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Acta Morphologien Academiae Scientiarum Hungaricac Tomus 14 (!)•  pp. 1 — 6 (1966)

F irs t  D e p a rtm en t o f G ynaecology  (D irec to r: P ro f. B . H o r n ). U n iv e rs ity  M edical School,
B u d a p es t

HEPATIC AND RENAL CHANGES INDUCED 
BY SYNTHETIC PROGESTOGENS AND 

NATURAL PROGESTERONES
F . T ó th

(Received May 15, 1964)

Two h u n d re d  fem ale ra ts  o f 110 130 g b o d y  w eight have  been tre a te d  w ith
p rogesterone  a n d  sy n th e tic  p rogestogens. N o rm al doses in duced  no changes in  th e  
in te rn a l o rgans. L arge  doses in d u ced  d iffuse  f a t ty  degen era tio n  in liver a n d  k id n ey ; 
th e  lesion w as rev ersib le  and  d isap p ea red  a f te r  6 to  7 (lays.

P rogesterone , th e  m ost freq u en tly  used fem ale sex horm one, was p re sc rib 
ed  in  tw o an d  a q u a r te r  m illion in stan ces in th e  U n ite d  S ta te s  in 1960, a n d  its 
sale has since in creased . T he p rev en tio n  o f th re a te n e d  ab o rtio n s has m uch c o n tr ib 
u te d  to  th is increase . A ccording to  w id eran g e  s ta tis tic s , p rogesterone  p re p a 
ra tio n s  are  em p lo y ed  in 45 per cen t o f  th re a te n e d  ab o rtio n s . B esides, p ro g e s te r 
one is ro u tin e ly  used  for the  tre a tm e n t o f  gen ita l hy p o p lasia  an d  the d is tu rb 
ances o f m e n s tru a tio n  due  to  re la tiv e  a n d  a b so lu te  p rogesterone  defic iency . 
T he p o p u la rity  o f p rogeste rone  p re p a ra tio n s  a n d  th e ir  ad m in is tra tio n  in la rge  
doses was p ro m o ted  by  th e  fac t th a t  no  side effects had  been re p o rte d . T h e  
n a tu ra l  su b stan ce , if  ad m in is te red  o ra lly , is p ra c tic a lly  w ith o u t effect; in v iew  
o f th e  d ifficu lties in v o lv ed  by  th e  p a re n te ra l a d m in is tra tio n  of p ro g este ro n e  in 
oil, num erous a t te m p ts  have  been m ade to  p ro d u ce  efficacious ora) p rogestogen  
p rep a ra tio n s . S y n th e tic  p ro d u c ts  o f th is  k in d , m a rk e te d  in increasing  n u m b e rs  
d u rin g  th e  last 6 to  7 y ears , have been sa tis fa c to r ily  ap p lied  in the  t r e a tm e n t  of 
d iverse  m enorrhoea l d is tu rb an ces , gen ita l h y p o p la s ia , dysm enorrhoea , e n d o 
m etriosis and  in cases o f th re a te n e d  a b o rtio n . T h ey  have m oreover p ro v ed  
h igh ly  useful as b io logical co n tracep tiv es . A la rm in g  re p o rts  have been p u b 
lished  in recen t y ea rs  reg a rd in g  th e  effect o f  h ig h  doses o f  sy n th e tic  p rogestogens 
p rescribed  for th e  p re v e n tio n  of ab o rtio n s . A d m in is te red  in th e  firs t tr im e s te r  
o f gesta tio n , th e y  a re  s ta te d  to  have  in d u c e d  fo e ta l m ascu lin iza tion  in m ore  
th a n  a h u n d red  cases. D i e t e l  [ 1 ] ,  by  a d m in is te r in g  10 mg of p ro g este ro n e  in 
oil da ily  for 8 d ay s, in d u ced  grave focal h e p a tic  necrosis in p reg n an t ra ts .

A p p ro p ria te  doses o f b o th  n a tu ra l p ro g este ro n e  a n d  sy n th e tic  p ro g e s to 
gen p rep a ra tio n s  are  freq u en tly  a d m in is te re d  in th is  D e p a rtm e n t fo r th e  
t r e a tm e n t o f th e  sa id  d isorders, an d  th e  an im a l ex p erim en ts  re p o rte d  in the  
follow ing were d ev ised  in o rd er to  su p p le m e n t o u r clinical o b serv a tio n s w ith  
th e  m orphological ex am in a tio n  of p a ren ch y m a l o rgans.

A cta  M orphnlogica A cadem iae Scientiarum  Hungaricae I t .  1066



2 F. TÓTH

M aterial an d  m ethod

T w o h u n d red  w h ite  fem ale  ra ts  w ith  b o d y  w e ig h ts  be tw een  110 an d  130 g w ere d iv id ed  
in to  20 e q u a l groups. T h ree  o f th e se  g roups c o n ta in ed  an im als  in  th e  second h a lf  o f p re g n an c y . 
T h e  r a t s  rece iv ed  th e  sam e d ru g s  as em ployed  in  c lin ica l p rac tice , nam ely  n a tu ra l  p ro g esté ro n es  
N o. 1, N o. 2, an d  No. 3., f u r th e r  ta b le ts  o f sy n th e tic  p rogestogens No. 1, No. 2, a n d  No. 3. 
N a tu r a l  p rog estero n e  No. 3 c o n ta in s  10 m g p ro g este ro n e , n a tu ra l p ro g esterone , N o. 2 in je c tio n  
c o n ta in s  125 and  250 m g o f 1 7 -a -m e th y l-1 9 -n o rtes to s te ro n e , sy n th e tic  p ro g esto g en  N o. 2 
c o n ta in s  17 -a-e thynyl-17-/3 -hydroxy  o estr-4 -en  -)- 0.15 m g m e th o x y -e th y n y l o e s trad io l, 
s y n th e tic  p rogestogen  N o. 3 c o n ta in s  5 m g of /l-4 -17-a-ally l-(o )-oestren -/l-o l. D osage  of th e  
d ru g s  a n d  th e  co n sequen t h e p a tic  a n d  re n a l lesions a re  show n in  T ab le  I.

Table 1
Effect  o f  progesterone preparations on liver and kidney

Group Mode of treatment 
No Dn,6 mg/100 g

Hepatic Renal 
lesion lesion Notes

l . S y n the tic  
progestogen 
(N o. 1.)

2 x 0 .1 0  m g weekly for 
15 weeks

2. S y n th e tic  
progestogen 
(N o. 1.)

0.10 m g daily  for
60 days

3. S y n th e tic  
progestogen 
(N o. 2.)

2 x 0 .1 0  mg weekly for
15 weeks

4. S y n th e tic  
progestogen 
(N o. 2.)

0.10 m g daily  for 
60 days

5. S y n th e tic  
progestogen 
(N o. 3.)

2 x 0 .1 0  mg weekly for 
15 weeks

6. S y n th e tic  
progestogen 
(No. 3.)

0.10 m g daily  for 
60 days

7. N a tu ra l 
progesterone 
(N o. 1.)

0.12 m g daily  for 
10 days

8. N a tu ra l 
progesterone 
(No. 1.)

2.0 m g daily  for 
10 days

L ipoid in
K upffer
cells

9. N a tu ra l 
progesterone 
(N o. 1.)

2.0 m g daily  for 
10 days

Parench . 
degener. 
L ipo id  in 
K upffer cells

Parench .
degener.

P re g n a n t
an im als

10. N a tu ra l 
progesterone 
(No. 1.)

6.0 m g daily  for 
10 days

F a t ty
degener.

F a t ty
degener.

P re g n a n t
an im als
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Group
No Drug

Mode of treatment 
mg/100 g

Hepatic
lesion

Renal
lesion Notes

11. N a tu ra l 
p rogesterone 
(No. 1.)

6.0 mg d a ily  for 
10 d ay s

F a t ty
degener.

F a tty
degener.

12. N a tu ra l 
progesterone 
(No. 2.)

0.25 m g da ily  for 
10 days

13. N a tu ra l 
p rogesterone 
(No. 2.)

5.0 m g d a ily  for 
10 d a y s’

F a t ty
degener.

F a tty
degener.

P re g n a n t
anim als

14. N a tu ra l 
p rogesterone 
(No. 2.)

5.0 mg d a ily  for 
10 days

F a t ty
degener.

F a tty
degener.

15. N a tu ra l 
p rogesterone 
(No. 3.)

0.2 m g d a ily  for 
10 d ay s

16. N a tu ra l
progesterone 
(No. 3.)

2.0 mg d a ily  for 
10 d ay s

L ipoid in 
К  u p ffer 
cells

17. N a tu ra l
progesterone
(No. 3 .)

2.0 mg d a ily  for 
10 d ay s

P a ren ch . 
degener. 
L ipoid in 
К upffer 
cells

Parench.
degener.

P re g n a n t
an im als

18. N a tu ra l 
progesterone 
(No. 3.)

5.0 mg d a ily  for 
10 d ay s

F a t ty
degener.

F a tty
degener.

P reg n an t
anim als

19. N a tu ra l 
p rogesterone 
(No! 3.)

5.0 mg d a ily  for 
10 d ay s

F a t ty
degener.

F a t ty
degener.

K illed a t
d ifferen t
tim es

20. Olive oil 0.1 ml. d a ily  for 
10 d ay s

F a t  in
K upffer
cells.

The ta b le ts ,  dissolved in m ilk , w ere in tro d u ced  th ro u g h  a g a s tr ic  tu b e ; th e  in je c tio n s  
w ere given in tra m u sc u la r ly . Doses in d ic a te d  in  T ab le  I .  re fe r  to  100 g body  w eigh t a n d  w ere 
given daily . T h e  an im a ls  received a b o u t  th e  two- to  fo u rfo ld  o f th e  doses o f sy n th e tic  p rogesto*  
gen em ployed in  clin ical p ractice . T h e  sm alle r dose of p ro g e s te ro n e  in  oil was a p p ro x im a te ly  
th e  sam e as u su a l in  cases of th re a te n e d  a b o rtio n ; th e  h ig h e r  doses a re  n o t app lied  in  clin ical 
p rac tice  and h av e  a theo re tica l s ig n ificance  only. If  th e  doses rece ived  by th e  an im a ls  a re  
re fe rred  to  a h u m a n  su b jec t of 60 kg  b o d y  w eight, th e  fo llow ing  v a lu es re su lt: th e  single dose 
o f sy n th e tic  p ro g esto g en s No. 1, No. 2, No. 3 co rresponds to  60 m g; 0.12 m g of n a tu ra l  p ro g es
te ro n e  No. 1 to  72 m g, 2 mg to 1.2 g, 6 mg to 3.6 g, 12.5 m g to  7.5 g; 0.25 mg of n a tu ra l  
p rogesterone  N o. 2 to  150 mg, 5 m g to  3 g, 0.2 mg o f n a tu ra l  p ro g estero n e  No. 3 to  120 m g, 
2 mg to 1.2 g, 5 m g to 3 g.
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W ith  th e  ex cep tion  of G ro u p  No. 19, th e  a n im a ls  w ere killed  b y  a b low  on  th e  nape 
a t  th e  te rm in a tio n  of th e  e x p e rim e n t, th e ir  o rg an s  w ere rem oved , fix ed , a n d  th e n  s ta in ed  
w ith  h aem ato x y lin -eo sin , oil re d , PA S, m e th y lg ree n  py ro n in e , su b je c ted  to  th e  Feu lgen , 
S c h u ltz  a n d  p h en y lh y d raz in e  re a c tio n s ; a lk a lin e  a n d  acid  p h o sp h a tase  an d  n o n -sp ec ific  esterase  
re a c t io n s  w ith  azo dyes w ere p e rfo rm e d  by  th e  “ A zo -K u p p lu n g ”  m eth o d  w ith  n ap h th o l-  
A s -p h o s p h a te  su b s tra te .

R esults

T h e  app lied  doses o f  s y n th e tic  p ro gestogens induced  no ch an g e  in  the  
e x a m in e d  organs, n e ith e r  d id  0.12 m g o f n a tu ra l  p rogesterone  N o. 1, 0.2 m g of 
n a tu r a l  p rogesterone  No. 3, o r 1.25 m g o f n a tu ra l  p rogesterone  N o. 2. T w o m g of 
n a tu r a l  p rogesterone  N o. 2. a n d  n a tu ra l  p ro geste rone  No. 3 d a ily  fo r 10 days 
in d u c e d  p a ren ch y m al d eg en e ra tio n  in  th e  liv e r  a n d  k idney  o f p re g n a n t an im als. 
T h e  K u p ffe r  cells c o n ta in e d  a g rea t n u m b e r o f b iré frin g en t lipo id  g ran u le s . No 
d e g e n e ra tio n  was in d u ced  b y  th ese  doses in  n o n p re g n a n t an im als , a lth o u g h  the  
K u p ffe r  cells co n ta in ed  lip o id s  (F ig . 1). S ix m g n a tu ra l p ro g este ro n e  N o. 1 ,5  mg 
n a tu r a l  p rogesterone  No. 3 a n d  5 m g n a tu ra l  p rogesterone  N o. 2 a d m in is te red  
d a ily  fo r  10 days, in d u ced  g rav e  f a t ty  d eg en era tio n  in th e  liv e r a n d  k id n e y  of 
b o th  p re g n a n t and  n o n p re g n a n t an im als . T h e  h ep a tic  lesion w as d iffu se , m ostly  
c e n tr i lo b u la r , b u t a p p e a re d  som etim es also a t  th e  p e rip h e ry  o f th e  lobules 
(F ig . 2). In  th e  k id n ey  i t  w as m o stly  in  H e n le ’s loops (F ig. 3) a n d  som etim es in 
th e  b a s a l p a r t  o f th e  ep ith e liu m  o f th e  p ro x im a l convo lu ted  tu b u le s  t h a t  fa t 
d e p o s its  w ere found . T h ey  w ere b iré fr in g e n t a n d  gave a po sitiv e  S c h u ltz  and  
p h e n y lh y d ra z in e  re a c tio n . No lipo ids w ere o b serv ed  in  lungs a n d  h e a r t .  A d m in 
i s t r a t io n  o f olive oil in d u ced  no d eg en e ra tiv e  changes in  th e  co n tro l an im als, 
o n ly  th e  K upffer cells c o n ta in e d  f in e ly  d ispersed  oil d ro p le ts . S m all doses gave 
rise  to  in ten siv e  a lkaline  a n d  ac id  p h o sp h a ta se  an d  PAS reac tio n s  in  b o th  the 
l iv e r  a n d  th e  k id n ey  (F ig . 4); w ith  la rg e  doses th e  reac tio n s  w ere  w eaker 
(F ig . 5).

T h e  anim als o f G roup N o. 19 w ere k illed  a t  s ta te d  in te rv a ls  a f te r  te rm in a 
t io n  o f  th e  tre a tm e n t. T he d eg en e ra tiv e  lesions w ere found  to  h a v e  d isap p ea red , 
a n d  th e  p h o sp h a tase  an d  P A S reac tio n s  to  h av e  re tu rn e d  to  n o rm a l a f te r  6 to  7 
d a y s  (F ig . 6).

F iv e  anim als (no t in c lu d ed  in  T ab le  I) rece ived  10 m g o f n a tu ra l  p ro g e s te r
one  b u t  even these  doses fa iled  to  e lic it th e  h ep a tic  necrosis d esc rib ed  by 
D i e t e l . T here occurred  no in tra u te r in e  necrosis or pa tho log ic  fo e ta l change. 
In  a n o th e r  group of e x p e rim e n ts  th e  a d m in is tra tio n  o f 4 tim es  2.5 m g of 
o e s tro g e n  (w ithou t p rogeste rone) to  p re g n a n t ra ts  e lic ited  all th e  p henom ena  
d e sc r ib e d  b y  D i e t e l , n a m e ly  h e p a tic  necrosis , in tra u te r in e  fo e ta l necrosis  and 
p a r t ia l  re so rp tio n  o f th e  o v a .
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F ig .  5.  W ea k  alkaline p h o sp h a ta se  re a c tio n  in  th e  k id n ey . “ A zo -K u p p lu n g ”  m e th o d  w ith  
n a p h th o l-A s-p h o sp h a te  su b s tra te , X 128 

Fig. 6. G reat am o u n ts  o f f in e ly  d isp e rsed  g lycogen in  liver cells. PA S, X 80
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Fig. 1. K u p ffe r cells filled  w ith  b iré frin g en t lipo id . “ F e t t r o t”  s ta in in g , X 128; Fig. 2. D a rk  spo ts, in d ica tin g  f a t ty  
degen era tio n  in th e  liver. Oil red  sta in in g , X 128: Fig. 3. D a rk  spheru les rep re sen tin g  lipides, in  ep ith e liu m  of 
I len le ’s loops. Oil red  s ta in in g , X 128: Fig. 4. In c reased  a lka line  p h o sp h a tase  re ac tio n  in  th e  k id ney . “ Azo- 

K u p p lu n g ”  m eth o d  w ith  n ap h th o l-A s-p h o sp h ate  su b s tra te , X 128





HEPATIC CHANGES INDUCED BY SYNTHETIC PROGESTOGENS 0

D iscussion

L ite ra tu re  con ta in s h a rd ly  a n y  re p o r t  on the side effects o f  p ro g este ro n e . 
T he g rav est effects have been o b se rv e d  b y  D i e t e l  [1] in p re g n a n t r a t s .  In  n o n 
p reg n an t an im als th e  lesions w ere less serious. T h e rap eu tic  doses o f  n a tu ra l  
p rogestérones in d u ced  no d eg en e ra tio n  in the  in te rn a l o rgans, w hile th e  a lk a lin e  
a n d  acid p h o sp h a ta se  reactions b ec a m e  m ore p ronounced  in  th e  liv e r  a n d  th e  
k id n ey . Large doses induced  f a t t y  d eg en era tio n  in these tw o o rg a n s . H isto - 
chem ical reac tio n s show ed th a t  th e  m a jo r p a r t  o f th e  lipoids w ere  s te ro id  
horm ones. T hese re su lts  are in good  ag reem en t w ith  th e  know n fac t th a t  the 
liv e r is th e  ch ie f organ  of s te ro id  conversion , a n d  th a t  th e  g re a te s t  p a r t  of 
p rogesterone  is ex c re ted  w ith  u rin e  in  th e  fo rm  o f p regnaned io l. S a n d b e r g  an d  
S l a u n w i i i t e  [3] in jec ted  14 C -labelled  p ro geste rone  in tra v e n o u s ly  a n d  de
m o n s tra te d  th a t ,  linked  to  g lu cu ro n ic  ac id , only  50 per cen t th e re o f  was 
ex c re ted  a fte r  24 to  48 hrs. A p p ro x im a te ly  30 per cen t passed  in to  th e  bile 
w ith o u t being b o u n d  by  g lucuronic  ac id  a n d  gained  th e n  access to  th e  in te s tin e s  
w hence it was p a r t ly  absorbed  a n d  p a r t ly  ex c re ted . The process is k n o w n  as 
h e p a to e n te ra l ho rm one  c ircu la tio n . Sm all doses are broken  dow n a n d  ex c re te d  
b y  h ep a tic  an d  ren a l a c tiv ity , th e  in ten s ifica tio n  of w hich  is in d ic a te d  b y  a 
p ro n o u n ced  p h o sp h a ta se  reac tio n . L arge doses m ay , how ever, e x h a u s t  th e  
av a ilab le  stock  o f enzym es so th a t  th e  ho rm one accu m u la tes  in  th e  h e p a tic  
a n d  ren a l cells. W e have found  t h a t  n o n p re g n a n t anim als are  ab le  to  c o n v e rt 
a n d  excre te  la rg e r am o u n ts  o f exogenous ho rm one  th a n  p re g n a n t ones w ith o u t 
develop ing  g rave  h ep a tic  an d  ren a l d eg en e ra tio n . This m a y b e  due  to  th e  fac t th a t  
conversion  o f a lre a d y  p resen t s te ro id s  ta x e s  th e  liver an d  k id n ey  o f  p re g n a n t 
an im als  to  such  an  ex ten t as to  be  u n ab le  to  cope w ith  fresh ly  in tro d u c e d  doses 
o f horm one. N o n p reg n an t an im als a re , on th e  o th e r h an d , capab le  o f  c o n v e rtin g  
h igh exogenous doses o f horm one w ith o u t deg en era tiv e  lesions. D i e t e l  d id  no t 
discuss the  p rob lem  as to  w h e th e r th e  oil in w hich the ho rm one is d isso lved , 
p layed  a role in th e  observed  ch an g es . O bserv a tio n s m ade in c o n n e c tio n  w ith  
G roup  No. 19 a n d  the p ro geste rone  suspension  show  th a t  the  h o rm o n e  alone 
a n d  no t the  so lv en t is responsib le fo r  th e  patho lo g ic  changes. H e p a tic  a n d  ren a l 
lesions caused  b y  d ifferen t doses o f  oestrogens will be d iscussed  in a n o th e r  p a 
per. I t  should , how ever, be n o te d  th a t  th e y  are capab le  o f in d u c in g  f a t ty  
d eg en era tio n  in considerab ly  low er doses th a n  p rogesterone . This is in c o n tra d ic 
tio n  to  th e  o b se rv a tio n s of K o v á c s  a n d  D á v i d  [2] who fo u n d  no  s ig n if ic a n t 
change in th e  k id n ey  of fem ale r a t s  w hich h a d  received  1.0 m g o f o e s tro g en  
da ily  for 10 d ay s. On th e  o ther h a n d , ex ten siv e  ren a l cortical necrosis r e s u lte d  if 
th e  oestrogen w as ad m in is te red  in  c o m b in a tio n  w ith  po ste rio r p i tu i ta ry  p re p a ra 
tio n s . T he p re sen t experim en ts h a v e  re liab ly  show n th a t  n o t even  th e  la rg e r 
o f  th e  c u rre n t doses o f p ro g este ro n e  a n d  p ro geste ro id  p re p a ra tio n s  causes 
d eg en era tiv e  lesions in the  in te rn a l o rgans o f  an im als.
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A U F  W IR K U N G  D E R  G E S T A G E N E  Z U S T A N D E K O M M E N D E  L E B E R - U N D  
N IE R E N V E R Ä N D E R U N G E N

F. TÓTH

D ie U n te rsu ch u n g en  w u rd e n  bei 200, 110— 130 g w ieg en d en  w eiblichen R a tte n  v o rg e 
n o m m e n . Die in  der ü b lic h e n  D o sie ru n g  verab fo lg ten  P ro g e s te ro n -  u n d  P ro g e ste ro id p rä p ara te  
v e ru rs a c h te n  in  den in n e re n  O rg a n e n  der V ersuchstiere  k e in e  d eg en e ra tiv en  V erän derungen . 
D a s  in  g roßen  D osen v e ra b re ic h te  P rogesteron  fü h r te  d iffu se , jed o c h  reversib le, fe ttig e  L eb e r
u n d  N ie ren d eg en era tio n  h e rb e i, d ie  innerhalb  6— 7 T ag e n  sp u rlo s verschw and .

И З М Е Н Е Н И Я  В П Е Ч Е Н И  И  В П О Ч К А Х  IЮ Д  В Л И Я Н И Е М  ГЕ С Т А Г Е Н О В

Ф. ТОТ

Автор проводил исследования на 200 крысах-самках весом в 110— 130 г. По его 
наблюдению при применяемой на практике дозировке прогестероны и прогестероиды не 
вызывают дегенеративных изменений в внутренних органах подопытных животных. 
Применяемый в больших дозах прогестерон вызывает диффузное жировое перерождение 
печени и почек, которое обратимое и за 6—7 дней бесследно исчезает.

D r. Ferenc T ó t h : B u d a p e s t V III. B aross u . 27., H u n g ary
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Second  D e p a rtm en t o f S u rgery  (D irec tor: P ro f. T . K a r l in g e r ) and D e p a rtm e n t o f A n a to m y  
(D irec to r: P rof. J . Sz e n t á g o t iia i), U n iv e rs ity  M edical School, Pécs

PRESENT STATE OF TENDON REGENERATION. LIGHT 
AND ELECTRON MICROSCOPIC STUDIES OF THE 

REGENERATING TENDON OF THE RAT
A. S a l a m o n  a n d  J .  H á m o r i

(R eceived M ay 20, 1964)

A fter a b rie f  review  of the l i te ra tu re  on ten d o n  regeneration  a re p o r t  is g iv en  of 
ligh t m icroscopic, h istochem ical an d  e lec tro n  m icroscopic stud ies o f th e  re g en e ra tio n  
process o f th e  cu t r a t  tendon .

In  c o n tra s t  to  some d a ta  in th e  l i te ra tu re  i t  has been found  th a t  th e  p lu r ip o te n t  
im m atu re  m esenchym al cells capab le  o f d iffe re n tia tio n  and p re sen t in  th e  su rro u n d in g  
connective  tissu e  as well as in the  ten d o n  s tu m p s , have  a com m on role in  th e  fo rm a tio n  
of reg en e ra tin g  tissue  betw een th e  ten d o n  s tu m p s .

S y n thesis o f collagen fibers is p e rfo rm ed  b y  th e  f ib ro b lasts  ( te n o b la s ts ) ;  th e  
m echanism  of th is  process is still a p ro b lem  w ich we can as yet only a p p ro a c h  w ith  our 
a c tu a l in v es tig a tin g  m ethods. T he f ib ro b la s ts  o f  th e  su rrounding  scar tissu e  are  d is t r ib u t 
ed in lo n g itu d in a l o rien ta tio n  on th e  f ib r in  n e t,  as well as the  p reco llagenous su b s ta n c es  
secreted  by th e  fib ro b la s ts  in  th e  te n d o n  s tu m p s . T he collagen fibrils a p p e a r in g  o n  an d  
a ro u n d  the  cells, th ick en in g  g rad u a lly  an d  o rie n te d  lo n g itu d in ally  u n d e r  th e  e ffec t of 
fu n c tio n a l fac to rs  in  th e  f irs t  place are  resp o n sib le  for th e  fo rm ation  o f th e  new  ten d o n  
stru c tu re . E v en  in  th e  case of sm o o th  h ea lin g  m ic ro s tru c tu ra l changes (cell a c t iv ity , 
th ick  collagen fibers , m etach ro m asia ) p e rs is t fo r  a long tim e, and  th e  new  s tru c tu re  
will never be q u ite  analogous w ith  t h a t  o f  a n o rm a l ten d o n . R eo rg an iza tio n  o f th e  o rig i
nal s tru c tu re  — if a t  all possible — p ro b a b ly  ta k e s  a m uch longer tim e.

T endon , be ing  a tissue  p a r tic u la ry  poor in cells and rich in f ib e rs , differs 
essen tia lly  from  th e  o th e r tissues. I ts  blood su p p ly  is re s tric ted , its  m e tab o lism  
is low  ( P e a c o c k , 21). Beside these m orpho log ica l and  physiological p e c u lia ritie s  
th e  ten d o n  possesses a specific fu n c tio n  w hich is d ifficu lt to re s to re  in case of 
in ju ry . B etw een th e  ten d o n  s tu m p s, th e  te n d o n s  and the su rro u n d in g  tissu es , 
sca r tissue freq u en tly  develops, causing  serious functional dam age .

The chain  o f  ev en ts  during  th e  course o f  regenera tion  of th e  d a m a g e d  te n 
don w as re p ea ted ly  s tu d ied  in I he la s t decades an d  a v a s t l i te ra tu re  h as  been 
p u b lish ed  on th is  su b jec t. Most a u th o rs  seem  to hold th a t  th e  colls o f  th e  
co n n ec tiv e  tissue su rro u n d in g  th e  te n d o n s  a re  m ainly responsib le  lo r  th e  
d ev e lo p m en t of reg en era tin g  tissues b e tw een  th e  tendon  s tu m p s , i.e. t h a t  tin* 
in ju re d  p a r t  o f th e  ten d o n  is rep laced  m a in ly  b y  th e  pro lifera tion  o f  cells o f  th e  
p a ra te n o n  or th e  in ju red  ten d o n  sh e a th . A ccord ing  to them  th e  cells o f  th e  
te n d o n  stu m p s p lay  a passive p a r t  in tin* course o f regeneration , th e y  h av e  no 
ro le in th e  fo rm atio n  o f the  “ ten d o n  ca llu s”  ( H a u c k , 12, L a n g e , 17, B u c k , 4, 
S k o o g  an d  P e r s s o n , 30, D a v i d s s o n , 5, P o t e n z a , 20).

A view w hich  seems inadm issib le  is t h a t  of I mayoshi (13), a c c o rd in g  to  
w h o m  the  healing o f  te n d o n  defects w ould  lx* due  solely to th e  p ro l i fe ra t io n  of
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8 A. SALAMON and J . HÁMORI

t h e  t e n d o n  cells. I n  h is  o p in io n  te n d o n  cells  w o u ld  n e v e r  arise f r o m  o t h e r  
c o n n e c t iv e  t is su e  cells o r  b y  w a y  of  m e t a p l a s i a  f ro m  o th e r  cells. A s im i la r  
ro le  o f  t e n d o n  cells w a s  m a in t a in e d  b y  M i g l i a v a c c a .

A n o th er conclusion  is th a t  the  su rro u n d in g  p ro life ra tin g  cells as w ell as 
th e  cells in  th e  te n d o n  h a v e  an  equal p a r t  in  th e  reg en e ra tio n , in d e p e n d e n tly  of 
th e  degree of m a tu r i ty  o f  th e  la tte r  ( E n d e r l e n , 6, B o r s t , 3, Se g g e l , 28).  
In  th is  connection  we q u o te  M ason  and  S h e a r o n ’s (20) conclusion: “ F ro m  th is  
s tu d y  i t  seems logical to  assum e th a t  these  tw o  tissu es  (connective tissu es  an d  
te n d o n  tissue itself) h a v e  each  a definite role o r fu n c tio n  in  th e  healing p ro cess .”  
T h e  recen t papers o f  L i n d s a y  and  T h o m p s o n  (18) an d  F l y n n  an d  G r a h a m  
(8) sh are  th is  op in ion .

As in every  re g e n e ra tiv e  process, it is e v id e n t th a t  in  the tendon  re g e n e ra 
tio n , too , a decisive ro le  has to  be a t t r ib u te d  to  th e  so-called in d iffe re n t 
m esenchym al basic  tis su e . This applies f ir s t  o f  a ll to  cells w hich re m a in  in 
th e ir  em bryonic  co n d itio n , th e  u n d iffe re n tia ted  cells. These im m atu re  m esen 
ch y m al cells are u b iq u ita ry , th e y  are found  in  th e  w hole organism  as “ m e d iu m ”  
tissu es  capable o f p lu r ip o te n t  d ifferen ta tion . T h is  m eans th a t  th e  cells o r ig in a t
in g  from  th e  m esen ch y m a in  th e  course o f em b ry o n ic  evolution  m ay  develop  
in to  v a rious cells, i.e. ty p e s  of tissues d u rin g  th e  process of reg en e ra tio n . In  
th e  ex tensive  l i te ra tu re  concern ing  ten d o n  re g e n e ra tio n  we h a rd ly  f in d  a n y  
su ch  d a ta , w ith  th e  e x c e p tio n  of some references in  th e  papers of P e a c o c k  an d  
o f L i n d s a y  and  T h o m p s o n . This im p o r ta n t ro le  o f th e  m esenchym al b asic  
tissu e  in  o th e r fields o f  th e  regenerative  p rocess h as  been  em phasized b y  sev era l 
avithors; its im p o rta n c e  in  bone callus fo rm a tio n  has been d iscussed  b y  
K r o m p e c h e r  (16), B l o c k  (2), F r om m e  (7), K a r l i n g e r  (14) and  co n firm ed  
b y  H a r a n g h y  (11).

In  close re la tio n  to  th is  question  s ta n d s  th e  problem  of th e  orig in , 
sy n th es is , g row th  a n d  o rie n ta tio n  of th e  co llagen  fibers. As a tissue r ic h  in  
collagen fibers, th e  te n d o n  constitu tes an  ex ce llen t m odel for such in v e s tig a 
tio n s . B ased on th e  p ro m is in g  resu lts o f th e  la s t  decades th e  s tu d y  of subm icro - 
scopic s tru c tu re s  has a llow ed  recent in v es tig a tio n s  to  go a step  fu rth e r . T o d a y  
th e  m a jo rity  of w orkers seem s to  agree th a t  co llagen  syn thesis is a fu n c tio n  o f 
th e  fib ro b lasts  an d  n o t o f  th e  in terce llu lar su b s ta n c e . W a s s e r m a n n  (31) fo u n d  
in  th e  reg en era tin g  r a t  te n d o n s  th a t  th e  co llagen  fib ers  are secreted  b y  th e  
f ib ro b la s ts . O th er w o rk ers  m ade sim ilar m o rp h o lo g ic  an d  biologic s tu d ie s  in  
reg en e ra tiv e  co nnec tive  tissu es  and  tissue c u ltu re s . T he electron m icroscopic o b 
se rv a tio n s  of W a s s e r m a n n  an d  la te r  of G i e s e k i n g  (9) revealed  filam en ts  o f  a- 
ro u n d  100 Â in d ia m e te r  in  th e  fib rob lasts; o th e rs  ho ld  th a t  only p recollagenous 
su b stan ces  can be fo rm ed  in  th e  cell p lasm a (“ tropoco llagenous m olecules” ) 
a n d  th e ir  com position  in to  collagen fib rils  is a n  ex trace llu la r process [ G r o ss  
(10), Y a r d l e y  e t al. (32), M e r k e r  (21), S c h w a r z  et al. (29)]. P o r t e r  (25) 
o b serv ed  th a t  th e  fib rils  developed on th e  p ro to p la sm ic  m em brane o f  th e
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PRESENT STATE OF TENDON REGENERATION 9

fib ro b la s t. T he o rien ta tio n  of the  n ew ly  form ed collagen fibers, in o th e r  w ords, 
th e ir  union b e tw een  the  stum p a n d  th e  new ly form ed tissue , fu r th e r  th e  fac to rs 
in fluencing  th is  process are p rob lem s still discussed. Some a u th o rs  be lieve  th a t  
in th e  early  stages o f regeneration  th e re  is no specific o rien ta tio n  a n d  th a t  th e  
lo n g itu d in a l a rra n g e m en t of th e  ce llu la r  and  fib rous elem ents occurs o n ly  as a 
reac tio n  to  the  fu n c tion . B uck (4) on  th e  o th e r h an d , observed  th e  lo n g itu d in a l 
“ s tre ss  line’’ o rie n ta tio n  of these e lem en ts  even w ith  fib ro b lasts  a p p e a rin g  on 
th e  v e ry  firs t d ay s.

T he m e tach ro m a tic  s ta in in g  o f  reg en era tin g  tissue is a w ell-know n 
phenom enon . M e y e r  and R a p p o r t  (22) s ta te d  th a t  even th e  in ju re d  ten d o n  
co n ta in s  som e h ya lu ron ic  acid a n d  som ew hat m ore ch o n d ro itin  su lp h a te , 
con seq u en tly  it show s some slight m e ta c h ro m a tic  s ta in ing . In  th e  re g e n e ra tin g  
te n d o n  th is phenom enon  persists fo r a su rp rising ly  long tim e . A ccord ing  to  
B u ck 's  d a ta , m etach ro m asia  is still p re sen t a y ea r a fte r  th e  te n o to m y , a lth o u g h  
in th e  healing  sk in  it soon d isap p ears .

T he above discussed co n tro v e rs ia l d a ta  have m ade us to  s tu d y  th e  ro le in 
th e  reg en era tio n  process of th e  c e llu la r  e lem ents of th e  ten d o n  s tu m p  and  
th e  su rro u n d in g  tissues, fu rth e r th e  fo rm a tio n , secre tion  an d  o r ie n ta tio n  o f  th e  
collagen  fibers.

M ethod

S ix ty  a d u lt w h ite  ra ts  were used in th e  ex p erim en ts . T he an im als were k ep t u n d e r sim i
la r  co n d itio n s and  rece ived  the  sam e d ie t th ro u g h o u t the  ex p erim en ts . U n d er e th e r  a n ae sth es ia  
an d  a se p tic  con d itio n s a sm all incision w as m ad e  on one of th e  h ind lim bs th ro u g h  w hich  th e  
A chilles ten d o n  w as exposed , cu t t ra n sv e rse ly  (F ig . 1). As a re su lt a gap  of 4 — 5 m m  had  
fo rm ed  betw een  the  ten d o n  ends, due to th e  re tra c tio n  of th e  p ro x im al p a r ts . A fte r  c losing  th e  
sk in  w o u n d , th e  legs w ere im m obilized fo r 2 w eeks in p la s te r  casts , unless sp ec im en s were

Fig. 1. S ch em atic  re p re se n ta tio n  of co n d itio n s  a f te r  d iv ision  of ten d o n . T he d a rk  sq u a re  fields 
m a rk  the  p lace w here  sections were ex c ised  for e lec tro n  m icroscopic in v es tig a tio n
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10 A. SALAMON and J. HÁMORI

re q u ire d  fo r earlier s tu d ies . T h is  sim ple op erativ e  te c h n iq u e  (ten d o n  div ision  w ith o u t su tu re ) 
w as chosen  in  order to  sp a re  a s  m u c h  as possible th e  te n d o n  en d s, as w ith  th e  u su a l ten d o n  
s u tu re  th e  tissue re ac tio n  a ro u n d  th e  th rea d  m ay  in flu en ce  th e  p u re  reg en e ra tiv e  conditions. 
T h e  a n im a ls  were sacrificed  a t  v a r io u s  in te rv als , th e  h in d  legs w ere f ix ed  in  fo rm alin  an d  allow 
ed to  h a rd en  in th e  d eep  free z e , th e n  th e  Achilles te n d o n  w as rem o v ed  to g e th e r w ith  th e  
n e w ly  fo rm ed  tissues. T h e  s h o r te s t  o bservation  tim e  w as 3 d a y s , th e  longest 100 d ay s a fte r 
o p e ra tio n . F o r ligh t m ic ro sco p ic  s tu d ie s  th e  h isto logic sec tio n s w ere sta in ed  w ith  h a em ato x y lin - 
eo sin  a n d  v an  G ieson’s s ta in .  T o  d em o n stra te  acid  m u co p o ly sacch arid es, p H  4,6 to lu id in e  
b lu e  w as used.

E lec tro n  m icroscopic  s tu d ie s  were m ade on 1 sq . m m , p o rtio n s  o f th e  p ro x im al ten d o n  
s tu m p  a n d  the  new ly fo rm e d  tis su e s , each excised fro m  3 a n im a ls  on  th e  7 th , 2 1 th , a n d  56th 
d a y s  a f te r  teno tom y. T he sp e c im en s  were fixed  for tw o  h o u rs  in  a 1 pe r cen t so lu tion  of osm ium  
te tro x id e  buffered to  p H  7,4 a t  -j-4° C, th en  em b ed d ed  in  a ra ld ite  accord ing  to  L u ft  (19). 
C o n tra s tin g  was done in  b lo c k s  a n d  i t  was s ta in ed  w ith  a 1 p e r  c en t so lu tion  of p h o sp h o tu n g stic  
ac id  in  alcohol for 60 m in u te s . U ltra th in  sections w ere c u t  b y  an  L K B  U ltra to m e  an d  th e  
sec tio n s  were exam ined  b y  Z eiss E l.-M i. D 2 (Jen a) o r T esla  ta b le  e lec tro n  m icroscopes.

Results

Gross examination.  O n th e  th ird  day  a f te r  te n o to m y  a v e ry  soft v ascu la r 
tis su e  is seen b e tw een  th e  ten d o n  ends. B y  th e  en d  o f th e  second w eek th e  t is 
sue  is decidedly s tro n g e r  a n d  holds th e  te n d o n  ends loosely  to g e th e r. T he new ly 
fo rm ed  tissue, w hich is o f  a du ll greyish colour, co n tin u es to  s tre n g h te n  th ro u g h  
th e  th ird  and fo u rth  w eek s. I ts  close connec tion  w ith  th e  en v iro n m en t lessens, 
o n ly  loose tissues s u r ro u n d  it. Still la te r  th e re  is h a rd ly  an y  difference from  
th e  no rm al tendon .

Light microscopy. O n th e  th ird  day  a f te r  te n o to m y  m ark ed  cell p ro life ra 
t io n  is seen a ro u n d  th e  te n d o n  ends. B etw een  th e  s tu m p s , am ong th e  p rec ip i
t a t e d  fib rin  th re a d s  th e re  a re  e ry th ro cy tes , w h ite  b lood  cells an d  f ib ro b la s ts . 
T h e  ten d o n  ends a re  in  a re s tin g  s ta te . A fte r  7 d ay s th e  p ic tu re  changes con 
s id e rab ly , the  f ib ro b la s ts  aris in g  from  th e  p a ra te n o n  on th e  new ly fo rm ed  fib rin  
n e t  are  orien ted , m o re  o r  less lo n g itu d in a lly , th e re  are  m an y  cap illa ries, b u t 
less w hite  blood cells. I n  th e  periphera l p a r ts  o f  th e  ten d o n  s tu m p s th e re  
a p p e a r  swollen cells w ith  ovo id  or round  nucle i r ic h  in  ch ro m atin  an d  w ith  b aso 
philic  granules in th e  c y to p la sm . V acuoles a re  p re sen t in m ost ten d o n  cells in th e  
c e n tre  of the  s tu m p s , th e  nuclei are p y cn o tic  a n d  sh ifted  aside. A t th e  end of 
th e  second w eek th e  f ib ro b la s ts  in th e  gap  b e tw een  th e  ten d o n  ends con tinue  
to  m u ltip ly , th e ir  a r ra n g e m e n t is in general lo n g itu d in a l w ith  fine  collagenous 
f ib e rs  betw een th e m . T h e  new ly  form ed tis su e  is s till hyperaem ic , th e  connec
tio n  of th e  ten d o n  en d s w ith  th e ir  su rro u n d in g s  is s till s tro n g . Cell a c tiv ity  in 
th e  stum ps is in v a r ia b ly  p resen t.

In  th ree to  fo u r  w eeks th e  collagen f ib e r  b u n d les  becom e m ore an d  m ore 
in te rw o v en  w ith  th e  o rgan ising  g ra n u la tio n  tis su e , th e  ce llu lar e lem ents 
d im in ish  in n u m b er. T h e  new ly form ed tis su e  is v ascu la r, th e  h ith e r to  firm  
connection  w ith  th e  p a ra te n o n  is looser. T h e  lim it b e tw een  s tu m p s an d  organiz 
in g  g ranu la tion  tis su e  is s till visible. Cells a b o u n d  in  th e  p erip h era l p a r ts  o f
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th e  te n d o n  ends in  c o n tra s t to the  lack  o f cells in  th e  cen tre. B y th e  s ix th  w eek 
th e  lim it betw een  th e  ten d o n  ends a n d  th e  o rgan iz ing  g ran u la tio n  tis su e  is 
h a rd ly  no ticeab le . T h e re  are  m uch m ore  cells in  th is region th a n  in  n o rm a l 
te n d o n . The nuclei o f  th e  new  ten d o cy te s  are  s till oval and  the  a r ra n g e m e n t o f 
th e  cells, a lthough  th e  lo n g itud ina l o r ie n ta tio n  dom inates, is irre g u la r , th e y

Fig. 2. A. third day:  C ellu lar p ro life ra tion  from  p a ra te n o n ;  t  — proxim al te n d o n  stu m p , 
p — p a ra te n o n  (x 125). B. seventh day:  T issue  rich  in cells and vessels be tw een  s tu m p s . 
Im m a tu re  cells in th e  p e rip h e ra l p a r ts  of p ro x im a l s tu m p ; in  th e  cen tra l p a r t  sig n s o f cell 
necrosis ; t  p rox im al te n d o n  stu m p , r re g e n e ra tin g  tis su e ; arrow  — im m a tu re  cells (x 

200). C. — three weeks: T h e  hord  betw een s tu m p  a n d  new ly form ed tissue is c lea rly  v is
ible. t -  p rox im al s tu m p , r  newly form ed tis su e ; a rro w s — cell p ro liferation  in  p e r ip h e r
al p a r ts  o f th e  s tu m p ; a rro w -ace llu lar region ( X  -  100). D. six weeks: New te n d o n  cells
in reg ion  of the  s tu m p  and  re p a ir  tissue, o r ie n ta te d  in g en era l long itud inally , a rra n g e d  den sly

and randomly ( : 100)
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12 A. SALAMON and J . HÁMORI

Fig. 3. Seven days:  E le c tro n  m icroscopic p ic tu re  of f ib ro b la s ts  from  prox im al s tu m p , n 
n u c leu s, er — endop lasm ic  re ticu lu m , sv — sec re to ry  vesic le , m m ito ch o n d riu m , a rrow s 

R N S  g ran u les, f — collagen f ib e rs  ( X — 20,000)
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PRESENT STATE OF TENDON REGENERATION 13

arc  n o t  y e t form ed in lines. The co llagen  f ib e r  bund les increase co n s id e ra b ly  in 
n u m b e r. The h isto log ic p ic tu re  of a sec tio n  excised  a fte r 100 days, th e  longest 
in te rv a l a fte r o p era tio n  in the p re se n t o b se rv a tio n s , reveals a decrease  in th e  
n u m b e r  o f cells an d  an  increase in t h a t  o f  fib ers ; th e re  was no o th e r  e ssen tia l

Fig. 4. Seven days: K lec tro n  m icroscopic p ic tu re  o f f ib ro b la s ts  from  the  new ly fo rm ed  tissue 
b e tw een  th e  tendon  s tu m p s . The collagen f ib r ils  a re  in close co n tac t w ith  th e  cell su rface , 
n nu c leu s, er en d o p lasm ic  re ticu lu m , c — c is te rn , in m ito ch o n d riu m , a rro w s 

RNS g ran u les , nc nucleolus, f  co llagen  fib rils  ( X — 20,000)

ch an g e  as com pared  to  th e  end of th e  s ix th  w eek ( Fig. 2 a, />, c, d ) .
Histochemical studies. 3 days a f te r  te n o to m y , th e  p a ra ten o n  an d  th e  loose 

tissu es  betw een th e  ten d o n  ends s ta in  so m ew h at m e ta c h ro m a tica lly  w ith  
to lu id in e  blue. At th e  end of the f irs t  w eek  th e  m etach ro m atic  s ta in in g  o f the
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14 A. SALAMON and J. HÁMORI

F ig . 5. Three weeks: Cell d iv is ion  in th e  p ro x im al s tu m p . B u rs t nuc lear m em b ran e , one
c y to c e n tre  is well v isib le ; n  — nucleus, nm  — nu c lear m e m b ra n e , cy  — cy to cen tre , f  — co llagen

fibers (X  — 20,000)
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te n d o n  ends was increased , an d  th a t  o f th e  new ly  fo rm ed  tissue  q u ite  m arked . 
T his s ta in in g  is u n ch an g ed  a t  100 days.

Electron microscopy. On th e  sev en th  d ay  a f te r  te n o to m y  we cou ld  observe

Fig. 6. Eight weeks: Active fibroblasts in proximal stump; n — nucleus, sv — secretory 
vesicle, er endoplasmic reticulum, c — cistern, arrows — RNS granules, f  — collagen

fibers (x — 20,000)

in  th e  p ro x im al s tu m p  beside sp o rad ic  sp ind le -shaped  ten d o n  cells w ith  a 
n arro w  rim  o f cy top lasm , also f ib ro b la s ts  show ing decided  signs o f  a c tiv ity . 
T he endop lasm ic re ticu lu m  is p ro n o u n ced , w ith  in ten s iv e ly  s ta in in g  R N S gran-
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F ig .  7. Eight weeks: S e m ia c tiv e  cells from  reg en e ra tin g  tis su e  be tw een  th e  s tu m p s. Longi 
tu d in a l ly  oriented  cells a n d  f ib e rs ;  n  — nucleus, ds — th ic k e n in g  of desm osom al ch arac te r 

f  — collagen f ib e rs , arrow s — th ick  co llagen  f ib e rs  (X  — 11,000)
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Fig. 8. E igh t  necks:  Sem iactive  cells be tw een  o rien ted  fibers vary ing  in  th ic k n e ss  from  
reg en e ra tin g  tissu e ; n nucleus, f — collagen f ib e rs , a rrow s th ick  collagen f ib e rs  (X  —

29,000)
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ules in  th e  w alls. T h e  p la sm a  contains m a n y  sec re tin g  vesicles an d  m ito 
c h o n d ria . The nucleus is r ic h  in ch ro m atin , th e  n u c le a r  m em brane show s 
a w a v y  a rra n g e m en t. O n a n d  around  th e  cells co llagen  fibrils ab o u t 200 Â 
th ic k  are  found  (F ig .  3 ) .

On th e  sev en th  d a y , in  th e  new ly fo rm ed  tis su e  betw een th e  te n d o n  
s tu m p s  th e re  is a g rea t n u m b e r of f ib ro b la s ts  d isp lay in g  strong  a c tiv ity ,

Fig.  9. Control: E le c tro n  m icroscopic  p ictu re  o f n o rm al c o n tro l tendon  cell; n — nu c leu s,
f  — collagen fibers (X  — 11,000)

p re sen tin g  th e  c h a ra c te r is tic  appearance  o f endop lasm ic  re ticu lu m , w ith  
occasional large c is te rn s . T hese cells co rresp o n d  to  P e a c h  and  Ch a p m a n ’s 
(23) ty p e  B, i.e. “ sy n th e s iz in g ”  fib ro b lasts . O ccasiona lly  it  seems as i f  th e  
c is te rn s  w ould  open  to w a rd s  th e  border o f  th e  cell an d  em pty  th e ir  c o n te n t 
in to  th e  in te rce llu la r  sp ace . T heir nucleus is o v o id , r ich  in ch ro m atin , th e  cell 
m em b ran e  shows a w a v y  a rran g em en t. On th e  su rface  o f th e  f ib ro b la s ts  an d  
su rro u n d in g  th e m  we see transverse ly  s t r ia te d  collagen fibrils m easu rin g  
200 300 Â in d ia m e te r  ( Fig. 4 ) .  The presence  o f  f ilam en ts  in th e  cell p la sm a ,
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as described  by  W a s s e r m a n n , could n o t be  co rro b o ra ted . After 21 d ay s we 
o bserved  in the  p ro x im al s tu m p  p ra c tic a lly  re s tin g  te n d o n  cells and  som e cells 
w ith  m o d era te  a c tiv ity . O th e r  cells w ere d is tin c tly  ac tiv e , even d iv id in g  cells 
could  be observed  (F ig .  5 ) .  A ctive f ib ro b la s ts  a re  in v a ria b ly  p re sen t a t  th is  
s tag e  in  th e  new ly fo rm ed  tissue , w ith  in c rea sed  n u m b ers  o f th ick en ed  collagen  
fibers b e tw een  th em .

A fte r 56 days, th e re  w ere still signs o f  tissu e  a c tiv ity  in th e  p ro x im a l 
s tu m p  a lth o u g h  on gross exam in a tio n  th e  new  ten d o n  seem ed to  be fu lly  
developed . Beside co m p le te ly  resting  te n d o n  cells th e re  w ere again  f ib ro b la s ts  
show ing  signs of a c tiv ity  ( Fig. 6).  A fte r 8 w eeks th e  d iffe ren tia tin g  im m a tu re  
cells o f th e  new ly fo rm ed  tissue h ad  n o t  y e t  co m p le te ly  tra n sfo rm e d  in to  
ten d o n  cells a t  least n o t  all of th em  ( F ig .  7, 8 ) .  T he m ost s trik in g  fe a tu re  
in tlx  :se p ic tu res  is th e  g re a t difference in  size o f th e  collagen fibers. B eside th in  
collagen fibers of 300 400 A there  are e x tre m e ly  th ic k  cross s tr ia te d  ones of
2000 4000Â  in th e  dense fib rous tissue , w hile  in  th e  norm al contro l te n d o n
as well as in  the  region o f  an  8 weeks o ld  te n d o n  s tu m p  th e  fibers a re  200 — 
300 Â in d iam eter. W e o b ta in ed  these d a ta  b y  m easu rin g  the  d ia m e te r  of 
4000 fibers (F ig. 9 show es th e  norm al co n tro l) .

D iscussion

T he d ifferen t op in io n s ab o u t th e  te n d o n  re p a ir  process are  fa r  from  
conv incing . O ur ex p e rim en ts  did not s u p p o r t th e  f irs t  o f these  view s, th a t  th e  
te n d o n  s tu m p s are q u ite  in e rt in the re g e n e ra tiv e  p rocess, — and  even  less can  
we accep t th e  second v iew  w hich a t t r ib u te s  an  a lm o st exclusive ro le to  th e  
d iffe re n tia ted  ten d o n  cells. T here  rem ains th e  th ird  school of th o u g h t w ith  th e  
th e o ry  th a t  th e  p ro life ra tin g  cells of th e  su rro u n d in g  connective tissu es  an d  
th e  cells o f  the  te n d o n  s tu m p s  in d iffe ren t s tag es  o f  m a tu r ity , have  an  e q u a l 
sh are  in th e  fo rm atio n  o f th e  new re g en e ra tiv e  tissu e . T his last op in ion  can  be 
accep ted  only  b y  assum ing  th a t  the  m a tu re  te n d o n  cells are  capable o f  d iv ision  
and  d iffe ren tia tio n .

I t  is ev id en t from  o u r findings th a t  p ro life ra tio n  o f th e  im m atu re  cells in 
th e  p a ra te n o n  s ta r ts  in th e  firs t days a f te r  te n o to m y  an d  th e y  soon fill th e  
gap betw een  th e  ten d o n  ends. A fter th e  f ir s t  w eek , how ever, cell a c t iv i ty  is 
m an ifest also in the  te n d o n  stum ps, in  p a r t ic u la r  in the  ep itenon  a n d  th e  
p e rip h e ra l p a rts  of th e  s tu m p , while in th e  c e n tra l p a r ts  th e  m a jo rity  o f  te n d o n  
cells show s signs o f necrosis . We o b serv ed  th e se  im m a tu re  cells in b o th  ou r 
ligh t an d  elec tron  m icroscopic  sections. T h e ir  n uc leus is ro u n d  or ova l, r ic h  in 
c h ro m a tin , th e ir  cy to p lasm  is full o f b a so p h il g ran u les . In  th e ir  subm icroscop ic  
s tru c tu re  th e re  are  d e f in ite  signs of a c t iv i ty . T h ese  cells are densely  a n d  i r 
reg u la rly  a rran g ed  a n d  a p p e a r  a fte r tw o  o r th re e  w eeks. C oncern ing  th e ir
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o rig in  th e y  seem  to  arise  from  p ro life ra tin g  cap illaries of th e  te n d o n  s tu m p s , 
m a in ly  from  th e  m esen ch y m al cells in  th e  w all o f capillaries in  th e  ep ite n o n  
a n d  e n d o ten o n . T h e  su p p o sition  th a t  th e  m a tu re  ten d o n  cells sh o u ld  h a v e  
c h a n g e d  in to  y oung  cells seem s fa r  less p ro b ab le .

A s soon as th e  end  o f th e  f irs t w eek  th e  fib ro b lasts  ap p e a rin g  in  th e  
te n d o n  s tu m p s  an d  in  th e  reg en e ra tin g  tissu e  betw een  th em  beg in  to  sec re te  
th e  co llagen  p recu rso rs. A ccord ing  to  p re se n t know ledge, th e  m u co p o ly sacch a 
r id e -p ro te in  com plex  b u ild in g  up  th e  co llagen  develops on th e  R N S  g ran u les  
in  th e  endop lasm ic  re ticu lu m  of f ib ro b la s ts , b u t  th e  m echanism  o f its  re lease  
f ro m  th e  cells is s till a co n tro v ersia l p o in t, b e in g  it  n o t clear w h e th e r  th e  
c is te rn s  open  up  an d  e m p ty  th e ir  c o n te n ts , o r else th e  cell m em b ran es b u rs t .  
W e co u ld  n ev er n o tice  collagen f ilam en ts  in  th e  cy top lasm  o f f ib ro b la s ts . B y  
th e  s e v e n th  d ay  a f te r  te n o to m y  tra n sv e rse ly  s tr ia te d  collagen fib rils  w ere  
c le a r ly  v isib le  close to  th e  cell m em b ran e  or in  th e  p ro x im ity  o f  th e  cells; 
th e i r  av e rag e  th ick n ess  w as 200 A.

T h e  role of m ucopo lysaccharides in  co llagen  p ro duc tion  is an  in te re s tin g  
p ro b le m . O ur own o b se rv a tio n s agree w ith  th e  d a ta  of o th e r  w ork ers  in  t h a t  
m e ta c h ro m a s ia  o f th e  reg en e ra tin g  te n d o n  p e rs is ts  for a re m a rk a b ly  long  tim e , 
in  o th e r  w ords th e re  is a p ro longed  p ro d u c tio n  o f “ ten o m u co id ”  su b s ta n c e . 
T h ese  f in d in g s  are  su p p o rte d  b y  e lec tron  m icroscopic  d a ta . I t  has b een  show n 
t h a t  in  th e  course o f reg en era tio n  (w ound hea lin g ) the fib ro b lasts  a re  sec re tin g  
m u co p o ly sacch arid es  ( B e r n s o n  an d  D a l f e r e s , 1), ( K e n n e d y , 15), b u t  th e ir  
ro le  in  collagen fo rm atio n  is s till discussed. R o m h a n y i  (27) found  th e  m u c o p o ly 
sa c c h a rid e  com ponen ts to  be em b ed d ed  lo n g itu d in a lly  in  th e  su b m icroscop ic  
s t r u c tu r e  o f collagen fib e rs  an d  th a t  th e  an iso tro p ic  s tru c tu ra l co m p o n en t 
b u i l t  in  here  is responsib le  fo r th e  m e ta c h ro m a tic  reaction .

T a k in g  in to  acco u n t th e  h is tochem ica l, th e  lig h t an d  e lec tron  m ic ro sco p i
ca l f in d in g s , th e  changes ap p ea rin g  d u rin g  th e  f ir s t  days in  th e  m ic ro s tru c tu re  
o f  th e  re g e n e ra tin g  te n d o n  seem  to  p e rs is t fo r a su rp rising ly  long tim e  in  sp ite  
o f  th e  fa c t th a t  on gross e x a m in a tio n  th e  re g e n e ra tiv e  process m a y  a p p e a r  to  
be  co m p le te .

O n  th e  basis o f th e  above d a ta , re g e n e ra tio n  of th e  in ju red  te n d o n  seem s 
to  p ro c e e d  as follows. In  th e  f irs t w eek im m a tu re  cells of m esenchym al orig in , 
a r is in g  from  th e  su rro u n d in g  tissues, beg in  to  p ro life ra te  in th e  space  b e tw een  
th e  te n d o n  s tu m p s. In  th is  v a scu la r loose tissu e  th e  f ib ro b las ts  in v a d e  th e  
f ib r in  n e t  w hich h ad  developed  d u rin g  th e se  f irs t  days and  begin to  sec re te  th e  
co llag en o u s su b stan ce . A t th is  tim e  th e  f ib ro b la s ts  are a lread y  o rie n te d  m ore  
o r less lo n g itu d in a lly . T he collagen fib rils a p p e a rin g  on an d  a ro u n d  th e  cells, 
in c re a se  in  th ick n ess  a n d  are  also o rien ted  lo n g itu d in a lly . A t th e  sam e tim e  
th e  cells o f  m esenchym al orig in  in th e  te n d o n  s tu m p s , m ain ly  in th e ir  p e rip h e ra l 
p a r t s ,  a re  also m u ltip ly in g , d iffe ren tia tin g , ch an g in g  in to  fib ro b la s ts , a n d  la te r  
in to  te n d o n  cells. M eanw hile th e y  c o n tin u e  to  secrete collagen fib e rs  w h ich
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a fte r due o r ie n ta tio n  m eet w ith  th e  lo n g itu d in a lly  o rien ted  fibers a r is in g  from  
the su rro u n d in g  reg en era tin g  tissue . The u n d e r ly in g  cause of th is  d iffe re n tia tio n  
of th e  m esenchym al cells is n o t know n, b u t  in  ad d itio n  to  th e  ch em ica l an d  
biological fac to rs  arising  in th e  tissues fo llow ing  in ju ry  th e  role o f  fu n c tio n a l 
fac to rs has also to  he considered . The re g e n e ra tin g  tissue is rich ly  v a sc u la riz ed  
in th e  f irs t w eek an d  it adheres closely to  i ts  su rro u n d in g s. By th e  fo u r th  w eek, 
p ro v id ed  th e re  is no scar fo rm atio n , th e  close connection  v il l i  th e  p a ra te n o n  
decreases a n d  th e  ten d o n  can assum e its  in d e p e n d e n t function . T he ch an g es in  
the  fin e r s tru c tu re s  m ay  persist for a re m a rk a b ly  long tim e. A lth o u g h  th e  
cellu lar e lem en ts  in  th e  ten d o n  stu m p s a n d  th e  new ly  form ed tissu e  decrease  
in n u m b er a n d  th a t  of th e  fibers increases, ce llu la r a c tiv ity  is still p re se n t a t 8 
w eeks. T he reg en era tin g  tissue  co n ta in s th ic k  collagen fibers w ith  reg u la r 
cross s tr ia tio n . In  a d d itio n  to  these , th e  m e ta c h ro m a tic  s ta in in g  rev ea ls  a 
still s ig n ifican t m ucopo lysaccharide  sy n th es is  a t  100 days.

To fin ish  we have to  rem in d  th a t  w ith  o u r m orphological m e th o d s  we 
can a t  m ost on ly  follow th e  process of re g e n e ra tio n  as a series of in d e p e n d e n t 
p ic tu res w a itin g  still to  be g rouped . E v en  th e  e lec tro n  m icroscopic d a ta  m u st 
be in te rp re te d  w ith  a d e q u a te  critical ca re . TIowewer, th e  com b in ed  use  of 
m orphological an d  biological m eth o d s w ill c e r ta in ly  help to  b rin g  m o re  lig h t 
in to  th e  su b tle  process o p e ra tin g  a t  th e  m ic ro s tru c tu ra l level.
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D E R  G E G E N W Ä R T I G E  ST A N D  DES P R O B L E M S  D E R  S E H N E N R E G E N E R A T I O N .  
L I C H T -  U N D  E L E K T R O N E N M I K R O S K O P I S C H E  U N T E R S U C H U N G E N  A N  R E G E 

N E R I E R E N D E N  R A T T E N S E H N E N

A. SALAMON und J. HÁMORI

Die R egenerat ion  der  d u rc h sch n i t ten e n  A chillessehne  von R a t te n  wurde  m i t t e l s  dem  
L ic h t -  u n d  E lek t ro n en m ik ro sk o p  sowie m it  h is to ch e m isch e n  Methoden u n te rsu ch t .

G egenübe r  zahlreichen L i t e r a tu ra n g a b e n  w ird  die A n s ic h t  ve r tre ten ,  daß  a n  d e r  H e r a u s 
b i ld u n g  des  R egenera ts  zwischen den  S e h n en s tü m p fen  die im  um gebenden B indegew ebe  und 
in  d e n  S e h n e n s tü m p fe n  e n th a l te n e n  p lu r ip o ten ten ,  u n re ife n ,  d. h. über  eine g roße  D if fe re n 
z ie ru n g sfäh ig k e i t  ve rfügenden  m esenchym alen  Zellen g em e in sam  beteiligt sind.

Die  Synthese  der kollagénén  Fase rn  erfolgt d u r c h  die F ibroblas ten . Mit d en  h e u t ig e n  
U n te r su c h u n g s m e th o d e n  is t  n u r  eine a n n äh e rn d e  K lä r u n g  des Mechanismus ih rer  A u ssc h e id u n g  
m ög lich .  Die sich am  F ib r in g erü s t  o r ien t ie r t  a n o rd n e n d e n  F ib rob las ten  des R e g en e ra ts  u n d  die 
in d e n  S e h n e n s tü m p fe n  e rsche inenden ,  von den F ib ro b la s te n  sezernierten kollagénén F a se rn  w e r 
den  a l lm äh l ich  dicker, n eh m e n  — in  erster  Linie u n te r  d e r  W irk u n g  funktioneller  F a k t o r e n  — 
eine  L än g so r ien tie ru n g  an, verein igen  sich u n d  b i lden  a u f  diese Weise die S t r u k t u r  d e r  neuen  
S eh n e  h e rau s .

In  der M ik ro s t ru k tu r  lassen  sich selbst n a c h  kom plika tionsfre ie r  m ak ro sk o p is ch e r  
H e i lu n g  de r  Sehne noch  lange Zeit  h indurch  V e r ä n d e ru n g e n  (Zellak tiv i tä t ,  e x t r e m  dicke 
k o l lag én é  Fase rn ,  lange Zeit n achw eisbare  m e ta c h ro m a t i s c h e  Färbung)  nachweisen .  E in e  der 
G e w e b e s t ru k tu r  der i n ta k te n  Sehne  völlig en tsp rec h en d e  S t r u k tu r  ist auch sp ä te r  n ic h t  v o r 
h a n d e n .  Die H erausb ildung  der u rsprüng l ichen  S t r u k tu r ,  sofern dies ü b e rh a u p t  m ög lich  ist ,  
e r fo r d e r t  sche inbar  eine viel längere  Zeit .

СОВРЕМЕННОЕ ПОЛОЖЕНИЕ ВОПРОСА О РЕГЕНЕРАЦИИ 
СУХОЖИЛИЯ. ИССЛЕДОВАНИЕ РЕГЕНЕРИРУЮЩЕГОСЯ СУХОЖИЛИЯ 

КРЫС СВЕТОВЫМ И ЭЛЕКТРОННЫМ МИКРОСКОПАМИ

А. ШАЛАМОН и Й. ХАМОРИ

После обзора литературных данных авторы сообщают о результатах своих иссле
дований, относящихся к регенерации сухожилий. Они изучали регенерацию перерезан
ного Ахиллова сухожилия крысы. Оценка проводилась при помощи методов исследо
вания под световым микроскопом, электронным микроскопом, а также гистохимическими 
методами.

В противоположность многочисленным литературным данным авторы придержи
ваются того мнения, что в образовании регенерирующейся ткани между культями сухо
жилия совместно участвуют плурипотентные, незрелые, значит, обладающие значитель
ной способностью к дифференциации мезенхимальные клетки, имеющиеся в окружаю
щей соединительной ткани, а также в сухожильных культях.
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Коллагенные волокна синтезируются фибробластами. При помощи современных 
методов исследования нельзя точно выяснить механизм их выделения. Фибробласты, 
ориентированно располагающиеся на фибриновом остове регенерирующейся ткани, и 
коллагенные волокна, выделаемые фибробластами, появляющимися в сухожильных 
культях, постепенно утолщаются и — прежде всего под влиянием функциональных 
факторов — ориентируются в продольном направлении, соединяются, и образуют струк
туру нового сухожилия.

В микроструктуре даже в случае макроскопического неосложенного излечения 
сухожилия долгое время наблюдаются изменения (клеточная активность, крайне толстые 
коллагенные волокна, метахроматическое окрашивание в течение продолжительного 
времени), и в последствии также не наблюдается структуры, совершенно соответствую
щей гистологической структуре неповрежденного сухожилия. Для образования перво
начальной структуры, посколько это вообще возможно, по-видимому, требуется гораздо 
более длительного времени.

D r. A n ta l Sa l a m o n : Pécs, I I . S ebészeti K lin ik a , H u n g ary  
D r. Jó zse f H á m o r i : Pécs, A n a tó m ia i In té z e t, H u n g a ry
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D e p a r tm e n t  of  Zoology (H ead:  Prof. L. S. R a m a sw a m i), U nivers i ty  of R a ja s t h a n ,  J a ip u r

CYTOCHEMICAL OBSERVATIONS DURING THE 
SPERMATOGENESIS OF TWO INDIAN 

SQUIRRELS, FUNAMBULUS PENNANTI 
AND FUNAMBULUS PALMARUM

R . S. M a t h u r

(Rece ived J u l y  14, 1964)

Cytochem ically ,  sperm atogenesis  in the  two species of squirrels ,  F . p e n n a n t i  
a n d  F. p a lm a ru m ,  is basically similar.  T h e  Golgi bodies are made up  of l ip o id -p o ly sacch a 
ride m ateria ls .  T h e  “ ex te rn u m ” consis ts  of  acidic l ipids while the  “ in t e r n u m ”  co n ta in s  
simple polysaccharides,  mainly g lycogen. P ro te in s  are completely a b s e n t  f r o m  this 
inclusion. T he  Golgi bodies secrete N ile-b lue  positive  proacrosomic g ra n u le s  which  
fuse to form  th e  proacrosome. The  l a t t e r  is t h e n  t rans fo rm ed  in to  th e  f in a l  acrosom e. 
T h e  acid lipids which  persist th ro u g h  the  p roacrosom e,  form the o u te r  m e m b r a n e  of 
the  acrosome while the  inner core is m ad e  up  of PAS positive m ate ria l .

T he  nucleus is rich in D N A  a n d  has  a l ipo id-po lysaccharide-pro te in  complex. 
The  nuclear m em b ran e  towards th e  po s te r io r  a spec t  is in te rsp read  w i th  l ip o p ro te in  
positive  g ranu les ,  the  postnuclear g ran u le s ,  which fuse to form th e  p o s tn u c le a r  cap  of 
la te  spe rm at ids .  T he  postnuclear g ra n u le s  an d  the  postnuclear  cap are o f  n u c lea r  origin.

The  g ra n u la r  m itochondria  c o n ta in  acidic lipids,  R N A  and  p ro te in s .  Small  
a m o u n ts  of cys t ine  are also p resen t  in  th is  inclusion. The  centriole does n o t  d iv ide  a t  
an y  stage and  rem a in s  a single bod y ,  develop ing  a flagellum in late  sp e rm a t id s .  Roth  
the  centriole a n d  the  flagellum c o n ta in  p ro te ins .  The  lipids present in t h e  ear l ie r  s tages 
are lost in the  f inal sperm.

T he m ode o f  sperm  form ation in  v a rio u s  m am m als has been s tu d ie d  by m any 
w orkers. R ecen tly , N a t h  (1957), B i s h o p  a n d  W a l t o n  (1960) a n d  R o o s e n  — 
RtlNGE (1962) have  p u b lished  com prehensive  rev iew s. A lthough  th e  p h en o m en o n  
o f m am m alian  sperm atogenesis has b een  u n d e rs to o d  to  a g rea te r  e x te n t ,  th e  
chem ical n a tu re  o f th e  in trace llu la r o rg an e lles  in th e  various s tag es  o f  sp e rm  
fo rm a tio n  need  fu r th e r  e labo ra tion . R e c e n tly , th e  a u th o r  (1965) h as  d esc rib ed  
th e  cy to eh em ical ev en ts  in the  dev e lo p in g  m ale germ  cells o f M eriones  a n d  has 
been  ab le , by  th e  use o f specific te c h n iq u e s  an d  b lock ing  reac tio n s , to  reso lve  
to  som e e x te n t th e  Golgi co n tro v ersy  a n d  th e  origin of th e  p o s tn u c le a r  cap .

T he pu rpose  o f  th e  p resen t in v e s tig a tio n s  w as to  perform  cy to eh em ica l 
s tu d ies  in  o th e r  ro d e n ts , to  de term ine  th e  precise n a tu re  of the G olg i-acrosom e 
sy stem s a n d  th e  p o stn u c lea r regions a n d , fu r th e r , to  clear th e  in te r re la t io n 
sh ips betw een  th e  v a rio u s cell inclusions a n d  th e ir  u ltim a te  fa te  in  f in a l sp e rm .

M aterial an d  m ethod
F. p ennan ti  a n d  F. pa lm arum  were co llected  locally  an d  a t  P o r t  Novo (South  In d ia ) .  A c 

t ive  tes tes  were d issected in  m am m alian  R inger  a n d  sam ples  of  10 cu. m m  were f ixed  in  v a r io u s  
f ix a t iv es  (Table 1). Processing, embedding a n d  sectioning o f  the  tissues were c a r r ied  o u t  in  
the  usua l  way. In  the  case of frozen sections,  th e  t issues were frozen directly  w i th o u t  p rev ious  
f ix a t io n  a n d  sections 10 ц  th ick  were p rep ared .  T h e  app lied  cytoehem ical  m e th o d s  h a v e  been  
j is ted  in Tab le  I.
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Table I

Sum m ary o f cytochemical methods

Test or Reaction Fixative Reference

S a tu ra te d  solution of S u d a n  b lack  
В in 70%  ethanol

Form ol calcium ; B o u in ’s; 
Frozen.

B aker  (1946); 
McManus (1946).

N ile blue sulphate Form ol calcium ; B o u in ’s; 
Frozen.

Cain  (1947).

Oil red  0 10% form alin ; B o u in ’s; 
Frozen.

L il l ie , 1944, as given b y  
P earse  (1960).

Phosphom olybdic  acid Form ol calc ium ; B ou in ’s; 
Frozen.

La nding  et al., as given 
by P earse  (1960).

Periodic  acid Schiff (PA S) Form ol calcium : B o u in ’s. H otchkiss (1948).

PA S w ithout previous o x id a tio n  
in  periodic acid

Form ol calc ium ; B ouin’s. P earse  (1960).

A cety la tio n  a t room  te m p e ra tu re  
fo r 24 hours followed b y  PA S

Form ol calcium ; B o u in ’s. L il l ie  (1954).

P y rid in e  ex traction  of lip id s  a t  60° C 
fo r 48 hours followed b y  PA S

Form ol calcium ; B o u in ’s. L il l ie  (1954).

T re a tm e n t w ith 1% so lu tio n  of 
d ias tase  to rem ove g lycogen , follow
ed by  PAS

Form ol calcium ; B o u in ’s. P earse  (1960).

P ec tin ase  trea tm e n t to  rem ove 
galactogen, followed b y  PA S

Form ol calc ium ; B ou in ’s. Gra ing er  and  
Sh illito e  (1952).

C arm ine sta in  for glycogen Form ol ca lc ium ; B ou in ’s; 
Carnoy.

B est , 1906, as g iven by  
P earse (1960).

A lcian  blue Form ol calc ium ; B ou in ’s; 
Carnoy.

Mowry  (1956).

D ialyzed iron Form ol calcium : B ouin’s; 
Carnoy.

Hale (1946).

M éthy la tion  for 24 hours a t  60° C 
follow ed by  alcian  b lue

Form ol calc ium ; B ouin’s; 
Carnoy.

F ish er  an d  L il l ie  (1954).

M éthy la tion  followed b y  H a le ’s 
reac tio n

Form ol calc ium ; B o u in ’s; 
Carnoy.

I  F isher  an d  L il l ie  
(1954).

D ém éth y la tio n  follow ing m éth y la tio n - 
a lc ian  blue and H a le ’s

Form ol calcium ; B o u in ’s; 
Carnoy.

1 Spic er  an d  L il l ie  (1959).

A zure A. Form ol calc ium ; B ou in ’s. 1 K ramer and  W in d ru m  
(1955).
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Test or Reaction Fixative Reference

T olu id ine  blue. Form ol calcium ; B ouin’s. P EARSE (1960).

C om bined dialysed iron and  PAS I I el I y ; B ouin’s. R it t e r  and  O l e so n . 1950, 
as given by P e a r s e  (I960).

M illon’s reaction  as m odified by 
B aker.

C arnov; B ouin’s; 
H ellv.

B aker (1956).

B rom ophenol blue. C arnoy ; B ou in ’s. Mazia el al. (1953).

D eam in atio n  for 20 hours a t 40 C, 
follow ed b y  brom ophenol blue.

C arnoy; B ouin’s. Burston e  (1959).

N inhydrin-Schiff. C arnoy; B ouin’s. Y asum a  and  I c h i k a w a  
(1953).

D eam in atio n  followed by n inhvdrin-
Schiff.

C arnoy; B ou in ’s. Burston e  (1959).

A cety la tio n  followed by n inhydrin- 
Schiff.

C arnoy; B ouin’s. L il l ie  (1954).

B locking of aldehyde groups followed 
by  ninhydrin-Schiff.

C arnoy; B ouin’s. B u rstone  (1959).

M éthy la tion  followed by ninhydrin- 
Schiff.

C arnoy; B ou in ’s. F is h e r  an d  L i l l i e  (1954).

Perform ic  acid-alcian blue. Form ol calcium ; B ouin’s. Adams and S l o p e «, 1955, 
as given by  P e a r s e  (1960).

F eu lg en ’s reaction . Form ol calcium ; B ouin’s; 
C arnoy.

P earse  (1960).

M ethyl g reen  pyron ine G. Form ol calcium : B ou in ’s; 
C arnoy.

J o r d e n  and  B a k e r  
(1955).

D igestion  of RNA by h um an  saliva 
follow ed by m ethy l green pyronine
G.

Form ol calcium : B ou in ’s; 
C arnoy.

B ra dbu ry  (1956).

D igestion  of DNA by TCA followed by 
m eth y l green pyronine G and 
F eu lg en ’s.

Form ol calcium ; B ouin’s: 
C arnoy.

A lfert  and  G e s c h w in d  
(195.4).

Results

T he d iffe ren t sp e rm ato g en e tic  s tag es  in  th e  tw o squ irrel species were 
c lea rly  defined  an d  h a rd ly  d iffe ren t from  each  o th e r. A pp lica tion  o f  v a rio u s  
cy to ch em ical te ch n iq u es  allow ed to  o b ta in  d e fin ite  in fo rm atio n  on  these  
in c lusions in each  cell s tage .
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In  fresh  frozen a n d  p a ra ff in  sections s ta in e d  w ith  S udan  b lack  В th e  
in c lu sio n s gave a p o s itiv e  re a c tio n  due to  th e  p resen ce  of lipids or lip o p ro te in s . 
T h e  m ito ch o n d ria  a n d  th e  nucleus of th e  sp e rm a to c y te  were s tro n g ly  p o sitiv e , 
th e  G olgi bodies sh ow ed  a w eak  reac tio n  (F igs. 1 an d  2). In  th e  nu c leu s, th e  
re a c tio n  was m ore in te n se  on th e  nu c lea r m e m b ra n e  while th e  c h ro m a tin  
c o n te n ts  were b ro w n ish  b lack  suggesting  th e  p resence  of lipo p ro te in s . In  th e  
e a r ly  sp e rm a tid , th e re  w as no appreciab le  ch an g e  in  th e  in te n s ity  o f th e  re a c 
tio n  in  th e  m ito ch o n d ria l reg ion  an d  the  nuc leu s. A  w eak  reaction  w as n o tic e d  in 
th e  p o s t n uclear g ran u les  a n d  th e  cen trio le , w hile  th e  proacrosom e a p p e a re d  to  
be n e g a tiv e . In  th e  la te  sp e rm a tid  an d  f in a l sp e rm , th e  acrosom e a n d  th e  
n u c leu s  w ere p o sitive  w ith  fa in t s ta in in g  in th e  developing  flagellum . C olour
ing  in  th e  m ito ch o n d ria  a n d  th e  cen trio le  g ra d u a lly  d im in ished  u n til  in  th e  
f in a l sp e rm  b o th  w ere n e g a tiv e  (Figs. 1 a n d  2).

To eva lu a te  th e  n a tu re  of lip ids, n ile  b lue  su lp h a te  was used  w h ich  gives 
a re d  o r p in k  colour due  to  n e u tra l and  b lue fo r ac id  lip ids. The n u c leus o f th e  
sp e rm a to c y te  s ta in e d  a w eak  p ink  w hich d isa p p e a re d  in the  sp e rm a tid s  an d  
re a p p e a re d  in th e  sp e rm  n uc leus (Figs. 3 a n d  4). T h is ind icates low  c o n te n ts  o f 
n e u tr a l  lip ids in th e  n u c leu s . This was fu r th e r  s u b s ta n tia te d  by  th e  ap p lic a tio n  
o f oil re d  0  w hich gave  p o sitiv e  reac tio n  in  th e  n u c leus (Figs. 5 a n d  6), w hile 
all th e  o th e r inclusions w ere n egative  su g g estin g  th e  location  o f n e u tra l  lip ids 
b e in g  re s tr ic te d  to  th e  nu c leu s. The m ito c h o n d ria , on th e  o th e r h a n d , gave a 
s tro n g  reac tio n  for ac id ic  lip id s th ro u g h o u t th e  e n tire  course of sperm ato g en esis . 
In  th e  sp e rm atid s , th e  p o s tn u c le a r  g ranules a n d  la te r  the  p o stn u c lea r cap , th e  
“ e x te rn u m ” of th e  a g g re g a te d  m ass of th e  Golgi bodies, the  p roacrosom e a n d  
la te r  th e  acrosom e show ed th e  b lue s ta in in g  o f ac id ic  lip ids. The cen trio le  a n d  th e  
flag e llu m , how ever, w ere show ing  traces o f ac id ic  lip id s (Figs 3 a n d  4).

T re a tm e n t w ith  p h osphom olybd ic  ac id , w h ich  identifies choline c o n ta in 
in g  lip id s , rev ea led  p o s itiv  reac tions in  th e  G olgi bodies of th e  sp e rm a to c y te  
a n d  th e  centrio le o f  th e  ea rly  sp e rm a tid  (F igs. 7 an d  8). The in te n s ity  o f  th e  
re a c tio n  decreased  co n sid e rab ly  in la te r  s tag es  so th a t  all th e  cell inclusions 
w ere n eg a tiv e .

I t  m ay, th e re fo re , be in fe rred  th a t  m o st o f  th e  lip id  positive m a te r ia l in  
th e  cy to p lasm  is ac id ic  in  n a tu re  w ith  little  cho line  con ta in ing  lip ids w hile th e  
n e u tra l  lipids are lo c a te d  in  the  nucleus.

Id e n tif ic a tio n  o f  po lysaccharides , m ucopo lysaccharides an d  m u co p ro te in s  
w as ca rried  ou t b y  th e  period ic  acid  Schiff (PA S) tech n iq u e . N ucleus a n d  Golgi 
b od ies o f  the  sp e rm a to c y te  gave positive re a c tio n s  (Figs. 9 an d  10). PA S posi
t iv e  granu les in th e  n u c leu s  ap p eared  as in te n se ly  s ta in ed  bodies a n d  could  be 
d if fe re n tia te d  from  th e  re s t  of th e  nucleop lasm . W ith  th e  tra n s fo rm a tio n  o f th e  
sp e rm a to c y te s  in to  sp e rm a tid s , the in te n s ity  o f  th e  reaction  in c reased  u n til  
in  th e  fina l sperm  th e  h e a d  was strong ly  p o s itiv e  (Figs. 9 an d  10). T he Golgi 
bod ies show ed a d iffe re n t behav iour. In  th e  sp e rm a tid , th e  “ in te rn u m ” w as
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Fig. 1. F. pennanti .  S u d a n  black В sta in ing o f  the  f resh  frozen section. Note th e  l ipoid  s u b 
s tance  in the  Golgi bodies (g), the  m itochondria  (in) a n d  th e  nuclear m em brane  (n). x 1000 
Fig. 2. F. palmar um.  S u d a n  black В posi t ive  s ites in the  var ious stages showing th e  Golgi 
bodies (g), the  m ito ch o n d r ia  (m) and the n u c lea r  m e m b ra n e  (n). Bonin’s fixed, X 1000 
Fig. 3. F. pennanti .  Nile blue sulphate  re ac t io n  show ing  the  presence of acid l ip ids in the  
post nuc lear  region (p), the  e x te rn u m  of the  Gogi bod y  (g), the  acrosome (a) and  th e  m i to c h o n 

dria. Fresh frozen sec tion ,  X 1000
Fig. 4. F. pa lm arum .  Nile blue  su lphate  re ac t iv e  m ate r ia l  accum ula ted  in the  p o s tn u c le a r

region (p). B o u in ’s f ixed ,  X 1200
Fig. 5. F. pennanti .  S i tes  o f  neutra l  lipids in d ic a te d  by  oil red (). Note the r e a c t io n  in the  

nuclei (n) of  the  sperm atids.  F re sh  f rozen  section, x 1000 
Fig.  6. F. pa lm arum .  N e u t ra l  lipids in the  nucle i  of  late  sp e rm at id e  and sperm s (n).  B o u in ’s

f ixed, X 800
Fig.  7. F. p e n n a n t i . Phosphoino lybdic  acid reac t io n  show ing  traces of choline c o n ta in in g  

lipids in the Golgi bodies (g) and the  cen tr io le  (c). F re sh  frozen seetion, X  1000 
Fig. 8. F. palmarum .  L o ca tio n  of choline c o n ta in in g  l ip ids in the  centriole (e) a n d  th e  Golgi 

bo d y  (g) of  the sp e rm at id .  B o u in ’s f ixed,  x 1500
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JFÏg. 9. F .  pennanti .  E a r ly  a n d  late  spe rm at ids  show ing  PA S positive regions. N o te  t h e  re a c 
t io n  in  th e  Golgi bodies (g). The  reac tion  in the  acrosom e (a) is considerably w eaked .  F orm ol

calcium f ixed, X 1000
Fig.  10. F .  p a lm a ru m .  PAS positive  reac tion  in th e  Golgi bodies (g) and  the  sp e rm  nucleus 

(n); th e  acrosom e (a) has lost i ts  s ta in ing .  B o u in ’s fixed, X 1000 
Fig.  11. F . pennanti .  G lycogen positive sites s ta in e d  b y  B e s t ’s carmine. N o te  reac t ion  in 

Golgi bodies (g). Carnoy f ixe t  1, X 1000
Fig.  12. F . p a lm arum .  Glycogen positive Golgi bodies (g) ind ica ted  by B est’s carm ine .  B o u in ’s

f ixed, X 1000
Fig. 13. F. pennan ti .  A lcian  blue reac tion  in va r ious  nuc le i  (n). Formol calcium f ixed ,  X 1000 
Fig.  14. F .  pennan ti .  S t ro n g ly  reac tive  p o s tn u c lea r  g ran u le s  and postnuc lear  cap  (p), as
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s ta in e d  in c o n tra s t to  th e  u n s ta in e d  “ e x te rn u m ” . T he “ in te rn u m ” h a d  d is tin c t 
PA S positive  granu les a rran g ed  to w a rd s  th e  p e rip h e ry  (proacrosom ic g ranu les) 
w hich la te r  fused  to  form  a single re a c tiv e  g ran u le , th e  p roacrosom e. T h e  Golgi 
bo d y  th e n  m oved to w ard s th e  n u c le u s , th e  proacrosom e g ra d u a lly  in c reased  
in  size an d  d e tach ed  itse lf  from  th e  Golgi b o d y  to  be deposited  on th e  a n te r io r  
p ro x im ity  o f th e  nucleus as th e  fu tu re  acrosom e. D uring  th ese  ch an g es , PAS 
s ta in in g  becam e w eaker u n til in th e  f in a l sperm  th e  acrosom e or th e  h e a d  cap 
c o n ta in e d  li ttle  PA S positive m a te r ia l (F igs. 9 a n d  10). A fter d ep o sitio n  o f  th e  
acrosom e, th e  Golgi b o d y  sloughed  o ff  a n d  was u ltim a te ly  ab so rb ed  b y  the  
cy to p lasm . A w eak p o s itiv ity  was also  n o tic e d  in th e  p o stn u c lear cap .

To ju d g e  th e  re liab ility  o f th e  ab o v e  re a c tio n , sections w ere  s ta in e d  
d irec tly  w ith  Sch iff’s re a g e n t w ith o u t p rev io u s o x id a tio n  in perio d ic  ac id . T he 
PA S reac tio n  was n eg a tiv e , in d ic a tin g  th e  absence  of free a ld eh y d es . N ex t, 
glycol a n d  o th e r re la te d  groups w ere b lo ck ed  b y  ace ty la tio n  (L i l l i e , 1954); no 
reac tio n  was o bserved  in any  of th e  cell inc lusions in an y  stage  o f sp e rm  fo rm a 
tio n . T he con tro l sec tions, a fte r t r e a tm e n t  w ith  d ry  pyrid ine  to  d isso lve  lip id s, 
gave th e  sam e resu lts  as ob ta in ed  b y  d ire c t PA S m eth o d . This in d ic a te s  th a t  th e  
PA S re a c tio n  is d ep en d en t on th e  a v a ila b ility  o f glycol an d  o th e r  re la te d  
g roups. P re tre a tm e n t o f  sections w ith  d ia s ta se  ( P e a r s e , 1960) gave  n eg a tiv e  
re su lts  su ggesting  th a t  th e  reac tio n  m a y  be due to  glycogen, w hereas d igestion  
o f  ga lac togen  b y  p ec tin ase  (G r a i n g e r  a n d  S h i l l i t o e , 1952) h ad  l i t t le  in fluence  
on th e  PA S reac tio n . A ccording to  th e se , th e  PA S reac tio n  is due to  glycol an d  
re la te d  groups, especially  glycogen. A lth o u g h  n o t th o ro u g h ly  re lia b le , B est’s 
ca rm in e  m eth o d  ( P e a r s e , 1960) also  gave a p o sitiv e  re su lt in  th e  sam e  PAS 
positive  regions (F igs. 11 an d  12); th is  w as a fu r th e r  proof o f th e  p resen ce  of 
g lycogen.

A cid  po lysaccharides w ere c h a ra c te r is tic a lly  lack ing  in th e  v a rio u s  
cy to p lasm ic  inclusions b u t  th e  n ucle i o f th e  tw o  species gave fa in t  re a c tio n s  
(F ig . 13) as rev ea led  by  th e  a lc ian  b lue  (M o w r y , 1956) an d  d ia ly z e d  iron  
( H a l e , 1946) m eth o d s. W hen th e  a c id  g roups w ere b locked b y  m é th y la tio n  
( F i s h e r  an d  L i l l i e , 1954^, n e g a tiv e  re su lts  w ere o b ta in ed . D é m é th y la tio n  
(S p i c e r  an d  L i l l i e , 1959) gave p o s itiv e  re su lts  in  th e  nuclei o f th e  sp e rm a to 
cy tes in d ica tin g  th e  presence o f c a rb o x y l g roups. F u rth e r , by  u sin g  d ia lyzed  
iron  com bined  w ith  PA S ( P e a r s e , 1960), th e  nucle i show ed a w eak  b lu e  colour 
due  to  ac id  m ucopo lysaccharides (F ig s . 14 a n d  15). In  F. p e n n a n ti , p u rp lish  
re d  s ta in in g  was also n o ticed  in th e  p o s tn u c le a r  region (Fig. 14).

revea led  by  com bined  dialyzed iron and  PA S. T h e  v a r io u s  nuclei (n) have also s t a in e d .  Helley
f ixed ,  X 1000

Fig. 15 F .  p a lm arum .  Combined d ialyzed i ro n  a n d  PAS reac tion  showing p o s i t iv e  s ta in in g  
in the  postnuc lear  region (p). B o u in ’s f ixed, X 1000 

Fig. 16 F. p a lm arum .  Millon’s reac tion  revea ling  ty ro s in e  positive granu les  in th e  m ito 
chondria  (m) an d  the  een tr io le  (c). B o u in ’s fixed, X 1000 

Fig. 17 F. pennan ti .  Sites of  basic p ro te ins  show n by  b rom ophenol  blue. N o te  r e a c t io n  in 
m itochondria  (m).  C arnoy  f ixed ,  X 1000
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A cid groups w ere f u r th e r  recognized b y  m e ta c h ro m a tic  s ta in in g  using  
a z u re  A ( K r a m e r  a n d  W i n d r ü m , 1955) a n d  to lu id in e  b lue ( P e a r s e , 1960). 
A  w e a k  positive o rth o c h ro m a s ia  in  the nuclei w as o b se rv ed . Acidic m é th y la tio n  
a t  16°C ( F is h e r  an d  L i l l i e , 1954) resu lted  in  th e  d isap p earan ce  of azu ro p h ilia  
w h ile  sapon ification  re s to r e d  to lu id ine m e ta c h ro m a s ia , su p p o rtin g  th e  p re s 
en ce  o f  carboxyl g roups in  th e  nuclei o f th e  tw o  species.

P ro te in s  were d e te c te d  b y  M illon’s re a c tio n  as  m odified  b y  B a k e r  (1956), 
b ro m o p h en o l blue (M a z i a  e t  ah , 1953) a n d  th e  perfo rm ic ac id -a lc ian  b lue 
( P e a r s e , 1960) re a c tio n s . M illon’s reac tio n  d is tin g u ish es  ty ro sin e , th e  on ly  
k n o w n  am ino acid  w ith  a h y d ro x y p h en y l g ro u p . In  F. pen n a n ti, th e  re a c tio n  
w as v e ry  w eak an d  hence  n o  p ro p er assessm en t o f  th e  presence o f ty ro s in e  in  
th e  cell inclusions w as p o ss ib le . In  F. p a lm a ru m , how ever, th e  m ito c h o n d ria  
w ere  p ositive  (Fig. 16) a n d  in  th e  final sp e rm , ty ro s in e  was a c c u m u la te d  in  
th e  “ m idd le  p iece” (F ig . 16). The cen trio le  o f  th e  sperm  also a p p e a re d  to  be 
ty ro s in e  positive.

T he pro te in  r ich  m ito c h o n d ria  and  th e  n u c le i o f  th e  sp e rm ato cy tes  s ta in e d  
in te n s iv e ly  w ith  b ro m o p h en o l blue (Figs. 17 a n d  18). T he Golgi bodies and  th e ir  
d e r iv a tiv e s  were n e g a tiv e  th ro u g h o u t sp e rm ato g en esis . In  th e  sp e rm a tid s , th e  
in te n s i ty  of the re a c tio n  in c rea sed  in the m ito c h o n d ria l regions w hile in  the  
n u c le i s ta in ing  was o b se rv e d  in  some g ranu les s c a tte re d  in th e  n u c leo p lasm  in 
b o th  species. The c en tr io le , p ostnuclear cap  a n d  th e  flagella  were also po sitiv e  
(F ig s . 17 and  18). S p e c if ic ity  d id  no t v a ry  in  v a rio u s  stages o f  sp e rm a tid  
d iffe re n tia tio n  and  th e  r e s u lts  were sim ilar in  b o th  species.

T he reac tio n s’s r e l ia b il i ty  was ju d g ed  b y  g lock ing  free am ino  g roups by  
d e a m in a tio n  ( B u r s t o n e , 1959). The reac tio n  w as com plete ly  in h ib ite d , in d i
c a tin g  th e  presence o f  free  am in o  groups c o n ta in in g  ty ro sin e , as ev idenced  also 
b y  M illon’s reaction .

F u r th e r  e v a lu a tio n  o f  p ro te in s  was c a rr ie d  o u t  b y  n in h y d rin -Sch iff m e th 
o d  w hich  identifies p ro te in  bound am ino g ro u p s an d  carboxyl g roups. T he 
m ito ch o n d ria  of th e  sp e rm a to c y te  and  th e  sp e rm a tid  re a c te d  s tro n g ly ; w hile th e  
re a c tio n  was w eak in  th e  n u c le i an d  the p o s tn u c le a r  granules (F ig. 19 a n d  20). 
T h e  p o stn u c lear cap o f  F . p en n a n ti  s ta in ed  m ore in ten se ly  (Fig. 19) th a n  th a t  
o f  F . palm arum  (F ig. 20).

These resu lts w ere con firm ed  hy  a c e ty la tio n  an d  d eam in a tio n ; these  
p ro ced u re s  com pletely  in h ib ite d  the reac tio n . S im ila rly , no positive  s ta in in g  
w as observed  w hen th e  a ld e h y d e  groups h a d  b een  b locked  by  h y d ro x y lam in e  
( B u r s t o n e , 1959). M é th y la tio n  of carboxy l g ro u p s decreased  th e  in te n s i ty  of 
th e  reac tio n . I t  m ay , th e re fo re , be concluded  t h a t  th e  reac tion  is due to  am ino  
g ro u p s  only. Thus th e  b ro m o p h en o l blue a n d  n in h y d rin -S c h iff  reac tio n s p o in te d  
to w a rd s  the  sam e g en era l conclusion.

Perform ic ac id -a lc ian  b lue ( P e a r s e , 1960) is a h igh ly  specific reac tio n  
fo r cystine . The re a c tio n  w as very  w eak in  th e  ea rlie r stages b u t in  v e ry  la te
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sp e rm a tid s , accu m u la tio n  o f  cy stin e  w as observed  in th e  “ m idd le  p iece”  a n d  on 
th e  n u c lea r m em brane  (F igs. 21 a n d  22). T his m eans th a t  cystin e  is p re s e n t as a 
p ro te in  c o n s titu e n t in th e  above  inclusions. Since no b locking  m e th o d s  fo r th is  
re a c tio n  w ere ca rried  o u t, it  is possib le  to  com m en t on th e  specific  d is tr ib u tio n  
a n d  ex ac t n a tu re  in  w hich cy s tin e  occurs.

N ucleic acids were d e te rm in e d  b y  F eu lg en ’s reac tio n  p e rfo rm ed  acco rd ing  
to  He a r s e  (1960) and  th e  m e th y l g reen -py ron ine  G m eth o d  ( J o r d e n  and 
B a k e r , 1955). Feulgen  p o sitiv e  g ranu les w ere confined  to  th e  v a rio u s  nuclei,

Fig. Itl. F. pa lm arum .  B rom opheno l  blue  reac tion  in m itochondr ia  (in) a n d  p o s tn u c le a r  cap
(p). B o n in ’s f ixed, X 1500

Fig. 19. F. pennanli .  N inhydrin -Sch iff  reac t ion  showing p ro te in -b o u n d  am in o  groups.
Carnoy  f ixed, X 800

Fig. 20. F. pa lm arum .  Sites of p ro te in -b o u n d  am ino  groups as revea led  by  n in h y d r in -
Schiff.  B ou in ’s fixed, X 1500

Fig. 20. p a lm arum .  Sites of  p ro te in -b o u n d  am ino  g roups  as revealed by n inhydr in -S ch if f .
B o u in ’s f ixed,  x  1500

Fig. 21. F. pennanli .  L a te  sp e rm a t id s  con ta in ing  cyst ine  af te r  perform ic  ac id -a lc ian  blue 
s ta in ing .  T he  reac tion  is p a r t icu la r ly  obv ious  in the  m itochondr ia  (m). Fo rm ol  ca lc ium  f ixed,

X 1500
Fig. 22. F. palmarum .  Perform ic  ac id -alc ian  blue s ta in ing  showing positive  re ac t io n  in the

nuclei (n) . B o u in ’s f ixed, X 1000
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d is tin g u ish in g  D N A  fro m  th e  re s t of th e  c h ro m a tin  m a te ria l. M ethyl gre m- 
p y ro n in e  G iden tifies b o th  D N A  an d  R N A . I t  s ta in e d  th e  nucleus green (D N A ) 
a n d  th e  m itochondria  re d  (R N A ). The re a c tio n  p e rs is te d  in  all th e  s tag es  of 
sp erm ato g en esis . B y d ig e s tin g  R N A  by  h u m a n  sa liv a  ( B r a d b u r y , 1956), a 
p o s it iv e  reac tion  teas o b ta in e d  in  th e  nucleus, due  to  D N A . S im ilarly , w hen D N A  
w as e x tr a c te d  by  5 p e r  c e n t tr ich lo ro acetic  a c id  (TCA) (A l f e r t  a n d  Ge 
s c h w i n d , 1953), R N A w a s  fo u n d  to  be p re se n t in  th e  m ito ch o n d ria . A fte r TCA 
e x tra c tio n , F eu lg en ’s re a c tio n  was n eg a tiv e . T h u s  i t  is ev id en t th a t  D N A  is 
p re s e n t  in the  nucleus w h ile  R N A  is lo ca ted  in th e  m ito ch o n d ria  an d  b o th  these  
ac id s  p e rs is t w ith o u t a n y  ch an g e  during  sp e rm a to g en esis  is b o th  th e  species.

D iscussion

Q u a lita tiv e  a n a ly s is  o f  th e  com plex cell p o p u la tio n s  in th e  tw o sq u irre l 
species has been a c h ie v e d  by  various cy to ch em ica l tech n iq u es. B asically , 
in  th e  species u n d er in v e s tig a tio n  th e  chem ical co m p o sitio n  o f th e  v a rio u s  cell 
in c lu sio n s in d iffe ren t s ta g e s  o f sp erm ato g en esis  is s im ilar, b u t  th e re  are  
c e r ta in  differences in  th e  in te n s ity  of the  re a c tio n s . T h is is p rim arily , as fa r as 
th e  p re sen t in v e s tig a tio n s  a re  concerned, due  to  th e  fa c t th a t  all o b serv a tio n s 
in  F . pa lm arum  h a v e  b e e n  m ade in fix ed  p a ra ff in -em b e d d e d  tissu e , w hich 
m ig h t have been in f lu e n c in g  th e  sta in in g  a n d  th e re b y  causing  some d ifferen ts 
fro m  fresh  frozen or f ix e d  tissu e  of F. p en n a n ti.

T here are d iffe re n t v iew s regard ing  th e  s t ru c tu re  o f th e  Golgi bodies in  
m am m als  during  th e  v a r io u s  stages of sp e rm a to g en esis  (Ma t h u r , 1965). The 
G olgi bodies in sq u irre ls  show  the  g ra n u la r  n a tu re  in  th e  earlier s tages, as 
o b se rv e d  by  N a t h  e t  a l (1957). This a u th o r  d id  n o t  m en tio n  a n y th in g  fu r th e r  
a b o u t th e  changing p h a se s  o f  th e  Golgi bod ies in  th e  squ irre l, because he 
th o u g h t  p resu m ab ly  t h a t  th e  g ran u la r n a tu re  w as re ta in e d  th ro u g h o u t sp e r
m atogenesis . In  c o n tra s t ,  th e  p resen t resu lts  c lea rly  in d ica te  th a t  from  th e  sp e r
m a tid  onw ards th e  G olgi b od ies aggregate  a n d  a p p e a r  like a single b o d y .

T he chem ical o rg a n iz a tio n  of th e  G olg iacrosom e com plex  is in d ica tiv e  
o f  a lip o id -p o ly sacch arid e  c o n s titu tio n . In  th e  G olgi b o d y , lip ids are c o n c e n tra t
ed  in  th e  “ e x te rn u m ” . A cid  lipids along w ith  choline con ta in in g  lip ids are 
p re s e n t  in the  in itia l s ta g e s  b u t  d isappear in  la te r  phases. T he choline co n ten ts  
a re  v e ry  low w h erev er p re s e n t. The p roacrosom ic  g ran u les  are  S udan  n eg a tiv e  
b u t  show  an acid c h a ra c te r  w ith  Nile blue w h ich  pers is ts  in  th e  proacrosom e. 
In  th e  fina l acrosom e, th e  lip id s  are a sso c ia ted  w ith  th e  o u te r  m em b ran e , while 
th e  cen tra l core is n e g a tiv e . N one of th e  ea rlie r a u th o rs  have  re p o rte d  th e  p re s 
en ce  o f  lipids in th e  a c ro so m e  and  hence i t  is n o t  possib le  to  co rre la te  w ith  th em  
th e  p re se n t find ings.

T he positive P A S  re a c tio n  in the  G olg iacrosom e system  is due to  the  
p resen ce  of glycogen in  th e  in te rn a l cores o f th e  Golgi b o d y  an d  th e  acrosom e.
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T he lipo idal regions o f these  inclusions do n o t show  an y  PA S positive  su b stan ce - 
This suggests th a t  th e  lip ids an d  th e  sim ple p o lysaccharides occupy  d iffe ren t 
zones an d  a t  no s tag e  co n ju g a te  w ith  each  o th e r  to  form  a g lycolip id  com plex  
in these  inclusions w h ich  gives a positive  re a c tio n  w ith  b o th  S udan  b lack  an d  
PA S. This is in acco rd an ce  w ith  ou r ea rlie r o b se rv a tio n s  on M eriones (M a t h u r , 
1965). F u r th e r , th e  p o ssib ility  of th e  p o s it iv ity  o f  th e  PAS reac tio n  due to  o th e r  
re ac tiv e  su b stan ces like g lycopro teins or m u co p ro te in s  is also ru le d  o u t as a t  
no stage  are  p ro te in s  asso c ia ted  w ith  e ith e r  th e  Golgi bodies or th e  acrosom e. 
L e b l o n d  an d  Cl e r m o n t  (1952), Cl e r m o n t  a n d  L e b l o n d  (1955), L e u c h t e n 
b e r g e r  an d  S c h r a d e r  (1950), an d  Cl e r m o n t , G l e g g  an d  L e b l o n d  (1955), 
h av e  all re p o rte d  PA S reac tiv e  m a te ria l in  m am m alian  acrosom e. F u r th e r , 
L e b l o n d  a n d  Cl e r m o n t  (1952) an d  Cl e r m o n t  an d  L e b l o n d  (1955) s ta te  th a t  
th e  developing  acrosom e du ring  sp erm ate lio sis  becom es g rad u a lly  less re a c tiv e , 
w hile O a k b e r g  (1956) s ta te s  to  th e  c o n tra ry  t h a t  PA S re a c tiv ity  in th e  d ev e lo p 
ing  acrosom e o f th e  m ouse does n o t show  a n y  ap p rec iab le  decrease in  reac tio n . 
In  th e  ro d en ts  s tu d ie d  by  us an u n ifo rm  PA S s ta in in g  is m a in ta in ed  in M eriones 
b u t th e  acrosom es o f th e  tw o squ irre l species show  a g rad u a l decline. I t  ap p ears  
th a t  th e  v a ria tio n s  in PA S re a c tiv ity  m ay  be  due p rim arily  to  th e  lab ile  n a tu re  
of th is  reac tio n  a n d  its  dependence on th e  f ix a tiv e  used, an d  th e  v a ry in g  
am o u n ts  o f PAS p o sitiv e  m a te ria l w hich  is le f t over in  th e  fin a l sperm .

E ssen tia l co m p o n en ts  of th e  nucle i a re  D N A , n e u tra l lip ids, acid  m u co 
polysaccharides (m ain ly  carboxy l groups) a n d  p ro te in s . D N A  is c h a ra c te ris tic , 
as Feu lgen  positive  g ran u les  an d  th e  in te n s ity  rem ain s u n ch an g ed  th ro u g h o u t 
sp erm atogenesis . S u d an  positive m a te ria l is m o stly  lo ca ted  on th e  n u c lea r 
m em b ran e  along w ith  sm all co n cen tra tio n s  o f cy stin e . T he lip o p ro te in s  are 
asso c ia ted  w ith  th e  ch ro m a tin  sh a rp ly  d is tin g u ish ab le  from  Feu lgen  po sitiv e  
g ranu les. T he ac id  m u copo lysaccharides a n d  th e  p ro te in s  p re su m ab ly  form  a 
c a rb o h y d ra tep ro te in  com plex . The nucleus also  gives a PA S positive  te s t . Tf th e  
nucleus is o rth o c h ro m a tic , the re su lt o f  th e  PA S reac tio n  is d o u b tfu l. A ccord ing  
to  P e a r s e  (1960), th e  PA S reac tio n  m ay  n o t  be specific  in th e  p resence  of 
ca rboxy l groups. S ince th e  PAS reac tio n  is n o t  v e ry  d is tin c t in th e  n ucle i o f  th e  
tw o species, th is  re a c tio n  m igh t be due to  S u d an  positive  or b ro m o p h en o l 
positive  m ateria ls  an d  is no t acco u n ted  for b y  th e  presence  of an y  o th e r  ty p e  of 
po ly sacch arid e . In  th a t  case, th e  p o sitiv e  PA S reac tio n  in th e  inclusion  shou ld  
n o t be in te rp re te d  in th e  sam e w ay as in  th e  Golgi bodies a n d  th e  acrosom e. I t  
will th u s  he seen th a t  th e  tw o organic com plexes, lip id -p ro te in  an d  c a rb o h y 
d ra te -p ro te in , c o n s titu te  a n d  govern th e  a c tiv ité s  o f th e  nucleus, D N A  b e ing  a 
s e p a ra te  e n tity .

T he p o stn u c lea r  reg ion , consisting  o f p o s tn u c le a r  g ranu les in th e  early  
sp e rm a tid  an d  th e  p o s tn u c le a r  cap in th e  la te  sp e rm a tid , co n ta in s  acid ic  lip id s, 
m u copro te in s a n d  p ro te in s . Acid lip ids an d  p ro te in  are p re se n t till th e  fo rm a 
tion  o f th e  fin a l sp e rm , b u t  m u copro te in s a re  in h ib ite d  in  la te r  s tages. A ccord-
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in g  to  G a t e n b y  an d  W i G O D E R  (1929), th e  p o stn u c lea r  cap in  th e  gu inea  pig 
s p e rm a tid  orig inates fro m  a rg en to p h ile  g ran u les , th e  p o stn u c lea r  g ram des 
w h ich  a re  p resen t in  th e  cy to p la sm  of th e  ea rly  sp e rm a tid  a n d  w h ich  are  
coa lesc in g  on the  p o ste rio r a sp e c t of th e  n uc leus in  th e  la te  sp e rm a tid . As 
o b se rv e d  in  th e  p resen t s tu d ie s , th e  p o stn u c lea r  granu les never a p p e a r  in  th e  
c y to p la sm . The chem ical c o n s titu tio n  of th e  “ g ran u le s”  an d  th e  “ c a p ”  suggests 
a n u c le a r  origin ra th e r  th a n  a cy to p lasm ic  one. This is ev idenced  fu r th e r  b y  th e  
f a c t  t h a t  th e  lipop ro te in  s t ru c tu re  o f th e  p o s tn u c le a r  cap  is hom ologous to  th e  
l ip o p ro te in  n a tu re  o f th e  n u c le a r  m em b ran e . T he lip o p ro te in  g ranu les a p p e a r  
to  b e  p a r ts  of the  n uc lear m e m b ra n e  an d  b y  th e  coalescence o f th ese  g ranu les 
th e  p o s te r io r  surface o f th e  n u c lea r m em b ran e  becom es th ic k e n e d  in to  a 
g ird le -sh a p e d  s tru c tu re , th e  p o s tn u c le a r  cap . In  M eriones, on th e  basic  o f th e  
sa m e  p h enom enon  we h av e  co n c lu d ed  to  th e  n u c lea r  orig in  o f th e  p o s tn u c le a r  
cap .

T h e  m itochondria , th e  cen trio le  an d  th e  flagellum  are rich  in  p ro te in  and  
a re  la c k in g  ca rb o h y d ra tes . T h e  m ito ch o n d ria  besides being  p ro te in  po sitiv e , 
a lso  c o n ta in  acid lip ids, R N A  a n d  cystine  p o sitiv e  m a te ria ls . T he cen trio le  
c o n ta in s  trace s  of choline w ith  low  am o u n ts  o f ac id  lip ids. In  th e  f lag e llu m , th e  
a c id  l ip id  con ten ts are  v e ry  low . T he cen trio le  does n o t undergo  a n y  d iv ision  
in to  p ro x im a l and  d ista l c en trio les  as in M eriones (M a t h u r , 1965), b u t  rem a in s  
a s ing le  b o d y  from  w hich  th e  flagellum  develops. I t  seem s th a t  th e  cen trio le  
a n d  th e  flagellum  have a lip o id -p ro te in  c o n s titu tio n  in th e  in itia l phases b u t  th e  
lip id  c o n te n ts  are soon lo s t o r in h ib ite d  so th a t  th e se  organelles in  th e  f in a l sperm  
c o n ta in  o n ly  th e  p ro te ins. W h a t hap p en s fu r th e r  in th e  cen trio le  is d ifficu lt to  
e s ta b lis h  b y  light m icroscopy , because  of th e  sm allness o f t h a t  s tru c tu re .
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Z Y T O C H E M IS C H E  E R F A H R U N G E N  W Ä H R E N D  D E R  S P E R M A T O G E N E S E  Y O N  
2 IN D IS C H E N  E I C H H Ö R N C H E N  (FU N  AM В U L U S P EN NA NTI UN D  F U N A M B U L U S

PA LM ARUM )

R. S. MATHUR

Die Sperm atogenese  der  2 E ich h ö rn ch en a r ten  F. p e n n a n t i  und  F. p a lm a ru m  vo l lz ieh t  
sich g rundsä tz l ich  ähnlich.  Das N ebenkernchenfädchen  is t  aus  einer L ipo id-Polysacchariden-  
S u b s tan z  aufgebau t.  Das »Ex te rnum « en th ä l t  sauere L ip iden ,  das »Internum« dagegen  e in 
fache Polysacchariden ,  v o rn eh m lich  Glykogen. E iweiß  k a n n  im Fäd c h en  nicht nachgewiesen 
werden. Das N e b en k e rn ch en fäd ch en  sezerniert N i lb lau -p o s i t iv e  P roakrosom körnchen ,  aus  
denen Proakrosom  bzw. Akrosom  (E n d s tad iu m ) e n ts te h t .  Die saueren  Lipiden v e rb le ib en  im  
Proakrosom  u n v e rä n d e r t  u n d  b i lden  die äußere  M em b ran  des Akrosoms, während d as  In n e re  
desselben aus einer PA S-posi t iven  Subs tanz  a u fg eb au t  wird.

Der Kern  ist  reich an  DNA und en th ä l t  auch  e in en  L ipoid-Polysaccharide-Eiweiß-  
Kom plex .  In der post n uk leä ren  M em bran  sind l ipopro te inpos i t ive ,  post nukleäre K ö rn c h e n  zu  
beobach ten ,  die im Laufe der  E n tw ick lung  die p o s tn u k leä re  Hülle der S perm at iden  b ilden. 
Die postnukleä ren  K ö rn ch en  und  die postnukleäre  Hü l le  s ind  nuk leä ren  Ursprungs.

Die g ranu lie r ten  M itochondrion  en tha l ten  sauere  L ip iden ,  RN A  und Eiweiß. Im F ä d c h e n  
erscheinen kleine Mengen von Zystin .  Das Zentriolum teilt  sich während  der Spe rm atogenese  
n ich t  und b ildet in der  Sperin a t id en p h ase  ein F lage l lum . Z en tr io lum  und F lagellum  sind 
eiweißhaltig .  Die in den frü h eren  Phasen anwesenden L ip iden  sind in den reifen S a m en fä d en  
n ich t  vorhanden .
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ЦИТОХИМИЧЕСКИЕ НАБЛЮДЕНИЯ В СВЯЗИ СО СПЕРМАТОГЕНЕЗОМ 
ДВУХ ВИДОВ ИНДИЙСКИХ БЕЛОК (FUNАМВULUS PENNANTI И 

FUNAMBULUS PALMARUM)
Р. С. МАТУР

Сперматогенез двух видов белок F. pennanti и F. palmarum происходит в общем 
сходно. Волокно побочного ядрышка состоит из липоидно-полисахаридного вещества. 
«Наружная» часть содержит кислые липиды, а «внутренняя» часть — простые полисаха
риды преимущественно гликоген. Белок не может быть выявлен в ниточке. Волокно побоч
ного ядрышка отделяет проакросомные зернышки, дающие положительную реакцию 
с нилблауом, из которых возникает проакросом или акросом (конечная стадия). Кислые 
липиды сохраняются в неизменном виде в проакросоме и образуют наружную перепонку 
акросома, в то время как внутренняя его часть состоит из ПАСК-положительного ве
щества.

Ядро богато ДМК и содержит также липоиднополисахаридно-белковый комплекс. 
В постнуклеарной перепонке наблюдаются липопротеин-положительные постнуклеар- 
ные ядрышки, образующие в ходе дальнейшего развития постнуклеарную оболочку 
сперматидов. Постнуклеарные ядрышки и постнуклеарная оболочка имеют ядерное 
происхождение.

Зернистые митахондрии содержат кислые липиды РНК и белок. В волокне появ
ляются небольшое количество цистина. Центриолум во время сперматогенеза не делится 
и образует в сперматидной фазе жгутик. Центриолум и жгутик содержат белок. Имев
шиеся в прежних фазах липиды в зрелых сперматоидах не содержатся.

D r. R . S. Ma t h u r : D e p a r tm e n t o f  Z oology , U n iversity  o f R a ja s th a n , 
J a ip u r ,  In d ia
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I n s t i tu t e  of A na to m y ,  H isto logy and  E m b ry o lo g y  (Director:  Prof.  I. K r o m p e c h e r ), U nivers i ty
Medical School,  Debrecen

EFFECT OF PROLONGED THYROXIN 
AND METHYLTHIOURACIL TREATMENT 

ON THE EPIPHYSEAL CARTILAGE 
OF YOUNG RATS

G. L é v a i  a n d  I. Zs. N a g y  

(R ece ived  O c tober  16, 1964)

Seven ty - tw o  white  male ra ts ,  30 days  old a t  th e  o u t s e t  of the  e x p e r im e n t  have 
been t rea ted  w i th  10 //.g/100 g bo d y  weight of th y ro x in  or 0.05 g/100 g b o d y  weight 
of m e thy l th iou rac i l  da ily  for 145 days  to s tu d y  the  b e h av io u r  of  th e  d is ta l  ep iphysea l  
cart i lage  of the  left t h i r d  m e ta c a rp a l  bone.

T h yrox in  en h an c ed  m a tu r a t io n  a n d  des truc t ion  of car t i lage ,  a n d  the  m o d e ra te ly  
increased ra te  of  bone fo rm at io n  kep t  pace with this process. T h e  a p p ea ran ce  of chondro- 
c lasts was n o ted  on the  ep iphysea l  car t i lage  facing th e  diaphysis .

M ethy lth iourac il  caused  a reduct ion  of chondrif ica t ion  a n d  car t i lage  abso rp t io n ;  
the  ra te  of  ossification was likewise decreased b u t  still more  rap id  t h a n  car t i lage  b re a k 
down. The cells of th e  epiphysea l  car t i lage  were smaller ,  th e  zone o f  m a t u r a t i o n  was 
narrow , the  m a t r ix  was poor  in cells: the  epiphyseal  car t i lage  h ad  no t  d i sap p ea red  af te r  
145 days  t r e a tm e n t .

T h y ro id  h y p o fu n c tio n  was recogn ized  as responsib le  for th e  d w arfism  of 
c re tin s  as fa r back  as the  second h a lf  o f  the  p a s t c e n tu ry . T he f irs t  ex p erim en ts  
in  th is  re sp ec t w ere p erfo rm ed  by  G u d e r n a t s c h  [7],  w ho a d m in is te re d  th y 
ro id  tissu e  to  tad p o les  a n d  fo u n d  th a t  th e y  u n d e rw e n t m e tam o rp h o sis  ea rlie r 
th a n  th e ir  u n tre a te d  m ates . S u b seq u en t investig a tio n s concern ing  th e  grow th- 
p ro m o tin g  ac tion  o f  th e  th y ro id  in an im als  of h igher o rd e r y ie ld ed  v a ry in g  an d  
o ften  c o n tra d ic to ry  re su lts . S i l b e r b e r g  an d  S i l b e r b e r g  [19], rev iew in g  th e  
p e r tin e n t l ite ra tu re  p u b lished  till 1943, concluded  th a t  th y ro x in  was in fluenc ing  
lin ea r g ro w th  by affec tin g  en d o ch o n d ra l ossification . V a ria tio n s  in an d  occasion
al co n trad ic tio n s  o f th e  l i te ra ry  d a ta  were a t t r ib u te d  by  th ese  a u th o rs  to  
species, sex  an d  age d ifferences, fu r th e r  to  those in th e  dosage o f th e  ho rm one 
a n d  in th e  d u ra tio n  o f th e  ex p e rim en ts . O f recen t, H u l t h  a n d  N y l a in d e r  
[9, 10] s tu d ie d  the b eh av io u r o f th e  ep iphyseal ca rtilag e  in b o th  h y p e r th y ro id 
ism  a n d  h y p o th y ro id ism .

T he p resen t ex p erim en ts  w ere designed  to s tu d y  in h y p er- a n d  h y p o th y 
ro id ism  an  ep iphyseal ca rtilag e  w hich  closes early  u n d e r  physio log ical cond i
tio n s. T he ep iphysis o f th e  th ird  m e taca rp a l bone, reco m m en d ed  b y  B ec k s  
e t al. [4], w hich w as se lec ted  for s tu d y , closes a t  120 to  140 d ay s; acco rd ing ly , 
th e  t r e a tm e n t  la s te d  from  w ean ing  to  th e  age of 175 d ay s.
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M ateria l and m ethod

Seventy- two white  m ale  r a t s  of  our  own breed were used. D a te  r e g ard in g  th em  are 
a s se m b le d  in Table 1. B o d y  l e n g th  was m easured  from  th e  t ip  of the  nose to the  root  of the 
ta i l .  T h e  age of the anim als  v a r ie d  f rom  28 to 32 days  a t  the  o u tse t  of the  exper im en ts ,  and the 
m a x i m u m  difference in th e i r  b o d y  w eigh t  am o u n ted  to 2 g.

T h e  animals were d iv id e d  in to  3 groups, and  each group  in to  4 sub-groups .  One su b 
g ro u p ,  each, of  every g roup  was k i lled  a t  40, 70, 91 an d  145 days ,  respec tive ly .  ( D a ta  of Table 1 
i n d ic a te  m ean  results o b ta in e d  in  synchronously  sacrificed sub-groups .)

A nim als  of Group 1 rece ived  subcu taneously  10 ц g/100 g bod y  w eigh t  of  thy rox in  
( H o f f m a n — La Roche A. G., Basel)  daily ,  dissolved in  0.1 ml of physiological saline.

Members of Group 2, t h e  con tro ls ,  received a su b cu tan e o u s  dose of 0.1 ml physiological 
sa l ine  daily .

Members of G roup 3 were  t r e a te d  orally w ith  m e th y l th io u rac i l  daily ,  m ixed of 0.05 
g /100 g bod y  weight to th e  food. T h e  diet  was identical in  all groups,  an d  all an imals were 
k e p t  u n d e r  identical condit ions .

T he  thyroid and  the  t h i r d  left m etaca rpa l  bone o f  th e  sacrificed an im als  were used 
fo r  microscopical study .  T h e  g lan d s  were f ixed in 10 per  cen t  formalin,  the  bones were decal- 
c in a t e d  a n d  fixed in Susa f lu id .  T h e  sections were em b ed d ed  in pa raff in ,  s ta in ed  with  haema- 
to x y l in -e o s in  and azan.

R esults

All test an im als w e ig h ed  less an d  were sh o rte r  th a n  th e  con tro ls  a fte r the  
t r e a tm e n t .  The d ifference w as especially  p ro n o u n ced  in  th e  g roup  tre a te d  w ith  
m e th y lth io u rac il. M ean b o d y  te m p e ra tu re  was h ig h er in  th e  th y ro x in  group 
a n d  low er in the m e th y lth io u ra c il group th a n  in th e  con tro ls (T able 1).

Table I

T  h  у  г о X 11 C o n t r o l M e t  h  y 11 h i о u r a c i l

Body Body Temper- Body Body Temper- Body Body Temper-
Duration weight length ature weight length ature weight length ature

g cm °C g cm °C g cm C

I n i t i a l  value 35.63 11.37 38.00 36.45 11.50 38.20 36.33 11.56 38.20

40 days 74.00 14.68 39.00 78.00 14.60 38.20 76.83 14.30 37.53

70 D ays 102.40 15.94 39.00 107.22 15.83 37.74 102.90 15.77 37.08

91 D ays 131.25 16.82 38,20 144.00 17.14 37.45 124.00 16.00 37.08

145 Days 175.00 17.66 38.00 195.00 18.50 37.55 170.00 17.05 36.85

The fur of th e  a n im a ls  in  G roup 1 was sm o o th , th e ir  m ovem en ts v ivacious, 
a n d  th e y  were m ore i r r i ta b le  th a n  the  con tro ls . T he th y ro id  g lan d  was sm all 
in  th is  group. The m icroscop ic  p ic tu re  rev ea led  large follicles engorged w ith  
co llo id , fu rth er f la t te n e d  fo llicu la r ep ithe lium  (F ig . 1).

Anim als t r e a te d  w ith  m eth y lth io u rac il h a d  a d ishevelled  fu r  an d  m oved 
slu g g ish ly . The th y ro id  w as m arked ly  en la rg ed . T he m icroscopic  p ic tu re  
sh o w ed  em pty  follicles lin e d  b y  high cy lind rica l ep ith e lia l cells. The p ic tu re  
re sem b led  th a t  o f g la n d u la r  h y p erp lasia  (F ig. 2).
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Fig.  i .  T h y ro id  o f  175-day old rat a f te r  145 d a y s  th y ro x in  t rea tm e n t .  H a em a to x y l in -eo s in
X 375

Fig. 2. T h y ro id  of 175-day old r a t  a f te r  145 d a y s  m eth y l th io u rac i l  t r ea tm e n t ,  l l a e m a to x y l in -
eosin,  X 375

C hanges o b serv ed  in th e  d ista l e p ip h y sea l cartilage o f th e  t h i r d  m e ta 
ca rp a l bone are  described  in  th e  follow ing, th e  n o m encla tu re  b e in g  b o rro w ed  
from  H a m  [8].

Forty days treatment. In  th e  th y ro x in  g ro u p , th e  zone of m a tu ra t io n  in 
th e  ep ip h y sea l ca rtilag e  w as b ro ad e r, th e  cells show ed a fa ir ly  re g u la r  
a rra n g e m e n t and  w ere closely packed , o s te o b la s tic  a c tiv ity  was liv e ly  (F ig . 3).

In  th e  con tro l g roup  ep iphyseal c a r tila g e  a n d  osteoblastic  a c t iv i ty  w ere 
n o rm a l (F ig . 4).

In th e  m e th y lth io u rac il group the  ep ip h y se a l cartilage w as n a rro w e r , th e  
cells w ere sm aller an d  less reg u la rly  a rra n g e d , a n d  the zone of m a tu ra t io n  was 
n a rro w er th a n  in th e  o th e r tw o su b -g ro u p s (F ig . 5).

In  th e  th y ro x in e  group the  ch o n d ro c la s ts  w ere fairly  ac tive , p o ly n u c le a r  
ca rtilag e -ab so rb in g  g ian t cells ap p ea red  on th e  ep iphyseal surface fac in g  th e  
d iap h y sis , a p h enom enon  th a t  becam e m ore  p ro n o u n ced  a fte r 70 a n d  91 days 
tr e a tm e n t.

Seventy days treatment. Changes a t  th is  s tag e  were m ore p ro n o u n c e d .
In  th e  th y ro x in  group th e  ep ip h y sea l ca rtilag e  was m uch th in n e r ,  th e  

zone o f m a tu ra tio n  b ro a d e r an d  o s teo b las tic  a c t iv i ty  m ore in tensive  th a n  in  the  
con tro l g roup . C hondroclastic  a c tiv ity  w as likew ise in tensive.

In  th e  con tro l g roup  th e  ep iphysea l c a rtila g e  was norm al.
In  th e  m e th y lth io u rac il group the  p ro p o rtio n  betw een ch o n d ro c y te s  a n d  

m a tr ix  h a d  ch an g ed  as far as th ere  w ere less c a rtila g e  cells, and  th e re  w as m ore
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Fig .  3. D is ta l  epiphysis  of left th i rd  m etaca rpa l  a f te r  40 d a y s  thy rox in  t r e a tm e n t .  H a e m a -
toxylin-eosin,  X  20

Fig. 4. D is ta l  ep iphysis  of left t h i r d  m etaca rpa l  of  70 d a y s  old control anim al.  (C o n tro l  of 
4 0 -day  t r e a tm e n t )  H aem a to x y l in -eo s in ,  X 20 

Fig. 5. D is ta l  ep iphys is  of left th i rd  m etaca rpa l  a f te r  40 d a y s  m ethy lth iourac i l  t r e a tm e n t .
H aem atoxyl in -eos in ,  X 20
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m a tr ix . The cells w ere  a rra n g e d  irreg u la rly , th e  zone o f  m a tu ra tio n  w as narrow , 
a n d  m ost o f the  cells th e re in  were d eg en e ra ted . T h ere  w as a b u n d a n t cartilage  
in  th e  e lem en tary  b o n e  trab ecu les; o s teo b las tic  a c tiv ity  w as less in tense
(Fig. 15).

N inetyone days treatm ent. C hanges w ere m ost conspicuous a t  th is  stage .
In  the th y ro x in  g ro u p  th e  ep ip h y sea l c a rtilag e  consisted  o f 3 to  4 rows 

o f cells only . Most o f  th e  cells were ro u n d e d  an d  resem b led  those  o f th e  m a tu ra 
tio n  zone. A bsorp tion  o f  cartilage  e x te n d e d  a t  c e rta in  p o in ts  to  th e  b o n y  end 
p la te . C hondroclastic  a c t iv i ty  was m ost in ten s iv e . T he e x te n t o f b o th  bone 
fo rm a tio n  and  bone a b so rp tio n  was in  excess o f th a t  in th e  co n tro l g roup  (Figs. 
6,  12).

In  th e  contro l g ro u p  th e  ep ip h y sea l ca rtilag e  was pe rfec tly  n o rm a l (Figs. 
7, 13). (E p iphyseal c lo su re  a t  the th ird  m e ta c a rp a l tak es  p lace a t  th e  age of 120 
to  140 days in ra ts  o f  th e  em ployed  s tra in .)

In  th e  m e th y lth io u ra c il group th e  ep ip h y sea l ca rtilag e  w as th ic k e r  th an  
in th e  o th e r two su b -g ro u p s ; the  cell co u n t d im in ished  along  w ith  an  increase 
o f  th e  m a trix . The zone o f m a tu ra tio n  was n a rro w , th e  bone trab ecu le s  were 
th ic k e r  a n d  co n ta in ed  m ore  residua l c a rtilag e  th a n  in th e  o th e r tw o sub -g roups; 
in  som e cases ch o n d ro cy te s  su rro u n d ed  by  o steo id  ap p ea red  in  th e m . O steo
b la s tic  a c tiv ity  w as so m ew hat im p ed ed , a n d  chondroclasis  considerab ly  
re ta rd e d  (Figs. 8, 14).

H undred and fo r ty fiv e  days treatm ent. In  th e  th y ro x in  g roup  ep iphyseal 
c a rtila g e  h ad  d isa p p e a re d , and  th e  b o n y  end p la te  above i t  w as d isap p earin g  
(F ig . 9). A great n u m b e r  of p o ly n u c lea r g ian t cells was o b se rv ed ; th e ir  size 
v a r ie d  betw een 20 a n d  60 /I, and  th e  n u m b e r o f nucle i from  2 to  7 p e r section . 
T h e  nuclei had  a c o m p a c t ch ro m atin  s tru c tu re  a n d  c o n ta in e d  1 to  3 nucléoles. 
T h e  cy to p lasm  was eosinoph ilic  a n d  in c lu d ed  basoph ilic  g ranu les. T he cells in 
q u es tio n  were lo d g ed  in  th e ir  own lacu n ae  n e x t  to  th e  ep ip h y sea l ca rtilage , 
a n d  in th e ir  n e ig h b o u rh o o d  there  w ere a lm o st in v a ria b ly  o th e r  cells o f m es
e n c h y m a l origin (F igs. 7, 18, 19).

In th e  con tro l g roup  the  ep ip h y sea l ca rtilag e  h ad  d isa p p e a re d ; th e  end 
p la te , th o u g h  p e rfo ra te d , w as still p re se n t (F ig. 10).

F ig .  6. Distal  epiphysis o f  left  th i rd  m eta ca rp a l  af te r  91 d a y s  th y ro x in  t r e a tm e n t .  H a em a to x y -
lin-eosin, X 20

Fig.  7. Distal  epiphysis  o f  left  th i rd  m e ta c a rp a l  of 121 d a y s  old con tro l  a n im a l.  (Control of 
91 d a y s  t rea tm e n t . )  H aem a to x y l in -eo s in ,  X 20 

Fig.  8. Distal epiphysis  o f  left th ird  m e ta c a rp a l  a f te r  91 d a y s  m e th y l th io u rac i l  t r e a tm e n t .
H aem a to x y l in -eo s in ,  X 20

Fig. 9. D ista l  epiphysis o f  le f t  t h i rd  m e ta ca rp a l  a f te r  a 145 d a y s  th y ro x in  t r e a tm e n t .  H a e m a 
toxylin-eosin ,  X 20

Fig.  10. Distal ep iphys is  o f  left  th ird  m e ta c a rp a l  of 175-day old contro l an im al.  (Control of 
14 5 -d ay  t rea tm e n t . )  H aem a to x y l in -eo s in ,  X 20 

Fig. 11. Distal epiphysis  o f  left  th i rd  m e ta ca rp a l  a f te r  145 days  m e th y l th io u rac i l  t r e a tm e n t .
H aem atoxy l in -eos in ,  X 20
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F ig .  12.  T h yrox in  t r e a tm e n t  fo r  91 clays. The epiphyseal car t i lage  is tenuous ,  i ts  cells resemble 
th o se  seen  in the m a tu ra t io n  zone  o f  the  controls.  Note  c h o n d ro c las t  n e x t  to ep iphysea l  c a r t i 

lage. H a em a to x y l in -eo s in ;  375 X m agnifica tion  of de ta i l  f rom  Fig. 6 
F ig .  13.  Control of 91 d ay  t r e a tm e n t .  H aem atoxyl in -eos in ;  375 X m agnif ica t ion  of detail

f rom  Fig. 7
F ig .  14.  F^piphyseal cartilage a f t e r  91 d ays  m ethy l th iou rac i l  t r e a tm e n t .  The  m a t r ix  is re la 
t iv e ly  p o o r  in cells, the zone of m a t u r a t i o n  narrow. H a em a to x y l in -eo s in ;  375 X m agnif ica tion

of deta il  from Fig. 8
F ig .  15.  Epiphysea l  cartilage a f t e r  70 d ays  m ethy l th iourac i l  t r e a tm e n t .  The  cells are i rregularly  
a r r a n g e d ,  there  are num erous  a t r o p h ie d ,  degenerated  cells; th e  zone of m a tu r a t io n  is narrow .

H aem a to x y l in -eo s in ,  X 375
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Fig. 18. C hondroc last .  H aem atoxy l in -eos in ,  1100 
/' ( . 19. Chondroclast .  H aem atoxy l in -eos in ,  1600 m agn if ica t ion  of de ta i l  f ro m  Fig. 6

In  th e  m e th v lth io u rac il g roup  th e  ep iphysea l ca rtilag e  w as b ro a d ; the  
m a tr ix  was re la tiv e ly  po o r in cells; the cells w ere sm all, irreg u la rly  a rran g ed , 
d eg en era tin g ; the  zone o f m a tu ra tio n  was narrow . T he th ick  e le m e n ta ry  bone 
tra b e c u le s  co n ta ined  m uch  cartilag e  an d  som etim es ch o n d ro cy tes  su rro u n d ed  
by osteo id . O steob lastic  a c tiv ity  was re ta rd e d  (F igs. 11, 16).

L et us now sum  up  th e  changes th a t  had  ta k e n  place in th e  course o f  the  
ex p e rim en t.

T h y ro x in . The ra te  a t  w hich th e  cartilag e  w as m a tu rin g  a n d  ab so rbed  
w as acce lera ted ; th e  ep iphysea l cartilage  grew  th in n e r  m ore ra p id ly , th a n  in 
th e  co n tro l group. O steo b lastic  a c tiv ity  was m o d e ra te ly  in c reased , a n d  chon- 
d ro c lasts  ap p eared  on th e  d iap h y sea l surface o f th e  ep iphysea l c a rtilag e .

C ontrols. E p ip h y sea l closure occurred  b e tw een  th e  120th a n d  145 th  day 
o f  life.

M ethy lth iou rae il. T he ep iphyseal ca rtilag e  still ex is ted  a t  th e  end  o f the 
e x p e rim en ta l period. M a tu ra tio n  a n d  a b so rp tio n  o f  th e  cartilag e  w ere in h ib ited ,

f i g .  16. A fte r  145 days m e th y l th io u rae i l  t r e a tm e n t  ep iphysea l  cart ilage is poor  in cells, and 
c o n ta in s  small  i rregularly  a r ra n g e d  cells; the zone of m a tu ra t io n  is na rrow . H aem a to x y l in -  

eosin; 375 X m agnif ica tion  of deta i l  f rom  Fig. 11 
f  ig. 17. Chondroclasts on the  surface  of the  epiphyseal  car t i lage  n ex t  to the  d iaphys is ,  w ith 

m esenchym al  e lem en ts  am o n g  them . H aem atoxy l in -eos in ,  x 1100
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Fig. 20. Z o n a l  d iv is ion  of the ep iphysea l  car t i lage  a f te r  H am

1 M a rro w  of epiphysis
2 B o n e  of epiphysis
3 Z o n e  o f  resting  cart ilage
4 Z o n e  o f  young p ro life ra t ing  car t i lage
5 Z one  of m atu r ing  car t i lage
6 Z o n e  o f  calcifying car t i lage
7 D evelop ing  trabecules  of m eta p h y s is

o s te o b la s tic  a c tiv ity  w as im p a ire d . The ep ip h y sea l ca rtilag e  e x h ib ite d  signs 
o f  g ra v e  dam age a f te r  70 d a y s  tr e a tm e n t;  th e se  signs w ere less serious on th e  
9 1 s t  d a y , b u t once m ore  v e ry  g rave  a t  145 d ay s.

Discussion

Since the  m o n o g rap h  o f  S i l b e r b e r g  a n d  S i l b e r b e r g  [19] num erous 
a u th o r s  have co n cern ed  th em selves w ith  en d o ch o n d ra l o ssifica tio n  in 
h y p o th y ro id ism  an d  h y p e r th y ro id is m  [1, 2, 3, 9, 10, 18, 20]. K r o m p e c h e r ’s 
w o rk  [12] contains a c la ss ica l descrip tion  o f n o rm a l o ssifica tion .

W hile there  is no d iv e r s i ty  o f opinion re g a rd in g  th e  effect o f h y p o th y ro id 
ism  o n  endochondral o ss if ic a tio n , th e  effect o f  h y p e rth y ro id ism  c o n s titu te s  a 
s u b je c t  of con troversies. E x p e rim e n ta l h y p o th y ro id ism  is u su a lly  in d u ced  by  
th y ro id e c to m y , fu r th e r  b y  th e  a d m in is tra tio n  o f  rad io io d in e  or o f th io u rac il 
d e r iv a tiv e s , while h y p e r th y ro id is m  by  th e  a d m in is tra tio n  o f  th y ro id  or th y 
ro x in .

T h e  am oun t o f  th y ro x in  syn thesized  by  th e  r a t  is e s tim a te d  b y  D o n - 

h o f e e r  [5] a t  5 pg p e r d a y ;  tw o - to  fourfold  th is  a m o u n t w as ad m in is te re d  in 
th e  p re se n t ex p erim en ts , a n d  o f  m e th y lth io u rac il th e  sam e a m o u n ts  as those  
u s e d  b y  K r o m p e c h e r  [16].
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M edium  doses o f  th y ro x in  p ro m o te , la rg e  doses d elay  and  sm all doses fail 
to  in fluence lin ear g ro w th  [19]. A lthough  the  lin e a r  g ro w th  of our te s t an im a ls  
h a rd ly  d iffered from  th a t  o f th e  con tro ls , th e  ep ip h y sea l cartilage  re sp o n d e d  
to  tre a tm e n t v ig o rously . I ts  effect w as e v id e n t a f te r  40 days, a n d  becam e 
increasing ly  p ro n o u n ced  u n til th e  end o f th e  e x p e rim e n t. E p ip h y sea l closure 
s ta r te d  early , a n d  th e  b o n y  end  p la te  o f th e  ep ip h y sis  d isap p eared  a f te r  145 
d ay s tre a tm e n t, a t  th e  age o f 175 days. E a rly  ep ip h y sea l closure as a conse
quence  of th y ro x in  t r e a tm e n t is due to  th e  in c rea sed  m etabo lism  in th e  c a r t i 
lage w hich p rom otes m a tu ra tio n  and b rea k d o w n  (re la tio n sh ip  b e tw een  th e  
zones o f p ro lifera tion  a n d  m a tu ra tio n , c h o n d ro c la s ts ) . O steob lastic  a c t iv i ty  is 
en h an ced  and  keeps pace  w ith  th e  ab so rp tio n  o f  ca rtilag e , an d  s im u ltan eo u sly  
a s lig h t increase o f bone decom position  w as o b se rv ed . These find ings a re  in 
h a rm o n y  w ith  th e  o b se rv a tio n s  of F o r s t  e t al. [6],  w hereas increased  o s te o 
c lastic  an d  ch o n d ro c lastic  a c tiv ity  in th y ro x in - tr e a te d  an im als w as only  
assu m ed  b y  H u l t h  a n d  N y l a n d e r  [9], w hose ex p e rim en t w as too  sh o rt 
a c tu a lly  to  observe th is . T h a t  the  cells show  a re g u la r  a rra n g e m en t in th e  zone 
o f  m a tu ra tio n  is re g a rd e d  b y  these a u th o rs  as a sign o f  in tensified  g ro w th , 
w hereas it  is w ith  re sp e c t to  chondroclasis th a t  we consider it  s ig n ifican t, since 
one o f  th e  form s o f chondroclasis  is co rre la ted  w ith  ce llu la r a c tiv ity  in th e  zone 
o f m a tu ra tio n  [13]. N o b a c k  e t al. [17] fo u n d  th a t  th y ro x in  tre a tm e n t en h a n c e d  
th e  d ev e lopm en t o f  o ssifica tion  cen tres in th e  n e w b o rn  ra t .

A bsorp tion  o f bone a n d  cartilage  is re d u c e d  in h y p o th y ro id ism . T he 
c lav icle  and  scapu la  o f  c re tin s  freq u en tly  c o n ta in  ca rtilag e  even a fte r  th e  5 th  
decade  [22]. H av in g  in h ib ite d  th y ro id  fu n c tio n  b y  m eans of 131I , S i l b e r b e r g  
a n d  S il b e r b e r g  [20] found  th e  ep iphyseal c a r tila g e  to  persist in th e  m ouse 
ex p e rim en ts . These p h en o m en a , con firm ed  b y  o u r  ob se rv a tio n s, are  in  o u r 
o p in io n  b ro u g h t b o u ta  b y  th e  following m ech an ism . H y p o th y ro id ism  fa c ilita te s  
th e  p ersistence  o f th e  ep ip h y sea l ca rtilage  by  d e la y in g  its  m a tu ra tio n  (cells are  
few a n d  sm all, th e  zone o f  m a tu ra tio n  is n arro w ) a n d  b y  slow ing dow n th e  ra te  
o f a b so rp tio n  (the  m a tu ra t io n  zone is n arro w , ch o n d ro c la s tic  a c tiv ity  p ra c tic a lly  
n il, th e  e lem en tary  bone trab ecu les  co n ta in  m ore ca rtilag e , som etim es c h o n 
d ro cy tes  su rro u n d ed  b y  osteo id ). A lthough  th e  e ffec ts  o f  h y p o th y ro id ism  w ere 
observ ab le  a fte r  40 day s a lread y , th ey  becam e fu lly  m an ifest a f te r  70 d ay s  in 
the  p re se n t ex p erim en ts . A t 91 days, th e  ep ip h y se a l ca rtilag e  co n v ey ed  th e  
im pression  as if it h a d  s tru c tu ra lly  a d a p te d  i tse lf  to  th e  changed co n d itio n s. 
A lte ra tio n s  were m ost s tr ik in g  a fte r  145 d ays o f  tr e a tm e n t .  T he cells o f  the  
ep ip h y sea l ca rtilage  w ere sm allest and th e ir  a r ra n g e m e n t was m ost ir re g u la r  
a t t h a t  tim e ; a great n u m b e r  o f d eg en era ted  cells w ere  observed . T hese f in d in g s 
are  in good h a rm o n y  wdth th e  observ a tio n s o f  o th e r  a u th o rs  [9, 10, 17, 20].

O steob lastic  a c t iv i ty  w as reduced  by  m e th y lth io u ra c il, a n d  th e  changes 
becam e  g raver wdth th e  progress o f tr e a tm e n t .  T h is n o tw ith s ta n d in g , th e  
d im in u tio n  of ca rtilag e  ab so rp tio n  caused  a hom ogeneous bony  en d  p la te  to

tela M orphologica A ca d em ia e  Sc icn tia ru m  11 ungaricae 14. 19 66



4 8 G. LÉVAI and I. ZS. NAGY

fo rm  on  th e  d istal su rface  o f  th e  ep ip h y sea l c a rtilag e  by the  end o f  th e  e x p e ri
m e n t, a phenom enon  due to  th a t  bone fo rm a tio n  was m ore ra p id  th a n  ca rtilag e  
b re a k d o w n .

A  physiological e q u ilib riu m  b e tw een  cho n d rifica tio n  a n d  ca rtilag e  
d e s tru c tio n  as also b e tw een  bone fo rm a tio n  a n d  bone d es tru c tio n  is a p re c o n 
d itio n  o f  norm al o ssifica tion  [14, 15]. I ts  u p se t leads to  pa th o lo g ic  b o n e  fo r
m a tio n . T he a lte ra tio n s  o b se rv ed  in th e  p re se n t ex p erim en t w ere m a in ly  due 
to  a n  u p s e t  o f the  b a lan ce  b e tw een  ca rtilag e  fo rm a tio n  an d  b re a k d o w n  as also 
to  a less p ronounced  d is tu rb a n c e  o f th e  b a lan ce  betw een  bone fo rm a tio n  an d  
b re a k d o w n .

I n  h y p e rth y ro id ism , th e  h isto log ical e ffect o f th y ro x in -in c re a sed  ren a l 
e x c re tio n  of calcium  a n d  ph o sp h o ru s w ith  a n o rm al blood ca lc iu m  level [11] 
a n d  seco n d a ry  basoph ilic  h y p e rp itu ita r ism  h av e  to  be considered  [22]. In  co n 
n ex io n  w ith  p rim ary  h y p o th y ro id ism  in d u ced  by  m e th y lth io u ra c il, th e  p ro b 
lem  o f  th e  p e rip h era l a c tio n  o f th io u rac il d e riv a tiv es  (inh ib itio n  o f  ox idases) 
a rises .

A s regards cho n d ro c lasis , K r o m p e c h e r  [13] d istingu ishes th re e  w ays of 
c a r ti la g e  abso rp tio n : (1) th e  d ista l cells o f  th e  ep iphyseal c a rtilag e  (i. e. those  
o f  H a m ’s m a tu ra tio n  zone) reab so rb  th e  m a tr ix  in  th e ir  v ic in ity ; (2) th e re  
a p p e a r  po lynuclear g ia n t cells, ch o n d ro c la s ts , o f m esenchym al o rig in  w hich  
a b so rb  th e  m a trix  o f  th e  cartilage  o n ly ; (3) osteoclast-like g ia n t cells are  
in v o lv e d  in  th e  rem o v a l o f e lem en ta ry  b one  trabecu les w hich  c o n ta in  b o th  
c a rtila g in o u s  and  o steo id  tissu e . The g ia n t cells observed  in  th e  p re se n t e x p e r
im e n ts  p resu m ab ly  belonged  to  th e  second  an d  to  the  th ird  ca te g o ry . The 
a s su m p tio n  th a t  i t  is a lo n g  th e  vessels, t h a t  th e y  gain assess to  th e  d is ta l s u r 
face  o f  th e  ep iphyseal c a rtilag e , is s u b s ta n tia te d  by th e  presence in th e ir  n e ig h 
b o u rh o o d  of o th e r m esen ch y m al e lem en ts. T he f irs t form  o f ca rtila g e  a b so rp 
tio n  as described  by  K r o m p e c h e r , [13] a n d  o th e rs  [21] was likew ise o b serv ed  
in th e  course of ou r e x p e rim e n ts : we found  th a t  th e  ep iphysea l c a rtila g e  p e r
s is te d  fo r a long tim e  if  th e  zone of m a tu ra t io n  was n arro w  or a b se n t. H av ing  
o b se rv e d  an  increased  n u m b e r of ch o n d ro c la s ts  in  th y ro x in - tre a te d  an im als , 
i t  seem s ju s tified  to  a ssum e th a t  th e y  a p p e a r  on ly  u n d er th e  h o rm o n a l an d  
e n z y m a tic  conditions o f  h y p e rth y ro id ism , a problem  th a t  c a n n o t be se ttle d  
b e fo re  e lu c ida ting  th e  ro le  o f o th e r en d o crin e  glands.
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Ü B E R  D IE  W I R K U N G  D E R  P R O L O N G I E R T E N  T H Y R O X I N -  U N D  M E T H Y L T H IO -  
U R A C IF В E  H A N  D LUNG A U F  D I E  E P I P H Y S E N F U G E  VON J U N G E N  R A T T E N

G. LÉVAI und I. ZS. NAGY

Im  Laufe e iner  145tägigen T h y ro x in -  [10 /zg/lOO g K örpergew ich t/T age]  u n d  M ethyl-  
thiouracil-  [0,05 g/100 g K örpergew ich t/T ag]  B e hand lung  w u rd e  das V erha l ten  der  E p ip h y s e n 
fuge bei 72, 30 T ag e  a l ten  A lb in o ra t ten m än n c h e n  u n te r s u c h t .  D as  T es to b je k t  der U n te r 
suchung  war die d is ta le  E p iphysenfuge  des l inken II I .  M e tak a rp u s .

Bei der m i t  T h y ro x in  b eh an d e l te n  G ruppe  w aren  geste igerte  Knorpelreife- u n d  -Zer
s tö ru n g  zu b eo b ac h te n ;  parallel  m it  d ieser E rsche inung  ver l ie f  ein m äß ig  gesteigerter  K n o c h e n 
bildungsprozeß. An d e r  d iaphysären  Oberf läche  der K norpe lsche ibe  der E p ip h y se  erschienen 
Chondro klast-Riesenzellen.

Bei den m i t  M ethylth iourac il  b e h an d e l ten  T ie ren  waren v e rm in d er te  Knorpelre ife-  
uiul -zerfall vo rzu fin d en ,  die ebenfalls  v e r langsam te  K n o ch en b i ld u n g  ü b e r t r a f  jed o c h  das 
Maß des K n o rp e lab b a u s .  Die Zellen der  E p iphysenfuge  w aren  kleiner, die Reifzone schm al,  
die G ru n d su b s tan z  zellarm, außerdem  ließ sich die E p ip hysenknorpe lsche ibe  se lbst nach  
145tägiger B eh an d lu n g  deutlich  e rkennen .

ДЕЙСТВИЕ ДЛИТЕЛЬНОГО ПРИМЕНЕНИЯ ТИРОКСИНА И МЕТИЛТИОУРА- 
ЦИЛА НА ЭПИФИЗАРНЫЙ ХРЯЩ КРЫС В СТАДИИ РОСТА

Г. ЛЕВАИ, и. Ж. НАДЬ

Авторы исследовали на протяжении 145 дней изменения эпифизарного хряща 
крыс-самцов под влиянием дачи тироксина и метилтиоурацила. Наблюдения проводились 
на 72 крысах, которым к началу опыта было 30 дней. Наблюдения проводились над дис
тальным эпифизарным хрящом левой третьей запястной кости. Животные получали 10 
мкг/100 г веса тела тироксина и 0,05 г/100 г веса тела метилтиоурацила в день.

У животных, получавших тироксин, наблюдалось усиленное созревание и уси
ленная гибель хряща. Умеренно усиленное образование костей не оставало от темпов 
гибели хряща. На диафизарной поверхности эпифизарного хрящевого диска появлялись 
хондрокластические гигантские клетки.

У животных, получавших базетирнн наряду с замедлением созревания и гибели 
хрящей, наблюдалось замедленное образование кости, степень которого превышала сте
пень разрушения хряща. Клетки эпифизарного хряща меньшие, зона созревания узкая, 
основное вещество более бедное клетками, чем в норме и еще после 145-дневной затравки 
наблюдается эпифизарный хрящевой диск.

Dr. Géza L é v a i:
Dr. Im re  Zs. N agy: Debrecen 12., Hungary
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P é te r fy  Sándor  H o sp ita l ,  B u d a p e s t

THE ROLE OF MITOCHONDRIA IN THE EARLY 
MORPHOGENESIS OF CHICK EMBRYOS

S. B r a u n

(Received O c to b er  20, 1964)

If the  b las to d e rm  of young chick e m b ry o s  is t r e a te d  w i th  Ja n u s  green B, m i to 
chondria l d eh y d ro g en ase  areas, typ ica l  of  th e  g iv e n  on togene t ic  stage, are fo rm ed ,  
and  the dye is re d u ced ,  a phenom enon  in d ica t iv e  o f  dehydro g en ase  act iv ity .  T h e  d if fe r 
ence between th e  r a te  a t  which the  dye is ta k e n  u p  in the  ear ly  phase of d e v e lo p m en t  
and  th a t  a t  w hich  it is reduced just if ies  the  a s s u m p t io n  th a t  morphogenesis h a s  th ree  
stages: the  m orphological  change is a lw ays p rece d ed  b y  two phases of subm icroscopic  
or molecular t ran s fo rm a t io n .  J a n u s  g reen  В a t  h igh  c oncen tra t ions  has a te r a to g e n ic  
effect. The  resu l t ing  m onsters  exhibit a phase  spec if ic i ty  corresponding to the  d e te c te d  
p resum ptive  a reas .  J a n u s  green В is l inked to a specif ic  l ipopro te in  of the m i to e h o n d r iu m  
and  affects th e  energy-consum ing  biological processes.  U ncoupling  of the  o x id a t iv e  
phosp h o ry la t io n  gives rise to a pathological  s h u n t  w h ich  is responsible for th e  t e r a to 
genic effect.

Ja n u s  green В s ta in s  the m ito ch o n d ria  e le c tiv e ly , p resum ab ly  b y  b e in g  
lin k ed  to  a specific  su b stan ce  th e re in . W hen  th e  s ta in  affects en erg y -co n su m 
ing biochem ical p rocesses, i t  p ro b ab ly  d is tu rb s  e n e rg e tic  processes by v ir tu e  o f 
its  specific b in d in g  p o in t. S ta rtin g  from  th is a s su m p tio n  we have show n th e  
carcinogenic ac tio n  o f  Ja n u s  green В [1], th e  e ffec t o f th e  dye as an in te rp h a se  
poison 12, 3], its  te ra to g e n ic  [4] an d  leu k aem o g en ic  [5] ac tion , as well as its  
so-called  biological oxygen  effect [6, 7]. W e su cceed ed  in iso lating  an d  c h e m i
cally  analysing  th e  lip o p ro te in -en zy m e-d y e  co m p lex  w hich  arises as a r e s u lt  o f 
th e  elective s ta in in g  w ith  Ja n u s  green В a n d  w h ich  p lays a cen tra l ro le  in 
biological o x id a tio n .

B inding  o f th e  dye an d  its red u c tio n  to  le u k o sa fra n in e  requires th e  p re s 
ence o f m ito ch o n d ria  a n d  is ind ica tiv e  o f  b io log ica l o x id a tio n . K eports c o n c e rn 
ing th e  em bryo log ica l a sp ec ts  o f th is  p h en o m en o n  are  scarce [12 th ro u g h  18].

M aterial and  m ethod

The eggs of L eg h o rn  hens  were in cu b a te d  a t  38°C f ro m  zero to 72 hrs a t  c o n s t a n t  
v a p o u r  content .  After  iso la t ion  of the  em bryon ic  disk u n d e r  physiological condit ions,  th e  
em b ry o  was freed f ro m  th e  vitelline m em b ran e  a n d  i n c u b a te d  for 60 to 90 min. u n d e r  aerob ic  
a n d  partia l ly  anaerob ic  condit ions in m ic rocham bers  w i th  a b r u p t ly  changeable gas phase .  
P r io r  to incuba t ion  th e  ep ib las t  and  h y pob las t  were t r e a t e d  w i th  6.25 X 10-3 to 6.25 X 10-4 M 
J a n u s  green В in g re a t  excess. Binding and  re d u c t io n  of t h e  d y e  were  recorded by m e a n s  of 
coloured p h o tographs  a n d  m ov ing  p ictures .  Control e x a m in a t io n s  were performed in v ivo  
by  m eans  of the in d o p h en o l  tes t ,  w i th  and  w i th o u t  so d iu m  azide inhib i ton , the  f o r m a z a n
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reac t ion ,  with and  w i th o u t  malonic acid inh ib i t ion .  F ix e d  p re p a ra t io n s  were also m ad e  to 
reg is te r  the  early phases .  T h e  fixing f lu id  c o n ta in ed  1800 m l of s a tu ra te d  picric acid solution, 
700 ml of neutra l  fo rm al in ,  66 ml of glacial  ace tic  ac id  a n d  1300 ml of 5 per cent  t r ich lo ro 
ace tic  acid. The sections were em bedded in m e th y l  b e n zo a te  - cel loidin paraffin ,  and  s ta in ed  
w i th  haem ato x y l in  — acid  fuchsin - “ tu ch e c h tg e lb ”  a n d  i ron  haem ato x y l in .  The  dye in the  
app lied  concen tra t ions  were  n o t  tera togenic  u n d e r  a n ae ro b ic  condit ions a n d  allowed p ro t r a c te d  
obse rva tion .

R esu lts

A lthough th e  e n tire  surface o f th e  em b ry o n ic  disk h a d  been covered  w ith  
J a n u s  green B, se p a ra te ly  placed a n d  d iffe re n tly  sh ap ed  areas in ten siv e  b lu ish  
green in colour a p p e a re d  on the  b la s to d e rm  a f te r  12 to  15 m in. L o ca tio n  an d  
size o f these areas w ere  in v a riab ly  id en tica l in  id e n tic a lly  developed  em bryos. 
W hile  the whole b la s to d e rm  was exposed  to  th e  dye, th e  la t te r  was b o u n d  a n d  
red u ced  under p a r t ia l ly  anaerobic  con d itio n s to  its  leuko form  th ro u g h  a phase 
o f  cherry -red  d ie th y lsa fra n in e  a t  ce rta in  “ ty p ic a l”  po in ts  only . I t  w as possib le 
to  follow  th e  th re e -s ta g e  red u c tio n  o f th e  dye  in  situ .

A fter J a n u s  green  В tre a tm e n t o f  th e  e p ib la s t an d  h y p o b la s t, th e  m ito 
ch o n d ria l d eh y d ro g en ase  areas show ed th e  fo llow ing d is tr ib u tio n  in th e  course 
o f m orphogenesis. A t th e  stage o f th e  e a rly  p rim itiv e  s tre a k , diffuse m ito 
ch o n d ria  were fo u n d  over the en tire  su b s ta n c e  o f  th e  s tre a k ; th e y  w ere m ore 
closely  packed  a t  th e  caudal base (T able 4, F igs. 1 —4). A fter 10 to  12 hours 
th e  m itochondria  w ere  grouped  along  th e  ax is  o f  th e  p rim itiv e  s treak : a p h e n o m 
enon  w hich p roves th a t  th e  p rim itiv e  s tre a k  co rresponds to  th e  b la s to p o re .

Table 1
Fig. 1. Chick em b ry o  No. 3529. Conical e ar ly  p r im i t iv e  s t re ak  w i th  wide base, a f te r  13 1/2

hrs in cu b a t io n
F ig .  2. Chick em bryo  No. 3539 after  16 1/2 hrs ,  a t  th e  middle  s tage of p r im it ive  s t re ak ;

m a x im a l  enzym atic  a c t iv i ty  in th e  la te ra l  m esoderm  
Fig.  3. Chick em bryo  No. 3538 after  15 hrs,  a t  the  s tage  o f  long pr im it ive  s t reak .  Absence  of 

m eso d erm al  enzym atic  ac t iv i ty  c ran io - la te ra l  from H e n sen ’s node 
Fig. 4. Chick em bryo  No. 3845 after  20 hrs;  ear ly  head  process.  E n z y m a t ic  a c t iv i ty  in H e n se n ’s 
node a n d  the su r ro u n d in g  foliage-like p reax ial  m esoderm ,  as well as in the  up p e r  th i rd  of the  

p rimitive  s t reak ,  in th e  fields of the  la te ra l  m eso d erm  nex t  to the  p r im it ive  s t reak  
Fig.  5. Chick em b ry o  No. 3563 after  21 1/2 hrs. S tage  o f  la te  head process. M arked  e n z y m a t ic  
a c t iv i ty  in the head process ,  in H ensen’s node, on  b o th  sides of  the p r im it ive  s t re ak  an d  in the 

preaxial a n d  p a ra a x ia l  mesoderm. In c ip ie n t  regress ion  of p r im it ive  s t reak  
Fig.  6. Chick em b ry o  No. 3445, after 22 1/2 hrs. ,  a t  th e  s tage of ear ly  head  fold. In ten s iv e  
e n zy m a t ic  act iv ity  a t  t h e  a n te r io r  opening of the  fo regu t ,  in H en sen ’s node and  the  cau d a l  p a r t

of the  p r im it ive  s t re ak
Fig. 7. Chick em b ry o  No. 3535 a t  27 hrs — four  pa irs  of  somites.  In tens ive  enzy m atic  a c t iv i ty  
in th e  cephalic seg m en t ,  in the  somites, in th e  u n se g m en ted  m esoderm , and  especially in I len -

sen’s node
Fig. 8. Chick em b ry o  No. 3486. T re a tm e n t  of the  i n te rn a l  lam ina  of the m e m b ra n a  serosa 
w ith  0.05 ml of 6.25 X 1 0 ~ 1 M J a n u s  green В a t  zero h o u r  of in cu b a t io n .  S i tu a t io n  a t  48 h rs  a t  the  

18 somite stage, w i th  m ark e d  hydropic  d eg en e ra t io n  in the  somites and also p a raa x ia l ly  
Fig. 9. Chick em bryo  N o.  3349. Fenes tra t ion  a t  zero h o u r  of  in cu b a t io n ;  t r e a tm e n t  of em b ry o n ic  
d isk  w ith  0.05 ml of 6.25 x  10-1 M Ja n u s  green B; closure.  At 35 hrs ,  the  th ree  b ra in  vesicles 
a re  perceptible  and  th e  h e a r t  shows a sl ight d isp lac em e n t  to the  r igh t.  As a result  of hyd ro p ic  
d egene ra t ion ,  there  is su b ec to d e rm a l  vésicu la t ion  c ran ia l ly  to the edge of the  e n tran ce  of the  

fo reg u t  in the sy m m etr ica l  p a r t  corresponding to th e  e x p a n d e d  area  of the  subcephalic  pouch
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Table 2
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As from  the  1 4 th  16 th  h o u r, th e  s ta in ing  e x te n d e d  in to  th e  deeper ax ial an d  
la te r  to  th e  la te ra l  m eso d erm al layer; m ovem ent o f  th e  tissu e  from  th e  p a ra - 
ax ia l areas of th e  e p ib la s t th ro u g h  the linear ax is o f  th e  p rim itiv e  s tre a k  could 
be follow ed to th e  deep er lay e rs . Dye u p tak e  a n d  re d u c tio n  could  be o bserved  
in  a cen trifugal d irec tio n  b u t  in a deeper lay e r (T able  1, F ig . 2; T ab le  4, F igs. 
3, 4). H ensen ’s node d isp lay ed  a m ore p ro n o u n ced  m ito ch o n d ria l d e h y d ro g en 
ase a c tiv ity  from  th e  12th  h o u r; th is p e rs is ted  u n til  th e  fo rm atio n  o f th e  
p rim itiv e  s tre a k . I t  w as especially  in tensive b efo re  th e  fo rm a tio n  of th e  h ead  
process, an d  p e rs is te d  th ro u g h  th e  en tire course o f  reg ression  (Table 1, F igs 
1 7; T ab le  4, F ig . 8). I t  follows th a t  regression is n o t a passive m echan ical
phenom enon  c o n c o m ita n t to  th e  elongation  o f th e  h ead  process a n d  to  th e  
fo rm atio n  of th e  n o to c h o rd , b u t  is ac tive ly  in v o lv ed  in th e  progress of m o rp h o 
genesis. This is fu r th e r  in d ic a te d  by  the fac t th a t  c ran io -cau d a lly  ad v an c in g  
sy m m etrica l a rea s  cou ld  be o b serv ed  in the  e p ib la s t d u rin g  the  w hole period  of 
regression.

S ta in ing  o f  th e  h ead  process becam e m ark ed  o n ly  w hen it induced  th e  
deve lopm en t o f  th e  m e d u lla ry  p la te s  above it  (T ab le  1, F igs. 5, 6; T ab le  4, 
Figs. 3 4).

I t  is a decisive a n d  in v a riab le  rule th a t  th e  e n tra n c e  an d  th e  m arg inal 
p a r ts  o f the  fo re g u t s ta in  in ten s iv e ly  and  se lec tive ly  w hen  th e  m edu lla ry  folds 
em erge from  th e  em b ry o n ic  p lan e ; th is in ten siv e  s ta in in g  persists a f te r  th e  
m itochondria l d e h y d ro g en ase  a c tiv ity  has e x te n d e d  to  th e  ep en d y m a o f th e  
b ra in  v en tric les a t  th e  in c ip ien t three-vesicle s tag e  (T able  1, Fig. 7; T ab le  4, 
F igs. 5, 6).

T he sam e p h enom enon  can  be seen on b o th  sides o f  the  p rosencephalon  
p rio r to  th e  p ro tru s io n  o f th e  b ra in  vesicles. In te n se ly  s ta in in g  areas are  to  be 
found on the e c to d e rm  itself, a t th e  en tran ce  o f th e  fo reg u t a n d  on b o th  sides 
la te ro c ran ia lly  to  it (T able  5, F igs. 5, 6).

T he ap p lied  s ta in in g  has decided the p ro b lem  лчЬ е^ег the  te rm in a l bud  
a n d  th e  tail b u d  sh o u ld  be re g a rd ed  as se p a ra te  c en tre s  o f  o rg an iza tion . T he

Table 2
Figs 1 to 4. Chick e m b ry o  No. 3508. I n te rn a l  lam ina  of serous m e m b ra n e  t rea te d  with  0.05 m l 
of 6.25 X 10“ 1 M J a n u s  green  В a t  zero h o u r  of incubation .  A f te r  51h 45’ of  incuba t ion ,  a cranio- 
rachischisic  m o n s te r  (c o rre spond ing  to an  embryo af te r  35 to  38 hrs  of incuba t ion )  was found .  
P a ten c y  of the neura l  groove  as well as th e  excessive p ro l ife ra t io n  of th e  neural  c rest  (Fig. 3) 
an d  the  m edu l la ry  p la te  (Fig .  1) a re  well d istinguishable  in the  cross sections.  Fig. 2 shows the  
cross section of the d is ten d e d  cap i l la ry  which invades the  n e u ra l  groove. Triazide  f ixat ion ,  iron 

h a e in a to x y l in  staining. M icro tar  p h o to g r a p h
Fig.  5. Chick em b ry o  No. 3395. 6.25 x 10 “ 1 M J a n u s  green В a t  zero h o u r ;  the egg was opened  
a l te r  67 hrs of in cu b a t io n ,  a n d  a living omphalocephalic  e m b ry o  was found. It had  i r regu lar  

p u l s a t in g  tu b es  a r ra n g e d  stepwise in th e  m esencepha l ic  area 
Fig. 6. Cross sec tion  of Fig- 5- N o te  the  unilocular, e n d o th e l ia l ly  l ined  m yoepithel ia l  p ocket

beside a port ion  of the d ysp las t ic  b ra in  
Fig.  7. B iven tr icu la r  cardiac  tube  f rom  Fig.  5 

Fig. 8. Detail f rom  Fig. 5. T r iv e n t r ic u la r  cardiac tubes  in th e  a rea  of rachischis ic  h in d b ra in .
Figs.  6 — 8: t r ia z id e  f ix a t io n ,  iron haeinatoxylin  s ta in ing .  M icro ta r  p h o tographs
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fa c ts  t h a t  th e  re m n a n t o f th e  p r im itiv e  s tre a k  re ta in e d  its  in te n s iv e  en zy m atic  
a c t iv i ty  th ro u g h  th e  w hole cou rse  o f regression , th e  m o v em en t o f  th e  para - 
a x ia l ly  a rran g ed  sy m m etrica l a rea s , an d  th a t  the  re m n a n t o f th e  p rim itive  
s t r e a k  w as still able to  c o n v e r t  th e  in d iffe ren t tissue e lem ents o f  th e  b la s to 
d e rm ’s cauda l p o rtion , a rg u e  in  fa v o u r o f th e  supposition  th a t  one is dealing  
w ith  s e p a ra te  o rg an iza to ry  c e n tre s . T herefo re, th e  th e o ry  th a t  th e  ta il  bud  
se rv e s  o n ly  for a re a r ra n g e m e n t o f tissues c a n n o t be accep ted .

H ig h e r co n cen tra tio n s o f  J a n u s  green В in  th e  a ir  an d  oxy g en  p h ase  have 
b e e n  a p p lie d  in the  p re se n t in v e s tig a tio n s  in  o rder to  observe  its  te ra to g en ic  
e ffe c t. T h e  freaks show n in  T ab le  2 o rig in a te  p a r tly  from  th e  om phalocepha lic  
g ro u p  o f  m onsters. The p h ase -sp ec if ic ity  o f te ra togenesis  e v id e n tly  depends on 
th e  p o s itio n  of the m ito ch o n d ria l d ehydrogenase  areas since th e  develo p m en ta l 
d is tu rb a n c e  of these p re su m p tiv e  a rea s , caused  b y  co n c e n tra ted  J a n u s  green B, 
d o m in a te s  the  su b seq u en t m orpho log ica l p ic tu re .

Discussion

M itochondrial d is tr ib u tio n  in  th e  early  stage  of m orphogenesis  has been 
o b se rv e d  in norm al co n tro l ch ick  em bryos in  th e  course o f th e  p re se n t in v e s ti
g a tio n s . T he dehydrogenase  is s tro n g ly  b o u n d  by  th e  m ito c h o n d ria . I t  is clear 
f ro m  o u r  experim en ts as a lso  from  tho se  o f L aza rov  a n d  Co o p e r s t e i n  [12] 
a n d  S h o w a c r e  and  D u B u y  [18] t h a t  red u c tio n  of J a n u s  green В is ind ica tiv e  
o f  d eh y d ro g en ase  a c tiv ity . T h e  d ifference betw een  the  ra te s  a t  w h ich  th e  dye is 
t a k e n  u p  an d  reduced  (T ab le  4, F igs. 5 — 8; T ab le  3, Fig. 3) allow s th e  conclu 
s ion  t h a t  m orphogenesis h a s  th re e  s tages. In  th e  f irs t, th e  enzym e is sy n th es iz 
e d  ( th e  dye is b o und  b u t  n o t  red u ced ); th is  is follow ed b y  e n z y m a tic  ac tion  
( re d u c tio n  of the  dye) w h ich  p recedes th e  phase of m orpho log ic  changes. 
M orpho log ica l tra n s fo rm a tio n  is, th u s , a lw ays preceded  b y  a tw o -s ta g e  sub- 
m ic ro sco p ic  or m olecular p ro cess . A TP is syn thesized  in  th e  m ito ch o n d ria  
w h ic h  a re , therefore, decisive fac to rs  in th e  m etabo lism  o f energy -consum ing  
p ro cesse s  of g row th; th e ir  d is tr ib u tio n  ad m its , th u s , o f c e r ta in  conclusions to  
th e  co n tro llin g  role p lay ed  b y  th e  m ito ch o n d ria  in  th e  course o f em bryogenesis. 
T h is  m etab o lic  role o f th e  m ito ch o n d ria  is obvious if  we con sid er th e  great 
d iffe re n c e  in  the q u a n ti ty  o f  A T P  p ro d u ced  from  th e  sam e a m o u n t o f  glucose in 
th e  co u rse  of glycolysis a n d  in  t h a t  o f o x id a tiv e  p h o sp h o ry la tio n .

I t  has been n o te d  in  th e  foregoing  th a t  Ja n u s  green В is lin k ed  to  a 
p a r t ic u la r  lipop ro te in  o f th e  m ito ch o n d riu m , a p ro p e rty  w h ich  fa c ilita te s  the  
s tu d y  o f  th e  m etabolic  ro le o f  m ito ch o n d ria . G r e e n  e t al. [8 11] h av e  shown
t h a t  i t  is possible to  sp lit th e  m ito ch o n d riu m  in to  fu r th e r  e n z y m a tic a lly  active 
p a r t ic le s . T hey  claim  th a t  a ll su b stan ces  (alcohols, d e te rg e n ts , e tc .)  w hich  ac t 
u p o n  th e  lipides of a m ac ro m o lecu la r  sy s tem  are  capab le  o f  d e ta c h in g  active 
p a r t ic le s  from  the  m ito c h o n d riu m . T hey  d e m o n s tra te d  th e  p resence  of th ree
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Table 5

Figs. 5 — 6. 45 1/2 hours chick e m b ry o  N o.  5799 a t  the onset of  the  r e a c t io n  
Figs. 7— 8. D i t to  a f t e r  30’ of reduction
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Fig. 1. 48 hours  chick e m b ry o  (No. 5800) a t  the  onset of  the  reac t io n  
Fig. 2. D i t to  a f te r  35’ of reduction

Figs 3 4. Chick em bryo  No. 5802. T he  in te rn a l  lam in a  of the serous m e m b ra n e  was trea ted
with  0.05 ml o f  6.25 X 10-4 M J a n u s  green В a t  th e  beg inn ing  of in cu b a t io n .  R esu l t  a f te r  29 hrs: 
pyg o p ag u s  in the  ear ly  phase  of d e v e lo p m en t .  A c t iv i ty  in H ensen’s node .  M a x im u m  activ ity  
of  dye in the  p r im it iv e  s t reak  af te r  15 m in .  o f  p a r t ia l ly  anaerobic  phase .  C h e rry -red  reduction  
a f te r  35 min. of  p a r t ia l ly  anaerob ic  t r e a tm e n t .  No dye reduction  in the  b a c k w a r d  b e n t  extra-

e in b ry o n ic  p a r ts
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Fig. 5 — 8. 30 h o u rs  chick em bryo  (No. 5803): r e d u c t io n  from  the beginning of t h e  r e a c t io n  till 
the  30 th  min. a t  53’ (not  rep resen ted  he re) ,  co m ple te  reduct ion  of the dye, e x c e p t  in the  blue

areas
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Tables 3 — 5
The f ig u res  o f  these tables show e a r ly  l iv in g  chick em bryos  d e p r iv e d  of vitelline m em b ran e ,  
t r e a te d  w i t h  3.125 x l O -1 M J a n u s  g re e n  B. After an a i r -p h a se  in cu b a t io n  of 15 min.,  th e  
e m b ry o s  w ere  p laced  under  p a r t i a l ly  a n ae ro b ic  conditions. R e d u c t io n  of the  dye a n d  r a te  of  

dehydrogenase  a c t i v i t y  are recorded on p h o to g r a p h s

Table 3

Fig. 1. 33 h o u r s  chick embryo a t  t h e  o n s e t  of the  reac tion;  Fig.  2.  D i t to  a f te r  4 ’ of reduct ion  
F ig .  3. D i t to  after  10’ of  r e d u c t io n ;  Fig. 4. D i t to  a f t e r  30’ of reduct ion
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Fig.  1. 16 hours chick e m b ry o  (No. 5891) a f te r  10’ o f  reduct ion  
Fig. 2. D i t to  a f te r  35’ o f  r educt ion  

Fig.  3. 23 hours  chick e m b ry o  (No. 5809) a f te r  7’ of  r educt ion  
Fig. 4. D i t to  a f te r  11’ o f  reduct ion
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specific lip o p ro te in s  in th e  m ito ch o n d riu m  e ach  o f  w hich  binds a re s p ira to ry  
enzym e so t h a t  th e  lip o p ro te in s  m ay  be re g a rd e d  as fu n c tiona l b ridges fo r 
e lectron  t ra n s p o r t .  W hat h ap p en s  if  to  th is  s y s te m  o f lipop ro te in s  J a n u s  g reen  
В is linked , a su b stan ce  w h ich  has a special a f f in ity  for th is  sy stem  a n d  is, 
therefo re , th e  u n co u p lin g  su b s ta n c e  of o x id a tiv e  p h o sp h o ry la tio n ?  A p a th o lo 
gic sh u n t is fo rm ed  so th a t  th e  energy , ga in ing  access to  a n o th e r p a r t  o f  th e  
m acrom olecu lar sy stem , releases a pa tho lo g ic  p rocess th e  te ra to g en ic  re su lts  
o f  w hich (in cases o f a d e q u a te ly  h igh  doses) a re  w ell illu s tra te d  by th e  ac c o m 
pany ing  p ic tu re s .
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D IE  R O L L E  D E R  M IT O C H O N D R IE N  IN  D E R  F R Ü H E N  M O R P H O G E N E S E  
D E R  H Ü H N E R E M B R Y O N E N

S. BRAUN

Wenn das  B las toderm  von f rü h en  H ü h n e re m b ry o n e n  m it  J a n u sg rü n  В (JgB) b e h a n d e l t  
wird,  bilden sich M itochondr ien -D ehydrogenase  Fe lder ,  die typ isch  sind fü r  das jeweilige  
ontogenetische S ta d iu m .  Der F a rb s to f f  wird  reduziert  als Zeichen der  D e h y d ro g en ase -A k tiv i tä t .  
Der Unterschied  zwischen der R a te  hei welcher der F a r b s to f f  in der f rü h en  E n tw ick lu n g sp h ase  
aufgenom m en wird  u n d  der, hei welcher er reduzier t  w ird ,  re ch t f e r t ig t  die A nnahm e,  dass  die 
Morphogenese e in d re is tu f iger  V organg  ist . Den m orpholog ischen  V eränderungen  gehen im m e r  
zwei Phasen von  subm ikroskopischen  oder  m olekularen  T ran s fo rm a t io n e n  voraus.  Bei h o h en  
K o n zen t ra t io n en  w irk t  J g B  te ra to g en .  Die infolgedessen e n ts ta n d e n e n  Missbildungen s ind  
phasenspezifisch u n d  en tsp rechen  d en  jeweiligen d e te k t ie r te n  p rä su m p tiv en  Fe ldern .  J g B  
ist  an ein spezif isches L ipoprote in  de r  M itochondrien  g e b u n d e n  u n d  w irk t  au f  die E n erg ie  
ve rb rau ch en d en  biologischen Prozesse ein. Die E n tk o p p lu n g  d e r  o x y d a t iv en  P h o sphory lie rung  
v e ru rsach t  einen pa tho log ischen  S h u n t ,  welcher für die t e ra to g e n e  W irkung  v e ran tw o r t l ic h  ist .

ЗНАЧЕНИЕ МИТОХОНДРИЕВ В РАННЕМ МОРФОГЕНЕЗЕ КУРИНОГО
ЭМБРИОНА

Ш. БРАУН

В ранней стадии морфогенеза под влиянием различных концентраций Янус грын-Б 
введенного на бластодерму куриного эмбриона возникают поля митохондриевой дегид
рогеназы, соответствующие данной стадии. Краска как признак активности дегидро-
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геназы — расщепляется. В отдельных стадиях раннего развития из разности между ско
ростью связывания краски и скоростью ее расщепления можно делать выводы о трех
ступенчатом процессе морфогенеза. Согласно этому морфологически видимому изменению 
во всех случаях предшествует двуступенчатое субмикроскопическое или молекулярное 
изменение. В случае большей концентрации вышеуказанного агента возникают хорошо 
определяемые живые уроды. Здесь пресумпхондрий связывается к специфическому липо
протеину и оказывает влияние на нуждающиеся в энергии биологические процессы. 
Разрушением окислительной фосфорилации возникает патологический шунт, ответствен
ный за тератогенное действие.

D r. S ándor B r a u n : B u d a p e s t V II. P é te r fy  S ándor u. 8., H u n g a ry

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966



Acta Morphologica Academiae Scientiarum Hungaricae Tomus 14 (1) ,  pp. 59—64 (1966) 

Section of P a th o lo g y ,  S ta te  In s t i tu te  of  R h e u m a to lo g y  an d  Balneology, B u d a p es t

PHENOL REACTION OF COLLAGEN FIBRES AND ACID 
MUCOPOLYSACCHARIDE CONTENT OF CONNECTIVE

TISSUE
T. N e u m a r k

(Received N o v em b er  7, 1964)

The  pheno l  reac t io n  of the  collagen f ib res  in  var ious k inds of connec tive  tissue 
h as  been s tu d ied  a n d  it  has been  found  t h a t  th e  phenol  reac tion  p e rm i ts  conclusions 
as to the  close c o rre la t io n  be tw een  the  collagen p ro te in  and  acid m ucopolysaccharides ,  
on  th e  one h a n d ,  a n d  the  q u a n t i t y  of  acid m ucoid  subs tance ,  on the  o ther .

A close co rre la tio n  is assum ed  to  ex is t b e tw een  th e  acid  m u co p o ly 
sacch arid e  (MPS) co m p o n en ts  o f th e  co nnec tive  tissu e  an d  th e  collagen  fib res. 
J a c k s o n  [2] has show n th e  im p o r ta n t role o f th e  M PS o f th e  g ro u n d  su b stan ce  
in th e  s tab ilisa tio n  o f  th e  collagen fib res.

U n d er n a tu ra l  co n d itions th e  collagen fib res  show  po sitiv e  b ire fringence  
alongside th e ir  lo n g itu d in a l axis [8]. T he d irec tio n  an d  size o f t h a t  b ire fr in 
gence is in flu en ced  by  n u m ero u s fac to rs, such  as E b n e r ’s [ l j  ph en o l reac tio n , 
am ong  o thers. T he essence o f th a t  sen sitive  and  specific  reac tio n  is th a t  tin- 
phenol m olecules arc  o rie n te d  a t  rec tang les to  th e  m icellary  s tru c tu re  o f  co lla
gen fib res. The in te n s ity  o f th e  reac tio n  in th e  fu n c tio n  o f phenol c o n c e n tra tio n  
has been s tu d ied  b y  J o b s t  [3],  w ho, by  using  a x y lo l-pheno l so lu tio n , has found  
th a t  th e  positive b ire frin g en ce  o f th e  collagen fib res tu rn s  n eg a tiv e  a t  a 2.4 per 
c en t phenol c o n c e n tra tio n . T he reac tio n  is in flu en ced  b y  th e  v a r ia b le  m icro- 
s tru c tu ra l p ro p e rtie s  o f co llagen . I t  has been show n b y  R o m h á n y i  [6, 7] th a t  
th e  ac id  com ponen ts o f collagen fib res p lay  a s ig n if ican t role in  th e  q u a lity  of 
th e  pheno l reac tio n . A fte r su lp h u ra tio n  th e  collagen fib res give no  phenol 
reac tio n , o r th e y  becom e iso tro p ic . This w ould  m ean  th a t  th e  SO, g roups in h ib it 
th e  o r ie n ta tio n  o f  th e  pheno l m olecules to  th e  s u lp h u ra te d  collagen f ib re s , th u s 
the  pheno l reac tio n  m ay  be in fluenced  by  th e  ac id  M PS o f th e  co n n ec tiv e  tissue 
g ro u n d  su b stan ce . T he b e h av io u r o f th e  pheno l re a c tio n  m ay  acco rd in g ly  be 
u sed  for d raw ing  conclusions as to  th e  v a r ia b ili ty  o f th e  ac id  M PS c o n te n t of 
collagen fib res, or as to  th e ir  s tru c tu ra l co m p o n en ts . W e have th e re fo re  s tu d ied  
th e  b eh av io u r o f th e  pheno l reac tion  g iven b y  collagen s tru c tu re s  o f  d iffe ren t 
ac id  M PS co n cen tra tio n s .
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M ateria ls  and  m ethods

Albino  ra ts ,  weighing a b o u t  120 g, were used. T h e  collagen fibres a n d  acid MPS con
c e n t r a t i o n s  of various k in d s  of c o n n ec tiv e  t issue (skin, bone ,  a r t icu la r  and  epiphysea l  cartilage,  
co rn ea ,  sclera and aor ta )  were s tu d ied .  T he  tissues were f ix ed  in  10 per cent  n e u tra l  form alin ,  
e m b e d d e d  in  paraffin  a n d  c u t  i n to  sections about  5 ц  th ick .  Bones were deca lc ina ted  in 3 per  
c e n t  so d iu m  e thy lened iam ino  t e t r a a c e t a t e .  Collagen fibres p rec ip i ta te d  in v i tro  by  NÉMETH— 
CsÓk a ’s m eth o d  [5] were used  in  th e  following way. T h e  collagen fibres  o b ta in ed  f rom  tail  
t a n d o n  w ere  t rea ted  for 24 h o u rs  w i th  0.4 p e r  cent acetic  acid  a t  4°C, th e n  th e  collagen solu t ion  
o b t a i n e d  af te r  cen tr ifuga t ion  a n d  f i l t r a t io n  was p rec ip i ta te d  in  5 per  cent  NaCl a n d  1 per  cen t  
c h o n d r o i t in  su lphate  A. T he  p re c ip i t a te  was f ixed in alcohol,  em b ed d ed  in p a ra f f in  a n d  cu t  
u p  i n to  sections. After d e p a ra f f in a t io n  th e  following to p ochem ica l  reac tions were carr ied  out.

Phenol reaction. T h e  sec tions  used  for this pu rpose  were covered  w i th  C an ad a  b a lsam  
c o n ta in in g  50 per cent phenol,  w hile  o th e r  sections were covered  w ith  C anada  b a lsam  c onta in ing  
p h e n o l  a t  increasing c o n ce n tra t io n s ,  as recom m ended  by  R o m h á n y i. Some resu lts  were c h a r 
a c te r i z e d  b y  the  phenol in d ex  [5], th e  q u o t ien t  of the  b irefringence m easured  in  C anada  ba lsam  
c o n ta in in g  50 per cent  pheno l  a n d  t h a t  m easured  in p u re  C anada  ba lsam ; the  q u o t ie n t  is 
i n d e p e n d e n t  of  the  f ibre  d iam e te r .

Precipitation metachromatic s ta in ing  [6]. The  sections were s ta ined  w ith  0.02 per  cen t  
p H  4 to lu id ine  blue an d  s tab il ized  w i th  3 per cent p o ta s s iu m  ferricyanide.  T he  sections were 
e x a m in e d  in  m onochrom atic  red  l ig h t  a n d  the  m e ta ch ro m a t ic  in d ex  of th e  s t ru c tu re  s tud ied  
w a s  d e te rm in e d  according to  R o m h á n y i.

Results

T h e  sections w ere co v ered  w ith  C anada b a lsam  co n ta in in g  in creasin g  
c o n c e n tra tio n s  of pheno l a n d  th e  b irefringence o f th e  collagen fib res  in  th e  
d if fe re n t kinds of co n n ec tiv e  tissu e  was s tu d ie d  in  th e  fu n c tio n  o f phenol co n 
c e n tra t io n . The phenol re a c tio n  w as d iffe ren t in th e  d iffe ren t k inds of connec
tiv e  tissu e . W hereas collagen  s tru c tu re s  m ark ed  in th e  g round  su b stan ce  of 
c a r ti la g e , an d  f irs t o f  all in  th a t  o f ep iphyseal c a rtilag e , show ed in v ersio n  of 
b ire frin g en ce  a t h igh p h en o l co n cen tra tio n s  in  con n ec tiv e  tissues less rich  in 
a c id  M PS the  fib res tu rn e d  n eg a tiv e  a t low er p h en o l co n cen tra tio n s . T h is was 
m o s t m ark ed  in  ep ip h y sea l c a rtilag e , in  w hich th e  b irefringence  of collagen 
s tru c tu re s  was still s lig h tly  p o sitiv e  a t  a pheno l c o n cen tra tio n  o f 7.5 p er cen t, 
w h e n  in  th e  zone o f c a lc ific a tio n  a n d  th e  bone tra b e c u le s  th e y  show ed n eg a tiv e  
b ire frin g en ce , while th e  co llagen  fib res of th e  m ed ia  tu rn e d  m erely  iso tro p ic . 
O f th e  collagen fib res tho se  p re c ip ita te d  in 5 per cen t NaCl tu rn e d  iso tro p ic  a t  a 
p h e n o l co n cen tra tio n  o f 5 p e r cen t, while th o se  p re c ip ita te d  in ch o n d ro itin  
s u lp h a te  A. show ed o p tica l in v ersio n  a t  pheno l co n cen tra tio n s  h igher th a n  6 
p e r  c e n t. A t the  co rn ea l-sc lera l ju n c tio n  th e  collagen  fib res of th e  sclera show ed 
n e g a tiv e  b irefringence a t  a 6 p er cen t phenol c o n c e n tra tio n  w hereas tho se  o f  th e  
c o rn e a  tu rn e d  m erely  iso tro p ic  a t  th a t  c o n cen tra tio n  (Fig. 1).

To d em o n stra te  t h a t  i t  is th e  acid side rad ica ls  th a t  a c t as in h ib ito rs  in 
th e  p h en o l reac tio n , som e sectio n s were t r e a te d  w ith  te s tic u la r  h y a lu ro n id ase  
(P e rm e a se , Gilag), a n d  o th e rs  w ere m e th y la te d  [4]. A fte r such  t r e a tm e n t  th e  
b ire frin g en ce  of th e  co llagen  fib res  o f the  above m en tio n ed  k inds o f connective  
tis s u e  tu rn e d  n eg a tiv e  a t  th e  sam e p o in t a n d  a t  low er phenol co n c e n tra tio n . 
T h e  la t t e r  could be o b se rv ed  m ain ly  in conn ec tiv e  tissues o therw ise  r ich  in  acid
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M PS, w hereas th e  collagen fibres of co nnec tive  tissues possessing o rig in a lly  
h a rd ly  a n y  ac id  M PS g ro u n d  substance  gave a p rac tica lly  u n a lte re d  re a c tio n  
(F ig. 2). T he effect of H yaluronidase an d  m é th y la tio n  w as co n tro lled  by  s ta in 
ing w ith  }> 11 4 to lu id in e  b lue.

Г
mp

Fig. 1. P heno l  reac t io n  of collagen fibres d iffer ing  in acid IMPS c o n ten t  
1. E p iphysea l  car t i lage  — 2. Collagen fibres reconstr .  in ChS A. 3. Cornea 4. A o r ta  

m edia  5. Collagen fibres reconstr .  in NaCl 6. A orta  adven tic ia  7. Skin

Г
mp

Fig. 2. Phenol  reac t ion  in different  types of collagen f ib res  following m éthy la t ion  a n d  following
tes t icu la r  hya luron idase  t r e a tm e n t

1. E p iphysea l  car t i lage  — 2. Collagen fibres reconstr .  in ChS A. 3. Cornea 4. A o r ta  m ed ia  
5. Collagen fib res  reconstr .  in NaCl 6. A o r ta  adven tic ia  7. Skin

In  th e  n e x t s tep  th e  phenol value a n d  th e  m e tach ro m atic  in d e x  o f  th e  
various k inds o f co n n ec tiv e  tissue collagen s tru c tu re s  were com pared . I t  was 
found  th a t  th e  k inds o f connective  tissue show ing  a high m e tach ro m a tic  in d e x

Ada Morphologien Academiae Scientiarum Hungaricae I t. 1966



62 T. NEUMARK

h a d  a lo w  collagen fib re  pheno l in d ex , an d  v ice  v e rsa . Follow ing h y a lu ro n id a se  
t r e a tm e n t  o r m é th y la tio n  th e  pheno l in d e x  increased . The m e ta c h ro m a tic  
in d e x  v a r ie d  betw een  4 a n d  5 in  th e  ep ip h y sea l a n d  a rtic u la r  ca rtilag e , as well 
as in  th e  sc le ra , w ith  collagen fib res p re c ip ita te d  in ch o n dro itin  su lp h a te  A, 
a n d  th o se  o f th e  ao rtic  m ed ia , w hile the  collagen  fib res of these  k inds o f  con
n e c tiv e  tissu e  show ed a ph en o l in d ex  low er th a n  1. As co m p ared  to  these  
t is su e s , th e  connective tissu es  poor in  ac id  M PS h a d  a m uch low er m e ta c h ro 
m a tic  in d e x , an d  a phenol in d e x  h igher th a n  1. Follow ing h y a lu ro n id ase  t r e a t 
m e n t a n d  m é th y la tio n  th e  pheno l index in c rea sed  to  above 1 in  th e  collagen 
f ib re s  o f  th e  tissues high in acid  MPS.

D iscussion

It has been assum ed  th a t  th e  b e h av io u r o f  th e  phenol reac tio n  o f  collagen 
f ib re s  w o u ld  be in fluenced  b y  th e  acid , f ir s t  o f  all b y  the  su lp h a te , g roups o f  the 
c o n n e c tiv e  tissue  g round  su b s ta n c e , a llow ing  conclusions as to  th e  co rre la tio n  
b e tw e e n  th e  collagen fib res  a n d  th e  acid  M PS com ponen ts o f th e  co n n ec tiv e  
tis su e .

I t  has been p o in ted  o u t b y  R o m h a n y i  th a t  a f te r  su lp h u ra tio n  th e  co lla
gen f ib re s  give no phenol re a c tio n , since th e  ac id  groups in h ib it th e  o rien ted  
a sso c ia tio n  o f phenol m olecules to  th e  collagen  fib res , and , also, th a t  fo r e x a m 
ple in  th e  em bryon ic  ca rtila g e , h igh  in  a c id  m ucoid , th e  collagen s tru c tu re s  
show  possess a sligh t pheno l effect [7].

T h e  im p o rta n t role p la y e d  b y  th e  acid m ucopo lysaccharides o f the  
g ro u n d  su b stan ce  in th e  s ta b iliz a tio n , m a tu ra tio n  an d  physico-chem ical be
h a v io u r  o f  th e  collagen f ib re s  has been e x te n s iv e ly  in v es tig a ted , f ir s t  o f  all by 
J a c k s o n , a n d  a close co rre la tio n  has been assu m ed  to  ex ist be tw een  th e  co lla
gen s t ru c tu re  a n d  th e  ac id  com p o n en ts  o f  its  g ro u n d  sub stan ce , a lth o u g h  the 
e x a c t  n a tu re  of th is co rre la tio n  has n o t been  clarified .

W e h av e  show n th a t  th e  collagen fib re s  o f connective tissue  possessing  a 
g ro u n d  su b stan ce  high in  a c id  M PS y ie ld ed  a w eak  phenol re a c tio n . A sim ilar 
o b s e rv a tio n  was m ade b y  N é m e t h  — Cs ó k a ; in  his ex perim en ts th e  collagen 
f ib re s  p re c ip ita te d  in ch o n d ro itin  su lp h a te  show ed  low er phenol va lu es  th a n  the 
f ib re s  p re c ip ita te d  in o th e r  ag en ts . V i s z l óy  h as fo u n d  th a t  in p a tie n ts  suffering  
fro m  osteogenesis im p e rfec ta , a cond ition  in  w hich  the  acid co m p o n en ts  o f the 
g ro u n d  su b stan ce  are  in c reased , th e  collagen fib res tu rn e d  n eg a tiv e  a t  h igher 
p h e n o l co n cen tra tio n s  o n ly  [9].

A ccord ing  to  our e x p e rim e n ts  the  p h en o l reac tio n  of the  collagen fib res is 
in f lu e n c e d  by  the  acid  M PS c o n te n t of th e  g ro u n d  su b stance . On th is  basis it 
has b e e n  su rm ised  th a t  in  co nnec tive  tissu es  co n ta in in g  a large q u a n t i ty  of 
a c id  M PS th e  acid  g roups in h ib it  s te r ica lly  th e  o rien ted  asso c ia tio n  to  the
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collagen  fib res , o f th e  likewise acid  p h en o l m olecules. In  v iew  o f th is  a close 
co rre la tio n  has been assum ed  to  ex is t b e tw een  th e  collagen fib res a n d  th e  acid  
MPS co m p o n en ts  o f th e  g round  su b s ta n c e . In  ad d itio n , the  p re se n t in v e s tig a 
tions allow  conclusions as to  th e  q u a n t i ty  o f  ac id  M PS firm ly  b o u n d  to  th e  col
lagen  fib res  in th e  v a rio u s k inds co n n ec tiv e  tissue .
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C Ü B E R  D IE  W I R K U N G  DES S A U E R E N  M U K O P O L Y S A C C H A R ID G E H A L T S  A U F  D IE  
P H E N O L R E A K T I O N  D E R  K O L L A G E N F A S E R N

Т. NEUMARK

A nläß lich  der  U n te rsu ch u n g  der P h e n o l rea k t io n  der Kollagenfasern der v e rsch iedenen  
G ew ebea r ten  w urde  festgeste ll t ,  daß  aus der  I n t e n s i t ä t  der en ts tan d en en  P h e n o l rea k t io n  
teils a u f  d en  zwischen dem  Kollageneiweiß u n d  d en  sau e ren  Mukopolysacchariden b es teh en d en  
engen Z u sa m m e n h an g ,  teils au f  die Menge der  s a u e re n  M ukoidsubstanzen gefo lger t  werden 
kann .

ФЕНОВАЯ РЕАКЦИЯ КОЛЛАГЕНОВЫХ ВОЛОКОН В ЗАВИСИМОСТИ ОТ 
СОДЕРЖАНИЯ КИСЛЫХ МУКОПОЛИСАХАРИДОВ В СОЕДИТЕЛЬНОЙ

ТКАНИ
Т. НЕЙМАРК

Автор исследовал феноловую реакцию коллагеновых волокон различных видов 
соединительной ткани и нашел, что по феноловой реакции можно делать выводы относи
тельно тесной связи белков коллагена с кислыми мукополисахаридами н относительно 
количества кислого мукоидного вещества.

D r. T am ás N e u m a r k : B u d ap est I I .  F ra n k e l Leó u. 17/19., H u n g a ry
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HISTOCHEMICAL EXAMINATION OF VAGINAL 
EPITHELIUM AND ENDOMETRIUM WITH SPECIAL 

REFERENCE TO MUCOPOLYSACCHARIDES
F . T ó t h  a n d  R . G i m e s

(R ece ived  Decem ber 5, 1964)

Glycogen, acid a n d  neu tra l  m ucopolysaccharides have been  s tu d ied  in the  cells 
of  the  vaginal  ep ithe lium  a n d  en d o m e tr iu m .  Alkaline  and acid p h o sp h a ta s e ,  n o n 
specific esterase,  succ in ic-lact ic-dehydrogenase  a n d  d ip h o sphopyr id ine -nucleo tide  
reac t ions  have  been performed. It was found t h a t  the  superficial  cells of the  vag ina l  
e p i the l ium  as also the cells in layers  1, 2 and 3 con ta ined ,  in add it ion  to g lycogen, large 
a m o u n ts  of  neu tra l  and acid m ucopolysaccharides.  Vaginal epithelial  cells co n ta in ed  
the  larges t  a m o u n t  of glycogen in the  p e r io v u la to ry  period; i t  was assoc ia ted  w ith  
a h igh  level of  oestrogen. Glycogen in the  en d o m e tr iu m  showed a peak  c o n c e n tr a t io n  
in the secre tory  phase; i t  was assoc ia ted  w ith  a h igh  level of  progesterone .  Acid m u co 
polysaccharides were p re sen t  in all phases of  the m en s tru a l  cycle. T h ey  were c o m p a r a 
t ively a b u n d a n t  in the in te rm e d ia ry  layer of the  vaginal ep ithe lium  a n d  the  e n d o m e t r i 
um  dur ing  the  pe r iovu lato ry  period. Neu tra l  m ucopolysaccharides  a cc u m u la te d  in the  
e n d o m e tr iu m  in the  second ha lf  of  the  secre to ry  phase  and filled even the  p e r i tu b u la r  
ly m p h  spaces. Metabolic changes observed  in the  different  phases of the  m en s tru a l  
cycle are ascribed to c ircu la to ry  changes  in the vag ina l  ep ithe lium  an d  the  e n d o m e tr iu m .  
I t  is suggested  th a t ,  am ong  o th e rs ,  local factors of c ircu la t ion  m ay  he responsib le  for 
the  identica l  changes p roduced  by two different ho rm ones  (p rogesterone a n d  oestrogen)  
in the glycogen and m ucopo lysaccharide  con ten ts  of  the vaginal  e p i the l ium  a n d  e n d o 
m etr ium .

S t o c k a r d  a n d  P a p a n i c o l a o u  [54] in 1917 were the  f irs t  to  describe  
cyclic changes in th e  v ag in a l ep ith e liu m  of guinea pigs. T en  y ea rs  la te r ,  
D i e r k e s  [15] pub lished  his o b se rv a tio n s  on hum an  m a te ria l; lit* fo u n d  a 
co rre la tio n  betw een  tin* m en stru a l cycle a n d  th e  changes occu rrin g  in  th e v a g in a l 
ep ith e liu m , an d  d e m o n s tra te d  th a t ,  like th e  en d o m e triu m , th e  v ag in a l e p ith e 
lium  gave a ty p ic a l response to  sex  horm ones. O f especial va lu e  w as th e  o b se r
v a tio n  th a t  v ag in a l sm ears allow ed conclusions as to  tin* q u a n ti ty  a n d  co m p o si
tion o f  ihe sex horm ones. Since th e n , a g rea t n u m b e r o f a u th o rs  h as  d iscussed  
th e  m orpho logy , enzym ology a n d  h is to ch em is try  o f tin* v ag in a l e p ith e liu m , 
an d  it w ould  s?< m  th a t  n o th in g  h as  been left u n e lu c id a te d  in th is  field  a f te r  
th e  d e ta iled  in v estig a tio n s a n d  p a in s ta k in g  researches o f Ho t e l l a - L l u s i a , 
1 ) e H r u x , G r a h a m , H a a m , K o s s , M u r r a y , P u i ndel , K o s a , R u n g e , S h o r r , 
S t o l l , W i e d , Z i n s e r  an d  n u m ero u s o th e rs . Y et, it ap p ears  th a t  th e  m ech an ism  
th ro u g h  w hich  the  response o f th e  v ag in a l ep ith e liu m  to h o rm o n a l in flu en ces 
is m e d ia te d  has n o t been c leared  u p . H orm ones ex e rt no d irec t e ffec t on e p i
th e lia l cells. M oreover, the  orig in  a n d  com position  of th e  su b s ta n c e  te rm e d  
“ h o rn ” , c o n ta in e d  in th e  cy to p la sm  o f superfic ia l cells, a re  likew ise u n k n o w n ,
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so t h a t  a n u m b er o f h isto log ica l an d  m orpho log ica l p rob lem s have  s till to  be 
so lved . T his s tu d y  h a d  th e  aim  to a p p ro ach  th e  so lu tio n  o f these  p rob lem s.

Material and m ethod

Fif ty - f ive  h e a l th y  y o u n g  female subjects ,  in  d i ffe ren t  phases of the  m en s tru a l  cycle, 
c o n s t i t u t e d  th e  m ate r ia l  of  th is  s tu d y .  E n d o m etr ia l  b iopsy  spec im ens were collected f rom  18 of 
th e m .  F i f tee n  of the  fem ales  were  p re g n an t ;  two of t h e m  were in  th e  f i r s t  3 weeks of p reg n an cy  
w h ich  was revea led  b y  e x a m in in g  the  curet t ings .  Serial  e x a m in a t io n  of vag ina l  sm ears  was 
p e r fo rm e d  in  the  o th e r  13 cases; th e  smears were o b ta in e d  every  o th e r  d ay  from  the  b o u n d a ry  
b e tw ee n  th e  middle a n d  th e  u p p e r  th i rd  of the  v ag ina .  V ag ina l  sm ears ,  in ten d ed  for enzym atic  
ex am in a t io n s ,  were im m e d ia te ly  placed in in cu b a t in g  solu t ions ,  while m ate r ia l  in te n d e d  for 
th e  d e te rm in a t io n  of g lycogen  a n d  polysaccharides in  96 pe r  c en t  alcohol and  S h a b a d ’s f ixat ive  
w h ich  l a t t e r  con ta ins  Z n ( N 0 3)2 for the  inh ib i t ion  of b ac te r ia l  d iges tion  a n d  phlor idz in  (L. L ight  
a n d  Co., L td . )  in a m ix tu re  o f  10 per  cent fo rm alin  a n d  96 per  cent  alcohol for th e  inh ib i t ion  
of glycolysis. A 10 p e r  c en t  so lu t ion  of neu tra l  fo rm al in  se rved  as f ixa t ive  in m os t  cases. Fo r  
s ta in in g ,  Schiff’s per iodic  acid (PAS); R i t te r -O leson’s dye ;  B e s t ’s carm ine;  0.25 per cent  
to lu id ine  blue;  m e th y lg ree n -p y ro n in e ;  Feu lgen’s re ac t io n ;  Pap an ic o lao u ’s s ta in ;  ga llocyanin; 
F e t t r o t  (fa t- red) ;  Nile b lu e ;  haem atoxy l in -eosin ;  V a n  Gieson’s dye a n d  A zan ’s dye were 
app lied .  D igestion was p e r fo rm e d  w ith  ribonucléase ,  d ias tase ,  saliva, hya lu ron idase ,  pepsin, 
t r y p s in  a n d  com bined  p e p s in - t ry p s in  were applied. F o r  th e  pu rposes  of  PAS reac tion ,  ox idat ion  
w i th  0.23 per cen t  sod ium  p e r io d a te  during  5 m in u te s  a n d  s ta in ing  w i th  Schiff’s re ag e n t  during 
60 m in .  was applied.  R i t te r -O le so n  A, В and  C in d ic a te  th e  resu l ts  of ace ty la t io n ;  m ateria l  
A  w as  d y e d  w i th o u t  p re l im in a ry  t r e a tm e n t ;  m a te r ia l  В  was s ta in ed  af te r  ace ty la t io n ;  m ateria l  
C was f i r s t  a ce ty la ted ,  t h e n  saponified  and  final ly  s ta ined .  H y a lu ro n id ase  digestion was pe r
fo rm ed  w i th  150 U /ml,  in  physiological saline, a t  37°C for 16 hrs. A 1 per cent  so lu t ion  of 
d ias ta se  (L. L igh t  an d  Co., L td . )  in 0.01 M p h o sp h a te -b u f fe red  0.8 per  cent  so lu t ion  of NaCl 
was e m ployed  for d iges tion  w h ich  lasted 2 hrs a t  37°C. Peps in  diges tion  was m ad e  a t  37°C 
b y  m ea n s  of a 2 m g/m l so lu t ion  in  0.02 N  hydroch lor ic  acid fo r  2 hrs. Digestion w i th  t rypsin ,  
a t  a c o n cen tra t io n  of 1 m g/m l in  p H  8 p h o sp h a te  bu ffer  was pe rfo rm ed  a t  37°C for  2 hrs.  
I n  th e  com bined  p roced u re ,  d iges tion  w ith  pepsin fo r  6 hrs. was followed by  trypsin iza t ion  
for 12 hrs. Alkaline a n d  acid  p h o sp h a ta se  as well as non-specific  esterase  reac tions were carried 
o u t  b y  m eans  of th e  a zo -k u p p lu n g  m eth o d  w i th  n a p h th o l -A s -p h o sp h a te  as su b s tra te .  The  
p ro ced u re s  of  F u h r m a n n  [20] a n d  R osa  [52] were em p lo y ed  for the  succinic dehydrogenase  
(SD H ),  lac t ic  d e h y d ro g en ase  ( L D H )  a n d  d ip h o sphopyr id inenuc leo tide -d iaphorase  (D P N ) 
assay .  As to th e  n u m b er in g  of t h e  layers of the  v a g in a l  ep i the l ium , No. 1 m eans th e  superficial 
a n d  No. 2 th e  n e x t  lay e r ;  th e  in te rm ed ia te  layer  is d iv ided  in to  an  u p p e r  (3a) a n d  a deeper 
zone (3b);  th e  p a rab a sa l  lay e r  bears  the n u m b er  4, a n d  th e  basal  one is m ark e d  5.

Results

Glycogen and mucopolysaccharides ( M P S )  in  the vaginal epithelium

Cells from  lay e rs  1, 2 an d  3 gave an  in te n s iv e  PA S reac tio n . T he h isto- 
chem ical resu lts  fo r P A S -positive  su b stan ces  a re  assem bled  in T ab le  1. The 
fa c t t h a t  th e  b r il l ia n t re d  colour show ed a s lig h t p a ling  a f te r  d igestion  w ith  
d ia s ta se , sa liva , p ep sin , try p s in  a n d  com bined  p e p s in -try p s in  (F ig. 1), perm its  
o f  th e  conclusion t h a t  th e  cells o f th e  th re e  f irs t  lay e rs  co n ta in  glycogen as 
well as a large a m o u n t o f  M PS. An in s ig n ifican t a m o u n t o f fine ly  g ra n u la te d  
P A S -positive  m a te ria l w as d e m o n s tra te d  in  th e  cells of layers 4 an d  5; m ost
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Fig. 1. N eu t ra l  m ucopo lysaccharides  in superficial cells o f  v ag in a l  ep i th e l iu m .  Rittcr-Olcson 
s ta in ing  a f te r  dias tase  digestion, X 160

Fig. 2, Fine m e ta ch ro m a t ic  pa r t ic le s  in a superficial epithe lia l  cell. To lu id ine  blue,  X 320
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o f th is  m ateria l d isap p eared  a fte r  d ig estio n  w ith  d iastase . S ta in in g  w ith  R itte r-  
O leson’s dye y ie lded  th e  m ost in te n s iv e  re d  co lour in th e  cy to p lasm  o f su p e r
fic ia l cells w ith  p y cn o tic  nuclei. All sh ad es  o f red , from  p u rp le  to  p in k , were 
o b se rv ed  in the  cells o f  th e  th ree  u p p e r  lay e rs . O ther cells o f th e se  layers 
s ta in e d  blue w hich w ould, w ith  H a le ’s co m b in ed  s ta in ing , in d ica te  th e  presence  
o f  ac id  M PS. T re a tm e n t w ith  to lu id in e  b lue  a c tu a lly  rev ea led  m c ta c h ro in a tic  
g ran u la tio n s  in th e  m a jo rity  o f these  cells (F ig . 2). G ranules o f  ac id  M PS often  
covered  alm ost the  en tire  nucleus. T h e ir  a m o u n t was largest in  th e  cells of 
lay e rs  1 a n d  2. These o b serv a tio n s a re  in co n tra d ic tio n  to  tho se  m ad e  in  spec
im ens of th e  vag inal w all. H ere th e  PA S re a c tio n  was p ra c tic a lly  n e g a tiv e

Fig.  3. Accum ula t ion  of m ucopo lysaccharides  in layers  1 a n d  2 of biopsy spec im en .  R i t t e r — 
Oleson sta in ing  a f te r  d ias ta se  d igestion, X 80

in lay e rs  3b an d  4, w eak  in lay er 2, a n d  p ra c tic a lly  unch an g ed  in la y e r  N o. 1 
(F ig . 3). The in te rce llu la r g round su b s ta n c e  s tro n g ly  adso rbed  co llo idal iron, 
gave a m ark ed  blue reac tio n  w ith  R itte r-O le so n ’s s ta in  an d  a m e ta c h ro m a tic  
one w ith  to lu id ine  b lue w hich  becam e m u ch  w eaker a fte r h y a lu ro n id a se  d iges
tio n . T he am o u n t o f th e  su b stan ce  w as la rg e s t in lay er 3 an d  co n sid e rab ly  
less in layers 1 a n d  2.

T he glycogen an d  M PS c o n te n t o f  th e  v ag in a l ep ithelia l cells sh o w ed  no 
s ig n if ican t change u n d er th e  effect o f  d iffe ren t ho rm ones; it was c o m p a ra tiv e ly  
h ig h es t in th e  3rd  an d  4 th  m o n ths o f  p reg n an cy  an d  considerab ly  d im in ish ed  
in cases ol co lp itis. T he excised  m a te ria l c o n ta in e d  a large a m o u n t o f  g lycogen  
in th e  2nd  a n d  3a layers a t  th e  p re o v u la to ry  s tag e  of the  p ro life ra tiv e  phase, 
w hile th e  am o u n t of M PS increased  to w a rd  th e  end  of th e  se c re to ry  phase . 
T he q u a n ti ty  o f glycogen reach ed  a p eak  in th e  3 rd  a n d  4 th  m o n th s o f  g e s ta tio n .
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Ribonucleic acid

I t  w as in th e  cells o f  la y e rs  4 an d  5 th a t  th e  la rg e s t am o u n t of p y ro n in o - 
p h ilic  substances w as fo u n d  in  b o th  th e  b io p sy  a n d  th e  exfo lia tive m a te r ia l  
(F ig . 4). P y ro n in o p h ilia  p ra c tic a lly  d isap p ea red  a f te r  ribonucléase d igestion . 
T h e  a m o u n t of R N A  ra p id ly  d im in ished  in  th e  cells o f  th e  superfic ia l lay e rs . 
T h e  nucléoles of th e  p a ra b a s a l  an d  basal cells c o n ta in e d  py ron inoph ilic  m a t te r  
th e  b r ig h t  red  co lour o f  w h ich  co n tra s te d  w ith  th e  green s ta in in g  o f  th e  
desoxyribonucle ic  ac id . T h e  nuclei were su rro u n d e d  b y  a narro w  b r ig h t zone, 
a n d  i t  w as a ro u n d  th is  zone  th a t  the  v iv id ly  re d  R N A  was seen. I ts  a m o u n t, 
w ith  a m ax im um  in  th e  3 rd  a n d  4 th  m o n th s  o f  p reg n an cy , d id  n o t seem  to  
d e p e n d  on h o rm onal in flu en ces .

Desoxyribonucleic acid

L ike R N A , m o s t o f  th e  D N A  teas lo c a te d  in  th e  p a rab asa l a n d  b a sa l 
la y e rs . I t  form ed a f in e  n e tw o rk  in  th e  n uc le i, b u t  g rad u a lly  condensed  in to  
coarse  lum ps in  th e  cells o f  th e  u p p er lay e rs , to  fo rm  stru c tu re less  sp h eru les  
in  th e  superfic ia l la y e r. S u c h  condensation  o f  D N A  is th e  m ost c h a ra c te r is tic  
o estro g en ic  effect w h ich  fa ils  to  ap p ear in  th e  m en o p au se  an d  in  o th e r  cases 
o f  o estrogen  defic iency  (e .g . in  T u rn e r’s sy n d ro m e).

Lipoids

A sligh t a m o u n t o f  la rg e r  or sm aller g ran u le s  reac tin g  w ith  “ F e t t - r o t” 
w as o bserved  in th e  cells o f  th e  superfic ia l e p ith e lia l layers. R o th  n u m b e r a n d  
size o f  th e  granules d im in ish e d  to w ard  th e  d eep e r lay e rs . I t  w as, on th e  o th e r  
h a n d , in  th e  cells o f la y e rs  4 a n d  5 as also in  th e  in te rce llu la r fib res  o f la y e r  
3 t h a t  th e  larg est a m o u n t  o f lipo id  teas re c o rd e d  in th e  excised m a te r ia l. 
N o co rre la tion  seem ed  to  e x is t  betw een  th e  lip o id  c o n te n t of th e  cells a n d  th e  
a c tio n  o f horm ones.

E nzym e reactions

T hese reac tio n s w ere  in v a riab ly  w eaker in  th e  v ag ina l sm ears th a n  in  
th e  b io p sy  m ateria l.

A lka line  phosphatase  w as negative  in  th e  v a g in a l sm ears an d  c o m p a ra 
t iv e ly  m ost in tensive  in  th e  basa l zone o f th e  excised  specim ens. I t  becam e 
m o re  p ronounced  in  th e  p ro life ra tive  p h ase , a n d  reach ed  a p e a k  d u rin g  
o v u la tio n . The en d o th e lia l cells o f the  vessel w alls , to o , gave a m arked  re a c tio n .

A cid  phosphatase  a c t iv i ty  in  th e  d e sq u a m a te d  cells seem ed to  be lim ite d  
to  th e  cy top lasm  o f th e  su p erfic ia l cells w ith  p y c n o tic  nuclei, w hereas a m o d e r
a te  a c tiv ity  teas o b se rv e d  in  th e  basa l a n d  p a ra b a sa l cells an d  a s tro n g e r
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re a c tio n  in  lay e rs  1 an d  3 o f th e  b iop sy  m a te ria l. A c tiv ity  b ecam e  m ore 
p ro n o u n ced  d u rin g  o v u la tio n  a n d  to w a rd  th e  end  of th e  sec re to ry  phase .

N on-specific  esterase re ac tio n  was n eg a tiv e  in th e  vag in a l sm ea rs , and 
m o d e ra te  in  th e  superfic ia l a n d  b asa l lay e rs  o f  th e  excised m a te r ia l a t  th e  
o u tse t a n d  te rm in a tio n  o f th e  m e n s tru a l cycle. A c tiv ity  a p p e a re d  also  in 
la y e r  3a in  m idcycle.

Dehydrogenase, S D H ,  I ,D l l  and D P N .  A c tiv ity  in th e  b io p sy  m a te r ia l

Fig.  4. A ccum ula t ion  of pyroninophil ic  m a t t e r  in the  cells of  layers 4 a n d  5. M ethy lg reen -
pyron ine ,  X 80

w as s tro n g e s t in th e  superfic ia l a n d  basal layers a t  th e  o u tse t a n d  te rm in a tio n  
o f th e  cycle. A d m in is tra tio n  o f oestrogen  in c reased  the  in te n s ity  o f  re a c tio n s .

E ndom etria l glycogen and M P S

T he a m o u n t o f  glycogen g ra d u a lly  in c reased  in th e  ep ith e lia l cells o f  th e  
e n d o m e tria l g lands as from  th e  m idd le  ph ase  o f  th e  cycle. A fter fo rm in g  fine 
g ran u les  in th e  b asa l p o rtio n  o f  th e  ep ith e lia l cells, i t  filled th e  en tire  cy to p la sm  
in a diffuse fo rm . The g re a te s t n u m b e r o f g ran u les  ap p eared  in th e  second  
h a lf  o f  th e  sec re to ry  ph ase ; th e y  w ere s itu a te d  su b n u c lea rly  an d  a c c u m u la te d
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in  th e  b asa l p a r t  o f th e  tu b u le s  of th e  e n d o m e tria l g lands. A m o d era te  a m o u n t 
o f  a c id  M PS a ro u n d  th e  g lands was found  b e tw een  th e  8 th  an d  1 0 th  d ay  of 
th e  p ro life ra tiv e  p h a se : th e  am o u n t in c reased  a f te r  o v u la tio n . C lub -shaped  
s tru c tu re s  connected  th e  a p e x  of th e  ep ith e lia l cells w ith  th e  m a tte r  c o n ta in e d  
in  th e  lum en of th e  g lan d s  (F ig . 5). The v a rio u s  phases  o f secretion  fo rm a tio n  
a n d  tra n sfe r  could  w ell b e  observed u n d e r  th e  m icroscope. N e u tra l M PS 
a p p e a re d  in th e  second  h a l f  o f the  secre to ry  p h a se . G lycogen, acid  a n d  n e u tra l  
M PS w ere observed  side  b y  side in  th e  c y to p la sm  o f th e  ep ithe lia l cells a n d  
th e  g lan d u la r lu m in a . T h e  n eu tra l MPS co m p le te ly  filled  th e  p e r itu b u la r  
ly m p h  spaces in th e  seco n d  h a lf  of th e  se c re to ry  p h ase , a phenom enon  p a r t ic 
u la r ly  well observab le  in  R itte r-O le so n -s ta in ed  sections a fte r  d igestion  w ith  
d ia s ta se . The P A S -p o sitiv e  substance  s ta in e d  b r ig h t  red  a n d  sh a rp ly  o u tlin e d  
th e  d is ten d ed  p e r i tu b u la r  ly m p h  capillaries (F ig . 6). O nly s c a tte re d  fine  
p ow der-like  p artic les o f  glycogen were seen in  th e  g ro u n d  su b stan ce . I t  was 
a ro u n d  the tim e o f o v u la tio n , betw een the  I2 th  a n d  18th d ay  the cycle, th a t  
th e  a m o u n t of acid  M PS re a c h e d  a peak. T he m a jo r  p a r t  o f th e  M PS d isap p eared  
a f te r  tre a tm e n t w ith  h y a lu ro n id ase  in th e  p o s to v u la to ry  period , a p ro o f 
t h a t  hyalu ron ic  ac id  w as th e ir  m ain co m p o n en t. H y a lu ro n id ase  rem o v ed  b u t  
a m in o r p a r t  o f th e se  M P S  in  the  la te r  s tages o f  th e  m en stru a l cycle. I t  w as in  
th is  phase  th a t  n e u tra l  M PS began to  a c c u m u la te . The en d o m e triu m  of 
p re g n a n te s  co n ta in ed  considerab le  am o u n ts  o f  glycogen, ac id  a n d  n e u tra l  
M PS. T he am o u n t o f  g lycogen  was m any  tim es  m ore th a n  its  m ax im u m  in th e  
se c re to ry  phase. T h e  c y to p la sm  of decidual cells w as alm ost com plete ly  filled  
w ith  granules an d  lu m p s  o f  glycogen (F ig. 7). T h e  q u a n ti ty  o f acid  M PS did 
n o t  d im in ish  in th e  g ro u n d  substance; n e u tra l  M PS began to  accu m u la te  
in  th e  p lacen ta l villi from  th e  4 th  m o n th  o f  g e s ta tio n . The am o u n ts  o f R N A  
a n d  D N A  reached  th e ir  re sp ec tiv e  m axim a in  th e  p ro life ra tiv e  phase.

Changes in enzym atic reactions

I t  was only  in  th e  ep ithe lia l cells o f  th e  g lands an d  th e  en d o m e tria l 
cy lin d rica l ep ith e liu m  t h a t  th e  exam ined  re a c tio n s  were s tro n g  en ough  for 
e v a lu a tio n , while in  th e  s tro m a  occasional w e a k  reac tio n s  w ere only  observ ed .

A lkaline p h o sp h a ta se  in the  e n d o m e tr iu m  w as m ost p ro n o u n ced  in 
m idcyc le  and  d u rin g  p re g n a n c y , acid p h o sp h a ta se  in  th e  second h a lf  o f th e  
cycle . In  co n tra s t, n o n -sp ec ific  esterase w as n o t  p ronounced  in a n y  ph ase . 
S D H  a c tiv ity  was m o s t in ten s iv e  from  th e  m id d le  of th e  p ro life ra tiv e  u n til  
th e  m iddle  of th e  s e c re to ry  phase. L D H  a n d  D P N  a c tiv ity  increased  ra p id ly  
f ro m  th e  tim e of o v u la tio n  a n d  rem ained  m a rk e d  u n til  th e  end  of th e  sec re to ry  
p h ase . L D H  an d  D P N  a c tiv i ty  increased  ra p id ly  from  th e  tim e o f o v u la tio n  
a n d  rem ain ed  m a rk e d  u n t i l  the  end  of th e  s e c re to ry  phase. D ehydrogenase  an d  
a c id  p h o sp h a tase  a c tiv it ie s  w ere s tro n g est in  th e  d ec id u a l cells d u ring  p reg n an cy .
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Fig.  5. L u m en  of en d o m e tr ia l  g land  and  apical p o r t io n  of epithelial  cells engorged  with 
m ucopolysaccharides.  R itte r-O leson  sta in ing  a f te r  dias tase  d iges tion , x 400 

Fig. 6. Red-stain ing PA S-posi t ive  m a t te r  fills a n d  sha rp ly  outlines d i la ted  p e r i t u b u la r  lymph 
spaces. R i t te r -O leso n  s ta in ing  a f te r  dias tase  digestion, x 160
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Discussion

T he p resen t in v es tig a tio n s  h ad  tw o  a im s, viz. [1] to s tu d y  th e  v a rio u s  
processes o f m etab o lism  b y  m eans o f  u p - to -d a te  m ethods an d  d esc rib e  th e  
p ro p e rtie s  o f an d  th e  changes in the  su b s ta n c e s  a n d  enzym es in v o lv e d ; [2] to  
co m p are  th e  resu lts  o b ta in e d  and  to  p re se n t a b rie f su m m ary  a f te r  th e ir  
c o m p a ra tiv e  ev a lu a tio n . T he m ateria l covers w ide ran g e , an d  d e ta ile d  t r e a t 
m en t has th ere fo re  been  reserved  to  c e r ta in  new  p o in ts . C o m p ara tiv e  e x a m in 
a tio n  a n d  ev a lu a tio n  o f  th e  glycogen a n d  M PS co n ten ts  of th e  v a g in a l ep i
th e liu m  a n d  en d o m e triu m  are  u n av o id ab le  since , o therw ise, d iffe ren t re a c tio n s  
to  id en tica l horm ones c a n n o t be in te rp re te d . W e have  o m itted  to  e x p a t ia te

Fig. 7. Cytoplasm of decidual cells almost com pletely filled with glycogen granules. PAS,
X 160

up o n  know n  resu lts  [5, 8, 9, 10, 13, 17, 
51, 52].

19, 21, 22, 27, 35, 38, 12, 43 , 46, 50.

D a ta  as to  th e  glycogen and  M P S -co n ten ts  o f th e  vag inal e p ith e liu m  
a n d  en d o m e triu m  a n d  th e  changes p ro d u c e d  b y  d iffe ren t horm ones a re  c o n tra 
d ic to ry  [2, 3, 4, 5, 7, 11, 12, 14, 16, 18, 23, 24, 28, 29, 30, 31, 37, 39, 40, 
44, 45, 53, 55, 56, 57]. T h is m ay be due  to  d ifferences in fixa tio n  an d  s ta in in g .

W e perfo rm ed  a n u m b e r of h is to ch em ica l analyses for the  id e n tif ic a tio n  
of P A S -positive  su b stan ces , an d  it  can  be seen from  Table I th a t  e p ith e lia l 
cells in th e  vag inal sm ears con ta ined  m u c h  g lycogen  an d  a considerab le  a m o u n t 
of g ly co p ro te in , ac id  a n d  n eu tra l m u co p o ly sacch arid es . As w ell-k n o w n , it is 
the  free O il  rad ica l o f th e  1 : 2-glycol g ro u p  w h ich  renders the P A S -reac tio n  
p o sitiv e ; a positive re a c tio n  m ay, how ever, be o b ta in e d  w ith  the N H , rad ica ls  
o f th e  am ino-alcohols as well. Acetic, a n h y d r id e  d issolved in p y rid in e  ace tv -
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Table

The a p p lied  histochemical methods fo r  identification o f  P A S -p o s itiv e  substances in  the exfoliated
vaginal epithelium  cells

Applied methods
Cornified
squamous

cells

Precomified
squamous

cells
Intermediate

cells

1 P A S  reac tio n  w ith o u t o x id a tio n — — —

2 P A S  reac tion + + + + +  +  +  + +  +  +

3 P A S  reac tio n  a fte r  d ias tase  d igestion _L 4 -4 - + +  + + + +

4 P A S  reac tio n  a fte r  saliva d igestion + +  + + +  + +  +  +

5 P A S  reac tio n  a fte r  pepsin  e x tra c tio n +  +  + + + + +  +  +

6 P A S  reac tio n  a fte r  try p s in  ex trac tio n +  +  + + + + +  +  +

7 P A S  reac tion  a f te r  com b, p ep sin — 
try p s in  e x trac tio n + +  + + + + +  +  +

8 P A S  reac tion  a fte r phen y lh y d rasin e  
reac tio n — — —

9 B e s t’s carm ine s ta in + + +  + + + + + + + +

10 B e s t’s carm ine s ta in  a f te r  d ias tase  
d igestion +  +  + + + + +  +  +

11 R itte r-O leso n  “ A”  (u n tre a te d  sec
tio n ) + +  +  + + + + + +  +  +

12 R itte r-O leso n  4iB ” (section a fte r  
a ce ty la tio n ) — — —

13 R itte r-O leso n  “ C” (section  a fte r  
a ce ty la tio n  and  d eace ty la tio n ) + + + + + +  +  + +  +  +

14 R itte r-O leso n ’s s ta in  a fte r  d iastase PAS +  +  + PA S +  +  + PA S +  +  Ч
digestion H ale +  +  + H ale +  +  + H ale  +  +  +

15 R itte r-O leso n ’s sta in  a fte r  saliva PAS +  +  + PA S +  +  + PA S +  +  +
digestion Hale +  +  + H ale  +  +  + H ale —1—j—b

i6 R itte r-O leso n ’s Stain a fte r  pepsin PAS +  +  + PA S +  +  + PA S +  +  +
e x tra c tio n H ale +  +  + H ale  +  +  + H ale +  +  4-

17 R itte r-O leso n ’s s ta in  a fte r  try p sin PAS +  +  + PA S +  +  + PA S +  +  +
e x trac tio n H ale -)—j—f— H ale  —j—1—(- H ale 4- +  H-

18 R itte r-O leso n ’s s ta in  a fte r  com b. PAS +  +  + PAS PA S +  +  -+
p e p sin try p s in  e x tra c tio n Hale +  +  + H ale + - j-  + H ale - r  +  +

19 R. O leson’s sta in  a fte r  h v a lu ro n id ase PAS +  +  + PAS +  +  H PA S +  +  +
e x tra c tio n H ale +  +  + H ale 4 H ale  +  +  +
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Applied methods
Cornified
squamous

cells

Precorn.tied 
squamous 

cells
Intermediate

cells

20 T oluid in  blue s ta in

+++

+  + +  +

21 T olu id in  blue s ta in  a fte r  hyaluro- 
nidase e x tra c tio n + + +

22 Toluid in  blue s ta in  a fte r pepsin 
ex trac tio n +  +  + +  +  + _|---J---!_

23 Toluid in  blue s ta in  a fte r  trypsin  
ex tractio n + +  + +  +  +

24 T olu id in  blue s ta in  a fte r  comb, 
pepsin -trvpsin  e x tra c tio n +  +  + +  +  + +  +  +

25 N inhydrin -S ch iff reac tion -b +

2ft Millon reac tion + + +

27 F e ttro t  sta in + + +

28 Nile blue sta in +

la te s  th e  OH rad ica l o f  th e  1 : 2-glycol g ro u p  a n d  th e  aniino d e riv a tiv es , th e re b y  
p re v e n tin g  period ic  ac id  ox id a tio n . N e g a tiv ity  o f  su b sequen t PA S re a c tio n s  
in d ic a te d  th e  p resence  o f th e  said  rad ica ls . I f  a c e ty la tio n  is follow ed b y  sa p o n 
ifica tio n  w ith  d ilu te d  a lkali, the  orig inal co n d itio n  (i.e. free OH ra d ic a l)  will 
be re s to re d  in th e  p resence of th e  1 : 2-glycol g roup , b u t will n o t be  resto red , 
in th a t  o f  am ino d e riv a tiv es . The re a c tin g  ra d ic a l is o f c a rb o h y d ra te  origin 
ii th e  PA S re a c tio n , ren d ered  n eg a tiv e  b y  a c e ty la tio n , becom es once  m ore 
p ositive  a f te r  sap o n ifica tio n . This applies e sp ec ia lly  to  m ateria l fixed  in  a b so lu te  
alcohol w here lipo ids are e lu ted .

T he above re su lts  ju s tify  ou r su p p o s itio n  th a t  it is not on ly  th e  d irec t 
h o rm o n a l ac tion  w hich  is responsib le for ch an g es in  th e  glycogen a n d  M PS- 
c o n te n ts  o f th e  cells a n d  the  g round  su b s ta n c e , b u t  local c irc u la tio n  an d  
o x y g en a tio n  m ay be in v o lv ed  as well. A cid  M PS em bedded  in a n d  ch em ica lly  
b o u n d  to  p ro te in s  c o n s titu te  the  m o st im p o r ta n t  com ponent o f  th e  in te r 
s titia l g ro u n d  su b s ta n c e . T he connective  tis su e  has b o th  s ta tic  a n d  d y n am ic  
fu n c tio n s ; i t  p lays an  in d ep en d en t ac tiv e  ro le  in m etabolism . F a r  fro m  being  
a m ere s to rehouse  o f flu id s , th e  e x tra c e llu la r  c o m p a rtm e n t a c tiv e ly  p ro m o te s  
th e  flow  o f in te rce llu la r  f lu id  tra n sp o rtin g  (),,, CO., an d  th e  m etabo lic  p ro d u c ts . 
T his flow  is m a in ly  d e te rm in ed  by  c irc u la to ry  cond itions, colloid a n d  h y d ro 
s ta tic  p ressu re, c ap illa ry  p e rm eab ility  a n d  th e  p H . P e rm eab ility  dep en d s 
largely  on th e  co n d itio n  o f the  b a se m e n t m e m b ra n e  com posed o f  a c id  M PS. 
Its p o ly m eriza tio n , w a te r  co n ten ts  a n d  gel-sol cond ition  d e te rm in e  th e  size
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a n d  p e rm e a b ility  o f th e  cap illa ry  m u ra l p o res. H yalu ro n id ase  a n d  o es tro g en , 
fo r in s ta n c e , increase p e rm e a b ility . Besides a c id  also  n eu tra l MPS are  c o n ta in e d  
in  th e  connective  tissu e . E v e ry  cell o f th e  o rg an ism  contains m ore o r less 
m u c o p ro tc in . T he fa c t t h a t  n e u tra l M PS m o s tly  occur in tissues w ith  a poor 
b lo o d  su p p ly  (cartilag e , v itre o u s , card iac  v a lv e s)  has led  to  th e  conclusion  
th a t  b ra d y tro p h ia  an d  an aero b ic  glycolysis a re  responsib le  for th e ir  fo rm a tio n . 
I t  h a s  b een  fo u n d  [1, 33] t h a t  th e  f irs t e ffect o f  m o d era te  hypox ia  on  b ra d y -  
tro p h ic  tissues is th e  p ro d u c tio n  of acid  M PS, a phenom enon of a d a p ta t io n . 
W ith  increasin g  h y p o x ia , m etabo lism  re tu rn s  from  aerobic to a n a e ro b ic  
g ly co ly sis ; a fu r th e r  decrease of th e  o x y g en  su p p ly  induces processes of 
d e g e n e ra tio n  a n d  gives rise  to  th e  accu m u la tio n  o f  n e u tra l M PS, a p h en o m en o n  
th a t  h a s  been verified  h isto log ically  in cases o f  p u lm o n a ry  tu b ercu lo se , m ouse 
c a n c e r a n d  cru ra l u lcer. M ucopo lysaccharides so produced  are re m o v e d  via  
th e  d is te n d e d  ly m p h  vessels, an d  th e  level o f  M PS rises in th e  se ru m  a t  th e  
sam e  tim e . L e t t e r e r  [36] ascribes an  ac tiv e  ro le  to  acid m u copo lysaccharides 
in  b o th  anabo lic  a n d  ca tab o lic  processes.

F o r th e  co rrec t in te rp re ta t io n  of th e  p re s e n t  resu lts , we have  to  to u c h  
u p o n  th e  effect o f oestrogens on angiogenesis. M a r k e e  [41], s tu d y in g  th e  
b e h a v io u r  of en d o m etria l tissu e  tra n sp la n te d  to  th e  an te rio r cham ber o f  fem ale  
m o n k e y s , has show n th a t  an g io a rch itec to n ic  en d o m e tria l processes o ccu rrin g  
in  th e  course of th e  m e n s tru a l cycle are due to  changes in the  o estrogen  level. 
O estro g en s p ro m o te  angiogenesis, while th e ir  50 p er cen t d im in u tio n  in d u ces  
v a so c o n s tr ic tio n , congestion , hypox ia  a n d , f in a lly , the  m en stru a l cycle  are  
due  to  changes in th e  oestrogen  level. O estrogens p rom ote  angiogenesis, w hile  
th e ir  50 p er cen t d im in u tio n  induces v a so c o n s tr ic tio n , congestion , h y p o x ia  
a n d , f in a lly , th e  m e n s tru a l d ischarge of b lood. E n d o m e tria l blood flow  g ra d u a lly  
in c rea se s  d u rin g  th e  phase  o f p ro life ra tio n , reach es  a m ax im um  a b o u t th e  
tim e  o f  o v u la tio n , rem ain s u n ch an g ed  in th e  s e c re to ry  phase, d im in ishes r a p id ly  
b e fo re  m e n s tru a tio n , w h e rea fte r  a s ta te  o f  p re s ta s is  ensues. A cco rd in g  to  
D e  B r u x  a n d  B o r y  [12], oestrogens p ro m o te  m itosis  in the  rip en in g  o f  cells,
i.e. th e ir  d ev e lopm en t in to  superfic ia l cells.

O u r in v es tig a tio n s  h av e  show n th a t  th e  a m o u n t of glycogen in th e  v ag in a l 
e p ith e liu m  is la rg es t a t  th e  tim e  of acu te  h y p e ra e m ia , under th e  fa v o u ra b le  
c irc u la to ry  cond itions in  th e  p e rio v u la to ry  p e r io d  a n d  in the  sec re to ry  p h ase . 
E n d o m e tr ia l  glycogen reaches its  h ighest level in  th e  secreto ry  ph ase  an d  in 
p re g n a n c y . A cid M PS are  p re sen t d u ring  th e  en tire  cycle; th e ir  a m o u n t 
(esp ec ia lly  in th e  g ro u n d  su b stan ce ) is la rg e s t a b o u t the  tim e of o v u la tio n . 
N e u tra l  M PS reach  a p eak  in  th e  second h a lf  o f  th e  secre to ry  ph ase ; ev en  th e  
p e r i tu b u la r  ly m p h  spaces o f th e  en d o m etriu m  a re  engorged w ith  th e m . In  th e  
v a g in a l ep ith e liu m  th e y  m o stly  accu m u la te  in  th e  superficial cells, in th e  
la y e r  fa r th e s t  from  th e  c ircu la tio n . The su p e rfic ia l cells of th e  v a g in a  also 
c o n ta in  acid  M PS. D e sq u a m a te d  ep ithe lia l cells lo d g ed  in the  vag ina e n c o u n te r
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com plete ly  ch an g ed  cond itions o f  m etabo lism . B esides glycogen also  ac id  
a n d  n e u tra l M PS arc  p o lym erized  in th e ir  c y to p la sm . These are th e  d o m in a n t 
su b stan ces in  th e  cells of lay e r 3a as well, w hereas th e  cells of lay er 3 (especially  
tho se  of lay e r 3b) co n ta in  h a rd ly  a n y th in g  h u t  g lycogen , a phenom enon  sh o w 
ing th a t  d e ta c h e d  cells in th e  v ag in a , d ep riv ed  o f  c ircu la tion , are  com pelled  
to  follow  th e  an aero b ic  w ay  o f m etabo lism .

The enzym e reac tions ex am in ed  in th is  s tu d y  [»lay a sign ifican t ro le in 
vario u s m etabo lic  processes. A cid a n d  a lkaline re a c tio n s , for in stan ce , a re  -  on 
acco u n t o f phosphorus tra n s p o r t  im p o r ta n t  fac to rs  in c a rb o h y d ra te  a n d  
p ro te in  m etab o lism , w hereas i t  is by  th e  tra n s fe r  o f hydrogen  th a t  d e h y d ro 
genase reac tio n s  c o n s titu te  essen tia l fac to rs in th e  sam e m etabolic processes. 
L ike enzym es in general, th e se  too  are  b o th  p o sitiv e  an d  negative  c a ta ly se rs : 
th e y  p ro m o te  now  p o ly m eriza tio n , now  d ep o ly m eriza tio n . R educed  b lood  
c ircu la tion , a d im in u tio n  o f o x y g en a tio n , seem s to  sh ift th e  eq u ilib riu m  to w a rd  
po ly m eriza tio n . I t  th u s  becom es clear w hy v ag in a l glycogen is m ost a b u n d a n t  
d u rin g  the  p ro life ra tiv e  p h ase  a n d  en d o m etria l glycogen during  th e  se c re to ry  
phase , i.e. b o th  a t  th e  tim e o f peak  c ircu la tion . T h e  ex am in ed  enzym e re a c tio n s  
w ere m ost p ro n u n ced  d u rin g  th e  p ro life ra tive  [»hase in th e  vag inal e p ith e liu m , 
a n d  d u ring  th e  secre to ry  phase in th e  en d o m e triu m . Acid p h o sp h a ta se  w as 
p o sitive  on ly  in those ep ith e lia l cells of th e  v a g in a  w hich had  been d e ta c h e d  
from  th e  su p erfic ia l lay e r; all th e  o th e r  reac tio n s w ere nega tive , a p h en o m en o n  
em phasiz ing  th e  im p o rtan ce  o f  ac id  p h o sp h a ta se  in  th e  m etabo lism  o f e p ith e lia l 
cells shed  in to  th e  v ag in a . A lkaline p h o sp h a ta se  a c t iv i ty  was s tro n g est a ro u n d  
th e  tim e  o f o v u la tio n  b o th  in th e  v ag ina l b iopsy  m a te ria l an d  the  e n d o m e triu m . 
A cid p h o sp h a ta se  a c tiv ity  in  th e  vag inal e p ith e liu m  seem ed to  becom e m ore 
in tensive  a t  th e  tim e  of o v u la tio n  an d  a t  th e  te rm in a tio n  of th e  se c re to ry  
phase . I t  w ould  follow  th a t  oestrogen  p ro m o tes  a lk a lin e , p rog reste rone  ac id , 
p h o sp h a ta se  a c tiv ity . I t  is, how ever, m ore p ro b a b le  th a t  the  a c tiv ity  o f  th e  
tw o enzym es is in ten s ified  u n d e r th e  com bined  e ffec t o f b o th  horm ones. T h is 
assu m p tio n  is con firm ed  b y  th e ir  increased a c tiv i ty  in th e  vaginal ep ith e liu m  
a t  th e  tim e o f o v u la tio n , a n d  in  th e  en d o m e triu m  d u rin g  g esta tion . T he in te r 
re la tio n s  o f ho rm ones an d  enzym es are  still m ore  or less terra incognita.

N eu tra l M PS w ere m o st a b u n d a n t d u rin g  th e  second  h a lf of th e  sec re to ry  
phase  p a rtly  in th o se  ep ith e lia l cells of th e  v ag in a l sm ears w hich h a d  o rig in a te d  
from  the  su p erfic ia l layer, a n d  p a r tly  in th e  en d o m e triu m . I f  i t  is a ssu m ed  
th a t  these changes, as well as th e  p ro d u c ts  o f m e tab o lism  depend  on the  degree 
ol b lood  su p p ly , th e  question  arises as to  th e  cause  o f  these c ircu la to ry  ch an g es, 
fu r th e r , w h e th e r all observed  p henom ena a re  exclusively  governed  b y  th e m . 
T he find ings o f M a r k e e  [41] w ho d e m o n s tra te d  th e  effect of o estro g en  on 
th e  en d o m etria l vessels are  convincing . P r i l l  [47], b y  ad m in is te rin g  5 m g 
of o es trad io lp ro p io n a te , in creased  en d o m etria l b lo o d  flow  by  200 p er c en t 
w ith in  30 m in . H a g e r m a n n  an d  V i l l e e  [25, 26] d e m o n s tra te d  in e n d o m e tria l
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h o m o g e n a te  o estro g en -co n d itio n ed  D P N 1 -)- T P N H  —>■ D P N H  -f- T P N + 
sy s te m s  w hich m ay be im p o r ta n t  fac to rs o f  p ro te in  syn thesis . In  a d d itio n  to 
th e  en d o m e triu m , D P N —T P N  tran sd e h y d ro g e n a se  was observed  in  th e  p la 
c e n ta ,  m am m a an d  h y p o p h y s is , b u t n o w h ere  else. This w ould  ex p la in  the  
m e c h a n ism  th ro u g h  w h ich  oestrogens p ro d u ce  th e ir  specific effect on th e  ta rg e t 
o rg a n s . O estrogens m a y  p a r tic ip a te  in  m e tab o lic  processes in  th e  fo rm  of 
co -en zy m es, and  it  is p e rh a p s  b y  being a t ta c h e d  to  inac tive  p ro te in  m olecules 
(w h ich  m ay  occur in  th e  sa id  organs only) t h a t  th e y  tu rn  in to  ac tiv e  enzym es. 
K o n a  [49] holds th a t  b o th  oestrogen a n d  p ro g este ro n e  m igh t be in v o lv e d  in 
M PS m etabo lism .

K r o m p e c h e r  [34] c la im s th a t  th e  b lo o d  level of M PS is g o v ern ed  by 
th e  th y ro id . As far as can  be ju d g ed , th e  sex  horm ones ex e rt, c o n jo in tly  w ith  
th e  n e rv o u s  a p p a ra tu s , a specific  effect u p o n  th e  v ascu la r co n d itio n s o f the  
t a r g e t  o rgans, the  sy n th e s is  of glycogen a n d  M PS, as also on v a rio u s  enzym e 
s y s te m s . C ircu latory  chan g es induced  by  oestrogens m ay give rise  to  new  
c o n d itio n s  of m e tab o lism  in  w hich enzym e sy stem s serving th e  sy n th es is  of 
g ly co g en  an d  MPS, am o n g  o th e rs , show  a b e h a v io u r  com pletely  d iffe re n t from  
w h a t  th e y  d isplay  u n d e r  th e  effect of oestro g en s in  vitro.

I t  is n o t our in te n tio n  to  explain  all m e tab o lic  changes b y  th e  a lte ra tio n s  
o f  c irc u la to ry  cond itio n s. All we feel safe to  claim  is th a t  o estro g en  an d  
p ro g e s te ro n e  p lay  an  im p o r ta n t  role in  th e  syn th esis  o f glycogen a n d  MPS 
c o n ta in e d  in the  e p ith e lia l cells o f th e  v a g in a  a n d  th e  en d o m e triu m .
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E ffe c t  o f  O estrogen  on th e  G lycogen  C o n te n t of the R a t U te ru s . A c ta  E n d o cr. (K b h .) 1 0 ,175 . — 
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Ü B E R  D IE  H ISTO C H E M ISC H E  U N T E R S U C H U N G  D E S  S C H E ID E N E P IT H E L S  U N D  
DES E N D O M E T R IU M S  M IT B E S O N D E R E R  R Ü C K S IC H T  A U F 

D IE  M U K O P O L Y S A C C H A R ID E N

F. TÓTH und R. GIMES

M it Hilfe versch iedener V e r fa h re n  (alkalische u n d  sau e re  P h o sp h a ta se -, aspezifische 
E s te ra s e - ,  S u k z in o -lak to -d eh y d ro g en ase- u n d  D ip h o sp h o p y rid in -n u k leo tid ad iap h o ra se -R eak - 
t io n )  w u rd e n  der Glykogen- bzw . d e r  sauere  und n eu tra le  M P S -G eh a lt de r S cheidenepithel
z e llen  u n d  des E nd o m etriu m s u n te r s u c h t .  Es w urde fe s tg e s te ll t , d aß  die oberfläch lichen  
S ch e id en ep ith e lze llen  u n d  die in  d ie  Scheide desquam ierten  Z ellen  de r e rs ten , zw eiten  u n d  
d r i t t e n  S ch ich t außer G lykogen a u c h  n e u tra le  und  sauere  M u k o p o ly sacch arid en  en th a lte n . 
A n lä ß lic h  de r U n tersuchung  v o n , a u s  B iopsiem ateria l v e r fe r tig te n  P rä p a ra te n  ergab  sich, 
d a ß  d e r  G lykogengehalt der S ch e id en ep ith e lze llen  — n e b s t h o h e m  Ö strogenspiegel — in  der 
P e r io v u la tio n sp h ase  am  h ö c h s ten  l ie g t ;  im  E n dom etrium  w ar d e r  G lykogengehalt dagegen — 
n e b s t  h o h e m  Progesteronspiegel — in  d e r Sekretionsphase a m  h ö c h s ten . Die saueren  M uko
p o ly sa c c h a rid e n  w aren in  sä m tlic h e n  Z yk lusphasen  nach zu w eisen ; in  de r G ru n d su b stan z  des 
E n d o m e tr iu m s  und  der in te rm e d iä re n  S ch ich t des S cheidenep ithels w a r de r M ukopo lysaccharid 
g e h a lt  in  de r P e rio v u la tio n sp h ase  a m  bed eu ten d sten . Im  E n d o m e tr iu m  vollz ieh t sich das 
A n h ä u fe n  de r neu tra len  M u k o p o ly sa c ch a rid e n  — die im  L au fe  d ieser P e riode  se lbst die pe ri
tu b u lä r e n  L ym p h sp alten  au sfü llen  — in  der zw eiten H ä lfte  d e r S ekre tio n sp h ase . Die Vorge
f u n d e n e n  S to ffw ech se lv e rän d eru n g en  w u rd en  m it den v e rsch ie d en e n  P erio d en  des M en stru a 
t io n s z y k lu s  u n d  den B lu tk re is lau fsv e rh ä ltn isse n  des E n d o m e tr iu m s bzw . des Scheidenepithels 
v e rg lic h e n . E s w ird angenom m en , d a ß  d ie au f W irkung der 2 v e rsch ie d en e n  H orm one z u stan d e 
k o m m e n d e n  Glykogen- u n d  M P S -V erän d eru n g en  auch  d ie lo k a le n  K re is lau fsverhä ltn isse  
b e e in flu sse n .

ГИСТОХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ ВЛАГАЛИЧНОГО ЭПИТЕЛИЯ И 
ЭНДОМЕТРИЯ С ОСОБЫМ УЧЕТОМ МУКОПОЛИСАХАРИДОВ

Ф. ТОТ, и Р. ГИМЕШ

Авторы исследовали в эпителиальных клетках влагалища и в эндометрии содер
жание гликогена, кислых и нейтральных мукополисахаридов. Они проводили реакции 
определения щелочной и кислой фосфатаз, неспецифической эстеразы, сукцино-лакто- 
дегидрогеназы и дифосфоридин-нуклеотиддиафосфоразы. Они установили, что поверх
ностные эпителиальные клетки влагалища и клетки 1-го, 2-го и 3-го слоев, десквамиро- 
ванных во влагалище, содержат наряду с гликогеном болыцое количество нейтральных 
и кислых мукополисахаридов. В эпителиальных клетках влагалища, исследованных на 
биоптическом материале, больше всего гликогена обнаруживалось в периовуляционном 
периоде при высоком содержании эстрогенов в крови. В эндометрии же больше всего 
гликогена удалось выявить в секреторной фазе, при высоком содержании прогестерона 
в крови. Кислые мукополисахариды обнаруживаются во всех стадиях цикла. В основном 
веществе промежуточного слоя эндометрия и влагалищного эпителия они в наибольшем 
количестве обнаруживаются в периовуляционном периоде. Количество нейтральных 
мукополисахаридов в значительной степени увеличивается в эндометрии во второй поло
вине секреторной фазы и они полностью заполняют также и перитубулярные лимфати
ческие щели. Обнаруженные авторами метаболические изменения они сравнивали с раз
личными этапами менструального цикла и с условиями кровообращения в эндометрии и 
во влагалищном эпителии. По мнению авторов в изменениях содержания гликогена и 
мукополисахаридов в эндометрии и во влагалищном эпителии роль могут играть также 
и местные факторы кровообращения.

D r. Ferenc T ó t h  

D r. Rezső C i m e s
B u d a p e s t  V III., B aross u . 27., H ungary
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D erm ato log ische  K lin ik  der M ed izin ischen  U n iv e rs itä t in D ebrecen.
D irektor: P rof. D r. L. Szo doray

ENTWICKLUNG UNI) KERATINISATION 
DER MENSCHLICHEN EPIDERMIS MIT BESONDERER 

BERÜCKSICHTIGUNG DER BARRIERE
L .  SZODOUAY und K .  N a G Y - V e ZEKÉNYI

(E ingegangen am  27. F e b ru a r ,  1965)

Die M orphologie der ep iderm alen  B a rr ie re  w urde  m it h istochem ischen V e rfah re n , 
an  der S o h len h au t m enschlicher F o e ten , an  d e r S o h len -, R ücken-, B rust- u n d  B a u c h h a u t  
gesunder P ersonen  u n d  Psoriasis- u n d  E k z e m k ra n k e n  m it der R itte r-O leso n -, G ram -, 
K o n g o ro t-, S u d an  III-  und  S u d a n sc h w a rz fä rb u n g , der Schiffschen P o re ss ig säu re - 
R eak tio n , de r C h ev rem o n t-F réd éricsch en  u n d  B arnett-S e lig m an seh en  R e a k tio n  zum  
N achw eis v o n  S H -G ru p p e n  u n te rsu ch t.

1. Die sog. Ü bergangszone lä ß t sich  in  a llen  K örperreg ionen  m it K o n g o ro t gu t 
fä rb en . A u ßerdem  is t sowohl m it L ip o id fä rb u n g  als auch  m it m o d ifiz ie rte r , so rg 
fä ltig  d iffe ren z ie rte r G ram färh u n g  eine k o m p a k te  S ch ich t im u n te ren  Teil d e r  K e ra t in 
sch ich t zu b eo b ac h te n . Diese Zone is t  P A S -p o sitiv . Von den h isto log ischen  E n z y m 
re ak tio n e n  is t n u r  die unspezifische E s te ra s e a k t iv i tä t  u n m itte lb a r u n te r  d e r Ü b e r
gangszone n achw eisbar. Die S u lfh y d rilreak tio n en  sin d  in der u n teren  P a rtie  d e r K e r a t in 
sch ich t am  au sg e p rä g tes te n . Die Ü b e rg an g szo n e  is t  auch  B aker-positiv , a ls  Beweis 
des fü r  diese S ch ich te  c h arak te ris tisch en  L ip o id -K e ra tin  Kom plexes (Sa k á l l  — Ma l i ).

2. U nsere B efunde  an M enschenem bryonen  s tim m te n  w eitgehend m it Ma to ltsy s  
an  H ü h n e rem b ry o n en  gew onnenen R e su lta te n  ü b e re in . In  der H a u t m en sch lich e r 
E m b ry o n e n  k a n n  m an  e rs t am E n d e  des 5. M o n a ts  eine su p rag ran u lä re  ho m o g en e  
S ch ich t im S tra tu m  corneu in  b eo b ach ten .

3. A u f G ru n d  de r B eobachtungen  k a n n  an g en o m m en  w erden, daß die ep id e rm a le  
B arrie re  auch  m orpholog isch  nachw eisbar u n d  a lle r W ahrschein lichkeit n a c h  a ls eine 
m eh r oder w eniger k o m p ak te  Schicht e ines a u sg e p rä g te n  K era tin lip o id k o m p lex es in 
de r u n te re n  P a rtie  des S tra tu m  corneu in  lo k a lis ie r t is t, u n d  diese b re ite r i s t  a ls  die 
S zakállsche-Schich t.

4. Da in  de r Ü bergangszone E n z y m a k t iv i tä t  (E ste ra se  u n d  P h o sp h a tse )  n a c h 
zuw eisen w ar, w ird in Ü bereinstim m ung  m it Sa k á l l  u n d  Mali angenom m en, d a ß  die 
B a rrie re  eine b iologisch a k tiv e  Schicht d a rs te ll t .
E in  Teil unse rer U n te rsu ch u n g en  w urde  in  d e r M orphologischen A bteilung  des I n s t i 
tu ts  fü r  E x p erim en te lle  M edizin der U n g a risch en  A k adem ie  der W issenschaften  d u rc h 
g e fü h rt;  fü r diese H ilfe sei auch  an  d ieser S te lle  g e d a n k t

E in e  der w ich tig sten  F u n k tio n en  des H a u to rg a n s  besteh t d a rin , d a ß  es 
den O rgan ism us gegen physikalische u n d  ch em isch e  Schäden sc h ü tz t, d . h. 
die d a ra u f  ein w irkenden  S trah len  f i l te r t ,  das m it der H a u t in K o n ta k t k o m 
m ende W asser u n d  die d a rin  gelösten S u b s ta n z e n  gew isserm aßen z u rü c k h ä lt  
und  v e rh in d e rt, d aß  diese in den K re is la u f  gelangen . D ieser fu n k tio n e lle  
F a k to r  gab den F o rsch ern  A nlaß  dazu , das fü r  diese F u n k tio n  v e ra n tw o rtlic h e  
m orphologische E le m e n t u n d  die L o k a lisa tio n  d er B arriere , welche d as  E in 
dringen von W asser u n d  Chem ikalien in d en  O rganism us v e rh in d e rt o d e r 
v e rm in d e rt, festzu legen .

H e i n  se tz te  b e re its  1924 voraus, d a ß  in d e r H a u t eine n eg a tiv  g e lad en e  
S ch ich t das E in d rin g en  von  A nionen v e rh in d e r t  u n d  daß  sich diese S c h ic h t

Acta M orphologien A cadem iae Scientiarum  Hungaricae 14. 1966



8 0 L. SZODORAY und K. NAGY-VEZEKÉNYI

an  d e r G renze zw ischen v e rh o rn te r  u n d  u n v e rh o rn te r  E piderm is b e f in d e t. 
S p ä te r  e rg ä n z te  R o t h m a n  R e i n s  A uffassung  d u rc h  die A nnahm e, d a ß  es sich  
u m  zw ei S ch ich ten  h an d e le , w elche an  d er ä u ß e re n  O berfläche s ta rk  sa u e r , 
in n e n  sch w ach  basisch  reag ie ren . B l a n k  (1953) ex p e rim en tie rte  m it D iffu s io n s
k a m m e rn  u n d  fan d  ein E rlö sch en  der B a rr ie r fu n k tio n  nach  der A blösung  d e r  8. 
L e u k o p la s tsc h ic h t.

S z a k á l l  (1952) k o n n te  m it H ilfe d e r W ölfischen C e llo p h a n p fla s te r
te c h n ik  die B arrie re  als se lb stän d ig e  M em b ran  isolieren. S eitdem  w ird  die 
M e m b ra n  allgem ein  (z. B. M a l k i n s o n  u n d  R o t h m a n  [ 1 ]) in die sog. U bergangs
zone lokalisiert. H isto log isch  b ild e t diese U b erg an g szo n e  die k o m p ak te  K e r a t in 
s c h ic h t ü b e r  dem  S tra tu m  lu c id u m . S t e i g l e d e r  [3, 4] wies a u f  den W id e r
sp ru c h  h in , daß  das S tra tu m  luc idum  bzw . S t r a tu m  com pactum  n u r  in  d er 
H a n d f lä c h e  u n d  der Sohle m orphologisch  n ac h w e isb a r ist. In  der H a u t  d er 
m e is te n  K örp erreg io n en  s in d  u n m itte lb a r  ü b e r  d e r K era to h y a lin sch ich t K e ra 
tin la m e lle n  in  m eistens d is ju n k tie r te m  Z u s ta n d  zu  b eobach ten , w elche die A u f
g ab e  e in e r  S ch u tzsch ich t n ic h t  erfüllen k ö n n e n . N eben dieser a n a to m isc h e n  
B a rr ie re  d ü rf te n  an d ere  B es tan d te ile  der E p id e rm is  die B arrie re fu n k tio n  a u s ü 
b e n . T ro tz  dieses m orpho log ischen  W ied e rsp ru ch s  erfü llt aber die H a u to b e r 
f lä c h e  e in er jed en  K ö rp erreg io n  m ehr oder m in d e r  eine B a rrie re fu n k tio n .

S t e i g l e d e r  b e o b a c h te te  m it M ik ro rad io g ram m en  eine, über d er K e ra to 
h y a lin sc h ic h t gelagerte , schm ale , fü r w eiche R tg -S trah len  gar n ic h t o d e r n u r  
in  e in e m  geringem  G rade durch lässige S c h ic h t. E r  fan d  sie auch  in  so lchen  
K ö rp e rre g io n e n , in  denen  ein  S tra tu m  lu c id u m  n ich t nachw eisbar is t . L a u t  
M a r z u l l i  u n d  T r e g e a r ’s P e rm e a b ilitä ts -U n te rsu ch u n g e n  m it ra d io a k tiv e m  
T r i-n -p ro p y lp h o sp h a t m ü ß te n  w ir a n n e h m e n , d aß  außer der SzAKÁLLsehen 
S c h ic h t au ch  an d ere  E p id e rm issch ich ten  e ine  B arrie rfu n k tio n  au sü b e n .

E in  F a k to r  der Barrierefunktion is t  d ie  K éra tin isa tio n  der E piderm is. 
In trau terin  is t dieser V organg  noch unvollkom m en, wie das sowohl m orpholo
g ische als au ch  h istochem ische  B efunde bew eisen . Ma t o l t s y  u n te rs u c h te  
d en  A b la u f  der K é ra tin isa tio n  in der H a u t vo n  6 20 täg igen  H ü h n e re m b ry o -
n e n , an m it H äm atoxylin-E osin  g efärb ten  Paraffinschnitten und  a u c h  m it 
d e r  BARNETT-SELiGMANschen S u lfh y d ry l-R e a k tio n . N ach diesen U n te r s u c h u n 
gen  ze ig te  sich die K é ra tin isa tio n  d. h. d ie  a n  S H -R ad ik a len  re iche  K e r a t in 
s c h ic h t, e rs t in  der M itte  des em b ry o n a len  L ebens. S tab ilisiertes, e n d g ü ltig e s  
K e ra t in  w ar e rs t 2 T age v o r der G e b u rt nachw eisbar. Die chem ischen  
U n te rsu c h u n g e n  von  D e m e  u n d  Ga r a z s i  [11] an R atten em b ry o n en  e rg a b e n  a n 
n ä h e rn d  gleiche R e su lta te . U nsere U n te rsu c h u n g e n  an  m enschlichen E m b ry o 
n e n  — w elche w ir s p ä te r  ausfüh rlich  e rö r te rn  w erden gab en  äh n lich e  
E rg e b n is se , wie die von M a t o l t s y  [8]. In  d iesen  E x p erim en ten  w e n d e te n  wir 
d ie G ra m fä rb u n g  an , da n ach  S z o d o r a y s  (1931) früheren  U ntersuchungen , 
d ie  die H y p o th ese  U n n a s , daß  die K é ra tin is a tio n  in  den u n te re n  Z e llre ihen  
a n fä n g t ,  zu  b es tä tig en  scheinen, eine aufw ärts graduierte G ra m p o s itiv itä t  der
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T onofib rillen  nach w eisb a r is t (A bb. 1), die als b eg innende K é ra tin is a tio n  
angesehen  w erden  k a n n . N ach den m eisten  A u to ren  (Ca r r u t h e r s , D e r k s e n , 
S e l b y , R u d a l l , S t o u g h t o n , F l e s c ii  u n d  V a n  S c o t t ) la n g t  die K é ra tin is a tio n  
in d er B asa lsch ich t an . Die T onofib rillen  u n d  in te rze llu lä ren  B rü ck en  s ind  
Y o rstad ien  des fib rösen  K era tin s .

N eben der K é ra tin isa tio n  sp ielt bei d er A usb ildung  der B a rrie re fu n k tio n  
noch ein , die P e rm e a b ilitä t v e rm in d ern d er F a k to r , der L ipo id g eh a lt der oberen  
Z ellsch ich ten  der E p iderm is eine Rolle. S z a k á l l  [13] sch re ib t a u f  G ru n d  seiner 
F u n k tio n su n te rsu c h u n g e n : »Die A u to ren  n eh m en  an , d aß  das R o h k e ra tin  
eine M atrix  b ild e t, in der die L ipoide d u rc h  einen  u n b e k a n n te n  M echan ism us

Abb. 1. K e ra to h y a lin k ö rn e r  u n d  Ilbergangszone  in  m ensch licher S o h len h au t. G ra m fä rb u n g

fest e in g e b e tte t sind  u n d  d aß  diese ih re rse its  den  W a sse rd u rc h tr itt  b e s tim 
men«. Bei der U n te rsu ch u n g  der P e rm e a b ili tä t  scheinen die h isto log ischen  
U n te rsu ch u n g en  ü b er den  L ipo idgeha lt seh r w ich tig  zu sein, da die chem ischen  
U n te rsu ch u n g en  keinen  sicheren A ufsch luß  ü b e r die genaue L o k a lisa tio n  d er 
L ip o id sch ich t geben. M ali  [10] fü h rte  (1956) au sg ed eh n te  F u n k tio n s u n te r 
suchungen  in d ieser R ich tu n g  du rch . E r s te llte  fest, daß  an  der B arrie rezo n e  
die F e tte  (C holesterin) gem einsam  m it dem  k o m p a k te n  K e ra tin  die D iffusion  
der W as-serm olekü le  d u rch  diese M em bran  v e rh in d e rn . Die so g en an n te  M a l i - 
S ch ich t lieg t o ffensich tlich  u n te r  der SzAKÁLLschen Schich t.

W ir fü h rte n  bei einigen Foeten  die Ü bergangszone an zeigenden  h is to - 
chem ischen  U n te rsu ch u n g en  durch .
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M ethoden

A n  d e r Soh lenhau t frisch  v e rs to rb e n e r  2 — 9 m o n a tig e r F o e ten  w u rd en  teils in e in g e b e tte 
te n ,  te i ls  in  G efrie rsch n itten  fo lgende  F ä rb u n g e n  u n d  R e ak tio n en  d u rch g efü h rt: H ä m a to x y lin -  
E o s in , C re sy lv io le tt, R itte r-O leso n  (H y a lu ro n id a se  u n d  V erd au u n g sk o n tro lle ), G ram -, K o n 
g o ro t- ,  S u d a n  III- , u n d  S u d a n sc h w a rz fä rb u n g , d ie L illiesche, d ie P eressigsäure-S chiff- 
R e a k tio n , d ie C hevrem o n t-F réd éricseh e , B a rn e tt-S e lig m an sch e  u n d  die B akersche  R e a k tio n  
sc h lie ß lic h  den  SH -N achw eis.

D iese  R eak tio n en  fü h r te n  w ir  a u ch  a n  n o rm aler Sohlen-, R ü ck en -, ß ru s t - ,  B au ch - u n d  
S c h e n k e lh a u t  aus, und  auch  an  P a p e ln  v o n  P soriasis u n d  E kzem . M it dem  K ry o s ta t  w u rd en  
d ü n n e  S c h n itte  fü r S u cc in o d eh y d ro g en ase , a lka lische  u n d  säu rep h o sp h a ta se  A z o fa rb s to ff  
n a c h  V a dá sz  u n d  n ich t-spezifische  E s te ra se  (nach  D a v id -O rste in ) v e rfe rtig t.

E rgebnisse

1. In  der u n te rsu c h te n  S o h len h au t fie len  die v o r dem  4. M onat fü r  die
B a rr ie re  ch a rak te ris tisch en  h is tochem ischen  R eak tio n en  n eg a tiv  aus u n d  
eb e n so  feh lte  die K e ra tin sc h ic h t. T onofib rillen  w aren zu erst im 3 4. M onat
w a h rn e h m b a r . Im  4. M onat e n ts te h t  in der H a u t der F o e ten  an  der O berfläche  
d e r E p id e rm is  eine G ram -p o sitiv e  Zone. In  d er H a u t der 4 5 m onatigen  F o e te n
w a r  im  S tra tu m  g ran u lo su m  eine K era to h y a lin k ö rn e lu n g  n achw eisbar. D as 
K e ra to h y a lin  zeigt Hale- (A b b . 2.) u n d  G ra m -P o s itiv itä t, die K e ra tin sc h ic h t 
is t  m it  K o n g o ro t, G ram  u n d  P A S  fä rb b a r . Bei ä lte ren  F o e ten  w aren  G ram - u n d  
K o n g o -P o s itiv itä t v e r s tä rk t  u n d  in  der u n te re n  P a rtie  der K e ra tin sc h ic h t 
lo k a lis ie r t .  L ip o id färbungen  w aren  vom  5. M o n a t an  po sitiv . U nsere E rg eb n isse  
in  H  in b lic k  a u f  SH s tim m te n  m it denen v o n  M a t o l t s y  übere in , der in H ü h n e r 
e m b ry o n e n  die S H -G ruppen  e tw a  in  der M itte  des em b ry o n a len  Lebens v o rfan d  
u n d  e r s t  sp ä te r  höhere K o n z e n tra tio n e n  nachw eisen  k o n n te . In  den so b e 
h a n d e l te n  em bryonalen  H a u ts c h n it te n  k an n  m an  im  allgem einen im 5 — 6. 
M o n a t eine hom ogene su p ra b a sa le  K e ra tin sc h ic h t b eo b ach ten , die ein  V o r
s ta d iu m  der m orphologischen  B a rrie re  sein d ü rf te . Diese m orphologische S ch ich t 
k a n n  m a n  besonders in  den m it  K o n g ro t u n d  n a c h  G ram  b eh an d e lten  S c h n itte n  
g u t b e o b a c h te n  (A bb. 3).

2. In  norm alen  H a u tg e b ie te n  e rw ach sen er P ersonen  sind  die K e ra to - 
h y a lin k ö rn e r  m it der R i t t e r  ObESONschen F ä rb u n g  H ale-p o sitiv , die K e ra 
t in s c h ic h t  e rg ib t in ih rer ganzen  B reite  eine positive P A S -R eak tio n . E in  
ä h n lic h e s  B ild zeigen die H a u t  d er Sohle, P so riasis- u n d  E k z e m -H a u t, m it der 
A b w e ich u n g , daß  bei P a ra k e ra to se  das S tra tu m  granu losum  m eistens feh lt.

M it m odifiz ierter G ra m -F ä rb u n g  k a n n  m an  bei so rg fä ltiger D ifferenzie
ru n g , besonders in a k a n th o tisc h e n  G ebieten  die au fw ärts  zunehm ende G ram -P o- 
s i t iv i t ä t  der T onofibrillen g u t  b eo b ach ten , w elche m it den K e ra to h y a lin k ö rn e rn  
e in e  s ta rk  positive S ch ich t d e r  Ü bergangszone b ild e t. E ine schw ache F ä rb u n g  
is t  h ie  u n d  da auch  im  S tr a tu m  d is ju n c tu m  a u ffin d b a r. Die P o s it iv i tä t  des 
K e ra to h y a lin s  u n d  der Ü bergangszone  an  der Sohle is t in der n o rm alen  H a u t 
in  d e r  M ehrzahl der F älle  zu  b eo b ach ten . In  dem  p a ra k e ra to tis ch e n  K e ra tin
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Abb. 2. H ale-positive  K e ra to h y a lin k ö rn e r  in  d e r H a u t von 5 M onat a lte n  F o e te n  
Abb. 4. Die sog. »U bergangszone« w ird m it d e r B akerschen  R eak tio n  g u t s ic h tb a r  

Abb. 5. S ta rk e  sau re  P h o sp h a ta se -R ea k tio n  in de r H o rn sch ich t. VadaszscIic A z o fa rb s to ff  -
M ethode
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«1er P soriasis sowie bei E kzem  ist dagegen die R e a k tio n  schw ach. D ie G ram - 
P o s itiv itä t  der b esch rieb en en  S tru k tu re n  is t  n a c h  F lesch s  [5-7] u n d  unseren  
U n te rsu ch u n g en  w ahrschein lich  durch  die A nw esen h e it sauerer M u k o p o ly sac
charide  b ed in g t. N ach  eigenen U n te rsu ch u n g en  lä ß t  sich die Ü bergangszone am  
besten  m it der K o n g o ro t-F ä rb u n g  in d er H a u t der Sohle und  au ch  a n d e re r  
K ö rpergeb ie te  d a rs te llen . Bei P a rak e ra to s is  f ä r b t  sich dagegen die K e ra t in 
sch ich t in ih rer ganzen  B reite  kaum  o d er g a r n ich t. Es ist u n b e k a n n t, an 
w elche S u b stan zen  sich  die K o n g o -P o sitiv itä t k n ü p f t .  A lte histo logische H a n d 
bücher bezeichnen  sie als eine elektive E le id in -F ä rb u n g .

M it den  v e rw en d e ten  L ipo id färbungen  besonders mit der B ak erseh en

ibb. 3. K o n g o ro tfä rb u n g  in der H a u t  von  3 M onat a lten  Foeten

R eak tio n  ist die Ü bergangszone in d e r g esu n d en  E piderm is (A bb. 4) u n d  
S o h len h au t gu t d a rs te llb a r , auch  die O b erfläch e  d er K era tin sch ich t f ä r b t  sich 
in der Regel po sitiv . Bei Psoriasis und  E k z e m  f ä rb t  sich die K e ra tin sc h ic h t 
m eistens in ih re r ganzen  B re ite . Mit der B ak e rsch en  R eak tion  ist ein  T eil der 
К  e ra to h y a lin k ö rn  er n achw eisbar.

In  der B arrie re  lassen  sich S H -G ru p p en  in  g roßer Menge u n d  bei P a ra -  
k e ra to se  in  der g anzen  K era tin sch ieh t nach w eisen .

Von den u n te rsu c h te n  E nzym en is t die A k tiv itä t  der S u cc in o d eh y d ro - 
genase in der B asa lsch ich t am  s tä rk s te n ; sie v e rm in d e r t  sieh in R ic h tu n g  der 
H o rn seh ich t, u n d  h ö rt in der Ü bergangszone auf.

D er N achw eis d er alkalischen  P h o sp h a ta se -A k tiv itä t  m it der V a d ä s z - 
schen M ethode gelingt n u r  im  K a p illa r-E n d o th e l.
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D ie sau re  P h o sp h a ta se -A k tiv itä t  is t in  d e r sog. Übergangszone am  stärksten  
(A bb . 5). In  der p so ria tisch en  u n d  ek zem a tisch en  E piderm is e rs tre c k t sie sich  
ü b e r  die ganze H o rn sch ich t.

D ie unspezifische E s te ra se  — n ach  e in ig en  A utoren  teilw eise L ip a se — 
a k k u m u lie r t  sich u n te r  d er Ü bergangszone. D ie H ornsch ich t g ib t n u r  bei 
P a ra k e ra to s e  eine positive  R eak tio n .
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D E V E L O P M E N T  A N D  K E R A T IN IZ A T IO N  O F  T H E  HUM AN E P ID E R M IS  W IT H  
SP E C IA L  R E F E R E N C E  TO  T H E  B A R R IE R S

L. SZODORAY und KLÁRA NAGY-VEZEKÉNYI

T h e  m o rpho logy  of th e  ep id e rm a l b a rrie rs h a s  b een  stu d ied  by  h is to ch em ica l m e th o d s  
in  th e  sole o f h u m an  foetuses, th e  sole, back , ch es t a n d  abdom en of h e a lth y  p e rso n s  an d  
p a t ie n ts  su ffe rin g  fro m  psoriasis a n d  eczem a, a p p ly in g  R i t t e r —Oleson’s, G ram ’s, Congo red , 
S u d a n  I I I  a n d  S udan  b lack  dyes th e  periodic  acid  re a c tio n  o f Schiff, th e  C h ev rem o n t— F réd é ric  
a n d  th e  B a r n e t t—Seligm an re ac tio n s  for th e  d e m o n s tra tio n  of SH groups.

1. T he so-called tra n s ito ry  zone s ta in s  well w ith  Congo red in  every  sk in  a rea . L ip id  
s ta in in g  a n d  th o ro u g h ly  d iffe re n tia te d  G ram  s ta in in g  re v ea l a com pact zone in  th e  low er 
p a r t  o f  th e  k e ra tin  lay er. T his zone is PA S-positive. O f th e  enzym es only a non-specific  e s te ra se  
a c t iv i ty  is d em o n s trab le  im m ed ia te ly  u n d e r th e  t r a n s i to ry  zone. The su lp h h y d ry l re a c tio n  is 
th e  m o s t m ark e d  in th e  low er p a r ts  of th e  k e ra tin  la y e r . T h e  tran s ito ry  zone is B a k e r-p o s itiv e , 
p ro v in g  th e  presence of th e  l ip id -k e ra tin  com plexes c h a ra c te ris tic  of these  lay ers  (Sz a k á l l — 
Ma l i ).

2. T he re su lts  fo r h u m an  em bryos were in  close ag reem en t w ith  th o se  o b ta in e d  by  
Ma t o l t s y  fo r chick  em bryos. In  th e  s tra tu m  co rn eu m  of  h u m a n  em bryos i t  is la te  in  th e  5 th  
m o n th  th a t  a  su p ra g ran u la r  hom ogeneous lay e r a p p e a rs .

3. I t  is concluded t h a t  th e  ep ide rm al b a r r i e r  is demonstrable  m orpholog ica l ly ,  a n d  
a p p a r e n t l y  loca ted  as a more o r  less com pact  k e ra t in - l ip id  layer in th e  lower  p a r t  o f  the  
s t r a t u m  c orneum ,  a n d  t h a t  i t  is b ro ad er  t h a n  Sz a k á l l ’s layer.

4. A s in  th e  tra n s ito ry  zone esterase  and  p h o sp h a ta s e  a c tiv ity  could be d e m o n s tra te d , 
in  a g re e m e n t w ith  Sza káll  a n d  M ali  i t  is be lieved  t h a t  th e  b a rrie r is a b io log ically  ac tiv e  
lay e r.

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

Л. СОДОРАИ и к. н а д ь -в е з е к е н ь и

Авторы исследовали при помощи гистохимических методов морфологию эпидер
мального барьера на коже подошвы человеческих зародышей, на коже подошвы, спины, 
груди и живота здоровых лиц и больных с псориазом и с экземой. Исследования проводи
лись при помощи окраски по Риттеру—Олесону, Граму, окраски с конгоротом, Судан 
III и судановым черным, реакции Шиффа, реакций Шевремон— Фредерика и Барнета— 
Зелигмана для выявления групп SH.
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1. Так называемая переходная зона во всех областях тела хорошо окрашивается 
конгоротом. Кроме того как при помощи липоидной окраски, так и с видоизмененной, 
тщательно дифференцированной окраской по Г раму наблюдается компактный слой в 
нижней части кератинового слоя. Эта зона ПАСК-положительная. Из гистологических 
энзимных реакций непосредственно под переходной зоной можно выявлять только актив
ность неспецифической эстеразы. Сульфгидрильные реакции наиболее выраженные в 
нижней части кератинового слоя. Переходная зона дает также п положительную реак
цию по Бекеру, что является доказательством характерного для этого слоя липоид- 
кератинового комплекса (Сакалл— Мали).

2. Наши данные, полученные на человеческих зародышах, в значительной мере 
совпадали сданными, полученными Матольчи на куриных зародышах. В коже человече
ских зародышей только к концу 5-го месяца можно наблюдать супрагранулярный гомо
генный слой в роговом слое.

3. На основании наблюдений можно предполагать, что эпидермальный барьер 
локализован и в морфологически выявляемой форме и по всей вероятности как более 
или менее компактный слой выраженного кератин-липоидного комплекса в нижней 
части рогового слоя н что этот барьер шире, чем слой Сакалла.

4. Так как в переходной зоне можно было выявить энзимную активность (эстеразы 
и фосфатазы) авторы предполагают в согласии с Сакаллом и Мали, что барьер представ
ляет биологически активный слой.

D r. L ajos S zo d o k a y

D r. K lá ra  N a g y -V e z e k é n y
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F orschungsstelle  der A kadem ie  de r R um änischen  V o lk srep u b lik . In s t i tu t  fü r  A n a to m ie  
(V orstand : P rof. I)r. T . M a r o s ) der M edizinischen u n d  P h a rm azeu tisch en  H o ch sch u le ,

T irgu-M ures

ÜBER GEWISSE EIGENTÜMLICHKEITEN 
DES PHYSIKALISCHEN ABBAUS DER MARKSCHEIDE 

BEI DER EXPERIMENTELLEN ALLERGISCHEN 
ENZEPHALOMYELITIS DER HLNDE

L. L á z á r , T. Maros  und I b o l y a  K ovács  

(E in g eg an g en  am  5. A pril, 1965)

Bei der ex p erim en te llen  allergischen E n zep h a lo m y elitis  (E A E M ) der H u n d e  
w urden  m it lich tm ik ro sk o p isch en  M ethoden d ie e inzelnen T ypen des ph y sik a lisch en  
A bbaus der M arkscheide u n te rsu c h t. A uf G rund  d e r an fäng lichen  Zeichen de r D ém y éli
n isa tion  k o n n ten  drei T y p en  u n tersch ied en  w erden :

1. Die p rim äre  D ém yélin isa tion , die d u rc h  B ild u n g  von M yelinkugeln e n ts te h t ,  
und  bei w elcher eine A n tig en -A n tik ö rp e r-R e a k tio n  die A bw icklung der M yelinperiode 
von der A ußenfläche  de r M arkscheide v e ru rsac h t.

2. Die sek u n d ä re  D ém yélin isa tion , die m it E ro sio n en  der O berfläche  de r ge
quollenen M arkscheide b e g in n t, und welche d u rc h  E in w irk u n g  der a k tiv ie r te n  R E S - 
E lem en te  in m it M on o n u k leären  in filtr ie rte n  G e b ie ten  hervorgerufen  w ird.

3. Die sek u n d ä re  D ém yélin isa tion , die m it Z acken- und S tach e lb ild u n g en  an  
der O berfläche  der g eq uo llenen  M arkscheide b e g in n t, u n d  welche m it der S ch äd ig u n g  
und M obilisation  der O ligodendrog lia-E lem en te  in  Z usam m enhang  zu b rin g en  ist.

Die genannten Typen kommen meistens vermischt, allein nur selten vor. Das 
mikroskopische Bild macht die WALLERsche Degeneration, die infolge der Neuronen
schädigungen entsteht, noch verwickelter.

E s k o n n te  ke in  g ru n d leg en d er U n te rsch ied  zw ischen der EAEM der H unde  
und der m ensch lichen  m u ltip le n  Sklerose (MS) g e fu n d en  w erden.

Die e ig en tü m lich sten  V eränderungen , die bei E n zep h a litid en  und  E n ze 
p h a lo p a th ien  m it D ém y élin isa tio n  zu stande  k o m m en , w erden durch  den  A bbau  
der M arkscheide und  dessen Folgen v e ru rsach t. O bw ohl sieh m it der D e s in te 
g ra tion  der M arkscheide eine fa s t  u n d u rch sich tlich e  L ite ra tu r  b e sch ä ftig t, k an n  
auch  heu te  noch  n ich t b e h a u p te t  w erden, d aß  alle  P rob lem e der D em yelin isa- 
tion sv o rg än g e  k la rg e leg t w ären . So s te h t es im m er noch  zur D iskussion , ob 
die D ém yélin isa tion  bei d e r m ultip len  Sklerose (M S), u n d  auch bei d er e x p e ri
m entellen  allerg ischen E nzepha lo m y elitis  (E A E M ) vom  p rim ären  oder s e k u n 
dären  C h a rak te r is t fe rn e r, ob bei der E A E M  die zellu läre In f il tra tio n  des 
b e tro ffenen  N ervengew ebes n ach  der D ém y élin isa tio n  e n ts te h t, oder in 
u m g ek eh rte r R eihenfolge — ob die zelluläre In f il tra tio n  an  Stellen d er fokalen  
D em yelin isa tionen  als se k u n d ä re  F o lgeersche inung  zu stan d e  k o m m t, u n d  
schließlich, ob die p rim ä re  u n d  sekundäre  D ém y élin isa tio n  in der p h y s ik a li
schen P hase  des M arksche idenabbaus einen gem einsam en m orphologischen  
C h arak te r h a t. M it den  vorliegenden  U n te rsu ch u n g en  tra c h te te n  w ir die 
o b en erw äh n ten  F rag en  zu  b ean tw o rten  u n d  g leichzeitig  w eitere D a te n  zur 
rich tigen  In te rp re ta tio n  je n e r  m orphologischen  B ilder zu liefern , w elche wir 
in E A E M - M о del 1 vers u e h en  a n  H unden  b e o b a c h te t haben  (M aros  u . M ita rb .,
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1964). W ir such ten  au ch  n a c h  Z u sam m en h än g en  zw ischen den lic h tm ik ro sk o p i
sch en  C h a rak te ris tik a  des D em yelin isa tionsp rozesses, der B ed eu tu n g  d er m it
w irk e n d e n  zellulären E le m e n te  u n d  den T y p e n  der im m unolog ischen  R eak tio n  
b e i d e r  E A E M . Schließlich  verg lichen  w ir a n h a n d  der gew onnenen E rgebn isse  
d ie  m orpho log ischen  E ig en sch a ften  des E A E M  m it der m ensch lich en  MS.

U ntersuchungsm aterial und Methodik

D ie  U n te rsu ch u n g en  w u rd e n  am  G ehirn  v o n  20 erw achsenen  H u n d e n  d u rc h g e fü h rt ,  
d e n e n  n a c h  vo rangehender P e r tu ss is -V ak z in a tio n  fü n ftä g lic h  eine hetero loge G eh irn em u ls io n  
m it  F re u n d s  A d ju v an t in t r a k u ta n  in  die H a u t des G enickes u n d  des R ü ck en s v e ra b re ic h t 
w u rd e . D ie  T iere w urden  n a ch  E rsch e in en  de r neuro log ischen  S ym ptom e in  v e rsch ied en en  
Z e i tp u n k te n  g e tö te t, zur Z eit a ls  es zu  einem  d e ra r tig e n  V ersch lech terung  des A llgem ein 
z u s ta n d e s  gekom m en is t, d aß  e in e  sp o n tan e  V eren d u n g  zu  fü rc h te n  w ar. D ie A n g a b en  der 
M o d e llex p erim en te  w u rd en  b e re its  b ek an n tg eg eb en  (Ma ros , 1964).

D a s  Z en tra ln e rv en sy stem  u n d  gewisse T eile  des p e rip h e ren  N erv en sy stem s w u rd en  in  
1 : 9 F o rm alin lö su n g , die eine H e m isp h äre  in  B ro m fo rin o l fix ie rt. G e frie rp rä p a ra te  w u rd en  
n a c h  LÁzÁRscher (1955) M a rk sch e id en fä rb u n g  oder S ilb e rim p räg n a tio n , P a ra ff in sc h n itte  nach  
N iss l- , M asson- und  H ä m a to x y lin -E o s in  F ä rb u n g  u n te rsu c h t.

Ergebnisse

E s is t eine E ig e n tü m lic h k e it der E A E M , d aß  n ach  jed e r A n tig e n v e ra b 
re ic h u n g  im m er neuere H e rd e  en ts te h e n , bzw . d aß  in einem  Teil d e r ä lte ren  
p e r iv a sk u lä re n  D em y elin isa tio n sh erd en  n eu ere  E x aze rb a tio n en  z u s ta n d e  k o m 
m en  (M a r o s , L á z á r , K o v á c s , 1964).

B ei jed em  T ier s ind  die einzelnen P h a se n  der D ém yélin isa tion  v o n  den 
a n fä n g lic h e n  ex su d a tiv en  p e r iv a sk u lä ren  E rsch e in u n g en  bis zu r G lian a rb en  
b zw . sk lero tischen  H erd en  g u t zu verfo lgen .

D ie F rü h v e rä n d e ru n g e n , d. h. die E rw e ite ru n g  der p e riv a sk u lä ren  R äum e 
u n d  In v a s io n  derselben  d u rc h  h äm a to g en e  E lem en te , das p e rifoka le  O dem  
u n d  die häm atogene In f i l t r a t io n  der N ach b arg eb ie te  sind  n u r m it e iner Q uellung 
d e r M arkscheide v e rg ese llsch a fte t. Diese rev e rs ib le  R eak tio n  der M arkscheide 
w ird  irreversibel u n d  f ü h r t  zu r D ém y élin isa tio n , w enn das N ervengew ebe 
d a u e rn d  oder w iederho lt m it B lu tp lasm a  bzw . E x tra v a s a t  in f il tr ie r t  w ird. 
Im  le tz te re n  Falle w eist die M arkscheide eine u n eb en e  O berfläche au f, n ach h e r 
k o m m t es zur D eso rg an isa tio n  ihres N eu ro k e ra tin g erü s te s , u n d  en d lich  zer
b rö c k e lt  sie sich zu M yelinkugeln .

In  ä lteren , su b a k u te n  H erd en  u n d  in  deren  N ach b a rsch aft v e r lä u f t  der 
M ark sch e id en ab b au  n a c h  d e r h y p ere rg isch en  E x aze rb a tio n  der h is tio -ly m p h o - 
p o ly b la s tisc h e n  In f il tra tio n e n  in  derse lben  W eise en tlang .

D erselbe T yp des p h y sik a lisch en  A b b au s  d er M arkscheide is t au ch  in 
d en  c h a rak te ris tisch en  ch ron isch -g lio tisch en  H erd en  w ah rzu n eh m en , w enn  es 
zu  E x a z e rb a tio n e n  m it e x su d a tiv e n  E rsch e in u n g en  ko m m t. M an s ie h t die
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e igen tüm liche  A bw ick lung-A breißung  d er versch ieden  großen  M yelinkugeln  
von der A ußenfläche der gequo llenen  M arkscheide, bis schließlich  a n  ih re r  Stelle 
n u r eine R eihe  von M yelinkugeln  zu b eo b ach ten  is t (Abb. 1). D ie d iffu se  ak u te  
D ém yélin isa tion  der w eißen S u b s ta n z  der H em isphären  w ird  m e is ten s  du rch  
den g en an n ten  »M yelinkugel-Typ« des physikalischen  M ark sch e id en ab b au s

Abb. 1. N. o p ticu s . Zerfall der M arkscheiden  zu M yelinkugeln . M ark sch eid en färb u n g . V erg r. Ok.:
6 X , O bj.: 24/0,42

Abb. la .  Z erfa ll d e r  M arkscheide zu M yelinkugeln

c h a ra k te ris ie r t (Abb. 2). D er M yelinkugelb ildung  folgend w ird  d as  ganze 
G ebiet von  m it Gliazcllen v e rm isc h te n  G ran u la tio n se lem en ten  ü b e rsch w em m t, 
d. h. den physikalischen  A b b au  d er M arkscheide fo lg t die zellu läre  In f i l t ra t io n .

E ine  D ém yélin isation  is t ab e r auch  an  solchen S tellen zu b e o b a c h te n , 
wo das N ervengew ebe in u m sch rieb en en  p e riv ask u lä ren  H erd en , o d e r diffus 
m it ly m p h o -p o ly b lastisch en  E lem en ten  ü b e rh ä u ft ist. An den  g en a n n te n  
in filtr ie r te n  S tellen , wo der P ro zeß  von  su b a k u te n  C h arak te r is t, k o m m e n  oft 
E rsch e in u n g en  vor, die als E ro sio n en  den äu ß eren  S chich ten  der M arkscheide  
zu deu ten  s in d ; auch d ieser V erän d eru n g en  folgt ein p h y s ik a lisch e r A bbau  
(A bb. 3). D iese D em yelin isa tionsfo rm  ist in  den langen  B ahnen  des G ehirn-
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Stam m es und des R ückenm arkes häufiger, k om m t aber auch in der weißen  
Substanz der Hem isphären vor.

Zw ischen den (a k u te n , su b ak u ten  oder ch ro n isch en ) H erden der w eißen 
S u b s ta n z  der H em isp h ären  f in d e t  man oft eine V erm eh ru n g  der Zeilen von 
O ligodendrog liare ihen , m it Q uellung des Z e llk e rn s  u n d  A nreicherung  des

A bb. 2. N . opticus. E ro sio n en  a n  de r Oberfläche de r g e q u o llen en  M arkscheide. M arkschei
d e n fä rb u n g . Vergr.: O k .: 6 x ,  O b j.:  45/0,65 

Abb. 2a. S c h e m a  des M arkscheidenabbaus d u rc h  Erosionen

Z y to p la sm a s . E n s teh t an d iesen  Stellen eine D ém y é lin isa tio n , so w ird  sie du rch  
“ M y elin fo rtsä tze” , “ M y e lin s tach e ln ” c h a ra k te ris ie r t , w elche sich von der 
A u ß en fläch e  der g eq uo llenen  M arkscheide a b sc h n ü re n  (A bb. 4). Das M yelin 
w ird  von  den N erv en fasern  sozusagen abgerissen . Diese F o rm  des p h y s ik a li
sch en  A bbaus der M ark sch e id en  ist auch  im  O p ticu s-S y stem  eine häufige  
E rsch e in u n g .

M eistens kom m en d ie  gen an n ten  F o rm en  des M arksche idenabbaus v e r 
m isc h t vor, um  so m eh r, d a  sich die a k u te n  e x s u d a tiv e n  H erde m eistens a u f  
so lche  H erde an se tzen , w elch e  einen s u b a k u te n  oder chronischen  P rozeß
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sp iegeln . N och  verw ick e lte r w ird das  B i ld  d a d u rc h , d a ß  n a c h  d i r e k t e r  S c h ä d i 
g u n g  d e r  N e u ro n e n  e in ,  die WALLERsche D egenera tion  b eg le iten d e r M yelin
a b b a u  a u c h  e in se tz t .

Abb. 3. N . opticus. An der gequollenen u n g le ic h m ä ß ig  d icken M arkscheide s in d  »Stacheln«, 
»Zacken« zu b e o b ac h te n . M ark sch eid en färb u n g . V ergr.: Ok.: 6 x ,  O bj.: 45/0,65 

Abb. 3a. Schem a des beg in n en d en  M ark sch e id en ab b au s du rch  »M yelinstacheln« u n d  »M yelin
zacken«

B esprechung

In  der U m gebung  des p e riv a sk u lä ren  en tzünd lichen  H ofes, in  den  diffus 
ö d em atö sen  G eb ieten , u n d  auch an S te llen  d er hypererg ischen  E x a z e rb a tio n e n  
w ird  es k la r, daß  in  jen en  Form en d e r D ém y élin isa tio n , wo d ieser P ro zeß  der 
A k tiv a tio n  der ze llu lären  E lem ente v o ra n g e h t, der m ark sch e id en sch äd ig en d e  
F a k to r  d irek t a u f  das M yelin e inw irk t. D ie F u n k tio n ss tö ru n g  der B lu t-G eh irn - 
B a rrie re  ( L e h o c z k y , 1962, H a l a s y - L e h o c z k y , 1962, S e i t e l b e r g e r , J e l l i n - 
g e r , 1963) e rm ög lich t die E in s trö m u n g  des im  Serum  v o rh an d en en  dem yelin i- 
s ie ren d en  F ak to rs  (A p p e l , B o r n s t e i n , 1964) in  die p e riv a sk u lä ren  Gewebe. 
D er S e ru m fak to r is t von  A n tik ö rp e r-N a tu r  ( N i e d i c k , K u w e r t , 1963), und
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e n ts te h t  infolge der E in w irk u n g  der A ntigene a u f  die R E S -E lem ente  ( B ö h m e , 
1963, 1964). Als A n tig en  fung ie ren  die m it d er he tero logen  G eh irnem ulsion  
e in g e fü h rte n  S u b stan zen  des M yelins (L e v i n e , W e n k , 1963). Die R olle d e r  
als A d ju v a n t in jiz ie rten  M y kobak te rien  oder a n d e re n  G ram negativen  M ik ro 
o rg an ism en  is t n ic h t ganz k la r  (S h a w , A l v o r d , K i e s , 1964). D aß  die a n ti-

A bb. 4. P ó lu s tem p o ra lis . An den  K o n tu re n  der F a se rn  sin d  a n fän g lich e  Zeichen des M a rk sch e i
d e n ab b a u s  d u rc h  E rosionen  u n d  S ta c h e ln  zu  beobach ten  

Abb. 5. N . o p ticu s in dem selb en  Sehfeld . A nfängliche Z eich en  des M yelinabbaus: E ro s io n en  
S ta c h e ln  u n d  M yelinkugelchen  d ie  sich  v o n  der M arkscheide  w egreißen . M ark sch e id en fä rb u n g

O k.: 6 X, O bj.: 24/0,42

M y elin su b stan zen  sich  zu r M arkscheide b in d en , i s t  m it Im m unofluo reszenz- 
m e th o d e n  gut k o n tro llie rb a r  ( F i e l d , R i d l e y , Ca s p a r y , 1963). Die zu r D é m y 
é lin isa tio n  fü h ren d en  A n tig en -A n tik ö rp e r V e rb in d u n g e n  kom m en v e rm u tlic h  
au ch  im  lebenden  O rgan ism us in  ähnlicher W eise z u s ta n d e , wie in der N e rv e n 
g ew eb ek u ltu r . D as Serum  des T ieres m it E A E M , o d e r des M enschen m it MS 
e n th ä l t  solche S u b stan zen , die in v itro  D ém y élin isa tio n  herbeiführen  (S c h a t z , 
A d e l s o n , 1958, B o r n s t e i n , 1963).

D as zu r S ch w an n ze llen -K u ltu r gegebene an ti-S chw annze llen -S erum  lö s t 
z u e rs t die Z ellw and u n d  d e ren  M em bransystem e, u n d  d anach  auch das Z y to -

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966



PHYSIKALISCHER ABBAU DER MARKSCHEIDE 93

p lasm a au f. In a k tiv ie r te s  Serum  h a t  n u r  n ach  Zugabe von K o m p lem en t eine 
ähn liche  W irk u n g  ( P e t t e , P e t t e , 1963). D ieser A n tik ö rp e r is t sc h e in b a r  ein 
L y so lez ith in , der die M arkscheide, die doch  von  Schw annzellen a b s ta m m t, 
a n g re if t ( W e b s t e r , 1957). Ä hnlicherw eise w irk en  au ch  die L e z ith in a se en th a l-  
te n d e n  S toffe, sowie einige S ch langeng ifte , C lo s trid iu m -F iltra t usw . (M o r 
r i s o n , Z a m e c n i k , 1950, W e i l , 1930, W e i l , H e i l b r u n n , 1941). A u f W irk u n g  
der m y e lin d es tru ie ren d en  tox ischen  S toffe k o m m t es zu r D eso rg an isa tio n  der 
d ickeren  d u nk len  L inien zw ischen den M yelinperioden  der M arkscheide  
( B a r t o n , 1962, P e t e r s o h n , 1963). D an ach  zerfallen  die au fgew ickelten  M yelin
p e rioden  zu k leineren  oder größeren M yelinkugeln . A n h an d  der obigen B efunde 
is t d er von u ns b eo b ach te te  M arkscheidenzerfa ll in  M yelinkugeln die Folge 
einer A n tig en -A n tik ö rp e r-W irk u n g . Im  w esen tlichen  h an d e lt es sich  u m  eine 
M yelinolyse, w elche zur axo-m yelin ischen  D issoziation  ( F o g , 1947, 1957) 
fü h r t ,  u n d  als p rim äre  D ém yélin isa tion  zu b e tra c h te n  ist.

D ie an d ere , d u rch  E rosionen  c h a ra k te ris ie r te  Form  des p h y sik a lisch en  
A bbaus der M arkscheide können  w ir als d ire k te  E in w irkung  der ze lügt ;n E le 
m en te  d eu ten . D ieser T yp  e n ts te h t in m it Zellen in filtr ie r ten  Z onen . N ach  
d er M einung von  B u b is  und  L u s e  (1964), sow ie W a k s m a n  u n d  A d a m s  (1955) 
is t die D ém yélin isa tion  zum  E rscheinen  d er m ono n u k leären  Zellen im  N e rv e n 
gew ebe g eb unden , u n d  b eg in n t zu e rs t m it dem  K o n ta k t zwischen H is tio z y te n  
u n d  M yelin. E ine  dem yelin isierende W irk u n g  der R E S -E lem en te  w u rd e  au ch  
von  a n d e ren  A u to ren  b e o b ach te t ( B ö h m e , 1963, W e i n s t e i n , W o o l f  u n d  
M e y n e l l , 1963). J o h n s t o n , G r e e n  u n d  H e a d i n g t o n  (1963) h ab en  n eben  
T u b erk u lo se  u n d  Sarkoidose L eu k o en zep h a lo p a th ien  m it D ém y élin isa tio n  
b e o b a c h te t. D r Ag a n e s c o , G y e r g y a y , P e t r e s c o  u n d  I o n e sc o  (1963) b e r ic h 
te te n  ü b e r  p eriv ask u lä re  D ém yélin isa tion  bei e iner d u rch  re tik u lo h is tio z y tä re  
G ranu lom e ch a ra k te ris ie rte n  E n zep h a litis . D ’A g o s t in o , P e a s e  u n d  K e h n o h a n  
(1963) b e o b a c h te ten  einen Fall von  m u ltifo k a le r  p rogressiver L eu koenzephalo - 
p a th ie  in  den H em isp h ären  u n d  dem  G eh irn s tam m , die sich zur R E S -S y stem - 
E rk ra n k u n g  ansch loß .

U n serer M einung nach  ist der m it E ro sio n en  e inhergehende A b b au  der 
M arkscheide einer d irek ten  E in w irk u n g  der R E S -E lem en te  zuzusch re iben  und  
als solches fü r die su b a k u te  D ém yélin isa tio n  ch a rak te ris tisch .

D er d r it te  D em y elin isa tio n sty p , der in der physikalischen  P h ase  des 
M ark sch e id en ab b au s zu beobach ten  is t, u n d  w elchen die an  der A u ß en fläch e  
d er M arkscheide en ts teh en d en  u n rege lm äß igen  S tache ln  oder Z acken c h a ra k te 
risie ren , d ü rfte  m it einer p rim ären  S ch äd ig u n g  u n d  M obilisation d e r O ligo
d en d ro g lia -E lem en te  e rk lä r t w erden.

M it d ieser A nsich t schließen w ir u ns L u m s d e n s  (1957) B e h a u p tu n g e n  an , 
w onach  die dem  M yelinabbau  v o ran g eh en d e  M yelinquellung m it d er h y p o x i- 
schen o d er an d e rsa rtig e n  S chädigung d er O ligodendrog lia-E lem ente  in Z u sa m 
m en h an g  s te h t. D iese S chädigung d er O ligodendrog lia-E lem ente , die in den
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o sm o tisch en  V erh ä ltn issen  des M yelins eine w ich tige  Rolle spielen, k ö n n en  bei 
d er E A E M , au ch  o hne  T eilnahm e e n tz ü n d lic h e r K om p o n en te , zu r irrev e rs ib len  
M y e lin v e rän d e ru n g en  u n d  D ém yélin isa tion  fü h re n  ( R o i z in , K o l b , 1957). 
D ie S chäd igung  u n d  D ed ifferenzierung  der O ligodendrogliazellen  e rk lä r t diese 
F o rm  des M ark sch e id en ab b au s, w elche tro tz  d er axo-m yelin ischen  D issozia tion  
als se k u n d ä re  D ém y élin isa tio n  zu d eu ten  is t.

Schließlich  k a n n  also in der D ém y élin isa tio n  bei H unden  m it E A E M  
eine p rim äre  u n d  au c h  eine sek u n d äre  D ém y élin isa tio n  eine Rolle sp ielen . 
Bei d e r a k u te n  p rim ä re n  D ém yélin isa tion  is t die zeitige In f iltra tio n  des H erd es 
s e k u n d ä r , im  G eb ie t der su b a k u te n  ze llu lären  In f il tra tio n  haben  wir a b e r m it 
e in e r sek u n d ä ren  D ém yélin isa tio n  zu tu n , bei w elcher der p rim äre  F a k to r  die 
A k t iv i tä t  der R E S -E lem en te  u n d  der G liazellen  is t.

D er A uffassung  L u m s d e n s  (1957), w o n ach  in allen allerg ischen  E nze- 
p h a lo m y e litid en  n u r  sek u n d äre  D ém yélin isa tion  v o rk o in m t, können  w ir also 
n ic h t  vö llig  b e is tim m en .

In  E in v e rs tä n d n is  m it F ogs (1963) B e h a u p tu n g e n  können  w ir zw ischen 
den  D em y elin isa tio n sfo rm en  bei der E A E M  d er H unde und  der m ensch lichen  
MS keine  g rund legenden  U n tersch iede  f in d e n , da in beiden Prozessen d ieselbe 
F a k to re n  w irken  u n d  im  w esentlichen  b eide  a u f  G rund  einer d issem in ie rten  
ze reb ro sp in a len  P e rip h le b itis  en ts teh en .

Die fü r die m enschliche MS c h a ra k te ris tisc h e  herdförm ige oder d iffuse 
p ro g ressiv e  D ém yélin isa tio n  ( H e n n e a u x , 1959) u n te rsch e id e t sich n ich t 
w esen tlich  von jen en  T y p en , die bei der E A E M  des H undes V orkom m en.

K onk lu sio n en

B ei der E A E M  der H unde sind drei T y p e  des M ark sch e id en ab b au s zu 
u n te rsc h e id e n :

1. In  den a k u te n  allerg ischen  H erd en  u n d  an  den S tellen d er h y p e r 
e rg isch en  E x a z e rb a tio n  ze rfä llt die M arkscheide  in  M yelinkugeln. Bei d iesem  
P ro z e ß  k o m m t eine ch a rak te ris tisch e  E rsc h e in u n g  vor: von der A u ß en fläch e  
d er M arkscheide re iß en  sich versch ieden  große M yelinkörnchen u n d  K ü g e l
ch en  ab , w ahrsch e in lich  infolge einer A n tig e n -A n tik ö rp e r-R e ak tio n , die sich 
im  N iv e a u  der M yelinperioden  ab sp ie lt. D iese F o rm  des M ark sch e id en ab b au s 
is t  a ls p rim äre  D ém y élin isa tio n  zu d eu ten , w elche von  einer M obilisa tion  der 
ze llu lä ren  E lem en te  gefolgt w ird.

2. Den su b a k u te n , herd fö rm igen  o d er diffusen zelligen In f il tra tio n e n  
e n tsp re c h e n d  e n ts te h t  eine sekundäre  D ém y élin isa tio n  m it langsam eren  A b lau f. 
F ü r  d iesen  T yp  d e r D ém yélin isa tion  is t es c h a ra k te ris tisch , daß  sie m it E ro 
sionen  der O berfläche d er M arkscheide b e g in n t. Diese E rosionen e n ts te h e n  
info lge der m yelin schäd igenden  W irk u n g  d e r zelligen E lem ente , h a u p tsä c h lic h  
d er R E S -E lem en te .
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3. Den B eginn d e r d ritte n  Form  d er D ém y élin isa tio n  c h a ra k te ris ie re n  die 
M yelin-Z acken oder S tache ln , die sich  von  d e r  A ußenfläche der M ark sch e id e  
w egreißen . Diese eben fa lls  sekundäre  D em y elin isa tio n sfo rm  kann  m an  m it der 
p rim ären  S chäd igung  bzw. M obilisation d e r O lig odendrog lia -E lem en te  in 
Z u sam m en h an g  b rin g en .

Bei der EA E M  der H unde e n ts te h e n  die genann ten  drei D em y elin isa - 
tio n s ty p e n  m eistens gem ischt m it P rä p o n d e ra n z  der einen oder d e r an d e ren  
F o rm . Das h isto log ische Bild kann  n och  v e rw ick e lte r w erden, w enn  zu  den 
e rw ä h n te n  F orm en  gleichzeitig  ein so lch er M arksche idenabbau  h in z u k o m m t, 
der m it der WALLERschen D egeneration  v e rb u n d e n  ist.

Die w esen tlichen  U ntersch iede zw ischen  d er EAEM  der H u n d e  u n d  der 
m ensch lichen  MS s in d  n ich t in den m o rp h o lo g isch en  E ig en tü m lich k e iten , so n 
dern  v ie lm eh r in den A bw eichungen des K ran k h e itsab lau fes  zu su ch en .

L IT E R A T U R

1. A l e u , F . F ., T e r r y , R. D.: (1963) C en tra l P o n tin e  M yelinolysis. A R e p o r t  o f  Tw o 
Cases. A rch . P a th . 76, 140. — 2. Ap p e l , S. H ., B o r s t e i n , M. B.: (1964) T he A p p lic a tio n  of 
T issue C u ltu re  to the  S tu d y  of E x p erim en ta l A llerg ic  E n cephalom yelitis  II. S e ru m  F a c to rs  
R esponsib le  for D em y elin a tio n . J .  exp. Med., 119, 303. 3. Ba rto n , A. A.: (1962) A n  E le c tro n
M icroscope S tu d y  of D eg en era tio n  and R eg en e ra tio n  o f N erve. Brain 85, 799. 4. B e r r y , K.,
O l s z e w s z k y , J . :  (1963) C en tra l Pontine M yelino lysis. A Case R eport. N eurology (M in n eap .) , 
13, 531. -  5. B o r n s t e in , M. B.: (1963) A T issu e -C u ltu re  A p p ro ach  to D em yelinative  D iso rd e rs . 
N at. C ancer In s t .  M onogr., 11, 197. 6. B o r n s t e i n , M. B ., Murray , M. R.: (1958) Serial
O b serv a tio n s  on P a tte rn s  o f G row th, M yelin F o rm a tio n , M aintenance and  D e g en e ra tio n  in 
C u ltu res  of N ew -B orn R a t  an d  K itte n  C erebellum . J .  b io p h y s . biochem . C ytol., 4 , 499. — 7. 
B ö h m e , 1).: (1963) Die experim entelle  »allergische« E ncephalom yelitis . V ersuche  z u  ihre 
M orphologie und P a th o g en ese . I. B isherige E rg eb n isse . M orphologische V e rän d e ru n g e n . 
C learanceversuche  am  re tik u lo en d o th e lia len  S y s tem . B e itr . P a th . A nat., 129, 118. 8. B ö h m e ,
I).: (1964) Die ex p erim en te lle  »allergische« E n c e p h a lo m y e litis . Versuche zu ihre M orpholog ie  
und  P a th o g en ese . II. A k tiv itä tsm essu n g en  am  R E S . M orphologische V erän d eru n g en  im  R E S . 
V ersuche zu r P e rm e a b ilitä t des Antigens. B e itr . P a th .  A n a t. 129, 171. 9. B u b i s , .1. J . ,  L u s e ,
S. A.: (1964) An E lec tro n  M icroscopic S tu d y  o f E x p e r im e n ta l  Allergie E n cep h alo m y elitis  in the  
R a t. A m er. J .  P a th .. 44, 299. 10. D’Ag o s t in o , A. N ., P e a s e , G. L., K e r n o h a n , .1. W .:
(1963) C erebral D em y elin a tio n  Associated w ith  P o ly c y th e m ia  V era. .1. N eu ropath , e x p . N eu ro l., 
22, 138. 11. D ra ga n esco , S., G y erg ya y , F ., P e t r e s c o , A.. I onesco . I.: (1963) E n c é p h a li te
G ran u lo m a to se  R e ticu lo -H is tio cy ta ire . A nn. A n a t. p a th . ,  8, 463. 12. F i e l d , E. .1.. R i d l e y , A.,
Ca s p a r y , E. A.: (1963) S pecific ity  of H um an  B ra in  a n d  N erv e  A ntibody as Show n b y  Im m u n o 
fluorescence M icroscopy. B rit. J .  exp. P a th . 44, 631. 13. F og, T: (1957) N e u ro p a th o lo g ie
R e la tio n sh ip  of M ultip le Sclerosis to Diffuse Sclerosis a n d  o th e r  H um an  L eu co en cep h alo p ath ies . 
(III. ( Congrès In te rn a tio n a l de Neurologie, B ruxelles). 14. F og , T.: (1963) D en d issem in e red e  
skleroses p a ta lo g isk -an a to m isk e  grundlag . P e r ip h le b itis  cerebro-sp inalis et re tin ea lis  U g esk r. 
L aeg . 125/38, 1291. 15. F og, T.: (1963) O n th e  V essel-P laque  R elations in th e  B ra in  to
M ultip le Sclerosis. A cta  n eu ro l. scand. 39 /suppl. 4, 258. 16. Gonatas , N. K.,  L e v i n e , S.,
Sh o u l s o n , R .: (1964) P hag o cy to s is  and R e g e n e ra tio n  o f M yelin in an E x p e rim e n ta l L eu k o - 
e n ce p h a lo p a th y . An E le c tro n  M icroscopic S tu d y . A m er. J .  P a th . 44/4, 565. 17. I I a l a s y -
Le h o c z k y , M.: (1962) A llergie e t sclerose en p laq u es. A c ta  neuro l. belg. 62, 732. 18. H e n -
n e a u x , .1.: (1959) R e la tio n s n eu ropatho log iques de la sc lérose  en plaques de l’en cé p h a lo m y é lite  
»allergique« ex p érim en ta le  e t de certaines en ce p h a lo m y e lite s  hum aines. A cta  n e u ro l. belg. 
59, 702. 19. J o h n s t o n , R. F ., Gr e e n , R. A., H e a d i n g t o n , J .  T .: (1963) P ro g re ss iv e  M ulti
focal L eu k o e n cep h a lo p a th y . Arch, in te rn . M ed. 111/3, 353. 20. L ázár, L.: (1964) B e iträ g e  zu r
m o rp h o -fu n k tio n ellen  A uslegung der S tru k tu re le m e n te  de r p e ripheren  M yelinscheide. T h ese  in 
ru m ., B u k a res t. 21. L á zár , L.: (1955) Neue M ethode zu r F ä rb u n g  der M yelinscheide. (R u m . 
T ex t)  C om un. A cad. ro m . 5, 1789. 22. L e h o c z k y , T .: (1962) D éveloppem ent des rech e rch es

Irin Morphologien Academiae Scientiarum Hungaricae 14. 1966



96 L. LÁZÁR, T. MAROS und I. KOVÁCS

a n a to m o p a th o lo g iq u e s  su r la sclérose en p laques, de 1957 à 1960. A cta neurol. belg. 62, 719. —
23. L e v i n e , S., W e n k , E . J . :  (1963) E n cep h alito g en ic  P o te n c ie s  of N ervous S y s te m  T issu es.
P ro c . Soc. exp . Biol. (N . Y .) 114, 220. — 24. L u m s d e n , C.: (1957) The N eu ro p ath o lo g ica l R e la 
t io n s h ip  of M ultip le  Sclerosis to  H u m a n  and E x p e r im e n ta l  A noxic  and Toxic L eu co en cep h alo - 
p a th ie s . ( I II . Congrès In te rn a tio n a l  de N eurologie, B ru x e lle s) . A cta  Med. belg. 27. — 25. 
Ma r o s , T .: (1964) E x p e rim en te llm o d e ll zum  S tu d iu m  d e r  Sym ptom ato log ie  u n d  de r m o rp h o 
lo g isch en  V e rän d e ru n g en  de r a llerg ischen  E n ce p h a lo m y e litis  des H undes. (R u m . T e x t)  S y m 
p o sio n : »Modele ex p erim e n ta le  ín  m edicinä«. B raso v . — 26. M aros , T., Lázár , L., K ová cs , V. 
V ., F ó r i k a , M. M.: (1964) U b e r d as H ervorru fen  d e r ex p e rim e n te llen  allerg ischen E n c e p h a lo 
m y e litis  bei H u nden . W issen sch aftlich e  Session d e r F o rsch u n g s te lle  der A kadem ie de r R u m ä 
n isc h en  V. R ., 1964 (R u m . T e x t)  (T irgu-M ures, 25 dec.) — 27. Maros , T ., L ázár , L ., K ovács , 
V. V .: (1964) Das m orpho log ische  E n cep h alo m y elitis  bei H u n d e n . U nverö ffen tliche  A n g ab en . 
— 28. M o r r iso n , L. R ., Za m e c n i k , P. C.: (1950) E x p e r im e n ta l  D em yelination  b y  M eans of 
E n z y m e s , E specia lly  th e  A lpha  T oxin  of C lostrid ium  W elch ii. A rch. Neurol. P s y c h ia t.  (C hic.) 
63, 367. — 29. N i e d i e c k , B ., K u w e r t , E .: (1963) Z u r Serologie der ex p erim en te llen  a lle rg i
sch en  E n cep h a lo m y elitis . I. V ergleich  der R e a k t iv i tä t  v o n  L ipidgem ischen u n d  M y e lin ex 
t r a k t e n  m it den e n tsp rec h en d e n  A ntiseren  im  P rä z ip i ta t io n s te s t  und in der K o m p le m e n tb in 
d u n g s re a k tio n . Z. Im m u n -F o rsc h . 125, 470. 30. P f e i f f e r , J . ,  Ze r b in -R u d i n , E .: (1963) 
Z u r V a ria tio n sb re ite  de r Pe lizaeus-M erzbacherschen  K ra n k h e it .  (Zugleich e in  B e itra g  zu r 
fa m iliä re n  M ultip len  Sklerose). A c ta  n eu ro p ath . (B e rl.)  3 , 87. — 31. P e r i e r , O .: (1959 
F o rm a tio n  e t co m p o rtem en t de la  m yéline »in v itro «  en  rap p o rt avec les m alad ie s  
d ém y é lin isa n te s . A cta  n eu ro l. Belg. 59, 747. — 32. P e t e r s , A.: (1960) T he F o rm a tio n  
a n d  S tru c tu re  of M yelin  S h e a th s  in th e  C en tra l N e rv o u s  System . J .  B io p h y s . Bio- 
chem . C yto l. 8, 431. — 33. P e t e r s o n , E. R ., Mu r r a y , M. R .:  (1955) Myelin S h ea th  F o rm a tio n  in 
C u ltu re s  o f A vian  Sp ina l G ang lia . A m er. J .  A nat. 96, 319. — 34. P et ers o h n , F .: (1963) P o s t- 
M o rte m  C hanges of th e  B ra in . C o n trib u tio n  to  th e  P ro b le m  of Cerebral Swelling a n d  C ereb ra l 
O ed em a. D tsch . Z. ges. g e rich tl. Med. 54, 178. — 35. P e t t e , E ., P e t t e , H .: (1963) Som e 
R e m a rk s  on  th e  P a th o g en esis  o f D em yelinating  D iseases. J .  N europath , exp . N eu ro l. 22, 
528. 36. R o izin , L., K o l b , L .: (1957) N e u ro p a th o lo g ica l R ela tionsh ip  of M ultip le  Sclerosis
to  th e  E x p e rim e n ta l A llergic E n cep h alo m y elitid es. ( I I I .  C ongrès In te rn a tio n a l de N eu ro log ie . 
B ru x e lle s). A c ta  m ed. belg. 57. 37. S chatz, A., A d e l s o n , L. M.: (1958) E x p e r im e n ta l  in
v itro  D em y elin a tio n . N eu ro lo g y  (M inneap.) 8, 113. — 38. S e i t e l b e r g e r , F., J e l l i n g e r , K .:
(1963) D ie p a tho log ische  A n a to m ie  der allerg ischen E rk ra n k u n g e n  des N e rv en sy stem s. W ien , 
k l in .  W sc h r., 75. 475. — 39. Sh a w , C. M., Al v o r d , F r . E . C., F a hl berg , W. J . ,  K i e s , M. W .:
(1964) S u b s titu te s  fo r th e  M yco b acteria  in  F re u n d ’s A d ju v a n ts  in the P ro d u c tio n  o f E x p e r i
m e n ta l  “ A llerg ic”  E n ce p h a lo m y elitis  in  the  G uinea p ig . J .  Im m uno l. 92, 28. — 40. Sh a w , C. 
M., A l v o r d , F r . E. C., K i e s , M. W .: (1964) S tra ig h t  C h a in  H ydrocarbons as S u b s ti tu te s  fo r 
th e  O il in  F re u n d ’s A d ju v a n ts  in  th e  P roduction  of E x p e r im e n ta l  “ Allergic”  E n ce p h a lo m y e litis  
in  th e  G uinea Pig. J .  Im m u n o l. 92, 24. — 41. W a k s m a n , B . H ., Adams, R. D .: (1955) A llerg ic  
N e u ritis .  J .  exp. Med. 102, 213. — 42. W e i l , A.: (1930) T h e  E ffect of H em oly tic  T o x in s  on 
N e rv o u s  T issue. A rch. P a th .  9, 828. — 43. W e i l , A ., H e i l b r u n n , G.: (1941) D e m o n s tra tio n  
of M y elin o ly tic  S u b stan ces in  M ultip le  Sclerosis. P ro c . Soc. exp . Biol. (N. Y .) 48, 233. 44.
W e i n s t e i n , V. F ., W o o l f , A. L ., Me y n e l l , M. J .:  (1963) P ro g ress iv e  M ultifocal L eu co en cep h a- 
lo p a th y  a n d  P rim ary  H y p e rsp len ism . W ith  a N o te  on th e  A ssociation  betw een D isease  o f  th e  
R e tic u lo e n d o th e lia l S y s tem  a n d  Progressive M ultifocal L euco en cep h alo p ath y . J .  c lin . P a th .  
16, 405. —- 45. W e b s t e r , G. R .: (1957) Clearing A c tio n  o f L y so lec ith in  on B ra in  H o m o g en a tes . 
N a tu re  (L o n d .) 187, 660. — 46. W er t h a m , F r ., W e r t h a m , F l .: (1934) The B ra in  as a n  O rg an . 
Vol. I . ,  P . 538. M acM illan, N ew -Y ork . — 47. W i l l ia m s , C. H ., B a rn e s , F. W .: (1963) N e u ro lo 
g ica l C hanges in Dogs R e su ltin g  fro m  In jec tions o f A n tise ru m  to  Dog B rain . D is. n e rv . S y s t.,
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SO M E  C H A R A C T E R IS T IC S  O F  T H E  PH Y SIC A L  B R E A K D O W N  OF T H E  M Y E L IN  
S H E A T H  IN  T H E  E X P E R IM E N T A L  A L L E R G IC  E N C E P H A L O M Y E L IT IS  O F  T H E  DO G

L. LÁZÁR, Т. MAROS and IBOLYA KOVÁCS

I n  th e  ex p e rim e n ta l a lle rg ic  encephalom yelitis  o f th e  dog au th o rs  have s tu d ie d  b y  lig h t 
m ic ro sco p ic  m eth o d s th e  v a rio u s  ty p es  of the  p h y sica l b re ak d o w n  of the m yelin  sh e a th . I t  has 
b een  fo u n d  th a t  on th e  basis o f th e  in itia l changes o f  dem y elin iza tio n  th ree  fo rm s m a y  be 
d is tin g u ish e d :

1. P rim ary  d em y e lin iza tio n  resu lting  from  th e  fo rm a tio n  of m yelin spheres, in  w hich  
th e  ro llin g  off o f th e  m yelin  pe rio d s from  the  su rface  o f th e  m yelin shea th  is c au sed  b y  th e  
a n tig e n -a n tib o d y  reac tio n .
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2. S econdary  dem y elin iza tio n  beginning w ith  a “ p i tt in g ”  of the surface o f th e  sw ollen 
m yelin  sh e a th , produced by th e  a c tiv a ted  R E S e lem en ts  in  th e  areas in f il t r a te d  b y  m ono
nuclear cells.

3. S eco n d ary  d em y elin iza tio n  beginning w ith  th e  ap p earan ce  of m yelin  in d e n ta tio n s  
and sp ikes, w hich m ay he c o rre la te d  w ith  lesion  to  a n d  m ob iliza tion  of o lig o d en d ro g lia l 
e lem ents.

T hese  ty p es  usually  occu r m ixed and  are se ldom  fo u n d  alone. The d eg en e ra tio n  o f W aller 
due to  lesions to  the neu rone  m akes th e  m icroscopic p a t te rn  of d em yelin iza tion  ev en  m ore 
com plica ted .

A u th o rs  have found  no fu n d a m e n ta l d ifferences b e tw een  th e  d em y elin iza tio n  o ccurring  
in th e  dog’s EA EM  and  th a t  d e m o n s tra ted  in SM of m an .

НЕКОТОРЫЕ ОСОБЕННОСТИ ФИЗИЧЕСКОГО РАЗРУШЕНИЯ МИЕЛИНОВОГО
ВЛАГАЛИЩА ПРИ ЭКСПЕРИМЕНТАЛЬНОМ АЛЛЕРГИЧЕСКОМ 

ЭНЦЕФАЛОМИЕЛИТЕ У СОБАК
Л. ЛАЗАР, Т. МАРОШ и И. КОВАЧ

Авторы изучали при экспериментальном аллергическом энцефаломиелите у собак 
отдельные типы физического разрушения миелинового влагалища под микроскопом. 
Они установили, что на основании начальных признаков демиелинизации можно разли
чать три формы:

1. Первичная демиелинизация, наступающая за счет возникновения миелиновых 
шариков, где процесс вызывается реакцией антиген-антитело.

2. Вторичная демиелинизация, начинающаяся «выданиями» поверхности набух
шей миелиновой оболочки, которая вызывается активировавшимися элементами РЭС в 
областях, инфильтрированных одноядерными клетками.

3. Вторичная демиелинизация, начинающаяся появлением на поверхности набух
шего миелинового влагалища шипов, что может быть связано с поражением и с мобили
зацией элементов олигодендроглии.

Вышеперечисленные типы демиелинизации обычно встречаются смешанно и только 
редко наблюдаются сами по себе. Микроскопическая картина осложняется еще Валле- 
ровским перерождением, возникающим в результате поражения невронов.

Авторы не видят основной разницы между демиелинизацией, наблюдающейся при 
экспериментальном аллергическом энцефаломиелите собак и человеческой СМ.

D r. Lász ló L ázár

Dr. T ib o r Maros

D r. Ib o ly a K ovács

T îrgu-M ures, (R .P .R .)  s tr . U n iv e rs ita ti i  38., 
R u m än ien
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Second D e p a rtm en t o f O p h th a lm o lo g y  (D irec to r: P rof. T . N o n a y ), U n iv e rs ity  M edical School,
B u d ap es t

THE MECHANISM OF CORNEAL VASCULARIZATION
G y . I m r e

(R eceived  A pril 30, 1965)

In trac o rn ea l in jec tio n  of 0.1 per cen t lac tic  acid  an d  p y ru v ic  acid  in duced  early  
and  in ten siv e  v a sc u la r iz a tio n  in  th e  cornea of ra b b its . T he in je c tio n  o f 0.1 per cen t 
sod ium  h ydrox ide, hyd ro ch lo ric  acid and  ace tic  acid  caused  co rnea l in tu m escen ce  of 
th e  sam e degree as th a t  due  to  tre a tm e n t w ith  lac tic  acid , b u t  v a sc u la r iz a tio n  provoked 
by  the  la t te r  co m p o u n d  was sig n ifican tly  m ore in ten siv e  th a n  th a t  in d u ced  by  th e  
o th e r  com pounds. T h e  accu m u la tio n  of lac tic  acid  in th e  course o f an ae ro b ic  glycolysis 
in  hypoxic  tissues p lay s  m o st p ro b ab ly  an  im p o r ta n t  ro le in  v a sc u la riz a tio n . Im p a irm en t 
o f oxygen su p p ly  a n d  a c tiv a te d  m etabo lism  due  to  reg en e ra tio n  ex p la in  th e  increased 
co n cen tra tio n  of lac tic  acid  and  the  resu ltin g  corneal v a sc u la riz a tio n  a f te r  th e  in jec tion  
o f sub stan ces o th e r  th a n  lac tic  acid. T his co m pound  p re su m ab ly  re p re se n ts  th e  vaso 
fo rm ativ e  facto r.

T he lite ra tu re  on corneal v ascu la riza tio n  has been su rv ey ed  b y  A s h t o n  
[1] a n d  Coga n  [4]. Co g a n  [3] holds th a t  v ascu la riza tio n  is co n n ec ted  w ith  
corneal sw elling, w hile acco rd in g  to  A s h t o n  [1] it  is p ro b a b ly  due  to  a m e ta 
bolic p ro d u c t arising  u n d e r  hypox ic  cond itions, a n d  th is  vesse l-fo rm ing  fac to r 
m ay , owdng to  th e  poor oxygen  supp ly  of th e  co rnea , be p re se n t also in the  
u n im p a ired  av ascu la r co rneal tissue, th e  reason  w hy a decrease in th e  density  
o f th e  cornea m ay in d u ce  th e  grow th  of vessels. I t  is w ell-know n th a t  hypoxia 
p ro m o tes  th e  d ev e lo p m en t o f new  vessels [2, 18, 23] .

Tin; v aso fo rm ativ e  fa c to r  is p resu m ab ly  lac tic  ac id , a p ro d u c t o f  anaerob ic  
glycolysis [8]. I t  w as su g g ested  th a t  th e  reason w h y  vessels are  a lw ay s grow ing 
to w ard  th e  hypox ic  tissu es  is th a t  th e  lac tic  acid  p ro d u ced  in th o se  tissues is 
an abo lized  to  glycogen b y  th e  cells h av in g  a role in v a scu la riza tio n . This is 
su p p o rte d  by  th e  o b se rv a tio n  [9, 19] th a t  glycogen is s to red  in th e  m esenchym al 
cells o f  th e  v ascu la riz in g  re tin a  an d  cornea.

T he p resen t e x p e rim e n ts  were designed to  d e m o n s tra te  th e  ro le o f lactic 
acid  in corneal v a scu la riza tio n .

Material and method

In tra c o rn e a l in je c tio n s  o f 0.05 ml volum e were m ade  in to  b o th  eyes o f 28 a d u lt  ra b b its  
w ith  an  average  body  w eigh t o f  2 kg. T he p u n c tu re  w as m ade  n e a r th e  cen tre  o f th e  cornea, 
and  th e  can u la  w as in se rted  be tw een  th e  lam ellae to w ard s th e  lim bus. As a re su lt,  a wheal 
4 m m  in  d iam e te r developed , to u ch in g  th e  lim bus over a len g th  of 3 to  4 m m .

U su ally  tw o in je c tio n s  w ere m ad e ; th e  second w as g iven  3 days a f te r  th e  f ir s t ,  possibly 
by  th e  sam e ro u te  so th a t  th e  in je c te d  so lu tion  reach ed  th e  sam e a rea  on b o th  occasions.
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Table I

No. of 
experiment

Number of 
animals Side

Intracorneal injections 
(0.1%,0.05 ml) Days of 

incipient 
vasculariza

tionCompound pH No

l . 5 r. L ac tic  acid 3.0 2 3—4
1. L ac tic  acid 3.0 2 3 4

2. 5 r. L ac tic  acid 3.0 2
1. L ac tic  acid 3.0 2 —

3. 5 r. L ac tic  acid 3.0 2 2 4
1. Sod ium  hydroxide 12.5 2 3 - 5

4. 5 r. L ac tic  acid 3.0 2 2—4
1. A cetic  acid 3.5 2 4 - 6

5. 5 r. P y ru v ic  acid 2.5 2 3 - 4
I. H y droch lo ric  acid 1.5 2 3 - 7

6. 3 r. D istilled  w ater 3 8 - 9
1. P u n c tu re  only 3 0

* =  0,01 C P <  0,02 
** =  0,0? < p <  0,05

E xperim en t No. 1. A 0.1 p e r  c en t so lu tion  of lac tic  acid  w as in jec ted  in to  b o th  corneas 
o f 5 r a b b i t s  in  order to ob se rv e  po ss ib le  d iscrepancies b e tw een  th e  tw o sides.

E xperim en t No. 2. A fte r  h a v in g  in je c te d  a 0.1 per c en t so lu tio n  of lac tic  acid  in to  b o th  
c o rn e a s  o f  5 ra b b its , th e  eyelids o f  th e  le f t side were u n ite d  b y  5 to  6 s titch es. T he p a lp eb ra l 
f is su re  w as reopened for th e  se c o n d  in jec tio n  and  closed ag a in . Closure becam e incom plete  
b e tw e e n  th e  4 th  and th e  10 th  d a y  w h en  th e  su tu res  h ad  c u t th ro u g h  th e  tissues. A lth o u g h  the 
p a lp e b ra l  fissure  was im m e d ia te ly  reclosed , air had  n ev erth e le ss  ga ined  access to  th e  cornea  
in  th e s e  cases.

E xperim en t No. 3. A 0.1 p e r  cen t so lu tion  of lac tic  acid  w as in je c te d  in to  th e  r ig h t eye 
a n d  a n  eq u a l solution of so d iu m  h y d ro x id e  in to  th e  left eye of 5 ra b b its .

E xperim en t No. 4. F ive  r a b b i t s  w ere in jec ted  w ith  la c tic  acid  in  th e  r ig h t eye, and a 
0.1 p e r  c en t so lu tion  of sterile  a c e tic  acid  in th e  left eye.

E xperim en t No. 5. F ive  r a b b it s  rece ived  a 0.1 pe r c en t so lu tio n  of p y ru v ic  acid  in  the  
r ig h t  eye  and  0.1 per cen t so lu tio n  of hydroch lo ric  acid  in  th e  le ft eye.

E xperim en t No. 6. T he r ig h t-s id e  cornea of 3 ra b b its  w as in je c te d  w ith  d istilled  w ater, 
w h ile  o n ly  a p u nctu re  was m ad e  on  th e  le f t side. The to ta l  n u m b er o f in jec tio n s a n d  p u n c tu re s  
w as 3 p e r  ra b b it , a t 3 -day in te rv a ls .

C orneal v ascu la riza tio n , th e  d is tan c e  betw een  th e  lim b u s a n d  th e  c en tra l rim  of th e  
v a sc u la r iz e d  area were m ea su re d  d a ily  (excep t, of course, in  e x p erim en t No. 2). T hese  d a ta  
w ere  an a ly se d , the  a rith m e tic  m e a n  of th e  len g th  of th e  v a su la rize d  areas in  th e  id en tica lly  
d a m a g e d  corneas was c o m p u ted , i t s  s ta n d a rd  dev ia tio n  d e te rm in e d , an d  th e  d ifference  betw een  
th e  tw o  sides analysed s ta tis t ic a l ly  b y  m eans of S tu d e n t’s i- te s t.

T h e  resu lts  of h isto logic e x a m in a tio n s  m ade in c o n n ec tio n  w ith  th e  ex p erim e n ts  have 
a lr e a d y  been reported  (9).

Results

Superficial an d  deep v ascu la riza tio n  was n o ta b le  in all co rneas excep t 
th o se  p ierced  b u t n o t in je c te d . New vessel g ro w th  o rig in a te d  from  a 5 to  7 mm 
lo n g  p o rtio n  of the  lim b u s , a n d  th e  vessels fo rm ed  a dense p an n u s  in  m ost 
cases (F ig . 1). N um erical re su lts  are  p resen ted  in T ab le  I.
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Distance (mm) between vascularized area and limbus 
(mean value and + standard deviation)

N o t e s

4th  day 6th  day 8th day 101

0.38 ±  0.13 1.00 ±  0.23 1.68 t -  0.44 2.28 ±  0.32
0.34 i t  0.18 0.98 ±  0.22 1.70 ±  0.43 2.30 ±  0.36

0.32 ±  0.13 1.26 ±  0.11 2.00 * 0.12 3.08 ±  0.46 Closed palpebral
0.54 ±  0.21 — — 3.14 ±  0.46 fissure

0.46 ±  0.22 1.34 ±  0.35 1.94 ±  0.35 2.54 ±  0.44
0.22 ±  0.22** 1.00 ±  0.10 1.82 ±  0.30 2.38 ±  0.36

0.44 ±  0.32 0.58 ±  0.34 1.88 ±  0.11 2.38 ±  0.35
0.08 ±  0.08** 0.58 ±  0.23* 1.16 ±  0.47** 1.64 ±  0.47

0.22 ±  0.08 0.94 ±  0.34 1.67 f 0.11 2.46 -i- 0,23
0.06 ±  0.13** 0.46 +  0.23 0.94 ±  0.47 1.48 ±  0.80

0 0 0.10 ±  0.07 0.13 ±  0.06
0 0 0 0

Experiment No. 1. V ascu larization  w as o f  th e  sam e e x te n t on b o th  sides.
Experiment N o. 2. On the  4 th  d ay  o f  th e  ex p erim en t up to  w hich  tim e  

th e  closure of th e  le f t pa lpeb ra l fissu re  h a d  b een  p rac tica lly  com ple te , th e  
vessels of th is side w ere  68 per cen t longer a n d  so m ew h at m ore densely  a rra n g e d  
th a n  those on th e  r ig h t  side. The d ifference w as n o t sig n ifican t s ta tis tic a lly .

Experiments Nos. 3, 4, 5. On th e  4 th  d a y , vasevdarization  in th e  corneas 
tr e a te d  w ith  lac tic  o r p y ru v ic  acid w as m ore dev e lo p ed  th a n  in tho se  t r e a te d  
w ith  sodium  h y d ro x y d e , acetic  acid or h y d ro c h lo ric  acid. T he d ifferences w ere 
sig n ifican t (p <  0.05). T he difference be tw een  th e  effect o f lac tic  ac id  a n d  th a t  
o f ace tic  acid (E x p t. No. 4) was still s ig n if ic a n t on th e  6 th  an d  th e  8 th  d ay  
(p <  0.02 an d  0.05 respective ly ).

V ascu larization  began  on the 2nd  to  4 th  d a y  in the  corneas t r e a te d  w ith  
la c tic  o r pyruv ic  ac id , w hereas new  vessel g ro w th  s ta r te d  on th e  3 rd  to  5 th  
d ay  a f te r  sodium  h y d ro x y d e , on th e  4 th  to  6 th  d ay  a fte r  ace tic  ac id , a n d  on 
th e  3 rd  to  7 th  d a y  a f te r  hydroch lo ric  ac id  in je c tio n s .

Experiment N o. 6. M arginal v a sc u la r iz a tio n  o f  0.1 to  0.3 m m  was fo u n d  
on th e  8 th  to  1 0 th  d a y  a fte r  the  in jec tio n  o f  d is tilled  w a te r, w hereas m ere 
p u n c tu r in g  h ad  no  effect.

D iscussion

The fac t th a t  th e  in jec tio n  of lac tic  ac id  a t  a co n cen tra tio n  h a rd ly  exceed 
ing th a t  o f lac tic  a c id  p resen t in  th e  co rn ea  u n d e r  physio logical co n d itio n s 
in d u ced  early  a n d  in ten s iv e  v ascu la riza tio n  does n o t, in itse lf, p ro v e  th e
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v esse l fo rm in g  role o f th e  c o m p o u n d  since v a sc u la riz a tio n  is g en era lly  k n o w n  
to  fo llo w  corneal sw elling. T h e  fa c t, how ever, t h a t  all in jec ted  su b s ta n c e s  
c a u se d  a sim ilar degree o f in tu m escen ce  a n d  th a t  v ascu la riza tio n  w as n e v e r 
th e le ss  ea rlie s t and  m ost p ro n o u n c e d  a fte r  th e  in jec tio n  of lac tic  acid , a rg u es  fo r 
a sp ec ific  enhancing  p ro p e r ty  o f th is  m olecule. (M ost o f th e  p y ru v ic  ac id , e m 
p lo y e d  in  E x p erim en t N o. 5, m u st have  been  c o n v e rted  in to  lac tic  a c id  in th e  
b ra d y tro p h ic  cornea so t h a t  its  e ffect w as rea lly  one of lac tic  acid .) I t  sh o u ld  
be  n o te d  th a t ,  while th e  co rn ea l dam age cau sed  b y  hyd ro ch lo ric  acid , o r so d iu m  
h y d ro x id e  was more serious th a n , an d  th a t  caused  b y  acetic  ac id  e q u a l to , 
th e  in ju r y  due to  lac tic  a c id , v a sc u la riz a tio n  w as less m ark ed  in  th e se  cases.

V ascu la riza tio n  in d u c e d  b y  lac tic  ac id  ceased to  be s ig n ifican tly  s tro n g e r  
on  th e  6 th  day  in E x p e rim e n ts  3 a n d  5 a n d  on th e  10 th  d ay  in  E x p e r im e n t 4. 
T h is , h ow ever, does n o t a rg u e  a g a in s t th e  specific  ac tio n  of lac tic  ac id , since  th e  
a c c e le ra tio n  o f the  ra te  o f v a sc u la r iz a tio n  in  th e  corneas tre a te d  w ith  th e  o th e r  
s u b s ta n c e s  m ay have b een  due  to  fac to rs  th a t  increase  th e  c o n c e n tra tio n  o f 
la c tic  ac id . One such fa c to r  is th e  im p a irm e n t o f o x id a tiv e  m e tab o lism  w h ich  
occu rs i f  th e  cornea is in ju re d . D is tu rb an ce  o f  o x id a tiv e  m etabo lism  is, o f  course, 
fo llo w ed  b y  a rise in  th e  c o n c e n tra tio n  o f la c tic  acid . A n o th er su ch  fa c to r  
is c o n n e c te d  w ith  re g e n e ra tio n . W e im a r  has show n [22] th a t  re g e n e ra tio n  
m e a n s  th e  ac tiv a tio n  of co rn ea l m etabo lism . B ecause o f in su ffic ien t co rnea l 
0 2-su p p ly , such a c tiv a tio n  g ives rise to  in creased  anaerob ic  glycolysis a n d  so 
to  h ig h e r  co ncen tra tions o f  la c tic  acid , a p h en o m en o n  d e m o n s tra te d  also b y  
P e n a -C a r r il l o  [17].

In  case of corneal o ed em a  th e  physio log ica lly  h igh  lac tic  acid  c o n c e n tra 
tio n  o f  th e  cornea [12, 13] m ay  be su ffic ien t in  itse lf  to  p roduce  co rnea l 
v a sc u la r iz a tio n  as show n b y  th e  v ascu la riza tio n  due to  d istilled  w a te r  in je c te d  
in  E x p e r im e n t No. 6.

I t  is know n th a t  c o n tin u o u s  w earing  o f a c o n ta c t lens m ay cause co rneal 
sw elling  a n d  so lead  to  v a sc u la r iz a tio n  [6]. Sw elling is due in th is  case to  
a n o x ia  [20]. T h a t th e  p ro tra c te d  w ear o f a c o n ta c t lens increases th e  c o n c e n tra 
tio n  o f  la c tic  acid in th e  co rn ea , an d  th a t  th e  consecu tive  erosions p ro m o te  
co rn ea l vascu la riza tio n , h as  been show n in num ero u s an im al e x p e rim e n ts  
[5, 6, 16 ] .  Erosions increase th e  c o n cen tra tio n  o f la c tic  ac id  because, sy n th es ized  
in  all co rnea l layers, th is su b s ta n c e  is u tilized  only in  ihe presence o f  e p ith e lia l 
cells [7]. A lloxan in tro d u c e d  in to  the  a n te r io r  ch am b er has in d u ced  m a rk e d  
co rn e a l sw elling an d  v a sc u la r iz a tio n  in  an im al ex p erim en ts . A cco rd in g  to  
L a n g h a m  [14], alloxan  in h ib its  glycolysis for 24 h ours a n d  reduces th e  02- 
u p ta k e  o f  th e  cornea m a rk e d ly  a n d  p e rm a n e n tly . T he reduced  0 2-u p ta k e  is, 
o f  co u rse , accom pan ied  b y  a rise  in  la c tic  ac id  c o n cen tra tio n . L e v e n e  e t  a l. [15],  
b y  en c irc lin g  th e  e q u a to r o f  th e  globe w ith  an  e lastic  b a n d , in d u ced  an  in crease  
o f  in tra o c u la r  pressure, co rn ea l sw elling a n d  v ascu la riza tio n  in r a b b its .  T h ey  
fo u n d  th a t  in the u n im p a ire d  cornea ihe lactic  ac id  co n ten t a m o u n te d  (w ith
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Fig. 1. Dense pannuslike vascularization of rabbit cornea after two intracorneal injections of 
0.1 per cent lactic acid., on the 10th day of exp. No. I
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re fe rence  to dry  m a tte r )  to  2.9 /<g/mg in the  p e rip h e ra l rim  an d  to  5.9 /ig/m g 
in th e  cen tra l d isk . W hile th ere  w as no ehange in  th is  re sp ec t in th e  cen tra l 
d isk  during  the  f ir s t  12 days, i.e. th e  in itia l an d  a c tiv e  stage  o f  v a scu la riza tio n , 
th e  co n cen tra tio n  o f  la c tic  acid rose to  5.5 6.0 /ig/m g in th e  p erip h era l rim .

The resu lts o f  th e  p resen t ex p erim en ts  as also  th e  q u o ted  li te ra ry  d a ta  
m ake i t  ev iden t t h a t  a rise in lac tic  acid  c o n c e n tra tio n  p lays an  im p o r ta n t 
ro le in corneal v a sc u la riz a tio n , an d  su p p o rt th e  a ssu m p tio n  th a t  th e  v a so 
fo rm a tiv e  fac to r is also lac tic  acid . G lycogen, a p p e a rin g  in connection  w ith  
v ascu la riza tio n , seem s to  be sy n th esized  from  lac tic  acid  b y  th e  vessel-form ing  
cells w hich are a c t iv a te d  b y  th e  h igh lac tic  ac id  co n cen tra tio n . A ccum ula tion  
o f glycogen supplies th e  energy  req u ired  for th e  p ro life ra tio n  an d  d iffe ren tia tio n  
o f th e se  cells.

Beside the  e le v a te d  co n cen tra tio n  o f la c tic  ac id  also o th e r fac to rs  c o n tr ib 
u te  to  corneal v a sc u la riz a tio n . I t  has been show n [10, 11] th a t  b ra d y tro p h ic  
tissu es  as well as fra g m e n ts  of b ra in  tissue , so ak ed  in  ad ren a l e x tra c t  a n d  th e n  
g ra f te d  on the ch o rio a llan to ic  m em brane  of ch ick  em b ry o s, develop an  ab o u n d - 
a n t  v ascu la tu re . T h e  p ro m p t v ascu la riza tio n  in  th e se  cases is p ro b a b ly  due 
to  th e  physico-chem ical p roperties o f th e  e x p la n te d  hypox ic  tissues (e.g. a 
ehange in the ir co m p ac tn ess), b u t it  is likewise possib le  th a t  m esenchym al s tim 
u la tio n  b y  the m inera loco rtico ids enhances th e  v ascu la riz in g  a ffec t o f the  
h igh  lac tic  acid c o n c e n tra tio n .
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Ü B E R  D E N  M E C H A N ISM U S D E R  H O R N H A U T V A S K U L A R IS A T IO N

GY. IMRE

In t r a k o rn e a l  in jiz ierte  0 , l% i g e  Milchsäure- u n d  B ren z trau b en säu re lö su n g  v e ru rsac h ten  
bei K a n in c h e n  frühe u n d  a u sd rü ck l ich e  K orn eav ask u la r isa t io n .  Diese G efäßb i ldung  war 
s ig n i f ik a n t  ausgepräg ter  als die d u rc h  In j iz ie rung  v o n  0 .1% iger  Salzsäure-, N a t ro n la u g e -  bzw. 
E ss ig säu re lö su n g  herbe igeführte  V ask u la r isa t io n ,  obwohl die en ts ta n d en e  K o rn e aa n sc h w e l
lu n g  im  wesentlichen id en t isch  w ar .  Die E x p e r im en te  sprechen  dafür,  daß  die in  d en  hypoxi-  
sch e n  G ew eben  im Laufe der  a n ä r o b e n  Glykose z u s tan d e k o m m e n d e  M ilchsäureanhäufung  in 
de r  G e fäß b i ld u n g  eine b e d e u ten d e  Rolle  zu spielen ve rm ag .  In  den Fällen, in d e n en  der  schäd i
g e n d e  F a k t o r  n icht  die Milchsäure  w ar ,  k ö n n e n  die M ilchsäureanhäufung  u n d  die K o rn eav ask u -  
l a r i s a t io n  m it  der Schäd igung  des  o x y d a t iv e n  Stoffwechsels u n d  der m it  der  R eg en e ra t io n  
v e r b u n d e n e n  Stoffwechselak tiv ierung  e rk lä r t  werden. D e r  vaso fo rm at ive  F a k t o r  ist  aller 
W ah rsch e in l ich k e it  nach  die M ilchsäure  selbst .

МЕХАНИЗМ ВАСКУЛЯРИЗАЦИИ РОГОВИЦЫ
Дь. ИМРЕ

Интракорнеальное введение 0,1%-ного раствора молочной и пировиноградной 
кислот вызывает на роговице кролика раннюю и выраженную васкуляризацию. Эта 
васкуляризация была статистически достоверно большей, чем таковая, вызванная пнтра- 
корнеальным введением 0,1%-ного раствора гидроксида натрия, соляной и уксусной 
кислот, несмотря на то, что набухание роговицы было по сути дела одним и тем же. Опыты 
подтверждают, что в гипоксических тканях в деле васкуляризации большую роль может 
играть скопление молочной кислоты, образующейся во время анаэробного гликолиза. 
В тех случаях, в которых поражение вызывалось не молочной кислотой, скопление по
следней и васкуляризация роговицы объясняются нарушением окислительного обмена 
веществ и активацией связанного с регенерацией обмена. Вазоформативным фактором, 
вероятно, является сама молочная кислота.

D r. G yörgy I m r e : B u d a p e s t V I I I . ,  M ária u . 39., H u n g a ry
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Oncological I n s t i tu t e  (D irec to r :  Dr. F. V a d u ra ), P ra h a

SUBMICROSCOPICAL STRUCTURE OF ADENOID 
CARCINOMA OF SALIVARY GLANDS

CYSTIC

V. F h ibo k sky

(Rece ived F e b r u a ry  23, 1965)

Adenoid cystic  carc inom a of th e  sa l iva ry  gland has been in v e s t ig a te d  b y  polari
zat ion  and e lectron  m icroscopy. The  po lar iza t ion  microscopical findings rev ea led  t h a t  the 
cylindrical fo rm at ions  are no t  a m o rp h o u s  b u t  consist  of o r ien ted  f ib res  w i th  a charac 
teris t ic  polarization  optical appearence .  T he  hyaline  cords (spheroids)  a re  b u i l t  up  by 
two com ponents ,  viz.

(i) acid m ucopolysaccharides ,  chiefly  ChSA A and /o r  C, in g re a t  a m oun ts ;
(ii) connective  tissue fibres w i th  posi t ive  E b n e r ’s reac tion  a n d  e lec t ro n  micro

scopical periodicity .

In a previous communication we have dealt with the histogenesis, 
morphological appearence and biological properties of the adenoid cystic 
carcinoma of salivary glands (F r ibo rsk y  1963). The present paper deals with 
the submicroscopic structure of the cylindrical stroma formations (spheroids), 
the nature and origin of which is not fully clarified.

Material and methods

Biopsy m ateria l  has been in v es t ig a ted  from adenoid  cystic  carc inom a by  po lar iza t ion  
m icroscopy a n d  e lectron  microscopy. P o la r iza t ion  op tica l  observations  were m a d e  w i th  Leitz 
O r th o lu x  polariza t ion  microscope equ ipped  w ith  a ro ta t in g  K öhler-B race  c o m p e n sa to r  of 
30 — 58 m ft  r e ta rd a t io n .  Concerning the  general  princip les  of polarizat ion  m ic roscopy ,  we refer 
to  the  p ap ers  by Sch m id t  (1938). B e n n e t  (1950) a n d  B r e w e r  (1957). F o r  th e  specia l  s tudy  
o f  the  quest ion  of the  possible collagenous n a tu r e  as well as of the  acid m ucopo lysaccharide  
c o m p o n en ts  of  the cylindrical hyalinecords,  the  following topochemical reac t io n s  were  applied.

1. E b n e r ’s phenol reaction. The  positive  b irefringence of the  collagen f ib res  becomes 
negat ive  in phenol.  This effect is due to the  o r ien ted  association of the  phenol m olecules trans- 
versal ly  to the  micellar collagen s t ruc tu re .  Since th e  reac tion  depends on the  collagens specific 
m olecular  s t ru c tu re ,  i t  m ay  be considered as one of the  m ost  specific m orpho log ic  reactions 
for collagen. The phenol reac t ion  was perform ed  by  m o u n tin g  the slices in a m ix tu re  con ta in ing  
equal  qu a n t i t ie s  of  phenol a n d  C anada  balsam.

2. Anisotropic  tolu id ine blue s ta in ing  accord ing  to R omiiányi (1963), for th e  s tu d y  of
th e  subm icroscopic  s t ru c tu ra l  p a t t e rn  a n d  re la tive  q u a n t i ty  of the  acid m ucopo lysacchar ide  
c om ponen ts .  In  a recen t  s tu d y  of the subm icroscopic  s t ru c tu re  of the  m e ta c h r o m a t ic  s ta ining 
reac tion ,  R omiiányi (1963) has shown t h a t  in connective  tissue the  acid m ucopo lysaccharides  
are p re sen t  in an o r ien ta te d  m acrom olecu la r  s t ru c tu ra l  p a t te rn .  The  m e ta c h ro m a t ic  s ta ining 
reac tion ,  as an  or iented  associat ion  of the  dye  molecules on the acidic po ly sacch ar id e  groups 
causes charac te ris t ic  an iso trop ic  changes of the  s ta in ed  st ruc tu res .  B y  m easu r in g  the  an iso tropy  
of th e  m etachrom as ia ,  q u a n t i t a t iv e  d a ta  can be ob ta in ed  for the  acid m ucopo lysacchar ide  
c o n te n t  in re la tion  to the  collagen c o n te n t  e s t im a te d  by the phenol reac tion ,  a n d  expressed 
as an  an iso trop ic  index of m e tach ro m as ia  ( R o m iiá n y i , 1963). E n zy m at ic  t r e a tm e n t :  Tes ticular  
hya lu ro n id ase  (O rganon) for 4 6 hours a t  37°C; and  mg/ml of elastase in c a r b o n a te  buffer,
p H  8.8, for  V2—2 hours  at 37°C.
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Fig. 1. S trong  b irefringence of connective  tissue  an d  cy lind rica l sphero ids. N eg ativ e  b irefringence of spheroids
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Fig. 2. E b n e r’s reac tio n . In v ers io n  of 
b irefringence
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Fig. 3. T o lu id ine  blue sta in in g . A. ligh t m icroscopy 
B. p o lariza tio n  m icroscopy
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E lec tron  m icroscopy. T issue  blocks from th e  n e u t r a l  form alin-fixed b iopsy m ate ria l  
were c u t  in to  pieces of 1 — 2 m m ,  postf ixed in 1 per  cen t  buffered  isotonic  0 S 0 4, p H  7.2, for 
60 m in u te s ,  and  af te r  d e h y d r a t io n  in  e thanol  th e y  w ere  e m b e d d ed  in a m ix tu re  of b u ty l  and  
m e th y lm e th y la c ry la te ,  4 : 1 .  Sec tions were cu t  on  a  L K B  U l t r a to m  ty p e  u l t ram ic ro to m e  and  
e x a m in e d  by  a Zeiss E L M I D 2 electron microscope.
Polarization optical findings.

Fig. No. 1. shows th e  po lar isa t ion  optical b e h a v io u r  of  the  cylindrical cords in a section 
m o u n te d  in  water.  In  Fig.  1/A th e  m ic ropho tograph  was ta k e n  a t  crossed polaroids w i th o u t  
c o m p en sa t io n .  A st rong  b ire fr ingence  of the con n ec tiv e  t issue  f ibres as well as of the  hya lin  
co rd s  is seen, the l a t t e r  a p p e a r in g  in the  form of sp h e ro id s  w ith  polariza t ion  op tica l  crosses. 
U s ing  th e  com pensa tor  fo r  e s tab l ish ing  the  optical c h a ra c te r  of the  spheroids, i t  was found  
t h a t  th e i r  slow axis of t r a n sm iss io n  was or iented  t a n g e n t ia l ly ,  corresponding to a negative  
sp h e r io d .

Fig.  1 В was m ad e  a t  2.2 m/i compensation . B o th  la te ra l  sectors of the  sphero ids  are 
c o m p e n s a te d  to dark .  I n  Fig.  1 C 7 m// of the same sec tion  is com pensa ted .  Here the  spheroids 
a re  in general o v e rco m p en sa ted ,  b u t  the p e rpend icu la r ly  o r ien ted  collagen fibres (in th e  con tre  
o f  t h e  p ic tu re)  are c o m p e n sa te d  to  dark.

T h e  negative c h a ra c te r  o f  the  form birefringence of th e  spheroids is ind ica ting  th e  p re s 
en ce  o f  a circulary o r ien ted  f ib r i l la ry  submicroscopic s t ru c tu re .  On tes ting  the  possible colla-

F ig . 4. D igestion with  te s t ic u la r  h ya lu r in idase  
A. l igh t  m ic ro sco p y  B. p o la r iza t io n  microscopy

F ig . 5. Digestion w i th  e lastase  
A. l ight m ic ro sc o p y  B. p o la r iza t io n  microscopy
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genous n a tu re  of  this micellar s t ru c tu re  by the phenol re a c t io n  the  optical c h arac te r  of the  a n 
iso tropy  became rever ted ,  in o th e r  words it behaved  like collagen (Fig. 2). This  m ic ro p h o to 
g ra p h  was tak e n  a t  7 m// com pensa tion ,  the  ver tica l ly  o r ien ted  negative  collagen fib res  are 
com pensa ted  to da rk .  In  th e  spheroids the la te ra l  sec to rs  are com pensa ted  to d a rk ,  the ir  
optical ch arac te r  is now positive along the  radially o r ien ted  slow axis of t ransmiss ion .  Fig. 3 
dem o n s tra tes  the  sam e  field as Fig. 1 a n d  2, b u t  a f te r  to lu id ine  b lue-ferricyanide s ta in ing  
a t  p H  4 and m o u n ted  in gum  arabic.  In  Fig.  3 A, the  ty p ic a l  histological p ic ture  of  the  cy lind r i 
cal tu m o u r  can  be seen. In  Fig. 3 B, the  same field is show n a t  crossed polaroids, p h o to g rap h e d  
at l ight of  A 560 m//. T he  basophil  cylindric-cords a p p e a r  as s trong ly  b iréfr ingen t  spheroids.  
T he  sectors a t  com pensa tion  revealed  a lte rna te ly  a n o m a lo u s  colours (blue-red), a n d  when  
inves tiga ted  in m o n o ch ro m at ic  red l ight,  the  slow axis o f  t ransm iss ion  was rad ia l ly  found .  
Toluidine blue s ta in ing  a t  p H  4 ind ica ted  t he presence of a c ircularly  or iented  m acrom olecu la r  
com ponen t  of  acidic n a tu re .  I ts  polysaccharide  n a tu re  was fu r th e r  established by the e l im ina ton  
of th is  com ponen t  by h y a lu ron idase  t re a tm e n t ,  as d e m o n s t r a te d  in Fig. 4 A. Here  i t  can  be 
seen th a t  the basophilia  of the  cylindrical cords d isa p p ea red  and  therefore nuc lear  s ta in ing
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became more dis t inct .  In  Fig. 4 В the sam e field is seen a t  crossed polaroids. The  an iso trop ic  
effect of  the hyaline  cords (as seen in Fig. 3 B) complete ly  d isappea red ,  only the  slight an iso trop ic  
(m etachrom atic )  effect of the  collagen fibres persisted.

The findings dem ons t  ra te d  in Fig. 3 and  4 are in d ica t iv e  of a c ircularly  o r ien ta ted  micellar 
s t ru c tu re  of  an acid m ucopolysaccharide  com ponen t  sens i t ive  to hya luron idase .  Fig. 5 de 
m on s tra te s  the  re la tive  resistence to elastase (c o n ta m in a te d  with desoxyribonuclease) of the 
hya line  cords. In  Fig. 5 A the  cell nuclei and  cy to p la sm  d isappea red  bu t  the cylindric  cords 
are resis tant  and show a s t rong  basophilic  sta in ing w ith  tolu id ine blue and  reveal a t  crossed 
polaroids s trongly  b iréfr ingen t  spheroids of positive op t ica l  character .

In  o rder  fu r th e r  to characte rize  the  acid po lysaccharide  s t ru c tu ra l  c om ponen t  in the 
cylindric  cords, a c o m p ara t iv e  s tu d y  of the  q u a n t i ta t iv e  cat ion ic  dye b ind ing  cap ac i ty  of some 
well-known acid m ucopolysaccharides  and of the  cords was m ade .  G rap h  I shows the  f ind ings 
expressed in in// of re ta rd a t io n  of the  m etachrom atic  a n is o tro p y  found  in sections s ta ined  w ith  
toluidine blue a t  different p H .  I t  can be seen t h a t  the cu rv e  of m etach ro m atic  an iso tro p y  of 
the cock comb, which is known to c o n ta in  exclusively h y a lu ron ic  acid, reaches iso tropy  at 
pH 3. This means t h a t  i ts  m e ta ch ro m a t ic  an iso tropy  of em b ry o n a l  cartilage,  con ta in ing  
chiefly  chondro it ine  su lphur ic  acid, shows small decrease  even  a t  p H  2. T he  dye b inding 
cap ac i ty  of th e  acid m ucopolysaccharide  com ponen t  of th e  spheroids of th e  cylindrical tu m o u r  
is similar to t h a t  of  th e  cartilage.  Connective tissue m eta ch ro m as ia  a ro u n d  a carc inom a of the 
b reas t  (biopsy m ateria l)  was in te rm ed ia te  between those  o f  the  cock comb a n d  of adenoid  
cystic  carcinoma.

15-

cock comb
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Electron microscopical findings

T h e  electron m icroscopic  ap p earen ce  o f  th e  h y a line  cords w as c h a ra c te r 
is t ic . T h e ir  form  is ro u n d  o r ovo id  an d  consists o f an  o u te r loose a n d  a n  in n e r 
d en se  p a r t  (Fig. 6). T he o u te r , loose p a r t  is a m cshw ork  o f th ic k  fib re s  w hich 
c o n n e c t th e  hyaline cords o r sphero ids w ith  th e  tu m o r cells a n d  seem  to  
r e p re s e n t  a connection  w ith  th e  vacuoles occu rring  in these  cells. T h e  cen tre  
o f  th e  cords consists o f a g re a t  n u m b er o f h a p h a z a rd ly  a rran g ed  fin e  fib res. 
O n c lo ser ex am ina tion , h o w ev e r, a t  th e  p e rip h e ry  o f th e  in n e r p a r t  o f  th e  
co rd s  a c ircu lar a r ra n g e m e n t o f th e  fine  fib res  is c learly  observ ab le  (F ig . 7). 
W h e n  c u t  long itu d in a lly , th e  th in  fib res m ay  show  a p e rio d ic ity  (F ig . 8).

T h e  loose a rra n g e m en t o f  th e  fib res a t  th e  p e rip h e ry  of th e  co rds could 
be  e x p la in e d  in d iffe ren t w ays. T hey  m a y  be an  a r te fa c t re su ltin g  from  
sh r in k a g e  during  f ix a tio n , as th e  form ol u sed  w as n e ith e r  b u ffe red n o r iso ton ized . 
T h e  sp aces  betw een th e  th ic k  fib res  seem  to  be e m p ty . I t  is possib le, how ever, 
t h a t  th e y  were filled b y  a m a te r ia l w hich has been dissolved o u t d u rin g  f ix a tio n  
o r em b e d d in g  p rocedures.

O u r electron m icroscop ic  o b se rv a tio n s are  in  ag reem en t w ith  th e  p o la ri
z a t io n  o p tica l findings an d  su p p ly  d irec t ev idence of th e  presence o f a c ircu la rly  
z a r ra n g e d  system  in th e  h y a lin e  cords. In  som e fib res a p erio d ic ity  is seen in d ic a t
in g  th e i r  collagen n a tu re , d e m o n s tra te d  also b y  th e  pheno l reac tio n  in  th e  p o la r 
iz a t io n  op tica l stud ies. T he p ro b lem  w h e th e r or n o t th e  th ic k  fib res a t  th e  o u te r 
p a r t  o f  th e  spheroids are  co llagen  fib res c a n n o t be answ ered  on th e  basis of 
th e  e le c tro n  m icroscopic fin d in g s . In  th ese  fib res th e  p e riod ic ity  m ig h t have  
b e e n  o b scu red , m asked  b y  som e m a te ria l, p e rh ap s  th e  h y a lu ro n id ase  d igestib le  
a c id  m ucopo lysaccharides d e m o n s tra te d  in th e  p o la riza tio n  o p tica l s tu d ies.

Discussion

I t  has been show n t h a t  th e  hyaline  cy lindrica l cords of a d en o id  cystic  
c a rc in o m a  of the sa liv a ry  g lan d  are  n o t am o rp h o u s, as a t  crossed polaro ids 
th e y  ap p e a re d  in th e  fo rm  o f  an iso tro p ic  sphero ids. T heir n e g a tiv e  op tica l 
c h a ra c te r  w ith  a ta n g e n tia lly  o rien ted  slow  axis o f transm issio n  sugg ested  
th e  p resence  of a c ircu la rly  o rien ted  m icellar te x tu re . The rev e rsa l b y  th e  
p h e n o l reac tio n  of th e ir  o p tic a l c h a ra c te r  fro m  n eg a tiv e  sphero ids to  o p tica lly  
p o s it iv e  ones w ith  ra d ia lly  o rie n te d  slow  axis of tran sm ission  is in d ic a tin g  
th e  co llagenous n a tu re  o f  th e  m icellar s tru c tu re . F u rth e rm o re , th e  s tro n g  
a n iso tro p ic  m e tach ro m atic  re a c tio n  of th e  cords w ith  to lu id in e  b lue s ta in in g  
a t  p H  4 shows the p resence  o f  a c ircu la rly  o rien ted  acid  m u co po lysaccharide  
m ic e lla r  com ponen t w hich p ro v e d  to  be h y a lu ro n id ase -sen sitiv e . C onsidering  
th e  p H  curve  of its to lu id in e  b lu e  b in d in g  c a p ac ity  an d  th e  effect e x e r te d  on 
i t  b y  te s tic u la r  h y a lu ro n id a se , th e  co m p o n en t m ay  be CHSA A a n d /o r C.
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Fig. 6. Sc —  c en t ru m  of spheroids Sp —  p er iphery  of spheroids Magn. X 20,000
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Fig. 7. The  arrow  shows a tu m o u r  cell w i th  vacuoles. T h e  f ibres in the  spheroid  are in connection  w ith
th em .  Magn. X 10,000
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F ig. 8. F ibres  w ith  periodicity  in the  centre  of spheroid.  Magn. X 20,000
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T h e m ethods used, o ffered  a p o ss ib ility  to  com pare th e  e a tio n ic  dye  
b in d in g  cap ac ity  o f v a r io u s  tissues in re la tio n  to  th e ir  acid m uco p o ly sacch arid e  
c o n te n t .  The th e o re tic a l a n d  p rac tica l a sp ec ts  o f  th e  q u a n tita tiv e  a n d  q u a l i ta 
t iv e  analysis  of m u co po lysaccharides h av e  b een  discussed in d e ta il b y  S z i r m a i  
a n d  B alázs  (1958) a n d  R o m h á n y i  (1963).

E lec tro n  m icroscopy  supports  th e  o b se rv a tio n s  made by  p o la r iz a tio n  
m ic ro sco p y  concern ing  th e  circular a r ra n g e m e n t of the fib res o f h y a lin e  
c o rd s . T he p o s itiv ity  o f E b n e r ’s reaction  can  b e  exp lained  by  th e  p re sen ce  o f 
f ib re s  w ith  period ic ity .

T h e  changes in  th e  su rround ing  tis su es  during  the d ev e lo p m e n t or 
p ro life ra tio n  of n eo p lasm as are  in te rp re te d  in v a rio u s  ways. V a s s i l j e v  (1961) 
su p p o ses  th a t  neop lasm s need  a n eo stro m a fo r  grow th and  th e  m u c o p o ly 
sacch a rid es  a ro u n d  th e  tu m o u r  do no t o r ig in a te  from  decom posed c o n n ec tiv e  
tis su e  b u t  are new ly  fo rm e d  to  serve for th e  p ro lifera tion  of th e  n eo p la sm . 
M a l t o n i  an d  P r o d i  (1960) suggest th a t  in  th e  tissue “ m uco p o ly sacch arid es  
in d u c e  some changes in th e  m edium  fa v o u r in g  th e  n u tritio n a l e x ch an g e  o f 
th e  tu m o u r  cell” . A ro u n d  tu m o u rs  an  in c re a se  of m ucopo lysaccharides a n d  
co llag en  fo rm ation  u su a lly  occurs. A cco rd ing  to  G u l l in o , G r a n t h a m  a n d  
C l a r k  (1962), an d  G u l l i n o  and G r a n t h a m  (1963), th is phenom enon  d ep en d s  
o n  th e  ty p e  of th e  tu m o u r . D ifferen t tu m o u rs  in d u c e  different e x ten ts  o f  co llagen  
fo rm a tio n .

T he re la tio n sh ip  b e tw een  tu m o u r a n d  su rro u n d in g  co n n ec tiv e  tissu e  
c a n n o t  be solved u n a m b ig u o u sly . We h av e  p ro v e d  th a t  the co n n ec tiv e  tissu e  
in  th e  spheroids is fo rm e d  by  collagen fib res a n d  acid m u co p o lysaccharides. 
T h is  s tro m a  is c h a ra c te r is tic  of adenoid cy stic  carc inom a. The specific a r ra n g e 
m e n t o f the co nnective  tissu e  (d iso rgan iza tion  o f  fibrils) an d  th e re fo re  th e  
sp ec ific  re la tio n sh ip  b e tw een  tu m o u r an d  s tro m a  is p robab ly  one of th e  fa c to rs  
re sp o n s ib le  for th e  b io logical behav iou r o f a d e n o id  cystic carc inom a.
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S U B M IK R O S K O P IS C H E  S T R U K T U R  D E S ZYSTISCH EIN A D E N O K A R Z IN O M S

V. FRIBORSKŸ

Die polarisations- u n d  e lek tronenm ikroskop ischen  U nte rsuchungen  des zys t ischen  
A denokarz inom s der Speiche ldrüse  ergaben, d aß  die zy lind r ischen  Bildungen n ich t  s t ru k tu r lo se  
F o rm a t io n en ,  sondern o r ien t ie r te ,  über c h a ra k te r i s t is ch e  polarisa tionsoptische A k t iv i t ä t  
ve rfügende  Fase rn  sind.

Die H ya l in b ü n d e l  b e s teh e n  aus 2 K o m p o n e n te n :
1. saueren  M ukopolysacchariden, h a u p tsäch lich  ChSA A uud/oder  C in g roßen  Mengen.

und
2. Ehner-posi t iven , e lek tronenm ikroskop ische  P e r iod iz i tä t  aufweisenden B indege

websfasern.

СУВМИКРОСКОГ1ИЧЕСКАЯ СТРУКТУРА КИСТОЗНОЙ АДЕНОКАРЦИНОМЫ
В. Ф Р И Б О Р С К И

Исследования кистозной аденокарциномы слюнной железы под поляризационным 
и электронным микроскопами показали, что цилиндрические образования не являются 
бесструктурными формациями, а волокнами, обладающими характерной поляризационно
оптической активностью.

Гиалиновые пучки состоят из двух конмпонентов:
1. Из кислых мукополисахаридов, главным образом ХСА А и (или) С в большом 

количестве и из
2. Эбнер-положительных соединительно-тканных волокон, обладающих элект

ронно-микроскопической активностью.

D r. V. F r i b o r s k y : P rah a  8 -B ulovka C zechoslovakia
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RECENSION ES

British Medical Bulletin 

Transplantation of Tissues and Organs

Vol. 21, N u m b er  2, May 1965. Published by the  Medical D e p a r tm e n t ,  The B r i t i sh  Council .
T he  present  issue of the Bulletin  conta ins th e  views o f  p rom inen t  sc ientists  on t r a n s 

p lan ta t io n ,  a  fu n d a m e n ta l ly  im p o r t a n t  sub ject  in b o th  su rge ry  a n d  biology. It c an n o t ,  there fo re ,  
fail to co m m a n d  the  a t t e n t io n  of medical a n d  biological r e sea rch  workers all over  t h e  globe.

T h e  in tro d u c t io n  of the  volume, c o n tr ib u ted  by  P. B. M e d a w a r , emphasizes th e  great  
theore tica l  a n d  prac t ica l  im p o r ta n ce  of t r a n s p la n ta t io n .  T h e  init ial  researches in th is  field 
were inspired  by  the  progress of  su rg e ry . l t  led to th e  s tu d y  of immune-biological re la t io n sh ip s  
an d  o f  the  prob lem  concerning th e  possibility of in f lu en c in g  them . In  addition  to  p re sen t in g  
a survey  of researches regard ing  renal,  cartilage a n d  cornea l  t ransp lan ta t ions ,  th e  vo lum e 
un d e r  review offers in fo rm at ion  a b o u t  the in t r ic a te  p rob lem s of tissue im m u n i ty  a n d  the 
t r a n s p la n ta t io n  of organs.  Such in form ation  includes,  fo r  ins tance ,  ins t ruc t ive  discussions 
concerning the  t r a n s p la n ta t io n  of haemopoietic  t issues,  especia l ly  in cases of ra d ia t io n  in ju ry ,  
and also a highly useful t rea t ise  on  the  t r a n s p la n ta t io n  of endocrine  organs. T h e  v o lu m e  in
cludes fu r th e rm o re  in fo rm at ion  regarding the im m une-b io log ica l  factors of neoplas t ic  g row th .

These  sub jec ts  are con ta ined  in the following 15 articles:
J .  R. B a t c h e l o r : H is to co m p a t ib i l i ty  systems.
.1. L. G o w a n s : Role of lym p h o cy tes  in des t ruc t ion  o f  hom ograf ts .
J .  F. A. P. M i l l e r : T he  th y m u s  a n d  t r a n s p la n ta t io n  im m u n i ty .
J .  F.  L o u t it : T r a n s p la n ta t io n  o f  haemopoietic  tissues.
G .  G o w l a n d : In d u c t io n  o f  t ra n s p la n ta t io n  to le rance  in  a d u l t  animals.
M. S i m o n s e n : G raft-ve rsus-host  reac tion  in chick e m b ry o .
A. H a d d o w : im m u n o lo g y  of the  cancer cell: T u m o u rsp ec if ic  antigens.
M. C. B e r e n b a u m : Im m unosuppress ive  agents.
B. R y c r o f t : Biological p rob lem s of the  corneal g raft .
T. G i b s o n : Cartilage grafts .
P. L. K r o h n : T r a n s p la n ta t io n  of endocrine organs.
K. L. G. G o l d s m i t h : D onor se lection and c o m p a t ib i l i ty  ty p in g .
R. Y. C a l n e : Supp ly  a n d  p reserva t ion  of k idneys..
K. A. PORTER: Morphological aspects  of renal h o m o g ra f t  re ject ion .
M. F. A. W o o d r u f f : Biological a n d  clinical aspec ts  of  o rg a n  t ransp lan ta t ion .

I. TÖRŐ

Pathologie des ßallismus

A. J u b a

Pub lish ing  House of the  H u n g a r ia n  Academ y of Sciences,
B u d a p es t  1965. 132 pages, 27 illustra tions

T h e  m onograph  un d e r  review consists of tw o  p a r ts .
T h e  firs t  p a r t  begins with  the  embryology, a n a to m ic a l  a n d  histological s t ru c tu re ,  blood 

supply  a n d  the neural  connections of b u y s ’ n u c leus .T here  follows a discussiouof the  m o rp h o lo g i 
cal changes incases  of  hcinihall isin and  p a raha ll ism .T h is  discussion is accompanied  by a w e a l th  
of b ib liographic  references.  T he  reproduction  in an im a l  e xper im en ts  of nuc lear  a n d  p a th
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d e v ia t io n s  observed in “ ty p ica l  an d  a typ ica l”  h u m a n  cases is pointed out. T h e  f i r s t  p a r t  
c o v e rs  58 pages and p resen ts  a de ta i led  survey of th e  p e r t in e n t  l i terature.  I t  is in s t ru c t iv e ly  
s u p p le m e n te d  by  a n u m b er  of an a to m ica l  drawings r e p re se n t in g  the  supposed or e s tab l ished  
c o n n e c t io n s  of b u y s ’ nucleus.

T h e  second p a r t  con ta in s  case reports  from  th e  a u th o r ’s clinical m a te r ia l ,  to g e th e r  
w i th  t h e  pathohisto logical f ind ings  concerning th e  c en t r a l  nervous  system. A m ong  fo u r  cases 
o f  h e m ib a l l i sm  there was one in which  a softening o f  th e  sub tha lam ic  nucleus w as obse rved ,  
while  s y m p to m s  in the  o th e r  th ree  cases were due to a lesion of the  posterior p a r t  of  th e  in te rn a l  
c ap su le .  Case No. 9 is in te res t in g  from  bo th  a p a th o g e n ic  a n d  a therapeutic  angle: a l th o u g h  
th e  n u c le u s  had softened, no hem iba ll ism  resulted since arterio-sclerosis had in d u ced  grave  
d e g e n e r a t io n  in other areas of t h e  centra l  nervous sy s tem .  L ocation  of the  d e g en e ra ted  areas 
m a k e s  i t  possible to de te rm ine  b y  histological  analysis  t h e  si tes of inhibition invo lved  in the 
re lease  o f  choreic m ovem ents .

T h e  case records include tw o  cases of pa raba ll ism  a n d  two cases of choreoballism. In  the 
l a t t e r  cases,  the in te rconnec tion  b e tw een  ball ism a n d  ch o rea  of vascular origin is p o in te d  ou t .  
T h e  poss ib ilit ies  of conserva tive  a n d  surgical t h e r a p y  ( th e  la t te r  on the ev idence  of a case 
t r e a t e d  b y  the au thor)  are t h e n  discussed.

T h e  morphological desc rip t ions  are i l lu s t ra ted  b y  instruct ive  p h o tographs ,  m os t  of 
w h ic h  re p re se n t  axonal degenera t ion .  The b ib liography  c o n ta in in g  154 references offers a basis 
for m o re  deta i led  studies.

T h e  volume has been  e d i te d  by  S. D o b i ; i t  is a w o r th y  comm emora tion  o f  th e  neuro- 
h is to lo g ica l  ac t iv ity  of the  re ce n t ly  deceased au thor .

Gy . G.
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T he  A c ta  Morphologica  publish p a p e rs  on  e x p e r im e n ta l  m ed ica l  subjects in E n g l i sh ,  
G e rm an ,  F re n c h  an d  R u ss ian .

T h e  A c ta  M orphologica  a p p ea r  in p a r t s  o f  v a ry in g  size, m a k in g  up  volumes. 
M anusc r ip ts  should  be  addressed to :

Acta Morphologica, Budapest IX . ,  Tűzoltó и. 58.

Correspondence w i th  t h e  editors a n d  p u b l ish e rs  sh o u ld  be  s e n t  to  the  sam e a d d re ss .  
T h e  r a te  of  su b sc r ip t io n  to  the  Acta  M orpho log ica  is 110 fo r in t  a  volume. O rde rs  m a y  

be p laced w i th  “ K u l tú r a ”  F o re ig n  Trade C o m p a n y  for B ooks  a n d  Newspapers  (B u d a p e s t  I .,  
F ő  u tca  32. Accoun t  No. 43-790-057-181) o r  w i t h  r e p re se n ta t iv e s  ab ro ad .

Les A c ta  M orphologica  paraissen t  en  f r a n ç a is ,  a l le m a n d ,  ang la is  e t  russe e t  p u b l i e n t  
des t r a v a u x  d u  dom aine  des  sciences m édica les  expér im en ta le s .

Les A c ta  M orpholog ica  so n t  publiés so u s  fo rm e  de fascicules  qu i  se ron t  ré u n is  en  
volumes.

O n  e s t  prié  d ’en v o y er  les m anuscri ts  d e s t in é s  à  l’adresse  su iv a n te :

Acta Morphologica, Budapest IX . ,  Tűzoltó и. 58.

T o u te  correspondance  d o i t  être  envoyée  à ce t te  m êm e  adresse .
Le pr ix  de l’a b o n n e m e n t  est  de 110 f o r in ts  p a r  vo lum e.
O n  p e u t  s’ab o n n er  à  l ’Entrepr ise  d u  Com m erce  E x té r i e u r  de Livres e t  J o u r n a u x  

«Kultú ra»  (B u d a p e s t  L ,  F ő  u t c a  32. C o m p te -c o u ra n t  No. 43-790-057-181) ou à l’é t r a n g e r  
chez tous  les r e p ré se n tan ts  o u  dépositaires.

«Acta Morphologica» публикуют трактаты из области экспериментальных медицин
ских наук на русском, немецком, английском и французском языках.

«Acta Morphologica» выходят отдельными выпусками разного объема. Несколько 
выпусков составляют один том.

Предназначенные для публикации авторские рукописи следует направлять по 
адресу:

Acta Morphologica, Budapest IX . ,  Tűzoltó и. 58.

По этому же адресу направлять всякую корреспонденцию для редакции и адми
нистрации.

Подписная цена «Acta  Morphologica» — 110 форинтов за том. Заказы принимает 
предприятие по внешней торговле книг и газет «Kultú ra»  (B u d a p e s t  L, Fő u tc a  32. 
Текущий счет Ns 43-790-057-181) или его заграничные представительства и уполномо
ченные.
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A to ta l  of  130 w hi te  female  ra ts  have been t r e a te d  with progesterone  a n d  nors te -  
roid in o rder  to inves t iga te  their  effect on the  lipoid in the  ovaries and  su p ra ren a l  
g lands a n d  also to s tu d y  hydroxystero id ,  lactic  a n d  succinic dehydrogenase ,  a lkal ine- 
a n d  acid ph o sp h a tase  a n d  non-specific esterase  a c t iv i ty  in the ovaries,  su p ra ren a l  
g lands  a n d  the  liver. In  constras t  to norste ro id ,  progesterone  wras found  to increase  
the  a m o u n t  of  lipoid a n d  enhance the  exam ined  r e a c t i o n s . l t  is suggested t h a t  a c o m p e
t i t ion  is tak in g  place  for the  steroid dehydrogenase  which  converts lynoes treno l  in to  
17-ke tos te ro id  a n d  pregnenolone into p rogeste rone .  The  la t te r  cannot  be  fo rm ed  if 
lynoes treno l  is p re d o m in an t .

D eta ils  o f our c lin ical experience and  an im a l ex perim en ts w ith  sy n th e tic  
progestogens h av e  been rep o rted  p rev iously  [6, 7]. T he p resen t p a p e r  deals 
w ith  th e  effect o f p rogeste rone  on th e  o v a ry , ad ren a l gland and  liv er o f  ra ts .

S ince o u r o b se rv a tio n s  concerning th e  e ffec t o f 1 7 -a -m eth y l-1 9 -n o rtesto - 
s te ro n e  an d  p ro g este ro n e  on th e  ovary  have  been rep o rted  earlier [8], th e  p re sen t 
acco u n t will he re s tr ic te d  to  lynoestrenol (17a-e thy n y lo estr-4 -en -1 7 ß -o l), th e  
m ost efficacious sy n th e tic  progestogen, a n d  p rogesterone  (the  H u n g a ria n  
p re p a ra tio n  P rogestin ).

M aterial and m ethod

A to ta l  of 130 white  female  ra ts  of identical  s tock ,  w i th  bo d y  weights betw een 110 a n d  
120 g, were used. The  an im als  were kept  and un d e r  iden t ica l  conditions on a m ixed  d ie t  and 
d ivided of 20 ra ts  each in sex tes t  groups and a contro l g ro u p  of 10 rats .

Lynoes treno l  (O rganon  an d  progesterone were dissolved in sunflower oil a n d  doses of 
0.1 mg/g b o d y  w eigh t  were in jec ted  into the  crural m usc le  of the  animals every  second day.

T he  f irs t  g roup  was t r e a te d  w ith  lynoestrenol for a m o n a th ,  the  second for 40 days ,  the  
th i rd ,  for  2 m on ths .  A n im als  in the  fou rth  group rece ived  lynoestrenol for 45 days  a n d  were 
sacrif iced 2 weeks a f te r  the  las t  injection, those in th e  f i f th  group  progesterone  fo r  a m o n th  
a n d  those in the  s ix th  g ro u p  progesterone for 2 m o n th s .  T he  control anim als  were injec ted  
in t r a m u sc u la r ly  w ith  0.1 ml doses of sunflower-oil. T h e  e x p er im en ts  were carried o u t  a t  diffe
r e n t  periods,  a n d  the resu lts  were controlled in f u r t h e r  exp er im en ta l  groups. Vaginal  sm ears  
were m ad e  daily. T he  an im als  were weighed once ev ery  w eek  a n d  killed by  a blow on th e  nape ,  
th e n  the  p a re n c h y m a to u s  organs,  endrocrine  glands,  u t e r u s  a n d  diencephalon were im m e d ia te ly  
rem oved ,  weighed a n d  fixed in a 10 per cent  so lu tion  of n e u tra l  formalin or S h a b a d ’s flouid 
which l a t t e r  cont ains z ink a n d  copper salts for the  inh ib i t ion  of bacteria l  digestion, a n d  phlorhi-  
zin in a m ix tu re  of 10 per cen t  formalin and  absolute  alcohol for inhib i t ing  g lycolytic  enzym es.  
H aem atoxy l in -eos in ,  m e th y lg reen  pyronine,  Feu lgen’reac t ion ,  oil-red, PAS, R i t te r -O leso n ’s 
reac tion ,  0.25 per cent  to lu id ine  blue, azan, oil-red a n d  v a n  Gieson’s dye were used. T h e  acid 
a n d  a lkaline  p h o sp h a tase  an d  non-specific esterase re ac t io n s  were pe rform ed w ith  the  azocoupl-
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i n g  m e th o d ,  with  n a p h th o l  A s -p h o sp h a te  su b s tra te .  T h e  s ta ins and  reac tions used  for the  
i d e n t i f ic a t io n  of lipoid were oil r e d ,  0.2 per cen t  Nile blue,  Schu l tz ’s m ethod ,  th e  p h e n y lh y d ra -  
z in e  a n d  p h e n y lh y d raz in e -fo rm azan  reactions.  D ias tase ,  hya lu ron idase  served for d iges tion .

T h e  incubating  so lu t ion  fo r  the  s te ro id -dehydrogenase  reactions,  described b y  L e v y  
et al. [2], had  the following composit ion:

Hormone s u b s t r a t e  
Propylene glycol
Néoté trazo l ium  chloride,  1 mg/ml 
D P N  solution, 3 m g/m l 
Nicotinamide so lu t io n ,  1.6 mg/ml 
Phosphate  bu ffer  0.1 Mol, p H  7.1 to  7.4

0.2 mg
0.5 ml 1 Mol. 
1.0 „
0.8 ,.
0.7 „
4.0 „

T ota l 7.0 ml

T h e  following h o rm o n e  su b s tra te s  were em p lo y ed :  déhydro ép ian d ro s té ro n e  (D H A ),  
a n d ro s ten e d io n e ,  andros te rone ,  tes tos te rone ,  p regnenolone,  progesterone, oestradiol,  oestrone, 
o e s t r io l ,  lynoestrenol, co r t icos te rone ,  cortisone a n d  hydrocort isone .  Some in cu b a t in g  solutions 
c o n ta in e d ,  instead  of h o rm o n e ,  50 m M  sodium la c ta te  or  1.4 per  cent sod ium  su cc in a te  as 
s u b s t r a t e .  Incubat ion  was c a r r i e d  o u t  a t  37°C for 2 hours .  After  dissolving th e  h o rm o n es  in 
0.5 m l  o f  acetone, the l a t t e r  w as  e v a p o ra te d  a t  56°C, rep laced  b y  0.5 ml p ropy lene  glycol and  
th e  in c u b a t in g  solution was t h e n  a d d ed  to it .  The  reac t io n s  were firs t  pe rform ed  on c ry o s ta t  
se c t io n s ,  la te r  on frozen one p rev io u s ly  f ixed in cold ace tone  for 30 m inutes .  R e ce n t ly ,  the  
s p e c im e n s  are fixed in glacial  n e u t r a l  formalin for one h a l f  hour ,  and  the  sections a re  m ad e  by  
m e a n s  of a freezing m icro tom e.  Since there  is no essentia l  difference between the  re su l ts  o b ta in 
ed  b y  these  three m ethods ,  t h e  t h i r d  has been a d o p te d  as the  rou tine  p rocedure  because it  
p r o v id e s  m ate ria l  suitable  for p h o sp h a ta s e  reac tions  a n d  lip id s ta in ing as well. T he  p H  of the 
i n c u b a t i n g  solution, h av ing  b e en  found  to be of decisive im portance ,  is r e p ea te d ly  checked. 
T h e  f ro ze n  sections are care fu lly  w ashed  in R inger’s so lu t ion  an d  distilled water .  A f te r  in c u b a 
t i o n ,  t h e  prepara tions are f ix ed  in 10 per cent n e u t r a l  fo rm al in  a n d  m o u n ted  in g lycer ina ted  
g e la t in .

Results

I t  is clear from  T ab le  1 th a t  an im als t r e a te d  w ith  progesterone  (g roups 5 
a n d  6) gained  m ost, an d  th o se  tre a te d  w ith  ly n o estren o l least, in  w eigh t.

T h e  grea test loss o f  u te r in e  and  o v a rian  w eigh t occurred  in g ro u p  3, i.e. 
in  th e  anim als tre a te d  lo n g e s t w ith  ly n o e s tre n o l. T he ovary  o f an im als  of

Tabic 1

Effect o f  lynoestrenol and progesterone on uterine, ovarian and  
adrenal weight in  rats

Groups
Body 

weight g
Uterine 

weight mg
Ovarian 

weight mg
Adrenal 

weight mg

average

Group 1 136 338 60 68

Group 2 140 350 62 70

Group 3 120 257 39 60

Group 4 140 297 86 61

Group 5 162 403 85 65

Group 6 170 364 94 71

Group 7 contro l 150 340 85 80
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group  4 (i.e. tho se  k illed  2 w eeks a fte r  th e  la s t  ly n o estren o l in jection) c o n ta in e d  
m any  m ore co rpo ra  lu te a  th a n  th a t  o f th e  c o n tro ls . A drenal w eight d ec reased  
in  every  g ro u p , m ost m ark ed ly  in g roups 3 a n d  4.

N one o f th e  exam ined  organs e x h ib ite d  path o lo g ica l changes.
L y n o estren o l in d u ced  p ro tra c te d  o e s tru s , w hile prolonged p e rio d s  o f 

d io estru s  a lte rn a te d  w ith  p ro longed  o es tru s  (8 to  10 days) in th e  p ro g este ro n e - 
tre a te d  an im als.

Uterus. U te rin e  changes were b es t d e m o n s tra b le  by  van  G ieson’s d y e  
an d  azan . B y  p ro g este ro n e -trea ted  an im als  th e  u te rin e  becam e th in n e r  a n d  
th e re  w as collection  o f flu id  in th e  lum en . T h e  g lan d u la r ducts w ere d ila te d  
an d  lined  w ith  high co lu m n ar ep ith e liu m  w ith  b r ig h t cy toplasm . T h e  s tro m a  
co n ta in ed  a n e tw o rk  of de lica te  collagen fib res . N o rs te ro id  caused a th ic k e n in g  
o f  th e  u te r in e  w all and  a co n stric tio n  o f th e  lu m en . Coarse, fib rous h y a lin e  
co nnective  tissue  accu m u la ted  in th e  s tro m a , th e  ep ithelial cell lin in g  th e  
g lan d u la r d u c ts  becam e f la t te r ,  an d  th e ir  c y to p la sm  sta in ed  dark .

Ovary. A g rea t n u m b e r of p e rs is te n t co rp o ra  lu tea  were fo u n d  in  th e  
o v ary  o f p ro g e s te ro n e -trea te d  an im als, an d  a la rg e  am o u n t of S ch u ltz -n eg a tiv e  
an d  carb o n y l-p o sitiv e  b iré frin g en t lipo id  h a d  accu m u la ted  in th e  rip e  co rp o ra  
lu tea  (F ig . 1). The a m o u n t o f lipoid was h ig h e s t in th e  cells of th e  fo llicu la r 
th eca  in te rn a  of fresh ly  o rganizing  co rp o ra  lu te a . C orpora lu tea  u n d e rg o in g  
invo lu tion  d isp layed  coarse, irreg u la r ca rb o n y l-n eg a tiv e  lipoid  g ran u les  
(F ig . 2). S ta in in g  w ith  m eth y lg reen  p y ro n in e  rev ea led  a large a m o u n t o f  
py ro n in o p h ilic  m a tte r  in th e  cy top lasm  o f p o s to v u la to ry  g ranulosa cells. T h e  
positive py ro n in o p h ilic  and  PAS reac tio n s o f  th e  zona s tr ia ta  and  th e  l iq u o r  
folliculi tu rn e d  n eg a tiv e  a f te r  d igestion  w ith  ribonuc léase  and d ia s ta se .

T he ac tiv e  cells o f th e  s tro m a , rich in lip o id , ex h ib ited  in tense p y ro n in o - 
ph ilia  an d  could th e re fo re  be well d is tin g u ish e d  from  th e  in ac tiv e , h a rd ly  
py ro n in o p h ilic  in te rs titia l f ib ro b la s ts . D e g e n e ra tin g  granulosa cells in  th e  
cen tre  o f follicles w ere m ark ed ly  P A S -p o sitiv e . T he reaction  becam e w eak e r 
a fte r  d ia s ta se  t re a tm e n t, in d ica tin g  th a t  th e se  cells con ta in  g ly co p ro te in s  in 
ad d itio n  to  glycogen.

T he o v a ry  o f an im als tre a te d  wi t h n o rs te o rid  show ed signs o f  a tro p h y . 
I t  ex h ib ited  follicles a t  d iffe ren t s tages o f  d ev e lo p m en t, fibrous c o n n e c tiv e  
tissue w ith  d ila te d  vessels, sh ru n k  an d  som e d eg en era ted  corpore lu te a . T h e  
am o u n t o f  lipoid  was u nchanged  in  th e  tu n ic a  in te rn a  of th e  th e c a  fo llicu li 
an d  in th e  in te rs titia l cells (F ig . 3). M ost o f th e  lip o id  granules w ere, h o w ev er, 
S ch u ltz -p o sitiv e , c a rb o n y l-n eg a tiv e  an d  n o t  b ire fr ig en t.

A drena l glands. A large  am o u n t o f lipo id  w as observed in the  zona fasci- 
cu la ta  and  in th e  a d ja c e n t cells o f th e  zona  re ticu la ris  o f p ro g e s te ro n e -tre a t
ed an im als (F ig . 4). T he lipoid was S ch u ltz -n e g a tiv e , ca rb o n y l-p o sitiv e  an d  
b iré frin g en t (F ig . 5). T he ad ren a l o f an im als  t r e a te d  w ith  no rsteo rid  c o n ta in e d  
m uch S ch u ltz -p o sitiv e , c a rb o n y l-n eg a tiv e  an d  n o n b ire frin g en t lipo id  (F ig . 6).
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F ig . 1. Large  a m o u n t  of b iréfringent ,  S chultz -nega tive ,  carbonyl-positive  lipoid in  r ipe  c o r p u s
lu teu m ,  X 128

F ig . 2. Schultz -posi t ive ,  c arbonyl-nega tive ,  n o n -b i re f r in g en t ,  coarse lipoid g ranu les  in d e g en 
e ra t in g  corpus lu teum . F a t .  re  d.  X 128
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iff. 3. Mostly S ch u ltz -p o sitiv e , c a rb o n y l-n eg a tiv e , n o n -b ire frin g en t lipoid in th e  o v a ry  of 
ly n o es tren o l-trea ted  r a t .  F a t  red , X 80

'iff. 3. In tensive  a lk a lin e  pho sp h a tase  a c t iv ity  in c o rp o ra  lu tea  a f te r  p rogesterone  tre a tm e n t.  
A zo-coupling m eth o d  w ith  n a p h th o l-A s-p h o sp h a te  as su b s tra te , X 80
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Fig. 4. Large a m o u n t o f lip o id  in th e  o u te r  layer o f th e  zona  fasc icu la te  and  zona re ticu la ris  
o f p ro g res te ro n e -trea ted  ra t.  F a t  red , X 128
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Fig. 5. Large a m o u n t o f b iré fr in g en t lipoid in the  zona fa sc ic u la ta  a f te r  progesterone t r e a t 
m en t. F a t  red . Po larization  m ic ro sco p y , X 128
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Fig.  6. M ostly  Schultz -positive , ca rb o n y l-n eg a tiv e , non -b irefrin g en t lipo id  in  su p ra re n a l g land 
of ly n o e s tre n o l-tre a te d  r a t .  S ch u ltz ’s reac tio n , X 128

F ig .  7. In ten s iv e  alkaline p h o sp h a ta se  a c t iv ity  in  th ec a  in te rn a . A zo-coupling  m eth o d  w ith  
n a p h th o l-A s-p h o sp h a te  as su b s tra te . X 128
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H ydrolytic  enzym es and dehydrogenases
(1) Ovary

(a) A lka line  phosphatase. R eac tio n  w as m o st p ronounced  in th e  fo llicu la r 
th e c a  in te rn a  (F ig. 7) an d  th e  rip e  co rpo ra  lu te a . In th e  la t te r  even  th e  sm all 
cap illa ries  were sh a rp ly  o u tlin ed . T h e  reac tio n  was som ew hat w eaker in  th e  
in te r s t i t ia l  cells an d  th e  vessel , o f th e  co n n ec tiv e  tissue. An in ten s iv e  re a c tio n

F ig . 9. In ten siv e  lac tic  dehy d ro g en ase  reac tio n  (w ith  n éo té trazo liu m  ch lo ride) in in te rs t i tia
th eca  cells a n d  th ec a  in te rn a . X 80

w as o b ta in e d  in th e  en d o th e liu m  o f th e  cap illa ries run n in g  in th e  th e c a  in te rn a  
o f seco n d ary  and  te r t ia ry  follicles, and  a s lig h tly  w eaker one in  th e  th e c a  cells. 
G ran u lo sa  cells gave no reac tio n . A c tiv ity  seem ed to decrease in  th e  d eg en e ra 
tin g  co rpo ra  lu te a  (F ig . 8). T he ova  w ere sh a rp ly  o u tlin ed . A n in te n s iv e  
re a c tio n  was n o ted  in th e  n u c lea r m em b ran es; th is  becam e less p ro n o u n ced  
u n d e r  th e  effect o f  lyn o estren o l. In  c o n tra s t  to  th e  contro ls and  th e  p ro g es
te ro n e - tre a te d  an im als, th e  reac tio n  becam e p ositive  in th e  g ran u lo sa  cells of 
p r im a ry  and  te r t ia ry  follicles, w ith o u t, how ever, hav ing  reach ed  th e  in te n s ity  
o b se rv ed  in th e  th eca .

(b) A cid  phosphatase. A c tiv ity  o f th is  enzym e was w eaker th a n  th a t  of 
a lk a lin e  p h o sp h a tase . I t  was m ost m a rk e d  in th e  th eca  in te rn a , a n d  less so in
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th e  in te rs ti t ia l  lu te a l cells an d  th e  en d o th e liu m  o f capillaries ru n n in g  in  th e  
c o rp o ra  lu tea . P ro g este ro n e  increased  an d  n o rs te ro id  d im in ished  th e  a c tiv ity .

(c) N on-specific  esterase. R eaction  w as m o st m ark ed  in the  th e c a  in te rn a  
a n d  th e  corpora lu te a . In v o lu tin g  corpora lu te a , to o , show ed in tensive  a c tiv ity , 
a n d  even  the  g ran u lo sa  cells gave a m o d era te  re a c tio n . A c tiv ity  was increased  
b y  p rogeste rone  an d  dec reased  by  n o rste ro id .

F ig . 10. In ten siv e  h y d ro x y s te ro id  dehydrogenase  re a c tio n  in  ep ith e lia l cells of th e  u te r in e  
tu b e ,  w ith  lynoestreno l as su b s tra te . X 80

(d) Dehydrogenases. T h e  h y d ro x y ste ro id , la c tic , and  succinic dehydrogenase  
re a c tio n s  were m ost p ro n o u n ced  in th e  in te r s t i t ia l  lu te a l cells and  th e  th e c a  
in te rn a  (F ig . 9), so m ew h a t less m arked  in  th e  g ran u lo sa  cell* o f a tre tic  follicles 
a n d  in  th e  co rpora lu te a .  P r im a ry  follicles a n d  vessels failed  to  re a c t w ith  
h y d ro x y s te ro id  d eh y d ro g en ase , while reac tio n  in  th e  en d o the lium  of th e  u te r in e  
tu b e  w as positive (F ig . 10). T he lac tic -d eh y d ro g en ase  reac tio n  was in ten s iv e  
in th e  vessels. S h a rp e r th a n  alkaline p h o sp h a ta se  d id  the  p re c ip ita tin g  
fo rm o zan  ou tline th e  e n d o th e liu m , m edia  and  a d v e n ti t ia  of th e  vessels (F ig . 11).

P rogesterone  in te n s if ie d  all th e  th ree re a c tio n s , especially  in  th e  co rp o ra  
lu te a  (F ig . 12). N o rs te ro id  induced  no ch an g e  in  th e  reactions. As reg a rd s  
d ifferences due to  th e  h o rm o n e  su b stra te s , th e  re a c tio n  was negative  in  lyno- 
e s tre n o l- tre a te d  an im als  i f  th e  in cu b a tin g  m ed iu m  co n ta in ed  p regneno lone, 
w h ereas  in com parison  w ith  th e  contro l an im a l a c tiv ity  was m ark ed  if
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Fig. 11. In ten siv e  lac tic  d ehydrogenase  reac tio n  in vessels o f th e  o v a ry . X 128

. 12. H y d ro x y s te ro id  d eh y d ro g en ase  reac tion  in corpus lu te u m , w ith  pregnenolone as 
s u b s tra te , a f te r  tre a tm e n t w ith  p rogesterone . X 128
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Table 2

S te ro id  dehydrogenase activity  in  the ovary, adrenal and liver o f  untreated ( control)  rats and
rats treated w ith lynoestrenol

Hormone substrate
Control animals Animals treated with lynoestrenol

Ovary Adrenal Liver Ovary Adienal Liver

D éh y d ro ép ian d ro sté 

ro n e  (D H A ) + + +  + +  + + + + + + + + + + + + + + +
A n d ro s ten ed io n e 0 0 0 0 0 0

A n d ro s te ro n e 0 0 0 0 0 0

T e s to s te ro n e + + + + + + +  + + +
P reg n en o lo n e 1 , 1 _ + 4 - + + 0 0 +
P ro g e s te ro n e 0 0 0 0 0 0

O e strad io l 0 0 0 0 0 0

O e stro n e 0 0 0 0 0 0

O estrio l 0 0 0 0 0 +
L y n o es tre n o l + + + + + + + + + +
C o rtico ste ro n e + -j- + +
C o rtiso n e 0 0 0 0 0 0

H y d ro co rtiso n e 0 0

C o n tro ls 0 0 0 0 0 0

th e  in c u b a tin g  m edium  c o n ta in e d  lynoestreno l (F ig . 13). D H A , te s to s te ro n e  
a n d  co rticoste rone  d id  n o t  a ffec t th e  reac tions (T able 2).

(2) Adrenal
F ig . 17 presen ts a s c h e m a tic  illu s tra tio n  o f th e  s tru c tu re  o f th is  organ. 

Q u a d ra n t  2 shows th e  th r e e  zones, th e  o th e r th re e  q u a d ra n ts  i l lu s tra te  th e  
in te n s i ty  and  d is trib u tio n  o f  e n zy m a tic  ac tiv itie s  in  th e  d iffe ren t zones o f th e  
s u p ra re n a l  cortex  in an im a ls  tr e a te d  w ith  ly n o estren o l. T he h y d ro x y ste ro id  
r e a c t io n  was s trongest in  a ll g roups w hen D H A  se rv ed  as su b s tra te . Ac
t iv i ty  w as m ost in tensive  a t  th e  b o u n d a ry  o f th e  zona fa sc ic u la ta  and  th e  
zo n a  re ticu la ris  (Fig. 14). T h e  la c tic  dehydrogenase  an d  a lka line  p h o sp h a tase  
re a c tio n s  were m ost m a rk e d  in  th e  zona fasc icu la ta  (F ig . 15), less pronounced  
in  th e  zona reticu laris a n d  s till less so in th e  zona g lom eru losa . Succinic de
h y d ro g e n a se , acid p h o sp h a ta se  an d  non-specific  e s te ra se  gave w eak  re a c 
t io n s  in  all zones. All a c tiv it ie s  w ere slig h tly  en h an ced  b y  p ro g este ro n e  and  
s o m e w h a t decreased by  n o rs te ro id .

(3) Liver
F ig . 18 presen ts a sc h e m a tic  illu s tra tio n  of a h e p a tic  lobule . Q u a d ra n t 2 

sh o w s th e  norm al s tru c tu re  o f  th e  liv er: d =  liv e r cells, e =  s in u so id s , f  =
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F ig • 13. H y d ro x y ste ro id  d ehydrogenase  re ac tio n  in  the  ovarv , w ith  ly n o estren o l as su b s tra te .
X 128

Fig. 14. In ten s iv e  h y d ro x y ste ro id  d eh ydrogenase  reac tion  a t  the  b o u n d a ry  o f  th e  zona 
fa sc icu la ta  an d  zona re ticu la ris , a f te r  ly n o estren o l t re a tm e n t, w ith D H A  as s u b s tra te .  X 128
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F ig . 15. In tensive  lac tic  d e h y d ro g en a se  reaction  in zona  fa sc ic u la te , a fte r  p rogesterone
trea tm e n t. X 128

F ig . 16. In tensive , m o stly  c e n tro lo b u la r , lactic d eh y d ro g en ase  reac tio n  in liver o f p ro g este 
ro n e  trea te d  ra t.  X 128
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Hydroxysteroid
dehydrogenase

Malic -  

dehydrogenase.

zona glomerulosa 
zona fasciculata

zona reticularis 
?

medulla

Alkaline 
phosphatasef/tyj

Acid -
phosphatase

Non - specif ic
3

esterase

F ig . 17. In te n s ity  o f d iffe ren t enzym atic  a c tiv it ie s  in th e  su p rarenal gland o f th e  r a t

Hydroxysteroid
dehydrogenase

Succinic -dehydrogenase 
Alkaline phosphatase 
Acid phosphatase 
Non -  specific esterase

Fig. 18. In te n s ity  o f d iffe ren t enzym atic  a c t iv it ie s  in a hepatic  lobule of th e  r a t

cen tra l vein . T he lo bu le  is d iv ided  in to  th re e  zones; th a t  su rround ing  th e  c e n tra l 
vein is th e  c e n tro lo b u la r  zone, th e  o u te rm o s t is th e  peripheral zone, w ith  th e  
m idzone betw een  th em . L ac tic  d eh y d ro g en ase  ac tiv itie s  was s tro n g e s t in  th e  
cen tro lo b u la r  zone (F ig . 16); succinic d eh y d ro g en ase  ac tiv ity  w as n e g a tiv e  
here, s tro n g  in th e  m idzone and  m o d era te  in  th e  peripheral zone. T h e  sam e 
d is tr ib u tio n  applies to  a lka line  and acid p h o sp h a ta se  and non-specific  e s te ra se  
as w ell. H y d ro x y -s te ro id  dehydrogenase  a c t iv i ty  was m ost in ten s iv e  in  th e  
ce n tra l and  p e rip h era l zones, less so in th e  m idzone. The reactions w ere m ost 
m ark ed  in all g roups w hen th e  in cu b a tio n  f lu id  con ta ined  D H A . T re a tm e n t
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w ith  ly n o estren o l le f t th is  re a c tio n  u n a ffe c ted , n o r did i t  change u n d e r  th e  
e ffec t o f  te s to s te ro n e , b u t  was co n sid e rab ly  w eakened  w hen p reg n en o lo n e  
se rv e d  as su b s tra te . L y n o estren o l as s u b s tra te  increased  th e  a c t iv i ty  in  co m 
p a riso n  to  th e  con tro ls. A lkaline and  ac id  p h o sp h a tase  and  n o n -sp ec ific  
e s te ra se  a c tiv ité s  d im in ished  d u rin g  tr e a tm e n t  w ith  lynoestrenol. A ll e n z y m a tic  
a c tiv it ie s  w ere enhanced  b y  th e  a d m in is tra tio n  o f  progesterone.

D iscussion

O u r in te n tio n  was to  describe th e  o b se rv e d  changes and , in  a d d itio n , to  
p re s e n t a co rre la ted  e v a lu a tio n  o f  th e  h is to ch em ica lly  accessible p rocesses 
o c c u rr in g  in  th e  o v ary , ad ren a l and liver, i.e. th e  organs th a t  p lay  a decisive 
ro le  in  th e  syn th esis  and  conversion  o f h o rm o n es . In  o rder to m ake c o m p ariso n s  
p o ssib le  i t  w as necessary  to  p resen t p h ysio log ica l conditions also, since - for 
e x a m p le  — lite ra tu re  does n o t  co n ta in  a co m p reh en siv e  re p o rt o f  th is  k in d  on 
th e  in te n s i ty  of enzym atic  a c tiv ity  in  th e  v a rio u s  p a rts  o f the  ad ren a l g lan d  or 
th e  liv e r . D ev ia tions from  th e  n o rm al s ta te , as observed  u n d er th e  m icroscope 
a n d  re v e a le d  b y  p h o to m ic ro g rap h s, are p re s e n te d  in Tables I I  an d  I I I  as also  
b y  w ay  o f illu s tra tio n s . C hanges o bserved  in  th e  k idney  are n o t d iscussed  in  
th is  p a p e r ;  th e  h y d ro x y s te ro id  d eh y d ro g en ase  a c tiv ity  was in v a ria b ly  n e g a tiv e  
in  th is  o rg an , w hile o th e r en zy m atic  re a c tio n s  h av e  already  been  d esc rib ed
[9].

In  th e  p resen t ex p erim en ts  p ro g este ro n e  increased  th e  a m o u n t o f  lip o id  
a n d  in te n s if ie d  th e  exam ined  en zy m atic  re a c tio n s . L ynoestrenol, a d m in is te re d  
fo r 2 m o n th s  to  ra ts  w ith ac tiv e  o v ary , d ec rea sed  th e  w eight o f th e  u te ru s , 
o v a ry  a n d  ad ren a l, and  w eakened  all th e  exam ined  enzym atic  re a c tio n s .

Table 3

L o ca liza tio n  o f  hydroxysteroid-, lactic and succinic dehydrogenase, alkaline and acid p h ospha tase , 
and non-specific esterase reactions in  the ovary o f  rats

Hydroxy
steroid

dehydro
genase

Lactic
dehydro
genase

Succinic
dehydro
genase

Alkaline
phospha

tase

Acid
phospha

tase
Nonspeci

fic esterase

P rim a ry  follicle 0 + + + + + + 0

R ipe  follicle +  + + + + + + + + +
A tre tic  follicle + + + + + + + -1- + 0

In te r s ti t ia l  lu tea l cells + + + H - + + + + + + + + + + + + + 0

R ipe  co rp u s lu teum + + + + + + + + + + + + + + + - H -
In v o lu tin g  corpus lu teum + + + + + + + + + + "Т--Г
C onnective-tissue  vessels 0 + + + + + + ~T
T heca  cells + + + + + + + + + + +  + + + + + - H - f +  4 -4 -
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H ow ever, these  changes w ere b u t tem p o ra ry . O rgans o f th e  an im als in  g roup  4 
reg en era ted  com plete ly  a f te r  2 weeks, rega ined  th e ir  orig inal w e igh t, an d  a 
large am o u n t of S ch u ltz -n eg a tiv e , c a rb o n y l-p o sitiv e  b iré fr in g en t lipoid 
ap p eared  in th e  o v ary  a n d  ad ren a l, the reac tio n s  were also enhanced . These 
p henom ena p o in t to  a l ib e ra tio n  of th e  h y p o th a lam o -h y p o p h y sea l sy s tem  from  
th e  inh ib itio n  caused b y  p e rip h e ra l s tero ids, an d  to  an  increased  p ro d u c tio n  of 
g onado troph ic  ho rm one (reb o u n d  effect). I t  is th is  effect o f th e  n o rste ro id s  
th a t  is u tilized  in  th e  t r e a tm e n t  of s te rility  due  to  hypop lasia . I t  should  be 
n o ted  th a t  no rstero ids show  th is effect on ly  in  an im als w ith  in ta c t  o v ary , 
w hereas — accord ing  to  ex p erim en ts  now  in p rog ress — th e  effect is reversed  
in ovariec tom ized  an im als . This phenom enon a n d  th e  leng th  of th e  oestrus 
p o in t to  a p e iip h era l e ffec t o f norstero ids. T hese o b serv a tio n s m ay  be  useful 
w hen p rescrib ing  n o rs te ro id  to  p a tie n ts  in ih e  m enopause .

P ro longed  oestru s  an d  d ioestrus follow ing p ro geste rone  t re a tm e n t po in t 
to  a d is tu rb an ce  of th e  ho rm onal equ ilib rium , i.e. an upset o f th e  h a rm o n y  
betw een  th e  o v ary , ad re n a l an d  the h y p o th a lam o -h y p o p h y sea l a p p a ra tu s  a 
d esy n ch ro n iza tio n  o f th e ir  rh y th m ic ity .

N o th in g  is so fa r  know n  ab o u t th e  conversion  o f  no rstero ids in th e  o rg an 
ism . O bservations m ad e  in  th e  p resen t e x p e rim e n ts  in connection  w ith  
h y d ro x y ste ro id  d eh y d ro g en ase  reactions m ay  be  a s te p  tow ards th e  so lu tion  of 
th is  problem .

S a m u e l s  et ai. [4] described  a 3B-ol s te ro id  dehydrogenase  w hich  was 
d ep en d en t on D P N  an d  w hich  oxidized h y d ro x y s te ro id  to  u n s a tu ra te d  at and  
ß  ke tones. The reac tio n  in  v itro  requires th e  p resence  o f an O H  group  on C17 or 
C2U. W a t t e n b e r g  [10], P e a r s o n  and  G rose  [3] w ere th e  f irs t to  a t te m p t  th e  
h istochem ical d e m o n s tra tio n  o f dehydrogenases cap ab le  of oxidizing horm ones. 
I t  was in 1959 th a t  L e v y  et al. [2] described th e  h is to ch em ica l reac tio n  used  in 
th is  s tu d y .

D P N -d iap h o rase  can  be coupled  w ith  té tra z o liu m  in  th e  en zy m a tic  
reac tio n s in  w hich D PN  serves as th e  coenzym e. N ico tin ic  acid and  its  am ide, 
to g e th e r  w ith  aden ine  a n d  pen tosephosphoric  ac id , fo rm  th e  enzym es w hich 
tra n sfe r  H 2, i.e. co-zym aze I an d  co-dehydrogenase  I I .  In  o rd er to  d e m o n s tra te  
s te ro id  dehydrogenases h istochem ica lly , we m u s t em ploy  som e ho rm one 
su b s tra te  to  be red u ced , D P N , té trazo liu m  s a lt  an d  n ico tin am id e  in  0.1 Mol. 
p h o sp h a te  buffer a t a p H  o f 7.1 to  7.4. T he en zy m a tica lly  lib e ra te d  H 2 is 
ta k e n  u p  b y  D P N  w hich  is th u s  converted  in to  D P N H . This hyd ro g en  is th e n  
tra n sfe rre d  by  th e  co dehydrogenase  to  th e  co lourless té trazo liu m  sa lt. T é tra 
zolium  so reduced  (fo rm azan ) appears in th e  tissu es  as a coloured  inso lub le  
d y e -p rec ip ita te . In  o rd e r to  p rev en t aspecific re a c tio n s , th e  acetone in w hich 
th e  ho rm one su b s tra te  is d isso lved  has to  be e v a p o ra te d  com pletely .

A ccord ing  to  T a l a l a y  an d  M a r c u s  [5], /? -h y d ro x y ste ro id  d eh ydrogenase  
ca ta ly zes  th e  reversib le  D P N -lin k ed  ox idation  o f  3 ß-, 16 ß  an d  17 /1-hydro-
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x y s te ro id s . I t  ca ta ly zes , a cco rd in g  to  F u h r m a n n  [ I ] , stero ids w ith  a k e to  or 
O H  g ro u p  a t C17 or C„0 to  th e  co rrespond ing  k e to s te ro id s . I ts  c a ta ly tic  action  
is m o s t p ronounced w hen D H A  is converted  in to  an d ro sten ed io n e , or p regne
n o lo n e  in to  p rogesterone. In te n s iv e  p rec ip ita tio n  o f form azan  has b een  o b se rv 
ed in  th e  ovary  and  a d re n a l of ly n o e s tre n o ltre a te d  anim als w hen  th is  sam e 
h o rm o n e  served as s u b s tr a te ,  w hile th e  reac tio n  w as p rac tica lly  n e g a tiv e  if  the  
in c u b a tin g  fluid c o n ta in e d  pregneno lone. W e assum e th a t  th e  O H  g roup  on 
th e  C17 o f lynoestreno l is o x id ized  and  co n v e rted  in to  k e to s te ro id  b y  hy- 
d ro x y s te ro id  d eh y d ro g en ase . A com petitio n  seem s to  ta k e  p lace for th e  stero id  
d eh y d ro g en ase  w hich  ch an g es ly n o estren o l to  1 7 -ke toste ro id , or p regneno lone 
to  p rog este ro n e . The l a t te r  c a n n o t be form ed if ly n o estren o l is p re d o m in a n t. This 
th e o r y  seems to  be s u p p o r te d  b y  th e  clinical o b se rv a tio n  th a t  p a tie n ts  tre a te d  
w ith  norstero ids ex c re ted  p ra c tic a lly  no p reg n an ed io l. I t  is n o te w o rth y  th a t  
n o rs te ro id s  do n o t in te rfe re  w ith  th e  conversion o f D H A  in to  an d ro s ten ed io n e . 
A cco rd in g  to the  fo rego ing , no rste ro id s  — a p a r t from  in h ib itin g  th e  lu te in iz in g  
h o rm o n e  produce a d ire c t e ffec t on th e  enzym es o f th e  o v ary , a d re n a l glands 
a n d  th e  liver. H y d ro x y s te ro id -d e h y  drogenase a c tiv ity  in th e  F a llo p ia n  tube  
p e rm its  of the  su p p o s itio n  th a t  a local m e tab o lism  of s te ro id  ho rm o n es is 
o c c u rr in g  there .
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H IS T O C H E M ISC H E  U N T E R S U C H U N G E N  AN D E N  O R G A N E N  VON M IT N O R S T E R O ID  
U N D  PR O G E ST E R O N  B E H A N D E L T E N  R A T T E N  M IT B E S O N D E R E R  R Ü C K SIC H T  

A U F D IE  H Y D R O X Y S T E R O ID -D E H  Y D  R O G E N A SE N

F. TÓTH und I. SZÖNYI

A n 130 m it P ro g e s tin  u n d  N o rs te ro id  b e h an d e lte n  w eiblichen A lb in o ra tte n  w urden 
d ie  a u f  W irkung der B e h a n d lu n g  in  den O varien  u n d  N ebenn ieren  zu stan d ek o m m en d en  
L ip o id v e rän d e ru n g en  u n te r s u c h t ;  in  den O varien , N eb en n ie ren  u n d  in  de r L eb e r w urden 
a u ß e rd e m  H ydro x y ste ro id -, L a k to - , Sukzinodehydrogenase , alkalische u n d  sau ere  P h o sp h ata se
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u n d  «spezifische E s te ra se -R eak tio n en  d u rc h g e fü h rt. E s w urde  festgeste llt, daß  d as  P ro g estin  
sow ohl die M enge de r L ipoiden, als au ch  die In te n s itä t  d e r  an g efü h rten  E n z y m re a k tio n e n  
s te ig e r t . Das N o rs te ro id  se tz t die dem  S tero id  e n tsp rech en d e  L ipoidm enge u n d  d ie E n z y m 
re a k tio n e n  h erab . E s w ird  angenom m en, d aß  um  die S te ro iddehydrogenase , die das P reg n en o - 
lon in P ro g esteron  und  das L y n estren o l in 17 -K e to stero id  u m w andelt, zw ischen dem  L y n ö s tre -  
no l u n d  dem  P regneno lon  eine K o m p e titio n  b e s teh t, w oraus fo lg t, daß  im Falle v o n  L y n ö s tre -  
nol-X Jbergew icht kein  P rogesteron  p ro d u z ie rt w ird.

ГИСТОХИМИЧЕСКИЕ ИССЛЕДОВАНИЯ ОРГАНОВ КРЫС, ПОДВЕРЖЕННЫХ 
ВОЗДЕЙСТВИЮ НОРСТЕРОИДА И ПРОГЕСТЕРОНА С ОСОБЫМ УЧЕТОМ 

ДЕГИДРОГЕНАЗ ГИДРОКСИСТЕРОИДОВ
Ф. ТОТ и И. СЕНЕИ

Авторы проводили исследования на 130 белых крысах-самках, подверженных 
воздействию прогестина и норстероида. Они исследовали липоидные изменения, возни
кающие под влиянием воздействия в яичниках и в надпочечниках, далее реакции дегид
рогеназы гидроксистероидов, лакто-, сукцинодегидрогеназ, щелочной и кислой фосфатаз 
и неспецифических эстераз в яичниках, надпочечниках и в печени. Согласно их устано
влениям прогестин повышает как количество липоидов, так и силу рассмотренных энзим
ных реакций. Норстероид уменьшает количество соответствующих стероиду липоидов и 
энзимные реакции. По предположению авторов между линэстренолом и прегненолоном 
существует соперничество за стероидную дегидрогеназу, превращающую прегненолон в 
прогестерон и линэстренол в 17-кетостероид. В случае преобладания линэстренола про
гестерон и поэтому не может образовываться.

D r. F e ren c  T ó t h  

D r. I s tv á n  S z ő n y i
B u d ap est V III ., B aross u . 27., Hungary

2 Acta Morphologien Academiae Scientiarum Ilungaricae 14. 1066





A cta Morphologien A cadem iae Sc ien tia rum  H ungaricae T o m u s 14 ( 2 ) ,  p p . 137— 144 (1966)

A natom isches In s t i tu t  (D irek to r: P rof. D r. J .  S z e n t á g o t h a i ) der M edizinischen U n iv e rs itä t,
B u d ap est

NEUERE UNTERSUCHUNGEN AN DEN MESENTERIA
LEN LYMPHGEFÄSSEN

J .  V a j d a  und M. T o m c s i k

(E ingegangen  am  28. Mai, 1965)

Die B e d eu tu n g  der L y m p h k ap illa ren  neben  dem  im  po stm u ra len  G ekröseab
sc h n itt befind lichen  L y m p h g efäß -A n asto m o sen sy stem  u n d  ihre W ich tigkeit bei der 
L y m p h sp eich eru n g  w ird b e to n t. N eben den E inzel- u n d  D o p p e lb la tt k lap p en  w ird  die 
Rolle der In v a g in a tio n e n  sow ohl in der L enkung  der S trö m u n g , wie auch  im  A u frech te r
h a lten  des K ap illa rk re is lau fs  he rvorgehoben . Die M orphologie der D o p p e lb la ttk lap p e n  
de r L ym phgefäße  w ird e rö r te t  und  festg es te llt, d a ß  d iese, solange ihre B lä t te r  u n v e rseh rt 
sind , n ich t in su ffiz ien t w erden  können . Die F rag e  des m it der re tro g ra d en  P flan zu n g  
der L y m p h s ta u u n g  zu stan d ek o m m en d en  O dem s w ird  besprochen .

In früheren  U n te rsu ch u n g en  w urde fe s tg e s te llt, d aß  sich am  d a rm n ah en  
A b sc h n itt des G ekröses ein  m äch tiges A n asto m o sen sy stem  von L y m p h g efäß en  
b e fin d e t. In  den an as to m is ie ren d en  L y m p h g efäß en  sind  zah lre iche  D o ppel
b la ttk la p p e n , in den d ü n n e ren  auch  E iz e lb la ttk la p p e n , oder be ide  T y p en  
abw echselnd  in ein u n d  dem selben  G efäß zu b e o b a c h te n  (Va j d a  u . T ö m b ö l , 
1964).

N ach H o r s t m a n n  (1951) fä llt in der S p e ich eru n g  der aus dem  D arm  in 
die L ym phgefäße  g e ra ten en  F lüssigke it dem  e rs te n , p o s tm u ra len  A b sc h n itt 
der m esen te ria len  L y m p h g efäß e  eine b e d e u te n d e  R olle zu. Diese F lü ss ig k e it 
w ird  bei der K o n tra k tio n  des D arm es aus den L y m p h g e fäß en  der D a rm w an d  
in jen e  des G ekröses sozusagen  e ingesch lcudert. D ie T ra n s p o r tk a p a z itä t  der 
L e tz te ren  re ich t jed o ch  n ic h t aus, diese S aftm en g e  w eite rb e fö rd ern  zu kö n n en , 
u n d  ein Teil der L y m p h e  w ird in dem  A n asto m o sen sy stem  des d a rm n a h e n  
A bsch n ittes  g espe ichert. D iese A nnahm e w urde  von  Z h d a n o w  (1952) b e 
s tä t ig t .  Die S p e ich eru n g sfäh ig k e it der L y m p h k n o te n  w urde  von R o u v i è r e  u . 
V a l e t t e  (1933) au fgew orfen  und  1957 von R u s z n y á ic , F ö l d i  u . S zabó  b e 
w iesen. W e n t  (1958) is t ebenfalls der M einung, d a ß  die gesam te M enge d er in 
die L ym phgefäße  g e ra ten en  F lüssig k e it n ic h t in d en  D uctu s  th o rae icu s  ge
la n g t, sondern  zum  Teil in d er P erip h erie  bzw . den  L y m p h k n o ten  gespe ichert 
w ird . An diesem  sp e ich ern d en  A b sch n itt k o n n te  H o r s t m a n n  1951 E rw e ite ru n 
gen der L ym phgefäße  m it e lastischem  F ase rn e tz  in d e r W an d u n g  nachw eisen . 
ln  der uns zugänglichen  L ite ra tu r  über diesen A b sc h n itt fanden  w ir keinen  
H inw eis in bezug  a u f  die L y m p h k ap illa ren  v o r. L a u t  Z h d a n o w  (1952) und  
Y a m a g is h j  (1960, 1961) besitzen  die L y m p h k a p illa re n  keine B asa lm em b ran , 
u n d  es fehlen auch  die p e riv a sk u lä re n  Zellen. S om it k o m m t die Z ugw irkung  der
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a u se in a n d e rg ed rä n g te n  B indegew ebefasern  a u f  die L ym phgefäße  besser zur 
G e ltu n g , wie z. B. be i d e r  O dem bildung . D ie F ase rn  hängen  n ä m lic h  m it der 
W a n d  d er L ym phgefäße  eng  zusam m en . Die L y m p h k ap illa ren  k ö n n en  im  
M an g e l einer B a sa lm e m b ra n , sogar au f das D reifache ihres u rsp rü n g lic h e n  
K a lib e rs  gedehn t w erden . P u l l i n g e r  u . F l o r e y  (1935) k am en  zu  dem  S ch luß , 
d a ß  A d ren a lin  bzw. P i tu i t r in  k e ine  W irk u n g  a u f  die L y m p h k a p illa re n  ausüben . 
D e h n u n g  u n d  V erengung d e r L y m p h k a p illa re n  s teh en  also n ic h t u n te r  n eu ra le r 
S te u e ru n g . N ach K r a u s  (1959) is t die L u m en än d e ru n g  bei L y m p h k a p illa re n  
m e h r passiven , bei B lu tk a p illa re n  m ehr ak tiv en  C h arak te rs , da  le tz te re  inner- 
v ie r t  s in d . Der U m sta n d , d a ß  das G esam tvo lum en  der L y m p h k a p illa re n  die 
T ra n sp o rtfä h ig k e it des zu g eo rd n e ten  ab le iten d en  L ym phgefäßes w esen tlich  
ü b e r tr i f f t ,  bed ing t beim  L y m p h a b flu ß  eine solche E inengung , die a u f  das 
E in k o n z e n trie ren  der P r im ä rly m p h e  fö rd e rn d  w irk t. D er E in d ick u n g  w äh ren d  
d e r lä n g e r  an h a lten d en  S p e ich eru n g  im  K ap illa rg eb ie t d ü rf te  ein  o sm otischer 
M echan ism us oder d e r h y d ro d y n a m isc h e  E ffek t der re tro g ra d e n  S ta u u n g  zu 
g ru n d e  liegen.

M ateria l und M ethode

A ls U n te rsu ch u n g sm a te ria l d ien te  das M esen terium  v o n  K a tzen  u n d  in  e in igen  F ällen  
v o n  H u n d e n . Bei der E n tn a h m e  des M ateria ls w urde  d a ra u f  g each te t, daß  de r m esen teria le  
R a n d  u n v e rse h rt  bleibe. D ie h isto lo g isch en  S c h n itte n  w urd en  m it H äm a to x y lin -E o s in  ge färb t 
o d e r m it Silber im p räg n ie rt.

Ergebnisse

A n den d a rm n a h e n  P a r t ie n  befinden  sich zah lreiche L y m p h k a p illa re n . 
D ie  m e is ten  dieser b lin d  an fan g en d en  E n d o th e lrö h rch en  sind  n eb en  den  B lu t
k a p illa re n , im  V erzw eigungsw inkel derselben  (A bb. 1), u n d  au ch  im  b lu tg e 
fä ß fre ie n  Bereich des G ekröses au fzu fin d en . Diese b linden  S äcke sind  in s ä m t
lic h e n  F ällen  e rw e ite rt (A bb . 2, 3, 4). D ie K ap illa ren  zeigen alle Ü bergänge 
v o m  g an z  w eiten b is zu m  faden fö rm ig  zusam m engefallenen  L u m en . Diese 
A n fa n g sa b sc h n itte  d er L y m p h k a p illa re n  m ü n d en  n ach  ku rzem  V e rla u f in eine 
te ic h a r t ig e  E rw eite ru n g , zu m al b ild e t sich sogar eine Inse l aus (A bb . 5, 6). An 
d en  S te llen , wo die d ü n n w a n d ig e n  E n d o th e lk a p illa re n  von  B lu tk a p illa re n  
ü b e rk re u z t  w erden, k o m m en  m äßige  E in en g u n g en  vor. Die L y m p h k a p illa re n  
v e rfü g e n  zunächst n och  ü b e r  gar kein  G ebilde zu r L enkung  oder B eein flussung  
d e r S trö m u n g ; solche e rsch e in en  e rs t im w eite ren  A b sch n itt. D iese sind keine 
K la p p e n , sondern In v a g in a tio n e n . D er p e rip h ere  L y m p h k a p illa ra b sc h n itt 
r a g t  g leichsam  in die E rw e ite ru n g  des m ehr ze n tra l G elegenen ein , u n d  en d e t 
in  d iesem  m it einer en g eren , sch lauchförm igen  M ündung  (A bb. 7). M anchm al 
s ie h t  m an  m ehrere In v a g in a tio n e n  an  einer E rw e ite ru n g  (A bb. 8). D ie E rw ei
te ru n g e n  weisen ebenfa lls g roße  L u m en v ersch ied en h e iten  auf. In  d e r N ähe des 
A n asto m o sen sy stem s v o n  L y m p h g efäß en  sind  die L y m p h k a p illa re n  be re its
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Abb. I. B lind  an fangendes L y m p h k ap illar- 
gefiiß im B lu tgefäßw inkel

A bb. 2. B lind  anfangendes L y m p h k a p illa r-  
gefäß m it E inengung

Abb. 3. B linde L y m p h säck e  versch iedenen  
K alibers

Abb. 4. B linder A n fa n g sa b sc h n itt u n te r  
s ta rk e r  V ergrößerung

m it E in z e lb la ttk la p p en  versehen  (A bb. 9) u n d  folgen n ich t m ehr den  V e rla u f 
der B lu tgefäße , sondern  ziehen se lb stän d ig  d em  A nastom osensystem  zu (A bb. 
10). Am E n d a b sc h n itt  befinden  sich au ch  D o p p e lb la ttk la p p e n  n eben  den  E in 
b la t tk la p p e n  (A bb. 11, 12). Der m orpho log ische  A ufbau  der e in a n d e r  n ah e  
g e lag erten  D o p p e lb la ttk la p p e n  lä ß t gar k e in en  R ü ck flu ß  in die K a p illa re n  zu. 
l)i< ;se K lap p en  besteh en  aus zwei h a lb k re isfö rm ig en  B lä tte rn , w elche sich  im  
sp itzen  W inkel zu r L ängsachse  des G efäßes in  d e r  S tro m rich tu n g  in das L u m en  
h in e in rag en  (A bb. 13, 14). Die beiden B lä t te r  ergeben  zusam m en ein  ovales 
G ebilde; die spa ltfö rm ige  Ö ffnung b e fin d e t sich  bei dem  kurzen D u rch m esse r. 
Die gebogenen In se rtio n slin ien  der K la p p e n b lä t te r  treffen  sich in je  e in em  an
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Abb. 5. Zw ei zusam m en fließ en d e  L y m p h k a- 
p illa ren  m it E rw e ite ru n g

Abb. 6. A u sb ild u n g  einer Inse l be im  Z u sa m 
m en flu ß , E in en g u n g  bei der a rte rie lle n  Ü b e r

kreuzung

der  G efäß w an d  e inander  gegenüber l iegenden P u n k t  (Abb. 15). I h re  freien 
R ä n d e r  übe rb r i ickcn  sa i te n a r t ig  das L u m en ;  die Flüssigkeit kann  n u r  d u rc h  
die zw ischen  ihnen  gelegene L ängsspa lte  s t rö m e n  (Abb. 16.) Ohne V er le tzu n g  
d e r  S t r u k t u r  ist hier kein R ü c k s t ro m  möglich. Bei D ruckzunahm e im w e ite ren  
A b s c h n i t t  sp a n n t  die g ed ehn te  W and  die gem e in sam  inserierenden s t ra f fen  
R ä n d e r  d e r  B lä t te r  an, die d an n ,  ähnlich  der  S t im m ritz e ,  die S tro m sp a l te  noch  
m e h r  versch ließen . W egen  der  gem einsam en In se r t io n sp u n k te  der K l a p p e n 
r ä n d e r  v e rm a g  se lbst eine hochgradige D e h n u n g  keine Insuffizienz d ieser 
K la p p e n  hervo rzu ru fen .

A c ta  M orphologica  Academ iae  S c ien tia ru m  H ungaricae  1 4 . 1 9 6 6

Abb. 7. In v a g in a tio n Abb. 8. Zw ei Invag in a tio n en  in derse lb en  
E rw eiterung
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A bb. 9. In v a g in a tio n  u n d  E in z e lb la ttk la p p e  
beim  Z usam m enfluß

Abb. 10. A nastom osensystem  im p o s tm u ra 
len A bsch n itt

Abb. 11. E inzel- u n d  D o p p e lb la ttk lap p e  d e s
selben L ym phgefäßes

Abb. 12. D o p p e lb la ttk lap p en

Die E in z e lb la ttk la p p en  s in d  ebenfalls ova l, inserieren  aber n u r  m it 
einem  R ande an  d e r G efäßw and. E s is t o ffensich tlich , daß  es bei D ru c k a n s tie g  
d u rc h  D ehnung  des Gefäßes zum  R ü ck b eu g en  des n ich t fix ierten  freien R an d es  
d e r bogenförm igen  P la tte  kom m en  k an n . S o m it k a n n  hier, in A b h än g ig k e it 
von  den D ru ck v erh ä ltn issen  im  n a c h  der K lap p e  folgenden A b sc h n itt ein 
R ü ck stro m  z u s ta n d e  kom m en.

H in sich tlich  d er L enkung d e r  L y m p h s trö m u n g  sind  auch die In v a g in a tio -  
n en  von R elang; h ie r kom m t je d o c h  ein R ü ck flu ß  schon bei geringer D ru c k e r
h ö h u n g  zu stan d e , w as durch  die zw ar engere, ab e r offene sch lau ch artig e  M ün
d u n g  auch e rm ö g lich t w ird. Die E rw e ite ru n g  n a c h  der In v ag in a tio n  ü b t  w ah r-
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A bb. 13. E inzel- u n d  D o p p e lb la ttk lap p e n  im  
L ym p h g efäß

A bb. 14. L än g ssch n itt e iner 
k lappe

D o p p e lb la tt-

sch e in lich  eine S au g w irk u n g  au f den v o r ih r  gelegenen A b sch n itt aus und 
d ü rf te  som it in  der A u fre c h te rh a ltu n g  der S trö m u n g  eine R olle sp ielen .

Im  H inblick  a u f  d ie aus der S ch ild eru n g  m ehrere r A u to ren  b ek a n n te n  
T a tsa c h e , daß die L y m p h k a p illa re n  se lb st a u f  das D reifache ih re r u rsp rü n g 
lich en  L um ina g e d eh n t w erden  können , is t d ie  L ym phm enge n ic h t zu v e rn a c h 
lässig en , die in d iesem  reich lichen  K a p illa rn e tz  hei H em m ung  des A bflusses 
o d e r be im  die T ra n s p o r tk a p a z itä t  ü b e rsc h re ite n d en  p erip h eren  A ngebo t 
g esp e ich ert w erden k a n n .

D ie aus dem  m orpho log ischen  A u fb au  gezogenen Schlüsse k o n n te n  wir 
au ch  experim en te ll b e s tä tig e n . N ach T u sch eg ab en  in die D arm w an d  von
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D o p p e lb la ttk lap p e
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K atzen  k o n n te  eine A uffüllung des A n asto m o sen sy stem  und  der a b le ite n d e n  
H a u p t-L y m p h g e fä ß e  b eo b ach te t w erd en . D er A bfluß w urde dann  d u rc h  U n te r 
b in d u n g  der ab le ite n d e n  S täm m e u n te rb ro c h e n . Das p eriphere  A n g eb o t 
fü h rte  zu r s te tig e n  Z unahm e des L y m p h d ru c k e s  im  Sam m elgeb ie t. N ach  
k u rz e r  Z eit b eg an n  die Tusche ü b e r  die d en  a rte rie llen  Bogen b eg le iten d e  
A nastom ose zum  tr ib u tä re n  G ebiet des b e n a c h b a r te n  H a u p ts ta m m e s  h in zu - 
fliessen , was zw ar zu e iner V erdünnung  d e r T u sc h e  am R and des N etzes fü h rte , 
den du rch  V erb leiben  des perip h eren  A n g eb o tes  en ts tan d en en  Ü b e rsc h u ß  
jed o ch  n ich t a b zu le iten  verm och te . N ach  v ie rs tü n d ig e r A b k lem m u n g  kam  
b ere its  eine m äßige Schw ellung des zw ischen  d en  ben ach b arten  S am m elg eb ie ten  
liegenden  G ekrö seab sch n ittes  z u s tan d e  u n d  es erschienen L y m p h s trä n g e  von  
versch iedenem  K a lib e r. Den Weg d e r T u sch ek ö rn ch en  verfolgend, s trö m te  die 
L ym phe  neben dem  A nastom osensystem  z u rü c k  zum  geschw ollenen G eb ie t 
h in . D er B ereich, wo die Tusche v e rd ü n n t w u rd e , endete  m it einer fa s t  sch a rfen  
G renze.

Die obigen B efu n d e  lassen die F e s ts te llu n g  zu, daß  eine B eh in d e ru n g  des 
A bflusses du rch  L y m p h k n o ten - oder L y m p h g e fäß en tzü n d u n g , A b sch n ü ru n g , 
O b s tru k tio n , usw. o d er die S teigerung  des p e rip h e re n  A ngebotes z u n ä c h s t eine 
Speicherung  der L y m p h e  im A n asto m o sen sy stem  bew irken . Aus d iesem  B ereich  
is t ein W eiterfließen  ü b er die den a rte rie llen  B ogen begleitenden V e rb in d u n g s 
äste  zu den b e n a c h b a rte n  tr ib u tä re n  G e b ie te n  noch m öglich. Bei w e ite rem  
D ru ck an stieg  re ic h t diese V erb indung  n ic h t m eh r aus und  es k o m m t zu einer 
S ta u u n g  in den L y m p h g efäß en . N ach  dem  In su ffiz ien tw e id en  der E in z e lb la t t 
k lap p en  b eg in n t die S trö m u n g  zu den  K a p illa re n  h in ; das S p e ich e ru n g sv e r
m ögen derselben n im m t au f das M ehrfache des u rsp rüng lichen  zu. D a  g ib t es 
o ffensich tlich  keine R eso rp tion , so n d ern  die F lüssig k e it d iffu n d ie rt aus den 
m äch tig  geschw ollenen K apillaren  u n d  den  b lin d en  A nfangssäckchen , u n d  
es k o m m t zur Ö dem b ild u n g  in dem  S am m elg eb ie t des u n te rb u n d en en  L y m p h 
gefäßes. Bei län g er a n h a lten d e r A b flu ß h in d e ru n g  k ann  die S ta u u n g  a u f  die 
D arm w an d  überg re ifen  und  auch h ie r eine Schw ellung  veru rsachen .
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F U R T H E R  IN V E S T IG A T IO N S C O N C E R N IN G  M E S E N T E R IC  L Y M PH  V E S S E L S

J. VAJDA and M. TOMCSIK

B esides th e  sy s tem  of ly m p h a tic  an asto m o ses in  th e  p o stm u ra l p o rtion  of th e  m esen 
te ry ,  th e  ly m p h a tic  cap illa ries, too , c o n ta in  a s ig n if ic a n t volum e of lym ph. N o t o n ly  th e  
s im p le  — p o ck e t a n d  dou b le-p o ck et va lves b u t  also  th e  in v ag in a tio n s  p lay  an  im p o r ta n t  role 
in  d ire c tin g  th e  flow  of ly m p h  an d  m ain ta in in g  c a p illa ry  c ircu la tion . The m o rp h o lo g y  of 
d o u b le -p o c k e t va lves is d iscussed  in  d e ta il, an d  it  is em p h asized  th a t  these v a lv es do n o t 
b ecom e in su ffic ien t p ro v id ed  th e ir  c o n stitu e n t m em b ran e s  rem ain  in ta c t. T he p ro b le m  of 
o e d e m a ta  develop ing  in  connexion  w ith  th e  re tro g ra d e  sp re a d  of lym ph  stasis is also d iscussed .

НОВЫЕ ИССЛЕДОВАНИЯ НА ЛИМФАТИЧЕСКИХ СОСУДАХ БРЫЖЕЙКИ
Я. ВАЙДА и М. ТО М ЧИ К

Авторы подчеркивают наряду с системой анастомозов лимфатических сосудов на 
постхмуральном этапе брыжейки значение лимфатических капилляров с точки зрения 
хранения лимфы. Наряду с одно- и двулистковыми клапанами они подчеркивают роль 
инвагинации как в отношении направления лимфотока, так и в деле поддерживания ка
пиллярного лимфообращения. Они специально рассматривают морфологию двулистковых 
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D r. J á n o s  V a j d a  
D r. M iklós ToM CSiK

B u d ap est IX ., T ű zo ltó  u . 58., U ngarn
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In s t i tu t  fü r H isto logie (D irek to r: Prof. D r. P . Л. M o t a w k i n ) der M edizinischen U n iv e rs i tä t ,
W lad iw o sto k

GROSSER INTRAMEDULLÄRER RÜCKENMARKSNERV
BEIM MENSCHEN

P. A. M o t a w k in , A. A. B e l i k o v  und L.N. S l o b o d in a

(E ingegangen  am  13. J u n i ,  1965)

D as R ü c k e n m a rk  von 18 V ers to rb en en  w urde  u n te rsu ch t. Die S c h n itte  w u rd e n  
la u t C ajal im p rä g n ie r t, bzw. m it H ä m a to x y lin -E o s in  ge färb t. Im  oberen  D r it te l  des 
e rsten  L en d en seg m en ts , im  zw ölften  und  e lf ten  sowie im  u n te ren  Teil des z e h n te n  
B ru stse g m en ts  w u rd e  ein 3,5 cm lan g e r  und  0,25 bis 0,51 m m  dicker N erv  nachgew iesen . 
E r n im m t seinen  A usgang vom  o b eren  T eil des e rs ten  L um balsegm en ts , t r i t t  in  die 
v o rderen  S trä n g e  de r linken und  re c h te n  Seite  des R ü ck en m ark s ein, u m  von  d o r t  in 
k ran ia le r R ic h tu n g  m edial von d e r C larkeschen  Säule u n te r  die Basis des H in te rh o rn s  
zu ziehen. Im  N erv en b estan d  f in d en  sich d icke  sensib le und  dünne  v aso m o to risch e  
N erven . E s w ird  angenom m en, d a ß  die F a se rn  dieses N erven  die in tra m e d u llä re n  
B lu tgefäße a u f  d em  G ebiet des L e n d e n a b sc h n itte s  u n d  in einem  großen T eil des T h o ra 
k a la b sc h n itte s  innerv ieren . Es w ird  v o rgesch lagen , d iesen N erv  N ervus in tra m e d u lla r is  
p e rp e tu u s  m a jo r  m edullae sp inalis (g roßer, k o n s ta n te r  in tra m ed u llä re r  R ü c k e n m a rk s 
nerv) zu n e n n e n , zwecks seiner U n te rsch e id u n g  von den k leinen G efäß n erv en , die 
ä u ß e rs t v e rän d e rlic h  und n icht im m er n ach w e isb a r sind.

Bei der U n te rsu ch u n g  der die B lu tg e fäß e  des R ückenm arks v e rso rg en d en  
N erven  k o n n te  e in e r von nur [8, 9] in den  u n te re n  Segm enten des th o ra k a le n  
A b schn ittes e inen  großen  in tra m e d u llä re n  N erv  nachw eisen . D as e in g eh en d e  
S tu d iu m  der d iesbezüglichen  L ite ra tu r  [10] e rg ab , d aß  den N eurom orpho logen  
n ich ts  über d iesen  N erven b e k a n n t is t. D esh a lb  beschreiben  w ir ih n  in  d er 
gegenw ärtigen  A rb e it als ein neues S tru k tu re le m e n t des R ü ck en m ark s , das 
m it vollem  R e c h t als selbständige E in h e it au fg e fa ß t w erden darf.

U n te rsu c h t w urde  das R ü c k e n m a rk  von  18 Personen  beiderle i G e
sch lech ts im  A lte r  von  24 bis 60 J a h re n , die versch iedenen  zufälligen T o d e su r
sachen  erlagen . W ir zerg liederten  das R ü c k e n m a rk  zweier V ers to rb en er seg 
m entw eise u n d  u n te rsu c h te n  es an  S c h n itte n  von  je  50 die alle 0,5 m m  e n t
nom m en w u rd en . D ie m ikroskopische A nalyse  dieses M aterials e rm ö g lich te  
die a p p ro x im a tiv e  L okalisation  des N erv en , den  A usschluß  ähn licher G eb ilde , 
und  b e sc h rä n k te  die w eitere A rb e it a u f  e inen  b estim m ten  A b sc h n itt des 
R ü ck en m ark s. D esh a lb  w urde aus dem  R ü c k e n m a rk  der anderen  16 V e rs to rb e 
nen der sieh v o m  sieben ten  T h o rak a lseg m en t bis zum  d r itte n  L u m b a lseg m en t 
ers treck en d e  T eil h e rau sg esch n itten  u n d  in  S tü ck e  zerg liedert, die dem  8 ., 9., 
10., 11. u n d  12. B ru stseg m en t sow ie dem  e rs te n  und  zw eiten L en d en seg m en t 
en tsp rach en . D as R ü ck en m ark  von  15 V ersto rb en en  w urde in seiner g e sam ten  
L änge in e in er w ässerig-alkoholischen  C h lo ra lh y d ra tlö su n g , in A m m o n ia -
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A lkoho l fix ie rt und  la u t  C ajal im p räg n ie rt. D as sechzehn te  R ü ck en m ark  w u rd e  
in  Z ello id in  e in g e b e tte t u n d  die 15 bis 30 ц  d ick en  S ch n itte  w urden  m it H äm a- 
to x y lin -E o s in  g e fä rb t, un v erzü g lich  u n te r s u c h t  u n d  nötigenfa lls, e tw a  alle 
0,3  0,3 m m , u n te r  G las eingeschlossen.

A u f G rund der fo lgerich tigen  U n te rsu c h u n g  der S erienschn itte  ließ  sich  
fe s ts te lle n , wo der N erv  seinen  A usgang n im m t u n d  wo er ende t. Seine L änge

A b b . 1. Q u e rsch n itt des o b eren  T eils des 12. T h o rak a lseg m e n ts . 1 =  D er N erv  m it e inem  
D u rc h m esse r von 0.38 m m . 2 =  D er zen tra le  K a n a l. 3 =  C larkesche Säule. Im p rä g n a tio n .

45fache V erg rö ß eru n g

u n d  D icke , seine B eziehungen  zu den a n d e ren  G ebilden des R ü ck en m ark s , die 
S t r u k tu r  des N e rv en stam m es, die N a tu r  d e r  zu  seinem  B estan d  geh ö ren d en  
F a se rn  k o n n ten  g e k lä rt w erden , sow eit dies die Im p rä g n a tio n sv e rfah re n  
e r la u b e n . W ir können  au ch  a u f  die F rag e  eine vo rläu fige  A n tw o rt geben , ob 
di eser N erv  eine o b lig a to risch e  u n d  k o n s ta n te  m orphologische E in h e it  des 
R ü c k e n m a rk s  b ild e t.

D er N erv  b eg in n t zu m eis t im  oberen  D r it te l  des ersten  L u m b alseg m en ts . 
E r  t r i t t  — zusam m en m it d e r im  Sulcus in te rm e d iu s  m edullae spinalis v e r la u fe n 
d en  A rte rie  in die linke  oder in die rech te  S e ite  des R ückenm arks ein (m it d ieser 
A r te r ie  z ieh t er der ganzen  v o rd e ren  F u rch e  en tlan g ) und  lag e rt in d er w eißen  
S u b s ta n z  des do rso -m edia len  Teils des V o rd e rs tra n g e s , u n te r  der Basis d er v o r 
d e re n  C om m issura a lb a . In  den  u n te ren  zwei D r it te ln  des zw ölften T h o rak a lseg -
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m en ts  f in d e t er sich am m ed ia len  R an d  der In te rm e d iä rz o n e  und  lieg t v e n tro m e 
dial der C larkeschen Säule bzw . v e n tro la te ra l des z e n tra le n  K anals (A bb. 1). Im  
oberen  D ritte l des zw ölften  u n d  im  gesam ten  e lften  T h o rak e lseg m en t z ieh t der 
N erv  in dorsa ler R ic h tu n g , u m g e h t die m ediale  S e ite  der C larkeschen Säule in 
einem  Bogen von e tw a  180° u n d  erschein t im  A n fan g ste il des zeh n ten  B ru s t
segm ents u n te r  der B asis des H in te rh o rn s . E in  geringer Teil des N erven  lieg t 
im B ereich  der w eißen S u b stan z  der h in te ren  S trä n g e . An dieser S telle  finden  
w ir ih n  im  u n te ren  D ritte l des zehn ten  B ru s tse e m e n ts . In  d re i F ä llen  n ah m  der

О

N erv  seinen U rsp ru n g  aus d er M itte  des zw ölften  u n d  en d e te  im  oberen  Teil des 
e lften  B ru stseg m en ts . D ie allm äh liche  V erlagerung  des N erven  von vo rne  nach 
h in te n  w eist d a ra u f  h in , d aß  seine Achse n ic h t s tre n g  v e r tik a l, sondern  etw as 
der H o rizo n ta leb en e  zugeneig t is t. Die L änge des N erven  w echselt zw ischen 
1,3 und 3,5 cm.

Bei v ier P erso n en  ersch ien  der N erv  als p aa rig e s  O rgan , d. h. er ließ sich 
sow ohl in der linken  als auch  in der rech ten  Seite  des R ü ck en m ark s g leichzeitig  
nachw eisen . Sein S tam m  w ar in diesen F ällen  a u f  d er einen Seite zwei bis 
d re im al so dick u n d  in d er R egel auch län g er als a u f  der gegenüberliegenden  
Seite .

Z usam m en m it dem  N erven  e rschein t ein B lu tg e fä ß , dessen Q u e rsch n itt 
e tw a  55 bis 60 ^  b e trä g t . Seine W and b e s te h t aus d re i S ch ich ten : e iner äußeren , 
e iner m ittle ren  und  einer in n e ren  S ch ich t, w oraus gefo lgert w erden  da rf, d aß  es 
sich  um  eine A rte rie  h a n d e lt. Im  oberen D ritte l des zw ölften  u n d  im  u n te re n
D ritte l  des e lften  T h o rak a lseg m en ts  liegt der N erv  und  die A rte rie  neben  der©  ©

län g sv erlau fen d en  H a u p tv e n e . Sie b ilden  gem einsam  ein n eu ro  v a sk u lä r  es 
B ü n d e l, das auch  m akro sk o p isch  gu t zu erk en n en  is t . Im  A nfangste il des zeh n 
te n  B ru stseg m en tes  u n d  bisw eilen auch n ied rig e r  tre n n e n  sich N erv  und  
G efäße u n d  ziehen in  versch iedenen  R ich tu n g en .

D er N erv  v e rsch w in d e t n ich t spurlos. S chon an d er S telle  wo er in die 
M ark su b stan z  e in tr i t t ,  g ib t er ein bis zwei B ü n d e l von je  20 bis 25 [x ab , die 
zusam m en m it den A bzw eigungen  der im Sulcus in te rm ed iu s verlau fenden  
A rte rie  zum  L e n d e n a b sc h n itt ziehen. D em  g esam ten  V erlau f des N erven  e n t
lan g  sieh t m an an d e re rse its  die W and  d er B lu tg e fäß e  in n erv ie ren d e  kleine 
N erv en fasern b ü n d e l. B esonders m äch tige  S täm m e  se n d e t der N erv  zu den 
läng sv erlau fen d en  H a u p tv e n e n  und  -á rté rien , d ie  ü b er die in te rm ed iä re  Zone 
zum  H in te rh o rn  u n d  zu d er C larkeschen Säule z iehen . Im  u n te re n  D ritte l des 
zeh n ten  Segm ents te i l t  sich  der N erv  in kleine S täm m e , die längs der G efäße 
au se in an d erlau fen , und  in  den höherliegenden  T h o rak e lseg m en ten  erscheinen . 
D er N erv verso rg t n ich t n u r  die g leichseitigen , so n d ern  auch  die gegenseitigen  
G efäße m it F asern . E r  e n tse n d e t kleine N erv en stäm in e  en tlan g  d er G eiäße der 
C om m issura a lba  und  grisea zur gegenüberliegenden  Seite  des R ü ck en m ark s . 
D er N erv  g ib t ab er n ic h t n u r  F a se rn b ü n d e l a b , er n im m t solche auch  auf. 
D iese kom m en m it der im Sulcus in te rm ed iu s  v e rlau fen d en  A rte rie  aus den
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S e g m e n te n , die höher liegen als das S egm ent, in dem  der N erv  se inen  A usgang 
n im m t.  D eshalb is t seine D icke  im  V erlau f des zw ölften  u n d  e lften  T h o ra k a l
se g m e n ts  bei ein u n d  d e rse lb en  P erson  fa s t k o n s ta n t. Bei v e rsch ied en en  P e r
so n e n  sch w an k t sein Q u e rsc h n itt  von  0,25 bis 0,51 m m .

D er N erv se lbst, a b e r  au ch  das n eu ro v ask u lä re  B ündel s in d  von  einer 
G lia- u n d  B indegew ebshülle um geben  u n d  heben sich von der M arksubstanz, 
s c h a r f  ab . (Abb. 2). Es lä ß t  sich  n ic h t bezw eifeln, d aß  das B in d eg ew eb sg erü st

A b b . 2. Q u ersch n itt des m it t le re n  T eils  des 11. T h o rak a lseg m en ts . A rterie  u n d  d e r  aus zwei 
B ündeln b esteh en d e  N erv . Im p räg n a tio n . 400fache V erg rö ß eru n g

d ie se r H ü lle , wie auch  das g e sa m te  B indegew ebe, von  dem  es im  N erv en 
b e s ta n d  sehr viel g ib t, d ie F o r ts e tz u n g  der w eichen H irn h a u t im In n e re n  der 
R ü c k e n m a rk su b s ta n z  d a r s te l l t .  D an k  dieses R e ich tu m s an  B indegew ebe 
lä ß t  s ich  der Nerv m it den gew öhn lichen  h isto log ischen  M ethoden  le ic h t nach- 
w e isen , beispielsweise au ch  m it H ä m a to x y lin -E o s in -F ä rb u n g  (A bb . 3). Im  
N e rv e n b e s ta n d  oder a u ß e rh a lb  d er N ervenhü lle  fin d en  sich k leine A rte rio len  
v o n  12 bis 15 fl, die o ffen b a r die E rn ä h ru n g  der N erv en fasern  beso rgen .

In  seltenen  Fällen b ild e t  d er N erv  einen einzigen S tam m  m it u n d e u tlic h e r 
A u fb ü n d e lu n g . H äufiger b e s te h t  er aus zwei bis sieben B ündeln , d e ren  jedes 
v o n  s ic h tb a re n  B indeg ew eb ssch ich ten  um geben  ist (A bb. 2, 4). D ie A chsen 
d ie se r N ervenbündel n eh m en  einen  s ta rk  gew undenen  V erlauf, die zu  ih rem  
B e s ta n d  gehörenden F ase rn  s in d  in te n s iv  v e rflo ch ten , w as an den L ä n g ssc h n it
te n  d es  N erven  besonders a n sc h a u lic h  zu tag e  t r i t t .  D ie N erv en b ü n d e l e n th a lte n
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Abb. 3. Q u ersch n itt des A nfangsteils des 10. T h o rak a lseg m e n ts . Der Nerv und  zw ei k le ine  
A rterio len . Die eine is t in n erh a lb  der N ervenhülle , d ie a n d e re  au ß erh a lb  der H ülle zu seh en . 

H äm ato x y lin -E o sin . 400fache V erg rö ß eru n g

Abb. 4. Q e rsch n itt des oberen  Teils des 1. L u m b a lseg m en ts . A rterie  und  der aus d re i g ro ß en  
B ü n d e ln  bestehende  N erv. Im p räg n a tio n . 400fache V ergrößerung
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F a s e rn  vo rn eh m lich  m ittle re n  K alibers m it  einem  Q u ersch n itt v o n  1,5 bis 
2 ,5  /t. V ere inzelt fin d en  sich  auch d ickere  N erv en fasern  (3 bis 3,5 /г). Ä u ß e rs t 
g e rin g  is t  auch  die Z ahl d er N erv en fasern  m it  dünnen , d eu tlich  s ic h tb a re n  
A x o n en . D ie e rs ten  zwei F a se rn ty p e n  g e lte n  als sensible N erven  [6 , 3, 4 ], die 
d r i t t e  A r t w ird  der R egel den  v aso m o to risch en  zugeordnet, was in  b ezu g  au f 
d ie  B lu tg e fäß e  des R ü ck en m ark s auch  ex p e rim en te lle  B es tä tig u n g  fan d  [11, 
12].

Z usam m enfassend  lä ß t  sich sagen : D e r im  obigen b esch rieb en e  N erv 
n im m t seinen  A usgang m eistens vom  o b e re n  D ritte l des e rs ten  L u m b a lse g 
m e n te s , t r i t t  in die w eiße S u b stan z  der v o rd e re n  S tränge der linken u n d  re c h te n  
S e ite  des R ü ck en m ark s ein , zieh t d an n  in  k ra n ia le r  R ich tu n g  u n d  g e h t in  die 
Z o n a  in te rm e d ia . Von d o r t  zieht der N e rv  m ed ia l von der C larkeschen  Säule 
u n te r  die Basis des H in te rh o rn s , wo er im  N iveau  des u n te ren  D r it te ls  des 
z e h n te n  T h o rak a lseg m en ts  in  kleine B ü n d e l z e rfä llt  und  end ig t. D ie  m ax im ale  
L än g e  des N erven  b e trä g t  3,5 cm, sein Q u e rsc h n itt  schw ankt zw ischen  0,25 
u n d  0,51 m m . Die S tru k tu r  des N erven  is t in n e rh a lb  des S tam m es v a r ia b e l. E r 
k a n n  als k o m p a k te r , u n d eu tlich  a u fg e b ü n d e lte r  S tam m  a u f tre te n , o d e r er 
b e s te h t  aus zwei bis sieben  einzelnen B ü n d e ln , die von deu tlich  e rk e n n b a ren  
B ind eg ew eb ssch ich ten  um geben  sind . Im  B e s ta n d  des N erven f in d e n  sich  v o r
n e h m lic h  F ase rn  m ittle re n  K alibers u n d  eine geringe Anzahl d icker u n d  d ü n n e r 
N e rv e n fa se rn . Die F u n k tio n  des N erven  b e s te h t  v e rm utlich  in der In n e rv a tio n  
d e r in tra o rg a n isc h e n  B lu tg efäß e , z u m in d est im  A b sch n itt der L u m b a lseg m en te  
u n d  in  einem  b ed eu ten d en  Teil des th o ra k a le n  Teil des R ü c k e n m a rk s . Es 
l ä ß t  sich  an n eh m en , d aß  die F asern  dieses N erv en  in k au d a le r R ic h tu n g  bis 
zu m  K reu zb e in  V ordringen u n d  in k ra n ia le r  R ich tu n g  das fü n fte  b is sechste  
T h o ra k a lse g m e n t e rre ichen . Die genauere F e s ts te llu n g  des A u sb re itu n g sg eb ie tes  
d e r N erv en fasern  b e d a rf  indessen  w eite re r B ew eise, die w eniger m o rp h o lo g isch  
als ex p e rim en te ll zu e rb rin g en  w ären . B edauerlicherw eise  fanden  w ir  u n te r  den 
zu n eu ro h is to lo g isch en  E x p e rim en ten  h e ran g ezo g en en  V ersuchstie ren  (H u n d , 
K a tz e , K an in ch en ) keines, bei dem  ein dem  besch riebenen  N erven e n tsp re c h e n 
des G eb ilde nachzuw eisen  w äre.

D ie T a tsach e , d aß  w ir den  c h a ra k te ris tis c h  lokalisierten  N erven  be i jed em  
v o n  d en  18 u n te rsu c h te n  In d iv id u en  n ach w eisen  konn ten , d ü rf te  als Beweis 
b e t r a c h te t  w erden , daß  d er N erv  eine z iem lich  k o n stan te  S tru k tu re in h e it  des 
R ü c k e n m a rk s  d a rs te llt , u n d  als e rs tm a lig  besch riebenes G ebilde e in e r B en en 
n u n g  b e d a rf . Zwecks seiner U n te rsch e id u n g  v o n  den kleinen G efäß n e rv en , die 
ä u ß e rs t  v e rän d e rlich  u n d  n ic h t im m er n a c h w e isb a r  sind [10], sch lagen  w ir vor, 
d iesen  N erv  N ervus in tram ed u lla ris  p e rp e tu u s  m a jo r m edullae sp in a lis  (großer, 
k o n s ta n te r  in tra m e d u llä re r  R ü ck en m ark sn e rv ) zu nennen.
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A M A JO R  IN T R A M E D U L L A R Y  S P IN A L  N E R V E  IN  HU M AN S

I». A. MOTAWKIN, A. A. BELIKOV and L. N. SLOBODINA

T he sp in a l cords of 18 c ad a v e rs  have been ex am in ed . T h e  sections were sta in ed  acco rd in g  
to  C ajal’s silver m ethod  and /o r w ith  haem ato x y lin eo sin . T h e  ex istence  of a nerve, 3.5 cm  long  
and  0.25 to  0.51 m m  th ick , was d e m o n s tra ted  in th e  u p p e r  th ird  of the  first lu m b ar seg m en t, 
fu r th e r  in th e  12th an d  11th, as also  in th e  low er p a r t  of th e  10 th  th o rac ic  segm ent. I t  o rig in a te s  
in th e  u p p e r p a r t  of th e  f irs t lu m b a r  segm en t, en te rs  th e  a n te r io r  fascicles on b o th  sides o f th e  
sp inal cord, ru n s  c ran ia l m ed ia lly  to  C larke’s colum n a n d  te rm in a te s  b en ea th  the  base  o f th e  
poste rio r ho rn . T he n eural su b s ta n c e  co n ta in s th ic k  sen so ry  a n d  th in  vasom oto r nerves. T h e  
fib res o f th e  nerve  p resu m ab ly  in n e rv a te  the  in tra m e d u lla ry  blood vessels in th e  lu m b a r  a n d  
in th e  g re a te r  p a r t  of th e  th o rac ic  segm ent. In  o rder to  d is tin g u ish  the  nerve in q u estio n  from  
m inor v a scu la r nerves th a t  a re  e x tre m e ly  v ariab le  a n d  n o t  a lw ays d em onstrab le , th e  n am e 
“ N ervus in tra m ed u lla ris  p e rp e tu u s  m ajo r m edullae sp in a lis”  is suggested.

БОЛЬШОЙ ИНТРАМЕДУЛЛЯРНЫЙ НЕРВ СПИННОГО МОЗГА ЧЕЛОВЕКА
П. А. МОТАВКИН, А. А. БЕЛИКОВ и Л. Н. СЛОБОДИНА

Авторы изучили 18 спинных мозгов человека, используя импрегнацию по Кахалю 
и окраску срезов гематоксилинэозином. На протяжении верхней трети первого пояснич
ного, 12,11 и нижней части 10 грудных сегментов ими обнаружен внутримозговой нерв 
длиною до 3,5 см и толщиною от 0,25 мм до 0,51 мм. Он начинается на уровне верхней 
части первого поясничного сегмента, вступает в передние канатики левой или правой 
половины спинного мозга и, следуя в краниальном направлении, перемещается по ме
диальной стороне столба Кларка под основание заднего рога. В составе нерва обнару
жены толстые — чувствительные волокна и тонкие проводники с вазомоторной функцией. 
Авторы считают, что волокна нерва иннервируют внутримозговые кровеносные сосуды 
на протяжении поясничного и большей части грудного отдела спинного мозга. Они пред
лагают этот нерв (в отличие от мелких сосудистых нервов крайне вариабельных и наблю
дающихся не постоянно) назвать большим и постоянным внутримозговым нервом 
N ervus in tra m ed u lla ris  p e rp e tu u s  m ajo r m edullae  sp in a lis .

I n s t i tu t  fü r  H istologie d e r  M edizinischen U n iv e rs itä t ,  
W lad iw o sto k , S zevernüj P r . 2., U SSR

P . A. M o ta w k iiv  
A. A. B e l i k o w  

L. N . S l o b o d i n a
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DIE FEINSTRUKTUR DER GALLENKAPIULAREN 
NACH SURTOTALER HEPATEKTOMIE

I. B a r t ó k  und  Sz. V ir á g h  

(E ingegangen  am  2. A u g u s t, 1965)

An R a t te n  w urde nach s u b to ta le r  H e p a te k to m ie  die F e in s tru k tu r  d e r  G a llen 
kap illaren  u n te rs u c h t . Am 2— 10. p o s to p e ra tiv e n  Tage w aren eine V e rm e h ru n g  u n d  
E rw eite ru n g , sow ie in trazellu läre  E in s tü lp u n g e n  de r G allenkapillaren u n d  V e rä n d e ru n 
gen der M ikrovilli zu beobach ten . Z u  den g le ichen  Z eitpunk ten  w ar d e r G o lg i-A p p a ra t 
h y p e rtro p h isch  u n d  es konnte e in  » helle r«  u n d  ein »dunkler«  L e b e rz e lle n ty p  u n te r 
schieden w erd en . Die su b m ik roskop ischen  V erän d e ru n g en  werden m it d en  A k tiv itä ^ s-  
än d eru n g en  d e r  alkalischen P h o sp h a ta se  u n d  d e r A T Pase in der re g en e rie ren d e n  L eber 
in P arallele  g e ste llt. Die im F rü h s ta d iu m  der R eg en era tio n  festste llbaren  k a n a lik u lä re n  
V erän d eru n g en  w erden  m it der g e s te ig e rte n  S e k re tio n sa k tiv itä t der R e s tle b e r in Z u sa m 
m enhang  g e b ra c h t. In den sp ä te re n  P h asen  d e r R egeneration  en tw ickeln  s ich  d ie V er
änd eru n g en  d e r G allenkapillaren  a llm äh lich  z u rü ck .

D er h istochem ische  N achw eis der a lkalischen  P h o sp h a ta se  ( G ö m ö r i , 
1941, W a c h s t e i n  u n d  Z a k , 1949, 1964) u n d  noch m ehr der d er A d en o sin - 
tr ip h o sp h a ta se  (A T Pase) (W a c h s t e i n  u n d  M e i s e l , 1957, W a c h s t e i n , 1959, 
N o v i k o f f  u n d  M ita rb ., 1958, W a c h s t e i n , M e i s e l  und F a l c o n , 1962) erw ies 
sich  als ein v o rzüg lich  geeignetes V e rfah ren  zur D arste llung  d e r  G a llen 
k ap illa ren . B e k a n n tlic h  zeigen d ie  be id en  k an a lik u lä ren  E n zy m e n a c h  su b 
to ta le r  H e p a te k to m ie  eine e rh eb lich  g e s te ig e rte  A k tiv itä t (W a c h s t e i n  u n d  
M e i s e l , 1958, W a c h s t e i n , 1959).

N ach frü h e re n  U n te rsu ch u n g en  is t n a c h  su b to ta le r L e b e rre sek tio n  die 
a lkalische P h o sp h a ta se a k tiv itä t d e r  G a llen k ap illa ren  in den ers ten  48 S tu n d e n  
u n d  die der A T P ase  in  den ersten  96 S tu n d e n  g este igert: das R e a k tio n s p ro d u k t 
zeig t zu den g e n a n n te n  Z e itp u n k ten  eine E rw e ite ru n g  und reiche  V erzw eig u n g  
d er G a llen k ap illa ren  an. 10 T age n a c h  d e r O pera tion  w ird die A k t iv i tä t  der 
E n zy m e je n e r  d e r norm alen  L eber äh n lich  ( B ar tók  und M ita rb ., 1962, 1963).

A uf G rund  d e r h istochem ischen  B efu n d e  w ar zu erw arten , d a ß  d ie  G allen 
k ap illa ren  des regenerierenden  L eb e rp a ren c h y m s e lek tro n en m ik ro sk o p isch  
augenfällige V erän d eru n g en  aufw eisen  w ü rd e n . F rühere  e le k tro n e n m ik ro sk o 
pische V ersuche bezüglich der L e b e rre g en e ra tio n  ( B e r n h a r d  u n d  R o u i l l e r  
1956, G a n s l e r  u n d  R o u i l l e r  1956) h a t te n  bere its  die A u fm e rk sa m k e it a u f  
einige V erän d e ru n g en  der G a llen k ap illa ren  gelenkt, doch h a t te n  sich  die 
A u to ren  m it d e r  F rage  der E n ts te h u n g  u n d  der genauen m o rp h o lo g isch en  
C h a rak te ris ie ru n g  der V eränderungen  n ic h t  e ingehender b e faß t.
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M aterial und M eth o d en
E s w urde bei m ä n n lic h e n  A lb inoratten  v o n  150 — 200 g G ew icht der m ittle re  u n d  de r 

lin k e  L eberlappen , d. h. 60 — 6 5 %  des L eb erparencbym s, e n tf e rn t .  N ach  der O peration  e rh ie lte n  
d ie  T iere  48 S tunden  la n g  tä g l ic h  3 X 5 ml 20% -iger D e x tro se lö su n g  und  dan n  — bis z u  ih re r  
T ö tu n g  — wieder die S ta n d a r d d iä t  (s. B artók u n d  M ita rb . ,  1962). 24, 48, 72 u n d  96 S tu n d e n , 
b z v . 1Ó und  20 T age n a c h  d e r  O p e ra tio n  w urden s te ts  z u r  g le ich en  T ageszeit je  2 T iere  d u rc h  
N ack en sch lag  g e tö te t, au s d en  L e b e rn  sofort kleine S tü c k c h e n  ex zin d iert, diese in 1% -iger — n a c h  
P a l a d e  gepufferter — O s 0 4 L ö su n g  fix iert u n d  n a c h  A lk o h o ld eh y d rieru n g  in B u ty l-M eth y l-  
m e ta c ry la t  e in g eb ette t. Z u r p h a se n k o n tra s to p tisch e n  U n te rsu c h u n g  wurden aus den  B lö ck en  
h a lb d ü n n e  S chn itte  h e rg e s te ll t .  Die dünnen S c h n itte  w u rd e n  n ach  Millonig  (1961) m it 
B le iz itra t  k o n tra s tie rt  u n d  e in  T e il derselben vor de r U n te rsu c h u n g  m it einer K o h len m em b ran  
z u g ed e ck t. Die e lek tro n en m ik ro sk o p isch en  U n te rsu c h u n g e n  e rfo lg ten  in dem Z eiss-Jena  180 
I D  u n d  JE M  6C A p p a ra t.

A b b . 1. 48 S tunden  n a c h  d e r E n tfe rn u n g  von 2/ 3 de r L e b e r  s in d  m eh r G allenkapillaren  a n z u 
t re f fe n ,  als in der n o rm alen  L e b e r . U m  die m it H b e ze ic h n e te  L eberzelle  sind 5, und  u m  die m it 

H 2 b e ze ic h n e te  10 G allenkapillaren (c) s ic h tb a r .  5.200 X
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Abb. 2. D ie obere L eberzelle is t von 7 G a llen k ap illa ren  (c) um geben. Die L u m in a  d e r lin k s
seitigen  s in d  n u r d u rch  die zellverb indenden  S tru k tu re n  (P feil) voneinander g e tre n n t.  In  die 
m ittle re , e rw e ite rte  G allenkap illa re  is t ein ö d em a tö ser, k e ine  O rganellen e n th a lte n d e r  Z ellan 
te il e in g e stü lp t. In  der rech ten  u n te re n  Zelle w erden p e rib iliä re  Lysosom e (I) s ic h tb a r . 9.300 X

E rgebnisse

24 S tu n d en  nach  der su b to ta le n  L eb e rre sek tio n  w aren einzelne G a llen 
k a p illa re n  m äß ig  d ila tie r t, die M ikrovilli e tw as geschw ollen und  v e rk ü rz t .  N ach  
diesen re la tiv  geringfügigen V erän d eru n g en  k o n n te n  w ährend des 2 10.
T ages d er R eg en era tio n  die fo lgenden  w esen tlich e ren  b eo b ach te t w erd en :
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A bb . 3. K o n zen trisch  e rw e ite r te  G allenkapillare. D ie M ikrov illi sind  n u r in  der N a c h b a rsc h a ft  
d e r  Z onu la  occludens (zo) e rh a lte n  geblieben. D er G olg i-A p p a ra t ist h y p e rtro p h isc h  (G ), in 

se in en  Y esikeln  befinden  sich  G ra n u la . 30.500 X

Vermehrung der Gallenkapillaren. Im  g an zen  B ereich der L eb erläp p ch en  
w aren  p ra k tisc h  in  je d e m  G esichtsfeld m e h r  G allenkap illa ren  an zu tre ffen  
als im  norm alen  L ebergew ebe. Die V e rm e h ru n g  der G allenkap illa ren  is t im  
F rü h s ta d iu m  der R e g en e ra tio n  ( 2 —4. T ag) h o ch g rad ig e r als sp ä te r . U m  die 
L eberzellen  liegen no rm alerw eise  2 — 4 (S c h a f f n e r  u n d  P o p p e r  1959, S t e i n e r  
u n d  M ita rb e ite r, 1963) ,  in  der reg en erieren d en  L eber aber w esen tlich  m ehr, 
s te llenw eise  auch  10 K a n ä lc h e n q u e rsc h n itte  (A b b . 1 u n d  2). Die E n tfe rn u n g  
zw ischen  den K a p illa rq u e rsc h n itte n  is t v e rsc h ie d e n : w ährend  sie ste llenw eise
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Abb. 4. E rw eiterte  G a llen k ap illa re  (c), deren  u n te re r  R an d  sich  in die rech tsse itig e  Zelle 
e in s tü lp t .  Die M ikrovilli sin d  zahlenm äßig  au ffa llend  v e rm in d e r t ,  besonders wenige fin d en  sich 
in d e r linken  oberen » h e llen «  Leberzelle. Bei dem  Pfeil is t d a s  L um en der G a llcnkap illa re  sa c k 

a r tig  in das Z y to p lasm a  g e s tü lp t 5.700 X

d u rc h  eine re la tiv  lan g e  S trecke der Z e llm em b ran  vone in an d er g e tre n n t sind , 
b ild en  im anderen  B ereichen  nu r die S ch lu ß le is ten  eine G renze. Die e in an d e r 
naheliegenden  G allen k ap illa ren  s ind  oft p e r lk e tte n a r t ig  an e in an d e rg e re ih t 
(A b b . 2). Das L u m en  e n th ä lt  w echselnde M engen f ila m e n tä r-g ra n u lä re r  S u b 
s ta n z  (Ahh. 3, 4).

Dilatation. D as L um en  der G a llen k ap illa ren  is t am 2 4. p o s to p e ra tiv e n
T ag e  an zahlreichen S tellen  au f m ehrere  M ikron e rw e ite rt. W ie hei d er e x tr a 
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h e p a tis c h e n  Cholostase ( K a l i f a t  u n d  M ita rb ., 1962), lä ß t  sich au ch  in der 
reg en erie ren d en  L eber e ine  k o n zen trisch e  u n d  eine ex zen trische  D ila ta tio n  
e rk e n n e n . Bei der k o n z e n tr isc h e n  D ila ta tio n  b ild en  die sy m m etrisch  e rw e ite r
te n  L u m in a  gleichm äßige E in s tü lp u n g e n  in  den  b e n a c h b a rten  L eberzellen  
(A b b . 3), w ährend bei d er ex zen trisch en  D ila ta tio n  das Lum en assy m m etrisch  
in  d ie  eine Zelle w eite r v o rd r in g t  als in  die an d ere  (A bb. 4). M an s ie h t in  den

A bb. 5. A n  der G allenkapillare  s in d  zahlreiche S a k k u la tio n en  e rk en n b a r (s). D ie M ikrovilli 
s in d  d e r  Zonula occludens (zo) e n tla n g  zah lreicher als a n d e rw ä rts . Oben in d e r  M itte  sind 

in v ag in ie rte  Z ellm em branen  s ic h tb a r  (i). 14.800 X

län g sg e tro ffen en  K a p illa re n , d aß  die L u m en erw eiteru n g  n ich t im m er gleich
fö rm ig , sondern  an der e inen  S te lle  enger u n d  an  d er anderen  w eite r is t.

D ie  ungleichm äßige E rw e ite ru n g  der G a llenkap illa ren  k an n  zu r Folge 
h a b e n , d aß  sich das L u m en  an  einer Stelle sack fö rm ig  in das Z y to p la sm a  der 
L eb e rze llen  e in stü lp t (A bb. 5) (S ak k u la tio n , s). W enn  der sack artig e  T eil n ich t 
v o llk o m m en  in die S c h n itte b e n e  fä llt, k a n n  das B ild  eine, vom  L u m en  der 
G a llen k ap illa re  iso lierte , in tra z y to p la sm a tis c h e  V akuole  zeigen (A bb . 6). Da 
le tz te r e  bis zum G o lg i-A p p a ra t re ichen  k ö n n en , lassen  sie sich an  m anchen  
B ild e rn  schw er von den g ro ß en  G olgi-V akuolen u n te rsch e id en  (A bb. 6). E ine
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Abb. 6. N ich t e rw eite rte  G a llenkap illa re  (c), von zah lreichen  großen  H o h lräu m en  um geben  
die sak k u lie rten  G allen w eg sq u ersch n itten  en tsp rech en  (s’l  — s’5). D er G o lg i-A ppara t (G) ist in 

beiden Zellen h y p e rtro p h isc h , seine V akuolen  (G v) e n th a lte n  G ran u la . 22.000 X

H ilfe b e d e u te t h ier, d aß  die S ak k u la tio n en  die bere its  e rw äh n te  fe in-filam en- 
tä re , g ran u lä re  S u b stan z  e n th a lte n , w ährend  die G olgi-Y akuolen en tw eder 
»leer« sind  oder ab e r G ran u la  von 20 m ц  D urchm esser e n th a lte n  (A bb. 6). 
U m  die S ak k u la tio n en  is t au ß erd em  das H y a lo p lasm a  ra n d a r tig  v e rd ic h te t 
(A bb. 6). S ak k u la tio n en  w u rd en  gew öhnlich an b e trä c h tlic h  d ila tie r te n  G allcn- 
k ap illa ren  gefunden, vere in ze lt k o n n ten  sie ab er auch  in der N ähe von n ich t 
e rw e ite rten  G allenkap illa ren  nachgew iesen w erden (A bb. 6).
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A us früheren  A rb e ite n  is t b e k a n n t, daß  die V e rb in d u n g  der b en a c h b a rten  
L eb erzellen  durch  sp ez ifische  S tru k tu re n  — n ach  der T erm ino log ie  von F a r - 
q u h a r  u n d  P a l a d e  (1963): Z o n u la  occludens, Z onu la  ad h ae ren s , D esm osom en 
u n d  M em b ran v e rzah n u n g en  (A bb. 5) -  g ew äh rle is te t w ird . In  unserem

A bb . 7. D er ödem atöse, ke ine  Z ello rganellen  e n th a lte n d e  T eil der »hellen«  L eberze llen  s tü lp t 
s ich  in  d ie G allenkapillare  ein  (P fe il) , in  de r sich au ffa llen d  wenige M ikrovilli b e fin d en . 9.100 X

M a te ria l h a t die E rw e ite ru n g  d er G a llenkap illa ren  nie eine A b tre n n u n g  dieser 
ze llv e rb in d en d en  S tru k tu re n  b e w irk t, obw ohl sie um  die e rw e ite rten  G allen- 
k a p ill  a ren  oft in irg e n d e in e r R ic h tu n g  versch o b en  (A bb. 5) oder m itu n te r  in 
d a s  L u m en  der G a llen k ap illa re  e in g es tü lp t w aren .

Zytoplasmaveränderungen:  A n an d erer S telle  (V i r á g h  u n d  B a r t ó k , im  
D ru c k )  haben  w ir a u sfü h rlic h  d a rü b e r  b e ric h te t, d aß  in der frü h en  P hase  der 
R e g en e ra tio n  ein »heller« u n d  ein »dunkler« T y p  von L eberzellen  zu u n te r 
sch e id en  ist (Abb. 4 u n d  7). D ie »hellen« L eberzellen  e n th a lte n  w eniger Zellor
g an e llen  als no rm alerw eise , sie s ind  geschw ollen, ab g e ru n d e t u n d  p ressen  die 
S in u so id e  und  b e n a c h b a r te n  »dunklen« L eberzellen  zu sam m en . D ie »dunk

Acta Morphologica Acaderniac Scientiarum Hungaricae 14. 1966



DIE FEINSTRUKTUR DER GALLENKAPILLAREN 161

len« Leberzellen  s teh en  h in sich tlieh  des G eh a ltes  an  Z ellorganellen , D ich te , 
G e s ta lt u n d  G röße den  no rm alen  Zellen n ä h e r, als die »hellen« Zellen.

K urz  nach  E n tfe rn u n g  von  2/3 der L eber h y p e r tro p h ie r t  der G olg i-A ppa- 
r a t  in den L eb erp a ren ch y m ze llen , u n d  in se iner U m gebung  erscheinen viele  
m u ltiv esik u lä re  K ö rp e r, w inzige V esikeln und  zah lre ich e  Lysosom e (A bb. 2 3
und  5 6).

Veränderungen der M ikrovilli .  In  den m e is ten  erw eite rten  G a llen k ap il
la ren  sind die M ikrovilli v e rm in d e rt und  v e rk ü rz t. A n der k an a lik u lä ren  O b e r
fläch e  der »hellen« Zellen sind  in  der Regel w en ig er M ikrovilli zu b e o b a c h te n  
als an der der »dunklen« Zellen (A bb. 4 u n d  7). D ie A bnahm e d er Z ahl d er 
M ikrovilli bezieh t sich n u r  ausnahm w eise a u f  den  ganzen  U m kreis der G a llen 
k ap illa ren , denn  in d er N ach b a rsch aft der ze llv e rb in d en d en  S tru k tu re n  fin d en  
sich auch  d ann  noch  m ehr oder w eniger M ikrovilli, w enn  so n st die Z e llm em b ran  
vollkom m en g la tt is t (A bb. 3, 5).

In  zah lre ichen  G a llen k ap illa ren  sind die M ik rov illi geschw ollen, ö d em a tö s . 
D as O dem  k ann  das d is ta le  E n d e  der Z o tten  o d e r ab er ih r G anzes b e tre ffe n . 
Im  le tz te ren  Falb; b ew irk en  sie eine m ehr o d er m in d er s ta rk e  E in en g u n g  des 
L um ens der K ap illa ren  (A bb. 2 u n d  7). E rh eb lich e  Ö dem e der M ikrovilli fan d en  
sich vorw iegend an den  »hellen« Zellen. Die ö d em a tö sen  M ikrovilli s ind  m it 
hellem  fe in g ran u lä rem  H y a lo p lasm a  au sg efü llt, w elches keine Z ellorganellen  
aufw eist. An der B asis d er v e rb re ite r ten , ö d em a tö sen  M ikrovilli sind s te lle n 
weise re ihenförm ig  g eo rd n e te  B läschen w a h rn e h m b a r, w elche das die Z ellorga- 
nellcn  e n th a lte n d e  Z y to p la sm a  von  dem  in den  Z o tte n  befind lichen  H y a lo p la s 
m a tren n en .

Die besch riebenen  V erän d eru n g en  sind 48 72 S tu n d en  nach  der p a r t ie l
len L eberresek tion  am  au sg ep räg te s ten , aber au c h  am  10. Tage noch b e t r ä c h t
lich. Am 20. Tage der R eg en e ra tio n  weisen die G a llen k ap illa ren  eine vorw iegend  
n o rm ale  S tru k tu r  auf, doch sind  vereinzelt au ch  d an n  noch m äßigere E rw e ite 
rungen  u n d  in traze llu lä re  E in s tü lp u n g en  fe s ts te llb a r . Die M ikrovilli sind am  20. 
T age w ieder in ta k t.

B esprechung

A uf G rund d er vorliegenden  U n te rsu ch u n g en  sind  in der frühen  P h ase  
d e r L eb erreg en era tio n  die A k tiv itä tsä n d e ru n g e n  der g a llen k an a lik u lä ren  
E n zy m e (alkalische P h o sp h a ta se  und  A T Pase) m it den subm ik roskop ischen  
V eränderungen  der G a llen k ap illa ren  in B eziehung  zu bringen . Mit den e rw ä h n 
ten  E n zy m reak tio n en  is t eine In ten s iv ie ru n g  d er k an a lik u lä ren  Z eichnung  
sowie eine reiche V erzw eigung der G allen k ap illa ren  fes ts te llb a r. Das su b m ik 
roskopische Ä q u iv a len t d ieser V eränderungen  is t  die V erm ehrung  der G a llen 
k ap illa ren , ihre D ila ta tio n  u n d  häu fig  ihre tiefe E in s tü lp u n g  in die Zelle.

K a l if a t  u n d  M ita rb . (1962) haben  bei d e r ex tra h e p a tisch e n  C holostase 
im  w esentlichen  gleiche G a llen k ap illa ren v erän d eru n g en  gefunden  wie w ir im
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re g en e rie ren d en  L ebergew ebe. W äh ren d  a b e r  bei der C holostase die V erän d e
ru n g e n  eine Folge der A n re ich e ru n g  der ab flu ß b eh in d e rten  G alle s in d , d ü rften  
sie n a c h  der su b to ta len  H e p a te k to m ie  eh er m it der g este igerten  sek re to risch en  
A k t iv i tä t  im  Z u sam m en h an g  s teh en . D ie U n te rsu ch u n g en  von  S c h a l m  und  
M ita rb . (1952) beweisen n ä m lic h , daß  n a c h  B lockierung  des G allenab flu sses 
des ü b rig e n  P arenchym s se lb s t 1/4 des L ebergew ebes im stan d e  is t, d ie  G esam t
g a llen m en g e  ohne F u n k tio n ss tö ru n g e n  auszuscheiden . D abei is t  in  d e r fu n k 
tio n ie re n d e n  R estleber e ine  H y p e rtro p h ie  nachzuw eisen . Es m u ß  also ange
n o m m e n  w erden, daß  n ach  d e r su b to ta le n  H ep a tek to m ie  das b e trä c h tl ic h  v e r
r in g e r te  Lebergew ebe re la t iv  b ed e u te n d  g rößere  M engen Galle aussch e id e t. 
D ies e rk lä r t  sowohl die V erg rö ß eru n g  des G esam tq u e rsch n itte s  d e r G a llen ab 
le i tu n g , w elche den A bflu ß  d er g este ig ert p ro d u z ie rten  G alle e rm ö g lich t, als 
a u c h  d ie  S teigerung  der E n z y m a k tiv i tä t  (A T P ase , alkalische P h o sp h a ta se )  der 
Z e llm e m b ra n . Es is t n äm lich  b e k a n n t, d aß  die A T Pase eine w esen tlich e  Rolle 
im  tra n sz e llu lä ren  T ra n sp o r t  sp ie lt ( E s s n e r  und  M itarb ., 1958, E r n s t e r  und 
M ita rb .,  1962, R o n d e z  u n d  R ü t t n e r , 1963). M öglicherw eise s te h t  au ch  die 
S te ig e ru n g  der a lkalischen  P h o s p h a ta s e -A k tiv itä t  m it einer g e s te ig e rten  F u n k 
tio n  d e r  Zellm em bran im  Z u sam m en h an g . E ine  S tü tze  fü r diese A nnahm e 
s te lle n  je n e  B efunde d a r, w o n ach  die in  dem  tran sze llu lä ren  T ra n s p o r t  eine 
w ic h tig e  Rolle spielende Z e llm em b ran  d e r N ierenep ithelzellen  (S p a t e r  und 
M ita rb .,  1958, M ö l b e r t  u n d  M ita rb ., 1960) u n d  D ü n n d a rm ep ith e lze llen  
(C l a r k , 1961) über eine h o h e  a lkalische P h o sp h a ta se -A k tiv itä t v e rfü g t.

D ie  V erm ehrung  d e r G allen k ap illa ren  k an n  a u f  v e rsch ied en e  W eise 
Z u stan d ek o m m en . N ach  u n se ren  B efunden  k a n n  die s ta rk e  E rw e ite ru n g  der 
p rä e x is tie re n d e n  L um ina u n d  ihre S ch länge lung  den A nschein e in er V erm eh 
ru n g  erw ecken . Es is t ab er au c h  v o rs te llb a r , d aß  die u n te r  n o rm a len  U m s tä n 
den  te ilw eise  oder v o llkom m en  geschlossenen K anälchen  sich öffnen ( R o u i l l e r , 
1956) o d e r au f die zu n eh m en d e  B e lastu n g  zw ischen den e in an d er an liegenden  
Z e llm em b ran en  auch neue L u m in a  e n ts te h e n . N ach  U n te rb in d u n g  des D uctus 
c h o led o ch u s , wenn der A b flu ß  der Galle g eh em m t und  auch  seine R ich tu n g  
g e ä n d e r t  is t, können G a llen k ap illa ren  au ch  an  abnorm alen  Z elloberflächen  
e n ts te h e n  (St e i n e r  u n d  Ca r r u t h e r s , 1961).

D ie exzentrische D ila ta tio n  der G allen k ap illa ren  fü h r t  h äu fig  zu r Sak- 
k u la t io n  des k an a lik u lä ren  L u m en s. Diese sa c k a rtig e n  E in s tü lp u n g en  s ind  au f 
G ru n d  von  lich tm ik ro sk o p isch en  U n te rsu ch u n g en  als in tra z e llu lä re  G allcn- 
g än g e  beschrieben  w orden  ( W a c h s t e i n  u n d  Z a k , 1949, N o v i k o f f  u n d  N o e , 
1955, H a m m e r b e c k , 1958). D ie S ak k u la tio n en  können  tie f  in das Z y to p la sm a  
V o rd ringen  und  in der frü h e n  P h ase  der R eg en era tio n  in die N äh e  des s ta rk  
h y p e rtro p h isc h e n  G o lg i-A ppara tes gelangen . Dem  G olg i-A ppara t w ird  eine 
R o lle  in  d er S e k re tio n s tä tig k e it der L eberzellen  zugesprochen  (St e i n e r , P h i l 
l i p s  u n d  B a g l io , 1963). A u f  G ru n d  d er ob igen  A ngaben  e rw eite rn  d ie  S ak 
k u la t io n e n  n ich t n u r die L u m in a  der G allen k ap illa ren , sondern  v e rk ü rz e n  auch
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den W eg fü r die Z e llp ro d u k te , die von den L eberzellen  in die G a llen k ap illa ren  
sezern ie rt w erden .

Yon H ig g in s  u n d  A n d e r s o n  (1931) w u rd e  beschrieben  u n d  s p ä te r  
auch  von an d eren  b e s tä tig t  —, daß  w äh ren d  d er R egen era tio n  die H y d ra ta t io n  
der L eberzellen  g este ig ert is t. H ie rm it d ü rf te  das Ödem  der M ik rov illi in 
B eziehung s teh en . A u f G rund  der e lek tro n en m ik ro sk o p isch en  B ilder is t b e so n 
ders im  F alle  der »hellen« Zellen an  eine g es te ig e rte  H y d ra ta tio n  zu d en k en . 
Di. îse Z e lla rt is näm lich  n ich t n u r wegen der Schw ellung  der M ikrovilli, so n d e rn  
au ch  in an d e re r H in s ich t als ödem atös zu b e tra c h te n  (V ir á g h  u n d  B a r t ó k , 
im  D ruck ). D iese V erän d eru n g en  d eu ten  d a r a u f h in ,  daß  die M ikrom orphologie 
der G a llen k ap illa ren  n ic h t n u r durch  die G allenausscheidung , so n d e rn  auch  
d u rch  an d ere  F a k to re n  b ee in flu ß t w ird.

L IT E R A T U R

1. Ba d e , E . G.: (1963) B ildung von M itochoiu lrien  in  der regenerierenden  L eb e r  der 
M aus. Z. Zellforsch. 61, 745 — 768. 2. B artók , I., H o r v á t h , É ., D ó mján , Gy ., K o r p á s s y ,
В.: (1962) H istochem ica l S tud ies of R eg en eratin g  R a t  L iv e r in E x p erim en ta l C irrhosis A fter 
P a r tia l  H ep a te c to m y . P a th , e t M icrobiol. (B asel) 25, 809 820. 3. B artók , L, H o r v á t h , É.,
P ocsai, J . ,  KüRPÁSSY, В .: (1963) E nzy m h isto ch em isch e  U n te rsu ch u n g en  an  n o rm alen  u n d  
z irrh o tisch en  R a tte n le b e rn  nach  partie lle r H e p a te k to m ie . P a th , e t Microbiol. (B ase l) 26, 
415 — 426. — 4. B e r n h a r d , W. R o u il l e r , Ch .: (1956) Close T opographical R e la tio n sh ip  
be tw een  M itochondria  a n d  E rg asto p lasm  of L iver Cells in a D efin ite  Phase  of C ellular A c tiv ity . 
.1. b iophys. biochem . C ytol. 2. Suppl. 73 — 78. 5. Cl a r k , S. L .: (1961) The L o ca lisa tio n  of
A lkaline  P h o sp h a ta se  in T issues o f Mice, U sing th e  E le c tro n  Microscope. A m er. J .  A n a t. 
109, 57— 84. — 6. E r n s t e r , L., S ie k e v it z , P ., P a l a d e , G. E .: (1962) E nzym e S tru c tu re  
R e la tio n sh ip s in th e  E n d o p lasm ic  R eticu lum  of R a t L iver. J .  Cell. Biol. 15, 541 -5 6 2 . — 7. 
E s s n e r , E ., N o v ik o f f , A. B ., M a se k , B.: (1956) A d en o sin e trip h o sp h a ta se  and  5 -N u c leo tid ase  
A c tiv ities in the  P lasm a  M em brane of L iver Cells as R ev ea led  by E lectron  M icroscopy. J . 
b iophys. b iochem . C ytol. 4, 711 715. 8. F a r q u h a r , M., P a la de , G.: (1963) J u n c tio n a l
Com plexes in V arious E p ith e lia . J .  cell. Biol. 17, 375 — 412. 9. Ga nsle r . H ., R o u i l l e r , Ch .:
(1956) M odifications P hysio log iques et P a th o lo g iq u es du  C hondriom e. Schweiz. Z. P a th . 19, 
217 — 248. — 10. GömöRI, G.: (1941) The D is tr ib u tio n  of P h o sp h a ta se  in N orm al O rg an s  an d  
T issues. J .  cell. com p. P hysio l. 17, 71. 11. H a m m e r b e c k , W .: (1958) In traz e llu lä re  G a llen 
k ap illaren . V erb , d tsch . Ges. P a th . 42, 256 260. 12. H ig g in s , G. M., A n d e r s o n , R. M.:
(1931) E x p erim en ta l P a th o lo g y  of th e  L iver I. R e s to ra tio n  of the Liver of th e  W h ite  R a t 
Follow ing Surgical R em oval. A rch. P a th . 12, 186 202. 13. K a lifat , S. R ., Ca r r u t h e r s ,
.). S., St e i n e r , J .  \V.: (1962) L a fine s tru c tu re  des can a licu les  biliaires du  fois de r a t  d a n s  la 
cho lostase  e x tra h é p a tiq u e . Z. Zellforsch. 57, 607 — 626. 14. M ill o n ig , G.: (1961) A M odified
P rocedure  for L ead  S ta in in g  of T h in  Sections. .1. b iophys. b iochem . Cytol. 11, 736 739. — 15.
MÖLBERT, E ., D u sp iv a , F ., D a em lin g , O. H .: (1960) T h e  D em o n stra tio n  of A lk a lin e -P h o sp h a 
tase  in th e  E le c tro n  M icroscope. J .  b iophys. biochem . C ytol. 7, 387 —390. 16. N o v i k o f f , A.
B., N o e , E. F .: (1955) O b serv a tio n s on F rag m en ted  R a t L iver Canaliculi and th e  P ro b le m s of 
In trac e llu la r  Bile C analiculi an d  th e  Golgi A p p a ra tu s . J .  M orph. 96, 189 221. - 17. No v i k o f f ,
A. G., H a u s m a n , I). IL . P o o r e r , E .: (1958) T he L o ca lisa tio n  of Adenosine T r ip h o sp h a ta se  in 
L iver: in s itu  S ta in in g  a n d  Cell F ra c tio n a tio n  S tud ies . J .  H isto ch em . Cytochem . 6, 61 71. 18.
R o n d ez , R. .1.. R ü t t n e r , R.:  (1963) Zur Patho log ie  des Ic te ru s . F e rm en th isto ch em isch e  U n te r 
suchungen  ü b er das V e rh a lten  der G allenkapillaren  n ach  experim en te lle r, ic te ro g en er L eb e r
schäd igung . P a th , e t M icrobiol. (B asel) 26, 784 796. 19. R o u il l e r , C.: (1956) Les c a n a lic u 
les b ilia ires; é tu d e  au  m icroscope é lectron ique. A cta a n a t .  (B asel) 26, 94 -109 . — 20. S c h a f f 
n e r , F., P o p p e r , IL : (1959) M orphologie S tud ies of C holestasis. G astroen tero logy  37, 565 573.
— 21. SciiALM, L., Sc h u l t e , M. J . ,  Ba x , H. R ., Mi e t e , M., Ma n s e n s , B. .1., P e r e i r a , A. R .: 

(1952) T he R eg en era tiv e  Pow er of the  L iver and  its  R eserve C apacity  to  E x c re tin g  Bile. 
L an cet 1, 15, 75 81. 22. Sp a t e r , H ., N o v ik o f f , A. B ., Ma se k , B.: (1958) A d en o sin e
T rip h o sp h a ta se  A c tiv ity  in th e  Cell M em branes of K id n ey  T u b u le  Cells. .1. H istochem . C y to ch em .

Ada Morphologica Academiae Scientiarum llungaricae 14. 1966



164 . BARTÓK und SZ. VIRÁG

6, 388. -  23. St e i n e r , J .  W ., Ca r r u t h e r s , J .  S.: (1961) S tu d ies  on th e  F ine  S tru c tu re  o f th e
T e rm in a l  B ran ch es of th e  B ilia ry  T ree . I . The M orpho logy  of N orm al Bile C analicu li a n d  B ile 
P re -d u c tu le s  (D ucts of H ering ) a n d  Bile D uctules. A m er. J .  P a th . 3 8 ,639—6 6 1 .— 24. St e i n e r ,
J .  W ., P h i l l i p s , M. J .  B aglio , C. M .: (1963) E lec tro n  M icroscopy  of th e  E x c re to ry  P a th w a y s  in 
th e  L iv e r  in  a -N ap h th y l-iso th io c y an a te  in to x ic a tio n . A m er. J .  P a th . 43, 677— 6 9 6 .— 25. 
V i r á g h , Sz., B artók , I .: An E le c tro n  M icroscopic S tu d y  o f th e  R egeneration  of th e  L iv e r F o l
lo w in g  S u b to ta l  H ep a tec to m y  (im  D ruck). — 26. W a c h s t e i n , M.: (1959) E n zy m a tic  H is to c h e 
m is try  o f  th e  L iver. G astro en te ro lo g y  37, 525 — 537. — 27. W a c h s t e in , M., Me i s e l , E .: (1957) 
H is to c h e m is try  of H ep atic  P h o sp h a ta se s  a t  a P hysio log ic  p H . Am er. J .  clin. P a th . 2 7 ,13 — 23. -  
28. W a c h s t e i n , M., Me i s e l , E .:  (1958) S u b s tra te  S p ec ific  P h o sp h atases a t  p H  7.2 in  B ilia ry  
D e s tru c tio n  an d  L iver Cell D am ag e . A rch. P a th . 65, 4 4 9 — 459. — 29. W a c h s t e in , М., Me i s e l , 
E .,  F a l c o n , C.: (1962) E n z y m a tic  H isto ch em istry  in  th e  E x p erim en ta lly  D am ag ed  L iver. 
A m e r. J .  P a th .  40, 219— 241. — 30. W a ch s te in , M., Z a k , F . G .: (1946) D is tr ib u tio n  of A lka line  
P h o s p h a ta s e  in  th e  H u m a n  L iv er. A rch. P a th . 42, 501 — 516. — 31. W a c h s t e in , M., Za k , F. 
G .: (1949) In trac e llu la r  Bile C analicu li in  th e  R a b b it  L iv e r. Proc. Soc. exp. B iol. (N. Y .) 72, 
2 3 4 — 236.

T H E  M IC RO SCO PIC S T R U C T U R E  O F B IL E  C A N A L IC U L I A F T E R  S U B T O T A L
H E PA T E C T O M Y

I. BARTÓK and S. VIRÁGH

T h e  m icroscopic s tru c tu re  o f bile canaliculi h a s  b een  stu d ied  in su b to ta lly  h e p a te c to m iz -  
ed  r a t s .  B etw een  th e  2nd a n d  1 0 th  p o sto p era tiv e  d a y , in c re ase  in  th e  n u m b er a n d  th e  d ia m e te r  
o f b ile  can a licu li, in tra ce llu la r  in v ag in a tio n  of the  bile p a th s  an d  various changes in  th e  m ic ro 
v illi w e re  observed . A t th e  sam e tim e , th e  Golgi a p p a ra tu s  becam e h y p e rtro p h ic , a n d  th e  liver 
cells d iffe re n tia te d  in to  a “ l ig h t”  and  a “ d a rk ”  v a r ie ty .  T he subm icroscopic ch an g es are 
c o m p a re d  to  changes in th e  a c t iv i ty  of alkaline p h o sp h a ta se  an d  A TPase seen in  re g en e ra tin g  
liv e rs . I t  is suggested  th a t  th e  o b se rv ed  changes in  th e  s tru c tu re  of bile canalicu li d u rin g  th e  
e a r ly  p h a se  of regeneration  are  d u e  to  th e  increased  ta s k  to  be  perform ed by th e  su rv iv in g  one 
th i r d  o f  th e  liver p a ren ch y m a. T h e  s tru c tu ra l changes o f th e  bile canaliculi g ra d u a lly  d isa p p ea r 
w ith  a d v an c in g  regeneration .

ТОНКАЯ СТРУКТУРА ЖЕЛЧНЫХ КАНАЛЬЦЕВ ПОСЛЕ СУБТОТАЛЬНОЙ
ГЕПАТЕКТОМИИ

И. БАРТОК и С. ВИРАГ

Авторы изучали тонкую структуру желчных канальцев после субтотальной гепа- 
тектомии у крыс. На 2— 10 день после операции они наблюдали увеличение числа желч
ных канальцев, их расширение, внутриклеточное впячивание желчных путей и различ
ные изменения микроворсинок. В это же время аппарат Гольджи гипертрофированный 
и отличаются «светлый» и «темный» варианты печеночных клеток. Авторы устанавливают 
параллель между субмикроскопическими изменениями и изменениями щелочной фосфа
тазы и АТФ-азы в регенерирующейся печени. Возникающие в ранней стадии регенерации 
изменения желчных канальцев авторы приводят в связь с усиленной нагрузкой, которую 
представляет выделение желчи и других веществ на печеночную паренхиму, уменьшен
ной до одной трети. В более поздних стадиях регенерации изменения желчных канальцев 
постепенно прекращаются.

D r. I s tv á n  B a r t ó k : Szeged, K ossu th  L ajos sg t 40., U ngarn  
D r. S zabo lcs V i r á g h : B u d a p e s t, IX ., T ű zo ltó  u . 58., U ngarn
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Second In s t i tu te  o f P a th o lo g y  (D irector: P ro f. D r. L. H a r a n g h y ), U n iversity  Medical School,
B u d a p es t

EFFECT OF PAINTING WITH ACID ON MUSCFLAR TYPE
SMALL ARTERIES

H.  J e l l i n e k , K lá r a  S z e m e n y e i , T. K e r é n y i  and I. H ü t t n e r  

(R eceived 9 S ep tem b er, 1965)

E la s tic  a n d  m u scu la r ty p e  blood vessels h av e  been  found  to  reac t in a d iffe re n t 
w ay to  p a in tin g  w ith  acid. F ib rin o id  necrosis d evelops only in th e  sm all a rte r ie s  o f 
th e  m uscu lar ty p e . M uscle necrosis, one of th e  co m p o n e n ts  o f th e  vascu la r w all f ib rin o id  
can read ily  be d iffe re n tia te d  from  th e  o th e r  c o m p o n en ts  by  M allory’s p h o sp h o tu n g stic  
acid  h aem a to x y lin , since the  necrosed m uscle cells b in d  m ore dye.

In  prev ious ex p erim en ts  [I , 2] th e  re g e n e ra tio n  o f th e  ao rtic  wall d a m a g e d  
by p a in tin g  w ith  acid has been s tu d ie d . T he m e th o d  em ployed  was as fo llow s: 
-  A lbino ra ts  w ere lap a ra to m ised  an d  th e  exposed  in fra ren a l p a r t  of th e  a o r ta  

was p a in ted  for a few  seconds w ith  c o n c e n tra ted  hydroch lo ric  acid. I t  w as 
found  th a t  th e  ce llu la r elem ents d isap p eared  a n d  th e  fram ew ork  of re g e n e ra 
tion  was c o n s titu te d  b y  th e  rem ain ing  fib re  n e tw o rk .

In  m ost cases th e  sm all blood vessels o f  th e  m u scu la r ty p e  ru n n in g  n e a r  
th e  a o rta  w ere also dam ag ed . The c h a ra c te r is tic  h isto log ica l changes d isp la y e d  
b y  th em  are  i l lu s tra te d  b y  p resen ting  ty p ic a l case.

T he v ascu la r  wall is hom ogeneous, eosinoph ilic , s ta in s  a hom ogeneous 
yellow  w ith  V an G ieson’s dye and  flam e-red  w ith  A zan (F ig. 1), and c o n ta in s  
only  a t  sites a few  m uscle cells w ith  e longated  nucle i. F o o t’s silver im p re g n a 
tio n  shows an in ta c t  fib re  netw ork . On t r e a tm e n t w ith  p H  4.5 to lu id ine  b lu e  th e  
v ascu la r wall show s no m etach ro m asia  (F ig . 2), th e  R itter-O leson  m e th o d  
reveals a hom ogeneous P A S -positiv ity . In  th e  v a sc u la r  wall s ta in ing  red  w ith  
A zan, M allory’s p h o sp h o tu n g stic  acid  h a e m a to x y lin  reveals strong ly  s ta in in g  
b lu ish -b lack  isle ts co rrespond ing  to  necrosing  m uscle  cells in th e  re t ic u la r  
ne tw ork  (F ig. 3).

W hen su rv iv a l is longer, in th e  necrosed  vessels in tim a i p ro life ra tio n  a 
s tro n g  m e tach ro m asia  begins (F ig 2), and  la te r  on th e  necrosis u n d erg o es 
hyaline  tra n s fo rm a tio n .

F rom  th e  f in d in g s  tw o conclusions have  been  d raw n.
( i )  Blood vessels o f th e  elastic  and  o f th e  m u sc u la r  ty p e  reac t in a d iffe re n t 

w ay to  th e  sam e in ju ry . W hereas fib rin o id  necrosis failed  to  develop in th e  a o r 
tic  w all, in th e  sm all a rte ries  o f th e  m u scu la r ty p e  a change show ing all th e  
ch a rac te ris tic  fea tu re s  o f  fib rino id  necrosis w as observ ed .
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( i i )  B y M allory’s p h o sp h o tu n g stic  ac id  h aem ato x y lin , th e  hom ogeneous 
f ib r in o id  was broken  u p  in to  its co m p o n en ts . W hereas th e  p lasm a com ponen ts 
a n d  necrosed  m uscle cells s ta in ed  in th e  sam e  w ay  w ith  Azan by  th e  PA S reac-

F ig . 3. N ecrosed  m uscle cells s ta in in g  well w ith  M a llo ry ’s ph o sp h o tu n g stic  acid  h aem a to x y lin  
are v isible in  th e  fib re  n e tw o rk  of th e  vascu la r wall

t io n  w hich  show ed a hom ogeneous v a sc u la r  wall fib rino id , w ith  M allo ry ’s 
p h o sp h o tu n g s tic  acid h aem a to x y lin  th e  n ec ro sin g  m uscu lar e lem en ts  o f th e  
v a s c u la r  w all, b y  v ir tu e  o f th e ir  en h an ced  dye-b in d in g  ab ility , can  c lea rly  be 
d if fe re n tia te d  from  th e  p la sm a  in th e  m ed ia .

*
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Fig. 1. Sm all a r te ry  o f the  m u scu la r ty p e  ch ara c te ris tic  o f fib rin o id  necrosis, hom ogeneous 
s ta in in g  red w ith  A zan, alongside a c id -p a in te d  large  vessels of th e  e lastic  ty p e .  T here  is no 
fib rin o id  necrosis in th e  wall of th e  e la stic  vessels. In tim a i p ro life ra tion  in th e  u p p e r  vessel

(A zan)

Fig. 2. The sm all blood vessel and  p a r t  of the  a d ja c e n t e lastic  v ascu la r wall h a v e  lo st m é ta 
ch ro m asie , w hich  ap p ears  exclusively  in  th e  a rea  of in tim a i p ro life ra tion  (T o lu id in ie  b lue, p H

4.5)
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Ü B E R  D IE  NA CH S Ä U R E P IN S E L U N G  B E O B A C H T E T E N  V E R Ä N D E R U N G E N  D E R  
K L E IN A R T E R IE N  M U S K U L Ä R E N  T Y PS

H. JELEINEK, KLÁRA SZEMENYEI, T. K ER ÉN YI und I. HÜTTNER

Die nach  S äu rep inselung  en ts te h en d e n  V erän d e ru n g e n  der Gefäße e la s tisch en  und  
m u sk u lä ren  T y p s sind  g rund legend  un tersch ied lich . F ib rin o id n ek ro se  en tw ick elt sich ledig lich  
in  den  K le in a rte rien  m u sk u lären  T yps. Die, e inen  B e s tan d te il des G efäßw andfib rino ids b ildende  
M uskelnekrose  k an n  den ü b rig en  K o m p o n en ten  geg en ü b er m it Hilfe der M allo ryschen  Phos- 
p h o r-w o lfram säu re -H äm a to x y lin -F äb ru n g  — infolge de r gesteigerten  F a rb e n b in d u n g  der 
n e k ro tis ie rte n  M uskelzellen — d eu tlich  a b g eso n d ert w erden .

ИЗМЕНЕНИЯ В МАЛЫХ АРТЕРИЯХ МЫШЕЧНОГО ТИПА, 
НАБЛЮДАВШИЕСЯ ПОСЛЕ СМАЗЫВАНИЯ КИСЛОТОЙ
X. ЙЕЛЛИНЕК, К. СЕМЕНЬЕИ, Т. КЕРЕНЬИ и И. ХЮТТНЕР

В связи со смазыванием кислотой авторы установили, что реакции сосудов эласти
ческого и мускулярного типа существенным образом отличаются друг от друга. Фибри
ноидный некроз возникает только в малых артериях мышечного типа. Представляющий 
составную часть фибриноида сосудистой стенки мышечный некроз может быть хорошо 
дифференцирован за счет повышенного связывания краски некротизированными мышеч
ными клетками, если проводить окраску с фосфорвольфрамокислым гематоксилином по 
Маллори.

D r. H a rry  J e l l i n e k  
D r. K lá ra  SZEMENYEI 
D r. T ib o r K e r é n y i  
D r. I s tv á n  H ü t t n e r

B u d ap est IX ., Ü llői u t  93., 11ungary
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Second In s t i tu te  of P a th o lo g y  (D irec to r: P rof. Dr. L . H a r a n g h y ), U niversity  M edical School,
B u d ap est

FIBRINOID NECROSIS OF THE VASCULAR WALL 
INDUCED BY PAINTING WITH ACID

I. H ü t t n e r , H .  J e l l i n e k , T .  K e r é n y i  a n d  K l á r a  S z e m e n y e i  

(R eceived 9 S ep tem b er, 1965)

F ib rin o id  necrosis of th e  m u scu la r a r te r io le s  o f th e  r a t ’s u te ru s has b een  in d u c e d  
b y  p a in tin g  w ith  h idroch loric  acid. T he f ir s t  ch an g e  observable b y  lig h t m ic ro sco p y  
w as a necrosis o f m uscle cells. A p lasm a im b itio n  of su ch  a ra te  th e  re su lt o f w h ich  w as a 
develo p m en t o f ty p ica l fib rin o id  of th e  m edia a n d  w hich  caused a p re c ip ita tio n  o f f ib rin  
in  severe  cases was visible only a f te r  th e  necrosis o f m uscle cells. In  a d d itio n , in  th e  
la rg e r u te rin e  a rte rie s  possessing a re s is ta n t in te rn a l  e lastic  m em brane , su b e n d o th e lia l  
fib rin o id , o rig in a tin g  m o stly  fro m  a p re c ip ita tio n  o f f ib rin , was observed.

In  earlie r s tud ies we often  observed  f ib rin o id  necrosis of th e  m u sc u la r  
a rte rio les  in th e  e n v iro n m en t of th e  a o rta  d am ag ed  by  p a in tin g  w ith  ac id  in 
o rd er to  in v es tig a te  th e  process o f re g e n e ra tio n  [4]. As fib rino id  necrosis o f  th e  
v a scu la r  wall could re liab ly  be evoked  b y  p a in tin g  w ith  acid and  th e  e x te n t  of 
th e  lesion ap p eared  to  be con tro llab le , th e  process was sub jec ted  to  d e ta ile d  
analysis .

In  40 a lb ino  ra ts  of 200 g average  w eigh t th e  u te ru s  as an  organ rich  in sm a ll b lood  
vessels, w as p a in te d  w ith  d iffe ren t d ilu tions of h y d ro ch lo ric  acid. The an im als w ere  sac rif ice d  
a t  in te rv a ls  from  th e  1st to  th e  60 th  d ay  follow ing o p e ra tio n . T he u terus was rem o v ed , f ix e d  in 
fo rm alin  an d  C arnoy’s flu id , em bed d ed  in  p a ra ffin , th e n  w ere exam ined  a f te r  s ta in in g  w ith  
h aem ato x y lin -eo sin , A zan , M allory’s p h o sp h o tu n g stic  ac id  h aem ato x y lin , P A S -reac tio n  (a fte r  
d ias tase -d ig estio n ), by  fluorescence an d  p o la risa tio n  o p tic a l m ethods (phenol, an ilin e -re ac tio n ), 
a n d  in som e in stan ces follow ing digestion  w ith  try p s in .

T he v ascu la r changes o f th e  u te ru s  w ere d ifferen t d epend ing  on  th e  
co n c e n tra tio n  o f th e  acid and  on th e  d is tan ce  o f  th e  effect, i.e. on th e  in te n s i ty  
o f acid  ac tion .

In  response to  d irec t t r e a tm e n t w ith  ac id  th e  sm all blood vessels show ed  
d ila ta tio n , s ta s is , th e  w all w as th in n e d , th e  co n n ec tiv e  tissue and  e la s tic  fib res  
w ere e lo n g a ted , th e  m uscu lar e lem ents could n o t be d iffe ren tia ted . T h ese  b lood  
vessels h av e  n o t been used in th e  s tu d ies .

V arious stages o f fib rino id  necrosis w ere p resen t in th e  wall o f th e  sm all 
b lood  vessels ly ing  in an in ta c t  e n v iro n m e n t so m ew h at d is ta n t from  th e  s ite  of 
tr e a tm e n t.  T he changes w hich depended  on th e  len g th  of su rv iv a l a n d  th e  
in te n s ity  o f  acid ac tio n , will be described  below  in  th e  sequence o f th e ir  d e v e lo p 
m en t.
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In  response  to  w eak  acid, th e  e n d o th e lia l an d  m uscle cells show ed 
v acu o lisa tio n , h y p e rc h ro m e , som etim es d e fo rm ed  nuclei, b u t no necrosis  in 
th e  v ascu la r Avail (F ig . 1). L a te r , p ro life ra tion  o f  m uscle cells an d  th e  en d o th e liu m  
w ith o u t fib rin o id  necro sis  was visible in  th e se  s ligh tly  dam aged  a rte rio les  
(F ig . 2).

In  response to  s tro n g  acid, some m u sc le  cells u n d erw en t ea rly  necrosis; 
th e y  s ta in ed  f la m e -re d  w ith  Azan, b o u n d  p h o sp h o tu n g s tic  acid h a e m a to x y lin  
m ore  f irm ly  th a n  d id  th e  in ta c t cells, gave  a d ia s ta se -re s is tan t P A S -reac tio n  
(F ig . 3), show ed in c rea sed  b irefringence a n d  an  in tense  g reenish-yellow  
fluo rescence  w ith  co rip h o sp h in  as well as w ith  th e  com bination  o f eu ch ry s in  
a n d  th iaz in e  red , g iv in g  th e  ch a rac te ris tic  re a c tio n s  of m uscle cell necrosis. 
L a te r  on, m ore a n d  m o re  of the  m uscle cells becom e necrosed, th e  n ec ro tic  
areas show  f irs t a se g m e n ta l, th en  a c ircu la r co n flu en ce , and  th e  ty p ic a l p ic tu re  
o f  fib rin o id  necrosis a rises  (Fig. 4, 5). In  th e  hom ogeneous, eosinophilic , PA S- 
p o sitiv e  fib rin o id  w h ic h  sta in s  red  w ith  A zan , th e  necrosed m uscle cells can 
fo r a w hile be d if fe re n tia te d  by  M allory’s p h o sp h o tu n g s tic  acid h a e m a to x y lin , 
b u t  la te r , w ith  th e  f u r th e r  progress of th e  p ro cess , th is  m ethod  shows a h o m o g e
neous fib rin o id , to o  (F ig . 6). The co n flu en ce  o f m uscle cell necroses, an d  
la te r  th e  excessive in c rea se  in d iam eter o f  th e  v a sc u la r  wall (Fig. 7) in d ic a te  an 
in c reased  in flu x  o f  p la sm a  com ponents. T h is is con firm ed  by  th e  decrease, th e n  
cessa tio n  o f th e  b ire fr in g en ce  of the  n ec ro sed  m uscle  cells.

W hen th e  d am ag e  is m ore severe an d  th e  in f lu x  o f p lasm a is m ore copious, 
th e  process ex ten d s  to  th e  ad v en titia  an d  th e  pe riv ascu la r tissue , a n d  b iré 
fr in g e n te  fib rin  a p p e a rs  in  it. The d am ag ed  b lo o d  vessels are su rro u n d e d  b y  
g ra n u la tio n  tissu e  co m p o sed  of ly m p h o cy tes , h is tio c y te s , fib ro b las ts , f ib ro cy te s  
a n d  collagen fib res , m a k in g  the  p a tte rn  re m in isc e n t o f p e ria rte riitis  nodosa  
(F ig . 8).

In  th e  la rg e r a r te r ie s  of the  a c id -p a in te d  r a t  u te ru s , possessing a m ore 
re s is ta n t  e lastica  in te rn a , th e re  is a h o m o g en eo u s, eosinophilic m a te r ia l also 
b e tw een  th e  m e m b ra n a  e lastica  in te rn a  a n d  th e  endo thelia l cells, d isp lay in g  
th e  ch a rac te ris tic  a p p e a ra n c e  of fib rino id . W h ile  in  these  instances th e  en tire  
v a sc u la r  Avail s ta in s  a hom ogeneous red  w ith  A zan  (Fig. 9), p h o sp h o tu n g s tic  
ac id  h aem a to x y lin  re a d ily  d ifferen tia tes th e  su b en d o th e lia l f ib rin o id , th e  
necro sed  m uscle cells o f  th e  m edia, as w ell as th e  sm oo th en ed -o u t e la s tica  
in te rn a  betw een  th e  tw o  (F ig . 10). In  p o la rised  l ig h t th e  su b endo the lia l f ib rin o id  
show s th e  b ire frin g en ce  an d  topochem ical re a c tio n s  ch a rac te ris tic  o f  f ib rin . 
U n d e r C anada b a lsa m  th e  b irefringence v a r ie s  from  —|-35 to  48 m/x, an d  th is  
v a lu e  is n o t effected  b y  th e  aniline or th e  p h e n o l re a c tio n  (Fig. I l ,  A, B , C). T he 
likew ise p o sitive  b ire fr in g en ce  of th e  necrosed  m uscle  cells of th e  m ed ia  reach  a 
m ax im u m  of 12 m /и. A n 0.3 per cen t t r y p s in  so lu tion  to o k  60 m in u te s  to  
d ig est th e  su b e n d o th e lia l fib rino id  in  th e  C arnoy-fixed  p re p a ra tio n  (F ig . 
H ,  D ).
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Fig. () .  A  large  u te r in e  a rte ry  7 days a f te r  t re a tm e n t, w ith  a 
fib rin o id  necrosis s ta in in g  hom ogeneous red  w ith Azan

Fig. 10. In th e  sam e vascu lar wall se g m en t M allo ry’s plios- 
p h o tu n g s tic  acid  h a em ato x y lin  m akes it possib le  to d istingu ish  
the f ib rin o id  of th e  m edia co n ta in ing  th e  necrosed  m uscle cells 
and  the  su b e n d o th e lia l, hom ogeneous f ib r in o id  above  th e  smoothen- 

ed -o u t in te rn a l e lastic  m em b ran e
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Fig. 5. C ircular fib rin o id  necrosis ex ten d in g  to  m ost o f th e  v a s
cu la r w all 5 d ay s a f te r  t re a tm e n t. A zan

Fig. 7. F ib rin o id  necrosis in sm all blood vessel, w ith  p lasm a 
im b ib ition , b ro aden ing  of th e  wall in  w hich th e  n ecro tic  m uscle 
cells c an n o t be d iffe ren tia ted  e ith e r b y  M allory’s p h o sp ho tung-

Fig. 6. F ib rin o id  necrosis in  v ascu la r w all, w ith  iso la ted  and  
p a r tly  co n flu en t cell necroses d is tingu ishab le  b y  p h o sp h o tu n g - 
stic  acid  h aem ato x y lin  (u p p er p a r t) . The low er p a r t  s ta in s  h o m o 
geneously . Seven d ay  specim en. M allory’s p h o sp h o tu n g stic  acid 

h a em ato x y lin

Fig. 8. Severely dam aged  sm all blood vessel 21 days a f te r  p a in t
ing w ith  acid , w ith  p e riv ascu la r g ran u la tio n . M allory-positive  

fib rin o id  in  p a r t  o f th e  periv ascu la r g ra n u la tio n  tissue



M
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Fig- 1. Vacuolizat ion  of endothe l ium  a n d  muscle cells, two days 
af te r  weak acid t r e a tm e n t .  Haeina toxylin-eosin

F ig . 3. Muscle cell necroses in th e  vascu la r  wall, two d ays  aftei 
t r e a tm e n t  w ith  s t rong  acid, showing PAS- posi t iv i ty

F ig. 2. T h ir ty  days  a f te r  p a in t ing  w ith  acid.  Slightly dam aged  
small  blood vessel,  w ith  h y p e r t ro p h y  of the  vascu la r  wall show

ing no f ibrinoid necrosis. H aem atoxylin -eos in

Fig. 4. Segm enta l  confluence of muscle cell necroses in the  entire  
b r e a d th  of the  media .  7 days  a f te r  t r e a tm e n t .  Azan
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Fig. 11. S u b en d o th elia l fib rin o id  in the  u te rin e  a r te ry  show n  in Figs. 9 an d  10, in po larised  
ligh t. A fte r covering  w ith  C anada  balsam  (A) th e  su b e n d o th e lia l fib rin o id  show s positive  
b irefringence, id en tica l in d irec tio n  w ith  th a t  of collagen fib res . T he phenol reac tio n  (B ) w hich  
reverses th e  positive  b irefringence  of collagen fib res an d  th e  an iline  reac tion  (C) w h ich  abo lishes 
th e  birefringence of th e  fib res , does no t affec t th e  po sitiv e  b irefrigence  (48 in// ) o f th e  su b en d o th e- 
lial fib rin o id . T ry p sin  d ig es tio n  dissolved the  su b e n d o th e lia l fib rin o id . Phenol re ac tio n  a f te r

60 m inu tes digestion  w ith  try p s in  (I))

A fter an  av erag e  o f 30 days, th e  f ib r in o id  necrosis o f th e  sm all b lood  
vessels show ed h y a lin  tra n sfo rm a tio n : th e  c h a ra c te r is tic  A zan-red  co lour 
d isap p eared  an d  f in a lly  every  lesioned v ascu la r  w all s ta in ed  b lue. In  th e  v a sc u 
la r  w all show ing h y a lin e  tran sfo rm a tio n  n e ith e r  necrosed m uscle cells, no r 
fib rin  could be d e m o n s tra te d  by  p h o sp h o tu n g stic  acid h aem a to x y lin .

T hrom bus fo rm a tio n  did n o t occur in o u r cases.

D iscussion

M a l k o f f  [7], S s o l o w j e w  [19], J a f f é  [3] an d  o thers ap p lied  d iffe ren t 
m echanical m eans to  lesion th e  v ascu la r w all, b u t  all those  au th o rs  re s tr ic te d  
th e ir  s tud ies to  la rg e  b lood  vessels.
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In  sim ilar ex p e rim en ts  we h av e  show n [20, 21] th a t  p a in tin g  w ith  acid 
w as a m e th o d  by  w hich  f ib r in o id  necrosis could  be induced  in  sm all b lood  
v esse ls  o f  th e  m u scu la r ty p e .

In  th e  p a th ogen esis o f  fib r in o id  n ecrosis a d ec is iv e  sign ifican ce  h as b een  
a ttr ib u te d  to  p lasm a im b ib it io n  b y  S c h ü r m a n n  and  McMah o n  [1 6 ], V azq uez  
an d  D ix o n  [22], K e l l a w a y  et a l .  [6 ], S o u s t e k  [17, 18] and o th ers, w h ereas  
M o n t g o m e r y  and Mu ir h e a d  and [9 , 10], M u ir h e a d  and G r o l l m a n n  [12 ], 
M u ir h e a d  et  a l .  [13, 1 4 ], G a r d n e r  [1 , 2] Ma sso n  and K a w a k it a  [8], 
Z o l l in g e r  [23] and o th ers h a v e  c la im ed  th is  for a prim ary d a m a g e to  th e  
m u sc le  cells o f  th e  v a scu la r  w a ll.

E le c tro n  m icroscopic an d  fluo rescence  s tu d ie s  equ ivocally  p ro v e  th a t  
in  le sions of th e  sm all b lo o d  vessels an ea rly  in f lu x  o f  p lasm a co m p o n en ts  in to  
th e  v a sc u la r  wall ta k e  p lace . M o v a t  an d  F e r n a n d o  [11], for in s ta n c e  d em o n 
s t r a te d  a p rec ip ita te  in th e  w all o f  sm all b lood  vessels 3 m inu tes a f te r  in d u c in g  
a lle rg ic  in flam m atio n . I t  is, how ever, u n d ec id ed  w h e th e r p lasm a im b ib itio n  
w o u ld  be responsib le for th e  necrosis o f m uscle cells and  w heth er it a lone  w ould 
su ffice  to  cause necrosis, a n d  w h e th e r th e  d is tu rb a n c e  of p e rm e a b ility  an d  th e  
n ec ro sis  o f  m uscle cells cou ld  be tra c e d  b a c k  to  a com m on cause.

In  ou r ex perim en ts th e  f ir s t  v isib le  sign o f th e  v ascu la r d am ag e  w as a 
n ec ro sis  o f  th e  m uscle cells o f  th e  m ed ia ; a p la sm a  im b ib itio n  o f su ch  a ra te  
w h ich  to g e th e r w ith  th e  necroses of m uscle cells gave rise to  th e  ty p ic a l 
f ib r in o id , developed o n ly  la te r .

As i t  has been p o in te d  o u t b y  J o bst  [5], th e  id en tica l ap p e a ra n ce  o f th e  
f ib r in o id  arising in  d iffe re n t p a th o lo g ica l p rocesses, its  s ta in in g  lik e  f ib rin , 
th u s  a  hom ogeneous red  w ith  A zan  its  eosinoph ilia  an d  P A S -p o sitiv ity  as well 
as th e  b irefringence o f c e r ta in  o f  its  fo rm s, m ay  be traced  b ack  to  v a rious 
fa c to rs . As in d ica ted  b y  i ts  s ta in in g  w ith  p h o sp h o tu n g stic  acid  h a e m a to x y lin  
an d  its  p o la risa tion  o p tica l p ro p e rtie s , th e  fib rin o id  o f th e  m ed ia  th a t  arises in 
th e  w all o f  th e  sm all b lood  vessels in  re sponse  to  p a in tin g  w ith  acid  is likew ise 
o f  v a r ia b le  com position . A t f ir s t ,  th e  necrosed  m uscle cells s tro n g ly  b in d in g  
p h o sp h o tu n g s tic  acid h a e m a to x y lin  an d  show ing  increased  b ire frin g en ce  can 
s ti l l  be  d iffe ren tia ted  in  th e  im b ib ed  v a sc u la r  w all. L a te r , even th is  s ta in in g  
m e th o d  on ly  reveals a hom ogeneous v ascu la r  w all. T he s im u ltan eo u s cessa tion  
o f  th e  p o la risa tio n  o p tica l a c t iv i ty  of th e  m ed ia  ind ica tes  a d is in te g ra tio n  of 
m u sc le  cells, a d e so rien ta tio n  o f th e ir  b iré fr in g e n t e lem ents. W hen  th e  lesion 
is m o re  severe, in  th e  n e c ro tic  v a scu la r w all an d  its  en v iro n m en t a n e tw o rk  
co rre sp o n d in g  to  fib rin  can  be  d iffe re n tia ted  on th e  basis o f its  b ire frin g en ce  and  
to p o c h e m ic a l reac tions (R o m h á n y i [15 ], J o bst  [5 ].)

T h e  suben d o th c lia l f ib rin o id  w hich  develops in  th e  la rg e r  u te r in e  
a r te r ie s  un like  th e  f ib rin o id  o f  m ed ia  is on th e  basis of its  b ire frin g en ce  a 
p re c ip ita tio n  of p lasm a p ro te in s , com posed m ain ly  o f fib rin  un der th e  e n d o th e 
l ia l  la y e r.
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A t th e  b eg in n in g , w hen  th e su b e n d o th e lia l fibrinoid  d evelop s in  th ese  
blood v esse ls  th e  ch an ges o f  th e m edia d o n ’t  co n ta in  fibrin . Thus, th e  in tern a l 
e lastic  m em b ran e seem s to  b lock  th e  w ay  o f  th e  p la sm a  im bib ition  an d  p rev e n t  
for a tim e  th e  p en etra tio n  o f  fibrinogen  in to  th e  m ed ia .

T h e a b o v e  d escrib ed  changes ob served  in sm a ll b lood vessels ru n n in g  in
О e>

in tact en v iro n m en t su g g est the p o ss ib ility  th a t  a re flex  vascular sp a sm  m ay  
h ave p la y ed  a role in  th e  process.

*

Acknow ledgem ent : W e are in d eb ted  to Mr. S. K iss fo r tho  pho tographs.
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Ü B E R  D IE  E N T W IC K L U N G  D E R  MIT S Ä U R E P IN S E L U N G  H E R B E IG E F Ü H R T E N  
F IB R IN O ID E N  G E F Ä S S W A N D N E K R O S E

I. HÜTTNER, H. JELLINEK, T. KERÉNYI und KLÁRA SZEMENYEI

B ei R a tte n  w urde d u rc h  S äurep inselung  F ib rin o id n e k ro se  der K leingefäße d e r U te ru s-  
in u s k u la tu r  h erb e ig efü h rt. Die e rs te , lich tm ik ro sk o p isch  w ah rn eh m b are  V erän d e ru n g  im  L aufe  
de r E n tw ic k lu n g  der F ib rin o id n ek ro se  w ar die N ek ro se  de r M uskelzellen. Jen es S ta d iu m  der 
P la sm a im b ib a tio n , das g em einsam  m it der M uskelzellnek rose  zur E ntw ick lung  des ty p isch e n  
M e d ia fib rin o id s  fü h rte  u n d  im  F a lle  einer schw eren  S ch äd ig u n g  auch die P rä z ip i ta t io n  des 
F ib r in s  re su ltie rte , t r a t  n u r  s p ä te r  in E rsch ein u n g . In  d en , ü b er eine w id e rs tan d sfäh ig e re  
M e m b ra n a  e lastica  in te rn a  v erfü g en d en  g rößeren  G eb ärm u tte rg e fäß e n  w urde a u ß e rd e m  in 
m a n c h e n  F ä lle n  auch  die E n tw ic k lu n g  eines — g rö ß te n te ils  aus F ib rin p räz ip ita tio n  s ta m m e n 
des — e n d o th e lia len  F ib rin o id s  b eo b ach te t.

ВОЗНИКНОВЕНИЕ ФИБРИНОИДНОГО НЕКРОЗА СОСУДИСТОЙ СТЕНКИ, 
ВЫЗВАННОГО СМАЗЫВАНИЕМ КИСЛОТОЙ

И. ХЮТТНЕР, X. ЙЕЛЛИНЕК, Т. КЕРЕНЬИ, К. СЕМЕНЬЕИ

Авторы вызывали смазыванием кислотой фибриноидный некроз малых сосудов 
мышц матки крыс. В ходе возникновения фибриноидного некроза первым признаком, 
наблюдаемым под микроскопом, был некроз мышечных клеток. Та степень впитывания 
плазмы, которое вместе с некрозом мышечных клеток привело к возникновению типичного 
фибриноида средней оболочки и в случае тяжелого поражения приводило также и к вы
падению фибрина, наблюдалась только позже. В более крупных артериях матки, обла
дающих более устойчивой внутренней эластической перепонкой, несколько раз наблю
далось возникновение субэндотелиального фибриноида, преимущественно происходя
щего за счет выпадения фибрина.

D r. I s tv á n  H ü t t n e r  

D r. H a r ry  J e l l i n e k  

D r. T ib o r  K e r é n y i  

D r. K lá ra  S z e m e n y e i

B u d ap est TX., T ílői ú t 93., H ungary
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Second In s t i tu te  o f P a th o lo g y  (D irec to r: P rof. L. H a r a n c h y ), U niversity  M edical School)
B u d ap est

FIBRINOID NECROSIS OF THE VASCULAR WALL 
IN EXPERIMENTAL MALIGNANT HYPERTENSION

T . K e r é n y i , H .  J e l l i n e k , I . H ü t t n e r , G. G or á c z  and E va  K o n y á r

(R eceived  9 S e p tem b e r, 1965)

M alig n an t hyperten sio n  was in duced  in  a lb in o  ra ts  by  b ila tera l k id n ey  c o m p re s
sion by  m eans of ru b b er capsules and  th e  d ev e lo p m en t an d  the various fo rm s of a p p e a r 
ance of f ib rin o id  necrosis in th e  sm all blood vessels hav e  been stud ied .

1. In th e  developm en t of th e  fib rin o id  of th e  m edia of sm all m u sc u la r  b lood  
vessels, the  p rogressive  necrosis of m uscle cells w as of fu n d am en ta l im p o rtan ce .

2. T he e lastic  e lem en ts of the  v a scu la r  w all s ign ifican tly  m odified th e  fo rm  of 
appearence of fib rin o id  necrosis. In  the  sm all blood vessels possessing a re s is ta n t in te rn a l  
e lastic  m em b ran e , or in th e  case o f fibrosis o f th e  m edia , above the  e lastica  in te rn a  a 
su b en d o th e lia l f ib rin o id  m ay develop w hich  d iffe rs  in com position from  th e  f ib rin o id  
of the  m edia.

F ibrino id  necrosis o f th e  sm all blood vessels in experim en ta l m a lig n a n t 
h y p e rten s io n  has been  rep o rted  by  severa l a u th o rs  110,11, 12, 13, 9, 17, 2a, 1.] 
G or agz  [4] s tu d ie d  th e  v ascu la r wall lesions in m a lig n an t h y p ertension  induced  
in a lb ino  ra ts  by  b ila te ra l com pression o f  th e  k idneys by m eans o f  ru b b e r  
capsu le . In the p re se n t p ap e r we shall re p o rt on a s tu d y  o f th e  d ev e lo p m en t an d  
th e  v a rio u s form s vessel w all’s fib rino id .

In  60 a lbino r a ts ,  w eighing 150 to 200 g, ru b b e r  cap su les were placed on b o th  k id n ey s , as 
d escribed  by Lőrincz  a n d  Gorácz [7, 8]. A fter th e  second  p o sto perative  day blood p ressu re  
in creased  from  the  n o rm a l 80 to  115 m m  Ilg  systo lic  to  150 to  190 m m  Hg. T he a n im a ls  w ere 
sacrific ied  a t  regu lar in te rv a ls  from  th e  2nd till the  3 0 th  d a y  a n d  the  h eart, in testin es , m esen te ry  
a n d  p an creas were su b je c ted  to  s tu d y , as in p rev ious ex p erim en ts  the  changes o f th e  sm all 
blood vessels were m o s t m ark ed  in these  o rgans. T he sections were fixed in fo rm a lin  an d  
C arn o y ’s flu id , e m b ed d ed  in  p a ra ffin , an d  sta in ed  w ith  haem atoxy lin -eosin , A zan , M allo ry ’s 
p h o sp h o tu n g stic  acid  h aem ato x y lin , E n d es’ tr ich ro m e  an d  resorcin Fuchsin , th e  PA S an d  
F eu lg en  reac tions, as w ell as by  p o larisa tio n  o p tica l a n d  fluorescence m ethods.

In  2 to  4-<Iays, sw elling an d  v acu o lisa tio n  o f  th e  endothelial an d  sm o o th  
m uscle elem ents o f  th e  sm all blood vessels, sw elling  and  som etim es p y cnosis  o f 
th e  nuclei o f m uscle  cells, th e n  d issem in a ted  necrosis of the  m uscle cells w ere 
v isib le . T he necrosed  m uscle cells s ta in e d  an  in ten s iv e  red  w ith A zan (F ig . 1), 
w ere P A S -positive an d  hound  p h o sp h o tu n g s tic  acid  h aem atoxy lin  m ore  f irm ly  
th a n  d id  th e  n o rm a l cells. T he necrosed  a reas  show ed an increased  p o s itiv e  
b irefringence  in p o la rised  lig h t (F ig. 2), an d  a greenish-yellow  fluo rescence  w ith  
ac rid in e  orange (F ig . 3). T heir F eu lg e n -p o s itiv ity  in d ica ted  an D N A  c o n te n t 
(F ig . 4). On th e  3 rd  to  6 th  days th e  necroses show ed segm ental, th e n  c irc u la r  
confluence, ex te n d in g  to  th e  en tire  m ed ia  (F ig . 5). T he coalescing necroses o f
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th e  m u sc le  cells an d  th e  w idening  of th e  m ed ia  in d ica ted  an in creasin g  in flu x  
o f  p la sm a . On th e  7 th  to  9 th  days th e  v a sc u la r  w all was eosinophilic, s ta in in g  a 
h o m o g en eo u s red  w ith  A zan , P A S -positive , e x h ib itin g  a p ic tu re  ty p ic a l of

F ig . 2. M uscle cell necroses show ing increased  b ire frin g en ce  in polarised lig h t in  th e  w all o f a 
sm a ll blood vessel 3 days a f te r  o p e ra tio n . U n d e r  C anada balsam

F ig . 3. In ten s iv e  g reen ish-yellow  fluorescence co rre sp o n d in g  to  m uscle cell necroses in  th e  
w all o f a  sm all a r te ry  5 d ay s a f te r  o p e ra tio n . A crid in e  orange 1 : 10000, p H  6

f ib r in o id . In it ia lly , th e  necrosed  m uscle cells cou ld  still be d iffe ren tia ted  b y  th e ir  
in c rea sed  b in d in g  of p h o sp h o tu n g stic  acid h a e m a to x y lin  and  b ire fringence .

P a ra lle l w ith  th e  changes of th e  m ed ia , p e riv a sc u la r  g ran u la tio n  o ccu rred . 
T h e  cells o f th e  g ra n u la tio n  tissue in v ad ed  th e  necrosed  m edia, to  o ccu p y  f i 
n a lly  th e  p lace of th e  d am ag ed  m edia b y  in f i l t ra t in g  it  c ircu larly  dow n to  th e
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Fig. 10. N ecro s in g  m uscle cells a n d  su b e n d o th e lia l fib rino id  
in sm all in te s t in a l  subserose a rte rio le  9 d a y s  a f te r  o p eratio n . 

M a llo ry ’s p h o p h o tu n g stic  acid  h a em a to x y lin

Fig. 12. M e se n te ria l a r te ry  w ith  r e s is ta n t  e la s tic  m em b ran e . 
Circular su b e n d o th e lia l  fib rino id  above  sm o o th e n e d -o u t in te rn a l 
elastic  m e m b ra n e . A t sites th e  process in v o lv es  th e  m edia and  
p e riv a sc u la r  t is su e  as well. 21 d ay s a f te r  o p e ra tio n . E n d es’ 

trichom e
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F ig . 1. Iso la ted  a n d  segm en tally  co n flu en t m uscle cell necroses 
in  a m esen teria l sm all blood vessel 3 d ay s a f te r  o p e ra tio n . A zan

Fig. 5. Segm en ta l confluence o f m uscle cell necroses in  th e  en tire  
m edia , 5 days a f te r  o p e ra tio n . M allory’s p lio sp h o tu n g stic  acid 

h aem ato x y lin

w

F ig. 4. E a r ly  co n flu en t m uscle cell necroses w ith  p e rsisting  
nuclear m a te ria l, 3 d ay s a f te r  o p era tio n , in  th e  w all o f a m esen

te r ia l a rte rio le . Feu lgen  reac tio n

Fig. 6. Sm all in te s tin a l subserose a rte rio le  21 days a f te r  o p e ra 
tio n . T he m edia  is rep laced  by  g ran u la tio n  tissu e , th e  lum en  
is a lm o st o b lite ra ted  b y  th e  su b en d o th e lia l fib rin o id . PAS-
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F ig. 7. Л  lesion  sim ilar to  th a t  show n in F ig . 6, in po larised  ligh t. B iréfrin g en t b u n d les  and 
g ran u les  o rien ted  in d ifferen t d irec tions a re  v isib le in  the  su b en d o th e lia l f ib r in o id . U nder

C an ad a  ba lsam

Fig. 8. P an c rea tic  sm all blood vessel 17 d a y s  a f te r  o p e ra tio n , w ith g ra n u la tio n  tissu e  e x te n d 
ing to  th e  lam in a  e lastica  in te rn a  an d  w ith  su b e n d o th e lia l fib rino id . H aem a to x y lin -eo s in  

Fig. 9. T he sam e sm all a r te ry ,  s ta in e d  w ith  resorcin-fuchsin

Ada Morphologien Acadcmiae Scientiarurn Hurigaricae 14. 1966
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la m in a  elastica in te rn a , b lo c k in g  thus th e  in flu x  o f  p la sm a  and lead ing  to  th e  
a p p e a ra n c e  of a ho m o g en eo u s acellular su b s ta n c e  s ta in in g  like fib rino id  and  
in c re a s in g  in  am o u n t su b en d o th e lia lly . T he b ro a d  su b en d o th e lia l f ib rin o id  
n a rro w e d  the  lum en, o c c lu d in g  i t  alm ost co m p le te ly  in som e in stances (F ig . 6). 
I t  s ta in e d  a dark  b lu ish -b la c k  w ith  p h o sp h o tu n g s tic  acid  h aem ato x y lin  an d  
c o n ta in e d  an increasing  q u a n t i ty  of filam en tous g ra n u la r  e lem ents o rien ted  in  
d if fe re n t  directions a n d  sh o w in g  an average b ire frin g en ce  of -f- 35 to  48 m/j, 
s im ila r  to  th a t  of fib rin  (F ig . 7).

F ig . 11. Subendothelial f ib r in o id  in  polarised ligh t, w ith  o p p o site  com pensa tion . B iréfrin g en t 
b u n d le s  a n d  granules o rien ted  in  d iffe re n t d irections 12 d a y s  a f te r  o p eratio n . U n d er C anada

balsam

In  th e  blood vessels in  w h ich  the lam ina e la s tic a  in te rn a  was re s is ta n t th e  
su b e n d o th e lia l fib rino id  d ev e lo p ed  sim u ltan eo u sly  w ith  th e  changes in th e  
m e d ia . The s ta in ing  an d  p o la risa tio n  optical p ro p e rtie s  of th e  suben d o th e lia l 
f ib r in o id  were sim ilar to  th e  chan g es observed in sm all b lood  vessels su rro u n d ed  
b y  g ran u la tio n  (Fig. 11). I n  th e s e  blood vessels o f  th e  m u scu la r ty p e  possessing 
a m a rk e d  elastic m em b ran e  th e  influx  of p lasm a to o k  p lace in stages; a f te r  th e  
d e v e lo p m e n t of th e  su b e n d o th e lia l fibrinoid  th e  signs o f p lasm a im b ib ition  
a p p e a re d  also in th e  m e d ia , a n d  together w ith  th e  m uscle necroses a ty p ic a l 
p ic tu r e  o f m edial f ib rin o id  ap p e a re d . S u b seq u en tly  th e  process ex ten d ed  ra d i
a lly  fro m  th e  m edia to  th e  surrounding  g ra n u la tio n  tissu e  (Figs. 12, 13). 
I n  th e  p lasm a in v ad in g  th e  perivascular g ra n u la tio n  tissue  rad ia lly , f ib rin  
c o u ld  be  dem o n stra ted  (F ig . 14).
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F ig . 13. M esenterial a r te ry  21 days a f te r  o p e ra tio n . P lasm a invasion  blocked by th e  in te rn a l 
e la s tic  m em brane , th en  th e  e x te rn a l e lastic  m em brane . A t th e  lower m arg in , p la sm a  has 
p e n e tra te d  across the  ex te rn a l e lastic  m em brane . T h iazine  red-eucrysin  1 : 10 000, fluo rescence

m icroscopy

F ig . 14. In th e  p lasm a im bib ing  th e  necrosed v a sc u la r  wall and  p e n e tra tin g  su b e n d o th e lia lly  
a n d  rad ia lly  in to  the  en v iro n m en t, f ib rin  is d em o n s trab le . 21 days a f te r  o p e ra tio n . U nder 

C anada ba lsam . P o la risa tio n  o p tica l p h o to g rap h
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A fter 30 days th e  e n tire  fib rino id  o f th e  m ed ia  and  p a rts  o f  th e  p e r iv a s 
c u la r  fib rino id  s ta in e d  u su a lly  blue w ith  A zan , show ing  h y a line  tra n sfo rm a tio n . 
T h e  subendo the lia l f ib r in o id  re ta in ed  its  s ta in in g  p ro p ertie s  and  b irefringence.

Discussion

O pinions d iverge  as to  th e  deve lopm en t o f  v a sc u la r  fib rino id  necrosis in 
m a lig n a n t h y p e rten s io n . Som e au tho rs th in k  th a t  th e  p rim ary  change is a 
necrosis  o f m uscle cells [10, 11, 12, 13, 9, 17, 2a , 1], w hereas o th ers  claim  th is  
fo r  p lasm a im b ib itio n . [15, 2, 16, 14].

A ccording to  d a ta  in  th e  lite ra tu re , in  ex p e rim en ta l h y p e rten s io n  a 
p a th o lo g ica l p e rm e a b ility  o f  th e  blood vessels deve lops in  a few hours follow ing 
th e  onse t o f h y p e rte n s io n  [3, 4]. H ow ever, p la sm a  im b ib itio n  alone c a n n o t be 
h e ld  responsib le for th e  dev e lo p m en t o f m uscle  necroses. In  th e  ex p erim en ts  
o f  G oracz  fib rino id  n ecro sis  failed to  occur in  th o se  an im als, in  w hich  th e  
ru b b e r  capsule h ad  b een  rem o v ed  from  th e  k id n e y s  2 days, a lth o u g h  p lasm a 
im b ib itio n  was d e m o n s tra te d  by  fluorescence on  th e  f irs t p o s to p e ra tiv e  day  
a lre a d y  [4]. M oreover, th e  sim ultaneous p resen ce  o f  p lasm a im b ib itio n  and  
m uscle  cell necroses is n o t  alw ays a p ro o f o f  th e  en tra n c e  o f p lasm a  com 
p o n e n ts  in to  th e  v a sc u la r  w all being a p rim a ry  e v e n t. О п т а  et al. [14] re p o rte d  
t h a t  in  th e  early  s ta g e  o f  exp erim en ta l n ec ro sin g  a r te r iitis , gam m a globulins 
e n te re d  th e  v ascu la r w all a n d  were linked  to  m uscle  cells. This suggests th e  
p o ss ib ility  th a t  an  a c c u m u la tio n  of p lasm a  p ro te in s  in  th e  m edia is due , a t 
le a s t  in  p a r t, to  a d a m a g e  to  m uscle cells. As re g a rd s  th e  pathogenesis o f  th e  
f ib r in o id  in th e  v a sc u la r  w a ll, no view  can be  p u t  fo rw ard , because th e  form s of 
f ib r in o id  appearing  in  th e  d iffe ren t layers o f th e  v a sc u la r  wall differ from  one 
a n o th e r  in  com position  a n d  m ode of d ev e lo p m en t.

On the  basis o f  o u r  in v estig a tio n s i t  m a y  be  s ta te d  th a t  th e  com m onest 
fo rm  of fib rino id  necrosis  o f  th e  small b lood  vesse ls , th e  fib rin o id  of th e  m edia , 
o rig in a te s  from  th e  n e c ro se d  m uscle cells an d  th e  p la sm a  com ponents en te rin g  
th e  v ascu la r wall. T h e  m u sc le  cell necroses rev e a le d  b y  M allory’s phospho tu n g s- 
t ic  acid  h aem ato x y lin  a n d  ex am in a tio n  in  p o la rised  lig h t can be d iffe ren tia ted  
fo r a while even a f te r  th e  o n se t o f excessive p la sm a  in flu x  and  th e  d ev e lopm en t 
o f  ty p ic a l fib rino id  n ec ro sis .

S ubendo thelia l f ib r in o id  can alw ays be t ra c e d  b a c k  to  as in te rfe ren ce  
w ith  th e  en tran ce  o f  p la sm a  in to  th e  m ed ia . T h is  fib rin o id  m ay develop even 
in  th e  sm allest m u scu la r  b lo o d  vessels if  th e  d am ag ed  m edia is rep laced  b y  a 
g ra n u la tio n  tissue r ic h  in  fib res . H ow ever, we f in d  i t  m ost o ften  u n d e r th e  
la y e r  o f endo thelia l cells in  m uscular a r te rie s  possessing  a re s is ta n t in te rn a l 
e la s tic  m em brane. T h e  su b en d o th e lia l fib rin o id  s ta in s  in  th e  sam e w ay  as th e  
f ib r in o id  of th e  m ed ia  b u t  d iffers from  th e  la t t e r  in  com position , as rev ea led  by 
its  p o la risa tion  o p tica l a c t iv i ty .  I ts  n a tiv e  b ire frin g en ce  is alw ays s ig n ifican tly
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h igher (p o sitiv e  35 to  48 m/i) th a n  th e  in c re m e n t o f b irefringence (m ax im u m  
12 to  18 m /t), ob se rv ab le  in th e  early  s tag e  o f  m uscle cell necrosis le ad in g  to  th e  
d ev e lo p m en t o f fib rino id  of th e  m ed ia  in sm all blood vessels. A t th e  sam e tim e , 
th e  to lu id in eb lu e  p o tassiu m -fe rro cy an id e  p re c ip ita tio n  an iso tro p y  o f  th e  
su b en d o th e lia l f ib rino id  p lo tte d  ag a in s t p H  is s im ilar to  th a t  o f  f ib r in  an d  
s ig n ifican tly  d iffe ren t from  th a t  of th e  fib rin o id  o f  th e  m edia [6 |. A cco rd ing ly  
th e  su b en d o th e lia l f ib rino id  w ould co rresp o n d  to  p lasm a m ateria ls  p re c ip ita te d  
o n to  th e  in te rn a l e lastic  m em b ran a  an d  its  b irefringence is caused b y  f ib r in . 
T he suggestion  m ad e  b y  M o n t g o m e r y  an d  M u i r h e a d  [9] th a t  th e  su b e n d o th e -  
lial fib rin o id  w ould o rig in a te  from  necrosed  ce llu la r elem ents o f th e  m ed ia  is 
d isc red ited  b y  th e  fac t th a t  th e  tw o form s o f  fib rin o id  behave d iffe re n tly  
u n d er po larised  lig h t.

On th e  basis o f its  m orphology , s ta in in g  p ro p ertie s  and b ire frin g en ce , th e  
fib rin o id  su b s ta n c e  sp read in g  rad ia lly  a ro u n d  th e  vessels if  these  a re  se rio u s
ly  dam aged  likew ise con ta in s fib rin . H ow ever, in th e  case of su ch  a g rav e  
dam age th e  p e rm e a b ility  d is tu rb an ce  is so severe  th a t  fib rin  is p re c ip ita te d  in 
every  la y e r  o f th e  v ascu la r wall, th e re fo re  th e  vario u s form s of f ib rin o id  c a n n o t 
be d iffe re n tia ted  on th e  basis o f th e ir  b ire frin g en ce .

A lth o u g h  th e se  ex p erim en ta lly  in d u ced  v ascu la r changes c a n n o t be  p a 
ra lle lled  w ith o u t re s tr ic tio n s  w ith  th e  v a sc u la r  changes of hum an  h y p e rte n s io n , 
y e t in  m an y  resp ec ts  th e ir  p a tte rn s  are  id e n tic a l, w ith  th e  various ch an g es o f  
th e  sm all b lood  vessels described  in h u m a n  p a th o lo g y  as occurring  in m a lig n a n t 
h y p e rten s io n  an d  o th e r  cond itions.

Acknow ledgem ent: W e a re  in d eb ted  to Mr. S. K iss fo r th e  m icropho tographs.
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U N T E R S U C H U N G  D E R  F IB R IN O ID E N  G E F Ä S S W A N D N E K R O S E  
IN  E X P E R IM E N T E L L E R  M A L IG N E R  H Y P E R T O N IE

T. KERÉNYI, H. JELLINEK, I. HÜTTNER, GY. GORÁCZ und ÉVA KONYÁR

B ei A lb in o ra tte n  w urde m it der M ethode n a c h  L őrincz  und  Gorácz (K o m p rim ie ru n g  
d e r N ie ren  m it e in e r G um m ihülle) m aligne H y p e rto n ie  herb e ig efü h rt und  an sch ließend  die 
E n tw ic k lu n g  bzw . d ie E rscheinungsfo rm  der F ib r in o id n ek ro se  der K leingefäße u n te rsu c h t. 
E s w u rd e  fe s tg es te llt , daß

1. im  Z u stan d e k o m m e n  des M edia-F ib rino ids d e r k leinen m usku lären  G efäße der 
a u sg e p rä g ten  N ekrose  de r M uskelzellen eine g ru n d leg en d e  B edeu tung  zukom m t,

2. die e la s tisch en  E lem en te  der G efäßw and die E rsch ein u n g sfro m  der F ib rin o id n ek ro se  
in  b e d eu ten d em  M aße m odifiz ieren . In  den, ü b e r  eine w iderstandsfäh ige  M em brana  e lastica  
in te rn a  v e rfü g en d en  K le ingefäßen  oder im  Falle  v o n  M edia-F ibrose k an n  sich o b e rh a lb  der 
E la s tic a  in te rn a  ein  , ,su b endo thelia les F ib rin o id ”  e n tw ick e ln , das sich bezüglich de r Z u sam 
m en se tzu n g  vom  ,,M ed ia-F ib rin o id ” u n tersch e id e t.

ИССЛЕДОВАНИЕ ФИБРИНОИДНОГО НЕКРОЗА СОСУДИСТОЙ СТЕНКИ 
ПРИ ЭКСПЕРИМЕНТАЛЬНОЙ ЗЛОКАЧЕСТВЕННОЙ ГИПЕРТОНИИ

Т. К Е Р Е Н Ь И ,  X. ЙЕЛЛИНЕК, И. ХЮ ТТН ЕР, Д. ГОРАЦ и 
Е. К О Н Ь Я Р

Авторы вызывали на белых крысах двусторонним сдавливанием почек резиновой 
манжеткой по Леринцу—Горацу злокачественную гипертонию. В связи с этим они иссле
довали возникновение и формы проявления фибриноидного некроза малых сосудов. Они 
установили, что

1. в деле возникновения фибриноида средней оболочки малых мускулярных со
судов основное значение имеет прогрессирующий некроз мышечных клеток;

2. эластические элементы сосудистой стенки значительно видоизменяют картину 
проявления фибриноидного некроза. В малых сосудах, обладающих устойчивой эласти
ческой перепонкой или в случае фиброза средней сосудистой оболочки, над внутренней 
эластической перепонкой может возникать «субэндотелиальный фибриноид», который 
по своему составу отличается от «фибриноида средней оболочки».

D r. T ib o r K e r é n y i  
D r. H a rry  J e l l i n e k  
D r. Is tv á n  H ü t t n e r  
D r. G yula G o r ác z  
D r. É  va  K o n y Ár

B u d ap est IX ., Ü llő i ú t  93., H ungary
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FIBRINOID NECROSIS OF THE VASCULAR WALL 
INDUCED BY NORADRENALINE

H .  J e l l i n e k , I . H ü t t n e r , T. K e r é n y i , G y . G á b o r  a n d  G . P o g á t s a

(R eceived 9 S ep tem b er, 1965)

The f ib rin o id  necrosis of th e  v a scu la r  wall induced  by n o rad ren a lin e  in fusion  in 
th e  sm all blood vessels of the  dog’s h e a r t  has been stu d ied . T he f irs t  change v isib le by 
lig h t m icroscopy is a necrosis o f th e  m uscle cells o f th e  m edia, w hich to g e th e r w ith  th e  
rap id ly  p rogressing  im bibition  w ith  p lasm a resu lts  in the  fo rm atio n  of a ty p ic a l f ib r i
noid. The process was the  sam e as t h a t  observed in response to  p a in tin g  w ith  acid  and  
in m alignan t hyperten sio n . The fo rm  o f ap p earance  was in fluenced  exclusively  b y  the  
in te n sity  of th e  in te rv en tio n  an d  b y  th e  s tru c tu re  of the  v a scu la r w all.

Changes o f  th e  heart and sm a ll b lood  vessels  in p h a eo ch ro m o cy to m a  h ave  
b een  described b y  S zakács and Ca n n o n  [9], T albot  et  a l .  [10 ], K l in e  [4] and  
o th ers. Sim ilar ch an ges h ave b een  reported  to  fo llow  th e  a d m in istra tio n  o f  
h igh  doses o f  noradrenaline for th e  tre a tm en t o f  sh ock  b y  S zakács and Ca n n o n  
[9 ], Mond  and Mack  [5]. T he n orad ren a lin e-in d u ced  card iac and v a scu la r  
ch an ges h ave been  reproduced ex p er im en ta lly  b y  S zakács and Ca n n o n  [9], 
P u g h  et  a l .  [7], as w ell as Sam so n  [8 ].

Since th e  v ascu la r changes described  b y  th e  above a u th o rs  resem ble  
tho se  found b y  us in fib rino id  v a sc u la r  wall necroses in d u ced  by  v a rious 
m ethods [2, 3], a s tu d y  has now  been  m ade of th e  n o rad ren a lin e -in d u ced  
process lead ing  to  fib rino id  necrosis .

U nder chloralose anaesthesia  36 dogs of e ith e r sex, w eighing 6 to 12 K g, w ere g iven  in 
doses o f 300, 450 a n d  700 pg/ Kg  body w e ig h t respec tive ly  o f n o rad ren a lin e  in 200 ml p h y sio lo 
g ical NaCl so lu tion  in  a d rip  infusion a d m in is te re d  in 45 m inu tes. B efore, d u rin g  a n d  a fte r  
th e  in fusion  we d e te rm in ed  the  h e a r t r a te  a n d  m easured  th e  blood p ressu re  d irec tly  in th e  
fe m o ra l a rte ry . T he ECG  was recorded  b e fo re , a t 5 -m inu te  in te rv a ls  d u rin g  and  once daily  
a f te r  th e  infusion . D u rin g  the  infusion b lo o d  p ressure  rose from  th e  in it ia l  160 to  180 m m  Hg 
to  260 to  280 m m  H g. T h e  h e a rt ra te  v a r ie d  w ith in  wide lim its , from  60 to  280. T he EC G  m ostly  
show ed repo la risa tio n  d istu rb an ce  an d  e x tra sy s to lic  a rrh y th m ia . T he c lin ical a sp ec ts  o f the  
e x p e rim e n ts  have described  by P ogátsa  a n d  Gábor [6 1.

The an im als w ere killed 48 h ours, as w ell as 2 an d  8 weeks a f te r  th e  ex p erim e n t. The 
o rg an s were fixed  in fo rm alin  and C arn o y , em b ed d ed  in p a raffin , s ta in ed  w ith  h a em a to x y lin -  
eosin , A zan, M allo ry’s ph o sp h o tu n g stic  acid  h aem ato x y lin , E n d es’trich o m e an d  W eig ert’s 
d ye . In  ad d itio n , th e  PA S and Feulgen re a c tio n s , p o larisa tio n  o p tica l an d  fluo rescence  m icro 
scopic m ethods w ere carried  out.

V ascular changes were m ost m a rk e d  in th e  h e a r t; s ligh t v a scu la r  changes 
o ccu rred  in th e  k id n ey s, in te s tin e s  a n d  pancreas.

In  response to  n o rad ren a lin e  tre a tm e n t ,  changes developed  s im u lta n e o u s 
ly  in th e  h ea rt m uscle and its sm all b lood  vessels. D epend ing  on th e  dose o f th e
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d ru g , necroses o f th e  f ib re s  appeared  s c a tte re d  or in  sm aller g roups in th e  
m u sc le  of b o th  v e n tr ic le s .

In  th e  h e a r t o f  an im a ls  k illed  a t  48 h o u rs  a fte r  in fusion , th e  in tra m u ra l 
sm all a rteries e x h ib ite d  changes, in th e  r ig h t  v en tric le  in  th e  f irs t  place, 
d ep en d in g  in sev e rity  on  th e  dose of n o rad ren a lin e .

T he f irs t changes v isib le  u n d er th e  l ig h t m icroscopie w ere sw elling, 
v acu o lisa tio n , th e n  necrosis  of th e  m uscle cells o f th e  m ed ia , found  m ostly  a t 
th e  ju n c tio n  o f m ed ia  a n d  a d v e n titia . T he necrosed  m uscle cells s ta in ed  a 
f la m e -re d  w ith  A zan (F ig . 1 .), were PAS p o sitiv e  (F ig . 2), b o u n d  phosp h o tu n g stic  
ac id  h aem ato x y lin  m ore  f irm ly  th a n  th e  in ta c t  m uscle cells, on s ta in in g  acri
d in e  o range 1 : 10 000 p H  6, th e y  were easy  to  recognize b y  th e ir  in tense  
greenish-yellow  flu o rescen ce , and  in  po larised  lig h t th e ir  b irefringence was 
s tro n g e r  th a n  th a t  o f  in ta c t  m uscle. A fter a sm all dose o f n o rad ren a lin e  only  a 
few  m uscle cells show ed  necrosis and  few b lood  vessels w ere a ffec ted . A lthough  
th e  in d iv id u a l v a r ia tio n s  w ere considerab le , h ig h er n o rad ren a lin e  doses 
u su a lly  caused changes in  m ore  blood vessels, in  w hich th e  m uscle cell necrosis 
e x te n d e d  to  single seg m en ts  o f th e  vascu la r w all, o r in v o lv ed  a w hole circu lar 
sec tio n  of th e  m ed ia  (F igs. 3, 4). A t th e  sam e tim e  th e  v ascu la r  w all increased 
in  d iam e te r, s ta in ed  hom ogeneously  w ith  h aem a to x y lin -eo s in , A zan an d  PA S, 
show ing  th e  c h a ra c te ris tic  p a t te rn  of fib rino id  necrosis (F ig . 5). F o r a w hile th e  
p la sm a  im bibed  in i t  cou ld  be sep a ra ted  from  th e  necrosed  m uscle cells by  
M allo ry ’s p h o sp h o tu n g stic  acid  h aem ato x y lin  (F ig . 6). In  th e  in itia l s tage  of 
m uscle  cell necrosis th e re  w as an increase o f b ire frin g en ce , as we have  described 
i t  in  connection  w ith  f ib r in o id  necrosis (7, 8); th is  increase  soon ceased, in d ic a t
in g  a to ta l  d is in teg ra tio n  o f  m uscle cells.

In  th e  dogs t r e a te d  w ith  700 /xg/Kg b o d y  w eig h t o f n o rad ren a lin e , beside 
th e  above changes th e  necrosis  ex ten d ed  to  th e  a d v e n ti t ia  an d  th e  perivascu la r 
a rea s  (F ig . 7), w here f ila m e n ts  of fib rin  w ere d em o n strab le  b y  p o la risa tio n . 
F o r  th e ir  d e m o n s tra tio n  w e d id  n o t use W e ig e rt’s or E n d e s’ trich ro m e  dyes as 
th e y  s ta in ed  th e  n ec ro sed  m uscle cells, too . T h e  v ascu la r  changes localised  to  
th e  m ed ia  or ex ten d in g  to  th e  en v iro n m en t w ere o ften  follow ed b y  periv ascu la r 
ce llu la r in filtra tio n  (F ig . 8).

In  th e  h e a r t o f  th e  an im als  sacrificed  2 w eeks a f te r  t r e a tm e n t th e  necrosis 
w as less ex tensive th a n  a f te r  48 hours; a t  s ites in itia l fib rosis , and  a ro u n d  th e  
d am ag ed  blood vessels ce llu la r in filtra tio n  an d  an  accu m u la tio n  o f fib res were 
v is ib le . In  th e  dogs k illed  4 to  8 weeks a fte r  t r e a tm e n t  th e re  was no necrosis in 
th e  h e a r t  m uscle, on ly  an occasional fibrosis, an d  fib rous, h y a lin e  tran sfo rm a tio n  
in  som e blood vessels.
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Fig. 5. T y p ical, hom ogeneous f ib rin o id  necrosis in  vascu la r 
w all, 48 hours a f te r  n o rad ren a lin e  in fusion . (A zan)

Fig. 6. In  th e  fib rin o id  necrosis sta in in g  a hom ogeneous red  
w ith  A zan, p h o sp h o tu n g stic  acid  h aem ato x y lin  still revea ls n ec 

rosed  m uscle cells. 48 hours a f te r  n o rad ren a lin e  in fusion .

Fig. 7. G rave v ascu la r wall lesion w ith  excessive p lasm a im b ib i
tio n . 48 hours a fte r  th e  in fusion  of 700 g /K g body  w eigh t of 
_____________ norad ren a lin e . (H aem atoxy lin -eosin )______________

Fig. 8. P e riv ascu lar cellu lar re ac tio n  in  th e  en v iro n m en t o f a 
s lig h tly  lesioned blood vessel. Dog killed 48 hours a f te r  n o ra d re 

naline in fusion . (H aem atoxy lin -eosin )
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Fig. 1. N ecrosed m uscle cells in  th e  o u te r  p a r t  o f th e  m edia 
of a m yocard ia l a rte rio le , 48 hours a f te r  th e  infusion  of no r

ad renaline  (A zan)

F ig . 3. A group  of necro tic  m uscle cells in th e  v ascu la r w all, 
48 hours a f te r  no rad ren a lin e  infusion  (PA S reac tion )

Fig. 2. Iso la ted  m uscle cell necroses 48 hours a fte r  n o ra d re 
naline  in fusion . PAS reac tion

Fig. 4. N ecro tic  an d  hom ogeneous p a r ts  of m edia, 48 hours 
a f te r  n o rad ren a lin e  infusion  (PA S reac tion )
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Discussion
F ib rin o id  necrosis of th e  sm all blood vessels of th e  h ea rt w as seen  to  

occur exclusively  in th e  cases e x h ib itin g  a m ark ed  rise o f blood p re ssu re . 
V ascular changes w ere m ore fre q u e n t in th e  r ig h t  th a n  in th e  le ft v e n tr ic le . 
S im ilar o b se rv a tio n s  have  been m ade b y  G o r a c z  an d  K o n y á r  [1] in  w h ite  
ra ts  w ith  m a lig n a n t exp erim en ta l h y p e rte n s io n . I t  is th o u g h t th e re fo re  t h a t  a 
rise o f blood p re ssu re  m ust have  an im p o r ta n t  ro le in th e  pa thogenesis  o f  th e  
fib rino id  necrosis developing in response to  n o rad ren a lin e . H ow ever, t a c h y 
card ia , h y p o x ia , and  th e  d irect tox ic  ac tion  o f  n o rad ren a lin e  m ay also b e  r e 
sponsible for th e  m uscle cell necrosis and p la sm a  im bib ition .

Like in th e  cases o f fib rino id  necrosis o f  th e  vascu lar wall in d u c e d  b y  
p a in tin g  w ith  ac id  and  by  nephrogen ic  m a lig n a n t hypertension  [2, 3 ], in  th e  
p re sen t cases, to o , a m uscle cell necrosis in  th e  vascu la r wall was th e  f ir s t  
change lead ing  to  fib rino id  necrosis. T he in te n s iv e  invasion w ith  p la sm a , 
w hich fin a lly  led  to  th e  hom ogeneous v a sc u la r  w all fib rino id , en su ed  o n ly  
la te r . In  th e  e a rly  s tag e  th e  necrosed m uscle cells could still be d is tin g u ish ed  b y  
p h o sp h o tu n g stic  acid  h aem ato x y lin  even in th e  f ib rin o id  w hich ap p e a re d  to  be 
hom ogeneous b y  o th e r  m ethods o f s ta in in g . T h u s , th e  typ ica l fib rino id  necrosis  
o f th e  m edia is d u e  to  th e  com bined  effect o f  necro sed  m uscle cells, th e  p la sm a  
elem ents e n te r in g  th e  v ascu la r w all, and  th e  ra p id  developm ent o f  p la sm a  
im b ib itio n . In  th e  b lood  vessels, seriously  d am a g e d  by  pain tin g  w ith  a c id , in 
nephrogen ic  m a lig n a n t h y p erten sio n , and  in  th e  p re se n t experim en ts a lik e , th e  
inflow ing p la sm a  im b ibed  th e  en v iro n m en t o f  th e  b lood vessel and  f ib r in  w as 
p re c ip ita te d  in it.

The d ifferen ces from  th e fib r in o id  v a sc u la r  Avail necroses in ex p e r im e n ta l  
nep hrogen ic m a lig n a n t h yp erten sion  [3], i.e . th e  ear ly  d isappearance o f  th e  
birefringence o f  th e  necrosed m uscle ce lls , th e  rap id  im bib ition  vvith p la sm a  
in d ica tiv e  o f  a seriou s im pairm en t o f  p e r m e a b ility , and  th e absence o f  su b e n d o -  
th e lia l fibrin oid  o v er  th e  in ternal e la stic  m em b ran e o f  th e sm all b lood  v e s se ls ,  
b esid e the d ifferen t features o f  th is  m em b ran e , m igh t be exp la in ed  b y  a m ore  
acu te , faster d ev e lo p m en t o f  th e  process. W e fou n d  su b en d oth elia l f ib r in o id  
also in th e larger u ter in e  arteries ru n nin g  n ear  th e  s ite  o f  p a in tin g  w ith  ac id
[2]. A lth ou gh  p a in tin g  Avith acid , ju st  lik e  th e  infusion  o f  n o ra d ren a lin e , 
represents an a cu te  e ffec t, th e  ap pearan ce o f  su b en d o th elia l fibrin oid  m a y  be  
exp la in ed  by an in creased  resistan ce o f  th e  la m in a  e la stica  o f  th e large u te r in e  
vesse ls .

T hus, f ib rin o id  necrosis is an  acu te  fo rm  o f dam age to  the  sm all b lo o d  
vessels o f th e  m u scu la r  ty p e , th a t  develops in  essen tia lly  th e  sam e w ay  in  
response to  th e  w id es t v a rie ty  o f acu te  in te rv e n tio n s . C om position , s ite  o f  
ap p earan ce , an d  e x te n t, of th e  fib rin o id  are  d e te rm in ed  by  th e  in te n s i ty  o f  
th e  in te rv en tio n  an d  by  th e  s tru c tu re  o f th e  v a sc u la r  wall.
Acknowledgement : W e are  in d eb ted  to  Mr. S. K iss fo r  th e  photographs.
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Ü B E R  D IE  E N T W IC K L U N G  D E R  MIT N O R A D R E N A L IN  H E R B E IG E F Ü H R T E N  
F IB R IN O ID E N  G E F Ä S S W A N D N E K R O S E  

h . je l l in e k , I. h ü t t n e r , t . k e r é n y i, g y . Gábor und g. pogátsa

In  den K leingefäßen von  H un d eh erzen  w u rd e  d ie E n tw ick lu n g  der n ach  N o ra d ren a lin  
In fu s io n  e n ts te h en d e r fib rin o id en  G efäßw andnekrose  u n te rsu c h t. Das erste , m it L ic h tm ik ro 
sk o p  w a h rn eh m b a re  Z eichen d e r zu  F ib rin o id n ek ro se  fü h ren d e n  G efäßw andschädigung  w ar die 
N e k ro se  d e r M uskelzellen de r M edia, die m it der g le ich ze itig  beobach te ten , ra sch  p ro g red ie ren - 
d e n  P la sm a im b ib a tio n  z u sam m en  die E n tw ic k lu n g  des typ ischen  F ib rino ids re su ltie rte . 
A n h a n d  des E n tw ick lungsprozesses k onn te  fe s tg e s te ll t  w erden , daß die e rw äh n ten  V e rä n d e 
ru n g e n  m it den, in den v o ra n g eh e n d en  E x p e rim en ten  b e o b ac h te ten , durch  S ä u rep in se lu n g  und 
m a lig n e r  H y p erto n ie  h e rb e ig e fü h rte n  fib rin o id en  G efäß v erän d eru n g en  ü b e re in s tim m en . Die 
E rsc h e in u n g sfo rm  b ee in flu ß ten  led ig lich  die In te n s i tä t  d e r  E inw irkung  u n d  die S t r u k tu r  der 
G e fäß w an d .

ВОЗНИКНОВЕНИЕ ФИБРИНОИДНОГО НЕКРОЗА СОСУДИСТОЙ СТЕНКИ, 
ВЫЗВАННОГО НОРАДРЕНАЛИНОМ

X. ЙЕЛЛИНЕК, и. ХЮТТНЕР, Т. КЕРЕНЬИ, Д. ГАБОР и г . ПОГАЧА

Авторы исследовали в малых сосудах сердца собак возникновение фибриноидного 
некроза сосудистой стенки, возникающего вслед за вливанием норадреналина. Первым 
признаком приводящего к фибриноидному некрозу поражения сосудистой стенки, види
мым под микроскопом, было отмирание мышечных клеток средней сосудистой оболочки, 
которое вместе с быстро прогрессирующим пропитыванием плазмой привело к типичному 
фибриноидному изменению. Возникновение этого изменения соответствовало возникно
вению фибриноидных сосудистых изменений при смазывании кислотами и при злокаче
ственной гипертонии. Форма проявления зависела от силы воздействия и от структуры 
сосудистой стенки.

D r. H a rry  J e l l i n e k  

D r. I s tv á n  H ü t t n e r  

D r. T ib o r K e r é n y i

B u d a p e s t IX ., t  Hői ú t  93., H ungary

D r. G yörgy  G á b o r  

D r. G áb o r P o g á t s a
B u d a p e s t V i l i . ,  S z e n tk irá ly i u 4., H u n g a ry
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I. I n s t i tu t  fü r pa tho log ische  A n a to m ie  u n d  ex p erim en telle  K reb sfo rsch u n g  (D irek to r: P rof.
Dr. J .  Baló) de r M edizinischen U n iv e rs itä t ,  B u d ap es t

ÜBER DIE WIRKUNG 
DER BLEIPHOSPHATBEHANDLUNG 
AUF DIE NIERENEPITHELZELLEN 

VON ALBINORATTEN
.). Ha l ó , В. S z e n d e  und A.  B a j t a i

(E in g eg an g en  am  14. O k to b er, 1965)

Die au f W irk u n g  ch ro n isch er B le ip h o sp h a tb eh an d lu n g  in den N ieren  von A lb ino 
ra tte n  f rü h  e n ts te h en d e n  zy to log ischen  V eränderungen  w u rd en  u n te rsu ch t. Die w ich tig 
sten  dieser V eränderungen w aren  E in sch lu ß k ö rp er in den Zellkernen des N ierenep ithels . 
Diese E in sch lu ß k ö rp er w aren  im allgem einen ru n d , eosinoph il bzw. p y ro n in o p h il, von 
konzen trisch er S tru k tu r ,  ih re  G röße ü b e r tra f  d ie de r N ukleo len , sie w iesen schw ache 
P A S -P o sitiv itä t u n d  F e u lg en -N eg a tiv itä t auf. D e r K e rn  e inzelner tu b u lä re r  Zellen w ar 
v e rg rö ß e rt, von u n reg e lm äß ig er F orm  und  c h ro m a tin re ich .

A ußer dem  g e stö rte n  N ukleinsäu resto ffw echsel w ar au ch  das P lasm a  der tu b u 
lären E p ithe lzellen  g esch äd ig t. D ie Schädigung  fü h r te  zu r K ary o ly se ; die S u b s tan z  der 
aufgelösten  Z ellen g e lan g te  in das Lum en der T u b u li. In  einigen F ä llen  tra te n  die 
E in sch lu ß k ö rp erch en  vom  K ern in to to  aus u n d  ge lan g ten  v o re rs t in das P la sm a, 
sodann  in das L um en d e r T u b u li.

A nstelle  der m asse n h a ften  Z erstö rung  de r E p ith e lze llen  e n ts ta n d e n  H o h lräu m e, 
deren  W and lediglich die B asa lm em b ran  der T u b u li ausk le id e te . Fa lls  zw ischen einigen 
d ieser I lo h lrä u m e  infolge des M em branzerfa lls eine K o m m u n ik a tio n  e n ts ta n d , k a m  es 
zu r Z y sten b ild u n g  in de r N ieren rinde.

Acta Morphologica Academiae Scientiarum Hungaricae Tomus 14 (2) , p .  187— 195 (1966)

Einleitung

Auf W irkung  von  ch ro n isch er B le iverg iftung  en ts te h e n  N ierenadenom e. 
Im Z usam m enhang  m it diesen können  w ir den  in den  N ierenep ithelze llen  
e n ts ta n d e n e n  E in sch lu ß k ö rp ern  eine B ed eu tu n g  beim essen . B la c k m a n  [5] 
gab  1936 b e k a n n t, d aß  B le isa lzzu fuh r bei M enschen und V ersuchstie ren  in den 
E p ith e lze llen  der N ie ren tu b u li eosinophile, D eso x y rib o n u k le in säu re  n ich t 
e n th a lte n d e  K erne insch lüsse  v e ru rsach t. Bei den  V ersuchstie ren  (R a tte n , 
M äusen, M eerschw einchen) erschienen diese K erne insch lüsse  b e re its  n ach  
9w öchiger B le ik a rb o n a t-B eh an d lu n g . Ü ber ähn lich e  B eobach tungen  bcrich te- 
te n  s p ä te r  auch  F i n n e r  u n d  Ca l v e r y  [10], F a i r h a l l  und  M i l l e r  [9], sowie 
W a c h s t e i n  [21].

Z o l l i n g e r  der in se iner 1953 ersch ienenen  g rund legenden  A rb e it sow ohl 
die tu m o rreg en d e  W irk u n g  des B le iphosphats a n a ly s ie rte , als au ch  ü b e r die 
e rw äh n ten  in tra n u k le ä re n  G ebilde eingehend b e r ic h te te , b e tra c h te te  diese 
K örperchen  im  E in k lan g  m it T önz  [19] d e r das M ateria l von Z o l l i n g e r  
1957 n a c h p rü fte  — als pa th o lo g isch  v e rg rö ß e rte  N ukleo len . D a diese Zell
e insch lüsse auch  h in sich tlich  d er N ierenadenom e von B ed eu tu n g  sind , h ie lten  
w ir ih re U n te rsu ch u n g  fü r w ich tig .о  О
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M it der H is to lo g ie  d e r K ern e insch lüsse  h ab en  sich  W o l m a n  [22], 
B r a c k e n  und M itarb . [6] sow ie L a n d i n g  u n d  N a k a i  [14] e ingehend  b e faß t. 
A u s ih re n  M itteilungen  g e h t h e rv o r, d aß  die E insch lüsse  R ib o n u k leo p ro te id e , 
L ip o p ro te in e  und  große M engen  einer S H -G ruppe  e n th a lte n d e n  S u b s ta n z  — an 
n e h m b a r  Zystein — e n th a lte n .

D ie  von P o r t e  u n d  B a t z e n s c h l a g e r  [17], B e a v e r  [4] sow ie K il h a m  
u n d  M ita rb . [13] d u rc h g e fü h rte n  e lek tro n en m ik ro sk o p isch en  U n te rsu ch u n g en  
e rg a b e n , daß  die K ern e in sch lü sse  ü b er eine K o n z e n tr iz itä t u n d  v o n  den 
N u c leo len  abw eichende S t r u k tu r  verfügen .

L a u t  K ilh a m  u n d  M ita rb . [13] k ö nnen  die E insch lüsse vom  K ern  aus
t r e te n ,  in  das P lasm a, ja  so g a r  in  das L um en  der T u b u li gelangen. D ieses V er
h a l te n  d e r E inschlüsse g e h t m it Z ellzerfall u n d  -Z erstörung einher.

G u e f t  und M o l n á r  [11]  fan d en  an läß lich  d er e lek tro n en m ik ro sk o p isch en  
U n te rsu c h u n g  der L eb er v o n  m it B le iaze ta t b e h a n d e lte n  A lb in o ra tte n , daß  
d ie  c h a rak te ris tisch e  S c h ic h tu n g  d er E insch lüsse  auch  in  den  L eberzellen  in 
E rsc h e in u n g  t r i t t ;  a u ß e rd e m  k o n n te n  sie au ch  die S chäd igung  d er M itochon- 
d r ie n  nachw eisen.

M ü l l e r  u n d  R a m in  [15] s te llte n  1963 fest, d aß  die e rw ä h n te n  in tra - 
n u k le ä re n  Gebilde te ils im  Z ellk ern  e n ts te h e n , te ils infolge P la sm a a b sc h n ü ru n g  
in  d ie  K ern su b stan z  g e lan g en .

D a l l e n b a c h  [8] k o n n te  1964 in den in tra n u k le ä ren  E in sch lü ssen  m it 
ra d io a k tiv e m  B leiisotop B lei nachw eisen , w o rau f er zu r F e s ts te llu n g  gelang te , 
d a ß  s ich  um  das im  L au fe  d e r  B le iv e rg iftu n g  im  K ern  ab g e lag erten  B lei R ibo
n u k le in sä u re  a n h äu ft, w as zu r S tö ru n g  des R ib onuk le in säu resto ffw echsels  
f ü h r t .  D ie von M ü l l e r  u n d  S t ö c k e r  [16] m it 3H -Z y tid in  u n d  3H-1 -P h en y l
a la n in  du rch g efü h rten  a u to ra d io g ra p h isc h en  U n te rsu ch u n g en  e rg ab en , daß  
d ie  K erneinsch lüsse im  E iw e iß  — bzw . R ib o n u k le in säu resto ffw ech sel n ich t 
a k t iv  te ilnehm en .

E ig en e  U n tersu ch u n g en

V ersuchsm aterial und M ethodik

D ie U n te rsuchungen  w u rd e n  a n  100(80 V ersuchstiere  u n d  20 K o n tro l lie re ) ,  d u rc h sc h n itt
l ic h  160 g wiegenden, m it S ta n d a rd -D iä t  g e fü tte r te n  w eiblichen A lb in o ra tten  d u rch g efü h rt. 
D e n  V ersu ch stie ren  w urd en  m it d e r  von  Z o l l i n g e r  [23] em pfoh lenen  M ethode w öchentlich  
e in m a l u n te r  die R ü c k en h a u t 20 m g  B le ip h o sp h a t (in 1 ml physio log ischer N aC l-L ösung  suspen- 
d ie r t ) in j iz ie r t .  Da am  E n d e  des 10. B e h an d lu n g sm o n a ts  bei d e r M ehrzahl der T iere  G ew ich tsab 
n a h m e  festzu ste llen  w ar, w u rd e  d ie  B le ip h o sp h a tb eh a n d lu n g  (20 m g) w e ite rh in  n u r  2 w ö chen t
l ic h  vo rg en o m m en . V om  12. B e h a n d lu n g sm o n a t an  n ah m en  die T iere w ieder zu, w o ra u f die 
u rsp rü n g lic h e  B ehandlungsw eise  z u r  A n w endung  kam . W äh ren d  der 18m onatigen  B eh an d 
lu n g sp e rio d e  erh ielten  die T iere  in sg e sa m t 65 B le ip h o sp h a t-In je k tio n e n . D ie jen igen  T iere, die 
b is  z u m  E n d e  des E x p e rim en ts  a m  L eben  b lieben , e rh ie lten  eine G esam tm enge  von  1300 mg 
B le ip h o sp h a t. Das le tz te  V e rsu c h s tie r  g ing am  E n d e  des 19. M onats ein . D ie e rs te n  beiden 
R a t t e n  w u rd en  am  E nde des 3. M o n a ts  g e tö te t,  die ü b rig en  T iere gingen vom  180. T ag  des 
E x p e r im e n ts  spon tan  ein, bzw . w u rd e n  im  In teresse  der besseren  F ix ie ru n g sm ö g lich k e it der 
O rg a n e  v o r dem  Tode d e k a p itie r t.  D ie O rgane der T iere w urd en  im  allgem einen in Form alin , 
e in ig e  N ieren te ilchen  au ß e rd e m  in  C arnoy-L ösung  fix ie r t. Die a u f  diese W eise a n g efe rtig ten

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966



ÜBER DIE WIRKUNG DER BLEIPHOSPHATBEHANDLUNG 189

S c h n itte  w urden  d em n ach  m it H ä m a to x y lin -F o s in  g e fä rb t, so d an n  im  Falle eines p o sitiv en  
h isto log ischen  B efundes m it M e th y lg rü n -P y ro n in , F eu lg en . PA S. B est-K arm in , M allo ry , No- 
velli, E la s tica -v an  G ieson, T o lu id inb lau  o d e r Ö lro t g e fä rb t, sowie nach Gom ori m it S ilb er 
im p re g n ie rt.

E rgebn isse

In  den  O rganen der an ch ro n isch er B le iv e rg iftu n g  le idenden  T ie ren  w aren  
zah lre ich e  V erän d eru n g en  zu b e o b a c h te n . H ie r sei lediglich über die zv to lo - 
g ischen N ieren v erän d eru n g en  b e r ic h te t , die ü b rig en  B efunde w erden an  e in er 
a n d e ren  S telle bek an n tg eg eb en  [3]. U n te r  den zy to logischen  A bw eichungen  
fielen  in e rs te r L inie die in tra n u k le ä re n  G ebilde a u f  (Abb. 1), die zuw eilen  
b e re its  in den N ieren  der am  E nde  des 3. M onats g e tö te te n  T iere n ach zu w eisen  
w aren  (A bb. 2). D ie E in sch lu ß k ö rp e r k am en  vo rn eh m lich  in den Z e llk e rn en  
der p ro x im alen  u n d  d ista len  gew undenen  K an ä lc h e n  vor, sie w aren  a b e r  au ch  
in den  Z ellkernen  der H enlesehen Schleifen  zu e rk en n en . Die K erne  d er erw ä h n 
te n  Zellen w aren  v e rg rö ß e rt, das C h ro m a tin  lag  te ils  der K ern m em b ran  an g e 
la g e rt, teils um gab  es die in tra n u k le ä re n  E insch lüsse  (A bb. 3 -  4).

A u ß er dem  E in sch lu ß k ö rp er tr a t  in zah lre ich en  F ällen  auch ein N u k lco lu s  
in E rsch e in u n g ; d ieser w ar m an ch m al von n o rm a le r  Größe und  F ä rb u n g , 
m an ch m al dagegen v e rg rö ß ert. D iese E rsch e in u n g  konn te  zuw eilen au ch  inо  П  о  О

k ern e in sch lu ß fre ien  Zellen b e o b a c h te t w erden . In diesem  Z u sam m en h an g  sei 
a u f  die M einung m eh re re r h ingew iesen , n ach  d er die K erneinsch lüsse p a th o 
log isch  v e rg rö ß erten  N ukleolen en tsp re c h e n , die n ic h t m ehr im sta n d e  s in d , 
ih ren  R ib o n u k le in säu reg eh a lt in das P la sm a  zu en tlee ren .

W äh ren d  die F ä rb u n g se ig en sch a ften  d er K erneinschlüsse d en en  d er 
N u k leo len  ähn lich  sind  beide s in d  n äm lich  im  allgem einen ac idoph il la s 
sen sich  bezüglich  der F ä rb u n g in te n s itä t  gew isse A bw eichungen e rk en n en . Die 
K erne insch lüsse  fä rb en  sich oft w esen tlich  b lasse r als die N ukleolen, a u ß e rd e m  
h ä n g t die F ä rb u n g  d er E inschlüsse au c h  von ih re r G röße ab : kleinere E in sch lü s-  
se fä rb e n  sich s tä rk e r , größere dagegen  b lasser, zuw eilen finden  sich  jed o ch  
au c h  große E insch lüsse , die eine in te n s iv e  F ä rb u n g  aufw eisen. D ie g rö ß eren  
E in sch lü sse  haben  m anchm al eine k o n zen tr isch e  S tru k tu r  (Abb. 5). V e re in ze lt 
ließ en  sich m ehrere  E inschlüsse e n th a lte n d e  Z ellkerne  beobach ten .

B ezüglich der chem ischen S tru k tu r  d er E insch lüsse  k o n n te  m it H ä m a to x y -  
lin -E o sin - und  M e th y lg rü n -P y ro n in  F ä rb u n g  ih r R ib o n u k le in säu reg eh a lt n a c h 
gew iesen w erden. Die P A S -P o sitiv itä t d er E insch lüsse  w ar m it dem  des Zell- 
p la sm as id en tisch , B est-K arm in - und  F e ttf ä rb u n g  fielen jedoch  n e g a tiv  aus. 
M it dem  N ovellischen  V erfahren  fä rb te n  sich die K erneinsch lüsse, den M ito ch o n 
drion ähn lich , le b h a ft ro t. T o lu id in b lau  fü h r te  eine b laßb laue F ä rb u n g  des 
P la sm as u n d  d er K erneinsch lüsse  h e rb e i, M étachrom asie  w ar n ic h t n a c h z u 
w eisen. M it dem  M allory  schon V erfah ren  ließen  sich  die E inschlüsse ro t  fä rb e n , 
m it v an  Gieson dagegen blaßgelb . N ach  W achstein  [21] sind die a u f  W irk u n g
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Abb. 1. In tra n u k le ä re  E in sch lü sse  in  den tu b u lä re n  E p ith e lz e llen  (H äm a to x y lin -E o s in -F ä rb u n g
400 X )

Abb. 2.  In tra n u k le ä re r  E in sch lu ß k ö rp er in der F rü h p h a se  des E x p erim en ts; an  d e r an d eren  
Seite  zw ei N ie ren k an älch en  m it in ta k te n  E p ith e lze llen  (H ä m a to x y lin -E o sin -F ä rb u n g , 800 X )
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466. 3. In tra n u k le ä re  E in sch lu ß k ö rp er u n d  C hrom atinscholle  e n th a lte n d e  N ieren ep ith e lze lle  
u n d  E p ith e lzellen  ohne E in sch lü sse  (H äm ato x y lin -E o sin -F ä rb u n g , 1200 x )

466. 4. In der N iere  m ehrere c h a ra k te r is tis c h e  Z elleinschlüsse (H ä m a to x y lin -E o s in -F ä rb u n g
800 X )
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Abb. 5. In  den tu b u lä re n  E pithe lzellen  E in sch lü sse  v o n  k o n zen trisch er S tru k tu r  
(H ä m a to x y lin -E o s in -F ä rb u n g , 400 X )

A b b . 7. L inks, auf W irk u n g  v o n  B le ip h o sp h a tb eh an d lu n g  d eg en erie rte  N ie ren tu b u li; re ch ts , 
K o n tro l lp rä p a ra t .  (H ä m a to x y lin -E o sin -F ä rb u n g , 100 X )
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Abb. 6. Oben säu refeste  Z elleneinschlüsse m it Z ieh l-N eelsen-Färbung , u n ten  Z elleinschlüsse
m it F ä rb u n g  n a ch  M allory (800 X )

Acta Morphologien Academiae Scienliarum Hungaricue Id. 1966





ÜBER DIE WIRKUNG DER BLEIPHOSPHATBEHANDLUNG 193

von Blei u n d  W ism u t e n ts ta n d e n e n  K ern e in sch lü sse  säu refest. D iese B e o b a c h 
tu n g  k ö nnen  w ir bezüg lich  der B leisalze b e s tä tig e n  (A bb. 6). A uf G ru n d  der 
F eu /g en -R eak tio n  e n th a lte n  die E in sc h lu ß k ö rp e r keine D eso x y rib o n u k le in 
säu re . Sow ohl die F eu lg en -R eak tio n , als auch  d ie  M eth y lg rü n -P y ro n in  F ä rb u n g  
w iesen d a ra u fh in ,  d aß  die C h ro m atin su b stan z  d e r E p ithe lze llkerne  d er N ie re n 
tu b u li au fgclockert w ar.

In  unserem  M ateria l ließen  sich auch  a n d e re  N uk le in säu resto ffw ech se l
s tö ru n g en  b eo b ach ten . In  einigen T ubu li w a ren  z e rs tre u t v e rg rö ß erte  K e rn e  
von  u n reg e lm äß ig e r F o rm  v o rzu fin d en , d e ren  C h ro m atin g eh a lt das M ehr
fache d er N orm  au sm ach te . E inige d ieser Zellen en th ie lten  auch K e rn e in 
sch lüsse.

Zufolge d ieser B efunde ergab sich die F ra g e , w ie sich das w eitere  S ch ick 
sa l d er in tra n u k le ä re  G ebilde en th a lte n d e n  Z ellen  g e s ta lte t. N ach K e n d r e y  
[12] k ö n n en  die bei T h io aze tam id v erg iftu n g  in  d er L eber zu stan d eg ek o m m en en  
großen  N ukleo len  vom  K ern  in to to  a u s tre te n , j a  sogar das P lasm a v e rla ssen  
u n d  in die G efäß lum ina  g e ra ten . A uch wir b e o b a c h te ten  in einigen F ä llen , d aß  
die K ern e insch lüsse  die K ern m em b ran  d u rc h d rin g e n  u n d  in das P la sm a  ge
lan g en ; ve re in ze lt w aren  auch  ex traze llu lä r, im  L u m en  der T ubu li G ebilde zu 
b eo b ach ten , die a ller W ah rsch e in lich k e it n ach  K erneinsch lüsse  w aren.

O bw ohl d er a n g e fü h rte  P rozeß  auch  in  u n se rem  M ateria l zu b e o b a c h te n  
w ar, v e rschw inden  die d u rch  B le iverg iftung  h e rb e ig e fü h rten  in tra n u k le ä re n  
G ebilde — unseres E ra c h te n s  — üb licherw eise  n ic h t a u f diesem  W eg. Im  
allgem einen  k o m m t es v o re rs t zu r A uflösung  d e r Zellen, w orau f der K e rn e in 
sch luß  die K e rn su b s ta n z  um  sich herum  a u fsp re iz t, was einen P la sm a-b zw . 
Z ellzerfall zu r Folge h a t.

In  m anchen  F ällen  b eg in n t der P lasm azerfa ll bere its  vor der K a ry o ly se . 
D ieser P rozeß  v e rlä u ft fo lgenderm aßen : Die P la sm a fä rb u n g  n im m t ab , die 
P la s m a s tru k tu r  w ird  schaum ig , zuw eilen k o m m t es zu r V ak u o len b ild u n g ; 
einige P la sm ate ilch en  k ö n n en  in das L um en  d e r T u b u li gelangen, w esha lb  
ste llenw eise fa s t b loßgeleg te , große E insch lüsse  e n th a lte n d e  K erne e rsch e in en . 
Info lge d er A n h äu fu n g  des R ib o n u k le in säu reg eh a lts  der Zellen im K e rn e in 
sch luß  v e r lie r t das P lasm a  eine b ed eu ten d e  M enge seines R ib o n u k le in säu reg e
h a lts , w as zu r S chäd igung  bzw . zum  Zerfall d e r P la sm a s tru k tu r  fü h rt.

D as du rch  den a n g e fü h rten  M echanism us h e rb e ig e fü h rte  Bild des Z ell
u n te rg an g s  w ar in unserem  M ateria l rech t o ft zu  b eo b ach ten . Die S u b stan z  d er 
z e rs tö rte n  Zellen g e lang t in F o rm  einer, zu m eist az idoph ilen , v o rerst k ö rn ig en , 
so d an n  hom ogenen  M asse in die T u b u lu s lich tu n g en .

A nste lle  der zah lre ichen  zerfallenen tu b u lä re n  E p ithelze llen  b le ib en  
H o h lräu m e  zu rü ck , deren  W and  lediglich d ie B asa lm em bran  der T u b u li 
a u sk le id e t (A bb. 7). In fo lge des M em branzerfalls kom m unizieren  diese H o h l
rä u m e  a llm äh lich  m ite in a n d e r, w o rau f s te ts  g rö ß er w erdende H öhlen  e n t 
s teh en . A u f diese W eise tre te n  in der N iere v o re rs t  m ikroskopische, so d an n
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m a k ro sk o p isch e  Z ysten  in  E rsch e in u n g . Ü b e r  u n se re  U n te rsu ch u n g en  b ezü g 
lic h  d e r  Z y sten en tw ick lu n g , d er T u b u lu sep ith e lreg en era tio n  und  d e r T u m o re r
z e u g u n g  w ollen w ir in  e in er an d eren  M itte ilu n g  b e rich ten .

B esprechung

D ie p rim äre  B le iw irkung  b e tr if f t  a lle r W ah rsch e in lich k e it n a c h  den 
N u k le in säu resto ffw ech se l. W ie d a ra u f  die v o rn eh m lich  in  der P fla n z e n w e lt 
d u rc h g e fü h r te n  U n te rsu ch u n g en  h inw eisen , ü b t  das Blei a u f  die M itose eine 
K o lch ic in -äh n lich e  W irkung  aus. N ach  A h l s t r ö m  [1] is t das Blei ein in  d e r frü h en  
P ro p h a s e  w irkendes M itoseg ift, das seine W irk u n g  durch  eine B lo ck ie ru n g  der 
S H -G ru p p e n  au sü b t. V e n n e r  u n d  Z i m m e r  [20] nahm en  an , d aß  die S ch w er
m e ta lle  u n m itte lb a r  die D e so x y rib o n u k le in säu re  des Zellkerns sch äd ig en . 
B ü c h n e r  u n d  M ita rb . [7] v e r t r a te n  die A n s ic h t, daß  die p rim äre  S ch äd ig u n g  
d e r  K arz in o g en e  das P ro to p la sm a  b e tr if f t .  D ie e lek tro n en m ik ro sk o p isch en  
U n te rsu c h u n g e n  von T o t o v iÓ [18] e rg ab en , d aß  w ährend  die S ch äd ig u n g en  
des Z y to p lasm as b e re its  n a c h  l-2w öch iger B eh an d lu n g  in E rsch e in u n g  t re te n , 
d ie  c h a ra k te ris tisch e n  K erne insch lüsse  sich  n u r  in  der 5.-6. V ersuchsw oche 
z e ig e n .

A n h a n d  un se re r E rg eb n isse  k o n n te  fe s tg e s te llt  w erden, daß  a u f  W irk u n g  
c h ro n isc h e r  B le ip h o sp h a tb eh an d lu n g  in  den  N ierenep ithelze llen  d er A lb ino 
r a t t e n  in tra n u k le ä re  E in sch lüsse  e n ts te h e n , die la u t ih ren  F ä rb u n g se ig e n 
s c h a f te n  h a u p tsäch lich  R ib o n u k le in säu re  e n th a lte n ; im  Z u stan d ek o m m en  
d ie se r  E inschlüsse is t a n n e h m b a r auch  d e r U m sta n d  von B ed eu tu n g , d a ß  die 
E n tle e ru n g  der n u k leä ren  R ib o n u k le in säu re  in  das P lasm a g e s tö rt w ird . W ir 
sch ließ en  uns der M einung von  A n g e v i n e  u n d  M itarb . [2] an , n a c h  d e r die in  
c h ro n isc h e r B le iverg iftung  en ts te h e n d e n  in tra n u k le ä re n  G ebilde eine spezi
f isc h e  A n tw o rt des Z ellkerns b ed eu ten . In fo lg e  des g estö rten  N u k le in sä u re 
s to ffw echse ls  k o m m t es in  der M ehrzahl d e r F ä lle  zum  Z ellzerfall; d ie V ergif
tu n g  ü b erleb en  a n n e h m b a r n u r  die in  d er In itia lp h a se  des E x p e rim e n ts  b eo b 
a c h te te n , b iza rr g e fo rm ten , m onströ sen  K ern e , die im  Laufe der P rog ression  
des P rozesses u n te r  U m stä n d e n  den A u sg an g sp u n k t der Z e llp ro life ra tio n  
b ild e n  können .

D ie von  ein igen V erfassern  b e o b a c h te te n  Zeichen, n ach  d enen  einzelne 
in tra n u k le ä re  E insch lüsse  infolge P la sm a a b sc h n ü ru n g  Z ustandekom m en  w ü r
d e n , w aren  in  unserem  M ate ria l n ic h t zu b eo b ach ten .
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E F F E C T  O F C H R O N IC  LEA D  P H O S P H A T E  T R E A T M E N T  ON T H E  E P IT H E L IA L  
C E LL S IN  T H E  K ID N E Y  O F  W H IT E  RATS

J. BALÓ, B. SZENDE and A. BAJTAI

C ytologic c h an g es  in th e  k idney o f w h ite  ra ts  due  to  ch ro n ic  tre a tm e n t w ith  lead  p h o s
p h a te  have been e x am in ed . Most c h arac te ris tic  am ong  th e  e a rly  changes was the a p p ea ran c e  of 
inclusion bodies in th e  nuclei of renal ep ith e lia l cells. T hese  bodies w ere, as a rule, ro u n d , la rg e r  
th a n  the  nucleoli, a n d  m an y  of th em  show ed  a co n cen tric  s tru c tu re . T hey  were eo sin o p h ile , 
w eakly  PA S-positive, a n d  F eu lgen-negative. T he nucleus o f som e tu b u la r  cells was su p e rn o rm a l 
in  size, irregu lar in  sh ap e  and  rich in ch ro m a tin .

D isorder in th e  m etabolism  of nucle ic  acids w as acco m p an ied  by  cytoplasm ic d e g e n e ra 
tio n  in the  tu b u la r  e p ith e lia l  cells. The la s t  phase o f c e llu la r  d am ag e  was cytolysis. T h e  s u b 
stan ce  of th e  d isso lved  cells em ptied  in to  th e  lum en o f th e  tu b u le s . I t  was observed in c e r ta in  
in stan ces th a t  th e  w hole  body of th e  inclusion  em erg ed  fro m  th e  nucleus, passed in to  th e  
cy top lasm  and  th en c e  to  th e  tubules.

Large-scale d e s tru c tio n  of ep ith e lia l cells leads to  th e  fo rm atio n  of cavities w hose w all 
consists of th e  b a sa l m em b ran e  of the  tu b u le s  only. S ev era l such  cav ities m ay in te rc o m m u n i
c a te  and give th u s  rise  to  sm aller or la rg e r  cysts in th e  re n a l co rtex .

ДЕЙСТВИЕ ХРОНИЧЕСКОЙ ДАЧИ ФОСФОРНОКИСЛОГО СВИНЦА НА 
ЭПИТЕЛИАЛЬНЫЕ КЛЕТКИ ПОЧЕК У КРЫС-АЛЬБИНОСОВ

Й. БА Л О , Б. С Е Н Д Е  и А.  Б А Й Т А М

Авторы изучали цитологические изменения, возникающие под влиянием хрони
ческой дачи фосфорнокислого свинца в почках белых крыс, наблюдающиеся уже в ран
ней стадии опыта. Из этих изменений наиболее характерные внутриядерные включения, 
которые наблюдаются в ядрах клеток почечного эпителия. Эти включения имеют обычно 
круглую форму, они больше ядрышек, часто имеют концентрическую структуру, они 
эозинофильные или пиронинофильные, дают положительную реакцию на ПАШ и отри
цательную реакцию Фелы ена. Ядро некоторых тубулярных клеток больше привычного, 
неправильной формы и богато хроматином.

Наряду с расстройством обмена нуклеиновой кислоты и плазма клеток каналь
цевого эпителия претерпевает дегенеративные изменения. Поражение клеток приводит 
в конечном итоге к их растворению. Вещество растворившихся клеток опорожняется в 
просвет канальцев. Можно наблюдать, что ядерные включения целиком выходят из 
ядра в плазму и затем попадают в просвет канальца.

Вслед за гибелью большого количества эпителиальных клеток возникают такие 
полости, стенки которых образуются базальной перепонкой канальцев. Несколько таких 
полостей могут сообщаться между собой и таким образом в корковом веществе почек воз
никают большие или меньшие кисты.

B u d ap est V i l i . ,  Üllői ú t  26 ., H u n g a ry
D r. Jó zse f B aló  
D r. Béla S z e n d e  
D r. A ttila  B a j t a
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D e p arte m e n t o f A n a to m y , U n iv ersity  M edical S ch oo l, B u d a p es t

INNERVATION OF LYMPH VESSELS

J .  V a j d a

(R eceived  11 N ovem ber, 1965)

In n e rv a tio n  of ly m p h  vessels an d  lym ph cap illaries in  th e  m esen te ry  of dogs an d  
ca ts  has been s tu d ied  w ith  th e  G ros-Schultze silver s ta in in g  tech n iq u e . T he a d v e n titia  
o f la rg e r (v a lv u la r)  ly m p h  vessels is supp lied  by  a v e ry  fin e  n e rv o u s p lexus w hich , being  
d e riv ed  from  large  ca lib ered  m y e lin a ted  fibres, can  be id en tif ie d  as o f sen so ry  fu n c tio n . 
Sm alle r u n m y e lin a ted  f ib res  o f u n d o u b ted ly  e ffe ren t au to n o m ic  fu n c tio n  su p p ly  th e  
m u scu la r co at w ith  a  c ircu la r te rm in a l plexus o f p a r tic u la r  d e n s ity  in  th e  w all of th e  
sinusoid  e n la rg em en ts  co rresp o n d in g  to  th e  region of th e  v a lv es. T he tru e  ly m p h  cap il
laries are lack in g  in  a n y  e ffe ren t nerve  supp ly , b u t th e y  a re  re g u la rly  in  close a tta c h m e n t 
to  specific k in d s  o f sen so ry  nerve  endings.

T he in n e rv a tio n  o f ly m p h  vessels has recen tly  again  com e in to  th e  focus 
o f in te re s t, m ain ly  w ith  re sp ec t to  th e  possible in fluence  on ly m p h  flow  of th e  
nervous system . N ew  in fo rm a tio n  has been added  to  th e  classical find ings of 
T o n k o ff (1899) co ncern ing  th e  in n e rv a tio n  of ly m p h  nodes, and  o f D ogiel  
(1897) an d  K y t m a n o v  (1901) on th a t  o f ly m p h  vessels b y  th e  re c e n t o b se rv a 
tions o f  G ell e rt  e t al. (1955), K u b i k  and  Szabó (1955), R u s z n y á k  et al. (1957), 
WoLODiKO (1961), Me l n ik o v a  (1964) and  B orisov  (1964). M ost o f these  d a ta  
concern la rger ly m p h  tru n k s , w hich ap p ear to  h av e  n erv o u s p lexus a rran g ed  
in severa l layers. L ittle  is know n  o f th e  in n e rv a tio n  o f  ly m p h  cap illa ries an d  th e  
im m ed ia te  p o s tcap illa ry  vessels.

L a w r e n t j e w  (1925) was th e  f irs t to  call a t te n tio n  to  th e  close connexion 
betw een  P a c in ia n  bod ies an d  ly m p h a tic s  o f  th e  m esen te ry . A lth o u g h  an  
occasional close c o n ta c t be tw een  P ac in ian  corpuscles an d  a rte rie s  as well as 
ly m p h  vessels has re c e n tly  been m entioned  by  K u b i k  an d  S zabó  (1955) and 
been  observed  in  th e  course o f  th e  p resen t in v e s tig a tio n s , th e  find ings do n o t 
w a rra n t an y  d irec t fu n c tio n a l connection  as th e re  a re  m an y  P ac in ian  bodies 
and  o th e r  k inds o f  e n c a p su la te d  endings a t such p a r ts  o f th e  m esen te ry  w hich 
is lack ing  in  b o th  k in d s o f  vessels.

H av in g  s tu d ie d  fo r som e years  th e  fu n c tio n a l a n a to m y  o f m esen te ria l 
ly m p h a tic s  (Va j d a  an d  T öm bő l , 1964; V a j d a  an d  T o m csik , 1965), i t  seem ed 
w o rth  w hile to  e x te n d  th ese  in v estig a tio n s to  th e ir  n e rv e  su p p ly , an acco u n t o f 
w hich  is p resen ted  below .
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M ateria ls and  m ethods

Pieces of th e  m esen te ry  o f  c a ts  a n d  dogs — p re fe rab ly  of lean  an im als — were excised 
a f te r  f ix a tio n  in  n e u tra l  fo rm o l, im p re g n a te d  w ith  silver acco rd in g  to  G ros-Schultze  and  
m o u n te d  in  loto.

O bservations

Larger lym ph vessels. N erv e  fib res th a t  are seen to  e s tab lish  d irec t re la tions 
to  ly m p h  vessels h av in g  som e m u scu la r coa tin g  an d  v a lv es , a re  e ith e r  large 
m y e lin a te d  fibres, or f in e r  u n m y e lin a te d  ones. T he la rg e  fib res  are  runn ing  
s im p ly  an d  u n a tta c h e d  to  a n y  specific s tru c tu re , w hereas th e  u n m y e lin a ted  
on es reach  th e  large ly m p h  vessels by  w ay of th e ir  su p p ly in g  a rte rio les , the  
v a s a  v aso ru m  ly m p h a tic o ru m  (F igs. 1 an d  2). T he m y e lin a ted  fib re s  are  losing 
th e i r  m yelin  sh ea th  on re a c h in g  th e  ly m p h  vessel an d  encircle it  w ith  spiral 
b ra n c h e s . The sm aller b ra n c h e s  ap p ea r to  be em b ed d ed  in to  a com m on 
S c h w a n n  sh ea th  and  a re  fo rm in g  a loose p lexus on th e  o u te r  su rface  of the  
v e sse l (F ig . 3). The f in e r  m eshes o f  th is  p lexus c an n o t be d is tin g u ish ed  from  
th e  so called v eg e ta tiv e  g ro u n d  p lexus (F ig . 4). T he u n m y e lin a te d  fib re  stran d s 
h a v in g  reached  th e  ly m p h  vessels d is tr ib u te  ch iefly  in th e  reg ion  o f th e  valves 
a n d  im m ed ia te ly  cen tred . T h e y  p e n e tra te  in to  th e  lay e r b e tw een  th e  m uscu lar 
cells (F igs. 5 and  6), w h ere  th e ir  course is ch iefly  c ircu la r or r a th e r  parallel 
w ith  th e  a tta c h m e n t o f th e  v a lv e . T he n u m b er o f te rm in a l fib res  an d  th e  density  
o f  th e  m eshes decreases in  c e n tra l d irec tio n  o f th e  in te rv a lv u la r  segm en ts. I t  is 
in te re s t in g  to  no te  (F igs. 7 an d  8) th a t  nerve  fib res ru n n in g  lo n g itu d in a lly  to  
th e  vesse l have a s tra ig h t, a n d  th o se  ru n n in g  tra n sv e rsa lly  a r a th e r  to rtu o u s , 
c o u rse . This m ight be in  co n n ec tio n  w ith  th e  w idening  o f  th e  vessels in tra n s 
v e rs a l  d irec tion  d u rin g  in c rea sed  ly m p h  p ro d u c tio n  or s tasis .

L y m p h  capillaries. N e rv e  e lem ents can  be o bserved  also along  th e  ly m p h a 
t ic  cap  diaries especially  in  th e  p o stcap illa ry  reg ion , in d ic a te d  b y  in v ag in a tio n s 
o f  th e  narrow er d is ta l p o rtio n  in to  th e  w ider ce n tra l one. T hese invag in a tio n s 
h a v e  been  described b y  V a j d a  an d  T omcsik  (1965) as c h a ra c te r is tic  for the  
t r a n s i t io n  zone betw een  t r u e  ly m p h  capillaries an d  vessels w ith  tru e  valves. 
In c o m p le te  valves h av in g  b u t  a single cup occur in  th is  reg io n , too . N erve 
f ib re s  can  be observed  in  th e  n e ig h b o u rh o o d  o f b o th  in v a g in a tio n s  and  single 
c u p  va lv es  (Fig. 9), w here th e  f ir s t  sm oo th  m uscle cells are to  be found . There 
is n o  p lex iform  in n e rv a tio n  a ro u n d  th e  tru e  ly m p h  cap illa ries (F ig . 10 and  11). 
L a c k in g  in m uscle cells o r o th e r  c o n trac tile  e lem ents like p e riv a scu la r  cells, 
a n d  h av in g  no tru e  b a se m e n t m em b ran e , th e  la ck  o f an y  e ffe ren t in n e rv a tio n  
c o u ld  be expected . S tra n g e ly  i t  is ju s t  th is  p a r t  o f th e  m esen te ria l ly m p h a tic s  
w h ic h  has p a rticu la rly  in tr ic a te  re la tio n s w ith  nerv e  end ings.

Specific  nerve term ina ls. Tw o kinds of obv iously  senso ry  endings can 
b e  d istin g u ish ed , free a n d  e n cap su la ted  ones. U n m y e lin a te d  fib res are 
g iv in g  rise  to  free te rm in a ls , w hereas m y e lin a ted  ones are  end ing  in  en cap su lâ t-
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ed te rm in a tio n s . All o f these  endings are s tr ic tly  re la ted  to  ly m p h  cap illa ries 
w h e th e r th e y  are  in d irec t c o n ta c t w ith  th e  c ap illa ry  w all (F igs. 12 an d  16) or 
in th e ir  close n e ig h b o u rh o o d  (F igs. 13, 14 an d  15). ) W h e th e r en c a p su la te d  or

Fig. l- M y elina ted  fib re  on ly m p h  vessel an d  u n m y e lin a ted  fib res  acco m p an y in g  th e  v asa
v aso ru m  ly m p h a tic o ru m

Fig. 2. U n m y e lin a ted  fib res  acco m p an y in g  th e  v asa  v aso ru m  ly m p h a tico ru m

free, th e  te rm in a l p a r t  o f th e  nerv e  fib re  form s one or som etim es tw o loose 
ta n g e ls . In sid e  th is  th e  nerve  fib re  genera lly  b reak s  up in to  th re e  to  four 
te rm in a l b ran ch es, w hich a fte r  a m ore or less p a ra lle l course are  w ound  up  
in to  b a ll-shaped  or ovoid  fo rm atio n s. A t th e  e n d tu rn s , loop fo rm atio n s are
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F ig. 3. A d v e n titia l p lexus on ly m p h  vessel

F ig. 4. Several th in  n e rv e  f ib re s  em bed d ed  in to  a single Schw ann cell s tra n d

f r e q u e n t .  The e n c ap su la ted  endings do n o t  d iffer s ig n ifican tly  w ith  re sp e c t to  
th e  te rm in a l course of th e  n e rv e  fib re , h u t  h av e  less b ranches an d  are  su rro u n d 
ed b y  a single lay e r o f co n n ec tiv e  tissue  cells.

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966



Fig. 5. F ib re  p lexus n e a r  th e  valve

Fig. 6. C ircular f ib res  a t  th e  valve

Fig. 7. P lexus of the  p o rtio n  a d ja c e n t  to  th e  valve
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F ig . 9. M yelina ted  an d  u n m yeJina ted  f ib res  n e a r  in v ag in a tio n  an d  in te rflo w

Fig. 10. U n m y e lin a ted  fibre fo llow ing  ly m p h  capillary

A c ta  M orphologica  Academ iae  Scien tia ru m  H ungaricae  1 X. 1 9 6 6

Fig. 8. T w isted  f ib re s  ru nn ing  tra n s v e rsa lly  to  th e  ly m p h  vessel
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t r a c t  to  th e  re ticu la r la y e r  o f  th e  m ed ian  em in en ce , and  i t  accu m u la tes  in  th e  
s t r a tu m  palissad icum  (esp ec ia lly  in  its  ß  zone), in  th e  form  of la rg e  g lobules 
a n d  co a rse  granules. A p p ea ran ce  o f large g lobu les in  th e  p e rip h era l p a r t  o f  th e  
s t r a tu m  palissad icum , an d  th e  absence o f  n eu ro sec re tio n  from  th e  s t r a tu m  
re t ic u la re  allow the  in ference  th a t  th e  m e d ia n  em inence of w a te r- lo ad ed  b ird s  
b e co m es  a d epo t w ith o u t o u tle t  to w ard s th e  p o rta l vessels. Seen u n d e r  th e  
m ic ro sc o p e , th e  m edian em in en ce  of p igeons looks m uch th e  sam e w h e th e r  th e y  
h a v e  b e e n  loaded  w ith  w a te r  or tre a te d  w ith  A C T H  (P éczely  [25]).

I t  is p robab le  th a t  in  b ird s  w a te r  lo ad in g  reduces th e  a c tiv ity  o f b o th  th e  
n e u ro h y p o p h y s is  and th e  m e d ia n  em inence. T h is  w ould  m ean th a t  th e  a ld eh y d e  
fu c h s in -p o s itiv e  n eu ro sec re tio n  w hich fin d s access to  th e  p o rta l ve ins o f  the  
a d e n o h y p o p h y s is  via th e  m ed ian  em inence a c ts  as C R F. T his w o u ld  th e n  
c o n f irm  th e  resu lts o f e a r lie r  ex p erim en ts  in  w hich ACTH tr e a tm e n t  was 
a p p lie d  ( P éczely  [25]).

A  com parison  of th e  re sp ec tiv e  e ffec ts  o f  d eh y d ra tio n  and  h y d ra tio n  
a llo w s to  conclude to  a c o rre la tio n  be tw een  th e  aldehyde fuch sin -p o sitiv e  n eu 
ro s e c re to ry  substance  an d  th e  h y p o th a lam ic  secre tion  of CRF in th e  d om estic  
p ig eo n . T h e  existence o f a n o rm o fu n c tio n a l s tim u la to ry  m echanism  has to  be 
p o s tu la te d  w hich would a c t v ia  th e  ad en o h y p o p h y sea l p o rta l vessels o f  the 
m e d ia n  em inence, as p ro v ed  b y  th e  se n s itiv ity  to  ACTH of the  n eu ro sec re tio n  
c o n ta in e d  in  the  m edian em inence  as also b y  its  accum ulation  u n d e r th e  effect 
o f  h y d ra t io n . On the  o th e r h a n d , th e  observed  effect of d eh y d ra tio n  a d m its  of 
th e  co n c lusion  th a t — in  th e  aphysio log ica l cond ition  p rovoked  b y  in ten se  
o sm o tic  s tre ss  the large  a m o u n t of G om ori-p o sitiv e  neurosecre tion  d isch arg ed  
b y  th e  p a rs  nervosa, to o , m a y  induce a re lease  of ACTH. T his th e o ry  needs 
f u r th e r  con firm ation .

T h e  fa c t th a t  th e  in te r re n a l tissue o f th e  ad ren a l gland of b ird s  does not 
r e a c t  u n ifo rm ly  to  exogenous s tim u li m akes i t  p ro b ab le  th a t  it  consists  o f  tw o 
la y e rs :  a p e rip h era l p a r t  w h ich  secretes a ld o s te ro n e , and a deeper one w hich 
p ro d u c e s  glucocorticoids ( K o n d i c s  [13 to  16]). NaCl tre a tm e n t of w a te r  d e p r i
v a tio n  evokes a un ifo rm  response  from  th e  en tire  n eu ro sec re to ry  sy s tem , 
w h e re a s  th e  reaction  of th e  in te rre n a l tissu e  is n o t uniform . NaCl t re a tm e n t is 
fo llo w ed  by  a tro p h y  of th e  p e rip h e ra l p a r t  a n d  b y  a m odera te  h y p e r tro p h y  of 
th e  d e e p e r  layer. W a te r  d e p riv a tio n  in d u ces  h y p e rtro p h y  in  b o th  layers. 
H y p o th a la m ic  CRF and  ad en o h y p o p h y sea l A C T H  are responsib le o n ly  fo r  the 
h y p e r tro p h y  of th e  deeper in te rre n a l cells, w h ereas  th e  a c tiv ity  of th e  p e r ip h e r
al p a r t  m u st be reg u la ted  b y  som e o th e r fa c to r . F u rth e r  in v e s tig a tio n s  will 
h a v e  to  shed  light on th is  fa c to r .
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Fig. 11. U n m y e lin a ted  fibre follow ing ly m p h  cap illa ry

Fig. 12. E n d in g  on lym ph  cap illa ry
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Fig. 13. P a r t ly  e n ca p su la te d  end in g  n e a r ly m p h  cap illa ry

Fig. 14. E n d in g s  fo rm ed  b y  p a ired , u n m y e lin a ted  fib res

Discussion

T h e  inn erv a tio n  o f th e  la rg e r- (v a lv u la r)-ly m p h  vessels is show n som e
w h a t  d iag ram m atica lly  in  F ig . 17. L arge  m y e lin a ted  fib res c o n tr ib u te  on ly  to  
th e  o u te r  a d v en titia l p lex u s o f  vessels (F ig . 17) [2]. T he te rm in a l b ran ch es  of 
th is  p lex u s  m ay be a rra n g e d  in sid e  a single Schw ann  cell in  th e  sam e m anner 
as in  th e  so-called v e g e ta tiv e  g ro u n d  p lexus, i.e. severa l p re te rm in a l nerve 
f ib re  a re  em bedded in to  th e  sam e  Schw ann  cell cy top lasm ic  s ta n d . As p ra c tic a lly  
all la rg e  m yelinated  fib res  in  th e  v e g e ta tiv e  nerves can safely  be considered

Acta Morphologica Academiae Scientiarum Hungaricae 14. 1966



INNERVATION OF LYMPH VESSELS 2 0 5

Fig. 15. E n ca p su la te d  end ing  o f a m y e lin a ted  fibre

F ig. 16. E n d in g s o f paired  e n c a p su la te d  m y elin ated  fib res

to  o rig inate  from  th e  sp inal gang lia  and  h a v in g  en te red  th e  v e g e ta tiv e  nerves 
th ro u g h  th e  w h ite  co m m u n ica tin g  ram i, th e  la rg e  m yelinated  fib res o f  th e  
m esen tery  obv io u sly  belong to  p rim ary  se n so ry  neurons. T he a d v e n ti t ia l  
p lexus of th e  ly m p h  vessels how ever f in e  — is clearly  derived  from  such  
large m y e lin a ted  fib res, so t h a t  th e re  can be  no  d o u b t of th e ir  senso ry  n a tu re . 
The sm aller u n m y e lin a te d  fib re s  th a t  reach  th e  ly m p h  vessel to g e th e r  w ith  th e  
vasa  vaso rum  an d  th a t  p e n e tra te  in to  th e  m u sc le  lay e r of th e  ly m p h a tic , are  
obviously  a ffe re n t an d  o f v eg e ta tiv e  n a tu re .  T h e ir  s trong  c o n c e n tra tio n  a t  
th e  sites o f th e  sinuso id  en la rgem en ts c o rre sp o n d in g  to  th e  a t ta c h m e n t o f  th e  
valves and  th e ir  decrease in  m ore cen tra l reg io n s  o f th e  in te rv a lv a r  seg m en t 
w here th e re  are  less m uscle cells, are also su g g estiv e  of th e  m o to r fu n c tio n  of 
th is  p lexus. D irec t o b se rv a tio n  of th e  m o v e m e n t o f ly m p h a tic  u n d e r  th e
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F ig . 17. S em id iag ram m atic  i llu s tra tio n  of th e  in n e rv a tio n  of a large ly m p h  vessel
1) P lexus com posed o f u n m y elin a ted  f ib res
2) A d v en titia l p lexus

d is se c tin g  m icroscope also show s th e  p re d o m in a n tly  con trac tile  a c t iv i ty  o f  th e  
w all o f  th e  sinusoid en la rg em en ts . U nder n o rm a l conditions th e  fre q u e n c y  o f 
c o n tra c tio n s  a t these  s ites is ab o u t 2 - 4 /m in . I f  on liga ting  th e  tw o  vessels 
n e ig h b o u r in g  th e  ly m p h a tic  u n d e r  o b se rv a tio n  th e  supp ly  of f lu id  in c reases , 
th e  f re q u e n c y  of c o n tra c tio n s  increases to  10 12/m in. One m ig h t sp e c u la te ,
w h e th e r  th e  un u su a lly  den se  sensory  p lexus in  th e  ad v e n titia  o f th e  ly m p h  
v esse l, o r th e  num erous sen so ry  endings in th e  close neighbourhood  o f th e  ly m p h  
c a p illa r ie s , could serve as re c e p to r  o f a specific  reflex  for th e  a d ju s tm e n t  of 
ly m p h  tra n s p o r t  to  re q u ire m e n ts .
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Ü B E R  D IE  IN N E R V A T IO N  D E R  L Y M P H G E F Ä S S E  

J. v a j d a

Die m esen teria len  L y m phgefäße  u n d  -kap illaren  von H u n d en  u n d  K a tzen  w u rd en  m it 
dem  S ilb erim pregnationsverfah ren  n a c h  G ros-Schultze u n te rsu c h t. Die A d v e n tit ia  der 
g rößeren  (K lap p en  e n th a lten d en ) L y m p h g efäß e  v e rso rg t ein  sehr feines N e rv en g e fläch t, 
welches h in s ich tlich  dessen, daß  es au s  e inem  großen , m ark h a ltig en  N erv en fase r e n ts p r in g t 
w ahrschein lich  sensorisch  fu n k tio n ie r t. D ie M u sk u la tu r de r G efäße in n erv ieren  d ie feinen, 
m ark losen  N erv en fa se rn , die zw eifellos eine au tonom e e fferen te  F u n k tio n  e rfü llen . Diese 
le tz te rw ä h n te n  N erven  b ilden ein z irk u lä re s  G eflecht, w elches bei den S in u so id e rw eite ru n - 
gen die de r L o k alisa tio n  der K la p p en  en tsp rech en  — besonders d ich t ist. B ei den  ech ten  
L y m p h k ap illa ren  feh lt die efferente In n e rv a tio n , diese sind jed o ch  in der R egel m it irg en d e in e r 
spezia ler sensorischer N ervenend igung  in enger V erb indung .
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2 0 8 J. VAJDA

ИННЕРВАЦИЯ ЛИМФАТИЧЕСКИХ СОСУДОВ
Я . В А Й Д А

Автор исследовал лимфатические сосуды и лимфатические капилляры брыжейки 
скобак и кошек при помощи метода Гроса—-Шульце с пропитыванием серебром. Адвен- 
тиция более крупных (обладающих клапаном) лимфатических сосудов осуществляется 
очень тонким нервным сплетением, которое, ввиду того, что оно происходит от крупных 
нервных волокон с миелиновым влагалищем — вероятно является сензорным. Меньшие, 
безмиелиновые нервные волокна, безусловно выполняющие автономную эфферентную 
функцию, иннервируют мышечный покров сосудов. Последние нервы образуют круговое 
сплетение. Сплетение особенно густое у синусоидных расширений, соответствующих 
расположению клапанов. В истинных лимфатических капиллярах отсутствует эффе
рентная иннервация,но они обычно связаны с окончанием какого-нибудь специального 
чувствительного нерва.

D r. Já n o s  V a j d a : B u d a p e s t IX .,  T űzoltó  u. 58 ., H u n g a ry
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RECENSIO

J. R a e k a l l i o :

Die Altersbestimmung mechanisch bedingter Hautwunden mit 
enzym-histochemischen Methoden

1965. V erlag  M ax S ch m id t-R ö m h ild , Lübeck

T he m o n ograph , covering 120 pages a n d  acco m p an ied  by  28 black and w h ite  p h o to m i
c ro g rap h s a n d  2 tab les, discusses th e  ex am in a tio n  o f c u tan eo u s  lesions by  e n zy m atic -h is to ch e- 
m ical m e th o d s, a n d  offers a d e ta iled  su rv ey  o f th e  possib ilities of d istingu ish ing  v i ta l  from  
p o s tm o rta l  in ju ries .

To f ix  th e  tim e of in juries a n d  to  a sce rta in  th e ir  v ita l  or p ostm orta l orig in  is a  p ro m in e n t 
ta sk  of m edico-legal a c tiv ity , an d  c u rre n t m e th o d s  a re  o ften  too rough for p ro v id in g  re liab le  
fin d in g s in  t h a t  re spec t.

R a e k a l l io  has e lab o ra ted  a n  en zy m atic -h is to c h em ica l procedure w h ich  a llow s to 
a p p ro ac h  th e  p rob lem  early  and  th u s  w ith  b e tte r  p ro sp e c ts  o f success. O b serv a tio n s  m ad e  in 
an im als a re  co m p ared  w ith  resu lts  o b ta in e d  on h u m a n  m a te ria l w ith  a view to  e s ta b lish in g  th e  
c rite ria  to  be ap p lied  in m edico-legal w ork.

T he f ir s t  p a r t  of the  w ork deals w ith  th e  p h ases  o f w ound  healing, th e  c u r re n t  m e th o d s 
of d iffe re n tia tin g  v ita l from  p o s tm o rta l in ju rie s , a n d  th e  techniques of e x a m in a tio n  — th e  
p e rta in in g  l ite ra ry  d a ta  are b riefly  review ed. B efore  going in to  details, a co m p reh en siv e  
rev iew  is p re sen te d  of th e  enzym e-h istochem ica l p rin c ip les , in order to in itia te  m o rp h o lo g ists  
who are  n o t  c o n v ersan t w ith  such  m ethods.

T h e  second p a r t  of th e  book co n ta in s a su m m a ry  o f th e  a u th o r’s in v es tig a tio n s  in to  the  
b eh av io u r o f non-specific  a lkaline  p h o sp h a ta se , ad en o sin e  trip h o sp h atase , b e ta  g ly cu ro n id ase , 
g lu co se-i-p h o sp h a tase , cy tochrom e ox idase , a n d  succinodehydrogenase . Before e v a lu a tin g  an d  
an a ly s in g  th e  resu lts , a deta iled  m eth odo log ical in fo rm a tio n  is offered. T his c h a p te r  is h igh ly  
in s tru c tiv e , as i t  discusses the  u su a l m eth odo log ical e rro rs , an d  shows the  w ay  o f av o id in g  
th e m  (e. g. se lec tion  of su itab le  su b s tra te s , p H  o p tim u m  co ncen tra tion  of th e  re a c tio n  m ix tu re , 
etc .).

I t  is suggested  th a t  th e  in ju ry  is p o s tm o rta l  o r h as been inflicted  w ith in  a n  h o u r  if  b o th  
positive  a n d  n eg ativ e  en zym atic  re ac tio n s  are  a b se n t, w hereas the presence of b o th  reac tio n s  
proves th e  in tra v ita l  n a tu re  o f th e  in ju ry . T h e  m e th o d  is m oreover su itab le  fo r th e  analysis 
o f chrono log ica l facto rs. C om pared w ith  th e  c o n tro ls , th e  a c tiv ity  of A TPase a n d  non-specific  
esterase  show s, fo r in stance, a considerab le  d ecrease  w ith in  an  hour, b u t in creases m ark ed ly  
a f te r  4 a n d  6 h ours. T he m o n o g rap h  co n ta in s  no  in fo rm a tio n  as to w h e th er d iffe ren ces of 
a c t iv ity  a re  de te rm in ed  by  q u a n ti ta t iv e  liis to ch em ica l m easurem ents or a co m p ariso n  o f  
sec tions, b u t  th e  re liab ility  of th e  re su lts  has been  v e rified  b y  num erous co n tro l e x p e rim e n ts .

T h e  d esc rip tio n  of each en zy m atic  re ac tio n  c o n ta in s  num erous l ite ra ry  re fe re n ce s , and  
in  each  c h a p te r  a d e ta iled  b ib lio g rap h y  is g iven .

T he conclud ing  p a r t  of th e  w ork  gives a su m m a ry  o f th e  results and  th e ir  c o n d en sa tio n  
in th e  fo rm  o f tab le s , to  prove th a t  th e  p ro ced u re  m ak es i t  possible to d is tin g u ish  b e tw ee n  v ita l 
an d  p o s tm o rta l  in ju ries even in th e  cases o f o n e -h o u r  su rv iv a l, i. e. m uch e a r lie r  th a n  w ith  
o th e r  ro u tin e  m ethods.

T h e  m o n o g rap h  is a good ex am p le  o f u p - to d a te  m orphological analysis w h ich  m ay  offer 
p ro m isin g  possib ilités for th e  ad v an ce  of m ed ico -legal research .

E . S omogyi
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ACTA HISTOCHEMICA
ZEITSCHRIFT FÜR HI STOLOGISCHE TOPOCHEMI E

Unter Mitwirkung von
G. BRUNS, Jena — W. EGER, Göttingen — G. GEYER, Jena — W. GRAUMANN,  
Tübingen — H. HARMS, Leverkusen — W. MAURER, Köln — H. v. MAYERSBACH, 
Nijmegen — J. R. MEYER-ARENDT, Boulder, Colorado (USA) — G. MÜLLER, Mainz

W. MÜLLER, Köln — H. H. PFEIFFER, Bremen — W. SANDRITTER, Gießen 
N. SCHÜMMELFEDER, Köln H. SPATZ, Frankfurt (Main) — H. STICH, Saskatoon

(Kanada)

Herausgegeben von

H .  V O S S ,  GREIFSWALD; G. E. V O I G T ,  LUND;

J . - H .  S C H A R F ,  HALLE (Saale)

Die Acta histochemica hat sich in den 10 Jahren ihres Bestehens zu einer 
bedeutenden Fachzeitschrift im Weltmaßstab entwickelt. Das wird nicht nur 
durch die Mitarbeit von bekannten Wissenschaftlern aus vielen Ländern, die 
dieses Fachblatt sehr zu schätzen wissen, immer wieder bestätigt, sondern 
auch dadurch, daß rund 90 Prozent der Abonnenten der Acta histochemica 
im Ausland zu finden sind. Die Zeitschrift bringt Beiträge in deutscher, eng
lischer, französischer, russischer, spanischer und italienischer Sprache, dabei 
handelt es sich sowohl um Originalarbeiten als um zusammenfassende Dar
stellungen. (Farbige Tafelabbildungen werden ohne Druckkostenzuschuß ver
öffentlicht.) Eine besonders wertvolle Bereicherung stellt die regelmäßig bei
gegebene Bibliographia histochemica dar, die eine sonst nirgends erreichte 
Vollständigkeit aufweist.

Jährlich erscheinen 3 Bände zu je 8 Heften in zwangloser Folge. Bandumfang 400 
Seiten. Format Z6 =  16,7X 24 cm.

D i e  B e z u g s p r e i s e  in I h r e r  L a n d e s w ä h r u n g  n e n n t  Ih n e n  Ihr Z e i t s c h r i f t e n h ä n d l e r , 
in  d e n  s o z i a l i s t i s c h e n  L ä n d e r n  d a s  A u ß e n h a n d e l s u n t e r n e h m e n  b z w .  d e r  m a ß g e 

b e n d e  I m p o r t b u c h h a n d e l .  In W e s t d e u t s c h l a n d  u n d  i m  g e s a m t e n  A u s l a n d  b e s i t z t  

j e d e  e i n s c h l ä g i g e  B u c h h a n d l u n g  b z w .  Z e i t s c h r i f t e n - V e r t r i e b s s t e l l e  d i e  M ö g l i c h k e i t  

d e r  B e s c h a f f u n g .
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Zentralblatt für a l lg e m e in e  
P atholog ie  und p a th o lo g is c h e

A natom ie
( S e i t  1890)

BEGRÜNDET VON E. ZIEGLER

HERAUSGEGEBEN VON W A L T H E R  F I S C H E R - GÖTTINGEN; 

W I L L Y  G I E S E - MÜNSTER I. W.; G E O R G  B. G R U B E R - G Ö T T I N G E N ;  

H A R R Y  G Ü T H E R T - E R F U R T

Das „Zentralblatt“ bringt Wissenswertes aus dem Gebiete der allgemeinen 
Pathologie und der pathologischen Anatomie, ohne Rücksicht, ob dasselbe 
augenblicklich gerade Gegenstand lebhafter Erörterung ist, und bildet auf 
diese Weise ein Organ, das ein Bild der wissenschaftlichen Forschung bietet. 
Es gehört zu den ältesten Fachblättern dieses Sachgebietes, hat längst Aner
kennung in aller Welt gefunden und ist zum festen Bestandteil der meisten 
einschlägigen Institute und Bibliotheken des In- und Auslandes geworden. 
Die Zeitschrift enthält: Originalabhandlungen und Mitteilungen über neue 
Untersuchungen,zusammenfassende Übersichten, Buchbesprechungen, Berichte 
über Untersuchungs-und Färbungsmethoden, Instrumente und über die das 
Gebiet der allgemeinen Pathologie und pathologischen Anatomie betreffenden 
Vorträge und Verhandlungen auf Versammlungen und Kongressen.

V o m  „ Z e n t r a l b l a t t  für  a l l g e m e i n e  P a t h o lo g i e  und p a t h o lo g i s c h e  A n a t o m i e “ 
w e r d e n  j ähr l ich 1 bis 2 Bä nd e  verö ffen t l ich t .  D er  Band u m f a ß t  6 z w a n g l o s  e r sc h e i 
n e n d e  Hef te .  F o r m a t  Z6 =  16,7 x 24 cm

Die Bezugspreise in Ihrer Landeswährung nennt Ihnen Ihr Zeitschriften
händler, in den sozializtischen Ländern das Außenhandelsunternehmen bzw. 
der maßgebende Importbuchhandel. In Westdeutschland und im gesamten 
Ausland besitzt jede einschlägige Buchhandlung bzw. Zeitschriften-Vertriebs
stelle die Möglichkeit der Beschaffung.
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К. Á k o s  and M. Á k o s

T H E  CRITICAL F LI CK ER  F R E Q U E N C Y  SERIE S EFFECT

In E n g l i s h  • 2 4 5  p a g e s  •  21 f i g u r e s  •  2 6  t a b l e s  •  4 6  p l a t e s  1 7 x 2 4  c m  •  C lo th

The authors describe and explain a hitherto unknown phenomenon: the value 
fluctuation effect in critical flicker frequency series. (The results have been 
based on several measurements on 67 patients, whose data and individual 
graphs appear in the Appendix. The authors have devised a new, extremely 
sensitive brain function test, and have shown new aspects of the computer-like 
activity of the brain.

J. B o t á r

T H E  A U T O N O M I C  N E R V O U S  S Y S T E M

AN INTRODUCTION TO ITS PHYSIOLOGICAL AND PATHOLOGICAL 
HISTOLOGY
In E n g l i s h  •  4 4 2  p a g e s  •  2 0 7  f i g u r e s  1 7 x 2 4  c m  •  C l o th

"The present work is a summary of all one needs to know about the autonomic 
nervous system from the histological point of view and at the same time is a 
guide to further investigations. All the important questions bearing on this 
system are dealt with by J. Botár on the basis of extremely complete biblio
graphic information, as well as on that of the author’s own research work . . .”

(FROM F. DE CASTRO'S FOREWORD) 

J. S z e n t á g o t h a i ,  B. F l e r k ó ,  В. Mess a n d  В. H a l á s z  

H Y P O T H A L A M I C  C O N T R O L  OF  T H E  A N T E R I O R  P I T U I T A R Y

In R u s s i a n  •  3 5 2  p a g e s  •  12 5  p a r t l y  c o lo u r e d  f i g u r e s  •  2 1  t a b l e s  •  1 7 x 2 4  c m  •  C lo th

In this monograph the hypothalamo-hypophyseal complex is anatomically and 
histologically analysed. The hypothalamic regulation of thyreotrophic, adreno- 
corticotrophic and gonadotrophic functions, and numerous modern research 
methods are described.

S T R A H L E N B I O L O G I E

E d i t e d  by V. V á r t e r é s z

In G e r m a n  •  6 0 2  p a g e s  •  1 2 1  f i g u r e s  » 22 t a b l e s  1 7 x 2 4  c m  •  C lo th

In discussing the biological effects of ionizing rays, this work gives an overall 
picture of radiobiology. Following a short introduction on radiation physics 
and dosimetry various theories on the primary processes of radiation effects 
are treated.
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I n s t i tu t  fü r M orphologie der B ulgarischen  A k ad em ie  der W issenschaften  
(D irek to r: A. I. H a d j i o l o f f ), S ophia

ZUR BIOLOGIE DES SEXUALGEWEBES
II. IN -V IT H O -Z Ü C H T U N G  D E S  S E X U A L G E W E B E S  V O N  H Ü H N E R E M B R Y O N E N

J .  J o r d a n o v , M. A n a s t a s s o v a - K r i s t e v a , A. I.  H a d j i o l o f f  
und A . B o y a d j i e v a -M j c h a il o v a

(E ingegangen  am  23. S e p tem b e r, 1965)

D as V e rh a lten  des weiblichen S exualgew ebes (G esch lech ts- und  S ate llitze llen , 
K e im ep ithe l) v o n  H ü h n e rem b ry o n en  w urde in  G e w eb ek u ltu r  u n te rsu ch t. E s w u rd e  
eine M ethod ik  a n g ew a n d t, die das F ib ro b la s te n w a ch s tu m  in h ib ie rt, das e p ith e la r tig e  
W ach stu m  der E ierstockgew ebe  fö rd ert u n d  eine g u te  v ita le  B eo b ach tu n g  u n te r  d em  
P h a se n k o n tra s tm ik ro sk o p  g e s ta tte t .  Die U n te rsu c h u n g e n  b e s tä tig te n  das e p ith e la r tig e  
W ach stu m  der S a te llitze llen  und  des K e im ep ith e ls . D iese E lem en te  des E ie rs to ck s  
zeigen in  K u ltu re n  m anche  typ ischen  E ig e n sc h a fte n , die sie vom  banalen  E p ith e l  
u n tersch e id en  u n d  d azu  veraidassen , sie der G ru p p e  der sogen an n ten  C oeloderm al- 
gewebe (C h l o p i n ) zu zu o rd n en . Das Schicksal d e r ech ten  G eschlechtszellen in  d e r 
K u ltu r  ist je  n a ch  den  B edingungen, u n te r  die sie bei der E x p la n ta tio n  g e ra te n , 
versch ieden . E s w ird  e inw andfre i fe stg es te llt, d a ß  d ie G eschlechtszellen in v itro  d u rc h  
m ito tische T eilu n g  p ro liferieren  können. Dies is t  d e r  F a ll, w enn die G esch lech tszellen  
in den F rü h s ta d ie n  der D ifferen tia tio n  sind (O v o g o n ien ), u n d  w enn sie die M öglichkeit 
haben , u n te r  e in e r S ch u tzm em b ran  zu w achsen , die von den S atellitzellen  g e b ild e t 
w ird. F eh lt eine d ieser B edingungen , d an n  d eg en erie ren  die G eschlechtszellen , e v tl, 
n ach  k ü rzerem  o d er län g erem  Ü berleben. Die S a te llit-  und  die G eschlechtszellen zeigen 
auch  m anche  gem ein sam en  E igenschaften  in ih re m  V erh a lten  in G ew eb ek u ltu r: 
P ro life ra tio n  in F o rm  von S trän g en  und M em branen , W ac h stu m  auch hei b e sc h rä n k te m  
S a u e rs to ffz u tr it t ,  B ild u n g  von Sym plasten . Diese T a tsa c h e n  sprechen  zu g u n sten  ih re r  
m o rp h o fu n k tio n e llen , w ahrschein lich  auch  g en e tisch en  E in h e it und  re ch tfe rtig en  die 
A uffassung, d a ß  sie zwei E lem en te  eines e in h e itlich e n  G rundgew ebes, des S ex ualgew e
bes sind.

Die e rs ten  U n te rsu ch u n g en  ü b er das W a c h s tu m  d er G onadengew ebe in 
v itro  d a tie ren  aus d er Z eit der E in fü h ru n g  d e r  G ew eb ezü ch tu n g stech n ik . D ie 
ers ten  V ersuche in  d ieser R ich tu n g  fü h rte  1913 M a c c a b r u n i  (zit. O l iv o , 1934) 
aus. In jen e r Z eit s in d  U n te rsu ch u n g en  auch  von  a n d e ren  A u to ren  v e rö ffe n t
lich t w orden,* doch  g e lten  h eu te  nocli die 1938 von  M u r a t o r i  au sg esp ro 
chenen W orte , d aß  m an  zu keinen  d e fin itiv en  R e su lta te n  gelang t sei.

Je  nach  dem  in v itro  b eo b ach te ten  W a c h s tu m  der G onadengew ebe lassen  
sich  die von den  v e rsch ied en en  A utoren  d a rg e leg ten  A ngaben  in sechs G ru p p e n  
e in te ilen  (T abelle I) . W enn  m an von der e rs te n  G ru p p e  ab sieh t, in  der n u r  eine 
B in d eg ew eb ep ro lifera tio n , even tuell von M ak ro p h ag en m ig ra tio n  b eg le ite t, f e s t
g este llt w ird , b esch re ib en  alle anderen  A u to ren  au ch  ein ep ith e la rtig es  W a c h s
tu m  in F o rm  von  S trä n g e n  und  M em branen. D ie einzelnen  F orscher w eisen a u f

* Die vo rlieg en d e  A rb e it b e tr if f t das h is to ty p isc h e  W ac h stu m  der G onaden u n d  b a t  
n ich t u n m itte lb a r  m it den  U n te rsu ch u n g en  des so g e n a n n te n  o rg an o ty p isch en  W ac h s tu m s 
in G ew ebeku ltu ren  zu tu n , die m it den rech t p räzisen  U n te rsu ch u n g e n  von M a r t i n o v i t c h  
(1938) ih ren  A nfang  n ah m en .
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d a s  V o rh errsch en  des e inen  d er b e id en  W a c h s tu m sty p e  h in , m e is t des b in d e 
gew ebigen  W ach s tu m sty p s . W as den  a n d e re n  W a ch stu m sty p  b e tr i f f t ,  so h ä lt 
d ie  g rößere  Z ahl d e r A u to ren  ih n  fü r  das W ach stu m  eines b a n a le n , u n sp ez ifi
sch en  E p ith e ls , w enn  sie auch  a u f  m an ch e  m orpho log isch-physio log ische  E ig en 
tü m lic h k e ite n  desselben  hinw eisen. A m  b e s te n  sind  le tz te re  in  den  A rb e ite n  von 
M i c h a i l o w  (1937) u n d  K o l e s n iic o w a  (1940) beschrieben . D iese A u to re n  fa n 
d en , d aß  die e p ith e la rtig e  F o rm a tio n e n  d e r G onaden  in  v itro  v o n  d en  S a te llit
ze llen  (Serto lischen  u n d  F o llik u la rze llen ) h e rrü h re n  und  o rdnen  d iese, e n tsp re 
ch en d  den  A ngaben  u n d  d er A uffassung  ih re s  L ehrers Ch l o p i n , d en  Coeloder- 
m alg ew eb en  zu, zu  den en  au ch  die M eso the lien  gehören.

A m  w enigsten  g ek lä rt u n d  bis h e u te  u m s tr it te n  is t die F rag e  des V e rh a l
te n s  d e r ech ten  G eschlechtszellen  (G o n o b las ten  u n d  G onozyten) in  v i tro . W ä h 
re n d  m anche A u to ren , w ie aus T abelle  I  e rs ich tlich , eine D e g e n e ra tio n  d ieser 
E le m e n te  fests te llen , b esch re ib t eine k le in e re  G ruppe von  A u to ren  eine  ak tiv e  
M ig ra tio n  und  sogar progressive E rsc h e in u n g e n  der G esch lech tszellen , wie 
z. B . m ito tisch e  A k tiv i tä t ,  die B ild u n g  v ie lkern iger S y m p las ten  o d er eine 
gew isse D ifferenzierung . N u r zwei F o rsc h e r, M u r a t o r i  u n d  S m i t h  (1958) 
b e o b a c h te te n  eine P ro life ra tio n  d er G esch lech tszellen  in  v itro . D ie V ersuche 
des e rs tg e n a n n te n  sin d  jed o ch  von  re c h t  k u rz e r  D auer, w äh ren d  d ie  B esch re i
b u n g  des zw eiten  A u to rs  n ich t sy s te m a tisc h  genug und  n ich t ü b e rzeu g en d  is t. 
Sie e rw äh n en  n ic h t, d aß  ep ith e la rtig e  M em b ran en  auch  v o n  den  S a te llitze llen  
sow ie vom  K eim ep ith e l h e rrü h ren  k ö n n e n , w as bere its  m eh rfach  v o n  an d eren  
F o rsc h e rn  fe s tg es te llt w orden  is t. E in e n  b eso n d eren  P la tz  n eh m en  d ie  U n te r 
su c h u n g e n  von  Ch a m p y  u n d  M o r it a  (1928) u n d  M e n d e l s o h n  (1937) ein , die 
d as  K e im ep ith e l als in d iffe ren tes  A u sg an g ss tad iu m  der G esch lech tszellen  au f
fa ssen  u n d  d ah e r die ep ith e la rtig e n  M em b ran en  fü r eine D e riv a tio n  d e r  u n d if
fe re n z ie rte n  G eschlechtszellen  h a lten . Ch l o p i n  (1946) h ä lt  eine P ro life ra tio n  
d e r  G eschlechtszellen  in  v itro  fü r w en ig  w ahrschein lich .

W ir haben  uns d a h e r die A ufgabe g es te llt, die H e rk u n ft u n d  das V er
h a l te n  d er in  v itro  e p ith e la r tig  w ach sen d en  E ierstockgew ebe v o m  H u h n  zu 
v e rfo lg en , da, wie aus T abelle l  e rs ich tlich , die m eisten  w id ersp rech en d en  
A n g ab en  h ie rü b er vorliegen .

M ateria l an d  M ethodik

B e n u tz t w urde M a te ria l von  E ie rs tö ck en  7— 21 T age a lte r  H ü h n e re m b ry o n e n . M eist 
h a b e n  w ir F rag m en te  von  de r E ie rs to ck rin d e  12 bis 16 T age a lte r  E m b ry o n e n  g ezü ch te t; 
w ie au s  frü h eren  U n te rsu ch u n g e n  ( H a d j i o l o f f  u n d  K r is tev a , 1962) b e k a n n t, is t  d ie A nzahl 
d e r  O vogonien  an  d iesen  T agen  b ed eu ten d  g rö ß e r, u n d  die O vogonien, m it d en  k ü n ftig en  
S a te llitz e lle n  v e rm isch t, b ilden  ru n d e  oder o v a le  N este r  im  C ortex des O rg an s; zu d em  ist 
d ie D ifferenz ierung  de r O vogonien , die sich  spez ie ll d u rch  den m eio tischen  V o rg an g  des 
Z ellk ern s a u sd rü ck t, wie schon  d ’HoLLANDER (z it. M uratori  u n d  B a tt a g l ia ) fe s tg es te llt  
h a t ,  en tw ed e r noch n ic h t e in g e tre ten , o d er sie h a t  k a u m  begonnen; dies k ö n n te  fü r  die 
e v en tu e lle  P ro life ra tio n  de r G eschlechtszellen  in  v i tro  g ü n stig  sein. In  m an c h en  F ä lle n  w urde 
d a s  O rg an  vo rh er eine h a lb e  S tu n d e  bei 38 °C m it  0,25 bis 0 ,5%  T ry p sin lö su n g  (T rypsin
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Tabelle I

Beobachteter Wachstums typ Untcrsuchiingsobjekt Autor

I

и

W achstum  von F ib ro b las ten  
(oder E pithelzellen, die sich  in 
F ib ro b las ten  verw andeln).

E ierstock  von m enschl. E m bryo- 
nen

Follikelepithel vom  E ierstock  
einer F rau

H oden von Säugetieren  

E ierstock  einer F ra u

M accabruni, 1913. 
zit. Olivo 

M ja sso jed o ff 1923

E sa k i , 1925.
zit. M uratori 

Olivo, 1934.

W achstum  von F ib ro b las ten  
und  banalem  E pithe l; D ege
nera tio n  der G onoblasten 
ev tl, n ach  kurzem  Ü berleben  
oder gewisser D ifferenzierung.

E ie rsto ck  von 4 Hm onatigen 
m enschl. E m bry o n en  und 
einer F rau

G onaden von 8 -  19tägigen 
H ühnerem bryonen .

E ierstöcke von neugeborenen  
N agetieren  und  von m enschl. 
E m bryonen

E ierstöcke von 10 12tägigen 
H ühnerem bryonen

H oden und E ierstöcke von 
kleinen R a tte n

W o lff  u n d  Zondek  
1925.

Fano  und  Garofo- 
linU  1928.

U lesko- Stroganova , 
1935.

Galgano4 1938 

D ux , 1939.

i n W achstum  von F ib ro b las ten  
und  spezifischen zur Coelo- 
derm al G ruppe gehörenden  
E p ith e l; D egeneration, ev tl, ge
wisses Ü berleben der G e
schlechtszellen.

H oden von 1 30 T age  a lten  
K aninchen

E ierstöcke von 1 bis 26tägigen 
u n d  erw achsenen K an inchen

M ichailow , 1937. 

K olesnikoiva , 1940.

IV W achstum  von F ib ro b las ten G onaden von 3 ̂ t ä g ig e n D antschakoff’
und  E pithel; ak tive  M igration I lühnerem bryonen 1932.
der Geschlechtszellen, ev tl, von H oden von H ühnerem bryonen , (Terme/. 1933.
progressiven E rscheinungen K ücken und H ähnen
beg leite t: Mitosen, D ifferen- H oden von erw achsenen Chruscov und
zierung, Bildung von Sym pla- weißen R a tten D iom idova , 1937.
sten.

V W achstum  von F ib ro b las ten H oden von jugend lichen  K anin- Chanipy und
und  G erm inativep ithel (im chen, E ierstöcke von erwachse- M orita, 1928.
Sinne undifferenzierter Ge- nen K aninchen , H oden  von
schlechtszellen). H äh n en  u. a.

H oden von erw achsenen M endelsohn, 1937.
K aninchen

VI W ach stu m  von F ib ro b las ten E ierstöcke von 5— 21täg. H üh- M uratori, 1937.
und Geschlechtszellen in F orm nerem bryonen u n d  K ücken
von epithelialen  S trän g en  und E ierstöcke von 1 1 17täg. Battaglia , 1958.
M em branen. 1 lühnerem bryonen

H oden von 16— 17täg. H ühner- Sm ith , 1958
em bryonen  u n d  H ä h n en
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»Difco«) b eh andelt, w as d ie E rh a ltu n g  k le in ste r R in d ezellenkom plexe , wie a u ch  Z ellsuspen
sio n en  erm öglichte. A u ß er d e n  b e k a n n te n  Z ü ch tu n g sm e th o d e n  in  h än g en d e n  T ro p fen  n ach  
M ax im ow , in C arrelschen F la sc h en  u n d  au f D eckg läsern  in  flüssigem  M edium  a u f  dem  B oden 
v o n  P etrisch a len , h a b en  w ir n o ch  folgende a n g ew a n d t:

I .  Verfahren. E in e  M o d ifik a tio n  der M axim ow -M ethode. D as D eckg las, a u f  dem  4 
b is  5 G ew ebestückchen in d ü n n e r  H ü h n e rp lasm a sc h ic h t e x p la n tie r t sind , w ird , m it den 
E x p la n ta te n  nach  u n te n , d i re k t  a u f  einen flüssigen  N ä h rb o d en  in  der E x k a v a tio n  des O b je k t
t r ä g e r s  gelegt (A bb. 1. oben). Alle 3— 4 T age w ird  das D eckglas in  e inen  a n d e re n  hohlge
sch liffen en  O b je k tträg e r m it frisch er N äh rlö su n g  ü b e rtra g e n . Die E x p la n ta te  w erden  von 
d e r  B odenseite  des O b je k tträ g e rs  aus b eo b ach te t. V or dem  Ü b e rtra g e n  d e r K u ltu r  k a n n  
m a n  sie bei s tä rk e ren  V erg rö ß eru n g en  u n tersu ch en . Zu diesem  Zweck w irft m an  das D eckglas

A bb. I . O ben: — I. V e rfah ren . H ohlgesch liffener O b je k tträ g e r  (d), D eckglas m it den  E x p la n ta l  
te n  (b) u n d  G lim m erp lä ttch en  (a), N äh rb o d en  (c). U n te n : — I I .  V e rfah ren . K am m er au- 

O b je k tträg e r  (a) u n d  D eck g las (b). P a s te u rp ip e tte  (c) zu r E in fü h ru n g  des N äh rb o d en s

m it  e in e r R uckbew egung  a u f  die G lim m erp lä ttch en  (L age wie beim  M ax im o w -V erfah ren ) 
w o n a ch  m an die K u ltu r  von  d e r G lim m erseite  aus s te ril u n d  ohne G efahr ra sch e n  E in tro ck n en s  
b e o b a c h te n  kann .

Dieses V erfah ren  sc h a ff t  fü r  das F ib ro b la s te n w a ch s tu m  un g ü n stig e  m ech an isch -p h y si
k a lisch e  B edingungen: d ü n n e s  K oagu lum , O b e rflä c h en k o n tak t. D er b eg ren z te  S auersto ff
z u t r i t t  an  die E x p la n ta te  h a t  sich  gerade fü r  die e p ith e la r tig e  P ro life ra tio n  g ü n stig  e rw iesen .

I I .  Verfahren. E in e  M o d ifik a tio n  der m yko log ischen  Z ü ch tu n g sk am m er v o n  G r ig o r o w  
(1955). Die K am m er b e s te h t  au s  einem  D eckglas (24 X 30 m m ) u n d  e inem  O b je k tträg e r. 
D ie  G ew ebestückchen  w erd en  v o rh e r au f das D eckglas gelegt, a u f  dem  eine d ü n n e  P la sm a 
sc h ic h t ausgestrichen  is t. A u f d en  O b je k tträg e r  w e rd en  4 (3 m m  hohe) P a ra ff in tro p fe n  au f
g e tra g e n , au f die m an  das D eck g las (m it den E x p la n ta te n  n ach  u n ten ) a u fle g t. D er schm ale 
Z w isch en rau m  zw ischen d en  b e id en  Gläsern w ird  m it P a ra ff in  ausgefug t. M it einer P a s te u r
p ip e t te  w ird die N äh rlö su n g  d u rc h  ein  in  die P a ra ffin fu g e  e ingestochenes L o ch  in  die K am m er 
e in g e fü h rt  (Abb. 1. u n ten ). D as W echseln  der N äh rlö su n g  gesch ieh t alle 2— 3 T age. Die ideale 
B e o b ac h tu n g  im  P h a se n k o n tra s t ,  die dieses V e rfah re n  d a rb ie te t, is t  seh r w ertv o ll; die 
G esch lech tszellen , wie a u ch  a n d e re  A u to ren  (M u r a t o r i , B a t t a g l ia , Sm it h ) herv o rh eb en , 
zeigen  bei P h a se n k o n tra s t c h a ra k te ris tisch e  M erkm ale, die sie v o n  a n d e re n  Z e lla rten  u n te r 
sch e id e t.

Als N äh rb o d en  v e rw en d e n  w ir: 20%  K alb s- o d er H ü h n e rse ru m , 25%  p ro te in h a ltig e s  
D o tte rd ia ly s a t  ColD u n d  d as  ü b rig e  — p ro te in fre ies D o tte rd ia ly sa t CelD (d ie D ia ly sa te  n ach  
J o r d a n o v , 1960, gew onnen) m it keinem  oder k le in em  (1 — 2 % ) E m b ry o n a le x tra k tz u sa tz . 
A u ß e rd em  w urden de r N ä h rlö su n g  Penicillin  (200 E /m l) u n d  S tre p to m y c in  (200 у /m l) zu 
g e se tz t.

Viele K u ltu ren  w u rd e n  f ix ie r t ,  g efärb t u n d  als T o ta lp rä p a ra t  b e o b a c h te t.  Z um  F ix ieren  
v e rw en d e ten  w ir C arnoy, S e rra  (m it 4% igem  F orm o l), 10%  n e u tra le s  F o rm o l u. a. G e fä rb t
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w urde m it H ä m a to x y lin  n ach  B öhm er, C arazzi, M eyer, m an ch m al m it S udan  I I I  k o m b in ie r t;  
a n g ew a n d t w urden  a u ch  die F ä rb u n g  n ach  P a p p e n h e im , die M e th y lg rü n -P y ro n in -M eth o d e  
nach  U n n a -P a p p en h e im  u. a.

Ergebnisse

U nsere  B eo b ach tu n g en  an  E ie rs to c k e x p la n ta te n , die in  P la sm a k o a g u lu m  
n ach  d en  k lassischen  M ethoden g em ach t w u rd e n , b es tä tig ten  die E rg eb n isse  
d e r  A u to ren , die sich derselben  M ethoden  b e d ie n te n . D em  F ib ro b la s te n w a c h s 
tu rn  in  d er T iefe des K oagu lum s fo lg t vom  2 3. T ag  nach der E x p la n ta t io n
eine P ro life ra tio n  ep ith e la rtig e r  S trän g e  u n d  M em branen , und  zw ar h a u p ts ä c h 
lich  a u f  d er O berfläche  des K oagu lum s und  des D eckglases (G lim m er). D a  die 
K u ltu r  ein G em isch von  beiden  E le m e n te n  d a rs te l l t ,  is t die B e o b a c h tu n g  jed es  
E lem en ts  fü r  sich n ic h t einfach. M it d er V erg rö ß eru n g  und  V e rd ic h tu n g  d er 
W ach stu m szo n e  in den  näch stfo lg en d en  T ag en  w ird  die B eo b ach tu n g  d a d u rc h  
e rsch w ert, daß  m anche m orphologische U n te rsc h ie d e  zw ischen d en  b e id en  
G ew ebearten  im m er m eh r verb lassen . B ei d e r Z ü ch tu n g  kleiner Z e llk o m p lex e , 
die d u rch  T ry p sin is ie ren  e rh a lte n  w o rd en  s in d , lassen sich die e p ith e la r tig  
w achsenden  Gewebe le ich te r  von den  F ib ro b la s te n  d ifferenzieren. Im m e rh in  
s te llt die K u ltu r  au ch  liier ein G em isch d a r. N och schw ieriger is t es, d as  S ch ick 
sal der G eschlechtszellen  — O vogonien u n d  Ov ozy ten  - nach den k la ss isch en  
Z ü ch tu n g sm e th o d en  zu verfolgen.О Г>

E tw a s  an d ere  R e su lta te  und  B eo b ach tu n g sb ed in g u n g en  e rh ä lt m a n  n ach  
d en  von uns an g ew an d ten  V erfah ren  I und  11 bei geringem  L u f tz u tr i t t .  D as 
ty p isch e  ep ith e la rtig e  W ach stu m  b e g in n t in  d iesem  Fall schon am  T a g  n ach  
d e r E x p la n ta tio n , w äh ren d  das F ib ro b la s te n w a c h s tu m  s ta rk  in h ib ie r t  is t . In  
d en  ers ten  T agen  b ilden  sich m u ltip le  P ro life ra tio n e n  in  F orm  v o n  S trä n g e n  
u n d  M em branen . Im  A b lau f einer W oche e r re ic h t die K u ltu r  ih re  m a x im a le  
G röße v o n  6 — 7 m m  D urchm esser. Sie is t  im m e r noch dünn genug, um  eine 
g u te  v ita le  B eo b ach tu n g  bei P h a se n k o n tra s t  zu  b ie ten .

Im  großen u n d  ganzen  haben  w ir die ty p isc h e n  E ig en sch aften  des e p i
th e la r tig e n  G o n adenw achstum s b e o b a c h te t. D ie P ro life ra tio n  b e g in n t m it 
S trän g en  v on ziem lich  b re iten , flach en , läng lich -d re ieck igen  oder rh o m b o id a le n  
Z ellen , die m it ih ren  R ä n d e rn  engen K o n ta k t  u n te rh a lte n . Die Z e llk e rn e  sind  
ovoid, m it einem  oder zwei ru n d en , s ta b fö rm ig e n  oder h ie ro g ly p h en äh n lich en  
N ukleo len . Die M itochondrien  sind im Z y to p la sm a  v e rs tre u t. D ie Z e lls trä n g e  
an asto m o sie ren , indem  sie kleine leere ovale F e ld e r  »Fenster« b eg re n z e n . 
M it dem  fo r tsc h re ite n d en  W ach stu m  v e rw a n d e ln  sich die dem E x p la n ta t  p ro 
x im alen  B ezirke d er W ach stu m szo n e  im  a llg em ein en  in eine ganze M em b ran , 
w äh ren d  d er p e rip h ere  R an d  die b esch rieb en e  S tra n g s tru k tu r  b e ib e h ä lt (A bb . 
2). A uch  in unserem  Fall w aren der Z ellp o ly m o rp h ism u s, die L o ck e ru n g  d er 
p e rip h e ren  Zone u n d  in den  sp ä te ren  T agen  au ch  die häufige T re n n u n g  v o n  
Z ellinseln  sowie die B ildung  v ie lk e rn ig e r S y m p la s te n  c h a ra k te ris tisch e  E r-

Acta Morphologien tcademiae Scienliarnm Htmgaricae 14. I960



216 J. JORDANOV u. Mitarb.

sch e inungen . I n  d en  e rs te n  T agen des W a c h s tu m s  is t die A rt d er F e t te in 
sch lüsse  in  d er K u l tu r  seh r typ isch . D ie Z e lls trä n g e  erscheinen u n te r  dem  
M ikroskop als w ü rd e n  sie von feinen, s tä rk e r  lich tb rechenden  K ö rn c h e n  
b e sp re n g t sein, die a n  dem  einen oder an  b e id e n  P o len d en  des Z ellkerns liegen. 
V ere in ze lte , seh r g roße , neb en  dem  Z ellk ern  liegende F e ttro p fen  la ssen  sich 
sch o n  in  den  e rs te n  T ag en  der Z üch tu n g  e n td e c k e n . Sie hängen , w ie C h a m p y  

u n d  M o r i t a , s p ä te r  au ch  M i c h a i l o w  b e m e rk e n , m it einer P h ag o zy to se  von  
d eg en erie ren d en  G esch lech tszellen  im  E x p la n ta t  zusam m en.

Abb. 2. Sechstäg ige  K u l tu r  v o n  E ie rsto ck co rtex  e ines 17 täg igen  H ühnerem bryos (n a ch  dem  
I. V e rfah ren ). C arnoy, P a p p e n h e im -F ä rb u n g . Vergr. 30 X

Die in v itro  e p ith e la r tig  w achsenden  E ierstockgew ebe zeigen eine N ei
gung  zu r V e rflü ssig u n g  des P lasm ak o ag u lu m s. B ei den beiden von u ns an g e 
w a n d te n  V erfah ren  m it d ü n n e r K o a g u lu m sc h ic h t is t diese E rsch e in u n g  se lten  
zu b eo b ach ten .

I n  bezug  a u f  d ie  F rag e , welche Gewebselemente des Eierstocks e in  epithel- 
artiges W achstum  in  vitro zeigen, so d ecken  sich  u n se re  U n te rsu ch u n g san g ab en  
eb en fa lls  m it den  E rg eb n issen  von  M i c h a i l o w  u n d  K o l e s n i k o w a . M it H ilfe 
u n se re r V erfah ren  w a r  es m öglich, du rch  v ita le  B e o b ach tu n g  im P h a se n k o n tra s t  
d ie  A n fan g sp ro life ra tio n  d e r S tränge u n d  M em b ran en  zu verfolgen u n d  uns 
d av o n  zu  ü b erzeu g en , d aß  sie a u f K o sten  des so g en an n ten  K e im ep ith e ls  u n d  
d e r S a te llitze llen  gesch ieh t. B esonders d e u tlic h e  B ilder zeigten die K u ltu re n  
v o n  1 4 täg igen  E ie rs tö c k e n . In  jen en  S te llen  des ex p lan tie rten  F ra g m e n ts , in  
d en en  das K e im e p ith e l e rh a lte n  geblieben is t ,  s ie h t m an bere its am  zw eiten  
T ag  n a c h  der E x p la n ta t io n  eine V erflach u n g  u n d  V erlängerung  se iner Z ellen , 
w as v o n  M itose- u n d  M ig ra tio n sersch e in u n g en  b e g le ite t is t. W enn  das K e im 
e p ith e l infolge A u ssch n e id en s des F ra g m e n ts  z e r s tö r t  is t, k an n  m an  sch o n  nach  
24 S tu n d e n  in  den  u n m itte lb a r  an  dem  E x p la n ta t r a n d  liegenden N e s te rn  von  
G eschlechts- u n d  S a te llitze llen  b eo b ach ten , w ie die k leineren  S a te llitze llen  aus 
d en  N este rn  s tro m a r tig  p ro liferieren  u n d  S trä n g e  b ilden , die sich am  n ä c h s te n
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'J ag zu e in er M em bran v e re in ig en . W äh ren d  dieses Z e itraum s zeigen die G e
sch lech tsze llen  keine w esen tlich en  V erän d eru n g en . N och besser lä ß t  s ich  dies 
bei E x p la n ta te n  b eo b ach ten , die d u rch  s ta rk e  Z erk le inerung  oder T ry p sin i-  
s ierung  d er F rag m en te  gew onnen  w orden  sind . M an k an n  in d er K u l tu r  d a n n  
K om plexe  k le inerer, sch w äch er p h asen p o s itiv e r  S ate llitze llen  u n d  g rö ß ere r, 
s ta rk  p h asen p o sitiv e r G esch lech tszellen  sehen. A m  näch sten  T ag  d e r Z ü c h tu n g  
p ro liferieren  die ersteren  in  F o rm  ty p isc h e r S trän g e , w ährend  die zw e iten  a u f  
ihrem  P la tz  bleiben.

Abb. 3. K u ltu r  vom  s ta rk  z e rk le in e rten  E ie rsto ck co rtex  eines 19tägigen H ü h n e rem b ry o s  so fo rt 
nach  de r E x p la n ta tio n . Man s ieh t v e re in ze lt iso lierte  Geschlechtszellen"un(l K o m p lex e  a n d e re r  

E ie rsto ck ze lla rten . P h a se n k o n tra s t. V ergr. 360 X

B esondere  B each tu n g  w u rd e  von  uns dem  Verhalten der Geschlechtszellen 
in v itro  en tg eg en g eb rach t. D er V orzug  u n se re r  V erfah ren  b e s te h t d a r in , daß  
es m öglich is t, die G eschlechtszellen  bei der P h a se n k o n tra s tm ik ro sk o p ie  sich er 
zu id en tifiz ie ren , abgesehen d av o n , d aß  es an d ere rse its  m öglich is t, e in  u n d  d ie 
selben Zellen in  versch iedenen  Z e iträu m en  nach  d er E x p la n ta tio n  zu verfo lgen . 
A bbildungen  3 und  4 zeigen A u fn ah m en  von G eschlechtszellen  im  P h a se n - 
k o n tra s t. A ußer dem  großen b la se n a rtig e n  K ern , dessen C hrom atin  je  n ach  dem  
m eio tischen  S tad iu m  v ersch ied en  s t ru k tu r ie r t  is t, fallen  das s ta rk e  p h a se n 
positive, fa s t  hom ogene E k to p la sm a  d e r Zelle u n d  das e igen tüm liche  p a ra n u k 
leäre G eb ilde , d er sog. C orpus B a lb ian i, auf. D ieser b e s teh t aus e in e r  s ta rk  
p h asen p o sitiv en  M ito ch o n d rien an h äu fu n g  um  ein helleres F e ld , die Z en tro - 
sp h äre , die ein  oder zwei K ö rn e r , Z en trio len , e n th ä lt .  M it H ilfe unseres zw eiten  
V erfahrens w ar eine gute B e o b a c h tu n g  sowohl iso lie rte r als auch  in G ru p p e n  a n 
g esam m elte r Zellen möglich. E s h a t  sich e rw iesen ,d aß  n ich t n u r das T ry p s in is ie -  
ren, so n d ern  auch  das b loße Z erk le in e rn  des C ortex  die T ren n u n g  e in ze ln e r Z el
len h e rb e ifü h rt. D as zeigt, d a ß  die G eschlechtszellen  in den N este rn  seh r sch w ach  
m ite in a n d e r  v e re in t sind u n d  d aß  sie d u rch  b loße m echanische E in w irk u n g  
g e löst w erden  können  (Abb.  3). E in e  andere  E ig en sch a ft der G esch lech tsze llen
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is t ,  d aß  sie ein höheres spezifisches G ew icht h a b e n  als die anderen  Zellen, so 
d a ß  sie hei E in fü h ru n g  d e r  Zellsuspension in  d ie  K am m er als e rste  a u f  das 
u n ten lieg en d e  Glas fa llen . D iese E ig en sch aften  d e r G eschlechtszellen  k ö n n te  
m a n  zu  ih re r Iso lie ru n g  v o n  den  anderen  Z ellen  au sn u tzen .

Bei m eh rs tü n d ig e r B eo b ach tu n g  iso lie rte r  G eschlechtszellen  s te llte n  wir 
d ie  v o n  M u r a t o r i , B a t t a g l i a  und  Sm it h  b esch rieb en en  E rsch e in u n g en  fest: 
H erv o rsp rin g en  p seu d o p o d ien äh n lich e r F o r ts ä tz e ;  tu rb in e n - oder w ellenartige  
B ew egungen  des E k to p la s m a s  in  U h rz e ig e rrich tu n g  (von M u r a t o r i  »Zirkus
bew egungen« g e n a n n t); lan g sam e  F o rm v e rä n d e ru n g  des Zellkerns. In  Ü ber-

Abb. 4. G eschlechtszelle au s  d e r  K u ltu r  in A bb. 5. P h a s e n k o n tra s t .  V ergr. 800 X (n ach v e r
g rö ß ert)

e in s tim m u n g  m it M u r a t o r i  und B a t t a g l ia  h a b e n  auch  w ir uns d av o n  ü b er
z e u g t, daß diese B ew eg u n g en  ü b e rh a u p t n ic h ts  m it e iner V ersch iebung  der 
Z ellen  selbst, d. h. m it  e in e r  ech ten  A m öboidbew egung , gem ein h ab en , w ie dies 
D a n t s c iia k o f f  a n n im t. U n se re  U n te rsu ch u n g en  h a b e n  ergeben , daß  alle o b en b e
sch rieb en en  E rsc h e in u n g e n  in der K u ltu r  au c h  bei Z im m e rte m p e ra tu r  auf- 
t r e te n  können . Bei Z im m e rte m p e ra tu r  h ab e n  w ir  auch  die B ildung  v ie lkern iger 
S y m p las ten  b e o b a c h te t, d ie  andere A u to ren  b esch rieb en  haben . B ere its  1 — 2 
S tu n d e n  nach der E x p la n ta t io n  sind zwei o d er m e h r K erne  sowie ein d o p p e lte r 
o d e r in  Form  einer k o m p liz ie rte ren  A n h ä u fu n g  ersche inender B alb ian ische  
K ö rp e r  fes ts te llb ar.

Das weitere S ch icksa l der Geschlechtszellen in  der K u ltu r . J e  n ach  den 
B ed ingungen , u n te r  d ie  d ie  G eschlechtszellen  b e i d e r E x p la n ta tio n  g e ra te n  u n d  
je  n a c h  ihrem  E n tw ic k lu n g ss ta d iu m  k o n n te n  w ir m ehrere  A rten  von  E rsch e i
n u n g e n  festste llen .

E in  großer T eil d e r  G eschlechtszellen  d eg en e rie rt u n d  s t irb t  ab. D as 
b e z ie h t sich vo r allem  a u f  die bei der Z e rk le in e ru n g  oder T ry p sin is ie ru n g  des 
E ie rs to ck s  im  E x p la n ta t  im  einzelnen oder in k le in eren  K om plexen  iso lie rten  
G eschlechtszellen . D ie o b en e rw äh n ten  B ew eg u n g en  des E k to p lasm as d er Zellen
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oder der von ih n en  geb ild e ten  S ym p lasten  h ö re n  au f, im  Z y top lasm a ersch e in en  
V akuo len  u n d  L ip ide , die Z ellkerne e rfah ren  P y k n o se  und  K a ry o rrh e x is , und 
die Zellen d es in teg rie ren  n ach  24—28 S tu n d e n . I n  den kleinen K o m p lex en  von 
G eschlechts- u n d  S a te llitze llen  erfo lg t d ieser Z erfall auf dem  H in te rg ru n d  der 
von  den rasch  p ro life rie renden  S a te llitze llen  geb ilde ten  S tränge u n d  M em 
branen . M anche d er u n te rg eh en d en  G esch lech tszellen  w erden, wie b e re its  e r
w äh n t, von  den  S a te llitze llen  p h a g o z y tie rt. I n  anderen  F ällen  — u n d  das 
b ez ieh t sich a u f  die G eschlechtszellen  von  d e r  fre ien  O berfläche der E ie rs to ek -

Abb. 5. Sechzehn täg ige  K u ltu r  vom  E ierstock  e ines 17 täg igen  H ü h n e rem b ry o s. A m  R a n d e  
des M u tte rs tü c k s  h ab en  sich Prim ordialfo llikel d iffe re n z ie rt (zw eikerniger O vo zy t). C arnoy , 

H äm ato x y lin  nach  B öhm er. V ergr. 800 X

frag m en te  w erden  diese Zellen einzeln o d er in  G ru p p en  und S ch aren  v o n  d en  
w achsenden  e p ith e la r tig e n  M em branen  m itg e sc h le p p t und  können  sich  in  die 
W ach stu m szo n e  begeben , wo sie ih re  ru n d e  F o rm  m eh r oder w eniger b e ib e h a l
te n  und n u r  einige T age lebend  bleiben . Im  In n e rn  des F rag m en ts  b e o b a c h te t 
m an  ebenfalls den U n te rg an g  von G esch lech tszellen  infolge b e sc h rä n k te r  E r- 
n äh ru n g .

G anz an d ere  B ilder zeig t der der W ach stu m szo n e  angrenzende p e rip h e re  
Teil des F ra g m e n ts . H ier können  die N este r v o n  G eschlechts- und  S a te llitze llen  
ohne R egressionserscheinungen  e rh a lten  b le ib en , und  die G esch lech tszellen  
können  in  den fo lgenden  T agen  sp ä te re  m e io tisch e  P hasen  zeigen, w obei es 
sogar zu r B ild u n g  e c h te r  P rim ord ia lfo llike l k o m m en  kann  (Abb. 5). H ä u fig e r  
is t ab er im  p e rip h e ren  Teil des F ra g m e n ts  e ine  an d ere  E rscheinung  zu  b eo b 
ach ten . Si»' t r i t t  au f, w enn die S a te llitze llen  die M öglichkeit h ab en , ra sch  auf 
der O berfläche ties K oagu lum s zu p ro life rie ren  und  die G esch lech tszellen  in 
u n m itte lb a re m  K o n ta k t  m it dem  D eckglas b le ib en . In  diesem  Fall b eg in n en  
vom  d r it te n  und  v ie rten  l äge an auch  di«; G eschlechtszellen  zu p ro life rie ren . 
Es b ilden  sich zwei ü b ere in an d er liegende S ch ich ten  in der W ach stu m szo n e .
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U n te r  d e m  M ikroskop, v o m  D eckglas aus g esehen , s ieh t m an in  d e r e rs te n  
B re n n p u n k te b e n e  die G eschlechtszellen  u n d  in  d e r zw eiten die S a te llitze llen . 
M an k ö n n te  annehm en , d aß  die in  dieser W eise lagernden  S ate llitze llen  den  
G esch lech tszellen  eine A rt S ch u tz  g ew ährle isten  u n d  den  Stoffw echsel zw ischen  
ih n e n  u n d  dem  M edium  v e rm itte ln .

D ie  P ro life ra tio n  d e r in  die Meiosis e in g e tre te n en  G eschlechtszellen  in  
K u l tu r e n  von  älteren  E ie rs tö ck en  (nach  d em  16—-17. B eb rü tu n g stag ) sch e in t 
n u r  in  e in e r e infachen zw eid im ensionalen  A u sb re itu n g  der G esch lech tszellen

Abb. 6. D re i täg ige  K u l tu r  v om  E ie rs tock  eines 19täg igen  H ühnerem bryos .  Oben: — M em b ran  
v o n  degenerie renden  Geschlechtszellen in m eiotischen Phasen .  U n ten :  Sa te l l i tze l lm em bran  

in e iner anderen  B re n n p u n k te b en e .  Carnoy, P a p p e n h e im -F ä rb u n g .  Yergr. 360 X

u n te r  d en  M em branen d er S ate llitze llen  zu  b es teh en . In  diesen F ä lle n  sin d  
M ito se n  n ic h t fe s ts te llb a r, d ie  Zellen leben  eine gewisse Z eit w eite r (A bb . 6). 
E in e  e c h te  P ro lifera tion  d u rc h  m ito tische  T e ilu n g en  erfolgt in  K u ltu re n  von  
jü n g e re n  E ierstöcken  (bis zu m  14 —15. B e b rü tu n g s ta g ) , bei w elcher sich  die 
G esch lech tsze llen  v o r oder im  F rü h s ta d iu m  d e r Meiosis (Typ a- u n d  T y p  b- 
S ta d iu m  nach  d ’H o llan d er, z it. M u r a t o r i ) b e fin d e n . H äufig  s te llt diese P ro li
f e r a t io n  ein  Gem isch v o n  G eschlechts- u n d  S a te llitze llen  dar, m it Ü berg an g s- 
fo rm e n  zw ischen den einen  u n d  den  an d eren , w as an  einen D ed iffe ren zie ru n g s
p ro z e ß  d e r  G eschlechtszellen  denken  lä ß t. Im  a llgem einen  b e s te h t die P ro life 
r a t io n  a b e r  n u r aus sich  m ito tisc h  te ilen d en  G eschlechtszellen , die u n te r  ge
w issen  B ed ingungen  (S eru m  v o n  legenden  H e n n e n  in  der N ährlösung) zu m  Teil 
a u c h  m eio tischen  V erw an d lu n g en  u n te rw o rfen  w erd en  können . In  d iesen  F ä lle n  
b ild e n  sie G ruppen  u n d  S trä n g e , die sp ä te r  zu  gan zen  M em branen  k o n flu ie re n  
(A b b . 7. u. 8). Die Zellen h a b e n  eine g e ru n d e t po lygonale  F orm , sie s ind  p f la s te r 
s te in a r t ig  angeo rdnet u n d  b le ib en  m eist in  en g em  K o n ta k t m ite in a n d e r. Im  
P h  a s e n k o n tra s t  e rscheinen  sie du rch  das s ta r k  p h asen p o sitiv e  Z y to p la sm a  u n d  
d ie  ha lb m o n d fö rm ig e  M ito ch o n d rien an h äu fu n g  v o n e in an d er abgeg renz t. I n  den
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m it H ä m a to x y lin  g e fä rb te n  P o s tf ix a tio n sp rä p a ra te n  sind  die Zellgrenzen 
schw ach au sg ed rü ck t, das Z y to p lasm a d e r Zellen ist in  höherem  oder m inderem  
G rade baso p h ile r (P y ron inoph ile r) als das d e r anderen  Zellen, d er K ern  zeigt 
ein n e tza rtig e s  C h ro m atin , m it einer b is d re i nahe am Z e n tru m  gelegenen

Ibb. 7. N eun täg ige  K u ltu r  vom  E ie rsto ck  eines 14 täg igen  H üh n erem b ry o s (n ach  den i I. 
V erfahren). Die d u n k le re  Zone oben: M em bran  von O vogen ien  m it einigen M itosen. Die hellere 
Zone u n ten : M em bran  von  S ate llitze llen  in  einer a n d e re n  B ren n p u n k teb en e . C arnoy , H ä m a 

to x y lin  nach  C arazzi. Vergr. 360 X (n ach v e rg rö ß ert)
•Ibb. 8. N eun täg ige  K u ltu r  vom  E ie rsto ck  eines 14 täg igen  H üh n erem b ry o s (n a ch  dem  I. 

V erfahren). Die N äh rlö su n g  e n th ä lt  S e ru m  von legender H en n e . Die G esch lech tszellenm em bran  
b e s teh t aus O vogonien  u n d  O v ozy ten  in v ersch iedenen  P h a se n  der frühen  M eiose. Serra, 

H äm ato x y lin  nach  M eyer, V erg r. 800 X

größeren  C hrom atinm assen  (T yp  »a« und  T yp  >>b« n ach  d H ollander (A bb. 7), 
oder auch  versch iedene  B ilder d e r frühen  P ro p h a se  der Meiose (A bb. 8). 
M anchm al kom m en die G renzen zw ischen den  e in ze ln en  Zellen einer G ruppe  
ü b e rh a u p t n ich t zum  V orschein, die G ruppe als g an zes is t sch a rf Umrissen, und  
es h an d e lt sich offensich tlich  um  eine B ildung  sy m p la s tisc h e r N a tu r.
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In  d e n  darau ffo lgenden  T ag en  sc h re ite t die P ro life ra tio n  der G esch lech ts
zellen d u rc h  m ito tisch e  T e ilungen  w e ite r  fo rt. U m  die M itte  der zw eiten  W oche 
e rre ich t d ie  W achstum szone d e r G esch lech tszellen  ih re  M axim algröße. D e r 
D u rc h m e sse r d ieser Zone e r re ic h t eine L änge v o n  2/3 des D urchm essers d e r 
W a c h s tu m sz o n e  der S a te llitze llen . G egen E n d e  d e r zw eiten  W oche s in d  die 
L ip ide u n d  d ie  V akuolen im  Z y to p la sm a  v e rm e h r t, die G eschlechtszellen  k ö n 
nen  v o n e in a n d e r  dissoziieren, w o b ei die V erb in d u n g  zw ischen ih n en  d u rc h  
d ü n n e  F o r ts ä tz e  a u fre c h te rh a lte n  b le ib t. A u f diese W eise w erden sie d en  
F ib ro b la s te n  sehr ähnlich , w ie d ies m it den  S a te llitze llen  der F a ll is t.

D iskussion

I n  b ez u g  au f das liis to ty p ise h e  W ach stu m  d er G onaden  in  v itro  s in d  in  
der L i t e r a tu r  drei G ru n d frag en  u n g e k lä r t:  1. S te llt  das b eo b ach te te  e p ith e l
a rtig e  W a c h s tu m  der G onadengew ebe  etw as S pezifisches dar, w odurch  es sich  
vom  W a c h s tu m  des b a n a le n  E p ith e ls  u n te rsc h e id e t?  2. W elche G ew ebsele- 
m en te  d e r  G onaden zeigen e in  d e ra rtig e s  W a c h s tu m ?  3. I s t  eine P ro life ra tio n  
d er e c h te n  G eschlechtszellen  (G onob lasten ) m öglich  u n d  in w elcher W eise 
v e r lä u f t  sie ?

U n se re  U n te rsu ch u n g en  b e s tä tig e n  in  bezug  a u f  den  E ie rs to ck  v o n  H ü h 
n e re m b ry o n e n  die A ngaben  a n d e re r  A u to ren  ( W e r m e l , U l e s k o -St r o g a n o w a , 
2 i v , M i c h a i l o w , K o l e s n i k o w a , Ch r u SCOW u n d  D io m i d o v a , D u x  u s w . ) ,  daß  
die e p ith e la r tig e n  S trän g e  u n d  M em branen , die m a n  in  v itro  b e o b a c h te t, von  
d en  S a te llitz e llen  und dem  so g en an n ten  K e im ep ith e l des E ierstocks h e rrü h re n . 
I n  Ü b e re in s tim m u n g  m it M i c h a i l o w  und  K o l e s n i k o w a  haben  auch  w ir  spezi
fisch e  E igenschaften  d ieser G ew eb eb estan d te ile  des E ierstocks b e o b a c h te t, 
d u rc h  d ie  sie sich vom  b a n a le n  E p ith e l u n te rsc h e id e n . D em nach  s in d  sie der 
G ru p p e  d er CHLOPiNschen C oeloderm algew ebe zuzuordnen , zu d e r au c h  die 
M eso th e lien  gehören. Dies e n ts p r ic h t  der A u ffassung  vom  U rsp ru n g  d e r S a te l
l i tz e l le n  u n d  des K e im ep ith e ls  vom  C oelom m esothel der U ro g e n ita lfa lte . Ü b ri
gens v e r ra te n  diese G ew ebe m anche E ig en sch a ften , die sie e in e rse its  dem  
W a c h s tu m  der E p ith e lie n  u n d  an d ererse its  d en  v o m  M esenchym  h e rrü h re n d e n  
G ew eb en  annähern . So s in d  d ie Zellen b e s tre b t, in  engem  K o n ta k t  u n te re in a n 
d e r  zu  b leiben , indem  sie S trä n g e  u n d  M em branen  b ilden ; sie b e s itzen  au ch  die 
F ä h ig k e i t ,  das P la sm a k o a g u lu m  zu verflü ssig en ; andererse its  zeigen sie einen 
e rh e b lic h e n  P o ly m o rp h ism u s, m it N eigung zu r D issozia tion  und  zu m  Ü b erg an g  
d e r  g eb ild e ten  M em branen  in  lockere S tru k tu re n , eine B ild u n g  v o n  S y m p las ten , 
sow ie  eine gewisse p h a g o z y tä re  F ä h ig k e it. D a m it ließe sich au ch  e rk lä ren , 
w a ru m  m anche der ä l te re n  A u to ren  (Ma c c a b r u n i , M j a s s o j e d o f f , E s s a k i , 
O l i v o ), die w ah rsch e in lich  n ic h t den  e p ith e la r tig e n  vom  F ib ro b la s te n w a c h s 
tu m s ty p  un te rsch ied en  h a b e n , n u r den  le tz te re n  an  G o n a d e k u ltu re n  besch re i
b e n . D asselbe g ilt au ch  fü r  einige neu ere  F o rsch er (M u r a t o r i , S m i t h ), die
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ebenfalls n ich ts  vom  e p ith e la rtig e n  W ach stu m  der S a te llitze llen  u n d  des K eim 
ep ithels  e rw ähnen . Sogar aus m an ch en  von  diesen A u to ren  g eze ig ten  B ildern 
geh t k la r h ervo r, daß  d ieser W a c h s tu m s ty p  zu U n rech t als F ib ro b la s te n w a c h s
tu m  q u a lifiz ie rt w orden  ist.

W ir s te llten  noch  eine B eso n d erh e it der S a te llitze llen  u n d  des K eim epi
the ls  in v itro  fest, näm lich  ih re  F ä h ig k e it, auch  bei b e sch rän k tem  S au ersto ff
z u t r i t t  in  K u ltu re n  in te n s iv  zu p ro life rie ren , w as sie ebenfalls v o n  den  F ib ro 
b la s te n  u n te rsch e id e t.

W ir hab en  die von  M u r a t o r i , B a t t a g l ia  u n d  S m it h  besch riebenen  
e ig en artig en  B ew egungen des E k to p la sm a s  der G eschlechtszellen  in  v itro  beob
a c h te t. B em erkensw ert is t, daß  w ir diese E rsch e in u n g en  auch  bei Z im m ertem 
p e ra tu r  festste llen  k o n n ten . U nseres E ra c h te n s  sind  sie eher als A u sd ru c k  einer 
R e a k tio n  der G eschlechtszellen  a u f  die u n m itte lb a re  E in w irk u n g  d er unge
w öhnlichen  B ed ingungen  des neu en  M ilieus aufzufassen . W ir s te llte n  au ch  eine 
an d ere  B esonderheit der G esch lech tszellen  fest, näm lich  ih r  h ö h eres  spezifi
sches G ew icht im  V ergleich m it d en  ü b rig en  Z e lla rten  des E ie rs to ck s  sowie ihr 
v e rh ä ltn ism äß ig  sp ä te res  A n h a fte n  an  das G las nach  d er E x p la n ta t io n .

U nsere A ngaben  sp rech en  w e ite rh in  d afü r, daß  das S ch icksa l d er Ge
sch lechtszellen  in der K u ltu r , je  n ach  ih rem  E n tw ic k lu n g ss ta d iu m  u n d  den 
B ed ingungen , u n te r  die sie bei d er E x p la n ta tio n  ge ra ten , v e rsch ied en  is t. Das 
e rk lä r t  die w idersp rechenden  S ch lußfo lgerungen  der v e rsch ied en en  A utoren  
zu d ieser F rage . V orausse tzu n g en  fü r eine ech te , du rch  m ito tisch e  T eilungen 
erfo lgende P ro life ra tio n  d e r G eschlechtszellen  in v itro  s ind : 1. d aß  sich diese 
bei d er E x p la n ta tio n  n ich t im  fo rtg e sc h ritte n en  S tad iu m  der M eiosis befinden , 
d . h . am  besten  von E ie rs tö ck en  bis zum  14 15. B e b rü tu n g s ta g  genom m en
w erd en ; 2. daß  sie in k e in em  u n m itte lb a re n  K o n ta k t m it d e r N ährlö sung  
s teh en , sondern  ü b e rd e c k t von  e iner von  den  p ro life rie ren d en  S a te llitze llen  
geb ilde ten  M em bran w achsen . F e h lt  eine d ieser B ed ingungen , so s in d  die Ge- 
sch lech tsze llen  zu D eg en era tio n  und  U n te rg an g  v e ru r te ilt , oder sie können 
g ü n stig sten fa lls  n u r noch einige T age überleben . Dies w ar d e r F a ll bei den 
B eo b ach tu n g en  von  F a n o  u n d  G a r o f o l i n i , U l e s k o -St r o g a n o v a , Z i v , M j- 
c h a i l o w , K o l e s n i k o w a , B a t t a g l i a . A ndererse its  h ab en  M u r a t o r i  und 
S m i t h , die zweifellos eine P ro life ra tio n  d er G eschlechtszellen  in K u ltu re n  festge
s te llt  h ab en , n ich t anzugeben  v e rm o ch t, u n te r  w elchen B ed in g u n g en  diese P ro li
fe ra tio n  z u s tan d ek o m m t. D ie »M igration« einzelner G esch lech tszellen  oder 
G ru p p en  von G eschlechtszellen  in  den  e rs te n T a g e n  in die W ach stu m szo n e  führen  
w ir, ebenso  wie andere A u to re n  ( U l e s k o -St r o g a n o w a , M j c h a i l o w , K o l e s n i 
k o w a , B a t t a g l ia ) d a ra u f  zu rü ck , daß  diese Z ellen  von d er w ach sen d en  Schicht 
d er S a te llitze llen  m itg esch lep p t w erden . H ierzu  t r ä g t  u. a. die re c h t schw ache 
»V erkittung« der einzelnen  G eschlechtszellen  im E x p la n ta t  bei. S e lb s t M u r a 
t o r i , der sich der M ik ro k in em ato g rap h ie  b ed ien te , k o n n te  sich  n ic h t einm al 
d av o n  überzeugen , daß  die P seu d o p o d ien  und  die Z irkusbew egungen  des E kto-
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p la sm a s  der G eschlechtszellen  m it einer V ersch ieb u n g , d. h. m it e iner ech ten  
A m öboidbew egung  d er G esch lech tszellen  Zusam m enhängen. U nsere la n g d a u e rn 
d en  B eo b ach tu n g en  v e ra n la s se n  uns eine d e ra r tig e  B ew egung k a tego risch  in  
A b re d e  zu stellen. U nseres E ra c h te n s  kann  von  e in e r M igra tion  der G eschlechts- 
ze llen  n u r  dann  gesprochen  w erd en , wenn sie u n te r  den  o b en erw äh n ten  beiden  
B ed in g u n g en  durch  M itose p ro liferieren . D em n ach  e rsch e in t die v o n  D a n - 
t s c h a k o f f  als A rg u m en t z u g u n s te n  der T heorie  v o n  der W an d eru n g  der G e
sch lech tsze llen  im  E m b ry o  v o rg eb rach te  Bildving v o n  P seudopod ien  seitens 
d ie se r  Zellen n ich t s t ic h h a lt ig  genug.

D ie von uns fe s tg e s te llte  A bhäng igkeit des W ach s tu m s d er G esch lech ts
ze llen  vom  W achstum  d e r  S ate llitze llen  d e m o n s tr ie r t  die m orphophysio lo- 
g isclie  E in h e it der b e id en  G ew ebselem ente a u c h  u n te r  E x p la n ta tio n sb e d in 
g u n g e n . U nseres E ra c h te n s  k ö n n te  m an ab er, w en n  m an  den  C h a rak te r des 
W a c h s tu m s  der be iden  E le m e n te  in  v itro  v e rg le ic h t, auch  an  ih re  genetische 
E in h e i t  denken. D em  V e rh a lte n  der S a te llitze llen  u n d  d er G eschlechtszellen  
in  v i t r o  sind folgende E ig e n sc h a fte n  gem ein: sie w achsen  als ep ith e la rtig e  
S trä n g e  und M em branen  u n d  neigen  zu L ock eru n g  in  d er P erip h erie , indem  sie 
u n te r  u n g ü nstigen  E rn ä h ru n g sb e d in g u n g e n  ein fib ro b la s täh n lich es  A ussehen 
a n n e h m e n  können; sie p ro life r ie ren  in der G e w eb ek u ltu r  auch  bei b e sc h rä n k 
te m  S a u e rs to ffz u tr itt;  sie b ild e n  S ym plasten . I n  m an ch en  F ä llen  b e o b a c h te t 
m a n  au ch  Ü bergangsfo rm en  zw ischen  den b e id en  E lem en ten . L e tz te res  b e d a rf  
n o c h  des Beweises d u rch  g rü n d lich e re  U n te rsu ch u n g en  u n d  A nw endung  einer 
g e e ig n e ten  M ethodik.

Im  G egensatz zu M j c h a i l o w  (S. 198) m ö ch ten  w ir sagen: es sch e in t, daß  
d as  v o n  uns beschriebene T a tsa c h e n m a te r ia l und  die d a rau s  gezogenen Schlüsse 
e h e r  gegen eine »K eim bahn« sp rechen . Sie sp rech en  ebenso auch  zu g u n sten  der 
v o n  H a d j j o l o f f  (1931/32, 1962) verte id ig ten  A u ffassu n g  von  der e inheitlichen  
N a tu r  d e r  Satellit- u n d  d e r  G eschlechtszellen  u n d  ih re r  Z ugehörigkeit zu 
e in e m  G rundgew ebe — d em  Sexualgew ebe.

D ie dargeleg ten  U n te rsu c h u n g e n  bilden den v o n  u n s  zu  b e a rb e ite n d en  Teil eines 
k o lle k tiv e n  Them as m it de r A b te ilu n g  fü r M orphologie des In s t i tu t s  fü r E x p erim en te lle  
M ed iz in  d e r  U ngarischen A k a d em ie  d e r W issenschaften  u n d  des I n s t i tu ts  fü r  H isto log ie  
d e r  M edizin ischen  U n iv e rs itä t  B u d a p e s t  (D irek tor: P ro f. D r. I. Törő).

D en  technischen  A s s is te n tin e n  R . K useva, A. C h ris to v a  u n d  A. S to janova  d a n k en  
w ir a n  d ieser Stelle fü r die u n s  g e le is te te  w ertvo lle  H ilfe .
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A C O N T R IB U T IO N  T O  T H E  B IO L O G Y  O F  T H E  S E X  T IS S U E

II . In -v itro  c u ltiv a tio n  of the  sex tissue of chick em bryos 

J. JORDANOV, M. ANASTASSOVA-KRISTEVA, A. I. HADJIOLOFF AND A. BOYADJIEVA-MICHAILOVA

T he b e h av io u r of the fem ale sex  tissues (sexual cells, sa te llite  cells, germ in al ep ith e liu m ) 
of ch icken  em b ry o s has been s tu d ie d  in tissue cu ltu res . A m ethod  in h ib itin g  th e  g row th  
of f ib ro b la sts , p ro m o tin g  the ep ith e lio id  g row th  of o v a rian  tissue an d  a llow ing good  v ita l 
inspection  u n d e r  the  phase m icroscope has been e lab o ra ted . T he e x p e rim e n ts  have 
d e m o n s tra ted  th e  epithelioid g ro w th  o f th e  sa te llite  cells an d  the  germ inal e p ith e liu m . T hese 
e lem en ts of th e  o v a ry  reveal in tis su e  cu ltu res  certa in  ty p ic a l p ro p erties  w hich  d is tin g u ish  
th em  from  com m on ep ithelium  a n d  ju s t ify  th e ir  being classified  u n d e r the  head o f co elo d erm al 
tissues (C h l o p in ). T he fate of th e  tru e  sexual cells in th e  cu ltu re  depends on th e  co n d itio n s 
o f e x p la n ta tio n . It has  been found th a t  sexual cells are capab le  of m ito tic  p ro life ra tio n  in  vitro. 
I t  happens a t  th e  early  stages of d iffe re n tia tio n  (oogonium ) w hen the  sexual cells can  grow 
u n d e r a p ro tec tiv e  m em brane co m p o sed  o f sa te llite  cells. T he sexual cells d e g e n e ra te  a fte r 
a sh o rte r  or lo n g er surv iva l if  th ese  re q u ire m e n ts  are not sa tis fied . The b e h av io u r o f sa te llite  
and  sexual cells shows certa in  s im ila ritie s  in tissue cu ltu res , such as p ro life ra tio n  in the  
form  of s tr in g s  an d  m em branes, g ro w th  u n d e r anoxic  co n d itions, fo rm atio n  o f sy m p lasm s. 
These o b se rv a tio n s argue for th e ir  m orph o lo g ico -fu n c tio n a l and  p robab ly  also g e n e tic  id e n tity , 
an d  ju s tify  th e  co ncep t th a t  th ey  are  tw o  e lem en ts of a com m on g round  su b s ta n c e , nam ely  
the  sex tissue.
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БИОЛОГИЯ ПОЛОВОЙ ТКАНИ 

II. Выращивание половой ткани зародышей цыплят
Й. Й О РД А Н О В , М. АНАСТАССОВА-КРИСТЕВА, А. И.

Х А Д Ж И О Л О Ф  и А. БОЯДИЕВА-М ИХАЙЛОВА

Авторы исследовали в культурах тканей поведение женской половой ткани (поло
вые клетки, клетки-сателлиты, зародышевый эпителий) зародышей цыплят методикой, 
задержающей рост фибробластов, способствующей эпителоидному росту яичниковой 
ткани и обеспечивающей возможность хорошего прижизненного наблюдения под фазо
контрастным микроскопом. Результаты экспериментов подтверждают эпителоидный рост 
клеток-сателлитов и зародышевого эпителия. Эти элементы яичников показывают в куль
турах несколько типичных свойств, которые отличают их от обычного эпителия и позво
ляют причислить их к группу так наз. целодермальных тканей ( Х л о п и н ) .  В зависимости 
от того, в какие условия истинные половые клетки попадают при эксплантации, их судьба 
в культурах различна. Авторы устанавливают, что пролиферация половых клеток in vitro 
может произойти путем митотического деления. Это наблюдается в ранней фазе диффе
ренциации половых клеток (овогоний), а также, если они имеют возможность расти под 
защитной оболочкой, образующейся из клеток-сателлитов. При отсутствии одной из 
указанных предпосылок половые клетки, после более или менее продолжительного срока, 
перерождаются. Сателлиты и половые клетки показывают в тканевых культурах и неко
торые общие особенности поведения: они разрастают в виде тяжей и оболочек, развиваются 
также при ограничении притока кислорода и образовывают симпласты. Эти факты гово
рят за то, что в морфофункциональном и, вероятно, также в генетическом отношениях 
их можно рассматривать как единство, как элементы единой основной ткани: половой 
ткани.

j .  JOKDANOV
М. A n a s t a s s o v a - K r i s t e v a  
А. I. H a d j i o l o f f  
A. B o y a d j iEVA-M icHAiLovA

S o fia , B u lgarische  A kadem ie  der 
W issen sch a ften , In s t . f. M orphologie, 
B u lg a rie n
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In s t i tu te  of G eneral Zoology a n d  C o m p ara tiv e  A natom y 
(D irec to r: Prof. G. M ö d l i n g e r ) ,  E ö tv ö s  L o rán d  U niversity , B u d a p es t

EFFECT OF THIRST AND WATER LOAD 
ON THE HYPOTHALAMIC REGULATION 

OF THE ADRENAL IN THE PIGEON 
(COLUMRA LÍVIA DOMESTICA L.)

P .  PÉ C Z E L Y  

(R eceived  1 J u ly ,  1965)

D om estic  pigeons were d ep riv ed  o f w a te r  fo r 4 and  8 days, o th ers  w ere  su b je c ted  
to  a w a te r  load , and the  effect o f these  t r e a tm e n ts  on the  neu ro sec re to ry  sy s te m  and 
also th e  re ac tio n  of the  in te rren a l tissue  o f  th e  su p ra ren a l gland have  b een  s tu d ied . 
H y d ra tio n  an d  d eh y d ra tio n  a ffec ted  th e  p re o p tic  division of the  su p ra o p tic  nucleus 
in  th e  f irs t line. N e ith e r th irs tin g  nor th e  w a te r  load  elicited  a sign ifican t re a c tio n  from  
th e  e n to p e d u n cu la r  nucleus, nor did th e  e x te rn a l  zone of the m edian e m in e n ce  re sp o n d  
to  th irs tin g . W a te r loading in duced  a cc u m u la tio n  o f aldehyde fu ch sin -p o sitiv e  m a tte r  
in th e  s tra tu m  palissad icum . The n eu ro h y p o p h y s is  filled  w ith  secretion  on  h y d ra tio n  
a n d  was d ra in ed  on d eh y d ra tio n .

I t  seem s th a t  th e  su p ra ren a l g lan d  is re g u la te d  by the h y p o th a la m u s  v ia  the 
m ed ian  em inence  and , in  aphysio log ical co n d itio n s , also via th e  n e u ro h y p o p h y s is . 
W a te r lo ad in g  sto p s th e  d rainage  o f th e  n e u ro h y p o p h y sis , reduces or a r re s ts  th e  p o rta l 
a c t iv ity  o f  th e  m edian  em inence a n d  in d u ce s  a tro p h y  of the in te rren a l tis su e  o f the  
ad ren a l. T h irs tin g  does no t in fluence  th e  p o r ta l  fu n c tio n  of the m ed ian  e m in en ce  so 
th a t  th e  re su ltin g  ad ren a l h y p e rtro p h y  m ay  be due to  the large a m o u n t o f n e u ro 
sec re to ry  su b s tan ce  d ischarged  hy  th e  p a rs  n e rv o sa . I t  is, therefore, a ssu m e d  th a t  the 
a ld eh y d e  fuchsin -positive  neu ro h o rm o n e  o f b ird s a c ts  as CRF.

T h e organ ism  of m am m als p re su m a b ly  con ta in s an A C T H -re leas in g  
su b s ta n c e  of h y p o th a lam ic  origin. T his su b s ta n c e  is p robably  ly sine  v a so p re s 
sin in  th e  r a t  ( D e W ie d  [30, 31]) anti a rg in in e  vasopressin  in th e  d o g  ( K w a a n  
an d  B a r t e l s t o n e  [18]). O th er au th o rs  c la im  th a t  th e  A C T H -releasing fa c to r  is 
n o t a n eu ro h o rm o n e  of the  vasop ressin  ty p e  b u t  a s tru c tu ra lly  s im ila r  p o ly p e p 
tid e  (Sa f f r a n  e t al. [28]; G u il l e m in  e t  al. [9]). T he c o rtico tro p h in -re lea s in g  
fac to r  (C R F) is p resu m ab ly  sy n th e tiz e d  in th e  neurosecre to ry  cells o f the 
h y p o th a la m u s  an d  sto red  in th e  n eu ro h y p o p h y s is . This seems to  be b o rn e  out 
h y  th e  ex p e rim en ts  o f R u m sfe l d  an d  P o r t e r  [27] in which ACTH re lease  was 
in d u ced  hy  bo v in e  posterio r p i tu i ta ry  e x tr a c t ,  a phenom enon a t t r ib u te d  by  
th em  to  th e  p resence of a rg in ine  vaso p ressin .

W hile  th e  p rin c ip a l o b jec t o f ex p e rim e n ts  in  vitro was to  s tu d y  th e  ro le of 
n eu ro h y p o p h y sea l e x tra c ts  in th e  release o f  co rtico tro p liin , surg ical m a n ip u la 
tions w ere ca rr ied  o u t in o rd er to  e lu c id a te  th e  role of the  m ed ian  em inence- 
ad en o h y p o p h y sis  system . McCa n n  an d  H a b e r l a n d  [3], a fte r e x t i rp a t in g  the  
m ed ian  em inence  in ra ts , found  th a t  th e  a c u te ly  stim u la ted  a d en o h y p o p h y sis  
was in cap ab le  o f releasing the  accu m u la ted  A C TH . K ovács e t al. [17] observed
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t h a t  e x tirp a tio n  o f th e  h y p o p h y sea l s ta lk  re d u c e d  th e  a c tiv ity  of th e  p i tu i ta ry -  
ad ren o co rtica l a p p a ra tu s  in  th e  ra ts . The d ia b e te s  insip idus b ro u g h t a b o u t b y  
th e  in te rv e n tio n  su b s id ed  a few weeks la te r . T h is  m u st have been due  to  a 
r e d u c tio n  of a d re n o c o rtica l a c tiv ity . I t  has b e e n  c la im ed  by  P e t e r s  [24] t h a t  
th e  a n te r io r  p i tu i ta ry  o f  th e  r a t  inh ib its  v a so p re ss in  secretion, a p h en o m en o n  
a sc rib ed  by  h im  to  A C T H .

T h e  resu lts  of E n d r o c z i  and  L is s a k  [6] p o in t  to  th e  role of n eu ra l fa c to rs  
in  th e  release of A C T H . T h e y  have show n t h a t  s tim u la tio n  of th e  su p ra o p tic  
a n d  p a ra v e n tr ic u la r  n u c le i does no t s ig n ifican tly  ch an g e  the  level o f co rtico id s  
in  a d re n a l venous b lo o d .

H y p o th a lam ic  C R F  has also been s tu d ie d  in  am phib ians. J 0 R G E N S E N  

a n d  L a r s e n  [10] fo u n d  t h a t  lysine vasopressin  a n d  — physiologically  — a rg i
n in e  vaso toc in  re leased  A C T H  in the  to a d , B u fo  bufo. In  b irds, no C R F  has 
b e e n  d em o n stra ted  a n d  i t  is only ind irec tly  t h a t  th e  existence of a h y p o th a la m 
ic A C T H -releasing  fa c to r  can  be in ferred  to . L e g a i t  [19] decreased th e  a c t iv 
i ty  o f  th e  n eu ro se c re to ry  cells in  the d o m estic  fow l b y  chronic A C TH  t r e a t 
m e n t. PÉCZELY [25] in d u c e d  accum ulation  o f  n eu ro secre tio n  in  th e  s tr a tu m  
p a lissad icu m  of th e  e x te rn a l  zone of the m ed ian  em inence by tre a tin g  p igeons 
w ith  A CTH . K a w a s h i m a  e t  al. [11] d ep riv ed  c ro w n  sparrow s of w a te r  an d  
o b se rv ed  neu ro sec re tio n  from  th e  an te rio r  p a r t  o f th e  m edian em inence , a 
p h en o m en o n  th e y  su g g e s te d  was in te rco n n ec ted  w ith  th e  h y p e rtro p h y  o f th e  
in te r re n a l  su b stan ce  o f  th e  ad renal.

T he p resen t e x p e rim e n ts  were designed to  s tu d y  the  effect o f h y p e ro s 
m osis an d  hyposm osis on th e  n eu rosecre to ry  s y s te m  and  the  su p ra ren a l g lan d , 
in  th e  hope th a t  th e  re su lts  m igh t provide in fo rm a tio n  on the A C T H -releasing  
e ffec t o f th e  b ird s ’ n eu ro h o rm o n es.

Material and method

F o r ty  pigeons of b o th  sexes were divided in to  fo u r g ro u p s . M em bers of G roup  I serv ed  
as c o n tro ls , those o f G ro u p  I I  w ere  deprived of w a te r  d u r in g  fou r, those of G roup  I I I  d u rin g  
e ig h t d ay s, while m em b ers o f G roup  IV were lo ad ed  w ith  w a te r  th rough  a g a s tr ic  tu b e  fo r 
te n  d ay s . T he an im als w ere  illu m in a te d  during 11 h o u rs  d a ily . A fter d ecap ita tio n , th e  b ra in  
o f th e  b ird s was fixed  in  B o u in ’s flu id , em bedded in  p a ra f f in ,  a n d  5 fi th ick  sections w ere s ta in e d  
w ith  G om ori’s p a ra ld eh y d e -fu ch s in  com bined w ith  a s h o r t  haem ato x y lin  c o n tra s t  s ta in in g . 

T he nuclear v o lu m e o f th e  neu rosecretory  cells w a s  d e term ined  w ith  th e  a id  o f  th e
71F isc h e r-In k e  nom ogram , u sin g  th e  fo rm ula— LB 2 a n d  2500-fo ld  m agnification  by  p ro je c tio n :
6

200 n ucle i were m easu red  in  e ach  division. The f re q u e n c y  d is trib u tio n  of th e  lo g a rith m  ol 
th e  n u c le a r volum es w as e s tab lish e d  for all the  f iv e  d iv is io n s  in  respect of G ro u p s I to  IV. 
W e d e te rm in ed  th e  a r ith m e tic  m ean  of the  freq u e n c y  d is tr ib u tio n s  (M) an d  th e  s ta n d a rd  
d e v ia tio n  (a); in o rder to  a n a ly se  th e  em pirical d e n sity  fu n c tio n  of the  frequency  d is tr ib u tio n s , 
we d e te rm in e d  th e  re la tiv e  fre q u e n c y  of the cases o v er th e  ran g e  M d: °  so as *° be ab le  to  
co m p a re  th e  em pirical d e n s ity  fu n c tio n s  w ith  the  d e n s ity  fu n c tio n  of the  norm al d is tr ib u tio n  
o f th e  corresponding s ta n d a r d  dev ia tion . S tu d e n t’s “ t ”  te s t  was applied for e s tab lish in g  
s ta tis t ic a l  significance o f th e  d ifferences betw een th e  a r ith m e t ic  m eans in all g roups a n d  in  
re sp e c t  o f all the  five d iv is io n s . In  the  p resen t case, n =  2000. p  = 0.05. and  th e  d ifferen ce
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w as sig n ifican t if  ( >  1.96. B eyond  th is , because  o f possib le erro rs in h e re n t in  th e  m eth o d s, 
o n ly  those  s ta tis t ic a lly  s ign ifican t cases w ere re g a rd e d  as biologically e v a lu ab le  in  w hich  
(m t m„) >  0.05.

R esu lts

E ach  m orpho log ically  an d  to p o g ra p h ic a lly  well d is tin g u ish ab le  d iv ision  
has been  e v a lu a te d  se p a ra te ly  (P é c z e l y  [25]) .  T he n o m en c la tu re  o f  th e  d iv i
sions w as bo rrow ed  from  A r a i  [1 |  as also from  F a r n e u  and O k s c h e  [7].

Supraoptic nucleus , preoptic division

Group I .  T he  n eu ro sec re to ry  cells o f sm all an d  m edium  size, s itu a te d  
along th e  w all o f th e  p reo p tic  recess an d  th e  v e n tro la te ra l su rface  o f  th e  h y p o 
th a la m u s , show ed d ifferen t fu n c tio n a l s ta te s . T he p e rikaryon  u su a lly  co n ta in ed

F ig . 1. P reo p tic  d ivision of the  su p rao p tic  nuc leu s in u n tre a te d  pigeon. A ld eh y d e  fu ch sin ,
X 2960

g ra n u la r  secre tion  an d  Nisei’s bodies w ere observed  along th e  cell m em b ran e . 
O th e r  cells co n ta in ed  colloidal g lobules. O ccasional tra n sp o rt of sec re tio n  could 
be  observ ed , an d  th e re  w ere pearl s tr in g  s tru c tu re s  on th e  processes (F ig . 1 an d  
D iag ram  1).

Group I I .  T he n eu ro sec re to ry  cells o f th e  division w ere fo u n d  to  h av e  
in c reased , an d  th e re  was u su a lly  a th ic k  zone of NissFs bodies a ro u n d  th e  cell 
m em b ran e . D elica te ly  g ran u la r  sec re tio n  o ften  form ed a cape-like  s tru c tu re . 
Som e cells co n ta in ed  colloidal g lobules or vacuoles. N uclear v o lu m e  was 
in creased  (F ig . 3 an d  D iag ram  1).

Group I I I .  T he n eu ro sec re to ry  cells w ere considerab ly  en la rg ed . T here 
w ere less N issl’s bodies th a n  in G roup  I I .  T h e  p e rikaryon  was filled  w ith  fine 
p o w d erlik e  secre tion . N early  all cells w ere v acu o la ted . O nly a few  colloidal

2* Acta Morphologica Academiav Scientiarum Hungaricae 14. 1966
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D iagram  1. P reo p tic  division o f su p ra o p tic  nucleus
co n tro ls; - =  4 -day  d e h y d ra tio n ; — ------- — 8-day d e h y d ra tio n ;

................ =■- h y d ra tio n

F ig . 2. P re o p tic  div ision  of th e  su p ra o p tic  nucleus in h y d ra te d  p igeon. A ldehyde fuchsin , X 2960

Fig. 3. P reo p tic  div ision  of th e  su p ra o p tic  nucleus in  p igeon  a f te r  4 days of th irs tin g . A ld e
hyde  fuchsin , X 2960
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Fig. 4. P reo p tic  div ision  of th e  su p ra o p tic  nucleus in  pigeon a f te r  8 days
hyde  fuch sin , X 2960

of th irs tin g . A ide-

globules w ere observed . T he nuclei w ere eccen tric  a n d  consp icuously  sw ollen 
(F ig . 4 an d  D iagram  1).

Group I V .  T he cy to p lasm ic  m ass was s tr ik in g ly  sm all. I t  co n ta in ed  som e 
coarsely  g ran u la r secre tion  n e x t to  th e  nucleus. As a ru le , no baso p h ilic  m a r
g inal zone was seen. B o th  th e  nucleus and  th e  nucleo lus w ere sm all (F ig . 2 and 
D iag ram  1 ).

Lateral division

Group I . T he d iv ision  consisted  of e longated  cells co n ta in in g  a con sid er
ab le  a m o u n t of g ra n u la r  secre tion  an d  occasional collo idal g lobules. A th in  
baso p h ilic  m arg inal zone was o bserved  in  m ost cases (D iag ram  2).

40 -J 

30-j

20 -

70-1

18

Diagram  2. L a te ra l d iv ision  of su p rao p tic  nucleus
------------=  c o n tro ls : — - — =  4-day  d e h y d ra tio n ; — --------- =  8-day  d e h y d ra tio n :

.................—- h y d ra tio n
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Group I I .  T he v o lu m e  o f th e  cy to p lasm  w as n o t s ig n if ican tly  d ifferen t 
f ro m  t h a t  of the  co n tro ls . D e lica te ly  g ra n u la r  sec re tio n  w as seen  a ro u n d  the  
n u c le u s . Most of th e  co llo ida l globules h ad  d isap p eared . N issl’s bod ies form ed 
a th in  m arg inal zone. N u c le i w ere slig h tly  eccen tric , an d  th e y  w ere som ew hat 
sm a lle r  th a n  in G roup I  (D iag ram  2).

Group I I I .  T h e  n e u ro se c re to ry  cells co n sid e rab ly  in creased ; th e re  was a 
b ro a d  basophilic  m a rg in a l zone b e n e a th  th e  m em b ran e . T he n u m b e r  of v acuo
la te d  cells was less th a n  in  th e  p reo p tic  d iv ision . Som e cells co n ta in ed  colloidal 
g lo b u les . The nuclei w ere  eccen tric , th e ir  vo lum e w as increased  (D iag ram  2).

Group I V .  T he  c y to p la sm ic  m ass w as sm alle r th a n  in  th e  con tro ls . T here 
w e re  few  cells w ith  an  e x tre m e ly  narrow  baso p h ilic  m arg in a l zone. N o cell p ro 
cesses w ere seen. N u c lea r v o lu m e  was sm aller th a n  in  th e  con tro ls  (D iag ram  2).

M edia l division

Group I.  The cells c o n ta in e d  d e lica te ly  g ra n u la r  secre tion . H a rd ly  any  
co llo id a l globules w ere o b se rv ed . T he processes o f som e n eu ro sec re to ry  cells, 
to g e th e r  w ith  th e ir  se c re tio n , w ere clearly  v isib le  (D iag ram  3).

Group I I .  T he  n e u ro se c re to ry  cells seem ed to  be less ac tiv e  th a n  those 
o f  th e  p reop tic  d iv ision . T h e y  w ere so m ew hat sw ollen and  c o n ta in e d  a larger 
v o lu m e  of secretion . M arg in a l g ra n u la tio n  w as fa irly  p ro n o u n ced  w ith o u t a 
c h a n g e  in  nuclear v o lu m e  (D iag ram  3).

Group I I I .  T he  n e u ro se c re to ry  cells w ere s lig h tly  sw ollen. T here  was in  
m o s t cases a th in  b a so p h ilic  m arg in a l g ra n u la tio n  b en ea th  th e  cell m em brane. 
A  cape-like s tru c tu re  o f f in e  g ranu les w as seen in  n ea rly  all cells. N uclei were 
s l ig h tly  eccentric, th e ir  v o lu m e  was increased  (D iag ram  3).

%
50-

40-

30-

20 -

70-

18 19 20  27 2 2  23 24 25  log p 3

D iagram  3. M edial div ision  of su p ra o p tic  nucleus 
=  con tro ls; — - — =  4 -d a y  d e h y d ra tio n ; — - - — =  8 -d ay  d e h y d ra tio n ; 

................ =  h y d ra tio n
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Group I V .  E lo n g a te d  cells co n ta in in g  a consp icuously  sm all m ass o f  
cy top lasm  w ere en co u n te red . The nucleus o ften  p ro tru d e d  from  th e  cy to p la sm . 
O ccasionally  m a rg in a l g ra n u la tio n  was found . A  sm all am o u n t of coarse, a ld e 
hyde fuchsin -positive  g ranu les occurred  n e x t to  th e  nuclei. D eg en era tin g  cells 
w ith  p y k no tic  n u c le i w ere also to  be seen. N u c le a r  vo lum e was sm aller th a n  in  
th e  controls (D iag ram  3).

Entopeduncular nucleus

The cells fa iled  to  resp o n d  to  w a te r lo ad in g  o r to  4 -d ay  th irs tin g , b u t  grew  
in  size a fte r 8 d a y s  o f d e h y d ra tio n , and  th e  a m o u n t o f  basophilic  m a tte r  in c reased  
accordingly  in  th e m  (D iag ram  4).

60-SI

50i

40-

30-

20-1

то

ге 19

D iagram  4. E n to p e d u n cu la r  n u c leu s
-  c o n tro ls ; — - — =  4-day  d e h y d ra tio n ; — - - — =  8-day d e h y d ra tio n ; 

................ ...... h y d ra tio n

Paraventricular nucleus

The tw o cell com plexes of th is  nucleus, n a m e ly  th e  p e riv e n tr ic u la r  a n d  
diffuse p a rts , b e h a v e d  id en tica lly .

Group I .  T h e  cy to p lasm ic  volum e of th e  n eu ro sec re to ry  cells was fa ir ly  
sm all. The c y to p la sm  co n ta in ed  some g ra n u la r  secre tio n  and , occasionally , a 
few colloidal g lobu les. M arginal g ran u la tio n  w as n o t p ronounced  (D iag ram  5).

Group I I .  T he  n eu ro sec re to ry  cells w ere so m ew h at en larged , an d  th e y  
con ta ined  co rresp o n d in g ly  m ore secretion . T h e  m arg in a l zone of N isei’s bod ies 
w as fairly  m a rk e d  in  som e cells. N uclear v o lu m e  w as s ligh tly  decreased  
(D iag ram  5).
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%
50-

D iagram  5. P a ra v e n tr ic u la r  nucleus
=  contro ls; — - 4 -day  d e h y d ra tio n ; — - - — =  8-day d e h y d ra tio n ;

- - - - - -  — h y d ra tio n

Group I I I .  T he cells w ere sw ollen; th e y  con ta ined  a b ro ad  baso p h ilic  
m a rg in a l zone; th e re  w as a cape-like s tru c tu re  in  th e  p erik a ry o n . Som e cells 
w e re  v acu o la ted . T he n u c le i w ere eccen tric , en larged  (D iagram  5).

Group I V .  T he cy to p la sm ic  m ass w as so m uch decreased  th a t ,  in  some 
cases , it form ed h u t a n a rro w  b an d  a ro u n d  th e  nucleus. The secre tion  consisted  
o f  co a rse  granules and , occasiona lly , o f co llo idal globules. No cape-like  fo rm a 
t io n  w as observed. T he a m o u n t of baso p h ilic  m a tte r  was m uch less th a n  in  the  
c o n tro ls . T here were som e d eg en era ted  cells. N uclear vo lum e w as decreased  
(D ia g ra m  5).

Statistical-mathematical evaluation

As can be seen from  T ab le  I I ,  s ta n d a rd  dev ia tion  w as n o t s ig n ifican t 
(b e tw e e n  0.08 and 0.12).

I n  th e  p reop tic  d iv is io n  of th e  su p ra o p tic  nucleus, nu c lea r v o lu m e  in  
G ro u p  IV  (anim als lo ad ed  w ith  w a te r) w as sig n ifican tly  in fe rio r to  t h a t  in  
G ro u p  I  (contro ls), w h ereas  nu c lea r v o lu m e  in  G roups I I  and  I I I  ( th irs tin g  
fo r  4 a n d  8 days re sp ec tiv e ly ) w as s ig n if ican tly  la rg e r th a n  in th e  co n tro ls  (M^— 
— M 2 > 0 .0 5 ) .

In  th e  la te ra l d iv is io n , nu c lea r vo lu m e w as s ig n ifican tly  less in  G ro u p  IV 
th a n  in  G roup I (Mx—M 2 >  0.05). G roup  I I  w as n o t sig n ifican tly  d iffe re n t from  
th e  c o n tro l group, w hile n u c le a r  vo lum e in  G roup I I I  was s ig n if ic a n tly  la rger 
th a n  in  G roup I (Mt —M 2 >  0.05).

In  th e  m edial d iv ision , n u c lea r vo lum e in  G roups I I  and  IV  w as n o t  sign if
ic a n t ly  d iffe ren t from  th e  con tro ls , b u t  t h a t  in  G roup I I I  was s ig n if ic a n tly  
h ig h e r  th a n  in G roup I  (M x — M 2 > 0 .0 5 ) .
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In  th e  p a ra v e n tr ic u la r  nucleus, n u c lea r vo lu m e in G roup IV w as s ig n ifi
c a n tly  in fe rio r to  th a t  in  G roup I (M, M 2 > 0 .0 5 ) .  T he difference betw een  
G roup I I  and  th e  con tro ls  was bio logically  neg lig ib le , w hereas nu c lea r vo lum e 
in G roup  I I I  was s ig n ifican tly  larger.

In  th e  e n to p ed u n cu la r  nucleus, n e ith e r  th ir s t in g  n o r w ater load in g  re su lt
ed in  s ig n ifican t d ifferences (Tables I ,  I I ,  I I I ) .

Table I

Values o f  “ M ”

Supraoptic nucleus Paraventricular
nucleus

Entopeduncular
nucleus

Preoptic division Lateral division Medial division

I 2.28 2.30 2.26 2.21 2.29
II 2.35 2.28 2.26 2.17 2.30

111 2.42 2.41 2.35 2.33 2.29
IV 2.15 2.23 2.23 2.15 2.30

I C ontrols; II  =  4-day d eh y d ra tio n ; I I I  8 -day d eh y d ra tio n ; IV H y d ra tio n

Table II

Values o f  "o '"

Supraoptic nucleus Paraventricular
nucleus

Entopeduncular
nucleus

Preoptic division Lateral division Medial division

I 0.10 0.09 0.10 0.09 0.11
и 0.12 0.09 0.11 0.08 0.08

i n 0.11 0.10 0.10 0.10 0.11
IV 0.12 0.11 0.12 0.10 0.12

I Controls: II  - 4-day deh y d ra tio n ; I I I  8 -day  d e h y d ra tio n ; IV H y d ra tio n

Table III

Values o f  " i "
(significance of differences betw een con tro ls and  the  o ther groups)

Suprao] tic nucleus Paraventricular Entopeduncular

Preoptic division Lateral division Medial division
nucleus

I -  II 19.6 *7.1 *0 *15.0 *0
I - I 1 I 42.3 36.8 28.3 40.4 *11.5
1 IV 36.3 22.1 *8.13 - 2 0 .2 *2.8

I = C ontrols; I I  4-day  deh y d ra tio n ; I I I  8-day  d ehydration ; IV — H y d ra tio n . 
— =  sign ifican tly  less; * - no evaluable  difference; no sign =  significantly  more.
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M edian  eminence

Group  / .T h e  fib rous la y e r  of th e  in te rn a l zone was well visib le a n d  show ed 
th e  s tr in g lik e  a rran g em en t of H errin g ’s b o d ies . F ib res, c o n ta in in g  g lobules 
o f  se c re tio n , w ere seen to  ru n  to  th e  ex te rn a l zone a t  some p o in ts . T h e  re tic u la r  
la y e r  o f  th e  ex te rn a l zone fo rm ed  a p lex ifo rm  a n d  looped system  o f fib re s  an d  
c o n ta in e d  num erous coarse globules and  fine  g ran u les  of secretion . T h e  in te rn a l
(a) a n d  e x te rn a l (ß ) zones o f th e  s tra tu m  p a lissad icu m  were filled  w ith  n e u ro 
se c re tio n . T yp ical, ra d ia lly  ru n n in g  fib res c a rr ie d  th e  secretion  (F ig . 5).

F ig . 5. M ed ian  em inence of u n tr e a te d  pigeon. 1: S tr a tu m  fib rosum  — H e rrin g ’s bodies. 2: 
S tra tu m  re ticu la re . 3: S tra tu m  p a lissad icum . A ldehyde fuchsin , X 640 

F ig . 6. M ed ian  em inence of h y d ra te d  pigeon. 1 =  S t r a tu m  fib rosum  — H e rrin g ’s bod ies . 2 =  
S t r a tu m  re ticu la re  (d rain ing ). 3 =  S tra tu m  p a lissad icu m  (accu m u la tio n  of secre tion ). A ldehyde

fuchsin , X 640

Groups I I  and I I I .  T h e re  was h a rd ly  a n y  difference b e tw een  th e  tw o 
d e h y d ra te d  groups as reg a rd s  secre tion  c o n ta in e d  in  th e  m edian  em inence . The 
f ib ro u s  la y e r  of th e  in te rn a l zone co n ta in ed  few  globules of secre tion  in  t r a n s 
p o r t .  T h e y  were m uch sm alle r th a n  those o b se rv ed  in  the  contro ls. N o H e rr in g ’s 
b o d ies  cou ld  be seen. F ib res  ru n n in g  to w ard s  th e  ex te rn a l zone c a rr ie d  a fa ir 
n u m b e r  o f  n eu ro sec re to ry  g ran u les  d iffe ren t in  size. The re tic u la r  la y e r  o f th e  
e x te rn a l  zone co n ta ined  m ore globules and  g ra in s  o f neurosecre tion  th a n  in  th e  
c o n tro ls . T he size of th e  g ran u les  of secre tion  grew  sm aller to w ard s th e  s tr a tu m  
p a lissa d ic u m . In  c o n tra s t to  th e  m em bers o f  G roup  IV (h y d ra te d  b ird s ) , th e  
e n tir e  w id th  (and so also th e  u p p e r-in n e r p a r t)  o f th e  re ticu la r lay e r co n ta in ed
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secre tion . L ike in  th e  co n tro ls , th e  s tra tu m  p a lissad icu m  w as filled w ith  fine 
pow derlike neu ro secre tio n . B undle-like inflow  of coarse globules of secre tio n  
from  th e  re tic u la r  lay e r w as seen a t some p o in ts  (F ig . 71.

Group I V .  T he f ib ro u s lay er of th e  in te rn a l  zone w as ch a rac te rized  by  
th e  presence o f ex trem e ly  large  H errin g ’s b o d ies , w hereas no tra n s p o r t  o f de li
ca te ly  g ra n u la r  secre tion  w as seen on th e  f ib re s . T he fib res ru n n in g  to w ard s 
th e  re tic u la r  lay e r o f th e  ex te rn a l zone c o n ta in e d  a little  g ran u la r  secre tion . 
T he a m o u n t of secre tion  co n ta in ed  in th is zone (especially  in  its  in n er p a r t)  was

Fig. 7. M edian em inence of p igeon a fte r  8 days o f th irs tin g . I S tra tu m  fib rosum  (d isap p ea ran ce  
of H e rrin g ’s bodies). 2 =  S tra tu m  reticu lare  (as in u n tr e a te d  contro ls). 3 -  S tra tu m  p alissa

d icum  (as in u n tre a te d  contro ls). A ldehyde  fuchsin , X 640

con sid erab ly  sm aller th a n  in  th e  con tro ls. F ib re s  in  c o n ta c t w ith  th e  s tra tu m  
palissad icum  co n ta in ed  coarse globules o f secre tio n . T he fib res o f th is  lay er 
ca rried  co n sid e rab ly  la rg e r an d  m ore n u m ero u s  globules of secre tion  th a n  in 
th e  co n tro l g roup . T he g lobules were found  to  h av e  accu m u la ted  in  som e cases 
exclusively  a t  th e  b o tto m  of zone a  and  in zone ß. T he globules o f secre tio n  in 
th e  s tr a tu m  palissad icu m  w ere m uch co arser th a n  th e  co rrespond ing  globules 
of th e  con tro ls  (F ig . 6).

N eurohypophysis

Group I .  T his o rgan  was rich in  se c re tio n  in  m ost cases (F ig . 8). Large 
g lobules of secre tion  w ere observed on th e  p e ricap illa ry  fibres.
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Group I I .  A considerab le  loss of n eu ro sec re to ry  su b stan ce  w as observed . 
T h e  p a r s  nervosa  seem ed to  be  h y p e rtro p h ic  (F ig . 10).

Group I I I .  The p o s te rio r  lobe was a lm o st com pletely  d ra in e d , an d  it  
w as o n ly  a t  a few points t h a t  v e ry  fine g ran u les  of secretion  could  be seen at

F ig . 8. N eurohypophysis o f  u n tre a te d  p igeon. A ldehyde  fuchsin , X 103

F ig . 9. N eurohypophysis o f  h y d ra te d  p igeon. A ldehyde fuchsin , X 108

th e  te rm in a l  p o rtio n  of th e  ax o n s. T h e  n eu ro h y p o p h y sea l tissue w as m ark e d ly  
h y p e r tro p h ic  (Fig. 11).

G roup I V .  W ater load ing  caused  a n a rro w in g  of th e  n eu ro h y p o p h y sis . 
I t  c o n ta in e d  m ore secretion  th a n  th a t  of th e  co n tro ls ; large areas filled  w ith  
n e u ro se c re tio n  were observed (F ig . 9).
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Discussion
I t  is know n ( K a w a s h i m a  e t  al. [1 1] ;  K o n d i c s  [14]) t h a t  w a te r  depri

v a t io n  induces a h y p e r t ro p h y  of th e  in te r re n a l  tissue in the  s u p ra re n a l  gland 
of b irds .  K o n d i c s  has m oreover show n t h a t  th e  deeper in te r rena l  cell bundles  
becom e a tro p h ic  in the  f irs t  [dace. H e rega rds  th em  as co rresp o n d in g  to  the 
zona fa sc icu la te  in m am m als .

D e h y d ra t io n  induced  by  th i r s t in g  or  t r e a tm e n t  with NaC.l causes  hy p er
t ro p h y  of th e  neurosecre to ry  cells in b ird s ;  th e  neu rohypophysis  is d rained, 
while th e  a m o u n t  of secretion co n ta in ed  in  th e  m edian  eminence undergoes  no 
essen tia l  change (Oksche  et al. [21 23] ) .  O sm otic  stress affects, th u s ,  only  the
neu rosec re t ion  conta ined  in th e  p o s te r io r  lobe, a phenom enon sh o w n  by  the
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Fig.  10. N eurohypophysis  of pigeon af te r  4 d a y s  o f  th irs ting . Aldehyde fu c h s in ,  X 108

Fig. 11. N eurohypophysis  of pigeon af te r  8 d a y s  of thirs ting. Aldehyde fuchsin .  108
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e x p e rim e n ts  of K o b a y a s h i  e t al. [12] in  w hich  d e h y d ra tio n  p ro m o ted  acid - 
p h o sp h a ta se  a c tiv ity  (a  re liab le  sign of n eu ro sec re tio n ) in  th e  pars n e rv o sa  an d  
fa iled  to  in fluence  i t  in  th e  m ed ian  em inence.

I n  contrast  to  th e se  f in d in gs ,  K a w a s h im a  e t  al. [11] d em on stra ted  th e  
o sm o t ic  se n s i t iv i ty  o f  th e  anterior part o f  th e  m e d ia n  em inence in th e  w h i te  
c r o w n e d  sparrow, an d  su g g es ted  th a t  the  n eu rosecret ion  released th ere from  
acts  as C R F  w hich  w o u ld  ex p la in  the h y p e r tro p h y  o f  the  interrenal part  o f  th e  
su prarena l gland. In  our p resent exp er im en ts  n o  su ch  phenom en on  w as  o b 
se rv e d ,  and the  f in d in g s  su p p orted  the ob v ious  h y p o th e s is  th a t  o sm otic  stress  
in d u ce s  a liberation o f  a ld eh y d e  fu ch s in -posit ive  m a t t e r  from the  n e u r o h y p o 
p h y s is  b u t  has no su ch  in f lu e n c e  on the ex tern a l  z o n e  o f  the m edian  em in en ce .

As regards th e  in te rn a l  zone, the  d isa p p e a ra n ce  o f H errin g ’s bod ies from  
th e  su p ra o p tic o -h y p o p h y se a l t r a c t  is a n o te w o rth y  phenom enon, one th a t  
m u s t h a v e  been due to  increased  tra n sp o rt an d  d ra in a g e  of secretion  th ro u g h  
th e  p a rs  nervosa . In  b ird s  d ep riv ed  of w a te r  fo r 4 a n d  8 days, th e  in n e r  p a r t  
o f th e  re tic u la r  lay e r c o n ta in e d  m ore secre tion  th a n  in  th e  contro l an im a ls . 
O k s c h e  e t al. [23] o b se rv ed  th e  sam e p h en o m en o n  in  th e  quail. M ob iliza tion  
o f n eu ro sec re tio n  w as due p resu m ab ly  to  t h a t  th e  in n e r  p a r t  o f th e  r e tic u la r  
la y e r , u su a lly  poor in  sec re tio n , was passively  filled  sim u ltaneously  w ith  th e  
onse t o f  th e  general t r a n s p o r t  o f secretion . T h is p rocess d id  not affect th e  p o r ta l  
fu n c tio n  of th e  m ed ian  em inence.

A considerab le  q u a n t i ty  of neu rohorm one  w as released from  th e  p a rs  
n e rv o sa  u n d e r th e  e ffec t of th irs tin g . P ro v id ed  th e re  ex ists a CRF of th e  v a s o 
p ressin -a rg in in e  v aso to c in  ty p e  in b irds, o n ly  th e  A C T H -releasing a c tio n  o f 
th e  su b s ta n c e  ex c re ted  by  th e  n eu ro h y p o p h y sis  c a n  be responsible fo r th e  
h y p e r tro p h y  of th e  in te r re n a l tissue of the  a d re n a l g lan d . B y m aking th e  n e u ro 
h o rm o n es o rig in a tin g  in  th e  pars nervosa to  pass from  th e  blood to  th e  p a rs  
d is ta lis , J 0 R G E N S E N  e t al. [10] achieved in c rea sed  A C TH  libera tion  in  frogs. 
I t  b e in g  know n th a t  n eu ro h y p o p h y sea l e x tra c ts  a c t as CRF in m am m als  
( R u m s f e l d  and  P o r t e r  [27]; P o r t e r  and  J o n e s  [26]), it is safe to  assum e 
th a t  neu ro sec re tio n  lib e ra te d  from  th e  pars n e rv o sa  b y  in tensive  osm otic  s tre ss  
m a y  in d u c e  a release o f A C T H  in vivo. How does th e  neurohorm one of th e  p a rs  
n e rv o sa  gain  access to  th e  ad en o h y p o p h y sis?  D oes its  co n cen tra tio n  su ffice  
for p ro d u c in g  th e  n ecessa ry  effect a fte r h av in g  reach ed  the  in tra v a sc u la r  
d e p a r tm e n t or does it re ach  th e  A C T H -producing  cells o f th e  an te rio r p i tu i ta ry  
in  a d ire c t w ay ?  T he la t te r  a lte rn a tiv e  is im p ro b a b le  because — in  c o n tra 
d is tin c tio n  to  m am m als  ( D a n i e l  and P r i c i i a r d  [4 ]; D u v e r n o y  an d  K o r i t - 

k e  [5]) no sh o rt p o r ta l  vessels have so fa r  been  d e tec ted  in b ird s ( V i t u m s  

e t al. [32]). T here seem s to  be  no d irec t v a sc u la r  com m u n ica tio n  be tw een  th e  
n eu ro h y p o p h y sis  an d  th e  ad en ohypophysis  in  b ird s ;  th e  respective  vessels 
su p p ly in g  th e  a n te r io r  and  th e  posterio r lobe h a v e  sep a ra te  and in d e p e n d e n t 
courses.
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H y p e r tro p h y  o f th e  in te rre n a l tissu e  caused  hy  th irs tin g  m a y , on  th e  
o th e r h an d , he reg a rd ed  as a stress w h ich  does n o t  p o s tu la te  d irec t c o m m u n ica 
tio n  betw een  th e  G om ori-positive n e u ro se c re to ry  sy stem  of th e  h y p o th a la m u s  
on th e  one side an d  th e  ad enohypophysea l - in te r re n a l  system  on th e  o th e r . T h is 
th eo ry  seem s to  he d isp roved  by  th e  a tro p h y  o f th e  in te rren a l a d re n a l tissu e  
induced  h y  h y d ra tio n ; b o th  h y d ra tio n  a n d  d e h y d ra tio n  m ean  a s tre ss  for 
m am m als.

The re a c tio n  o f  th e  n eu ro sec re to ry  cells to  w a te r  dep riv a tio n  d ep en d s  on 
th e  d u ra tio n  of th irs tin g . F o u r-d ay  th ir s tin g  e lic ited  a sign ifican t in c rease  in 
th e  a c tiv ity  of th e  p reo p tic  d iv ision  of th e  su p ra o p tic  nucleus, while th e re  was 
no change in  th e  a c tiv ity  of th e  m ed ia l d iv is io n  and  th e  p a ra v e n tr ic u la r  
nucleus. I t  w as likew ise m ain ly  th e  p reo p tic  d iv is io n  of th e  su p rao p tic  nucleus 
w hich becam e h y p e rtro p h ic  a fte r e ig h t day s o f  th ir s tin g , b u t th e re  w as, in  a d d i
tio n , a m ark ed  increase  in  th e  a c tiv ity  of th e  la te ra l  and  m edial d iv isions and 
th e  p a ra v e n tr ic u la r  nucleus. These f in d in g s con firm  the  s ta te m e n t (O icsche 
e t al. [21, 23]; K a w a s h im a  et al. [11]) th a t  i t  is in  th e  firs t line th e  m ed ia l a rea 
o f th e  su p ra o p tic  nucleus (i.e. th e  p reo p tic  an d  the  m edial d iv ision) w hich 
reac ts  to  osm otic  s tim u la tio n .

W hile in  b ird s  w a te r  load ing  induces a h y p e r tro p h y  of th e  in te rre n a l t i s 
sue of th e  ad ren a l ( th a t  o f th e  deeper cell b u n d le s  in  pa rticu la r) (K o n d ic s  [16]) 
in  m am m als, i t  is th e  zona fasc icu la te  of th e  ad ren a l cortex  w hich becom es 
h y p e rtro p h ic  (N a g a r e d a  and Ga u n t  [20]; B a i s s e t  e t al. [2].) H y p e r tro p h y  
induced  in  m am m als  is p resu m ab ly  due to  th e  s tre ss  effect of w a te r  lo ad in g  
w hich m obilizes A C TH  an d  reduces th e  a c t iv i ty  o f  th e  n eu ro secre to ry  a p p a ra 
tu s . W a te r  lo ad in g  m eans, therefo re , a s tre ss  fo r th e  m am m al, while th is  s tre ss  
is in sig n ifican t in  b ird s  or, else, h y d ra tio n  m ean s no  stress for th em . A tro p h y  
of th e  in te rre n a l tissu e  and  reduced  n e u ro se c re to ry  a c tiv ity  in  pigeons lo ad ed  
w ith  w a te r s u b s ta n tia te  th e  assu m p tio n  t h a t  n eu ro sec re to ry  su b s ta n c e  ac ts  
as C R F.

The h y p o th a la m ic  neu ro secre to ry  cells re a c t  fa irly  un ifo rm ly  to  w a te r  
loading. T h e ir m icroscopic  inspection  show s d ecrease  in, and reduced  t r a n s p o r t  
of, secretion . T he p reo p tic  d iv ision  is p a r t ic u la r ly  sensitive to  exogenous 
influences.

T he e n to p e d u n c u la r  nucleus does n o t re a c t s ig n ifican tly  e ith e r to  h y d ra 
tio n  or to  d e h y d ra tio n . By being in d e p e n d e n t o f  exogenous in flu en ces, th is  
g roup  of n eu ro sec re to ry  cells is sh a rp ly  d iffe re n t from  o th e r such g roups. T h e  
presen t find ings are  in  th is  respect in  h a rm o n y  w ith  earlie r ones (P é c z e l y  [25];  
F a r n e r  an d  O icsche [7]; U emura  an d  K o b a y a s h i  [29]).

Secretion  accu m u la tes  in th e  n e u ro h y p o p h y s is  of th e  pigeon lo ad ed  w ith  
w a te r , so th a t  n eu ro sec re to ry  d ra in in g  is s to p p e d  or reduced  to  a m in im u m . 
T he flow  of sec re tio n  becom es slow er, and  la rg e  H e rr in g ’s bodies are  d ep o s ited  
along th e  su p rao p tico -h y p o p h y sea l t r a c t .  S ec re tio n  ceases to  flow  from  th e
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D IE  W IR K U N G  V O N  W A S S E R E N T Z U G  U N D  W A S S E R B E L A S T U N G  
A U F  D IE  H Y P O T H A L A M IS C H E  S T E U E R U N G  D E R  N E B E N N IE R E N  

D E R  H A U S T A U B E  (C O L U M B A  L ÍV IA  D O M E ST IC A )

P. PÉCZELY

D ie W irkung  v o n  4- u n d  v o n  8 tä tig e m  W asse ren tzu g  bzw. von  W asse rb e la s tu n g  au f 
d a s  n eu ro sek re to risch e  S y stem  d e r H a u s ta u b e  w u rd e  im  H in b lick  au f die in te r re n a le  Gewcbs- 
re a k t io n  d e r N ebenniere u n te rs u c h t . E s ließ  sich  fe s ts te llen , d aß  nach  D e h y d ra ta tio n  u n d  nach  
W asse rb e la s tu n g  in  e rs te r  L inie de r p rä o p tisc h e  A b sc h n itt  des N ucleus su p ra o p tic u s  re ag ie rt. 
I n  d e r A n tw o rtrea k tio n  a u f  W asse rb e las tu n g  o ffen b a rt sich die fun k tio n e lle  V e rsch ied en h e it 
d e r  a n d e re n  A b sch n itte  in  gerin g erem  G rade. D er N ucleus e n to p ed u n cu la ris  z e ig t w eder 
n a c h  D e h y d ra ta tio n , noch  a u f  W asse rb e las tu n g  e ine  sig n ifik an te  Ä nderung . D ie  A ußenzone 
d e r  E m in e n tia  m edialis re a g ie r t  n ic h t a u f  W asse ren tzu g . Im  S tra tu m  p a lissad icu m  erzeug t 
d ie  W asse rb e las tu n g  die A k k u m u la tio n  e iner a ld eh y d fu ch s in p o s itiv en  S u b s ta n z . N a ch  D eh y 
d r a ta t io n  e n tle e rt sich d ie N eu ro h y p o p h y se , w ä h ren d  sie sich nach  W asse rb e la s tu n g  m it 
S e k re t fü llt .

A u f  G rund  dieser E rg eb n isse  k a n n  an g en o m m en  w erden , daß  die h y p o th a la m isc h e  
S te u e ru n g  der N ebennieren  d u rc h  V e rm ittlu n g  de r E m in e n tia  m edialis u n d  bei aphysio log ischen  
V e rh ä ltn is se n  auch d u rch  die N eu ro h y p o p h y se  erfo lg t. N ach H y d ra ta tio n  h ö rt  d ie E n tle e ru n g  
d e r  N eu ro h y p o p h y se  auf, die F u n k tio n  de r E m in e n tia  m edialis p o rta lis  v e rm in d e r t  sich 
o d e r  w ird  e ingestellt u n d  das in te rre n a le  Gewebe de r N ebenn ieren  a tro p h ie r t .  W asseren tzu g  
ü b t  k e in e  W irkung  au f die F u n k tio n  de r E m in e n tia  m edialis p o rta lis  aus, d esh a lb  is t  es w ah r
sch e in lich , daß  die H y p e rtro p h ie  de r N eb en n ie ren  d u rc h  eine aus der P a rs  n e rv o sa  in  b e d e u te n 
d e r  M enge en tleerte  n eu ro sek re to risch e  S u b s ta n z  b e d in g t ist. D ies lä ß t die A n n a h m e  zu, daß 
d a s  G öm öri-positive  n eu ro sek re to risch e  N e u ro h o rm o n  der Vögel ü b e r »C orticotropliine- 
R e leas in g  Factor«  E ig en sch aft v e rfü g t.

ДЕЙСТВИЕ ЖАЖДЫ И ВОДНОЙ НАГРУЗКИ НА ГИПОТАЛАМИЧЕСКУЮ 
РЕГУЛЯЦИЮ НАДПОЧЕЧНИКОВ У ДОМАШНЕГО ГОЛУБЯ (COLUMBA LÍVIA)

П. ПЕЦЕЛИ

Автор исследовал действие жажды в течение 4 или 8 дней и водной нагрузки на 
нейросекреторную систему домашнего голубя и связь между этим действием и реакцией 
межпочечной ткани надпочечников. Он установил, что под влиянием обезвоживания или 
водной нарузки реагировала в первую очередь преоптическая область nucleus ргаеор- 
ticus. В ответной реакции на водную нагрузку функциональное различие остальных 
участков проявляется в меньшей степени. Nucleus entopeduncularis не показывает досто
верного изменения, ни после обезвоживания, ни после гидратации. Внешняя зона сред
него возвышения гипоталамуса не реагирует на жажду. После пробы с водой в палисад
ном слое накопляется альдегидфуксин-положительное вещество. После жажды нейро
гипофиз опорожняется, а после гидратации он наполняется выделением.

Полученные результаты указывают на возможность того, что гипоталамическое 
регулирование надпочечников осуществляется посредство.м среднего возвышения, а в 
нефизиологических условиях также посредством нейрогипофиза. После гидратации 
опорожнение нейрогипофиза прекращается. Уменьшается или прекращается также пор
тальная функция eminentia mediana гипоталамуса и межпочечная ткань надпочечников 
атрофируется. Жажда не влияет на портальную функцию eminentia mediana гипотала
муса и, следовательно, ответственным за возникновение гипертрофии надпочечников 
является, предположительно, нейросекреторное вещество, выделяемое в большом коли
честве из pars nervosa. На основании сказанного можно предполагать, что Гомори-поло- 
жительный нейросекреторный нейрогормон птиц обладает свойством фактора Cortico- 
trophin Releasing Factor (CRF).

P é te r  P É C Z E L Y , B u d a p e s t, V I I I .  P u sk in  u. 3 . ,  H u n g ary
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STEROIDAL INFLLENCE ON ADRENOMEDLLLARY 
CATECHOL HORMONES OF THE PIGEON

D. Ch a u d h u k i , I . G h o s h  and A. G hos h

(R eceived  O c to b er 5, 1965)

T he endocrine  in te rre la tio n sh ip  of ad ren a l m edulla  of pigeon to  som e s te ro id a l 
p re p a ra tio n s  have  been stu d ied . Tw o co rtico id s , nam ely  cortisone a ce ta te  a n d  desoxy- 
co rtico s tero n c  a ce ta te , and  sex s te ro id s  — i.e. stilb estro l, s tilb estro l p lu s te s to s te ro n e  
p ro p io n a te , te s to s te ro n e  p ro p io n ate  a lone , an d  estrad io l d ip rop ionate  h av e  been used 
to observe a lte ra tio n s  in th e  cy to ch em ica lly  d em o n strab le  catechol h o rm o n es in th is  
a v ia n  species. T he g lucocorticoid  an d  th e  com bined  sex stero id  tre a tm e n t (s tilb e s tro l 
w ith  te s to s te ro n e) p roduce a d iffe re n tia l ac tio n  on th e  m ed u llary  ca tec h o l ho rm one 
in  th e  pigeon. C ortisone produces n o ra d re n a lin  dep le tion  while the  com bined  sex  ste ro id  
th e ra p y  e levates no rad ren a lin  c o n te n t acco m p an ied  by  an overall m e d u lla ry  h y p e r
tro p h y  (a b o u t -j- 30% ). S tilbestro l t r e a tm e n t  alone also shows some c h ro m a ffin  h y p e r
tro p h y  (a b o u t 15% ) associated  w ith  n o ra d re n a lin  increase. T es to s te ro n e  rev ea ls  a 
decrease  in th e  no rad ren a lin  c o n te n t. E s tra d io l and  deso x y co rtico s te ro n e  rem a in  
co m p le te ly  ineffective  in p roducing  p e rcep tib le  a lte ra tio n s  in m ed u lla ry  h o rm o n a l 
co n cen tra tio n . In general, ste ro id a l th e ra p y  in  p igeons does no t b ring  o u t a n y  s ig n ifican t 
ch an g e  in th e  to ta l  catechol am ine c o n c e n tra tio n  as revealed  by ch ro m a te -d ich ro m a te  
re ac tio n .

T he role o f corticoid  in m é th y la tio n  of m ed u lla ry  catechol horm ones, a ssoc ia tion  
of n o ra d re n a lin  release w ith  the  p resso r h o m eostasis as well as the  p a r t  p la y e d  by  th e  
sex ste ro id s in p roducing  a rtific ia l a v ia n  pheo ch ro m o cy to m a have  been p o in te d  o u t  
a n d  b riefly  discussed.

T h e ac tion  o f m edu lla ry  ho rm one  is a t  le a s t p a rtia lly  c o n tro lled  b y  th e  
ac tio n  o f co rtica l stero ids th is  has b een  a su b jec t of research  for som e tim e . 
Cl e g h o r n  e t al. [1] rep o rted  th a t  a f te r  ad ren a lec to m y , dog has been  fo u n d  to  
be  less sen sitive  to  th e  pressor effect o f ad ren a lin . T his has also been co n firm ed  
in  cases o f in fused  n o rad ren a lin  [9]. L e v i n e  (c ited  b y  V ogt [17]) h as d em o n 
s tra te d  t h a t  th e  v a so co n stric to r effect o f n o rad ren a lin  is only m a in ta in e d  in  
th e  presence  of co rtisone and  allied co m p o u n d s. A ccording to  V ogt [17] co rtica l 
h o rm o n e  ap p ears  to  p e rm it th e  response  o f d iffe ren t tissues to  th e  s tim u la tin g  
ac tio n  o f m ed u lla ry  am ines. S to rage-re lease  m echan ism s of ad ren a lin  a n d  n o ra d 
re n a lin  arc  d irec tly  con tro lled  b y  co rtica l horm ones (cortisone an d  h y d ro c o r ti
sone) w as f irs t e s tab lished  by R o f f i  [12]. As fa r  as our know ledge goes th ese  
o b se rv a tio n s  p rov ide  th e  firs t d irec t ev idence  o f th e  influence of c o rtic a l h o r
m ones on ch rom affin  cells. F in d in g  o f  s im ila r n a tu re  w ith  e x tra -a d re n a l ch ro 
m affin  tissu e  of th e  r a t  has also been  show n by  L e m p in e n  [6, 7].

B esides co rtico ids a n o th e r s te ro id  cap ab le  o f p roducing  chan g es in  th e  
m e d u lla ry  ho rm onal m ilieu is th e  e stro g en ic  ho rm one [8]. T his a u th o r  has
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show n th a t  a f te r  a d m in is tra tio n  of estrogen ic  su b stan ces  or g row th  horm one, 
a ch ro m affin  h y p e rp la s ia , som etim es p h eo ch ro m o cy to m a  is re su lted . B ased  on 
r a th e r  sc a n ty  d a ta  o u r p rev ious o b se rv a tio n  [10] also rep o rts  th a t  e s tro g en  
causes a loss of n o ra d re n a lin  co n ten t in  th e  p ig eo n  ad ren a l m edulla .

T h u s , from  p rev io u s  p a rag rap h s  i t  a p p e a rs  t h a t  ce rta in  g lucocortico ids 
as w ell as o v arian  s te ro id s  m ay  e ffec tive ly  b r in g  o u t changes in  th e  am ine- 
h o rm o n a l c o n c e n tra tio n  o f th e  ad rena l m ed u lla . I n  view  of th is , we th o u g h t th a t  
i t  m ig h t be of in te re s t  to  see th e  ac tion  o f  o th e r  ste ro id s  (as well as th ese) on 
th e  c o n c e n tra tio n  o f a v ia n  m ed u lla ry  ho rm o n es.

T h e  p resen t re p o r t  describes th e  effect o f co rtiso n e  ace ta te , deso x y co rti- 
co s te ro n e  a ce ta te , d ie th y ls tilb c s tro l, d ie th y ls tilb e s tro l plus te s to s te ro n e  p ro p io 
n a te  a n d  estrad io l d ip ro p io n a te  on th e  cy to ch em ica lly  dem onstrab le  ca tech o l
am in es o f th e  d om estic  p igeon.

Material and m ethods

A d u lt m ale p igeons av erag e  body  w eigh t 250— 300 g m  w ere d iv ided  in to  six e x p e rim e n ta l 
g ro u p s . D etails  o f th e  e x p e rim e n ta l schedule are  g iv en  in  T ab le  I. A fter te rm in a tio n  of 
re sp ec tiv e  ex p erim en t b o th  co n tro l and  tre a te d  g ro u p s w ere sacrificed  by  cerv ical d is lo ca tio n  
a n d  th e ir  ad ren a l g lan d s w ere ta k e n  o u t im m e d ia te ly  a n d  p lu n g ed  in to  ap p ro p ria te  f ix a tiv e s  
fo r cy to log ica l and  c y to ch em ica l s tud ies . F o r to ta l  c a tech o l am ines, ad renals w ere t r e a te d  
w ith  a  m ix tu re  of 5 %  p o ta ss iu m  d ich rom ate  a n d  5%  p o ta ss iu m  chrom ate  (10 : 1) so lu tio n s 
fo r  24 h o u rs  an d  su b seq u e n tly  tran s fe rre d  to  10%  fo rm a lin  fo r 24 hours. To d e te c t n o ra d re n a lin  
th e  g lan d s  were f ix ed  in  s a tu ra te d  so lu tion  of p o ta s s iu m  io d a te  for 24 hours and  in tu rn  th ese  
w ere  im m ersed  in  10%  fo rm alin  fo r a d ay . Follow ed b y  th ese  tre a tm e n ts  sections w ere p re p a re d

Table I

Experim ental schedule

Expe
riment Group Treatment

l C ortisone (12)* 5 m g of cortisone ace ta te  (“ C ortogen” Schering, N. J .)  in  sterile  
w a te r  in jec ted  in tra m u sc u la rly  daily  for 15 days

Control (12) None
i l DCA (6) W eekly  in jection  of 5 m g of desoxycorticosterone ace ta te  (“ Per- 

co rten ” Ciba) in  oil given fo r 64 days
Control (6) N one

i n S tilbestro l (6) 45 mg of d ie th y lstilb estro l p e lle ts  (“ S tik ap ” M ay and  B ak er) im 
p lan ted  a t  the  neck region. K e p t for 45 days

IV Stilbestro l and F ro m  the  second d ay  a fte r  th e  stilbestro l im p lan ta tio n  a w eekly
T estosterone (6) 

Control for

in jection  of 5 mg of tes to s te ro n e  propionate  (“ O re ton”  Schering 
N . J .)  was given for 45 d ay s

I I I  and IV (6} N one
V T estosterone (6) W eekly  in jection  of 5 m g of tes to s te ro n e  p rop ionate  (“ P e ra n d re n ” 

Ciba) in oil was g iven. T o ta l period  of trea tm e n t was 45 days
Control (6) N one

VI E strad io l (6) 5 m g of estrad io l d ip ro p io n a te  (“ Ovocyclin”  Ciba) in  oil in jec ted  
w eekly for 36 days

Control (6) N one

* N um ericals in  p a ren th es is  ind ica te  the  n u m b er o f  p igeons used.
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a f te r  a 30 m in u te  em bedding  in  p a ra ffin  a t  56 °C ( H ill a rp  an d  H ö k f e l t ’s [5] tech n iq u e  as 
m od ified  by  F alck  and  I I illaiip  [2]; Gh osh  an d  Ghosh  [4J). H e m ato x y lin  a n d  eosin  and 
H e id en h a in ’s azan  tech n iq u e  w ere used as ro u tin e  cyto logical p rocedure .

R esults

I t  has been observed  th a t  co rtisone  t re a tm e n t provokes a m a rk e d  loss 
in  th e  b o d y  w eight o f th e  p igeon (P  0.005). A loss of a p p e tite  a n d  low  in tak e  
o f food is also no ticed  in  th e  co rtico id  group . The te s to id  an d  th e  sy n th e tic  
e s tro g en  (G roup IV) elicits an  increase  in  th e  g lan d u la r w eig h t (P  <[ 0.001) 
w hile b o d y  w eights o f th e  tre a te d  pigeons rem ain  p ra c tic a lly  u n ch an g ed . 
A ggressiveness, restlessness an d  occasional m o u n tin g  becom e p ro m in e n t fea
tu re s  o f th is  ho rm onal a d m in is tra tio n . T he food in tak e  of these  b ird s , how ever, 
rem ain s norm al. H igh  ra te  of m o r ta lity  also charac terizes th is  g ro u p  o f t r e a t 
m en t. In  all o th e r cases o f s te ro id a l t re a tm e n t no sig n ifican t change in  body  
w eig h t, g land  w eight an d  b eh av io u r could  be no ted .

Control

Histological. T he m icroscopic e x am in a tio n  of th e  h isto log ica l p re p a ra tio n  
rev ea ls  th a t  th e  pigeon ad ren a l is m ade u p  of an o u te r  connective  tissu e  capsule 
an d  an  in n e r g lan d u la r p a re n c h y m a  com posed of in te rm in g led  m asses o f  co rti
cal an d  m edu lla ry  tissues. M edullary  s tra n d s  are of irreg u la r size a n d  shape, 
co n sisting  of ran d o m ly  o rien ted  cells w ith  oval nuclei (F ig . 1). T h e  d e ta iled  
h isto log ica l descrip tion  of th is  tissue  has been p resen ted  b y  S i n h a  e t al. [13].

Histochemical. D ich ro m a te  reac tio n  for to ta l c a tech o lam in es: T h e  whole 
m e d u lla ry  p a tch  gives yellow ish  b ro w n  co lo ration  (F ig. 3). G ra n u la r  n a tu re  
o f v a riab le  s ta in a b ility  can  be n o ted  u n d e r h igher m agn ifica tion .

Io d a te  reac tio n  for n o ra d re n a lin : A b ou t 55 65%  of m e d u lla ry  cells
(F ig . 5) show ing b row nish  yellow  colour, in d ica te  th e  presence o f  n o ra d re n a 
lin [3].

Treated

Histological. T he  co rtisone  t r e a tm e n t  has a lte red  th e  n o rm a l h isto log ica l 
c h a ra c te r is tic  of a d ren o m ed u lla ry  cells. T he cortica l reg ion  a p p e a rs  h igh ly  
sh ru n k e n  and  nu c lear o r ie n ta tio n  especially  of th e  co rtex  becom es alm ost 
d iso rgan ized . S ta in a b ility  of b o th  m ed u lla ry  an d  cortica l cells in c re a se d  to  a 
consid erab le  e x te n t. S im u ltan eo u s w ith  th e  a tro p h ic  changes in  th e  co rtica l 
s tra n d s , a som ew hat co m p en sa to ry  h y p e r tro p h y  of th e  m ed u lla ry  tissu e  is 
also n o ticed .

A n overall m edu lla ry  h y p e r tro p h y  is possibly th e  m o st re m a rk a b le  h is to 
logical fea tu re  of th e  s tilb e s tro l plus te s to s te ro n e  tre a te d  g roup . T h is  t r e a tm e n t  
also causes an  increase in ce llu la r s ta in a b ili ty  sim ilar to  o u r o b se rv a tio n s  on 
co rtiso n e  g roup  (F ig. 2). DCA an d  s tilb e s tro l alone also induces ch ro m affin

stela Morphologicu tcademiac Scientiarum Hungáriáié l i .  19(i()



2 4 8 D. CHAUDHURI, I. GHOSH and A. GHOSH

Fig. 1. A drenal m ed u lla  o f th e  contro l p igeon. H e id en h a in ’s azan, X 400 
F ig . 2. S tilbestro l plus te s to s te ro n e  tre a te d  birds show ing m ed u lla ry  h y p e rtro p h y . H e id en h a in ’s

azan, X 400
Fig. 3. A drenal m ed u lla  o f  th e  pigeon showing c h ro m a te -d ich ro m a te  reac tion . < 100 

F ig . 4. H y p ertro p h ied  m e d u lla ry  tissue  of the  c o rtiso n e -tre a te d  pigeons. N ote an  increase in 
th e  to ta l  c a tec h o l am ine co n ce n tra tio n , X  100 

F ig . 5. Io d a te  po sitiv e  n o ra d re n a lin  con tain ing  cells in th e  con tro l pigeons, X 60 
F ig . 6. H y p ertro p h ied  io d a te  p o sitiv e  m edullary  tissu e  of th e  stilb estro l plus tes to s te ro n e  
t r e a te d  pigeons. S ta in in g  in te n s i ty  o f th e  iodate reac tio n  h as  also been g rea tly  increased , X 60
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h y p e r tro p h y  to  som e e x te n t. O th e r ste ro id s  p ra c tic a lly  rem ain  ineffec tive  in 
p ro d u c in g  h isto logic changes.

Histochemical.  H istochem ical f in d in g s on c h ro m a te -d ich ro m a te  an d  io d a te  
reac tio n s  of th e  c o n tro l and tre a te d  g roups are  sum m arized  in T ab le  I I . A 
p e ru sa l o f the  ta b le  rev ea ls  th a t  co rtiso n e  show s a loss o f n o rad ren a lin  w ith  an 
in crease  in to ta l c a tech o l am ine re a c tio n  (F ig . 4). C o n cen tra tio n  o f  io d a te  posi
tiv e  m ateria l is g re a tly  increased  in  s tilb e s tro l p lu s  te s to s te ro n e  tr e a te d  group 
(F ig . 6), and to  som e e x te n t  in s tilh estro l tr e a tm e n t.  B u t te s to s te ro n e  in jec tion  
o n ly  gives a fa in t io d a te  positive re a c tio n  in  large n u m b er of m e d u lla ry  cells. 
W ith  th e  o ther s te ro id a l tre a tm e n t th e  cy to ch em ieal p a tte rn  of th e  m edu lla  
p ra c tic a lly  rem ains u n a lte re d .

D iscussion

I t  is ev iden t fro m  th e  p resen t in v e s tig a tio n  th a t  th e  g lucoco rtico id  and  
sex stero ids have d iffe ren t action  on th e  m e d u lla ry  catecho l h o rm o n e  con
c e n tra tio n  in  th e  p igeon . T hus, the  co rtiso n e  is responsib le  fo r th e  d ep le tio n  of 
n o rad ren a lin  while th e  com bined  a d m in is tra tio n  o f s tilb e s tro l plus te s to s te ro n e  
e lev a te s  m edu llary  n o ra d re n a lin  c o n te n t as well as induces ch ro m affin  h y p e r
tro p h y  (Table 11).

T o  explain  th e  co rtiso n e  induced  d ep le tio n  o f n o rad ren a lin , tw o  a lte rn a 
tiv e s  m ay  he suggested . F irs tly , th e  d ep le tio n  m ay  be due to  th e  release of 
n o ra d re n a lin  asso c ia ted  w ith  a c o n co m itan t rise o f  ad ren a lin  and  second ly , a 
conversion  of n o ra d re n a lin  to  ad ren a lin  b y  m é th y la tio n  m echanism  (cf. W right  
a n d  Ch e st e r  J o n e s  [18] and  Le m p i n e n  [6]) m a y  be held responsib le  fo r th e  
n o ra d re n a lin  loss. R e lease  of n o rad ren a lin  m ay  be  well ex p la in ed  if  w e assum e 
th a t  th e  cortisone is cap ab le  of p ro d u c in g  h y p e rte n s io n  in  th e  p igeon . I t  m ay  
be w orth  m en tion ing  h ere  th a t  the co rtiso n e-in d u ced  h y p erten sio n  h as  a lread y  
been  recorded  in a n o th e r  av ian  species (Gallus)  b y  S tamler  in 1954 (v ide 
St u r k i e  and  R in g e r  [14]) .  In  view  o f th is  i t  is q u ite  possible th a t  th is  high 
ra te  o f n o rad ren a lin  sec re tio n  in the p igeon  becom es ind ispensab le  fo r th e  m a in 
te n a n c e  of hom eostasis d u rin g  g lu coco rtico id -induced  h y p e rten s io n . I t  m ay  
be m en tio n ed  here t h a t  th e  m inera loco rtico id  u sed  in th e  p re se n t e x p e rim en t 
fails to  cause any  ch an g e  in  th e  ho rm one c o n te n t o f th e  h y p e rtro p h ie d  ad ren a l 
m ed u lla . An overall in c rease  of n o rad ren a lin  becom es th e  re su lta n t o f th e  com 
b in ed  sex horm one (s tilb e s tro l plus te s to s te ro n e ) th e ra p y . T his is ev idenced  
from  th e  re la tive  s ta in in g  in te n s ity  o f  c h ro m a te -d ich ro m a te  and  io d a te  reac 
tions o f  th e  contro l a n d  th e  horm one rec ip ien ts  (T able  I I ) . I t  is kn o w n  th a t  
p h eoch rom ocy tom a can  be induced in e x p e rim e n ta l ra ts  b y  pro longed  ad m in is
t r a t io n  of estrogenic  ho rm ones [8] an d  it  is also re p o rte d  th a t  n o ra d re n a lin  
becom es p red o m in an tly  sec re to ry  ho rm o n e  of th e  ad ren a l m edu lla  in  case of 
h u m a n  p h eo ch ro m o cy to m a [15]. I t  seem s, th e re fo re , th a t  th e  increase  in n o rad -
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Table II

Body and adrenal weights, percentage o f iodate and dichromate positive areas and staining intensity o f  H illarp  and H ökfelt's reaction in
controls and steroid treated pigeons

Group Treatment Days of treatment
Body weight (gm) 

Mean + SE Adrenal weight (mg) 
Mean ± SE

% of total 
medullary 

area

% ofIodate 
(1 positive 

area 1)

Staining intensity 
(average) 2)

Initial Final Chr-di Iodate

I Cortisone (12) 15 289.09 16.40 263.27 ± 21.33 21.32 ± 0.96 40 50 4.5 0.5
None (12) — 251.64 _L 6.56 258.5 ± 7.60 20.25 ± 3.87 35 45 4 2

II DCA (6) 64 256 ± 6.21 261 ± 4.30 21.28 ± 2.12 45 65 4 2
None (6) — 267.0 -f- 19.3 270 ± 15.22 22.86 dz 1.79 35 60 4 2

I I I S tilbestro l (6) 45 238.4 + 8.93 247.20 12.54 * 38 67 4 2.5
None (6) — 266.25 ± 15.5 303.75 ± 21.38 * 33 60 4 2

IY Stilbestro l -f- T estosterone (6) 45 281.66 6.03 301.66 ± 19.2 32.88 ± 2.82 45 75 4 4
None (6) — 266.25 + 15.5 303.75 ± 21.38 17.93 -j- 2.64 30 50 4 2

V T estosterone (6) 45 316.7 ± 9.23 318.3 7.22 26.4 ± 3.2 33 80 4 1.5
None (6) — 292 16.63 283.3 + 11.61 31 ± 6.63 38 60 4 2

V I E strad io l (6) 36 226.6 ± 23.5 298.3 d= 22.4 * 40 65 4 2
None (6) 266.25 ± 15.5 303.75 ± 21.38 * 36 63 4 2

1) V isual e stim ation ; 2) E stim a ted  v isually  and  a rb itra rily  graded  on a scale of 0— 5 [11] 
* N ot recorded.

250 
D

. C
H

A
U

D
H

U
B

I, I. G
H

O
SH

 and A
. G

H
O

SH



STEROIDAL INFLUENCE ON ADRENOMEDULLARY CATECHOL HORMONES 251

ren a lin  c o n cen tra tio n  is possib ly  assoc ia ted  w ith  th e  chrom affin  h y p e r tro p h y  
lead in g  to  pheoch rom ocy tom a. This re la tio n sh ip  betw een th e  h ig h  ra te  of 
n o rad ren a lin  sy n th esis  and chrom affin  h y p e r tro p h y  holds good in  case of 
p igeons, chron ica lly  tr e a te d  w ith  s tilh es tro l. W hen  th e  la t te r  was u sed  in  com 
b in a tio n  w ith  te s to s te ro n e , th e  c o n c e n tra tio n  o f  norad rena lin  a p p e a rs  to  be 
h igher as com pared  to  th e  pigeons tre a te d  w ith  sy n th e tic  estrogen a lone . I t  is 
q u ite  possible th a t  th is  a u g m en ta tio n  of n o n -m e th y la te d  horm one o f th e  a d re 
nal m edu lla  in pigeons is due to  a sy n erg is tic  ac tio n  of th e  te s to id  a n d  stil- 
b estro l. The synerg is tic  ac tion  of te s tic u la r  ho rm o n e  and  estrogen  is p r e t ty  
well know n in  th e  endocrino logical l i te ra tu re  [16]. B u t w hen n a tu ra l e s tro g en  
(estrad io l) was used in  th e  pigeon in  p lace o f  sy n th e tic  one, th e  m e d u lla ry  
n o rad ren a lin  co n ten t d id  n o t increase. T his re s u lt  is d ifficu lt to  ex p la in . P o ssib ly  
a m ore pro longed t r e a tm e n t w ith  e strad io l w o u ld  have caused a h ig h e r m o b ili
za tio n  of n o rad ren a lin  in  th e  pigeon ad ren a l m edu lla .
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D IE  W IR K U N G  VON S T E R O ID E N  A U F D IE  K A T E C H O L H O R M O N E  D E S N E B E N 
N IE R E N M A R K S  D E R  T A U B E

D. CHAUDHURI, I. GHOSH und A. GOSH

D ie e n d o k rin en  Z u sam m en h än g e  zw ischen d e m  N eb en n ie ren m ark  der T a u b e  u n d  
e in ig en  S te ro id p rä p a ra te n  w u rd en  u n te rsu c h t. Zwei K o rtik o ste ro id e , n am en tlich  C ortison- 
a z e ta t  u n d  D e so x y k o rtik o s te ro n a ze ta t, fe rn e r die S ex u a ls te ro id e  S tilböstro i, S ti lb ö s tro l +  
-f- T e s to s te ro n p ro p io n a t, T es to s te ro n p ro p io n a t allein  sow ie E strad io lp ro p io n a t w u rd e n  v e ra b 
re ic h t u n d  b e o b ac h te t, welche V e rän d e ru n g en  sich  u n te r  ih re r  W irkung  in  den  K a tec h o l-  
h o rm o n en  d ieser V ogelart nachw eisen  lassen. Die G lu k o k o rtik o id - und  die k o m b in ie rte  S e x u a l
s te ro id b e h a n d lu n g  (S tilb ö stro l -J- T es to s te ro n ) ü b te n  a u f  das m edulläre  K a tec h o lh o rm o n  der 
T au b e  e in e  un tersch ied lich e  W irk u n g  aus. C ortison  b ew irk t eine N o ra d ren a lin a b n ah m e , 
w ä h re n d  d ie k o m b in ie rte  S e x u a ls te ro id b eh an d lu n g  be i gleichzeitiger a llgem einer H y p e r 
tro p h ie  (e tw a  -f- 30% ) des N eb en n ie ren m ark s  die N o ra d ren a lin k o n z en tra tio n  e rh ö h t.  S til- 
b ö s tro lb e h a n d lu n g  allein  e rzeu g t ebenfa lls  eine geringe H y p e rtro p h ie  der ch ro m affin en  Z ellen 
(e tw a  -f- 1 5 % ) bei p a ralle ler Z u n ah m e des N o ra d ren a lin g e h a lte s . T estoste ron  b e w irk t  eine 
A b n ah m e  des N o rad ren a lin g eh altes . E strad io l u n d  D eso x y k o rtik o stero n  erw iesen  sich  als 
v o llk o m m en  w irkungslos u n d  riefen  keinerle i n a ch w e isb a ren  V eränderungen  in d e r H o rm o n 
k o n z e n tr a t io n  des N eb en n ie ren m ark s h e rv o r. W ie aus d e r  C h ro m at-D ich ro m a t-R e ak tio n  h e r 
v o rg e h t, r u f t  die S te ro id b eh an d lu n g  bei der T au b e  im  allgem einen keine s ig n ifik a n ten  V er
ä n d e ru n g e n  in  de r K a tec h o la m in k o n z en tra tio n  h e rv o r.

D ie  R olle  der K o rtik o id e  in  d e r M ethy lie rung  d e r m edu llären  K a tech o lh o rm o n e , der 
Z u sa m m e n h a n g  zw ischen N o rad ren a lin fre ise tzu n g  u n d  P resso r-H om eostase , fe rn e r d ie R olle  
de r S e x u a ls te ro id e  in  der E rzeu g u n g  k ü n stlich e r P h äo ch ro m o zy to m e  bei V ögeln w erden  
k u rz  e rö r te r t .

ДЕЙСТВИЕ СТЕРОИДОВ НА АДРЕНОМЕДУЛЛЯРНЫЕ КАТЕХОЛГОРМОНЫ
Г О Л У Б Я

Д. Х А УДХУРИ, И. ГОШ и А. ГОШ

Авторы исследовали действие некоторых стероидных препаратов на эндокрино
логические условия мозгового вещества надпочечников голубей. Два кортикоида, а 
именно, кортизонацетат и дезоксикортикостеронацетат, и половые стероиды: стиль- 
бестрол, стильбестрол +  пропионат тестостерона, пропионат тестостерона, а также 
дипропионат тестостерона применялись в целях выявления изменений катехолгормонов, 
определяемых цитохимическими методами исследования у этих видов птиц. Дача глико- 
кортикоидов или комбинации половых стероидов (стильбестрол +  тестостерон) вызы
вает в концентрации медуллярных катехол-гормонов голубей отклоняющиеся изменения. 
Кортизон вызывает уменьшение количества норадреналина, в то время как комбиниро
ванное введение половых стероидов повышает концентрацию его, при общей гипертрофии 
мозгового вещества (около +  30%). Дача одного только стильбестрола также приводит 
к некоторой гипертрофии хромаффиновых клеток (около +15%), сопровождаемой повы
шением содержания норадреналина. Тестостерон вызывает уменьшение концентрации 
норадреналина. Эстрадиол и дезоксикортикостерон оказались совершенно безэффектив- 
ными и не вызвали выявляемых изменений концентрации гормонов мозгового вещества 
надпочечников. В общем, на основании реакции хромат-дихромат, у голубя дача стерои
дов не вызывает достоверного изменения концентрации общих катехоламинов.

Обсуждается роль кортикоидов в метилировании медуллярных катехолгормонов, 
связь между освобождением норадреналина и прессорным гомеостазом, а также роль 
половых стероидов в развитии искусственных феохромоцитом у голубя.

D ip ti  C h a u d h u r i  

Ira  G hosh  
Á sok  G hosh

C alcu tta , 35 B a lly g u n g e  C ircular R oad , In d ia
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In s t i tu te  of P a th o lo g y  an d  P a th .  H isto logy  (D irec tor: P ro f. P . E n d e s ) an d  D e p a rtm e n t of 
T ubercu losis (D irec to r: P rof. F. P ongor), U n iv e rs ity  M edical School, D ebrecen

EFFECT ON GEINEA PIGS OF INTRATR ACHE ALLY 
ADMINISTERED ZIEHL NEELSEN POSITIVE

POLLENS

(D A T \  C O N C E R N IN G  T H E  A E T IO L O G IC A L  C O R R E L A T IO N  B E T W E E N  P O L L E N  
G R A N  ULOM  AT A AND S A R C O ID O SIS )*

J. T. K e l e m e n  and L. M á n d i

(R eceived  N ovem ber 25, 1965)

The pollen of two v a rie tie s  of reed-m ace (Т у р к а  la tifo lia  an d  angustifo lia) 
has been in tro d u c ed  in to  th e  trac h ea  of guinea pigs. T h e  pollens were p a r tly  in ta c t, 
p a r tly  c rushed , and  p a r tly  ad m in iste red  as th e ir  lip id  e x tra c ts . T his t r e a tm e n t failed 
to  induce an ep ithe lio id  cell re ac tio n , and all t h a t  w as observed  a fte r  e ight m on ths 
consisted  in aspecific  fo reign  body  g ian t cell g ra n u la tio n . T he supposition  th a t like 
pine pollen — o th e r  pollens co n ta in in g  Ziehl-- Neelsen po sitiv e  com p o n en ts  m ay  induce 
sarcoidosis-like ep ith e lio id  cell g ranu lom a has, th u s , n o t  been borne out by  the  
experim en ts . W hile th e  p resence of pollen c o n s titu e n ts  w as d e m o n s tra ted  in  th e  lungs 
and  regional lym ph  nodes, th e ir  fat co n ten ts  a n d  p o sitiv e  Ziehl -N ee lsen  s ta in ing  
g rad u ally  d isap p ea red  from  th e  f if th  m on th  on. T h e  lip id  e x tra c t  o f pollen  seem ed 
to  he biologically m ore ac tiv e  th a n  the  pollen itself. P re t re a tm e n t  w ith  DOCA prom oted  
th e  connective-tissue  reac tio n  w ith o u t changing  its  cjuality .

Cummings  e ta l .  [ 2 ,3 ]  h av e  show n th a t  th e  m a jo r ity  of p a tie n ts  w ith  sa r
coidosis had  h ad  th e ir  b ir th  p lace or dom icile in  th e  pine-w ood b e lts  o f the 
U n ited  S ta tes . In  th e ir  search  o f possible p a th o g en s  th e y  d iscovered  th a t  cer
ta in  co n s titu en ts  of th e  lob lo lly  p ine pollen to o k  th e  Z iehl -N ee lsen  s ta in  like 
M . tuberculosis. T he in tra c u ta n e o u s  in jec tion  of p ine-po llen  e x tra c t  suspended  
in p a ra ff in  oil induced  ep ithe lio id -ce ll g ran u lo m a ta  in  th e  te s t  an im als. By the  
a d m in is tra tio n  of p ine po llen  or its  lipid e x tra c t ,  V o gel  and  T h r a s h  [12],  
fu r th e r  L i n d n e r  e t al. [8] succeeded  in  evok ing  local an d  som etim es even 
sy stem ic  ep ithe lio id  cell reac tio n s.

R ely ing  on such ev idence , Cummings  [1, 2, 3] a d v an ced  th e  th e o ry  th a t  
sarco idosis was due to  an  ac id -fa s t c o n s titu e n t of p ine po llen . Since th is  can n o t 
ap p ly  to  conditions in  H u n g a ry  w here th ere  are no p ine fo rests , while th e  n u m 
b er of p a tie n ts  w ith  sarco idosis is q u ite  considerab le  [9], i t  seem ed ju s tif ie d  to  
ex am in e  the  b io logical effect o f th e  pollen o f c e r ta in  p la n ts  w idespread  in 
H u n g a ry . T here was one am o n g  th em , the c a tta il  (reed -m ace), bo th  v a rie tie s  of 
w hich  (Typlin  latifolia  and  angustifo lia) were found  to  h av e  Ziehl N eelsen-posi- 
tiv e  pollen . The geograph ical d is tr ib u tio n  of these  p la n ts  m ay  have an  aetiolog-

* P a rt  of th is  s tu d y  has been  su b m itte d  to th e  T h ird  In te rn a tio n a l  Sarcoidosis Con
ference. S tockholm , 1963.
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ica l s ign ificance  since th e y  g row  all over th e  c o u n try  in  s ta g n a n t or slowly 
flo w in g  w a te rs , sa lt lakes, in  th e  d itch es  of rice fields an d  in  re e d y  m arshes, 
so m e tim e s  sep ara te ly , so m etim es to g e th e r. A p a rt from  its  ae tio lo g ica l aspects, 
th e  s tu d y  w as hoped to  help  in  p re p a rin g  an  ex p e rim en ta l m odel o f  sarco idosis.

Material and method
A f te r  mixing equal  a m o u n ts  o f  th e  pollens of T yp h a  lalifolia a n d  angustifolia  (Fig. 1) 

a n d  su sp e n d in g  them  in physio logical  saline, the  m ix tu re  was hom ogenized  for 30 minutes .  
Since p a r t  of the  pollens re m a in e d  i n t a c t  in P o t t e r ’s homogenizer,  i t  was poss ib le  to  s tu d y  
th e  e f fec t  o f  crushed and  u n im p a i r e d  pollens sim ultaneously .  The  l ipid e x t r a c t  o f  pollen was

Fig. 1. Poo led  pollens of T yp h a  lati folia  a n d  angustifolia.  Section em b e d d ed  in p a ra f f in  and 
s t a in e d  accord ing  to Ziehl— Neelsen. M ark ed  positive reac t ion  in  th e  o u te r  l ay e r  (red,  b u t  black 

in the p ic tu re) ,  less m a rk e d  in the  inner  layers. X 120

e m p lo y e d  in a separate series of ex p e r im e n ts .  To ob ta in  th e  ex tra c t ,  the  pollens were hom o
gen ized  fo r  one half  hour  in  a m ix tu r e  of alcohol, e the r  a n d  chloroform, a n d  th e n  ex trac ted  
d u r in g  f o u r  days in the  same m ix tu re .  T h e  e x tr a c t  was f i l te red  a n d  e v a p o ra te d  in a w a ter  
b a th .  T h e  viscous res iduum  was su sp en d e d  in physiological saline a n d  th e n  adm in is tered  
in t r a t r a c h e a l ly .  W ith  a view to p re v e n t in g  secondary  infection , 20,000 u n i t s /m l  of penicillin 
were  g iv en  w ith  b o th  the  pollen suspens ion  and the  pollen ex trac t .

T w e n ty  guinea pigs of b o t h  sexes, w i th  bo d y  weights  be tw een  300 a n d  500 g, were 
d iv id e d  in  four  groups, w i th  five m e m b e rs  p e r  group. A fte r  being e th e r  anaes thes ized ,  0.3 ml 
of p o l le n  suspension or e x t r a c t  was sp ra y ed  in to  the  t rach ea  th ro u g h  a p las t ic  tu b e  m oun ted  
on  a sy r inge .  Two of the groups rece ived ,  p r io r  to the  t r e a tm e n t  w i th  pollen, 0.4 m g  of DOCA 
daily  in t ra m u sc u la r ly  for e igh t  d a y s ,  in  o rd e r  to p rom ote  th e  connective- tissue  reac tion .  The 
a d m in i s t r a t i o n  of pollen was r e p e a te d  a m o n th  later.  The  anim als  were b led  to d e a t h  in e ther 
a n a e s th e s ia  between the f i r s t  a n d  f i f t h  days ,  on th e  46 th ,  76th,  150th  an d  24 0 th  day.  After 
r e m o v in g  th e  lungs toge the r  w i th  th e  p a ra t rac h éa l  a n d  b ro n c h o -p u lm o n a ry  ly m p h  nodes, 
t h e y  w ere  f ixed in a n eu tra l  10 p e r  c en t  form alin  so lu tion  of room  te m p e ra tu r e ,  and  the 
b r o n c h ia l  t ree  was likewise fi lled w i th  form alin .  On the  average,  five p u lm o n a r y  areas and 
th e  l y m p h  nodes of a t  least  th ree  d if fe ren t  regions were exam ined  p a r t ly  fo r  f a t s  and  pa r tly  
in  p a ra f f in -em b ed d ed  5 // th ick  sec tions  a f te r  sta in ing haem atoxvl in -eosin  a n d  Ziehl Neelsen’s 
dye. T h e  periodic-acid Schiff a n d  G o m o r i ’s acid ph o sp h a tase  reac tions were also performed 
in  a few  ins tances  [6]. L ipids were  d e m o n s t r a te d  in fo rm alin-fixed frozen sections b y  means 
o f  S u d a n  b lack  B, a lcoholic-acetonic S u d a n  I I I — IV solution, oil-red О dissolved in isopropyl 
a lcohol ,  a n d  by  means of Nile b lu e  su lfa te .  Fif teen anim als  served as con tro ls .  Three  were
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killed  w ith o u t t r e a tm e n t;  fo u r w ere anaesth e tized  w ith  e th e r  a n d  allow ed to  su rv ive  for a 
few  w eeks; e ig h t rece ived  physio log ical saline w ith o u t p o llen  b u t  o therw ise  u n d e r th e  sam e 
e x p erim en ta l co n d itions as th e  te s t  an im als: four o f th ese  la s t  e ig h t w ere p re tre a te d  w ith
DOCA.

Results

The lungs of th e  con tro l an im als show ed s lig h t in te rs ti t ia l  chronic inflam - 
m a tio n  w ith  in f il tra tio n  consisting  of a few ly m p h o cy te s , p lasm a cells, occasional 
eosinophils an d  in  one case of foreign-body  g ia n t cells. T he am o u n t of 
in te rs ti t ia l  connective  tissu e  w as sligh tly  increased  and en larged  p eriv ascu la r 
and  perib ro n ch ia l nodes o f ly m p h o id  cells w ere p re sen t. T hese changes are oi

Fig. 2. Pollen lip id  e x tra c t  in  th e  p u lm o n a ry  vessels an d  a lveo li o f a gu inea pig w hich  died of 
shock one day  a f te r  th e  in te rv e n tio n . F orm ol-fixed  frozen sec tion . S u d an  I I I — IV -haem alum

sta in . X 70

un k n o w n  aetio logy  b u t  a p p e a r  so freq u en tly  u n d e r  physio log ica l conditions 
th a t  th e y  belong to  th e  n o rm al m icroscopic p ic tu re  o f th e  gu inea-p ig  lung  [11]. 
All con tro l an im als rev ea led  th e  sam e m icroscopic p ic tu re .

Pollens, p a r ts  of th e m  an d  also th e ir  e x tra c t  h ad  passed  in to  th e  lungs 
an d  w ere d em o n strab le  th e re  b y  fa t  s ta ins (F ig . 2). F o re ig n  b o d y  g ian t cells 
fo rm ed  a round  th e  pollen p a rtic le s  on the  v e ry  f ir s t  d ay , w hile a ro u n d  in ta c t 
pollens som ew hat la te r . P a r t  o f th e  lipid e x tra c t w as d e m o n s tra te d  in  th e  pu l
m o n ary  cap illaries an d  venu les of those tw o te s t  an im als w hich h ad  died of 
shock one or tw o days a f te r  th e  in jec tion . B eside g ia n t cells, in filtra tio n  w ith 
h is tio cy tes  w ith  foam y cy to p lasm , accu m u la tio n  o f p lasm a cells an d  eosino
phils w ere observed . T hese changes were well d is tin g u ish ab le  from  the  basic 
ones, an d  increased up to  th e  f if th  m o n th  (Figs. 3, 4). T he pollens, th e ir  p a r ti
cles an d  e x tra c ts  w ere d e m o n s tra te d  by  m eans o f f a t  s ta in s  or accord ing  to  
Z iehl -N eelsen , w hile th e  in te n s ity  of s ta in ing  w as g rad u a lly  decreasing. The 
g ra n u la tio n  show ed ac id -p h o sp h a ta se  ac tiv ity ; th e  cy to p la sm  of th e  m acro-
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F ig . 3. C onditions a t 240 d ays. H is tio c y tic  g ran u la tio n  in lungs w ith  ly m p h o cy tes , p lasm acy tes 
a n d  eosinophils. H aem atoxy lin -eosin . X 120

F ig . 4 . C onditions a t 240 d ays. G ra n u la tio n  as in  Fig. 3; foreign body  g ia n t cell on  th e  left side.
H aem ato x y lin -eo sin . X 120

F ig . 5. F in e  globules of pollen  l ip id  e x tr a c t  in th e  m arg inal an d  in te rm e d ia ry  sinuses of lym ph 
node, in d ic a te d  b y  arrow s. Ziehl — N eelsen s ta in . X  100
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phages and g ia n t cells contained p a r t ly  hom ogeneous and  p a r tly  sligh tly  g ra n 
u la r  P A S -positive su b stan ce  w hich  o ften  fo rm ed  a ring  a round  th e  p h agocy ted  
lip id  globules. T h e  f a t ty  su b stan ces o f th e  po llens ceased  to  tak e  th e  s ta in , 
w ere sp lit and  ca rried  off betw een  th e  f if th  an d  e ig h th  m o n th s. G ran u la tio n  
ceased to  progress b u t  rem ained  m ore  or less s ta t io n a ry  d u rin g  th a t  period . 
C onsiderable in f il tra tio n  w ith eosinoph ils w as o bserved  in  som e cases; and  
th e se  were in te rsp e rse d  w ith  h is tio c y te s  w ith  a la rge  pale , som etim es foam y  
cy top lasm a, c o n ta in in g  large w eak ly  s ta in ed  nuclei. T h e  p a tte rn  was s im ila r 
to  th a t  seen in  cases o f hum an  h is tio cy to sis  X . N o ep ith e lio id  cell reac tion  was 
reg iste red  d u rin g  th e  e ig h t-m o n th  perio d  of o b se rv a tio n  (T able I).

Table I

Chronic «specific 
inflammation

Foreign-body type 
inflummution

Epithelioid cell 
granuloma

Pollen suspension 
Pollen  +  DOCA

+
+

+
+  +

Pollen  lipid ex tra c t + +  + —
Pollen  ex trac t - f  DO CA + +  +  + —
C ontrols + —

The lip id  e x tr a c t  of pollen t h a t  h ad  found  access to  the  lungs w as d e 
m o n strab le  in  th e  m arg in a l and in te rm e d ia ry  sinuses of th e  m ed iastina l ly m p h  
nodes in  the v e ry  f ir s t  days, h u t th e re  was no cell re a c tio n  a round  them . T he 
su b seq u en t m icroscopic  p ic tu re  of th e  reg ional ly m p h  nodes show ed th e  fe a 
tu re s  of chronic s in a l c a ta rrh , w ith  a m o d era te  a c c u m u la tio n  of eosinophils in  
som e cases, irre sp ec tiv e  of w h e th e r or n o t lip id  e x tra c t  w as p resen t.

The g ra n u la r  reac tio n  was m o st p ro n o u n ced  in  an im als  w hich h ad  been  
t re a te d  w ith th e  lip id  e x tra c t an d  p re tre a te d  w ith  DOCA. The lipid e x tra c t  
caused  a s tro n g er reac tio n  th a n  c ru sh ed  pollen, an d  th e  la t te r  a m ore ac tiv e  one 
th a n  un im paired  po llen . T he conn ec tiv e-tissu e  reac tio n  w as decidedly  p ro m o ted  
b u t  no t q u a lita tiv e ly  changed  by  p re tre a tm e n t w ith  DOCA.

Discussion

A nim al e x p e rim e n ts  have so fa r  been  concerned  w ith  th e  effect o f pine 
po llen  only, an d  th e  re su lts  were c o n tra d ic to ry . C u m m i n g s  e t al. [ 2 |  p rovoked  
local ep ithelio id  cell reac tio n  by  in je c tin g  gu inea  pigs in tra c u ta n e o u s ly  w ith  
po llen  suspended in  p a ra ff in  oil. L i n d n e r  e t al. [ 8 ]  in je c te d  a benzene e x tra c t  
o f  pollen  in to  th e  vein s  or spleen o f r a ts ,  ra b b its  a n d  gu inea  pigs, and observed  
as a re su lt ep ith e lio id  cell reac tion  in  th e  liver, sp leen , lungs an d  perib ro n ch ia l 
ly m p h  nodes. T h e  ch lo ro fo rm -m eth an o lic  e x tra c t  o f po llen  p roduced  no g ranu - 
lo m a ta  in th e ir  ex p e rim en ts . E ig h t m o n th s  a fte r  in je c tio n  o f pine pollen, th e  
bio logically  ac tiv e  su b stan ces have  b een  b ro k en  dow n to  m olecular size, lost
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th e ir  ac id  fastness an d  w ere ca rried  to  o th e r  organs. H ä g e r s t r a n d  an d  L in e l l

[7 ]  , B r ie g e l  [4] and  in  som e e x p e rim e n ts  — Cum m ings [3] fa iled  to  elicit 
e p ith e lio id  cell g ra n u la tio n  b y  tr e a t in g  th e  anim als w ith  po llen  or its  lip id  
e x tr a c t .  I t  follows th a t  sarco idosis is n o t in d u ced  b y  pine po llen  or i ts  Z iehl — 
N ee lsen  positive c o n s titu e n t. A p a r t  from  th e  resu lts  of th e se  ex p e rim en ts , 
a n o th e r  a rgum en t ag a in s t th is  th e o ry  is th e  fac t th a t  a lth o u g h  Cum m ing s 
d e m o n s tra te d  a geograph ica l con n ec tio n  betw een  pine-w oods an d  sarcoidosis 
in  th e  U . S. A. and  W a l l g r e n  [13] in  Sw eden, th e re  are o th e r  co u n trie s , such 
as S w itzerlan d  [10], W est B erlin  [5] an d  H u n g a ry  [9] w here no such  in te r 
c o n n e c tio n  exists. O n th e  o th e r  h a n d , i t  has been  show n th a t ,  u n d e r  ad eq u a te  
e x p e rim e n ta l conditions, p in e  po llen  an d  its  e x tra c ts  m ay  p ro d u ce  ep ith e lio id  
cell g ran u lo m a no t m erely  w here th e y  are  in jec ted  h u t in  rem o te  o rgans as well. 
T h is  phenom enon  has been  ascrib ed  b y  Cum m ing s and  H u d g in s  [1] to  th e  
v eg e tab le -w ax  and  p im elic-ac id  c o n te n ts  o f th e  pollen an d  b y  L in d n e r  e t al.
[8] to  lon g-ch a in  fa t ty  acids and to  an  o cta d eca n o l-ty p e  a lcoh o l, th e  la tte r  
p resu m a b ly  form ing an ester  b ou n d  w ith  som e w ax lik e v e g e ta b le  su b sta n ce . 
A p o lysacch ar id e-lik e co m p o n en t w as also d em on strated  in th e  b en zen e  ex tr a ct  
a p p lied  b y  L in d n e r  e t al. [8 ].

T h e p resen t ex p erim en ts  hav e , th u s , fa iled  to  su b s ta n tia te  th e  th e o ry  th a t  
sa rco idosis  in  H u n g a ry  m ig h t he due  to th e  Ziehl — N eelsen p o sitiv e  pollen of 
reed  m ace. An aspecific ch ron ic  g ra n u la tio n  of foreign-body c h a ra c te r  h u t  no 
ep ith e lio id  cell g ranu lom a deve loped  in  th e  gu inea pigs d u rin g  th e  e ig h t m on ths 
o f  th e  p re sen t ex p erim en ts . N o r are  ac id -p h o sp h a tase  a c tiv ity  an d  th e  fo rm a
tio n  o f PA S-positive m a te r ia l specific  phenom ena . The occasional m assive 
a c c u m u la tio n  of eosinophils m ay  be in d ic a tiv e  of an  allergenic co m p o n en t. T he 
m icroscop ic  p ic tu re  suggestive  of h is tio cy to s is  X , as seen in  som e cases, po in ts  
to  th e  possib ility  th a t  c e r ta in  f a t ty  su b stan ces those sp read  b y  pollens, 
am o n g  o thers — m ay  p ro m o te  th e  d ev e lo p m en t of aspecific  g ra n u la tiv e  pro
cesses. Such substances p re su m a b ly  d is in teg ra te  and  are ab so rb ed ; i t  is th e re 
fo re  im possib le to  d e m o n s tra te  th e m  locally  a fte r  som e tim e , w hereas th e  g ra n u 
la t io n  induced  b y  th em  p ersis ts  fo r long.

I t  is, of course, possib le , t h a t  ep ith e lio id  cell g ran u lo m a ta  can  be induced  
b y  th e  Z ieh l—N eelsen po sitiv e  po llen  o f som e o th e r p lan ts  in  som e o th e r  species 
a n d  u n d e r  o ther ex p e rim en ta l co n d itio n s , so th a t  n o t only  p in e  po llen  m igh t 
e lic it th e  reaction  in  q u estio n . F u r th e r  researches are n ecessary  to  e lu c id a te  
th e  p rob lem .
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D IE  W IR K U N G  VON IN T R A T R A C H E A L  V E R A B R E IC H T E N  Z IE H L -  N E E L S E N - 
P O S IT IV E N  P O L L E N  A U F M E E R S C H W E IN C H E N

J. T. KELEMEN und L. MÁNDI

N ach  in tra tra c h e a le r  V erab re ich u n g  des Zi e i i l — NEELSEN-positiven S to ff e n th a lte n d e n  
Pollens de r T ypha  la tifo lia  und  T . angustifolia  fe rn e r des angegriffenen  Pollens u n d  des 
ch lo ro fo rm -äther-a lkoho lischen  F e t te x tra k te s  des B lü te n s ta u b e s  ließ sich am  M eerschw einchen 
in der a ch t M onate w äh ren d en  B eobach tungsperiode  k e ine  ep ithelo idzellige G ran u la tio n  
nachw eisen . Lediglich eine aspezifische G ra n u la tio n s rea k tio n  vom  F re m d k ö rp erc h en ty p  
w urde b e o b ach te t. S om it fan d  die A nnahm e, daß äh n lic h  dem  Pollen  von K oniferen  auch  
andere , gleichfalls Z i e h e  NEELSEN-positive Stoffe e n th a lte n d e  Pollen  eine de r Sarkoidose 
ähn liche epithelo idzellige G ra n u la tio n  hervorru fen  k ö n n en , ke ine  B estä tig u n g . In  den L ungen 
u n d  den regionären L y m p h k n o te n  k o n n ten  die P o lle n su b s ta n z rn  nachgew iesen w erden , doch 
b ü ß ten  sie nach dem  fü n fte n  M onat ihre F e tt-  u n d  Z i e h e  — N EELSEN -Positivität a llm äh lich  
ein. Ü b e r die h ö chste  b iologische A k tiv itä t  v e rfü g te  d e r F e t te x tr a k t .  D O C A -V orbehand- 
lung  fö rd erte  zw ar die B in d eg ew eb sreak tio n , doch oh n e  e ine  q u a lita tiv e  V e rän d e ru n g  d e r
selben zu  bew irken.

ДЕЙСТВИЕ ИНТРАТРАХЕАЛЬНОГО ВВЕДЕНИЯ МОРСКИМ СВИНКАМ 
ПЫЛЬЦЫ, СОДЕРЖАЩЕЙ ЦИЛЬ-НИЛЬСЕН-ПОЛОЖИТЕЛЬНЫЕ ВЕЩЕСТВА

Й. Т. КЕЛЕМЕН и Л. МАНДИ

В течение 8 месяцев после интратрахеального введения морским свинкам пыльцы 
разрушенной пыльцы и спирто-эфирно-хлороформного жирового экстракта пыльцы 
широколистного и узколистного рогоза (Typha latifolia, T. angustifolia) содержащей 
Циль Нильсен-положительное вещество, авторы не наблюдали у животных эпителоидо- 
клеточной грануляции, а лишь неспецифическую реакцию типа грануляции, вызванной 
инородным телом. Следовательно, предположение, согласно которому, подобно пыльце 
хвойных деревьев, пыльца других растений, также содержащая Ц шь-- Нпльсен-положи- 
тельные составные части, может вызвать эгштелоидо-клеточную грануляцию, напоминаю
щую саркоидоз, не нашло подтверждения. Пыльцевые вещества были выявлены в легких 
и в регионарных лимфатических узлах, однако, они, начиная с пятого месяца, постепенно 
утрачивали свою Циль- Нильсен-положительность. Наибольшей биологической актив
ностью обладали жировые вытяжки пыльцы. Предварительная дача ДОКА способство
вала соединительнотканной реакции, но не вызвала ее качественного изменения.

D r. J .  T ib o r K e l e m e n  D ebrecen, K ó rb o n c ta n i In té z e t, H u n g a ry
D r. I jászló Má n d i  D ebrecen, T b c . K lin ik a , H u n g a ry
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PHOSPHATASE ACTIVITY IN THE INITIAL PHASE 
OF HEALING OF SKIN WOUNDS

H IS T O C H E M IC A L  C O M PA R ISO N  B E T W E E N  T H E  M E T A L -SA L T  AND A Z O -D Y E
M E T H O D S*

J . R a e k a l l io  a n d  A. J ä ä s k e l ä in e n  

(R ece iv ed  J a n u a ry  26, 1966)

P h o sp h a ta se  ac tiv ity  w as in v es tig a te d  h is to ch em ica lly  in healing r a t  sk in  w o u n d s , 
co m p arin g  th e  m eta l-sa lt an d  azo -dye  m eth o d s. T h e  m e ta l-sa lt technique  fo r ac id  p h o s
p h a ta se  sh o w ed  m ore e x tra ce llu la r  s ta in in g  a n d  h ig h er c o n tra s t o f the  f in a l p re c ip ita te  
du ring  th e  w hole  ex p erim en tal p e rio d  of 1 to  128 h o u rs . T he G om ori-m ethod fo r a lk a lin e  
p h o sp h a ta se  ex h ib ited  a m ore in te n se  re ac tio n  d u rin g  th e  in itia l increase in  en zy m e 
a c tiv ity  o f  th e  w ound p erip h ery  from  five  to  e ig h t h o u rs  post-o p era tiv e ly . T h e  azo -d y e  
tech n iq u e  rev ea led  more c learly  th e  decrease in a c t iv i ty  o f a lkaline  p h o sp h a tase  in  th e  
v ic in ity  o f  th e  w ound edge.

T he a c tiv i ty  of ph o sp h a tases  has p rev io u sly  [9, 10] been d e m o n s tra te d  
h is to ch em ica lly  in  th e  earliest p h ase  of w o u n d  hea ling , by  using th e  azo -dye  
m ethods. Som e experim en ts h a v e  re c e n tly  sugg ested  th a t  th e  m e ta l-sa lt an d  
azo-dye m e th o d s  do no t d e m o n s tra te  a c t iv i ty  o f  id en tica l enzym es [13]. T h e  
m eta l-sa lt m e th o d s  for p h o sp h a tases  have  n o t y e t  been  applied to  th e  in v e s t i
g a tion  of th e  in itia l phase o f w o u n d  healing . I t  seem ed therefo re  in te re s tin g  
to  com pare h istochem ically  th e  re su lts  o f th e  azo-dye m ethods w ith  th o se  o f 
th e  m e ta l-sa lt techn iques.

Material and methods

24 h e a lth y , m ale , fo u r-m on th -o ld  a lb ino  ra ts  o f a p p ro x . 200 g w eigh t were u sed . C ircu la r 
w ounds, 5 m m  in  d iam e te r, were c u t in  a sh aved  d o rsa l a rea . The skin inside th e  circle  w as 
excised, and  th e  w ou n d s were n e ith e r su tu re d  nor d ressed . T he an im als were d e c a p ita te d  a t  
in te rv a ls  o f 1, 2, 3, 4, 5, 6, 7, 8, 16, 32, 64 an d  128 ho u rs . S q u a re s  of skin con ta in ing  th e  w o u n d s 
were rem oved  im m e d ia te ly  and frozen  w ith  solid c a rb o n  d ioxide.

Sections w ere  c u t in a c ry o s ta t  a t  16 ц  an d  f ix ed  fo r 5 m inu tes a t  -j-4 °C in  n e u tra l  10 
per cent fo rm alin . A lkaline  p h o sp h a tase  a c tiv ity  w as v isu a lized  a) by  the  m eth o d  o f GomoRI 
[5] as described  b y  B urston e  [2 |, a n d , in a lte rn a te  sec tio n s, b y  the  azo-dye m eth o d  o f G rogg  
and  P ea rs e  [6], as p resen ted  by P e a r s e  [8]. Acid p h o sp h a ta se  a c tiv ity  was d e m o n s tra te d  
c) by  th e  m e th o d  of Gomori [5], as desc rib ed  by  B u r s t o n e  [2 |,  an d , ad d itio n a lly , d) b y  th e  
azo-dye m eth o d  o f  G rogg and P e a r s e  [7], accord ing  to  P e a r s e  [8] .T he sections w ere in c u b a te d  
as follows: a t  -}-37 °C for 1 hour (m eth o d  a) or for 2 h o u rs  (m eth o d  c), or a t  room  te m p e ra tu re  
for 40 m in u te s  ( th e  azo-dye m ethods b an d  d). F a s t  v io le t В and  F a s t g a rn e t GBC w ere u sed  
as d iazonium  sa lts  fo r th e  m ethods b a n d  d, resp ec tiv e ly . C on tro l sections were in c u b a te d  w ith 
o u t th e  su b s tra te .

* T his w o rk  w as supported  b y  g ra n ts  from  th e  S igrid  Ju se liu s  F o u n d a tio n  a n d  fro m  th e  
F inn ish  M edical C ouncil.
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Results

T h e sites of a lka line  p h o sp h a tase  a c t iv i ty  s ta ined  d a rk  b ro w n  and 
th o se  o f acid  p h o sp h a ta se  red d ish -b ro w n  b y  th e  azo-dye m eth o d s. P h o sp h a 
ta s e  a c t iv i ty  ap p eared  as a b lack  s ta in  in  th e  G om ori-type  p re p a ra tio n s .

I n  th e  in ta c t  sk in  none of th e  ep id e rm a l s t r a ta  nor th e  hairs show ed  any 
a lk a lin e  p h o sp h a tase  a c tiv ity  b y  th e  azo-dye m ethods. A d is tin c t re a c tio n  was

F ig . 1. A lkaline  p h o sp h a tase  a c t iv ity  in a 
5 -h o u r w o u n d  (M etal-sa lt m e th o d , X 100)

F ig . 2. A lka line  p h o sp h a tase  a c t iv ity  in  
5 -h o u r w o u n d  (A zo-dye m e th o d , X 103)

o b se rv e d  in  th e  p ap illa  an d  in  th e  p ro x im a l p a r t  of th e  e x te rn a l co n n ec tiv e  
tis su e  sh e a th  of th e  grow ing h a ir  follicles. T h e  cap illa ries and  some f ib ro b la s ts  of 
th e  d e rm is  likew ise to o k  th e  s ta in . The m e ta l-s a lt  m ethod , too , rev ea led  a sligh t 
to  m o d e ra te  a c tiv ity  in  th e se  cu taneous ap p en d ag es . In  c o n tra s t to  th e  azo-dye 
te c h n iq u e , th e  s tra tu m  M alpighii of th e  ep id e rm is , especially  th e  g ra n u la r  lay e r, 
w as s ta in e d  b y  th e  m e ta l-sa lt m e th o d  for a lk a lin e  phosp h a tase .

T h e  in ta c t  ep iderm is, especially  th e  g ra n u la r  layer, ab o u n d ed  in  acid 
p h o sp h a ta se  w hich w as d em o n strab le  b y  b o th  o f th e  m ethods. M o d era te  acid  
p h o sp h a ta se  a c tiv ity  wras rev ea led  in  th e  ro o t  sh ea th s  and  an  in te n se  one in 
th e  k e ra to g en o u s  zone of th e  h a ir. D erm al f ib ro b la s ts  show ed a v a ry in g  reac tio n .
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PHOSPHATASE ACTIVITY IN SKIN WOUNDS

F o u r to  e igh t hours a f te r  in ju ry , tw o zones could be seen a ro u n d  th e  
w ound  (Figs. 1 and 2). In  th e  im m ed ia te  v ic in ity  o f th e  w ound edge, a cen tra l 
or superfic ia l zone, 200 to  500 u in  d ep th , show ed decreasing  enzym e a c tiv ity  
in th e  connective tissu e  cells. This was b e tte r  d em o n strab le  by  th e  azo-dye 
m eth o d  for a lkaline p h o sp h a ta se  (Fig. 2), w hereas th e re  w as little  d im in u tio n  
in th e  G om ori reac tio n  for th e  enzym e (Fig. 1). N e ith e r  of th e  tw o m eth o d s for 
acid p h o sp h a ta se  rev ea led  a n y  decrease in  a c tiv ity  of th e  cen tra l w ound zone

щ

Fig. 3. Alkaline phosphatase activity in a 
32-hour wound (Metal-salt method, X 100)

S u rro u n d in g  th e  c e n tra l a rea , a 100 to  300 fi deep  p e rip h era l zone e x h ib it
ed an  increased  enzym e a c tiv ity . This in ten s if ica tio n  ap p ea red  four to  e igh t 
h ou rs p o st-o p e ra tiv e ly . A cid p h o sp h a tase  a c tiv ity , d em o n strab le  b y  b o th  of 
th e  m eth o d s, increased  fo u r hours a fte r  w o und ing  an d  reach ed  a m ax im um  
a fte r  16 hours. I t  rem ain ed  s tro n g  d u ring  th e  re s t  o f th e  ex p e rim en ta l period  
(Figs. 5 and  6). The f irs t  increase  to o k  place in  an d  a ro u n d  th e  local fib ro b la s ts  
o f th e  p e rip h era l zone. In  th e  sam e region o f 8 -h o u r w ounds, ac tiv e  g ran u lo 
cy tes ap p eared  also. A fte r 16 hours, th ey  w ere su p ersed ed  b y  m on o n u clear 
cells. T he im m ig ra tin g  cells show ed an  in tense  ac id  p h o sp h a ta se  a c tiv ity  by  
bo th  o f th e  m ethods. T h ere  w as also an e x tra c e llu la r  a c tiv ity  w hich ap p ea red

A d a  M orphologica  Acadcm  iae  Scien tiarum  Hungaricae  1 4 . 1 9 6 6

Fig. 4. Alkaline phosphatase activity in a 
32-hour wound (Azo-dye method, X 100)
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s tro n g e r  by  th e  G om ori m e th o d  (F igs. 5 an d  6). T h is e x tra c e llu la r  re a c tio n , for 
th e  m o s t p a r t , c o n tr ib u te d  to  th e  som ew hat s tro n g e r s ta in in g , ty p ic a l o f th e  
G om o ri p rep a ra tio n s .

A lkaline p h o sp h a ta se  a c tiv ity , d em o n strab le  b y  b o th  th e  m e ta l-sa lt and  
a zo -d y e  m ethods, in c rea sed  in  th e  p e rip h era l zone five  to  e ig h t h o u rs  post- 
o p e ra tiv e ly  (Figs. 1 an d  2), re ach in g  a m ax im um  a fte r  16 hours. I t  rem ain ed  
s tro n g  during  th e  re s t  o f th e  ex p erim en ta l period  (Figs. 4 an d  5). T h e  d is trib u -

F ig . 5. Acid p h osphatase  a c t iv ity  in  a  32-hour 
w o u n d  (M etal-salt m e th o d , X 100)

t io n  o f  th is  enzym e in  th e  cells of th e  w ound  p e rip h e ry  w as v e ry  s im ila r to  th a t  
o f  ac id  phosp h a tase . T h e  d ifference  be tw een  th e  tw o  m eth o d s in  th e  re su lts  for 
a lk a lin e  p h o sp h a tase  w as m ore  v isib le  especia lly  d u rin g  th e  in it ia l  increase  in  
a c t iv i ty  of th e  w o u n d  p e r ip h e ry , i.e . fiv e  to  e ig h t hours p o s to p e ra tiv e ly . The 
G om ori p rep ara tio n s  show ed  an  in ten se  in tra c e llu la r  an d  e x tra c e llu la r  a c tiv ity  
in  th e  p e riphera l zone, w h ereas  th e  azo-dye m e th o d  rev ea led  a m o d era te  
in tra c e llu la r  a c tiv a tio n  o n ly  in  th e  local f ib ro b la s ts  an d  in  th e  im m ig ra tin g  
g ran u lo cy te s  (Figs. 1 a n d  2). L a te r  on, s im u ltan eo u sly  w ith  th e  in c rea s in g  in fil
t r a t io n  of the  p e rip h e ra l w o u n d  zone b y  ac tiv e  leu k o cy tes , th e  d ifference becam e

A c ta  M orphologien  A cadem iae  S c ie n tia ru m  H ungaricae  1 4 . 1 9 6 6

Fig. 6. A cid  p h o sp h a tase  a c t iv ity  in  a 32- 
h o u r w ound  (A zo-dye m e th o d , X 100)
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slig h te r (F igs. 3 a n d  4). B u t also  th e n , th e  b lack  co lour, in d ic a tin g  acid  p h o sp h a 
ta se  a c tiv ity  b y  th e  Gomori te c h n iq u e , was m ore s tr ik in g  th a n  th e  re d d ish - 
b ro w n  p re c ip ita te  b y  the azo -dye  m eth o d .

D iscussion

The b io log ica l in te rp re ta tio n  o f th e  ap p earan ce  in  sk in  w ounds o f  p h o s
p h a ta se s  an d  sev e ra l other enzym es has been  p rev io u sly  d iscussed  in  d e ta il [9 ,1 2 ] .

C oncern ing  th e  m ain d iffe ren ces of p h o sp h a ta se  a c tiv ity  d e m o n s tra te d  
b y  th e  m e ta l-sa lt an d  azo-dye m e th o d s , m ore e x tra c e llu la r  s ta in in g  an d  h ig h e r 
c o n tra s t  o f th e  f in a l p rec ip ita te  ch a rac te rized  th e  G om ori te ch n iq u e  fo r  ac id  
p h o sp h a ta se . T h e  m eta l-sa lt m e th o d  fo r a lkaline  p h o sp h a ta se  show ed in  th e  
p e rip h era l zone a m ore in tense  s ta in in g  th a n  th e  azo-dye tech n iq u e , e sp ec ia lly  
in  5- to  8 -h o u r w ounds. On th e  o th e r  h a n d , th e  azo-dye m e th o d  rev ea led  b e t te r  
th e  decrease in  a c tiv ity  w hich is c h a ra c te r is tic  o f m ost enzym es in  th e  c e n tra l , 
necrob io tic  w o u n d  zone [11, 12].

T he d iffe rences in the re su lts  could  be due to  sho rtco m in g s o f th e  m e th o d s  
or to  th e  p o ss ib ility  th a t  the  m e ta l-s a lt  an d  azo-dye tech n iq u es  do n o t d em o n 
s tra te  id en tica l enzym es.

T he m a in  d isadvan tages o f  th e  m e ta l-sa lt m eth o d s consist o f false p o si
tiv e  reac tio n s a n d  of false lo ca liza tio n , due to  d iffusion  a r tifa c ts  an d  to  a d so rp 
tio n  on ce rta in  tissu e  elem ents [4]. O n th e  o th e r h an d , th e  azo-dye m e th o d s  are  
also fa r  from  p e rfec t. They o fte n  a re  b ased  upon  ce rta in  com prom ises, a n d  a ll 
th e  o p tim a l req u irem en ts  for th e  s u b s tra te , d iazon ium  sa lt, an d  f in a l p ig m e n t 
are  seldom  fu llfilled .

P hosp liom onoesterase  a c t iv i ty  is n o t specific for th e  alcohol rad ica l o f  th e  
su b s tra te , since p hosphatases h y d ro ly z e  a v a r ie ty  o f o rgan ic  p h o sp h a te  e s te rs
[3]. T he d ifferences in  localiza tion , u sing  various p h o sp h a te  este rs , h av e  so m e
tim es been in te rp re te d  as an e x p re ss io n  of a specific p h o sp liom onoeste rase  [13]. 
H ow ever, d ifferences in  h is to ch em ica l s ta in in g  reac tio n s do n o t u su a lly  p ro v id e  
a so und  basis fo r  d istingu ish ing  specific  an d  in d iv id u a l enzym es [1]. O nly  iso la 
tio n  an d  b io ch em ica l c h a ra c te r iz a tio n  of th e  enzym e(s) w ill f in a lly  c la rify  
th e  prob lem .
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D IE  A K T IV IT Ä T  D E R  P H O S P H A T A S E N  
W Ä H R E N D  D E R  A L L E R  F R Ü H E S T E N  H E IL U N G S P H A S E  D E R  H A U T W U N D E N

V e rg le ich e n d e  h is tochem ische  U n te rsu ch u n g  ü b e r  d ie M etallsalz- u n d  A zofarbsto ff-M ethoden

P h o s p h a ta se n -A k tiv itä t  de r heilenden  W u n d e  w u rd e  am  R a tte n m a te r ia l  h istochem isch  
U n te rsu ch t, indem  m an  die R e su lta te  der M eta llsa lzm e th o d en  m it d en en  der A zofarbstoff- 
M e th o d en  verglich . W ä h re n d  d e r ganzen R e o b ac h tu n g sd au e r  von  1 bis 128 S tu n d e n  wurdej 
m it d e r M eta llsa lzm ethode  fü r  sau re  P h o sp h a ta se  eine auffä lligere  e x traze llu lä re  F ä rb u n g  u n d  
e in  m eh r  k o n tras tre ic h e s  E n d p ro d u k t der R e ak tio n  e rre ich t. M it de r M etallsa lzm ethode  fü r 
a lk a lisch e  P h o sp h a ta se  k o n n te  m an  eine s tä rk e re  R e a k tio n  in  de r äu ß eren  W undzone  erkennen.] 
in sb eso n d e re  5 bis 8 S tu n d e n  n a ch  der V erletzung . A n d e re rse its  zeigte die A zofarbstoff-M ethode 
au ffä llig e r die A bnahm e d e r A k tiv itä t  der a lk a lisch en  P h o sp h a ta se  in  de r u n m itte lb a re n  N ähe 
d e r W undfläche .

АКТИВНОСТЬ ФОСФАТАЗЫ ВО ВРЕМЯ ПЕРВОЙ ФАЗЫ ЗАЖИВЛЕНИЯ
КОЖНОЙ РАНЫ

Сравнительный гистологический анализ методов исследования введением солей
металлов и азокрасителей

Авторы исследовали гистохимическими методами на крысах активность фосфа
тазы во время заживления раны, при сравнении результатов исследования с помощью 
солей металлов или азокрасителей. В течение всего времени наблюдения (1 — 128 часов) 
методом исследования кислой фосфатазы введением солей металлов авторы получали 
более яркое внеклеточное окрашивание и более контрастный конечный продукт реакции. 
При исследовании щелочной фосфатазы введением солей металлов была получена болеё 
интенсивная реакция во внешней зоне раны, в частности в течение 5—8 часов после на
несения раны. С другой стороны, метод введения азокрасителей выявлял в непосред
ственном соседстве раневой поверхности более выраженное уменьшение активности щелоч
ной фосфатазы.

J. RAEKALLIO und A. JÄÄSKELÄINEN

й . р а е к а л л и о  и а . й е с к е л е й н е н

D e p a r tm e n t of F orensic  M edicine, 
U n iv e rs ity  o f T u rk u , T u rk u  3, F in la n d
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SOME METABOLIC CHANGES DURING 
THE CHICK’S ONTOGENESIS

A P R E L IM IN A R Y  R E P O R T  

St . K r o m p e c h e r , M. B. L ászló  and P. L adányi 

(R eceived  J a n u a ry  26, 1966)

A cco rd in g  to  earlier in v es tig a tio n s  th e re  seem s to  be a co rre la tio n  b e tw een  
th e  in te n s i ty  o f oxyb io tic  m etab o lism  an d  th e  c o n te n t of tissue m u co p o ly sacch a
rides (hexosam ines). E x p e rim e n ta l [1, 3, 9 ], p a th o lo g ica l [4, 5] and  p h y lo g e n e t-  
ical [6, 7] o b serv a tio n s d e m o n s tra te  th a t  tis su e s  w ith  high m etabo lic  a c t iv i ty  
show a s ig n if ican tly  high cy toch rom e ox id ase  a c t iv i ty  whereas th e ir  m u c o p o 
ly saccharide  co n te n t is re la tiv e ly  slig h t. O n  th e  o th e r hand , b ra d y tro p h ic  
tissues (u m b ilica l cord, ca rtilag e , v itreo u s  b o d y , tissues of p rim itiv e  an im a ls , 
etc.) beside a s lig h t (or no) cy toch rom e o x id ase  a c tiv ity  have so m e tim es  an  
ex trem ely  h ig h  m ucopo lysaccharide  c o n te n t [5].

M ain ly  on th e  analogy  o f our p h y lo g e n e tic a l observations [6, 7] w e h av e  
in v e s tig a te d  th e  co rre la tion  be tw een  c y to c h ro m e  oxidase a c tiv ity  a n d  t is su la r  
hexosam ine c o n te n t during  ontogenesis in  th e  ch ick . H exosam ine w as d e te r 
m ined acco rd in g  to  B oas [2] and  c y to ch ro m e  oxidase according to  P e a r l  
et al. [8].

H e a r t ,  liv er, k idney, m uscle and  b ra in  tissu es  were stu d ied ; in  e a c h  of 
th em  3 or 4 d e te rm in a tio n s  w ere m ade fo r c y to ch ro m e  oxidase and  5 fo r h ex o s
am ine. In  o rd e r to  cha rac te rize  th e  v a rio u s  d ev e lo p m en ta l s tages, th e  m eans 
of th e  fiv e  k in d s  of tissue are  show n in F ig . 1.

C y to ch ro m e oxidase a c tiv ity  w as in c re a s in g  from  th e  11-day old e m b ry 
onic to  th e  g row n-up  stage. A t th e  sam e tim e  th e  hexosam ine level d ec reased . 
A ccord ing ly , em bryon ic  m etab o lism  is c h a ra c te r iz e d  b y  a high m u c o p o ly 
saccharide  c o n te n t and low cy to ch ro m e o x id ase  ac tiv ity , w hereas p o stem - 
bryon ic  m e tab o lism  is ch a rac te rized  by  h igh  cy to ch ro m e  oxidase a c t iv i ty  and  
low m u co p o ly sacch arid e  (hexosam ine) c o n te n t.

In  th is  m an n e r the  m e tab o lic  co n d itio n s o f  em bryon ic  life are  s im ila r  to  
those of th e  p rim itiv e  an im al hav ing  an  u n d ev e lo p ed  card io v ascu lar sy s tem . 
T hus, th is  ty p e  o f m etabo lism  (m u co p o ly sacch arid e -ty p e  m etabo lism ), c h a ra c 
terized  by  a low  cy tochrom e oxidase a c t iv i ty  an d  a high m u co p o ly sacch arid e  *

* T he m a te ria l  of th is paper h as been p re sen te d  a t  th e  V II. In te rn a tio n a l E m b ry o lo ”;ical 
Conference, L o ndon  1965.
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U h e x o s a m in e

11 14 1 d a y  o ld  ch ick
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3 months old chick grown-up  
(hen)

F ig . 1

c o n te n t ,  m u s t be m ore an c ie n t n o t o n ly  p h y lo g en e tica lly  b u t  also o n to g e- 
n e tic a lly .

D e ta ile d  in v es tig a tio n s , inc lud ing  la c tic  ac id  dete rm in a tio n s a n d  a  s tu d y  
o f m e ta b o lic  cond itions im m ed ia te ly  a fte r  b i r th ,  are in progress.
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a n d  R esearch  G roup  for M edical R adio logy  (D irec to r: P rof. Z. Zs e b ő k ),
H u n g a rian  A cadem y of Sciences, B u d ap es t

EFFECT OF A SINGLE NEONATAL 
GLUCOCORTICOID DOSE ON THE LYMPHATIC 

AND ENDOCRINE ORGANS AND ON THE 
TRANSPLANTATION IMMUNITY OF RATS

J. F a c h e t , M. P alkovits  and G. P e t r á n y i  Jr.

(R eceived  F e b ru a ry  28, 1966)

A single dose of g lucocorticoid , a d m in is te re d  to  ra ts  24 hours a fte r  d e liv e ry  m ay  
induce fa ta l cachexia .

H om ologous sk in  g ra fts , app lied  to  1 3 -day  old an im als w hich h a d  rece iv ed  a 
single in je c tio n  of hy d ro co rtiso n e  24 hours a f te r  b i r th ,  su rv ived  considerab ly  longer and 
th e ir  re ac tio n  w as m u ch  w eaker th a n  in th e  u n tre a te d  co n tro ls, while th e re  w as no d if
ference be tw een  te s ts  an d  contro ls in the  re je c tio n s  o f hetero logous skin g ra fts .

T he n u m b er o f sm all lym p h o cy tes in th e  sp leen  and  lym ph  nodes w as fo u n d  to 
have d ecreased  8 as also 40 days a fte r  t r e a tm e n t  w ith  hydrocortisone . T h e  m eg a k a ry o 
cy te  co u n t w as consp icuously  h igh in th e  sp leen . T h e  n u m b er of PA S-positive  g ranu les 
was reduced  in th e  liver, while th a t  of th e  K u p ffe r  cells w as excessively h igh . A decreased  
n u m b er o f sm all ly m p h o cy tes  an d  an increased  n u m b e r of re ticu la r  cells were reg is te red  
in  th e  th y m u s .

B y re p e a tin g  th e  ex p e rim en t of S c h l e s i n g e r  and  Mark  [1] i t  lias been  
show n th a t  an  a d e q u a te  single dose of g luco co rtico id , in jec ted  in to  ra ts  in  th e  
f ir s t  24 hours o f e x tra u te r in e  life, led  to  fa ta l cach ex ia  [2,28] in m ost cases, and  
th a t  th e  g ro w th  o f th e  su rv iv in g  anim als as a lso  th e  w eigh t of th e ir  th y m u s  and  
sp leen  w ere in fe rio r to  th o se  of th e  l i t te rm a te  co n tro ls  even several w eeks a f te r  
th e  in te rv e n tio n . T h e  n u m b e r of sm all ly m p h o c y te s  in  th e ir  blood w as g re a tly  
red u ced  [2]. T hese sy m p to m s w ere consp icuously  sim ilar to  those  seen a f te r  
n eo n a ta l th y m e c to m y  [3 —8]. T he p resen t e x p e rim e n ts  had th e  p u rp o se  to  
es tab lish  w h e th e r a single n eo n a ta l g lucoco rtico id  in jec tio n  would in d u ce  th e  
changes o bservab le  in  th e  ly m p h a tic  and  en d o crin e  organs of n eo n a ta l th y m ec- 
tom ized  ra ts  [9, 10], fu r th e r  a reduc tion  of tra n s p la n ta t io n  im m u n ity  (i.e. d im in 
ished  reac tio n  to  h e te ro g ra fts  and  h o m o g rafts) in d ica tiv e  of th y m ic  dam age .

M aterial and m ethod
N ew born  ra ts  o f th e  W is ta r  s tra in  were tre a te d  in tra p e rito n e a lly  w ith 1 m g of h y d ro 

co rtisone a c e ta te  (R ic h te r , B u d ap es t)  or su b cu tan eo u sly  w ith  0.25 mg of d ex am eth azo n e  
(O rad ex o n , O rg an o n ), a n d  th e  co n tro l an im als w ith  s im ila r  doses o f 0.9 per cen t physio log ical 
sa line , b o th  g ro u p s a t  th e  2 4 th  h o u r of e x tra u te r in e  life . T h e  organs o f anim als th a t  h a d  died 
w ith  cachexia  w ere d iscard ed . E ig h teen  surv iv ing  an im a ls  w ere d e cap ita ted  on  th e  8 th  an d  
seven  on th e  4 0 th  d a y  a f te r  th e  in jec tio n , and  a c o rre sp o n d in g  n u m b er of th e  co n tro ls  was 
likew ise sacrificed . T he endocrine  and  ly m p h a tic  o rg a n s  w ere fix ed  in 4 per cen t fo rm alin , 
em bed d ed  in p a ra ff in , a n d  6 f i  th ic k  sections were m ad e  a n d  s ta in e d  w ith  h aem ato x y lin -eo sin , 
K e rn ec h tro t, cresy l v io le t an d  S c h if fs  periodic acid  (P A S ).
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A  second  group rece iv ed  1 m g  h y d ro co rtiso n e  24 h o u rs  a fte r  b ir th ;  12 days la te r ,  h e te ro 
lo g o u s (fro m  5-m onth  old m ice of th e  CBA s tra in )  a n d  hom ologous (from  2-w eek o ld  r a ts  o f 
th e  R  s tr a in )  sk in  g rafts w ere ap p lie d  to  6 g lu co co rtico id -trea ted  and  6 N a C l-tre a te d  an im a ls  
b y  th e  p in ch -g ra f t m eth o d  [11] in  o rd e r  to observe th e  su rv iv a l tim e of th e  g ra fts  a n d  th e  in te n 
s ity  o f  th e ir  re jection .

R esults

A n im als in jec ted  w ith  a single dose of h y d ro co rtiso n e  24 hours a f te r  b ir th  
lag g ed  in  g row th; th e ir  fu r  c o a t developed  slow er an d  was scarce a n d  ru ffled ; 
th e ir  sk in  w as th in n e r an d  th e  a m o u n t of su b c u ta n e o u s  fa t ty  tissu e  w as s u b n o r
m al. M an y  of them  h a d  h aem o rrh ag ic  d ia rrh o ea . A b o u t 20 to  30 p e r c e n t d ied  
w ith  cach ex ia  w ith in  8 d ay s. C hanges in d u ced  b y  hydroco rtisone  (B , E ), dexa- 
m e th a z o n e  (C, F) an d  N aC l (A , D) are  i l lu s tra te d  in  F igs. 1 to  4.

F lydrocortisone  in d u c e d  m o d era te  h y p e rth y ro id ism  (F ig . 1/B ), fu r th e r  
p ro n o u n c e d  h y p o fu n c tio n  of th e  a d re n a l’s zona  fasc icu la ta  w hich w as th in n e d , 
r ic h e r  in  cells, m ore co m p ac t a n d  ex h ib ited  sh ru n k e n  nuclei (F ig . 1 /E ). O n th e  
o th e r  h a n d , th e  zona fa sc ic u la ta  o f an im als  in jec ted  w ith  d e x a m e th a zo n e  
(F ig . 1 /F ) was w ide, th e  c y to p la sm  was fo am y  an d  th e  nuclei w ere en la rg ed . 
N o e sse n tia l changes w ere n o te d  in  th e  zona g lom erulosa.

B o th  g lu co co rtico id -trea ted  groups e x h ib ite d  th e  usual loosen ing  o f th e  
c o rtic a l an d  m edu llary  s tru c tu re  of th e  th y m u s , a red u c tio n  in th e  n u m b e r  of 
sm all ly m p h o cy tes , fu r th e r  a n  increase in  th e  n u m b er of re tic u la r  cells and  
co n n ec tiv e -tissu e  e lem ents (F ig . 2/B , E an d  C, F ). I n  the  spleen o f g lu c o c o rti
c o id - tre a te d  anim als (F ig . 3 /B , C) th e  n u m b e r of M alpighian  corpuscles and 
sm all ly m p h o cy tes  d im in ish ed  w hile th a t  o f  m eg ak ary o cy tes  in c rea sed  (F ig . 
3 /B ). I n  th e  lym ph  nodes loosening  o f th e  s tru c tu re , decrease in  th e  n u m b e r  of 
sm all m a tu re  lym p h o cy tes  a n d  accu m u la tio n  o f re tic u la r  cells w ere reg is te red  
(F ig . 3 /E , F ). I n th e  liv e r  th e  n u m b er of P A S -p o sitiv e  granules w as decreased  
(F ig . 4 /B , C) and th a t  of K u p ffe r  cells co n sid e rab ly  increased  (F ig. 4 /E , F ).

T h e  reac tio n  to  h e te ro lo g o u s sk in  g ra fts  w as sim ilar in  th e  h y d ro co rtiso n e - 
t r e a te d  an im als and  th e  N a C l-tre a te d  co n tro ls , w ith  hom ologous g ra f ts  re jec 
tio n  b eg a n  on the  15 th  d a y  in  th e  con tro ls , an d  on the  21st d ay  in  th e  te s t  
an im a ls . T he contro l an im als  h ad  co m p le te ly  re jec ted  the  skin g ra f t b y  th e  
2 1 st d a y  (Table I).

Discussion

T h e  p resen t ex p e rim en ts  have  co n firm ed  th e  claim  of S c h l e s i n g e r  and  
Ma r k  [1] th a t  a single g lucocortico id  in je c tio n  ad m in is te red  24 h o u rs  a fte r  
b i r th  in d u ces fa ta l cach ex ia , a p h enom enon  o bserved  by  Sz e b e r é n y i  [12] and  
also b y  us [2,28]. T he sy m p to m s are consp icuously  sim ilar to  those o f th e  w a s t
ing  sy n d ro m e  caused b y  n e o n a ta l th y m e c to m y  [3 to  10]. T he tw o sy n d ro m es 
h a v e  m a n y  com m on fe a tu re s , e.g. re ta rd a tio n  o f g row th : early  d e a th ; consid-
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Fig. 1. E f fec t  of neonatal g lucocor t ico id  injection on the  t h y r o id  (A, B, C) (K ernech tro t  s ta in ,  
X 150), further on the  z o n a  fasc icu la ta  (D, E, F) (h aem ato x y l in -eo s in  X 600)

Control,  t r e a t e d  w i th  NaCl after  b i r th  (A, D)
Animal t r e a te d  w i t h  hydrocortisone a f te r  b i r t h  (B, E)
Animal t r e a te d  w i t h  dexam ethazone a f te r  b i r t h  (C, F)



Fig. 2. E ffect of  neonatal  g lucocorticoid  injection on the  cor tex  (A, 15, C) a n d  m edulla  (I), E, 
F) of  th e  th y m u s .  Haem atoxylin -eos in ,  X 375.

Contro l,  t r e a te d  with  CaCl af te r  b i r th  (A, D)
Animal, t r e a te d  w ith  hydrocort isone a f te r  b i r th  (15, E)

Test an im al,  t r e a te d  w ith  d ex am ethazone  af te r  b i r th  (C, F)







F'ig. à. E ffec t o f n eo n ata l g lucocortico id  in jec tion  on  th e  sp leen  (A, B, C) (h aem ato x y lin -eo sin , 
X 375) fu r th e r  on  ly m p h  node (D , E , F )  (h aem atoxy lin -eosin  X 600)

C ontro l, tr e a te d  w ith  NaCl a f te r  b ir th  (A, D)
A nim al t r e a te d  w ith  h y d ro co rtiso n e  a f te r  b ir th  (B, E)

A nim al tre a te d  w ith  d ex am eth azo n e  a f te r  b ir th  (C, F)



'Fig. 4. E ffect of n eo n a ta l g lucocorticoid in jec tion  on th e  liver. Schiff’s periodic reac tio n  (A ,B ,C). 
37S. K ernecht ro t s ta in  (I), E , F), X 600 

C ontrol, tre a te d  w ith  NaCl a f te r  b ir th  (A, I))
A nim al, tre a te d  w ith h y d ro co rtiso n e  a fte r  b ir th  (B , E)
A n im al trea te d  w ith  d ex am e th a zo n e  a fte r  b ir th  (( '. F)
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Table 1

Effect on homologous and heterologous sk in  grafts o f  a single hydrocortisone injection , adm inistered
to rats 24 hrs after birth

Number
of

animals

Beginning of graft rejection on day

Group 12 th 15th 18th 20th

homol. heter. homol. heter. homol. heter. homol. heter.

0.9% NaCl
intrap°ritoneally 6 *0/6 6/6 4/6 6/6 6/6 0 0 0

1 mg hydrocortisone 
intraper toneally 6 0/6 6/6 0/6 6/6 0/6 0 5/6 0

* number of animals showing first signs of rejection per total number of animals with 
skin graf.

0  =  complete rejection

erab le  decrease in  th e  n u m b er of sm all ly m p h o c y te s  in  blood, spleen am i ly m p h  
nodes; increased  n u m b er of re tic u la r  cells in  ly m p h a tic  organs and  liv e r ;  d e 
creased a m o u n t of PA S -positive m a tte r  in th e  liv e r  [2, 9, 10]. In  n ew b o rn  ra ts  
g lucocorticoid  t r e a tm e n t  gave rise to  m ark ed  th y m ic  and  splenic in v o lu tio n  [2] 
w ith  a loosening o f th e  s tru c tu re  an d  a loss o f  sm all lym phocy tes. A lth o u g h  no 
t hym ic  defic iency  in the h y d ro c o rtiso n e -tre a te d  an im als could be re ck o n ed  w ith  
a t th e  tim e  of th e  ex am in a tio n  of t r a n s p la n ta t io n  im m u n ity , th e  r e je c tio n  of 
h om ografts  w as co n sid e rab ly  delayed , a sign o f  p ro b ab le  thym ic  d am ag e  [4, 13].

T he b lood  of p a tie n ts  suffering  from  ch ro n ic  ly m p h a tic  leu k aem ia  con
ta in s , accord ing  to  M e t c a l f  [14, 15], a ly m p h o cy to s is-s tim u la tin g  fa c to r  (L S F ) 
w hich is d em o n strab le  in the  th y m u s as well; g lucocortico ids reduce th e  a c t iv i ty  
of th is  fac to r  or th a t  o f som e o th e r h u m o ra l su b s ta n c e  of the  th y m u s [16 19].
O f course, n e ith e r  th e  fac t th a t  g lucocortico ids induce  a tro p h y  of th e  th y m u s  
and  o th e r  ly m p h a tic  organs [20, 21] nor th e ir  ca tab o lic  action  in o th e r  tissu es  
should be d isreg a rd ed . I t  is n o tew o rth y  th a t ,  w hile  even large doses o f  g lu co co r
ticoids induce  b u t  tra n s ie n t ly m p h o cy to p en ia  in  th e  a d u lt an im al, th e ir  a d m in 
is tra tio n  to  new ly  b o rn  anim als gives rise to  p ronounced  ly m p h o c y to p e n ia  
w hich o ften  leads to  fa ta l cachexia  [1, 2, 21, 28].

T he h y p e rp la s ia  of R E S -elcm en ts fo llow ing  neona ta l g lu co co rtico id  
in jec tio n  m ay h av e  sim ply  been a sign of re p e a te d  infec tions; y e t, re p o rts  a c c o rd 
ing to  w hich R E S  h y p erp las ia  is acco m p an ied  by  increased e lim in a tio n  of 
co rtico ids from  th e  b lood  should n o t be d isreg a rd ed  [23 25].

T he re su lts  o f the p re sen t ex p erim en ts  su g g est th a t  the  fac t th a t  s tre s s  in 
th e  f irs t e x tra u te r in e  days does n o t cause h y p e rco rtic a lism  [26, 27] m a y  b e  of 
biological s ign ificance: th y m ic  and  ly m p h a tic  a c t iv i ty  canno t, th u s , be  im p a ire d  
by  th e  high blood level of glucocorticoids b e fo re  th e  organism ’s im m u n o lo g ica l 
defence m echan ism  lias fu lly  developed.
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D I E  W IR K U N G  E I N E R  E IN M A L IG E N  G L U K O K O R T IK O ID IN J E K T IO N  
IM  N E U G E B O R E N E N A L T E R  A U F  E IN Z E L N E  L Y M P H A T IS C H E  U N D  E N D O K R IN E

O R G A N E

J. FACHET, M. PALKOVITS und G. PETRÁNYI

I n  B e stä tig u n g  frü h e re r  ex p erim en teller E rg eb n isse  w urde  der N achw eis e rb ra c h t,  daß  
e in e  e in m a lig e , 24 S tu n d en  n a ch  d e r G eburt v e ra b re ic h te  G lu k o k o rtik o id in jek tio n , in  A b h ä n 
g ig k e it  v o n  de r Dosis, eine fa ta le  K achex ie  v e ru rsac h e n  k a n n .

In fo lg e  einer 24 S tu n d e n  n a ch  der G eb u rt v e ra b re ic h te n  einm aligen H y d ro k o rtiso n - 
in je k t io n  w u rd e  das am  12. T ag e  ü b e rp flan z te  hom o lo g e  H a u ttra n sp la n ta t  m it b e d e u te n d e r  
R e ta r d a t io n  a b g eb a u t u n d  d ie R e a k tio n  w ar m äß ig e r a ls  bei den K on tro llen . D er A b b a u  hete- 
ro lo g e r  T ra n s p la n ta te  zeig te  g eg en ü b er den K o n tro lle n  k e in e n  U nterschied .

A c h t bzw . vierzig  T ag e  n a c h  der G lu k o k o rtik o id v e rab re ich u n g  v e rm in d erte  sich  in  der 
M ilz u n d  in  den L y m p h k n o te n  d ie Z ahl der K le in -L y m p h o zy ten . In  der Milz w u rd e  d ie be
d e u te n d e  V erm eh ru n g  der M eg ak ary o zy ten  b e o b a c h te t. In  d e r L eber verm in d erte  sich  d ie Zahl 
d e r  P A S -p o sitiv en  K ö rn ch en , w ä h ren d  die Zahl d e r K u p ffe rsc h en  Zellen erheb lich  z u n ah m . 
Im  T h y m u s  ließ sich die A b n ah m e  der Zahl der K le in -L y m p h o zy ten  u n d  die V e rm eh ru n g  der 
R e tik u lu m z e lle n  festste llen .

ДЕЙСТВИЕ РАЗОВОЙ ИНЪЕКЦИИ ГЛИКОКОРТИКОИДОВ В ПЕРИОД 
НОВОРОЖДЕННОСТИ НА ОТДЕЛЬНЫЕ ЛИМФАТИЧЕСКИЕ И 

ЭНДОКРИННЫЕ ОРГАНЫ И НА ТРАНСПЛАНТАЦИОННЫЙ ИММУНИТЕТ
Й. Ф А Х ЕТ, М. ПАЛКОВИЧ и Г. П ЕТРА Н ЬИ

В подтверждении своих прежних экспериментальных результатов авторы выявили, 
что однократная инъекция гликокортикоидов, введенная через 24 часа после рождения, 
в зависимости от применяемой дозы, может вызвать кахексию со смертельным исходом.
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После однократной инъекции гидрокортизона, введенной через сутки после рож
дения, отторжение гомологичного кожного трансплантата, пересаженного на 12-ый 
день после рождения, произошло с значительным замедлением, и реакция была меньшей, 
чем у контрольных животных. В то же время отторжение гетерологичного трансплантата, 
по сравнению с контролями, не показало отклонения.

Восемь или сорок дней после введения гликокортикоидов в селезенке и в лимфати
ческих узлах число малых лимфоцитов уменьшилось. В селезенке наблюдалось значи
тельное нарастание числа мегакароцитов. В печени понизилось количество ПАСК-поло- 
жительных зернышек, а количество Куппферовских клеток повысилось. В зобной железе 
наблюдалось уменьшение числа малых лимфоцитов и размножение ретикулярных клеток.

D r. J .  F a c h e t  j B u d a p e s t, MTA K ísé rle ti O rv . K ú t. I n t .  K ór-
D r. M. P a l k o v i t s  J é le t ta n i  oszt., H u n g a ry

D r. G. P e t r á n y i M TA  O rvosradiológiai K u ta tó  C soport, B u d a 
p es t, H u n g ary
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In s t i tu te  of H isto logy  an d  E m b ry o lo g y  (D irec to r: Prof. Dr. I. T örő), 
U n iv e rs ity  M edical School. B udapest

ELECTRON MICROSCOPIC STUDY  
OF G U IN E A -P IG  THYMUS

I .  T ö r ő  and  I . O l á h  

(R eceived  A pril 12. 1966)

T he e lectron-m icroscopic  s tru c tu re  of th e  ep ith e lia l cells co n ta in ed  in  th e  th y m ic  
m ed u lla  of four to  fiv e-d ay  old gu in ea  pigs has been  stud ied . T he m ain  o b jec t o f th e  
s tu d y  was to  e luc idate  th e  s tru c tu ra l  fo u n d a tio n  o f th ym ic  function . T h e  presence  of 
secre tion  and  secre to ry  cysts  m ak es i t  obvious t h a t  th e  ep ithelial cells o f  th e  th y m u s 
h av e  th e  ch arac te r o f g lan d u la r cells. T h is is b o rn e  o u t by the endop lasm ic  re ticu lu m , 
the  w ell-developed Golgi a rea  a n d  th e  a p p ea ran ce  o f “ N ebenkern”  s tru c tu re s  in  c e rta in  
e p ith e lia l cells. A p art from  th e  usua l desm osom es a n d  zonulae o ccluden tes, th e  cells are 
in te rco n n ec ted  by lab y rin th in e , sp ik ed  an d  riv e t- lik e  fo rm ations. T he d iffe re n tia tio n  of 
e p ith e lia l cells m an ifests itse lf th ro u g h  th e  b eg in n in g  of secre to ry  a c t iv i ty  a n d  th e  
ap p ea ran ce  of tonofibrils w hich , in co n ju n c tio n  w ith  a g radual in te r la c e m e n t o f  the  
ep ith e lia l cells, leads to  the  d ev e lo p m en t of H a ssa ll’s corpuscles. T he e x is ten ce  of an 
in te rre la tio n  betw een ep ith e lia l cells an d  th y m o c y te s  is ind icated  by  th e  p h en o m en a  of 
peripolesis and  em peripolesis, th e  p h ag ocy tosis o f th y m o cy tes  by  ep ith e lia l cells, and  
th e  p ro top lasm ic  bridges co n n ec tin g  ep ith e lia l cells. T hese  are p resu m ab ly  th e  s tru c tu ra l 
expressions of the  develo p m en t o f th y m o cy tic  im m unolog ical co m p eten ce  based  on 
in fo rm a tio n  received from  e p ith e lia l cells.

L igh t m icroscopic in v es tig a tio n s  in to  th y m ic  s tru c tu re  h a v e  left the 
q u es tio n  open as to  w h e th e r th e  th y m u s  shou ld  be regarded  as a ly m p h  organ  
or r a th e r  as a horm onal g land . A lth o u g h  M i l l e r  [24, 25] and  o th e rs  [2, 21, 23, 
29, 34, 35] have  d em o n stra ted  th e  im m uno log ica l com petence o f  th e  o rgan , 
th e y  h av e  failed to  ex p la in  th e  m echan ism  o f th y m ic  function . T h e  p resen t 
o b se rv a tio n s  were based  on th e  th e o ry  th a t  th e  cells o f the  ep ith e lia l re ticu lu m  
c o n s titu te  th e  specific ce llu lar e lem en ts of th e  th y m u s and  th a t  th e ir  closer 
e x am in a tio n  m igh t lead  to  a b e tte r  u n d e rs ta n d in g  of thym ic  fu n c tio n .

M ateria l and  m ethod

T he th y m u s  gland of 4 to 5 day -o ld  gu inea pigs w as used. The vessels o f  th e  an im als 
w ere p e rfused  v ia  the h e a r t w ith  a b o u t 1000 m l of 5 p e r cent g lu taric  a ld e h y d e , th e n  th e  re 
m oved  th y m ic  frag m en ts  were fixed  in th e  sam e so lu tion  for 2 hours. The fix ing  f lu id  w as w ashed 
w ith  M illonig buffer a t  4 °C for 16 to  20 hrs. Л second fix in g  was perform ed in o sm iu m  te tro x id e  
w ith  1 per cen t b u ffer for 2 hrs. E th a n o l w as used fo r d e h y d ra tio n  and  a ra ld ite  fo r em bed d in g . 
S em i-th in  sec tions were s ta in ed  w ith  p o tassiu m  p e rm a n g an a te , u ltra - th in  sec tio n s w ere con
t ra s t-s ta in e d  w ith  m ethano lic  u ra n y la c e ta te  an d  lead  c itra te  solu tion . T he e lectron -m ic roscope  
was of th e  Je m  6C -type.
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R esults

E p ith e lia l cell ju n c tio n s  are of d iffe ren t k in d s  in  the  th y m u s . T he 
cells a re  freq u en tly  in te rc o n n e c te d  b y  sim ple desm osom es; th e  con n ec tio n  m a y  
assu m e  th e  form  of zo n u la  occludens. An in tr ic a te  la b y rin th in e  in te r la c e m en t 
o f  th e  cell surfaces (F ig . 1) c an  often  be o bserved  w h ich  resu lts  in  an  irre g u la r , 
s e r ra te d  ju n c tio n  o f th e  co n tig u o u s cells. I t  also h ap p en s  th a t  sev e ra l long 
p ro cesses  in tru d e  th em se lv es  betw een  th e  e p ith e lia l cells a t  v a rio u s p o in ts  
an d  in  d iffe ren t p lanes (F ig s . 2, 3, 5, 6, 7, 10), fo rm in g  w hat m igh t be  called  
a r iv e te d  ju n c tio n . S till a n o th e r  form  is m ark ed  b y  p ro top lasm ic  processes, 
w h ich , a rising  like sp ikes fro m  th e  cell, are hooked  in to  th e  body o f th e  n e ig h 
b o u r in g  cell, fo rm ing  th u s  a zipper-like s tru c tu re .

T h e  ep ithelia l n e tw o rk  of th e  th y m u s  co n sis ts  o f b rig h te r a n d  d a rk e r 
cells. T h e  d a rk  colour o f  th e  la t te r  is due to  an  a b u n d an ce  of ribosom es a r 
ra n g e d  in  ro se tte s . Som e e p ith e lia l cells co n ta in  m u c h  sm aller and m ore densely  
p a c k e d  ribosom es. T h ere  is fu rth e rm o re  a co n sid e rab le  difference b e tw een  ep i
th e lia l  cells as regards d e n s ity  and size of th e  en d o p lasm ic  re ticu lu m : th e re  are 
sp o ra d ic  cells co n ta in in g  a s tra ig h t e lo n g a ted  la m e lla r  system  (F ig . 3) and  
o th e rs  co n ta in in g  d is te n d e d  re tic u la r  vesicles (F ig . 2) w hence the  th in  re tic u la r  
tu b u le s  h av e  d isap p eared . Som e cells co n ta in  m in u te  (Figs. 4, 8), o th e rs  very- 
la rg e  m ito ch o n d ria  (F ig . 2), w hile still o th e rs  in c lu d e  h a rd ly  any . T h e  Golgi 
a p p a ra tu s  is w ell-developed  (F igs. 1, 2, 3, 8, 12); som e are v acu o la ted , o th ers  
g ra n u la te d , w ith  la rg e r or sm aller lysosom es in  th e ir  v ic in ity  (F igs. 1, 12). 
E p ith e l ia l  cells rich  in  endop lasm ic  re tic u lu m  o f coarse surface w ere also 
o b se rv e d . T he re ticu lu m  in  th e se  cells was a rra n g e d  as in  p lasm acy tes (F ig . 6); 
th e y  in c lu d e  large hom ogeneous globules, th e  ana logues of secretion  d ro p le ts  
(F ig s . 1, 2, 3, 5, 6, 7, 8, 11). T h e  sam e cell m ay  c o n ta in  e m p ty  vacuoles an d  also 
v acu o le s  filled  w ith  a hom ogeneous su b stan ce  (F ig . 5). C y to re ticu la r fo rm atio n s  
(F ig . 7) w ith  a co n cen tric  s tru c tu re  and m a n y  ribosom es are c h a ra c te ris tic  
f ig u re s . T hese so-called “ N eb en k e rn s”  co n ta in  in  th e  cen tre  a secre to ry  vesicle, 
th e  f i r s t  ind ica tion  o f se c re to ry  ac tiv ity . T he co n cen tric  s tru c tu re  in  q u estio n  
is su rro u n d e d  by  m ito c h o n d ria . The sec re to ry  v acuo les were sc a tte re d  in  some 
e p ith e lia l cells (Fig. 3), w h ile  in  o thers th ey  fo rm e d  a c lu stered  v acu o la r system  
(F ig s . 1, 4 , 8, 10). C lu ste red  vacuoles m ay  defo rm  th e  nucleus (F ig . 4). G ian t 
n u c le i o f  b izarre  sh ap e  w ere  rep ea ted ly  o b se rv ed ; th e ir  defo rm ation  w as due 
to  in tra c e llu la r  sec re to ry  c y s ts , am ong o th e rs . O n in te rn a l surface o f th e  large 
s e c re to ry  vacuoles m icrov illis  w ere  ren d erin g  th e  su rface  uneven . M any  m icro 
scopic  p ic tu re s  show , c o n seq u en tly , th e  cross sec tion  o f  long in tra v a c u o la r  m icro
v illi (F ig . 8). C ertain  v acu o le s  appeared  to  be  p ro v id e d  w ith  a well developed 
d is t in c t  a n d  in d e p e n d e n t w all sep a ra ted  from  th e  cy to p lasm  by  a m e m b ra n e 
like  r in g  of delicate f ib rils  (F ig . 8). T h a t th e  w all w as n o t a s e p a ra te  e n tity  
fo llow s from  th e  fa c t t h a t  i t  was seen to  fuse a t  som e po in ts w ith  th e  cy to -
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Fig. 1. M edullary  d e ta il. 1 T h e  cells are in terlocked  an d  form  a to rtu o u s  line. 2 A n o th e r 
form  of sp iked in te rd ig ita tio n . 3 Tw o g ranulocy tes. 4 C ontiguous cells se p a ra ted  b y  
m icrovilli. 5 F o rm a tio n  of fib res. 6 Secretion. 7 R e m n a n ts  of phag o cy ted  th y m o c y tes  
(lysosom es). 8 E lectro n -d en se  an d  9 m icrobodies o f d iffe re n t sizes. 10 M itochondriu in .

11 N ucleolus. 12 Golgi a p p a ra tu s . 13 R iv et-lik e  ju n c tio n  of cells

Fig. 2. B oundary  betw een th ree  cells. 1 R ivet-like cell ju n c tio n . 2 P ro to p lasm ic  bridge 
be tw een  neighbouring  cells. 3 D rop le ts of secretion . 4 Cross section  of endop lasm ic
re ticu lu m . 5 =  D isten d ed  an d  fused  endoplasm ic re ticu lu m . 6 Golgi area . 7 -M ito ch o n d riu in
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F ig . 3. G roup of ep ith e lia l cells in  th e  m edu lla . 1 == D a rk  cell. 2 B rig h t cell. 3 D rople t 
o f sec re tio n . 4 =  W idely  e x te n d in g  process o f ep ith e lia l cell. 5 =  C y to cen tre . 6 = Golgi 
a p p a ra tu s  w ith  su rro u n d in g  a rea . 7 =  endop lasm ic  re ticu lu m . 8 =  G row ing s tr ia te d  m uscle

F ig . 4. 1 -- Vesicles d is ten d e d  to  cysts defo rm ing  th e  nucleus o f ep ith e lia l cells. 2 -  C yto
c e n tre . 3 G ranulocy te. 4 =  E lec tro n -d en se  b o d y ; cells connected  by  riv e t- lik e  s tru c tu re s
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Fig. 5. S ecretion  in  b inuclear ep ith e lia l cell. 1 D roplet o f secretion . 2 =  E m p tied  sec re tio n . 
3 In te rc e llu la r  p ro top lasm ic  b ridges. 4 T h y m o cy te . 5 M icrobodies. 6 R iv e t- lik e  

cell ju n c tio n . 7 N ucleolus. 8 — M itocbondrium

Fig. 6. Coarse endoplasm ic re ticu lu m  an d  d rop le ts  of secretion  in the  ep ith e lia l cell. 1 =  D ro p 
let. 2 M itochondrium . 3 R eticu lum
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F ig .  7. F o rm atio n  of “ N e b e n k e rn ”  and secretion. 1 =  D ro p le t su rro u n d ed  by  concen trically  
a r ra n g e d  endoplasm ic re tic u lu m , th e  la tte r  su rro u n d e d  b y  m itochondria . 2 =  D ro p le t sur- 
ro u n d e d ^ b y  ribosom al d e n sif ic a tio n . 3 — E m p tied  sec re tio n . 4 =  D ense bodies. 5 =  D esm o

some

F ig .  8. Secretory  c y st w ith  well c ircum scribed  w all a n d  m icrovilli. 1 =  L um en. 2 =  M icrovilli. 
3 =  R iv e t-lik e  cell ju n c tio n . 4 =  D roplet. 5 =  M ito ch o n d riu m . 6 =  Golgi a rea . 7 =  Cross 

section  o f en d o p lasm ic  re ticu lum . 8 =  N ucleus of th y m o c y te

p la sm  o f th e  ep ith e lia l cells. A lthough g lycogen  w as n o t in v a ria b ly  p re se n t in  
th e  cy to p lasm  of e p ith e lia l cells, pa tches co n sis tin g  o f glycogen g ranu les were 
re p e a te d ly  observed ; th e se  granules w ere la rg e r  th a n  ribosom es an d  densely  
p a c k e d .
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As reg ard s th e  ep ith e lia l elem ents o f  th e  m ed u lla , they  are c h a ra c te r iz e d  
b y  th e  presence o f fib rils  w hich especially  in  H a ssa ll’s corpuscles are a rra n g e d  
in b u n d les  (F igs. 2, 9, 10, 12, 13, 15). E p ith e lia l  cells changing in to  H a ssa ll’s

Fig. 9. Y o u n g  H assa ll’s corpuscle. A ggregation  of th re e  ep ith e lia l cells am ong in ta c t  e p ith e lia l 
cells; th e y  fo rm  th e  nucleus o f th e  developing H a ssa ll’s corpuscle. The grow th o f f ib r ils  is 
a d v a n c e d ; th e re  is degen era tio n  in  the  cen tre , w hile th e  nucleoli are still active. 1 =  N ucleus 

o f ep ith e lia l cell. 2 =  Nucleolus. 3 D e g en e ra tio n . 4 =  G row th of fib ril

bodies are , th e re fo re , rich  in fib rils. P e rin u c le a r  fib rils  ten d  to  form  n e tw o rk s ; 
th e  n ea re r  th e  cells are to  being co n v erted  in H assa ll’s corpuscles, th e  co a rse r 
th e ir  s tru c tu re  an d  th e  m ore read ily  th e y  assum e a re ticu la r a rra n g e m e n t 
(F igs. 10, 11). M any ep ith e lia l cells an d  th y m o c y te s  contained c y to c e n tre s , 
som etim es even tw o o f th em  in w hich case th e y  w ere arranged  a t r ig h t  ang les. 
The cy to cen tre s  o f  ep ith e lia l cells w ere u su a lly  ly in g  n e x t to  the  G olgi ap p a -
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Fig.  10. S ec re to ry  c y s t in  th e  co rtex  of H assa ll’s co rpuscle . 1 =  Cyst. 2 =  S ecretio n . 3 =  
C ross sec tio n  of con cen trica lly  s tra tif ie d  cell. 4 =  D e g en e ra te d  nucleus of H assall’s corpuscle

F ig .  11. E p ith e lia l  cell including p h agocy ted  th y m o c y te  su rrounded  by  n e u tro p h ilic  g ra n u lo 
c y te s . 1 =  R e m n a n t o f phag o cy ted  th y m o cy te . 2 =  D ro p le t of secretion. 3 =  N eu tro p h ilic  
g ra n u lo c y te . 4 =  In te rlo ck in g  of cell su rfaces. 5 =  In te rc e llu la r  gap w ith  m icrov illi. 6 =  

R e m n a n t o f  d ig es ted  th y m o cy te . 7 =  N ucleolus. 8 =  D egenerated  cellu lar re s id u u m
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ra tu s . N um erous ep ith e lia l cells co n ta in ed  p h ag o cy ted  th y m o c y te s  in various 
s tages o f d igestion  (F ig . 1, 11). T h e  firs t to  he d ig ested  and  d isap p ea r is the 
cy to p lasm  of th e  p h ag o cy ted  th y m o c y te ; th e  n ucleus, und erg o in g  pyknosis,

Fig. 12. M assive in v o lv e m e n t o f g ra n u lo cy te s  in cellular b reak d o w n  in  H assa ll’s corpuscle. 
1 = N eu troph ilic  g ra n u lo c y te s . 2 P la te -lik e  s tru c tu re  o f e lo n g a ted , d eg en e ra ted  ep ith e lia  
processes. 3 P h a g o c y te d  cell w ith  cellu la r fragm en ts . 4 C ellular d eb ris occupying  the  
p lace of d is in teg ra ted  cell. 5 =  E p ith e lia l cell developing to n o fib rils . 6 =  Golgi area . 7 =

Lysosom e

persists  longer. F.ven th e  sw ollen nucleolus was found  in som e in stan ces. The 
m edu lla  o f the  th y m u s  often  co n ta in ed  leucocytes and  g ran u lo cy tes , th e ir 
n eu tro p h ilic  (F ig . 12), eosinophilic  (F ig. 14) an d  b aso p h ilic  (F ig . 13) form s. 
H assa ll’s bodies w ere p a r tic u la r ly  rich  in basoph ilic  g ran u lo cy tes  an d  m ast 
cells (F ig . 15).
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Fig. 13. 1 =  Y o u n g  baso p h ilic  g ranu locy te . 2 =  T onofibrils

F ig .  14.  E osinophilic  g ran u lo cy te  w ed g ed -in  betw een  th y m o cy tes . N o te  c h a ra c te ris tic  g ran u la r
s tru c tu re

F ig .  15.  M ast cell w edged-in b e tw ee n  th y m o cy tes . 1 N ucleus o f m as t cell. 2 =  H igh-pow er 
m agnification  of g ra n u le  o f m a s t cell, show ing th e  c h a ra c te ris tic  s tru c tu re
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D iscussion

T he th y m u s of th e  gu inea  pig has a h igh ly  in tr ic a te  s tru c tu re , a n d  its  
analy sis  hy m eans of the  e lec tro n  m icroscope offers new in fo rm a tio n  on th y m ic  
fu n c tio n . T here  are num erous d a ta  concern ing  th e  u ltra s tru c tu re  o f th e  th y m u s  
[2, 7, 8, 11, 27, 34] and  K l u g  [19] has even an a lysed  th e  m orphogenesis  o f 
th y m ic  ly m p h o cy tes . T he th y m u s  o f th e  m ouse [11, 13, 20, 45], th e  go lden  
h a m s te r  [44] and , in ce rta in  re sp ec ts , th a t  o f th e  gu inea  pig [20], r a t  a n d  r a b b i t  
[16, 17] has been  exam ined  in  m ore  d e ta il u n d e r th e  elec tron  m icroscope. T he 
re tic u la r  ep ithe lium  and th e  th y m o c y te s  form  a d y n am ic  u n ity , an d  i t  is neces
sa ry  to  s tu d y  th e ir  coopera tion  in o rd e r to  u n d e rs ta n d  the m echan ism  o f th y m ic  
fu n c tio n . T he ep ithe lia l n e tw o rk  is c o n s ta n tly  m oving  [41, 42], a m o v e m e n t 
especia lly  m arked  in th e  m ed u lla ry  su b stan ce  w here H assalPs co rpuscles are  
fo rm ed . M ovem ent is slow er in  th e  co rtex  w here th e  m eshes of th e  n e tw o rk  are 
w idened  h y  th e  g rea te r n u m b e r o f  th y m o cy te s  and  th e  m itoses o ccu rrin g  th e re . 
Som e o f th e  ep ithe lia l cells o f th e  re ticu lu m  are  d a rk , o thers b r ig h t [14, 22]. 
B o th  k in d s  w ere en coun tered  in th e  gu inea-p ig  th y m u s , and  b o th  ty p e s  — being  
in te rc o n n e c ted  by desm osom es — seem ed to  be ep ith e lia l cells (F ig . 3); th e  
b r ig h t cells appeared  to  be m ore d iffuse, th e  d a rk e r  ones m ore co m p ac t. T he 
la t te r  w ere richer in  ribosom es an d  en d o th e lia l re ticu la , an d  u su a lly  m ore 
s tru c tu re d . This was con firm ed  b y  m icroc inem atog raph ic  s tud ies o f th e  p u re  
c u ltu re  o f guinea-pig  th y m ic  ep ith e liu m  [43]. T he p h enom enon  th a t ,  w ith  
ad v a n c in g  age of the  ep ith e lia l cells, th e ir  coherence and  c o n se q u e n tly  - 
th e  fo rm a tio n  of desm osom es a n d  fib res  becom e m ore p ron o u n ced , w as likew ise 
o bserved  in  such stud ies. T h e  ep ith e lia l cells com posing H assa ll’s bod ies are  
th u s  m ore advanced  in  age [43]. T h e  in tr ic a te , la b y rin th in e  in te rlo c k in g  o f  th e  
cell b o rd e rs  is due to  the  a g g lu tin a tio n  and  m o v em en t of the e p ith e lia l cells. 
T h is a rra n g e m en t does n o t serve  th e  purpose o f a closer cohesion o f th e  cells 
b u t  by  m eans of la rg e r c o n ta c tin g  surfaces th a t  of in te rc e llu la r  m e ta b o 
lism . H assa ll’s corpuscles e v id e n tly  arise from  th e  agg regation  o f e p ith e lia l 
cells. T he deve lopm en t o f desm osom es becom es m ore and  m ore in te n s iv e ; th e y  
form  severa l sh o rt segm ents in  som e, and  a con tin u o u s longer seg m en t in  o th e r  
cases. T h e  m u ltip lica tio n  o f fib res , th e  d igestion  o f p h ag o cy ted  th y m o c y te s  a n d  
th e  ce llu la r degenera tion  in  H a ssa ll’s corpuscles are  o th e r  n o te w o rth y  p h e n o m 
ena. F ig . 9 shows a m o n tag e  an d  p resen ts a y o ung  H assall co rpuscle . The 
nuc leo lus of the ep ithe lia l cells d isp lay s a d is tin c t nucleo lonem a, a s t ru c tu ra l  
a r ra n g e m e n t po in ting  to  n u c leo la r function . T he area  of H assa ll’s b od ies re 
veals rich  fib rilla r ity  and  an  opu lence  of desm osom es; th e  to p o g rap h ic  a r ra n g e 
m e n t o f th e  fibrils is a d ju s te d  to  th a t  o f the  desm osom es. Lysosom es a re  fre 
q u e n tly  p resen t in th e  th y m u s . Л  g re a t p o rtio n  in  th e  cen tre  of aged  H assall 
bodies is occupied by d e g e n e ra tin g  cells m any  of w hich co n ta in  th y m o c y te s  
d e s tro y e d  in  d igestive vacuoles (F igs. 1, 11, 12). T he d eg en era ted  n u c lea r  p a r t
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of th e  corpuscle is o ften  su rro u n d e d  b y  e p ith e lia l m em branes rich  in  fib res  and  
a rra n g e d  in  f la t  c o n cen tr ic  layers (Figs. 10, 12). Som e cysts  in  H assa ll’s cor
p u sc les have a co m p ac t w a ll, th e ir  cells c o n ta in  endop lasm ic  re ticu lu m  and 
f ib re s . T he cysts are  filled  w ith  g ran u la r su b s ta n c e  (F igs. 8, 10). I t  follow s from  
th is  s tru c tu re  th a t  e p ith e lia l  secretion  of P A S -p o sitiv e  m a tte r  m ay  ta k e  place 
in  H a ssa ll’s corpuscles. I t  is n o tew o rth y  t h a t  g ran u lo cy tes  are  in v o lv ed  in  th e  
d e v e lo p m en t of H a ssa ll’s corpuscles [18], o ften  c o n ta in  m a s t cells w ith  large 
la m e lla te d  granules (F ig . 15). Also m a n y  n es ts  o f n eu tro p h ilic , eosinophilic 
(F ig . 14) and  b asoph ilic  (F ig . 13) g ran u lo cy tes  are  to  be found  (F ig . 12). The 
p resen ce  of these cells in  H a ssa ll’s bodies is c o rre la ted  w ith  th e  fo rm a tio n  of 
w a s te  p ro d u c ts  of ce llu la r d eg enera tion  as also  w ith  th e  p ro d u c tio n  o f su b s ta n 
ces in v o lv ed  in  th y m ic  fu n c tio n . The m a rg in a l p o rtio n  of H assa ll’s corpuscles 
c o n ta in s  ep ithe lia l cells w h ich  bend  to w ard s  each  o th e r  like onion leaves; th ey  
m a y  be  said  to  c o n s titu te  th e  capsule of H a ssa ll’s corpuscles, w hile d eg enera ting  
cells in  th e  in te rio r p re se n t a h igh ly  v a riab le  p ic tu re . Cells o f H assa ll’s co rp u s
cles a re  doom ed to  d e g e n e ra te ; the  d isso lu tio n  o f th e  m arg ina l ep ith e lia l cells 
le a d s  to  cen tra l cy to ly sis , so th a t  — b y  th e  lib e ra tio n  o f P A S -positive  m a tte r  
a “ n ecro h o rm o n e”  is p ro d u c e d . This co n cep t is su p p o rte d  b y  th e  fre q u e n t p res
ence  o f  cysts in  th e  e c c e n tr ic  cells of H a ssa ll’s co rpuscles, th e  cysts  co n ta in  an 
e lec tro n -d en se  su b s ta n c e , a n d  th e ir  m icrov illi p o in t to  a process of ab so rp tio n  
o ccu rrin g  there . C ysts o f  th is  descrip tion  h av e  b een  observed  also in  ep ithe lia l 
cells o u tside  H assa ll’s b o d ies. I t  is in  th e  “ N e b e n k e rn ” -like s tru c tu re s  of the 
p a n c re a tic  cells th a t  th e  p rocess of secre tion  s ta r ts ,  and  the  secre ted  substance  
a p p e a rs  to  be co rre la ted  w ith  th e  endop lasm ic  re tic u lu m  in th e  form  o f hom o
geneous e lectron-dense d ro p le ts . The fo rm a tio n  o f th ese  d rop le ts  is p receded  by 
a  ta rg e tlik e  fu rling  o f th e  m em branes of th e  en d o p lasm ic  re ticu lu m , an d  i t  is in  
th e ir  c en tre  th a t ,  s u rro u n d e d  by  m ito c h o n d ria , th e  elec tron -dense  globules 
a p p e a r . T hey  m ay  in u n d a te  th e  body  of th e  cells an d  th e n  be d ra in ed  one b y  
one . D ro p le t fo rm a tio n  is m ore freq u en t in  y o u n g e r, th a t  of cysts  in  older, 
e p ith e lia l cells. T he se c re to ry  or digestive a c t iv i ty  of th e  cysts is in d ica ted  b y  
th e  presence  of m icrov illi an d  p in o cy to tic  vesicles on th e  in n e r surface [14]. 
T h e  vesicles m ay reach  th e  size of th e  n u c leu s, an d  severa l large vesicles m ay 
ev e n  be lodged in  som e cells. The am orphous su b s ta n c e  in  th e  cysts  rep resen ts 
P A S -p o sitiv e  m a tte r . A  s im ila r  process h as  b een  observed  in  tissue  cu ltu res 
w h ere  d rop le ts  w ere coalesc in g  in to  cysts , a n d  sm all cysts  fused  to  fo rm  larger 
ones. Secretion-like inc lusion  bodies w ere found b y  W e a k l e y  e t al. [44] in  13-day 
o ld  go lden  h am ste r em b ry o s , w here th e  a b u n d a n c e  of endoplasm ic re ticu lu m  
p o in te d  to  p ro te in  sy n th e s is . E p ith e lia l cells m a y  change th e re  in to  lym phoid  
cells, a fin d in g  c o n firm ed  b y  T a n a k a  [33].

C ontiguous cells m a y  be connected  b y  p ro to p la sm ic  bridges (F igs. 2, 5) 
th ro u g h  w hich th e  ex ch a n g e  of ribosom es a n d  m acrom olecules an d  so perhaps 
in te rc e llu la r  tran sm iss io n  o f  in fo rm ation  becom es possible. S c h o e n b e r g  e t al.
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[30] observed  such  bridges in ly m p h  nodes an d  th e  sp leen ; th e  bridges co n n e c t
ed m acrophages w ith  an tib o d y -fo rm in g  cells so th a t  ribosom es m ay h av e  th u s  
passed  from  th e  m acrophages to  th e  lym ph  cells and c o n tr ib u te d  th e re  to  p ro 
te in  syn th esis . Such b ridges w ere observed  b y  W e a k l e y  e t al. [44] in th e  th y 
m us be tw een  ep ith e lia l cells an d  th y m o cy te s . A s im ila r purpose m ay  be se rved  
b y  th e  process in  w hich th y m o c y te s  are engu lfed  by  ep ith e lia l cells, rem ain  
th e re  one or tw o hours to  em erge and  pass once m ore in to  th e  ep ith e lia l cells, a 
process th a t  is som etim es rep e a te d  several tim es . T he ep ith e lia l cell fo rm s 
a d igestive  vacuole  a ro u n d  th e  th y m o c y te , w h e th e r it is alive or d ead ; th e  
th y m o c y te  som etim es escapes b u t  is m ore o ften  d estro y ed . M icrocinem ato- 
g rap h ic  s tu d ies  h av e  show n th a t  a close re la tio n sh ip  an d  sym biosis m ay  be 
form ed be tw een  th y m o cy te s  an d  ep ith e lia l cells: th e  fo rm er m ay  ad h ere  to  
an d  m ove or ad v an ce  w ith  th e  la t te r  (peripo lesis); besides, th y m o cy te s  m ay  
p e n e tra te  in to  th e  ep ith e lia l cells (em peripolesis). T his process m ay rep re sen t 
the m ost im p o r ta n t phase in th e  conversion of ly m p h o cy tes  to  th y m o c y te s , 
i.e. to  im m unolog ica lly  c o m p e ten t cells [9]. S im ilar p h enom ena  have  been 
observed  in r a b b it  th y m u s  cu ltu res  by  S h a r p  [31]. D ead  th y m o cy te s  have 
freq u en tly  been found  in  th e  ep ith e lia l cells o f H assa l’s corpuscles; f ir s t , th e  
cy to p lasm  of th e  th y m o c y te  is d igested , th e n  its  nucleus becom es py cn o tic  and  
d is in teg ra te s . Som e cysts  seem  to  have  developed  from  th e  vacuoles d igestin g  
th y m o cy te s  [15]. T he origin o f H assa ll’s corpuscles is connected  w ith  th e  re la 
tionsh ip  b e tw een  ep ith e lia l cells an d  th y m o cy te s . T he fo rm er engu lf and  d igest 
th e  la t te r  or th e ir  frag m en ts . T h e y  form , acco rd ing  to  S i e g l e r  [32], PA S-posi- 
tive  lipochrom e an d  tu rn  in to  fo am y  cells, an d  it is from  th e  en larged  ep ith e lia l 
cells th a t  H assa ll’s corpuscles develop . G ranu les w ill a p p e a r in som e ep ith e lia l 
cells, and th e y  are  th e n  jo in ed  by  o th e r ep ith e lia l cells likew ise u ndergo ing  
g ra n u la tio n  so th a t  a concen tric  agg regation  o f such  cells is tak in g  place. 
L iq u efac tio n  of th e  in n e rm o st cell gives rise to  an  e m p ty  cyst. A process of 
d igestion  is, th u s , occurring  in  H assa ll’s corpuscles.

T he observed  s tru c tu ra l ch a rac te ris tic s  h av e  con firm ed  th e  co n cep t th a t  
th y m ic  fu n c tio n  is a t  least p a r tly  — governed  by a su b stan ce  secre ted  by 
th e  th y m u s  itself. A ccord ing  to  th e  la te s t th e o ry , th y m o cy te s  arising  in and  
passing  th ro u g h  th e  th y m u s  receive in th is  g land  in fo rm a tio n  w hich th ey  ca rry  
to  th e  lym p h o id  tissues, to  serve th ere  as th e  an cesto rs  of cell g en era tio n s 
capab le  of p ro d u c in g  im m une  su b stan ces [2, 10, 12, 21, 22, 25, 28, 34, 35]. T he 
m echan ism  of th is  p o te n tia l change occurring  in th e  th y m u s  requ ires fu r th e r  
in v estig a tio n s. I t  can  be ta k e n  as p roved  th a t  th y m o c y te s  arise from  ep ith e lia l 
cells in th e  em bryo  [1], a process w hich su b se q u e n tly  p resu m ab ly  con tin u es 
a fte r  th e  b ir th  [19, 34] an d  co n s titu te s  a genetic  d ifference betw een  th y m o c y te s  
and  ly m p h o cy tes . T hese cells are  th e  ancesto rs o f g en era tio n s of th y m o c y te s  
w hich -— carried  by  th e  c ircu la tio n  to  o th e r  reg ions o f th e  organ ism  are  able 
to  assert th e ir  im m unolog ical com petence. T h is th e o ry  gives som e in fo rm a tio n
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a b o u t  th e  ce llu la r-reg u la to ric  role o f th e  th y m u s  in  th e  im m une-b io log ica l 
d if fe re n tia tio n  of th e  ly m p h a tic  o rgans. L y m p h o cy tes  th a t  h av e  to  pass th ro u g h  
th e  th y m u s  in  o rder to  receive  im m u n o lo g ica l com petence are p re su m ab ly  
ex p o se d  th e re  to  som e h u m o ra l in fluence . Such influence  becom es possib ly  
o p e ra tiv e  w hen th e  cells com e in to  c o n ta c t w ith  th e  su b stan ce  p ro d u c e d  b y  th e  
th y m u s . This su b stan ce  m a y  be th e  P A S -p o sitiv e  m a tte r  o rig in a tin g  fro m  th e  
e p ith e lia l  cells, an d  th e  “ n ec ro h o rm o n e”  a ris in g  in  connec tion  w ith  th e  b re a k 
d o w n  o f H assa ll’s co rpuscles. I t  is conceivab le  th a t  th e  n u c leo p ro te in s , a rising  
a t  th e  phagocy tosis an d  d ig estio n  of th y m o c y te s , are in v o lv ed  in  th e se  p ro 
cesses, o r th a t  — in  co n n ec tio n  w ith  en d ocy tosis  — im p o r ta n t  fa c to rs  gain  
access to  th e  th y m o cy tes . I t  seem s in  a n y  case ev id en t th a t  th e  clue to  th y m ic  
fu n c tio n  lies in th e  sym biosis  of ep ith e lia l cells and  th y m o c y te s , an d  th a t  ep i
th e l ia l  cells p lay  an  e ssen tia l role in  th is  re sp ec t. A lthough  th e  effo rts  to  de
m o n s tra te  th e  ex istence  o f a p ro to p la sm ic  b rid g e  be tw een  ep ith e lia l cells and  
th y m o c y te s  have re m a in e d  unsuccessfu l, b ridges of th is  k in d  have  b een  found 
b e tw een  ep ithe lia l cells, a p h en o m en o n  p o in tin g  to  an  in te ra c tio n  b e tw een  the  
cells o f  th e  ep ithe lia l re tic u lu m . T he a c tiv i ty  of ep ithe lia l cells in  connection  
w ith  th e  im m unological p o te n c y  of th e  th y m o c y te s  th u s , consists no t m ere ly  in 
n u tr i t io n  h u t in ev o ca tio n  an d  co m p le tio n  as well.

I t  is hoped th a t  fu r th e r  e lec tron -m icroscop ic  s tud ies w ill affo rd  m ore 
d e ta ile d  insigh t in to  th y m ic  s tru c tu re  an d  es tab lish  a h a rm o n y  b e tw een  fu n c
t io n  a n d  s tru c tu re .

R E F E R E N C E S

1 . A u e r b a c h , R .: (1964) E x p e r im e n ta l A nalysis o f M ouse T h y m u s and  Spleen. In :  T he T h y m u s 
in  Im m u n e-b io lo g y . E ds. R . A. G ood, A. E . G ab rie lsen . — 2. C l a r k . S. L. j r . :  (1964) In : The 
T h y m u s  in  Im m une-b io logy . E d s . R . A. G ood, A. E . G abrielsen . —  3. C l a r k , S. L . j r . :  (1963) 
U b e r  d ie  B ildung von M astzellen  im  T h y m u s u n d  in  den  ly m p h a tisch en  O rganen . Z. m ik r.-an a t. 
F o rsc h . 70. 242. —  4. C s a b a ,  G., T ö r ő , I .,  B o d o k y , M . :  (1963) Ü ber die B ildung  v o n  M astzellen 
im  T h y m u s  u n d  in  den ly m p h a tisch e n  O rganen . Z. m ik r.-an a t. Fo rsch . 70, 242. —  5. C s a b a , G., 
T ö r ő ,  I . ,  B o d o k y , M.: (1965) H o rm o n a l R e la tio n sh ip s  o f M astocy togenesis in  L y m p h a tic  
O rg a n s . A cta  ana t. (B asel) 61, 127. — 6. C s a b a , G., T ö r ő , I., H o r v á t h , С., Á cs, T ., M o l d , К .: 
(1962) T h y m u s and S tress. .1. E n d o c r . 23, 423. —  7. D v o r a k , M., K o n e c u a ,  H ., S t a s t n ä ,  J . :  
(1965) Subm icroscopic S tru c tu re  o f Cells of th e  L y m p h o id  T issue in  th e  T h y m u s . F o lia  m orph . 
(W arsz a w a) 13, 414. —  8. E l v e s , М. W ., G o r i g h ,  J . ,  S h a p m a n n , J  A ., I s r a e l i s , M cG .: (1964) 
E lec tro n m ic ro sco p ic  S tu d ies  o f L y m p h o cy tes . L an c e t 1 , 306. — 9. F a r l a n d ,  W . M ., H e i l m a n , 
D . IL : (1965) L ym phocy te  F o o t A p p endage , its  R ole in  L ym phic  F u n c tio n  an d  in  Im m u n o lo 
g ica l R eac tio n . N a tu re  (L o n d .) 205, 887. — 10. F i e l d , E . O., S t a n l y , E . M .: (1963) C ircu la tion  
o f  L y m p h o c y te s  th ro u g h  th e  T h y m u s . In t .  J .  R a d ia t .  B iol. 6, 487. — 11. G a u d e c k e r , В. V., 
H i n r i c h s e n , K . : (1965) E lek tro n en m ik ro sk o p isch e  U n te rsu ch u n g en  zu r C ytologie v o n  T h y m u s
r in d e  u n d  K eim zen trum . Z. Z ellforsch . 65, 139. — 12. G o w a n s ,  J .  L .: (1964) T he M ig ra tio n  of 
L y m p h o c y te s  in to  L y m p h o id  T issue . In :  T he T h y m u s  in  Im m u n eb io lo g y . E d . R . A. G ood, 
A . E . G abrielsen. —  13. H o s h i n o , T .: (1963) E lectro n -m ic ro sco p ic  S tu d ies  o f th e  E p ith e lia l 
R e tic u la r  Cells of th e  M ouse T h y m u s . Z. Z ellforsch . 59, 513. — 14. H o s h i n o ,  T .: (1962) T he 
F in e  S tru c tu re  of C iliated  V esic le-C ontain ing  R e tic u la r  Cells in  th e  M ouse T h y m u s . E x p . Cell 
R es. 27, 615. — 15. I t o , T . : (1959) Ü b e r e in sch lu ß h  ä ltig e  Zellen im  T y m u s des G o ld h am ste rs . 
Z. Z ellfo rsch . 49, 739. 16. I z a r d , J . :  (1965) Les c a ra c té ris tiq u es  u ltra s tru c tu ra le s  d u  th y m u s
à la  p é rio d e  périn a ta le . E x p . Cell R es. 37, 487. — 17. I zard , J . ,  B r o s s y , I .:  (1964) A spects 
u l t r a s t ru c tu ra u x  du d é v e lo p p em en t du  th y m u s . E tu d e  des m o d ifica tio n s c e llu la ire s  p é ri
n a ta le s . B ull. Ass. A n a t. 49, R éu n io n  M adrid . — 18. K a su k a , O., J a m sawa , J . :  (1952) G ranulo  -

Acta Morphologica Academiae Scientiarum Hungoricae 14. 1960



ELECTRON MICROSCOPIC STUDY OF GUINEA-PIG T1IY.Ml S 289

cy topo iesis in  th e  T hym us of N o rm a l R a b b it  and  G uinea P ig  w ith  Special R eference  to  its  Age 
V aria tio n s . A cta  h aem at. ja p . 15, 327. 19. K lu g , II .:  (1962) B e itrag  zu r M orphogenese der
L y m p h o c y ten  im  T hym us. F o lia  h a e m a t. (L pz.) 79, 418. 20. K ü h e n , P ., W e i s s , L.: (1964)
An E lectron-M icroscopic  S tu d y  of T h y m ic  Corpuscles in th e  G uinea Pig a n d  th e  M ouse. A n a t. 
R ec. 148, 29. — 21. Ma rsh a ll , A. H . E ., W h i t e , R. C.: (1961) T he Im m u no log ica l R e a c tiv ity  
o f  th e  T h y m u s . B rit. J .  exp. P a th .  42, 379. 22. Me t c a l f , 1).: (1964) F u n c tio n a l In te ra c tio n s
b e tw een  th e  T h y m u s and O th e r O rgans. In : T he T h y m u s. E d . V. D efendi a n d  D. M etcalf. 
W is ta r  In s t .  Press. P h ilad e lp h ia . 23. Me t c a l f . D.: (1964) T he T h y m u s an d  L ym phopo iesis. 
In :  T h e  'Thym us in Im m une-b io logy . E d . R . A. G oad, A. E . G abrielsen . — 24. Mi l l e r , J .  F . 
A. O. : (19 6 4 ) Im m u n ity  and  th e  T h y m u s . L an cet, 1, 43. 25. M i l l e r , J .  F . A. O ., D u k o r , P .:
(1964) D ie  Biologie des T h y m u s. K a rg er, Basel New Y ork. 26. Mu r r a y , R. G., M u r r a y ,
A.: (1964) S tud ies on the  F a te  o f L y m p h o cy tes . I I .  In tra v e n o u s  In jec tio n  of L ab e led  T h y m ic  
L y m p h o c y te s  in to  H om ologous R a ts  a n d  A n a t. Rec. 150, 95. — 27. Mu r r a y , R . G., Mu r r a y . 
A ., P i r r o , A.: (1965) The F ine  S tru c tu re  o f M itosis in R a t  T h y m ic  L y m p h o cy tes . J .  Cell Biol. 
26, 601. 28. Mu r r a y , R. G., W o od s , P ii . A.: (1964) S tu d ies  on th e  F a te  o f L y m p h o cy tes . I I I .
M ig ra tio n  an d  M etam orphosis o f in  s itu  L abelled  T hym ic  L y m p h o cy tes . A n a t. R ec. 150, 113.
29. Sa i n t e -Ma r i e , G., L e b l o n d , С. Р .: (1964) In : T he T h y m u s in  Im m une-b io logy . E d . R . A. 
G ood, A nn. E . G abrielsen. 30. S c h o e n b e r g , M. D ., Mu maro , V. R ., Mo o r e , R. D.. W e i s - 
b e r g e r . A. S.: (1964) C ytop lasm ic In te ra c t io n  betw een  M acrophages an d  L y m p h o cy tic  Cells 
in A n tib o d y  Synthesis. Science, 143, 964. — 31. S h a r p , J .  A .: (1966) A dhesion of L y m p h o cy tes  
to  L arge  Motile Cells in C ultu res o f R a b b it  T h y m u s. N a tu re  (L o u d .) 209, 829. 32. S i e g l e r .
R .: (1964) T he M orphology of th e  T h y  m uses an d  T heir R e la tio n  to  L eu k aem ia. In : T h e  T h y m u s 
in  Im m une-b io logy . Ed. R. A. G ood, A. E . G abrielsen. 33. T a n a k a , I I . : (1957) E lec tro n - 
m icroscopic  S tud ies on the L y m p h a tic  Cells in  the  L ym ph  Node and  T h y m u s, w ith  Special 
R eference  to  L ym phogon ia . A c ta  h a e m a t. ja p . 20, 237. 34. T he T h y m u s (1964) E d .: \ .
D efend i and  D. M etcalf. W is ta r  I n s t i tu te  Press, P h ilad e lp h ia . — 35. T h o r b e c k e , G. 
Co h e n , M. W.: (1964) Im m u n o lo g ica l C om petence and  R esponsiveness o f th e  T h y m u s . In: 
T he T h y m u s . E d : V. D efendi a n d  I). M etcalf. W istar In s t i tu te  P ress , P . 33. 36. T ö r ő , L:
(1957) C o n trib u tio n s à l’h istophysio log ie  du thy m u s. C. R. Ass. A n a t. 1312. 37. T örő , L:
(1957) H isto logische B eiträge zu r F u n k tio n  des T hym us. V erh . A n a t. Ges. (Je n a )  54. V ersam m l.
-  38. T örő , L: (1958) B eiträge zu r B iologie des T hym us. B ulg. A cad. Sei. A lbum  “Tn M em ó

riám  P o p o ff”  — 39. T örő, L , Á r o s , B .: (1958) Die G ew ebsreak tion  des T h y m u s a u f  v e rsch ie 
dene E in w irk u n g en . A cta m orph . A cad . Sei. hung . 8, 151. 40. T örő , L , Cs aba , G.: (1960)
T h y m u s u n d  M astzellen. A n a t. Anz. E rg än zu n g sh . 106/107, 357. 4 L  T örő , L, O lá h , L:
(1965) T h y m ie  E p ithe lium  and  T h y m ie  C orpuscles in T issue C ultu re . A c ta  m o rp h . A cad. Sei.
h u n g . S up p l. 13, 48. 42. T örő , I., P á l y i , L, Csapó , L, G azsó, L.: (1964) M icrocinem ato-
g ra p h ic  S tu d ies  of th e  E p ith e lia l Cells o f th e  T hym us. A cta  m orph . A cad . Sei. hu n g . 13, 51.
43. T örő , I .,  R ö hl ich , P., O l á h , L , P á l y i , L: (1965) E lek tro n m ik ro sk o p isch e  U n te rsu ch u n g en  
a n  in v i tro  gezüch te ten  T h y m u sep ith e lze llen  u n d  H assalschen  K ö rp erch en . Z. Z ellforsch . 65. 
915. 44. W e a k l e y . B r. S h .. P a tt , D. L, S h e p r o , I).: (1964) U ltra s tru c tu re  o f F e ta l  T h y m u s
in th e  G olden H am ster. J .  M orph. 115, 319. 45. W e is s , L.: (1963) E lectron-M icroscopic
O b serv a tio n s  on th e  V ascu lar B a rrie r  in  th e  C ortex of th e  T h y m u s of the  M ouse. A n a t. Rec. 
145, 413. 46. Zu c k e r -F r a n k l i n , I).: (1963) The U ltra s tru c tu re  o f Cells in H u m an  T horac ic-
D u c t L y m p h . J. U ltra s tru c t. R es. 9, 325.

E L E K T R O N E N M IK R O S K O P IS C H E  U N T E R S U C H U N G  D E R  T H Y M U S D R Ü S E  
VO N  M E E R S C H W E IN C H E N

I. TÖRŐ und I. OLÁH

Mit e lek tro nenm ikroskop ischen  U n te rsu ch u n g en  w urde  die M ik ro stru k tu r d e r E p ith e l
zellen  de r T h y m u sd rü se  von 4 5 täg igen  M eerschw einchen an a ly s ie rt, u n te r  b eso n d e re r Be
rü c k sich tig u n g  der s tru k tu re llen  G ru n d lag en  der T h y m u sfu n k tio n . Das A u ftre te n  von S e k re t
trö p fch e n  u n d  S ek re tio n szy sten  sp rech en  unzw eife lhaft d a fü r, daß  die E p ith e lze llen  des 
T h y m u s e inen  D rü sen zellch a rak te r h a b en . Auch das en d o p lasm atisch e  K e rn g e rü s t einzelner 
E p ith e lze llen , ih r gut en tw ick elte r G olgi-A p p a ra t sowie das E rscheinen  der N e b e n k e rn s tru k 
tu re n  w eist in  diese R ich tung . Die Z ellen w erden  au ß er den ü b lichen  D esm osom en, den  Z onulae 
occludens d u rch  lab y rin th a r tig e , dorn ige  u n d  nagelartige  F o rtsä tz e  m ite in a n d e r v e rb u n d en . 
Die D ifferenz ierung  der E p ith e lze llen  m an ifes tie rt sich in der S e k re tab so n d e ru n g , a b e r  auch  
im  A u ftre ten  vonT o n o fib rillen , was zug le ich  du rch  die stufenw eise  V e rb in d u n g  der E p ith e lze llen
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z u r  B ild u n g  der HASSALschen K ö rp e rch e n  fü h rt. D ie w echselseitigen  B eziehungen  de r E p ith e l
z e llen  u n d  der T hy m o zy ten  o f fe n b a r t  sich im P h än o m en  d e r Peri- u n d  E m periopo lese , in der 
V e rd a u u n g  der T h y m o zy ten  in  d e n  E pithe lzellen  o d er in  der B ildung  v o n  P la sm ab rü ck en  
z w isc h en  den E pithelzellen . V e rm u tlich  sind dies s tru k tu re lle  M an ifes ta tio n en  der im m u n 
b io lo g isch en  K om petenz de r T h y m o z y te n , die au f G ru n d  de r w ährend  der Z ellfu n k tio n  v e r
m it te l te n  In fo rm atio n en  e n ts te h t .

ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ ИССЛЕДОВАНИЕ ЗОБНОЙ ЖЕЛЕЗЫ
МОРСКОЙ СВИНКИ
И. Т ЕРЁ  и И. ОЛАХ

Авторы исследовали под электронным микроскопом микроструктуру эпителиаль
ных клеток мозгового вещества зобной железы, с особым вниманием на структурные 
основы функции зобной железы. По их установлениям появление капель секрета и сек
реторных кист не оставляет никаких сомнений в том, что эпителиальные клетки зобной 
железы носят железистый характер. На это указывает эндоплазматический остов ядра и 
хорошо развитый ареал Гольджи отдельных эпителиальных клеток, а также появление 
«микронуклеарных» структур. Соединение клеток обеспечивают, кроме обычных десмосом 
и zonulae occludens, лабиринтоподобные, остистые и гвоздиковидные отростки. Диффе
ренциацию эпителиальных клеток показывает, кроме выделения секрета, появление тоно- 
фибрилл, в результате чего, одновременно с постепенным спаянием эпителиальных кле
ток образуются тельца Гассаля. Взаимная связь между эпителиальными клетками и тимо- 
цитами сказывается в явлении пери- и эмпериополеза в переваривании тимоцитов в 
эпителиальных клетках и в образовании плазматических мостиков между эпителиальными 
клетками. Это, предположительно, структуральные манифестации развития иммунобио
логической компетенции тимоцитов на основе информаций, передаваемых во врезм функ
ции эпителиальных клеток.

B u d a p e s t, IX . T ű zo ltó  u . 58., H u n g a ry .
D r. Im re  T örő 1 
D r. Im re  O l á h  j
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RECENSIONES

In terna tiona l C onference on G erontology

A cadem ic Press, B u d a p e s t 1965; 939 pages

T he  volume u n d e r  review, edited  by A. B alázs , con ta ins  almost the  w hole  m a te r ia l  
t r e a te d  a t  the  gerontological conference held in B u d a p e s t  from  October 25 to 27, 1962. After 
an  opening p lenary  session, the  conference co n tin u ed  i ts  work  in two separa te  sec t ions;  the 
volume p re sen ts  the  papers  in their  chronological sequence .

T he p len a ry  session s ta r te d  w ith  an  o pen ing  ad d ress  by  L. H aranghy , th e  th e n  p re s id en t 
of th e  H u n g a ria n  G erontological Society. T he w orld-w ide increase  in the  p ro p o rtio n  o f aged  
in d iv id u a ls  in v es ts  geron to logy  w ith  a p a r tic u la r  im p o rta n c e . W hile the  av erage  life sp a n  in 
H u n g a ry  w as 24.2 y ears be tw een  1837 an d  1846, i t  h a d  increased  to 65.1 for m ales a n d  69.4 
for fem ales by  1960, so th a t  13.8 per cen t o f th e  p o p u la tio n  were older th an  60 y e a rs . G eneral 
p ro lo n g atio n  of life ra ises biological, m edical a n d  soc io -po litica l problem s w hich can  be so lved 
on ly  b y  a close coo p era tio n  of s ta te , society  an d  th e  e x p e rts  of several b ran ch es o f science 
(b io logy, m edicine , dem o g rap h y , social policy). T he o p en in g  address paid  h o m ag e  to  th e  
H u n g a rian  p ioneers o f geron to logy  ( K o r á n y i , E n t z , V e r e b é l y , N ékám) an d  d iscu ssed  in 
d e ta il th e  p re sen t m u ltifa rio u s research  w ork  of H u n g a ria n  in v estig a to rs w hich e x te n d s  to  a ll 
b io log ical, th eo re tic a l and  p rac tica l prob lem s of th is  b ra n c h  of science.

I t  w as likew ise a t  the  p lenary  session t h a t  F . V er z á r  gave a paper on th e  ta s k s  o f  e x 
p e rim en ta l geron to logy , an d  th a t  Gorev  an d  Ch e b o t a r e v  (K iev), p resen ted  a n  a c c o u n t of 
th e  ch ie f tre n d s  o f p re sen t research  carried  o u t in th e  S o v ie t Union.

T h e  su b seq u en t pap ers  to be found  in th e  vo lu m e are  d iv ided  in to  th ree  m ain  ca teg o ries:
(1) biological fo u n d a tio n s of geron to logy; (2) p re sen t p ro b lem s of geria trics; (3) social an d  
m ed ical q u estio n s  connected  w ith  geron to logy .

In  each  ca teg o ry  num erous clinical a n d  e x p e rim e n ta l d a ta  have been p re sen te d . W hile 
a n u m b er o f a u th o rs  discussed senile changes o f th e  c o n n ec tiv e  tissues and hones, o th e rs  m ade 
c o m p a ra tiv e  analyses concerning th e  b o tan ica l a n d  zoological aspects of senescence.

G eria tr ic s  covers n early  the  en tire  field  of m ed ic ine  so th a t  physicians c o n ce rn ed  w ith  
th e  c lin ical s tu d y  an d  tre a tm e n t of old age a n d  its  m an ife s ta tio n s  have to deal w ith  special 
d iag n o stic , su rg ical an d  th e ra p eu tic  p rob lem s. T he v o lu m e u n d e r  consideration  o ffers  a w ide 
su rv ey  o f g e ria tr ic  p rob lem s en coun tered  in th e  d iffe ren t spheres of m edical science.

T he increase  in th e  n u m b er o f old persons ju s tif ie s  a carefu l s tu d y  of the  social a sp ec ts  
of old ag e; s tu d ies  o f th is  k ind  require  a close co lla b o ra tio n  betw een specialists o f m ed ic ine , 
sociology an d  econom y.

T h e  n u m b er of pap ers  given a t  th e  conference to ta l le d  179 of which 134 a re  re p r in te d  
in  th e  v o lu m e , while 45 are referred  to in th e  in d ex  o n ly . L ec tu res  held in the H u n g a r ia n  an d  
E nglish lan g u ag es are  p resen ted  in E nglish , the  o th e rs  (R u ss ia n , G erm an, F rench) in  th e  o rig i
nal. I t  is re g re tta b le  th a t  no E nglish  su m m ary  has been  ad d ed  to non-E nglish te x ts  (to  R u ssian  
te x ts  in p a rticu la r) .

T he vo lum e, o f exem p lary  execu tion , p resen ts  a t ru e  p ic tu re  of in te rn a tio n a l g e ro n to lo g 
ic a l research  w ork and  of the  p e rta in in g  in v es tig a tio n s  pe rfo rm ed  in H ungary .

G .  G o r á c z
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J .  B o tá r

T he A utom atic  N ervous System

P u b lish in g  H ouse of th e  H u n g a r ia n  A cadem y of Sciences, B u d a p e s t  1966. 442 pages, 207 fig u res
P reface  b y  F . de C astro

I n  th e  in tro d u c tio n , th e  a u th o r  po in ts o u t  t h a t  re se a rc h  is an a c tiv ity  in  w h ic h  th e  
in v e s tig a to r ’s tech n ica l sk ill, h is possib ilities as w ell as th e  scientific  a tt i tu d e  g o v e rn in g  h is 
w o rk  a re  o f p rim e im p o rta n c e . A dvan ced  tech n ica l fa c ili t ie s  m ake i t  possible fo r th e  m o d ern  
re se a rc h e r  n o t  on ly  to  e x p lo re  new  fields b u t  also to  c o n firm  or correct th e  re su lts  o f  ea rlie r 
in v e s tig a to rs . T he fo rm er s ta tic  a tt i tu d e  has b een  re p la c e d  b y  th e  m ore re a lis tic  d y n am ic  
a p p ro a c h  w hich  m eans t h a t ,  in  ev a lu a tin g  in fo rm a tio n  re g a rd in g  any  ex am ined  p a r t  o f th e  
n e rv o u s  sy s tem , i ts  s tag e  o f d ev elo p m en t, fu n c tio n a l c o n d itio n , th e  age of th e  e n tire  o rg an ism , 
th e  p a th o g e n ic  or le th a l f a c to rs  h a v e  to  be tak e n  in to  a c c o u n t a n d  th a t ,  above all, th e  ex am in ed  
o rg a n ism  h as  to  be k n o w n  in  all i ts  details . B y  p re se n tin g  h is  ex p erim en tal re su lts , th e  a u th o r  
w ish ed  to  d em o n s tra te  th e  t r u th  o f these  s ta te m e n ts  a n d  to  fa c ilita te  the  w ork of in v e s tig a to rs  
en g ag e d  in  th e  s tu d y  o f th e  m o rpho logy , physio logy  a n d  p a th o lo g y  of the  au to n o m ic  n e rv o u s 
sy s te m .

T h e  in tro d u c to ry  p a r t  describes th e  th eo ries c o n ce rn in g  th e  vegeta tive  n e rv o u s  sy s tem , 
d iv id es  th e m  in to  fo u r ca teg o rie s  an d  nam es th e ir  ch ie f re p re se n ta tiv es .

T h e  f ir s t  p a r t  o f  th e  w o rk  deals w ith  te c h n ica l p ro b lem s. The a u th o r an a ly se s th e  ex 
p e r im e n ta l  m a te ria l a n d  su rv e y s  th e  m ic ro tech n ica l p ro ced u re s , gold im p re g n a tio n , v i ta l  
m e th y len e -b lu e  s ta in in g , th e  v a rio u s  m ethods of silv er im p re g n a tio n  and o th e r h is to ch em ica l 
te c h n iq u e s  as also th e  ro le  w h ich  m icroscopic in sp e c tio n  a n d  ad eq u a te  d o c u m e n ta tio n  p lay  in  
th e  fo rm in g  of f in a l conclusions b y  th e  in v es tig a to r. I n  c o n n ec tio n  w ith  silver im p re g n a tio n  a 
s e p a ra te  c h a p te r  is d e v o te d  to  th e  p re p ara tio n  of sec tio n s , f ix a tio n  and the  possib le sou rces o f 
e r ro r . T h e  c h ap te r  (like a ll o th e r  p a r ts  o f th e  w ork) fin ish es  w ith  a  concise su m m ary .

T h e  rich ly  i l lu s tra te d  ex p erim en ta l m ate ria l c o n sis ts  o f th ree  m ain p a rts .
(1) T he d e fin itio n  o f p reganglion ic  nerve f ib re s
(а)  in  th e  p reg an g lia  ( in n e rv a tio n  of th e  a d re n a l m ed u lla  in  dogs of d iffe ren t ages, a n d  

i ts  a lte ra t io n s  u n d e r  th e  e ffe c t o f fever, s ta rv a tio n , a n o x ia  a n d  av itam inosis; s tu d y  o f th e  a d re 
n a l m ed u lla  o f h e a lth y  y o u n g  a n d  old persons a n d  o f h u m a n  au to p sy  m ateria l),

(б) in  a u to m a tic  gan g lia :
(ao) coeliac gan g lio n  in  h e a lth y  dogs an d  in  dogs w ith  av itam inosis;
(bb) tra c h ea l g a n g lio n  in  young  an d  old dogs.
(2) A u tonom ic  n e rv e  cells o f th e  coeliac g an g lio n
(a ) in  h e a lth y  y o u n g  persons;
(b) in  in d iv id u a ls  o f  ad v an c ed  age.
S e p a ra te  c h a p te rs  d ea l w ith  th e  v arious k in d s  o f  cells (sym path icob lasts, im m a tu re  a n d  

y o u n g  cells o f th e  sy m p a th e tic  nervous system , d iv id in g  cells, th e ir  changes, d e g en e ra tio n , 
a n d  th e  p ro b lem  of p ig m e n t accum ula tion ).

(3) T he d e fin itio n  o f  p o stgang lion ic  nerve f ib re s
(а ) in  th e  m y o ca rd iu m  o f new ly  born , y o u n g , a d u lt  a n d  old dogs;
(б) in  th e  sm o o th  m uscle  o f young , a d u lt ,  a n d  o ld  dogs, fu r th e r  in  those  o f y o u n g  p e r

so n s w ho  h a d  died  o f v a r io u s  diseases.
A  b ib lio g rap h y  co n ta in in g  papers o f 650 a u th o rs  a n d  team s and  an  in d ex  cov erin g  e ig h t 

p a g es  com ple tes th e  m o n o g rap h s .
E sp ecia l c red it is due  to  th e  publishers fo r th e  c a re fu l execu tion  of th e  book .

E . S o m o g y i
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R E L A T O R  

E. K e rp el-F ro n iu s
(D e p a r tm e n t o f P aed ia tric s , U n iv e rs ity  M edical School, Pécs)

O R IG IN  A N D  C LIN IC A L S IG N IF IC A N C E  O F SOM E 
COM M ON D IS T U R B A N C E S  IN B O D Y  F L U ID  

H O M EO STA SIS

I. Basic P rincip les of the R egu la tion  o f  Body Fluid H om eostasis

A cute changes in  an y  p a ra m e te r  o f b o d y  flu id  com position  or vo lum e 
in i t ia te  tw o lines o f  defence processes a im ing  a t  th e  m itig a tio n  o f th e  changes, 
a n d  th e n  a t  th e  f in a l re s to ra tio n  o f th e  in itia l eq u ilib riu m . T he pecu lia r s t ru c 
tu r e  o f th e  flu id  c o m p a rtm e n ts  induces an  im m e d ia te  red u c tio n  of th e  in itia l 
changes. W ell-know n exam ples of such  p h en o m e n a  are th e  m itig a tio n  of acu te  
h y p e r-  or h y p o n a tra e m ia  b y  shifts o f w a te r  b e tw een  th e  flu id  c o m p a rtm e n ts  [1] 
o r th e  buffering  o f in v a d in g  acids. T hese  p rocesses, th o u g h  som etim es o f v i ta l  
im p o rtan ce , a t te n u a te  th e  im m ed ia te  shock  a t  th e  p rice  o f new  lab ile  an d  
pa th o lo g ic  eq u ilib ria . T h e  m echanism s d e f in itiv e ly  re s to rin g  no rm al cond itions 
a re  m ore co m p lica ted . T h ey  fulfil th e  c rite r ia  fo r servo  system s co n sisting  o f 
in fo rm a tio n  c en tre s  t h a t  respond to  “ e rro r s ig n a ls”  o f th e  c o n s ta n ts  to  be 
re g u la te d . T he c en tre s  re la y  the  in fo rm a tio n  th ro u g h  a chain  of n eu ro h o rm o n a l 
co m m an d  to  th e  e ffec to r organ, th e  k id n ey s . T h e  co rrec tion  of th e  “ e rro r”  
is fed  back  to  th e  in fo rm a tio n  cen tres .

T he signal fo r th e  h y p o p h y seo -h y p o th a lam ic  osmoregulatory c en tre  is an  
“ e rro r” , i.e. a d e v ia tio n  o f only a few  m E q  in  th e  co n cen tra tio n  o f p la sm a  so
d iu m . T his in fo rm a tio n , analyzed  b y  th e  o sm o recep to rs , m obilizes th e  “ a g e n t” , 
th e  an tid iu re tic  h o rm o n e  (A D H ) a c tin g  on th e  ren a l tu b u les . T h is sy stem  
a d ju s tin g  w a te r  e x c re tio n  to  ex tra c e lu lla r  p la sm a  N a c o n cen tra tio n  is coup led  
b y  th e  id e n tity  o f th e  e rro r  signal w ith  th e  th i r s t  c en tre , w ith  th e  sy stem  re g u la t
ing  w a te r in tak e .

T he feed b ack  sy s tem  reg u la tin g  extracellular f lu id  volume is a c tu a te d  by  
an  e rro r signal w h ich  seem s to  be a c irc u la to ry  effect o f a lte red  b o d y  flu id  
v o lum e. The c h a in  o f  com m and  is th e  ren in -an g io ten s in -a ld o s te ro n e  sy stem  
reg u la tin g  sod ium  ex cre tio n  [2]. T h e  in te rp la y  o f  th e  tw o sy stem s re g u la tin g  
sod ium  c o n c e n tra tio n  an d  to ta l b o d y  so d iu m  g u a ran tee s  th e  c o n s tan cy  of 
vo lu m e and  co m p o sitio n .

T he f irs t line o f  defence a g a in s t acid or a lka li excesses are  th e  chem ical 
b u ffe rs , while th e  second  line is re sp ira to ry  co m p en sa tio n , a servo  m echan ism  
a c tu a te d  by  th e  “ e rro r”  o f the p H  o f b lood . T h e  f in a l co rrec tion  o f d is tu rb an ces  
o f acid-base e q u ilib ria  depends on th e  k id n ey s . T h e  ex cre tio n  of acids, how ever,
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is a  slow  process. Y o s h i m u r a  [3] fo u n d  th a t  w ith in  24 hours fo llow ing a d m in 
i s t r a t io n  o f an acid lo ad , o n ly  1/4 o f th e  H -ion  excess w as e lim in a te d  b y  th e  
k id n e y s . T his o b se rv a tio n  s tresses th e  im p o rta n c e  o f th e  im m e d ia te ly  ac tin g  
d e fen ce  m echanism s: th e  p rec ise ly  b u t  slow ly w ork ing  ren a l m ech an ism  could  
n o t  g u a ra n te e  su rv iv a l in  th e  case o f im m ed ia te  shock due to  th e  l ib e ra tio n  of 
ac id s  in  such  am o u n ts  as occurs fo r in s ta n c e  in  d iab e tic  acidosis.

II. Disturbances in body fluid hom eostasis

D istu rb an ces  in  b o d y  f lu id  ho m eo stasis  arise because of 1. o v e rb u rd e n in g  
o f th e  n o rm a l defence m ech an ism s, an d  2. fu n c tio n a l or an a to m ica l lesions of 
a n y  lin k  o f th e  re g u la to ry  ch a in . I n  th e  fram e  of these  in tro d u c to ry  re m a rk s  
w e sh a ll b riefly  discuss d e h y d ra tio n , h y p er- an d  h y p o n a tra e m ia , a n d  p o ta s 
s iu m  deficiency.

1. D ehydration

“ 1000 p a rts  of ch o le ra  se ru m  c o n ta in  b u t  860 p a r ts  o f w a te r” , w ith  th is  
s e n te n c e  in  O’S h a u g h n e s s y ’s [4] le t te r  to  th e  L an ce t in  1831 beg ins th e  h is
to r y  o f  d eh y d ra tio n . T h e  basis  o f o u r m odern  concep ts was la id  dow n 100 years 
la te r  b y  G am ble  [5] w ho s tre ssed  th e  lead in g  im p o rtan ce  of n eg a tiv e  sod ium

%

cardiac blood venous inulin 
output pressure 02 sat. clearance

F ig .  1. Shock and ren a l in su ffic ien cy  in  d e h y d ra tio n . V alues in  per c en t o f th e  n o rm al

b a la n c e  in  th e  origin o f d e h y d ra tio n . S odium  losses accom pan ied  b y  p ro p o r
tio n a l losses of w ater lead to  th e  ex h a u s tio n  o f th e  in te rs titia l flu id  re se rv o ir 
a n d  in  tu r n  to  oligaem ic sh ock , th e  c lin ically  decisive ev en t in  d e h y d ra tio n .

The haem odynam ic changes in  c lin ical [6] as well as in  e x p e rim e n ta l cases 
[7] o f  s a l t  dep letion  c o rre sp o n d  to  th o se  fo u n d  in  tra u m a tic  shock.

F ig . 1 p resen ting  o u r o b se rv a tio n s  in  a d e h y d ra te d  in fa n t, show s th e  
co n s id e ra b le  decrease in  ca rd ia c  o u tp u t  accom pan ied  by  s ta g n a n t a n o x ia  and
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! ow renal clearances. The clinical picture at this stage is alarming; the hippo- 
cratic face, the frequent pulse-rate, the small heart, the cold, cyanotic extrem
ities, the semicomatous state and the acidotic breathing indicate an emer
gency case of exceptional severity.

Sin u s 0 2 
s a tu r  

%
7 0 -  

6 0 -  

5 0 -  

40- 
3 0 -  

20 -  ~  

10-

. •  •  s y m p to m s

C/rcu/af/on 70' 20"  30" 40' 5 0 "  60"

• = individual c a se  o f d e h y d ra tio n

Fig. 2. D iagram  of c irc u la tio n  tim es p lo tte d  ag a in st c e re b ra l venous oxygen  sa tu ra tio n s

The central patho-physiologic change is haemoconeentration and oligae- 
mia due to the decrease of plasma volume by 30 — 40 per cent. This, in turn, 
leads to the described haemodynamic changes, to extrarenal uraemia, while the 
stagnant anoxia of the hrain is responsible for the cerebral symptoms.

The effect of rehydration is mostly spectacular. However, in exceptional 
cases renal function does not improve. This is due to anatomical changes 
superimposed on long standing renal ischaemia.

T h e  o r i g in  o f  s a l t  lo s s e s .  The loss of isotonic digestive secretions containing 
Na, Cl, HC03 and К leads to dehydration. Many details of this mechanism, 
however, have not yet been clarified. G a m b l e  stressed the importance of the 
shortening of the intestinal transit time due to increased peristalsis inhibiting 
the reabsorption of intestinal secretions. These isotonic fluids are secreted in 
daily amounts of 8 L in the upper parts of the gastrointestinal tract, and they 
are reabsorbed in the lower parts. Any inhibition of reabsorption must cause 
electrolyte losses. This most valuable didactic conception falls short of explain
ing daily faecal losses reaching 17 L in severe cases of cholera [8], and the 
question of heavy losses of bicarbonate and potassium is also left open. Accord
ing to tracer studies on the movement of water and ions between intestinal 
lumen and blood, the bowels would receive about 50 L of isotonic fluid in 24 
hours [9]. An enteral loss of 17 L/24h would thus indicate a 35 per cent impair
ment of the efficiency of the reahsorptive mechanism of the gut. The inhibition
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of reabsorption is thought to be caused by damage to an assumed “sodium 
pump” .

An alternative hypothesis was advanced by G r e e in o u g h [1 0 ]w 1io  assumed 
the entrance of a large quantity of fluid into the gut due to the hypersecretion 
of pancreatic juice. The fluid and electrolyte losses were supposed to be the 
result of a combination of hypersecretion and defective absorption.

Be as it may, the important practical point is that Na losses amounting 
to 12 —16 mEq/kg, equivalent to a loss of 800—100 ml/kg of e.c. fluid invariably 
lead to severe oligaemic shock. Losses of this extent may occur in the extreme 
forms of diarrhoea within 24 hours, while renal or gastric losses proceed for 
days until negative balances reach critical levels.

To the type of dehydration secondary to sodium depletion described 
above, Kerpel-Fronius in 1935 contrasted the water depletion type which is due 
to shortage of water without any significant loss of electrolytes from the body. 
The main patho-physiologic changes exhibited during thirsting may be summa
rized in the so-called “dehydration reaction” .

D ehydration  reac tio n

in te n s iv e  th r is t  <—

d e c re a se d  insensible 
p e rs p ira t io n

In a d e q u a te  in ta k e  of w a te r  

У
e x tra c e llu la r  d e h y d ra tio n

1 .
o u tp o u rin g  of a ld o s te ro n e

h y p e rn a tra e m ia
1Y

o u tp o u rin g  of A D H

. 1.oliguria

decreased N a- 
^ f i ltra tio n

d is tr ib u tio n  of H 20
loss be tw een  e x tra c e llu la r  and
in tra ce llu la r  c o m p a r tm e n t

Hypernatraemia may be considered the most important life prolonging 
defence mechanism of the thirsting organism. It induces maximal renal and 
extrarenal water economy, and by an osmotic shift of water from the cells, 
plasma volume may be preserved in the face of large losses of water. In this type 
of water depletion excruciating thirst, dryness of the mucous membranes, 
nervous irritability and hyperthermia are the main clinical signs, wdiile hypo- 
volaemic shock and extrarenal azotaemia are late events.

2. H y p e r -  a n d  h y p o n a t r a e m i a  

a .  H y p e r n a t r a e m i a

The common feature in practically all cases of hypernatraemia is cellular 
dehydration due to the osmotic shift of water from the cells to the extracellular 
compartment.
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Extracellular fluid volume is, however, variable. It may be decreased: 
“hypernatraemia with global dehydration”, or increased: “hypertonic expan
sion of the extracellular fluid” [11].

Hypernatraemia with global dehydration corresponding to “water de
pletion” develops when water is not available or when water intake in week or 
unconscious patients does not cover obligatory expenditures. Special forms may 
arise in cerebrally damaged individuals because of a higher setting of the cere
bral osmoreceptors, or consequent to a damaged thirst centre. Furthermore 
hypernatraemia with global dehydration may develop in patients with diar
rhoea, when the loss of water exceeds that of the salt. The hypertonic expansion 
of extracellular fluid is mostly a iatrogenic damage referable to the administra
tion of too much salt.

An impressive clinical feature of most cases are cerebral sym p tom s, rest
lessness, twitches, convulsions. Residuals such as mental retardation have been 
described in infants suffering from long-standing, unrecognized hypernatrae
mia. Opinions on the mechanisms involved are divided. The discussed possi
bilities are osmotic damage of the brain cells, cellular dehydration, cellular 
acidosis, and “haemorrhagic encephalopathy” [12]. In acute animal experi
ments as well as in autopsy specimens of 5 newborn victims of an accidental 
salt poisoning [13], haemorrhagic encephalopathy was a constant finding. 
Gross anatomical lesions are, however, infrequent in patients who as a result of 
disease become hypertonic slowly. The rate of the induction of hypertonicity 
thus seems to be important in the origin of the haemorrhages.

b. H yponatraem ia

The two main forms of hyponatraemia are the “natriopen ic"  and the 
“d ilu tion” type. The first is practically identical with the salt depletion form 
of dehydration, while in dilution hyponatraemia cerebral symptoms due to 
water intoxication dominate the clinical picture. Water intoxication is practi
cally always iatrogenic. It arises when salt depleted patients are treated with 
hypotonic solutions, when excessive amounts of water are “pushed” into 
individuals postoperatively. It is also seen in anuric patients [14, 15] and in 
oedematous individuals undergoing forced diuretic procedures. During the last 
years a peculiar clinical entity described under the heading of “hypona traem ia  
due to inappropria te  secretion o f  an tid iuretic  hormone''’ has called the atten
tion of many workers [16,17]. The salient features of this syndrome, associated 
with bronchogenic carcinoma, intracranial disease, meningitis and tuberculosis 
are a hypertonic urine containing significant amounts of sodium in spite of 
hyponatraemia, and the absence of dehydration and azotacmia.
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P o t a s s i u m  d e p l e t i o n

The surprising frequency of secondary potassium depletion in a great 
variety of diseases is too well known to go into details in this brief summary. 
We thus intend only to stress a few practical points. I a t r o g e n i c  f a c t o r s  [18] 
certainly play an important part in many cases of potassium depletion. As 
examples we cite the overzealous administration of bicarbonate in diarrlioeal 
and in diabetic acidosis or in cetonaemic vomiting of children. The chronic 
iatrogenic forms result from the abuse of laxatives, the use and abuse of diuret
ics, from abuse of bicarbonate in chronic vomiting.

Attention is actually focussed on cases of chronic renal wasting of potas
sium due in a number of cases to primary or secondary aldosteronism.

Clinically, the salient features of potassium depletion are related to the 
three types of muscle in the body, and to kidney function; damage to the 
skeletal muscles causes an alarming weakness, even muscular paresis. Paresis 
of the smooth muscles leads to abdominal distension, constipation, to intestinal 
paralysis. Involvement of the heart muscle is manifested by hypotension, ECG 
abnormalities, cardiac arrest being the greatest danger in this condition. The 
leading manifestations of the nephropathy of potassium depletion [19] are 
hyposthenuria and polyuria. Since in chronic cases the clinical picture is not 
always easy to interpret, such patients are often transferred to the neurologist, 
to the gastroenterologist or to the nephrologist before the discovery of lowplasma 
potassium clarifies the situation.

Long-standing potassium deficiency results in anatomical lesions of the 
myocardium and the kidneys. A frequent finding is secondary pyelonephritis 
[20]. Since renal biopsies may clarify obscure cases of hypopotassaemia and 
may establish nephropathy of pyelonephritis, this is the field of electrolyte 
disorders in which collaboration of the clinician with the pathologist is of the 
greatest practical importance.
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I’. Eudes

( In s t i tu te  of P a th o lo g y , U n iv e rs ity  M edical School, D ebrecen)

RENAL CHANGES AND JUXTAGLOMERULAR COMPLEX IN 
DISTURBANCES OF SALT AND WATER METABOLISM

The primary function of the kidney is to maintain the fluid and electro
lyte household, i.e. homeostasis. As the interaction of internal environment and 
renal function is reciprocal, the disturbances of salt and water metabolism may 
have the kidney as their place of origin and also the organ they affect. In the 
present paper we shall not discuss the full range of these functional disorders 
hut limit our inquiries to their most important forms and the morphological 
changes they involve.

In regulating the water balance, a function which actually can hardly be 
differentiated from the metabolic disorders of the dissolved electrolytes, the 
kidney is playing a fundamental part. While physiologists are well aware of the 
factors determining the quantity and concentration of urine, comparatively 
little is known about the morphological changes and their sites within the 
nephron. Obviously none of the early theories which regarded the nephron as a 
straight tube, was able to explain the processes of dilution and concentration. 
The countercurrent theory of concentration, which has by now gained general 
acceptance, has taken into account the morphological fact that Henle’s loops 
and the vasa recta traverse the pyramids in a hairpin form. Evidence in favour 
of the countercurrent principle is also furnished by morphological examination. 
So the contrast, visible under the electron microscope, between the poor 
ultrastructure in the thin descending and the highly differentiated structure 
in the thick ascending limbs of Henle’s loop seems to confirm the assumption 
that active Na secretion in the ascending limb is an essential feature of the 
mechanism. Models taking into account the vasa recta have recently replaced 
the concept of the purely tubular pattern. Our observations by the use of a 
trichrome dye have shown that the substance inside the vasa recta stains 
differently in each medullar zone. The darkest staining was obtained, as a sign 
of highest plasma protein concentration, in the apical portion of the papilla; 
the diluted contents of the much wider vessels of the external medullary zone 
hardly took the stain. All this agrees well with the biologically established
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fact that a much greater amount of dilute fluid is streaming across the efferent 
medullary vessels and that in the vasa recta plasma protein concentration 
increases as the degree of osmolarity in Henle’s loops and interstices increases 
towards the pyramidal tip.

Tests by G i n e t s i n s k y  et al. exemplify the difficulties that arise from a 
wrong interpretation of the morphological conditions. They have namely 
claimed that the process of concentration was accompanied by apocrine 
hyaluronidase secretion in the collecting tubules and this would depolymerize 
the interstitial mucopolysaccharides and make the interstices, the reabsorbing 
tubules and the vasa recta permeable to water and Na. But the pictures they 
offered for supporting their hypothesis showed a different situation. What 
appeared to them as collecting tubules in the state of concentration flattened 
under the supposed effect of apocrine secretion, was on closer inspection clearly 
identifiable as a flat endotheloid lining of epithelium in the thin descending limb 
of Henle’s loops.

Tests by my associate I. D é v é n y i , to demonstrate the site of the 
concentrating process in ADH-treated rats, have shown the most intense 
activity to occur in the collecting channels where the number of mitoses in 
the treated animals increased to 79.1, as compared to an average of 1.5 in the 
controls.

Hydropic degeneration of epithelial cells in the proximal tubules, the 
morphological equivalent to tubular disturbances of water metabolism, may be 
induced by concentrated parenteral doses of hypertonic sugar or other solu
tions. A l l e n  claimed the kind of degeneration which he termed osmotic nephro
sis, to he a process in which the high osmotic pressure of tubular fluid makes 
water from the intertubular capillaries enter the epithelial cells. Nephrosis, 
however, is a misnomer for this usually reversible process. K i e f  and E n g e l - 
b a r t  used solutions at various concentrations and, subjecting the epithelial 
cells in various points of time to electron microscopic examination, found 
membranes from the brush border microvilli to demarcate pinocytotic vacuoles 
which migrate from the lumen across the cytoplasm towards the cell base. They 
moreover succeeded in demonstrating the dissolved substance itself inside the 
vacuoles, furnishing evidence that acid phosphatase has a part in this apparent
ly transccllular, yet essentially extracytoplasmatic transport. Although the 
alteration was found to he reversible, yet, under conditions of excessive trans
port, the cells are liable to degenerative changes, if not to necrosis. This hy
dropic sw elling should strictly be differentiated from the vacuolar degeneration, 
although there is much confusion in the literature regarding this point. Relying 
on the evidence of a large postmortem- and biopsy material, I can assert with 
confidence that the two kinds of alteration in their pronounced forms never 
present themselves at the same time and that vacuolar nephropathy is a histo
logical sign of К depletion.
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O f th e  d is tu rb an ces  o f sa lt m etabo lism  we shall now  discuss th o se  w hich 
inv o lv e  su b stan ces  w hich are  secreted  b y  th e  k id n e y  an d  w hich lead to  m o r
phological changes. A nom alies due to  a sh o rtag e  o r su p e rab u n d an ce  of N a an d  
Cl m ake th e  m orpho log ica l p ic tu re  ap p e a r e x tre m e ly  m eagre  because th e  ep i
th e lia l cells o f th e  renal tu b u li afford  in th is  re sp e c t a high degree of c o m p en 
sa tio n .

In  th e  o lder l i te ra tu re  th e re  is f re q u e n t re fe rence  to  renal changes fo l
low ing h y p o ch lo raem ia . B ü c h n e r  e t al. h ad  c la im ed  th a t  th e  occurrence  o f 
tu b u la r  ep ith e lia l necrosis an d  calcification  w as d u e  to  loss of chlorine. K e r p e l - 

F r o n i u s  in  1936 w as th e  f irs t to  show  th a t  it  w as n o t th e  hypoch lo raem ia  b u t  
th e  sim u ltan eo u s d e h y d ra tio n  th a t  really  m a tte r s . E x am in a tio n s  b y  G ö m ö r i  

an d  S á r m a i  p o in ted  a t  d e h y d ra tio n , a d rop  o f  th e  f i l t ra t io n  pressure. M o rp h o 
logically , G ö m ö r i  and  R o m h a n y i  observed  s ta s is  in  th e  renal co rtex  and  th e  
occurrence o f a lka line  p h o sp h a ta se  w hich th e y  p ro v ed , in connection  w ith  th e  
calcify ing process, to  em erge  from  th e  b ru sh  b o rd e r  an d  to  lib e ra te  calcium  from  
th e  organic p h o sp h a tes  in  th e  f iltra te .

Long know n and  m uch  s tud ied  are th e  re n a l changes associa ted  w ith  К  
dep le tion . C h a rac te ris tic  o f it  in hum ans is th e  ap p e a ra n ce  of few, re la tiv e ly  
large  and  sh a rp ly  d e m a rc a ted  vacuoles in  th e  ep ith e liu m  of th e  p ro x im a l 
tu b u le s , w hile in ra b b its  an d  ra ts  ex p e rim en ta l К  d ep le tion  induces changes 
m ain ly  in th e  m ed u lla . T h e  ep ithe lium  of th e  co llec tin g  tu b u les  p resen t PA S 
p ositive  d ro p le ts , n u c lea r  py k n o sis , m itoses an d  th e  ap p ea ran ce  of m u ltin u c lea ted  
cells. T he ep ith e lia l p ro life ra tio n  leads to  p a r t ia l  o b s tru c tio n  and  th e  tu b u le s  
in th e  in te rn a l m edu lla  d ila te . U nder К  sh o rta g e  o f b r ie f  d u ra tio n , th e  acid  
p h o sp h a ta se  an d  este rase  a c tiv ity  in th e  ep ith e liu m  o f th e  collecting tu b u le s  
has been found  to  increase . T he changes depend  on  th e  d u ra tio n  ra th e r  th a n  th e  
in te n s ity  o f th e  К  d ep le tio n  an d  are u sually  rev e rs ib le  in  th e ir  clinical as well as 
ex p e rim en ta l fo rm s, a lth o u g h  in some grave ch ro n ic  cases s treak y  sca rrin g  has 
also been observed .

O f th e  d is tu rb a n c e s  o f  calcium  m etab o lism , hy p erca lcaem ia  is th e  m o st 
f req u en t ty p e  to  a ffec t th e  k idney . T he process, p ro p e rly  te rm ed  nephrocalc i- 
nosis, is ch a rac te rized  b y  trica lc iu m  p h o sp h a te  d ep o sits  in th e  tu b u le s , b u t  
m a in ly  in th e  in te rs ti l iu m . A classical ex am p le  is seen in R eck lin g h au sen ’s 
o s teo d y stro p h y . H ere  th e  p a ra th o rm o n e  su p e ra b u n d a n c e  in h ib its  tu b u la r  
p h o sp h a te  reab so rp tio n  an d  leads to  h y p e rca lcaem ia , w h ereb y  Ca is m obilized  
from  th e  skele ton  an d  keeps th e  blood and  u r in e  Ca levels high. A ccord ing  to  
e lec tron  m icroscopic ev idence , th e  Ca dep o sits  a re  n o t in th e  norm al tissu e  
e lem ents b u t  a lw ays in th o se  o f deranged  u ltr a s t ru c tu re .  N ephrocalcinosis 
follow ing h y p erca lcaem ia  h ad  been observed  in  in fa n ts  suffering  from  ia tro 
genic D h y p e rv itam in o sis  and  p lasm ace llu la r p n eu m o n ia , and  in a d u lts  in  
associa tion  w ith  p la sm o cy to m a , osteoclastic  tu m o u r  m e ta s ta s is  and  o ften  w ith  
B oeck’s sarcoidosis. T he dev e lo p m en t o f nep h ro ca lc in o sis  is h a rd  to  acco u n t
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fo r in connec tion  w ith  b ro n ch ia l c a rc in o m a , w hen i t  does n o t fo rm  bone 
m é ta s ta sé s . Ca deposits  in  th e  k id n ey  h a v e  been observed  also in  cases of 
a d re n a l co rtica l insu ffic iency , th y re o to x ic o s is , fu rth e rm o re  p o lio m y e litis  and 
o th e r  p a ra ly tic  d iseases o f th e  sp ina l cord . S im ilar a lte ra tio n s  a sso c ia te  w ith  
B u r n e t t ’s alkalosis sy n d ro m e  in p a tie n ts  w ith  ulcers who are tr e a te d  w ith  alkali 
an d  a C a -ab u n d an t m ilk  d ie t. Less f re q u e n t is th e  co n d ition  d esc rib ed  by 
C h r i s t e n s e n  an d  kn o w n  as D -v ita m in  re s is te n t p rim ary  rick e ts  w ith  an increased  
p h o s p h a te  and Ca ex cre tio n  ow ing to  th e  d im in ished  cap ac ity  o f th e  tu b u le s  to  
re a b so rb  p h o sp h a te . In  id io p a th ic  liy p e rca lc in u ria  ( L i g h t w o o d , A l b r i g h t ) ,  the  
k id n e y  is unab le  to  p ro d u ce  acid u rin e  an d  th e  calcium  sa lts  p re c ip ita te  in th e  
m e d u lla . R a t h b u n  o b serv ed  n ep h roca lc inosis  w ith  congen ita l a lk a lin e  p h o sp h a 
ta s e  defic iency . N a u ra te , th e  end p ro d u c t o f p u rin e  m etabo lism  in th e  h u m an  
o rg a n ism  m ay  also p re c ip ita te  in  th e  k id n e y , if  uric acid fo rm a tio n  is increased , 
as w ith  th e  uric acid in fa rc ts  of n ew b o rn s, or in  ad u lts  du ring  th e  la s t p h ase  of 
p n e u m o n ia  or u n d e r rad io log ic  tr e a tm e n t  o f leukaem ia. G o u t is a fu r th e r  
c o n d itio n  associated  w ith  u ric  acid o v e rp ro d u c tio n , i.e. a s ta te  o f u ric a c id u ria  
in  w h ich  rhom bo id  an d  need le  c ry s ta ls  o f u ra te  f irs t p re c ip ita te  in  tb c  m e d u lla ry  
tu b u le s  destro y in g  th e ir  ep ith e liu m , la te r  in f il tra te  th e  in te rs ti t iu in  w here  th e y  
m a y  cause  a v a r ie ty  o f d is tu rb a n c e s , ran g in g  from  reactive  in f la m m a tio n  and 
sc a rr in g  to  renal fib rosis.

A sim ilar m ech an ism  can  be o p e ra tiv e  w hen calcium  o x a la te  c ry s ta ls  
a re  fo rm e d  in th e  k id n ey . T h e  ex trem e  endogenous form  of th is  p rocess, o xa lo 
sis, deve lops in d e p e n d e n tly  o f th e  d ie t; in  th is  cond ition  f irs t  h y p e ro x a lu ria  
o ccu rs , la te r  w ith  ro se tte  or f la b e lla te  c ry s ta ls  are deposited  in  th e  k id n e y  and 
th e  b o n es. In f la m m a tio n , scars and  ren a l a tro p h y  have all been  re p o r te d  in 
c o n n e c tio n  w ith  oxalosis. A fu r th e r  co n d itio n  is e thy lene  glycol p o iso n in g ; th is  
c o m p o u n d  is oxidized in  th e  organ ism  in to  o xaloacetic  acid an d  th u s  fo rm s a Ca 
o x a la te  p re c ip ita te  in th e  k id n ey . A fe a tu re  of e thy lene  glycol po iso n in g  is a 
v a c u o la r  d egenera tion  o f th e  tu b u la r  ep ith e liu m , closely re sem bling  th e  v ac u o 
la r  n e p h ro p a th y  c h a ra c te r is tic  of К  d ep le tio n .

B rie f  m en tion  shou ld  be m ade o f th e  lesions due to  d is tu rb a n c e s  o f  am ino 
a c id  m etab o lism . T hese are  fam ilia l fo r th e  m ost p a r t  and  p re se n t th em selv es  
w ith  d iso rders of th e  tu b u la r  re a b so rp tio n  o f ce rta in  am ino acids, ow ing  to  th e  
ab sen ce  or shortage  o f one or m ore enzym es. T he m ost com plex fo rm , k n o w n  as 
th e  D eb ré  de Toni — F an co n i sy n d ro m e , consists of in fan tile  g lycosuria  and  
h y p o p h o sp h a ta e m ic  r ick e ts , asso c ia ted  w ith  dw arfism . Cl a y  an d  D a r m a d y  

h a v e  show n th e  sy n d ro m e to  be c h a ra c te r iz e d  m orphologically  b y  th e  sw an- 
n eck -les io n , p resen tin g  a sh o rte r  an d  im p e rfec t developm ent of th e  p ro x im al 
tu b u le ,  w ith  a v e ry  th in  in itia l p o rtio n  an d  f la tte n e d  en d o the lo id  lin in g , and  a 
d i la te d  d is ta l po rtion . Som e a u th o rs  called  a tte n tio n  to  th e  lack  o f p h o sp h a ta se  
in  th e  un d erd ev e lo p ed  tu b u le s . O th e rs  d isting u ish ed  th e  sy n d ro m e  from  
c y s tin o s is  in w hich h ex ag o n a l cy s tin e  c ry s ta ls  p re c ip ita te  in  th e  in te rs ti t iu m
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w ith o u t giv ing rise to  an  in f la m m a to ry  re a c tio n . Increased  ex c re tio n  of o th e r  
am ino  acids m ay  also occur in fam ilia l c y s tin u ria , th e  p rin c ip a l sy m p to m  o f 
w hich is th e  dev e lo p m en t of cystin e  ca lcu li in  th e  u r in a ry  sy stem .

N e x t, I w ill deal w ith  th e  ju x ta g lo m e ru la r  (JG ) com plex , m ean in g  th e  
e n tity  o f  s tru c tu ra l elem ents w hich  are  c o n s ta n tly  p resen t in  th e  v a sc u la r  pole 
o f  th e  g lom eruli. F u n c tio n a lly , th e  co m p lex  is closely re la te d  to  th e  a c tiv ity  
o f th e  k id n ey  as an  osm otic  an d  vo lu m e re g u la to r , a lthough  th e  m ode o f in te r 
ac tio n  b e tw een  th e  several co m p o n en ts  is s till fa r from  being  fu lly  e lu c id a ted . 
T h is p a r t  o f m y  re p o rt is based  on th e  re su lts  ach ieved  in  o u r I n s t i tu te  in 
th e  la s t  6 years.

In c lu d ed  as belonging to  th e  J G  com plex  are  th e  pre- an d  p o st-g lo m eru 
la r  a r te rio le s , and  th e  w edge-shaped  a rea  th e y  enclose w hich c o n ta in s  th e  
g roup  o f  sm all cells called G o o rm ag h tig h ’s o rgan , notv com m only  called  lacis 
fu r th e rm o re  th e  vascu la r pole of th e  d is ta l co nvo lu ted  tu b u le , th e  m acu la  
den sa , called  so because it p resen ts  a d en se r agg lom eration  of e p ith e lia l cells 
w ith  d a rk  nuclei. T he m ostly  s tu d ie d  e lem en ts  of th e  com plex a re  th e  sm oo th  
m uscle cells in th e  wall o f th e  a ffe ren t a r te rio le ; these  are  in  a s ta te  o f epi- 
th e lo id  tra n s fo rm a tio n  and  p re sen t a h ig h e r or low er n u m b er o f v iv id ly  s ta in 
ing g ran u les  in  th e  cy top lasm . T he g ra n u la r  cells id en tifiab le  in th e  k idneys 
o f m an y  v e r te b ra te s  have been  re g a rd e d  since G oorm aghtigh  as th e  o rg a n ’s 
end o crin e  e lem ents and  th e  general v iew  to d a y  is th a t  th e y  release re n in , th e  
su b s ta n c e  th a t  accoun ts for th e  b lood  p ressu re  increasing  fu n c tio n  o f th e  
k id n ey . W e used  ou r own trich ro m e  s ta in  fo r  d em o n stra tin g  th e  g ran u les  an d  
ava iled  ourselves of th e  H a rtro f t an d  H a r tro f t  index  to  d e te rm in e  th e ir  q u a n 
t i ty .  H ow ever, th e  in d ex  only gives a s e m iq u a n tita tiv e  value for th e  cell g roup  
fre q u e n c y  and  th e  in te n s ity  o f g ra n u la tio n , w h ich  it expresses in p e rcen tag e  of 
th e  n u m b e r of exam ined  g lom eruli. In  o u r ex p erim en ts  we ex am in ed  an 
av e rag e  o f 900 glom eruli per ra t .  In d ices  co m p u ted  on th e  basis o f  100 to  200 
g lom eruli are n o t  reliable.

T h e  jo in t  occurrence of g ran u les , m y o fib rils  and  v a rious t r a n s i to ry  form s 
h as  fu rn ish ed  e lec tron  m icroscopic ev idence  fo r th e  sm ooth  m uscle orig in  o f th e  
s tu d ie d  cells. T he fo rm atio n  o f g ran u les , acco rd ing  to  these  fin d in g s, is a real 
sec re to ry  process, w ith  th e  Golgi reg ion  an d  th e  endoplasm ic re tic u lu m  invo lved  
in it.

In m ost an im als g ran u la r  cells a p p e a r  only a fte r b ir th . In  a lb ino  ra ts  
th e y  a p p e a r  d u rin g  th e  second week o f e x tra u te r in e  life and  a t ta in  th e  c h a ra c 
te ris tic  va lu e  for a fu ll-grow n an im al b y  th e  end  of th e  second m o n th . W hen  
g ra fts  vo id  of JG C  w ere tak en  from  th e  ren a l co rtex  of ra t  em bryos an d  t r a n s 
p la n te d  u n d e r hom ologous co n d itions in to  th e  su b cu tis , we o b se rv ed  th e  fo r
m atio n  o f num erous g ran u la ted  cells, w hile all o th e r  tissue e lem en ts  perished . 
O ur conclusion  was th a t  in the  cells o f p reg lo m eru la r a rte rio les th e  p o te n tia l 
c a p a c ity  to  form  granu les m u st be p re se n t d u rin g  em bryona l life and  th a t
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th is  c a p a c ity  m u s t m an ife s t itse lf  la te r  even  u n d e r  th e  abnorm al co n d i
tio n s  o f  a g ra ft. As to  phy logenesis , th e  v iew  w as long  m ain ta in ed  th a t  JG  cells 
are  a b se n t from  th e  re n a l a rte rio les o f sa lt-w a te r  fish  (w ith  th e  im plied n eg a tio n  
o f th e se  cells being  responsib le  for ren in  p ro d u c tio n ) , un til B ohle  in  1964  
d e m o n s tra te d  JG  cells, lo ca ted  in  g lom eru la r an d  even  in n o n -g lo m eru la r 
k id n ey s  o f v a rio u s s a lt-w a te r  species. E x a m in a tio n s  w ith  our trich ro m e  s ta in  
co m b in ed  w ith  ch ro m iu m  acid  and  period ic  acid  p reo x id a tio n , revealed  fin e  
g ra n u la r  cells in  th e  ren a l a r te ry  w all of th e  sa lt-w a te r  fish  P leu ronectes flesus 
an d  o f  fre sh -w a te r ca rp .

M ore d e ta iled  in q u ires  in to  th e  h is to c h e m is try  o f JG C , a fte r H a r a d a ’s p i
o n eer w ork  w hich com prised  m an y  e rro rs, w ere m a in ly  conduc ted  b y  m y asso 
c ia te  Sz. Go m b a , w ho claim s th a t  th e  g ran u les  consist o f p ro te in  an d  c a rb o 
h y d ra te  co m p o n en ts  an d  co n ta in  no lipo id . T he c a rb o h y d ra te  co m p o n en t is 
m ad e  u p  of n e u tra l  g lyco p ro te in . T h e  p ro te in  co m p o n en t abounds in  ty ro s in e , 
t ry p to p h a n e  an d  h is tid in e . A drenaline , n o ra d re n a lin e  and  sero ton ine  w ere 
u n id e n tif ia b le  h is to ch em ica lly  in  th e  g ranu les. T h e  JG  cells in  ra ts  and  m ice 
p re se n t a m o d era te  acid p h o sp h a ta se  a c tiv ity  b u t ,  in  d is tin c tio n  to  th e  sm o o th  
m uscle  cells of o th e r  a rte rio les , th e y  are void  o f A T P ase . H ess  and P e a r s e  
fo u n d  th e  g ra n u la r  cells to  ab o u n d  in m ito c h o n d ria l G -l-P D  and  th e  m acu la  
d en sa  in  G -6-PD . T h e  p a ra lle l course of th e  tw o  enzym e ac tiv ities seem ed to  
co n firm  th e  v iew  concern ing  th e  fu n c tio n a l u n ity  of JG C  and  m acula  densa . 
F reez in g  th e  k id n ey  tissu e  befo re  f ix a tio n  to  below  10 C, w ith  su b se 
q u e n t th aw in g , ren d ers  th e  g ran u les  u n id e n tif ia b le  b y  s ta in in g , p ro b ab ly  because  
th e  tr e a tm e n t  d e s tro y s  th e  lip o p ro te in  m em b ran es . T h u s care is needed  w hen  
e s tim a tin g  th e  h is to ch cm ica l reac tio n s of freezing  an d  th aw in g  k id n ey  tissu e ; 
G o m b a  an d  o th e r a u th o rs  d e v o ted  se p a ra te  s tu d ie s  to  th e  v ita l s ta in in g  p ro p 
e rtie s  o f th e  g ran u les . T he se lec tive  colour re a c tio n s  o f th e  granules to  n e u tra l  
re d , c resy l b lue , N ile b lue su lp h a te , and  acrid in e  o ran g e  seem  to  be a t tr ib u ta b le  
to  th e  ph y sica l b in d in g  of th e se  dyes.

T h e  specific fluorescence  of g ranu les o b se rv ed  b y  E delmain an d  H a r t - 
ro ft  in  sections tr e a te d  w ith  fluo rescein -labelled  a n tire n in  serum  allow s th e  
in ference  th a t  tho se  g ran u les  co rrespond  to  re n in  o r its  p recurso r. I t  rem ain s to  
be  c leared  w h e th e r ren in  is p resen t in th e  ren a l c o rtex  in d ep en d en tly  o f  th e  
g ran u le s . In  ou r ex p erim en ts  p resso r a c tiv ity , th is  generally  accep ted  
in d ic a to r  o f ren in  w as p ra c tic a lly  id en tica l in  th e  granu le-free  k idneys o f r a t  
em b ry o s , th e  k id n ey s  of fu ll-grow n ra ts  an d  in JG C  rich m ouse k id n ey  e x tra c ts . 
T h ese  fin d in g s a p p a re n tly  c o n tra d ic t th e  ex is ten ce  of a d irect p ro p o rtio n  b e 
tw e e n  th e  JG C  c o u n t an d  th e  degree of p resso r a c tiv ity . A possible a lte rn a tiv e  
w ou ld  be  th a t  n o n -g ra n u la te d  ty p es  of k id n e y  tissu e  also co n ta in  ren in  or som e 
o th e r  k ind  of p resso r su b stan ce . T he p resence  o f isoren in  — a su b stan ce  of 
s im ila r  effect — Teas d e m o n s tra te d  by  W e r l e  in  th e  sa liv ary  gland a n d  by  
G o u l d  in  th e  v a sc u la r  walls of m ice.
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A ccep tin g  th e  ,]GC, as th e  source o f  re n in , th e  ex ac t site  o f p ro d u c tio n  
still rem ain s d oub tfu l. H a rtro ft  et a l., T o b i a n  e t al. and  m any o th e r  a u th o rs  
in c lu d in g  ourselves, c la im  ren in  to  be a p ro d u c t  o f th e  m odified m u sc le  cells. 
B in g  e t al. regard  th e  m a c u la  densa as th e  p r im a ry  site  of ren in  fo rm a tio n , 
assign ing  to  th e  g ra n u la r  cells the  fu n c tio n  o n ly  o f tak in g  up , s to r in g  and  
d isch arg in g  th e  su b stan ce  in to  the b lood  c u r re n t . In  our ex p erim en ts , on  th e  
o th e r h a n d , th e re  was no  m acu la  densa to  p e rfo rm  any  function , and g ra n u la te d  
cells s till m ade th e ir  ap p ea ran ce  in th e  t r a n s p la n te d  k idney  tissu e , a lth o u g h  
th e re  w as no enzym e re a c tio n  and ex ten s iv e  d e s tru c tio n  p resen ted  i ts e lf  in  th e  
tu b u le s  — all th is  seem ing  to  indicate t h a t  th e  J G  cells are the  p r im a ry  s ite  of 
g ran u le  p ro d u c tio n . E x a m in a tio n s  b y  G o m b a  h a v e  p laced  beyond  d o u b t  th e  
p resso r a c tiv ity , i.e. th e  re n in  p roducing  fu n c tio n , o f such tra n s p la n tâ te s .

M uch d isp u ted  in connection  w ith  th e  J G  com plex is also th e  s tim u lu s  
th a t  re leases th e  se c re to ry  function . T h e re  is a view , su p p o rted  m a in ly  b y  
D u n i h u e , also b y  H a r t r o f t , th a t  in p ro p o r t io n  as th e  serum  N a or m in era lo - 
co rtico id  level falls — e.g . as a resu lt o f  a d re n a le c to m y  — so do th e  g ran u les  
m u ltip ly , an d  vice v e rsa  as these levels rise , so do th e  granules d ec rea se  in 
n u m b er. T h is chem ical th e o ry  co n tras ts  w ith  T o b i a n ’s ex p erim en ta l re su lts  
w hich in d ica te , in a g reem en t w ith ours, t h a t  th e  g ranu le  coun t varies  in v e rse ly  
w ith  blood pressure in th e  afferen t a r te rio les . I f  th is  assum ption  of a m ech an ica l 
s tim u lu s  proves tru e , th e n  it would be p ro p e r  to  describe th e  JG  cells as s t ru c 
tu res  co rrespond ing  to  b a ro recep to rs  — o r s tre tc h  recep to rs, as T o b i a n  called  
them  —- loca ted  in th e  ren a l vessel w alls.

W h en  rep ea tin g  o u r experim ents on la rg e r  m a te ria l, we w ere u n a b le  to  
confirm  th e  find ing  t h a t  destruction  o f  th e  a n te r io r  h y p o th a lam u s  w ould  
increase th e  granule c o u n t. N either d id  we n o tice  an y  change in th e  g ra n u la 
tio n  in d ex  u n d er th e  e ffec t of drugs a ffe c tin g  th e  sy m p a th e tic  an d  p a ra s y m 
p a th e tic  nerves or th e  sm o o th  vessel m u sc u la tu re . N evertheless th e  p o ss ib ility  
can n o t be excluded  th a t  th e  nervous sy s te m  e x e rs t some influence on th e  JG C  
fu n c tio n . T h is, a t leas t, seem s to  ap p ea r fro m  th e  elec tron  m icroscopic s tu d ies  
of B a r a j a s  who describ ed  a rich n e tw o rk  o f  m ed u lla ry  u n m y e lin a te d  fib res 
am ong  th e  lacis cells, in  close co n tac t w ith  th e  o rd in ary  and th e  g ra n u la r  
sm o o th  m uscle cells. T h ese  assum ptions d o  n o t  necessarily  exclude one a n o th e r  
and  m ig h t perhaps be  b ro u g h t to a co m m o n  d en o m in a to r, the  c o n s id e ra tio n  
being  th a t  rises in th e  N a  an d  m in era lo co rtico id  levels alike involve a n  e x p a n 
sion o f  th e  in tra v a sc u la r  space and th u s  re s u lt  in  d eg ran u la tio n , o w ing  to  a 
s tre tc h in g  o f th e  a rte rio le s . According to  T o b i a n , th e  e x tra -a n d  in tra c e llu la r  
N a g ra d ie n ts  in th e  m u sc u la r  layer o f th e  ren a l arterio les w ould  in  fina l 
analysis  co n d itio n  th e  secre tio n  of ren in .

T h e  question  w h e th e r  an increased  g ra n u le  coun t really  in v o lv e d  an 
increased  secretion  h ad  b een  long d isp u te d  b ecau se  w ith  o th e r g lands th e  s i tu 
a tio n  w as ju s t  th e  o p p o site . The find ing  t h a t  h ig h e r g ranule  p ro d u c tio n  w ent
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t o g e t h e r  w ith  in ten s if ied  secretory  a c t iv i ty  w a s  n o t  a surprise for th e  in v e s t i 
ga to rs ,  in c lu d ing  ou rse lves ,  considering t h a t  m o d if ie d  m uscle cells , an d  n o t  
g la n d  cells  d ifferentiated  to  perform  a secr e to ry  function , were th e  o b je c t  t h e y  
h a d  s tu d ie d .  G r o s s , to o ,  es tab lish ed  a p ara lle l ism  b e tw e en  the a m ou n t  o f  ren in  
t h e  k id n e y  con ta in s  an d  th e  a m o u n t  it  secretes .

M ore im p o r ta n t th a n  all th is  is to  d isc o v e r th e  w ay how  re n in  w o rk s 
w ith in  th e  organism . P ro d u c e d  in th e  JG  co m p lex , ren in  acts as an  e n zy m e , 
tu r n in g  th e  p lasm a ang io ten sin o g en  in to  a c tiv e  ang io tensin , th e  m o s t e ff i
c ie n t p resso r su b stan ce  k n o w n . T he re m a rk a b le  th in g  is th a t an g io ten s in  in th e  
k id n e y  decom poses th o u s a n d  tim es as fa s t as in  o th e r  organs or in  p la sm a . T h u s  
re n in  a n d  th e  d es tro y in g  a g e n t of its  p ro d u c t — ang io tensinase  — are  n o t  o n ly  
p re s e n t  to g e th e r  in  th e  k id n e y , b u t  are p re se n t a t  th e  h ighest c o n cen tra tio n . M an y  
a u th o rs  ascribe a role to  th e  re n in -an g io ten s in  sy s te m  m ain ly  in b lood  p re ssu re  
r e g u la tio n  an d  in  th e  d e v e lo p m en t of h y p e rte n s io n . Follow ing th e  e x p e rim e n ts  
b y  D a v i s  an d  associa tes, fu rth e rm o re  b y  G e n e s t  and  his te a m , th e  re n in -  
a c t iv a te d  an g io tensin  has b een  held to  be th e  tro p h o rm o n e  of th e  zona glo- 
m e ru lo sa  an d  th u s  to  ac t as a reg u la to r o f a ld o s te ro n e  p ro duc tion  an d , th ro u g h  
it ,  a lso  o f  N a m etab o lism . I f  th is  is th e  case, th e re  m ust he a c o rre la tio n  b e 
tw e e n  th e  fu n c tio n s of th e  JG C  and  th e  zona  g lom eru losa , and  of cou rse  also  
b e tw e e n  th e ir  s tru c tu re s .

Q uestions o f in te rd e p e n d e n ce  b e tw een  th e  zona  glom erulosa an d  a ld o s te 
ro n e  p ro d u c tio n  do n o t co n cern  us here in  d e ta il . N e ith e r  shall I discuss th e  ro le  
t h a t  th e  JG C  system  is a ssu m ed  to  p lay  in  th e  d ev e lo p m en t of h y p e rte n s io n . Гп 
th e  l ig h t o f recen t resu lts  i t  seem s m ore an d  m o re  lik e ly  th a t  ren in  ac ts  on b lood  
p re ssu re  n o t p rim a rily  b u t  in som e in d irec t w ay . N evertheless, an  a n a ly s is  o f  
so m e cases we shall d iscuss in  a sep a ra te  p a p e r , seem s to  ind ica te  th a t  a p a th o 
log ic  c o n s tr ic tio n  of th e  ren a l a r te ry  m ay  so m e tim es  induce JG C  h y p e ra c t iv 
i ty ,  le ad in g  th ro u g h  in c rea sed  a ldosterone  p ro d u c tio n  to  grave form s o f  e lec 
t r o ly te  d iso rd er and  h y p e rte n s io n  (seco n d ary  aldosteron ism ).

I t  ad d s to  th e  d iff ic u lty  of d iscovering  th e  ac tio n  m echanism , t h a t  re n in  
fro m  th e  JG  com plex  an d  th e  ang io tensin  a c t iv a te d  by  it, ex ert effec ts w h ich  
v a r y  fro m  one species to  th e  o th e r and d iffe r ev en  in  norm otensive a n d  h y p e r 
te n s iv e  h u m a n  su b je c ts . H a r t r o ft ’s a n tire n in  serum  ad m in is te red  to  N a- 
d e fic ie n t dogs in h ib ite d  th e  p rev iously  in c rea sed  tu b u la r  N a re a b so rp tio n  w i th 
o u t a ffec tin g  d iu resis , К  ex cre tio n  and  se ru m  e lec tro ly te  c o n c e n tra tio n . A c 
c o rd in g  to  F ascio lo , u n d e r  physio logical c o n d itio n s  ren in  ac ts  so lely  on th e  
k id n e y  b u t  in em ergency  s ta te s  such as ren a l ischaem ia th e  g re a tly  i n 
c rea sed  ren in  p ro d u c tio n  is likely  to  in flu en ce  th e  en tire  organism .

C onsidering B a r t t e r ’s hypo thesis in re la tio n  to  th e  connection  o f h y p e r-  
v o la e m ia  an d  a ld o ste ro n e  secre tion ; fu r th e rm o re  T o b ia n ’s and  o u r g ro u p ’s 
co n c e p tio n s  concern ing  th e  connection  b e tw e e n  th e  s tre tch in g  of th e  a r te r io la r  
w all a n d  th e  g ra n u la tio n  o f  J G  cells, we m ay  o u tlin e  th e  following h y p o th e s is .
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I f  th e  s tre tc h  a t th e  re c e p to r  site is d im in ish e d , th e  g ranu la tion  o f  J G  cells 
increases, m ore ren in  is p ro d u ced  and m ore  a n g io te n s in  is ac tiv a ted . As a re su lt 
m ore a ld o ste ro n e  is p ro d u c e d  by  the zo n a  g lo m eru lo sa , w hich leads to  sod iu m  
re te n tio n  an d  an  in crease  o f plasm a v o lu m e . T h e  increased  p lasm a v o lu m e  
ex erts  an  increased  s tr e tc h  up o n  the a r te r io la r  w a ll, consequently  th e  g ra n u la 
tio n  of JG  cells d im in ishes an d  the  process o u tlin e d  ab o v e  takes place in v erse ly .

L e y s s a c ’s ex a m in a tio n s  of the k id n e y  in  v iv o  com bined w ith  m ic ro 
p u n c tu re  te s ts  show ed t h a t  angio tensin  e x e r ts  an  in flu en ce  on sodium  a n d  w a te r  
m etab o lism  b y  d im in ish in g  tu b u la r  so d ium  re a b so rp tio n . A ccording to  T h u - 
r a u ’s im p o r ta n t  e x p e rim e n ts  there  is an  in v e rse  re la tio n  betw een so d iu m  co n 
te n t  o f  th e  m acu la  d en sa  reg ion  and th e  G F R ; th is  m echanism  would re g u la te  
th e  R B F , G F R  and  tu b u la r  sodium lo a d , re sp e c tiv e ly .

T h u s , th e  JG  cells m a y  be considered  ch em o recep to rs  or s tre tc h - re c e p 
to rs , b u t  a t  th e  sam e tim e  secreto ry  e lem en ts , a n d  by  th e  p roduction  o f  ren in  
th e y  p la y  an  im p o r ta n t ro le in th e  re g u la tio n  o f  sodium  and w a te r  m e ta b 
olism .

K. Kovács

(F i r s t  D e p a r tm e n t  o f  Medicine, U n iv e rs i ty  M edica l  School, Szeged)

T H E  R O L E  O F  T H E  A D R E N A L  C O R T E X  IN T H E  
R E G U L A T IO N  O F  F L U ID  AND E L E C T R O L Y T E  BA LA N CE*

T he ad ren a l co rtex  h as  a decisive role in  th e  m a in te n a n c e  of e le c tro ly te  an d  
w a te r b a lan ce . A lthough  th e  hom eostasis is in flu en ced  b y  glycocortico ids, th e ir  
im p o rtan ce  is secondary  as com pared to  t h a t  o f a ld o ste ro n e . The site  o f ac tio n  
of a ld o ste ro n e  is th e  re n a l tu b u le , where i t  causes so d iu m  reten tion  and en h an ces  
th e  ex c re tio n  of p o ta ss iu m . T he reg u la tio n  o f a ld o s te ro n e  secretion is a m a t te r  
o f d isp u te . I t  has been sugg ested  th a t th e  p i tu i ta r y ,  h y p o th a lam u s, e v e n tu a lly  
th e  p in ea l b o d y  are in v o lv ed  in the  co n tro l o f a d re n a l  a ldosterone p ro d u c tio n . 
D a ta  concern ing  th e  p ro b lem  of reg u la tion  a re , h o w ev er, co n trad ic to ry . G reat 
im p o rtan ce  is being a t ta c h e d  to  the k id n ey s  in  th e  reg u la tion  of a ld o ste ro n e  
secre tion . R ecep to rs in th e  k idney , su scep tib le  to  changes in the p re ssu re  and 
ionic com position  of th e  b lood , enhance th e  p ro d u c tio n  of renin in case  o f 
h y p o n a tra e m ia  or h y p o v o laem ia . R enin s t im u la te s  th e  fo rm ation  o f an g io 
tensin  w hich in tu rn  lead s  to  augm ented  p ro d u c tio n  o f aldosterone.

D iseases of th e  a d re n a l cortex  are  g e n e ra lly  asso c ia ted  w ith d is tu rb a n c e s  
of e lec tro ly te  and w a te r  m etabo lism . S o d iu m  d e p le tio n  and  h y p e rp o ta ssacm ia  
are  w ell-know n sy m p to m s in A ddison’s d isease . Iso la te d  h y p o a ld o ste ro n ism  is 
c h a ra c te riz e d  by  s ig n ifican t a lte ra tions in  e le c tro ly te  and  w ater m e tab o lism . 
E n zy m e defects in th e  a d re n a l cortex giv e rise  to  s a l t  losing syndrom e. C u sh in g ’s

* P a p e r  will be p u b l ish ed  later.
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s y n d ro m e  is o ften  acco m p an ied  b y  d is tu rb a n c e s  in  sa lt and f lu id  e q u ilib r iu m . 
T h e  m o s t  p ronounced  d efects  in  w a te r  a n d  e le c tro ly te  m etabo lism  a re  u su a lly  
o b se rv e d  in  p rim ary  an d  seco n d ary  h y p e ra ld o ste ro n ism . P r im a ry  h y p e ra ld o 
s te ro n ism  or Conn’s sy n d ro m e  is a p a th o lo g ica l e n ti ty ,  while seco n d ary  a ld o s te ro 
n ism  m a y  accom pany  a v a r ie ty  o f d iseases: c a rd ia c  failure, h ep a tic  c irrh o sis , th e  
n e p h ro tic  syndrom e, e tc . P a th o lo g ica l a sp e c ts  o f h y p e ra ld o ste ro n ism  h a v e  
b e e n  d iscussed .

D. B ara

( In s t i tu te  of P a th o lo g y ,  U n iv e rs i ty  Medical  School, Szeged)

H IS T O P H Y S IO L O G Y  O F T H E  A N T ID IU R E T IC  C E N T R E S *

I t  h as  long been k n o w n  th a t  th e  su p rao p tico -n eu ro h y p o p h y sia l a p p a ra tu s  
p la y s  a decisive role in  th e  m a in te n a n c e  o f w a te r  balance. T h e  a n tid iu re t ic  
h o rm o n e  w as firs t th o u g h t to  he secreted  b y  th e  p itu icy tes  of th e  p a rs  n e rv o sa  
h y p o p h y se o s , th e  a c t iv i ty  o f th e  la t te r  b e in g  regu la ted  by  th e  su p ra o p tic  
n u c le u s  ( R ansojn et ah , 1938 39). S u b se q u e n t m orphological in v e s tig a tio n s
c a rr ie d  o u t a fte r th e  re v iv a l o f th e  n e u ro se c re tio n  principle (S c h a r r e r , 1928; 
B a r g m a n n , 1949) m ade i t  c lea r th a t  th e  n eu ro h y p o p h y sia l ho rm o n es w ere  p ro 
d u c e d  in  th e  ganglion cells o f  th e  su p rao p tic  a n d  p a ra v e n tr icu la r  n u c le i, g a in ed  
access  to  th e  po ste rio r p i tu i ta ry  b y  m eans o f th e  azoplasm ic s tre a m  a n d  w ere 
s to re d  th e re , w hereas th e  p resu m ab le  fu n c tio n  o f  th e  p itu icy tes w as to  p ass  th e  
h o rm o n e s  in to  th e  c ircu la tio n . These d isco v eries  th rew  a new  lig h t on th e  
e x is tin g  n o tions reg a rd in g  th e  n e u ro h y p o p h y s is  and  th e  p a th o g e n e s is  o f 
d ia b e te s  insip idus, and en couraged  in v e s tig a tio n s  concerning th e  so-called  
h y p o p h y s io tro p ic  su b stan ces .

I n  accordance w ith  its  secre to ry  a n d  s to rin g  functions, th e  a n te r io r  
h y p o th a la m o -n e u ro h y p o p h y s ia l sy stem  re sp o n d s  to  lesions w ith  spec ia l 
h is to lo g ic a l reac tions, is p ro v id ed  w ith  a p a r t ic u la r  blood su p p ly  a n d  has a 
sp e c ia l en zy m atic  p a tte rn . W hile  b o th  S H  a n d  S —S groups a re  d e m o n s tra b le  
in  th e  p ro te in  of th e  gang lion  cells, only S — S g ro u p s have been o b se rv e d  in  th e  
n e u ro p h y p o p h y s is ; tag g ed  th io a m in o  acids w ere  found  to  be in c o rp o ra te d  in  th e  
c e n tr a l  p a r t  of th e  system .

I t  w as suggested  a t  th e  1951 P a th o lo g ic a l Congress t h a t  th e  h is to lo g i
c a lly  d em o n strab le  n eu ro sec re tio n  m ig h t re p re se n t g lyco lipop ro te in  ( B a c h - 
r a c h  e t ah ), a no tio n  a rr iv e d  a t by  S c r i b b l e r  (1951) as well. A fte r  th e  ch em ica l 
s t r u c tu r e  of th e  so-called n e u ro h y p o p h y s ia l horm ones h ad  b een  e lu c id a te d  
( D uV i g n e a u d  et ah , 1953) i t  w as fo u n d  b y  sev era l investiga to rs t h a t  c a rb o 
h y d r a te s  and  lipids w ere n o t  p e rm a n e n t co m p o n en ts  and  th a t  th e  p ro te in  
f r a c t io n  w as decisive so t h a t  th e  secre tion  o f th e  su p rao p tico -n eu ro h y p o p h y sia l

* P a p e r  will be p u b l ished  later.
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sy s tem  rep resen ted  th e  ho rm o n es them selves a n d  n o t only  som e h o rm o n e 
c a rry in g  su bstance  (S l o p e r , 1955; H o w e , P e a r s e , 1956). T he resu lts  o f recen t 
in v estig a tio n s allow  a co m b in a tio n  of th e  tw o  co n cep ts : it seem s th a t  th e  
p ro te inaceous secre tion  o f th e  ganglion cells is f i r s t  b o u n d  to  c a rb o h y d ra te s  
an d  lip ids w hich th e n  becom e d e tach ed  (B a r a , B .  S z a b ó ).

T h e neurones o f th e  su p ra o p tic  and  p a ra v e n tr ic u la r  nuclei a re  p a r tic u 
la rly  su itab le  for h is tophysio log ica l in v es tig a tio n s : one is dealing  w ith  well- 
c ircum scribed  m ag n o ce llu la r nuclei whose a c tiv i ty  is in d ica ted  by  secre tio n ; 
th e  n eu rones respond  to  a d e q u a te  s tim u la tio n  (d e h y d ra tio n )  in ten s iv e ly , w hile 
th e ir  o th e r  ac tiv ities — save  th e  secretion  of o x y to c in  — seem  to  he neglig ib le. 
In fo rm a tio n  regard ing  th e  fu n c tio n a l cond ition  o f  th e  neurones is supp lied  n o t 
only  b y  th e  classical m e th o d s  (G om ori’s ch ro m e-a lu m  h aem a to x y lin  a n d  alde- 
hvde-fu ch sin  sta in ing ) b u t  also b y  th e  h is to ch em ica l d em o n stra tio n  o f SH  an d  
S — S g roups (i.e. th e  su lp h u r-c o n ta in in g  am ino ac id s  o f th e  p ro te in s), fu r th e r  
b y  o th e r  ind ica tions of p ro te in  syn thesis  ( in te rp ro p o rtio n  o f cellu lar co m p o n en ts , 
a m o u n t o f BNA) as well as b y  en zy m atic -h is to ch em ica l and e lec tro n -m icro 
scopic observations.

B y  follow ing th e  v a rio u s  phases of d e h y d ra tio n  an d  re h y d ra tio n  in w hite  
ra ts , th e  fu n c tio n a l cycle o f th e  neurones has b een  d raw n  up. F in d ings m ade 
in  th is  connection  m ay  se rv e  as a guide to  fu r th e r  h isto log ical conclusions 
co n cern in g  th e  fu n c tio n in g  o f o th e r  — n o n -n eu ro sec re to ry  — ganglion  cells.

F in a lly , som e re c e n t re su lts  concerning th e  ro le o f th e  ep ip h y sio -ep ith a - 
lam ic  system  in the m a in te n a n c e  o f sa lt and  w a te r  b a lan ce  is d iscussed.

J .  Baló

(F irs t  I n s t i tu t e  of  P a th o lo g y  and  E x p e r im e n ta l  Cancer Research, 
U n iv e rs i ty  Medical School, B u d a p e s t )

Consequences of the Disturbed Acid-Base Balance

Disorders  of the acid-base  ba lan ce  m ay  give rise to v a r io u s  m orb id  changes in the  h u m a n  
organism. O n  the  basis of his s tud ies  of am m onia  poisoning in h u m a n s  and  exper im en ta l  an im als  
F azekas  established t h a t  a m m o n iu m  hydroxide,  despite  i ts  a lka l ine  n a tu re ,  is a p t  to induce  
severe acidosis and l ipaemia.  E x a m in a t io n s  a t  th a t  t im e  in th e  forensic and pa tho log ic  in s t i 
tu te s  of  Szeged have shown t h a t  am m o n iu m  acidosis d e s t ro y s  the clastic fibres o f  the  a r t e 
ries and  mobilizes fat.

H a l d a n e  s ta te d  a m m o n iu m  chloride to lead to a s im ila r  s t a te  b u t  subsequen t  s tudies  
have  m ad e  it  ev iden t  t h a t  th e  m echan ism  of severe acidosis is different.  Postacid if ication  of 
th e  blood has shown t h a t  a d e s t ru c t io n  of red cells b y  a m m o n ia  is responsible for the 
acidosis. T es ts  by  F azekas in 1939 d em o n s tra ted  t h a t  a d r e n a l  h y p e r t ro p h y  is one of the  v a r 
ious consequences of acidosis.

A few recently  d iscovered  fac ts  are quoted , re fe r r in g  to  d isorders of th e  acid-base  
balance.
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J. Sugár

(R e se a rc h  I n s t i tu t e  of O n copatho logy ,  B udapes t)

C h an g es in  W ater C ontent a n d  in  Solid C oncen tration  of Cells M easured  by 
In terference  M icroscopy and  M icrocinem atography

T h e  refractive  indices o f  v a r io u s  biological m a te r i a l  such as cell c y to p la s m  can be 
m e a s u r e d  w ith  high degree o f  a c c u ra c y .  F ro m  such  a re frac t iv e  index  m e a s u r e m e n t  cy to 
p l a s m i c  solid concen tra t ion  a n d  w a t e r  co n te n t  m a y  be de term ined .  T he  t o t a l  d r y  mass of 
m o s t  cells  is accounted fo r  b y  t h e  p ro te in  com ponents .  B y  the  effect of c y to to x ic  agen ts( t raga-  
c a n t h ,  m u s t a r d  der iva tives,  Y inca leucob las t ine )  th e  d ry  m ass  m ay  be a l te re d  w i th o n t  any 
p e r c e iv a b le  change in th e  solid c o n ce n tra t io n .

C hanges of cellular solid c o n c e n tra t io n  were followed by  colour in te r fe re n c e  m icro
sc o p ic  c inem atography  in t is sue  c u l tu re  (H eL a  cells). I t  has  been established t h a t  Yincaleuco
b l a s t i n e  induces an increase in t h e  solid con cen tra t io n .

K. Jobst, M. Kellermayer

( In s t i tu te  of  P a th o lo g y ,  U n iv e rs i ty  Medical School, Pécs)

T he Effect o f E lec tro ly tes  on D ry W eigh t and  M icro stru c tu re
o f Cell Nuclei

R est in g  cell nuclei show d o u b le  re frac t ion  a f te r  t r e a tm e n t  w i th  t ry p s in  or sa lts .  In  the 
p r e s e n t  experim ents ,  the  effect o f  d i f fe ren t  sa lt  c o n cen tra t io n s  has been s tu d ie d  on the  dry  
c o n t e n t ,  nucleic acid an d  p ro te in  c o n te n t  of  the th y m ic  lym p h o cy tes  iso lated  in  sucrose. The 
d r y  c o n t e n t  was determ ined  by  in te r fe re n c e  m icroscopy, while the  a m o u n t  of  nuc le ic  acid and 
p r o t e i n s  was established b y  th e  c y to p h o to m e tr ic  m e th o d ,  after  s ta in ing  w i th  gallocyanin- 
c h r o m e  a lu m  and fas t  green, re sp ec t iv e ly .  Changes in cell m ic ros truc tu re  w ere  followed by 
p o l a r i z a t io n  microscopy, u s ing  an iso tro p ic  to lu id ine  blue staining.

I n  a medium w i th  low ion ic  con cen tra t io n ,  d ev e lo p m en t  of  nuc lear  a n is o t ro p y  runs 
p a ra l le l  w i th  the increase in  su r fa ce ,  while d ry  w e igh t  a n d  to ta l  p ro te in  decrease  a n d  nucleic 
a c id  c o n te n t  do no t  a lte r  s ign if ican tly .  Nuclear an iso tro p y  is assumed to be d u e  to  changes in 
t h e  l in k a g e  between p ro te in  a n d  nucle ic acid.

F. Tompa, F. Pálos, T. Somkúti

(S zam uelly  T ubercu los is  S a n a to r iu m ,  B udapes t)

Flu id , E lectro ly te , a n d  P ro te in  B alance  in 200 Cases o f M ajor
T horacic Surgery

T h e  paper  has d e a l t  w i th  some p ract ica l  a spects  of  controlling f lu id  a n d  electrolyte  
h o u s e h o ld  in pa tien ts  u n d e rg o in g  m a jo r  tho rac ic  surgery .  E xperience  concern ing  t r e a tm e n t  of 
i m p a i r e d  balance and m easures  a p p lied  in the  d e p a r t m e n t  are discussed. E m p h a s i s  is layed 
u p o n  t h e  special problems a r is in g  a t  p u lm o n a ry  surgery .  D is tu rbances  of p r o t e in  household, 
c o m m o n  when t rea ting  tu b e rc u lo t i c  cavities by  th e  open  m ethod ,  are also d iscussed.

L. Király, Gy. Gorácz

(D e p ar tm en t  of P a th o lo g y ,  Pá l  Heim  C h i ld ren ’s Hosp ita l ,  B u d a p e s t )

P a th o lo g ica l A spects of E lec tro ly te  Therapy

A  survey  of po s t -m o r te m  f in d in g s  a n d  histologic s tud ies  in in fan ts  a n d  c h i ld ren  display
in g  e le c t ro ly te  d is tu rbances  su g g es ts  t h a t  i t  is th e  genera l  condition  r a th e r  t h a n  th e  basic 
d i s e a se  w hich  determines th e  s e v e r i ty  a n d  course of the  process. The  organ ic  ch an g e s  develop
in g  d u r in g  electrolyte  t h e r a p y  a re  discussed.
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A. H araszt i ,  L. Török

(D e p a r tm e n t  of P a th o lo g y ,  C oun ty  Hospita l ,  Eger)

Potassium Content of the Liver in Acute Circulatory Failure 
and Secondary Shock

P o ta ss iu m  con ten t  of the liver has  been  s tud ied  in necropsy m ate ria l .  In  m o s t  cases, 
shock was accom panied  by diminished p o ta s s iu m  c o n te n t s  in the  liver. Histological e x a m in a t io n  
revea led  in m os t  of  the  p o tass ium -dep le ted  livers signs of s t ru c tu ra l  lesions va r iab le  b o t h  in form 
a n d  ex tension .  The  histological f ind ing  was in more or less sa t is fac to ry  co rre la t ion  w i th  th e  a- 
in o u n t  of po tass ium  found in th e  liver. No corre la t ion ,  however,  could he d e m o n s t r a t e d  be tw een  
h ep a t ic  a n d  se rum  potassium. D e te rm in a t io n  of h epat ic  po tass ium  c o n te n t  a p p e a r s  to be a 
v a lu ab le  m eth o d  supplem enting  the  ro u t in e  histological study .

A. Sárdy

(Central R esearch  I n s t i tu t e  for  Physics,  B udapes t)

Activation Analysis: a Sensitive, Rapid, and Reliable Method for the 
Study of Salt Metabolism

A ct iv a t io n  analysis is growing c o n tinuous ly  in im por tance  as a m eth o d  s u i t a b le  for the 
s tu d y  of m ineral  exchange in biological m ateria ls ,  th u s  of the e lectro ly te  h o u seh o ld  o f  the 
h u m a n  organism. Principally ,  the  m e th o d  is based  on the  exposure of the  sam ple  to  ra d ia t io n  
cap ab le  of  inducing  a nuclear reac t ion  (usua lly  n e u tro n  rad ia tion) ;  from the  a c t i v i t y  th u s  
induced ,  the  original const i tuen ts  of the  sam ple  can  be established. T he  m ain  a d v a n t a g e  of 
the  m e th o d  lies in its sensit ivity  w hich  exceeds by  several orders of m a g n i tu d e  t h a t  o f  any 
o th e r  m e th o d  (1 0 ~9 to 10 ~ 12 g). The  m e th o d  is equal ly  reliable in the  case of v e ry  low concen
t ra t io n s ,  since con tam ina tion  of the  re ag e n ts  does n o t  inte rfere  with  the  results .  I t  is su i table  
for the  s tu d y  of quite  small a m o u n ts  of m ate r ia l  such as needle b iopsy sam ples .  M atr ix  
e lem en ts  (carbon,  hydrogen, oxygen,  n i trogen)  are n o t  act iva ted .  In  add it io n ,  t h e  m e th o d  is 
s im ple ,  there  is often  no des truc t ion  of the  biological m ateria l ,  the  p rocedure  is ra p id  and 
can  easily be a u to m a tized  which a lw ays  m eans  red u c t io n  of costs. In  c o n t r a s t  to  t h e  isotope 
m eth o d s ,  i t  is su i table  for s tu d y in g  cond it ions  of equ il ib r ium , and as the  m a te r ia l  is a c t iv a te d  
a f te r  i t  has been removed from the  o rgan ism , no rad ia t io n  in ju ry  occurs.  Sources of  a c t iv a t in g  
ra d ia t io n  m ay  be no t  only reactors ,  b u t  also neu tro n  genera to rs  and o th e r  a cc e le ra to r  devices.

Sod ium  can he est im a ted  w ith  qu ick  n eu tro n s  in 30 sec. W ith  slow n e u tro n s ,  th e  sensi
t iv i t y  of  th e  m ethod  is a t  the  3 ^ g  level; which  can be de term ined  to g e th e r  w i th  0.5 /<g of 
p o tass iu m  in an a l iquo t  of  1 //1, s e p a ra te d  w i th o u t  a n y  des truct ion  from a sam p le  of 10 (Л. 
T he  sensi t iv i ty  of the m ethod with regard  to sodium , potassium  and  p h o sh o ru s  a t t a in s  
1 0 -10, 10 -9, a n d  10 ~ 10 g, respectively .  Calcium an d  magnesium can be d e te rm in e d  in 
q u a n t i t ie s  a m o u n t in g  to a few //g, w i th in  20 min. Chlorine, su lphur  and iodine can  be e s t im a te d  
in a m o u n ts  o f  10 -9, 10-6 and 10 ~ 9 g, respec tive ly .  T he  m ethod  of a c t iv a t io n  a n a ly s is  allows 
the  q u a n t i t a t i v e  de te rm ina tion  of some fu r th e r  biologically im p o r ta n t  e lem ents .

K. Lapis, I. Benedeczky, G. Szilágyi

(Section of Pa tho logy ,  P o s tg r a d u a te  Medical School. B ud ap es t)

Ultrastructure and Function of the Various Cells of Human 
Parathyroid Adenoma

T he  electron-microscopic id en t i f ic a t ion  of cell types  seen in the  p a r a th y r o id  u n d e r  the 
l ight microscope is still p rob lem atic  an d  the  corre la t ion  between functional  a c t i v i t y  a n d  m o r
phological p ic tu re  is not fully e luc ida ted  e ithe r  in the no rm al  gland or in p a r a th y r o id  ad en o m a .

T he  m orpho logy  of mixed-cell a d en o m as  has been stud ied  un d e r  the l ight a n d  the  elec
tron  microscope. I t  was possible to iden t i fy  un d e r  the  electron microscope th e  m a in ,  oxi-
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p h i l ic  a n d  the  so-called t r a n s i t i o n a l  water-clear cells, while  a t t e m p t s  to recognize typ ica l  
w a te r - c le a r  cells u n d e r  t h e  e le c t ro n  microscope h a v e  failed.

Clinically confirm ed  e x t r e m e  hyperfunction  (se ru m  Ca 14 to  16 mg per  100 ml)  of  the  
e x a m in e d  adenomas w as a c c o m p a n ie d  by the p re d o m in a n c e  of b r ig h t  cells which  showed 
signs o f  secretory a c t iv i ty  (n u m e ro u s  secretory g ran u le s ,  a b u n d a n t  endoplasmic re t icu lu m  
o f  coarse  surface, presence o f  Golgi apparatus) .  I t  seems, th e re fo re ,  t h a t  earlier notions re g a rd 
in g  th e  inac t iv i ty  of these  cells ( R ó t h , 1962) have to  be  co rrec ted .  I t  is suggested t h a t  th e  da rk  
cells con ta in ing  m any  s e c re to ry  granu les  should be r e g a r d e d  as g landu la r  s torage cells, ra re ly  
p r e s e n t  in mixed-cell a d e n o m a s .

Aranka László, Edit Kocsárdi, D. Bara

( In s t i tu te  o f  P a th o lo g y ,  U niversi ty  M edica l  School, Szeged)

The F e e d -B a c k  R egulation  of A n tid iu re tic  H orm one

Most authors believe t h a t  th e  blood AD H  level does  n o t  affect the  secretion a n d  release 
o f  A D H .  I t  is known, on  th e  o t h e r  hand,  t h a t  the  e ffec t  o f  A D H  is more p ronounced  if  the  
h o rm o n e  is injected in to  t h e  v e n tr ic le  or in tranasal ly  t h a n  following p a ren tera l  adm in is t ra t io n .  
T h u s ,  nervous  s t ruc tu res  seem  to  be involved in i ts  ac t io n .  Accord ing  to the  classical a n d  often 
c i te d  observations of B ig g a r t , res is tance  to horm onal  t r e a t m e n t  in d iabe tes  insipidus develops 
w h e n  th e  lesion destroy ing  th e  su praop t ico -hypophysea l  t r a c t  has  reached the  tu b e ra l  h y p o 
t h a l a m ic  nuclei.

I n  th e  present  s t u d y  i t  h a s  been inves tiga ted  w h e th e r  e lectro ly tic  lesions in the  middle ,  
p o s te r io r  or lateral  a rea  o f  t h e  h y p o th a lam u s  in te r fe re  w i th  th e  inh ib i t ion  of w a te r  diuresis  
b y  p o s te r io r  p i tu i ta ry  e x t r a c t  in  h y d ra te d  albino ra ts .  A cco rd in g  to  pre lim inary  observations,  
su c h  lesions do no t  im p a i r  t h e  neurosecretory  fu n c t io n  o f  th e  hyp o th a lam u s .  The  observed 
a n t id iu re t ic  response was n o r m a l  in most  animals. T h u s ,  B ig g a r t ’s hypothes is  has n o t  been 
co n f i rm ed  by  the p re sen t  ex p e r im e n ts .

J. Skaliczki, D. Bara

( In s t i tu te  o f  P a th o lo g y ,  Universi ty  M edica l  School, Szeged)

Enzym  an d  H isto ch em istry  of th e  A n te r io r  H ypothalam us 
and the P itu ita ry

Phosphatase ,  succ in ic  dehydrogenase  and d iap h o ra se  ac t iv i ty  has been exam in ed  in 
t h e  m agnocellular  nucle i o f  t h e  an ter io r  h y p o th a la m u s  a n d  the  p i tu i ta ry  g land  of white  
r a t s .  T h e  ganglion cells o f  t h e  su p ra o p t ic  and p a r a v e n t r i c u la r  nucle i showed pronounced  acid 
p h o sp h a ta s e  and D P N H - d ia p h o r a s e ,  fu r ther  less m a r k e d  succinic  dehydrogenase  and  T P N H -  
d iap h o ra se  activity. On ly  th e  cap il la ry  network g ave  a posi t ive  reac tion  w ith  alkaline 
p h o sp h a ta se ,  the reac t io n  o f  t h e  ganglion cells w as neg a t iv e .  B u t  for succinic d e h y d ro 
genase ,  enzymatic  a c t iv i ty  w a s  considerab ly  less p r o n o u n c e d  in the  neurohypophysis  t h a n  in 
c e re b ra l  nuclei. D P N H -  a n d  T P N H -d ia p h o ra s e  re ac t io n  a p p e a re d  to be more in tens ive  in the  
cells o f  the  in te rm ed ia te  lobe t h a n  in those of th e  ad en o h y p o p h y s is .  A cid-phosphatase  and  
T P N H -d ia p h o ra s e  a c t iv i ty  w a s  n o tab ly  increased in t h e  a n te r io r  hyp o th a lam ic  nucle i of  
a n im a ls  m ade  an tid iu re t ica l ly  h y p e rac t iv e  by  d e h y d ra t io n .  On the  o ther  hand ,  th e  ac t iv i ty  
o f  succinic  dehydrogenase a n d  D P N H -d ia p h o ra se  show ed  no pe rcep tib le  increase, an d  did even 
decrease  in certain cases.
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Sára Koritsánszky

( In s t i tu te  of H isto logy a n d  E m b ry o lo g y ,  U n ivers i ty  Medical School, B u d a p e s t )

Number and Arrangement of Gomori-Positive Glia Cells and their 
Relations to Secretory and Non-Secretory Nerve Cells 

in Invertebrates
The centra l  nervous sy s tem  of bo th  the v e r te b ra te s  and the  i n v e r te b ra te s  con ta ins  

n u m ero u s  Gom ori-positive  glia cells. While age-condit ioned changes in the  glia cells o f  ra ts  
were described in an  earlier c o m m u n ica t io n ,  the  p resen t  exper im en ts  had  th e  p u rp o se  to 
com pare  the  sys tem  of glia cells in d i fferen t  species of  the  genus Lum bricus  an d  also th e  re la 
t ions  of these  cells to secre tory  a n d  non-secre to ry  nerve cells. Gomori-positive  glia  cells were 
found  in characteris tic  a r ra n g e m e n t ;  th e y  were encoun tered  a round  bo th  sec re to ry  a n d  m oto r  
neurones,  especially a round  the  c y to p la sm  a n d  the  axon. The  n u m b er  of G om ori-posi t ive  glia 
cells var ied  according to species: i t  was high in some, m o dera te  in o th e r  species, while  no such 
cells were found  in a th ird  category .  Topograph ica l  differences are p re su m ab ly  d u e  to d iffer
ences in m etabo lism , while species differences m ay  have  oecological reasons.

P. Lantos, D. Bara

( In s t i tu te  of Pa th o lo g y ,  U n ivers i ty  Medical School, Szeged)

Rare Tumours in the Hypothalamo-Hypophysial System
The results  of  two p o s tm o r te m  ex am in a t io n s  are described.
1. Highly  placed chor is tom a  of the  hypophysia l  s ta lk  was encoun tered  as a n  acc iden tal  

f ind ing  a t  the  a u topsy  of a 62-year old female. The  neurosecre to ry  f ibres of  the  su p ra o p t ic o 
h y pophys ia l  t r a c t  were swollen in c e r ta in  pa r ts  of the  choris tom a,  an d  the  s t a lk  showed 
m o d era te  sto rage  of secretion. No d iabe tes  insip idus had  developed because p a r t  o f  th e  fibres 
o f  the  t r a c t  h ad  been able to pass be tw een  th e  tu m o u r  cells in to  the  neu ro h y p o p h y s is ,  a n d  the  
a rea  of the  m ed ian  em inen tia  also re m a in ed  in tac t .  There  were no signs po in t in g  to  d isorders 
o f  adenohypophys ia l  act iv ity .

2. P o s tm o r tem  e x a m in a t io n  of a female ,  aged 40, revealed — in co n n ec tio n  w i th  a 
m o d era te  degree of R eck l in g h au sen ’s disease — a neuro fib rom a which occupied  th e  g rea tes t  
p a r t  of the  adenohypophys is  a n d  a ded iffe ren tia ted  spongiob las tom a which h a d  d es troyed  
th e  entire  hyp o th a lam u s .  T he  p a t i e n t  h ad  had  am enorrhoea  six, and  d iab e te s  insip idus 
four,  m o n th s  prior  to dea th .  T h e  d iabe tes  had im proved  in the  term inal  phase .

G. Gorácz, P. Baranyai

(D e p a r tm en t  of  P a th o lo g y ,  Pál H eim  Children’s Hospita l ,  B ud ap es t)

Electrolytes in Experimental Myocardial Necrosis
T he  necrosis-inhib i tory  effect of cer ta in  e lectro ly tes has been s tud ied  in r a t s  su b jec ted  

to t r e a tm e n t  inducing m yocard ia l  necrosis. Histological a n d  biochemical s tud ies  w ere  pe rform ed  
to establish  w he ther  the loss of  ions was the  initial process of m uscu lar  necrosis or  else a secon
d a ry  phenom enon  accom pany ing  the  d is in teg ra t ion  of tissues.
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Mária Keller, D. Tanka

( D e p a r t m e n t  of Pa th o lo g y ,  N a t io n a l  In s t i tu te  for R h e u m a to lo g y  and  Balneology, B u d a p es t)

Enzyme Activity in the Parenchymal Organs of the Rat Kept on 
Hypo- and Hyperpotassaemic Diets

The connection b e tw e e n  e lectro ly te  household a n d  t h e  var ious enzy m atic  sys tem s has 
so f a r  received poor a t t e n t io n .

The  present s tu d y  h as  b e e n  devoted  to the  changes  e v o k ed  by  hypo- and  h y p e rp o ta ssae 
m ic  conditions in the  a c t iv i t y  o f  enzym es in the  p a r e n c h y m a l  organs;  for th is  purpose  exper i 
m e n t s  were performed in r a t s .  H yper-  and h y p o p o ta s sa em ic  conditions were induced  by  
a p p r o p r ia te  diets. O b s e rv a t io n s  were  carried o u t  b e tw e e n  th e  f i r s t  and  f i f te en th  days  af te r  
s t a r t i n g  the  diet. Changes in  t h e  morphology of th e  p a r e n c h y m a l  o rgans were followed by  the  
u su a l  m ethods;  enzyme a c t i v i t y  in  these organs was d e te c te d  b y  biochemical and  histochemical 
tech n iq u es .

T he  ox ido-reductase  s y s te m  showed considerable  im p a i rm e n t  as early  as 24 hours 
a f t e r  s ta r t in g  bo th  the  h y p o -  a n d  hyperpotassaem ic  d ie ts ;  t h e  l a t te r  appeared  m ore  effective 
in th is  respect.  H ydro lase  a c t i v i t y  showed less m a rk e d  changes.

The  initial depress ion  w a s  followed in some of th e  o rg an s  by  an  increase of enzym e a c t iv 
i ty .  F o r  instance, in h y p o p o ta s sa e m ic  conditions acid p h o sp h a ta s e  in liver an d  k idney ,  and 
succino-dehydrogenase  in c a rd ia c  muscle showed in c reased  a c t iv i ty  on the  6 th  to  8 th  days.  
I n  t h e  spleen, carboxyl e s te ra se  a c t iv i ty  increased, a n d  la rge  a m o u n ts  of haem osider in  p ig m en t  
co u ld  be found, in d ica t ing  e n h a n c e d  destruct ion  o f  e ry th ro c y te s .

Regeneration c a p a c i ty  a f t e r  an  initial rise seem ed to  d im in ish  in the  su b seq u en t  period 
o f  o bse rva t ion  and a f u r t h e r  d e te r io ra t io n  of th e  e n z y m a t i c  p a t t e rn  of the  var ious organs 
co u ld  be observed.

I. Törő

( In s t i tu te  of H is to logy  a n d  Embryology, U n iv e r s i ty  Medical School, B u d ap es t)

Nuclei and Mitochondria of Thymus Cells
Electron microscopic e x a m in a t io n  revealed p e cu l ia r  p h e n o m e n a  on the  nuc lear  m i to 

c h o n d r ia l  and cell m e m b ra n e s  o f  th e  r a t  and guinea pig t h y m u s .  The  m itochondria l  changes 
a re  suggested  to be co n n ec te d  w i th  immunobiologie ch an g e s  a t  b i r th ,  th e  fo rm at ion  of nuclear 
v acu o le s  with nucleic acid  sy n th e s i s  accompanying t h y m o c y t e  p roduc tion ,  and  th e  presence 
o f  cy top lasm ic  bridges w i th  in fo rm a t io n  transfer.

B. Bukulya, I. Ökrös, I. Törő

(D ep ar tm en t  of  M o rp h o lo g y ,  Ins t i tu te  of E x p e r im e n ta l  Medicine, H u n g a r ian  
A c ad e m y  of Sciences, B u d a p e s t )

Submicroscopic Structure of the Thymus in 18 to 21-Day- 
Old Rat Embryos

In  addition  to v a r io u s ly  m a tu re d  th y m o cy tes ,  t h e  subcapsu lar  zone of the  th y m u s  
o f  18 to  21-day-old r a t  e m b r y o s  conta ins m an y  “ u n d i f f e r e n t i a te d ”  ovoid epithelial  cells, w i th  
c o m p a r a t iv e ly  few c y to p la sm ic  ribosomes, sm o o th -su r fa ce d  endoplasmic re ticu lum , and  
c r i s t a t e  m itochondria .  T h e i r  o v o id  nucleus is poor  in c h ro m a t in ,  which  is evenly  d is t r ibu ted  
a n d  g ranu la r .

The  cortex consis ts  m a in ly  of thym ic  “ u n i t s ”  co m p o sed  of a cen tra l  re t icu la r  cell and 
th y m o c y te s  surronding i t .  T h e  most  characteris tic  “ u n i t s ”  were encountered  n ear  the  
co r t ico -m edu lla ry  b o u n d a r y  in 18-day embryos. In  o ld e r  em b ry o s ,  d i f feren t  in te rposing cell 
t y p e s  sh a t te r  the  “ u n i t ” .

A p a r t  from a l im i te d  n u m b e r  of th y m o cy tes ,  t h e  m edulla  con ta ins  th ree  ty p es  of 
r e t i c u l a r  cells readily  d is t in g u i sh a b le  against th e i r  b a c k g ro u n d .

I t  is suggested t h a t  t h y m o c y te s  derive f rom  “ u n d i f f e r e n t i a te d ”  epithe lia l  cells in the 
su b c a p su la r  zone and  p r o b a b ly  con tinue  to m a tu r e  in  t h e  th y m ic  “ u n i ts ”  of  the  cortex.
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T he  medulla con ta ins,  a p a r t  f rom  a l im ited  n u m b er  of th y m o c y te s ,  th ree  k inds of well 
d is t ingu ishab le  re ticu lar  cells. T h e  long processes of the d a rk  cells o f ten  fo rm  ne tw orks  or are 
a r ranged  a round  vessels.

I t  is suggested t h a t  t h y m o c y te s  derive  from u n d if fe ren tia ted  epithelial  cells in the 
su b cap su la r  zone and und e rg o  a process of  r ipening in the th y m ic  u n i t s  of the  cortex.

E. Bácsy, I. Ökrös, D. Szabó, G. Rappay

( D e p a r tm e n t  of  Morphology, I n s t i tu t e  of  E x p er im en ta l  Medicine, H u n g a r ia n  A cadem y of
Sciences, Budapest)

Ultrastructural Changes in the Rat Thymus Following Exposure
to X-Rays

By m eans of e lec tro n  m ic roscopy ,  ra ts  exposed to  a su b le th a l  dose of x - ray s  have  
been  s tud ied  4, 24, 96, 168, a n d  264 ho u rs  a f te r  i r rad ia t io n  for changes  in th e  th y m u s  and 
the  local izat ion  of acid  p h o sp h a ta s e  ac t iv i ty .

W hile  m ost  of  t h e  m a tu r e  th y m o c y te s  were des troyed  w i th in  a d ay ,  m a n y  re t icu la r  
cells re m a in ed  in tac t.  The  d e g en e ra ted  cells were phagocytosed ,  a n d  th is  process was accom 
p an ied  by increasing acid p h o sp h a ta s e  a c t iv i ty .  R egenera t ion  was in d ic a te d  by the  increase 
in th e  n u m b e r  of cell d iv is ions.  I n  the  cy top lasm  of some re t i c u la r  cells co m p a ra t iv e ly  large 
vesicles were seen, m ostly  some t im e  a f te r  i r rad ia t ion ,  w hich  were a p p a r e n t ly  u n re la ted  
to  e n d o cy to t ic  act iv ity .

P. Müller

( In s t i tu te  of P a th o lo g y ,  F r iedr ich  Schiller U n ive rs i ty ,  J e n a )

Pathogenesis of Hepatic Eclampsia
On the basis of  p o s t -m o r te m  f ind ings  in num erous cases o f  p e r in a ta l  m a te rn a l  dea th  

a n d  of the  results  of anim al e x p er im en ts ,  some new points are ra ised  in connec tion  w ith  the 
pa thogenes is  of  toxaem ic  liver in ju ry .  T h e  condition  is ascribed to em bol iza t ion  of th rom bo- 
plastic  subs tances  (am nio tic  f lu id ,  re tro p lac e n ta l  h aem a to m a)  across an  u te ro p o r ta l  by-pass 
c ircu la t ion .

II. David

( In s t i tu te  of  P a th o lo g y ,  H u m b o ld t  U n ivers i ty ,  Berlin)

Changes in Kupffer’s Cells Due to Actinomycin
A ctinom ycin  in terferes w ith  R N A  synthesis  by combining w i th  guan ine  a n d  so c o u n te r 

ac t ing  the  effect of R N A -po lym erase .  T h is  p ro p e rty  of a c t inom yc in  has rep ea te d ly  been de 
m o n s t ra te d  in num erous k inds of cells ( including liver cells) b o th  in  vivo  a n d  in vitro.

Mice and  ra ts  were t rea te d  in trap e r i to n ea l ly  with 0.5 to 1 fig  of  a c t in o m y c in  C (Sanam y- 
cin,  B A Y E R )  or ac t inom ycin  D (Cosmegen, M ERCK),  and killed 3 to 48 hours  later.

A p a r t  from the  r e p ea te d ly  described changes in the  p a re n c h y m a l  cells, changes of 
k u p f f e r ’s cells do m in a ted  the  p ic tu re  in num erous  cases. These  cells were d iffusely swollen, 
m arked ly  enlarged and c o n ta in ed  large vacuoles. T he  nuclei d isp layed  b izarre  shapes  and  were 
pushed  tow ards  the  periphery .  Most organelles were destroyed. T he  a p p ea ran c e  of cytolysomes, 
som etim es  larger than  the  nuclei,  was observed. They  c o n ta in ed  h om ogeneous  osmiophilic 
m a t t e r  as well as filiform a n d  c rys ta l lo id  s t ru c tu re s  sepa ra ted  from  th e  su r ro u n d in g  vacuolar  
c y to p la sm  by a simple m em b ran e .  T h e  cy to lysom es were p re su m ab ly  p h a g o c y te d  cells.

T he  swelling of K u p f fe r ’s cells o b s t ru c te d  th e  sinusoids p a r t ia l ly  or  e n t i re ly  a t  num erous 
p o in ts  and  so induced a decrease  of blood supp ly  and  hypox ia  in th e  a d ja c e n t  p a ren ch y m a l  
cells. T h is  phenom enon  m a y  be of considerab le  significance when  th e  effects of  ac t inom ycin  
are ex am in ed  in  vivo and also w hen  h e p a t ic  in ju ry  is observed following t r e a tm e n t  w i th  the 
antib io tic .
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В. Szende, J. Juhász, G. Kendrey

(F irs t  In s t i tu te  of P a th o lo g y  and E x p e r im en ta l  Cancer R esearch ,
U n iv e r s i ty  Medical School, B u d a p es t)

Effect of Chronic Isoniazid Treatment on the Liver of White Rats
T h ere  exist several r e p o r t s  o n  exper im en ta l  a n d  clinical o b se rv a t io n s  on hepatic  in ju ry  

c a u s e d  b y  isonicotinic acid h y d r a z id e  ( IN H ).  Therefore, th e  effect of  ch ron ic  I N H  t r e a tm e n t  
o n  t h e  p a ren c h y m a to u s  o rgans  o f  w h i te  r a t s  has been stud ied .  S e v en ty  an im als  of b o th  sexes, 
k e p t  o n  a s ta n d a rd  diet, were t r e a t e d  w i th  oral doses of 100 m g/kg  daily .  T h e  r a ts  died between 
t h e  7 0 t h  a n d  the  700th d ay  o f  t r e a t m e n t .  Microscopic e x am in a t io n  revea led  th e  following a l te r 
a t i o n s  1. F a t t y  degenerat ion  o f  v a r io u s  degrees. 2. Focal h e p a t ic  necrosis an d  consequentia l  
c e l lu la r  reac tion .  3. V aria t ions  in  t h e  size of  liver cell nuclei an d  increase  of the  num ber  of 
m u l t i n u c l e a r  hepatic  cells.

T h ese  phenomena were e n c o u n te re d  in th e  m a jo r i ty  of the  an im als ;  the  changes 
b e c a m e  m ore  f requen t  an d  sev e re  to w a rd s  the  end of the  exper im en t .

I n  four  animals , d ied in  t h e  la s t  phase of the  ex p e r im e n t ,  th e re  were tu m o u rs  
o r ig in a t in g  from  the cells of  th e  h e p a t i c  pa renchym a.  The  m orphological  fea tu res  of  the  tu m o u rs  
a re  described .

G. Kendrey, J. Juhász, В. Szende

(F irs t  In s t i tu te  o f  P a th o lo g y  and E x p e r im en ta l  Cancer Research,
U n i v e r s i ty  Medical School, B u d a p es t)

Ultrastructural Changes in the Rat Liver Following Isoniazid (INH)
Treatment

W h ite  ra ts  of b o th  sexes, k e p t  on a s ta n d ard  sy n th e t ic  die t ,  were  t r e a te d  orally w ith  
100 m g /k g  of IN H  daily for n e a r ly  tw o  years. The u l t r a s t ru c tu ra l  p h e n o m e n a  observed in the 
l iv e r  cells an d  the  hepatoce l lu la r  t u m o u r s  during  the  la te r  phase  of the  t r e a tm e n t  are reported .

Changes were m os t  p r o n o u n c e d  in the  endoplasmic re t icu lu m  a n d  the  mitochondria .  
T h e  r o u g h  surfaced endoplasm ic  r e t i c u lu m  was disorganized in  m o s t  l iv e r  cells; m an y  cis terns 
w e re  d is ten d ed ,  and  p a r t i a l  d e g r a n u la t io n  of the  m em b ran e s  cou ld  b e  observed. Vesicular 
t r a n s f o r m a t i o n  of this sy s tem  a lo n g  w i th  the  d isappearance  of r ibosom es w as frequent .  The 
m e m b r a n e s  of the sm ooth  su r f a c e d  endoplasm ic  re t icu lum  fo rm in g  vesicles an d  tubu les  were 
a c c u m u l a t e d  in  larger an d  s m a l le r  foci;  the glycogen h ad  d i sap p eraed .  T h e  m itochondria  
sh o w e d  signs of regress ive c h an g e s ;  ab n o rm a l  e n la rg em en t  w i th  decrease  of the  densi ty  of 
t h e  m a t r i x  a n d  loss of th e  c r i s t a t e  w ere  p ro m in en t  a l te ra t ions .  L arge  n u m b e rs  of  osmophilic 
g r a n u le s  were matrices f r e q u e n t ly  o bse rved  in Golgi a p p a ra tu s .

G ia n t  mitochondria  of  v a r y in g  shapes  w ith  serious d eg en e ra t iv  changes  were f requen t ly  
s e e n  in  t h e  hepatoce l lu la r  t u m o u r s .  M ost  tu m o u r  cells inc luded  a n  e x tre m e  accum ula tion  
o f  s m o o th  m em branes w hich  c o r re sp o n d  the  cytoplasmic acidophilic  a reas  seen un d e r  the  l ight 
m ic ro sc o p e .  These m em b ran es  sh o w e d  a concentric  or  lam e lla r  a r r a n g e m e n t  in  some cells. In  
o t h e r  t u m o u r  cells well d e v e lo p ed  r o u g h  surfaced endoplasm ic  re t i c u lu m  a n d  large num bers  
o f  f ree  r ibosom es could be d e m o n s t r a t e d .

I. Bartok, V. Totovic

( I n s t i t u t e  of  P a th o lo g y ,U n iv ers i ty  Medical  School, Szeged, a n d  I n s t i tu t e  o f  P a tho logy ,  Medical
U n ive rs i ty ,  M arburg)

Autopliagous Vacuoles (Cytolysomes) in the Liver Cells 
Following Partial Hepatectomy

A considerable a cc u m u la t io n  o f  au tophagous  vacuoles (cy to lysom es)  has  been observed 
in  t h e  h e p a t ic  p a renchym a o f  r a t s  1 to  3 hours a f te r  p a r t ia l  (2/3) h e p a te c to m y .  The  vacuoles 
w e re  s i tu a te d  between the  h y p e r p la s t i c  Golgi complexes an d  th e  bile canaliculi .  Some of them , 
b o u n d e d  by  u n i t  m em brane ,  c o n ta in e d  different cy top lasm ic  c o m p o n e n ts  or th e i r  rem nan ts .
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Some a u to p h a g o u s  vacuoles  c o n ta in ed  a double cav i ty :  in t h e  vacuole,  hounded b y  t h e  u n i t  
m em b ran e  a n d  con ta in ing  a hom ogeneous m atr ix ,  there  was a second cav i ty  su r ro u n d e d  by 
concentric  an n u la r  m em b ran es .  Th is  inner  cav i ty  co n ta in ed  seques te red  b u t  still recogn izab le  
cy top lasm ic  fragm ents .

T he  fo rm at ion  of a u to p h a g o u s  vacuoles  is discussed on th e  evidence of m an y  t r a n s i to r y  
forms. I t  is suggested th a t ,  since p a r t ia l  h ep a tec to m y  in tens if ies  the  ac t iv i ty  of the  l iver,  the  
accu m u la t io n  of a u to p h a g o u s  vacuoles  is due to an increased  physiological tu rn o v e r  o f  the  
cell com ponen ts .  T he  a ccu m u la t io n  of au top h ag o u s  vacuoles  does n o t ,  therefore, necessa r i ly  
m ean  a p redom inance  of ca tabo lic  processes in the  h e p a t i c  cells: i t  m ay  even he due to  a n  in 
creased anabolic  act iv i ty .

G. Varga, L. Varga, I. Piukovich, F. Szontágh

( In s t i tu te  o f  Pa tho logy ,  Second D e p a r tm e n t  of Medicine, a n d  D e p a r tm e n t  of O bs te t r ic s  a n d  
Gynaecology, U n ive rs i ty  Medical School, Szeged)

H epatic A ctiv ity  in  R ats T reated  w ith  G estagen

R ats  w i th  bod y  weights  be tw een  ISO a n d  2S0 g, k e p t  o n  a s t a n d a rd  diet, were t r e a te d  
orally  w ith  gestagen p re p a ra t io n s  over  six to ten days  a n d  th e n  exam ined  for the c o n c e n t r a 
t ion  of se rum  proteins,  p ro te in -b o u n d  hexose, hexosam ine  a n d  neuram in ic  acid. G lu tam ic -  
pyruv ic  t ran sam in ase  a c t iv i ty  of th e  serum  and  t h a t  o f  l iver t issue were de te rm ined  in som e 
cases. The  biochemical e x am in a t io n s  were su p p lem en ted  by  a histological s tu d y  of t h e  l iver.  
T he  poss ib ility  of  h epat ic  d am a g e  by  the  gestagen, a c o n tro v e rs ia l  subject ,  is discussed.

Márta Balázs

( D e p a r tm e n t  o f  A n a to m y ,  P o s tg ra d u a te  Medical School, Budapest)

E x trah ep a tie  and  In trah cp a tic  O cclusion o f  th e  Biliary T ract

H ep a t ic  lesions induced  by  the  ad m in is t ra t io n  o f  a - n a p h th y l  [ iso th iocyanate  show 
m u ch  resem blance  to h u m a n  biliary cirrhosis.

The  successive s tages of in t ra h cp a t ic  biliary occlusion  in d u ced  by the said d ru g  h a v e  
been s tud ied  in ra ts  a n d  c o m p ared  w ith  the  f indings in e x t r a h e p a t i e  biliary occlusion in d u ce d  
by the  l igat ion  of the  bile duc t .  R a ts  w ith  body weights b e tw ee n  150 a n d  180 g were d iv id e d  
in four  groups.  The  first, received acu te ,  the  second su b a c u te ,  th e  th i rd  chronic oral t r e a t m e n t  
w i th  a -n a p h th y l  iso th iocyanate ,  while in the fou rth  g ro u p  th e  c om m on duc t  of the  a n im a ls  
was l igated. A cute  poisoning caused  swelling, vacuo la t ion  a n d  th e n  necrosis of  the cells o f  the  
in te r lo b u la r  ducts .  T he  changes reach ed  a peak on the th i rd  d ay .  S u b acu te  and chronic  t r e a t 
m e n t  caused proliferation a n d  fibrosis of  the  biliary duc ts .  T h e  p ic tu re  af te r  ligation was d if fe r 
e n t  f rom  t h a t  observed in th e  acu te  and  subacu te  s tage  o f  poisoning, whereas l iga t ion  a n d  
chronic  poisoning gave rise to iden tica l  results .

P. Oszwald, L. Fónyad, Anna Skodnicz

(Tétény i  Hosp ita l ,  B u d a p es t)

H epato toxic  A ction of F ln o th an c

T he  fac t  t h a t  rece n t  s tud ies  on the  hep a to to x ic  effect o f  f lu o th an e  have p re s e n te d  
c o n tra d ic to ry  descrip t ions of the  clinical a n d  an a to m ica l  p ic tu re ,  jus t if ied  to in v e s t ig a te  
th e  p rob lem  on a large m ate r ia l .

Phe results  of  microscopical inspections  and  p o s t  m o r te m  f ind ings  m ade  in th e  course  
of ten  years ,  have been su rveyed .  T he  surgical and a n a e s th e t i c  records, the p o s to p e ra t iv e  
o bse rva t ions  and  l a b o ra to ry  s tud ies  of  the  last  five yea rs  h ave  been subjected  to a d e ta i le d  
sc ru t iny ,  a n d  p a r t icu la r  a t t e n t io n  was paid to com m only  k n o w n  hep a to to x ic  factors. R e su l t s  
were c o m p ared  w ith  d a ta  f rom  the period  1956 1960 w h en  th e  cu r re n t ly  employed m e th o d s
of anaes th es ia  were n o t  y e t  in use.
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P. Kapp

(D e p a r tm en t  of  P a th o lo g y ,  U n iv e rs i ty  V e te r in a ry  School, B u d a p e s t )

D evelopm ent and  S equelae o f A cu te  In fec tious H epatitis  in  th e  Dog

D ogs have  been in fec ted  w i th  h ep a t i t i s  v i ru s ,  an d  developm ent o f  th e  d isease was 
fo l lo w ed  b y  biopsy. Changes o f  th e  sinusoid walls a n d  increasing capil la ry  p e rm e ab i l i ty ,  the 
f i r s t  h e p a t i c  changes, were p r o m p t ly  followed b y  th o se  of th e  p a ren c h y m a  such  as vacuo la t ion ,  
a c id o p h i l ic  necrosis, decrease o f  glycogen an d  r ibo -nucleopro te in  c o n te n t  o f  th e  cells, etc. 
I n f l a m m a t o r y  in f il t ra t ion  of th e  p e r ip o r ta l  spaces w as  usua lly  m odera te  a n d  o c cu r re d  in the  
t e r m i n a l  ph ase  only. N uclear  inclusions,  c h a ra c te r i s t ic  of canine infectious h e p a t i t i s ,  were 
o b s e r v e d  f i r s t  in K upffe r ’s cells, t h e n  in th e  e n d o th e l ia l  cells of the  sinusoids,  a n d  te rm ina l ly  
in t h e  p a re n c h y m a .  Similar  b u t  sl igh ter  changes w ere  observed in the  a n im a ls  su rv iv ing  the  
in fec t io n .

A c u te  changes developing in  the  course o f  in fec t ious  hepati t is  were fo u n d  n o t  to  lead to 
c i r rh o s is .  Some of th e  su rv iv ing  an im als  developed  chronic cholecystit is  a n d  su b a c u te  or 
c h ro n ic  in te rs t i t ia l  nephrit is .

F. Szarvas, Éva Horváth, F. Bilirzki

( F i r s t  D e p a r tm e n t  of  Medicine, a n d  I n s t i tu t e  of  P a th o lo g y ,  U niversi ty  M edical  School,  Szeged)

Effect of E x p erim en ta l H ep a tic  C irrhosis on Leydig Cell 
H yperplasia F o llow ing  S ub to ta l O rcliidectom y in  th e  R a t

I t  has  been shown earl ier  t h a t ,  a f te r  su b to t a l  o rch idectom y, in th e  te s t i c u la r  r e m n a n t  
n o d u l a r  h yperp las ia  of the  Leyd ig  cells tak es  p lace  w h ich  in a few m o n th s  leads  to t h e  fo rm a
t io n  o f  adenom as .  The p h e n o m e n o n  has been a t t r i b u t e d  to increased p i tu i t a r y  IC S H -ac t iv i ty .  
T h e  p r e s e n t  experim ents  h ave  show n  t h a t  the  r e a c t iv i ty  to exogenous IC SH -like  p rep ara t io n s  
d e c re ase s  in ra ts  w ith  liver c irrhosis induced  b y  th io ace tam id e .  S te ro id-3/Lol-dehydrogenase  
a c t i v i t y  in th e  testicle  did n o t  increase  to such a n  e x t e n t  as in the  con tro l  an im a ls ,  and  the 
g r o w t h  o f  the  accessory g lands also rem ained  b e h in d  t h a t  of the controls.  S u b to ta l  o rchidec
t o m y  fa i led  to elicit n o du lar  Leyd ig  cell h y p e rp la s ia  in th e  cirrhotic ra ts ,  a l th o u g h  local adm in
i s t r a t i o n  o f  th ioace tam ide  h ad  caused  no d irec t  t e s t ic u la r  injury. I t  is suggested  th a t ,  as a 
c o n se q u e n c e  of the m etabo lic  d is tu rb an c e  a c c o m p a n y in g  hepatic  lesions, th e  r e ac t iv i ty  of 
L e y d i g ’s cells to endogenous IC S H  is also decreased.

G. Varga, Éva Horváth, Irma Korom, Zsuzsa Korpássy

( In s t i tu te  of P a th o lo g y ,  U n iv e rs i ty  Medical School, Szeged)

E ffect of C ontinued R eg en era tiv e  S tim u la tion  on th e  h ep a to -
carc inogenesis

P o s th e p a te c to in y  se rum  ( P H S )  provokes re g en e ra t iv e  phenom ena  in the  l iver  o f  heal thy  
r a t s .  I t s  effect has been s tu d ied  in  th e  early  s tage  o f  hepatocarcinogenesis .  Y o u n g  a d u l t  male 
r a t s  w e re  fed d im e thy lam ino-azobenzene  ( b u t t e r  ye llow) and ano ther  g roup  of t e s t  animals 
r e c e iv e d ,  in addit ion ,  P H S  ev ery  th i rd  day.  U n t r e a t e d  and P H S - t r e a te d  a n im a ls  served as 
c o n t ro l s .  T he  experim ents  were co n tin u ed  for fo u r  m onths .

C om bined  P H S  and  b u t te r -y e l lo w  t r e a tm e n t  p rovoked  more p ro n o u n c ed  lesions than  
b u t t e r  ye llow  alone. While p recan ce ro u s  s y m p to m s  were less s tr iking a f te r  t r e a tm e n t  with 
b u t t e r  yellow alone, com bined  t r e a tm e n t  w i th  b u t t e r  yellow and P H S  was f r e q u e n t ly  followed 
b y  a  co m p le te  b reakdow n of th e  h e p a t ic  s t ru c tu re ,  diffuse oval-cell hy p e rp la s ia ,  p ronounced  
b a s o p h i l i a  and  even m a l ig n an cy  (hepatom a) .  C on t inuous ly  applied r e g en e ra t iv e  s t imuli  
s e e m  to  p ro m o te  hepatocarc inogenesis .
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L. P. Szabó, A. Haraszti, Klára Kis

( D e p a r tm e n t  of Pa tho logy ,  County  H osp ita l ,  Eger)

Lipofusein C ontents o f the Liver o f  Aged Individuals

T he  liver of  401 au tops ied  p a t ien ts  who had lived m o re  th a n  60 years has been  s tu d ie d  
for l ipofuscin con ten t .  L ipofuscin c o n ten t  was increased in 80 p e r  cen t  of the exam in ed  livers 
(aga ins t  61 per  cent  in the  liver of  younger  individuals) .  L ow  liver weight is n o t  necessar i ly  
assoc ia ted  w ith  an  increase in lipofuscin con ten ts .  P a t ie n t s  w ho  had  died of m al ignan t  t u m o u r s  
showed the  sam e ra tio  of norm al an d  increased hepat ic  l ipofuscin  as old persons. A cu te  ca rd iac  
failure did n o t  affect th e  lipofuscin level, while chronic insuff ic iency  was accom panied  b y  in 
creased lipofuscin concen tra t ion .

P. Eudes, S. Goinhu, G. Krasznai

( In s t i tu te  of Pa th o lo g y ,  U niversi ty  Medical School, Debrecen)

B ehaviour of the  Ju x tag lo m eru la r  A p p a ra tu s  in Keual 
H ypertension , P rim ary  and  Secondary  A ldosteronism

F o u r  - clinically grave  — cases of h y p e r ten s io n  were  accompanied by  se c o n d a ry  
a ldos te ron ism , while cer ta in  b ranches  of the  renal a r t e r y  (un ila tera lly  or b i la te ra l ly )  were 
stenosed. T he  ju x ta g lo m e ru la r  a p p a ra tu s  showed e x tre m e  h y p e rp la s ia  in the  ischaem ic  a reas  
of  th e  renal  cortex,  while no ju x ta g lo m e ru la r  g ran u la r  cells were seen in the cor tica l  a rea s  
w ith  p a t e n t  arteries  wdiere hypertens ive  vascu la r  a n d  p a ren c h y m a l  changes were ev id e n t .  
On th e  o th e r  han d ,  g ran u la r  cells were ab se n t  from th e  rena l  cor tex  in two cases of p r im a r y  
aldosteronism .

T he  g ran u la r  and  a g ran u la r  forms of the  epitheloid sm oo th -m uscle  cells of p re g lo m eru la r  
a rterio les and  the ir  func tional  significance are discussed.

J. Simárszky, P. Endes, Margit В. Soltész, G. Da ml a

( In s t i tu te  of  P a th o lo g y ,  U niversi ty  Medical School, Debrecen)

B ehav iou r o f the  Ju x tag lo m eru la r  A p p ara tu s  in Shock Induced by
D uodenal L igation

Inc rease  in the  n u m b er  of ju x ta g lo m e ru la r  g ra n u la r  cells (JGC) was found in th e  k id n e y  
of p a t i e n ts  who had  died of renal  failure subsequen t  to shock. I t  has been a t t e m p ted  to c rea te  
in the  r a t  a condition  similar to h u m a n  renal failure fo llowing upo n  shock by l iga t ing  the  
d u o d en u m . In  such cases the  loss of  w a te r  leads to d e h y d ra t io n  a n d  consecutive p e r ip h e ra l  
c ircu la t ion  failure.

T he  JG C  was observed 24, 36 and  48 hours a f te r  l iga t ion  a t  the  duodeno-je junal  b o u n d 
ary ,  an d  also one and  two weeks a f te r  a similar ligation for 36 hrs. T h e  Na, К and N P N  levels, 
as well as blood pressure  were de te rm ined  two weeks a f te r  duodenal  ligation for 36 hrs .  In  
co n tra d ic t io n  to clinical obse rva t ions ,  the  JG C  index was fo u n d  to have  decreased a t  24 a n d  
48 hrs;  i t  becam e more or less norm al one and  two weeks a f te r  the  release of th e  l ig a tu re .  
Se rum  N a  an d  К u n d e rw e n t  no essential change; NPJN increased 36 hrs after th e  l ig a t io n ,  
and  blood pressure  decreased.

S. Gomba, Margit В. Soltész, V. Szokoly

( In s t i tu te  of Pa th o lo g y ,  U nivers i ty  Medical  School,  Debrecen)

llis to eh e in iea l Study o f  the P hosphatases in  the  Ju x tag lo m eru la r
A ppara tus

T h e  ju x ta g lo m e ru la r  g ran u la r  cells in the  k idney  o f  m ice a n d  ra ts  contain acid  p h o s 
p h a ta se  which  is p re su m ab ly  localized in the  secretory  g ranu les .  T here  is, in the  r a t ,  a n  i n t e r 
sti t ia l  a lka l ine -phospha tase  posi t ive  b a n d  be tw een  the  m ac u la  densa and  the G o o rm a g h t ig h
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cells; t h e  b a n d  is connec ted  w i th  t h e  ou ter  surface o f  b o t h  th e  afferent a n d  e f fe ren t  a rterio les 
a n d  o f t e n  reaches in to  th e  in te r s t i t ia l  space a r o u n d  th e  G oorm aghtigh  cells. T h e  ATP-ase  
a c t i v i t y  reg is te red  there  is n o t  due  to  aspecific A T P  s p l i t t in g  by  the  alkaline p h o sp h a ta s e ,  and 
i t  e x t e n d s  to  the  la te ra l  m em b ran e s  of the  m acu la  d e n s a  cells. No such p h e n o m e n o n  h as  been 
o b s e r v e d  in  mice an d  h u m an s .  H u m a n  m a c u la -d e n sa  cells show strong  ac id -p h o sp h a ta se  
a c t iv i t y .  N o  g lucose-6-phosphatase  a c t iv i ty  has b e en  e n co u n te red  in the  ju x ta g lo m e r u la r  cells 
o f  m ic e  a n d  ra ts .  H u m a n  organs  h a v e  n o t  been  t e s te d  fo r  th is  enzyme.

L. Szűcs, G. Krasziiai

( In s t i tu te  of P a th o lo g y ,  U n iv e rs i ty  M edica l  School, Debrecen)

Ju x ta g lo m e ru la r  A p p ara tu s  and  A d ren a l G land in R ats T rea ted  w ith  
H om ogenized  H om ologous M uscle a n d  H eterologous R en a l T issue

A d m in is t r a t io n  of exogenous ren in  affects t h e  ju x ta g lo m e ru la r  g ran u la r  cells ( JG C ) and  
b lo o d  p re ssu re .  Renin ,  p re su m ab ly  a p ro d u c t  of t h e  JG C ,  m ay  be regarded  as t h e  t roph ic  
h o r m o n e  o f  th e  zona g lomerulosa .  E a r l ie r  in v es t ig a t io n s  h a v e  shown the  JG C  to  be  in v o lv ed  in 
t h e  so -ca l led  au to n o m o u s  reg u la t io n  of renal  b lood c i rcu la t io n ,  whereas cer ta in  m e ta b o l i te s  of 
t h e  s t r i a t e d  muscles are responsib le  for the  isoaemic au to re g u la t io n  of muscle.

I t  h a s  been s tud ied  w h e th e r  th e  a d m in i s t r a t io n  of exogenous mouse k id n e y  r ich  in 
g r a n u l a r  cells would a ffec t  the  JG C -in d ex  of the  r a t ,  a n d  w he ther  this index  w as a f fec ted  by 
t r e a t m e n t  w i th  hom ogenized m uscle  t issue r ich  in  v aso ac t iv e  substances.  C hanges  in the  
a d r e n o c o r t i c a l  cell nuclei h a v e  also been d e te rm in e d ,  a n d  th e  results  have  been  c o m p a re d  with 
t h e  c h a n g e s  occurring in th e  JGC -index .

J. Stolarczyk

( D e p a r tm e n t  o f  Pa tho logy ,  M edica l  A cadem y, Gdansk)

M icropunctu re  S tudies of th e  E ffec t o f  Lym phatic O cclusion 
on R ena l F u n c tio n  in  R ats

A c u te  e xper im en ts  were pe rfo rm ed  to  s tu d y  th e  effect of ly m p h a t ic  occlusion on  renal 
f u n c t io n .  Urine  was collected b i la tera lly ,  th e  r i g h t  k id n e y  served as a  con tro l .  L y m p h a t ic  
o c c lu s io n  produced  a m ark e d  increase  in u r ine  f low w i t h  an  increased osm olal i ty  b u t  G F R  was 
n o t  a l t e re d .  There  was an  e leva t ion  in  to ta l  m ed u l la ry  so lu tes ,  a m odera te  rise in i n t r a tu b u la r  
p re s su re ,  n o rm al  t u b u la r  f lu id  osm olal i ty ,  an d  n o rm a l  p ro x im a l  insulin ra t io s  b u t  s ignificantly  
lo w e r  in u l in  ra tios  in the  dis ta l  tubu le .  Thus,  the  r e s t r ic te d  lym ph  flow increased m e d u l la ry  and 
u r in e  osm ola l i ty .  I t  is concluded t h a t  changes in  l y m p h  flow could p lay  a role in d e te rm in in g  
m e d u l l a r y  osm olal i ty  a n d  in the  regu la t ion  of t h e  c o n c e n tra t in g  m echanism.

D. J. Davies

( D e p a r tm e n t  of  Pa tho logy ,  U n iv e r s i ty  of Liverpool)

The E ffect o f E th y le n e -Im in e  on the K idney

E th y len e- im in e  (form erly  called v iny lam ine)  is a volati le  organic l iquid  w h ich  has the 
spec if ic  p r o p e r ty  of d e s t roy ing  th e  renal  m edu l la  w h e n  administered  in doses o f  a b o u t  0.05 
m l/k g .

A  descrip t ion  is g iven  of t h e  lesions seen in  t h e  k id n e y  and the u r in a ry  t r a c t  o f  r a t s  and 
r a b b i t s  following ad m in is t ra t io n  of n ephro tox ic  doses o f  th is  substance. T he  effects on  u r inary  
v o l u m e  a n d  concen tra t in g  c ap a c i ty  are also described .

E th y len e- im in e  produces  lesions which  are q u i t e  s t r ic t ly  localized to the  in n er  p a r t  of  the  
m e d u l l a ,  th e  renal p y ram id ,  a n d  do n o t  a ffec t  t h e  in te rm ed ia te  zone ex cep t  fo r  occasional 
p r o lo n g a t io n s  along the  bund les  o f  v asa  recta .  Les ions  a re  also seen in the  walls o f  th e  pelvis 
a n d  in  t h e  bladder.
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T h e  functional  effect of e thylene- im ine  is to p ro d u c e  a  ty p e  of nephrogenic  d iab e tes  
insipidus.

T h e  p robab le  mode of act ion  of this substance  is d iscussed  particularly  in re la t io n  to  the  
newer concep ts  of  the  physio logy of the  renal medulla.

J. Justus

( In s t i tu te  o f  Pa tho logy ,  Medical A cad e m y ,  Dresden)

O sm otic N ephrosis in  F am ilia l Ju v e n ile  N ephrophthisis

T h e  morphological changes in familial juvenile  n e p h ro p h th is i s  are described in c o n n ec 
t io n  w i th  th ree  cases occurring  in  siblings. One child d ied  f ro m  meningo-encephalitis ,  so i t  was 
possible to  observe the  ear ly  s tage of the  renal disease. A f e a tu r e  observed in all the  th re e  cases 
was osm otic  nephrosis. H y d ro p ic  swelling of the tu b u la r  e p i th e l iu m  was probably  d u e  to  h y p e r 
h y d ra t io n  by  infusions, whereby  th e  basic disease m ig h t  h a v e  been as a significant d isposing  
jac to r.

B. Szende, L. Urai,  К. Gyenge

(F irs t  I n s t i tu t e  of A n a to m y  a n d  E x p er im en ta l  Cancer  R ese a rc h ;  Second D e p a r t m e n t  of  
Medicine, U n ivers i ty  Medical School, B udapes t)

Ju ven ile  H ypertension  P o in ting  to  C onn’s Syndrom e

A lthough  p r im a ry  h y pera ldoste ron ism  was recogn ized  b y  C o n n  as far b a ck  as 1956, 
only a single case has so fa r  been described in H u n g a ry  ( G l á z  e t  al.).

T h e  21-year old male p a t i e n t  h ad  had hypertens ion  fo r  f ive  years.  The condit ion  h a d  been 
a t t r i b u te d  to chronic  n e p h ro p a th y ,  a n d  i t  was possible on ly  t h e  d a y  before dea th  to  d e te rm in e  
the  blood N a an d  К  levels. T he  resu lts  poin ted  to C onn’s syndrom e.

D e a th  was caused by v en tr icu la r  haem orrhage;  b o t h  th e  b ra in  and the k id n ey  show ed 
signs of hype r tens ive  vascu la r  disease. The  cortex  o f  t h e  le f t  adrena l  contained a t u m o u r  
b righ t  yellow in colour a n d  1.5 cm  in diam eter,  a h o rm o n e-p ro d u c in g  adenom a o r ig in a t in g  
p a r t ly  f rom  the  zona g lomerulosa  an d  pa r t ly  from the  z o n a  fasciculata. The h e a r t  m uscle  
revealed lesions charac te ris t ic  of  electrolyte-steroid c a r d io p a th y .  Histological changes  in  the  
h y p o th a la m u s  po in ted  to chronic  inflam m ation .

T h e  h is to ry ,  the  h is tochem ical  and p o s tm o r tem  f in d in g s  m ade  it  safe to a s su m e  t h a t  
the  case was one of Conn’s syndrom e.

Éva Horváth, P. Lantos, К. Kovács

( In s t i tu te  of  Pa tho logy ,  a n d  F i r s t  D e p a r tm e n t  of  Medicine, U n iv e rs i ty  Medical School, Szeged)

H istochem ical A spects o f  E xperim entally  In d u ced  Z ona G lom erulosa
Necrosis

T he  in trav en o u s  a d m in is t ra t io n  of 5 mg h e x a d im e th r in e  brom ide  (Polybrene, A B B O T T )  
to ra ts  induces  to ta l  necrosis in the  zona glomerulosa a n d  a considerable  decrease in th e  p r o 
duction  o f  a ldosterone. H is tochem ica l  analysis revealed  a  considerab le  d im inution  o f  s te ro id-  
3 ,3/i-ol-dehydrogenase a c t iv i ty  over  the  entire  area  of th e  zona  glomerulosa one h our  a f te r  the  
ad m in is t ra t io n  of h e x ad im eth r in e  a n d  there  was no sign o f  a c t iv i ty  after  two hours .  I n  the  
zona fascicu la ta  a n d  the  zona re ticu lar is  rem ained  n o rm a l  ac t iv i ty .  The act iv ity  of  succ in ic  
dehydrogenase  ceased af te r  24 hours  oidy. The  two inner zones  show ed no change in th is  respec t .

A l though  in some cases focal necrosis has been o b se rv ed  also in th e  zona fa sc icu la ta  and  
the  zona re ticularis ,  such necroses h ave  no toxic ch ara c te r :  b o th  histological  and h is tochem ica l  
e x am in a t io n  revealed  the ir  ischemic na ture .  In  the  i n fa rc t  no enzyme a c t iv i ty  was 
dem o n s trab le  b u t  their  d isap p ea ran ce  was slower t h a n  in  t h e  zona  glomerulosa.

Pos tnecro tic  regenera t ion  was rapid .  D evelopm ent o f  a  histochemically  norm al new zona  
g lomerulosa  took tw o- th ree  weeks.
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L. Kovács, Edit Baumgartner

(M edico-R adio log ica l  R esearch  G ro u p  of the  H u n g a r ia n  A cadem y of Sciences; D e p a r tm e n  
of R oen tgeno logy ,  U n ivers i ty  Medical School, Budapest)

H isto log ica l and  F u n c tio n a l Changes in  th e  A drenal Cortex C aused 
by S u p ra le th a l Doses of Io n iz in g  R adiation

W h ite  ra ts  have been e x p o sed  to 1300 R  to ta l  b o d y  i r rad ia t ion  and  e x am in ed  1, 3, 4, 48 
a n d  72 h o u r s  af te r  exposure.

T h e  adrena l  cortex  was p o o r  in lipids a t  one a n d  th ree  hours,  and  on ly  th e  zona  glo- 
m e r u lo s a  con ta ined  fats .  T he  o rg a n  becam e once m o re  r ich  in lipids a t  24 hours .  T h e i r  a m o u n t  
d im in i s h e d  and  was chiefly  d e m o n s tra b le  in the  z o n a  g lomerulosa  a t  48 hrs.  A f te r  72 hrs. ,  i t  
w a s  o n ly  t h e  zona glomerulosa w h ic h  still con ta ined  a m o d e s t  am oun t  of lipids.  T h e  c o r te x  was 
c o n g e s te d  a n d  the  cells were swollen.

A s  to  the  blood co r t icos te rone  level an d  co r t icos te rone  and a ldos te rone  sy n th es is  
in  v itro , t h e  hormone secretion h a d  two phases;  a f i r s t  one imm ediately  a f te r  t h e  i r rad ia t io n ,  
a n d  a seco n d  48 hrs. later.  B o th  p h ases  were more m a r k  ed ii. t l  e case ol cor ticos terone .

E d it  Beregi, H. v. M ayersbach

( D e p a r t m e n t  of Pa tho logy ,  Sem melweis  H osp ita l ,  B u d a p e s t  and In s t i tu te  o f  Histo logy, 
U n iv e r s i ty  Medical School, N ijmegen)

Im m u n e-F lu o rescen ce  S tudy o f E x p e rim e n ta l G lom erulonephritis

Cases of Masugi nephr i t is  a n d  p ilocarpine n e p h r i t i s  h a v e  been studied w i th  C oons’ immune- 
f lu o re s c e n c e  method. The  g lo m eru la r  b ind ing  of n e p h ro to x ic  serum was o bse rved  a t  10, 30, 
60, 90 a n d  120 minutes ,  24 ho u rs ,  6, 8, 12, 16 and  20 d a y s ,  fu r th e r  after  3 1/2 m o n th s .  G lom er
u l a r  c h a n g e s  occurring in p i lo ca rp in e  nephr i t is  were e s t im a te d  after 8, 12, 16 a n d  20 days  by  
m e a n s  o f  immune-fluorescence. T h e  morphological s tu d ie s  were supplemented  b y  s im u lta n eo u s  
im m u n e -e lec t ro p h o re t ic  ex am in a t io n s .

Klára Németh, A. Bajtai

( F i r s t  I n s t i t u t e  of Pa tho logy  a n d  E x p e r im en ta l  C ancer  R esearch , U n ivers i ty  M edica l  Schoo
B ud ap es t)

M annito l N ephrosis

M annito l ,  an osmotic d iu re t ic ,  is ex tens ively  u se d  fo r  the  t r e a tm e n t  of  p o s to p e ra t iv e  
a n u r ia ,  a n d  has proved beneficial  in  cer ta in  chronic n e p h ro p a th ie s .  I t  is, on the  o th e r  h a n d ,  no t  
c o m m o n ly  know n t h a t  the  c o m p o u n d  induces h y d ro p ic  degenerat ion  in the  k idney .

T h re e  cases have  been  o bse rved  in w hich  p a t i e n ts ,  t rea ted  w ith  d i f fe ren t  doses of 
m a n n i t o l  following cardiac  su rge ry ,  developed h y d ro p ic  degeneration. T he  se v e r i ty  of  the 
d a m a g e  w as  proport ional  to th e  dosage.

E x p e r im e n ts  were m ad e  in W is ta r  ra ts  of b o t h  sexes.  The findings c o rre sp o n d ed  to the  
c l in ica l  observations.

K. Bella, P. Rutkai

(D e p a r tm en t  of P a th o lo g y ,  P o s tg r a d u a te  Medical School, B u d a p es t)

M annito l N ephrosis

I n  recen t  years m an n i to l  h a s  been ado p ted  fo r  th e  p reven t ion  of p o s to p e ra t iv e  oliguria. 
M a n y  r e c e n t  reports  om it  to p o in t  to the  fac t  t h a t  o sm o t ic  diuresis can only be  in d u c e d  by  the 
d r u g  as  long  as no organic d a m a g e  h ad  developed. F e w  p ap ers  only call a t t e n t io n  to  th e  fac t  
t h a t  m a n n i to l  m ay  cause osm o tic  nephrosis. T r e a tm e n t  w i th  m annitol m ay  give r ise  to  a grave 
h y d r o p i c  degenerat ion  of the  p ro x im a l  convo lu ted  t u b u le s  in the same m a n n e r  as do o ther  
h y p e r to n i c  sugar solutions.
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I*. Kinkül

(D e p a r tm en t  of  P a th o lo g y ,  P o s tg rad u a te  Medical School, B ud ap es t)

P an c rea tic -R en a l Syndrom e or E lec tro ly tic  N ephropathy?

S ym ptom s of renal fa ilu re  m ay  dom inate  the  clinical p ic tu re  in cases of  b o th  acu te  
h aem orrhag ic  and chronic  pan crea t i t i s .  The condition is u su a l ly  te rm ed  pancrea t ic - rena l  
syndrom e  in the clinical rep o rts .  Clinical and  pathological d a t a  allow the  conclusion t h a t  differ
e n t  fac to rs  m ay  give rise to the  syndrom e.  Shock, toxic  m eta b o l i te s  a n d  d is tu rb an c es  of the 
e lectro ly te  household m ay  be responsib le  for the renal in ju ry .

T he  kidneys have been  sub jec ted  to a s tudy  in 15 cases of pancrea t i t i s .  D eg en e ra t iv e  
tu b u la r  lesions were found to p red o m in a te .  In  a case assoc ia ted  w ith  renal  failure,  hypochlor-  
aernic calcium nephrosis was revealed.

It is suggested in h a rm o n y  w ith  l iterary  d a ta  t h a t  i t  is useless to d if fe ren tia te  the  sy n 
drom e a t  issue: it is n o t  one of un ifo rm  pathogenesis b u t  a non-specific com plica t ion  of the 
p r im ary  disease so t h a t  o th e r  condit ions,  too, m ay  p roduce  com plica tions revea ling  the  same 
anatom ica l  and h is topa tho log ica l  features .

G. Kelényi

( In s t i tu te  of  Pa th o lo g y ,  University  Medical School, Pécs)

C om parison of' the  A rid  T hiazole  F luorescent M icroscopic and  Congo Reb 
A nisotropic Staining* w ith  Special R egard to th e ir  Specificity for Amyloid

T he  fluorescence m icroscopic  s ta in ing  effects of th e  acid thiazole  f luorochrom es ,  
p r im uline  and  thioflavine S on  secondary  and senile am yloidosis  have been stud ied .  These 
m eth o d s  seem to visualize  th e  sam e  tissue s t ruc tu res  as t h e  Congo red an iso trop ic  staining. 
Q u a n t i t a t iv e  analysis of th e  d ichro ism  of the  s t ru c tu re s  s ta in ed  an iso trop ical ly  by Congo 
red  (rena l  g lom eru lar  am ylo id ,  senile p laques,  Alzheimer f ib r ils )  showed th a t ,  a l th o u g h  the 
r a te  o f  a b so rp t io n  of the l in ea r  po lar ized  light by these s t ru c tu re s  is d ifferent,  th e i r  m ax im a l  
d ichroism  occurs a t  the  sa m e  w av e len g th  (a t  ab o u t  540 in//). In  electron m icrographs  of 
choroid cells with r ings on B iondi  the  presence of f ib r ils  o f  a b o u t  240— 280 Â th ickness  was 
obse rved  (thickness of am y lo id  fibrils  is about  100 À). B ased  on the  p resen t  f in d in g s  a n d  
l i t e r a tu re  d a ta  the spec if ici ty  for am ylo id  of the acid th iazo le  f luorescen t  microscopic and 
Congo red anisotropic m e th o d s  is discussed.

G. Deák, G. Romhányi

( In s t i tu te  of Pa th o lo g y ,  University  Medical School. Pécs)

T h e rm a l Shrinkage of Collagen Fibres

Up to now direc t  m e th o d s  h ave  only been availab le  for the  e s t im a tion  of th e  th e rm a l  
shr inkage  (Ts) of  collagen f ib res .  Changes in the a n iso trop ic  s ta in ing  of f ibres induced  by 
h e a t  (i.e. their  conversion f rom  stenocollagen to porocollagen) offer poss ibility  o f  s tu d y in g  
the  Ts in their  n a tu ra l  e n v iro n m en t .

T h e  th e rm o stab il i ty  o f  collagen fibres has been s tud ied  in skin sam ples from 60 su b jec ts  
o f  v a r ious  ages. T h e rm o s tab i l i ty  was found  to increase u n t i l  p u b e r ty  when a h e a t  of 62 C 
h as  to be applied for 10 m in u te s  in o rder to ob ta in  porocollagen t ran s fo rm a tio n .  T h is  va lue  
rem a in e d  co n s tan t  a f te r  p u b e r ty .

T he  m ethod is su i tab le  fo r  the  s tu d y  of local t h e rm a l  effects applied in  vivo or in v itro , 
a n d  fu r th e rm o re  i t  allows to  obse rve  the  effect on th e rm o s ta b i l i ty  of  d if ferent  sa l ts  a t  var ious 
concen tra t ions .  Po ta ss iu m  th io c y a n a te ,  potassium  iodide a n d  carbam ide  t en d  to  loosen, 
sodium  chloride and p o tas s iu m  chloride to stabil ize the  m ice llar  s t ru c tu re  of  collagen.
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G. Dashev

(ISUL-Clinic of E n d o cr in o lo g y ,  D e p a r tm e n t  of Pa th o lo g y ,  Sofia)

H istochem ical an d  Im m u n o h isto ch em ica l S tudies o f  th e  N odular 
F o rm s  o f Endem ic G oitre

T h e  morphologic pecu l ia r i t ie s  of th e  nodular  form s o f  endem ic  goitre h a v e  been  stud ied  
b y  h is to ch e m ic a l  and im m u n o h is to ch e m ic a l  m ethods .  S u b s ta n t ia l  m orphological  a l te ra t ions  
w ere  o b se rv ed .  A considerable  p e rc e n ta g e  of th e  g lands ex h ib i ted  fibrosis a n d  des truc t ion  
a c c o m p a n ie d  by  an a u to im m u n e  reac t io n .

A. Hecht

( In s t i tu te  of  P a th o lo g y ,  H u m b o ld t  U n iv e rs i ty ,  Berlin)

E n zy m a tic  H istochem istry  o f  Necrosis

I n  connection w ith  en zy m e  h is tochem ical  e x am in a t io n s  concerned w i th  t h e  p ro b lem  of 
necros is ,  tw o  questions are of  a m a j o r  pa tho log ic  im p o r ta n ce ,  viz.

1. I s  i t  possible to e s tab l i sh  d is tu rb an ces  of cell m e tab o l i sm  b y  m eans  o f  e n zy m e  h isto 
c h em ica l  m ethods  before s t r u c tu r a l  changes  would p re sen t  them se lves?

2. I s  i t  possible to loca te  t h e  p r im a r y  po in t  of a t t a c k  of a pa thogen ic  a g e n t  on  th e  basis 
o f  e n z y m e  histochemical ch an g es?

Genetica l ly  different  necroses of  th e  h ear t  muscle a n d  liver h ave  been  s tu d ied ,  such as 
e x p e r im e n ta l  h e a r t  in farc tion  a n d  d issem ina ted  necroses elic ited b y  card io tox ic  substances ,  
a n d  in  t h e  l iver central  necroses a n d  necroses induced b y  p apain .

T h e  experim ents  show ed t h a t  th e  enzym atic  changes  do n o t  in v a r iab ly  p recede  the 
m o rp h o lo g ic a l  ones b u t  coincide w i t h  th e m ,  and t h a t  t h e  f e rm e n t-h is tochemica l  f ind ings  are 
p ra c t i c a l ly  of the  same c h a ra c te r  in  genetically  different  necroses. Thus,  th e y  offer  l i t t le  in 
f o r m a t i o n  a b o u t  the p r im a ry  p o in t  of  a t ta ck .  There  is no  specific fe rm en t-h is tochem ica l  sign 
r e fe r r in g  to  a  par ticu lar  ty p e  o f  necrosis .

W. Zschiesche

( In s t i tu te  of  M icrob io logy  and  E x p e r im e n ta l  T h e ra p y ,  Je n a )

E xperim ents to  In f lu e n c e  Induced  A m yloidosis in  M ice

T h e  ob jec t  of earlier s tu d ie s  w as  to  observe a c t iv i ty  changes of th e  R E S  in  th e  course 
of e x p e r im e n ta l  amyloidosis.  T h e  p re se n t  experim ents  h a d  th e  purpose  to  t e s t  t h e  effect of 
v a r io u s  fa c to rs  (BCG, an tib io t ic s ,  cy to s ta t ic s ,  sp lenec tom y) on the  d ev e lo p m en t  of  amyloi
dosis. I n h ib i t i o n  was m ost  p r o n o u n c e d  u n d e r  the  influence o f  BCG. P robab le  p a th o g e n ic  in te r 
r e la t io n s  b e tw een  experim en ta l  am ylo idos is  and R E S  a c t iv i ty  are discussed.

W. Kühne

( In s t i tu te  of  P a th o lo g y ,  F r iedr ich  Schiller U n ivers i ty ,  Je n a )

Form s and  C auses of P u lm o n ary  E m physem a

T h e  collective te rm  e m p h y s e m a  covers a wide v a r ie ty  of morphologically ,  pathogene-  
t ic a l ly  a n d  functionally  d iffe ren t  chan g es  in the  lungs, w i th  d is tens ion  of the  in t r a p u lm o n a ry  
a ir  sp a c e s  beyond  the te rm in a l  b ronch io le ,  as the one a n d  on ly  com m on fea tu re .  Th is  purely 
d e sc r ip t iv e  anatom ic  defin i t ion  is un sa t is fac to ry ,  as a d i f fe ren t  pa thologic  v a lu e  a t ta ch e s  to 
eac h  f o r m  of emphysem a. T here fo re  t h e  problem s of pa thogenes is  a n d  the  fu n c t io n a l  s t ruc tu res  
o f  a few  clinically im p o r ta n t  fo rm s  o f  em ph y sem a  are d iscussed, w i th  p a r t icu la r  s tress  on the 
l i t t le  k n o w n  centro-acinous ty p e .
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S. Elias

(R esearch  In s t i tu t e  for Normal an d  Pathologie  E m b ry o lo g y ,  R o u m a n ia n  A cadem y of Sciences,
T im isoara)

G row th o f th e  Chicken E m bryo  in  E arly  Stages

Since len g th  a n d  weight  of  the  chicken em bryo  in  th e  early  periods of d ev e lo p m en t  do 
n o t  characte rize  g ro w th  in an  u n am biguous  and  s ta t i s t ic a l ly  reliable m anner ,  i t  is suggested  
to accep t  th e  surface  of the  e m b ry o ’s projection  as a ch ara c te r i s t ic  measure  of d evelopm en t .  
T he  p rac t icab il i ty  o f  the  p roposed  d a ta  to establish  g ro w th  dimensions has been p roved  
s ta tis t ica l ly  on b o th  no rm al  a n d  t rea te d  samples.

H. Timmel

( I n s t i tu te  of Pa tho logy ,  Medical U n iv e rs i ty ,  Halle)

Cytom egalic In c lu s io n s

The cy tom egalic  inclusions in the  nucleus an d  th e  cy to p la sm  differ n o t  only  in lo ca l 
iza t ion  b u t  also in size, s t ru c tu re  an d  sta in ing reac tion .  F r o m  their  s tu d y  by  light a n d  e lectron  
microscopy i t  has been concluded t h a t  the  change in t h e  nuc leus p robab ly  corresponds  to the  
virus fo rm at io n  cen tre  (v irop lasm ) or an  inclusion b o d y  in th e  s t r ic t  sense. The  c y to p la s 
mic inclusions are c lus ters  of  m a tu re  virious collections a t  th e  cell surface.

II. J .  Reiss

( I n s t i tu te  of  Pa tho logy ,  Medical U n iv e rs i ty ,  Halle)

Patho log ic  A natom y o f L isteriosis

The clinical p a t t e r n  an d  the morphological f in d in g s  in cases of  listeriosis are widely 
varying.  On the  basis of several cases the  im p o r ta n t  ch an g es  in listeriosis of a d u lts  (m en in g o 
encephali t is ,  m a l ig n an t  hep a t i t is )  are discussed. T he  c ongen i ta l  form of the  disease p resen ts  
i tself  a lm os t  in v ar iab ly  as a septic  granulom atosis ,  w i th  the  d evelopm en t  of  charac te r is t ic  
g ran u lo m as  in all organs.  T he  rou te  of infection a n d  th e  p lac en ta r  changes are of  especial  
im portance .

A. Schwartz

( D e p a r tm e n t  of  Pathologic  A n a to m y ,  Plzen)

Allergic L ym phaden itis

Despite  the  im p o r ta n t  p a r t  p layed by the  t issue in im m u n i ty  processes, ly m p h  node 
affections of allergic origin  are ra re ly  observed. T he  cause  o f  allergic ly m p h ad en it i s  often  
rem ains  obscure,  sometimes,  however,  it  can  be b ro u g h t  in to  re la t ion  w ith  the  a d m in is t ra t io n  
of some drug.

Seven cases of  histologically  confirmed allergic ly m p h a d e n i t i s  are reported . T he  co n d i
tion was induced  in two cases by m ephenyto in ,  in one by  su lp h am e th o p y r id az in e  t r e a tm e n t ,  in 
one case i t  developed  af te r  a d m in is t ra t io n  of a n th ra x  se rum .  Of the rem ain ing  th ree  p a t ien ts ,  
who had n o t  been sub jec ted  to d rug  or serum  t r e a tm e n t ,  one suffered from po lyar te r i t is ,  one 
from  u ter ine  carc inom a,  an d  in one every  effort failed to d e te c t  a pa thogen ic  factor.

Histologic  e x am in a t io n  of the  enlarged ly m p h  nodes  revealed  a b lu rr ing  of th e  usua l  
s t ruc tu re .  T h e  node consis ted  m ain ly  of proliferating re t icu la r ,  eosinophilic a n d  p la sm a  cells. 
T he  allergic reac t ion  p re sen t ing  itself a f te r  h y d an to in  t r e a tm e n t ,  could hard ly  be d is t ingu ished  
from  lym pho g ran u lo m a to s is  or o th e r  types of m al ig n an t  re ticulosis . I m p o r ta n t  in such  cases
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is t o  k n o w  th e  history and  th e  k in d  of drug. D isco n t in u a t io n  of the  d rug  will be  fo llowed by  a 
q u ic k  regress ion  of the  ly m p h a d e n i t i s .

A dm in is tra t ion  of h y d a n to in  d rugs  to p a t ie n ts  suffering from  epilepsy co m b in ed  w ith  
s o m e  o t h e r  disease of allergic c h a ra c te r ,  requires u tm o s t  p recau tio n  lest the ir  allergic condit ion  
e x a c e r b a t e  in  the course of t r e a tm e n t .

L. Józsa, G. Lusztig

(D e p a r tm en t  o f  P a th o lo g y ,  C oun ty  H osp ita l ,  Kecskemét)

M ucopolysaccharide C ontents o f O rgans in E xperim en ta l 
Cholesterol Sclerosis

I t  lias been shown earl ier  t h a t ,  in cholesterol sclerosis the  a m o u n t  of h y a lu ro n ic  acid, 
h e p a r in -h e p a r i t in  and ch o n d ro i t in  su lp h a te  В increases in the  aortic  wall in th e  f i r s t  th ree  
m o n t h s  o f  cholesterol t r e a tm e n t ,  to  decrease g rad u a l ly  thereaf te r .

T h e  presen t  experim ents  h a v e  shown t h a t  in  th e
1. liver the am o u n t  of  h e p a r in  a n d  chondro it in  su lp h a te  increased in t h e  f i r s t  th ree  

m o n t h s ,  b u t  dropped below th e  n o rm a l  level by  th e  end  o f  the  f i f th  m on th ;
2. k idneys and m yocardium  t h e  co ncen tra t ion  of cho n d ro it in  su lpha te  increased  over  the  

5 m o n t h s  period of obse rvation ,  wh i le  t h a t  of h ep ar in  a n d  hyaluron ic  acid did n o t  r e sp o n d  to 
t r e a t m e n t ;

3. lungs and spleen t h e  leve l  of chondro it in  su lp h a te  increased, t h a t  of  h ep ar in  decreased;
4. sk in  there was no co n n ec t io n  between th e  m ucopolysaccharide  c o n te n t s  a n d  the  

d e g ree  o f  cholesterol sclerosis.

O. Szűcs, L. Kovács

( D e p a r t m e n t  of Pa tho logy ,  S t a t e  Railways H osp ita l ,  and  Research  Group for Medical 
Radiology of t h e  H u n g a r ia n  A cad em y  o f  Sciences, B udapes t)

D eterm in a tio n  of th e  S u lp h a te  G roups o f Acid M ucopolysaccharides

T o  th e  current m ethods  fo r  th e  d e m o n s tra t io n  of acid m ucopolysaccharides (H a le-PA S,  
a lc ian  b lu e ,  methylene-blue e x t in c t io n ,  m etach ro m as ia ,  digestion, blockade) tw o  n e w  proce
d u r e s  h a v e  been added for t h e  e lec t ive  d e m o n s tra t io n  of su lpha te  groups: T a k o u c h i’s acri- 
f l a v in e  m e th o d  and St e m p ie n ’s so d iu m -rh o d an a te  m eth o d .

W h i te  ra ts  were given 35S so d iu m  sulphate ,  killed a f te r  24 hrs,  and their  costal ,  la ryngeal  
a n d  a u r ic u la r  cartilages were w o rk e d  up .  Results  y ie lded  by the  h istochemical m e th o d s  have 
b e e n  c o m p a red  with m ic ro au to rad io g rap h ic  f indings.

Conclusions have been  d r a w n  as to  the  specificity  of  th e  above m en t ioned  tw o  m eth o d s  
o f  a s sa y .

J. Sebök, J. Juhász

( F i r s t  I n s t i t u t e  of Pa tho logy  a n d  E x p e r im en ta l  Cancer Research ,  U nivers i ty  Medical School,
B udapes t)

M esen teric  X an thom atosis

M esenteric  x a n th o m a to s is ,  a  focal storage of lipoid a t  th e  roo t  of the  m e sen te ry ,  often 
p r e s e n t s  a  tumour-like  ap p ea ran c e .  I t s  gross and  m icroscopic  featu res  are described  on the 
e v id e n c e  o f  12 cases. The c o n d i t io n  m u s t  be d if fe ren tia ted  from  re troper itonea l  x a n th o g ra n u lo -  
m a to s i s ,  mesenteric  x a n th o f ib ro g ran u lo m a ,  W hipp le ’s disease, W ebe r— C hris t ian’s non-sup- 
p u r a t i v e  nodu lar  panniculit is.

T h e  composit ion of th e  m esen te r ic  f a t ty  t issue  h as  been  analyzed  chem ically  in  norm al 
s u b je c t s  a n d  in cases of m esen te r ic  xan th o m a to s is .  Differences were p ronounced  in t h e  com p o 
s i t io n  o f  cholesterol lipids.

I t  is suggested t h a t  m e sen te r ic  x an th o m a to s is  is p a r t ly  due to ly m p h a t ic  congestion  
a n d  p a r t l y  to  quan ti ta t iv e  a n d  q u a l i t a t iv e  changes in cholesterol esters.
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Z. Csapó

( In s t i tu te  o f  Pa tho logy ,  U niversi ty  Medical  School, Szeged)

Eos in oph i l i c  Inf i l t r at ion o f  t h e  S to m ac h

In  th ree  cases b iopsy revea led  eosinophilic i n f i l t r a t io n  in the stomach. T w o were su b 
mucosal,  the  th ird  connec ted  w ith  a chronic pep tic  u lcer  was diffuse. The f i r s t  a n d  second 
were charac te rized  by a pro l ife ra t ion  of connective  t is sue  f ib res ,  eosinophilic in f i l t r a t io n  and  
a sha rp  de lim ita t ion  from the  m uscu la r  layer and th e  su b m u c o sa l  connective t issue. T h e  th ird  
case showed m arked  eosinophilic  infil t rat ion  which s e p a ra t e d  the individual m usc le  fibres.

T he  two forms of the  condit ion  m ust  be d i f fe re n t  as to pathogenesis , an d  d if fe ren t  
aetiologieal fac to rs  m ay  be a t  work even within th e  d iffuse  form. Most f requen t ly ,  th e re  is 
some allergic process in the  background .  The condit ion  is n o t  excep tiona l  and cer ta in ly  benign.

Magda Frank

( D e p a r tm e n t  of Pathology, .John’s H o s p i t a l ,  Budapest)

A etiology and  D ifferential D iagnosis o f  N ecrotizing and 
Pseudom em branous E n te ro co litis

F o u r  hacteriologically a u th e n t ic a te d  cases of  n e c ro t iz in g  enterit is  are p resen ted .  In  the 
first  case the  condition has developed postopera t ive ly  in a  m ale  p a t ien t  of m idd le  age,  the 
second in an aged female, the  th ird  in an aged fem ale  p a t i e n t  who had moreover A d d iso n ’s 
disease and  d iabe tes ,  the  fo u r th  in a male p a t i e n t  o f  a d v a n c e d  age who had bronch iec tas is  a n d  
em p h y sem a .  Pseu d o m e m b ra n o u s  enterocolitis was d iag n o sed  in 6 aged pa t ien ts  w ho  were 
s im ultaneous ly  suffering from sclerosis, necrotiz ing g ran u lo m a to s is  on p u lm o n a ry  t u b e r 
culosis. In  the  case of an  aged female  ulcerat ive  e n te r i t i s  developed after the  p a t i e n t ’s 
p u lm onary  tuberculos is  had  healed  and proved to  be am ylo idos is  of the small bowel.

T he  problem s of differentia l  diagnosis have been  d iscussed.

L. Kovács, Gy. Jánossy

( Medico-Radiological R esearch  G roup of the H u n g a r ian  A cadem y of Sciences, B u d a p e s t )

M orphological and  F u n c tio n a l Changes in  th e  Sm all In testine Caused 
by S upra lc tha l Doses of Io n iz in g  Irrad iation

Morphological changes in the small  in testine  o f  w h i te  r a t s  exposed to 1500 R to ta l  body 
i r rad ia t io n  have been c o m p ared  w ith  those observed in p e r fu sed  small intestines.

Mucous secretion was in tensive ,  and alkaline p h o s p h a ta s e  and aspecific esterase  a c t iv i ty  
p ronounced  24 hrs a f te r  i r rad ia t ion .  At 72 hours,  th e  o e d e m a to u s  swelling of the in te s t in a l  villi 
was m ark ed ,  the ep ithe l ium  was f la t ten ed  and became a t  so m e  points detached, while m ucous  
secretion and  enzy m atic  a c t iv i t y  had  almost com ple te ly  ceased.

F u n c t io n a l  e x p er im en ts  had the  object to obse rve  th e  absorp t ion  of po tassium , sod ium  
and w a te r  a t  d if feren t  po in ts  of t ime. Absorption  was in c reased  24 hours after  i r rad ia t io n ,  
d ro p p ed  below the  contro l level a f te r  48 hours, and ceased com ple te ly  in the 72nd hour.

f h e  respec tive  resu lts  of  the  histological a n d  th e  fu n c t io n a l  exam ination  show ed good 
agreement.

J. Vajda, Z. Ilerpai, T. R a posa

( In s t i tu te  of  A na to m y ,  Universi ty  Medical  School.  Budapest)

A rterio-V enous A nastom oses in th e  Sm all Intestine

T h e  vessels of the  m esen te ry  and the small  in te s t in e  have  been studied in corros ion  
p rep ara t io n s ,  fu r th e r  by  fill ing with Ind ian  ink and  also by  Gross Schultzer’s silver im p re g 
nation. W hereas  Sp a n n e n  observed  anastomoses b e tw ee n  th e  arteries and veins of  the  sm all
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i n t e s t i n e  a t  th e  mesenteric  b o rd e r  o f  the  in te s t ine  on ly ,  th e  present  s tudies r e v e a le d  th ree  
p o in t s  o f  an as to m o t ic  co m m unica t ion .  1. In  th e  m e s e n te ry  where the arteria l  leg o f  t h e  a n a s to 
m osis  w a s  th ick en ed  or its init ial  p o r t io n  was spira lled.  2. I n  th e  intestine n e x t  to  t h e  m esen te ry  
(as  d e s c r ib e d  b y  Sp a n n e r ). 3. In  t h a t  segm ent of the  in te s t in a l  wall where the  su b se ro u s  vessels 
a re  p i e rc in g  th e  m uscular  layer.

T h e  th ree  different co m m u n ica t io n s  m ay  be o f  decisive significance in  n u t r i t io n a l  
p ro c esse s  a n d  in cases of h eav y  blood  loss.

J. Balogh

(D e p a r tm en t  o f  Pa th o lo g y ,  C o u n ty  H osp ita l ,  Szekszárd)

H istochem ical Studies in  N eurogen ic  H ypertension

E x p e r im e n ta l  neurogenic  h y p e r te n s io n  is acco m p an ied  by well-defined v a sc u la r  
c h a n g e s .  Besides those d e m o n s t r a te d  by  s ta in ing  reac t io n s ,  a ltera tions of t h e  h y d ro ly t ic  
e n z y m e s  h a v e  been observed. T hese  p re sen t  a  c h a ra c te r i s t ic  p a t te rn  in th e  in i t ia l  p h a se  of 
h y p e r t e n s i o n  and  also during  th e  d ev e lo p m en t  of  d e f in i t iv e  changes, and are c o n n e c te d  w ith  
t h e  v a s c u la r  lesions.

S im ila r  phenom ena  have  b e en  observed in th e  f ib res  of the vessel walls a n d  th e  secon
d a r i l y  d ev e lo p ed  intercellular  subs tance.

Margit Zombori, A. Tóth, H. Jetiinek

(Second In s t i tu te  of  Pa th o lo g y ,  U n iv e rs i ty  Medical School, B udapes t)

R enal In ju ry  by M ercury  Bichloride

T h e  k idneys  of ra ts  an d  dogs have  been e x a m in e d  by  histological a n d  h is to ch em ica l  
m e t h o d s  in  th e  acu te  and  chronic  phases  of m ercu ry  b ich lor ide  poisoning.

G lo m eru la r  changes such  as hyperaem ia ,  swelling of the  loops and  c ircu m scr ib ed  
c a p i l la r y  d i la ta t io n s  do m in a ted  th e  histological p ic tu re  in th e  acute phase. T hese  p h e n o m e n a  
w e re  fo l low ed  by  lesions of th e  t u b u la r  ep ithe lium . Signs of regeneration a n d  in te r s t i t i a l  
a c c u m u l a t i o n  of connective t issue  e lem ents  a p p ea red  in th e  chronic phase.

A s regards  h is tochemical reac t ions ,  a lkaline  p h o sp h a ta s e  act iv ity  was p r o p o r t io n a l  to 
th e  e x t e n t  o f  the  lesions, while changes  in the  a c t iv i ty  o f  non-specific  esterase a n d  a c id  p h o s p h a 
ta s e  w e re  in h a rm o n y  w ith  those  observed earl ier  u n d e r  anoxic conditions; viz. th e  in it ia l  
in c re a s e  o f  diffuse cytoplasm ic  a c t iv i ty  was followed b y  a predominance of g r a n u la r  ac t iv i ty ,  
a n d  in  th e  chronic phase  — th e  regene ra ted  t u b u la r  epithe lium  displayed in c re a sed  c y to 
p la s m ic  o r  g ran u la r  activity .

M. Palkovits, I. Munkácsi

( In s t i tu te  of A n a to m y ,  U n iv e rs i ty  Medical  School, Budapest)

(Com parative Study of th e  T hin  Segm ents o f H enle’s Loop in  N o rm al
an d  D esert M am m als

T h e  size of Henle’s loops a n d  the  d is t r ib u t io n  o f  t h in  segments in the  p y r a m i d a l  zones 
w ere  s t u d i e d  in desert  and  o th e r  m am m als .  L en g th ,  n u m b e r  and mass of H en le ’s loops  in  the  
deep  n e p h r o n s  were g rea ter  in an im a ls  of the  dese r t ;  in  these  the num ber  of t h in  s e g m en ts  in 
t h e  i n t e r n a l  m edulla ry  zone was twice  as m u ch  as in o th e r  mammals.  This f i n d in g  is well in 
k e e p in g  w i th  th e  c o u n te rcu r re n t  hypo thes is  of t h e  u r in e  concen tra t ing  m ec h an ism  w h ic h  is 
m o s t  e f f ic ien t  in the  k idneys o f  de se r t  animals .
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I. Munkácsi

( In s t i tu te  of A n a to m y ,  U nivers i ty  Medical School, Budapes t)

C om parative S tudy o f th e  V ascular S tru c tu re  in  th e  R enal M edulla

The tubu lo -vascu lar  s t ru c tu re  of th e  renal  m edulla ry  su b s tan ce  has  become a  favoured  
su b jec t  of s tu d y  since the  c o u n te rcu r re n t  co ncen tra t ing  a c t iv i ty  of  H en le ’s loops has  been  dis
covered. The  urine c o n ce n tra t in g  ab il i ty  of  desert m am m als  is m a n y  t imes g rea te r  t h a n  t h a t  
of o th e r  animals. C om para t ive  tes ts  in the  two groups yielded th e  following results .  I n  the 
d ese r t  animals:

1. the  cortical a r te r ie s  are sh o r t  a n d  the  m edullary  vessels long, in consequence  o f  the 
re la t ive ly  th in  cortex an d  long p y ra m id ;

2. the  ju x ta m e d u l la ry  g lomerules are large and posses e ffe ren t  arterioles of  m u scu la r  
type .  These control the  blood su p p ly  of the  medulla  according to need ;

3. owing to the  special s t ru c tu re  of  the  nephron  the  va sa  r e c ta  bundles lie wide ly  apar t  
and  con ta in  an  increased n u m b e r  o f  vessels;

4. the  vascular  sys tem  in th e  o u te r  and inner zones, of  th e  m edulla  has a peculiar  
s t ru c tu re ,  reflecting the g re a te r  c o n ce n tra t in g  capacity  of th e  d ese r t  animal.

L. Molnár, T. Mészáros

Second D e p a r tm en t  of  Surgery ,  a n d  In s t i tu te  of A n a to m y ,  U n iv e rs i ty  Medical School,
B udapes t)

M orphologic F ea tu res  o f  the  R enal Vessels, R esponsible for A cute 
R ena l Ischaem ia  in Shock

Irreversible shock was induced  by F in e ’s m ethod  in dogs, by 90-m inute  c lam ping  o f  the  
superio r  mesenteric  a r te ry .  T h e  shock period varied from 1 to 8 hours .  The  renal  vessels were 
s tu d ied  in PVC corrosion p re p a ra t io n s  and  af te r  India  ink in jec t ions  an d  in histologic sections 
s ta ined  w ith  various dyes.

Spasm  of the in te r lo b u la r  a n d  affe ren t  arterioles was found  to he the  cause of the  p a tc h y  
cortical  ischaemia.  F our  ty p es  of spasm  could be d iffe ren tia ted  morphologically : 1. conical 
an d  2. needle-like locking spasm s,  depend ing  upon the  vascu la r  ton ic i ty ,  3. local spindle-like  
c ircu la r  or  a n n u la r  spasm  o f  the  in te r lo b u la r  arteries, 4. locking and  local spasm of th e  a fferent  
arterioles.

Coinciding with these  v ascu la r  reac tions,  the  p a ren c h y m a  p re sen te d  the c h arac te r i s t ic  
histologic p ic ture  of  the  shock k idney ;  these changes were re lieved by  spasm oly tic  t r e a tm e n t .

G. Sótonyi, E. Mátyus

(Section of P a th o lo g y  a n d  Section of Urology, Szen tpé ter i  Hospita l ,  Miskolc)

Segm ental Ischaem ic  Changes in the  K idney

H u m an  kidneys w ith  a b e r r a n t  v ascu la tu re ,  selected from a surgical m a te r ia l ,  have  
been sub jec ted  to histological  e x am in a t io n .  In segments w ith  a slightly  deficient blood supp ly  
du r ing  p ro t rac te d  periods, chron ic  ischaemic changes were observed .  These were a th icken ing  
of the  b ase m e n t  m em brane  o f  B o w m a n ’s capsule and the  g lom eru lar  loops, in m ore  p ronounced  
cases perig lomerular  fibrosis, hya lin ized  glomeruli,  and also lesions in the  arteries and  arterioles.  
Signs o f  in f lam m ation  were a b se n t  in these cases, chronic p y e lonephr i t is  was rare. On th e  basis 
of  these  findings,  a g reat ,  th o u g h  n o t  exclusive, p a th o g en e t ic  im p o r tan ce  is a t t a c h e d  to 
chron ic  segm ental  i schaemia in c e r ta in  conditions,  e.g. chronic  pye lonephrit is .
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G. Ungváry, Jolán Demeter, J. Faller, Aranka Hudák

( In s t i tu te  of  A n a to m y ,  Universi ty  Medical School, B u d a p es t)

R en a l In fa rc tio n  in  N ephrectom ized  R ats

T h e  right k idney  has  been  rem oved  from 100 w h i t e  ra ts ,  weighing 200 to  250 g each. 
T h i r t y  animals ,  divided in to  g ro u p s  of 6, were killed 2 hours ,  1, 4, 7 a n d  28 d ays  a f te r  the 
o p e ra t io n .  In  the  res t  of th e  a n im a ls ,  on the  28th  d a y  in farc t ion  e x ten d in g  to one h a lf  or three 
q u a r t e r s  of  the  left k id n ey  w as  in d u ced  by  pa r t ia l  l iga tu re  of the  b ra n ch e s  o f  the  left renal 
a r t e r y .  Following this second o p e ra t io n ,  the  anim als  were  killed by  b leeding, a t  2 hours,  1, 3 
a n d  10 days ,  6 weeks an d  12 weeks .

T h e  changes p resen t ing  th em se lv es  in the  left k idney  were s tud ied  b y  weighing, glomer- 
u l o m e t r y  and nuclear v o lu m e t ry ,  histochemical reac t ions  and  by  th e  injection-corrosion 
m e th o d .  The  blood was t e s te d  fo r  N P N .

T h e  findings ind ica te  t h a t  th e  in ju red  organ an d  in th e  f irs t  place  the  glomerules are 
r e g e n e ra t in g  rapidly. T he  j u x ta m e d u l l a r y  glomerules decreased as the  cortical  glomerules 
in c re a sed ,  in volume. T he  g lom eru les  in animals p re sen t in g  high N P N  values were larger 
t h a n  in those  with a no rm al  N P N  value.

L. Varga, A. Schäfer

(Seco n d  D epar tm en t  of  Medicine,  U niversi ty  Medical School,  Szeged,J and  Universi ty
Medical Shook W ü rzb u rg )

Changes in  th e  S eru m  Level of P ro te in -B o u n d  H exosam ine and 
N euram inic  Acid in  E x p erim en ta l N ephroso-N ephritis  in  th e  R at

P ro te in -bound  h ex o sam in e  a n d  neuram in ic  acid  show ed a b iphasic  reac t io n  in the  serum 
o f  r a t s  w i th  nephroso-nephri t is .  T h e  glycoprotein co m p o n e n ts  showed a m o d e ra te  reduction  
in t h e  f i r s t  hours after  the  a d m in i s t r a t io n  of n ephro tox in .  T he  level of b o th  c om ponen ts  then  
rose  considerab ly  on the  f i r s t  to  t h i r d  day,  to decrease  slightly  th e rea f te r .  A n o th e r  rise was 
re g is te r e d  on the 8 th  to 9 th  d a y ;  i t  was more p ronounced  t h a n  t h a t  observed  be tw een  the  firs t  
a n d  th e  th i rd  day.

T h e  possibility of a c o rre la t io n  between the  changes  in the g lycopro te in  level and  the 
im m u n o lo g ica l  phenom ena  is discussed.

E. Szalay

(F i r s t  I n s t i tu t e  of P a th o lo g y  a n d  E x p er im en ta l  Cancer R esearch . U n iv e rs i ty  Medical School,
B udapes t)

W idening o f th e  Capsular E p ith e liu m  of G lom eruli

T his  phenom enon ,  m o s t ly  assoc ia ted  w ith  severe  h ep a t ic  lesions, occurs b u t  rare ly  in 
c lin ical practice.  In  o rder  to be ab le  to s tu d y  it  u n d e r  exper im en ta l  cond it ions  a combination  
o f  m e r th io la te  and casein has  b e en  adm in is tered  su b cu tan eo u s ly  an d  in trap er i to n ea l ly  to 
w h i te  mice for prolonged periods .  M erth io la te  alone was less efficacious. As regards  histological 
p ic tu r e  a n d  histochemical r eac t io n s ,  the  w idened c ap su la r  ep ithe lium  of th e  glomeruli  seemed 
to  be  iden t ica l  w ith  the  e p i th e l iu m  of the  p rox im al con v o lu ted  tu b u le s ;  in some planes the 
fo r m e r  ap p ea red  to be c o n t in u o u s  w i th  the  tu b u la r  ep ithe lium .

I t  is suggested t h a t  c h ro n ic  hyp o x ia  of the  t is sues  m a y  play some p a r t  in the  develop
m e n t  o f  the  condition.
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S. Gomba

( In s t i tu te  of Pa th o lo g y ,  U nivers i ty  Medical School, Debrecen)

R enin  C ontents o f A u to tran sp lan ted  R en a l Cortex in the R a t

I t  has been show n earlier  t h a t  the  tu b u la r  e le m en ts  of autologous renal g ra f t s  o f  ra ts  
undergo  des tru c t io n  or suffer grave  dam age ,  whereas a f te r  an  init ial decrease the g r a n u la r  cells 
of  th e  ju x ta g lo m e ru la r  a p p a ra tu s  increase in n u m b er .  T h e  granu les  of these cells p re s u m a b ly  
con ta in  renin  which is p ro b ab ly  p roduced  in the cells them se lv es .  On the  o ther han d ,  i t  h a s  been 
suggested  by H i n g  and  o th e r  a u th o rs  t h a t  renin is p ro d u c e d  in the  macula densa  a n d  only 
s to red  in th e  said cells.

D irect  a n d  ind irect  e x am in a t io n  of 30-day old r a t  k id n ey  cortex grafts revea led  m ark e d  
renin  ac t iv i ty  and  a g rea t  n u m b e r  of ju x ta g lo m e ru la r  g r a n u la r  cells. On the grafts  th e  tu b u le s  
were g ravely  dam aged .  Since histochemical e x a m in a t io n  fa iled  to reveal g lucose-6-phosphate  
d ehydrogenase  ac t iv i ty ,  charac te ris t ic  of the  m acu la  d e n sa ,  i t  has been concluded, i t  is in the 
ju x ta g lo m e ru la r  cells t h a t  renin  is formed.

J. Balogh, E. Kelemen

( D e p a r tm e n t  of Pa tho logy  and  Surgery ,  C o u n ty  Hospita l ,  Szekszard)

Patho log ica l A spects in  the  Surgical T re a tm e n t of R enovascu lar
H ypertension

D a ta  ob ta in ed  from renal biopsy have been c o m p a re d  with  the functional c ond it ions ,  
specia lly as regards p o s to p e ra t iv e  changes in renal  a c t iv i ty .  Some pathological a sp e c ts  an d  
the charac te r is t ic  featu res  of surgical complications h a v e  been  discussed.

B. Korányi

(D e p a r tm e n t  of  Neurology, U nivers i ty  Medical School, Budapest)

Ilis topatho logy  of th e  P in e a l Body

W ith  a view to add ing  to the scan ty  knowledge  reg ard in g  the  Il is topathology o f  the 
pineal body ,  more th a n  200 g lands of persons who had  d ied  o f  neural  and o ther  diseases were 
exam ined ,  w i th  the following results .  1. The  pineal body  is se ldom  involved in the i n f la m m a to r y  
processes of  th e  nervous sys tem  and is usually  n o t  a ffec ted  even by inflam mations in th e  a d 
ja c e n t  m eningeal  tissues. 2. G rave  vascular  diseases of  t h e  ne rv o u s  system and the e n t i re  o rg a n 
ism (diffuse arteriosclerosis, hypertens ive  vascular  d isease) cause no damage to th e  vessels of 
the corpus pineale. 3. Senile changes in the  nervous sy s te m  affect the  pineal body b u t  ex ce p 
tionally .  4. T here  is usua lly  no m e ta s ta t ic  neoplasm in t h e  pineal gland even if th e  o rgan ism  
and the  b ra in  are full of  m étas tasés .  I t  seems, therefore ,  t h a t  th e  corpus pineale is b io logically  
m ore  or less in d ep en d en t  of the  res t  of the nervous sy s tem .

B. Flerkó, G. Sétáló, F. Hajós

( In s t i tu te  of  A na to m y ,  U niversi ty  Medical School, Pécs)

U ltra s tru c tu ra l Aspects of O varian  Steroidogenesis

T he  existence of a specific connection be tw een  th e  ova r ian  production of s te ro id  h o r 
mones and  the  so-called steroidogenic  organelles is s u b s ta n t i a t e d  by the o b se rv a t io n  t h a t  
these organelles (1) a p p ea r  in the  pa renchym a  of the  o v a r y  sim ultaneously  in th e  b eg in n in g  
of h o rm o n a l  a c t iv i ty ;  (2) they  d isappea r  a f te r  h y p o p h y se c to m y  (i.e. with the lack o f  specific 
t ropic  horm ones) ,  and reap p e a r  folloving ad m in is t ra t io n  o f  gonadotrop ic  hormones.  G ran u lo sa
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cells o f  a n  oestrogen  producing  sm all  follicles do n o t  c o n ta in  steroidogenic o rganelles ,  so t h a t  
th e s e  cells a re  no sources of oestrogen. Their  u l t r a s t r u c t u r e  points  to a t roph ic  f u n c t io n  in th e  
g ro w in g  follicles. Since i t  is only in t h e  lute inizing g ra n u lo s a  cells of follicles w i th  la rg e  cavities 
t h a t  s te ro idogen ic  organelles a p p ea r ,  th ey  seem to  be  responsible for the  p re o v u la to ry  
se c re t io n  o f  progesterone. I t  a p p ea rs  t h a t  the  oes trogen-syn thes iz ing  cells of  t h e  o v a ry  are 
o f  t h e c a l ,  a n d  those  producing  p rogesterone  of g ran u lo sa l ,  origin.

F. H a jó s ,  T. Szomor, B. F lerkó

( In s t i tu te  of  A n a to m y ,  U n ivers i ty  M edica l  School, Pécs)

Ultrastructural Differentiation of Rat Ovary
T h e  ovaries of foeta l,  6, 25 a n d  30-day old r a t s  h a v e  been studied. U l t ram ic ro sco p ic  

s t r u c tu r e s ,  typ ica l  of s te ro id  p ro d u c in g  cells, ( a g r in u la r  endo-plasmic r e t icu lu m  com posed  
o f  ve s ic les  an d  ovoid tubo v es icu la r  m itochondria )  a p p e a r e d  in the  pa ren ch y m a  cells a t  the  
t im e  o f  b e g inn ing  horm onal  ac t iv i ty .

H. Knolle

( In s t i tu te  o f  Pa tho logy ,  Medical U n ive rs i ty ,  Halle)

Testicular Feminization
D e te rm in a t io n  of nuclear sex  an d  chrom osom e ana lys is  have fast ly  c o n t r ib u te d  a n d  to 

so m e  e x t e n t  corrected  our knowledge  ab o u t  th e  v a r io u s  forms of p seu d o h e rm ap h ro d it i sm .  
T h e  e x t r e m e s t  am ong the  m asculine  ty p es  is kno w n  as te s t i c u la r  feminization. A case is r e p o r te d  
a n d  a t t e n t i o n  is called to  th e  p rob lem s of in te rp h ase  n u c lea r  exam ination  a n d  ch rom osom e 
d e t e r m in a t io n ,  and  their  significance in in te r sex u a l i ty  resea rch  and clinical in v es t ig a t io n s  is 
s tre ssed .

B. Halász,  R. A. Gorski

( I n s t i t u t e  of A n a to m y ,  U n iv e rs i ty  Medical School,  Pécs ,  a n d  D e p a r tm en t  of A n a to m y ,  U n i 
v e rs i ty  of California, Los Angeles)

The Role of the Afferent Nervous Pathways to the Hypophysiotrophic Area 
in the Control of Gonadotrophic Hormone Secretion

T h e  n eu ra l  connections  o f  th e  r a t  m edia l  b a sa l  h y p o th a lam u s  (h y p o p h y s io t ro p h ic  
a r e a )  h a v e  been  p a r t ia l ly  or t o ta l ly  severed b y  m ea n s  o f  a small knife f ixed in  t h e  holder 
o f  a  s t e r e o t a x i c  in s t ru m e n t .  Com ple te  d e affe ren ta t ion  o f  t h e  hypophysio trophic  a r e a  in h ib i ted  
f u r t h e r  o v u la t io n ,  and  u n i la te ra l  o öphoerc tom y did n o t  induce  compensatory  o v a r ia n  h y p e r 
t r o p h y .  O n  th e  o th e r  hand ,  b i la te ra l  o o phorec tom y w as  followed by  increased sec re t io n  of 
l u t e i n i z i n g  h o rm one  and  th e  d ev e lo p m en t  of c a s t r a t io n  cells in the  hypophysis .  I n t e r r u p t io n  
of t h e  n e rv e  f ib res  ru nn ing  to t h e  a rea  from  th e  tw o  sides, from above and  f rom  b e h in d ,  did 
n o t  i n te r f e r e  w i th  ovulat ion . A f te r  in te r ru p t io n  of t h e  a n te r io r  afferent p a th w a y s  t h e  an im als  
c ea se d  to  o v u la te ,  b u t  still  deve loped  co m p en sa to ry  o v a r ia n  h y pe r trophy  a n d  h y p o p h y se a l  
c h a n g e s  following cas tra tion .

H. Ueberberg, M. R e im er

(D r .  K a r l  T hom as  G m b H  L a b o ra to ry  for E x p e r im e n ta l  Pathology, B iberach /R iss )

Electron Microscopic Appearance of the Cell Nucleus in the Anterior
Pituitary of the Rat

T h e  cell nucleus of the  an te r io r  p i tu i ta ry  in t h e  n o r m a l  r a t  has been su b jec ted  to  e lectron  
m ic ro sc o p ic  exam inat ion .  A l igh t  a n d  a da rk  ty p e  is ro u g h ly  distinguishable. T h e  nucleus  is 
m o s t ly  r o u n d  or oval,  som etim es ren ifo rm  or of  b iza r re  shape .  I t  is su r rounded  b y  a  double
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m em b ran e ,  presenting  pores in some places. Most nuclei have one nucleolus, a few h ave  two. 
The  nucleolus is usually  round  a n d  of g ra n u la r  s t ruc tu re .  The differences r e v ea le d  by  the 
ex am in a t io n  do no t  perm it  of any  inference regard ing  the  in te rp lay  be tw een  n u c leu s  a n d  cy to 
plasm  a n d  the  re la ted  horm one produc tion .

Sz. Virágh, К . Kovács ,  T. Tiboldi

( D e p a r tm e n t  of  Histology a n d  E m b ry o lo g y ,  U nivers i ty  Medical School, B u d a p e s t ,  
and  F i rs t  D e p a r tm e n t  of  Medicine, U n ive rs i ty  Medical School, Szeged)

Electron Microscopic Study of Adenohypophysis Necrosis Caused by 
Hexadiniethrine-Broiiiide in the Rat

I n t r a v e n o u s  a d m in is t ra t io n  of h e x ad im eth r in e -b ro m id e  gives rise to  necrosis  in the 
a n te r io r  p i tu i t a ry  of rat.  30 m in u te s  a f te r  the  in jection  of the  drug, d i l a ta t io n  o f  some 
capillaries and  ru p tu res  co rresponding  to th e i r  endothelia l  fenestrae  were fo u n d .  Sim ul
t an e o u s ly  in trav ascu la r  f ib r in  p rec ip i ta t io n ,  in te r-  and  in tracellu lar  edem a occu red  a t  some 
places. One hour  a f te r  the  t r e a tm e n t  some capillaries were o bs truc ted  b y  th ro m b i .  A t  two 
ho u rs  d iapedesis  of e ry th rocy tes ,  increased in te rs t i t ia l  edema and num ero u s  t h r o m b i  charac 
ter ized  the  a lte ra t ions .  At three  h o u rs  ru p tu re s  of  the  cell m em brane ,  k a ry o ly s is  an d  karyor-  
rhex is  was observed in a p a r t  of th e  p a ren c h y m a l  cells. L a te r  the  above a l t e ra t io n s  increased 
per field and  complete  necrosis of  th e  p a re n c h y m a l  cells and blood vessels were fo u n d  in large 
areas.

T. Tiboldi,  К .  Kovács, M. Kurcz,  A. Orosz

(F irs t  D e p a r tm en t  of  Medicine, U n iv e rs i ty  Medical School, Szeged, 
and In s t i tu te  for General Zoology, L ó rá n t  E ö tvös  U nivers i ty ,  B u d a p e s t )

The Effect of Hexadimethrine-Bromide upon Pituitary Blood 
Circulation in the Rat

Prev ious  exam inat ions  have  shown t h a t  hexad im eth r ine -b rom ide  induced  in fa rc t io n  in t he 
adenoh y p o p h y s is  of  the ra t .  L igh t  a n d  e lectron  microscopy revealed the v a sc u la r  origin of the 
lesions. Therefore,  p i tu i ta ry  c ircu la t ion  has been s tud ied  in h ex ad im e th r in e -b ro m id e  t rea ted  
ra ts ,  by m eans  of the  India-ink  m ethod .  The  observed  changes were com pared  to  th o se  ap p ea r 
ing in r a t s  w ith  in fundibu la r  in ju ry .  In d ia  ink was in jec ted  1 to 24 hours a f te r  hex ad im eth r in e -  
b rom ide  dosage. Subsequen t  ex am in a t io n  revea led  in the adenohypophys is  nec ro t ic  areas 
which  in th e  init ial stage a lready  tu r n e d  a v iv id  red  a n d  took up no Ind ia  ink. S im ila r  changes 
were observab le  in the prenecrotic  phase.  Absence of India  ink from the  n ecrosed  p a r ts  was 
obvious in the  histologic p repara t ions .  T he  defects  observed in the a d e n o h y p o p h y s is  closely 
resem bled  the changes occurring a f te r  com ple te  or  par tia l  in fundibu la r  in ju ry .  T h e  results  
seemed to ind ica te  that  the  a r re s t  of blood c ircu la t ion  by h e x ad im e th r in e -b ro m id e  m ust  
p lay  a decisive p a r t  in the  p a th o m e ch a n ism  of adenohypophys ia l  necrosis.

Éva  H o rv á th ,  Gy. Varga, K. Kovács

( I n s t i tu t e  of Pa tho logy  and F irs t  D e p a r tm e n t  of Medicine, Universi ty  Medical School,  Szeged

Histochcinical Examinai ion of Adrenocortical Ischaemic Necrosis

T h e  vessels in the left adrena l  of white  r a t s  have  been c lamped by a spec ia lly  devised 
in s t r u m e n t  for 60, 90 and 120 m inu tes ,  and th e  co nsequen t  changes observed a t  in te rv a l s  of one 
h o u r  to one m on th .  The signs of necrosis b ecam e obvious 4 to 6 hours  a f te r  re lease  of the 
l iga tu re ,  a l though  enzym atico-h is tochem ica l  changes  appeared  earlier.

A focal decrease of s te ro id-3-3-ol-dehydrogenase,  a specific ind ica to r  o f  adrenocortica l  
fun c tio n  was perceptible af te r  the  f irs t  hour  a lready .  After six hours it com ple te ly  d isappeared
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f r o m  th e  infarcted area. Succ in ic-dehydrogenase  a c t iv i ty  d im in ish ed  m arked ly  by  the  f o u r th  
h o u r ;  acid  phosphatase  an d  non-spec if ic  esterase ac t iv i ty  ceased  a f te r  24 hours. The  his to logi
c a l ly  u n im p a ired  areas show ed no  c h an g e s  except for a n  in c reased  non-specific  esterase ac t iv i ty  
a r o u n d  th e  infarction. C ap il la ry  lesions were a lready  p r e s e n t  in the  prenecrotic  phase. T he  
t im e  o f  postnecrotic  re g en e ra t io n  d ep en d ed  on the  e x te n t  o f  th e  lesions. The newly fo rm ed  
cells p re sen ted  a normal h is to ch e m ic a l  picture.

D . Szabó, E. Stark, B. V arga

(D  a r tm en t  of M orphology ,  I n s t i t u t e  of E xper im en ta l  Medicine,  H u n g a r ian  A cadem y
of  Sciences, B u d ap es t)

Electron Microscopic Study of the Functional Changes and the Acid 
Phosphatase Reaction in the Fasciculate Zone of the Rat Adrenal

T h e  u l t ra s t ru c tu re  o f  t h e  adrenocortical fa scicu la te  zone in the  r a t  was e x am in ed  
in  v a r io u s  functional s t a te s  o f  t h e  p i tu i ta ry -ad rena l  sy s te m .  T r e a tm e n t  with ACTH caused 
t h e  m ito ch o n d r ia  to en large  a n d  increased the n u m b e r  o f  l ip id  granules  and  microbodies.

A fte r  hy p o p h y sec to m y  th e s e  s truc tures  decreased in size a n d  num ber .  The  acid p h o s 
p h a t a s e  reaction  revealed e n z y m e  a c t iv i ty  in the m ic robod ies  w hich  s t ruc tu res  are considered 
to  be  lysosomes.

G. Kúp

(Section  o f  P a th o lo g y ,  Municipal H o s p i t a l ,  Sopron)

Reaction of Six Month-Old Foetus to the Mother’s Cushing Syndrome

I n  the  foetus,  the  h y p o p h y s i s  a n d  the  epiphysis were  p e r fe c t ly  norm al.  The weight of  the  
t h y r o id  was four times,  t h a t  o f  t h e  th y m u s  five t im es,  t h e  p an c re as  four t imes the  no rm al ;  
t h e  is le ts  of  Langerhans were n o r m a l .  The  weight of  th e  a d re n a ls  was th ree  t imes, t h a t  of the  
t e s t ic le s  was more th a n  fou r  t im e s  th e  normal.

T h u s ,  practically th e  w h o le  foe ta l  endocrine a p p a r a tu s  was involved,  as shown by  th e  
in c re a s e d  weight of the g lands  as  also by  their fourfold e n la rg em e n t .  The  adrenals were e n 
la rg e d  threefold only.

T he  foetal reac tion  show s t h a t  the  m aternal  h y p o th a l a m ic  cen tre  was c o u n te rac t in g  
th e  d isorder .  This explains w h y  neuroendocrine  diseases a re  n o t  inher i ted .

S. Varga

( F i r s t  I n s t i tu te  of P a th o lo g y  a n d  E x p er im en ta l  Cancer R e se a rc h ,  U n iv e rs i ty  Medical School,
Budapest)

Ethionine Injury

T he  effects of e th ion ine,  espec ia l ly  those on the  p a n c re a s ,  h a v e  been stud ied  in ra b b i t s .  
A d m in is t r a t io n  of the c o m p o u n d  in d u c e d  loss of weight,  p a n c re a t i t i s ,  f a t t y  necrosis of the  p a n 
c rea s ,  a n d  f a t ty  degenerat ion  o f  t h e  liver.

I t  has been p roved  b y  a g r e a t  num ber  of b iochem ical ,  au to rad io g rap h ic  and e lectron- 
m ic roscop ic  investigations t h a t  e th io n in e  causes grave  d a m a g e  to cellular metabolism , espe
c ia l ly  in organs with in tens ive  p r o t e i n  synthesis,  a n d  t h a t  i t s  chron ic  adm in is t ra t ion  m ay  give 
r ise  to  tu m o u r  formation.

Deficiency of m eth io n in e ,  a n d  la te r  th a t  of choline was regarded  as responsible for  
t h e  d am ag in g  action of e th io n in e ,  whereas  recently  i t  h a s  been  ascribed to an inh ib i t ion  of 
p r o t e i n  metabolism. The  m e c h a n i s m  of ethionine act ion  re q u ire s  fu r th e r  investigations.
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1. H ü t tn e r ,  T. Kcrényi,  H. Je lűnek,  K lá ra  Szentágothai

(Second I n s t i tu t e  of  Pa th o lo g y ,  Universi ty  Medical School, B u d ap es t)

Fine Structure of Subendothelial Plasmic Substances 
Accumulating in Experimental Hypertension

Hypertension has been induced  in white ra ts  by  the  compression of b o th  k idneys  in 
o rd e r  to  s tu d y  the fine s t r u c tu r e  of  the  fibrinoid m a t t e r  a ccu m u la t in g  in the  mesenteric  
a r te r ie s  between the in te rn a l  e last ic  lam in a  and the endothe l ia l  cells. F irs t ,  there  ap p ea red  non- 
b iré f r ingen t  plasmic su b s ta n c es  toge the r  with  leukocytes  in th e  su h e n d o th e l iu m ;  la te r  f i 
brinoid  was seen to a cc u m u la te  w hich  narrow ed  the  lumen of the  vessels a n d  show ed in p o lar 
ized ligh t  a  topochemical reac t io n  characteris tic  of  f ib r in .  A t  th is  s tage,  the  e lectron  m i
croscope  revealed typ ica l  f ib r in  bundles  of 240 Â a n d  c lum ps d isp lay ing  1000 to 1500 Á 
p e r io d ic i ty  am idst  the  d is in te g ra te d  subendothelial  cells. No such  s t ru c tu re s  were seen in the 
m edia .  P a r t  of the f ib r in  b u n d les  was phagocy ted  by  m onocy tes .  L a te r  there  a p p ea red  con
nective  t issue and muscle  cells in the  subendothe l ia l  space  which gave  rise to  in timai 
p ro l ife ra t ion  a t  the site o f  th e  f ib r ino id .  A t  ano ther  place,  s im ultaneous ly  w ith  th e  appearance  
of hya line  staining reac t io n  the  place of subendothelia l  f ibr inoid  was occupied  by  hom oge
neous a reas  in which the  s t r u c tu r e  of  the  f ibrin  bundles  o f  regu la r  pe r iod ic i ty  a n d  the  peri
odica l ly  s t ruc tu red  bodies b eca m e  g radual ly  less d is t in c t  a n d  then  d isappeared .  A t  the  time 
of h y a lin  formation, the  a d ja c e n t  endothe lia l  and su b en d o th e l ia l  cells d isp layed  signs of 
in ten s iv e  pinocytosis on  th e i r  su rface  con tac t ing  the  hyalin .

A. Kóczé, В. Veress, H. Je lű n ek

(Second I n s t i tu t e  o f  Pa tho logy ,  U niversi ty  Medical School, B u d a p es t)

Hypertensive Changes in Elastic and Major Muscular Vessels
H ypertension  had  been induced  by the  Lorincz Goracz m ethod  in white  r a t s  and  the 

th o rac ic  and  abdominal  seg m en ts  o f  the  aor ta  as also the  m a jo r  m uscu la r  vessels h ave  been 
stud ied .  1. The  m echanism  o f  changes  is the same in the  m a jo r  an d  m inor vessels w i th  th e  differ
ence t h a t  changes take  longer to develop in the former t h a n  in the  la t te r .  2. E la s t ic  f ib res  in the 
m a jo r  vessels p reven t  or  d im in ish  th e  ex ten t ,  and de lay  the  process, of f ib r ino id  necrosis as 
seen in m inor  vessels. 3. D ev e lo p m en t  of  subendothelial  f ib r ino id  in the  tho rac ic  a n d  abdom ina l  
po r t ions  of the aorta  has been  obse rved  in chronic cases (40 days),  a stage a t  w h ich  the  minor 
vessels exhibi t  fibrinoid necrosis, ex tens ive  intimai p ro l ife ra t ion  and  hyalinosis.  4. Lesions of 
th e  a bdom ina l  aor ta  are m u ch  g ra v e r  th a n  those of the  tho rac ic  portion.

K lá ra  Szemenyei, L. H aranghy ,  J .  H in ta lan

(Second I n s t i tu t e  of P a th o lo g y ,  Universi ty  Medical School, B udapes t)

Pulmonary Vascular Changes in Senile Emphysema
Pulm onary  vessels o f  ind iv id u a ls  who had  suffered from  senile e m p h y s e m a  have been 

c o m p ared  with vessels o b ta in e d  from  th e  lung of acc id en ta l ly  deceased h ea l th y  subjects  of 
d i f feren t  ages.

In most  cases o f  senile e m p h y s e m a  the  pu lm o n a ry  vessels were d i la ted  a n d  to r tuous ,  
and  the  a m o u n t  of  p e r ia d v en t i t ia l  connective  tissue increased. T he  elastic f ib res  were th ickened  
a n d  m ore  readily  digested by  e las tase  th a n  those of the contro ls .  Before e lastase  diges tion  only 
a small  a m o u n t  of a rgen toph ile  re t icu la r  fibres was visible in the  vessel walls; a f te r  digestion, 
F o o t ’s silver im pregnation  revea led  n um erous  delicate lo ng itud ina l  and  t ran sv e rse  a rgen tophile  
f ib res  o f  undula t ing  course.

It follows th a t  n o t  only  th e  alveoli b u t  also the  e lastic  fibres of  th e  vessels undergo 
changes  w ith  age; the ir  d iges t ib i l i ty  by  elastase increases, and  as in the  a lveo lar  walls 
a rgen toph ile  fibres are increas ing  which  reduce elasticity.

D ila ta t ion  and to r tu o s i ty  o f  th e  vessels are p re su m ab ly  due to the  a t ro p h y  o f  the pul
m o n ary  pa renchym a,  the  loss o f  e las t ic i ty  and  the increase of a rgen tophile  re t icu la r  fibres.
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L. Nagy

(Second In s t i tu te  o f  P a th o lo g y ,  Universi ty  Medical School, B u d ap es t)

Effect of Cholesterol Treatment on Injuries of the Aortic Intima
T h e  abdom inal  ao r ta  of w h i te  r a t s  has been exposed a n d  i ts  in n er  surface was in ju red  by 

m e a n s  o f  a  th in  wire. The c rea ted  in t im a i  defect healed w i th  regene ra t ion  a n d  scarring .
A group  of animals was fed  w i th  cholesterol du r ing  th e  heal ing  period, a n d  th e  incor

p o r a t io n  o f  cholesterol by  the  i n t i m a  in  th e  in jured  area  w as  observed. The  se rum  cholesterol 
level a t  w hich  cholesterol began  to  in v a d e  the vessel wall h a s  been es t im ated .

L. Wallacher, J. Balogh

(D e p a r tm e n t  o f  P a th o lo g y ,  County  H o sp i ta l ,  Szekszárd)

The Bronchial Arteries in Pulmonary Hypertension
T h e  bronchial a rteries  h a v e  b e en  studied  in chronic  p u lm o n a ry  h y p e r te n s io n  due to 

p r i m a r y  d es truc t ion  of the  lung  p a re n c h y m a .
T h e  n a tu re  of m ural  ch an g es ,  th e  corre lation  b e tw een  age, d u ra t io n  of the  disease and 

c linical m anifes ta t ions ,  and th o se  o b se rv ed  between the  p u lm o n a ry  and  b ro n ch ia l  a rteria l  
s y s te m s  h a v e  been discussed.

G. Lusztig, B. Góg

(D e p a r tm en t  o f  P a th o lo g y ,  County  H o sp i ta l ,  Kecskem ét)

Héparinocyte Reaction and Serum Cholesterol Level
I t  h a s  been shown earlier  t h a t  th e  serum heparin  level as d e te rm in ed  on th e  basis of 

t h r o m b i n  act iva t ion ,  rose a f te r  cho les te ro l  feeding in ra b b i t s .
I n  t h e  presen t  e x p er im en ts  th e  h épar inocy te  re ac t io n  assoc ia ted  w i th  changes  in the 

se ru m  cholestero l  level has been  s tu d ied .
F e e d in g  of cholesterol e l ic i ted  m ark e d  q u a n t i t a t iv e  a n d  q u a l i ta t iv e  changes  in the 

h é p a r in o c y te s  in the  m y o ca rd iu m  a n d  th e  skin of ra b b i t s  b u t  none  in the  ab d o m in a l  muscles 
a n d  th e  lungs.

N o change in h ép ar in o cy te  c o u n t  was observed a f te r  com bined  or successive t r e a tm e n t  
w i th  t h io u ra c y l  and thyroid .

T h e  cellular reaction  a r is ing  u n d e r  th e  effect of cholesterol t r e a tm e n t  caused  m orpho log
ical c h a n g e s  in the héparinocy tes  o f  th e  h e a r t  and skin w hich  m an ifes ted  them se lves  chiefly 
in a c h a n g e  of the g ranu la r  p a t t e r n  a n d  the increase of o r th o ch ro m as ia .  These  p henom ena  
p o in te d  to  increased heparin  sec re t ion .

T h e  fac t  t h a t  the reac t io n  o ccurs  only in cases of p ronounced  hypercholes te ro laem ia  
a d m i t s  of the  following conclusions.

a )  T here  is a th resho ld  c o n c e n t r a t io n  of cholesterol below which no h epar inocy t ic  
r e a c t io n  occurs.

b) Exogenous cholesterol as a  chemical and physical s t im u lu s  p roduces a non-specific 
i r r i t a t i v e  effect on the hépar in o cy te s .

I. Nagy, Katalin Nagy

( I n s t i t u t e  of  Anatomy, H is to logy  a n d  Em bryology,  U n iv e rs i ty  Medical School, Szeged)

Lipid Contents of Leukocytes in Tuberculous Individuals
I t  h a s  been d em o n s tra ted  m o s t  convincingly  by  Se h r t  t h a t  lipoid granu les  a re  physio

logical c o n s t i tu e n ts  of leukocytes .
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Since a c e r t a in  degree of l ipaemia is comm on in tubercu los is ,  i t  has been s tu d ied  w h e th er  
the l ipaemia is accom pan ied  by a rise in th e  fa t  c o n ten ts  of  the  leukocytes,  and  if  so how the  
e levated  lipid level re sponds  to com bined  t r e a tm e n t  w i th  PA S, isoniazid and s t re p to m y c in .  
The S u d an  I I I  m e th o d  of B a c SICH was used for the e s t im a t io n  of fa t.

W hite  blood cells were o b ta in e d  from  p a t ien ts  w i th  posi t ive  sp u tu m  a n d  phary n g ea l  
swab. The  e x a m in a t io n  was r e p ea te d  every  m on th  d u r in g  t r e a tm e n t .  N u m b e r  an d  size of 
lipoid granules  were found  to increase in the g ran u lo cy te s  of m ost  pa t ien ts  suffering  from 
p u lm onary  tuberculos is .  I t  took th ree  to four m on ths  of c o m b in ed  t r e a tm e n t  un t i l  the  e levated  
level o f  lipids had  begun to fall.

I. Kádas, I. Péley, M. Németh-Csóka, Mária Simon

(D e p a r tm e n t  of P a th o lo g y ,  County  H o sp ita l ,  Child ren’s Hospita l ,  
an d  F i r s t  D e p a r tm e n t  of Surgery ,  U n iv e rs i ty  Medical School, Pécs)

Familial Occurrence of Glycogen Disease
Glycogen disease was revea led  in a 9 -m onth  old fem ale  b a b y  a t  necropsy. T he  in f a n t ’s 

two living siblings, a boy of 2 yea rs  and  a girl of 9 m o n th s  were  suffering from the sam e  disease. 
The two living ch ild ren  were ex am in ed  clinically; biopsy spec im ens  from the liver an d  s t r ia te d  
muscles were s tu d ied  histologically ,  h istochemically ,  biochem ically  (am ong others ,  e n z y m a t ic 
ally) and  cy togenetica l ly ,  u n d e r  the  l ight and  the e lectron  microscope. The resu lts  p o in ted  to 
g lucose-6-phosphatase  deficiency as the  pathogenic  factor.

V. Szokoly, L. Megyeri

( In s t i tu te  of  P a th o lo g y  and  F i r s t  D e p a r tm e n t  of Surgery ,  U n iv e rs i ty  Medical School. Debrecen)

Mucopolysaccharides in the Female Breast under Different Conditions
The s t ro m a  of female  b reas ts  has been stud ied  histo logical ly  and  h is tochem ically .  P a r t  

of  th e  females was h ea l th y ,  o th e rs  were suffering from  som e k in d  of m a s to p a th y  or m a m m a ry  
carcinoma. T he  special a rgen toph ile  s t ro m a  of bo th  the  n o rm al  and  the cases of m a s to p a th y  
was found  to co n ta in  acid m ucopolysaccharides ,  while n e u t r a l  m ucopolysaccharides  or m uco- 
proteins were p re sen t  in the  connective  t issue con ta in ing  y o u n g  collagen fibres. These  sub s tan ces  
were lacking or de m o n s tra b le  in t races in aged hyaline  conn ec tiv e  tissue. Both acid and  n eu tra l  
m ucopolysaccharides  were p re se n t  in the  s trom a  of ca rc in o m a to u s  breasts .  H is tochem ica l  
changes in the s t ro m a  of invo lu t ional  breasts  have been discussed.

P. Ladányi, I. Krompecher, Mária László

( In s t i tu te  of  A n a to m y ,  H isto logy and  Em bryo logy ,  U n iv e rs i ty  Medical School, Debrecen)

Changes of Tissue Metabolism in Embryonal and Postembryonal Life
The em b ry o n a l  and  p o s te m b ry o n a l  developm en t  of  ch icken  has been s tu d ied  from the 

v iew poin t  of  t issue m etabolism . Cytochrom oxidase  ac t iv i ty  w as  considered as the charac te r is t ic  
p a ram e te r  of  ox id a t iv e  m etabo lism , the lactic  acid c o n te n t  to characte rize  g lyco ly t ic  m e ta b 
olism, a n d  the hexosa in ine  con ten t  of  the tissues to ch arac te r ize  m u copo lysacchar ide - type  
m etabolism . C om pared  to f ind ings  on the  11th day  of e m b ry o n a l  life, p o s tem bryona l  cyto- 
chromoxidase  ac t iv i ty  showed a 600 per cent rise, m u copo lysacchar ide - type  m etabo lism  
reduct ion  by a p p ro x im a te ly  30 per cent. Glycolysis show ed a slight increase. In ten s iv e  m u co 
polysaccharide  m etabo lism  and  low cy tochrom oxidase  a c t iv i ty  are characteris tic  o f  e m b ry o n a l  
life, while increased ox ida t ive  a n d  slow m ucopolysaccharide  m etabo lism  of the p o s te m b ry o n a l  
stage.
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I. Toro jr.

( In s t i tu te  of Histo logy a n d  Em bryo logy ,  U n iv e rs i ty  Medical School, B u d a p es t)

The Endocytosis, Endoplasmic Reticulum and Golgi Complex Related to the 
Lysosome Formation in the Trophoblast Cells of Rats and Mice.

An Electron Microscopic Study
T h e  so-called coated ( fuzzy)  vesicles averag ing  1000 Á in d iam ete r  were desc ribed  (a t  

f i r s t  b y  R oth  and P o tte r  in 1962) in certa in  cell ty p e s  to  be responsable  fo r  t h e  u p ta k e  of 
p ro te in -su b s ta n ce s .  In  t h e  p r e s e n t  p a p e r  s imilar  vesicles a re  rep o rted  in t r o p h o b la s t  cells 
w i t h  t h e  aim to follow th e i r  in t ra ce l lu la r  fate.

According to th e  o b se rv a t io n s  of the  a u th o r  these  special p inocy to t ic  vesicles occur 
u s u a l ly  in the  vicinity  of  th e  Golgi com plex  and of th e  sm oo th -su rfaced  endoplasm ic  re ticu lum . 
T u b u la r  elements orig inat ing  f r o m  b o th  l a t t e r  sys tem s a n d  con ta in ing  a su b s ta n c e  fuse  with 
t h e  ves ic les  resulting in a c o n d e n s a t io n  of some dense m a te r ia l  w ith in  their  cavities.

O n  the  other h a n d  th e  t u b u l a r  e lements seem  to t r a n s p o r t  and  e m p ty  th e i r  c o n ten t  
i n to  ab so rp t io n  vacuoles f rom  w h ic h  th e n  lysosome-like s t ru c tu re s  develop.

I. Ökrös

( D e p a r tm e n t  of M orphology,  I n s t i tu t e  of E x p e r im en ta l  Medicine, H u n g a r ian  A cad em y
of Sciences, B u d ap es t)

Digitonin Reaction Adapted to Electron Microscopy
T h e  digitonin reac t ion ,  k n o w n  in po lar iza t ion  m icroscopy as a m eans  b y  which  to 

d e m o n s t r a t e  free cholesterol h a s  been  modified w i th  a v iew  to prov id ing  a d i rec t  electron- 
m ic ro sco p ic  m ethod for d e te rm in in g  th e  in trace l lu la r  local izat ion  of cholesterol.  U nderly ing  
t h e  p ro c e d u re  is the  fact  t h a t  t h e  c rys ta l  needles of  th e  d igitonin-cholesterol co m plex  are 
h ig h ly  osmiophilic. The  m e th o d  m a y  be of va lue  in  th e  s tu d y  of s te ro id -p roduc ing  tissues 
a n d  in  th rowing  light on c e r t a in  polarizat ion  p h e n o m e n a  connected w ith  t h e  digitonin 
re a c t io n .

J. Lackó, S. Keresztury

(D e p a r tm e n t  o f  P a th o lo g y ,  Semmelweis H osp ita l ,  Miskolc)

Postmortem Findings in 70 Cases of Measles
S e v en ty  infants, who h a d  d ied of measles in the  course  of the  1964— 1965 epidem ic,  

h a v e  b e e n  studied. The m o s t  f r e q u e n t  complication , an d  cause  of d e a th  in a b o u t  80 p e r  cent 
o f  t h e  m ate r ia l  was h aem o rrh ag ic ,  p u ru len t ,  necro t iz ing  bronchopneum onia .  B acter io logy  in 
m o s t  o f  these  cases revealed  S tap h y lo co ccu s  aureus a n d  pyogenes,  P ro teus ,  a n d  E. coli. In  a 
few  cases  H e c h t ’s giant-cell p n e u m o n ia  was p resen t .  T h e  complication  n e x t  in f requency  
w a s  w i t h  an  incidence of a b o u t  70 per  cent  acu te  s u p p u ra t iv e  otit is  m edia; t h e  incidence  of 
en te ro co l i t i s  was nearly as high. T h e  incidence of encephali t is  was nearly  20 p e r  cent. The 
m a j o r i t y  of  the deceased p a t i e n ts  h a d  had  no d e b il i ta t ing  chron ic  disease.

S. Keresztury, J. Lackó

(D e p a r tm e n t  o f  P a th o lo g y ,  Semmelweis H osp ita l ,  Miskolc)

Changes in Lymphatic Tissue and Bronchial Mucosa in Measles with
Complications

I n  pa t ien ts  died of m easles  necropsy  revea led  grave  changes especially in th e  h i la r  and 
p a r a t r a c h é a l  lym ph nodes, th e  to n s i ls  and  the  spleen. T he  chief  featu res  were the  accum ula t ion  
a n d  swelling of re ticular cells a n d  th e  appearance  of g ia n t  cells of re ticu lar  origin. T h e  p a t t e rn
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was suggestive of g ra v e  reac tive  reticulosis and even m al ignancy .  T he  g ian t  cells were s imilar  
to  the  S te rnberg— R eed  type  ra th e r  t h a n  to the W a r th in  F inke ldey  type.

The bronch ia l  a n d  bronchiolar  m ucosa  showed ex tens ive  squam ous epithelial  m e ta 
plasia in nearly ev ery  case. I t  is suggested  th a t ,  a l th o u g h  ly m p h a t ic  changes and the  epithelial  
m etap lasia  of  the  r e sp i ra to ry  t rac t  are n o t  sy m p to m s  specific of measles, they  nevertheless  
p re sen t  useful d iagnos t ic  clues.

A. Gellert, Mária Poberai, Márta Kozma, Erzsébet Husztik

( In s t i tu te  o f  Histology and E m b ry o lo g y ,  U n iv e rs i ty  Medical School, Szeged)

Innervation of Lymph Vessels: Fine Structure and Histochemistry
The nerves reac h  the lym pha t ic  wall in the  co m p a n y  of blood vessels. In  the  a d v e n t i t i a  

a n d  media they fo rm  in terwoven p lexuses of a m ore  or less coarse  appearance ,  whose f iner 
te rm ina l  fibres a d h e re  closely to the sm o o th  muscle cells and  in n erv a te  them . The s t ra t i f ied  
a rran g em en t  described  by  K y tm a n o f  h as  n o t  been confirm ed .  According to some pre l im inary  
exam inations ,  the  l y m p h  vessels p re sen t  a varied s t ru c tu re ,  no t  a lw ays perm it t ing  to d iffe ren 
t ia te  an a r ran g em en t  of the  wall into in t im a ,  media, a n d  a d v en t i t ia .

The n o rad ren a lin e  tes t  was used for de te rm in ing  th e  chem ica l  m ed ia to r  opera t ive  in the  
process of  impulse t ransm iss ion  from th e  te rm inal  v e g e ta t iv e  p lexuses innerva ting  the  lym ph  
vessel wall. P a r t  o f  th e  varicose te rm in a l  fibres has been  found  to show fluorescence, which 
ap p a re n t ly  ind ica tes  t h a t  they  belong to th e  sy m p a th e t ic  p a r t  o f  the  vegeta t ive  nervous sys tem .

The f indings p resen ted  a m orphological  s u p p o r t  to th e  biological observation  t h a t  
sy m p a th e t ic  in h ib i to rs  bring ab o u t  re la x a t io n  of the ly m p h  vessels.

A. Ábrahám

(U n ivers i ty  of Sciences, Szeged)

Electron Microscopic Studies of the Human Glomus Caroticum
The m ateria l  rem oved  a t  su rgery  was fixed in to to  in 4 per cen t  formalin. A few d a y s  

la te r  100 ft th ick frozen sections were p rep ared ,  placed in sugar-so lu t ion ,  then  fixed in os mic 
acid and set in a ra ld i te .  P a r t  of the sec tions was s tud ied  in the  E lec tro n  Microscopic L a b o ra to ry  
of Middlesex H o sp ita l  Medical School, London ,  and  th e  rest in Szeged. In the p ic tu res  the  
s t ru c tu re  of g lomus cells and  the t e rm in a l  connection  b e tw een  these cells and  the  nervous  
sys tem  has been s tu d ied .  Although th e  e lectron m icroscopic  p ic tu re  of all glomus cells was 
identical,  certain  signs have  lead to the  conclusion t h a t  there  are two or three  different types  
to  be discerned. T h e  endoplasm atic  re t icu lu m  with  th e  ribosomes is well visible in the  c y to 
p lasm  as well as a g re a t  nu m b er  of osmiophilic  granu les  lysosom es in some places large round  
t u b u la r  m itochondr ia ,  Golg i-apparatuses.  Among the  above  c om ponen ts ,  the  lysosomes are 
considered the m ost  im p o r ta n t ,  not h a v in g  previously been observed  in the glomus caro t icum : 
they  have a con g lo m era te  s t ruc tu re  a n d  a re  of  considerab le  size. I t  was rem arkab le  t h a t  in some 
p a r t s  there was a large nu m b er  of m ito ch o n d r ia ,  in o th e r  p a r t s  th ey  were hardly de tec tab le .  
W here  there were m a n y  osmiophilic g ranu les ,  m ito ch o n d r ia  were scarce and  where m i to c h o n 
dria  were in a b u n d a n c e  there  were few osmiophilic  g ranu les .  As to the  nervous connection of the  
glomus, the s tudies fa iled  to furnish re liab le  in form at ion .  On the  g lomus cells and the  im p reg 
n a te d  material  su r ro u n d in g  them there  were m an y  te rm in a l  nerve  rings, which, however, could 
not be detected  by  e lec tron  microscopy, in spite  of the  f a c t  t h a t  the  nerve  fibres passing th ro u g h  
Schwann-cells ,  as well as the n e u ro tu b u les  could well be seen. This ,  however,  was only n a tu ra l  
since hundreds of sec tions are ob ta ined  from  one te rm in a l  ring a n d  these themselves are n o t  
suffic ient to d e m o n s t r a te  how the recep to rs  are a t t a c h e d  to th e  cy top lasm  of g lomus cells.
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T. Donáth

( In s t i tu te  of A n a to m y ,  U n iv e rs i ty  Medical School. B u d ap es t)

Adrenergic Innervation of Extra- and Intracerebral Vessels
T h e  adrenergic  in n erv a tio n  of e x t ra ce reb ra l  vessels has been d e m o n s t r a te d  in lep- 

t o m e n in g e a l  p repara tions  by  F a l c k ’s f luorescence-microscopic  method.
T h ese  nerves follow the  vessels en te r in g  th e  b ra in  along a sho r t  seg m en t  only,  a n d  t e r 

m in a t e  w i th  a free ending. A drenerg ic  f ib res  belonging to  in trace reb ra l  vessels h a v e  n o t  been 
e n c o u n te r e d .  Adventit ial  cells w i th  c h arac te r i s t ic  cy top lasm ic  fluorescence h a v e  b e en  ob 
se rv ed  a r o u n d  in tracerebral  vessels. O n  th e  basis o f  d if fe ren t  neu ropharm acolog ical  exper im en ts  
i t  s e e m s  obvious th a t  these cells c o n ta in  ca techo lam ine  precursors .  I t  is suggested  
t h a t  t h e  chem ica l  components  of  these  cells are invo lved  in the  regu la tion  of in t race reb ra l  
vesse ls  t h a t  h ave  no adrenergic in n e rv a t io n .

G. Botár

( D e p a r t m e n t  of  Neurom orphology ,  S ta te  In s t i tu t e  of Neurology and  P sy ch ia t ry ,  B u d ap es t)

Branchial Nerves in Cyclostomata
T h e  dorsa l  nerves m ake  th e i r  ap p ea ran c e  in the  Urochordata and becom e segm en ted  in 

th e  Cephalochordata. They are of  m ix ed  ch arac te r .  T heir  efferent c o m p o n en ts  i n n e rv a te  the 
s t r i a t e d  m u sc u la tu re  of the a t r iu m  in Chordata a n d  t h a t  of the  p h a ry n x  in Cyclostomata ; their  
e f fe re n t  c en t re s  have various loca t ions ;  for all these  reasons the  dorsal (b ranch ia l )  n e rves  are 
n o t  id e n t i c a l  in Chordata and  Cyclostomata.

I n  Cyclostomata even the  m o s t  ros t ra l  b ranch ia l  nerve,  the p re m a n d ib u la r  ne rv e  has an  
e f fe re n t  c om ponen t .  The two ro s t ra l  b ranch ia l  nerves,  the  p rem a n d ib u la r  a n d  m a n d ib u la r  
n e rv es  u n i t e  in the  Cyclostomata to fo rm  th e  tr igem ina l  nerve.  The affe ren t  an d  effe ren t  com po
n e n t s  o f  t h e  said two nerves, as t h a t  of the  tr igem ina l  nerve,  run  a separa te  course  in t h e  initial 
p o r t io n  o r  f rom  beginning to end.

B. Csillik, F. Joó, Erzsébet Knyihár

( I n s t i t u t e  o f  A na tom y, Histo logy a n d  E m b ry o lo g y ,  U n ivers i ty  Medical School. Szeged and 
Electron Microscopic L a b o ra to ry ,  Jó z se f  iVttila U nivers i ty ,  Szeged)

Nerve Fibre Degeneration and Transmitter Depletion in the 
Vegetative Axons

I n  the  normal autonom ic  te rm in a l  in n e rv a t io n  a p p a ra tu s  there  are 3 to 8 u n m y e l in a ted  
p o s tg a n g l io n ic  axons in each b u n d le  of S c h w a n n ’s cy top lasm ic  processes, which  a lm o s t  covers 
th e se  a x o n s .  A t  36 hours af te r  r e m o v a l  of  the  superio r  cervical ganglion, no ra d re n a l in e  dis
a p p e a r s  f ro m  the  adrenergic p o s tgang lion ic  nerve  f ibres ,  as could be e s tab l ished  b y  F a lc k ’s 
f lu o re sce n ce  technique. E lec tron  m ic roscopy ,  however,  showed the  axon  d eg en e ra t io n  to  take  
a lo n g er  t im e .  The first  sign of d e g en e ra t io n  ap p ea red  3 to 4 days af te r  the  o p e ra t io n  w h en  the  
p r o t e c t in g  Schwann-cover  leaves free th e  nerve f ib res  in which lysosomic vacuoles  m a k e  their  
a p p e a r a n c e ,  w i thou t  otherwise a f fec t ing  th e i r  s t ru c tu re .  A t  6 days following o p e ra t io n ,  h is t io 
c y te  p ro cesses  surround  the  fibres a n d  g ra d u a l ly  dissolve the  superficial m em b ran e  (axo lem m a).  
Th is  p ro c ess  always s ta r ts  a t  th e  v es icu lar  (d i la ted)  port ions of the  nerve  f ib res  a n d  leads 
w i th in  8 10 days  to a break ing  u p  of th e  axon. T he  his t iocytes  f inally  d ev o u r  the  f ib re  rests.
T h ese  f i n d in g s  show t h a t  the  t r a n s m i t t e r  sub s tan ces  are synthesized  in th e  ne rve  cells an d  for 
b e in g  f ix e d  in  the  term inals  th ey  re q u ire  energy  consum ing  processes of the  axon.  S econdary  
d e g e n e r a t io n  m eans a p redom inance  of p ro teo lys is  over  p ro te in  synthesis  u n d e r  cond it ions  when 
th e  p e r ik a r y o n  has ceased to su p p ly  p ro te in  for the  nerve  fibre.
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P. Kása, В. ('sitiik

In s t i tu te  of  A n a to m y ,  H is to logy  and E m bryology ,  U n iv e rs i ty  Medical School, Szeged)

Axo-Axonal Synapses in the Cerebellar Glomeruli
T h e  s t ru c tu re  of  the  cerebellum, a lthough  the o rgan  is one of the  most  s tud ied  areas of 

the  ne rvous  system, is still  n o t  fully explored.
Relying on light-microscopic, d a ta ,  Szentág o th ai  c la ims the  exis tence of axo-axonal  

synapses  in the p a ren c h y m a l  islets of  the cerebellum, h u t  physiological ex am in a t io n s  by 
Eccles  and  the Ca n b e r r  a group  have been unable  to p rove  a p re sy n ap t ic  inh ib i to ry  effect in 
these  areas.

T he  present e x am in a t io n s  in cats  and guinea pigs have  d em o n s tra ted  the  existence of 
axo-axona l  synapses in th e  glomeruli  of the cerebellar co r tex  a t  the  p re te rm in a l  por t ion  of the 
oncom ing  mossy fibres, close to  the  site where the mossy f ib re  cas ts  off its m edulla ry  shea th .  
According to Sze n t á g o t h a i , only the  mossy fibres and  Golgi-cell axons te rm in a te  close to the  
d en d r i te s  in the  p a ren c h y m a l  islets. E ccles a t t r ib u te s  an  inh ib i to ry  effect to the  Golgi-cell 
axons.

П these two s t a te m e n t s  are valid, the axo-axonal  sy n ap se  observed on the  mossy fibres 
w ith in  the  cerebellar p a ren c h y m a l  islet may exer t  a p re sy n ap t ic  inh ib i to ry  effect.

On the evidence o f  e lectron  microscopic h is tochem ica l  exam inat ions ,  the nervous  
s t ru c tu re s  in the p a ren c h y m a l  islet, i.e. the mossy fibre,  g ran u le  cell dendr i te .  Golgi axon,  and  
Golgi d endr i te  display ace ty lcho linesterase  ac t iv ity  n o t  on ly  in the  syn ap t ic  areas b u t  often 
over  the  entire  m em b ran e  surface.

F. Joó, B. Csillik

( I n s t i tu t e  of  A na tom y. H is to logy  and  E m bryology ,  U n iv e rs i ty  Medical School, Szeged)

Ultrastructural Changes in the Cerebellar Cortex Following 
Inhibition of Arylesterase

In the p a ren c h y m a l  islets of the g ranu lar  layer of  th e  cerebellar  cortex  there  ex is ts  a 
special fo rm  of ju n c tu re  b e tw een  the  e x c i ta to ry  mossy f ib re  sy s tem  and  the in h ib i to ry  Golgi-cell 
axon  sys tem , as b o th  the  e x c i ta to ry  a n d  the inh ib i to ry  a x o n s  are form ing synapses with  the 
d en d r i te s  of  the g ran u la r  cells. According to previous h is tochem ica l  s tudies  of the  ‘‘complex 
sy n ap s is”  in the areh icerebe llum  of the ra t .  bo th  the  e x c i t a to ry  and the inh ib i to ry  synapses  
d isp lay  an intensive ace ty lcho lin -es terase  act iv ity .  E lsew here  in the  cen tra l  nervous sys tem , 
where h is tochem is try  failed to d e m o n s tra te  cholinesterase  a c t iv i ty ,  a well-defined ary lesterase  
ac t iv i ty  has been observed.

T he  presen t  s tud ies  of the  rat neocerebellum have  show n t h a t  inhib i t ion  of a ry les terase  
by c o p p er  su lpha te  did n o t  cause  u l tra s t ru c tu ra l  changes  o f  any  im p o r tan ce  in e ithe r  the 
e x c i ta to ry  or the  in h ib i to ry  axons.  The  post-synap t ic  g ra n u la r  cell dendri tes ,  however,  were 
found to display a g re a t  n u m b e r  of ribosomes m u lt ip l ica t io n  even at those  si tes (e.g. the  
den d r i t ic  p rotrusions) where  r ibonucleic  acid particles  do not occur u n d e r  no rm al  c i rc u m 
stances.  Certain changes in the  g ran u la r  cell cy top lasm  were indica tive  of intensif ied p ro te in  
synthesis.

On the s t re n g th  of the  f ind ings a significant role is a t t r i b u te d  to syn ap t ic  a ry les terase  
•n th e  decom posit ion  of s t im u la t in g  t ransm it te rs .

I. Törk, B. Vigh, T. Wenger

( In s t i tu te  of  H is to logy  and  Em bryology,  U n iv e rs i ty  Medical School. B udapes t)

Autoradiographic Examination of the Circunivenlricular Ependymal
Organs

T h e  ependym al  o rgans  o f  the  ra t ,  i.e. c ircum scribed  areas in the  wall of the cerebral 
ven tr ic les ,  conta in ing special ep en d y m al ,  glial and  nerve e lem en ts  were exam ined  by m eans  of 
:{;*S m ethionine .  T he  following areas were studied: the subcom m issu ra l ,  p a rav en tr icu la r ,  s u b 
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fo rn ica l ,  a n d  recessus organs,  t h e  o rg an o n  vascu losum  lam inae  term inális ,  fu r th e rm o re  the  
e p e n d y m a l  lin ing of the  th i rd  ven tr ic le ,  m edia l  eminence an d  the  choroid plexus .  T h e  an im als  
were  k i lled  a t  in te rvals  of one ha lf ,  one, tw o  an d  four  hours following a d m in is t r a t io n  of the  35S 
m e th io n in e .  Serial sections were c u t .  T heir  a u to rad io g rap h ic  p ic tu res  on K o d ak  A R  10 s t r ip 
p in g  em uls ion  show a rap id  a cc u m u la t io n  o f  amino acids in the  e p endym al  o rgans  an d  the 
e p e n d y m a .  I n  the  ependim al o rgans  show ing e p en d y m o secre to ry  ac t iv i ty  e. g. in t h e  su b c o m 
m is su ra l  o rgan ,  the  a c t iv i ty  was localized  in si tes corresponding  to th e  sec re to ry  regions and 
th e  iso to p e  was p robab ly  in c o rp o ra te d  in th e  p roduced  secretion. The  p ro n o u n ced  am ino  acid 
u p t a k e  o f  th e  non-secretory  e p e n d y m a l  o rgans  is due  to th e i r  in tensive  p ro te in  m etabo lism  
a n d  a b so rp t io n ,  respectively.

B. Vigh, Ingeborg Teichmann

( I n s t i tu t e  of Histology a n d  E m b ry o lo g y ,  U n ivers i ty  Medical School. B u d a p es t)

Histologic and Histochemical Examination of the Paraventricular 
Organ in Various Vertebrates

T h e  p a rav en tr icu la r  organ ,  one of th e  e p en d y m al  o rgans in the  3rd ventricle ,  is m ad e  up 
of a spec ia l  m ult i- layered  e p e n d y m a  a n d  a r ich ly  vascular ized  h v p e n d y m a .  Clusters o f  H e r r in g ’s 
bod ies  sp re a d  from the n eu ro sec re to ry  cell groups tow ards  th e  organ, the  fu n c t io n  of which 
h as  n o t  b e e n  clarified.

A nerve  cell group of the  o rg a n  (nuc leus organi pa raven tr icu la r is )  is de sc r ibed ;  i t  was 
f o u n d  to occur  in ve r teb ra te s  f rom  f ish  up  to  m am m als .  One process of the  nerve cells in n e rv a te s  
t h e  e p e n d y m a l  port ion  of the  o rgan ,  t h e  o th e r  in f il t ra tes  the  b ra in  substance.  T he  h is tochem ical  
t e s t s  u se d  were  the  a ldehyde-fuchsin ,  ch ro m iu m -h ae m a to x y l in  (nonoxidized),  D D D ,  N inhydrin -  
Sch iff  a n d  PA S reactions, to lu id ine  blue,  S u d an  black B, acid a n d  alkaline p h o sp h a tase ,  succino- 
d e h y d ro g e n a se  and cholinesterase  reac t io n s  as well as ca techolam ine  d e te rm in a t io n .  The 
f in d in g s  p o in ted  to a p ronounced  m etabo lic  a c t iv i ty ,  especially in the  e p en d y m al  port ion  of 
th e  organ .

Ingeborg Teichmann, В. Áros

( I n s t i tu t e  of Histology an d  E m b ry o lo g y ,  U n ivers i ty  Medical School, B u d a p es t)

Fluorescence Microscopic Demonstration of Catecholamine Containing 
Nerve Cells and Fibres in the Central Nervous System of Invertebrates

E a r l ie r  histochemical te s ts  (T e ic h m a n n  e t  al.) and  e lectron-microscopic  e x am in a t io n s  
(A ros  e t  al.) revealed a positive  ch ro m aff in  reac t ion  and  dense core vesicles typ ica l  for ca techo l
a m in e  in  t h e  centra l  nervous sy s tem s  of in v e r te b ra te s  (Lum bricus  sp.). T he  p re sen t  p a p e r  gives 
an  a c c o u n t  of  fu r ther  exam in a t io n s ,  using  th e  p a ra fo rm ald eh y d e  m eth o d  for the  d e m o n s tra t io n  
of ca tech o lam in e  by m eans of f luorescence  microscopy. In tens ive  fluorescence was show n by  
n u m e ro u s  ne rve  cell groups a n d  n e rv e  p a th s  in the  area  of the  cerebral and  su b p h a ry n g ea l  
ganglia .  I n  th e  cerebral  ganglion no d irec t  connection  was found  to ex is t  be tw een  th e  neu ro 
se c re to ry  sy s tem  and the  ca tech o lam in e  con ta in in g  cells.

Katalin Hollósi

(D e p a r tm en t  of  P a th o lo g y ,  Municipal I s tv á n  H osp ita l ,  B ud ap es t)

Neurovegetative Structures in Sialoadenopathies
Changes in the au to n o m o u s  g ro u n d  p lexus ,  the  ch rom aff in  cells and  the  a r te r io -venous  

a n a s to m o se s  have  been s tud ied  in co nnec tion  w ith  200 cases of s ia lo ad en o p a th y  of various 
aet io logy.

T h e  au tonom ous ground  p lexus  revea led  a l te ra t iv e - rep a ra t iv e  changes in cases of 
c o m m o n  sialoadenitis ,  while h y p e rp la s t ic  p h e n o m e n a  were p re d o m in an t  in those  of neurogenic 
sialosis. G rav e  lesions and co n se q u en t  h y p e rreg en era t iv e  processes were observed  in allergic 
s ia lo a d en o p a th ie s  associated w i th  S jo g ren ’s syndrom e.
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T he  chrom aff in  (a rg en ta f f in )  cells of the sa l iva ry  g lands  (such cells p re su m a b ly  being 
the  cellular rep resen ta t ives  o f  the  adrenergic  m ec h an ism )  were found to have  decreased in 
n u m b er  and  to have u n de rgone  degenerat ion  in d e s t ru c t iv e  processes and  tu m o u rs .

H yperp las ia  of  the ch ro m aff in  cells and the ap p ea ran c e  of peculiar  form s w ere  observed 
in the  sa l ivary  gland of p a t i e n ts  suffering from neurogenic  sialosis or h y pe r tens ion .

The  arterio-venous anas tom oses ,  ju x tap o sed  w ith  the  sys tem  of d u c ts ,  c o n ta in  also 
cheinorecep tors  and m ay ,  there fo re ,  play a special v eg e ta t iv e - re g u la to ry  role in the  m ain 
ten an ce  of g landular  hom eostasis .  Marked hyperplasia  and ,  in one case, a t u m o u r  o f  the  a r te r io 
venous anas tom oses was obse rved  in cases of sialosis due  to hyper tens ion  a n d  em o t io n a l  stress.

T. Kerényi, L. Haranghy, I. Hüttner, Klára Szentágothai, В. Veress

(Second In s t i tu t e  of Pa tho logy ,  U n ivers i ty  Medical School, B u d a p es t)

Enzymatic-Histochemical and Ultrastructural Aspects of Experimental 
Lipofuscin Pigment in the Nervous System

Following n e u ro t r a u m a t is a t io n  induced in wh i te  r a t s  by repea ted  changes  of stimuli  
a c c u m a la t io n  n u tr i t iona l  an d  defence reflexes’ senile p ig m en t  has been observed in the  central  
nervous  sys tem , especially in th e  P u rk in je  cells. As com p ared  to controls, the  ac id -phospha tase ,  
non-specific  esterase an d  succ in ic-dehydrogenase  a c t iv i ty  of  the  Pu rk in je  cells showed a 
m o d e ra te  increase du r ing  th e  e s tab l i sh m en t  of the condit ioned  reflexes. R e p ea te d  changes of 
the  conditioning stimuli  caused  a considerable  decrease of the  enzym atic  act iv it ies .  E n zy m atic  
reac tions  became once m ore  in ten s iv e  a f te r  a rest  of  six weeks,  b u t  their  local izat ion  was dif
fe ren t  from t h a t  observed in the  con tro l  animals .

Prolonged d in i t ropheno l  t r e a tm e n t  induced v igorous enzym atic  ac t iv i ty .  A ccum ulat ion  
o f  p igm en ts  was significant in th is  group  also.

While the respective  u l t ram ic ro sco p ic  s t ru c tu re s  of the  pigment g ranu les  observed in 
the  course of normal senescence an d  a f te r  the n e u ro t r a u m a t is m  were essentia l ly  similar,  the 
s t ru c tu re  of  p igment g ranu les  observed  af te r  d in i t ropheno l  t r e a tm e n t  revea led  different 
featu res .  I t  is suggested t h a t  p ig m en ta t io n  following n e u ro tr a u m a t is m  is due to  th e  absolute , 
t h a t  following d in itrophenol  t r e a tm e n t  to the re la tive  insufficiency of th e  cellular  enzy
me sys tem s.

Mária Édcr, В. Murányi

(D e p a r tm en t  o f  Neurology, U nivers i ty  Medical School, B udapes t)

Histopathology of Chronic Nodular Pancncephalitis
Ten, 5 / 2" end 4-year old cases of panencephalit is  nodosa have  been s tu d ied  h is topatho-  

logically in order to find answers to the following prob lem s.  1. Pa thogenesis  a n d  course of 
dem yel in iza t ion  which in a 10-year old case - d e s t royed  a considerable  p o r t ion  o f  the  hemi- 
spheral  white  m at te r .  2. Cytological analysis of m eningeal an d  in t ra p a re n c h y m a l  in f la m m a to ry  
in f i l t ra t ions  which are e n co u n te red  in chronic cases also; th e i r  im m une-pa tho log ica l  re la tion
ships. 3. A t  different po in ts  of  the  cerebral cortex,  ch arac te r is t ic  Alzheimer ty p e  fibril lary 
changes were enocuntered  in one of the  cases, a p h enom enon  h i the r to  no t  reg is te red  in liter
a tu re ,  the ir  histochemical s t ru c tu re  and pa thogenesis has been studied. 4. T he  vessels have 
also been studied  since signs po in t in g  to ischaemic necrosis were observed. 5. Cytological 
s t ru c tu re  and  origin has been  s tud ied  of the glial nodules usua l ly  encountered  in panencepha l i t is  
nodosa.
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I. Kiss, K. Máté, T. Major, J. Horváth, G. Pados, L. Fónyad

( F i r s t ,  Second  and Third  D e p a r t m e n t s  o f  Medicine, an d  D e p a r tm e n t  of Pa th o lo g y ,  T étény i
H osp ita l ,  Budapes t)

Clinico-Pathological Evaluation of 1000 Cases of Death of Cardiac
Origin

A clinico-pathological su rv e y  is g iven  of 1000 p a t ie n ts  w ho  died of h e a r t  diseases be tw een  
J a n u a r y  1st, 1960, and D e ce m b er  3rd ,  1965. The cases h a v e  been t a b u la te d  accord ing  to 
d iag n o s is ;  they  included a v a r i e ty  of conditions from  c ongen i ta l  abnorm ali t ie s  to  va scu la r  
d iseases .  T h e  immediate cause o f  d e a th ,  t h e  course of the  d isease,  a n d  the p rob lem  o f  e va lua t ing  
th e  d a t a  revealed by the  case h i s to ry ,  a re  discussed in detail.  Sex and  age d is t r ib u t io n  has been 
s tu d ie d .  Special care has been  t a k e n  of th e  evaluation  of t h e  p u lm o n a ry  s t a te  of  th e  p a t ie n ts ,  
i r r e s p e c t iv e  of whether the  d isease  o f  th e  lungs was p r im a ry ,  or a consequence of th e  card io 
v a s c u la r  condition.

K. Máté, I. Kiss, T. Major, J. Horváth, G. Pados, L. Fónyad

( F i r s t ,  Second  and Third  D e p a r t m e n t s  o f  Medicine, a n d  D e p a r t m e n t  of P a th o lo g y ,  T é tény i
H osp ita l ,  Budapest)

The Role of Extracarciial Factors in Death Caused by Heart Disease
T h e  role of ex tracard ia l  f a c to r s  h a s  been evaluated  on th e  basis of a clinico-pathological 

s u r v e y  o f  1000 cases of card iac  d e a th ,  to  s tudy  the re la t io n sh ip  be tw een  renal  s t a te  an d  the  
c o m p e n s a t io n  of cardiac fa ilu re  a n d  th e  da ta  concerning e lec tro ly te  and w a te r  household.  
T h e  significance of mult ip le  e m b o l i s a t io n  is discussed.

Anna Maria Novi

( I s t i tu to  di P a to ló g ia  Generale dell’ U n iv e r s i tà  di Pisa)

Vesicle-like Formations Observed under the Electron Microscope in the 
Isotropic Bands of the Rat Heart

T h e  p ro tom em branes  w h ic h  bu i ld  u p  the in te rca la ry  discs in the  papil lary  muscles of the  
r a t ,  p r e s e n t  numerous spindle a n d  sack-shaped  d i la ta t ions  of th e i r  interstices. These  spaces, 
d e l im i te d  by  the cytoplasmic m e m b r a n e ,  contain num erous  s t ru c tu re s  m ade  up  usua l ly  b y  two 
h e m isp h e r ic a l  vesicles, each m e a s u r in g  u p  to 1400 Â in d ia m e te r ,  u p  to 800 Á in rad iu s  and  
a p p r o x im a te ly  40 Â in wall th ic k n e ss ,  w i th  their f la t  surfaces a rranged in parallel.  T heir  a p p e a r 
an ce  r e m in d s  of diplococci. T he  m e m b r a n e  in the f la t  po r t io n s  of the  vesicles a p p ea rs  especially 
r i c h  in  c o n tra s ts ;  less so are th e  g ra n u le s  on their inner sides w hich  presen t  a regu la r  s t ruc tu re .

T h e  two opposite s i tu a te d  f l a t  surfaces in each d ip lococcus-shaped g row th  are sep a ra ted  
b y  a 160 Â wide interspace w h ich  a p p e a r s  to  be subdivided once m ore  by  a 20 Â th ic k  m em b ran e .  
T h e  d ip lococcal  s truc tures  a p p e a r ,  depend ing  on the sec tion  p lane, as d if feren tly  osmiophil ic  
r o u n d i s h  form ations or bubb les  c o n ta in in g  a richly c o n tra s t in g  m at te r .

T h e  same kinds of g ro w th  h a v e  been  observed on th e  cell surface, outside  th e  per im em - 
b r a n e .  T h e y  occur in the n o rm al  r a t  h e a r t ,  b u t  much more n u m ero u s ly  in the  pap il la ry  muscles 
o f  r a t s  w i th  aortic stenosis.

T h e  presence of these  s t r u c tu r e s  in the  isotropic b a n d  seems to sup p o r t  the  hyp o th es is  ol 
Sp e r e l a k i s  et ah (1960) in t h a t  t h e  re lease  of chemical su b s tan ces  in this region causes ex c i ta 
t i o n  to  sp read  from muscle cell to  m usc le  cell.
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G. Korb, A. Krug

(Pathological I n s t i tu t e  of the  U n ive rs i ty ,  M arburg  a. d. L ah n )

Late Findings in the Heart Muscle of Cats after Temporary 
Coronary Ligature

T em p o rary  l igature  for periods of 60, 120 a n d  180 m inutes  of the  r a m u s  descendens 
to g e th e r  w ith  the accom panying  vein was carried  o u t  in 32 cats.  Seven more an im a ls ,  sub jected  
to p e rm a n e n t  l igature, served as controls.  T h e  anim als ,  unless they died sp o n ta n e o u s ly ,  were 
killed on the  ten th  postoperat ive  d ay  and  their  h e a r t  was subjected  to h is tochem ica l  a n d  enzyme 
his tochem ica l  exam ination .

I n  all cases of p e rm a n en t  and  180-minute  l iga ture ,  typical extensive  t r a n s m u r a l  infarc ts 
in the  an te r io r  wall of the  left ventr ic le  were observed. T h ey  often spread over  th e  v e n t r a l  por
t ion  of the  septum.

O u t  of  eight hear ts  w ith  l iga tu re  for 2 hours,  th ree  presented  t ran s m u ra l  in fa rc ts  in the 
left a n te r io r  wall, and two d isp layed  na rro w  s t ra t i f ied  infarcts  in the same region close to the 
en d o ca rd iu m ;  the rem ain ing  th ree  showed only focal and  str ipe-shaped m y o ca rd ia l  necroses.

In 11 animals w ith  one-hour  l iga tu re ,  the  findings were, in three  cases, su b en d o card ia l  
s t ra t i f ied  infarcts ;  in e ight  cases focal or s t r ipe-shaped  m yocardia l  necroses;  and  in no case were 
t r a n s m u r a l  infarc ts observed.

These findings seem to confirm  the earlier a ssum ption ,  th a t  co ronary  l ig a tu re  for 60 
and  120 m inu tes  leads to necrosis only in pa r ts  of  the  supplied areas,  p ro b a b ly  in th o se  sites 
where  ischaemia persists af te r  rem o v a l  of  the  l igature.

G.Waldmann

( I n s t i t u t e  of Pa th o lo g y ,  F r iedr ich  Schiller U niversi ty ,  J e n a )

Suhmicroscopic Myocardial Changes in Rabbits Treated with
Streptolysin 0

S ub le tha l  in travenous  doses o f  S trep to lys in  0 induced changes in the  m y o c a rd ia l  fine 
s t ru c tu re ,  such as an early  swelling of the  m ito ch o n d r ia ,  oedema of the ap il la ry  e n d o th e l iu m  
an d  p a ren c h y m a  cells, a l te ra t io n s  o f  th e  endothe lia l  an d  p a renchym a cell m e m b r a n e s  a n d  a 
d i la ta t io n  of the  sarcoplasmic r e t icu lu m  o f  p a re n c h y m a  cells. As to the pa thogenes is ,  a process 
has  been  assum ed by which S trep to ly s in  0 affected the  cell m em brane  on a n a lo g y  of the 
m ech an ism  operat ive  in e ry th rocy to lys is .  W ate r  in f lux  and  de ran g em en t  of t h e  in t r a  and 
e x trace l lu la r  env ironm ent by the  p r im a ry  p e rm eab i l i ty  d is tu rbance  could p e r h a p s  acco u n t  
for the  changes.

J. Juhász, Éva Magyar

(F i r s t  I n s t i tu t e  of  Pa tho logy  and  E x p e r im en ta l  Cancer Research, U nivers i ty  M edica l  School,
B ud ap es t)

Myocardial Changes in Uremia
T he  h ear t  of  30 p a t ie n ts  who had  died with u rem ia  has been sub jected  to m o rpho log ica l  

e x am in a t io n .  In the wall of the  left ven tr ic le  charac te r is t ic ,  usually  focal, changes  were revealed, 
consis t ing  in a swelling of the fibres ,  vacuo l iza t ion  of the  sarcoplasm, fibril lolysis a n d  in te r 
fascicular  edema. In  the  h y p e r t ro p h ize d  muscle  cells nuclear anomalies such as dup l ica t ion  
a n d  g ian t  nuclei, etc. were f requen t .  H ya l ine  changes of the  arterioles, e v e n tu a l ly  signs of 
in f la m m a tio n ,  were also common.

A double  re la tionship  is assum ed  be tw een  the  renal  failure and the m e tab o lic  d is tu rb an c e  
of card iac  muscle, viz. 1. h y pe r tens ion  acco m p an y in g  the  renal  disease leads to c a rd ia c  h y p e r 
t ro p h y  a n d  thus  to re la tive  co ro n ary  insufficiency; 2. toxic effects of  u re m ia  c o n tr ib u te  
s ignificantly  to the m yocardia l  lesions.
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A. Bajtai, Klára Németh, F. Alföldy

( F i r s t  In s t i tu te  of P a th o lo g y  a n d  Experim ental  C ance r  R esearch ,  U nivers i ty  Medical
School, B u d ap es t)

Myocardial Changes Caused by Pacemaker Electrodes
Artificial pacem ake rs  o f  d i f fe ren t  types are in c reas in g ly  em ployed  for the  t h e r a p y  of 

c o n d u c t io n  disturbances,  e sp ec ia l ly  in Adams-Stokes’sy n d ro m e .  The  electrodes are im p lan ted  
in to  t h e  m yocardium  or i n t r o d u c e d  th ro u g h  one of the  la rge  ve in s  in to  the  r igh t  h e a r t  ventricle .

T h e  present p a p e r  r e p o r t s  o n  7 cases with im p la n te d  pacem akers .  Two of the p a t ie n ts  
h a d  a  congenital  septal d e fec t  a n d  t h e  surgical in te rv en t io n  h a d  caused  a conduction  d is tu rbance .  
I n  t h e  elderly pa t ien ts  t y p ic a l  A dam s-S tokes  a t ta ck s  m a d e  i t  necessary  to im p la n t  a p a ce 
m a k e r .

One pa t ien t  d ied 42 h o u r s  after  the o p e ra t io n ;  t h e  m y o ca rd iu m  showed signs of 
necros is .  In  two other cases, d e a t h  occurred 9 days a f te r  im p la n ta t io n  of the electrodes; there  
w a s  necrosis associated w i th  a m a rk e d  in f lam m ato ry  re ac t io n  in the  m yocard ium . One 
p a t i e n t  lived for 6 weeks a f te r  t h e  in te rven t ion ;  the e lec trodes  were su rrounded  by  f ib ro tic  tissue 
sh o w in g  signs of chronic in f l a m m a t io n ,  with foreign b o d y  g i a n t  cells.

F. Alföldy

( F i r s t  In s t i tu te  of P a th o lo g y  a n d  E xperim enta l  Cancer R esearch ,  U niversi ty  Medical School,
Budapest)

Histological Study of the Cardiac Conduction System in Disturbances of 
Conduction and in Resuscitated Patients

Surgical com plica tions  b e co m e  more f req u e n t  w i t h  th e  increase in the  n u m b e r  of 
h e a r t  operations.  One of t h e  m o s t  serious complications is a d i s tu rb a n c e  of a tr ioven tr icu la r  con
d u c t i o n ,  the  cause of w h ic h  h a s  been  thoroughly s tu d ie d  b y  num erous  inves tiga tors  (L e - 
n è g r e , B lon deau , etc.).

T he  present  p a p e r  dea ls  w i t h  5 cases of a t r io v en t r icu la r  block caused  by h e a r t  operat ion .  
I n  all  cases histological e x a m i n a t io n  revealed h a em o rrh ag e s  w i th in  the  conduction  sys tem .

I n  fu r ther  two cases a  p a c e m a k e r  was im p la n te d  fo r  th e  contro l of A d am s-S to k es’ 
sy n d r o m e .  Excessive f ib rosis  o f  t h e  His bundles sclerosis  o f  t h e  vessel supplying th e  b u n d le  
u n d e r l a y  the a t ta ck ,  as r e v e a le d  b y  histology.

I n  two pa tien ts  su b je c t e d  to  resuscitation a t t e m p t  excessive  haem orrhages could  be 
o b s e r v e d  a t  various si tes o f  t h e  co n d u c t io n  system; t h e y  a p p a r e n t l y  co n tr ib u ted  to the  failure 
o f  resusc i ta tion .

T he  present o b se rv a t io n s  a llow  the  conclusion t h a t  im p ro v e m e n t  of th e  tech n iq u e  of 
h e a r t  operat ions is of g re a t  i m p o r t a n c e  concerning th e  f u r t h e r  red u c t io n  of m o r ta l i ty  in  this 
f i e ld  o f  surgery.

Éva Magyar

( F i r s t  In s t i tu te  of P a th o lo g y  a n d  Experim en ta l  Cancer R ese a rc h ,  U n ivers i ty  Medical School,
Budapest)

Genesis of Focal Cardiomyocytolysis
Focal  card iom yocy to lys is  is a p a tchy  malacia  o f  t h e  m yo ca rd iu m ,  w i th  com ple te  

l a c k  o f  th e  myofibrils w i t h in  t h e  apparen tly  n o rm a l  sa rco lem m a,  and of an in f la m 
m a t o r y  reaction.

In  p a r t  of the cases t h e  p a th o lo g ic  changes were d u e  to  a re la t ive  coronary  insufficiency 
(h y p o x ia )  resulting from  m y o c a r d ia l  hypertrophy .  I n  all t h e  5 exam ined  cases, c a rd io m y o 
c y to ly s i s  occurred in su b je c ts  w i t h  aortic  and p u lm o n a r y  a r t e r y  hypoplasia .  Changes were 
a lw a y s  m ost  severe in th e  h y p e r t r o p h ic  cardiac m uscle  ly in g  before  the  hypoplas tic  vessel.

Myocytolysis  a c c o m p a n y in g  hypoplasia  of the  la rge  vessels occurred in y o u n g  in d i
v id u a l s ,  a n d  caused sy m p to m s  s im ila r  to those of m y o c a rd ia l  infarc tion .
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Angela Gyévai, I. Ökrös, D. Szabó

Cholinesterase Activity in the Myoeardial Fibres of Mammals
E ar l ie r  histochemical e x am in a t io n s  showed t h a t  th e  m y o ca rd iu m  a n d  the  p a ce m a k e r  

differ in behav iour  in m am m als .  T he  enzymes p a r t ic ip a t in g  in the  ox ida t ive  m etabo lism  
d isp layed  a more in tense  ac t iv i ty  in the  m yocardium  th an  in the  p acem aker .  L ig h t  m ic ro 
scopic an d  electron microscopic s tud ies  now revealed t h a t  ace ty l-  and  bu tiry lcho lines terase  
act iv it ies  are more p ronounced  in conduct ing  th an  in c o n tr a c t in g  fibres .  This f ind ing  m ay  
he re la ted  to the specific physiological role of  the conduct ing  sys tem .

(Department of Morphology, Institu te of Experimental Medicine, Hungarian Academy
of Sciences, Budapest)

I. Oláh, P. Köhlich

( In s t i tu te  of  Histology an d  Em bryo logy ,  Universi ty  Medical School,  B udapes t)

Myofibril-like Structures in the Endothelial Cells of the Myométrial
Arterioles of the Rat

The vascular  ne tw o rk  ( s t r a tu m  vasculosum) be tw een  th e  two sm ooth  muscle  layers in 
the  m y o m etr iu m  of the  r a t  consists of  a r te r ies  mainly of ar te r io l ic  s t ru c tu re .  Their  endothe lia l  
cells are e longated lengthwise  a n d  p re sen t  masses of cy to p la sm  c o n ta in ing  num ero u s  e ndo
plasmic re ticu lum  tubules ,  free a n d  h ound  ribosomes, ex tens ive  Golgi a p p a ra tu s ,  m ito ch o n d r ia ,  
centrioles an d  a m u lt i tu d e  o f  cy top la sm ic  microtubules.  C ha rac te r is t ic  of the  endothe lia l  cells is 
the  bundle  located near  the basal m em b ran e ,  consist ing of f i la m en ts  60 70 Â in d iam e te r  and
presen t ing  a peculiar long itud ina l  per iodic i ty .  This periodicity  a p p ea rs  to be  p roduced  by da rk  
transversa l  bands,  a r ran g ed  in in te rv a ls  of  0.5 to 0.75 //, s im u la t in g  the  “ Z”  s t ru c tu re  of  
s t r ia te d  muscle. The  func tion  of these  fibrils  is unknow n b u t  th e i r  m orphology an d  th e i r  
resem blance  to the f i lam en ts  of  sm oo th  muscle and m yo-ep ithel ia l  cells suggests th e  idea  t h a t  
they  o pera te  as contract i le  e lem ents .

Anna Kádár, В. Veress, H. Jelűnek

(Second In s t i tu te  of  P a th o lo g y ,  Universi ty  Medical School, B udapes t)

Fibre Formation in Experimentally Induced Intima Proliferation
Following par tia l  d e s t ru c t io n  of th e  aortic  wall of  a lb ino r a t s  there  ap p ea r  newly form ed 

fibres in the  intimai prol iferat ion  w hich  according to our o b se rv a t io n s  consist  of  sm o o th  m u scu 
lar elements.

Microscopically, e lastic  f ib re  f r a g m e n ts  can he found in th e  g round  subs tance ;  u l tra -  
s t ru c tu ra l  analysis of  these e lem en ts  revea led  th a t  p á r to l  t h e m  is com posed  of vesicles and  p a r t  
shows a f i lam entous  s t ru c tu re .  U n d e r  th e  endothelial  cells these  e lastic  e lem ents  t e n d  to form 
a w avy  in te rnal  elast ic m em b ran e .  U n d e r  this form ation  the  e last ic  e lem en ts  are closely l inked 
with the  b asem en t  m em b ran e  of the  sm o o th  muscle.
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В. Veress,  A n n a  K ád ár ,  H. Je lűnek

(Second I n s t i tu t e  o f  P a th o lo g y ,  U n ive rs i ty  Medical School, B u d a p e s t )

Ultrastructure of the Cells of Experimentally Induced Intimai
Proliferation

A n  electron m icroscopic  s t u d y  was m ade  of th e  in t im ai  p ro l ife ra t ion  following par tia l  
d e s t r u c t i o n  of the aor tic  wall  in  alb ino ra ts .

As the  first  sign o f  re g en e ra t io n  there  a p p ea red  a  layer  of  endo the l ia l  cells above the 
t h ic k e n e d  and s t ra igh tened  in te rn a l  e lastic  m em brane .  L a te r ,  b e n e a th  th is  lay e r  cells usually 
p r o v i d e d  w ith  processes a p p e a re d ,  a t  th e  beginning in one, th e n  in m ore  layers .  In  agreement 
w i t h  p rev ious  light and  p o la r i z a t io n  microscopic obse rva t ions ,  the  e lectron  m icroscope  revealed 
in  t h e s e  cells an u l t r a s t ru c tu re  closely s imilar  to t h a t  of sm o o th  muscle  cells. T hese  cells m igrated  
i n to  t h e  proliferation f rom  th e  m e d ia  of th e  vessel, t h ro u g h  the  in terst ices  or w idened  s t rom a  of 
t h e  b r o k e n  internal e lastic  m em b ran e .

G. Gyurkó, M. Szabó

( I n s t i t u t e  of  Surgical A n a to m y ,  a n d  I n s t i tu t e  of Forensic  Medicine,  U n iv e rs i ty  Medical School,
Debrecen)

The Role of Mechanical Circulatory Factors in the Localization of 
Arteriosclerotic Plaques

Localization and  e x te n s io n  of a r teriosclerotic  p laques  in th e  a o r ta  a n d  large  vessels of 
100 c a d a v e rs  selected a r b i t r a r i ly  f rom  a m ateria l  including subjects  of  e i the r  sex an d  above 45 
y e a r s  o f  age have been s tu d ie d  w i th  respec t  to the ir  re la t ionsh ip  w i th  h a e m o d y n a m ic  factors.  
T h e  m a te r i a l  has been a n a ly z e d  b y  m a th e m a tic a l  m ethods .  A s tu d y  of th e  hydrom echan ica l  
a s p e c t s  of  the  sites where  a r te r io sc le ro t ic  p laques te n d  to  occur m o s t  f r e q u e n t ly  h as  revealed 
t h e  in f luence  of mechanical  fa c to rs ,  p a r t icu la r ly  tu rb u le n ce  on th e  loca l izat ion  of th e  plaques.

A lthough  arteriosclerosis c o n s t i tu te s  a disease of th e  entire  organ ism , a n d  biochemical 
d i s tu r b a n c e s  are of p r im a ry  im p o r ta n c e  in  its pa thogenesis ,  c ircu la to ry  fac to rs  h ave  the ir  p a r t  
i n  d e te rm in in g  the site o f  a p p e a ra n c e  an d  progression of plaques.

M. Németh-Csóka, I. Földi

(First  D e p a r t m e n t  of  Surgery ,  U n iv e rs i ty  Medical School, Pécs)

Wound Healing in Rats of Different Ages
T he  healing of surgical  w o u n d s  h as  been s tud ied  in ra ts  of d i f feren t  ages; in p a r t  of the  

a n im a ls  la thy rism  was p re v io u s ly  induced .  An incision was m ade  in th e  m id l ine  of th e  back  and 
t h e  fo rce  needed to t ea r  th e  sca r  w as  d e te rm ined  a t  v a r ious  po in ts  of t im e a f te r  su rgery  and the 
sc a r  w a s  subjected to m ic roscopic  exam inat ion .  B reak ing  resis tance  of th e  scar,  as dete rm ined  
o n  t h e  10th,  20th, and 30 th  d a y ,  increased  g radually  from  10 to 58 p e r  cen t  of  t h a t  of  in ta c t  skin. 
T h e  increase  was g rea tes t  in  th e  y o u n g  animals ,  while th e  resis tance  was r e d u ce d  in th e  animals 
w i t h  la th y r ism ,  especially in t h e  old ones. Resis tance  of th e  scar was no t  re la ted  to  the  m icro
sco p ic  finding.

A. Nagy, Sarolta  Pe trás

( D e p a r tm e n t  of Pa tho logy ,  C oun ty  Hosp ita l ,  Szolnok)

Morphology of Myocardial Metastatic Tumours
T he  autopsy m ate r ia l  o f  f ive  years  included 43 cases (2.4 per  cent)  of  m y o ca rd ia l  m e ta 

s ta s i s .  T h e  morphological p ic tu re  show ed two form s, 1. m y ocard ia l  carcinosis in  which the  
e n t i r e  h e a r t  muscle was i n f i l t r a t e d  b y  th e  tu m orous  t issue,  and  the  m yogenic  e lem en ts  showed
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a t ro p h y ;  2. cancerous m y o ca rd i t i s  in w hich  the  neoplasm  fo rm ed  islets su r ro u n d ed  b y  inflam 
m a to ry  reaction. M elanosarcom a and  certain  d if fe ren tia ted  carc inom as belonged to  th e  first  
ca tegory ,  while haem atogenic  m é ta s ta sé s  and in f la m m a to ry  p h en o m en a  were seen in anap las 
tic, rap id ly  d is in tegra ting  cancers .

Zsuzsa Halmai, A. Csoiitai, Anna Árkai

(Second I n s t i tu t e  o f  Pa tho logy ,  U nivers i ty  Medical School, B u d a p es t)

Comparative Histological Study of Recurrent Tumours of the
Urinary Bladder

In the au topsy  m a te r ia l  o f  16 years  those re lapsing cases of vesical t u m o u r  h ave  been 
su rveyed  regarding which a suff ic ien t  a m o u n t  of  surgical a n d  a u to p sy  d a ta  was available .  The 
s tu d y  e x tended  to the  ty p es  of t h e  tu m o u rs  and  their  su r ro u n d in g s .  The  observed  changes  were 
co m p ared  with  histological  f in d in g s  m ad e  in n o n - tu m o ro u s  cases or in n o n - tu m o ro u s  pa r ts  of 
th e  tu m orous  bladder.

S. Woyke, K. Mariiez

( I n s t i tu t e  of  Pa thology a n d  Second D e p a r tm en t  of  Medicine, P o m eran ian  Medical Academy,
Szczecin)

Lytodiagnosis of Gastric Cancer. Evaluation of the Results of Gastric 
Lavage with Chymotrypsin and Physiological Salt Solution

Cytological inves t iga t ions  h a v e  been carried out in p a t i e n ts  w ith  clinically a n d  radiolog- 
cally suspected gastric  cancer.  Cytological diagnosis was m ad e  on  the  basis of  sm ears  of gastric  

lavage.
Lavage with c h y m o t ry p s in  so lu tion  alloved to d e m o n s t r a te  cancer  cells in a b o u t  90 per 

cen t  of p a t ien ts  with gas tr ic  cancer ,  w i th o u t  m is leading e r roneous ly  positive results .
In the  second group  of p a t i e n ts  gastric  lavage was perform ed  w ith  physiological salt  

solution. I t  has heen concluded ,  t h a t  th e  technique of t h e  e x am in a t io n  and  th e  cy to log is t’s 
experience are of  p rofound im p o r ta n c e  in the cy todiagnosis of gastr ic  cancer, b u t  the  composi
t ion  of the  fluid used for lavage does n o t  influence the  result.

Due to the sim plic ity  o f  th e  e xam ina t ion  and the  h igh  percen tage  o f  posi t ive  and  no 
falsely positive results ,  th e  cyto logica l  s tu d y  should be considered  as a va luab le  su p p lem en t  to 
the  h i the r to  applied d iagnos t ic  m ethods .

S. Fritsch

(German A cad em y  of Sciences, Berlin an d  I n s t i tu t e  of Microbiology 
a n d  E x p e r im en ta l  T h e ra p y ,  Je n a )

Light and Electron Microscopic Studies of a Transplantable Mouse
Chloroleukaemia

T ran sp lan tab le  ch lo ro leukaem ia  has been induced  in mice of the Agnes B luhm /Jena  
s t ra in  by the cell-free f i l t r a te  o f  (B A B  I) m urine.  On th e  basis o f  e lectron a n d  l ight micro
scopical and  h istochemical f ind ings  of the  observed ch lo ro leukaem ia  and  o th e r  exp er im en ta l  
leukoses, the biological significance an d  biomorphosis o f  the  tu m o u r  have  been discussed.
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J. Tóth, J. Sugár

( In s t i tu te  fo r  O ncopathologica l  R esearch ,  B ud ap es t)

Histology and Ultrastructure of Muco-Epidermoid Tumours

S te w a r t ,  Foote and  B e c k e r  drew  a t te n t io n  to th e  m ucoep iderm oid  tu m o u r s  of the 
s a l iv a r y  glands.

E le v en  cases of m u c o e p id e rm o id  tum ours  o r ig ina t ing  from  the  sa l iva ry  g lands ,  skin, 
b r e a s t ,  a n d  u terine  cervix were  e x a m in e d  by  the  au thors .  A m eta s tas is  form ed in th e  epiglottis 
o f  m u co ep id erm o id  carc inom a o r ig in a ted  from th e  s u b m a n d ib u la r  gland se rved  for light- 
a n d  e lec t ro n  microscopic in v es t ig a t io n s .  In  some tu m o u r  cells m ucin  p rod u c tio n  w as  observed 
b y  l ig h t  microscopy.

I n  th e  u l tra s t ru c tu re  o f  t h e  t u m o u r  of t rans i t iona l  cell ty p e  e rgas top lasm , secretional 
v a cu o le s ,  extensive  Golgi zones a n d  a n n u la te  lamellae ca rac te r i s t ic  for serous cells o f  salivary 
g la n d s  c a n  be observed. In t r a c e l lu la r  tonofilam ents  a n d  desm osom es were lacking. I t  was 
c o n c lu d e d  t h a t  the  tu m o u r  cells, as fo r  their  u l t ra s t ru c tu re ,  m a y  he regarded  as h av ing  the 
c h a r a c t e r  of serous g landu la r  ep i the l .

L. Döbrössy, J. Sugár, Anna Gulbert

( In s t i tu te  fo r  Oncopathologica l  R e se arc h ,  B ud ap es t)

Light and Electron Microscopic Study of Melanoblastoma Cells Isolated
from Blood

D u rin g  the growth  of m ela n o b la s to m a ,  b o th  am e lan o t ic  and m elanin  co n ta in in g  cells 
a re  d e ta c h e d  into the blood s t r e a m ;  these  cells are easily iden t i f ied  by  ligh t  m ic roscopy ,  accord
in g  to  Se a l . After excision o f  t h e  t u m o u r  the  cells appear  in blood in increased n u m b ers .  Melano- 
so m es  o f  t h e  melanocytes can  be  id en t i f ied  also in the  cells iso la ted  from  blood. T he  u l t r a s t ru c tu re  
of  th e s e  cells has been s tud ied  for d a m a g es  suffered in th e  b lood  stream.

I. Pályi, В. Kellner

( In s t i tu te  fo r  Oncopathological  R esearch ,  B ud ap es t)

Formation and Fate of Multinucleated Cells in Tumour Cell Cultures

O bserva tions were m o s t ly  m a d e  on HeLa cells, b u t  also on several ty p es  of tu m o u r  
cell o f  m ice and ra ts  (N K  m ouse  ly m p h o m a ,  Y osh ida’s r a t  sa rcom a,  Crocker’s m ouse  sarcoma). 
T h e  cells were cult ivated  in R o se ’s c h am b er  and the ir  g ro w th  was recorded b y  p h a se  con tra s t  
m ic ro c in em a to g rap h y .

T h e  form ation  of m u l t i n u c l e a t e d  cells occurred 1. b y  fusion of m o n o n u c le a ted  cells; 
2. b y  fus ion  of the  d a u g h te r  cells a f te r  mult ipolar  divis ion of large m o n o n u c lea r  polyploid 
cells;  3. b y  fusion of the  o f fsp r ings  of m ult inuc lea ted  cells following m u lt ip o la r  division.

Concerning the  fu r th e r  g r o w th  and  behav iour  o f  m u lt in u c le a ted  cells, th e  following 
p h e n o m e n a  were observed. 1. M u lt in u c lea ted  cells t e n d  of pe rs is t  longer w i th o u t  division 
o r  a n y  sign of degeneration. 2. F r o m  a binuclear cell a m o nonuclear  cell ten d s  to separa te  
b y  f iss ion ,  and bo th  cells t h e n  p e r s i s t  for long periods. 3. I n  g ian t  m u l t in u c le a ted  cells the 
n u c le i  becom e arranged in tw o  d i s t in c t  groups, which th e n  m ig ra te  in opposi te  directions, 
p r o d u c in g  a long cy top lasm ic  b r id g e  between th em ;  th is  cy top lasm ic  th re a d  o f ten  fails to 
b r e a k ,  o r  tak e s  a considerable  t im e  to do so. 4. M u lt in u c lea ted  cells are ro u n d e d  off and 
u n d e r g o  destruct ion . 5. B in u c le a r  cells undergo m u lt ip o la r  divis ion, an d  b o th  mono- and 
b i n u c l e a r  cells are formed: the  l a t t e r  cells th en  r e p e a t  t h e  process. 6. B inuclear  cells often 
d i v id e  b y  mitosis, the two m o n o n u c le a r  offsprings each  th e n  fuse, form ing a b inuc lear  cell 
a g a in .

A m ito t ic  divisions h a v e  n o t  been  observed in cells u n d e r  study.
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G. Baradnay, Z. Mónus

(F i r s t  D e p a r tm e n t  of Surgery ,  a n d  In s t i tu te  of P a th o lo g y ,  U n iv e rs i ty  Medical School,  Szeged)

Sex Chromatin Tests in Human Tumours

After a survey o f  rece n t  advan ces  in the  research  of B a r r ’s bodies, a s t u d y  o f  sex  chro
m a t in  in more th an  200 d if fe ren t  h u m a n  neoplasm s is rep o rted .  A t te m p ts  h a v e  been  m ade  to 
e s tab l i sh  a re la tionship  b e tw ee n  prognosis, ho rm one  depen d en cy  and  the  sex  c h ro m a tin ,  in 
cases of  carcinom a of the  b re a s t ,  p ro s ta t ic  h y p e r t ro p h y  a n d  cancer,  p u lm o n a ry  c an cer  in wo
m en,  gynaecom astia ,  an d  o th e r  tu m o u rs  and  horm one  d e p en d e n t  tissue abn o rm a l i t ie s .  I t  is 
concluded  th a t ,  a l th o u g h  severa l  im p o r t a n t  results  h a v e  been achieved in th is  f ield ,  sex  chro
m a t in  tes ts  are no t  su i tab le  fo r  defin i te  conclusions to  be d raw n  concerning prognosis  and 
th e ra p eu t ica l  results  in the  case o f  h u m a n  neoplasms.

L. Józsa, G. Szederkényi

( D e p a r tm e n t  o f  Pa th o lo g y ,  C o un ty  H o sp ita l ,  Kecskem ét)

Ilistorbeiiiical ami Cytochemical Observations in Erythromyelosis 
(Di Guglielmo’s Disease)

A cytochemical s tu d y  has  been m ade  of the  bone  m arrow  an d  the  fo rm ed  e lem en ts  of 
b lood in four cases of e ry th rom yelos is  verif ied a t  au topsy .  Three  ty p es  o f  P A S  posi
t iv e  granu les  were found  in t h e  ery throb lasts .  One k in d  of g ranu le  proved  to  be  sensi t ive  to 
d ias tase ,  the o ther  d isp layed  charac te ris t ics  of n eu tra l  m ucopro te in ,  co n ta in ed  hexosam ine  
an d  sialinic acid, b u t  show ed no m etachrom as ia .  T he  th i rd  type  of g ranu le  h a d  p ro p e r t i e s  of 
acid m ucopro te in ,  showed m eta ch ro m as ia ,  p roved to be alcianophilic ,  and  t e n d e d  to bind 
colloidal iron.

The  granules p re sen t  in th e  ery t h rob las ts  are t h o u g h t  to result  from th e  a l te re d  saccha
ride  m etabolism .

I. Fodor

(D e p a r tm e n t  of Pa tho logy ,  N a t io n a l  In s t i tu te  of R h e u m a to lo g y  a n d  Balneology, B udapes t)

E x p e r im e n ta l ly  Induced  O sseous  T u m o u r

O steom a has been ind u ced  in ra b b i t s  by the  in t ra v en o u s  a d m in is t ra t io n  of beryll ium  
oxide, a com pound  poorly so luble  in water ,  which acc u m u la te s  in the  re t ieu lo -endo the l ia l  sys
tem . In  more than  70 per cen t  of  the  anim als  the tu m o u r  h a d  become a p p a r e n t  a f te r  10 to 15 
m o n th s  of t rea tm e n t .  Most f r eq u e n t ly  it arose from th e  rap id ly  growing m e ta p h y ses  o f  the  long 
bones, i.e. at the lower end of the  fem u r  and  the u p p e r  end  of the  t ib ia  and  h u m eru s ,  a localiza
tion s imilar  to th a t  observed in the  h u m an .  Not in f req u en tly ,  m ult ip le  os teom as d eveloped  and 
m éta s tasés ,  especially in the  lungs,  were common. Histo logica lly ,  the  tu m o u r  p ro v ed  to  be an 
os teosarcom a which s t a r te d  as a prol iferat ion  of th e  m esen ch y m a  of the  m ed u l la ry  cav ity .  
T he  m etap la s t ic  sa rco m a to u s  t issue formed ir regular  osteoid an d  bone t rab e cu le s ,  which 
in v ad e d  the cortex and  su r ro u n d e d  the  bone with neop las t ic  tissue.

Histocheinical o b se rv a t io n s  of the  tu m o u r  h ave  been  presented.

L. Takácsi-Nagy

(Second D e p a r tm e n t  of Medicine, U n ive rs i ty  Medical School. B u d a p e s t )

M yelo fib ros is  Induced by L ea d  A c e ta te

Myelofibrosis was in d u ced  in ra ts  by  the r ep ea ted  in trav en o u s  in jec tion  of lead  ace ta te .  
Connective  tissue m etap la s ia  o f  the  bone m arrow  occurred  in th e  ve r te b rae  a n d  th e  femur.  
T he  e ry th ropo ie t ic  e lem ents  were replaced by re t icu lum  cells and  f ib rob las ts ,  show ing  m arked
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f ib re  fo rm at ion .  This bone m a r ro w  fibrosis was assoc ia ted  w i th  h e p ato -sp lenom egaly .  M ost  of 
t h e  a n im a ls  developed an aem ia .  T h e  th ro m b o c y te  co u n t  w as  o f ten  reduced ,  th e  wh i te  cell co u n t  
u s u a l ly  increased.

Myelofibrosis induced  b y  lead  ace ta te  in the r a t  seems to  be  a  su i tab le  m odel  fo r  s tu d y in g  
th e  p a th o m e ch a n is m  of m yelo f ib ros is  in the  human.

Éva Gáti

( I n s t i tu t e  fo r  Oncopathological R e se arc h ,  B u d ap es t)

Concurrent Malignant Neoplasms

According to the  g enera l  view , m al ignan t  tu m o u rs  ra re ly  occur concom itan tly .  In  r e c e n t  
y e a r s ,  however,  several re p o r t s  h a v e  appeared  on the  occu rren ce  of two, or even more,  inde
p e n d e n t  m al ignan t  tu m o u rs  in th e  sam e pa tient.  O th e r  p a t i e n ts  have  recovered  f rom  one 
n e o p la s m  an d  then developed  a n  o th e r  tu m o u r  in d e p e n d e n t  o f  th e  former in a d if fe ren t  a rea .  
I n  so m e  cases necropsy revea ls  t h a t  the  original t u m o u r  h as  been  cured, a n d  t h a t  the  o th e r  
one ,  t h o u g h t  to be a m e ta s ta s is  o f  t h e  f irs t  one, is a d i f fe ren t  neoplasm .

T h e  results of t r e a tm e n t  a n d  surgical in te rven t ion  considerab ly  differ if there  are two or 
m o re  in d ep e n d en t  tu m o u rs ,  or  m é ta s ta s é s  of one neop lasm . D e tec t io n  of the  second t u m o u r  is 
p a r t i c u l a r ly  im p o r ta n t  if  i t  is one  w i th  a favourable  surgical  prognosis. T hus ,  clinically i t  is of  
p a r a m o u n t  significance t h a t  c o n c u r re n t  neoplasms should  be diagnosed as early  as possible.

I. Szőnyi, I. Kiss, S. F e rk ó

(D e p a r tm en ts  of  O b s te t r ic s  and  Pa tho logy ,  T é té n y i  Hosp ita l ,  B ud ap es t)

Effect of Cyclophosphamide on Uterine Cancer

T h e  effect of cy c lo p h o sp h a m id e  has been stud ied  in  59 cases of carc inom a of th e  u t e r u s  of 
w h ic h  37 were on the  cerv ix  a n d  22 on  the  corpus.

A f te r  histological v e r i f ica t io n  of carcinoma, th e  p a t i e n t s  were t r e a te d  w ith  200 mg of 
cy c lo p h o sp h a m id e  daily, u p  to  a  t o t a l  of 8000 mg. B iopsies o b ta in e d  pr io r  to, a n d  a f te r  t r e a t 
m e n t  were  compared;  th e  d iffe rences  in the  s t ru c tu re  of  t u m o u r  cells were a t t r i b u te d  to  the  
t r e a t m e n t .  A m arked  c y to s ta t ic  e ffec t  could be o bse rved  in  all cases; th is  m an ifes ted  itself 
i n  sw ell ing  and vacuoliza tion  o f  t h e  cy top lasm  and d im in u t io n  of i ts  py ron inophil ia ,  or in swel
l in g  a n d  vacuolization  of t h e  nuc le i  an d  often karyo lys is .  P ro l i fe ra t ion  of the  s t ro m a  a t  the  
e x p e n s e  o f  the  p a ren c h y m a  w as a  co m m o n  finding. G ia n t  cells w i th  large vacuoles or vacuo- 
l ized  nucle i  were occasionally  o b se rv ed  as a result  of  p a th o lo g ica l  r ipening;  especially in cases 
o f  a d en o carc in o m a  of the  co rpus ,  considerable  dissolu t ion  o f  t h e  c h ro m a tin  occurred , re su lting  
in t h e  ap p earance  of b a l lo o n -sh a p ed  nuclei.

T h e  results  have  been  in te r p r e t e d  as sufficient p ro o f  of  th e  cy to s ta t ic  effect of  cyclo
p h o sp h a m id e  in the  case of u te r in e  cancer.

J. T. Kelemen, L. Mándi, S. Bacsa

( I n s t i t u t e  of  Pa tho logy ,  a n d  D e p a r t m e n t  of Tuberculosis ,  U n iv e r s i ty  Medical School,  Debrecen)

Postlympliographic Reactions in Lymph Nodes

R eac tions  elicited in h u m a n  inguina l  lym ph nodes b y  c o n t r a s t  m a te r ia l  in oil have  been 
s t u d i e d  b y  histological  a n d  l i is tochem ica l  methods. T h e  c o n t r a s t  m ed ium ,  s to red  in t h e  sinuses,  
e l ic i ted  a m acrophage  h is t io cy t ic  a n d  foreign body  g ia n t  cell reac t ion  of v a ry in g  in tens i ty .  
T h e  cells revealed signs o f  l ip id  phagocytosis  w i th  s t ro n g  acid  p h o sp h a tase  a c t iv i ty .  The  
i n t r o d u c e d  con tras t  m e d iu m  p e rs i s ted  in the  sinuses a n d  th e  cells. The  reac t ion  is well dis
t in g u i sh a b le  from tu b ercu lo u s  a n d  sarcoid  foci. In  some cases th e  c o n tra s t  m a te r ia l  elicited a 
h y p e re rg ic  reaction.
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Sarolta  Petras, A. Nagy

(D e p a r tm e n t  o f  Pa tho logy ,  C oun ty  H osp ita l ,  Szolnok)

B ro n c h ia l  P a p i l lo m a ta

B ronch ia l  papil loma is, a ccord ing  to Sp e n c e r , one of the  r a re s t  tu m o u rs  of th e  lung, and 
so fa r  no such  case has been  r e p o r te d  in H ungary .  In  the  a u th o r s ’ b iopsy  m ate r ia l  o f  33946 
cases there  were three cases of  p u lm o n a ry  papilloma. T he  m orphology  of the t u m o u r  is dis
cussed a n d  it  is shown t h a t  in one o f  the  cases the  benign bronch ia l  tu m o u r  h a d  d e g en e ra ted  
:n to  carc inom a.

K. Jankovics, K. Szepesházy, J. Mann inger. G. Kazár, L. Zolezer

(N a t io n a l  I n s t i tu t e  of T rau m ato lo g y ,  B u d ap es t)

Necrosis of the Head of the Femur After Fracture of the Femoral
Neck

(C om para tive  Ph leb o g rap h ie  and  Histological E x a m in a t io n s  in  v ivo )

T he  blood supply  o f  th e  c a p u t  femoris suffers a severe d is tu rb an c e  a f te r  m ed ia l  femoral 
neck frac tu re .  I t  takes 1 to 3 yea rs  un t i l  the c ircu la to ry  d isorders h ave  become c lin ically  and 
rad iograph ica l ly  manifest .  T h e y  o f ten  give rise to grave  com pla in ts .  D e te rm in a t io n  o f  the 
d is tu rb an c e  to he expec ted  is of  p r im e im portance  for b o th  th e  prognosis a n d  th e  t r e a tm e n t  
of the f rac tu re .  I t  was for th is  reason  t h a t  the c ircula t ion  of the  femora l  head has  been  s tud ied  
b y  m eans  of ar te r iogram s,  ven o g ram s an d  isotopes. C om parison of vasogram s w ith  th e  a n a 
tomical p ic tu re  is im p o r t a n t  for the  co rrec t  eva lua t ion  of c ircu la to ry  inves tiga tions .  Phlebo- 
grarns m ad e  in cases of  fem ora l  neck  f rac tu re  have been co m p ared  w ith  the  resu lts  o f  histologi
cal ex am in a t io n s  concerning th e  necrosed cap u t  femoris a n d  the  teres  l ig am en t  w i th  a view 
to  ga in ing  prognostic  clues.

A. Glauber, T. Vizkelely, K. Szepesi 

(D e p a r tm e n t  o f  O r thopaed ics ,  U n ivers i ty  Medical School, B ud ap es t)

The Bole" of the Iliopsoas Muscle in Dislocation of the Hip

In  the  developm ent of congenita l  dislocation of the  hip th e  im perfec t  g ro w th  of the  
p rox im al  end  of the fem u r  a n d  the  im p a i rm e n t  of a n té to rs io n  are im p o r ta n t  fac to rs .  I n  the 
red u c t io n  of an té to rs ion  th e  i liopsoas muscle was found  to p lay  a p ro m in e n t  p a r t .  X - r a y  s tudies 
have  revea led  th a t  in the  n o rm a l  ana tom ica l  s i tua t ion  the iliopsoas muscle c o m p le m e n ts  the  
an te r io r  segm en t  of  the a ce ta b u lu m  and ,  as its active  a n te r io r  wall,  su p p o r ts  th e  h e a d  of the 
femur.  I f  th e  hip is dysp lasie  or dislocated, the  muscle is incapab le  of  accom plish ing  this 
func tion .

I t  has  been shown t h a t  th e  iliopsoas muscle b o th  in itself a n d  c o n cu r re n t ly  w i th  the 
o u tw a rd -ro ta to r s ,  is capab le  of caus ing  a tension in th e  neck of the  fem u r  which, w h en  act ing  
con tinuously ,  remodels the  tone a n d  th u s  reduces an té to rs ion .

Tenso-optica l  m ea su re m e n ts  have  shown on the  f ron ta l  p lane  model of t h e  p ro x im a l  
end of the  fem u r  t h a t  the  tens ion  e x er ted  by the  iliopsoas muscle  is the  g rea tes t  a t  th e  basis of 
the  neck of the  femur.

T h e  presen t  results  ind ica te  t h a t  the  iliopsoas muscle is involved in the  p a th o m e c h a n is m  
of congenita l  lu xa t ion  of the  h ip  n o t  only  by the prev ious ly  kno w n  m echan ism  o f  is thm us-  
fo rm at ion ,  h u t  also by affec ting  a n té to rs io n  of the fem ur  in the  early  s tage  of d is loca t ion .
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К. Szepesi, A. Glauber

(D e p a r tm en t  o f  O r th o p a ed ic s ,  U nivers i ty  Medical School, B u d a p es t)

F u nction  of the Iliopsoas Muscle

Clinical observations  h a v e  sh o w n  the iliopsoas m usc le ,  owing to i ts  p a r t icu la r  position 
and fu n c t io n ,  to p lay a p a r t  in t h e  developm ent of c e r t a in  diseases of the  hip jo in t  (congenita l  
l u x a t i o n ,  P e r th es’ disease, coxar th ros is ) .

I n  order to analyze  th e  fo rce  effects, i t  is r e q u ir e d  to  know  th e i r  size a n d  d irection. 
O w in g  to  the  special a n a to m ic  c o n d i t io n s  of the iliopsoas m uscle ,  th e  forces aris ing on c o n tra c 

t i o n  o f  t h e  muscle m ay  g re a t ly  d if fe r  in  size and d irec tion ,  in  dependence  on th e  posi t ion  of the  
h ip  j o in t .

A  m ath em a tica l  m e th o d  h as  been  elaborated fo r  t h e  precise e x am in a t io n  of these  effects. 
O n  t h e  basis of  X -ray  p ic tu res  o f  a n a to m ic  p repara t ions  a n d  of m easu rem en ts  pe rfo rm ed  during 
o p e r a t io n ,  the  exac t  sites of t h e  p o in t s  required  for ca lcu la t io n ,  as d e te rm in ed  in re la t io n  to  the  
f e m o r a l  head  (e.g. the  e x it  p o in t  o f  t h e  iliopsoas muscle f ro m  th e  pelvis) have  been  established. 
O n  t h e  basis of  these the  h ip  j o in t  to g e th e r  with the  d e te rm in e d  po in ts  was d ra w n  in  a  coordi
n a t e  sys tem .

Direct ion  and  size of th e  fo rces  exer ted  by  the  i l iopsoas muscle  was d e te rm in ed  according 
t o  t h e  vec tors  in th ree  d im ensions .  T h u s  i t  was possible to  de te rm ine  th e  f lexiónál,  ad d u c t io n a l  
a n d  r o ta t io n a l  m om ents  in  e v e ry  p o s i t io n  of the hip j o in t .  I n  th e  g round  posi t ion ,  fo r  instance,  
t h e  p ro p o r t io n  of these  c o m p o n e n ts  was 1 : 4 : 1. E s tab l i sh in g  th e  m uscle  fu n c t io n  in any  
g iv e n  case,  thus  allows usefu l  p r a c t ic a l  inferences.

L. Kéry, A. Glauber, T. Farkas

(D e p ar tm en t  o f  O r th o p a ed ics ,  U niversi ty  Medical School, B u d a p es t)

On the Pathology of Osteolathyrism

O steo lathyrism  was in d u c e d  in rabb its  b y  ß-am ino-p rop io ln i tr i le  a n d  th e  changes 
d e v e lo p e d  on the  bones h a v e  b e en  studied .

Bones of the  ex tre m i t ie s  show ed  hyperostosis a n d  to rs ion  deformities.  E p ip h y ses  were 
w id e n e d ,  tubercles and  tu b e ro s i t ie s  became p ronounced .  Scoliosis was usua l ly  absen t ,  and  if 
p r e s e n t ,  of  mild degree. E p ip h y seo ly s is  was noted  in n u m e ro u s  cases on the  head  of b o th  the 
f e m u r  a n d  the  hum erus .

Histological e x a m in a t io n  rev ea led  degenerative  a n d  prol ife ra t ive  changes,  especially in 
t h e  g ro w th  cartilage, jo in t  c a r t i la g e ,  an d  a t  the  f ix a t io n  p o in ts  of muscles and  tendons .  The 
m a i n  signs of degenerat ion  in  t h e  costochondra l  j u n c t io n  were  dés in tég ra t ion  of th e  columnal 
s t r u c t u r e  of  chondrocytes  in t h e  zone  of m atu re  car t i lage  a n d  the  presence of fissures push ing  
t h e  c h o n d ra l  columns aside. T h e  j o i n t  cartilages b eca m e  th in  and  cystic  cavities a p p ea red  in 
t h e m .  Signs of p ro l ife ra t ion  in  t h e  hyperosto tic  a reas  were  a perios teal  th icken ing  an d  the  
su b p e r io s tea l  fo rm ation  of i m m a tu r e  osseus tissue.

H istochemical o b se rv a t io n s  showed m etach ro m as ia  of  the  si tes o f  prolife ra t ion ,  and 
d i s a p p e a ra n c e  of m e ta ch ro m as ia  a t  t h e  sites where d eg en e ra t io n  p revailed ;  the  l a t t e r  was asso
c ia t e d  w i th  PAS posi t iv i ty  b y  R i t te r -O leso n ’s techn ique .  P ro te in  a n d  amino acid c o n ten t ,  as 
e s t im a te d  by  the  t e t raz o t iz e d  b en z id in e  reaction, a n d  th e  n inhydr ine  reac tion ,  respectively ,  
sh o w e d  a  diminution  in th e  l a th y r i t i c  bones; these f in d in g s  agreed well w i th  the  p a p e r  e lectro
p h o r e t i c  results .

T h e  simultaneous a d m in i s t r a t i o n  of ß-am inoprop io ln i tr i le  a n d  low dose to ta l  b o d y  X -ray  
i r r a d i a t i o n  enhanced th e  p ro l i fe ra t iv e  changes, p a r t i c u la r ly  in th e  car t i lag inous  t issue.
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G. Lorincz, К. Farkas, D. Tanka, Mária Keller

(D e p a r tm en t  of  P a tho logy ,  N a t iona l  I n s t i tu t e  for  R heum atism  a n d  B a lneo logy ,
B u d a p es t)

New Experimental Models of Arthritis

N um erous  exper im en ta l  an d  clinical d a ta  a re  in su p p o r t  of the im m unolog ica l  theory  of 
rh e u m a to id  a rthrit is .

In  the p resen t  s tu d y  com ple te  a d ju v a n t  was injec ted  into the skin o f  t h e  neck  and  the 
sole of  ra ts .  A r th r i t is  was more m ark ed  in the  an im a ls  receiving the a d ju v a n t  in to  the  skin of 
the  sole.

In o ther  experim ents  a r th r i t is  was induced  b y  in f lam m ato ry  exu d a te .  I t  has  been  re p o r t 
ed b y  M i e i i l k e  and E ger  t h a t  the  in jec tion  of the  e x u d a te  of Selye’s g ra n u lo m a  p o u c h  into the 
tail vein of ra ts  induces chronic  po lyar th r i t is .

E x u d a te  ob ta ined  from a g ranu lom a pouch on the  6 th  day was in jec ted  u n d e r  the  skin 
of th e  sole. Plie exudate  was passaged in a n o th e r  g ran u lo m a  pouch; w ith  the  p assa g ed  exudate  
th u s  o b ta in e d  fu r th e r  ra ts  were t rea ted .  T he  passaged  exuda te  induced increased  swelling of 
the  ank le  a n d  paw. In f lam m at io n  was s t a r t in g  from  the  peria rticular  t issues a n d  spreading 
to w ard s  the  synovia. Synovit is  was obse rved  in several cases.

I). Tanka, K. Farkas, G. Lorincz, Mária Keller

D e p a r t m e n t  of Pa tho logy ,  N a t io n a l  I n s t i t u t e  for R heum ato logy  and B a lneo logy ,  Budapest

Experimental Amyloidosis and Experimental Arthritis

R h e u m a to id  disease is charac te r ized  by  well-defined histological chan g es  o f  th e  connec
t ive  tissue. R h eu m a to id  a r th r i t is  as well as o th e r  rh e u m a to id  diseases are f r e q u e n t ly  associated 
w ith  amyloidosis.

T he  a im  of the p re sen t  inves t iga t ion  was to establish  the changes in e n z y m a t i c  ac t iv ity  
de tec ted  by histochemical m e th o d s  t h a t  are likely to  develop prior to a m ylo idos is  in the 
spleen, liver a n d  kidney of an im als  t re a te d  with nu tros ,  and on the o th e r  h a n d ,  to  s tu d y  the 
course  of experim ental  a r th r i t is  induced in such a n im a ls  prior to the ap p ea ran c e  o f  amyloidosis.

In the  anim als  t re a te d  with  n u tro s  and  t r e a te d  with  F reu n d ’s a d j u v a n t  o r  g ranu lom a 
pouch e x u d a te ,  a r th r i t is  developed earlier and the  changes were more severe  t h a n  in the 
controls.

In  the  spleen of an im als  t re a te d  w ith  n u t ro s  the ac t iv ity  of h y d ro ly t ic  e n zy m es  was 
considerab ly  reduced, while in th e  kidney a focal d im in u t io n  of a c t iv i ty  was r e v e a le d ;  in the 
liver, k u p f f e r ’s cells showed a considerable  increase  of act iv ity .  The a c t iv i ty  o f  non-specific  
es terase  decreased in the spleen, and ex h ib i ted  a so m e w h a t  altered loca l izat ion  p a t t e r n  in the 
liver a n d  kidney. E nzym e ac t iv i ty  was reduced  to a significantly higher e x t e n t  in the  animals 
t r e a te d  s im ultaneous ly  w ith  n u t ro s  and e i the r  F r e u n d ’s a d ju v a n t  or g ran u lo m a  p o u c h  exudate .

H istochemical changes were de tec ted  also in the  a r th r i t ic  tissues of  the  a n im a ls  t rea ted  
w i th  n u t ro s  and  F re u n d ’s a d ju v a n t .  In the  connective  tissue surrounding  th e  j o in t s ,  the  a c t iv 
i ty  o f  lysosomal enzymes increased considerab ly ,  a n d  occasional p a n n u s  f o r m a t io n  occurred 
with increased acid p h ospha tase  and non-specific  esterase  activity .  T he  increase  in enzyme 
ac t iv i ty  was less m arked  in the  a r th r i t ic  t issues o f  anim als  t rea ted  w ith  g ra n u lo m a  pouch 
exu d a te .

T he  presen t  results  ind ica te  t h a t  1. amyloidosis  is preceded by c h a ra c te r i s t ic  changes  in 
enzym e a c t iv i ty  in the o rgans in which la te r  amlyoidosis  develops;  2. am ylo idosis  e n h an ces  the 
deve lo p m en t  of  experim en ta l  a r th r i t is ;  3. the  s im ultaneous  occurrence of a m ylo idos is  and 
a r th r i t i s  results  in a considerable  increase in the  a c t iv i ty  of lysosomal enzymes.
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A. Géhl, I. Földes, L. Tasnády, L. Módis, L. Csedreky

( In s t i tu te  o f  A n a t o m y ,  University  Medical  School,  Debrecen)

Regenerative Chondral Osteogenesis (Callus Formation)

Callus formation d e p e n d s  u p o n  numerous fac to rs  su c h  as vascularization, ho rm onal ,  
p h y s ic a l ,  chemical, m echanica l  f a c to r s ,  etc. Among these ,  t h e  mechanical  factors a ffecting  
c h o n d r a l  osteogenesis h ave  b e en  s tu d ie d  in the dog. A spec ia l ly  co n s tru c ted  spr ing-m echanism  
w a s  ap p l ie d  on the  previously  b r o k e n  tibia  and the effect of com p ress io n  on callus fo rm at ion  was 
o b s e r v e d  by  histological a n d  h is to ch em ica l  methods, b e tw e e n  th e  f i r s t  and sixth weeks. D if
f e r e n t  areas of the callus were  e x a m in e d  separately, a n d  th e  in te rfe rence  of pressure  a t  each  
s i te  w a s  established. Some a sp e c t s  o f  the  s t imulating e ffec t  o f  compress ion  on chondrogenesis 
h a v e  b e e n  elucidated.

I n  addition to the  effects e x e r t e d  by  mechanical fac to rs ,  t h e  combined effect of  m e c h an i 
cal  a n d  locally applied ch em ica l  fac to rs  on the fo rm a t io n  o f  regenerat ive  callus has  been  
s tu d ie d .

B. Somogyi

( In s t i tu te  of A n a t o m y ,  University  Medical School,  B udapes t)

Model Experiments to Study Ligament Injuries in Connection with 
Flexiónál Spine Fracture

Osseous-ligamentous sp ine  p re p a ra t io n s  comprising th e  v e r te b r a e  L t to L 3 were subjected  
to  f lex ió n á l  compression. F le x io n  cou ld  be increased w i t h o u t  v e r te b ra l  fracture  a f te r  d iv is ion  
o f  t h e  supraspinous a n d  i n t r a s p in o u s  ligaments.  The  sa m e  degree  of flexion could n o t  be 
a c h ie v e d  after  dividing th e  a r c u a t e  l igament. The m odel  e x p e r im e n ts  supported  the  clinical 
a s s u m p t io n  t h a t  in connec tion  w i t h  flexiónál f rac tu res  a r u p t u r e  of the  l igam ents  be tw een  
sp in o u s  processes is a lm ost  in e v i t a b le .

In ju r ies  of p rep ara t io n s  assoc ia ted  with h y perf lex iona l  f rac tu re  lacking the  v e r te b ra l  
a r c s  a n d  processes are a cc o m p a n ied  b y  ruptures of the  p o s te ro - la te ra l  p a r t  of the  in te rv e r te b ra l  
d isk ,  l a t e r  also of the shor t  f ib re s  lo ca ted  on the b road  p a r t  o f  th e  posterior  longitudinal  l iga
m e n t  adhering  to the disk. I n ju r ie s  o f  this  kind have b y  all  m e a n s  to  be reckoned w ith  in the  
case  o f  f rac tu res  reducing th e  h e ig h t  o f  the ver tebra  b y  m o re  t h a n  one third.

T. Vízkelety, L. Kéry

(D ep ar tm en t  of  O r th o p a ed ic s ,  University  M edica l  School, Budapest)

Perivascular Lymph Spaces in Bone

Perivascu lar  ly m p h  s h e a th s  o f  bone have been d esc r ib ed  re p ea te d ly  in the  p as t  c en tu ry ,  
n e v e r th e le s s  their  exis tence has  r e m a in e d  doubtful and lef t  u n m e n t io n e d .

Relationships b e tw een  vesse ls  and  bone channels h a v e  been  exam ined  in the  r a b b i t  b y  
a r t e r i a l  silver impregnation . F lu id  c ircula t ion  in the  bone  w a s  s tu d ied  by  in troducing in to  the  
c o r te x  a  s ta ined gela tin  p lo m b  a n d  b y  injections into calf  b one .

A fibrous connection  was f o u n d  to exist  between vesse l  wall  a n d  bone channel wall, b u t  
no  s e p a ra te  endothelium  s h e a th  co u ld  be discovered a r o u n d  th e  vessels. Occasional spaces 
b e tw e e n  vessel and bone c h an n e l  m u s t  be considered a r te fac ts .  S h e a th s  lined w ith  e n d o th e l iu m  
in d e p e n d e n t  of the vessel wall w e re  n o t  found a t  these  sites . T h e  vessel d iam eter m ay  v a ry  in 
c o m p a r is o n  to the c o n s tan t  size o f  t h e  bone channel.

F lu id  accumulation  in  t h e  pe r ivascu la r  connective t is su e  to o k  place in the  in te rf ib rous  
sp aces ,  b u t  no in endothelia l  recesses.

D ye  absorption in t h e  c o r te x  p e rm it ted  the s t a t e m e n t  t h a t  t h e  lacunae, canaliculi  a n d  
c h a n n e ls  make up an  in teg ra l  sp a c e  sys tem  in the bone.
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К. Szepesházy, R. Jankó vies, G. Szabó 

(N ationa l  I n s t i tu t e  of T raum ato logy ,  B u d a p es t)

Postmortem Quantitative Study of Fat Emboli

P o s tm o r tem  e x am in a t io n  reveals  p u lm onary  fa t  embolism  in the  m a jo r i ty  of fa ta lly  
in ju red  persons. E xp er im en ts  have  show n t h a t  the a m o u n t  of f a t  e n te r in g  in to  th e  circulation 
m u s t  reach  a cer ta in  limit to cause  clinical sym ptom s.  The  degree  of em bolism  is rarely 
d e te rm in e d  a t  au to p sy ;  therefore ,  the p re sen t  s tu d y  was u n d e r ta k e n  to co m p a re  the  grav ity  
of fa t  em bolism  in persons who h a d  been fa ta lly  injured w ith  th e  fa t  em bolism  in persons who 
h ad  d ied  o f  some acu te  or  chronic  disease. Comparisons h ave  been based  on the  n u m b e r  of e m 
boli per  u n i t  of pu lm onary ,  cerebral  an d  renal tissues. P u lm o n a ry  em bolism  was p re sen t  in all 
persons who h ad  died w ith in  a week following the f rac tu re  of  long bones,  a n d  i t  was h eavy  
(m ore t h a n  180 emboli per cu. m m ) in a b o u t  80 per cent  of the  ex am in ed  cases. F a t  embolism 
was o f  m ed iu m  degree in those who h a d  died a f te r  a week. Sys tem ic  embolism  was co m p ara 
t ive ly  ra re  an d  no t  in v ar iab ly  assoc ia ted  w ith  the  gravest  form  of p u lm o n a ry  embolism. P u l
m o n a ry  f a t  embolism was e n co u n te red  in ab o u t  50 per cent  of  those  who h a d  died of some in
te rna l  d isease; its  degree was sl ight  (less t h a n  60 emboli)  or m ed iu m  (60 to 200 emboli  per cu. 
mm). Sys tem ic  embolism was excep tiona l  in th is  group.

R. Jankovics, K. Szepesházy, Zsuzsa Magyar, G. Szabó 

(N ationa l  In s t i tu te  of  T raum ato logy ,  B u d ap es t)

Human ami Experimental Fat Embolism

A u to p sy  of p a t ien ts  who h ad  d ied a f te r  the f rac tu re  of long bones in v ar iab ly  revealed  the 
presence of mostly  grave fa t  embolism. This  n o tw iths tand ing ,  cases o f  fa t  em bolism  giving rise 
to clinical m anifes ta t ions  or lead ing  to d e a th  are ex trem ely  rare .  T h e  in t r a v e n o u s  D L  100 of 
tr iole in for the  r a b b i t  has been fo u n d  to be 1.25 ml/kg, and the  D L  50, 1.02 ml/kg. T he  num her  
of emboli  in lungs of h u m an  su b jec ts  who had  suffered fa ta l  in ju ry  was less t h a n  w h a t  is found 
in th e  r a b b i t  after  th e  in t ra v en o u s  in jec tion  of 0.25 ml/kg of triolein.

A f te r  the in travenous  in jec tion  o f  0.1 to 1.0 ml per  kg of 131I trio lein  the  ac t iv i ty  was 
d e te rm in e d  in different  o rgans an d  the resu lts  were com pared  w i th  those  of histological a n a 
lyses. T h ere  seemed to be no corre la t ion  be tw een  the histological p ic tu re  and  the  a m o u n t  of fa t  
c o n ta in ed  in the  lungs. A c t iv i ty  per  u n i t  weight of lung is l im ited  so t h a t  the  lungs are able to 
re ta in  j u s t  a certain a m o u n t  of  fa t .  On increas ing  the dose of fa t ,  th e  p u lm o n a ry  propor t ion  of 
fa t  b ecam e lower and  the  p ro p o r t io n  of fa t  in o ther  organs (brain ,  k idney ,  liver, gas t ro in tes t ina l  
t r a c t ,  e tc .)  correspondingly higher.

M. Kellermayer, T. Heim

( I n s t i tu t e  of  Pa tho logy  an d  D e p a r tm e n t  of Paed ia tr ics ,  U n iv e rs i ty  Medical School, Pécs) 

B i o w i i  Adipose Tissue of Newborns in Pathologic States

E x p er im en ts  were perform ed  on newborn rabbits  in o rder  to s tu d y  the  changes  induced 
by fas t ing  in th e  brown and  white  adipose t issues.  Neither the  b row n  nor  the  w h i te  fa t  cells 
co n ta in ed  f a t  droplets,  when  the  fa s t in g  anim als  had been k e p t  a t  room  t e m p e ra tu r e  (20 
23° C); b u t  in th e rm o n eu t ra l  su r ro u n d in g s  (35° C), num erous  f a t  d ro p le ts  were  found  in the 
b rown an d  none in the  white  adipose tissue. T he  results seemed to in d ica te  t h a t  b row n adipose 
t issue,  as a special effector organ ,  p layed  an  im p o r ta n t  role in chemical h e a t  regu la tion .  On 
the basis  of  observations of the  b row n  fa t  of newborns and  p r e m a tu re s  some re la t ionsh ip  is 
a ssum ed  to exist  be tw een  b row n fa t  a n d  the  d is tu rbances  of h e a t  regu la t ion  in in fan ts .
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Anna Horváth-Kovács

( Ins t i tu te  of  P a th o lo g y ,  U nivers i ty  Medical School, Pécs)

Surface Effects of Basophilic Crystalline Silicogenic Powders
T h e  crystalline q u a r tz  p o w d e rs  in the  lungs of p a t i e n ts  a n d  ex p e r im e n ta l  animals 

w i t h  silicosis showed in tense  s t a in in g  w ith  basic dyes ( to lu id ine  b lue,  p y ro n in )  and  in the  
p o la r i z a t io n  microscope th e i r  s t a in in g  p roved  to be an iso trop ic  in  n a tu re .  A m o rp h o u s  inactive 
p o w d e r s  did not reveal a n y  d eg ree  o f  basophilia .  These f ind ings  show ed a new aspect  in the  
p a th o g e n e s is  of silicosis, th e  im p o r t a n c e  of the  negative  surface  charges o f  t h e  q u a r tz  particles 
a n d  p ro m p te d  us to s tu d y  th e  sil icogenic effect of c rystal l ine  pow ders  com bined  before appli
c a t i o n  w i th  basic dyes. I t  w as  fo u n d  t h a t  in animals t r e a te d  w u th  c rys ta l l ine  q u a r tz  powder- 
ba s ic  d y e  complex, a co n s id e ra b ly  s l igh ter  tissue reac t io n  developed t h a n  in th e  controls 
w h ic h  received the c rys ta l l ine  q u a r t z  powder only. T h e  s ta in ed  p ow ders  h ave  been found 
to  r e t a i n  the basic dyes on  th e i r  su rfaces in the lung t issues for severa l  m on ths .

A. Kardeván, F. Vetési

(D epar tm en t  of P a th o lo g y ,  U niversi ty  V e te r in a ry  School, B u d a p es t)

Generalized Equine Aspergillosis
Generalized aspergillosis h a s  b e en  revealed as t h e  cause of d e a th  o f  a b o u t  50 per cent 

of  a  s to c k  of foals. The p r im a ry  les ions were in the in tes t inal  t r a c t ,  b u t  sp read  of the  pa thogen 
b y  t h e  blood and lym ph  gave  r ise  to  m étas tasés  in v a r io u s  organs.  P a r t  o f  th e  m e ta s ta t ic  
foci consis ted  of colonies of  fu n g i ,  while  ano ther  p a r t  rep re se n ted  in farc ts  due to  mycotic 
th ro m b o s is .  The p a thogen  p r o v e d  to  be  A spergillus fu m ig a tu s , and  the  v ec to r  was mouldy 
fo d d e r .  Spread and d e v e lo p m en t  o f  t h e  disease were p ro m o te d  b y  th e  y o u th  of the  animals, 
t h e i r  p rev ious  infection b y  B a d .  p yo sep ticu m  and its p ro longed  t r e a tm e n t  w i th  antibiotics.

T. Wenger, I. Tőik

( In s t i tu te  of Histo logy  a n d  E m b ry o lo g y ,  U n iv e rs i ty  Medical School, B ud ap es t)

Comparative Morphology of the Vascular Organ of the Terminal 
Lamina in Various Vertebrates

T h e  vascular organ  of t h e  t e r m in a l  lam ina  (OVLT) is one of th e  e p e n d y m a l  organs.  
I t  e x te n d s  from the an te r io r  c o m m is su ra  to the optic  ch iasm a  a n d  closes th e  lu m en  of the  th ird  
v e n t r i c le  ventrally.

I n  fish, caudate  a n d  n o n - c a u d a te  amphibia,  repti les ,  b irds  a n d  m am m als  the  OVLT 
h a s  b e e n  found to occur as a c lear ly  d is t inc t  organ of th e  ep en d y m a .  M arked  morphologic 
d if fe ren ces  within one a n d  th e  sam e  species were n o t  observed .  T he  O V LT presen ts  three 
d i s t i n c t  p a r ts ,  an ex te rna l  p o r t io n  a b o u n d in g  in vascu la r  an d  connec tive  t issue; an in te r 
m e d ia te  one with a m u lt i tu d e  o f  glia cells and nerve f ib res ;  a n d  an  in te rn a l  p a r t  m ade  up of 
sp e c ia l  ependym a. In  fish, a  f ib ro u s  s t ru c tu re  dom inates ,  b irds  p re sen t  a r ich  capillary n e t 
w o r k ;  m am m als  are ch ara c te r iz ed  b y  a  cell-rich in te rm ed ia te  layer.

T h e  OVLT presents  a s im ila r  degree  of morphologic d e v e lo p m en t  in th e  va r ious  v e r te 
b r a te s ,  offering the suggestion to  be  one of the  phylogenetical ly  an c ien t  ep en d y m a l  organs of 
v e r te b r a t e s .

A. Korányi-Both, K. Lapis, Margit Gallai

( D e p a r t m e n t  of Pa tho logy ,  a n d  D e p a r tm e n t  of Neurology, P o s tg r a d u a te  Medical School,
Budapest)

The Microscopic Structure of Muscles in Juvenile Progressive Dystrophy
B iopsy  specimens o b ta in e d  f ro m  th e  muscles of tw o  siblings (15 a n d  17 years  old, re 

sp e c t iv e ly ) ,  suffering f rom  ju v e n i le  p rogressive  d y s trophy ,  h a v e  been  ex am in ed  u n d e r  the  light 
and t h e  e lectron  microscope. T h e  o b se rv ed  changes were iden tica l  in b o th  p a t ie n ts .  The  nuclei
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showed par t ia l  chromatolys is ,  pycnosis  an d  m ark ed  d e n ta t io n  of the  nuclear m e m b ra n e .  The 
sarcomeres were d is to r ted ,  th e  Z-disk showed n o d u la r  d is in tegra tion ,  and the  in te rf ib ri l la r  
space was widened. These changes ex ten d ed  to single sarcom eres or to larger areas.  Destroyed 
myofibrils  were replaced by  g roups  of d is in teg ra ted ,  hom ogeneous m y o f i lam en ts  a n d  basal 
sarcoplasm. The  sarcoplasmic re t icu lu m  was d is tended  even in the  co m p ara t iv e ly  u n im p a i red  
areas; the  a m o u n t  of  sa rcop lasm ic  glycogen was increased, the  m itochondr ia  w ere  swollen, 
their  crests f ragm ented .  Some a reas  con ta ined  condensed, m odera te ly  e lectron-dense ,  a m o r 
phous subs tance  in which sc a t te re d  m yofilaments ,  rests of  in te rm ed ia te  disks a n d  dam aged  
m itochondr ia  were found, the  l a t t e r  phenom enon  being p re su m ab ly  equ iva len t  to Z enke r’s 
hyaline  degeneration as seen u n d e r  the  light microscope.

Zs. Kocsis

(D e p a r tm en t  of  Pa tho logy ,  Second Municipal Hospital.
Miskolc)

Pathology of the Distress Syndrome in Premature Infants

The pathologic changes observed  in 116 newborns w ith  hyaline  m em b ran e  are  discussed. 
Conspicuous features  were th e  m ark e d  oedema of the  o rgans and  the  d ila ted  ly m p h  vessels, 
especially in the  lungs, k idneys ,  m yo ca rd iu m ,  liver, ly m p h  nodes and th e  a d ren a l  g lands .  The 
ganglion cells in the b ra in  a n d  cerebellum were p a r t ia l ly  dis in tegra ted .  T he  k id n ey s  were 
re m a rk ab ly  im m ature .

T he  changes are p a r t ly  a t t r i b u te d  to anoxic or m etabolic  causes and p a r t ly  to a grave 
d isorder  in w a ter  household,  th e  d evelopm en t  of which  seems to be closely r e la te d  w ith  the 
im m a tu re  s ta te  of the k idneys .

I. Mészáros. L. Wallacher, J. Balogh

(D e p a r tm en t  of  P a tho logy ,  County  H osp ita l ,  Szekszárd)

Morphological Signs in Respiratory Distress Syndrome

The morphological charac te r is t ics  have been s tu d ied  in infants  who h a d  d ied with 
e sp ira to ry  distress,  w i th  or w i th o u t  hyaline  m em b ran e  form ation .

Charac ter is t ic  fea tu res  of the  lung p a ren c h y m a  a n d  of the p u lm o n a ry  vessels are 
com p ared  w ith  the clinical findings ,  and the p r im ary  and  supposedly  secondary  p h en o m en a  
have been discussed.

J. Horgász

(D e p a r tm e n t  o f  Pa tho logy ,  County  H osp ita l ,  Szekszárd)

Senile Alterations of the Bronchial Epithelium

fh e  materia l  of  th e  p re sen t  s tu d y  consisted of the  bronchial mucosa of h u m a n  sub jects  
who were older th a n  65 years ,  h a d  n o t  been suffering  from  bronchial tu m o u r  o r  a specific 
in f la m m a to ry  condition of the  bronchi,  and  whose d e a th  had not been caused by a p r im a ry  
disease of the  p u lm onary  p a re n c h y m a .  After  filling the  lungs with 8 per cent  fo rm al in  so lu tion  
the pr incipal and segm ental  b ronch i  and the pe r ipheral  bronchioles were s tu d ie d  for senile 
changes in the cell nucleus a n d  cy to p la sm ,  in the s t ra t i f ica t io n  of the  epithe lium , in th e  p ro d u c 
tion of m ucus ,  in the  b eh av io u r  of the  connective-tissue e lem ents  and in the  in te rce l lu la r  fibres.
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Ilona Szíjj, К. Kovács

(F irs t  D e p a r tm e n t  o f  Medicine, U n ivers i ty  Medical School, Szeged)

Effect of Mannomustin on Changes Induced in the Rat by 
Hexadimethrine-Bromide

T h e  in travenous a d m in i s t r a t i o n  of 5 mg h ex ad im e th r in e -b ro m id e  induces focal in farc ts  
o f  v a r y in g  size in th e  a d en o h y p o p h y s is ,  the inner lay e rs  of the  adrena l  co r tex  a n d  — less 
f r e q u e n t ly  — in the  liver o f  r a t s .  T h e  zona glomerulosa is d e s t ro y ed  in all cases, an d  ex tensive  
n ecro s is  occurs in H enle’s loops as  well. P re t r e a tm e n t  w i th  m an n o m u s t in  (10 m g p e r  100 g 
b o d y  w eigh t  in travenous ly  24 h r s  before the a d m in i s t r a t io n  of h e xad im eth r ine -b rom ide )  
r e d u c e d  th e  susceptibil ity  to  in fa rc t io n  in the a d en o h y p o p h y s is ,  the  adrena l  co r tex  a n d  the  
l iv e r  b u t  failed to p re v en t  necros is  in  the  zona g lom eru losa  a n d  H enle’s loops.

Considering t h a t  t h e  a p p l i e d  dose of m an n o m u s t in  induces p ronounced  leukopen ia ,  the  
d e v e lo p m e n t  of necroses of v a s c u la r  origin in the  v a r io u s  o rgans  m ay  be a ssum ed  to requ ire  
t h e  presence  of an a d eq u a te  n u m b e r  of leucocytes.

A. Jakobovits*

(D ep ar tm en t  of  G ynaeco logy ,  Universi ty  Medical  School, Szeged, and  
U nivers i ty  of H a m b u rg )

Aetiology and Pathology of Uterine Myo-Fibrohypertrophy

H y p er t ro p h y  of u te r in e  m usc le  and  connective  t is sue  was found  to p roduce  benign, 
n o n - tu m o ro u s ,  uniform e n la r g e m e n t  of the  u terus a n d  th e  disease should therefore  be te rm ed  
u t e r i n e  m y o -f ib ro h y p e r tro p h y ;  to  ap p ly  the te rm  “ chro n ic  m e t r i t i s ”  to  the  observed  cases is 
i n c o r r e c t  in view of the  absen ce  o f  an y  sign t h a t  w ould  re fe r  to an  in f la m m a to ry  process in 
t h e  u te r in e  wall.

Owing to cell e n la rg e m e n t ,  visual fields of th e  sam e  size p resen ted  less muscle  and 
c o n n e c t iv e  tissue cells in t h e  h y p e r t ro p h ie d  u ter i  t h a n  in  t h e  controls.

I n  the  enlarged u te r i  o f  m u l t ip a ra e  and of su b jec ts  p a s t  40, the  degree of h y p e r t ro p h y  
w a s  n o t  greater  th a n  in y o u n g e r  w om en  b u t  th e  in c reased  w e igh t  of  the ir  u te r i  seemed to 
i n d ic a te  t h a t  h y p e r t ro p h y  h a d  assoc ia ted  with h yperp las ia ,  i. e. w i th  an  increase in th e  n u m b er  
o f  m u sc le  and connective t is su e  cells.

Menstrua l  disorders a n d  p a in  p redom inated  a m o n g  the  clinical sym ptom s .
Clinical observation  as well  as animal e x p er im en ts  allowed the  a ssu m p tio n  t h a t  en d o 

c r in e  fac to rs  have a s ign if ican t  p a r t  in producing clinical p a t t e rn s  w ith  oestrogenic  or  a n d ro 
gen ic  preponderance . A t t e n t io n  is called to the  p re su m ed  aetiological significance of th e  p ro 
lo n g e d  oestrogenic effect a sso c ia ted  w ith  pregnancy. T h e  re su l ts  of  anim al exper im en ts  suggest 
t h a t  progesterone does n o t  e sse n t ia l ly  influence th e  d e v e lo p m en t  of  u ter ine  h y p e r t ro p h y .  The  
f a c t  t h a t  u terine  h y p e r t ro p h y  o f t e n  appears  in the  m en o p a u se ,  seems to ind ica te  t h a t  it takes  
lo n g  t im e  to develop.

Mária Gajó, A. Gellért

( In s t i tu te  of A n a t o m y ,  Histology and  E m b ry o lo g y ,  Universi ty  Medical
School, Szeged)

Comparative Histology of the Vocal Cord and the Vocal Muscle

T he  morphology a n d  p h y s io lo g y  of phona tion  has  been  s tud ied  by num ero u s  au thors .  
I t  is, however,  still u n d ec id ed  w h e th e r  or not the  f ib res  o f  th e  vocal muscle a re  in se r ted  into 
t h e  v o c a l  cord; neither is i t  c lear ,  w h a t  p a r t  the vocal m usc le  is p lay ing  in th e  f iner  m odula t ions .  
T h is  is w hy  there are two d i f f e re n t  theories concerning th e  m echan ism  of p h o n a t io n .  One is 
t h e  m yo-elas t ic  (aerodynam ic )  t h e o ry ,  proposed b y  J o h a n n e s  Mü l l e r  more t h a n  h u n d red  
y e a r s  ago, according to w h ich  su b g lo t t ic  air pressed f ro m  th e  lungs up  the  r e sp i ra to ry  duc ts  
r e p re s e n t s  the  active force t h a t  se ts  th e  vocal cords in to  v ib ra t io n ;  the  second, so-called neuro 

* Fellow of A lex an d e r  v o n  H um b o ld t  S t if tung .
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m u sc u la r  (neurochronaxic)  th eo ry  s ta te s  t h a t  the  v ib ra t io n  of vocal cords is u n d e r  cen tra l  
ne rvous  controls.

Considering the  ex trem ely  v a r ie d  d a ta  concerning the  a r ra n g e m e n t  of  th e  v oca l  muscle 
f ibres ,  a n d  the ir  re la tionship  to t h e  vocal cord,  in serial sections of the  l a r y n x  o f  h u m a n s  
(m ain ly  newborns),  dogs and  r a ts  th e  vocal muscle f ibres h ave  been stud ied  for t h e i r  re la t io n 
ship  to th e  collagen and  elastic  f ib res  of the  vocal cord a n d  the  elastic conus.

T he  a r ra n g e m e n t  of  the  vocal  muscle fibres is m u ch  simpler in anim als  t h a n  in  m an. 
I n  the  dog a n d  r a t  la ry n x  m a n y  para l le l  f ibres were found  to ru n  sagitta lly .  T he  h u m a n  fibres 
p re sen te d  an  in tr ica te  p ic tu re  h a rd ly  definable  in th e  histologic sections. N ev er th e le ss ,  the  
re la t io n sh ip  of muscle fibres to th e  su rround ing  collagen and  elastic fibres is e s sen t ia l ly  the  
sam e. T he  fibres of connective  t issue enm esh  those  of th e  muscle which ap p ea r  as i f  e m b e d d ed  
in  the  collagen-elastic  tissue. T h u s  th e  connective  t issue e lem ents  are involved in  t h e  muscle  
con trac t ions ,  and  the  different s t ru c tu re s  fo rm  an in teg ra l  functional  unit.

R. Poche

( In s t i tu te  of Pa tho logy ,  U n ive rs i ty  of Düsseldorf)

Electron Microscopic Examination of the Human Myocardium

E lec tron  microscopic e x am in a t io n s  of th e  m y o ca rd iu m  have usually  been  c a r r ied  ou t  
on e x p er im en ta l  animals . H u m a n  p o s tm o r te m  m ate r ia l  nam ely  undergoes such  a n  a u to ly t ic  
change  t h a t  i t  is exceptional  to o b ta in  reliable f ind ing  while biopsy of the m y o c a rd iu m  c an n o t  
be carried  o u t  in the  way perfo rm ed  in the  liver and  o th e r  organs. Cardiac su rge ry ,  however ,  
offers ad v an tag e o u s  possibilities in th is  re spec t  if th e  muscle removed during  h e a r t  o p e ra t io n s  
is im m ed ia te ly  sub jected  to p ro p e r  t r e a tm e n t .  R esu l ts  of such inves tiga tions in  t h e  case of 
chronic  rh eu m a tism ,  te t ra logy  of Fa l lo t ,  id iopa th ic  h y p e r t ro p h ic  subaort ic  s tenos is ,  have 
b e en  p resen ted .
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B. Rex-Kiss

( In s t i tu te  of  F o re n s ic  Medicine, U n iv e rs i ty  M edica l  School, B ud ap es t)

M E D IC O -L E G A L  A SPEC TS OF S E R O L O G IC A L  G E N ETIC S

In  general, h u m a n  b lo o d  groups are u n d e rs to o d  to  m ean h e re d ita ry  tra i ts  
linked  to  th e  red co rp u sc les . O n the  o ther h a n d , th e  serum  of hu m an  b lood , too , 
c o n ta in s  substances ( th e  so-called  blood g roup  an tib o d ie s )  which are  d e te rm in ed  
b y  blood-group  p ro p e rtie s . T h e  reason w hy , o rig in a lly , blood g roups w ere set 
u p  accord ing  to  th e  g e n e tic  p roperties of th e  e ry th ro c y te s  and  n o t accord ing  
to  th e  an tibod ies c o n ta in e d  in th e  serum , w as t h a t  th e  group specific ity  o f the  
la t te r  was variab le  (e sp ec ia lly  in system s o th e r  th a n  th e  classic ABO system ). 
B esides, the  p rin c ip le  t h a t  th e  serum c o n ta in s  th e  hom ologous an tib o d ies  
w h en ev er th e  e ry th ro c y te s  fail to  reveal a c e r ta in  specific c h a ra c te r , is b u t 
ra re ly  p rac ticab le  w ith  th e  cu rren tly  av a ilab le  p ro ced u res . T he s itu a tio n  has 
now  changed in asm u ch  as th e  discovery o f g en e tic  p roperties in th e  v a rious 
p ro te in  frac tions o f th e  se ru m  m akes it re a so n a b le  to  speak  no t only  o f blood 
g ro u p s  (in the  o rig inal sense  of th e  term ) b u t  o f “ se ru m  g roups” as well. I t  w as 
in  th e  w ake of J a y l  (1947), S m it h ie s  (1955) a n d  th e ir  associates th a t  in v es tig a 
tio n s  were s ta rted  w ith  a v iew  to  proving  th a t  like e ry th ro cy tes  -- serum  
p ro te in s  too possessed g en e tic  p roperties. D isco v eries  in th is  field were g rea tlv  
fa c ilita te d  by th e  a d o p tio n  o f  biochem ical re se a rc h  m ethods. A th o ro u g h  a n a ly 
sis o f p ro te in  c o m p o n en ts  w ould have b een  im p o ssib le  w ith o u t th e  facilities 
o ffered  b y  e lec tro p h o res is . T he in h eritan ce  p a t te r n s  of th e  “ serum  g ro u p s” 
( th a t  are perfec tly  in d e p e n d e n t of the  b lood  g ro u p s) are fa irly  clear and  have 
b ecom e a highly  in te re s t in g  sub jec t of re c e n t sero logical research  w ork. T hey  
a re  o f p rim e s ign ificance  fo r  an th ropo logy , g en e tic s , even for clinical p rac tice , 
an d  it is safe to  e x p e c t n u m ero u s  new d isco v erie s  in  th is  field. T he re liab ility  
an d  sim plicity  of d e te rm in a tio n s  concern ing  h e re d ita ry  tran sm issio n  allow 
th e ir  forensic em p lo y m e n t in  cases of d o u b tfu l p a ren tag e .

F rom  a serological angle, u p -to -d a te  “ in h e rita n c e  b io logy” m ay  be 
d iv id ed  in to  tw o b ra n c h e s .

(a) Blood groups  w h ich  com prise b o th  th e  classic  an d  th e  new ly d iscovered  
sy stem s.

(b) H e re d ita rily  d e te rm in ed  p ro te in s , i.e. system s o f  serum groups  of 
w hich  eight are k n o w n  a t  p resen t: h ep to g lo b in s ; tran sfe rr in s ; p o s ta lb u m in s; 
g ro u p  Gc; group G m ; g ro u p  Ag; group L p ; p seu d o ch o lin este rase-g ro u p .
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T he rap id  p rogress o f research  w ork re su lte d  n o t  on ly  in  th e  d isco v ery  o f 
new  b lood  groups b u t  h as  m odified  ex isting  c o n cep tio n s  also. O f course, th e  
p rac tica l significance o f new  discoveries c an n o t a lw ays he e s tim a ted  a t  once. 
L e t us re fer in  th is  co n n ec tio n  to  th e  d iscovery  o f  th e  sexually  d e te rm in e d  
blood  g roup  X g . I t  m e a n t th e  long expec ted  d isco v e ry  of th e  firs t b lo o d -g ro u p  
gene linked  to  a special sexual chrom osom e a n d  m a y  sh o rtly  acqu ire  g re a t 
im p o rtan ce .

S a tis fac to ry  as th e  s te a d y  progress is, it  becom es increasing ly  d ifficu lt to  
f i t  th e  new  find ings in to  th e  fram e  of know n fa c ts . S ince th e  d iscovery  o f  th e  
fa c to r  R h  b y  L a n d s t e i n e r  an d  W i e n e r  n o t less th a n  21 an tibod ies h av e  b een  
d e tec ted  w hich an tag o n ize  th e  know n com ponen ts o r th e  p a r tia l an tigens o f  th is  
system .

T he p o ssib ility  o f d e te rm in in g  n o n p a te rn ity  (i.e. to  ru le ou t th e  p a te rn i ty  
o f an  in co rrec tly  accused  m an) by  serological m e th o d s  depends on

(a) th e  d is tr ib u tio n  o f th e  exam ined  c h a ra c te r  in  th e  p o p u la tio n  to  w h ich  
th e  p u ta t iv e  fa th e r  be longs;

(b) w h e th e r one o r m ore  h e re d ita ry  c h a ra c te rs  can  he ascerta in ed  in  th e  
exam ined  system ;

(c) w h e th e r on ly  th e  p h en o ty p e  or b o th  th e  p h e n o ty p e  and  th e  g e n o ty p e  
can  be d irec tly  d e te rm in ed . A fte r H i r s z f e l d , one speaks of a fu lly  u tiliz a b le  
system  in th e  la t te r ,  a n d  o f a p a rtia lly  u tiliz ab le  one in  th e  form er, case. I t  
follows th a t  only b lood  g roups and  serum  g roups sa tis fy in g  these  re q u ire m e n ts  
a re  useful for m edico-legal p rac tice . System s o f su ch  g roups will be d iscussed  
in th e  follow ing.

Л В 0  system . R e lia b ility  of th e  d e te rm in a tio n  of th e  subgroups A , o f 
p rim e im p o rtan ce  fo r forensic m edicine, has b een  g re a tly  p ro m o ted  b y  th e  
em p lo y m en t o f p h y ta g g lu tin in s  in recen t y e a rs . A g rea t n u m b er o f s u b 
stances specifica lly  re a c tin g  w ith  Aj and  A 2(H ) o f  v eg e tab le  origin a re  now  
av ailab le .

M N S s  system . T h e  co m b in a tio n  of th e  g ro u p s M N w ith  th e  system  Ss w as 
o f considerab le  sign ificance. T he conclusive fo rce  o f  th e  exclusion of p a te rn i ty  
by  MN analyses is now  in co n tes tab le , w hereas th e re  s till ex ist d o u b ts  in  r e 
spec t of th e  Ss sy s tem , e v id e n tly  owing to  th e  fa c t  th a t  th e  n u m b er o f fa m ily  
s tud ies concern ing  th e  c h a ra c te rs  S and  s is as y e t  in su ffic ien t.

P  system . U p to  1955 i t  seem ed th a t  one w as dealing  w ith  a o n e -fa c to r  
sy stem , b u t  th e  d iscovery  o f  th e  a n tib o d y  a n t i -T ja d an d  th e  fac to r P k has 
co m plica ted  m a tte rs  so m uch  th a t,  a t p re se n t, th e re  are  only  co n je c tu re s  
reg a rd in g  th e  p h en o ty p es  and  genotypes of th is  sy s te m . B esides, its  u sefu lness 
for th e  purposes o f fo rensic  m edicine is g rea tly  im p a ire d  b y  th e  fac t t h a t  th e  
in te n s ity  o f th e  P re c e p to rs  is su b jec t to  f lu c tu a tio n s  (especially  in flu en ced  b y  
sto rage) an d  also b y  th e  fa c t th a t  these recep to rs  a re  im m a tu re  in  th e  n ew b o rn .
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R h  system . T h a t th is  sy s te m  has ach iev ed  a to p  position  in  h u m a n  genetics is 
m a in ly  d u e  to  its p rac ticab len ess . Y e t, n o w a d a y s  th ere  are n o t m a n y  persons 
e v e n  am o n g  specialists w ho h a v e  a fu ll co m m a n d  of all p roblem s c o n n e c te d  w ith  
th e  a p p lic a tio n  of th e  sy s tem . O ne of th e  p rin c ip a l d ifficu lties co n sis ts  in  th e  
n o m e n c la to r ia l  d iscrepancies w hich  p re se n t a t ru e  m irro r of th e  c o n tra d ic to ry  
c o n c e p tio n s  regard ing  th e  gene tic  c o rre la tio n s  betw een  fac to rs  t h a t  can  be 
d e te rm in e d  by  te s t sera. N o tw ith s ta n d in g  differences in th e  m a tte r  o f  n o m en 
c la tu r e  a n d  in th a t  o f th e  g en e tic  p rin c ip les  reg a rd in g  th e  tra n sm iss io n  of R h 
g ro u p s  ( W i e n e r ’s one-gene th e o ry  an d  th e  m ultip le-gene  th e o ry  o f  F i s h e r —  

R a c e ) ,  p rac tice  is now  u n ifo rm  as reg a rd s  th e  perfo rm ance o f R h  ex a m in a 
t io n s  b ecau se  b o th  F i s h e r  a n d  R a c e  p o s tu la te  a linkage o f genes w h ich  is so 
c lo se  t h a t  alw ays “ tr ip le ”  R h  genes a re  in h e r ite d  th a t  p roduce  b u t  a one-gene 
e f fe c t. L a u r e r , th e  e m in e n t H a m b u rg  se ro log ist, recen tly  a d v a n c e d  a new 
n o m e n c la tu re  w ith  th e  fo llow ing  six  genes: Ce, cE , ce, CE, Cwe a n d  CWE .

O f th e  v a rian ts  of R h  a n tig e n s , d isco v ered  so far, C" an d  D u  a re  im p o r ta n t 
fo r  le g a l m edicine. T he f irs t  is an  a lle lo m o rp h  (Cw — or, accord ing  to  W i e n e r ’s 

te rm in o lo g y , R lw) on th e  locus C, and  th e  second  is a w eak D fa c to r . B o th  can 
b e  d e m o n s tra te d  w ith  a d e q u a te  m e th o d s  a n d  su itab le  sera.

A lso R h  an tibod ies h a v e  been  fo u n d  w hich  reac t w ith  k n o w n  R h  a n ti
g en s  p ro v id e d  th e ir  genes are closely  connected . The a n tig e n  G (rh G), 
fo r  e x a m p le , y ields p o s itiv e  re su lts  w ith  anti-C D  sera b u t  fa ils  to  do 
so i f  b ro u g h t to g e th e r w ith  p u re  an ti-C , -D  and  -E sera. A nti-G (C D ) is no 
m ix tu r e  o f an tibod ies b u t  a specific  a n tib o d y  aga in st th e  an tig en  G. T h e  d is
c o v e ry  o f various an tib o d ie s  o f a s im ila r n a tu re  (CcEe =  H r0 ; ce(f) =  hr; 
C e = r h ;;c E  hr;) lias ra ised  fresh  genetic  p ro b lem s. Bloods lack in g  genes (e.g. 
-D - o r  -d- an d  ---, as also n u m ero u s  new  v a r ia n ts )  are of especial in te re s t  in  th is  
c o n n e c tio n . These d iscoveries do n o t f i t  th e  in h eritan ce  p a tte rn s  o f F i s h e r - 

R a c e  a n d  seem to  req u ire  th e  p o s tu la tio n  o f new  allelom orphs.
H p  system . B y th e  e m p lo y m en t of v e r t ic a l  (instead  of th e  u su a l h o rizo n ta l) 

s ta r c h  gel-electrophoresis (a f te r  p re lim in a ry  tre a tm e n t)  it  w as re c e n tly  ascer
ta in e d  t h a t  th e  gene p ro d u c t H p 1 is no hom ogeneous su b stan ce  b u t  consists of 
th r e e  s e p a ra te  p a rts , each  w ith  its  own a u to n o m o u s genes w hich  w o u ld  m ean 
t h a t  th e re  ex ist six p h e n o ty p e s  H p 1. I f  th e  te c h n iq u e  involved  can  be  sim plified , 
th e  a rm e n ta r iu m  o f m ed ico l-egal sero logy  w ill have gained  a new  v a lu ab le  
to o l.

G m  system . T his sy s tem  has becom e v e ry  useful du ring  re c e n t y e a rs  and , 
— as re g a rd s  genetic co m p o sitio n  — is a lm o s t as com plicated  as th e  R h  system . 
F a c to r s  (a) and  (x) of th e  sy s te m  m ean  no p ro b lem ; difficulties e x is t, how ever, 
in  r e s p e c t  o f fac to r (b) w h ich  is n o t hom ogeneous. —• InV , t h a t  w as a one- 
f a c to r  sy s tem  a few years  ago , has dev e lo p ed  in to  a com plete fou r-gene  one since 
t h e n  ( I n v 1, I n v a, I n v h an d  In v ) .

T he  serum-group Gc, a re c e n t ad d itio n  to  th e  a rm en ta riu m  o f m edico-legal
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serology, is now  ga in ing  ground in  sero logical research  w ork, a lth o u g h  its  
te ch n iq u e  is com plex  and  laborious.

T h e  fu ll e x p lo ita tio n  o f all new p o ssib ilitie s  in th e  field of se ro log ica l 
genetics e n co u n te rs  c e r ta in  lim ita tio n s, (a) T h e  acq u is itio n  of the  re q u ire d  te s t  
sera  m ay  be d ifficu lt, (b) S hortcom ings, be th e y  o f a personal or a te c h n ic a l 
n a tu re , m a y  im p ed e  th e  use of new m eth o d s, (c) T h e re  m ay be a d isp ro p o rtio n  
betw een  th e  sum s to  be invested  and  th e  re su lts  to  be reasonab ly  ex p ec ted .

As reg a rd s  p a r tic u la r  cond itions in H u n g a ry , i t  m u st be borne in  m in d  t h a t  
th e  econom icalncss o f th e  ad o p tio n  of new  p ro ced u res  depends to  a g re a t 
e x te n t on w h e th e r th e  necessary  te s t sera can  be  o b ta in ed  on the  hom e m a rk e t  
or have to  be im p o rte d . O nly  th e  sera re q u ire d  fo r ABO and MN e x a m in a tio n s  
are  m a n u fa c tu re d  in  H u n g a ry , n e ith e r do H p  ex am in a tio n s  requ ire  im p o r te d  
m ate ria l. S ince th e se  th re e  te s ts  are recogn ized  in  H u n g ary  as su ffic ien t for 
th e  re liab le  exclusion  o f p a te rn ity , e x a m in a tio n  o f p a ren tag e  is based  on th e m  
in our ju d ic ia l p rac tice . As regards th e  q u es tio n  as to  how m any system s sh o u ld  
be inc luded  in th e  ex am in a tio n s , i.e. how m a n y  k in d s  of te s ts  should be m a d e  in  
p a r te rn ity  cases, we h av e  to  rem em ber th a t  — once  p a te rn ity  has been ex c lu sed  
o u t by  even  a single ab so lu te ly  reliable te s t  — no  fu r th e r  te s ts  are rea lly  n eed ed . 
As fa r as ch rono log ica l o rd e r is concerned , e x a m in a tio n s  should a lw ay s s t a r t  
w ith  th e  classic b lood  g roups and  con tinue  w ith  th e  blood groups M N . T h e  
n e x t s tep s  d ep en d  on th e  special cond itions o f  each  given case. If, fo r in s ta n c e , 
p a te rn ity  has been  exclused  on th e  ev idence o f  th e  ABO-test (or p o ss ib ly  on 
th a t  of th e  M N or H p  te s ts ) , no fu r th e r  te s ts  a re  n ecessary . As regards su b g ro u p s  
A 1/A 2, th e  A B O -test sh o u ld , in  ou r o p in io n , be  accom panied by  th e  d e te r 
m in a tio n  of th e se  su b g ro u p s  as it  is very  u sefu l in  th e  e stab lishm en t o f  p a te r 
n ity  an d , b esides, its  om ission m eans th e  d is re g a rd  of a one per cen t p o ss ib ili
ty  of exclusion .

S till fu r th e r  te s ts  a re  necessary  (a) if th e  p reced in g  ones have still le f t  th e  
possib ility  o f p a te rn ity  open ; (b) if th e re  a re  sev e ra l p u ta tiv e  fa th e rs  a n d  th e  
p a te rn ity  o f a t  leas t one is still possible; (c) i f  th e  o b jec t of th e  t e s t  is n o t 
m erely  th e  exclusion  b u t  also th e  possible e s ta b lish m e n t of p a te rn ity .

E x a m in a tio n  o f th e  serum -group  sy s tem  l i p  shou ld  be th e  th i r d  s te p , 
in th e  f irs t line on acco u n t o f th e  sim plic ity  o f  th e  te ch n iq u e  involved , a n d  also 
because o f th e  s tro n g  conclusive force of its  ev id en ce . E x am in a tio n  o f  th e  R h  
group is reco m m en d ed  as th e  fo u rth  m easu re , an d  it  should e x ten d  to  th e  
an tigens D , C, c, E , e. In  o rd e r to  econom ize t e s t  se ra , th e  an tigen  C" sh o u ld  
only  be  ex am in ed  if  th e  te s t  is expected  to  y ie ld  a c learly  positive o r n e g a tiv e  
re su lt. I f  necessa ry , th e  so-called g en o ty p e  se ra  (anti-C% anti-f) sh o u ld  be 
applied . I f  th e  av a ilab le  tech n ica l eq u ip m en t p re v e n t?  th e  perfo rm ance  o f  th e  
H i )-tes t, its  p lace  in th e  sequence should  be o ccu p ied  b y  th e  ex am in a tio n  o f  th e  
R h  g roup . As f if th  ex am in a tio n , we suggest t h a t  o f  serum -group Gm [ f ir s t  th e  
fac to r G m (a) an d  th e n  th e  fac to r G m (x)j.
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T h e  perfo rm an ce  o f  th e se  ex am in a tio n s  a ffo rds a 67 per c en t ch a n c e  of 
e x c lu d in g  p a te rn ity  (i.e ., a n o n -fa th e r  has a  6 7 %  chance of pro v in g  h is  n o n p a 
te r n i ty ) .  I n  o th e r w ords, th e  above te s ts  do n o t  suffice for excluding  th e  p a te r 
n i ty  o f  a b o u t one th ird  o f th e  no n -fa th e rs .

A s reg a rd s now  th e  efficiency of b lo o d -g ro u p  serology in  th e  m a t te r  o f 
estab lish ing  parentage, th e  m ax im u m  we c a n  a t ta in  w ith  th e  p re se n t m e th o d s  
is , o n  a n  average , a 90 p e r  c e n t chance o f ex c lu sio n . To reach  a p e rc e n ta g e  of 
th is  h e ig h t  w ould invo lve  m u ch  sup erflu o u s w o rk  because, a f te r  a ll, genu ine  
fa th e r s  a re  invo lved  in  a b o u t tw o th ird s  o f th e  cases whose p a te rn ity  c a n n o t be 
e x c lu d e d  anyhow . Since i t  h ap p en s in  som e 33 — 34 per cen t of th e  cases th a t  
n o n -g e n u in e  fa th e rs  are  accused , fu r th e r , s in ce  th e  five b lood-group  sy stem s 
e n u m e ra te d  above allow  th e  exclusion o f p a te r n i ty  in 27 — 28 p e r c e n t, th e re  
re m a in  o n ly  6 to  7 p e r c e n t w here still f u r th e r  b lood-group  te s ts  m a y  p re se n t 
th e  c h a n c e  of ecluding p a te rn ity . O f course, th is  co m para tive ly  low  p e rc e n ta g e  
does n o t  ju s t ify  th e  n eg lec t o f efforts to  e x o n e ra te  non-fa thers from  th e  charge  
o f  p a te r n i ty .  A t even such  low p ercen tage  th e  decision of H u n g a rian  c o u r ts  is 
u n fa v o u ra b le  to  a b o u t 90 to  100 d e fen d an ts  p e r  an n u m , m ostly  on th e  ev idence  
o f  b lo o d -g ro u p  te s ts  w hich  do n o t defin ite ly  ru b ; o u t th e  possib ility  o f p a te rn i ty .

I t  seem s b est to  re s o r t  to  th e  ca lcu lu s  o f  p robab ilities  in th e  m a t te r  of 
p o ss ib le  fu r th e r  m easures. A d d itio n a l e x a m in a tio n s  should only he m a d e  if  th e  
re s u lts  o f  all p reced ing  te s ts  p o in t to  th e  im p ro b a b ility  of p a te rn ity . A t th is  
s ta g e  th e  method o f  the indirect exclusion o f  p a te rn ity  m ay  be em p lo y ed . As is 
k n o w n , p h e n o ty p e  is n o t alw ays id en tica l w ith  geno type, and  one p h e n o ty p e  
m a y  in c lu d e  several g en o ty p es. F o r in s ta n c e , a p e rso n  of group A m a y  h a v e  th e  
p h e n o ty p e  AA or AO; ag a in , if  sub g ro u p s A x/A 2 are tak en  in to  a c c o u n t, an 
in d iv id u a l o f group A j m a y  h av e  th e  g e n o ty p e s  A jA ^  A jA , and  A x0. T h e  sam e 
p r in c ip le  applies to  th e  b lood-group  sy s te m  R h : an  ind iv idual o f p h e n o ty p e  
C +  D  +  E  — c -|— e —|— m a y  h av e  th e  p h e n o ty p e s  CDe/cde, CDe/cDe or cD e/C de 
(a b b re v ia te d , R xr, R 1R 0, R 0R ') . I t  m eans t h a t  th e  possibilities o f  ex c lu d in g  
p a te r n i ty  are  lim ited  in  th e se  b lood-group  sy s te m s , since p re sen t sero log ical 
m e th o d s  do n o t allow  a d ire c t d e te rm in a tio n  o f  th e  geno type in  su ch  cases. 
T h e  d e te rm in a tio n  of th e  ac tu a l one am o n g  th e  possible g en o ty p es is only 
p o ss ib le  in  an  in d irec t w ay , i.e. b y  ex ten d in g  th e  range of persons to  be  e x a m in 
ed  to  th e  accused p e rso n ’s (or persons’) co n san g u in eo u s k inspeople, in  th e  f irs t 
p la c e  to  h is (their) p a re n ts  an d  possib ly  ev en  to  th e  collateral re la tiv e s  a n d  d e 
sc e n d a n ts . T he fac t th a t ,  b y  knowing th e  gene fre q u e n c y  of the  various b lood-group  
sy stem s, i t  is possible to  com pute th e  p ercen tag e  o f  possible genotypes w ith in  each 
p h e n o ty p e  m eans a g re a t fac ility . I t  is, fo r in s ta n c e , know n th a t  in  H u n g a ry  th e  
in c id e n c e  o f AO am o u n ts  to  ab o u t 80 p e r c e n t a n d  th a t  of AA to  a b o u t 20 per 
c e n t in  g roup  A. A gain , in  th e  case of R h, th e  freq u en cy  of geno type  R ,r  w ith in  
th e  p h e n o ty p e  is 93 p e r c e n t and  th a t  o f  R 0R ’ a b o u t 0.2 per cen t. T h a t  such 
in d ire c t  m eth o d s are s till n o t su ffic ien tly  e m p lo y e d  is due to  th a t  th e  se a rc h  for

Acta Morphologica Academiae Scientiarum Hungaricae 14, 1966



ABSTRACTS 375

and the presentation of the necessary persons are laborious and expensive, and 
also because the tests are not always successful.

Another method is the determination of E s s e n - M ö l l e r ’s  so-called pa
ternity index, i.e., the degree of the probability of paternity. It is obvious that 
an improbability index exceeding 90 per cent xvill have much weight with the 
courts.

The following additional examinations might be carried out.
E x a m i n a t i o n  o f  the  o th e r  f a c t o r s  o f  th e  G m  s y s t e m .  Test sera for the 

demonstration of factors Inv (1) and Gm(b) are available. Examinations concern
ing the system MN may be combined with those of the s y s t e m  S s .  Test sera are 
available also in this respect. Also the examination of the s y s t e m  G c  is now 
possible in Hungary.

Tests in respect of other blood and serum groups not mentioned in the 
foregoing, while feasible in exceptional cases, are still at the experimental 
stage and their significance is more scientific than practical. Besides, the 
courts are unlikely to hase their decisions on the evidence of these tests.

To sum up: when making use of serological genetics in paternity cases, 
(a) we should apply the results of scientific research work in a manner that is 
suited to existing conditions; (b) the results of serological tests should be mathe
matically evaluated; (c) medico-legal expert opinion should be based also on 
the mathematically evaluated results of anthropologico-genetic analyses.

M. Feliér

Blood G ro u p  In c id e n ce  an d  th e  P ro b a b i l i ty  id' Exclus ion  in P a t e r n i ty
Suits

In  th e  quest ion  of p a te r n i ty  the  blood g ro u p  sy s tem s will decide the  issue in  p a r t  of 
the cases only. T h e  p ro b a b i l i ty  to  exclude p a te r n i ty  g re a t ly  depends on the  incidence  of the 
given blood group ;  i t  is obv iously  g reater ,  if  t h e  ch ild ’s blood shows some ra re  q u a l i ty  no t  
con ta ined  in the  m ate rn a l  line. Usually ,  however ,  c o m m o n  he red i ta ry  quali t ies  a re  on ly  found 
and  exclusion  of p a te r n i ty  d epends  on the  incidence  of t h e  blood groups, in t h e  popu la t ion .  
The  m ax im u m  n u m b e r  of non-fa the rs  equals t h e  f i f th  power of the  gene f requency .  Therefore  
the  p ro b a b i l i ty  of p a te r n i ty  exclusion has to he c a lcu la te d  separa te ly  for each p o p u la t io n  area. 
The  resu l ts  of b lood group  t es ts  pe rform ed  in 43,000 persons  h ave  been worked u p  b y  s t a t i s t i 
cal m e th o d s  to es tab l ish  the  incidence of the  b lood  g roups  and  th e  p ro b a b i l i ty  o f  p a te rn i ty  
exclusion in H u n g a ry .

E. H orvá th ,  В. R e x -Kiss

(N at iona l  Blood B an k  and  I n s t i tu t e  of  Fo ren s ic  Medicine,  U niversi ty  Medical  School.
B u d a p es t)

Gc Serum Group in Paternity Cases
Classification a n d  incidence in H u n g a ry  o f  th e  Gc se rum  group ty p es  h a v e  been stud ied .  

A m ong 1000 persons su b jec ted  to e x am in a t io n  the  d is t r ib u t io n  was Gc 1— 1, 48 per  cen t;  
2 1, 44 per cen t:  2 2, 8 per  cent.  Their  va lue  in  re sp ec t  of  th e  p robab il i ty  to  exc lude  p a te r 
n i ty  is a p p ro x im a te ly  16 per cent,  nearly as h igh as t h a t  of  the MN or l ip  sys tem s.  In  100 
legal cases, in which  th e y  were exam ined  to g e th e r  w i th  th e  A ,A 2B0, MN, R h ,  l ip  a n d  Gm 
groups,  the  Gc find ing  allowed to exclude p a te r n i ty  in 12 cases. In 9 cases the  resu l ts  coincided 
w ith  those  yielded by  blood groups but 3 were e s tab l ished  on the  basis of  Gc ex am in a t io n  
alone.
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P. Giith, R. Budvári

( In s t i tu te  of  Forensic  Medicine, U n iv e rs i ty  Medical School, B udapes t)

Serology of Beta-Lipoprotein Type Isopreeipitins

R o u t in e  tes ts  have been ca r r ied  o u t  w i th  a n ti -L p (a )  se rum .  The results of these  e x a m i
n a t io n s  a re  described w ith  special re g a rd  to the  d is t r ib u t io n  o f  Lp(a) propert ies  in th e  p o p u la 
t io n  a n d  t h e  m ax im u m  freq u en cy  o f  exclusion achieved b y  th e i r  use in p a te rn i ty  p roceedings .

T h e  d iscovery of p re c ip i ta t in g  iso-antibodies in th e  se ru m  of a fo u r -m o n th  old in fan t  
p re v io u s ly  sub jec ted  to blood t ran s fu s io n ,  calls a t t e n t io n  to  th e  p reven t ion  of t ran s fu s io n  
c o m p l ic a t io n s  in infants  and  to  t h e  poss ib i l i ty  of fo e to -m a te rn a l  diaplacental  im m u n iza t io n .

Edit Birtha, B. Rex-Kiss

( In s t i tu te  of Forensic  Medicine,  U n ivers i ty  Medical  School, B udapes t)

Significance in InV Gamma-Globulin Serum Groups in Paternity Cases

T h e  incidence in H u n g a ry  o f  se ru m  InV  g am m a-g lo b u l in  sys tem  have  been  s tu d ied  in 
3300 p e rso n s ,  regardless of sex a n d  age. A n  incidence of 12.1 per  cent  has been es tab lished .  
I n  21 o f  820 lawsuits p a te rn i ty  w as  excluded  on th e  bas is  o f  the  In V (l)  fac to r ;  in 10 cases 
i t  w a s  so le ly  th is  te s t  which dec id ed  the  issue. The  p ro b a b i l i ty  of p a te rn i ty  exclusion by  th e  
m e t h o d  in  quest ion  am oun ts  to a p p ro x im a te ly  1.3 per  cent.

L. Fésiis, В. Rex-Kiss

(U n iv e rs i ty  V e ter inary  School,  an d  In s t i tu te  of  Fo ren s ic  Medicine, U n iv e rs i ty  
Medical  School, B u d a p es t)

Incidence of Serum-Transferrin Types and their Significance in
Paternity Cases

K r i s t j a n s s o n ’s modified m e th o d  (1963) of S m ith ie s ’s s ta r c h  gel e lectrophoresis (1955) 
h a s  b e e n  u se d  for the  d e te rm in a t io n  of se rum  t ran s fe r r in  ty p e s  in 1000 individuals  of  v a r ious  
age,  s e x  a n d  nationali t ies. Two s t r ip e s  corresponding to  t h e  TfC allele have in v ar iab ly  been  
p r e s e n t  in  ev ery  case; b u t  T f B b u n d le s  occurring  to g e th e r  w i th  T fc types  in the  h e te ro zy g o te  
f o r m  w e re  identifiable in 5 persons.  T h u s  incidence of th e  T f B allele in H u n g a ry  can  be e s t i 
m a t e d  a t  0.5 per  cent. The significance  of serum  t r a n s fe r r in  ty p es  in p a te rn i ty  p roceed ings  
is d iscussed .

B. Rex-Kiss

( In s t i tu te  of Forensic  M edicine,  U n ive rs i ty  Medical School, B udapes t)

Evaluation of Rh-Tests in Paternity Suits

R h - te s t s  performed in 1683 law su i ts  over th ree  y e a rs  allowed the  exclusion of p a t e r n i t y  
in  171 cases  (16.1 per cent), a m o n g  w hich  156 (9.3 per  cen t)  were  established alone on the  basis  
o f  t h is  t e s t .  In  222 cases o u t  of t h e  271 th e y  fu rn ished  a b so lu te  evidence, in the  re m a in in g  49 
o n ly  a  h ig h  degree of im p ro b ab i l i ty .  E a c h  of the l a t t e r  fell u n d e r  the  C-f-c-j-D - ( -E - | -e -b R h  
p h e n o ty p e  w hich  does n o t  m ak e  it  possible to e s tab lish  th e  geno type  by  any  d irec t  m e th o d .  
A  g r e a t  a d v a n ta g e  in these cases is th e  use  of chrom osom e sera,  part icu la r ly  of an ti-C e, w hich  
a l low  to  d e te rm in e  the  presence o r  absence  of the m os t  i m p o r t a n t  genotypes.  E q u a l ly  a d v a n 
t a g e o u s  is th e  C"'-factor tes t  w h ich  h as  been  employed in 50 cases and which alone fu rn ish ed  
su f f i c ie n t  evidence for p a te rn i ty  exclusion  in 5 cases.
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E. Somogyi,  В. R ex-Kiss

( In s t i tu te  o f  Forensic  Medicine, U n iv e rs i ty  Medical School, B u d ap es t)

Lethal Hemolytic Complications of Blood Transfusions

P o s tm o r tem  serologic exam inat ions  carr ied  o u t  in cases of blood t r a n s fu s io n  leading 
to le tha l  complica tions are surveyed. T h e  blood was su b je c ted  to ABO, MN a n d  R h  blood 
group  tes ts  and  a n t ib o d y  de term inations.  ABO or R h - in co m p a t ib le  blood had  b e en  t r a n s fu se d  
in each  case in consequence  of an error in t h e  b lood g ro u p  determ ination  a n d  in t h e  c o m p a t 
ib il i ty  tes t ,  or the  neg lec t  to perform th e m ,  a n d  to t a k e  the  history duly in to  c o n s id e ra t io n .  
A t ten t io n  is called to  th e  importance o f  s tu d y in g  th e  p a t i e n t ’s history a n d  t h e  d o c u m e n 
ta t io n  of the blood g ro u p  tests prior to t ran s fu s io n .

L. Szabó, В. R ex-Kiss

( In s t i tu te  o f  Forensic  Medicine, U n iv e r s i ty  Medical School, B u d ap es t)

Blood Group Test Evidence in Disputed Paternity without 
Examination of the Mother

T he  possibility of  pa te rn i ty  d e te rm in a t io n  on th e  basis of blood group  t e s t s  in  cases 
when the  m other  c a n n o t  be subjected to e x a m in a t io n  is discussed. The p ro b ab il i ty  o f  exclusion  
of p a te rn i ty  in such cases is 64 per cent  of  t h a t  when  th e  exam inat ion  can be e x te n d e d  to  the 
m other .

In 60 p a te rn i ty  proceedings w i th o u t  m a te rn a l  blood tests, p a te rn i ty  co u ld  be  e x 
c luded in 14 cases.

B. Rcngei

( In s t i tu te  of Forensic Medicine, U n iv e rs i ty  Medical School, Szeged)

Application of Native Protein Iiniiiuiiizcd Antiserum in a Case of
Irregular Death

A blind and  d ea f -m u te  man, aged 73, suffered  a g rav e  traffic accident  a n d  w as  b ro u g h t  
to h osp i ta l  where, a f te r  6 days of unconsc iousness,  he  succumbed to cerebral c h an g e s  and 
pn eu m o n ia .  The  p o s tm o r te m  exam inat ion  iden tif ied  in th e  laryngeal port two in w e d g ed  pieces 
of m e a t ,  as the  d irec t  cause  of suffocation d e a th .  A t t e m p t s  a t  discovering their  o r ig in  b y  m eans  
of n a t iv e  protein im m u n ize d  antiserum  were  m ad e  by  th e  imm une p rec ip i ta t io n  m e th o d  of 
O c h te r lo n y ’ agar  gel diffusion. None of th e  o bse rved  re ac t io n s  indicated t h a t  a n y  p r o t e in  of 
a n im a l  origin was p re sen t  and  the reac t ion  c h a ra c te r i s t ic  of  hum an origin w as  t h e  on ly  one 
to fu rn ish  positive resu l t .  In  spite of this f in d in g ,  the  h u m a n  origin of the test  s am p le s  r e m a in e d  
quest ionab le ,  p a r t ly  because  the necropsy fa iled  to d iscover  any injury in th e  m o u th ,  t h r o a t  
or p h a ry n x ,  and p a r t l y  on  the  considera tion  t h a t  o b v io u s ly  some specific p ro te in s  o f  h u m a n  
orig in  m ay  have left th e i r  t races on the t e s t  sam ples.  E v id e n ce  in favour of a n im a l  o r ig in ,  on 
the  o th e r  hand,  was d o u b t fu l  because of t h e  v e ry  o b v io u s  probabili ty  th a t  cook ing  h e a t  h ad  
d en a tu r iz e d  p ro te ins  while  i t  turned raw m e a t  in to  e a ta b le  food. Model ex p e r im e n ts ,  to  s tu d y  
the  effect of  this h e a t  f a c to r  on specific p ro te in s ,  h ave  b e en  carried ou t  with the  m e a t  o f  v a r ious  
a n im a ls  fresh from th e  a b b a to i r .  In physiologic sa l t  so lu t io n s  of equal proport ion , th ese  sam ples  
were exposed for 0 72 a n d  0 8 hours to  th e  act ion  o f  h e a t  a t  37, 56 and 100 °C a n d  th e n
su b je c ted  to im m une  p rec ip i ta t ion  tests o f  a g a r  gel d iffusion .  E ach  sample of the  37 a n d  56 °C 
tes t  series yielded p rec ip i ta t io n  even a f te r  72 hours  o f  exposure,  while those  o f  t h e  100 °C 
series were found n eg a t iv e  a lready af te r  h a l f  an  h o u r  o f  cooking.

Applying these resu l ts  to the case u n d e r  review, i t  was impossible to f ind  o u t  th e  origin 
of the  m e a t  samples b ecause  of protein d e n a tu r iz a t io n  in th e  course of cooking. T h e  su gges t ion  
is m ad e  to use also h e a t -d en a tu r iz ed  a n t i s e ru m s  for medico-forensic purposes,  as t h a t  ty p e  
of ag en t  is able to p re c ip i t a te  proteins b o th  in n a t iv e  a n d  in heat-dena tur ized  s ta te .
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Gy. Gerencsér

(C rim ina l  L ab o ra to ry ,  Police H e a d q u a r t e r s ,  Budapest)

Mixed Cell Agglutination, a New Method of Blood Stain Examination

T he  knowledge a b o u t  b lo o d  sta in  d iagnostics d a te s  b a c k  nearly to the  d isco v ery  of 
b lo o d  groups and  has d e v e lo p ed  parallel  w i th  b lood  g ro u p  serology. I ts  c r iminalis tic  signifi
can ce  has  been realized as e a r ly  as 1903 and blood s t a in  iden t i f ica t ion  m ethods h a v e  b e en  in 
u se  since 1923; never the le ss  i t  w a s  only in the  p a s t  d e ca d e  t h a t  th ey  have fu rn ished  v a lu ab le  
c rim ina l is t ic  procedures.

More recen t  d e m a n d s  h a v e  led to the  e lab o ra t io n  o f  n ew  methods,  ranging f ro m  rece p 
t o r  iden t i f ica t ion  over  i n h ib i t e d  agg lu t inat ion  (or a b s o r p t io n )  to  elution; b u t  las tly  t h e  e lu t ion  
(o r  ex tra c t io n )  m e th o d  p r o v e d  to  be the only one t h a t  r e a l ly  m e t  the  requ irem ents  o f  m ed ico 
lega l  pract ice .  The  m ix ed  cell agg lu t ina t ion  m eth o d  w o r k e d  o u t  by  C o o m b s  et al. in 1956, has  
beco m e  b y  now an effic ien t  p ro ced u re  in crim inalis t ic  p ra c t ic e .

S. Ökrös

( In s t i tu te  of F o re n s ic  Medicine, U n iv e rs i ty  M edica l  School, B udapes t)

Electron Microscopic Examination of Thrombocyte Thrombus

T he  th ro m b o c y te  t h r o m b u s  signals a v i ta l  d a m a g e  o f  th e  h e a r t  and arteries.  Fo llowing  
h is to logic  location a sam p le  o f  t h e  substance has been  su b je c t e d  to  electron m icroscopic  e x a m 
in a t io n .  In  co llabora t ion  w i t h  D r.  D. S z a b ó  and I. Ö k r ö s , t h e  s truc ture  of th e  th r o m b o c y te  
sack  was s tudied. I t  w as  f o u n d  to  consist of ag g reg a te d  necrosed  throm bocytes ,  s u r ro u n d e d  
b y  a m assive,  re t icu la r  f ib r in  capsu le  which em it ted  f ine  f i l a m e n t s  towards the inside o f  t h e  sack 
in b e tw ee n  the  th ro m b o c y te s .  I n  th e  alpha, be ta  a n d  g a m m a  granu lom eres of the  th ro m b o c y te s ,  
in t h e  hya lop lasm  a n d  in th e  m em b ran e  covering th e  t h r o m b o c y te s ,  there  were consp icuous  
ch an g es  which m ig h t  f u r n i s h  som e basis for c la rify ing t h e  f ib re  mechanism of f ib re  d e v e lo p 
m e n t .

E. Somogyi, Gy. Rózsa, P. Sótonyi, T. Varga, Á. Nevelös

( In s t i tu te  of F o re n s ic  Medicine, U n iv e rs i ty  M ed ica l  School, Budapes t)

Changes in the Fine Tissue Structures after Electric Shock

T he  effects of e lec tr ic  sh o ck  have been s tu d ied  in  h u m a n  corpses,  skin a n d  m usc le  p a r t s  
o b ta in e d  from  surgery,  as well as anim als  exposed to  e lec tr ic  shock  of p redeterm ined  c h a ra c te r .  

T he  results h a v e  cal led  th e  a t ten t io n  to som e h i th e r t o  unnoticed  pheno m en a .

Gy. Rózsa, E. Somogyi, P. Sótonyi, T. Varga, Á. Nevelős

( In s t i tu te  o f  F o re n s ic  Medicine, U n iv e rs i ty  M edica l  School, Budapest)

Nuclear Changes Following Electric Shock

T he  cell nuclei o f  v a r io u s  tissues have been su b je c t e d  to  morphological, h i s tochem ica l ,  
p o la r iza t io n  and  f lu o re sce n t  op t ica l  electron m ic roscopic  a n d  cy topho tom etr ic  s tud ies .  T h ey  
p re se n te d  significant a l t e r a t io n s  of a similar n a tu re ,  t h e  m o s t  pronounced h av in g  b e en  an  
e longa t ion  of the  nucle i w i th  specific  lesions of th e  m e m b r a n e ,  de rangem ent of th e  c h ro m a t in  
s t ru c tu re ,  d eh y d ra t io n  o f  t h e  nuc lea r  substance a n d  d e p o ly m e r iz a t io n  of DNA.

Acta Morphologica Academiae Scientit I in Hungar icae 14. I960
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P. Sótonyi, E. Somogyi, Gy. Rózsa, Á. Nevelós, T. Varga

( In s t i tu te  of  Forensic  Medicine, U n iv e rs i ty  Medical School, B u d ap es t)

Myocardial Changes due to Electric Shock

T h e  effect on the  m yocard ium  of d irec t  exposure  to  electric shock has been  s tu d ied  by  
ro u t in e  histological,  his tochem ical ,  phase  c o n t r a s t ,  f luorescen t,  po lar iza t ion  m icroscopic  a n d  
e lectron  m icroscopic  m ethods.

A t te n t io n  is called to the phase  in w h ich  the  h is tochem ical  reactions b eca m e  w eak  or 
ceased, in ju ry  of th e  m em branes  was show n by p o la r iza t io n  microscopy a n d  v a r io u s  m i to 
chondria l  lesions b y  e lectron  microscopy, while  l igh t  m icroscopy failed to reveal  a n y  k ind  of 
a l te ra t ion .

T. Varga, E. Somogyi, P. Sótonyi, Gy. Rózsa

( I n s t i tu t e  of  Forensic Medicine, U n iv e rs i ty  Medical School, B u d ap es t)

Skeleton Muscle Changes due to Electric Shock

T h e  effect on th e  skeletal  muscles of e lectric  shock an d  the resulting  m a r k s  h a v e  been 
s tu d ied  in the  r a t  a n d  th e  guinea pig b y  ro u t in e  h istological,  enzyme histochem ical ,  p o la r iza 
t ion  op tica l,  phase  c o n tra s t  and  e lectron  m icroscopic  m ethods.

T h e  observed changes consisted in a  g radual  d isappearance  of the  en zy m e  reac t ions  
paralle l  w i th  th e  s t ru c tu ra l  m odifications,  fu r th e rm o re  in m em brane  dam age .  T h e  g ra v i ty  
o f  the  lesions was in close re la tionship  w ith  th e  in te n s i ty  of electric shock.

Á. Nevelós, E. Somogyi, Gy. Rózsa, P. Sótonyi, T. Varga

( I n s t i tu t e  of Forensic  Medicine, U n iv e r s i ty  Medical School, B u d a p es t)

Epithelial and Connective Tissue Changes Following Electric Shock

E p ith e l ia l  a n d  connectiv  tissue changes  caused  by  electric shock have b e en  exam in ed  
b y  ro u t in e  histological,  enzym e histochem ical ,  p o lar iza t ion ,  phase co n tra s t  a n d  f luo rescen t  
microscopic as well as electron microscopic m e th o d s  in h u m a n  materia l  o b ta in e d  a t  su rgery  
and  in specim ens of r a ts  and  guinea pigs exposed  to  e lectric  shock. The g rav ity  of  th e  changes,  
ran g in g  from  characteristic, s t ru c tu ra l  a l te ra t io n s  to  com ple te  hom ogenizat ion , was closely 
connec ted  w ith  the  in ten s i ty  of the shock.

L. Buris, M. Szabó, Klára Zsigiiioiid

( I n s t i tu t e  of Forensic Medicine, U n iv e rs i ty  Medical School, Debrecen)

Histochemical Examination of Current Marks

T h e  m ark s  inflicted by  electric c u r re n t  h ave  th e  sam e  gross and microscopic a p p ea ran ce  
as those  aris ing  u n d e r  therm al  effect. An a p p a r e n t ly  su i tab le  m ethod  for their  d if fe ren tia t io n  
is to d e m o n s t r a te  the im p r in t  of the m eta l  c o n d u c to r  in th e  dam aged  area. In  spec im ens 
o b ta in ed  from  an im als  sub jected  to e lectric  shock f rom  p o s tm o r te m  m ate r ia l  gross chemical 
d e m o n s tra t io n  of the m o s t  f requen t  three  ty p e s  of m eta l  c o nducto r  has been p e rfo rm ed ,  using  
P ru s s ian  blue for iron, a s a tu ra ted  aqueous  Solution of a lp h a  benzoinoxim for copper ,  and  0.2 
per c en t  alizarin  S for a lum inium .

Microscopic e x am in a t io n  has been  car r ied  out w i th  Berlin blue reac tion  for iron, JNa 
d ie th y l -d i th io ca rb am a te  an d  rubeonic  acid for copper ,  f ina l ly  an 0.2 per  cen t  a q u eo u s  solu t ion  
of m o r in  a n d  alizarin S for a lum inium . T h e  m eth o d  lias successfully been em ployed  in dou b tfu l  
cases.
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L. Harsányi, Margit Kovács

( I n s t i t u t e  of Forensic  Medicin,  U nivers i ty  Medical School, B u d a p es t ,  and Criminal 
L a b o ra to ry ,  Police H e a d q u a r te r s ,  B ud ap es t)

Vital Reactions of Bones Tested by Histochemical Methods
T he  v i ta l  reac t io n s  of r a t  bones have  been  s tud ied .

Leontin Jegesi

( In s t i tu te  of  Forensic  Medicine, U n iv e rs i ty  Medical School, B udapes t)

Traumatic and Non-Traumatic Lesions of Skeletal Muscles
T h e  m orphological an d  s t ru c tu ra l  changes c o n d i t io n ed  b y  age and  m orb id  s t a te  of 

va r ious  skeletal  muscles h a v e  been  stud ied  and  co m p a red  w i th  t r a u m a t ic  lesions of t h e  sam e 
si tes. O n  the  basis of c h arac te r i s t ic  changes in th e  w o rk in g  an d  support ing  muscle  e lem ents ,  
som e views are offered concern ing  the  m echan ism  o f  in ju ry  in various ty p es  of muscle.

F. Kosa, I. Gy. Fazekas, A. Basch

( In s t i tu te  of Forensic  Medicine, U n iv e rs i ty  Medical School, Szeged)

Elongation and Tensile Strength of Human Skin from Various Body
Regions

T he  exper t  ex am in in g  an  in ju ry  on a living su b je c t  o r  a  corpse is able w ith in  wide l imits 
only to  de te rm ine  the  size o f  the  force (as weak, m e d iu m  or s trong)  t h a t  had  caused the  wound.  
N e i th e r  does l i te ra tu re  offer such  d a ta  for  the  s t r e n g th  of an  im p a c t  required  to t e a r  th e  h u m a n  
skin.

Specific e longa t ion  a n d  tensile  s t r e n g th  of skins f ro m  121 h u m an  corpses h a v e  been  
ex am in ed  by m eans of a n  e lectric  tensile s t re n g th  a p p a r a tu s  w ith  au to m a tic  record ing  device.

T h e  specimens t a k e n  f rom  the ha iry  scalp, an te r io r  p a r t  of the  neck, m idd le  chest,  
h e a r t  region, abdom en,  b a ck ,  b u t to ck s ,  up p e r  a rm ,  th ig h ,  fo rea rm , tibial  area, were d iv ided  
accord ing  to age in to  g roups  of t e n  years  (from 3 m o n th s  to  83 years  of age) a n d  accord ing  
to sex (71 males, 50 females) ,  a n d  were te s te d  6 to  72 h o u rs  a f te r  death.

T he  t e s t  revea led  t h a t  th e  tensile s t re n g th  var ies  acco rd ing  to  sex, age an d  b o d y  region, 
owing p ro b a b ly  to th e  u n e q u a l  p ro p o r t io n  of collagen f ib res  to  elast ic fibres. Skins of  ch ild ren  
an d  females are on th e  whole  less tenacious an d  t e a r  u n d e r  th e  im p a c t  of a sm aller  force  t h a n  
of m ales,  u p  to 60 y ears  of  age; b u t  p a s t  60 the  sex  d ifference vanishes,  owing p ro b a b ly  to 
g ra d u a l  a t ro p h y  w i th  a d v an c in g  age.

As to ac tua l  v a lues ,  the  dorsal skin p re sen ted  th e  h ig h es t  tensile s t r e n g th  (30 — 40 kg 
per 1 cm  w id th)  a n d  th e  lower specific e longation  (0.20 — 0 . 2 5 ^ 2 0 — 25 per  cent).  Lower 
was th e  tensile  s t re n g th  (15 — 25 kg  per 1 cm w id th )  a n d  m u c h  higher the  specific e longa tion  
(0.40 — 0.60 ^  40 — 60 p e r  cen t)  on  the  f ro n ta l  surface  of t h e  body.

L. Takácsy, Gy. Gorácz, Erzsébet Bellus, I. Nagy 

( In s t i tu te  of Forensic  Medicine, U n iv e rs i ty  Medical School, B udapes t)

Myocardial Electrolyte Levels in Cases of Sudden Cardiac Death
V arious  p a r ts  of t h e  m y o ca rd iu m  (auricle , a t r iu m ,  ven tr ic le )  from sub jects  w ho  had  

d ied  o f  card iac  a r re s t  were s tu d ied  and the  K , N a  a n d  Ca c o n te n ts  were e s t im a ted  in h o m o 
genized samples,  in o rde r  to  c lear even tua l  connections  b e tw ee n  th e  two findings.
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T he  m ate r ia l  consis ted  of cases where  the  gross a n d  microscopic findings d id  n o t  su f
f iciently  revea l  the  cause of cardiac  arrest .

E x p la n a t io n  was m ain ly  sought  for the  qu es t io n  w h y  the  sudden  d e a th  h a d  occurred  
jus t  a t  the  given p o in t  of  t ime.

N. Kapusz

( I n s t i tu t e  of  Forensic  Medicine, U n iv e rs i ty  Medical School. Debrecen)

Traumatization and Lipase Activity

The dev e lo p m en t  of fa t  embolism and  the  da ily  changes  in serum lipase a c t iv i t y  h a v e  
been s tu d ied  in p a t i e n ts  who h ad  suffered general concussion, f rac tures  of  long bones ,  and  
déco llem ent in traff ic  accidents.  P a t ie n ts  suffering from  diseases which involve an  increase  
of l ipase a c t iv i ty  were excluded.

D is tu rb an ces  in the  lesser c ircula tion were assoc ia ted  w ith  an increase in lipase ac t iv i ty ,  
the n o rm al  level of  which is be tw een  0.5 and  1.5 ml n/50 N aO H .

On the  3rd to 5 th  d ay  following the  in ju ry  the  l ipase  va lue  was 2.8 —4.5 ml n/50 N a O I i  
in cases of  long bone, t ib ia l  and th igh  fractures ,  a n d  1.9 3.7 ml n/50 NaOII in cases o f  general
concussion, décollem ent and  f la t  bone f rac tu re .

T he  s tu d y  of lipase ac t iv i ty ,  when diseases invo lv ing  an  increase of such a c t iv i t y  ar 
excluded, faci l i ta tes  the clinical diagnosis of  f a t  embolism , a n d  accordingly faci l i ta tes  th e  pre 
scription of the t rea tm e n t .

M. Szabó, L. Huris, Klára Zsiginoml

( I n s t i tu te  of  Forensic  Medicine, U n ivers i ty  Medical School, Debrecen)

llexosaniine Level in Pulmonary Tissue

P n e u m o n ia  is a f req u e n t  cause of sudden  d e a th ;  i t  is, however, difficult to d iagnose  it, 
especially f ro m  lungs e x h u m ed  or in the  s t a te  of  decay .  In  such cases also the  histological 
f ind ings a re  o f ten  of quest ionab le  value.

T he  purpose  of th e  p re sen t  s tu d y  was to e lab o ra te  an  exam inat ion  m eth o d  w h ich  would 
fa c i l i ta te  the  diagnosis of p neum onia  in such cases. D a ta  f rom  the earlier l i t e r a tu re  ind ica te  
t h a t  the  hexosain ine level rises in in f la m m a to ry  processes.  In  the present e x p e r im e n ts  the  
hexosam ine  level has been e s t im a te d  in p u lm o n a ry  t issue  o f  subjects  who had died w i th  b ro n 
chial or  lobar  pneum onia ,  and  of survivors  of traff ic  acc iden ts ,  as the controls. Histological 
s tud ies  were carr ied  out in paral le l  and  also a f te r  fou r  d a y s ’ pu trefact ion  at room te m p e ra tu re .

T he  modified Elson-Morgan m ethod  yielded in a v erag e  hexosamine va lu e  of 150 to 
250 mg per  100 g in the norm al and 350 to 500 mg per  100 g in the pneumonic  lungs.  The 
results were n o t  influenced by the  process of decay.

T. Krompecher, Éva Kiss, N. Kapusz

( I n s t i tu t e  of  Forensic  Medicine, and  D e p a r tm e n t  of Anatomy. U n iv e rs i ty  
Medical School, D ebrecen)

Hone Regeneration under Chronic Alcohol Treatment

A fte r  f rac tu r in g  the fem u r  of ra ts  an d  u n i t in g  it by tran scu tan eo u s  m ed u l la ry  nail ing , 
the an im als  were t r e a te d  w ith  0.16 to 0.426 g per 100 g body  weight of e thyl  a lcohol  daily, 
while the  con tro ls  were t re a te d  with egg-shell powder a n d  the  bones were e x am in ed  a f te r  the 
1st, 3rd a n d  5 th  weeks.

Y o u n g  car t i lag inous cells in the newly fo rm ed  b one  ind ica ted  tha t  the oss if icat ion  pro
cess a d v an c ed  f a r th e r  in the  alcohol t rea te d  an im als  t h a n  in the  controls.

T he  ac t ion  m echanism  m ay  be condit ioned by the  pe r ipheral  vasodila tor  e ffec t  o f  alco
hol as well as by the  b y -p roduc ts  of  the  alcohol d e com posi t ion  process which inc rease  tissue 
resp ira t ion .
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I. Gy. Fazekas, Erzsébet Virágos Kiss 

( In s t i tu te  of Forensic  Medicine, U n iv e rs i ty  Medical School, Szeged)

Free and Total Histamine in Various Skin Areas

I n  a n  earlier s tu d y  i t  was show n t h a t  the  cervica l  groove contains m ore  free  h is tam in e  
t h a n  i n t a c t  cervical skin if the  p e rso n  had  died of h a n g in g ,  b u t  the  same or n e a r ly  t h e  same 
a m o u n t  o f  free  h is tam ine  if  he  h a d  been  hanged  af te r  d e a th .  Hence the q u a n t i ty  o f  f ree  h is ta 
m in e  in  cerv ica l  skin m ay  be considered  a v i ta l  reac t ion .  I n  view  of the  lack of d a t a  concern ing  
th e  f ree  a n d  to ta l  h is tam ine  c o n te n t  and  its  p o s tm o r te m  changes in the  va r ious  sk in  areas, 
th e  q u e s t io n  has been sub jec ted  to  a  closer inves t iga t ion .

Spec im ens  of the  ha iry  scalp an d  skin f rom  th e  neck ,  u p p e r  a rm  and th igh ,  t a k e n  from 
100 h u m a n  corpses, 34 females a n d  66 males be tw een  2 a n d  93 years,  were s tu d ied  a t  1 to  72 
h o u r s  a f t e r  dea th .  The  h ighest  to ta l  h is tam ine  va lu e  w as  found  in the  scalp (8— 25 fig  per  
100 g), less in the  neck (5— 22 ^ g  p e r  1 g), u p p e r  a rm  (5 — 20 fig  per 1 g) a n d  th ig h  speci
m e n s  (5 — 20 fig  per  1 g).

T h e  free h is tam ine  c o n te n t  in  all the  four  t y p e s  o f  specimen was fo u n d  to  increase  
w i th  t h e  l e n g th  of t ime elapsed since death .  In  th e  f i r s t  5 ho u rs  no free h is tam in e  w as  found. 
L a t e r  t h e  v a lu es  were as follows: 6 — 17 hours  — scalp,  neck  and  upper  a rm  0 .0— 0.7 fig  per  
1 g, t h i g h  0.0 — 0.5 fig  per  1 g; 18— 24 hours — scalp 0.0 0.8, neck 0.0 —0.7, u p p e r  a rm
0.0— 0.6, th ig h  0.0— 0.5 fig  p e r  1 g; 25— 30 hours  — sca lp  0.0—2.9, neck 0.0— 1.2, u p p e r  
a r m  a n d  th ig h  0.0—0.9 fig  per  1 g. A fte r  30 hours,  free h is tam in e  increased m o re  a n d  m ore  
r a p id l y  in  t h e  various skin areas.  31 — 40 hours — sca lp  0.3 — 4.1, neck 0.2 — 3.7, u p p e r  a rm
0.2 — 3 .4 ,  th ig h  0.2— 1.4 fig per  1 g; 41 — 48 hours  — sca lp  0.5— 9.3, neck 0.1 — 6.0, u p p e r  
a r m  0 .1 — 7.3, th ig h  0.1 — 8.4 fig  p e r  1 g; 50 — 72 h o u rs  — scalp 1.6—16.4, neck  1.3— 16.1, 
u p p e r  a r m  0 .3 — 16.0, th ig h  2 .0— 16.0 f i g  per  1 g.

T h e  differences according to  sex and  age in free  a n d  to ta l  his tam ine c o n te n t ,  in  the  
sa m e  sk in  a rea  were n o t  s ignificant.  N either  was i t  of significance, w he ther  d e a t h  h a d  been 
d u e  to  su ffoca t ion ,  h e a r t  failure o r  cerebral hem orrhage .  H ig h  values for free h is t a m in e  (5 .3- 
7.8 f ig  p e r  1 g) were revealed in cases of scalding, a n d  low values (0.0 0.6 fig  p e r  1 g)
w h e n  loss o f  blood had  been th e  cause  of death .

J. Nagy

( I n s t i tu t e  of Forensic  Medicine, U n iv e rs i ty  Medical School. Debrecen)

Postmortem Reaction of Skeletal Muscles to Electric Stimulus, as an 
Indicator of the Point of Time of Death

B y  m ea n s  of an  electric s t im u la to r ,  furn ish ing  f iv e  a d ju s tab le  steps of v o l ta g e  i t  could 
be  sh o w n  t h a t  h u m an  skeletal  m usc les  are able to r e sp o n d  to the  s timulus for 6 to  8 h o u rs  
a f te r  d e a th .  Persis tance  of re ac t ib i l i ty  var ied  w i th  th e  d ifferen t  muscles a n d  w a s  longest  
w i th  t h e  fac ia l  muscles,  especially those  of th e  eyelids.  T h u s  th e  t im e of d ea th  could  be  d e te r 
m in e d  in  t h e  following 6 to  8 hours ,  w i th  a half  h o u r  m a r g in  of error. I t  is r e c o m m e n d e d  to 
t e s t  t h e  e lectr ic  i r r i tab i l i ty  of ske le ta l  muscles a t  th e  scene  o f  d ea th  in every case.

Ágnes Major, P. Quittner, E. Szabó

(C r im ina l  L ab o ra to ry ,  N a t io n a l  Police H e a d q u a r t e r s  a n d  Central I n s t i tu t e  of  
Ph y s ica l  Research, B u d a p e s t )

Identification of Tracer Element Impurities in Hair Specimens by 
Means of Neutron Activation Analysis

K i n d  a n d  q u a n t i ty  of  t r a c e r  e lem ent im pur i t ie s  in h u m a n  ha ir  v a ry  f rom  p e rso n  to 
p e r so n  a n d  are characteris tic  of th e  indiv idual.  N e u t ro n  a c t iv a t io n  analysis allows t h e  q u a n t i 
t a t i v e  d e m o n s t r a t io n  of t rac e r  e lem en ts  w i th o u t  d e s t ru c t io n  of the  hair.
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Following ir rad ia t ion  of the  specim en in an  a to m ic  pile, the contained t r a c e r  e lem en ts  
c an  he de te rm in ed  qu a li ta t iv e ly  and  q u a n t i t a t iv e ly  by  m easu rem en t  of the  in d u c e d  r a d io 
a c t iv i ty .  T h e  m eth o d  has been in regular  use for m edico-legal purposes.

H a i r  in tro d u ced  th ro u g h  p n eu m a t ic  p ipes in to  the  a to m ic  pile were exposed fo r  3 m in 
u tes  to  i r rad ia t io n  by  a f lu x  of 1013 n eu tro n /cm 2/sec w h e reu p o n  the energy spec tra  o f  t h e  p r o 
d uced  g a m m a  rad ia t in g  isotopes have been m easured  w i th  a scinti lla tion de tec to r  a n d  a  256- 
channel  am p l i tu d e  analyzer.  In  th is  way  i t  was possible to  identify  a num ber  of e le m e n ts  in 
the  hair .

I). Horváth

(P h a rm ac y ,  U n ive rs i ty  Medical School, Pécs)

R apid D em o n stra tio n  o f P h o sp h a te  Esters

A rap id  chemical m e th o d  has been worked o u t  fo r  th e  dem onstra t ion  of o rg an ic  p h o s 
p h a te  es te r  ty p e  com pounds ,  especially in poison residues .  T h e  in ten t ion  was to offer a u n i fo rm  
m ethod  to  deal w i th  every  ty p e  o f  c o m pound  c o n ta in in g  th is  group.

T h e  following m odel subs tances  were used: e th y lp a ra th io n ,  as well as tw o  c o m p o u n d s  
used  also in h u m a n  th e rap y ,  viz. dyflos a n d  pa raxon .

G. Jéna, J. Nagy, I. Szabó

( I n s t i tu t e  of  Forensic  Medicine, a n d  D e p a r tm e n t  of  Radiology, U n iv e r s i ty  
Medical School, D ebrecen)

M edico-Legal A spects o f X -R ay  E x am in a tio n s  w ith C on trast
M edia

B etw een  J a n u a r y  1, 1963, and  Decem ber  31, 1965, m ore  th an  10,000 e x a m in a t io n s  have  
been pe rfo rm ed  w ith  iodine-contain ing c o n tra s t  m a te r ia ls .  Following a survey o f  th e  va r ious  
e x a m in a t io n s  and  the  su b seq u en t  com plica tions (none of t h e m  lethal),  the m edico-legal aspec ts  
o f  the  p ro b lem  an d  the  m eans  of p rev en t io n  have been  discussed.

A t t e n t io n  is called to the  im p o r tan ce  of h a v in g  a t  h a n d  the drugs a n d  in s t r u m e n t s  
needed in these  cases.

Z. Dézsi, I. Szabó

( D e p a r tm e n t  of  Radiology and  I n s t i tu t e  of Forensic  Medicine, U n iv e rs i ty  
Medical School,  D ebrecen)

X -R ay  A bsorption  by Som e P o iso n in g  Compounds

T h e  X -ra y  absorbing capac i ty  of va r ious  po ison ing  com pounds has been  s tu d ie d  by  
d e n s i to m e try .

B y  m eans of su i table  X -ra y  exposures it  was possible to diagnose certain ty p e s  o f  p o iso n 
ing (e. g. arsenic) in  vivo , and  to d em o n s tra te  p o s tm o r te m  the presence of a la rg e r  a m o u n t  
o f  poison following rapid  dea th .

I. Szabó, A. Simái, L. Deli

( I n s t i tu t e  of Forensic  Medicine, a n d  D e p a r t m e n t  o f  Radiology, U n iv e r s i ty  
Medical School,  D ebrecen)

R adiologic E x am in a tio n  of P u lm o n a ry  Shock  Induced by B enzine

Benzine adm in is te red  in trav en o u s ly  induces g ra v e  pu lm onary  shock in th e  dog  an d  
leads to d e a th  in 1 to 5 m inu tes .  P n e u m o an g io c a rd io g rap h y  and  b ronchography  re v ea le d  a 
sp asm  of p u lm o n a ry  capillaries, venous re flux  in the  g re a te r  veins and d i la ta t io n  o f  the  r ig h t  
hear t .

T he  ang iocard iographic  p a t t e rn s  of benzine po ison ing  and of a sp h y x ia i  d e a t h  h ave  
been  found  essentia lly  the  same. B ronch iography  d e m o n s t r a te d  bronchial spasm .
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Gy. Farkas, A. Varró

A F ew  A spects of Gas C h ro m ato g rap h y  Tests

A gas c h ro m a to g ra p h  f i t t e d  with a th e rm a l  d e te c to r  of the  Willy Giede G C H F  18 
t y p e  has  been used for t h e  d e te rm in a t io n  of the  b lood  a lcohol  level, of the  p resence o f  an aes
th e t ic s  in the  blood o f  n a ic o t iz e d  pa tients ,  fu r th e r m o r e  o f  certain toxicologic su b s ta n c es .  
T h e  influence  up o n  th e  f in a l  r e su l t  of certain  d e ta i ls  o f  th e  procedure such as t h e  p re p 
a r a t io n  of specimens, q u a l i t y  a n d  length  of the  c o lu m n  charge ,  tem pera tu re ,  carr ier  gas q u a n 
t i t y ,  pressure  condit ions ,  e tc .  h a s  been discussed.

( In s t i tu te  o f  Fo ren s ic  Medicine, U n iv e r s i ty  Medical School, Pécs)

Klára Zsigmond, J. Nagy

( In s t i tu te  o f  F o re n s ic  Medicine, U n iv e rs i ty  M edica l  School, Debrecen)

Som e Topical Q uestions in  Connection w ith  A lcohol Probe E x am in a tio n s

T h e  results of  p ra c t ic a l  t e s ts  with the  alcohol p ro b e  perform ed  in 1965 an d  ex p e r im e n ts  
in  co n n ec tio n  w ith  the  t e s t s  are reported . The q u e s t io n  is ra ised  of the possibility to  o m it  the 
b lood  t e s t  whenever  c e r t a in  specif ic shades of colour h a v e  m a d e  their  appearance.  Som e p e r
t a in in g  problem s are d iscussed  w i th  par ticu lar  re fe rence  to  t h e  repea ted  use of t h e  sam e  probe  
i f  t h e  f i r s t  te s t  yielded a  n e g a t iv e  result.

I. Gábor, Erzsébet Bellus, L. Tolnay

( In s t i tu te  o f  F o re n s ic  Medicine, U n iv e rs i ty  M edica l  School, B udapes t)

C om parative E x a m in a tio n  of A lcohol L evel in  Blood, Urine an d  CSF

P o s tm o r tem  e s t im a t io n s  of the alcohol c o n c e n t r a t io n  in blood, urine a n d  C SF were 
p e rfo rm ed  in o rder to  ge t  in fo rm a t io n  on the  a b so rp t io n  a n d  excretion of alcohol a t  t h e  t im e 
of d e a th .  S im ultaneous  b lo o d  a n d  urine alcohol t e s t s  fa iled  to  furnish reliable i n fo rm a t io n  as 
to  th e  inges ted  q u a n t i t y  o f  e x cre ted  am o u n t  of alcohol.

In  cases when  cons ide rab le  loss of blood, l ack  o f  u r ine ,  etc., make it  im poss ib le  to 
d e te rm in e  the  a m o u n t  o f  a lcohol  in these body  flu ids  th e  C SF alcohol level m a y  se rv e  as an 
in d ic a to r  of  the  degree o f  a lcoholic  intoxication.

S. Zalányi

( In s t i tu te  o f  Medical  Organization, U n iv e r s i ty  Medical School, Szeged)

A Survey o f A g ricu ltu ra l A ccidents in  C ounty  Csongrád, w ith  
R eferen ce  to the In f lu e n c e  o f  Alcohol

A review of n e a r ly  3000 records of acc idents  d u r in g  fa rm  work in County  C songrád  in 
th e  pe r iod  1962— 1964, h a s  ra ised  some doub t  a b o u t  th e  sm a ll  percentage of alcoholic  influence 
in d ic a te d  by  the  rep o rts .  C om parison  w ith  the d a t a  o f  t ra f f ic  accidents and  th e  re su l ts  of 
a lcohol probe  tes ts  re co rd e d  in th e  same area  suggest t h e  a s su m p t io n  t h a t  alcoholic in to x ic a t io n  
m u s t  p lay  an  im p o r t a n t  ro le  in  agricultural  acc idents .
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Éva Bérlők, I. Gy. Fazekas

Skin C atalase A ctivity of R a t  u n d er th e  In fluence  of A lcohol

T h e  Feinstein p e rb o ra te  m ethod was u se d  to  e s t im a te  cata lase  a c t iv i ty  in  the  skin of 
i n ta c t  m a le  ra ts  of  200 250 g weight, a n d  o f  an im a ls  t re a te d  subcu taneously  w i th  0.8 g per
100 g of 20 per cent alcohol every hour.

In  the  t rea ted  g ro u p  skin catalase a c t iv i t y  was h igher by  242 per cent a f te r  1 hour ,  137 
per  c en t  a f te r  2, 116 per  c en t  after  3, 100 per  c en t  a f te r  4, 80 per cen t  after  5 and  by  50 per cent 
a f te r  6 hours ,  th an  in th e  u n t r e a te d  contro ls .  Blood ca ta lase  ac t iv i ty  also increased.

In  earlier s tud ies  on h um ans and r a t s  u n d e r  the  influence of alcohol,  blood ca ta la se  
a c t iv i ty  was found to increase together w i th  th e  blood corticos terone and h y d ro c o r t i so n e  
levels. O n  this hasis the  increased skin c a ta la se  a c t iv i ty  following alcohol in jec tion  is a sc ribed  
to  a  more intensive fu n c tio n in g  of the a d ren a l  cor tex .  T h e  f ind ing  seems to confirm  th e  o b se r 
v a t io n  t h a t  chemical s t im u la t io n  of adrenocor t ica l  func tion  leads to an increase o f  the  sk in ’s 
biological function  by  ra is ing  its catalase a c t iv i ty .

( In s t i tu te  o f  Forensic  Medicine, U n iv e rs i ty  Medical School, Szeged)

L. Nagy, K lá ra  Z sigmond

( In s t i tu te  of  Forensic  Medicine, U n iv e r s i ty  Medical School, Debrecen)

The E ffec t of A drenalin  on  th e  Blood A lcohol Level

Alcohol was a d m in is te red  to h u m an  su b jec ts  a n d  test anim als  and af te r  the  d iffusion 
ba lan ce  h ad  set in, a d ren a l in  was a d m in is te red  in o rde r  to s tu d y  its  effect upon  th e  course  of 
th e  blood alcohol curve.

T h e  hum an  ex p e r im e n ts  were pe rfo rm ed  w i th  an oral dose of 0.3 g per kg o f  alcohol in 
th e  form  of b randy. A fte r  the diffusion b a la n c e  had  es tab l ished  itself,  blood was ta k e n  a t  half- 
h our  in te rv a ls  over 280 m inutes .  At 2 h o u r s  1 mg of ad rena lin  was in jected  su b c u ta n e o u s ly  
a n d  th e n  blood sam ples were taken  every 5 m in u te s  over  one ha lf  hour. The a d re n a l in  effect 
observed  in hum ans p re sen ted  itself as a r a p id  rise of d ro p  of the  blood alcohol level, to  an  e x te n t  
n o t  exceeding 0.03 per  c en t  in either d i rec tion .

In dogs,  a d ren a lin  caused u n am b ig u o u s  sign if ican t  changes.
T h e  rapid  changes in the  blood alcohol level u n d e r  the  influence of adrena lin  a re  ascribed  

to  a l te ra t io n s  in the  in t ra v asa l  fluid volume.

V. Földes, I. K enyeres ,  Gy. Gerencsér

(Police  H e a d q u a r te r s ,  Criminal L ab o ra to ry  a n d  I n s t i tu t e  of Forensic  Medicine, U n iv e rs i ty
Medical School,  B ud ap es t)

Im bib ition  of the  E ye and of the V itreous Body as an  In d ica to r of the  Tim e
o f  D ea th

One of the m os t  im p o r ta n t  things fo r  the  medico-legal ex p e r t  is to de te rm ine  th e  age of 
the  corps he has to ex am in e ,  i.e. the period o f  t im e t h a t  has passed since the  dea th .  T h e  pu rp o se  
of the  p re sen t  s tu d y  w as  to discover some c ad a v er ic  sign, su i tab le  as a criterion for how long 
the  bo d y  has  been dead  a n d  simple enough for the  p o s tm o r te m  exam iner  to record it.

In 100 ex am in a t io n s  of cadaveric ey e  lenses a n d  v i treous bodies, the  following in te r 
re la t ions  h ave  been fo u n d  to exist between t h e  s t a te  o f  p u t re s ce n t  t ran su d a t io n  of these  o rgans  
a n d  the  age of the corps:

1. Increased tens ion ,  spherical shape  a n d  fa in t  yellowish-green t ran s u d a t io n  o f  the  eye 
lens, w i th  limpid or sca rce ly  t ransudated  v i t re o u s  bod y ,  ind ica te  t h a t  one week a t  th e  m os t  
has  e lapsed since the  d e a th .

2. M oderate  tens ion ,  yellowish-green o r  fa in t ly  scarle tish-brown t r a n s u d a t io n  of the  
eye lens a n d  sl ightly sca rle t ish  t ran su d a t io n  o f  the  v i t reo u s  body  were usually  found  in the  2nd 
week a f te r  death .
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3. R ed u ced  tens ion ,  f la t ten e d  shape ,  scarle ti  sh b ro w n  t ran su d a t io n  of the  eye lens a n d  
h o m o g en eo u s  t r a n s u d a t io n  of the  v i treous  b o d y  w ere  o b se rv ed  in the  3rd week a f te r  d e a th .

A  medicol-legal e s t im a t io n  of these  changes in t h e  eye lens and  v i treous  body ,  considered  
t o g e th e r  w i th  o th e r  cad av er ic  criteria ,  fu rn ish  a re a so n a b ly  good ground for a  simple a n d  fa s t  
j u d g in g  of the  period  o f  t im e  t h a t  has passed  since t h e  d e a th .

L. Kiss, V. Kovács

M edico-L ega l  Centre ,  a n d  In s t i tu t e  of Forensic  Medicine, U n iv e rs i ty  Medical School,  B u d a p e s t )

F in g erp rin t P a tte rn  in  Tw ins

T h e  ty p es  of r idge  p a t t e r n  and  the  seco n d ary  ch arac te r is t ic s  of f ingerp r in ts  h a v e  been  
s tu d ie d  in  31 pairs  of  tw in s  a n d  the ir  pa ren ts .  B o th  p a r e n t s  were know n in 22 a n d  on ly  th e  
m o th e r  w as  kno w n  in 9 cases. Of  th e  22 cases, 7 a p p e a re d  to  be identical male twins,  6 iden tica l  
fem a le  tw ins ,  while 9 were  b inovu la r  male-female  tw ins .  I n  th e  9 sub-judice  cases (i.e. where  
t h e  f a th e r  was u n c er ta in ) ,  the  corresponding d is t r ib u t io n  w as  3 — 3 — 3. No difference w as found  
b e tw e e n  tw ins  and  th e  con tro ls  (non-tw in  offspring) as re g ard s  f ingerp r in t  p a t t e r n  a n d  secon
d a r y  charac te ris t ics  of  impress ion , nor^did m onozygo t ic  a n d  b inovular  tw ins differ in th is  
re spec t .

Since the  ex am in ed  31 families do n o t  suffice for d raw in g  definit ive conclusions, fu r th e r  
in v es t ig a t io n s  are in progress.

M. Bobest

( I n s t i tu t e  of  Forensic  Medicine, U n iv e r s i ty  Medical School, Pécs)

The M edico-Legal Significance o f A m nio tic  F lu id  Em bolism

A m n io tic  f lu id  em bolism  associated  w i th  a f ib r inogenaem ia ,  can sha rp ly  be d ifferen
t i a t e d  f ro m  the  o th e r  fo rm s of shock during  delivery.

T h e  case of a 37-year-o ld  m u lt ip a ra  is r e p o r te d  w ho short ly  after  delivery  died from  
a m n io t ic  f lu id  em bolism  associated  w ith  a f ib r inogenaem ia .  The  conclusion is d raw n  t h a t  in 
s im ila r  cases of su d d en  d e a th  during  or af te r  c h i ld b i r th ,  th e  clinical p ic tu re ,  p o s tm o r te m  
e x a m in a t io n  and  m ain ly  th e  histological f indings p r e s e n t  a safe basis for th e  reliable d e te rm i 
n a t io n  of th e  cause of dea th .

Ó. Szedlák, I. Artner

( D e p a r tm e n t  of  Public  Heal th ,  M in is t ry  of th e  In ter io r ,  B ud ap es t)

M edico-Legal A spects o f the  Period o f R ecovery  from  Concussion
of the  B ra in

Insu ff ic ien t  a n d  erroneous recording of clinical sy m p to m s  as well as th e  in ad e q u a te  
conclusions d raw n  f rom  th e m  often  give rise to d iff icu l t  medico-legal problem s in connec tion  
w i th  b ra in  concussion. Shortcom ings  of th is  k in d  in f luence  ex p er t  opinion a n d  de lay  the  
t e r m in a t io n  of ju d ic ia ry  proceedings.  The  m ain  p o in ts  a ris ing  in connection w i th  the  recovery  
pe r iod  are  discussed accord ing  to the  following points .

1. Brief  su rvey  of th e  pa th o lo g y  and  sy m p to m a to lo g y  of concussion of the  b ra in .
2. Medico-legally  im p o r t a n t  po in ts  concern ing  th e  origin of concussion.
3. Discrepancies a n d  controversies concern ing  clinical f indings in concussion o f  th e  

b ra in ;  th e i r  analysis ba sed  on ex p er t  opinions of th e  S u p rem e  Medical Council , on th o se  of 
m ed ica l  exam iners ,  a n d  on ju d ica tu re .

4. Suggestions reg ard in g  ex p er t  opinions conce rn ed  w i th  the  du ra t io n  of recovery  a f te r  
concuss ion  of the  b ra in .
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L. Veress, 1. Gy. F azekas

D iagnosis and M edico-Legal O pinion in C onnection  w ith C oncussion
of the  Drain

U ncer ta in  and mostly  subject ive  sym ptom s ,  th e i r  va r iab il i ty ,  the possibility  oi the  
diagnosis be ing  misused, as also certa in  d iscrepancies b e tw e e n  the a t t i tu d e  of the  a t t e n d in g  
physic ian  a n d  t h a t  of th e  m edical exam iner  are th e  m ain  reaso n s  w hy  th e  e laborat ion  o f  m ed ic o 
legal ex p e r t  opinion on concussions of the b ra in  is a th o rn y  task .  The problems ar is ing  in th is  
connection  on the evidence  of medico-legal reports  on 300 non-fata l  injuries are su rv e y ed .

A m o n g  300 cases, chosen a t  random , there  were 202 head injuries (67.33 p e r  cen t) ;  
only the  h e ad  h ad  been in ju red  in 121 cases, while h e a d  in ju ry  was accompanied  b y  o th e r  
injuries in 81 cases. T he  head  had  been in ju red  by som e b lu n t  ob jec t  in 191, a n d  b y  some 
pointed, sh a rp  tool in 1 i cases. In  93 of the 202 cases o f  head  in ju ry  (i.e. in 46.04 p e r  cen t)  
was concussion of the  b ra in  diagnosed.

A lth o u g h  th e  original clinical diagnosis had been  concussion of the brain,  it becam e  
doubtfu l  or was p roved to he erroneous in 38 cases (40.86 per  cent) owing to the  a b sen ce  of 
objective  d a t a  a t  the  t im e  of e laborat ion  of the medico-legal opinion and owing to a r e -e s t i 
m ation  of all c ircum stances  in each given case.

No diagnosis  of concussion should he set w i th o u t  the  cooperation of th e  in te rn is t ,  
neurologist ,  o p h th a lm o lo g is t  and  w i th o u t  E E G ,  ECG and  v a r io u s  labora to ry  results  co ncern ing  
the  CSF. b lood-sugar  to le rance  tes t,  etc.

Conditiona l  d iagnosis would be ind ica ted  if th e  co m p la in ts  and sym ptom s do n o t  seem 
to he suff ic ien t  for  the  es tab l ish m en t  of a perfectly  re liab le  diagnosis of concussion cerebri .

2. T h e  p ract ice  of regarding concussion of the  b ra in  as tak in g  longer th a n  eight d a y s  to 
recover irrespec tive  of th e  g rav ity  of the  given case, is e rroneous .  Autom atic prescrip tion  o f  a 
long bed rest in the  lack of objec t ive  d a ta  ju s t ify ing  it.  is likewise based on a false p r inc ip le ,  and  
this the  m o re  so as un jus t if ied ly  long bed rest  m ay  give rise to  neurotic  m anifes ta t ions .

3. Espec ia l  care should be paid  in this respec t  to suspiciously p ro trac ted  p os tconcus -  
sional com pla in ts .

( In s t i tu te  of  Forensic Medicine, Universi ty  Medical School, Szeged)

Z. Pap

( D e p a r tm e n t  of Neurology and  P sy ch ia try ,  C o u n ty  Hospital.  Debrecen)

R esults of Com pulsory D etox ica tion  T reatm ent

Based on d a ta  p rovided by  the  Centra l  Police S ta t io n  of H a jd ú -B ih a r  C ounty  a survey  
is given o f  t h e  m inor  offences, m isdem eanours and c r im inal  offences com m itted  in 1965 u n d e r  
the influence of alcohol ( in tem p era te  or unlawful co n su m p tio n  of alcoholic drinks).  Medical 
problem s are discussed regard ing  individuals who were transfer red  to the hosp i ta l  b y  the  
inves tiga ting  au thor i t ie s ,  the  d is tr ic t  cour t  or the pub l ic  p rosecu tor ,  for compulsory  d e to x i 
cation t r e a tm e n t .  Such  t r e a tm e n t  often failed, especially i f  the  alcoholic had reached  t h e  s tage 
of a d v an ced  c h a ra c te r  degenerat ion  or alcoholic psychosis.  T h e  s ta tu te s  regulating  c o m p u lso ry  
de tox ica t ion  t r e a tm e n t  are f req u en t ly  m is in te rp re ted  by b o th  the police and the  co u r ts .  It is. 
for exam ple ,  a f req u en t ly  occurring  false in te rp re ta t io n  o f  th e  regulations t h a t  C ourts  o f  Law 
have the  r ig h t  to decide the  m a t t e r  of com pulsory  t rea tm en t,  irrespective of m edical opin ion.  
The  p e rso n a l i ty  of each  alcoholic should carefully be an a ly sed ,  for experience has  sh o w n  th a t  
t r e a tm e n t  c an n o t  b u t  fail in the case of u t te r ly  d ep raved  a n d  comple te ly  degenerate  d r u n k a rd s .  
Ind iv iduals  o f  th is  n a tu r e  should  be transfer red  for a t  leas t  six m on ths  to a re fo rm a to ry  where  
they  are compelled  to work  and  m ay  benefit  from  group  psy ch o th erap y .
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M. Vargha, L. Veress

Problem s R egard ing  P sychopathy  and  Lim ited Crim inal 
R esponsib ility

A sh o r t  discussion concern ing  the  forms of p sy c h o p a th y  occurring in forensic p sy c h ia t ry  
is fo l low ed  by  a t rea t ise  on  th e  corre lation  b e tw e e n  p sy c h o p a th y  and th e  v a r io u s  criminal 
ac t io n s .  C harac te r is t ic  exam ples  are p resented . Q u es t io n s  in connection w i th  c r im ina l  re sp o n 
s ib i l i ty  in  th e  va r ious  fo rm s of p sy c h o p a th y  are in v es t ig a te d  from the  p o in t  o f  v iew  of th e  
m ed ico -leg a l  expert .

( D e p a r t m e n t  of  N eurology an d  P sych ia try ,  a n d  I n s t i t u t e  of Forensic Medicine, U niversi ty
Medical School, Szeged)

J. Hofsang, G. Marton, M. Vargha

( P u b l i c  P ro sec u to r ’s Office, Szeged, D e p a r tm e n t  o f  N euro logy  and Psy ch ia t ry ,  U n iv e rs i ty
Medical School, Szeged)

F reedom  o f Consent of Cases o f  Im m ora l Offences

I t  has  become necessary  to  de te rm ine  how fa r  th e  m en ta l ly  deranged a d u l t  p a r t y  can  be 
r e g a r d e d  as hav ing  the  f reedom  of will in cases of  ra p e ,  in d ec en t  assault  and sexual  perversion  
b e c a u se  in recen t  years  c rim inal proceedings were i n s t i t u t e d  before the County  C o u r t  of  Szeged 
in w h ic h  th e  in ju red  p a r ty  was m en ta l ly  deficient.  T h e  quest ion  has im p o r ta n t  leg a l ,  m edico
lega l  a n d  social aspects.

V. Földes

 ̂Criminological L ab o ra to ry ,  N a t io n a l  Police  Centre, B udapes t)

R ind ing  D ecision No. 4 o f the S u p rem e Court in  M edical P ra c tic e

Decision No. 4 of th e  S uprem e Court co n ce rn in g  increased pro tec tion  of h u m a n  life in 
j u d i c i a r y  p rac t ice  defines the  func tions  of th e  m edico-legal  expert .  W hen  p re sen t in g  ex p er t  
o p in io n  in  cases of cr im inal  ac t ions  aga ins t  th e  life a n d  h e a l th  of h u m an  sub jects ,  t h e  expert  
h a s  to  p a y  due reg ard  to  th e  princip les  laid down in  t h e  b in d in g  decision of th e  Su p re m e  Court.  
J u d ic ia l  p rac t ice  can n o t  d ispense w ith  correc t  m edico-legal  expertise in p roceed ings  of the 
sa id  n a tu r e .

E x p e r t  m edical op in ion  regard ing  the  s u i t a b i l i ty  fo r  killing of the  tool em p lo y e d  in  the 
p e r p e t r a t i o n  of the  felony, th e  m a n n e r  in w hich  i t  w as  co m m itted ,  the  site and  n a tu r e  of the  
i n ju r y  is ind ispensab le  for th e  C ourt  to arrive  a t  t h e  re q u ir e d  decision.

Medico-legal opin ion is l ikewise ind ispensab le  in  m o s t  cases when ju d g e m e n t  has  to be 
p a s se d  on th e  p a r t icu la r ly  cruel m a n n e r  of m a n s la u g h te r  an d  i ts  prem edita tion .

A n  especially im p o r t a n t  role falls to th e  e x p e r t  in  cases of infanticide.

D. Horváth, R. Budvári

( U n iv e rs i ty  P h a rm a c y ,  an d  I n s t i tu t e  of Forensic  M edicine,  University  Medical School, Pécs)

Responsibility for Side E ffects o f Drugs

T h e  so-called ia trogen ic  diseases const i tu te  a  w ide ly  discussed problem. I n t e r e s t  in the 
s u b j e c t  is n a tu ra l  in considera t ion  of the  g rea t  n u m b e r  o f  c u rren t  drugs and  th e  incidence  of 
h a r m  to  th e  o rgan ism  due to th e i r  em ploym en t .  U n to w a r d  episodes occurring in th is  connection  
ra ise  t h e  quest ion  of responsib i l i ty  as also th eo re t ic a l  a n d  practical problem s co ncern ing  the  
a t t i t u d e  o f  the  medico-legal exper t .

I t  is im p o r t a n t  t h a t ,  w hen  inves tiga ting  th e  cause  of sudden  death ,  the  forensic  m edical 
e x p e r t  shou ld  n o t  c o n te n t  h im self  w ith  th row ing  l ig h t  on  the  possibly harm fu l  side effect
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of th e  drugs involved, a n d  ascertaining the  poss ib i l i ty  of  in d iv idua l  hypersens i tiv i ty  or  d rug  
in toxicat ion ,  etc., b u t  should  also inves tiga te  the  m a t t e r  o f  d rug  consumption.

T ak ing  a few fash ionab le  groups o f  c u r re n t  d ru g s  such  as the  p h eno th iaz ines ,  a n t i 
coagulants ,  etc .,  as exam ples ,  the  fact is p o in te d  o u t ,  t h a t  a l th o u g h  the side effects o f  m an y  
cu r re n t  drugs m ay  som etim es  he fatal,  d e a t h  need n o t  be  caused exclusively b y  th e  d rug  
involved. T he  prescr ip t ion  of biologically ac t iv e  c o m p o u n d s  requires experience a n d  careful 
deliberat ion . The  p h y s ic ian  is expected to know  their  co m p lex  effects and is re sp o n s ib le  for 
their  use , a fac t  which th e  medico-legal e x p e r t  c an n o t  ignore.

G. Szuchovszky

( In s t i tu te  of  Forensic  Medicine, U n iv e rs i ty  Medical School, Budapest)

Problem s o f P rocedural Law R egard ing  L aboratory  Analyses in 
Connection with M edico-Legal Obductions

R ecen t  legal reg u la t io n s  concerning the o rg a n iz a t io n  and function of m edico-legal  
experts  include a n u m b e r  of con trad ic to ry  an d  im p ra c t ica b le  rules as regards serological,  
toxicological,  histological,  cr iminalis tical a n d  biological ex am in a t io n s  to be m a d e  in  co n 
nection w ith  medico-legal obductions.  T hese  rules a re  a n a ly se d  and problems o f  t h e  com 
petence and  the  u n se t t le d  procedural  aspects  of  th e  e x p e r t  opin ion are pointed ou t .  N e w  rules 
are necessary to e lim ina te  th e  presen t  shortcom ings  an d  co n trad ic t io n s  in respect of l a b o r a to r y  
analyses connected  w ith  medico-legal obduc tions .

L. Tolnai, V. Cseriiohorszky

( In s t i tu te  of Forensic  Medicine and F irs t  D e p a r tm e n t  o f  Surgery ,  University  Medical School.
B u d ap es t)

M edico-Legal and  A naesthesiologic A spects o f  Intraoperative D eath

A to ta l  of 387 cases of dea th  occurr ing  du r ing  surg ical  intervention  in th e  4 0 -m o n th  
period from  J a n u a r y  1, 1963, to April 30, 1966 h a v e  been  su rveyed  from the m edico-legal  and 
anaesthesiological p o in ts  of view. E v a lu a t io n  was b a se d  on a u topsy  findings, toxicological  
analyses and clinical d a ta .  In  81 cases could  some causal  connection  he es tab lished  be tw een  
anaes thes ia  an d  the  fa ta l  outcome.

T he  p r im a ry  disease alone was the cause  of d e a th  in 253 cases. In addit ion to t h e  p r im a ry  
disease in 26 cases th e re  h a d  occurred some surgical e r ro r  a n d  in 19 cases diagnosis h a d  been 
established late. In co m p a tib le  blood transfus ion  occurred  in 8 cases

The  d is t r ib u t io n  according to anaesthes io logic  t e c h n iq u e  of the 81 cases in w h ic h  dea th  
appears  to h ave  been d u e  to anaesthes ia  is as follows.

Open drop c h lo re thy l-e ther 32
Endotrachea l  a n aes th es ia 18
Local ,, 11
In travenous  ,, 10
Local combined w i th  open  d rop

chlorethy 1-ether 4
Spinal anaesthes ia 3
Lytic cocktail 2
Neurolept.  analges ia  II. 1

T o ta l 81

12* •írt и M orphologie  и Acndem iae  Scienliarum  Н чпцагЬ'пе  I I . I () ( ) f>
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L. H arsány i ,  I. Kenyeres, G. Szuchovszky

( In s t i tu te  of Forensic  Medicine, U n ivers i ty  Medical School, Budapest)

Analysis o f 2000 Suicides C om m itted  by Poisoning

T h e  n u m b e r  of felones-de-se autopsied in the  i n s t i t u t e  in the  period 1960 to 1965 to ta l led  
3793 o f  w h o m  2073 ind iv idua ls  (54.6 per cent) h a d  c o m m i t t e d  suicide by  m eans  o f  poisoning. 
W i t h i n  t h e  general rise in  th e  n u m b e r  and  ra t io  of su ic ides  th e  frequency of self-poisonings is 
s t e a d i ly  increasing. T he  r a t io  of  suicides co m m it ted  b y  narco tics  increased n ea r ly  tw ofo ld  in 
t h e  e x a m in e d  period, t h a t  of  suicides by  coal gas re m a in e d  practically  u n c h an g e d ,  while 
su ic ide  b y  o th e r  m eans  — caus t ic  agents and  h e a v y  m e t a l  salts in p a r t icu la r  — showed a 
m a r k e d  decrease.  D is t r ib u tio n  according to sex, age a n d  o th e r  criteria have  also b e e n  analyzed .  
R e ly in g  on  th e  evidence of l i t e ra ry  and o ther d a ta  su c h  as sta tis t ics  regarding th e  use  of drugs,  
e tc . ,  suggest ions  are ad v an c ed  w i th  a view to r e d u c in g  th e  n u m b er  of suicides, especial ly  those  
c o m m i t t e d  by  m eans  of narcotics .

Em ese  Fazekas, I. Gy. Fazek as

( In s t i tu te  of Forensic  Medicine, U n iv e r s i ty  Medical School, Szeged)

D evelopm ent o f th e  Umbilical R ing as a n  Indicator of Live B irth
and Life Span

A lth o u g h  all p h e n o m e n a  developing af te r  b i r t h  can  be used for d e te rm in in g  th e  age 
of t h e  n ew born ,  there  are few signs indicating  I he s p a n  of life within the  f i r s t  24 hours  of 
e x t r a u te r i n e  life.

T h e  um bil ica l  r ing  develops,  according to t e x t b o o k  d a t a  (K e n y e r e s , Mi l l e r , H a b e r r a , 
H o f f m a n n , etc.), a f te r  th e  24tli h our  of ex tra u te r in e  life. Since the materia l  u n d e r  s tu d y  con
t a in e d  n u m ero u s  cases in w h ich  th e  umbilical r ing  h a d  developed earlier, th e  sa id  ru le  laid 
d o w n  in  th e  tex tb o o k s  can n o t  be  accepted  w i th o u t  re se rv a t io n .  The num ber  of a u to p s ie d  in fan ts  
to ta l l e d  91; a well-developed um bil ica l  ring was o b se rv ed  in  47 babies who h ad  d ied  w i th in  an 
h our ,  in  17 who h ad  died w ith in  tw o  hours,  and  in 9 who h a d  d ied within twelve ho u rs  a f te r  b i r th .

D e a t h  h ad  occurred  a m id s t  signs of suffocat ion  in 44 cases (43.85 per cen t)  w h ich  shows 
t h a t  i t  is m os t ly  in cases of a sp h y x ia  (aspiration, i n s p i r a t io n  of blood, s t rangu la t ion ,  d rowning) 
t h a t  t h e  um bil ica l  r ing  is fo rm ed  earlier th a n  af te r  24 hours .

W i th  a  view to  checking th e  conclusions d r a w n  f rom  postm ortem  o b se rv a t io n s ,  the 
t im e  o f  fo rm a t io n  of th e  um bil ica l  ring has been  s tu d ie d  in a hundred  m a tu r e  new borns .  
A  w e l l-de f ined  um bil ica l  r ing  was p resen t  in 82 cases b e fo re  th e  24th hour of  e x t r a u te r in e  life. 
T h e  r in g  was percep tib le  w i th in  6 hrs in 4, b e tw een  th e  6 th  and 12th hours in  18, b e tw een  
t h e  1 2 th  a n d  18th hours in 26, be tw een  the  18th a n d  2 4 th  hours in 34, and b e tw ee n  th e  25 th  
a n d  3 0 th  hours  in 18 cases.

L. Veress, I. Gy. F a z ek a s

( In s t i tu te  of Forensic  Medicine, U n iv e r s i ty  Medical School, Szeged)

Cerebral H aem o rrh ag e  in  Y ounger Aged Persons

A survey  of l i te ra ry  d a t a  concerning s p o n ta n e o u s  cerebral  haem o rrh ag e  in juven i le  
p a t i e n t s  is followed b y  a  b r ie f  su m m ary  of a u to p s y  d a t a  of young and m idd le -aged  persons 
w h o  h a d  d ied of cerebral h aem o rrh ag e  w i th o u t  a p re v io u s  h is tory  of head in ju ry .

1. Crania l an d  b ra in  haem o rrh ag e  occurred in  19.1 p e r c e n t  of the  exam ined  cases before 
t h e  age o f  50 years,  a f igure  in good agreem ent w i th  l i t e r a r y  d a ta .  D istr ibution  a ccord ing  to  age 
w as,  10 to 20 years,  0.56 p e r  cen t ;  20 to 30 years,  2.25 p e r  cent;  30 to 40 years,  6.17 p e r  cen t;  
40 to  60 years ,  10.12 p e r  cent.  The  exam ined m a te r i a l  showed an increas ing  t e n d e n c y  of 
c e re b ra l  haem orrhages.

Irin Morphologien Äcndemiac Srirnlianim llitngaricac 14. I960
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2. All su b d u ra l  and  suba rach n o id  haem orrhages  (2.81 p e r  cent) were due to a n e u ry sm a l  
rup tu re .  H a em o rrh a g e  in the b ra in  su b s tan ce  (16.29 p e r  cen t)  was caused p a r t ly  by  h y p e r 
tensive a r teriosclerosis and  to a g rea te r  e x te n t  b y  na rrow  vessels and o th e r  v a sc u la r  
anomalies.  I n  som e cases the under ly ing  cause could n o t  be detected.

3. W hile haem orrhages  of th e  hyper ten s iv e -a r te r io sc le ro t ic  type  were usua l ly  o f  str io-  
lenticular  loca l iza t ion  in p a t ien ts  of ad v an c ed  age, in  th e  exam ined  group th ey  o c cu r re d  
f requen t ly  (37.9 p e r  cent) in the cerebellum  and  the pons.

4. H  a em o rrh ag e  occurred w i th o u t  d em o n s tra b le  a n teced en ts  in some cases,  while 
factors know n to give rise to sudden  d e a th  were a t  p lay  in o thers ,  e.g. consum ption  o f  alcohol,  
m enorrhagia ,  p reg n an cy  (eclampsia),  etc.

E x am p les  a re  presented  to d e m o n s t r a te  the  medico-legal  aspects of cerebral h a e m o r rh a g e  
suffered by y o u n g  individuals (confusion w ith  poison ing ,  m alprac t ice ,  suspicion o f  m a n 
slaughter ,  etc.).

Erzsébet Virágos-Kiss

( I n s t i tu t e  of Forensic  Medicine, U n iv e rs i ty  Medical School. Szeged)

F atal U terine  R up tu re  Due to  M alpractice

A case of u te r in e  ru p tu re  in a m u lt ip a ra  is re p o r te d .  A lthough  the phys ic ian  assis t ing  
a t  the delivery  was aware  of a na rrow  pelvic in le t  and th e  deflected  position of the  d e a d  foe tus ,  
he adm in is tered  an  oxytocic  d rug  an d  qualif ied the  w o m a n ’s wailing as imbecili ty .  H e  failed 
to recognize th e  signs of th rea te n in g  u te r in e  r u p tu re  a n d  se n t  the  p a t ie n t  to hospital  on ly  a f te r  
the  ru p tu re  h ad  supervened .  I t  was n o t  possible to save  t h e  wom an.  The  physic ian , he ld  c r im 
inally responsib le,  was condemned.

F. Fodor

(S ta te  Police Commiss ioner’s Office, Szeged)

A R are Case o f Com bined Suicide

A case is described in which the  felo-de-se c u t  his th r o a t ,  hanged himself a n d  inges ted  
poison. This  com plex  suicide was o f  especial  in te res t  on  a c c o u n t  of its association w i th  a s im u l
taneous case of m ans laughter .

I t  was necessary  to disprove killing and  prove suicide. 'Fhe proof was b a se d  on the  
evidence of coloured  photographs ,  histological and ch em ica l  analyses.

There  is h a rd ly  any record in l i te ra tu re  of  a s im ila r ly  complex suicide.
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