c h a m b e r , th e  
an im als w ere im m obilized  in co m fortab le  p las te r bo x es lin ed  w ith  a soft m ate ria l a d ju s te d  to 
body  size. In  som e e x p erim en ts  th e  C 0 2 co n ten ts  o f th e  c h am b er were augm en ted  a r tif ic ia lly . 
In  o th ers , in  o rder to  s tu d y  th e  effect of C 0 2 defic ien cy , th e  exhaled  gas was freed  fro m  C 0 2 
by  m eans of 2000 g o f N aO H  an d  C aO H 2 spread  o v e r w ide  a rea s in  the  cham ber. A t th e  end 
of each e x p erim en t, th e  C 0 2 c o n te n ts  of th e  c h am b er  w ere de term ined  by  th e  S c h o lan d e r 
m eth o d . F ig . 1 p re sen ts  th e  d iag ram m atic  view o f th e  ex p e rim e n ta l a rran g em en t.

Fig. 3. E E G  of r a t  H 3 , exposed to  oxygen co n ta in in g  1.85 pe r cen t C 0 2 a t 3.7 a tm . p re ssu re . 
I: S ta r tin g  record . I I :  R ecord  m ade a fte r  exposure fo r  90 m in u te s  showing spike d isc h a rg e s  in 

all lead s an d  sign ifican tly  lo w ered  frequency

On th e  E E G  m ade before  beg inn ing  the  e x p e rim e n ts , several 6-sec curve se c tio n s  were 
an a ly zed , curve frequencies d e te rm in ed  by co u n tin g , a n d  th e  am plitudes m easu red . V alues 
fo u n d  fo r no rm al an im als w ere considered  100 pe r c e n t. E ac h  an im al was su b jec ted  to  c o n tin 
uous e lec tro -en cep h a lo g rap h y  th ro u g h o u t th e  e x p e rim e n t.*

T he sev e rity  o f p u lm o n a ry  oedem a was g ra d ed  o n  h isto log ical evidence as fo llow s.
+++ m eans oedem a e x ten d in g  to  m ore th a n  one  lobe, filling alveoli, b ro n ch i a n d  p e ri

v a sc u la r  spaces;
++ oedem a re s tr ic te d  to  one lobe;
4 focal lung  oedem a.
In  a d d itio n , se v e rity  w as de te rm in ed  by th e  re la tiv e  lung  weight

100 X lung  w eight 
b o d y  w eigh t

w hich was less th a n  1 fo r th e  in ta c t  and  m ore th a n  1 fo r th e  oedem atous lung.

* A lth o u g h  th e  changes in  w ave p a tte rn  w ere  m a rk e d , a tte m p ts  were m ad e  to  q u a lify  
th em  m ath e m a tic a lly . F re q u e n cy  analysis by  sim ple  co u n tin g  and  by F o u rie r’s m e th o d  w ith  
th e  use o f a n  U ra l I I  e lectron ic  co m p u te r, y ielded e sse n tia lly  th e  sam e d a ta . — T h e  a u th o rs  
wish to  th a n k  th e  C en tra l S ta tis tic a l Office, B u d a p es t, fo r perm ission to  use th e ir  c o m p u te r, 
and  Mr. B. H a jtm a n n , M a th em atic ian  of the  I n s t i tu te  o f  E x p erim en ta l M edicine, B u d a p e s t,  
fo r his co -o p era tio n  in  th e  stud ies .
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R esults

S ix  anim als each  w ere  fixed  f iim ly  in  a  given postu re  a n d  k e p t  for 
100 m in u te s  on th e  a v e ra g e  in  a dark  ch a m b e r, b re a th in g  air of room  te m p e ra 
tu r e  a n d  norm al p re ssu re , to  be stud ied  fo r  th e  effect of these  c o n d itio n s  on

2 -5

5 -3
V v гЛW v̂ vVvWЛYЧAv^v^V^v> A ^ Л ^ /И v^v,ч^V^^/V^V^«Дv^VV^^v*vД/^Лv//

'MЛvrt̂ «^'VvVVл̂ ,,'-^r^e\Л /^ A>YlAA‘-v^r4AY**wVMy/V

F ig . 4 . E E G  of r a t  R . 1.: S ta r t in g  record . I I . R eco rd  m a d e  a fte r  exposure fo r 70 m in u te s  to  
C O o-free О 2 a t 3.7 a tm . p re ssu re  show ing significant rise  in  freq u en cy  and decrease o f a m p litu d e . 
I I I .  A f te r  exposure for 150 m in u te s  spike discharges a p p e a r . IV : 24 hours a f te r  te rm in a tio n  of 

ex p o su re  to  oxy g en , cerebral a c t iv i ty  is again  norm al

c e re b ra l  electrical a c t iv i ty .  Spikes were a b s e n t  a n d  changes in  f re q u e n c y  an d  
a m p li tu d e  rem ained  w ith in  ^ 1 5  per cen t o f  th e  in it ia l  values (F ig . 2). In  s u b 
s e q u e n t  experim en ts, c h a n g e s  exceeding ^  15 p e r  cen t were on ly  co n sid e red  
p a th o lo g ic a l.

N ine anim als w ere  s tu d ie d  in p ressu rized  0 2 cham bers of h igh  (1.57 to  
3 .05  p e r  cent) C 0 2 c o n te n t . E E G  records w ere  m ad e  in  6 of th e m ; a ll show ed  
sp ik e s  an d  sign ifican t ch an g es  in frequency  a n d  am plitude , th o u g h  v a ry in g
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in d irec tio n  (F ig. 3). Sp ike p o ten tia ls  m ade th e i r  appearance  in one an im a l 
a f te r  50, in  th re e  a f te r  90, an d  in one each a f te r  105 and  160 m in u tes  o f  e x 
posu re  (Fig. 3 I I ) .  As seen in  T able I , in th e  an im a ls  sacrificed a f te r  90 to  
110-m inu te  exposu res, ce reb ra l e lectrical a c t iv i ty  w as dam aged  f i r s t  an d  
p u lm o n a ry  oedem a follow ed it. T he su rv iv ing  a n im a ls  developed g rave  p u lm o 
n a ry  oedem a.

In  a th ird  series o f experim en ts  an  a n sw er w as sough t to  th e  q u es tio n  
w h e th e r rem oval b y  a b so rp tio n  of th e  C 0 2 fro m  th e  cham ber w ould p re v e n t 
o r a t  least delay  th e  d is tu rb a n c e  in cerebral a c t iv i ty .  All th e  ra ts  su rv iv e d  th e  
exposu re  to  high p ressu re  0 2 for an  average  d u ia t io n  of 170 m in u tes . A t th e  
end  o f th e  ex p erim en ts  n o t  m ore th a n  0.03 to  0 .034 per cen t of C 0 2 w as fo u n d  
in  th e  gas sam ples ta k e n  from  th e  cham bers (T ab le  I). The E E G  of th e  s u r 
v iv o rs  revealed  changes in  frequency  and  a m p litu d e  exceeding ^ 1 5  p e r  c en t

Table I

Relative lung iveights, histology, and lim e o f  f i r s t  appearance o f  EEG changes

First appearance of

Exposure EEG Relative Pulmonary
Experim ent Animal tim e changes spikes lung histology N ote

(min) weight (oedema)

(min) (min)

H  1 160 100 160 1.32 + + sacrificed

R  1 90 22 50 1.24 + n

3.7 a tm  0 2 -f- R  2 110 100 105 0.52 ncg. n

1.57— 3.05%  C 0 2 R  3 100 90 90 0.59 „ n

H  3 90 90 90 0.63 „ и

R 5 105 75 90 0.87 « i l

101 180 90 a b se n t survived

3.7 a tm  0 2 C K H 180 90 a b se n t „

A K R 180 90 140 "

RB 150 70 150 I t

COo absorp tion SH 180 180 180 „

118 150 150 a b se n t

H  4 90 absent a b se n t survived

R  4 90 „ „ „

CK 90
Control

A K 120 ,, •>•> I t

H  7 75 n 11
R 6 125 ” n 11

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



204 I. SZÁM, I. NIKOLITS and G. GOTTSEGEN

o f  th e  in itia l values (F ig . 4 I I  an d  I I I ) .  S p ike  p o ten tia ls  ap p eared  in  h a lf  th e  
a n im a ls , an d  a fte r  an  av e rag e  exposure o f  158 m inu tes. T w e n ty -fo u r  hours 
la te r ,  freq u en cy  a n d  a m p litu d e  re tu rn e d  to  n o rm al, and  spike d isa p p e a re d  
(F ig . 4 IV).

A rte ria l 0 2 s a tu ra t io n  w as d e te rm in ed  a t  th e  150th  m in u te  o f th e  ex p e ri
m e n t ,  a n d  found  to  be  n o rm a l in  each  o f th e  8 an im als exam ined  (T ab le  I I ) .

Table II
Oxygen saturation o f arterial blood at 3.7 atm. oxygen pressure

Animal
No.

Blood sample 
taken  a t  min.

Relative 
lung weight

Pulm onary
histology
(oedema)

A rterial 0 2 
saturation, %

l 90’ 0.87 neg. 96

2 90’ 0.87 neg. 96

3 120’ 0.81 neg. 96.5

4 120’ 1.20 + 96

5 120’ 0.94 neg. 97

6 150’ 0.94 98

7 150’ 1.54 95

8 150’ 1.09 neg. 94

D iscussion

S tud ies of th e  effects o f  h igh p ressu re  0 2 h av e  progressively  g a in e d  in 
im p o r ta n c e  since h y p e rb a ric  oxygen has b een  used  for re su sc ita tio n  o f  th e  
n e w b o rn  [19], in  th e  t r e a tm e n t  of ce rta in  ty p e s  of poisoning, p r in c ip a lly  CO 
p o iso n in g  [32], an d  in  h e a r t  su rg ery  [21].

I n  th e  p resen t ex p e rim e n ts , in h a la tio n  o f  3.7 a tm . 0 2 was fo u n d  to  e x e rt 
an  a p p rec iab le  effect on th e  r a t ’s cerebral a c t iv i ty  in th e  early  p h ases  o f ex 
p o su re . W hen  th e  ra ts  b re a th e d  in  0 2 c o n ta in in g  1.57 to  3.05 p e r c e n t  C 0 2, 
th e  E E G  show ed s ig n ifican t changes in fre q u e n c y  a n d  am p litu d e  a f te r  ex p o su re  
t im e s  v a ry in g  betw een  22 a n d  100 m in u tes , a n d  in  all anim als th e re  a p p e a re d  
sp ik e  p o te n tia ls  sign ify ing  e x c ita tio n  of th e  c e n tra l nervous sy s tem . W hen  
th e  gas exhaled  b y  th e  an im a ls  w as freed  from  C 0 2, th e  a fo rem en tioned  s ig n ifi
c a n t  E E G  changes p re se n te d  them selves a f te r  exposure  tim es ra n g in g  from  
70 to  180 m inu tes, a n d  sp ik e  p o ten tia ls  a p p e a re d  in  only h a lf  th e  n u m b e r  
o f  r a ts .  T he E E G  show ed th e  ap p earan ce  o f chan g es w hen re sp ira tio n  r a te  and  
h e a r t  a c tio n  were still p e rfe c tly  norm al an d  convulsions absen t. A b so rp tio n  
o f  th e  ex h a led  C 0 2, i.e. p re v e n tio n  of re b re a th in g  it ,  delayed b u t  d id  n o t  w ard  
o ff  ch an g es  in  cerebral a c t iv i ty , w hich are o f course  non-specific. S uch  changes 
c o n s t i tu te  th e  f irs t sign o f 0 2 poisoning.

T h e  E E G  changes p reced ed  th e  onse t o f  p u lm o n a ry  oedem a c h a ra c te r 
is tic  o f  0 2 poisoning. T h is su p p o rts  our ea rlie r v iew , based  on d a ta  b e a r in g  on
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o th e r  problem s [15, 16, 34, 35], th a t  th e  c e n tra l nervous system  p la y s  an  im 
p o r ta n t  role in th e  pa th o g en esis  of h y p ero x ic  p u lm o n a ry  o ed em a; severe 
neu roh isto log ica l lesions [15] an d  tissue h y p e rc a p n ia  [34, 35] h a d  been  ob
served  to  develop in  r a ts  exposed  to  0 2 po isoning . T he E E G  in fo rm s early  
o f  d am age to  th e  c e n tra l n e rv o u s system  o ccu rrin g  du ring  th e  d e v e lo p m en t of 
ex p e rim en ta l p u lm o n a ry  oedem a.
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R E F L E X  IN  L Y M P H O G E N O U S  E N C E P H A L O P A T H Y
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SECOND DEPARTMENT OF MEDICINE AND INSTITUTE OF PHARMACOLOGY, UNIVERSITY MEDICAL SCHOOL,
SZEGED

(R ece iv ed  S ep tem ber 16, 1965)

1. C ervical ly m p h a tic  o b s tru c tio n  is follow ed b y  s ta tis t ic a lly  s ig n ifican t oscilla
tio n s o f blood p ressu re .

2. In  ly m p h o g en o u s en cep h alo p a th y , as opposed  to  no rm al co n d itions, th e  
p a in fu l s tim u lu s due to  co n ju n c tiv a l in stilla tio n  o f cap sa ic in  e lic its an  in creased  p ressor 
response an d  re s tr ic ts  th e  d u ra tio n  of b lepharospasm .

3. T he p h en o m en a  a re  a ttr ib u te d  to  d is tu rb an c es  o f th e  c en tra l v e g e ta tiv e  e q u i
lib rium  an d  to  m orpho log ic  d am ag e  suffered b y  c e r ta in  cen tra l ne rv o u s s tru c tu re s .

A rte ria l h y p e rten s io n  is a com m on o c c u n e n c e  in co n d itions associa ted  
w ith  increased  in tra c ra n ia l  p ressu re . N um erous p ap ers  concerned  w ith  th e  
pa thogenesis  of h y p e rte n s iv e  disease have q u o te d  th e  ex p e rim en ts  o f H e l l e r  
[ la ,  b ] w ho fo u n d  in c reased  b lood  pressure v a lu es  a f te r  ra ising  in tra c ra n ia l 
p ressu re  b y  th e  in tra c is te rn a l in jec tion  of kao lin . G r i f f i t h  [2 ]  n o t only  was 
aide to  rep roduce  th e se  re su lts  b u t  also to  th ro w  lig h t on th e  m echan ism  of 
increased  in tra c ra n ia l p ressu re . W hile, on th e  ev idence  o f ra d io g ra p h y , th o riu m  
d ioxide in jec ted  in tra th e c a lly  n o rm ally  ap p ears  in  th e  su b m a n d ib u la r  ly m p h  
g lands, th is  does n o t occur a f te r  th e  in tra c is te rn a l a p p lica tio n  o f kaolin  since 
th is  su b stan ce  b locks th e  ly m p h a tic s  d ra in in g  th e  su b a rach n o id  space. This 
o b se rv a tio n  h as, how ever, rem ain ed  u n n o ticed , an d  we could  find no re fe r
ence a t tr ib u t in g  a n y  consequence  to  th e  o b s tru c tio n  of th e  ly m p h a tic s  d ra in in g  
th e  su b a rach n o id  space.

The p re sen t a u th o rs  h av e  p roduced  a new  e x p e rim e n ta l e n ti ty  — 
“ lym phogenous e n c e p h a lo p a th y ”  — hy  liga tion  o f th e  cerv ica l ly m p h a tic s  and  
ly m p h  nodes. A m ong th e  fea tu re s  of th e  new  sy n d ro m e, increased  in tra c ra n ia l 
p ressu re , cereb ral oedem a an d  papilloedem a are  re le v a n t w ith  re sp ec t to  th e  
p re se n t s tu d ies  concerned  w ith  th e  b eh av io u r of b lood  p ressu re  in  ly m p h o g e
nous e n cep h a lo p a th y .

M ethods

22 m ongrel dogs of b o th  sexes w ere used. T he com m on ca ro tid  o f one side w as p rep ared  
th ro u g h  a m ed ian  cerv ica l incision  u n d e r  h ex o b arb ita l an ae s th es ia , an d  a p o ly e th y len e  c a th e 
te r  w as passed  in to  th e  a o r ta , to  allow  the  e lec tro m an o m etric  reco rd ing  of b lood  pressu re  by  
a H ellige-type  m u ltisc rip to r a p p a ra tu s  in th e  a le rt, free ly  m oving  an im al, as described  by 
T i iu rá n s zk y  [19].

In  13 an im als in se rtio n  o f th e  c a th e te r  was follow ed b y  lig a tio n  of th e  cerv ica l ly m p h a tic s  
an d  ly m p h  nodes, as d escribed  earlie r [13]. In  9 an im als th e  ly m p h a tic s  an d  ly m p h  nodes were 
exposed  b u t  n o t lig a ted . D a ily  m easu rem en ts  w ere c a rried  o u t

Acta Medica Academiae Scientiarum  Hungaricae Tomus 22 (3 — 4 ), pp. 207— 213 (1966)

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



2 0 8 M. FÖLDI, К. THURÁNSZKY and Ö. T. ZOLTÁN

1. of th e  resting  b lood  p re ssu re ;
2. o f th e  in te n s ity  a n d  d u ra t io n  of th e  p resso r response  e lic ited  b y  th e  co n ju n c tiv a l 

in s t i l la t io n  of a 0.5 pe r c en t so lu tio n  o f capsaicin . T he d u ra tio n  of b lep h a ro sp asm  w as also 
r e c o rd e d . In  norm al an im als  in tra c o n ju n c tiv a l  in s tilla tio n  o f cap saic in  re p re se n ts  a strong  
c h e m ic a l p a in  stim ulus w hich  c o n s is te n tly  elicits a  d is tin c t e lev a tio n  o f b lood  p ressu re  and 
b le p h a ro sp a sm  w ith o u t a n y  d a m a g e  to  th e  tissues [20].

T h e  d a ta  o b ta in ed  w ere e v a lu a te d  s ta tis tica lly .*  Since th e  tech n iq u e  u sed  m ade  non- 
su rg ic a l  b lood  pressure  read in g s  im p o ssib le , th e  an im als w ith  lym p h o g en o u s e n ce p h a lo p a th y  
w e re  co m p ared  w ith con tro ls su b je c te d  to  a  sham  o p era tio n .

R esults

B lood  pressure w as fo u n d  to  oscillate d u rin g  th e  p o s to p e ra tiv e  days. 
T h e  e x tre m e  values fo r th e  an im a ls  w ith  lym pho g en o u s e n c e p h a lo p a th y  were 
s ig n if ic a n tly  higher th a n  th o s e  fo i th e  con tro l g roup  (T ables I  to  I I I ) .  I t  was 
fu r th e rm o re  analyzed  w h e th e r , in  re la tio n  to  th e  f irs t  p o s to p e ra tiv e  d ay , the  
s u b s e q u e n t  values te n d e d  to  rise  or to  decline. E v a lu a tio n  on th e  basis of 
m a x im a l an d  m inim al d e v ia tio n s  show ed th a t  in  th e  lym p h o g en o u s encephalo-

Table I

Blood pressure in  dogs w ith lym phogenous encephalopathy

No. 1st 2nd 3rd 4th 5th 6th 7 th 8th 9th 10th 11th 12th
animal day after operát o n

40 105 125 105 120 82.5 _ _ _ _ _ _ _
44 82.5 95 125 132.5 115 60 95 105 — — — —

12 95 95 105 117.5 125 145 115 — — — — —

11 85 85 85 122.5 122.5 122 95 92.5 — — — —

7 105 137.5 115 92.5 72.5 95 82.5 105 70 62.5 — —

8 95 125 125 122.5 105 105 105 70 80 80 115 105
6 115 115 125 — — — — — — — — —

5 115 125 125 85 40 105 — — — — — —

4 115 135 80 115 105 135 80 105 105 75 85 105
76 105 137.5 135 87.5 115 135 105 80 115 70 105 107.5
14 95 115 125 105 150 85 130 100 105 85 125 100
35 115 142.5 125 87.5 127.5 105 80 100 72.5 105 130 100

18 105 125 132.5 125 60 110 135 105 82.5 — — -

T h e  figures in th e  u p p e r  h o r iz o n ta l line  re p re se n t th e  d a y s  a f te r  o p e ra tio n .

p a th y  g ro u p  b o th  increase a n d  i ed u c tio n  w ere sig n ifican t w hile in  th e  con tro l 
g ro u p  th e  increase of b lood  p re ssu re  p roved  only  sig n ifican t, n o t its  decrease. 
T h e  e x te n t  of increase a n d  d ec rease  was likew ise s ig n ifican tly  g re a te r  in  th e  
ly m p h o g e n o u s  e n c ep h a lo p a th y  g ro u p  th a n  in  th e  co n tro l g roup  (T able  IV).

* W e  are  indeb ted  to  th e  S e c tio n  of B io m etry  (H ead ; D r. I . Ju v a n c z ) , I n s t i tu te  o f 
A d a p te d  M athem atics , H u n g a rian  A c ad e m y  of Sciences, for th e  s ta tis t ic a l  c o m p u ta tio n s .
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Table II

Blood pressure after cervical sham -operation

No.
of ani

mal

1st 2nd 3rd 4th 3th 6th 7th 8th 9th 10th 11th 12 th

d a y a f t e r o p e r a t i o n

46 105 95 105 107.5 107.5 105 100 105 105 105 —

45 107.5 105 110 107.5 105 105 105 100 105 112.5 — —

24 105 105 105 112.5 105 107.5 105 — — — — —

16 95 105 105 105 105 105 110 105 105 117.5 105 105

17 105 100 100 105 107.5 105 — — — — — —

34 110 105 102.5 105 112.5 105 105 110 110 105 105 105

78 105 105 117.5 105 105 110 110 110 105 105 105 110

69 117.5 105 110 100 105 110 100 105 105 — — —

37 95 105 105 105 105 105 100 100 105 105 110 —

T he figures in th e  u p p e r h o rizo n tal line re p re se n t th e  d ay s a fte r o p eratio n .

Table I I I

S ta tistica l evaluation o f  blood pressure  
oscillations

Lymphogenous
encephalo

pathy
Sham-

operation

n 13 9

X 59 12

s 20 4

t 8.4
p o /  
r  /0 < 0 .1

Table IV

Sta tistica l evaluation o f  blood pressure  changes

Increase Decrease

lymphogenous
encephalo

pathy

sham-
operation

lymphogenous
encephalo

pathy

sham-
operation

n 13 9 13 9

X 31 7 27 4

s 14 9 22 9

t 7.8 2.4 4.4 1.4

p % < 0 .1 < 5 < 0 .1 > 1 0

t 4.5 3.4
p o / r  /о < 0 .1 < 1
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T h e  peaks o f b lood  p ressu re  o ccu rred  on  th e  average 2.2 d a y s  a f te r  
o p e ra t io n  in  th e  an im als  w ith  lym pho g en o u s en cep h a lo p a th y , a n d  5.1 days 
a f te r  o p e ra tio n  in th e  c o n tro l group . In  o th e r  w ords, th e  blood p re ssu re  ele
v a t io n  a f te r  cervical ly m p h a tic  b lockade w as a lm o s t im m ed ia te , w h ile  a f te r  
sh a m  o p e ra tio n  i t  w as re la tiv e ly  delayed . T h e  in te n s i ty  of p ressor re sp o n se  to  
c a p sa ic in  did n o t s ig n ifican tly  differ in th e  tw o  g roups, b u t from  th e  f i f th  day  
o n w a rd s  b lood  p ressu re  ro se  s ig n ifican tly  h ig h e r  in  th e  lym phogenous e n c e p h 
a lo p a th y  group th a n  in  th e  con tro l g roup  w h e re  th e  m ax im al b lo o d  p re ssu re  
v a lu e s  w ere unch an g ed  d u rin g  th e  e lev en -d ay  p e rio d  (Table У).

Table V

P ressor response to capsaicin  a fter sham -operation ( s .o p .)  and lym phatic obstruction ( l .o b .)

Days
after oper

ation

1 5 7 9 11

s.op. Lob. s.op. l.ob. s.op. l.ob. s.op. l.ob. s.op. l.ob.

n 6 4 6 4 6 4 5 4 3 3

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

s 1 6 .6 1 7 .1 1 6 . 4 2 0 .0 1 4 . 0

t 0 .5 3 .9 5 . 7 2 .8 2 . 2

p % > 6 0 < 1 < 0 . 1 < 5 < 5

Table VI

D u ra tio n  o f  pressor response a fter sham -operation ( s .o p .)  and lym phatic obstruction ( l .o b .)

Days 1 5 7 9 11
a f te r

o p e ra t io n s.op. l.ob . s.op. l.ob. s.op. l.ob . s.op. l.ob. s.op. l.ob .

n 6 4 6 4 6 4 5 4 3 3

X 3 .2 5 .8 3 . 2 8 .1 2 .7 1 1 . 2 3 .0 8 .5 2 . 3 5 . 5

s 1 .9 1 .2 1 . 4 2 .8 1 . 2

t 2 .0 6 .1 9 . 6 2 .9 3 . 3

p % > 5 < 0 . 1 < 0 . 1 < 5 < 5

I t  w as likew ise from  th e  f if th  d ay  o n w a rd s  th a t  th e  d u ra tio n  o f  th e  
p re s so r  response to  capsa ic in  began  to  d iverge  sig n ifican tly  in th e  tw o  g io u p s . 
In  th e  an im als w ith  lym p h o g en o u s e n c e p h a lo p a th y  n o im aliza tio n  o f b lood  
p re s su re  to o k  longer th a n  in  th e  contro ls w h ere  th e  tim e  requ ired  fo i th e  b lo o d  
p re s su re  to  regain  its  o rig in a l level was u n c h a n g e d  during  th e  e le v e n -d a y  
p e r io d  (T ab le  V I).

I n  th e  contro ls, th e  d u ra tio n  of b le p h a ro sp a sm  elicited b y  cap sa ic in  
b e c a m e  progressively  sh o rte r  u n til  th e  e le v e n th  d a y  as com pared to  th e  in i t ia l
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Table VII

D uration  o f  blepharospasm  elicited by capsa icin  

a )  C hanges co rre la ted  to  p re o p era tiv e  fin d in g s

Day after 
operation

Sham-operation Lymphatic obstruction

5 7 1 11

n 7 7 8 8

d i f f . 6 . 6 2 0 . 9 5 1 . 0 2 0 . 6

t 0 . 9 5 .8 9 . 5 2 .7

n 0/  P  /0 > 3 0 < 0 . 1 < 0 . 1 < 5

b) C orrelation  of changes

Day after 
operation

1 9 11

s.op. I.ob. s.op. 1 ob. s.op. l.ob.

n 7 8 7 8 7 8

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

t 5 . 6 2 .5 0 .6

n 0/P /0 < 0 . 1 < 5 > 5 0

v alu es . In  th e  ly m p h o g en o u s en cep h a lo p a th y  g ro u p  th e  d u ra tio n  o f b le p h a ro 
spasm  successively  d im in ish ed  u n til  th e  f if th  d a y , to  rise a fte r  th is  tim e  w ith 
o u t, how ever, a t ta in in g  th e  in itia l values d u rin g  th e  w hole course of th e  e x p e ri
m e n t. U n til th e  9 th  d a y , th e  red u c tio n  was s ig n if ican tly  m ore m ark ed  in  th e  
lym phogenous e n c e p h a lo p a th y  group th a n  in  th e  con tro ls  (T able V II) .

T he d u ra tio n  of b lep h aro sp asm  co rre la ted  w ith  th a t  o f th e  p re sso r re 
sponse  was s ig n ifican tly  sh o rte r  in th e  ly m p h o g en o u s e n cep h a lo p a th y  g io u p  
from  th e  fifth  d a y  o n w ard s (T able V III) .

Table VIII

Correlations between pressor response and  dura tion  o f  blepharospasm

Days 1 9 11
u fte r

o p e ra tio n s.op. l.ob. s.op. l.ob. s.op. l.o b . s.op. l.ob. s.op. L.ob

n 6 4 6 4 6 4 5 4 3 3

X 9 9 . 2 4 8 . 7 1 0 1 . 0 4 .3 1 1 4 .0 1 0 .5 9 9 . 8 3 2 . 0 1 4 6 . 0 5 3 .1

s 3 4 . 2 3 1 . 6 4 0 . 1 3 4 . 0 3 4 . 8

t 2 . 3 4 .7 4 . 0 3 .0 3 . 3

p % 5 < 1 < 1 < 5 < 1
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D iscussion

Griffith  e t al. in d u c e d  h y p e rte n s io n  in  39 o u t of 85 ra ts  b y  th e  in tra -  
c is te rn a l  in jec tion  o f k ao lin . A ccord ing  to  th e ir  g rap h s, th e  rise o f b lo o d  p ressu re  
re a c h e d  its  peak  b e tw een  th e  fo u r th  a n d  e ig h th  days a f te r  th e  in je c tio n  of 
k a o lin . In  our stud ies o b s tru c tio n  of th e  ly m p h a tic  d ra inage  o f th e  in tra c ra n ia l  
sp a c e , w h e th e r ca rried  o u t from  inside b y  in je c tio n  of kao lin , or fro m  ou tside 
b y  su rg ic a l m eans, e n ta ile d  a tra n s i to ry  rise  o f b lood  p ressure . R e tu rn  o f blood 
p re s s u re  to  its  in itia l leve l o r s till fa r th e r  below , as w itnessed  in  o u r  ex p eri
m e n ts , m ig h t have  been  d u e  to  th e  fo llow ing  fac to rs :

a )  T he pressor e ffec t o f ly m p h a tic  lig a tio n  m igh t h av e  re leased  a p a ra 
s y m p a th e t ic  co u n te rreg u la tio n .

b)  Surgical o b s tru c tio n  of th e  c e iv ic a l ly m p h  channels is h a rd ly  ever 
c o m p le te . The ly m p h a tic s  w hich  h av e  re m a in e d  p a te n t  d ila te . F u r th e r  ly m 
p h a t ic  channels m ay  open  u p  m ak in g  th u s  th e  consequences of ly m p h a tic  o b s tru c 
t io n  rev ersib le . F öldi e t al. h av e  p o in te d  o u t in  an  earlier p a p e r  [13] t h a t  th e  
a n im a ls  w ith  lym phogenous e n c e p h a lo p a th y  a ie  in d o len t, d row sy , sluggish  in 
re sp o n se  to  pain fu l s tim u li an d  th e ir  E E G  fin d in g s  are co n sis ten t w ith  those 
re c o rd e d  u n d er th e  e ffec t o f ch lo rp ro m azin e . T h is p ecu liar o b se rv a tio n  is in 
l in e  w ith  th e  find ing  o f T h uranszky  in  t h a t  capsaicin  b lep h a ro sp asm  is re 
s t r ic te d  in  d u ra tio n  b y  ch lo rp ro m azin e , a n d  in  a lesser degree, b y  reserp ine . 
I n  th e s e  experim en ts th e  p resso r response  to  capsaicin  was also re d u c e d  b y  
th e  tw o  drugs. On th e  o th e r  h a n d , no  a g e n t cou ld  be found  w hich  w o u ld  have 
e n h a n c e d  th e  pressor re sp o n se  b u t  sh o rte n e d  th e  d u ra tio n  of b lep h a ro sp asm . 
I n  o th e r  w ords, in  n o rm a l an im als  th e  tw o  reac tio n s  are  of th e  sam e d irec tio n . 
T h e  p re sso r  response in  ly m p h o g en o u s e n c e p h a lo p a th y  th u s  d iffers fro m  th a t  
e lic ite d  a f te r  th e  ap p lic a tio n  of tra n q u illiz e rs . In  lym phogenous en cep h a lo 
p a th y  th e  pressor response  to  capsaic in  is e n h an ced  in  all p ro b a b ili ty  because  
h ig h e r  in h ib ito ry  s tru c tu re s  h av e  been  d am ag ed . O ur earlier s tu d ies  [7] have 
re v e a le d  severe n eu ro p a th o lo g ic  changes in  lym phogenous e n c e p h a lo p a th y .
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QUANTITATIVE CHANGES IN THE SERUM HEPARIN 
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T re a tm e n t w ith  fo rm alin  or g lycocorticoid  h a s  b een  found  sign ifican tly  to  lo w er 
th e  serum  h ep arin  level. R em oval of the  ad ren a ls  ra is e d  i t ,  b u t thy m ec to m y  p re v e n te d  
th is  rise  in  th e  ad ren a lec to m ized  anim al. H y p o p h y sec to m y  ra ised  the  level s ig n if ic a n tly .

DOCA tre a tm e n t  increased  and h y d ro co rtiso n e  tre a tm e n t decreased th e  se ru m  
h e p a rin  level to  a  lesser e x te n t  in  th e  th y m ec to m ized  an im al.

H e p a rin  in h ib its  ad ren o co rtica l a c tiv ity  in  th e  r a t  [1, 2] an d  red u c e s  
24-hour u r in a ry  1 7 -ke toste ro id  excre tion  in m an  [3]. G lycocorticoid re d u c e s  
th e  n u m b e r of m a s t cells [4, 5] an d  th e  a m o u n t o f m ucopo lysaccharides in  
tissues [6, 71. T he n u m b e r of m ast cells in th e  th y m u s  is high [8, 9, 10, 11]; 
th e  g lan d  co n ta in s  P A S -positive  su b stan ce  [12, 13] a n d  heparin  [14]. A d re n o 
cortical h y p e ra c tiv ity  or g lycocortico id  t r e a tm e n t  causes th y m o -ly m p h a tic  
in v o lu tio n  [15, 16].

R ecent experim ents have shown serum and heart lipoprotein lipase a c t iv 
ity  to decline in the thymecLounziod an im d [17] Ah th is decline m ight be one  
of the causes o f the fall of the heparin level, th is  being the co-ferment o f  tlie  
enzym e, the present work was undertaken to stu d y  in the rat the q u a n tita tiv e  
changes o f  the serum heparin level under the effect o f thym ectom y and g ly c o 
corticoid treatm ent, known to  result in th ym o-lym p h atic  involution.

M aterial and  m ethods

A to ta l  o f 223 m ale W is ta r-s tra in  ra ts  was se lec ted  fo r u n ifo rm ity  in b o d y  w e ig h t 
(120dl 20 g) an d  groups of th em  v a ry in g  in  nu m b er (cf. F ig . 1 a n d  T able  I) were su b je c te d  to  
one of th e  follow ing procedures:

(a) T h y m ec to m y  follow ing s te rn o to m y  u n d e r e th e r  an aesth es ia .
(b) B ila te ra l ad ren a lec to m y  from  th e  lu m b ar a p p ro a c h  u n d e r e th e r an aesth es ia . P o s t-  

o p e ra tiv e ly , th ese  an im als w ere g iven  0.9 per cen t phy sio lo g ica l saline to drink.
(c) E x p o su re  o f th e  cereb ral base from  th e  p a ra p h a ry n g e a l  approach  and  re m o v a l o f 

th e  p i tu i ta ry  b y  a sp ira tio n . D a ta  for an im als w ith  successfu l hypophysec tom y a t  a u to p s y  
and  h isto log ical ex am in a tio n , h av e  on ly  been included  in  th is  series.

F o rm a lin  an d  co rtico id  tre a tm e n ts  were as follow s, a ll p e r  100 g of body w eigh t:
(a ) A single dose of 0.3 pe r c en t fo rm alin  was in je c te d  subcu tan eo u sly , and th e  a n im a ls  

were d e c a p ita te d  one h o u r la te r.
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(b ) T h y m ectom ized  a n d  sh a m -th y m e c to m iz ed  a n im a ls  were tre a te d  e ith e r  w ith  0.5 mg 
o f  in tra m u sc u la r  h y d ro co rtiso n e  (R ich te r, B u d a p e s t) , o r  1 m g of in tra m u sc u la r  D O C A  (D oca- 
q u o su m , O rganon , Oss) d a ily  fo r  e ig h t d ay s b e g in n in g  48 h o u rs  afte r su rgery , a n d  w ere  decap i
t a t e d  o n e  h o u r a fte r  th e  la s t  in jec tio n . T he c o n tro l (sh am -o p era ted ) group  w as t r e a te d  w ith  
0 .9  p e r  c en t physiological sa line . T h e  an im als w ere d e c a p ita te d  on th e  te n th  d a y  a f te r  th y m e c 
to m y , a d ren a lec to m y , o r th e  co rrespond ing  sh am  o p e ra tio n . The b lood  o b ta in e d  a t  d e c a p ita 
t io n  w a s  cen trifuged  w ith o u t th e  a d d itio n  of an  a n tic o a g u la n t . Serum  h e p a rin  lev e ls  w ere e sti
m a te d  b y  th e  th ro m b in  in a c tiv a tio n  m eth o d  d e sc rib e d  b y  Gerendás [18, 19, 20]. S ta tis tic a l 
a n a ly se s  w ere perform ed w ith  S tu d e n t’s t te s t.

R esu lts

T h e  serum  h ep a rin  leve l fell in s ig n if ic a n tly  a fte r th y m e c to m y  (p >  0.10) 
a n d  ro se  s ig n ifican tly  a f te r  ad ren a lec to m y  (p  <[ 0.001). T h y m e c to m y  follow ing 
re m o v a l of th e  ad ren a ls  p re v e n te d  th is  r ise . T re a tm e n t w ith  fo rm a lin  reduced

x: 16,6 %.6 20.6 16,7 Ю  
S x : 1 0.3 -0 ,6  ±0A  ± 0 ,5  ±0,2

Ireafmont for s  rfuyo
Hyclrocort Doca

(16)

(13)

1

I 1 <ontrol

V/ Л  T hym ectom ized

У'/Л A d ren a /ed o m ized  
T h ym ecto m ized+ 
A d r e n a le d o m ize d  

•yf dH! 0 ,5m l 3%  Formalin s.c.

(13)

( ) N um ber o f an im a ls

9.7 11.9 16.2 17.6 
±0A  ±0,5 ±0 ,6  ±0,2

F ie . 1. F .ffect of i l iy in m n m y , aa ren a iec ro m y  a n d  c o rtic o id  trea tm e n t on se ru m  h e p a r in  level
* ’ in tb e  r a t

th e  se ru m  h ep arin  level (p <  0.001). H y d ro c o rtiso n e  also red u ced  i t  in  th y m 
e c to m iz e d  ra ts  b u t  m uch  less m ark ed ly  th a n  in  th e  sh a m -o p e ra te d  con tro ls 
(p  <  0.01 an d  p -< 0.001, respective ly ). D O C A  raised  th e  serum  h e p a r in  level 
in s ig n if ic a n tly  in  th e  th y m ec to m ized  a n im a ls  (p <  0.10) b u t  s ig n if ic a n tly  in 
t h e i r  sh am -o p era ted  co n tro ls  (p <  0.01) (F ig . 1).

A s expected , h y p o p h y sec to m y  re d u c e d  b o d y  w eight, a d re n a l  w eight 
(p  <  0.001), an d  lien a l w e ig h t (p <[ 0 .01), a n d  ra ised  th e  serum  h e p a r in  level 
s ig n if ic a n tly  (p <  0.001) (T able I).

D iscussion

I n  p rev ious w orks [1, 2, 3] h ep a rin  h a d  been  s tud ied  fo r i ts  in h ib ito ry  
e ffe c t on  ad ren o co rtica l a c tiv ity . T he p re s e n t  experim en ts w ere c a rr ie d  ou t 
to  s tu d y  th e  effect on th e  serum  h ep a rin  le v e l o f th e  ad renals, t r e a tm e n t  w ith
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Tabic I

Effect o f  hypophysectom y on serum  heparin level, adrenal weight, thym us weight and lien a l weight

Experimental
groups

Number
of

animals

Body weight 
g

Weight of 
adrenal 

mg/100 g 
body weight

Weight of 
thymus, mg

Weight of 
spleen, mg

Serum heparin, 
ug/ml

Control 9 175.6 +  7.1 19.78 +  1.25 210.8 +  14.3 187.1 +  9.4 17.20 +  0.11

H ypophys-
ectom yzed 13 134.6 +  4.9 11.15 +  0.67 201.5 +  10.0 157.1 +  7.2 20.26 +  0.22

Significance pCO.OOl p > 0 .5 0 p < 0 .0 5 p < 0 .0 0 1

T h e  va lues a re  m ean s (x) w ith  s ta n d a rd  d e v ia tio n s  (S x)

co rtico id , an d  th y m e c to m y . In  th e se  e x p e rim e n ts  i t  was found  t h a t  glyco- 
co itico id  low ered a n d  DOCA raised  th is  level to  a lesser e x te n t in  th y m e c to -  
m ized th a n  in  sh am -o p e ra ted  ra ts . I ts  h o u ld  be  n o te d  th a t  in earlie r e x p e rim e n ts  
[21] th e se  cortico ids h a d  been d e m o n s tra te d  to  h av e  a sim ilar e ffec t on  th e  
serum  p ro p erd in  level o f th y m ec to m ized  a n im a ls .

In  th e  p re sen t ex p erim en ts  th y m e c to m y  red u ced  th e  serum  h e p a r in  level 
in sig n ifican tly , b u t  p re v e n te d  th e  m a rk e d  rise  of i t  w hich follow s a d re n a l
ec to m y . T hus th e y  fa iled  to  supp ly  in fo rm a tio n  a b o u t th e  role o f th e  th y m u s  
in th e  reg u la tio n  of th e  serum  h ep arin  level, th o u g h  in our view  th e  g la n d  m ay  
have  a p a r t  in h ep a rin  syn thesis  an d  th e  h e p a r in  form ed in th e  th y m u s  m ay  
have  a sh a re  in in c reasin g  lipop ro te in  lipase  a c tiv ity . In  fav o u r o f th is  view  
argue th e  high n u m b e r o f m ast cells in  th e  th y m u s  [8, 9, 10, 11] an d  th e  decline 
of se ru m  an d  h e a r t  lip o p ro te in  lipase  a c t iv i ty  observed  in th e  r a t  fo llow ing 
th y m e c to m y  [17].

Cs a b a  e t al. [22] observed  th a t  u n d e r  th e  effect of cortisone a rise  occurs 
in  th e  serum  acid m ucopo lysaccharide  c o n te n t  w hich th e y  d e te rm in e d  b y  
n e p h e lo m e try  of th e  tu rb id ity  caused  b y  p ro ta m in e  su lpha te  [23]. T h e  d isc rep 
ancy  be tw een  th e ir  d a ta  and ours m a y  be  ex p la in ed  b y  the  d iffe rence  in  th e  
m e th o d s  used, am o n g  o thers.

C a n n o n  [ 2 4 ]  r e p o r t e d  a s  e a r l y  a s  1 9 1 4  t h a t  f r i g h t  o r  f e a r  ( s t r e s s )  s h o r t e n s  

b l o o d  c l o t t i n g  t i m e .  M e y e r  e t  a l .  [ 2 5 ]  c o n f i r m e d  t h i s  h u t  d e m o n s t r a t e d  t h a t  

c l o t t i n g  t i m e  i s  n o t  s h o r t e n e d  i n  t h e  a d r e n a l e c t o m i z e d  a n i m a l .  I n  t h e  p r e s e n t  

e x p e r i m e n t s  f o r m a l i n ,  a s  a  s t r e s s o r  a g e n t ,  l o w e r e d  t h e  s e r u m  h e p a r i n  l e v e l ,  a n d  

h y p o p h y s e c t o m y  r a i s e d  i t .  W e  i n c l i n e  t o  t h e  v i e w  t h a t  t h e  f o r m a l i n - i n d u c e d  

s t r e s s  l o w e i e d  i t  b y  m o b i l i z i n g  e n d o g e n o u s  A C T H , a n d  h y p o p h y s e c t o m y  r a i s e d  

i t  b y  r e d u c i n g  A C T II s e c r e t i o n  a n d  a d r e n o c o r t i c a l  a c t i v i t y .

T he p resen t re su lts  ap p ear to  show  t h a t  ad renocortica l a c t iv i ty  is one 
of th e  fac to rs  co n tro llin g  th e  serum  h e p a rin  level. This agrees w ell w ith  th e  
d a ta  re fe rred  to  above [4, 5, 6, 7] a n d  th o se  pu b lish ed  b y  C o s g r i f f  [26] an d
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o th e r  a u th o rs  [27, 28, 29] th a t  t r e a tm e n t w ith  ACTH or g lyco co rtico id  
in c rea se s  th e  inc idence  o f th rom bo-em bo lic  ep isodes.

A cknow ledgem ents. W e are  in d eb te d  to  Dr. B. V a rg a  fo r perform ing  th e  h y p o p h y se c to 
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T he a p p ea ran ce  in  serum  of ab n o rm al b e ta -lip o p ro te in s  in o b stru c tiv e  ja u n d ic e  
has been  d e m o n s tra ted  in  an im al experim en ts . A n  a t te m p t  has been m ad e  to  c la rify  
th e  causes of th is  a b n o rm a lity  by  th e  chem ical a n a ly s is  o f lipopro te ins iso la ted  fro m  th e  
serum  of th e  an im als  u n d e r s tu d y .

E x tra -  or in tra h e p a tic  b ilia ry  o b s tru c tio n  belongs to  th e  m a jo r p re d is 
posing  fac to rs  of ab n o rm a l lip id  m etabo lism . A bsence of bile is know n to  in te r 
fere w ith  th e  d igestion  o f fa ts  in th e  in te s tin e s  [17, 13]. P ara lle l w ith  th e  d ev e l
o p m en t of ja u n d ic e , th e  level of to ta l  lip ids in  b lood  serum  increases [3, 4, 
20]. T he frac tio n s  la rg e ly  responsible fo r th is  increase  are  b e ta -lip o p ro te in s , 
and  also c o n s titu e n ts  o f an  abn o rm al s tru c tu re  [7, 12, 15].

On th e  basis o f an  em pirical te s t ( J i r g l , 1957) th e  p re sen t a u th o rs  
(K r e m m e r , F e r e n c z y , 1964) have d e m o n s tra te d  a h ith e rto  u nknow n  a b n o r 
m a lity  of f a t  m e tab o lism  in  o b stru c tiv e  ja u n d ic e  [11]. T he p a tte rn  is m ad e  up 
of ab n o rm al b e ta -lip o p ro te in s , labile  to  a ro m a tic  su lphon ic  acids, w ith  easily  
sp lit o ff lip id  co m p o n en ts . A s tu d y  of an  e x te n s iv e  clinical m ateria l h as  show n 
th a t  changes o f lip o p ro te in  s ta b ility  ensu ing  u p o n  specific influences o f  th is  
k in d  a re  c h a ra c te ris tic  o f cond itions assoc ia ted  w ith  jau n d ice , b u t are e x tre m e ly  
ra re  in  o th e r  cond itions. T he phenom enon  seem ed  to  deserve fu r th e r  s tu d y .

M aterial and  m eth o d s

A ccord ing  to  an  earlie r com m unica tion  of J ir g l  [9] lig a tio n  of th e  com m on b ile  d u c t 
can c o n v en ien tly  be c a rried  o u t in  ra ts . We used in b re d  r a ts  o f b o th  sexes w eighing b e tw een  
100 a n d  150 g. S em i-sy n th e tic  food and  w a te r  w as o ffe red  a d  lib itu m . H igh lig a tio n  o f th e  
com m on bile d u c t w as p e rfo rm ed  in groups of 5 an im a ls , th e n  48 hours a fte r th e  o p e ra tio n  th e  
an im als w ere killed u n d e r e th e r  an aesthesia  by  b leed ing  th ro u g h  th e  fem oral vein. T h e  co n tro l 
an im als w hich  h a d  been  su b je c ted  to  lap a ro to m y  o n ly , w ere  bled  in  th e  sam e m an n e r. F ro m  
th e  c lear cen trifu g ed  blood serum  of th e  jau n d ic ed  a n d  co n tro l an im als the  fo llow ing te s ts  
were pe rfo rm ed : serum  b iliru b in  by  th e  m ethod  of J e n d r a s s ik -G rÓf [1]; to ta l lip ids, b y  th e  
g rav im etric  p rocedure  o f S p e r r y  and  B rand  [16]; th e n , a f te r  redissolving the  lip id s, to ta l  
cho lestero l accord ing  to  L ie b f .rman  [1] and  p h o spho lip ids b y  th e  m eth o d  of ZlELVERSMIT [2 1 1. 
B e ta -lip o p ro te in s were iso la ted  w ith  d e x tra n  su lp h a te  acco rd in g  to  B u r n ste in  an d  S a m a ill e  
[2]. A fte r rep ea ted  e x tra c tio n s  w ith  CHC1., : CH.,OH (2 : 1), th e  e lu ted  p rec ip ita te  w as a n a 
lysed fo r to ta l lip id , cho lestero l, an d  p h o sp h a tid e  c o n te n ts . T he residual p ro te in s le f t a f te r  
e x tra c tio n  w ere d e te rm in ed  by  th e  K je l d a h l  m ic ro -m eth o d .
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J i r g l ’s te s t  w as carried  o u t  in  an a liq u o t o f se ru m . E x tra c tio n  and  an a ly sis  o f th e  m u- 
c o p ro te in  a n d  lip id  co n ta in in g  p re c ip ita te  was p e rfo rm e d  b y  th e  above m eth o d s.

T h e  s tu d ies were re p ea te d  in  e igh t series (40 ja u n d ic e d  a n d  40 con tro l a n im a ls .)  L o g n o r
m a l d is tr ib u tio n  of th e  re su lts  o f lip id  d e te rm in a tio n  w as checked  by th e  GAUSS-probit g ra p h i
cal m e th o d . Since th e  zero -h y p o th esis  could be re je c te d , th e  id en tica l n u m b er o f  ic te ric  an d  
c o n tro l  a n im a ls  p e rm itte d  to  use  S t u d e n t ’s tw o -sam p le  f- te s t for th e  com parison  o f th e  ic te ric  
a n d  c o n tro l group.

R esults

R e su lts  are  show n in  T ables I  an d  I I .
L ig a tio n  of th e  com m on bile d u c t w as in v a ria b ly  follow ed b y  ja u n d ic e  

w ith  se ru m  b iliru b in  levels reach ing  10.4 m g  p e r 100 m l. J i r g l ’s t e s t  w as 
s tro n g ly  p o sitive  in  each  g ro u p , a p a r t  f ro m  a case w here th e  m a te r ia l  w as 
in su ff ic ie n t for serum  lip id  d e te rm in a tio n  (G ro u p  Y). A positive te s t  o f  e lev a ted  
se ru m  b iliru b in  levels w as observed  in  n o n e  o f th e  lap a ro to m ized  co n tro l 
a n im a ls ;  th e  am o u n t of lip id s  in  th e  m u co p ro te in -co n ta in in g  p re c ip ita te  of 
th e s e  an im als  rem ain ed  w ith in  th e  lim its  o f  e rro r  in h e ren t to  g ra v im e try .

Table I

Control g roups

No.
groups

Serum lipids 
mg per 100 ml

beta-Lipoproteins 
mg per 100 ml

Total
lipid Choi. P-lip.

Total
lipids Choi. p-lip. Protein

I. 288 73 168 100 21 44 96

II . 388 60 125 230 30 66 75

I I I . 490 69 146 300 33 64 122

IY . 363 104 207 150 33 42 115

V. 375 63 125 210 31 47 70

V I. 390 78 139 240 40 46 109

V II. 525 80 134 360 64 89 209

V II I 740 91 111 310 64 94 174

A v erag e 440 77 144 237 39 62 121

Choi. =  to ta l  ch o le ste ro l (free a n d  e s te rif ie d )
P -lip . =  p h o sp h a tid e s  expressed  in  lec ith in , c a lc u la te d  from  organic p h o sp h o ru s  c o n te n t.

T h e  rise in  serum  lip ids due to  lig a tio n  of th e  com m on b ile  d u c t 
w as  s tro n g ly  sign ifican t (p <  0.1 p er cen t) a n d  invo lved  an  ex trem e  e lev a tio n  
o f  p h o sp h a tid e s  a t  th e  expense  of n e u tra l  fa ts . W hile th e  to ta l  lip id s  reach ed  
2 .5  t im e s  an d  th e  b e ta -lip o p ro te in s  3.5 tim e s  th e ir  original level, th e  v a lu e  for 
l ip id s  b o u n d  to  a lpha-lipog lobu lin s w as p ra c tic a lly  unchanged . T h ese  changes,
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Tabic II

Icteric groups

No.
groups

Serum lipids 
mg per 100 ml

beta-Lipopro teins 
mg per 100 ml

Abnormal lipids 
mg per 100 ml

Serum

Total
lipids Choi. P-lip.

Total
lipids Choi. P-lip.

Pro
teins

Total
lipids Choi. P-lip.

Muco-
pro-
teins

I. 1190 335 680 800 218 422 158 425 105 223 99

II . 1550 453 1050 1370 342 800 256 900 190 145 126

I I I . 1110 198 398 750 170 323 167 160 25 37 79

IV. 1210 310 590 1010 224 482 240 300 98 65 68

V. 1290 255 640 950 204 464 215 — — — —

V I. 925 273 490 540 174 310 171 270 48 87 49

V II. 1055 221 453 710 142 283 233 170 26 68 28

V III . 1110 222 404 740 156 281 114 120

О

15 32

A verage 1180 283 588 859 204 480 194 335 71 91 69

A b b rev ia tio n s as in  T ab le  I.

as well as th e  p a tte rn  of labile  lipids a p p e a rin g  in  th e  filte red  serum  te s te d  fo r 
in u co p ro te in s  are i llu s tra te d  in Fig. 1.

T he described  changes involved th e  b e ta -lip o p ro te in s  in th e  f i r s t  p lace 
an d  th e  increase in  p h o sp h a tid es  an d  th e  fall in  n e u tra l  fa ts  w ere th e  m o st 
conspicuous fea tu res . T h e  changes in th e  p ro te in  c o n te n t of th e  b e ta -lip o -
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p ro te in s  d id  n o t go p a ra lle l w ith  those o f th e  lip id  fraction . T ab le  I I I  show s 
th e  ch an g es in  th e  com position  o f b e ta -lip o p ro te in s  ensuing u p o n  lig a tio n  of 
th e  com m on  bile d u c t.

I n  th e  ja u n d ic e  of an im als , th e  b in d in g  o f  n ea rly  one th ird  o f  th e  lip id s  
fo rm in g  th e  s tru c tu re  of b e ta -lip o p ro te in s  w as abnorm ally  lab ile  (T ab le  I I ) .  
T h e y  w ere sp lit off b y  a ro m a tic  su lphon ic  ac id s  such as su lphosa licy lic  ac id ,

Table I I I

Beta-lipoprotein p a tte rn

Content
Control group Icteric group

mg per 100 ml rel.% mg per 100 ml rel.%

T o ta l cholestero l 39 10.9 204 19.4

P h o sp h a tid e s 62 17.3 480 45.6

O th e r  (n e u tra l)  fa ts 136 38.0 175 16.5

T o ta l lip ids 237 66.2 859 81.5
P ro te in

'
121 33.8 194 18.5

p -to lu o lsu lp h o n ic  acid , e tc ., d u rin g  th e  p re c ip ita tio n  of p ro te in s , a n d  p assed  
in to  th e  f i l t ra te  in  a collo idal s ta te . T h in -la y e r ch ro m a to g rap h y  show ed  th e m  
to  c o n ta in  all th e  lip id  co m p o n en ts  of lip o p ro te in s . T heir origin fro m  th e  b e ta -  
lip o p ro te in s  has been  e stab lish ed  on th e  fo llow ing  grounds:

1. P a p e r  e lec tro p h o res is  of serum  s ta in e d  fo r  lipids revea led  an  iso la te d  
in c re a se  in  b e ta -lip o p ro te in s .

2 . T he carriers  o f ab n o rm a l changes w ere  th e  b e ta -lip o p ro te in s .
3. D e x tra n  su lp h a te  a d d ed  to  a p o s itiv e  serum  abolished th e  p o s it iv ity  

o f  th e  t e s t  b y  b lock ing  b e ta -lip o p ro te in s .
4 . T he b e ta -lip o p ro te in s  iso la ted  fro m  p o s itiv e  sera (b u t n o t  fro m  co n 

tro ls )  also  gave a p o sitiv e  te s t .

D iscussion

L ig a tio n  of th e  com m on d u c t is fo llow ed  b y  a com plex ity  of p ro fo u n d  
c h a n g e s  in  lip id  m e tab o lism . W hen  th e  fa ts  a re  in ad eq u a te ly  a b so rb e d  fro m  
th e  in te s t in e , th e ir  a c c u m u la tio n  in  th e  b lo o d  c a n n o t be ex p la in ed  o th e rw ise  
th a n  b y  an  increased  m o b iliza tio n  from  th e  s to re s . The v a rious n o rm a l a n d  
a b n o rm a l ty p es  o f f a t  m o b iliza tio n  are g e n e ra lly  associated  w ith  a n  in c rea se  
in  b e ta -  a n d  a lp h a 2-lipog lobu lins. In  th e  p re s e n t  case, th e  excess o f lip id s  in  
b lo o d  w as in te g ra te d  in to  th e  s tru c tu re  o f  lip o p ro te in s , th u s  ch an g in g  th e ir  
p h y sico -ch em ica l n a tu re .
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In  th is  C onnection th e  follow ing q u e s tio n s  arise:
1. W hich  a re  th e  fac to rs d e te rm in in g  th e  p ro d u c tio n  of a b n o rm a l lip o 

p ro te in s  ?
2. W h a t causes th e  lab ility  o f th e  lip o p ro te in  com plexes in  q u e s tio n ?  
A ccord ing  to  p re se n t know ledge, th e  m a in  site  of b e ta - lip o p ro te in  p ro 

d u c tio n  is th e  liv e r  [14]. B iliary  o b s tru c tio n  is associated  w ith  a n  in c reased  
p ro d u c tio n  of lec ith in  b y  th e  liver an d  w ith  i ts  in teg ra tio n  in to  th e  lip o p ro te in  
s tru c tu re . L ip o p ro te in s  o f a s tru c tu re  d iffe re n t fro m  th a t  occurring  in  se ru m  are 
ex c re ted  in th e  bile  also u n d er no rm al c o n d itio n s  [10, 18, 19]. T h e  b ile  gives 
genera lly  a p o sitiv e  JiRGL-test. I t  is a f u r th e r  p o in t of in te res t t h a t  in  b ilia ry  
o b s tru c tio n  th e  d ifference betw een  th e  p a t te r n s  of serum  an d  b ilia ry  lip ids 
ten d s  to  d isap p ear. T h is w ould suggest a m e ch an ic  reg u rg ita tio n  o f b ile , possib ly  
assoc ia ted  w ith  a h y p e rfu n c tio n  of liv e r cells a n d  accum ulation  of lip o p ro te in s .

F r ie d m a n  e t al. [6] connect th e  p ro d u c tio n  of abn o rm al lip o p ro te in s  
w ith  th e  accu m u la tio n  of bile acids. T h o u g h  i t  is ac tu a lly  possib le  to  ind u ce  
h y p erlip aem ia  b y  th e  ad m in is tra tio n  o f b ile  acids, earlier o b se rv a tio n s  in 
ja u n d ic e d  su b jec ts  d id  n o t suggest an y  c o rre la tio n  betw een th e  leve ls  o f lab ile  
lip o p ro te in s  an d  th o se  of bile acids in  th e  se iu m  [5]. This, h ow ever, does n o t 
exclude  th e  p o ss ib ility  of an  in tra c e llu la r  m echan ism  affecting  th e  liv e r  cell. 
A t a n y  ra te , th e  phenom enon  u n d e r s tu d y  m u s t be closely a sso c ia te d  w ith  
in tra -  or e x tra h e p a tic  b ilia ry  o b s tru c tio n  a n d  m u st involve th e  liv e r  in  th e  
f irs t p lace.

H anah a n  in v e s tig a te d  the  re la tiv e  la b il i ty  of lipopro te in  co m p lex es [8]. 
On th e  ev idence o f rad io -iso tope  s tu d ies  th e  m o st stab le  frac tio n  o f  th e  m o le
cule is th e  p ro te in  a n d  n e x t to  i t  th e  p h o sp h a tid e , while th e  o th e r  lip id s  are 
easily  in te rc h a n g e d  as a re su lt of in te rm o le c u la r  collision.

In  th e  p re se n t case th e  increase in  th e  re la tiv e  lipid c o n te n t o f  th e  lip o 
p ro te in  com plex  w as associa ted  w ith  a re d u c tio n  of its  m ore s tab le  co m p o n e n t, 
th e  p ro te in  fra c tio n . A fu r th e r  fe a tu re  o f th is  condition , in o p p o s itio n  to  
o th ers , is th e  in te g ra tio n  of com ponen ts o f g re a te r  p o la rity , p a r t ic u la r ly  of 
p h o sp h a tid e s , in to  th e  m olecular s tru c tu re . T h e  absence of a n y  c o rre la tio n  
betw een  th e  lip id  a n d  p ro te in  frac tions in  th e  f i l t r a te  of th e  su lp h o sa licy lic  acid 
p re c ip ita te  suggests t h a t  only  a loosely a t ta c h e d  p o rtion  of th e  a b n o rm a l lipo
p ro te in s  is sp lit o ff b y  aro m atic  su lp h o n ic  ac id s. H ow ever, th e  q u e s tio n  still 
aw a its  a closer s tu d y .
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CARE OF THE PATIENT WITH RENAL DISEASE

B y

A. H á m o r i , J .  Cz i r n e r , Z. B íbor  and L. Go fm a n

SECOND DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R eceived D ecem ber 16, 1965)

A to ta l o f 400 p a tie n ts  w ith  re n a l disease has been follow ed u p  o v er th e  las t 
fiv e  years.

1. L o n g -te rm  care  is req u ired  in  a d d itio n  to  chron ic  ren a l d isease, b y  p a tie n t 
w ith  acu te  n e p h ritis  ta k in g  a p ro tra c te d  course. Cure o f th is  c o n d itio n  m ay  tak e  two 
years. In  th e  p resence  o f tw o or m ore re n a l ab n o rm alitie s , i.e. o f com b in ed  ren a l disease, 
long-te rm  care o ffers lit t le  proàpect.

2. The te rm s  ‘‘residual p ro te in u r ia ” , “ residual h a e m a tu r ia ” , “ a sy m p to m a tic  
b a c te riu ria ” , “ d e fec tiv e  healing” , th o u g h  giving confidence to  th e  p a tie n t,  m ay  b lu n t 
th e  alertness of th e  ph y sic ian  un less he  keeps in  m in d  th a t  th e re  is no com ple te  cure 
w ith o u t a norm al f i l t r a tio n  frac tio n .

3. Slow p ro g ressio n  of ch ron ic  g lo m eru lo n ep h ritis  is due in all p ro b a b ility  to 
au to -im m u n iza tio n  w hile the  sh o rt la te n c y  of a cu te  ex ac erb a tio n s  f in d s  its  b e s t exp la
n a tio n  in the  c lassical th eo ry  of s trep to co cca l sen sitiza tio n  (sessile an tib o d ies). The 
predisposing fac to rs  o f  chronic p y e lo n e p h ritis  are: 1. calculi; 2. co n g en ita l m alfo rm atio n s 
o f th e  u rogenital t r a c t ;  3. p regnancy .

4. Signs o f a c t iv ity  in ch ron ic  n e p h ritis  a re  m ic ro h ae m a tu ria  b y  th e  s ta n d a rd s  
o f th e  Addis c o u n t a n d /o r a low co m p lem en t t it re , w hile th e  d y n am ics  o f chron ic  pye
lo n ep h ritis  is re flec ted  b y  q u a n ti ta t iv e  u rin e  cu ltu res  an d  leu co cy te  A d d is counts.

5. A p p ro p ria te  m easures to  b ra k e  th e  p rogress o f ch ro n ic  co n d itio n  are  as fol
lows. 1. A bstinence fro m  harm fu l in fluences. 2. S uppression  of a c t iv ity  by  long-te rm  
ste ro id  th e rap y  in g lo m eru lar a ffec tio n s, an d  p ro tra c te d  c h em o th e ra p y  an d  an tib io tics 
in  pyelonephritis. 3. I f  necessary , e rad ica tio n  of foci a n d  surg ical co rre c tio n  of u ropoiet- 
ic abnorm alities. S te ro id  tre a tm e n t is co n tra in d ic a te d  in  ren al am ylo idosis.

6. P a tie n ts  w ith  chronic re n a l disease show ing signs o f a c t iv ity  a re  u n fit  for 
w ork. R eh ab ilita tio n  in th e  stage o f la te n c y  is an a tte m p t  calling  fo r th e  closest possible 
supervision.

7. L ong-term  care  and fo llow -up  of p a tie n ts  w ith  ch ron ic  re n a l disease  should 
be en tru s ted  to  néphro log ie  u n its  w ith  su itab le  la b o ra to ry  facilities. T h is should  be 
com plem ented  b y  occasional overall s tu d ies  of th e  ren a l co n d itio n . T h e  m edical p ra c ti
tio n e r is in the  b e s t positio n  to  n o tice  a n y  u n ex p ec ted  change. Care o f  th e  ren al p a tie n t 
along these lines is a lifelong necessity .

Ow ing to  th e  re c e n t m edical a n d  surgical ad v an ces, th e  life of chronic 
re n a l p a tie n ts  could con sid erab ly  be len g th en ed  an d  th e  n u m b e r  of p a tien ts  
re q u ir in g  long-term  m ed ica l care h as  g re a tly  increased . T h is leaves th e  ph y si
cian  w ith  new resp onsib ilities , p a r tic u la r ly  as concerns p rese rv in g  th e  p a tie n t 
in  th e  b es t possible co n d itio n  an d  o f  enab ling  h im  to  p u rsu e  an  a c tiv ity  com 
p a tib le  w ith  his s ta te  o f  h ea lth .

T he problem s in v o lv ed  by  th e  care  of th e  ren a l p a tie n t  h av e  n o t received 
th e  a tte n tio n  th e y  d eserve . W e h a v e  follow ed up  closely 400 ren a l cases over 
th e  la s t  five years. S ince th e  m a jo r ity  of our m a te ria l co n sis ted  of cases of
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g lo m e ru lo n e p h ritis  an d  p y e lo n e p h ritis , these  tw o  ty p e s  w ill be d iscussed  in  th e  
p r e s e n t  p ap er. N eith er th e  p e r io d  of observ a tio n  n o r  th e  n u m b e r o f th e  cases 
p ro v id e  sufficient ev idence  to  decide th e  p e r ta in in g  issues, n ev erth e less  p ro 
v is o ry  lines of conduct can  b e  g iven.

W hich  p a t ie n t  requires lo n g -te rm  c a re ?

F ir s t  of all th e  c h ro n ic a lly  ill w ith  th e  fo llow ing  d iagnoses:
1. Chronic g lo m eru lo n ep h ritis
2 . N ephro tic  sy n d ro m e ;
3. Chronic p y e lo n e p h ritis ;
4 . R enal p tosis;
5. C ongenital an o m a lie s  o f  th e  u ro g en ita l t r a c t ,  p a r t ic u la r ly  po ly cy stic  

k id n e y ;
6. R enal calculi;
7. R enal tu b e rcu lo sis ;
8. R enal tum ours.

I f  tw o  or more ty p e s  co m b in e , p roper care is a p a r tic u la r ly  d ifficu lt ta sk , 
th o u g h  fo r obvious reaso n s th e r e  can be no q u es tio n  o f a lo n g -te rm  care fa ta l 
o u tc o m e  being u n av o id ab le  in  p ra c tic a lly  every  case. T h e  possib ilities  of com 
b in a t io n s  are  u n lim ited , as i l lu s tr a te d  b y  som e cases fro m  o u r m a te ria l:

In te r s t i t ia l  n e p h ritis  w ith  nephrosis;
H y p ersen sitiv e  a n g iitis  (Z eek) -f- salt-losing  k id n e y ;
S ystem ic  lupus e ry th e m a to s u s  -f- sc le roderm a in v o lv in g  th e  k id n ey ;
P o ly cy stic  disease o f  k id n e y  -f- p y e lo n ep h ritis ;
P y e lo n ep h ritis  +  re n a l am ylo idosis;
R e n a l am yloidosis -f- r e n a l  ve in  th ro m b o sis ;
K im m els tie l—W ilson ’s sy n d ro m e  - f  p y e lo n e p h ritis ;
P y e lo n ep h ritis  -)- e s s e n tia l  (cen tral) h y p e r te n s io n  -)- G o ld b la tt 

m e c h a n ism  in consequence o f  a th e ro m a to u s  p laq u es  o b lite ra tin g  th e  r ig h t 
r e n a l  a r te ry  -(- generalized  a th e ro sc le ro s is  w ith  re d u c e d  e la s tic ity  of th e  ao rtic  
w all.

I t  m u st be p o in ted  o u t  t h a t  acu te  n e p h ritis  w hen  ta k in g  a p ro tra c te d  
c o u rse , m a y  require tw o y e a rs  for its  cure. Such p a tie n ts , to o , are in  need  o f 
lo n g - te rm  care. V ery o ften , th e  14-year-old  belong  to  no  m a n ’s la n d , since th e y  
h a v e  g ro w n  ou t of a p a e d ia tr ic  u n i t  before b e ing  a c tu a lly  cu red , an d  fail to  
r e p o r t  a t  a m edical d e p a r tm e n t .
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C riteria  of healing

T he cured  p a tie n t n eed s no fu r th e r  care. H o w ev er, i t  is n o t easy  to  decide  
w hen he is to  be reg a rd ed  as cu red . T he ideal re q u ire m e n t w ould be  a fu ll 
r e s ti tu tio n  on th e  fo llow ing ev idence:

1. F reedom  of c lin ical sy m p to m s;
2. Im m uno log ica l in a c tiv i ty ;
3. N orm al u l tra s t ru c tu re  as revealed  b y  e lec tro n  m icroscopy o f re n a l 

b io p sy  m a te ria l;
4. N orm al ren a l fu n c tio n s  on th e  ev idence o f  fu n c tio n a l te s ts  in c lu d in g  

c learance .

T he te rm s “ resid u a l p ro te in u r ia ” , “ re s id u a l h a e m a tu ria ” , “ d e fec tiv e  
h ea lin g ” , “ asy m p to m a tic  b a c te r iu r ia ” , th o u g h  g iv in g  confidence to  th e  p a t ie n t ,  
m ay  b lu n t th e  p h y sic ian ’s v ig ilance  an d  are  th e re fo re  b e s t d iscarded  fro m  o u r 
te rm in o lo g y  or m ade v e ry  lim ite d  use of. B y our s ta n d a rd s , one is n o t ju s tif ie d  
in speak ing  of a “ re s id u a l p ro te in u ria ”  unless th e  ren a l fu n c tio n  te s ts  an d  
th e  f i ltra tio n  frac tio n  give co n sis ten tly  n o rm al re su lts . W e lim it th e  te rm  
“ resid u a l h a e m a tu ria ”  to  cases w ith  an  A ddis c o u n t below  8 to  10 m illion . 
W e keep  a careful w a tch  on th e  b eh av io u r of th e  f i l tra tio n  frac tio n , th is  b e in g  
one o f th e  m ost sensitive  fu n c tio n a l in d ica to rs . W h en  im p ro v em en t o f a g lo m 
e ru la r  lesion has a d v an ced  so fa r  th a t  th e  f i l t r a te  is p rac tica lly  n o rm a l in 
vo lum e, th e  sign ifican t re d u c tio n  of th e  f i l ira tio n  frac tio n  will s till in d ic a te  
th e  g lom eru la r d is tu rb a n c e  u n til  recovery  is co m p le te . “ T hree m in o r signs 
m ake up  a m ajo r one”  is th e  ru le  of F rench  clin ic ians. I f  we ap p ly  i t  to  the 
p re se n t issue, th en  re s id u a l p ro te in u ria , re s id u a l h a e m a tu ria  a n d  re s id u a l 
red u c tio n  of th e  f i l tra tio n  fra c tio n  ad d  up  to  ch ro n ic  n ep h ritis  in  th e  la te n t  
s tag e . T he p a tie n t, as concerns fu tu re  care is a c a n d id a te  fo r chronic n e p h r it is .

W hen  does chronic nephritis  beg in?

T he lim its are  in d is tin c t. A ccording to  H e t é n y i  [27] chronic n e p h r it is  
s ta r ts  th re e  weeks a f te r  th e  o n se t of acu te  n e p h ritis  if  th e  acco m p an y in g  h y p e r 
ten s io n  has n o t com plete ly  ceased  b y  th is  tim e. W e c a n n o t, how ever, su b sc rib e  
to  th is  view  as in  our exp erien ce  acu te  n e p h ritis  m ay  affect m a n y  h y p e r 
reac tiv e  ind iv idua ls, m o reo v er cen tra l (essen tia l) h y p erten s io n  m a y  be 
m is in te rp re te d  as ch ron ic  n e p h ritis  [24]. Im p a irm e n t o f th e  c o n c e n tra tio n  
c a p a c ity  leaves, how ever, l i t t le  d o u b t ab o u t th e  s tag e  e ith e r of g lo m eru lo 
n e p h ritis  o r of p y e lo n ep h ritis .

B ac te riu ria  w h e th e r sy m p to m -free  or a sso c ia ted  w ith  m ild  b o u ts  of 
p y e lo n ep h ritis , calls fo r special a tte n tio n  since i t  m a y  have  a severe ch ro n ic

Acla Medica Academiae Scientiamm Hungaricae 22 (1966)



2 2 8 A. HÁMORI e t al.

p y e lo n e p h ritis  in  its  b a c k g ro u n d , as i l lu s tra te d  b y  th e  carefu lly  o b se rv ed  cases 
o f  T h r u p p  e t al. [48]. T h e  questio n  arises w h en  b a c te r iu r ia  shou ld  be  considered  
“ t r u e ” . As recen tly  s tre s se d  b y  W h a l l e y  e t  al. [52], b a c te riu ria  h a s  n o  sign ifi
c a n c e  unless th e  sam e m icroorgan ism  grow s fro m  th e  urine in  la rg e  num bers 
o n  tw o  consecutive o ccasions. U sually , 105/m l is sa id  to  be th e  c ritic a l co un t, in 
o u r  experience 103/m l is c r itic a l in the  case o f c lea r vo ided  u rin e  o f m ales an d  
c a th e te r  urine of fem ales  [21, 22]. A g ro w th  o f d iffe ren t m icroo rgan ism s from  
d if fe re n t cu ltures re p e a te d  a t  close in te rv a ls  is no evidence a g a in s t “ t r u e ” 
b a c te r iu r ia . In  a p e rso n  suscep tib le  to  in fe c tio n s  th e  u ro g en ita l t r a c t  m ay 
h a rb o u r  d ifferent m ic ro o rg an ism s and  i t  m a y  som etim es occur t h a t  even  m ore 
t h a n  one k ind m ay  b e  p re se n t s im u ltan eo u sly .

N a tu ra l h istory  of th e  c h ro n ic  process

C ertain  renal d iseases  assum e a ch ron ic  fo rm  a t  th e  onset, as fo r  in stance  
th e  chronic ty p e  o f re n a l  tubercu losis. C e rta in  ren a l ab n o rm a litie s  such as 
c o n g e n ita l m a lfo rm a tio n s , obviously  la s t th ro u g h  a lifetim e. B u t i t  is h a rd  to  
u n d e rs ta n d  how a c u te  g lo m eru lonephritis  o r p y e lo n ep h ritis  b ecom e chronic.

G lom eru lonephritis  is doub tlessly  an  a lle rg ic  disease, b u t  th e  u n d erly in g  
im m un o lo g ica l m e c h a n ism  is n o t fully  u n d e rs to o d . T he follow ing ex p lan a tio n s  
h a v e  been p u t fo rw a rd , am o n g  o thers.

1. The classical school claims streptococcal allergy to be responsible for 
th e  disease (Schick [45], P irquet [42]). T he streptococcal proteins are sup
p o sed  to sensitize th e  hum an organism, th e  fir st phase of the process hoing an 
a ttach m en t of antibodies to  the tissues and th e  first m anifestation o f th e  disease 
is ascribed to the reaction  w ith  the sessile antibod ies of the antigen repeatedly  
in v a d in g  the blood stream .

2. Inverse a c tiv e  an ap h y lax is . T he th e o ry  p resum es, as th e  f i r s t  phase 
o f  th e  process, th e  b in d in g  of th e  an tigen  to  th e  tissues (K e l l e t t  [31], Sarre  
[4 4 ]). The disease beco m es m anifest w hen  th e  an tibod ies p ro d u c e d  during  
th e  la te n t  stage re a c t w ith  th e  an tigen  b o u n d  to  th e  k idney .

3. A u to -im m u n iza tio n  (Schwentker a n d  Comploier [46], Cavelti [11], 
V a u c u r a  [49]).

4. The p a th o g e n ic  ro le  of soluble a n tig e n -a n tib o d y  com plexes (D ixon  
e t  a l. [13], McCl u sk e f  a n d  B enacerraf [37]). R ecen t in v e s tig a tio n s  clearly  
p o in t  to  the  possib ility  t h a t  in  th e  la te n t  s ta g e  o f serum  sickness an  an tigen- 
a n t ib o d y  reaction  o ccu rs  in  th e  blood s tre a m  w h ere  tox ic  com plexes a re  form ed 
a n d  these  are supposed  to  b e  th e  responsible fa c to rs  n o t only w hile c ircu la tin g  in 
th e  b lood  b u t also a t  a la te r  stage w hen th e y  are  deposited  in  th e  v ascu la r 
w a ll a n d  give rise to  p ro life ra tiv e  g lo m eru lo n ep h ritis .

A review of th e  l i te ra tu re  m akes one conclude  th a t  all o f th e  alleged 
m ech an ism s have th e ir  p a r t  in  th e  d ev e lo p m en t o f th e  process, a t  le a s t  in  some
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o f its  fea tu res , such  as th e  slow progression or co nverse ly  th e  acu te  e x ace rb a tio n  
o f ch ron ic  n ep h ritis . W e ignore, how ever, w h e th e r  th e  said  fac to rs  o p e ra te  
to g e th e r  or in  succession. T h e  la t te r  con jec tu re  is m ore  likely  to  be tru e . I t  is 
for in s tan ce  in  line w ith  th e  th e o ry  w hich ascribes tw o  phases to  th e  origin 
of M asugi’s n ep h ritis  a n d  fin d s  conclusive ev idence  in  th e  r a b b it  k id n e y —duck  
serum  experim en ts o f  K ay  [29, 30]. T he m odel ex p erim en ts  o f H á m o r i , 
T ompa  an d  K ádas [26] also p o in t to  tw o d iffe ren t allerg ic m echan ism s coup led

Rabbit No 05 
3320 д

December, 1954 January, 1955
20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 S 9 10 11 12

o o
E
E • ft? 
S' on

TP ■■ 6 .4 5 g%  TP -6 ,2 0 g  % TP :5.80g  % 
A : 3,00 g  % A ' 2.80 g  % А -2.в2д%  
G : 3,45 g Vo G : 3,40g  % . 9  :^ g %  

NPN : 30 mg % NPN : 35 mg  % d f ô !

Sa Na - 400 m g % SeNa'- 380  m g%  xoml S eN a  394mg% 
0,1ml I 'iM'nephrotoxin J h  

Y „4 M pephrojoxm  ^ __Y _

1  70 
£  60  
i \ s o  &
OQ Ъ .

e
«b.

.c:

n o
120
100
90
SO
40
20 I I I

Sa
cr

ifi
ce

d

Proteinuriafsbach %, + + + 3 + + - M 0

Proteinuria 
mg/day

1000- 
800 - 
600 \  
400 
200 .

900
700 м  
500 ш  
300 %  
100

Sediment: 
Red cella •  
c a sts  u

• • •  — mm*
ООО 0 0 0 0 0 0

Fig. 1. E ffect of a n a p h y la c tic  shock  on silent M asugi’s n e p h ritis . S en sitiza tio n : in effectiv e  
dose o f n ep h ro tox ic  d u ck  serum . R e in jection : 1.0 ml n e p h ro to x ic  duck  serum . A b b rev ia tio n s : 
T P  =  to ta l  p ro te in ; A =  se ru m  a lb u m in ; G =  serum  g lo b u lin ; N P N  =  n o n -p ro te in  n itro g en ;

SeN a =  serum  so d iu m ; +  +  +  =  in tense  p re c ip ita tio n  b y  su lphosalicy lic  acid

in  succession. T hese a u th o rs  induced  n o n -le th a l a n a p h y la c tic  shock in  ra b b its  
sensitized  w ith  m in im al am o u n ts  of n ep h ro to x ic  d u ck  serum . U n d e r th e  effect 
of th e  shock th e  la te n t  process becam e m an ife s t w h e th e r n o rm al o r n e p h ro 
to x ic  duck  serum  h a d  been  used  for re in jec tio n  (F igs. I an d  2). As ex p o sed  in 
d e ta il in an earlier p a p e r  [19], th e  au to -im m u n iza tio n  prov ides th e  closing link  
of th e  process an d  is also  responsib le  for th e  slow  p rogression  of ch ron ic  n e p h r i
tis . P f e i f f e r  an d  B r u c h  [41] expressed a s im ila r view  ascrib ing  chron ic  
n e p h ritis  to  in fec tive  a lle rgy  w hich generally  a b a te s  b u t  m ay  occasionally  s ta r t  
off an  au to -im m u n e  m echan ism  leading to  ch ro n ic  n ep h ritis  an d  re su ltin g  in  
secondary  renal a tro p h y .

A cu te  e x a ce rb a tio n s  o f chronic n e p h ritis  assoc ia ted  w ith  re p e a te d  
s trep to co ccal in fec tio n s an d  liab le  to  cause su d d en  relapses h av e  a d iffe ren t
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o rig in . T he la te n c y  p e rio d  o f  acu te  e x a ce rb a tio n s  is sh o rten ed  as fo u n d  b y  
E a r l e  an d  Seeg a l  [14] a n d  confirm ed  b y  ourselves. In  our v iew  th e  classical 
s tre p to c o c c a l h y p o th es is  offers th e  b e s t e x p la n a tio n  fo r th e  sh o r t  la te n c y  
p e r io d .

P e t r á n y i [40] h as  ca lled  a t te n tio n  to  th e  p o ssib ility  o f a c u te  g lom eru lo 
n e p h r i t is  becom ing ch ro n ic  u n d e r th e  e ffec t o f h y p e rten s io n , th ro u g h  a 
k in d  o f  v itious circle le a d in g  to  a h y p e rte n s iv e  tra n s fo rm a tio n  o f th e  k id n e y .
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F ig . 2. E ffec t of a n a p h y la c tic  sh o ck  on s ilen t M asugi’s n e p h ritis . S e n sitiz a tio n : ineffective  
dose  o f  n ep h ro tox ic  d u ck  se ru m . R e in jection : 1.0 m l n o rm al du ck  serum . A b b rev ia tio n s : 
T P  =  to ta l  p ro te in ; A =  se ru m  a lb u m in ; G =  se ru m  g lobu lin ; N P N  =  n o n -p ro te in  n itro g en

SeCl =  serum  ch lorides

In  50 p e r  cen t of ch ro n ic  n e p h ritis  cases h y p e rte n s iv e  changes m a y  be found 
w ith o u t  oedem a or in f la m m a tio n . A tra n s fo rm a tio n  of th is  k in d  obv iously  
p re c ip ita te s  the  a d v e n t o f ren a l failure.

T h e  origin of th e  ty p e  o f g lo m eru lo n ep h ritis  chronic from  its  v e ry  o u tse t 
is s till en igm atic  an d  su g g ests  a re la tio n sh ip  w ith  collagen d isease [40].

W h a t is th e  orig in  o f ch ron ic  p y e lo n ep h ritis  ? As concerns local im m u n ity , 
w e a re  s till in th e  d a rk , th e re fo re  th e  q u estio n  w h y  b ac te ria l in fec tio n s  p e rs is t 
in  th e  k id n ey , leaves us w ith  general co n jec tu res . E ith e r  th e  in fec tiv e  a g en t is 
to o  v iru le n t or th e  defence  o f th e  organ  to o  w eak , th e  m a jo r p red isp o sin g
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fa c to rs  b e ing  1. calculi, 2. co n g en ita l anom alies o f  th e  u ro g en ita l t r a c t ,  3. 
p reg n an cy . O b stru c tiv e  fo rm s o f ren a l disease req u ire  su rgery  a n d  n o n 
o b s tru c tiv e  fo rm s, e rad ica tio n  o f th e  responsib le  foci, fo r th e ir  cure.

T h e  ex p erim en ts  of B abics an d  R é n y i-V Imos [3, 4, 5] h av e  le n t  co n 
v in c in g  su p p o rt to  th e  a ssu m p tio n  t h a t  in  o b s tru c tiv e  ren a l disease u rin e  is 
ab so rb ed  f ir s t  in to  th e  ad ipose tissu e  a d ja c e n t to  th e  ren a l pelv is a n d  la te r  
in to  th e  ren a l in te rs titiu m . T h is in d u ces a m assive  release of h is ta m in e  a n d  
sca rrin g  o f th e  adipose tissu e  o f th e  re n a l s inus. O b lite ra tio n  of th e  ly m p h a tic s  
cause a m echan ical im p a irm e n t of ren a l ly m p h  c ircu la tio n  an d  th is  in te rfe re s  
w ith  in tra re n a l  p ro te in  tra n s p o r t  w h ich  is considered  b y  th e  a u th o rs  as th e  
decisive fa c to r  in  ren a l d e s tru c tio n .
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Criteria o f ac tiv ity  in  ch ro n ic  re n a l disease

I t  is a genera l ru le t h a t  ev e ry  ch ron ic  p rocess is to  be considered  a c tiv e  
i f  a n y  o f th e  p resen tin g  fea tu re s  p re d o m in a te  a n d  s till m ore if  a n y  o f th e m  
becom es p re v a le n t, b u t  th e  v a rio u s signs h av e  n o t  th e  sam e s ig n ificance . 
G lo m eru lo n ep h ritis  is th e  v e ry  ex am p le  o f th is . In c rease  of p ro te in u ria  is an  
u n fa v o u ra b le  sign an d  m assive  p ro te in u ria  is in d ica tiv e  of th e  n e p h ro tic  
sy n d ro m e . On th e  o th e r h a n d , as decrease o f th e  p ro te in u ria  need n o t  be  a sign 
o f im p ro v e m e n t, th e  p ro te in  b e in g  o f g lo m eru la r orig in , an d  there fo re  th e  d e s tru c 
tio n  o f th e  g lom eru lar a rc h ite c tu re  m ay  re su lt in  a re d u c tio n  of p ro te in u ria . E v a 
lu a tio n  o f hypertension is ren d ered  d ifficu lt b y  clin ical ty p e s  invo lv ing  a d u a l m e c h 
an ism , in  o th e r  w ords, ren a l h y p e rten s io n  o rig in a tin g  in  th e  classical re n in -a n g io 
te n s in  m echan ism  com bines w ith  n eu rogen ic  fa c to rs  [24]. In  o u r ex p erien ce  
th e  A dd is  co u n t of red  cells is th e  m o st re liab le  sign [20, 22, 23, 25 ]. F ig . 3 
show s t h a t  a considerab le  su d d en  in crease  ensues in  e ry th ro c y te  e x c re tio n , 
as a re b o u n d  phenom enon , if  s te ro id  t r e a tm e n t  is in te r ru p te d  in  a c u te  g lom e
ru lo n e p h ritis . B r o d  [8] se t dow n th e  fo llow ing c r ite r ia  of a c tiv ity : p ro te in u r ia , 
h a e m a tu r ia , leu k o cy te  ex cre tio n , c y lin d ru ria , sed im en ta tio n  ra te .

R e d u c tio n  in  serum  co m p lem en t t i t r e  is an  evidence of im m un o lo g ic  
a c t iv i ty  [2 0 , 2 2 , 2 3 , 2 5 , 34, 3 5 ] . T h ere  is s till l i t t le  in fo rm ation  a b o u t th e  
c o rre la tio n  betw een  a u to -a n tib o d y  t i t r e s  a n d  th e  clin ical course o f th e  d isease. 
T h e  fa c t  is, how ever, th a t  s ig n ifican t t i t r e s  are  co n sis ten tly  fo u n d  in  th e  case 
o f ch ro n ic  n ep h ritis  [12, 33 41, 50]. P e rs is te n t p resence  of a n ti-re n a l a u to -a n 
tib o d ie s  on th e  basis of seria l te s ts  is c la im ed  b y  K r a m e r  e t al. [32] to  be  an  
u n fa v o u ra b le  sign in  chronic n ep h ritis .

I n  our experience, s ig n ifican t m ic ro h a e m a tu ria  an d  com plem en t re d u c 
tio n  n eed  n o t  he associa ted  w ith  each  o th e r  in  cases o f  acu te  g lo m eru lo 
n e p h r i t is  ta k in g  a p ro tra c te d  course , o r in  cases  o f  chronic g lo m eru lo 
n e p h ritis . Q u a n tita tiv e  analy sis  o f th e  sed im en t is genera lly  a m ore  sen s itiv e
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in d ic a to r  th a n  th e  serum  com plem en t t itre . O ccasionally , th e  la t te r  rem ain s 
low  desp ite  th e  clin ical cu re  of acu te  n ep h ritis , b u t  n o th in g  decisive can  be 
said  as y e t  a b o u t th e  fu r th e r  course of such cases. L o n g -te rm  follow -up is 
c e rta in ly  req u ired .

T he serum  co m p lem en t t i t r e  is a v a lu ab le  in d ic a to r  of a c tiv ity  in  lipo id  
nephrosis . A ccord ing  to  Lange  e t al. [35, 36] a n d  W edgwood an d  J a n e 
w ay  [51], changes of th e  t i t r e  closely reflect th e  clin ical course of lipod n e p h ro 
sis. T ho u g h  in  o u r ex perience  th is  co rrelation  is n o t  q u ite  as close, still we co n 
sider a red u c tio n  in  co m p lem en t t i t r e  a fa irly  re liab le  sign  of progression. Tw o 
fac ts  re s tr ic t, how ever, th e  d iagnostic  sign ificance of th e  com plem ent t i t r e :
1. T he serum  co m p lem en t t i t r e  m ay  rem ain  n o rm a l even  in  cases w ith  fa ta l  
ou tcom e as ev idenced  b y  seria l te s ts  in one o f o u r cases. 2. As po in ted  o u t b y  
F ischel  an d  Ga jd u se k  [15] low  com plem ent v a lu es  ra p id ly  re tu rn  to  n o rm a l 
levels if  a cu te  g lo m eru lo n ep h ritis  is jo ined  b y  som e in f la m m a to ry  process or 
th y ro to x ico sis . W e w ere ab le  to  confirm  th e  p o ss ib ility  of such co rre la tions 
in  a case of n ep h ro tic  n e p h ritis  an d  in one o f sy s tem ic  lu p u s  e ry th em a to su s , 
th e  responsib le  in f la m m a to ry  process hav ing  been  in  b o th  cases an  in tra g lu te a l 
abscess caused  b y  an  in jec tio n .

A c tiv ity  in  p y e lo n ep h ritis  is in d ica ted  b y  th e  p resence  of “ tru e ”  b ac te ri-  
u ria  com bined  w ith  p y u ria , w h e th e r or n o t th e  p a t ie n t  is feb rile . In  ou r ex p e 
rience th e  b e h av io u r o f th e  b a c te ria l and  leu k o cy te  co u n ts  gives a tru e  re flec 
tio n  of th e  dynam ics of th e  process. An A ddis c o u n t o f leukocy tes req u ires  a 
c a th e te r  specim en in  w om en, b u t  n o t every  d a y  o f course.

Increase  in  n o n -p ro te in  n itrogen  levels a sso c ia ted  w ith  chronic re n a l 
disease in d ica tes  th e  te rm in a l s tage  of th e  p rocess r a th e r  th a n  its  a c tiv ity .

H ow  to p ro long  th e  progress of ch ro n ic  re n a l disease?

C hronic g lo m eru lo n ep h ritis  or p y e lo n ep h ritis  p re d ic t  th e  te rm in a l s tag e  
of th e  process. T he ideal w ay  of a v e itin g  i t  w ou ld  be  to  con tro l th e  process 
d u rin g  its  a cu te  s tage . B u t w hen  we are faced  w ith  an  estab lished  chron ic  
process, all we can do is to  a t te m p t  to  keep aw ay  ev e ry  possible influence th a t  
m ay  p re c ip ita te  th e  fa ta l  ou tcom e. The essen tia l h a rm fu l fac to rs  are  1. re in 
fec tion , 2. ph y sica l s tra in , 3. m en ta l stress, 4. in c o rre c t regim en. O ur o th e r  
en d eav o u r is to  gain  co n tro l over th e  a c tiv ity  o f th e  process b y  m eans o f lo n g 
te rm  s te ro id  t r e a tm e n t in  chronic  g lom eru lonephritis  [8, 9, 20, 22] an d  th e  
n ep h ro tic  syndrom e [1, 17, 20, 22, 43], an d  su lp h a  d ru g s an d  an tib io tic  t r e a t 
m en t in chronic  p y e lo n ep h ritis  [6, 7, 10, 21, 22, 28, 39, 47].

P ro longed  s te ro id  t r e a tm e n t  has its  h aza rd s . W e f in d  i t  u n w a rra n te d  in 
cases of nephrosis due  to  am ylo idosis, as in  one case w e h a d  th e  defin ite  im 
pression th a t  i t  h ad  p re c ip ita te d  th e  fa ta l ev en t. Ma x w ell  e t al. [38] expressed  
a sim ilar view .
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O u r p rocedure is as follow s. P a tie n ts  w ith  X -ray  ev idence  o f p e p tic  ulcer 
a re  n o t  given stero ids. T hose  w ho h av e  been  found  n eg a tiv e  a re  k e p t on daily  
o ra l  doses of 50 to  60 m g p red n iso lo n e  u n ti l  th e  a c tiv ity  o f th e  process subsides 
o r  s id e  effects have  d eve loped . T h is m a y  ta k e  4 to  8 weeks or m ore . L ong-te rm  
a d m in is tra tio n  of m ed iu m  doses in  th is  ran g e  is lim ited  b y  i r r i ta b il i ty ,  h e a r t
b u r n ,  abd o m in a l colics, in so m n ia , p a lp ita tio n s  or re lu c tan ce  to  ta k e  th e  drug. 
T h is  calls for an  a d ju s tm e n t of th e  doses to  th e  in d iv id u a l to le ran ce . D aily  
d o ses  in  th e  range o f 10 to  15 m g are  g en era lly  free of a n y  ad v e rse  e ffec t even 
w h e n  ta k e n  over long perio d s. M edium  doses are liable to  cause  h y p o p o tass- 
a e m ia  a n d  therefore  3 g p o ta ss iu m  ch lo ride daily  shou ld  b e  p re sc rib ed  and  
so d iu m  b ica rb o n a te  acco rd in g  to  need . T h e  p a tie n t should  be  m ad e  aw are  of 
th e  d an g ers  of d ie ta ry  e rro rs . H e m u s t p a r tic u la r ly  avo id  coarse , h e a v y  food 
w h ic h  m ay  b ring  on u lcer p e rfo ra tio n  or ste ro id  p a n c re a titis .

D u rin g  in tensive  s te ro id  tre a tm e n t ,  close superv ision  o f  th e  p a t ie n t  is 
im p e ra tiv e . B arium -m eals sh o u ld  be re p e a te d  a t  th ree-w eek  in te rv a ls  in  th e  
in te r e s t  of early  reco g n itio n  of a p ep tic  ulcer. T he a p p e a ra n ce  of ulcer 
fo rb id s  an y  fu r th e r  a d m in is tra tio n  o f p redn iso lone , b u t  20 m g o f cortisone 
d a ily  h a v e  to  be given i. m . in  o rd e r to  am elio ra te  th e  reb o u n d  phenom enon  
a n d  ia tro g en ic  a d ren o co rtica l fa ilu re , o therw ise  th e  lo n g -te rm  p redn iso lone  
th e r a p y  will be g rad u a lly  re d u c e d  o v er a perio d  of tw o  w eeks. N o A C TH  is 
re q u ire d . Sm all doses of p red n iso lo n e  m a y  also be ta k e n  o u ts id e  h o sp ita l.

A ccording to  th e  p re v a le n t v iew , th e  decisive p o in t in  th e  o u tco m e of 
p y e lo n e p h ritis  is th e  c o n tro l o f b a c te r iu r ia . This is g en era lly  a t te m p te d  b y  
sp ec if ic  an tib io tic  t r e a tm e n t. B rod [6, 7] em phasized  th a t  s te r il i ty  o f  th e  urine 
fo u n d  on one occasion does n o t  ju s tify  b rin g in g  tre a tm e n t to  an  en d , a n d  even 
w h e n  severa l cu ltu res h av e  re m a in e d  n eg a tiv e , i t  is still long  b efo re  th e  a n ti
b io tic  can  be d iscon tinued . F o r  lo n g -te rm , an tib a c te ria l t r e a tm e n t  he recom 
m e n d s  sm all doses o f su lp h o n am id es so luble  in  u rine. T h o u g h  su b sc rib in g  to  
B r o d ’s view  as concerns th e  n ecess ity  o f lon g -te rm  tr e a tm e n t, we p re fe r th e  
u se  o f  la rg e-sp ec tru m  a n tib io tic s  in  sm all doses, th e  m a in te n a n c e  dose being 
120 to  250 mg of O xy te tracycline  da ily . P ro longed  in te rm itte n t  a n tib io tic  and  
su lp h o n a m id e  tre a tm e n t h as  also been  a t te m p te d , b u t  in  o rd e r to  be  rew ard ing  
th is  to o  m u st be s ta r te d  a t  a n  ea rly  stage  as long as c rea tin in e  c learan ce  is still 
n o rm a l or n early  so [10].

W h a t are th e  possib ilities  i f  th e  cau sa tiv e  agen t is p o ly re s is ta n t ? An 
a t t e m p t  m ay  be m ade w ith  som e su lp h o n am id e  of h igh so lu b ility . A ccording 
to  c lin ica l observations, re s is tan ce  in  vitro b y  no m eans excludes responsiveness 
in  vivo.  I t  is, how ever, defensib le  to  ren o u n ce  ch em o th e rap y  or an tib io tic s . 
P e rso n a lly , we p rescribe  som e dye p re p a ra tio n , obviously  fo r  p sy ch ic  reasons 
r a th e r  th a n  in  th e  hope o f th e ra p e u tic  effect.

C ongenita l ab n o rm a litie s  of th e  u ro g e n ita l t r a c t  shou ld  be lo o k ed  upon 
as  p o te n tia l  sources of p y e lo n ep h ritis .
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A fte r  su rgery  fo r re n a l m alig n an cy  a carefu l w a tc h  m u st be k e p t  on th e  
p a tie n t  fo r early  signs o f re lapses.

T he im p o rtan ce  o f a d e q u a te  re la tio n sh ip s  b e tw een  th e  p h y sic ian  a n d  
th e  p a tie n t  need n o t  be  em phasized . E n c o u ra g e m en t an d  s y m p a th y  offered  
b y  th e  physic ian  is an  in v a lu ab le  fa c to r  in  e ffic ien t lon g -te rm  care.

R en a l disease and  p reg n an cy

Tw o c ircu m stan ces h a v e  p ro m p te d  us to  reco n sid e r th e  q u es tio n , how  
fa r  th e  m a in ten an ce  o f p re g n a n c y  is w a rra n te d  in  ren a l disease. F ir s t ,  w ith  
an tib io tic s  a t  our c o m m an d , we can  do m ore in  th e  w ay  o f stab iliz ing  th e  re n a l 
cond ition  d u ring  p re g n a n c y  th a n  we could in  th e  p a s t. Second, ow ing to  th e  
progress ach ieved  in  th e  f ie ld  of p re m a tu re  care  i t  is no longer v ita l  to  c a r ry  
a p reg n an cy  to  te rm . In d u c e d  de livery  b e tw een  th e  7 th  an d  8 th  m o n th s  ta k e s  
a su b s ta n tia l lo ad  o ff th e  k id n ey s. T he p rob lem , o bv iously , does n o t  p re se n t 
itse lf  un less th e  p a re n ts  ab so lu te ly  in sis t on th e  m a in te n a n c e  of p re g n a n c y .

I t  s tan d s  b ey o n d  d o u b t t h a t  chronic n e p h r it is , especially  if  i t  ve rges to  
u raem ia , rep resen ts  an  ab so lu te  in d ica tio n  fo r th e  in te r ru p tio n  of p re g n a n c y . 
B u t w h a t if  a w om an  w ith  n e p h ro tic  n ep h ritis  a n d  in  th e  5 th  to  7 th  m o n th  o f 
p reg n an cy  rep o rts  fo r  th e  f ir s t  tim e ?  I t  is d ifficu lt to  decide w h a t to  do in  t h a t  
case, since six m ore w eeks w ould  be enough fo r a v ia b le  foetus to  be  b o rn e .

Y e t, th o u g h  th e re  is l i t t le  evidence in  th is  re sp ec t, we m u s t face th e  
n ecessity  of giv ing u p  th e  fo e tu s  as we did  in  th e  p a s t  if  close clin ical o b se r
v a tio n  show ed fu r th e r  d e te rio ra tio n  in th e  m o th e r ’s condition .

R en a l disease and  m ilita ry  service

T he presence o f ch ron ic  n ep h ritis  se ttles th e  q u estio n , th e  p a t ie n t  b e in g  
in  t h a t  case obv iously  u n f i t  fo r m ilita ry  serv ice . B u t w h a t shou ld  b e  th e  
a t t i tu d e  in  th e  case o f an  a p p a re n tly  cured  a c u te  n e p h r it is ?  F o r in s ta n c e , i f  
th e  p a tie n t  h ad  a c u te  n e p h r itis  o f a few  w eeks’ d u ra tio n  a y e a r ago a n d  he  h as  
been free of an y  sy m p to m  since th a t  tim e ? In  o u r  opin ion , m ilita ry  serv ice  
m u st be  p o stp o n ed  fo r  tw o  y ea rs  a f te r  th e  su b sid en ce  o f acu te  n e p h ritis , since 
we h av e  no ab so lu te  p ro o f  o f its  fu ll re s titu tio n . A s Gömöri [18] p u ts  th e  t im e  
d u rin g  w hich im p ro v e m e n t is s till possible a t  18 m o n th s  an d  th e  p re se n t 
a u th o rs  a t  tw o y e a rs , th e  p a tie n t  needs those  tw o  y e a rs  to  be on th e  safe side.

R ehab ilita tion

P rov ision  fo r su ita b le  a c tiv ity  a d a p te d  to  th e  p a t ie n t ’s co n d itio n  belongs 
to  th e  m a jo r p ra c tic a l p ro b lem s o f chronic ren a l d isease. R e h a b ilita tio n  com 
m ittee s  w ork w ith  s ta n d a rd iz e d  schem es based  on th e  ch a ra c te r  a n d  th e  s tag e  
of th e  disease. Such s ta n d a rd s  h av e  ce rta in ly  th e ir  use . F ö ldi [16] does ju s tic e
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to  th e s e  claims in  h is  s tu d y  ab o u t re h a b ili ta tio n  in  ren a l d isease. Schem es as 
su c h , h av e  obviously a l im ite d  value. B r o d  [ 8 ]  g re a tly  relies on th e  endogenous 
c re a tin in e  clearance in  assessing  th e  w o rk in g  cap ac ity  of a re n a l p a tie n t. 
A s lo n g  as the  average  G F R  is over 50 m l/m in , he  sees no o b jec tion  to  a seden
t a r y  fu ll-tim e job . If , h o w ev e r, G F R  falls be low  th a t  lim it or i f  h y p e rten s io n  
a p p e a rs , he lim its th e  p a t i e n t ’s a c tiv ity  to  a h a lf-tim e  jo b  w hich  m a y  be con
t in u e d  u n til signs o f u ra e m ia  appear. P e rso n a lly , we w ould n o t  u n d e r ta k e  to  
s e t  u p  h a rd -an d -fas t-ru le s  o f  th is  k ind , as tw o  cases of th e  sam e d isease  are  never 
s im ila r . W e have o n ly  to  rem em b er th e  w ide v a r ie ty  in  n ep h ritis  ra n g in g  from  
a b o r t iv e  cases to  th e  fu lm in a n t ty p e  lead in g  to  d e a th  w ith in  24 h o u rs . In  our 
v ie w , re h ab ilita tio n  is n o t  m ore th a n  an  a t te m p t  w ith  en tire ly  unforeseen  
re s u l ts .  W e had  fo r in s ta n c e  a p a tie n t w ith  po ly cy stic  k id n ey  on  th e  verge 
o f  u raem ia . On his r e q u e s t  we le t h im  s ta y  on his a d m in is tra tiv e  jo b . The 
a t t e m p t  was successful. A n o th e r  p a tie n t w ith  u re te ra l o b s tru c tio n  associa ted  
w i th  m ic ro h aem atu ria  w o rk s  as a jo in e r  w ith o u t an y  adverse consequence. 
B u t  th e re  are m ore th a n  enough  exam ples to  th e  co n tra ry . A y o u n g  collier 
fo r  in s tan ce  ju s t  on th e  w a y  to  recovery  fro m  an  acu te  g lo m eru la r n ep h ritis  
o f  p ro tra c te d  course w ith  m in o r signs of a c t iv i ty , to o k  up  his w o rk , defin ite ly  
a g a in s t  our advice. E ig h te e n  m o n ths la te r  he  w as b ro u g h t b ack  to  us in  the  
te rm in a l  stage of u ra e m ia  a n d  died  soon a f te r  adm ission . A y o u n g  m a n  in  the  
la te n c y  stage of ch ro n ic  n e p h ritis  en te red  th e  H igh  School of F o re s try . The 
s t r a in  involved b y  th e  s tu d ie s  and , p o ssib ly , an  acu te  e x ace rb a tio n  resu lted  
in  u ra e m ia  and  d e a th  in  a few  m onths.

R e tu rn  to  w ork  m u s t  be  regarded  in  e v e ry  case as a to le ran ce  te s t ,  w hich 
m a k e s  close superv ision  o f  th e  p a tie n t im p e ra tiv e , a t  least in  th e  f i r s t  tim e. 
H e re  lies th e  role of th e  fa c to ry  m edical c o n su lta n t. In  co o p era tio n  w ith  the  
a t te n d in g  physician  o f th e  h o sp ita l u n it , he  m u s t carefully  assess th e  safe ty  
ra n g e  involving th e  m in im u m  risk  and  i t  is u p  to  h im  to  fin d  an  a c tiv i ty  for 
th e  p a t ie n t  w hich he  m a y  safe ly  con tinue  w ith o u t endangering  h is  cond ition . 
I t  m u s t , how ever, be  a d m itte d  th a t  th e  p ro b lem  of re h a b ilita tio n  in  renal 
d isea se  is as d ifficu lt as in  a n y  o th e r d isab lin g  cond ition .

W hen  should th e  r e n a l  p a tie n t be a llow ed  to  resum e his w o rk ?  T h e  ob
v io u s  answ er w ould b e , as soon as he is cu red  clin ically . T here  a re , how ever, 
cases  w hich will ta k e  a ch ro n ic  course in  sp ite  o f ad eq u a te  m easu res , so we 
sh a ll  h av e  to  come to  te rm s  w ith  th e  d isease , allow ing th e  p a t ie n t  b ack  to  
w o rk  i f  his condition  is s ta t io n a ry  or show ing  v e ry  slow progress.

W hen  should th e  re n a l  p a tie n t be fo rb id d e n  to  resum e his w o rk ?
1. I f  th e  process is d e fin ite ly  ac tive .
2. In  case of re n a l d isab lem en t, fo r in s ta n c e , on th e  verge o f  u raem ia , 

o r  w ith  excessive re n a l h y p e rten s io n .
W h a t is th e  s tra in  w h ich  p re su m ab ly  leaves th e  ren a l co n d itio n s  u n a f

fe c te d  ? In  all likelihood  in te lle c tu a l o ccu p a tio n  o r n o t too  h a rd  p h y s ic a l w ork.
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T h e p a tie n t  shou ld  s ta n d  as little  as possib le. H e  shou ld  n o t lift h ea v y  o b jec ts . 
H igh  te m p e ra tu re  w orkroom s should  be a v o id ed , p a rticu la rly  w here  ren a l 
po isons, e.g. m ercu ria l com pounds are u sed .

R esidua l p ro te in u ria  con stitu tes  a sp ec ia l p rob lem . In  ag reem en t w ith  
G ö m ö r i  [18] in th e se  cases we ap p ly  th e  sam e  c rite r ia  as in th e  e a r ly  s tag e  
o f ch ron ic  n e p h ritis . Such cases should  be  ex c lu d ed  from  hard  p h y sica l w ork .

As concerns school a tten d an ce , i t  sh o u ld  he borne in m ind  t h a t  w ith  
a c u te  n ep h ritis  ta k in g  a p ro tra c te d  course, i t  is b e t te r  to  lose a sch o o l-y ear 
th a n  to  jeo p ard ize  th e  chance of recovery .

Problem s of o rg an ized  care

Care in  ren a l disease has th e  sam e o b je c tiv e s  as in  any  o th e r c o n d itio n . 
T he n e tw o rk  of care  has sim ilar task s  as th e  fa m ily  do c to r had  in  th e  o ld  d ay s, 
on ly  a t  a h igher level. T he p a tie n t’s co n d itio n  m u s t be followed closely  so as 
to  ta k e  th e  n ecessary  m easures in  case o f im p a irm e n t. O rganized c a re  is o f 
s u b s ta n tia l  help  in  re h a b ilita tio n  as i t  allow s to  check  th e  consequences o f th e  
resu m ed  w ork. T he u ltim a te  ob jective o f o rg an ized  care is efficient p re v e n tio n , 
in  o th e r  w ords th e  p ro te c tio n  from  a n y  h a rm  an d  provision for an  a c t iv i ty  
co m p atib le  w ith  th e  p a t ie n t’s condition . T h e  m ain  issues of th is  ta s k  a re :

1. O verall check-up  a t  regu lar in te rv a ls ;
2. s ta b iliz a tio n  o f th e  sa tis fac to ry  c o n d itio n ;
3. ea rly  reco g n itio n  of relapses;
4. re h a b ilita tio n .

W ho is to  be  e n tru s te d  w ith  th e  care  o f  ren a l p a tie n ts?  In  o u r op in io n , 
o u t-p a tie n t clinics w ith  a su itab le  la b o ra to ry  b ack g ro u n d  are b e s t su ite d  for 
th is  ta sk . T here  is no  need  for a special n e tw o rk , h u t  lab o ra to ry  fac ilitie s  are 
in d ispensab le  as th e y  alone provide th e  n e c e ssa ry  basic  in fo rm ation . W e h av e  
to  re ly  on th e  g enera l p rac titio n e r, to o , w ho is generally  fam ilia r w ith  th e  
p a tie n ts  o f his d is tr ic t  a n d  is in  th e  b e s t p o s itio n  to  n o te  th e  s lig h te s t change 
th o u g h  n o t a lw ays to  in te rp re t it  in  th e  l ig h t o f ob jec tive  evidence. S h o rtag e  
in  beds m akes re g u la r  check-up in a c lin ica l w a rd  illusory.

C are of p a tie n ts  a long  th e  above lines req u ires  no special e x p e n d itu re . 
T h e  o u t-p a tie n t clinics of hosp ita ls can  u n d o u b te d ly  cope w ith  th e  ta s k . T he 
p a tie n ts  w ould  h av e  to  re p o rt for fo llow -up a t  reg u la r dates, an d  i t  w o u ld  be 
in  th e ir  in te re s t to  be  seen b y  th e  sam e p h y s ic ia n . In  th is  m anner, in v a lu a b le  
m a te r ia l could be  assem bled  in  resp ec t to  th e  dynam ics of ren a l d isease. 
A special in s t i tu te  fo r ren a l diseases w o u ld  b e  desirab le from  th e  sc ien tific  
a sp ec t, b u t  th e  ex is tin g  hosp ita ls  or clinics a re  well su ited  for th e  p ra c tic a l 
ta sk s , p a r tic u la r ly  if  specially  equ ip p ed  néphro lo g ie  u n its  could b e  se t up  
w ith in  th e ir  fram ew ork .
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T h e  m ost ex p ed ien t m eans of o rg an ized  lo n g -te rm  care w ould  b e  to  h a v e  
th e  p a t ie n t  re fe rred  b y  th e  general p ra c ti t io n e r  or th e  m edical c o n s u lta n t of 
th e  fa c to ry , to  a néphro log ie  co n su lta tio n  a t  in te rv a ls  of tw o m o n th s  o r  so. In  
a d d it io n , a n n u a l check-up  a t  a su ita b ly  eq u ip p e d  w ard  would be n ecessa ry . T h e  
ta s k s  in c lu d e  p o s tg ra d u a te  tra in in g  of th e  m ed ica l p ra c titio n e r in  th e  f ie ld  of 
re n a l diseases.

H o w  long is th e  ren a l p a tie n t  in  need  o f  c a re ?  In  our op in ion , to  th e  end  
o f h is  d ay s.

F u tu re  p rospects

U n til  re cen tly , th e  te rm in a l s tage  of re n a l disease has n o t been  accessib le  
fo r m ed ica l care. Tw o new  possib ilities, h a v e , how ever, b ro u g h t a c h an g e  in  
th e se  g loom y p ro sp ec ts . T he f irs t  is ren a l tra n sp la n ta tio n , an d  th e  seco n d , 
th e  a r tif ic ia l k id n ey . W idesp read  use of th e  f i r s t  is lim ited  b y  im m u n o lo g ic  
in c o m p a tib il i ty  w hich , i t  is to  be h oped , w ill soon be overcom e.

T o d a y  th e re  are  m an y  persons w ho live w ith o u t k idneys an d  re p o r t  tw ice  
w eek ly  fo r  be ing  d ialyzed . T his p o ssib ility  m u s t  be developed on a la rg e r  scale 
in  th e  fu tu re .

A cknow ledgem ents. W e a re  in d eb te d  to  P ro fe sso r G. R o m hány i fo r p e rfo rm in g  th e  
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DAS HISTOLOGISCHE BILD EINIGER OLIGO- 
ANURISCHEN ZUSTÄNDE

Von

F .  R é n y i -V á m o s , M a r g i t  Z o m b o r i  u n d  H .  J e l l i n e k

U R O L O G IS C H E  K L IN IK  (D IR E K T O R : P R O F . D R . A. B A B IC S ) U N D  I I .  P A T H O L O G IS C H E S  I N S T IT U T  
(D IR E K T O R : P R O F . D R . L . H A R A N G H Y ) D E R  M E D IZ IN IS C H E N  U N IV E R S IT Ä T  B U D A P E S T

(E ingegangen  am  22. D ezem b er 1965)

In  den  d a rg este llten  K ra n k h e itsb ild e rn  k o n n te  die P athogenese  d e r  Oligo- 
A n urie  in  v ivo  n ic h t m it S icherhe it fe s tg es te llt  w erd en , de r h istologische B e fu n d  tru g  
jed o ch  zu r v o llkom m enen  bzw. p a rtie llen  K lä ru n g  des Prozesses bei. D iesem  U m sta n d  
w ird  h in sich tlich  de r F ests te llu n g  de r e n tsp rec h en d e n  T h erap ie  u n d  de r P ro g n o se  eine 
w esen tliche B ed eu tu n g  beigem essen.

D as K ra n k e n m a te ria l der K u n s tn ie re n s ta tio n e n  b e s te h t in  e rs te r  R eihe  
aus an u risch en  bzw . oligurischen K ran k en . Im  H in te rg ru n d  d ieser k lin isch en  
D iagnose steh en  zu m eist K ran k h e itsb ild e r  v e rsch ied en er P a th o g en ese , die im  
a llgem einen  le ich t d iag n o stiz ie rt w erden k ö n n e n  (Q u ecksilberverg iftung , in 
k o m p a tib le  R lu ttra n sfu s io n , sep tischer A b o rt u sw .), m anchm al je d o c h  led ig lich  
a n h a n d  des b iop tisch en - bzw. S ek tio n sb efu n d es zu k lä ren  sind . I n  ein igen 
F ä llen  — z. R . w enn d e r P a tie n t  ohne s ich ere  D iagnose u n d  R iopsie  h e ilt, 
b e s te h t  die M öglichkeit d er genauen K lä ru n g  ü b e rh a u p t n ich t.

A u ß er den  d iagnostischen  S chw ierigkeiten  is t m anchm al a u c h  die 
K lä ru n g  zah lre ich er, m it d er P a thogenese  d e r  versch iedenen  A n u rie a r te n  v e r 
b u n d e n e n  F rag en  p ro b lem atisch .

D ie Z ielsetzung  vo rliegender A rb e it is t  n ic h t die s ta tis tisch e  B e w e rtu n g  
unseres K ra n k e n m a te ria ls , sondern  die D a rs te llu n g  ein iger Fälle , in  d en en  die 
P a th o g en ese  in  vivo n ic h t m it S icherheit fe s tg e s te llt  w erden k o n n te , d ie h is to 
logische U n te rsu c h u n g  d er N iere dagegen die K lä ru n g  des K ra n k h e itsb ild e s  — 
te ilw eise  oder vo llkom m en — erm öglich te .

Krankenmaterial

A n u n se re r  K u n s tn ie ren a b te ilu n g  w urd en  in  5 J a h re n  367 K ran k en  b e h a n d e lt :  211 
b lieb en  am  L eben , 156 sta rb en . Das Sektions- bzw . b io p tisch e  M aterial w urde  in  4 G ru p p e n  
e in g e te ilt u n d  zw ar erfo lg te  die G rupp ierung  d e m e n tsp rec h e n d , welches N ie ren g eb ie t d e ra r tig  
schw ere  h isto log ische V erän d eru n g en  aufw ies, m it  d e n en  die E n ts te h u n g  de r O ligo -A nurie  
in  erster R eihe  e rk lä r t  w erden  konn te .

1. G lom erulum -V eränderungen  lagen  bei 93 K ra n k e n  v o r; die k lin ische D iag n o se  w ar 
in d iesen  F ä llen  eine sich  info lge e iner „ in te rn is tisc h e n “  N ie ren erk ran k u n g  e n tw ic k e lte  Oligo- 
A n urie . D ie h isto log isch  n ach w eisbaren  U rsachen  d e r O ligo-A nurie w aren  fo lgende: su b a k u te  
G lo m eru lo n ep h ritis  (A bb. 1), E n d s tad iu m  ch ro n isch e r G lom eru lo- bzw. P y e lo n ep h ritis , A m y 
loidose, a k u te  A u fflack eru n g  ch ron ischer G lom erulo- bzw . P y e lo n ep h ritis  (A bb. 2), S ch w an g er
sch a fts to x äm ie  (A bb . 3), WEGENERsches S y n d ro m  (A bb . 4), GASSERsches h äm o ly tisch e s  
u räm isch es S y n d ro m  (A bb. 5).
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A b b . 1. I n t r a -  bzw. e x tra k a p illä re  F o rm  der su b a k u te n  d iffu sen  G lom eru lonephritis . P e rig lo - 
in e ru lä re  u n d  in te rstitie lle  run d zellig e  In f iltra tio n . P a re n c h y m a tö se  D y stro p h ie  u n d  A tro p h ie

(H ä m ato x y lin -E o sin )

A bb. 2 . A k u te  E x az e rb a tio n  e in e r chron ischen  P y e lo n ep h ritis . L eu k o zy ten g ru p p en  zw ischen  
d e n  an g eschw ollenen  u n d  zellre ichen  G lom eru lum schlingen . L eu k o zy tä re  In f i lt ra t io n  im  In -

te r s ti t iu m  (H ä m a to x y lin -E o sin )
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Abb. 3. S ch w an g ersch afts to x äm ie . V erd ickung  des M esangium s. In  den K anälchen  v a k u o lä re
u n d  hy d ro p isch e  D y stro p h ie  (A zan)

2. Tubulusveränderungen. M ehr oder m inder a u sg e p rä g te  T u b u lu sv erän d eru n g en  sin d  
bei säm tlich en  A n u rie a rten  vo rzu fin d en , die h isto logische V erän d e ru n g  e rk lä rt je d o c h  die 
P a th o g en ese  n u r  se lten . In  8 b ila te ra le n  N ie ren rin d en n ek ro se fä llen  (1 fleckige u n d  7 T o ta l 
nekrosen) sowie in  I Fall, in  dem  es sich  w ahrschein lich  u m  eine A th y len g lyko lverg iftung  h a n 
de lte  (A bb. 6) ließen  sich dagegen die F ragen  — w eshalb d ie  D iu rese  tro tz  m ehrm als w ie d erh o l
te r  H äm o d ia ly se  n ich t in  G ang g e se tz t w erden k o nn te  u n d  w eshalb  die Menge des T ag e sh a rn s , 
falls die H a rn au ssch e id u n g  beg an n , n ich t in  dem  M aße a n s tie g , daß  anstelle  der O ligurie  eine 
Po lyurie  t r a t  — a n h an d  des h isto log ischen  B ildes b e an tw o rten .

3. In terstitielle  Veränderungen. D a im  In te rs ti t iu m  zu m e ist Ödem  und  zellige I n f i l t r a 
tio n  zu  b eo b ac h te n  sind , v e r tra te n  H e n s c h e n  [2] u n d  Z o l l in g e r  [3] die A n sich t, d a ß  de r 
in tra ren a le  D ru ck an stieg  (N iereng laukom ) auch  ohne S chock  A nurie he rb eizu fü h ren  v e rm a g . 
Bei a k u te r , h ä m a to g en e r A u fflackerung  einer ch ron ischen  P y e lo n ep h ritis  s tan d en  im  M itte l
p u n k t des b io p tisch en - bzw. Sek tionsb ildes n ich t se lten  schw ere  in te rstitie lle  V e rän d e ru n g en  
(Abb. 7).

4. Gefäßveränderungen. D er T o ta lv ersch lu ß  der A. o d er V. renalis k an n  eben fa lls  die 
U rsache des tö d lich en  A usgangs sein.

E s sei b e to n t , daß  au ß er den he rvorgehobenen  sch w eren  V eränderungen  a u ch  die ü b r i 
gen K o m p o n en ten  der N ie ren su b stan z  in k le inerem -größerem  M aße läd ie rt w aren.

B esprechung

F a lls  d er auslösende F a k to r  der O ligo-A nurie eine schw ere G lom eru lum - 
oder in te rs titie lle  V erän d eru n g  bzw . au sg ed eh n te  K o rtik a ln ek ro se  is t, so k a n n  
die U rsache  des K ran k h e itsh ild e s  bei der h isto log ischen  U n tersu ch u n g  g e k lä r t
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A b b . 4. WEGENERsche G ran u lo m ato se . P a rtie lle  N ek ro se  der G lom eru lum schlingen , G ran u 
lo m b ild u n g . In  der G efäßw and  F ib rin o id n ek ro se  u n d  E n tz ü n d u n g  (P hosp h o rw o lfram säu re-

Ma llo r y )

A b b . 5. G a sser  I.-S yndrom . I n  d e n  G lom eru lum sch lingen  u n d  in  den G efäßen  M ik ro th ro m 
b e n  (H ä m a to x y lin -E o sin )
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Abb. 6. I n  den E p ithe lzellen  de r T u b u li au sg ep räg te  V akuolisation . P la sm a  i s t  led ig lich  an 
den R a n d te ile n  zu fin d en  (H äm ato x y lin -E o sin )

Abb. 7. A usgepräg te  in te rs titie lle  E n tz ü n d u n g , in  d en  d ista len  H a rn k a n ä lc h e n  E p ith e lzy
lin d e r (H äm ato x y lin -E o sin )
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A b b . S. H istologisches B ild  d e r  N ie re  bei septischem  A b o rt. I n  d e n  T u b u li zahlreiche H äm oglo
b in z y lin d e r  (H äm atoxylin - E o sin )

w e rd e n . Die Anurie e n tw ic k e lte  sich in diesen F ä lle n  infolge des vo llkom m enen  
o d e r  f a s t  vollkom m enen A u fh ö ren s der F i l tr a t io n . N eb st v e rh ä ltn ism äß ig  
in ta k te n  G lom erula sin d  f ü r  d ie  Oligo-A nurie im  F a lle  au sg ed eh n ter T u b u lu s 
z e rs tö ru n g  vornehm lich  d ie T u b u li  v e ran tw ortlich . B e i d er ak u ten  E x a z e rb a tio n  
c h ro n isc h e r  N ierenprozesse h a t  die akute E n tz ü n d u n g  die V erm inderung  der 
n o c h  v e rh ä ltn ism äß ig  in t a k t e n  O berfläche d er G lo m eru la  zu r Folge, w äh ren d  
d ie  in te rs titie lle  E n tz ü n d u n g  u n te r  U m ständen  d ie  K ap illa ren  k o m p rim ie rt. 
A u ß e r  den  histologisch n ac h w e isb a ren  V erän d e ru n g en  m u ß  se lb s tv e rs tän d lich  
a u c h  m it  einer, h is to log isch  n ic h t  nachw eisbaren  F u n k tio n ss tö ru n g  g erech n e t 
w e rd e n .

D as  Syndrom  d e r a k u te n  N ieren insuffiz ienz (T rau m a, in k o m p a tib le  
B lu ttra n s fu s io n , sep tisch e r A b o r t, B lu tung , O p e ra tio n  usw.) gehört in  eine 
a n d e re  G ruppe der N ie re n e rk ran k u n g e n ; w ä h re n d  d e r  k lin ische V erlau f d ieser 
P ro z e sse  in  bezug a u f  d ie  O ligo-A nurie h äu fig  eb en so  schw er is t als die d er 
ü b r ig e n  A nuriearten , w e is t d a s  histologische B ild  w esen tlich  m ildere p a th o 
lo g isch e  V eränderungen  a u f . D as A ufhören d er H a rn p ro d u k tio n  is t in  d iesen  
F ä lle n  w ahrscheinlich  h a u p ts ä c h lic h  den fu n k tio n e lle n  S tö rungen  (d u rch  p rä -  
g lo m eru lä ren  G efäßspasm us b e d in g te  F iltra tio n sv e rm in d e ru n g ) zuzu sch re ib en . 
Z u  d e n  funktionellen  S tö ru n g e n  gesellen sich se lb s tv e rs tä n d lic h  auch  h is to 
lo g isc h  nachw eisbare V e rä n d e ru n g e n , sowie T u b u lu s lä s io n , Ö dem  u n d  In f il tra -

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



DAS HISTOLOGISCHE BILD EINIGER OLIGO-ANURISCHEN ZUSTÄNDE 247

t io n  des In te rs titiu m s , fe rn e r  die in  den  T u b u li e rsche inenden  Z y lin d e r, deren 
A n zah l in  A nurien  h ä m o ly tisch en  U rsp rungs (in k o m p atib le  B lu ttra n s fu s io n , 
sep tisch e r A bort) b e d e u te n d  sein k an n  (A bb. 8).
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OLIGO-ANURIE BEI CHRONISCHEN NIEREN
PROZESSEN

Von

F .  R é n y i -V á m o s , S . C s a t a , Ж . C s e l l á r  u n d  G y . H a m v a s i

U R O L O G IS C H E  K L IN IK  (D IR E K T O R : P R O F . D R . A . B A R IC S ) D E R  M E D IZ IN IS C H E N  U N IV E R S IT Ä T  B U D A P E S T  

(E in g eg an g en  am  22. D ezem ber 1965)

Bei 96 v o n  413 a n  d e r K u n s tn ie re n s ta tio n  d e r K lin ik  b e h an d e lte n  K ra n k e n  e n t
s ta n d  O ligo-A nurie infolge d e r a k u te n  A ufflackerung  e ines chron ischen  N ierenprozesses. 
44 de r P a tie n te n  k o n n ten  g e re t te t  w erden , 52 s ta rb e n  (5 4 ,1 % ). Die G ru n d k ra n k h e it  w a r 
in  61 F ä llen  chron ische P y e lo n ep h ritis , in  20 ch ron ische  G lo m eru lonephritis , in  9 su b 
a k u te  G lom eru lonephritis , in  3 A m ylo idose, in  2 N ep h ro sk lero se  u n d  in  1 F a ll P e r ia r 
te riitis . N ach  E rö rte ru n g  d e r h is to log ischen  N ie ren v e rän d e ru n g en  u n d  der U rsach en  
de r a k u te n  E x az e rb a tio n , w ird  a u sd rü ck lich  b e to n t, d a ß  bessere  E rgebnisse  n u r  d a n n  
zu  e rw arten  sind , w enn die P a t ie n te n  frü h e r u n d  in  b esse rem  A llgem einzustand  a n  die 
K u n s tn ie ren a b te ilu n g  g e b ra c h t w erden .

E ine v e rh ä ltn ism äß ig  se lten  a u ftre te n d e  K o m p lik a tio n  der ch ron ischen  
N ierenprozesse is t die a k u te  O ligo-A nurie , deren  k lin isch es B ild in  e rs te r  R eihe 
an  den K u n s tn ie ren ab te ilu n g en  b e k a n n t ist.

K ran k en m a te ria l

A n unse rer K u n s tn ie ren a b te ilu n g  w u rd en  in  5 %  J a h re n  413 o ligo-anurische K ra n k e n  
b e h an d e lt; in  96 dieser Fä lle  w ar d e r schw ere  Z u stan d  au f d ie a k u te  A ufflackerung  eines ch ro n i
schen N ierenprozesses z u rü ck zu fü h ren  (2 3 ,2% ).

D ie w esen tlichsten  A ngaben  des K ra n k en m a te ria ls  s in d  in  T abelle  I  d a rg es te llt . W ie 
e rsich tlich , en tw ick elte  sich  die O ligo-A nurie  als K o m p lik a tio n  versch ied en er G ru n d k ra n k 
h e iten : chron ische P y e lo n ep h ritis  (61 F ä lle  =  63 ,5% ), ch ro n isch e  G lo m eru lo n ep h ritis  (20 
Fälle  =  20 ,8% ), su b a k u te  G lo m eru lo n ep h ritis  (9 F älle  =  9 ,3 % ), A m yloidniere  (3 F ä lle ) , 
N ephrosk lerose  (2 Fälle), P e r ia r te r ii tis  (1 F a ll).

D ie den  versch iedenen  G ru n d k ra n k h e ite n  en tsp rech en d e  A lte rsv erte ilu n g  w ar fo lgende: 
chron ische P y e lo n ep h ritis  46,5 J a h re  (1 7 —73 Ja h re ) , ch ro n isch e  G lo m eru lo n ep h ritis  37,4 
J a h re  (3 — 69 Ja h re ) , su b a k u te  G lom eru lo n ep h ritis  21,4 J a h re  (3 —36 Jah re ).

M o rta litä t: P y e lo n ep h ritis  2 3 ,2 %  (26 Fälle), chron ische  G lo m eru lo n ep h ritis  7 0 %  (14 
Fälle), su b a k u te  G lo m eru lo n ep h ritis  7 7 ,7 %  (7 Fälle). In  d en  le tz te rw ä h n te n  2 G ru p p e n  is t  
die p ro zen tu a le  A ufschlüsselung w egen d e r geringen  Zahl d e r  F ä lle  n u r  m it V o rb e h a lt zu  b e 
w erten . 2 de r 3 P a tie n te n , bei d en en  d ie  G ru n d k ra n k h e it e ine  A m ylo idn iere  w ar, s ta rb e n ;  
die be iden  N ep h ro sk lero tik er k o n n te n  eben fa lls  n ich t g e re t te t  w erd en , u n d  a u ch  de r in  1 F a ll 
b e o b ac h te te  p e ria rte riitisch e  P rozeß  w a r tö d lich en  A usgangs. D ie  G e sa m tm o rta litä t  b e trä g t  
som it 54 ,1%  (52 Fälle). V o lls tän d ig k e itsh a lb e r sei h in zu g efü g t, d a ß  d ie G e sa m tm o rta litä t  der 
K u n s tn ie ren a b te ilu n g  42 ,6 %  a u sm ac h t (176 T odesfälle  v o n  413 K ran k en ).

In  den  sezierten  F ä llen  v e ru rs a c h te  die F e s ts te llu n g  d e r  G ru n d k ra n k h e it, d .h . des 
chron ischen  N ierenprozesses keine S ch w ierigkeiten  (54 F ä lle ); be i je n e n  ü b e rleb en d en  K ra n 
ken, bei denen  eine B iopsie d u rc h g e fü h r t  w urde , k o n n te  d ie  G ru n d k ra n k h e it  eben fa lls  m it 
S ich erh e it fe stg es te llt w erden  (12 F älle ); bei den  übrigen  g eh e ilten  K ra n k en  w urde d ie D iag n o 
se de r se it langem  b esteh en d en  N ie ren k ra n k h e it an h an d  d e r A n am n ese , der n ach  A b k lin g en  
de r o ligo-anurischen Periode  d u rc h g e fü h rten  R ö n tg en u n te rsu ch u n g  sowie der K o n tro llu n te r-
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su c h u n g e n  gestellt. A u ß e r d iesen  D a ten  w urde se lb s tv e rs tä n d lic h  au ch  die T a tsa c h e  g ep rü ft, 
o b  f ü r  d ie A nurie n ic h t e tw a  irg en d e in e  and ere  U rsach e  (O peration , Schock , U re te rv e rsch lu ß , 
N e p h ro to x in e  usw .) v e ra n tw o r t lic h  sei. D ie E rg ebn isse  d e r m ikroskop ischen  H a rn u n te rsu c h u n g  
b ie te n  keine  w esen tliche H ilfe , d a  d ie P a tie n te n  v o r  d e r  A u fnahm e a u f  d ie K u n s tn ie ren a b te i-

Tabelle I

K rankenm ateria l

Grundkrankheit
Zahl der Fälle 

(%)
Durch

schnittsalter
(Jahre)

Mortalität
(%)

Chronische P y e lo n ep h ritis 61 (63,5) 46,5 26 (23,2)

Chronische G lo m eru lonephritis 20 (20,8) 37,4 14 (70)

Subaku te  G lo m eru lonephritis 9 (9,3) 21,4 7 (77,7)

A m yloidniere 3 2

Nephrosklerose 2 2

Periarteriitis 1 1

lu n g  b ek an n tlich  m eh rm als  k a th e te r is ie r t  (B lasen- u n d  U re te re n k a th e te r is ie ru n g )  w erden, 
w o ra u s  fo lg t, daß  die e v e n tu e ll  b e steh en d en  P y u rie , H ä m a tu rie  bzw. B a k te r iu rie  de r du rch  
d ie  K a th e te ris ie ru n g  h e rb e ig e fü h rte n  U re te ritis , Z y s tit is  bzw . P ro s ta tit is  zu g esch rieb en  w erden 
k ö n n e n .

B esprechung

Im  o ligo-anurischen  K ra n k e n m a te ria l d e r  K u n s tn ie re n a b te ilu n g  w ar fü r  
d ie  E n ts te h u n g  d er O ligo-A nurie  in  fa s t 2 5 %  d e r F älle  die a k u te  A u fflackerung  
e in e r  se it langem  b e s te h e n d e n  chron ischen  N ie ren e rk ran k u n g  v e ra n tw o rtlic h . 
D ie  G ru n d k ra n k h e it w a r  in  d er M ehrzahl d e r F ä lle  chronische P y e lo n ep h ritis , 
f e rn e r  chronische u n d  su b a k u te  G lo m eru lo n ep h ritis , in  e in igen  F ä llen  w aren 
a b e r  auch  N ephrosk lerose , A m yloidose u n d  P e r ia r te iiitis  zu  v e rze ichnen .

A n h an d  d ieser F e s ts te llu n g  erhoben  sich  2 F rag en :
1. W elche A rt d e r  N ie ren v e rän d e ru n g  e rk lä r t  die p lö tz lich  au ftre te n d e  

O ligo -A nurie?  D iese F ra g e  lä ß t  sich in  zah lre ich en  F ä llen  m it H ilfe  d er h is to 
lo g isch en  U n te rsu ch u n g  b e a n tw o rte n : D ie sich  zu  einem  ch ro n isch en  N ieren 
p ro z e ß  gesellenden a k u te  G lom eru lo n ep h ritis  o d e r schw ere a k u te  in te rs titie lle  
V e rän d e ru n g en  (Ö dem , In f i l t ra t io n )  k ö n n en  teilw eise fü r  die E n tw ic k lu n g  die
ses schw eren Z u stan d es  v e ra n tw o rtlic h  sein. A nsch ließend  sei b e to n t ,  daß  w ir 
d a s  Z u stan d ek o m m en  d e r  O ligo-A nurie n ic h t  allein  a n h a n d  d e r h isto log ischen  
V erän d e ru n g en  fe s ts te ll te n  u n d  diese led ig lich  deshalb  h e rv o rh e b e n , weil ih re  
A n w esen h e it einen o ffen k u n d ig en  Beweis d a rs te ll t . D ie fu n k tio n e lle n  N ieren
v e rä n d e ru n g en  (G efäß sp asm u s, K re is lau fss tö ru n g en  usw .) k ö n n e n  in  der k lin i
sc h e n  P rax is w egen des schw eren  Z u stan d es  d e r P a tie n te n  n ic h t  u n te rsu c h t 
b z w . n ic h t genau g e k lä r t  w erd en . D ie jen igen  F ä lle , in  denen  d ie  O ligo-A nurie
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sich  lan g sam , stufenw eise, als das E n d s ta d iu m  d e r G ru n d k ra n k h e it en tw ik - 
k e lte , w u rd en  in  diese G ru p p e  se lb s tv e rs tä n d lic h  n ic h t e in gere ih t.

2. W elche v o ran g eh en d e  K ra n k h e it  lö s te  die Oligo-A n u rie  a u s ?  D er 
O ligo-A nurie ging in  säm tlich en  F ä llen  eine m it  F ieb e r v e rb u n d en e  K ra n k h e it  
v o rau s . In  d er p y e lo n ep h ritisch en  G ruppe  w aren  die auslösenden  F a k to re n  
in  7 F ä llen  C holezystitis , C ho lang itis  u n d  C holangio litis , in 7 F ä llen  e in  N ie ren 
s te in a n fa ll (ohne V ersch luß), in  je  4 F ä llen  Sepsis bzw . E n te ro k o litis , in  3 p ro 
s ta ta h y p e r tro p h isc h e r  R eflu x , in  2 F ä llen  P a n k re a ti t is  (ohne S chock) u n d  in 
1 F a ll E n zep h a litis . In  den  ü b rig en  F ä llen  k a m e n  in  der A nam nese m it  F ieb e r 
v e rlau fen d e  G rippe oder P h a ry n g itis  v o r. B ei 17 d er 20 an ch ro n isch e r G lom e
ru lo n e p h ritis  le idenden  K ra n k e n  w ar die auslö sende U rsache d er O ligo -A nurie  
m it F ie b e r  e inhergehende G rippe , w äh ren d  in  je  1 F a ll H e p a titis  b zw . Chole
z y s titis  Vorlagen. In  d er G ru p p e  d e r su b a k u te n  G lo m eru lo n ep h ritik e r w urde  
d as  F ie b e r  in  8 von 9 F ä llen  d u rch  G rippe u n d  in  1 F a ll du rch  G a s tro e n te r it is  
v e ru rsa c h t. A us dem  G esag ten  g eh t h e rv o r, d aß  die O ligo-A nurie sich  n ach  
irg en d e in e r, m it F ieb e r v e rlau fen d en  K ra n k h e it ,  a u f  W irkung  d e rse lb e n  e n t
w ickelte .

U nsere  s ta tis tisc h e n  A n g ab en  w eisen d a ra u f  h in , daß  die M o r ta l i tä t  der 
in fo lge d e r a k u te n  E x a z e rb a tio n  e iner ch ron ischen  N ie re n e rk ran k u n g  e n t
s ta n d e n e n  A nurien  h ö h er lieg t als die des o ligo-anurischen  G e sa m tm a te r ia ls . 
S ch lech te re  E rgebn isse  w aren  led ig lich  bei n a c h  be iderse itiger N ie re n r in d e n 
n ek ro se  (8 von  8 s ta rb e n ), n a c h  N ie ren g efäß v ersch lu ß  (6 von  7 K ra n k e n  s ta r 
ben ) u n d  be i n ach  O p era tio n ssch o ck  a u fg e tre ten e r  O ligo-A nurie (35 von  
47 s ta rb e n ) zu verzeichnen . V o lls tä n d ig k e itsh a lb e r sei e rw äh n t, d a ß  4  P a tie n 
te n , d ie  n ach  der A ufn ah m e b in n en  12 — 24 S tu n d en  s ta rb e n , in  d e ra r tig  
schw erem  u räm ischen  u n d  K re is la u fz u s ta n d  e ingeliefert w urden , d a ß  bei ihnen  
die H äm od ia lyse  n ic h t d u rc h g e fü h rt w erden  k o n n te . In  den ü b r ig e n  F ä llen , 
in  d enen  1 oder m ehr H äm o d ia ly sen  v o rg en o m m en  w orden w aren  b zw . in  e in i
gen F ä llen , in  denen es n ic h t zu r K u n stn ie re n b e h a n d lu n g  k am , w a r  d ie  T o d es
u rsach e  zum eist K reislau fin su ffiz ienz . M it A u sn ah m e der an  s u b a k u te r  G lom e
ru lo n e p h ritis  le idenden  K ra n k e n  k o n n te  die H arn au ssch e id u n g  in  säm tlich en  
F ä llen  in  G ang gesetz t w erden , bei ein igen P a tie n te n  stieg die tä g lic h e  H a rn 
m enge sogar ü b er 2 — 3000 m l an , w as d a ra u f  h in  w eist, d aß  sich  d ie  N ie ren 
fu n k tio n  besserte , d er K re is la u f infolge des schw eren A llg em ein zu stan d es 
jed o ch  in su ffiz ien t w urde .

D ie n ach  der a k u te n  E x a z e rb a tio n  eines chronischen N ierenp rozesses 
a u f tre te n d e  A nurie b e a n sp ru c h t keine b eso n d ere  »antianurische« B eh an d lu n g . 
Sow ohl die üb liche R egelung  des W asser- u n d  S a lzhaushaltes, w ie  a u c h  die 
In d iz ie ru n g  d er K u n s tn ie re n b e h a n d lu n g  u n d  die V erordnung  d e r a n tib io tisc h e n  
T h e rap ie  usw . w erden ebenso  d u rc h g e fü h rt w ie be i den ü b rig en  an u risch en  
K ra n k e n ; besondere E rfa h ru n g e n  bzw . U m sich t e rfo rd e rt led ig lich  d ie  B e h a n d 
lu n g  d e r b e ja h rte n  p y e lo n ep h ritisch en  K ra n k e n .
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W ir wollen es n ic h t  u n te rla ssen , auch  an  d ie se r  S telle ausd rück lich  d a ra u f  
h in zuw eisen , daß falls die o ligo-anurischen  K ra n k e n  — und  se lb s tv e rs tän d lich  
a u c h  die übrigen a n u r is c h e n  P a tien ten  — f rü h e r  u n d  in  besserem  A llgem ein
z u s ta n d  eingew iesen w ä re n , w ir aller W a h rsc h e in lich k e it nach  bessere  R esu l
t a t e  erzielen k ö n n ten . I n  d e n  m eisten  F ä llen  w e rd e n  w ir n u r d an n  zu m  K o n 
s iliu m  gebeten , w enn  d e r  P a t ie n t  sich w egen d e r  fo rtg e sch ritten en  U räm ie  
b e re i ts  in  einem  sch w eren  Z u s ta n d  b e fin d e t. I n  e inem  Teil dieser F ä lle  w ar 
d ie  zw ecks R egelung des S a lz - u n d  W asse rh a u sh a lte s  angew and te  R eh an d lu n g  
n ic h t  rich tig , was Ö dem  u n d  K re islau fin su ffiz ienz  z u r Folge h a tte .

D as Ziel v o rlieg en d er A rb e it w ar ein d o p p e lte s : Teils b eab s ic h tig te n  w ir 
e ine  se ltenere  K o m p lik a tio n  der chronischen  N ierenp rozesse  a n h a n d  unseres 
K ra n k e n m a te ria ls  b e k a n n tz u g e b e n , teils w o llten  w ir  es aberm als b e to n e n , daß  
in  F ä lle n , in  denen eine O ligo-A nurie d ia g n o s tiz ie r t w ird , u n m itte lb a r  eine 
K u n s tn ie re n s ta tio n  k o n s u l t ie r t  w erden soll, d a  a u f  diese W eise d e r sich  in  
lebensgefäh rlichem  Z u s ta n d  befindliche P a t ie n t  e ine , besondere E rfa h ru n g  
u n d  P ra x is  b ean sp ru c h e n d e , en tsp rechende R e h a n d lu n g  e rhalten  w ird .

D r. F e ren c  R é n y i -Y á m o s  

D r. S án d o r C s a t a  

D r. M ihá ly  C s e l l Á r  

D r. G yörgy  H a m v a s i

B u d ap est V I I I . ,  Ü llő i ú t  78/b. U rológiai K lin ik a , 
U ngarn
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A N A E M IA  A F T E R  T H E R M A L  I N J U R Y

I I .  IR O N  M E T A B O L ISM  

By

I. B e r n â t , G. D ó z s á n , J .  N o v a k  and S. E l e k

H U N G A R IA N  A R M Y  M E D IC A L  C O R P S  

(R eceived D ecem b er 28, 1965)

T herm al in ju ry  h as been fo u n d  to  be  asso c ia ted  w ith  a p ro fo u n d  d is tu rb an c e  of 
iro n  m etabolism , a s  re flec ted  b y  re d u ce d  iro n  levels asso c ia ted  w ith  a n  im p a ired  iron 
b in d in g  cap ac ity  o f b lo o d  serum .

O ral iro n  to le ra n c e  curves in  20 b u rn e d  p a tie n ts  hav e  been  fo u n d  to  s ta r t  w ith  
low  values an d  to  re m a in  f la t  over 7 hours.

In  10 p a tie n ts  w ith  b u rn s in tra v e n o u s ly  a d m in is te re d  iron  d isa p p ea red  from  the  
b lo o d  stream  in  3 to  5 h ours, as a  sign  o f in creased  iro n  m etabo lism .

H istochem ica l s tu d ies  in vo lv ing  40 a lb ino  ra ts  h av e  show n t h a t  th e  iro n  leaving 
th e  blood s tream  a t  a n  increased  r a te  is ta k e n  u p  an d  s to red  by  th e  R E S .

The desc rib ed  changes becom e m an ifes t w ith in  th e  f i r s t  24 to  72 h o u rs  a fte r 
th e rm a l in ju ry  a n d  p e rs is t  du ring  th e  en tire  course  o f th e  process, to  r e tu rn  to  norm al 
v a lu es during  convalescence.

In  o rder to  ga in  in s ig h t in to  th e  p a th o m ech an ism  of an aem ia  associa ted  
w ith  b u rn s , we h av e  s tu d ie d  th e  b e h a v io u r o f iron  m etab o lism  a f te r  th e rm a l 
in ju ry . As rep o rted  in  an  earlier p a p e r , th e rm a l in ju rie s  are  fo llow ed b y  a fas t 
a n d  sign ifican t decline o f th e  iron  level a n d  iron  b in d in g  c a p a c ity  o f blood 
se ru m . T his change becom es m an ifest w ith in  th e  f ir s t  72 h o u rs  a f te r  in ju ry , 
o ften  in  a few hours. T h e  ab n o rm a lity  pers is ts  d u rin g  th e  e n tire  process and , 
th o u g h  re s is tan t to  o ra l or p a re n te ra l iron  a d m in is tra tio n , subsides sp o n ta n e 
o u sly  in  th e  course o f  convalescence.

T he p resen t p a p e r  review s th e  resu lts  o f our recen t in v es tig a tio n s  in to  
iron  m etabolism .

M aterial an d  m ethods

1. O ral iron to le ran c e  te s ts  were p e rfo rm ed  in  20 b u rn e d  p a tie n ts . E ig h t  h e a lth y  su b 
je c ts  served  as contro ls.

A fte r d e te rm in a tio n  o f th e  fastin g  se ru m  iron  level, th e  te s t  su b jec ts  w ere g iven  850 mg 
o f F e S O „  corresponding to  170 mg m eta llic  iron . T he serum  iron  level w as th e n  d e te rm in e d  a t  
1, 3, an d  7 hours, using  th e  B o t h w e l l — MALLETT-method m od ified  b y  L a k o s  a n d  L e i i o t a i  
[I960].

2. In  10 b u rn ed  p a tie n ts  in tra v en o u s  iro n  to le ran ce  te s ts  were p e rfo rm ed  in o rder to 
d e te rm in e  the  ra te  a t  w h ich  iro n  is c leared  fro m  blood  p lasm a . F ive  h e a lth y  p e rso n s  served as 
co n tro ls .

3. In  order to  a sc e r ta in  w hether th e re  is an y  h isto ch cm ically  d e m o n s tra b le  change in 
th e  re ticu loendo the lia l s to ra g e  of iron, 40 a lb in o  ra ts  o f 200 to  250 g bod y  w e ig h t w ere sub jected  
to  th e rm a l in ju ry  in v o lv in g  20 per cen t o f  th e  bod y  surface . Tw o days la te r  th e  su rv iv in g  an i
m als  w ere killed by  e th e r  a n d  th e  sp leen , liv e r, lung , k id n ey  an d  skin  (n o rm al a n d  b u rned) 
w ere te s te d  for iron c o n te n t  b y  th e  P ru ss ian  b lue  reac tio n . T w en ty -fiv e  r a ts  serv ed  as controls.
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R e su lts  and discussion

1. As revealed  b y  th e  o ra l iron  to le ran ce  te s ts  ingestio n  o f 170 m g 
m e ta ll ic  iron  after th e rm a l in ju ry  elicits no or a v e ry  s ligh t rise in  th e  serum  
iro n  lev e l. The to le ran ce  c u rv e  s ta r ts  w ith  low  v a lu es  a n d  rem ain s f la t  over 
7 h o u rs , in  co n trast to  h e a l th y  persons w here  s ig n ifican t p e a k  v a lu es  are  
r e a c h e d  a fte r  th e  sam e do se  (T ab le  I , F ig . 1).

gg/IOOml

F ig . 1. Oral iron  to le ran c e  te s ts ;  a )  p a tie n ts  w ith  b u rn s ; h)  h e a lth y  con tro ls

Im p a ire d  ab so rp tio n  o f  iro n  is, how ever, n o t  n ecessarily  th e  sole cause 
o f  th e  f l a t  to lerance curve  o b se rv e d  a fte r th e rm a l in ju ry . D is tu rb an ces  o f iron  
m e ta b o lis m  of infectious o r  m a lig n a n t n a tu re  a re  ch a ra c te riz e d  b y  a f la t  iron  
to le ra n c e  curve, th o u g h , on th e  evidence of iso to p e  s tu d ie s , ab so rp tio n  o f iron  
fro m  th e  in testines is g e n e ra lly  increased . A c tu a lly , th e  p a tte rn  o f o ra l iron  
to le ra n c e  curve resu lts  f ro m  tw o  fac to rs, i.e. a b so rp tio n  of iro n  fro m  th e  
in te s t in e s  on th e  one h a n d  a n d  i ts  clearance fro m  th e  b lood  s tream , on th e  
o th e r . F u r th e r  stud ies re g a rd in g  iro n  ab so rp tio n  a f te r  th e rm a l in ju ry  a re  in  
p ro g re ss .
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Table I

Oral iron tolerance tests

No.
S e r u m  i r o n 1 e  V  e l  /ig/100 m l

Fasting 1 hr 3 hrs 7 hrs

P a tien ts

1

w ith  b u rn s  

65 60 65 80

2 60 65 55

3 50 60 50 50

4 40 35 35 40

5 50 65 95

6 35 40 40 90

7 50 45 45

8 65 60 70

9 35 30 35

10 55 50 70

11 65 70 80

12 65 60 55

13 40 40 35

14 30 30 35

15 45 40 85 70

16 50 60 55

17 70 70 80 60

18 65 75 75

19 50 55 65 45

20 40 55 50

Controls

21 105 140 185 110

22 115 150 225 130

23 90 190 125

24 130 145 210 140

25 120 125 230 115

26 100 150 245 135

27 90 220 195

28 100 110 255 165
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2. In trav en o u s iro n  to le ran ce  te s ts  re su lte d  in  curves ch a ra c te riz e d  b y  
lo w  in it ia l  values, low er t h a n  norm al p eak  v a lu e s , a n d  a re tu rn  to  th e  in itia l 
le v e l as early  as in  3 to  5 h o u rs  (Table I I ,  F ig . 2), as opposed to  th e  con tro l 
s u b je c ts  whose values r a n g e d  betw een 225 a n d  280 /xg a t  10 h o u rs  an d  show ed

Table II

In travenous iron tolerance tests

No.
S e r u m  i r o n e v e i  /tg/100 ml

Fasting 5 min. 1 hr 3 hrs 5 hrs 10 hrs

P a tien ts  w ith  b u rn s

l 10 190 60 45 20 10

2 30 300 120 110 90 50

3 45 290 190 140 120 70

4 75 270 195 125 95 70

5 55 230 145 105 80 50

6 35 270 130 65 35 30

7 45 265 140 80 35 25

8 45 270 145 120 70 50

9 40 125 90 90 75 40

10 45 305 155 70 65 40

Controls

11 130 450 300 275 290 280
12 150 390 250 275 250 250

13 155 385 280 265 265 240

14 135 330 255 250 245 255

15 140 375 250 230 225 225

l i t t l e  ten d en cy  to  decline. T h is  m eans th a t  th e rm a l in ju ry  resu lts  in  an  acceler
a te d  ra te  of e lim ination  o f  in travenously adm inistered iron.

E n h an ced  e lim in a tio n  o f iron  from  th e  b lo o d  s tre a m  was fo u n d  tw o  hours 
a f te r  a b u rn  in one case, a n d  six  hours a fte r  a b u rn  in  a n o th e r case. W h en  th e  
t e s t  w as repeated  a w eek  la te r , th e  d ifferences w ere still m ore p ro n o u n ced
(F ig . 3).

3. The p a r t p la y e d  b y  th e  ind iv idual tis su es  in  th e  u p ta k e  a n d  sto rage  
o f  iro n  elim inated  fro m  th e  b lood  stream  h as  b een  s tu d ied  in  a lb ino  ra ts . 
In c re a s e d  storage of iro n  in  th e  R E S  u n d er th e  in flu en ce  of th e rm a l in ju ry  has 
b e e n  d em o n stra ted  b y  h is to ch em ica l m eth o d s. S to rag e  of iron  in  th e  spleen 
o f  h e a l th y  anim als v a rie s  w ith in  w ide lim its , n ev e rth e le ss  th e  a m o u n t of iron  
s to r e d  in  the  spleen o f b u rn e d  anim als was fo u n d  sig n ifican tly  h igher. W hile
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pg/IQO'ml

Fig. 2. In trav e n o u s  iron  to le rance  te s ts ; a) p a tie n ts  w ith  b u rns; b) h ealth y  c o n tro ls
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f jg /1 0 0 m l

F ig . 3. In tra v e n o u s  iro n  to le ra n c e  te s ts  in  2 p a t ie n ts  w i th  b u rn s. T he te s ts  w ere  m a d e  in  
t h e  f i r s t  hours a f te r  in ju ry  ( l a  a n d  l i a )  a n d  r e p e a te d  one week la te r  ( lb  a n d  l i b )

(C =  l im it  v a lu e s  o b ta in ed  fro m  h e a l th y  contro ls)

in  t h e  o th e r  organs o f h e a lth y  an im als n o  iro n  was d em o n strab le  b y  th e  
P ru s s ia n  b lu e  reac tio n , in  a n u m b e r of th e  b u rn e d  anim als th e re  w as ev idence  
o f  a  m o d e ra te  sto rage  o f iro n  in  th e  liver, lu n g , k id n ey , and  skin .
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E F F E C T  O F  L A T E R A L  H Y P O T H A L A M IC  L E S IO N  ON 
P R E G N A N T  RA TS A N D  F O E T A L  M O R T A L IT Y

B y

Z. A v a r  and  E . M o n o s

S E C O N D  D E P A R T M E N T  O F  G Y N A E C O L O G Y  a n d  E X P E R IM E N T A L  R E S E A R C H  D E P A R T M E N T , U N IV E R S IT Y
M E D IC A L  SC H O O L, B U D A P E S T

(R eceived  J a n u a ry  10, 1966)

I t  has b een  in v e s tig a te d  how  th e  e le c tro ly tic  lesion  to  th e  la te ra l (d o rsa l tu b e ra l  
a n d  v e n tra l  in fu n d ib u la r)  h y p o th a lam ic  reg ions o n  th e  16 th  to  18 th  d ay s o f g e s ta tio n  
in flu en ced  fo e ta l m o r ta lity , as well as th e  d a ily  fo o d  a n d  w a te r in ta k e , b o d y  w e ig h t 
a n d  te m p e ra tu re  o f  th e  m others.

I t  has  b een  fo u n d  t h a t  lesions o f th is  ty p e  lea d  to  a  m uch  h igher r a te  o f  s till
b i r th  a n d  o f e a rly  fo e ta l m o r ta lity  th a n  do sh a m  o p e ra tio n s  o r d e s tru c tio n  o f  o th e r  
h y p o th a la m ic  reg ions. T h ere  w as no s ig n ifican t d ifference  in  fo e ta l w eigh t a t  b i r th  an d  
in  th e  n u m b er o f o ffsp rings pe r m o th e r be tw een  th e  g ro u p  w ith  h y p o th a lam ic  les ion  an d  
th e  sh a m -o p e ra te d  con tro ls . F o e ta l w eigh t in c re ased  in  th e  con tro l g roup  o n ly . L esion  
to  th e  la te ra l  h y p o th a la m u s  led  to  a  m ark e d  te m p o ra ry  decrease o f food  a n d  w a te r  
in ta k e , th e  w e ig h t o f th e  m o th e rs  ten d ed  to  decrease  u n til  delivery , w h e reas  in  th e  
co n tro l g ro u p  b o d y  w e ig h t increased  b y  10 to  11 p e r  c en t follow ing th e  sh am  o p e ra tio n . 
No sig n ifican t ch an g e  in  b o d y  tem p e ra tu re  in  a n y  o f th e  groups could be  seen .

P rev io u s  in v e s tig a tio n s  in  ra ts  h av e  show n th a t  h y p o th a la m ic  lesions 
p laced  a t  th e  16 th  to  1 8 th  days of p reg n an cy  d id  n o t  influence th e  d u ra tio n  
o f g e s ta tio n  a n d  th e  course o f de livery , w h ereas  th e y  increased  th e  r a te  of 
s tillb ir th s  an d  e a rly  fo e ta l m o rta lity . A nalysis o f th e  effects of lesions in  v a rio u s  
p a r ts  o f th e  h y p o th a la m u s  suggested  th a t  th e  h ig h e r ra te  of fo e ta l m o r ta l i ty  
could  be  co rre la ted  in  th e  f irs t  place w ith  d am ag e  to  th e  v e n tro la te ra l  in fu n 
d ib u la r  a n d  d o rso la te ra l tu b e ra l regions [1]. T h e  p re sen t in v e s tig a tio n s  deal 
w ith  th e  effects o f lesions p ro d u ced  in th e se  a reas  an d  we have s tu d ie d  th e  
changes in  fo e ta l m o r ta l i ty  ra te , as well as th o se  in  m a te rn a l food a n d  w a te r  
in ta k e , b o d y  w eigh t a n d  b o d y  te m p e ra tu re .

M aterials and  m eth o d s

A  to ta l  o f  36 v irg in  W is ta r  ra ts , w eighing 150 to  180 g each, were used  in  th e  e x p e ri
m en ts . M atin g , v e rif ic a tio n  of p reg n an cy , o b se rv a tio n  o f th e  o n se t an d  course o f d e liv e ry , were 
d escribed  earlie r [1].

I n  17 an im als  th e  reg ions specified  above w ere  les io n ed  e lectro ly tically  on  th e  1 6 th  or 
1 8 th  d a y  o f p re g n an c y  b y  m eans of th e  K o v a c h —S z e n tá g o th a i u n iv ersal s te re o ta c tic  a p p a ra 
tu s . C o rrespond ing  to  th e  s ite  o f  th e  regions, th e  e lec tro d es  w ere in se rted  a t  ай  an g le  o f  34.5 
degrees in  th e  c a u d o -v e n tra l d irec tio n . T he d a ta  o f  th e  c o o rd in a te s  d e term ined  in  6 p re lim in a ry  
e x p e rim e n ts  w ere: f ro n ta l ,  4 to  4.5 m m  a n te rio r  to  th e  b re g m a ; sag itta l, 1.4 m m  r ig h t  a n d  left 
fro m  th e  sa g itta l  su tu re ; v e rtic a l, 11.5 m m  (v e n tro la te ra l  in fu n d ib u la r  region) a n d  10.5 m m  (d o r
so la te ra l tu b e ra l  reg ion). I n  th e  sh am -o p era ted  co n tro l g ro u p  th e  electrode w as in se r te d  in to  
th e  e x te rn a l  lay e rs  o f th e  b ra in . F o r  3 days a f te r  o p e ra tio n  5 m g/100 g bod y  w e ig h t o f te rra -  
m y cin  w as ad m in is te red . In  th e  h isto log ical s tu d ie s  fo rm alin -fix ed  an d  p a ra ffin -em b ed d e d  
b ra in  sec tions s ta in e d  fo r cells a n d  fib res  were u sed  [4].

B eginn ing  on  th e  1 2 th  to  1 4 th  days o f p reg n an cy , th e  food in tak e  of th e  m o th e rs  (S ta n d 
a rd  h ig h -p ro te in  m ouse a n d  r a t  d ie t), th e ir  w a te r  in ta k e  ( ta p  w a ter ad  lib itu m ), as w ell as
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th e i r  b o d y  w eight and  re c ta l  te m p e ra tu re  were m ea su re d  da ily . Also th e  n u m b er o f n ew borns, 
t h e i r  g a in  in  w eight, as w ell as th e  fo e ta l (n e w b o rn )  m o rta lity  ra te  w ere reco rd ed . 

T h e  resu lts  w ere e v a lu a te d  b y  th e  x 2 an d  S tu d e n t’s t te s ts  [3].

R esults

T h e  ty p ica l h y p o th a la m ic  lesions a re  show n in Fig. 1. H isto lo g ica l 
e x a m in a tio n  revealed  t h a t  80 p e r  cen t of th e  lesions w ere in  th e  p ro p e r  reg ions, 
w h e re a s  th e  rest e x te n d e d  s lig h tly  over to  th e  a d ja c e n t ones as well.

F ig . 1. Show ing  th e  sa g itta l  (A) a n d  f ro n ta l (B — tu b e ra l  reg ion ; C — in fu n d ib u la r  reg io n ) 
se c tio n s  o f  th e  h y p o th a lam u s . T h e  checkered  p a r ts  show  th e  com m onest lo ca tio n s o f th e  le

sions.
A H L : la te ra l  h y p o th a lam ic  a rea . A R C : a rcu a te  n u c leu s. CA: an te rio r  com m issure . CHO : 
o p tic  ch ia sm a . DM: d o rsom ed ia l nuc leus. F X : fo rn ix . L P : poste rio r p i tu i ta ry  lobe. MM: 
m e d ia l m am m illa ry  nucleus. N A H : a n te r io r  h y p o th a la m ic  nucleus. PM : p re m a m m illa ry  n u 
cleus. Р У : p a rav e n tric u la r  nu c leu s. SCH : su p ra ch ia sm a tic  nucleus. SO: su p ra o p tic  nucleus. 
T H : th a la m u s . T R O : o p tic  t r a c t .  УМ : v en tro m ed ia l n u c leu s. V M P: p o ste rio r v e n tro m ed ia l

nucleus
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As th e  d a ta  in  Table I  in d ica te , th e re  w as no  difference b e tw een  th e  
lesioned an d  th e  con tro l g roups in  th e  d u ra tio n  o f  p reg n an cy , th e  n u m b e r  of 
offsprings p e r m o th e r an d  in  th e  average  w eig h t o f  th e  new borns. O n th e  o th e r  
h an d , th e  tw o g roups d iffered  s ig n ifican tly  in  fo e ta l m o rta lity  ra te  ( F i g .  2 ) .

•
per cent

Fig. 2. F o e ta l d e a th  p lo tte d  ag a in s t p o s tp a r tu m  d a y s , in  p ercen tage  of all n ew b o rn s.
A: m o th ers  w ith  la te ra l  h y p o th a la m ic  lesion ( lo ca tio n s sh o w n  in  Fig. 1 ) .  B: sh a m -o p e ra te d  
con tro ls. C: m o th e rs  w ith  d iffuse  (m ain ly  a n te ro m e d ia l)  h y p o th a la m ic  lesions, “ p ”  v a lu es

expressed  as p e r cen ts (%2 te s t) :

6 24 48 72 hours

B - C 1.5 < 0 . 1 < 0 . 1 < 0 . 1

B - A < 0 . 1 < 0 . 1 < 0 . 1 < 0 . 1

C - A 3 < 0 . 1 < 0 . 1 < 0 . 1

Fig. 2  p re sen ts  th e  fo e ta l m o r ta lity  r a te  in  th e  case of 31 ra ts  observed  u n d e r  
id en tica l co n d itions in  a p rev ious series [1] (g ro u p  C), too . In  th a t  g roup  v a rio u s  
areas o f th e  h y p o th a la m u s  w ere destro y ed . W h e n  th e  do rso la tera l tu b e ra l  an d  
th e  v e n tro la te ra l in fu n d ib u la r  regions h a d  b een  lesioned  (group A ); m o r ta l i ty  
ra te  of th e  new borns 3 d ay s follow ing b i r th  w as sign ifican tly  h ig h e r th a n  
in  th e  sh am -o p e ra ted  g roup  (group B) or in  th e  p rev ious group C. T h e  ra te  
of s tillb ir th  (d ea th  w ith in  six  hours fo llow ing d e livery ) in group A  w as m ore 
th a n  150 p e r  cen t o f th a t  o f group C, an d  300 p e r  cen t of th a t  o f  g ro u p  B. 
T he d ifferences in  fo e ta l m o r ta lity  ra te  b e tw een  g roups (B — С; В — A ; C — A)
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Table I

Number
of

ra ts
ob-

s erved

Duration of 
pregnancy, 

days

Total
number

of
Mean body 
weight of 

newborns, g

Number of foetuses 
dead within

newborns 6 hours 72 hours

I .  L es io n e d  group 17 23.5 121 5.23 

+  0.17

35 112

I I .  S h a m -o p e ra te d  group 19 23.1 142 5.50

± 0 .1 4

12 42

w e re  s ig n if ic a n t s ta tis t ic a lly  in  th e  6-, 24-, 48- a n d  72-hour p o s t-p a r tu m  perio d  
a lik e . T h e  h igher m o r ta l i ty  r a te  follow ing les io n  to  th e  specified  reg io n s  o f  th e  
h y p o th a la m u s  was due  p a r t ly  to  th e  f a c t  t h a t  th e re  w as a la rg e r  n u m b e r  
o f  d e a d  offsprings p er m o th e r  an d  a t  th e  sam e  tim e  a h igher p e rc e n ta g e  o f th e

F ig . 3 . F o o d  and  w a ter in ta k e  o f  la te ra l  h y p o th a la m ic  lesioned  an d  sh a m -o p e ra te d  co n tro l
m others

m o th e r s  h a d  dead o ffsp rings th a n  in  th e  o th e r  tw o groups. T h u s , 24 h ours 
fo llo w in g  delivery  dead  o ffsp rings were fo u n d  a t  88.3 per cen t o f th e  m o th e rs  
o f  g ro u p  A , 36.9 per cen t in  g ro u p  B, an d  64.5 p e r  cen t in  group C; th e  n u m b e r 
o f  d e a d  new borns p er m o th e r  averaged  5.3, 3.3  a n d  3.5, re sp ec tiv e ly . A verage  
b o d y  w e ig h t of th e  n ew b o rn s  increased  in  th e  days follow ing b i r th ,  ex cep t 
in  g ro u p  A.

I n  response to  la te ra l  h y p o th a la m ic  lesions, food an d  w a te r  in ta k e  
c h a n g e d  m ark ed ly  ( F ig . 3 ) .  As opposed  to  th e  sh am -o p era ted  g ro u p , fo o d  an d
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w a te r in ta k e  decreased  s ig n ifican tly  follow ing th e  lesion. The decrease w as 
p a r tic u la r ly  m ark ed  in  th e  p re -d e liv ery  period  (p <7 0.1 p er cent) in h o th  cases.

T he h y p o th a la m ic  lesions re su lted  in  a loss o f 4 to  5 p er cen t o f th e  b o d y  
w eight of th e  p re g n a n t an im als till  de livery , w h ereas  in  th e  sh a m -o p e ra te d  
group  b o d y  w eig h t increased  b y  10 to  11 p e r c e n t (p <  0.5 p er cen t).

T here  w as no s u b s ta n tia l  change in b o d y  te m p e ra tu re  in  an y  of th e  g ro u p s .

D iscussion

E le c tro ly tic  lesions to  th e  v e n tro la te ra l in fu n d ib u la r  an d  d o rso la te ra l 
tu b e ra l regions lead  to  a s ig n ifican tly  h igher r a te  of early  foeta l m o r ta l i ty  
(a h ig h er p e rcen tag e  of th e  m o th ers  has dead  o ffsp rings an d  also th e  n u m b e r  
of dead  offsprings p e r m o th e r is h igher), th a n  d id  a sham  opera tion  a ffe c tin g  
th e  cereb ra l co rtex , o r a lesion to  o th e r  areas o f  th e  h y p o th a lam u s. T h ere  w as 
no sig n ifican t d ifference betw een  th e  la te ra l liy p o tha lam ic-lesioned  a n d  th e  
sh am -o p era ted  co n tro l g roups in  th e  w eight o f  th e  new borns a t  b ir th  a n d  in  
th e  average  n u m b e r of offsprings p e r  m o th er. T h e  av erag e  w eight o f th e  n e w 
b orns increased  in  th e  co n tro l g roup  only . L esion  to  th e  la te ra l h y p o th a la m u s  
led to  a m ark ed , te m p o ra ry  decrease of food a n d  w a te r  in ta k e ; co rresp o n d in g ly , 
b o d y  w eig h t o f th e  m o th ers  ten d ed  to  decrease t i l l  delivery , w hereas in  th e  
con tro l g roup  b o d y  w eigh t increased  b y  10 to  11 p e r cen t even a fte r th e  sh a m  
o p era tio n .

A h igh  ra te  o f s t illb ir th  an d  of ea rly  n ew b o rn  d e a th  has been fo u n d  also  
b y  K urcz [5] fo llow ing lesion to  th e  v e n tro m e d ia l h y p o th a lam ic  nucleus a b o u t 
3 m o n th s  before  d e liv ery , o r on th e  9 th  to  16th  d ay s  of p regnancy . In  th e  fo rm e r 
case som atic  fac to rs  co nnec ted  w ith  h y p o th a la m ic  o b esity , in th e  la t te r  a d is 
tu rb a n c e  of la c ta tio n  w ere b lam ed  for th e  h ig h  ra te  of s tillb ir th  a n d  fo r  
ea rly  fo e ta l d e a th , resp ec tiv e ly . M aterna l b e h a v io u r  w as considered n o rm a l 
in h o th  cases. Gale an d  McCan n  [2] found  serious d is tu rb an ces in th e  p ro cess  
o f lab o u r in  22 p e r c en t of th e ir  ra ts  su b jec ted  to  m ed ian  em inence lesion  on 
th e  7 th  to  9 th  day s of p reg n an cy , b u t  even th e  m o th e rs  show ing n o rm a l la b o u r  
failed  to  feed th e ir  new borns because of th e  loss o f  th e  m ilk -ejection  re fle x . 
P ro tra c te d  la b o u r  a n d  sign ifican t m a te rn a l a n d  fo e ta l m o rta lity  r a te s  w ere  
in d u ced  also b y  p lac ing  p rogeste rone  an d  te s to s te ro n e  im p lan ts  in  th e  a re a s  
of th e  a rc u a te  nucleus an d  th e  region of th e  m a m m illa ry  nuclei [6]. A ll th e se  
d a ta  in d ic a te  t h a t  th e  h y p o th a la m u s  is in v o lv ed  in  m a n y  w ays in  th e  o rg a n i
za tion  of th e  fac to rs  d e te rm in in g  th e  v iab ility  a n d  ra is in g  of new borns. S im ila r
ly , v a rio u s fac to rs  m ay  be in v o lved  in th e  h igh  ra te  o f s tillb ir th  an d  n e w b o rn  
m o rta lity  o bserved  b y  us follow ing lesion to  th e  la te ra l  h y p o th a lam u s. A  d is 
tu rb a n c e  of m a te rn a l b eh av io u r m ay  p lay  a p a r t ic u la r ly  sign ifican t ro le : m o s t 
o f th e  m o th ers  b u ild  no nests , th e  new borns lie sc a tte re d  in  th e  cage, m a n y
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o f th e m  show  signs o f gnaw ing . A ccord ing  to  K urcz [5] m a te rn a l b e h a v io u r 
is n o t  im p a ired  fo llow ing lesion to  th e  m e d ia l h y p o th a lam u s. O th e r  fac to rs  
w h ic h  m ay  he ta k e n  in to  co nsidera tion  a re  d is tu rb an ces of m ilk  p ro d u c tio n  
a n d  e jec tio n  as w ell as an  decreased  v i ta l i ty  o f  th e  offsprings o f  th e  lesioned  
m o th e rs . W e have  been  u n ab le  to  d e m o n s tra te  h isto log ical d ifferences betw een  
th e  b re a s ts  of th e  c o n tro l an d  lesioned m o th e rs .

I t  is ju s tif ied  to  a ssum e th a t  th e  m o th e rs  w ith  la te ra l h y p o th a la m ic  lesi
o ns g ive b ir th  to  o ffsp rings of decreased  v i ta l i ty  also because d u rin g  th e  days 
fo llo w in g  o p era tio n , u n lik e  in  th e  sh a m -o p e ra te d  group , th e re  is a v e ry  sign ifi
c a n t  decrease of w a te r  a n d  food in ta k e  a n d  th e  increase of b o d y  w e ig h t seen 
in  th e  co n tro l g roup  is a b se n t. O ur o b se rv a tio n s  agree w ith  d a ta  in  th e  l i te ra 
tu r e  w h ich  suggest t h a t  feed ing  cen tre  w o u ld  e x is t in th e  la te ra l  h y p o th a la m u s  
[7 ]. I t  is rem ark ab le  t h a t  th e  tw o g roups ex am in ed  b y  us d id  n o t d iffe r m uch 
in  p o s t-p a r tu m  food in ta k e , and  th e  sm all d ifference in fav o u r o f th e  con tro ls 
m a y  b e  ascribed  to  th e ir  h ig h er calorie d e m a n d , because th e y  feed  th e ir  new 
b o rn s . T he c ircu m stan ces o f b reast-feed in g , an  ev en tu a l decreased  v i ta l i ty  of 
th e  o ffsprings an d  th e  changes of m a te rn a l  b eh av io u r w ill b e  s tu d ie d  in 
s u b s e q u e n t ex p erim en ts .

O n th e  basis o f th e  p re se n t resu lts  w e a re  o f th e  opinion th a t  th e  s tru c tu re s  
in  th e  la te ra l regions o f th e  h y p o th a la m u s  m a y  p lay  a sign ifican t ro le  in  th e  
d e liv e ry  an d  ra ising  o f v iab le  offsprings, p re su m a b ly  b y  in fluenc ing  m a te rn a l 
b e h a v io u r , on th e  f ir s t  p lace.
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IV . R E G E N E R A T IO N  O F  T H E  K ID N E Y  A F T E R  T E M P O R A R Y  A N O X IC  IN JU R Y

By

L. T ak ÁCSI-Na GY and I . JUHÁSZ

w ith  th e  techn ica l a ssis tan ce  of У. V a jd a  a n d  A. F . V er e ss  

SECOND DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived  J a n u a ry  22, 1966)

A fter u n ila te ra l  ligation  of th e  ren al a r te ry  a n d  ve in  fo r va rio u s periods, r e s t i
tu tio n  of ren al fu n c tio n  has been in v es tig a te d  by  m ean s of th e  dye  ab so rp tio n  m eth o d  
in ra ts . A co rre la tio n  was found  b e tw een  th e  d u ra tio n  o f re n a l an o x ia  and  th e  len g th  of 
tim e necessary fo r regeneration . R eg en era tio n  was p ra c tic a lly  com ple te  by  th e  14th day . 
R estitu tio n  o f re n a l fu n c tio n  g re a tly  depended  on th e  se v e rity  o f oxygen lack  suffered  
by  the  tu b u la r  ep ithe lium .

In  an earlie r p a p e r  [1] we d e a lt  w ith  th e  in flu en ce  o f anox ia  on G F R  an d  
tu b u la r  function . T h e  aim  of th e se  s tud ies was to  a sc e rta in  w h e th e r th e  fu n c 
tio n a l and s tru c tu ra l  changes asso c ia ted  w ith  th e  sho ck -k id n ey  could be 
rep ro d u ced  by  iso la te d  renal an o x ia . T he p roblem  w as ap p ro ach ed  b y  te m p o 
ra ry  ligation  of th e  ren a l h ilum  [2] an d  su b seq u en t s tu d y  o f th e  ren a l changes 
acco rd ing  to  th e  m e th o d  o f S e l l e r s  [2]. As th e  an im als  w ere sacrificed  
24 h ours a fte r th is  in te rv e n tio n , th e  observa tions w ere necessarily  lim ited  to  
a c u te  renal dam age. I t  seem ed th e re fo re  obvious to  in v e s tig a te  th e  reg en e ra 
tiv e  cap ac ity  of th e  k id n ey  w hen th e  acu te  consequences o f th e  in ju ry  h ad  
sub sid ed . In te re s t in  th e  possib ilities o f re s to ra tio n  o f ren a l fu n c tio n s is en 
h a n ced  b y  th e  c lin ica l experience t h a t  p a tie n ts  w ith  a c u te  ren a l fa ilu re  m ay  
su rv iv e  the  phase o f  o liguria or a n u r ia  th u s  h av in g  a chance  to  rega in  th e ir  
fu ll ren a l a c tiv ity  [3].

W e were led  b y  these  co n sid era tio n s to  s tu d y  th e  changes of G F R  an d  
tu b u la r  function  in  m odel ex p e rim en ts  b y  m eans o f  E v an s-b lu e  g iven a t  v a r i
ous in te rv a ls  a f te r  an  anoxic p e rio d . As p o in ted  o u t ea rlie r, th e  m e th o d  is 
b ased  on th e  fa c t t h a t  E v an s-b lu e  ad m in is te red  in tra v e n o u s ly  is b o u n d  to  
se ru m  pro te in . S ince th e  r a t  is a species w ith  p ro te in u r ia , th e  p ro te in  im p reg 
n a te d  w ith  E v an s-b lu e  is f ilte red , th e  p ro te in -d y e  com plex  is p a r tly  ab so rb ed  
b y  th e  proxim al tu b u le s  w here i t  can  be v isualized  in  m icroscopic sections in 
th e  form  of b lue d ro p le ts . In  th is  m an n er, th e  d y e  c o n te n t of th e  p ro x im al 
tu b u la r  cells p e rm its  to  assess th e  degree of f i l tra tio n  a n d  ab so rp tio n .
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M ethod

A lb in o  ra ts  w eighing b e tw e e n  120 a n d  150 g were used . T he le f t re n a l h ilu m  w as liga ted  
u n d e r  e th e r  anaesthesia  th ro u g h  th e  ab d o m in a l ap p ro ach , th e n  h a lf  o r  one a n d  a h a lf  h o u r 
l a t e r  th e  l ig a tu re  was rem o v ed  a n d  th e  w o u n d  closed. A n aqueous so lu tio n  o f 25 m g  E v ans-b lue  
w as in je c te d  in trav en o u s ly  3, 4, 7 a n d  14 d a y s  a f te r  th e  in te rv en tio n . F o u r  h o u rs  a f te r  in jec tio n  
th e  a n im a ls  were killed  b y  d e c a p ita tio n . P ieces o f th e  rem oved  k id n ey s  w ere  p a r t ly  fix ed  in  
fo rm a lin  fo r  un sta in ed  fro zen  sec tio n s , p a r t ly  em bed d ed  in  p a ra ffin  fo r h aem ato x y lin -eo sin  
s ta in in g .

R esu lts

G ro u p  I. In  5 ra ts  lig a tio n  o f th e  le f t k id n ey  was m a in ta in e d  fo r 90 m in 
u te s ,  a n d  th e  an im als w ere  k illed  a fte r  3 or 4 days. T he h aem ato x y lin -eo s in  
s ta in e d  sections c learly  sh o w ed  t h a t  th e  changes w ere e sse n tia lly  tu b u la r . 
T h e  d a m a g e  varied  in  in te n s i ty  a n d  e x te n t. I t  co rre la ted  fa ir ly  w ell w ith  the  
c o n d it io n  of th e  ep ith e liu m , w h ich  show ed sw elling, d eg en e ra tio n  or necrosis, 
th e  s i te  o f p revalence b e in g  th e  c o rtico -m ed u lla ry  b o rd e r, o ccasiona lly  also 
th e  a re a  of the  p ro x im a l tu b u le s . In  som e cases d ila ta tio n  o f th e  tu b u la r  
lu m in a  w ith  f la tten in g  o f th e  ep ith e liu m  an d  occasional signs o f reg en era tio n  
w ere  p re d o m in a n t. N u m ero u s  tu b u le s  co n ta in ed  hom ogeneous casts . The 
g lo m e ru le s  rem ained  p ra c tic a lly  u n affec ted .

A b so rp tio n  of th e  E v a n s-M u e -p ro te in  com plex  was s tu d ie d  in  u n sta in ed  
f ro z e n  sections. In  th e  a re a s  o f ex ten siv e  necrosis a d iffuse b lu e  s ta in in g  was 
seen  in s te a d  of dye d ro p le ts . In  th e  cases in  w hich  tu b u la r  d ila ta t io n  and  epi
th e l ia l  f la tte n in g  w ere p re v a le n t  th e  tu b u le s  co n ta in ed  e ith e r  no  dye  or only 
sp a rs e  dye  droplets.

Q u a n tita tiv e  e v a lu a tio n  o f th e  s to red  dye w as th e  basis  fo r  assessing 
th e  ch an g es  in ren a l fu n c tio n . O bviously , th is  m eth o d  lacks th e  re liab ility  
o f  ch e m ic a l analysis, b u t  w ith  a c e r ta in  p rac tice  i t  was possib le  to  give a fa irly  
c o r re c t  es tim ate  of th e  a m o u n t o f s ta in  re ta in e d  b y  th e  l ig a te d  k id n ey  in 
c o m p a riso n  w ith  th e  n o rm a l side.

I n  G roup I , th e  a m o u n t o f dye d ro p le ts  w as m o d e ra te ly  red u ced  in 
2 a n im a ls , g rea tly  re d u ced  in  9 (F ig . 1), w hile in  2 an im als  d iffuse s ta in ing  
re v e a le d  a w idespread  n ec ro sis ; in  2 an im als no  a b so rp tio n  w as ev id en t.

I n  G roup I I ,  in  8 an im a ls  th e  h ilum  of th e  left k id n e y  w as lig a ted  for 
90 m in u te s , and  th e  an im als  w ere k illed  a f te r  7 days. M icroscopic ex am in a tio n  
sh o w e d  ep ithelia l d e g en e ra tio n  w ith  occasional tu b u la r  necrosis. D ila ta tio n  
o f  th e  lu m in a  was consp icu o u s a long  th e  co rtico -m ed u lla ry  b o rd e r . In te rs ti t ia l  
fo c a l ro u n d  cell in f il tra tio n s  w ith  occasional casts  w ere p re se n t. A bso rp tion  
o f  th e  d y e  was ev id en t fro m  th e  in te n s ity  of b lue  d ro p le ts , b u t  i ts  e x te n t was 
m o d e ra te ly  reduced  in  h a lf  (F ig . 2) an d  s tro n g ly  reduced  in  th e  o th e r h a lf  
o f  th e  anim als.

G ro u p  I I I .  In  th e  10 an im a ls  o f th is  g roup , liga tion  w as likew ise m a in 
ta in e d  fo r  90 m inu tes a n d  th e  an im als  w ere k illed  a fte r  14 d ay s . T h e re  w as no
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F ig . 1. K a t killed fo u r d a y s  a f te r  ren a l h ilum  lig a tio n  fo r 90 m inu tes. Sec tion  o f re n a l cortex . 
D ye c o n te n t o f tu b u le s  g re a tly  reduced. U n s ta in ed  frozen  section. E n la rg e m e n t, approx .

100 fold

Fig. 2. R a t  killed seven d ay s  a f te r  liga tion  o f re n a l h ilu m . T he ren al c o r te x  c o n ta in s  dye in 
m od era te ly  red u ced  a m o u n ts . U n sta in ed  fro zen  sec tion . E n la rg em en t, ap p ro x . 100 fold
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F ig . 3. 14 days a fte r ren a l h ilu m  l ig a tio n  for 90 m inu tes. T h e  c o rte x  co n ta in s n o rm al a m o u n ts  
of dye. U n s ta in ed  fro ze n  section. E n la rg em e n t, ap p ro x . 100 fold

ev id e n c e  of tu b u la r  necrosis  a n d  ep ithelia l d eg en e ra tio n  w as less d is tin c t. 
S om e o f  th e  d ista l tu b u le s  w ere  d ila ted , th e ir  f la t  ep ith e lia l lin ing  show ed 
in tr a lu m in a r  p ro tru sio n s in  som e p a rts . I n te r s t i t ia l  in flam m ato ry  foci w ere 
d is t in c t .  T he tu b u la r  lu m in a  w ere filled a t  m a n y  s ite s  w ith  a viscous g ra n u la r  
m ass . T h e  dye d rop le ts  in  th e  ep ith e l cells o f th e  p ro x im a l tu b u le s  show ed 
n o rm a l in te n s ity  in 3 an im a ls  (F ig . 3), m o d era te  re d u c tio n  in  2, sligh t re d u c tio n  
in  5.

G ro u p  IV . In  12 ra ts  lig a tio n  was m a in ta in e d  fo r 30 m in u tes , a n d  th e  
a n im a ls  w ere killed 7 day s la te r .  E p ith e lia l necrosis  w as confined to  a sm all

Table I

G ro u p
L ig a tio n ,
m in u te s

Tim e be tw een  
lig a tu re  an d  
d ea th , days

D ye c o n te n t  o f  tu b u le s
N u m b e r

o f
an im a ls

T o ta lN o rm a l
S lightly
reduced

M oderately
reduced

G re a tly
red u c e d 0

Dif-
fuse

I 9 0 3 — 4 — — 2 9 2 2 1 5

i l 9 0 7 — — 4 4 — — 8

h i 9 0 1 4 3 5 2 — — — 1 0

IV 3 0 7 3 5 2 1 — — 1 2

V 3 0 1 4 7 3 — — — — 1 0
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n u m b er o f tu b u le s , d eg en e ra tio n  was n o t s ig n if ic a n t. D ila ted  tu b u le s  w ere 
found  a t  sites w ith  a lin ing  o f  f la tte n e d  e p ith e liu m . T h e  dye ap p eared  in  d ro p 
le ts  in th e  tu b u la r  ep ith e liu m . In  4 an im als  th e  dye  co n ten t w as n o rm a l, 
in  5 s lig h tly , in  2 m o d e ra te ly , in  one s tro n g ly , red u ced .

G roup  V. L igation  w as m a in ta in ed  fo r  30 m in u te s , and  th e  10 an im als  
w ere k illed  14 days la te r . T h e  m icroscopic ch an g es  w ere very  s ligh t th ro u g h 
o u t. T he dye  ap p ea red  in  n o rm a l am o u n ts , w ith  th e  exception  o f 3 an im als  
w here i t  w as slig h tly  red u ced  (Table I).

D iscussion

T he m icroscopic changes su b seq u en t to  to ta l  occlusion of th e  vesse ls of 
th e  ren a l h ilum  have been  closely  s tu d ied  [4, 5, 6, 7]. In  H u n g ary , ZÁdor an d  
B alogh [8], re cen tly  B á lin t  e t al. [18] h a v e  in v e s tig a te d  th e  q u es tio n . Cain  
an d  F azekas [9] stu d ied  th e  tu b u la r  ch an g es b y  h istochem ical m e th o d s  a t  
v a rious in te rv a ls  a f te r  c lam p in g  the  ren a l h ilu m  fo r 60 m inu tes; acco rd in g  
to  th e m  th e  ren a l isch aem ia  w as responsib le  fo r  th e  to ta li ty  of th e  changes. 
F inckh , J eremy  an d  W h y t e  [10] in v e s tig a te d  th e  s tru c tu ra l changes in  fa ta l  
acu te  ren a l fa ilu re  in m an . T h ey  found th e  e x te n t  o f necro tic  tu b u la r  d am ag e  
to  be in v erse ly  re la te d  to  th e  d u ra tio n  o f th e  p rocess. On th e  13th  d a y  lesion 
o f th e  p ro x im a l, on th e  1 8 th  d a y  of th e  d is ta l  tu b u le s , was no lo n g er d em o n 
s trab le . In  ag reem en t w ith  o th e r  in v es tig a to rs  [11, 12] th e y  d id  n o t  co n n ec t 
the o liguria  or a n u ria  w ith  rediffusion th ro u g h  th e  necro tic  tu b u le s . T h o u g h  
th e re  is am ple  ev idence to  m ake th e  t r a n s i to ry  ren a l ischaem ia responsib le  
fo r th e  co ag u la tiv e  necrosis o f th e  p ro x im al tu b u le s  [13, 14] it  is e q u a lly  tru e  
th a t  reg en era tio n  of th ese  changes is fa ir ly  r a p id  [15]. F o r these  rea so n s , th e  
au th o rs  ascribe th e  sy n d ro m e of acu te  ren a l fa ilu re  to  th e  su sta in ed  in h ib itio n  
of ren a l blood supp ly  r a th e r  th a n  to  th e  s t ru c tu ra l  changes in  q u es tio n . T here  
is no ag reem en t in l i te ra tu re  concerning th e  q u e s tio n  w hether th e  o lig u ria  or 
an u ria  su b seq u en t to  a c u te  renal dam age is a consequence of th e  red u ced  
G F R  or r a th e r  of a passive  rediffusion th ro u g h  th e  severely  d am ag ed  tu b u la r  
ep ith e liu m . In  an ea rlie r s tu d y  [16] we in v e s tig a te d  b y  Sellers’ m eth o d  
th e  changes of th e  tu b u la r  ep ithe lium  in e x p e rim e n ta l corrosive su b lim a te  p o i
soning  an d  found  passiv e  rediffusion to  h e  e q u a lly  severe in te m p o ra ry  re 
nal an o x ia  or in  co rrosive  sub lim ate  p o iso n in g . T he question  s till aw aits  
fu r th e r  s tu d ies  for its  fu ll elucidation  [17].

T he aim  o f th e  p re se n t in v estig a tio n s w as to  derive in fo rm a tio n  from  
th e  s tru c tu ra l  changes su b seq u en t to  te m p o ra ry  liga tion  of th e  re n a l h ilum  
concern ing  th e  re s to ra tio n  o f renal fu n c tio n . T h e  stud ies were c e n tre d  on th e  
in te n s ity  o f th e  ap p ea ran ce  of th e  dye in  re la tio n  to  no rm al co n d itio n s , i.e. 
on th e  in fo rm a tiv e  v a lu e  o f th e  m icroscopic ch an g es as concerns th e  re s ti tu tio n  
of ren a l fu nc tions an d  th e  len g th  of tim e  n e c e ssa ry  fo r th is  process. In  acco rd 
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a n c e  w ith  earlier resu lts  [11], tu b u la r  dye re a b so rp tio n  seems to  be d e te rm in e d  
b y  tw o  fac to rs, nam ely  th e  s tru c tu ra l co n d itio n  o f  th e  tu b u les  a n d  th e  degree 
o f  f i l t r a t io n .  These tw o  fa c to rs  m u st th e re fo re  b e  considered w hen in te rp re t in g  
o u r  f in d in g s . I f  glom erules a n d  b lood  flow  re m a in  u n im p aired , n o rm a l f i l t ra t io n  
m a y  b e  preserved , b u t  th e  d am ag ed  or n e c ro tiz e d  tu b u la r  ep ith e liu m  is s ta in 
in g  d iffu se ly , being u n ab le  to  abso rb  th e  d y e -p ro te in  com plex from  th e  f i l t r a te  
in  th e  fo rm  of d rop le ts . C orrespond ing ly , in  th e  case of w id esp read  e p ith e lia l 
n e c ro s is , dye droplets w ere o n ly  en co u n te red  occasionally  w hereas d iffu se  s ta in 
in g  w a s  in v ariab ly  p re se n t. T h is  shows th a t  g lo m eru la r f iltra tio n  w as p re se rv e d  
a lso  in  th e se  cases, b u t  d y e  ab so rp tio n  w as im p a ired . N or are th e  f la t te n e d  
e p i th e l ia l  cells w hich m a k e  u p  th e  lin ing  o f th e  d ila ted  tu b u le s  c a p a b le  of 
r e ta in in g  th e  dye in  th e  fo rm  of d rop le ts . T h is w o u ld  suggest t h a t  th e  a b so rp 
t iv e  c a p a c ity , or, b ro ad ly  sp eak in g , th e  w hole fu n c tio n  of th e  tu b u la r  e p ith e liu m , 
p a r t ic u la r ly  of the  f la t  ep ith e liu m , is g re a tly  im p a ired .

I t  em erges from  th e  p re se n t ex p e rim en ts  th a t  th e  d u ra tio n  o f  re n a l 
is c h a e m ia  is co rrelated  w ith  th e  len g th  of tim e  req u ired  for r e p a ra tio n . R en a l 
d a m a g e  caused by  te m p o ra ry  anox ia  in  r a ts  is a lm ost co m ple te ly  re s to re d  
b y  th e  14 th  day. I t  is likew ise  obvious t h a t  re s to ra tio n  of re n a l fu n c tio n  
c lo se ly  depends on th e  d u ra tio n  o f anox ia  a n d  on  th e  condition  of th e  tu b u la r  
e p ith e liu m .
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H I S T A M I N E  C O N T E N T  O F  T H E  C E R E B R O S P I N A L  
F L U I D  IN  M U L T I P L E  S C L E R O S IS

A P R K L IM IN A R Y  C O M M U N IC A TIO N  

By

G y . M o l n á r  and  J .  M o l d o v a n

DEPARTMENT OF NEURO-PSYCHIATRY (DIRECTOR: PROF. P. JUHÁSZ), UNIVERSITY MEDICAL SCHOOL
DEBRECEN

(R e c e iv e d  J a n u a r y  31, 19 6 6 )

A llergic in flam m atio n  is one of th e  possib le fa c to rs  w hich have b een  m ad e  
responsib le  for m u ltip le  sclerosis, b u t  th is  c la im  h as n o t been s u b s ta n t ia te d  
b y  a n y  conclusive or a t  least convincing  ev idence . T h e  p a r t  p layed  b y  h is ta 
m ine in  th e  p a th o m ech an ism  o f allergic p h en o m en a  has long been a c o n tro 
versia l issue. N o a h  an d  B r a n d  [ 1 ]  found  in c re a se d  b lood  h istam ine  lev e ls  in  
ce rta in  allerg ic cond itions. T he phenom enon  o f re d u ced  h is tam in o p ex y  a sso c i
a ted  w ith  allerg ic diseases [2] has been s tu d ie d  in  m u ltip le  sclerosis a n d  th e  
find  in g  of a red u ced  or m issing h is tam in e -b in d in g  cap ac ity  has b een  lin k ed  
w ith  a possible allerg ic origin o f th is  disease [3].

M ateria l and  m eth o d s

T h e  p re se n t s tu d ies  w ere concerned  w ith  th e  free h is ta m in e  c o n ten t of lu m b a r  a n d  c is
te rn a l C SF in  m u ltip le  sclerosis and  o th e r  n e u ro p sy ch ia tr ie  cond itions. F o r the  e x tr a c t io n  of 
h is tam in e  from  2.5 ml C SF-sam ples we used  the  m e th o d  d escribed  for h istam ine  e s t im a tio n  
in b lood p lasm a [4]; th e  h istam in e  level was e s tim a te d  b y  th e  biological superfusion  m e th o d  
w hich in  earlie r te s ts  was found  suffic ien tly  sensitive  a n d  specific  [5, 6].

T he cases of m u ltip le  sclerosis were g rouped  acco rd in g  to  th e  stage, i.e. a c u te  ( re c e n t 
cases, op tic  neu ro m y elitis ) and  chronic  (first or re p ea te d  ex ac erb a tio n , slow p ro g ressio n , s t a 
tio n a ry  co n d itio n  or rem ission) (see T able  I). The cases show ing  acu te  and  chronic e x a c e rb a tio n  
(Cases Nos. 1, 3, 5, 6, 7, 8, 11, 13, 14, 15, 19, 20, 25, 26, 27) hav e  been dealt w ith  s e p a ra te ly  
(N ' =  15). In  th e  a cu te  cases th e  te s ts  were carried  o u t in  th e  f ir s t  th ree  m onths a f te r  th e  o n se t 
of th e  f irs t  sy m p to m s. T he cases u n d e r d rug  tre a tm e n t a t  th e  d a te  of the  s tu d y  h a v e  been 
m ark ed  sep ara te ly .

T he con tro l g roup  h as been m ade up of unse lec ted  C SF sam ples (ob tained  fro m  su b je c ts  
w ith  som e a b n o rm a lity )  b u t  n o rm al p ro te in  levels a n d  cell co u n ts . T he tests w ere in v a r ia b ly  
m atch ed  w ith  th e  co n tro l sam ples w ith  th e  ex cep tio n  o f  one  case w hich has b een , h o w e v e r, 
excluded  from  s ta tis t ic a l  ev a lu a tio n . T he m atch ed  ( te s t a n d  co n tro l) CSF sam ples w ere  a lw ay s  
of th e  sam e orig in  (lu m b ar or c is te rnal).

R esults, d iscussion

T he h is tam in e  c o n te n t in th e  CSF o f th e  m u ltip le  sclerosis g ro u p  w as 
h ig h er th a n  th a t  o f th e  co n tro ls ; th e  average  w as 6.6 /xg/1000 ml in th e  fo rm er 
and  2.2 in th e  la t te r  g roup . T h ere  w as a large s ta n d a rd  deviation  in b o th  g ro u p s , 
6.7 an d  2.4 u n its , re sp ec tiv e ly . T he range v a lu es  are  from  0 to  25 p g /1 0 0 0  m l
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Table I

Com parison o f  C S F  h istam ine  content in  m u ltip le  sclerosis and other diseases

N o .
1 9 6 3 -

- 6 5

M ultip le  sclerosis 
S tag es

C S F -h istam ine  
1/1000 / /g /m l

O ther diseases 
D iagnosis

C S F -h is tam in e  
1 /1000 /Ug/ml

l acute 25 D iscopathy l
2 chronic s ta tio n a ry 1 D iscopathy l
3 chronic, f irs t  ex acerb a tio n 2.5 D iscopathy , neu ro p ath y l
4 chronic s ta tio n a ry  (Th) 1 (c ) T rigem inal neuralgia 0
5 chronic, th ird  ex acerb a tio n 1 0 (c ) E p ilepsy 1 (c )
6 acu te 10

1 2 (c )
Spondylarth rosis 5

7 chronic a fte r f i r s t  ex acer
b a tio n  (one w eek T h) 1 D iscopathy 0

8 acute 15 C erebral concussion 7.5
9 chronic progressive 5 (c )

5
E pilepsy 0 (c )

10 chronic progressive fo r 6 
m onths 20 (c) E p ilepsy 0 (c )

11 acu te 10 H eadache, n eu ropathy 2.5
12 chronic s ta tio n a ry  (Th) 1 D iscopathy 1
13 acu te 10 D iscopathy 7.5
14 acu te  (4 w eeks T h) 5 (c ) H eadache, n eu ropathy 2.5 (c)
15 chronic, f i r s t  ex acerb a tio n  

(Th) 0 H eadache 1
16 chronic s ta tio n a ry 0 D iscopathy 1
17 chronic progressive 10 D iscopathy 1
18 chronic rem ission 1 (c ) H eadache, hypertension 7.5 (c)
19 chronic, second ex acerb a tio n 10 D iscopathy 1
20 op tic  neurom yelitis 15 D iscopathy 5
21 chronic s ta tio n a ry 1 E p ilepsy 1
22 chronic s ta tio n a ry 0 D iscopathy 0
23 chronic progressive 0 D iscopathy 1
24 chronic progressive 10(c) E p ilep sy 0 (c )
25 chronic, second ex ac erb a 

tio n  (Th) 0 H ead ach e 1
26 acu te  (Th) 7.5 (c) Park inson ism 5 (c )
27 chronic exacerb a tio n 5 (c )

5
T rigem inal neuralgia 5 (c )

28 acu te 10 H eadache 5 (c )

A v e rag e  (N  =  27) 6.6 +  6.76 2.2 +  2.49

(iV  =  15) 8 .1 + 6 .7 0 P  <  0.01

V alu es 1, 3, 7 fu r th e rm o re  5, 10 and  13, 14 a re  th e  re su lts  of re p ea te d  te s ts  m ad e  in  th e  
s a m e  case , (c) — c is te rn a l
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in  th e  m u ltip le  sclerosis g roup  a n d  from  0  to  7.5 / i g / 1 0 0 0  m l in th e  co n tro l 
g ro u p . T here  w as a sign ifican t d ifference  betw een  th e  average  va lu es  fo r  th e  
tw o  g roups (P  <  0 .0 1 ) .  T he av e ra g e  in  th e  cases w hich  h av e  been e v a lu a te d  
se p a ra te ly  (N ’=  1 5 )  was 8 .1  ^  6.7 / t g / 1 0 0 0  m l, a n d  in th e  rem ain in g  1 2  cases, 
4 .2  ±  6 .2  / t g / 1 0 0 0  ml.

C o n fro n ta tio n  of th e  v a lu es  o b ta in e d  in th is  se p a ra te  g roup  w ith  th o se  
o f th e  con tro ls  show ed th a t ,  i f  c o m p u te d  from  th is  p u rified  va lue , i.e . 8.1 ^  
i  6.7, significance increased fu r th e r  (t =  3.241; t 15 =  4.031). T he e le v a te d  
av erag e  h is tam in e  level was th u s  m a in ly  acco u n ted  fo r b y  th e  cases o f  a c u te  
an d  chronic  exacerbation .

No co rre la tion  was fo u n d  b e tw een  th e  p ro te in  an d  h is tam in e  v a lu e s  of 
th e  C SF. T he cell counts in m u ltip le  sclerosis ran g ed  betw een  0/3 a n d  12/3, 
a sole ex cep tion  being 24/3. S ince th e  low cell co u n ts  show ed p ra c tic a lly  no 
in d iv id u a l v a ria tio n , accord ing  to  ru tin  te s ts  th e  ce llu la r p a tte rn  co u ld  n o t 
be co rre la ted  w ith  the  h is tam in e  c o n te n t. H aem o rrh ag ic  CSF sam ples w ere  n o t 
ex am ined .

O n th e  evidence of biologic te s ts , B occarini e t al. [7] found  th e  h is ta m in e  
c o n te n t of th e  no rm al CSF b e tw een  10 an d  20 /vg/1000 m l. R ecen t p h o to flu o ro - 
m e tric  ex am in a tio n s failed to  d e m o n s tra te  an y  free h is tam in e  in  th e  n o rm a l 
C SF. T he aim  of th e  p resen t s tu d y  w as to  es tab lish  w h e th e r in  v a rio u s  p a th o 
logical cond itions, f irs t of all in  th o se  of supposed ly  in f la m m a to ry  o rig in , th e  
h is tam in e  in  th e  lu m b ar an d  c is te rn a l CSF w as increased  a n d , if  so, to  w h a t 
e x te n t. In  th e  lite ra tu re  we fo u n d  no d a ta  concern ing  th e  h is tam in e  c o n te n t 
o f th e  C SF, in  m ultip le  sclerosis.

T he orig in  of h istam ine  in  th e  CSF is assum ed  to  be co nnec ted  w ith  th e  
fo llow ing possib ilities.

a)  I t  m ay  orig inate  from  an  in fla m m a to ry  process in th e  b ra in ;
b)  i t  m ay  come from  th e  b lood  plasm a passing  th e  b lo o d -C S F -b arrie r.
1. T he blood h istam ine  leve l is norm al, b u t  th e  b a rr ie r  p e rm e a b ility  is 

in creased ; th is  resu lts in h ig h er C SF  h istam ine  level.
2. T he blood h istam ine  m a y  be  for some reason  increased  to  a leve l w hich  

causes an  increase in th e  C SF level.
3. R ed u c tio n  of h is ta m in o p e x y  in m u ltip le  sclerosis [3] m ay  re su lt  in 

a ra ised  free h istam ine  level in  th e  CSF.
4. T he cellu lar e lem ents p assin g  in to  th e  C SF m ay  he a source  o f h is

ta m in e  [7].
T he p re se n t in v estig a tio n s h av e  failed  to  give in fo rm a tio n  a b o u t th e  

possib le re la tio n sh ip  betw een  th e  ra ised  CSF h is tam in e  level an d  th e  d is tu rb 
ance  in  h is tam in e  m etabo lism  su p p o sed  b y  c e r ta in  a u th o rs  [9] to  be  p re se n t 
in m u ltip le  sclerosis.

T he recen t, re la tiv e ly  sim p le  h u t  re liab le  an d  sen sitive  m e th o d s  o f  h is 
ta m in e  d e te rm in a tio n , f irs t o f a ll sp e c tro p h o to flu o ro m e try  w ill m ake i t  possib le
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to  c a r ry  ou t fu r th e r  in v e s tig a tio n s  in to  th e  p a th o g e n e tic  role o f h is tam in e  in 
o th e r  allergic oi in f la m m a to ry  diseases. I t  m ig h t be rew ard in g  to  in v es tig a te  
th e  cytologic p a tte rn  a n d  th e  CSF h is tam in e  c o n te n t in  p a tie n ts  a t  d ifferen t 
s ta g e s  of th e  disease w ith  a view  to  p ro v id in g  fo r fu r th e r  d a ta  concern ing  
p a th o m ech an ism  o f m u lt ip le  sclerosis.
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EFFECT OF DEHYDRATION ON CARDIAC OUTPUT 
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(R eceived  F e b ru a ry  9, 1966)

T h e  c ircu la to ry  effects o f d e h y d ra tio n  h a v e  been  s tud ied  in  a n a e s th e tiz e d , un - 
an ae sth e tize d -re s tr ic te d  an d  u n a n a e s th e tiz e d -u n re s tr ic te d  ra ts . In  th e  a n a e s th e tiz e d  
d e h y d ra te d  an im a ls  th e  c irc u la to ry  p a tte rn  w as s im ilar to th a t  fo u n d  p re v io u s ly  in  
v a rio u s  ty p es  o f s ta g n a n t hy p o x ia . In  th e  a le r t a n im a l even th e  p re p a ra to ry  m a n ip u la 
tio n  b ro u g h t a b o u t serious c irc u la to ry  ch anges; in  response  to  d e h y d ra tio n  th e  c o ro n a ry  
frac tio n  of card iac  o u tp u t  in creased , th e  sk in  f ra c tio n  decreased, while th e  re n a l f ra c tio n  
rem a in ed  u nchanged .

T h e  c i r c u l a t o r y  c h a n g e s  i n  v a r i o u s  t y p e s  o f  s t a g n a n t  h y p o x i a  h a v e  b e e n  

i n v e s t i g a t e d  e x t e n s i v e l y  i n  v a r i o u s  s p e c i e s  ( s e e :  G ö m ö r i  a n d  T a k á c s ,  1960).
I t  w as concluded  th a t  s ta g n a n t h y p o x ia  w as associated  w ith  a c h a ra c te r 

istic  re d is tr ib u tio n  o f  ca rd iac  o u tp u t. C ard iac  a n d  cerebral b lood flow  ch an g e  
slig h tly , ren a l an d  e x tre m ita l flow s decrease s ig n ifican tly ; i.e. th e  c o ro n a ry  
frac tio n  of ca rd iac  o u tp u t  increases a n d  th e  re n a l an d  ex trem ita l ones u n d e rg o  
a decrease. These changes are  in it ia te d  p re su m a b ly  b y  th e  h y p o x ia  o f tissu es  
( T a k á c s  1957 a, b ; T a k á c s  and  K á l l a y  1957 a , b).

D ue to  m ethodo log ica l d ifficu lties th e  e ffec t of d eh y d ra tio n  on o rgan  
blood flow  have been  s tu d ied  in la rg e r m am m als  ( R o g e r  1965). G ö m ö r i  an d  
P o d h r a d s z k y  (1937) observed  a decrease in  g lo m eru la r f iltra tio n  ra te  (G F R ) 
w ith  th e  d e te rio ra tio n  of c ircu la tion . T h en  i t  h a s  been  shown th a t  th e  d ecrease  
in ren a l b lood  flow  exceeds th a t  in  ca rd iac  o u tp u t  ( T a k á c s  a n d  K á l l a y  

1957 a). T he c ircu la to ry  changes are  p re su m a b ly  cen tra lly  reg u la ted  ( G ö m ö r i  

e t al. 1960).
In  th e  p re se n t ex p erim en ts  th e  c irc u la to ry  effect o f d e h y d ra tio n  h av e  

been s tu d ied  in  ra ts . T he an im als w ere d iv id ed  in to  th e  fo llow ing g ro u p s: 
a n a e s th e tiz ed , u n a n a e s th e tiz ed -re s tr ic te d  a n d  u n a n a e s th e tiz ed -u n re s tr ic te d  
ra ts .

M ethods

M ale in b red  ra ts  w eighing 160 to  250 g, w ere u sed . In  th e  single g ro u p s th e  av erag e  
w e ig h ts ran g ed  from  187 to  215 g.

D e h y d ra tio n  w as in d u ced  b y  th e  m eth o d  of Sh a y  e t al. (1945), as m odified  b y  R o g er  
(1965). B y  th is  m o d ificatio n  th e  o therw ise  le th a l g a s tr ic  d ila ta tio n  could be av o id ed  (since  th e
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r a t  does n o t v o m it, th e  f lu id  accum ula ting  in  th e  l ig a te d  sto m ach  u sually  k ills th e  an im als 
b efo re  d eh y d ra tio n  w o u ld  h a v e  developed). T he an im a ls  w ere  fasted  24 hours before  o p e ra tio n , 
w a te r  w as allow ed ad  lib itu m . U n d e r e th e r a n ae sth es ia  u p p e r  m edian  lap a ro to m y  w as p e rfo rm 
ed , th e  p y lo ru s w as lig a te d , th e n  th e  ab d o m in a l w o u n d  w as closed in  tw o lay e rs . A t  10 an d  
24 h o u rs  follow ing th e  o p e ra tio n , th e  anim als w ere f ix e d  b y  h a n d  w ith o u t a n ae s th es ia  a n d  th e  
a cc u m u la te d  g a s tr ic  ju ic e s  w ere w ith d raw n  b y  m e a n s  o f  a  so ft tub e . In  th e  sh a m -o p e ra te d  
an im a ls  u p p e r  m ed ia n  la p a ro to m y  was perfo rm ed , th e  s to m ac h  was g en tly  m o v ed  a b o u t  an d  
th e  ab d o m in a l w all w as c losed in  tw o layers. In  th e  d e h y d ra te d  an d  sh am -o p era ted  g ro u p s th e  
c irc u la to ry  s tu d ies  w ere  ca rried  o u t 24 hours a f te r  o p e ra tio n . T he contro l an im als w ere  fa s ted  
24 h o u rs  before th e  e x p e r im e n ta l p rocedure , w a te r  w as allow ed  ad  lib itum .

T he degree o f d e h y d ra t io n  was estim a ted  on th e  b asis  o f th e  w eight loss a n d  azo tae m ia  
(N P N  level d e te rm in e d  b y  th e  m odified R a p p a p o r t  m e th o d ). A t 24 hours fo llow ing  p y lo ric  
lig a tio n  th e  d e h y d ra te d  a n im a ls  lo st an  ayerage o f 17 p e r  c e n t o f th e  bod y  w eigh t, as co m p ared  
w ith  th e  average  losses o f 6.5 p e r  cen t show n b y  th e  c o n tro ls  and  th e  sh am -o p era ted  an im als . 
N P N  in creased  to  121 — 127 m g p e r 100 m l in  th e  d e h y d ra te d  anim als, as co m p ared  w ith  th e  
av erag e  va lues o f 40 to  52 m g p e r  100 ml in th e  c o n tro l a n d  sh am -opera ted  groups.

M ean a r te r ia l  p re ssu re  w as m easured  in  th e  c a ro tid  a r te ry  b y  m eans of a m e rc u ry  m a 
n o m ete r.

C ardiac o u tp u t  w as d e te rm in ed  on th e  b asis  o f  th e  dye d ilu tion  m eth o d  ( H a m il t o n  
e t  al. 1932) w ith  E v a n s  b lu e , th e  organ frac tio n s o f c a rd ia c  o u tp u t  were e s tim a te d  b y  S a p i r - 
s t e i n ’s iso tope in d ic a to r  f ra c tio n a tio n  m eth o d  (86R b )  (S a p i r s t e i n  1956; 1958). T h e  an im als 
w ere  a n aesth e tized  w ith  40 m g/kg  sodium  p e n to b a rb ita l  in tra p e rito n ea lly , as i t  w as fo u n d  t h a t  
th is  d ru g  is b e tte r  su ite d  fo r  c ircu la to ry  stud ies in  th e  r a t  th a n  u re th an e , chloralose  o r  e th e r 
( K á l l a y  and  T a k á c s  1961; V i d t  et al. 1959). F ro m  th e  v a lu e s  for card iac  o u tp u t, o rg a n  fra c 
tio n s , o rg an  w eigh ts a n d  b lo o d  pressure , th e  blood flo w  a n d  v ascu la r resistance of th e  o rgans 
w ere co m p u ted  fo r 100 g o f tis su e  weight ( K á l l a y  a n d  T a k á c s  1961).

T he ex p erim e n ts  w ere carried  o u t on th re e  g ro u p s : an aesthetized , u n a n a e s th e tiz e d -  
re s tr ic te d  and  u n a n a e s th e tiz e d -u n re s tr ic te d  ones.

In  th e  u n a n a e s th e tiz e d -re s tr ic te d  group th e  p ro c e d u re  w as as follows. T he a n im a ls  w ere 
f ix e d  in  sup ine p o s itio n , th e n  th e  areas of th e  c a ro tid  a r te r y  a n d  fem oral veins w ere in f il t r a te d  
w ith  1 p e r cen t p ro c a in e  so lu tio n . B lood pressu re  w as m easu red  in  th e  caro tid  a r te ry ,  th e n  
E v a n s  b lue  an d  86R b  w ere  in je c te d  in to  th e  fem o ra l v e in s .

In  th e  u n a n a e s th e tiz e d -u n re s tr ic te d  group  a  th in  p o ly e th y len e  cannu la  filled  w ith  h e p 
a r in  w as tie d  in to  th e  ju g u la r  v e in  un d er p e n to b a rb ita l  a n aes th es ia ; 24 hours la te r ,  w ith o u t 
in te rfe r in g  w ith  th e  m o v e m e n ts  o f th e  anim als, th e  86R b  w as in jec ted  th ro u g h  th e  can n u la . 
I n  th is  g roup  b lood  p re ssu re  a n d  cardiac  o u tp u t w ere  n o t  m easu red , only th e  o rg an  frac tio n s  
o f th e  card iac  o u tp u t  w ere  e s tim a ted .

T he re su lts  w ere e v a lu a te d  b y  S tu d e n t’s “ t ”  te s t .  T o com pile un iform  a n d  sy n o p tica l 
ta b le s  we p resen ted  o n ly  th e  w ith in-sam ple  s ta n d a rd  d e v ia tio n s  (com puted  fro m  th e  pooled  
sum -of-squares), as th e y  d id  n o t  m ate ria lly  affect th e  re su lts .  W e com pared th e  sh a m -o p e ra te d  
r a ts  w ith  th e  co rresp o n d in g  co n tro ls, and th e  d e h y d ra te d  r a ts  w ith  th e  sh am -o p era ted  ones. 
T h e  con tro ls o f th e  a le r t  g ro u p s  w ere com pared also w ith  th e  an aesth e tized  con tro ls.

T h e  follow ing u n its  w ere  u sed :
C ard iac  o u tp u t:  m l/m in /1 0 0  g o f bo d y  w eight 
B lood p ressu re : m m  H g
R esis tan ce  (system ic): 103d y n e .sec .cm -5/100 g of b o d y  w e ig h t 
F low : m l/m in/100 g o f o rg a n  w eigh t
R esis tan ce  (o rgan): 103 d y n e .se c .c m _s/100 g of o rg an  w e ig h t
F ra c tio n  (organ): b lo o d  flo w  of th e  to ta l organ  ex p ressed  in  p e rcen tag e  of to ta l c a rd iac  o u tp u t .

Significance of th e  d ifferences w as denoted  as follow s:

No sign  n o t  significant
. , *, ° sign ifican t

h ig h ly  significant
. . . , * * * ,  000 v e ry  h igh ly  s ign ifican t

p  >  0.05 
p  <  0.05
p <  0.01 
p  <  0.001
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R esults

T he resu lts  are  p re sen ted  in  Tables I ,  I I  an d  I I I .
a )  In  th e  a n a e s th e tiz ed  g roup  (T able  I ) , as com pared  w ith  th e  co n tro l, 

th e  sh am  o p era tio n  caused  no s ig n ifican t c irc u la to ry  change, on ly  flo w  in th e  
carcass increased  an d  co ro n ary  resis tan ce  d ec reased  sign ifican tly .

In  th e  d e h y d ra te d  an im als ca rd iac  o u tp u t  an d  blood p ressu re  d ecreased  
s ig n ifican tly . T he h e a r t  frac tio n  o f ca rd iac  o u tp u t  increased , th is  w as associ
a te d  w ith  a sm aller decrease of flow  an d  in c rease  o f resistance . R e n a l frac tio n  
o f  ca rd iac  o u tp u t  an d  ren a l flow  decreased , re n a l resistance  in creased . H e p a tic  
a n d  in te s tin a l flow  decreased  a n d  resis tan ce  in c reased . T he sp lan ch n ic  frac tio n  
o f ca rd iac  o u tp u t  decreased  b u t ,  ow ing to  th e  w ide sca tte rin g , th e  d ifference 
w as n o t  sig n ifican t. Skin flow  an d  fra c tio n  decreased , resistance  in c reased . 
F low  in th e  carcass decreased  as com pared  w ith  th e  sh am -o p era ted  a n im a ls  w hich 
y ie lded  h ig h er va lues th a n  th e  co n tro ls ; th e  ca rcass  frac tio n  of ca rd ia c  o u tp u t  
in creased .

b)  T he  u n a n a e s th e tiz ed -re s tr ic te d  an im a ls  show ed th e  fo llow ing  d iffe r
ences from  th e  a n aes th e tized  ones an d  from  th e  a le rt contro ls (T ab le  I I ) .

C ard iac  o u tp u t  a n d  b lood  p ressu re  in c rea sed , system ic re s is ta n c e  de
creased , th e  ren a l frac tio n  d ro p p ed  by  a lm o st 10 p e rc e n t  of th e  ca rd ia c  o u tp u t , 
ren a l flow  decreased , ren a l resistance  in c reased  to  a lm ost double  th e  in itia l 
v a lue . P u lm o n a ry  flow  increased  s ig n if ican tly , p u lm o n ary  re s is ta n c e  de
creased . T h e  h ep a tic , in te s tin a l an d  sp lan ch n ic  frac tio n s  decreased co n sid e rab ly , 
sk in  flow  increased , sk in  resistance  decreased . In  th e  carcass th e  fra c tio n  of 
ca rd iac  o u tp u t  increased  v e ry  co n sid e rab ly , to g e th e r  w ith  an in crease  o f flow  
a n d  decrease  o f resistance .

T he sh am  o p era tio n  caused no m a rk e d  ch an g e  in  th is  group , e i th e r ;  b lood  
p ressu re , sk in  frac tio n  an d  h ep a tic  b lood  flow  w ere h igher th a n  th e  co rres
p o n d in g  values of th e  u n a n a e s th e tiz ed -re s tr ic te d  contro ls.

T he changes b ro u g h t a b o u t by  d e h y d ra tio n  w ere a decrease o f  b lood  
p ressu re  a n d  card iac  o u tp u t  an d  an in crease  in  system ic  resistance . C o ro n ary  
fra c tio n  in c reased , ren a l, h ep a tic  an d  in te s t in a l  flows decreased , re s is ta n c e  
in  th e se  o rgans in creased . T he sk in  fra c tio n  a n d  flow  decreased co n sid e rab ly , 
re s is tan ce  increased . In  th e  carcass, flow  a n d  resis tan ce  changed  in  a s im ila r 
m an n e r. In  th e  lungs th e  frac tio n  in creased , flo w  decreased, in th e  sp lan ch n ic  
a rea  th e  frac tio n  of ca rd iac  o u tp u t in c reased .

c)  In  th e  u n a n a e s th e tiz ed -u n re s tr ic te d  g roup  (Table I I I ) ,  w hen  th e  a le r t 
co n tro l w as co m p ared  w ith  th e  a n a e s th e tiz e d  co n tro l, th e  c a rd ia c , ren a l, 
h e p a tic , in te s tin a l an d  sp lanchn ic  frac tio n s  decreased , b u t  th e  d e c re m e n t — 
ex cep t fo r th a t  of th e  card iac  frac tio n  — w as considerab ly  less th a n  in  th e  
a le r t- re s tr ic te d  an im als, p a rtic u la rly  in  th e  case o f th e  renal fra c tio n . T h e  sk in  
a n d  carcass frac tio n s increased .
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Table I

E ffec t o f  dehydration on circulation o f  anaesthetized rats

Number of cases 
(n)

Control
14

Sham-operated
14

Dehydrated
14

Within-sample
standard
deviation

Total body M ean values

C ard iac  o u tp u t 25.2 27.5 18.6*** 5.4

B lood  p ressure 117.0 114.0 96.0*** 10.3

R esis tan ce 396.0 377.0 460.0 131.7

H eart

Flow 155.0 191.1 163.1 56.1

R esis tan ce 6 8 .8 49.9- 57.7 20.3

F ra c tio n 2 .0 2 .2 3.0** 0.7

K id n ey

Flow 379.1 420.8 252.4*** 77.2

R esis tan ce 26.9 2 2 .8 34.0** 9.3

F ra c tio n 15.5 16.0 13.7* 2.9

L u n g

Flow 65.6 68.3 55.0 21.4

R esis tan ce 161.2 137.7 176.2 52.1

F ra c tio n 3.4 3.3 3.8 0.9

L iver

Flow 53.4 59.6 31.0*** 15.8

R esis tan ce 187.8 165.1 226.6** 53.4

F ra c tio n 9.1 1 0 .0 9.4 1.9

In tes tin e
Flow 75.3 8 6 .2 49.6*** 18.5

R esis tan ce 132.1 109.3 171.9** 48.1

F ra c tio n 18.3 18.9 16.8 3.5

S p la nchn ic  area (liver -}- intestine)

F ra c tio n 28.4 28.6 26.2 3.6

S k in

Flow 10.2 12.3 6.1*** 4.1

R esis tan ce 1056.7 875.4 1149.7** 488.0

F ra c tio n 7.5 7.9 6 .2 * * 1.5

Carcass

Flow 12.1 16.9". 13.3* 4.4

R esis tan ce 633.3 564.1 687.3 251.7

F ra c tio n 42.3 41.4 46.6* 6.4

S ig n s:  . — s ig n ifican t, as co m p ared  w ith  co n tro l.
* =  s ig n ifican t, as co m p ared  w ith  sh a m -o p e ra te d  an im al.

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



EFFECT OF DEHYDRATION ON CARDIAC OUTPUT 279

A s com pared  w ith  th e  a le r t-u n re s tr ic te d  co n tro l, th e  sh am  o p e ra tio n  
caused  no sign ifican t change .

In  d eh y d ra tio n  th e  ca rd iac , p u lm o n ary  a n d  h e p a tic  frac tio n s increased  
s ig n ifican tly , th e  in te s tin a l, sp lanchn ic  an d  re n a l frac tio n s , to o , in creased , 
th o u g h  n o t sign ifican tly . V alues fo r skin a n d  carcass decreased.

Tabic II

E ffect o f  dehydration on circulation o f  unanaeslhelized-restricled rats

Control
pentobarbital

14

Unanaesthetized groups
Within-sample

standard
deviation

Number of cases 
(“) Control

14

I
Sham-

operated
13

Dehydrated
14

Total body M ean values

C ardiac o u tp u t 25.2 39.9- • 42.4 19 9 ooc 11.6
B lood pressure 117.0 129.0- 145.0*** 115 .0°°° 11.0
R esistance 396.0 300.0- 315.0 4 8 9 .0 °°° 111.7

Heart

Flow 155.0 161.0 184.3 116.0° 72.5
R esistance 68.8 82.4 88.0 89.9 38.6
F rac tio n 2.0 1.9 1.9 2.6°° 0.6

K id n ey

Flow 379.1 215.9- • ■ 230.4 112.1°° 88.1
R esistance 26.9 51.5- 64.0 96.0°° 28.1
F ra c tio n 15.5 5 .8 --- 5.9 5.9 2.3

Lu n g

Flow 65.6 107.5- • 108.2 65.1°° 34.8
R esistance 161.2 110.9 •• 123.1 152.7 46.1
F rac tio n 3.4 3.2 3.0 3.8° 1.0

Liver

Flow 53.4 53.7 66.8* 37.9°°° 16.8
R esistance 187.8 213.7 184.4 275.4°° 74.2
F ra c tio n 9.1 7.1 ’ " 8.2 9.5 1.7

In testine

Flow 75.3 61.8 61.3 35.0°° 23.1
R esistance 132.1 179.0 231.4 284.6 69.5
F rac tio n 18.3 10.4- ■ ■ 9.1 10.6 3.3

Splanchnic area 

( liver |- intestine)

F rac tio n 28.4 17.4- • • 16.1 20.1° 4.2
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Number of eases (n)
Control

pentobarbital
14

Unanaesthetized groups

Dehydrated
14

Within-sample
standard
deviationControl

14
Sham-

operated
13

S k in

F lo w 10.2 16.2- • 18.4 r j  j O O O 5.8

R e s is tan c e 1056.7 721.0- 775.6 1472.0°°° 413.0

F ra c tio n 7.5 7.9 8.8* 6 .7°° 1.6

Carcass

F lo w 12.1 4 0 .4 -•• 40.9 18.6°°° 14.2

R e s is tan c e 633.3 297.5 ' • • 308.2 516 .3°°° 110.6

F ra c tio n 42.3 64.5 ' * • 63.0 61.4 5.8

S ig n s:
• =  significant as c o m p a red  w ith  th e  a n a e s th e tiz e d  con tro ls.
* =  significant as c o m p a red  w ith  th e  u n a n a e s th e tiz e d  con tro ls. 
° =  sign ifican t as c o m p a red  w ith  th e  sh a m -o p e ra te d  group .

Table I I I

Effect o f  dehydration on  circulation o f  unanaesthetized-unrestricted rats

Number of cases (n)
Control

(pentobarbital)
14

Unanaesthetized groups
Dehydrated

15
Within-sample

standard
deviation

Controls
16

Sham-operated
16

F ractions M ean values

H e a r t 2.0 1.6- 1.7 2 .7°°° 0.5

K id n e y 15.5 12.9-• 12.3 13.5 2.5

L u n g 3.4 2.8 2.7 4 .6 °°° 1.0

L iv e r 9.1 7 .3 - 7.3 8.8°° 1.5

In te s tin e 18.3 13 .6 -•• 12.9 14.4 2.9

S p lan ch n ic  area

( l iv e r+ in te s tin e ) 28.4 21.5- ■ • 22.3 23.1 3.5

S k in 7.5 8.8- 9.5 7 .0 °°° 1.5

C arcass 42.3 52.3- • • 53.5 48.7° 5.6

S ig n s:
. =  sign ifican t as c o m p a red  w ith  th e  a n ae s th e tize d  con tro l.
* =  sign ifican t as c o m p a re d  w ith  th e  a le r t,  u n re s tr ic te d  con tro ls.
° =  sign ifican t as c o m p a red  w ith  th e  sh a m -o p e ra te d  group.

D iscussion

In  d eh y d ia tio n  c irc u la tio n  seriously  d e te rio ra te s , ca rd iac  o u tp u t  d e 
c rea se s  in  b o th  an a e s th e tiz ed  a n d  u n a n a e s th e tiz e d ra ts .In  a n a e s th e tiz ed  an im als 
v a s o d ila ta t io n  occurs in  co ro n arie s  an d  v aso co n stric tio n  in  th e  k id n e y , sk in  
a n d  sp lan ch n ic  area. T h u s , th e  co m p en sa to ry  m echan ism , th e  re d is tr ib u tio n
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of ca rd iac  o u tp u t, is s im ila r in  n a tu re  to  th a t  fo u n d  in o th e r ty p e s  o f  s ta g n a n t 
h y p o x ia  (G ömöri an d  T a k á c s  1960).

In  a le rt ra ts  b o th  th e  ca rd iac  o u tp u t  ( S z a b ó  e t al.; in  p re p a ra tio n )  and  
its  d is tr ib u tio n  ( K Á l l a y  a n d  T a k á c s  1961; S z a b ó  e t al.; in  p re p a ra tio n )  
s ig n if ican tly  differ from  th e  s im ila r p a ra m e te rs  o f a n a e s th e tiz ed  a n im a ls . This 
has ju s tif ie d  th e  rep ro d u c tio n  o f th e  ex p erim en ts  in  a le rt ra ts . T h e  ex c ita tio n  
caused  b y  restric tio n , th e  s tre sso r effects su b s ta n tia lly  increase c a rd ia c  o u tp u t 
an d  b lood  pressure. V aso co n stric tio n  develops in  th e  sp lanchn ic  a re a , a n d  th e  
b lood  su p p ly  to  th e  carcass s teep ly  rises. I t  is th e  k id n ey  w hich  re a c ts  th e  m ost 
sen sitiv e ly  to  re s tr ic tio n : th e  ren a l frac tio n  o f ca rd iac  o u tp u t  a n d  re n a l blood 
flow  ex trem ely  decrease. S im ilar changes occur in  a le r t-u n re s tr ic te d  an im als 
(co n tro l re la ted  to  a n a e s th e tiz ed  con tro ls), h u t  th ese  changes a re  less severe, 
fo r exam ple  th e  decrease of th e  ren a l frac tio n  am o u n ts  to  2.6 p e r  c e n t of the  
ca rd iac  o u tp u t, as co m p ared  w ith  th e  10 p er cen t in  im m obilized  an im als. 
As co m p ared  w ith  th e  a n a e s th e tiz ed  con tro ls , in  b o th  g roups v a so d ila ta tio n  
occurs in  th e  skin.

D eh y d ra tio n  b rings a b o u t an  im p a irm e n t o f system ic  c irc u la tio n . The 
decrease o f card iac  o u tp u t  a n d  th e  fall o f b lood  p ressu re  deve lop  in  a le rt 
an im als , too . The resu lts , ho w ev ei, d iffer from  those  of th e  a n a e s th e tiz e d  group 
in th e  follow ing fea tu res . T he p u lm o n a ry  frac tio n  show s a s ig n if ic a n t increase, 
b u t  th e  in te rp re ta tio n  of th is  is lim ited , because th e  m eth o d  em p lo y ed  does 
n o t o ffer th e  possib ility  o f d is tin g u ish in g  b ro n ch ia l from  p u lm o n a ry  flow 
( T a k á c s  e t al. 1964). In  th e  sp lan ch n ic  area  v a so d ila ta tio n , in  th e  carcass 
v aso co n stric tio n , can  he observed . T he changes in  th e  h e a r t  a n d  th e  sk in  are 
u n eq u iv o ca l: like in  th e  a n a e s th e tiz ed  an im als, v a so d ila ta tio n  a n d  vasocon
s tr ic tio n , re spec tive ly , develop  in  th e se  organs.

As com pared  w ith  th e  a n a e s th e tiz ed -d e h y d ra te d  an im a ls , th e  m ost 
m ark ed  differences are  fo u n d  in  ren a l c ircu la tio n . In  th e  a le r t- re s tr ic te d  group 
th e  ren a l frac tio n  w hich h a d  d ro p p ed  as a re su lt of th e  e x c ita tio n  cau sed  by 
im m obiliza tion  d id  n o t decrease  fu r th e r  in  response to  d e h y d ra tio n ; p resu m 
ab ly , i t  could n o t h av e  decreased  fu r th e r , because even in  th e  a n a e s th e tiz ed  
an im als  d eh y d ra tio n  caused  a decrease am o u n tin g  to  a b o u t 3 p e r  ce n ts  of the  
ca rd iac  o u tp u t. H ow ever, a te n d e n c y  o f th e  frac tio n  to  increase  w as fo u n d  in 
th e  a le rt, u n re s tr ic te d  an im als  fo llow ing d eh y d ra tio n . B Á L I N T  a n d  S t u r c z  

(1959), using  a d irec t m e th o d  s tu d ie d  th e  changes o f ren a l c ircu la tio n  in  pylorus- 
lig a ted , an aes th e tized  dogs a n d  found  no decrease of th e  ren a l f ra c tio n . I t  
follows th a t  in d e h y d ra tio n  or in  d iffe ren t cond itions of shock m o re  a tte n tio n  
sh o u ld  be d evo ted  to  th e  effects of an aes th es ia  w hen  ap p ra is in g  th e  d e te rio 
ra tio n  of ren a l c ircu la tio n : S a p i r s t e i n  likew ise found  no decrease o f  th e  renal 
fra c tio n  in  haem orrhag ic  shock  in d u ced  in  a le rt ra ts  ( S a p i r s t e i n  e t  al. 1965).

U sing S a p i r s t e i n ’s m eth o d , R o g e r  (1965) s tu d ied  th e  c ircu la tio n  of 
a n a e s th e tiz ed  d e h y d ra te d  ra ts . O u r re su lts  differ from  his in  sev e ra l po in ts .
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In  R o g e r ’s in v es tig a tio n s  ca rd ia c  o u tp u t in  th e  a n a e s th e tiz ed  con tro ls  w as 
s ig n if ic a n tly  h igher (a v e ra g e : 43 m l/m in/100 g) th a n  th e  v alues given in  th e  
l i te r a tu r e  ( S a p i r s t e i n  e t  a l. 1960; K á l l a y  a n d  T a k á c s  1961). R o g e r  fo u n d  
n o  s ig n if ican t change in  th e  re n a l and  skin f ra c tio n s  even in  48-hour d e h y d ra 
t io n , e ith e r . These d iffe ren ces in  th e  ex p e rim en ta l re su lts  a p p e a r to  he due to  
su p e rfic ia l anaesthesia  in  R o g e r ’s experim en ts.
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CRISES IN MYASTHENIA GRAVIS, I.
IN C ID E N C E , PA T H O M E C H A N ISM , S P E C IA L  F E A T U R E S

B y

A. S z o b o r

DEPARTMENT OF NEUROLOGY, RÓBERT KÁROLY HOSPITAL, BUDAPEST 

(R eceived F e b ru a ry  11, 1966)

The c h a ra c te r, p a th o m e ch a n ism , inc id en ce , and  clinical fe a tu re s  o f th e  crises 
assoc ia ted  w ith  m y a s th e n ia  gravis h a v e  b e e n  sum m ed  up on th e  b asis o f p e rso n a l ob 
servations.

Since its  ea rlies t descrip tion  ( E r b  1878, G o l d f l a m  1893) m y a s th e n ia  
g rav is  has been a su b je c t o f p e rm a n e n t in te re s t, an d  m a n y  of its  th e o re tic a l 
a n d  clin ical aspects a re  being  in c rea s in g ly  s tu d ie d  in o u r d ay s . K now ledge 
o f i ts  clinical fea tu res a n d  w idening o f  th e ra p e u tic  possib ilities h a v e  m ad e  us 
aw are  o f th e  occurrence o f crises ty p ic a l  o f th is  e n tity . I t  h as  b een  lea rned  
a b o u t th ese  crises t h a t  th e y  m ay dec ide  th e  ou tcom e of th e  o rig in a l disease, 
a n d  th e ir  diagnostic  a n d  th e ra p e u tic  sign ificance has been recogn ized  to  th e  
degree o f giving food fo r  th eo re tica l re sea rch  of n eu rophysio logy , b u t  little  is 
kn o w n  a b o u t th e ir  tru e  n a tu re . As a m a t te r  o f fa c t, in th e  l i te ra tu re  th e  question  
has n o t  received th e  a t te n tio n  i t  deserves. W e h av e  found  no m ore  th a n  four 
p a p e rs  on th e  su b jec t in  recen t l i te ra tu re  ( T e t h e r  1955, R o w l a n d  e t  al. 1956, 
H e r r m a n n  1961, B l a u g r u n d  e t al. 1964). I t  seem s th ere fo re  a p p ro p r ia te  to  
give an  ou tline of o u r observ a tio n s c o n fro n tin g  th em  w ith  p u b lish e d  ev idence 
on th e  basis of 80 p a tie n ts  in  a period  o f  14 y ea rs  w hose m an ag em en t a n d  follow 
up  h av e  prov ided  us w ith  th e  o p p o r tu n ity  o f s tu d y in g  th e  crises in  m y a s th e n ia  
a t  a closer range.

I. D efin ition  an d  ch arac te r

As to  the  d e fin itio n  of crisis, c lin ic ians an d  n eu ro p h y sio lo g is ts  do no t 
e n tire ly  agree, ow ing to  th e ir  d iffe ren t angles o f ap p ro ach  a n d  th e  d iffe ren t 
in te rp re ta tio n  of th e  p h en o m en a  in v o lv ed . G rea te r im p o rtan ce  h as  th e  clinical 
crisis. F ro m  the  clin ical a spec t we m u s t  re g a rd  as a crisis ev e ry  v e n tila to ry  
d is tu rb a n c e  or fa ilu re  connected  w ith  m y a s th e n ia  gravis. T he crisis m a y  be due 
to  p r im a ry  or secondary  causes. T he p r im a ry  cause is a w eakness o f  th e  re sp ir
a to ry  m uscles as th e  sy m p to m  of m y a s th e n ia , w hereas ev e ry  o th e r  cause or 
e v e n t in d irec tly  re la te d  to  i t  m ust be  considered  secondary . T he m o s t com m on 
seco n d a ry  factors a re  h y p o v e n tila tio n  p n eu m o n ia , a te lec tas is , a sp ira tio n ,
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m e c h a n ic a l o b s tru c tio n  in  consequence of d y sp h a g ia , ce rta in  adverse  effects 
o f  cholinergic drugs su c h  as hypersecre tion , h y p e rsa liv a tio n , re te n tio n  of 
s e c re tio n  or of p lugs in  th e  b ro n ch ia l tree  ow ing to  in e ffic ien t coughing. M ore
o v e r , c e rta in  ad d itio n a l fa c to rs  m ay  be tr ig g e red  o ff a n d  fo rm  th e  closing rin g  
in  th e  v itious circle w h ic h  in  th e  crisis f re q u e n tly  becom es m an ifest. Such 
fa c to r s  m ay  be ce reb ra l h y p o x ia , confusion, w eak n ess  of th e  psych ic  energy , 
d e c re a s in g  dynam ism  o f th e  p e rsona lity ; s t r e n g th  o f th e  p a tie n t e v e n tu a lly  
g iv es  w ay  and  he su d d e n ly  f in d s  him self a t  th e  e n d  o f his pow er to  s tru g g le  
fo r  a ir ;  re sp ira to ry  ac idosis  a n d  cerebral h y p o x ia . T h e  p revalence  o f th e  in d i
v id u a l  fac to rs is v a ria b le , th e y  often  com bine a n d  in te n s ify  each  o th e r, so t h a t  
i t  m a y  be im possible to  id e n tify  th em  th o u g h  in  som e cases th is  m ay  he easy  
to  do .

A fte r  the  know ledge  o f  th e  beneficial e ffec ts  of cholinergic d rugs in  
m y a s th e n ia  gravis ( W a l k e r  1934) we go t a c q u a in te d  w ith  th e  cho linerg ic  
c rises  o r sta tes ( G r o b  e t  a l. 1949). M ost cho linerg ic  d rugs ex e rt a m uscarine- 
a n d  n ico tine-like a c t iv i ty  w h ic h  m ay  give rise to  cho linerg ic  to x ic  s ta te s . Such  
c rises  invo lve  considerab le  d iag n o stic  d ifficu lties as th e y  b e a r close resem blance  
to  a c tu a l  m yasthen ic  crises in  respect to  th e ir  m a in  fea tu re s . The cholinergic 
sy m p to m s  of th e  m u scarine  type  include excessive  sa liv a tio n , la c rim a tio n , 
sw e a tin g , nausea, b e lch in g , v o m itin g , d im ness o f  v ision , m yosis, d ia rrh o ea , 
in te s t in a l  colics, v esica l te n e sm u s  followed b y  u r in a ry  in con tinence . T hose 
o f  th e  nicotine type  in v o lv e  gen era l progressive e x h a u s tio n , w eakness, fasc icu 
la t io n  w ith  a ten d en cy  to  genera lization , p e rs is te n t c ram p s, “ th ick  to n g u e ” , 
d y s a r th r ia ,  dysm asesia , d y sp h a g ia , dyspnoe. T h e  cholinerg ic  effects on th e  
C N S re su lt in ir r i ta b ili ty , em o tio n a l lab ility , a n x ie ty , v e rtig o , cephalea, co n 
fu s io n , drow siness, com a a n d  convulsions. A cco rd in g  to  W i l s o n  e t al. (1952) 
th e  h ig h e s t incidence o f  su c h  crises — te rm ed  b y  th e se  a u th o rs  as “ cho linerg ic” 
—• h a s  been  no ted  in  case o f  a lk y l p h o sp h a te  t r e a tm e n t .  O s s e r m a n , K a p l a n  

a n d  B e s s o n  (1953) e m p h a s iz e  th a t  th e  crises m a y  re su lt from  coex isting  
m y a s th e n ic  and cho linerg ic  fa c to rs , la te r  T e t h e r  (1955) p o in ted  o u t t h a t  in  
m a n y  instances th e  crises re g a rd e d  as being m y a s th e n ic  a t  a tim e  w hen th e  
e x is te n c e  of cholinergic c rises w as still u n k n o w n , w ere a c tu a lly  cholinerg ic  
in  ty p e .  The best m ean s o f  d iffe ren tia tin g  th e  tw o  ty p e s  is th e  in tra v e n o u s  
a d m in is tra tio n  of e d ro p h o n iu m  chloride as su g g ested  b y  O s s e r m a n  an d  
K a p l a n  (1953).

I I .  P a th o m ech an ism  o f th e  crises

T h e  clinician fa m ilia r  w ith  m yasthen ia  is faced , o u tside  th e  ty p ic a l, on 
th e  w ho le , responsive ty p e , a n d  th e  s ta tio n a ry  ty p e s  also w ith  cases w hich  are  
p ia c t ic a l ly  unm an ag eab le  f ro m  th e  very  o u tse t, show ing  v e ry  l ittle , i f  an y , 
re sp o n se  to  drugs a n d  b e in g  liab le  to  tak e  a t  a n y  tim e  an  u n ex p ec ted  tu rn  to  
th e  w orse  w ith  v e ry  l i t t le  h o p e  fo r rem ission. T h is  re s is ta n t ty p e  is p re v a le n t
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in  th e  age groups over 40 w hen  i t  is genera lly  associa ted  w ith  th y m o m a , b u t  
th is  m a lig n a n t ty p e  fa irly  o ften  affects y o u n g er age g roups as w ell in  the  
ab sen ce  o f an y  tu m o r of th e  th y m u s . N one of th e  ex isting  th e ra p e u tic  m easures 
e ith e r  th e  th y m ec to m y  w ill b ra k e  th e  progress of th e  disease in  su ch  cases; 
l a te n t  o r m an ifest v e n tila to ry  fa ilu re , re a d y  to  lead  to  m ore or less p e rs is te n t 
crises, is an  early  sign. M oreover, even in  cases w hich have  show n sa tis fa c to ry  
response  or a seem ingly p e rm a n e n t rem ission , th e re  m ay  be a su d d e n  im p a ir
m e n t, resistance  to  drugs m a y  develop calling  for h igher doses w h ich  carry  
th e  risk  of cholinergic crises. E x te n s iv e  re search  w ork  in  th is  fie ld  d o cu m en ted  
b y  am p le  lite ra tu re  has fa iled  to  give a sa tis fac to ry  e x p lan a tio n  of th e se  p h en o m 
ena  o r to  th ro w  lig h t on th e  causes of sud d en  d e a th  in  m y a s th e n ia  g rav is if 
i t  is n o t  caused by  re sp ira to ry  failu re .

L e t us th ro w  a cu rso ry  g lance on th e  theo ries p u t  fo rw ard  fo r th e  ex p la 
n a tio n  of d rug  resistance , a n d  o f liab ility  to  m y asth en ic  an d  cho lin erg ic  crises 
in  m y a s th e n ia  gravis.

T he site  o f th e  basic  m y a s th e n ic  d iso rder is in  th e  m y o n e u ra l ju n c tio n . 
W e know , how ever, of no  structura l abnorm ality  e ith e r  of th e  te rm in a l  a rb o r
iz a tio n  or th e  sy n ap to lem m a o r th e  su b n eu ra l a p p a ra tu s  t h a t  w as in v a ria b ly  
d em o n strab le  in every  case o f  m y a s th e n ia  grav is b u t  in no o th e r  d isease . D ys
p la s ia , e longation  of th e  m o to ric  en d -p la te , w a n t of te rm in a l a rb o riz a tio n  have  
been  described  in o th e r  co n d itio n s as w ell ( C o ë r s  an d  D e s m e d t  1959, 
B i c k e r s t a f f , E v a n s  a n d  W o o l f  1960, M c D e r m o t  1960) a n d  a re , th e re 
fore  n o t p a th ognostic . M oreover, th e  m icroscopic find ings in  q u e s tio n  have 
b een  derived  from  a m ixed  m a te r ia l in  w hich  n o t all th e  p a tie n ts  h a d  died 
in  crisis an d  in w hich re s is ta n t a n d  responsive cases were re p re se n te d . T h ere 
fore th is  casuistic  could  n o t  be  considered  ch a rac te ris tic  fo r th e  p ro b lem  of 
crisis. In  th e  sam e w ay , th e  a u to p sy  a n d  pa tho log ic  s tu d ies  c a rr ie d  o u t by  
G e n k i n s  e t al. (1961) in  31 cases o f m y asth en ia  failed  to  disclose a n y  change 
a c c o u n tin g  for e ith er th e  lia b ili ty  to  crises or th e  d ru g -resis tan ce . T h e  occur
rence o f lym phorrhages h as  n o t  p a th o g n o stic  significance, be ing  an  u b iq u ita ry  
ch an g e  w hich rep resen ts  in  o u r consid era tio n  a reac tiv e  p h en o m en o n  due to  
th e  u n k n o w n  noxa of m y a s th e n ia .

T he possible role o f a toxic damage to the term inal appara tus  h a s  found  
no s u p p o r t e ither. C h o lin este rase-inh ib ito rs given in  excessive doses a re  know n 
to  cause  m uscu lar w eakness o r para ly sis  even in  h e a lth y  su b je c ts , as a con
sequence  o f  depo lariza tio n -b lo ck  due to  accu m u la tio n  o f ace ty lch o lin e . As 
p o in te d  o u t b y  H e r r m a n n  (1961) th e  d rugs app lied  in  th e  t r e a tm e n t  o f  m y a s th e 
n ia  do n o t occur in  th e  o rg an ism  u n d e r n o rm al cond itions, th e  m ech an ism  of 
th e ir  a c tio n  is, th ere fo re , o f  no  su b s titu tiv e  ch a rac te r. A ccu m u la tio n  o f in te r 
m e d ia ry  p ro d u c ts  or o f b y -p ro d u c ts  o rig in a tin g  from  th e  b re a k d o w n  o f these  
“ ex o g en o u s”  substances m a y , how ever, re su lt in  tox ic  d am ag e  to  th e  end- 
a p p a ra tu s  w hich in th is  m a n n e r  becom es un responsive  to  d ru g s.
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T h e observations o f  C h u r c h i l l - D a v i d s o n  a n d  R i c h a r d s o n  (1957) 
s u g g e s t th e  possib ility  o f  th e  reversib le to x ic  lesion  o f th e  m otoric  end  p la te . 
D ru g -re s is ta n t p a tie n ts  s u b je c te d  b y  these a u th o rs  to  po sitiv e  p ressure  re sp ira 
t o r  s till  under c u ra r iz a tio n  fo r  several days, w ere  fo u n d  m ore responsive  a t  
th e  en d  of th is “ re s tin g  p ro c e ss” , assum edly  in  “ consequence  of an  increased  
s e n s it iv i ty  to  endogenous ace ty lch o lin e” .

T here  are, h ow ever, p le n ty  of a rgum en ts a g a in s t th e  to x ic  th e o ry . F o r 
in s ta n c e , i t  has rem ain ed  o b scu re  to  the  p re se n t d a y  w h y  some cases becom e 
r e s is ta n t ,  while som e o th e rs  rem ain  responsive. Q u ite  a n u m b er of p a tie n ts  
u n d e r  our observation  h a v e  rem ained  w ell-s tab ilized  fo r years or even for 
d e c a d e s  w ithou t th e  s lig h te s t  sign of to x ic ity  o r a n y  suggestion  of a cholinergic 
c ris is . I  followed up  a fe m a le  p a tie n t for y ea rs  w ho  h a d  been  m y asth en ic  fo r 
27 y e a rs  and  had  re sp o n d e d  fa ir ly  well to  d rugs; ch an g e-o v er from  p rostigm ine  
to  p y ridostigm ine  w as fo llo w ed  b y  a s trik in g  resp o n se . I t  is a fu r th e r  p o in t 
o f  in te re s t  th a t  in c reasin g  d rug -resistance  or a re f ra c to ry  cond ition  m ay  be 
l im ite d  to  certain  in d iv id u a l m uscles or synergic m uscle  groups w ith o u t in v o lv 
in g  th e  -whole m y a s th e n ic  m u scu la tu re  ( H e r r m a n n  1961, S z o b o r  1964). 
F in a l ly ,  there  are p a tie n ts  w h o  have been u n m a n a g e a b le  o r p rac tica lly  so from  
th e  v e ry  beginning, w h ich  co n trad ic ts  th e  ro le o f  an  accu m u la tio n  of d rugs 
o r  o f  th e ir  toxic b re a k d o w n  products. A n o th e r a rg u m e n t p lead ing  ag a in s t 
a to x ic  origin is th e  o b se rv a tio n  th a t  w hen d ru g -re s is tan ce  has developed , 
d ru g s  of th e  m ost d iverse  ch em ica l s tru c tu re  fa il to  e lic it an y  response, w hich 
w o u ld  n o t be th e  case w ere  a resistance to  som e sp ec ia l d ru g  involved .

O ne of the  possib le  th e o rie s  of d ru g -resis tan ce  a n d  o f th e  crises links up  
th e s e  even tualities w ith  th e  syn a p tic  structure. T h e  so -called  v eg e ta tiv e  synapses 
a re  easily  re-m odelled, o w in g  to  th e ir  “ diffuse a n d  co llec tive  n a tu re ”  ( S z e n t - 

Á G O T H A I 1957), w hereas th e  neu rom uscu lar sy n ap ses  te n d  to  p reserve  th e ir  
s t ru c tu re s  in consequence o f  th e ir  “ in d iv id u a l”  ch a ra c te r . T he herm etic  
s t r u c tu r e  of the p e r isy n a p tic  glia isolates i t  from  e x te rn a l, p a rtic u la rly  p h ar- 
m aco ch em ica l, in fluences. I t  is well w ith in  th e  possib ilities  th a t  th is  p e ri
s y n a p t ic  glial s tru c tu re  b eco m es th e  site of som e ab n o rm a l process c u ttin g  
o f f  th e  pathw ays of re sp o n se  (w hich w ould a c c o u n t fo r th e  deve lopm en t of 
d ru g -res is tan ce ) or else t h a t  i ts  close te x tu re  is ab ovo an  u n fav o u rab le  m ed ium  
fo r  pharm aco log ical in f lu e n c e s  (w hich w ould  p ro v id e  th e  s tru c tu ra l basis fo r 
o r ig in a lly  d ru g -resis tan t cases). I t  is fu rth e rm o re  k n o w n  th a t  th e  fu n c tio n a l 
s t r u c tu r e  of the  n e u ro m u sc u la r  ju n c tio n s is n o t th e  sam e  in  th e  various m uscles 
( C s i l l i k  1965), an d  t h a t  th e  subneura l a p p a ra tu s  o f th e  sy n ap to lem m a has 
tw o  fu n c tio n a l p a tte rn s , i.e . th e  alpha- an d  th e  g am m a-ty p e . T he n e u ro 
m u s c u la r  junctions of th e  g a m m a -ty p e  are c h a ra c te r iz e d  b y  shallow  ju n c tio n a l 
fo ld s  in  co n trast to  th e  d e e p  folds of large su rface  d is tin c tiv e  of th e  a lpha- 
ju n c tio n s .  This re s tric ts  th e  space for ion -exchange in  th e  gam m a-ju n c tio n s, 
th u s  reducing  th e  p o s t- ju n c tio n a l p o ten tia ls  a n d  in te rfe r in g  w ith  th e ir  t r a n s 
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m ission. D epo lariza tion  is th u s  c o n c e n tra te d  to  a n arrow  area  an d  tr a n s m it te r -  
decay  is accelera ted . O ur know ledge of th e  ra tio  betw een  a lpha- a n d  gam m a- 
ju n c tio n s  in th e  in d iv id u a l m uscles is l i ttle  m ore th a n  guessw ork. N ev e rth e le ss , 
we consider i t  possible th a t  th e  dense  s tru c tu re  o f th e  m o to r sy n ap ses  as well 
as th e ir  fu n c tio n a l p ro p ertie s  in c lu d in g  a p rev a len ce  of su b n eu ra l ju n c tio n s  
o f th e  g am m a-ty p e  in  ce rta in  in d iv id u a l m uscles m ay well p ro v id e  a so und  
fu n c tio n a l-s tru c tu ra l basis fo r th e  e x p la n a tio n  o f crises an d  of d ru g -re s is tan ce  
in  m y a s th e n ia . To realize th e  d ifficu lties o f  th e  problem s in v o lv ed  b y  th e  
m echan ism  of m y asth en ic  or cho linerg ic  crises we have  only  to  re m e m b e r th a t  
even  n o rm al sy n a p tic  tran sm iss io n  has m a n y  an  u ncleared  or c o n tro v e rs ia l 
p o in t ( P a t o n  1958).

H isto- and biochemical stud ies  h av e  also been  inconclusive, y e t  th e y  have  
shed  som e lig h t on th e  p rob lem . T h is p a r tic u la r ly  applies to  th e  ace ty lch o lin e - 
in sen sitiv  b lock  described  b y  K a t z  an d  T h e s l e f f  (1957). A b lock  o f th is  ty p e  
invo lves tw o  fac to rs . The dep o la riz in g  d ru g , e.g . ace ty lcholine, e ffects d e p o la r
iza tio n  as th e  f irs t  s tep  of its  a c tio n , an d  as th e  second, i t  m akes th e  en d -p la te s  
in sen sitiv e . A cety lcholine- o r ch o lin es te rase -in h ib ito rs  fail to  elicit a n y  response  
in  th is  second s tage . G r o b  a n d  J o h n s  (1961) ascribe  a th e o ry  a b o u t th e  dual 
n a tu re  of th e  b lo ck -substance  in  m y a s th e n ia . In  th e ir  view , th e  b lo ck , rev e rs ib le  
to  ace ty lcho line  a t  f irs t, becom es irrev e rs ib le  to  th is  su bstance  a t  a la te r  stage , 
or in sen sitiv e . A ccum ula tion  o f  ace ty lch o lin e  (or, possib ly , cho line) in  th e  
re c e p to r  a rea  co n tr ib u te s  to  th e  ir re v e rs ib ility  o f th e  condition  b y  i ts  fu r th e r  
desensih iliz ing  effect. C o n fron ting  th e  p ro b lem s involved  b y  d ru g -re s is tan ce  
a n d  b y  th e  occurrence of crises in  a p p a re n tly  stab ilized  cases w ith  th e  av a ilab le  
bio- a n d  h istochem ical ev idence, we fin d  th e  supposition  of a d u a l n a tu re  of 
th e  n eu ro m u scu la r block an d  p o ssib ly  also o f  th e  m y asth en ic  su b s ta n c e  to  be 
s till th e  m ost accep tab le  h y p o th es is . In  o u r v iew , th is  m echan ism  m a y  n o t 
o n ly  acco u n t fo r th e  sudden  sh if t o f a crisis from  th e  m y asth en ic  to  th e  ch o lin 
ergic ty p e  b u t  also for th e  com b in ed  occu rrence  o f th e  tw o ty p e s , as w e see it  
o ften  enough in  o u r clinical cases. W e also b e lieve , th o u g h  th e re  is l i t t le  clin ical 
ev idence  to  th is  effect, th a t  th e  tw o  ty p e s  m a y  a lte rn a te  an d  b ecom e in e x tr i
cab le , th o u g h  from  th e  th e ra p e u tic  p o in t o f v iew  i t  w ould be v ita l  to  id e n tify  
th e  ty p e . Such crises c h a rac te rized  b y  c o n tin u a l swings b e tw een  m y a s th e n ic  
an d  cholinergic sy m p to m s a re  b e s t te rm e d  “ flu c tu a tin g ”  or “ o sc illa tin g ” 
crises.

S hifts in  th e  e lec tro ly te  e n v iro n m e n t also  m ay  determ ine  th e  a l te rn a tin g  
c h a ra c te r  of th e  b lock -m echan ism . I t  is k n o w n  from  th e  in v e s tig a tio n s  o f F a t t  

an d  K a t z  (1952) t h a t  even in  th e  absence o f a n y  nervous im pulse th e  m e m b ra n e  
of th e  m otoric  en d -p la te  is n o t  co m p le te ly  in a c tiv e  b u t ex h ib its  “ sp o n ta n e o u s  
m in ia tu re  en d -p la te  p o te n tia l f lu c tu a tio n s ” , due  perh ap s to  t h a t  th e  release 
o f th e  acety lcho line  m olecules w ould  p ro ceed  b y  q u a n ta  in s te a d  o f  fo llow ing 
a rh y th m ic  course. W ith  n o rm a l n erv o u s im pu lses such m ic ro p o te n tia ls  do n o t
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b eco m e p ercep tib le , if, h o w ever, tran sm iss io n  o f  th e  nervous im pu lse  is in 
h ib ite d  b y  changes in  th e  e lec tro ly te  e n v iro n m e n t, th ese  m ic ro p o ten tia ls  d id  
n o t  d isap p ea r, a n d  so th e re  is never a q u ie tn ess  in  th e  area  of th e  m o to ric  end- 
p la te . R elease o f ace ty lch o lin e  m olecules m u s t , in  all p ro b ab ility , ru n  in to  
th o u s a n d s  to  cause su ch  a f lu c tu a tio n  of m ic ro p o te n tia ls . I t  is u n c le a r  w h a t 
p a r t  e x a c tly  th ese  m ic ro p o te n tia ls  p lay  in  n e rv o u s  tran sm issio n  u n d e r  n o rm a l 
c o n d itio n s  th o u g h  i t  is w ith in  th e  possib ilities t h a t  th e y  m ig h t be in v o lv ed  in  
th e  e lem en ta ry  m ech an ism s of th e  m a in te n a n c e  o f m uscle to n e  ( S z o b o r  

1964). I n  respect to  th e  b lock -m echan ism  in  q u e s tio n  we m ay  well a sk  w h e th e r 
b y  red u c in g  an d  e v e n tu a lly  using  up  th e  a m o u n ts  o f acety lcholine a n d  b y  
p ro v id in g  in  th is  m a n n e r  a co n tin u a l e x h a u s tiv e  im pu lse , th is  f lu c tu a tio n  
o f  m ic ro p o ten tia ls  m ig h t n o t  be one of th e  v e ry  fac to rs  of v u ln e ra b ility  re 
sp o n sib le  for th e  tra n sm iss io n  d is tu rb an ces in  m y a s th e n ia  gravis.

A m ong th e  o th e r  possib le  fac to rs w h ich  h a v e  been  m ade resp o n sib le  
fo r  th e  m echan ism  o f th e  crises, “ p rim ary  a s th e n ia  o f th e  v eg e ta tiv e  c e n tre s” 
a lleged  b y  P a s s o u a n t  (1956) or “ im p a irm e n t o f  d ru g  u tiliz a tio n ”  sugg ested  
b y  C o h e n  an d  Z a c k s  (1958) a p p e a r to  be o f a c e r ta in , th o u g h  m inor, s ig n ifi
can ce .

I I I .  Incidence o f th e  crises

A s m en tio n ed  b e fo re , th e  lite ra tu re  on th e  su b je c t is n o t in  p ro p o rtio n  
w ith  th e  th e o re tic a l a n d  p ra c tic a l sign ificance o f th e  problem s in v o lv ed . 
A n  in q u iry  add ressed  b y  H e r r m a n n  (1961) to  th e  p ro m in en t e x p e rts  on 
m y a s th e n ia  ( O s s e r m a n , G a m m o n , J o h n s , T e t h e r , S c h w a b , R o w l a n d ) 

show s t h a t  th e  p ro b lem  h as  n o t  received th e  a t te n t io n  i t  deserves. I t  em erged  
fro m  th e  answ ers t h a t  no  re liab le  d a ta  are  a v a ila b le  as regards inc idence , 
f re q u e n c y , cause a n d  fe a tu re s  of th e  crises. O s s e r m a n  (1958) h ad  know ledge 
o f 57 crises in 325 p a tie n ts  b u t  found  th is  n u m b e r  excessive. The crises w ere 
le th a l  in  47 p er cen t. H e  fo u n d  a sligh t p re p o n d e ra n ce  of m y asth en ic  crises 
o v e r th e  cholinergic ones, b u t  i t  was n o t a lw ay s possib le  to  id en tify  th e  ty p e . 
T e t h e r  (1955) reco rd ed  20 crises in  186 p a tie n ts  w ith  a 80 p er cen t m o r ta li ty . 
G r o b  (1958) h ad  202 p a t ie n ts  u n d e r his o b se rv a tio n  inc lud ing  44 th y m e c to m - 
ized  su b je c ts . T here  w ere  10 non-surg ical, i.e . ty p ic a lly  m y asthen ic , d e a th s . 
T h e  m o s t ex tensive  p a t ie n t  m a te r ia l has been  o b se rv ed  in  M ount Sinai H o sp ita l 
o v e r 14 y ea rs  an d  rev iew ed  in  th e  lig h t of m o d e rn  th e ra p h y  b y  B l a u g r u n d  e t 
al. (1964). Crises o ccu rred  in  99, i.e. 15.8 p e r c e n t o f 625 p a tien ts  d u rin g  th e  
14 y e a rs  o f s tu d y . T h is h ig h  incidence is in  a g re e m e n t w ith  th e  reco rds of 
H e a d  (1964), E r b s l ö h  a n d  L ’A l l e m a n d  (1965), H e n s o n , S t e r n  an d  T h o m p 

s o n  (1965) as well as w ith  o u r  own o b se rv a tio n s , crises h av in g  occurred , also 
re p e a te d ly , in  24 o u t o f o u r  80 cases.

W h en  ev a lu a tin g  th e  a n te c e d en ts  from  th e  p o in t  o f view  of crises, i t  m u s t 
be  k e p t  in  m ind  t h a t  som e o f th e  p a tie n ts  a re  a d m itte d  w ith  an  e s ta b lish e d
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diagnosis of m y a s th e n ia  a n d  w ith  th e  h is to ry  o f  p rev io u s  drug  tr e a tm e n t,  w hile 
in  som e o th ers  th e  d isease is still un recogn ized  o r, possib ly , m is in te rp re te d  a t  
th e  tim e  of adm ission . Close question ing  m a y  o ffe r va luab le  in d ica tio n s  as to  
earlie r occurrence o f crises in  w hich case f u r th e r  crises m ay be e x p e c te d . 
A n o th e r p o in t n o t to  be  neg lected  is th e  p e rso n a l a tt i tu d e  of th e  o b se rv e r. 
M uch depends on w h a t he considers to  be a crisis  as th e re  are no e s ta b lish e d  
s ta n d a rd s  fo r th e  co rrec t ev a lu a tio n  of re s p ira to ry  perform ance in  su ch  cases.

M yasthen ia  g rav is in  in fancy , ch ildhood  a n d  also in senescence occup ies 
a re la tiv e ly  sm all p lace  in  p e rta in in g  l i te ra tu re . T h o u g h  crises d o u b tle ss ly  do 
occur in  th ese  age g roups, we have little  in fo rm a tio n  ab o u t them . O ne o f  o u r 
p ap ers  deals w ith  m y a s th e n ia  in  childhood a n d  in fa n c y  ( S z o b o r  [in p ress]). 
Crises occurring  a t  a n y  ea rly  age have been  re p o r te d  b y  Z w e y m ü l l e r  (1952), 
B i é m o n d  an d  T r o t s e n b u r g  (1955), B é l a n g e r  a n d  P l a m o n d o n  (1957), 
M i l l i c h a p  an d  D o d g e  (1960). T e n g  an d  O s s e r m a n  (1956) described  a case 
of tra n s ito ry  m y a s th e n ia  in  th e  new born in fa n t  o f  a m yasthen ic  m o th e r , an d  
called a tte n tio n  to  th e  w eakness of re sp ira tio n , su ck in g , crying, sw allow ing , as 
p rem o n ito ry  signs o f a crisis. In  o ther cases, w eak n ess  of sucking m a y  b e  th e  
only  d an g er signal. W e h av e  observed a crisis o f  u tm o s t severity  in  one o f  ou r 
m y asth en ic  ch ild ren .

T he te rm  “ senile m y a s th e n ia ”  is re se rv ed  fo r  th e  cases in w hich  th e  f irs t  
signs o f th e  disease a p p e a r  beyond  th e  age o f  55. O ne of our ea rlie r p a p e rs  
( S z o b o r  an d  K ö r n y e y  1965) deals w ith  o b se rv a tio n s  in  elderly m y a s th e n ic  
p a tie n ts , 3 o u t of 11 cases hav ing  been fo u n d  lia b le  to  crises.

Crises th u s  a ffec t e a rly  or adv an ced  age g roups in  th e  sam e m a n n e r. 
In  y oung  age th e  crisis is p rac tica lly  a lw ays m y a s th e n ic  in c h a ra c te r  as th e  
disease is genera lly  in  th e  inc ip ien t s tage  o r  an  unrecognized or u n t r e a te d  
m y asth en ia  leads to  crisis. In  th e  elderly , h o w e v e r, th e  possib ility  o f  a m y a s 
th en ic  or a cholinerg ic  orig in  m ust alw ays b e  considered .

IV. Questions o f sem io logy

T he crises in  m y a s th e n ia  gravis are  v iew ed  as an  outcom e o f a p rocess 
lead ing  to  re sp ira to ry  fa ilu re . I t  is n o t possib le  to  give here a full a c c o u n t of 
th e  w hole sy n d ro m e , a n d  on ly  those  of its  fe a tu re s  will be ou tlined  w h ich  m a y  
he suggestive or d iag n o stic  of a m y asth en ic  re s p ira to ry  crisis.

One of th ese  special ch a rac teristics is th e  sudden  onset, w hich m a y  occur 
even in  s tab ilized  p a tie n ts . Crises w ith o u t a n y  p rem o n ito ry  sign h a v e  been  
w itnessed  on few  occasions in  our own m a te r ia l. I f  th e  p a tie n t show s, h o w ev er, 
th e  s lig h tes t h y p o v e n tila tio n , an y  a t te m p t  a t  a tre a tm e n t a t h is h o m e  is 
u n w a rra n te d . H e belongs to  a specially  e q u ip p e d  h o sp ita l u n it. T h e  p ro b lem  
w hy a p p a re n tly  s tab ilized  p a tie n ts  are liab le  to  u n h era ld ed  re sp ira to ry  crises 
has rem ain ed  la rge ly  unansw ered . U neven in v o lv e m e n t of th e  a ffec ted  m uscles
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m a y , how ever, be an  e ssen tia l fac to r. As p o in te d  ou t b y  H e r r m a n n  (1961) 
w e a k n e ss  confined to  a single m uscle o f m a jo r  resp ira to ry  im p o r ta n c e  is 
su ff ic ie n t to  cause crisis. I n  one of his a p p a re n tly  w ell-stab ilized  p a tie n ts , 
le th a l  o u tco m e of a crisis o f  sudden  on se t co u ld  n o t be av e rted  b y  a n y  o f th e  
e x is tin g  th e ra p e u tic  m easu res. T he fa c to r  re sp o n sib le  for th e  crisis h a d  been 
a w eak n ess  of th e  la ry n g e a l m uscles.

E r b s l ö h  an d  L ’A l l e m a n d  (1965) h a v e  called  a tte n tio n  to  th e  la te n t  
h y p o v e n tila tio n  p reced ing  re sp ira to ry  fa ilu re . T h is p rem on ito ry  h y p o v e n ti la 
t io n , recogn izab le  b y  ta c h y p n o e a  an d  ta c h y c a rd ia , m ay  induce a t  a n y  tim e , 
th r o u g h  re sp ira to ry  acidosis, an  a c tu a l r e s p ira to ry  crisis.

M y asth en ic  p a tie n ts  a re  p a r tic u la r ly  su scep tib le  to  affec tio n s o f th e  
r e s p ir a to ry  tra c t.  A s lig h t b ro n ch ia l in fec tio n , in flu en za  or rh in itis  m a y  cause 
a  s u d d e n  tu rn  to  th e  w orse. C onversely, th e  m a jo rity  of re s p ira to ry  crises 
fo llo w  close upon  som e re sp ira to ry  t r a c t  in fe c tio n . P resum ab ly , in  m y a s th e n ia  
th e  re s p ira to ry  equ ilib riu m  is de licate , re a d y  to  b e  upse t b y  th e  s lig h te s t  o v e r
c h a rg e  a n d  give w ay  to  a crisis. The co m m o n est causes of overcharge  a re  a sp i
r a t io n ,  p a r t ia l  a te lec tas is , b ro n ch ia l p lugs, h y p ersa liv a tio n , su p e rin fe c tio n , 
r e s p ir a to ry  acidosis, or d is tu rb an ces  of c e n tra l  origin.

A n o th e r  fea tu re  of m y asth en ic  or cho lin erg ic  crises stressed  b y  us in  an 
e a r lie r  p a p e r  (1958) an d  d iscussed  also b y  H e r r m a n n  (1961) is th e  ex tre m e  
p ro s tr a t io n  of th e  p a tie n t. T he face is p a th e t ic ,  i t  w ears th e  ex p ress io n  of 
e x tre m e  d istress, suspense a n d  of appea l fo r  he lp . This is c h a ra c te r is tic  w ith  
th e  u s u a l  ap p earan ce  of th e  m y asth en ic  p a t ie n t  w hich is th a t  o f d e jec tio n , 
w e a rin e ss  an d  an x ie ty . T h e  v e ry  a p p e a ra n ce  o f  th e  p a tie n t m ay  b e t r a y  th e  
p re se n c e  o f a crisis to  th e  experienced  eye ev en  in  unrecognized cases. T h is  is 
th e  m o re  im p o r ta n t as cyanosis , genera lly  re m a in  absen t u n til th e  te rm in a l 
s ta g e . T h e  pale an d  c lam m y  face need  n o t  b e  connected  w ith  a cho linerg ic  
o rig in . I f ,  how ever, th e  crisis is cholinergic in  ty p e , sa liva tion , p ro fuse  sw ea tin g , 
la c h ry m a tio n , b ro n ch ia l d ischarge , fa sc icu la tio n  as well as o th e r fe a tu re s  o f th e  
m u sc a r in e  or n ico tine  sy n d ro m e jo in  th e  p ic tu re  of general e x h a u s tio n . W e 
m u s t ,  h o w ever, a d m it t h a t  d esp ite  of in n u m e ra b le  observations a n d  v a rio u s  
v a lu a b le  te s ts , we are  o ften  u n ab le  to  id e n tify  th e  ty p e  of th e  crisis. T h is  h a s  its  
o b v io u s  g rounds. F ir s t  of all, th e  tw o ty p e s  h a v e  several fea tu res  in  com m on , 
w h ile  sev e ra l o thers are  sim ilar. Since th e  m a in  charac teris tics  o f th e  ch o lin 
e rg ic  crisis as described  b y  G r o b  an d  al. (1949) h a v e  been ou tlined  a b o v e , only  
th e  o u ts ta n d in g  fea tu re s  com m on to  b o th  ty p e s  w ill now be s tressed , ab o v e  all 
th e  d y sp n o e a  w hich accom pan ies th e  ty p ic a l m y asth en ic  crisis from  b e g in n in g  
to  e n d , w hile in  cholinergic crises i t  m ay  a p p e a r  as an  early  sign o f th e  m u sc a 
r in e -sy n d ro m e  an d  is p a r t  o f  th e  n ico tin e -sy n d ro m e . E x trem e  e x h a u s tio n  is 
also  co m m o n  to  b o th  ty p e s  a n d  so do d y s a r th r ia , dysphag ia , an d  d y sm ases ia ; 
l a t t e r  signs in  cholinergic crisis belong to  th e  n ico tine-syndrom e. S igns, such  
as re s tle ssn ess , a n x ie ty , em o tio n a l la b ility , con fusion  are genera lly  a ssigned
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to  th e  3 rd  phase of th e  cholinerg ic  syndrom e. P e rso n a lly , we do n o t  believe 
in  th e  possib ility  of such  a sh a rp  d is tin c tio n . T h e  foregoing  p sych ica l an d  
p sy ch o m o to r signs c e rta in ly  do o ccu r in cholinergic crises b u t  th e y  a re  no less 
liab le  to  ap p ear in ty p ic a l m y a s th e n ic  crises as w ell. A n x ie ty  leads to  m o to r 
restlessness w hich on its  p a r t  re q u ire s  su rp lus energy . W hen , how ever, ex trem e  
p h y sica l ex h au stio n  m akes p ra c tic a lly  every  m o to r  a c tiv ity  im possib le , 
a n x ie ty  becom es ex is ten tia l. N o c o n ta c t w o rth  sp eak in g  of can  be estab lish ed  
w ith  th e  p a tie n t in  th is  stage . In  th e  d esp era te  s tru g g le  fo r a ir  th e  p a tie n t  is 
c o n tin u a lly  th ro w n  a b o u t b e tw een  going dow n a n d  com ing up  to  th e  surface 
aga in . In  th e  physica l an d  m e n ta l d istress, even if  th e  p a tie n t  has a ll th a t  th e  
m odern  techn iques of su rg ery  o r la ryngo logy  can affo rd  th e  presence  of th e  
a tte n d in g  neuro log ist is in d isp en sab le . C om fort a n d  en co u rag em en t b y  th e  
phy sic ian  m ay  help  to  tid e  th e  p a t ie n t  over b y  calling  fo r th  all th a t  has re m a in 
ed o f h is psychic s tre n g th . P sy ch ic  care  an d  a tte n tio n  o f th e  m y a s th e n ic  p a tie n t 
is s till a neg lec ted  fie ld . T he p a p e rs  o f T e t h e r  (1961) an d  H e r r m a n n  (1961) 
are voices in th e  d esert. As a p s y c h ia tr is t , th e  p re se n t a u th o r  has been  specially  
aw are  of th e  im p o rtan ce  of th is  a sp ec t o f m y a s th e n ia  g rav is d e sp ite  of its  
o rgan ic  ch a rac te r.

T he d ifficu lties in  d iscern ing  m y asth en ic  from  cholinergic crises h av e  
been  stressed  by  num ero u s a u th o rs . O s s e r m a n  a n d  K a p l a n  (1953), fu r th e r 
m ore H e r r m a n n  (1961) have  re fe rred  to  th is  p o in t, th e  fo rm er a u th o rs  in  th e ir  
s tu d y  describ ing th e  ed ro p h o n iu m - (Tensilon-) te s t  (1953). G r o b  (1958) 
em phasized  th a t  th e  tw o ty p es  o v erlap  in  m an y  cases. B o th  m ay  be associa ted  
w ith  w eakness of th e  re sp ira to ry  m uscles an d  b o th  ty p e s  m ay  be  p re sen t 
s im u ltaneously .

A m ong th e  v a rio u s te s ts  a n d  p rovoca tive  p ro ced u res  designed  for th e  
id en tif ic a tio n  of th e  m y a s th e n ia , none h u t  th e  ed ro p h o n iu m  te s t  is w a rra n te d  
d u rin g  a crisis. B y  its  tr ip le  e ffec t (m yasthen ic  ty p e , a d e q u a te  ty p e , cho lin 
ergic ty p e ), th is  te s t  n o t on ly  h as  been of su b s ta n tia l  help  in  d iffe re n tia tin g  
th e  ty p e s  an d  th u s  in  p rescrib in g  th e  co rrec t t re a tm e n t ,  b u t  also has c o n tr ib 
u te d  to  th e  u n d e rs ta n d in g  of th e  p a th o m ech an ism  o f th e  crises.

A pplication  of th e  te s t  m a y , how ever, be f ru s tra te d  b y  th e  su d d en  onset 
o f th e  crisis, and  in som e cases its  re su lt m ay  be inconclusive .
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C A U SES, C L IN IC A L  F E A T U R E S , M A N A G EM EN T  

B y

A. S z o b o r

SECTION OF NEUROLOGY, RÓBERT KÁROLY HOSPITAL, BUDAPEST 

(R eceived  F e b ru a ry  17, 1966)

Crises a sso c ia ted  w ith  m y as th e n ia  g rav is , hav e  been  s tu d ied  u n d e r  th e  follow ing 
aspects:

D efin ition , th eo re tic a l an d  p ra c tic a l significance of th e  crises in  m y as th e n ia . 
D escrip tion  of th e ir  ty p es , possible m ech an ism s acco u n tin g  fo r th e ir  p ro d u c tio n . In c i
dence. Sém iologie q u estions. D istin c tiv e  fe a tu re s  o f th e  ty p es . P e rso n a l o b se rv a tio n s  of 
24 cases am ong 86 m y as th en ic  p a tie n ts  in  a  period  of 14 years. Closer s tu d y  o f th e  m ost 
com m on cau sa tiv e  fac to rs . Crises a f te r  th y m e c to m y . T ypes a n d  fe a tu re s . Possible 
causes. C u rren t th eo re tic a l an d  p ra c tic a l a sp ec ts  of th e  m an ag em en t o f c rises. P re v e n tiv e  
m easures.

In  a prev ious p a p e r  we h av e  d iscussed  th e  th eo re tica l a sp e c ts  o f th e  
crises associa ted  w ith  m y asth en ia  g rav is, p a r tic u la r ly  as reg a rd s  th e ir  defin i
tion , ch a rac te r, inc idence, possible p a th o m ech an ism  an d  c e r ta in  questions 
re la te d  to  th e ir  sem iology. T he p re se n t p a p e r  gives a closer s tu d y  o f th e  crises 
o bserved  b y  us in m y asth en ic  p a tie n ts .

Acta Medica Academiae Scientiarum Hungaricae Tomas 22 (3 — 4 ) , pp . 293— 308 (1966)

I. Case m a te ria l

O ur observa tions h av e  been  m ad e  in  86 cases of m y a s th e n ia  gravis 
d u rin g  14 years. T hose 24 cases, i.e . n e a rly  one th ird  of th e  w hole  m a te ria l, 
w ill be discussed in  th e  p re sen t p a p e r  in  w hich  crises as defined  in  th e  prev ious 
p a p e r  have  been en co u n tered . T h e  m a te r ia l to  be rev iew ed has b een  collected 
regard less o f th y m ic  tu m o u r  or w h e th e r  su rg ery  h ad  been  p e rfo rm ed . A ll of 
th e  d a ta  p resen ted  here  are  based  on p e rso n a l o bserva tions. A m ong  th e  p a tie n ts  
th e re  w ere 12 m ales an d  12 fem ales. T he genera l p revalence  o f  fem ales was 
equalized  b y  th e  fac t th a t  8 o u t o f th e  24 p a tie n ts  h ad  m a lig n a n t th y m o m a  
a n d  5 o f th em  were m ales. M alignancy  o f th e  th y m u s  g land  is, h o w ev er, know n 
to  be p re v a le n t in  m ales o f h igher age g roups. Age d is tr ib u tio n  w as as follows.

10 to  20 y e a r s ....................  2 cases
20 to  30 y e a r s ....................  10 cases
30 to  40 y e a r s ..................... 3 cases
40 to  50 y e a r s ..................... 4 cases
50 to  60 y e a r s ....................  3 cases
60 to  70 y e a r s ....................  2 cases

Acta Medica Academiae Scientiarum Ilungaricae 22 (1966)



2 9 4 A. SZOBOR

T h e  earliest age a t  w h ic h  th e  firs t crisis a p p e a re d  w as 14, th e  la te s t ,  
67 y e a rs . The d u ra tio n  o f  th e  disease u n til  th e  occu rrence  of th e  f irs t  crisis 
r a n g e d  from  1 to  6 y ea rs , th e r e  w ere, how ever, cases in  w hich  th e  disease h a d  
b e e n  p re se n t for tw e n ty  y e a rs  w hen  th e  f irs t crisis o ccu rred . On th e  o th e r  h a n d , 
in  th r e e  of our cases th e  cris is  h ad  been th e  v e ry  f irs t  m an ife s ta tio n  o f th e  
d isea se . T he original d isease  w as generally  m ix ed  in  ty p e , in  o th e r  w ords, th e  
sa m e  case com bined o c u la r , b u lb a r  and  sk e le ta l loca liza tio n s, w hile oculo- 
b u lb a r  o r sk e le to -bu lbar ty p e s  w ere ra re r. T h e  crises w ere of th e  fo llow ing 
ty p e s ,

M y a s th e n ic  ..........................  16 cases
C ho linerg ic  ..........................  2 cases
C o m b in ed  ............................  6 cases

T h e  crisis is co m b in ed  in  ty p e  w hen b o th  m y a s th e n ic  an d  cholinergic 
f e a tu re s  are p resen t a t  th e  sa m e  tim e  or w hen th e y  a lte rn a te  d u rin g  th e  crisis, 
in  w h ic h  la t te r  case we m a y  sp eak  of an “ o sc illa tin g ”  crisis as we h av e  te rm e d  
i t  in  th e  previous p a p e r.

S evera l p a tie n ts  h a d  re p e a te d  crises, 11 h a d  tw o  or m ore, a y o u n g  fem ale 
p a t i e n t  w as seven tim es in  a  s ta te  of crisis. T he crises w ere v a riab le  in  d u ra tio n . 
I n  a  case fo r in stan ce , i t  w as  le th a l in th e  v e ry  f i r s t  m in u te s , p rec lu d in g  a n y  
p o ss ib il i ty  of tra c h e o to m y , o n  th e  o ther h a n d , a y o u n g  fem ale p a tie n t  m a in 
ta in e d  on artific ia l re sp ira tio n  h a d  been in a s ta te  o f  crisis fo r six m o n th s w hen  
f i r s t  seen , w ithou t a n y  n o te w o r th y  change in  h e r  co n d itio n . In  th e  m a jo rity  
o f  cases th e  crisis la s te d  3 to  12 days.

T h e  cases d isp lay in g  crises p resen ted  th e  fo llow ing  p rog n o stic  a spec ts .

C ured  ......................................  2 p a tie n ts
R em iss io n  “ A ” ................... 8 p a tie n ts
R em iss io n  “ B ” ...................  5 p a tie n ts
R em iss io n  “ C” ...................  3 p a tie n ts
D ied  ......................................... 6 p a tie n ts

(B y  our s ta n d a rd s , a  p a t ie n t  m ay be re g a rd e d  as cu red  if, w ith  th e  
e x c e p tio n  of e lec tro m y o g rap h ic  changes, he has re m a in e d  free of a n y  m y a s th e n 
ic sig n  a n d  sym ptom  fo r f iv e  y ea rs  w ith o u t ta k in g  d rugs an d  is ac tiv e  in  his 
fo rm e r  sphere of w ork. R em issio n  “ A”  m eans t h a t  th e  p a tie n t  is ab le  to  con
t in u e  h is  form er a c tiv ity  free  o f an y  ob jec tive  sig n , w ith o u t drugs or ta k in g  
m in im a l m ain tenance  doses. I n  rem ission “ B ”  th e  p a tie n t  depends on drugs 
to  re m a in  active an d  even  i f  he  is inactive  he c a n n o t do w ith o u t m ino r m a in 
te n a n c e  doses. R em ission “ C”  is eq u iv a len t w ith  p ra c tic a lly  m ino r im p ro v e 
m e n t .  T o  sim plify m a tte rs , w e h av e  included  in to  th is  g roup  2 p a tie n ts  be ing  
in  a p e rm a n e n t or s ta t io n a ry  condition .)
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S u rv iv a l a f te r  severe crises is re flec ted  b y  th e  follow ing f ig u re s .

S u rv iv a l over 10 y e a r s .................  1 case
S u rv iv a l from  5 to  10 y ea rs  . . .  11 cases 
S u rv iv a l from  1 to  5 y ea rs  . . . .  3 cases 
S u rv iv a l less th a n  one y e a r  . . .  3 cases

C o n fro n ta tio n  o f th e  d a ta  re la te d  to  su rv iv a l or p rognosis a n d  ty p e  of 
rem ission  fa iled  to  reveal an y  close c o rre la tio n  betw een  th e  sev e rity  o r d u ra tio n  
o f  th e  crises an d  th e  te n d e n c y  to  rem ission . E v e n  in  th e  case o f  re p e a te d  
crises, th e  co n d ition  m ay  b e  sa tis fa c to ry  e ith e r  in  th e  in te rv a ls  o r 
w hen  th e  crises h av e  ceased  a lto g e th e r . T h ere  is ev idence ( H e r r m a n n  
1961) t h a t  even  th e  sev eres t c risis, su rv iv e d , m ay  be fo llow ed b y  an  
ex ce llen t rem ission .

T h e  crises associa ted  w ith  th y m e c to m y  deserve special c o m m e n t. In  ou r 
ea rlie r s tu d ies  (S z o b o r  1958, 1961) we fo u n d  these  crises to  be “ e a r ly ”  or 
“ la te ”  in  onset. T hough  c lassifica tion  o f th e se  crises on th e  g ro u n d  o f tim in g  
h as  n o t  been recorded  th u s  fa r , we f in d  i t  neverth e less  necessary . T h is  p o in t 
w ill be d iscussed  la te r.

29 o u t of a to ta l  o f 86 p a tie n ts  h a d  b een  su b jec ted  to  th y m e c to m y . Ten 
o f th e m  experienced  crises. T h e ir  d a ta  are  g iven below.

Table I

Name Age (years)
Myasthenic crisis Cholinergic crisis

Outcome
early late (combined)

i K . M. -to CO Died
2 H . M. $ 20 -1— J— Cured
3 F .T . $  17 +  + H—1—h R em ission  44B ”
4 S. M. ?  29 - j -  - j - -i- R em ission  44A ”
5 K . G. ?  22 +  +  + R em ission  44B ”
6 H . M. ?  44 -|— J— 1_ R em ission  44C”

7 C. I. ?  49 +  + R em ission  44A”

8 M. A. d  53 +  +  + Cured

9 A. A. d  54 +  +  + Died
10 H . P. d  67 +  +  + Died

“ E a r ly ”  =  o nse t be tw een  th e  1st a n d  3d days a f te r  th y m ec to m y
“ L a te ”  =  o n se t b e tw een  th e  8 th  a n d  11 th  d ay  a fte r  th y m e c to m y

+ + ,  -|—I—f- =  g rades o f  se v e rity  o f th e  crises.
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I I .  Causes, responsible fac to rs

In  the  ligh t o f o u r  observa tions a n d  o f ev id en ce  recorded  in  l i te ra tu re  
i t  w ill be now a t te m p te d  to  ou tline th e  possib le  fa c to rs  w hich, to  our p re se n t 
know ledge, m ay be re sp o n s ib le  for the  p ro d u c tio n  o f crises. As em phasized  in 
th e  previous p ap er, th e  p a th o m ech an ism  o f c rises in  m y asth en ia , a p a i t  from  
so m e  essential a sp ec ts , is la ig e ly  obscure, c o n se q u e n tly  o u r know ledge o f th e  
fa c to rs  responsible fo r  th e i r  p roduction  is a lso  in com ple te . W e discuss th e  
m o s t  com m on an d , th e re fo re , p rac tica lly  th e  m o s t sign ifican t ev en ts  t h a t  
p re c e d e  a crisis.

O ur observa tions a re  in  line w ith p u b lish e d  ev idence  in  p lacing  respiratory  
tract infections in  im p o r ta n c e  above all o th e r  c o n d itio n s  th a t  m ay  be responsib le  
fo r  th e  p roduction  o f  a c ris is . Infections m a y  e i th e r  b rin g  on a crisis o r fu r th e r  
im p a ir  th e  cond ition  in  a n  estab lished  crisis. G e n k i n s  e t al. (1961) rev iew ed  
th e  a u to p sy  find ings o f  31 cases where d e a th  h a d  been  th e  d irec t consequence 
o f  a crisis. Some a b n o rm a li ty  of the re s p ira to ry  t r a c t  w as in v a riab ly  p re se n t 
in  a ll of the  cases, g e n e ra lly  some p u lm o n a ry  in fec tio n  e ith e r focal or w ith  
a  ten d e n c y  to  co n flu en ce  o r  to  genera lization , o fte n  a te lec tas is , m ucous p lugs 
o r  d is ta l infection r e s u lt in g  from  inefficient co u g h in g . A lveo -trachea l h a e m o r
rh a g e  if  p resen t w as a s so c ia te d  w ith in te rv e n tio n s  o f som e k ind  ( trach eo to m y , 
b ronchoscopy). S im ila rly  to  o ther observers, w e also fin d  re sp ira to ry  fa ilu re  
to  b e  th e  m ost com m on cau se  of death  irre sp e c tiv e  of th e  p a tte rn  of th e  crisis,
i.e . w h e th e r m y a s th e n ic  o r  cholinergic or p o s to p e ra tiv e  in  ch arac ter.

N asal, p h a ry n g e a l, tra ch ea l or b ro n c h ia l secre tion  associa ted  w ith  
re s p ira to ry  in fec tions le a d s  to  rap id  e x h a u s tio n  o f th e  p a tie n t, cough b e ing  
o f te n  u n p roduc tive  in  consequence  of m u sc u la r  a s th e n ia . T he v a in  e ffo rts  to  
b r in g  up discharge ca ll fo r  an ticho lineste rase  t r e a tm e n t ,  often by  th e  in t r a 
v e n o u s  route, b u t  th e  t r a n s i to ry  b en efit d e r iv e d  from  these  drugs is o u t
w eig h ed  by  th e ir  ill-e ffec ts  on th e  re sp ira to ry  p ro cess  owing to  sa liv a tio n  an d  
b ro n c h ia l h y p ersec re tio n  to  w hich th e y  u s u a lly  give rise. R enew ed fu tile  
a t te m p ts  a t b rin g in g  u p  d isch arg e  by  cough ing  le a d s  to  v e n tila to ry  fa ilu re  an d  
e v e n tu a lly  re sp ira to ry  ac idosis. A spiration  o f  sa liv a , p a r tia l  a te lec tas is , p ro 
g ressive  insensitiveness o f  th e  resp ira to ry  c e n tre  in  consequence of re sp ira to ry  
ac id o sis , confused m e n ta l  s ta te  due to  a n o x ia , fa iling  m orale of th e  p a t ie n t  
a re  fu r th e r  factors r e s u lt in g  in  a v itious circle, w h ic h  is v e ry  often  fa ta l  because  
irrev e rs ib le . A rtific ia l re sp ira tio n  would o ffer th e  b e s t so lu tion  w ere i t  n o t 
f ru s tr a te d  in m a n y  cases  b y  m assive a te le c ta s is  o r con flu en t p n eu m o n ia  
cau s in g  a severe r e s tr ic t io n  of th e  re sp ira to ry  su rface .

In  a fu ll-b low n c ris is  o f  such m echan ism  th e re  is o ften  no w ay of te llin g  
w h e th e r  it  is m yasthenic  or cholinergic in  character, sym p to m s of th e  m u scarin e  
ty p e  being ab sen t a n d  th e  re su lt of the  T e n s ilo n -te s t equivocal. In  th e  p resence  
o f  re sp ira to ry  acidosis a n d  hypoxia , i t  is a lm o s t ce rta in  th a t  th e  p a t ie n t ’s
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m o ra le  spen t in a v a in  strugg le  fo r a ir , w ill e v en tu a lly  give w ay . T h is  su rren d e r 
o f  th e  p a tie n t paves th e  w ay fo r fu r th e r  re sp ira to ry  im p a irm e n t. P e rs is te n t 
a n o x ia  m ay  be asso c ia ted  w ith  ep ilep tic  convulsions of genera lized  o r  J a c k so n 
ia n  ty p e , o ften  w ith  fa ta l o u tco m e . O th e r in c id en ta l fa c to rs , p a r tic u la r ly  
h y p o p o ta ssaem ia , ad d  to  th e  risk s o f th e  crisis b y  increasing  m u scu la r  w eakness.

O ur own o b serv a tio n s fu lly  b e a r  o u t th e  significance o f re sp ira to ry  
in fec tio n s , a te lec tas is , pn eu m o n ia  o r a sp ira tio n  in  th e  p ro d u c tio n  o r m a in te 
n a n ce  o f crises. In  10 of ou r p a tie n ts  th e  crises follow ed u p o n  a re sp ira to ry  
in fec tio n , th is  occurred  re p e a te d ly  in  4, an d  a lm o st c u rre n tly  in  2 o f th em . 
O ne of our fem ale p a tie n ts  h ad  h a d  h e r  f irs t crisis a t  th e  age o f 14, su b se q u e n t 
to  a tr iv ia l acc iden t su s ta in ed  a t  school. O w ing to  b u lb a r signs an d  re sp ira to ry  
fa ilu re , trach eo to m y , p o sitiv e -p re ssu re -resp ira tio n  and , f in a lly , th y m e c to m y  
h a d  been  perfo rm ed . A t th e  age of 17, a n o th e r  m e d ia s tin o to m y  h a d  b een  u n d e r
ta k e n  as th e  la s t re so rt owing to  in c e ssa n t crises an d  d e te rio ra tio n  o f  m y a s th e 
n ia . O n th is  occasion, a b e rra n t th y m u s  isle ts h ad  been rem oved  fro m  firm ly  
a d h e re n t  fib ro -ad ipose  a d ja c e n t tissu e . R ep ea ted  courses of ra d io th e ra p y  h ad  
b een  given. In  th e  course of th e  y e a rs  she lapsed  in to  a s ta te  o f crisis on seven 
occasions. The p a t te rn  of th e  crises w as genera lly  m y asth en ic , b u t  on tw o 
occasions cholinergic fea tu res  w ere also p re se n t th o u g h  d ru g  t r e a tm e n t  h ad  
n o t  been  m odified . Before th e  second  o p era tio n  i t  h ad  com e to  a severe  re 
sp ira to ry  failure in  consequence o f tra c h e o -h ro n ch itis  associa ted  w ith  a sp ira tio n  
p n eu m o n ia . E v e r since h e r second o p e ra tio n  follow ed b y  ra d io th e ra p y  she has 
b een  in  rem ission “ B ” , in o th e r w ords, she has been able to  co n tin u e  h e i s tud ies 
b u t  fo rm er experience has to u g h t us to  confine h er to  s tr ic t  b e d -re s t on th e  
s lig h te s t sign of re sp ira to ry  in fec tio n  w hich  o therw ise  w ould  in e v ita b ly  b ring  
on a s ta te  of crisis. — A n o th e r fem ale  p a tie n t, 35 years of age, w ith  h y s te ro id  
fe a tu re s , given to  an x ie ty , h a d  ex p erien ced  rep ea ted  crises in  consequence  
o f  c a ta r rh a l re sp ira to ry  t r a c t  in fec tio n s . O w ing to  an  increase  o f  th e  doses 
on h e r  own acco u n t w ith o u t ou r know ledge  i t  occurred  on tw o  occasions th a t  
th e  crises, o rig inally  m y asth en ic , assu m ed  a cholinergic ty p e  a n d  req u ired  
h o sp ita liz a tio n  in  o rd e r to  be b ro u g h t u n d e r con tro l. In  b o th  cases we w ere 
ab le  to  w itness th e  p a th o m ech an ism  o f th e  crises a t  close ran g e  a n d  th e  v itio u s  
circ le  d ea lt w ith  in  th e  foregoing b ecam e  m an ifest u n d er our v e ry  eyes. In  th e  
second  case we m u st ascribe a la rg e  p a r t  of i t  to  th e  h y ste ro id  p e rso n a lity  of 
th e  p a tie n t , her lack  o f discip line a n d  psych ic  ex h au stio n .

O th e r fac to rs  responsib le  fo r th e  crises m ay  be re la ted  to  m e n s tru a tio n , 
p re g n a n c y , delivery , p u erp eriu m  o r la c ta tio n . T his aspec t o f th e  q u e s tio n  will 
fo rm  th e  su b jec t o f a sep a ra te  s tu d y . P re m e n s tru a l im p a irm en t o f m y a s th e n ia  
is fa ir ly  com m on, w hereas b u lb a r  signs response  to  hed -rest an d  d ru g  t r e a tm e n t  
w as fav o u rab le . A 22-year old p a t ie n t  experienced  a severe crisis as th e  f irs t 
m a n ife s ta tio n  o f m y a s th e n ia , d u rin g  la c ta tio n , a f te r  an  u n e v e n tfu l p re g n a n c y  
a n d  sm o o th  delivery . In tra v e n o u s  n eo stig m in e  n o t only con firm ed  th e  p resence
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o f m y a s th e n ia  b u t  c o n tro lle d  th e  crisis. P rocesses re la te d  to  p reg n an cy  are  
p o in te d  ou t b y  H e r r m a n n  (1961), too, am o n g  th e  possib le fac to rs o f crises.

Crises m ay be  p ro d u c e d  b y  ex h au stio n . I n  .resp ec t to  p h ysica l o v er
e x e r tio n , th is needs no  f u r th e r  com m ent. I t  is, h o w ev e r, less recognized th o u g h  
a  h ig h ly  im p o rta n t issue  o f  th e  question  u n d e r  s tu d y  th a t  psych ic  ex h a u s tio n , 
e m o tio n a l s tra in  or s tre ss  a re  com m on p re c ip ita tin g  fac to rs  of a m y asth en ic  
c ris is , conversion of w h ich  to  cholinergic in to x ic a tio n  m a y  be p ro m o ted  b y  th e  
p a t i e n t ’s confusion a n d  a n g u ish . The psych ic  a sp e c ts  o f m y asth en ia  h av e  
re c e iv e d  little  a t te n tio n  in  l i te ra tu re ;  T e t h e r  (1961) d ev o ted  a s tu d y  com p ris
in g  40  p a tie n ts  to  th is  p ro b le m . I t  is, how ever, o bv ious th a t  successive rea l
iz a t io n  of a disease w ith  a ll o f  its  life -th rea ten in g  asp ec ts , is b o u n d  to  affect 
th e  p a t ie n t ’s p e rso n a lity  in  som e w ay or a n o th e r , a n d  his fa te  la rgely  depends 
on  th e  question  w h e th e r h e  w ill be able to  m ak e  th e  b e s t of th e  a d a p ta b ili ty  
o f  h is  m in d  and  w h e th e r h e  h as  th e  gift o f m o b iliz in g  h is resources o f energy . 
W e a re  dealing w ith  th e  p sy c h ic  condition  a n d  th e  p e rso n a lity  changes o f th e  
m y a s th e n ic  p a tie n t in  a s e p a ra te  s tu d y  (S z o b o r  1966), here we allude  to  
th o s e  po in ts  only w h ich  a re  o f  in te res t from  th e  a sp e c t o f th e  crises, s tressing  
th e  significance of p sy c h o so m a tic  factors in  th e ir  p ro d u c tio n . In  3 o f ou r 
p a t ie n ts  th e  crisis h a d  b een  elic ited  by p h ysica l e x h a u s tio n , in  4 b y  em otional 
s tre s s  o r anx ie ty . G r i n k e r  a n d  B u c y  (1951) h a v e  p o in te d  to  th e  crisis-inducing  
in flu e n c e  of laughing  a n d  c ry in g  th ro u g h  a c u te  re s p ira to ry  para ly sis  a n d  d raw  
a t te n t io n  to  the  d an g er o f  re g a rd in g  the  sy n d ro m e  as h y s te rica l an d  in  a p p ly 
in g  “ persu asiv e” t r e a tm e n t  w hich  m ay fin a lly  re su lt  in  com plete re sp ira to ry  
a r r e s t  th ro u g h  “ em o tio n a l d y sp n o e a ” . This e v e n tu a li ty  is ra re  b u t  neverthe less 
a p o ss ib ility  to  be k e p t  in  m in d . In  our ex p erien ce  one of th e  m ost com m on 
d ia g n o s tic  errors in  re sp e c t to  m yasthen ia  — a c tu a lly  th e  second or th ird  
in  th e  o rd er of freq u en cy , — is its  being m is in te rp re te d  as psychic in  origin.

P o s to p era tiv e  crises m a y  supervene b o th  d u r in g  th e  disease or occur as 
i ts  f i r s t  m an ifesta tio n . A p a r t  from  those a sso c ia te d  w ith  th y m ec to m y , post- 
su rg ic a l crises o ccu rred  in  2 o f our cases. In  th e  f ir s t ,  a 18-year old w om an , 
th e  crisis was th e  f ir s t  m a n ife s ta tio n  of m y a s th e n ia . T h e  onset, closely fo llow 
in g  u p o n  tonsillec tom y, w as m ark ed  by  acu te  b u lb a r  signs, ap hon ia , a n a r th r ia , 
d y sm ases ia  and  severe d y sp n o e a . In  the o th e r  fem ale  p a tie n t  w ith  e stab lished  
m y a s th e n ia  a crisis, sh o r t  in  d u ra tio n  h u t d iff ic u lt to  b rin g  u n d er co n tro l, was 
a sso c ia te d  w ith  a p p e n d e c to m y .

In ju rie s  m ay lead  to  th e  m an ifesta tion  o f l a te n t  m y asth en ia  in  th e  sam e 
m a n n e r  as surgical in te rv e n tio n s . O ur o b se rv a tio n s  len d  su p p o rt to  th is  e x p e ri
ence . I n  one of our cases, a y o u n g  fem ale p a tie n t ,  th e  f ir s t  sym ptom s assoc ia ted  
w ith  a sligh t cereb ral concussion  consecutive to  a ro a d  acciden t, h a d  been 
a sc r ib e d  to  a p o st-co n cu ssio n  syndrom e of h y s te r ic a l origin u n til on closer 
o b se rv a tio n  a t  our d e p a r tm e n t  th e y  were id e n tif ie d  as being  due to  a la te n t  
m y a s th e n ic  crisis. T h e  o th e r  p a tie n t whose f i r s t  signs could  be tra c e d  b ack  to
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an  acc id en t suffered  in  h e r  schoo l-days, is th e  sam e w ho has been  m e n tio n e d  
ea rlie r fo r a n o th e r  reason . In  th e  p ro d u c tio n  o f  crises b y  su rg ica l o r  o th e r  
in ju rie s  th e  p a r t  p lay ed  b y  psych ic  fac to rs  sh o u ld  never he le ft o u t  o f  co n 
s id e ra tio n .

A m ong o th e r fac to rs  or c ircu m stan ces fa v o u rin g  th e  occurrence o f  c rises , 
m is in te rp re ta tio n  o f th e  m y asth en ic  sy m p to m s occupies th e  f i is t  p la c e , since 
i t  d e lays efficien t m an ag em en t. Crises recogn ized  fo r th e  firs t tim e  in  u n d ia g 
nosed  cases are , obv iously , a lw ays m y a s th e n ic  in  ty p e , cholinergic c rises b e in g  
in v a ria b ly  due to  d ru g  tr e a tm e n t. H e r r m a n n  (1961) also ascribes a  p a r t  to  
d iag n o stic  erro rs in  th e  p ro d u c tio n  o f crises. O u r tw o cases w here th e  crises 
h a d  been  id en tified  for th e  f irs t  tim e  h av e  b een  q u o ted  earlier in  th is  p a p e r . 
Crises m ay  be fu rth e rm o re  b ro u g h t on b y  v a rio u s  diagnostic  te s ts , su c h  as 
c u ra re , decam ethon ium -iod ide, g u an id in e , q u in in e , quin id ine, o v e r-e x e rtio n . 
I t  is in te re s tin g  to  n o te  th e  chang ing  a t t i tu d e  to  cu rare . The c u ra re -se n s itiv ity -  
te s t  w as described  an d  used  fo r th e  f irs t  tim e  b y  B e n n e t t  an d  C a s h  (1942). 
S ince responsiveness of m y a s th e n ia  g rav is to  physostigm ine  an d  n e o s tig m in e  
w as an  estab lished  fac t a t  th a t  tim e  ( W a l k e r  1934) an d  th e  new  t r e a tm e n t  
w as ra p id ly  gain ing  g ro u n d , th e  oppositio n  to  th e  cu ra re -tes t in  l i te r a tu r e  w as 
fu lly  ju s tif ie d . P e l i k a n , T e t h e r  a n d  U n n a  (1953) found  th e  tre sh o ld -v a lu e  
in  m y a s th e n ia  to  be one f if th  of th e  n o rm a l fig u re . In  recen t years C h u r c h i l l - 
D a v i d s o n  an d  R i c h a r d s o n  (1957) h av e  s tu d ie d  th e  d iagnostic  p o ss ib ilitie s  
o f  d -tu b o cu ra rin e . L a te r  R o w l a n d , A r a n o w  a n d  H o e f e r  (1961) m a d e  a  p lea  
fo r th e  rev iv a l of th is  u n n ecessary  a n d  u n safe  p ro ced u re , using i t  in  92 p a t ie n ts  
on th e  g round  th a t  th e  d iagnosis in  60 o f th e m  was dubious. T h is  r a t io  is 
excessively  h igh , th o u g h  th e  d iag n o stic  d ifficu ltie s  m ay  be co n sid e rab le  a n d  
su sp ec t cases h igh  in n u m b er. T he dan g ers  o f  th e  cu ra re -tes t w ere p o in te d  o u t 
b y  E a t o n  in  1947, five y ea rs  a fte r  its  d e sc rip tio n . In  some cases th e  d iag n o sis  
o f m y a s th e n ia  requ ires th e  a d d itio n a l ev idence  o f specific te s ts , in  o th e rs  th e  
d iagnosis  is based  on th is  ev idence alone a n d , occasionally , it  is th e  r e s u l t  of 
th e  specific  te s t  w hich d raw s a tte n tio n  to  th e  p o ssib ility  of m y a s th e n ia . S uch  
cases a re , how ever, re la tiv e ly  ra re  a n d  ev en  i f  th e y  do occur, we m a y  re ly  
to d a y  on h igh ly  specific a n d  a t  th e  sam e tim e  e n tire ly  safe te sts . As p o in te d  o u t 
ea rlie r (1958, 1964), carefu l h is to ry - ta k in g , close observation  of th e  s ig n s an d  
sy m p to m s in  th e ir  f lu c tu a tio n , ev idence o f  ex h au stio n -to le ran ce  t e s t ,  n eo 
stig m in e  an d  ed ro p h o n iu m  te s ts , J o lly ’s e lec tric  te s t , o cu lo e lec tro m y o g rap h y , 
e lec tro ly te  s tud ies h av e  led  us to  th e  c o rre c t diagnosis in all o f o u r  cases, 
th e re fo re  we see no p o in t in  reconsidering  o u r a t t i tu d e  to  cu ra riza tio n  o r  to  a n y  
o th e r  unsafe  d iagnostic  p rocedure .

Crises ap p earin g  in  th e  course o f d ru g  tr e a tm e n t ev en tu a lly  m a y  h a v e  
th re e  causes. T h ey  w ill be  d ea lt w ith  in  th e  follow ing.

1. In a d e q u a te  dosage m ay  p ro d u ce  th e  sam e s itu a tio n  as f a ilu re  of 
d iagnosis. V e n tila to ry  defic it re su ltin g  in  a crisis m ay  occur in  b o th  e v e n tu a l

Ada Medica Academiae Scientiarum Hunqaricae 22 (1966)



300 A. SZOBOR

itie s . T he co n ste lla tio n  is essen tia lly  th e  sam e i f  th e  ty p e  of m y asth en ia  su d d e n ly  
ch an g es, for in s ta n c e , i f  b u lb a r sy m p to m s jo in  th e  ocular p a tte rn . I n  su ch  
cases th e  doses on  w h ic h  th e  p a tie n t d id  w ell b e fo re  m ay  becom e in a d e q u a te .

2. T he fa c to rs  a n d  m echanism s in h e re n t  to  th e  drug  itse lf  a re  fa r  m ore 
co m p lica ted  as co n cern s  suscep tib ility  to  c rises . T h e  usual drugs m ak e  liab le  
to  crises to  a v a r ia b le  e x te n t. The m o st im p o r ta n t  of th em , n eo stig m in e , 
occup ies th e  m idd le  in  th is  respect. O f re c e n t d ru g s , py ridostigm ine  is a lleged  
to  be  th e  safest, i ts  m a rg in  of safety  b e in g  th e  m o s t favourable .

O s s e r m a n  s tre sse s  th e  advan tages o f  p y rid o s tig m in e  in  th e  b u lb a r  ty p e  
o f  m y asth en ia  w here  th e  danger of crisis is th e  h ig h est, th o ugh , as he  p o in ts  
o u t, i f  neostigm ine  fa ils  to  b ring  m uscu la r w eak n ess  un d er contro l, th e n  i t  is 
m o s t un like ly  t h a t  p y rid o stig m in e  w ill do so. W e have been using  p y r id o 
s tig m in e  ex ten siv e ly  in  o u r  m ateria l. O ccasio n a l cholinergic effects a sso c ia ted  
w ith  its  use w ere s lig h t, an d  crises d id  n o t  o ccu r a t  all. O b serv a tio n s w ith  
am b en o n iu m  w hich  h a s  b een  found to  be e f f ic ie n t in  th e  skeletal ty p e , a re  fa r 
less favourab le . O n th e  basis  of o b se rv a tio n s  in c lu d in g  60 p a tie n ts , S c h w a b  
(1955) found  i t  liab le  to  induce  cholinergic b lo c k . D e s m e d t  (1957) c a u tio n s  
a g a in s t th e  use o f th e  d ru g  in  view  of i ts  n a r ro w  m arg in  of safe ty . W e s t e r - 
b e r g  an d  M a g e e  (1955) do n o t use i t  a t  a ll w ith o u t a trop ine . G r o b  (1958) 
a lso  p o in ts  to  th e  d a n g e r  o f crises a sso c ia ted  w ith  th e  use of th is  d ru g , as i t  
f re q u e n tly  gives rise  to  cholinergic m u scu la r w eak n ess  th ro u g h  a d ep o la riza tio n  
b lock -m echan ism  o f th e  n ico tin -type . I n  o u r  cases u n p leasan t, p e rs is te n t 
m u sca rin e -ty p e  e ffec ts , su ch  as nausea, d ia r rh o e a , abdom ina l spasm s, an o re x ia , 
also  occurred . In  a 6 0 -y e a r old male p a tie n t , o n  th e  th ird  day  of am b en o am in e  
tre a tm e n t ,  we w itn e sse d  th e  occurrence o f  a  s h o r t  b u t  none th e  less severe 
re sp ira to ry  crisis a sso c ia te d  w ith  s to rm y  a b d o m in a l sym ptom s, p sy c h o m o to r 
restlessness an d  a n x ie ty .

T he drugs w h ich  h a v e  been found u p  to  n o w  to  carry  th e  g re a te s t d an g e r 
o f  crises are those  o f  th e  a lky lp h o sp h a te  g ro u p . O s s e r m a n  and  K a p l a n  (1953) 
s tre ss  th e  danger o f  crises involved b y  th e  u se  o f organic p h o sp h a tes  ow ing 
to  th e ir  considerab le  an tich o lin este rase  a c t iv i ty .  C om bined use of th e se  d rugs 
w ith  neostigm ine p a r t ic u la ry  increases th is  r is k  ( R i d e r  1951). — W e h av e  
lo n g  ab an d o n ed  th e  u se  o f  organic p h o sp h a te s , as we soon found o u t t h a t  th e ir  
b e n e fits  did n o t o u tw e ig h  th e ir  hazards. In  co n seq u en ce , we had  no o p p o r tu n ity  
to  s tu d y  cholinergic crises of th is k in d . I t  h a s  n o t  been possible as y e t  to  
e lim in a te  th e  to x ic i ty  o f  these  drugs, a c c o rd in g ly  th e  m ore recen t com plex  
p h o sp h o ru s  co m p o u n d s (p ara th io n , m a la th io n , d em ato n , etc.) a re  s till fa r  
f ro m  being  harm less ( R i d e r  and  M o e l l e r  1961), th is  applies to  a lk y ltliio - 
phosphocho line  as w ell ( O s s e r m a n , C o h e n  a n d  G e n k i n s  1961). N ev erth e less , 
th e y  are  well w o rth  s tu d y in g  as th e y  m ig h t p ro v id e  th e  “ lo n g -ac tin g ”  d ru g  
lo n g  sough t for. T h e  BC substances evo lved  b y  K r a u p p  e t al. (1955) a c tu a lly  
a re  long-acting , b u t  in  th e  course of c lin ica l tr ia ls  th e y  have been fo u n d  to
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c a rry  th e  risk  of crises ow ing to  th e ir  cho linerg ic  p ro p e rty  ( P a t e i s k y  1959). 
T h e  m erits  of A C T H  suggested  for th e  m a n a g e m e n t of m y asth en ia  b y  
T o r d a  an d  W o l f f  (1949) have  been q u es tio n ed  from  th e  v e ry  s ta r t .  M i l l i k a n  
a n d  E a t o n  (1951) h a v e  observed crises in  a sso c ia tio n  w ith  such t r e a tm e n t, 
W e s t e r b e r g  an d  M a g e e  (1955), O s s e r m a n  (1958), E r b s l ö i i  and  L ’A l l e 
m a n d  (1965) condem n i t  as being d e fin ite ly  d an g ero u s  w hereas L a m a r t i n e  
D e  A s s i s  (1956, 1960) ad v o ca tes  th e  use o f in tra v e n o u s  A CTH  drip  in  severe 
cases re s is ta n t to  o th e r  m easures. W e h av e  m ad e  occasional a t te m p ts  w ith  
A C TH  in th e  absence o f crises, w ith o u t b e ing  ab le  to  o b ta in  an y  p ro o f o f its  
efficiency.

N one of th e  a d ju v a n ts  used  in  m y a s th e n ia  — i.e. v itam in s , e p h ed rin e , 
p o tass iu m  — has been  found  to  increase th e  r isk  o f  crises, b u t  h y p o p o ta ssaem ia  
d e fin ite ly  does, th e re fo re  its  con tro l is e ssen tia l ( H e r r m a n n  1961, S z o b o r  
1964). S edatives used  fo r th e  relief o f p sy ch ic  sy m p to m s also m ay p ro v o k e  
crises, as observed  in  th e  case of a y o ung  m ale p a t ie n t  w ho was given in a d v e r t
e n tly  0.50 g b a rb itu ra te  a fte r  th y m e c to m y  a t  th e  su rg ical u n it w here th e  
o p e ra tio n  h ad  been  perfo rm ed . T he consequence  w as a tra n s ito ry  b u t  none 
th e  less severe re sp ira to ry  crisis. In  o u r o p in ion  (S z o b o r  1964) m y a s th e n ia  
p rec ludes th e  use o f b a rb itu ra te  co n ta in in g  h y p n o tic s  w hile jud ic io u s a p p li
ca tio n  of m inor tra n q u illiz e rs  m ay be benefic ia l.

3. Crises re su ltin g  from  overdosage a re  cholinerg ic  in  ch a ra c te r . As 
m en tio n ed  before, conversion  of m y asth en ic  in to  cholinerg ic  crises or co -ex is t
ence o f b o th  ch a ra c te rs  (com bined or co m p lica ted  ciises) m ay  sim ilarly  occur. 
In  2 o f our p a tie n ts  th e  crises were cholinerg ic, in  6, th e y  w ere com bined . O v e r
dosage was due in  m o st cases to  an increase o f  th e  doses b y  th e  p a tie n ts  w ith 
o u t m edical adv ice. S a tis fac to ry  response  to  a d e q u a te  m easures p u t  in to  
o p e ra tio n  on adm ission , i.e. d ru g -w ith d raw al, in je c tio n  o f ed rophon ium , s tr ic t  
b e d -re s t an d  a d ju v a n ts , conclusively  p ro v ed  t h a t  th e  crisis h ad  been ch o lin 
erg ic  in  c h a ra c te r .

Crises due to  overdosage  are genera lly  a sso c ia ted  w ith  sy m p to m s o f th e  
m uscarine- or n ico tin e -ty p es , w hich are , h o w ev er, ra re ly  d is tin c t enough  to  be 
o f d iag n o stic  v a lu e . A ccord ing  to  T e t h e r  (1955) an d  S c h w a b  (1961) th e  
im p o rtan ce  of m u scarin e-sy m p to m s lies in  h e ra ld in g  a cholinergic co n d itio n . 
S k i n o j  an d  P e t e r s e n  (1957) have , how ever, show n  b y  sy s tem a tic  sp irog raph ic  
s tu d y  of a p a tie n t u n d e r  artific ia l re sp ira tio n  t h a t  m uscarine  sym p to m s h av e  
no  such  ill-boding sign ificance. T hey  fo u n d  a su b s ta n tia l lag  betw een  th e  
ap p ea ran ce  of m u scarin e-sy m p to m s an d  th e  m ax im a l a n tim y a s th e n ic  effect 
o f  cholinergic drugs. In c reased  to le ran ce  to  an tich o lin e s te ra se  drugs in  m y 
a s th e n ia  is a w e ll-docum en ted  fac t ( O s s e r m a n  a n d  K a p l a n  1953, S i m p s o n  
1960). V i e t s  (1961) believes excessive to le ra n c e  to  m assive doses of p ro stig - 
m ine to  be d iagnostic  o f m y asth en ia , since i t  occurs in  no o th e r cond ition . T h e  
to le ran ce  to  d rugs, a n d  consequen tly  also th e ir  side effects, are, how ever,
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v a r ia b le  depending a p a r t  f ro m  th e  a c tu a l s ta te  of th e  m y asth en ic  p rocess, on 
th e  p a t i e n t ’s in d iv id u a l s e n s it iv ity , responsiveness an d  v e g e ta tiv e  s ta te . 
W h ile  in  a num ber of p a tie n ts  th e  ap p e a ra n ce  o f m uscarine-like sy m p to m s was 
la rg e ly  a m a tte r  of v e g e ta tiv e  a n d  tis su la r  responsiveness w ith o u t a n y  serious 
s ig n if ic a n c e , we w itnessed  in  o th e rs  th e  o n se t of a cholinergic to x ic  co n d itio n  
u n h e ra ld e d  b y  any  sign o f m u sca rin ic  or n ico tin ic  ch a rac te r. B y  s tre ss in g  th e  
p o in t  o f  in d iv idua l to le ran ce  i t  w as in te n d e d  to  illu s tra te  th e  c o n tra d ic to ry  
is su e s  o f  th e  problem  ra th e r  th a n  to  a t ta c k  th e  p red ic tiv e  sign ificance o f  m u s
c a r in e -sy m p to m s.

O u r review  of th e  v a r io u s  fac to rs  responsib le  for th e  p ro d u c tio n  o f crises 
in  m y a s th e n ia  closes w ith  th e  d iscussion  o f th e  role of thym ectom y. T h y m e c 
to m y  as a cure of m y a s th e n ia  h as  fo u n d  re la tiv e ly  m uch  o p p o sitio n , th o u g h  
e v a lu a t io n  of a su b s ta n tia l su rg ica l m a te r ia l no longer p e rm its  to  q u e s tio n  its  
m e r i ts  ( K e y n e s  1955, S i m p s o n  1958, S c h w a b  1961, R o ss  1961, O os- 
T E R H U is  1963, H e n s o n , S t e r n  an d  T h o m p s o n  1965, e tc .). R e lu c ta n c e  to  
th e  o p e ra tio n  m ay h av e  v a r io u s  causes, f i r s t  o f all its  re la tiv e ly  h igh  m o rta li ty . 
T h e  p o s to p e ra tiv e  period  b e in g  th re e  w eeks in  th is  ty p e , su rg ica l d e a th s  
a s s o c ia te d  w ith  th y m e c to m y  m u s t be p u t  a t  8 p e r cen t (S i m p s o n  1958). 
E r b s l ö h  an d  L ’A l l e m a n d  (1965) h av e  p o in ted  o u t th a t  th o ra c ic  su rg e ry  of 
o th e r  k in d  carries a 2 p er c e n t m o r ta l i ty  a n d  th e y  ascribe th e  6 p e r c e n t d iffe r
en ce  to  fac to rs connected  w ith  th e  m y a s th e n ia  itse lf, p a r tic u la r ly  th e  crises 
a n d  th e  hazards of d ru g  t r e a tm e n t .  On th e  basis  of our o b se rv a tio n s  w e fu lly  
su b s c r ib e  to  th is  view  (S z o b o r  [1958]). O u r m o st pow erful a rg u m e n t in  fa v o u r  
o f  th e  o p era tio n  spring  fro m  th e  know ledge th a t  th e  danger lies in  m y a s th e 
n ia , n o t  in  th y m ec to m y .

O n  th e  o ther h a n d  i t  m u s t be recogn ized  th a t  th y m e c to m y  in v o lv es  a 
c o n s id e ra b le  bodily  an d  m e n ta l  s tre ss  to  th e  p a tie n t, an d  th a t  i t  m a y  b r in g  on 
a m y a s th e n ic  crisis or lead  in d ire c tly  to  a cholinergic one. Ca b o  (1958) re c o rd 
ed  in s ta n c e s  of fa ta l p o s to p e ra tiv e  crisis in  h is th y m e c to m y  m a te r ia l  of 33 
c a se s . P e n n i n g t o n  an d  E d w a r d s  (1960) reg is te red  p o s to p e ra tiv e  crises in  4 
in s ta n c e s  w ith  one d e a th  a f te r  10 th y m ec to m ies . O ccurrence o f crises a fte r  
th y m e c to m y  has been fu r th e rm o re  re p o rte d  b y  W e i l  e t al. (1952), R e i d  
(1 9 4 9 ), F i s h e r  and  C h i l d  (1955) a n d  o th e rs . H e n s o n , S t e r n  a n d  T h o m p s o n  
(19 6 5 ) en co u n tered  m y a s th e n ic  as well as cholinerg ic  crises in  th e ir  m a te ria l 
in c lu d in g  36 th y m ec to m ies , conversion  o f th e  fo rm er in to  th e  la t t e r  ty p e  
h a v in g  occurred  u n d e r th e ir  v e ry  eyes w ith o u t an  in te rm e d ia ry  s ta g e  w ith  
n o rm a l  m uscle pow er. T h e  crises m ade th e ir  ap p earan ce  24 to  72 h o u rs  a fte r  
s u rg e ry , 2 p a tien ts  d ied , 3 co u ld  be sav ed  b y  a rtific ia l re sp ira tio n .

29 o u t of our 86 p a t ie n ts  w ere su b je c te d  to  th y m e c to m y . T h is  ra tio  
la rg e ly  corresponds to  o th e r  s ta tis t ic s . D eta ils  o f th e  a fte r  th y m e c to m y  crises 
h a v e  b e e n  p resen ted  in  th e  fo rego ing  T ab le . C lassification  in to  e a r ly  a n d  la te  
c rises  does n o t occur in  l i te ra tu re ,  we f in d  i t ,  how ever, ju s tif ie d , on th e  g ro u n d
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of th e  ty p ica l doub le  p eak  in  th e ir  tim in g  w hich  w e also found  in  ea rlie r s tu d ie s  
(S z o b o r  1958, 1962). E a r ly  crises occurred  b e tw e e n  th e  f irs t an d  th i rd  p o s t
o p era tiv e  day s w hile la te  crises betw een  th e  e ig h th  an d  e leven th  d ay s. N o crises 
w ere observed  o u ts id e  th e se  periods, i.e. b e tw een  th e  fo u rth  an d  se v e n th  d ay s 
an d  beyond  th e  e le v e n th  d ay . E a rly  an d  la te  crises w ere never seen in  th e  sam e 
case. In  6 p a tie n ts  th e  crises were early , in  4 , la te , in  onset. In  3 cases th e  
m y asth en ic  p a t te rn  w as assoc ia ted  w ith  fe a tu re s  o f cholinergic w eakness, in  
o n e  case th e re  w as a sw ing from  th e  m y a s th e n ic  to  th e  cholinergic ty p e  w ith 
o u t an y  tr a n s i to ry  p h ase  of norm al m uscle p o w er or re sp ira to ry  relief. In  5 
cases of th y m e c to m y  asso c ia ted  w ith  p o s to p e ra tiv e  crises tu m o u r of th e  th y m u s  
w as found  (p a tie n ts  N o. 6 to  10 in T able  I) , in  th e  o th e r  5 th ere  w ere no  m alig 
n a n t  changes. In  one o f th e  m alig n an t cases th e  crisis, th o u g h  ap p e a rin g  a f te r  
reo p era tio n  fo r h a e m o th o ra x  in stead  o f th y m e c to m y , has been n ev e rth e le ss  
inc luded  in to  th is  g roup . T h e  la te  crisis o ccu rrin g  in  th e  o th e r case w as asso c i
a te d  w ith  th e  rem o v a l of a m ed iastina l tu m o u r  believ ed  to  be a fib ro m a . O p e ra 
tio n  revealed  a th y m o m a  a n d  led a t  th e  sam e tim e  to  th e  d iagnosis o f  m y 
as th en ia . T h is case re p re se n ts  a ra r ity  in  l i te r a tu r e  ( H e d r i , D r o b n i  a n d  S z o 
b o r  1961, S z o b o r  a n d  K ö r n y e y  1965). A n o th e r  rem ark ab le  case is t h a t  of 
a 49 y ea r old w o m an  w ho h a d  m y asth en ia  o f co m b in ed  localiza tion . O p e ra tio n , 
m ade necessary  b y  th e  ra p id  progression o f th e  p rocess, revealed  an  e n c a p su 
la te d  fist-sized  tu m o u r  w ith  histologic ev idence  o f  m alignancy  (S z e g e d y  an d  
S z o b o r  1961). T h e  o p e ra tio n  was follow ed b y  a la te  crisis w hich  co u ld  be 
b ro u g h t u n d e r  c o n tro l. A t p resen t, eleven y e a rs  a f te r  th e  f irs t sy m p to m s a n d  
seven years  a f te r  th y m e c to m y , th e  p a tie n t  w orks in  h e r fo rm er o ccu p a tio n  
w ith o u t need ing  a n y  d ru g .

P o s to p e ra tiv e  crisis w as th e  cause o f d e a th  in  3 of our cases. In  th e  f ir s t ,  
a 54-year old m ale , m ed ia s tin o to m y  rev ea led  carc inom a of th e  th y m u s  occu 
py in g  th e  a n te r io r  m ed ia s tin u m  and  ad h erin g  to  th e  le ft u p p er p u lm o n a ry  lobe 
as well as to  th e  la rg e  vessels. H a e m o th o ra x  ensu in g  24 hours a f te r  p a r t ia l  
resection  o f th e  tu m o u r  m ade reo p era tio n  n ecessa ry . A few h o u rs  a f te r  th is  
second o p e ra tio n  a crisis o f th e  o scilla ting  ty p e  ap p eared , w ith  a lte rn a tin g  
p revalence  o f m y a s th e n ic  an d  cholinergic e lem en ts , an d  caused d e a th  w ith in  
18 m inu tes le av in g  no  p o ssib ility  or tra c h e o to m y  or artific ia l re sp ira tio n . — 
In  th e  second case, a 6 7 -y ea r old p a tie n t, a fu lm in a n t re sp ira to ry  crisis a p p e a r 
ing  24 hours a f te r  o p e ra tio n  was associa ted  w ith  card io -v ascu lar in v o lv e m e n t. 
In  th e  th ird  case, a 18-year old girl, th e re  h a d  been  no m alignancy  of th e  t h y 
m us, o p era tio n  h a d  been  sm oo th , th e  p o s to p e ra tiv e  course en tire ly  u n e v e n tfu l, 
u n til  she d ied  su d d e n ly  a few  m inu tes a f te r  th e  o n se t o f a re sp ira to ry  fa ilu re , 
36 hours a f te r  o p e ra tio n .

A p a rt fro m  th e  fa c to rs  have been d iscu ssed  in  ou r p ap e r I . ,  th e re  are  
c ircum stances, su ch  as su rg ica l an d  psych ic  s tre ss , an aesth esia , m o d ifica tio n  
o f drugs, e tc . w h ich  m a y  p la y  a p a r t  in th e  p ro d u c tio n  o f p o s to p e ra tiv e  crises.
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T h e re  m ay  be a p a r t ic u la r  fa c to r  w hich we h a v e  fo u n d  to  be of im p o rta n c e  on 
c lo se r  analysis  of th e  p o s to p e ra tiv e  crises in  o u r cases on th e  one h a n d , a n d  on 
th e  g rou n d s of th e  fa v o u ra b le  resu lts  o f p o s to p e ra tiv e  ra d io th e ra p y  on  th e  
o th e r ,  nam ely  th e  ex is ten ce  of a b e rra n t th y m u s  tissu e  or th y m u s-is le ts , t r a n 
s i to ry  h y p erfu n c tio n  o f w h ich  m ay  be resp o n sib le  fo r th e  p o s to p e ra tiv e  crises. 
W h e n  th e  p rinc ipa l th y m u s  g land  has b een  rem o v ed , th e  rem a in in g  a b e r ra n t  
e le m e n ts  could ta k e  o v e r i ts  endocrine fu n c tio n s  passing  th ro u g h  a s ta g e  of 
t r a n s i to r y  h y p e rtro p h y . I t  is w ell-know n t h a t  n o rm ally  fu n c tio n in g  o r even 
h y p e ra c tiv e  th y m u s tis su e  m a y  occur a t  an o m alo u s  sites. T here e x is t n u m ero u s  
d e sc r ip tio n s  of a b e r ra n t  th y m u s  tissue , d u p lic a te  or m ultifocal th y m u s  g lands, 
fu n c tio n in g  th y m u s tis su e  em bedded  in  th e  th y ro id , p a ra th y ro id , th e  sh e a th  
o f  th e  vagus nerve, w all o f  th e  sm all in te s tin e , o v a ria l cyst, e tc . T h e  p resence  
o f  a b e r r a n t  th y m u s tissu e  m a y  acco u n t in  m a n y  a case for th e  fa ilu re  o f  th y m 
e c to m y  to  produce th e  e x p e c te d  re su lt, a n d  tra n s i to ry  h y p e rfu n c tio n  o f  such 
t is s u e  m ay  be one o f th e  possib le  fac to rs  o f p o s to p e ra tiv e  crises.

T h e  p resen t rev iew  is obv iously  in co m p le te  ow ing to  im p e rfec t u n d e r 
s ta n d in g  of th e  m ech an ism  invo lved . F u r th e r  observa tions an d  co llec tio n  of 
d a ta  w ill p robab ly  help  to  id e n tify  o th e r possib le  p rim ary  or accessory  fac to rs  
w h ic h  m a y  have a p a r t  in  th e  p h en o m en a  o u tlin ed .

I I I .  M anagem ent o f  th e  crises 

P rincip les and  practice

T h e la s t fifteen  y e a rs  h av e  b io u g h t a s u b s ta n tia l  change in  th e  m a n a g e 
m e n t  a n d  prognosis o f crises in  m y a s th e n ia . T h e  change is due f i r s t  o f  all to  
th e  f a c t  th a t  we h av e  b ecom e acq u a in ted  w ith  th e  n a tu re  of th e  cho linerg ic  
crises  w h ich  allows to  co n sid e r th e ir  p o ss ib ility  in  every  case of m y a s th e n ia  
lia b le  to  crises.

A s po in ted  o u t b e fo re , th e  m ost com m on  fa c to r  responsib le fo r, o r con
t r ib u t in g  to , crises is re s p ira to ry  in fec tion  o r o b s tru c tio n . E n su rin g  a c lear 
r e s p ira to ry  tr a c t  is th e re fo re  e ssen tia l to  th e ir  e ffic ien t m anagem en t. S w ab b in g , 
o r  su c tio n  of saliva or m u cu s , pu lling  fo rw ard  th e  a to n ic  tongue, th o u g h  being  
th e  s im p lest possible p ro ced u re s , m ay  n ev e rth e le ss  p u t  an  en d  to  a crisis. 
D ra in a g e  w ith  th e  p a t ie n t  in  T ren d e len b u rg ’s positio n  m akes c lea rin g  o f th e  
a irw a y s  easier. In  la ry n g e a l a s th en ia  H e r r m a n n  (1961) found  in tu b a tio n  
m a in ta in e d  for a few  h o u rs  to  be benefic ia l. T h is  m u s t be follow ed, i f  n ecessa ry , 
b y  tra c h e o to m y . In  case o f em ergency  h o w ev er, he finds th e  in tro d u c tio n  of 
a  w id e -b o re , sh o rt- tip p e d  can n u la  in to  th e  u p p e r  tra c h e a  p re fe rab le  to  th e  
“ p e n -k n ife - trac h e o to m y ” . W e can on ly  su b sc rib e  to  th is  advice h a v in g  con
v in c e d  ourselves of th e  ad v e rse  consequences o f  tra c h e o to m y  ca rried  o u t  in  an  
in a d e q u a te  m anner.
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H y p ersec re tio n  asso c ia ted  w ith  th e  use  o f  th e  cu rren t drugs in  m y a s 
th e n ia  ra ises th e  questio n  o f p rev en tiv e  dosage  o f  a tro p in e  for th e  c o n tro l of 
sa liv a tio n . L ite ra tu re  ag rees upon th e  n e c e ss ity  o f th is  d rug  w here th e re  is a 
te n d e n c y  to  h y p e rsec re tio n . O s s e r m a n  (1958) p rescribes a trop ine  ro u tin e ly  to  
m y asth en ic  p a tie n ts , d irec tin g  them  to  use i t  in  case of secondary  effects. 
S y m p to m s of th e  m u scarin e -ty p e  or im m in e n t cholinergic signs ca ll fo r th e  
use of a tro p in e . I t  is k n o w n  from  th e  s tu d ie s  o f  S k i n h 0 j  an d  P e t e r s e n  (1957) 
th a t  a tro p in e  con tro ls m o s t of the  m u sca rin e -sy m p to m s w ith o u t in te rfe r in g  
w ith  th e  a n tim y a s th e n ic  effect of th e  d ru g  in  use. H e r r m a n n  (1961) w hile 
m ak in g  use of th e  b en efits  o f a trop ine  p o in ts  to  its  fac ilita tin g  in fluence  on th e  
n ico tine-syndrom e an d  on dep o la riza tio n -w eak n ess . V iscosity  of m ucus d u e  to  
a tro p in e  has its  dangers w hich  have been d u ly  p o in te d  o u t by  D iN N tC K  (1958), 
O s s e r m a n  (1961) a n d  H e r r m a n n  (1961). H a r l a n d  and  S t e p h e n  (1958) 
even p ro te c t from  a tro p in e  in  p o s t- th y m e c to m y  sa te . Personally  we m ak e  use 
of th e  d ru g  w henever th e re  is a ten d en cy  to  h y p ersec re tio n , p rescrib in g  a t ro 
p ine su lp h a te  in  doses o f 0.2 to  0.4 m g to  be  ta k e n  w ith  every  second dose of 
neostigm ine . In  cho linerg ic  conditions we f in d  th e  use of a trop ine  p e re m p to ry  
w ith o u t a n y  reg ard  to  th e  possible d an g e r o f  n ico tine-b lock  p o in ted  o u t by  
H e r r m a n n , th e  m ore so as th is  h aza rd  is fe lt  b y  us to  be m ore a th e o re tic a l 
th a n  a rea l possib ility .

F o r  th e  con tro l o f cholinergic crises H e r r m a n n  (1961) as well as S t o r m - 
M a t h i s e n  (1961) a d v o c a te  th e  use of e d ro p h o n iu m  given a t  close in te rv a ls .

T he policy  of p re v e n tiv e  tra c h e o to m y  fin d e  increasing  fav o u r in  re c e n t 
lite ra tu re . H e r r m a n n  (1961) advocates its  use  in  th re a te n in g  crises in s te a d  of 
w a itin g  u n til  th e  crises becom e m anifest w h en  th e  c ircum stances a re  less fa 
v o u ra b le . O s s e r m a n  (1961), H e a d  (1964), S c h w a b  e t al. (1964), B l a u g r u n d  
e t al. (1964) stress th e  necessity  of ea rly  tra c h e o to m y  w hich, in th e  e x p e ri
ence of th ese  au th o rs , co n tr ib u te s  to  low  su rg ica l m o rta lity . All of th e se  claim s 
are  su p p o rte d  by  figures w hich  m ake th e  m e rits  o f  th e  in te rv en tio n  u n q u e s tio n 
ab le an d  m ay  possib ly  le ad  us to  reconsider o u r  a t t i tu d e , since, in  a g reem en t 
w ith  m a n y  o th e r c lin icians dealing w ith  a la rg e r  m y asth en ic  p a tie n t  m a te r ia l, 
we h av e  n o t m ade c u rre n t use of p re v e n tiv e  tra c h e o to m y  up to  now . A n d  we 
m ay  well ask  w h e th e r th e re  is any  ju s tif ic a tio n  o f  p rev en tiv e  tra c h e o to m y  in  a 
p a tie n t  w ho has n ev er h a d  an y  re sp ira to ry  o r b u lb a r  sym ptom s o r w h e th e r, 
w hen  th e  crisis is n o t y e t  m anifest, i t  w ill n o t  becom e so u n d er th e  so m a tic  
an d  psych ic  stress in v o lv ed  b y  the  in te rv e n tio n . W e therefo re  believe t h a t  th e  
questio n  shou ld  be dec id ed  on in d iv id u a l g ro u n d s . B u lbar sy m p to m s , or 
a c tu a l re sp ira to ry  fa ilu re , m ake p re v e n tiv e  tra c h e o to m y  ju s tif ie d , w hile  in 
th e  absence  of b u lb a r  sy m p to m s its  n e c e ss ity  is questionab le . T h is  v iew  is 
sh ared  b y  th e  surgeon engaged  in o p e ra tio n s  fo r m y asth en ia , in  v iew  o f th e  
d an g er o f m ed ias tin itis  ( D r o b n i  1965).

T he m ost effic ien t w eapon in th e  m a n a g e m e n t o f crises is a r tif ic ia l re 
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s p i r a t io n .  N ursing  an d  su p erv is io n  o f th e  p a t ie n t  needs a specially  tr a in e d  s ta f f  
T h e re  is s till  a g rea t dea l to  be done in  th is  re sp ec t. O s s e r m a n  (1958, 1961) 
f in d s  p o sitiv e -p ressu re  re sp ira tio n  p re fe rab le  in  th e  in te re s t of n u rs in g  ca re . 
T h is  w a s  ap p lied  in  5 of o u r  cases; in  4 o f th e m  th e  crisis was b ro u g h t u n d e r  
p e r m a n e n t  contro l, one p a t ie n t  has been , h o w ev e r, in  a s ta te  of crisis  fo r  six  
m o n th s  a t  th e  tim e of th e  p re se n t s tu d y . W h ile  th e  p a tie n t u n d e r  a r tif ic ia l  
b r e a th in g ,  we ab sta in , if  p o ssib le , from  th e  use  o f an y  an tich o lin e s te ra se  d ru g  
so a s  t o  p ro v id e  for th e  “ re s tin g  p rocess”  p o in te d  o u t b y  Ch u r c h i l l - D a v i d s o n  
a n d  R i c h a r d s o n  (1957). O n th e  basis  of w h a t h a s  been said  ea rlie r, w e n e v e r  
u se  c u ra r iz in g  agen ts in  c o n tro lle d  re sp ira tio n . R elease  of th e  p a t ie n t  m u s t  be 
su c c e ss iv e . B y th e  end  o f th is  p e rio d  he is u s u a lly  as responsive to  d ru g s  as he 
o r ig in a lly  w as when f irs t  rece iv in g  th em  in  th e  in i t ia l  stage of th e  d isease . A fte r  
su c c e ss fu l con tro l of a crisis th e  p a tie n t  s till re q u ire s  careful su p erv is io n , m a n 
a g e m e n t a n d  care in a specia lized  u n it  w ith  due  re g a rd  to  his psych ic  c o n d itio n  
o w in g  to  th e  profound  m e n ta l s tress w hich , o b v iously , never fa ils  to  a ffec t 
h is  p sy c h ic  s ta te .

M ore recen tly , th e  use o f o x im -co m p o u n d s has been a d v o c a te d  fo r  th e  
m a n a g e m e n t of cholinerg ic  crises ( G r o b  a n d  J o h n s  1958, O s s e r m a n  1961) 
b u t  t h e y  h av e  p roved , on th e  w hole, d isa p p o in tin g  ( H e r r m a n n  1961).

M an ag em en t of co m b in ed  crises is a co m p lica ted  and  often  fu ti le  ta s k . 
A ll w e can  do is to  a d ju s t  th e  d ru g  to  th e  p re v a le n t sym ptom s w ith  a ll th e  
p e r ils  o f  th e ra p e u tic  in co n seq u en ce  to  th e  p a t ie n t .  In  view  of th e  f a c t  t h a t  th e  
a n tim u s c a r in e  effect of a tro p in e  does n o t in te rfe re  w ith  th e  a n tim y a s th e n ic  
p ro p e r t ie s  o f th e  n ecessary  d ru g s, i t  m ay  be  sa fe ly  given in  co m b in ed  crises. 
C lear a irw a y s , reg u la tion  o f  e lec tro ly te - a n d  f lu id  balance , a d m in is tra tio n  o f 
a d ju v a n t  d rugs are a d d itio n a l fac to rs  w hich  m a y  help  to  overcom e th e  crisis , 
w h ile  lo n g -ac tin g  drugs, В С -com pounds, A C T H  shou ld  n o t be p re sc r ib e d .

P re v e n tio n  of crises is no  sim ple ta s k . S uperv ision  an d  g u id an ce  o f  th e  
p a t i e n t  em b rac in g  every  possib le  a sp ec t o f h is  d isease , special care in  in c re a se d  
e x p o s u re  to  crises such  as re s p ira to ry  in fec tio n s a n d  p regnancy , f u r th e r  a d e 
q u a te  e d u c a tio n  and  a su ita b le  reg im en  m a y  b e  o f  help . These are  v e ry  a rd u o u s  
ta s k s ,  y e t  th e  physic ian  e n tru s te d  w ith  th e  m an ag em en t of m y a s th e n ic  p a 
t ie n ts ,  h a s  to  face th em .
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E E G  reco rd ings m ad e  in the  w a k in g  s ta te  a n d  d u rin g  h e x o b arb ita l a n ae s th es ia  
h a v e  been  stu d ied  in  38 ch ild ren  and a d o le sc en ts  w ith  re cu rre n t p a ro x y sm s of a b d o m i
n a l pa in .

A to ta l o f 56.7 p e r cen t of th e  w a k in g  reco rd s rev ea led  sp o n tan eo u s  a b n o rm a l 
slow  rh y th m s an d  13.5 p e r cent, e p ile p tifo rm  ab n o rm a litie s . T yp ical sp ik es w ere d e 
m o n strab le  in  83.3 p e r  c e n t o f the  trac in g s  re co rd e d  d u rin g  in duced  sleep. In  64 p e r  c e n t, 
th e  sp ike d ischarges a p p ea red  in th e  ro la n d ic  a rea  o r a t  th e  v e rtex  o v er one  o r b o th  
h em ispheres; in th e  re m a in in g  cases, th e  s ite  o f o rig in  o f th e  d ischarges w as th e  f ro n ta l  
a re a ; in  one case a n  an te ro -b aso te m p o ra l sp ik e  focus w as localized, in  a n o th e r , a  g en er
a lized  3 c/sec sp ik e -an d -w av e  a c tiv ity  c o u ld  be evoked . P lurifoca l e p ilep tifo rm  a c tiv ity  
w as likewise n o t in fre q u e n t.

In  31 per c en t o f  th e  cases th e  f in d in g s  su g g ested  th e  possib ility  o f a n  e p ile p to 
gen ic  b ra in  lesion, fo r  w hich  reason th e se  p a tie n ts  a re  considered  ep ilep tics  w hile  r e 
m ain in g  42 pe r c en t “ borderline  cases o f  ep ilep sy ”  th e  find ings being a sc rib ed  to  som e 
b e n ig n  d ev elopm en tal a b n o rm a lity  ( im m a tu r i ty )  o f  th e  b ra in .

E vidences re v ea le d  by  the  re sea rch  o f h ig h er n eu ra l g a s tro in te s tin a l re g u la tio n , 
fu r th e r ,  clinical o b se rv a tio n s  on e p ilep tic  p a tie n ts ,  a re  suggestive  o f th e  a ssu m p tio n  
t h a t  th e  ro landic  a n d  v e r te x  spikes m a y  re p re se n t th e  convulso id  h y p e re x c ita b ili ty  o f 
th e  non-specific  v isce ro m o to r s tru c tu re s  fu n c tio n in g  in  th e  senso rim oto r c o rtica l a rea s, 
a n d  therefore  th e  p re sc rip tio n  of a n tic o n v u lsa n ts  is recom m ended  in th e  sy n d ro m e  of 
re c u rre n t abdom inal pa in .

Som e ten  years ago , one of th e  p re se n t a u th o rs  [14] has p o in te d  o u t on 
th e  g ro u n d s  of s ta tis t ic a l  evidence t h a t  c e r ta in  signs of v isceral e x c ita tio n , 
p a r tic u la r ly  in th e  a rea s  o f abdom ina l, c a rd ia l, re sp ira to ry , vaso- a n d  sudo- 
m o to r in n e rv a tio n , n o t  on ly  belonged to  th e  conspicuous m a n ife s ta tio n s  of 
te m p o ra l lobe ep ilepsy  b u t  th a t  th e  a b d o m in a l syndrom e w as in  occasional 
cases th e  m ost p ro m in e n t fea tu re  of th e  se izu re .

A bdom inal pa in  is a com m on c o m p la in t in  childhood. H ar n a c k  [13] 
fo u n d  i t  to  occur in 7 p e r  cen t of school age ch ild ren . Since co m p la in ts  of th is  
k in d  a re  generally  o f l i t t le  significance, p a re n ts  lea rn  to  d isregard  th e m . T h ere  
a re , how ever, b rie f spells o f v io len t a b d o m in a l pa in  w ith  a te n d e n c y  to  u n e x 
p ec ted  period ic  recu rren ce , surprising  th e  ch ild  n o t in freq u en tly  w hen  engaged  
in  som e a c tiv ity  he en jo y s . The pain  w h ich  u su a lly  s ta r ts  p e riu m b ilica lly  an d  
sp read s  to  th e  ep ig as tric  region m ay  be  asso c ia ted  w ith  h ead ach e  as well as 
w ith  o th e r  au tonom ic  d y sfunc tions, o fte n  w ith  c louding  or even loss o f con-

* O n th e  basis of a  p a p e r  p resen ted  a t  th e  In te rn a tio n a l  Sym posium  on th e  E le c tro e n 
c ep h a lo g ra p h y  of C erebral P a ro x y sm a l S ta te s , B u cu reç ti, O ctober 1965.
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sciousness. T he au to n o m o u s c h a ra c te r  of th e  o b jec tiv e  signs bears ev idence  to  th e  
e s se n tia lly  biologic source  o f th e  su b jec tiv e  sy m p to m s. The seizure u su a lly  
a p p e a rs  a t  d ay tim e  w hen  th e  ch ild  is fu lly  conscious b u t  in  case of n o c tu rn a l  
o n se t, i t  m ay  aw ake th e  ch ild  [17].

T h e  a b d o m in a l p a in , h ead ach e  an d  ep isod ic  au tonom ic  sy m p to m s w ere  
g ro u p e d  to g e th e r  in to  an  e n t i ty  b y  W ylie  a n d  Schlesinger [25] a n d  called  
b y  th e m  “ th e  period ic  sy n d ro m e” ; th e y  b e liev ed  th a t  th e  a tta c k s  w ere a m a n i
fe s ta t io n  of ce n tra l n e rv o u s  sy stem  d is tu rb a n c e .

L ivingston  [19] re su m ed  th e  E E G  fin d in g s  o f 20 ch ild ren  o b se rv ed  a n d  
t r e a te d  b y  h im  fo r re c u rre n t spells of a b d o m in a l p a in , as follow s: “ E le c tro e n - 
c e p h a lo g ra p h ic  s tu d ies  rev ea led  d e fin ite  a b n o rm a litie s  in 16 cases . . . a b 
n o rm a lly  slow a c tiv ity  in  seven  cases, a b n o rm a lly  fa s t a c tiv ity  in  fiv e , b u rs ts  
o f sp ik es  in  tw o , an d  sp ike  a n d  w ave fo rm s o f th e  p e t i t  m al v a r ia n t  ty p e  in  
tw o  p a t ie n ts .”

In  his m o n o g rap h  e n tit le d  “ M asked ep ilep sy ” , W allis [26] d esc rib ed  
e ig h t c h ild ren  w ith  re c u rre n t ab d o m in a l crises. W ith  excep tion  of one th e  
w a k in g  E E G  show ed gross ab n o rm a litie s  ju d g e d  b y  th e  a u th o r  to  be c o n s is t
e n t  w ith , or suggestive  of, th e  b io e lec trica l p a t te r n  of epilepsy, th e  ch ie f s ite s  
o f a b n o rm a lity  bein g  th e  p a r ie to -te m p o ra l, th e  tem p o ra l or th e  te m p o ro - 
o c c ip ita l regions.

A p l e y  [1] d e v o ted  a sh o rt m o n o g rap h  to  th e  diagnosis an d  th e ra p y  o f 
a b d o m in a l p a in  in  ch ildhood . H is s tu d ies  com p rise  a child p o p u la tio n  u n d e r  
h o s p ita l  care , as co m p ared  w ith  a p o p u la tio n  o f school-ch ildren . F if ty  p e r  c e n t 
o f  th e  ch ild ren  com p la in ed  o f slig h t, 25 p e r c e n t o f severe ab d o m in a l p a in . 
T h e  w a k in g  E E G  d isp lay ed  an  ep ilep tifo rm  a c tiv i ty  w ith  spike b u rs ts  in  19 
p e r c e n t o f th e  h o sp ita l p o p u la tio n  (93 ch ild ren ) as ag a in st 10 p er c en t of th e  
97 schoo l-ch ild ren . T he d ifference  of th e  p e rc e n ta g es  co rre la ted  w ith  th e  e lec tro - 
en cep h a lo g rap h ic  f in d in g s o b ta in e d  in th e  g ro u p  w ith o u t ab d o m in a l p a in  w as, 
h o w ev er, n o t  s ig n ifican t.

K ellaw ay , Cr a w ley  an d  K agawa  [17] resum ed  th e ir  f in d in g s  as 
fo llow s: “ A p p ro x im a te ly  86 p e r cen t o f th e  459 cases w hich h av e  b een  seen 
w ith  ep isod ic  ab d o m in a l p a in  an d /o r h e a d a c h e  . . . show ed th e  14 a n d  6/sec 
p o s itiv e  sp ike a b n o rm a lity  in  sleep. T he o th e r  14 p er cen t h ad  v a rio u s o th e r  
ty p e s  o f  e lec tro en cep h a lo g rap h ic  ab n o rm a litie s  ( te m p o ra l spike foci, sp ike  a n d  
wave; a c t iv i ty , p a ro x y sm a l slow b u rs ts , e tc .) o r show ed no rm al e le c tro e n ce p h 
a lo g ram s . . . th e  14 a n d  6/sec p ositive  sp ik e  p a t te rn  is n o t seen d u rin g  an  
a t ta c k ,  in s te a d  p a ro x y sm a l generalized  slow b u rs ts  a re  seen a t  such tim es . . . .”

Schade  an d  Gofman [23] h ad  46 c h ild ren  w ith  “ abdom ina l e p ilep sy ”  
u n d e r  th e ir  o b se rv a tio n . A ccord ing  to  th e ir  s ta te m e n t, “ The e lec tro en cep h a lo 
g ra m s d isp lay ed  a te m p o ra l focus in  a sso c ia tio n  w ith  th e  b o u ts  of a b d o m in a l 
p a in  in  22 cases; genera lized  d y s rh y th m ia , n o  focus in  16, h igher p o te n tia ls  
o v e r le f t  h em isphere  in  1 a n d  no rm al reco rd  in  7 cases w ere fo u n d .”
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S h e e h y , L ittle  a n d  S tone  [24] s tu d ie d  th e  E E G  in sleep in  19 c h ild ren  
w ith  ab d o m in a l ep ilepsy  w ith  th e  fo llow ing re s u lt :  “ A sum m ary  of th e  E E G  
changes show s th a t  (1) th e  m a jo rity  of th e se  p a tie n ts  had  e ither b o rd e r lin e  or 
d e fin ite ly  abnorm al e lec troencepha log ram s a n d  (2) th e  m ost fre q u e n t changes 
(42 p e r cen t) consisted  o f  rh y th m ica l re c tif ie d  sp ikes (14 and 6 p er se c o n d  d y s
rh y th m ia ) .”

D a g e n a i s - P é r u s s e  e t  al. [3] rev iew ed  6 cases of “ abdom inal e p ile p sy ” . 
T he E E G  p a tte rn  in  th e  re s tin g  w aking s ta te  o r  up o n  photic s tim u li, w as in 
v a r ia b ly  ab n o rm al. In  f iv e  cases, a p a ro x y sm a l o r  ep ilep tiform  a c t iv i ty  w as d e 
m o n strab le  in  th e  te m p o ra l or occip ital a re a , a n d  in  one case cen tro e n c ep h a lic  
m yoclonic  convulsions w ere  present.

P a tie n ts  w ith  p a in s  due  to  ab d o m in a l ch an g es  have been ex c lu d ed  from  
th e  case m a te ria l o f th e  above au th o rs .

M aterial an d  m e th o d

E E G  recordings w ere m ad e  during  the  in te r ic ta l  in te rv a ls  in  38 children a n d  ad o le sc en ts  
whose sy m p to m s were c o n s is ten t w ith  the  sy n d ro m e  o f  p a ro x y sm al periodic a b d o m in a l pa in . 
D uring  th e  p a in  pa ro x y sm  we could  o b ta in  no m o re  t h a n  tw o  records. The age o f o n se t  v a ried  
be tw een  4 a n d  14 years, la rg e ly  corresponding th u s  to  th e  age d istrib u tio n  re c o rd e d  b y  th e  
foregoing a u th o rs . W ith  a few  excep tions, the  c h ild re n  w ere  su b jec ted  to com plete c lin ica l an d  
serological stu d ies , com prizing  blood sugar to le ran c e  te s ts ,  carefu l ex am ination  o f  th e  a b 
dom inal o rg an s and  search  fo r in te s tin a l p a rasite s  [16].

T he E E G  record ings w ere  m ade w ith  a 1 9 5 5 /5 6 -ty p e  8-channel K aiser a p p a r a tu s ,  and  
re ce n tly  w ith  a 16-channel G alileo ap p ara tu s . A n te r io r  f ro n ta l, cen tral, p a r ie ta l ,  a n te ro - , 
m edio- a n d  p o s te ro -tem p o ra l e lectrodes were p lac ed  sy m m etr ica lly  in identical s ite s  as w ell as 
in  th e  m id line  to  th e  v e r te x  fo rm in g  sag itta l a n d  c o ro n a l chains. W hen a te m p o ro -b a sa l focus 
w as su sp ec ted , n aso p h a ry n g ea l e lectrodes were a lso  u sed .

R o u tin e  recording in  th e  restin g  w aking s ta te  in c lu d e d  tw o 3-m inute c o n tin u o u s  t r a c 
ings in te r ru p te d  b y  a 3 -m in u te  period of h y p e rv e n tila tio n  a n d  te rm in ated  by  p h o tic  s tim u la 
tio n  b y  m ean s of w hite  l ig h t w ith  flashes a t  v a r io u s  freq u e n c ie s . In  33 cases th e  w a k in g  E E G  
trac in g s  w ere com pleted  w ith  con tinuous reco rd s u n d e r  h e x o b arb ita l an aesth es ia , re fle c tin g  
ev ery  p h ase  o f th e  b a rb itu ra te  effect. This w as a s so c ia te d  w ith  sensory a c t iv a t io n , n am e ly  
a u d itiv e  s tim u li (electric  b u zze r, calling by n am e) a n d  n o c icep tiv e  stim uli (p rick in g , p in ch in g ). 
H e x o b a rb ita l  was in jec ted  in tra v en o u s ly  a t a r a te  o f  25 m g/10 sec, occasionally 25 m g/15  sec, 
up  to  a  to ta l  dose o f 250 to  500 m g ad ap ted  to  age  a n d  in d iv id u a l tolerance, u n til  c o n tin u o u s  
d e lta -a c tiv ity  h ad  been developed .

R esu lts

1. T h e  n u m b er o f g irls g reatly  ex ceed ed  t h a t  of boys, th e ir  r a t io  be ing  
71 p er c en t (27 cases) a g a in s t 29 per cen t (11 cases). T ogether w ith  th e  m a te r ia l  
o f Schade  an d  Gofman (26 hoys, 20 g irls), W allis (4 boys, 4 g irls), D a ge
n a is-P ér u sse  e t al. (6 g irls), th is  m akes a t o ta l  o f 66 per cent (72) g irls  a g a in s t 
36 p e r c e n t (41) boys. In  A pley ’s m a te r ia l th e  ra tio  of girls was 22.7 p e r  cen t 
h ig h er th a n  th a t  of b oys. N o reference to  sex  d is tr ib u tio n  is found in  th e  p ap e rs  
of Liv in gston , K ella w a y  e t al., or o f Sh e e h y  e t al.

T h e  above figures p o in t to  a p rev a len ce  o f  th e  syndrom e in fem a le s .
In  a ll cases b u t  one  th e  recu rren t a b d o m in a l crises were a sso c ia te d  w ith  

v io len t p a in . The inc idence  o f th e  various e le m e n ts  of these crises a re  p re se n te d
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Table I

Incidence o f  seizure-elem ents in  38 cases o f  p e rio d ic  abdominal syndrom e

N um ber P e r  cen t

A bdom inal p a in 38 100.0

N ausea, v o m itin g 18 47.4

Signs of in te s tin a l ex citem en t 6 15.9

H eadache (v ascu la r) 21 55.2

Precord ia l p a in 3 7.8

Pallo r 12 31.5

Flushing 3 7.8

Sw eating 6 15.6

Salivation , la c h ry m a tio n 2 5.2

F  ever 2 5.2

Loss o f u rine 1 2.6

F ain ting , dizziness 12 31.8

In itia l  focal senso ry  crisis (face, leg) 2 5.2

T ran sien t c louding 2 5.2

T erm inal sleep, collapse 23 60.5

in  T ab le  I , p y re tic  orig in  h as  been rep o rted  b y  th e  paren ts of 6 ch ild ren  (15.6  
p e r  cen t).

T h e  p re v a le n t chan g es revealed b y  th e  sleep  records of p a t ie n ts  w ere  
sp ik e  p o ten tia ls  a p p e a rin g  in  th e  cen tra l reg ion . I n  T ab le  I I  the  various e le m e n ts  
o f  se izu res occu rring  in  43 epileptic  su b jec ts  as a consequence of d isc h a rg e  o f 
ep ilep to g en ic  foci in  th e  c e n tra l region are p re s e n te d  fo r com parative  p u rp o se s .

2. N o ph y sica l or serological a b n o rm a lity  acco u n tin g  for th e  a b d o m in a l 
c rises  w as d em o n strab le  in  an y  of th e  cases.

3. N o rm ality  or a b n o rm a lity  of th e  b a c k g ro u n d  ac tiv ity  of th e  re s t in g  
w a k in g  EEG  was ju d g e d  b y  th e  s tan d a rd s  o f  G ib b s  and Gibbs’ A tlas  [12] a n d  
F o is -L o w ’s The E lec tro en cep h a lo g ram  of th e  N o rm a l Child. [11]. O ver f iv e  y e a is  
o f  age , h igh -vo ltage  sp o n tan eo u s  d e lta -g ro u p s a re  no longer co n sid e red  n o r 
m a l, th e  less so th e  o lder th e  child and  th e  g re a te r  th e  prevalence o f th is  a c t iv 
i ty  o v e r o th e r sp o n ta n e o u s  rh y th m s. T he a p p e a ra n c e  of 5 to  7 c/sec rh y th m  
is co nsidered  physio log ica l u p  to  the  age o f  7 y e a rs , betw een 7 an d  10 y e a rs  
as a m o d e ra te  slow ing, a sign of im m a tu r ity , b e y o n d  th a t  age as a m e d iu m - 
deg ree  slowing.

(a) B y  these  s ta n d a rd s , we found a b n o rm a l rh y th m s an d  e p ile p tifo rm  
p a t te r n s  or convulsive p o te n tia ls  in m ore th a n  50 p e r cent of th e  cases.

In  43.3 p e r c e n t o f th e  cases, i.e. 16 p a t ie n ts ,  th e  resting  w ak in g  re c o rd s  
sh o w ed  no a b n o rm a lity  w h atso ev er, w hereas in  56 .7  p er cent, i.e. 21 p a t ie n ts ,
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Table II

Incidence o f  seizure-elements in  sensorim otor attacks 
(46 ep ilep tic  p a tie n ts )

N u m b er P e r  c e n t

A bdom inal p a in 0 0.0

N ausea, vo m itin g 4 7.6

Signs o f in te s tin a l excitem ent 1 2.1

H eadache 0 0.0

Precord ia l pain 2 4.2

Pallo r, dizziness 2 4.2
F lush ing , sen sa tio n  of h eat 2 4.2

Sw eating 1 2.1

S alivation 2 4.2

P y rex ia 0 0.0

Loss o f u rine, urge of m ic tu rition 6 13.0
Focal sensori-m otor seizure (cranial) 23 50.0

Speech a rre st, m o to r aphasia 6 13.0

Focal senso ri-m oto r seizure (u p p er e x tre m ity ) 25 54.3

Focal sensori-m otor seizure (lower e x tre m ity ) 7 15.3
G eneralized seizures 2 4.2

a b n o rm a lly  slow rh y th m s  in re la tio n  to  age w ere d em onstrab le , m o s tly  over th e  
ro s tra l or p o s te rio r  regions on b o th  sides. S low ing was associa ted  w ith  a v a r 
iab le  increase  in  v o ltag e . D efin ite  slow ing o f sp o n tan eo u s g round  a c t iv i ty  w as 
seen in  13.5 p e r cen t (5 cases), m o d era te  slow ing in  43.2 p er c en t (16 cases), 
w hile  in  one case th e  E E G  was inconclusive .

S p o n tan eo u s ap p earan ce  o f in te r ic ta l  seizure  p o ten tia ls , sp ikes or sh arp  
w aves in th e  w ak ing  s ta te , were reg is te red  in  13.5 per cen t (Fig. 1), sp o n ta n e 
ous b u rs ts  o f h igh  slow  w aves over th e  c e n tro fro n ta l region of one s ide , in  2.7 
p e r cen t. A n ep ilep tifo rm  d ischarge w as ev o k ed  b y  h y p e rv e n tila tio n  in  one 
case, p h o to se n s itiv ity  becam e m an ifest on rh y th m ic  flashes in  tw o  cases; in  
one case a 3 c/sec sp ike  an d  w ave p a tte rn  w as in d u ced  b y  th e  p h o to p e n te tra z o le  
m e th o d . K ellaw ay  e t al. failed  to  e lic it an  ab n o rm al p a tte rn  b y  flick erin g  
lig h t in  a la rge  m a te ria l. P rechtl [22] in d u ced  paro x y sm al w aves o v er th e  
te m p o ra l reg ion  b y  in te rm itte n t  aco u stic  s tim u li app lied  to  tw o w ak in g  p a 
tie n ts  w hose ch ief co m p la in ts  were re c u rre n t b o u ts  of abdom inal p a in . A u d ito ry  
s tim u la tio n  w as co n sis ten tly  app lied  b y  us d u rin g  induced  sleep b u t  seizure 
p o te n tia ls  a sc rib ab le  to  th e  s tim u li o ccu rred  in  th ree  cases, i.e. 8.1 p e r  cen t, 
only .

T he E E G  reco rds ta k e n  d u rin g  th e  sp o n tan eo u s  ab d o m in a l crises were 
ch a rac te rized  b y  a h igh -vo ltage  6 —3 c/sec a c t iv i ty  an d  th e  absence o f seizure
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F ig . 1. N o 252/64. W ak ing  sp o n ta n eo u s  E E G , c a lib ra tio n  50 f tV  and  1 sec. E x p lic a tio n s  in  
re fe re n c e  to  th is  and  th e  o th e r  f ig u re s  see u n d e r 3 o f th e  se c tio n  “ R esu lts” . — 6-year-o ld  g irl 
w ho  h a d  suffered  a cereb ra l les ion  a t  b ir th . No o lig o p h ren y . T h e  abdom inal crisis is u sh e red  
in  b y  c lon ic  tw itch in g s o f th e  r ig h t  facia l m u scu la tu re , fo llow ed  b y  abdom inal p a in , h ead ach e ,

sa liva tion

9 -  11

10 -  12

F ig . 2 . N o. 1719/60. W ak in g  sp o n tan eo u s  E E G ; th e  a rro w  m ark s th e  onset o f ab d o m in a l 
a t t a c k  d u rin g  w hich a h ig h -v o ltag e  slo w -ac tiv ity  a p p e a re d  o v e r b o th  hem ispheres w ith  p o s te ro 

te m p o ra l  p revalence. 10-year-o ld  girl, in th e  h is to ry  no  d a ta  referring  to  cerebral lesion
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p o te n tia ls  (F ig . 2). S y n ch ro n iza tio n  w as m o st m ark ed  over th e  p o s te r io r  areas 
o f  th e  te m p o ra l lobes, occasionally  over th e  fro n ta l region. A slow  freq u en cy , 
h igh -v o ltag e  ic ta l E E G -p a tte rn  w as all t h a t  has been found  b y  K e l l a  w a y  et 
a l., to o  (F ig . 3).

(b) H e x o b a rb ita l an aes th es ia  w as p erfo rm ed  w ith  th e  p u rp o se  o f a c t i
v a tio n  in 33 cases. F o u r p a tie n ts  h a d  E E G  records tak en  d u rin g  sleep  on tw o 
o r th re e  occasions. In  one case reco rd in g  w as m ade during  n a tu ra l  s leep . Fail-

1 - 3 min 5

' I Í M W I
4 -  6 _м/\л/\/ЛvvTWvy 
1 0 - 1 2  y

1 4

F ig. 3. E E G  o f th e  sam e girl reco rded  th re e  y ears  la te r  du rin g  induced  sleep. S e g m en ts  I — IV 
m a rk  th e  four sec tions o f th e  record ing ; th e  n u m era ls  1 —4 m ark  th e  m in u te  o f  re co rd in g  from  
th e  beginning o f h e x o b arb ita l in jec tio n . I  — I I  hav e  been  recorded  in  th e  p h a se  o f  deepen ing  
a n aesth es ia . I I I  du rin g  th e  f irs t  phase  o f i ts  relief, IV  in  th e  phase  before a w ak en in g . T h e  sh o rt 

h o rizo n ta l lines m ark  th e  sp ike b u rs ts , th is  app lies to  th e  o th e r F ig u res a s  w ell

lu re  o f induced  sleep to  p re c ip ita te  ep ilep tifo rm  a c tiv ity  w as n o te d  in  3 cases 
o n ly , in  one of th ese  th e  effect of th e  b a rb itu ra te  resu lted  in  th e  d isa p p e a ra n ce  
o f spon tan eo u s discharges d em o n strab le  in  th e  w aking s ta te . H e x o b a rb ita l  
w as found  to  a c tiv a te  seizure p o te n tia ls  in  p a tie n ts  w ith  a b d o m in a l sy n d ro m e  
in  th e  sam e m an n e r as i t  d id  in  e s tab lish ed  epilepsy [15]. T he m o rp h o lo g y  
o f th e  ab n o rm al b ioelec tric  tra n s ie n ts  reg istered  u n d er b a rb i tu r a te  effect 
show s th e  follow ing d is tr ib u tio n  in  th e  30 cases (Table I I I ) .

T he sp ike d ischarges w ere c o u n te d  in th e  E E G  records o b ta in e d  from  23 
p a tie n ts  d u rin g  a rtific ia l sleep. In  a ll of th e se , ep ilep tiform  p o te n tia ls  show ing 
c e n tra l or a n te r io r  fro n ta l v o ltag e  peaks occurred  in d ep en d en tly  fro m  each 
o th e r. The sp ikes reached  th e  1/m in o r g re a te r  frequency  in 13 cases. T h e  nu-
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Table III

Number | Per cent

Spikes in cen tra l a n d /o r  fro n ta l region 24 80.0

Spikes in th e  b a so te m p o ra l region 1 3.3

F ron ta l negative  sh a rp  w aves 2 ! 6.7

Convulsive “ m it te n s ”  in th e  frontal region 3 lO'O

T otal 30 100.0

m e ric a l p reponderance  o f  c e n tra l  spikes w as fo u n d  in  11, p red o m in an ce  of 
f r o n ta l  spiking in  6 re c o rd s . T h e  num ber of a sy n c h ro n o u s  cen tra l a n d  a n te r io r  
f r o n ta l  discharges w as n e a r ly  iden tica l in  6 o th e r  reco rd s. A to ta l  o f 445 spike 
d isch a rg es  was id e n tif ie d , 287  o u t of them  (64.4 p e r  cen t) w ith  cen tra l v o ltag e  
p e a k s  (F ig. 4).

F ig . 4 . sum s up  th e  n u m b e r  o f  sp ikes per m inute  o f  23  reco rd s  m ade  during  h e x o b a rb ita l  
a n a e s th e s ia .  The co n tin u o u s l in e  re p re se n ts  the n u m b er o f  v e r te x  a n d  ro landic  sp ikes, th e  b ro 
k e n  l in e  th a t  of fro n ta l sp ik e s ; th e  n u m era ls on th e  ab sc issa  m a rk  th e  m in u tes  fro m  th e  s t a r t  of 
h e x o b a rb i ta l  a d m in is tra tio n , th o s e  on  th e  o rd inate, th e  p e r  m in u te  d ischarges; th e  h o rizo n ta l 
a r ro w  show s th e  average  d u r a t io n  o f hex o b arb ita l in je c tio n  ca lcu la ted  from  th e  d a ta  o f 23

records

T h e m ost com m on d isch a rg e  p a tte rn  d u r in g  in d u c e d  sleep was th u s  m ade 
u p  o f  so lita ry , o ccasiona lly  se ria l, spikes in  th e  c e n tra l  a rea , d u ra tio n  of w hich 
b e y o n d  80 m/sec w as e x c e p tio n a l. The d isch arg es em erged  a t  irreg u la r in te r 
v a ls ,  m ostly  over one h em isp h e re , often sh if tin g  b e tw een  th e  tw o sides, occa
s io n a lly  over hom ologous a re a s  of the tw o h em isp h e re s  (F ig . 5). In  c o n tra s t 
to  th e  w aking seizure p o te n tia ls , h ex o b a rb ita l d id  n o t s ig n ifican tly  change 
th e  sh ap e  of th e  e p ile p tifo rm  po ten tia ls , i t  o n ly  re d u c e d  s ligh tly  th e ir  d u ra tio n . 
T h e  n u m b e r of n e g a tiv e  sp ik e  po ten tia ls p ro m in e n t in  th e  cen tra l reg ion  in 
c re a se d  in the  early  s ta g e , i.e . in  the second o r th i r d  m in u te  of b a rb itu ra te  
e ffe c t, how ever i t  fell su d d e n ly  as an aesth esia  b ecam e  deeper, in  th e  fo u r th  
a n d  f if th  m inute. T h e  r a p id  subsidence of th e  b a rb i tu r a te  effect allow ed a n 
o th e r  peak  of a c tiv a tio n  o f  f la tte n e d  and m ore  p ro tra c te d  ch a rac te r to  m an i
fe s t  its e lf  during th e  in te r v a l  s ix th  to  te n th  m in u te ;  a f te r  th is  period , th e  fre 
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q u en cy  o f cen tra l sp ikes decreased  successively  and  d isap p eared  in  a few  m in 
u te s  (F ig . 4).

T h e  n eg a tiv e  spikes in th e  a n te ro -f ro n ta l  region w ere sca rce ly  elicited  
b y  th e  in itia l b a rb itu ra te  effect, th e re fo re  th e ir  a c tiv a tio n  w as so m ew hat 
de layed . H ow ever, from  th e  f if th  m in u te  on , th e  n um ber o f f ro n ta l  spikes 
show ed a d is tin c t rise, th e  cu rve  o f fre q u e n c y  runn ing  p a ra lle l w ith  th a t  of 
c e n tra l sp ikes, th o u g h  w ith  a d e fin ite ly  lo w er ra te  per m in u te .

charge  cu lm in atin g  over th e  v e r te x  w ith  b ro a d  ex te n sio n  to  bo th  c en tra l a rea s . O n segm ents 
I I  — I I I  a b ila te ra l ro lan d ic  d ischarge, in d e p e n d e n t fro m  th e  form er is seen. T h e  w arn in g  sign 
o f th e  crisis was a n u m b n ess o f lips, face a n d  leg a t  th e  left side, th is was fo llow ed  b y  v io len t 

abdom inal p a in , p a lp ita tio n , p re co rd ia l p a in , finally  by  c loud ing

4. G eneral an aesth esia  allow ed a ca re fu l s tu d y  of ep ilep tifo rm  d ischarges, 
as reg a rd s  site  an d  e x te n t o f th e  p o te n tia ls , a n d  th e  shifts of th e ir  ep icen tres. 
T hese la tte rs  w ere d e tec ted  f irs tly  on th e  b asis  of phase a lte rn a tio n s  recorded  
b y  th e  b ip o la r tech n iq u e . I t  m ay  be seen in  th e  F igures th a t ,  in  th e  sa g itta l 
row s, e lectrodes w ere connected  in  th e  ro s tro -cau d a l d irec tion , w h ile  th o se  in 
th e  co ronal row s, from  th e  le ft to  th e  r ig h t side. In  th e  ch a in s  o f  id en tica l 
d irec tio n  b ridg ing  over hom ologous a reas , th e  electrodes w ere sp aced  a t  equal 
c o n s ta n t d istances.

M orphologic analysis  o f th e  sp ikes seen in the  b ipo lar le a d s  re su lte d  in 
th e  in ference th a t  c e reb ra l e lectrogenesis o f  th e  sam e person m a y  p ro d u c e  ep i
lep tifo rm  discharges w ith  s im u ltan eo u s  o r in d ep en d en t a p p e a ra n c e  in  d iffer
e n t  a reas  of th e  m ost v a riab le  e x te n t  ab o v e  th e  one or b o th  h em isp h eres .
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F ig . 5 (segm ents I  a n d  IY) shows th e  se izu re  p o ten tia ls  p icked  u p  b y  
b o th  th e  fro n to -cen tra l a n d  cen tro -p a rie ta l e lec tro d e  p a irs  sim u ltaneously  from  
b o th  hem ispheres. P h a se  re v e rsa l a t  th e  c e n tra l  e lec tro d es clearly  in d ic a te s  
t h a t  th e  epicentre o f e p ile p tifo rm  discharge is lo ca lized  b ila te ra lly  below  th e  
c e n tr a l  electrode or in  i ts  close v ic in ity . A t th e  sam e  tim e , th e  coronal e lec tro d e  
c h a in  fails to  record  a n y  sp ik e  a t  th e  cen tra l e lec tro d e  pairs connected  w ith  
th e  m id-line  e lectrode, b u t  a  negative  spike d isch a rg e  em erges a t  th e  r ig h t 
c e n tro - te m p o ra l e lec trode  p a ir s . These phase- a n d  v o ltag e  re la tionsh ips show  
t h a t  th e  m idline e lec tro d e  to g e th e r  w ith  b o th  la te ra l  cen tra l e lec trodes is 
s i tu a te d  w ith in  an e q u ip o te n tia l  area, n am e ly  in  th e  fie ld  of an  ex ten s iv e  
e p ile p tifo rm  discharge o c c u p y in g  sym m etrica l a re a s  on b o th  sides of th e  v e r 
te x .  F ig . 5., segm ent I I I  show s serial spike d isch a rg es  o f re la tive  s lig h t e x te n t  
w hose  ep icen trum  ap p e a rs  a t  th e  rig h t cen tra l e lec tro d e  as shown b y  th e  p h ase  
re v e rsa l. In  segm ent I I  o f F ig . 5, th ere  is a m in o r d isch arg e  on each side, in d e 
p e n d e n t  of each o th e r.

In  segm ents I a n d  I I  o f  F ig . 6, phase re v e rsa l be tw een  the  fro n to -c e n tra l 
a n d  c e n tro -p a rie ta l e le c tro d e  p a irs  po in ts to  th e  e p icen tre  of d ischarge b e in g  
s i tu a te d  a t  the  le ft c e n tra l  e lectrode. The d isch arg e  does no t ex ten d  to  th e  
te m p o ra l  lobe. I t  show s a  c e n tra l  voltage m a x im u m  in  th e  coronal ch a in  as 
w ell. T h e  phase an d  p o te n t ia l  charac ters of th e  sp ik es  recorded  b y  th e  co ro n a l 
c h a in  also p erm it to  lo c a te  th e  cen tra l d ischarge  to  th e  area  s itu a ted  b e tw een  
th e  le f t  m id tem pora l a n d  th e  m id-line electrodes w ith  a s lig h t m arg inal o v erlap  
to  th e  r ig h t b ank  of th e  lo n g itu d in a l fissure. O n th e  o th e r  hand , th e  d isch arg e  
seen  in  section I I I  of F ig . 6 , th e  po ten tia l of w h ich  cu lm in a tes  in th e  a n te ro - 
f ro n ta l  region, ex tends to  th e  a n te ro -tem p o ra l reg io n  on th e  left side, th o u g h  
w ith  a low er voltage. T h e  e le c tr ic a l field does n o t  sp re a d  to  th e  rig h t h em isphere  
a n d  i ts  vo ltage  declines in  th e  caudal d irec tio n .

F ig . 7 also show s a p lu rifo ca l ep ilep tifo rm  a c tiv i ty . Section I : sy n c h ro 
n o u s  b u r s t  of a le ft f ro n to -c e n tra l  and  r ig h t a n te ro - f ro n ta l  negative d ischarge . 
S ec tio n  I I :  ro landic d isc h a rg e  on the  r ig h t side w ith  phase reversal a t  th e  
c e n tr a l  electrode. S ection  I I I :  th e  coronal e lec tro d e  chain  records a sp ik e  of 
m in o r  e x te n t em itted  b y  th e  region of th e  v e r te x , i ts  ep icen tre  being close to  
th e  lo n g itu d in a l fissure .

5. Some cerebral d a m a g e  suffered years b e fo re  th e  onset of th e  a b d o m i
n a l  sy m p to m s was m e n tio n e d  in  th e  h is to ry  o f 13 p a tie n ts . There h a d  been  
b i r th  in ju ry  in 3 cases, m en in g o en cep h alitis  in  one  case, h y p erp y re tic  e c la m p 
s ia , i.e . convulsions e lic ited  b y  fever, in th e  ea rly  ch ild h o o d , h ad  been w itn essed  
b y  th e  p a re n ts  of 6 c h ild re n . I n  5 cases th e re  w as a h is to ry  of ty p ica l ep ilep tic  
f i t s  a sso c ia ted  as often  as n o t  w ith  the  ab d o m in a l crises. S h e e h y  e t al. id e n t i 
f ie d  som e convulsive ep iso d e , m ain ly  of h y p e rp y re tic  orig in , in the  h is to ry  of 
31 p e r  cen t of th e ir  cases, w h ile  S c h a d e  a n d  G o f m a n  n o ted  th e  occu rrence  
d u r in g  febrile  episodes o f ep ile p tic  seizures in  54 p e r  c e n t of th e ir  m a te ria l.
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.Fig. 6. No. 564/64. P a t ie n t  o f 10 years who h ad  su ffe red  cereb ra l in ju ry  a t  b ir th , a n d  had  
re c u rre n t crises of v io le n t ab d o m in a l pain  and  h ead ach e  fro m  th e  age of 3 years. R ecord ing  
m ade  du ring  th e  la s t,  p ro tra c te d  phase  of h ex o b arb ita l a n aes th es ia . Sections I — II  show  left 
ro lan d ic  spikes, section  I I I  an  ep ilep tifo rm  discharge w ith  a  f ro n ta l  ep icen tre  a n d  sp read  over

th e  en tire  left hem isp h ere
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Fig. 7. No. 287/63. R eco rd  m ad e  u n d e r h ex o b arb ita l a n ae s th es ia . Sections I an d  IV show  si
m u ltan eo u s left f ro n to c e n tra l  an d  r ig h t a n te ro fro n ta l e p ilep tifo rm  discharges. Section  I I :  r ig h t 
ro lan d ic  spike w hich seem s to  b e  p rec ip ita ted  by  a u d ito ry  stim u li (e lectrical buzzer); Section  

I I I  show s v e r te x  spike of m in o r e lectrica l field
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D iscussion

T h e  abdom inal p a ro x y sm s o f ou r p a tie n ts  h a d  an  ep ilep tifo rm  o n se t b u t  
th e i r  course was m ore p ro tra c te d  th a n  t h a t  o f e ith e r  th e  focal sen so ry  an d  
m o to r  seizures or o f th e  g en era lized  convu lsions. D uring  th e  se izu re  th e  a t t i 
tu d e  o f  th e  p a tie n ts  e x p re ssed  in ten se  d isco m fo rt due to  v io len t p a in  a n d  to  
o th e r  au tonom ous fa c to rs  o f  th e  p a ro x y sm . T he crises w ere on th e  w hole of 
g r e a te r  sev e rity  in  o u r m a te r ia l  th a n  in  th e  cases rev iew ed b y  A p l e y .

T h ere  were, fu r th e rm o re , ty p ic a l ep ilep tic  seizures in  th e  h is to ry  of a 
co n sid e rab le  n u m b er o f o u r p a tie n ts . 83.3 p e r  cen t o f th e  E E G  tra c in g s  reco rd ed  
u n d e r  b a rb itu ra te  a n a e s th e s ia  show ed a focal o r p lu rifocal sp ike a c t iv i ty .  The 
e p ic e n tre  of th e  d ischarges w as fo u n d  p re v a le n tly  over th e  m idd le  th i r d  o f th e  
ro la n d ic  fissure, less f re q u e n tly  over th e  v e r te x . T he n u m b er of a n te ro -f ro n ta l  
sp ik es  w as considerab ly  less th a n  th a t  o f ro lan d ic  spike p o te n tia ls . T h e  e lec tro 
m o rp h o lo g y  of th e  ep ilep tifo rm  d ischarges w as fo u n d  to  co rresp o n d  to  th a t  
o f  th e  sp ike p a tte rn  o f th e  c e n tra l o r f ro n ta l  ep ilep togenic  lesions reco rd ed  
u n d e r  th e  effect of h e x o b a rb ita l  [15].

O n th e  basis o f th is  ev idence , we feel ju s tif ie d  in  reg a rd in g  th e  p a tie n ts  
re v iew ed  in the  foregoing as “ b o rd erlin e  cases o f ep ilepsy” , or even  as “ genuine 
e p ile p sy ”  if  regu lar seizures also h av e  occu rred . In  opposition  to  th is , A p l e y  
[1] fo u n d  no h igher p ro p o rtio n  of ep ilep tifo rm  or o th e r  ab n o rm al E E G -p a tte rn s  
in  a g ro u p  of ch ildren  w ith  a b d o m in a l p a in s  as co n tra s te d  to  a c o n tro l group . 
H is  E E G  findings co n ta in , how ever, no s a tis fa c to ry  details as to  lo ca liza tio n  
o r e lec trom orpho log ic  fe a tu re s . A p p l e y  cam e to  th e  conclusion th a t  th e re  w as 
h a rd ly  ever any  co n n ec tio n  to  be fo u n d  b e tw een  ep ilepsy  a n d  re c u r re n t  a b 
d o m in a l pain . H e re g a rd ed  th e  m a jo rity  o f  his p a tie n ts  as p sy c h ia tr ic  cases 
a n d  ach ieved  success w ith  p sy c h o th e ra p y . T h is w ould  seem  to  su g g es t th a t  
A p p l e y  included  in  h is m a te r ia l  a ll p a tie n ts  w ith  re c u rre n t a b d o m in a l sy n 
d ro m e  w ith o u t an y  a t te m p t  a t  closer id e n tif ic a tio n  of th e  origin.

A s to  th e  p a th o p h y sio lo g ic  sign ificance o f th e  ro land ic , v e r te x  a n d  a n 
te ro - f ro n ta l  spikes re g is te re d  b y  us, h av in g  a n a ly sed  over 4000 reco rd in g s m ade 
u n d e r  h ex o b a rb ita l a n a e s th e s ia  we m ay  safe ly  claim  th a t  ro lan d ic  o r v e rte x  
sp ik es  a re  hard ly  ever e n c o u n te re d  in  a d u lts  w ho never h a d  focal sen so ry , 
m o to r  o r sensorim otor se izu res. O n th e  o th e r  h a n d , th e  ep ilep to g en ic  foci of 
th e  c e n tra l  areas ra re ly  cause  p a r tia l  seizures associa ted  w ith  ab d o m in a l 
s e n sa tio n s  (Table I I ) .  A g a in , in  th e  sy n d ro m e  of abdo m in a l p a in , sen so ry  or 
m o to r  p a ro x y sm al e lem en ts  a re  u su a lly  la ck in g  (T able I). D ischarge  o f m ino r 
ep ilep to g en ic  lesions o f th e  f ro n ta l  pole m a y  occasionally  gen era te  in i t ia l  signs 
o f  a b d o m in a l ex c ita tio n , a n d  in  seizures o iig in a tin g  from  d iscre te  ep ilep togen ic  
foci w ith in  th e  co rtica l zone m ak in g  up  th e  w alls o f th e  lo n g itu d in a l fissu re  
s igns o f  abdom inal, g en ita l o r o th e r  v iscera l ex c ita tio n  are com m on b u t  th e y  
a re  u su a lly  associated  w ith  to n ic  a n d  p o s tu ra l m o to r p h enom ena  [18].
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A p a rt from  a few  cases, th e  seizures o ccu rrin g  in  our m a te r ia l w ere  o f a 
v iscera l au to n o m ic  ty p e . I t  is, th e re fo re , m o st un lik e ly  th a t  th e  in te r ic ta l  n eg 
a tiv e  spikes a p p ea rin g  over th e  ce n tra l a rea s  a n d  th e  v e rtex  sh o u ld  h a v e  th e  
specific  som ato sen so ry  o r so m ato m o to r c o r tic a l nerve  cells as th e i r  s ite  o f 
orig in . On th e  o th e r h a n d , th e  sen so rim o to r co rtic a l areas m ay  w ell co n ta in  
non-specific  s tru c tu re s  e m ittin g  s tim u la to ry  im pulses tra n s m itte d  th ro u g h  
th e  h y p o th a la m ic  ro u te  to  th e  g a s tro in te s tin a l m u scu la tu re ; occasio n a l o b 
se rv a tio n  of b o rb o ry g m i th ro u g h  th e  a b d o m in a l w all during  a crise o f  a b d o m 
in a l p a in  is suggestive of such a m ech an ism . T h e  ro landic  an d  v e r te x  sp ikes 
m a y ’ sign ify  an  ab n o rm a l ex c itab ility  to  th e  degree of focal a c t iv i ty  o f  th e se  
non-specific  s tru c tu re s .

In  an im als, th e  som atosensory  c o rtex  h a s  b een  shown to  c o n ta in  sp la n c h 
n ic  p ro jec tio n  areas [2, 4, 5]. T here is ev idence  suggesting  th a t  th e  se n so rim o to r 
co rtex  m ay  influence  g a s tro in te s tin a l m o til i ty  th ro u g h  th e  re t ic u la r  fo rm a 
tio n  [9]. T he sen so rim o to r co rtex  belongs to  th o se  cortical areas w h ich  h av e  
been  show n b y  F r e n c h  e t al. [10]. to  send  p ro je c tio n s  to  th e  re tic u la r  sy stem s 
o f th e  b ra in  stem . T he s tim u la to ry  e ffec t is no  conclusive ev id en ce  o f an y  
in v o lv em en t of th ese  specific co rtica l a reas  in  g as tro in te s tin a l re g u la tio n . T his 
seem s to  be in  line w ith  th e  fa c t th a t  P e n f i e l d  [21] failed to  e lic it a b d o m in a l 
v iscera l reac tio n s in  ep ilep tic  sub jec ts  b y  e lec tro stim u la tio n  of th e  c e n tra l 
co rtica l surface. “ Seizures in w hich th e  m a n ife s ta tio n s  are lim ited  to  th e  a li
m e n ta ry  system  are  q u ite  ra re  . . . T h e  tis su e  a b n o rm a lity  a n d  th e  a c tu a l 
e lec tro g rap h ic  a b n o rm a lity , as well as th e  s tim u la tio n  focus, seem  to  be  m ost 
o ften  in  th e  co rtex  of th e  in su la  . . . fu sifo rm  g y ru s , h ippocam pal g y ru s , a m y g 
dalo id  nucleus, an d  uncus . . .  as well as in th e  circum insu lar c o r te x .”

E l i a s s o n  [ 9 ]  d o e s  n o t ,  h o w e v e r ,  r e j e c t  t h e  p o s s i b i l i t y  o f  t h e i r  b e i n g  

a f f e r e n t  a s  w e l l  a s  e f f e r e n t  p a t h w a y s  t o  t h e  a l i m e n t a r y  t r a c t  t h r o u g h  h y p o t h a 

l a m i c  t r a n s m i s s i o n .  D e l l  a n d  O l s o n  [ 6 ]  d e m o n s t r a t e d  v a g a l  p r o j e c t i o n s  t o  

t h e  a m y g d a l o i d  r e g i o n  i n  a n i m a l s ;  t h i s  m i g h t  a c c o u n t  f o r  t h e  o c c u r r e n c e  o f  

a n  u n i l a t e r a l  b a s o t e m p o r a l  f o c u s  a s s o c i a t e d  w i t h  e p i l e p t i f o r m  a b d o m i n a l  

c r i s e s .

In  th e  la s t decade th e  “ ro land ic  sp ik es”  h av e  been s tud ied  b y  n u m ero u s  
a u th o rs . V i z i o l i  [27] gives a b rie f  su m m a ry  o f  th e  sub jec ts , s tre ss in g  t h a t  th is  
fin d in g  is in te rp re te d  as th e  exp iession  o f “ a reac tiv e  fea tu re  o f  th e  cen 
tr a l  reg ions pecu lia r to  ch ildhood or to  a c e r ta in  m a tu ra tio n  s ta g e ” . I n  th e  
ch ild , th e  p re -ro lan d ic  regions are p re fe re n tia l s tru c tu re s  w hich m a y  d isp lay  
an  u n u su a lly  h igh ir r i ta b ili ty . T he ro lan d ic  sp ikes “ should be co n sid e red  as 
th e  in te r ic ta l  e q u iv a le n t of th e  m orpheic  a t ta c k s  of th e  child u su a lly  ben ig n  
ones . . . E E G  a lte ra tio n s , in fac t, w ill o fte n  la s t  m any  years a f te r  c lin ica l 
recovery  has o ccu rred .”

I t  em erges from  th e  p resen t s tu d ies  as w ell as from  o th e r in v e s tig a tio n s  
o u tlin ed  in  th e  foregoing th a t  th e  c e n tra l a n d  v e r te x  spike a c t iv i ty  d u rin g
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sp o n ta n e o u s  or in d u ced  sleep s tud ied  b y  us as w ell as th e  14 — 6 c/sec p o sitiv e  
sp ik e  p a t te rn  described  b y  K e l l a w a y , Cr a w l e y  an d  K agawa  [17] be lo n g  
to  th e  c h a ra c te ris tic  b io p h y sica l fea tu rès  o f th e  abdom inal p a in  sy n d ro m e . 
T h e  ro lan d ic  an d  v e r te x  sp ikes re flec t in a ll lik e lih o o d  th e  convulsoid h y p e re x 
c i ta b i l i ty  of th e  non -sp ec ific  v iscerom oto r cereb ro -co rtica l s tru c tu re s  w hile 
ru n s  o f  p ositive  sp ikes a t  14 — 6 c/sec a re  a sig n  o f excessive h y p o th a la m ic  
i r r i ta b il i ty .  T his h v p e re x c ita b ility  m ay be  resp o n sib le  for th e  re c u r re n t a b 
d o m in a l syndrom e w h ich  also g rea tly  d ep en d s  on  age. L ittle  a n d  B e Vil a  - 
ACQUA [20] were ab le  to  show  th a t  a 14—6 c/sec p o s itiv e  spike d y s rh y th m ia  was 
a sso c ia te d  w ith  th e  com pression  caused b y  a tu m o u r  in the  region o f th e  h y 
p o th a la m u s  an d  v e n tra l  m id b ra in .

I t  m u s t be s tre ssed  t h a t  am ong th e  ab o v e  q u o te d  au th o rs  i t  w as on ly  
K e n n e d y  [18] w ho d e m o n s tra te d  conclusively  th e  connection  b e tw een  v e r te x  
sp ik es  a n d  ep ilep togen ic  foci responsible fo r th e  e x c ita to ry  sy m p to m s a ris in g  
in  th e  a lim e n ta ry  t r a c t ,  w hile  V izioli m ere ly  p o in te d  to  th e  p o ssib ility  o f  such  
a co n n ec tio n .

T h e  h is to ry  w as suggestive  of cereb ral in ju ry  during  delivery  o r d u e  to  
o th e r  causes, o r of en cep h a litis  in 54 per c e n t o f  th e  cases of Sc h a d e  a n d  G o f - 
m a n  [23], in  37 p e r  cen t o f  those  of K e l l a w a y  e t  al. [17], in 26 p e r  c e n t of 
th o se  o f S h e e h y  e t al. [24] an d  in 34 per c e n t in  o u r own m ateria l.

T h o u g h  a c h a ra c te r is tic  in te ric ta l sp ik e  a c t iv i ty  was d e m o n s tra b le  in  
th e  o verw helm ing  m a jo r ity  of our cases, a n d  response to  a n tic o n v u lsa n ts  
(p h e n y to in , m ep h en y to in , b a rb itu ra te s )  w as on  th e  whole sa tis fa c to ry , we 
n e v e rth e le ss  p re fe r to  sp eak  of a “ sy n d ro m e o f  periodic ab d o m in a l p a in ” 
ow ing  to  its  ben ign  c h a ra c te r , in s tead  of u sin g  th e  te rm  “ abdom inal e p ile p sy ” . 
W e re se rv e  th is  l a t te r  te rm  to  cases w here fo ca l senso rim o to r seizure e lem en ts  
p reced e  o r jo in  th e  p re d o m in a n t abdom ina l p a in , o r, a p a r t  from  v isce ra l crises 
g en era lized  seizures h a v e  o ccu rred  a t  an  e a rly  ag e , o r w hen th e  a t ta c k s  co n 
tin u e  a f te r  sexual m a tu r i ty  has been reach ed .
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Ü B E R  D I E  A K U T E  W I R K U N G  D E S  N I K O T I N S  A U F  
D E N  E X T R E M I T Ä T E N K R E I S L A U F

Von

F . S o l t i , I. K r a s z n a i , J . R é v  und J . N a g y

I. MEDIZINISCHE KLINIK (DIREKTOR: PROF. DR. I. MAGYAR) DER MEDIZINISCHEN UNIVERSITÄT
BUDAPEST

(E ingegangen  am  9. M ärz  1966)

Die a u f  i. v . V erabfo lgung  von 1,0 m g N ik o t in ta r ta ra t  zu stan d ek o m m en d en  
K re is lau fv e rän d e ru n g en  w urden  an  21 K ra n k en , bei denen  kom pensierte  H e rz tä tig k e it  
u n d  k e in e  p e rip h ere  G efäß v erän d eru n g en  Vorlagen, u n te rsu c h t. Die E x tre m itä te n d u rc h 
b lu tu n g  w u rd e  in  12 F ä llen  m it der S tick o x y d u l-M eth o d e  u n d  in 9 F ällen  m it d e r  sich 
z u r  M essung d e r g e sam ten  E x tre m itä te n d u rc h b lu tu n g  e ignenden venösen Iso to p e n - 
D ilu tio n sm e th o d e  b e s tim m t. E rg än zu n g sh a lb e r w u rd en  H a u t-  u n d  M u sk e ltem p e ra tu r 
r e g is tr ie r t  u n d  die ra d io a k tiv e  ,,M uskel-C learance“  b es tim m t. W ährend  die a k u te  N i
k o tin w irk u n g  eine m äß ige  E rh ö h u n g  des M in u ten v o lu m en s u n d  eine b ed eu ten d e  A b 
n a h m e  der H a u t te m p e ra tu r  zur Folge h a tte , b lieb en  d ie M uskeltem pera tu r- u n d  M uskel- 
C lea ran ce -W erte  (die Z eitd au er, in de r das 131J  au s  dem  M uskel versch w in d e t) u n v e r 
ä n d e r t .  E x tre m itä te n d u rc h b lu tu n g , G e fäß w id erstan d  und  M in u ten v o lu m en frak tio n  
d e r  E x tre m itä te n  w iesen keine s ig n ifikan te  V e rän d e ru n g e n  auf.

N ach  N ik o tin v e rab fo lg u n g  v e rm in d erte  sich  die S au ersto ffau fnahm e d e r E x tr e 
m itä te n  b e d eu ten d  u n d  de r V en endruck  in  d e r u n te re n  E x tre m itä t  stieg an . In  diesem  
Z u sam m en h an g  w ird  de r P a th o m ech an ism u s d e r  d u rc h  N ik o tin v erab fo lg u n g  b e d in g te n  
E x tre m itä te n d u rc h b  lu tu n g sv erän d eru n g en  e rö r te r t .

W äh ren d  die p a th o g en e tisch e  W irk u n g  des R auchens a u f  die m it p e r i
p h eren  G efäß v erän d eru n g en  e inhergehenden  E rk ra n k u n g e n  allgem ein  b e 
k a n n t  is t , sind  die A n sich ten  bezüglich  d e r W irk u n g  des N iko tins a u f  den 
E x tre m itä te n k re is la u f  u n d  a u f den  S toffw echsel n ic h t e inheitlich . E in  Teil 
d er V erfasser v e r t r i t t  die M einung, daß  das N ik o tin  die G e fä ß d u rch b lu tu n g  a k u t 
v e rm in d e rt, an d e re  b e h a u p te n  dagegen, d a ß  es den p eripheren  W id e rs ta n d  
n ic h t b ee in flu ß t.

In  v o rliegender A rb e it w urde  der a u f  d en  E x tre m itä te n k re is la u f  u n d  a u f  
den  S toffw echsel a u sg eü b te  a k u te  E ffek t des N ik o tin s  u n te rsu ch t.

M ethodik

V o rv e rsu ch . D ie a k u te  N ik o tin w irk u n g  w urde a n  8 H u n d e n  (12 —15 kg w iegende B a s ta rd e  
b e iderle i G esch lech ts) u n te rsu c h t. D en T ieren  w urde 0 ,50 m g N ik o tin ta r ta ra t  in tra v e n ö s  v e r
ab fo lg t. D ie D u rch b lu tu n g sv e rä n d e ru n g e n  der A. c a ro tis  com m unis, des R am us descen d en s 
de r lin k e n  K o ro n a ra r te r ie  u n d  d e r A. iliaca  e x te rn a  w u rd e n  m it H ilfe eines S ch w im m ro tam e te rs  
re g is tr ie r t .  D e r B lu td ru c k  in  de r A. fem oralis w u rd e  m it  e inem  Q u eck silb e rm an o m eter fo r t
lau fe n d  gem essen .

D ie w e ite ren  U n te rsu ch u n g e n  w urd en  an  21 P a t ie n te n  vorgenom m en u n d  zw ar h a n d e lte  
es sich  d a b e i u m  K ra n k e n  m it kom p en sie rten  H e rz z u s ta n d , hei denen  keine p e rip h e re  G efäß 
v e ren g u n g  v o rlag : d ie P a tie n te n  w aren zum  Teil R a u ch e r.

Im  e rs te n  T eil d ieser E x p erim en te  (12 K ra n k en ) w u rd e  zwecks R eg is trie ru n g  des E x tre -  
m itä te n k re is la u fs  d a s  S tick o x y d u l-P rin z ip  a n g ew an d t. U m  die H a u t-  u n d  M u sk eld u rch b lu -
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tu n g s  V eränderungen  fe stste llen  zu  können , w u rd en  e in e rse its  die T e m p e ra tu rv e rä n d e ru n g e n  
d e r  H a u t  u n d  de r M uskeln  (im  G eb ie t des M. q u a d ric e p s  fem oris) re g is tr ie r t  a n d e rse its  die 
K ETY sche „M uskel-C learance“ (B estim m u n g  der Z e itp e rio d e , in  der das N a 131 J  v o m  G eb ie t des 
M. q u a d ric e p s  fem oris v e rsch w in d e t)  b e stim m t. D ie  M ethode  w urde v o ran g eh en d  a u sfü h rlich  
b e k a n n tg e g e b e n  [1 ].

Im  zw eiten  Teil de r E x p e rim e n te  (9 K ra n k e n )  w u rd e n  die V erän d eru n g en  d e r  M in u ten 
v o lu m e n fra k tio n  u n d  de r G e sa m td u rc h b lu tu n g  d e r  E x tre m itä te n  u n te rsu ch t. In  d iese r  V er
su c h sse r ie  k a m  zwecks B e stim m u n g  der G e sa m td u rc h b lu tu n g  der E x tre m itä te n  d as  v o n  uns 
b e a r b e ite te  venöse Iso to p e n -D ilu tio n sv e rfah ren  z u r  A nw endung  [2]. D as M in u ten v o lu m en  
w u rd e  n a c h  E v an s-B lau -V erab fo lg u n g  an h an d  des Н ами  .то x -S t  KW  л HTschen P rin z ip s  b e s tim m t. 
Z u r  fo r tla u fe n d e n  M essung des V enen d ru ck s de r u n te re n  E x tre m itä te n  d ien te  e in  M o r i t z - 
TA B O R A scher-A pparat. D er S a u e rs to ffg eh a lt im  B lu t  d e r A. u n d  V. fem ora lis  w u rd e  m it  dem  
K ip p sc h e n  O x y m ete r b e s tim m t. D ie s ta tis tisc h e n  A n a ly se n  w u rd en  m it dem  STUDENTschen 
t -V e rfa h re n  e rm itte lt.

Tabelle I

W irk u n g  von N iko tin  a u f  das Gefäßgebiel der A .  carotis, A . coronaria und  A . iliaca
(H u n d e ex p e rim e n te )

Blutströmung (ml/min)
P

(mmHg) in der A. carotis 
comm. 

(ml/min)

im R. descendens 
A. coronariáé 

(ml/min)

in der A. iliaca ext. 
(ml/min)

Nr. 8 8 8 8

А ПО 106 70 51
80— 130 70— 150 50—95 30—95

В
120 115 68 59

90— 150 70— 170 50—90 35— 100

Ç 120 110 75 55
85— 150 75— 150 60— 100 40—95

А  =  V orperiode
В  =  5 M in n ach  i. v . V e rab re ich u n g  von  0.5 m g N ik o tin ta r ta ra t  
C =  20 M in n ach  i. v . V erab re ich u n g  v o n  0.5 m g N ik o tin ta r ta ra t

E rgebnisse

D ie  E rgebnisse  d er an  12 K ran k en  m it d e r  S tickoxydu l-M ethode  d u rc h 
g e fü h r te n  U n te rsu ch u n g en  bezüg lich  der E x tre m itä te n d u rc h b lu tu n g  sow ie die 
H a u t -  u n d  M u sk e ltem p era tu r  u n d  die M uskel-C learance v e ra n sc h a u lich t T a 
b e lle  I I .  W ie ersich tlich , w a ren  10 M in u ten  n a c h  der in trav en ö sen  V e ra b fo l
g u n g  v o n  1,0 m g N ik o t in ta r ta ra t  s ig n if ik an te  V eränderungen  festzu s te llen : 
W ä h re n d  sich die S au ers to ffau fn ah m e d er E x tre m itä te n  u n d  die H a u tte m p e 
r a t u r  in  b eu d eu ten d em  M aße v e rm in d e rte , s tieg  d er D ruck  der V. fem oralis  
an . D u rc h b lu tu n g  u n d  W id e rs ta n d  der E x tre m itä te n  w iesen keine s ta tis t is c h  
s ig n if ik a n te  V erän d eru n g en  au f. U n te r  d en  P a ra m e te rn  der M u sk e ld u rch b lu 
tu n g  b lie b e n  a u f  N ik o tin w irk u n g  sow ohl M uskelc learance  wie M u sk e lte m p e ra 
t u r  u n v e rä n d e r t .  B lu td ru c k  u n d  M in u ten v o lu m en  stiegen — wie das v o rau s-
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Zusehen w ar — n a c h  d e r N ik o tin v erab fo lg u n g  im  allgem einen an . In  T ab e lle  
I I I  h ab en  w ir die R e su lta te  d er m it un sere r Iso to p e n -D ilu tio n sm e th o d e  d u rc h 
g e fü h rten  U n te rsu ch u n g en  an g efü h rt. W ie e rs ich tlich , g e s ta lte te n  sich d ie  
E rgebn isse  ähnlich  wie bei d er ersten  Y ersuchsserie  (S tick o x y d u lm e th o d c ). 
D ie a k u te  N ik o tin w irk u n g  h a t te  keine w esen tliche  Ä n d eru n g  der G e sa m td u rc h 
b lu tu n g  der u n te re n  E x tre m itä te n  zur Folge: P a ra lle l m it dem  A nstieg  des 
B lu td ru ck s  und  des M in u ten v o lu m en s w aren  in  allgem einen  e tw as e rh ö h te  
D u rch b lu tu n g sw erte  zu verze ich n en . Sow ohl d e r  v ask u lä re  W id e rs ta n d  der 
u n te re n  E x tre m itä t  als au ch  das zw ischen dem  M inu ten v o lu m en  u n d  der 
E x tre m itä te n d u rc h b lu tu n g  b estehende  V e rh ä ltn is  — die M inu tenvo lum en- 
fra k tio n  der E x tre m itä te n d u rc h b lu tu n g  — b lieb en  im  w esentlichen  u n v e rä n d e r t  
D ie V erm inderung  d e r S au ersto ffau fn ah m e u n d  d en  A nstieg  des venösen  D rucks 
d e r E x tre m itä te n  k o n n te n  w ir auch  in  d ieser V ersuchsserie  b e o b a c h te n  (die 
be iden  le tz te rw ä h n ten  V erän d eru n g en  w aren  s ig n if ik a n t: V en en d ru ck an stieg : 
p <  0 ,1 % , V erm in d eru n g  d e r S au ers to ffau fn ah m e: p <  1% ).

B esprechung

Die R e su lta te  der sich  m it der E in w irk u n g  des N iko tins a u f  den p e ri
p h eren  K re islau f b e fassen d en  U n te rsu ch u n g en  s in d  s ta rk  abw eichend . N ach 
Ma d d o c k  und  Co l l ie r  [3], L ampson  [4], R o t t e n s t e in  u n d  M ita rb . [5] 
sowie B urch  u n d  D e P a s q u a l e  [6] v e rm in d e rt sich  die E x tre m itä te n d u rc h 
b lu tu n g  au f a k u te  N ik o tin w irk u n g . Die E x p e rim e n te  von R a p p a p o r t  und  
M ita rb . [7] sowie S t r o m b a l d  [8] ergaben , d a ß  das N iko tin  — v o rn eh m lich  
d u rc h  V erm ittlu n g  des sy m p a th isch en  N erv en sy stem s — p erip h ere  G efäß 
veren g u n g  v e ru rsa c h t. H i n e s  [9] und  B u r n  [10] v e r tra te n  die A n sich t, daß  
das a u f  N ik o tin w irk u n g  aus der G efäßw and fre iw erdende  N o rad ren a lin  und  
A d ren a lin  in den H a u t-  u n d  M uskelgefäßen eine V aso k o n strik tio n  h erb e ifü h re . 
B a r k e r  [11] sowie R oth  u n d  S h e a r d  [12] fa n d e n , d aß  nach  N ik o tin v e ra b 
fo lgung die H a u t te m p e ra tu r  ab n im m t. F r e u n d  u n d  W ard  [13] sowie A b 
ram so n  und  M ita rb . [14] n ah m en  an , daß  a u f  W irk u n g  von N ik o tin  in  der 
H a u t V aso k o n strik tio n  e n ts te h t , w ährend  d ie  G e sa m td u rc h b lu tu n g  d er E x 
tre m itä te n  u n v e rä n d e r t  b le ib t. N ach den  U n te rsu c h u n g e n  von R u e f f  und  
M ita rb . [15J, Co f f m a n  u n d  J a vett  [16] sowie B r e m e r  [17] b e w irk t das N iko 
tin  in  den H au tg e fäß en  d e r E x tre m itä te n  zw ar eine V aso k o n strik tio n , da  es 
jed o ch  gleichzeitig  die M uskelgefäße e rw e ite rt, b le ib t die E x tre m itä te n d u rc h 
b lu tu n g  u n v e rä n d e rt.

U nsere E x p e rim e n te  u n te rs tü tz e n  die A n n ah m e, daß  das N ik o tin  le
diglich die V aso k o n str ik tio n  der H au tg e fäß e  h e rb e ifü h rt und  den  perip h eren  
K re is lau f n ich t b e e in f lu ß t. L a u t unserer, o rien tie ru n g sh a lb e r d u rch g e fü h rten  
V orversuche v e ru rsa c h t d as  N iko tin  a u f  dem  G efäß g eb ie t der A. fem oia lis  k e i
ne D u rch b lu tu n g sv e rän d e ru n g en . Die an 12 K ra n k e n  m it der S tick o x y d u l-
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T ab elle  II

W irkung  von N ik o tin  a u f  den 
(E rgebn isse  d e r E x tre m itä te n k re is la u fm e ssu n g e n

Nr. Name, Alter (Jahre), 
Geschlecht, Diagnose Periode

Blutdruck
mmHg СО 1/min MBF ml(min) 

100 g Gewebe

l . A . T . 40 £  D y stro p h ia A 150/80 6,5

m usc, progr. В 150/95 — 9,0

2.* S. P . 39 $ D y stroph ia А 180/110 3,1 5,4
m usc, progr. В 150/90 3,4 4,9

3.* Sz. B. 61 <$ A therosk lerose А 160/100 4,4 8,9

В 160/90 4,8 8,0

4 . M . F . 44 Ç Neurose А 130/85 — 10,0

В 140/95 — 9,6

5.* T .T .  28 (J D uodenalgeschw ür А 120/80 5,6 ' 11,0

В 125/80 5,9 10,6

6. J .  M. 36 M agengeschw ür А 125/80 — 8,0

В 135/80 — 7,6

7. K . L. 29 (J Colitis А 100/80 — 8,8

В 120/85 5,0 8,0

8.* R . É . 34 $ Neurose А 115/85 5,0 7,0

В 120/90 7,4 7,5

9 . Y . I. 54 $  H yperton ie А 170/110 5,0 9,0

В 180/110 5,9 8,2

10. E .  J .  49 9 K lim ax А 140/80 — 8,1

В 140/80 5,4 7,9

11.* D . I .  40 <$ H y p erto n ie А 180/100 — 7,6

В 190/110 6,0 8,0

12.* C s .K . 41 ?  Colitis А 130/85 5,0 8,4

В 140/85 6,0 7,9

P e rio d en : А =  vor d em  E x p e r im e n t
В =  n ach  N ik o tin in je k tio n  (1.0 m g N ik o tin ta r ta ra t)  

CO =  M inutenvolum en 1 /m in
M B F  =  E x tre m itä te n d u rc h b lu tu n g  m l/m in /100  g G ewebe
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E xtrem itä ten kreisla u f
m it d e r S tick oxydu l-M ethode)

MVR
Sauerstoff- 
Verbrauch 

der Extremität 
(ml/min)

m J-Halbierungs- 
zeit (sec)

Hauttemperatur
C°

Muskeltem
peratur

C°

Druck in der 
V. femoralis 

mm II2 0

15,8 16 22,0 32,0 90
12,6 — 15 18,5 33,0 95

23,4 0,21 15 22,4 30,4 180
22,5 0,19 15 17,8 29,9 200 .

13,4 0,50 11 25,4 33,4 25
14,2 0,52 12 17,5 32,8 70

10,0 0,30 12 25,5 33,0 45
11,4 0,24 12 19,0 32,0 65

8,4 0,38 13 24,4 31,0 50
8,9 0,30 11 17,3 31,5 66

11,8 0,32 — — — 60
13,0 0,33 — — _ 80

10,1 0,40 14 25,0 30,8 55
10,2 0,31 14 17,0 30,0 75

13,6 0,44 — 23,4 29,8 —

13,1 0,38 — 16,4 30,4 —

14,4 0,35 13 25,0 31,0 60
16,2 0,32 14 17,5 30,0 82

12,3 0,32 — 24,5 33,0 80
12,6 0,36 — 18,0 31,0 92

16,6 0,28 15 24,8 31,0 90

17,1 0,25 16 17,8 30,0 98

11,8 0,30 13 25,0 31,8 80
13,1 0,26 13 18,0 30,4 98

M V R =  G efäß w id erstan d  in  den E x tre m itä te n  (a rte r ie lle r  M itte ld ru c k /E x tre m itä te n -  
d u rc h b lu tu n g )

S a u e rs to ffv e rb ra u ch  in  den  E x tre m itä te n : S a u e rs to ff  m l/m in /100  g Gewebe 
* =  R aucher.
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Tabelle III

A ku te  N iko tin w irku n g  a u f  B lu tk re is la u f und M inutenvo lum enfrak tion  der E xtrem itä ten  
(Venöse Isotopen-Dilutionsmethode)

Nr.
Name, A lter (Jahre), 
Geschlecht, Diagnose Periode

Blutdruck
mmHg

СО
1/min

T P R
dyn.sec.cm—5

LBF
ml/min

LVR
dyn.sec.cm —6

l o 2c
ml/min

V,
mmlloO

LCOF
%

l.* G. H . 48 <$ E x tre m itä te n - A

О00о

5,3 1 ,13x1332 360 16 ,6 x 1 3 3 2 15,0 80 6,7

V arikosität В 150/90 6,0 1 ,10x1332 400 1 6 ,5x1332 12,0 90 6,6

2. E .M . 26 $  Neurose А 130/85 6,0 1 ,0 0 x 1 3 3 2 450 13 ,3x1332 18,0 75 7,5

В 140/95 6,0 1 ,1 0 x 1 3 3 2 480 13,7 х 1332 16,0 80 8,0

3.* I .T .  36 H y p erton ie А 160/100 5,0 1 ,42 x 1 3 3 2 350 22 ,5 x 1 3 3 2 14,0 88 7,0

В 160/100 5,8 1 ,2 4 x 1 3 3 2 330 2 1 ,7 x 1 3 3 2 11,8 98 5,7

4. M. N . 34 $  H y p erton ie А 170/110 4,9 1 ,59 x 1 3 3 2 380 20,5 x1332 16,0 72 7,8

В 180/120 5,8 1,45 X 1332 410 20,5 x1332 13,5 80 7,0

5.* К . I. 41 Ç E x tre m itä te n - А 135/80 4,6 1 ,28x1332 300 1 9 ,6x1332 12,0 75 6,6

V arikosität В 150/100 5,0 1 ,40x1332 340 20 ,5 x 1 3 3 2 10,5 65 6,7

6.» T .T .  50 Ç K lim ax А 140/80 4,5 1 ,3 3 x 1 3 3 2 330 1 8 ,2x1332 15,0 84 7,6

В 160/100 5,2 1,38 х 1332 360 20 ,0 x 1 3 3 2 15,0 90 6,9

330 
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7. P . Z. 48 (J E x tre m itä te n 

v a rik o s itä t

A

В

140/80

140/80

5,5

5,9

1 ,09x1332  

1,01 X 1332

360

360

1 6 ,4x1332

1 6 ,4x1332

20,0

17,5

78

85

6,5

6,1

8. S. J .  55 H yperton ie А 160/100 4,9 1 ,47x1332 380 18,9 X 1332 19,0 74 7,7

В 190/130 5,9 1 ,52x1332 450 1 7 ,0x1332 17,0 88 7.6

9.* Zs. H . 50 Ç E x tre m itä te n - А 130/85 4,0 1 ,50x1332 310 1 9 ,3x1332 12,0 100 7,7

V arikosität В 150/90 4,5 1,47 x1332 335 1 9 ,6x1332 10,0 110 7,6

T P R
LVR =  
LCOF =  
LRF 
V,
LO ,C

Perioden  :

T o ta lg e fäß w id ers tan d  im  g roßen  K re islau f 
T o ta lg e fäß w id ers tan d  in  der E x tre m itä t  
M in u ten v o lu m en frak tio n  in  e iner E x tre m itä t  
T o ta ld u rch b lu tu n g  in de r E x tre m itä t
D ruck  in  de r V, fem oralis (a u f die rech te . V orhofhöhe gerechnet) 
T o ta le  S au ersto ffau fnahm e in der E x tre m itä t  
A : vor dem  E x p e rim en t

R : n ach  N ik o tin in jek tio n  (1.0 m g N ik o tin ta r ta ra t) .
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m é th o d e  d u rch g efü h rten  U n te rsu c h u n g e n  e rgaben  ebenfalls, d aß  n a c h  N ik o 
tin v e ra b fo lg u n g  sow ohl d ie  D u rc h b lu tu n g  als au c h  die v a sk u lä re  R es is ten z  der 
E x tr e m itä te n  im  w esen tlich en  u n v e rä n d e r t  b lieb en . D ie g leichzeitig  b e o b a c h t
b a re ,  a u f  N ik o tin w irk u n g  z u s tan d ek o m m en d e  A b n ah m e der H a u t te m p e ra tu r  
w e is t  a u f  die V a so k o n s tr ik tio n  d er H au tg e fäß e  h in . Im  G egensatz  zu r H a u t
d u rc h b lu tu n g  blieb die M u sk e ld u rc h b lu tu n g  u n te r  a k u te r  N ik o tin w irk u n g  u n 
v e r ä n d e r t  (nach d er N ik o tin v e ra b fo lg u n g  ä n d e rte  sich w eder die M u sk e ltem 
p e r a tu r  noch die M uskel-C learance). U nsere  m it der Iso to p en -D ilu tio n s-  
m e th o d e  an  9 K ra n k e n  d u rc h g e fü h rte n  E x p e rim e n te  fü h rte n  zu  äh n lich en  
R e s u lta te n . D as N ik o tin  b e w irk te  w eder die V erm in d eru n g  der E x tr e m itä te n 
d u rc h b lu tu n g  noch d en  A n stieg  des G efäß w id erstan d es der u n te re n  E x tr e 
m itä te n ,  noch die V e rä n d e ru n g  der M in u ten v o lu m en frak tio n  d e r E x tre m itä -  
te n d u rc h b lu tu n g . In  b e id en  V ersuchsserien  (S tick s to ffo x y d u l-G ru p p e  bzw . 
Iso to p en -D ilu tio n s-G ru p p e ) w aren  nach  N ik o tin v e rab re ich u n g  zwei k o n s ta n te  
V e rä n d e ru n g en  zu b e o b a c h te n : V erm inderung  des S a u e rs to ffv e rb rau ch s  der 
E x tr e m itä te n  und  A n stieg  des D rucks in  d e r V. fem oralis.

D ie U rsache d er V e rm in d e ru n g  des S au ers to ffv e rb rau ch s  d e r E x tre m i
t ä t e n  k en n en  w ir n ic h t. E s  k a n n  angenom m en  w erden , daß  sich  in fo lge  der 
V a so k o n s tr ik tio n  der H a u tg e fä ß e  die S au ersto ffau fn ah m e der H a u t  v e rm in d e rt. 
D ie  S te igerung  des v en ö sen  D ru ck s  der u n te re n  E x tre m itä t  k a n n  m it d er den 
v e n ö se n  Tonus s te ig ern d en  W irk u n g  des N ik o tin s  e rk lä r t  w erden ; n a c h  un seren  
a n  iso lie rten  V e n e n a b sc h n itte n  d u rch g e fü h rten  U n te rsu ch u n g en  [18] e n t
s t e h t  n a c h  N ik o tin v erab fo lg u n g  V en o k o n strik tio n .

B ek an n tlich  e rh ö h en  sich  n ach  N ik o tin z u fu h r das M in u ten v o lu m en  u n d  
d e r  B lu td ru c k . F ü r d en  U m s ta n d , d aß  sich  die E x tre m itä te n d u rc h b lu tu n g , 
t r o tz  d e r  in  den H a u tg e fä ß e n  e n ts ta n d e n e r  V aso k o n strik tio n  n ic h t v e rm in d e r t , 
k ö n n e n  even tuell die e rw ä h n te n  E rsch e in u n g en  v e ra n tw o rtlic h  sein .

A us den E rg ebn issen  d e r  a k u te n  V ersuche k ö n n en  u n d  d ü rfen  bezüg lich  
d e r  E n tw ick lu n g  der d u rc h  R au ch en  v e ru rsa c h te n  peripheren  K re is la u fs tö 
ru n g e n  keine en tsch e id en d en  F o lgerungen  gezogen w erden . D ie a k u te n  N ik o 
tin v e rs u c h e  sprechen je d e n fa lls  d a fü r, d aß  — m it A usnahm e d e r V aso k o n 
s t r ik t io n  der H au tg e fäß e  — die E x tre m itä te n d u rc h b lu tu n g  k e in en  S chaden  
e r le id e t  u n d  der p e r ip h e re  v a sk u lä re  W id e rs ta n d  n ich t a n s te ig t. U nsere  
U n te rsu c h u n g e n  bei e in e r g roßen  A nzah l von  K ra n k e n  — hei d en en  keine 
p e r ip h e re  G efäßverengung  v o rla g  — ergaben , d aß  zw ischen den E x tr e m itä te n 
d u rc h b lu tu n g sw e rte n  v o n  R a u c h e rn  u n d  N ic h tra u c h e rn  kein  s ig n if ik a n te r  
U n te rsc h ie d  b es teh t. O b w o h l diese A ngaben  alle in  keinen  en tsch e id en d en  
B ew eis  darste llen , u n te r s tü tz e n  sie unzw eife lh aft die n eu sten s im m er a u sd rü c k 
lic h e r  b e to n te  A uffassung , n a c h  d er die d u rch  das R auchen  b ed in g ten  p e rip h e 
re n  v a sk u lä re n  S ch äd ig u n g en  bei em pfind lichen  P ersonen  v o rn eh m lich  d u rch  
a lle rg isch e  M echanism en u n d  n ic h t du rch  sich  w iederholende p e rip h e re  K re is
la u fv e rsc h le ch te ru n g  Z ustan d ek o m m en .
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F ü r  die m a th e m a tisc h -s ta tis tisc h en  A naly sen  sind w ir H e rrn  D r. I. 
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THE ROLE OF THE CENTRAL NERVOUS SYSTEM 
IN THE PATHOMECHANISM OF EPINEPHRINE- 

INDUCED PULMONARY OEDEMA

B y

M . к E L L N E R , E. M a K L Á R I, A. G. B . K O V A C H  and  |  G. G O T T S E G E N

D EPA R T M E N T O F PATHOPHYSIOLOGY O F T H E  NATIONAL IN S T IT U T E  OF CARDIOLOGY and E X P E R IM E N T A L  
RESEARCH LABORATORY, U N IV ERSITY  M ED ICAL SCHOOL, BUDAPEST

(R eceived  M arch 11, 1966)

T he p a r t  p lay ed  b y  neurogenic  fac to rs  in  ep inephrine-induced  p u lm o n a ry  oed e
m a  h a s  been  in v es tig a ted . In  41 crossed  c irc u la tio n  experim en ts, ep in e p h rin e  w as a d 
m in is te re d  p a r tly  in to  th e  c ircu la tio n  of th e  h e a d , p a r t ly  in to  th a t  of th e  t r u n k .  I n t r a 
c ra n ia l  ad m in istra tio n  o f  ep in ep h rin e  caused  p u lm o n a ry  oedem a of a m ore  sev ere  d e 
gree  a n d  in a  h igher p e rce n ta g e  of an im als th a n  b y  th e  o th e r rou te. T he m ec h an ism  in 
v o lv ed  is believed to  be  n eu ro h aem o d y n am ic , ow ing to  th e  increase in  th e  v a lu e s  of 
p u lm o n a ry  pressure a n d  th e  slig h t re d u c tio n  in  collo id  osm otic pressure in  th e  course  of 
th e  ex p erim en ts . C ap illary  p e rm e ab ility  show ed a s lig h t increase.

E p in e p h rin e  is th e  m o st w idely  used  chem ica l ag en t for th e  e x p e rim e n ta l 
p ro d u c tio n  o f p u lm o n ary  oedem a. T hough  n e a r ly  h a lf  a cen tu ry  h as  e lapsed  
since th e  fu n d am en ta l e x p e rim e n ts  of A u e r  a n d  G a t e s  [1], th e  m a n n e r  in 
w hich th e  d ru g  induces o edem a has rem ain ed  a con troversia l issue. A ccord ing  
to  one o f  th e  cu rren t v iew s, th e  m echan ism  is p e rip h era l and le ft h e a r t  fa ilu re  
w ould be  d u e  to  th e  h y p e rten s io n  caused  b y  th e  increase  of p e rip h era l re s is tan ce  
[2, 3]. R e c e n tly , how ever, th e  claim  th a t  th is  m echan ism  tak es e ffec t th ro u g h  
th e  ag en cy  o f th e  cen tra l n erv o u s sy stem , h as  been  receiving in c re a s in g  su p 
p o rt [4, 5, 6 7].

T h e  p re sen t s tu d ies  h a d  th e  aim  to  c la rify  th e  questions
1. w h e th e r, as concerns th e  in d u c tio n  o f  p u lm o n a ry  oedem a, th e  s ite  of 

ac tion  o f  ep inephrine  is c e n tra l or p e rip h e ra l; an d ,
2. i f  i t  is cen tra l, to  a sc e rta in  th e  changes
(a) in  th e  h aem o d y n am ic  cond itions;
(b) in  cap illary  p e rm eab ility .

M ethod

T h e  m eth o d  of crossed c ircu la tio n  seem ed to  be  b e s t su ited  for our s tu d ie s  [8]. In  th e  
accep to r d o g , th e  c ircu la tion  o f th e  h ead  was co m p le te ly  iso la ted  from  th a t  o f  th e  t r u n k ,  in  a 
m an n e r t h a t  th e  v e rteb ra l a rte r ie s  w ere lig a ted  a t  th e  n eck , th is  was follow ed, a f te r  p rev ious 
lam in ec to m y , b y  ligation  of th e  v en o u s p lexus ru n n in g  in  f ro n t o f th e  spinal cord . C ran ia l blood 
su p p ly  w as p ro v id ed  from  th e  d o n o r dog b y  c a ro tid - to -c a ro tid , and  ju g u la r- to -ju g u la r  a n a s to 
moses. T h e  a cc ep to r’s head w as th u s  com p le te ly  iso la te d  from  his tru n k  in  re sp e c t to  blood 
c ircu la tio n , th e  nervous co n n ec tio n s w ere, how ever, sp a red . C om plete iso la tion  w as checked 
b y  re p e a te d  d y e  tests.

Acta Medica Academiae Scientiarum Hungaricae 22 (1966)



336 M. KELLNER et al.

T h e  ex p erim en ts w ere c a rr ied  o u t in  dogs of b o th  sexes un d er chloralose a n a e s th e s ia . 
B lo o d  c lo tt in g  w as in h ib ited  b y  500 IU /k g  of h ep arin . 57.0 jUg/kg/min ep inephrine  +  2 m l/kg /  
m in  phy sio lo g ica l saline w ere in fu se d  during  35 m in u te s  in to  th e  cephalic c irc u la tio n  in  28, 
a n d  in to  t h a t  o f th e  t ru n k  in  13 in s tan ces . The use o f  su c h  la rg e  doses was due to  th e  fa ilu re  of 
lo w er o n es to  elic it p u lm o n a ry  o ed em a in  p re lim in ary  e x p e rim e n ts . Sim ilar doses h a v e  been  
u se d  b y  o th e r  in v es tig a to rs  [5, 7 , 9, 10]. In fusion  in to  th e  accep to r’s head  w as d o n e  e ith e r  
d ire c tly  th ro u g h  th e  c a ro tid , o r th ro u g h  th e  do n o r’s t r u n k  c ircu la tion . C ontro l e x p e rim e n ts  
w i th  physio lo g ica l saline w ere c a rr ied  o u t in  fo u r in s ta n c e s . B lood pressure w as re co rd e d  in  
b o th  d o g s b y  m eans of a m e rc u ry  m anom eter. L eft i n t r a a t r i a l  pressure  was m ea su re d  w ith  
w a te r  m an o m e te r , th e  a tr ia l  lu m en  h av in g  been reach ed  b y  tran sb ro n ch ia l p u n c tu re . P u lm o n a ry  
c a p il la ry  p ressu re  was m easu red  b y  m eans of a  w edged c a th e te r  in tro d u ced  by  th e  tra n s ju g u la r  
ro u te  u n d e r  X -ra y  con tro l.

T h e  lungs of th e  an im als  w ere  rem oved im m e d ia te ly  a f te r  d ea th  and  th e  ra tio  o f  lu n g  
w e ig h t p e r  to ta l  bod y  w e igh t w as d e te rm ined . T his is, a cc o rd in g  to  recorded ev idence , a ro u n d  
1.0, th e  u p p e r  lim it o f th e  n o rm a l ra n g e  being 1.25 [11]. S p ec im en s of th e  lung  w ere su b m itte d  
to  h is to lo g ic a l s tudy .

C olloid osm otic p ressu re  o f  th e  p lasm a was c a lc u la te d  on  th e  basis o f Me y e r ’s fo rm u la  
[12 ], p ro te in  i n  b lood serum  a n d  in  oedem a flu id  w as d e te rm in e d  by  th e  b iu re t m e th o d , th e  
se ru m  p ro te in  p a tte rn  b y  e lectro p h o resis. F o r e s tim a tio n  o f  serum  sodium , p o ta s s iu m , an d  
c a lc iu m  levels a  Z eiss-type flam e  p h o to m e te r was u sed .

R esults

I n  28 o u t of 41 ex p e rim en ts  invo lv ing  c ro ssed  c ircu lation , ep in ep h rin e  
w as in tro d u c e d  in to  th e  c ircu la tio n  of th e  h e a d , in  13 in to  th a t  of th e  t r u n k .

I n  case of in tra c ra n ia l  perfusion , th e  lu n g  w e ig h t per to ta l  b o d y  w eig h t 
in d e x  o f  th e  accep to r dogs av e rag ed  1.62, w h ich  is h igh ly  s ign ifican t (p =  0.5 
p e r  c e n t)  as opposed to  n o rm a l dogs; th a t  o f th e  donors was 1.32 (p =  15 p er 
cen t) (F ig . 1).

T h e  lung  w eigh t p e r to ta l  body w eigh t in d e x  was ou tside th e  n o rm a l 
ra n g e  in  61 p er cen t o f th e  a c cep to is , i.e. 17 dogs as ag a in st 32 p er c e n t o f  th e  
d o n o rs , i.e. 9 dogs.

In  ease of ep in ep h rin e-p erfu sio n  in to  th e  t ru n k  c ircu la tion , th e  lung  
w e ig h t p e r  to ta l  b o d y  w e ig h t index  averaged  1.35 (p =  20 per cent) as a g a m st 
1.16 (n o rm a l values) in  th e  donors. The lu n g  w e ig h t per to ta l b o d y  w eig h t 
in d e x  w as e leva ted  in  54 p e r  cen t of th e  a c c e p to rs , i.e. 7 dogs, as a g a in s t 23 
p e r c e n t  o f  th e  donors, i.e. 3 dogs.

I n  10 instances (36 p e r  cen t) o f in tra c ra n ia l  in fusion  of ep in ep h rin e , p u l
m o n a ry  oedem a was o f  su ch  sev e rity  th a t  o ed em a  flu id  was flow ing fro m  th e  
t r a c h e a l  can n u la . This n e v e r  occurred  w hen e p in ep h rin e  had  been a d m in is 
te re d  in to  th e  tru n k  c ircu la tio n .

W e also stu d ied  th e  haem o d y n am ic  c o n d itio n s  p revailing  in  th e  tru n k  
u n d e r  th e  in fluence o f in tra c ra n ia l  ep inephrine  in fu s io n  (Fig. 2).

M ean  a rte ria l p re ssu re  rem ained  e sse n tia lly  unch an g ed  d u rin g  th e  ex 
p e r im e n t, th e  in itia l v a lu e  o f  129 m m  H g ris in g  successively  to  134 m m  H g. 
L e f t  in t r a a t r ia l  p ressu re  (10 te s ts )  averaged  3.8 m m  H g p rio r to  ep in ep h rin e  
p e rfu s io n , an d  20.7 m m  H g  d u rin g  perfusion . P u lm o n a ry  cap illa ry  p ressu re  
rose fro m  th e  in itia l v a lu e  o f  4.7 m m  H g to  19.8 m m  H g du ring  p erfu sio n  
(4 te s ts ) .
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F ig . 1. In fluence  of e p in ep h rin e  pe rfu s io n  in to  th e  c ircu la tio n  of th e  h e ad  a n d  o f th e  tru n k , 
re sp ec tiv e ly , on  lu n g  w eigh t per to ta l  b o d y  w eigh t in d ex
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F ig. 2. In fluence  of in tra c ra n ia l  pe rfu s io n  of ep in ep h rin e  on  h aem o d y n am ics and  colloid 
o sm otic  p ressu re  in  th e  a cc ep to r’s tru n k

Colloid osm otic  p ressu re  w as in v es tig a ted  in  five  in s tan ces . B y  th e  end 
of th e  ex p erim en t, th e  av erag e  osm otic  p ressu re  in  th e  a ccep to rs  show ed a 
s lig h t red u c tio n  (from  26.8 m m  H g to  20.2 m m  H g). M ean a r te r ia l  p ressu re  in 
th e  d o n o r dogs av e rag ed  120 m m  H g a t  th e  s ta r t  o f th e  ex p e rim en t, and  
222 m m  H g upon  th e  effect o f ep inephrine . R ed u c tio n  o f th e  o sm otic  pressure
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f ro m  29 .3  m m  H g to  7.7 m m  H g  in th e  donors w as c o n s is te n t w ith  th e  volum e 
o f in fu se d  flu id .

T h e  serum  sodium , p o ta s s iu m , and  calcium  levels in  th e  accep to rs  re 
m a in e d  p rac tica lly  u n c h a n g e d  d u rin g  th e  en tire  e x p e rim e n t. In  th e  donors th e  
so d iu m  leve l showed a s lig h t in c rease  (from  146.0 m E q  p e r litre  to  155.0 m E q  
p e r  l i t r e )  w hile th e  calcium  le v e l fell from  4.5 m E q  p e r l itre  to  2.4 m E q  p er litre  
a n d  th e  po tassium  level re m a in e d  unch an g ed  (5.0 a g a in s t 4 .8  m E q  p e r litre ). 
S e ru m  to ta l  p ro te in  show ed a s lig h t reduc tion  in  th e  acc e p to r (from  5.5 g per 
100 m l to  4.8 g per 100 m l), w h ile  in  th e  donor i t  fell b y  50 p e r  c en t as d id  cal
c iu m  (fro m  5.3 g per 100 m l to  2.5 g p er 100 ml). P ro te in  c o n c e n tra tio n  in  the  
o e d e m a  flu id  was re la tiv e ly  h ig h , i.e. 4.5 per cen t, an d  th e  frac tio n s  w ere of 
th e  sa m e  p a tte rn  as in  th e  b lo o d  serum .

C on tro l experim ents w ith  2 m l/kg /m in  physio logical saline in fused  in tra -  
c ra n ia l ly  failed to  induce p u lm o n a ry  oedem a in n one  of th e  fo u r in stan ces . 
T h e  lu n g  w eight per to ta l  b o d y  wreig h t index  av erag ed  1.1 in  th e  donors and  
1.0 in  th e  acceptors, b o th  v a lu e s  w ere w ith in  th e  n o rm a l ran g e . In  one in stance  
th e  a n im a ls  were alive b y  th e  e n d  o f  105 m inu tes a n d  w ere sacrificed  b y  b leed 
ing .

D iscussion

T h e  existence of a n e u ro g e n ic  p u lm o n ary  o edem a is a w ell-docum en ted  
f a c t  [6 , 7, 13, 14], and  th e re  a re  d a ta  po in ting  to  th e  n eu rogen ic  n a tu re  of th e  
e p in ep h rin e -in d u ced  oedem a, to o . Cassen  e t al. [5] fa iled  to  ind u ce  p u lm o n ary  
o e d e m a  a f te r  spinal tra n s s e c tio n  in  ra ts  w ith  th e  sam e doses of ep inephrine  
w h ic h  h a d  in v ariab ly  led  to  p u lm o n a ry  oedem a in th e  con tro ls . M assive doses 
o f  e p in e p h rin e , even in  th e  le th a l  range, do n o t cause p u lm o n a ry  oedem a in 
th e  c a t ,  excep t when in je c te d  in to  th e  h y p o th a lam ic  reg ion . Glass e t al. [7] 
c o u ld  in flu en ce  the  b e h a v io u r  o f  ep in ep h rin e-in d u ced  p u lm o n a ry  oedem a by  
e x s t i rp a t io n  or p u n c tu re  o f  c e r ta in  cerebral reg ions, fu r th e rm o re  b y  t r a n s 
se c tio n  o f th e  sy m p a th e tic  b e lo w  th e  f irs t cervical gang lion . O th e r in v es tig a 
to r s  [15] were able to  a v e r t  ep in ep h rin e -in d u ced  p u lm o n a ry  oedem a b y  de
c e re b ra t io n  or d eco rtica tio n . L u isa d a  [16] es tab lish ed  crossed c ircu la tion  
b e tw e e n  ra b b it  and  dog, b e in g  th u s  able to  p ro d u ce  u n d e r  such cond itions 
p u lm o n a ry  oedem a b y  th e  in tra c e re b ra l  a d m in is tia tio n  o f ep in ep h rin e . This 
e v id e n c e  w as, how ever, s u b s e q u e n tly  d isproved  b y  th e  a u th o r  h im se lf [17], b e 
ca u se  iso la tio n  of th e  c irc u la tio n  o f th e  head  from  th a t  o f th e  t r u n k  h ad  no t 
b e e n  co m p le te , and  second, b e c a u se  i t  was possible to  in d u ce  p u lm o n a ry  oedem a 
b y  r a p id  in tra c a ro tid  in je c tio n  o f  physio logic saline as well. B o th  th e se  sources 
o f  e r ro r  h a v e  been e lim in a ted  fro m  th e  p resen t ex p e rim en ts , com ple te  iso lation  
h a v in g  b een  ascerta ined  b y  d y e  te s ts , and  hav ing  fa iled  to  p ro d u ce  p u lm o n a ry  
o e d e m a  b y  iden tical a m o u n ts  o f physio logical saline g iven  u n d e r th e  sam e 
e x p e r im e n ta l  conditions.
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Tw o fac ts  em erg ing  from  th e  p re s e n t  in v estig a tio n s m ay be  co n sid e red  
ev idence  in fav o u r o f a neurogenic m e c h a n ism  o f ep in ep h rin e-in d u ced  p u lm o 
n a ry  oedem a. T he f irs t  is th e  s ig n ifican t rise  o f th e  average v a lu e  o f  th e  p u l
m o n a ry  in d ex  in th e  accep to r dogs as o p p o sed  to  th e  contro ls a f te r  in t r a c r a 
n ia l perfusion  of ep in ep h rin e  in 28 in s ta n c e s , a n d  the  second, th e  o n se t o f  fu l
m in a tin g  p u lm o n a ry  oedem a in a b o u t one  th i r d  of the  cases.

S a r n o f f  an d  B e r g l u n d  [6] h a v e  p ro d u c e d  hypertension  in  b o th  th e  
sy stem ic  an d  th e  p u lm o n a ry  c ircu la tio n  b y  in tra c y s te rn a l a d m in is tra t io n  of 
f ib r in  [6]. P u lm o n a ry  oedem a in d u ced  in  th is  m an n er has been te rm e d  “ neu- 
ro h aem o d y n am ic”  b y  these  au th o rs . F u r th e r  s tu d ies  in to  th e  po ssib le  h a e m o 
d y n am ic  changes in  th e  circu la tion  o f  th e  t r u n k  were carried  o u t in  o rd e r  to  
decide w hethe i ep in ephrine-induced  p u lm o n a ry  oedem a is “ h a e m o d y n a m ic ” 
in th is  respec t. A n ea rly  100 per cen t in c rea se  in  th e  blood p ressu re  o f  th e  donor 
dogs w as reg is te red  d u rin g  the  p ro ced u re , in  c o n tra s t to  th a t  of th e  accep to rs  
w hich  rem ained  un ch an g ed . L eft a t r ia l  p re ssu re  showed a v e ry  s u b s ta n tia l  
rise in  th e  accep to rs , para lle l w ith  th e  p u lm o n a ry  cap illary  p ressu re  w h ich  was 
fo u n d  to  m u ltip ly  i ts  orig inal va lue .

Colloid o sm otic  pressure d im in ish ed  sig n ifican tly  in th e  d o n o rs , while 
o n ly  s lig h tly  in th e  accep to rs. T he ch an g es  in  p u lm onary  cap illa ry  a n d  colloid 
o sm otic  pressures th u s  provided c o n d itio n s  favouring  th e  p ro d u c tio n  o f p u l
m o n a ry  oedem a. A c tu a lly , th e  a b so lu te  v a lu e s  fo r the  tw o p ressu res  a re  v e ry  
close to  one a n o th e r.

A sign ifican t red u c tio n  of se ru m  p ro te in s  was found in th e  d o n o rs  in 
consequence of th e  saline perfusions, w hile  redu c tio n  in th e  a c c e p to rs  was 
s lig h t. E le c tro ly te  co n cen tra tio n s re m a in e d  p rac tica lly  u n c h a n g e d  in  th e  
accep to rs . T he low ering  of th e  ca lc ium  lev e l in  th e  donors was r e la te d  to  d ilu 
tio n  b y  th e  perfusion  flu id , while th e  rise  in  th e  sodium  level w as d u e  to  the  
a d m in is tra tio n  o f saline.

T he excess serum  po tassium  in  th e  d o n o rs  takes its  o rig in , in  a ll lik e li
hood , from  th e  e x tra v a sa l c o m p a rtm e n t.

T he p ro te in  c o n te n t of th e  o ed em a flu id  w as as high as 4 .5  g p e r  cen t, 
su ggesting  an  increased  cap illary  p e rm e a b ili ty . In  agreem ent w ith  th e  f in d 
ings o f  F r e e m a n  an d  J o ek es  [18] th e  to ta l i ty  o f p ro te in  frac tio n s w as d em o n 
s tra b le  in  th e  oedem a flu id .

T he foregoing resu lts  suggest t h a t  ep in ephrine-induced  p u lm o n a ry  oe
d em a is n eu ro h aem o d y n am ic  in o rig in , w hile  th e  increased c a p illa ry  p e rm e a 
b ili ty  is th o u g h t to  be o f m inor sig n ifican ce . L u is a d a ’s claim  [16] t h a t  ep i
n ep h rin e  causes p u lm o n a ry  oedem a b y  a ffec tin g  the  re g u la to ry  c e n tre s  of 
p u lm o n a ry  c ircu la tio n  and of cap illa ry  p e rm e a b ility  in th e  b ra in , is su p p o rte d  
b y  th e  p resen t fin d in g s.
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ACTA M E D IC A

ТОМ XXII — ВЫП. 3—4

Р Е З Ю М Е

СИНДРОМ ГЕМОРРАГИЧЕСКОЙ ТРОМБОЦИ'ГЕМИИ (КОАГУЛОПАТИЯ 
ИЛИ ПЕРВИЧНОЕ РАССТРОЙСТВО ГЕМОСТАЗА, ВЫЗВАННОЕ 

ТРОМБОЦИТАМИ)

К. РАК, л. ЛАКАТОШ и Р. САБО

У двух больных синдромом геморрагической тромбоцитемии авторы подробно 
исследовали условия свертываемости крови и у четырех больных также тромбоциты. 
Число тромбоцитов было у всех четырех больных выше I 000 000, время кровотечения 
было удлиненным или достигло верхнего предела нормы. В одном случае результат 
генерационного теста тромбопластином (ГТТ) указал на расстройство плазматической 
профазы, вернее, на изменение, указавшее на уменьшение РТА. Компонент тромбоцитов 
больных оказал в случае высокой концентрации тромбоцитов тормозящее действие на 
ГТТ. Согласно исследованию «адгезии тромбоцитов in vivo» по Борхгревнику в строении 
тромбоцитного тромба (platelet plug) участвовало количество тромбоцитов, превышаю
щее их количество в норме.

Среди миелопролиферативных синдромов можно клинически выделить синдром 
геморрагической тромбоцитемии, однако, его патогенетическое разделение необосновано. 
Подытоживаются диагностические критерии синдрома.

По общераспространенному мнению патологически повышенное количество, и, 
пожалуй, также патологически измененное качество тромбоцитов вызывают склонность 
к кровотечениям путем расстройства свертываемости крови. На основании литературных 
данных и результатов исследования наблюдавшихся ими случаев авторы придержи
ваются того мнения, что при геморрагической тромбоцитемии патологическим является 
первичный гемостаз, а именно его вторая фаза, необратимая аггрегация тромбоцитов 
(вязкий метаморфоз и контракция тромбоцитов), и в силу этого не образуется непрони
цаемого для крови «platelet plug». Подробный механизм действия еще невыяснен, но 
полагается, что по какой-то причине не проявляется действия тромбина, необходимого 
для процесса. На этом основании можно объяснить удлиненное время кровотечения, а 
также возникновение клинически наблюдаемой склонности к кровотечению. Дефект 
свертываемости плазмы, имеющей решающее значение во вторичном остановке крово
течения, может вызвать усиление расстройства гемостаза больных тромбоцитемией.

ИЗМЕНЕНИЯ БИОЭЛЕКТРИЧЕСКОЙ АКТИВНОСТИ ГОЛОВНОГО МОЗГА 
ПРИ ЭКСПЕРИМЕНТАЛЬНОЙ ГИПЕРОКСИИ

И. САМ, И. НИКОЛИЧ и Дь. ГОТТЗЕГЕН

На ЭЭГ подопытных крыс, регистрированной при помощи вживленных корковых 
электродов после применения кислородного давления в 3,7 атм. появлялись грубые, не
специфические изменения амплитуды и частоты, а также спайки. Изменения ЭЭГ появ
ляются раньше, чем нарушения дыхания и работы сердца, и даже раньше самой ранней 
фазы развития гипероксического отека легких. Кислородная насыщенность артериаль
ной крови при появлении изменения ЭЭГ также еще нормальна. Путем связывания С02, 
выделяемого животными, и предохранением обратного вдыхания С02 можно замедлить 
развитие изменений ЭЭГ и отчасти преодолеть развитие спайков. Нарушение биоэлектри
ческой активности головного мозга представляет собой самый ранний симптом кислород
ного отравления.



ПОВЕДЕНИЕ КРОВЯНОГО ДАВЛЕНИЯ И ЭКСТЕРОЦЕПТИВНОГО 
РЕФЛЕКСА КРОВЯНОГО ДАВЛЕНИЯ ПРИ ЛИМФОГЕННОЙ ЭНЦЕФАЛОПАТИИ

М. Ф ЁЛЬДИ , к. ТУРАНСКИ и Т. Э. ЗОЛТАН

1. После блокады шейного участка лимфотока наблюдаются статистически досто
верные колебания кровяного давления.

2. При лимфогенной энцефалопатии после вкапывания в глаза веществ, вызываю
щих болей (капсаицина) наблюдается — по сравнению с нормой — более значительное 
повышение кровяного давления и уменьшение времени блефароспазма.

3. Авторы объясняют эти явления нарушением равновесия вегетативных центров 
и морфологическими изменениями структур центральной нервной системы.

ДЕЙСТВИЕ ТИМЕКТОМИИ, ГИПОФИЗЕКТОМИИ, АДРЕНАЛЕКТОМИИ И 
ДАЧИ КОРТИКОИДОВ НА СОДЕРЖАНИЕ ГЕПАРИНА В СЫВОРОТКЕ КРОВИ

У КРЫС

К. ВАЛЛЕНТ, Й. ФАХЕТ и Э. ШТАРК

Дача формалина и гликокортикоидов вызвала значительное уменьшение коли
чества сывороточного гепарина. Адреналектомия повысила уровень сывороточного гепа
рина, а тимектомия предотвратила это повышение. Удаление гипофиза в значительной 
мере повысило концентрацию гепарина в сыворотке крови.

Дача ДОКА повысила содержание гепарина в сыворотке. После тимектомии со
держание гепарина в сыворотке уменьшилось в результате дачи гидрокортизона в мень
шей степени, а в результате дачи ДОКА оно повысилось в меньшей степени, чем у живот
ных с интактной зобной железой.

Предполагается, что функция коры надпочечников играет значительную роль в 
регуляции уровня сывороточного гепарина.

ИССЛЕДОВАНИЕ СЫВОРОТОЧНЫХ ЛИПОИДОВ ПРИ ЭКСПЕРИМЕНТАЛЬНОЙ
ЖЕЛТУХЕ

T. КРЕММЕР, Э. ПОШ и Э. Ф ЕРЕН ЦИ

Авторы выявили в опытах на животных, что после лигирования общего желчного 
протока в сыворотке проявляются ненормальные бета-липопротеиды. Изменения обмена 
липоидов и появление ненормально лабильных липопротеидов объясняются на основании 
данных химического анализа изолированных липопротеидов.

ДИСПАНСЕРИЗАЦИЯ ПОЧЕЧНЫХ БОЛЬНЫХ 
(400 случаев)

А. ХАМОРИ, Ю. ЦИРНЕР, 3. БИБОР и Л . ГОФМАН

В диспансеризации нуждаются а) больные с хроническими болезнями почек, б) 
больные с затяжной формой острого нефрита, у которых излечение можно ожидать лишь 
по истечении двух лет. К критериям выздоровления относится также нормализация 
фильтрационной фракции.

Медленное прогрессирование хронического гломерулонефрита, предположительно, 
обуславливается автоиммунизацией. Наилучшим объяснением краткого скрытого пе
риода внезапного обострения болезни является классическая теория о сенсибилизации 
стрептококками («оседлые» противотела). Предрасполагающими факторами являются: 
1. почечный камень, 2. аномалии развития в мочеполовом аппарате и 3. беременность.

Признаком активности хронического нефрита является микрогематурия, опре
деляемая по методу Эддиса, и/или низкое содержание комплемента. Динамизм хрони



ческого пиелонефрита можно оценить на основании числа микробов +  числа лейкоцитов 
(Эддис).

Прогрессирование хронических состояний можно замедлить 1. предотвращением 
агрессивных факторов, 2. при гломерулонефрите преодолением активности болезни про
должительной дачей стероидов, а при пиелонефрите продолжительной антибиотической 
химиотерапией. После излечения очагов непременно следует произвести хирургическое 
лечение урологических изменений. При амилоидном перерождении почек стероидная 
терапия противопоказана.

В скрытой фазе хронических болезней почек попытка реабилитации требует исклю
чительно тщательного контроля.

Диспансеризацию почечных больных приходится продолжать на протяжении всей 
жизни пациентов. В центр диспансеризации следует поставить нефрологическую амбу
латорию.

ГИСТОЛОГИЧЕСКАЯ ОСНОВА НЕКОТОРЫХ ОЛИГУРО-АНУРИЧЕСКИХ 
ПАТОЛОГИЧЕСКИХ ПРОЦЕССОВ

Ф. РЕНЬИ-ВАМОШ, М. ЗОМБОРИ и X. ЕЛЛИНЕК

Дается описание некоторых болезней, при которых патогенез олиго-анурии in 
v ivo  нельзя было доказать с достоверностью. Однако вопросы, очень важные для соответ
ствующей терапии и для прогноза, частично или полностью были выяснены гистологи
ческим исследованием.

ОСТРАЯ ОЛИГО-АНУРИЯ, НАБЛЮДАЕМАЯ ПРИ ХРОНИЧЕСКИХ 
БОЛЕЗНЯХ ПОЧЕК

Ф. РЕНЬИ-ВАМОШ, Ш. ЧАТА, М. ЧЕЛЛАР и Дь. ХАМВАШИ

В отделении по применению диализирующего аппарата Будапештской урологи
ческой клиники у 96 из 413 больных основной болезнью была хроническая болезнь почек. 
Внезапное обострение болезни привело к олиго-анурии. 44 больных выжило, 52 чел. 
умерло (54,1%). В 61 случае основной болезнью был хронический пиелонефрит, в 20 слу
чаях — хронический гломерулонефрит, в 9 случаях — подострый гломерулонефрит, в 
3 случаях амилоидоз, в 2 случаях — нефросклероз и в одном случае — периартериит. 
Дается описание гистологических изменений почек, а также причин, вызвавших обостре
ние. Подчеркивается, что результаты лечения были бы лучшими, если олиго-анурические 
больные поступали бы в отделение раньше и в менее тяжелом состоянии.

АНЕМИЯ ПОСЛЕ ОЖОГА
11. Обмен железа

Й. БЕРНАТ, Г. ДОЖАН, Й. НОВАК и Ш. ЕЛЕК

Статья указывает на то, что после ожога развивается тяжелое расстройство обмена 
железа, для которого характерно, между прочим, одновременное значительное снижение 
содержания железа в сыворотке и уменьшение железосвязывающей способности сыворотки.

У 20 больных с ожогами проводились исследования при пероральной нагрузке 
железом. Результаты показали, что при нагрузке железом кривая начинается с низкой 
величины и в течение 7 часов остается очень плоской.

У 10 больных с ожогами проводились исследования при внутривенной нагрузке 
железом. Результаты показали, что введенное в кровообращение железо быстро — в 
течение 3—б часов — исчезает из сосудистой системы. Из этого факта можно заключить 
об исключительно интенсивном обмене железа.

У 40 крыс-альбиносов проводились гистохимические исследования. На основании 
результатов было установлено, что железо, быстро исчезающее из кровообращения



поглощается или присоединяется прежде всего клетками ретикуло-гистиоцитарной 
системы.

Упомянутые изменения развиваются очень быстро (в течение 24—72 часов) и они 
сохраняются в течение всей болезни. В период реконвалесценции это расстройство об
мена веществ самопроизвольно нормализуется.

ДЕЙСТВИЕ ПОВРЕЖДЕНИЯ ЛАТЕРАЛЬНЫХ ОБЛАСТЕЙ ГИПОТАЛАМУСА 
НА БЕРЕМЕННЫЕ КРЫСЫ И НА СМЕРТНОСТЬ ПЛОДОВ

3. АВАР и Э. МОНОШ

Авторы исследовали у крыс действие электрического повреждения латеральных 
областей гипоталамуса (regio  tu b e ra lis  dorsalis, regio in fu n d ib u la r is  v en tra lis ), проводив
шегося на 16—18-ый день беременности, на смертность плодов, на суточный прием 
пищи и воды беременными крысами и на изменения их веса и температуры.

Установлено, что повреждения указанных областей вызывают значительно боль
шее повышение доли мертворождений и ранней смертности детенышей, чем ложная опе
рация или повреждение других областей гипоталамуса. Вес детенышей при рождении и 
их число в пересчете на одну крысу-самку в группе животных с повреждением латераль
ных частей гипоталамуса и в контрольной группе не показали существенных отклонений. 
Вес детенышей повысился лишь в контрольной группе. Повреждение латеральных об
ластей гипоталамуса привело к значительному временному уменьшению потребления 
пищи и воды и, в соответствии с этим, вес тела самок до наступления родов показал убы
вающую тенденцию. В то же время в контрольной группе после ложной операции от
мечалось 10—11%-ное повышение веса тела. Относительно температуры тела ни в подо
пытной, ни в контрольной группе не наблюдались значительных изменений.

ДАННЫЕ К ПАТОМЕХАНИЗМУ ШОКОВОЙ ПОЧКИ IV 
Регенерация почки после повреждения вследствие временной аноксии

Л. ТАКАЧИ-НАДЬ и И. ЮХАС

Авторы исследовали у крыс регенерацию функции почек по истечении 4, 7 и 14 
дней после лигирования на протяжении различного времени почечных артерии и вены 
одной стороны. Исследования проводились при помощи Ивенсевой синьки. Было уста
новлено, что между продолжительностью аноксии и необходимым временем регенерации 
существует связь и, что возникающие повреждения почек в пределах 14 дней по боль
шей части восстанавливаются. Степень аноксического повреждения эпителия канальцев 
оказывает влияние на восстановление функции почек.

ДЕЙСТВИЕ ЭКСИКОЗА НА МИНУТНЫЙ ОБЪЕМ И НА КРОВООБРАЩЕНИЕ 
ОРГАНОВ У НАРКОТИЗИРОВАННЫХ И БОДРСТВУЮЩИХ КРЫС

П. БЕНЧАТ и Л. ТАКАЧ

Авторы исследовали действие эксикоза на наркотизированных, на бодрствующих 
и фиксированных а также, на бодрствующих и не фиксированных крысах. Установлено, 
что у наркотизированных животных изменения подобны перераспределению кровооб
ращения, наблюдаемому при различных состояниях застойной гипоксии. В бодрствующем 
состоянии уже возбуждение, вызванное вмешательством, имеет следствием тяжелые 
изменения кровообращения. Под влиянием эксикоза повышается коронарная фракция 
минутного объема, уменьшается кожная фракция, в то время как почечная фракция 
остается неизменной.



КРИЗИСЫ ПРИ ТЯЖЕЛОЙ МИАСТЕНИИ, I 
Встречаемость и патомеханизм 

А. СОБОР

Формирование понятия о миастеническом кризисе, обсуждение его теоретического 
и практического значения на основании литературных данных. — Описание характера 
кризисов, обсуждение возможного патологоанатомического и патофизиологического 
механизма. — Обсуждение теоретических вопросов механизма кризисов. — Частота 
встречаемости кризисов. — Характеристики семиотики кризисов, наблюдаемых при 
миастении. — Возможность дифференциации отдельных типов кризисов.

КРИЗИСЫ ПРИ ТЯЖЕЛОЙ МИАСТЕНИИ, II 
Причины, характер, лечение 

А. СОБОР

Формирование, теоретическое и практическое значение понятия о миастеническом 
кризисе. — Описание характера кризисов, обсуждение возможного патологоанатомиче
ского и патофизиологического механизмов. Обсуждение теоретических вопросов меха
низма кризисов. — Частота встречаемости кризисов. — Характеристика семиотики кри
зисов, встречаемых при миастении. — Возможность дифференциации отдельных типов 
кризисов. — Казуистика собственных случаев автора: из 80 больных миастенией, наблю
давшихся автором в течение 14 лет, дается описание истории болезни 14 больных, имевших 
кризисы. — Подробное изложение более часто встречаемых и более важных причин 
кризисов, целесообразная категоризация и анализ посттимектомических кризисов. — 
Современные принципы и практика лечения кризисов; профилактика кризисов.

ЭПИЛЕПТИФОРМНЫЕ АНОМАЛИИ ЭЭГ В СЛУЧАЕ СИНДРОМА 
ПЕРИОДИЧЕСКИХ БОЛЕЙ В ЖИВОТЕ

Ф. КАЙТОР и Т. КАСАШ

Авторы анализировали ЭЭГ 38 детей и подростков, страдающих интенсивными 
приступами болей в животе. ЭЭГ были записаны в бодрствующем состоянии и под эви- 
пановым наркозом.

В 56,7% ЭЭГ, сделанных в бодрствующем состоянии, удалось выявить спонтанный 
нефизиологический медленный ритм, а в 13,5% — эпилептиформные изменения. В 83,3% 
ЭЭГ, сделанных под наркозом, наблюдались типичные спайки. В 64% эпицентры спайков 
локализовались в Роландовой борозде и на верхушке над одним полушарием или над 
обоими полушариями. Остальные спайки появлялись в лобной области. В одном случае 
удалось локализовать передний базотемпоральный спайк, а в другом случае была прово
цирована генерализированная активность спайковых волн в 3 ц/сек. Многоочаговая эпи
лептиформная активность не была редким явлением.

Возможность эпилептогенного повреждения мозга была выявлена у 31% боль
ных; эти больные рассматриваются авторами как эпилептики. Остальные 69% авторы 
причисляют к «пограничной области эпилепсии», предполагая доброкачественную ано
малию мозга, связанную с возрастом (незрелость).

Ссылаясь на результаты физиологических исследований по выяснению желудочно- 
кишечной регуляции и на наблюдения, сделанные у эпилептиков, авторы придержи
ваются того мнения, что спайки в Роландовой борозде и в верхушке указывают на кон- 
вульсоидную повышенную раздражимость неспецифических висцеромоторных элементов 
сенсо-моторных центров коры головного мозга. Следовательно, в случае синдрома воз
вратных болей в животе показано проведение противосудорожного лечения.



ОСТРОЕ ДЕЙСТВИЕ НИКОТИНА НА КРОВООБРАЩЕНИЕ В КОНЕЧНОСТЯХ

Ф. ШОЛЬТИ, И. КРАСНАИ, Ю. РЕВ и Ю. НАДЬ

Острое действие никотина на кровообращение изучалось у 21 кардиально компен
сированного и не страдающего сужением периферических сосудов больного, после внут
ривенного введения 1,0 мг тартарата никотина. Периферическое кровообращение измеря
лось в 12 случаях при помощи закиси азота, а в 9 случаях методом венозной изотопной 
дилюции, разработанным авторами и пригодным для измерения полного периферического 
кровообращения. Помимо этого проводились также измерения кожной и мышечной тем
пературы и исследование радиоактивного «мышечного клиренса». Под острым влиянием 
никотина минутный объем несколько повысился, температура кожи значительно умень
шилась, в то время как температура мышцы и время исчезновения J 131 из мышцы не изме
нились. Периферическое кровообращение и сопротивление периферических сосудов, в 
сущности, не изменились. При действии никотина фракция минутного объема перифери
ческого кровообращения также не показала оцениваемых изменений.

После дачи никотина поразительными и прочными изменениями были выраженное 
снижение потребления 0 2 тканями конечностей и повышение венозного давления в ниж
них конечностях.

Обсуждается патомеханизм действия никотина на кровообращение в конечностях.

РОЛЬ ЦЕНТРАЛЬНОЙ НЕРВНОЙ СИСТЕМЫ В ПАТОМЕХАНИЗМЕ ОТЕКА 
ЛЕГКИХ, ВЫЗВАННОГО АДРЕНАЛИНОМ

М. КЕЛЛНЕР, Ф. МАКЛАРИ, А. Г. Б. КОВАЧ и Д. ГОТТЗЕГЕН

Исследовалась роль нейрогенных факторов в патомеханизме отека легких, вызван
ного адреналином. В 41 эксперименте по перекрестному кровообращению авторы вводили 
адреналин в кровообращение головы, а также в кровообращение туловища. Введение 
адреналина в кровообращение головы вызывало более тяжелые отеки легких и в большем 
проценте случаев, чем введение его в кровообращение туловища. По мнению авторов это 
действие адреналина осуществляется нейрогемодинамическим путем, так как в ходе 
экспериментов в малом круге кровообращения величины кровяного давления сильно 
повысились, а коллоидосмотическое давление незначительно понизилось. В проницае
мости капилляров было выявлено незначительное повышение.
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