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Acta M orphologica A cad. Sei. hung. 17 ( 1 ) ,  p p .  1— 6, 1969

M a x -P la n c k -In s ti tu t  fü r  H irn fo rschung , A b te ilu n g  fü r  T u m orfo rschung  und  ex p erim en te lle  
P a th o lo g ie , u n d  de r N euroch iru rg ischen  U n iv e rs itä tsk lin ik  (D irek to r: P rof. D r. W . T ö n n is ),

Köln

BEITRAG ZUR HISTOCHEMIE DES INTRAVASALEN 
KOLLOIDS IM HYPOPHYSENVORDERLAPPEN DES

MENSCHEN

J .  D o e b e l

(E ingegangen  am  25. J a n u a r ,  1968)

M it h istochem ischen  N ach w eism eth o d en  w ird  festgeste llt, daß  d as  in tra v a sa le  
K olloid im  H y p o p h y sen v o rd e rlap p en  Ü b erw iegendaus P ro te in en  b es teh t. D as V o rk o m ­
m en von  L ipo iden  w urde n icht u n te rsu c h t. D as in tra v asa le  Kolloid is t bei in tra k ra n ie l­
ler D ru ck ste ig e ru n g  v e rm eh rt. N ach  den  h istochem ischen  E rg ebn issen  is t  es sehr 
w ahrschein lich  m it dem  Kolloid in den Pseudofo llike ln  iden tisch . E s w ird an g en o m m en , 
d aß  v o r a llen  D ingen die E inschm elzung  von  A lphazellen  die Quelle fü r  d a s  Kolloid 
d a rs te llt.

N ach  U n te rsu ch u n g en  von R o m e i s  (1940) sind  die in tra v a sa le n  K ollo ide 
in den  H y p o p h y sen  höherer T iere und  des M enschen n ic h t e in h e itlich e r N a tu r . 
E s lassen  sich v ie lm eh r das am o rp h e  und  das geform te in tra v a sa le  K ollo id , 
sideroph ile  K ö rn ch en , ch rom ophobe S ek re tb läsch en  und  eine »gewisse fa d e n ­
a rtig e  Substanz«  u n te rsche iden .

D as gefo rm te  in trav asa le  K ollo id  is t als häu figer B efund  bei S ch w an ­
geren und  P u b e rtie re n d e n , wie ü b e rh a u p t in H y p o p h y sen  m it e rh ö h te r  A k ti­
v i tä t  b e k a n n t ( R a s m u s s e n  1927, R o m e i s  1940, G r a u m a n n  1964). D a rü b e r  
h in au s  w ar schon R o m e is  (1940) eine V e rm eh ru n g  bei in tra k ra n ie lle r  D ru c k ­
ste ig e ru n g  aufgefallen . D as A u ftre ten  von  gefo rm tem , in tra v a sa le m  K olloid 
im  H y p o p h y sen v o rd e rlap p en  ( =  H V L ) k o n n te  von K u h n  (1957) in  7 6%  der 
F älle  m it in tra k ra n ie lle r  D ru ck ste ig e ru n g  u n te rsch ied lich s te r G enese u n d  L o k a­
lisa tion  des rau m v erd rän g en d en  Prozesses nachgew iesen w erden . D ie von 
K u h n  (1. c.) m it fä rb e risch en  M ethoden  gew onnenen  E rgebn isse  so llen  durch  
h istochem ische  N achw eise e rg än z t w erden .

M aterial und T echnik

Bei 240 d u rchgesehenen  H y p o p h y sen , d ie von  P a tie n te n  m it einem  k lin isch  u n d  p a th o ­
logisch e rh ö h te n  in tra k ran ie lle n  D ruck s ta m m te n , w aren  in tra v asa le , g e fo rm te  K ollo ide  in 
48%  v o rh a n d en . H ie rv o n  w urd en  10 H y p o p h y sen , bei denen  sich die in tra k ra n ie lle  D ru ck ­
ste ig e ru n g  a u ch  in e in e r B lu ts ta u u n g  in den S in u sk ap illa ren  m an ifes tie rt h a t te ,  z u r  h is to ­
chem ischen  A nalyse  ausg ew äh lt (Tab. I). D ie F ä rb e - u n d  h istochem ischen  M e th o d en  gehen 
aus den fo lgenden  T abellen  hervor. Die B efunde  w u rd en  an  P a ra ffin sc h n itte n  e rh o b en . Zum  
N achw eis von  L ipo iden  lieg t vorläufig  noch  n ich t g enügend  geeignetes M a teria l v o r.

Acta  M orphologica A cadem iac S c icn tiarum  H ungaricac 17, 1969



2 J. DOEBEL

Befunde

D ie  P ro te in n ach w eise  ze ig ten  folgende E rg eb n isse  (s. T ab . I).

Tabelle I
K asus

Nr. Geschlecht Alter
Ursache der intrakraniellen 

Drucksteigerung
Dauer der klin. 
Erscheinungen

6778 m än n l. 51 V entrikelm eningiom 1 J .
6779 w eibl. 47 A stro cy to m , rech ts f ro n ta l 2 J .
6782 m änn l. 37 U nklassifiz ierte r T um or re ch ts  fro n ta l 1 .1.

6795 m än n l. 45 B lu tu n g e n , E rw eichungen

6950 w eibl. 33 A stro cy to m , links in  der F issu ra  Sylvii

7022 w eibl. 53 G lioblastom , links fro n ta l 1 J .
7110 w eibl. 19 Spongiob lastom  im  4. V en trike l 3 J .

7128 m än n l. 49 A bszeß, links occipital 4 W.

7174 w eibl. 21 P lexuspapillom  im rech ten  Seitenven trikel 4 W.

7332 w eibl. 50 G liob lastom a m ultiform e, re c h ts  pa rie ta l 8 M.

J .  =  J a h r e ;  W . =  W ochen; M. =  M onate

Tabelle II
Proteine

Aminosäuren und Nachweisreaktionen Autoren
Befunde

spezifische Gruppen i. V . K. P. f .  k. Z. 1. k.

A m in o -G ru p p en o-D iacety lbenzol V oss (1940) -h +  H- +  +  + + + +
A m in o -G ru p p en N in h y d rin -R eak tio n F o ta kis  (1960) + + +  + +

P h en o l-(T y ro sin ) M illon-R eaktion Ba k er  (1956) + + + +  +  +
T y ro sin  u . T y ro sin ­

re s te
D iazo tierungs-K upp-

lu n g s-R eak tion
Gl e n n e r  u . 

L il l ie  (1957) + + + +  +  + + + +
In d o l-(T ry p to p h an ) p-D M A B -N itrit Adams (1957) + + + +  +  + + + +
G u an idy l-(A rg in in ) S akag u ch i-R eak tio n Ca r v e r , B r o w n , 

T homas (1953) + + +  + +
SH - u . SS -G ruppen D D D -R eak tio n Ba r r n e tt  u . 

Selig m a n  (1954) + + + +  +  +
P h e n y l- , Im idazo l-, 

In d o ly l-,G u an id y l-
G ekuppelte  T e tra  - 

zo n ium -R eak tion
Da n ie l l i (1947), 

B u r st o n e  (1959) + + + +  +  + + +

i. V. K . =  in tra v asa le s  K ollo id , P . f. k. =  P seu d o fo llike lko llo id , Z. 1. k. =  Z w ischen lappen  
ko llo id

Z u sä tz lich  w urde  bei e inem  F a ll die B estim m u n g  des iso e lek trisch en  
U m lad eb e re ich es  (I . E . U .) n a c h  P i s c h i n g e r  (1926) du rch  m ik ro p h o to m e tr i­
sche  A usm essung  von  je  25 in tra v a sa le n - u n d  10 Pseudofo llikelko llo iden  
eines je d e n  der bei versch iedenem  p H -W e rt g e fä rb te n  S ch n itte  d u rc h g e fü h rt.
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Die K u rv  en Verläufe (АЬЬ. 1) ergeben  sieb  aus den  a rith m etisch en  M itteln  
d er E inzelm essung , sowie den jew eiligen m ax im a len  und  m in im alen  M eß­
w erten  in jedem  P rä p a ra t .  M an e rk en n t d e u tlic h  den m ehr im S äu reb ere ich  
liegenden I . E . U . bei den  P seudofo llike lko llo iden .

Die E rgebn isse  d er N u k le in säu renachw eise  fin d en  sich in T ab . 111.

INTRAV^SALE _ KOLLOIDE

PSEUDOFOLLIKEL  -  KOLLOJ DE

АЬЬ. I

Tabelle III

N ukleinsäuren

Verbindungen 
und Gruppen Naehweisreaktionen Autoren i. V . K. P. f. k. Z. 1. k.

DNS Feulgens N ukleal- 
reak tion

F e u l g e n  u . 
R o ssen b ec k  
(1924)

— —

DNS u n d  HNS G allocyanin-
C hrom alaun

E in a bso n  (1951) - ( + )
"

i. V . K . in tra v asa le s  K olloid, P. f. k. P seudofo llike lko llo id , Z. 1. k. =  Z w isch en lap p en ' 
kolloid

D as h istochem ische  V erh a lten  der K o llo ide  bei den K o h le n h y d ra t­
reak tio n en  zeig t T ab . IV.
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Tabelle IV

K ohlenhydrate

Verbindungen 
und Gruppen N ach weisreaktionen Autoren i. V . K. P. f. k. Z. 1. k.

M u k o p ro te id e  und 
G ly k o p ro te id e , 
P o ly sacch a rid e , 
P ro te in e

Perjodsäure-L euko- 
fuchsin  (PA S)

H o tch k iss  (1948) 
Me M a n u s  (1948) +  +  + +  +  ~h

S au re  M u k o p o ly ­
sa cch a rid e

A lcian-B lau 8 GS St e e d m a n  (1950) — +  ( - ) + + +

F re ie  S äu reg ru p p en H ale’s M ethode nach 
G. M üller

H a l e  (1946)
G. M ü l l e r  (1955) +  ( - ) + + +

S au re  M u k o p o ly ­
sa cch a rid e

M étachrom asie K el ly  (1958) alpha alpha be ta -
gam m a

i. V. К . =  in tra v asa le s  K ollo id . P . f. k. P seudofo llike lko llo id , Z. I. k. =  Z w isch en lap p en ­
k o llo id

E rgebnisse

1. Intravasales Kolloid

B ei allen E in sch rän k u n g en , denen die h istochem ische  T ech n ik  u n te r lie g t, 
is t  a n z u n e h m e n , daß  die in tra v a sa le n  K ollo ide  des H y p o p h y sen v o rd erlap p en s  
re ic h  a n  P ro te in en  s ind  u n d  sehr w ah rsch e in lich  K o h len h y d ra te  e n th a lte n .

D ie  P ro te in k o m p o n e n te  d ieser G lyco-(M uco-)-pro teide is t au sgesp rochen  
ty ro s in re ic h  u n d  e n th ä lt  T ry p to p h a n  u n d  A rg in in  in geringerer Q u a n t i tä t .  
F re ie  A m in o g ru p p en  sind  re ich lich , S u lfh y d ry lg ru p p e n  — w enn ü b e rh a u p t 
n u r  sp ä r lic h  v o rh an d en .

2. Die Kolloide in den Pseudoacini des HVL

V erg le ich t m an das h istochem ische  V e rh a lte n  dieser K ollo ide m it dem  
d e r  in tra v a s a le n  K ollo ide n a c h  A nw endung  d e r  P ro te in reak tio n en , so lassen  
s ich  k e in e  U n tersch iede  fests te llen . D agegen  e n th a lten  die in te rz e llu lä ren  
K o llo id e  in  ih re r äu ß eren  Schale zusätz lich  sa u re  M ukopolysaccharide . E s k a n n  
a n g e n o m m e n  w erden , d aß  die V ersch iebung  des I. E . U . d a ra u f  z u rü c k ­
z u fü h re n  ist.

3. Die Kolloids in den Spalten und Zysten der Pars intermedia

D iese K olloide b es teh en  tro tz  fä rb e r isc h  ungleichen V erh a lten s  aus 
s a u re n  M ukopo lysacchariden . U V -A bsorp tionsm essungen  ( K e m p e  u n d  M e y e r - 
A r e n d t  1954) lassen a u f  eine e inheitliche S u b s ta n z  schließen.
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Besprechung;

V ernach lässigen  w ir die Z w ischen lappenko llo ide  aus e n tw ic k lu n g s ­
gesch ich tlichen  G rü n d en , so erg ib t sich eine auffällige K o rresp o n d en z  der 
B efunde an in trav asa len - und P seudofo llike lko llo iden . E n tsch ließ en  w ir uns 
w eite rh in  zu r D eu tu n g  des Saum es sa u re r  M ukopolysaccharide  in d e r  äu ß e ren  
Schale d er in te rze llu lä ren  K olloide als n ic h t zum  K ollo idkörper gehöriger 
ze llu lä re r R eak tio n , so sind  sie id en tisch .

D ieser B efund  le ite t ü b e r zu r F rag e  d er E n ts te h u n g  der K o llo id e  im 
H y p o p h y sen  v o rd e rlap p en .

N ach  B a r g m a n n  (1962) sind  alle Zellen des H V L zu m e ro k rin e r  und  
h o lo k rin e r K o llo id sek re tion  b efäh ig t. D agegen  k o m m t K u h n  (1957) zu  dem  
S ch luß , d aß  die h y p erch ro m atisch e  A lphazelle  allein  als Quelle des in t r a ­
v asa len  K olloids anzusehen  is t. D er Ü b e r tr i t t  v o n  kollo idal e ingeschm olzenen  
A lphazellen  aus dem  in te rze llu lä ren  R au m  in eine S inuskap illare  w u rd e  m e h r­
fach festg eh a lten  ( R o m e is  1940 u n d  K u h n  1957).  Die vorliegenden  U n te r ­
su ch u n g en  e rh ä r te n  n u n  au fg ru n d  des h is to ch em isch  gleichen V e rh a lte n s  der 
be iden  K ollo id fo rm en  die B eo b ach tu n g  der g e n a n n te n  A utoren , n a c h  d e r  es 
sich um  versch iedene L o k alisa tionen  ein u n d  desse lben  D eg en era tio n sp ro d u k tes  
h a n d e lt.

D a rü b e r h in au s  e rfä h r t  die A uffassung  von  K u h n  (i. c.), n a c h  d e r die 
h y p e rch ro m a tisch e  A lphazelle allein die B ild u n g ss tä tte  der K ollo ide is t, eine 
w eitere  U n te rs tü tz u n g . Es zeigt sich n äm lich , d a ß  n ach  A nw endung d e r  D iazo ­
tie ru n g s-K u p p lu n g sre a k tio n  (T ah. 11) eine se lek tiv e  und in tensive  F ä rb u n g  
von  in tra v a sa le n  K ollo iden , P seudofo llike lko llo iden  u n d  A lphazellen  e in t r i t t .

Die u n te r  E rh ö h u n g  des in tra k ra n ie lle n  D ruckes b eo b ach te te  V e rm in d e ­
ru n g  d er A lphazellen  ( K r a u s  1933) hei g le ichze itiger V erm ehrung des in t r a ­
v asa len  K ollo ids ( R o m e is  1940, K u h n  1957) is t als w eiterer w ich tiger H inw eis 
fü r  die E n ts te h u n g  des K olloids aus d eg en erie ren d en  azidophilen Z ellen  des 
H V L  an zusehen .
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A C O N T R IB U T IO N  T O  T H E  H IS T O C H E M IST R Y  O F  IN TR A V A SC U LA R  C O L L O ID  
IN  T H E  A D E N O H Y P O P H Y S IS  O F  HUMANS

J. DOEBEL

I t  has been d e m o n s tra te d  b y  h istochem ical m e th o d s  th a t the  in tra v a s c u la r  colloid 
in th e  a n te r io r  lobe o f th e  hypo p h y sis  consists m a in ly  o f  p ro te in s. The possib le  p resence  of 
lip id es h as n o t b een  ex am in ed . H igher in tra c ra n ia l  te n s io n  increases th e  a m o u n t o f in tr a ­
v a sc u la r  colloid w hich  is, acco rd ing  to  h is tochem ical re su lts ,  p resum ably  id en tica l w ith  th e  
collo id  co n ta in ed  in  th e  pseudofollicles. The b re ak d o w n  o f  a lpha  cells is sup p o sed  to  be th e  
p rin c ip a l source of th e  colloid.

ДАННЫЕ О ГИСТОХИМИИ ВНУТРИСОСУДИСТОГО КОЛЛОИДА 
В ПЕРЕДНЕЙ ДОЛИ ГИПОФИЗА У ЧЕЛОВЕКА

Й. ДЕБЕЛ

Гистохимическими методами исследования было установлено, что в передней 
доли гипофиза внутрисосудистый коллоид состоит преимущественно из протеинов. Встре­
чаемость липоидов не была изучена. При повышении внутричерепного давления коли­
чество внутрисосудистого коллоида повышается. На основе результатов гистохимиче­
ских исследований, этот коллоид по всей вероятности идентичен с коллоидом, наблю­
даемым в псевдофолликулах. Полагается, что источником коллоида является прежде 
всего расщепление альфа-клеток.

D r. S. J .  D o e b e l : M ax -P lan ck -In s t. f. H irn fo rsch u n g ,
5 K ö ln -L in d en th a l, G o lden fe lsstrasse  21, D B R
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In s t i tu te  o f A n a to m y , H isto logy an d  E m b ry o lo g y , U n iv e rsity  M edical School,
D ebrecen

THE EFFECT OF THYROTROPIC HORMONE 
TREATMENT ON THE EPIPHYSEAL CARTILAGE 

OF THE WHITE RAT
G. L é v a i , F . M ó r ic z , P. S z e r z e , G y . P e t r á n y i , j r . and J .  L a c z k ó

(l{<-ceived M arch  26, 1968)

T he effec t o f th e  th y ro tro p ic  co m p o n e n t o f  A m b in o n ®  on th e  p ro x im a l tib ia l 
ep iphysea l cartilag e  has been s tu d ied  in  y o u n g  w h ite  ra ts . T he an im als re ce iv e d  0.05 
m l (0.5 I .U .)  subcu tan eo u sly , daily  for 4 w eeks, w hile  th e  contro ls w ere t r e a te d  w ith  
0.05 m l o f physio logical NaCl so lu tion , also su b cu tan eo u sly . A m binon , s im ila rly  to  
th y ro x in e , in creased  th e  p ro life ra tio n  of th e  cellu la r e lem en ts of cartilage  a n d  in d u ced  
a m in o r o steo b lastic  ac tiv ity . In  th e  p h ase  of cartilag e  breakdow n th e  n u m b e r  of 
c h o n d ro c las t g ian t cells increased . T he changes a re  considered  to be d u e  to  th y ro id  
h y p e rfu n c tio n , h y p e rth y ro x in aem ia , n o t ru lin g  o u t th e  possib ility  th a t  th e  re su lts  
m ay  hav e  been influenced also by  th e  g o n a d o tro p ic  com ponent of th e  p re p a ra tio n .

T he role p lay ed  by  th e  th y ro id  g land  in  g ro w th  has been k n o w n  for 
long. G u d e r n a t s c h  [7] in  1912 fed  ta d p o le s  w ith  th y ro id  tissue  a n d  found  
th a t  th e ir  m e tam o rp h o sis  and  ra te  o f g ro w th  w ere enhanced . T h ese  f irs t 
ex p e rim en ta l d a ta  were followed by  a series o f p ap ers  on th e  e ffec t o f  th e  
th y ro id  on ossifica tio n ; these  h av e  b een  su rv ey ed  c ritica lly  b y  S i l b e r b e r g  
and  S i l b e r b e r g  in 1943 [20] who a t t r ib u te d  th e  m any  c o n tra d ic to ry  d a ta  
(in h ib itio n  or s tim u la tio n ) to  d ifferences in  th e  m eth o d s em ployed , as in th e  
lack  of p u re  h o rm o n e  p re p a ra tio n s  a t  t h a t  tim e , th e re  were d ifferences in th e  
dose o f h o rm o n e  ad m in is te red , th e  an im als  t r e a te d  were d ifferen t in  age and  
sex . an d  th e re  w ere differences also in th e  d u ra tio n  of tre a tm e n t. A f te r  som e 
la te r  s tu d ies  [1 4, 18] H u l t h  and  N y l a n d e r  [9, 10] as well as L é v a i  and
Zs. N a g y  [16] h av e  pub lished  ev idence in d ic a tin g  th a t  th y ro x in e  in c reased  
the  ra te  o f ossifica tion . T hey  tre a te d  th e  an im als  w ith  th y ro x in e , o r in h ib ite d  
th y ro id  fu n c tio n  by  th e  a d m in is tra tio n  o f th io u ra c il deriv a tiv es . T h y ro x in e  
tre a tm e n t allow ed to  increase th e  th y ro x in e  level high over th e  physio lo g ica l 
one, so th a t  th e  changes described  m u s t h av e  arisen  un d er aphy sio lo g ica l 
cond itions.

in  th e  p re se n t in v estiga tions we h av e  u n d e r ta k e n  to  e lim inate  th y ro x in e  
overdosage so th a t  grow ing w hite  ra ts  w ere tr e a te d  w ith  th y ro tro p ic  h o rm o n e  
(A m binon® , O rganon , N e therlands) a n d  th e  changes ta k in g  place in th e  s tru c ­
tu re  of th e  ep iphysea l cartilage  were o b se rv ed . T he resu lts  so o b ta in e d  were 
th u s n ea r to  th e  physiological ones, a lth o u g h  A m b in o n ®  has also a g o n ad o ­
tro p ic  co m p o n en t w hich can n o t be igno red  in ev a lu a tio n .

■lein M orphologien A endem ine  Scien tiarum  lln n g n ricn e  17. 1909
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M aterials and  m eth o d s

I n  th e  ex p erim e n ts  40 m ale 35-day ra ts  o f 39 g a v e ra g e  w eight w ere used . T h e  a n im a ls  
w ere  d iv id e d  in to  4 g ro u p s , each  co n ta in in g  7 e x p e r im e n ta l r a ts  and  3 con tro ls. A t th e  o n se t 
o f e x p e rim e n t th en  a t  w eek ly  in te rv a ls  we m easu red  b o d y  w eigh t, len g th  a n d  re c ta l  te m p e ra ­
tu re .  T h e  ex p erim en ta l a n im a ls  received  daily  0.05 m l (0.5 I .U ., i.e. 5 H e y l-L a q u eu r  u n its )  
o f T S H  su b c u tan e o u sly , w hile  th e  con tro ls w ere t r e a te d  w ith  0.05 m l iso ton ic  N aC l so lu tion . 
T h e  a n im a ls  o f th e  d iffe re n t g ro u p s w ere k illed  1, 2, 3 a n d  4 w eeks a fte r  th e  o n se t o f tr e a tm e n t.  
O ne d a y  before k illing  th e m , 1 tre a te d  r a t  a n d  1 c o n tro l w ere  given 131I an d  th y ro id  I  u p ta k e  
w as e s tim a te d  2, 8 a n d  24 ho u rs  la te r. T he knee  jo in ts  w ere  excised an d  fix ed  in Susa or in  
1 0 %  fo rm alin  b u ffered  to  p H  7. T h e  form alin  m a te r ia l  w as deca lc inated  in  10%  E D T A  so lu­
t io n  [5]. A fte r em b ed d in g  in  p a raffin , 7 /I th ick  sec tio n s w ere  cu t and s ta in ed  w ith  h a em a to x y - 
lin -eo sin  an d  Azan.

R esults

E specia lly  n e a r  th e  end  of th e  e x p e rim e n ts , th e  tre a te d  an im als  w ere 
m o re  agile th a n  th e  co n tro ls . D uring  th e  la s t  w eek  th e y  w eighed 199 .4%  m ore  
th a n  in itia lly , as co m p ared  to  th e  170 .1%  w e ig h t gain in th e  con tro l g roup .

Table I

Changes in  the average body weight o f  experim ental anim als

Duration Treated, Control,
of treatment per cent per cent

In itia l values to o 100

1 w eek 141.3 121.8

2 w eeks 152.9 138.7

3 w eeks 242.5 217.8

4 w eeks 299.4 270.1

T he rec ta l te m p e ra tu re  of th e  t r e a te d  a n im a ls  was ab o u t 1 °C h ig h er th a n  
th a t  o f  th e  co n tro ls . T he rad io iod ine s tu d ie s  show ed th a t  th e  th y ro id  g land  
o f  th e  ex p e rim en ta l an im als  was m ore ac tiv e  th a n  th a t  of th e  con tro ls . H is to ­
log ica lly , th e  th y ro id  e x h ib ite d  changes in d ic a tiv e  of a sligh t h y p e rfu n c tio n . 
T h is  ten d e n c y  dec reased  to w a rd  the  end o f th e  experim en t.

I n  d esc r ib in g  t h e  h is to lo g ic a l  ch a n g e s  o f  t h e  ep ip h y se a l  c a r t i la g e  w e h a v e  
u s e d  t h e  zone c la s s i f i c a t io n  of  H a m  [ 8 ] ,  w h i le  w h e n  d iscuss ing  t h e  n o r m a l  
c o u r s e  o f  o ss i f ic a t io n  w e h a v e  re lied  u p o n  t h e  w o rk  b y  K r o m p e c h e r  [12].

A fte r one w^eek of tre a tm e n t (F ig . l a )  th e  ep iphyseal c a rtilag e  of th e  
t r e a te d  anim als show ed  a b road en in g  an d  r ich n ess  in  cells of th e  p ro life ra tio n  
zone. T he m a tu ra tio n  zone, too , w as s lig h tly  increased  in  w id th . N u c lea r 
s ta in in g  was d im in ish ed  in th e  ca lc ification  zone, th e  lower p a r t  o f th e  ep i­
p h y se a l cartilage  d isc show ed increased  c ap illa r isa tio n . The increased  b re a k ­
d ow n  o f ca rtilage  w as in d ica ted  by  th e  in c rease  in  cap illa risa tion  an d  th e  
a p p e a ra n c e  of ch o n d ro c la s ts , g ian t cells b re a k in g  down cartilag e  (F ig . 4a). 
In  som e cases th e  nuc le i s ta in ed  well even in  th e  low erm ost cell la y e r  of th e  
c a lc ific a tio n  zone.

A c ta  M orphologica A ca d em ia e  Scientiarurn H ungaricae 17, 1969
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F ig . la . P ro x im al ep iphysea l c a r tila g e  of the  tib ia  a f te r  one week tre a tm e n t. H . E ., X 100;
b. O ne-w eek contro l. II. E ., X 100

F ig. 2a. P ro x im al ep iphysea l c artilag e  of the  tib ia  a f te r  tw o  weeks tre a tm e n t. H . E ., X 100;
b. Tw o-w eek contro l. H . E ., X 100

In th e  one-w eek con tro ls  (Fig. lb )  th e  p ro life ra tio n  zone was poorer in 
cells an d  tin* m a tu ra tio n  zone less w ide. In th e  v ic in ity  of th e  b ro ad en ed  calci­
f ica tio n  zone, c ap illa risa tio n  was no t so m ark ed  th a n  in tin* t r e a te d  ra ts . 
C hondroclasts were few or ab sen t.

■Ida Morphologien -I rädern ine Scient iarum  H un g á riá ié  17, 196V
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Fiji. 3a. In c re a se  in th e  n u m b e r o f cells in  th e  p ro life ra tio n  zone a f te r  tw o w eeks tre a tm e n t.
H. E ., x 3 5 0 ;  6. T w o-w eek co n tro l. H . E ., X350 

Fig. 4a. C hondroclastic  g ian t cell a f te r  one w eek tre a tm e n t.  H . E ., X 350: 6. C hondroclastic  
g ian t cell a f te r  tw o  w eeks tre a tm e n t. H . E ., X 350

A lte r  tw o weeks tr e a tm e n t  (F ig . 2a) th e  cells o f th e  p ro life ra tio n  zone 
w ere m a rk e d ly  enlarged , show ing  a n e s tlik e , irreg u la r  a rra n g e m en t also  in the 
v ic in ity  o f  th e  residual cell zone. T here  w ere som e m ito tic  cells (F ig . 3a), th e

4 cto IWorphologîca icadem iar S c ie n tia ru m  H ungaricae 17, 1969
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F ig . 5a. P ro x im al ep iphysea l cartilage  of th e  t ib ia  a f te r  th re e  weeks trea tm en t, i l .  E .,  X 100;
b. T hree-w eek co n tro l. H . E ., X 100

Fig. 6a. P ro x im al ep iphysea l cartilage  of th e  tib ia  a f te r  fo u r w eeks tre a tm e n t. H . E ., XlOO;
b. Four-w eek contro l. H . E ., X 100

gro u n d  su b s ta n c e  was less basophilic , th e  m a tu ra t io n  zone increased in  w id th . 
N uclear s ta in in g  d im in ished  in th e  ca lc ifica tio n  zone. As co m p ared  to  th e  
1-week fin d in g s, cap illa risa tio n  was less a b u n d a n t. G ian t cells w ere also  seen 
(F ig . 4b).

A d a  M nrpholngica A ca d em ia r  Scien tiarum  Hungaricav 17. /96 9
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T h e  2-w eek con tro ls  w ere co n sp icu o u sly  d ifferen t (Figs 2b a n d  ЗЬ). 
H  ere  th e  cells o f th e  p ro life ra tio n  zone w ere sm alle r, more reg u la rly  a rra n g e d , 
th e  m a tu ra t io n  zone w as sm aller in d ia m e te r  a n d  its  cells w ere also sm aller. 
T h e  w id th  of th e  ca lc ifica tio n  zone d id  n o t re a c h  th a t  of th e  tr e a te d  an im als , 
th e  cells w ere b igger, th e  nuclei s ta in ed  w ell. T h e re  was no m a rk e d  d ifference 
in c a p illa r isa tio n , o n ly  in  o steob lastic  a c t iv i ty  in  favour of th e  co n tro l g roup .

A fte r  3 w eeks o f t re a tm e n t th e  p ro life ra tio n  zone and  th e  re s id u a l cell 
zone a re  s till rich  in  cells. T he a rra n g e m en t o f  cells in th e  m a tu ra tio n  zone is 
less re g u la r , it  is d ifficu lt to  fin d  th e  ju n c tio n  betw een  th e  p ro life ra tio n  an d  
m a tu ra t io n  zones. T he ca lc ification  zone is co m posed  of 3 to  5 cell row s, in  th e  
low er p a r t  of th e  ep iphysea l ca rtilage  c a p illa r isa tio n  is m arked . As co m p ared  
to  th e  2-w eek p a t te rn ,  o steob lastic  a c t iv i ty  increased , th e  b o n y  tra b e c u le s  
in c re a se d  s ig n if ic a n tly  in  n u m b e r an d  size (F ig . 5a).

I n  th e  3-w eek con tro ls  th e  p ro life ra tio n  zone is less rich  in  cells w hich 
are  m o re  reg u la rly  a rran g ed  th a n  in  th e  t r e a te d  ra ts . The m a tu ra t io n  zone is 
w id er, th e  ju n c tio n  to  th e  p ro life ra tio n  zone is d is tin c t. T here is no d ifference 
in  th e  s tru c tu re  o f th e  ca lc ification  zone. O steo b la s tic  a c tiv ity  is w eak er th a n  
in th e  3-w eek tr e a te d  specim ens (F ig . 5b).

A fte r  4 w eeks o f tr e a tm e n t th e  e p ip h y se a l cartilage  is w ider th a n  in  th e  
c o n tro l g ro u p ; p a r tic u la r ly  th e  p ro life ra tio n  zone is broad  an d  h ig h ly  cellu lar. 
T h e  m a tu ra t io n  zone is m ore conspicuous, w hile  in th e  ca lc ification  zone th e  
n u c le i a re  s ta in ed  even  in  th e  deep lay e rs . C ap illa risa tio n  is less am ple  th a n  in 
th e  3-w eek  tr e a te d  ra ts  or in  th e  4-w eek c o n tro ls  (Fig. 6a).

In  th e  4-w eek con tro l group th e  cells o f  th e  p ro life ra tio n  zone a re  la rg e r 
th a n  in  th e  t r e a te d  ra ts  an d  are a rra n g e d  in  irre g u la r  nests . T h e  m a tu ra t io n  
zone is sm alle r in  d iam e te r , less reg u la r in  sh a p e , th e  ca lc ifica tion  zone is of 
a b o u t th e  sam e size, b u t its nuclei s ta in  w e a k e r in th e  trea ted  ra ts . In  th e  d is ta l 
p a r t  o f  th e  ep ip h y sea l ca rtilag e  c ap illa r isa tio n  is increased, w hile o s teo b la s tic  
a c t iv i ty  ap p ears  to  be w eaker (Fig. 6b).

D iscussion

In  th e  l i te ra tu re  o f recen t years we h av e  b een  unable to  fin d  p ap ers  dealing  
w ith  th e  co rre la tio n  b e tw een  T S H  an d  o ss ifica tio n . The a d m in is tra tio n  of 
T S H , as in d ica ted  b y  th e  h isto log ical co n tro ls  a n d  rad io iodine s tu d ies , in d u ced  
h y p e r th y ro id ism  b u t its  sev e rity  could be in c rea sed  to  a ce rta in  lim it o n ly  an d  
th e  in c re a se d  th y ro id  a c tiv ity  show ed a te n d e n c y  to  d im inish w ith  th e  d u ra tio n  
o f t r e a tm e n t .  T h is could  n o t be ap p lied  w ith o u t res tric tio n s to  th e  changes 
in  th e  ep ip h y sea l ca rtilag e . T he d ifference in  w eig h t gain (T able 1) h a s  been  
a sc rib ed  to  th e  g o n ad o tro p ic  co m p o n en t o f A m b in o n ® , b u t an in d ire c t a c tio n  
o f th e  g o n ad o tro p ic  com ponen t on th e  ep ip h y se a l cartilage could  n o t be 
ru led  o u t.

A cta  M orphologica A cadem iae  Sc ien tia ru m  H ungaricae 17. 1969
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I t  is generally  accep ted  th a t  h y p o th y ro id ism , as it p ro m o tes  th e  per­
sistence of ca rtilage , reduced  th e  ra te  of o ssification . In  c re tin s , c a rtila g e  was 
found  in th e  clavicle an d  scap u la  even a fte r th e  5 th  decade of life [23] and 
ex p e rim en ta l find ings allow ed s im ila r conclusions [ 1 7 ,2 1 ] .

As regards h y p e rth y ro id ism , th e  views are fa r  fro m  being  so u n eq u iv o ca l, 
th o u g h  all recen t papers h av e  re p o rte d  on an increase  in  th e  n u m b e r  o f cells 
in  th e  p ro life ra tio n  zone, a p ro life ra tio n  of th e  ce llu la r e lem ents o f ca rtilage , 
an increase in o steob lastic  a c tiv ity , i.e. ab o u t an  acce lera tio n  o f ossification  
in h y p e rth y ro id ism . O ur ex p e rim en ts  lend su p p o rt to  th is  v iew . A lthough 
a d irec t or in d irec t g o n ad o tro p ic  effect could n o t be ru led  o u t, th e  changes 
in th e  ep iphyseal ca rtilag e  w ere th e  m ost m ark ed  in  th e  m ost a c tiv e  phase 
of g row th , and  a lm o st id en tica l to  those  observed  b y  us earlie r in th y ro x in e - 
tre a te d  anim als.

In  th e  an im als tre a te d  w ith  T S H  th e  n u m b er o f cells in th e  p ro life ra tio n  
zone an d  th e  increase in its  d ia m e te r  were th e  h ig h es t in  th e  second a n d  th ird  
weeks. A t th a t  tim e  th e re  w as also a difference in  fa v o u r  of th e  t r e a te d  ra ts  
in th e  m ito tic  a c tiv ity  o f ca rtilag e  cells. The m a tu ra tio n  zone w as b ro a d  a t  the  
onset of t re a tm e n t, th e n  decreased  in d iam eter, to  increase ag a in  during  
the  fo u rth  week. The ra te  o f ca rtilag e  breakdow n increased  d u rin g  th e  second 
and  th ird  weeks, and b egan  to  decrease to w ard  th e  en d  of th e  ex p e rim en t. 
T he increase of o steo b lastic  a c tiv ity , th e  increased  ra te  of ossifica tion  followed 
th e  changes of th e  ca rtilag e  w ith  a lag of one to  one an d  a h a lf  w eek. The 
increased  vascu la risa tio n  o b served  during  th e  f irs t  an d  second w eeks, the  
increase in th e  n u m b er o f cap illa ry  loops and  th e  ap p e a ra n ce  o f c liond roclastic  
g ian t cells suggested  an increase  o f cartilage a b so rp tio n . T he ra te  o f th is , 
how ever, was reduced  la te r , w hile osteoid fo rm a tio n  seem ed to  increase  at 
an even ra te  from  th e  second w eek till th e  end o f th e  e x p e rim en t. A n increased  
o steo b lastic  a c tiv ity  follow ing th y ro tro p ic  ho rm one t re a tm e n t as described  
b y  F o r s t  e t al. [6] could  n o t be observed, p re su m a b ly  because th e  experi­
m en ta l period  was too  sh o rt. A n o th e r possib ility  is t h a t  th e  re a c tio n  o f the  
grow ing an im al to  h y p e rth y ro x in a e m ia  is d iffe ren t from  th a t  o f th e  full- 
grow n one.

K r o m p e c h e r  [12 — 15] s ta te d  th a t  in b o th  n o rm a l a n d  path o lo g ica l 
bone g row th  it  is essen tia l th a t  th e  p roper p ro p o rtio n s  be m a in ta in e d  betw een  
g ro w th  an d  d es tru c tio n  o f ca rtilag e  an d  hone, re sp ec tiv e ly . I f  th e  physio logical 
ba lance  is u p se t, p a th o lo g ica l b one  fo rm atio n  will re su lt. A nalysing  o u r resu lts  
in th e  lig h t o f these  fin d in g s, it  m ay  be s ta ted  th a t  th e  th y ro id  h y p e rfu n c tio n  
in response to  T S H  tre a tm e n t increases in th e  f irs t  s tep  the  ra te  o f  g row th  
an d  d estru c tio n  of ca rtilag e , w hile th e  su b seq u en t b o n e-b u ild in g  a c tiv i ty  is 
less in ten se , b u t  it  lasts  longer. O ur resu lts  confirm  th e  d a ta  o b ta in e d  earlier 
in connection  w ith  th y ro x in e  t r e a tm e n t [16] an d  a t  th e  sam e tim e  d issipate  
our d o u b ts  as to  th e  aphysio log ica l level of th e  th y ro x in e  dose u sed  th en .

A d a  M orphologien Academ iae Sc ien tiarum  H ungaricae 17, 1969
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F o r th e  e x p lan a tio n  o f  th e  m ode of ac tio n  we m ay  m en tio n  th e  p rim ary  
t is s u e  m etabo lism  in c reas in g  a c tio n  of th y ro x in e , th e  increased  Ca a n d  P  excre­
t io n  b y  th e  k idneys [11]. T h e  decreased  ra te  o f ca rtilag e  d e s tru c tio n  and  the  
d im in ish e d  osteob lastic  a c t iv i ty  a t  th e  end o f th e  e x p e rim en t su g g est th e  possi­
b i l i ty  t h a t  T SH  a d m in is tra tio n  increases th y ro id  a c tiv ity , i.e. e lev a tes  th e  blood 
th y ro x in e  level and  th ro u g h  a feed  back suppresses p i tu i ta ry  T S H  p rod u c tio n . 
O n  th e  o th e r han d , a d ec rea se  in  th e  blood T S H  level m ay  slow  dow n th y ro id  
h y p e ra c t iv i ty ,  w hich m a y  e x p la in  th e  decreasing  te n d e n c y  o f th y ro id  ac tiv ity .

T h e  ch ondroc lastic  a c t iv i ty  in  response to  T S H  d id  n o t re a c h  th e  degree 
o b s e rv e d  a fte r th y ro x in e  t r e a tm e n t .  In  ag reem en t w ith  o th e r  a u th o rs  [13, 
16 ,  2 2 ] we regard  th e  a p p e a r in g  g ian t cells as cells d iffe re n tia ted  to  destroy  
c a r t i la g e . This ty p e  of cell w as c laim ed  to  p lay  such  a role b y  S c h e n k  e t al. [19] 
w h o  b a se d  th e ir  s ta te m e n t on  th e  resu lts o f e lec tro n  m icro sco p ic  stud ies.
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D I E  W IR K U N G  D E S T H Y R E O T R O P H O R M O N S  A U F  D E N  E P Y P H Y S E N K N O R P E L  
W E IS S E R  L A B O R A T O R IU M S R A T T E N

G. LÉVAI, Г. MÓRICZ, P. SZERZE, GY. PETRÁNYI jr., und J. LACZKÓ

D ie W irkung  der th y re o tro p e n  K om ponen te  des P rä p a ra ts  A m b in o n ®  (O rganon) au f 
d e n  E p ip h y sen k n o rp e l der p ro x im a le n  T ib ia  im  W ac h stu m  b eg riffen er w eißer L ab o ra to riu m s­
r a t t e n  w u rd e  u n te rsu ch t. Ü b e r  4 W o ch en  w urde den  T ie ren  täg lich  0,05 m l (0,5 I .E .)  sub­
k u t a n  v e rab re ic h t, w äh ren d  d ie  K o n tro lltie re , ebenfalls su b k u ta n , 0,05 m l physiologische 
K o ch sa lz lö su n g  erh ie lten . W ö c h e n tlic h  w urden einige d e r T iere  g e tö te t, bei d e ren  A ufarbei­
tu n g  s ich  feststellen  ließ, d a ß  d a s  A m b in o n , ähnlich d em  T h y ro x in , z u n äc h st die P ro lifera tio n  
d e r  z e llu lä ren  E lem ente  de r K n o rp e l s te ig e r t u n d  an sch ließ en d  eine geringfüg ige O steo b las ten ­
a k t i v i t ä t  b ew irk t. In  der K n o rp e la b b a u -P h a se  v e rm eh ren  sich  die ch o n d ro clas tisch en  R iesen­
ze llen . D iese E rgebnisse w e rd en  a u f  die S c h ild d rü sen h y p e rfu n k tio n , die H y p e rth y ro x in ä m ie  
z u rü c k g e fü h r t,  wobei ab er a u c h  d ie  M öglichkeit erw ogen w ird , d aß  die g o n a d o tro p e  K om po­
n e n te  des H o rm o n p räp a ra ts  d ie  E rg eb n isse  b ee in flu ß t h ab en  k ö n n te .
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ДЕЙСТВИЕ ВВЕДЕНИЯ ТИРЕОТРОПНОГО ГОРМОНА НА ГИПОФИЗАРНЫЙ 
ХРЯЩ У ЛАБОРАТОРНЫХ БЕЛЫХ КРЫС

Г. Л Е В А И , Ф. М О Р И Ц , П. С Е Р З Е , Д . П Е Т Р А Н Ь И  М Л . и Й . Л А Ц К О )

Действие тиреотропного компонента препарата Амбинон® (фирмы Органон) на 
эпифизарный хрящ проксимальной части тибии было изучено у лабораторных белых 
крыс. Подопытные животные получали на протяжении 4 недель ежедневно 0,05 мл (0,5 
ИЕ) препарата подкожно, а животные контрольной группы — 0,05 мл физиологического 
раствора соли, также подкожно. Каждую неделю убивали часть животных, при обработке 
которых было установлено, что Амбинон, подобно тироксину, повышает пролиферацию 
клеточных элементов хряща, и вслед затем вызывает незначительную активность остео­
бластов. В фазе расщепления хряща размножаются «хондрокластические» гигантские 
клетки. Полученные результаты авторы приписывают гиперфункции щитовидных желез, 
гипертироксинемии, причем они учитывают также возможность того, что гонадотропный 
компонент гормонного препарата также мог повлиять на полученные результаты.

D r. G éza L é v a i  
D r. F eren c  Móricz  
D r. P é te r  S z e r z e  
D r. G yula  P e t r á n y i  j r .  
D r. J  enő L aczkó

D ebrecen  12, A natóm iai In té z e t ,  H u n g a ry
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In s t i tu te  of H isto logy  an d  E m b ry o lo g y  (H ead : Prof. D r. V k t is ), an d  In s t i tu te  of A n a to m y  
(H ead : P rof. Dr. J .  H rom ada), F a c u lty  o f M edicine, C harles U n iv e rs ity , H rad ec  K rá lo v é , tS S R

THE FINE STRUCTURE OF THE AREA POSTREMA
OF THE RAT

,1. S p a c e r  and J .  P a r í z e k  

(R ece iv ed  April I. 1968)

T he u l tra s tru c tu re  o f  th e  a rea  postrem a has been  s tu d ied  in th e  ra t. Sm all 
nerve cells were found  su rro u n d e d  by  a stro cy te-lik e  cells a n d  by th e ir processes. T he 
cy to p lasm  of these  glial cells co n ta in s  m any  lysosom es a n d  in m ost o f th em  an  acid 
p h o sp h a tase  reac tio n  p ro d u c t has been d e m o n s tra ted . T h e  processes o f a stro cy te -lik e  
cells form  lam ella r sh e a th s  a ro u n d  th e  a x o -d en d ritic  sy napses. In  m ost o f these  sy n ­
apses large g ra n u la te d  vesicles w ere observed. Special ne rv e  fib res co n ta in ing  m an y  sm all 
sh ru n k en  m ito ch o n d ria , o sm iophilic  bodies and  g ra n u la te d  vesicles were d em o n s tra ted . 
A xo-som atic  syn ap ses w ere re s tr ic te d  to th e  p e r ip h e ra l p a r ts  o f th e  a rea  p o strem a . 
Som e f la tte n e d  e p en d y m al cells con ta in  wide c is te rn a e  of endoplasm ic re ticu lu m  
resem bling  those  of sec re to ry  cells.

T he s tru c tu re  te rm e d  area  postrem a has b een  described  by  R e t z i u s  in 
1896. I t  is s itu a te d  in th e  m ost cauda l p a r t  of th e  rh o m b o id  fossa a t  each  side 
o f th e  apex  o f th e  ca lam us sc rip to riu s . In  m am m als  i t  is form ed o f tw o sy m ­
m etrica l tongue-like  fo rm a tio n s  w hich run  a p a r t  in th e  c ran ia l p a r t  and  em erge 
in th e  area o f th e  passage  o f  th e  fo u r th  v en tric le  in to  th e  v e rteb ra l ch an n e l. I t  is 
also know n in b irds and  has been  in v es tig a ted  b y  M o r a t o , T e i x e i r a , T e i - 
x e i r a - P i n t o  (1958), an d  re c e n tly  by  D u v e r n o y , S c h e r r e r  an d  K o r i t k é  
(1966). T he sh ap e  o f th e  s tru c tu re  shows considerab le  d ifferences in th e  various 
an im al species.

T he num ero u s fin d in g s concern ing  th e  a rea  p o s tre m a  ( K o r i t k é , D u v e r ­
noy' ,  1962; S h i m i z u , I s h i i  1964; R a b l  1965) can  b e  sum m arized  as follows.

1. The a rea  p o strem a  possesses a c lea r-cu t v a sc u la r  o rg an iza tio n . T he 
v a sc u la r  su p p ly  is p ro v id ed  by  large  double, sp ira lly  w o u n d  sinus-like cap illa ries 
and  resem bles in ap p ea ran ce  th e  v ascu la r o rg an iza tio n  o f  o th e r c ircu m v en tric - 
u la r organs an d  also th e  h y p o th a la m u s . This s im ila r ity  is also obvious in  th e  
u l tra s tru c tu re  o f th e  cap illa ry  wall ( R o h r , 1966; S c h w i n k , W e t z s t e i n , 1966).

2. The ce llu lar a rc h ite c tu re  o f the  area p o s tre m a  show s som e p a r tic u la r ­
ities th e  n a tu re  o f w hich is n o t clear. I t  w as o rig ina lly  p resum ed  th a t  it 
consists only o f glia (p ro m o n to riu m  gliosum ) b u t  tw o k inds o f cells can  be 
d is tin g u ish ed  when s ta in e d  w ith  m ethy lene  b lue o r one k ind consists o f gallo- 
cy an in , som e sm all n eu ro n es, u sua lly  apo lar or u n ip o la r , w ith a sm all p e ri­
k a ry o n  and  a sm all nucleus an d  nucleolus. T he second  ty p e  is rep re sen ted  by 
num erous cells w ith  a ro u n d  nucleus which in a p p e a ra n ce  resem bles th e  nucleus 
o f a s tro cy te s , as observed  also b y  S h im iz u  an d  I s h i i  (1964).
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3. A high a c tiv ity  o f som e h y d ro ly tic  an d  o x id a tiv e  enzym es is typ ica l 
o f  th e  cells of th e  a rea  p o s tre m a  ( W e i n d l , 1965; N é m e c e k , P a r í z e k , 1966; 
S p a c e r , P a r í z e k , 1967). T h is  chem ical a c tiv ity  is d iffe ren t in  th e  various 
a n im a l species (Ca m m e r m e y e r , 1949). A h igh  ca techo lam ine  c o n c e n tra tio n  
in  th e  a rea  postrem a a n d  h y p o th a la m u s  h as  also been show n (V o g t , 1954; 
F u x e , O w m a n , 1965) a n d  som e of th e  cells h a v e  ch rom affin  q u a litie s  (HÖJE- 
BERG, 1962).

4 . I t  is know n from  n eu ro su rg ica l p rac tice  ( H ö j e b e r g , 1962) t h a t  th ere  
is a  re la tio n sh ip  betw een  changes caused  b y  tu m o u rs  or o p era tio n s o f th e  caudal 
p a r t  o f  th e  fo u rth  v en tr ic le  a n d  th e  s im u ltan eo u s  ap p earan ce  o f  a c u te  ulcers 
in  th e  u p p e r  p a r t o f th e  d igestive  t r a c t .  Som e au th o rs  ( B r i z z e e , B o r i s o n , 
1952; see also W a n g , 1965) localized  in  th e  a rea  p o strem a  th e  “ tr ig g e r  zone” 
o f  th e  v o m itin g  reflex .

T h e  function  of th e  a rea  p o s trem a  is s till u n d e r d iscussion ; chem orecep- 
t io n , cereb ro sp in a l f lu id  a b so rp tio n , m e tab o lic  changes betw een  b lo o d  an d  th e  
c e re b ro sp in a l flu id  an d  n e u ro sec re ticn  h av e  been a t tr ib u te d  to  th e  a rea . I t  
m a y  b e  presum ed th a t  i t  p erfo rm s m an y  fu n c tio n s  s im u ltan eo u sly . T h e  close 
n e ig h b o u rh o o d  of th e  v e g e ta tiv e  nuclei localized  in  th e  floor o f th e  fo u r th  v en ­
tr ic le  is th e  cause of d ifficu ltie s  w hich arise  w hen  an  a tte m p t is m ad e  to  iso late 
th e  a re a  fo r purposes o f  s tu d y .

O n ly  a few s tu d ie s  dealing  w ith  th e  d e ta iled  u ltra s tru c tu re  o f th e  area 
p o s tre m a  have been p u b lish e d : on th e  ra b b it  b y  S himizit  an d  I s h i i  (1964), on 
th e  c a t  b y  R iv e r a - P o m a r  (1966) a n d  on th e  ra b b it  b y  L e o n h a r d t  (1967).

T h e  p resen t s tu d y  deals w ith  th e  e lec tron  m icroscopic d esc rip tio n  of 
th e  s t ru c tu re  in th e  r a t .

M ateria l an d  m ethods

T h e  a rea  postrem a h as  been  s tu d ied  in  e leven h e a lth y  m atu re  ra ts  of b o th  sexes weigh- 
n  g f ro m  180 to  260 g. T h e  m a te r ia l  w as o b ta in e d  a n d  fix ed  by  tw o m eth o d s.

1. U n d e r e th e r a n ae sth es ia  th e  skull w as o p ened , th e  floor of th e  fo u r th  v en tric le  w as 
m a d e  accessib le  and p re fix ed  in  s itu  in  2 %  g lu ta ra ld e h y d e  in  0.05 M N a -ca c o d y la te  buffer 
p H  7.2. T h e  area  postrem a w as excised  u n d e r a  d issec ting  m icroscope an d  fix ed  b y  im m ersion  
in  th e  sam e  fix a tiv e  for one h o u r a t  4°C. T his w as follow ed by  p o stf ix a tio n  in C au lfie ld ’s fluid.

2. 200 m l of a so lu tio n  of 2 %  fo rm ald eh y d e  a n d  2 .5 %  g lu ta ra ld eh y d e  in  0.07 M Na- 
c a c o d y la te  buffer pH  7.2 (T örő j r . ,  Jo ó , 1966; P a r íz e k , S p a c e r , 1967) w ith  th e  ad d itio n  
o f 0 .1 3 5 %  CaCl, was p e rfu sed  fo r 20 m in u te s  th ro u g h  th e  left h eart ch am b er u n d e r  e th e r 
a n a e s th e s ia .  F ro n ta l sec tions o f th e  reg ion  of th e  low er p a r t  o f th e  fo u rth  v e n tric le , co n ta in ing  
th e  a re a  p o strem a , were im m ersed  fo r 40 m in u te s  in  th e  sam e fix a tiv e . T he a rea  p o stre m a  was 
iso la te d  u n d e r  the  d issec ting  m icroscope a n d  was f ix ed  ag a in  in  C aulfield’s flu id .

T h e  block was in  b o th  cases d e h y d ra te d  a n d  em bed d ed  in  Y esto p a l W.
U ltra - th in  sections w ere  c u t b y  th e  R e ic h e rt u ltram ic ro to m e , c o n tra s te d  w ith  u ran y l 

a c e ta te  a n d  lead  c itra te  (P e a s e , 1964) a n d  ex am in ed  a n d  p h o to g rap h ed  u n d e r  th e  Tesla 
BS 242 В  electron  m icroscope. A n  Orwo E le k tro n e n  P la tte  was used as n e g a tiv e  m ateria l 
fo r p h o to g ra p h y .
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O bservations

T h e  presence o* sm all n e rv e  cells in ad d itio n  to  a la rge  n u m b er o f  glial 
e lem en ts , w hich we te rm  a s tro c y te -lik e  cells a f te r  S h i m i z u  an d  I s h i i  (1964), 
w as con firm ed  u n d er th e  o p tic a l m icroscope in p re p a ra tio n s  s ta in ed  w ith  
m e th y len e  b lue (after P i s c h i n g e r ), gallocyanin  (a f te r  E i n a r s o n ) an d  in 
V estopal-em bedded  sections s ta in e d  w ith  p a rap h en y len d iam in e .

Fig. 1. N erve cell from  th e  a rea  p o s tre m a  of the  r a t  (Nc). N ucleus show s an  in d e n ta tio n .
P a rt  of astrocy te-lik e  cell (Ac) an d  processes of a s tro cy te -lik e  cells (p). X 7900

T h e e lectron  m icroscopical p ic tu re  show ed th a t  th e  cy to p lasm  o f th e  
n e rv e  cells has on th e  w hole th e  sam e u ltra s tru c tu re  as th e  rest of th e  n e rv e  
cells be longing  to  the cen tra l n e rv o u s  system  (Fig. 1). T h e  m a jo rity  o f n ucle i 
o f  th e  cells show ed in d e n ta tio n s . T h e  ch ro m atin  of th e  nu c leu s was u n ifo rm ly  
d isp e rsed  follow ing f ix a tio n  by  p erfu sio n ; on th e  o th e r  h a n d , w hen fix a tio n  
w as perfo rm ed  by  im m ersion o f th e  p re p a ra tio n , th e  c h ro m a tin  form ed agglo-
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m e ra tio n s  m ainly  on th e  n u c le a r  m em b ran e . A th in  g ra n u la r  endop lasm ic  re ti­
c u lu m  form ed only a few  areas  of N issl’s su b stan ce . A g re a t n u m b er of free 
rib o so m es, a well d ev e lo p ed  G olgi’s com plex , o ften  m u ltiv e s icu la r  corpuscles 
a n d  num erous lysosom es o f  d iffe ren t sh ap e  an d  c o n te n t, th e  m a jo rity  of which 
is d e lim ited  b y  a sim p le  m em brane , w ere d iscovered  in  th e  fu n d am en ta l 
c y to p la sm . The c o n te n t o f  th e  lysosom es is e ith e r  hom ogenous or g ranu la r, 
in  som e cases th e y  c o n ta in  vacuoles or ag g lo m era tio n s o f  m yelin-like lam ellae.

F ig . 2. E n la rg ed  te rm in a l p a r t  o f  th e  axon co n ta in in g  n um erous g ra n u la r  vesicles (arrow )
X 32 800

A sm all n um ber of g ra n u la te d  vesicles, resem bling  th o se  described  in the  
sy m p a th e tic  nerves, a n d  considered  to  be ca tech o lam in e  carriers  ( L e n t s ,

1965), were regu larly  fo u n d  in th e  cy to p lasm  o f the  p e rik a ry o n . T he surface 
o f  th e  perikaryon  w as a lm o s t en tire ly  covered  b y  glial p rocesses.

G ran u la r vesicles g ro u p ed  in  rows b e tw een  th e  n e u ro tu b u le s  were d is­
c o v e red  while s tu d y in g  th e  n eu rop il. Large n u m b ers  o f th e m  w ere s itu a te d  in 
th e  d is ten d ed  p a r ts  o f  th e  axons (Fig. 2) a n d  in the  p re sy n a p tic  sacs betw een  
th e  sy n ap tic  vesicles (F ig . 7).

M yelinized n e rv e  f ib re s  were p resen t in sm all n u m b ers  an d  often  con­
ta in e d  fo rm ations re sem b lin g  th e  deg en era tiv e  bodies (F ig . 3). W e discovered 
also  w h a t were p ro b a b ly  te rm in a tio n s  of th e  n e rv e  fib res, w ith  neu ro filam en ts 
a n d  n eu ro tu b u les , n u m e ro u s  sm all sh ru n k en  m ito ch o n d ria , v ario u sly  form ed
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osm iophilic  bod ies, m u ltiv esicu la r bod ies, lam ellae  w ith  m iddle-line a n d  ty p ic a l 
vésicules w ith  a dense cen tre  (F ig . 4). T hese te rm in a tio n s  were s im ila r  to  th e  
fo rm atio n s  described  by  K o n a  (1966) in SFO . T h is a u th o r  found  th e m  also

b'ifi. 3. M yelinized nerve  fib re  w ith fo rm atio n s resem bling  d eg enerative  bodies (D b ). A stro-
cy te-like  cell (Ac). X .17 800

in th e  p e riv a sc u la r  space and  supposed  th a t  th e y  were H ering’s b o d ies  w ith  
n eu ro sec re to ry  m ate ria l.

T he a s tro cy te -lik e  cells w ere s im ila r to  th e  p lasm atic  a s tro c y te s  o f  the  
cereb ral co rtex  (F ig . 5). T he ap p ea ran ce  o f th e  nucleus was in flu en ced  b y  th e  
m e th o d  o f f ix a tio n ; th e  co n ten t o f  th e  nucleus fo rm ed  dense ag g lo m era tio n s  
w hen f ix a tio n  h ad  been perfo rm ed  by  im m ersion . W hen it had b een  acco m ­
plished by  perfusion  th e  co n ten t o f th e  nucleus w as finely d ispersed  a n d  th e
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n u c le i resem bled  th o se  o f  ep en d y m al cells. A s tro c y te -lik e  cells w hich  co n ta in ed  
a l ig h t th in  cy to p la sm , as well as cells w ith  a den se  cy top lasm , w ere fo und . 
W e su p p o sed  th a t  th e y  w ere twro d ifferen t po les  o f  th e  same cell. T h e  c iste rns 
of th e  endop lasm ic  re tic u lu m  wrere sm oo th  o r  g ran u la r. T he fu n d a m e n ta l

F ig. 4. S tru c tu re  assu m ed  to  re p re se n t th e  te rm in a l p a r t  o f a special nerve  f ib re  (arrow s)-
X  16 300

c y to p la sm  co n ta in ed  a sm all n u m b er of free rib o so m es and fine tu b u le s . Som e 
cells c o n ta in e d  m ore a n d  o th e rs  less g lio filam en ts  an d  p rac tica lly  a lw ays m an y  
lip o fu sc in  bodies w ere p re se n t w ith o u t m e m b ra n e  or o ther lysosom al bodies 
d e m a rc a te d  by  a sing le m em b ran e  (Fig. 6). I n  m o st of these bodies we d em o n ­
s t r a te d  acid p h o sp h a ta se . T he co n ten t o f ly sosom es are th u s  th e  source of 
th e  h ig h  acid p h o sp h a ta se  a c tiv ity  of th e  a re a  postrem a (S p a c e r , P a SÍz e k ,
1966 ) .
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In  som e cases we fo u n d  in th e  processes o f a s tro ey te -lik e  cells fo rm a tio n s  
consisting  of sm oo th  m em branes coating  a c e n tru m  o f th ickened  cy to p la sm . 
S im ilar fo rm atio n s w ere described  as “ f in g e rp r in ts ”  in th e  SCO o f sheep  by  
B a r l o w  e t al. (1967). A xo d en d ritic  synapses w ere often  su rro u n d ed  by  f la t ­
tened  lam elliform  processes of a s tro cy te -lik e  cells (F igs 7 and  14).

Fig . 5. A strocy te-like  cell ( Ac) a n d  p a r t  of a nerve  cell (N c). P e riv ascu la r space (P s). X 7900

O ligodendrog lia l cells w ith  a d a rk  n u c leus h av in g  a ty p ica l c h ro m a tin  
a rra n g e m en t an d  w ith  a dense cy top lasm  c o n ta in in g  m an y  free ribosom es 
w ere p re sen t (F ig . 8). No m icroglial cells w ere d iscovered  in o u r sec tions.

T h e  surface of th e  area  postrem a fac ing  th e  fo u rth  v en tric le  w as lined  
b y  th e  ep en d y m a w hich  here  changed  from  ty p ic a l cy lindrical cells in to  f la t 
cells an d  choro id  p lexus. C ylindrical cells h a d  on th e ir  free surface m icrov illi, 
p o lypo ida l p ro tru s io n s , kinocilia  an d  te rm in a l b a rs . T he nuclei resem bled  
those  o f a s tro cy te -lik e  cells, th e  m ito ch o n d ria  w ere long and  often  ram ify in g .
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F la t e p e n d y m a l cells had  no  k inocilia  on th e ir  free surface, m icrov illi were 
ra re  a n d  th e  nucleus w as e lo n g a ted  para lle l w ith  th e  long axis o f th e  cell. We 
fo u n d  be tw een  these  cells also  e lem ents w ith  w ide cisterns of en d op lasm ic  
re tic u lu m  w ith a co n ten t o f low d en sity  (F ig . 9). These ep en d y m al cells re ­
m in d e d  o f secre to ry  cells.

F ig. 6. Lysosom al bodies in  th e  cy to p lasm  of a s tro cy te -lik e  cell (arrow s). X l l  200

T h e  v ascu la r system  in th e  area  p o s tre m a  show ed som e s im ila rity  to  
th e  v a s c u la r  p a tte rn  of som e “ specialized  a r e a s '’ connected  w ith  n eu ro sec re ­
tio n . A cco rd in g  to  our o b se rv a tio n s  th e  a rea  p o s tre m a  is supp lied  b y  tw o  ty p es  
of v esse l. T h e  m ost ty p ica l a n d  m ost fre q u e n t ones are blood cap illa ries  of 
a s in u so id a l ch a rac te r w ith  a w ide p e riv a sc u la r  space (F ig. 10). T h e  e n d o th e ­
lium  b e c a m e  th in n e r in som e areas fo rm ing  pores w ith  a th in  d ia p h ra g m a  
(F ig . 11), an d  pseudopod ia-like  p ro tru s io n s  in to  th e  lum en in th e  n e ig h b o u r­
ho o d  o f  th e ir  te rm inal b ars . A p e riv a sc u la r  space  w as m arked  off b y  th e  in n er
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basem en t  m em b ran e  un d er  tb e  end o th e l iu m  and  b y  th e  ou te r  basem en t m e m ­
brane  of  th e  p a re n c h y m a  proper. In  th is  space we found  pericytes, f ib ro cy te s ,  
m acrophages ,  or und if fe ren t ia ted  per i-cap illary  cells and  bundles of  colla­
genous fibrils  (Fig. 12). E n d o the lia l  cells and  p er icy tes  conta ined  a large 
n u m b e r  of p inocy to tic  vesicles. On th e  o u te r  b a s e m e n t  m em brane  on ly  glial

Fig. 7. F la tte n e d  lam elliform  processes o f  a s tro cy te -lik e  cell su rro u n d in g  the  a x o -d e n d ritic  
synapse  (p). Sm all sy n a p tic  vesicles ( th e  sm all arrow ) a n d  larg e  ones w ith a den se  c en tre

(th e  large  arrow ). X 50 700

processes were located  which often  p e n e t ra te d  in to  th e  perivascu la r  space  
and fo rm ed  th e re  a lab y r in th  (Fig. 13). T he  c y to p la sm  was th ickened  in these  
p e n e t ra t in g  processes (Fig. 14). In  th e  p e r iphery  of  th e  area  postrem a th e  glial 
cells and  th e i r  processes were reduced  in n u m b e r ,  th e  tissue resem bled  o th e r  
areas o f  th e  cen tra l  nervous  sys tem . T here  were wide sinusoidal capillaries  
and th e i r  th ick  basem en t m em b ran e  exp an d ed  in som e cases into th e  p a ren -
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F ig . 8. O ligodendroglial cell (О) and  p a r t  o f  a s tro cy te -lik e  cell (A). X 16 300

c h y m a .  W e saw no pe r iv ascu la r  space a n d  no  pores in th e i r  end o th e l iu m . 
T h e i r  b a se m e n t  m e m b ra n e  was su r ro u n d ed  b y  glial processes b e tw een  w hich  
we so m e tim es  found  close con tac ts .

O n th e  nerve  cells bodies, axo -som atic  synapses were d iscovered ; th e ir  
p r e s y n a p t i c  bags reached  a considerable  size. P resynap tic  bags o f  num erous  
a x o -d e n d r i t ic  synapses (Fig. 15) were filled in  th is  peripheral a rea  w ith  small 
s y n a p t i c  vesicles and large vesicles w ith  a d en se  centre (g ran u la ted  vesicles).
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Fig. 9. P a r t  o f a f la t  ep en d y m al cell w ith  a wide c is te rn  o f  en d o p lasm ic  re ticu lum  (a rro w )
N ucleus (N u). X 12 200

D iscussion

The selective excision of  such m inu te  s t ru c tu re s  as th e  r a t ’s area p o s t re m a  
represen ts  a p rob lem ; still,  i ts  appearance , sh ap e  a n d  position  prov ided  th e  
possibility  of ob ta in in g  sam ples w ith  th e  exclusion o f  areas  lying below it .

In  all th e  cases when  th e  area  pos trem a  has been  isola ted  from the  m ed u lla  
ob longa ta  and  fixed b y  im m ersion , p rac t ica l ly  all n e rv e  cells were s h r u n k ­
en. This sh r inkage  could be avoided  by  f ixa t ion  b y  perfusion . This shows th e  
high sens i t iv i ty  of such cells to  influence of  e x te rn a l  fac tors .  O ther  n e rv e  
cells, for exam ple  th e  p y ram id  cells of th e  ce reb ra l  co r tex ,  never  showed su ch  
considerable  shrinkage  when fixed by  im m ersion .

K i n g  (1937) d id  n o t  d i s c o v e r  n e r v e  cells in  t h e  a r e a  p o s t r e m a  o f  t h e  c a t  
a n d  c o n s id e re d  all cells to  be  s p o n g io b la s ts  a n d  a s t r o b l a s t - l i k e  cells. Ca m m e r -
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Fif{. 10. B lood cap illa ry  w ith  w ide p e riv a sc u la r  space. C apillary lu m en  (L u), p e riv ascu la r
space (Ps). X 8400

F ie . 11. E n d o th e lia l cell w ith  po res (arrow ). B a se m e n t m em brane  is u n d e r  th e  en d o th e liu m .
X 62 400
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l'ig . 12. A p e riv a sc u la r  space. C apillary  lum en (I.), e n d o th e lia l cell (E ), inner b asem en t m e m ­
b ran e  (I), p e riv a scu la r  space  (P ), collagenous fibrils (C). p e r ic y te  (Pe). o th er p e ric ap illa ry  
cell w ithou t b a se m e n t m em b ran e  on its  surface (F ), o u te r  b a se m e n t m em brane (О). X 11 500

MEYER (1947) described  ne rve  cells in the area  p o s t re m a  of mice and r a b b i t s .  
W is l o c k i  and  L e d u c  (1952) found nerve  cells in m a n ;  th e ir  presence in a n i ­
m als is no t  ce r ta in  accord ing  to  these au th o rs .  B r iz z e e  and N e a i . (1954) 
found nerve  cells and  glial cells, called glia-like cells, in cats. I i j i m a  e t  al. 
(1963) considered all cells found  in th e  area p o s t re m a  to  be neuroglial cells; 
S h i m i z u  an d  I s h i i  (1964) found  nerve cells by  op tica l  a n d  electron m icroscopy . 
These au th o rs  classified th e  glial cells, which o th e r  a u th o rs  re ta rded  as im m a ­
tu re  e lem ents, as m a tu re  a n d  d ifferen tia ted  cells because , as was show n b y  
S m a r t  (1961), th e y  do no t inco rpo ra te  :III th y m id in e ,  a n d  te rm ed  th e m  a s t r o ­
cyte-like cells.
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F ig . 13. L a b y r in th  of a p e r iv a sc u la r  space. P e r iv a s c u la r  space (Ps), co llagenous fib rils  (C), 
o u ter b a se m e n t m em b ran e  (O), la b y r in th  (arrows). X l2  200

We could d e m o n s t r a te  nerve  cells in agreem ent w ith  t h e  f ind ings  of 
S h i m i z u  an d  I s h ii  (1964). G ran u la r  vesicles were found in a sm all n u m b e r  in 
t h e i r  pe r ik a ry o n  a n d  in  large n u m b ers  in  th e  axons. T here  were  granu lar  
vesic les  in the  p re sy n a p t ic  sacs. A x o -so m a tic  synapses on th e  b o d y  o f nerve 
cells o f  th e  ca t were described  by  R i v e r a - P o m a r  (1966); we con f irm ed  this 
o n ly  in th e  per iphera l  p a r t s  b u t  could n o t  be (juitc certa in  w h e th e r  or no t 
th e s e  belonged  to  th e  a rea  pos trem a  becau se  in our sections we could  n o t  fiiul 
a n y  d is t in c t  m orphological border.

W is l o c k i  a n d  P u t n a m  (1924) r e p o r t e d  on  th e  i n t r a v i t a l  s t a i n i n g  b y  acid  
d y e s  o f  t h e  a re a  p o s t r e m a  a n d  V an  B r e e m e n  a n d  Cl e m e n t e  (1955) a n d  D e m -

4clct M orphologica Academ iav S c ien tia ru m  H ungaricae 17 . 1969



FINE STRUCTURE OF THE AREA POSTREMA 31

H g . 14. G lial processes p e n e tra tin g  in to  th e  p e riv ascu la r space (Gp). P e riv a scu la r  space  (ps). 
o u te r  b a se m e n t m em brane  (0 ). A x o -d e n d ritic  sy n ap se  su rro u n d ed  by  lan ie llifo rin  glial p ro ­

cesses n e x t to  p e riv a sc u la r  space, x  26 200

PSEY a n d  W is l o c k i  (1955) found  silver  deposits  in the n e ighbourhood  of vessels 
a f te r  th e  ad m in is t ra t io n  of A gN O ;j. Th is  proves th e ir  changed  v ascu la r  p e rm e ­
a b i l i ty .  M o r a t o  and  F e r r e i r a  (1957) described a broad  p e r ivascu la r  space  in 
th e  a re a  po s trem a  o f the  r a b b i t ;  S h i m i z u  and  I s im  (1964) a n d  L e o n h a r d t  
(1967) found  a wide pe r ivascu la r  space  a round  the  capillaries. This space  c o n ­
ta in e d  collagenous filtres, p er icy tes  and  also te rm in a l  axons supp lied  w ith  
a b a s e m e n t  m em b ran e .  We did n o t  succeed in showing the  te rm in a l  axons  in 
th e  p e r iv ascu la r  spaces, nor could R i v e r a - P om ar  (1966) find th e m  in th e  ca t .  
T he  pores in th e  endothelia l  cells o f  th e  capillaries in the area  p o s t re m a  were 
found also by R iv e r a - P om ar  (1966) in th e  ca t a n d  by L e o n h a r d t  (1967) in th e
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F ig . 15. A xo-dendritic  sy n a p se s  a t  the  p e rip h ery  o f th e  a rea  p o strem a . D endrite  w ith  cross 
se c tio n ed  neu ro tu b u les  ( t) ,  tw o  la rg e  p resy n ap tic  b ag s  w ith  m ito ch o n d ria  (m), sm all sy n a p tic  

vesicles (sm all a rro w ) a n d  large  ones w ith  a den se  c en tre  (large  arrow ). X 27 000

r a b b i t .  Similar cap illa ries  with pe r ivascu la r  spaces or pores were described 
b y  R o h r  (1966) in  t h e  subfornical o rgan  a n d  b y  S c h w i n k  and W e t z s t e i n  

(1966) in the su b co m m issu ra l  organ.
T he  lamellar glial sh ea th s  su rround ing  th e  ax o -dendr i t ic  synapses obse rv ­

ed  b y  us have n o t  y e t  b een  described in area  p o s t re m a ,  no r  have  th e  special 
ep e n d y m a l  cells a n d  specia l  nerve fibres been  m e n tio n e d  in th e  l i te ra tu re .

C onsequently , i t  will be necessary to  s tu d y  th e  a rea  pos trem a in a to p o ­
graph ica l  re la t ionsh ip  to  t h e  nervous nucle i localized below it. I t  will be  also 
n ecessa ry  to  ta k e  in to  considera tion  th e  sh a p e  differences, th e  differences con­
n e c te d  w ith  th e  p re sen ce  o f  enzymes, th e  age a n d  sex of the  inves t iga ted
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ind iv idua ls ,  a n d  also the  influence of some biological rh y th m s  and th e  close 
re la tion  to  th e  ep en d y m a  of th e  fou r th  ven tr ic le .

T he a u th o rs  a re  in d eb te d  to P rofessor J .  H komada  an d  P ro fesso r \  . V rtis  for v a lu a b le  
advice, to  Mrs. E . Ma téjk o v á  fo r techn ica l a ssistan ce , a n d  to Dr. Z. Charvat  for k ind  s u p e r ­
v ision of th e  E nglish  tex t.
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D IE  U L T R A S T R U K T U R  D E R  A R E A  PO ST R E M A  D E R  R A T T E

J . SPACER und J . РАЙ ÍZEK

D ie U ltra s tru k tu r  de r A rea  p o strem a  der R a t te  w u rd e  u n te rsu ch t. E s w urde  fe stg es te llt, 
d a ß  d ie  k le in en  N ervenzellen  v o n  A stro zy to id ze llen  u n d  deren  F o rtsä tz e  u m g eb en  sind. 
D as C y to p la sm a  der G liazellen e n th ä l t  viele L y so so m en , v o n  denen  die m eisten  ein  R e a k tio n s­
p r o d u k t  d e r  G om ori-B leim ethode fü r  den  e lek tro n en m ik ro sk o p isch en  N achw eis d e r sau ren  
P h o s p h a ta s e  aufw eisen. D ie G lia fo rtsä tz e  b ilden  lam e llä re  Scheiden u m  die a x o d en d ritisch en  
S y n a p se n . In  den m eisten  S y n a p se n  w erden  große  g ra n u lä re  Vesikel b e o b ac h te t. D ie speziellen 
N e rv e n fa se rn  e n th a lten  k leine  g esch ru m p fte  M ito ch o n d rien , osm iophile  K ö rp e rch en  u n d  g ra n u ­
lä re  V esik e l. A xosom atische S y n a p se n  w urd en  n u r  a n  d en  p e rip h eren  R ä n d e rn  d e r A rea  pos­
tre m a  fe s tg es te llt . E in ige flach e  E p en d y m ze llen  m it  b re iten  en d o p la sm atisch en  R e tik u lu m ­
z is te rn e n  e rin n e rn  an  die se k re to risc h en  Zellen.

УЛЬТРАСТРУКТУРА AREA POSTREMA У КРЫСЫ

Й. Ш П А Ц Е К  и П А Р И З Е К

При изучении ультраструктуры area postrema крысы было установлено, что не­
большие нервные клетки окружены астрсцитоидными клетками и их отростками. Цито­
плазма клеток невроглии содержит множество лизосом, большинство которых дает про­
дукт реакции со свинцовым методом Гомори для электронномикроскопического выявле­
ния кислой фосфатазы. Отростки глии образуют пластинчатые влагалища вокруг аксо- 
дендритных синапсов. В большинстве синапсов наблюдаются крупные зернистые пузырь­
ки. Специфические нервные волокна содержат небольшие, сморщенные митохондрии, 
осмиофильные тельца и зернистые пузырьки. Аксосоматические синапсы были обнару­
жены лишь в периферических частьях area postrema. Некоторые плоские эпендимальные 
клетки с широкими эндоплазматическими ретикулярными цистернами напоминают се­
креторные клетки.

M U D r  J o s e f  S p a c e r  D e p t ,  of H is to logy  a n d  E m b ry o lo g y ,  Charles Uni- 
M U D r  J .  P a r íz e k  v e rs i ty  School o f  Medicine, H rad ec  K rá lové ,  S im kova

870, Czechoslovakia
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F irs t  D e p a rtm en t of S u rgery  (D irec to r: P rof. P . R u b á n y i ) a n d  In s t i tu te  o f A n a to m y  
(D irec to r: P rof. J .  Sz e n t á g o t h a i), U n iv e rs ity  M edical School, B u d a p es t

EFFECT OF A SINGLE NEONATAL DOSE OF ACTH, 
TSH, STH, THYROXINE AND ALDOSTERONE 

ON SERUM HEPARIN AND TISSUE 
MUCOPOLYSACCHARIDES

K .  V A LLEN T and  M. P a LKOVITS 

(R eceived  A pril 10, 1968)

A single n e o n a ta l dose of ACTH decreased , and one o fT S H  increased , th e  serum  
h ep arin  level. A single n e o n a ta l dose of a ldosterone  in d u ced  a s ig n ifican t in crease  in 
th e  acid m u co p o lysaccharide  c o n te n ts  o f cartilage. P A S -p o sitiv ity  was e n h an ced  bv 
ACTH. T S H  a n d  th y ro x in e  slig h tly  increased  th e  a m o u n t o f m u co p o ly sacch arid es in 
cartilage. A single n eo n a ta l dose of ACTH an d  th y ro x in e  in ten sif ied  th e  PA S reac tio n  
in th e  th y m u s  w hereas T S H  an d  STH  had  no such effect.

T he endocrine  b a lan ce  in  n eo n a ta l age m ay  p lay  a role in d e te rm in in g  th e  am o u n t 
of m ucopo lysaccharides con ta in ed  in blood and  tissues.

N eonata l th y m e c to m y  (M i l l e r  1961, G o od  e t  al. 1962; F a c h e t  e t  al. 
1965) as well as n e o n a ta l  t r e a tm e n t  w ith  glucocorticoids (S c h l e s i n g e r  and 
M a r k  1964; F a c h e t  e t  al. 1966) are  know n to  cause p e rm a n e n t  in h ib i t io n  
o f  g row th  and  invo lu tion  of  th e  ly m p h a t ic  organs. I t  was d e m o n s t ra te d  earlier  
(V a l l e n t  et al. 1968) t h a t  a single n eo n a ta l  dose of cortisol p ro d u ced  a chronic  
decrease  in th e  se rum  an d  t issue  m ucopo lysaccharide  co n ten ts .  I t  was also 
show n ( F a c h e t  e t  al. 1966) t h a t  a single in jection  of  g lucocortico id  in to  n ew ­
b o rn  ra ts  delayed  th e  re jec tion  o f  hom ologous skin grafts .  Several a u th o rs  have  
p ro v e d  t h a t  im m u n e  reac tions  are  accom pan ied  by  an e leva tion  of  th e  m as t  
cell count ( W i n q v i s t  1960; K e l l e r  1966) and  of th e  b lood  an d  t issue m u co ­
polysaccharide  level (S o n n e t  1955; F e h é r  et al. 1966). I t  has  been suggested  
t h a t  th e  equ ilib rium  be tw een  th e  p i tu i ta ry -a d re n a l  an d  th e  th y m o - ly m p h a t ic  
sy s tem s is of a biological im p o r ta n c e  in th e  n eo n a ta l  per io d  ( F a c h e t  e t  al.
1967).

The p resen t  exp er im en ts  were designed to  s tu d y  in th e  r a t  th e  effect o f  
A C T H , T S H , S T H , th y ro x in e  and  a ldos te rone  on th e  se ru m  an d  tissue m u co ­
po lysaccharide  level.

M ateria l and  methods

S ix ty-one  n ew born  W is ta r  ra ts ,  w ith  bo d y  w eigh ts of 8 ± 2  g, w ere d iv id ed  in to  six  
g ro u p s  an d  su b jec ted  on th e  f irs t d a y  o f life to  th e  follow ing in tra p e r ito n e a l t r e a tm e n ts ’.

1. ACTH 0.2 I.U . (O rganon  OSS)
2. T S H , lyoph ilised  0.2 I .U . (C alb iochem , Los Angeles, Calif.)
3. STH , lyoph ilised  1.0 m g (C alb iochem , Los Angeles, Calif.)
4. A ldosterone 20 /tg  (С Ш А , B asel)
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5. T h y ro x in e  2.U //g  (H o ffm an n -L a  H oche, B asel)
6. C ontro l an im als  0 .9 %  physio log ica l sa line  so lu tio n , 0.1 ml.
T he ra ts  w ere d e c a p ita te d  on  th e  2 8 th  d ay  o f life. T h e  blood h e p a rin  level was d e te r ­

m in ed  in  0.1 ml of fresh  se ru m  on th e  ev idence of th e  th ro m b in - in a c tiv a tio n  tim e(G eren d ás 1946) 
b y  a m eth o d  described e a r lie r  (V a lien t e t al. 1966). T h e  th y m u s , sp leen  a n d  su p ra ren a l g land 
w ere  w eighed on a to rs io n  b a la n ce . F o r  h isto log ical e x am in a tio n  th e  th y m u s , spleen, liver, 
sk in , a n d  xyp h o id  process w ere  f ix ed  in  n e u tra l  fo rm alin  fo r tw o d ay s , em bedded  in  pa raffin  
a n d  6 p  sections w ere s ta in e d  w ith  h aem ato x y lin -eo sin  a n d  com bined  P A S -a lc ian  blue. A lcian 
b lu e  s ta in in g  for 30 m in. w as fo llow ed  b y  period ic  acid  t re a tm e n t  fo r  5 m in ., th en  PA S re ac ­
tio n  fo r 10 to  20 m in ., t r e a tm e n t  w ith  m etab isu lp h id e  a n d  3 m in. c o n tra s tin g  w ith  h aem alaun . 
B lood  sm ears w ere s ta in e d  acco rd in g  to  M ay -G rü n w ald -G iem sa .

Results

A single n e o n a ta l  dose o f  A C TH  red u ced  (p 0.01), while T S H  elev a ted  
(p <  0.01) th e  b lood h e p a r in  level. STH  a n d  th y ro x in e  h a d  no  effect on serum  
h e p a r in ,  tvhile a ldos te rone  s ligh tly  ra ised  its level (Table  I).

Table I

Effect o f  a single neonatal dose o f  A C T H , T S H , S T H , thyroxine and  aldosterone 
on the serum  heparin level, 28  days after treatm ent

Groups
Number of 

animals
Serum heparin, 

ftj/ml Significance

I. NaCl, 0 .9% 15 1 5 .3 ± 0 .4

I I .  ACTH, 0.5 I .U . 10 13.7 A O .3 p <  0.01

I I I .  T SH , 0.2 I .U . 10 17.1 ± 0 .2 p <  0.01 ( I — II I )

IV. STH , 1.0 m g 8 1 6 .4 ± 0 .3

У. T hyroxine 2 fig 10 15.0 ± 0 .4

VI. A ldosterone 20 p g 8 1 6 .2 ± 0 .3 p >  0.10 ( I—V I)

A single n e o n a ta l  in jec t ion  of  a ldos te rone  increased  th e  a m o u n t  of  acid 
m ucopo lysaccharides  in  t h e  carti lag inous tissue . A C TH  in tens if ied  th e  PAS 
re ac t io n ,  a p h en o m en o n  in d ica t iv e  of increased  n e u tra l  m ucopo lysaccharide  
co n ten ts .  T S H  an d  th y r o x in e  increased th e  p o s i t iv i ty  o f  th e  PA S and alcian 
b lue  reactions (Fig. 1).

The th y m u s  b e c a m e  s l igh tly  more P A S  positive  a f te r  A C T H  and th y ro x in e  
ad m in is t ra t io n .  T h y ro x in e  p roduced  a loosening of th e  th y m ic  m edulla  and 
a re la t ive  reduc tion  in  th e  n u m b e r  of th y m o c y te s  (Fig. 2).

E x am in a t io n  a t  28 d a y s  revealed no effect of S T H  on th e  m ucopoly­
saccharide  co n ten ts  o f  car t i lage . U nder  th e  given ex p e r im en ta l  conditions 
n e i th e r  STH nor T S H  h a d  a n y  effect on th e  m ucopo lysaccharides  of th e  t h y ­
m u s .  No significant changes  were reg is te red  in spleen, th y m u s  and adrenal 
w e igh t ,  nor in th e  q u a l i t a t iv e  blood p ic tu re .

A cta  M orphologica A cadem iae  S c ie n tia ru m  H ungaricae 17, 1969





F ig . 1. E f fe c t  o f a single n e o n a ta l dose  of a ld o ste ro n e , T S H , A C TH , th y ro x in e  a n d  STH  on 
th e  m u co p o ly sacch arid e  c o n te n t o f cartilag e . (C om bined PA S—alc ian  b lue  s ta in in g , X 340.) 

A  =  N aC l 0 .9% ; В =  a ld o s te ro n e ; C =  T S H ; D =  A C TH ; E  =  th y ro x in e ; F  == STH



F ig . 2. E ffect o f a single n eo n a ta l dose of T S H , th y ro x in e  an d  ACTH on th e  m ucopo lysaccharide  c o n ten t 
o f th y m u s . (C om bined P A S -a lc ian  blue sta in in g , X 340.) A =  NaCl 0 .9 % ; В — T S H ; C =  th y ro x in e : D =  ACTH
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Discussion

A single n e o n a ta l  dose o f  cortisol was show n b y  S c h l e s i n g e r  a n d  Ma r k  
(1964) to  induce fa ta l  cachex ia  in mice and  b y  F a c h e t  e t  al. (1966) to  cause p e r ­
m a n e n t  involu tion  of  th e  th y m o - ly m p h a t ic  a p p a r a tu s  in th e  ra t .  N um erous 
sy m p to m s  of these  cond itions  resem ble those seen in th e  “ w as ting -syndrom e”  
following neo n a ta l  th y m e c to m y .  S c h a p ir o  (1965) o b se rved  sim ilar  p henom ena  
a f te r  rep ea ted  doses o f  g lucocortico id  given in t h e  ear ly  days of  life, while 
in ad u l t  an im als  g lucocorticoid  was found  to  ind u ce  b u t  a te m p o ra ry  (1 to  
5 days) invo lu tion  of  th e  ly m p h a t ic  organs ( D o u g h e r t y  and W h i t e  1943).

T he  questions of m ucopo lysaccharide  m e tab o l ism  an d  regu la t ion  are 
being  d e b a ted  bu t  it s ta n d s  clear from  K r o m p e c h e r ’s in v es t iga t ions  (1960) 
t h a t  h ypox ia  has a s ign if ican t  role in the ir  reg u la t io n ,  while severa l au th o rs  
(M o n k h o u s e  1956; D a v i d s o n  1964; L o r e n z e n  a n d  Z a c h a r ia e  1966; V a l l e n t  
et al. 1966) a t t r ib u te  significance in th is  respect also to  endocrine  functions. 
Still o th e r  au th o rs  em phasize  th e  im por tance  o f  f ib ro b la s t  in th is  connec­
tion ( B e r n s o n  and D a l f e r e s e  1960; K e n n e d y  1960).

In  co n tra s t  to  g lucocorticoids, th e  o th e r  h o rm ones  em ployed  in the  
p resen t  experim en ts  failed to  induce  any s ign if ican t  change in th e  w eight of 
the  an im als  and th e  e x am in ed  organs, whereas changes  in th e  b lood and  tissue 
m ucopo lysaccharide  co n ten ts  induced  by  ACTH, T S H ,  a n d  a ldos te rone  were 
still d em o n s trab le  a f te r  28 days .  Several au th o rs  o b se rved  th y m o - ly m p h a t ic  
hyperp las ia  and  an e leva tion  o f  th e  blood a n d  t issue  acid  m ucopo lysaccharide  
level (G y l l e n s t e n  1953; F a c h e t  et al. 1964; J ó z s a  e t  al. 1964; V a l l e n t  
et al. 1966) following t r e a tm e n t  w ith  T S I l  and  th y ro x in e .  I t  was shown th a t  
th e  th y m u s  con ta ined  an  excessive n u m b e r  of m a s t  cells ( F r e e m a n  e t  al. 1956; 
A r n e s e n - K r is t e n  1958), m u ch  PA S positive m a t t e r  ( A r n e s e n - K r is t e n  
1958) a n d  heparin  (C h a r l e s  a n d  S c ott  1933).

A single n e o n a ta l  dose o f  th y ro x in e  increased  th e  PA S positive  con ten ts  
(d th e  th y m u s  in th e  p resen t  experim en ts ,  i t  is n o te w o r th y  t h a t  th is  p h e n o m ­
enon occurred  also a f te r  th e  ad m in is t ra t io n  o f  A C T H . The ques t ion  th u s  
arises w h y  ACTH did n o t  h av e  an  effect like t h a t  o f  th e  glucocorticoids a lthough 
it  is k n o w n  to mobilize the  g lucocorticoids. I t  is likewise know n t h a t  th e  su p ra ­
renal g land  of new b o rn  an im als  responds v igorously  to  A CTH (M it r o  and 
P a l k o v it s  1967). T he  p re su m ab le  exp lana tion  is t h a t  th e  a m o u n t  of  gluco­
corticoids mobilized b y  A C T H  is less th a n  th a t  em p lo y ed  by  F a c h e t  et al. 
(1966) an d  S c h l e s i n g e r  a n d  M a r k  (1964) or else endogenous  a n d  exogenous 
g lucocorticoids m a y  ac t  in a d ifferen t way on th e  th y m o - ly m p h a t ic  system 
and th e  m ucopo lysaccharides  in blood and tissues.

T h e  biological s ignificance of  the  n eo n a ta l  per iod  is con firm ed  by  the 
lac t  t h a t  in adult an im als  th e  sam e com pounds fail to  induce  s im ilar  changes 
(V a l l e n t  1967). T he  p resen t observa tions  ju s t i fy  th e  conclusion t h a t  a well-
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b a la n c e d  function ing  o f  th e  endocrine  glands d u r ing  the  n e o n a ta l  period may 
p la y  a ro le  in de te rm in ing  th e  a m o u n t  of m ucopo lysaccharide  in b lood  an d  tissues.
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D IE  W IR K U N G  E IN M A L IG E R  V E R A B R E IC H U N G  V O N  ACTH, T S H , ST H , 
T H Y R O X IN  O D E R  A L D O ST E R O N  IM N E U G E B O R E N E N A L T E R  

A U F  D E N  S E R U M H E P A R IN S P IE G E L  U N D  D E N  M U K O P O L Y S A C C H A R ID E N G E H A L T
IN  D E N  G E W E B E N

K. VALLENT und M. PALKOVTTS

E inm alige  A C T H -In jek tio n  im  N eu g eb o ren en alter b e w irk t d ie H e rab se tzu n g , TSH - 
In je k tio n  jed o ch  den A n stieg  des S erum heparinsp iegels. A ld o ste ro n -, STH - oder T h y ro x in g ab e  
h a tte  keinen  s ig n ifik an ten  E in flu ß  a u f  den  Serum heparinsp iege l (28 T age nach  de r In jek tio n ).

In  de r G ru n d su b stan z  des K norpelgew ebes fü h r t  im  N eu g eb o ren en a lte r  e inm alige  
A ld o ste ro n ad m in is tra tio n  e inen  e rheb lichen  A nstieg des sa u ren  M u k o p o ly sacch arid en g eh alts  
h e rbei. N ach  A C T H -Z ufuhr e rh ö h te  sich d ie P A S -P o sitiv itä t, d ie  a u f  e inen n e u tra le n  M ukopo ly ­
sacch arid en g eh a lt h inw eist. T S H -o d e r T h y ro x in zu fu h r b e w irk te  e inen  m äßigen  A n stieg  im 
M u k o p o lysaccharidengehalt des K norpelgew ebes.

Im  N eu g eb o ren en alte r b ew irk t e inm alige ACTH- oder T h y ro x in -In je k tio n  d ie  E rh ö h u n g  
d e r P A S -P o sitiv itä t de r T h y m u sd rü se , w äh ren d  T SH  oder ST H  — 28 T age nach  de r A d m in is tra ­
tio n  — keinen  E in flu ß  a u f  den  M u k o p o lysaccharidengehalt a u sü b te n .

Im  N eu g eb o ren en alte r d ü rf te  d e r ausgeglichenen F u n k tio n  d e r  en d okrinen  D rü sen  eine 
R olle  in d e rG es ta ltu n g  des M u k o po lysaccharidengehaltes de r G ew ebe u n d  des B lu tes zukom m en.

ДЕЙСТВИЕ ОДНОКРАТНОГО ВВЕДЕНИЯ АКТГ, ТТГ, СТГ, ТИРОКСИНА 
ИЛИ АЛЬДОСТЕРОНА В ПЕРИОД НОВОРОЖДЕННОСТИ НА СОДЕРЖАНИЕ 

ГЕПАРИНА В СЫВОРОТКЕ И МУКОНОЛИСАХАРИДОВ В ТКАНЯХ

К. ВАЛЛЕНТ и М. ПАЛКОВИЧ

Однократная инъекция АКТГ, введенная в период новорожденности, понижает 
содержание гепарина в сыворотке, а инъекция ТТГ повышает его. Через 28 дней после 
введения альдостерона, СТГ или тироксина не наблюдается достоверного изменения 
содержания сывороточного гепарина.

Однократная инъекция альдостерона в период новорожденности в существенной 
мере повышает содержание кислых мукополисахаридов в основном веществе хрящевой 
ткани. После введения АКТГ повышается ПАСК-положительность, указывающая на 
нейтральное содержание мукополисахаридов. Введение ТТГ или тироксина вызывает 
умеренное повышение содержания мукополисахаридов в хрящевой ткани.

Однократное введение АКТГ или тироксина новорожденным повышает ПАСК- 
положительность зобной железы, в то время как через 28 дней после введения ТТГ или 
СТГ нельзя выявить изменения содержания мукополисахаридов.

В период новорожденности уравновешенная функция внутрисекреторных желез, по- 
видимому, играет роль в отношении содержания мукополисахаридов в крови и в тканях.

Dr. Károly Valleist, Budapest  
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ADENOSINE TRIPHOSPHATASE ACTIVITY 
IN THE INITIAL PHASE OF FRACTURE HEALING

A H IS T O C H E M IC A L  STUD Y ON RATS*

J .  R a e k a l l i o  and  M . K o v á c s

(R eceived  May 14, 1968)

A denosine tr ip h o sp h a ta se  (A T Pase) a c tiv ity  w as in v es tig a te d  h isto ch em ically  
in th e  healing ex p e rim e n ta l frac tu re s  o f ra ts . T he an im als  w ere sacrificed  1, 2, 4, 8, 10, 12 
an d  16 h ours, and  1, 2, and  3 d ay s a fte r f ra c tu r in g  th e  r ig h t tib ia . In  a  p e rip h eral 
zone s itu a te d  a t  a d is tan ce  of 200 -5 0 0  // and  f a r th e r  aw ay  from  th e  fra c tu re  line, 
A T Pase a c tiv ity  began  to  increase  10 h o u rs s f te r  in ju ry  in  th e  o steo b la sts  a n d  osteogenic 
cells o f the  perio s teu m . P ro life ra tio n  of these cells a f te r  16 hours fu r th e r  enhanced  
A T Pase a c tiv ity  w hich  th en  p e rsis ted  th ro u g h o u t th e  e x p erim en ta l p e rio d . Sim ilar 
phenom ena were no ticed  in th e  endosteum .

Since th e  desc r ip t ion  b y  G o m o k i  of th e  h is tochem ica l  d e m o n s t ra t io n  of 
a lka line  ph o sp h a ta se  considerab le  w ork  has been  re p o r te d  in reference  to  the  
a c t iv i ty  of  th is  enzym e in la te r  phases  of f rac tu re  r e p a i r  [3]. T here  are ,  however, 
few  re p o r ts  on th e  ap p ea ran ce  o f  adenosine t r ip h o s p h a ta s e  (ATPase) in  healing 
f ra c tu re s .  F u r th e r ,  th e  v iew  still p revails  t h a t  an  in e r t  la te n t  pe r iod  occurs up 
to  th e  second or th i rd  d a y  a f te r  f rac tu r in g  [2, 5]. T h is  seems to  he d u e  to  lack of 
inves t iga t ions  in to  th e  earlies t  phase  of  healing. On th e  o the r  h an d ,  th e  ac t iv i ty  
o f  severa l enzymes, inc lud ing  A T P ase ,  has been h is tochem ica lly  d e m o n s t ra te d  
to  increase  during  th e  v e ry  f irs t  p os topera t ive  hou rs  in healing sk in  w ounds 
[7, 8, 9, 10, 11]. To s tu d y  th e  ap p ea ran ce  of A T Pase  in th e  initial p h ase  of f rac­
tu r e  healing, an  ex p e r im en ta l  investiga tion  v a s  m ade , d e m o n s t r a t in g  the  
enzym e h istochem ically .

M aterial and methods

4 -m onth -o ld  albino ra ts  o f b o th  sexes were used . In  e th e r  an aesth es ia  th e  r ig h t tibia  
of each  an im al was frac tu red  in th e  m id -d iap h y seal region by d ig ita l p ressure . G roups of th ree  
ra ts  w ere killed 1, 2, 4, 8, 10, 12 an d  16 h ours, and 1, 2 an d  3 d ay s a f te r  f ra c tu r in g .

T h e  frac tu red  tib ia s  w ere rem oved  im m edia te ly  a f te r  sacrificing , and  m o st o f the 
so ft tissu es were d issected  aw ay  from  th e  hones. T he u n fix ed  tib ia s  were d em in era lized  for 
48 ho u rs  in  10%  disod ium  e th y le n e d ia m in e te tra a c e ta te  (E D T A ) in 0.1 M p h o sp h a te  buffer 
p H  7.2 [15]. T he ED TA  so lu tio n  w ith  th e  frac tu red  bone w as k e p t  a t + 4  °C, slow ly  c ircu la ted  
b y  a m ag n e tic  s tir re r  and  changed  ev ery  24 hours.

T h e  dem ineralized  tib ia s  w ere frozen  on a block of d ry  ice, a tta c h e d  to a ch u ck  and 
c u t  a t  16 fi in  a c ry o s ta t. T he frozen sec tions were p laced on a lb u m in ized  slides, k e p t  a t  room  
te m p e ra tu re , o rien ted , th aw ed , d ried  in  a cool air s tream , an d  fixed  for 10 m in u te s  in  cold

* T his work was su p p o rte d  by g ra n ts  from  the  S igrid  Ju sé liu s  F o u n d a tio n  a n d  from  
th e  F in n ish  M edical Council.
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(— 2 °C  to  — 3 °C) 10%  fo rm alin , b u ffe re d  w ith  sodium  a c e ta te  a n d  a d ju s te d  to  p H  7.2. The 
se c tio n s  w ere washed an d  in c u b a te d  fo r 30 m inu tes a t  -("37 °C in  th e  le a d — A T P  m edium  
o f W a c h s t e i n  and Me i s e l  [6]. A f te r  w ashing, th e  sec tio n s w ere tre a te d  w ith  1 %  yellow 
a m m o n iu m  sulphide for th re e  m in u te s , rew ashed, a n d  m o u n te d  in  g lycerine  je lly . Control 
se c tio n s  w ere incu b a ted  w ith o u t  th e  su b s tra te . In  a d d itio n , a lte rn a te  sec tions w ere s ta ined  
b y  th e  v a n  Gieson tech n iq u e  fo r  h is to lo g ic  s tudy .

Results

T h e  sites of A T P a se  a c t iv i ty  s ta ined  b row nish -b lack .  In  th e  u n in ju red  
h o n e  ( fa r  from the  f ra c tu re  end)  th e  cy top lasm  of t h e  osteoblasts  a n d  osteoclasts 
d e m o n s t r a te d  various degrees  o f  in tracellu lar  a c t iv i ty .  T he  vessel walls s ta ined 
in te n s iv e ly .  The os teocy tes  show ed  no ac t iv i ty .

F ig . 1. A T Pase a c tiv ity  in  a  10 -h o u r frac tu re . The f i r s t  signs o f increase  in  enzym e a c tiv ity  
a re  n o tic e d  in  th e  p e riosteal cells ( X 150)

A t one to e igh t h o u rs  a f te r  the  in ju ry  th e  f ra c tu re  defect was filled and 
s u r ro u n d e d  by e x t r a v a s a te d  b lood  and  in f la m m a to ry  ex u d a te .  N u m ero u s  po­
ly m o rp h o n u c lea r  leucocy tes  w ith  ATPase ac t iv e  cy top lasm  a p p e a re d  in the  
e x u d a t e  after four hou rs .

A t  ten  hours t h e  f i r s t  signs of increase in  A T P ase  ac t iv i ty  were no ticed  in 
t h e  osteoblasts  and  u n d i f fe re n t ia te d  osteogenic cells of th e  p e r io s teu m  (Fig. 1).
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F is . 3. ATPase a c t iv i ty  in a 16-hour frac ture .  Initia l  p ro l ife ra t ive  response c o n tr ib u te s  to 
the  in tensif ica tion  of enzyme a c t iv i ty  ( x l 7 0 )

Irta Morphologien A  cadent iar Scientinrum  Hungaricae 17, 1969

Fig. 2. In tens if ied  A T P a se  a c t iv i ty  of  periosteal cells in a 12-hour f rac tu re  ( X 150)
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Fig. 4. In te n se  A TPase a c t iv ity  in  p ro life ra tin g  perio s tea l cells and in  vessel w alls. 24-hour
f ra c tu re  ( x 3 6 0 )

A T P a s e  ac t iv i ty  of these  cells a n d  o f osteoclasts  increased f i r s t  in  a peripheral 
zone  s i tu a te d  200— 500 /.i a n d  fa r th e r  a w a y  from th e  f ra c tu re  line. B e tw een  10 
a n d  12 hou rs  the  A T P ase  a c t iv i ty  of  th e  m en tio n ed  periosteal cells b ecam e  more 
in te n s iv e  (Fig. 2), b u t  no  cell p ro life ra t ion  could then  be no ticed . A t  16 hours 
(F ig .  3) a n d  su b sequen tly  a n  in i t ia l  p ro life ra t ive  response was seen in  th e  peri­
o s te u m .  This occurred  in  th e  sam e p e r ip h era l  zone which h a d  show ed  th e  first 
in c rea se  in  enzyme a c t iv i ty  a t  ten  hours .  T he  pro liferation  b ecam e  m ore  evident 
a t  24 h o u rs  and  d u r ing  th e  second a n d  th i r d  d a y  af te r  th e  t r a u m a .  T he  prolif­
e r a t in g  periosteal cells show ed  an  in ten se  A TPase  a c t iv i ty  (Figs 4 and  5). 
S im i la r  phenom ena  were no t iced  also in th e  endosteum .

Discussion

F a r  from being in e r t ,  t h e  earliest d ay s  and  even hours  of f r a c tu re  healing 
a re  ch a rac te r ized  b y  inc reas in g  A T P ase  a c t iv i ty ,  located  in  th e  p e r ip h e ra l  zone 
o f  p e r io s te u m  and e n d o s te u m . T he  in it ia l  increase in enzym e a c t iv i ty  occurs in
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Fig. 5. P ro life ra tin g  p e rio s teu m  w ith  in tense  A TPase a c t iv ity  in  a 48-hour frac tu re  ( x l 5 0 )

the  osteob las ts  and  osteogenic cells a t  ten  hours .  P ro life ra tion  of  these cells 
a f te r  16 hours  fu r th e r  increases th e  ATPase a c t iv i ty  observed  there . B y  using 
t r i t ia te d  th y m id in e ,  th e  initial proliferative response  to  f rac tu re  has been seen 
a t  th e  sam e t im e  [16].

The f irs t  reac tion  to f rac tu re  is essentially  a s terile  in flam m ation  which is 
the  consequence  of  t r a u m a  and  haem orrhage. A ccord ing  to  S e n d a  [14] bo th  
the  m obil i ty  and th e  phagocy tic  function of leucocy tes  are  re la ted  to  A T Pase  
d ep en d en t  b iochem ical reactions. This m ay  exp la in  th e  in tense  ATPase a c t iv i ty  
of th e  in vad ing  cells.

Also in th e  local periosteal cells there  is a v e ry  ea r ly  enzym atic  response  
to in ju ry , d e m o n s tra b le  a f te r  10 hours b y  using  th e  h is tochem ical m e th o d  for 
ATPase. This  enzym e m a y  p lay  a role in co n v e r t in g  th e  preosseous m a t r ix  to  
calcifiable m a tr ix ,  p rov id ing  a source of energy [3]. In  add it ion , ATPase a c t iv ­
i ty  has been  found  a t  th e  sites of vigorous f ib re  fo rm ation  [4]. The high 
a m o u n ts  o f  adenosine  t r ip h o sp h a te  and A TPase  are  re la ted  to the  calcifying 
m echanism , b y  p ro v id ing  read ily  renewable  o rganic  p h o s p h a te  [1]. A TPase  and 
its su b s t ra te  m ay  fu r th e r  p lay  an im p o r ta n t  role also in th e  m em brane  p h e n o m ­
ena in rap id ly  grow ing tissues, being responsible  for m o v em en t  of p h o sp h a te  
ions across cellu lar m em b ran es  against co n cen tra t io n  g rad ien ts  [17]. W h a te v e r
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th e  m o s t  decisive func tion  of A T P ase  in  v ivo , th e  increase in th e  a c t iv i ty  of 
A T P a se  a n d  o th e r  hydro lases  [12,13] p r o b a b ly  represen ts  one of  th e  f i r s t  s teps  in 
th e  r e p a i r  process, s ta r t in g  ea r ly  in  th e  so-called la te n t  period of f r a c tu re  healing-
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A D E N O S IN T R IP llO S P H A T A S E A K T IV IT Ä T  IN  D E R  IN IT IA L P H A S E  
D E R  B R U C H H E IL U N G  B E I R A T T E N

J. RAEKALLIO und M. KOVÁCS

R a t t e n  w urden  1, 2, 4, 8, 10, 12 u n d  16 S tu n d e n  sowie 1, 2 u n d  3 T age n a ch  F ra k tu r ie ru n g  
d e r r e c h te n  T ib ia  g e tö te t u n d  d ie A T Pase in d en  S c h n itte n  w urde h istochem isc  h u n te rsu c h t. In 
e in e r p e r ip h e re n  Zone, 200— 500 fl u n d  m eh r e n tfe rn t  von  de r F ra k tu r lin ie , s e tz te  10 S tu n d en  
n a ch  d e r  F ra k tu r ie ru n g  de r A nstieg  d e r  A T P a se -A k tiv itä t  in den O steo b las ten  u n d  osteogeneti- 
schen  Z e llen  de r K n o ch en h au t ein . N a ch  16 S tu n d e n  r ie f  die P ro life ra tio n  d ieser Z ellen  einen 
w e ite ren  A n s tieg  der A T P a se -A k tiv itä t  h e rv o r, d ie  d an n  w ährend  d e r g e sa m ten  B eob­
a c h tu n g s z e i t  in ten siv  blieb . Ä hnliche E rsc h e in u n g en  w u rd en  auch  am  E n d o s te u m  b e o b ach te t.

АКТИВНОСТЬ АДЕНОЗИНТРИФОСФАТАЗЫ В НАЧАЛЬНОЙ ФАЗЕ 
ЗАЖИВЛЕНИЯ ПЕРЕЛОМОВ КОСТЕЙ. -  ГИСТОХИМИЧЕСКИЕ ИССЛЕДОВАНИЯ

У  КРЫС
Й. РАЕКАЛЛИО и М. КОВАЧ

Активность аденозинтрифосфатазы (АТФазы) была изучена гистохимическим 
методом исследования в связи с заживлением экспериментально вызванных костных 
пореломов у крыс. Животных убивали через 1, 2, 4, 8, 10, 12 и 16 часов и 1, 2, и 3 дня 
после создания перелома правой большеберцовой кости. В периферической зоне, находя­
щейся на расстоянии 200—500 ц и еще дальше от линии перелома, активность АТФазы 
начинает повышаться через 10 часов после трамирования, в остесбластях и костеобразо­
вательных клетках надкостницы. По истечении 16 часов пролиферация этих клеток еще 
более повышает активность АТФазы, которая в течение всего экспериментального срока 
оказывается очень интенсивной. Подобные явления отмечаются и во внутреннем покрове 
костномозговых полостей (эндостеуме).

Dr. J .  R a e k a l l i o , D e p a r tm e n t  of Fo rens ic  Medicine,
U n iv e rs i ty  of T u rk u ,  T u rk u  3, F inland

D r. M a rg i t  K o v á c s , L a b o ra to ry  of  Fo rens ic  Medicine,
B u d a p e s t  V I I I . ,  M osonyi u. 9, H u n g a ry
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In s t i tu te  o f P a th o lo g y , U n iv e rsity  M edical School, D ebrecen

SPECIFIC STAINING
AND EXACT QUANTITATIVE EVALUATION 

OF THE GRANULATION 
IN THE JUXTAGLOMERULAR CELLS

P. E n d e s , S z . G o m b a  an d  I .  D é v é n y i  

(R eceived May 27, 1968)

A co m b in ed  trich ro m e sta in in g  m eth o d  fo r th e  d em o n s tra tio n  of th e  ju x ta g lo ­
m eru lar cells is described . The m ethod  is a  c o m b in a tio n  of M allory’s p h o sp h o tu n g stic  
acid h a e m a to x y lin  an d  H e id en h a in ’s azan  s ta in in g . T he com bined  trich ro m e  m eth o d  
gives good re su lts  also on th e  a rte rio la r  g ra n u la te d  cells of th e  k id n ey s o f d iffe ren t k inds 
of fish a f te r  a perio d ic  and  chrom ic acid p re tre a tm e n t.  B esides, i t  is exce llen t also for 
general h is to lo g ica l purposes. T he elective s ta in in g  of th e  JG C  g ran u les  is caused  by 
th e  p h o sp h o tu n g s tic  acid  h a em ato x y lin ; th e  m echan ism  of th is  e ffec t is d iscussed . 
A uthors give d e ta iled  descrip tion  of th e  precise  d e te rm in a tio n  of th e  ju x ta g lo m e ru la r  
index.

A few yea rs  ago we developed a new co m bined  tr ich rom e  s ta in  for d e m ­
o n s tra t in g  th e  h y a l in  and  f ib rino id  deposits  in th e  a r te r io la r  walls ( E n d e s  

1954). The p ro ced u re ,  a co m bina tion  of M allo ry ’s ph o sp h o tu n g s t ic  acid h a e m a ­
to x y l in  (PT A H ) a n d  H e id en h a in ’s azan m e th o d s ,  p ro v ed  to  be exce llen tly  s u i t ­
able  for th e  e lec t ive  s ta in ing  of th e  granules  o f  epitheloid sm ooth-m usc le  cells 
in th e  p reg lo m eru la r  arterioles.

F or  d e m o n s t ra t in g  th e  granules, B o w i e ’s  s ta in ing  ( B o w i e  1925) is u sua lly  
app lied , b u t  its  spec if ic i ty  has been d o u b te d  ( B ia v a  and M i c h e l  1966) because  
i t  s ta ins  also th e  non-specific  lipofuscin g ranu les  of th e  a r te r io la r  sm ooth- 
muscle  cells. This  has  m ade  us to  describe o u r  tr ich ro m e  sta in ing  for th e  dem - 
o n s tra t io n  of ju x ta g lo m e ru la r  cell (JGC) g ran u la t io n ,  th e  p rocedure  being 
m ore specific t h a n  B ow ie’s m ethod  and devoid  of  th e  d isad v an tag e  of  th e  la t te r .  
In add it ion  we descr ibe  the  m e thod  for e s t im a t in g  the  JG C  index  because  we 
feel a w a n t  of its  de ta i led  and exact su rvey  in th e  l i te ra tu re .

Method and results

Combined trichrom e sta in ing . 1. F ix a tio n  in 10%  form ol, em bedding  in p a ra ffin , th in  
sections.

2. E x tra c tio n  o f  p a ra ffin  in xy lo l, alcohol, d is tilled  w ater.
3. D e p a ra ffin a ted  sections rem ain  o v e rn ig h t in  1%  HC1, in 80%  e th an o l so lu tio n , 

th en  are  w ashed th o ro u g h ly  in tap  w ater, th en  in a
4. 0 .1%  so lu tio n  o f an iline  oil in 96%  alcohol, fo r 2 — 3 m inutes.
5. R inse in 9 6 %  alcohol and  su b seq u en tly  tw ice in d istilled  w ater.
6. S ta in  w ith  A zocarm ine  for 2 — 3 m inu tes. (T he  so lu tion  is p rep ared  by  d isso lv ing

0.1 g o f A zocarm ine G in  100 ml d istilled  w a ter, b rin g in g  to  th e  boil, cooling, f ilte r in g  and  
add in g  1 ml of c o n c e n tra te d  acetic  acid.)
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7. R in se  in  distilled  w ater.
8. D iffe ren tia te  in  th e  0 .1 %  an iline  oil so lu tio n  in alcohol.
9. R in se  in  1%  ace tic  acid  so lu tio n  in  a lcohol fo r 1 m in u te .

10. R in se  tw ice in  d is tilled  w a te r .
11. S ta in  in  a so lu tion  o f c ry s ta llin e  p h o sp h o tu n g stic  acid , 20 g; h aem a to x y lin , 1 g, 

d is tilled  w a te r , 1000 m l; for 3 — 6 h o u rs . (F o r r ip en in g  o f th e  p h o sp h o tu n g stic  acid h a e m a to x y ­
lin , a d d  0.177 m g K M N 0 4.) I t  is im p o r ta n t  t h a t  th e  PT A H  so lu tio n  be a t  least 3 m o n th s  
old a n d  n o t  o ld er th a n  9 m o n th s .

12. R in se  in  96%  alcohol.
13. S ta in  in  aniline b lue  o ra n g e  G so lu tio n  fo r 10— 15 m in u tes . (A niline b lue  0.5 g; 

o ran g e  G , 2.0 g; glacial acetic  ac id , 8 m l; d istilled  w a te r , 100 ml. T he so lu tion  is bo iled , cooled. 
B efore use  i t  is filte red  an d  d ilu te d  1 : 7 w ith  d is tilled  w a te r.)

14. R in se  and  d iffe re n tia te  fo r 3 m in u te s  in  9 6 %  alcohol, changed  twice.
15. A cetone , xylo l, m o u n tin g  in  C anada  b a lsam .
(T he  s ta in in g  tim es m en tio n ed  ap p ly  to  w ork  w ith  dyes used  by  u s; th ey  m ig h t need 

m o d if ic a tio n  w ith  th e  use o f dyes fro m  o th e r  sources.)

T h e  new ly  deposited , l ip id-rich  hya lin  m a te r ia l  in  th e  v ascu la r  wall gives 
a r e d d ish ,  while the  old, co llagenous hy a l in  gives a b lue  and  th e  f ib rino id  a d a rk  
b lu e -v io le t  s taining. T he  h e a v i ly  g ra n u la te d  cells of th e  preg lom eru la r  a r terio les  
c a tc h  o n e ’s eye, b u t  th e  cells c o n ta in in g  on ly  1— 2 granules  are  also recognized 
b y  th e i r  localization  in th e  m ed ia  of th e  arterio les, th e i r  ap p ro x im a te ly  iden tica l  
size, th e i r  spheroidal shape  a n d  th e i r  v io le t  colour. T he  granules of m a s t  cells 
h a v e  a s im ila r  t in t  b u t  are easily  d iffe ren tia ted  on th e  basis o f  th e ir  localiza tion  
a n d  m orpho log ica l ch a rac te r is t ic s .

B i a w a  and  M i c h e l  (1966) h ave  called a t te n t io n  to  th e  non-specific  lipo- 
fusc in -like  granules which  a f te r  t r e a tm e n t  w i th  Bow ie’s m e th o d  s ta in  s im ilarly  
as t h e  JG C  granules. W i th  o u r  t r ich ro m e  s ta in in g  th e  non-specific g ranu les  
d isp la y  a v e ry  fa in t  grey  colour, w hich  can  be  d iffe ren tia ted  w ith  ab so lu te  cer­
t a i n t y  f ro m  th e  violet specific granules . T h e  non-specific  granules v a ry  in size, 
h a v e  ir reg u la r  borders and  th e  b es t  m e th o d  for the ir  light-m icroscopical v isua li­
za t io n  is M o v a t’s s i lv e r-m e th en am in e  s ta in ing . The t r ich rom e  s ta in ing  allows 
to  a v o id  a n y  false high J G  in d e x ,  because  i t  e l im inates  th e  possib ility  o f  es t i­
m a t in g  th e  non-specific g ran u la t io n .  This  is ra re  in th e  k idneys of  r a t s  and  
m ice , b u t  f requen t  in h u m a n  k idneys , especially  in older p a t ie n ts  w i th  h y p e r ­
te n s io n .  Perfo rm ing  th e  th re e  g ran u le -s ta in in g  m e th o d s  s im u ltaneously  on  con­
se cu t iv e  sections offers a good com parison  of th e ir  d ifferen t s ta in ing  effects.

O u r  tr ich rom e m e th o d  ensu red  good resu lts  on k idneys of m a n y  species 
in c lu d in g  h u m an , r a t ,  m ouse , dog, ca t ,  pig, c a t t le ,  horse , b a t ,  and even  guinea 
p ig  k id n e y s  a l though using B ow ie’s m e th o d  th e  guinea pig k idney  was rep o r ted  
to  be  devo id  of J G  g ra n u la t io n  (Figs 1 to  3).

R e su lts  w ith  th e  tr ic h ro m e  s ta in  w ere, how ever, n o t sa tis fac to ry  in  th e  k id n ey s of 
sea- a n d  fresh -w ate r fishes. B o h l e  an d  W alvig  (1964) succeeded in d em o n s tra tin g  g ra n u la te d  
cells in  th e  k idneys of sea-fishes w ith  a PA S— alc ian  b lue  m eth o d  an d  in  th e  k idneys o f te leo sts 
w i th  M o v a t’s silver-m eth en am in e  (M ovat 1961). A ccord ing  to  L o n g le y  and B u r t n e r  (1962) 
o x id a tiv e  p re tre a tm e n t en h an ces th e  s ta in in g  c ap a c ity  of P T A H . T herefore o u r tr ic h ro m e  
m e th o d  w as su p p lem en ted  by  p re tre a tm e n t  w ith  period ic  acid  and  chrom ic acid . In  th is 
w a y  we succeeded in sta in in g  e lec tiv e ly  th e  g ra n u la te d  cells in th e  k idneys of sea- an d  fresh ­
w a te r  fish es. The procedure  is as follows.
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Fig. I . Mous k idney . G lom erulus w ith  afferen t a rte rio le , co n ta in in g  m any heav ily  g ra n u la te d
JG C  in th e  m edia , x  600

/yig• H at k id n ey . G lom erulus w ith  afferen t a rte rio le , in th e  vascular pole th e  a r te r io le  
co n ta in s five g ran u la ted  cells (a rro w ). 600
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F ig . 3 . H u m a n  k id n ey . In  th e  v ascu la r pole a ffe re n t a rte rio le  in  cross section . T h e  m edia  
c o n ta in s  m an y  en la rg ed , rich ly  g ra n u la te d  cells, p a r t ly  localized eccen trica lly , fo rm in g  a

s.c. Polk issen . X 600

Fig. 4 . K id n e y  of th e  sea -w ate r fish  P leu ro n ec tes flesus. T w o  glom eruli, be tw een  th e m  a ffe ren t 
a rte rio le  in  cross section . Som e of th e  m edial cells a re  filled  w ith  fine d u st- lik e  g ra n u la tio n

(arrow ). X 600
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1. Oxidize 10 m in u te s  in 1%  aqueous periodic acid  so lu tion .
2. W ash  5 m in u te s  in  ru n n in g  w ater.
3. Oxidize 20 m in u te s  in 5 %  aqueous chrom ic acid  so lu tion .
4. W ash  5 m in u tes  in ru n n in g  w ater.
5. W ash  2 m in u tes  in  d is tilled  w ater.
6. Com bined tr ich ro m e  s ta in in g  described above.
T he fac t th a t  th e  d e m o n s tra tio n  of th e  g ran u la ted  cells o f  th e  fish  k id n ey  is so co m p lica t­

ed m ig h t have  been th e  reaso n  for considering  it devoid  of g ra n u la te d  cells (F ig . 4).

In  addition , our t r ic h ro m e  sta in ing ensures as good results  as a n y  other 
tr ich ro m e  m ethod  for genera l purposes in any k in d  of tissues.

R ecognition  of th e  JG C  is rendered  d iff icu lt  b y  the heav ily  congested  
vessels as it  happens  in la b o ra to ry  anim als sacrificed in  deep anaes thes ia .  T here ­
fore it  is recom m ended  to  kill th em  by  bleeding in. superficial e th e r  a n a e s th e ­
sia, which induces renal ischaem ia  which is fav o u rab le  for th e  e x a m in a t io n  of 
th e  JGC.

W e have am ple experience  with ra t  and m ouse  k idneys of  w h ich  we cut 
1 or 2 horizonta l slices w i th o u t  any  pressure, w ith  a sharp  blade.

Estimation of juxtaglomerular index (JGI)

T he original m e th o d  of I I a r t r o f t  and H a r t r o f t  (1953) is app l ied  by us 
for e s t im a t in g  th e  f req u en cy  of g ranu la ted  cell-groups and  the  degree  of  g ran ­
ula tion . Various m odif ica t ions  have  been reco m m en d ed  by d iffe ren t  inv es t i ­
gators . W e have deve loped  a s ta n d a rd  m ethod ; acco rd ing  to  ou r  ex per ience  it 
is m ore ex ac t  th a n  the  o thers .

If wc es tim ate  2 slices from  each of the  k idneys , we ob ta in  the  in d e x  of an 
an im al (ra t)  on the basis o f  cou n t in g  900 glomeruli on th e  average. A ccord ing  to 
our experience, e s t im a t io n  of  1 slice each of th e  k id n ey s ,  450 g lom eru li  on the 
average , gives a similar resu lt .  We consider it im p o r ta n t  to  e s t im a te  th e  to ta l  
in horizonta l slices, so th e  whole cortex , the  superfic ia l  and th e  deep  glomeruli 
are  coun ted .

C ounting  is done a t  a m ag n ifica tio n  of 600 w ith  th e  use o f a fram e. T he l a t te r  is a 
th in  m eta l ring  applied  on th e  d iap h ra g m  of one of the  eye-p ieces. T he ring  ho lds tw o  paralle l
0.2 m m  w ires w hich enclose a 6 m m  w ide stripe  in th e  c en tre  o f th e  field . T h e  g lom eru li and 
JG A  are co u n ted  in th is  zone, w hich  com prises ab o u t 1/3 o r  1/4 o f th e  field . T h e  n arrow er 
th e  s trip e  th e  m ore e x ac t an d  th e  m ore tim e-consum ing th e  c o u n tin g . In  a 6 m m  w ide s tr ip e  a 
h o rizo n ta lly  cu t ra t  k idney  slice m ay  be looked th ro u g h  in SO — 55 strip es , a n d  th is  will tak e  
45 to  6 )  m in u te s . Before c o u n tin g  th e  ex am in er should so ro ta te  th e  eye-piece t h a t  th e  stripe 
lies h o rizon tally .

I t  is b e s t to begin on  th e  surface  of th e  cortex , an d  c o u n tin g  stripe  fo r s tr ip e  m oving 
th e  p re p a ra tio n  h o rizon tally . G lom eruli p a r t  of w hich o v erlap s th e  lower m arg in  o f  th e  stripe  
should  be counted  in the  n e x t s tr ip e  w here th ey  overlap  th e  u p p e r m arg in  of th e  n e x t  s tripe . 
G ra n u la ted  JG A  should be c o u n te d  even  if  th e ir g lom erulus o v erlap s the  low er m a rg in , bu t 
in  such  cases one m ust s u b tr a c t  one from  the  num ber o f  ’’n e g a tiv e ”  (devoid  o f g ra n u la te d  
cells) g lom eruli because th is  g lo m eru lus will again a p p ea r in  th e  n e x t zone as an  o v erlap p in g  
“ n eg ativ e”  one on the  u p p e r  m arg in  an d  will be counted  as such . (G rap h  1.)

G ran u la ted  cells should  n a tu ra lly  be estim a ted  even  if  th e y  are seem ingly in d ep e n d en t 
o f a g lom erulus. A bout 10%  o f th e  g lom eruli ap p ear to be a ty p ic a l, because th e ir  B ow m an’s
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cap su le s  a re  cu t tan g en tia lly , o r th e  g lom eru lus had  d ro p p e d  o u t o f  its  capsu le . In  th e  la t te r  
case th e  e m p ty  B ow m an’s cap su le  sh o u ld  be d istin g u ish ed  fro m  th in -w alled  ven u les o r from  
e m p ty  tu b u la r  basal m em b ran e  r in g s . P ro p er e s tim a tio n  o f such  e lem en ts is im p o r ta n t  to  
av o id  fa lse  h igh  index values. W h en  th e  whole surface o f th e  k id n ey  section  h a d  b een  counted .

Graph l .  Schem e of the  co u n tin g -fram e . T he negative g lom eru li (A. C) and the  p o sitiv e  glom eru­
lus (B ) sh o u ld  be counted  in  th is  s tr ip e . The negative  g lo m eru lu s (D) will be co u n ted  in the 
n e x t  s tr ip e .  T he o ther p ositive  one (E )  should  he co u n ted  here , b u t  because of its  reap p earin g  
in th e  n e x t  strip e  in a n eg ativ e  fo rm , one should be su b tra c te d  from  the  n u m b er o f negatives

th e  n u m b e r  o f “ negative”  g lo m eru li sh o u ld  be added  to  th e  n u m b e r of g ra n u la te d  com plexes 
to  o b ta in  th e  to ta l g lo m eru lu s-co u n t. T he so-called JG  in d ex  is com p u ted  acco rd ing  to  the

fo rm u la  —   ̂ w here TG C =  to ta l  glom erulus c o u n t;  GV =  g ra n u la tio n  v a lu e , i.e. the

sum  o f  th e  estim ated  c lass ifica tio n s accord ing  to th e  deg ree  o f g ran u la tio n  (H a r tr o ft  and 
H a r t r o f t , 19S3).

Discussion

I n  our m ethod , J G  g ra n u le s  are s ta ined  by  F T  A H . The o th e r  co n s t i tu en ts  
of t h e  tr ich ro m e  s ta in ing  give  a background  to  ensu re  p rom inence  to  the  g ran ­
ules. R e c e n t ly  E r t l  (1966) lias published a s im plif ied  m odif ica t ion  of our 
m e th o d ,  apply ing  P T A H  a lone . T e r n e r  et al. (1964) dea lt  w ith  th e  m echanism  
of P T A H  staining and fo u n d  t h a t  PTA H  differs from  the  g roup  of a lum  and 
iron h a e m a to x y l in  dyes b y  i ts  anion ic  m o rd an t  a n d  th e  tw o colours p ro d u ced  by 
P T A H  was considered a t r u e  po lychrom asy . P T A H  ac ts  as an acid dye , hav ing  
an  a f f in i ty  to basic p ro te in - r ic h  tissue com p o n en ts ,  and  its s u b s t r a te  is very  
l ike ly  an  amino or some o th e r  basic  group. A cco rd ing  to  our h is tochem ical in­
v e s t ig a t io n s  (G o m b a , S o l t é s z , E n d e s , 1963) th e  granules  are r ich  in tyrosine  
a n d  t r y p to p h a n  and th is  m ig h t  explain th e ir  P T A H  b ind ing  capac ity .

■icta M o rp h o lo g ien  A c a d e n tia e  S c i e n t ia ru rn  H u n g a rica e . 17 , 1969
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K O M B IN IE R T E  T R IC H R O M -F Ä R B U N G  F Ü R  D E N  N A C H W E IS  
D E R  G R A N U L IE R T E N  Z E L L E N  D E S  JG -A P P A R A T E S  U N D  E IN E  G E N A U E  M E T H O D E  

F Ü R  D IE  B E ST IM M U N G  D E S JG -IN D E X E S

P. ENDES, SZ. GOMBA und I. DÉVÉNYI

Die k o m b in ie rte  T ric h ro m -F ä rb u n g  fü r den N achw eis d e r ju x ta g lo m e ru lä re n  g ra n u lie r ­
te n  Z ellen, eine K o m bination  d e r M alloryschen P T A H -F ä rb u n g  u n d  de r H e id en b a in sch en  
A zan -F ärb u n g  w ird  beschrieben . N a ch  V o rb ehand lung  m it P e rjo d sä u re  u n d  C h ro m säu re  
lassen sich m it der beschriebenen  M ethode sogar die a rte rio lä ren  g ra n u lie rte n  Z ellen der 
F ischn iere  fä rb e n . Das V erfahren  is t  fü r  histologische U n te rsu ch u n g en  h e rv o rrag en d  geeignet. 
Die spezielle F ä rb u n g  der G ran u len  w ird  du rch  P T A H  h e rb e ig e fü h rt. Die E ig e n a r t  dieses 
E ffek ts  w ird  an a ly siert. E in  g enaues u n d  zuverlässiges V erfah ren  in  F o rm  e ines A b zäh l­
rah m en s w ird  fü r das präzise Z äh len  d e r  g ran u lie rten  Zellen des ju x ta g lo m e ru lä re n  A p p a ra te s  
m itg e te ilt .

КОМБИНИРОВАННЫЙ МЕТОД ОКРАШИВАНИЯ ТРИХРОМОМ ДЛЯ 
ВЫЯВЛЕНИЯ ГРАНУЛИРОВАННЫХ КЛЕТОК ЮКСТАГЛОМЕРУЛЯГ НОГО 

АППАРАТА И ТОЧНЫЙ МЕТОД ДЛЯ УСТАНОВЛЕНИЯ ЮКСТАГЛОМЕРУЛЯРНОГО
ПОКАЗАТЕЛЯ

П. ЭНДЕШ, С. ГОМБА и И. ДЕВЕНЬИ

Приводится комбинированный метод окрашивания трихромом для выявления 
гранулированных клеток юкстагломерулярного аппарата. Предложенный метод явля­
ется комбинацией методов окраски РТАН по Маллори и окраски азаном по Хейден- 
хейну. После подготовки метайодной кислотой и хромовой кислотой, комбинированным 
методом авторов окрашиваются также гранулированные клетки артериол почек рыб. 
Метод весьма пригоден и для общих гистологических исследований. Специальное окра­
шивание зернышек обусловлено РТАН. Анализуется природа этого эффекта. Сообщается 
точный и надежный метод в виде так наз. счетной рамки для точного подсчета гранули­
рованных клеток юкстагломерулярного аппарата на препаратах почек.

Dr. P o n g rác  E n d e s  

Dr. Szabolcs G o m b a  

Dr. I s tv á n  D é v é n y i

D ebrecen ,  K ó rb o n c tan i  In té z e t ,  H u n g a ry
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S ec tio n  of E lec tro n  M icroscopy (H ead : P rof. H . D a v id ) o f the  In s t i tu te  o f P a th o lo g y  (D irec­
to r: P rof. L. H . K e t t l e r ) o f th e  H u m b o ld t U n iversity , B erlin

RECENT DATA ON THE FINE STRUCTURE OF 
CHONDROCYTES
P R E L IM IN A R Y  R E P O R T

G . L é v a i  and I n g r i d  M a r x  

(R eceived S e p tem b e r 3, 1968)

Since G o d m a n  and P o r t e r ’s f u n d a m e n ta l  work [2] th e  m e th o d o lo g y  
o f u l t r a s t ru c tu ra l  research has u n dergone  a considerable  evolu tion . S a b a t i n i , 
B e n s c h  and  B a r r n e t t  [7, 8] in tro d u ced  a ldehyde  f ixa t ives  a n d  th e  use of 
Millonig’s p h o sp h a te  buffer  [4], fo rm erly  d isapp roved  of, has becom e general. 
Good results  were rep o r ted  b y  K a r n o v s k y  [3] w ith  a m ix tu re  o f  f ixa t ives  
con ta in in g  a ldehydes.  N um erous au th o rs  found  th is  m ix tu re  to  en su re  good 
p rese rva tion  of  the  fine s t ru c tu re  of  t h e  cells o f  various tissues a n d  these  
obse rva tions  have been confirm ed b y  o u r  s tu d y  on cartilage tissue.

A p a r t  from  th e  s tu d y  of P a l f r e y  a n d  D a v i e s  [5] on c h o n d ro cy te s  
fixed w ith  g’u ta ra ld e h y d e ,  no d a ta  h av e  been  found concerning th e  use of 
a ld e h y d e  f ixa t ives .

In  th e  p re sen t  s tu d y  we h ave  desc r ibed  some ap p earan ces  n o te d  in 
carti lage  cells which to  our best knowledge h av e  n o t  been described o r rep o r ted .

Material and  m ethods

T he cartilag e  used  w as o b ta in ed  from  th e  p ro x im a l tib ia l ep iphyseal c a r tila g e  o f new ­
born m ice. T h e  specim ens w ere fixed  in K a rn o v sk y ’s m ix tu re  a t  room  te m p e ra tu re  fo r 30 m in ., 
th en  q u ick ly  w ashed in  0.1 M p h o sp h a te  buffer a n d  fix ed  in M illonig’s so lu tio n  fo r 90 m in . 
A fter d e h y d ra tio n  in an  ace to n e  series th e  specim ens w ere em bedded  in V estopal W  (Ja eg e r) , 
sectioned  by  a L K B  u ltro to m e  a n d  sta ined  w ith  u ra n y l a c e ta te  in  alcohol or w ith  le a d  c itra te  
accord ing  to  R e y n o l d s  [6]. E lec tro n  m icrographs w ere m ade w ith  E lm iskop IA  (S iem ens), 
electron  m icroscope (60 kV accelera ting  voltage).

R esults

T he  details  observed  in the  cho n d ro cy te s  were as follows. F ig u re s  1 
and  2 show desm osom es (arrow) and  zonu lae  occludentes, while F ig .  3 th e  
ty p ica l  s t ru c tu re  of  a cy tocen tre ,  in tw in  car t i lage  cells sep a ra ted  b y  a gap 
no t  m ore  th a n  4 — 600 Á in w id th . On Fig . 4 a larger delim ited  s t ru c tu re  
m easu ring  1 .1 4 6 x 1 .0 9 7  /л, va ry ing  in e lec tron  d ens ity  and in its p ro x im ity  
a sim ilar  th o u g h  sm aller  s t ru c tu re  (0 .5 1 2 x 0 .3 4 1  fi) were s i tu a ted  in a glycogen 
pool, n e a r  th e  cell m em b ran e .

A c ta  M o rp h o lo g ic a  A c a d e m ia c  S c ie n lia ru rn  H u n g a r ic a e  1 7 , 19_69
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T he desm osom es a n d  zonula occludens seen in F igures 1, 2 could n o t  be 
iden tif ied  w i th  those  described b y  F a r q u h a r  a n d  P a l a d e  [ 1 ] .  Such s t ru c tu re s  
be tw een  tw o cart i lage  cells have  been  iden tif ied  as desmosomes also b y  P a l ­

f r e y  a n d  D a v i e s  [5], a n d  th e ir  opinion seems to  be acceptab le  in t h a t  these  
cells ly ing  in close apposition  to  one a n o th e r  have  p ro b a b ly  undergone  m itosis .  
The centr io le  visible in Fig. 3 has n o t  so fa r  been described in cart i lage  cells.

T he  s t ru c tu re  seen in Fig. 4 has  been  obse rved  on one sole occasion ; 
i t  has n o t  been  ana lysed  as to  its  origin and  fu n c t io n ,  in th e  lack of  histo- 
chem ical a n d  b iochem ical d a ta .  T here  m igh t  be chem ical difference be tw een  
its p a r ts  o f  d ifferen t dens i ty ,  as th e  denser  area  d isp layed  a fine g ra n u la r  
s t ru c tu re .
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F ig. 1. N arrow  in te rce llu la r  gap  be tw een  tw o c a rtilag e  cells (a rrow ). In creased  d en sity  in  b o th  
cells in  th e  narrow ed  area . D esm osom e. X 12 000 

Fig. 2. N arrow ed  in te rce llu la r  gaps (m ark ed  by arrow s). P a r t  o f th e  cy to m em b ran es is p a ra lle l. 
D , seem s to  be a zonula occludens, w hile D ,  resem bles a desm osom e. X 45 000 

Fig. 3. C entriole (C) w ith  tu b u le s . X 36 000
Fig. 4. S tru c tu re s  o f u n k n o w n  fu n c tio n , localized  in  a g lycogen pool (Gly). In  th e  d e n se r 

a reas fine  g ranu les a re  v isib le. x 4 1  000
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F irs t D e p a rtm en t o f M edicine, U n iversity  M edical School, Szeged

COMBINED EFFECTS OF CHOLESTEROL FEEDING 
AND METHYLCELLULOSE ADMINISTRATION ON 
THE HISTOLOGICAL STRUCTURE OF INTERNAL 

ORGANS AND BLOOD VESSELS
S . B e n k ő , F .  B i l i c z k i  and  F .  S z a r v a s  

( R eceived O ctober 3, 1968)

The h isto log ical s tru c tu re  o f th e  in te rn a l o rg an s a n d  blood vessels o f  ra b b its  
tr e a te d  w ith  m ethy lce llu lose , cho lestero l, an d  th e ir  co m b in a tio n , has b een  stu d ied . 
On com bined  tre a tm e n t th e  to ta l  lip id  co n ten ts  o f th e  a o r ta  a n d  liver w ere low er and  
th e  ensuring  a th e ro m a to s is  w as less severe th a n  a f te r  t r e a tm e n t  w ith  ch o lestero l alone. 
T his has been a tt r ib u te d  to  a n  increased  m etab o lisa tio n  o f fa ts  by  th e  m eth y lce llu lo se  
a c tiv a te d  R E S.

1 . Introduction

Methylcellulose, a po lym eric  ca rb o h y d ra te  m acrom olecule  o f  84,000 
m olecular  weight b y  chronic  in trav en o u s  or in tra p e r i to n e a l  ad m in is t ra t io n  is 
know n to  induce in th e  ex p e r im en ta l  an im al th e sa u ro t ic  R E S  h y p e rp la s ia ,  
p ro life ra tive  a r tcrii t is  w ith  in t im a i  proliferation  in th e  small a r te r ies ,  m ain ly  
in the  lungs, th e sau ro t ic  and  degenera t ive  renal g lom eru la r  va scu la r  changes 
sim ilar in  m any  respects  to  th e  K im m estie l-W ilson  in te rcap i l la ry  g lom eruloscle­
rosis, an d  m ark ed  sp lenom egaly  ( H o r v á t h  et al., 1957 ,1958 ; B e in k ő , 1958a, b; 
B e n k ő  e t  al., 1959, 1962a, b ,  c; 1966a, b). W ith  th e  s to rage  of m ethylcellu lose  
th e  a lpha  an d  be ta  globulins increase, lipopro te in  f rac t ions  of t r ip le  d is t r ib u ­
tion  a p p e a r  and th e  g lycopro te in  com ponen ts  increase in blood p la sm a  ( F r ö h ­

l i c h  et al., 1957, 1959; B a l á z s  et al., 1960). T h e  m ethy lce llu lose- induced  
sp lenom egaly  is accom pan ied  b y  haemolysis, caused  p a r t ly  b y  th e  hyper-  
splenism a n d  p a r t ly  b y  th e  dam ag e  to  th e  e ry th ro c y t ic  m em b ran e  caused  b y  
th e  increase  of b e ta 2Vrg lo b u l in  (macroglobulin) ( A in d r â s s y  e t  al., 1958).

The changes induced  b y  cholesterol a d m in is t ra t io n  are so m ew h a t  similar 
in n a tu re  a n d  location to  those  caused  by  m ethylcellu lose. Chronic cholesterol 
feeding is followed b y  lipid thesauros is  and  a therosc le ro tic  va scu la r  changes 
associa ted  w ith  h yper l ipaem ia  a n d  hypercho les te ro laem ia  ( A n t o n i n i  e t  al., 
1960). Exogenous cholesterol is s to red  in the  R E S , m a in ly  in K u p ffe r’s cells and  
th e  m acrophages  o f  the  spleen ( B y e r s  et al., 1957; B e r l i n e r  and  D o u g h e r t y , 

1960), lead ing  to  haem oly tic  an aem ia  ( P i n t é r  e t  al., 1961; R o w l e y  et al., 
1962; S i l v e r  et al., 1964). S t e h b e n s  and  S i l v e r  (1966) found  a s im ila r i ty  
be tw een  th e  m ethylcellu lose-induced  vascu lar  changes and  th e  cholesterol-  
induced  atherosclerosis. These  d a ta  from  the  l i te ra tu re  a n d  our own prev ious
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e x p e r im e n ts  ( B e n k ő  e t  a l. ,  1960, 1961; S z a r v a s  e t  al., 1963) called  for a s tudy  
o f  t h e  com bined ac t ions  o f  m ethylcellidose  a n d  cholesterol. Such  experim ents  
se e m e d  to  be su itab le  also fo r  s tu dy ing  th e  co rre la t ion  be tw een  R E S  a n d  a th e ­
rosclerosis , a p roblem  in  th e  fo reground  of re c e n t  in te res t .  O f  th e  R E S -s t im u- 
l a to r s ,  oestrogens a n d  z y m o s a n  have  been in v e s t ig a te d  and  b o th  were shown 
to  lessen  the  cho les te ro l- induced  coronary  sclerosis b y  some unc la r if ied  m echa­
n is m  ( P i c k  et ah, 1952, 1957, 1962, 1966; P a t e k  a n d  B e r n i c k , 1960).

F ro m  the  study' o f  t h e  com bined  actions o f  m ethylcellu lose  a n d  choleste­
ro l w e wished to  d ra w  conclusions to  the  following p roblem s. H ow  does the  
s to r a g e  of  methylcellu lose in  th e  R E S  influence th e  lipid thesau ros is  induced 
b y  cholesterol feeding in  t h e  viscera, m a in ly  in  th e  l iver?  Does cholesterol 
s to r a g e  modify th e  d ep o s i t io n  of  methylcellu lose in  th e  R E S ?  Do th e  m ethyl- 
cellu lose-induced R E S  h y p e rp la s ia  and  R E S  activity" m odify , decrease or 
in c re a se  th e  a therosclerosis  induced  by  cholesterol feed ing? F inally ,  does 
m ethy lce llu lose  in th e  v a s c u la r  wall modify th e  cho les tero l- induced  a the rom as 
a n d  does the  cholesterol deposit ion  in th e  v a sc u la r  wall m odify  th e  methyl- 
cellu lose-induced v a sc u la r  changes  ?

T o  find the  answ ers  to  these  questions, r a b b i t s  have  been  t r e a te d  with 
m ethy lce llu lose  in t r a p e r i to n e a l ly  and h ave  b een  fed cholesterol,  t ry in g  to  
a p p ro a c h  the  prob lem s b y  th e se  experim ents .

2 . Materials and m ethods

A  to ta l  of 34 m ale  r a b b its  o f  2500 to  3000 g b o d y  w e ig h t w ere m a in ta in e d  on a m ixed 
d ie t  com posed  of g rits , c a r ro ts  a n d  green  fodder. T h e  a n im a ls  w ere d iv id ed  in to  four groups. 
E ig h t  ra b b its  received 2.0 m l/k g  b o d y  w eight of p hysio log ica l sodium  ch lo ride  so lu tion  in tra ­
p e r ito n e a lly  tw ice w eekly  fo r  18 w eeks (G roup I ,  co n tro ls). N ine ra b b its  w ere tre a te d  w ith  
2.0 m l/k g  of a 2 .5%  a q u eo u s  m eth y lce llu lo se  so lu tion  tw ice  w eekly  for 18 w eeks (G roup II) . 
E ig h t  ra b b its  were fed  ch o le s te ro l, ad m ix ing  1 g o f ch o leste ro l to  th e  g rits  b a ll every  day 
o v e r  th e  18-week e x p e rim e n ta l p e rio d  (G roup I I I ) .  N in e  ra b b its  w ere fed  cho lestero l and 
w e re  g iv en  in tra p e rito n ea lly  th e  a b o v e  doses of m eth y lce llu lo se  (G roup IV).

M ethylcellulose o f 84,000 m olecu la r w eigh t w as d isso lved  in  ste rile  d istilled  w a ter 
u n d e r  g en tle  shak ing , s to re d  a t  -(-4 °C u n d e r a sep tic  c o n d itio n s a n d  used  w ith in  48 hours.

A t th e  end of th e  e x p e rim e n ts  th e  anim als w ere a n ae sth e tise d  b y  in tra v en o u s  th ia l- 
b a r b i t a l  an d  ex san g u in a ted  th ro u g h  a  cannu la  in se rted  in to  th e  ab d o m in a l a o r ta . T he in te rn a l 
o rg a n s  w ere inspected , th e  a o r ta  w as c u t up  and  th e  se v e rity  o f a th e ro m a to s is  e s tim a ted  from  
th e  n u m b e r  and e x te n t o f  p laq u e s . T he severity  o f chan g es w as g rad ed  fro m  0 to  5 according 
to  F o d o r  and  Ze m p l é n y i (1958).

Specim ens from  a o r ta ,  liv e r , sp leen , k idney, lu n g , h e a r t  a n d  a d ren a l g land  w ere exam in­
ed  h isto log ically . T he sp ec im ens w ere  fix ed  in 4%  fo rm alin  o r 96%  alcohol, em b ed d ed  in p a ra f­
f in  a n d  th e  sections w ere s ta in e d  w ith  h aem ato x y lin -eo sin , PA S , O il-R ed  0  an d  a lc ian  blue, 
th e  a o r tic  sections also w ith  e la s tica  a n d  van Gieson s ta in in g .

L iver and  a o r ta  w ere  te s te d  fo r to ta l lip ids a n d  to ta l  cho lestero l, b y  th e  m ethods of 
S w a h n  (1952) and of Z l a t k is  e t  al. (1953), resp ec tiv e ly .

3. Results

T he gross changes  w ere  as follow's. In  G roup  I  th e  liver, spleen, peri­
t o n e u m  and ao r ta  a p p e a re d  to  be in tac t ,  ex cep t  in one an im al,  in which a 
s l ig h t  f a t ty  degenera t ion  o f  th e  liver was fou n d .  In  G roup I I  (methylcellulose
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t r e a tm e n t )  th e  capsu le  o f  th e  liver and  the p e r i to n e u m  show ed spo tty  th ic k e n ­
ing of  variab le  e x te n t .  These  were believed to  c o n s t i tu te  proliferative ch ron ic  
in f la m m a to ry  changes  secondary  to  th e  in jec t io n  o f  methylcellulose. T h e  
spleen was m o d e ra te ly  en larged . In  Group 111 (cholestero l feeding) m a rk e d  
en la rgem ent of  th e  ligh t yellowish-brown f a t t y  l iver  a n d  splenom egaly  were 
found  in every  a n im a l .  In  G roup  IV (com bined t r e a tm e n t )  peritoneal changes  
sim ilar to  those  descr ibed  in G roup  I I  and m a rk e d  e n la rg em en t  of th e  spleen 
occurred, b u t  o n ly  3 an im als  showed m arked  f a t t y  degenera t ion  of the  l iver .  
In  th e  rest th e  l iver  was a p p a re n t ly  norm al in colour, cu t  surface, s t r u c tu r e  
and  lobular  s t ru c tu re .

Table I

Grade o f atheromatosis in the aorta o f  rabbits ,  

as estimated by gross examination in the different groups

Group No. Treatment
Grade of 
members

severity in the 
of the different Mean
groups

A nim al No. 1 2 3 4 5 6 7 8 9 10

(control) I Physio log ical NaCl —

II 2 .5%  m ethylcellulose — — — — — — —
III C holesterol t 5 4 5 4 5 3 5 4.375
IV 2.5% m ethylcellu lose -f- 

-j- cholesterol 1 I 3 1 4 4 4 4 3 3.777

P ro b a b ility : I I I / IV  : p  >  0.05

A th e ro m a tic  changes of th e  ao r ta  is show n in T a b le  1. On inspection  
th e  inner  surface o f  th e  a o r ta  was in ta c t  in the  con tro l  (I)  an d  m ethylcellulose 
t re a te d  (II)  r a b b i t s .  In  4 o f  th e  8 cholesterol-fed a n im a ls  ( I I I )  grade 5 changes  
ap p ea red  in th e  fo rm  of big con f luen t  p laques. In  3 a n im a ls  these  were re s tr ic ted  
to  th e  aortic  arc , while  d is ta lly  th e re  were only so l i ta ry  p laques,  m ain ly  n e a r  
the  orifices o f  th e  s ide b ran ch es  of  th e  ao r ta  (grade  4). In  1 anim al there  were 
only so lita ry  p laq u es  (grade 3). O f th e  9 anim als s u b je c te d  to  combined t r e a t ­
m ent (IV) 7 show ed  g rade  4, 2 grade  3 a th e ro m a to s is ,  a n d  none of th e m  e x h i ­
b ited  grade 5 changes .  T he  p a t t e r n  was obviously  less severe  th a n  in G ro u p  
I I I ,  b u t  the  d ifference be tw een  th e  two groups was n o t  s ign if ican t s ta t is t ica l ly
(p >  0.05).

Histo logically , in G roup  I th e  viscera were n o rm a l .
In  Group I I  (m ethylcellu lose  t re a tm e n t)  th e  liver  was in ta c t .T h e  K u p f-  

fer’s cells s to red  m o d e ra te  a m o u n ts  of m e th y lce l lu lo se .  S torage was sub-  
ta n t ia l  in the  sp leen , th e  s to r ing  histiocytes a c c u m u la te d  in foci in the  red
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p u lp a .  I n  some cases eosinophilic cells w ere  also found (Fig. 1). T h e  h ear t ,  
a d r e n a l  g land  and  a o r ta  were no rm a l  e x c e p t  for 2 animals w h ich  d isp layed  
p ro l i f e ra t iv e  arte r i i t is  in  th e  p u lm o n a ry  arte r io les .  In  th e  k id n e y s  of 3 an im als  
t h e  b a s e m e n t  m e m b ra n e  was m o d e ra te ly  th ickened .  No m ethy lce llu lo se  s to r ­
ag e  cou ld  be d e m o n s t ra te d  in th e  g lom eru les .

F ig . 1. R a b b it  spleen follow ing tre a tm e n t w ith  m ethy lce llu lose . Focal a cc u m u la tio n  of h is tio ­
c y te s  show ing signs o f s to ra g e . H . E ., X 176

T able  11

Tota l lip id  content o f  the liver fo llow ing methylcellulose treatment and cholesterol feed ing , 
in  percentage o f  wet organ weight *

Group No. Treatment Number of eases
Total lipid, 

per cent

I (con tro l) Physio log ical NaCl 4 3 .5 6 ± 1 .4 7

I I M ethylcellulose 3 3 .9 5 ± 1 .1 6

I I I Cholesterol 4 9 .4 7 ± 0 .2 6

IV M ethylcellulose -j- cholesterol 4 4 .0 7 ± 0 .9 2

1/11 p>-0.05

I / I I I pCO.OOl

P ro b a b ility I/IV p < 0 .0 5

11,111 p < 0 .0 1

II/IV p > 0 .0 5

I I I / IV p < 0 .0 1

* M ean error
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In G roup  I I I  (cholesterol feeding) th e  l iver  showed diffuse a n d  severe 
f a t t y  degenera t ion  in 5 an im als  o u t  o f  8. In  th re e  cases the  f a t t y  d eg e n e r ­
a t ion  was ac inocen tral ,  ve ry  m ark ed .  In  th e  spleen of  four anim als th e  m acro- 
Ph age cells s to red  lipids. The adrenocort ica l  cells, m ain ly  in th e  zo n a  fasci­
c u la te  a n d  reticu laris ,  were swollen a n d  v a c u o la te d  a n d  con ta ined  m u c h  lipid 
in  ev e ry  an im al.  In  th e  small and  m edium -sized  arteries of th e  h e a r t ,  lung, 
sp leen a n d  liver a the rom atos is  was visible. This was m ost m arked  in  th e  coro­
nar ies ,  b u t  th e  pu lm o n ary ,  hepa tic  a n d  splenic arterioles were also seriously

/•'ig. 2. Cross section  of a m edium -sized  co ro n ary  a r te ry  fro m  a cholestero l-fed  r a b b it .  N o te  
su b in tim a i accu m u la tio n  o f lip ids, causing  n a rro w in g  o f th e  lum en. H. E ., X 176

Fiff. 3. A th e ro m a to s is  of a o rta  in  a cho lestero l-fed  ra b b it .  T he co n flu en t su b in tim a i p laq u e s  
do no t affec t th e  e lastic  fib res o f th e  m edia . H . E ., X 176
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a ffec ted .  U sually ,  th e re  was a c ircular su b in t im a i  accum ula tion  o f  lipids, 
c au s in g  a m a rk e d  n a r ro w in g  of th e  lum en  (F ig . 2). The small rena l  vessels 
were  n o rm a l .

H isto log ica lly , th e  a o r ta  showed a th e ro m a to s is  corresponding  in sever i ty  
to  w h a t  is usual a f te r  cholestero l feeding for fo u r  a n d  a ha lf  m o n th s  (Fig. 3). 
T h e  p la q u e s  were c o n f lu e n t ,  b road ,  com posed  m o s t ly  of  foam y cells, co n ta in ing  
a m p le  a m o u n ts  o f  l ip id .  T h e  process was su b in t im a i  an d  did  n o t  affect th e  
e lastic  f ib res  of th e  m ed ia .  Calcification, u lc e ra t io n  of th e  p laq u e  surfaces 
w ere  n o t  observed . F r o m  th e  in t im a i  side t h e  p la q u e s  were covered  b y  a th in  
l ipid -free crus t,  considered  to  be an early  m a n ife s ta t io n  of a capsule.

F ig . 4. P e rip o rta l m esen ch y m a l reac tio n , w ith  in it ia l  t ra n s fo rm a tio n  in th e  liv e r  o f a ra b b it  
t r e a te d  w ith  cholestero l and  m eth y lce llu lo se . H . E ., X l7 6

In G roup IV (com bined  t r e a tm e n t )  vacuo lisa t ion  of th e  liver  p a re n ­
c h y m a l  cells was v isib le . F a t t y  d eg enera t ion  w as  less severe t h a n  in th e  cho­
les te ro l  group. T h is  obse rva tion  was s u p p o r te d  by  the b iochem ical results. 
I n  T ab le  I I  are p re se n te d  th e  liver t o t a l  lip id  values a f te r  m ethylcellu lose  
t r e a t m e n t  and ch ron ic  cholesterol feeding. I n  th e  cholesterol-fed G roup  I IT 
t h e  to t a l  lipid c o n te n t  o f  th e  liver was s ign if ican tly  increased. N o sim ilar 
in c rease  was n o te d  in  G roup  IV (com bined  t r e a tm e n t ) .  M ethylcellulose alone 
d id  no t  increase th e  to ta l  fa t  con ten t  o f  th e  l iver  (Group II) .  Of th e  9 an im als  
o n ly  2 showed diffuse f a t t y  degenera tion , in 2 o th e rs  there  was m a rk e d  acino- 
c e n t ra l  f a t ty  d eg en e ra t io n ,  and  in 5 v e ry  s l igh t  ac inocentral  fa t  deposition . 
In 3 an im als  a m o d e ra te  m esenchym al re a c t io n  was visible in th e  per ipo rta l  
reg ion . In  a fo u r th  an im al  th is  was so severe  t h a t  it  co rresponded  to  early  
c irrhosis  (Fig. 4). I n  every  anim al hep a t ic  a n d  splenic me+bylcellulose s to rage  
o f  s ligh t e x te n t  w as d em o n s tra ted .
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Lipid  s to rage  b y  th e  adrena ls  and  spleen was sim ilar  to  t h a t  obse rved  
in response to  cholesterol feeding. T he  m ethylcellu lose-induced  v a sc u la r  
changes in th e  lungs a n d  kidneys were slight a n d  occu rred  only a t  sites. A th e ro ­
matosis  o f  th e  sm all  a n d  m edium  blood vessels o f  th e  h ea r t ,  lung, l iver  and  
spleen was s im ilar  to  t h a t  seen a f te r  cholesterol feeding. These changes were 
no t  in f la m m a to ry  or  g ran u lo m a to u s  in c h a rac te r ,  b u t  corresponded  to  sub- 
in t im al cholesterol p laques.

As regards  s t ru c tu re  an d  h is tochem ical reac tions  (alcian blue, P A S  and  
fa t  s ta in ing) th e  a o r ta  o f  th e  an im als  su b jec ted  to  com bined  t r e a tm e n t  was 
n o t  more severe a n d  did  n o t  differ from t h a t  o f  th e  anim als  t r e a te d  w i th  
cholesterol alone. T h e  p laques  were less con fluen t  a n d  som ew hat n a r ro w er ,  
th o u g h  th e i r  lipid c o n te n t  was m arked .  Histo logical changes  suggesting m e th y l-  
cellulose s to rage , in f la m m a tio n  or g ra n u lo m a to u s  reac t io n  were no t  visible 
in these  p laques .

Table III

Total lip id  content o f  the aorta following methylcellulose treatm ent and cholesterol feed in g
(ab so lu te  values)

Group No. Treatment
Tótul lipid, 

mg/g wet weight

I (control) Physiological NaCl 138.88

II Methylcellulose 150.0

H i Cholesterol 443.0

IV M ethylcellulose -f- cholesterol 312.5

The resu lts  fo r  th e  to ta l  lipid c o n te n t  of th e  a o r ta s  in the  different g ro u p s  
are  p resen ted  in T ab le  I I I .  I t  was th e  h ighes t in  th e  cholesterol group (G ro u p  
H I ) ;  and  s ign if ican tly  lower in G roup  IV. These  resu lts  were in ag reem en t  
w ith  th e  gross (Table  1) an d  th e  histological f ind ings.

4 .  Discussion

After  18 weeks o f  in tra p e r i to n e a l  m ethylcellu lose  t r e a tm e n t  s to rage  in 
th e  R E S , m os t  m a rk e d ly  in th e  spleen, could be d e m o n s t ra te d  in th e  r a b b i t s .  
E n la rg e m e n t  o f  th e  spleen did  n o t  reach  the  g rade  found  earlier in ine thy l-  
cellu lose-treated  r a t s  ( H o r v á t h  et al., 1957; B e n k ô , 1958). I t  seems t h a t  th e  
abso rp tion  of  m ethylcellu lose  from th e  ra b b i t  p e r i to n e u m  differs from t h a t  
o f  th e  ra t  p e r i to n e u m . P ro lifera tive  a r te r i i t is  an d  g ranu lom as s im ilar  to  
those  found in th e  lungs of  dogs t r e a te d  w ith  m ethylcellu lose  in t ra v e n o u s ly  
( B e n k ô  et al., 1959, 1962) did no t  develop. This m igh t  h ave  been due to  th e  
fa c t  t h a t  on in t ra v e n o u s  a d m in is t ra t io n  th e  m acro m o lecu la r  aggregates reach
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in  l a rg e r  num bers  th e  p u lm o n a ry  arterio les a n d  therefore  th e  g ran u lo m a to u s  
v a s c u la r  changes are m o re  severe (L a u t s c h  e t  al., 1958). I f  ad m in is te red  
in t ra p e r i to n e a l ly ,  m ethy lce l lu lose  en ters  th e  c ircu la tion  slower a n d  in g rea te r  
d i lu t io n  an d  the re  m a y  be  differences also in  dispersion. These  m a y  accoun t 
fo r  t h e  lesser sever ity  o f  p u lm o n a ry  changes.  Such arteriosc lero tic  changes as 
h a d  b een  described b y  H u e p e r  (1942, 1945) a n d  la te r  b y  S t e h b e n s  a n d  S i l v e r  
(1966) d id  n o t  occur in  o u r  m ater ia l .

T h e  glom eru lar  ch an g es  were s light,  a c ircum scribed th ick en in g  of the  
b a s e m e n t  m em b ran e  o ccu r red  in th e  k id n e y  o f a few anim als on ly . Spherical 
m asses  were no t fo u n d  in  th e  g lom eru la r  loops ( H o r v á t h  et al., 1957, 1958; 
H a l l , 1962; B e n k ő  e t  al., 1966). Thus , t h e  m orphological signs of  R E S  a c t i ­
v a t i o n  were in th e  fo re g ro u n d  and  th e  v a s c u la r  changes were less severe in 
o u r  experim en ts .

A f te r  18 weeks o f  cholesterol feeding th e  liver and  th e  ad rena ls  showed 
m a r k e d  f a t t y  deg en era t io n ,  w ith o u t  a n y  m a jo r  m esenchym al reac tion .  The 
sp len ic  m acrophage  cells also s tored fat.

Cholesterol feed ing  ind u ced  a therosc le rosis  in th e  small a n d  m e d iu m ­
sized  arte r ies  of th e  h e a r t ,  lungs, spleen a n d  liver, as well as in  th e  a o r ta .  The 
c h a n g e s  var ied  g rea t ly  in  sev e r i ty  and  were  as usual af te r  18-week cholesterol 
feed ing .

I n  th e  anim als  t r e a t e d  w ith  m ethy lce llu lose  and  cholesterol th e re  were 
tw o  k in d s  of changes in  t h e  small a n d  m ed ium -sized  arteries . T he  m a jo r i ty  
d id  n o t  differ from w h a t  was found  a f te r  cholesterol t r e a tm e n t  alone an d  the  
g ra n u lo m a to u s  changes  were  n e i th e r  m ore  f re q u e n t  nor m ore severe t h a n  in 
t h e  an im als  t r e a te d  w i th  m ethylcellu lose  a lone.

U n d e r  th e  p re s e n t  ex p e r im en ta l  cond it ions  no histological a n d  histo- 
chem ica l  changes sugg es t in g  an in te rfe rence  of  m ethylcellulose a n d  cholesterol 
w e re  found . M ethylcellu lose d im inished th e  vascu la r  changes b y  ac t ing  on the 
f a t  m e tabo lism  a n d  n o t  b y  a local ac t ion .

In  th e  rab b i ts  t r e a t e d  w ith  m ethy lce llu lose  and cholesterol, m eth y lce l lu ­
lose was stored in th e  sam e m easure  as a f te r  m ethylcellulose t r e a tm e n t  alone. 
I n  t h e  sam e ra b b i ts ,  f a t t y  degenera t ion  o f  th e  liver was less severe th a n  in 
t h e  an im als  t r e a te d  w ith  cholesterol a lone . A n o th e r  difference from  th e  cho­
lestero l-fed  group was th e  in tensive  m e sen ch y m a l  reaction  in th e  liver, a t t r i ­
b u t e d  to  an increase of R E S  ac t iv i ty  fo llowing methylcellu lose a d m in is t ra t io n .

In  the  a o r ta  th e  a th e ro m a to u s  ch an g es  following co m bined  t r e a tm e n t  
d id  n o t  differ from  th o se  following t r e a t m e n t  w ith  cholesterol alone, except 
t h a t  th e y  were less severe .  The to ta l  l ip ids  in  the  liver a n d  a o r ta  decreased 
s ig n if ican tly  also in  t h e  g roup  t r e a te d  w i th  m ethylcellulose a n d  cholesterol, 
a l th o u g h  th e  daily  cholestero l in tak e  w as  th e  same. The to ta l  se rum  lip id  va lue  
w as  also less in these  an im als  th a n  in  th e  an im als  t r e a te d  w ith  cholesterol only. 
T h e  fa c t  t h a t  in sp ite  o f  th e  identical doses of  cholesterol less l ipid was s tored
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in th e  liver an d  a o r ta  an d  th e  p la sm a  lip id  level was also iower m a y  be ex p la in ­
ed f i rs t  o f  all b y  an increased m e ta b o l isa t io n  o f  fa ts ,  which in t u r n  m ight 
h ave  been due to  the  increase of R E S  a c t iv i ty  induced  by  m ethylcellu lose .  
This  effect is believed to  be s im ilar  to  t h a t  o f  o the r  agen ts  ac t in g  th ro u g h  
R E S  a c t iv a t io n ,  for exam ple  to  the  in fluence  on lipid m e tab o l ism  a n d  to  
th e  inh ib ition  of  a the rom atos is  by  zym osan  and  oestrogens ( P i c k  et ah, 
1 9 5 2 , 1 9 6 2 ,1 9 6 6 ;  H a l p e r n  et ah ,  1957; Di L u z io  et ah , 1961).

It is rem a rk a b le  th a t  m ethy lcellu lose  s to red  in th e  R E S  sh o u ld  en h an ce  
th e  p ro lifera tion  of the  h is tiocy tic  sy s tem  a n d  a t  the  sam e t im e  d a m a g e  th e  
b lood  vessels an d  one would have  e x p ec ted  an increase in th e  sev e r i ty  o f  a th e ro ­
m atos is  u n d e r  th e  com bined effect o f  m ethylcellu lose an d  cholesterol.  I t  seems 
t h a t  u n d e r  th e  given ex p e r im en ta l  cond it ions  methylcellu lose re d u c e d  the  
a th e ro m a to s is  changes by  a c t iv a t in g  th e  R E S  an d  dim in ish ing  lip id  s to rage . 
This allows to  conclude to a fu n d a m e n ta l  role of  th e  R E S  in th e  pa thogenesis  
o f  a th e ro m ato s is .
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D IE  W IR K U N G  D E R  G L E IC H Z E IT IG E N  V E R A B R E IC H U N G  VO N  C H O L E S T E R IN  
U N D  M E T H Y L Z E L L U L O S E  A U F D IE  H IS T O L O G IS C H E  S T R U K T U R  

D E R  IN N E N O R G A N E  U N D  D E R  G E F Ä ß E

S. BENKÔ, F. BILICZKI, und F. SZARVAS

D ie h isto logische S t r u k tu r  de r Innenorgane  u n d  d e r G efäße w urde an  K an in ch en  nach  
V erab re ich u n g  von M eth y lze llu lo se  u n d  von C h o les te rin , fe rn e r n ach  g leichzeitiger V erab re i­
chung  b e id e r S toffe u n te r s u c h t .  D er G esam t-L ip o id g eh alt d e r  A o rta  u n d  de r L eb er w ar 
nach  g leichzeitiger C h o leste rin - u n d  M ethylzellu lose-Z ufuhr e rn ied rig t und  bei den  T ieren  
d ieser G ru p p e  w ar a u ch  d e r  Schw eregrad  de r A th e ro m a to se  m äß iger. Dieses E rg eb n is  w ird  
dem  im  m eth y lze llu lo se ak tiv ie rten  R E S  zu stan d e k o m m e n d en  geste ig erten  F e ttm e ta b o lism u s  
zugeschrieben .

ДЕЙСТВИЕ ОДНОВРЕМЕННОГО ВВЕДЕНИЯ ХОЛЕСТЕРИНА И 
МЕТИЛЦЕЛЛЮЛОЗЫ НА ГИСТОЛОГИЧЕСКУЮ СТРУКТУРУ СОСУДОВ И

ВНУТРЕННИХ ОРГАНОВ

Ш. ВЕНКЕ, Ф. БИЛИЦКИ и Ф. САРВАШ

У кроликов была изучена гистологическая структура сосудов и внутренних орга­
нов после дачи метилцеллюлозы, холестерина, а также после одновременного введения 
обоих препаратов. В группе животных, получивших оба средства совместно, содержание 
общих липоидов в аорте и печени оказалось пониженным. У этих же животных степень 
тяжести атероматоза была более умеренной. Авторы приписывают этот эффект повышен­
ному метаболизму жира, возникающему в ретикулоэндотелиальной системе, активиро­
ванной под влиянием метилцеллюлозы.

Dr. S ándor  B e n k ô  
Dr. F erenc  B i l i c z k i  
Dr. F erenc  Sz a r v a s

Szeged, I. B e lgyógyásza ti  K lin ika , H u n g a ry
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Section  of P a th o lo g y , I s tv á n  H o sp ita l, B u d ap es t

COMPARATIVE MORPHOLOGY OF SMALL VESSEL 
LESIONS IN RHEUMATOID ARTHRITIS 

ANI) PERIARTERITIS NODOSA*

B. R a d n a i

(R eceived  O c to b er 22, 1968)

C o m p ara tiv e  h isto log ical s tu d y  of th e  lesions o f sm all arteries o b se rv e d  in 
rh e u m a to id  a r th r i t is  an d  p e r ia r te r itis  nodosa rev ea led  th a t  the  p e rip h eral a r te r i t i s  
com m on to  b o th  co n d itions d iffers only in a q u a n ti ta t iv e  respect.

In  th e  acu te  and  su b a c u te  stages, m ore d is tin c tiv e  p ro life ra tion  of th e  co n n ec tiv e  
tissue e le m en ts  o f th e  vessel w all was found  in p e r ia r te r i t is  nodosa th an  in  rh e u m a to id  
v ascu litis . T h is  phenom enon  m ay exp la in  th e  f in d in g  t h a t  corticostero id  t r e a tm e n t  
m ay  hav e  a d iffe re n t effect on the  v ascu la r  lesion  in  th e  tw o  diseases.

I n  th e  chron ic  s tag e, fib rosis o f th e  vessel w all, in  p a rticu la r o f th e  in tim a , 
leading to  o b lite ra tio n  of th e  v a scu la r lu m en , w as m ore  pronounced in p e r ia r te r i t is  
nodosa th a n  in  rh e u m a to id  a r th r it is ;  in  th e  genesis o f  th is  phenom enon h y p e rte n s io n  
is supposed  to  p lay  a  role.

A lth o u g h  none of th e  v a rio u s  fo rm s of a r te r it is  associated  w ith  rh e u m a to id  
vascu litis  a n d  p e r ia r te r itis  nodosa can be considered  sp ec ific , th e ir  clinical, p a th o lo g ica l 
and  h isto log ical p ic tu re  p e rm its  to  d is tin g u ish  b e tw een  th e  two vascu la r p rocesses 
w ith  g re a t p ro b a b ility . T he cases w here th e  m o rpho log ic  ch aracte ris tics o f b o th  co n ­
d itions a re  d em o n s tra b le , co rrespond  to  th e  clinical d e f in itio n  “ m alignant rh e u m a to id  
a r th r i t is ” .

I t  lias b een  know n  for m ore t h a n  a decade t h a t  p a t ie n ts  with rh e u m a to id  
a r th r i t i s  develop  in f la m m a to ry  vascu la r  lesions in th e  skeletal muscles [38] 
and p e r ip h era l  nerves [34, 35]. In  arterio les less t h a n  200 /i in d iam eter ,  a c u te  
necrosis or s u b a c u te  pro lifera tion  occurs in one th i rd ,  w hile  chronic f ib ro u s  a r ­
teri t is  in one half ,  o f  the  cases. After  th e  firs t  r e le v a n t  observations the  q u e s t io n  
has been  raised  w h e th e r  a r te r i t is  is a specific lesion typ ica l  for r h e u m a to id  
a r th r i t i s ,  or it  is a form  of p e r ia r te r i t is  nodosa  deve lo p in g  in association w i th  
rh e u m a to id  a r th r i t i s .  As b o th  ty p es  of  v a scu la r  lesion are  re la tively ra re  a n d  of 
d issem ina ted  focal cha rac te r ,  clarification  of th e  p ro b lem  required a de ta i led  
paralle l s tu d y  o f  necropsy  m ate r ia l  from  b o th  cond it ions .

V ascu la r  lesions of  muscles and  nerves assoc ia ted  w ith  periarteritis  n o d o sa  
have been  e x a m in e d  b y  var ious  a u th o rs  [1, 9] in  c o n t r a s t  to  similar v a s c u la r  
changes occurr ing  in o th e r  collagen diseases. I t  is long  k n o w n  th a t  p e r ia r te r i t i s  
nodosa  often  m an ifes ts  i tse lf  b y  nervous  signs, a n d  p e r ip h e ra l  n eu ro p a th y  m a y  
be one of  its c h a ra c te r is t ic  sy m p to m  com plexes. As to  t h e  lesions of p e r ip h e ra l  
n e r \  es due to  pe r ia r te r i t is  nodosa, inves t iga t ions  b y  H u n g a r ian  p a th o lo g is ts

* T his w ork  is d ed ica ted  to P rofessor Jo sep h  Baló on th e  occasion  of having co m p le ted  
five decades in th e  serv ice  o f science.
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h a v e  b een  of p ioneer  im p o r tan ce  [6, 5, 20, 27]. Their s tud ies  were m ostly  
c e n t r e d  on th e  h is to lo g y  of th e  large a r te r ie s ;  since the  lesions due  to  rh e u m a ­
to id  a r th r i t i s  can  re a so n a b ly  be  com pared  o n ly  w i th  lesions of  sm all  a r te r ies ,  in 
t h e  p r e s e n t  s tu d y  th e  lesions of small m u s c u la r  and nervous  a r te r ie s  were 
e x a m in e d .

T h e  def in ition  of  per ia r te r i t is  nodosa  a n d  th e  d ifferen tia tion  o f  its  ind i­
v id u a l  fo rm s has b een  based  on th e  stud ies  b y  Z e e k  et al. [40, 41], a l th o u g h  th e  
f iv e  v a r ie t ie s  of n ec ro tiz ing  a r te r i t is  descr ibed  b y  them  (classical fo rm  of pe r i ­
a r t e r i t i s  nodosa , allergic angitis ,  angitic  g ranu lom atos is ,  angitis  a sso c ia ted  w ith  
v a r io u s  collagen diseases, te m p o ra l  a r te r i t is )  c a n n o t  be sh a rp ly  d is t ingu ished  
[3]. D if fe ren t ia t io n  of  th e  above  varie ties  on  th e  basis of in f la m m a to ry  lesions 
o f  t h e  sm all  a r te r ies  is still m ore u n ce r ta in ,  as fo r  instance th e  classical fo rm  of 
p e r i a r t e i i t i s  nodosa  is cha rac te r ized  b y  an  a ffec tion  of m ed ium  ar te r ies .

P r io r  to  th e  recogn it ion  of th e  a ssoc ia t ion  of generalized a r te r i t i s  w ith  
r h e u m a to id  a r th r i t i s ,  several observa tions  h a v e  already in d ic a te d  t h a t  a co­
e x is te n c e  be tw een  “ r h e u m a t i s m ”  and  p e r ia r te r i t i s  nodosa seems m ore  freq u en t  
as e x p e c te d  [17, 39]. K l i n g e  et al. [24, 25] h a v e  shown th a t  rh e u m a t i s m  affec t­
ed  t h e  en tire  v a scu la r  sys tem  and  th e  a sso c ia ted  vessel lesions d iffered  h a rd ly  
f ro m  th e  microscopic ap p ea ran ce  of p e r ia r te r i t i s  nodosa. A c o m p a ra t iv e  s tu d y  
o f  v a s c u la r  lesions is p recond it ioned  b y  a m o re  precise knowledge o f  rh eu m a to id  
v a s c u l i t i s  and th e  correc t  defin it ion  of th e  fo rm s  of per iarterit is  nodosa .

P a r t  of th e  earlie r  observers held th e  v iew  th a t  the  v a sc u la r  lesions asso­
c ia te d  w ith  rh e u m a to id  a r th r i t i s  and  p e r ia r te r i t i s  nodosa were d is t ingu ishab le  
b y  m orpho log ica l  fea tu res .  C r u i c k s h a n k  [13] s ta te d  th a t  r h e u m a to id  a r te r i t is  
d i f fe re d  from  p e r ia r te r i t is  nodosa in be ing  localized to th e  sm all  m uscu la r  
a r te r ie s  an d  n o t  invo lv ing  an eu ry sm  a n d  th rom bos is .  A ccord ing  to  B a l l  [4], 
S o k o l o f f  an d  B u n i m  [38], rh e u m a to id  a r te r i t i s  was d is t ingu ishab le  from  pe­
r i a r t e r i t i s  nodosa  b y  th e  absence of a m ass ive  destruction  of  t h e  vessel wall. 
L a t e r  au th o rs  h av e  a d v o c a te d  the  m orpho log ica l  iden tity  of  th e  tw o  v ascular 
le s io n s  a n d  in fe rred  t h a t  only  one of t h e m  is independen t;  som e o f  th e m  re­
g a r d e d  rh e u m a to id  a r th r i t i s  th e  p r im a ry  c o n d i t io n  and p e r ia r te r i t i s  nodosa  its 
co m p l ic a t io n ,  while o thers  believed th a t  rh e u m a to id  a r th r i t i s  is one of the 
m a n y  var ie t ies  o f  p e r ia r te r i t is  nodosa.

T h e  p r im a ry  n a tu r e  o f  p e r ia r te r i t is  n o d o sa  is supported  ch ie f ly  b y  clinical 
d a t a  [7, 36]. I t  is k n o w n  t h a t  in one th i rd  o f  th e  cases the  c o n d i t io n  is accom ­
p a n ie d  h y  a r th r i t ic  s y m p to m s  and often  m an ife s ts  itself clinically  in th e  form  of 
r h e u m a t ic  muscle p a in  or per iphera l  n e u r o p a th y ;  the rh e u m a to id  fac to r  m ay 
h e  p o s i t ive  in 3 0 %  of th e  cases of p e r ia r te r i t i s  nodosa. I n c o n s is te n t ly  w ith  this 
su p p o s i t io n ,  the  occurrence  of  p e r ia r te r i t is  no d o sa  is th ree  t im es  m ore  com m on 
a m o n g  males t h a n  am o n g  females, while rh e u m a to id  a r th r i t is  is ch ie f ly  a disease 
o f  w o m en . A lso ,the  above  hypo thes is  h a r d ly  accoun ts  for the  p a rad o x ica l  effect 
o f  s te ro id  t r e a tm e n t  which  is uneq u iv o ca l ly  favourab le  in p e r ia r te r i t i s  nodosa ,
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w hereas in p a t ie n ts  with rh e u m a to id  a r th r i t i s  i t  seemed to elicit so m etim es  
generalized a r terit is .

A m ore  generally  accep ted  view  has been  to  rega rd  per ia r te r i t is  n o d o sa  as 
a com plica t ion ,  or occasionally an  acco m p an y in g  condition  o f  rh e u m a to id  
a r th r i t i s  [14, 26]. This opinion has been  a d v o c a te d  par t icu la r ly  b y  th e  in v es t i ­
g a to rs  who h a v e  d oub ted  th e  in d ependence  of  peria r te r i t is  nodosa, reg a rd in g  it  
m erely  as a s y m p to m  or synd rom e  whose one aetiologic fac tor  m a y  be r h e u m a ­
to id  a r th r i t i s  [16, 30, 31].

T he  m a jo r i ty  of au tho rs  accep ting  th e  independence  of  b o th  th e  classical 
rh e u m a to id  a r th r i t i s  and th e  classical pe r ia r te r i t is  nodosa, d is t ingu ish  a th ird  
form  d es ig n a ted  “ m alignan t  rh e u m a to id  a r th r i t i s ”  which hears  th e  m o rp h o lo g ­
ical an d  clinical characteris tics  o f  b o th  cond itions  and  m ay  be re g a rd e d  as an 
in te rm e d ia te  cond it ion  [2, 8, 18]. Th is  “ m a l ig n a n t”  p a t te rn  differs from  clas­
sical r h e u m a to id  a r th r i t is  and  p e r ia r te r i t is  nodosa  no t only in the ty p e  of  v a sc u ­
lar lesions, b u t  also in cer ta in  ty p ic a l  l a b o ra to ry  f indings such as a p os i t ive  R h  
fa c to r  and  L E  cell phenom enon , as well as in clinical signs such as t h e  assoc ia ­
tion  o f  n e u ro p a th y  and  th e  m ore  f re q u e n t  presence of su b cu tan eo u s  nodules  
[26, 28, 33, 37].

In te re s t in g ly ,  the  above d a ta  h av e  been  derived from re la t ive ly  few m o r­
phological exam in a t io n s  and still scarcer  h ave  been th e  co m p a ra t iv e  h is to log­
ical s tud ies  o f  lesions associated w ith  rh e u m a to id  a r th r i t is  and  p e r ia r te r i t is  
nodosa  112, 29, 30].

Investigations

We ca rr ied  o u t  co m para tive  h is to logical exam ina tions  of v a scu la r  lesions 
in  m uscle  a n d  per iphera l nerve  t issue  from  necropsy  m ateria l  in 30 cases of 
rh e u m a to id  a r th r i t i s ,  7 cases of classical pe r ia r te r i t is  nodosa, 1 case o f  h y p e rse n ­
sitive  ang it is  a n d  2 cases of necro tic  po lyang it is  and  g ranu lom atosis .

O u t  of  th e  30 rheum ato id  a r th r i t i s  cases 26 were females an d  4 were males, 
w ith  an  ave rage  age of 65 a n d  an av e rag e  d u ra t io n  of  the  disease for 17 years .  
In  eve ry  case, charac ter is t ic  lesions of  th e  h a n d  jo in ts  were e n co u n te red ,  and  
in 11 cases ch ron ic  a r th r i t is  de fo rm ans  invo lved  also o the r  jo in ts .  H isto log i­
cally, a c u te  necro tic ,  subacu te  p ro life ra t ive  a n d  chronic  fibrous a r te r i t is  o f  sm all  
m u scu la r  and  ne rve  vessels was found in 9 cases, chronic  f ibrous v a sc u la r  lesion 
alone in 5 cases, while in f la m m a to ry  lesions of small arteries were a b se n t  in 
16 cases. In  th e  7 cases of classical p e r ia r te r i t is  nodosa (6 m en, 1 w om an) ,  
average  age was 47; in 4 cases acu te  necro tic ,  su b acu te  prolifera tive  a n d  chron ic  
f ib rous a r te r i t is  occurred  un ifo rm ly  in th e  m uscu la r  and nervous a r te r ie s  less 
th a n  200 fi in d iam ete r ,  while in 3 cases solely chronic  arte r i t is  was fou n d .

C om parison  of acute  and  s u b a c u te  in f lam m atio n  of small m u sc u la r  and  
nerve  arte r ies  in rheum ato id  a r th r i t i s  an d  per ia r te r i t is  nodosa revea led  a nea r ly

írta  XIor[>h!>logic'i .icaderniae Scien tiir iim  llu n g a rica r  17, 1060
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F ig . 1. R h e u m a to id  a r th r it is .  F em ale ,ag e  6 2 ,fem o ra l nerve. S ubacu te  a rte ritis . 
H aem atoxy lin -eosin . x  360

Fig. 2. P e r ia r te r i t is  nodosa. Male, age 30, m ed ia n  nerve. S ubacute  a rte ritis . 
H aem atoxy lin -eosin . X 360
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Fig. 3. P e ria rte ritis  nodosa. M ale, age 30, m edian  nerve. S u b acu te  a rte r it is .  
H aem a to x y lin -eo s in . X 480

F ig . 4. P e r ia r te r it is  nodosa. M ale, age 30, fem ora l nerve. S ubacu te  a rte ritis . A zan s ta in . X 360

■icta M orphologien Academ iae S c ien tiarum  H ungaricne 17, 1969
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id en t ica l  m orphological ap p e a ra n ce  of the  tw o  k inds  of lesions. A m odera te  
d ifference  was e n c o u n te re d  o n ly  in th e  com p o s i t io n  and  in ten s i ty  of  th e  m es­
e n c h y m a l  tissue re a c t io n  associa ted  w ith  th e  f ib r in o id  necrosis of th e  vessel 
wall, in  t h a t  in rh e u m a to id  a r th r i t i s  it  was r a t h e r  o f  ex u d a t iv e  c h a ra c te r  com ­
p osed  chiefly  of leu k o cy te s  or  lym phocy tes  (F ig .  1), w hereas in p e r ia r te r i t is  
n o d o sa  th e re  was a m ass ive  f ib roblastic  p ro l i fe ra t io n  of th e  ad v e n t i t ia  (Fig. 2) 
o f te n  w i th  a p ro life ra t ion  o f  th e  in t im a  a n d  m o re  in tense  f ib rous t issue  for­
m a t io n  (Fig. 3). In  th e  s u b a c u te  phase, p ro life ra t ion  of  sm oo th  muscle cells o f  the  
m ed ia  (Fig. 4) and  th e  p ro l i fe ra t iv e  process in  som e cases resu lted  in a massive

F ig. 5. R h eu m a to id  a r th r i t is .  Fem ale, age 40, m ed ian  nerve. C hronic a rte ritis . 
H aem ato x y lin -eo sin . X 240

o b li te ra t io n  of the  v a sc id a r  lum en. This has n e v e r  been  encoun tered  in rh eu ­
m a to id  vasculitis; its cause  m a y  be sought in t h e  fa c t  t h a t  in per ia r te r i t is  nodosa 
v a sc u la r  changes are o f te n  associated  w ith  th ro m b o s is .

Comparison of c h ro n ic  peripheral a r te r i t i s  in rh eu m a to id  a r th r i t is  and 
p e r ia r te r i t i s  nodosa sh o w ed  lit t le  difference b e tw e e n  th e  tw o lesions; i t  m a n i­
fes ted  itself  chiefly in th e  microscopic p ic tu re  o f  th e  in t im a .  While in rh e u m a ­
to id  a r th r i t i s  chronic a r te r i t i s  manifested i tse lf  w ith  a f ibrous tran s fo rm a tio n  
o f  th e  m edia  and a f ib ro u s  broaden ing  of th e  a d v e n t i t i a  w ith  th e  in t im a  re la ­
t iv e ly  in tac t  (Fig. 5), in  per ia r te r i t is  nodosa  th e re  was often  a f ibrous th ic k e n ­
ing of  th e  in t im a  w h ich  ev en  ob litera ted  th e  lu m e n  (Fig. 6). F ibrous t ra n s fo r ­
m a tio n  of media and  a d v e n t i t i a  was also of a h ig h er  degree in peria r te r i t is  nodosa

icta  Morpholofiica iradem iae S c ie n tia ru m  Hungaricae 17, I960
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big. 0. P e ria rte ritis  nodosa. Male, age 21, m ed ian  nerve. Chronic a r te r it is .  
H aem atoxy lin -eosin . x 240

b'ig. 7. H y p ersen sitiv e  ang itis . Fem ale , age 64, isch ia tic  nerve. Acute a r te r it is .  
H aem atoxy lin -eosin . x 360

Irta  M o rp h o lo % in tcin lcm iar Scienliarum  Hunftaricav 17, I9f>9



7 6 B . R A D N A l

th a n  in  rh e u m a to id  a r th r i t i s ,  b u t  the  d ifference w as not so p ronounced .  Som e­
t im e s  h aem o sid e r in  granules  were seen in th e  m e d ia  and  adven ti t ia ,  w i th  e i ther  
scarce  r e m n a n t s  or m a rk e d  regenera t ion  of e la s t ic  fibres, as no ted  also in  rh e u ­
m a to id  a r th r i t i s .  The c ica tr ized  vessel wall in  som e  areas showed signs o f  r e c u r ­
rence , s u c h  as b leeding of th e  in t im a  a sso c ia ted  e ither with th ro m b o s is ,  or 
fresh  necrosis  of th e  m edia ,  resp . of th e  th ic k e n e d  in tim a.

I t  is rem arkab le  t h a t  chronic  a rterit is  c o n n e c te d  w ith  fibrosis of t h e  vessel 
wall —  w h ich  occurs nea r ly  in h a lf  of th e  cases o f  rh eu m a to id  a r th r i t is  —  was n o t  
fo u n d  b y  us  in p e r ia r te r i t is  nodosa; in th e  l a t t e r  condition we  obse rved  onlv 
th e  ro u n d -ce l l  and m ast-cell in f i l t ra t ion  of t h e  adv en t i t ia .

T h e  histological p ic tu re  of the  so-called hypersens itive  angitis  (allergic 
a r te r i t i s )  w'as cha rac te r ized  also in our m a te r ia l  b y  generalized s im u ltan eo u s  
f ib r in o id  necrosis of small a r te r ies  w ith o u t  in v o lv e m e n t  of the  a d ja c e n t  larger 
a r te r ie s .  All layers of th e  vessel wall showed g ra v e  leukocytic and  m ild e r  ly m ­
p h o c y t ic  in f i l t ra t ion , w i th o u t  a n y  sign of t is su e  regeneration  or p ro life ra t ion  
(F ig . 7). V ascu la r  lesions were in a uniform  s ta g e  b o th  in the  inne r  o rgans  and 
th e  m usc les  and nerves; n e i th e r  healing, n o r  ch ron ic  cicatrized lesions were 
fo u n d .  I n  th is  respect th e  so-called h y p e rsen s i t iv e  angitis seems b as ica l ly  to 
d iffer  f ro m  rh eu m a to id  vascu lit is .

T h e  microscopic ch a rac te r is t ic s  of n ec ro t iz in g  polyangitis a n d  g ran u lo ­
m a to s is  [11], or angitic  g ranu lom atos is  [2] w ere  described in detail b y  us in a 
p re v io u s  p a p e r  [19]. T yp ica l  o f  th is  process a re  t h e  occurrence of necrosis  in 
c e r ta in  o rgans  (lung, spleen, k idney) in d e p e n d e n t ly  of vessels, as well as of 
seve re  nec ro tic  and  p ro life ra t ive  vascu la r  les ions; in the  two cases e n c o u n te red  
in o u r  m a te r ia l  severe v a sc u la r  lesions were fo u n d  in the  k idneys, w hereas  no 
signs o f  a r te r i t is  were a p p a re n t  in the  vessels su p p ly in g  the muscles and  nerves.

Discussion

O u r  observations suggest the  possib ili ty  o f  d ifferen tia ting  b e tw een  small 
vessel lesions associated  w i th  rh eu m a to id  a r th r i t i s  and th e  o th e r  form s of 
“ n e c ro t iz in g  a r te r i t is” . I t  seems th a t  in rh e u m a to id  a r th r i t is  and  classical 
p e r ia r te r i t i s  nodosa lesions o f  th e  m uscu la r  a n d  nervous  vessels do n o t  differ in 
n a t u r e  o n ly  in ex te n t  and  in ten s i ty .  In  c o n t r a s t  w ith  the  opinion of Sk o l o ff  
and  B u n im  [38], in th e  a c u te  and s u b a c u te  p h a se  th is  difference m an ifes ts  
i tse lf  n o t  so m uch  in th e  degree of d e s t ru c t io n  as in th a t  of th e  r e p a r a t iv e  
t is sue  process, which in th e  case of p e r ia r te r i t i s  nodosa  appears  as a massive 
p ro l i fe ra t io n  of the  co n nec tive  tissue e lem ents  o f  th e  vessel w all.

I f  th is  assu m p tio n  p roves  true ,  it  will a c c o u n t  for the  c o n tra d ic to ry  b e ­
h a v io u r  o f  th e  two k inds of va scu la r  lesion, viz. rh e u m a to id  vascu lit is  a n d  p e r i­
a r t e r i t i s  nodosa , un d er  corticostero id  t r e a tm e n t .  I t  is known th a t  in som e cases
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of rh e u m a to id  a r th r i t i s  s te ro id  t r e a tm e n t  e ither  ag g rav a te s  th e  ex is t ing  vascu­
lar lesions [10, 21, 30], or elicits necro tis ing  arte r i t is  b y  a c t iv a t in g  th e  suspected  
la te n t  lesions [14, 28, 42]. In  c o n tra s t ,  in p e r ia r te r i t is  nodosa , s te ro id s  h ave  a 
favourab le  influence on th e  course of necrotiz ing a r te r i t is .  T he  d iffe ren t  effect of 
s teroids on th e  tw o  vascu la r  diseases m a y  be in te rp re te d  as a p ro o f  of  a basic 
difference in th e ir  n a tu re .  We believe t h a t  the  d isp a r i ty  of  s tero id  ac t io n s  is due 
to  the  d ifferent t is su la r  in v o lv em en t  of  small a r te r ies  in th e  tw o conditions. 
Histologically , pe r ia r te r i t is  nodosa  differs from rh e u m a to id  a r th r i t i s  in the  
association of cell-rich in t ra v a sc u la r  or perivascu la r  p ro life ra t ion  w ith  necro tiz­
ing a r te r i t is  which is p re sen t  in b o th  diseases; th is  seem s to  a c c o u n t  for the  
g rea te r  efficiency of steroids in per ia r te r i t is  nodosa  due  to  th e i r  suppressive  
action  [22] on f ib rob las t ic  p ro lifera tion , g ran u la t ion  a n d  fibrosis.

In  th e  chronic  s tage, th e  rh e u m a to id  vasculitis  a n d  th e  p e r ip h e ra l  a r te r i ­
tis associated  w ith  per ia r te r i t is  nodosa  differ in the  m ore  d is t inc t ive  th icken ing  
of th e  in t im a  in th e  l a t te r  case, liable to cause a f ibroid  o b l i te ra t io n  o f  th e  lumen. 
F u r th e r ,  a d v en t i t ia l  fibrosis m a y  also be  more severe in p e r ia r te r i t is  nodosa 
th a n  in rh e u m a to id  a r th r i t is .  N evertheless ,  chronic a r te r i t is  m an ife s t in g  itself 
exclusively w ith  a slight round-cell  in f i l t ra t ion  of th e  a d v e n t i t i a  w i th o u t  g ran ­
ular-c icatr ic ia l  th ick en in g  o f th e  vessel wall, does n e v e r  occur in p e r ia r te r i t is  
nodosa.

B oth  rh e u m a to id  a r te r i t is  a n d  per ia r te r i t is  nodosa  are c h a rac te r ized  by  
th e  s im ultaneous  occurrence of lesions in various s tages in th e  small a r te r ies  of 
muscles an d  nerves, as c o n tra s te d  to  allergic arte r i t is  w here  th e  v a sc u la r  lesions 
are in th e  sam e stage  in all p a r ts  o f  th e  body .

In  view of th e  microscopic ch arac ter is t ics  of rh e u m a to id  a r th r i t i s  and 
p e r ia r te r i t is  nodosa, we rega rd  th e  re le v a n t  small a r te r ia l  lesions a m odif ica tion  
of necrotiz ing a r te r i t is  r a th e r  t h a n  a specific lesion. T h e  n a tu re  of  th is  m odifi­
ca tion  and  th u s  also th e  histologic p ic tu re  of a r te r i t is  a p p e a r  to  d ep en d  on 
various factors. T h u s  in th e  pathogenesis  of th e  m ore severe  small a r te r ia l  le­
sions associated  w ith  per ia r te r i t is  nodosa , hypertens ion  m a y  p lay  a role; i t  is 
know n th a t  an  e leva ted  blood pressure  is more d is t in c t iv e  and  f re q u e n t  in 
p e r ia r te r i t is  nodosa  th a n  in rh e u m a to id  a r th r i t is .

T he  in f la m m a to ry  changes o f  m ed ium  arteries accom pan ied  b y  necrosis 
and  n odu la r  fibrosis, so ch a rac te r is t ic  of classical p e r ia r te r i t is  nodosa , do not 
usua lly  occur in rh e u m a to id  a r th r i t is .  In  typ ica l r h e u m a to id  a r th r i t i s ,  th e  in ­
v o lvem en t of large arteries , som etim es also in th e  lungs, is only  excep tiona lly  
of  such an ex te n t  a n d  in ten s i ty  as to  suggest the  p ro b a b i l i ty  of  its  association , 
or coexistence, w ith  per ia r te r i t is  nodosa  [4, 38]. These cases are considered  cli­
nically  “ m a lig n an t  rh e u m a to id  a r th r i t i s ” . On th e  ana lo g y  of th is  p ic tu re ,  the  
association or coexistence of  rh e u m a to id  a r th r i t is  w ith  T a k a y a s u ’s d isease [15 | 
or w ith  tem p o ra l  a r te r i t is  [23] has  been  repo rted .
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B E IT R Ä G E  Z U R  V E R G L E IC H E N D E N  M O R P H O L O G IE  
D E R  V E R Ä N D E R U N G E N  K L E IN S T E R  A R T E R IE N  B E I  R H E U M A T O ID E R  

A R T H R IT IS  U N D  P E R IA R T E R IIT IS  NODOSA

B. R ADN AI

A nläß lich  der Sek tio n  an rh eu m ato id e r A r th r itis  o d e r P e r ia r te r iitis  nodosa V e rs to rb e ­
ner w urde  die h isto log ische S tru k tu r  de r in der S k e le t tm u s k u la tu r  und  in den p e r ip h e re n  
N erven  b eo b ac h te ten  V erän d eru n g en  k leinste r A rte rie n  v e rg lichen . Im  H inblick  a u f  die 
pe rip h ere  A rte riitis  lassen  sich zwischen den b e id en  K ra n k h e itsb ild e rn  n u r q u a n ti ta t iv e  
U n tersch iede  aufzeigen.

In  de r a k u te n -su b a k u te n  Phase  der G e fäß v e rä n d eru n g e n  ist die P ro life ra tio n  der 
B indegew ebselem ente  bei P e ria rte riitis  nodosa a u sg e p rä g te r  als bei rh eu m ato id e r V ascu litis . 
Diese E rsch ein u n g  m ag als E rk lä ru n g  jen e r E rfa h ru n g s ta ts a c h e  d ienen, daß die K o r t ik o id ­
th erap ie  bei den  be iden  K ra n k h e itsb ild e rn  au f die G efäß v e rän d eru n g en  eine u n te rsch ied lich e  
W irkung  au sü b en  kan n .

In  de r ch ron ischen  P h ase  der G e fäß v erän d eru n g en  is t d ie  Fibrose der G e fäß w an d , 
insbesondere  de r In t im a  erheb licher, u n d  sie k a n n  zu r O b lite ra tio n  des Gefäßes fü h re n . Es 
is t n ic h t ausgeschlossen , d aß  an  der P a thogenese  d ieser E rsc h e in u n g  die H y p e rten sio n  b e te i­
lig t ist.

O bw ohl bei rh e u m a to id e r  A rth ritis  oder bei P e r ia r te r i i tis  nodosa die v e rsch ied en en  
A rte riitid en  n ich t als spezifische V eränderungen  b e tr a c h te t  w erden  können, lassen  sich  die 
beiden G efäßprozesse a u f  G rund  der e inheitlichen  B e tra c h tu n g  des klinischen, a n a to m isc h e n  
und h isto log ischen  B ildes a ller W ah rsch e in lich k e it n ach  v o n e in a n d e r un terscheiden . Je n e  
Fälle , w elche die m orpholog ischen  Zeichen be ider K ra n k h e itsb ild e r  aufweisen, d ü r f te n  dem  
klin ischen  B egriff »m aligne rh eu m ato id e  A rthritis«  e n tsp rec h en .

ДАННЫЕ К СРАВНИТЕЛЬНОЙ МОРФОЛОГИИ ИЗМЕНЕНИЙ МЕЛКИХ 
СОСУДОВ ПРИ РЕВМАТОИДНОМ АРТРИТЕ И УЗЛОВАТОМ АРТЕРИИТЕ

Б . Р А Д Н А И

На основе сравнения гистологической структуры изменений мелких сосудов 
наблюдаемых в скелетной мышце и в периферических нервах на вскрытии умерших от 
ревматоидного артрита п узловатого периартериита, между периферическими артери­
итами этих двух патологических процессов можно выявить лишь количественные раз­
ницы.

В острой-нодострой фазах изменений сосудов, при узловатом периартериите про­
лиферация соединительно-тканных элементов стенки сосуда более выражена, чем при 
ревматоидном васкулите. Это явление может объяснять также вопрос, почему лечение 
кортикостероидами может оказать различное действие на изменения сосудов при этих 
двух патологических процессах.

В хронической фазе изменений сосудов при узловатом периартериите наблю­
дается более тяжелый фиброз стенки сосуда, в частности интимы, который может при­
вести к облитерации сосуда. Полагается, что в патогенезе этого явления участвует гипер­
тония.

Хотя различные артерииты, наблюдаемые в связи с ревматоидным васкулитом и 
в связи с условатым перпартериитом, нельзя рассматривать как специфические, на основе 
единого воззрения на клиническую, патолого-анатомическую и гистологическую картины, 
эти два патологических процессы по всей вероятности можно обособлять друг от друга.

Те случаи, которые показывают морфологические признаки обоих заболеваний, соот­
ветствуют, по-видимому, клиническому понятию «злокачественного ревматоидного 
артрит»-а.

Dr. Béla H a d n a i , B u d a p e s t  IX . ,  N a g y v á ra d  t é r  1, H u n g a ry
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In s t i tu te  o f P a th o lo g y  (D irec to r: P rof. G y. R o m háNYí ), U n iv ersity  M edical S choo l, Pécs

QUANTITATIVE HISTOCMEMICAL ANALYSIS 
OF CYTOMEGALIC NUCLEAR INCLUSIONS

K. J o b st* and M. K e l l e r m a y e k

(R eceived  M ay 10, 1968)

T he co n cen tra tio n s o f D N A , to ta l  p ro te in s  an d  basic  p ro te in  hav e  b een  d e te rm in ­
ed cy to p h o to m etrica lly  in th e  n u c lea r inclusions fo u n d  in  d ifferen t o rg a n s  o f  four 
su b je c ts  suffering  from  cy tom egalic  inclusion  d isease. T h e  am o u n t of D N A  a n d  p ro te in s  
co n ta in ed  in th e  inclusions w as in  all cases 3 to  4 tim es h igher th a n  in  th e  con tro l 
nuclei. No basic p ro te in  o f th e  h is to n e  ty p e  w as fo u n d  in th e  inclusions o f tw o  p re m a tu re  
in fa n ts , while considerab le  am o u n ts  o f  i t  w'ere rev ea led  in those of a child  a n d  an  ad u lt.

T he presence  of D N A  in cy tom egalic  nuc lea r  inclusions has b een  p roved  
b y  h is tochem ical [35], p h o to m e tr ic  [12, 20] a n d  f luorescence-optical [33] in ­
v es t iga t ions .  D N A -virus  is now acknow ledged  as be ing  involved in th e  p a th o ­
genesis o f  cy tom egalic  inclusion disease [35] a n d  light microscopic o b se rv a t io n s  
are  in h a rm o n y  with this view. E lec tro n  microscopic  exam ina tions  h a v e  a lread y  
y ie lded  in fo rm atio n  ab o u t  th e  u l t r a s t ru c tu re ,  crystallo id  o rg an iza t io n  and 
in te rce l lu la r  deve lopm en t of th e  viral bodies [6,11, 28, 36]. Both ligh t m icroscop­
ic an d  elec tron  microscopic d a ta  agree in t h a t  inclusions from v a r io u s  organs 
co n ta in  no t  only DNA b u t  p ro te in s  as well; q u a n t i t a t iv e  m e a su re m e n ts  show 
t h a t  th e  a m o u n t  of b o th  substances  is s ign if ican tly  increased [34].

So far , q u a n t i ta t iv e  exam in a t io n s  h ave  been  concerned writh  single  cases, 
w ith  the  inclusions of a p a r t ic u la r  o rgan  so t h a t  no d a ta  are ava ilab le  to  show 
differences in th e  am o u n t  of D N A  an d  p ro te in  co n ta in ed  in the d if fe ren t  o rgans  
of ind iv idua ls  belonging to  d ifferen t age g roups. Th is  has been s tu d ie d  in th e  
p re se n t  work. I t  wras found  th a t  th e  nuc lea r  inclusions of indiv iduals  o f  va r ious  
ages in v a r ia b ly  con ta ined  h igher a m o u n ts  o f  D N A  an d  to ta l  p ro te in  t h a n  did 
th e  contro l nuclei, while no basic p ro te in  was found in the  inclusions o f  p r e m a ­
tu re  in fan ts .

M aterial anil m ethods

T he o rg an s o f four sub jec ts  o f va rio u s ages w ho on histological ev id en ce  h a d  died  
of cy to m eg alic  inclusion  disease were used for th e  q u a n ti ta t iv e  pho to m etric  d e te rm in a tio n  
o f DN A  and  p ro te in .

Case 1. A m ale in fan t born a t 7 m o n th s  o f p reg n an cy  w ith  a body w e ig h t o f 930 g, 
becam e re p ea te d ly  grey, his h e a rt sounds w ere w eak , th e  re sp ira tio n  a r rh y th m ic . H e died

* P re se n t address: D ep artm en t o f Clinical C h em istry , U n iv . Med. School, P écs, Ifjú ság  
ú t  31, H u n g a ry .

6 'fr la M orphologica icadem iae S c ien liirun i H im garicae 17, 1969
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a f te r  20 h rs  o f  p o s tn a ta l  life. T h e  clinical diagnosis w as in tra c ra n ia l  haem orrhage (? ). H isto lo g i­
cal e x a m in a tio n s  rev ea led  cy to m eg alic  g ian t cells in  th e  subm andibu lar  g land.

Case 2 *  F irs t  ch ild  o f  R h-in co m p atib le  p a re n ts . H e r  w e ig h t was 1900 g. T he p red o m i­
n a n t  sy m p to m  consisted  in  su b cu tan eo u s h aem o rrh ag es  th ro u g h o u t the  b o d y . A systo lic  
m u rm u r  w as h e a rd  over th e  b ase  of th e  h e a rt. T h ere  w as h e p a tic  and splenic e n la rg em en t. 
Im m e d ia te ly  a f te r  b i r th  co n v u ls io n s ap peared , la te r  th e  h a em o rrh ag e s  becam e m ore an d  m ore 
e x te n siv e , a n d  th e  p a tie n t  d ied  a t  th e  age of fo u r h o u rs . A u to p sy  revealed  a v e n tr ic u la r  sep ta l 
d e fec t a n d  cereb ra l h a em o rrh ag e  in to  th e  ven tric le . H is to lo g y  rev ea led  cy to m eg aly  in  salivary  
glands, k id n e ys , liver, brain .

Case 3.** (This case h a s  been  rep o rted  in  d e ta il;  see reference 22.) A fem ale  p a tie n t  
o f 36 y e a rs  w ho h a d  b een  h o sp ita lized  e igh t tim es d u r in g  th e  previous 5 y e a rs  on  acco u n t 
o f re n a l c o m p la in ts . T he c lin ica l d iagnosis was ch ro n ic  p y e lo n e p h ritis  and u raem ia . T he gross 
n ec ro p sy  fin d in g s  d id  n o t  a d m it  o f an  u n am b ig u o u s co n clu sio n  regarding th e  re n a l change; 
th e  k id n e y s  w eighed 80 g. T h e  d iagnosis of renal cytomegalic disease was only rev ea led  by  th e  
h is to lo g ica l ex am in a tio n .

Case 4. A m ale p a t i e n t  o f  3 y ears  whose illness, lik e  t h a t  of his 9 -m on th -o ld  b ro th e r , 
h ad  s ta r te d  w ith  p n e u m o n ia  2 m o n th s before. T he y o u n g e r b ro th e r  had  died of b ro n c h o p n eu ­
m o n ia  a f te r  fiv e  days. T h e  p a tie n t  becam e m ore a n d  m o re  dyspnoeic and d ied  w ith  signs 
o f re s p ira to ry  fa ilu re  tw o  m o n th s  la te r. T he c lin ica l d iag n o s is  was b ronch io litis , b ila te ra l 
b ro n c h o p n eu m o n ia , a s th m a tic  b ro n ch itis . A u to p sy  re v ea le d  ch ro n ic  (v ira l? ) p n e u m o n ia  w ith  
in te r s t i t ia l  em p h y sem a. H isto lo g ica l e x am in a tio n  re v ea le d  cytomegalic inclusion p n eum onia .

T h e  y o u n g e r b ro th e r , w ho h ad  died before o u r p a t ie n t  d id , had  th e  sam e k in d  o f p n e u ­
m onia . A cco rd in g  to  a su b se q u e n t s ta te m e n t o f th e  p a re n ts ,  som e pigs of th e  fam ily  h a d  died  
o f a n  u n k n o w n  disease b e fo re  th e  ch ild ren  fell ill.

W e s ta in e d  ou r se c tio n s  w ith  h aem ato x y lin -eo sin , P A S , Sudan b lack , g a llo cy an in , 
an d  to lu id in e  b lue  of p H  4.

D e ta ile d  d a ta  a b o u t th e  m icroscopic find ings a n d  q u a li ta t iv e  h isto ch em istry  in  c y to m eg ­
alic in c lu s io n  d isease, th e  d e sc rip tio n  of w hich is b e y o n d  th e  scope of th is s tu d y , can  be found  
in th e  l i te r a tu re  [2, 16, 19, 23, 29, 30]; our fin d in g s w ere  in  com plete  ag reem en t w ith  th em .

T h e  D N A -co n ten ts  o f  th e  cells were e s tim a te d  b y  F eu lg en ’s reac tio n  w ith  B lo ch ’s 
m o d if ic a tio n  [3, 4] (A : 570 in //), while th e  h is to n e -ty p e  a n d  to ta l  p ro te ins acco rd in g  to  
A l f e r t  a n d  Ges c h w in d  [1] a f te r  sta in in g  w ith  fa s t  g re en  o f  p H  8.1 and 2.2 (A : 600 m p). 
C y to p h o to m e tr ic  q u a n ti ta t iv e  d e te rm in a tio n s [21] w ere p e rfo rm e d  in  6 to 8 p  th ic k  sections 
o f th e  sam e  cell fix ed  in  10%  fo rm alin  and  su b jec ted  to  F e u lg e n ’s reaction . Several c h a ra c te r ­
is tic  v isu a l fie lds were p h o to g ra p h e d  a t  400 X m ag n ifica tio n . T h e  cytom egalic a n d  th e  con tro l 
cells w ere  se p a ra te ly  n u m b e re d  on th e  p rin ts  an d  th e  D N A  in  th e  num bered  in d iv id u a l cells 
was th e n  d e te rm in e d  c y to p h o to m e tr ic a lly  (obj. 100 x ) .  E x tr a c t io n  of the  sam e sec tio n s by  
tr ic h lo ro ac e tic  acid  w as fo llow ed  b y  s ta in ing  w ith  f a s t  g reen . T hen  th e  D N A -tes ted  cells 
w ere se lec ted  on  th e  b asis o f  th e  n u m b ers  on th e  p r in ts  a n d  th e ir  co n ten t o f b asic  p ro te in  and 

a f te r  ren ew ed  s ta in in g  — th e ir  to ta l  p ro te in  c o n te n t  w ere  de te rm in ed . A b o u t 25 to  30 cells 
w ere so e x am in ed  a t  a  t im e . T h e ir  DN A  and  p ro te in  c o n te n ts  w ere expressed in A U  (a rb itra ry  
u n it  =  e x tin c tio n  X su rface  //-).

Results

Differences b e tw e e n  th e  inclusions in th e  in d iv id u a l  cases were revealed  
a l re a d y  b y  l igh t  m ic roscopy . In  cases 1 a n d  2 (F ig . 1), th e  round  or oval in c lu ­
sions w ere  clearly d is t ingu ishab le  from th e  n uc leus .  The no n -s ta in in g  halo 
b e tw een  th e  Feu lgen -posit ive  inclusion an d  th e  f ine ly  granu lar  nuc lea r  m e m ­
b ra n e  is well m ark ed  in  th e  figure. The large c y to p la s m  of the  cells w as P A S  and  
S u d a n  b lack  positive , w hile  ne ither  th e  inc lusion  no r  the  cy top lasm  sta ined  
w ith  p H  8.1 fa s t  green  [Fig. 3a], which, how ever ,  s ta in e d  in tensely  th e  Feu lgen  
posit ive  granules  a t t a c h e d  to  the  nuclear  m e m b ra n e .  p H  2.1 fast green s ta ined  
th e  inc lusion , th e  c y to p la sm  and  its g ranu les  in ten se ly .

* W e are in d eb te d  to  D r. Gy. K asza fo r re fe rr in g  th e  m ateria l to  us.
** W e are  in d eb te d  to  D r. I. K ádas for re fe rrin g  th e  m a te ria l to  us.

A c h  M orphologien A cadem iae  S c ie n tia ru m  H ungaricae 17, 1969
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Fig. I.  Cytomegalic  renal  inclusion in 
a p re m a tu re  in fan t .  PAS reac tion .  650

Fig. 3. R en a l  inclusions in cytom egalic  in fan t  (a) a n d  a d u l t  (b). F a s t  green of p H  8.1. B asic  
pro te in  was d em o n s tra ted  in case (b) only.  x 6 5 0

Fig. 2. Cy tomegalic  renal inclusions in 
an  a d u l t .  T oluid ine  blue of pH 4.0. x  650

& I d a  M o rp h o lo g ie n  A c a d e m ia e  S e ie n  ia r u m  H u n g a r ie a e  17, 196У
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T a b l e  I

A m o u n t  o f  D N A , total p ro te ins and basic pro te in  in  cytomegalic nuclear inclusions, expressed
in  arbitrary u n its

l. DNA, AU 2. Total protein, AU 3. Basic protein, AU

Case
No.

Age, sex, 
specimen
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l . 20 hours (930 g) m

salivary  gland 5.9 25.2 4.3 6.7 26.2 3.9 4.2 в 0

2. 4 hours (1900 g) f

kidney 7.6 23.0 3.0 7.1 29.5 4.2 4.4 в 0

3. 36 years f

kidney 9.9 46.1 4.5 8.3 36.0 4.3 5.7 12.8 2.2
4. 3 years m

lung 10.6 29.8 2.8 12.4 45.7 3.7 8.3 13.4 1.6

In  co n tra s t, th e  b o u n d a ry  betw een  th e  ellipsoid inclusion a lm o st co m p le te ­
ly  fillin g  th e  nucleus an d  th e  nuclear m e m b ra n e  was h a rd ly  v isib le  in  cases 3 
a n d  4 (Fig. 2). H ere  th e  inclusion bodies w ere  la rger th a n  in cases 1 a n d  2 (see 
th e  va lu es  for fj? in  T ab le  I I I ) .  F e u lg en -p o sitiv e  g ran u la tio n  o f  th e  nu c lea r 
m e m b ra n e  w as a b se n t. T h e  cy top lasm  fa ile d  to  sta in  w ith  P A S , S u d an  b lack  
a n d  p H  8.1 fa s t g reen , w hereas th e  in c lu sio n s sta ined  well w ith  a lk a lin e  fast 
g re e n  (F ig. 3b). B o th  th e  nucleus and  th e  cy to p lasm  gave a s tro n g ly  p ositive  
re a c tio n  w ith  acid  fa s t  green.

T he resu lts  o f q u a n tita tiv e  c y to p h o to m e try  are listed  in  T ab le  I  (its 
f i r s t  co lum n show s th e  Fertigen values o f D N A ). In  all cases ex am in ed  th e  DNA 
c o n te n t  of th e  inclusions w as found  to  be  3 to  4 tim es th a t  of in ta c t n u c le i in the  
sa m e  sections. T he d ifference betw een  a v e ra g e  and  m ean values w as re la tiv e ly  
g re a t ,  w hich was p ro b a b ly  due to  th e  w id e ly  variab le  size o f th e  inclusions. 
H is to g ra m s 1 an d  2 i llu s tra te  th e  d is tr ib u tio n  of DNA and  basic  p ro te in  (AU) 
in  cases 2 an d  3.

S ta in ing  w ith  p H  2.2 fast green sh o w ed  th a t  th e  to ta l  p ro te in  c o n te n t of 
th e  inclusions was in  all fou r cases a p p ro x im a te ly  four tim es h ig h e r th a n  th a t  
o f  th e  contro l nuclei (second colum n o f T a b le  1).

W hile th e  va lu es  fo r  DNA and  to ta l  p ro te in s  were increased  in  all o f the  
cases exam ined , th o se  fo r  basic p ro te in  show ed  considerable v a r ia tio n s  (th ird  
co lu m n  of T ab le  I). I t  w as found in th e  co u rse  of th e  q u a lita tiv e  ex am in a tio n s  
a lre a d y  th a t  only  th e  inclusions of cases 1 a n d  2 failed to  s ta in  w ith  p H  8.1 fast 
g reen . Q u a n tita tiv e  d e te rm in a tio n s  w ere , th ere fo re , d ispensed  w ith  in  these 
cases , w here th e  fa st-g reen -p o sitiv e  g ra n u le s  adhering  to  th e  n u c le a r  m em b ran e  
w ere  easy  to  m easure . T h e ir DNA c o n te n t  w as ap p ro x im ate ly  id e n tic a l w ith

A c ta  M o rp h o lo g ien  A c a d e m ia e  S c ie n ti . i r u m  H u u g a r ie a e  1 7 , 1 9 6 9
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th a t  o f th e  con tro l nuc le i; th e  ra tio  F eu lg en : fa s t  g reen  am o u n ted  to  1.6. T he 
q u a n t i ty  of basic p ro te in  in  th e  inclusions of cases 3 an d  4 w as, on th e  o th e r 
h a n d , 1.5 to  2 tim es h ig h er th a n  th a t  of th e  co n tro l nucle i. These d a ta  a re  p a r ­
tic u la r ly  s trik in g  if  th e  re su lts  o b ta in ed  in cases 2 an d  3 a re  co m p ared , in  w hich  
th e  cy tom egalic  k id n ey s o rig in a ted  from  su b jec ts  o f w idely  d ifferen t ages, 

n

5

5

Histogram 1. R ela tive  D N A  v a lu es o f in fan tile  renal inclusions a re  d is tr ib u te d  over a  c o m p a ra ­
tive ly  narrow  range

.. . , Women of 36 years
control Kidney.DNA/feulgen/

I Cyf om ega!y |

-p__p__,Jln ( l fhfl, Pi p__(- 1Г- 1  г—I г
Î 0  30 AO 50 60 ME

Control Women of 36 years
Kidney . Bosic protein/Fq.8,1/

C y t o n e g a ly

I I

| n pn Г~1 П П 1
20  3 0  4 0  50 60 ME

Histogram 2. R ela tive  DNA an d  basic  p ro te in  values o f a d u lt  ren a l inclusions are d is tr ib u te d
over a wide range

T he q u o tien ts  D N A  : p ro te in , com p u ted  from  A U , a re  show n in T ab le  I I .  
In  th e  con tro l nuclei th e  q u o tie n t Feulgen : p H  8.1 fa s t  green f lu c tu a te d  a ro u n d  
1.5, a v a lu e  ch a rac te ris tic  o f  in te rp h ase  nuclei. T h is q u o tie n t w as a b o u t tw ice 
as h igh in  th e  inclusions o f cases 3 and  4 so th a t  th e  ra tio  be tw een  th e  q u o tie n ts  
D N A : basic  p ro te in  in  th e  con tro ls  and  in th e  cy to m eg alic  cases a m o u n te d  to  
1 : 2. Since th e  am o u n t o f b o th  D N A  and  to ta l  p ro te in s  w as ab o u t 3 to  4 tim es 
h igher in th e  inclusions th a n  in th e  control nuclei, th e  ra tio  of th e  q u o tie n ts  
Feu lgen  : acid fast green am o u n te d  to  1 : 1 .

TO ’ 20 ^  30 ME

A c ta  M o rp h o lo g ic a  A c a tle m ia e  S c ie n t ia r u m  H u n g a r ic a e  17, 1 9 6 9
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Table II

T h e  quotients o f  D N A  : basic p ro te in , and o f D N A  : total proteins computed fro m  quantitative  
photometric values (T ab le  I )  o f  norm al nuclei and nuclear inclusions

DNA/Basic protein [qj] DNA/Total protein [q2]

Control
4 i-c

Cytomegaly
4i-cy 4 i-c  : 4i-cy

Case
N j .

Age, sex, 
specimen Control

Чг-с
Cytomegaly

<L-oy Чг-с • Чг-су

1.4 0 1 : 0 l . 20 hours (930 g) m 

salivary g land

0.9 1.0 1 : 1.1

1.7 0 1 : 0 2. 4 hours (1900 g) f 

kidney

1.1 0.8 1 : 0.7

1.7 3.6 1 : 2 3. 36 years f  

kidney

1.2 1.3 1 : 1.1

1.3 2.2 1 : 2 4. 3 years m 

lung

0.9 0.7 1 : 1.3

Table III

D N A  (F eu lgen) concentration in  the surface o f  intact nuclei and renal inclusions o f  in fan ts  
and  adults w ith cytomegalic inclusion  disease

Extinction
E

Surface
IM2

E

V 2

Case 2 

in fan t’s 

k idney

C ontro l 0.580 13.2 0.045

C ytom egaly 0.390 54.5 0.007

Case 3 

a d u lt’s 

k idney

C ontro l 0.733 13.5 0.055

C y tom egaly 0.613 77.8 0.008

Table  I I I  shows t h e  D N A  Feulgen c o n c e n tra t io n  in t h e  su rface  of  the  
r e n a l  inclusions in  case 2 ( in fan t) ,  case 3 (adu lt) ,  and  in th e  con tro l  nuclei. 
W h i le  the  com bined t o t a l  a m o u n t  of D N A  a n d  pro te in  in th e  inclusions was 
in  b o th  cases m a n y  t im e s  h ig h er  th a n  in th e  n o rm a l  nuclei (Table  I I ) ,  th e  con­
c e n t r a t io n  of D N A  w as 6.5 to  7 times lower in  th e  inclusions t h a n  in  th e  control 
nuc le i .  Thus, th e  a p p ro x im a te ly  fourfold increase  in th e  to ta l  a m o u n t  of DNA 
w as  ou t of p ro p o r t io n  to  th e  no tab le  increase in th e  surface of  th e  inclusions, 
a  phenom enon  in sh a rp  c o n t r a s t  with t h a t  obse rved  in likewise large  tu m o u r  
cells.

Discussion

Q u a n ti ta t iv e  p h o to m e t r ic  es tim ations h a v e  shown t h a t  th e  to t a l  am o u n t  
o f  D N A  and  p ro te in  c o n ta in e d  in  cy tom egalic  nuc lear  inclusions is 3 to  4 times 
h ig h e r  th a n  in  d ip lo id  nucle i,  a phenom enon  in h a rm o n y  w ith  t h e  results  of

A c ta  M orphologica A c a d e m iie  S c ie n tia ru m  Hunguricae 17, 196°
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D i c k m a n  [12] and S a n d r i t t e r  [34], who also repo r ted  on increased  D N A  con­
c e n tra t io n  in renal, sa l ivary  g land , an d  p u lm o n a ry  inclusions. S im ila r  obser­
va tions  were m ade b y  L e u c h t e n b e r g e r  [26], who found  high n u c le a r  concen­
t ra t io n s  of D N A  in p a t ie n ts  infec ted  w ith  D N A -virus .

The beh av io u r  of basic p ro te in  was rem ark ab le  in our cases. S a n d r i t t e r  
[34] was th e  first to  describe t h a t  cy tom egalic  nuclear  inclusions fa iled  to  stain 
with a lkaline fast green. His p a t ie n t  was a b a b y ,  and  also th e  f u r th e r  s ix  cy to ­
megalic sa l ivary  glands te s ted  b y  him for s ta in ing  w ith  a lkaline fa s t  g reen  were 
tak en  from  infants . We, too , had  tw o p re m a tu re s  w ith  a n e g a t iv e  histone 
reac tion  while th e  c o n cen tra t io n  of  basic pro te in  in th e  inclusions w as  signifi­
c a n t  in  th e  tw o  subjects  of m ore  a d v a n c e d  age. Thus, it  seems t h a t  th e  am o u n t  
of basic p ro te in  in nuc lear  inclusions is d ifferen t in in fan ts  and  o lde r  sub jec ts .

Chemical [15], cy tochem ical  [7, 8], im m unological [9], au to rad io g rap h ic  
[17], in terference  [25] and e lec tron  microscopic [31, 32] ex a m in a t io n s  showed 
th e  inclusions to  rep resen t  in t ra n u c le a r  aggregates  of v ira l  partic les . I t  is th e re ­
fore safe to  assume t h a t  infec tion  induces a fu n d a m e n ta l  change  in  cellular 
m etabo lism  [14, 18], which is su p p o r te d  b y  th e  o bse rva tion  t h a t  D N A  isolated 
from  DNA virus  syn thesizes n o t  m erely  its own viral D N A  b u t  its  specific 
p ro te in s  as well [10, 13]. T he  high D N A  and  to ta l  p ro te in  co n ten t  fo u n d  in our 
cases was in h a rm o n y  w ith  th e  resu lts  of these  findings, which w ould  fu r th e r  
seem to  be supported  by  th e  low D N A  concen tra t io n  in th e  inclusions. In  p a ­
thological cells, e.g. in tu m o u rs ,  th e  D N A  co n cen tra t ion  is usually  in l inear  re la­
tion  to  th e  n u m b e r  of chrom osom es, a phen o m en o n  we did n o t  o b se rv e  in the 
p re se n t  m ateria l .  Therefore, th e  ex trem ely  low concen tra t io n  of D N A  in the 
inclusions po in ts  to  some in t ra n u c le a r  d isorder, to  a p a r t ic u la r  k ind  o f  D N A  in 
th e  inclusions. According to  D o n n e l l a n  et al. [11] in th e  nucleus th e re  a re  only 
incom ple te  viruses which have  no r ipe  pro te in  envelope; th e ir  f inal d e v e lo p m e n t  
takes  place in the  cy top lasm . C om pared  w ith  in tac t  nuclei, th e  a m o u n t  o f  non- 
basic p ro te in s  was considerab ly  increased  in our four cases of  cy tom egalic  
inclusion disease. The in c rem en t  m igh t  correspond to  th e  pa tho logic  p ro te in  of 
viral origin so t h a t  incom ple te  p ro te in  is rep resen ted  b y  th e  non-bas ic  pro te in  
f rac tion . I t  is, however, likewise probab le  t h a t  it  is no t th e  basic p ro te in  which 
com pletes  th e  virus, for in none of our cases did we find p ro te ins  of  th e  h istone 
ty p e  in th e  cy top lasm , while th e i r  co n cen tra t ion  was high in th e  inc lusions of 
th e  ind iv idua ls  of more ad v an ced  age. O nly  K r i s h a n  et al. [24] h a v e  shown 
th e  presence of h is tone - type  p ro te in  in a typ ica l  D N A  nuc lea r  inclusions. Thus, 
i t  is difficult to  explain th e  p h en o m en o n  observed by us. T he  h is to g ram s  o f the 
in fan ts  and  those  of the  older sub jec ts  showed essential differences, w h ich  were 
p a r t ic u la r ly  conspicuous in th e  k idneys  in cases 2 and  3 (see h is to g ram s 1 a n d  2). 
T he  fac t  t h a t  th e  values of D N A  showed a re la tive ly  na rrow  d is t r ib u t io n  in the 
in fan ts ,  w hereas  bo th  D N A  and  basic p ro te in  were widely d is t r ib u te d  in cases 
3 and  4, suggests t h a t  th e  ty p e  of  v irus  responsible  for th e  disease in in fan ts
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m ig h t  b e  different from t h a t  w h ich  causes i t  a t  a m ore  ad v an ced  age. I t  is, 
h o w e v e r ,  likewise possible t h a t  one is simply dea ling  w ith  inclusions a t  d ifferent 
s tages  o f  developm ent. A g a in ,  v ira l  inclusions m a y  be b ro u g h t  ab o u t  b y  th e  
defence  m echanism  of t h e  m o re  developed o rg an ism  or b y  prolonged d rug  
t r e a t m e n t .  I t  is fu r th e r  poss ib le  th a t ,  as a re su l t  o f  aging, th e  basic nuc lear  
p ro te in  of  th e  host cell is in c o rp o ra te d  into th e  inc lus ion  [27, 37]. All these  su p ­
p o s i t io n s  are mere co n jec tu re s .  W h a t  m ay  be re g a rd e d  as a fac t ,  on th e  basis of 
t h e  case  repo r ts ,  is t h a t  t h e  tw o  p rem a tu re  bab ies  l ived  a few hours  only, while 
t h e  ch i ld  of  3 years and th e  a d u l t  pa t ien t  of 36 y e a rs  were ill, a n d  were t r e a te d ,  
fo r  m o n th s  and  years. I t  is th e re fo re  p robable  t h a t ,  in ad d it ion  to  the  fac tors  
d iscu ssed  in th e  foregoing, t h e  morphology, s t r u c tu r e  and chemical com position  
o f  inc lu s ions  depend n o t  so m u c h  on the  p a t i e n t ’s age as on th e  d u ra t io n  and  
th e  gen e ra l  course of th e  disease .
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Q U A N T IT A T IV E  H IS T O C H E M IS C H E  A N A L Y SE  
D E R  K E R N E IN S C H L Ü S S E  B E I Z Y T O M E G A L IE

К. JOBST um! M. KELLERMAYER

Bei v ier Z y to m eg alie -K ran k en  versch iedenen  A lters w u rd en  in den K erneinsch lüssen  
die D N S, das G esam teiw eiß  sowie die basischen E iw eiße cy to p h o to m e tr isch  b e s tim m t. D er 
DN S- sowie de r G e sam tp ro te in -G eh a lt w ar bei allen v ier K ra n k e n  3— 4m al höher als in den  
K o n tro llzellkernen . In  den  K erneinsch lüssen  zweier Säug linge  w u rd en  keine, in denen  eines 
K indes u n d  eines E rw ach sen en  h ingegen erhebliche M engen von  basischen K erneiw eißen  
vom  H is to n ty p  e rm itte lt.

КОЛИЧЕСТВЕННЫЙ ГИСТОХИМИЧЕСКИЙ АНАЛИЗ ЯДЕРНЫХ 
ВКЛЮЧЕНИЙ ПРИ ЦИТОМЕГАЛИИ

К. ЙОБСТ и М. КЕЛЛЕРМАЙЕР

В ядерных включениях четырех больных различного возраста с цитомегалией 
авторы проводили цитофотометрическое определение ДНК, общего белка и основных 
белков. Содержание ДНК и общего белка было в ядерных включениях у всех четырех 
больных 3—4 раза больше чем в контрольных клеточных ядрах. У двух больных груд­
ного возраста не было найдено основных белков гистонового типа, в то время как у боль­
ного детского возраста и у взрослого их количество было значительным.

Dr. K ázm ér  J ob s t

Dr. Miklós K e l l e r m a y e r
Pécs, K órb o n c tan i  In té z e t ,  H ungary
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RECENSIONES

N eurosecre tion , IV

In te rn a tio n a l  Sym posium  on N eurosecre tion . S tra sb o u rg , Ju ly  25— 27, 1966. E d ited  
by F . S tu tin sk y . S p ringer V erlag, Berlin — H eid elb erg  N ew  Y ork , 253 pages, w ith  87 figures 
and  1 p o r tra it ,  1967.

V olum e I co n ta in s th e  lec tu res and  d iscussion  m ate ria l o f the  IV. In te rn a tio n a l  S ym ­
posium  on N eu rosecre tion , held in h onour o f E rn s t  S ch a rre r in Ju ly , 1966. A fte r th e  opening  lec­
tu re  by  Prof. J .  B eno it th ere  a re  26 papers by II. A. B ern , F . K now les, M. H e rlan t, M. M azzuca, 
E . Fo llen ius, J .  B a rry , J .  F la m e n t-D u ran d , A . O ksche, B. V igh, 1. T e ich m an n , J .  C. van  
de K am cr, P . D isclos, A. Ja s in sk i, A. G orlm an , T . Н ага , J .  C. Sloper, M. A. K a rim , M. A. 
R ich ard s, C. K ordon , A. M oskow ska, II. Sachs, R . P o rta n o v a , E . W . H a lle r an d  L. Schare, 
К . Lederis, К . Fu x e  a n d  T . H ök fe lt, W . W. D oug las, J .  T ax i and B. Droz, H . Ilerlan t-M eew is, 
J .  Naisse an d  J .  M outon, I. R . H ag ad o rn , M. V. A ngel, A. O ksche, M. V aupel von  H arn ack  
and II. W olff, G. O hm  and  M. V aupel von H a rn a c k , P . Z im m erm an n , W. B e rg m a n n . T he 
pap ers  dealt w ith  (i) m orphological changes in d u ced  e x p erim en ta lly  in th e  n eu ro sec re to ry  
system , and (ii) in v es tig a tio n s in to  th e  h o rm o n al effects of cellular processes ta k in g  place 
in th e  neu ro sec re to ry  system .

All th e  p ap ers  re ly  upon  in v estig a tio n s in v o lv in g  u p -to -d a te  m ethods (e lec tro n  m ic ro ­
scopy, b io ch em istry , a u to rad io g rap h y ). By m eans of th e  e lectron  m icroscope it  is shown 
convincingly  th a t  in v e r te b ra te s  th e  size of n eu ro sec re to ry  g ran u les ranges from  1000 to 2000 Л. 
F u r th e r  e x p erim en ta l ev idence is offered to  th ?  physio log ical role of n eu ro sec re tio n . Im p o r­
ta n t  d a ta  deal w ith  th e  re la tio n sh ip s o f n eu ro sec re to ry  cells and  the  c en tra l as well as the 
p e rip h era l n ervous sys tem . S tud ies have  been m ad e  of th e  re la tio n  w ith in  th e  n eu ro sec re to ry  
cells be tw een  nucleus and  secretion  granules.

T he book should  be read  no t only by e x p e rts  o f th is  re la tiv e ly  n a rrow  fie ld , b u t  also 
by those in te res ted  in  biology in general.

В. I. В aranyi

Senn , I). G .î Ü ber das optische System  im  G ehirn  sq u u m ate r R eptilien

Suppl. 52 — 1 ad  Vol. 65 »Acta A natom ica« , S. K arg er AG, B asel/N ew  Y o rk , 1966. 
IV -f- 88 S eiten  m it 29 A bb ildungen  und  4 T ab e llen . P re is: sF r/Ü M  23,

Z ur K e n n tn is  des allgem einen A ufbaues des o p tischen  S ystem s sowie dessen  E v o lu ­
tion  v e rm itte ln  die an  R ep tilien  vorgenom m enen  U n te rsu ch u n g en  w ichtige A ngaben .

V orliegende A rb e it u n te rsu c h t in diesem  T h em en k re is  n ach  einer v e rg le ichenden  a n a to ­
m ischen B eh an d lu n g  de r äu ß eren  m orpholog ischen  V erh ältn isse  des G ehirns vom  verg le ich en ­
den h isto log ischen  G esich tsp u n k t zwei P rob lem e. E in e rse its  w ird d ie  S tru k tu r  des op tischen  
S ystem s und  de r b e n ac h b a rte n  G ehirngebiete  bei ve rsch ied en en  sq u a m a ten  R ep tilien  besch rie ­
ben, au f G rund  w elcher d e r H om ologie m eh re rer R egionen  — m it besonderem  H in b lick  auf 
das T ec tu m  o p ticu m  —  eine B ed eu tu n g  zugeschrieben  w ird. A nderse its  w erden m it d em  V er­
gleich de r op tisch en  System e die V e rw an d tsch a ftsb ez ieh u n g en  von E chsen , W ühlsch langen , 
Bőiden u n d  höheren  Sch langen  besprochen.

S znns M onographie u n te rsch e id e t beim  o p tisch e n  S ystem  drei Teile: 1. D ie d iencephalen  
A nteile  des op tisch en  S ystem s, 2. Das tec tu m  o p tic u m  u n d  3. Die A ugenm uskelkerne.

V erfasser s te llt  fest, d aß  hei allen u n te rs u c h te n  W ühlsch langen  u n d  B őiden  d ie R e d u k ­
tion  des o p tischen  System s als gesta ltliche  M o d ifik atio n  des G ehirns augenfällig  ist.
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D ie fü r  B őiden  und  höhere S ch lan g en  c h a ra k te ris tisch e  E rsch ein u n g  der E in zelb ü n d e l 
im  A b s c h n it t  des T rac tu s  op ticu s zw ischen  d em  A ugapfel u n d  d em  C hiasm a, von  denen  jed es 
B ü n d e l d ie  z e n tra le  G liazellsäule e n th ä l t ,  h a t  sich bei W ü h lsch lan g en  in  versch iedenem  G rade 
als a n c e s tra le  S itu a tio n  e rh a lten . W äh re n d  die F ase rn  n o ch  g leichm äßig  (wie bei E chsen) 
im  T ra c tu s  v e r s t r e u t  sind, zeigen d ie G liazellen  schon m eh r oder w eniger eine A n o rd n u n g  
in S äu len .

D ie  A u sp räg u n g  des Ü b e rk reu z u n g sm u ste rs  im  C h iasm a op ticu m  h ä n g t w e itgehend  
von  d e r  q u a n ti ta t iv e n  M öglichkeit ab . D och  gesch ieh t d ie A ufte ilung  jedes T rac tu s  bei den  
E ch sen  ü b e rs ic h tlic h  in wenige B lä t te r ,  w äh ren d  sie sich  bei Schlangen als u n regelm äß iges 
feines M u s te r  d a rb ie te t.

D e r  N u c leu s gen icu la tus la te ra lis , in  w elchem  sich  bei E chsen  die m ediale Z ellp la tte  
u n d  d as  la te ra le  N europil sch a rf  v o n e in a n d e r  ab h eb en , is t  bei ex trem en  W ü h lsch langen  
s ta rk  r e d u z ie r t ,  bei anderen  Sch langen  in  sich  m orpho log isch  d u rch d ru n g en . M it A u sn ah m e 
des N u c leu s  poste ro d o rsa lis , der b e so n d e rs  bei Sch langen  a u ffä llt , sind die p rä te c ta le n  K ern e  
bei W ü h lsc h la n g e n  n ich t nachgew iesen ; bei h öheren  S ch lan g en  sind sie kau m  v e rä n d e r t.

Im  T e c tu m  op ticum  v e rh a lte n  sich  die S c h ich tg ru p p en  versch ieden . Die p e riv e n tric u - 
lä ren  S c h ic h te n  sind  bei allen u n te rs u c h te n  F o rm en  (A u sn ah m e: V aran u s) in der D icke k o n ­
s ta n t.  W eiß e  u n d  graue S u b s tan z  sin d  bei E chsen  v o n e in a n d e r  abgehoben , bei Sch langen  
m o rp h o lo g isc h  d u rch d ru n g en . W ü h lsch lan g en  steh en  in te rm e d iä r .

D ie  z en tra le n  Sch ich ten  sind  be i E ch sen  (A u sn ah m e: V aran u s) u n d  gewissen W ü h l­
sch lan g en  m e h r in  weiße u n d  graue  Z onen  geg liedert als b e i B őiden u n d  h öheren  S ch langen . 
Bei W ü h lsch lan g e n  sind  diese S ch ich ten  re d u z ie rt.

D ie  A u g enm uskelkerne  e n tsp rec h en  q u a n ti ta t iv  d em  U m fang  des o p tischen  System s. 
F e in e re  D ifferen z ie ru n g en  des N ucleus I I I  wie bei E ch sen  sind  bei Schlangen n ich t e rh a lte n . 
Die R e d u k tio n  des ocu lcm otorischen  K e rn es  bei W ühlsch lan g en  u n d  B őiden b ew irk t eine R os- 
t r a lv e r la g e ru n g  des N ucleus IV.

E in e  verg le ichende  m orpholog ische  U n te rsu ch u n g  am  G ehirn  dieser S q u am aten  in te re s ­
s ie r t n ic h t  n u r  fu n k tionell u n d  re in  d e sk rip tiv  o r ie n tie r te  M orphologen u n d  N euro logen , 
so n d e rn  v e rsp r ic h t  auch  H inw eise a u f  das E v o lu tio n sp ro b lem  dieser R ep tilien .

E in e n  b esonderen  W ert de r M onograph ie  ste llt d ie  von  den  ausgezeichneten  M ik ro sk o p ­
p r ä p a ra te n  (N e u ro fib rillen d a rs te llu n g  n a c h  B o d ian  u n d  K re sy lv io le tt-F ä rb u n g  zur D a rs te llu n g  
de r N is s l-S u b s ta n z  und  der N u k le in säu re n ) v e rfe rtig te  h e rv o rrag en d e  P h o to d o k u m e n ta tio n  
d a r, zu d e re n  E rfo lg  auch die e rs tk la ss ig e  zeitgem äße D ru c k tec h n ik  b e iträg t.

T . Do n a th

B io lum inescence  in  P ro gress

E d ite d  b y  F ra n k  H . Jo h n so n  and  Y a ta  H an ed a . P r in c e to n  U n iv e rsity  Press, P rin c e to n , 
New J e r s e y ,  1966. Pp . 650.

T h e  p a p e rs  o f th is volum e h av e  b een  g iven  a t  a L um in escen ce  C onference w hich  w as h e ld  
in H a k o n e  N a tio n a l  P a rk , J a p a n , S e p tem b e r 12 to  16, 1965, u n d e r th e  auspices o f th e  U n ited  
S ta te s - J a p a n  C ooperative  Science P ro g ra m  w ith  th e  jo in t  su p p o rt of th e  N a tio n a l Science 
F o u n d a tio n  a n d  th e  J a p a n  Socie ty  fo r th e  P ro m o tio n  of Science.

T h e  o b jec tiv e s  of th e  C onference w ere fu n d a m e n ta lly  th e  sam e as those  of an  earlie r 
c o n fe ren ce  d e v o te d  p rim arily  to  b io lum inescence , h e ld  a t  A silom ar, C alifornia, in  1954, a n d  
su p p o r te d  b y  th e  N a tional Science F o u n d a tio n  th ro u g h  th e  N a tio n a l R esearch  C ouncil’s 
C o m m itte e  on  P ho to b io lo g y , w hich  “ recogn ized  th e  m u tu a l  a d v an tag e s  of b ring ing  to g e th e r  a 
g roup  o f le a d in g  in v es tig a to rs  fo r a c r itic a l ap p ra isa l o f p re se n t know ledge, for th e  f ir s t-h a n d  
in te rc h a n g e  o f experiences an d  id eas, a n d  fo r th e  p ro jec tio n  of likely  ap p ro ach es to  u n so lv ed  
p ro b le m s” . T h e  p re sen t C onference h a d  th e  fu r th e r  o b jec tiv e s , in  accordance w ith  th e  p u rp o ses 
a n d  p o lic ies  o f  th e  U .S. —J a p a n  P ro g ra m , o f p ro m o tin g  u n d e rs ta n d in g  an d  coo p era tio n  b e tw een  
J a p a n e s e  a n d  A m erican  sc ien tis ts , w ith  a view  to w ard  e ffec tin g  a m ore in tim a te  a c q u a in ta n c e  
w ith  e ac h  o th e r ’s p o in ts  of view , m e th o d s , an d  resea rch  m a te ria ls . The p a r tic ip a n ts  w ere th u s  
a lm o st w h o lly  lim ited  to  Ja p a n e se  a n d  A m erican  in v e s tig a to rs  and  th e ir  a c tiv e  co llab o ra to rs .

T h e  boo k  em braces 35 p a p ers  o f  48 resea rch ers  as well as th e  in tro d u c tio n  of F b a n k  
H . J o h n s o n  g iv ing  an  excellen t su rv e y  of th e  p ro b lem atics  o f b io lum inescence. T h e  fo llow ­
ing  su b je c ts  h a v e  been d ea lt w ith : J .  R .  T o t t e r : C hem ical E v e n ts  L ead ing  to  C hem ilum ines­
cence o f L u c ig en in e  and  L um ino l; J .  L e e , A. S. W e s l e y , J .  F . F e r g u s o n , I I I .  an d  H . H . 
Se l i g e r : T h e  U se of Lum inol as a S ta n d a rd  of P h o to n  E m iss io n ; J .  W. H asting s  an d  G. T .
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R e y n o l d s : T he P re p a ra tio n  a n d  S ta n d a rd iz a tio n  by  D ifferen t M ethods o f  L iq u id  L ight 
Sources; H .-D . St a c h e l , E . C. T a yl or , O. S himomura  a n d  F. II. J o h n s o n : S y n th es is  and 
P ro p e rtie s  of Som e Indo le  D e riv a tiv e s  R e la ted  to  C yprid ina  L uciferin  an d  o f Som e New Indole 
C om pounds in  D im eth y lsu lfo x id e ; N. S ugiyama , M. A k u t a g a w a , T. Ga sh a  a n d  Y. S aiga : 
C hem ilum inescence of In d o le  D e riv a tiv e s; Y. K i s h i , T . Goto , Y. H ir a t a , O. S himomura  
a n d  F. H . J o h n s o n : T h e  S tru c tu re  of C yprid ina  L uciferase: Q u a n tita tiv e  M easurem en t; 
A nalysis o f In h ib itio n  by  U re a ; an d  Som e E ffec ts  o f Sodium  an d  P o ta ss iu m  Io n s ; F . I. T s u j i  
a n d  Y. I I a n e d a : C hem istry  o f th e  L uciferases o f C yprid ina  h ilgendorfi a n d  A pogon  ellioti; 
J .  W. H a st ing s , Q. II. G ib s o n , J oan  F r ie d l a n d  a n d  J .  S p u d i c h : M olecu lar M echanism s 
in B ac te ria l B iolum inescence: On E n erg y  S to rage  In te rm ed ia te s  an d  th e  R o le  o f A ldehyde 
in th e  R eac tio n ; Q. II. G ib s o n  a n d  J .  W. H a s t in g s : L ig h t- in it ia te d  B io lu m in escen ce ; E. IL 
C. S i e , A. T h anos , and  A. J o r d o n : A p p lica tio n  of L um inescence in A e ro sp ace  In d u s try ; 
R. L. A i r t h , G. E l iz a b e th  F o e r s t e r  an d  P atricia  Q. B e h r e n s : T h e  L u m in o u s  Fungi; 
M. J .  Co rm ier  and  J . R . T o t t e r : T he A p p a ren t P hosphorescence  of a S u b s ta n c e  E x tra c te d  
from  th e  M ycelium  of th e  L u m in o u s F un g u s , O m phalia  f la v id a ; S. K u w a b a r a  a n d  E. C. 
W a s s i n k : P u rifica tio n  a n d  P ro p e rtie s  of th e  A ctive  S u b stan ce  of F u n g a l L um inescence; 
E. C. W assin k  and  S. K u w a b a r a : Som e N otes on Sem i-large-scale C u ltiv a tio n  o f L um inous 
F u n g i; H ir o sh i  N a k a m u r a : A N o te  on S tim u la tiv e s of B ac te ria l L um in escen ce  in Mass 
C u ltu re ; R . E c k e r t : E x c ita tio n  a n d  L um inescence in N octiluca  m iliaris; J .  W. H astings , 
M. V e r g in  an d  R. D e Sa : S c in tillo n s: T he B io ch em istry  o f D inoflage lla te  B io lum inescence; 
B. M. Sw e e n e y  and  G. В. B o u c k : C rysta l-like  P a rtic les  in  L um inous a n d  N on-lum inous 
D inoflage lla tes; M. J .  Co r m i e r , K. H ori a n d  P. K r e i s s : S tu d ies  on th e  B io lum inescence 
System  of th e  Sea P an sy , R en illa  ren iform ie; M. J .  Co r m ie r , P . K reiss  a n d  P. M. P ric h a r d : 
B iolum inescence S ystem s of th e  Perox idase  T y p e: F . H . J o h n s o n , O. S h im o m u r a  an d  Y. 
H a n e d a : A N ote on th e  L arg e  L u m inescen t E a rth w o rm . O c to ch aetu s m u ltip o ru s , o f New 
Z ea lan d ; O. Shimom ura , F . I I . J ohnson  and  Y. H a n e d a : Iso la tio n  of th e  L u ciferin  of the 
New Z ealand  F resh -w ater L im p e t, L a tia  n erito ides G ray ; H . H . S e l ig e r  a n d  W. I). M cE lro y : 
Q u a n tita tiv e  M easurem ents o f L um inescence; W. D. McE lroy  an d  H . H . S e l i g e r : F irefly  
B io lum inescence; J .  B. B u c k : U n it A c tiv ity  in th e  F ire fly  L a n te rn ; W. A. H a g i n s , F . E. 
H a nson  an d  J .  B. B u c k : S ta tis t ic s  o f P h o to n  E m ission  an d  C ontrol M echanism s in  B iolum i­
nescence; O. Shim o m ura , F . Н . J o hnson  a n d  Y. H a n e d a : O b serv a tio n s on  th e  B iochem istry  
of L um inescence in th e  New Z ealand  G low w orm , A rach n o ca in p a  lu m in o sa ; O. S himomura  
a n d  F. H . J o h n s o n : P a r t ia l  P u rif ic a tio n  and P ro p e rtie s  o f th e  C h a e to p te ru s  L um inescence 
S y stem ; F . H . J o hn son , I I .-D . St a c h e l , О. S himomura  a n d  Y. I I a n e d a : P a r t ia l  P u ri­
fica tio n  of th e  L um inescence S y stem  of a D eep-sea S hrim p , H o p lo p h o ru s g racilo rostris; 
Y. I I a n e d a , F . H . J o hn son  a n d  O. Sh im o m u r a : T he O rig in  o f L uciferin  in  th e  L um inous 
D ucts o f P a ra p ria c a n tb u s  ra n so n n e ti, P em p h eris  k lunzingeri, a n d  Apogon ellio ti. Y . H a n e d a : 
On a L um inous O rgan of th e  A u s tra lian  P ine-cone F ish , C leidopus g lo ria -m aris  D e V is; J.-M . 
Ba ss o t : On th e  C om para tive  M orphology of Som e L um inous O rgans; Y. K. O k a d a : O bserva­
tions on R od-like  C on ten ts  in th e  Pho togen ic  T issue of W atasen ia  sc in tillan s  th ro u g h  the  
E lec tro n  M icroscope.

T he papers them selves a re  n o tew o rth y  in b o th  scope an d  co n te n t, fo r th e y  ran g e  from 
p u re ly  chem ical to  pu re ly  b io log ical in  th e ir  a p p ro ach  to th e  c en tra l p rob lem  th e  phenom e­
non of lig h t em ission by  liv ing  o rgan ism s an d  th ey  include som e new  tec h n ica l reports 
w hich co n stitu te  real m ilestones m ark in g  th e  ad v an c in g  fro n tie rs  o f th is field . T h e re  a re  m ag­
n ificen t e lec tronm icrographs a n d  som e colour p la te s  am ong  th e  m ore th an  250 illu s tra tio n s . 
I t  is reasonab le  to expect th a t  th e  book will be found  useful by  any o n e  in te re s te d  e ith e r in 
th e  b ack g ro u n d  and s ta tu s  o f specia l a spects or in a m ore com prehensive  viewr of th e  subject 
as i t  is in progress.

T . D onáth
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T h e  A c ta  M orphologica pu b lish  pap ers  on  e x p erim en ta l m ed ical sub jects in E n g lish , 
G erm an , F re n c h  a n d  R ussian .

T he A c ta  M orphologica a p p ea r in  p a r ts  o f  v a ry in g  size, m ak in g  up  volum es. 
M an u scrip ts  sh o u ld  he  ad dressed  to :

A cta  M orphologica, B u dapest I X . ,  Tűzoltó  u . 58.

C orrespondence w ith  th e  ed ito rs an d  p u b lish ers  should  be  se n t to  th e  sam e ad d ress . 
T he r a te  o f  su b scrip tio n  to  th e  A c ta  M orphologica is 165 fo r in ts  a  volum e. O rd e rs  m ay  

be p laced  w ith  “ K u ltú ra ”  Fore ign  T rad e  C o m p an y  fo r B ooks a n d  N ew spapers (B u d a p e s t I . ,  
FS u tc a  32. A cco u n t No. 43-790-057-181) o r  w ith  re p re se n ta tiv e s  a b ro ad .

Les A c ta  M orphologica p a ra issen t en  fran ça is , a llem an d , an g la is  e t russe e t  p u b lie n t 
des tra v a u x  d u  d o m ain e  des sciences m édicales ex p érim en ta le s .

Les A c ta  M orphologica so n t publiés sous form e de fascicu les qui seron t ré u n is  en 
volum es.

On est p rié  d ’env o y er les m an u scrits  d e s tin é s  à l’adresse  su iv a n te :

A cta  M orphologica, B udapest I X . ,  Tűzoltó  и . 58.

T o u te  co rrespondence  d o it ê tre  envoyée à c e tte  m êm e ad resse .
L e p rix  de l 'ab o n n e m en t est de  165 fo rin ts  p a r  vo lum e.
O n p e u t s’a b o n n e r à l’E n trep rise  du  Com m erce E x té r ie u r  de  L ivres e t J o u r n a u x  

•K u ltú ra»  (B u d a p e s t L , F6 u tca  32. C o m p te -co u ran t No. 43-790-057-181) ou à l’é tra n g e r  
chez to u s  les re p ré se n ta n ts  ou  déposita ires.

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

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

Предназначенные для публикации авторские рукописи следует направлять по 
адресу:

A cta  M orphologica, B udapest I X . ,  Tűzoltó и . 58.
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EFFECTS OF MECHANICAL INSUFFICIENCY 
AND INCREASED PERIPHERAL OFFER 

IN THE MESENTERIC LYMPHATIC REGION
J .  V a .j d a , E rz sé b e t  F e h é r  and  К. C s á n y i  

(R eceived A u g u s t 12, 1968)

T he effects of a ligation  of e ffe re n t ly m p h a tic s  and of an  increase  o f  peripheral 
offer on th e  m esen teric  ly m p h a tic  a rea  h a v e  been in v estiga ted . S u d d e n  o b stru c tio n  
o f ly m p h a tic s  led to  congestion, g ra d u a lly  increasing  th e  calibre o f ly m p h a tic  vessels 
to  3 — 4 tim es  th e  norm al. The ly m p h a tic s  can  cope w ith  th e  excess s tr a in  fo r a  lim ited  
tim e only . T he m ost im p o rta n t role is p la y e d  b y  th e  zone of a rcades an d  b y  th e  ly m p h a t­
ics o f sh u n ts , "which in th e  course o f co m p en sa tio n  av ert ly m p h  flow  to w a rd  ad jacen t, 
in ta c t  segm en ts. T his a c tiv ity  p ro d u c es  m ere ly  tem p o rary  re su lts , b ecau se  to ta l 
m ech an ica l fa ilu re  develops in 4 to  5 h o u rs .

T he increase  o f peripheral o ffe r a ffec ts  th e  en tire  sm all in te s t in a l  efferen t 
ly m p h a tic  system . D ila ta tio n  of th e  lu m e n  sp read s in th e  cen tra l d irec tio n . T he excess 
ly m p h  is c a rried  aw ay  in a sh o rt tim e  b y  th e  collecting and e fferen t ly m p h a tic s . M ean­
w hile, th e  th in n e r  ly m p h a tics o f th e  in te s t in a l  wall d ila te  to  5 to  6 tim e s , and  the 
th ic k e r  m esen teric  ones to  J —2 tim e s  th e  n o rm al size.

W ith  th e  tw o kinds of in creased  ly m p h  volum e, f irs t th e  ly m p h a tic s  o f the  
a rcad es , th e n  th e  sh u n t system , th e  c a p illa ry  area and finally  th e  re se rv e  efferen t 
ly m p h a tic s  ta k e  p a r t  in com pensa tion .

In tro d u c t io n

The precise knowledge of th e  s to r in g  a n d  t ra n sp o r t  c a p a c i ty  o f  m esen­
te r ic  ly m p h a t ic s  is an im p o r ta n t  f a c to r  in the  und ers tan d in g  o f  in testina l 
ab so rp t io n  a n d  blood and  lym ph  c ircu la t ion .

Since th e  d iscovery  of the  chy lus  vessels, m ark ing  the  onset o f  knowledge 
concern ing  th e  lym pha tic s ,  the  p ro b le m  has not been in v e s t ig a te d  directly . 
D eta i led  descr ip t ions  have been p u b l ish e d  on the  m orphology [18, 19, 29], 
in n e rv a t io n  [2, 4, 8, 12, 25] and f lo w -m a in ta in in g  elements [6, 7, 9, 10, 11, 13, 
14, 17, 21] of th e  ly m p h  vessels, b u t  p ra c t ic a l ly  no d a ta  on ly m p h a t ic  s torage 
a n d  t r a n s p o r t  following m echanical o b s t ru c t io n  or increased p e r ip h e ra l  offer. 
F ö l d i  et al. [3, 19] were the  f irs t  to  e v a lu a te  functionally  ly m p h  c ircu la t ion , 
as a com plete  sys tem . T hey  have in t ro d u c e d  also the  concept o f  “ ly m p h a t ic  
insuff ic iency” .

S torage  b y  th e  mesenteric  ly m p h a t ic s  was described by us ea r l ie r  [23, 24]. 
In  th e  p resen t  inves tiga tions  we w ished  to  confirm previous h y p o th e se s ,  and 
to  s tu d y  w here, w hen  and to w h a t  e x t e n t  th e  various co m p e n sa to ry  m ech a ­
nisms ta k e  p a r t  in the  relief of insuffic iency . A fu r th e r  aim was to  s t u d y  lym ph  
d is t r ib u t io n  in th e  various m esenteric  a rea s  and  the ability  to  d i s te n d  of the  
ly m p h a t ic  segm ents .

1 Acta  Morphologien Academiae Scientiarum H ungaricae 17, 1909
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M ateria ls  and m ethods

C a ts  o f e ith e r sex, id en tica l in  w e ig h t and age, w ere u sed . T he following c riteria  hav e  
been o b se rv ed .

1. T h e  sam e segm ent o f in te s tin e  was stud ied  in e v e ry  case. In  the  ca t the  abd o m en  
was o p e n e d , th e  g rea te r o m en tu m  w as pu lled  up an d  th e  se g m en t lying n e x t to th e  su rface , 
27 to  30 cm  from  the  d u o d e n o je ju n a l flexure  before th e  je ju n a l- i lia c  ju n c tu re  was lo ca ted . 
T his se g m e n t h as been chosen fo r tw o  reasons: p a r tly  b ecau se  i t  is n earest to the  su rface  
and  if  m a n ip u la te d , th e  restin g  s ta te  o f o th e r in te s tin a l se g m en ts  is h a rd ly  d is tu rb ed , an d  
p a r tly  b e c a u se  th e  m esen tery  be lo n g in g  to  it is long and  th e  b u n d les  o f ly m p h a tic  and b lood 
vessels a re  re g u la r  and c learly  v isib le .

Fig. 1. D ia g ram m a tic  re p re se n ta tio n  of m esenteric  ly m p h a tic  system  and sam pling . I  — 
lig a te d  a re a ;  I I  a d jacen t e ffe re n t segm ent; 1 =  su b se ro u s  ly m p h a tic s  of in te s tin a l w a ll; 
2 =  ly m p h a tic s  o f th e  zone of a rc a d e s ; 3 = anastom osis ( sh u n t)  system ; 4 == in te rseg m en ta l 

c a p il la ry  a rea ; 5 =  m ain  e ffe re n t and  reserve ly m p h  vessels; 6 =  site of lig a tio n

2. W h en  stu d y in g  m ech an ica l insufficiency, th e  a r te r ia l  and venous supp ly  to  th e  
l ig a ted  a re a  was left in ta c t. O n ly  th e  e ffe ren t ly m p h  vessels w ere ligated  im m ediately  before  
th e  ly m p h  nodes, where th e y  ru n  a lone. To s tu d y  in c re ased  p e rip h e ra l offer, a fte r 1 d a y  of 
food d e p r iv a tio n  th e  ca t was g iv en  as m uch  cream  as i t  co u ld  eat. This varied  from  35 to  
45 m l. I n  m o st anim als th is  cau sed  a sligh t d iarrhoea  in  a b o u t  2 hours.

3. T h e  specim en to be ex am in ed  was a 15 cm long  p a r t  o f th e  in testine  w ith  in ta c t  
m e se n te ry , rem oved  to g e th e r w ith  th e  m esenteric  ly m p h  nodes. I t  was fixed  in fo rm ald eh y d e  
fo r 16 h o u rs  and  th en  su b je c ted  to  s tu d y .

4. A s illu s tra ted  d ia g ra m m a tic a lly  in Fig. 1, 1 cm  seg m en t of th e  in testin e  w as c u t  
o u t to g e th e r  w ith  its m esen tery , u p  to  th e  p rim ary  ly m p h  node . W hen  in v estiga ting  m e c h a n ­
ical in su ffic ien cy , th e  in te s tin a l seg m en ts  and m esen te ry  ly in g  ora lly  and recta lly  fro m  th e  
lig a te d  one  were excised, to  s tu d y  la te ra l lym ph  o u tflo w . In  th e  long itud inal axis o f th e  
sp e c im en  are  ru n n in g  th e  in te s t in a l  a r te r ia l  and v en o u s t r u n k s  and  the  efferent ly m p h a tic s  
a cc o m p a n y in g  them .

Acta Morphologica Academiae Scientiarurn Hungaricae 17, 1969
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5. In the  case o f  m echanical and pe r iphe ra l  overfil l ing  the specimens were removed 
a t  30 m inu tes ,  1, l ' / j ,  2, 3, 4, 5 and 6 hours ;  th e  resu l ts  of  those periods w ere  on ly  con­
sidered where the  d ifference was appreciable.

Cross sections, 4 m m  thick  each, were excised  for microscopic s tudy  from  th e  specimen 
a t  the  following sites: Л from the in test inal  wall 90° f rom  the  mesenteric in se r t ion ,  В 43° 
f rom  the  m esen tery ,  C from the p a r t  of th e  m esen te ry  ad jacen t  to th e  in te s t in e ,  and 
E from  the  m esenteric  segm ent  before the  p r im a r y  ly m p h  node (Fig. 1). T h ese  sites had 
been  chosen for the  following reasons. In  seg m en t  A (whole intestinal wall sec t ion )  can he 
e x a m in e d  the  v a lv u la r  e fferent  lym phatics  u n d e r  th e  serosa and  in the  m u sc u la r  layer. 
In seg m en t  В these, as well as the  subserous ly m p h a t ic  sh u n t s  can be studied. As th e  in testine  
has two sides, the results  for segments A and  В h a v e  been  evalua ted  twice. On th e  o th e r  hand,  
no spec im ens were tak e n  from the free, a n t im esen te r ic  in test inal  area, b ecause  previous 
inves t iga t ions  showed [22) t h a t  in this area there  are no subserous and in t r a m u sc u la r  va lvu la r  
ly m p h a t ic s  of  any  im p o r ta n ce  in mesenteric s to rage .  T h e  lym ph  capillaries in t h e  in tes t ina l  
wall,  as well as the  side f rom  which segments A a n d  В orig ina te ,  have been ign o red ,  because 
prev ious inves tiga tions [22) d em ons tra ted  no m a jo r  d ifference in this respect.  I n  seg m en t  C 
the  ly m p h a t ic s  of  the  so-called “ arcade zone” , e n su r in g  connection with a d ja c e n t  areas,  
could be exam ined .  Segm ent I) offered a poss ib i l i ty  to s tu d y  the anas tom oses,  f rom  which 
arise th e  m ain  e fferent  a n d  reserve lym ph  vessels a n d  which drains the e fferent  ly m p h a t ic s  
of  the  in tes t ina l  wall and  the  in te rsegm ental  cap i l la ry  lym pha t ics .  In segm ent E  th e  a n a s to ­
moses ly ing  before the  ly m p h  node dra in ing th e  e f fe ren t  lym phatics  were e x a m in e d .  In to  
th is  “ sm all  anas tom osis”  sys tem  are em pty ing  th e  c e n t ra l  pa r ts  of the e ffe ren t  ly m p h a t ic s  
of  the  cap il la ry  area.

T he  4 m m  th ick  cross sections were e m b e d d ed  in celloidin-paraffin , as th is  has  been 
found to cause  the  least  sh r inkage  and damage. F r o m  th e  em bedded  m ateria l  8 // th ic k  serial 
sections were cut an d  s ta in ed  with  H E , Azan, P A S  a n d  by  the  Mallory F a rk a s  m e th o d .  The 
four k inds of s ta in ing  served to control the resu lts  o f  e s t im a t in g  and to add to th e  re liabi l i ty  
of  the  results .

Technique o f  exam ination

T he  sections were exam ined  by m eans o f  th e  P a l k o v i t s - C sapó [15, 16 |  m icropro-  
jec t io n  tab le ,  working on g rounds  of Chalkley’s p r inc ip le .  In  the projected areas we counted  
the  th re a d  crossings in the  lum en  of lym pha t ics ,  in 20 fields in one section, a m o u n t in g  to 
7 5 -  80 %  of the  whole section. Care was tak e n  t h a t  th e  20 fields be in the m id d le  of the  
section. T he  sum  of the  20 d a ta  showed the to ta l  n u m b e r  of th read  crossings in th e  lum ina  
of ly m p h a t ic s  in the  en ti re  projected  area. In the  n e x t  s tep  it  was calculated how m a n y  per 
cents  o f  the  area  fall to the  ly m p h  vessels. The va lues  were  represented  g raph ical ly ,  o b ta in in g  
the cu rve  shown in Fig. 2, used  la te r  as the basic s ta te .  T h e  double of the values for segm en ts

1 * A cta  \1orphnli»f>ica A e a d c m ia e  S c ie n tia r u m  / / и a g a r ic  a v 1 7 , 1 9 6 9

b'ig. 2. D ia m e te r  of  l y m p h a t ic  lu inina  in p e rcen tage  o f  the  size of  area exam ined .  R a n g e ,  
basic:  A 1.5 to 1.6; В 1.7 to 2.0; C 2.1 to  2.4; D 4.5 to 4.9; E 2.7 to  2.9
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A a n d  B w ere  tak e n . A m ong th e  seg m en ts , segm ent D c o n ta in e d  th e  g rea tes t to ta l  lu m e n , 
4 .6%  o f  th e  p ro jec ted  area . T his co rresponds to  th e  a n as to m o sis  system . Segm ent E , befo re  
th e  ly m p h  nodes, y ielded  a low er v a lu e . G radually  d ec re a s in g  values were o b ta in e d  in  seg­
m en ts  С, В a n d  A. These w ere co n sid ered  to  re flec t th e  b a s ic  s ta te  and e x p erim en ta l re su lts  
w ere r e la te d  to  th em . T he d ifference  am ong th e  sp ec im en s s ta in ed  b y  four m e th o d s  w as 
n eg lig ib le , th e y  served on ly  to  co n tro l th e  re liab ility  o f e s tim a tin g .

R e s u l t s

I .  Effect o f mechanical insufficiency

T h e  increase in th e  lu m e n  of ly m p h a t ic s  in  response to  congestion  
30 m in u te s ,  1, 11/2, 2, 3, 5 a n d  6 hours af te r  l ig a t io n  of the  efferent ly m p h a t ic s

F ig . 3. M echanical fa ilu re. D ila ta tio n  re la ted  to  th e  b as ic  s ta te , a t  th e  tim es spec ified

is c o m p a re d  w ith  th e  basic  s ta te  in Fig. 3. T h e  increase was n o t  a lw ays  p ro ­
p o r t io n a te  to  th e  len g th  of  t im e . The change  w as smaller in s eg m en t  C a t  
1 %  a n d  2 hours, while th e  increase was g re a t  in  segm ent E a t  2 a n d  3 hours. 
T h e  differences were m ore s tr ik ing , if we to o k  th e  basic values to  re p re se n t  
1 0 0 %  a n d  re la ted  th e  p e rc e n tu a l  vascu la r  d i la ta t io n  to  th a t  figure. Such  p e r ­
c e n ta g e  changes are show n in Fig. 4.

I t  is seen t h a t  a t  a g iven  tim e  in seg m en t  C th e  increase was f rom  5 0 %  to 
5 8 % ,  w hile  b e tw een  2 and  3 hours  in seg m en t  E  th e  increase was f ro m  5 1 %  to 
1 4 6 % . T h e  squares in  Fig. 5 rep resen t  v a s c u la r  d ila ta tions above ave rag e  at 
v a r io u s  po in ts  of t im e ,  w hile  th e  shaded  a re a  shows the  increases be low  a v e r ­
age. I t  is visible t h a t  30 m in u te s  after  l iga t ion  th e  entire m esen te ry  w as filled 
u p ,  t h e n  1 ho u r  la te r  th e  a rea  near  th e  in te s t in e  continued to  fill. After

A cta  Morphologica Academiae Scientiarum Hungaricae 17, 1969
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Fig. 4. T he ch an g es show n in Fig. 3, reck o n ed  in  p e rcen tag e  of basic s ta te . On th e  righ t:
tim e o f e x a m in a tio n

Fig. 5. D is tr ib u tio n  of ly m p h  in m esen teric  reg ion . L e ft co lum n: average v a lu e s  m easu red , 
on th e  r ig h t:  tim e  o f e x am in a tio n . Increases ex ceed in g  average are  show n in  th e  squares. 
In th e  sh ad ed  a rea  th e  increases are below  a v erag e . T h e  arrow s p o in t in th e  d irec tio n  of

ly m p h  flow
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l*/2 h o u r s  of  congestion o u tf low  was blocked in segm en t В and  d i la ta t io n  
occu rred .  F o r  th e  slight increase in segm ent C b e tw e e n  1 %  and 2 hours, o u t ­
flow in t h e  la te ra l  d irec tion  seem ed  to  he responsib le ,  the  more so, as a t  t h a t  
t im e  t h e r e  w as a s light congest ion  in the  e n t i re  m e sen te ry ,  ex tend ing  b a c k ­
w ards  t o  t h e  in te s t ina l  wall. To c larify  th is  po in t ,  m easu rem en ts  were m ade  also 
in th e  a d ja c e n t  segm ent C. T h e  resu lt  is shown in F ig . 6. The solid line r e p r e ­
sen ts  t h e  increases in the l iga ted  areas a t v a r io u s  po in ts  of tim e, while th e  
b roken  line i l lus tra tes  those o f  th e  ad jacen t  a rea .  It  m ay  be observed  t h a t

1-

!----------1------------ 1---------1--------------1----------------- --------- Г

N 'A 1 VA 2 3 5

F ig . 6. C o m p ara tiv e  ex am in a tio n  o f seg m en t C, th e  zone o f a rcades. Solid line: d ila ta t io n  
o c cu rrin g  in  c lam p ed  area. B ro k en  lin e : changes in  a d ja c e n t  a rea . The arrow s in d ic a te  d irec ­
tio n  o f ly m p h  flow , re la te d  to  th e  l ig a ted  area . N =  v a lu e  fo r  segm ent C in th e  b asic  cu rv e

a f te r  1 a n d  11/ 2 hours  of c lam ping  lym ph  b e g a n  to  flow sidewise th ro u g h  
th e  a rc a d e s ,  h u t  be tw een  1 %  and  2 hours, th e  d iam e te r  of the ly m p h a t ic  
lu m in a  decreased  slightly  below  norm al.  At 3 h o u rs  a n o th e r  increase occu rred ,  
th e n  congestion  spread to  m ore  d is ta n t  segm ents .  T h u s  it  was not the  increase  
of l a t e r a l  ou tf low  w hich  c au sed  th e  increase to  d im in ish  in the  e x a m in e d  
se g m e n t .  As fu r th e r  ex p la n a t io n ,  the re  rem ain s  th e  filling up of the  c ap i l la ry  
a rea ,  sh o w n  prev iously  to  be capab le  of ly m p h  s to rage  [23, 24]. I f  a c e r ta in  
p re ssu re  has  been reached , th e  capillary  a rea  m a y  become filled b a c k w a rd ,  
becau se  in  th e  efferent ly m p h a t ic s  there  are  no h ilam ellar valves e n su r in g  
u n id i re c t io n a l  flow. In  s u p p o r t  of th is  view is t h e  fact th a t  af ter  th e  filling 
up  o f  th is  a rea  the  reserve ly m p h a t ic s  open u p  a n d  to g e th e r  w ith  th e  e f fe ren t  
vessels  o f  t h e  cap illary  a rea  p roduce  th e  excessive increase in segm ent E  a f te r  
2 h o u r s  of  congestion. The vessels m en tioned  a re  n a m e ly  drained b y  th e  sm all 
a n a s to m o s is  system  a n d  were th u s  responsible  fo r  increase in d i la ta t io n  from 
5 1 %  to  146%  in segm ent E. A f te r  3, 5 and  6 h o u rs  of  c lam ping the  ly m p h a t ic s  
c o n t in u e  to  dila te  in th e  in te s t in a l  wall, th e n ,  a f te r  the  capillary a rea  has  
beco m e  com ple te ly  filled th e  m esenteric  ly m p h a t ic s  continue to  d ila te  aga in ,

4cta M orphologira Academ iae Scientiarurn  H ungoricae 17, I960
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in th e  cen tra l  d irection. After  six hours  of  congestion th e  in te s t in a l  wall was 
oedem atous  and  there  were ru p tu re d  ly m p h a t ic s ,  so the  resu lts  could  not 
be eva lua ted .

Evaluation

In  the  f irs t  phase  of m echanical insufficiency the  en tire  m esen te r ic  
ly m p h a t ic  sys tem  is slightly  filled up , th e n  congestion spreads b a c k w a rd s  to  
th e  in tes t ina l  wall. Subsequen tly ,  congestion  spreads sidewise, to w a rd  a d ja c e n t  
t issues. A fte r  2 hours of congestion, p ressure  increases, th e  capillary" a re a  is 
filled, as the  second com p en sa to ry  sys tem . As a result,  th e  c en tra l ly  ru n n in g  
reserve  ly m p h a t ic s  an d  the  efferen t ly m p h a t ic s  o f  the  in testina l wall co n tinue  
to d ila te ,  u n ti l  th ey  are dam aged  and  ru p tu re .

I I .  Effect o f  increased peripheral offer

F ro m  th e  an im als  fed cream , t issue  specim ens were ta k e n  a n d  t r e a te d  
at I ,  2, 3, 4, 5 a n d  6 hours. The va lues  for th e  basic  s ta te  are show n  in F ig . 7. 
In th e  first h o u r  following cream  feeding, d i la t ion  of the  lum en begins  in  the  
in te s t in a l  wall, th e n  ex tends  c en tra l ly  up  to  the  ju x ta in te s t in a l  m e s e n te ry f

- I ------------ 1— I------------------------1 -

A В C D

Fig. 7. K x c e s s i v e  p e r i p h e r a  o f f e r .  C h a n g e s  i n  d i a m e t e r s  r e l a t e d  t o  b a s i c  s t a t e .  O n  t h e  r i g h t :
t i m e  o f  t e s t i n g  a n d  s y m b o l s

Acta  \larphologica  A cadem ia? Scien tiarum  H ungaricae 17. I9 b 9
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i.e. to  th e  ly m p h a t ic  a rcades .  I n  th is  a rea  v a s c u la r  d i la ta t io n  continues d u r in g  
th e  second  ho u r  w hen  th e  anastom osis  sy s tem  becom es s lightly  filled (segm ent 
D). As a re su lt  of congest ion  before th e  ly m p h  node, also th e  small anas tom osis  
a rea  becom es filled. A t  3 hours  the m ost m a rk e d  increase is a t  th e  sh u n ts .  
After filling th e  cap i l la ry  area, segm ent E  co n t in u es  to  dilate due to  filling 
of th e  cen tra l ly  effe ren t  and  reserve ly m p h a t ic s .  A t  four hours, segm ents  A, 
B, C a n d  D con tinue  to  increase th o u g h  w ith  a te n d e n c y  to  decrease, th e n  th e  
p re - ly m p h  node seg m en t  E  begins to  e m p ty .  As re la te d  to  the  h ighest va lues ,

Fig. 8. E xcessive  p e r ip h e ra l offer. Changes in p e rce n ta g e  o f th e  basic value . L e ft co lum n: 
av erag e  changes, r ig h t side : tim e  of tes tin g . V alues below  av erage  are shaded . T he a rro w s

in d ica te  d irec tion  o f ly m p h  flow

th e  lu m in a  g rad u a l ly  decrease in d iam e te r ,  as in d ica ted  b y  the  5 -hour curve . 
F in a l ly ,  th e  changes in d u ced  by feeding c ream  subside com pletely; w ith  th e  
p e rc e n ta g e  ca lcu la t ion  for th e  d i la ta t ions  exceed ing  th e  average a t  d ifferen t 
p o in ts  o f  t im e ,  we o b ta in  Fig. 8.

Th is  shows t h a t  in  response to  th e  increase  in per iphera l  offer segm ents  
A, B, a n d  w ith  one ex cep t io n  segm ent C, u n d e rw e n t  a d i la ta t ion  of average  or 
h igher  th a n  average  degree. The values for la te ra l  ou tf low , i.e. those of segm ent 
C, g ra d u a l ly  increased  ti l l  4 hours, a f te r  w h ich  th e y  showed a declining t e n d ­
ency. Filling of  th e  cap il la ry  system  is in d ic a te d  b y  the  2-hour va lues  for 
segm ents  C and  D, a n d  th e  3 hour value for seg m en t  D. This filling t h e n  caused 
a considerab le  congestion  before the  ly m p h  nodes, as ind ica ted  by  th e  excessive 
increase  of th e  2 a n d  3 -hour  values for seg m en t  E.

E valuation

T he increase in  p e r ip h e ra l  offer was ch a ra c te r ise d  by  a d i la ta t io n  b e g in ­
ning in  segm ents  A a n d  B. A t four hours  th e  va lues  for these  segm ents reached

A c ta  M o rp h o lo g ic a  A c a d e m ia e  S c ie n tia r u m  H u n g a r ic a e  1 7 , 1 9 6 9
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th e  m a x im u m  as a resu lt  o f  th e  increase in a b so rp t io n  ra te  w hen  d i la ta t io n  
a m o u n te d  to  60 6 %  an d  550% , respectively .  I n  segm ent C th e  2 -h o u r  value 
was below th e  average  level, because it  is a t  t h a t  po in t  of tim e t h a t  th e  capil­
la ry  a rea  begins to  fill, and  the  m a x im u m  d i la ta t io n  to  nearly 31/ 2 t im es  the  
orig inal is reached  a f te r  4 hours of ab so rp tion .  I n  the  sh u n t  area, th e  m a x im u m  
(127% ) increase was found  a t  4 hours, while in  th e  pre-lvm ph node  a rea  the 
p eak  figure  was reached  3 hours af te r  feeding of cream.
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D IE  W IR K U N G  D E R  M E C H A N IS C H E N  IN S U F F IZ IE N Z  
U N D  D E S G E S T E IG E R T E N  P E R IP H E R IS C H E N  A N G EB O TS 

IM B E R E IC H  D E R  M E S E N T E R IA L E N  L Y M P H G E F Ä ß E

J .  VAJDA, E. F E H É R  und K. CSÁNYI

V erfasse r u n te rsu ch ten  den E in flu ß  de r L ig ierung  d e r ab fü h ren d en  L y m p h g efäß e  und  
des g e s te ig e r te n  p e ripherischen  A n g ebo ts au f dem  G e b ie t d e r m esen teria len  L y m p h g e fäß e . 
D er p lö tz lic h e  V erschluß de r L y m p h g efäß e  bew irk t eine S ta u u n g , die das L um en  d e r le tz te ­
ren  a u f  d a s  3- bis 4fache zu e rw eite rn  verm ag. Die L y m p h g e fäß e  können diese große B e la s tu n g  
n u r  ü b e r  e ine  kurze  Z eitsp an n e  b ew ältig en . Die w ich tig s te  Rolle spielen d a rin  d ie L y m p h - 
b a h n e n  d e r  Bogenzone u n d  der A nasto m o sen , die im  V e r la u f  der K o m pensa tion  den  L y m p h - 
s tro m  in  R ich tu n g  der b e n a c h b a rte n  in ta k te n  Segm ente  u m le iten . Diese F u n k tio n  is t  jed o ch  
n u r  v o n  e inem  zeitw eiligen E rfo lg  b eg le ite t, denn in 4 b is 5 S tu n d en  en tw ick elt sich  d ie vö l­
lige m ech an isch e  Insuffizienz.

D e r A nstieg  des p e rip h e risch en  A ngebots b e tr i f f t  den  gesam ten  L y m p h a p p a ra t  des 
D ü n n d a rm s . Die L u m en erw eite ru n g  n im m t in z e n tra le r  R ich tu n g  zu. D u rch  d as  Z u sam ­
m en w irk e n  de r spe ichernden  u n d  a b fü h ren d en  L y m p h g e fäß e  wird der a n g e s ta u te  L y m p h - 
ü b e rsc h u ß  in  ku rzer Z eit w e ite rb e fö rd e rt. U n te rd essen  e rw eitern  sich die L y m p h g e fäß e  in 
d en  d ü n n w a n d ig en  D arm w än d en  a u f  das 5- bis 6fache, w ä h ren d  sich die d ickeren  m ese n te r ia ­
len L y m p h g e fäß e  au f das 1- bis 2fache d ila tie ren .

B eim  zweierlei A nstieg  d e r L ym phm enge w erd en  d ie L y m p h b ah n en  de r B ogenzone, 
das A n asto m o sen sy stem , das G eb ie t der K ap illa ren  u n d  sch ließ lich  die ab fü h ren d en  R ese rv e ­
ly m p h g e fäß e  stufenw eise in die K o m p en sa tio n  e in g esch a lte t.

ДЕЙСТВИЕ МЕХАНИЧЕСКОЙ НЕДОСТАТОЧНОСТИ И ПОВЫШЕННОГО 
ПЕРИФЕРИЧЕСКОГО ПОДВОЗА В МЕЗЕНТЕРИАЛЬНОЙ ЛИМФАТИЧЕСКОЙ

ОБЛАСТИ
Й. В А Й Д А ,  Е .  Ф Е Х Е Р  и К .  Ч А Н Ь И

Изучалось действие лигирования отводящих лимфатических сосудов и повышения 
периферического подвоза в лимфатической области брыжейки. Вследствие внезапного 
закрытия лимфатических сосудов развивается застой, постепенно расширяющий про~зет 
сосудов до 3—4-кратного исходного размера. Лимфатические сосуды способны преодо­
леть большую нагрузку лишь на краткое время. Наиболее важную роль при этом играют 
лимфатические сосуды зоны дуг и анастомозов, отводящих лимфу в процессе компен­
сации к соседним, невредимым сегментам. Эта функция сопровождается лишь временным 
успехом, так как в течение 4—5 часов развивается полная механическая недостаточность.

Повышение периферического подвоза наблюдается во всей отводящей лимфати­
ческой системе тонкой кишки. Расширение просвета повышается в центральном направ­
лении. Благодаря взаимодействию собирающих и отводящих лимфатических сосудов 
накопившаяся лишняя лимфа продвигается быстро. Между тем лимфатические сосуды 
стенки кишек с более тонкими стенками расширяются до 5—6-кратной величины, а более 
толстые мезентериальные лимфатические сосуды до 1 -2-кратной величины.

При двух различных видах повышения количества лимфы в компенсацию посте­
пенно включаются лимфатические пути дуговой зоны, система анастомозов, область 
капилляров и запасные отводящие лимфатические сосуды.

D r. J á n o s  V a j d a  
Dr. E rz sé b e t  F e h é r  
Dr. K á ro ly  Cs ányi
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L ab o ra to ry  of N eu ro p ath o lo g y , T irgu-M ures R esearch  S ta tio n  
o f th e  A cadem y (H ead : P rof. M. G ü n d i s c h )  o f th e  Socialist R epub lic  o f  R o m an ia

RAPID MYELIN SHEATH STAINING IN PARAFFIN, 
FROZEN AND CELLOIDIN SECTIONS

A N E W  M O D IFIC A T IO N  O F  T H E  W E IG E R T  LOY EZ S T A IN IN G  M E T H O D  

J .  K e l e m e n  and  Mirela B e c u s  

(R eceived  D ecem ber 20, 1968)

A m odification  of L oyez’s m eth o d  has been fo u n d  to  allow  a rap id  s ta in in g  of 
n o rm al and  patho log ica l m yelin  shea th s , in p a ra ffin , frozen and  cello id in  sections.

A m o rd an t has been p re p are d , co n ta in in g  alcoholic  iron  a lum  so lu tio n  in  w hich  
th e  sec tions are k ep t for 1 1. ,  — 2 ho u rs  a t S6°C. S ta in in g  is u n d e rta k e n  b y  a l ith iu m  
c a rb o n a te  —h aein a to x y lin  so lu tio n  a t  56°C fo r 1 h our, o r a t  42°C for 1 ‘/ 2 — 2 ho u rs , 
follow ed by d eh y d ra tio n  an d  co n se rv a tio n . T he h isto log ical p ic tu re  is s im ila r  to  th a t  
o b ta in e d  w ith  th e  classical Sp ie lm eyer m ethod .

In neuropa tho log ica l inves tiga tions ,  th e  m yelin  sh ea th  forms a s t ru c tu ra l  
de ta il  of g rea t  im portance . In  pathological processes of  th e  ne rvous  sy s tem , 
th is  sh e a th  m ay  undergo  d iffe ren t  a lte ra tions .

T h e  s ta in ing  techn iques  for myelin allow to  s tu d y  the  norm al a n d  p a t h o ­
logical m yelin  s t ru c tu res  in m an  and ex p er im en ta l  an im als ,  an d  to  follow m yeli-  
na t io n  process in em bryos.

N u m ero u s  m ethods  have been e lab o ra ted  for th e  s ta in ing  of n o rm a l  and  
a l te red  m yelin  s truc tu res .

E lec t ive  myelin s ta in ing  was in tro d u ced  in neurohis to log ica l t e c h n iq u e  
by W e i g e r t  [26] who p resen ted  th e  f irs t  m yelin  p re p a ra t io n s  in 1882 a t  th e  
E isenach  Congress. The principle  of  his m e th o d  consists in th e  app l ica t io n  of 
a m o rd a n t  so lution, which fixes and  prepares  m yelin  for s ta in ing  w i th  hae- 
m a toxy lin .  F rom  the  h a e m a to x y l in  solutions still in c u r re n t  use, iron  an d  
l i th ium  h a e m a to x y l in  were f irs t  app lied  b y  W e i g e r t , a n d  p ractica lly  ev e ry  such 
m e th o d  or m odifica tion  as those  of  P al  [4], K u l t s c i i i z k y  [10], W o l t e r s  [27],  
B e n d a  [2 ],  F r a n k e l  [4], N a g e o t t e  [21, 22 ] ,  L o y e z  [18], L a n d a u  [11 , 12] , 
W r ig h t  [cit. 16], S p i e l m e y e r  [25],  B a c s ic ii  [1],  W e i l  [cit. 16], H e i d e n h a i n  
and H e i d e n h a i n  W o e l c k e  [4],  L i l l i e  [16], K l ü v e r  B a r r e r a  [7 ],  L á z á r  
[14, 15], M a r g o l is  P i c k e t t  [20],  L o c k a r d  e t  al. [17],  M a n u s  [19], O r a  [23 ] ,  
K r u t s a y  [8, 9 ] ,  L a p h a m  e t  al. [13] derive from th e  original W eigert m e th o d .

One of th e  m ost w ide-spread  neurohisto logical p rocedures  is t h a t  o f  
S p i e l m e y e r  [25], which to g e th e r  wi th o th e r  m yelin  m e thods  m akes it possib le  
to ex am in e  th ick e r  sections, bu t  has th e  d isad v an tag e  o f  being laborious and  
the  frozen a n d  celloidin sections are som etim es d am ag ed  in th e  course o f  th e  
m a n ip u lâ t  ion.

írta Morphologien Arademine Scient iorum 11 tingnricne 17. 19 6 9
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I n  curren t  n e u ro p a th o lo g ica l  p rac tice  th e  correc t in te rp re ta t io n  of a 
lesion of ten  calls for th e  s t u d y  of a cer ta in  reg ion  b y  several m e th o d s  (Hae- 
m a to x y l in  and eosin, v a n  Gieson, Nissl, im p re g n a t io n  for neurofibrils  and 
n e u ro g l ia l  s truc tu res ,  m y e l in  sta ins , etc.), w i th  th e  aim of ev idencing d ifferent 
m icroscop ic  details. T h is  c a n  be achieved o n ly  b y  using sections of  th e  same 
n e rv o u s  tissue f ra g m e n t  [5, 6]. On the o th e r  h a n d ,  the  m e th o d  p roposed  b y  us 
a llows myelin s ta in ing  in  series obta ined  f rom  th e  same area.

S t a r t i n g  f r o m  L o y e z ’s m e t h o d ,  w e  u s e  a  c o m b i n e d  a l c o h o l i c - i r o n  a lu m  

m o r d a n t  o f  42 °C o r  56 °C a n d  s t a i n i n g  is  a c h i e v e d  a t  t h e  s a m e  t e m p e r a t u r e .

T h e  m ethod  can  be app lied  in pa ra ff in  a n d  celloidin sections, as well as 
in frozen  ones. The frozen  a n d  celloidin sec t ions  m u s t  be d iffe ren tia ted  in 
m o r d a n t  solution, th is  t r e a t m e n t  being su p erf lu o u s  w ith  pa ra ff in  sections.

Description of th e  m e thod

Stock solutions

A ) 5 %  aqueous iron  a lu m  so lu tio n  and 96%  a lco h o l (e th an o l), equal parts.
B ) 10%  alcoholic h a e m a to x y lin
C) S a tu ra te d  lith iu m  c a rb o n a te  solution

1. U sual fix a tio n  o f n e rv o u s  tissue in 10%  fo rm a lin . (B est re su lts  w ere o b ta in ed  a fte r 
f ix a t io n  in th is so lu tion  fo r 2— 3 weeks, also a f te r  B o u in ’s f ix a tiv e  so lu tion .)

2. P rep a ra tio n  o f a t  le a s t  10— 15 p  th ick  p a ra f f in  section , 10— 25 // th ic k  celloidin 
o r 15— 25 p  th ick  frozen  sec tio n s.

3. D e p ara ffin a tio n , h y d ra tio n  in the  u su a l w ay  (to  avoid  th e  th ic k e r p a ra ff in  section 
to  becom e de tached  a f te r  t r e a tm e n t  w ith  70%  a lcohol, th e  slides w ith  th e  sec tions are  im ­
m ersed  in to  1% cello id in  so lu tio n ).

4. T rea tm e n t w ith  so lu tio n  “ A” (th e  m o rd a n t)  fo r l l/ 2 hours a t  56°C, o r 2 -  3 hours 
a t  42°C .

5. R ap id  w ash ing  (1— 3 m in .) in several t im e s  changed  d is tilled  w a te r;
S tock so lu tion  В ........................................................................................................................  3 ml
Distilled w a t e r .......................................................................................to  100 m l, su b seq u en tly
Stock so lu tio n  C ...........................................................................................................................2 ml.

T h e  m ix tu re  should be k e p t  a t  42°C for V /2— 2 h o u rs , o r a t  56°C for 1 hour.
T his sta in ing  so lu tio n  c an  be used only once !
6. W ashing in  ta p  w a te r , to  w hich a few d ro p s  o f c o n cen tra ted  am m onia  w ere added : 

c h a n g e  several tim es.
7. D eh y d ra tio n  in  7 0 % , 8 0 % , 96%  and  a b so lu te  alcohol series, 5 m in u te s  each ; if 

th e  p a ra ff in  sections w ere co v ered  w ith  celloidin b e tw een  th e  70%  an d  80%  alcohol, the 
ce llo id in  should be rem o v ed  w ith  a v/v a lcohol— e th e r  m ix tu re .

8. Clear in tw o  ch an g es o f xylol or to luo l a n d  m o u n t in C anada balsam .

N ote

I f  specim ens o b ta in e d  fro m  sm all an im als (g u in ea-p ig , ra b b it ,  r a t ,  m ouse) are  s tud ied , 
th e  m o rd an t solution (A ) m u s t be d ilu ted  by  th e  sam e vo lum e of d istilled  w ater.

Results

On an unco lou red  background , th e  m y e lin  sheats  s ta in  d a rk -b lue  (Figs 
4, 5, 6), while th e  b lood  e ry th rocy tes  f rom  th e  vessels (Figs 3, 6, 7) of the
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Fig. 1. B ra in  stem  w ith  cerebellum  of th e  gu inea-p ig . N orm al m yelin  s tru c tu re . M odified 
m yelin s ta in . P a ra ff in  section  of 15 //. X 15

big. 2. M iddle b ra in  a t  th e  level of colliculus su p erio r. Л case o f m u ltip le  sclerosis. D em y elin a t-  
ing areas in th e  p ed u n cu lu s cerebri. M odified m yelin  s ta in . P araffin  sec tion  o f 12 //. X 6

A cta  M orphologic a A cadem iae Scien tiarum  H ungaricae  17, 1969
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f

F ig . 3. Sp inal cord of m a n  w ith  m ultip le  sclerosis. F ro z e n  sec tion  (gela tin -em bedded  m ate ria l)  
o f 20 /I. D em y elin a tin g  foci in th e  la te ra l and p o s te r io r  fascicles. (FM A =  fissu ra  m ed ian a

a n te rio r .)  M odified m yelin  s ta in . X 10

Fig. 4. The sam e case as in  F ig . 3. Cervical seg m en t o f sp in a l cord. P ic tu re  o f m yelin  sh ea th s  
o f d iffe ren t d iam ete rs , in  re la tiv e ly  in ta c t areas. P a ra ff in  sec tion  of 12 //, M odified m yelin  

s ta in . P h o to m ic ro g ra p h  w ith  un iversal re sea rch  m icroscope ty p e  MCj. X 150

A cta  M orphologica A c a d c m ia e  S c ien tia ru m  H ungaricae 17, 1969
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Fig. 5. T he sam e case as in  Fig. 3. D orsal seg m en t o f h u m a n  sp inal cord. T he lim itin g  zone 
o f p a r tia lly  d em y elin a ted  and  in ta c t a reas in  th e  p o ste rio r fascicles. P a ra ffin  sec tion  of 12 //. 

M odified m yelin  s ta in . P h o to m ic ro g rap h . X 150

Fig. 6. C erebral co rtex  o f m an  (gyrus p a rac en tra lis ) . N orm al m yelin s tru c tu re  w ith  th e  
v ascu la r  n e tw o rk  co n ta in in g  e ry th ro cy te s . P a ra ffin  section  o f 12 /g P h o to m ic ro g rap h . X 150

A cta M orphologien A ca d em ia e  Sc ien tia ru m  H ungaricae 17, 196 9
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F ig . 7. Cerebellar f ra g m e n t fro m  guinea-pig. M yelin a n d  v ascu la r p ic tu re . P a ra ff in  section  
of 10 /и. M odified  m yelin  s ta in . P h o to m ic ro g rap h . X  44

F ig . 8. T ran sv ersa l sec tio n ed  h u m a n  peripheral ne rv e  tru n k . (N. cu taneus a n te b rac h ii m edialis.) 
N orm al m yelin  p ic tu re . P a ra ffin  section  of 15 fi. P h o to m icro g rap h . X 44

A c ta  M orphologica A ca d em ia e  S c ien tia ru m  Hungaricae 17, 1969
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nervous p a re n c h y m a  are  b lack . T hus, in th ic k e r  sec tions th e  v ascu la r n e tw o rk  
can be follow ed (F igs 6, 7), s im ilar as w ith  th e  S lonim schi — Cunge o r P ick w o rt 
m eth o d s [cit. 24].

I f  th e  b a c k g r o u n d  is n o t  su f f i c ie n t ly  c le a r  a f t e r  d i f fe re n t ia t io n ,  0 . 0 5 %  of  
p o ta s s iu m  p e r m a n g a n a t e  so lu t io n ,  r e c o m m e n d e d  a lso  b y  O ra [23], s h o u ld  be 
a p p l ie d .

*

W e are  in d eb te d  to  Mrs. O lga Á r k o s t , Miss L y a  N e m e s  and  Miss E lisa b e th  G e r m a n  
for excellen t tech n ica l assistance.
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S C H N E L L F Ä R B U N G S M E T H O D E  F Ü R  M Y E L IN S C H E ID E N  
IN P A R A F F IN -, G E F R IE R - U N D  Z E L L O ID IN -S C H M T T E N

J . KELEMEN und M. BECUS

Die M odifikation  de r L oyezschen M ethode e rm ö g lich te  die S chnellfärbung  von  n o r­
m alen und  pa th o lo g isch en  M yelinscheiden in P a ra ffin - , G efrier- u n d  Z ello id in -S chn itten .

Die S c h n itte  w erden  fü r  die D auer von l ' / 2 bis 2 S tu n d e n  in eine a lkoholische E isen- 
a laun lösung  e n th a lte n d e  Beize von  56°C gelegt u n d  h e rn ac h  m it einer L ith iu m k a rb o n a t-  
Iläm a to x y lin -L ö su n g  von 56°C w äh ren d  60 M inu ten  o d e r bei 42°C w ährend  l ' / 2 bis 2 S tu n ­
den g e fä rb t, m it nach fo lg en d er D e h y d ra ta tio n  u n d  K o n serv ieru n g . D as h isto logische B ild  
is t dem  m it der k lassischen  Spielm eyerschen M ethode e rh a lte n e n  ähnlich.

МЕТОД ДЛЯ БЫСТРОГО ОКРАШИВАНИЯ МИЕЛИНОВЫХ ВЛАГАЛИЩ 
В ПАРАФИНОВЫХ, ЗАМОРОЖЕННЫХ И ЦЕЛЛОИДИНОВЫХ СРЕЗАХ

Й. К Е Л Е М Е Н  и м . б е к у с

Модификация метода Лопеза позволяет быстрое окрашивание нормальных и пато­
логических миелиновых влагалищ в парафиновых, замороженных и целлоидиновых 
срезах.
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Изготовляется протрава, содержащая спиртовой раствор железных квасцов, в 
которой срезы храняются в течение 1 1/2 до 2 часов при 56 °С. Для окрашивания приме­
няется раствор карбоната лития-гематоксилина, при температуре 56° С в течение 60 мин. 
или при 42° С в течение 1 1/2 до 2 часов, при последующей дегидратации и консервиро­
вании. Гистологическая картина, получаемая этой методикой, подобна картине, полу­
чаемой классическим методом Шпильмейера.

D r.  J  o s e p h  K e l e m e n  
D r. M ire la  B ecus

T irgu-M ures, D e p t, o f  N europa tho logy , R esearch  
S ta tio n  of th e  A cad em y  of Sciences o f th e  So­
c ia lis t R epub lic  o f  R om an ia
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H istophysio log ica l L ab o ra to ry , D e p a rtm en t of Zoology, U n iv e rs ity  o f C a lc u tta , Ind ia

ADENOHYPOPHYSEAL CYTOLOGY IN NORMAL 
AND GONADECTOMISED PIGEONS

T. K . B h a t t a c h a r y y a  and M a n j u s h r i  S a r k a r

(R eceived  D ecem ber 20, 1968)

The ad en o h y p o p h y sea l cy to logy  in th e  co m m o n  In d ia n  p igeon o f b o th  sexes 
u n d e r no rm al as well as gonadectom ised  con d itio n s w as s tu d ied  b y  h isto log ical and 
h is to m etric  m ethods. T he p a rs  d ista lis  of th e  p igeon  co n ta in s six  ty p es  o f chrom o- 
phils — a lp h a , b e ta , g am m a, d e lta , epsilon an d  e ta  cells and  th e  ch rom ophobes, 
sp a tia lly  d is tr ib u te d  in  th e  c au d a l and  cephalic  lobes. T he a lp h a  and  gam m a cells 
a re  d is tr ib u te d  in th e  c au d a l lobe, b e ta , epsilon a n d  e ta  cells on ly  in th e  cephalic  lobe, 
w hereas th e  d e lta  cells along w ith  th e  ch rom ophobes o ccu r in  b o th  lobes.

G o n adectom y in  b o th  sexes elicited  a response  o f  th e  g o n a d o tro p h s  an d  the  
th y ro tro p h s . A sig n ifican t h y p e rtro p h y  of th e  g o n a d o tro p h s , th e  gam m a an d  be ta  
cells, was e v id e n t along w ith  th e ir  enhanced  m u co id  re a c tiv ity . T here  w as also a 
d ra s tic  response o f th e  d e lta  th y ro tro p h s . T he ac id o p h ils , i.e., a lp h a , e ta  a n d  epsilon 
cells, were a p p a re n tly  u n ch an g ed . R esponse of th e  g o n a d o tro p h s  to  g o n ad ec to m y  is 
ex p la ined  on th e  basis o f th e  feed b ack  m echanism . T he s tr ik in g  b eh av io u r o f th e  de lta  
cells in g onadectom ised  p itu ita r ie s  seem s to  be a c h a ra c te ris tic  av ian  response.

E arlie r in v es tig a tio n s  b y  a n u m b er of a u th o rs  in to  th e  h isto logy  o f th e  
p a rs  d ista lis  in  b ird s  led to  c h a rac te risa tio n  o f th e  g lan d u la r  cells in to  ligh t 
s ta in in g  and  deep s ta in in g  ac idoph ils/basoph ils  o f tw o  ty p es . T hese an d  o th e r 
o u ts ta n d in g  fea tu re s  of av ian  ad en ohypophysis  w ere s tu d ie d  u n d e r n o rm al and  
e x p e rim e n ta l co n d itions (S c h o o l e y  and  R i d d l e  [26],  R a h n  and  P a i n t e r  
[24],  P a y n e  [18], W il s o n  [33],  W in g s t r a n d  [34],  B r o w n  an d  K n i g g e  [2], 
M i k a m i  116], P a y e z  an d  R a p p a y  [6]). R ecen tly , a c ritica l e v a lu a tio n  o f th e  
te rm in o lo g y  of th e  sec re to ry  cells o f the v e r te b ra te  p a rs  d ista lis  w ith  regard  
to  fu n c tio n a l co n n o ta tio n  em b o d y in g  R o m e i s ’ [25] n o m en c la tu re  has been 
p re se n te d  by  H e r l a n t  [11]. He classified p i tu i ta ry  chrom ophils as serous 
(acidophils) an d  m ucoid  (m ucopro te inaceous) cells. T h e  f irs t c a teg o ry  com ­
prised  a lp h a  (ST H ), p ro la c tin  (L T H ) and  epsilon  (A C TH ) cells; b e ta  (F S H ) and 
d e lta  (TSH ) cells w ere in c lu d ed  in to  the  second class. F rench  a u th o rs  s tu d ied  
th e  a v ian  ad en o h y p o p h y sis  based  on th is  schem e o f c h a ra c te r isa tio n , u tilis in g  
a n u m b e r of tr ich ro m e  and  te tra c h ro m e  sta in in g  tec h n iq u e s  an d  liistochem ical 
m eth o d s of d iffe ren tia tio n  [28, 29, 30, 32]. T he ap p lic a tio n  o f m o d ern  m eth o d s 
allow ed to  id en tify  six  ty p e s  o f g lan d u la r sec re to ry  cells (a lp h a , p ro lac tin , 
epsilon , b e ta , d e lta  and  gam m a) in  th e  P ek in  duck  an d  in  a n u m b er o f com m on 
b ird s  ( T i x i e r —V id a l  [31]).  F u r th e r , a tte m p ts  w ere m ade to  co rre la te  the 
v a rio u s  cell ty p es of th e  d uck  w ith  th e  secre tion  o f a specific  horm one. S im ilar
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in v e s tig a tio n s  em ploy ing  m o d ern  m eth o d s of a n a ly tic a l h is to lo g y  in a large 
n u m b e r  o f  av ian  species w o u ld  c e rta in ly  be a p o in t o f in te re s t in  co m p ara tiv e  
p i tu i t a r y  physiology. In  th e  p re se n t s tu d y , th e  c y to a rc h ite c tu re  o f  th e  pars 
d is ta lis  o f  th e  ad en o h y p o p h y sis  o f  th e  com m on In d ia n  pigeon, Columba liv ia , 
is d e sc rib e d  and th e  ce llu la r m an ife s ta tio n s  d isp lay ed  a fte r  g o n ad ec to m y  are 
re p o r te d .

M aterial and methods

F iv e  groups of a d u lt  p ig eo n s , e ac h  com posed o f te n  an im als o f b o th  sexes o b ta in ed  
d u r in g  d iffe re n t periods o f  th e  y e a r  fro m  n a tu ra l  p o p u la tio n , served  as th e  m a te ria l  fo r th e  
s tu d y ,  o f  fo rty -fo u r y oung  a d u lt  m ale  a n d  fem ale p igeons; th ir ty - tw o  b ird s w ere  d iv id ed  in to  
tw o  g ro u p s , subseq u en tly  c a s tra te d  a n d  sp ay ed , k e p t  in  d iffe ren t cages, w hile  a n o th e r  cage 
c o n ta in in g  tw elve pigeons o f each  sex  se rv ed  as th e  re sp ec tiv e  contro ls. T h e  p e rio d  of c a s tra ­
tio n  a n d  ov ariecto m y  w as 45 d ay s . T h e  an im als for s tu d y  w ere k illed  b y  cerv ica l d islocation , 
th e  p i tu i ta r ie s  were im m e d ia te ly  d issec ted  o u t  and  p laced  in  fix a tiv es .

F o r  th e  purpose of d iffe re n tia l s tu d y  of th e  cell ty p es , p ro longed  f ix a tio n  fo r five 
d a y s  in  B o u in —H o llan d e -su b lim a te  w as follow ed b y  d e h y d ra tio n , c learing , em b ed d in g  in 
p a ra f f in  (m .p . 62°C), th e n  3 /< th ic k  s a g itta l  sections w ere p rep ared . T he s ta in in g  m ethods 
u sed  w e re : M asson’s tr ic h ro m e , H e id e n h a in ’s azan , a zo carm in eh aem a to x y lin -ac id  g reen  orange 
G m e th o d  (G u rr  [8]), G o l d b e r g  a n d  Ch a ik o f f ’s tr ic h ro m e  [1], and  H e r l a n t ’s [10] acid 
a liz a r in  b lu e . In  ad d itio n , P A S -tr ic h ro m e  [21], P F A A B -P A S -orange  G m eth o d  o f A dams [22], 
a lc ian  b lu e-P A S  [10] a n d  Cl a r k ’s [4] a ld eh y d e  fu ch sin  sta in in g  were also ap p lied  to  dis­
t in g u is h  th e  m ucoid cell ty p es .

F o r  d ifferen tia l c o u n t o f th e  tin c to r ia lly  d istin g u ish ab le  cell ty p e s , th e  m eth o d  of 
B r is e n o -Ca st r e jo n  an d  F in e r t y  [1] w as follow ed. In  a  H e rla n t-s ta in e d  ( in s tea d  of th e  
u su a l a zo carm in e-s ta in ed ) m id s a g it ta l  ( in s tea d  of h o rizo n ta l)  section  th e  cells w ere  coun ted  
u n d e r  o il im m ersion  in  each  3rd  fie ld  o f  ev ery  3rd  row , a n d  th e  to ta l  p e rce n ta g e  w as calcu­
la te d . M oreover, in view  to  th e  b ilo b u la r  p a t te rn  of th e  tis su e , a v e rtica l p lan e  o f o b se rv atio n  
w as u se d  in s tea d  of th e  reco m m e n d e d  h o rizo n ta l p lan e . A b o u t 1800— 2000 cells w ere counted  
fro m  e a c h  m id sag itta l sec tio n  a n d  a t  le a s t  th ree  sec tions from  each  b ird  w ere considered . 
F o u r  b ird s  from  each  g roup  w ere  ta k e n  fo r th ese  m easu rem en ts . T he d ia m e te r  o f  th e  cells 
w as m e a su re d  w ith  an  o c u la r  m ic ro m e te r  a t  1250 X m ag n ifica tio n , in a t  le a s t  fo u r b ird s in 
e ach  g ro u p .

Observations

A. N orm al pigeon

S ix  ty p es of c lirom opliilic  cells are  observed  in  th e  p a rs  d is ta lis  o f no rm al 
p ig eo n s  o f b o th  sexes in  a d d itio n  to  th e  ch rom ophobes. T he s ta in in g  b eh av io u r 
o f th e  v a rio u s  cell ty p e s  is show n  in  T ab le  1, th e  p ercen tag e  co u n ts  in  T ab le  2. 
T h e  c y to lo g y  of th e  p a rs  d is ta lis  in  th e  p igeon teas described  b y  S c h o o l e y  and 
R i d d l e  [26] and  o th e rs  [6, 24].

Cell typ es  o f  the caudal lobe

G am m a. In  th e  p igeon , th e se  cells are vo lu m in o u s an d  la rg e  ovoid  w ith  
a d en se  g ran u la r cy to p la sm  (F igs 1 an d  5). V acuoles are ra re , b u t  som e cells 
c o n ta in  a large b asa l v acu o le  co n ta in in g  a conspicuous colloid d ro p le t. The 
n u c le i a re  large, ro u n d , w ith  a p ro m in e n t c e n tra l nucleolus.
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A zan (H eiden­
hain)

A zocarm ine light 
green

G oldberg and Chai- 
koff’s trichrom e

H e rlan t’s te tra- 
chrom e

PA S-trichrom e
AB-PAS
PFA A B -PA S-O G
A ldehyde fuchsin

Male
C astrate
Fem ale
Spayed

Table 1

Stain ing characteristics o f  p itu ita ry  cell types in the pigeon

Caudal lobe Cephalic lobe Both lobes

Alpha Gamma 
(serous) (mucoid)

Beta
(mucoid)

Eta
(serous)

Epsilon
(serous)

I'eUa
(mucoid) Chromophobe

ligh t orange deep red deep blue weak orange rose blue fa in t blue

orange deep red green orange pink light green fa in t green

weak orange deep red bluish violet light orange reddish orange blue weak blue

weak orange purple deep blue orange brick red blue weak blue
orange dull orange 

fa in t m agenta
m agenta  
deep m agenta

orange orange m agenta 
deep blue

orange fa in t m agenta deep m agen ta  
blue violet

orange orange blue
blue violet

Table 2

Percentage o f  p itu ita ry  cell types in  normal and gonadectomised pigeons

Alpha Beta Gamma Delta Eta Epsilon Chromophobe

2.6 ±  0.6* 1.7 4- 2.1 12.0 ±  2.6
1

43.1 ±  1.0 7.9 ±  2.1 2.8 ±  1.7 28.1 ±  0.8
3.0 ±  2.6 2.9 ±  1.0 14.4 ±  0.2 49.2 ±  1.2** 3.9 ±  3.0 1.1 ±  0.2 25.1 +  1.2
2.3 +  1.2 2.0 ±  0.6 11.2 ±  2.5 39.2 ±  6.4 3.6 ±  0.6 1.0 ±  0.0 40.1 ±  2.9
2.3 ±  0.4 3.0 ±  1.0 13.7 ± 4 .3 39.5 ±  5.9 4.3 ±  1.6 2.9 ±  0.0 36.1 ±  0.1

* S tan d ard  erro r o f th e  m ean 
** P  <  0.05
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F ig . 1. C audal lobe o f th e  p a rs  d istalis of a n o rm a l m ale pigeon. H e r la n t’s s ta in  
F ig . 2. C audal lobe o f  a  c a s tra te  pigeon. N o te  d iso rgan ised  acini. H e r la n t’s s ta in  

Fig. 3. C ephalic  lobe of an  in ta c t  b ird . H e r la n t’s s ta in  
F ig . 4. Cephalic lobe in  a  c a s tr a te  pigeon show ing a n  a b u n d an c e  of clear d e lta  cells one of 

w h ich  co n ta in s a m ito tic  f ig u re . H e r la n t’s s ta in
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Alpha. T hese cells are  iden tified  by th e ir  o rg angoph ilic  c h a ra c te r  a n d  
v e ry  sm all size, an d  fre q u e n tly  th e y  have a close a sso c ia tio n  w ith  gam m a cells 
(F igs 1 an d  5). T he c e n tra l nuclei are so m ew hat o v a l in  shape w ith  a d is tin c t 
nucleolus. T he cells do n o t show  any  specific to p o g ra p h ic  p a tte rn  an d  th e ir  
n u m b er is re la tiv e ly  sm all.

Cell types o f the cephalic lobe

Beta. T he b e ta  cells are  of a typ ica l a n g u la r  sh ap e  an d  m edium  size w ith  
a densely  g ra n u la r  hom ogeneous cy toplasm . T h e y  are  PA S and  A F p o s itiv e , 
brickrose w ith  P A S -orange G an d  rose colored w ith  A B -PA S sta in . T h e  cells 
freq u en tly  c o n ta in  one or m ore clear and  d is t in c t  sm all vacuoles (F ig . 7). 
P itu ita r ie s  fixed  in  d iffe ren t m o n th s round  th e  y e a r  in d ica ted  th a t  b e ta  cells 
d isp lay  a conspicuous seasonal v a ria b ility  in  th e ir  s ta in in g  w ith  PA S. In  th e  
pigeon, w here tw o  re p ro d u c tiv e  cycles occur in  a y e a r  [5], these  m ucoid cells 
p ro b ab ly  m a in ta in  a cyclic phase.

Eta. T hese cells a re  sm all, roundish  an ti n o n v a c u o la te d  (Fig. 7) w it!  
unev en ly  sc a tte re d  sparse  g ranu les s ta in in g  a fa in t  o range w ith  H e rla n tA  
te tra c h ro m e . T h ey  are d is tr ib u te d  in c lu sters  th ro u g h o u t the  cephalic lobe , 
b u t  m ore c o n c e n tra ted  along th e  border.

Epsilon. T he epsilon  cells are iden tified  b y  th e ir  g ra n u la r  densely h o m o ­
geneous c y to p la sm  (Fig. 7), s ta in in g  a deep red  w ith  H e r la n t’s dye. These cells, 
like the e ta  cells, are  v e ry  sm all and  round ish , a n d  som e con ta in  one or m ore  
vacuoles. Som etim es, th e y  occur w ith in  th e  c lu s te rs  o f  e ta  cells and th ese  tw o  
can n o t be d is tin g u ish ed  w ith o u t th e  best s ta in in g  d iffe ren tia tio n .

Cell type in both lobes

Delta. T he d e lta  cells are th e  largest of all cell ty p e s  and  th ey  fo rm  th e  
m ost a b u n d a n t cell g roup  in  th e  pars  d ista lis o f th e  p igeon  (Table 2). A m ong  
th e  vario u s m o rp h o ty p es  e x h ib ite d  by  th em , th e  m o st p ro m in en t v a r ie ty  is 
th e  ro u n d  an d  v o lum inous one, densely pack ed  w ith  coarse  cy top lasm ic g ra n ­
ules (Figs 5 an d  7) an d  s ta in in g  w ith  aniline b lu e . T h e  cells give a w eak re a c ­
tio n  w ith  PA S an d  a s tro n g e r one w ith  aldehyde fu ch sin . T h ey  can be id en tif ied  
b y  th e ir  s tro n g  reac tio n  w ith  a lcian  blue a fte r p e rm a n g a n a te  ox idation . A second  
v a r ie ty  of th e  d e lta  cells o f th e  sam e size an d  sh ap e  show s a finely g ra n u la r , 
less dense cy to p la sm , lig h t b lue in  colour. T he o th e r  fo rm s are ch a rac te rised  
b y  th e  p resence o f large vacuoles filling th e  w hole o f  th e  cy top lasm  o r one 
to ta l ly  devo id  o f  an y  s ta in ab le  m ateria l. T he n u c le i a re  large, w ith  a c e n tra l 
nucleolus or w ith o u t a d is tin c t nucleolus.

Chromophobe. C hrom ophobes form th e  seco n d  m ost num erous g ro u p  
am ong  th e  cell ty p e s  (T able 2) of th e  a n te r io r  lobe being d is tr ib u te d  
th ro u g h o u t. H eaps o f ch rom ophobes occur a t th e  c e n tre  o f  acini or cell cords^
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Fig. 5. C audal lobe of a n o rm al m ale pigeon 
F ig . 6. Sam e lobe follow ing c a s tra tio n . O b serv e  h y p e rtro p h ied  g am m a  an d  d e lta  cells 

Fig. 7. C ephalic  reg ion  o f a  contro l b ird
F ig . 8. C ephalic  region in a c a s tr a te d  b ird . N o te  a b u n d an c e  and h y p e rtro p h y  o f b e ta  and  de lta  

cells (F ig s 5— 8 s ta in e d  b y  H e r la n t’s m ethod)
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T h e cy to p la sm ic  o u tlin e  a ro u n d  each  c h ro m o p h o b e  nucleus is in d is tin c t.  The 
n u c lea r  c h ro m a tin  co n d en sa tio n  is very  h ig h  as co m p ared  to  th e  ch ro m o p h ils . 
In te rm e d ia te  s tag es  be tw een  ch rom ophobes an d  e th e r  cells are  f re q u e n tly  
found .

T he above d esc rip tio n  is based  on th e  s tu d y  o f norm al a d u lt m ale  and  
fem ale p igeons. In  y o u n g  b ird s th e  pars d is ta lis  is m ore ch ro inophob ic , p a r t ic ­
u la rly  in th e  cephalic  lobe, b u t cellu lar p y k n o s is  is uncom m on. T he follicles

Fig. 9. H isto g ram  re p re se n ta tio n  o f th e  size o f c h ro m o p h ils  (a lp h a , be ta , g am m a , d e lta , 
e ta  a n d  epsilon  cells) in  co n tro l, c a s tra te d  and  sp a y e d  b ird s. V ertical deflections d e n o te

s ta n d a rd  e rro r

are v e ry  few and  sm all w ith  a little  a m o u n t o f  collo id  inside. Shape, size a n d  
general fea tu re s  o f th e  cell ty p es  are a lm o st th e  sam e as in  ad id t b ird s.

B. Gonadectomised pigeons

G o n ad ec to m y  p ro d u ced  alm ost id en tica l changes in h y p o p h y sea l c y t ­
ology in  b o th  sexes; th e  response to  c a s tra tio n  w as, how ever, q u a lita tiv e ly  m ore  
m arked .

Castration
C a stra tio n  fo r a tim e  period  of 45 day s in d u ced  an  in tense h y p e r tro p h y  

an d  h y p e rp la s ia  o f th e  w hole g land (Figs 2 a n d  4). As a consequence, th e  
reg u la r o rie n ta tio n  a n d  p a t te rn  of p a re n c h y m a l ac in i were com plete ly  lo st.

G am m a. T hese cells becam e heav ily  g ra n u la te d  an d  a t  the  sam e tim e  
m an ifested  a m o d era te  h y p e rtro p h y  (Figs 6 a n d  9). Som etim es, gam m a cells 
were observed  to  coalesce in to  p ecu liar n es ts  a t  th e  cen tre  of ac in i; th e y
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also b e c a m e  e lo n g a ted  w ith  a sh iftin g  o f n u c le a r  p o la r ity  aw ay from  th e  b a se ­
m e n t m e m b ra n e .

A lp h a .  These cells did n o t show  a s tr ik in g  response to  sp ay in g , th o u g h  
s ta t is t ic a l ly  th e re  w as an  increase in  cell size in  c a s tra te d  b irds.

B eta . A considerab le  increase  in  ch ro m o p h ilic  in ten s ity  to g e th e r  w ith  
a s lig h t h y p e r tro p h y  was o bserved  in  th e  b e ta  cells. The presence o f  sm all 
d isc re te  vacu o les , a ch a ra c te ris tic  fe a tu re  o f th e se  cells in th e  n o rm al p i tu i ta ry ,  
b ecam e  less com m on. In  c o n tra s t to  th e ir  re s tr ic te d  d is trib u tio n  along  th e  m ore 
d o rsa l s ide  of th e  cephalic lobe, these  cells becam e  dispersed th ro u g h o u t. T he 
in c rea se  in  PA S an d  A F  p o sitive  g ra n u la tio n  w as a no tab le  fe a tu re  o f th e  
c a s tr a te  hy p o p h y sis .

E ta  and  E psilon . These cephalic  ac id o p h ils  d id  not p re sen t a n y  n o ta b le  
c y to m o rp h ic  a lte ra tio n  in g onadec tom ised  p igeons, except for an  in c rease  in 
size o f  th e  e ta  cells in th e  sp ay ed  group .

D elta . T he d e lta  cells ex h ib ited  th e  m o s t s trik ing  b e h av io u r fo llow ing 
g o n a d e c to m y . T here was ex ten siv e  h y p e r tro p h y  (Fig. 8) an d  h y p e rp la s ia  
(T ab le  2) an d  m ost cells becam e d e g ra n u la te d . The g lan d u la r sec tio n  a p ­
p e a re d  to  be consisting  of num ero u s clear cells due to  th e ir  p ro lific  a b u n d a n c e  
(F ig . 4 ).

Chromophobe. G onadec tom y  failed  to  e lic it an y  change (T able  2). 

S p a y in g

T h e  cy to m o rp h ic  p a t te rn  e n c o u n te re d  in  the  ca s tra te  p i tu i ta r y  was 
d is t in c t ly  obvious in  th e  p a rs  d ista lis  o f th e  sp ay ed  group; th e  in te n s i ty  of 
s t im u la t io n  was, how ever, q u a lita tiv e ly  less in  needs elucidation . T h e  id e n tif i­
c a tio n  o f  th e se  tw o  cell ty p es  w ith  p a ra lle l s ta in in g  m ethods (i.e., b e ta :  P A S -|- , 
A F — ; d e lta :  PA S-)-, A F -)—|— ) as en v isag ed  b y  H alm i  [9] an d  P u r v e s  an d  
G r i e s b a c h  [23] does no t p e rm it d if fe re n tia tio n  of th y ro tro p h s  a n d  g o n ad o ­
tro p h s  in  a w ay sim ilar to  th a t  in th e  ra t .  T h e  A F  plus reac tio n  o f th e  g o n ad o ­
tro p h s  in  th e  p igeon has its  p a ra lle l in  th e  h a m s te r  and th e  h u m a n  [3, 27].

T h e  a p p a re n t h y p e ra c tiv ity  of th e  g o n ad o tro p h s  (b e ta  an d  g am m a) in 
b o th  sexes of gonadectom ised  pigeons is e a s ily  exp lained  on th e  b as is  o f th e  
c la ss ic a l feed b ack  m echan ism . E a rlie r  w o rk ers  rep o rted  m ark ed  m u co id  b a so ­
p h il a c t iv i ty  follow ing c a s tra tio n  in  m ale b ird s  [2, 16, 18, 19, 20, 26]. C a s tra te d  
co ck ere ls  re lease an d  syn thesize  h y p o p h y se a l L H  faste r th a n  do in ta c t  b ird s  
[17]. T h e  v igorous response o f th e  d e lta  cells, how ever, is a s tr ik in g  p h e n o m ­
e n o n , a lm o s t un ique  in  b ird s, as rem a rk e d  b y  T i x i e r -V id a l  an d  B e n o i t  [30] 
in  re la t io n  to  th e ir  find ings in  c a s tra te d  d u ck s . In  b irds, th e re  is ev id en ce  of 
a re c ip ro c a l re la tio n sh ip  or an tag o n ism  b e tw e e n  sex and th y ro id  h o rm o n es [12, 
13, 14, 26] an d  th is  exp la in s th e  th y ro tro p h ic  a c tiv ity  in  g o n ad ec to m ised  b irds. 
P ro b a b ly , s tim u la tio n  of p i tu i ta ry  th y ro tro p liin s  and g o n ad o tro p h in s  occurs 
s im u lta n e o u s ly  and  in d e p e n d e n tly  o f each  o th e r.
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The ad en o h y p o p h y sea l ce llu la r response o f th e  o v ariec to m ised  pigeons 
was sim ilar to  th a t  o f c a s tra te d  b ird s, b u t  th e  in te n s ity  o f s t im u la tio n  was 
so m ew hat w eaker. I t  has been  observed  th a t  g o n ad o tro p h in  s tim u la tio n  is 
slow er in fem ales th a n  in m ale  b ird s [15].

*

T he a u th o rs  express th e ir  g ra ti tu d e  to  Dr. Asok G hosh  for c ritica l su p erv isio n  and 
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D IE  Z Y T O L O G IE  D E R  A D E iN O H Y P O PH Y SE  V O N  T A U B E N  
IN  D E R  N O R M  U N D  NA CH G O N A D E K T O M IE

T . K . BHATTACHARYYA, M. SA RK A R

D ie Zytologie der A d en o h y p o p h y se  von gew ö h n lich en  in d isch en  T au b e n  beiderle i 
G esch lech ts  w urde in der N o rm  u n d  n ach  G onadek tom ie  m it  H ilfe h is to log ischer u n d  h isto - 
m e tr isc h e r  V erfahren  u n te r s u c h t .  D ie P a rs  d ista lis  d e r T au b e  e n th ä l t  sechs versch iedene  
c h ro m o p h ile  S tru k tu ren , a - ,  ß -, y - ,  ft-, «- u n d  »y-Zellen sow ie ch ro m ophobe  S tru k tu re n , die 
in  d e n  cau d a len  u n d  cep h a le n  L a p p e n  räum lich  v e r te il t  sin d . D ie a- u n d  ß-Zellen  s in d  im 
c a u d a le n  L ap p en , die ß-, «- u n d  »y-Zellen nu r im  cep h a len  L ap p e n  v e r te il t ,  w äh ren d  sich die 
0 -Z ellen  wie auch die c h ro m o p h o b e n  S tru k tu ren  in  b e id en  L ap p en  befinden .

G onadektom ie  r ie f  bei b e id e n  G eschlechtern  e ine  R e a k tio n  d e r g o n ad o tro p en  u n d  
th y re o tro p e n  H orm one h e rv o r. E in e  sign ifikan te  H y p e rtro p h ie  d e r g o n ad o tro p en  S tru k tu ­
re n  — y -  u n d  /3-Zellen — w a r  bei gleichzeitig g e s te ig e rte r  M uco id en reak tio n  nachw eisbar. 
A u c h  d ie  th y reo tro p en  0 -Z e llen  re ag ie r te n  heftig . D ie ac id o p h ilen  S tru k tu re n , d. h. d ie a -, 
»y- u n d  «-Zellen b lieben sc h e in b a r  u n v e rän d e rt. D ie R e a k tio n  d e r g o n ad o tro p en  H orm one 
a u f  d ie  A b la tio n  der G onaden  l ä ß t  sich au f G rund  des feed -back-M echan ism us e rk lä ren . Das 
au ffa lle n d e  V erhalten  de r 0 -Z e llen  in  der H ypophyse  n a ch  G o n adek tom ie  sch e in t eine cha­
ra k te r is tis c h e  R eak tio n  d e r V ögel zu  sein.

ЦИТОЛОГИЯ [АДЕНОГИПОФИЗА ГОЛУБЯ В’ НОРМЕ И ПОСЛЕ УДАЛЕНИЯ
ПОЛОВЫХ Ж Е Л Е З

Т. К. БАТТАХАРИЙЯ и M. САРКАР

Цитология аденогипофиза обыкновенных индейских голубей обоего пола в норме 
и после удаления половых ж елез была изучена при помощи гистологических и гистомет- 
рических методов исследования. Pars distalis голубя содержит шесть типов хромофиль- 
ных структур — a-, ß-, y - , ft- , е- и »y-клетки — , и хромофобные структуры, распределенные 
в каудальных и головных долях, а- и y-к летки распределены в каудальной доле, ß -, е- и 
г]-клетки располагаются исключительно лишь в головной доле, в то время как 0-клетки, 
так ж е как и хромофобные структуры встречаются в обеих долях.

Удаление половых желез вызывало у обоих полов реакцию со стороны гонадотроп­
ных и тиреотропных гормонов. Достоверная гипертрофия гонадотропных структур 
(у -  и /3-клетки) была выявляема, при одновременном повышении их мукоидной реактив­
ности. Наблюдалась также сильная реакция со стороны /З-тиреотропных структур. Ацидо­
фильные, то есть а-, »у- и «-клетки, по-видимому, были неизменными. Ответ гонадотроп­
ных структур на удаление половых желез объясняется механизмом обратной связи (feed 
back). Поразительное поведение 0-клеток в гипофизе после гонадектомии, по-видимому, 
является характерной реакцией птиц.

D r. Т . К . B h a t t a c h a r y y a  |  C a lcu tta  19, College o f Science an d  T echnology . 
D r. M an ju sh ri Sa r k a r  J U n iv e rsity  o f C a lc u tta , In d ia
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ANNULAR CALCIFICATIONS 
IN BENIGN MAMMARY DISEASES (TUMOURS)

G y . L is z k a , I. K iss  a n d  D. Cs i f f á r y  

(R eceived D ecem ber 21, 1968)

R in g -sh ap ed  calcification  occurring  in b en ign  d iseases o f th e  b reast m a y , a cc o rd ­
ing  to  l ite ra tu re , develop in tw o w ays. I t  is held  by  som e au th o rs  th a t  th e  w a ll o f 
d u c ts  is necro tized  by  in tra lu m in a rly  acc u m u la te d  ce llu la r or acellu lar sec re tio n  w h ich  
in v ad e s  th e  p e rid u c ta l tissues, causes fa t  necrosis an d  undergoes calc ifica tio n , w hile  

acco rd ing  to o th e rs  fa t  necrosis is th e  p r im a ry  phenom enon; the  f a t  p a ss in g  
in to  th e  n ea rb y  d u c ts , causes ectasis. I t  is su g g ested  th a t ,  in ad d itio n , a n n u la r  c a lc if ic a ­
tio n s  m ay  occur in m as to p a th ie s  in th e  follow ing m an n er.

(1) H y a lin  is deposited  be tw een  th e  e p ith e liu m  and  m yoepithelium  in  d u c ts  
w ith  apocrine  m etap la sia .

(2) D eposition  of hyalin  is p re su m ab ly  due  to  th e  dysfunction  o f th e  m y o ­
ep ith e lia l cells and  th e  b asem en t m em b ran e  am ong  o thers . The resu lting  m o lecu la r- 
biological d is tu rb an c e  leads to lesions th a t  becom e su b seq u en tly  visible u n d e r  th e  
m icroscope. T hese processes im pair th e  m u ra l c ircu la tio n  of th e  ducts an d  lead  th u s  
to  th e  d ep osition  of hyaline  m ate ria l.

(3) I t  is in th e  c ircu larly  deposited  h y a lin  th a t  calcification  tak es p lace . T h e  
a n n u la r  shadow , seen in th e  X -ray  p ic tu res , c o n ta in s  a less in tensive  calcium  sh ad o w  
if also p a r t  of th e  in tra lu m in a r  secretion  is calcified . C om plete calcification  o f  th e  
m u ra l an d  in tra lu m in a r  hyaline  m a tte r  re su lts  in th e  fo rm atio n  of hom ogeneous c a l­
careo u s nodules.

In tro d u c tio n

L eb or gjne  [7] was th e  first to  p re sen t m am m o g ram s to  show c h a ra c te r ­
istic m icro ca lc ifica tio n s in som e cases of b re a s t  can ce r, and — acco rd in g  to  
th e  l i te ra tu re  av a ilab le  — he was th e  firs t to  describe  a d iffering ca lc ific a tio n  
in d u c ta l ec tasis  an d  fib ro ad en o m a [8]. An a n n u la r- lin e a r  calcification  is th e  
m ost genera l la te  rad io g rap h ic  phenom enon  in se c re to ry  disease of tin* b re a s t  
[3], and  r in g -sh ap ed  ca lc ifications have fu r th e rm o re  been observed in  som e 
cases o f adenosis  and  ep ith e lia l h y p erp lasia  a sso c ia ted  w ith  d u c ta l ec ta s is  [2]. 
In  all th e se  ben ign  processes th e  d u c ts  are d is te n d e d  by  th e ir  cellu lar or a c e l­
lu lar c o n te n ts , and  secre tion  leads to  m ura l u lc e ra tio n  so th a t  th e  d u c ta l s u b ­
stance  in v ad es th e  a d ja c e n t tissues. T he c o n seq u en tia l p e rid u c ta l m a s ti t is  is 
s ligh t if th e  a ffec ted  tissues are fib rous, while f a t  necrosis resu lts if  th e  p e r i ­
d u c ta l tissu es  are adipose [1]. The necro tic  a reas  becom e calcified and  th e  c a l­
cium  d ep o sited  in th e  d u c ta l wall ap p ears  as a lin e a r  or an n u la r shadow  [3], 
b u t s im ila r ca lcareous deposits m ay  a p p e a r  in th e  p e rid u c ta l tissues also  [9]. 
L e b o r g n e  | 8 ] p o s tu la te d  a d ifferen t m echan ism  fo r th e  developm ent o f r in g ­
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s h a p e d  ca lc ifications. A ccord ing  to  th is  a u th o r ,  th e  p rim ary  p h en o m en o n  is 
a f a t  necrosis  of tr a u m a tic , in fla m m a to ry  o r un k n o w n  origin w hich  undergoes 
c a lc if ic a tio n ; th e  c o n te n t o f  th e  re su ltin g  c y s t passes in to  an d  d ila te s  th e  
n e a rb y  d u c ts . O ur o b se rv a tio n s  have , h o w ev e r, show n th a t  a n n u la r  ca lc ifica ­
t io n s ,  d eve lop ing  in  ben ig n  processes of th e  fem ale  b reast, m ay  be fo rm ed  in 
o th e r  w ay s as well.

M ateria l

T h e  m a te ria l o f th is  s tu d y  consisted  of 162 p a t ie n ts  whose surg ically  rem o v ed  m a m ­
m a ry  tis su e  (follow ing m am m o g rap h y ) h a d  b een  h is to lo g ica lly  analysed . T he lesions were 
b e n ig n  in  93 an d  m a lig n an t in  69 cases. The ben ign  cases included 55 m as to p a th ie s  o f d iverse

Fig. 1. R in g -sh ap ed  ca lc if ic a tio n s  in  the  b reast

ty p e s ,  32 fib ro m as, 3 abscesses, 2 lipom as an d  one fo reign -body  g ran u lo m a, w hile a ll m alig ­
n a n c ie s  w ere carc inom as. T he rad iog ram s sh o w ed  rin g -sh ap ed  calc ifica tio n s (F ig . 1) in 
6 c ases  o f  m a s to p a th y  an d  in  2 cases o f ca rc in o m a .

R esu lts

In  none of th e se  e ig h t cases d id  w e observe  u lce ra tio n  o f  th e  d u c ta l 
e p ith e liu m , passage o f th e  d u c ta l c o n te n ts  in to  th e  p e rid u c ta l tissu es  or an  
in v a s io n  o f th e  su b s ta n c e  from  th e  area  o f  f a t  necrosis in to  th e  d u c ts , w hereas 
th e  a n n u la r  ca lc ifica tio n  show n b y  th e  X - ra y s  was found  in  th e  d u c ta l  wall.

T h e  p ic tu re s  show ed tw o  ty p es o f  a n n u la r  calcification . I n  th e  f i r s t  ty p e  
(F ig . 2 ), o p ac ity  w as th e  sam e w ith in  a n d  o u ts id e  the  ring , w hile in  th e  second 
ty p e  (F ig . 3) th e  shadow  c a s t by  th e  rin g -en c irc led  area  ap p e a re d  to  be less 
in te n s iv e .
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Fig. 2. A ty p e  of calca reo u s ring  shadow 
(biopsy specim en). N o te  sm all nodules 
o f calcium  a ro u n d  th e  c ircu la r shadow s

Fig. 3 .’A n o th e r type  of calcareous rin g  
sh ad o w  (b io p sy  specim en tak e n  from  

b re a s t show n in Fig. 1)

Fig. 4. C ircular calc ifica tio n  in d u c ta l wall and in itia l s ta g e  of calcification  of in tra lu m in a r  
secre tion . (P h o to m icro g rap h  of lesion  show n  in F ig. 3)
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F ig . 5. C om plete  calcification  of d u c ta l w all a n d  in tra lu m in a r  secretion . (P h o to m ic ro g rap h
of a nodule show n  in F ig . 2)

H isto log ica l e x am in a tio n s  of b re a s ts  ex h ib itin g  ca lc ifications o f the  
d e sc rib e d  k in d  revealed  a b u lk y  hyaline  rin g  be tw een  th e  ep ithe lia l a n d  th e  m yo­
e p ith e lia l  lay e r of th e  d u c ts ; th is  h y a lin e  zone show ed calcified a reas  in  acco rd ­
ance  w ith  th e  ring -shaped  shadow  in  th e  X -ra y s . A pocrine m e ta p la s ia  in  th e  
e p ith e liu m  and  acellu lar secre tio n  in  th e  lum en  of th e  ducts w ere in v a ria b ly  
re g is te re d . The m ural rin g -sh ap ed  c a lc if ic a tio n  and  in itia l c a lc ific a tio n  o f the  
lu m in a r  co n ten ts  can  be seen  in  Fig. 4. T he num ero u s sm all ca lcareo u s nodules 
a ro u n d  th e  an n u la r ca lc ifica tio n , p re sen ted  in  Fig. 2, are th e  re su lt o f  a to ta l 
h o m o g en eo u s ca lc ification  o f th e  m u ra l h y a lin e  and  th e  congested  lu m in a l sub ­
s ta n c e . T h e  p h o to m ic ro g rap h  of a nodu le  o f th is  k ind  is show n in  F ig . 5. Calci­
f ic a tio n s  as seen in  F igs 2 a n d  3 are, th u s , d iffe ren t degrees of th e  lesions occur­
r in g  in  th e  la s t phase o f th e  m u ra l h y a lin  a n d  th e  lum inal secre tion . I t  is only 
in  th is  la s t  phase th a t  th e  p rocess can  be d e te c te d  b y  X -ray s . A lth o u g h  the  
p ic tu re s  show ed fe a tu re s  closely s im ila r  to  th a t  described  b y  L e b o r g n e  
[8] as m icrocystic  f a t  necrosis, no b re a k - th ro u g h  of th e  su b ep ith e lia l hyaline  
s u b s ta n c e  in to  th e  su rro u n d in g  tissu es , no  u lce ra tio n  of th e  d u c ta l ep ith e liu m  
a n d  n o  f a t  necrosis w ere o b served  in  a n y  o f th e  exam ined  cases. T h e  ring- 
s h a p e d  ca lcifications w ere a t  som e d is ta n c e  from  th e  cancerous an d  su rro u n d e d
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b y  n o n -tu m o ro u s  tissue in b o th  o f th e  ex am in ed  carcinom a cases. T hese  ca l­
careous deposits  show ed n e ith e r  rad io m o rp h o lo g ica l nor h isto log ica l d ifferences 
from  tho se  observed  in cases of m a s to p a th y . The apocrine m e ta p la s ia  reg is te red  
in ca rc in o m ato u s  and  n o n -ca rc in o m ato u s  cases alike was in a g re e m e n t w ith  
li te ra ry  d a ta ;  65 such cases were o b se rv ed , an d  it was in e igh t t h a t  th e  X -ra y s  
bow ed a n n u la r  ca lcification .

D iscussion

I t  is u n iv e rsa lly  agreed th a t  m o st ben ign  changes of th e  fem ale  b re a s t  are 
due to  ho rm o n al d is tu rbances. D iseases o f th is  category  are  te rm e d  m a s to ­
p a th y  b y  som e and  m am m ary  d y sp la s ia  or m am m ary  d is tro p h y  b y  o th e r 
a u th o rs . Also th e  te rm  chronic m a s tit is  has been  used b u t we co n sid e r th is  
nam e m islead ing  since th ere  is no in fla m m a tio n  in such cases. S ev era l ra d io l­
ogists have  tr ied  to  set up c lassifica tio n s based  on rad iog raph ic  sy m p to m s  h u t 
th ese  show  fa irly  g rea t differences. W e h av e  ad o p ted  th e  n o m e n c la tu re  and  
d e fin itio n s p roposed  by  I n g l e b y  a n d  G e r s h o n -Co h e n  [5].

H isto log ica lly , th e  follow ing chan g es belong to  th e  c a te g o ry  a t  issue: 
cy sts , apocrine ep ith e liu m , sclerosing  adenosis, in tra d u c ta l e p ith e lia l h y p e r­
p la s ia  an d  d u c ta l ectasis [12].

A pocrine ep ith e liu m , as e n c o u n te re d  in o u r m ateria l, co n sis ted  o f large, 
ta ll, co lu m n ar secre to ry  cells w ith  a sm all nucleus an d  a b u n d a n t, c lea r eosino­
ph ilic  cy to p lasm  w hich often  c o n ta in e d  yellow ish-brow n ag g reg a tes  [1, 4].

T he d u c ts  o f norm al n o n -la c ta tin g  b re a s ts  co n ta in  an  o u te r  la y e r  o f  m yo­
ep ith e lia l an d  an  inner lay er of e p ith e lia l cells. T he cy top lasm ic  m e m b ra n e  of 
th e  m y o ep ith e lia l cells co n ta in s  h is to ch em ica lly  d em o n strab le  adenosine  
d ip h o sp h a te  an d  nucleoside d ip h o sp h a te  so th a t  th e  m em brane seem s to  p lay  
an  im p o r ta n t p a r t  in selective t r a n s p o r t  o f m ateria ls  [10]. T h e  p resu m ab le  
fu n c tio n  o f th e  m yoep ithelia l cells consists  in fac ilita tin g  th e  ex p u ls io n  of 
secre tion  ow ing to  th e ir  c o n tra c ti l i ty ;  besides, th e y  ac t as en d o crin e  recep to rs  
b y  co n d u c tin g  horm onal im pulses to  th e  ep ith e liu m  [6]. In  m a m m a ry  d y sp lasia  
th e  b a se m e n t m em brane  becom es ab n o rm a l, its  m yoep ithelia l c o m p o n e n ts  are 
irreg u la rly  o rien ted  or d isap p ear a lto g e th e r  [11]. The hyaline  su b s ta n c e  was 
a rra n g e d  su b ep ith e lia lly  and  th e  n u m b e r o f m yoep ithelia l e lem en ts  w as d im in ­
ished  in  o u r m ateria l.

D eposits o f in te rce llu la r h y a lin  are  know n to  be due to  c irc u la to ry  or 
in f la m m a to ry  d is tu rb an ces. H y a lin e  tissu e  is p a r tic u la rly  su scep tib le  to  ca lc i­
fic a tio n  [4], a fac t w hich ex p la in s  th e  ap p earan ce  of r in g -sh a p e d  ca lcium  
shadow s in  th e  d u c ta l walls. N e ith e r  lite ra ry  d a ta  nor our ow n o b se rv a tio n s  
have  allow ed d efin ite  s ta te m e n ts  as to  th e  co rre la tio n  betw een  th e  m e ta p la s ia  
of th e  d u c ta l ep ith e liu m  and  th e  a p p e a ra n ce  of th e  hyaline su b s ta n c e  o r th a t
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b e tw een  th e  d y sfu n c tio n  o f th e  m y o ep ith e lia l cells an d  th e  apocrine m e ta ­
p la s ia . I t  is in  an y  case p ro b ab le  th a t  changes in  th e  b asem en t m em brane  an d  
th e  m y o ep ith e lia l la y e r , caused  by p rim a ry  d y sp la s ia  an d  d is tu rb in g  th e  e x ­
ch an g e  o f flu id  in  th e  w all o f ducts, p lay  an  im p o r ta n t  p a r t  in th e  d ep osition  
o f h y a lin .

S um m arized , i t  is in  m am m ary  d y sp la s ia  t h a t  th e  ring -shaped  ca lca re ­
ous d ep o sits  of 2 to  4 m m  d iam ete r ap p ear. C a lc ifica tio n  occurs e ith e r  in  th e  
m a n n e r  described  in  l i te ra tu re  or in th a t  d esc rib ed  in  th e  foregoing. X -ra y  
p ic tu re s  w ith o u t a th o ro u g h  ex am in a tio n  o f  c lin ica l m an ifesta tio n s p ro v id e  no 
re liab le  in fo rm a tio n  on th e  p a th o m ech an ism . R o u n d , oval or c ircu lar calcium  
shadow s in  th e  m am m o g ra m  poin t to  a b en ig n  p rocess in th e  f irs t  p lace , 
e spec ia lly  if  th e y  a p p e a r  b ila te ra lly . C alc ifica tions as show n in ou r p ic tu re s  
can  re liab ly  be d is tin g u ish e d  from  ty p ic a l c a rc in o m a to u s  m icrocalcifications. 
B io p sy  m ay  be n ecessa ry  if  th e  ca lcification  is less c h a rac te ris tic  [9].
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N E U E  B E IT R Ä G E  ZU  D E N  U R S A C H E N  D E R  B E I  E R K R A N K U N G E N  
D E R  W E IB L IC H E N  M AM M A A U F T R E T E N D E N  K A L K A R T IG E N  R IN G S C H A T T E N

GY. LISZKA, I. KISS und D. C S IFF Á R Y

A u f G rund  de r L ite ra tu ra n g a b e n  e n ts teh en  d ie hei b en ig n en  M am m aprozessen  w a h r­
n e h m b a re n  k a lk a rtig e n  R in g sc h a tte n  nach zwei v e rsch ied en en  M echanism en. N ach  dem  e inen  
u su r ie r t  d a s  sich im  D u c tu s lu m e n  anspeichernde ze llu la re  o d e r azellu lare  E x k re t d ie D u c tu s ­
w a n d , le tz te re  n ek ro tis ie rt, u n d  de r in  die um g eb en d en  G ew ebe du rch b rech en d e  D u c tu s in h a lt 
b e w irk t eine F e ttn e k ro se  u n d  v e rk a lk t.  N ach der a n d e re n  A uffassung  is t der p rim äre  V o r­
gang  d ie  F e ttn e k ro se , d ie n a c h  E in b ru c h  in den D u c tu s  d en  le tz te re n  d ila tie rt u n d  eine D u c- 
tu se c ta s ie  zu stan d e  b r in g t. A u f G rund  ih rer e igenen  U n te rsu ch u n g e n  stellen  die V erfasser 
fe st, d a ß  e in  k a lk a r tig e r  R in g sc h a tte n  in der m a s to p a th is c h e n  M am m a auch  in  fo lgender 
W eise e n ts te h e n  kan n :
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1. In  jen e n  G ängen , deren  E p ithe l ap o crin e  M etap lasie  aufw eist, lag e rt sich  zw ischen 
dem  E p ith e l u n d  dem  M yoepithel eine hy a lin e  S u b s ta n z  ab.

2. E ine  w ahrschein liche  Ursache der A b lag eru n g  d e r hyalinen S u b stan z  b e s te h t  d a rin , 
d aß  in der m as to p a th isch e n  M am m a die M y o ep ith e lze llen  und  die B a sa lm e m b ra n  — aus 
b ish e r u n a u fg ek lä rte n  G rü n d en  ihrer F u n k tio n  n ic h t gerecht w erden. D ie e n ts te h e n d e  
m olekularb io log ische S tö ru n g  fü h rt  im w eite ren  V e rla u f  zu m ikroskopisch n ach w e isb a ren  
V erän d eru n g en . All diese V eränderungen  schäd ig en  die S äftez irk u la tio n  in d e r D u c tu sw a n d , 
was die A b lagerung  der h y a lin en  S ubstanz nach  sich  z ieh t.

3. D ie V erk alk u n g  k o m m t in der h y a lin en  S u b s ta n z  zustande , die in  d e r  D u c tu s­
w and  z irk u lä r  ab g elag ert ist. Dies kom m t in F o rm  v o n  k a lk a rtig en  R in g sc h a tten  z u r  D a r­
ste llung . In  jen en  F ä llen , in  denen auch ein Teil des im  D uctuslum en v o rh a n d e n e n  S ek re ts  
v e rk a lk t is t, sehen w ir in  den R in g sch atten  e inen  k a lk ig en  In h a lt  von ge rin g erer I n te n s itä t .  
Die völlige V e rk alk u n g  d e r hyalinen  S u b s tan z  in  d e r D uctusw and  und  im -lu m en  e rg ib t 
e inen  hom ogenen k a lk igen  K no ten .

НОВЫЕ ДАННЫ Е О ПРИЧИНАХ ВОЗНИКНОВЕНИЯ ИЗВЕСТКОВЫХ 
КОЛЬЦЕВИДНЫ Х ТЕНЕЙ, ПОЯВЛЯЮЩИХСЯ В СВЯЗИ С 

ДОБРОКАЧЕСТВЕННЫМИ ЗАБОЛЕВАНИЯМИ ЖЕНСКОЙ ГРУДНОЙ Ж Е Л Е ЗЫ
'Д. ЛИСКА, И. КИШ и Д . ЧИФФАРИ

Согласно литературным данным, известковые кольцевидные тени образовываются 
при доброкачественных процессах грудной железы по двум различным механизмам. 
Одна возможность, та, что накопляющееся в просвете протока клеточное или неклеточное 
выделение изнашивает стенки протока, которые некротизируют, причем, прорывающееся 
в окружающие ткани содержимое протока вызывает жировой некроз и обызвествление. 
По другому пониманию первичным процессом является жировой некроз, который, после 
прорывания в проток расширяет последний и обуславливает эктазию протока. На основе 
собственных исследований авторы устанавливают, что в грудной железе с мастопатией 
известковая кольцевидная тень может возникнуть такж е по следующему механизму:

1. В тех протоках, эпителий которых показывает апокринную метаплазию, между 
эпителием и мисэпителием отлагается гиалиновое вещество.

2. Одной причиной отложения гиалинового вещества, по всей вероятности явля­
ется, что при мастопатии в грудной железе миеэпителиальные клетки и базальная мем­
брана — по до сих пор еще невыясненной причине — не выполняют своей функции. 
Возникающее молекулярно-биологическое расстройство приводит в последствии к микро­
скопически выявляемым изменениям. Все эти изменения нарушают сокообращение в 
стенке протока, и эго влечет за собой отложение гиалинового вещества.

3. Обызвествление происходит в гиалиновом веществе, отложившемся циркул- 
ярно в стенке протока. Это видно в форме известковых кольцевидных теней. Если одна 
часть секрета, находящегося в просвете протока, такж е обызвествляется, то в кольце­
видных тенях видно известковое содержимое меньшей интенсивности. Полное обызвест­
вление гиалинового вещества, находящегося в стенке и в просвете протока, приводит к 
образованию однородного, известкового узла.

D r. G yörgy  L is z k a  
Dr. I s tv á n  K iss  
Dr. Dezső Cs i f f á r y

B u d ap est X I. T é té n y i ú t i  kó rház, H u n g a ry
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In s t i tu te  o f  A n a to m y  (D irec tor: P rof. J .  S zen t á g o th a i),
U n iv e rs ity  M edical School, B u d a p es t

THE INNERVATION
OF THE JUXTAGLOMERULAR APPARATUS*

Cs. L é r á n t h , G y . U n g v á r y  a n d  T. D o n á t h  

(R eceived Ja n u a ry  14, 1969)

By a com bined  a p p ro ac h  using th e  ca tech o lam in e  re ac tio n  an d  an  electron 
m icroscopic analy sis  o f  ex p e rim e n ta l fib re  d eg en e ra tio n , an  a tte m p t  is m ad e  to  eluci­
d a te  the  in n erv a tio n  o f th e  ju x ta g lo m e ru la r  a p p a ra tu s  in th e  c a t, th e  r a t  a n d  th e  m ouse. 
Two ty p es o f te rm in a l ax o n  hav e  been  iden tified : one (A t) co n ta in in g  nu m ero u s dense 
core vesicles 6— 800 Â  in d iam e te r an d  a n o th e r (A 2) h av in g  on ly  sm all lig h t sy n ap tic  
vesicles. T he m a jo r ity  o f  th e  A x ty p e  axons o rig in a tes  from  sy m p a th e tic  ganglion 
cells loca ted  m ore d is ta lly  th a n  th e  coeliac ganglion . A 2 ty p e  ax o n s e ith e r  o rig inate  
from  th e  coeliac g ang lion  or from  som e place ab ove  i t ,  th e y  p ro b a b ly  belong to  th e  
v ag a l (cholinergic) sy s tem . A few  sensory fib res c an  be tra c e d  b a ck  to  th e  sp inal 
ganglia  T h j„—L3, b u t  cou ld  n o t be d istingu ished  s tru c tu ra lly  fro m  Aj ty p e  axons.

T he fu n d a m e n ta l ro le o f  th e  ju x ta g lo m e ru la r  a p p a ra tu s  (JG A ) in  volum e 
an d  osm oregu la tion , exerc ised  hy  ren in  a h o rm one-like  su b s ta n c e  secreted  
b y  th e  ju x ta g lo m e ru la r  cells (JG C) — has been  fu lly  e s tab lish ed . B esides an 
in fluence  on th e  ren in  secre tio n  by  h aem o d y n am ic  an d  h u m o ra l (N a-level) 
fac to rs , th e  p o ssib ility  o f  a n eu ra l con tro l has re c e n tly  arisen . A ccord ing  to  
G ö m ö r y  and  O l t v á n y i  (1951) nerve  bund les ru n n in g  along  th e  a ffe ren t a r te ­
riole becom e loose n ea r th e  v a scu la r pole an d  en co m p ass th e  ju x ta g lo m e ru la r  
cell-group in a c h a ra c te ris tic  m an n er. I t  is u n d o u b te d ly  th e  dense nerv e  plexus 
of th e  afferen t a rte rio le  describ ed  b y  S m ir n o v  (1901) from  w hich  th e  a b u n d an t 
in n e rv a tio n  of th e  JG C  derives. O n th e  basis of l ig h t m icroscopic  in n e rv a tio n  
s tu d ies  w ith  co n ven tiona l n eu roh isto log ica l m e th o d s  a v e g e ta tiv e  a n d  possibly 
a senso ry  in n e rv a tio n  of th e  JG A  has been  d iscussed  b y  Á b r a h á m  (1943, 1969). 
In  an  e lec tron  m icroscopic s tu d y , B a r a j a s  (1964) d iffe re n tia ted  “ d a rk ”  and  
“ lig h t”  axons a ro u n d  th e  a ffe re n t a rte rio le , th e  e ffe re n t a rte rio le  an d  th e  JG A , 
in th e  m onkey  an d  th e  r a t .  H a r t r o f t  (1966) reco rd ed  in  a sh o rt p a p e r  lacking 
illu s tra tio n s  th e  p resence o f  nerve  te rm in a ls  a ro u n d  th e  cells o f  th e  m acula 
densa. T he general p ro b lem  o f th e  v ascu la r reg io n ’s in n e rv a tio n  has been  sum ­
m arized  by  Sz e n t á g o t h a i  (1966) co rrespond ing  to  th e  level o f  know ledge 
a ro u n d  1964 — 65. U sing th e  p a ra fo rm a ld eh y d e  re a c tio n  o f  F a l c k  a n d  H i l - 
l a r p , V a g e r m a r k  e t al. (1968) d e m o n s tra te d  ad ren erg ic  fib res  a ro u n d  the

* Oil th e  basis o f a le c tu re  de livered  a t  th e  8 th  H u n g a ria n  B iological C ongress (1968), 
com ple ted  w ith  recen t l ite ra ry  d a ta .
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ju x ta g lo m e ru la r  cells. In  a r e c e n t su rv ey , E n d e s  (1968) re fe rred  to  th e  stud ies 
o f  G o m b a  (in press) w hich h a v e  revea led  a rich  ad renerg ic  in n e rv a tio n  in 
th e  JG A .

T h e  aim  of the p re se n t s tu d y  w as a fu r th e r  e lu c id a tio n  of th e  in n e rv a tio n  
of th e  v a sc u la r  pole region o f th e  ren a l corpuscles an d  of th e  JG A  in  p a r tic u la r . 
A c o m b in e d  approach  b y  h is to ch em ica l and e lec tron  m icroscopic m e th o d s  and  
b y  th e  ex p e rim en ta l d e g e n e ra tio n  p rocedure  was th e re fo re  p e rfo rm ed .

M a te ria l and  m ethods

I n  n o rm al m ate ria l o b ta in e d  fro m  th e  k id n ey  of th e  e a t,  the  r a t  and th e  m ouse, F alck 
a n d  1111, r,All’s p a ra fo rm ald eh y d e  re a c tio n  w as applied  fo r th e  d e m o n s tra tio n  o f catech o l­
a m in e s  (C A ) b y  fluorescence m ic ro sco p y . F o r  th is  purpose  th e  m a te ria l w as p re p a re d  accord­
in g  to  th e  sligh tly  m odified  c ry o s ta te  p ro ced u re  o f (is il l ik  and  K álmán  (1967). F u rth e r  
n o rm a l m a te r ia l  was su b jec ted  to  e le c tro n  m icroscopic e x am in a tio n . F o r  th e  p u rp o ses  o f exper­
im e n ta l  d eg eneration  in  c a ts  a n d  m ice , th e  coeliac ganglion  an d  in  a n o th e r  g ro u p  of anim als 
th e  s p in a l  ganglia  T h10- L 3 of th e  le f t  side w ere rem oved. M ateria l from  th e  le f t k id n ey  ob tained  
20 h o u rs  p o sto p e ra tiv e ly  w as e x a m in e d  e lectron  m icroscopically  follow ing p re fix a tio n  in 
g lu ta ra ld e h y d e  and p o s tf ix a tio n  in  osm ic acid . A fter o r ien ta tio n  in  sem ith in  sec tio n s o f tissue 
b lo c k s  e m b e d d ed  in D u rcu p an , u l t r a th in  sections w ere c o n tra s te d  w ith  lead  c itra te  according 
to  R e y n o l d s  [19] and  e x am in ed  w ith  a Tesla BS 413 e lec tro n  m icroscope.

R esults

T h e  nerve fibres e n te r in g  th e  k id n ey  estab lish  a rich p lexus o f p re te rm in a l 
a n d  p a r t ly  te rm inal n e rv e  f ib re s  a ro u n d  the  ren a l a r te ry  an d  its  b ran ch es . The 
p le x u s  con tinues u n d im in ish e d  along  th e  in te rlo b u la r  a r te rie s  a n d  th e  afferen t 
a r te r io le s  (Figs 1 an d  2). I t  is seen c learly  th a t  th e  ca tech o lam in e  reac tion

F ig . 1. T erm inals giving c a tec h o lam in e  reac tio n  a round  th e  in te r lo b u la r  a r te ry  (sim ple arrow ) 
and th e  a ffe re n t a r te r io le  (double arrow ). K id n ey  of ca t. X 120
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becom es s tro n g e r an d  spo ts o f b r ig h t  g reen  fluorescence are  c o n c e n tra te d  a t 
th e  v a scu la r  pole of th e  g lom eru lus. A t some places th e  fib res  m a y  be tra c e d  
over to  th e  e ffe ren t a rte rio les a n d  a ro u n d  th e  B ow m an capsu le , w hile no  reac ­
tio n  could  be seen w ith in  th e  g lom eru li (F igs 2 an d  3). T he s tr ik in g  s tru c tu ra l  
s im ila rity  be tw een  g lom eru lar an d  sm o o th  m uscle cells is show n in  an  e lec tro n  
m icro g rap h  (F ig . 4); th e  m y o filam en ts  are w ell d iscernible also  in  th e  JG C.

Fig. 2. G eneral view of the  c a t k id n ey . C atecho lam ine  reac tion  becom ing m ore in ten siv e  
in th e  neighbourhood  of th e  JG A  (double  a rro w ), nerve fib re  cu rv in g  a ro u n d  B ow m an’s

capsule (sim ple arrow ). X 80

Fig. 3. V ascu lar pole o f g lom erulus (Gl): a rro w s p o in t to  sites o f catech o lam in e  reac tio n  
becom ing m ore in ten siv e  close to  th e  JG A . C at. X 200
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Fig. 4. Sm ooth  m uscle cell (Me) a rran g ed  side b y  side in  th e  w all o f th e  a ffe ren t a rte rio le  w ith  ju x ta g lo m e ru la r  
cell co n ta in in g  specific g ranules (JG C ); b asa l lam in a  su rro u n d in g  th e  JG C  (B l), m y o filam en ts  (f). E lec tro n

m icrograph . M ouse
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One group  o f th e  axons closely a rran g ed  a ro u n d  th e  JG C  co n ta in s  dense-core 
vesicles (A j), w hile a n o th e r  group of axons (A 2) co n ta in s  exclusively  e m p ty  
vesicles ab o u t 300 A in d iam ete r. A t some p laces th e  tw o kinds o f axon  occur 
to g e th e r, a t  o th e rs  th e y  ru n  sep ara te ly  (Figs 5 an d  6). B o th  k inds o f axon  
becom e closely a tta c h e d  to  th e  JG C  sep a ra ted  o n ly  b y  a th in  b asem en t m em -

Fig. 5. G roup of axons n e a r a ju x ta g lo m e ru la r  cell (JG C ). N ucleus o f th e  JG C  (N). (A j) A xons 
co n ta in in g  dense core vesicles; (A 2) axons w ith  em p ty  vesicles; (D c t) basis o f th e  ep ith e liu m  

of th e  d is ta l co n vo lu ted  tubu les. E lec tro n  m ic ro g rap h . Mouse

b ran e ; th is  ap p ears  to  be m uch  th in n e r th a n  th e  g en era l b a sem en t m em b ran e  
o f th e  g ra n u la te d  cells. A fre q u e n t e lec tro n  m icroscopical find ing  is th e  A j ty p e  
axon , co n ta in in g  dense-core vesicles, s itu a te d  n e a r  th e  efferen t a rte rio le  and 
th e  capsu le  of th e  g lom eru lus (Fig. 7). Fig. 8 show s in th e  sam e area  a d eg en er­
a tin g  axon  a fte r  th e  rem oval of th e  coeliac gang lion . A fte r th e  rem o v al o f the  
spinal ganglia  (T h 10—L3) o f th e  m ouse, a d e g e n e ra tin g  axon  w as observed  
a d jacen t to  th e  g lo m eru la r capsu le  (F ig. 9).
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D iscussion

A  c o n s i d e r a b l e  i n c r e a s e  o f  t h e  b l o o d  r e n i n  l e v e l  u p o n  s t i m u l a t i o n  o f  t h e  
r e n a l  p l e x u s  a n d  s y m p a t h e t i c  e x c i t a t i o n  h a s  b e e n  f o u n d  b y  V a n d e r  (1965) a n d  
b y  B u n a g  e t  al.  (1966). W a t h e n  (1965) o b s e r v e d  t h e  s a m e  p h e n o m e n o n  a f t e r  
c a t e c h o l a m i n e  in f u s io n ,  a n d  D u n i h u e  e t  a l .  (1961) a f t e r  t h e  i n f u s i o n  o f  a  s m a l l

F ig . 6. (A 2) G roup of ax o n s w ith  e m p ty  vesicles a d ja c e n t to  ju x ta g lo m e ru la r  cell (JG C). 
M uscle  cell (Me). A t th e  r ig h t  side o f  th e  fig u re , a ty p e  A t axon  em erges fro m  a  Schw ann  cell, 
a n d  a n o th e r  ty p e A j ax o n  is c losely  a tta c h e d  to  a JG C . A t th is  s ite  th e  b asa l m em b ran e  becam e

th in n e r . E lec tro n  m ic ro g rap h . Mouse

dose o f  ad renaline , w hile K a m u r a  (1966) reco rded  a decrease o f  th e  ju x ta ­
g lo m e ru la r  index  a f te r  th e  su b c u ta n e o u s  in fusion  o f ad rena line . A lth o u g h  none 
o f  th e s e  au th o rs  ascribed  th e se  re su lts  to  a d irec t effect on th e  JG A , th e ir  close 
re la tio n sh ip  w ith  th e  r e p o r te d  o b se rv a tio n s  is s tro n g ly  suggestive  o f a d irect 
a c t io n  o f  ca techo lam inerg ic  nerves on th e  JG A . B o th  th e  in te n s iv e  ca tech o l­
a m in e  reac tio n  of n e rv e  e lem en ts  a ro u n d  th e  JG A , as well as th e  te rm in a ls  
c o n ta in in g  dense-core vesicles an d  bein g  in  in tim a te  c o n ta c t w ith  th e  JG A  
are  w ell in  accord w ith  th is  n o tio n .

T h e  e lectron  m icroscop ica l an a ly sis  o f  th e  axons a ro u n d  th e  JG A  groups 
p e rm its  th e ir  c lass ifica tio n  acco rd in g  to  th e  ty p e  of vesicle c o n ta in e d , ra th e r

A c ta  M orphologica A cadem iac  S c ien tia ru m  H ungaricae 1 7 , 1969



! Fig.  7. A xon co n ta in in g  in ta c t  dense core vesicles (A, ) in  th e  angle be tw een  th e  g lom erulus and  th e  vas efferens (Ve). 
E p ith e liu m  (E ), b asa l lam ina  (B l), process of th e  podocy te  (P r), fe n es tra te d  en d o th e liu m  (F). T he double  arrow  

p o in ts to  th e  peduncles o f th e  podocy tes. E lec tro n  m icrograph . Cat
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Fig. 8. I n ta c t  axon  co n ta in ing  dense core vesicles (A j) an d  degenerating  axon (D a) in th e  angle betw een  glo­
m eru lus (Gl) and vas efferens. R ig h t u p p e r in se t shows som e d e ta ils  a t  h igher m agn ifica tion . (Bl) B asal lam ina  
of B ow m an’s capsu le ; (P e t) basis o f th e  ep ith e liu m  of th e  p ro x im al co n vo lu ted  tubu les. Coeliac ganglion  rem oved

20 hrs p rev iously . E lec tro n m icro g rap h . Cat
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t h a n  t h e  s u b d i v i s i o n  o f  B a r a j a s  (1964) b a s e d  o n  o t h e r  c r i t e r i a  t h e  f u n c t i o n a l  
s i g n i f i c a n c e  o f  w h i c h  is m u c h  le s s  e s t a b l i s h e d  t h a n  t h a t  o f  t h e  c h a r a c t e r  o f  

v e s ic le s .
The d eg en e ra tio n  analysis  of th e  nerve  e lem en ts  p a r tic ip a tin g  in th e  

in n erv a tio n  of th e  v a sc u la r  pole region o f th e  ren a l corpuscles offers som e

Fig. 9. D eg en era tin g  ax o n  (D a) a d ja c e n t to  th e  b asa l lam in a  (B l) o f B ow m an ’s capsule in 
th e  k id n ey  of a m ouse 20 hrs a f te r  rem o v a l of th e  sp ina l gan g lia  T h ln- L 3. (A j) In ta c t  axons 
co n ta in in g  dense-core vesicles a rran g ed  side-by-side; (G l) g lom eru lu s; (D c t) d ista l con­

v o lu te d  tu b u les . E lectron  m ic ro g rap h

in fo rm atio n  concern ing  th e  origin o f various e lem en ts. I t  h as, how ever, to  he 
a d m itte d  th a t  th e  p ic tu re  is n o t y e t conclusive. A fte r rem o v a l of th e  coeliac 
ganglion, th e  ty p e  A 2 axons (h av in g  only  e m p ty  vesicles) co m p le te ly  d isap p ear 
from  th e  area  of th e  JG A . On th e  o th e r h an d , u n d e r  s im ila r cond itions, signs 
of axo n a l d eg en era tio n  m ay  be observed  in  th e  angle b e tw een  B ow m an’s 
capsu le and  th e  e ffe ren t a rte rio le , w here n o rm ally  on ly  ty p e  A, axons occur. 
As u p o n  rem oval o f th e  sp in a l ganglia  giving the  sen sitiv e  n e rv e  supp ly  to  th e  
k id n ey s, signs o f ax o n a l d eg en era tio n  were o bserved  a t  th e  sam e site , one m ay  
conclude w ith  c e r ta in  re se rv a tio n s  th a t  som e A , ty p e  fib res  m igh t also be 
sensitive . Since th e  senso ry  fib res have to  pass th ro u g h  th e  coeliac ganglion
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th e  a x o n  d eg enera tion  a ro u n d  th e  e ffe re n t a rterio le  m ig h t be ex p la in ed  in  b o th  
cases as b e in g  due to  th e  in te r ru p t io n  o f sensory  fib res. T he co n siderab le  n u m ­
b e r  o f  А г ty p e  axons h av in g  d en se-co re  vesicles th a t  rem a in  in ta c t  a f te r  rem o v ­
al o f  th e  coeliac ganglion h a v e  u n d o u b te d ly  to  o rig in a te  from  g ang lia , for 
e x a m p le  th e  ren a l p lexus, s i tu a te d  n e a re r  to  th e  k id n ey . T h e y  a re , th e re fo re , 
o b v io u s ly  o f sy m p a th e tic  o rig in . T h e  coeliac ganglion m a y  be  th e  s ite  o f origin 
o f  th e  A 2 ty p e  axons, or a t le a s t  th e y  have  to  pass th ro u g h  th e  gang lion . T hey  
m ig h t in  b o th  cases belong to  th e  v a g a l system . A p a r t fro m  th e  o b se rv a tio n  
o f  se n so ry  fib res, w hich h av e  to  be considered  p re lim in ary  an d  req u ire  fu r th e r  
e lu c id a tio n , a degenera tion  a n a ly s is  w ould  su p p o rt th e  g en era l n o tio n  acco rd ­
in g  to  w h ich  in  th e  v e g e ta tiv e  p e r ip h e ra l in n e rv a tio n , th e  axons (A1) c o n ta in ­
in g  n u m e ro u s  dense-core vesicles 6 — 800 Á in d ia m e te r  co rresp o n d  to  th e  
ca tech o lam in erg ic , an d  th e  a x o n s  (A ?) w ith  ligh t vesicles to  th e  cholinergic 
n e rv e  end ings.
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Ü B E R  D IE  IN N E R V A T IO N  D E S  JU X T A G L O M E R U L Ä R E N  A P P A R A T S

CS. LÉRÁNTH, GY. UNGVÄRY und T. DONÄTH

D er ju x ta g lo m e ru lä re  A p p a ra t v o n  n o rm alen  K a tze n , R a tte n  u n d  M äusen sow ie n ach  
E n tfe rn u n g  des Ggl. coeliacum  u n d  des Ggl. sp inale  w urde m it de r K a te c h o la m in -N a c h ­
w e isreak tio n  u n d  im  E lek tro n en m ik ro sk o p  u n te rsu c h t. Im  JG A  w u rd en  u m  den  JG S  h e ru m  
d e r A nstieg  der K A -R eak tio n  sowie dense-co re-B läschen  bzw. leere B läschen  e n th a lte n d e  
A xo n en d ig u n g en  gefunden. N ach  E x s tirp a t io n  des Ggl. coeliacum  w urde im  G efäßpo l, nach  
E x s tirp a t io n  des Ggl. spinale an  de r B o w m anschen  K apse l A xo n d eg en era tio n  nachgew iesen .

ИННЕРВАЦИЯ ЮКСТАГЛОМЕРУЛЯРНОГО АППАРАТА
Ч. Л Е Р А Н Т , Д . У Н Г В А Р И  и Т . Д О Н А Т

Юкста1 ломерулярный аппарат кошек, крыс и мышей был изучен в норме и после 
удаления чревного и с п и н н о м с зг о е о г о  узлов реакцией для выявления катехоламинов и в 
электронном микроскопе. В юкстагломерулярном аппарате, около JGS были установлены 
повышение реакции катехоламинов и терминальные аксоны, содержащие пузырьки 
dense core или пустые пузырьки. После экстирпации чревного узла в полюсе сосуда, после 
удаления спинномозгового узла на капсуле Боумена была выявлена дегенерация аксонов.

D r. C saba L ér á n th  
D r. G yörgy  U n g váry  
D r. T ib o r D onáth

B u d a p e s t IX . T űzo ltó  u. 58. H u n g a ry
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CHANGES IN THE VASCULAR STRUCTURE 
OF THE LIVER FOLLOWING SUBTOTAL HEPATECTOMY

IN THE RAT

G y . U n g v á r y , J .  D e m e t e r , A. H u d á k  and  ,J. T a r i  

(R eceived J a n u a ry  15, 1969)

T he ra te  of reg en era tio n  follow ing s u b to ta l  h ep atec to m y  in th e  r a t  h a s  been  
s tu d ied  by  th e  p lan im etric  e v a lu a tio n  of p o rto g ram s and  by m eans o f s e m iq u a n tita -  
tiv e  in jec ted  corrosion p re p a ra tio n s . T he la t te r  m e th o d  seems to  be su ita b le  fo r  th e  
d e te rm in a tio n  of th e  e x te n t and  q u a lity  o f v a sc u la r  cap ac ity  and po ss ib ly  — of 
v a scu la r  reg en eratio n , and  also fo r th e  e s tim a tio n  o f vascu la r cap ac ity  in  a n y  o rg an . 
R ep ea ted  resections allow ed re liab ly  to  follow  lo b u la r  changes.

T he cap ac ity  and  possib ly  th e  re g en e ra tio n  of th e  vessels was fo u n d  — w ith  
re ference  to  th e  w et w eight — to  lag  in  th e  f ir s t  w eek behind th e  ra te  o f  th e  o rg a n ’s 
reg en e ra tio n  in b o th  th e  p o rta l an d  the  h e p a tic  v enous system . P o rta l  a n d  h e p a tic  
c a p a c ity  did no t change in paralle l. No q u a li ta t iv e  changes in th e  c h a ra c te r is tic  
v a sc u la r  s tru c tu re  o f the  liver w ere observed .

I t  has been show n th a t  h e p a tic  re g en e ra tio n  consists in the  h y p e r tro p h y  of 
ex is tin g  and th e  fo rm ation  of new' lobules.

P a r t ia l  resection  or necrosis o f th e  liver is fo llow ed by a process o f re g e n e r­
a tion . D is tu rb an ces  of liver fu n c tio n  cau sed  b y  su b to ta l resec tion  do no t 
en d a n g e r th e  an im al’s life if  only  ow ing to  th e  rap id  ra te  of re g e n e ra tio n . 
T he m o st im p o rta n t find ings in th is  resp ec t w ere th e  recognition  o f th e  l iv e r’s 
g rea t reg en e ra tiv e  cap ac ity , its fu n c tio n a l reserves, an d  th e  d e tec tio n  o f  c e r ta in  
g enera l bio logical laws.

C r u v e i l i i i e r  [5] was th e  f irs t  to  describe  h ep a tic  reg en era tio n  in  1833. 
He fo u n d  th a t  rem oval of 75%  of th e  liver w as follow ed by com plete  re g e n e ra ­
tio n  o f tin ' o rgan  in eight weeks in dogs an d  in th re e  weeks in ra ts .

T h e  liv e r’s regenera tive  pow er was best il lu s tra te d  by the  e x p e r im e n ts  
of M a n n  [17] an d  those  of B o l l m a n  an d  M a n n  [2]. A lobe was re m o v ed  from  
th e  liv e r of dogs every  te n th  d ay , an d  a t th e  te rm in a tio n  of tin- e x p e rim e n t 
th e  w eig h t of th e  rem ain ing  lobe exceeded  th e  o rig inal w eight of th e  w hole liv e r.

R e c e n t w orks are m ain ly  concerned  w ith  th e  ra te  of reg en era tio n  [6, 14, 
23], th e  fac to rs  involved  in th e  process of re g e n e ra tio n  [3, 4, 7, 9, 11, 16, 23] 
an d  th e  h istochem ica l and  u ltra s tru c tu ra l  changes w hich occur in its course  [1].

T h e  av a ilab le  lite ra tu re  fa iled  to  p ro v id e  in fo rm atio n  a b o u t ch an g es 
o ccu rrin g  in th e  v ascu la r a p p a ra tu s  of th e  re g e n e ra tin g  liver. S u rp ris in g ly , it 
w as in a specu la tiv e  m an n er th a t  c e rta in  a u th o rs  tr ie d  to  decide th e  q u e s tio n  
as to  w h e th e r  reg en era tio n  consists in th e  h y p e r tro p h y  of ex isting  [10, 14, 18, 
21] or th e  fo rm a tio n  of new com plex  lobules [8].

4 A te n  M o rp h o lo g ien  A c a d e m ia e  S c ie n tia r u m  H u n g a r ic a e  1 7 , /9 6 9
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T h e  p re se n t e x p e rim e n ts  were desig n ed  to  p rov ide  in fo rm atio n  on th e  
fo llow ing  questions.

1. W h ich  m e th o d  o r m ethods are b e s t su ite d  fo r th e  q u a n ti ta t iv e  assay  
of in tr a h e p a tic  b lood  v esse ls?

2. W h a t q u a li ta t iv e  an d  q u a n ti ta t iv e  chan g es are occurring  in  th e  
v a sc u la r  s tru c tu re  o f th e  reg en era tin g  liv e r  ?

3. Is  i t  b y  m ean s o f lob u la r h y p e r tro p h y  o r b y  th e  fo rm a tio n  o f new  
lobu les th a t  re g e n e ra tio n  occurs?

M a te r ia l a n d  m e t h o d

T w o h u n d re d  w h ite  m ale ra ts  o f 150 to  200 g b o d y  w eigh t were used . W e rem o v ed  
th e  tw o  la rg e  lobes (lobus m ag n u s and  lobus fissu s), i.e. 65 to  70%  of th e  e n tire  w e ig h t of 
th e  l iv e r  in  130 an im als , w hile  30 u n o p e ra ted  r a ts  se rv ed  as controls. F o r ty  an im a ls  w ere 
su b je c te d  to  renew ed su rg e ry  th re e  weeks a f te r  th e  f i r s t  resec tio n : we rem oved  th e  a n te ren a l 
a n d  re tro re n a l  lobes (w h ich  a m o u n ted  to  a b o u t 7 0 %  o f th e  regenerated  o rgan). T w e n ty  of 
th e se  40 an im a ls  w ere once m ore o p erated  u p o n  a t  th e  en d  of th e  th ird  w eek fo llow ing th e  
seco n d  o p e ra tio n : we re m o v e d  th e  a n te v en tr icu la r  lobe  (i.e. 50 to  60%  of th e  tis su e  t h a t  h ad  
r e g e n e ra te d  since th e  seco n d  resection). As a re su lt ,  o n ly  one of th e  orig inal six  lobes was 
le f t  in  th e se  an im als. T w o p e r  cen t o f the  ra ts  d ied  a f te r  th e  f irs t ,  30%  a fte r  th e  second , 10%  
a f te r  th e  th ird  resec tio n . T h e  b o d y  w eight o f th e  a n im a ls  was de term ined  in  g ram s, th a t  
o f  th e  re sec ted  lobes a n d  th e  rem oved  livers in  c e n tig ra m s a t  every  surg ical in te rv e n tio n  
a n d  a t  th e  tim e  w hen  th e  ra ts  w ere killed. A n im als t h a t  h a d  undergone one re sec tio n  w ere 
d iv id e d  in to  g roups o f 25 a n d  sacrificed  1, 2 an d  7 d a y s , 1 a n d  3 m on ths a f te r  th e  o p e ra tio n . 
T h e  liv e rs  o f  10 an im als  o f  each  group  w ere in je c te d  fo r 4 m in. w ith  a 5%  so lu tio n  o f PYC 
v ia  th e  p o r ta l  an d  th e  h e p a tic  veins a t  a c o n s ta n t p re ssu re  o f 20 m m  Hg. C o n tra s t  m a te ria l  
w as in je c te d  in to  th e  liv e r  o f 5 anim als th ro u g h  a c a n n u la  in se rted  in  th e  m esen te ric  ve in  
a n d  a t  c o n s ta n t  tu b e  d is ta n c e  X -ray s  were ta k e n  o f  th e  o rg an . By p ro jec ting  th e  ro e n tg e n o ­
g ram s o n  g ra p h  p a p e r  a t  a  scale o f 1 : 1 we w ere ab le  to  com pare  th e  size o f th e  d iffe ren tly  
ag ed  re g e n e ra te d  o rg an s ( to  be called  “ re g en e ra te s”  in  th e  follow ing) as expressed  in  su rface  
u n its .  A  m ix tu re  o f In d ia n  in k  an d  ge la tin  w as in je c te d  th ro u g h  th e  p o rta l  v e in  a n d  th e  
in fe rio r  V . c av a  in to  th e  liv e r  o f 5 anim als w hich  h a d  b een  left to  survive fo r 3 m o n th s ; th e  
liv e rs  w ere  fix ed  in  fo rm alin , sectioned, an d  p re p a re d  acco rd ing  to  S p a lte h o ltz ’s th ic k  p re p ­
a ra t io n  tech n iq u e .

T h e  livers o f h a lf  o f  th e  tw ice  and th rice  re se c te d  an im als  were in jec ted  w ith  5 %  PYC 
th ro u g h  th e  p o r ta l  v e in  o r  th ro u g h  th e  in ferio r V. c av a  an d  th e  hep atic  veins.

L iv e rs  in jec ted  w ith  PVC were corroded  b y  m ea n s  o f co n cen tra ted  h y d ro c h lo ric  acid, 
w ash ed  in  w a te r  an d  d r ie d  a t  room  tem p e ra tu re . T h e  d ried  p rep ara tio n s w ere w eighed on  an  
a n a ly t ic a l  b a lan ce  w ith  a n  accu racy  of ^ 5  m g. D a ta  fo r th e  once resec ted  an im als  w ere 
a n a ly se d  fo r sign ificance  b y  S tu d e n t’s (-tes t, a n d  th e  s ta n d a rd  dev ia tions w ere co m p u ted . 
A s te reo m icro sco p e  w as u sed  fo r th e  ex am in a tio n  o f th e  corrosion p re p a ra tio n s  a n d  th o se  
in je c te d  w ith  In d ia n  in k  an d  gelatin .

R e s u lt s

F ig . 1 p re se n ts  th e  roen tg en o g ram  o f th e  liv e r o f a co n tro l an im a l. T he 
lobes a re  w ell o u tlin e d  a fte r  th e  in jec tio n  o f  1 m l o f adipiodone in to  th e  m esen ­
te r ic  ve in . Fig. 2 show s a liv er w ith  a o ne-w eek-o ld  reg en era te ; th e  p e rs is tin g  
fo u r lobes are c lea rly  v isib le. Fig. 3 show s th a t ,  while reg en era tio n  h a d  been  
ra p id  u n ti l  th e  en d  o f  th e  f irs t w eek, a c e r ta in  se tb ack  was re g is te re d  th e re ­
a fte r .
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Fig. 1. X -ray s  o f liver o f co n tro l anim al Fig. 2. X -ra y s  o f  liver w ith  one-w eek reg en e ra te

T he w et w eigh t (F ig . 4D) of th e  livers show ed a sign ifican t in c re m e n t 
b e tw een  th e  second a n d  th e  seven th  p o s to p e ra tiv e  d ay , and  th is  g a in  was 
follow ed b y  a s ig n if ican t loss of w eight up  to  th e  en d  of th e  firs t p o s to p e ra tiv e  
m o n th . T he casts o f th e  h e p a tic  vein rev ea led  a sig n ifican t g ro w th  o f  w eigh t 
be tw een  th e  second an d  th e  seven th  d ay  (F ig . 4 E ), b u t  th e  co lum ns show ed 
a m o d e ra te  increase ev en  th e re a fte r . T he w e ig h t o f th e  po rta l casts  (F ig . 4F) 
p o in ted  to  a h igh ly  s ig n if ic a n t increase b e tw een  th e  second and  th e  se v e n th  
d ay ; a te n d e n c y  to  decrease  was reg istered  th e re a f te r  h u t th e  d ec rem en t failed 
to  reach  s ta tis tic a l sign ificance .

I t  is ev id en t from  th e  u p p er h a lf  o f F ig . 5 th a t  th e  w eight o f th e  one- 
w eek-old  reg en era te  h ad  approached  th e  o rig in a l w eigh t of th e  liv e r; th e  
re g e n e ra te  grew less th e re a f te r , b u t a f te r  th re e  m o n th s i t  exceeded th e  com ­
p u te d  liv er w eight b y  2 0 % . B y expressing  th e  w eigh t of th e  liver in  p e r cen ts 
o f th e  b o d y  w eight, th e  one-w eek reg en era te  show ed a considerab le  increase , 
w hile th e  liver of an im als  w as som ew hat la rg e r th a n  th e  original a f te r  th e  firs t 
an d  so m ew h at sm aller a f te r  th e  th ird  p o s to p e ra tiv e  m o n th  (3 and 5 % , resp ec­
tiv e ly ; low er h a lf o f F ig . 5).

T h e  re la tiv e  w eig h t o f th e  hepa tic  v e in  p re p a ra tio n s  (i.e. th e ir  w eight 
in  p er cen ts  of th e  liv er w eigh t) show ed th e  Iowres t value on the  se v e n th  day ,
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P o s t o p e r a t i v e  
c o n t r o l  1 d ay  2 d a y s  1 w eek  3 m o n th s

Fig. 3. P la n im e tr ie  ev a lu a tio n  o f th e  ro en tg en o g ram s. T h e  co n tro l a rea  is ta k e n  as 100%  
and p o s to p e ra tiv e  resu lts  are  re fe rred  to  it

F ig . 4 . A  =  o p e ra tiv e  body  w e igh t in  gram s. В =  b o d y  w e ig h t in gram s, a t  sacrifice. C =  com ­
p u te d  l iv e r  w e igh t (g). D =  w e ig h t o f  th e  fo u r sm all lo b es (regenerates) (g). E  =  w e ig h t of 
co rro s io n  p re p a ra tio n  of th e  h e p a tic  v en o u s a p p a ra tu s  in  0.01 g. F  =  w eigh t o f th e  corrosion  

p r e p a r a t io n  of th e  p o rta l v e in  (eg). S ta n d a rd  d e v ia tio n : d ;5 %  in  ev ery  co lu m n
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F ig. 5. Above: w eight o f re g en e ra te  in  per cen t o f co n tro l liv e r w eight. Below : w eight of 
re g en e ra te  in per cen t o f bod y  w eigh t

Fig. 6. E m p ty  colum ns - w e ig h t o f  corrosion p re p a ra tio n  o f th e  h e p a tic  v en o u s system  
in p e r cen t o f  liver w eigh t. S h a d e d  colum ns = w eigh t o f corrosion  p re p a ra tio n  o f th e  po rtal 

v en o u s sy s tem  in pe r cen t o f liv e r w eigh t
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F ig . 7. a p o rta l cast of n o rm al l iv e r ;  b =  portal c as t o f th e  tw o large lobes to  be re sec ted ; 
c =  p o r ta l  c as t of the  re m a in in g  fo u r  sm all lobes; d =  p o r ta l  cas t o f th e  fo u r sm all lobes 
4 w eek s  a f te r  th e  resection of th e  la rg e  lobes; e =  p o rta l c a s t o f th e  tw o  sm all lobes 4 weeks 
a f te r  th e  o th e r  two sm all lobes h a d  b een  rem oved; /  =  p o r ta l  c a s t of th e  single lobe 4 weeks 

a f te r  th e  th ird  resection a t  w h ic h  one of th e  rem a in in g  tw o  sm all lobes w as rem oved

a n d  r e tu rn e d  th e rea fte r to  a leve l slightly  low er th a n  th e  n o rm al. T he p o rta l 
p re p a ra t io n s  behaved  d if fe re n tly  in th a t  th e y  d isp lay ed  th e  low est abso lu te  
an d  r e la t iv e  value in  one- a n d  tw o-day-o ld  re g e n e ra te s ; it h ad  con sid erab ly
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Fig. 8. A  = len g th  of a n te re n a l lobe (m m ); w id th  o f an te ren a l lobe (m m ); th ic k n e ss  of 
a n te re n a l lobe (m m ). В =  t ru n k  of hep atic  vein  o f  th e  an te ren a l lobe in p e r  c e n t o f the 
c ran io -cau d al (long) d ia m e te r  o f the  lobe. C =  ch an g e  of angle form ed b y  th e  in fe rio r V. 
c av a  an d  th e  h ep atic  v en o u s tru n k  of th e  a n te re n a l lobe; change of angle fo rm ed  b y  the  

f ir s t  ram ifica tio n  of th e  p o rta l vein. S ta n d a rd  d ev ia tio n  — ± 5 %  in e v e ry  co lu m n

in c reased  by  th e  se v e n th  d ay  and  co n tin u e d  to  increase b u t  fa iled  to  reach 
th e  o rig inal level (F ig . 6).

T he lobes of th e  reg en era tin g  liver ch a n g e d  th e ir  form  in a c h a ra c te r is tic  
m an n e r. Fig. 7 show s a n o rm a l p o rta l ca s t (a), th e  tw o large lobes to  be resected  
(b) an d  th e  rem ain ing  fo u r sm all lobes (c) w ith  a p p a re n tly  poor v a sc u la riz a tio n . 
T he lobes are  th in  w ith  a sh a rp  edge. T he re m a in in g  four lobes o f once resected  
an im als  are still sh a rp  edged  b u t th e ir  c a s ts  are  m ore b u lk y  an d  show  m ore 
a b u n d a n t ram ifica tio n s (d). Corrosion p re p a ra tio n s  of tw ice re se c te d  livers 
(i.e. th o se  w ith  tw o rem ain in g  lobes) an d  th re e  tim es resected  o rg an s  (w ith  
a single rem ain ing  lobe) whose w eight u su a lly  reached  the  c o m p u te d  orig inal
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F ig. 9 . a  n o rm al po rtal c as t; b =  p o rta l cast p re p a re d  a f te r  single resec tion ; c p o r ta l  
c a s t p re p a r e d  a fte r second re sec tio n ; d =  corrosion p re p a ra tio n  of norm al h e p a tic  ve in ; 
e p r e p a r a t io n  of hepatic  vein  a f te r  a single re sec tio n ; f  = p rep ara tio n  of h e p a tic  vein  

a fte r second re sec tio n . S tereom icroscopic  p ic tu res . X 50
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w eigh t, are rounded , m ore d ense ly  ram ified , so th a t  th e  shape o f th e  o rig inal 
lobe is no longer id en tifiab le  in  th e m  (e — f).

F ig . 8A  illu s tra te s  m illim etric  changes in  th e  len g th , w id th  a n d  th ick n ess  
of th e  a n te re n a l lobe. T he o rig ina lly  second longest ( la te ro -la te ra l)  d ia m e te r  
becam e th e  longest in  th e  course of reg en era tio n , th u s  in d ica tin g  a w iden ing  
o f th e  lobe. Changes of th e  angles fo rm ed  b y  th e  la s t p o rtio n  o f th e  h e p a tic  
vein  w ith  th e  in ferio r V. c av a  an d  tho se  form ed a t th e  f irs t  ra m ific a tio n  o f th e  
p o rta l vein  were c h a ra c te ris tic  (F ig . 8C). Fig. 8B p re sen ts  th e  ra t io  be tw een

10. Corrosion p re p a ra tio n  of K ie rn an ’s lobule rem oved  from  one-lobe liv e r. X 8b

th e  t r u n k  of th e  h ep a tic  vein  o f th e  an te ren a l lobe (i.e. of th e  seg m en t be tw een  
th e  m o st c ran ia lly  opening  b ra n c h  of th e  h ep a tic  ve in  an d  the in fe rio r V. cava) 
an d  th e  c ran io -cau d a l d ia m e te r  of th e  lobe. T his ra tio  fell from  45 to  2 5 %  by  
th e  en d  of th e  f irs t w eek, rose to  30%  a fte r a m o n th , an d  was less th a n  2 0%  
a f te r  th re e  m onths.

O bserv ing  th e  d iv isions of th e  p o rta l vein  in  th e  corrosion p re p a ra tio n s  
as fa r  as th e  sinusoids, we reg is te red  6 to  7 ram ifica tio n s  in  th e  c o n tro ls  and  
9 to  10 in  th ree -m o n th -o ld  reg en era tes , th u s  n o t o n ly  th e  len g th  a n d  w id th  
o f th e  vessels h ad  increased  b u t  also th e  n u m b er of ram ifica tio n s . T h e  p o rta l 
vessels an d  th e  b ranches o f th e  h ep a tic  vein  of th e  reg en era tes  w ere  sim ilar 
to  th o se  of th e  contro ls.

S tereom icroscopic  p ic tu re s  o f no rm al, once, tw ice and  th ric e  re sec ted  
liv ers , m ade a t  iden tica l m ag n ifica tio n s, are h igh ly  in s tru c tiv e . F igs 9a — c 
p re se n t th e  tu f ts  o f th e  p o r ta l  vein  w hich increased  along  w ith  th e  n u m b e r 
of resections. Figs 9d — f  d e m o n s tra te  th e  h ep a tic  venous sy stem ; th e  increase 
in n u m b e r of th e  cen tra l an d  su b lo b u la r veins an d  th e  sinuso ids o p en in g  in to  
tin  ;se vessels is conspicuous. Fig. 10 p resen ts  th e  p ic tu re  of K ie rn a n ’s lobule 
rem o v ed  from  a one-lobe liv e r; som e of th e  e longa ted  sinuso ids m ay  h a v e  been 
su itab le  for developing new  c e n tra l or su b lo b u la r veins in  th e  th re e -d a y  an im al.
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D is c u s s io n

T h e po rtog ram s a n d  th e i r  p lan im etric  e v a lu a tio n  allow ed to  observe th e  
r a te  o f  regeneration  a f te r  s u b to ta l  h ep a tec to m y . P o r to g ra p h y  is, how ever, too  
la b o rio u s  and  affords b u t  ap p ro x im ate  d a ta  re g a rd in g  th e  e x te n t  o f regene­
r a t io n  so th a t  its use c a n n o t be recom m ended. T h e  m eth o d  is ju s tif ie d  only  
if  one  w ishes to  follow  th e  course of re g e n e ra tio n  in  vivo.

C hanges in th e  w e t w e ig h t of the  liver, as o b se rv ed  in  th e  p re se n t ex p e ri­
m e n ts , w ere in fair a g re e m e n t w ith  those re p o r te d  in  lite ra tu re . T he ra p id  gain 
o f  w e ig h t was to  som e e x te n t  obviously due to  in c reased  w a te r  c o n te n ts , as is 
th e  case  w ith  all ra p id ly  g row ing  organs, tis su es , h y p e rtro p h ic  k id n ey  [15] or 
m u sc le  114]. The liver c o n ta in s  a large vo lum e o f w a te r  48 h rs a f te r  resection  
a c c o rd in g  to  Za k i  [25], 72 h rs  th e rea fte r a cco rd in g  to  H a r k n e s s  [12].

A ccording to  l i te r a tu r e ,  th e  liver needs th re e  w eeks for re s to rin g  its  w a te r 
c o n te n ts  to  norm al, to  accom plish  the process o f  reg en era tio n . T he d iagram  
i l lu s tr a t in g  liver w e ig h t show s, how ever, an  a p p a re n t  decrease in  th e  one- 
m o n th  group. This w as p ro b a b ly  due to  th e  fa c t  th a t  th e  b o d y  w eight o f th e  
m e m b e rs  of th is  g roup  w as less th a n  in th e  o th e r  te s t  an im als. N o sign ifican t 
d ec rea se  in  w eight is a p p a re n t  in the  o n e -m o n th  group if  th e  re g e n e ra te ’s 
w e ig h t is referred  to  th e  c o m p u ted  w eight o f th e  liver, a re su lt in ag reem en t 
w ith  l i te ra ry  d a ta . As re g a rd s  w eight, the  p rocess o f reg en e ra tio n  can , th ere fo re , 
be re g a rd e d  as accom plished . ( I t  is for th is re a so n  th a t  the  b o d y  w eight of th e  
a n im a ls  and  the  w e ig h t o f  th e  rem oved liv e r  sh o u ld  alw ays be d e te rm ined .)

T h e  capac ity  o f th e  h e p a tic  veins in c re a se d  a t  a ra p id  ra te  u n til  th e  
s e v e n th  d ay ; a lth o u g h  th e  ra te  was slow er th e re a f te r , a co n tin u ed  slight 
in c re a se  was reg is te red  n ev erth e less . A co m p ariso n  of th is  change w ith  th a t  
o b se rv e d  in  w et w e ig h t is in d ica tiv e  of a re la tiv e  insuffic iency  o f th e  h ep a tic  
v en o u s  system  d u ring  th e  f i r s t  days: it  re ach ed  th e  m in im um  on th e  sev en th  
d a y , i.e . th e  very  d ay  o n  w h ic h  th e  w eight o f th e  liv e r h ad  reach ed  th e  m ax i­
m u m . (C onstric tion  o f th e  e ffe ren t channels o r o edem a?)

T h e  capac ity  o f th e  p o r ta l  venous sy s te m , to o , increased  in  th e  course 
o f  re g e n e ra tio n ; th e  in c re a se  w as m oderate  o n  th e  f irs t tw o  d ay s , p ronounced  
b e tw e e n  th e  second a n d  th e  sev en th  day, a n d  once m ore m o d e ra te  th e re a f te r . 
I t  w o u ld  seem th a t ,  a t  f i r s t ,  th e  capac ity  o f th e  p o rta l a p p a ra tu s  is in ferio r 
e v e n  to  th e  norm al c a p a c ity  o f th e  sm all lobes d e sp ite  th e  re la tiv e ly  increased  
s u p p ly , a phenom enon  d u e  to  th e  in ab ility  o f a d a p ta t io n  cau sed  b y  th e  high 
w a te r  co n ten t of th e  su rro u n d in g  p a ren ch y m a a n d  vessel w all. A com parison  
o f  o u r  d a ta  w ith  th e  f in d in g s  o f M e n y h á r t  an d  S im o n  [19] is in s tru c tiv e : th e y  
fo u n d  th e  mass of th e  l iv e r  to  am ount to  5 5 %  a f te r  24 h ours an d  75%  a fte r 
72 h rs , while the  co rre sp o n d in g  values of re s is ta n c e  w ere 65 an d  5 5 % , resp ec­
t iv e ly .  (W e com pu ted  th e se  values from  cu rv es  t h a t  h ad  n o t  been  analysed  
b y  th e  au th o rs  in  th is  re sp e c t.)  The changes in  re s is tan ce  d id  n o t, th u s , follow
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th a t  o f w eigh t in c rem en t, a phenom enon  w h ich  m ay  be exp la ined  b y  a slow er 
g ro w th  o f  p o rta l c a p a c ity  or, possib ly , b y  th e  slow er reg en era tio n  o f  p o rta l 
vessels.

T he changes observed  in the  shape o f lobes follow ing h e p a te c to m y  w ere 
p re su m ab ly  due to  several facto rs. The lobes assum ed  m ore and  m ore ro u n d ed  
form s. O f course, th e  liv e r’s connective tis su e , capsu le , th e  ju x ta p o se d  lobules 
grow ing  in  all d irec tio n s, and th e  to p o g ra p h y  o f th e  abdom inal o rgans w ere all 
c o n tr ib u to ry  fac to rs . T he new  special a r ra n g e m e n t an d  th e  new  fo rm  o f th e  
lobes h a d  m odified  th e  angles a t w hich th e  vessels m eet and ra m ify  so th a t  
considerab le  changes in b lood  flow re su lted . A nalysis o f Fig. 8B ju s tif ie s  th e  
su p p o sitio n , a sp ecu la tiv e  one since our re su lts  w ere n o t sign ifican t s ta t is t ic a lly  
and  rev ea led  c e r ta in  tendenc ies only , th a t  in tra lo b u la r  reg en era tio n  is n o t  u n i­
fo rm : changes occur f irs t in  th e  p e rip h era l an d  su b seq u en tly  in  th e  c e n tra l  area. 
W h a t can  co n fid en tly  be concluded  from  th e  p re se n t ex p erim en ts  is t h a t  th e  
g ro w th  o f h ep a tic  tissu e  in th e  course o f re g e n e ra tio n  is th e  re su lt o f  tw o 
processes, i.e. th e  fo rm a tio n  of new lobu les an d  th e  h y p e rtro p h y  o f ex is tin g  
ones. As to  th e  process of h y p e rtro p h y , J a t r o p u l o s  [14] show ed b y  ex ac t 
m easu rem en ts  th a t  th e  d istance  betw een  G lisson ’s trian g les  and  th e  c e n tra l 
v e in  v a ried  from  280 to  520 fi in n o rm al liv e rs ; th e  m ost freq u en t v a lu e s  were 
betw een  370 an d  420 ц. T he  d iam ete r w as fo u n d  to  grow a t a ra p id  ra te  in 
reg en e ra tin g  livers; th e  m ost freq u en t v a lu es  w ere 460 fi in the second , and  
490 /I in  the  te n th  w eek. A lthough  J a t r o p u l o s  o b served  a renew ed d im in u tio n  
of th e  d ia m e te r  a fte r  th e  2 0 th  w eek, he re fra in e d  from  in te rp re tin g  th is  p h e n o m ­
enon by  a lo b u la r re -fo rm atio n  owing to  th e  in ad eq u acy  of his m e th o d . I t  is 
easy  to  se ttle  th e  p rob lem  b y  th e  corrosion  m e th o d  w hich show ed th a t  d iv i­
sions o f th e  p o rta l vessels were considerab ly  m ore num erous in th e  re g e n e ra te d  
th a n  in  th e  co rrespond ing  contro l lobules. C onsidering  th a t  th e  p o r ta l  lobule 
co n ta in s  n o t only  te rm in a l b ranches (w h ich  d iv ide  in to  sinusoids) b u t  also 
te r t ia ry  an d  q u a te rn a ry  b ranches, th e  h e p a tic  lobe m u st obv iously  co n ta in  
m ore th a n  th e  o rig inal n u m b er of lobules. T h u s , th e  fo rm atio n  of new  lobules 
m ust be accep ted  as p roven . This conclusion  w as confirm ed by  th e  re su lts  
of re p e a te d  resections. C erta in  sinusoids o f  K ie rn a n ’s grow ing lobu le  show n 
in F ig . 10 are ev id en tly  m ore e longa ted  th a n  th e  a d ja c e n t ones. I t  is p re su m ­
ab ly  from  these  sinuso ids th a t  th e  new c e n tra l veins develop, and  th e ir  p r im ­
ord ia l side b ran ch es in d ica te  th e  fo rm a tio n  o f new  sinusoids.

T he above o b se rv a tio n s  and  c o n sid e ra tio n s  ju s tify  th e  conclusion  su p ­
posed b y  H ig g in s  an d  A n d e r s o n  in 1931 a n d  su p p o rted  b u t n o t p ro v e d  by 
J a t r o p u l o s  in 1965, th a t ,  in co n trad ic tio n  to  P f u h l ’s s ta te m e n t [20], in  th e  
course o f co m p en sa to ry  h y p e rtro p h y , an d  p o ssib ly  even in d ep en d en tly  th e reo f, 
new h e p a tic  lobules are form ed during  p o s tn a ta l  grow th .
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S T R U K T U R V E R Ä N D E R U N G E N  D E R  G E FÄ SSE  
N A C H  S U B T O T A L E R  L E B E R R E S E K T IO N  A N  W E IS S E N  R A T T E N

GY. UNGVÁRY, J. DEMETER, A. HUDÁK und J. TARI

D as T em po der n ach  s u b to ta le r  H ep a te k to m ie  e rfo lgenden  R eg en era tio n  w u rd e  an  
w e iß en  R a tte n  m itte ls  p lan im e trisch e r B ew ertung  de r P o rto g ram m e  sowie m it H ilfe  e in e r 
s e m iq u a n tita t iv e n  In jek tio n s-K o rro s io n sm e th o d e  v e rfo lg t. L e tz te res  V erfah ren  is t zu r B e s tim ­
m u n g  des A usm aßes u n d  der Q u a litä t  der G e fä ß k a p a z itä t  (evtl, der G e fäß reg en era tio n ) 
g ee ig n e t. E s  sei e rw äh n t, daß  es a u ch  fü r  die M essung d e r V eränderungen  des G e sa m tv o lu ­
m en s sä m tlic h e r  O rgane a n w en d b a r  ist. M ittels m eh rm alig e r R esek tion  k o n n ten  d ie V e r­
ä n d e ru n g e n  de r L eb erläppchen  d e m o n s tr ie rt  w erden.

In  d e r e rs ten  W oche e rre ich t die G e fäß k a p a z itä t (ev tl, die G efäß regenera tion ), bezogen 
a u f  d a s  feu ch te  G ew icht, w eder im  V e n a-p o rtae -S y stem , noch im  V en a-h ep a tica -S y s tem , 
d a s  T em p o  der O rg an reg en era tio n . Die K a p a z itä t  d e r  V. p o rtae  u n d  der V. h e p a tic a  v e r ­
ä n d e r t  sich  n ic h t paralle l. In  der fü r  die L eber c h a ra k te r is tis c h e n  G e fäß s tru k tu r k o m m t keine 
q u a li ta t iv e  V erän d eru n g  zu stan d e .

E s  w urde  der ü b erzeugende  B ew eis e rb ra c h t, d a ß  im  V erlau f der L eb e rreg en era tio n  
zu m  T e il d ie bere its  v o rh a n d en e n  L obuli h y p e rtro p h ie re n , zum  Teil ab er neue L äp p ch en  
e n ts te h e n .
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ИЗМЕНЕНИЕ ВАСКУЛЯРНОЙ СТРУКТУРЫ ПЕЧЕНИ 
ПОСЛЕ СУБТОТАЛЬНОЙ РЕЗЕКЦИИ ПЕЧЕНИ У БЕЛЫХ КРЫС

Д .  У Н Г В А Р И ,  Й . Д Е М Е Т Е Р ,  А. Х У Д А К  и Й.  Т А Р И

Темпы регенерации после субтоталыюй гепатектомии были прослежены у белых 
крыс посредством планиметрической оценки портограмм и полуколичественной пньек- 
ционно-коррозионной методикой. Последняя оказалась подходящей для определения 
размера и качества сосудистой емкости (возможно и регенерации сосуда). Следует отме­
тить, что методика авторов пригодна для измерения всех изменений общего объема, проис­
ходящих в любом органе. При помощи повторной резекции удалось демонстрировать 
изменения печеночных долек.

Установлено, что емкость сосудов (возможно и их регенерация), на первой неделе 
после резекции, в переводе на влажный вес, не достигает темпа регенерации органов, ни 
в системе печеночной, ни в системе воротной вен. Изменения емкости воротной и пече­
ночной вен происходят не параллельно. В характерной для печени структуре сосудов не 
наблюдается качественного изменения.

С помощью этой методики удалось убедительно доказать, что в процессе регене­
рации печени отчасти наблюдается гппертрофизация уже существовавших долек, а от­
части образование новых долек.

D r. G yörgy  U n g v á k y  

Dr. J o lá n  D e m e t e r  

D r. A ra n k a  H u d I k  

Dr. Já n o s  T a r i

B u d a p e s t IX . T űzo ltó  u. 58. H u ngary
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I n s t i tu te  of A n a to m y , H isto logy  and  E m b ry o lo g y  (D irec to r: Prof. I. K r o m p e c h e r ) 
U n iv e rs ity  M edical School, D ebrecen

HISTOCHEMICAL EXAMINATION OF SUPPORTING 
TISSUES BY MEANS OF FLUORESCENCE

I I .  F L U O R O C H R O M E S  AS AN IN D IC A T O R  O F  L A M E L LA R  B O N E  
M IN E R A L IZ A T IO N

L . M Ó D is , M . P e t k ó  a n d  I .  F ö l d e s  

(R eceived J a n u a ry  18, 1969)

A new m e th o d  o f m ark in g  has been  e la b o ra te d  fo r th e  e x am in a tio n  o f ossifica­
tio n , bone reo rg an iza tio n  a n d  m in era liza tio n . In  v ivo  fluorescence p ro d u c e d  b y  com ­
b in ed  a lizarin  red  S, te tracy c lin e  an d  f lu o rex o n  tr e a tm e n t  yielded re liab le  re su lts ;  i t  
in h ib ited  ca lc ifica tio n  to  a lesser e x te n t  a n d  w as, m oreover, su itab le  fo r  d e te rm in in g  
th e  d irec tion  of th ese  b iological processes. M easu rem en t o f th e  d iam ete r o f  th e  H a v e rs ia n  
lam ellae  is reco m m en d ed  fo r s ta tis tic a l ev a lu a tio n .

I n t r o d u c t io n

S e n s i t i v i t y ,  s e l e c t i v i t y ,  sh a r p  c o n t r a s t s  a n d  s im p l ic i t y  a re  w e l l  k n o w n  

a d v a n t a g e s  o f  h i s t o c h e m ic a l  f lu o r e s c e n c e  m e t h o d s .  S e c o n d a r y  f l u o r e s c e n c e  

o f f e r s  fu r t h e r  f a c i l i t i e s  fo r  t h e  h i s t o c h e m ic a l  i n v e s t ig a t io n  o f  c a lc i u m  s a l t s  in  

b o n e .  M o s t  o f  t h e  f lu o r o c h r o m e s  u s e d  fo r  t h e s e  p r o c e d u r e s  c a n  b e  e m p lo y e d  

in  v i v o ,  a  f a c t  w h ic h  m a k e s  i t  p o s s ib le  t o  r e g is t e r  c o n d it io n s  o f  m i n e r a l i z a t io n  

a t  p r e d e t e r m in e d  in t e r v a ls .  B y  u s in g  s t a n d a r d  m e t h o d s ,  p a r e n t e r a l ly  in t r o ­

d u c e d  f l u o r e s c e n t  s u b s t a n c e s  a p p e a r  l ik e  a n n u a l  r in g s  in  t h e  s k e l e t o n  o f  t h e  

t e s t  a n im a l  in d i c a t i n g  t h e  d e v e lo p m e n t  o f  t h e  H a v e r s ia n  s y s t e m  a s  w e l l  as  

p e r io s t e a l  a n d  e n d o s t e a l  o s s i f i c a t io n  fr o m  t h e  t i m e  o f  t h e  f i r s t  i n j e c t io n  t o  t h e  

s a c r i f i c in g  o f  t h e  a n im a l .  N o  o t h e r  m o r p h o lo g ic a l  m e t h o d  r e v e a ls  t h e  d y n a m ic s  

o f  o s s i f i c a t io n  w i t h  e q u a l  a c c u r a c y .  A l t h o u g h  a t t e m p t s  h a v e  b e e n  m a d e  to  

e m p l o y  le a d  a c e t a t e  a s  in d ic a t o r  [ 3 5 ,  5 7 , 7 3 ]  i t  h a s  fa i le d  t o  f i n d  g e n e r a l  

a c c e p t a n c e .

T h e  m o r e  im p o r t a n t  f lu o r e s c e n c e  m e t h o d s  fo r  t h e  d e m o n s t r a t i o n  o f  c a l ­

c iu m  s a l t s  are  a s  f o l lo w s .

1. Tetracycline

In  1 9 5 1 , R é g n a  e t  a l. [6 0 ]  d is c o v e r e d  t h a t  t e t r a c y c l in e  f o r m e d  a  c h e la t e  

w i t h  c a lc iu m , M i l c h  e t  a l. [5 3 , 5 4 ]  u t i l i z e d  t h i s  p h e n o m e n o n  fo r  t h e  lo c a l i z a t io n  

o f  c a lc iu m  in  h o n e . T h e  m e t h o d  h a s  s in c e  b e e n  g e n e r a l ly  a d o p t e d .  T e t r a c y c l in e  

d e r iv a t iv e s  are  e s p e c i a l l y  s u i t a b le  fo r  t h e  s t u d y  o f  h o n e  g r o w th  in  a n im a ls  [8 , 

1 4 , 1 5 , 1 6 , 2 1 , 2 6 , 2 9 ,  3 2 ,  3 9 , 4 7 ,  5 6 ]  b u t  c a n  b e  u s e d  in  h u m a n  m a t e r ia l  as
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w e l l  [18 ,  22] . T h e  p r o c e d u r e  is  m o r e o v e r  u s e f u l  fo r  q u a n t i t a t i v e  h i s t o lo g i c a l  

e x a m i n a t i o n s  [22, 23, 24 ,  27 ,  31, 43, 48, 67, 70 ] ,  fo r  t h e  s t u d y  o f  e m b r y o n ic  

o s s i f i c a t i o n  a s a ls o  fo r  t h a t  o f  t o o t h  g r o w t h  [4, 7, 30]. A s r e g a r d s  s k e l e t a l  

a n o m a l i e s ,  t h e  m e t h o d  h a s  c h ie f ly  b e e n  u s e d  in  c a s e s  o f  o s t e o p o r o s is  [17, 25, 
68 ] ,  r i c k e t s  [64] a n d  t u m o u r s  [55]. B y  c o m p a r i s o n  t o  a n d  c o m b in a t io n  w i t h  

o t h e r  h i s t o c h e m i c a l  a n d  h i s t o p h y s i c a l  p r o c e d u r e s ,  t h e  m e t h o d  a t  i s s u e  h a s  b e e n  

p e r f e c t e d  [15, 30, 36 ,  42 ,  4 3 ,  65]. T a p p  e t  a l. [66 ]  e m p lo y e d  t e t r a c y c l i n e  in  

v i t r o  a s  a  h is t o c h e m ic a l  r e a g e n t  fo r  c a lc iu m .

T e t r a c y c l in e  s e rv e s  f u r th e r m o r e  fo r  t h e  s t u d y  a n d  d e m o n s t r a t i o n  o f  
c a lc i fy in g  ca r t i la g e  [21 ],  v a r io u s  tu m o u r s  [46, 5 2 ] ,  a th e ro s c le ro t ic  le s io n s  [44], 
f i sh  s c a le s  [5], s p e r m a to z o a  [19] a n d  th e  m i t o c h o n d r i a  o f  l iv ing  cells [13].

V a r io u s  t h e o r ie s  h a v e  b e e n  a d v a n c e d  in  c o n n e c t i o n  w i t h  t h e  b in d in g  o f  

t e t r a c y c l i n e  d e r iv a t iv e s  in  b o n e .  H a r r is  e t  a l.  [ 3 3 ]  d e m o n s t r a t e d  t h e  e x i s t e n c e  

o f  a n  in t e r a c t i o n  b e t w e e n  t e t r a c y c l i n e  a n d  c o l l a g e n ,  w h ile  U r is t  a n d  M c L e a n  
[ 6 9 ]  s u g g e s t e d  t h a t  a p a t i t e  c r y s t a ls  a n d  m u c o p o ly s a c c h a r id e s  m a y  b e  in v o l v e d  

in  t h i s  r e s p e c t .  F o r m a t io n  o f  a  c h e la t e  c o m p le x  w i t h  c a lc iu m  m a y  in  a n y  c a s e  

s e r v e  a s  a  w o r k in g  h y p o t h e s i s .

I b s e n  e t  a l. [ 4 0 ]  e la b o r a t e d  a m e t h o d  fo r  t h e  q u a n t i t a t i v e  d e t e r m in a t io n  

o f  d e p o s i t e d  t e t r a c y c l i n e .  T h is  m e t h o d ,  i f  g e n e r a l l y  a d o p t e d  fo r  b io lo g ic a l  

x a m i n a t i o n s ,  m a y  y i e l d  v a lu a b l e  in f o r m a t io n  a b o u t  t h e  m e c h a n is m  o f  b in d in g .

2. A liza r in  red S

T h e  u s e  o f  t h i s  d y e  i s  o n e  o f  t h e  o ld e s t  m e t h o d s  in  c a lc iu m  h i s t o c h e m i s t r y .  

I n  1 9 0 0  G r a n d i s  a n d  M a i n i n i  [2 8 ]  d y e d  b o n e s  w i t h  p u r p u r in , a n d  t h e y  s u b ­

s e q u e n t l y  s t u d ie d  o s s i f i c a t i o n  b y  m e a n s  o f  s o d i u m  a liz a r in  s u l p h o n a t e ,  t h e  

a c t i v e  p r in c ip le  o f  p u r p u r in  [9 , 1 0 , 4 1 , 4 5 ,  4 9 ,  5 0 ,  5 8 ,  6 2 , 6 3 ]  a n d  u s e d  t h i s  

c o m p o u n d  t o  d e m o n s t r a t e  c a lc iu m  in  s e c t io n s  [ 9 ,  1 0 , 5 1 ] .  H o y t e ’s i n v e s t i g a ­

t i o n s  [ 3 7 ,  3 8 ]  g a v e  t h e  m a in  im p e t u s  fo r  d e v e lo p i n g  t h e  a p p l ic a t io n  o f  a l iz a r in  

r e d  S  i n t o  a n  e x a c t  m e t h o d  fo r  t h e  s t u d y  o f  b o n e  g r o w t h .  D i x o n  a n d  H o y t e  
[ 1 2 ]  a p p l i e d  a u t o r a d io g r a p h y  t o  d e t e r m in e  t h e  s e l e c t i v i t y  o f  a l iz a r in  r e d  fo r  

c a lc i u m .
A l t h o u g h  an  e m i n e n t  f lu o r o c h r o m e , a l i z a r in  r e d  S w a s  n o t  u t i l i z e d  in  

f l u o r e s c e n c e  m ic r o s c o p y  u n t i l  r e c e n t  t im e s .  H a r r i s  [ 3 1 ] ,  H a r r is  e t  a l. [3 4 ]  a n d  

A d k i n s  [1] w e r e  t h e  f i r s t  t o  a p p ly  t h e  d y e  fo r  f lu o r e s c e n c e  m ic r o s c o p ic  e x a m i ­

n a t i o n s .
E s p e c ia l  c r e d it  is  d u e  t o  H ong  e t  a l. [3 6 ]  f o r  h a v in g  i n s t i t u t e d  c o m p a r i ­

s o n s  b e t w e e n  t h e  a l i z a r in  r e d  m e t h o d  w it h  t h e  t e t r a c y c l i n e ,  le a d  a c e t a t e ,  t r y ­

p a n  b lu e  a n d  45C a a u t o r a d io g r a p h ic  t e c h n iq u e s .  C o n f ir m in g  e a r lie r  f i n d in g s ,  

t h e y  d e m o n s t r a t e d  t h a t  a l i z a r in  r e d  in h i b i t e d  t h e  d e v e lo p m e n t  o f  b o n e  [1 ,  

3 1 ,  3 4 ] .
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Fig. 1. T ib ia ,  m iddle th ird , tra n s v e rse  section ; 
te tra c y c lin e  fluorescence. X 100. F ilte rs :  BG-}- OG. 
S ix -m o n th -o ld  dog.The anim al rece iv ed  o n e  in je c ti­
on. N o te  y e llo w  fluorescence in H a v e rs ia n  system  
p roduced  by" te tracy c lin e  bound  to  fo rm ed  bone

Fig. 2. T ib ia , m iddle  th ird , tra n sv e rse  section ; fluo- 
rexon  -f- te tra c y c lin e  flu o rés cence. X 100. F ilters; 
BG - f  OG. S ix -m o n th -o ld  dog. T he an im al received 
f irs t f lu o rex o n  an d  a w eek la te r  te tracy c lin e . A 
green a n d  a yellow  flu o rescen t rin g  in H aversian  

system  in d ica te  g ro w th  d u rin g  th is  tim e

Fig. 3. T ib ia ,  m iddle th ird , t r a n s v e rse  section ; 
a lizarin  r e d  S fluorescence. X 100. F i l te r s :  BG-J-OG. 
Six m o n th -o ld  dog. The an im al re ce iv e d  a single 
in jec tio n  a n d  w as sacrificed a w eek  la te r . N ote 

b rick red  fluorescence

Fig. 4. T ib ia , m iddle th ird , tran sv erse  section , 
te trac y c lin e  fluo rescenX  100. ce. F ilte rs : BG 4  OG. 
S ix -m o n th -o ld  dog. T he an im a l received a to ta l  of 
5 in je c tio n s  a t  w eekly in te rv a ls . T he H aversian  
sy s tem  show s five  flu o rescen t rin g s whose d istance  

fro m  one a n o th e r  is g ra d u a lly  decreasing



Fig. 5. T ib ia , m iddle th ird , tran sv erse  section; 
a lizarin  red  S f- te trac y c lin e  -f- flu o rex o n  fluo res­
cence. X 100. F ilte rs : BG -f- OG. S ix-m onth-o ld  
dog. T he an im al rece ived  a liza rin  in th e  f irs t, 
te tracy c lin e  in the  second , an d  fluo rexon  in the  
th ird  week. O u tw ard  sh if t o f th e  fluo rescen t rings 
shows th e  d irection  in w hich th e  H av ers ian  system  

is grow ing

Fig. 6. T ib ia , m iddle th ird , tran sv e rse  sec tio n ; 
a lizarin  red  S -j- te tracy c lin e  4“ flu o rex o n  flu o res­
cence. X 4 0 . F ilte rs : BG -}- OG. S ix-m on th -o ld  dog. 
T h e  H a v ers ia n  canals o f th e  p e rio s teu m  and  th e  
c o rtica l su b s tan ce  d isp lay  fluorescence in th ree  
colours acco rd ing  to  th e  in jec tio n s ad m in iste red  
a t  w eekly  in te rv a ls . T he flu o rescen t s trip es o f th e  
p e rio s teu m  rep re sen t (in an  o u tw a rd  sequence) 

a lizarin , te tracy c lin e , fluorexon

Fig. 7. T ib ia , m iddle th ird , tra n sv e rse  section ; 
a lizarin  red S {- te tracy c lin e  -|- f lu o rex o n  fluores­
cence. X 100. F ilte rs : BG -f- OG. S ix -m on th -o ld  
dog. E n d o steu m . T rea tm e n t as before . Sequence 

of rings as in Fig. 6
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3. Fluorexon

D i e h l  [1 1 ]  w a s  t h e  f i r s t  t o  u se  c a lc e in  ( f lu o r e s c e i n - i m in o d i a c e t i c  a c id )  as 

a n  in d ic a t o r  o f  c a lc iu m , a n d  i t  w a s  W a lla c h  e t  a l. [7 1 , 7 2 ]  w h o  p r o d u c e d  its  

a c t i v e  p r in c ip le ,  2 ,4  h is  [ N , N ’d i ( c a r b o m e t h y l /a m in o m e t h y l ) ,  i . e .  f lu o r e s c e in  

( D C A F ) .  S u z u k i  a n d  M a t h e w s  [6 5 ] ,  c o m b in in g  t h e  c o m p o u n d  w i t h  t e t r a ­

c y c l i n e ,  o b t a in e d  g o o d  d ip h a s ic  f lu o r e s c e n c e  p ic t u r e s  o f  h o n e s  a n d  t e e t h .  

I t  s e e m s  s tr a n g e  t h a t  w e  h a v e  fo u n d  n o  fu r t h e r  r e p o r t  o n  t h e  a p p l i c a t i o n  o f  

t h i s  e x c e l l e n t  c o m b in e d  m e t h o d  w h ic h  p r o d u c e s  m o r e  d i s t in g u i s h a b l e  a n n u a l  

r in g s  t h a n  t h e  o th e r  t e c h n i q u e s  a n d  is  m o r e o v e r  s u i t a b le  fo r  t h e  d e t e r m in a t io n  

o f  t h e  d ir e c t io n  o f  c a lc i f i c a t io n .

4. Morin

F e i g l ’s [20] m o r in  m e t h o d  allows th e  h is to c h e m ic a l  d e m o n s t r a t i o n  of 
c a lc iu m  in  v i t ro .

T h e  a im  o f  t h e  p r e s e n t  s t u d y  w a s  t o  c o m b in e  t h e  u s e f u l  p r o p e r t i e s  o f  all 

c u r r e n t  in  v iv o  m e t h o d s  a n d  so  t o  e la b o r a t e  a s im p le  p r o c e d u r e  fo r  t h e  d e m o n ­

s t r a t io n  o f  m in e r a l iz in g  p r o c e s s e s .  T h e  n e w  m e t h o d s  fo r  t h e  q u a l i t a t i v e  a n d  

q u a n t i t a t i v e  s t u d y  o f  t h e  d e v e lo p m e n t  a n d  m in e r a l iz a t io n  o f  t h e  H a v e r s ia n  

s y s t e m  a re  d e s c r ib e d  in  t h e  fo l lo w in g .

Material and method

Dogs, ab o u t 6 m o n th s old , were in trap erito n ea lly  in jec ted  w ith  th e  fo llow ing  fluoro­
chrom es.

1. O x y te tracy c lin e  (C h ino in  B u d ap es t), C22H 2,0 9N 2 • 2 H „0 .
2. F luorexon  (C hem apol, P rague). Chem ical s tru c tu re : co n d en sa tio n  p ro d u c t of

fluo resce in  im inodiacetic  acid  2,4 bis(N ,l\T’)carb o m eth y l(am in o m eth y l)flu o resce in . 
С3„ Н 2, ^ 20 13 (as acid).

3. A lizarin red  S (S c h u c h a rd t, M unich). C hem ical s tru c tu re : sod ium  a liza rin  sulp- 
h o n a te , C i,H 70 ,S N a .

4. M orin (B D H -E n g lan d ). Chem ii al s tru c tu re : 3 ,5 ,7 ,2 ’4’-p e n ta h y d ro x y fla v o n e . 
Dosage. O x y te tracy c lin e , 25 m g/kg , dissolved in its  special so lven t.

A lizarin  red S: 20 m g/kg  of a 1 : 100 solu tion  in d istilled  w ater.
F luorexon: 20 m g/kg  d isso lved  in distilled  w ater.
M orin: 100 m g/kg d isso lved  in d istilled  w ater.

E xp erim en t 1

One dose of each flu o rescen t ag en t w'as adm in iste red  to  d iffe ren t an im a ls  w hich  were 
sacrificed  a week a fte r  th e  in jec tio n .

E xperim en t I I

T he dogs r e c e i v e d  f l u o r e x o n ,  a week l a t e r  O x y t e t r a c y c l i n e  a n d  were k i l l e d  a f t e r  an o th er
week.
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E x p e r im e n t I I I

T h e  dogs received f i rs t  a l iz a r in ,  a  week later  Oxyte tracyc l ine ,  a f te r  a n o th e r  week fluo- 
re x o n ,  a n d  were  killed in th e  f o u r t h  w e e k  af te r  the f i r s t  t r e a tm e n t .

E x p e r im e n t I V

T h e  dogs received one dose o f  Oxytetracycline (w eekly)  o v e r  a period  o f  5 weeks, and  
were k i l led  in the  6th week.

M icro sco p ic  examination

T ra n sv e rse  sections w ere m a n u a l ly  p repared  from  th e  c o rtica l su b s tan ce  o f th e  tib ia  
a n d  m o u n te d  in  dam m ar. T he se c tio n s  were exam ined u n d e r  a  fluorescence m icroscope by  
m ea n s  o f  a Zeiss HBO-50 ty p e  m e rc u ry -v a p o u r  lam p, w ith  c o m b in ed  filte rs BG 3 /4 -O G  1/1 and 
U G  1 /3 .5  GG 9/1. Agfacolor f ilm s C T  18 and Orw ocolor f ilm s U T 16 w ere u sed  fo r p h o to ­
g ra p h y .

S ta tis tica l evaluation

T h e  longest and sh o rte s t d ia m e te r  o f the  fluo rescen t r in g s  a ro u n d  th e  H a v ers ia n  canals 
w as m e a su re d  by  m eans of an  o c u la r  m ic ro m ete r a t ten fo ld  m ag n ifica tio n ; th e  d a ta  so o b ta in ed  
w ere  e v a lu a te d  according to  P a l k o v i t s  [59] and th e  re su lts  c o n v e rted  to  m icrons b y  m eans 
o f a n  o b je c t iv e  m icrom eter.

R e su lt s

T e t r a c y c l in e  p r o d u c e d  w e l l  c ir c u m s c r ib e d  r in g s  o f  y e l lo w  f lu o r e s c e n c e  in  

b lu e ,  a n d  o f  y e l lo w is h - g r e e n  f lu o r e s c e n c e  in  u l t r a v i o l e t  l i g h t ;  r in g s  o b t a in e d  

w i t h  f l u o r e x o n  in  g r e e n  l i g h t ,  t h o s e  w it h  a l iz a r in  r e d  S  in  b lu e  l i g h t  w e r e  b r ic k -  

r e d ,  w h i l e  in  U .V . l ig h t  t h e  r in g s  w e r e  p u r p lis h  r e d  in  c o lo u r . M o r in  in  h lu e  a n d  

U .V .  l i g h t  p r o d u c e d  h a r d ly  d i s t in g u i s h a b le  g r e e n  r in g s  o f  w e a k  f lu o r e s c e n c e ;  

t h e  c o m p o u n d  m o r e o v e r  p r o v e d  t o  b e  t o x i c  s o  t h a t  w e  a b s t a in e d  fr o m  i t s  

f u r t h e r  u s e .  T h e  r e s u l t s  o f  m ic r o m e tr ic  m e a s u r e m e n t s  a re  i l lu s t r a t e d  b y  

c o l u m n a r  a n d  c ir c u la r  d ia g r a m s  in  w h ic h  e a c h  u n i t  is  e q u a l  t o  1 6 2 .1 6 2  fi. 
D e v e l o p m e n t  o f  th e  H a v e r s ia n  s y s t e m  ca n  b e  f o l lo w e d  w e l l  in  F ig s  8 , 9  a n d  1 0 . 

P r o l o n g e d  t e t r a c y c l in e  t r e a t m e n t  in h ib it e d  c a l c i f i c a t i o n ;  t h e  d i s t a n c e  b e t w e e n  

t h e  r in g s  b e c a m e  g r a d u a l ly  s m a l l e r  in  th e  d o g s  t r e a t e d  fo r  5 w e e k s  ( F ig .  1 1 ) . 

T h e  b e s t  r e s u l t s  w ere  o b t a i n e d  w i t h  a  c o m b in e d  t r e a t m e n t  w i t h  a l iz a r in  r e d  S , 

t e t r a c y c l i n e  a n d  f l u o r e x o n .  A  g r e e n  f lu o r e x o n  r in g  in  t h e  in n e r  z o n e  o f  t h e  

H a v e r s i a n  s y s t e m  w a s  s u r r o u n d e d  b y  a y e llo x v  O x y t e t r a c y c l in e  r in g , w h ile  th e  

o u t e r  z o n e  d is p la y e d  a r e d  a l i z a r in  r in g  in  t h e  a r e a s  f r e s h ly  c a l c i f y in g  a f t e r  

t h e  in j e c t i o n s .  A  red  b a n d  w a s  o b s e r v e d  in  t h e  p e r io s t e u m  a n d  t h e  p e r io s t e a l  

z o n e  o f  c a lc i f i c a t io n  t o w a r d s  t h e  c o r t ic a l s u b s t a n c e  in  t h e  in n e r m o s t  p a r t ;  

t h e r e  w a s  a  y e l lo w  s t r ip e  m o r e  o u tw a r d , a n d  a  g r e e n  o n e  in  t h e  o u t e r  z o n e .
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Tetran В ring П lon9 diameter

F ig . ft. C olum nar a n d  c ircu la r d iagram s illu s tra tin g  fluorescence in th e  H a v e rs ia n  sy s tem  of 
dog trea te d  w ith  one dose  o f te tracy c lin e

diameter
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2.0
1 unit = 162,162p

1.5

1.30

Tetran В fluorexon
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[] long diameter

Fig. 9. C olum nar an d  c ircu la r d iagram s illu s tra tin g  fluorescence in  th e  H a v e rs ia n  sy s tem  of 
dog tre a te d  w ith  f lu o rex o n  a n d  te tracy c lin e

I t  is  e v id e n t  t h a t  t h e  c o m b in e d  t r e a t m e n t  p r o d u c in g  t r ic h r o m a t ic  f lu o r e s c e n c e  

is  e m i n e n t ly  s u i t a b le  fo r  f o l lo w in g  t h e  t r e n d s  o f  o s s i f i c a t io n  a n d  m i n e r a l i z a t io n .  

R e s u l t s  a r e  p r e s e n t e d  in  F ig s  1 t o  1 1 .
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d ia m e te r

|  short d iam ete r  

[] long d ia m e te r

Fig. 10. C o lu m n ar and  c ircu la r d iag ra m s illu s tra tin g  f lu o rescen ce  in th e  H av ers ian  sy s te m  
a f te r  th e  com b in ed  a d m in is tra tio n  o f  a lizarin , te tra c y c lin e  a n d  fluorexon . The in n er r in g  is

n a rro w er th a n  in F ig . 9

d ia m e te r

unit 2.10

2.0 - 1 unit = 162 ,162 p
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II. III. IV. V. 
Tetran В
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F ig . 11. C o lum nar and  c ircu la r d iag ra m s illu s tra tin g  flu o rescen ce  in  th e  H av ers ian  sy s te m  
o f  a n im a l tre a te d  w ith  a to ta l  o f  f iv e  te tracy c lin e  doses a d m in is te red  a t  w eekly in te rv a ls . 

D is ta n c e s  betw een th e  in n e r  r in g s are narrow er, a n d  th e ir  d iam eters are sh o rte r
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D iscussion

Thu o b se rv a tio n s h av e  show n th a t  th e  com bined  fluorescence  o b ta ined  
w ith  alizarin  red  S, te tra c y c lin e  an d  fluo rexon  is p a r tic u la r ly  u sefu l fo r a p ro ­
longed o b se rv a tio n  of ossifica tion  dynam ics, bone reo rg an iza tio n  an d  m inera l­
ization . I t  is p re su m ab ly  by  one an d  th e  sam e m echan ism  th a t  th ese  fluo ro ­
chrom es are b o u n d  to  fresh ly  calcify ing  tissu e  co m p o n en ts . U r is t  and 
Mc L e a n  [69] p o s tu la te  th re e  possib ilities  o f b in d in g  in  th is  re sp e c t:

a )  co llag en -p o ly sacch arid e -ap a tite -flu o ro ch ro m e;
b)  co llag en -flu o ro ch ro m e-p o ly sacch arid e -ap a tite ;
c)  co llag en -p o ly sacch arid e -flu o ro ch ro m e-ap atite .

No m a tte r  to  w hich  co m p o n en t fluorochrom es are a tta c h e d  in  th e  freshly  
m inera lized  tissue , th e ir  presence req u ires  in an y  case th a t  of th e  o th e r  card inal 
c o n s titu e n ts  as well.

O ur m ethod  of em ploy ing  th ree  d iffe ren t fluo roch rom es re p re se n ts  a p e r­
fec tion  of th e  com bined  t re a tm e n t em ployed  b y  S u z u k i  an d  M a t h e w s  [65]. 
O ur procedure  has th e  follow ing ad v an tag es : b e tte r  v isu a l d is tin c tio n  (th ree 
essen tia lly  d iffe ren t co lours); co n seq u en t fa c ilita tio n  o f q u a n t i ta t iv e  m easu re­
m en ts; unequ ivocal d e m o n s tra tio n  of o therw ise  h a rd ly  in te rp re ta b le  tren d s 
o f ossification . T his la s t one was c learly  d isp layed  by  th e  d e m o n s tra tio n  of the 
dev e lo p m en t of th e  H av e rs ian  lam ellae and  th e  p erio stea l ap p o s itio n . The 
com bined  m eth o d  m ig h t be used  w ith  a d v a n ta g e  in e x p e rim e n ts  w here  the  
process of m in era liza tio n  is m orpho log ica lly  n o t as sim ple as in  th e  case of 
lam ella r bone.

E x p e rim e n t IV  has show n th a t  a p ro longed  te tra c y c lin e  a d m in is tra tio n  
in h ib its  ca lc ification . A lth o u g h  such  inh ib itio n  has been o b serv ed  w ith  alizarin  
red  S as well, it is e v id e n t from  th e  resu lts  th a t ,  if th e  in v ivo  in d ic a to rs  are 
a lte rn a te d , th e ir  in h ib ito ry  ac tions do no t sum  up as e ffec tiv e ly  as tho se  of 
re p e a te d  doses o f te tra c y c lin e .

M icrom etric m easu rem en t o f th e  rings offers sim ple an d  re liab le  possib il­
i ty  of s ta tis tic a l e v a lu a tio n , of follow ing th e  d y n am ics of th e  g ro w th  of the 
H av e rs ian  system  an d  its  changes. P a l k o v i t s ’s m eth o d  for th e  c o m p u ta tio n  
o f lim its of e rro r [59],  e lab o ra ted  for th e  m easu rem en t o f th y ro id  acinus 
d iam e te rs , is well a d a p ta b le  for ou r purposes. A m in im um  o f 500 H av ers ian  
system s have to  be m easu red  in o rder no t to  exceed a 10%  lim it  o f erro r.
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F L U O R E S Z E N Z -H IS T O C H E M IS C H E  U N T E R S U C H U N G  V O N  S T Ü T Z G E W E B E

I I .  U n te rsu ch u n g sm ö g lich k e it de r M in era lisa tio n sd an y n am ik  des lam ellösen  
K n o ch en g ew eb es m itte ls  F lu o ro ch ro m -V erb in d u n g en

L. MÓDIS, M. PETKÓ und I. FÖLDES

V erfasse r beschreiben d a s  v o n  ih n en  fü r die U n te rsu c h u n g  d e r D y n am ik  des W ach s­
tu m s , d e r  U m bildung  sowie d e r  M ineralisationsprozesse  v o n  K n o ch en  e ra rb e ite te  M ark ie­
ru n g sv e rfa h re n . Die V orteile des k o m b in ie r te n  A lizarin  R ed  S -T e tra e y c lin -F lu o re x o n  in  v ivo  
F lu o re szen zv erfah ren s  sind: le ic h t  u n d  zuverlässig b e w e r tb a re  u n d  m eß b are  E rgebn isse, 
g e rin g e re  K a lz ifik a tio n -h em m en d e  W irk u n g  und  E ig n u n g  fü r  d ie A u fk lä ru n g  de r R ich tu n g  
d e r o b ig en  biologischen P rozesse . F ü r  d ie s ta tistische  A u sw e rtu n g  em pfeh len  die V erfasser das 
M essen des D iam eters de r H av e rs -L a m e llen .

ФЛЮОРЕСЦЕНТНО-ГИСТОХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ СОЕДИНИТЕЛЬНОЙ
ТКАНИ

II. Возможности изучения динамизма минерализации пластинчатой костной ткани 
при помощи соединений флюорохрома
Л. МОДИШ, М. ПЕТКО и И. ФЁЛЬДЕШ

Авторы сообщают разработанную ими методику для изучения динамизма процес 
сов роста, перестраивания и минерализации костей. Преимущества комбинированного 
флюоресцентного метода исследования с помощью ализарин-красный-Э-тетрациклин- 
флюорексона in vivo следующие: получаются легко и надежно расцениваемые данные, 
его торможающее действие на кальцификацию меньше, и он пригоден для выявления 
направления вышеуказанных биологических процессов. Для статистической оценки авторы 
рекомендуют измерение диаметра Гаверсовых пластинок.

D r. L ászló  Módis 
Dr. M ihá ly  P etkó 
D r. I s tv á n  F öldes

D e b re c e n  12, H ungary
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Second In s t i tu te  of P a th o lo g ical A n a to m y  (D irec to r: Prof. H . J e l ű n e k ), 
U n iv e rs ity  M edical School, B u d a p es t

EFFECT OF EXPERIMENTAL LYMPH CONGESTION 
ON CORONARY ARTERY PERMEABILITY IN THE DOG

Z. N a g y , H. J e l l i n e k , B. V e r e s s , A. K ó c z é , A. B á l i n t  and F .  S o l t i

(R eceived  J a n u a ry  27, 1969)

D istu rb an ces o f p e rm eab ility  acco m p an y in g  c o ro n ary  changes induced  by  e x p e r i­
m en ta l ly m p h  congestion  h av e  been  stu d ied . In tra v e n o u s ly  ad m in iste red  collo idal iro n , 
used as in d ic a to r, w as fo u n d  to  hav e  passed  in to  th e  vessel w alls, a sign of in creased  
p e rm eab ility . A th eo ry  is ad v an ced  for th e  e x p la n a tio n  o f th is  phenom enon a n d  th e  
m echanism  th ro u g h  w hich  th e  observed  v a sc u la r  changes occur.

M yocardial lesions in d u ced  b y  in su ffic iency  of ly m p h  c ircu la tio n  h av e  
been  know n since th e  in v es tig a tio n s  of F ö l d i  e t al. [4] and R u s z n y Ák  e t ai. 
[16]. E a rlie r ex p e rim en ts  o f our team  [17] show ed th a t  in add ition  to  m y o ­
ca rd ia l necrosis, ly m p h  congestion  induces also co ro n ary  changes co n sis tin g  
in  v aso co n stric tiv e  su b en d o th e lia l p la sm a tic  in h ib itio n  (p lasm atic  vasculosis) 
an d  a necrosis o f  th e  sm o o th  m uscles of th e  m edia . D istu rb an ces a ffec tin g  
th e  p e rm eab ility  o f  th e  vessel walls are a decisive fa c to r  in  the  d ev e lo p m en t 
o f  v ascu la r d iso rders [1, 6, 7, 8, 10, 12], an d  it w as in th is  connection  th a t  th e  
q u es tio n  arose as to  w h e th e r changes in p e rm e a b ility  are  involved in th e  p a tlio -  
m echan ism  o f co ro n a ry  lesions induced  by  ly m p h  congestion .

Material and method

E leven dogs of b o th  sexes w ith  body  w eights o f 15 to  25 kg were used , tw o of w hich  
served  as con tro ls. M echanical ly m p h  congestion  w as in d u ced  b y  th e  sligh tly  m odified  [17] 
m eth o d  of F öldi  e t  al. [4]. U n d e r h e x o b arb ita l an d  e th e r  a n ae sth es ia  th e  chest was op en ed  in 
th e  fo u rth  in te rco s ta l space; th e  regional ly m p h a tic s  a n d  ly m p h  nodes were m ade v isib le  
b y  in g estin g  E v an s  b lue. T hese o rg an s were lig a ted  and  th e  th o rac ic  d u c t before its  e n try  in to  
th e  subc lav ian  vein . On th e  th ird  p o sto p e ra tiv e  d ay , all an im als wrere given 3 doses o f  10 m l 
o f  F e rrlec it*  a t  30 m in. in te rv a ls , and  killed th ree  ho u rs  a f te r  th e  la s t  dose by  an overdose  of 
h e x o b a rb ita l. F ro m  th e  h e a r t  sev era l specim ens w ere excised , fix ed  in fo rm alin , em b ed d ed  in 
p a ra ffin  and sta in ed  by  PA S and  P ru ssian  blue, h aem ato x y lin -eo sin , azan  and  M allory’s s ta in .

Results

L ight-m icroscopic  in spec tion  follow ing th e  a d m in is tra tio n  of F e rrle c it 
rev ea led  no iron  in th e  co ro n ary  wall of th e  co n tro ls , w hereas th e  P ru ssian  b lu e  
re a c tio n  was p o sitiv e  in all th e  vessels in w hich  ly m p h  congestion  had re su lte d

* O rganic-com plex  co m p o u n d  of F e (III) .
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in  th e  su b en d o th e lia l accu m u la tio n  o f p la sm a  d isp lay ing  P A S -p o s itiv ity  (F ig. 
1) a n d  s ta in in g  red  w ith  azan . These a rea s  w ere well visib le n o t  on ly  suben- 
d o th e lia lly  b u t ap p eared  a t  c e r ta in  p o in ts  to  e x te n d  in to  th e  m ed ia  (F igs 2, 3).

D iscussion

F ew  au th o rs  h av e  b een  concerned  w ith  th e  no rm al ly m p h a tic  d ra in ag e  
o f th e  a rte ria l wall an d  th e  effect p ro d u ced  on th e  a rte ria l w all by  ly m p h a tic  
in su ffic ien cy . N e ith e r Y o f f e y  an d  C o u r t i c e  [18] no r R u s z n y á k  e t  al. [16] 
h a v e  to u c h e d  upon  th is  su b je c t in  th e ir  m o n o g rap h s. R é n y i - V Á m o s  [15] in tro ­
d u c e d  In d ia n  ink to  th e  b o u n d a ry  b e tw een  th e  m edia and  a d v e n tit ia  o f th e  dog 
a o r ta ,  an d  observed  its  passage  to  th e  reg io n a l lym ph  nodes. P a p p  a n d  J e l l i - 

N E K  [14] d e m o n s tra te d  th e  ly m p h a tic  d ra in ag e  o f th e  w all o f veins. H ow ever, 
in  a d d itio n  to  ly m p h a tic  d ra in ag e  th e  p e rm e a b ility  of vessel w alls is d e te rm in ed  
also  b y  th e  p in o cy to tic  a c tiv ity  of th e  en d o th e lia l cells, th e  co n d itio n  o f in te r ­
c e llu la r  ju n c tio n s  [2, 11] and  th e  f ilte r in g  e ffec t of th e  g round  su b s ta n c e  w hich 
re g u la te s  inflow  [3, 9, 13].

T h e  d is tu rb an ce  o f v a scu la r  p e rm e a b ility  is especially  consp icuous in  the  
e a r ly  ph ase  of dam age in d u ced  b y  m ech an ica l ly m p h  congestion  in  th e  m inor 
c o ro n a ry  branches. T he su b en d o th e lia l a ccu m u la tio n  of p lasm a su b stan ces  is 
g re a tly  due to  a p a th o lo g ica l increase of p e rm e a b ility  as p ro v ed  b y  th e  in v e r­
sion  o f F errlec it in to  th e  vessel Avails. I t  w as show n earlie r [8, 12] th a t  th is  
co llo id a l iron  p re p a ra tio n  is b o u n d  b y  c e r ta in  p lasm a frac tio n s, an d  its  a p p e a r­
an ce  in th e  vessel w alls p o in ts  to  a p a th o lo g ica l increase of p e rm e a b ility .

T a b l e  1

L y m p h  c o n g e s tio n ----- ► d is tu rb an c e  of t r a n s p o r t  of th e  co ro n ary  w all
Y

p H  changes, sh ift o f th e  ionic m ilieu

physico-chem ical changes of th e  g round  su b s tan ce
1

d is tu rb an c e  of th e  p e rm eab ility  

—ь in tim a  oedem a

As regards now  th e  m echan ism  th ro u g h  w hich p e rm e a b ility  is increased  
b y  ly m p h  congestion , we suggest th e  fo llow ing  th e o ry  concern ing  th e  sub- 
e n d o th e lia l p lasm a accu m u la tio n  an d  th e  e n h an ced  in flu x  (T able 1). T he ly m p h  
co n g estio n  in terferes w ith  th e  tra n s p o r t in g  a c tiv ity  of th e  a r te r ia l  w all and  
th u s  w ith  th e  rem oval of m e tab o lite s  a ris in g  in  th e  course of th e  cells’ n o rm a l 
m e tab o lism . T heir g ra d u a l accu m u la tio n  in duces p H  changes and  a sh ift of 
th e  ion ic  m ilieu. T his p h en o m en o n  p re su m a b ly  resu lts  in phy sico -ch em ical
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F ig. 1. E x te n s iv e  v a so co n str ic tiv e  su b in tim a i p lasm atic  v ascu lo s is  involving the  m edia  of' 
a m in o r coronary  b ran ch  a f te r  th re e  days m echanical ly m p h  congestion . PAS. X 800

F ig . 2 . C o n tinued  section of th e  c o ro n a ry  branch  show n in  F ig . 1. C orresponding to  th e  PA S- 
p o sitiv e  a rea s, iron-positive  a reas su b in tim aJly  to  a s lig h te r e x te n t ,  also in the  m edia. P ru ssian -

blue. X 800
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Fig. 4
Figs 3 an d  4. P ru ssian -b lue  iron positive-g ranu les p a r tly  su b in tiin a lly  and  p a r t ly  in the 
m edia of m inor co ronary  b ran ch es a f te r  th ree  days m echan ical lym ph  congestion . P russian -

b l u e .  X 6 0 0  a n d  X  8 0 0
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chan g es o f the m u copo lysaccharides of the  en d o th e lia l hasa l m em b ran e  which 
te n d  to  increase th e  p e rm e a b ility  of th e  vessel w all.

T he in ad eq u a te  tra n s p o r ta t io n  of su b stan ces passing  th ro u g h  th e  vessel 
w all lead s, th u s , sh o rtly  to  a pa tho lo g ic  change o f p e rm e a b ility  so t h a t  b o th  
fac to rs  should be reg a rd ed  as responsib le  for th e  observed  v ascu la r  disorders*
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D IE  W IR K U N G  D E R  E X P E R IM E N T E L L E N  L Y M P H ST A U U N G  
A U F  D IE  P E R M E A B IL IT Ä T  D E R  A R T É R IA  C O R O N A R IA  IM  H U N D

Z. NAGY, h . JELEIN EK , в . VERESS, A. KÓCZÉ. A. BÁLINT und F. SOLTI

V erfasser u n te rsu ch ten  die sich an  die u n ter ex p erim en te ll h e rb e ig e fü h rte r  L ym ph- 
s ta u u n g  en ts teh en d e  K o ro n a rv e rä n d e ru n g  ansch ließende P e rm e a b ili tä tss tö ru n g . E n tsp re ­
ch en d  d e r geschädigten  K o ro n a rw an d  k o n n te  das E in d rin g en  des in tra v en ö s  als M ark iersu b ­
s ta n z  e in g efü h rten  ko llo ida len  E isens b eo b ac h te t w erden , w as als Z eichen de r geste igerten  
P e rm e a b il i tä t  gew erte t w ird . Schließlich  besprechen die V erfasser eine m ögliche E rk lä ru n g  
fü r  den  im  V erlauf der n ach  L y m p h s ta u u n g  e n ts teh en d en  G efäß v erän d eru n g en  b eo b ach te ten  
P e rm ea b ilitä tsa n stie g  bzw . den P a th o m ech an ism u s der G efäß v erän d eru n g en .
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ДЕЙСТВИЕ ЭКСПЕРИМЕНТАЛЬНОГО ЗАСТОЯ ЛИМФЫ 
НА ПРОНИЦАЕМОСТЬ ВЕНЕЧНОЙ АРТЕРИИ У СОБАКИ

3. НАДЬ, X. ЙЕЛЛИНЕК, Б . ВЕРЕШ, А. КОДЕ, А. БАЛИНТ и Ф. ШОЛЬТИ

Авторы изучали расстройство проницаемости, сопровождающее изменение венеч­
ной артерии, возникающее под влиянием экспериментально вызванного застоя лимфы. 
Соответственно поражению стенки коронарной артерии наблюдалось проникновение 
внутривенно введенного коллоидального железа (мечущего-вещества) в стенку сосуда. 
Это наблюдение расценивается как знак повышения проницаемости. В заключение со­
общается возможное объяснение для повышения проницаемости, развивающегося под 
влиянием изменений сосудов при застое лимфы и патомеханизма изменений сосуда.

D r. Z o ltá n  Nagy 
D r. H a r r y  J e l l i n e k  
D r. B é l a  V e r e s s  
D r. A n ta l  K óczé 
D r. A n d o r BÁLINT 
D r. F e re n c  S o l t i

B u d a p e s t IX . Ü llői ú t 93, H u n g a ry
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Second D e p a rtm en t of O p h tha lm ology  (D irec to r: Prof. T. No na y ).
U n iv ersity  Medical School, B u d ap es t

CORNEAL VASCULARIZATION
H O LE O F LA C TIC  A C II)

G y . I m k f .

(R eceived  F e b ru a ry  10, 1969)

T he in tra co rn e a l in jec tio n  of L -la c ta te  in d u ced  m ore m arked v a sc u la r iz a tio n  of 
th e  co rn ea  th a n  th e  in jec tion  of D -lac ta te  w h ich  does n o t occur in the  o rg a n ism . T his 
confirm s th e  fa c t th a t  endogenous lac tic  acid  p lay s  a specific role in v a sc u la r iz a tio n . 
T he v ascu la riz in g  effect o f racem ic lac tic  acid  is considerab ly  stronger th a n  t h a t  of 
racem ic  la c ta te . C onsidering th a t  th e  p H  v a lu e  is in d iffe ren t in th is  re s p e c t ,  i t  is 
p ro b a b le  t h a t  th e  vessel-producing  cells a re  s tim u la te d  b y  th e  no n -d isso c ia ted  lac tic - 
acid m olecules.

T he racem ic  form  o f lac tic  acid , if in je c te d  in tra v itre a lly  or in tra c o rn e a lly  
in to  an im als , induces sig n ifican tly  earlie r an d  m ore  p ronounced  v a sc u la r iz a tio n  
th a n  o th e r  su b stan ces  do [4, 5]. A lthough  e x p e rim e n ta lly  induced a v a s c u la r  co r­
neal sw elling and  h u m an  bullous k e ra to p a th y  are  accom panied b y  sw elling , 
an im p o r ta n t  co n d itio n  o f corneal v a sc u la riz a tio n  [1, 2], th e y  do n o r  give 
rise to  a v a scu la riza tio n  of th e  co rnea , an d  its  la c tic  acid  c o n c e n tra tio n  is sig­
n if ic a n tly  below  th e  no rm al level [6]. T h is c o n c e n tra tio n  is s ig n if ic a n tly  e le­
v a te d  for severa l weeks a fte r  a lkali b u rn t  co rn ea l in ju ry  [3], and co rn ea l v a s ­
cu la riza tio n  is know n to  be especially  severe in  such  cases.

A lth o u g h  lac tic  acid c o n stitu te s  an  im p o r ta n t  fac to r in th e  fo rm a tio n  
of new  vessels, w hich  is ev id en t from  th ese  e x p e rim e n ta l and c lin ica l o b se r­
v a tio n s , its  specific effect requ ires fu r th e r  e lu c id a tio n . This purpose is se rved  
by  th e  p re se n t s tu d y  in  w hich th e  v ascu la riz in g  ac tio n  of L -lactic  a c id , co n ­
ta in e d  in  th e  o rgan ism , is com pared  w ith  t h a t  o f D -lac tic  acid w hich do es no t 
occur in th e  organism .

Acta Morph. Acad. Sei. Hung. 17 (2). pp. 171 173, 1969

M a t e r i a l  a n d  m e t h o d

A to ta l  o f 16 a d u lt  ra b b its  w ith  an  average  b o d y  w e ig h t o f 2.5 kg was used . T h e  te c h ­
nique of in tra co rn e a l in jec tio n s was described earlie r [5].

In  th e  f ir s t  series o f experim en ts , th e  su b s ta n c es  in jec ted  were of 0 .1%  s o lu tio n  of 
D -lactic  acid  lith iu m  sa lt (C albiochein) an d  L -lactic  acid  lith iu m  sa lt (C albiochem ), w hile  in 
the  second  series an  0 .1%  racem ic so lu tion  of D- an d  L -lac tic  acid lith ium  sa lt a n d  D L -lac tic  
acid (S ch idam sche) w ere in traco rn ea lly  adm in iste red .

T he len g th  of th e  corneal vessels was m easu red  d a ily  u n d e r h igh power, an d  th e  d iffe r­
ence o f th e  tw o  sides was exam ined  for s ta tis tic a l s ig n ificance  by  S tu d e n t’s ( te s t.
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T able  1

Intracorneal injections

No. of experiment
No. of Side (0.1%, 0.05 ml) Days of incipient
animals vascularization

Compound pH No.

l . n r. D -lactate 4.5 3 4 - 6
l. L -lactate 4.5 3 3 - 6

2. 5 Г. DL-lactic acid 3.0 3 2 - 3
1. D L -lactate 4.5 3 4

* = p  <  0.01, ** =  p  <  0.02

Results

D e ta ile d  resu lts  a re  show n  in T able 1.
F irs t series. T he  in tra c o rn e a l in jec tio n  o f  L -lac ta te  induced  ea rlie r  and  

m o re  p ro n o u n ced  v a sc u la r iz a tio n  th a n  th a t  o f  D -la c ta te . Corneas t r e a te d  w ith  
L - la c ta te  ex h ib ited  longer vessels even on th e  fo u r th  and th e  s ix th  d a y . T he 
d iffe re n c e  M'as s ig n ifican t (p <] 0.02) on th e  fo u r th  day . V ascu la riza tio n  b egan  
to  d is a p p e a r  on b o th  sides a f te r  the  s ix th  d ay .

Second series. T h e  in tra c o rn e a l in jec tio n  o f  racem ic lac tic  acid p ro d u ced  
s ig n if ic a n tly  m ore v igo ro u s v ascu la riza tio n  th a n  th a t  of racem ic  la c ta te  
(p 0.01 on th e  4 th , 8 th  an d  10th d ay s, p  <7 0.02 on th e  6 th  d ay ). T he 
v a sc u la r iz in g  action  o f racem ic  lac ta te  w as e v e n  inferior to  th a t  o f L -la c ta te .

Discussion

T h e  fac t th a t  th e  v ascu la riz in g  p o ten cy  o f  L -la c ta te  is s ig n ifican tly  h ig h er 
th a n  t h a t  of D -lac ta te  show s th a t  lactic  ac id  p ro d u c e d  by th e  o rgan ism  p lay s 
a sp ec if ic  role in  v a sc u la r iz a tio n . The m in im u m  v ascu la riz in g  effect o f D - la c ta te  
m u s t  b e  due to  th e  co rn ea l sw elling caused  b y  th e  in jection , as w ell as to  th e  
e ffe c t o f  th e  phy sio lo g ica lly  high lactic  a c id  co n cen tra tio n  o f th e  co rn ea , 
b r o u g h t  ab o u t in  th is  w ay  [7, 8J. The c o n c e n tra tio n  of L -la c ta te  is low' in 
ra c e m ic  la c ta te , th e  reaso n  w hy  its v a scu la riz in g  capac ity  m ust be in fe rio r  to  
t h a t  o f  L -lac ta te .

I n  th e  second series o f  experim en ts, th e  vascu la riz ing  effect o f racem ic  
la c t ic  ac id  proved  to  be s ig n ifican tly  s tro n g e r  th a n  th a t of racem ic  la c ta te , 
a p h en o m e n o n  th a t  c a n n o t be exp lained  w ith  th e  d ifferent p H -v a lu es  o f  th e  
in je c te d  so lu tions, since ea rlie r  experim en ts sh o w ed  th is fac to r to  p la y  no  role 
in  v a sc u la r iz a tio n  [4, 5 ], w here  lactic  acid o f p H  3.0 had  the  s tro n g est v a sc u la r ­
iz in g  e ffec t, while th a t  o f ace tic  acid of pH  3.5 a n d  hydrochloric acid o f  p H  1.5 
w as co n sid e rab ly  w eak er in  th is  respect. A lth o u g h  th e  o rganism ’s well bu ffered  
m e d ia  co n ta in  la c ta te  in th e  firs t p lace, it  w o u ld  appear from  th e  p re se n t 
r e s u lts  t h a t  th e  vessel p ro d u c in g  cells are  s tim u la te d  by  th e  no n -d isso c ia ted
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Distance (mm) between vascularized area and
No. of experiment No. of Side

limbus (mean value 4-
animals

4th day 6th day 8th day 10th day

í. и Г. 0.05 ± 0 .1 1 0.23 ± 0 .4 0
1. 0.14 ±0 .15** 0.47 ± 0 .3 8 —

2. 5 Г . 0 .7 4 ± 0 .1 6 1.46 ± 0 .3 1 1.98 ±0 .35 2 .7 6 ± 0 .4 3
1. 0 .18±0 .29* 0.24 ± 0 .53** 0.22 ±0.41* 0*

lac tic -ac id  m olecules. E lev a ted  c o n c e n tra tio n  or dam ages of th e  physio log ica l 
b u ffe r system  m ay  p ro d u ce  th is  ph en o m en o n  u n d e r  n o n -ex p erim en ta l co n ­
d itions.
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Ü B E R  D IE  R O L L E  IN  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

Die in tra k o rn ea le  In jek tio n  von L -L a c ta t  b r in g t e ine  in tensivere  V ask u la risa tio n  d e r 
K a n in c h e n h o rn h a u t zu s tan d e , als die in tra k o rn ea le  In je k tio n  des im O rganism us n ich t v o r­
k o m m en d en  D -L ac ta ts . D iese B eobach tung  sp r ic h t fü r  d ie spezifische B ed eu tu n g  d e r im  
O rgan ism us en ts te h en d e n  M ilchsäure fü r die V a sk u la risa tio n . Die W irkung de r razem isch en  
M ilchsäure  ü b e rtr if f t  e rh eb lich  den V a sk u la risa tio n se ffek t des razem ischen L a c ta ts ,  w as, 
an g esich ts  dessen, d a ß  d ie R olle  des pH -W ertes  au sgesch lossen  w erden kan n , w ah rsch ein lich  
m a c h t, d aß  die n ich td isso z iie rten  M ilchsäurem oleküle d ie  gefäßbildenden  Zellen s tim u lie ren .

О РОЛИ МОЛОЧНОЙ КИСЛОТЫ В ВАСКУЛЯРИЗАЦИИ РОГОВИЦЫ
Д . И М Р Е

Интракорнеальное введение L-лактата вызывает достоверно более выраженную 
васкуляризацию роговицы кроликов, чем интракорнеальные инъекции D-лактата, не 
имеющегося в организме. Это наблюдение указывает на специфическое значение молочной 
кислоты, образуемой в организме, в васкуляризации. Рацемическая форма молочной 
кислоты в значительной мере превосходит действие рацемического лактата на васкуля­
ризацию. Ввиду того, что роль величины pH можно исключить, это наблюдение позволяет 
делать вывод, что недиссоциированные молекулы молочной кислоты стимулируют сосу­
дообразующие клетки.

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 ary
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Patho log isches I n s t i tu t  (D irek to r: P rof. Dr. P . E n d e s ) 
und I. M edizinische K lin ik  (D irek to r: P rof. Dr. Gy. P e t r á n y i ) 

der M edizin ischen U n iv e rs itä t , Debrecen

LYM PH ADENOPATHIE, VERURSACHT 
DURCH ARZNEIMITTEL

G . K r a s z n a i  u n d  G y . S z e g e d i  

( E i n g e g a n g e n  a m  2 0 .  M ä r z  1 9 6 9 )

A nhand  v o n  10 F ä llen  w erd en  die h isto logischen K ennzeichen  u n d  d ie w ichtig­
s te n  k linischen D a ten  de r d u rch  A rz n e im itte l v e ru rsach ten  L y m p h a d e n o p a th ie  beschrie­
ben . Die V eränderung  is t rev ersib e l u n d  b e d a r f  ke iner B eh an d lu n g ; n a c h  E n tz u g  des 
M edikam entes erfo lg t S p o n tan h e ilu n g .

In  allen F ä llen  sind  de r N achw eis allerg ischer K o m p lik a tio n en  a n lä ß lic h  einer 
m ed ik am en tö sen  P ro v o k a tio n  u n d  de r A usfall de r A n tik ö rp erp ro b e  v o n  d iag n ostischer 
B edeutung .

H isto logisch  c h a ra k te r is tis c h  sind  eine M ikroangiopath ie , die s ich  n e b s t einem 
tu m o ra rtig en  B ild in a lle rg isch -en tzü n d lich er F o rm  m an ifes tie rt, e ine  V ascu litis  m it 
häm o rrh ag isch er N ekrose  u n d  T h rom bose. F ib ro se  und S te rn b erg -R e ed -Z e llen  sind 
n ich t vo rh an d en . G egenüber de r k o rtik o -m ed u llä ren  V erän d e ru n g  is t  d ie S tru k tu r  
de r H ilusregion e rh a lten .

Zur rich tigen  D iag n o seste llu n g  ist die K en n tn is  der k lin ischen  D a te n  unerläß lich .

Bei a rz n e im itte lü b erem p fin d lich en  P a tie n te n  k ann  sich  im  Z u sam m en ­
h an g  m it der B eh an d lu n g  eine L y m p h k n o ten sch w ellu n g  — “ d ru g -in d u ced  
ly m p h a d e n o p a th y ”  — (im  w eite ren  D L P ) ausb ilden , die sich a u fg ru n d  der 
k lin isch en  S ym ptom e von  a n d e ren  re a k tiv e n  L y m p h k n o ten v e rän d eru n g e il 
u n te rsc h e id e t, so daß  das e inem  m alignen  L ym phom  ähn lich e  h isto log ische 
B ild A nlaß  zum  Ir r tu m  g ih t.

Die F rage liegt n ah e , inw iefern  m an  die D L P als p rän e o p la s tisc h e n  
Z u s ta n d  b e tra c h te n  k a n n , und  inw iefern  eine d irek te  V e rb in d u n g  zw ischen 
d e r tu m o ra rtig e n  D L P  u n d  den m alignen  L y m p h k n o te n v e rä n d e ru n g e n  anzu ­
n eh m en  ist. Die F rage w urde  in d ieser F o rm  zuerst von  S a l t z s t e i n  an  einer 
K lin ik o p a th o lo g isch en  K onferenz  1962 angew orfen , d an n  b e r ic h te te n  1966 
H y m a n  und S o m m e r s  ü b e r e inen  M orbus H o d g k in  bzw. ein  L y m p h o sa rk o m , 
das im  Laufe einer a n tik o n v u ls iv e n  B e h an d lu n g  au fg e tre ten  w ar. Sie nahm en  
e inen  Z usam m enhang  zw ischen  d e r an tiep ilep tisch en  B e h a n d lu n g  u n d  den 
m alignen  L y m p h k n o ten g esch w ü lsten  an , w obei sie einen d ire k te n  b lasto ino- 
genen E ffek t der H y d a n to in -  A bköm m linge v e rm u te ten . D ie F ra g e  w ird sicher­
lich zu  au sg ed eh n te ren  U n te rsu c h u n g e n  A n laß  geben und  zw ar v o r  allem  im 
H in b lick  a u f die h au p tsä c h lic h  im K in d e sa lte r  ve rb re ite te  A n w e n d u n g  a n ti­
k o n v u ls iv e r M ittel.

Die M ehrzahl der M itte ilu n g en  b e sc h ä ftig t sich m it d er D L P  als d ifferen­
tia ld iag n o stisch es  P ro b lem  ( C h i a r i  1951, B o d a r t  1953, S a l t z s t e i n  u n d  Mit-
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a rb . 1958 , S a l t z s t e i n  u n d  A c k e r m a n  1959, R o s e n f e l d  u n d  M itarb . 1961, 
D o y l e  u n d  H e l l s t r o m  1963, D é v é n y i  1964, S c h w a r t z  1966, K r a s z n a i  u n d  
S z e g e d i  1967, K r a s z n a i  u n d  G y ő r y  1968). J u h á s z  u n d  M ita rb  (1968). k o n n ­
te n  n a c h  D ip h e n y lh y d an to in -B eh an d lu n g  bei M äu sen  L y m p h o re ticu lo sa rk o m  
u n d  L eu k äm ie  b eo b ach ten . D e m n a c h  ist die E rk e n n u n g  d er D L P , die F e s t ­
s te llu n g  d e r rich tigen  D iag n o se  n ic h t leicht, w ed er am  K ra n k e n b e tt  n och  bei 
d e r h isto log ischen  U n te rsu c h u n g . A ufgrund u n se re r  e igenen  E rfah ru n g en  is t  
die D L P  eine reversib le  V e rä n d e ru n g , die k e in e r B e h a n d lu n g  bedarf. D em  
E n tz u g  des A rzneim itte ls fo lg t eine S p o n tan rem issio n , die m an  m it im m uno- 
su p p re ss iv e n  M itteln  b e sc h le u n ig e n  kann. D e m g e g e n ü b e r b ed eu te t fü r  den  
K ra n k e n  eine falsche D iag n o se  eine nicht g le ich g ü ltig e  c y to s ta tisch e  B e h a n d ­
lu n g .

I n  den  le tz ten  7 J a h r e n  h a b e n  wir 10 D L P -F ä lle  b eo b ach te t. D u rch  die 
M itte ilu n g  der h isto log ischen  B efu n d e  und d er k lin isc h e n  D a ten  m öch ten  w ir 
z u r  L ö su n g  der d iesbezüg lichen  d iffe ren tia ld iag n o stisch en  P roblem e b e itrag en .

K lin isch e  Daten. I n  7 F ä lle n  h a t  sich n ach  B e h a n d lu n g  m it H y d a n to in -  
A b k ö m m lin g en  (M ep h en y to in , 3 -M e th y l-5 -p h en y l-5 -ae th y l-h y d an to in ), in  
2 F ä l le n  nach  S u lfan y lam id en  (Su lfa th iourea , S u lfad im id in , S u lfam ethoxy- 
p y r id a z in , S u lfa d im e th y lp y rim id in , p -A m in o b enzo lsu lfon th iocarbam id ) u n d  
in  e in e m  F a ll nach  P h e n y lb u ta z o n  eine L y m p h k n o ten sch w e llu n g  ausg eb ild e t 
(s. T a b e lle  1). N ach ein- b is  zw eiw öchiger L a te n z z e it  en tw ick e lt sich eine im  
a llg em e in en  sym m etrische z e rv ik a le , axillare o d er g en e ra lis ie rte  L y m p h k n o te n ­
sch w e llu n g , m eist m it sch m erz lo sen , bew eglichen b o h n e n - bis h ase lnußgroßen  
L y m p h k n o te n . D er e ig e n tlic h e n  D L P  gehen die m it  dem  allergischen Im m u n ­
s ta tu s  v e rb u n d en en  S y m p to m e  v o ran , wie hohes F ie b e r , hohe BSG, D e rm a ti­
t is ,  L eu k o zy to se , E o sin o p h ilie  u n d  abhängig  v o m  M ed ikam en t spezifische 
K o m p lik a tio n e n . Bei H y d a n to in -A b k ö m m lin g e n  s ie h t m an  P an zy to p en ie , 
B lu tu n g sb e re itsc h a ft, u n d  e in e  positive R u m p e l-L eed e -P ro b e ; bei S u lfonam i­
d en  d ag eg en  T hrom bopén ie , u n d  P h o to sen sib ilis ie ru n g , u n d  bei P h en y lb u tazo n  
S to m a ti t is  und  V ulvitis.

D ie  H a u tv e rä n d e ru n g e n  sind durch  m ak u lo -p ap u lö se  (E ry th e m a  
m u ltifo rm e-a rtig e ), sk a r la tin ifo rm e  oder m o rb illifo rm e  A usschläge g ek en n ­
z e ic h n e t. Zwei unserer F ä lle  w u rd e n  m it der D iag n o se  S charlach  (F all N r. 6) 
b zw . M asern  (Fall N r. 4) in  d ie  In fe k tio n sa b te ilu n g  eingew iesen.

I n  drei der Fälle  b i ld e te n  sich die S y m p to m e  n a c h  m eh rm onatiger, in  
7 d e r  F ä lle  nach ku rzer, 2 — 3w öch iger B eh an d lu n g  aus. N ach  E n tzu g  d er A rz ­
n e im it te l  w urden  die P a t ie n te n  rasch  fieberfrei, u n d  die H a u tv e rän d e ru n g en  
h e ilte n . Im  allgem einen fo lg te  d er schnellen B esse ru n g  d e r allgem einen S y m ­
p to m e  eine S p o n tan rem iss io n  der L y m p h k n o ten sch w ellu n g en .

B ei der M ehrheit u n s e re r  F älle  war die L y m p h a d e n o p a th ie  das v o rh e r r ­
sc h e n d e  klinische S y m p to m , d e r  K lin iker d a c h te  a n  e inen  m alignen P rozess, 
u n d  e in e  Biopsie w urde v o rg en o m m en . W egen des M angels an  en tsp rech en d er
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T ab e lle  1

Fall Nr.
Alter.

Geschl. Medikament
Lymph - 

adenopathie
Histologisches

Bild Symptome
Beobach­
tungszeit V erlauf

l . 13 J . 
weibl.

M ephenytoin 
3 Ja h re

G eneralisiert Foll.-m edull.
R etikulose

D erm atitis , F ieber 3 Jah re Beschwerdefrei

2 8 J.
m ännl.

M ephenytoin 
6 M onate

Zervikal
A xillar

Foil. L ym pho­
b lastom artig

H epato-Spleno- 
m egalie. F ieber

3 1/2 
Ja h re

Beschwerdefrei

3. 35 J . 
weibl.

M ephenytoin 
3 W ochen

G eneralisiert Herdförm ige 
R etikulose (H)*

D erm atitis,
Panzytopenie

l M onat T um or cerebri op. 
H aem atocephalus 
in t. E x itus

4. 21 .1. M ephenytoin Zervikal Herdförm ige D erm atitis , Anti- 4 1/2 E x azerba tion  nach
m ännl. 3 W ochen A xillar R etikulose (H)* körper-P robe  positiv J  ahre Suizidversuch m it 

M ephenytoin, Spon­
tanrem ission

5. 35 J . 
weibl.

M ephenytoin 
3 W ochen

G eneralisiert R etiku losarkom artig D erm atitis , F ieber 2 1/2 
Ja h re

Beschwerdefrei

6. 24 J . 
m ännl.

M ephenytoin 
2 W ochen

G eneralisiert H erdförm ige 
R etikulose (Ш *

D erm atitis , F ieber 2 Ja h re Beschwerdefrei

7. 16 J .
m ännl.

M ephenytoin 
3 M onate

G eneralisiert H erdförm ige 
R etikulose (H)*

D erm atitis 4 Jah re Beschwerdefrei

8. 67 J . 
m ännl.

Sulfonam id 
2 W ochen

G eneralisiert R etiku losarkom artig Throm bozytopenie.
F ieber

8 Jah re B eschwerdefrei

9. 34 J . 
weibl.

Pheny lbu tazon  
2 W ochen

Zervikal
A xillar

R etiku losarkom artig S tom atitis , D erm a­
titis , V ulvitis

3 1/2 
Ja h re

Beschwerdefrei

10. 60 J .  Sulfonam id Zervikal 
weibl. 3 W ochen A xillar

* M orbus H odgkin-ähnliches histologisches Bild. Iir

R etiku losarkom artig  

Sinne der A ufteilung

D erm atitis , F ieber, 
Photosensib ilisation

von L u k e s  [10].

2 Ja h re P rovokation  nach wie­
d erho lter Selbstm edi­
k a tio n  m it Sulfon­
am id
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Z u sa m m e n a rb e it is t es n ich t se lten , d aß  d e r P a th o lo g e  n u r von d er L y m p h ­
k n o ten sch w ellu n g  w eiß u n d  die zu r D iagnose fü h re n d e n  an a innestisc lien  A n g a ­
ben  n ic h t  k e n n t. E in  gu tes  B eispiel d a fü r s te ll t  d e r Fall eines u n se re r m ä n n ­
lichen  P a tie n te n  d ar (F all N r. 4). N ach d re iw ö ch ig er an tiep ilep tisch en  B e h a n d ­
lu n g  n a h m  ihn  die In fe k tio n sa b te ilu n g  m it M asern -V erd ach t auf, in  d er A n n a h ­
me eines M orbus H odg k in  w urde  d an n  die B iopsie  vorgenom m en. V on d e r m it 
H a u ta u ssc h lä g e n  e in h erg eh en d en  a k u te n  f ie b e rh a f te n  E rk ra n k u n g  w u ß te  der 
P a th o lo g e  n ich ts . H isto log isch  w urde die V e rä n d e ru n g  als M orbus H o d gk in  
g e d e u te t, w o ra u f der P a t ie n t  C y to s ta tic a  e rh ie lt. V ier M onate s p ä te r  u n te r ­
n ah m  e r m it 40 T a b le tte n  M ephen y to in  e inen  S u ic idversuch , w onach  sich  eine 
a u sg e p rä g te  L y m p h k n o ten sch w ellu n g  au sb ild e te . Die A n tik ö rp e rp ro b e  m it 
M ep h en y to in  fiel p o s itiv  aus. Im  G runde gen o m m en  h a t diese A rz n e im itte l­
p ro v o k a tio n  geholfen, die r ich tig e  D iagnose zu  ste llen . Z ur Z eit, d re i J a h re  
s p ä te r , is t P a tie n t  b eschw erdefre i, es b e s te h e n  keine au f T um or h inw eisende 
V erä n d e ru n g en .

E in e  un se re r K ra n k e n  (F a ll N r. 3) s ta rb  an  h äm ato log ischen  K o m ­
p lik a tio n e n . W egen eines H irn tu m o rs  (A s tro c y to m a  diffusum ) w urde  sie ope­
r ie r t ,  n a c h  d er O p era tio n  b eg a n n  m an  eine p rä v e n tiv e  an tik o n v u ls iv e  B e h a n d ­
lu ng . N ach  drei W ochen b ild e te n  sich eine schw ere  K n o ch en m ark ssch äd ig u n g  

H y d a n to in -P a n c y to p e n ie  — u n d  S y m p to m e  in tra k ra n ie lle r  D ru c k s te ig e ­
ru n g  aus. T odesu rsache  w ar H a e m a to c ep h a lu s  in te rn u s .

N eu n  P a tie n te n  sind  n a c h  einer d u rc h sc h n ittlic h  3 .5 jäh rigen  B e o b a c h ­
tu n g sz e it  beschw erdefre i, L y m p h k n o te n  s in d  n ic h t ta s tb a r .

H istologie

D ie h isto log ischen  V erän d eru n g en  s ind  im  w esentlichen  in  zwei G ru p p en  
e in te ilb a r : 1. a lle rg isch -en tzünd liche  E rsch e in u n g en , m it B lu tu n g , N ekrose , 
G e fä ß v e rän d e ru n g en ; 2. tu m o ra r tig e  V e rä n d e ru n g en .

M it A u sn ah m e v o n  zw ei F ä llen  (F a ll N r. 1 u n d  2) fan d en  w ir s te ts  e n t ­
z ü n d lich -n ek ro tis ie ren d e  V erän d eru n g en . D ie  L y m p h k n o ten k ap se l, d as  p e r i­
g la n d u lä re  B inde- u n d  F e ttg ew eb e  zeigen en tzü n d lich e  Z e llin filtra tio n e n  in 
w ech se ln d em  A usm aße. B ei d er d u rch  H y d a n to in  u n d  du rch  S u lfo n am id e  v e r ­
u rs a c h te n  L y m p h a d e n o p a th ie  b ild e te  sich  eine  m äßige, nach  P h e n y lb u ta z o n -  
B e h a n d lu n g  eine au sg ep räg te  a lle rg isch -g ran u lo m atö se  E n tz ü n d u n g  m it zen ­
t r a le r  h äm o rrh ag isch e r N ekrose  sowie m it le u k o z y tä re r , ep ithe lo idzelliger R eak- 
io n  aus. D ie V e rän d eru n g en  ähneln  den  L äsio n en  der a llerg ischen  G ra n u lo ­
m a to se  oder d er W egenerschen  G ran u lo m a to se . Bei der d u rch  A rz n e im itte l 
v e ru rsa c h te n  L y m p h a d e n o p a th ie  h ingegen  is t im m er eine h äm o rrh ag isch e  
N ekrose  (A bb. 1, 2) zu b eo b ach ten . S u b k a p su lä r  w ar die R inde b lu tre ic h , das 
L u m en  e in iger e rw e ite rten  K ap illa ren  w u rd e  d u rch  einen frischen  T h ro m b u s
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Abb. 1. F a ll Nr. 4. A llerg isch -g ranu lom atöse  E n tz ü n d u n g  in  de r R in d en su b stan z  e ines L y m p h ­
k n o ten s (am  linken  R an d e  des Bildes). Die L y m p h d rü s e n s tru k tu r  is t n icht e rk e n n b a r . H .E .

x i o o

Abb. 2. F a ll N r. 6. H äm o rrh ag isch -n ek ro tisch er B ezirk  a u f  d e r rech ten  Seite des B ildes. Das 
n ek ro tisch e  Z en tru m  e n th ä lt  K e rn trü m m er, w enig L eu k o zy ten . Um  die N ekrose  e ine  aus 

H is tio zy ten  und  F ib ro b las te n  b esteh en d e  R e ak tio n . H .E . X 200

v ersch lossen  (A bb. 3, 4). Um die oben  g e n a n n te n  G efäße b ilde ten  sieb  in  k leinen  
H erd en  h äm o rrh ag isch e  N ekrosen  aus, m it gem isch tzeiliger R e a k tio n  am 
R an d e  d e r N ekrose , vielen  eosinoph ilen  L e u k o z y te n , P lasm azellen , E p ith e lo id -  
zellen u n d  w en igeren  segm en tkern igen  L eu k o zy ten . Im  Z en tru m  d e r N ekrose 
w aren  B lu tu n g e n  und  K e rn trü m m e r zu fin d en , ohne N eigung zu e ite rze llig e r  
E inschm elzung .

Acta  M orpholagica A cadem iac  Scien tiarum  U ungaricac 17 , 1969



180 G. K K A S Z N A I u n d  GY. S Z E G E IM

Abb. 3. F a ll  N r. 9. T h ro m b o tisch e  M ikroang iopath ie  m it  G efäßw andnekrose  u n d  g em isch te r
p e riv a sa le r  Z ellreak tion . H .E . X 250

A bb. 4 . F a l l  N r. 7. T h ro m b o tisch e  th ro m b o z y to p en isc h e  P u rp u ra  ähn liche  V e rän d e ru n g . 
U m  d ie  G efäße eine aus F ib ro b la s te n , H istio zy ten , E ry th ro z y te n  bestehende  R e ak tio n . H .E .

X 200

I n  d e r R in d en -M ark su b stan z  k an n , a b h ä n g ig  von der jew eiligen  A rznei- 
m itte lü b e re m p fin d lic h k e it, n eb en  der e rh a lte n e n  S tru k tu r  eine fo lliku lär- 
m e d u llä re  re tik u lo sea rtig e  V erän d eru n g  (F a ll N r. 2) oder ein  m it schw erer 
S tru k tu rsc h ä d ig u n g  e in h erg eh en d es, einem  R e tik u lo sa rk o m  ähn liches B ild  e r­
sc h e in e n  (A bb. 5, 6). D ie fo llik u lä r-m ed u llä re  R e tik u lo se  м аг d abei die m ildeste
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Abb. 5. F a ll N r. 10. A us gleichförm igen Zellen b e s teh e n d e  zellreiche, tu m o ra r tig e  V e rän d e ­
ru n g . D ie L y m p h d rü sen s tru k tu r  is t n ic h t  e rk en n b a r. H .E . X 200

Abb. 6. F a ll N r. 7. T u m o ra rtig e , pleom orphe R e tik u lu m ze ll-P ro life ra tio n  m it 2 M itosen  im 
lin k en  oberen  Q u a d ra n te n  des Bildes. Zwischen den  R e tik u lu m ze llen  sind einige P la sm aze llen  

u n d  L y m phozy ten  s ich tb a r. H .E . X 450
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V e rä n d e ru n g . Die Fo llike l s in d  in solchen F ä lle n  groß, ihre G ren zen  v e r ­
sch w o m m en , die M ark strän g e  b re it , zellreich . Sie e n th a lte n  neben  z a h lre ich en  
R e tik u lu m z e lle n  viele P lasm aze llen  u n d  M itosen . D ie Sinus sind e rw e ite r t , die 
L y m p h k n o te n s tru k tu r  is t noch  überall d e u tlic h . In  Fällen  tu m o ra r tig e r  
V e rä n d e ru n g e n  ist die L y m p h k n o te n s tru k tu r  n ic h t  e rk en n b ar. M an s ie h t keine 
F o llik e l; in  großen, zusam m en fließ en d en , ze llre ich en  H erden  sind a ty p isc h e  
R e tik u lu m z e ll-P ro life ra te  s ich tb a r.

Abb. 7. F a ll  N r. 6. M orbus H o d g k in  ähnliches h is to lo g isch es Bild. Die R e a k tio n  e n th ä l t  
R e tik u lu m ze llen , F ib ro b la s te n , P lasm azellen  u n d  L y m phozy ten . H .E . X 250

I n  a n d e ren  F ä llen  b e s ta n d e n  die tu m o ra r t ig e n  Gebiete aus g leichförm igen  
Z ellen  m it zah lreichen  M itosen  (A bb. 5, 6). E in  anderm al fanden  sich  u n te r  
d en  R e tik u lu m ze llen  v iele E o sin oph ilen , so d a ß  d as  B ild einer L y m p h o g ra n u lo ­
m a to se  äh n lich  w ar (A bb. 7). Die N ekrose h ingegen  w ar h äm o rrh ag isch en  
C h a ra k te rs , F ibrose u n d  ty p isc h e  S te rn b erg -R eed -Z e llen  w aren n ic h t zu  sehen.

D em  tu m o rv e rd ä c h tig en  k o rtico -m ed u llä ren  P rozeß  gegenüber w ar in  der 
H ilu s re g io n  die S tru k tu r  im  w esen tlichen  e rh a lte n . H ier ließen sich S inus- u n d  
F a s e r s t r u k tu r  gu t e rk en n en , die M ark strän g e  w aren  zellreich u n d  e n th ie lte n  
v iele  P lasm aze llen .

D iskussion

B ei un seren  F ä llen  w ar die L y m p h a d e n o p a th ie  das p ro m in en te  Z eichen  
d e r A rzn e im itte l-A lle rg ie . D ie M edikam ente  bzw . deren  einzelne K o m p o n e n te n
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sp ielen  als A llergene oder als H a p te n e  eine Rolle. D ie S y m p to m e sind  Ind iz ien  
eines allerg ischen Im m u n s ta tu s .

K lin isch -d iagnostisch  w ertv o ll is t d er positive  A usfall der A n tik ö rp e r­
p robe gegenüber dem  M ed ik am en t u n d  d e r H a u tp ro b e . N ega tive  P ro b e n  h in ­
gegen sind kein  Beweis gegen das Y orliegen e iner A rzn e im itte la llerg ie . D ie m ed i­
k am en tö se  P ro v o k a tio n  k ö n n te  m it ü berzeugenden  B ew eisen d ien en , ab e r im 
In te re sse  der K ran k en  h ab en  w ir d av o n  abgesehen. In  zwei F ä llen , bei w ieder­
h o lte r  E in n ah m e des P h a rm a k o n s  ohne ärz tlich en  R a t, e rsch ienen  die a lle rg i­
schen  S ym ptom e e rn eu t (F ä lle  4 u n d  10).

F ü r  die rich tige D iagno seste llu n g  le isten  die speziellen  A rz n e im itte la lle r­
g iesym ptom e H ilfe, w obei sie sich  zu den allgem einen a llerg ischen  S y m p to m en  
gesellen. Von diesen sind  die D e rm a titis  und  die h äm ato lo g isch en  Zeichen 
b ed eu tu n g sv o ll. M it an fän g lich e r L eukozy tose u n d  E osinoph ilie  w echseln 
L eukopen ie , T h rom bopén ie , sch ließ lich  P an zy to p en ie  ab . M aligne G esch w u lst­
e rk ra n k u n g e n  der L y m p h k n o te n  grenzen sich du rch  die e n tsp re c h e n d en  
K n o ch en m ark - und  B lu tb ild b e fu n d e  ah.

F ü r  die E rk en n u n g  d er D L P  sind  die h isto log ischen  Zeichen d e r Allergie 
w ich tig . In  der h y p eräm isch en  su b k ap su lä ren  R in d en su b s tan z  k ö n n en  a lle r­
gische V ascu litis , th ro m b o tisc h e  M ik roang iopath ie , und  um  die G efäße herum  
frische häm orrhag ische  N ekrosen , in  m anchen  F ällen  a lle rg isch -g ran u lo m atö se  
P e rily m p h ad en itis  w ah rg en o m m en  w erden . T ro tzdem  s ta n d e n  in a llen  F ällen  
die tu m o ra r tig e n  V erän d eru n g en  im  V orderg rund . D ie en tz ü n d lic h e  n e k ro ­
tisch e  V erän d eru n g  lieg t d ab e i n u r  in  k le inen  H erd en  vor, u n d  w ir fa n d e n  sie, 
m it A usnahm e von n u r  2 F ä llen , bei der A u fa rb e itu n g  zah lre ich er S ch n itte  
aus m ehreren  B löcken.

Die D L P  k ann  zah lre ich en  K ra n k h e itsb ild e rn  äh n e ln , te ils w egen der 
a lle rg isch -g ran u lo m atö sen  E n tzü n d u n g sze ich en , teils w egen der tu m o ra r tig e n  
V erän d eru n g  m it S tru k tu rv e r lu s te n . V erw echslungsm öglichkeiten  b es teh en  
fü r  fo lgende K ra n k h e itsb ild e r: W egenersche G ran u lo m ato se , a llerg ische G ra ­
n u lo m ato se , th ro m b o tisch e  th ro m b o zy to p en isch e  P u rp u ra , P o ly a r te r iitis  
nodosa  bzw. m aligne L y m p h k n o te n tu m o re n  u n d  L y m p h o g ran u lo m a to se . 
Im  H in b lick  a u f  die D iffe ren tia ld iag n o se  m ach te  L e n n e r t  (1961) a u f  zwei 
w eitere  K ra n k h e itsb ild e r  au fm erk sam , und  zw ar a u f  die M ononukleose und  
die P iringersche  L y m p h ad en itis .

Im  G egensatz zu den  oben  e rw äh n ten  g ran u lo m atö sen  V erän d e ru n g en  
f in d en  sich bei der D L P  d u rch  frische F ib rin - und  P lä t tc h e n th ro m b e n  v e r ­
schlossene, kleine G efäße, fe rn e r eine aus L eu k o zy ten , E ry th ro z y te n  u n d  K e rn ­
trü m m e rn  b estehende p e riv a sk u lä re  en tzü n d lich e  R eak tio n . A u ß erd em  liegt 
eine h äm orrhag ische  N ekrose vo r. P a lissad en h a ft g eo rd n e te  F ib ro b la s te n , 
H is tio zy ten  und  L anghanssche  R iesenzellen  sind  n ic h t v o rh an d en .

B ei P o ly a rte riitis  nodosa  sind  die ch a ra k te ris tisch e n  L äsio n en  e x t r a ­
n o d a l, sie b ilden  sich an  den H ilu sgefäßen  aus ( L e n n e r t , 1961). Bei th ro m b o -
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tis c h e r  th ro m b o p en isch e r P u rp u ra  f in d e t sich  u m  das m it hom ogenem  T h ro m ­
b u s  versch lossene G efäß  ke in e  en tzü n d lich e  R e a k tio n , die L y m p h k n o te n ­
s t r u k tu r  is t e rh a lten .

S te rn b erg -R eed -Z ellen  u n d  fib ro tische  H erd e  sind  n ic h t s ich tb a r. Bei der 
in fek tiö sen  M ononukleose u n d  d er P iringerschen  L y m p h a d e n itis  fehlen  die fü r 
die D L P  ken n ze ich n en d en  N ekrosen , fe rn e r die th ro m b o tisc h e  M ikroangio­
p a th ie  u n d  H y p eräm ie .

D ie d u rch  A rz n e im itte l v e ru rsach te  tu m o ra r tig e  L y m p h k n o te n -R e tik u ­
lose is t  keine seltene V e rä n d e ru n g , m it der m a n  n eb en  H y d an to in -A b k ö m m lin ­
gen , S u lfonam iden , P h e n y lb u ta z o n  auch be i a n d e re n  M itte ln  rech n en  soll.

E s k a n n  fe s tg e s te llt w erd en , daß  die a llerg ische V ascu litis  v e ru rsach en ­
d en  P h a rm a k a  in  den  L y m p h k n o te n  neben  d en  ty p isc h e n  G efäß v erän d eru n g en  
au ch  tu m o ra r tig e  Z e llp ro life ra tio n  m it einem  s tru k tu re lle n  U m b au  der L y m p h ­
k n o te n  herv o rru fen .
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D R U G -IN D U C E D  L Y M P H A D E N O P A T H Y

G. KRASZNAI and GY. SZEGEDI

T he h isto logical c h a ra c te ris tic s  and  p e r tin e n t c lin ica l d a ta  o f d ru g -in d u ced  tu m o u r- 
like ly m p h a d e n o p a th y  are  re p o rte d  on th e  basis o f 10 ow n cases. D ru g -in d u ced  ly m p h ad en o ­
p a th y  is a  reversib le lesion  w h ich  does no t call fo r spec ific  t r e a tm e n t.  D ru g  w ith d raw al is 
in v a r ia b ly  follow ed b y  co m p le te  rem ission. A llergic m an ife s ta tio n s  co m p lica ting  all cases,
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positive  re su lts  o f p ro v o ca tiv e  d ru g  ad m in is tra tio n  a n d  th a t  o f a n tid ru g -an tib o d y  te s ts  ensu re  
th e  co rrec t d iagnosis.

In  ad d itio n  to  tu m o u r-lik e  fea tu res , ch a ra c te ris tic  o f  th e  h isto log ical p ic tu re  allerg ic- 
in fla m m a to ry  m icro -an g io p a th y  and  vascu litis  w ith  th ro m b o s is  an d  haem orrhag ic  n ec ro ­
sis were. F ib rosis an d  S te rn b erg -R eed  cells were a b sen t. In  c o n tra s t  to  th e  co rtico -m ed u lla ry  
in v o lv em en t, th e  h ila r  region is well p reserved.

F o r  th e  co rrec t d iagnosis, a know ledge of th e  c lin ica l d a ta  is indispensable.

ЛИМФАДЕНОПАТИЯ, ВЫЗВАННАЯ ЛЕКАРСТВАМИ
Г. КРАСНАИ и Д. СЕГЕДИ

В связи с 10 наблюдениями обсуждаются гистологические показатели и более 
важные клинические данные опухолеобразной лимфаденопатии, вызванной лекарствами. 
Это обратимое изменение, не нуждающееся в лечении. После отмены лекарства наступает 
самопроизвольное улучшение. При постановке правильного диагноза во всех случаях 
большую помощь оказали аллергические осложнения, в некоторых случаях медикамен­
тозная провокация и положительный результат пробы на антитела.

Для гистологической картины характерны, наряду с опухолеподобным процессом, 
аллергически-воспалительные явления, тромботическая микроангиопатия, аллерги­
ческий васкулит, геморрагический некроз, плеоморфноклеточная картина. Фиброз и 
клетки Штернберг—Рида отсутствуют. В противоположность кортикомедуллярному 
изменению структура области гилюсов сохранена.

Существенным для постановки правильного диагноза является выяснение клини­
ческих данных.

D r. G éza K r as z n a i  
Dr. G y u la  S z e g e d i

}D ebrecen  12, U n g arn
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RELATIONSHIP OF ELASTIC FIBRE PRODUCTION 
WITH SMOOTH MUSCLE CELLS 

AND PULSATION EFFECT IN LARGE VESSELS
A nna K á d á r , В. V e r e s s  and H. J e l l i n e k

(R eceived  M ay 3, 1969)

The d ev elo p m en t o f  th e  e lem en ta ry  u n its  o f e la s tic  fib res  and  th e  process of 
e lastic  fib re  an d  lam ella  fo rm atio n  h av e  been stu d ied  in  e x p erim e n ta lly  in d u ced  in tim a i 
th icken ings an d  in th e  em b ry o n ic  r a t  a o r ta . The re su lts  w ere com pared  to  f in d in g s  m ade 
d u rin g  th e  o rg an iza tio n  p rocess o f a r te r ia l  g ra fts  and  su rg ica l m eshes.

I t  ap p ears  t h a t  v a sc u la r  sm o o th  m uscle cells p lay  a decisive role in th e  syn thesis 
o f e lastic  g ran u les w hich , m ad e  up  o f e lastin , a p p ea r to  be  th e  e le m en ta ry  u n its  of 
e lastic  fib res. T he sm o o th  m uscle cells ap p a re n tly  o rig in a te  from  m u ltip o te n t m esen­
chym al cells specialized  fo r f ib re  sy n th e tiz in g  function .

T he absence o f e lastic  lam ella  fo rm atio n  du rin g  th e  o rg an iza tio n  o f a r te r ia l  g ra fts  
an d  surgical m eshes has confirm ed  th e  decisive role o f th e  p u lsa tio n  e ffec t in  e lastic  
fib re  fo rm atio n .

T he e la s to b las t th e o ry  is rev ised  by  a fu n c tio n al in te rp re ta tio n  of e la s tic  fibre  
fo rm atio n .

E lastic  fib re  fo rm a tio n  is an  unreso lved  p ro b lem  of conn ec tiv e  tissue 
research  an d  v ascu la r p a th o lo g y , th o u g h  it has been  e x ten s iv e ly  s tu d ie d  in 
v a rio u s tissues [4 — 9] and  vessel w alls [2, 3, 13, 20, 21, 22].

R ecen tly , view s on th e  m orpho logy  of e le m e n ta ry  u n its  com posing  th e  
e lastic  fib re  seem to  have  com e closer (Table 1) [24], b u t  th e  m echan ism  ol the  
fo rm a tio n  of e lem en ta ry  u n its  and  th e ir  ju n c tio n  to  e la s tic  fib res  or lam ellae 
as well as th e  role of th e  fac to rs  invo lved  are s till fa r  from  clear.

In  th e  p re sen t s tu d y , th e  process of elastic  fib re  sy n th es is  w as ap p ro ach ed  
from  th e  cellu lar angle, i.e. w ith  re sp ec t to th e  site  and  in itia tio n  o f elastic  
fib re  and  lam ella  fo rm atio n .

Acta Morph. Acad. Sei. Hung. 17 (2 ), pp. 187 200, 1969

M aterial an d  m ethods

T he ex am in a tio n s  w ere carried  o u t on ex p erim en ta l in tim a i th icken ings o f th e  r a t  and 
em b ry o n ic  r a t  a o rta , and  th e  re su lts  w ere co m pared  to  th e  o rg an iza tio n  of a r te r ia l  g ra fts  and 
surg ical m eshes. In  p a r t  o f th e  s tu d ies  on a r te r ia l  g ra fts  we h av e  been  a ided  by  th e  co o p era tio n  
of G. Bartos (D e p a rtm e n t o f  S u rgery , Pécs), w hereas in o u r s tu d ies  on surg ical m eshes by 
L. Sin (D e p a rtm e n t o f S u rgery , M unicipal H o sp ita l, Székesfehérvár).

T he te s t  m a te ria l, p rocessing  and  m eth o d s have been d escribed  in d e ta il e a rlie r [10, 
11, 12, 25].

R esults

a ) In  th e  in tim a i th ick en in g s a rising  a fte r in ju rin g  tin ' r a t ’s a o rtic  wall 
th e  cells m aking  ap p ea ran ce  b e n e a th  th e  superfic ia l row  o f en d o th e lia l cells

Acta  Morphologic a Academ iae S c ien tia ru m  H ungaricae 17, 1969
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(F ig . 1) showed a p o s itiv e  b irefringence rem in iscen t o f sm o o th  m uscle cells. 
S im u ltan eo u sly , d e lica te  f ib re  s tru c tu re s  show ing  a n eg a tiv e  b irefringence 
a p p e a re d  betw een th e  fo rm e r cells, often  in  close ju n c tio n  w ith  th e m  (Fig. 2). 
E le c tro n  m icroscopically , a ll cells o f th e  th ick en in g  p roved  to  be sm oo th  m uscle 
ce lls , w ith  the  u l t r a s t ru c tu ra l  p ro p erties  ty p ic a l o f th ese . T he h y a lop lasm  was 
f i l le d  w ith  parallel m y o fila m e n ts , th e  cell organelles ag g reg a ted  a round  th e  
n u c le u s , in  the  c y to p la sm  g lycogen  granules w ere a p p a re n t, a long  th e  c y to ­
p la sm ic  m em brane p in o c y to tic  vesicles an d  a t ta c h m e n t bodies w ere seen and  
a lo n g  th e  cells th e re  w as a b a sem en t m em b ran e  (F igs 3, 4). I n  th e  d ila ted  
e rg as to p la sm ic  duc ts  a d e lic a te  g ran u la r  su b stan ce  60 — 80 Â  in  d iam ete r was 
p re s e n t . In  the  e x tra c e llu la r  space ro u n d  e lec tro n  dense p a rtic le s  or granules 
o f  60 — 80 Â d iam eter, co n sid e red  to  rep resen t th e  e lem en ta ry  u n its  of elastic  
f ib re s , an d  fibrils o f  70 Á  d ia m e te r  and  140 Â p erio d ic ity  com posed  of th e  
e le m e n ta ry  u n its  w ere seen . T hese u n its  m erged  to  form  e la s tic  clum ps of 
ir r e g u la r  shape, 500—-2000 Á  in d iam ete r an d  b in d in g  PT A . In  every  case, 
e le m e n ta ry  elastic g ran u le s  in  close ju n c tio n  w ith  th e  p e rip h e ry  o f th e  clum ps, 
a n d  e lastic  fibrils p ra c tic a lly  ra d ia tin g  in to  th e  c lum ps, w ere c learly  ap p a ren t 
(F ig s  5, 6). In  th e  e x tra c e llu la r  space, m icro filam en ts  30 — 50 Á in d iam eter 
a n d  collagenous fib res  w ere  also p resen t. T he e lastic  c lum ps joiner! to  form  
in te rc e llu la r  elastic  f ib re s  (F igs 7a, b, c) an d  in  th e  in tim a i th ick en in g  th e  
e la s tic  lam ina  (F ig . 8). T h u s , th e  p ro life ra tio n  above th e  im p a ire d  vascu la r 
a re a  w as com posed o f  3 la y e rs , v iz. (1) th e  new  en d o th e liu m ; (2) b en ea th  it, 
a n e w ly  form ed u n d u la tin g  in te rn a l elastic  lam in a ; an d  (3) th e  m ed ia  com posed 
o f  th e  sm ooth  m uscle cells o f  th e  th ick en in g , w ith  new ly  fo rm ed  e lastic  fib res 
b e tw e e n  the  cells (F ig . 9). T h e  new ly  fo rm ed  vessel w all ab o v e  th e  im p a ired  
s tra ig h te n e d  in te rn a l e la s tic  lam in a  m ay  ta k e  over th e  role o f th e  original 
v e sse l w all, inclusive o f i ts  e la s tic ity  function .

b) In  the em b ry o n ic  r a t  a o r ta  e lastic  fib re  fo rm a tio n  w as found  to  tak e  
p la c e  in  the  sam e w ay . B e n e a th  th e  en d o th e lia l cells an d  b e tw een  th e  sm ooth  
m u sc le  cells, elastic  c lu m p s in ten s iv e ly  b in d in g  P T A  w ere a p p a re n t  (Fig. 10); 
a t  th e i r  m argins, b u t  also  in d e p e n d e n tly , e la s tic  g ranu les, e la s tic  fib rils, m icro-

F ig . 1. N ew ly form ed e n d o th e lia l  cell. B elow  i t  th e  g ra n u la r  su b s tan ce , an d  u n d e rn ea th  
a  f ra g m e n t  of the  im p a ired  o rig in a l e lastic  m em brane. A bove th e re  a re  p rocesses o f sm ooth  

m uscle cells. U ra n y l  a c e ta te —lead h y d ro x id e  s ta in . X 2400 
F ig . 2 . P o larisation  m ic ro sco p ica l p ic tu re . N ote po sitiv e  b irefringence  of sm o o th  m uscle cells 
as c o n tra s te d  to the  n e g a tiv e  b ire frin g en ce  of th e  su rro u n d in g  f ib re  s tru c tu re s . P hen o l-C an ad a

cover. X 120
F ig . 3. Sm ooth m uscle cell in  a  m u lti- lay e red  in tim a i th ic k en in g . N o te  th e  b a sa l m em brane  
a lo n g  th e  cells. The cell o rg an elle s  a re  in  perinuclear lo ca tio n . U ra n y l a c e ta te  lead  hydrox ide

sta in . X 7600
F ig . 4 . P a r t  of sm ooth  m uscle  cell from  in tim a i th ick en in g . T he h y a lo p la sm  is filled  by  paralle l 
m y o fila m e n ts . N ote v ig o ro u s p in o c y to tic  a c tiv ity  a long  th e  cy to p lasm ic  m em b ran e . U ran y l 

a c e ta te —lead  h y d rox ide  s ta in . X 60 00 0
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filam ents and collagenous fibres were seen (Fig. 11). The medial sm ooth  muscle 
cells resembled those com posing the intim ai thickening (Fig. 12). Inside the 
vessel wall the degree of m erging of the elastic clum ps seemed to  be variable; 
while in its inner third nearly fully developed lam ellae, still binding PTA, were 
present, in the outer part of the media only sporadic small elastic  granules 
were seen, showing a greater affin ity to PT A than  the fibres in the inner third.

Both in the intim ai thickenings (Figs 13b, c, d) and in the em bryonic  
aorta (Fig. 13a) a close relationship was found betw een elem entary units, 
elastic fibrils and the basem ent membrane of the sm ooth m uscle cells. Inside 
the basem ent m em brane, the elastic fibrils were clearly distinguishable and 
also their connection w ith  elastic clumps and fibres located at som e distance 
to  the basem ent mem brane was conspicuous (F igs 13a, b, c, d).

c )  The above findings were compared to observations m ade during the 
organization of arterial grafts. In the latter, elastic  fibres or fibre parts occur­
red only in the superficial areas of the thickening brought about by the process 
o f organization or in areas close to the border betw een the host aorta and the 
prosthesis. In no case did th ey  form a mature, continuous elastic lam ella, but 
m any collagenous fibres developed in the th ickening, im parting to it the 
appearance of a scar tissue (Fig. 14) According to the fibre structure, part 
of the cells of the younger proliferation were sm ooth muscle cells occurring 
in very low  numbers (F ig. 15), whereas the aged proliferation consisted e x ­
clusively  of fibroblasts or fibrocytes (Fig. 16) and cell forms w hich seem ed to 
be cartilage-cells w ith large glycogen-like areas and 100 — 150 A th ick  filam ents 
form ing a fingerprint-like pattern.

d )  In the organization of surgical meshes used for the repair o f abdom ­
inal hernia, no elastic fibres were dem onstrable in the granulating tissue. 
In itia lly , the synthetic grafts were surrounded by m any foreign body giant 
cells, macrophages and fibroblasts, while later only collagenous fibrous tissue, 
poor in cells, was found (F ig. 17).

F ig. 5. In  th e  ex trace llu la r sp ace  of th e  in tim a i p ro life ra tio n , P T A -b ind ing  e la stic  granules 
a re  a p p a re n t a t th e  m arg in a l p a r ts  o f th e  e lastic  c lum ps. T h e  b asem en t m em b ran e  and  the  
e la stic  fib rils  ra d ia tin g  in to  th e  c lum ps show a period icity  o f 140 Â, being com posed  of elastic

g ranules. PTA  sta in . X 3800
Fig. 6. In tim a i th icken ing . A t th e  m arg inal p a rts  as well as inside th e  e la stic  c lum ps, th e  

e lastic  granules an d  e la stic  fib rils  are clearly  a p p a re n t. PT A  sta in . X 45 000

7 A c ta  M orpho log ica  A c a d im ia e  S c ie n tia r u m  H u n g a r ic a e  17 . 1969
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F ig s  7a, b. F orm ation  of e lastic  f ib re s  from  elastic c lum ps in in tim a i th ick en in g . Р Т А  sta in
a: X 60 000; b: X 80 000

F ig . 7c. In tim a i thickening. P a r t  o f  a m a tu re  elastic f ib re , w hich  has lo st a ffin ity  to PTA
P T A  sta in . X 27 000

4 c ta  M o rp h o lo g ic a  A c a d e m iu e  S c i e n t ia r u m  H u n g a r ic a e  1 7 , 196 9



Fig.  fi. Newly form ed in te rna l  elastic lam ina.  N o te  th e  c lum ps and fibres b e tw een  th is  and 
th e  newly form ed endothelia l  cells. Beneath  the  new in te rn a l  elastic lam ina  there  a re  sm oo th  
muscle cells su r ro u n d ed  b y  a basem en t  m em brane .  U ra n y l  a ce ta te - lead  hydrox ide  s ta in .  X 10 400 
Fig. 9. T he  prol iferat ion  formed above the  s t ra ig h te n e d  in ju red  in ternal  e last ic  lam ina  
a p p ea rs  to consist  of  th ree  layers:  an u p p e r  endo the l ia l  cell row, a nearly e lec tron - lucen t  new 
in te rn a l  e lastic  lam ina  in the middle, and ty p ica l  sm o o th  muscle eells below. U ra n y l  a ce ta te

lead hydrox ide .  X 6400
7*
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F ig . 10. P a r t  of e lastic  fib re  — or lam ella  — w ith  m ed iu m  PT A -bind ing , betw een  th e  e n d o ­
th e lia l  cells and  sm o o th  m uscle cells in th e  a o rta  o f a 1 5 -day  r a t  em bryo. PT A  s ta in . X 9440 
Fig. 11. E la stic  c lum ps show ing in ten siv e  b ind ing  of P T A  in  th e  wall of em bryon ic  r a t  a o rta . 
N o te  e la s tic  g ranu les an d  e lastic  fib rils  a t  th e  c lu m p s’ m arg in a l p a rts . PT A  sta in . X 28 000 
F ig . 12. S m ooth  m uscle cells from  th e  m edia of em b ry o n ic  r a t  ao rta . N ote th e ir  m ark ed  
re sem b lan c e  to sm ooth  m uscle cells in in tim ai th ic k e n in g . U ran y l ace ta te  lead  h y d ro x id e

sta in . X 23 400

A c ta  M o rp h o lo g ic  и A c a d e m ia c  S c ie n tia r u m  H u n g a r ic a e  17. 1969



Fig. 13a. In  th e  basem en t m em b ran e  of th e  sm o o th  m uscle cells o f an  em b ry o n ic  r a t  a o rta  
th e re  are c learly  d is tingu ishab le  c lastic  g ranu les and  e lastic  fib rils  in  close c o n n ec tio n  w ith  
th e  m arg in a l p a r ts  of e lastic  c lum ps and  fibres. U ran y l a c e ta te - le a d  h y d rox ide  s ta in . X 36 000 
F ig. 13b. N ote th e  close re la tio n sh ip  betw een  th e  b asem en t m em brane  of sm ooth  m uscle cells 
o f an in tim a i th ik cen in g  and  the  e lastic  c lum ps or fib res. U rany l a ce ta te  lead h y d ro x id e  s ta in .

39 000
F igs 13c, d. In  th e  b asem en t m em b ran e  of th e  in tim a i th ick en in g ’s sm o o th  m uscle cells th ere  
are  e lastic  g ranu les and  fib rils whose connection  w ith  e lastic  c lum ps lo ca ted  a t  a d is tan c e  to 
th e  b asem en t m em brane  is c learly  a p p a re n t, a: U ran y l a ce ta te  lead h y d ro x id e  s ta in , X 48 000.

b : PT  \  s ta in , 21 000
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Discussion

Our results suggest that the elem entary units of elastic fibres, the elastic 
granules composed o f elastin , are produced by sm ooth muscle cells. It appears 
that according to functional requirem ents,in  given sites, as e.g. in the em bryon­
ic rat aorta and in intim ai thickenings, the m ultipotent m esenchym al cells 
and the vascular sm ooth muscle cells, respectively, m ay transform to  m odified  
sm ooth muscle cells specialized for fibre production by being capable of, or at 
least participating in the synthesis of elem entary units or ground substance  
required for elastic fibre form ation.

T h e  e las t ic  g ra n u le s  s y n th e t i z e d  b y  th e  s m o o t h  m usc le  cells f o rm  e las t ic  
f ib r i ls  in th e  e x t r a c e l lu l a r  sp a ce ,  w h ere  t h r o u g h  a g g r e g a t io n ,  j u n c t i o n  an d  
e m b e d d in g  in to  th e  ac id  m u c o p o ly s a c c h a r id e  m a t r i x  t h e y  give r ise  to  e las t ic  
c lu m p s  w h ich  ag a in  u n i t e  to  fo rm  th e  e las t ic  f ib re s  ( K á d á r  e t  al. in  p ress) .

As shown by R o m h ÁNYi ’s [23j polarisation optical studies, inside the 
elastic fibre the fibrils do not run parallel to the longitudinal axis, but are 
wound around it like a spiral ascending at 15° in young, and at 25° in 
m ature fibres. This spiral structure as well as the acid m ucopolysaccharide 
coat encasing the fibres ( B a n g a  |1 |) seem to bear the primary responsibility  
for the elastic nature o f the fibres.

It appears that the extracellular aggregation of elastic elem ents and 
lam ina formation are either preconditioned or brought about by the 
m echanical pulsation effect. This effect seems to be responsible for the merging 
o f elastic clum ps to elastic fibres and for the junction  of the latter to a new  
elastic lam ina, in intim ai thickenings and normal em bryonic rat aorta alike. 
In the areas where the pulsation  effect is dim inished or absent, as e.g. in the 
organization process of abdom inal surgical m eshes, or where e lastic ity  is 
provided artificially, as e.g. in the case of arterial grafts, m odified sm ooth  
m uscle cells and new ly formed elastic fibres appear hardly or not at all and no 
elastic lamellae w hatever develop.

S im ila r  co n c lu s io n s  h a v e  b e e n  d r a w n  b y  L e l k e s  a n d  K a r m a z s in  [19] 
w h o  s tu d i e d  e x p i a n t s  o f  ch ick  e m b r y o  h e a r t  a n d  a o r t a .  In  th e  p u l s a t i n g  m yo-

Fig. 14. Specim en from  a r te r ia l  g ra ft  im p lan ted  4 y ears ago in to  th e  a b d o m in a l a r te ry  of 
a dog. B etw een collagenous fib res  a  process of a fib ro cy te  is seen ; a t  th e  m arg in  o f th e  p ic tu re  
p a r t o f  an  e lastic  c lum p or f ib re  is a p p a re n t. U ran y l a c e ta te - le a d  hy d ro x id e  s ta in . X 13 650 
Fig. 15. P a r t  o f  a sm oo th  m uscle cell form ed in an early  p ro life ra tio n  du rin g  th e  o rg an iza tio n  
of an  a rte ria l g ra ft. N ote  m y o filam en ts  and  glycogen g ran u le  in  th e  cy to p lasm  a n d  p in o cy to tic  
vesicles and  a tta c h m e n t bodies along th e  cy top lasm ic  m em b ran e . A long th e  cell th e re  is 
a b asem en t m em brane , w ith  collagenous fib res in its  su rro u n d in g s. U ran y l a c e ta te  lead

hy d ro x id e  s ta in . X 12 500
Fig. 16. Cartilage-cell from  aged p ro life ra tio n  form ed d u rin g  th e  o rg an iza tio n  o f  an a rte ria l 
g ra ft. On the  cell, su rface  processes, while in th e  cy top lasm  lip id  d ro p le ts , e lec tro n  dense g ra ­
nules and  th ick  f in g erp rin t-lik e  filam en ts  are  seen. U rany l a c e ta te  lead  h y d ro x id e  s ta in . X 14 350 
Fig. 17. O rgan iza tion  of surg ical m esh. T he sy n th e tic  f ila m en ts  are su rro u n d ed  by  an  oligo- 

cellu la r scar tissue  co n ta in in g  m an y  collagenous fib res. L igh t m icroscopic p ic tu re . H and
E. s ta in . X 60

A c ta  M n rp h u lo g ica  A c a d e m iu v  S c ie ii t ia r u m  H u n g a r ic a c  1 7 , 1 9 0 9



19 8 A. K Á D Á R  e t  al.

cardial expiant, elastic fibre form ation started on the addition o f em bryonic 
ex tra ct, while no such phenom enon took place in the absence o f pulsation. 
In  aortic expiants, synthesis o f  elastic fibres occurred exclusively  in the aortic 
sp ecim en  connected w ith  the pulsating heart explant. In aortic exp iants pulsa­
tion  seem s to represent the adequate stim ulus o f elastic fibre form ation. 
A ccording to K r o m p e c h e r  [15], pulsation is the specific stim ulus of elastic  
m em brane formation as undifferentiated  m esenchym al cells respond to the 
in term itten t mechanical stim ulus by elastin production. In exam inations car­
ried ou t on the ligated rat ureter, L a d á n y i  and L e l k e s  [17] found that the 
sm ooth  m uscle cells o f the pulsating  muscular tunica above the ligature played  
a role in elastic fibre form ation. This function of the sm ooth m uscle cells was 
considered  a qualitative adaptation  which represents the activation  by m echan­
ical factors of the “ prim ordial fibro-elastoblast form ing ab ility” . In this con­
te x t , reference should be m ade to the much disputed existence or nonexistence  
of th e  “ elastoblast” , a cell supposed to be specialized for elastic fibre synthesis. 
Its  ex isten ce  was postu lated  b y  K r o m p e c h e r  [14] in 1928, but recent literary  
data including our own findings and K r o m p e c h e r ’s revised view  (personal 
com m unication  [16]) seem  to  exclude the existence of such specialized cells 
in th e  vessel wall. It appears that vascular sm ooth muscle cells are capable 
of syn th etiz in g  either the precursor, or certain com ponents, of the elastic fibre. 
A ccording to K r o m p e c h e r  (personal com m unication) there w ould ex ist a cel­
lular function  specialized for elastic formation.

In  our view, under certain  conditions, as e.g. under functional influences 
or in  a g iven  stage of ontogenesis, vascular sm ooth m uscle cells m ay specialize 
for th e  elastic fibre syn th etiz in g  function. These young, m ultipotent m esen­
chym al cells whose sm ooth muscle cell nature could only recently be con­
firm ed by electron m icroscopy, seem  to be the counterparts of the “ elasto- 
b la sts”  described by K rom pecher.

*

T h e  electron  m icrographs w ere  p re p are d  in th e  C en tra l E lec tro n  M icroscopy L ab o ra to ry , 
I n s t i tu t e  o f  H istology and E m b ry o lo g y , U n iv e rs ity  M edical School, B u d ap es t.

Sym bols in  the figures

BM  =  B a se m e n t m em b ran e ; E  =  E n d o th e lia l cell; EC =  E la s tic  c lum p; E F  =  E la s tic  fib rii, 
E G r =  E la s t ic  granule; E R  =  E la s tic  f ib re ;  F  =  F ib ro c y te ; F p  =  F in g e rp rin t p a tte rn ;  
G =  G olgi a p p a ra tu s ; G r =  G ran u le ; IL  =  In te rn a l e la stic  lam in a; K F  =  C ollagen fib re ; 
L  =  L ip id ;  L E I  =  In te rn a l  e la s tic  lam in a  (new ly fo rm ed); M y =  M yo filam en t; P  Pyno- 
c y to t ic  vesicle; PL  =  P la sm a  p rocess ; S L E I = S m o o th en ed  in te rn a l e lastic  lam in a  (old); 
SG =  P a r t  of Teflon g ra ft

A c ta  M o rp h o lo g ie n  A c a d e m ia e  S c ie n t ia r u m  H u n g a r ic a e  17 , 1 9 6 9
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ZU SA M M EN H A N G  Z W IS C H E N  D E R  B IL D U N G  VON E L A S T IS C H E N  F A S E R N , DEN 
G L A T T E N  M U S K E L Z E L L E N  S O W IE  DEM P U L S A T IO N S E F F E K T  IN  G R O SS E N

G E F Ä S S E N

Anna KÁDÁR. В. VEHESS und II. JELLINEK

Die E n tw ick lung  de r e lem en taren  E in h e iten  von e lastischen  F ase rn  u n d  de r Prozeß 
de r e lastischen  Fasern- und L am ellenb ildung  w urden  in experim en tell h e rb e ig e fü h rten  In tiin a - 
verd ick u n g en  und  in der A o rta  von  R a tte n em b ry o n en  u n te rsu ch t. Die E rgebn isse  w urden 
den bei dem  O rg an isationsvorgang  von A rte rie n tra n sp la n ta te n  u n d  ch iru rg isch en  N etzen 
g em ach ten  E rfah ru n g en  gegenübergeste llt.

E s h a t den A nschein, d aß  die g la tten  M uskelzellen der G efäße eine en tsch e id en d e  Rolle 
in de r S yn these  von e lastischen  G ranu li in n eh ab en , welche aus E lastin  bestehen  und  v e rm u t­
lich die e lem en taren  E in h e iten  de r e lastischen  Fasern  d a rste llen . Die g la tten  M uskelzellen 
s tam m en  scheinbar aus den m u ltip o te n te n  M esenchym zellen, die fü r  d ie F a se rsy n th e se  spezia­
lis ie rt sind.
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D as Fehlen  der E n ts te h u n g  v o n  e lastischen L am ellen  w äh ren d  d e r O rg an isation  von 
A rte r ie n tra n sp la n ta te n  u n d  ch iru rg isch en  N etzen b e s tä t ig t  die en tsch e id en d e  B ed eu tu n g  des 
P u lsa tio n se ffe k ts  in der B ild u n g  v o n  e lastischen F ase rn .

D ie E la s to b la s te n th e o rie  w ird  rev id ie rt und  d u rc h  e ine  fu n k tio n e lle  In te rp re ta t io n  der 
B ild u n g  von  e lastischen F a se rn  e rse tz t.

СВЯЗЬ МЕЖДУ ОБРАЗОВАНИЕМ ЭЛАСТИЧНЫХ ВОЛОКОН, КЛЕТКАМИ 
ГЛАДКИХ МЫШЦ И ПУЛЬСАЦИОННЫМ ЭФФЕКТОМ В КРУПНЫХ СОСУДАХ

А . К А Д А Р ,  Б .  В Е Р Е И !  и X .  Й Е Л Л И Н Е К

Развитие элементарных единиц эластичных волокон и процесс образования эластич­
ных волокон и пластинок изучались в экспериментально вызванных утолщениях интимы 
и на аорте эмбрионов крыс. Результаты были сопоставлены с данными, полученными во 
время организации артериальных трансплантатов и хирургических сетей.

Полагается, что клетки гладких мышц сосудов играют решающую роль в синтезе 
эластичных зернышек, состоящих из эластина и, по-видимому, представляющих элемен­
тарные единицы эластичных волокон. Клетки гладких мышц, по-видимому, происходят 
от мультипотентных мезенхимальных клеток, специализированных для синтеза волокон.

Отсутствие продукции эластичных пластинок при организации артериальных 
трансплантатов и хирургических сетей доказывает решающее значение пульсационного 
эффекта при образовании эластичных волокон.

Теория эластобластов подвергается ревизии и выдвигается функциональная ин­
терпретация образования эластичных волокон.

D r .  A n n a  K á d á r  

D r .  B é l a  V e r e s s  

D r .  H a r r y  J e l ű n e k

B u d a p e s t  I X ,  Ü l l ő i  ú t  9 3 , H u n g a r y
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ESTERASE ACTIVITY IN THE HYPOTHALAMUS

T .  MÉSZÁROS, I .  J .  C s ű r t , J .  HÁZAS and  M .  P a LKOVITS

(R eceived  A ugust 12, 1968)

A C hE  a c tiv ity  o f v a ry in g  in ten sity  and  cellu la r loca lization  m ay be d e m o n s tra ted  
in  the  d iffe ren t a reas o f th e  h y p o th a lam u s . No neurop ile  reac tio n  m ay  be observed . 
N on-specific  e sterase  a c tiv ity  occurs in all th e  nucle i an d  areas.

In  th e  d iffe ren t h y p o th a la m ic  areas, th e re  is no d irec t re la tio n sh ip  betw een  
AChE a c tiv ity  and th e  fu n c tio n al s ta te , o r a t  lea s t no such re la tio n sh ip  can  be 
revealed  w ith  th e  p re sen t h isto log ical m eth o d s. A change  in th e  reac tio n  m ay  be 
observed a t  s ites w here no ad eq u a te  fu n c tio n al changes can  be assum ed to  occur and . 
conversely , A C hE  is lack ing  in areas w here i t  m ig h t be ex p ec ted  to  be p re sen t. The 
AChE c o n te n t o f th e  h y p o th a la m u s  seem s to  be co n n ec ted  to  genera l cellu lar a c tiv ity  
and no t to h u m o ra l reg u la tio n . R em o v a l o f som e en d o crin e  organs is u sua lly  follow ed 
by a decrease  in a c tiv ity , in d ep en d en tly  o f th e  k in d  o f th e  o rgan  and  of th e  h y p o ­
th a lam ic  loca lisa tion .

In tro d u c tio n

The role in n eu ro -h u m o ra l reg u la tio n  o f  th e  m orpho log ica lly  d is tin c t 
a reas  of th e  h y p o th a la m u s  has considerab ly  been  clarified  in  th e  la s t tw o 
decades. W ith in  th e  m ain  connex ions th e  k in d  o f ce llu lar a c tiv ity  w ith  w hich 
th e  neurons a n d  n eu ro n  g roups p a r tic ip a te  in  th e  above m echanism  is, how ever, 
still d iscussed. T he questio n  arises w h e th e r th is  fu n c tio n a l difference is due 
to  th e  d iffe ren t m etab o lism  o f th e  cells of fu n c tio n a lly  d iffe ren t areas, o r to  
th e  specificities o f n eu ro n a l connexions, or to  b o th .

The ex ac t m orpho logy  o f th e  n eu rons o f  ce rta in  areas is know n from  
th e  descrip tions o f K r i e g  [28] and S z e n t á g o t h a i  [45], th e  sy n ap tic  cond i­
tio n s  an d  th e  int ra h y p o th a la m ic  o rg an isa tio n  from  tho se  of S z e n t á g o t h a i  [45]. 
T he ana to m ica l concep t o f th e  sm all ce llu lar n eu ro sec re to ry  system  has been 
in tro d u c e d  b y  S z e n t á g o t h a i  [45].

The b iochem ical an d  h istochem ical ex am in a tio n s  o f th e  enzym es of 
ce llu la r m etabo lism  w ere confined  to  a few selected  h y p o th a la m ic  areas. 
E s te ra se  a c tiv ity  o f som e h y p o th a lam ic  nuclei w as described  b y  P e p l e r  an d  
P e a r s e  [37] and P e a r s e  [36], w hile B e r n s o h n  e t al. [4] rep o rted  on th e  
suh ce llu la r loca liza tion  o f  th e se  enzym es in th e  d iffe ren t p a r ts  of th e  b ra in .

A m ong th e  este rases, ace ty lch o lin esterase  (A C hE) is o f o u ts ta n d in g  
im p o rtan ce . T he f irs t h istochem ical m e th o d  fo r th e  m orpho log ical localiza­
tio n  o f  AChE w as developed  b y  K o e l l e  an d  F r i e d e n w a l d  [26]. T he elec tron-
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m icro sco p ica l h istochem ical e x a m in a tio n s  o f th e  last years  h av e  show n th a t  
A C hE  is fo u n d  no t on ly  in th e  ac tiv e  ce llu lar m em b ran e  b u t  is also located  
in  g re a t  q u a n titie s  in th e  en d o p lasm ic  re ticu lu m  o f som e neu rones [6, 11, 19, 
25, 32, 33, 47].

E a r l ie r  reports  w ere m a in ly  concerned  w ith  th e  A C hE an d  p seu d o ­
c h o lin e s te ra se  (pseudo-C hE ) a c tiv i ty  of th e  h y p o th a lam ic  m agnoce llu la r 
n u c le i, p a rv ice llu la r areas w ere m en tio n ed  b u t spo rad ica lly . D a ta  re ferring  
to  non -sp ec ific  esterase (“ B ”  e ste rase , a liesterase) a c tiv ity  are  even  m ore 
sca rce  [2, 36, 37, 40, 44].

T h e  aim  o f our e x a m in a tio n s  w as ( i )  to  s tu d y  AChE an d  non-specific  
e s te ra se  a c tiv ity  in ev ery  h y p o th a la m ic  area  in no rm al ra ts ;  ( i i )  to  e s tab lish  
w h e th e r  A C hE a c tiv ity  ch an g ed  u n d e r th e  effect o f changes o f th e  ho rm onal 
a c t iv i ty  in  those  areas w hich  h a v e  been  found  to  p lay  a reg u la tin g  ro le in th e  
p ro d u c tio n  of th e  given h o rm one .

M ate ria l and  m ethods

F if ty  w hite  ad u lt r a ts  o f b o th  sexes (w eighing 150— 180 g) an d  16 in fan tile  fem ales 
(w e ig h in g  40 g) were used ; th e y  w ere d iv id ed  in to  an  in ta c t g roup  and  an  ex p e rim e n ta l 
g ro u p . T h e  la t te r  anim als w ere ex am in ed  12 d ay s a fte r uni- and  b ila te ra l ad ren a lec to m y  
an d  10 d a y s  a fte r  uni- and b ila te ra l o v a riec to m y . In  th e  second group  sh am -o p era ted  anim als 
w ere u se d  as controls.

E x a m in a t io n  o f  A C h E  activity

U n d e r  h ex o b arb ita l a n ae s th es ia , th e  an im als were perfused  th ro u g h  th e  a o r ta  f irs t  
w ith  50 m l physiological N aCl so lu tio n , th e n  for h a lf  an hour w ith  150 ml o f 10 %  fo rm alin , 
p H  7.2. T h e  rem oved  b ra in  w as f ix ed  in  10%  fo rm alin  for 22 h o u rs  a t  2— 4°C. Series o f frozen 
40 [Л th ic k  sections were m ade  fro m  th e  h y p o th a la m u s . A pply ing  th e  m eth o d  of K o e l l e  and  
F r i e d e n w a l d  [26] m odified by  u s, th e  p re p a ra tio n  was in cu b a ted  in ace ty l-th iocho line-iod ide  
(F lu k a ) . B y  decreasing th e  N a 2S 0 4 co n ce n tra tio n  of th e  in cu b a tio n  so lu tion  to  5 %  we su c­
ceed ed  in  in h ib itin g  th e  c ry s ta lliz a tio n  of th e  reac tio n  p ro d u c t. C ontro l sections w ere in h ib ited  
fo r 30 m in u te s  w ith  10~6 M  n itro g e n  m u sta rd , or 10-fi M  D F P  and 1 0 -6 M  neostigm ine.

E x a m in a t io n  o f  non-specific esterase

T h e  m ate ria l was fix ed  w ith  th e  sam e perfusion  techn ique  for 2 h ours. T he su b s tra te s  
a p p lie d  w ere 1. a -n a p h th y l-a c e ta te , an d  2. n ap h th o l-A S -ace ta te . 1. T he cu ts  w ere in cu b a ted  
w ith  a -n a p h th y l-a c e ta te  fo r 30 seconds, th e n  w ith  p a raro san ilin e  h ex azo n iu m  ch lo ride  acco rd ­
ing  to  D av is  and O rnstein  [10] fo r 2 m in u te s . 2. T he n a p h th o l-A S -ace ta te  m eth o d  o f Gom ori 
[14] w as app lied  w ith  th e  fo llow ing  m o d ifica tio n : 0.1 g n ap h th o l-A S -ac e ta te  w as m ixed 
w ith  10 m l 0.1 M  Sorensen b u ffe r  p H  7.2, th e n  th e  m ix tu re  was shaken  in  a  fu n n e l. T en mg 
of G a rn e t  GBC diazonium  sa lt w as ad d ed  to  5 m l Sorensen b u ffer and  m ixed th o ro u g h ly . 
T h e  tw o  so lu tions were m ixed a n d  sh a k e n  again  in  th e  funnel for 10 m in u tes , th e n  clarified . 
T h e  sec tio n s  were in cu b a ted  in th e  f i l t r a te  for 2 hours, a t  37 °C, th e n  th e  p re p a ra tio n  was 
r in se d  in  ta p  w ater for 5 m in u te s  a n d  covered  w ith  gela tin .

A fte r  u n ila te ra l and  b ila te ra l  a d ren a lec to m y  i t  was ex am ined  k a ry o m e tric a lly  w h e th er 
th e  h y p o th a la m ic  changes in d u ce d  by  cortico id  deficiency had  b ro u g h t a b o u t an  increase 
o f n u c le a r  volum e in th e  v e n tro m e d ia l nucleus. In  th e  nucl. v en tro m ed ia lis  o f b o th  sides 
(u n ifo rm ly  in the  pars m edialis) in  3000 X p ro jec tio n  m ag n ifica tion , th e  d iam e te rs  of 140 
250 cell n uc le i were m easu red  a n d  th e ir  vo lum e calcu la ted . T he group  average  rep re sen ts  
v a lu e s  fo r 6 anim als.
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R esults

I. Intact group

A) A C h E  activity in  the hypothalam us

A cellu lar reac tio n  o f v a ry in g  in te n s ity  m ay be o b serv ed  in  th e  d ifferent 
areas o f th e  h y p o th a la m u s . A s ign ifican t neurop ile  re a c tio n , like th a t  in  the 
s tr ia tu m , is no t seen in a n y  region of th e  h y p o th a lam u s .

Pars optica. A ra th e r  in ten siv e  a c tiv ity  m ay  be  seen in  th e  m agno- 
ce llu la r n eu ro sec re to ry  n uc le i, in  th e  nucleus su p rao p ticu s  (N SO ) an d  in the 
nucleus p a ra v e n tr icu la ris  (N PY ). T here  is no ap p reciab le  d ifference  in  in ten s ity  
b e tw een  the  p a r t  o f th e  N P Y  co n ta in in g  sm all an d  th a t  c o n ta in in g  large cells 
(F ig . 1, a — d). The sm all fusifo rm  cells o f th e  nucleus p e r iv e n tr ic u la r is  an terio r 
(N PV A ), a rran g ed  p a ra lle l to  th e  v e n tr ic u la r  surface give an  av e rag e  reaction  
(F ig . 1. e — f). T he a rea  h y p o th a la m ic a  la te ra lis  (A H L ) e x h ib its  a strong 
a c tiv ity . In  its  a n te r io r  p a r t ,  fusifo rm  n erv e  cells an d  also som e o f irregu lar 
sh ap e  occur. The th ic k  d en d rite s  o f a few irreg u la r n e rv e  cells ram ify in g  near 
th e  cell are also d iscern ib le  (F ig. 2, a). R eg u lar, m ostly  ovo id , cells are found 
in th e  poste rio r p a r t  o f th e  a rea , th e  in itia l p o rtio n  o f th e  th ic k  d en d rite  is 
m o stly  well seen (F ig. 2, b). T he in te n s ity  of th e  re a c tio n  agrees in th e  tw o 
areas.

T he reac tio n  is n eg a tiv e  in  th e  nucleus h y p o th a lam icu s  a n te r io r  (NAH) 
an d  in th e  nucleus su p rach ia sm a ticu s  (N SC H ). In  th e  a rea  re tro ch ia sm a tis  
(RCA ) cells w ith  tw o -th re e  th in  d en d rite s  ex h ib it a s lig h t A C hE  ac tiv ity . 
Som e la rg e r round  cells a re  also o b servab le  am ong th em .

Pars tuberalis. T he in te n s ity  o f th e  A ChE reac tio n , as co m p ared  w ith  the 
o p tic  region is co n sid e rab ly  s lig h te r an d  less c ircu m scrip t. In  th e  nucleus 
v en tro m ed ia lis  (NVM) an d  in  th e  nucleus a rcu a tu s  (N A R C ), th e  reac tio n  is 
u su a lly  neg a tiv e  (F ig . 2, c, e). A t th e  b o rd e r o f NVM an d  N A R C , along the 
m ed ian -p o ste rio r th ird  o f th e  tw o  nuclei, 20 — 30 cells m a n ife s tin g  a very 
in te n s iv e  AChE a c tiv ity  are  a rran g ed  in o rocaudal d irec tio n  (F ig . 2, f). The 
cells o f th e  nucleus dorsom edia lis (NDM ) give reac tio n s o f d iffe re n t in ten sity  
am ong  th e  cells of c h a ra c te r is tic  m ed ium  in te n s ity , som e e x h ib it a con­
s id erab le  a c tiv ity  (F ig. 2, d). B eh ind  th e  NDM  and p a r t ly  v e n tra lly , in  the 
dorsa l p a r t  of the area  h y p o th a la m ic a  poste rio r (A H P ), from  th e  3 rd  ven tric le  
to  th e  fo rn ix , as well as in  th e  region o f th e  area  p e rifo rn ica lis  (A P F ) an 
in ten s iv e  reaction  m ay  be observed , especially  in th e  cells w hich  em brace 
th e  fo rn ix  from  below. T hese are  sm all, ro u n d  or oval cells d isp lay in g  a reaction  
o f v a ry in g  in te n s ity  (F ig . 3, a — d).

Pars m am illaris. A C hE a c tiv ity  of th e  m am illa ry  a rea  is g en era lly  slight. 
Som e cells o f th e  nucleus su p ram am illa ris  (NSUM ) an d  th e  la rg e  cells o f the 
nucleus p rae la te ra lis  m am illa ris  (N P L ) give m edium  re a c tio n , w hile the
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n u c le u s  p raem am illa ris  v e n tra l is  (NPMV) an d  do rsa lis  (N PM D ) are p ra c tic ­
a lly  A C hE  negative. In  th e  a re a  betw een  th e  v e n tro -m e d ia l edge o f th e  fo rn ix  
a n d  th e  capsu la  in te rn a , th e  cell m asses a rra n g e d  a t  th e  level of th e  pre- 
m a m illa rv  nuclei d isp lay  a s lig h t reaction , occasio n a lly  som e cells give a 
m e d iu m  reac tio n  (area h y p o th a la m ic a  la te ro -do rsa lis  (A H L D )).

T h e  above described  A C hE  reactions w ere co m p le te ly  in h ib ited  by  
1 0 -6 M  n itro g en  m u sta rd .

B) N o n -spec ific  estei ase ( N S E J  activity in  the hypo tha lam us

oc-Naphthyl-acetate m ethod . I n  th e  h y p o th a lam u s o f th e  r a t ,  N SE  a c tiv ity  
o f  d if fe re n t in ten s ity  occurs in  ev ery  area. In  th e  m ag n o ce llu la r a rea  (NSO, 
m a g n o c e llu la r  p a rt o f th e  N P Y , N P L ) tlie reac tio n  is u su a lly  o f m edium  in te n ­
s i ty ,  (F ig . 4, a, c). In  th e  p a rv ic e llu la r  nuclei an d  a rea s  o n ly  som e cells give 
re a c tio n s  o f v ariab le  in te n s i ty ,  w hile o thers are  n e g a tiv e . N SE  p o s itiv ity  
co u ld  be observed  in  th e  N D M  (Fig. 5, a) a n d  NYM  (F ig . 5, c); i t  was 
in te n s e  in  th e  NSUM an d  in  th e  p rem am illa ry  n uc le i. A s tro n g  p o s itiv ity  
w as o b se rv ed  in  th e  p o s te r io r  la te ra l  p a rt o f th e  h y p o th a la m u s , a ro u n d  th e  
fo rn ix  (F ig . 5, b), w here A C hE  a c tiv ity  is also fa ir ly  in te n s iv e . A sligh t peri- 
k a ry o n a l  reac tio n  (Fig. 5, d) is fo u n d  occasionally  in  th e  N A R C . T he m ost 
in te n s iv e  cellu lar reac tio n  m a n ife s ts  itse lf in  th e  cells a rra n g e d  a t  th e  m edial 
s id e  o f  th e  fo rn ix , n o t fa r  b e h in d  th e  level of th e  a n te r io r  com m issure  (Fig. 5, e).

A g ra n u la r  reac tio n  is fo u n d  in the  ep en d y m al cells of th e  3rd  ven tric le  
(F ig . 4, g) and  a ra th e r  in te n s iv e  one in  th e  so -ca lled  ta n y c y te -e p en d y m a  
(F ig . 4 , e, f) and  in th e  v a s c u la r  o rgan  of th e  la m in a  te rm in á lis .

N aphthol-A S-acetate m ethod. N SE a c tiv ity  is r a th e r  in ten siv e  in  th e  
m a g n o c e llu la r  n eu ro sec re to ry  n u c le i (NSO, m ag n o ce llu la r p a r t  o f th e  N PV ) 
(F ig . 4, b , d). Cells of d iffe re n t in te n s ity  are  fo u n d  M ithin  th e  nuclei. A p a rt 
fro m  th e se  tw o nuclei, th e  r e a c tio n  w hich m ay  be  o b se rv ed  in  every  h y p o ­
th a la m ic  a rea , appears o n ly  sp o rad ica lly  in  a few  cells, a n d  in th e  form  of 
c o a rse r  g ranu les th a n  w ith  th e  a -n a p h th y l-a e e ta te  m e th o d . T he reac tio n  of 
m e d iu m  in te n s ity  in th e  g lia  cells occurs in la rg e r g ran u les . In  c o n tra s t to  
th e  a -n a p h th y l-a c e ta te  re a c tio n , average a c tiv ity  is fo u n d  in  th e  N SCH  (Fig. 
6, d) a n d  th e  NDM -cells (F ig . 6, c). M any cells a re  p o s itiv e  in  th e  m am illa ry  
re g io n  (F ig . 6, e, f) and  in  th e  p re o p tic  area (F ig. 6, a, b).

I I .  E xperim en ta l group.

A )  E ffec t o f  adrenalectomy on the A C h E  activity o f  the hypothalam us and on 
nuclear volum e in  the nucleus ventrom edialis

F ollow ing  a d re n a le c to m y  a general decrease o f A C hE  a c tiv ity  m ay  be 
o b se rv e d  in  th e  h y p o th a la m u s , w hich becom es s ig n if ic a n t a f te r  b ila te ra l
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Fig. 3. A C hE reac tio n  of A H P  and  A P F  (a — d ) .  M odified Koelle — F r ie d e n s  a id ’s m eth o d  (a =  X 100; b— d =  x 5 0 0 )





Fig. 2. A C hE reac tion  in the  o ral (a) and  cau d a l p a r t (/>) of the  A H L. N egative  A C hE  reac tion  
in th e  NVM (c), NA RC (e). C ellu lar reac tio n  in th e  NDM  (d) and  at the  b o rd er of NVM NA RC 

(/’). M odified Koelle F rie d en w ald ’s m eth o d  (a , c, e x 5 0 ;  d. J  X 500)





Fig.  I. A C hE  reac tion  in NSO (a,  b) ,  N PV ( c, d)  a n d  NEVA (v. f ) .  Modified Koelle  
F r ied en w ald ’s m ethod (a, c, e — x 5 0 :  b. d,  f  X 500)
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Fig.  /. N on-specific  esterase re a c tio n  in NPV ( a , b ) ,  N SO  ( c , d ) .  a -n a p h th y l-a c e ta te  m ethod  
a. c. N ap h th o l-A S -ace ta te  m e th o d  b, d. Non-specific e s te ra se  reac tion  in th e  ependym a- 

cells “ tan y c y te -e p en d y m a ”  of th e  recessus in fundibuli ( e)  a n d  the  recessus in fram am illa ris  
( f )  in th e  ep endym a of th e  m ed ian  a re a  of the 3rd v en tric le  ( g ) .  a -n a p h th y l-a c e ta te  m ethod . 

( a , g =  X  420: b =  x 3 5 0 ;c ,  d =  X  140; e / f  =  X  220)
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Fig. 5. Non-specific esterase reaction  in N DM f a ) .  perifornically  f b . e ) .  in NVM (c) ,  NA RC 
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Fig. 6. Л о п -specific esterase  reac tio n  in th e  a rea  p raeo p tica  (a , b), NDM  (c), NSCH (d ), 
nucleus raam illaris  m edialis (e), nucleus m am illaris la te ra lis  ( / ) .  N ap h th o l-A S -ace ta te  m ethod

(a =  >; 140. Ь - / =  X 350)
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a d re n a le c to m y . (In  o rd e r  to  avo id  su b jec tiv e  e rro rs , concern ing  th e  re a c tio n ’s 
in te n s i ty , AChE a c t iv i ty  in  th e  len tifo rm is a n d  re tic u la r  nuclei w as con­
sid e red  n o rm a l in  in te n s i ty ,  since th is  does n o t  ch an g e  u n d e r ho rm onal effects.)

A fte r  b ila te ra l a d re n a le c to m y , A ChE a c t iv i ty  d isap p eared  in  th e  RCA 
cells, a n d  decreased  in  th e  cells a rran g ed  a t  th e  b o rd e r  of NVM an d  N A R C . 
T he re s u lt  was th e  o p p o s ite  a fte r  u n ila te ra l a d re n a le c to m y ; A ChE a c tiv ity  
v a n ish e d  in  th e  cells a r ra n g e d  a t  th e  b o rd e r o f  NVM  an d  N ARC an d  p e rs is ted

Fig.  7. C hange  of AChE a c tiv ity  o f  th e  h y p o th a lam u s a f te r  ad ren a lec to m y  and o v a riec to m y . 
In te n s ity  o f  b lackening  re p re se n ts  th e  ra te  of th e  ch an g e ; d irec tio n  of th e  la t te r  is la b e l­
led b y  +  (increase), and  — (decrease). A  =  ex am in ed  a rea s (labelling  see in  th e  te x t) :

В  =  changes a fte r  o v a rie c to m y ;

in  th e  R C A -cells (F ig. 7, C, D ). A fter u n ila te ra l  ad ren a lec to m y , no d ifference 
in  A C hE  a c tiv i ty  w as fo u n d  in  th e  iden tica l a rea s  o f th e  tw o  sides. K a ry o m e tric  
m e a su re m e n ts  rev ea led  t h a t  u n ila te ra l a d re n a le c to m y  did  n o t essen tia lly  
in flu en ce  nucleic  vo lu m e in  th e  NVM-cells, a n d  th e  d ifference betw een  th e  
tw o sides exceeded  th e  e v a lu a b le  7 .5%  only in  tw o  o f th e  6 exam ined  an im als 
(T able I). A fte r b ila te ra l a d re n a le c to m y  th e  ce llu la r nucle i o f th e  NVM increased  
in v o lu m e  b y  24.6% .
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A fte r u n ila te ra l ad ren a lec to m y , A C hE a c tiv ity  decreased  in  th e  N PV  
an d  NSO an d  th is  decrease w as s ig n ifican t also w hen co m p ared  w ith  th e  
fin d in g s a f te r  b ila te ra l ad ren a lec to m y . Follow ing  b o th  uni- and  b ila te ra l 
a d re n a le c to m y , a few large cells d isp lay in g  a m edium  activ i ty  a p p e a re d  in 
th e  N A H .

=  changes a f te r  u n i la te ra l  ad ren a le c to m y ; D  changes 
a fte r  b i la te ra l  ad ren a lec to m y

B ) E ffect o f  ovariectomy on hypothalam ic A C h E  activity

U n ila te ra l an d  b ila te ra l o v a rie c to m y  has essen tia lly  th e  sam e  effecl on 
th e  A C hE  a c tiv ity  o f th e  h y p o th a la m u s , ex cep t fo r th e  in te n s ity  o f  th e  re a c tio n  
w hich is less a fte r  to ta l  c a s tra tio n . In  b o th  cases AChE activ i ty  d isa p p e a rs  
a lm o st co m ple te ly , in th e  NSO it is less in ten s iv e  in  th e  m ag n o ce llu la r p a r t 
o f th e  NPV an d  n eg a tiv e  in  its p a rv ic e llu la r  p a r t .  S im u ltan eo u sly  a c a p illa ry  
a c tiv ity  of av erag e  in te n s ity  becom es m an ife s t in  these  tw o n uc le i. (This 
can n o t be considered  a pseudo-C hE  re a c tio n , w hich is p o sitiv e  in th e  case 
of ce reb ra l vessels, as th e  cap illa ries o f o th e r  areas fail to  p ro d u ce  a sim ul-

ír ta  A I orphologica A cadem iae S c ie n tia r u n i H u ngaricae  17 , 19  04
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Table I

Nuclear volume in  N V M  after unilateral and bilateral adrenalectomy 

I  =  intervention, I I — I I I  =  values o f  the two sides, I V  — difference,  in per cent, between the 

two sides, V  =  group average, V I  =  difference, in per cent, between the group averages

I
II III IV V VI
t*3 //8 % /<’ %

162.2 160.0 1.4

156.7 163.8 4.5

C ontrol 163.1 168.6 3.4 163.1 -

186.5 175.0 6.6
153.4 159.8 4.2

154.1 154.1 0

149.3 150.1 0.5

151.5 155.0 2.3

A fter 178.7 162.4 10.0 169.4 3.8

hem iadrenalectom y 145.0 151.6 4.5

195.3 179.1 9.0

203.2 211.6 4.1

196.0 199.7 1.9

209.7 216,2 3.1
A fter 205.3 211.9 3.2 203.2 +  24.6

adren a lec to m y 195.0 196.6 0.8
200.9 204.4 1.7

199.3 195.9 1.7

tan eo u s  reac tio n .)  T he o ra l p a r t  o f th e  A H L , th e  cells a rran g ed  at th e  b o rd e r 
o f NVM  an d  N ARC also becom e negative .

C onversely , A C hE a c tiv i ty  considerab ly  increases  in  th e  p rem am m illa ry  
a rea , in  th e  cells a rra n g e d  la te ra lly  from  th e  fo rn ix  (A H L D ) (F ig. 7, B).

D iscussion

B o th  AChE an d  pseudo-C hE  reac tio n s  a re  observed  in th e  b ra in . 
O pin ions d iffer as to  th e  q u es tio n  w h e th e r one  en zy m e or a group of enzym es 
is resp o n sib le  for th e  a c t iv i ty  found  in th e  h y p o th a la m u s . A ccording to  
K o e l l e  [24], A b r a h a m s  e t al. [1], P e p l e r  a n d  P e a r s e  [37] an d  P e a r s e  [36] 
ce llu la r a c tiv ity  in th e  m agnocellu lar nucle i is d u e  to  AChE. On th e  o th e r  
h an d , B u r g e n  and  Ch i p m a n  [7] assum e th e  p resence  o f pseudo-C hE . A ccord-
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ing to  I l j im a  e t al. [18] th e  n e rv e  cells give an  A C hE  reac tio n  o i  m edium  
in te n s ity , th e  n eu ro p ile  an d  th e  vessels a m o d era te  one, w hile th e  cell nuclei, 
th e  nucleoli and  th e  ep en d y m a  show n eg a tiv e  reac tio n . T he pseudo-C liE  
reac tio n  d isp layed  hy  th e  g lia , th e  neurop ile , th e  ep en d y m a  an d  th e  vessels 
is m edium  in in te n s ity , th a t  g iven hv  th e  n eu ro n s is s lig h t, th e  nuclei and 
nucleoli are  nega tive .

S h u t e  and L e w i s  [43] found  a s trong  p o s itiv ity  o f  th e  pseudo-C hE  reac­
tio n  only in th e  glia cells an d  in  th e  vessels in  th e  r a t  b ra in , — w hile every  
o th e r in tensive  reac tio n  p o in ts  to  th e  presence o f A C hE. In  th e  ev a lu a tio n  
of o u r own m ate ria l we also a d o p te d  th is  view , since we succeeded in in h ib itin g  
th e  cellu lar reac tions described  above w ith  1 0 -e  M  n itro g en  m u s ta rd . T hus, 
th e  to p o g rap h ica l an d  fu n c tio n a l aspects  o f th e  A C hE co n te n t o f th e  hy p o ­
th a lam u s m ay be su m m arized  as follows.

1. In  ag reem en t w ith  n u m ero u s earlie r a u th o rs  [1, 2, 7, 16, 18, 21, 22, 
24, 29, 30, 35, 36, 37, 39, 42] an AChE a c tiv ity  o f m ed ium  in te n s ity  was 
found  in  th e  m ag noce llu la r n eu ro sec re to ry  nucle i. P i c k f o k d  [38] verified  the  
close connection  betw een  ADI1 p ro d u c tio n  an d  ace tv lch o lin e . N um erous 
fu r th e r  ex am in a tio n s w ere perfo rm ed  in o rd er to  p ro v e  th e  para lle lism  o f the  
special a c tiv ity  o f th e  ab o v e  nucle i and  th e  A C hE c o n te n t [21, 22]. P e p l e r  
an d  P e a r s e  [37], P e a r s e  [36], L e g a it  e t al. [29] observed  an  increased 
in te n s ity  of AChE a c tiv i ty  p ara lle l to  th e  n eu ro sec re to ry  a c tiv ity  consecu tive  
to  d e h y d ra tio n .

In  our m a te ria l an  a c tiv ity  of average in te n s ity  was o bserved  in th e  
m agnocellu lar nuclei. A fte r ad ren a lec to m y  or o v a riec to m y  a change occurred . 
T he in te n s ity  of th e  re a c tio n  decreased  a fte r a d re n a le c to m y  w hile a f te r  o v a ri­
ec tom y , th e  reac tion  d ecreased  in th e  large cells o f  th e  N PV  an d  becam e 
n eg a tiv e  in th e  sm all cells an d  th e  NSO. In  th is  a rea  th e  v an ish in g  o f the  
cellu lar reac tion  was assoc ia ted  w ith  th e  ap p ea ran ce  o f a cap illa ry  a c tiv ity  of 
average  in ten s ity .

Follow ing a d re n a le c to m y  th e  volum e o f th e  ce llu la r nuclei o f th e  NSO 
and  N PV increases [46, 7] an d  A ChE a c tiv ity  o f th e  cells decreases, w ith o u t 
an y  change in n eu ro sec re to ry  c o n te n t [20]. A fte r c a s tra tio n , th e  decrease  of 
ce llu lar a c tiv ity  [46, 12] is assoc ia ted  w ith  the  decrease or d isap p earan ce  of 
A ChE ac tiv ity . B a r r y  an d  L e o n a r d e l l i  [3] also observed  a decrease of 
AChE co n ten t a f te r  c a s tra tio n . T hese d a ta  fav o u r th e  a ssu m p tio n  th a t  a fter 
th e  decrease in th e  b lood ad ren a l and  o v arian  ho rm o n e  level, th e re  is no 
paralle lism  betw een  th e  q u a n ti ta t iv e  h isto log ical p ic tu re  o f NSO an d  N PV 
an d  th e  change o f AChE a c tiv ity .

2. The connexion  b e tw een  AChE and ce llu lar a c tiv ity  is s im ila rly  incon­
sis ten t in th e  p a rv ice llu la r  a rea  of the  h y p o th a la m u s . T here  is considerab le  
u n c e rta in ty  in th e  ev a lu a tio n  o f  th e  norm al p ic tu re . A ccord ing  to  som e au th o rs , 
th e  reaction  is n eg a tiv e  in th e  p a rv ice llu la r a rea . Co h n  an d  R i c h t e r  [9]
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o b se rv e d  an  increase of A C hE  a c tiv ity  u n til th e  15 th  d ay  a fte r  b ir th . B u r g e n  
a n d  C h i p m a n  [7], A b r a h a m s  e t al. [1] found  a po sitiv e  re a c tio n  in  th e  emi- 
n e n t ia  m ed ian a , w hile K o b a y a s h i  and  E a r n e r  [23], F o l l e t  e t al. [13] 
d e sc r ib e d  a positive  re a c tio n  in  severa l species. In  ou r n o rm a l m a te ria l, 
th e  c e llu la r  reac tio n  w as n e g a tiv e  in th e  NSC.H a n d  p o sitiv e  in  RCA. The 
e m in e n tia  m edialis w as p ra c tic a lly  n eg a tiv e , a p a r t  from  th e  cells a rran g ed  
a t  th e  b o rd e r  of th e  NYM  an d  N A R C , w here P o r q u e t  an d  L e o n a r d e l l i  [39] 
also fo u n d  a positive re a c tio n  in  new born  ca ts . This cell g roup  o f  strong 
in te n s i ty  is m ost likely  id e n tic a l w ith  cells described  b y  S z e n t a g o t h a i  
[45] as th e  sm all cells o f th e  NVM. T hus, th e se  cells differ n o t on ly  in  size 
fro m  th e  la rger cells fo rm in g  th e  m ain  m ass o f th e  NYM, b u t  also in  th e ir  
p ro p e r tie s  described  above. Som e cells of th e  N D M  an d  N PV A  gave a positive 
re a c tio n .

A  considerab le a c t iv i ty  w as observed in  th e  la te ra l  a rea  of th e  h y p o ­
th a la m u s , from  th e  p re o p tic  to  th e  m am illa ry  reg ion . A c tiv ity  w as especially  
in te n s iv e  in  th e  p erifo rn ica l a rea .

T h e  changes in  A C hE a c tiv i ty  observed  in  th e  p a rv ice llu la r  nuclei a fte r 
a d re n a le c to m y  an d  o v a rie c to m y  are  also in c o n s is te n t. In  th e  cells s itu a te d  
a t  th e  b o rd e r of th e  NVM a n d  N A R C , A ChE a c tiv ity  d isap p ea red  a fte r  u n i­
la te r a l  ad ren a lec to m y , w hile  th e  cellu lar re a c tio n  o f th e  RCA  persisted . 
O n th e  o th e r  h an d , a f te r  b ila te ra l  to ta l  a d ren a lec to m y  th e  RCA -cells becam e 
n e g a tiv e  b u t  a c tiv ity  in  th e  fo rm e r cells was u n ch an g ed  or decreased  sligh tly . 
B o th  u n i- and  b ila te ra l a d re n a le c to m y  resu lted  in th e  ap p ea ran ce  o f a few 
cells o f  average  a c tiv ity  in  th e  N A H .

O u r o b se rva tions do n o t  su p p o rt th e  v iew  acco rd ing  to  w hich  a paralle lism  
w o u ld  ex is t be tw een  h u m o ra l re g u la to ry  a c t iv i ty  an d  A ChE a c tiv ity , since 
th is  h y p o th a la m ic  area  is in v o lv e d  in  th e  re g u la tio n  of co rtico id  p ro d u c tio n . 
F o llo w in g  ad ren a lec to m y  q u a n t i ta t iv e  changes m ay  be observed  in  th e  NVM 
[15, 4 6 ]  an d , accord ing  to  I f f t  [17], in all th e  tu b e ra l nuclei.

A fte r  u n ila te ra l a d re n a le c to m y  th e  reac tio n  u su a lly  decreased  in  in ten s ity  
a n d  th e  cells betw een  th e  NVM  an d  NARC g av e  a n eg a tiv e  re a c tio n , th o u g h  
in  th e  NVM no change cou ld  be  revealed  b y  m eans of k a ry o m e tr ic  m easu re­
m e n ts . H alá sz  an d  S z e n t a g o t h a i  [15], Sa j o n s k i  e t al. [41] u sin g  th e  k a ry o ­
m e tr ic  m e th o d , observed  ch an g es in  th e  NVM a f te r  d e n e rv a tio n  or e x tirp a ­
tio n  o f  th e  c o n tra la te ra l a d re n a l. Surm ising  a c o n tra la te ra l  connex ion  betw een  
th e  a d re n a l g land  an d  th e  h y p o th a la m u s , we h av e  ex p ec ted  th a t ,  if  AChE 
a c t iv i ty  is in connexion w ith  h u m o ra l reg u la tio n , a difference in  th e  reac tio n  
o f  th e  tw o  sides will m a n ife s t itse lf  fo llow ing u n ila te ra l ad ren a lec to m y . 
H o w e v e r, we did n o t succeed  in  s u b s ta n tia tin g  th is  v iew  n o r th e  above 
m e n tio n e d  c o n tra la te ra l e ffect.

A fte r  b ila te ra l a d re n a le c to m y , a p a r t  from  a 24 .6%  increase  in n uc lear 
V o lu m e , a slight decrease o f A C hE  a c tiv ity  was fo u n d  in  th e  NVM. T he n eg a tiv e
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reac tio n  o f  th e  RCA m igh t have been due to  th e  special sy n ap tic  connex ions 
[46] o f th ese  cells.

3. L e o n a r d e l l i  [30. 31], s tu d y in g  th e  p o ste rio r  h y p o th a la m ic  a rea  of 
th e  gu inea pig, observed  cyclical changes in  A C hE ac tiv ity , w h ich  w ere th e  
m o st p ro n o u n ced  in p ro o estru s . B arry  an d  L e o n a r d e l l i  [3] also fo u n d  th e  
g rea te s t change in  th e  p o ste rio r h y p o th a la m u s  a f te r  c a s tra tio n  an d  o n  th e  basis 
o f  th is  o b se rv a tio n  assum e th e  sexual cen tre  to  be located  a t th is s ite  (nucleus 
h y p o th a lam icu s  la te ro -d o rsa lis  in te rs titia lis ) .

W e also found  an  increased  A C hE a c tiv i ty  in th e  posterio r h y p o th a la m u s  
a fte r  o v ariec to m y . In  sp ite  of th ese  o b se rv a tio n s  concern ing  th e  a re a  b e tw een  
th e  v en tro -m ed ia l edge o f th e  capsu la  in te rn a  a t  th e  level of th e  p re m a m illa ry  
nuclei, we have  failed to  e s tab lish  th a t  lo ca liza tio n  would be d e te rm in e d  b y  
fu n c tio n , m ain ly  as changes o f sim ilar o rd e r, th o u g h  of nega tive  n a tu re ,  m ay 
be o bserved  also in areas th a t  are  c e rta in ly  n o t invo lved  in sex u a l a c tiv ity . 
I t  m ay  be assum ed  th a t  in te n s ity  of A C hE a c tiv i ty  is d e te rm ined  b y  several 
fac to rs  th e  com plex effect o f which re su lts  in th e  above changes.

4. S l o p e r  [44], P e p l e r  an d  P e a r s e  [37], P e a r s e  [36], A r v y  [2] e x a m ­
ined th e  non-specific  esterases in th e  h y p o th a la m u s . D ifferent m e th o d s , such 
as a -n a p h th y l-a c e ta te , naph tho l-A S -ace tat.e , in d o x y l-ace ta te  su b s tra te s , rev ea l­
ed a c tiv ity  in th e  N SO and  N PY . In  c o n tra s t ,  o u r own stud ies sh ow ed  n o n ­
specific este rase  a c tiv ity  in all th e  h y p o th a la m ic  nuclei. The tw o  m eth o d s 
app lied  b y  us y ielded  a p rac tica lly  id en tica l re su lt. A c tiv ity  could b e  rev ea led  
in  a few  cells in th e  a rea  p reo p tica  an d  in  th e  N SC H  w ith  th e  n ap h th o l-A S - 
a c e ta te  p rocedure .

T he role of non-specific  esterases in ce llu la r m etabolism  h as no t been 
e lu c id a ted . I t  is assum ed  th a t ,  as enzym es occu rring  in  th e  m icrosom al 
m em b ran e  [4, 8], th e y  are  invo lved  in th e  d e to x ica tio n  of th e  endop lasm ic  
re tic u lu m  [34] an d  in in tra c e llu la r  t ra n s p o r t  [5]. As lysosom al enzym es [27], 
th e y  m ig h t p lay  an  im p o rta n t role in an ab o lic  processes. Some o b se rv a tio n s  
p o in t to  th e ir  possible p ep tid ase  n a tu re  [37, 36, 40]. A ccording to  th e  d a ta  
o f B e r n s o h n  e t al. [4], non-specific  e s te rase  m ay  also occur in th e  n eu ro p ile  
s tru c tu re s  and in th e  p o s tsy n a p tic  m em b ran e .

T hese o b se rv a tio n s as well as th e  fa c t th a t  non-specific e s te ra se s  m ay 
be  found  in th e  w hole h y p o th a la m u s , w ould  c e rta in ly  favour th e  view  th a t  
w ith in  th e  h y p o th a lam ic  neurons th e re  is no p ro b a b ility  of an y  sp ec ia l re la ­
tio n sh ip  to  specific ac tiv itie s  re la te d  to  n eu ro -h o rm o n a l con tro l fu n c tio n s.
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D IE  E S T E R A S E N  A K T IV IT Ä T  IM H Y PO T H A L A M U S
T. MÉSZÁROS. I. .1. CSŰRI, J. HÁZAS und M. PALKOVITS

In  den versch iedenen  H y p o th a la m u sfe ld e rn  k an n  eine A C h E -A k tiv itä t  u n tersch ied ­
licher In te n s itä t  und  cellu lä rer L o k alisa tio n  nachgew iesen w erden. E ine N europ ilreak tion  
lä ß t  sich n ich t b eo bach ten .

Zw ischen der A C h E -A k tiv itä t und  dem  funk tionellen  Z u stan d  b e s te h t  in den ver­
sch iedenen  H y p o th a lam u sb ez irk en  keine d irek te  B eziehung, zu m in d est k a n n  m it den gegen­
w ä rtig  zur V erfügung s teh en d en  h isto logischen U n te rsu ch u n g sv erfah ren  k e in e  solche Bezie­
hun g  aufgezeig t w erden. An A b sch n itte n , in d enen  keine a d eq u a te n  fu n k tio n e llen  V erän d eru n ­
gen angenom m en w erden k ö n n en , lassen  sich R eak tio n sän d eru n g en  b e o b ac h te n , und um ge­
k e h r t,  die A ChE feh lt in B ereichen, wo ih re  A nw esenheit e rw arte t w erden k ö n n te . D er AChE- 
G ehalt des H y p o th a lam u s sch e in t an  eine allgem eine celluläre A k tiv itä t  g eb u n d en  zu sein, 
u n d  s teh t n ich t u n te r  h u m o ra ler S teu eru n g . Die E n tfe rn u n g  b e s tim m te r e n d o k rin e r  Organe 
w ird  in de r Regel von e iner A k tiv itä tsv e rrin g e ru n g  gefolgt, u n a b h än g ig  von  de r A rt des 
e n tfe rn te n  O rgans oder der h y p o th a lam isch en  L o kalisa tion .

Э С Т Е Р А З Н А Я  А К Т И В Н О С Т Ь  В ГИ П О ТА Л А М У С Е
Т. МЕСАРОШ, И. Й. ЧУРИ Й,. ХАЗАШ и М. ПАЛКОВИЧ

В различных областях гипоталамуса можно выявить активность ацетилхолин- 
эстеразы различной интенсивности п клеточной локализации. Неуропильной реакции 
не наблюдается. Неспецифическая эстеразная активность выявляема во всех ядрах и полях.

В различных полях гипоталамуса между активностью ацетилхолинэстеразы и 
функциональным состоянием не существует непосредственной связи, или по крайней 
мере такой связи нельзя выявить с имеющимися в распоряжение гистологическими мето­
дами исследования. Изменения реакции наблюдаются на участках, где нельзя полагать 
адекватных функциональных изменений, и, наоборот, участках, где можно полагать 
наличие ацетилхолинэстеразы, она отсутствует. Содержание ацетилхолинэстеразы в ги­
поталамусе, поводимому, связано с общей клеточной активностью, п оно не подчиняется 
гуморальной регуляции. Удаление определенных эндокринных органов, как правило, 
вызывает уменьшение активности, независимо от вида удаленного органа чли от гипо­
таламической локлизацаии.

B u d a p e s t IX ., T űzoltó  u. 58. H u n g a ry
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EXPERIMENTAL CEREBRAL HAEMORRHAGE
IN THE DOG

L. L e e l - O s sy  

(R eceived  O c to b er 2, 1968)

Led by the  a ssu m p tio n  th a t  in  cases o f  cerebral haem o rrh ag e , sy s te m ic  h y p e r­
tension  p lays an  im p o rta n t role in p ro d u c in g  dysfunction  of th e  in tr a c ra n ia l  a rte ria l 
and  venous c ircu la tion , a m odel dog e x p e rim e n t has been e lab o ra ted . A f te r  c ran io to m y  
an d  opening o f the  d u ra , a ny lo n  tu b e  com ing  from  one of th e  com m on  c a ro tid s  was 
re tro g rad e ly  in tro d u ced  in to  a superfic ia l co rtica l vein. S im u lta n eo u s ly  w ith  this 
an astom osis, hlood p ressure  was in creased  b y  adrenaline . As a re su lt,  20 o f 33 dogs 
developed h aem orrhage  in th e  w h ite  m a tte r  on the  side of th e  a n as to m o sis .

H y p erten sio n  en d an g ers  in tra c e re b ra l c ircu la tion  when th e  p o ss ib ilitie s  of 
co m pensa tion  are e x h au s ted . F u n c tio n a l d iso rd ers of the  a rte ria l side d u e  to  h y p e r­
tension  (spasm , v a so d ila ta tio n , sta sis) are  accom panied  by  im peded  v en o u s  drainage  
or venous re flu x . U nder such  co n d itio n s, blood flow is slowed dow n in th e  capillary- 
venous a rea  since th e  w all o f th ese  vessels becom es func tio n ally  p a ss iv e . W ith  the 
slow blood flow , th e  vessels follow  th a t  h y d ro d y n am ic  law accord ing  to  w h ich  k inetic  
energy  changes in to  p ressu re  w hen  c irc u la tio n  is arrested . T he in c re a sed  pressure 
induces su d d en  ru p tu re  o f th e  vessels in  th e  capillary  and v en o u s a re a ,  th e  m ost 
v u ln erab le  p a r t  of th e  c e reb ro v ascu la r sy s tem  and the  e x tra v a sa te d  b lo o d  form s a 
h a em ato m a. Site and n a tu re  o f th e  o b se rv ed  haem orrhages co rre sp o n d e d  to  those 
seen in h u m an  h y p e rten siv e  cereb ra l h aem o rrh ag e .

A lthough  in v estig a tio n s in to  th e  ae tio logy  and  p a th o m e c h a n ism  of 
h y p e rten s iv e  in tra c e reb ra l h aem o rrh ag e  h a v e  an  alm ost c e n tu ry -o ld  h is to ry , 
no  d e fin itiv e  conclusions have  y e t been  reach ed . The m odern ized  v e rsions of 
ce rta in  in itia l no tio n s have  still a n u m b e r o f cham pions.

R o u c h o u x  (1914) a t t r ib u te d  ce reb ra l bleeding to  p reh a c m o rrh ag ic  
p a ren ch y m a l m alacia , w hereas C h a r c o t  a n d  B o u c h a rd  (1868) re g a rd e d  the 
ru p tu re  o f m iliary  an eu ry sm s as th e  p a th o g en ic  factor. A gain , L ö w e n f e l d  
(1887), St a e m m l e r  (1936), W e s t p h a l  (1937) an d  o thers th o u g h t t h a t  cerebral 
b leed ing  was due to local v a scu la r  necroses induced  by  d iverse  p a th o g en ic  
in fluences, e.g. d egenera tive  v a so p a th ie s , en zy m atic  ac tions, a n g io ly tic  su b ­
stances. Som e au th o rs , as for in s ta n c e  B e i t z k e  (1937), cla im ed to  h a v e  located  
th e  p o in t o f ru p tu re  in or n e a r th e  b leed ing . I t  was p o in ted  o u t  b y  several 
a u th o rs  (S c h w a r z , 1926; N e u b ü r g e r , 1928 — 1932; A la .i o u n t n e  e t  ah , 1936; 
W o l f f , 1937) th a t  no gross m orpho log ica l changes h u t v a so m o to r  d isorders 
w ere th e  m ost essen tia l p reh acm o rrh ag ic  phenom ena. Such p h e n o m e n a  were 
o bserved  by P al  (1905, 1931) an d  R i c k e r  (1919) in connec tion  w ith  h y p e r­
ten s iv e  v ascu la r crises an d  b ra in  co m m otion .

A ll th e  c u r re n t  th e o r ie s  r e f le c t  so m e o ld  n o tio n . T h e  w o rk s  o f  R o s e n -
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BLATH (1918, 1926), B ö h n e  (1927, 1929), L e h o c z k y  (1933), G l o b u s  e t al. 
(1927, 1937,1949, 1952) a n d  H ic k s  and W a r r e n  (1950) are  based on R o ch o u x ’s 
th e o ry  o f  p reh aem o rrh ag ic  necrosis.

A lthough  E l l is  (1909) and  P ick  (1950) r e fu te d  Ch a r c o t ’s and  B o u ­
c h a r d ’s aneurysm  th e o ry , th e y  actually  d ev e lo p ed  i t  b y  a ttr ib u tin g  th e  
h aem o rrh ag es  to  “ s u p e rm ilia ry  aneurysm s” . G r e e n  (1938) an d  R u s s e l  (1963) 
also  re fe rred  to  th e  s ig n ifican ce  of anom alous a n eu ry sm s.

Specific v ascu la r le s io n s  as the  cause o f  h a e m o rrh a g e  have been  d is­
cu ssed  b y  Jap an ese  a u th o r s  ( O o n e d a , 1959; K i s h i , 1959; I k e d a , 1964); 
F e i g i n  and  P r o s e  (1959) a lso  regard h y p e rte n s iv e  fib rino id  a rte ritis  as an 
im p o r ta n t  pa thogenic  fa c to r  o f th e  haem orrhages.

T he pathogen ic  ro le  o f  dissecting a n e u ry sm s , suggested  by  V irchow , 
w as la te r  accepted  b y  S h a r a p o v  (1938), S p a t z  (1939), P a u l i a n  et al.  (1939), 
Z i m m e r m a n n  (1949) a n d  Q u a n d t  (1959, 1962).

T h e  significance o f  p reh aem o rrh ag ic  fu n c tio n a l v ascu la r d is tu rb an ces 
c o n tin u e d  to  be recognized  a n d  it was po in ted  o u t b y  S c h w a r z  (1926, 1961) 
t h a t  th is  was the  m ost d y n a m ic  and m ost a c c e p ta b le  hyp o th esis  of all. F u n c ­
tio n a l d istu rbances a s so c ia te d  w ith h y p e rte n s io n  arise  a t some te rm in a l 
a r te r ia l  ram ifications in  th e  fo rm  of spasm , d i la ta t io n , para ly sis  of th e  vessels 
a n d  sta s is . E ach su b s e q u e n t disorder becom es g ra v e r  and  increases th e  
p o ss ib ility  of bleeding. P ro lo n g e d  spasm  or v a so m o to r  para lysis  leads to  d ia ­
eresis a n d  diapedesis. T h is  m ech an ism  has been reco g n ized  b y  K ö r n y e y  (1939) 
a n d  S á n t h a  and H a b e r l a n d  (1951).

S c h e i n k e r  (1940 , 19 4 5 ) ,  too ,  d esc r ibed  f u n c t i o n a l  d is tu rb a n c e s  h u t  
o b s e r v e d  th e i r  e ffec t in  t h e  v e n o u s  area a n d  a t t r i b u t e d  t h e  m ass ive  h a e m o r ­
r h a g e s  to  v enous  r u p t u r e ,  a  v iew  sh a re d  b y  M u r p h y  (1954), Z i l ’B e r b e r g  
a n d  C h e r k a s s k i i  (1958),  C o u r v i l l e  (1957), P a l  (1931),  H il l e r  (1936),  
D e n n y - B r o w n  e t al. (1 9 5 6 ) ,  С о в в  (1957), R a k o n i t z  (1961) a n d  M u t l u  e t  
al. (1963).

T his survey, a lth o u g h  fa r from being c o m p le te , show s the  d ivergence 
o f v iew s. Y et, tw o fu n d a m e n ta l  principles seem  to  be un iversa lly  accep ted . 
A cco rd in g  to  the f irs t, h y p e rte n s io n  is th e  c h ie f  p a th o g en ic  fac to r o f h a e m ­
o rrh a g e s : its  double ro le  in  th is  respect co n sis ts  in  b e ing  one of th e  causes 
o f  m orphological ch an g es o ccu rrin g  in th e  c e re b ra l ve ins and  in being  th e  
so u rce  o f  haem odynam ic  d is tu rb a n c e s  d irectly  re sp o n sib le  for th e  haem orrhage. 
W h ile  cerebrovascu lar le s io n s prom ote b leed ing , th e y  are less im p o rta n t in 
th is  re sp ec t th a n  h y p e r te n s io n , a theo ry  ch am p io n ed  am o n g  o thers by  M o l n á r  
a n d  B a l a j t h y  (1966).

T h e second a lm o s t u n an im ously  ac c e p ted  p rin c ip le  is th a t  severa l 
m ech an ism s m ay be in v o lv e d  in  th e  causation  o f  m assiv e  haem orrhages. I t  is 
co n ce iv ab le  th a t  — as h as  b een  in stru c tiv e ly  d e m o n s tra te d  by M u t l u  e t al. 
(1963) — bleedings m a y  be  d u e  to  ru p tu re  as w ell as to  diapedesis. The p re se n t
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a u th o r  an d  his co-w orkers (1964) also recogn ized  th e  d istin c tio n  b e tw een  
d iap ed e tic  an d  rhex ic  b leed ings an d  a tte m p te d  to  d iffe ren tia te  th e  tw o  fo rm s 
b o th  clin ically  an d  p a th o lo g ica lly . To su p p o rt th is  view , ex p erim en ts  w ere 
m ade to  im ita te  th e  beg inn ing  of b leed ing  a n d  to  d iscover its  m ost e ssen tia l 
an d  m ost f req u en t m echanism .

We relied on th e  a ssu m p tio n  th a t  gen era lized  grave h y p e rte n s io n  is 
accom pan ied  by  a slow ing of venous flow  in a g iven  cerebral a rea  an d  th a t  
venous re flu x  m ay  even  occur th e re . H y p e rte n s io n , by causing f lu c tu a tin g  
and  v a riab le  changes in  th e  vessels capab le  o f  c o n trac tio n  an d  d ila ta tio n , 
leads to  a slow ing dow n o f c ircu la tion  th e  effec ts w h ereo f m an ifest th em se lv es  
ch iefly  on th e  ven o u s side o f th e  cap illa ry  sy s tem . I t  is in th is a lm o st co m ­
p le te ly  passive p a r t  of th e  cereb rovascu la r bed  th a t  cond itions becom e fa v o u r­
ab le for th e  d ev e lo p m en t o f  haem orrhages, th is  a rea  being unab le  to  co m ­
p en sa te  d is tu rb an ces  o f a rte ria l and  venous c ircu la tio n .

F irs t, an  a t te m p t w as m ade to  induce  ce reb ra l haem orrhage b y  e le v a t­
ing blood p ressu re  in th e  system ic  c ircu la tio n  an d  b y  c rea ting  a t  th e  sam e 
tim e  venous congestion  in  th e  head  (V alsa lva’s m anoeuvre), an  a t te m p t  
defea ted  by  th e  a b u n d a n t a rte ria l an d  venous co lla te ra ls  ex isting  in  th e  dog. 
T herefore, th e  m e th o d  described  in th e  fo llow ing has been e lab o ra ted .

M ethod

U nder  chloralose anaes thes ia ,  a m ercury  m a n o m e te r  was tied into the femora l  a r te ry .  
A f te r  isolating b o th  com m on caro t id  arteries,  a glass tu b e  was in troduced  th ro u g h  th e  t r a ­
cheo tom y opening  for m echanical  venti la t ion .  T hen  b i la te ra l  c ran io tom y involving the  m id line  
was perform ed. A nter io r ly ,  th e  incision reached the f ro n ta l  sinus, posteriorly  the  occip i ta l  
p ro tuberance ,  la te ra l ly  the  a p p ro x im ate  level of  the  z y g o m a t ic  a rch  (above the  Sy lv ian  
sulcus). W hen open ing  the d u r a  the  superior sagitta l  s inus and  the veins e m p ty in g  in to  it  
were avoided. Bleedings f rom  ru p tu re d  emissary  veins were carefully  controlled. T he  co r t ica l  
surface b eh ind  the  c rucia te  sulcus was exposed the p o s te r io r  b o u n d a ry  whereof was usua l ly  
c o n s t i tu ted  by  a line d raw n  on the init ial  port ion  of th e  ec tosy lv ian  sulcus. T he  o p e ra t io n  
exposed fu r th e rm o re  the  two u p p e r  ( I I I  and  IV) gyri a n d  the  poste rior  p a r t  of gy ru s  I I  (see 
Fig. I). Of the  superficial  cortical veins, the  b ila tera l  p recen tra l ,  centra l  and p a r ie ta l  vessels 
became well visible,  toge the r  w ith  their  ramifica tions a n d  connections.  Following h aem o stas is  
iVaCl-saturated gaze was applied  to the  cortical surface.

The n e x t  m an ip u la t io n  consisted in the distal l iga tu re  o f  one of the c om m on c a ro t id  
a r te r ies  in to  which a 55 cm long nylon c a th e te r  w ith  a d ia m e te r  gradually  d im in ish ing  from  
3 to  1 mm was inserted .  T he  th in  end of the  h epar in ized  c a th e te r  was connected  to  th e  
larges t  co n tra la te ra l  p recen tra l  or centra l  vein (Fig. 2), t ak in g  care to p rev en t  re f lu x ;  we 
a lways tr ied  to avoid  fas ten ing  of the ca th e te r  since th is  m an ipu la t ion  in ev i tab ly  in ju red  
th e  cortical surface.

The sh u n t  be tw een  the  comm on caro t id  and the  cor tica l  vein was c lam ped  a f te r  a few 
seconds of p re l im in a ry  tr ia l  necessary for the checking of ad eq u a te  blood flow a n d  avo id  
the  possibility of  coagulat ion .  T he  sh u n t  was reopened  a f te r  10 to 30 sec when a f te r  the  
a d m in is t ra t io n  of 0.5 mg of adrena line  a r te r ia l  pressure  had  reached a peak;  th is  u sua l ly  
am o u n ted  to  260 340 m m  Hg. The  b ra in  invar iab ly  s t a r t e d  to swell, fi rs t  on the side o f  the
sh u n t  and then  on the  opposi te  side. The animals were killed by  in travenous  h e x o b a rb i ta l  when 
the  swelling had las ted  2 to 3 m in . The  sh u n t  was closed for a short t ime w heneve r  a n y  
d is tu rbance  in blood flow, blood pressure,  or an  in ju ry  o f  the  cortical surface was obse rved .

Slight dev ia t ions  f rom  the above in te rva ls  occurred  in some cases owing to the  ta k in g  
of p h o to g rap h s  and  a r te r io g rap h y .

The vo lu m e  of a r te r ia l  blood passing into the vein is given in ml, as de te rm in ed  m an o -  
metrically  from the flow. (Table  I shows the  a m o u n t  o f  blood passing th rough  th e  c a th e t e r
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F ig . 1. T h e  exposed area  w i th  a  schem atic  i l lu s t ra t io n  of the inserted ca th e te r .  R o m an
n u m era ls  ind ica te  a r c u a te  gyri

F ig . 2. Surgical in te rv en t io n :  swelling of b ra in  ( increase  of mass) during  free blood flow 
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per  m in u te  a t  th e  given pressures.)  The  values so o b ta in e d  express  the  increase  in blood How 
in to  th e  superficial cor tica l  veins in re la tion to the increase in blood pressure .  Owing to the 
ab u n d an c e  of cereb rovenous  anas tom oses,  ju g u la r  blood pressure  would likewise h ave  yielded 
re la tive  values. It was impossible  to de te rm ine  the  pressure  in the  affected hem isphere .

Some obse rva t ions  m ad e  in the  course of the  e x p er im en ts  h ave  to be m entioned.
l . T h e  ar te r io -venous  s h u n t ,  even if  i t  was left open  for several m in u te s  or  sometimes 

h a lf  an  hour,  induced b u t  sl ight swelling of the b ra in  p rov ided  tens ion was n o rm a l ;  this was 
checked in several in s tan ces  so as to observe the  difference be tw een  the  e ffects of norm al 
blood pressure and  h y p e r ten s io n .  A b u n d a n t  anas tom oses  be tw een  the  superf ic ia l  cortical 
veins enabled  the venous c ircu la t ion  to hear  such stress.  Dissection a f te r  these  m an ip u la t io n s  
revea led  no changes,  a n d  histological e xam ina t ion  disclosed b u t  a few m in u te  p o in ts  of  dia- 
pedesis  in the affected  cortex .

F ig . 3. Ph lebography  th ro u g h  ca th e te r  tied into r igh t  cortical vein. A few superf ic ia l  veins 
are ou tlined ,  and the  presence of a h a em ato m a  is ind ica ted  by the  ova l-shaped  in trace reb ra l

accum ula t ion  of c o n tra s t  m a te r ia l

2. The dark  violet  colour of blood p ro m p tly  changed  in to  a b r ig h t  red im m edia te ly  
a f te r  the  opening of the  s h u n t ,  while the  blood rem a ined  u n c h an g ed  in the veins n o t  involved 
in the  shun t .  This allowed to check the size of the  area  affec ted  by the sh u n t .

3. In two cases the  cortical surface grew livid and  pe tech iae  ap p ea red  im m edia te ly  
a f te r  opening the sh u n t .  V enous dra inage  being im peded  (by th rom bos is  or  a m alposition 
of the  ca the te r)  the  a r te r ia l  blood passed directly  in to  the  subcort ical  veins in these cases.

4. The short  d u ra t io n  of the  experim en t ,  the a r te r ia l  blood passing  in to  the  sh u n t  
and  the  a b u n d a n t  venous  anas tom oses  p reven ted  anoxia .

5. The pressure  of blood flowing into the  superficial  cortical veins an d  the num ber  
o f  veins p a r t ic ip a t in g  in the  sh u n t  were inversely re la ted  so t h a t  the  a m o u n t  o f  blood shown 
in Table  I w;as d ispersed  in a few seconds.

6. When we did n o t  succeed in inserting the  ca th e te r ,  it  was in t ro d u ced  in to  the vein 
on the side of the ca th e te r iz ed  carot id .  This a l te rn a t iv e  m ad e  no change in e i the r  the  course 
of th e  experim en t  or in the  resu lts  obtained.

The  ex p er im en t  was too shor t  to allow the reg is tra tion  of add it ional  p a ra m e te r s ,  and 
so i t  was oidy af te r  f ix a t io n  o f  the  bra in  t h a t  we were able to ascertain  the  resu lt .  Pa lpa t ion  
of large h aem a to m as  ( f lu c tu a t io n  !) p rovided in fo rm at ion  in some cases. Ph leb o g rap h y  
revealed  considerable accu m u la t io n  of con tras t  m ate ria l  in one or two cases. (Fig. 3.)
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M a te r ia l  a n d  r e s u lt s

T o  in d u ce  ce reb ro v ascu la r changes in h y p e rte n s io n  b y  m ean s  o f p e riren a l 
f ib ro s is , b o th  k idneys o f 12 m o n g re l dogs w ere w ra p p e d  in  ce llophane ( P a g e , 
1931). T w o dogs died d u rin g  th e  m an ip u la tio n ; in  th e  su rv iv in g  10 an im als 
u n d e r  ch loralose an aesth esia  b lo o d  pressure was m easu red  in th e  fem oral a r te ry  
b e fo re  th e  renal o p e ra tio n , th e n  3 to  4 m o n ths la te r  and  for th e  la s t tim e  
im m e d ia te ly  before th e  ce re b ra l opera tion , i.e. a f te r  6 to  9 m o n th s , alw ays 
u n d e r  id en tica l cond itions. V a lu es  so o b ta in ed  a re  lis ted  in T ab le  I I .  B lood 
p re s su re  ten d ed  to w ard  n o rm a l a f te r  six m o n th s , a w ell-know n phenom enon  
in  cases  o f exp erim en ta l h y p e rte n s io n  ( K ö v é r  e t a l., 1960). Tw o o f th e  h y ­
p e r te n s iv e  anim als su ccu m b ed  to  th e  in tra c ra n ia l in te rv e n tio n  so th a t  only 
e ig h t dogs of th is g roup  w ere  le f t for th e  second  p a r t  of th e  ex p e rim en t.

Table II

Number 
of animals

Initial value, 
mm Hg

3 — 4 months 
mm Hg

6 — 9 months 
mm Hg

l 80 300 140

3 100 230 165

4 110 210 130

5 135 320 150

6 90 305 150

7 130 280 180

8 140 170 170

10 130 210 140

11 150 160 130

12 140 165 170

O n ly  c ran io tom y  w as p erfo rm ed  on 25 dogs; th e ir  b lood  p ressu re  
a m o u n te d  (in chloralose a n a e s th e s ia )  to  90 —140 m m  H g a t th e  o u tse t o f th e  
e x p e rim e n t.

T h e  tw o groups will n o t  be tre a te d  se p a ra te ly  in th e  follow ing, as th e ir  
m e m b e rs  show ed no d iffe rence  as regards e ith e r  th e  e x te n t or th e  n a tu re  of 
th e  h aem o rrh ag es . The e x p e rim e n t w ith  th e  8 “ h y p e rte n s iv e ” an d  25 “ n o rm a l” 
dogs y ie ld ed  positive re su lts , n am e ly  m ore or less ex ten siv e  su b co rtica l b leed ­
in g , in  20 cases. N eg a tiv e  re su lts  were due m o stly  to  ou r h av in g  failed  to  
c re a te  a n  adequa te  sh u n t. T h e  haem orrhage  h ad  to  be neg lec ted  in  som e cases 
ow ing  to  superficial la c e ra tio n .

T h e  site  of b leed ings as also th e ir  n a tu re  a n d  ap p ro x im a te  e x te n t  are 
sh o w n  in  T able  I I I .  A rab ic  n u m era ls  in d ica te  m em bers of th e  h y p e rten s iv e ,
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Table  III

Dog No. Localization | Nature Size, cm

of haemorrhage

3 R. subcortical parietooccipital Perisulcal linear

6 R. tem poroparie ta l  white m a t t e r Massive 2.3 X 0.5

7 Bila tera l  subcortical parietal R. destructive 2.0 X 0.5

L. linear

8 L. subcortical central Massive (ventr icular) 2.0 X 1.0

III R. subcort ical  parie tooccipital Destructive  (ventricular) 4.5 X 0.5

IV R. hemispheral  white m a t te r Massive 4.5 X 2.0

V L. subcortical parietal Petechial —

VI R. subcortical hernisph. Massive 5.0 X 2.0

VII L. sub insu lar  centroparie ta l Massive 2.0 X 1.5

V III L. sub insu lar  white m at te r Massive 2.5 X 1.0

IX L. subcortical central Petechial —

X II R. subcortical parietooccipital L inear -

X I I I R. subcortical parietooccipital Petechial linear 2.0 X 0.5

XIV R. subcortical white m at te r Linear —
XV II L. subcortical parietal Linear (ventricular) 1.0 X 0.3

X V II I L. tem poroparie ta l  white m a t te r Massive 3 .0X 1.0

X I X R. frontocentra l  white m a t te r Massive 1.5 X 1.0

X X L. subinsular  centroparie ta l Massive 3.5 X 1.5

X X IV R. subinsular Linear —

XXV R. subcortical-cortical par ie toocc ip i ta l Haemorrhagic  infarction —

R. righ t  side

L. left side

H om an n u m era ls  those of th e  n o rm a l, g roup . Figs 4 and  5 p re se n t p ic tu res  
o f  haem o rrh ag es .

A ccord ing  to  localisation  a n d  g enera l fea tu res , th ree  ty p e s  o f  b leed ing  
were observed .

1. S u b co rtica l linear h aem o rrh ag e  lim ited  in ex tension  n e a r  th e  in sertion  
o f th e  c a th e te r . I t  was u sua lly  p a ra lle l to  th e  U -fibres an d  s i tu a te d  below 
one or tw o gyri. Sm all subco rtica l p e tech iae  w ere also classifieil u n d e r  th is 
ty p e  (F ig. 6a).

2. M ore ex ten siv e , usually  w ed g e-sh ap ed  m assive h a e m o rrh a g e  b e n e a th  
th e  p a r ie ta l c o rte x  reach ing  and o ften  in v ad in g  th e  up p er an d  la te ra l  b o rd er 
o f th e  la te ra l  v en tric le  (F ig. 6b).

A cta  M orphologien A cadem iae S c ien tiarum  H u n g a rica c  17, 1969
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Fig.  5. E lo n g a ted  h a em a to m a  in  th e  tem p o ra l lobe. B leed ing  on  th e  opposite  side is th e  re su lt  
o f  a  p reced ing  unsuccessfu l e x p e rim e n t

3. L arge  m assive b leed in g  w hich d es tro y ed  th e  m a jo r p a r t  of th e  h em i­
sp h e re ’s w h ite  m a tte r . A d ja c e n t to  th e  b asa l g an g lia , i t  d id  n o t affect th e  
c o rtex  a n d  w as som etim es accom pan ied  by  v e n tr ic u la r  haem orrhage (Fig. 6c).

O b stru c tio n  of v en o u s  d ra inage  induced  ty p ic a l haem orrhag ic  in fa rc tio n  
in  one case (Fig. 7).

Tw o m ain  fac to rs  seem ed  to  d e te rm in e  th e  ty p e  o f bleeding.
1. Successful c a th e te r iz a tio n , i.e. p ro d u c tio n  o f  a b lood  flow o f a d e q u a te  

k in e tic  energy . T he e x te n s io n  of th e  venous sy s te m  sh u n ted  w ith  a r te r ia l

A c ta  M orphologica A cadem iae S c ie n tia ru m  Hungaricae 17, 1969

Fig. 4. M assive h aem o rrh ag e  in  th e  w hite m a tte r  o f  th e  r ig h t  hem isphere w hich saves I he 
c o rte x  b u t  d estro y s th e  b a sa l g an g lia
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flow was a decisive fa c to r  in th is  respect. I f  it  was of  l im ited  e x te n t ,  the 
resu lting  linear or pe tech ia l  haem orrhage  was subcortical.

A nother fac to r  was th e  degree of  ind u ced  hypertens ion .
2. A fu r th e r  decisive fac to r  was age. Massive hem isphera l  b leed ing  was 

observed  in th ree  old dogs whose du ra  was calcified an d  whose superficial 
piai arteries were to r tu o u s  and  rigid. A ge-conditioned  vascu la r  degenera t ion  
rendered  th e  an im als  susceptib le  to  bleeding.

A rteriogram s m a d e  in  some cases of  open sh u n t  revea led  a considerable  
accum ula tion  of c o n tra s t  m a te r ia l  in th e  subcort ica l  m edu lla  acco rd ing  to  the  
site  of th e  pe tech ia l or m assive haem orrhage  (Fig. 3).

A c ta  M o rp h o lo g ien  A c a d e m ia c  S c ie n tia r u m  H u n g a r ic a e  1 7 , 1969

F ig . (). Types of b leeding: a subcort ical  e longate; b wedge-shaped, invad ing  th e  ventricle;  
c - m assive,  destruct ive  in the larger hemisphere
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F ig . 7. Haem orrhagic  in farc t ion

Histological results. N o changes were fo u n d  in  th e  basila r, p ia i and  
in tra c e re b ra l  vessels of th e  “ h y p e rten s iv e”  dogs. T he m edia in th e  a rteries 
o f  o ld e r  anim als d isp lay ed  fib ro sis  and  e lasto ly sis  in b o th  groups. G rave 
fib ro s is  an d  also hyalinosis o f  th e  basilar an d  p ia i vessels w ere reg is te red  in 
som e m em bers of th e  h y p e r te n s iv e  group. T his g roup  was n o t large enough 
to  a d m it  o f conclusions as to  th e  vascu lar changes.

B leedings were sh a rp ly  circum scribed  (F ig . 8). P e tech iae , freq u en tly  
acco m p an ied  by a loosening  o f  tissues, in h ib itio n s  w ith  p lasm a, an d  oedem a, 
w ere  o bserved  in  th e  m a rg in a l portions of th e  ce reb ra l su b stan ce . M assive 
h ae m o rrh a g es  were s tru c tu ra l ly  sim ilar to  th o se  o f h u m a n  su b jec ts . T he blood 
flo w ed  o u t som etim es a t  th e  rem o v al of th e  b ra in  leav in g  a n a rro w  gap to  
show  th e  destroyed  tissu e . T h e  cross section  o f an  occasional la rg e  vessel, 
su g g e s tiv e  of a vein , w as d im ly  perceived in  sm all haem o rrh ag es (F ig . 9). 
T h e  su rro u n d in g  co n cu rren t b leed ings ap p eared  — as in  h u m an s — to  be of 
c a p illa ry  or venous origin (F ig . 10).

S lig h t petechial and  m assive  sub co rtica l h aem o rrh ag es w ere often  
a sso c ia te d  w ith  m in u te  c o r tic a l d iapcdetic  b leed in g  w hich ap p ea red  in  one 
or tw o  foci. T hey were like th e  co rtica l b leed ings seen in  h aem o rrh ag ic  in fa rc ­
tio n  w ith o u t, how ever, a n y  sign  of anoxia. No co rtic a l lesions were observed

A c ta  M orphologica A cadem iae S c ie n tia ru m  H ungaricae 17, 1969
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Fig. 8. The u p p e r  p ic tu re  shows the  sharp borders o f  bleedings, the lower one presents  con­
c u rren t  m inute  m arg inal  bleedings

Fig. 9. Detail  of  vessel wall in h a em a to m a

Acta M orphologien Academ iae S c ien tiarum  Hungaricae 17, 1969
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F i g . 10. Minor haemorrhages in subcortical white matter and cortex

in  c o n n e c tio n  w ith  m assive h aem o rrh ag es ; m in u te  co rtica l lesions seen in 
cases o f  s lig h t haem o rrh ag e  w ere o ften  a t  som e d is tan ce  from  an d  n o t im m e d ia te ­
ly  be low  th e  insertion  of th e  c a th e te r . T hese observ a tio n s te n d  to  show  th a t  
ou r e x p e rim e n ts  did n o t co n sis t in  th e  ru p tu re  of one or tw o  m a jo r vessels 
since th e  p o in t of b leeding w as in  m ost cases rem o te  from  th e  m ax im u m  of 
in flow . T h e  b lood  flow ing in  soon d ispersed  in  th e  superfic ia l venous a p p a ra tu s .

S igns o f passive h y p e ra e m ia  w ere in v a ria b ly  m ore p ro n o u n ced  on th e  
side o f  b leed ing , a n a tu ra l  h a e m o d y n a m ic  phenom enon .

T h e  experim en ts h av e  p ro v e d  th a t  th e  co rtex  is m ore, an d  th e  w hite  
m a t te r  in  th e  subco rtex  a n d  n e a r  th e  b a sa l ganglion  less, re s is ta n t to  h ae ­
m o d y n a m ic  stress. T he an a lo g u e  o f th is  fac t is w ell-know n from  h u m a n  
h y p e r te n s iv e  cerebral h aem o rrh ag e.

D is c u s s io n

S p o n tan eo u s  cerebral h a e m o rrh a g e  im ita tin g  h u m an  ap o p lex y  h as  n o t 
been  o b se rv e d  in  an im als, n o r  h av e  in v e s tig a to rs  succeeded in  in d u c in g  it  
e x p e r im e n ta lly  (St a m l e r , 1958; W h i s n a n t , 1958; L u g i n b ü h l , 1966). As to  
th e  a t te m p ts  to  induce c e re b ro v ascu la r  lesions in  an im als W e r t h e i m e r  et al. 
(1933) cau se d  bleeding b y  in creasin g  an d  decreasing  th e  p ressu re  of ce reb ro ­
sp in a l f lu id . Since in tra c e re b ra l venous ten s io n  depends on th e  p ressu re  o f th e  
c e re b ro sp in a l flu id , th e ir  e x p e rim e n t show ed th a t  f lu c tu a tio n s  o f th e  venous 
p re ssu re  c o n tr ib u te  to  th e  d ev e lo p m en t o f cereb ral h aem o rrh ag e. G l o b u s  et 
al. (1949 , 1952), a fte r u n ila te ra l  lig a tio n  o f th e  m iddle cereb ra l a r te ry , pro-

A c ta  M orpho log ica  Academ iae Sc ien tia ru m  H ungaricav 17, 1969
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duced period ic  h y p e rten s io n  by  m eans o f a d re n a lin e  and observed  in  som e 
cases h aem o rrh ag es d u rin g  th e  p o s to p e ra tiv e  d ay s  as also a t la te r  d a tes . 
Follow ing th e  lig a tu re  or em bolism  of th e  m id d le  ce reb ra l a r te ry  h aem o rrh ag es  
were a f te r  p a re n c h y m a l dam ages w ith  or w ith o u t h y p ertension  (Va n  W u l f f - 
tf .n , 1932; B r o m a n , 1939; F azio  and  S a c c h i , 1940 1943; K a s e , 1959; К л т о ,
1964). T hese a t te m p ts  seem ed to  su p p o rt th e  th e o ry  of p reh aem o rrh ag ic  
m alacia , b u t  w ere — as s ta te d  b y  S c h e i n k e r  (1946) and A dam s  (1953) - 
really  im ita tio n s  of h aem o rrh ag ic  in fa rc tio n .

W e received  th e  im pulse to  e lab o ra te  o u r m e th o d  from  th e  a t te m p ts  
o f ce rta in  a u th o rs  w ho tr ie d  to  im prove c e re b ro a rte r ia l c ircu lation  re tro g ra d e ly  
v ia  th e  venous channels ( B e c k , 1949; M c K h a n n  et ah , 1950; G u r d j i a n  e t ah, 
1950). O w e n s  (1960) increased  cerebral flow  b y  lig a tin g  of th e  in te rn a l ju g u la r  
vein  an d  d e m o n s tra te d  th a t  a re tro g rad e  v en o u s-cap illa ry  circle m a y  he 
p ro d u ced  w hich  im proves th e  oxygen su p p ly  o f a g iven area (1963). A n o th e r  
in fo rm ation  concern ing  venous c ircu la tion  w as p ro v id ed  b y  D e n n y - B r o w n  
e t ah (1956) w ho succeeded  in  p rovok ing  v a rio u s  fu n c tio n a l d is tu rb a n c e s  and 
even h aem o rrh ag ic  in fa rc ts  b y  re tro g rad e ly  in je c tin g  saline so lu tion  in to  th e  
co rtica l veins.

R ely ing  on th e  ev idence of th e  p re sen t re su lts , we propose to  ex p la in  
our th e o ry  reg a rd in g  th e  m echan ism  of ce reb ra l bleeding.

H y p e rten s io n  m eans a g rea t stress for sy s te m ic  c ircu la tion . E x tra c e re b ra l 
and  in tra c e re b ra l re g u la to ry  m echanism s p ro te c t  th e  b ra in  from  th e  h a rm fu l 
effects o f th e  c irc u la to ry  flu c tu a tio n s . P ro lo n g ed  hy p erten sio n  an d  a r te r io ­
sclerosis c rea te  a s ta te  in w hich th e  in tra c ra n ia l  vessels too becom e in v o lv ed  
in  th e  c irc u la to ry  d iso rd er (A k s y a n t e v , 1956) so th a t  ce rta in  areas w ill be 
v u ln e rab le  b y  ano x ia  and  s tasis , a cond ition  lead in g  to  spasm s, v a so d ila ta tio n , 
acu te  or p ro longed  vaso p ara ly sis  w hich m av  v a ry  from  one to  th e  n e x t 
v ascu la r segm en t. T he resu lt — w h a tev er th e  a c tu a l d iso rder — will be  th e  
slow ing dow n o f c ircu la tio n . T he co m p en sa to ry  m echan ism s m ay c o u n te ra c t  
th e  d is tu rb a n c e  for som e tim e , h u t tin; s i tu a tio n  on  th e  a rte ria l side m ay  
th e n  becom e such  as to  exclude  fu r th e r  possib ilities  o f com pensation . V enous 
an d  cap illa ry  d y sfu n c tio n  becom es still m ore p ro n o u n ced  since, la ck in g  th e  
pow er o f co m p en sa tio n , th e  veins and  cap illa ries  w ill be passively  in v o lv ed  
in  th e  a r te r ia l d is tu rb an ce . A ccording to  h y d ro d y n a m ic  laws, ex trem e slow ing  
or stoppage  of b lood flow  in th e  arte ries, cap illa rie s  a n d  veins of a g iven  area  
will cause th e se  vessels to  b ehave like rig id  tu b e s . A ccording to  th e  m o st 
im p o rta n t b iophysica l law  o f b lood flow , all k in e tic  energy  changes in to  p re s ­
sure w hen flow  is a rre s ted . S uscep tib ility  of th e  vessels to  ru p tu re  is g re a tly  
p ro m o ted  by th e  p ressu re  w hich acts on th e  v a sc u la r  w all, its  force d e p e n d  ing­
ón th e  ca liber o f th e  vessel.

U n d e r such  co n d itions it  is th e  cap illa ry  a n d  venous system  w h ich  is 
m ost easilv  ru p tu re d . This ten d en cy  is th e  m ore  p ronounced  the  lo n g er th e
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vessel (e.g . th e  subcortical veins) and th e  p o o re r  th e  anasto m o tic  c o m m u n ica ­
tio n s  to  d iv e r t  th e  heav y  p ressu re  (regions o f  th e  b asa l ganglia) a n d , o f  course, 
th e  th in n e r  th e  wall o f th e  a ffec ted  v ascu la r  segm ent.

R u p tu re  m ay occur a t  an y  p o in t. O ne is dealing  in  m ost cases w ith  
a c u te  d is tu rb a n c e s , an d  th e  d ev e lopm en t o f  a haem orrhage is a m a t te r  of 
seco n d s. O nce a h aem a to m a  develops, d iffe re n t actions will becom e o p e ra tiv e  
in  a n d  a ro u n d  the  a ffec ted  a rea . E x te n t, s ite  a n d  n a tu re  of th e  h aem o rrh ag e  
d e p e n d  on  th e  q u a lity  o f th e  area, its size a n d  th e  q u a lity  o f its  vessels in 
w hich  b lood  flow is a rre s te d  to  such an e x te n t  as to  cause th a t  a m o u n t of 
k in e tic  en e rg y  to  change in to  pressure w h ich  suffices for in d u c in g  a su d d en  
ru p tu r e  o f  th e  vessel w all.

T h e  la s t phase o f m assive  h y p e rten s iv e  cereb ral h aem o rrh ag e  — irre ­
sp e c tiv e  o f  th e  n a tu re  o f a r te r ia l d y sfu n c tio n  (spasm , d ila ta tio n ) — is alw ays 
a c c o m p a n ied  by  increased  venous p ressu re  w hich  tends to  a g g ra v a te  th e  
d is tu rb a n c e  on th e  a r te r ia l  side. H a e m o d y n am ic  phenom ena o f  th is  k ind  
e x p la in  th e  d ev e lo p m en t o f h aem orrhage.

I f  i t  is perm issib le  to  speak  of a “ h aem o rrh ag ic  u n i t” , i t  m a y  be 
re p re s e n te d  by  the  sm a lle s t cap illa ry  or p o s tcap illa ry  segm ent in  wrhich 
p re ssu re  becom es high eno u g h  to  cause a su d d e n  ru p tu re  and  co n seq u en tia l 
b le e d in g  a t  a given m o m en t. N um erous su ch  closely packed m in ia tu re  u n its  
u n d e rg o  ru p tu re  in m assive  h y p erten s iv e  h aem o rrh ag e .

T h e  pressure  m ay be h igh  enough to  ru p tu re  a m urally  d e fec tiv e  p re ­
c a p illa ry  a rterio le  or v en u le , h u t the  vesse ls o f the “ p assive”  (cap illa ry  
v en o u s) segm en t are m ore lik e ly  to  cede to  p ressu re .

O u r m odel e x p e rim en t, in  ad d itio n  to  ex p la in in g  th e  m echan ism  o f th e  
su d d e n  d eve lopm en t o f m assiv e  b leedings, seem s to  prove th a t  a lesion of 
th e  v a s c u la r  wall is n o t an  in v ariab le  p re c o n d itio n  of h aem o rrh ag e. In  th e  
e x p e r im e n t the  critical s i tu a tio n  was p ro d u c e d  by  seriously im p e d in g  su b ­
c o rtic a l venous d ra inage  o v er th e  en tire  h em isp h ere ; th is  w as ach iev ed  by  
m ean s o f  a re trog rade  co rtic a l v en o u s-ca ro tid  anastom osis, while s im u ltan eo u s  
h y p e r te n s io n  increased  th e  v ascu la r re s is tan ce  an d  so th e  slow ing  dow n of 
b lo o d  flo w  b y  wTay o f th e  sp asm  of m ino r a rte r ie s , and of o th e r  c irc u la to ry  
d is tu rb a n c e s . D ysfunction  w as m ostly  a p p a re n t  in  th e  area d ra in e d  b y  th e  
su p e rfic ia l veins. O ur m e th o d  seem s to  be su ita b le  for p roduc ing  h aem o rrh ag e  
also in  o th e r  p a rts  o f th e  b o d y  by  a re tro g ra d e  sh u n t of som e v en o u s  bed 
or s in u s.

S im ila r  “ h aem o rrh ag ic  u n its ”  are  fo rm e d  in connection  wFi th  h aem o r­
rh a g ic  in fa rc ts , sinal and  co rtica l venous th ro m b o se s , b u t anox ia , th e  essen tia l 
fe a tu re  o f  such lesions, m ak es these  h aem o rrh ag es  d iffe ren t; besid es , also 
v a s c u la r  fac to rs  and p a re n c h y m a l d am age h a v e  to  be tak en  in to  a c c o u n t in 
h a e m o rrh a g es  of th is k ind .

I t  w ill be ev iden t from  th e  foregoing t h a t  a cerebral c irc u la to ry  d y sfu n c ­
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tio n  is an essen tia l fe a tu re  of h y p e rte n s iv e  haem orrhages. T h e  fu n c tio n a l 
d is tu rb a n c e  is usually  re s tr ic te d  to  a c ircu m scrib ed  area. A n o th e r  essen tia l 
fac to r  is th e  sim u ltan eo u s or c o n seq u en tia l increase of in tra c e re b ra l venous 
p ressu re  w hich ag g rav a tes  th e  c irc u la to ry  d iso rd e r to  th e  p o in t o f  s ta s is  and 
m ay  even give rise to  backflow . T he p a th o m e c h a n ism  of cereb ral h aem o rrh ag es 
ac ts  in our op in ion  b y  w ay of h aem o d y n am ic  fac to rs  as o u tlin ed  ab o v e , and 
h y p e rten s iv e  b leeding is a resu lt o f th e ir  com bined  actions.
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E X P E R I M E N T E L L E S  H E R V O R R U F E N  E I N E R  G E H I RÍNB L U T U N G  AM H U N D

L. LEEL-ŐSSY

U n te r  der A n n ah m e,  d a ß  bei der  G e h irnb lu tung  der  allgemeinen H y per tens ion  im 
Z ustandebringen  der funk t ione l len  Störungen  sowohl des in trak ran ie l len  arteriellen,  als auch 
des venösen Kreislaufs eine große Rolle zukom m t,  wurde  an  H u n d e n  d e r  nachs tehend  beschrie­
bene Modellversuch angeste ll t .  N ach  Craniotomie u n d  E rö f fn u n g  der  D ura  m a te r  wurde aus 
der  A. carotis  com m unis  der  e inen Seite in dem B lu ts tro m  en tgegengese tz te r  R ich tu n g  ein 
sich a llmählich ve r jüngendes  N y lo n ro h r  in eine oberflächliche Corticalvene e ingeführt .  Gleich­
zeitig m it  der E rö ffnung  dieser a rterio-venösen A nastom ose  wurde  den T ieren zwecks B lu t ­
d ruckste igerung  T onogen verab re ich t .  Im Ergebnis dieser E ingriffe  waren bei 20 der 33 
H u n d e  auf  der A nastom osense ite  G ehirnb lu tungen  un tersch ied l ichen  A usm aßes  in die weiße 
S u b s ta n z  der G roßh irn h em isp h ä re  en ts tan d en .

Die H ypertens ion  wird fü r  den in tracerebralen  K re is lau f  d a n n  zur Gefahr,  wenn eine 
Lage en ts te h t ,  hei der das E in sch a l ten  der b ek an n ten  K o m p en sa tio n sm ech an ism en  unmöglich 
wird. Zu den funktionellen  S törungen  der arteriellen Seite (Spasm en,  Vasodila ta t ion ,  Stase), 
die in solchen Fällen du rch  die H ypertens ion  he rbeigeführt  werden können ,  gesellt sich eine 
B ehinderung des venösen Abflusses geringeren oder g rößeren  Grades bzw. venöser R ückfluß  
hinzu. D urch  diese S tö ru n g  wird im Bereich der Venen u n d  K ap i l la ren  der K re is lauf  erheblich 
ve r langsam t,  da  die W än d e  d ieser Gefäße funktione ll  passiv  sind. Bei der  bedeu tenden  Ver­
langsam ung der S t rö m u n g  gelangen diese Gefäße u n te r  den E in f luß  der  Gesetze der H y d ro ­
d y n a m ik .  und es k o m m t die Regel zur Geltung, wonach bei der  E ins te l lung  der  Z irkulation , 
in e inem  gegebenen Bereich, sich jede  kinetische Energie in eine a u f  die W ände  e inwirkende 
Druckenergie u m w an d e l t .  A uf  dem  Gebiet der K api lla ren  u n d  Venen, das am  verletzlichsten 
ist , en ts tehen  in Sekundenschnelle  in unterschiedlicher A u sb re i tu n g  Risse in der Gefäß­
wand ,  die zur Bildung eines zu sam m enhängenden  H ä m a to m s  führen .  Das beschriebene 
E x p e r im e n t  ist  eine N a ch a h m u n g  dieser Lage, die gem äß  dem  Verfasser eine entscheidende 
Phase  des P a th o m e c h an ism u s  der  G ehirnb lu tung  ist.  Die L okal isa tion  u n d  der C harak ter  
der beobach te ten  B lutungen en tsp rach en  der hyperten s io n sb ed in g ten  Gehirnb lu tung  des 
Menschen.

СОЗДАНИЕ ЭКСПЕРИМЕНТАЛЬНЫХ КРОВОИЗЛИЯНИЙ В МОЗГ У СОВАК

Л. ЛЕЕЛ—Э1ЛШИ

Полагая, что при кровоизлиянии в мозг общее повышение кровяного давления 
имеет большое значение для возникновения функциональных расстройств внутричереп­
ного артериального и венозного кровообращения, автором был проведен следующий 
эксперимент на модели. После краниотомии и вскрытия твердой мозговой оболочки в 
одну поверхностную кортикальную вену из общей сонной артерии одной стороны в на­
правление против кровотока была введена постепенно утончающаяся найлоновая трубка. 
Одновременно с созданием этого артерио-венозного анастомоза кровяное давление было 
повышено дачей Тоногена. В результате этих вмешательств на стороне анастомоза у 20 
из 33 собак возникли кровоизлияния в белое вещество полушария головного мозга.

Гипертония представляет опасность для внутримозгового кровообращения тогда, 
когда возникает такое положение, при котором включение известных компенсаторных 
механизмов становится невозможным. К функциональным расстройствам артериальной 
стороны (спазмы, расширение сосудов, стаз), вызываемым в таких случаях повышенныо 
давлением, присоединяются более или менее значительная препятственность венозног
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оттока или венозный обратный ток. Этим расстройством в существенной мере замедляется 
кровообращение в области капилляров и вен, так как стенки последних функционально 
пассивны. При значительном замедлении кровотока эти сосуды подчиняются управлению 
законов гидродинамики, и проявляется правило, согласно которому в случае приоста­
новления циркуляции, на конкретной территории, вся кинетическая энергия преобразо­
вываются в энергию давления, оказанного на стенки. В области капилляров и вен, в 
наиболее ранимой части, в течение мгновения возникают трещины стенки сосуда, что 
приводит к образованию слияющуейся гематомы. Вышеизложенный эксперимент под­
раж ал этому положению, которое, по мнению автора, является самой решающей фазой 
патомеханизма кровоизлияния в мозг. Локализация и характер наблюдаемых кровоизлия­
ний соответствовали кровоизлияниям в мозг у человека вследствие гипертонии.

D r. L órán t L b e l - Ö s s y : V árosi K órház, Esztergom , H ungary
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FLUORESCENCE HISTOGHEMIGAL INVESTIGATIONS 
OF CONNECTIVE TISSUE

I I I .  F L U O R E S C E N C E  H IS T O C H E M IS T R Y  
OF T H E  H E P A R I N  C O N T E N T  O F  MAST CELLS*

L .  M Ó D is  a nd  M a r i a n n a  B a t s c h w a r o w a  

(R ece ived  J a n u a r y  27, 1969)

In an a t t e m p t  to f ind  a re la tion  be tw een  the his tochem ical  p ro p e r t ie s  of the 
dyes and their  chemical s t ru c tu re ,  s ta in ing  o f  the  heparin  c o n te n t  o f  m a s t  cells was 
inves tiga ted  using 18 d iffe ren t  f luorochrom es,  under  various h is to te c h n ic a l  condi­
tions. F luorochromes of s t ro n g  cat ionic  c h a ra c te r  and dyes show ing  m e ta ch ro m as y  
seemed to be most su i tab le  for  th e  h is tochem ical  d em ons tra t ion  o f  h e p a r in  an d  acid 
m ucopolysaccharides.  T he  g roup-reac t ion  c h a ra c te r  of  the s ta in ing  p rocesses  is e m p h a ­
sized and the fact is stressed  t h a t  the  s ta ins  are heparin  specific only .

Introduction

The m ast cells occurring in m ost loose connective tissues h ave diverse 
functions. On account of their heparin, histam ine and serotonin con ten t they  
have a key position in several norm al and pathological processes (blood 
coagulation , fibrillogenesis, allergy, chronic inflam m ation, oncopathological 
relations, etc.). They m ay rightly  be called as unicellular endocrine glands 
o f the organism. Num erous a ttem pts were made to develop reliable techniques 
for the dem onstration o f m ast cells. Their mono-am ine content w as dem on­
strated by means of fluorescence h istochem ical m ethods using paraform aldehyde  
e . g .  for serotonin and o-phthalaldehydes for histamine. The heparin  content 
o f m ast cells can be determ ined by any basophilic reaction under standard  
conditions, as in acid solution  all cationic dyes or m etal colloids o f cationic 
nature are hound by electrostatic forces to the anionic su lphates o f  heparin. 
Considering that basophilia is a group reaction, the use o f various staining  
techniques introduced by various authors as specific procedures m ay he 
m isleading from the point o f  v iew  of interpretation and eva lu ation  o f the 
results, all the more as no rational standardization based on uniform  criteria 
of the staining reactions, has been achieved in h istochem istry. T hus, the 
sta in ing  m ethods used for histochem ical dem onstration are rather unreliable.

For the estim ation of heparin, num erous staining techn iques and m éta­
chrom asie reactions have been em ployed. On the basis o f certain theoretical 
considerations [8] we have concluded th at particularly sen sitive  and simple

* This inves t iga t ion  has been  su p p o r te d  by g ra n ts  from the  H u n g a r ia n  a n d  Bulgarian  
A cadem ies  of Sciences.
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sta in in g  reactions for heparin and acid m ucopolysaccharides can be obtained  
w ith  cation ic fluorochrom es. Som e fluorescent liistochem ical stains have been  
know n to  dem onstrate acid m ucopolysaccharides and heparin [2, 4, 11, 14] 
b u t th e  aim of the present s tu d y  was to establish certain  criteria for the right 
selection  o f the fluorochrom e reaction using heparin as a chromotrope, by  
com paring the histochem ieal effects of various cation ic  fluorescent dyes of 
different chemical properties.

M ateria l and m ethod

a) P repara tion  o f  mast cell sam ples

1. Sterile  coverslips were  p l a c e d  in the abdominal  c a v i ty  of albino ra ts  weighing 100- 
200 g, u n d e r  e the r  anaes thes ia .  F o u r  hours later the  r a t s  w e re  killed, the  abdom inal  cav i ty  
re o p e n e d  a n d  the  coverslips r e m o v e d  and stained. O n  th e  coversl ips  a cellular layer r ich  in 
m a s t  cells a n d  lymphoid e le m e n ts  w as  found.

2. Albino ra ts  of a b o u t  1 0 0 — 200 weight were k i lled  u n d e r  e the r  anaesthes ia  and 
2 x 2  cm  specimens were excised  f r o m  the back skin and  s t r e tc h  p rep ara t io n s  were m ade  also 
f ro m  th e  pannicu lus  carnosus.

b) Staining

U n f ix ed  or prefixed p r e p a r a t io n s  (prefixation in 4 %  n e u t r a l  formol or absolute e thanol-  
fo rm al in ,  4 : 1, for two hours)  w e re  immersed in s ta in ing  so lu t ions  of various concen tra t ions  
(0 .001;  0.01; 0, 1.0%) from  10 se c o n d s  to 30 minutes.  A cetic  acid in 5 and 10% co n ce n tra ­
t ion ,  d is t i l led  water  or W alp o le ’s b u f fe r  pH  1.4; 2.6; 3.5; 4 .5; 5.2 were used as solvents .

T h e  dyes employed were 1. A crid ine  Orange (M ichrom e);  2. Acridine Yellow (Michrome);
3. A cri f lav ine  (Michrome); 4. A u ra m in e  О (Michrome); 5. A urophosph ine  (Michrome); 6. 
A s t r a  V io le t  3R  ex tra  (B ay er ) ;  7. Berberine (F luka);  8. Coriphosphine  О (Michrome); 9. 
E u c h ry s in e  2G N X  (Michrome); 10. F lavophosphine (M ichrom e);  11. Magdala Red  (S ch u ­
c h a r d t ) ;  12. Methylene Blue (G rü b le r ) ;  13. Neutral  R ed  (C h ino in) ;  14. Phosphine 3 R  (Mi­
ch ro m e ) ;  15. Pyronine Y (M ic h ro m e ) ;  16. Rhodamine В (M ichrom e);  17. Rivanol (Bayer);  
18. T h io f lav in e  T  (Michrome).

A f te r  staining a t  ro o m  t e m p e ra tu r e  the p re p a ra t io n s  were washed with w a te r  and 
b u f fe r  so lu t ion  and m o u n ted  in dis t i l led  water.

c) Fluorescence microscopic exa m in a tio n

Fluorescence m icroscope:  Zeiss HB 50. F i l te r  c o m b in a t io n :  BG-OG and UG-GG. 
T o  increase  the  inducing l ig h t ,  a  d r o p  of glycerol was p laced  b e tw een  the condensor f ron t  
lens ( a p e r tu re  1.4) and th e  slide.  P h o to :  Practics, O rw ocolor  No. 16.

d) Control procedures

1. Digestion with  r ib o n u c léa se  (1 mg/ml dist il led w a te r  a t  37cC, for one hour  (R NA se 
R e a n a l ,  Budapest)) .

2. Digestion with h y a lu ro n id a s e  (75 I. U./ml so lv en t  a t  37°C, for three  hours (Organon,
OSS)).

3. M éthyla t ion  (a t  60°C, fo r  tw o  hours).
4. D ém éthy la t ion  (a t  ro o m  tem p era tu re ,  for 20 m in u te s ) .
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Fig. 13. Th iof lav ine  T  sta in ing. Per i tonea l  m as t  
cells. U G  -f- GG filter  com bina tion .  x 6 4 0

Fig. 15. A uram ine  О sta in ing. M ast cells in  s t re tch
p rep ara t io n .  BG +  OG f i l te r  c o m b in a t io n .  x l 2 0

Fig. 14. Thioflavine  T sta in ing. Pe r i tonea l  m as t  
cells. U G  +  GG fi l te r  com bina tion .  x ! 6 0

Fig. 16. B erberine sta in ing. P e r i tonea l m as t  cells.
UG +  GG f i l te r  com bina tion . X  400





Fig. 9. Acridine yellow sta in ing.  M ast  cells in 
s t re tc h  p rep ara t io n .  BG — OG fi l te r  co m b in a ­

t ion. X 120

Fig. 11. Acriflavine s ta in ing. Mast  cells in s t re tch
p repara t ion .  BG -f- OG fi l te r  com bina tion .  X 120

Fig. 12. Thioflavine  T sta in ing. M ast  cells in
s t re tc h  p rep ara t io n .  UG  -f- GG f i l te r  co m b in a ­

t ion. x 5 0

Fig. 10. Acridine yellow sta in ing. Per i tonea l  m as t  
cells. BG -j- OG f i l te r  com bina tion .  X l2 0





F ig. 5. E u ch ry s in e  2 G N X  sta in ing. Mast cells 
round  an a r te r io la r  b ifu rca tion .  S tre tch  p r e p a ra ­

tion. BG OG filter  com bina tion ,  x  400

Fig. 7. Acridine orange sta in ing. P e r i tonea l mast
cells. BG -f- OG filter com bina tion . X 150

Fig. 0. Acridine orange s ta in ing.  Mast cells 
a round  a crossing of arterioles. BG -f- OG filter 

com bina tion .  X 400

F ig. 8. Coriphosphine s ta in ing. Pe r i tonea l  m as t  
cells. BG OG filter.  120





Fig. 1. F lavophosph ine  s ta in ing.  Pe r i tonea l  m as t  
cells. BG-OG filter  com bina tion .  X 640

Fig. 3. F lavophosph ine  sta in ing . Mast cells in
s t re tch  p rep ara t io n .  BG — OG filter  co m b in a ­

tion. x ! 5 0

Fig. 2. F lavophosphine  s ta in ing. Pe r i toneal  m as t  
cells. BG -f* OG f ilter  com bina tion .  X 400

Fig. 4. Euchrys ine  2 G N X  sta in ing. Mast cells in 
s t re tch  p repara t ion .  GB OG filter  co m b in a ­

tion. X400
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Results

Under the histotechnical conditions o f our laboratory, optim al results 
were obtained with solutions containing 0.01%  of dye dissolved in 10%  
acetic acid, after prefixation o f the samples in 4%  neutral formol or ethanol 
formol. W ithout previous fixation , at the low  pH  values applied the pattern  
o f m ast cells was not clearly visible. Of all th e  dyes tested , M agdala R ed was 
the only non-selective one and the specificity  o f  Phosphine R H  and Pyronine Y  
was weak. M ethylene Blue and Neutral Red yielded a specific reaction but 
their fluorochrom e properties were poor. All th e  other dyes y ield ing secondary  
fluorescence gave a positive and selective result w ith the granular substance  
o f m ast cells. The fluorescence was not affected b y  ribonucléase and hyaluronid- 
ase but alw ays disappeared after m éthylation. On dém éthylation  the stain ing  
becam e sim ilar to that of untreated preparations.

Heparin was selectively  stained by the follow ing dyes (optim al duration  
o f staining is given in brackets). In blue ligh t orange-red m etachrom asia  
fluorescence was obtained w ith Flavophosphine (10 sec) and w ith  Euchrysine  
2G N X  (10 sec) (Figs 1, 2, 3, 4, 5), an orange-yellow  fluorescence w ith Acridine 
Orange (10 sec) (Figs 6 and 7) and with Coriphosphine (3 min) (Fig. 8).

Acridine Yellow (3 min), Aurophosphine (3 min) and Acriflavine (6 min) 
produced in blue light a yellow-orange or yellow  fluorescence o f  heparin  
(Figs 9, 10, 11). Orange-red fluorescence was produced w ith Astra V iolet 3R 
E xtra (2 min) in blue light. Rhodam ine В (20 sec) showed a yellow  fluorescence  
in vio let light. T hioflavine T (2 min), Auram ine О (2 min) and Berberine 
(2 min) produced in v io let light a selective in ten sive lem on-yellow  non-m eta- 
chrom asic fluorescence o f the m ast cell granules (Figs 12, 13, 14, 15, 16). 
The m ajority are acridines (Acridine Orange, Acridine Y ellow , A criflavine, 
Aurophosphine, Phosphine 3R , R ivanol), tw o o f them  are xanthenes (P yron­
ine Y , Rhodam ine В) and tw o (Magdala R ed and Neutral Red) azine dyes.

The rest o f dyes used belong to various groups: Astra V iolet 3R  extra  
is a m ethyne, Berberine is a natural (alkaloid) dye, Auramine О is a phenyl- 
m ethane, T hioflavine T a thiazole and M ethylene B lue a th iazine dye. The 
cationic nature of all o f these dyes is shown by the number of auxochrom e  
(salt-form ing) groups o f basic character. These are amino groups quaternizing  
in solution, ensuring thus the dipolar character o f the dye. In the list below  
we have given the amino group content of the dyes tested  (giving in brackets 
the num ber o f free and bound amino groups). The dyes have been listed  also 
in the order o f  their h istochem ical value estim ated  on the basis o f the experi­
m ental results.

Discussion

The heparin content of m ast cells was verified by control procedures. 
R esistance to hyaluronidase and ribonucléase was considered the criterion of
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D ye
N u m b e r  o f 

am in o  g ro u p s F re e B o u n d

Flavophosphine 3 3 0

Euchrysine 2 G N X 3 3 0

Acridine Orange 3 2 1

Acridine Yellow 3 3 0

Coriphosphine О 3 2 1

Acriflavine 3 3 0

Astra  Violet 3R e x t r a 2 1 1

Berberine 1 1 0

Auramine 0 3 1 2

Thioflavine T 2 1 1

Rivanol 3 2 ]

Pyronine Y 2 0 2

Rhodamine В 2 0 2

Phosphine 3R 3 3 0

Neutral  Red 4 2 2

Methylene Blue 3 2 1

Magdala Red 4 2 2

th e  p re se n c e  o f heparin  [13]. M éth y la tio n  has a b lock ing  effect on th e  reac tiv e  
s u lp h a te s  in  th e  heparin  m olecu le .

S a tis fa c to ry  h is to te c h n ic a l cond itions fo r h ep arin -se lec tiv e  reac tio n s  can 
he e n su re d  b y  previous f ix a tio n , a low c o n c e n tra tio n  o f th e  dyes a t  lo\s pH , 
an d  a s h o r t  s ta in ing  tim e .

O f th e  dyes te s te d  th e  acrid ine  show ing  m étach ro m asie  fluorescence 
(A u ra m in e  О, A stra V io le t, B erb erin e  and  T h io flav in e  T) y ie ld ed  th e  m ost 
spec ific  a n d  in tensive re a c tio n s . C om parison o f th e  h istochem ical v a lu e  and  
c a tio n ic  c h a ra c te r  of th e  s ta in s  revealed  a p ara lle lism  betw een  th e  n u m b e r 
o f  free  a m in o  groups, p ro p o r tio n  o f free an d  b o u n d  am ino g roups on th e  one 
h a n d , a n d  h ep arin  se le c tiv ity  on th e  o ther. M ost of acrid ines h av e  th re e  free 
basic  sa lt-fo rm in g  groups a n d  th e  m ost re liab le  flu o rescen t m e ta c h ro m a tic  
re a c tio n s  w ere  ob ta ined  w ith  th e se  dyes. A crid ine  O range h av in g  one  free 
s a lt- fo rm in g  group was th e  o n ly  excep tion  to  th is  ru le . S till, A crid ine O range 
is w id e ly  u sed  in flu o rescen ce  m u co po lysaccharide  h is to ch em is try  [2, 5, 9], 
p ro b a b ly  because  it is th e  b e s t know n an d  chem ica lly  s ta n d a rd iz e d  f lu o ro ­
ch ro m e  a lre a d y  p o p u la r in nuc le ic  acid h is to c h e m is try . O ur exp erien ce  has, 
h o w ev e r, show n th a t  th e  p ro n o u n c e d  ca tion ic  F lav o p h o sp h in e  an d  E u ch ry s in e  
2 G N X  d y es  ensure b e tte r  re su lts  w ith  acid m u copo lysaccharides th a n  A crid ine 
O ran g e , a n d  th ey  give a s tro n g  m étach ro m asie  fluorescence w ith  h ep arin . 
E u c h ry s in e  2G N X  had been  k n o w n  to  have th is  effect [17] b u t F lav o p h o sp h in e
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has n o t been used  for th is  p u rpose . T he o th e r ac rid in e  d é riv â tes  are  also selec­
tiv e  fo r heparin  b u t th e ir  fluorescence is in ferio r to  th a t  show n by  E u ch ry sin e  
and F lav o p h o sp h in e . Since th e  m e tach ro m asia  d ep en d s  on ce rta in  cond itions 
being fulfilled by  th e  ch ro m o tro p e  and  th e  dye, su ch  as a dense an ion ic  charge 
sy stem  on th e  ch ro m o tro p e  an d  a s trong  ca tio n ic  a c tiv ity  on th e  f la t  dye 
m olecule [10, 15], th is  ty p e  o f reac tio n  seem s to  be p re fe rab le  for acid  m uco­
polysaccharides . The f lu o re scen t m etach ro m asia  o f  A criflav ine  [3, 4, 11] and 
C oriphosphine [6] is in fe rio r to  th a t  of F lav o p h o sp h in e  an d  E u ch ry s in e  2G N X  
w hich m ay  be due to  a specia l e lectron ic  s tru c tu re  o f th e  dye m olecule.

T h io flav in e  T , A u ram in e  О and  B erberine , in  sp ite  o f th e ir  be ing  w eak 
ca tio n s, y ielded a se lec tive , non -m etach ro m asic  s ta in in g  o f m ast cells. So far, 
th ese  dyes h av e  n o t been  em ployed  for m a s t cell s ta in in g . As u n d e r  certa in  
c ircum stances these  s ta in s  are  heparin  selective b u t  show  no m etach ro m asia  
it seem s th a t  th e  s tro n g  ca tio n ic  c h a rac te r  is re q u ire d  firs t o f all for th e  p ro ­
d u c tio n  of m e tach ro m asia  an d  n o t for th e  b in d in g  o f th e  dye to  th e  ch ro ­
m o tro p e .

In  sp ite  o f th e ir  se lec tive  heparin  reac tio n  th e  dyes w hich a re  n o t s trong  
fluorochrom es are n o t su ita b le  for fluorescence h istochem ica l assay .

T h e  reac tio n s o b ta in e d  w ith  all th e  above dyes are  considered  to  be 
h eparin -specific  only  u n d e r ce rta in  lim ited  co n d itio n s as we do n o t know  
an y  s ta in  th a t  w ould be h ep a rin  or m u co po lysaccharide  specific ab ovo. T hough  
i t  shou ld  alw ays be b o rn e  in  m ind  th a t  all th e se  s ta in in g  processes are  anionic- 
ca tion ic  group reac tio n s a h ig h er se lec tiv ity  o f acid  m u co po lysaccharides can 
be ach ieved  b y  w ork ing  a t  low p H  values w ith  a sh o rt d u ra tio n  o f s ta in in g  
in d ilu ted  so lu tions, an d  th e  selection  of flu o ro ch ro m es rich  in am ino  groups 
capab le  of p ro d u c in g  fluo rescence  m etach ro m asia .
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F L U O R E S Z E N Z - H I S T O C H E M I S C H E  U N T E R S U C H U N G  D E R  S T Ü T Z G E W E B E  

I I I .  F luoreszenz-his tochemische  U n te rsu ch u n g  des H ep ar ingehal tes  v o n  Mastzellen

L. MÓDIS und M. BATSCHWAROWA

D ie  Fä rb u n g  des H e p a r in s  in  den  Mastzellen weißer R a t t e n  w urde  m i t  Hilfe v o n  18 
v e r s c h ie d e n e n  F lu o ro ch ro m v erb in d u n g en ,  bei un tersch ied l ichen  h is to techn ischen  V e rh ä l t ­
n issen  f luo reszenzm ikroskopisch  u n te r s u c h t .  Verfasser su ch ten  die Z u sa m m en h än g e  zwischen 
d e n  v o r te i lh a f te n  h is tochem ischen  E igenschaf ten  der  F a rb s to ffe  u n d  ih re r  chemischen 
S t r u k t u r  aufzuklären. Sie n e h m e n  an ,  d a ß  zum h is tochem ischen  N achw eis  des H eparins  
u n d  d a r ü b e r  hinaus der sa u ren  M u kopo lysachar ide  die F lu o ro ch ro m v e rb in d u n g e n  m it  s ta rker  
K a t i o n n a t u r  u n d  die M é tac h ro m a s ie  h e rbe ifüh renden  F a rb s to ffe  am  b es ten  geeignet  sind. 
Sie b e to n e n ,  daß  ihre E x p e r im e n te  G ru p p e n rea k t io n sch a rak te r  t ragen ,  u n d  die Ergebnisse  
d e r  F ä r b u n g e n  bewerten sie n u r  u n t e r  den  gegebenen h is tochem isch-h is to techn ischen  B ed in ­
g u n g e n  a ls  Heparin-spezifisch.

ФЛЮОРЕСЦЕНТНО-ГИСТОХИМИЧЕСКОЕ ИЗУЧЕНИЕ СОЕДИНИТЕЛЬНЫХ
ТКАНЕЙ

111. Флюоресцентно-гистохимическое изучение гепарина в тучных клетках

Л. М О Д И Ш  и М. Б А Ч В А Р О В А

Окрашивание гепарина в тучных клетках белых крыс было изучено с помощью 
18 различных соединений флюорохрома, при различных гистотехнических условиях в 
флюоресцентном микроскопе. Авторы искали связи между благоприятными гистохими­
ческими свойствами красителей и их химической структурой. Предполагается, что для 
гистохимического выявления гепарина и, сверх этого, кислых мукополисахаридов, 
наиболее подходящими являются соединения флюорохрома с сильной катионовой при­
родой и красители, обуславливающие метахромазию. Подчеркивается, что эксперименты 
по окрашиванию имели характер групповой реакции, и результаты расцениваются как 
гепарино-специфические лишь при данных гистохимических и гистотехнических усло­
виях.

D r. L á sz ló  MÓ d i s : D eb recen  12, H u n g a ry
D r. M a ria n n a  B a t s c h w a r o w a : C en tra l R esearch  L ab o ra to ry , “ P a v lo v “  Med.

U n iv ., P lovd iv , B u lgaria
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I n s t i tu t e  o f  A n a to m y ,  Histology and E m b ry o lo g y  (H e ad :  St.  K r o m p e c i i e r ) ,  U nivers i ty  
Medical School,  and  C ounty  In s t i tu te  o f  Oncology  (H ead :  Gy. M a t o l a y ) ,  D ebrecen

FLUORESCENCE MICROSCOPIC METHOD 
FOR THE DIFFERENTIATION 

OF MAMMARY CONNECTIVE TISSUE COMPONENTS
L. M Ó D is  and G y . M a t o l a y  

( R eceived J a n u a r y  27, 1969)

Two fluorescence microscopic m eth o d s  su i tab le  for the d if fe ren tia t io n  o f  special 
and  general connective  tissues of th e  fem ale  b re a s t  are described. T h e  procedures 
are simple, selective a n d  sensitive and give a good co n tra s t  effect. T h ey  a llow the  de­
m o n s t ra t io n  of c e r ta in  stages of b re a s t  tu m o u rs .

In tro d u c tio n

T he no rm al ra tio  of the  tw o k in d s o f  connective tissue fo rm in g  the  
m a m m a ry  s tro m a , th e  special (periacinal) a n d  general connective tis su e  was 
found  to  undergo  a change in  m a lig n an t d iseases or in the  s tag es  p reced ing  
th e m . In  ce rta in  p recancerous stages an  in crease  o f the  finely f ib r i l la r  con­
n e c tiv e  tissue  su rro u n d in g  th e  acini w as especia lly  obvious. A fte r  th e  onset 
o f  cancerous p ro life ra tio n  th e  am o u n t o f  special connective tissu e  w as found 
to  decrease again  as observed  by V a n  d e n  H o o f f  [11], P r o p s t  [7] and 
o th e rs  in ex p e rim en ta l sk in  tu m o u rs . In  th e  case o f b reast c a n c e r th e  con­
n e c tiv e  tissue  th e o ry  o f neoplasm s describ ed  recen tly  by F r o m m e  [2] should  
be  ta k e n  in co n sid e ra tio n ; B e r t e l s  [1] an d  K o n j f .t z n y  [6] also re fe r  to  the  
p r im a ry  role o f co nnec tive  tissue in carc inogenesis .

D is tin c tio n  b e tw een  th e  tw o ty p es  o f  con n ec tiv e  tissue c o m p o n e n ts  can 
be  m ade in  v a rio u s  w ays.

a )  M orphological d iffe ren tia tio n . T h e  special connective tis su e  is ch a ­
ra c te r ize d  b y  a fine  fib rilla r s tru c tu re  w hile th e  general s trom a is rich  in  coarse, 
occasionally  hyalin ized , collagen fibres.

b)  H istochem ical d iffe ren tia tio n . T h e  special connective tis su e  sta ins 
m e ta c h ro m a tica lly  and  gives a positive re su lt  w ith  th e  reactions u se d  for the 
d e m o n s tra tio n  o f acid m ucopo lysaccharides [3, 10] and  th e  g en e ra l s tro m a 
c o n ta in s  PA S p ositive  m ucopo lysaccharides.

c)  E m p lo y m en t o f s ta in in g  m eth o d s u sed  for d iffe ren tia tin g  p reco llagen  
from  collagen fib res  [4].

d )  P o la riza tio n  m icroscopic to p o -o p tic a l reac tions used fo r  th e  d if­
fe re n tia tio n  o f d iffe ren t ty p es o f collagen [8].
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M ethods

T w o  fluorescence m icroscopic  m ethods have been  w o rk e d  out, allowing a s im ple  and  
reliable d if fe re n t ia t io n  be tw een  specia l  and general c o n n ec t iv e  tissue com ponen ts  in  the  
p re c a n c e ro u s  female b reast .
M ethod A

F i x a t i o n  in  Carnoy’s f lu id ,  em bedd ing  in p a ra f f in .  A f te r  deparaffinat ion
1. s t a in in g  in 0.005%  aq u eo u s  solution of Thiazine R e d  (5 minutes);
2. r i n s in g  in dist il led w a te r ;
3. s t a in i n g  in 0 .1%  aqueous  so lu t ion  of B lan k o p h o r  R  (B ayer)  (5 minutes);
4. w a sh in g  in dist il led w a te r  (3 minutes);
5. d e h y d r a t io n  in alcohol, c learing  with b e rg am o t  oil a n d  m ounting in F lu o ro m o u n t  

(M ichrom e) .
E v a lu a tio n  of the resu lts  was m ad e  with  a Zeiss f luo rescence  microscope ty p e  H B O  50 

w ith  f i l t e r s  U G  +  GG.
R e su lts .  T he  ep ithe lium  s ta in e d  a rusty-red , the  co llagen  fibres and basa l  m e m b ra n e s  

a b r ig h t  w h i t ish -b lu e  and the  f in e ly  f ib r il lar  pe r inuc lear  c o n n ec tiv e  tissue gave a f a in t  f l u o r ­
escence (F ig .  1).

R e m a rk s .  B lankophor  R ,  a co ndensa t ion  product  o f  4 .4 ’ d iainino-2.2’ s t i lbene-d isu lphonic  
acid— p h e n y l i so c y a n a te ,  is a b leach in g  agen t  em ployed  in  t h e  tex t i le  industry ,  syn o n y m s  are 
Lum iso l  R V ,  B lancol C, Leucofor R ,  P h o t in  R , P h o n ta m in e  W h ite  BR, T in tofen  X ,  R y lu x  
C. I.  F lu o r e s c e n t  B righ ten ing  A g en t  30.

I t s  i d e n t i t y  with  th e  B lan k o p h o r in  R  m entioned  b y  Z i e g e n s p e c k  [12] is q ues t ionab le .  
A ccord ing  to  o u r  observations,  B lan k o p h o r  is selectively s ta in in g  the old collagen e le m en ts  
of  the  c o r n e a  [ 9 1.

M ethod В
F i x a t i o n  and em bedd ing  in p a ra f f in  as in M e th o d  A. A f te r  deparaff ina t ion ,
1. s t a in in g  in 0 .1%  aq u eo u s  T i t a n  Yellow (M ichrom e) o r  Pr imulin (Chrom a) so lu t ion  

(20 m in u te s ) ;
2. w a sh in g  in distil led w a te r ;
3. r a p i d  alcoholic d e h y d ra t io n ,  clearing in b e rg a m o t  oil;
4. m o u n t in g  in F lu o ro m o u n t .
E v a lu a tio n  of the  resu l ts  was done as in the fo rm e r  procedure .
R esu lts .  E p ithe l ium  a n d  specia l  connective t is sue  s t a in  a faint yellow or b row nish -  

yellow. T h e  coarse  collagen b u n d le s  give a blue s e c o n d a ry  fluorescence (Fig. 2 a n d  F ig .  3).
R e m a rk s .  Sta ining w i th  T i t a n  Yellow gives a d e ep e r  co lour  than  w ith  P r im u lin .  These  

colour e f fe c ts  a re  visible on ly  if  U G  -f- GG filters are u se d .

Results

T h e  described  co lou r reac tio n s, as m ost o f  th e  histological s ta in in g s , 
are d u e  to  an  e lec tro s ta tic  b ind ing . B inding  o f  c e r ta in  dye frac tio n s  m ig h t 
be re sp o n s ib le  for th e  b lue  fluorescence o b se rv ed  on  sta in ing  w ith  P rim u lin  
and  T i ta n  Y ellow . The e x a c t chem ical s tru c tu re  o f  P rim ulin  is u n k n o w n  an d  
as a ru le ,  i t  is th e  m ix tu re  o f  several frac tio n s  o f  d ifferen t p ro p e rtie s  [5].

T h e  follow ing co n tro l re su lts  seem to he o f  in te re s t . The fib res o f  spec ia l 
c o n n e c tiv e  tissu e  react p o s itiv e ly  w ith  alcian b lu e , show  m etach ro m asia  w ith  
to lu id in e  b lu e , and assum e a g rey ish -b lack  c o lo u r i f  im pregna ted  w ith  s ilv e r 
(P e rd ra u ) . T he fib res o f  th e  general s tro m a  a re  PA S positive an d  sho w  a 
b lack  c o lo u r  on silver im p re g n a tio n . The h is to ch em ica l reac tion  used fo r th e  
d e m o n s tra t io n  of p ro te in  (b rom pheno l blue) y ie ld e d  a positive re su lt w ith  
b o th  k in d s  o f connective  tissu e . U nder a m e rc u ry  vapour lam p no a u to ­
flu o re scen ce  w as observed  in  u n sta in ed  sec tions.
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Fig. 1. Case No. 55. F ib rous  m as to p a th y .  Thiazine Red- 
B lan k o p h o r  s ta in ing, UG  -j- GG filters, x 3 0 .  The  collagen 
fibres  of  th e  general s t ro m a  are l igh t  blue, th e  epithe lium  
ru s ty  red  in colour. The  fibres of  th e  special connective  

t issue give a fa in t  fluorescence

Fig. 2.  Case No. 6. Cystic m a s to p a th y  and  m a m m a ry  
mesoplasia.  P r im u lin  s ta in ing ,  U G  +  GG f ilters ,  X 30. The  
fibres of  the  general  s t ro m a  are l igh t  blue and  those  of the  

special connective  tissue are ochre yellow in colour

F i g .  3 .  Case No. 52. M astopa th ie  t is sue  a d ja ce n t  to carci­
n om atous  area. T i ta n  Yellow sta in ing, UG  -f- GG filters,  
X 24. The  general s t ro m a  gives a blu ish  and  th e  special 

s t ro m a  a yellowish secondary  fluorescence
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F rom  th e  above it  m ay  be concluded  th a t  th e  differences in fluo rescence  
are  first o f all d irect in d ica to rs  of q u a li ta t iv e  differences ex is tin g  betw een  
th e  p ro te in s  of th e  special and  general co n n ec tiv e  tissue. The ro le  o f  m uco­
p o lysaccharides can n o t be excluded  b u t th e y  seem  to  be — a t le a s t from  the  
p o in t o f  view  o f ou r reactions — of in d ire c t im p o rtan ce  since th e y  seem  to 
h av e  no p a rt in fluorochrom e binding .
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F L U O R E S Z E N Z - M I K R O S K O P I S C H E  V E R F A H R E N  Z U R  U N T E R S C H E I D U N G  
D E R  B I N D E G E W E B E  D E R  M E N S C H L IC H E N  M I L C H D R Ü S E

L. MÓDIS und GY MATOLAY

Verfasser beschreiben zwei Verfahren zur  U n te rsch e id u n g  des spezif ischen Bindege­
webes vom  allgemeinen Bindegewebe der Milchdrüse.  Die von den Verfassern e n tw ick e l ten  
f luoreszenz-m ikroskopischen F ä rb u n g sv e rfah ren  s ind  se lektiv ,  empfindlich ,  e in fa ch  d u rc h ­
fü h rb a r  u n d  kon tras tre ich .  Sie eignen sich zur U n te r su c h u n g  gewisser p a th o lo g isch er  S tad ien .

ФЛЮОРОСЦЕНТНО-МИКРОСКОПИЧЕСКИЕ МЕТОДЫ ДЛЯ ОБОСОБЛЕНИЯ 
РАЗЛИЧНЫХ СОЕДИНИТЕЛЬНЫХ ТКАНЕЙ ГРУДНОЙ ЖЕЛЕЗЫ ЧЕЛОВЕКА

Л .  М О Д И Ш  и Д .  М А Т О Л А И

Сообщаются два метода для обособления специфичной соединительной тканей 
грудной железы от общей соединительной ткани. Разработанные авторами флюоро- 
центно-микроскопические методы избирательны, чувствительны, просто осуществимы и 
богатые контрастами. Они пригодны для изучения определенных патологический стадий.

D r. László M ó d i s : A natóm ia i In té z e t, D eb recen , H ungary
D r. G yörgy  M a t o l a y : Megyei O nkológiai In té z e t, D ebrecen, H u n g a ry
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In s t i tu te  o f  Patho log ical  A na tom y (D irec tor :  Prof.  Dr. Gy. H o m h á n y i ), 
Universi ty  Medical School, Pécs

ON THE ULTRASTRUCTURAL ORGANIZATION 
OF BIOLOGICAL MEMBRANES AS SHOWN 
BY TOPOOPTICAL STAINING REACTIONS

G y . R o m h á n y i  a n a  G y . D e á k  

(R eceived April 5, 1969)

Biological m em b ran es  show orien ta ted  dye  b ind ing  reac tions,  charac te rized  by 
strong a n iso tropy  effects , w ith cationic  dyes such  as to luidine blue or r ivanol if 
appropria te  p o s t-s ta in in g  s tabilization is app lied .  According to th e i r  d i f feren t  topo- 
optical s ta in ing  characteris tics ,  three  types  o f  biological m em branes  could be dis­
tinguished. In  each  ty p e  the  o r ien ta ted  dye b in d in g  of to luidine blue  was depen d en t  
on the presence o f  s t ru c tu ra l  lipids in the m em b ran e s .  I t  could, how ever ,  be shown 
t h a t  the lipids were only  p laying a role in the  o r ien ta t io n  of the dye molecules which 
were hound by  an ion ic  dye b inding sites on the  non-l ip id  f ram ew ork  of th e  m em branes.

P o la r iza t ion  op tica l  d a ta  ind ica ted  t h a t  the  dye molecules were in te rca la ted  
w ith  their  p lanes in paralle l  between the  h y d ro c a rb o n  chains of  the  s t ru c tu ra l  lipids. 
In  this cap ac i ty  the  po lar-apo la r  conform ation  a n d  the  f la t  m olecular  form  of the  dye 
molecules is decisive. By de term in ing  the  ra tio  be tw een  an iso tropy  and op tica l  densi ty  
induced by the  to lu id ine  blue sta in ing of d i f fe ren t  m em b ran es ,  an ind irec t  evidence 
of their u l t r a s t r u c tu r a l  densi ty  could be o b ta in e d .

The o r ien ta te d  dye b inding reactions of t h e  E P  m em branes  in pancreas  acinar  
cells, active f ib rob las ts ,  p lasma cells and o th e r  p ro te in  secreting cells depended  on 
the  ionic s t r e n g th  of the  dye solution, and t h a t  o f  th e  E P  of the  liver cells, in a d d i ­
t ion, on the reduced  s ta te  and on the use of the  e lec tron  acceptor fe rr icyan ide  as a post- 
staining p rec ip i tan t .  In  th is  way indirect  ev idence  o f  the  u l t r a s t ru c tu ra l  organizat ion  
of the R N A  of the  E P  an d  of the ox idoreduc tive  s ta te  of  liver cell E P  was ob tained .  
Thus,  the  to p o o p t ie a l  s ta in ing  reactions provide a new approach  to th e  s tu d y  of the 
u l tra s t ru c tu ra l  o rgan iza t ion  of biological m e m b ra n e s  in physiology a n d  pa thology.

E vidence has been  accu m u la tin g  to  show  th a t  biological m em branes are 
b u ilt up  o f a h im o lecu la r lip id  leafle t sandw iched  betw een  tw o film s o f p ro te in  
co n ta in in g  som e o th e r  associa ted  s tru c tu ra l com pounds such as m ucoids 
( L i p p m a n , 1968; N a k a o  an d  A n g r i s t , 1968), g lycopro te ins ( E y l a r  e t ah, 
1962; W a l l a c h  et a l., 1966) and  R N A  ( B l o b e l  and  P o t t e r , 1967a, h), and 
in  ad d itio n  a co n siderab le  am o u n t of s tru c tu re d  w a te r ( H e c h t e r , 1965).

This s tru c tu ra l p a t te rn  orig inally  in fe rred  from  th e  physicochem ical and  
fu n c tio n a l ch a ra c te ris tic s  o f biological m em b ran es , e.g. su rface  tension , 
sem iperm eab ility , c o n d u c tiv ity  ( D a n i e l l i , 1935; D a v s o n  an d  D a i n i e l l i , 

1952), has been su p p o rte d  b y  th e  resu lts  o f u l tr a s tru c tu ra l  m eth o d s such as 
X -ra y  d iffrac tion  ( B e a r  e t ah , 1941; F i n e a n , 1953; F i n e a n  et ah , 1966), 
po lariza tio n  op tics ( S c h m i d t , 1936, 1940) and  e lec tro n  m icroscopy ( W o l p e r s , 

1941; R o b e r t s o n , 1955, 1964; S t o e c k f .n i u s , 1959, 1960, 1966). R ecen t 
e lec tro n  m icroscopic o b serv a tio n s have led to  th e  suggestion  th a t  besides 
th is  lam ella r m em b ran e  te x tu re  also g lobu lar lip o p ro te in  su b u n its  ( L u z a t t i ,
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1962; S j ö s t r a n d , 1963, 1964, 1968; L u c y , 1964; B r a n t o n , 1966; R o b e r t s o n , 

1966; S t a e h e u i n , 1968) m ay  c o n tr ib u te  to  th e  m em b ran e  s tru c tu re , a n d  a 
re v e rs ib le  dynam ic tra n s itio n  b e tw een  th ese  tw o form s m ay  be re la te d  to  
fu n c tio n a l  changes ( K a v a n a u , 1965). I t  has o ften  been  suggested  th a t  lipids 
are o f  b a s ic  im portance  in  a ll bio logical m em b ran es ( W i l l m e r , 1961; v a n  

D e e n e n , 1966; O ’B r i e n , 1967), w here  th e y  in te ra c t  w ith  s tru c tu ra l p ro te in s  
( H a t c h  a n d  B r u c e , 1968) a n d  m em b ran e -b o u n d  enzym es and are  c ru c ia l in  
m a n y  e n z y m a tic  ac tiv ities ( G a r z ó  e t al., 1952; R e i c h , 1961; O p a r i n  e t al.,
1966) in  ca tio n  ( J a c o b  e t a l., 1967) and  elec tron  tr a n s p o r t  fu n c tio n  ( G r e e n  

a n d  L e s t e r , 1959; R e d f e a r n , 1960; F l e i s c h e r  e t al., 1962; G r e e n  and  
F l e i s c h e r , 1963), and  in  p h a g o c y tic  an d  p in o cy tic  a c tiv itie s  of th e  m em b ran es 
( R u s t a d , 1959; K a r n o v s k y , 1962; B r a n d t  an d  F r e e m a n , 1967).

T h e  u ltra s tru c tu ra l o rg a n iz a tio n  of m em b ran e  lipids is n o t accessib le to  
m ic ro sco p ic  m orphology. T he lip id  su b stan ces o f th e  cy top lasm  are , as often  
s ta te d ,  “ in v isib le” . F o r th is  reaso n  m icroscopic m orpho logy  could n o t be 
m u ch  in te re s te d  in th e  u l t r a s t ru c tu re  of lip ids, an d  a tte n tio n  has m a in ly  heen 
d ire c te d  to  th e  visible a c c u m u la tio n  of lip id  su b stan ces in  th e  cy to p lasm  
d u rin g  f a t t y  degeneration .

E v e n  h igh reso lu tion  e le c tro n  m icroscopy can n o t afford  a d irec t in sigh t 
in to  th e  m olecular o rg an iza tio n  o f m em b ran e  lip ids m ain ly  because  o f th e  
in su ff ic ie n t reso lu tion  pow er a t  th e  m olecular level, an d  even th e  u ltra - 
s t r u c tu r a l  localization  of lip id  su b stan ces, b ased  on th e ir  r e a c tiv i ty  w ith  
0 s 0 4 seem s to  be p ro b le m a tic  in  v iew  of th e  aspecific  osm iophilic  reac tio n  
o f p ro te in s  ( S t o e c k e n i u s , 1962, 1966; R o b e r t s o n , 1964; N a p o l i t a n o  and 
L e b a r o n , 1967).

T h e  tw o  m ethods ca p a b le  o f p ro v id ing  d e fin itiv e  in d irec t in fo rm a tio n  
a b o u t  th e  m olecular s t ru c tu ra l  o rg an iza tio n  of m em b ran e  lip ids a re  X -ray  
d if f ra c tio n , and  p o la riza tio n  o p tic s .

P o la riz a tio n  optics h as  a lre a d y  been ap p lied  in  th e  s tu d y  of s tru c tu ra l  
lip id s  in  d ifferen t m em branes b y  several in v es tig a to rs  ( S c h m i d t , 1935, 1936; 
S c h m i t t  e t  ah , 1936; R o m h á n y i , 1949; M i t c h i s o n , 1953; P o n d e r  e t ah, 
1956; R o l l h ä u s e r , 1956; R ö h l i c h , 1956; M i s s m a h l , 1957, 1958; K a u t z  

e t a h , 1957). All these in v e s tig a tio n s  w ere p e rfo rm ed  on u n s ta in e d  su b s tra te s  
a n d  b a s e d  on th e  in trin sic  b ire frin g en ce  of lip id  m olecules in  th e  m em b ran es 
a n d  sh o w ed  th a t  th e  lip id  m olecu les w ere a rran g ed  w ith  th e ir  g re a te r  re frac tiv e  
in d e x  ( th e ir  hyd rocarbon  ch a in s) in  p e rp en d icu la r d irec tion  to  th e  p lan e  of 
th e  m em b ran es . In  a p rev io u s s tu d y  of th e  u l t r a s tru c tu ra l  basis o f th e  m eta- 
c h ro m a tic  s ta in ing  reac tio n  [63] we b riefly  d e a lt w ith  th e  s ta in in g  reac tio n s 
of s t r u c tu r a l  lipids, w hich w ere  fo u n d  capab le  of b in d in g  som e m e ta c h ro m a tie  
c a tio n ic  dyes in an o rdered  p a t te r n ,  sim ilarly  to  th e  m e ta c h ro m a tie  s ta in in g  
o f o th e r  classic ch ro m o tro p es such  as acid m ucopo lysaccharides (M PS). This 
co u ld , how ever, be ach iev ed  o n ly  w hen a p o s t-s ta in in g  s ta b iliz a tio n  o f th e
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o rie n ta te d  d y e-b in d in g  reac tio n s w ith  p o ta ss iu m  fe rricyan ide  w as app lied . 
W hen  in th e  course o f our stud ies it  tu rn e d  o u t th a t  th e  o r ie n ta te d  dye- 
stab iliz ing  effect o f p o tass iu m  fe rricy an id e  on th e  s tru c tu ra l lip ids w as n o t 
sa tis fac to ry , we developed  a m ore effective w ay  to  stab ilize  th e  an iso tro p ic  
d y e-b ind ing  reac tio n s on s tru c tu ra l lipids. T h is has m ade it  possib le  to  s tu d y , 
b y  m eans o f to p o o p tic a l s ta in in g  reac tio n s , th e  u ltra s tru c tu ra l o rg an iza tio n  
of th e  biological m em b ran es , on w hich we sh a ll re p o rt in th is  p ap er.

M ater ia ls  an d  m e th o d s

Fresh ly  f ixed k idney ,  liver, pancreas  and lung  o f  ra ts  and cats  were in v es t ig a ted  in 
frozen sections. F ix a t io n  was perform ed  in 10% n eu tra l iz ed  formol solution for 24 hrs. In  the  
case of liver e rgas top lasm  m em b ran es  (EP),  the  a n iso tro p ic  s ta in ing  reac tion  o f  w h ich  was 
found to depend  on th e  ox ido-reduc tive  s ta te ,  f ix a t io n  w as carried o u t  in fo rm ol solution 
[p repared  w ith  freshly-boiled (1/2 hr) distil led w a te r ] ,  con ta in ing  0 .05%  sod ium  d ith ion ite  
as a r e d u c ta n t ,  or in fo rm ol solution under  anae rob ic  condit ions  (kep t  over a m ix tu re  of 
20 %  pyrogallic  acid and  10 %  sodium  hydrox ide  a n d  sealed in a reagen t  tu b e )  for 24 hrs.  
Sm ears  of  hum an  blood were fixed in 5 %  g lu ta ra ld e h y d e  solu t ion  (buffered to p H  7.2 w ith  
0.15 M  p hospha te  buffer  a t  4°C for 1 to 24 hrs). T o  s tu d y  the  sensi t iv i ty  of  th e  topoop tica l  
sta in ing reac tions in d e m o n s t r a t in g  u l t r a s t ru c tu ra l  dam ag e  to biological m em b ran e s ,  r a t  
k idneys  were in v es t ig a ted  a f te r  sho r t - te rm  ischaemia induced  by c lamping th e  v a sc u la r  pole 
for  15, 20 and 30 m in u te s  and  killing the  animals 2 — 24 hrs  a f te r  releasing the  c lam ping .  To 
analyze  the  role of  the d if fe ren t  s t ru c tu ra l  c om ponen ts  o f  the  m em branes in the  to p o o p tica l  
s ta in ing  reactions the  e ffec t  of  lipid ex trac t ion  a n d  r e m o v a l  of R N A  by r ibonuc léa se  and 
perchloric  acid were tes ted .

Lipid e x tra c t io n  was m ade  in two ways, a)  b y  t r e a tm e n t  of the  frozen sec tions w ith  
abso lu te  e thano l  for  5 m in u te s ,  to e x tr a c t  the  m ore  labile l ip ids; and b) by  t r e a tm e n t  with 
choloroform — m eth an o l  (1 : 3) for 24 hrs ,  for  co m ple te  e x tra c t io n  o f  the  s t r u c tu r a l  lipids. 
R N A  was e lim ina ted  e i the r  by  t r e a tm e n t  with  r ibonucléase  (R N A se ,c rys ta l l ized ,  R e an a l  B u d a ­
pest ,  2 m g/m l in n e u tra l  d is til led w a te r  a t  37°Cf or 4 h rs)  or  by  ex trac t ion  w ith  10 %  perchloric  
acid a t  4°C, for 18 hrs [3 ] .T h e  following topooptical-(s ta in ing)-react ions [63, 64] were applied.

Toluid ine blue sta in ing.  Frozen  sections were s ta in ed  in 0 .1%  to luidine b lue  (buffered 
a t  p H  3.5 7.0 w ith  Michaelis Veronal  sodium a c e ta te  buffer) ,  to which sod ium  chloride
was ad d ed  to a d ju s t  the  ionic s t re n g th  of the dye solu t ion  to 0.1 1.0.

T he  sections were s ta ined  on the  slides for 1 0 m inu tes ,  b lo t ted  with f i l te r  p a p e r  and 
th en  t rea te d  w ith  the  following préc ip i tan ts :  a)  2 %  p o tass iu m  ferricyanide,  or  b) a 7 : 1 
m ix tu re  of po tass ium  iodide (2 % )  and po tass ium  fe rr icyan ide  (2 % ) (K J /fe r r icy an id e )  to 
stabil ize the  dye molecules b o u n d  on the  s t ruc tu re .  T he  sections were th en  m o u n te d  in gum  
arabic,  con ta in ing  the  p réc ip i tan ts  a t  a con cen tra t io n  of 0 .2% .

The  gum  arab ic  lay e r  was allowed to dry.  I n  th is  s t a te  the p rep ara t io n s  could  e ither 
be p reserved  for indef in i te  t im e  or were sealed w i th  C a n ad a  ba lsam  and  cover-slips.

How ever ,  when th e  sections were covered w i th  cover  slips, w ith  the  g um  a rab ic  still 
l iquid, a slowly-progressing fad ing  of the  toluidine b lue  ensued  in a bou t  a year ,  p ro b a b ly  as 
a resu l t  of  e lectron  t r a n s p o r t  f rom  the tissues to to lu id ine  blue, m edia ted  by  fe rr icyanide .  
If ,  on th e  o ther  han d ,  th e  g u m  arab ic  layer was a llowed to d ry ,  no e lectron t r a n s p o r t  could 
take  place, and  the  s ta in ing  reac tion  persisted c o n s ta n t  for u n l im ited  time.

Ethacridine  (R ivano l)-s ta in ing  ( A l b e r t , 1951) was carr ied  o u t  w ith  a 1 %  aqueous 
solution. The s ta in ing  p rocedure  was similar to t h a t  w i th  to lu id ine  blue excep t  t h a t  the  sec­
tions were short ly  rinsed  a f te r  s ta in ing  and before be ing  t r e a te d  w ith  ferricyanide.  M ounting  
was s im ila r  as in the  case of to lu id ine  blue. Fo r  com parison  the  following cationic dyes  were used : 
m e th y len e  blue of the  th iaz ine  group, gen tian  v io le t ,  c ry s ta l  violet  and m eth y l  v io le t  o f  the  
t r ip h e n y l -m e th a n e  group ,  an d  the  copper  p h th a lo c y an in  dye  alcian blue.

L igh t  microscope o bse rva t ions  a n d  p o lar iza t ion  o p t ica l  analyses were m a d e  w ith  a 
Leitz  O r th o lu x  po lar iza t ion  microscope equ ipped  w i th  ro ta t in g  com pensa tors  (18 m /i  and 
57 m ft)  and a R erek com p en sa to r .  Inves t iga t ions  in m o n o ch ro m atic  l ight were m a d e  w ith  
a Zeiss in te rference  fi lter,  and  a Leitz m onochrom ato r .  Q u a n t i t a t iv e  dye b inding was e s t im a te d  
e i the r  w i th  a Leitz  c y to p h o to m e te r  of  the  “ M PV”  ty p e ,  or calcula ted  on the  basis  o f  the 
exposi tion  t imes of an  a u to m a t ic  exposure  set (L ei tz  O r th o m a t )  in the  light microscope.
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O bservations

W e fo u n d  th a t  in  all b io logical m em b ran es  in v es tig a ted  so fa r  th e  
o r ie n ta te d  b in d in g  of to lu id in e  b lu e  was d ep e n d e n t on th e  presence o f s tru c tu ra l  
lip ids in  th e  m em branes. B esides th is  genera l co n d itio n , we found th re e  ty p e s  
o f m e m b ra n e s  differing in th e ir  an iso trop ic  s ta in in g  re a c tiv ity  w ith  to lu id ­
ine b lu e .

Type I  membrane. T h e o r ie n ta te d  dye  b in d in g  of m em branes o f  th is  
ty p e  w as n o t  dep en d en t (as in  th e  T ype I I  m em b ran e) on th e  ionic s tre n g th  
o f th e  d y e  so lu tion  and could  b e s t be s tab ilized  b y  a p o st-s ta in in g  t re a tm e n t 
w ith  K J /fe rr ic y a n id e . M any cy to m em b ran es , cell m em branes, n u c lea r  m em ­
b ra n e s  as w ell as th e  b a se m e n t m em b ran e  b e lo n g  to  th is  ty p e .

Type I I  membrane is re p re se n te d  b y  th e  R N A -rich  E P  m em b ran es  in 
p a n c re a s  a c in a r cells, p la sm a  cells, ac tiv e  f ib ro b la s ts  an d  p ro te in -sec re tin g  
g la n d u la r  cells. A niso trop ic  s ta in in g  o f th ese  m em b ran es w ith  to lu id in e  b lue 
w as d e p e n d e n t, besides th e  p resence  of m e m b ra n e -a tta c h e d  R N A , 1. on th e  
p resen ce  o f  s tru c tu ra l lip ids, 2. on th e  ionic s tre n g th  of th e  dye  so lu tio n  
an d  3. on  a stab iliz ing  effect b e s t o b ta in ed  b y  p o s t- tre a tm e n t w ith  fe rricy an id e .

Type I I I  membrane is re p re se n te d  on ly  b y  th e  E P  m em branes o f  liver 
cells, th e  an iso tro p ic  s ta in in g  o f  w hich w as fo u n d  to  depend , besides th e  above 
c o n d itio n s  (1, 2 of Type I I  m em b ran e) 4. on th e  o x ido -redue tive  s ta te  o f  th e  
s t ru c tu re  a n d  5. could be s tab iliz ed  exclusively  b y  p o s t-s ta in in g  t r e a tm e n t 
w ith  th e  e lec tro n  accep to r fe rricy an id e .

Type I  membrane

a) Optimum wav of dye stabilization

T h e  m ain  ch a rac te ris tic  o f  th e  an iso tro p ic  s ta in in g  reac tio n  o f th is  ty p e  
of m e m b ra n e  is th e  w ay in  w h ich  o p tim u m  s ta b iliz a tio n  of th e  dye  m olecules 
on th e  s t ru c tu re  can be ach iev ed . P o tassiu m  fe rricy an id e , in itia lly  u sed  by  
us as a g enera l p o s t-s ta in in g  p re c ip ita n t fo r an iso tro p ic  s ta in in g  reac tio n s  
w ith  to lu id in e  blue an d  R iv a n o l ( R o m h a n y i , 1963; R o m h a n y i  an d  D e á k ,

1967), h a d  excellen t effects in  s tab iliz ing  th e  o r ie n ta te d  dye b in d in g  o f  acid 
M PS, b u t  d id  n o t p roduce s ta n d a rd  effects on  th e  lip id  s tru c tu re s  of d iffe ren t 
c y to m e m b ra n e s . W hen in v e s tig a tin g  th e  p o ss ib ility  o f op tim u m  dye s ta b iliz a ­
tio n  on  th e  s tru c tu ra l lip ids w e te s te d  d iffe re n t p réc ip itan ts  su ch  as K J , 
K SC N , p o ta ss iu m  fe rricy an id e , p o ta ss iu m  d ic h ro m a te , am m onium  m o ly b d a te , 
e ith e r  a lo n e  or in th e ir  v a rio u s  com b in a tio n s and  we found th a t  th e  b e s t dye 
s ta b iliz a tio n  on th e  s tru c tu ra l lip ids of T ype  I  m em b ran es could be ach ieved  
b y  u s in g  a 7 : 1 m ix tu re  o f p o ta ss iu m  iodide (2 % ) and  p o tassium  fe rricy an id e  
(2% ) (fre sh ly  p repared  ev e ry  2 — 3 days). T h e  effect of K J  alone w as found  
n o t to  b e  fav o u rab le , because o f its  ten d e n c y  to  form  m icrocrysta lline  a rte fa c ts .
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T he su p erio rity  in  dye stab iliz in g  o f  K J /p o ta ss iu m  fe rr ic y a n id e  (7 : 1) 
over th a t  o f fe rricyan ide  m an ifests  itse lf  in tw o effects: a )  i t  e x a c tly  preserves 
th e  orig inal shades of co lour o f m e tach ro m asia  no t only on th e  classic ch rom o­
tro p e s  (such as acid M PS) h u t  also on s tru c tu ra l lipids an d  can , th ere fo re , 
he  used for th e  s tu d y  of v isu a lly  w eak  m etach ro m atic  effects in  lig h t m icro­
scopy ; and  b )  it resu lts in o p tim u m  stab iliz a tio n  of th e  an iso tro p ic  effects of 
o r ie n ta te d  dye b ind ing  on s tru c tu ra l lipids. This effect is show n  in Fig. la  
w here  th e  cy to m em h ran es o f th e  d iffe ren t segm ents of th e  n e p h ro n  reveal 
u n ifo rm ly  s tro n g  b irefringence dvie to  th e  o rien ta ted  b in d in g  o f  th e  to lu id in e  
b lu e  m olecules. A fter fe rricy an id e  tre a tm e n t (Fig. lh )  on ly  th e  b asem en t 
m em b ran es and  th e  b ru sh -b o rd e rs  of th e  p rox im al tu b u li s ta n d  o u t as a resu lt 
o f  a s tro n g ly  an iso trop ic  s ta in in g , w hile th e  cy to m em h ran es o f  th e  d ista l 
segm en ts o f th e  nephron  are  ([uite inconsp icuous due to  in e ffec tiv e  s ta b iliz a ­
tio n  of th e  dye m olecules on th e  s tru c tu ra l lip ids of th ese  m e m b ra n e s , w hich 
a p p e a r  in  th e  ligh t m icroscope as basal s tr ia tio n s  of th e  c y to p la sm  co rresp o n d ­
in g  to  th e  basal infold ings o f th e  cy to m em h ran es and  to  th e  m em b ran es  of 
in te rp o sed  m itochondria  as seen in th e  elec tron  m icroscope. T h e  effect of 
K J /fe rr ic y a n id e  was found  eq u a lly  sa tis fa c to ry  on a large n u m b e r  o f o ther 
cy to m em h ran es . The in ten s iv e  an iso tro p ic  sta in in g  reac tio n  o f  th e  cap illa ry  
en d o th e lia l cell m em brane is n o te w o rth y . E v en  th e  red b lood  cell m em b ran e  
( M i t c h i s o n , 1953), w hich has an  ex trem ely  w eak in trin sic  b ire frin g en ce , can 
read ily  be d e m o n s tra te d  by  th is  m ethod . Fig. 2 shows th e  s tro n g  an iso tro p ic  
s ta in in g  reac tio n  of the  h u m a n  red  b lood  cell m em branes in  a g lu ta ra ld e h y d e - 
fix ed  sm ear. T his s trong  an iso tro p ic  effect o f  th e  sta in in g  is, in  view  o f th e  
e x trem e ly  w eak (unm easu rab le) in tr in s ic  b irefringence of th e  re d  cell m em ­
b ra n e , v e ry  rem ark ab le  an d  show s th e  possib ilities w hich can  be  p ro v id e d  by  
th e  to p o o p tica l s ta in in g  reac tio n s in u ltra s tru c tu ra l  s tud ies. T h is is fu r th e r  
show n in Fig. 3 d e m o n s tra tin g  th e  d ra s tic  decrease in a n iso tro p ic  s ta in in g  
re a c tio n  o f th e  b ru sh -b o rd er an d  cy to p lasm ic  m em branes o f  th e  p ro x im al 
ren a l tu b u li as a resu lt o f ea rly  s tru c tu ra l  d am age induced  b y  30 m in ischaem ia . 
A t th e  sam e tim e  the  dye b in d in g  is n o t d im in ished , only  th e  o r ie n ta tio n  of 
dye  m olecules is lacking. B y  c o n tra s t , th e  cy tom em hranes of th e  d is ta l tu b u li 
h av e  re ta in e d  th e ir  o r ie n ta te d  dye  b in d in g  cap ac ity , as show n b y  th e ir  s trong  
b irefringence. These exam ples d e m o n s tra te  th a t  to lu id ine  b lu e  s ta in in g  fol­
low ed b y  p o st-s ta in in g  t r e a tm e n t w ith  K J/fe rricy an id e  can be  re g a rd e d  as a 
s ta n d a rd  p rocedure  for p o la riza tio n  o p tica l analysis of th e  u l t r a s tru c tu ra l  
o rg an iza tio n  o f m em branes in p h y sio logy  and  patho logy .

b) O r i e n t a t i o n  o f  d y e  m o le c u le s  w i t h  r e s p e c t  to th e  s t r u c tu r a l  l i p i d s  i n  m e m b r a n e s

O ptica l phenom ena o f a n iso tro p y  (d ichro ism  and  b irefringence) induced  
b y  dye m olecules hound on th e  m em b ran e  in d ica te  th a t  th e y  a re  o r ie n ta te d

4 ■ictu M orpho log ien  A c n d e m ia e  S c ie n tia r u m  H u n g a r ic a e  17 . 106Q



Fig. 1. F rozen  sections of r a t  k id n e y  stained with to lu id in e  bine,  a:  post-s ta in ing  f ixa t ion  
w i th  K J/fe rr icyan ide  (7 : 1), b: w i th  ferricyanide. P ic tu re s  on  th e  left were tak e n  u n d e r  the  
l ig h t  microscope (A 560 m fi)  a n d  those  on the r ig h t  a re  th e  sam e  fields between crossed 
po laro ids .  There  is a m ark e d  d ifference  in anisotropic  s ta in in g  reac tion  between a and b. 
I n  a the  b rush  borders ,  t h e  c y to m em b ran es  and b a s e m e n t  m em b ran es  are s t rong ly  b iré ­
f r in g e n t  as a result  of the  o r i e n t a t e d  dye binding. In  b on ly  th e  b ru sh  border and b ase m e n t  
m e m b ra n e s  are strongly b i r é f r in g e n t ,  while the  c y to m e m b ra n e s  a p p ea r  isotropic  ind ica t ing  

a r a n d o m  b in d in g  of the dye molecules  ( X 300)
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big.  2. G lu tara ld eh y d e-fix ed  sm ear o f h u m an  blood , s ta in e d  w ith  th e  to lu id in e  b lue  K J/fc rri- 
cy an id e  m ethod , a)  u n d e r th e  lig h t m icroscope in lin ea rly  po larized  lig h t (A 560 m/<) the  
p lan e  of w hich is m ark ed  by th e  arrow ; b)  the  sam e be tw een  crossed p o laro id s. In  b) the 
stro n g ly  b iré frin g en t red  cell m em b ran es a re  seen in  th e  form  of rad ia lly  po sitiv e  p o la riza tio n  
crosses, in d ica tin g  rad ia lly  o r ie n ta te d  dye m olecules on th e  m em branes. In  a j  ra d ia lly  positive  
d ich ro ism  of th e  red cell m em b ran es can also be recogn ized . B o th  sectors o f th e  red  cell m em ­
b ran es, o rien ta te d  p e rp en d icu la rly  to  th e  p lane (m ark ed  by  an arrow ) of p o la r iza tio n  o f the 
lig h t, are d a rk , in d ica tin g  th a t  th e  dye m olecules are  a ligned w ith  th e ir  ligh t ab so rb in g  bonds 
rad ia lly  to  th e  m em branes. T w o leukocy tes seen in th e  p ic tu re  show very  w eak  an iso tro p y  

of th e ir  cy to p lasm ic  m em b ran es ( x ! 2 0 0 )

w ith  th e ir  ligh t ab so rb in g  bonds (th e  p lanes o f  th e  dye m olecules) para lle l 
to  th e  h y d ro ca rb o n  chains o f th e  lip id  m olecules in th e  m em b ran es, in d uc ing  
an  ad d itiv e  ty p e  o f an iso tro p ic  s ta in in g  reac tio n . (F o r c lassifica tio n  o f th e  
to p o o p tica l s ta in in g  reac tio n s , see R oiMh á n y i  an d  D e á k , 1967a.)

Dichroism. T o lu id ine  b lu e -s ta in ed  m em branes revealed  d ich ro ism  of 
d iffe ren t degrees, wdth m ax im u m  ab so rp tio n  for ligh t po larized  p e rp e n d ic u la rly  
to  th e  p lane  of th e  m em b ran es, in d ica tin g  th a t  th e  lig h t ab so rb in g  b o n d s  of 
th e  dye m olecules w ere a rran g ed  para lle l to  th e  h y d ro ca rb o n  ch a in s  o f  the  
lipid m olecules in th e  m em b ran es (Fig. 4). D ichro ism  is how ever o f te n  w eak 
or u n d e te c ta b le , in sp ite  o f th e  s trong  effect o f b irefringence in  th e  sam e 
p re p a ra tio n . This is due to  th e  fac t th a t  d ich ro ism  is v e ry  sen s itiv e  to  the  
th ick n ess  o f th e  specim en a n d  is easily  m asked  by  th e  dye m olecules o f  o v e rly ­
ing  layers w ith  d iffe ren t o rie n ta tio n . By c o n tra s t , th e  b ire frin g en ce  in d u ced

4* A c ta  M o rp h o lo g ien  A c a d e m ia e  S c ie n tia r u m  H u n g a r ic a e  1 7 , 19 ()()
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F ig .  3. F rozen  section o f  r a t  k i d n e y  af te r  30 min i sch aem ia  induced  by  c lam ping  th e  vascu la r  
po le  a n d  inves tigated  2 h r  a f te r  re leasing  the  v a sc u la r  c lam ping .  Toluidine blue  K J/fe r r i-  
c y a n id e .  a JU n d e r  the  l ig h t  m ic roscope;  b) the sam e f ie ld  b e tw een  crossed polaroids.  In  b) 
s t a in in g  o f  the  b rush  b o rd e r  a n d  o f  th e  proximal t u b u l i  is iso trop ic  as an  optica l  sign of early  
d a m a g e  to  the c y to m e m b ra n es  o f  these  segments o f  t h e  nephrons .  Two dista l  tu b u l i  show 
in te n s iv e  birefringence in  th e  c y to p la sm  indicating  t h a t  t h e  s t ru c tu ra l  lipids h a v e  re ta in ed  
t h e i r  ab i l i ty  to align to lu id ine  b lu e  in an o r ien ta ted  p a t t e r n .  S ta in ing of the  p ro x im a l  tu b u li  
w a s  o r th o ch ro m atic ,  t h a t  o f  th e  d is ta l  tubuli  m e ta c h ro m a t ic ,  u n d e r  the  l igh t  microscope.

F o r  c om par ison  see Fig. l a  ( X 300)

b y  th e  orderly alignm ent o f  dye molecules on m icellar textures is m uch less 
disturbed  by such factors.

c) B i r e f r i n g e n c e  o f  t o l u i d i n e  b l u e - s t a i n e d  m e m b r a n e s

The dispersion curve o f birefringence o f  the toluidine blue-stained  
m em branes shows a ty p ica l course (Fig. 5). There is increased negative bire­
fringence with respect to  th e  plane (tangent) o f  the membrane for light of 
th e  long wave side and p o sitiv e  birefringence for the short w ave side o f  the 
spectrum  (63]. From th e curve it can be seen th a t in order to  obtain standard  
com parable values for the anisotropy induced by the staining reaction, the 
m easurem ents of retardation must be made at con stan t w ave lengths. We used

A c ta  NIorphologica Academ iae S c ie n tia ru m  Hungaricae 17, 1969
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Fig. 4. Frozen section of r a t  k idney, th ick  Henle-segm ent.  Toluidine blue K J/fe rr icyan ide .  a)  and b) the  same field undei 
the light microscope in l inearly polarized light (A 560 in//), the  p lane  of which is ind ica ted  by  arrow's; c) the  same between 
crossed polaroids. The  cy to m e m b ra n es  seen as “ basal  s t r ia t io n s”  ap p ea r  in a)  d a rk ,  in b) l ighter;  there  is m ax im u m  a b so rp ­
tion for light polarized pe rpendicu la r ly  to the  leng th  of the  basal s t r ia t ions  (negative  dichroism). The b asem en t  m em branes  
show negative  d ichroism w ith  respect to the ir  length ,  they  ap p ea r  in n j  lighter,  and in bj  da rk .  The  negative  d ichroism of 
bo th  the  c y to m em b ran es  and basem ent m em branes  indicates  t h a t  the  dye molecules are a rranged  w ith  their  light absorb ing  bonds 
( the  planes of their  molecules) pe rpendicu lar ly  to the  cy to m em b ran es  as well as to the  basem en t  m em branes  i.e. parallel 
w i th  the  h y d ro c arb o n  chains of the  s t ru c tu ra l  lipids.  In  c) the  s trong  anisotropic  sta in ing effect of  the  basal  s t r ia t ions  and 
basem en t  m em b ran es  is seen, the  optical  ch arac te r  being negative  w ith  respect to the ir  leng th  as optical evidence t h a t  the 

dye molecules are o r ien ta ted  pe rpendicu lar ly  to the  m em branes  ( x ! 2 0 0 )
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ligh t o f  A 580 m (i . The in ten sity  o f anisotropy o f the staining reaction can be 
ex p ressed  b y  means of the in d ex  o f anisotropy [63]: 
in d u ced  anisotropy m/t

, w hich varied from  5.0 to 0.2 with the different
orig inal anisotropy m g  

m em branes.
T he dispersion curve o f  birefringence (in F ig. 5) indicates th a t th e  dye 

m olecu les are aligned w ith  their  light absorbing bonds perpendicularly to  the

F ig .  5.  T h e  absorption  and  d ispers ion  curves o f  b irefringence of a to lu id ine  b lue-s ta ined  
b r u s h  b o r d e r  of ra t  k idney. 1. A b so rp t io n  curve fo r  l ig h t  polarized p e rp en d icu la r ly  to  the  
m ic ro v i l l i  o f  the  b rush  border.  2. A b so rp t io n  curve  fo r  l ig h t  polarized paral le l  w i th  th e  m icro­
vill i  o f  t h e  b ru s h  border.  3. A b s o rp t io n  curve  for u n p o la r ize d  light.  There  is m a x im u m  a b so rp ­
t io n  fo r  l ig h t  polarized p e rp en d icu la r ly  to  the le n g th  o f  the  microvilli of  th e  b r u s h  border.  
4. I n t r i n s i c  birefringence of th e  u n s ta in e d  b rush  b o rd e r  (negative  w ith  respec t  to  t h e  leng th  
o f  t h e  microvill i) .  5. D ispersion cu rv e  of b irefringence  o f  the  to lu id ine b lu e -s ta in ed  b ru sh  
b o r d e r .  T h e re  is an inversion o f  t h e  negative  b ire fr ingence  to positive  a t  A 530 т/л ( a t  the  
zone o f  t h e  m etachrom atic  a b so rp t io n  b a n d  o f  to lu id in e  blue). 6. Spec tra l  cu rve  o f  b ire ­
f r in g e n c e  o f  e thacr id ine-s ta ined  b ru sh  border.  T h e re  is increased negative  b irefr ingence  for

th e  whole visible  sp e c tru m

m em branes and in parallel w ith  tlic hydrocarbon chains of the lipid m olecules. 
T hus b oth  dichroism and birefringence m ay be regarded as an indication  
th a t  th e  toluidine blue m olecules are arranged in parallel w ith  th e  hydro­
carbon chains of the structural lipids in the membranes.

d) O p t i c a l  e f fe c t  o f  e t h a c r i d i n e  o f  s t a i n i n g  o n  m e m b r a n e s

Ethacridine staining induces a strong increase in anisotropy o f th e  m em ­
b ran es, w hich is, for the w hole visible spectrum , negative in respect to the 
p lane o f  the membranes (F ig. 5), indicating th at the dye molecules are arrangad
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w ith their greater refractive index (the plane of the dye m olecules) perpen­
dicularly to the membranes. H ow ever, th e  absorption band of ethacridine  
being in the near u ltraviolet part o f the spectrum  — (between 430 360 mp)
the dispersion curve o f birefringence o f th e  ethacridine-stained m em branes 
could not be followed in its whole course and owing to a similar fact dichro- 
ism , w hich would have been effective w ithin  the spectral region of the absorp­
tion band, could not be observed.

e) The role o f  membrane lip ids in  the topooptical sta in ing  reactions

Optical evidence indicates that the cation ic dye molecules used (toluidine  
blue, ethacridine) are bound to the m em brane structure in pattern orientated  
parallel w ith the hydrocarbon chains o f th e  lipid molecules in the m em branes. 
The question arises w hat role the lipids p lay  in this phenom enon.

W e found th at lipid extraction, although it did not diminish q u an tita tive  
dye binding, resulted in a com plete lack o f orientation of the to lu id in e blue 
m olecules as shown by the isotropic sta in ing  reaction, in contrast to  the an­
isotropic staining o f membranes w ith  lipids present in them  (F ig. 6a, b). 
In lip id-extracted  slices the staining o f  the cytom em branes was orthochrom atic, 
in the control slices w eakly m etachrom atic, indicating a random aggregation  
o f the dye m olecules in the lip id-extracted  membranes and a m icellar dye  
aggregation in the membranes o f the control slices ( R o m h a n y i , 1963). Thus 
both polarization optics and the phenom ena o f orthochrom asia-m etachrom asia  
provide evidence of the im portant role o f  structural lipids in the orientated  
dye binding o f mem branes in a rem arkable w ay inasm uch as th ey  are only  
essential for the orientation of dye m olecules, but not for their b inding, w hich  
is brought about by anionic groups o f the nonlipid com ponents o f the fram e­
work o f the membranes.

f) E thacrid ine sta in ing  after lip id  extraction

Lipid extraction did not abolish the anisotropic staining reaction  of 
m em branes w ith ethacridine, only dim inished it to about 30% . This provides 
a possib ility  to study the topooptical sta in ing reactions of biological m em ­
branes w ith ethacridine also in paraffin sections (S o m o g y i  et al., 1967). E thacri­
dine m olecules are bound to the m em brane structure either by th e  n egative  
side groups o f the protein framework o f the membrane or by m em brane- 
attached  R N A , which can be tested  by ribonucléase treatm ent (F ig. 8). 
In contrast to toluidine blue, ethacridine m olecules thus appear to  be able 
to  m aintain an orientated arrangement on th e  protein structure o f the m em ­
branes w ithout the presence of lipids in them . This m ay be explained on a 
m olecular structural basis, which will be discussed later.

Acta M orphologien A cadcm iac Scientiarum  H ungaricae 17, 1969
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Fig.  6.  R a t  k idney .  Toluid ine blue  K J /fe r r icyan ide .  a)  In co m p le te  lipid e x tra c t io n  (5 m in  
a b so lu te  e th a n o l  t r e a tm e n t ) ,  b) Complete  lipid e x t r a c t io n  w ith  ch lo ro fo rm -m ethano l  for 
24 h r .  I n  a)  t h e  p rox im al  tu b u l i  show isotropic  s ta in in g  as a resu l t  of the  loss of  th e i r  more 
labi le  s t r u c tu r a l  l ip ids; th e  nuc lea r  m em branes  o f  th e  d i s ta l  tu b u li ,  however,  r e ta in e d  th e i r  
a n iso tro p ic  s ta in ing  reac t ion  in d ica t in g  re la tive  re s is tan ce  to  ex trac t ion  of th e i r  s t r u c tu r a l  
lipids.  I n  b)  the  s ta in ing  is iso tropic  ind ica ting  r a n d o m  b ind ing  of the dye molecules. F o r

com par ison  see Fig  l a  ( X 300)
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7’iii- 7. R a t  pancreas  and  su rro u n d in g  lym ph node tissue.  F rozen  section, to lu id ine  b lue/  
fe rr icyanide  (a t  0.6 M  NaCl co ncen tra t ion  of the  d y e  solu t ion),  a)  In  the  light m icroscope, 
b)  the  sam e b e tw een  crossed polaroids.  In It) the  E P  o f  p an c re as  a c in a r  cells is s t rong ly  b iré ­
fr ingen t  as a resu lt  of  o r ien ta te d  dye binding on th e  m e m b ra n e -a t t a c h e d  R N A : in the  l y m ­
phoid t issue s trongly  b iré f r ingen t  cells are seen w h ich  can  be recognized in a)  as p lasm a 
cells. The  anisotropic  s ta in ing  o f  the  plasma cells is d u e  to  th e i r  highly developed E P  which 
can  be abolished by  t r e a tm e n t  o f  the  slices w ith  r ibonucléase .  T h e  o r ien ta ted  dye b in d in g  of 
the  E P  in pancreas  ac inar  cells and  p lasm a cells d e p en d e d  on the  high ionic s t re n g th  o f  the  
dye  solu tion  (0.6 M  NaCl co n te n t )  in which the  cell nuc le i  of  the  pancreas  acinar  cells and 

those  of the  ly m p h  node cells a p p e a r  u n s ta in e d  ( x ! 5 0 )

g) Intercalation o f  dye molecules between the hydrocarbon chains o f  the 
structural lip ids in  the membranes

The membrane orientation of the dye m olecules by the structural lipids, 
as observed in our investigations, is indicative o f a close molecular interaction  
betw een dye m olecules and structural lipids. From  this and the optical evidence  
indicating a parallel arrangem ent of the dye m olecules with the hydrocarbon  
chains o f the lipids one can conclude that th e  dye m olecules are intercalated  
betw een the hydrocarbon chains of the m em brane lipids. This capacity  of  
the dye m olecules is related to their polar-apolar molecular conform ation, 
which enables them  to he intercalated betw een the lipid m olecules, which  
also have a polar-apolar molecular conform ation (F ig. 12). M ethylene blue 
for instance, a thiazine dye, structurally c losely  related to toluidine blue hut
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Fig. 8. P a r a f f i n  section of ca t  p a n c re a s  s ta ined  w i th  e thacr id ine/ferr icyan ide  a n d  viewed 
b e tw e e n  c rossed  polaroids,  a)  before ,  b) a f te r  r ibonucléase  t r e a tm e n t ,  a)  shows th e  s t rong  
b i re f r in g en c e  o f  the E P ,  optica lly  n e g a t iv e  w ith  re sp ec t  to the  leng th  o f  th e  m em b ran e s ,  
in d u c e d  b y  th e  orientated  dye b in d in g ,  w h ich  obscures th e  birefringence of th e  n u c le a r  m e m ­
b ra n e s ;  i n  b)  the  anisotropic s ta in in g  effect of  the  cy to p la sm  d isappeared  as a r e su l t  o f  the 
e l im in a t io n  o f  R N A , the an iso trop ic  s ta in in g  of th e  nuc lear  m em branes  pe rs is ts  a l th o u g h  
d e c re ased  in  intensi ty .  This m ay  he t a k e n  as evidence  o f  an  o r ien ta ted  R N A  la y e r  on  the  
n u c le a r  m e m b r a n e  belonging to  t h e  E P ,  as kno w n  f ro m  electron microscopic obse rva t ions .  
T h e  r e m a in i n g  anisotropic s ta in ing  re a c t io n  of the  n u c lea r  m em b ran e  is due  to  o r ien ta te d  

d y e  b ind ing  on the  neg a t iv e  side groups of th e  p ro te in  f ram ew ork  ( X 450)

w ith  sym m etrically  distributed electrically  charged groups on the m olecule, 
was fou n d  incapable of being bound in an orientated pattern on biological 
m em branes although its b inding capacity  was not less than th a t o f  tolui- 
dine b lue.

T h e cationic dyes of th e  triphenyl-m ethane group and alcian blue were 
n ot ab le to  induce an anisotropic stain ing reaction. It is probably for m olecular 
steric reasons that they are unable to intercalate between the m em brane 
lip ids.

h) U l t r a s t r u c t u r a l  d e n s i t y  o f  b i o l o g i c a l  m e m b r a n e s

T h e intercalation o f dye m olecules in the membrane structure is depend­
ent n o t on ly  on the conform ation of the dye m olecules hut, sim ilarly, on the
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s tru c tu ra l d en sity  o f th e  m em b ran es, w hich varies  co n s id e ra b ly  w ith  the 
d iffe ren t biological m em b ran es. The degree of to lu id in e  b lu e  in te rca la tio n  
can , to  som e e x te n t, he considered  an  op tica l sign o f u l t r a s t ru c tu ra l  density  
of th e  m em branes, w hich  can  be expressed  q u a n tita tiv e ly  as a ra tio  betw een 
th e  an iso tro p y  (A) an d  th e  o p tica l den sity  (D) o f th e  s ta in in g  re a c tio n . As a

A
sta n d a rd  reference v a lu e  th e  ra tio  o f to lu id in e  b lu e  K J /fe rr ic y a n id e  films,

o ften  seen on a slide in  th e  n e ighbourhood  of th e  slices, was ta k e n . In  a num ber
25 m/< A

of m easu rem en ts on su ch  film s a m ean  v a lu e  o f w as fo u n d  for
0.1 D

w hich in th e  form  of
D X 250

25

0.1 X 250
1. T his can  b e  ta k e n  as an

optica] u n it va lu e  fo r a to lu id in e  b lue K J/fe rr ic y a n id e  f ilm  te x tu re  with
A

o p tim u m  o rien ta tio n . I t  was now  o f in te re s t to  see w h a t v a lu es  could

be found for d iffe ren t m em b ran o u s s tru c tu re s  w hen  th e y  w ere  s ta in e d  w ith
to lu id in e  b lue K J /fe rr ic y a n id e . The follow ing values w ere o b ta in e d : for brush

50 m/x 40 m/u
b o rd er, -  ___ =  0.5; fo r red  cell m em b ran e , -  ;  =  0 .32 ; for mye-

0 .4X 250 0 .5 x 2 5 0
40 in/t

lin , = 0 .1 2 ;  th e se  ra tio s  show th a t  th e  degree of m e m b ra n e  o rien ta ­
i s  X 250 b

tio n  ( in te rca la tio n ) o f dye  m olecules was d iffe ren t in  th e  v a rio u s  m em branes, 
th e  op tim u m  va lu e  b e ing  fo u n d  in th e  b ru sh  b o rd e r, w h ich , how ever, only 
reaches h a lf  th e  va lu e  o f o p tim u m  dye o rien ta tio n  in  th e  film . M yelin  shows 
a v e ry  low7 degree o f dye  in te rca la tio n .

T ype I I  membrane

T he an iso tro p ic  s ta in in g  reac tio n  w ith  to lu id in e  b lu e  o f  th e  E P  of 
pan creas , p lasm a cells, f ib ro b la s ts  an d  m any  o th e r p ro te in -se c re tin g  cells, 
w as m ark ed ly  in flu en ced  b y  th e  ionic s tre n g th  of th e  dye so lu tio n . A t low 
ionic s tre n g th s  th e se  m em b ran es gave iso trop ic  o v e rs ta in in g  w ith  to lu id ine 
b lue (F ig. 9) b u t a t  h ig h er ionic s tren g th s  th e  s ta in in g  reac tio n  w as anisotropic. 
T he m ax im um  degree o f  d y e  m olecule o r ie n ta tio n  on th e  E P  ap p eared  a t 
high ionic s tre n g th s  (0.6 —1.0 M  sod ium  chloride) o f th e  d y e  so lu tion , a t 
w hich th e  cell nuclei rem a in ed  com pletely  u n s ta in e d  (Figs 7, 9). T h e  o rien ta ted  
b in d in g  o f ca tion ic  dyes b y  such  m em branes is due  to  th e ir  R N A  conten t. 
R ibonucléase  t r e a tm e n t  or e x tra c tio n  of R N A  w ith  perch lo ric  ac id  abolished 
th is  dye b in d ing  (F ig . 8). T he R N A  and lip id  dependence  o f  th e  anisotropic 
s ta in in g  reac tion  o f th e  E P  o f pancreas ac in a r cells rep o rted  in  d e ta il earlier 
( R o m h á n y i  an d  D e á k , 1967b) gives som e in d irec t in d ica tio n  o f  th e  u ltra- 
s tru c tu ra l o rg an iza tio n  o f  E P , wKich will he b rie fly  d iscussed  below .
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Fig.  9. f  ro z en  section of r a t  l ive r  s t a in e d  with toluidine b lue/fe rr icyan ide  in a)  a t  low 
e le c t ro ly te  concen tra t ion  (0.02 M  N aC l) .  b) the  same staining; a t  h igh  e lectro ly te  c o n cen tra ­
t ion  (0.6 M  NaCl). The p ic tu res  on  th e  left were tak e n  u n d e r  th e  l igh t  microscope (A 
560 m //)  a n d  those on the r i g h t  b e tw e e n  crossed polaroids.  I n  th e  l igh t  microscopic pic­
tu re  o f  a )  t h e  cell nuclei a n d  c y to p la sm ic  granules show in ten s iv e  s ta in ing  w hich ,  be ­
tw een  c ro sse d  polaroids,  appea rs  i so t ro p ic  indicating a r a n d o m  b in d in g  of the  dye molecules 
on th e se  s t ru c tu re s .  The l igh t  m ic ro sco p ic  p icture  of b) r ev ea ls  selective s t rong  basophilic
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Type I I I  m em brane

T he an iso tro p ic  s ta in in g  reac tio n  o f th e  E P  o f th e  h ep a tic  cell, th e  only  
re p re se n ta tiv e  o f th is  m em brane ty p e , w as found to  depend , a p a r t  from  the 
cond itions described  above for T ype II m em b ran e , on th e  o x id o red u c tiv e

Fig. 10. F rozen  sec tion  o f  formol-fixed rat liver, s ta in e d  w ith  toluidine b lue/ferr icyan ide  of 
0.6 M  NaCl c o n ten t  o f  the  dye solution. The E P  revea ls  s t ro n g  birefringence as a resu lt  of  an 
o rien ta ted  dye  b in d in g  o f  the  m em branes of the  E P .  In the  two black areas the  s ta in ing  
is isotropic as an  op t ica l  sign of random  dye b in d in g  on the  E P  resulting from  sp o n ta n eo u s  

p h o to o x id a t io n  of the slice in b r ight  d a y  light (3 hrs) ( x l 2 0 )

s ta te  o f th e  E P . I t  sh o u ld  be po in ted  o u t th a t  in th is  case th e  s ta in in g  reac tio n  
could he s tab ilized  exclusively  by  th e  e lec tro n  accep to r fe rricy an id e . In  th e  
oxidized s ta te  th e  E P  o f liver cells show ed iso tro p ic  s ta in ing , in th e  reduced  
s ta te  an iso tro p ic  s ta in in g  (Figs 10, 11). In th e  fo rm er s ta te  th e  dye  m olecules

s ta in ing  o f  the  E P .  A t  an  e lectro ly te  co ncen tra t ion  o f  0.6 M  the  cell nuclei rem a in  u n s ta in e d  
due to the  lower crit ica l  e lectro ly te  co ncen tra t ion  o f  D N A ; between crossed po laro ids  the 
same field shows in ten s iv e  birefringence of the  c y to p la sm ,  resulting  from an o rde r ly  a lign­
m e n t  of the  dye molecules on the  E P  m em b ran e s  ( X 560)

.■icta M orphologien Acnderniac Scientiarum  H ungaricae 17, 1969



262 G Y . R O M H Á N Y I a n d  G Y . D E Á K

Fig. 11.  T w o  halves of a f rozen sec t io n  of r a t  l iver ox id ized  in 3 %  H 20 2 for 5 m in u te s  (a ) ,  
a n d  t h e n  re d u ce d  with  0 .1 %  so d iu m  d ith ion i te  fo r  5 m in u te s  (b ) .  S ta ined w i th  to lu id ine  
b lu e / fe r r ic y an id e  of 0.6 M  NaCl c o n te n t .  B etw een  crossed polaroids the  s ta in ing  in  the  
o x id ized  h a l f  (a )  is isotropic, in d ic a t in g  a r a n d o m  d y e  b ind ing  on  the  E P .  I n  th e  oxidized- 
r e d u c e d  h a l f  (b )  the  cy top lasm  o f  th e  liver cells shows in tens ive  birefringence as a  sign of 
o r i e n t a t e d  b in d in g  of the  to lu id ine  b lue  molecules on  th e  m em b ran e  u l t r a s t r u c tu r e  o f  the

E P  in the  reduced  s t a te  ( x 2 0 0 )

w ere b o u n d  a t random  on th e  R N A , b u t in th e  la t te r  th e y  w ere a lien ed  in  an 
o rd e r ly  p a t te rn ,  parallel to  th e  h y d ro ca rb o n  chains of th e  lip id  m olecules 
in th e  E P  m em branes. T h u s  an  in d isp en sab le  co n d itio n  of o rien ta tio n  o f  th e  
dye  m o lecu les  in the  E P  m em b ran es  of th e  liv e r  cell is th e  presence o f e lec tro n s 
w ith  w h ic h  th e  electron a c c e p to r  fe rricy an id e  can  in te ra c t to  b rin g  a b o u t a 
m e m b ra n e  o rien ta tio n  of th e  d y e  m olecules h o u n d  by  th e  m e m b ra n e -a tta c h e d  
R N A  (F ig . 13a). In  th e  o x id ized  s ta te  (F ig . 13b), in  w hich elec trons a re  la c k ­
in g , su c h  an  in te rac tio n  c a n n o t ta k e  p lace, a n d  th e re fo re  th e  d y e -fe rricy an id e  
c o m p le x  b o u n d  to  th e  R N A  rem ains u n o r ie n ta te d  giving rise to  iso tro p ic  
s ta in in g .
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Fig. 12. Schem atic  d raw ing  of the  m olecular  c o n fo rm a t io n  of the dyes used, show ing  the  
po lar-apo la r  co nfo rm ation  of tolu id ine blue an d  e th a c r id in e ,  which enables t h e m  to  in te r ­
cala te  be tw een  the  p o lar -apo la r  lipids of the  m e m b ra n e s  (a ) .  M ethylene blue w i th  i ts  sy m ­
m etrically  d is t r ib u te d  e lectric  charge is n o t  cap ab le  o f  m em bran e - in te rca la t io n .  A f te r  lipid 
e x tra c t io n  (b)  to lu id ine  blue  molecules b ound  by  th e  anionic  b ind ing  si tes of the  m em b ran e -  

f ram ew ork  rem a in  u n o r ie n ta te d  giving rise to an  anisotropic  s ta in ing  reac t ion

Fig. 13. H igh ly  schem atic  s t ru c tu ra l  model o f  th e  s ta in in g  reac tion  of the E P  in l iver cell, 
depend ing  on th e  o x idoreduc tive  s ta te .  R: m e m b ra n e -a t t a c h e d ,  and m em b ran e -o r ien ta te d  
r ibosom al R N A , M: l ipopro te in  m em brane .  In  a ) ,  m em b ran e  o r ien ta t ion  of th e  R N A -d y e-  
fe rr icyan ide  com plex  resu l ted  from the in te rac t io n  be tw een  the  e lectron a cc ep to r  ferri- 
cyan ide  and  the  e lectrons p re sen t  in the reduced m e m b ra n e .  In  b),  the  R N A -d y e-fe r r icy an id e  
complex rem a in s  u n o r ie n ta te d ,  re su lting  in iso trop ic  s ta in in g  because of lack o f  e lec tro n s  to

in te rac t  w ith  fe rr icyan ide

To p reserv e  th e  physio logical red u ced  s ta te  of the  E P  m em b ran es  of 
liv er cells ( R a p o p o r t ,  1966) it  w as n ecessary  to  ap p ly  e ith e r an ae ro b ic  f ix a ­
tio n  or a form ol so lu tio n  co n ta in in g  a re d u c in g  ag en t (sodium  d ith io n ite )  and  
fu r th e r  to  p ro te c t th e  slices from  p h o to o x id a tio n  by  b rig h t d ay  lig h t p rio r 
to  th e  s ta in in g  process. T he ox id o red u c tiv e  s ta te , as reflec ted  b y  th e  iso trop ic - 
an iso tro p ic  s ta in in g  reac tio n  of th e  E P , w as reversib le . More d e ta ils  a re  to  be 
rep o rted  in a s e p a ra te  p a p e r ( R o m h á j n y i  a n d  D e á k ,  1969).

D iscussion

The role o f  structural lip ids in  the topooptical s ta in ing  o f  m em branes

P o la riza tio n  o p tica l analysis o f th e  o r ie n ta te d  dye-b ind ing  reac tio n s  on 
biological m em b ran es affords a new m eans o f  s tu d y in g  th e ir  u l t r a s t ru c tu ra l
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o rg a n iz a tio n . A general c h a ra c te r is tic  o f th e  an iso tro p ic  s ta in in g  re a c tio n  of 
m e m b ra n e s  w ith  th e  ca tio n ic  dye to lu id in e  b lu e  is th e  dependence  o f th e  
re a c tio n s  on  th e  presence o f  s tru c tu ra l lip id s in  th e  m em branes, as show n 
b y  th e  f a c t  th a t  a fte r lip id  e x tra c tio n  (even  a f te r  sh o rt e th an o l t r e a tm e n t  o f  
fo rm o l-f ix e d  slices) the  o rd e red  a lignm en t o f  th e  to lu id in e  b lue m olecules on 
th e  m e m b ra n e  s tru c tu re  is co m p le te ly  ab o lished , a lth o u g h  dye-b in d in g  is n o t 
d im in ish e d  (Fig. 6b). T his suggests  th a t  th e  n e g a tiv e  groups o f choline co n ­
ta in in g  phospho lip ids are  n o t  freely  accessible to  th e  cation ic  dye  m olecules 
in  th e  m em b ran e  s tru c tu re  ow ing to  s te ric  fac to rs , or because th e y  are  
c o m p e n s a te d  w ith  th e  e lec tro n -p o sitiv e  g ro u p  o f choline ( B a n g h a m , 1964; 
VAN D e e n e n , 1966) an d  a re  p re se n t as n o n -ch arg ed  lipids. This is n o ticeab le  
as p h o sp h o lip id s  in spo t te s ts  w ere found  to  give a considerab le baso p h ilic  
s ta in in g , a lth o u g h  th is  w as found  also to  d ep en d  on th e  s ta te  of ag g reg a tio n  
( S i n a p i u s , 1968). In ou r ex p e rim en ts , how ever, no basophilic  s ta in in g  o f  th e  
s t r u c tu r a l  lipids in th e  in v es tig a ted  m em b ran es  was d em o n strab le  w ith  
to lu id in e  b lue. I t  ap p ears , how ever, th a t  in  o th e r  m em brane ty p es , w ith  m ore  
a n io n ic  phospho lip ids su ch  as p h o sp h a tid y l g lycero l an d  su lpho lip ids a b a ­
so p h ilic  s ta in in g  m ay be o b serv ed  in  th e  lip id  co m p o n en t itse lf. T h u s one 
can  co n c lu d e  th a t ,  in g enera l, th e  lip id  m olecules of m em branes do n o t p la y  
a ro le  in  th e  b ind ing  of c a tio n ic  to lu id in e  b lu e  m olecules an d  are  e ssen tia l 
o n ly  fo r th e  o rien ta tio n  o f d y e  m olecules, h o u n d  b y  th e  neg a tiv e  side g roups 
o f  th e  n o n -lip id  fram ew ork  (p ro te in s , m u co p ro te in s , R N A ) of th e  m em b ran es.

Intercalation o f  dye molecules in  the membrane structure

P o la riz e d  light d a ta  in d ic a te  th a t  in th e  o r ie n ta te d  dye b in d in g  reac tio n s  
o f  b io lo g ica l m em branes th e  dye m olecules a re  in te rc a la ted  w ith  th e ir  lig h t 
a b so rb in g  (re tard ing ) bonds (m olecu lar p lanes) in para lle l betw een  th e  h y d ro ­
c a rb o n  ch a in s  of the  lip ids a n d , th u s , th e ir  p lan es pe rp en d icu la r to  th a t  o f the  
m e m b ra n e s  (Fig. 12a).

T h e  ab ility  of th e  dye  m olecules to  in te rc a la te  betw een  th e  s tru c tu ra l  
lip id s  is la rg e ly  dep en d en t on  th e ir  m o lecu lar con fo rm ation . A p p a re n tly  on ly  
c a tio n ic  d y e  m olecules w ith  p o la r-ap o la r co n fo rm atio n  and  a f la t  m o lecu lar 
sh a p e  a re  ab le  to  in te rc a la te  b e tw een  th e  ph o sp h o lip id s  of m em branes w hose 
m o lecu les sim ilarly  possess a p o la r-ap o la r co n fo rm atio n .

A s show n in th e  d ia g ra m  in Fig. 12 th e  p o la r-ap o la r co n fo rm atio n  of 
to lu id in e  b lue  and  e th a c rid in e  appears to  re n d e r  these  m olecules cap ab le  of 
in te rc a la t io n  betw een th e  lip id  m olecules o f th e  m em brane in such  a w ay 
th a t  th e i r  positively  charged  p o la r g roups a re  co n fro n ted  w ith  th e  n e g a tiv e ly  
c h a rg e d  p o la r  groups of th e  lip id s , an d  th e ir  a p o la r  m olecular p a r ts  in te rc a la te  
b e tw e e n  th e  apolar zones o f  th e  h y d ro ca rb o n  chains.
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M ethylene b lue, s tru c tu ra l ly  closely re la te d  to  to lu id in e  b lu e , is no t 
ab le to  induce an iso tro p ic  s ta in in g  of th e  m em b ran es because i t  is u n a b le  to  
in te rc a la te  betw een lip ids. T h is is p ro b ab ly  due  to  th e  sy m m etrica l d is tr ib u ­
tio n  o f  th e  electrical charges on th e  m ethy lene  b lue m olecule, w hich  ren d ers  
i t  u n ab le  to  in te rc a la te  in  th e  lip id  layer. E th a c r id in e , w hich  has tw o  e lec tric ­
a lly  charged  groups, lo ca ted  n o t sy m m etrica lly  b u t  d iago n a lly  on th e  m olecule 
(F ig. 12), induces a s tro n g  an iso tro p ic  s ta in ing  re a c tio n  o f th e  m e m b ra n e  no t 
on ly  w hen th e  lipids are  p re se n t, b u t  even a f te r  lip id  e x tra c tio n , w hen  its 
an iso tro p ic  effect has been  decreased  to  ab o u t 3 0 % , in d ica tin g  th a t  th e  m ole­
cule w ith  its tw o d iag o n a lly  lo ca ted  charged  g roups is ab le to  m a in ta in  a 
c e r ta in  degree of o r ie n ta tio n  even on th e  l ip id -e x tra c te d  fram ew o rk  o f th e  
m em branes. Toluidine b lue , on th e  o th e r h an d , w ith  its  single ch a rg ed  g roup  
lo ca ted  on one side of th e  m olecule, is no t ab le to  m a in ta in  an  o rd e re d  a lig n ­
m en t on th e  m em brane s tru c tu re  w hen th e  s tru c tu ra l  lip ids are a b se n t.

U ltrastructural density  o f  biological membranes 

T he degree of in te rc a la tio n  of dye m olecules be tw een  s t ru c tu ra l  lip ids,
A

as reflec ted  by the  ra tio  , m ay  he regarded  as an  in d ica tio n  o f th e  s t ru c tu ra l

d e n s ity  o f d ifferen t m em b ran es. T he fac to rs assum ed  to  p lay  a role in  d e te rm in ­
ing th e  s tru c tu ra l d en sity  o f m em branes ( O ’B r i e n , 1965, 1967; v a n  D e e n e n , 

1966) are 1. th e  leng th  o f th e  h y d ro ca rb o n  chains o f  lip id  m olecules; 2. th e  
n u m b e r of u n sa tu ra te d  do u b le  bonds of th e  h y d ro c a rb o n  chains t h a t  cause 
th e ir  bend ing , w hich in h ib its  th e  in te rca la tio n  o f dye  m olecules; 3. th e  cho­
lesterol co n ten t, w hich has a condensing  effect on th e  s tru c tu re  o f th e  lip id  
le a fle t; and 4. th e  n u m b e r o f  side chains of p ro te in s  b en d in g  b ack  in to  th e  
in te r io r  o f th e  m em brane  ( S t o e c k e n i u s , 1960, 1962; H a t c h  and  B r u c e , 1968).

On th e  basis of th e  av a ilab le  d a ta  O ’B r i e n  suggested  th a t  m y elin , as a 
m etab o lica lly  in e rt m em b ran eo u s s tru c tu re  w hich co n ta in s  a large a m o u n t 
o f cho lestero l responsib le  fo r a b o u t 50 — 60%  o f th e  b irefringence  o f  m yelin  
( B u b i s  an d  W o l m a n , 1962), could  be regarded  as one o f th e  m ost tig h tly -  
s tru c tu re d  biological m em b ran es. W hile cy to m em b ran es such  as m ito ch o n d ria l 
an d  ergastop lasm ic  m em b ran es  w ith  re la tiv e ly  low cho lestero l an d  high 
ph o sp h o lip id  co n ten ts  ( T a k e u c h i  and  T e r a y a m a , 1965; W h i t t a k e r , 1966) 
re p re se n t, in th e  view  o f O ’B r i e n  (1965), a lo o se ly -s tru c tu red  m em b ran e  ty p e . 

A
W e found  th e  lowest ^  v a lu e  for m yelin  (0.12), w hich seem s to  in d ic a te  a

low degree of dye in te rc a la tio n  in  it. This agrees w ith  th e  dense u l t r a s t r u c tu r a l  
p a t te rn  as suggested  b y  O ’B r i e n  for m yelin. On th e  o th e r h an d , th e  m em ­
b ra n e  o f red  blood cells, w h ich  was regarded  b y  O ’B r i e n  as a co m p a c t ty p e  
o f  m em b ran e , show ed a s tro n g  an iso trop ic  s ta in in g  reac tio n  an d  a re la tiv e ly

5 Acta M orphologien Academ iac Sc ien tia ru m  Ilun g a rica c  17 , 1969



2 6 6 G Y . R O M H Á N Y I and G Y . D E Á K

h ig h  v a lu e  for — , in  c o n tr a s t  to  its e x tre m e ly  w eak  in trin sic  b irefringence

( S c h m i t t  el al., 1936; B e a r , 1941; M i t c h i s o n , 1953; P o n d e r  a n d  B a r r e t o , 

1956). T h is suggests a r a th e r  m ore lo o se ly -s tru c tu red  m em b ran e  ty p e  in  th e  
red  b lo o d  cells. This in d ire c t ev idence  is a t  v a r ia n c e  w ith  th e  v iew  o f O ’B r i e n  

h u t  seem s to  agree w ith  th e  electron  m icroscop ic  o b se rv a tio n s revea ling  a 
m ore  p o ro u s s tru c tu ra l p a t t e r n  in lip id -e x tra c te d  ghosts ( H o f f m a n , 1956).

The role and nature o f  non-lip id  dye-b ind ing  sites in  m embranes

F u r th e r  stud ies are  n e e d e d  precisely to  c la rify  th e  n a tu re  o f th e  nega tiv e ly - 
c h a rg e d  dye-b ind ing  sites o f  th e  non-lip id  fram ew o rk  o f d iffe ren t m em ­
b ra n e s  su ch  as p ro te in , R N A  ( R o m h á n y i  a n d  D e á k , 1967b) and  m u copro te in s 
( G i e l e n , 1968; N a k a o  a n d  A n g r i s t , 1968). I t  rem ains especia lly  to  be 
c la rified  w h a t role th e  ac id  g roups of m u co p ro te in s  (sialic acid or neu ram in ic  
ac id ), as com ponents o f  d iffe re n t cellular m em b ran es  ( E y l a r  e t ah , 1962; 
P a t t e r s o n  and  T o u s t e r , 1962; W a l l a c h  e t ah , 1966; G i e l e n , 1968; K e m p ,

1968), p la y  in the  to p o o p tic a l s ta in ing  re a c tio n s  of m em branes.
T h e  significance a n d  n a tu r e  of th e  acid  g ro u p s o f th e  E P  in  th e  o rien ta ted  

b in d in g  o f cation ic  dyes ( to lu id in e  blue, or e th ac rid in e ) is ev id en t since th e ir  
a n iso tro p ic  sta in ing  w as fo u n d  to  be d ep en d en t on  th e  p resence  o f  m em brane- 
a t ta c h e d  R N A , and  to  be abo lish ed  by r ib o n u c léase  t r e a tm e n t or ex trac tio n  
o f R N A  w ith  perchloric ac id . A  special c h a ra c te r is tic  o f th e  an iso tro p ic  s ta in ing  
re a c tio n  o f th e  E P  w ith  to lu id in e  blue was its  d ep en d en ce  on th e  ionic s tren g th  
o f th e  dye  solu tion . I n  a g re e m e n t w ith  e lec tro n  m icroscopic an d  functional 
d a ta ,  analy sis  of th e  to p o o p tic a l  s ta in ing  re a c tio n s  of th e  E P  o f th e  pancreas 
a c in a r  cell, has led to  th e  conclusion  [66] th a t  th e  R N A  of th e  E P  is m em brane- 
b o u n d  and  m e m b ra n e -o rien ta te d , which is re la te d  to  its  fu n c tio n a l a c tiv ity  in 
p ro te in  syn thesis ( S z é k e l y , 1965; H e n s h a w  e t a l., 1963; H e n d l e r  e t al., 
1964; H e n d l e r , 1965; B l o b e l  and  P o t t e r , 1967a, b). T he to p o o p tic a l s ta in ­
in g  re a c tio n s  of th e  E P  o f  th e  pancreas a c in a r  cell, d ea lt w ith  in  a prev ious 
p a p e r  ( R o m h á n y i  a n d  D e á k , 1967b), w ill be  d iscussed  here  b rie fly .

T h e  m em brane a t ta c h m e n t  of ribosom al R N A  has b een  in fe rred  from  
o u r fin d in g  th a t  to lu id in e  b lu e  m olecules b o u n d  b y  R N A  are o r ie n ta te d  by  
th e  s tru c tu ra l  lipids o f th e  E P  m em brane. T h is could be ta k e n  as evidence 
o f  a close m olecular s t r u c tu r a l  re la tion  be tw een  R N A  an d  m em b ran e  s tru c tu re . 
F u r th e rm o re , it  is o b v io u s th a t  m e m b ra n e -a tta c h e d  rib o so m al R N A  can 
se rv e  as a basis for o r ie n ta te d  dye-b ind ing  o n ly  w hen i t  its e lf  possesses a 
m e m b ra n e -o rien ta te d  m o lecu la r  u ltra s tru c tu re . F ree , n o t m em b ran e-b o u n d , 
rib o so m es (25%  o f th e  t o t a l  ribosom al p o p u la tio n , B l o b e l  a n d  P o t t e r , 

1967a, c), d is trib u ted  a t  ra n d o m  co n trib u te  to  th e  overall basoph ilic  s ta in ing  
o f th e  cy top lasm  b u t  n o t  to  th e  an iso trop ic  s ta in in g  effect, w h ich  is b ro u g h t
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ab o u t only by  th e  m e m b ra n e -a tta c h e d  rib o so m al R N A  (75%  of th e  to ta l  
ribosom al p o p u la tio n  in th e  liver cell) w ith  its  m em b ran e -o rien ta ted  m olecu lar 
con fo rm ation . Such an a ssu m p tio n  of th e  u l tra s tru c tu ra l  o rg an iza tio n  of 
m em b ra n e -a tta c h e d  ribosom al R N A , w ith  its  m e m b ra n e -o rien ta te d  m olecu lar 
s tru c tu re , seem s to  be in ag reem en t w ith  w h a t is suggested  b y  fu n c tio n a l 
an d  elec tron  m icroscopical o b se rva tions ( S a b a t i n i  e t a l., 1966; B l o b e l  and  
P o t t e r , 1967b; F l o r e n d o , 1969). B ased on th e ir  s tu d ies  on th e  b in d in g  of 
ribosom e to  th e  m em b ran e , B l o b e l  and  P o t t e r  (1967b) suggested  th a t  th e  
ribosom e h ad  specific b in d in g  sites to  in te ra c t  w ith  specific recep to r s ites on 
th e  m em brane , and  th a t  th ese  b in d ing  s ites are  to p o g rap h ica lly  re la te d  to  
o th e r  b in d ing  sites on th e  ribosom e for m R N A  an d  tra n s fe r  R N A  in such  a 
w ay, th a t  th e y  becom e o rie n ta te d  in a d e fin ite  w ay  w hen th e  ribosom e is 
b o u n d  to  th e  m em brane.

This o rie n ta tio n  th e n  m ay  ste rica lly  fa c ilita te  th e  com plex m o lecu lar 
in te rac tio n s  d u rin g  p ro te in  syn thesis . In  th is  connection  th e  ribonucléase  
resistance  o f m e m b ra n e -a tta c h e d  ribosom al R N A  is o f special in te re s t. This 
m ay  be th e  re su lt o f m olecu lar co n fo rm atio n a l changes o f R N A  in d u ced  by  
th e  b ind ing  to  th e  m em b ran e , w hich renders th e  R N A  re s is ta n t to  th e  enzym e 
reac tio n  ( B l o b e l  and  P o t t e r , 1967b).

A n o th e r p o in t of in te re s t is th e  d ependence  o f th e  o rie n ta te d  dye b in d ­
ing o f E P  on high e lec tro ly te  co n cen tra tio n s o f th e  dye so lu tion . T he iso trop ic  
s ta in in g  o f E P  observed  a t  low er e lec tro ly te  c o n cen tra tio n s  (Fig. 9a) ap p ears  
to  in d ica te  an  overcrow ding  o f th e  R N A  su rface  w ith  dye m olecules, w hich 
c an n o t be o r ie n ta te d  b y  th e  m em brane  lip ids. A t high e lec tro ly te  c o n c e n tra ­
tio n s, how ever, a g rea t n u m b e r o f th e  n eg a tiv e  side g roups o f th e  R N A  are 
n eu tra lized  b y  ad so rb ed  e lec tro ly te  cations so th a t  th e  dye m olecules b o u n d  
to  th e  rem ain ing  n eg a tiv e  b in d in g  sites can  be o r ie n ta te d  b y  th e  s tru c tu ra l 
lip ids of th e  m em branes (F ig . 9b). S c o t t  a n d  W i k e t t  (1966) h av e  show n 
th a t  R N A  has a h igher c ritica l e lec tro ly te  co n c e n tra tio n  th a n  D N A  an d  is 
th ere fo re  able to  b ind  ca tio n ic  dye m olecules a t  e lec tro ly te  co n cen tra tio n s  a t 
w hich D N A  rem ains u n s ta in ed , and  th e  s ta in in g  o f R N A  is only  m o d e ra te ly  
decreased . O ur o b se rv a tio n s  show , how ever, th a t  a t  e lec tro ly te  c o n c e n tra ­
tio n s over 0.4 it  is n o t sim ply  a q u a n ti ta t iv e  change in  dye b in d in g  th a t  
ta k e s  p lace, b u t  also a q u a lita tiv e  one, i.e. a tra n s fo rm a tio n  o f th e  ran d o m  
b in d in g  o f dye m olecules in to  a p a rac ry s ta llin e  o rdered  dye associa tion  on 
th e  ergastop lasm ic  s tru c tu re  (F ig . 9b).

E vidence  is accu m u la tin g  to  show th a t  c a tio n s  (M g+ + ) p lay  an  im p o r ta n t  
ro le in th e  s tru c tu ra l o rg an iza tio n  and fu n c tio n a l a c tiv ity  o f ribosom es in 
p ro te in  sy n th esis  ( B r e i l l a t t  and  D i c k m a n , 1966; D a l l n e r  an d  N i l s s o n , 

1966; M o o r e  an d  A s a n o , 1966). Y o u n g  S u n g  C h o i  an d  C a r r  (1967) suggested  
th a t  th e  s tru c tu ra l s ta b iliz a tio n  of ribosom es b y  M g++ was n o t sim p ly  a 
ran d o m  aggregation  of su b u n its , b u t th a t  th e  su b u n its  associa ted  in an  organ-
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ized  p a t t e r n  to  form  th e  b io log ica lly  ac tiv e  p a rtic le s  in  th e  E . coli cell. M g+ + 
can  b e  d isp laced  by  o th e r  ca tio n s  (m o n o v a len t, d iv a len t) or b y  sp e rm in e  or 
p ro ta m in e . The said a u th o rs  assum ed  th a t  such  a co m p e titiv e  b in d in g  o f 
c a tio n s  on  ribosom es m ig h t be  involved  in  th e  cellu lar con tro l m echan ism  
o f p ro te in  synthesis. I t  w o u ld  be te m p tin g  to  specu la te  a b o u t w h e th e r th e  
s t r u c tu r a l  o rgan iza tiona l e ffec t ex e rted  b y  ca tio n s on an  o rd erly  p a t te r n  of 
dye  b in d in g  on th e  E P  cou ld  be co m p ared  to  th e  o rg an iza tio n a l effect o f 
c a tio n s  on  th e  ribosom al s tru c tu re  in  vivo.

R ole o f  electrons in  orientated dye b inding o f  the E P  membranes o f  liver cells

T h e  conditions of o r ie n ta te d  dye b in d in g  by  th e  E P  m em branes in  liver 
cells a re  o f  special in te re s t. T h e  E P  in  liv e r cells, un like  th o se  in o th e r  cells 
su ch  as p ancreas ac in ar cells, p lasm a cells o r f ib ro b las ts  w as found  to  b ind  
to lu id in e  b lue m olecules in an  o r ien ta ted  p a t te rn  only  in  th e  red u ced  s ta te , 
a n d  o n ly  i f  th e  e lectron  a c c e p to r fe rricy an id e  w as app lied  as a p o s t-s ta in in g  
p re c ip i ta n t .  The e x p lan a tio n  o f th e  role o f  fe rricy an id e  m igh t be th a t ,  as a 
v e ry  a c tiv e  electron ac c e p to r, i t  in te ra c ts  w ith  th e  e lectrons p re se n t in  th e  
re d u c e d  m em brane s tru c tu re  an d , in  th is  w ay , a m em b ran e  o r ie n ta tio n  of 
th e  d y e-fe rricy an id e  com plex  is b ro u g h t a b o u t (F ig . 13). I t  is of in te re s t  to 
n o te  t h a t  in  th is o r ie n ta te d  dye  b in d in g  re a c tio n  o f th e  E P  m em b ran es  of 
liv e r  cells a com plex is fo rm ed  in  w hich th e  follow ing s tru c tu ra l co m p o n en ts  
a re  in v o lv e d : 1) m e m b ra n e -a tta c h e d  R N A  w hich  b inds th e  dye m olecules, 2) 
s t r u c tu r a l  lipids w hich p la y  a role in  th e  o rie n ta tio n  of th e  d y e-fe rricy an id e  
co m p lex , 3) th e  e lectron  accep to r fe rricy an id e , w hich in te ra c ts  w ith  the  
d y e  m olecules and  w ith  4) th e  elec trons p re se n t in  th e  red u ced  m em b ran e  
s t ru c tu re .  The resu lt is a m u ltifa c to r ia l com plex  o f a h igh ly  o rd e red  s tru c ­
tu r e  d e p e n d e n t on th e  e lec tro n s p re sen t in  th e  red u ced  s ta te  of th e  m em ­
b ra n e . W h en  all fac to rs , e x c e p t e lec trons, in v o lv ed  in  th is  o r ie n ta te d  dye 
b in d in g  reac tio n  are g iven , n o  m em b ran e  o r ie n ta tio n  of th e  d y e -fe rr icy a ­
n id e  co m p lex  is possible b ecau se  in  th e  ox id ized  s ta te  no e lectrons are  a v a il­
ab le  fo r  th e  ferricyan ide  m olecules to  in te ra c t  w ith , an d  th e re fo re  th e  R N A -  

d y e-fe rricy an id e -lip id  co m p lex  rem ains u n o r ie n ta te d  (F ig. 136). T h is  ty p e  
o f to p o o p tic a l s ta in in g  re a c tio n  is a specia l ch a ra c te ris tic  of th e  E P  of 
liv e r  cells since E P  in  all o th e r  cell ty p e s  fa iled  to  show such  a d ependence  
o f  th e  an iso trop ic  s ta in in g  re a c tio n  on th e  o x id o red u c tiv e  s ta te . T h e  p h y sio ­
lo g ica l red u ced  s ta te  o f th e  E P  m em branes o f th e  liver cell can  be assum ed  
to  r e s u lt  from  th e  c o n s ta n t e lec tro n  flow ( R a p o p o r t , 1966) d u rin g  th e  m e ta b ­
olic d e h y d ro g en a tin g  p rocesses governed  b y  th e  enzym es of th e  e lec tron  
t r a n s p o r t  chain. The E P  o f liv e r  cells is kn o w n  to  be rich  in  e lec tron  t r a n s ­
p o r t in g  enzym e system s, especia lly  in  f lav o p ro te in s , invo lved  in  d iffe ren t 
m e ta b o lic  deh y d ro g en a tin g  processes ( E r n s t e r  e t al., 1962; N i s h i b a y a s h i  et
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al., 1963; E r n s t e r  and  O r r e n i u s , 1965; K a m i n  e t al., 1965). T h e  o r ie n ta te d  
d y e  b in d in g  of th e  E P  of liver cells d ep en d in g , am ong o th e r u l t r a s t ru c tu ra l  
fa c to rs , on th e  reduced  s ta te , p ro v id es  an  essen tia lly  new  a p p ro a c h  fo r th e  
s tu d y  o f th e  functional a c tiv ity  o f a bio logical m em brane a t th e  u l t r a s t ru c tu ra l  
e lec tro n ic  level ( R o m h a n y i  and  D e á k , 1969).
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D IE  U L T R A S T R U K T U R E L L E  O R G A N IS A T IO N  B IO L O G IS C H E R  M E M B R A N E N  
A U F  G R U N D  VON T O P O O P T I S C H E N  F A R B R E A K T I O N E N

GY. BOMIIÄNYI und GY. DEÁK

Biologische M em brane  zeigen m it k a t io n isch en  Fa rb s to ffen  (T oluid inblau  oder  E th a -  
eridin) or ien tier te ,  du rch  s ta rk e  an iso trope  E ffek te  gekennzeichnete  F a rb s to f fb in d u n g s re a k ­
t ionen, falls nach  der F ä rb u n g  eine e n tsp rechende  F ix ie ru n g  vorgenom m en wird .  A uf  G rund  
ih rer  ve rsch iedenen  to poop tischen  F a rb rea k t io n e n  ließen sich die biologischen M em branen  
in drei T y p en  un ter te i len .  Bei allen drei T y p en  w ar  die orientierte  B indung des  Fa rbs to ffs  
(Tolu id inb lau)  an  die Anw esenheit  von S t ru k tu r l ip id en  gebunden .  Es ließ sich indessen nach- 
weisen, d aß  die L ipide n u r  in der O r ien tierung  jen e r  Farbs to ffm oleküle  bete i l ig t  w aren ,  welche 
d u rc h  die anionischen F arbs to ffb indungss te l len  am  nichtl ip iden Gerüst de r  M em branen  
g e b u n d en  wurden.

Die po lar isa t ionsoptischen  A ngaben  d e u te te n  d a r a u f  hin, daß  die F a rb s to ffm o lek ü le  
zwischen den W assers toff  ke t ten  der S tru k tu r l ip id e  m it  ih ren  Flächen paral le l  e ingeschalte t  
waren .  Die polar-apo lare  K o n fo im at io n  u n d  die f lache m olekulare  Form  der F a rb s to ffm o lek ü le  
spie lt  h ierbei eine en tsche idende  Rolle. D u rch  die B e s t im m u n g  des V erhältn isses  der Aniso-
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t ro p ie  z u  d e r  T o Iu id in b lau -F ärb u n g -b e d in g te n  op tischen  D ic h te  der  verschiedenen M em b ran en ,  
k o n n te  e in  m i t t e lb a re r  Beweis ih rer  u l t ra s t ru k tu re l le n  D ich te  e rb ra c h t  werden.

D ie  o r ien t ie r ten  F a rb b in d u n g s re ak t io n e n  der E P - M e m b r a n e n  vonPankreas-A cinusze l len ,  
a k t iv e n  F ib ro b la s te n ,  P lasm azellen  u n d  anderen  p ro te inseze rn ierenden  Zellen h ing  v o n  der 
Io n e n s t ä r k e  der  Farb s to ff lö su n g  ab ,  u n d  diejenigen d e r  E P -M e m b ran e n  v o n  Leberzellen,  
d a r ü b e r  h in a u s ,  auch  von  ih rem  re d u z ie r ten  Z u s tan d  u n d  v o n  d e r  V erwendung des E le k t r o n e n ­
a k ze p to rs  F e r ro cy a n id  als Fä l lu n g sm i t te l  nach  der F ä r b u n g .  A u f  diese Weise w u rd e n  in d ire k te  
Beweise d e r  u l t r a s t ru k tu re l le n  O rgan isa t ion  der R ib o n u k le in sä u re  des E P  u n d  des oxydo-  
r e d u k t iv e n  Z u s tan d s  der L eb e rze l len -E P  erhal ten .  Die to p o o p t i sc h e n  F a rb re a k t io n e n  l ie tern  
m ith in  eine  n eue  A n n äh erungsm öglichke i t  bei der U n te r s u c h u n g  der u l t ra s t ru k tu re l le n  O rg a ­
n isa t ion  v o n  biologischen M em b ran en  u n te r  physio logischen u n d  pa thologischen B ed ingungen .

УЛЬТРАСТРУКТУРНАЯ ОРГАНИЗАЦИЯ БИОЛОГИЧЕСКИХ МЕМБРАН 
НА ОСНОВЕ ИХ ТОПООПТИЧЕСКИХ ЦВЕТНЫХ РЕАКЦИЙ

Д. Р О М Х А Н Ь И  и Д .  Д Е А К

Биологические мембраны дают с катионными красителями (толуидиновая синька и 
этакридин) ориентированные, характеризуемые сильными анизотропными эффектами, 
реакции связывания красителя, если после окрашивания применяется соответствующая 
фиксация. На основе различных топооптических цветных реакций удалось обособлять три 
типа биологических мембран. Ориентированное связывание красителя (толуидиновой 
синьки) зависит у всех трех типов от присутствия структурных липидов. Однако, удалось 
доказать, что липиды ураствуюг лишь в ориентировании тех молекул, которые связываются 
местами связывания анионных красителей на не-липидном остове мембраны.

Поляризационно-оптические данные указывают на то, что молекулы красителя 
располагались между углеводными цепями структурных липидов параллельно их плос­
кости. Решающую роль играют при этом полярно-аполярная конформация и плоская 
молекулярная форма молекул красителя. Определением соотношения между анизотропией 
и оптической плотностью, обусловленного окрашиванием различных мембран толуидино­
вой синькой, было получено косвенное доказательство их ультраструктурной плотности.

Ориентированные цветные реакции EP-мембран ацинозных клеток поджелудочной 
железы, активных фибробластов, плазматических клеток и прочих протеиносецерниру- 
ющих клеток зависит от ионной силы раствора красителя, а реакции ЕР печеночных 
клеток, сверх того, также от редукционного состояния и применения электронно-акцеп- 
тора феррицианида в качестве преципитатора после окрашивания. Таким образом было 
получено косвенное доказательство ультраструктурной организации РНК ЕР и окисли­
тельно-восстановительного состояния ЕР печеночных клеток. Следовательно, топоопти- 
ческое окрашивание предоставляет новую возможность изучения ультраструктурной 
организации биологических мембран при физиологических и патологических условиях.

D r. G y ö rg y  R o m h á n y i  

D r. G v ö rg y  D eák
K ó rb o n c ta n i In té z e t, P écs, H ungary
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In s t i tu te  o f  A n a to m y  (D irec to r: P rof. J .  S z e n t á g o t h a i ), 
U n iv e rs ity  M edical School, B u d ap est

TERMINAL ARBORIZATIONS IN SPECIFIC AFFERENTS 
IN THE SPECIFIC THALAMIC NUCLEI

T m e r e s e  T ö m b ő l

(R eceived  May 22, 1969)

B ranch ing  p a tte rn  and  shape as well as size o f a rb o riz a tio n s  o f specific  sensory 
as well as specific n o n -senso ry  a ffe ren ts  h av e  been s tud ied  in th e  th a la m ic  an d  geniculate 
nuclei of the  a d u lt  c a t. T he b ru sh -lik e  a rb o riza tio n s know n fro m  th e  classical descrip­
tio n  correspond to p re te rm in a l a rb o riza tio n s . T heir te rm in a l p a r ts , th e  so-called te r ­
m inal b ran ch in g  u n its , a re  described  and  som e sp ecu la tions a b o u t th e  significance of 
these  b ran ch in g  p a tte rn s  for sy n a p tic  linkage  are p resen ted .

The specific a ffe ren ts  are  easy to  define in th e  specific  sensory  nuclei 
w here th e  op tic  fib res, for exam ple , are  th e  specific a ffe ren ts  o f  th e  la teral 
gen icu la te  body  (LG B ), o r th e  lem niscal fib res art' th e  specific  affe ren ts  of 
th e  v en tro b a sa l nucleus (V PL and V PM ). i f  used in such  a re s tr ic te d  sense, 
th e  te rm  “ specific”  w ould  have  little  if  any  m eaning  as one m ig h t th e n  use 
th e  te rm  sensory (secondary  or o f n th  o rder) afferen t as w ell. T h is w ould  even 
h av e  th e  ad v an tag e  o f be ing  m ore s tra ig h tfo rw ard  an d  u n eq u iv o ca l. The 
te rm  “ specific”  aim s a t g iv ing  a som ew hat m ore general m ean in g  to  th e  clas- 
sc ifia tio n  of p a th w ay s  o r fib res. I t  signifies a ju d g e m e n t or o p in ion  th a t  the 
connex ion  w hich is labelled  specific is ch a rac te ris tic  so lely o f  th e  nucleus in 
q u es tio n . I t  also inc ludes th e  s ta te m e n t th a t  th e  connex ion  in question  is 
in s tru m e n ta l in  lead ing  to  (or from ) th e  nucleus th e  decisive in fo rm ation  
p rocessed  there . C onversely  “ non-specific”  would m ean  co nnex ions w hich are 
n o t un iq u e  and  c h a ra c te ris tic  and  which do n o t convey th e  decisive in fo rm ation  
p rocessed  in th e  nucleus u n d er considera tion . — In  th is  sense th e  main 
a ffe ren t system s o f th e  n o n -senso ry  re lav  nuclei, for ex am p le  th e  cerebellar 
a ffe ren ts  o f th e  v e n tra lis  la te ra lis  nucleus (VL) and  th e  m am illo -th a lam ic  
a ffe ren ts  of the a n te r io r  n u c lea r  com plex  can be reg a rd ed  as specific . T hey 
h av e  obviously  to  be se p a ra te d  from  descending  cortica l or su b co rtica l as 
well as from  in tra th a la m ic  connexions.

T his paper aim s a t  c larify ing , w h e th e r th e  specific a ffe ren ts  in th e  above 
sense o f specific th a la m ic  nuclei h av e  som e com m on fe a tu re s  a n d  w hether 
th e y  can be d is tin g u ish ed  on th e  basis o f th e ir  ca liber, b ra n c h in g  p a tte rn , 
size or shape of th e  te rm in a l a rb o r an d  w h e th e r on th is  basis  th e y  could be 
d is tin g u ish ed  from  o th e r  ty p e s  o f connexions in  th e  sam e nucle i. T he s tu d y  
h as  been  based  ch iefly  on Golgi p re p a ra tio n s  and  m ay be consid ered  an  essen-
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t ia l  p re lim in a ry  step  for a n y  a t te m p t  a t a b e tte r  u n d e rs ta n d in g  of th e  n u m e r­
ica l a n d  sp a tia l d ivergence an d  convergence or w h a t th is  a m o u n ts  to  a t  u n d e r­
s ta n d in g  th e  topology as w ell as th e  geom etry  of th e  c o n n e c tiv ity  o f th e  re lay  
f ro m  specific  afferen ts to  c o r tic a l afferents.

D u e  to  d ifficulties in  th e  Golgi im p reg n a tio n  o f specific  th a lam ic  and 
g e n ic u la te  afferents, d a ta  co n cern in g  th e ir  a rb o riza tio n s  a re  scarce an d  app ly  
m a in ly  to  th e  und ev e lo p ed  th a la m u s  of new born  an im als  (C a j a l , 1911). 
Som e m o re  in fo rm ation  h as  b e e n  offered b y  th e  s tu d ie s  o f O ’L e a r y  (1940), 
S z e  N т а  g o t h  a i  (1963), G u i l l e r y  (1966, 1967) an d  P e t e r s  an d  P a l a y  (1966) 
on th e  a rb o riza tio n  of o p tic  f ib re s . Specific a ffe ren ts  o f th e  m edial gen icu late  
b o d y  (M G B) have re c e n tly  b een  analyzed  by  M o r e s t  (1963, 1964, 1965) and  
b y  M a j o r o s s y  and  R é t h e l y i  (1968), those of th e  Y P L  b y  S c h e i b e l  and  
S c h e i b e l  (1966) and  T ö m b ő l  (1966/67, 1968). — T h e  p re se n t s tu d y , a lthough  
co m p ris in g  some m a te ria l o f n e w b o rn  or fewr days o ld  an im als , has been  based  
m a in ly  on findings on a d u lt  o r n e a r  ad u lt (2 — 3 m o n th s)  m a te ria l, in w hich 
th e  a rb o riz a tio n s  had  u n d o u b te d ly  reached full m a tu r i ty .

M ethods

T h e  p resen t s tu d y  has b een  b ased  on  150 b ra in  series fro m  a d u lt  ca ts  and  40 series 
f ro m  k i tte n s .  F o r k itte n s  e ith e r  th e  o rig ina l rap id  Golgi p ro c ed u re  (double  im p reg n atio n ) 
o r i t s  m o d ifica tio n  by  V a l v e r d e  (1962) w as applied. As seen in  F ig . 1, th ese  m ethods ensure 
a n  e x c e lle n t all-over p ic tu re  o f th e  p re te rm in a l a rbo riza tio n , w ith o u t  s ta in in g  th e  real te rm in a l 
e x p a n s io n s . This led to  m is in te rp re ta t io n s  o f the  re la tio n  b e tw een  specific  a fferen ts and 
th a la m ic  gen icu late  neu ro n s, c o n sid e red  b y  Ca j a l  (1911) p e ric e llu la r  n e ts  or nests, a d e ­
s c r ip tio n  s till  influencing th e  a u th o rs  ( S c h e i b e l  and S c h e i b e l , 1966). Specim ens fro m  tw o 
to  th r e e  m o n th s  old cats w ere t r e a te d  w ith  a new perfusion  G olg i— K o p sch  p rocedure  ( S z e n t - 
á g o t h a i , 1963; T ö m b ö l , 1966/67) w h ic h  — as seen in F igs 2 a n d  3 — is in ferio r to  th e  o rig inal 
ra p id  p ro ced u re  in  sta in in g  p re te rm in a l  a rb o rizations, b u t  m u ch  su p erio r in  d e m o n s tra tin g  
th e  r e a l  te rm in a l p a r ts  o f th e  a rb o riz a tio n . Thus, b o th  m e th o d s  are  essen tia l for an  u n d e r­
s ta n d in g  of th e  a rb o riza tio n  as a  w hole.

R esu lts

F ro m  all th e  te rm in a l ax o n a l or co lla tera l a rb o riz a tio n s  in  th e  specific 
th a la m ic  nuclei th e  specific  a ffe ren ts  are show ing  th e  m o st ch a rac te ris tic  
b ra n c h in g  p a tte rn s  w ith  a lm o s t in d iv id u a l specific ities in  th e  nuclei. In  sp ite  
o f  so m e sim ilarities th e  a rb o riz a tio n s  are d iffe ren t in  th e  case of th e  specific 
se n so ry  afferents an d  th e  specific  non-sensory  a ffe ren ts .

1. Specific sensory a fferen ts. The all-over sh ap e  o f th e  a rb o riza tio n  is 
t h a t  o f  a cone. In  th e  n e w b o rn  or young an im al th e  cones are  p o in ted  (Fig. 1) 
a n d  a re  showing th e  b ru sh -sh a p e d  te lo d en d ria  so c lea rly  described  b y  Ca j a l  
(1911) an d  more re c e n tly  b y  S c h e i b e l  and  S c h e i b e l  (1966). In  th e  ad u lt 
c a t ,  t h e  arbors assum e th e ir  f in a l shape of a b ro a d  cone 300—400 p  in  d i­
a m e te r ,  and  a round  200 — 250 p in  height. I t  is, o f course, ra re  th a t  a su f­
f ic ie n tly  well s ta ined  c o m p le te  cone should be tra c e d  in  th e  sam e p re p a ra tio n  
(F ig . 2). Therefore, l i t t le  c an  be said  abou t th e  v a r ia tio n s  in  shape an d  size
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Fig. 1. A rb o riza tio n  p a tte rn  of lem niscal fib re  in V P L . R ap id  Golgi p ic tu re , X 800 
Fig. 2. A rb o riza tio n  p a tte rn  of lem niscal fib re  in V P L . Golgi K opsch p ic tu re , X 500 

Fig. 3. D e ta il o f te rm in a l a rb o riza tio n s o f op tic  fib re  in CGL. Golgi K opsch p re p a ra tio n s ,
X 800

■Ida Morphologien lentiem ine Srienliarurn H Ungar i cue 17. 106У
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F igs  4 — 5. D etails o f te rm in a l a rbo riza tio n s o f lem n isc a l fib re  in Y P L . G olgi— K o p sch
p rep ara tio n s , X 500
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Figs 6 , 7. ö, 9. “ T erm inal u n its ”  o f o p tic  fib res . Golgi K opsch  p re p a ra tio n s , X 500

of th e  cones a p a r t  from  th a t  th e ir  base is n o t c ircu la r b u t  e llip tic . T h e  d if­
ference, nev erth e less , betw een  th e  b ru sh es in  th e  new born  and  th e  re la tiv e ly  
b ro a d  cones show s clearly  th e  considerab le  tra n sfo rm a tio n  o ccu rrin g  d u ring  
p o s tn a ta l  g ro w th  and  the  la te r  d ev e lo p m en t o f  th e  neuropil.

T he rem ark ab le  new in fo rm a tio n  sup p lied  b y  th e  perfusion  K opsch  
p ro ced u re  in th e  a d u lt m a te ria l is th e  se p a ra tio n  from  th e  p re te rm in a l a rb o riza -
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Fig. 10a. A rb o riza tio n  tree  o f specific f ib re  sh o w n  d iag ram m atica lly  
Fig. 10b. A rb o riza tio n  tre e  o f lem niscal f ib re  show n  d iag ram m atica lly

t io n  co n e  o f th e  rea l te rm in a l u n its  (Fig. 3). T h e  te rm in a l p a r t  o f th e  ra m if ic a ­
tio n s  te rm e d  te rm in a l u n its  are grape-like a rb o riz a tio n s  of v a ry in g  d en sity  
a n d  size. A n average te rm in a l  u n it m easures 2 0 —45 m icrons in  d iam ete rs  
b u t  so m e  m ay  be as la rg e  as 60 m icrons an d  o th e rs  considerab ly  sm aller (10 — 30 
m ic ro n s). E ach  of th e  f in a l b ran ch es te rm in a te s  in  a c lub-shaped  th ick en in g .
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\ a r io u s  te rm in a l u n its  o f lem niscal fibres o f th e  V P L  are shown in F igs 6, 7, 
8 an d  9. T erm in a l u n its  do no t occur in th e  w hole space occupied  h y  th e  
a rb o risa tio n  cone. T he ap ica l p a r t  of th e  cone is u su a lly  devoid o f te rm in a l 
u n its  an d  can n o t, th e re fo re , be considered  a sy n a p tic a lly  active p a r t  o f  th e  
a rb o riza tio n . As in d ic a te d  d iag ram m atica lly  in  F ig . 10, th e  te rm in a l u n its  
are confined  to  a d isk -sh ap ed  basal p a r t  o f th e  cone 100 to  150 m icrons h igh.

r

Fig. 11. R am ifica tio n  o f sp in o -th alam ic  fib re . G o lg i— K opsch  p rep ara tio n , X 500

This d isk -shaped  region is th e  space in w hich  th e  specific afferent is s y n a p t ic ­
ally  ac tive . T he n u m b e r o f te rm in a l u n its  w ith in  a specific afferen t a rb o r iz a ­
tio n  varies  con sid erab ly  betw een  50 and  150.

T he a rb o riza tio n  o f sp ino -tha lam ic  fib res  in  th e  Y P L  differs co n sid e rab ly  
from  th a t  o f lem niscal fib res, b y  ex p an d in g  d iffuse ly  over a m u ch  la rg e r 
space. A diffuse la ttic e  is estab lished  by  such  fib res  w hich is n o t co n fin ed  to  
th e  b o u n d aries  o f th e  nucleus. T erm ina l k n o b s  are  also arran g ed  d iffu se ly  
an d  no accu m u la tio n  o f a la rger n u m b er o f  b o u to n s  from  the  sam e a ffe re n t 
occurs w ith in  an y  re s tr ic te d  space (Fig. 11).

2. Specific  non-sensory afferents. T he  specific  non-sensory  re la y  n u c le i 
are in  m an y  resp ec ts  s im ila r to  th e  specific sen so ry  afferents, b e in g  e ith e r  
large or m ed ium  size fib res  w ith  a de fin ite  a rb o riz a tio n  shape. O n ly  in  th e  
m edial dorsa l (MD) an d  th e  v en tra lis  la te ra lis  (VL) nucleus are th e  a rb o r iz a ­
tions so m ew hat m ore d iffuse and  u n ce rta in  in sh a p e  an d  p a tte rn . A rb o riza tio n s  
are  less rich  in th e  n o n -senso ry  re lay  nuclei a n d  m o st o f th em  occupy a sm alle r 
space th a n  in  th e  senso ry  relay  nuclei. A p a r tic u la r ly  c h a ra c te ris tic  pre-
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Figs 12 , 13. T e rm in a tio n s (a rrow s) of non-senso ry  spec ific  fibres in  AV. G olg i— K o p sch
p ic tu res , X 500

Fig. 14. T e rm in a l a rb o riza tio n  of non-sensory  spec ific  f ib re  in AD. Golgi— K o p sch  p ic tu re ,
X 500

Fig. 15. “ T e rm in a l u n it”  of n o n -senso ry  specific fib re  in  VL. G olgi— kopsch p re p a ra tio n , x  500
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Fig.  16. A rboriza tion  p a tte rn  o f n o n -senso ry  specific fib re , in VL, show n d iag ra m m a tic a lly

Fig. 17. T erm in al u n it “ arrow s”  o f o p tic  fib re  a rtic u la tin g  w ith  d en d ritic  tu f t  o f re la y  n eu ron  
in CGL. Golgi K op sch  p re p a ra tio n , x  800
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term in a l course can be observed  in the anterior nuclei where the preterminal 
part o f  th e  m am m illo-thalam ic fibres is often tortuous or curved. N o real 
arborization cones are form ed. The term inal un its or expansions are also 
characteristic  and resem ble in  shape the m ossy fibres o f th e  cerebellar cortex  
(F igs 12, 13, 14), as correctly  observed already b y  Ca j a l  (1911). The arboriza­
tions o f  the cerebellar afferents in the VL are m ore closely resem bling the  
lem niscus afferents, p articu larly  as concerns th e  term inal units (Fig. 15). 
The preterm inal arborization is more elongated, having  tw o to three final 
branches w ith  as m any and sim ilar term inal u n its as the ends of two to  three 
collaterals given off at a d istan ce  from the final branching. Thus, the arboriza­
tion  o f  th e  cerebellar afferents is not confined to  disk-shaped spaces as seen 
in th e  case of the sensory afferents but to an in d istin ct elongated region cutting  
through  part of the nucleus (F ig. 16).

D is c u s s io n

The introduction o f th e  perfusion K opsch procedure in the study of 
Golgi architectonics in th e  thalam us and genicu late bodies of adult animals 
has clearly  shown that th e  classical description o f th e  specific afferent arboriza­
tion  needs some reconsideration . The brush-like arborizations revealed in 
you n g  anim als by the rapid  Golgi procedures correspond to preterm inal 
arborizations, neither does th e  description by Ca j a l  (1911) of pericellular 
n ests as the mode o f sy n a p tic  connexions do ju stice  to  reality. The scarcity  
in all specific thalam ic and geniculate nuclei o f  axo-som atic synapses as 
revealed  by the EM (S z e n t á g o t h a i  et ah, 1966; M a j o r o s s y  and R é t h e l y i , 
1968) show s also that pericellu lar baskets, nests or calyces cannot be the mode 
of articu lation  between sp ecific  afferents and relay cells. In the MGB, M a j o ­
r o s s y  and R é t h e l y i  (1968) have shown th at th e  m ain dendrites of the relay 
cells are alm ost com pletely  devoid  of synaptic con tacts, which suddenly start 
in large abundance in th e  regions of the dendritic tu fts , i . e .  where the main 
dendrite breaks up in to  several secondary dendrites. In  fact it is m ost com ­
m on to  observe the dense parts of what has been described as terminal units 
(F igs 4 to  9) to in terd ig itate  intim ately w ith  th e  dendritic tufts (Fig. 17).

T he size of the term in a l units agrees w ell w ith  the size of the dendritic 
tu fts  and the presence o f  num erous dendritic protrusions in  the regions of the 
dendritic  tufts. This s itu a tion  often observed in th e  perfusion Kopsch picture 
has been  interpreted b y  S z e n t á g o t h a i  (1963), S z e n t á g o t h a i  et al. (1966) 
and M a j o r o s s y  and R é t h e l y i  (1968), in agreem ent w ith  the results o f E M  
an alysis, by assuming th a t th e  predom inating site  o f  synaptic articulation  
b etw een  specific afferents and relay cells are the dendritic tufts of the latter. 
From  the functional p oin t o f  view the in tim ate interdigitation  betw een a
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dendritic tu ft and a term inal unit w ould, by num erous contacts established  
betw een the branches o f the sam e axon on one and the same dendrite on the  
other side, ensure an effective contact. Sz e n t a g o t h a i  (1967) has based some 
interesting speculations on the mode of syn ap tic  action of a single term inal 
unit on a num ber o f relay cells and interneurons, if  the distribution of these  
elem ents were at random. Taking, however, in to  account the extrem e degree 
of specificity  that seem s to emerge from everyth ing  w hat recent physiological 
evidence is con stan tly  bringing up in the field  o f connexions betw een specific  
afferents and relay cells, it is probably better to  abandon in further specula­
tions the idea o f random ness and to assum e a high degree o f  specificity .

Starting from the data obtained for the specific sensory afferents in 
the Y PL or the LGB, according to  which the num ber of term inal units — and 
thus the num ber of potential major (m ultip le) synaptic sites — would be 
betw een 50 and 150 per afferent, and assum ing th at all these would be in 
contact w ith dendritic tu fts o f relay cells, the num ber of relay cells contacted  
by a specific afferent would be around 5 — 20. This num ber follows from the  
fact that each relay cell has about 5 —10 main dendrites and as m any dendritic 
tu fts. This calculation, however, is based on tw o unlikely assum ptions, v i z .  

( i )  that all dendritic tu fts o f any given relay cell are occupied by the term inal 
units of the sam e afferent and, ( i i )  that the sam e dendritic tu ft is involved  
with a single term inal unit. I f  these assum ptions would not hold true as is 
probably the case — the num ber of relay cells contacted  by a single sensory  
afferent m ust be still higher. It is im possible to  proceed further w ithout 
having data on cell num bers and dendrites. H ow ever, so much is clear from  
these considerations, th at the anatom ical find ings presented are irreconcilable 
w ith the assum ption of a one-to-one relation (or one close to  this figure) 
betw een afferents and relay cells.

The differences betw een specific sensory and non-sensory afferents are 
only quantitative and concern the shapes o f the tissue area encom passed by  
the afferent axon arborization. Particularly the cell groups contacted  by the  
individual m am m illo-thalam ic afferents m ay be sm aller or at least narrower. 
The tortuous course o f the afferents does not suggest that any sim ple geo­
m etric grouping could be present in the anterior nuclei. In the YL, the arrange­
m ent of relay cells contacted by the same afferent are relatively  narrow groups 
longitudinally  arranged in ateroposterior direction.
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C H A R A K T E R IS T IS C H E  E N D V E R Z W E IG U N G S M U S T E R  D E R  S P E Z IF IS C H E N  
A F F E R E N T E N  F A S E R N  IN  D E N  S P E Z IF IS C H E N  T H A L A M U S K E R N E N

THERESE TÖMBÖL

D a s  V erzw eigungsm uster sow ie au ch  die F o rm  u n d  das A usm aß der A rb o risa tio n  
d e r  sp ez ifisch en  sensorischen wie a u c h  de r spezifischen  n ich tsen so risch en  a ffe ren ten  F a se rn  
w u rd e  in  d e n  T halam u sk ern en , fe rn e r  in den  K ern en  des C orpus g en icu la tu m  erw ach sen er 
K a tz e n  u n te rs u c h t . Die aus d e r k lassisch en  B eschreibung  b e k an n te  b ü rs te n a rtig e  A rb o risa ­
t io n  e n ts p r ic h t  n u r der p rä te rm in a le n  V erzw eigung. V erfasserin  b esch re ib t die E n d te ile  der 
A rb o r isa tio n , die sog. te rm in a le n  V erzw eig u n g se in h eiten , u n d  s te llt  T heorien  in  b ezug  au f 
d ie B e d e u tu n g  dieser V erzw eig u n g sm u ste r in  d e r H e rste llu n g  sy n a p tisch e r V e rb in d u n g en  auf.

ХАРАКТЕРНЫЕ СВОЙСТВА КОНЦЕВЫХ РАЗВЕТВЛЕНИЙ СПЕЦИФИЧЕСКИХ 
АФФЕРЕНТНЫХ ВОЛОКОН В СПЕЦИФИЧЕСКИХ ЯДРАХ ТАЛАМУСА

Т. Т Ё М Б Ё Л

Разветвление, форма и размер арборизации специфических чувствительных и спе­
цифических нечувствительных волокон изучались в ядрах таламуса и коленчатого тела 
взрослых кошек. Известные из классического описания арборизации в виде щетки соответ­
ствуют лишь предконцевым разветвлениям. Дается описание концевых частей арбори­
зации, так наз. концевых единиц разветвления и выдвигаются теории о значении этих 
арборизаций в создании синаптических связей.

Dr. Therese T ö m b ö l : B udapest IX ., T űzoltó u. 58., H ungary
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In s t i tu te  o f  A natom y (D irec to r: P ro f. J .  S z e n t á g o t h a i ),
U n iv e rsity  M edical School, B u d ap es t

TWO TYPES OF SHORT AXON (GOLGI 2ND) 
INTERNEURONS IN THE SPECIFIC THALAMIC NUCLEI

T h e r e s e  T ö m b ö l

(R eceived May 22, 1969)

Two ty p es  o f sh o rt axon (Golgi 2nd) in te rn eu ro n s  can  be d is tin g u ish e d  in 
perfusion  G olgi— K opsch  p re p ara tio n s  in  th e  specific  nuclei o f th e  c a t ’s th a la m u s . 
D istin c tio n  of th e  tw o  ty p es  is based p r im a rily  on  th e  len g th  of the  axon . T h e  axon- 
a rb o riza tio n  of th e  Golgi 2nd ty p e  a n eu ron  does n o t e x ten d  beyond th e  sp a n  o f  the  
d en d ritic  tree , w hereas th e  axon of th e  Golgi 2nd  ty p e  b n eu ron  ram ifies in  a co n sid er­
ab ly  la rg e r a rea . T he ax o n  of th is  ty p e  co n n ec ts  d iffe ren t in tra n u c le a r  reg io n s and 
layers. — C onnections o f th e  Golgi 2nd ty p e  a n eu ro n s b o th  w ith  re lay  and  w ith  o th er 
Golgi 2nd ty p e  in te rn eu ro n s  have a lread y  been  e s tab lish ed  b u t those  of th e  ty p e  b 
in te rn eu ro n s  have  n o t y e t  been clarified.

I n t r o d u c t io n

Beside the relay or projective neurons in the specific thalam ic nuclei, 
the second main cell type are relatively short interneurons corresponding in 
m any respects to Golgi 2nd type neurons. T hey were described in th e  last 
century hut their functional significance has been brought into focus only  
recently by physiological observations. As these neurons by their locally  
branching axons can only affect their im m ediate neighbourhood, th ey  m ight 
be considered an im portant factor o f intranuclear synaptic organization. 
M o n a k o w  (1895) term ed them  “ Schaltzellen” , a nam e supported by the  
m orphological observation o f specific afferents term inating on these cells in 
some o f the nuclei. This w as, however, not corroborated by the observations  
o f A n d e r s e n  et al. (1964, 1966).

The Golgi 2nd typ e interneurons are sm all or medium size cells w ith  
long and sparsely branching dendrites usually  covered by spines. Their axons 
arborize profusely but the arborization as a w hole is confined to the im m ediate  
neighbourhood o f the cell. R am ón  y  Ca j a l  (1911) did not d istinguish  the 
two m ain neuron typ es in all thalam ic nuclei. B oth  in the description and 
in the figures reference is made to sm all irregular cells having axons th at  
ramify im m ediately after their origin from the cells. In recent Golgi studies 
(M o r e s t , 1964, 1965; G u i l l e r y , 1966, 1967; S c i i e i b e l  and S c h e i b e l , 1966) 
these sm all cells are m entioned w ithout g iv ing details.

The ratio o f the tw o main cell types — relay and Golgi 2nd ty p e  neu­
rons — was established by counting the large and sm all cell bodies in  cresyl-
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v io le t  sta in ed  preparations (M e L a r d y , 1963; T ö m b ő l  et al., 1968). The 
a ssu m p tion  th at the axon o f G olgi 2nd typ e cells term inates m ainly on relay  
neurons has been verified in Golgi studies (T ö m b ö l , 1965, 1966/67, 1968; 
Sz e n t á g o t h a i  et al., 1966).

I t  has been recognized during these stud ies that tw o typ es o f short 
axon interneurons can be d istinguished in m ost o f the specific thalam ic and 
g en icu la te  body nuclei. A deta iled  account o f th is is presented below.

M e th o d s

F o r  s tu d y in g  the  th a la m ic  in te rn e u ro n s  v a r io u s  m od ifications o f th e  Golgi m e th o d  
w ere a p p lie d . T he o bservations a re  based  on 150 co m p le te  series o f th e  th a la m u s  of ca ts  
a ro u n d  o r  s lig h tly  over 2 m o n th s  o f  age s ta in ed  w ith  th e  perfusion  K opsch  p ro ced u re  and 
on 40 r a p id  G olgi sta ined  (classical d o u b le  p ro ced u re  o r Y a lv erd e’s m o d ifica tio n , 1962) series 
o f n e w b o rn  to  one week k itte n s . T h e  in te rn eu ro n s  s ta in  w ell w ith  b o th  th e  classical G olgi or 
i ts  V a lv e rd e  m o d ificatio n  and th e  p e rfu s io n  K opsch p ro c ed u re  b u t  th e  la t te r  te c h n iq u e  u su a lly  
w a r ra n ts  a  b e t te r  im p reg n atio n  o f  som e im p o rta n t s tru c tu ra l  de ta ils  such as th e  d e n d rite s , 
d e n d r it ic  sp in es, as well as o f th e  a x o n a l a rb o riza tio n s  o f th e  Golgi 2nd ty p e  neu ro n s.

R e s u lt s

A  su rvey  of the main characteristics o f  a great number of interneurons 
w ith  short or relatively short axons gave the im pression that tw o different 
ty p es o f  such neurons m ight be distinguished on the basis o f their axon  
arborization  pattern. Specific observations have shown th at such a d istinc­
tion  is ju stified  and the tw o typ es have been term ed Golgi 2nd ty p e  a  and 
G olgi 2nd ty p e  b respectively (F igs la , b).

T h e size of the cell-body o f interneurons shows considerable variations  
o f th e  tw o  (the short and th e  long) diam eters (8 —12 ц , and 12 —18 p, respec­
t iv e ly ) . T he only difference betw een  the tw o subtypes w ith respect to  size of 
the ce ll h od v  is that the cells o f subtype a  m ay have any size w ith in  the  
above range, whereas the size o f subtype b  is always on the upper side of 
the sca le .

N o essential difference betw een the tw o subtypes can be noticed  in 
d en d rites, dendritic spines or general pattern  o f dendritic arborization. Cor­
responding to the larger size o f  the cell b od y , the dendrites o f subtype b are 
often  som ew hat thicker than  those o f subtype a .  There are som e m inor dif­
ferences in dendritic arborization and dendritic spines both being som ew hat 
m ore profuse or aberrant in subtype b.  T his, how ever, would not suffice to 
sep arate  th e  two subtypes (F igs 2a, b).

In  th e  lateral geniculate body (LGB), where a specific kind o f dendritic  
sp ines can be observed in su b typ e a, the tw o kinds of interneuron m ight also 
be d ifferen tia ted  on the basis o f  the dendritic tree (Fig. 3).

T h e m ain difference betw een  the tw o  kinds of interneuron is in the  
character o f  the branching o f  the axon, particularly in the d istance bridged
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by the whole ram ification . The axon of su b typ e  a, originating either from a 
principal dendrite or d irectly  from the cell b od y , ram ifies usually by repeated  
dichotom y into branches o f  equal thickness im m ediately  after its origin. The 
space engulfed b y  the to ta l ram ification is sm all and does not, in general, 
exceed the size o f th e  dendritic tree. The arborization is dense (T ö m b ő l ,

1‘ igs la ,  b. Golgi 2nd  a and  b su b type  n e u ro n s  show n d iag ram m atica lly

1966/67) having the shape o f a more or less regular disk (Fig. 4). Owing to  the  
sm all number o f dendrites, the dendritic tree does not show a spheric arboriza­
tion. The axon ram ification o f subtype a  m ay  partly  share the space w ith  
the dendritic area, or m ay be shifted partially or to ta lly  in parallel to the latter. 
Less often the main d iam eter of the two arborizating disks, that o f the den­
dritic and the axonal, m ay deviate considerably in direction. The tw o (the  
long and the short) diam eters of the axonal discoid ram ification spaces if  
elliptic measure 300 — 400 ).i and 150 — 200 ( i ,  respectively , and are about 50 — 
100 /I in height (Fig. 5).
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Fig .  2a. Golgi 2nd su b ty p e  a n eu ro n , G o lg i—K opsch  p re p a ra tio n , X 500 
Fig. 2b. Golgi 2nd su b ty p e  b n eu ron , G olg i— K opsch  p re p a ra tio n , X 500

T h e  axon  of su b ty p e  b can  be tra c e d  as fa r  as 700—800 /л (F igs 6 to  9). 
I t s  a x o n  m ay  o rig in a te  d ire c tly  from  th e  som a or from  one o f th e  m ain 
d e n d r ite s . T he axon is so m ew h a t th ic k e r  th a n  th a t  in su b ty p e  a. T h e  a x o n ’s 
a rb o r iz a tio n  begins e ith e r  im m ed ia te ly  a f te r  its  origin, or a t  a d is ta n c e  from  
th e  cell. I n  th e  f irs t case tw o  m ain  b ran ch es  o f equal th ickness arise  fro m  th e  
a x o n ; th e y  can b o th  be tra c e d  as fa r as 700 — 800 fi. One o f th e  seco n d ary  
b ra n c h e s , how ever, gives rise to  a seco n d a ry  b ran ch  w hich te rm in a te s  in  a 
d en se  a rb o riza tio n  in  th e  close n e ig h b o u rh o o d  o f th e  cell. T he m ain  axon
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Fig. 3. Golgi 2nd su b ty p e  a n eu ro n  in  CGL. A rrow  show s th e  ax o n  and  its  ra m ifica tio n .
G olgi— K op sch  p re p a ra tio n , X 500

Fig. 4. Golgi 2nd su b ty p e  a n eu ro n  in V P L . A rrow  show s th e  ax o n  and  i ts  ra m ifica tio n .
G olgi— K o p sch  p re p a ra tio n , X 200

b ra n c h e s  are g rad u a lly  ta p e r in g , g iv ing  rise to  n u m ero u s sh o rt a n d  poorly  
ra m ify in g  side branches. T h e  te rm in a l ram ifica tio n s o f th e  m a in  b ran ch es  
fo rm  sim ila r te rm in a l a rb o riz a tio n s  (Figs lb ,  10, 11, 12). In  th e  second  case 
on ly  few  co lla tera ls arise from  th e  m ain  axon  to  ram ify  n e a r  th e  cells o r a t  a 
sm all d is tan ce  from  th e ir  o rig in . T he stem  o f th e  axon  leav ing  th e  te r r i to ry  
o f  th e  d en d ritic  tree  has a sp a rse  te rm in a l ram ifica tio n .

A cta  M orphologien A cadem iae Scientiarurn H ungaricac 17, 1969



290 T. TÖM DÖL

C onnexions be tw een  th e  axon ram ifica tio n s o f su b ty p e  a n eu ro n s and  
th e  re la y  neuron  have  b e e n  show n b o th  in  Golgi an d  EM  stu d ies  ( T ö m b ö l , 

1965, 1966/67, 1968; S z e n t á g o t h a i  et al., 1966) (F igs 13, 14). T he sy n ap tic  
re la tio n s  o f  th e  axons o f  s u b ty p e  b in te rn eu ro n s a re  m ore  d ifficu lt to  ev a lu a te , 
as d u e  to  th e  larger e x p a n s io n  of th e  te rm in a l ra m ific a tio n  o f th e  ax o n , one 
is less lik e ly  to  find  co n v in c in g  sy n ap tic  c o n ta c ts  in  th e  Golgi p ic tu res . The 
n u m b e r o f  te rm in a l k n o b s  c o u n te d  in th e  ax o n  a rb o riz a tio n s  o f in te rn eu ro n s  
is co n sid e rab le : 20 — 50 in  su b ty p e  a and  20 — 70 in  su b ty p e  b.

Fig. 5. R am ifica tio n  space  o f G olgi 2nd su b ty p e  a cell ax o n  show n d iag ram m atica lly

W h e th e r  or n o t a n e u ro n  w ith  sh o rt axon  is considered  a Golgi 2nd ty p e  
n e u ro n  is o ften  so m ew h at a rb itra ry . S u b ty p e  a co rresp o n d s in  every  respect 
to  th e  classical d e fin itio n  o f  Golgi 2nd ty p e  n e u ro n s  w ith  re sp ec t to  b o th  th e  
im m e d ia te  a rb o riza tio n  o f  i ts  axon a fte r its  o rig in  an d  th e  fo rm atio n  of a 
re la tiv e ly  dense te rm in a l a rb o r  in th e  close v ic in ity  o f th e  cells of origin. 
T h is is n o t  so sim ple in  th e  a re a  o f su b ty p e  6, w h ich  sa tisfies n e ith e r  o f these  
c r ite r ia . On th e  o th e r h a n d , th e  sim ila rity  in  v a rio u s  ch a rac te ris tic s  o f th e  
p e r ik a ry o n  and  th e  d e n d r ite s  w ould c e rta in ly  fa v o u r  th e  v iew  th a t  th e  tw o 
su b ty p e s  belong to  th e  sam e  ca teg o ry  of n eu ro n s . T h e  m a te ria l s tu d ied  offered 
co n v in c in g  evidence t h a t  th e  axons of su b ty p e  b a lth o u g h  b y  no m eans sh o rt 
in  th e  sense of Golgi 2 n d  ty p e  neurons, does n o t  leav e  th e  nucleus on w hich 
th e  cell is located . T h ey  do , how ever, e s tab lish  co n n ec tio n s betw een  d ifferen t 
d iv isions of the  sam e n u c le u s . In  th e  v e n tro h a s a l nucleus (V PL) dorsally  
s i tu a te d  su b ty p e  b in te rn e u ro n s  send th e ir  ax o n s  to  v e n tra l  p a r ts  of th e  
n u c leu s  an d  the  reverse . In  th e  LGB th e  ax o n s  o f su b ty p e  b in te rn eu ro n s  
cross th e  borders b e tw een  n e ig h b o u rin g  lay e rs  (from  A to  A, in  th e  ca t) and

A c ta  M orphologica A cadem iae S c ie n tia ru m  H ungaricae 17, 1969



T W O  T Y P E S  O F  S H O R T  A X O N  IN T E R N E U R O N S 291

F igs  6*, 7. Golgi 2nd su b ty p e  b neurons in V PL and  M l). A rrow s in d ica te  th e  axons. G olgi—
K opsch, X 200

vice versa . In  th e  MGB even axons from  cells in  th e  m edial d iv ision  have 
been  traced  in to  th e  dorsal division of th e  sam e nucleus. T hese o b serv a tio n s 
m ay  offer som e clues fo r u n d e rs ta n d in g  th e  fu n c tio n a l sign ificance of th e  tw o 
k inds o f in te rn e u ro n .

D iscussion

T here is, in  m ost cases, no d irec t a p p ro a c h  to  th e  fu n c tio n a l in te rp re ta ­
tio n  of s tru c tu ra l d e ta ils  o f an y  d efin ite  n e tw o rk , a p a r t  from  th e  obvious 
conclusion th a t  th e  presence of local in te rn e u ro n s  m eans local in te rac tio n s
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Figs 8, 9. G olgi 2nd su b ty p e  6 n eu ro n s in MD and V P L . A xons and th e ir  ra m if ic a tio n  are 
in d ic a te d  (ax). G olg i— K opsch , x 5 0 0

b e tw e e n  th e  neurons o f th is  n e tw o rk . F u r th e r  conclusions have  to  be  based  
on in d ire c t  evidence, analog ies an d  an  a t te m p t to  com pare  physio log ica l fac ts  
w ith  s t ru c tu ra l  d a ta .

T h e  c h a rac te ris tic a lly  G olgi 2nd su b ty p e  a in te rn e u ro n  has a narrow- 
fie ld  o f  a c tio n  th a t  m ig h t a ffec t 5 — 10 o th e r n eu ro n s, from  w hich 1 — 3 ( T ö m b ö l , 

1968) m ig h t be o th e r in te rn e u ro n s  an d  th e  re s t re lay  cells. T h ere  is som e 
ev id en ce  to  th e  effect t h a t  in te rn e u ro n s  w ith  sh o rt axons are  often  in h ib ito ry  
in fu n c tio n . The ex istence  o f in h ib ito ry  in te rn e u ro n s  in th e  V P L  h as been
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p o s tu la te d  b y  A n d e r s e n  e t al. (1964), to  ex p la in  th e  o b se rv a tio n  o f in tra ­
n u c lea r re c u rre n t in h ib itio n , an d  a p ro b ab le  an a to m ic a l p a th w a y  v i a  recu rren t 
axon  co lla te ra ls  o f  re lay  cells, Golgi 2nd ty p e  in te rn eu ro n s , an d  b ack  to  
th e  re lay  cells, has been  show n to  ex ist (T ö m b ö l , 1966/67). T h e  observa tions 
b y  A n d e r s e n  an d  E c c l e s  (1966) th a t  p a r t  o f  th is  re c u rre n t in h ib itio n  is 
p re sy n ap tic , m ig h t be ex p la in ed  b y  axo -axon ic  synapses in  th e  V P L , a lthough  
th e re  is no ev idence th a t  in th ese  axo-axon ic  sy n ap ses  th e  te rm in a ls  of local 
in te rn eu ro n s  are  p re sy n a p tic  to  th e  specific a ffe ren ts  o f th is  nucleus.

Fig. 10. Axon ra m ifica tio n  of Golgi 2nd su b ty p e  b n eu ro n  in V P L . Golgi K opsch . 500

T he a b u n d an ce  of local in te rn eu ro n  te rm in a ls  in th e  g lo m eru la r sy n ap tic  
com plexes in th e  LG B (S z e n t a g o t h a i  e t al., 1966) an d  in th e  sy n a p tic  clusters 
of th e  MGB (M a j o r o s s y  an d  R é t h e l y i , 1968) is in ag reem en t w ith  th e  large 
n u m b e r in th ese  nucle i o f su b ty p e  a  in te rn e u ro n s  (T ö m b ö l , 1965, 1968). The 
sm all an d  often  f la t  vesicles of th ese  te rm in a ls  ( P e c c i -Sa a v e d r a  an d  V acca- 
r e z z a , 1968; M a j o r o s s y  and  R é t h e l y i , 1968) w ould  s tro n g ly  suggest th e ir  
in h ib ito ry  c h a ra c te r  — p ro v id ed  th a t  U c h i z o n o ’s concep t (1965) is correct. 
I t  w ould  be d ifficu lt to  believe th a t  th is  g re a t w ea lth  of in h ib ito ry  te rm in a ls  
shou ld  be serv ing  exclusively  re c u rre n t in h ib ito ry  phasin g  o f th e  d ischarge 
o f re lay  cells. V arious o th e r  possib ilités have been  discussed by  S z e n t a g o t h a i  
(1967, 1968). C o lla tera l in h ib itio n , assum ed  in th e  V P L  by  P o g g io  and  
M o u n t c a s t l e  (1963) an d  sh a rp en in g  o f c o n tra s t  in th e  LGB ( J u n g , 1960) 
m ig h t be one o f th ese , b u t  m an y  o th e r tra n sfo rm  fu n c tio n s  could be envisaged.

No fu n c tio n a l ex p la n a tio n  can be offered  for su b ty p e  b of in te rn eu ro n s . 
N ot hav in g  id en tif ied  th e ir  sy n ap tic  co n tac ts  u n d e r  th e  ligh t m icroscope and
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Fig. 11. A rrow s ind ica te  ax o n  ra m if ic a tio n  of Golgi 2nd su b ty p e  b neu ron . G olgi— K opsch,
X 200

Fig. 12. A rrow s indicate axon  a n d  i ts  ram ifica tio n s  in Golgi 2nd su b ty p e  b n eu ron . G olgi—
K opsch , x80 0

p a r t ic u la r ly  under th e  EM  it is n o t  even know n on w h a t ty p e  of n e u ro n  th e y  
m ig h t a c t. There is, h ow ever, one  piece of in fo rm a tio n  ava ilab le  w hich  m igh t 
p ro v e  as a hinge b y  w hich  th e  w hole question  can be rem o v ed  from  its  p resen t 
d e a d lo c k . The fact th a t  s u b ty p e  b in te rn eu ro n  axons cross from  one lay er 
o f  th e  L G B  in to  a n o th e r, p o in ts  d e a r ly  to  th e ir  ro le in b in o cu la r in te ra c tio n
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1'igs 13, 14. C on tac ts  (a rro w ) w ith  d en d rites  o f re lay  cells o f Golgi 2nd su b ty p e  a n eu rons 
in CGL and MI). Golgi — K o p sch , x  800

on th e  gen icu la te  level. O f th is , so fa r  l i t t le  is k n o w n  a p a r t  from som e ev idence  
o f i t  be ing  largely  in h ib ito ry  ( F r e u n d  e t ah , 1969). T his would he in accord  
w ith  th e  s im ila rity  o f th e  cells an d  d e n d rite s  o f su b ty p e  b and a , an d  th e ir  
Golgi 2nd ch a ra c te r .
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Z W E I T Y P E N  VON K U R Z E N  A X O N  (G O LG I 2 )-IN T E R N E U R O N E N  
IN D E N  S P E Z IF IS C H E N  T H A L A M U S K E R N E N

T. TÖMBÖL

A n P e rfu s io n sp rä p ara ten  n ach  G olgi K opsch  lassen sich in  den sp ez ifisch en  T ha- 
lam u sk e rn en  de r K a tze  zwei T y p en  von  k u rz en  A xon(G olgi 2)-In te rn e u ro n en  u n te rsch e id e n . 
D ie U n te rsch e id u n g  der beiden T y p en  b e ru h t  h a u p tsäc h lic h  au f de r L änge d e r  A x o n en . Die 
A x o n a rb o risa tio n  de r G olgi-2-N euronen vom  T y p  »a« e rs tre c k t sich n ic h t ü b e r  d ie A u sd eh ­
nun g  des D en d riten b au m es h in au s , w ä h ren d  sich  die A xone der G olg i-2 -N euronen  vom  
T y p  »b« e rh eb lich  w eiter verzw eigen. Die A xone  dieses T y p s stellen  die V e rb in d u n g  zw ischen 
versch ied en en  n u clearen  B ereichen u n d  S ch ich ten  her. V erb indungen  zw ischen d en  N eu ro n en  
Golgi 2 T y p  »a« sow ohl m it den  R e la y -In te rn e u ro n e n  als auch  m it den  In te rn e u ro n e n  von 
an d eren  G olgi-2-Typen w urden bere its  f rü h e r  nachgew iesen, w ährend  die V e rb in d u n g en  der 
In te rn e u ro n en  vom  T yp >>b« b isher noch n ic h t g ek lä rt w erden k o nn ten .

ДВА ТИПА АКСОНО-(ГОЛЬДЖИ 2)-ИНТЕРНЕЙРОНОВ В СПЕЦИФИЧЕСКИХ
ЯДРАХ ТАЛАМУСА

Т. Т Ё М Б Ё Л

На перфузионных препаратах по Гольджи —Кропшу в специфических ядрах 
таламуса кошек можно обособлять два типа коротких аксоно-(Гольджи 2)-интерней- 
ронов. Обособление двух типов основывается главным образом на длине аксонов. Аксоно- 
арборизация нейронов Г ольджи 2 типа «а» не распространяется за простиранием дендрити­
ческого дерева, тогда как аксоны нейронов Голджи 2 типа «б» разветвляются на гораздо 
большем расстоянии. Аксоны этого типа соединяют различные внутриядерные зоны и 
слон. Связи между нейронами Гольджи 2 типа «а» с реле-интернейронами и с интерней­
ронами другого типа Гольджи 2 были выяснены уже раньше, в то время как связи между 
интернейронами типа «б» до сих пор еще не удалось выяснить.

D r. T herese  T ö m b ö l  B u d a p e s t I X .,  T ű zo ltó  u. 58., H u n g ary
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In s t i tu te  of A n a to m y  (D irec to r: P ro f. J .  Sze nt ag o th ai), 
U n iv e rs ity  M edical School, B u d ap es t

QUANTITATIVE ASPECTS OF NEURON ARRANGEMENT 
IN THE SPECIFIC THALAMIC NUCLEI

T h e r e s e  T ö m b ö l , G y . U n g v á r y , F .  H a j d ú , M .  M a d a r á s z  

and  G y . S o m o g y i

(R ece iv ed  M ay 22, 1969)

Q u a n tita tiv e  s tu d ies  on th e  specific th a la m ic  nuclei gave th e  fo llow ing  re su lts .
1 .  T he ra tio  o f th a la m o  (gen icu lo )-co rtical re lay  cells to  Golgi 2nd ty p e  neu ro n s 

v a ries  be tw een  rough ly  2 : 1 an d  3 : 1 in th e  re la y  and on th e  basis o f m ore  in d ire c t 
reason ing  a p p ro x im ate ly  4 : 1 in  th e  e lab o ra tiv e  (associative) nuclei.

2. Cell nuc lear vo lum e m easu rem en ts  rev ea l th e  presence of tw o d is t in c t  cell 
g ro u p s in the  re lay  nuclei. No su ch  se p a ra tio n  o f  tw o cell p o p u la tio n s  a p p e a rs  in  th e  
n u c lea r sp ec tra  of th e  e la b o ra tiv e  (assoc ia tive) nuclei.

3. T he spheric  d e n d ritic  tree  o f th e  re lay  n eu rons can be d iv id ed  on  th e  basis 
o f  i ts  sy n ap tic  re la tio n s in to  th ree  zones, (a )  a c en tra l space; (b )  an in te r io r  zone; 
an d  (c )  an  e x te rio r zone.

4. No such d iv ision  in to  zones is possib le w ith  th e  d en d ritic  a rb o riz a tio n  of 
Golgi 2nd ty p e  neurons.

In tro d u c tio n

C orrect in te rp re ta tio n  o f th e  fu n c tio n s o f various n eu ro n  n e tw o rk s  d e ­
pends on th e  u n d e rs ta n d in g  o f th e  in te rn e u ro n a l connexions. C om prehension  
o f th e  g eo m etry  and  topo lo g y  o f a n eu ron  n e tw o rk  as a c o n n e c tiv ity  sy s tem  
is g re a tly  fa c ilita ted  hy  th e  re g u la r ity  of a rra n g e m en t. The re g u la r  a r ra n g e ­
m en t o f  th e  n eu ro n a l e lem en ts  fac ilita ted , for exam ple, in  th e  ce reb e llu m  
th e  ea rly  d evelopm en t o f sy n a p to lo g y  ( R a m ó n  y  C a j a l , 1911) a n d  la te r  its  
s tru c tu ra l  analysis on th e  u l t r a s tru c tu ra l  level an d  its fu n c tio n a l e lu c id a tio n  
( lite ra tu re  sum m arized  by  E c c l e s  e t al. in  1967).

A sim ple reg u la rity  in  th e  geom etric  sense is n o t found a t  all o r is ra re ly  
recogn izab le  in th e  a rra n g e m en t o f  th e  e lem en ts of th e  specific  th a la m ic  
nuclei. Y e t, even if  th e re  is no tru e  geom etrical re g u la rity  one m ig h t look for 
som e general princip les o f s tru c tu re  or a rra n g e m en t th a t  could help d e te rm in ­
ing  — a t least in some a p p ro x im a tio n  — th e  genera l sy n ap tic  an d  c o n n ec tio n  
a rra n g e m en ts . Several a u th o rs  h av e  realized  ( J u n g , 1960; A n d e r s e n  e t a l., 
1962, 1964; M o u n t c a s t l e  e t a l., 1963) th a t  th e  a rb o riza tio n  p a t te r n  o f  th e  
specific a ffe ren ts m ust he th e  m ost im p o r ta n t fac to r  o f n eu ro n  c o n n e c tiv ity . 
S z e n t Ág o t h a i  (1967) has te n ta t iv e ly  proposed  a m odel of c o n n e c tiv ity  in  th e  
specific th a la m ic  nuclei, em p h asiz in g  th a t  th e  fea tu re s  o f crucia l im p o r ta n c e  
a re  1. th e  a rb o riza tio n  p a tte rn  o f specific  a ffe ren ts ; 2. th e  ty p es  o f  n e u ro n s , 
th e ir  re la tiv e  num bers and  d en sitie s ; 3. the p a t te rn  o f th e ir  d e n d ritic  ram ifica -
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t io n ;  a n d  4. th e  local co n n e x io n  betw een th e  d iffe re n t ty p es  of n eu ro n s. The 
m o d e l o f  S z e n t a g o t h a i  (1967) was based on th e  assu m p tio n  of a quasi ran d o m  
s p a tia l  d is tr ib u tio n  o f th e  te rm in a l ram ifica tio n s  o f  specific a fferen ts re la tiv e  
to  th e  d en d ritic  a rb o riz a tio n  o f  the  nerve cells. As show n, how ever, in a p re ­
ced in g  p a p e r ( T ö m b ő l , 1969), even the  f in a l p a r ts  o f  th e  axonal a rb o riza tio n s , 
th e  so -ca lled  te rm in a l u n its ,  a re  no t of ra n d o m  d is tr ib u tio n . An in v es tig a tio n  
in to  th e  q u a n tita tiv e  a sp e c ts  o f th e  n eu ro n  n e tw o rk  seem ed th e re fo re  to  be 
o f  ev en  g rea te r sign ificance.

M ethods

P a r t  o f th e  m ea su re m e n ts  w as m ade on G olgi p re p a ra tio n s , for w hich th e  m odified  
p e rfu s io n  K opsch  p ro ced u re  p ro v e d  to  be the m ost a p p ro p ria te  (Sze nt ag o th ai , 1963; T ömböl , 
1966/67). O n these p re p a ra tio n s  th e  d iam eters o f th e  cells, th e  len g th  of th e  d e n d rite s  and 
th e i r  d iffe re n t portions w ere m ea su re d  w ith  a sim ple  o c u la r  m icrom eter, and  th e  d en d ritic  
ra m if ic a tio n s  were co u n ted . T h e  ra tio  of d ifferen t cell ty p e s  w as estab lished  by  cell coun ts 
in  th e  cy to a rch itec to n ie  p ic tu re  (N iss l and H E  p re p a ra tio n s )  on  th e  basis of cell size a n d  shape. 
A n o th e r  ap p ro ach  to  th e  d if fe re n tia tio n  of the  cell ty p e s  recognized  in th e  Golgi p re p a ra ­
t io n s , w ere d iscrim inative  m ea su re m e n ts  of th e  n u c le a r  vo lum e. T he d a ta  o b ta in e d  were 
a n a ly z e d  by  d ifferen t s ta t is t ic a l  procedures. P a l k o v it s  — CsapÓ’s m ic ro p ro jec tio n  tab le  
(1968) w as used for n u c lear v o lu m e  m easurem ent. I n  e ac h  o f  th e  th a la m ic  nucle i th e  d iam e te r 
a n d  v o lu m e  of 500—1000 n u c le i w ere exam ined. S ta t is t ic a l  analysis was aim ed a t  show ing 
t h a t  — in  som e of th e  th a la m ic  n u c le i a t least — th e  tw o  m ain  cell ty p es  recognized  in  the  
G olgi as w ell as in th e  c y to a rc h ite c to n ie  p ictu re  can  be  d iffe re n tia te d  also on th e  basis of 
n u c le a r  size and e x ce n tric ity .

R esults

As in  every c e n tra l n e rv o u s  tissue, in  th e  specific th a lam ic  n ucle i Golgi 
p re p a ra tio n s  proved  to  be th e  m ost a p p ro p r ia te  fo r th e  recognition  o f various 
ty p e s  o f  neurons. In  th e se  n ucle i tw o m ain  ty p e s  o f cells can be d is tin g u ish ed : 
th a la m o -c o rtic a l re la y  n e u ro n s  and Golgi 2 n d  ty p e  in te rn eu ro n s  ( C a j a l , 1911; 
O ’L e a r y , 1941; S z e n t a g o t h a i , 1963; M o r e s t , 1963/64, 1965; G u i l l e r y , 

1966/67; S c h e i b e l  a n d  S c h e i b e l , 1966; T ö m b ö l , 1966/67, 1968) (F igs l a ,  b). 
T b e  size of the  cell b o d y  o f b o th  neuron  ty p e s  w as m easured  in  Golgi and  
N issl p rep a ra tio n s  a n d  th e re  was no s ig n if ic a n t d ifference betw een  th e  d a ta  
o b ta in e d  w ith  th e  tw o  tech n iq u e s . The tw o  — th e  longest and  a p e rp en d icu la r 
s h o r t  — d iam eters o f  th e  re la y  cells w ere 18 — 30 /.i , an d  12 — 22 p , tho se  of 
th e  Golgi 2nd ty p e  n e u ro n s  8 —15 /1 an d  10 — 18 fi respective ly .

T h e  ra tio  o f th e  tw o  m ain  cell ty p e s  w as e stab lish ed  in  N issl p re p a ra ­
tio n s . In  each nuc leu s, in  100 —150 v isu a l fie ld s  chosen a t  ran d o m , th e  p ro ­
p o r t io n  of re lay  a n d  G olgi 2nd neurons w as co n seq u en tly  id en tica l. In  th e  
re la y  nuclei, b o th  in  th e  senso ry  relay  n u c le i: la te ra l  gen icu la te  b o d y  (LG B ), 
m e d ia l gen icu late  b o d y  (M G B ), v en tro b asa l la te ra l  (V PL) and  m edial (YPM), 
an d  in  th e  non -senso ry  re lay -n u c le i: n uc leus a n te r io r  v en tra lis  (AY); nucleus 
a n te r io r  m edialis (AM ), nu c leu s v en tra lis  la te ra lis  (VL) and  v en tro -m ed ia lis  
(VM ), nucleus m ed ialis do rsa lis  (MD), th e  p ro p o rtio n  o f th e  re lay  a n d  Golgi
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2nd neurons varies b e tw een  2 : 1, an d  3 : 1 .  I n  th e  e lab o ra tiv e  (asso c ia tiv e) 
nuc le i: nucleus la te ra lis  p o s te rio r (L P ), n u c leu s  la te ra lis  dorsalis (L D ), th e  
p u lv in a r (Pu) and  th e  nucleus an te rio r dorsa lis  (A D ), th e  ra tio  o f re la y  cells 
to  Golgi cell ty p e  cells is 4 : 1.

Fig. I. a)  R e lay  n eu ro n  ( tu f te d  ty p e) in V P L ; b) Golgi 2nd ty p e  neuron  in  V P L . Golgi
K opsch  m ethod , x  500

An a tte m p t was m ade to  verify  th e  so m ew h a t su b jec tiv e  ju d g e m e n t of 
th e  c y to a rch itec to n ie  p ic tu re s  by sy s te m a tic  m easu rem en t of n u c le a r  size. 
T he rough  d a ta  w ere an a ly zed  and com pared  by  v a rio u s s ta tis tic a l a n d  p lo t ­
t in g  p rocedures. In  th e  n u c lea r  groups (sensory , re lay , non-sensory  re la y  an d  
e lab o ra tiv e  nuclei), d a ta  o f tb e  long itu d in a l d ia m e te r  o f th e  nuclei w ere p lo tte d  
against th e  lo g a rith m  o f nu c lea r vo lum e (F ig . 2). T he do t d iag ram s th u s  
o b ta in ed  show  tw o n eu ron  p o p u la tio n s in  th e  sen so ry  (F ig. 2a) and  in  th e  non- 
sensory  re lay  nuclei (F ig . 2b) while no such  subd iv ision  is a p p a re n t in  th e  
e lab o ra tiv e  nucle i (F ig . 2c). In  order to  e s tab lish  th e  b o u n d a ry  b e tw een  th e
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Fig.  2. a)  D ot d iag ra m  o f cell nucleus g ro u p s  in th e  sensory  re lay  nuclei

A c ta  M o r p h o lo g ic a  A c a d e m ia e  S c ie n tia r u m  H u n g á r iá ié  17 , 1 9 6 9
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F ig  2.

NON SENSORY RELAY NUCLEI 2 b

b) D ot d iag ram  of cell nucleus g roups in th e  non-senso ry  re lay  nuclei
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F ig  2. c) D ot d ia g ra m  o f  cell nucleus g ro u p s in  th e  e lab o ra tiv e  nucle i

tw o  cell ty p es , a n o th e r p lo tt in g  tech n iq u e  w as u sed . On F igs 3a, b an d  c th e  
d a ta  o f  th e  cell nuclei o f re p re se n ta tiv e  nuclei o f each  group (V PL , АУ an d  Pu) 
w ere  co n fro n ted  as h is to g ram s o f  th e  long d iam e te r  o f th e  cell nuc le i rep re sen ted  
on  th e  abscissa  while th e  h is to g ram s of th e  lo g a rith m  of n u c le a r  vo lum e was 
re p re s e n te d  on th e  o rd in a te . B o th  h isto g ram s o f th e  n u c lea r vo lum es show  
tw o  e lev a tio n s in  th e  sen so ry  an d  th e  n o n -sen so ry  re lay  n u c le i b u t  none in  
th e  e la b o ra tiv e  nuclei. T h e  em pirica lly  fo u n d  lines o f se p a ra tio n  b e tw een  th e  
tw o  e lev a tio n s  of th e  h is to g ra m s  (th in  lines in  F ig . 3a an d  b) w ere th e n  t r a n s ­
fe rre d  to  th e  p o in t d iag ram s o f Fig. 2a an d  b a n d  th e  reg ressions w ere ca l­
c u la te d  fo r th e  tw o n u c le a r  size groups. T he reg ression  s tra ig h ts  show  sign ifi­
c a n t  b re a k s  a t  th e  b o rd e r b e tw e e n  th e  tw o g roups. T hese b reak s  a re  due e ith er 
to  th e  d irec tio n a l ta n g e n t (“ a ” ) of th e  line, o r to  th e  sh ift of th e  in te rsec tio n  
o f  th e  ax is  y (“ 6” ), or p o ss ib ly  to  th e  change o f b o th  fac to rs . On th e  basis 
o f  th e se  ca lcu la tions, th e  cell nuclei belonging  to  th e  h ig h est classes of th e  
long  d ia m e te r  ough t to  be  considered  as a s e p a ra te  group o f cells.
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Figs 3a. b, c. H is to g ram s of the  long d iam e te r  of cell nucle i  a n d  o f  the lo g a r i th m  o f  nuc lear
vo lum e,  in  V P L ,  AV an d  pu lv in a r

F ig . 4 show s th e  d is tr ib u tio n  o f  th e  cell nuclei accord ing  to  sh ap e  in 
tw o  re p re se n ta tiv e  nuclei. T h e  long d iam e te r  o f th e  cell nuclei w as m ark ed  
on th e  abscissa , an d  on th e  o rd in a te  th e  e x c e n tr ic ity  was p lo tte d  co rre sp o n d ­
ing to  th e  ra tio  o f th e  long versu s  th e  sh o rt d iam e te r; th e  la t te r  b e in g  the  
d ia m e te r  p e rp en d icu la r to  th e  m idd le  po in t o f th e  long d iam eter. T h is  graph
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Figs 4a, b. D istr ibu tion  o f  th e  e x cen tr ic i ty  of cell nuc le i  b y  m eans^of  d o t  d iag ram s and  
h i s to g ram s  in  the  AY and  p u lv in a r  th a la m i

rev ea ls  tw o  groups in  th e  sen so ry  and  n o n -sen so ry  re lay  nuclei (show n here 
on ly  fo r  th e  АУ) an d  a c o n tin u o u s  d is tr ib u tio n  o f  cell nuclei in  th e  e lab o ra tiv e  
n uc le i. T h e  graphs a re  co m p ared  w ith  th e  re sp e c tiv e  long d iam ete r h is to g ram s.

I t  m ay  be su rm ised  t h a t  one p o p u la tio n  o f  th e  cell nuclei o b serv ed  in 
th e  sen so ry  re lay  nucle i is id e n tic a l w ith  th e  in te rn e u ro n s , th e  n u c lea r vo lum e 
is 170— 350 p 3 an d  th e  d ia m e te r  varies b e tw e e n  6 X 8 /л an d  8 X 1 0  fi. (The
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given n u m b ers  are ex tre m e  values.) The o th e r  g roup  of nuclei, co rresp o n d in g  
to  th e  nuclei o f re lay -cells , has a vo lum e o f 350 —1 4 0 0 /r3, th e  d iam ete rs  
v a ry  betw een  8 x 1 1  //, a n d  1 2 x 1 7  //. W ith  re sp ec t to  e x c e n tr ic ity , th e  cell 
nuclei are  s ligh tly  ovoid in  sh ap e , h u t am ong  th o se  o f sm all size th e re  a re  also 
ro u n d  nuclei.

In  th e  non-sensory  re la y  nuclei, in th e  g roup  co rrespond ing  to  th e  in te r ­
n eu ro n s, th e  n uclear vo lum e is 1 5 0 —300 /Iя, and th e  d iam e te r m e a su re  7 X 8 /i 
a n d  7 x 1 0  /I. N uclear vo lum e in th e  o th e r  cell g roup  is 450— 1100 /Iя, w ith  
d iam ete rs  of 8 x 1 2  // an d  1 2 x 1 6  /I, resp ec tiv e ly . O ccasional n u c le i 1 1 — 17 // 
in d ia m e te r  are found in th e  la t te r  group w hich , as ju d g e d  from  th e  d ifference 
betw een  th e  d iam eters are  p ro b a b ly  nuclei o f large in teg ra tiv e  cells. A cco rd ­
ing  to  ex cen tric ity , s lig h tly  ovoid  and  ovoid shapes are  found in e v e ry  o rder 
o f m a g n itu d e , in  th e  AM, MD an d  V L; in th e  AD an d  AV, h o w ev e r, only 
s lig h tly  ovoid  shapes occur.

In  th e  e lah o ra tiv e  nuc le i, n uc lear vo lum e of th e  cells v a rie s  in  a wide 
ran g e  h u t  a clear sep a ra tio n  in to  groups c a n n o t be asce rta in ed  b y  th is  a p ­
p ro ach . W ith  respect to  e x c e n tr ic ity , th e  nuclei are  s ligh tly  ovo id .

A lth o u g h  th e  n u c lea r vo lum e of th e  specific  th a lam ic  n u c le i in itse lf 
does n o t allow  a clear se p a ra tio n  of th e  tw o m ain  cell ty p es , i t  com pletes 
th e  conclusions d raw n from  Golgi p re p a ra tio n s  an d  su p p o rts  th e  se p a ra tio n  
o f th e  tw o ty p es  in th e  a rc h ite c to n ic  p ic tu re . D iffe ren tia tio n  o f th e  tw o  cell 
g roups m erely  on th e  basis  o f  n u m erica l d a ta  is n o t possib le b e cau se  th e y  
are  overlapp ing .

A n a l y s i s  o f  th e  d e n d r i t i c  a r b o r i z a t i o n  o f  th e  r e l a y  n e u r o n s

Beside d a ta  on size an d  ty p e  of neurons as well as ra tio s  b e tw een  g roups, 
som e n u m erica l o b se rv a tio n s on th e  d en d ritic  a rb o riza tio n s w ere  fo u n d  to  
he in fo rm a tiv e . L eng th  of th e  d en d rite s  w as m easu red  in p e rfu sio n  K opsch  
p rep a ra tio n s .

T he len g th  of th e  d en d rite s  o f th e  re lay  cells d iffers s ligh tly  in  th e  th ree  
a rb o riza tio n  ty p es  ( tu f te d , tra n s ito ry , ra d ia te d )  (F igs 5a, b, c), e i th e r  are 
essen tia l differences in th e  v a rio u s nuclei. T he n eu ro n s of th e  tu f te d  and  
tra n s i to ry  d en d ritic  ty p e  h a v e  less p rinc ipa l d en d rite s  (5 — 8) o f  12 — 1 5 // 
len g th . F rom  th e  tu f ts  o f each  p rinc ipa l d e n d rite  6 — 8 seco n d ary  d e n d rite s  
ta k e  tlie ir  origin. C h a rac te ris tic  d en d ritic  p ro tru s io n s  can he o b se rv ed  on th e  
in itia l 10 — 25 m icrons of th e  seco n d ary  d en d rite s . T he all-over le n g th  o f t in 1 
d e n d rite s  is ab o u t 140 -1 6 0  //. W ith  th e  ex cep tio n  of re lay  n eu ro n s  h av in g  
sp a tia lly  o rien ted  d en d rite s  th e  d en d ritic  tre e  is o f  spheric  shape. In  th e  cells 
w ith  ra d ia te  d en d ritic  a rb o riz a tio n s , 10 to  15 p rin c ip a l d en d rite s  em erge  in 
ev e ry  d irec tion . The len g th  o f  th e  un d iv id ed  p a r t  o f th e  p rim a ry  d e n d rite s
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Fig.  5. a )  T ufted  ty p e  of a rb o r iz a t io n  of dendrites  of re la y  neuron  in VPL. Golgi— Kopsch 
m e th o d ,  x 5 0 0 ;  b) T ra n s i to ry  ty p e  of arborization o f  d e n d r i t e s  of re lay  n euron  in pu lv ina r .  
Golg i— K opsch  m ethod ,  x 5 0 0 ;  c)  R ad ia ted  type  o f  a rb o r iz a t io n  of dendri tes  of re lay  neuron  

in  AY. Golg i— Kopsch m e th o d .  X 500
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v a r ie s  c o n s id e r a b ly  a n d  t h e y  d iv id e  d ic h o t o in i c a l l y .  P r o t r u s io n s  a r e  fo u n d  

o n ly  o c c a s io n a l ly  in  t h e  in i t i a l  p o r t io n s  o f  t h e i r  s e c o n d a r y  d e n d r it e s .  T h e  

a l l - o v e r  l e n g t h  o f  d e n d r i t e s  in  t h i s  t y p e  d o e s  n o t  d if f e r  s ig n i f i c a n t l y  fr o m  t h a t  

o f  t h e  o t h e r  t y p e s .

T h e  s p h e r ic  d e n d r i t ic  s p a c e  m e a s u r e s  a b o u t  3 0 0 — 4 0 0  ц in  d ia m e t e r  in  

a ll  t h e  t h r e e  r e la y - c e l l  t y p e s .  W it h  r e s p e c t  t o  t h e  p r e d o m in a n t  s i t e  o f  t h e  c o n ­

t a c t s  w i t h  t h e  a f f e r e n t  f ib r e s ,  t h r e e  z o n e s  o f  r e la y  n e u r o n s  m a y  b e  d i s t in g u is h e d :

1. t h e  c e n tr a l  s p a c e  c o n t a i n in g  t h e  c e ll  b o d y  a n d  t h e  p r in c ip a l  d e n d r i t e s ;

2 . a n  in t e r io r  z o n e  o r  in t e r io r  s h e l l;  a n d  3 . a n  e x t e r io r  z o n e  o r  s p h e r ic  s h e l l

’00- ’5C u

/

Fig. Ha. T he  th ree  zones o f  th e  shperic  den- Fig. 6b. T h e  th ree  zones of the  spheric  d e n ­
d r i t ic  space of th e  tu f te d  ty p e  re lay  neuron  dr i t ic  space  o f  the  ra d ia te d  type  re lay  neuron

shown d iag ra m m a tic a l ly  show n d iag ra m m a tic a l ly

( F ig s  6 a , b ) . T h e  c e n t r a l  s p a c e  m e a s u r in g  a b o u t  5 0  — 6 0  /.i in  d ia m e t e r  is  p o o r  

in  s y n a p t ic  c o n t a c t s .  T h e  in t e r io r  z o n e  is  t h e  p r e d o m in a n t  s i t e  o f  t h e  t e r m in a ­

t io n  o f  s p e c i f ic  a f f e r e n t s .  I t  e m b r a c e s  t h e  r a m i f i c a t io n s  o f  t h e  p r in c ip a l  d e n ­

d r it e s  a n d  t h e  p r o x im a l  p o r t io n s  o f  t h e  s e c o n d a r y  d e n d r it e s .  T h e  t h i c k n e s s  

(1 0  — 2 5  fi) o f  t h e  in t e r io r  z o n e  c o r r e s p o n d s  t o  t h e  p r o x im a l  p a r t  o f  t h e  s e c o n d ­

a r y  d e n d r it e s  w h ic h  a r e  c o v e r e d  w it h  p r o t r u s io n s .  T h e  t h ir d ,  e x t e r io r ,  z o n e  

o f  t h e  d e n d r i t ic  t r e e  e n c o m p a s s e s  t h e  d i s t a l  p a r t  o f  t h e  d e n d r it ic  t r e e .  N o n ­

s p e c i f ic  a f f e r e n t s  a p p e a r  t o  t e r m in a t e  m a in ly  h e r e .  I n  w id t h ,  t h i s  z o n e  i s  m o r e  

v a r ia b le  t h e n  t h e  t w o  in t e r n a l  z o n e s .

T h e  c e n tr a l  s p a c e  a n d  t h e  e x te r io r  z o n e  s h o w  l i t t l e  i f  a n y  d i f f e r e n c e  in  

t h e  s e v e r a l  t y p e s  o f  r e la y  n e u r o n . T h e  in t e r io r  z o n e ,  w h e r e  t h e  p r im a r y  d e n ­

d r it e s  r a m if y ,  d if fe r s  h o w e v e r ,  f u n d a m e n t a l ly  in  t h e  t h r e e  t y p e s .  I n  t h e  t u f t e d  

a n d  t h e  t r a n s i t o r y  c e l l  t y p e s  i t  c o n t a in s  t h e  d e n d r i t i c  t u f t s  o r  d e n d r it ic  b a s k e t s
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w it h  t h e  n u m e r o u s  p r o t r u s io n s  o f  t h e  in i t i a l  p a r t s  o f  t h e  s e c o n d a r y  d e n d r i t e s .  

T h e  s y n a p t i c  e n t a n g le m e n t  b e t w e e n  t h e  s p e c i f ic  a f f e r e n t s  a n d  t h e  d e n d r i t ic  

t u f t s  o c c u r s  h e r e  (F ig .  7 ) w i t h  r e p e a t e d  c o n t a c t  b e t w e e n  t h e  b r a n c h e s  o f  t h e  

“ t e r m i n a l  u n i t s ”  o f  t h e  a f f e r e n t  a n d  t h e  b r a n c h e s  o f  t h e  d e n d r i t i c  t u f t s .  

O n  t h e  in t e r io r  z o n e  o f  t h e  r a d ia t e  t y p e  o f  r e la y - c e l l s ,  w h e r e  t h e  a r b o r iz a t io n  

o f  t h e  d e n d r i t e s  o c c u r s  p r o g r e s s iv e ly  a n d  a t  r a n d o m  s i t e s ,  t h e r e  is  n o  c o n ­

c e n t r a t i o n  o f  s y n a p t ic  c o n t a c t s  a t  a n y  p a r t ic u la r  z o n e  o f  t h e  d e n d r i t i c  t r e e .  

N e i t h e r  a r e  t h e r e  p r o t r u s io n s  w h ic h  a r e  c o n s id e r e d  t o  r e p r e s e n t  s p e c i f ic  

r e c e i v i n g  s u r f a c e  d i f f e r e n t ia t io n s .

Fig. 7. T e r m i n a l  un i t  of optic  f ib re  e n ta n g led  w ith  dendr i t ic  tu f ts  of  re lay  n eu ro n  in  CGL.
Golgi— K o p s c h  m eth o d ,  X 800

Analysis of the dendritic arborization of Golgi 2nd type neurons

T w o  p a r t s  c a n  h e  d i s t in g u i s h e d  in  t h e  d e n d r it ic  t r e e ,  a c e n t r a l  s p a c e  

la c k i n g  o r  p o o r  in  s p in e s  a n d  t h e  s p a c e  o f  t h e  s p in y  d e n d r it e s .  T h e  d e n d r i t ic  

t r e e  o f  G o lg i  2 n d  t y p e  n e u r o n s  is  r a r e ly  i f  e v e r  s p h e r o id ,  a s  a c o n s e q u e n c e  

o f  t h e  s m a l l  n u m b e r  o f  d e n d r i t e s  a n d  o f  t h e i r  p o o r  r a m if ic a t io n .  T h e  c e n t r a l  

s p a c e  h a v i n g  a d ia m e te r  o f  2 5  —  3 0  g, c o n t a in s  t h e  c e l l  b o d y  a n d  t h e  in i t i a l  

p a r t s  o f  t h e  d e n d r ite s . T h e  n u m b e r  o f  t h e  a x o s o m a t ic  s y n a p s e s  is  lo w  a lso  

in  t h e  G o lg i  2 n d  t y p e .  T h e  d i s t a l  s p in y  d e n d r i t ic  p o r t io n s  v a r y  w i d e l y  in  

l e n g t h ,  t h e y  m a y  r c a c li in  e x t r e m e  c a s e s  3 0 0 — 4 0 0  /j, a l t h o u g h  t h e  d is t a n c e s  

b r id g e d ,  d u e  t o  t h e  w a v y  c o u r s e ,  m a y  m e a s u r e  n o t  m o r e  t h a n  8 0  — 1 0 0  /t 

( F ig .  8 ) .  T h e  n u m e r o u s  s p in e s  o f  t h e  d e n d r i t e s  a s  w e ll  a s  t h e ir  s u r f a c e  p r o p e r  

m a y  g e t  i n t o  c o n t a c t  w it h  c o r t i c a l  f ib r e s ,  in i t i a l  c o l la t e r a ls  o f  r e la y  n e u r o n s ,  

a n d  a l s o  w i t h  sp e c if ic  a f f e r e n t s .
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t  . 1

Fig- fi- D endri t ic  a rb o riza t io n  space of Golgi 2nd ty p e  n eu ro n  show n d iag ram m atica l ly

Discussion

U t t l e y  (1 9 5 5 )  h a s  d e v e lo p e d  m a t h e m a t i c a l  m o d e ls  fo r  e s t im a t in g  t h e  

p r o b a b i l i t y  o f  s y n a p t i c  c o n t a c t s  e s t a b l is h e d  b e t w e e n  d e n d r it ic  a n d  a x o n a l  

a r b o r iz a t io n s  o f  v a r io u s  s h a p e s  a n d  d e n s i t ie s .  T h e  s p e c u la t io n s  o f  S z e n t -  

Á G O T H A I  (1 9 6 7 )  w e r e  b a s e d  o n  t h e  a s s u m p t io n  t h a t  a  la r g e r  n u m b e r  o f  s y n a p t ic  

c o n t a c t s  b e t w e e n  a n y  g iv e n  a x o n  a n d  t h e  d e n d r i t e s  o f  a g iv e n  n e u r o n  w o u ld  

s e c u r e  a b e t t e r  t r a n s m is s io n  b e t w e e n  t h e s e  t w o  e l e m e n t s ,  t h a n  c o u ld  b e  s e c u r e d  

i f  o n ly  f e w  c h a n c e  c o n t a c t s  w e r e  p r e s e n t .  O t h e r w is e  t h e  d is t r ib u t io n  o f  d e n ­

d r i t ic  a r b o r iz a t io n s  a n d  a x o n  r a m if ic a t io n s  w a s  c o n s id e r e d  t o  b e  r a n d o m  in  

t h e  n e t w o r k  m o d e l  o f  S z e n t a g o t h a i  (1 9 6 7 ) .  O u r  r e c e n t  o b s e r v a t io n  r e p o r te d  

in  a  p r e v io u s  p a p e r  ( T ö m b ö l ,  1 9 6 9 )  h a s , h o w e v e r ,  le d  u s  t o  a s s u m e  t h a t  t h e  

r e la t iv e  p o s i t io n s  o f  t h e s e  a r b o r iz a t io n s  a re  n o t  r a n d o m  b u t  f a ir ly  s p e c i f ic  

n o t  o n ly  in  a  m o r e  g e n e r a l  t o p o g r a p h ic  s e n s e  b u t  a ls o  in  t h e  s e n s e  t h a t  e a c h  

s p e c i f ic  a f f e r e n t  m u s t  s p e c i f i c a l ly  b e  c o n n e c t e d  w i t h  a s e t  o f  r e la y  a n d  p o s s ib ly  

a ls o  o f  G o lg i 2 n d  t y p e  in t e r n e u r o n s .  T h e  G o lg i  f i n d in g s  o f  M o r e s t  ( 1 9 6 4 ,  

1 9 6 5 )  a n d  o f  S c h e i b e l  a n d  S c h e i b e l  (1 9 6 6 )  a r e  a ls o  b e t t e r  u n d e r s t o o d  o n  t h e  

b a s is  o f  s u c h  a n  in t e r p r e t a t io n .

U n f o r t u n a t e l y ,  t h e  d e n s i t y  a n d  g e n e r a l  s p a t i a l  d is t r ib u t io n  o f  n e u r o n s  

in  m o s t  o f  t h e  t h a l a m ic  n u c le i  is  s u b j e c t  t o  v a r io u s  n o n  e s s e n t ia l  — q u a s i  

c h a n c e  — c ir c u m s t a n c e s  s u c h  a s  n u m b e r , f a s c ic u la t io n  a n d  d ir e c t io n  o f  f ib r e  

s y s t e m s  r u n n in g  t h r o u g h ,  e t c .  C o r r e s p o n d in g  t o  t h i s  t h e r e  a re  m a n y  d i s t o r ­
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tio n s  in  sh a p e  and d is tr ib u tio n  of th e  ram ifica tio n s of th e  specific  a ffe ren ts . 
F ro m  th e  d en sity  of th e  so -ca lled  te rm in a l u n its  o f specific a ffe ren ts , -— i.e. 
fro m  th e  av e rag e  d istances b e tw een  th e  te rm in a l u n its  be long ing  to  th e  sam e 
a ffe re n t — i t  can be ded u ced  th a t  v a rio u s  d en d ritic  tu f ts  o f th e  sam e re lay  
cell a re  u n lik e ly  to  be c o n ta c te d  (in a m a jo r degree) by  tw o  or m ore  te rm in a l 
u n its  o f  th e  sam e affe ren t. T h is  w ould  m ean  th a t  th e re  is a convergence  of 
as m a n y  specific  afferen ts u p o n  th e  av erag e  re lay  cell as i t  has d e n d ritic  tu fts .

O n  th e  o ther h an d , th e  sam e te rm in a l u n it of an  a ffe ren t m a y  be in 
in t im a te  a n d  m ultip le  c o n ta c t w ith  tw o  or m ore d en d ritic  tu f ts  o f  d ifferen t 
cells. I n  th is  w ay, th e  d iv erg en ce  from  a specific afferen t could  be considerab ly  
la rg e r n u m erica lly  th a n  th e  n u m b e r o f its  te rm in a l u n its . B u t, obviously , 
th e re  a re  c lu ste rs  of re lay  cells, an d  a t ta c h e d  to  th e m  groups of in te rn eu ro n s , 
w h ich  sh a re  a fin ite  n u m b e r o f  com m on specific afferen ts. Size an d  shape of 
such  cell c lu ste rs  w ould be d iff icu lt to  ju d g e  as long as one does n o t know  how 
c o m p le te  — or conversely  how  m uch  sh ifted  — th e  o v erlap  is b e tw een  th e  
te rm in a l a rbo riza tions o f th e  specific  afferen t a rbo rs th a t  sh a re  com m on 
spaces.

A n  ap p ro x im a te  m easu re  o f th is  overlap  is given b y  th e  1. a ll-over size 
o f th e  specific  afferen t a rb o riz a tio n s  as com pared  w ith  th e  2. space o f th e  whole 
n u c leu s  a n d  3. the  n u m b er o f specific  a ffe ren ts . D a ta  concern ing  (1) h av e  been 
g iven  in  a previous p a p e r (T ö m b ö l , 1969) and  (2) could he c a lc u la ted , b u t 
as re g a rd s  (3), we have only  a v ag u e  idea a b o u t its  o rd er of m a g n itu d e . F u r th e r  
e ffo rts  a lo n g  these lines m ig h t he rew ard in g .
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Q U A L IT A T IV E  V E R H Ä L T N I S S E  D E R  N E U R O N E N V E R T E I L U N G  
IN  D E N  S P E Z I F I S C H E N  T H A L A M U S K E R N E N

T. TÖMBÖL, GY. UNGVÁRY, F. HAJDÚ, M. MADARÁSZ und GY. SOMOGYI

Die q u a n t i t a t iv e  U n te rsu ch u n g  der spezif ischen T h a lam u sk e rn e  e r b ra c h te  folgende 
Ergebnisse:

1. Das V erhä l tn is  der  thalam o-(gen icu lo)-kort ikalen  Relay-Zellen zu den  Neuronen 
vom  T y p  Golgi 2 v a r i ie r t  in den  R e la y -Kernen zwischen 2 : 1 u n d  3 : 1. In  d en  Assoziations- 
Zellkernen b e tr ä g t  es a u f  G ru n d  einer ind irek ten  Ü be r legung  a p p ro x im a t iv  4 : 1.

2. Aus Messungen des Zellkernvolumens gehl he rvor ,  d aß  in den R elay-K ernen  zwei 
verschiedene  Zellgruppen vorliegen, w ährend  bei d e r  Analyse des nuc learen  S p e k t ru m s  der 
Assoziationskerne  keine d e ra r t ig e  Absonderung  von zwei Z el lpopula tionen  nachgew iesen  wer­
den kan n .

3. Der sphärische  D e n d r i te n b a u m  der R e lay -N e u ro n en  l ä ß t  sich a u f  G ru n d  seiner 
Synapsen-V erb indungen  a u f  drei Zonen aufteilen: a)  e inen zen tra len  Teil , b) e ine  Tnnenzone 
u n d  c)  eine Außenzone.

4. Bei der D en d r i te n a rb o r isa t io n  der Neuronen  v o m  T y p  Golgi 2 ist  eine derartige 
Zonenun tersche idung  n ich t  möglich.

КОЛИЧЕСТВЕННЫЕ УСЛОВИЯ РАСПРЕДЕЛЕНИЯ НЕЙРОНОВ 
В СПЕЦИФИЧЕСКИХ ЯДРАХ ТАЛАМУСА

Т. Т Ё М Б Ё Л ,  Л .  У Н Г В А Р И ,  Ф. Х А Й Д У , М. М АД АРАС и Д .  Ш О М О Д Ь И

1. Соотношение между таламо(геникуло)-кортикальными реле-клетками и нейро­
нами типа Гольджи 2 варьирует в реле-ядрах между 2 :1  и 3 : 1, а в ассоциативных 
ядрах оно составляет на основе более косвенного размышления 4 : 1 .

2. Измерения объема клеточного ядра выявили присутствие двух различных кле­
точных групп в реле-ядрах ; в ядерном спектре ассоциативных ядер такого обособления 
двух клеточных популяций не наблюдалось.

3. Сферическое дендритическое дерево реле-нейронов можно делить на основе 
синаптических связей на три зоны: а) на центральную часть, б) на внутреннюю зону и 
в) на внешнюю зону.

4. Такое деление на зоны невозможно в случае дендритической арборизации ней­
ронов типа Гольджи 2.

D r. T herese T ö m b ö l  

D r. G yörgy U n g v á r y  

D r. F erenc  H a j d ú  

D r. M agda M a d a r á s z  

D r. G yörgy S o m o g y i

B u d ap est IX ., T űzo ltó  u. 58., H u n g a ry
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A SIMPLE METHOD
FOR CUTTING SEMITHIN SERIAL SECTIONS

G. S é t á l ó

(Received Ju n e  30, 1969)

A simple m eth o d  is described for c u t t in g  sem ith in  serial sections. T he  m eta l  
knife is replaced by  a glass knife in the R e icher t  r o t a r y  m icro tom e,  and a large  t ro u g h  
is a t t a c h e d  to  the  angle  o f  th e  glass knife.  Th is  p e rm i ts  to collect  long r ibbons  o f  serial  
sections on to  a f i lm  of l iquid,  and provides an  easy  w ay  to m ount the r ib b o n s  on 
tbe  slide.

T he in v es tig a tio n  o f tissue sections o f a th ic k n e ss  betw een  th e  ra n g e  of 
tra d itio n a l ligh t m icroscopic an d  th a t  o f e lec tro n  m icroscopic sections, co m ­
m only  d esig n a ted  as sem ith in  sections, has m e t w ith  b u t  m odera te  in te re s t. 
This m ay  p a r tly  be due to  th e  d ifficu lties in p re p a rin g  such sections w itli 
tra d itio n a l c u ttin g  tech n iq u es , and  to  th e  s itu a tio n  th a t  new tech n iq u es  for 
u l tr a th in  and  sem ith in  tissu e  sections have b een  in tro d u c e d  w ith th e  a d v e n t 
o f e lec tron  m icroscopy w hich d irec ted  the  in v e s tig a tio n  of cy to logical p ro b ­
lem s in to  a new  line o f h isto log ical m ethodo logy . T h ere  are, how ever, a n u m b e r  
of special p roblem s for w hich ligh t m icroscopical in v estig a tio n s p e rfo rm ed  
w ith  a less laborious te c h n iq u e  w ould p rov ide  m ore  in fo rm a tiv e  d a ta , if  sec­
tions th in  enough  could be m ade in an easily  rep ro d u c ib le  w ay. To p re p a re  
sem ith in  sections w ith  th e  u ltram ic ro to m e  w ould  m ean  an uneconom ical use 
o f th is  costly  in s tru m e n t, a n d  also little  sav in g  o f lab o u r. Z l a b e k  [1] has 
recen tly  described  a sim ple device w hich is a t ta c h e d  to  th e  knife of a S pencer 
ro ta ry  m icro tom e, and  p e rm its  to  collect se m ith in  sections onto  a film  o f 
liqu id  even  in ribbons o f serial sections. T he level o f th e  flu id  on w hich  tb e  
sections are  f lo a ted  has to  be a lte red  w ith  ev e ry  d o w n w ard  and  u p w ard  s tro k e  
o f th e  specim en block to  avo id  p ick ing  up  of th e  la s t sec tion  by  th e  b lock  face 
a t th e  u p w ard  s tro k e . T h is causes com plica tions w hich  reduce  th e  e ffe c tiv ity  
o f th e  te ch n iq u e  in te rm s  of successful sec tions in  u n it  of tim e , and p e rm its  
to  make; on ly  very  sh o rt rib b o n s w hen c u ttin g  in series. By com bin ing  som e 
of th e  ad v a n ta g e s  o f u ltra m ic ro to m y , i.e. c u ttin g  w ith  glass knife and  co llec ting  
th e  sections o n to  th e  su rface  of liqu id , w ith  tr a d itio n a l c u ttin g  te c h n iq u e s  
we succeeded  in e la b o ra tin g  a m ethod  w hich overcom es these  d ifficu ltie s . 
W ith  no m ore p rac tice  th a n  req u ired  for o rd in a ry  m ic ro to m y , sem ith in  sec tio n s 
o f specim ens em bedded  e ith e r  in p araffin , ce llo id in -p araffin  or in epoxy  resin

8 * •lr/я  M o rp h o lo g ica  .1 codera io c  S c ic n tia r u m  I I  u n g a r ica c  17, 1 9 6 9
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Fig.  1. G lass-kn ife  ho lder ( b)  a n d  th e  a d ju s ta b le  su p p o rtin g  device ( f  an d  g)  fo r holding
th e  tro u g h

can  b e  c u t in series, an d  rib b o n s 30 — 60 m m  in  len g th  can easily  be  m o u n ted  
on  th e  slide. The p ro ced u re  consists in  th e  following.

T h e  R eich ert ro ta ry  m icro tom e is a d a p te d  to  p rep are  se m ith in  serial 
se c tio n s  (Figs 1 to  3). A f la t  steel b a r  ( a )  o f  th e  ap p ro x im a te  size o f a R e ich ert

A c t a  M o rp h o lo g ie n  A c a d e m ia e  S c ie n t ia r u m  H u n g a r ic a e  1 7 , 1 9 6 9

Fig.  2. T rough  (e ) ,  g lass kn ife  ( d ) ,  lev e r a rm  ( i )  w ith  h inges (h)
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Fig. 3. R e icher t  ro ta ry  m icro tom e a d ap ted  for c u t t i n g  sem ith in  serial sections.  T h e  slide 
with a r ib b o n  of sections is e levated  half-way f ro m  th e  t ro u g h  ( e) hy the lever a r m  ( i ) .  Fo r

fu r ther  deta ils ,  see t e x t

m icro tom e knife  is p laced  in th e  knife h o ld e r, an d  a conven tional g lass knife 
ho ld er (b )  is fa s ten ed  to  th e  m iddle o f  th e  steel bar. The c lea ran ce  angle 
of th e  glass kn ife  can  be a ltered  w ith  th e  o rig inal ad ju stin g  dev ice  o f  th e  
m icro tom e (c ) .  T he  a d v a n ta g e  of th e  easily  rep lacab le  glass knife ( d )  is th a t  
it a lw ays p rov ides a fresh c u ttin g  edge so th a t  th e  special sh a rp en in g  o f  m e ta l 
knives for sem ith in  sections can be av o id ed . O n th e  o th e r h an d , th e  use of 
a glass kn ife  sets th e  lim it to  th e  size o f th e  specim en  block. In  o rd e r to  f lo a t 
sections on th e  su rface  of w ate r, a large b ra ss  tro u g h  (e)  is a t ta c h e d  to  th e  
angle of th e  kn ife  b y  m eans of d en ta l w ax  in  a m anner com m only  used  in 
u ltra m ic ro to m y , an d  th e  o th e r end o f th e  tro u g h  rests  on an  a d ju s ta b le  
su p p o rtin g  device (F ig . 1). This device co n sis ts  o f  a f la t m etal p la te  ( f )  w ith  
one en d  fixed  to  th e  steel b a r  a, and a T  sh a p e d  ro d  (g )  s tan d s ou t a t  its  o th e r  
end. T he h e igh t o f th e  rod can be re g u la te d  w ith  a f ittin g  screw. T h e  tro u g h  
should  be as long as to  bold conven ien tly  a m icroscopic  slide, and  a b o u t tw ice 
as w ide as th e  w id th  o f a slide, so th a t  a n y  p a r t  of th e  slide could  be  p laced  
u n d er th e  rib b o n  being  cu t. To th e  side o f  th e  tro u g h  a pa ir o f b ra ss  p la te s  
( h ) a re  so ldered , and  th e y  serve as hinges to  th e  axle o f a level a rm  ( i )  w hich  
rests on th e  b o tto m  o f th e  tro u g h  (Figs 2 a n d  3).

A cta  M orphologica A cadem iae  Scivn tiurum  H ungaricac 17 , 1969
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T h e  m ax im um  size o f th e  tissue  b lock  allow ing  to  cu t long r ib b o n s  o f  
seria l sec tio n s  is a b o u t 5 x 5  m m . I f  th e  tissu e  is em b ed d ed  in  ce llo id in -p a raffin  
o r in  e p o x y  resin , th e  b lock  shou ld  be co a ted  w ith  para ffin  w hich s tic k s  th e  
su b s e q u e n t sections to g e th e r . T he block is to  b e  trim m ed  to  th e  fo rm  o f a 
ta p e r in g  sq u are  p y ram id . Special care m u st b e  ta k e n  th a t  tr im m in g  is m ad e  
w ith  a sh a rp  razo r b lade  to  o b ta in  clean and  sm o o th  p y ram id  sides an d  p a ra lle l 
w edges, o therw ise  an y  l i t t le  irreg u la rity , e sp ec ia lly  on th e  sides ly in g  p a ra lle l 
to  th e  c u tt in g  edge, in te rfe re s  w ith  th e  se ria l sectioning.

C u ttin g  is done u n d e r  th e  dissecting  m icroscope ( j ) .  The slide, th in ly  
c o a te d  w ith  a d ilu ted  eggw hite-g lycero l m ix tu re , lays on th e  lever a rm . T he 
t ro u g h  is to  be filled w ith  10%  ethylene, a d d in g  th e  la s t drops care fu lly  u n d e r  
th e  c o n tro l of th e  m icroscope, to  b ring  th e  w a te r  level righ t u n d e r th e  edge 
o f  th e  kn ife . On th e  clean glass surface o f th e  k n ife  th e  w a te r su rface  fo rm s 
a c o n c a v e  film  reach in g  th e  c u ttin g  edge. T h e  speed  of c u ttin g  d ep en d s on 
th e  size o f th e  specim en b lo ck  and  on th e  em b e d d in g  m ateria l. I f  e v e r th in g  
is a r ra n g e d  co rrec tly , 3 0 —40 sections can be  m a d e  in  a m inute . In  th e  case o f 
a n y  tro u b le  w ith  c u ttin g , if  sec tions would n o t  a d h e re  to  form  a rib b o n , o r th e  
b lo c k  face  w ould pick  u p  th e  la s t section, one h a s  to  m ake sure th a t  th e  sides o f 
th e  p y ra m id  are rea lly  sm o o th , th e  wedges o f  th e  b lock  face are rea lly  p a ra lle l 
to  a n o th e r  and  to  th e  edge o f  th e  knife, a n d  th e  w a te r level is p ro p e rly  se t. 
I f  th e  r ib b o n  is long en o u g h , th e  last sec tio n  is freed from th e  kn ife  w ith  a 
f in e  s te e l needle. The r ib b o n  can  easily be p u sh e d  on th e  w a te r su rface  to  th e  
a p p ro p r ia te  place over th e  slide. W hile k e ep in g  th e  ribbon  in  p lace, th e  slide 
is c a re fu lly  e leva ted  w ith  th e  aid  of th e  lev e r a rm  up  to  th e  p o in t o f c o n ta c t  
w ith  th e  la s t section . A fte r m ak ing  once m ore  su re  th a t  th e  rib b o n  is in  co r­
re c t  p o s itio n , th e  slide is l if te d  up from  th e  t ro u g h  b y  pushing  dow n sm o o th ly  
th e  h a n d le  of th e  lever a rm , a n d  th e  ribbon  s tre tc h e s  ou t on th e  slide (F ig . 3). 
T h e  w a te r  traces  are  rem o v ed  w ith  filte r p a p e r  an d  th e  slide is d rie d  fo r a 
fewr m in u te s , a t 56°C if  th e  tissue  is e m b ed d ed  in paraffin  or in  cello id in- 
p a ra f f in , or 85 °C if  i t  is em b ed d ed  in ep o x y  re s in , to  fac ilita te  th e  ad h esio n  
o f  se c tio n s  to  th e  slide. T h e n  th e  slide can b e  p laced  back  in to  th e  t ro u g h  to  
m o u n t  th e  n e x t ribbon . W hen  m an ip u la tin g  w ith  th e  slide, one has to  ob serv e  
t h a t  th e  b lock-ho lder a rm  shou ld  s ta y  in  th e  dow nw ard  p osition , o th e rw ise  
th e  w a rm th  of th e  m icroscope ligh t d ila tes th e  specim en block an d  th e  f irs t  
s e c tio n  w ill be too  th ick .
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EINE EINFACHE METHODE ZUR ANFERTIGUNG 
VON SERIENSCHNITTEN MITTLERER DICKE

GY. SÉTÁLÓ

E ine  e infache Methode zu r  A nfe r t igung  von Ser ienschnit ten  m it t le r e r  Dicke wird 
beschrieben.  S t a t t  dem  M etal lmesser w ird  an  das Reichertsche  R o ta t io n s m ik ro to m  ein Glas­
messer a n g eb rach t ,  an  das ein Schiffchen zum  Sam m eln  der S chn i t te  befest ig t  w ird ,  das  auch 
zur  A u fn ah m e  des O b je k t t räg e rs  geeignet  ist . A uf  der großen  F lüss igke i tsoberf läche  des 
Schiffchens lassen sich lange S ch i t tse r ien  hersteilen,  deren  Ü b e r t ra g u n g  a u f  d e n  O b je k t ­
t räg e r  m it  Hilfe der  in das Schiffchen e ingebau ten  H eb ev o rr ich tu n g  le icht  zu  bew erks te l l i ­
gen ist.

СООБЩАЕТСЯ ПРОСТОЙ МЕТОД ДЛЯ ИЗГОТОВЛЕНИЯ ПОЛУТОНКИХ
СЕРИЙНЫХ СРЕЗОВ

Г. Ш Е Т А Л О

Металлический нож ротационного микротома Рейхерта заменяется стеклянным 
ножом, к которому прикрепляется лодочка для собирания срезов, пригодная для поме­
щения предметного стекла. На большой поверхности жидкости в лодочке можно изго­
товлять длинные ленты срезов, перенос которых на предметное стекло легко проводимо 
с помощью подъемного устройства, встроенного в лодочку.

D r. G yörgy  SÉTÁLÓ: Pécs, A n a tó m ia i In té z e t, H u n g ary
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I t  is fo r th e  firs t tim e  th a t  th e  Society of H u n g a ria n  A n a to m is ts , H is to ­
lo g ists  a n d  E m bryo log ists  has o rg an ized  a C onference o f its  ow n. W ith  th e  
fo u n d a tio n  o f  th e  H u n g a rian  A sso c ia tio n  of M edical S ocieties th e  in v es tig a to rs  
of n o rm a l m orphology  have fo rm e d  th e ir  own group a n d  se p a ra te d  them selves 
from  th e  p a th o lo g is ts , w ith  w h o m  th e y  had  co o p era ted  in  p e rfec t h a rm o n y  in 
all th e  y e a rs  ever since th e  e n d  o f  W orld  W ar I I .  I  h ope  th a t  our fru itfu l 
c o o p e ra tio n  w ith  th e  p a th o lo g is ts  w ho now  have also fo rm ed  th e ir  in d ep en d en t 
S oc ie ty , w ill con tinue in th e  sam e  fr ien d ly  w ay and  t h a t  in th e  o rg an iza tio n  of 
ou r C ongresses we shall p roceed  acco rd in g  to  a com m on p lan .

O u r p re se n t m eeting  is c lo se ly  linked  w ith  th e  Sem m elw eis F es tiv a l and  
w ith  a ll th e  papers given a t  th is  m ee tin g , th e  H u n g a ria n  m orpho log ists  wish 
to  r e n d e r  hom age to  th e  m em o ry  o f  th e  g reat H u n g a ria n  o b s te tr ic ian . In  th e  
nam e  o f  th e  Society of th e  H u n g a r ia n  A natom ists , H isto lo g is ts  an d  E m b ry o ­
log ists  I  w elcom e th e  m em bers o f  o u r Society and all o u r guests.

A t o u r  firs t session we h a v e  to  com m em orate  th o se  of o u r H u n g a rian  
p red ecesso rs  who have done o u ts ta n d in g  w ork in  o u r sc ien tific  fie lds: M ihal- 
k o v ich , T h an h o ffe r, Jó zse f a n d  M ihály  L enhossék, H u ze lla , L. N agy, V ery , 
P é te r fy , Ö. B a rth a  and  F. K iss. T h e y  paved  th e  w ay  fo r us, th e y  enab led  us 
to  re a c h  th e  p resen t ach iev em en ts . T he fu tu re  of o u r new ly  founded  Society 
is b a se d  on  th e  m em ory of th e se  g re a t scientists.

I  th in k  th a t  a t our f irs t m e e tin g , to d a y ’s m orph o lo g y  shou ld  be d iscussed 
in a w a y  to  offer our successors a b as is  for com parison  an d  also for th e  e v a lu a ­
tio n  o f  th e  progresses ach iev ed . T h e  m ain su b jec t, th e  connection  betw een  
s t ru c tu re  an d  function , is a fu n d a m e n ta l question  o f bio logy. I t  is no t th e  
sim p le  lin k ag e  of tw o d iffe ren t p rob lem s, h u t  th e  com m on essence of the 
p h e n o m e n a  of life. I f  we m e d ita te  w h e th e r it is th e  s t ru c tu re  w hich  de te rm ines 
th e  fu n c tio n , or vice versa , th e  fu n c tio n  w hich d e te rm in es  th e  s tru c tu re , th en  
it b eco m es clear th a t  these  tw o  fa c to rs  are in sep arab le  an d  b y  itse lf  n e ith e r  
of th e m  w ill be of assistance  in  th e  u n d e rs tan d in g  o f life.

I. T ö r ő

A c ta  M orphologica  Academiae Sc ien tia ru m  H u n g a rica e  17, 1969



The A n atom ica l Substrates o f  N ervous Inhibitory F u n ction s

J . SZENTÁGOTHAI

( D e p a r tm e n t  of  A n a to m y ,  U n ive rs i ty  Medical School, B u d ap es t)

A su rv ey  is m ade o f th e  e lem en ta ry  s tru c tu re  and o f n e u ro n  a rra n g e ­
m ent in  a n u m b e r o f  synapses or sy n a p tic  system s th a t  h av e  so fa r  been 
iden tified  in  v e r te b ra te s  b y  physio logical m ean s  as being of in h ib ito ry  n a tu re . 
T he genera l s t ru c tu ra l  fea tu res  of synapses ta k e n  in to  acco u n t w ere: (1) local­
ization o f th e  sy n a p tic  co n tac t (ax o -so m atic , ax o -d en d ritic , ax o n -sp in e , axon- 
hillock. ax o -ax o n ic); (2) u ltra s tru c tu re  o f  th e  so called c o n ta c t reg ions o f  th e  
sy n ap tic  m em b ran es (m em brane th ick en in g s , hexagonal s tru c tu re s  o f th e  
p resy n ap tic  m em b ran e , su b sy n ap tic  c is te rn s  or g ranu lae , su b sy n a p tic  w ebs); 
(3) size, sh ap e  an d  v isib le  co n ten ts  o f  th e  sy n a p tic  vesicles; (4) d en sity  of 
te rm in a l ax o p lasm  stirro u n d in g  th e  sy n a p tic  vesicles.

In  sp ina l motoneurons  a considerab le  fra c tio n  of sy n ap tic  c o n ta c ts  has 
to  he assum ed  in h ib ito ry . U n fo rtu n a te ly  th e  n u m b er of d is tin c tly  d iffe ren t 
te rm in a l kno b s in  c o n ta c t e ith e r w ith  m o to n eu ro n  som a su rfaces or w h a t 
can he assum ed  b e ing  m o to n eu ro n  d e n d rite s , is m uch m ore th a n  tw o , so th a t  
a sim ple d iv ision  in to  e x c ita to ry  an d  in h ib ito ry  categories ap p ea rs  to  he 
im possib le for th e  tim e  being. D. B o d i a n  distingu ishes a t least five  ty p e s  
o f m o to n eu ro n  sy n ap ses  based on No (3) a lone  of th e  above lis ted  c rite ria . 
O bviously  m ore  ty p e s  could be d is tin g u ish ed  if  th e  o th e r c rite r ia  w ould  be 
tak en  in to  acco u n t too . N evertheless close to  one th ird , or d ep en d in g  on th e  
fix a tio n  te c h n iq u e  u sed , perh ap s one h a lf  o f  th e  sy n ap tic  co n ta c ts  ap p e a rs  to  
con ta in  vesicles t h a t  te n d  to  becom e f la t te n e d . This m igh t give su p p o rt to 
th e  U c i i i z o n o  co n cep t o f  f la tte n e d  vesicles be ing  ch a rac te ris tic  o f in h ib ito ry  
synapses. — A n EM  s tu d y  of ch ron ica lly  iso la ted  v en tra l h o rn  p re p a ra tio n s  
th a t  co n ta in  v ir tu a lly  only  m o toneu rons a n d  som e R enshaw  cells ( S z e n t - 

Ág o t h a i , 1958) show ed th a t  only one ty p e  o f  re la tiv e ly  sm all sy n a p tic  con­
ta c ts  su rv ive  on th e  m o toneu ron  th a t  a re  deep ly  em bedded  in im pressions 
o f th e  m o to n eu ro n  bo d y  surface. The s y n a p tic  vesicles a re  sm all b u t  th e ir  
shape is too  ir re g u la r  to  be ju d g ed  e ith e r  f la t te n e d  or sphero id . T h is m ig h t, 
o f course, be d u e  to  th e  unu su a l c irc u m sta n c es  u n d er w hich  th e  n eu ro n s 
su rv ive  in  th e se  p re p a ra tio n s . W henever th e  iso la ted  v en tra l ho rn  con ta in s 
m ore th a n  a sm all p a r t  o f th e  m o to r n uc leus reg ion  — i.e. a su b s ta n tia l  n u m b er
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of in te rn e u ro n s  survives — n u m e ro u s  in ta c t  sy n ap ses  of various k in d s  a re  
fo u n d  in  c o n ta c t  w ith th e  m o to n eu ro n s .

I n  th e  cerebellum, w here  sev en  ty p e s  o f syn ap ses  can  be re la tiv e ly  ea s ily  
id e n tif ie d , o f  which th ree  a re  k n o w n  to  be e x c ita to ry  (m ossy te rm in a ls , c lim b ­
ing f ib e rs , p ara lle l fibers) a n d  fo u r  are know n to  be in h ib ito ry  (Golgi t e r ­
m inals in  th e  glom eruli, b a sk e t te rm in a ls , s te lla te  te rm in a ls  on P u rk in je  cell 
d e n d rite s , P u rk in je  axon c o lla te ra l  synapses on Golgi and  b ask e t n eu ro n s), 
all o f th e s e  synapses conform  w ith  th e  U c h i z o n o  co n cep t; th e  in h ib ito ry  t e r ­
m inals h a v in g  sm aller, u su a lly  f la tte n e d  vesicles an d  th e  e x c ita to ry  ones 
h av in g  la rg e r , spheroid vesicles.

T h e  glomerular synapses o f  thalamic and geniculate body relay nuclei o ffer 
am ple o p p o r tu n i ty  to  s tu d y  b o th  Golgi 2nd  ty p e  n eu ro n  synapses — g en e ra lly  
a ssu m ed  to  be inh ib ito ry  — a n d  axo -axon ic  synapses th a t  m igh t be c o n ­
sidered  as th e  s tru c tu ra l bases o f  p re sy n a p tic  in h ib itio n . T he sy n ap tic  te rm in a ls  
of G olgi 2 n d  ty p e  neurons a p p e a r  to  belong  a lm o s t in v a ria b ly  to  th e  in h ib ito ry  
ty p e  o f  U c h i z o n o  (1965) h a v in g  sm all sy n a p tic  vesicles w ith  a clear te n d e n c y  
to  b eco m e f la tte n e d . T he sp ec ific  senso ry  a ffe ren ts  (lem niscal a ffe ren ts  in  
th e  Y P L , o p tic  afferents in  th e  L G B , an d  in fe rio r co llicu lar afferen ts in  th e  
MGB) a n d  also descending c o rtic o -th a lam ic  (an d  cortico -gen icu la te) fib e rs  
h av e  s y n a p t ic  term inals o f th e  e x c ita to ry  ty p e . — A xo-axonic c o n ta c ts  are  
found  in  a b u n d an ce , m ain ly  b e tw e e n  th e  specific  sensory  afferen ts an d  Golgi 
2nd a x o n  te rm in a ls . In  th ese  sy n a p se s  th e  specific senso ry  afferen t is in v a ria b ly  
p re s y n a p tic , b y  s tru c tu ra l s ta n d a rd s  — i.e. accu m u la tio n  of sy n ap tic  vesicles 
an d  s u b s y n a p tic  web — to  th e  Golgi 2nd  axon  te rm in a ls . This a rra n g e m en t 
leads lo g ica lly  to  the a s su m p tio n  of a p re sy n a p tic  in h ib itio n  of in h ib ito ry  
te rm in a ls , hence  to  the h y p o th e s is  o f a p re sy n a p tic  d isinb ib ition . P re sy n a p tic  
d is in b ib itio n  in  th e  spinal n e u ro n a l n e tw o rk  has been  p o s tu la te d  on th e  basis  
of p h y sio lo g ica l observations so t h a t  its  ex istence  in th e  th a lam ic  re lay  n u c le i 
w ould  b e  likew ise conceivable.

Glomerular synaptic complexes in the substantia gelatinosa  of th e  sp in a l 
cord  h a v e  b een  described e a rlie r  ( R a l s t o n , 1965 an d  R é t h e l y i  an d  S z e n t - 

Ág o t h a i , 1965). More recen t a n a ly s is  of n eu ro n  a rra n g e m en t in these  com plexes 
leads to  th e  assum ption  th a t  th e y  m igh t be th e  s tru c tu ra l basis o f p r im a ry  
a ffe re n t d ep o la riza tio n  an d  p re s y n a p tic  in h ib itio n  of im pulse  tran sm iss io n  from  
c u ta n e o u s  a ffe ren ts to  d o rsa l h o rn  ascending  re lay  neu rons ( R é t h e l y i  an d  
S z e n t a g o t h a i , 1969). T he p re sy n a p tic  te rm in a l o f th is  sy n ap tic  sy s te m , 
w hich  is o f  local spinal o rig in , c o n ta in s  u n u su a lly  large sy n ap tic  vesicles th a t ,  
a lth o u g h  sp h ero id  in shape , c a n n o t be c lassified  as e ith e r of th e  tw o  m ain  
ty p e s  o f  U chizono .

In  th e  cerebral cortex th e  b a sk e t in te rn e u ro n s  described a lre a d y  b y  
R a m o n  y  C a j a l  (1911) are  th e  m ost likely  c a n d id a te s  for being  in h ib ito ry  
in te rn e u ro n s . These are cells t h a t  resem ble Golgi 2nd  ty p e  neurons b u t  w ith
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a h o rizon ta l ax o n  giv ing rise to  b a sk e t te rm in a ls  on p y ram id  cell bodies. 
I t  has been show n earlier ( S z e n t a g o t h a i , 1962) th a t  m ost p erice llu lar b a sk e t 
synapses are  o f  local o rig in  w hile a co n siderab le  n u m b er of th e  sy n ap ses  
es tab lish ed  w ith  d en d ritic  spines o rig in a te  from  axons o f ex tran eo u s orig in . 
M ost recen tly  C o l o n n i e r  (1968) in  C anada  an d  H á m o r i  in th is  D e p a r tm e n t 
have show n in d e p e n d e n tly  th a t  m ost sy n a p tic  te rm in a ls  co n tac tin g  p y ra m id  
cell bodies o r th e  in itia l sm oo th  p a r ts  o f th e  p y ra m id  cell d en d rite s  h av e  
sm all f la tte n e d  vesicles, w hile th e  num ero u s syn ap ses  estab lished  w ith  th e  
spines of th e  p y ra m id  cell d en d rite s  co n ta in  la rg e r sphero id  sy n ap tic  vesicles. 
T his m igh t be used  in  fav o u r of th e  a ssu m p tio n  th a t  th e  b a sk e t n e u ro n s  are  
o f in h ib ito ry  n a tu re . N euron  c ircu it m odels fo r su rro u n d  in h ib itio n  in  th e  
cereb ra l c o rtex  h av e  been p roposed  on th e  basis  o f th is  assu m p tio n  a lre a d y  
earlie r ( S z e n t a g o t h a i , 1967). The b a sk e t ty p e  in te rn c u ro n  being, how ever, 
on ly  one of th e  n u m ero u s  tv p e s  of Golgi 2nd  ty p e  in te rn eu ro n s , th e  q u estio n  
arises, w h e th e r all or som e a t least o f th e  o th e r  in te rn e u ro n s  are also in h ib ito ry . 
T his seem s u n lik e ly  especially  in th e  case o f th e  large  Golgi cells g iv ing  rise 
to  so called “ ho rse  ta i l”  axons th a t  e s tab lish  sy n ap ses  m ain ly  w ith  th e  apical 
d en d rite s  o f p y ra m id  cells. — A considerab le  a m o u n t o f w ork is re q u ire d , 
m ain ly  in m a p p in g  th e  synapses e s tab lish ed  b y  vario u s k inds of a ffe ren ts  
using  e x p e rim e n ta l d eg enera tion  m eth o d s on th e  e lec tro n  m icroscope level, 
before th e  n e u ro n a l n e tw o rk  o f  th e  ce reb ra l c o rtex  will be u n d e rs to o d  in 
p rincip le . B u t in d ialogue w ith  th e  m odern  u n it  level neu rophysio log ica l 
m ethods an d  o b se rv a tio n s  th e  h isto log ical m e th o d s  availab le  are o ffering  
possib ilities to d a y  th a t  even five years ago one could  n o t have d re a m t of.
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P ersp ectives o f  U ltrastructural R esearch  by T opooptical R eaction s

Gy. R on ih án y i

( In s t i tu te  o f  A n a to m y ,  U n iv e rs i ty  Medical School, Pécs)

T h e  ch a rac te ris tic s , con d itio n s of d ev e lo p m en t, op tical e ffect a n d  use in  
u l t r a s t r u c tu r a l  research  o f to p o o p tic a l re a c tio n s  are discussed. Such  reac tio n s 
m a y  d ev e lo p  on m icellar s tru c tu re s  an d  w ith o u t a lte rin g  th e  basic  s tru c tu re  
th e y  p ro d u c e  typ ica l an iso tro p ic  effects. A m o rp h o u s ob jec ts do n o t  show  such 
re a c tio n s . T h u s the  d e m o n s tra tio n  of to p o o p tic a l reac tions of b io logical o b jec ts  
is su g g estiv e  of a m icellar s tru c tu re  even if  i t  c a n n o t be d e m o n s tra te d  b y  o th e r  
u l t r a s t r u c tu r a l  m ethods (e lec tro n -m icro sco p y , X -ra y  in te rfe ren ce , e tc .) . T his 
u n d e r lin e s  th e  im p o r ta n t role of to p o o p tica l reac tio n s in th e  s tu d y  o f  u l t r a ­
s t ru c tu re .  T he reac tions arise on m icellar s tru c tu re s  b y  o rien ted  linkages of 
m o lecu les  from  coloured or colourless m a te ria ls  an d  cause e ith e r  a m ark ed  
in c re a se , or an  inversion , of th e  s tru c tu re s ’ o rig in a l b irefringence. D e m o n s tra t­
in g  th e  d iffe ren t ty p e s  of reac tio n s  o b serv ed  on biological s tru c tu re s , th e  
p o s s ib il i ty  of analyzing  cy to m em b ran e  s tru c tu re s  (erg asto p lasm , nu c lea r 
m e m b ra n e , cell m em brane) u l tr a s tru c tu ra l ly  b y  to p o o p tica l s ta in in g  reac tio n s  
is d iscu ssed .

C onsiderations on  the U n ity  o f  T issular Structure 
and M etabolic A ctiv ity

I. K ro m p e ch e r

( In s t i tu te  of A n a to m y ,  H is to lo g y  a n d  E m bryology ,
U n iv e r s i ty  Medical School, Debrecen)

S tru c tu re  and fu n c tio n  form  an in sep a rab le  u n ity  in  all liv ing  m a tte r .
T h e  d ifferen t form s o f m etabo lic  a c t iv i ty  are re la ted  to  ce rta in  well- 

d e f in e d  s tru c tu re s  such  as th e  o x y b io tic  m e tab o lism  to a cap illa ry  n e t ca rry in g  
o x y g e n -ric h  blood. In  th e  sam e tissue , m e tab o lic  processes ta k e  p lace also b y  
la c tic  ac id  fe rm en ta tio n  an d  b y  m ucopo lysaccharide  fo rm atio n .

I n  poorly vascu la rized  tissues th e  m a in  form  of m etabo lism  is la c tic  acid 
fe rm e n ta tio n .

I n  avascu lar tissues th e  m u co p o ly sacch arid e-ty p e  m etab o lic  a c tiv ity  
p re d o m in a te s .

E x am in a tio n s  in th e  fields of phy logenesis , ontogenesis, re g e n e ra tio n  and  
n e o d iffe re n tia tio n  have  su p p o rte d  th e  ab o v e  findings. T he sam e has been 
fo u n d  u n d e r  ex p erim en ta l cond itions an d  d u rin g  pathologic  p rocesses w hich 
fo r  d iffe re n t reasons re su lted  in  a defic iency  of vascu la r su p p ly  to  ce rta in  
tissu es .
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U ltra s tru c tu ra l, enzym ological and  b iochem ical stud ies h av e  d isclosed 
fu r th e r  de ta ils  o f th e  above co rre la tions.

T he a p p a re n t a lte rab ility  o f th e  co m p o n en ts  of the  u n ity  o f  s tru c tu re  
an d  fu n c tio n  b y  ce rta in  fu n c tiona l in fluences m ay  offer some in fo rm a tio n  as 
to  th e  s tru c tu ra l m odifica tion  o f ce rta in  tissu es , as the  changes o f  e i th e r  of 
th e  tw o  closely re la ted  com ponen ts (form  an d  function) will re su lt in a co r­
respond ing  a lte ra tio n  of th e  o th e r co m p o n en t.

U ltra s tru c tu ra l S tudy o f C arotid  bodies

A. A b rah am

(In s t i tu te  of General Zoology, Józse f  A t t i la  University ,  Szeged)

An u l t r a s t ru c tu ra l  s tu d y  of g lomus cells, endo the l ia l  cells and synapses  has  been 
m ad e .  T h e  g lomus cells are of two types ,  c h em o recep to r  cells and capsule cells. T h e  fo rm er 
a re  polygonal  in shape  a n d  have round ish  nuclei; in th e i r  cytoplasm  a p ro n o u n ced  en d o ­
plasmic  r e t icu lu m  composed of parallel tubes ,  a j u x ta n u c le a r  Golgi complex, m i to c h o n d r ia  
w ith  cr is tae ,  osmiophil ic  bodies v a ry in g  in shape  a n d  size and  polymorphous lysosom es are 
seen. The  typicaj  com ponen ts  of the  chem orecep to r  cells are cilia of 9 +  2 ty p e ,  microvill i  
and  protrusions.  The  nuclear m em brane  is a double  layer ,  the  nuclear pores are c learly  de f ined  
and  there  are m a n y  nuclear  m em b ran e  invag ina t ions  in to  the  cytoplasm. T he  c ap s u la r  cells 
a re  e longa ted ,  th e i r  nuclei are dark ,  and  in the ir  hem-like  cy top lasm  nerve f ibres su r ro u n d e d  
by  m esax o n  m em b ran e s  are passing. They  resem ble  the  Schwann cells. T he  bod y  of the 
endothe lia l  cells is roundish ,  some w ith  long processes a n d  m an y  small  vesicles in  th e i r  c y to ­
plasm. T h e  nucleus is homogeneous,  w i th  m an y  in d en ta t io n s .  In  the S ch w a n n - ty p e  capsule  
cells the  nerve  f ibres form in tr ica te  m esaxon  sys tem s. T he  overwhelming m a jo r i ty  o f  th e  sy n ­
apses is o f  the  a ffe ren t  type ,  hu t  desm osom al th ick en in g s  and the typica l  s y n a p t ic  vesicle 
a ggrega tions  are absen t.  These afferent synapses  serve as th e  st im ulus receptors o f  t h e  c h em o ­
recep to r  cells. Synapses  s t ru c tu ra l ly  identica l  w i th  those  of the central  ne rvous  sy s te m  are 
rare .  T h ey  are effe ren t  synapses which  form the  m o to r  term inals  of the re flex  arc whose 
sensory te rm ina ls  are formed by the  pressorecep tors  loca ted  in the  glomus vessels.

P roprié tés biologic]nus des vaisseaux  san g u in s  de l’em bryon de poulet 
en cu ltu re  o rgano-typ ique

G. Conti

In s t i tu t  d ’Embryolog ie  Générale  

(F r ibourg ,  Suisse)

P a r  la p résen te  com m unica tion ,  nous voulons exposer  certains résu lta ts  q u i  re s so r ten t  
d ’une é tu d e  sy s té m a t iq u e  p o r ta n t  sur les va isseaux  sanguins  de l’em bryon de p o u le t  selon 
la m éth o d e  de la cu l tu re  o rgano-typ ique  de Wolff. On a exp ian te ,  in v i tro ,  des  v a is se au x  
sanguins  de  ty p e  é last ique  et musculaire,  l’ao r te  et les a r tè res  vitellines e t  chor ioa l lan to ïd iennes  
de l’em b ry o n  de poulet  du  4e— 5e jo u r  d ’in cu b a t io n  j u s q u ’à l ’éclosion. Les a r tè r e s  de ty p e  
é las t ique  v iv e n t  m ieux  in v i tro  que les a r tè res  de ty p e  musculaire.  L’aorte  m o n t r e  in v i tro  
u n  c o m p o r tem e n t  d ifféren t  dans  sa pa r tie  c ran ia le  é la s t ique  et dans  sa partie  c a u d a le  m u sc u ­
laire.  Toutefois ,  les va isseaux  sanguins de poulet  ne m an i fes ten t  pas,  in v i tro ,  la capac i té  
de se développer  et de c ro ître  comme les au tre s  o rganes  em bryonnaires  de pou le t .  L ’a u te u r  
d iscute  les ra isons éventuel les  de ce c o m p o r tem en t .
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D a n s  un au tre  g ro u p e  d ’expériences, on a v o u lu  o b se rv e r  les c o m p o r tem en ts  de la 
paro i  vascu la ire  vis-à-vis de  cer ta ines s t im u la t ions  exper im en ta les :  certaines d ’e n tr e  elles 
(co u p u re s  partielles ou  to ta les )  d é tru isan t  la p a ro i  vascu la ire ,  d ’autres  (corps é tran g ers  
enfilés d a n s  la  lumière) e x c i t a n t  certains c om posan ts  de  c e t te  paroi.  Les r é su l ta t s  acquis 
r é v è l e n t  des proprié tés  insoupçonnées  de la paroi  v a sc u la i re  de l’em bryon  de poulet .  Cette  
pa ro i ,  p o r tée  en cu l tu re  o rg ano-typ ique  dans des c o n d it io n s  expérim entales  a d éq u a te s ,  
m o n t r e  u n  h a u t  degré de  m al léab il i té  e t  d ’a d a p ta t io n  q u i  se t r a d u i t  soit p a r  u n e  p ro p r ié té  
r e m a r q u a b le  de rég én é ra t io n  t issulaire ,  soit p a r  u n e  poss ib i l i té  de vér itab le  n éo fo rm a tio n  
v a sc u la i re ,  soit enfin p a r  u n e  capacité  d ’a d a p ta t io n  a b o u t i s s a n t  au d éd o u b lem en t  de la 
lumière.

N euere U n tersuchungen  über Fettgew ebe

W. B a rg m a n n

(Anatomisches I n s t i t u t ,  Kiel)

E le k tronenm ikroskop ische  U n te rsuchungen  e rg ab e n ,  d aß  das lange Zeit  h in d u rch  
v e rn ach lä ss ig te  F e t tg e w e b e  kom pliz ie r te r  s t r u k tu r ie r t  i s t ,  als bisher angen o m m en  wurde ,  
u n d  in  seh r  ve rsch iedenen  T y p e n  au f tr i t t .  Der V o r t r a g  beschäft ig te  sich z u n äc h s t  m it  der 
A b g re n zu n g  des weißen v o m  b ra u n e n  Fe ttgewebe  u n d  w e n d e te  sich den s t ru k tu re l len  B eson­
d e rh e i te n  des le tz te ren  zu ,  die m i t  seiner Rolle be i  der  W ärm ereg u la t io n  in Z u sa m m e n h an g  
s teh en .  A u fm erk sam k e it  w ird  v o r  allem der In n e rv a t io n  des b rau n en  Fe ttgewebes geschenkt .  
Als d r i t t e  F o rm  von  F e t tg e w e b e  wird das sog. ep i th e l io re t ik u lä re  Fe ttgewebe  geschildert ,  
d a s  die F e t to rg a n e  der A m p h ib ie n  aufbau t .

U ltra s tru c tu re  of Cell N uclei in  T issue Cultures

M. Kelle rmayer,  К .  Jo b s t  an d  T. Angyal

(D e p a r tm e n t  of  P a th o lo g y  and Microbiology, Medical Universi ty  Pécs)

T h e  effect of v a r io u s  f ixat ives ,  freeze d ry in g  a n d  d ry ing  on the cell nuclei  of  H e L a  
cells,  as well as of p r im a r y  an d  subcu l tiva tionab le  m o n k e y  k idney  cultures p re p are d  b y  the 
“ f ly in g  glass”  m e th o d ,  w as  s tu d ied  w ith  p o lar iza t ion  m icroscopy. During su b cu l t iv a t io n ,  
freeze d ry in g  and  d ry ing  caused  an iso tropy  in all cell nucle i ,  a f te r  se t t lem ent only th e  m ito t ic  
nuc le i  were found to  be anisotropic .  The po lar iza t ion  m icroscopic  s truc ture  of the  cell nuclei 
v a r ie d  a f te r  using v a r io u s  chemical fixatives.

U ltra s tru c tu ra l Changes of In te rsc a p u la r  Brow n F at Tissue 
in D ifferen t F u n c tio n a l States in  th e  New born R abbit

F. H a jós ,  T. Heim and  S. K erp e l-F ro n iu s

( In s t i tu te  of A n a to m y ,  U n ivers i ty  Medical  School. B udapes t  
and D e p a r tm e n t  o f  Paediatrics,  U n iv e r s i ty  Medical School, Pécs)

In  some ro d en ts  an d ,  as recen tly  shown, also in n e w b o rn  infants brown adipose tissue 
p lay s  an  im p o r ta n t  role in  therm oregula tion .  T h e  u l t r a s t r u c tu r a l  relations of th is  func tion  
h a v e  b e en  stud ied  in  s t a r v e d  new born  rab b its  in cold a n d  w a rm  environm ent.  E le c t ro n  m icro­
scopic  exam in a t io n s  rev ea led  t h a t  in w arm  e n v i ro n m e n t  t h e  b rown fa t  tissue of th e  s ta rved  
a n im a ls  was inac t ive  a n d  seemed to p lay  the  role of  a reserve ,  whereas in cold e n v iro n m en t  
i t  b e ca m e  m arked ly  act ive .  A c t iv a t io n  was in d ic a te d  b y  th e  disappearance of l ipid drop lets ,  
increase  of the  cy to p la sm  of lipid cells, h y p e r t ro p h y  of th e  sm ooth  endoplasmic re t icu lum ,  
inc rease  in  the  n u m b e r  of m itochondr ia  and th e  d isa p p ea ran c e  of the  no rm al ly  num ero u s  
in t ra m ito ch o n d r ia l  g ranu les .  Changes of t e m p e ra tu re  caused  no s t ru c tu ra l  a l te ra t io n  of white  
a d ip o se  tissue, suggest ing  t h a t  in  therm oregu la t ion  exclus ive ly  the  brown fa t  was involved,  
ow ing  supposedly  to  t h e  m a rk e d  ad ap tab i l i ty  of  i ts  o x id a t io n  processes as in d ic a te d  by  the  
m ito c h o n d r ia l  changes a m o n g  th e  given exp er im en ta l  condit ions.
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G eneration  T im e o f C ultured Bone M arrow  Cells

Gy. Rappay ,  I. Fazekas,  I. Csapó a n d  L. Csáki

( In s t i tu te  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 ud ap es t)

E xam inat ions  h ave  show n t h a t  in cultures of bone m arro w  cells u sua l ly  the  f ib ro­
blast-l ike (FL )  cells proliferate .

The generation  t im e  of F L  cells was exam ined by  m ic ro c in e m a to g rap h y  an d  a u to ra ­
d iog raphy ,  using 3H  thy m id in e .

T he  generation  t im e of F L  cells was found to ta k e  24 — 30 hours,  includ ing  an  S-phase 
of approx im ate ly  10 hours.  T he  knowledge of the genera tion  t im e  failed to disclose any  in fo r­
m at io n  concerning cell origin.

Cell D ifferen tia tion  and  G ranulogenesis in  H at Bone M arrow

A. Balázs,  Gy. Rappay and B. B uku lya

( In s t i tu te  of  E x p e r im en ta l  Medicine, H un g a r ian  A cad em y  of Sciences, B udapes t)

The  u l t ra s t ru c tu ra l  a n d  cy tochem ica l  process of d i f fe ren tia t ion  was exam ined  in 
bone  m arrow  cells and  pe r ipheral  g ranu lo id  cells in th e  ra t .

Cellular p a t te rn  and  m ito t ic  in d ex  were assessed from  m yelo- an d  h a em o g ram s  stained 
accord ing  to Pappenheim . F i r s t  of all the  differentia tion  of the  neu trophil ic  series from 
m y elo b las t  to m atu re  g ran u lo cy te  was exam ined.  A desc r ip t ion  is p resen ted  of the  ultra- 
s t ru c tu ra l  changes of cell organelles (m itochondria ,  Golgi a p p a ra tu s ,  endop lasm ic  re ticu lum , 
r ibo- and  polysomes, nuc lear  m em b ran e ,  he te ro ch ro m a tin  and  nucleolus). I t  was d em o n s tra ted  
t h a t  the  r ing-shaped nucleus ty p ica l  of the  ro d en ts ’ m a tu re  g ran u lo cy te s  o r ig ina ted  th rough  a 
pe rfora t ion  of the nuclei of p rom yelocy tes  and m yelocytes,  a n d  the  Golgi a p p a r a tu s  and 
the  centrioles usually p layed a p a r t  in th is  process. In the  p e r fo ra ted  area  a lkaline  phospha tase  
a n d  peroxidase  ac t iv i ty  was increased. The  types  of granu les  a n d  their  d is t r ib u t io n  during 
th e  d ifferen tia tion  were d e te rm in e d  a n d  corre lated w ith  en zy m e  h is tochem ical  a n d  ultra-  
s t ru c tu ra l  d a ta .  Deviat ions b e tw een  the d ifferentia tion  of eosinophilic  and  neu trophil ic  cells 
is discussed and some ty p es  of basophilic  granulocytes  are described.

F luoreszenzm ikroskopische Befunde an  G efäßkanülen  
der knorpeligen  H andw urzel

W . Kreutz

(Anatom isches In s t i tu t  der K a r l -M arx -U n iv e rs i tä t ,  Leipzig)

F ü r  die U n te rsu ch u n g en  s ta n d e n  form alinfix ierte  H a n d w u rz e ln  von F rü h -  u n d  N eu­
geborenen  beiderlei Geschlechts zur Verfügung. Neben m ak ro sk o p isch en  A ufhe l lungsver­
fah ren  k am en  zur D a rs te l lung  des In h a l te s  u n d  der U m g e b u n g  der K n o rp e lk an ä le  h isto lo­
gische F ä rb u n g e n ,  F lu o ro ch ro m ie ru n g en  u n d  his tochemische R eak t io n en  a u f  Mucopoly­
saccharide  in Anwendung.

ln  jeden  Knorpel  d r in g t ,  ausgehend  vom anliegenden P e r ich o n d r iu m ,  Mesenchym 
z u sa m m en  m it Blutgefäßen un tersch ied l ichen  Kalibers ein.  Die dabei  en ts te h en d e  K a n ä l ­
chen k ö nnen  verzweigt sein. Größere  B lutgefäße  werden v o n  pe r iv ask u lä ren  K ap i l la rsch l in ­
gen um sponnen .  F luo rochrom ierungen  zeigen, daß  die chem ische  Z u sa m m e n se tz u n g  der 
G ru n d s u b s tan z  in der U m g eb u n g  der Kanäle  im Gegensatz zu der  restlichen Knorpe lgeb iete  
ve rsch ieden  ist. Nach  h is tochem ischen  R eak t io n en  ist  sie re icher  an  sau ren  Mucopolysaccha- 
r iden  u n d  P AS-positiven Subs tanzen .  Von innen  nach a u ß en  sch ließ t  sich e iner schmalen 
Zone sau rer  Mucopolysaccharide  ein PA S-posi t iver  Hof an.

Diese V eränderungen im A ufbau  der  G ru n d su b s tan z  in d e r  U m g e b u n g  von G efäß­
kan ä len  em bryona le r  H an d w u rze lk n o rp e l  werden im Z u sa m m e n h an g  m it  der  spä te ren  Ver­
k n ö ch eru n g  gesehen.
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Electron M icroscopic  Study of M egakaryocytes

Zs. F a rag ó  and I. Oláh

(C en tra l  Research I n s t i t u t e  of th e  Blood B ank  a n d  D e p a r tm e n t  of  H isto logy 
and E m b ry o lo g y ,  U n iv e rs i ty  Medical School, B u d ap es t)

A  y o u n g  and a m a tu r e  fo rm  of m egakaryocy tes  was d if fe ren tia ted  in h u m a n  bone 
m a r r o w  a n d  mouse spleen b y  e le c t ro n  microscopy. The y o u n g  cells were c h arac te r ized  by the 
p re sen c e  of m an y  free r ibosom es in  t h e  cy top lasm  and g roups  of sm o o th  endop lasm ic  re ticulum  
lo c a t e d  n e a r  the  nuclear p a r ts .  I n  t h e  c is terns of the endoplasm ic  re t icu lu m  a m ed iu m  electron 
den se  su b s ta n c e  was d e m o n s tra ted .  I n  t h e  young cells, tw o  nuc lea r  lobules p re sen t in g  different 
c h r o m a t i n  s t ruc tu res  were seen;  th is  phenom enon  seems to  be re la ted  to  th e  m a tu ra t io n  of 
m eg a k a ry o c y te s .

T h e  m atu re  m eg a k a ry o c y te s  c o n ta in  granules in th e  en d o p la sm  w hich  is l ikely the  site 
o f  o r ig in  of thrombocytes .  T h e  e c to p la sm  is poor in cell organelles. Th is  a rea  m a y  p lay  a role 
in  t h e  f u r th e r  developm ent of th e  m egakaryocy te .

I n  some cells w i th  a p p a r e n t l y  m atu re  cy top lasm , mitoses were seen.

H istochem ical a n d  E lec tro n  M icroscopic S tudy of the  G ranules 
of E osino p h ilic  Leukocytes from  M am m als

A. Ném eth  and G. Kelényi

( Ins t i tu te  of P a th o lo g ic a l  A n a to m y ,  U n ivers i ty  Medical School, Pécs)

P rev ious  studies on  c e r ta in  his tochem ical  and e lectron  microscopic p ropert ies  of the 
g r a n u le s  of  eosinophils f ro m  f ishes,  am phib ia ,  reptiles an d  birds h ave  been  re p o r te d  earlier. 
I n  t h e  p re sen t  s tudy  the  s ta in in g  p rope rt ie s  of the g ranu les  of m a m m a l ia n  ( ro d en t ,  p redator,  
u n g u la t e )  eosinophilic l eu k o cy tes  w ere  exam ined  using  special dyes, po la r isa t io n  and  f luor­
escen ce  microscopy, and  th e i r  I E P - d e p e n d e n t  acidophilic s ta in ing  and  n e u t r a l  and  alkaline 
benzid ine-perox idase  reac t io n s  were  studied. E lec tron  m icroscopy  w as carr ied  ou t  after 
a ld e h y d e  or osmium te t ro x id e  f ix a t io n ;  a ldehyde-fixed p re p a ra t io n s  were t r e a te d  w ith  phos- 
p h o t u n g s t i c  acid. Based on t h e  ap p ea ran c e  of m a t r ix  and  crysta l lo id  a n d  ce r ta in  s t ruc tu ra l  
c h a ra c te r i s t ic s  various g ran u le  fo rm s  were differentia ted.  A phy logenetic  e x p la n a t io n  is offered 
fo r  t h e i r  origin.

Subm icroscopic M orphology of E osinophilic  L eukocytes 
w ith  Special R eg ard  to  E lectron M icroscopic S ta in ing  M ethods

G. Kelényi and  A. Ném eth

(Ins t i tu te  of P a th o lo g ic a l  A na to m y ,  U n iv e rs i ty  Medical School, Pécs)

T h e  electron m icroscopic  m orpho logy  — m a t r ix  and  crysta l lo id  — of the  eosinophil 
g r a n u le s  is well known. H is to ch em ica lly ,  the  presence of cer ta in  enzym es and  basic protein  
w a s  d e m o n s tra ted ;  e lectron  m ic roscop ic  h is tochem is try  revea led  benzidine  peroxidase  and, 
i n  so m e  species, acid p h o s p h a ta s e  act iv ity .  The m a t r ix  of the granu les  s ta in s  w ith  u rany l  
a c e t a t e  a n d  phospho tungst ic  acid ,  whereas the  crysta l lo id  w i th  osm ium  te t ro x id e  and po tas ­
s iu m  perm angana te .

I n  earlier studies  a g r a n u la r  or g ranu la rves icu lar  t r an s fo rm a t io n  of th e  m a t r ix  of 
eo s in o p h il  granules was o b se rv ed  in  specimens ob ta in ed  from  h u m an s  an d  a lb ino rats .  T ran s ­
f o r m a t i o n  of the  m a t r ix  w a s  assoc ia ted  w ith  cer ta in  changes of the c rys ta l lo id  and  of the 
d e n s i ty  relationship b e tw een  m a t r i x  a n d  crystalloid. G ra n u la r  t ran s fo rm a t io n  allows the app li­
c a t io n  of various s ta in ing  m e th o d s  perm it t ing  a fu r th e r  c h arac te r iza t io n  of the  fine s truc tures  
in  t h e  m atr ix .  From the  s t r u c tu r e  and  the  reac t iv i ty  of s t ru c tu ra l  e lem en ts  of  the  m atr ix  
i t  is possible to draw conclusions concerning the func tiona l  role of  the  granules.
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M echanism  of M ast Cell G ranu le  F o rm ation

G. Csaba

( In s t i tu te  of  Histo logy and  E m bryology ,  U n iv e rs i ty  Medical School, B u d a p es t)

Prev ious e xper im en ts  have  shown th a t  in th e  t issue cu ltu re  model of m a s t  cell fo rm a ­
tion, h ep ar in  u p ta k e  by the  cells did no t  whereas the  sero ton in  or h is tam ine  u p ta k e  d id  result  
in the  fo rm at ion  of t ru e  m as t  cell granules. I t  could n o t  however ,  be disclosed, w h e th e r  sero­
tonin  an d  h is tam ine  induced synthesis  of hepar in  in th e  cells or p rom oted  its u p t a k e  from 
the n u t r ie n t  m edium . O th e r  exper im en ts  revealed t h a t  th e  glucocorticoids induced  m a s t  cell 
fo rm at ion  an d  su b seq u e n t ly  were incorpora ted  in to  the  granu les  of m as t  cells. T h e  p re sen t  
exper im en ts  were u n d e r ta k e n  to clarify the  m echan ism  of m as t  cell fo rm ation  on th e  basis 
of the  operon  scheme. T h y m u s  cu ltu res  were t re a te d  w i th  a c t in o m y c in  D or ch lo ram phen ico l  
and su b seq u en t ly  serotonin ,  h ep ar in  or h is tam ine  were a d d ed  to the  n u t r ie n t  m ed iu m .  The  
an tib io tics  did n o t  in h ib i ted  the  u p ta k e  of h epar in  a n d  sero ton in ,  b u t  these b r o u g h t  ab o u t  
the ap p ea ran ce  of m e ta ch ro m a t ic  granules  in the  cells. T h is  implies t h a t  hepar in  ap p ea red  
in the  cells as a resu lt  of active  synthesis  induced b y  se ro ton in  or h istamine. On th is  basis,  
it is supposed  t h a t  the  glucocorticoids suppress th e  operon  invo lved  in serotonin p ro d u c t io n  
th ro u g h  b inding to arginine r ich  histones. The se ro ton in  fo rm ed  induces the  sy n th es is  of 
h ep ar in  and  h is tam ine .  T he  g lucocorticoid-histon com plex  is, toge the r  with h is tam in e  and 
sero ton in ,  inco rpora ted  in to  the  m as t  cell granule .

Z ur horm onellen  B eeinflussung  des M PS-Stoffw echsels 
der B lu tgefäßw and

J .  Kunz ,  H. Brascln iann u n d  D. K ran z

( I n s t i tu t  fü r  Pa thologie  der H u m b o ld t-U n iv e r s i t ä t ,  Berlin)

S tö rungen  im  m etabo lischen  Verha l ten  der su lfa t ie r ten  G efäß w an d m u k o p o ly sacch ar id e  
stellen einen frühze itigen  In d ik a to r  fü r  die E n tw ic k lu n g  v o n  A ngiopa th ien  dar. E s  w u rd en  
d ah er  a n h a n d  von  Schn i t t -  u n d  F lä ch e n p rä p a ra te n  a u to rad io g rap h isch  m it  :,5S -S u lfa t  die 
zellulären B ildungsorte  der  sauren  MPS von A o r ta  u n d  Coronarien u n te rsu ch t ;  m i t  Hilfe 
der S äu len ch ro m a to g rap h ie  w u rd en  die su lfa tie rten  M PS aus der A o r ta  isoliert u n d  ih re  spe­
zifische A k t iv i t ä t  nach  V ar ia t io n  der rad ioak tiven  V ersuchszei t  gemessen. Diese U n t e r ­
suchungen  w urd en  d u rc h  pho tom etr ische  B e s t im m u n g en  der S c h w ärzu n g s in ten s i tä t  von 
A uto rad io g ram m en  ergänzt.  So k o n n ten  Befunde ü b e r  die re la tive  Bildungs- u n d  A b b a u ­
geschwindigkeit  der  G e fäß g ru n d su b s tan z  e rhoben werden.  Als Modell zur E rze u g u n g  von 
Abw eichungen im  MPS-Stoffwechsel der G efäßw and  d ien ten  Eingriffe in das e n d o k r in e  
Sys tem , wie A lloxandiabetes ,  R a d io thy reo idek tom ie  u n d  ST H -A pplika tion .  Die B e d e u tu n g  
der dab e i  erzielten Ergebnisse  wird im Z u sam m en h an g  m it  den heu tigen  Vors te l lungen  über  
die E n ts te h u n g  von G efäße rk ran k u n g en  d iskutiert .

S tru c tu ra l A ltera tions of L iver Vessels A fter Subto tal H epatectom y
in the Albino B at

Gy. Ungváry , J .  Demeter a n d  A. Hildák

( In s t i tu te  of A n a to m y ,  Universi ty  Medical School, Budapest)

D a ta  are scarce as to the  changes tak in g  place  in the  h e p a t ic  vessels in th e  course  
of regenerat ion .  T he  p re sen t  e xper im en ts  were u n d e r ta k e n  to clarify, w he ther  the  changes  
of organ weight du r ing  regenerat ion  are associated w i th  changes in the  capacity  of blood 
vessels; a n d  w h e th er  regenera t ion  takes  place th ro u g h  a h y p e r t ro p h y  of pre-exist ing  lobu les  
or  new complex lobules are formed.
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T h e  r a te  of  regenerat ion  following su b to ta l  h e p a t e c to m y  was followed b y  a q u a n t i t a t i v e  
in jec t io n -co r ro s io n  m ethod.  T he  p rocedure  p roved  su i tab le  for the  assessm ent of th e  e x te n t  
a n d  q u a l i t y  o f  vascu la r  regene ra t ion  a n d  for the  d e te rm in a t io n  of vascu la r  capac i ty .  R e p ea te d  
p a r t i a l  h e p a t e c to m y  allowed a c lear d e m o n s tra t io n  o f  th e  changes tak in g  place  in  th e  l iver 
lobules.

D u r in g  th e  firs t  week, v a sc u la r  regenera t ion  in  b o th  the  porta l  a n d  th e  v e n a  h e p a t ica  
s y s te m  a p p e a r e d  to lag beh ind  the  r a te  of  organ  reg en e ra t io n .  There  was no paral le l ism  b e tw een  
th e  r e g e n e r a t io n  ra tes  of the  p o r ta l  and  hepatic  vessel  systems. No q u a l i ta t iv e  a l te ra t io n  
o c cu r re d  in  t h e  typical  h epa t ic  vessel s t ruc tu re .  T he  e x am in a t io n s  offered convinc ing p roof  
of  t h e  r e g e n e ra t io n  of liver lobules ta k in g  place p a r t ly  b y  a h y p e r t ro p h y  of p re-ex ist ing  lobules 
an d  p a r t l y  b y  the  fo rm at ion  of new lobules.

Storing C apacity  of M esenteric Lym ph Vessels

J .  Vajda,  E. Fehér ,  К . Csányi a n d  M. Tomcsik

( In s t i tu te  of A n a to m y ,  U nivers i ty  Medical  School, B u d ap es t)

T h e  caliber of m esen ter ic  l y m p h  vessels w as  exam ined  in ex p er im en ta l ly  induced  
m e c h a n ic a l  insufficiency. I n  the  m esen te ry ,  ly m p h  congestion  spread re tro g ra d e ly  to w a rd  
th e  i n te s t i n a l  wall.  The beginning of c om pensa to ry  a c t iv i t y  to w ard  the  reserve ly m p h  vessels 
a n d  a d j a c e n t  areas is shown in a g ra p h .  An a t t e m p t  w as m ad e  to d e m o n s tra te  a  corre lation  
b e tw e e n  th e  caliber of ly m p h  vessels, the  n u m b er  o f  v a lv es  and  the  ra te  of ly m p h  flow. The  
im p o r t a n c e  of the  f requency  of v a lv es  in m esenteric  l y m p h  circula tion is p o in ted  out.

The S tru c tu re  of the  L ym ph Vessel Valves

K. Csányi, J .  Vajda a n d  M. Tomcsik

(In s t i tu te  of A n a to m y ,  U nivers i ty  Medical  School, B ud ap es t)

T h e  s t ru c tu re  of the  ly m p h  vessel valves w a s  s tud ied  a f te r  im p re g n a t io n  an d  by 
e le c t ro n  m icroscopy. The  link ing  o f  endothe lia l  cells c oa t ing  the  v a lvu la r  surfaces a n d  the 
r e la t io n s h ip  be tw een  th em  and  th e  e lem ents  of t h e  l y m p h  vessel wall and the  e last ic  and 
c o l lag en o u s  f ib res  a t  the  base  of t h e  va lve  are re p o r te d .

A denosin triphosphatase  A ctivity  o f Cerebral Capillaries 
an d  th e  B lood-B rain  B arrie r

F. Joó

(In s t i tu te  of A n a to m y ,  U n ive rs i ty  Medical School, Szeged)

A ccord ing  to Torack  an d  B a rn e t t ,  the  A T P a se  ac t iv i ty  of r a t  b ra in  capillaries is 
loca l ized  n o t  so m uch  in the  p in o cy to t ic  vesicles of th e  endo the l ium  an d  cy to p la sm  as in  the 
b a s e m e n t  m em b ran e  of the  cap i l la ry  wall an d  in th e  surface  m em branes  of glial feet,  in  c o n tra s t  
to  o t h e r  capillaries of th e  o rgan ism .

T o  clarify the  ev en tu a l  re la t ionsh ip  of t h a t  p a r t icu la r  enzymic loca l izat ion  w i th  the 
p h y s io lo g ica l  func tion  of the  b lood-b ra in  barrie r ,  th e  b a rr ie r ’s p e rm eab i l i ty  a n d  th e  fine 
s t r u c t u r e  of cerebral capillaries w ere  exam ined  a f te r  b lock ing  of ATPase  ac t iv i ty .  E x am in in g  
th e  h is to ch em ica l ly  dem o n s trab le  A T P ase  ac t iv i ty  of  b ra in  capillaries a f te r  in tra p e r i to n ea l  
a d m in i s t r a t i o n  of 0.25 g/kg nickel chloride, A T Pase  inh ib i t ion  was com ple te  in  3 — 6 hours. 
S u b s e q u e n t ly ,  t r y p a n  blue in je c te d  in trav en o u s ly  was found  to h ave  e x t r a v a s a te d  and, 
g iv in g  a  m ark e d  per ivascu lar  f luorescence, d iffused d eep ly  into the  b ra in  m a t te r .  E lectron  
m ic ro sc o p y  revealed  t h a t  on t r e a tm e n t  w ith  nickel chloride,  the  b asem en t  m e m b ra n e  became 
u n d u l a t i n g  an d  th ickened  considerably .

T h e  presen t  findings suggest  t h a t  the  A T P a se  ac t iv i ty  localized in t h e  b asem en t  
m e m b r a n e  of b ra in  capillaries is closely re la ted  to th e  func tion  of the  b lood-b ra in  barrier ,  
a n d  t h a t  the  organizat ion  of th e  b a se m e n t  m e m b ra n e  needs an u n d is tu rb ed  AT Pase  act iv i ty .
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S ubstructu re! and  F u n c tio n a l P roperties of R ibosom es 
in the R at an d  M ouse P lacen ta  Cells

I. Toro, J r .

( I n s t i tu t e  of  Histology a n d  E m b ry o lo g y ,  Medical Universi ty ,  B u d a p es t)

E lec tro n  microscopic s tud ies  revea led  on the  one h and  an  u l t r a s t ru c tu ra l  a n d  d ynam ic  
re la t ionsh ip  be tw een  ribosomes a n d  the  so-called g lomerular  bodies f i rs t  desc ribed  b y  the  
p re sen t  a u th o r  and ,  on the o ther  h a n d ,  a supposed ly  p r im a ry  role of r ibosom es in th e  a p p ea ran ce  
of acid p h o sp h a tase  activity .  T h e  f ind ings  are sum m arized  as follows:

1. Observ ing  the p ictures m ad e  w ith  high power resolution in a p p ro p r ia te  p lanes  o f  the 
sections, 12 — 15 Â fi lam ents  were seen w ith in  the  ribosomes, sp ira ted  in  d i f fe ren t  degree.

2. Beside the  know n polysomes, o th e r  ty p es  of ribosomal aggrega tions  were seen.
3. On the  application of a c t in o m y c in  D, ribosome-like particles of  less t h a n  norm al 

size appeared .
4 .  'I'he g lom eru lar  bodies consis ted  of helical bundles 400 — 500 Â in d iam e te r ,  whose 

dens i ty ,  s ta in ing  properties and  u l t r a s t r u c tu r e  resem bled those  of the  r ibosom es.  I t  is pos­
tu la ted  t h a t  the  g lomerular  bodies a re  fo rm ed  by the  aggregation  of several h u n d r e d s  of r ibo­
somes,  v e ry  likely th rough  a p o ly m er isa t io n  of r ibosomes which then  assum e a com plica ted  
steric  s t ru c tu re  inside the  bundles of g lom eru lar  bodies.

5. U n d e r  the  influence of a c t in o m y c in  D, m os t  of  the  g lomerular  bodies d isappea red  
from  th e  cy top lasm ; i t  is supposed t h a t  th e y  fell again  to ribosomes.

6. T he  cy top lasm  of the p ro te in -sy n th e t ic  t rophospong ia l  cells, a t the  end o f  p reg n an cy ,  
shows a ve ry  h igh ac t iv ity  of acid p h o sp h a ta se ,  associated  p a r t ly  to rough-su rfaced  m em b ran e s ,  
an d ,  p a r t ly  to the  free ribosomes. In  th e  su rro u n d in g s  of the  enzyme active  si tes, th e  secretion 
p ro d u c ts  d isappea red  from the c is terns of  the  endoplasm ic re ticu lum , while in the  e rgasto- 
p lasm  increas ing  autolysis took place,  w i th o u t  the  presence of p re form ed  lysosom es o r  a u to ­
phagic  vacuoles . E x tensive  s tudies in d ic a te d  t h a t  the  ap p earance  of acid p h o sp h a ta s e  a c t iv i ty  
was due  p r im ar i ly  to r ibosomal func tion .  T he  newly developed enzym e a c t iv i ty  seemed to 
be in no morphological relation to  the  Golgi a p p ara tu s .

Electron M icroscopic S tru c tu re  o f the  Pala tine  Tonsil 

I. Oláh a n d  L. Surján

( In s t i tu te  of Histology and  E m b ry o lo g y ,  U n ivers i ty  Medical School, B u d a p es t)

L ig h t  and  electron microscopic s tud ies  of re t icu la r  area  ( the  ep ithe l ium  in f i l t r a te d  by 
ly m p h o cy tes )  in r a b b i t  tonsils revea l  a connection  between the in traep i the l ia l  passages  and 
subep ithe l ia l  lym phoid  tissue, th ro u g h  the  d iscon tinu ities  of the  basal m em b ran e .  T w o  peculiar  
cell ty p es  were found in the re t icu la r  a rea .  One of th e m  similar to the  special cell w as  obse r­
ved in th e  m edulla  of  the  r a t  th y m u s .  T h e  o th e r  cell contains some dense core  vesicles as 
the  en te rochrom aff in  cells in th e  g u t  ep ithe lium .

T h e  subepithe l ia l  lym phoid  p a r t  of  the  tonsils  is divided into in te rco m m u n ic a t in g  
lacunae  by septae ,  coming from the  capsule .  The  surface  of these sep tae  is covered  b y  f ib ro ­
cytes. I t  is surmised th a t  the subep ithe l ia l  lym phoid  space tu rn s  to be an  effe ren t  l y m p h  ves­
sel of  th e  tonsils .

M ucopolysaccharide M atrix  Surrounding  
the P hotoreceptor S tru c tu re s  in V ertebrates and Insects

P. Höhlieh

( I n s t i tu te  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 e s t )

E le c t ro n  microscopy of the  v e r te b ra te  re t ina  revealed a m odera te ly  e lec tro n  dense 
su b s tan ce  loca ted  between the p ig m e n t  ep ithe l ium  and  the pho to recep to r  in n er  a n d  ou te r  
segm ents .  In some species (frog, m o n k ey ,  m a n )  the  m a t r ix  occurs in large a m o u n ts .  Л simi­
l a r  su b s tan ce  was found in the  so-called open  rh a b d o m s  of cer ta in  insects,  w here  it su r ­
r o u n d e d  a n d  sep a ra ted  the  rh a b d o m e res  o f  the ind iv idua l  re tinu la  cells.
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In  b o th  cases, a lc ian  b lu e  a n d  Hale’s sta in  show ed th e  g round  substance  to con ta in  
acid m ucopolysaccharides.  T h e  ro le  a n d  the site of f o rm a t io n  of m a t r ix  rem ains to be clarified. 
I t s  close topographic  c o n n ec t io n  w i th  the pho to recep to r  s t ru c tu re s  ( the  ou ter  segments,  rh a b -  
dom eres)  seems to p o in t  to  i ts  a u x i l ia ry  role in th e  p h o to rec ep t io n  process.

Osm iophilic a n d  Osmiophobic D eg en era tio n  P a tte rn s  
of P o stg an g lio n ic  A utonom ic N erve F ibres

E liz ab e th  K n y íh á r ,  A. P á rd u tz  a n d  B. Csillik

( In s t i tu te  o f  A n a to m y ,  University  M edica l  School, Szeged, 
an d  E lectron  M icroscope  L abora to ry ,  Jó zse f  A t t i l a  Univers i ty ,  Szeged)

U l t ra s t ru c tu ra l  in v e s t ig a t io n s  revealed two k in d s  of seco n d ary  axon degenera t ion  of 
th e  postganglion ic  adrenergic  n e rv e  fibres. In  most c a s e s , in t r a a x o n a l  osmiophilic  cyto lysosomes 
are fo rm ed  in the  d egene ra t ing  ax o n s ,  taken  up la te r  b y  th e  envelop ing  Schw ann  cell processes. 
I n  s t r ik in g  con tra s t  to th is  osm iophilic  degenerat ion  p a t t e r n ,  an  osmiophobic degenera ­
t io n  is characteris tic  of th e  postgang lion ic  adrenergic  n e rv e  f ib res  of the  r a t  iris. This form 
is charac te r ized  by  the a p p e a r a n c e  o f  large vacuoles, a n d  a com ple te  d isappearance  of ax o ­
p lasm ic  m ate ria l .  6 -H O D A  a d m in i s t r a t io n  (chemical sy m p a th e c to m y )  induces similar d iffer­
ences in  th e  electron m icroscopic  s t ru c tu re .  Osmiophilic d eg en e ra t io n  is accompanied  by  a s trong  
l igh t  microscopic ( lysosomal ?) acid  phospha tase  a c t iv i ty ,  w h e reas  no considerable acid phos­
p h a ta s e  s ta in ing  could be seen  d u r in g  osmiophobic d egene ra t ion .

M esenteric Nerve T erm in a ls

E. F e h é r ,  J .  Vajda, К. Csányi a n d  T. Kapósa

(In s t i tu te  o f  A n a t o m y ,  University  Medical School, Budapest)

T h e  different types  of m ese n te r i c  nerve were s tu d ied  a f te r  silver im pregnation .  In  c o n t r a s t  
to  th e  V a t e r -  Pacini bodies ,  encased ,  semi-encased a n d  free  te rm in a ls  were encoun tered  in 
the  “ m u te ” , less motile a rea s  o f  t h e  mesentery. T he  t e rm in a l s  were loca ted  e ither along the  
b lood  an d  ly m p h  vessels or  i n  com ple te ly  avascular  areas.  F ree  term inal(s)  were o f ten  seen 
e i the r  along, or  in close j u n c t i o n  w i th ,  the V a ter  — P ac in i  b o d y .  T he  s t ru c tu re  of the  V a te r  — 
P ac in i  b o d y ’s in te rna l  c y l in d e r  w as  compared to t h a t  of  t h e  encased term inal .  I t  w as con­
c luded  t h a t  in the  m esen tery  su c h  term inals  are no t  specific  of  one or ano the r  sensory qua li ty .

In n e rv a tio n  of In testina l W all an d  Villi

T. K apósa ,  W. Fehér an d  J .  Vajda

(In s t i tu te  of  A n a to m y ,  University  Medical  School, B udapes t)

T he  location  and r e la t iv e  posi t ion  of nerve e lem en ts  a n d  re ticu la  in the  in tes t ina l  villi 
a n d  th e  var ious layers of  t h e  in te s t in a l  wall have  been  s tu d ied  a f te r  silver im p reg n a t io n  
a n d  h is tochem ical  e x am in a t io n .  T h e  nerve elements fo u n d  in  th e  villi and  below th e  in te rn a l  
c ircu la r  muscle layer were of cholinergic  nature .  A drenerg ic  f ib re s  were dem ons trab le  exclusive­
ly in  pe r ivascu la r  loca t ion  in  som e of the layers.  M orpholog ic  an d  steric  differences be tw een  
th e  ne rve  cells of the  m y e n te r i c  p lexus and the  su b m u c o u s  plexus ,  and  in te rconnections 
b e tw een  cer ta in  cell groups a re  described. The ex tension  a n d  o ve r lapp ing  of the  areas supplied 
b y  th e  ind iv idua l  nerve cell t y p e s  is discussed.
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Analysis o f the  R enal M onoaniinergic M echanism  by F luorescence 
and E lectron M icroscopy

T. D onath ,  Cs. L érán th  a n d  Gy. U ngváry

( I n s t i tu te  of A n a to m y ,  Universi ty  Medical School,  Budapest)

The  in t r a p a re n c h y m a l  topography  of m o n o am in erg ic  nerves has been ex am in ed  by 
the  modified Fa lck  m eth o d  in c ryosta te  sections f ro m  c a t  an d  r a t  kidneys.

T he  larger a r te r ie s  of  the  renal  p a ren ch y m a  are  su r ro u n d e d  by a rich m o n oam inerg ic  
nerve ne t  located a t  the  bo rder  between a d v e n t i t i a  a n d  media .  The term inals  do n o t  en te r  
the  media. The  specialized per ia r te r ia l  fibres can  be followed along the afferent a r te r io le  up  
to  the glomerule. A t  the  v ascu la r  pole, the reac t ion  becom es more pronounced owing to  the  
presence of ju x ta g lo m e ru la r  cells. Some fibres b e n d  over  the  B ow m an  capsule, while o thers  
con tinue  along the  e ffe ren t  arterioles. In  the  v e n o u s  sys tem , monoaminergic  ne rves  were 
found  exclusively along th e  large collecting branches .

The m onoam inerg ic  nerve  fibres located b e tw een ,  an d  app aren tly  connec ted  w ith ,  
the  con to r ted  tubu le s  showed a re la tionship w i th  the  pe r icana licu lar  vessels in e lectron  
m icrographs ,  T hus ,  th e  catecho lam ine  nervous con tro l  of tu b u la r  secretion seems to  be 
quest ionable.

In  the  m edulla ,  m onoam inerg ic  nerve t e rm in a l s  were found a round  the n a r ro w  par t  
of  Henle’s loop.

The  e lectron  microscopic coun te rpar ts  of  these  te rm ina ls  were a x o te rm in a ls  con­
ta in ing  dense-core vesicles b u t  lacking Schwann s h e a th :  th ey  were closely conn ec ted  w ith  
the  basem en t  m em b ran e  of the  fenestra ted  capil la ries  su rround ing  the  port io  conducens.  
I t  is suggested t h a t  th e  ca techolam ines  d em o n s tra ted  a t  th is  site by fluorescence a n d  e lectron  
microscopy play a role in the  control of capillary p e rm eab i l i ty .

F u n c tio n a l and S tru c tu ra l R elations 
of the  M onoaniinergic In n e rv a tio n  o f the Iris

F. Tauber and  T. D o n á th

( I n s t i tu t e  of A na to m y ,  Universi ty  Medical School,  Budapest)

In whole ra t  iris p re p a ra t io n s  considerable a g g reg a tio n s  of monoaminergic  ne rv e  f ib res  
were found  in the  a rea  corresponding  to the p u p i l la ry  sph inc te r .  By m eans of F a lc k ’s p a r a ­
fo rm aldehyde  m eth o d  an d  Bielschowsky’s silver im p re g n a t io n ,  a close re la t ionsh ip  of the  
specific nerve fibres to the  pe r ipup i l la ry  vessels was d e m o n s t r a te d ,  indicating the ir  role in the 
con tro l  of  vascu la r  supply .

In p harm aco-m orpho log ica l  experiments ,  t h e  u p t a k e  of endogenous and  exogenous  
catecholam ine  and  of its  p recu rso rs  by  veget ative ne rv e  t e rm in a ls  and post-synap t ic  s t ru c tu re s  
has been exam ined.

In animals p re t r e a te d  w ith  reserpine, the u p t a k e  of exogenous m onoam ine  in the  p re s ­
ence of ATP was p a r t icu la r ly  pronounced in the  p u p i l la ry  region of the iris, suggest ing  a 
close re la tionsh ip  b e tw een  norad rena line  and the  v a s c u la r  wall.

The above pharm aco log ica l  d a ta  imply  t h a t  th e  c ircu la t ion  in the vessels su pp ly ing  
the  pupillary  m arg in  is con tro l led  by  adrenergic  f ib re s  loca ted  in the area of the  p u p i l la ry  
sphincter .

R eabsorp tion  o f M onoam ines in th e  A drenerg ic  Nerve Fibres
of the R at Iris

Gy. K á lm án ,  M. Földi a n d  M aria  Gajó

( I n s t i tu t e  of  A n a to m y ,  Universi ty  Medical School, Szeged)

Adrenergic nerve f ib res  of the  iris show a f luorescence  u n d e r  the effect of  fo rm a l ­
dehyde  gas. I t  is well know n (F a lck ;  Falck, Carlsson a n d  H il la rp )  t h a t  different chemical agen ts
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a p p lied  in  vivo  cause catecho lam ine  dep le t ion  in  these  nerve  fibres. In  th e  p re sen t  s tud}  
th e  r e a b s o r p t io n  of some biogenic am ines  (adrena line ,  no rad rena line ,  dopam ine),  w as in v e s t i ­
g a te d  in  v i t r o  af te r  depletion ind u ced  by  chemical agen ts .  T he  experim ents  were pe rfo rm ed  
on th e  r a t  iris. Tw en ty -four  hours  a f te r  in t ra p e r i to n ea l  reserpine  adm in is t ra t ion  an d  r em o v a l  
of  t h e  s u p e r io r  cervical ganglion, th e  iris was r e m o v e d  a n d  immersed in different  so lu t ions  
c o n ta in in g  m onoam ines .  The  so lu t ions were o x y g e n a ted  an d  different k inds of m acroerg ic  
p h o s p h a te s  were  added. A fte r  20 m in u te s  t r e a tm e n t  th e  catecholam ines were e s t im a te d  by  
th e  m e t h o d  o f  b alek.

T h e  re su l ts  showed t h a t  no rad ren a lin e  and  d o p a m in e  are fixed in the  t issues of iris. 
D o p a m in e  is b o u n d  to the  cy to p la sm  and  nucleus o f  endothe lia l  cells while n o ra d re n a l in e  
r e a b s o rp t io n  tak e s  place in th e  ax o n s  of adrenergic  n e rv e  fibres. W hen  using d if fe ren t  t y p e s  
of m ac ro e rg ic  phosphates ,  different  p a t t e rn s  of n o rad ren a l in e  reabsorp t ion  were observed .  W h e n  
A T P -a se  w a s  inh ib i ted  by  s t ro p h a n t in e ,  no A T P -e n h an c e d  reabsorp tion  could be obse rved .

Origin of A xolem m al A cety lcholinesterase

P. K ása

(In s t i tu te  of A n a to m y ,  U n iv e rs i ty  Medical School, Szeged:
A R C  In s t i tu te  of A n im al  Physio logy, B a b r a h a m ,  Cambridge, E n g lan d )

E le c t r o n  microscopic h is tochem ica l  in v es t ig a t io n s  have  shown t h a t  e n d -p ro d u c t  of 
the  ace ty lcho lines te rase  reac t ion  is localized on th e  o u te r  surfaces of the  u n i t  m e m b ra n e s  
of cho line rg ic  ne rve  cells.

H is to ch em ica l  obse rva t ions  of developing n e rv e  cells revealed t h a t  enzym e sy n th e s is  
tak es  p lac e  inside of the endop lasm ic  re t icu lum  of t h e  cholinergic neurones. I t  w as  a t t e m p t e d  
to solve t h e  prob lem  how th e  e n zy m e  passes f rom  t h e  inside of the  cell bod y  to  t h e  o u te r  
su rfaces  o f  n e rv e  cell processes.

W e  fo u n d  some tubu les  ex er t in g  ace ty lcho lines te rase  ac t iv i ty  inside the  axon .  A t  some 
places e n z y m e  active tubules  were conn ec ted  w ith  th e  ax o lem m a .  These enzym e ac t iv e  tu b u le s  
seem ed  to  “ e x t ru d e ” ace ty lcho linesterase  in to  th e  space  between the  axons and  dendr i tes .  
F ro m  th e s e  resu l ts  i t  m ay  be concluded  t h a t  th e  en zy m e  is in a soluble form  while be ing  t r a n s ­
p o r te d  th r o u g h  the tubu les  f rom  the  nerve  cell b o d y  a n d  becomes s t ru c tu ra l ly  f ix ed  o n ly  on 
the  o u t e r  su rface  of the  m em branes .

The N eurosecretory  N ucleus P reo p ticu s  as M em ber 
of the  L iquor C ontacting  N euronal System 

Ingeborg  V igh-T eichm ann  a n d  B. Vigh

( I n s t i t u t e  of Histology a n d  E m b ry o lo g y ,  U n iv e r s i ty  Medical School, B u d a p e s t )

I n  o u r  earlier s tudies i t  has  been  shown t h a t  th e  pa rav en tr icu la r  o rgan  w hich  is one 
of t h e  e p e n d y m a l  organs of th e  3 rd  ventricle ,  c o n ta in s  m onoam ine  producing  neu ro n s .  The 
d e n d r i t e s  o f  th e  neurons form  free cil iated  te rm in a ls  w h ich  e x ten d  in to  the  cereb rosp ina l  fluid . 
O n  t h e  bas is  of  the  morphological p ic tu re  i t  has been  supposed  t h a t  the  m ono am in e  p ro d u c in g  
n e u ro n s  o f  th e  p a rav en tr icu la r  o rg an  have  a re c e p to r  func tion  in the  cereb rosp ina l  f luid .

I n  f u r th e r  studies an  a rea  resem bling  the  p a r a v e n t r i c u la r  organ has been d e te c te d  in 
the  p re o p t ic  recess. This so-called “ p reop tic  recess o rg a n ”  also contains m ono am in e  p ro d u c in g  
n e u ro n s  w hose  ven tr icu la r  processes fo rm  c lu b -sh ap ed  te rm ina ls  in  the 3rd ven tr ic le .  The  
t e rm in a l s  c a r ry  cilia. Since the  s t ru c tu re  of  th e  tw o  areas is similar,  i t  h a s  been  a ssum ed  
t h a t  t h e y  fo rm  a common sys tem ,  “ liquor  co n ta c t in g  n euronal  sys tem ”  whose m ain  fu n c t io n  
a p p e a r s  t o  be  to m ain ta in  a special in fo rm a t iv e  con n ec tio n  between cerebrospinal  f lu id  and  
c en t r a l  n e rv o u s  system.

I n  th e  presen t  s tu d y  the  neurosec re to ry  nuc leus  p reop ticus  was exam in ed  in  d ifferen t  
species.  T h e  dendrites  of the  n e u ro n s  which are k n o w n  to  pass tow ard  the  v e n t r i c u la r  wall 
do n o t  t e r m in a t e  a t  the  ep en d y m a l  level b u t  en te r  t h e  ven tr ic le  where th ey  fo rm  c lu b -sh ap ed  
t e r m in a l s  resem bling  those  of th e  p a ra v e n t r i c u la r  a n d  recessus preopticus organs.  T h e  nerve  
e n d in g s  c a r r y  cilia. This f ind ing  in d ica te s  t h a t  the  p reop tic  nucleus,  too, belongs to th e  l iquor 
c o n ta c t in g  neuronal  sys tem , an d  like i ts  o th e r  m em b e rs  it m ay  have a r ecep to r  func tion .  
I t  is su p p o s e d  t h a t  one of th e  m ain  func tions  of th e  neurosec re to ry  AD H  sys tem  is to  m a in ta in  
the  h o m eo s ta s is  of cerebrospinal f lu id .
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C om parative S tudy o f the  A rea P o s tre m a ’s M onoam ine System  
in V arious V erteb ra tes

I. Tiirk

( In s t i tu te  of  H is to logy  a n d  E m bryology,  U n iv e rs i ty  Medical School, B u d a p e s t )

T he  area  po s t re m a ,  classified as a c irc u m v e n t r ic u la r  organ, is located a t  t h e  cauda l  
end of the fo u r th  ventric le ,  a t  the  origin of the c en tra l  cana l .  T he  area  is clearly d is t ingu ishab le  
from the su rro u n d in g  s t ru c tu re s  on the  basis of  i ts  ty p ic a l  vascu la r  sys tem  and  special  glial 
and  nerve elements.  A ccording to  com para t ive  stud ies ,  t h e  area  postrem a is fo u n d  exclusively  
in high v e r te b ra te s  (reptiles,  b irds ,  m ammals) .  In  the  p re se n t  s tu d y  the  area  p o s t r e m a  o f  the  
la t te r  classes was ex am in ed  b y  Falck  and O w m a n ’s fluorescence microscopic m e th o d  to 
d em o n s tra te  similar a n d  dissim ilar  features  of the m o n o am in e  systems in these  areas.

A g rea t  v a r ia t io n  was found  in the  loca t ion ,  n u m b e r  and shape of m o n o am in e  
con ta in ing  nerve cells and  f ib res  even in the different  v e r te b r a t e  species. A re la t ive ly  u n ifo rm  
response was observed  to MAO inhibi tors  and  to reserp ine ,  which  causes m onoam ine  dep le ­
tion. The  presence of m o noam ines  in the  cells o f  th e  a rea  postrema allows to  conclude  
th a t  these cells are nerve  cells a l though  their m orp h o lo g y  m ay  be often rem in iscen t  o f  glia 
cells.

K reislauf versagen und H erzinsuffiz ienz beim  H aifischkeiin liiig  als M odell fiir 
die P athogenese des F ru ch tto d es  nach E in w irk u n g  von  H istam in  und A lly lfo rm ia t

H . Fischer

(H u m b o ld t  Univ.,  F ra u e n k l in ik ,  Berlin)

(F i lm vorführung)

M orphology o f Synaptic T ransm ission  in the Central 
N ervous System  of Low er V ertebrates

G. I). Smirnov

(Severcov In s t i tu te ,  Moscow)

Pap e r  n o t  received

C ontribution  à l’é tude de Fhistophysiologie de l’organe sous-com m issu ra l

R. Milin

( I n s t i tu t  d ’Il is tologie et d’E m bryo log ie ,  Novi Sad)

On a é tud ié  le c o m p o r tem e n t  de l’organe sous-com m issura l  (OSC) sous co n d it io n s  du  
stress aigu.

Les ra ts  males adu ltes  o n t  été  soumis a la c o n t r a in te  p a r  immobilisation to ta le  p e n d an t  
25 heures ( imm obilisa t ion  d a n s  un  grillage suspendu  hor izo n ta lem en t) ,  sans recevoir  a u cu n e  
boisson ni nourr i tu re .

Les ép en d y m o cy te s  e t  leurs  noyaux  sont h y p e r t ro p h ié s ,  la zone périnucléaire  d u  c y to ­
plasme est  hyperbasophile .  Les grains de sécrétion a ldéhyde-fuchsine  positifs v a r ie n t  en 
q u a n t i té  e t  en chromophil ie  d ’une  cellule à l’autre .

La m o rp h o d y n a m iq u e  corré la t ive  des cys te rnes  du  ré t icu lum  endop lasm ique  et de 
l’espace perinucléaire  est plus accentuée que chez les r a t s  témoins.  Le p o u rcen tag e  de  la
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d isp o s i t io n  des cysternes e rg as to p lasm iq u es  est  le m êm e  d a n s  les deux poles des cellules épen- 
d y m a ire s .  C’es t  su r to u t  le com plexe  m orpho-fonct ionne l  fo rm é  de pieds des ép en d y m o cy te s ,  
de cellules h y p é n d y m a ire s  e t  de capilla ires, qui est a ffecté .  Les corps à s t ru c tu re  pé r iod ique  
so n t  p lu s  n o m b reu x  e t  p lus v a s tes .  Les cellules e ndo thé l ia le s  p résen ten t  des p ro t ru s io n s  
n o tab le s  d a n s  la lumière capilla ire . Les term ina isons  axonales  in traép en d y m aires  so n t  b o u r ­
rées de  m icrovésicules sy n a p t iq u e  («hypersynapsie  fonctionnelle»).

L es  r é su l ta t s  ob tenus  p la id e n t  en  faveur  d ’u n e  a c t iv i té  stimulée de l’OSC sous l’in ­
f luence  des fa c teu rs  agressifs associés ( immobilisa tion , soif e t  faim) et d ’une fonc tion  b ipolaire  
des é p en d y m o cy te s .  Les corps à  s t ru c tu re  pér iod ique  f a is a n t  p a r t  d’une barrière  d ’échange  
e t  de  t r a n s p o r t  spécialisée de l’OSC, seraient doués d ’u n e  perméabilité  séléctive e n tr e  les 
é p e n d y m o c y te s  e t  le sang.

Transm ission M echanism s in M oto n eu ro n a l Boutons

B. Csillik and  E lizabe th  K n y ih á r

( Ins t i tu te  of A n a to m y ,  U n ivers i ty  M edica l  School, Szeged)

A cco rd in g  to e lectron  m icroscopic  studies, m o to n e u ro n a l  boutons c o n ta in  a neuro- 
f i la m e n to u s  r ing, m itochondr ia  a n d  synap t ic  vesicles. A f te r  a ldehyde f ixa t ion ,  b o u to n s  in 
the  r a t  sp in a l  cord can be d iv ided  in to  four groups on th e  basis of shape an d  size of their  
vesicles. B o u to n s  conta in ing large am o u n ts  of ovo id  vesicles undergo m ark ed  s t ru c tu ra l  
a l t e ra t io n s  a f te r  strychnine  convuls ion ,  suggesting th e i r  in v o lv em en t  in p o s t - sy n a p t ic  in h ib i ­
t ion. A u to ra d io g ra p h ic  s tudies  pe rfo rm ed  b y  m eans  of ,4C th iosem icarbazide suggest  t h a t  
the  f o r m a t io n  of g a m m a -a m in o -b u ty r ic  acid tak e s  place  in glial cytoplasms, b o th  in t h e  white  
a n d  in  t h e  g ra y  m a t te r ;  th u s ,  in h ib i to ry  neurons e x e r t in g  th e i r  action by  m eans  of th is  su b ­
s ta n ce ,  a p p e a r  to utilize G A B A -sto res  of glial cells.

D evelopm ent of Synaptic O rganization  
in P a rtia lly  A g ranu la r C erebellar Cortex

J .  H ám o r i

( Ins t i tu te  of  A n a to m y ,  U n ivers i ty  Medical  School, B udapes t)

X - r a y  i r rad ia t ion  of the  n ew b o rn  c a t ’s cerebellum  w i th  a 200 r  dose is a p t  to  des t roy  
se lec tive ly ,  w i thou t  d am ag ing  th e  p ren a ta l lv  d if fe re n t ia te d  Purk in je  and  Golgi cells, 70 — 
8 0 %  of t h e  p o s tn a ta l ly  d i f fe ren tia t in g  granule  cells. I n  th e  par t ia l ly  a g ranu lar  co r tex ,  owing 
p r o b a b ly  to  th e  numerical re d u c t io n  of parallel f ib res ,  dev e lo p m en t  of th e  d en d r i t ic  t ree  of 
P u r k in j e  cells is re tarded. T h is  is show n by the  fac t  t h a t  t e r t i a r y  dendrit ic  spines w hich  n o r­
m a l ly  fo rm  synapses w ith  th e  pa ra l le l  fibres, develop in  a m u c h  lower n u m b er  t h a n  in  t h e  non- 
i r r a d i a t e d  controls. In  c o n t r a s t  w i th  the  dendri t ic  sp ine  sys tem  of the  P u rk in je  cells, the 
tw o  in h ib i to r y  in te rneurons  of th e  m olecular  layer,  t h e  b a sk e t  and stellate  cells do n o t  seem 
to  be  a f fec ted  b y  the  defic iency in  parallel  f ibres or, ind irec t ly ,  in the m ossy f ib re  a f fe ren ta-  
t ion. I n  com parison  to the  con tro ls  their  d if fe ren tia t io n  is even accelerated. Th is  a n d  o ther 
d a t a  p re s e n te d  in the  p ap er  suggest  t h a t  the  c lim bing f ib res  of the  cerebellum p la y  a  role in 
the  d if fe re n t ia t io n  of s te lla te  a n d  b a sk e t  cells.

V esicle Population  o f E x c ita to ry  and  In h ib ito ry  Cerebellar Synapses 
under N orm al and  E x p erim en ta l Conditions

N. Halász  an d  B. Csillik

(E lectron  Microscope L ab o ra to ry ,  Jó z se f  A t t i la  Universi ty ,  Szeged)

Accord ing  to U c h i n o z o  a n d  B o d i a n , e x c i t a to ry  a n d  inhibi tory  synapses differ  from 
e ac h  o th e r  w i th  respect to  t h e  size and  shape of vesicles w i th in  the  terminal.  A f te r  perfus ion  
f ix a t io n  w i th  K a rn o v sk y ’s a ld e h y d e  m ix tu re ,  th re e  ty p e s  of exc i ta to ry  and  fou r  ty p e s  of
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in h ib i to ry  synapses were stud ied  in the  ra t  cerebellar  cortex .  E xcep t  for the sy n a p se s  on p r im ­
a ry  an d  secondary  Pu rk in je  dendrites ,  a close co rre la t ion  was found b e tw een  th e  large- 
spheroid  vesicles in e x c i ta to ry  ju n c t io n s  an d  sm all-ovo id  vesicles in in h ib i to ry  synapses.  
The  ra t io  of sphero id  versus ovoid vesicles (Q) is charac te ris t ic  of each ty p e  of jun c t io n .  
Q va lues did n o t  undergo  considerable changes  a f te r  blocking acetylcholine sy n th es is  by 
m eans  of hem icholin ium , or after  blocking g a m m a-am in o b u ty r ic -ac id -sy n th es is  by  m ean s  of 
th iosem icarbaz ide.

H istological A nalysis o f the C erebellar G ranu le  Cell Layer in th e  Cat

I*. Magyar a n d  M. Pa lkovits

( In s t i tu te  of A n a to m y ,  U n ive rs i ty  Medical School, Budapes t)

T he  n u m b er  of g ranule  cells per 1 cu. m m  of the  cerebellar granule  cell l ay e r  was 
de te rm in ed  by th e  modified Chalkley m ethod .  T he  s tu d ies  of karyometric  h o m o g en e i ty  have 
show n a diffuse hom ogeneous d is t r ibu t ion  of g ranu le  cells over this area. T h e i r  n u m b e r  as 
re la ted  to  one P u rk in je  cell and the  d imensions of th e  a rea  occupied by th e m  in th e  layer 
were calcula ted . B y  m eans of Pa lkovits  — H a j t m a n n ’s d o t  d iag ram  method, th e  o th e r  cellular 
c o m p o n en ts  of  th e  g ranule  cell layer (Golgi cells, a s t rocy tes )  were d if fe ren tia ted  a n d  their  
abso lu te  n u m b ers  as well as their  counts  re la te d  to each  o th e r  and the P u rk in je  cells were 
d e te rm ined .  The  above m ethod  allowed to d i f fe ren tia te  be tw een  the Golgi cells (large, fusi­
form). T h e  Golgi cell to Pu rk in je  cell ra tio  was 1 : 3— 4 on th e  average. The  d e n s i ty  of  Golgi 
cells was g rea tes t  below the  Purk in je  cell l aye r  a n d  te n d e d  to decrease, whereas th e  n u m b er  
of a s t rocy tes  to increase,  w i th  the  dep th .  T he  above  q u a n t i t a t i v e  and stereoscopic d a ta  should 
serve to  o b ta in  more in fo rm at ion  on the  cerebellar  n eu ronal  junctions a n d  he lp  to s tu d y  
th em  in a n  exp er im en ta l  model.

E fferen t P aths of the  F ro g ’s Optic Centre

Gy. L ázár

( In s t i tu te  of A n a to m y ,  U n iv e rs i ty  Medical School, Pécs)

A fte r  d e s t ruc t ion  of the  optic  centre  on  one side th ree  p a th  systems len d in g  to dif­
fe ren t  p a r ts  of  the  central  nervous sys tem  could  be followed.

F ib res  emerging basally (latera lly)  f ro m  th e  7 th  layer of the tec tum  o p t ic u m  give 
rise to one ros t ra l  and  one caudal  pa th .  The  dorsal p a r t  of the  rostral p a th  is p a r t l y  formed 
by  fibres which leave the  7 th  layer an ter io r ly .  T h e  p a th  provides an ipsi la tera l  connection  
w ith  the  is thm ic  nucleus, the  mesencephalic  t e g m e n tu m ,  pre-tecta l  region a n d  th a la m u s ,  
th en ,  a f te r  crossing in the  postop tic  com m issure ,  som e fib res  are sent to the  r e t i n a  th ro u g h  
the  op tic  nerve. A fte r  crossing, the p a th  tu rn s  c au d a l ly  an d  term inates  in the  co n tra la te ra l  
th a la m u s ,  p re - tec ta l  region and mesencephalic  t e g m e n tu m .

T he  uncrossed p a r t  of the caudal  p a th ,  as well as i ts  p a r t  crossed in th e  com m issu ra  
an su la ta  send fibres to th e  small cells su r ro u n d in g  th e  m o to r  nuclei, to th e  i n te rm e d ia ry  
zone of the  grey m a t te r ,  and  to the  dorsal p a r t  of the  an te r io r  horn.

T h e  th ird  p a th  leaves the  7 th  layer m edia lly  a n d  connects  the two t e c ta  t h r o u g h  the 
poste r io r  an d  tec ta l  commissures. I t s  fibres  t e rm in a te  in the  2nd — 6th layers of the  tec tu m .

E lectron  M icroscopic Study o f O ptic F ibre Term inals

Gy. Sétáló, Gy. L á z á r  a n d  Gy. Székely

( In s t i tu te  of A na to m y ,  U n iv e rs i ty  Medical School, Pécs)

According to electrophysiological s tud ies  of the  o p t ic  centres of a m p h ib ia ,  th e  optic  
nerve f ibres te rm in a te  in three  layers of the  superfic ia l  zone. T radit iona l  neuroh is to log ica l  
m e th o d s  are n o t  su i tab le  for  th e  reliable d e m o n s t r a t io n  of optic  term inals ,  b u t  f ive  days
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af te r  r e m o v a l  of the  eye th e  degenera ted  te rm ina ls  a re  re a d i ly  identifiable  in th e  e lectron  
m ic ro g rap h .  T h e y  are loca ted  in th ree  no t  sharp ly  d e m a r c a t e d  layers of the  superficial  zone; 
a t h in  f o u r t h  layer  is seen along th e  border  be tw een  th e  superficial  and m edia l  zone. The  
superf ic ia l  f ib res  t e rm in a te  in glomerule-like g roups  fo rm ed  by  dendrit ic  p ro t ru s io n s  and 
o th e r  a x o n  endings;  the  deeper  f ib res  are seen a long  th e  ap ical  dendrites of th e  deep  cells 
of  t h e  o p t ic  centre.  In  a d d i t io n  to the  optic  te rm ina ls ,  t h r e e  o ther axon te rm in a ls  c an  be 
d i f fe re n t ia te d  on the  basis  of  th e  e lectron  densi ty ,  size a n d  d e n s i ty  of vesicles, a n d  th e  shape  
of m i to c h o n d r ia ;  the  origin of these  axon  term inals  r e m a in s  to be clarified.

R e a c tio n  of the  A ud ito ry  P a thw ay  G anglia  to  P u re  Tone S tim u la tio n

E. W üstenfeld

( I n s t i tu te  of A n a to m y ,  W ü rz b u rg )

S t im u la t io n  of gu inea  pigs w ith  pure  sound was fo u n d  to  induce an increase of nuc lear  
v o lu m e  in  th e  ou ter  ha ir  cells of the  organ of Corti  w hose  s truc ture  and d en s i ty  d epends  
on th e  to n e  qua li ty .  T he  nuclei of  the  cochlear ganglion  sp ira l  respond to  the  s t im u la t io n  
on ly  b y  a small  increase of nuc lear  volume in re la t iv e ly  ex tens ive  sections. All th e  cochlear 
nuclei  r e a c t  w i th  a s t e a d y  an d  significant increase in  n u c le a r  volume b u t  th e  cell size is 
n o t  in f lu e n ce d  by  the  f requency .  T h e  cell nuclei in th e  in fer io r  colliculi also resp o n d  to  tone  
s t im u la t io n  b y  a small  increase  in  size, b u t  this  increase  as well as the position of t h e  swollen 
nuclei is ag a in  de te rm ined  b y  th e  tone  quality .

C ortical and  S ubcortical Connections o f th e  P u lv inar T halam i

К .  Majorossy a n d  A. K iss

( In s t i tu te  of A n a to m y ,  U niversi ty  Medical School, Budapest)

T h e  m orphological s t ru c tu re  of th e  p u lv in a r  co m p le x  has drawn a t t e n t io n  to  the  
orig in  o f  t h e  nerve f ib res  w hich  help to form the  s y n a p t ic  glomerules.

T h e  p re sen t  ex p e r im e n ts  were u n d e r ta k e n  to  o b ta in  direct ana tom ica l  ev idence  
(se lec tive  a x o n  degenera t ion  m e th o d ,  F ink  — H eim er,  N a u t a  — Gygax) of the  cortical  a n d  su b ­
cortica l  connec tions  of th e  p u lv in a r  which have  been a ssu m e d  on the basis of electrophysio logic  
a n d  re t ro g ra d e  degenera t ion  studies.

T h e  origin of the  cor tica l  a ffe ren t  sys tem  of th e  p u lv in a r  was dem ons trab le  m o rp h o ­
logically  in  m ore  cortical a reas  t h a n  previously supposed .  T h e  sites of origin of th e  cortical 
f ib res  c o r re sp o n d  to the  a rea  of efferent fibre te rm in a ls .  T h e  subcortical connec tions  of the  
p u lv in a r  a re  fo rm ed  b y  f ib res  o r ig ina t ing  from  the  t e c t u m  a n d  spinothalamic t rac t .

T h e  m ult ip le  cor tica l  a n d  subcort ical  connections o f  the  pulvinar are suggest ive  of its 
p ro b a b le  role in s t im ulus  t ran s fo rm a tio n .

Golgi A nalysis o f A n terio r T h a lam ic  Nuclei

Gy. Somogyi, Therese Töm böl a n d  A. Kiss

( In s t i tu te  of  A n a to m y ,  U nivers i ty  Medical School, Budapest)

In  th e  course of th e  Golgi analysis of the  th a la m ic  re la y  nuclei, in the an te r io r  nuclei 
the  cell a n d  f ibre  s t ru c tu re s  and  th e  in te rna l  connections  were  studied. In  the  p re se n t  ex p er i ­
m en ts ,  in te rco n n ec tio n s  of the  an te r io r  nuclei were e x a m in e d  by the degenera t ion  m eth o d ,  
w i th  spec ia l  regard  to th e  A D  connections.  The Golgi a n a ly s is  reve ale 1 t h a t  the  th ree  m em b ers  
of  th e  g ro u p  of nuclei differed in respect of neurons ,  d e n d r i t ic  tree and collaterals.  T u f ted
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ty p e  relay cells occurred  exclusively in the  ven tra l  nucleus, whereas th e  cells of  the  other 
tw o  relay nuclei were larger  and  showed a t ran s i to ry  or rad ia l  d i s t r ib u t io n  of dendrites.

The  proport ion  of Golgi I I  type  cells varied. T he  AD c on ta ined  less G olgi- type  neurons 
t h a n  the two o ther  nuclei,  b u t  the  connection  be tw een  re lay  cells and  Golgi I I  in te rneurons  
was conspicuous in the  a n te r io r  nuclei,  too.

The  term inals  of  th e  specific a fferent  fibres are characterized  by a moss-like branching. 
Such terminals  occur chiefly  a t  the  division of th e  re lay  cells’ principal  dendrites .

Degeneration s tud ies  h ave  shown in tensive  connections of AD w i th  AY and  AM. 
T h e  connections as well as th e  d is t r ibu t ion  of the m ain  cell ty p es  of AD are reminiscent of 
those  of e lahorat ive  nuclei.

Golgi A nalysis o f the  V entral L atera l and Medial Nuclei 
o f the T halam us

Á. Kiss and  Therese Tömböl

( In s t i tu te  of A n a to m y ,  U niversi ty  Medical School, B u d a p es t)

Hodological e x a m in a t io n s  do n o t  ju s t ify  th e  in d ep e n d en t  discussion of the lateral 
v e n tra l  and medial t h a la m ic  nuclei.  The  medial nucleus,  too, receives the  m a jo r i ty  of its 
a ffe ren t  fibres from the  cerebellum  and  pallidum. Sim ilar  obse rva t ions  have  been made in 
Golgi prepara tions.  I n  the  cor tica l  p ro jec tions of the  two nuclei,  loca ted  in th e  m otor  and 
p rem o to r  areas, a cer ta in  reg u la r i ty  of order was observed.

According to physiological inves tigations,  on s t im u la t io n  of the  b r a c h iu m  conjuncti- 
v u m ,  the exc i ta to ry  phase  was followed by p o s tsy n ap t ic  inh ib i t ion  in  the  la te ra l  ventra l  
nucleus. An ex p lana t ion  of th is  phen o m en o n  was sough t  for by  Golgi analysis ,  w hich  revealed 
th e  presence of Golgi I I  ty p e  neurons  in addit ion  to principal  (relay) cells. T h e  connection 
be tw een  the la t te r  two cell ty p es  offers a morphological e x p lan a t io n  of the  physiological 
phenom ena.

The S ynaptic  S truc tu res of the D orsunicdial N ucleus

Cs. L érún th  and  Therese Tömbül

( In s t i tu te  of A n a to m y ,  U niversi ty  Medical School, B ud ap es t)

In  Golgi p rep ara t io n s ,  four cell types  are dem o n s trab le  in the do rsom ed ia l  nucleus: 
re lay  or principal cells, ty p e  Golgi I l /a  and  I l /b  neurons  a n d  in te g ra to r  cells belonging to 
the  re t icu la r  system. T he  a f fe ren t  fibres arrive from  several directions a n d  fo rm  glomerule­
like synap t ic  junc t ions  b o th  a long the  relay cells an d  the d en d r i te s  of Golgi I I  neurons,  as 
ind ica ted  also in Golgi p rep ara t io n s .  E lectron  microscopic ex am in a t io n s  were carried  out 
to  iden tify  the various cells a n d  dendri tes  and also to d ifferen tia te  th e  f ib res  and  examine 
the  s t ruc tu res  of synapses.  T h e  g lom eru lar  ty p e  of synapsis  was a p p a re n t  also in the  electron 
m icrographs;  a form n o t  fully encased in glial capsule was seen chiefly  in ju n c t io n  with the 
d en d r i te s  of relay cells.

Q u an tita tiv e  A nalysis of Synaptic O rganization  
in N on-sensory  R elay Nuclei of the T ha lam u s

F. Hajdú, Therese  Tömböl,  Gy. Ungváry, M. M adarász  and  Gy. Somogyi

( In s t i tu te  of  A n a to m y ,  U niversi ty  Medical School, B u d a p es t)

The  Golgi-analysis of  non-sensory  tha lam ic  re lay  nuclei dorsom edia l ,  ven tro la te ra l ,  
a n te r io r  medial,  dorsal and  v en tra l  yielded results s imilar  to those  o b ta in e d  w ith  the  sensory 
nuclei.  The  two main cell types ,  the relay (principal) cells and the  in te rn eu ro n s  (Golgi II type) 
were d istinguishable  also on the basis of the ir  nuc lear  volumes. T he  fu r th e r  su b g ro u p s  repre­
sent cell types known from  Golgi p rep ara t io n s  which seem to p lay  d ifferen t  func tiona l  roles. 
Correla ting the p ropor t ions  o f  cell types  with q u a n t i t a t iv e  d a ta  re la ted  to the  area  of the 
dendr i t ic  tree and a xon  b ran ch in g s  in Golgi p repara t ions ,  conclusions have  been  draw n as 
to the  functional m orphology  of sy n ap t ic  organization.
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Q u a n tita tiv e  A nalyses o f  S y n ap tic  O rganization  in  Sensory R elay  Nuclei
o f  th e  T halam us

Therese Töm böl,  Gy. U ngváry ,  F. H a jd ú  a n d  M. Madarász

(In s t i tu te  of A n a to m y ,  U n ivers i ty  Medical School, B u d ap es t)

T h e  sensory re lay  nuclei of t h e  th a la m u s  — p o s te ro la te ra l  v e n tra l  nucleus a n d  the 
la te ra l  a n d  m edia l  geniculate bodies  — h a v e  in spite of th e i r  d i f fe ren t  t a sk s  in m a n y  respects 
s im ila r  sy n a p t ic  s truc tures  owing to  th e  identical level of  th e i r  in teg ra t iv e  activit ies.  The 
m ain  cell t y p e s  and cellular s t ru c tu re s  o f  similar func tional  role a re  to  be fo u n d  in all th e  three  
nuclei.  O f  t h e  cellular s t ruc tu res ,  t h e  in i t ia l  collateral o f  t h e  r e la y  or pr incipal  cells an d  the 
a xon  b r a n c h in g  of the  in te rn eu ro n  a re  im p o r ta n t .  The cells’ d e n d r i t ic  a rbo riza t ion  which  re p re ­
sen ts  t h e i r  s t im ulus percep tion ,  t h e  a rea  traversed  b y  th e  te rm in a l  p a r t s  of the  specific 
a f fe ren t  f ib res ,  as well as the  n u m b e r  o f  re lay  cells p resen t  in  th e  l a t t e r  area  have  been  studied.

D a t a  ob ta ined  w ith  G o lg i-p rep a ra t io n s  have com ple ted  a n d  confirm ed the  resu lts  of 
n u c le a r  v o lu m e  estimation.

T h e  q u a n t i ta t iv e  d a ta  on t h e  s y n a p t ic  organizat ion  of sensory  re lay  nuclei con tr ibu te  
some n e w  in fo rm at ion  concern ing  th e  transmiss ion  a c t iv i ty  tak in g  place in these  nuclei.

G olgi Analysis of th e  C ytoarch itecton ies o f th e  N ucleus C audatus

M. Tomcsik

(Ins t i tu te  of A n a t o m y ,  U nivers i ty  Medical School, B u d ap es t)

A Golgi analysis of th e  n u c leu s  c au d a tu s  was carr ied  o u t  w i th  regard  to e lements 
i m p o r t a n t  fo r  nuclear a fferent  f ib re  endings .  The n u m b er  of dendr i tes ,  th e i r  leng th  an d  type  
of b r a n c h in g  as well as the ir  spike  p a t t e rn s  and the  a x o n ’s m orphological  p ropert ies  were 
e x a m in e d .  Cells differing in  size a n d  d en d r i t ic  arborizat ion  cou ld  be d iv ided  in to  tw o  groups 
on th e  b a s is  of  axon behav iour:  cells w i th  long and short  axons ,  viz. p ro jec tive  and  in te rneuron-  
ty p e  n e u ro n s .  W ith in  these g roups  sev e ra l  subtypes were d if fe ren tia ted  by  o ther  properties .

New P ossib ilities of Golgi A nalysis

M. Réthelyi

( Ins t i tu te  of A n a to m y ,  U nivers i ty  Medical School, B ud ap es t)

Golgi sections were an a lyzed  b y  superp r in t ing  of se lected  axon  b ranch ings  an d  co rre la t ­
ing t h e m  to  d a ta  ob ta ined  b y  e lectrophysiological e x am in a t io n s .  The  m e th o d  was found 
to d isc lose  in form ation  a bou t  a x o n  en d in g s  and  areas.

T h e  working principle is t h a t  5 — 20 axons, selected on  the  basis of p rede term ined  
m o rp h o lo g ic a l  criteria  are d ra f t e d  in  one and  the same schem e and  on the  d raw ing  thus 
o b ta in e d  fu r th e r  common p ro p e rt ie s  o f  th e  b ranching are so u g h t  for. Thus  cer ta in  regularit ies 
m a y  be  revea led  in the  endings or co l la te ra l  systems of t h e  axons  which  m a y  re m a in  incon­
sp icuous  if  axons are s tud ied  one b y  one.

F r o m  the  e lectrophysiological f ind ings ,  m o n o sy n ap tic  connections m ay  he conclusive 
in neuroh is to log ica l  analysis, as t h e y  ind ica te  the loca t ion  o f  a group of nerve cells a t  the 
t e r m i n a t io n  of an axon. As an  e x a m p le  the  localisation of th e  v en tra l  neu rons  of th e  sp ino­
c e reb e l la r  t r a c t  is dem ons tra ted .

A ffe ren ta tio n  an d  In tran u c lear S tru c tu re  
of B ra in  S tem  V iscero-Sensory Nuclei

T. M észáros ,  Cs. Léránth  and  L. Z áborszky

(Ins t i tu te  of A n a t o m y ,  U niversi ty  Medical School, B u d ap es t)

T h e  afferent fibres w hich  are  se n t  to the  bra in  s tem  by  the  g lossopharyngeal  a n d  vagal 
n e rv es  t e r m in a t e  in three  nuclei w h ic h  are closely re la ted  to ,  b u t  topograph ica l ly  well dis-
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t ingu ishab le  f rom , the  fibre bundle  of the  so l i tary  t rac t .  The  d is t r ibu t ion  of the  a f fe ren t  fibres 
shows the  following characteris tics .

(i) Two th irds  of the  nucleus alae cinerea  la te ra l is  oralis are supplied exclusively  by  
te rm in a ls  of ipsi la tera l  n. IX .  and n. X. fibers, while (ii) its  caudal th ird  receives b i la te ra l  
a f fe ren ta t io n  from  b o th  bra in  nerves, (iii) T he  l a t te r  applies also to the  com m issura l  nucleus, 
(iv) In  the nucleus t r a c tu s  solitarii exclusively ips i la te ra l ,  m ain ly  vagal  f ib res  h a v e  their  
endings.

Following nerve  transf ix ion ,  F ink  H e im e r ’s m eth o d  revealed coarse te rm in a l  e lem ents  
in th e  t ra c tu s  solitarii and commissuralis  nucle i whereas  v e ry  delicate ones in the  nuc leus 
alae c inerea lateralis .  Th is  correlates well w ith  the  d a ta  ob ta ined  by  the  K o p sch  perfus ion  
m eth o d .  These ty p es  of te rm ina ls  characterize  exclusively the  nuclei and  are  u n re la te d  to 
the  origin of the  fibres.

E lec tron  microscopically, the visceral a ffe ren ts  of  the  b ra in  nerves in qu es t io n  a p p ea red  
to fo rm  p r im ar i ly  axo-dendri t ic  synapses w ith  th e  neurons  of the above areas  while on  a 
smaller,  fusiform cell ty p e  chiefly axo-som atic  synapses  were apparen t .  In  the  l a t t e r  case, 
however,  the axons orig ina ted  from nerves o th e r  t h a n  the  exam ined  ones.

Corpus L uteiiiu  F o rm atio n  Induced by O variectom y 
in R ats w ithou t S pontaneous O vulation

L. Kw akyc ,  A. I t ihm er,  J.  Vajda  and  B. Flcrkó

( In s t i tu te  of A na to m y .  U n ivers i ty  Medical School. Pécs)

In  ra ts  with lesions in the an te r io r  h y p o th a la m u s  showing p e rm a n en t  co rn if ica t ion  
of vag ina l  epithe lium , corpus lu teu m  fo rm at ion  s t a r te d  in 3 — 8 weeks following the  o p era t ive  
rem ova l  of  one and a h a lf  ovary .  Ten weeks a f te r  su rgery  lu té in isa t ion  was no longer observed. 
A p p a ren t ly ,  th e  reduct ion  of the  a m o u n t  of  oestrogen-producing  tissue d im in ished  th e  
negative  oestrogen feedback and resu lted  in lu té in isa t ion  of the  anim als  in whose ovar ies  
n o t  a single corpus lu te u m  h ad  developed for two m o n th s  prior  to pa r t ia l  o v a r iec to m y .  
H ow ever ,  the  ova r ian  t issue left in s itu  increased in 2.5 — 3 m o n th s  to such an  e x te n t  t h a t  
no corpus lu te u m  fo rm at ion  could he elicited by  rem o v in g  again ha lf  the  ovary .

O vulation Elicited in A novu la to ry  R ats by In jection  
of A utogenous P itu ita rv  E x trac t 

L. T im a  and  B. F lerkó

( In s t i tu te  of  A na to m y ,  U n iv e rs i ty  Medical School, Pécs)

R a ts  rendered  an o v u la to ry  by var ious m eth o d s  were t re a te d  with au togenous  p i tu i t a r y  
ex tra c t .  Fo r ty -e ig h t  hours  af te r  t r e a tm e n t  more th a n  50 %  of the  animals had  ova  in th e i r  
oviducts .  Inconsis ten t ly  w ith  the  l i te rary  d a ta  th is  has shown t h a t  ra ts  rendered  a n o v u la to ry  
by  e lectrolytic  lesion or f ron ta l  divis ion of the  an te r io r  h y p o th a la m u s ,  or by  pro longed  l igh t  or 
p e r in a ta l  androgen  t r e a tm e n t ,  h ad  still enough  lu te in iz ing  horm one in their p i tu i t a r y  g land  
to elicit ovulat ion .

The M echanism  of A ndrogen S terilization

B. F lerkó  a n d  B. Mess

( In s t i tu te  of A n a to m y ,  U n ivers i ty  Medical School, Pécs)

T he  p reop tic  and  an te r io r  h y p o th a la m ic  neurons  which are sensitive to  oestrogens 
are ind ispensab le  in the neuro-horm onal  feedback  processes which ensure  the cyclic secre t ion  
of gonado troph ic  hormones .  Im m edia te  p o s tn a ta l  androgen ic  influence resu lted  in a reduc-
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tion of t h e  oestrogenic r e a c t iv i ty  of  these h y p o th a la m ic  s t ruc tu res .  In  recen t  s tudies ,  the 
oes t rad io l-b in d in g  c ap a c i ty  o f  the  an ter io r  p i tu i t a ry ,  u te ru s  a n d  an ter io r  h y p o th a la m ic  region 
of androgen-s te r il ized  fem ale  ra ts  was found  to be  re d u ce d  as com pared  to  the  controls.  
This suggests  t h a t  an  im m e d ia te  p o s tn a ta l  androgen ic  effect im pa irs  the  specific recep to r  
m ec h an ism  responsible fo r  the  b ind ing  of oes trad io l  molecules to the  above h y p o th a la m ic  
s t ru c tu re s ;  th e  im p a i rm e n t  of the  recep to r  m ec h an ism  necessary  for the  deve lo p m en t  of 
full o e s t rad io l  act ion  seems to accoun t  for the  absence  o f  cyclic  g o n ado troph in  secretion  
in  m a le  or androgen-ste r il ized  female rats .

H istoenzym atic  R eactiv ity  o f the  T hyro id  in  Tissue C ulture

S. M. Milcu, C. T asca ,  R uxandre  Pe trescu ,  E .  Angelescu and E lena  Ghinea

( I n s t i tu t e  of Endocrino logy ,  A cadem y of th e  Socialist  Republic  of R o u m an ia )

I n  cu ltu res  of n o rm a l  an d  pa thologica l  t h y ro id  t is sue  the  ac t iv ity  of aerobic  and  
a n ae ro b ic  g lycolytic  e nzym es ,  pen tose  sh u n t  enzym es ,  d iaphorases ,  lysosomic enzym es,  and  
A T P a se  h as  been s tu d ied  in  t issue specimens o b ta in e d  f rom  p a tien ts  w ith  ex o p h th a lam ie  
goitre ,  t h y r o id  cancer, a d en o m a ,  a n d  diffuse goitre. I n  all cases th e  ac t iv i ty  of enzym es be long­
ing to  t h e  K reb s  and  E m b d e n -M a y e rh o f  cycles was p reva iling ,  b o th  a t  the  site of the  lesions 
and  in n o rm a l  th y ro id  tissue.  As regards the  ty p e  of lesion, the  highest enzy m atic  ac t iv i ty  
was n o te d  in  e x o p h th a lam ie  goitre  and the  lowest degree  in em bryona l  adenom a.  T h e  DN A  
c o n te n t ,  d e te rm in e d  h is topho to ine tr ica l ly ,  was h ighes t  in carc inom a and lowest in e m b ry o n a l  
a d en o m a.

Sw elling o f N erve Cell Nuclei Follow ing  Surgical In te rru p tio n  
of N eural C onnections to th e  M edial B asal H ypo thalam us

В. К  33aras, Ildikó Szilvássy a n d  В. Halász  

( I n s t i tu te  of A n a to m y ,  U n iv e rs i ty  Medical School, Pécs)

P a r t i a l  or com ple te  in te r ru p t io n  of neural  connec tions  to the  m edial basal  h y p o ­
th a l a m u s  of 70 adu lt  r a t s  was carried  o u t  s te reo tax ica l ly .  T hree  k inds of in te rv en t io n  were 
u n d e r ta k e n :  1. Complete deaffe ren ta t ion ;  2. f ro n ta l  c u t  to  disconnect  the an te r io r  connec­
t ions ;  3. p a r t ia l  d ea ffe ren ta t io n  by  cu tt ing  all  ex ce p t  th e  an te r io r  pa ths .  30 120 d a y s  after
the  in te rv e n t io n  nuc lear  vo lum e was de te rm in ed  in  th e  cells of the  a rcua te  an d  v e n t r o ­
m edia l  nuclei.  In  every  case, 200 nuclei were m easured .  All the  three  types  of in te rv en t io n  
in d u ced  a s ignificant e n la rg em en t  of the  nuclei: in cases w here  the  in te rv en t io n  was un i la te ra l ,  
th e  c h an g e  occurred on  th e  deafferen ted  side. In  som e cases there  was a conspicuous nerve 
cell h y p e r t r o p h y  in th e  deafferen ted  area.  As a con tro l ,  a tem pora l  cortical seg m en t  was 
t so la te d ;  swelling of th e  ne rve  cell nuclei occurred  also in  the  isolated area. I t  is supposed  
i h a t  th e  nuc lea r  e n la rg em en t  was due to a t r a n s n e u ro n a l  degeneration.

E inschw ingvorgänge nach  e in m alig en  E ingriffen 
in das H ypophysenvorderlappen-N ebenn ierenrindensystem

M. H e rm an n  u n d  G. W in k le r

(M edizin isch-N aturwissenschaftl iche  Hochschule,
Z e n t ru m  für klinische F o rsch u n g ,  U n iv e rs i tä t ,  Ulm)

E inm alige  hochdosier te  A C T H -Z ufuhr  löst  be im  Meerschweinchen ein c h a ra k te r i s t i ­
sches V erh a l ten  der 17-OHCS-Ausscheidung im H a r n  u n d  der  K e rnvo lum ina  der Z ona  fasci- 
c u la ta  de r  N ebenn ie ren r inde  aus. Dem b e k a n n te n  in i t ia len  Anstieg  folgt innerha lb  48 S tu n d en  
ein A bfa l l  a u f  su b n o rm a le  W erte ,  die ü b e r  e inen längeren  Z eitraum  bestehen bleiben. Die 
N o rm a lis ie ru n g  se tz t  m i t  einem R ebound  u m  den  10. T a g  ein. Die Verfolgung der  K e rn ­
v o lu m in a  in Leber u n d  Schilddrüse  zeigt, daß  be ide  O rgane  von  diesem Ereignis bee in f luß t
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werden. So lassen die L eberparenchym zellen  einen sofort igen Abfall des K e rn v o lu m e n s  auf 
subnorm a le  W erte  e rkennen .  E r s t  nach  dem 7. V e rsu ch s tag  erfolgt eine A n n ä h e ru n g  an  die 
Norm. Die Schilddrüsenepithe lze llen  reagieren au f  die A C T H -Z u fu h r  m it  einer kurzfr is t igen  
Z u n ah m e  des K ernvolum ens.  Der folgende Abfall a u f  su b n o rm a le  W erte endet  am  5. Ver­
suchstag . D a n ac h  f inden  sich K ernvo lum ina  im o be ren  Norm bere ich .

Zusätz liche A C T H -G aben  in der Phase  d e r  n iedrigen 17-OHCS-Ausscheidung und  
der su b n o rm a len  K ern v o lu m in a  zeigen keine A u sw irk u n g  a u f  die beiden Meßgrößen. Ebenso  
bleiben S treß reak tio n en  a u f  D ip h th er ie to x in v erg if tu n g  aus.  Dieser Z eitraum  w urde  desha lb  
als Depressionsphase  bezeichnet.

D aß  diese zusä tz lichen  ACTH-Gaben jedoch n ich t  ganz  ohne A usw irkung  bleiben, 
l äß t  sich d a ra n  e rkennen ,  d aß  du rch  eine A C T II-G abe  am  5. V ersuchstag  der  am  10. Tag 
nach  der  in it ialen  A C T H -Z ufuhr  zu erwartende  R e b o u n d  gelöscht wird. D a fü r  f in d e t  sich 
am 15. Tag ,  also 10 Tage n a ch  der zweiten ACTII-Gabe,  ein Reboundgipfel.

ACTH P ro d u c tio n  under the In flu e n c e  o f M etyrapone 
in the P itu ita ry  T ransp lan ted  in P ren a ta l Age

K. Straznicky, B. Bobus a n d  B. Mess

( In s t i tu te  of A n a to m y  and  Physiology, U n iv e rs i ty  Medical School. Pécs)

E arl ier  s tudies have  shown th a t  the  avian p i tu i t a r y  gland im plan ted  su b cu tan eo u s ly  
in p ren a ta l  age not only  m ain ta in ed  T S H  produc tion  b u t ,  un d e r  the influence of goitrogenic 
agents,  even e levated  i t  above  th e  basic level. The  p ro b lem  in v es t ig a ted  a t  present was w h e th er  
the t r a n s p la n te d  p i tu i t a ry  deprived  of its  h y p o th a la m ic  connection  was, u n d e r  ex te rn a l  
influences,  able  to increase the  p roduc tion  exclusively of T S H  or also of the o th e r  t ro p h ic  
horm ones .

A nte r io r  p i tu i t a ry  was im p la n te d  on the 6 th  d a y  of in cu b a t io n  under  th e  ab d o m in a l  
skin of chick em bryos  d e ca p i ta te d  on the  2nd d a y  of h a tc h in g ,  and after  t r e a tm e n t  with 
3 x 0 . 1  mg of m ety rap o n e ,  ad rena l  weight,  nuc lear  vo lum e of cortical cells and the  ascorbic  
acid c o n te n t  of the  adrena ls  were exam ined  every h o u r  for 3 hours.  The  results were co rre la ted  
with those  ob ta ined  in 18-day-old in ta c t  chick em bryos .  T h e  o pera ted  em bryos re sp o n d ed  to 
m e ty rap o n e  in a similar way  as the non-opera ted  controls.

I t  a ppea red  th a t ,  in c o n tra s t  to adu lt  b irds,  th e  p i tu i t a ry  gland t r a n s p la n te d  in 
em b ry o n ic  age is capab le  not only  of basic ACTH secre t ion  b u t ,  on ad eq u a te  s t im u la t io n ,  
m ay  even increase it above  the  basic level.

Hole of the Medial H abenu lar N ucleus in the  Control of Salt 
and W ater H ousehold

I. Lengvári ,  К . Köves and  В. Fiahisz 

( In s t i tu te  of A n a to m y ,  U niversi ty  Medical School. Pécs)

Several d a ta  have  po in ted  to the role of the  ep i th a la m ic  region in the  con tro l  of  salt 
and  w a te r  m etabolism . T h e  presen t  experim ents  were u n d e r ta k e n  to clarify w he ther  the  m edial 
h ab en u la r  nucleus (N H M ) is invo lved  in t h a t  func tion .  T h e  problem  was ap p ro ach ed  from  
two angles a n d  the  following obse rva t ions  were m ad e :  1. T h e  NH M  was des troyed  b i la te ra l ly  
and  nuc lea r  vo lum e of the  ad renocortical  cells was assessed. T w o weeks a f te r  the in te rv en t io n  
there  was a significant decrease  in nuclear volume o f  the  zona  glomerulosa cells, while no 
change  occurred  in the  fascicula te  zone. 2. A d is tu rb an c e  of sa lt  and w a te r  m e tab o lism  was 
induced and  nuclear  vo lum e o f  th e  NH M  cells was e s t im a te d .  Salt load (2 X 4 ml of 3 %  NaCl 
th ro u g h  a gastr ic  tube)  for  3 3 days  caused a s ign if ican t  decrease  in the nuclear v o lu m e  of
NHM cells. T re a tm e n t  w i th  2 x 1 0  ml of physiological saline daily  for 3 days  h ad  a similar 
effect, b u t  a f te r  5 days  the  effect ceased. Five or e leven d a y s  af te r  ad rena lec tom y,  th e  NHM 
nuclei increased in volume. Rased on the  above o b se rv a t io n s  it is assum ed t h a t  the  NHM 
plays a role in the  regu la t ion  of salt and w a ter  household.
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C yto-h istom etric  Studies o f  Sarcom a

E. C. Craciun and  C. G. Tasca

(Victor Babes I n s t i t u t e  of  Pa tho log ica l  A n a to m y ,  B uchares t)

S a rc o m a s  of different cy to-h isto log ical  types  a re  o f ten  unsu i tab le  for b io -m ic rom etr ic  
i n v e s t ig a t io n ,  as their  cells do n o t  a lw ays  show c lear cu t  cytoplasm ic  borders ,  b ecause  th ey  
keep  t h e  u s u a l  architectonics of  connec tive  tissue,  w i th  occasional cy top lasm ic  processes 
f o r m in g  b r id g es  between the  cells. Moreover,  i f  dense  enough, hya lop lasm ic  s t ru c tu re s  are 
seen u n d e r  th e  phase  con tra s t  m icroscope.  More f a v o u ra b le  for s tu d y  are th e  sa rco m as  of 
l y m p h a t i c  a n d  myeloid tissues, b u t  ev en  in  these th e  r e t icu la r  elements,  as well as h is t iocy tes  
a n d  t h e i r  po lyb las t ic  forms are o f t e n  d iff icult  to d ifferen tia te .

T h u s ,  we found i t  co n v en ien t  to  app ly  only k a r y o in te rk a ry o m e t ry  for m o s t  of  the  
g l io s a rc o m a s  an d  common sa rcom as ,  an d  to  use c y to m e t r y  and  in te rc y to m e t ry  on ly  when 
th e  c y to p l a s m  has  clearly defined outlines.

N u c le a r  volume (Pu ff  fo rm u la )  a n d  cellular v o lu m e  (based on th e  prev ious one) were 
m e a s u r e d  in  50 —1000 cells, t a b u l a t e d  as log-values, a n d  p resen ted  in graphs,  to g e th e r  with 
t h e  i n t e r n u c l e a r  and  in tercellu lar  d is tances .

W h e n  such  objective f in d in g s  are com pared  d u r in g  follow u p  exam in a t io n s ,  th e  b io ­
log ica l  c o n d i t io n s  can be expressed  well for each p a t i e n t  an d  it  becomes possible ob jec t ive ly  
to  e v a l u a t e  th e  prognosis and  th e  t h e r a p e u t i c  m eth o d .

T h e  m e th o d  is especially su i tab le  for  rou t ine  w ork  in the  hospital  l a b o ra to ry  a n d  all 
w h a t  is n e e d e d  is a m icrometric  device.

C atech o lam in e  Synthesis a n d  Storage by th e  In te rm ed ia te  P itu ita ry  Lobe

K . Szabó and  T. D o n á th

(Ins t i tu te  of A n a to m y ,  U n ivers i ty  Medical School, B ud ap es t)

O n  t r e a tm e n t  with  p a ra fo rm a ld e h y d e ,  an  in ten s iv e  yellowish-green f luorescence  of 
th e  r a t ’s in te rm ed ia te  p i tu i ta ry  lobe  was noted . N europharm aeo log ica l  s tudies  h a v e  shown 
t h a t  t h e  cells of  the  in te rm ed ia te  lobe  con ta ined  p r im a r y  catecholam ines in h igh  c o n c e n t r a ­
t io n ,  i n  t h e  fo rm  of small granules.  T h e  cellular catecho lam ines  form ed w ith  p a ra fo rm a ld e h y d e  
a c o n d e n s a t e  which showed a specific  fluorescence, w as  in s tab le  in UV light,  resis ted  reserpine 
a n d  w a s  n o t  influenced b y  MAO in h ib i to rs .  This w o u ld  m ean  t h a t  the  ca techo lam ines  in  the 
p i t u i t a r y  a re  l inked with bonds  o th e r  t h a n  those in  t h e  nerve terminals.

O n  t r e a tm e n t  w ith  L -D o p a ,  t h e  cellular f luorescence  increased m ark e d ly  an d  th e  cells 
i n c o r p o r a t e d  the  L-Dopa an d  t r a n s fo rm e d  it  to d o p am in e .  The  increase in in te n s i ty  could 
be  p r e v e n t e d  by  blocking th e  d e ca rb o x y la se  a c t iv i ty .  This  indicates  t h a t  th e  cells of  the 
i n t e r m e d i a t e  p i tu i ta ry  lobe c o n ta in  large am o u n ts  o f  decarboxylase  and  accord ing ly  p lay 
a ro le  n o t  on ly  in the storage, b u t  also in the  b iosyn thes is  of catecholamines.

I n  th e  area  bordering  th e  poste r io r  p i tu i t a ry ,  m a n y  m onoam inergic  ne rve  te rm in a ls  
se n s i t iv e  to  th e  appropria te  d ru g s  were  d e m o n s tra ted .  T h e ir  close re la tionsh ip  w i th  t h e  cells 
s u g g e s te d  th e  role of a m ono am in erg ic  m echanism  in  th e  in te rm ed ia te  lobe’s endocrine  fu n c ­
t io n  w h ic h  is the  control of th e  sec re t ion  of the m elan o cy te -s t im u la t in g  horm one.

RNA Production  by Thyroid E p ithe lium  of N orm al 
and  D ecap ita ted  Chick Em bryos

B. Mess and  K. S trazn icky

( Ins t i tu te  of A n a to m y ,  U n iv e rs i ty  Medical School, Pécs)

A cco rd in g  to earlier s tud ies ,  the  D N A  p ro d u c t io n  of thyro id  ep ithe lium  is m a rk e d ly  
in f lu e n c e d  b y  the  onset of p i tu i t a r y  T S H  secretion. T S H  causes an  a b ru p t  decrease  o f  the 
i n te n s e  D N A  p roduc tion  c h arac te r i s t ic  of young  em b ry o s  and  sim ultaneous ly  th e  secre t ion  of
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thy ro id  horm one begins. The  question was to  w h a t  an  e x te n t  R N A  synthesis followed the 
change in DN A  syn thes is ,  viz. how far it was influenced by  T SH .

U p ta k e  of 3H  cy tid ine  by the thy ro id  ep i th e l iu m  of no rm al  and d e c a p i t a te d  chick 
em bryos of similar age was exam ined  by a u to r a d io g ra p h y  be tw een  the  8 th  a n d  1 4 th  days  
of incubation .  In  the case of decap ita ted  em bryos ,  viz. those  developing w i th o u t  T S H ,  bo th  
UNA nnd DNA synthes is  tended  to decrease w i th  age. In  con tras t ,  in norm al e m b ry o s ,  a t  
the onset  of  T S H  secre t ion  on the 11th day, th e re  was a crit ical fall of 3H -cy t id in e  u p ta k e  
by the  thy ro id  g land, showing only a minor p a r t  of the  a c t iv i ty  observed in 8 -day  em bryos .

H istochem ical and  E lectron  M icroscopic S tudy of P arafo llicu lar “ C”  Cells 
in th e  R at Thyroid Follow ing N ervous In jury

K. Hollosi a n d  T. K erényi

( In s t i tu te  of  Pa th o lo g y ,  Balassa J á n o s  H o sp ita l  a n d  II .  D e p ar tm en t  
of Pa tho log ica l  A na tom y, U n iv e rs i ty  Medical School. Budapest)

T h o u g h  the  pa rafo l licu lar  thyroid  cells h a v e  been kno w n  for several decades ,  their  
origin, s t ru c tu re  and  func tion  have been clarified on ly  recen tly  by electron microscopic,  
h istochemical a n d  fluorescence exam inations ,  pharm aco log ica l  experim ents  a n d  c linical and  
pa thological observations.  I t  has been shown t h a t  these  cells are re la ted  to the  m o n o am in erg ic  
m echanism  and  secrete some addit ional  horm ones ,  such  as thyrocalc i tonine,  b ra d iq u in in e  
and p ro tag land ine .  A n  electron  microscopic s tu d y  of the  r a t  thy ro id  revealed in th e  p a r a ­
follicular cells secretion  granu les  which were the  c o u n te r p a r t s  of the  fine phase of th e  argyro-  
philic granules  show n by  light microscopy. T he  e lectron  microscopic c o u n te rp a r t s  of  the 
coarse phase were res idual  bodies which showed l ipofuscin  properties .  In  the  pa rafo l l icu la r  
thyro id  cells and CNS of n eu ro trau m a tized  ra ts  a m o d e ra te  increase and coarse r  g r a n u ­
lation of lipofuscin granu les  was seen. I t  a p p ea rs  t h a t  lesions of this ty p e  develop  by 
a similar m echanism  in b o th  the central  and the  p e r ip h e ra l  nerve s tructures.

U ltra s tru c tu ra l Study of the  H u m an  A drenal M edulla

K. Lapis and  I. Benedeczky

( I n s t i tu t e  of Pathological A n a to m y  an d  Pa thohis to logy ,  
P o s tg ra d u a te  Medical School. B ud ap es t)

For the s tu d y  of the  u l t ra s t ru c tu ra l  o rg an iza t io n  of the h u m an  ad rena l  m edu l la  
p ractically  only surgical specimens removed from  p a t i e n ts  suffering from  var ious  diseases 
are available.  In  the  p re sen t  s tu d y ,  the u l t r a s t ru c tu ra l  p ropert ies  of adrenal m edu l la  from  
p a t ien ts  w ith  B u e rg er’s disease and inoperable  b re a s t  cancer  were examined. P re - f ix a t io n  
in g lu ta ra ldehyde  allowed the  d ifferentia tion  of ad rena line  an d  noradrena line  p ro d u c in g  
cell types.  The  ad rena line  and  noradrenaline  g ranu les  were fo u n d  to measure  3000 an d  2000 À 
in d iam ete r ,  respectively .

No no tab le  u l t r a s t r u c tu r a l  difference was fo u n d  in th e  nuclei and cytoplasm ic organelles  
of  adrena l  m edu l la ry  cells between pa t ien ts  w ith  B uerger’s disease and  those w ith  b re a s t  
cancer. T he  in d iv id u a l  cell organelles showed no pa tho log ica l  altera tions.  T he  on ly  con­
spicuous difference was t h a t  in Buerger’s disease th e  cells con ta ined  m any  lysosom es a n d  
lipofuscin granules,  whereas in b reast  cancer there  was a m a rk e d  increase in the  n u m b e r  
of lipid droplets.  A t  the  b o rd e r  between adrenal m edu l la  a n d  cor tex ,  special t r an s i t io n a l  cells 
of cor ticom edulla ry  a rch i tec tu re  were seen, which  co n ta in ed  tubulovesieular  m i to c h o n d r ia  
typical of  cortical cells, an d  catecholam ine  g ranu les ,  in a d ja c e n t  location.

Since no sign if ican t  difference has been fo u n d  in th e  u l t ra s t ru c tu ra l  o rg a n iz a t io n  of 
adrena l  m edulla  b e tw een  p a t ie n ts  with Buerger’s disease a n d  those  with b reast  c ancer ,  i t  is 
assumed, tha t  the  subm icroscopic  appearance  of th e  ex am in ed  specimens essentia lly  co rre ­
sponded to th a t  of the  no rm al  adrena l  medulla.
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S ecre to ry  Activity o f th e  A dreno inedu llary  Cell Nuclei in  th e  R a t

K. Benedeczky and  G. V irág h a lm i

(In s t i tu te  of Pa tho log ica l  A n a to m y  a n d  Pa thohis to logy ,
P o s tg ra d u a te  Medical School,  B ud ap es t)

U l t r a s t r u c tu r a l  cy tom orpholog ic  s tudies y ie lded  extensive  evidence of th e  role in 
se c re to ry  f u n c t io n  of the  different  cy top lasm ic  organelles. However,  d a ta  are scarce as to  the  
se c re to ry  a c t iv i t y  of the  cell nucleus.  In  th e  p re se n t  s tud ies  vigorous adrena line  secre t ion  
was in d u c e d  b y  excess insulin  t r e a tm e n t  in  albino r a t s .  P r io r  to the  phase  of h o rm o n e  r e sy n ­
thes is  5 - f lu o ro u racy l  or a c t inom yc in  D was given w i th  th e  a im  to disclose an  e v e n tu a l  cor­
r e la t io n  b e tw e e n  inh ib i t ion  of n u c lea r  D N A  and  R N A  synthesis by  these  d rugs  a n d  th e  
sy n th e s i s  o f  catecho lam ine  by  th e  g landu la r  cells. 5-fluorouracy l  t r e a tm e n t  w as followed 
b y  a  r e d u c t io n  of nuc lear e lectron  dens i ty  in  the  phase  of resynthes is ,  whereas ac t in o m y c in  D 
t r e a t m e n t  in d u ce d  a segregation of th e  nucleoli. T he  d i s tu rb an c e  of granulogenesis m an ifes ted  
i tse l f  w i th  th e  appearance  of e m p ty  secretion g ranu les  o f  low electron density .  I t  is a ssum ed  
t h a t  n u c le a r  D N A  and  R N A  sy n thes is  has a d i rec t  in f luence  on in t racy to p lasm ic  g ra n u lo ­
genesis ,  t h r o u g h  storage an d  t r a n s p o r t  of genetic  in fo rm at ions .

U ltras tru c tu re  o f th e  A drenal Cortex of R at Em bryos 
from  H ypophysectom ized M others 

B. B uku lya ,  I. Ökrös a n d  D. Szabó

( I n s t i t u t e  of E x p e r im en ta l  Medicine, H u n g a r ia n  A cad em y  of Sciences, B u d a p es t)

N o rm a l ly ,  the  endoplasm ic  re t icu lum  and  m ito c h o n d r ia  of em bryonic  ad ren a l  cells 
t e n d  to  t r a n s f o rm  after  the  15th d a y  of foeta l  life in to  t h e  vesicular  type  organelles rem in iscen t  
of  t h e  z o n a  fascicu la ta  cells of a d u l t  animals . E a r l i e r  s tud ies  by  others and  ourselves h a v e  
sh o w n  t h a t  A C TH  accelerates th e  t ran s fo rm a t io n  to  vesicular  organelles. In  th e  p re sen t  
s tu d ie s  a n  a t t e m p t  was m ade  to clarify w h e th er  a n  A C T H  deficiency caused b y  m a te rn a l  
h y p o p h y s e c to m y  would influence the  u l t r a s t ru c tu re  of embryonic  adrena l  cell organelles. 
M a te r n a l  h y p o p h y se c to m y  was pe rfo rm ed  on th e  1 5 th  d ay  of p regnancy  a n d  th e  foe ta l  
a d re n a ls  w ere  processed on the  21st  day. I t  a p p e a re d  t h a t  p o s t -h y p o p h y sec to m y  ACTH- 
de f ic iency  d id  no t  inhib i t  e i the r  qu a li ta t iv e ly  or q u a n t i t a t iv e ly  the v es icu lar - type  t r a n s ­
f o r m a t io n  o f  endoplasm ic re t icu lu m  and  m ito c h o n d r ia ,  b u t  ra th e r  enhanced  i t  s l ightly .  This  
im p l ies  t h a t  m a te rn a l  ACTH has no direct influence  on th e  developm ent of the  ty p ic a l  u l t r a ­
s t r u c tu r e  o f  em bryonic  adrena l  cells.

C yclohexim ide-induced U ltra s tru c tu ra l C hanges in  the R at A drenal Cortex

D. Szabó, I. Ökrös a n d  Cs. Dzsinich

( I n s t i t u t e  of  E x p e r im en ta l  Medicine* H u n g a r i a n  A cad em y  of Sciences, B u d a p e s t )

C yclohex im ide  (CHI) ra p id ly  decreases cor tico id  synthesis and  increases t h e  free 
c h o le s te ro l  c o n te n t  of the  ad rena l  cortex. In  a n im a ls  t r e a te d  w ith  C HI, A 5 p regneno lone  
a n d  A C T H  enhanced  th e  syn thes is  of corticoids a n d  s im ultaneously  increased th e  a m o u n t  
of f ree  cho les te ro l  in the  ad rena l  cortex.  I t  was e x a m in e d  w he ther  the  b iochem ical  changes 
fo l low ing  C H I  t r e a tm e n t  h ad  caused  u l t r a s t r u c tu r a l  a l te ra t ions  involving the  organelles of 
c o r t ica l  cells. I n  the  cells of the  fascicula te  zone, agg reg a te s  of granules were seen b e tw een  the 
cell o rg an e l le  which fo rm ed  o f ten  double concen tr ic  m em branes ,  or som etim es  a net- l ike  
s t r u c tu r e .  Para lle l  to corticoid syn thes is ,  the  en d o p la sm ic  re ticulum  varied  in a p p ea ran ce :  
in t h e  cells of  the  fascicula te zone of the  adrena l  co r te x  f rom  animals t re a te d  w i th  C H I  alone, 
o n ly  cross-sec tions  of a few vesicles were seen in  a d d i t io n  to the  g ran u la r  su b s ta n c e ,  while 
on  t r e a t m e n t  w i th  CHI -J- A C T H  vesicular  e n d o p la sm ic  re ticulum , rem in iscen t  of  t h a t  of 
th e  c o n tro ls ,  was apparen t .

I t  is believed t h a t  the  g ra n u la r  su b s tan ce  rep re se n ted  one form of free cholesterol,  
w h ic h  m a y  give rise — un d e r  th e  influence of the  tech n ica l  procedure — to th ick  conspicuous 
m e m b r a n e  sys tem s.
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C arbohydrate M etabolism  in the R egenerating  Jo in t S urface

H. Eva Oláh, Cs. H adházy ,  О. Kalali ii  Amliássy. В. Mamii a n d  E v a  Kiss

( In s t i tu te  of  A n a to m y ,  Histology and  Em bryology ,  
and  In s t i tu te  of Medical C hem is try ,  U nivers i ty  Medical School. D ebrecen)

T b c  early proliferative t issue lay e r  formed on jo in t  surfaces a f te r  K ro m p ech e r  
P u k y ’s semi-joint surgery develops to  a car t i lag inous tissue. Parallel  to  th is  m orphologically  
well defineable  change, b iochemical changes  are also tak ing  place, of  which  th e  increase of 
m ucopolysaccharides appears  to be the  m os t  conspicuous. The  m u co p o ly sacch a r id e  com­
po n en ts  are supposed to form in th e  course  of c a rb o h y d ra te  m etabolism. A s t u d y  of the  carbo­
h y d r a te  m etabo lism  of the  p ro l ife ra t ive  t issue showed t h a t  in the  70 p o s to p e ra t iv e  d a y s  the 
hexosam ine  con ten t  decreased, w h e reas  O ,  u p ta k e  and lactic acid p ro d u c t io n  (glycolytic  
ac t iv i ty )  decreased after  an  init ial  rise. However,  no t  all glycolytic  e n zy m es  followed the 
changes of glycolytic  activity .

Phosphog lucom utase  ac t iv i ty  decreased, while phosphohexose- isom erase  act iv ity  
increased. Prior  to the 33-day period  of g radual  avascu lar izat ion  an d  c ar t i lag inous  t ran s ­
fo rm at ion ,  phosphofruc tok inase  a c t iv i ty  showed first  m ax im u m  th e n  te n d e d  to  decrease. 
S im ultaneous ly ,  there  was a sh a rp  rise of hexosam ine-syn the tase  (h exose-6 -phosphate  t rans -  
aminose) act iv ity .

H istochein ical and B iochem ical E xam in a tio n  of In tac t and R eg en era tin g  Jo in t 
C artilage Follow ing P ro longed  P rednisolone T re a tm e n t

S. K. K os tenszky  and  H. Éva Oláh

( In s t i tu te  of A n a to m y ,  Histology and E m b ry o lo g y ,
U nive rs i ty  Medical School. Debrecen)

I'he effect of 70-day prednisolone  t r e a tm e n t  on in tac t  and regene ra t ing  jo in t  cartilages 
o f  dogs was exam ined  h is tochem ically  a n d  b iochemically  with special re g a rd  to  the  behaviour 
o f  the  m ucopolysaccharide  com ponen t .

In  the  in ta c t  cartilage,  th e  t r e a tm e n t  did n o t  seem to cause his to logical  and  histo- 
chemical changes.

Biochemical assay showed no a l te ra t io n  of the  to ta l  hexosamine  c o n te n t  a n d  an  about 
10%  decrease of the  ga lactosam ine  co n te n t .  The  uron ic  acid co n te n t  decreased  s ignificantly  
as co m p ared  to the  controls, as assessed by Dische’s carbazol m ethod ,  while i ts  decrease  was 
lesser when  e s t im a ted  by  B ro w n ’s orcinol method.

T he  effect of prednisolone on car t i lage  regenerat ion  was e x am in ed  a f te r  K r o m p e c h e r -  
P u k y ’s semi-joint operation. In  th is  case the  regenerat ing  tissue c o n ta in ed  chiefly  young 
car t i lage  cells of  fibrous ap p ea ran ce ,  a n d  vessels na rrow er th an  norm ally .

In the newly formed car t i lage  of the  a r t icu la r  surface there was an  increase  in to ta l  
hexosam ine  con ten t  resulting from  an  increase  of ga lactosam ine ,  an d  b o th  m e th o d s  of assay 
showed a significant increase of u ron ic  acid con ten t .  This implies t h a t  u n d e r  th e  influence of 
prednisolone  the  m ucopolysaccharide  c o m p o n en ts  behave  in a different w a y  in no rm al  and  in 
reg en e ra t in g  jo in t  surfaces.

T otal A drenal E x trac t E n h an c in g  V ascularization  and  O ssification

A. F. Kiss and  S. Szabó

( In s t i tu te  of A n a to m y ,  Histology and Embryology .
U nive rs i ty  Medical School, Debrecen)

T h e  vascularization  p ro m o tin g  act ive  subs tance  in to ta l  a d ren a l  e x t r a c t  has  been 
s tu d ied .  E x tin c t io n  coefficients of  UV a n d  visible light spectra  and  a b so rp t io n  m a x im a  of
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e x t in c t io n  curves of the e x t r a c t e d  aq u eo u s  phases in d ica ted  th e  presence  of proteins,  proteids,  
nuc leo t ides ,  lipids, haem oglob in  deriva t ives ,  and co m p o u n d s  w i th  a porphyrine  base. The 
cu rve  o f  th e  infrared a b so rp t io n  sp e c tru m  of e the r ,  p e t ro leu m  benzene, and  chloroform 
e x t r a c t s  of the  rest  subs tance  in d ic a te d  the presence of g lyce ra te s  o f  various sa tu ra te d  and 
u n s a t u r a t e d  f a t t y  acids, a n d  in t h e  e ther  ex trac t  th e  presence  of lipids.  According to the  
sp ec tro p h o to m e tr ic  findings ,  va sc u la r iz a t io n  of um bil ica l  cord  pieces t r an sp la n ted  onto 
ch o r ioa l lan to ic  m em brane  w as  b e s t  p ro m o te d  by the  t e s t  su b s ta n c e ’s e ther  e x tra c t  a n d  i ts  
aq u eo u s  residue, though  even  in  th is  case vasculariza tion  d id  n o t  exceed  58 and  53% , respec­
t ive ly ,  as re la ted  to results  w i th  t h e  crude extract .

T h e  vascular iza tion  p ro m o t in g  act ion  of to ta l  ad ren a l  e x t r a c t  m ay  be regarded  as 
a co m p le x  effect of the  a d re n a l  m ed u l la  and  cortex ,  w i th  a therm olab i le ,  non-dialysable  
large  m olecu la r  protein-like (e n z y m e ? )  substance as i ts  ch ief  co m ponen t .

Study o f th e  O steo-hem atopoietic  U n ity

E. Tarsoly

( In s t i tu te  of  A n a to m y ,  Histology an d  E m b ry o lo g y ,
U n iv e r s i ty  Medical School, D ebrecen)

T h e  in te rac t ion  b e tw een  b o n e  and  bone m arrow  has  been  s tu d ied  on the basis of the 
m orpho log ica l  and  physiological re la t ionsh ip  described b y  Y e reb y — R öhlich ,  and the pathologic  
an d  th e ra p e u t ic a l  re la tionsh ip  d esc r ibed  by K ro m p ech e r  w h o  te rm e d  these re la tions as 
o s teo -haem atopo ie t ic  u n i ty .  O n  a phylogenetic  basis, th is  u n i ty  can  be ex tended  also to 
r e g en e ra t io n  and  its s t im u la t ion .

S tu d y in g  the  reg en e ra t io n  of b one  and bone m arro w  in  bone  cavit ies  a n d  after  frac tu res ,  
i t  w as  fo u n d  to take  place in  a phy logenetic  sequence. S t im u la t io n  of bone regenerat ion  
e n h a n c e d  also the  regenera t ion  of t h e  bone marrow. A l te ra t io n  of b one  regenerat ion  b y  dif­
f e re n t  h o rm o n a l  and r i ck e ts - in d u c in g  processes resu l ted  in a p a tho log ic  change in the  bone 
m ar ro w .  T h e  pathological u n i ty  a c ts  also during regenera t ion .  T h e  p re sen t  experim ents  have 
s u p p o r te d  the  existence of t h e  osteo -haem atopo ie t ic  u n i ty  a n d  i ts  m ult ip le  and extensive  
rea l iza t ion .

A H istochem ical S tudy  of M ineralization  D u rin g  O ssification

M. Petkó, L. Módis, I. Földes, M. Gyurkó, M. K e r n  a n d  Á .  Józsa

( I n s t i tu t e  of Histology a n d  E m bry o lo g y ,  U n iv e rs i ty  Medical School, Debrecen)

T h e  deposition of m inera ls  is an  im p o r ta n t  phase  of ossif ication. The follow-up of 
th is  p rocess  requires h ighly sen s i t iv e  and  specific m ethods .  In  the  p re sen t  experim ents  we 
co rre la ted  the  results  o b ta in e d  w i t h  t rad i t iona l  (Kossá ,  Gornori,  a lizarin  red S) and  new 
m e th o d s  ( te tracyc lin ,  f lu o rex o n  a n d  morine fluorescence; N ,  N -n ap h ta ly l-h y d ro x y la m in e ,  
p o la r i sa t io n  optical and ch lo ran il ine  acid techniques). T he  spec if ic i ty  of the  histochemical 
p ro ced u re s  was assessed by  co n tro l  tes ts  ( ,5Ca a u to ra d io g ra p h y  in  v i t ro ;  de te rm in a tio n  of 
C a n d  P  b y  chemical analysis).  T h e  com parison  of the  resu l ts  y ie lded  b y  the  different m ethods  
seems to  allow a d ifferentia tion  of t h e  calcification and  m in e ra l iza t io n  processes.  In  the  p resen t  
s tu d y  i t  was used to follow u p  th e  postem bryon ic  chondra l  bone deve lo p m en t  of the  albino 
r a t  a t  10, 30, 40, 60 and 90 d a y s  o f  age. The  deposition  of m in e ra l  sa l ts  was corre lated  w ith  
the  ch an g es  of the  organic m a t r i x  (MPSs).  The close re la t io n sh ip  be tw een  m ucopolysaccharides 
an d  ch a lk  com pounds  was c o n f i rm ed  by  the  process of  ca lc if ica t ion  induced  in the  kidney. 
C o m b in a t io n  of f luorochrom e s ta in s  in vivo allowed a s tu d y  of m ineral iza t ion  dynam ics  
u n d e r  b o t h  no rm al  and e x p e r im e n ta l  conditions.
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C orrelation betw een Specificity and  Chem ical S tru c tu re  
in th e  H istochem istry  of Acid M ucopolysaccharides

L. Módis, I. Földes, II. Éva  Oláh and  В. Szabó

( I n s t i tu t e  of  A n a to m y ,  Histo logy and  E m bryo logy ,
U nive rs i ty  Medical School.  Debrecen)

The  histochemical va lu e  of 120 diverse cat ion  dyes has been ex am in ed  in acid muco­
polysaccharide  rich t issues (cart i lage,  m as t  cells, cornea). The  results  o b ta in e d  u n d e r  id e n t ica 
s ta in ing  conditions h a v e  been com pared  w ith  regard  to specificity. The  se lec t iv i ty  of the 
in d iv idua l  reactions was checked  by digestion, blocking, a u to ra d io g ra p h y  a n d  o th e r  methods.  
An a t t e m p t  was m ade  to d e m o n s tr a te  a corre lation  be tw een  the  q u a li ty ,  n u m b e r  and  loca­
t ion  of auxochrom ic a n d  chrornophoric  cat ion  dyes and  the h is tochem ical  resu lts .  U n d e r  the 
given conditions, se lec tiv i ty  depended  on the  n u m b er  and  position  of free auxochrom es. 
T he  results were confirmed by  model experim ents ,  pap er  ch ro m a to g ra p h y  a n d  spectrophoto- 
m etr ic  m easurements .  H istochem ica l  specifici ty could be increased by  the selection of fluoro­
chromes w ith  favourab le  cat ion ic  properties;  also, i t  appeared  t h a t  the  h is tophysica l  and 
h is tochemical re la tions of f luorescence had  ad van tageous ly  com ple ted  each  o ther .  Some new 
h istochemical m ethods  are described of which the  two-phase  f luorescent  m e ta c h ro m a t ic  flavo- 
phosphin  reac tion  ap p ea red  to  be m ost  promising, as it allowed the  d if fe ren tia t ion  b y  TJV 
spec tro p h o to m etry  of th e  tw o  acid mucopolysaccharides heparin  a n d  c h o n d ro it in  sulphate.

Im m uno log ica l and Im m unoh istochem ical Study 
o f C ontractile  P ro teins of the  Calf C arotid

G. Conti, B. Mamii,  L. Laszt and  A. Mariangela

( In s t i tu te  of A n a to m y ,  Histo logy and  E m bryo logy ,  U nivers i ty  Medical School.
Debrecen an d  In s t i tu t e  of General Em bryo logy ,  F r ibourg ,  Sw itzer land)

T onoactom yos in  was iso la ted  from lbe com m on carot id  a r te ry  of the  calf  by  Laszt 
and  H am o ir ’s m ethod.  By f rac t io n a t io n  of this  p rote in  with a m m o n iu m  su lp h a te ,  tono- 
m yosine and F-actin  were ob ta ined .  The  p u r i ty  an d  imm unological  p ropert ies  of the  isolated 
p ro te ins  were exam ined  w ith  the  double agar  gel diffusion p rec ip i ta t ion  tes t ,  u s in g  antisera  
specific to tonoac tom yos in  a n d  tonom yosin .  I t  was found  t h a t  to n o ac to m y o s in  con ta ins  at 
leas t  4, whereas to n om yos in  2 com ponen ts  of antigenic  na tu re .  T he  origin  of these com­
pon en ts  was studied by biochemical and imm unologica l  m ethods .  Using an t i se ra  labelled 
w ith  fluorescein i so th y o cy a n a te ,  the in trace l lu la r  localisation of con trac t i le  p ro te ins  was 
exam ined  im m unohis tochem ically .  The m orphologically  different muscle cells o f  th e  media 
con ta ined  both  to n o ac to m y o s in  and  tonomyosin .

Serum  M ucopolysaccharide F ractions 
in E xperim en ta l Hypo- and H yperthyroidism  in the R a t

B. Mamii

( I n s t i tu t e  of  A na to m y ,  Histology a n d  Em bryo logy ,
U n iv e rs i ty  Medical School,  Debrecen)

In clinical and e x p er im e n ta l  studies ,  K ro m p ech e r  et al. have  d e m o n s t r a te d  a close 
re la tionsh ip  between th y ro id  fun c tio n  and the serum  m ucopolysaccharide  level. In t h e  re levan t  
e xper im en ts  chiefly the  changes of se rum  hexosainine level were s tud ied .  T h e  dissimilar 
b eh av io u r  of serum m ucopo lysaccharide  frac t ions has been extensively  r ep o rted  in the  l i te ra ­
tu re .  T he  presen t  e xper im en ts  were perform ed  on 58 albino rats .  The  hexosain ine,  g lycoprotein ,  
sialic acid a n d  fucose c o n te n ts  of the  serum  were exam ined  after  t r e a tm e n t  for 30 and  44 
d a y s  w ith  thy rox ine  a n d  m eth y l th io u rac y l ,  respectively.  T hyrox ine  caused a  decrease,  while 
m ethy l th iou racy l  an increase, in th e  q u a n t i ty  of  all exam ined  fractions.
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In fluence  of C o n stitu tio n a l Factors on th e  T ensile S treng th  
o f H um an Skin

I.  Gy. F a z ek a s ,  F. Kosa a n d  A. Basch

(In s t i tu te  of Forensic  Medicine,  U niversi ty  Medical School. Szeged)

T h e  behav iour  of h u m a n  sk in  on stretching, i ts  e la s t ic i ty  a n d  tensile  s t r e n g th  have 
been  s tu d ie d  primarily  f rom  th e  surg ical  (Jansen, R o t t ie r ,  G ibson,  K enedi ,  Craik), geriatric  
(Á rv á i ,  T ak ács ,  Verzár),  a n d  pa thophys io log ica l  (W ühlisch e t  ah .  Wenzel,  Rollhauser,  Zink) 
angles .  L i t e r a r y  d a ta  are,  how ever ,  s c a n ty  and  equivocal co ncern ing  th e  resis tance  to  s tre tch ing  
o f  t h e  sk in  in  the different b o d y  reg ions ,  in spite of th e  know ledge  of th e  mechanical  p ro p ­
er t ies  o f  h u m a n  skin being of im p o r ta n c e  in forensic m ed ic ine  as t h e y  m a y  he conclusive of 
t h e  fo rce  of impacts .

T h e  skin of different b o d y  reg ions  (scalp, neck, a n te r io r  t h o ra x ,  card iac  region, a b d o ­
m e n ,  b a c k ,  bu ttocks ,  up p e r  a n d  low er  a rm ,  thigh, legs) f ro m  121 corpses (71 men, 50 wom en) 
w as  e x a m in e d  with  an electric  tens i le  m eter  provided w i th  a n  a u to m a t ic  recorder.  Tensile 
s t r e n g th  was expressed in  t e rm s  of kg/1 cm skin w id th .  T h e  resu l ts  were s tud ied  according 
to  age g roups ,  body  regions a n d  sex  d is tr ibution . I t  was fo u n d  t h a t  th e  tensile s t re n g th  of 
t h e  h u m a n  skin varies s ign if ican tly  w i th  sex, body region a n d  age. S ta t is t ica l  analysis of the 
r e s u l t s  revea led  a corre lation  b e tw ee n  the  const itu t ion  a n d  th e  tensile s t re n g th  of the  skin 
in t h e  different  body regions.

E x p erim en ta l Hypoxia in  R a t Skin

B. M ária László

( I n s t i tu t e  of Histology a n d  E m bryo logy ,  U n iv e rs i ty  Medical School, Debrecen)

K ro m p ech e r  et al. h ave  re p e a te d ly  described the  role of  t issue h y pox ia  in m u co p o ly ­
sa c c h a r id e  formation. In  the  p r e s e n t  experim ents  the  changes  ind u ced  in r a t  skin an d  serum  
b y  a b r u p t l y  blocking the  local cap i l la ry  supply by  freezing have  been exam ined.  Freezing 
w as  c a r r ied  ou t  with  carbon  d iox ide  ice on the dorsal sk in  fo r  2 m inutes .  The  m ate r ia l  was 
p ro cessed  one half hour,  3 days ,  5 d a y s ,  and 14 days  a f te r  cold exposure.

A ccording to the  f ind ings ,  the  hexosainine c o n te n ts  in se rum  a n d  tissue reached  the 
m a x i m u m  on the  3rd d ay  a f te r  f reez ing  and fell to close th e  con tro l  va lue  by  the  14th day. 
I n  f u r t h e r  experiments ,  acid a n d  n e u t r a l  m ucopolysaccharides  were iso lated  q u an t i ta t iv e ly ,  
f ro m  th e  exposed areas an d  th e  p e rc e n tu a l  d is tr ibution  of som e of th e i r  typ ica l  com ponents  
w a s  de te rm in ed .  Consistent re su l ts  were obtained concern ing  t is su lar  hexuron ic  acid, sialic 
ac id  a n d  hexose contents  as well as se ru m  hexuronic acid ,  sialic acid, fucose and  seromucoid 
levels. T h e  local hexosainine p r o d u c t io n  of the hypox ic  sk in  was exam ined  in v i tro  in the 
W a r b u r g  a p p ara tu s ,  u n d e r  aerob ic  a n d  anaerobic condit ions ,  w i th  g lu tam ic  acid added.

Owing to the  d is tu rb an ce  o f  t issue m etabolism, a considerab le  increase of m uco p o ly ­
sa c ch a r id e s  took  place in th e  im p a i r e d  skin area as well as in  the  serum , th ro u g h o u t  th e  
p e r io d  o f  capillary occlusion.

D evelopm ent o f E lastic  Fibre u n d er F u n c tio n a l S train

A. K á d á r ,  В. Veress an d  H . Je lű n e k

(Seco n d  D e p a r tm en t  of P a th o lo g ic a l  A na tom y, U n iv e rs i ty  Medical School. Budapes t)

T h e  developm ent of e last ic  f ib re s  has been ex am in ed  b y  l igh t  a n d  e lectron microscopy 
in  t h e  r a t  embryo ,  the  n ew b o rn  r a t ,  experim ental  in t im ai  th icken ing ,  o rgan izat ion  of arte ria l  
g ra f t s ,  a n d  of surgical meshes.

Electronm icroscopica lly ,  t h e  e lem entary  un i ts  of  e lastic  f ibres were found  to be 
g r a n u le s  7 0 ^ 9 0  Â in d iam e te r ,  w i th  free basic groups. T hese  granu les  p a r t ly  form ed m ic ro ­
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f i lam ents ,  p a r t ly  aggrega tes  300 — 2000 Ä in d iam ete r .  T h e  aggrega tes  jo ined  to form m atu re  
elast ic lamellae or, according to  the  func tional  req u ire m e n ts ,  an  u n d u la t in g  in te rna l  elastic 
lam ina  in the  developing ao r ta  or in exper im en ta l  in t im a i  proliferations.

In c o n tra s t  to in t im ai  th icken ing ,  in sy n th e t i c  g ra f ts  a few iso lated  elast ic fibres 
developed exclusively in th e  segm ent close to the host  a o r ta  a n d  lum en,  where pu lsa tion  was 
still felt. In  the  case of surgical m eshes im p la n te d  in to  the  abd o m in a l  wall,  where  ne ither  tissue 
elast ici ty  is requ ired  in t h a t  sense as in the  ao r ta ,  nor  the  su p p o r t iv e  role of elastic fibres is 
needed, no elast ic f ibre  fo rm at io n  w h a tev e r  was observed.

Hole of Golgi A pp ara tu s  in M ucopolysaccharide Synthesis

I. Földes, L. Módis, L. Ju low  a n d  J .  Laezkó

( I n s t i tu t e  of  A n a to m y ,  H isto logy a n d  Em bryo logy ,
U n iv e rs i ty  Medical School, Debrecen)

The  precise role of the  Golgi a p p a r a tu s  is still unc lear .  M any  findings suggest secretion 
of lipid (P a lay  and  Bourne),  p ro te in  (F e rq u h a r  a n d  Welleings, Helander) ,  m ucoid and muco- 
p ro te in  (Pe tersen  a n d  L eblond)  by  th e  Golgi complex. R ecen tly ,  va r ious  enzym es such as 
a lkaline  and acid p h o sp h a tase ,  th iam in e  p iro p h o sp h a ta se ,  etc. have  been d e m o n s tra ted  in 
the  Golgi sys tem s of several o rgans  f rom  diverse a n im a l  species.

C om para t ive  ex am in a t io n s  have  been carr ied  o u t  using m eth o d s  sui table  for the 
d e m o n s tra t io n  of the  Golgi a p p a r a tu s  in cartilage,  sa l iv a ry  gland, adrena l,  thyro id  gland, 
nerve tissue of the  a lbino ra t .  T he  ty p es  of Golgi com plex  typ ica l  of cer ta in  organs or tissues 
were corre lated  w ith  the  resu lts  of p ro te in ,  lipid, c a r b o h y d r a te  and  enzym e histochemical 
reac tions  in the a p p ro p r ia te  cells. R esu l ts  ob ta ined  in n o rm a l  organs were com pared  to those 
found  in the  Golgi sys tem s of cells w i th  a ltered  sec re to ry  act iv i ty .  E v a lu a t io n  was made 
with  special regard  to the  re la tionsh ip  between m ucopo lysacchar ides  and Golgi appara tus .  
Based on these and  earlier  findings ,  a role in m ucopo lysacchar ide  syn thes is  is ascribed to the 
Golgi complex.

C ytochrom e Oxidase A ctivity  of V arious F a rts  of the N ervous System
in the Dog

Eva Kiss and  T. K ro m p ech e r

( I n s t i tu t e  of A n a to m y ,  Histology a n d  E m b ry o lo g y  
and I n s t i tu t e  of Forensic  Medicine, U n iv e rs i ty  Medical School, Debrecen)

I t  is know n t h a t  in an im als  of low order, c y to c h ro m e  oxidase  a c t iv i ty  of  the different 
tissues is low owing to  the  low oxygen supply  and  the  poorly  d if feren tia ted  c ircu la to ry  and 
resp ira to ry  organs.

Cytochrom e oxidase  ac t iv i ty  was studied  in v a r io u s  p a r ts  of the nervous sys tem  of 
dogs, using th e  modified  Pear l  Cascarano —Zweifach m ethod .  Those p a r t s  of the nervous 
sys tem  which occur also in low an im als  h a d  a low c y to c h ro m e  oxidase a c t iv i ty ,  whereas those 
which are re la ted  to h igher  s tages of phylogenetic  d ev e lo p m en t  showed a g radual  increase 
of the enzym e ac t iv ity .

E nzym e H istochem ical Processes in G anglial Cells 
o f the  R iver Mussel (U n io  p icto ru in )

M á r i a  N a g y

( In s t i tu te  of  A n a to m y  an d  Histo logy, U nivers i ty  of  V e te r in a ry  Medicine, Budapest)

The lipofuscin of ganglial cells from  river mussels of  var ious ages was exam ined  with 
different  m ethods  for the  presence of hydrolases (l ipase, non-specific  esterase ,  alkalin  phos­
pha tase ,  acid p h o sp h a tase ,  5’nucleotidase ,  cathepsin ,  A TPase)  and oxidases (succinic d e h y d ro ­
genase, m onoam inox idase ,  N A D I I 2 d iaphorase ,  c y to c h ro m e  oxidase).
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Since  lipofuscin is a coloured su b s ta n c e  w ith  a  complex s t ru c tu re ,  the  m e th o d s  of its 
en zy m e  h is tochem ica l  and l igh t  m icroscopic  e x am in a t io n  have  to be chosen a n d  e v a lu a te d  
w i th  p re c a u t io n .

O f  t h e  enzymes listed above,  a  posi t ive  reac t ion  was ob ta in ed  for non-specific  esterase, 
acid p h o s p h a ta s e ,  cathepsin, succinic d ehydrogenase ,  cy tochrom e oxidase, N A D H 2 d iaphorase .  
T he  r e a c t io n  p roduc ts  were localized in  the  fo rm  of granules on  the  surface of th e  l ipofuscin, 
or s u r r o u n d e d  i t  in  the  form of a l e t t e r  C or less often  O.

T h e  presence of the enzym es w as  n o ted  in more granules in young  th a n  in old animals ,  
b u t  e v e n  in  th e  former case n o t  all t h e  g ranu les  con ta ined  enzyme.

T h ese  localizations of en zy m e  reac t io n  p ro d u c ts  seem to  su p p o r t  the  view  t h a t  the  
l ipofuscin  g ranu les  consist of a cor tica l  a n d  a m ed u l la ry  p a r t ,  th e  form er con ta in ing  enzym es 
a n d  o th e r  substances ,  the  l a t t e r  chief ly  n e u tra l  fat.  The resu lts  suggest t h a t  m ito c h o n d r ia  
a n d  o th e r  cell organelles p lay  a role in  lipofuscin form ation . T heir  deve lopm en t  t a k e s  place 
t h r o u g h  t h e  “ segregosoma’Mike s t a te  described by Ericsson e t  al.

P re - a n d  P ostnata l C holinesterase A ctivity  in the  Chick and R a t H eart

Angéla  Gyávái

( I n s t i t u t e  of  E x p er im en ta l  M edicine,  H u n g a r ian  A cadem y of Sciences, B u d a p es t)

Cholineste rase  act iv ity  in  t h e  h e a r t  f rom  chick and  r a t  em bryos  and  n ew b o rn  and 
older r a t s  h a s  been exam ined  h is tochem ica l ly .  In  b o th  species, m yocard ia l  cholinesterase  
a c t iv i ty  w a s  demonstrable  prior  to  t h e  e n t ry  of the vagal nerve.  S ubsequen t ly ,  th e  ac t iv i ty  
ten d e d  to  increase  rapidly, th e n  d u r in g  ontogenesis to  decrease. Th is  reduct ion  w as incon­
sp icuous  w h e n  examined on success ive  days ,  whereas i t  was conspicuous w hen  e x am in ed  a t  
g re a te r  in te rv a ls .  The decrease o f  en zy m e  a c t iv i ty  w ent  paralle l  w i th  the  m orphological  
d i f fe re n t ia t io n  of the  cells, viz. w i th  th e  g rad u a l  cessation of the ir  act iv i ty .  S p o n tan eo u s  
a c t iv i ty  a n d  cholinesterase a c t iv i ty  o f  y o u n g  m yocard ia l  cells seems to  be re la ted .  T h e  su p ­
posed q u a n t i t a t i v e  re la tionships of  h e a r t  acetylcholine  co n te n t  dur ing  em bryon ic  develop­
m e n t  a re  discussed.

H isto ch em ica l and E lec tron  M icroscopic Study of In te s tin a l E p ith e liu m  
fro m  Y oung R um in an ts , w ith  Special R egard  to  P ro te in  A bsorp tion

B. Veress  a n d  K .  B a in tne r ,  J r .

(Second  In s t i tu te  of P a th o lo g ic a l  A n a to m y ,  U n ivers i ty  Medical School, 
and Research I n s t i t u t e  for  Anim al H u sb an d ry ,  B udapes t)

E p i th e l i a l  cells from the  in te s t in a l  segm ents  of d w arf  K a m ero n  goats were exam ined  
for m o rp h o lo g ica l  changes occurr ing  d u r in g  th e  abso rp t ion  of colostra l  pro te ins,  viz.  i n ta c t  
im m u n e  m ate r ia l .

C o m p ar in g  the in test ines of l a c t a t e d  new born  goats to those  of a d u l t  or colos trum - 
d e p r iv e d  n e w b o rn  animals, the  fo rm e r  h ad  in the  je ju n a l  an d  ileal ep ithe lium  eosinophil ic, 
PA S, n in h y d r in  and Schiff pos i t ive  d ro p le ts  v a ry in g  in size an d  filling the  entire  cell. A t  the 
m a rg in  o f  t h e  droplets a p ro n o u n c ed  a n n u la r  alkaline ph o sp h a tase  reac tion  an d  a lack  of 
acid p h o s p h a ta s e  act iv ity  was d e m o n s t r a te d .  E lectron  microscopically ,  m an y  p inocy to t ic  
vesicles w ere  seen among the  m icrovill i ,  w i th  cloud-like electron dense con ten ts .  I n  th e  apical 
p a r t s  o f  t h e  cells vesicles different  in  size were seen, with c o n ten ts  of va ry in g  d e n s i ty  b u t  
o therw ise  resem bling  the con ten ts  o f  p in o cy to t ic  vesicles. T he  vesicular  con ten ts  e n te red  the 
in te rce l lu la r  space by  reversed p in o cy to s is  a t  the  cell base which ap p ea red  m ark ed ly  b ro ad en ed  
as c o m p a r e d  to the  controls. A fte r  th e  th i rd  d a y  the  p inocy to t ic  ac t iv i ty  as well as th e  n u m b er  
of vesicles h a d  considerably decreased ,  t h e n  d isappeared ;  the  w id th  of the  in te rce l lu la r  space 
becam e n o rm a l  and the u l t r a s t ru c tu re  of the  epithelial  cells corresponded  to t h a t  of the  adult  
an im als .

T h e  f ind ings  indicate t h a t  colos tra l  p ro te in  u p ta k e  b y  p inocytosis  takes  place  also 
in r u m in a n t s :  during  their passage th r o u g h  th e  cell the  colostral  p ro te ins  are enveloped  by  
a m e m b r a n e .  This  c ircumstance m a y  p lay  a role in m acrom olecu la r  abso rp t io n  an d  th u s  in 
the  p a ss iv e  im m u n i ty  of the  new born .
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E lectron  M icroscopic O bservations on  Capillary In n erv a tio n

W. Lines

( In s t i tu te  of A na to m y ,  Friedr ich-Sch il ler-U niversi ty ,  Jen a )

F o r  the  inves t iga t ions  tissue samples o b ta in e d  from  the j e ju n u m  a n d  i le u m  of mice 
were util ized a f te r  f ix a t io n  in g lu ta ra ld e h y d e /O sO , or in OsO.,, and following e m b e d d in g  in 
Vestopal  W or E pon .  In  the  lam ina  propria  m ucosae  b lood  capillaries were f r e q u e n t ly  observed. 
In  the  ne ighbourhood  often  one or som etim es severa l  un m y el in a ted  nerves occu rred .  The 
axons  fo rm ing  such a nerve  are obviously v a ry in g  in num ber .  P a r t  of these a x o n s  con ta in ing  
nu m ero u s  vesicles is d ila ted .  T he  d i la ta t ions  are f r e q u e n t ly  localized in th a t  p a r t  of  th e  u n m y e l in ­
a ted  nerve which is tu rn ed  tow ards  the  capillary.  T h e  d is tance  of these v es icu la r  segm ents  
of the  axons from  the  pericytes  and endothelia l  cells was measured on e lectron  m ic rographs .  
T he  results  are discussed w ith  regard to cap il la ry  innerva tion .

D evelopm ent of the P a n e th  Cell Population 
in the Small In testine  o f  Y oung Mice

I. Möller

( In s t i tu te  of A na tom y, Friedr ich-Sch il ler-U niversi ty ,  Jena !

The  small  in tes t ine  of mice, from one to tw e n ty  d ays  old, has been in v e s t ig a te d .  The 
m ate r ia l  was analysed  q u a li ta t ive ly  and  s ta t is t ica l ly ,  tak in g  in to  considera tion  th e  ra t io  of 
P a n e th  cells to in te rm ed ia l  forms in each p a r t  of th e  small  intestine.  The e x p e r im e n t s  have 
confirm ed  the  o bse rva t ion  t h a t  the  developm en t  o f  th e  gut occurs from p ro x im a l  to  caudal.  
T here  are m an y  in te rm ed ia te  forms in the  f irs t  few days ,  whereas the n u m b e r  o f  P a n e t h ’s 
cells is still re la tive ly  small.  During the second week, the  P a n e th  cells increase in nu m b er ,  
the in te rm ed ia te  fo rm s begin to decrease a t  the  en d  o f  th e  second week. The th i rd  w eek  shows 
a fu r th e r  decrease of in te rm ed ia te  forms w ith  a co rresponding  increase of P a n e t h ’s cells, 
u n t i l  the  n u m b er  no rm al  for  adu lt  mice has been reach ed .

The  va r ious  possibilit ies of in te rp re t ing  th e  resu l ts ,  concerning the  d e v e lo p m e n t  and 
origin  of in te rm ed ia te  form s and P a n e th ’s cells, a re  discussed.

M orphodynam ics o f the Cerebral E piphysis in the Case o f S tress

V. Devecerski a n d  N. Sijacki

( In s t i tu te  of Histology and  E m b ry o lo g y ,  Novi Sad)

H is tochem ica l  changes of the ra t  pineal g lan d  were s tud ied  w ith  special re ference  to 
the lipid c o n ten t  of the  pinealocytes . The  anim als  were sub jec ted  to 24-hour im m o b i l i sa t io n  
du r ing  which they  were deprived  of food and  w ater .

Using the  c o m bina tion  of different m eth o d s ,  h y p e r t ro p h y  of p inea locy tes  a n d  their  
nuclei, c lear d if feren tia tion  of b righ t  and da rk  cells as well as the  abundance  o f  f loxinophil ic  
g ranu les  in th e  p inea loey te  nuclei have been obse rved  in the  experim ental  an im als .

Sudan  b lack  В reac tion  was less m ark ed  in th e  an im als  sub jected  to a c u te  s t ress .  The 
sudanophilic  subs tance  was less than  in the  con tro ls  a n d  occurred in the form  o f  dispersed  
b r ig h t  granules  of  u n ev en  size.

Results  were q u i te  different with Sudan  I I I .  T h e  reac tion  as a whole was defin i te ly  
expressed , an d  the sudanophilic  substance  was p re sen t  in larger am o u n ts  in th e  w hole  i n t r a ­
cellular space where the  granule-like and  larger fo rm a t io n s  of uneven  colour i n te n s i ty  are 
d o m in an t .

The  Oil Red 0 reac tion  was more expressed in t h e  experim en ta l  ra ts  w here  d a rk  red 
and red fo rm at ions  were observed in increased num bers .
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P h o s p h in  3R  revealed a considerab ly  wider f lu o re s ce n t  zone of uneven  in te n s i ty  in 
the  e x p e r i m e n t a l  th a n  in the  c o n tro l  animals.

N o n -sp ec if ic  esterase a c t iv i t y  was more e x p ressed  in  the  experim en ta l  an im a ls ,  
espec ia l ly  in  th e  v ic in i ty  of th e  cap i l la ry  vessels.

T h e  changes  found  are of  a progressive  c h arac te r .  H y p e r t ro p h y  of th e  g lan d u la r  cells 
a n d  th e i r  n u c le i  supports  th e i r  s t im u la te d  activity .  T h e  d ecrease  in the  q u a n t i ty  of m a te r ia l  
a f te r  t h e  ap p l ic a t io n  of S u d a n  b la c k  В points to t h e  m o b il isa t io n  of cer ta in  lipid classes, 
a cco rd in g  to  t h e  supposit ion  of L ison  and o ther w o rk e rs ,  especially of th e  phospholip ids .  
B o th  th is  f i n d in g  and  the  increased  a c t iv i ty  of non-specific  esterases suggest t h a t  in t h e  case 
of s t re s s  t h e  p inea l  gland releases la rge  am oun ts  of i ts  p r o d u c t  from  the  complex l ipid classes.

A s su m in g  t h a t  the  n e u t r a l  f a t s  are identif ied  w i t h  S u d a n  I I I  and  t r ig lycer ides w i th  
Oil R e d ,  i t  m a y  be concluded t h a t  t h e  reac t ion  is a re f lec t ion  o f  th e  special phase  of the  com plex  
lipid m e ta b o l i s m  in the  ep iphysea l  g lan d u la r  cells.

T h e  ab o v e  results are considered  to  support  the  h y p o th e s i s  t h a t  in addit ion  to m ela to n in s  
th e  e p ip h y s is  e laborates  some o th e r  active subs tances  o f  com plex  chemical s t ru c tu re  a n d  
b iological a c t iv i ty .

F unctional A natom y  of C orneal D egeneration

Ildikó Süveges

(D e p a r tm e n t  of O p h th a lm o lo g y ,  U nivers i ty  Medical  School, Debrecen)

C o rn ea l  degenerat ions,  p a r t i c u la r ly  its  h e red i ta ry  fo rm s ,  occur infrequently .  A ccord ing ly  
o p p o r tu n i t i e s  for their  h isto logical e xam ina t ion  are r a r e  a n d  m ost ly  l im ited  to  spec im ens  
excised  d u r in g  ke ra top la s ty .  In  th e  p re sen t  studies re t i c u la r ,  nod u la r ,  sp o t ty  famil ia r  d e g e n e ra ­
tions o f  t h e  cornea  and k e ra to co n u s  were exam ined  h is to logical ly .  An in te res t ing  f e a tu re  of 
these  t y p e s  of corneal d egene ra t ion  is t h a t  the  p a r t ia l  or co m ple te  discoloration of t h e  cornea  
tak e s  p la c e  w i th o u t  vascu lar isa t ion .

I n  ad d i t io n  to usual h is to log ical  methods,  c a r b o h y d r a te  assays were also done.
I t  w a s  found  t h a t  in r e t icu la r ,  nodular  a n d  s p o t t y  degenerat ion , th e  d e g en e ra t io n  

p r o d u c t  w as  similar,  differing on ly  in  localisation; in t h e  r e t i c u la r  form it  occurred in th e  u p p e r  
th i rd  o f  t h e  p a ren ch y m a ,  in th e  n o d u la r  form b e n ea th  t h e  ep ithe lium , and in the  s p o t ty  fo rm  
th r o u g h o u t  th e  p a renchym a.  A ccord ing ly ,  the  re t icu la r  a n d  n o d u la r  forms call for a lam ella r ,  
while th e  s p o t t y  form calls for a pe rfo ra t in g  k e ra to p la s ty .

Tensile S tren g th  of A bdom inal A poneuroses

B. Som ogyi,  Flora Undi a n d  M. Kausz

( I n s t i t u t e  of Histology a n d  Em bryo logy ,  U n iv e r s i ty  Medical School, B ud ap es t)

A po n eu ro ses  of the  a n te ro la te ra l  abdominal reg ion  were  tes ted  for resis tance to  tens ion. 
In  280 spec im ens  ob ta ined  f rom  fresh  cadavers , l e n g th e n in g  was de term ined  in abso lu te  
p e r  c e n t  a n d  tensile  s t re n g th  in  kg.

T h e  s t r e n g th  of th e  shee ts  w as  greater in the  d i rec t io n  of the descent of ap o n eu ro t ic  
f ib res  t h a n  in the  opposite  d i rec tion .  T he  linea alba  a n d  th e  rec tu s  sheet were s t ro n g e r  t ran s -  
v e rsa l ly  t h a n  longitudinal ly  a n d  h igher  values were o b ta in e d  above th a n  below th e  D ouglas  
line. T h e  a n te r io r  rectus wall w as  th ree  t imes s t ro n g e r  t h a n  the  posterior  on lo n g i tu d in a l  
s t r e tc h in g ,  while th ey  b e h av e d  id en t ica l ly  on t r a n s v e r sa l  s tre tching.  The iliotibial t r a c t  was 
co n s id e re d  an  ind ica tor  of in d iv id u a l  aponeurotic  s t r e n g th ;  if its tensile s t re n g th  w as  above  
the  a v e r a g e  50 kg the  tensile s t r e n g th  of the  a b d o m in a l  aponeuroses was also h igher .  W ith  
age, t h e  res is tance  of ab d o m in a l  aponeuroses seem ed to  decrease. Above 70 years  of  age, 
the  r e s i s t a n c e  of the  i liotibial t r a c t  was found to h a v e  decreased on the  average  b y  33 % , 
t h a t  o f  t h e  supraum bil ica l  l inea  b y  21% , implying t h a t  t h e  in tr ica te  t issu lar  f ib re  sy s te m  is 
less l iab le  to  lose tensile s t ren g th .

I t  h a s  been concluded t h a t  a s t rong  transversa l  s t r e tc h in g  force acts above th e  Douglas 
line. A ccord ing ly ,  surgery in t h a t  region should be d o n e  from  a transversa l  r a th e r  t h a n  a 
l o n g i tu d in a l  abdominal  incision.
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E x p erim en ta l D isturbances of C arbohydra te  M etabolism  
and T eratogenesis

Cecília H orvá th

(In s t i tu te  of H is to logy  a n d  Em bryo logy ,  U n iv e rs i ty  Medical School, B u d a p e s t )

To s tu d y  th e  d is tu rb an c es  of c a rb o h y d ra te  m etab o l i sm  induced by te ra to g e n ic  su b ­
stances,  the effect of phen o th iaz in e  dérivâtes on the  m orphogenesis  of chick and  r a t  e m b ry o s  
was exam ined. Pharm aco log ica l ly ,  the  tera togenic  p ro p e rt ie s  of phenoth iazine  de r iv a t iv e s  
consist  in the b locking of ox ida t ive  phosphory la tion ,  a red u c t io n  of the FA D level,  a l t e ra ­
tion of cell m em b ran e  p e rm eab i l i ty  and inhibi t ion  of th e  a c t iv i ty  of  nicotine amide m ethy lferase .

Chick em b ry o s  in different  stages of developm en t  were t rea ted  with v a r io u s  doses 
of  ch lorprom azine.  O.S mg of chlorprom azine given a f te r  48 or 72 hours of i n c u b a t io n ,  or 
I —2 mg given a f te r  96 hours  of incu b a t io n  resu lted  in  the  lack  or abnorm al d ev e lo p m en t  
of  an ex trem ity .

P re g n a n t  W is ta r  ra ts  were t rea ted  with  c h lo rp rom az ine  on the 9th, 10th ,  1 1 th  and 
12th day  of p regnancy .  Depending on the  t ime a n d  dose of t r e a tm e n t ,  p a r t  of  th e  e m b ry o s  
died, while the  su rv ivors  showed d is tu rbances  of bone developm en t .  A b norm ali t ie s  were 
res t r ic ted  chiefly  to ve r teb ra l  ossification, to the  occip i ta l  bone and  the s te rnum .

The  results  are ind ica t ive  of a correlation betw een the  pharmacologica l  effects o f  p h en o ­
thiazine  de r iva t ives  and  their  toxic  or tera togenic  effects on  embryos .

Acta  Л lorphologica A cadem iae  Sc ien tia ru m  Hungaricae 17, 1969



Printed in Hungary

A kiadásért felel az Akadémiai Kiadó igazgatója Műszaki szerkesztő': Farkas Sándor
A kézirat nyomdába érkezett: 1969. IX . 26. — Terjedelem: 14,25 (A/5) ív, 82 ábra, (22 színes), 3 melléklet

69.68363 Akadémiai Nyomda, Budapest — Felelős vezető: Bernât György



I N D E X

Morphologia N orm ális  et Experimentális

Mészáros, T. Csűri, I .  J .  Házas, ./. — Pnlkovits, /V/. : Esterase  A ct iv i ty  in  t h e  H y p o ­
th a la m u s  .....................................................................................................................................................  201

Leel-Őssy, L. : E x p e r im en ta l  Cerebral H a e m o rrh a g e  in  the  Dog ..............................................  217

M ó d is , L. Batschwarowa, M arianna  : F luorescence Iiis tochemical In v e s t ig a t io n s  of
Connective Tissue. I I I .  F luorescence H is to ch em is t ry  of the H e p a r in  C o n te n t  of 
M ast  Cells ....................................................................................  235

M ó d is , L.  — Matolay, Gy.:  F luorescence Microscopic Method for the  D i f fe re n t ia t io n  of
M a m m a ry  Connective  Tissue C o m p o n e n t s .................................................................................  241

H o m h á n y i , Gy. — Deák, Gy.: On th e  U l t ra s t ru c tu ra l  Organization of Biological  M em ­
branes  as Shown by T opooptica l  S ta in ing  R e a c t i o n s .......................................................  245

Tömből , Therese: T e rm inal  A rboriza t ions  in Specific Afferents in the Specific  T h a la m ic
N u c l e i ............................................................................................................................................................  273

Tömböl , Therese: Two T y p es  of Sh o r t  Axon  (Golgi 2nd) In terneurons  in  t h e  Specific
T h alam ic  N u c l e i .......................................................................................................................................  285

Tömböl , Therese —■ Ungváry, Gy. H a jd ú , F.  — M ad a rá sz , M. Somogyi, Gy.:  Q u a n t i t a t i v e
Aspects of  N euron  A rra n g em e n t  in the  Specific Thalam ic Nuclei  ...........................  299

Sétáló, G.: A Simple M ethod  for C utting  S e m ith in  Serial  Sections .......................................  315

Proceed ings  of the  A n n u a l  Meeting of H u n g a r ia n  A na tom is ts  ...................................................  321





The Acta Morphologica publish papers on experimental medical subjects in English, 
German, French and Russian.

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

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

Correspondence with the editors and publishers should be sent to the same address. 
The rate o f subscription to the Acta Morphologica is 165 forints a volume. Orders m ay  

be placed with “ Kultúra”  Foreign Trade Company for Books and Newspapers (Budapest I., 
F5 utca 32. Account No. 43-790-057-181) or with representatives abroad.

Les Acta Morphologica paraissent en français, allemand, anglais et russe et publient 
des travaux du domaine des sciences médicales expérimentales.

Les Acta Morphologica sont publiés sous forme de fascicules qui seront réunis en 
volumes.

On est prié d’envoyer les manuscrits destinés à l’adresse suivante:

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

Toute correspondence doit être envoyée à cette même adresse.
Le prix de l’abonnement est de 165 forints par volume.
On peut s’abonner à l'Entreprise du Commerce Extérieur de Livres et Journaux 

•Kultúra» (Budapest L , F5 utca 32. Compte-courant No. 43-790-057-181) ou à l’étranger 
chez tous les représentants ou 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» — 165 форинтов за том. Заказы принимает 
предприятие по внешней торговле книг и газет «Kultúra* (Budapest L, F6 utca 32. 
Текущий счет № 43-790-067-181) или его заграничные представительства и уполномо­
ченные.



I>4 F t

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

ALBANIA
Ndermarja Shtetnore e Botimeve 
Tirana

AUSTRALIA 
A. Keesing 
Box 4886, GPO 
Sydney

AUSTRIA
Globus Buchvertrieb 
Salzgries 16 
Wien I

BELGIUM
Office International de Librairie
30, Avenue Marnix
Bruxelles 5
Du Monde Entier
5, Place St. Jean
Bruxelles

BULGARIA
Raznoiznos
1, Tzar Assen
Sofia

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

CHINA
Waiwen Shudian
Peking
P. O. B. 88

CZECHOSLOVAKIA
Artia
Ve Sméíkách 30 
Praha 2
PoStovná Novinová Sluzba 
Dovoz tisku 
Vinohradská 46 
Praha 2
Mad’arská Kultúra 
Václavské nám. 2 
Praha I
Poltová Novinová Sluiba 
Dovoz tla£e 
Leningradská 14 
Bratislava

DENMARK
Ejnar Munksgaard 
Nörregade 6 
Copenhagen

FINLAND
Akaleeminen Kirjakauppa
Keskuskatu 2
Helsinki

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

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

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

GREAT BRITAIN
Collet’s Holdings Ltd.
Dennington Estate 
London Rd.
Wellingborough. Northants.
Robert Maxwell and Co. Ltd. 
Waynflete Bldg. The Plain 
Oxford

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

INDIA
Current Technical Literature 
Co. Private Ltd.
India House OPP 
GPO Post Box 1374 
Bombay I

ITALY
Santo Vanasia 
Via M. Macchi 71 
Milano
Libreria Commissionaria Sansoni
Via La Marmora 45
Firenze

JAPAN 
Nauka Ltd.
92, Ikebukur O-Higashi 1-chome
Toshima-ku
Tokyo
Maruzen and Co. Ltd.
P. O. Box 605
Tokyo-Central
Far Eastern Booksellers
Kanda P. О . Box 72
Tokyo

KOREA
Chulpanmul
Phenjan

NORWAY
Johan Grundt Tanúm 
Karl Johansgatan 43 
Oslo

POLAND
Ruch
ul. Wronia 23 
Warszawa

ROUMANIA
Cartimex
Str. Aristide Briand 14—18 
Bucurefti

SOVIET UNION
Mezhdunarodnaya Kniga 
Moscow G —200

SWEDEN
Almquist and Wiksell 
Gamla Brogatan 26 
Stockholm

USA
Stechert Hafner Inc.
31, East 10th Street 
New York, N. Y. 10003 
Walter J. Johnson 
111, Fifth Avenue 
New York, N. Y. 10003

VIETNAM 
Xunhasaba 
19, Tran Quoc Toan 
Hanoi

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

10. I I .  1970 In d e x  : 26.017


	1. szám��������������
	Morphologia Normalis et Experimentalis���������������������������������������������
	Doebel J.: Beitrag zur Histochemie des intravasalen Kolloids im Hypophysenvorderlappen des Menschen����������������������������������������������������������������������������������������������������������
	Lévai G.–Móricz F.–Szerze P.–Petrányi Gy. jr.–Laczkó J.: The Effect of Thyrotropic Hormone Treatment on the Epiphyseal Cartilage of the White Rat��������������������������������������������������������������������������������������������������������������������������������������������������������
	Špaček J.–Pařízek J.: The Fine Structure of the Area Postrema of the Rat�������������������������������������������������������������������������������
	Vallent K.–Palkovits M.: Effect of a Single Neonatal Dose of ACTH, TSH, STH, Thyroxine and Aldosterone on Serum Heparin and Tissue Mucopolysaccharides�������������������������������������������������������������������������������������������������������������������������������������������������������������
	Raekallio J.–Kovács M.: Adenosine Triphosphatase Activity in the Initial Phase of Fracture Healing���������������������������������������������������������������������������������������������������������
	Endes P.–Gomba Sz.–Dévényi I.: Specific Staining and Exact Quantitative Evaluation of the Granulation in the Juxtaglomerular Cells�����������������������������������������������������������������������������������������������������������������������������������������
	Lévai G.–Ingrid Marx: Recent Data on the Fine Structure of Chondrocytes. Preliminary Report��������������������������������������������������������������������������������������������������
	Benkő S.–Biliczki F.–Szarva F.: Combined Effects of Cholesterol Feeding and Methylcellulose Administration on the Histological Structure of Internal Organs and Blood Vessels������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

	Pathologia�����������������
	Radnai B.: Comparative Morphology of Small Vessel Lesions in Rheumatoid Arthritis and Periarteritis nodosa�����������������������������������������������������������������������������������������������������������������
	Jobst K.–Kellemayer M.: Quantitative Histochemical Analysis of Cytomegalic Nuclear Inclusions����������������������������������������������������������������������������������������������������

	Recensiones������������������

	2. szám��������������
	Morphologia Normalis et Experimentalis���������������������������������������������
	Vajda J.–Fehér E.–Csányi K.: Effects of Mechanical Insufficiency and Increased Peripheral Offer in the Mesenteric Lymphatic Region�����������������������������������������������������������������������������������������������������������������������������������������
	Kelemen J.–Becus M.: Rapid Myelin Sheath Staining in Paraffin, Frozen and Celloidin Sections���������������������������������������������������������������������������������������������������
	Bhattacharyya T. K.–Sarkar M.: Adenohypophyseal Cytology in Normal and Gonadectomised Pigeons����������������������������������������������������������������������������������������������������
	Liszka Gy.–Kiss I.–Csiffáry D.: Annular Calcifications in Beningn Mammary Diseases (Tumours)���������������������������������������������������������������������������������������������������
	Léránth Cs.–Ungváry Gy.–Donáth T.: The Innervation of the Juxtaglomerular Apparatus������������������������������������������������������������������������������������������
	Ungváry Gy.–Demeter J.–Hudák A.–Tari J.: Changes in the Vascular Structure of the Liver Following Subtotal hepatectomy in the Rat����������������������������������������������������������������������������������������������������������������������������������������
	Módis L.–Petkó M.–Földes I.: Histochemical Examination of Supporting Tissues by Means of Fluorescence. II. Fluorochromes as an Indicator of Lamellar Bone Mineralization�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Nagy Z.–Jellinek H.–Veress B.–Kóczé A.–Bálint A.–Solti F.: Effect of Experimental Lymph Congestion on Coronary Artery Permeability in the Dog����������������������������������������������������������������������������������������������������������������������������������������������������
	Imre Gy.: Corneal Vascularization. Role of Lactic Acid�������������������������������������������������������������
	Krasznai G.–Szegedi Gy.: Lymphadenopathie, verursacht durch Arzneimittel�������������������������������������������������������������������������������
	Kádár A.–Veress B.–Jellinek H.: Relationship of Elastic Fibre Production with Smooth Muscle Gells and Pulsation Effect in Large Vessels����������������������������������������������������������������������������������������������������������������������������������������������


	3-4. szám����������������
	Morphologia Normalis et Experimentalis���������������������������������������������
	Mészáros T.–Csuri I. J.–Házas J.–Palkovits M.: Esterase Activity in the Hypothalamus�������������������������������������������������������������������������������������������
	Leel-Őssy L.: Experimental Cerebral Haemorrhage in the Dog�����������������������������������������������������������������
	Módis L.–Batschwarowa Marianna: Fluorescence Histochemical Investigations of Connective Tissue. III. Fluorescence Histochemistry of the Heparin Content of Mast Cells����������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Módis L.–Matolay Gy.: Fluorescence Microscopic Method for the Differentiation of Mammary Connective Tissue Components����������������������������������������������������������������������������������������������������������������������������
	Romhányi Gy.–Deák Gy.: On the Ultrastructural Organization of Biological Membranes as Shown by Topooptical Staining Reactions������������������������������������������������������������������������������������������������������������������������������������
	Tömböl Therese: Terminal Arborizations in Specific Afferents in the Specific Thalamaic Nuclei����������������������������������������������������������������������������������������������������
	Tömböl Therese: Two Types of Short Axon (Golgi 2nd) Interneurons in the Specific Thalamic Nuclei�������������������������������������������������������������������������������������������������������
	Tömböl Therese–Ungváry Gy.–Hajdu F.–Madarász M.–Somogyi Gy.:  Quantitative Aspects of Neuron Arrangement in the Specific Thalamic Nuclei�����������������������������������������������������������������������������������������������������������������������������������������������
	Sétáló G. A Simple Method for Cutting Semithin Serial Sections���������������������������������������������������������������������

	Proceedings of the Annual Meeting of Hungarian Anatomists����������������������������������������������������������������

	Oldalszámok������������������
	_1���������
	_2���������
	_3���������
	_4���������
	_5���������
	_6���������
	_7���������
	_8���������
	1��������
	2��������
	3��������
	4��������
	5��������
	6��������
	7��������
	8��������
	9��������
	10���������
	11���������
	12���������
	13���������
	14���������
	15���������
	16���������
	17���������
	18���������
	19���������
	20���������
	21���������
	22���������
	23���������
	24���������
	25���������
	26���������
	27���������
	28���������
	29���������
	30���������
	31���������
	32���������
	33���������
	34���������
	35���������
	36���������
	36_1�����������
	36_2�����������
	36_3�����������
	36_4�����������
	37���������
	38���������
	39���������
	40���������
	41���������
	42���������
	43���������
	44���������
	45���������
	46���������
	47���������
	48���������
	49���������
	50���������
	51���������
	52���������
	53���������
	54���������
	55���������
	56���������
	57���������
	58���������
	59���������
	60���������
	61���������
	62���������
	63���������
	64���������
	65���������
	66���������
	67���������
	68���������
	69���������
	70���������
	71���������
	72���������
	73���������
	74���������
	75���������
	76���������
	77���������
	78���������
	79���������
	80���������
	81���������
	82���������
	83���������
	84���������
	85���������
	86���������
	87���������
	88���������
	89���������
	90���������
	91���������
	92���������
	93���������
	94���������
	94_1�����������
	94_2�����������
	94_3�����������
	94_4�����������
	94_5�����������
	94_6�����������
	95���������
	96���������
	97���������
	98���������
	99���������
	100����������
	101����������
	102����������
	103����������
	104����������
	105����������
	106����������
	107����������
	108����������
	109����������
	110����������
	111����������
	112����������
	113����������
	114����������
	115����������
	116����������
	117����������
	118����������
	119����������
	120����������
	121����������
	122����������
	123����������
	124����������
	125����������
	126����������
	127����������
	128����������
	129����������
	130����������
	131����������
	132����������
	133����������
	134����������
	135����������
	136����������
	137����������
	138����������
	139����������
	140����������
	141����������
	142����������
	143����������
	144����������
	145����������
	146����������
	147����������
	148����������
	149����������
	150����������
	151����������
	152����������
	153����������
	154����������
	155����������
	156����������
	157����������
	158����������
	158_1������������
	158_2������������
	158_3������������
	158_4������������
	159����������
	160����������
	161����������
	162����������
	163����������
	164����������
	165����������
	166����������
	167����������
	168����������
	168_1������������
	168_2������������
	168_3������������
	168_4������������
	169����������
	170����������
	171����������
	172����������
	173����������
	174����������
	175����������
	176����������
	177����������
	178����������
	179����������
	180����������
	181����������
	182����������
	183����������
	184����������
	185����������
	186����������
	187����������
	188����������
	189����������
	190����������
	191����������
	192����������
	193����������
	194����������
	195����������
	196����������
	197����������
	198����������
	199����������
	200����������
	200_1������������
	200_2������������
	200_3������������
	200_4������������
	200_5������������
	200_6������������
	201����������
	202����������
	203����������
	204����������
	204_1������������
	204_2������������
	204_3������������
	204_4������������
	204_5������������
	204_6������������
	205����������
	206����������
	207����������
	208����������
	209����������
	210����������
	211����������
	212����������
	213����������
	214����������
	215����������
	216����������
	217����������
	218����������
	219����������
	220����������
	221����������
	222����������
	223����������
	224����������
	225����������
	226����������
	227����������
	228����������
	229����������
	230����������
	231����������
	232����������
	233����������
	234����������
	235����������
	236����������
	236_1������������
	236_2������������
	236_3������������
	236_4������������
	236_5������������
	236_6������������
	236_7������������
	236_8������������
	237����������
	238����������
	239����������
	240����������
	241����������
	242����������
	242_1������������
	242_2������������
	243����������
	244����������
	245����������
	246����������
	247����������
	248����������
	249����������
	250����������
	251����������
	252����������
	253����������
	254����������
	255����������
	256����������
	257����������
	258����������
	259����������
	260����������
	261����������
	262����������
	263����������
	264����������
	265����������
	266����������
	267����������
	268����������
	269����������
	270����������
	271����������
	272����������
	273����������
	274����������
	275����������
	276����������
	277����������
	278����������
	279����������
	280����������
	281����������
	282����������
	283����������
	284����������
	285����������
	286����������
	287����������
	288����������
	289����������
	290����������
	291����������
	292����������
	293����������
	294����������
	295����������
	296����������
	297����������
	298����������
	299����������
	300����������
	301����������
	302����������
	303����������
	304����������
	305����������
	306����������
	307����������
	308����������
	309����������
	310����������
	311����������
	312����������
	313����������
	314����������
	315����������
	316����������
	317����������
	318����������
	319����������
	320����������
	321����������
	322����������
	323����������
	324����������
	325����������
	326����������
	327����������
	328����������
	329����������
	330����������
	331����������
	332����������
	333����������
	334����������
	335����������
	336����������
	337����������
	338����������
	339����������
	340����������
	341����������
	342����������
	343����������
	344����������
	345����������
	346����������
	347����������
	348����������
	349����������
	350����������
	351����������
	352����������
	353����������
	354����������
	355����������
	356����������
	357����������
	358����������
	359����������
	360����������
	361����������
	362����������
	363����������
	364����������


