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In s t i tu te  o f E x p erim en ta l E n d o crin o lo g y ,
S lovak  A cadem y o f Sciences, B ra tis la v a , C zechoslovakia

THE EPENDYMA
OF THE VENTRICULUS MESENCEPHALI 

IN THE RAT
A. M it r o  an d  A. K iss  

(R ece iv ed  F eb ru a ry  26, 1976)

T h e  v en tricu lu s m esencephali in th e  r a t  p roceeds in  th e  colliculi p o ste rio r reg ion  
from  th e  m esencephalic  a q u e d u c t in the  d o rsa l d irec tio n . T h e  ep en d y m al lining is fo rm ed  
by f la t ,  cub o id  and c y lin d rica l cells. The cy lin d rica l cells, w hich  occur in all p a r ts  o f  th e  
v en tricu lu s  m esencephali, a re  th e  m ost n u m ero u s . T h e  cubo id  cells a re  localized m ain ly  
in th e  a n te r io r  p a r t,  th e  f la t  ones in th e  p o s te r io r  p a r t  o f  th e  ven tricu lu s m esencephali. 
Som e cu b o id  and  cy lin d rica l cells have sh o rt b a sa l processes. A m ong th e  e p en d y m al 
cells, th e re  are  cells w ith  long  b asa l processes. T h e  ep en d y m a  is a t  sites in te r ru p te d  by  
flocks o f ep en d y m al cells. O n  th e  cell su rface , th e re  a rea  cilia, m icrovilli an d  p ro to ­
p lasm ic  ex tru s io n s . T he cell nucle i are sp h e rica l to  oval. S u p raep en d y m ally , th e re  are 
hom ogeneous g lobules an d  in tra v e n tr ic u la r  fib res .

T he histological v a r ia b ili ty  of e p en d y m al cells m ay  p o in t to  th e  a c tiv e  p a r tic i­
p a tio n  o f th ese  cells in fu n c tio n a l processes, e v en  w ith in  such  a sm all p a r t  o f  th e  v e n ­
tric le  sy s tem  as th e  v e n tricu lu s  m esencephali.

In tro d u c tio n

The in te rn a l surface o f  b ra in  v en tric les an ti th e  cen tra l canal is covered  
w ith  ep ith e liu m , as described  f irs t  by P u r k y n é  [16] an d  confirm ed b y  K o e l - 
l ik e r  [10]. A n ex tensive s tu d y  of th e  s t ru c tu re  o f  th is  ep ithe lium , th e  ep en ­
d y m a was m ade by  St u d n ic k a  [21] an d  its  possib le  func tions were described  
b y  A g d u h r  [1]. F u r th e r  a u th o rs  [7, 8, 11, 15 e tc .]  h av e  po in ted  to  th e  s tru c ­
tu ra l  pecu lia rities  of th e  e p en d y m a  in v a rio u s  an im als  species.

M orphological in v estig a tio n s of r a ts  ep en d y m a [5, 19, 22] have  
show n g re a t s tru c tu ra l v a ria tio n s , and a t t r ib u te d  d iverse functions to  th e ir  
tissue , such  as secre to ry , t ra n s p o r t  ab so rp tiv e  an d  recep to r functions, am ong  
o th ers  [9, 11, 23].

The p re se n t paper d eals  w ith  the  e p e n d y m a l lin ing  in  th e  region o f th e  
ven tricu lu s  m esencephali in  th e  ra t. The v e n tr ic u lu s  m esencephali rep resen ts  
p a r t  of th e  cereb ra l ven tric le  system . I t  is localized  v e n tra lly  to  the  cerebellum  
an d  proceeds in  th e  form  o f a recessus from  th e  aq u ed u c tu s  m esencephali in  
dorsal d irec tio n  [25]. I t  w as called  po ste rio r co llicu la r recessus [25] or v e n tr i ­
culus m esencephali b y  W e st e r g a a r d  [24] w ho follow ed its  on togenesis. 
B öhme an d  F ranz  [4] w ho m ade casts o f  th e  v en tric le s , called it “ recessus 
colliculi c au d a lis” . The m ain  ob ject of th e  p re se n t p ap e r was to  solve th e  
question  w h e th e r th e  ep en d y m a l cells o f th e  v en tr icu lu s  m esencephali w ere 
iden tica l or ex h ib ited  reg ional differences.
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2 A. M ITRO  e t al.

M ateria l an d  m ethods

E ig h t  a d u lt m ale ra ts  w eigh ing  200— 250 g w ere used . F o r lig h t m ic ro sco p y , th e  b ra in s  
w ere  f ix e d  in 8%  form alin  a n d  em b ed d ed  in to  p a ra ff in , w ith  th e ir  bases o rien ted  p a ra lle l to 
th e  h o r iz o n ta l p lane. T he b ra in s  w ere c u t in  f ro n ta l  a n d  sa g itta l p lanes, th e  sec tio n s were 
s ta in e d  w ith  h aem atoxy lin .

F o r  electron  m icroscopy , th e  b ra in s  w ere c u t  in  th e  m ed io sag itta l p la in . O n to  th e  c u t 
su rfa c e  2 .5 %  g lu te ra ld eh y d e  w as d ro p p ed  im m ed ia te ly  (50— 60 sec a f te r  d e c a p ita tio n )  and 
sm a ll  p ieces o f b ra in  tissue  fro m  se lec ted  regions w ere  o b ta ined . T hese  specim ens w ere fu r th e r  
f ix e d  in  2 .5%  g lu ta ra ld eh y d e  in  a ro ta t in g  device an d  p o stfix ed  w ith  1%  osm ic acid  fo r two 
h o u rs ,  th e n  em bedded  in  D u rc u p an . S em ith in  sec tions w ere s ta in ed  w ith  to lu id in e  b lu e . U ltra -  
th in  se c tio n s  were c o n tra s ted  w ith  u ra n y l a c e ta te  in  v e ro n al b u ffe r  an d  w ith  R e y n o ld s’s 
so lu tio n .

T h e  shape and p o sitio n  o f th e  v e n tr ic u lu s  m esencephali w ith in  th e  w hole v e n tric le  
sy s te m  is show n in Fig. 1.

F o r  fu r th e r  ex am in a tio n , th re e  regions o f  th e  v en tricu lu s  m esencephali w ere chosen, 
th e  in it ia l  p a r t  of th e  v en tricu lu s  m esencephali (IV M ), i ts  apex (AYM) an d  its  p o ste rio r  p a r t  
(F Y M ) (F ig . 2/A).

T h e  exam ined  regions w ere  su b d iv id ed  in to  th e  follow ing p a r ts , w ith  re sp e c t to  th e ir  
sh a p e  in  th e  fro n ta l section o f  b ra in  (F igs 2/B , C):

1. T h e  region of IYM  —  a) u p p e r p a r t  (U ), b ) m iddle  p a r t  (M), c) low er p a r t  (L).
2. T h e  region of AYM — a) u p p e r  p a r t  (U ), b ) low er p a r t  (L).
3. T he region of FYM — a) u p p e r  p a r t  (U ), b ) lower p a r t  (L).

F ig .  1. M edio sag itta l section  th ro u g h  th e  b ra in  o f th e  r a t .  B lack —  v e n tricu lu s  m esen cep h a li

F ig .  2.  R egions of th e  v en tricu lu s  m esencephali in th e  m ediosag ittal] p lane (A) a n d  on  f ro n ta l 
se c tio n s  (B ) an d  division of th ese  reg ions in  in d iv id u a l p a r ts  (C). U —  u p p e r p a r t ,  M —  m idd le  
p a r t ,  L  — lower p a r t. E p en d y m a : d o tte d -c y lin d ric a l;  v e rtica lly  d a sh e d -c u b o id ; crossw ise 

d a sh e d -fla t to  cu b o id ; th ick  lin e s-cu b o id  to  cylindrical
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HAT M ESEN CEPH ALI 3

Fig. 3. Single la y e r  o f cy lind rica l ep en d y m a, in te r ru p te d  by  a flock of ependym al cells X 1400 
Fig. 4. Single lay e r on cy lind rica l ep en d y m a. A m ong th e  cilia, sup raependym al p a r tic le s  a re

p re sen t X 1400

R esults

Light microscopy

The IVM  h a d  th e  form  of a sh o rt ch an n e l. In  the fro n ta l sec tio n  i t  w as 
round  in  shape  w ith  one ftpex-like fo rm a tio n  in  its  u p p er p a rt.

T he u p p e r  p a r t  was covered w ith  an  u n d u la tin g  single layer of e p e n d y m a , 
com posed o f cy lindrica l cells w ith  large oval nuclei. The m edium  p a r t  was 
lined b y  cy lin d rica l ependym a, w hich w as in te r ru p te d  on several p laces  b y  
flocks o f ep en d y m a l cells. In  th e  basal p a r ts  som e ependym al p ro je c te d  as 
sh o rt processes ex ten d in g  u n d er th e  n e ig h b o u rin g  ependym al cells (F ig . 2/C). 
B etw een th e  ep en d y m al cells, th e re  were som e cells hav ing  long basa l p rocesses 
(tan y cy tes). T he surface o f ep en d y m al cells in  th is  region was co v ered  w ith  
cilia. The ap ex  o f th e  IYM  h ad  th e  fo rm  o f a cone. In the fro n ta l sec tio n  it 
was tr ia n g u la r  in  shape w ith  irreg u la rly  u n d u la tin g  Avails.

T he u p p e r  p a r t  o f th is  region was co v ered  in some places w ith  a single 
layer, in  o th e r  places w ith  s tra tif ie d  e p e n d y m a  form ed by high cy lin d rica l 
cells w ith  large ro u n d  or oval nuclei. T he low er p a r t  of th is  region co n sis ted  
of a single lay e r of cy lind rica l an d  cu b o id  ep en d y m a  (Fig. 2/C). In  sm alle r 
num bers, th e re  occured ependym al cells w ith  sh o rt basal processes. T a n y c y te s  
were observed  sporad ica lly . T he surface o f  e p e n d y m a l cells was co v ered  w ith  
cilia.

T he p o ste rio r p a r t  of the  IVM had th e  fo rm  of a sho rt f la t ch an n e l. In  th e  
fron ta l sec tion  it  had  a fissure-like a p p ea ran ce .
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I t s  u p p er p a r t  w as covered  w ith  a sing le  ependym al layer com posed  of 
c u b ic  an d  f la t  cells covered  w ith  cilia. T he lo w er p a r t  was lined w ith  a single 
e p e n d y m a l lay er com posed  o f cylindrical cells betw een  w hich th e re  o ccu rred  
so m e cells w ith  sh o rt b a sa l processes (Fig. 2/C). I n  some areas u n d e r th is  lay e r, 
th e r e  w as a fu r th e r  la y e r  com posed of c y lin d ric a l and  cubic cells. T hese  cells 
d id  n o t  reach  th e  lu m en . B etw een  these tw o  la y e rs  of ependym al cells, th e re  
w ere  m a n y  capillaries.

L ocaliza tion  of th e  d iffe ren t ty p es o f ep en d y m a l cell is d e m o n s tra te d  
in  F ig . 2/C.

Electron microscopy

I n  th e  in itia l reg ion  o f  th e  IYM, th e  lu m in a l surface of ep en d y m a l cells 
is b o rd e re d  b y  sm all cell ex tru s io n s  close to  ea c h  o th e r and  of v a rio u s  sh ap es. 
S m a ll m icrovilli are also p re se n t. The cilia are  lo n g  an d  d isp ropo rtio n a lly  d is tr ib ­
u te d  o v e r th e  ap ical su rface  of ep en d y m a l cells. T heir basa l p a r ts  fo rm  
sm a ll g roups ly ing  closely  u n d e r  th e  cell su rfa c e . The ependym al cells n e a r  
th e  m em b ran e  cells fo rm  com plex  in te rd ig ita tio n s  and  the ir v e n tr ic u la r  su r­
faces  a re  jo ined  b y  n u m e ro u s  zonulae a d h é re n te s  above or below  w h ich  m ay  
be z o n u lae  occluden tes. T h e  nuclei are e x c e n tr ic , th e ir  ch rom atin  is u n e q u a lly  
d isp e rse d  and  form s sm all aggregations a lo n g  th e  nuclear m em b ran e . The 
m ito c h o n d r ia  are oval to  lo n g itu d in a l. T he G olgi a p p a ra tu s  is sm all. R ibosom es 
fo rm  sm all agg regations. B etw een  th e  b a sa l p a r ts  o f th e  cells, b u n d le s  of 
n o n -m y e lin ized  an d  som e spo rad ic  m yelin ized  n e rv e  fib res are p re sen t. I n  th e  
su b e p e n d y m a l lay e r, glial cells are seen (F ig . 6); th e ir  d a rk  nuclei are su rro u n d ­
ed  b y  n a rro w  rings o f cy to p lasm .

In  th e  apical region o f  th e  IYM , th e  su rface  o f ependym al cells is su p p lied  
w ith  m icrov illi (Fig. 5) a n d  ram ified  cell e x tru s io n s . A d jacen t e p e n d y m a l 
cells fo rm  sm all in te rd ig ita tio n s . The nuclei o f  ep en d y m al cells are la rge  an d  
w ith  th e ir  long axis is o ften  o rien ted  para lle l to  th e  cell surface. The m ito c h o n ­
d r ia  a re  oval or b e n t. T he Golgi a p p a ra tu s  a n d  sh o rt m em brane fra g m e n ts  
o f  en d o p la sm a tic  re ticu lu m  a p p ea r in  th e  ap ic a l p a r t  of the cells. D ense bodies 
c a n  also  be observed . T he size an d  s tru c tu re  o f th e  bodies b ear a s tr ik in g  s im i­
l a r i ty  to  th e  lipofusin  as described  b y  B l a k e m o r e  an d  J oly [3] a n d  o th e rs . 
I n  th e  su p raep en d y m a l reg ion  nerve fib res a n d  oval hom ogeneous s tru c tu re s  
o c c u r b u t  no synapses. T h e  in tra v e n tr ic u la r  n e rv e  fib res co n ta in  e lec tro n - 
lu c e n t  vesicles up  to  n m  in  d iam eter.

In  th e  poste rio r reg io n  o f th e  IVM th e  su rface  of ep en d y m al cells is 
su p p lie d  w ith  ex tru sio n s a n d  m icrovilli. P in o c y tic  vesicles are n o t seen. In  
som e p laces , th e re  are la rge  bu lb o u s p ro jec tio n s h av in g  b road  or n a rro w  basa l 
p a r ts  (F ig . 7). Cilia are p re se n t in small a m o u n ts . The nuclei are la rg e . T he 
c h ro m a tin  is u n eq u a lly  d isp ersed  over th e  nu c leu s. T he m itochondria  arc  m o stly
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lon g itu d in a l, o ften  grouped  in th e  apical p a r t  o f  th e  cell. The Golgi a p p a ra tu s  
is large, its  c isterns are w ell-developed and  su rro u n d  sm all vesicles. T h ere  are  
no g ran u la ted  vesicles. T h e  ribosom es are free or assoc ia ted  w ith  th e  lam ellae  
o f th e  en d o p lasm atic  re ticu lu m . In  th e  su p ra e p e n d y m a l region, th e re  are  
nerve fib res  an d  round  hom ogeneous s tru c tu re s .

Fig.  5. A pical surface  o f a n  ep en d y m al cell densely  covered  w ith  m icrovilli X 16,000 
Fig. 6. A  su b ep en d y m a l cell (S) in close co n tac t w'ith th e  b asa l p a r ts  of ependym al cells (E )

X 11,500

F ig .  7. C ytop lasm ic e x tru s io n s  o f th e  apical p a r t  o f an  ep en d y m al cell X 19,500

Acta Morphologica Academiae Scienliarum Hungaricae 25, 1977



6 A. M IT R O  e t  a l.

D iscussion

A ccording to  ou r re su lts , th e  ependym al cells ly ing in th e  d iffe ren t regions 
o f  th e  IYM , show th ree  ty p e s .

T h e  f irs t ty p e  is cy lin d rica l w ith  archw ise shaped  basa l p a r ts . These 
cells a re  th e  d o m inan t co m p o n en ts  of th e  ep en d y m a in all regions o f th e  IVM. 
M il l h o u s e  [14] considered  these  cells “ ty p ic a l ependym al cells o f  m a m m a ls” . 
T h e y  occur in all reg ions o f  th e  cerebral ven tric le s . Some of th e m  h a v e  sho rt 
p ro cesses  w hich p e n e tra te  u n d e r th e  n e ig h b o u rin g  ep en d y m al cells or are 
im m e rse d  in  th e  a d ja c e n t neu rop il.

T h e  second ty p e  o f cells is cuboid , i t  occurs in  all reg ions o f th e  IYM. 
T h e  m a jo rity  has archw ise shaped  b asa l p a r ts  and  th e  m in o rity  sh o r t basa l 
p ro cesses . The la tte r  cells a re  com parab le  w ith  th e  so-called ir re g u la r  cuboid  
e p e n d y m a l cells described  in  th e  la te ra l v e n tr ic le  of ra ts  b y  W e st e r g a a r d  [24].

T h e th ird  ty p e  o f cell is f la t;  these  occur in the  po ste rio r reg ion  o f the  
IV M . T h e ir basal p a r ts  are  sh ap ed  archw ise.

In  all regions o f th e  IVM,  th ere  w ere a few cells w ith  long  processes 
ru n n in g  in to  the  a d ja c e n t neurop il. T h is ty p e  conform s w ith  th e  so-called 
ta n y c y te  ependym al cells described  in th e  sh a rk  Scyliorh inus can icu lus  by  
H  ORSTM ANN [8]. In  th e  r a t ,  tan y c y te s  occu r m ostly  in  th e  th i rd  ven tric le  
a n d  v a ry  in shape, lo ca liza tio n  and h is to en zy m a tic  a c tiv ity  [2, 6, 12, 17]. 
I n  th e  IVM  the ta n y c y te s  are  d is tr ib u te d  u n eq u a lly  betw een  th e  o th e r  epen ­
d y m a l cells.

T h e  lum inal surface o f  ependym al cells, incessan tly  exposed  to  th e  CSF, 
p la y s  a role in  th e  exch an g e  of b io logically  ac tiv e  com pounds b e tw een  CSF 
a n d  ep en d y m a. I t  rep re sen ts  th e  so-called f i r s t  ba rrie r in th e  tra n s fe r  o f com ­
p o u n d s . F orm ations b o rd e rin g  th e  su rface  o f ependym al cells —  cilia and 
m ic ro v illi — are also im p o r ta n t  in  th is  re sp ec t. In  th e  IVM cilia v a ry in g  in 
le n g th  occur in sm all g roups uneq u a lly  d is tr ib u te d  over th e  w hole surface of 
e p e n d y m a l cells. In  th e  v en tric le  system  o f th e  ra t ,  cilia-free a reas  occu r only 
in  th e  low er p a r t o f th e  th ird  v en tric le  [19] or in th e  area p o s tre m a  [20]. 
A m o n g  th e  cilia th e re  are  m icrovilli in  v a ry in g  num bers. A t sites th e  cell 
e x tru s io n s  emerge from  th e  surface on b ro a d  cytoplasm ic pedicles. In  o th e r 
a re a s  th e  p ro top lasm ic globules are m o stly  connected  w ith  th e  ap ica l surface 
b y  m e a n s  of narrow  s ta lk s  of cy top lasm . A ltho u g h  in  some p laces th e se  fo r­
m a tio n s  have no c o n ta c t w ith  th e  cell, i t  is p robab le  th a t  th e  p ro to p lasm ic  
g lo b u le s  are bulging from  th e  ep en d y m al cell surface and  in flu en ce  th e  com ­
p o s itio n  o f th e  CSF. M il h o r a t  e t al. [13] suggest th a t  ce reb ro sp in a l flu id  is 
fo rm e d  n o t only in  th e  choro id  p lexus b u t  also in th e  ep en d y m al lin in g  of 
th e  ven tric le s .

In  th e  IVM, we fo u n d  tw o  ty p es o f su p raep en d y in a l s tru c tu re s . In  the  
a p ic a l an d  posterior p a r ts  th e re  are non-m yelin ized  nervous f ib re s , occu rring
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in d iv id u a lly  or in  sm all g roups. T h ere  are  also hom ogeneous ro u n d  fo rm a tio n s ; 
these  co rrespond  to  the  free su p ra e p e n d y m a l hom ogeneous spherica l s tru c tu re s  
described  in  th e  ra b b it by  S c h w a n it z  [18]. T hey  occur in  th e  ap ica l a n d  p o s te ­
rio r regions o f th e  1VM. T h e ir origin can n o t he dete rm in ed  u n eq u iv o ca lly . 
I t  is supposed  th a t  in th is  p a r t  o f th e  v e n tr ic u la r  system  acc id en ta l deposits  
of free su p raep en d y m al s tru c tu re s  m ay  occur due to  th e  c ircu la tio n  o f  CSF 
an d  th e  p ro d u c tio n  of w hirls.

In  th e  IYM there  is no ty p e  o f ep en d y m al cell w hich w ould  be  c h a ra c ­
te ris tic  o f th e  region. The e p e n d y m a l lin ing  ex h ib its  local d ifferences in  ep en ­
dym al s tra tif ic a tio n , in th e  occu rrence  of folds an d  cell accu m u la tio n s . T here  
are likew ise differences in  th e  d is tr ib u tio n  of cilia, m icrovilli, cell e x tru s io n s , 
n ervous fib res an d  su p raep en d y m al s tru c tu re s .

T he m orphological fe a tu re s  o f th e  ep en d y m al cells of th e  IVM  a re  su p ­
posed to  in d ica te  th e ir  ab so rb in g  fu n c tio n  (m icrovilli), th e ir  a b ili ty  to  t r a n s ­
p o rt su b stan ces (tan y cy tes) a n d  th e ir  role in  th e  exchange of m a te ria ls  b e tw een  
CSF an d  nervous system  ( in tra v e n tr ic u la r  nervous fib res). Those cells do no t 
seem  to  rep re sen t a passive b a rr ie r  b u t  ra th e r  a physio logically  a c tiv e  com ­
p o n en t of th e  ven tric le  sy stem .
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DAS E P E N D Y M  D E S V E N T R IC U L U S  M E S E N C E P H A L I

A. MITRO und A. KISS

D er V entriculus m esen c ep h a li bei R a tte n  z ie h t sich  im  G ebiete des Colliculus dorsal 
d e s  A q u aed u c tu s  m esen cep h a lo n i. D as Ependym  b ild en  P la tte n e p ith e l ,  kub ische E p ith e l und  
zy lin d risch es E p ithe l. In  g rö ß te r  Z ahl kom m en in a llen  T eilen  des V entricu lus m esencephali 
d ie  zy lind rischen  E p ith e lz e llen  v o r . Die kubischen E p ith e lz e llen  kom m en h au p tä sch lich  im 
v o rd e re n  Teil des V en tricu lu s  m esen cep h a li, die P la tte n e p ith e lz e lle n  — im  h in te ren  Teil dieses 
G eb ild es vor. E inige k u b isc h e  u n d  zylindrische E p ith e lz e llen  besitzen  kurze  basale F o rtsä tze , 
e in ig e  E penym zellen  b e s itz en  la n g e  F ortsä tze . D as E p e n d y m  w ird  an  einigen S te llen  durch  
e p e n d y m a le  Zellgruppen a b g e lö s t (?). An den Z e llo b erfläch en  kom m en F lim m erh ärch en , 
M ik ro z o tte n  und  P ro to p la sm a a u sb u ch tu n g e n  vor. D ie Z ellkerne  sind  ru n d  bis oval. Supia- 
e p e n d y m a l kom m en h o m o g en e  K üg e lch en  und in tra v e n tr ik u lä re  F ase rn  vor.

D ie histologische V e rä n d e rlic h k e it der E p en d y in ze lle n  w eist d a rau f hin , d aß  diese 
Z e llen  a k tiv  an  fu n k tio n e lle n  P ro zessen  teilnehm en, w en n  a u ch  au f solch k leinen  G ebieten , 
w ie  V en trik u la rsy stem  des v e n tr ik u lä re n  Teils des V e n tr ic u lu s  m esencephali.

ЭПЕНДИМА ЖЕЛУДОЧЕК МЕЗОЦЕФАЛА У КРЫС

А. МИТРО, и А. КИШ

Желудочек мезоцефала у крыс распространяется у задней части бугорка от водо­
провода мезоцефала в дорсальном направлении. Эпендима высплатна плоским кубическим 
и цилиндрическим эпителиальными клетками. В обоих частей желудочка мезоцефала в 
большинстве цилиндрические эпителиальные клетки наблюдаются. Кубические эпителиаль­
ные клетки располагаются главным образом в передней, и плоские эпителиальные клетки 
задней части мезоцефала. У нескольких кубических и цилиндрических клеток короткие 
базальные отростки. Одни эпендимальные клетки имеют длинные отростки. Кой-где эпен-, 
дима заменяется группами эпендимальных клеток (?). На поверхностях клеток реснички 
микровилли и отростки протоплазма видны. Ядра клеток круглые и овальные. В супра- 
эпендимальной части гомоленные шарики и интравентрикулярные волокна наблюдаются.

Гистологическая разнообразность эпендимальных клеток намекает на активность 
клеток принимающиеся в функциональных процессах, хотя в той части как вентрикуляп- 
ная система желудочка мезоцефала.

A lex an d e r Mitro 1 I n s t i tu te  o f E x p erim en ta l E n d o crino logy ,
A le x a n d e r  K iss  [ SAY, V lá rsk a  ul. 3., 80936 B ra tis la v a , Czechoslovakia
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I n s t i tu te  of B iology, Sem m elw eis U n iv e rsity  M edical School, B u d ap es t

EVIDENCE OF THE HETEROGENEITY 
OF MAST CELL POPULATION BASED 

ON THEIR BIOGENIC AMINE CONTENT

P . K o v á c s  and  G. C s a b a

(R eceived  M arch 25, 1976)

T he he te ro g en e ity  of th e  m a s t cells localized  in  v a rio u s organs has been  d e m o n ­
s tra te d  by  h is tochem ical d e te rm in a tio n  in th e ir  indo le  am ine  and  h istam ine c o n te n t. 
T he s tro n g est am ine re ac tio n  was found  in th e  m a s t cells in th e  m esenterium  a n d  p e r i­
to n ea l flu id  w here th e ir m a tu ra t io n  occurs. T he re ac tio n  of th e  subcutaneous co n n ec tiv e  
tissue is w eaker; in th e  th y ro id  g land  th e  reac tio n  is w eak  as well as diffuse. In  th e  t h y ­
m us th e  m a s t cells localized along th e  vessels give a s tro n g  h istam ine  reac tio n . T h e  
ex p erim en ts  su p p o rt p rev iously  published  d a ta  con cern in g  th e  heterogeneity  o f m a s t  
cell p o p u la tio n s.

The f irs t observa tions concern ing  th e  m a s t cells reach  hack to th e  second  
h a lf o f th e  la s t  c en tu ry  [21]. T he com ponen t se rv ing  fo r th e ir  d e m o n s tra tio n  
by  inducing  m etach ro m asia  in  th e  granules, th e  p resence of heparin  was d e te c t­
ed by J o r pe s  e t al. [23]. T he o th e r d iscovery  o f h igh  im p o rtan ce  co n cern in g  
th e  com position  o f m ast cell g ranu les was m ad e  b y  R il e y  and  W e st  [27] 
who d e m o n s tra te d  a close re la tio n  betw een  th e  h is tam in e  co n ten t a n d  th e  
num ber of m ast cells in the tissu es  as well as th e  b in d in g  o f h istam ine  to  h e p a rin  
in the  granu les. T hen  B e n d it t  e t al. [1] d e m o n s tra te d  th e  presence in  m u rin e  
and  ra t  m a s t cells o f a n o th e r biogenic am ine; se ro ton in .

C o m b s , e t al. [3] b y  m eans of alcian b lue—safran in e  s ta in ing  could d iffe r­
en tia te  m ast cells in  various stages of m a tu ra tio n  in  th e  r a t  em bryo. T hese  
m ast cells in  various degrees of m a tu ra tio n  d e m o n s tra te  m arked  d ifferences 
in th e  q u a lity  o f th e  acid po lysaccharides as well as in  th e  q u a n tity  of b iogen ic  
am ines and  in  th e ir  m a tu ra l re la tio n  and  th e  acid  po lysaccharide—b iogen ic  
am ine — basic  p ro te in  ra tio  [7, 11].

In  earlie r s tud ies we h av e  exam ined  th e  h e te ro g en e ity  of the  m a s t cell 
p o p u la tion , based  on th e ir  po lysaccharide  c o n te n t [19]. In  th e  p resen t w ork  we 
s tud ied  am ine c o n te n t of th e  m a s t cells in  th e  o rg an s an d  a tte m p te d  to  e s ta b ­
lish th e  fu n c tio n a l re la tio n  betw een  po lysaccharide  an d  am ine c o n ten t. T h e  
reason for th is  w as th a t  in  o u r prev ious w ork [19] on ly  th e  q u a n tita tiv e  a n d  
q u a lita tiv e  d ifferences in  m ucopo lysaccharide  c o n te n t were eva lua ted  as th e  
cause of th e  h e te ro g en e ity  o f m ast cells, w hereas h e te ro g en e ity  of th e  am in es
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h as  b een  neglected . In  ad d itio n , th e  b iogen ic  am ine co n ten t of th e  m a s t cells 
h a s  an  im p o rta n t physio logic function , as i t  p a rtic ip a tes  in  a n u m b e r o f p roc­
esses o f in d u c tio n  and  regu la tion , in  a n a p h y la c tic  reac tions, etc. Several 
a u th o rs  have p o in ted  o u t [4, 9] th a t  th e  m a s t cell popu la tio n  in c reased  by  
t r e a tm e n t  w ith  carcinogenic  agents, c o n ta in s  a p articu la rly  large a m o u n t of 
se ro to n in .

M aterials an d  m ethods

T h e  ex am in a tio n s  w ere carried  o u t in  m ale  W is ta r  CB ra ts  of 100 g b o d y  w e ig h t. M ast 
ce lls  w ere  stu d ied  in  m em b ran e  p rep ara tio n s o f m esen teriu m , and su b cu tan eo u s  connective  
t is su e , th ic k  drop of p e rito n ea l f lu id , fixed  p a ra ff in  o r fresh  c ry ro s ta t sections o f th y m u s , ly m p h  
n o d e , th y ro id  g land , lung , an d  h e a r t m uscle.

Histochemical reactions

a) F o r h is tam in e : O P T  (o th o p h th a la ld eh y d e ) re ac tio n  [24, 26]; R e in eck e  sa lt  am ine  
p re c ip ita tio n  [28] follow ed by  d iazo tized  su lp h an ilic  acid  stain ing  in fresh , u n fix ed  c ry ro s ta t  
s e c tio n s :

b) for sero ton in : p a ra fo rm ald eh y d e  v a p o r iz a tio n  (F a lc ’s m e th o d ; [26]; th e  spec ific ity  
w as  co n tro lled  by  b o ro h y d rid e  te s t;  post-coup led  benziledene  reac tio n  [22] in  fo rm ald eh y d e- 
f ix e d  p a ra ff in  sections;

c) po ly sacch arid e  : am in e  ra tio : a lc ian  b lu e -sa fran in e  reac tio n  fo rm ald eh y d e -fix ed  
p a ra f f in  sections;

d) in  a d d itio n , th e  follow ing reac tions w ere  perform ed: Schm orTs fe rri-fe rricy an id e  
r e a c tio n  [5], d iazo tized  sa fran in e , p -d im e th y lam in o b en za ld eh y d e  and  th e  F a s t  G a rn e t GBC 
re a c tio n s  [25], an d  th e  x a n th y d ro l  reac tio n  [29]. I n  o u r  exam inations th ese  h a d  n o t p roved  
spec ific  for am ines, th ere fo re  th e ir  resu lts  will n o t b e  discussed.

R esu lts

H ista m in e

T he s tro n g est reac tio n  was o b ta in e d  w ith  Reinecke sa lt in  th e  m esen­
te r ia l  m ast cells (F ig . 1) an d  a co n sid e rab ly  w eaker one in  co n n ec tiv e  tissue 
(F ig . 2). In  th e  th y m u s  th e  m ast cells a long  th e  vessels, w hich could  he id en ­
t if ie d  also by  th e ir  shape  an d  localization  (F ig . 3), gave an in ten se  fluorescence, 
b u t  in  these  cells th iaz in e  dyes caused f re q u e n tly  no m e tach ro m a tic  s ta in ing . 
I n  th e  p erito n ea l m a s t cells the  R einecke reac tio n  was m ark ed  (F ig . 4); the  
m a s t  cells in  th e  ly m p h  nodes p roduced  a fluorescence of ab o u t th e  sam e in te n ­
s i ty  (F ig . 5). In  th ese  tw o  organs th e  s tro n g  reaction  observed  in  som e sm all 
ly m p h o id  cells w as conspicuous. In  th e  th y ro id  gland an d  th e  h e a r t  m uscle 
th e  re a c tio n  w as ra th e r  w eak , w hereas in  th e  lung  the m ast cells could  n o t be 
d iffe re n tia te d : in  a g rea t n u m b er of cells th e  fluorescence w as w eak  an d  d if­
fu se . T he resu lts  w ere su p p o rted  b y  th e  d iazo tized  su lphanilic  ac id  reac tio n  
p e rfo rm ed  su b seq u en t to  dark -fie ld  e x a m in a tio n , as well as b y  O P T  flu o res­
cen ce , w hich supp lied  resu lts  sim ilar to  th e  R einecke sa lt m ethod .
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©

©
Fig. 1. M esenterial m as t cells t re a te d  w ith  R einecke sa lt. D ark -fie ld  p ic tu re  X 320 

Fig. 2. M ast cell g roup  localized in su b cu tan eo u s connective  tissu e , trea te d  w ith  R einecke
sa lt. D ark-field  p ic tu re , X l6 0

Fig. 3. In  th e  th y m u s th e  m a s t  cells localized around  th e  vessels give a strong  re ac tio n  w ith  
R einecke sa lt. D ark-field  p ic tu re , X 160
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Indoles

W ith  p a ra fo rm a ld eh y d e  vaporiza tion  b y  th e  F a lck  m eth o d , th e  s tro n g est 
fluorescence  was o b ta in e d  in  th e  m esenteria l m a s t cells (F ig. 6). T he fluo res­
cen ce  was w eaker in  b o th  th e  peritoneal (F ig . 7) an d  th e  su b cu tan eo u s  connec­
t iv e  tissue (Fig. 8) m a s t cells. The fluorescence o f th y ro id  g lan d  (F ig . 9) and  
ly m p h  node m ast cells w ere ra th e r  weak. In  ly m p h  node m acrophages (F ig. 10) 
a n  in ten se  yellow a u to flu o re scen ce , sim ilar as t h a t  o f th e  G öm öri-positive cells 
o f  th e  th y m u s, w as o b se rv ed . R esults for th e  h e a r t  an d  lungs w ere n o t ev a lu ­
ab le .

These resu lts  w ere su p p o rte d  by  those  o b ta in e d  w ith  th e  post-coup led  
ben zy lid en e  reac tio n . I t  w as conspicuous th a t  th e  G öm öri-positive cells of 
th e  th y m u s  and  th e  ly m p h  node m acrophages gave an id en tiea l reac tion . 
A  s im ila r p icture w as o b ta in e d  in the  sm all lym pho id  m ast cells o f the  p e ri­
to n e a l flu id  (Fig. 11) a n d  th e  ly m p h  nodes (F ig . 12).

F ig .  4.  T he peritoneal m a s t  cells and  th e  sm all ly m p h o id  cells give a s tro n g  reac tio n  w ith  
R e in eck e  sa lt. D ark-field  p ic tu re , X 160

F ig .  5. T he m ast cells a n d  som e of th e  sm all ly m pho id  colls of th e  lym ph  nodes give a strong 
reac tio n  w ith  R einecke salt. D ark -fie ld  p ic tu re , X 160
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Fig. 6. M esenterial m as t cells give a s tro n g  reac tio n  on p a ra fo rm ald eh y d e  v ap o riza tio n  a cco rd ­
ing to  the  F a lck  m ethod , X l6 0

Fig. 7. P e rito n ea l m ast cells give a m o d era te ly  strong reac tion  w ith  the F a lck  m eth o d , X 160 
Fig. 8. S u b cu tan eo u s con n ec tiv e  tissu e  m a s t cells ap p ear clearly  w ith  th e  F a lck  m eth o d , X 160
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A lc ia n  blue—sa fra n in  sta in in g

The resu lts  w ere id en tica l w ith tho se  described  p rev iously .

I

Fig. 9. T h y ro id  g land  m as t cells g iving a w eak F alck  reac tio n  , X 160 
Fig. 10. Y e llo w ish  autofluorescence of cells in ly m p h  nodes, X 160 

F ig .  11. Lym phoid m a s t cells in th e  peritoneal flu id  g ive  a s trong  b en zy lidene  reac tion , X 360 
F ig .  12. The m ast cells o f ly m p h o id  character in  th e  ly m p h  nodes give a s tro n g  benzylidene

reaction , X 160
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Discussion

The resu lts  d e m o n s tra te d  th a t  th e  m ast cell popu la tio n  h e te ro g en eo u s 
in  m ucopo lysaccharide  c o n te n t [19], h istochem ica l b eh av io u r [11], and  lab e lled  
precurso r u p ta k e  [17] was d issim ilar also in  b iogen ic  am ine con ten t.

In  r a t  m a s t cells th e  h ep arin  : h is tam in e  : se ro to n in  ra tio  is 3 : 1  : 0.1 
[12]. I t  w as obv ious a lread y  from  previous e x p e rim e n ts  [8, 11] th a t  th e  sam e 
ra tio  w ould  n o t be va lid  for every  m ast cell, th e  m a tu ra tio n  of such cells b e in g  
m irrored  b y  th e  ra tio  of th e  g ranule  co m p o n en ts . M ature m ast cells a re  n o t 
uniform  in th e  v a rio u s  organs; som e show' a v iv id  m etabolism , some a slow 
one [2, 10], som e are  ab le to  tak e  up  com plete  g ran u le  com ponents [15, 16], 
w hereas o th ers  c a n n o t even tak e  up precurso rs [17]. T hus it  m ay be su p p o sed  
th a t  th e  m ast cells a re  a d a p tin g  them selves to  th e  organ  w here th e y  are  lo ­
calized.

In  th e  p re sen t ex p erim en ts  th e  s tro n g est reac tio n s  for b o th  am ines w ere 
seen in th e  m esen te ria l, su bcu taneous connective  tissue and  perito n ea l f luid 
m ast cells. A m ong th ese  th e  m esenteria l an d  th e  perito n ea l flu id  m a s t cells 
were o u ts ta n d in g  b y  th e ir  least su lp h a ted  m ucopo lysaccharide  co n ten t. A t th e  
sam e tim e th e  m a s t cells o f th e  su b cu tan eo u s conn ec tiv e  tissue are s tro n g ly  
su lp h a ted . On th is  basis  an  inversed  ra tio  of th e  am in e  co n ten t and  th e  deg ree  
of su lp h a tio n  could  n o t be s ta te d . T ak ing , h o w ev er, in to  con sid era tio n  th e  
in tense m e tab o lism  th e  m ast cells of th e  m esen te riu m  and  the  p e r ito n e a l 
cav ity , w hereas th e  su b cu tan eo u s connective tis su e  m ast cells are so-called  
en d -p ro d u c t cells [11], th e  hypo thesis  seems p e rm issib le  th a t  the  am ine re a c tio n  
is s tronger m ore am ine  is perhaps p re sen t?  — in th e  ac tive  m ast cells w 'here 
th e  m ucopo lysaccharide  is less su lp h a ted . I t  is also possible th a t  th e  s tro n g e r  
su lp h a ted  m ucopo lysaccharide  b inds the am ines m ore strong ly  and so th e ir  
d em o n stra tio n  is m ore d ifficu lt.

A m ong th e  p erito n ea l m ast cells th e  sm all ly m p h o id  ones y ielded  p a r t ic ­
u la rly  s tro n g  indo le  and  h istam ine  reactions. T h is w ould  support our o b se rv a ­
tion  [8] o f an am in e  excess in th e  alcian  b lue p o sitiv e  small m ast cells, w h ich  
would induce increased  h ep arin  synthesis [6]. B y  such  m eans in the  sa fra n in  
positive m ast cells wi t h  m ixed g ran u la tio n  th e  am ine  : heparin  ra tio  will  be 
balanced  [11]. T he p e rito n ea l and th e  m esen te ria l m ast cells form  a h o m o ­
geneous p o p u la tio n . M atu ra tio n  of th e  ly m p h o id  cells w hich had  m ig ra te d  
from  th e  th y m u s  in to  th e  peritoneal c av ity , w here  the  m a tu ra tio n  p rocess 
s ta r te d , w ould  co n tin u e  in the  m esen te ry  [13]. T h is m ight be th e  cause  of 
reactions o f s im ila r ty p e .

T he reac tio n  o f th e  th y m u s inast cells w as a special problem . T hese cells 
failed to  give an y  reac tio n  cha rac teris tic  o f se ro to n in , while the m a s t cells 
localized along th e  vessels w ere conspicuous b y  th e ir  s tro n g  h istam ine  re a c tio n . 
T heir m a jo rity  gave R einecke positive, b u t fa iled  to  s ta in  w ith  th iaz in e  dyes.
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In  c o n tra s t ,  o th e r co n n ec tiv e  tissue m a s t cells sta ined  w ith  th ia z in e , b u t  did 
n o t  r e a c t  w ith  R einecke sa lt. Sim ilarly, th e  R einecke positive m a s t cells in  the  
th y m u s  did n o t s ta in  w ith  alcian b lue—safran in  either. T he p h enom enon  
c a n n o t  be explained  on th e  basis o f th e  p re se n t experim en ts. T h e  G öm öri 
p o s it iv e  cells of th e  th y m u s  [14, 18, 20] gave  a charac teris tic  indo le  reac tio n , 
b u t  th e se  could be d iffe ren tia ted  from  th e  m a s t cells.

T he th y ro id  g land  m a s t cells are c h a ra c te riz e d  by  se ro ton in  u p ta k e  and  
d e liv e ry  [15, 16]. D esp ite  th is  fac t, or ju s t  fo r th is  reason, only a w eak , diffuse 
r e a c tio n  was o b ta ined  fo r b o th  am ines. T h e ir  dem o n stra tio n  m ig h t h a v e  been 
p re s e n te d  b y  b ind ing  th e  m ost acid po ly sacch arid e  [19] or else, in  v iew  of 
t h e i r  m ig ra tio n , only  a sm all q u a n tity  o f  am ines m ay have been  p re se n t in 
th e  cells.

T h e  am ine re a c tio n  w as w eak in  th e  few  pu lm onary  m ast cells. In  our 
p re v io u s  experim en ts [19] su lp h a ta tio n  o f  th e  m ucopo lysaccharides w as of 
a  s im ila rly  low degree, re fe rrin g  to  th e  p o ss ib ility  th a t  th e  r a t  lu n g  is n o t a 
m a s t  cell organ.

Sum m ing up , th e  biogenic am ine a n d  m ucopolysaccharide c o n te n t of 
th e  m a s t cells is d iffe ren t in  th e  various o rg a n s ; on an increase o f th e  degree 
o f  su lp h a ta tio n  th e  am in e  co n ten t, or p e rh a p s  its  d em o n strab ility , m ig h t be 
d e c re a se d . In  th e  ac tiv e , m a tu rin g  m ast cells th e  am ine co n ten t is h ig h er, b u t 
th e  th y ro id  m ast cells fo rm  an excep tion . T h e  findings su p p o rt o u r previous 
o b se rv a tio n s  concerning th e  he te ro g en e ity  o f th e  m ast cell p o p u la tio n . Thus 
h e te ro g e n e ity  m an ifests i ts e lf  in the  ra tio  o f  th e  granule co m p o n en ts , as well 
as in  th e  ac tiv ity  o f cells and  th e  in te n s ity  o f th e ir  m etabolism .
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N A C H W E IS  D E R  H E T E R O G E N IT Ä T  D E R  M A S T Z E L L E N P O P U L A T IO N  
A U F G R U N D  D E S B IO G E N A M ID -G E H A L T E S

P. KOVÁCS und GY. CSABA

M it H ilfe der b iochem ischen  V erfah ren  zu r E rm ittlu n g  der In do lam ine  u n d  des H is ta ­
m ins lä ß t  sich die H e te ro g e n itä t des A m ingehaltes d e r in  verschiedenen O rg an en  lo k a lis ie rten  
M astzellen  nachw eisen. Die s tä rk s te  A m in reak tio n  e rfo lg t in den M astzellen des M esen te riu m s 
u n d  d e r perito n ea len  F lü ss ig k eit, wo au ch  die R eifung  d e r  M astzellen vo r sich g e h t. D ie  R e a k ­
tio n  des B indegew ebes is t geringer, die der S ch ildd rüse  is t ebenfalls schw ach u n d  d iffus. Im  
T h y m u s g eben  die n eben  den G efäßen gelegenen M astzellen  eine s ta rk e  H is ta m in re a k tio n . 
D ie e x p erim en ta len  E rgebnisse  b ek räftig en  die schon  frü h e r  beschriebene H e te ro g e n itä t  der 
M as tze llen p o p u la tio n .

ДОКАЗАТЕЛЬСТВО РАЗНОРОДНОСТИ ПОПУЛЯЦИИ ТУЧНЫХ КЛЕТОК НА 
ОСНОВЕ СОДЕРЖАНИЯ БИОГЕННЫХ АМИНОВ

П. КОВАЧ и Д. ЧАБА

При помощи гистохимических методов исследования, служащих для выявления ин- 
доламинов и гистамина, можно выявить разнородность содержания аминов в тучных клет­
ках, расположенных в различных органах. Наиболее сильную реакцию на амины пока­
зывают тучные клетки брыжейки и брюшинной жидкости, где происходит созревание 
тучных клеток. Реакция подкожной соединительной ткани менее сильна, а реакция щито­
видной железы слаба и диффузна. В зобной железе сильную реакцию на гистамин дают 
тучные клетки, располагающиеся вдоль кровеносных сосудов. Результаты исследований 
подкрепляют уже раньше описанную разнородность популяции тучных клеток.

P é te r  K o v á c s  |  Sem m elw eis O rv o stu d o m án y i E gyetem , B iológiai In té z e t ,  
G yörgy  C s a b a  | H -1450 B u d ap est, T űzo ltó  u . 58., H ungary
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BIOGENIC AMINE AND AMINE PRECGRSOR 
GPTAKE BY MAST CELLS

P . K o v á c s  and  G y . C s a b a  

(R eceived M ay 3, 1976)

T he m a s t cell p o p u la tio n  is heterogeneous concern ing  its  am ine p re cu rso r an d  
a m in e  u p tak e . T h e  im m a tu re  cells inco rp o ra te  a m in e  precursors , b u t in m ore  a d v an c ed  
s tag es o f th e ir  m a tu ra t io n  th ey  tak e  up  only 5 -H T P . T he m atu re  cells do n o t  ta k e  up  
precu rso rs on ly  5-H T . T h e  th y ro id  gland an d  h e a r t  m u sc le  m a s t cells tak e  up  th e  h ig h es t 
a m o u n t o f 5-H T ; th is  m ay  be re la ted  w ith  som e specific  function  of th e  m a s t  cells in  
th ese  tw o organs. N e ith e r  o f th e  m ast cells w ould  ta k e  up  h istam ine, th e  c o m p o u n d  is 
sy n th e tise d  by  th e  cells.

In troduc tion

R il e y  and W e st  [13] were th e first to  sh o w  th a t  th e m ast cell gran u les  
co n ta in ed  h istam in e in  ad d ition  to  heparin . B e n d it t  et al. [2] d em o n stra ted  
th e  presence o f  a n o th er b iogen ic am ine, se ro to n in , in  m ouse and rat m ast  
cells .

T h e question  arose w h e th e r the  biogenic am in es would be fo rm ed  in  th e  
m a s t cells, or are ta k e n  u p  an d  stored  in th e se . W erle  and S c h a u e r  [16 ], 
soon a f te r  th e  d iscovery  o f R il e y  and W est  [13 ] sep a ra ted  from  e x tra c ts  m a s t 
cell-rich  tissues (p leu ra , peritoneum ) a frac tio n  o f  h igh h istid ine d eca rb o x y lase  
a c tiv ity . L a te r  W e iss b a c h  e t al. [15] show ed t h a t  h istid ine  can be d eca rb o x y l- 
ized in tw o en zy m atic  w ays. One of the  en zy m es is an aspecific am ino  acid- 
decarb o x y lase , its  ch ie f su b s tra te  being D O P A , b u t  it  d eca rb o x y la tes  also 
5 -H T P , ty ro sin e , p h en y la lan in e , and  to  a le sse r e x te n t h istid ine. T h e  o th e r  
enzym e is a specific h istid ine-decarboxy lase .

L a g u n o ff  e t  al. [11] as well as H a g e n  and  L ee  [8] d em o n stra ted  
in m ast cell-rich  sk in  ex tra cts  o f rats an d  m ice a 5-H T P d eca rb o x y la se , 
th en  L a g u n o ff  and  B e n d it t  [12] found th is  en zym e in iso lated  m a st ce lls . 
W e iss b a c h  e t  al. [15] te s te d  in m a sto cy to m a  ex tr a c ts  an asp ecific  en zy m e  
d eca rb o x y la tin g  arom atic  am ino acids.

These d a ta  p o in t to  th e  possib ility  th a t  m a s t cells can produce b iogenic  
am ines b y  them selves. I t  is n o t clear, h ow ever, w heth er th a y  could ta k e  u p  
am ine  precurso rs and  am ines. In  certa in  m ast cells am inopep tidases can  n a m e ly  
be d e m o n s tra ted , as well as enzym es w hich c a n  sp lit larger p ro te in  m olecules 
[14] an d  th u s  su p p ly  am ine  precursors. A cco rd ing  to  o th e r repo rts  [1, 4] th e
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m a s t  cells of certa in  o rg an s are capable o f  am in e  precursor and  ev en  o f  com ­
p le te  biogenic am ine u p ta k e  [3, 5].

In  previous ex p e rim en ts  considerab le d ifferences in acid p o ly sacch arid e  
[7] a n d  biogenic co n ten t w ere observed in  m a s t cells o rig inating  from  d iffe ren t 
o rg a n s  of the  ra t [10]. In  th e  p resen t w ork  i t  was therefore s tu d ie d  w h e th e r 
th e re  w as any  difference in  am ine p recu rso r a n d  biogenic am ine u p ta k e  b e tw een  
m a s t  cells orig inating  from  different r a t  o rg an s, and  how these  d ifferences 
c o u ld  be  correlated  w ith  th e  degree of m a tu ra t io n , physiological fu n c tio n s  and  
h is to ch em ica l ch a rac te ris tic s  o f th e  m ast cells.

M ateria ls and  m eth o d s

T h e  experim ents w ere ca rried  ou t in 80 g m ale  W is ta r  CB ra ts , using  tw o  an im a ls  for 
e ac h  m a te ria l.  For MAO in h ib itio n , each  an im al rece iv ed  250 m g/kg body w eigh t o f  n ia lam id e  
(N u re d a l  EG Y T), in tra p e rito n e a lly , dissolved in n /5  H C L . A fter 30 m inutes 125 //C i 3H -h isti- 
d in e  (spec, a c t.: 1 Ci/mM, A m ersh am ), 125 /<Ci 3H -h is ta m in e  (spec, a c t.: 56 Ci/mM , A m ersh am ), 
125 /гCi 3-H -5-H T P  (5 -h y d ro x y try p to p h a n , spec, a c t .:  8.2 Ci/mM A m ersham ) o r 125 /<Ci 
3H -5 -H T  (serotonin , sp ec -ac t.: 10.7 Ci/mM, A m ersh am ) w ere in jected  in tra v e n o u s ly . A fter 
1 h o u r  th e  anim als were k illed  b y  an  overdose of e th e r . T h e  m esen terium , su b c u ta n e o u s  con­
n e c tiv e  tissu e , lym ph node, h e a r t  an d  lung  w ere rem o v ed  fixed  in 3%  g lu ta ra ld e h y d e , and 
e m b e d d e d  in  D urcupan  ACM. S e m ith in  sections w ere  co v ered  w ith  Ilford  К  5; a f te r  ex p o sitio n  
fo r  28 d a y s  th ey  were dev elo p ed  w ith  ORW O R  09 develo p er. S ta in ing  w as p e rfo rm e d  w ith  
N u c le a r  F a s t  red.

R esults

ЛН 5 Н Т Р  was ta k e n  up  m ost in ten s iv e ly  b y  th e  m esenteria l m a s t cells 
(F ig . 1); u p tak e  b y  th e  ly m p h  node (F ig . 2) a n d  h ea rt m ast cells w as less 
in te n s e , an d  nil by  th e  conn ec tiv e  tissue or p u lm o n a ry  m ast cells.

:iH -5 -H T  was in c o rp o ra te d  a t  the h ig h e s t in te n s ity  b y  th e  h e a r t  m uscle 
m a s t  cells (Fig. 3); in c o rp o ra tio n  b y  th e  m esen te riu m  (Fig. 4) a n d  ly m p h  
n o d e  (F ig . 5) m ast cells w as less in tense. In  a b o u t one-th ird  of th e  su b c u ta n e o u s  
c o n n e c tiv e  tissue cells (F ig . 6) 1 or 2 grains can  be found per cell. T h is seem ed 
sp ec if ic , since there  w ere no  grains p resen t am o n g  th e  cells. Some p u lm o n a ry  
e p ith e lia l  cells show ed in ten se  5-H T  u p ta k e .

3H -histid ine  an d  3H -h is tam in e  were n o t  in co rp o ra ted  b y  th e  m a s t cells 
o f  th e  exam ined  organs.

D iscussion

I n  m ast cell fo rm a tio n  th e  th y m o cy tes  occupy  a fu n d am en ta l p o s itio n , 
b u t  th e  cells do no t reach  th e  m ast cell fo rm  in th e  th y m u s [6]. T h ey  a re  t r a n s ­
p o r te d  in to  the  p e rito n ea l c a v ity , w here each  stage  of m a tu ra tio n  fro m  th e  
ly m p h o c y te  to  the sa fran in -p o sitiv e  m ast cells can  be found. S till th e  m a tú ra -
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Fig. 1. M esenterium , 5 -H T P  
Fig. 2. L ym ph node, 5 -H T P  
Fig. 3. H e a r t  m uscle, 5 -H T  
Fig. 4. M esenterium , 5 -H T  
Fig. 5. L ym ph node, 5 -H T

Fig. 6. S u b scu tan eo u s connective  tissue, 5-HT. N u m ero u s m as t cells in a g roup; no  gra ins
above them

L abelled  am in e  and  am in e  p recu rso r u p tak e  of m as t cells localized in v arious o rgans. M ag­
n ification : X 1000; S ta in : N u c lea r F a s t red

tion  is n o t y e t com plete , b u t th e  cells m ig ra te  p re su m ab ly  th ro u g h  th e  m esen- 
te r iu m  an d  possib ly  reach  th ro u g h  the blood s tre a m  th e  organ w here th e y  
e x e rt th e ir  fu n c tio n  [6]. T herefore, even if  th e  hom ogeneity  of th e  w hole m a s t 
cell p o p u la tio n  concern ing  its  origin and  basic  com ponen ts is accep ted , th e  
h istochem ical and  fu n c tio n a l ch a rac teristics o f th e  single m ast cell g roups a re  
d ifferen t. T h is m an ifests  itse lf  well in the  s u lp h a ta tio n  of th e ir  m u copo lysaccha­
ride c o n te n t [7] as well as in th e ir  biogenic am in e  co n ten t [10]. Some o f o u r 
prev ious ex p erim en ts  even ind ica ted  d ifferences in th e ir am ine an d  am ine  
p recu rso r u p ta k e  [1— 5]. W hen th e  m ast cells a rc  classified accord ing  to  th e ir  
degree o f m a tu ra tio n , i t  appears th a t  the  m ost im m a tu re  form s can  be found  
in th e  p e rito n ea l c a v ity  [6]. These cells can in c o rp o ra te  5 -H T P  and  h istid ine  [4], 
th u s  th e y  ta k e  up  each p recurso r ch a rac te ris tic  o f  th e  ra t  m ast cell, b u t  th e y  
do n o t ta k e  up  com plete  am ines. T hus, am ine  syn th esis  occurs in  these  cells.
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In  th e  m esenterium  cells a re  still tak in g  u p  5 -H T P  (th is could be d e m o n s tra te d  
o n ly  b y  th e  use of h igh  specific  ac tiv ities in  th e  p resen t ex p erim en ts), b u t  no 
h is t id in e , ind icating  th a t  h is tam in e  sy n th esis  has a lread y  been co m p le te  or 
n o  n ew  synthesis h ad  s ta r te d  while 5 -H T  syn th esis  was still in  progress. 
T h e  m a tu re  cells localized  in  th e  organs are  ta k in g  u p  scarcely an y  p recu rso rs , 
o r  n o n e  a t all, in d ica tin g  t h a t  th e ir  syn th esis  has ceased. On th e  o th e r  h an d , 
th e  m a jo r ity  of cells are  ab le  to  tak e  up  se ro to n in . This ab ility  is c h a ra c te ris tic  
o f  th e  th y ro id  gland m a s t cells in th e  f irs t  p lace [3, 5] and  m ay be re la te d  to  
th e  th y ro id  regu la tion  o f  th ese  cells. S e ro ton in  u p tak e  occurs b y  th e  h e a r t 
m u sc le  m ast cells, too , p e rh a p s  oving to  th e ir  specific function  [9].

T h u s, the  m ast cell in  th e  course of its  m a tu ra tio n  changes in to  such  an  
e n d -p ro d u c t cell, w hich  h a s  lo st its  sy n th e tis in g  a c tiv ity  b u t  m a in ta in e d  its  
am in e-m ed ia tin g , or t r a n s p o r t  function . In  th is  resp ec t th ere  are q u a n ti ta t iv e  
d iffe ren ces in the  v a rio u s m a s t cells; th e  le a s t ac tive  are th e  su b cu tan eo u s  
c o n n e c tiv e  tissue m a s t cells. This cell ty p e  is o u ts ta n d in g  also b y  its  fa ilu re  
to  ta k e  up  precursors, n o t  even 5 -H T P . I t  shou ld  be em phasized  t h a t  th e  
m e d ia tin g  function  o f th e  m a s t cells, n am ely  th e ir  am ine u p tak e  an d  t r a n s p o r t ,  
is re s tr ic te d  to  sero ton in . T h e  cells can sy n th é tisé  and  release h is ta m in e , b u t 
c a n n o t  ta k e  it  up in  its  com p le te  form . T he e x p lan a tio n  of th e  d ifferences in 
u p ta k e  betw een th e  tw o  am ines requires fu r th e r  investiga tions.

R E F E R E N C E S

I . B a r á t ii, P ., Lsa ba , G .: (1974) B iogenic am in e  an d  am ine p recu rso r u p ta k e  b y  th y ro id  
m a s t  cells. A cta  m orph . A cad . Sei. hung . 22, 327— 330. — 2. B e n d it t , E . P ., W o n g , R . L. 
A r a s e , M ., R o e pe r , E .: (1955) 5 -H y d ro x y try p tam in e  in m as t cells. Proc. Soc. ex p . B iol, 
(N . Y .)  90, 303—304. — 3. Csa b a , G ., B a rá th , P .: (1973) T r it ia te d  5 -h y d ro x y try p ta m in e  u p ­
ta k e  o f  th e  m as t cells in th e  r a t  th y ro id  g land. N euroendocrino logy  12, 67— 70. — 4. Csa ba , G., 
B a r á t h , P .: (1974) H e te ro g e n e ity  o f m as t cell p o p u la tio n  as em erging from  s tu d ie s  w ith  
la b e lle d  am ines and am ine p re cu rso rs . A cta  biol. A cad . Sei. hung . 25, 323— 325. — 5. Csa b a , G., 
B a r á t h , P . : (1974) E ffect o f p in ea lec to m y  on th e  3H -5 -H T  u p ta k e  of m ast cells in th e  th y ro id  
g la n d  o f  th e  ra t. A cta a n a t. (B ase l) 89, 442—451. — 6. Csaba , G., T örök , О.: (1974) Physio logy  
o f m a s t  cells TV. Role o f b lo o d  t ra n s p o r t  in th e  fo rm a tio n  of m as t cells. A cta  b iol. A cad . Sei. 
h u n g . 23, 369—376. — 7. Csa b a , G ., K ovács, P .: (1976) P ro o f o f th e  h e te ro g en e ity  o f  m a s t cell 
p o p u la t io n  based on m uco p o ly sacch arid e  co n te n t. (A  h ízósejtpopuláció  h e te ro g en itá sán a k  
b iz o n y ítá s a  a m uko p o ly sacch arid a  ta r ta lo m  a la p já n .)  A c ta  m orph . A cad. Sei. h u n g . In  press. 
— 8. H a g e n , P ., L e e , F . L .: (1958) Am ino acid d ecarb o x y lases o f m ouse m ast cells. J .  Physio l. 
(L o n d .)  143, 7 — 8. 9. H e in e , H ., F ö r st er , F . J . :  (1974) Z ur M orphologie der B eziehungen
zw isch en  M ast- und M uskelzellen  bei S äugetieren . A c ta  a n a t. (Basel) 89, 387— 400. 10.
K o v á c s , P ., Csaba , G.: (1976) P ro o f  o f the  h e te ro g en e ity  o f m as t cell p o p u la tio n  b a se d  on th e  
b io g en ic  am ine con ten t. (H u n g .: A h ízósejtpopu láció  h e te ro g en itásán ak  b izo n y ítása  a  biogén- 
a m in  ta r ta lo m  alap ján .) A c ta  m o rp h . Acad. Sei. h u n g . In press. — 11. L a g u n o f f , D ., L am , 
K . B ., R o e p e r , E ., B e n d it t , E . P .: (1957) 5 -H y d ro x y try p ta m in e  fo rm atio n  fro m  5 -h y d ro x y - 
t r y p to p h a n  by  m ast cells. F e d . P ro c . 16, 363. — 12. L a g u n o f f , D ., B e n d it t , E . P .:  (1959) 
5 -H y d ro x y try p to p h a n  d eca rb o x y la se  a c tiv ity  in r a t  m a s t cells. A m er. J . Physiol. 196, 993 — 997. 
.— 13. R il e y , J . ,  W e st , G. B .: (1953) T he presence of h is tam in e  in  tissue m ast cells. J .  Physio l. 
(L o n d .)  120, 528—537. — 14. Sc h a u e r , A.: (1964) D ie M astzellen. G ustav  F isc h e r V erlag , 
S tu t tg a r t .  — 15. W e is s b a c h , H . W ., L o v en b er g , W ., U d e n f r ie n d , S.: (1961) C h a rac te ris tic s  
o f  m a m m a lia n  h istid ine  d e ca rb o x y la tin g  enzym es. B iochem . b iophys. A c ta  (A m st.)  50, 
177— 179. — 16. W e r l e , E .,  Sc h a u e r , A .: (1956) H is ta m in  in N erven. Z. ges. exp . M ed. 127, 
16— 21.

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



BIOGENIC AMINE IN MAST CELLS 23

D IE  A U F N A H M E  B IO G E N E R  A M IN E  O D E R  A M IN -P R Ä K U R S O R E N  
D U R C H  D IE  M A ST Z E L L E N

P. KOVÁCS und G. CSABA

In  bezug a u f  d ie A m in v o rläu fer- u n d  A m in au fn ah m e  is t d ie  M astzellen p o p u latio n  
u n e in h e itlich . Von den u n re ifen  Zellen w erden  die A m in -P rä k u rso ren  aufgenom m en, bei fo r t ­
sch re iten d e r R eifung n eh m en  sie jed o ch  n u r  noch 5 -H T P  au f. D ie re ifen  Zellen n ehm en  ke ine  
P rä k u rso re n  m ehr au f, do ch  sind  sie — in u n tersch ied lich em  G rad e  —  zur A ufnahm e v o n  5H T  
fähig . D ie M astzellen d e r S ch ildd rüse  und  des H erzm uskels n eh m en  das m eiste 5H T  auf, was 
m it ih re r  speziellen F u n k tio n  in  diesen beiden  O rganen  Z usam m enhängen  d ü rfte . K eine  der 
M astzellen  n im m t fertiges H is ta m in  auf, sie k ö n n en  dieses n u r  syn the tisie ren .

ПРИЕМ БИОГЕННЫХ АМИНОВ И ПРЕКУРСОРОВ АМИНОВ ТУЧНЫМИ
КЛЕТКАМИ

П. КОВАЧ и Д. ЧАБА

С точки зрения приема прекурсоров аминов и аминов популяция тучных клеток 
неоднородна. Незрелые клетки поглощают прекурсоры, однако, по мере продвижения 
созревания они поглощают только 5НТР. Зрелые клетки не поглощают прекурсоров, одна­
ко они — в различной степени — способны к приему 5НТ. Тучные клетки щитовидной ж е­
лезы и сердечной мышцы поглощают наибольшее количество 5НТ, что повидимому связано 
с их специальной функцией в этих двух органах. Ни одна из тучных клеток не усваивает 
готовый гистамин, они способны только к синтезу гистамина.

D r. P é te r  K o v á c s  

D r. G yörgy C s a b a

Sem m elw eis O rv o stu d o m án y i Egyetem , 
B iológiai In té z e t, H -1450 B u d a p e s t, 
T űzo ltó  u. 58., H u n g a ry
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Second D e p a rtm en t o f  P a th o lo g y , Sem m elweis M edical U n iv ersity , B u d a p es t

SCANNING ELECTRON MICROSCOPIC EXAMINATION 
OF I N  V I T R O  CULTURED CELLS 

BY DIFFERENT METHODS

É v a C s o n k a , В. B e r n o l á k , A. S. K o c h  and  H . J e l l i n e k  

(R ece ived  O ctober 26, 1976)

1. T he m o rp h o lo g y  of cu ltu red  ao rtic  en d o th e lia l cells was s tud ied  by  scan n in g  
e lectron  m icroscopy. T h e  cells were p repared  fo r e x am in a tio n  by  th ree  d ifferen t p ro ­
cedures: tw o invo lved  f ix a tio n , th e  th ird  only d ry in g  in v acu u m .

2. T o check  th e  efficiency of th e  m eth o d s o f  p re p a ra tio n , th ree  non -en d o th e lia l 
cell lines w ere p rocessed  sim ila rly  and exam ined  fo r SEM  m orphology.

3. The im ages o f th e  cell surfaces w ere fo u n d  to  d iffer depending  on  th e  m eth o d  
o f p re p a ra tio n  an d  th e  v a lu e  o f th e  m ethodical a p p ro ac h  c learly  varied  w ith  th e  ty p e  
of th e  cell. I t  is concluded  th a t  for stu d y in g  cell m orphology  by  SEM  th e  m eth o d  o f 
p re p ara tio n  should  care fu lly  be selected.

S tu d y , in  vivo  o f th e  in d iv id u a l cellu lar co m p o n en ts  o f  th e  vessel w all 
w ould  requ ire  com p lica ted  m ethod ica l ap p ro ach es. In  o rder to  su rm o u n t th is  
d ifficu lty , cell lines rep re sen tin g  hom ogenous p o p u la tio n s  have increasing ly  
been p referred  for in v es tig a tio n s  in to  n o rm al a n d  patho log ica l cond itions.

S tudies on cu ltu red  cells have been p ro m o ted  by  th e  m arked  im p ro v em en t 
o f th e  cu ltu rin g  tech n iq u es  d u rin g  the  la s t d ecade . T he deve lopm en t an d  
m ain ten an ce  of pure  ao rtic  en d o th e liu m  and  p u re  ao rtic  sm ooth  m uscle cells 
was rep o rted  for th e  f irs t  t im e  from  th is  la b o ra to ry  in  1973 [2]. S im ilar cu ltu res  
h av e  been o b ta in ed  b y  o th e r  a u th o rs  [4, 5] ch ie fly  from  veins, an d  a t te m p ts  
a t  iso la ting  th em  from  th e  a o r ta  have been re p o rte d  only  recen tly  [6].

The e lectron  m icroscopic m o rpho logy  o f th e  iso la ted  cells has been 
accep ted  as th e  m ost re liab le  m eans of id e n tif ic a tio n . T he ao rtic  en d o th e lia l 
an d  sm ooth  m uscle cell lines iso la ted  in  th is  la b o ra to ry  were therefo re  id e n ti­
fied  b y  transm ission  e lec tro n  m icroscopic c rite r ia  [3].

F u r th e r  e x am in a tio n s  b y  scanning e lec tro n  m icroscopy are  th e  su b jec t 
o f th is  re p o r t .  Since th e  u su a l fix ing  p rocedures d id  n o t alw ays yield  p re p a ra ­
tions o f sa tis fa c to ry  q u a lity , especially in  re sp ec t o f rep ro d u c ib ility , th e  p ro c ­
essing of th e  specim ens w as m odified and  o th e r  cell lines, p a r tly  o u r own 
iso lates, p a r tly  in te rn a tio n a l s ta n d a rd  cell s tra in s , w ere sim ilarly  ex am in ed  
for com parison .

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



26 É V A  C S O N K A  e t  a l.

M ateria ls and  m ethods
C ell cultures

Passages 7— 10 of th e  en d o th e lia l cell line  E-203, iso lated  in  th is  la b o ra to ry  from  
m in ia tu r e  pig (M innesota) a o r ta .

Passages 2— 5 of th e  sm o o th  m uscle cell line  S-215, iso lated  in th is  la b o ra to ry  from  
m in ia tu re  pig (M innesota) a o r ta .

P assages 104— 110 o f th e  ao rtic  sm o o th  m uscle  cell line S-76, w hich  b ecam e  hetero- 
p lo id ic  du rin g  cu ltiv a tio n . T h is  cell line, too , w as iso la ted  in  th is  lab o ra to ry  fro m  m in ia tu re  
p ig  (M inneso ta) aorta .

H eL a, in te rn a tio n al s ta n d a rd  cell stra in .
F o r  scanning e lec tro n  m icroscopy , coverslip  cu ltu res  w ere p rep ared  in  L e ig h to n  tubes 

fro m  a ll exam ined cellT ines, u s in g  10%  ca lf serum  co n ta in in g  sy n th e tic  P a rk e r-1 9 9  m edium  
th ro u g h o u t.

P rocessing  fo r  scanning electron m icroscopy

1. Coverslip cu ltu res  w ere  fixed  fo r 2 hours in 6%  g lu ta ra ld eh y d e  co n ta in in g  H o lt 
s o lu t io n , w eie  washed in  p h o sp h a te  b u ffered  sa line  a f te r  fix a tio n , and  d e h y d ra te d  in step- 
g ra d e d  e th an o l and acetone.

2. T he m onolayer g ro w n  o n  th e  coverslip  w as w ash ed  in  p h o sp h a te  b u ffe red  saline, 
r in se d  in  distilled w a ter 3 tim es  fo r 1 second each, m o u n ted  im m ed ia te ly  on  co p p er p la te  and 
d r ie d  in vacuo. V apour p re ssu re  w as reduced  g rad u a lly  to  10-3  m m  H g in 10 m in u te s , and 
to  5 • 1 0 -5 mm Hg in a n o th e r  10 m inu tes.

3. The cells were fix ed  fo r 2 ho u rs  a t  room  te m p e ra tu re  in cacody la te  b u ffe r  co n ta in in g  
1 .2 %  g lu ta ra ld eh y d e  an d  0 .1%  ru th e n iu m  red . A fte r  f ix a tio n  the  cells w ere d e h y d ra te d  in 
s re p -g ra d e d  actone.

P ieces of the  coverslip  c a rry in g  th e  d iffe ren tly  p rocessed  cells w ere m o u n te d  on copper 
p la te s  w ith  collodion, co a ted  b y  a 50 Â th ic k  lay e r o f ca rb o n  and  a 200 Â th ic k  la y e r  of gold, 
a n d  shadow ed  by copper a t  a n  an g le  o f 20°.

E lectron  microscopy
T h e  p repara tions w ere ex am in ed  in a scann ing  a d a p te r  connected  w ith  a JE M  100 В 

e le c tro n  m icroscope, a t  40 K V  v o lta g e  an d  60 p  b eam  am perage .

R esu lts

E v a lu a tio n  of th e  re su lts  w as m ade b y  com parison  of th e  e lec tro n  m icro­
g ra p h s  ta k e n  a t 1000, 3000 an d  10,000 fo ld  m agn ifica tions of each  of 4 d ifferen t 
ce ll lin es  processed in  3 d iffe ren t w ays.

(F ig . 1/a— c) T he e lec tro n  m icrographs of a fixed  p re p a ra tio n  do n o t 
re f le c t  qu ite  co rrectly  th e  ch a rac te ris tic  m orphological fea tu res  o f th e  endo­
th e l ia l  cells.

(F ig . la /c) The f ix e d  cells are  sh ru n k en , w hereas th e  n o n -fix ed  p re p a ra ­
tio n s  c learly  show th e  m osaic-like f i t t in g  o f th e  cells, as well as th e  ty p ica l 
e n d o th e lia l border (F ig . 1/b).

T he appearance o f th e  cell surfaces depends on th e  m eth o d  o f processing. 
T h e  nucleus and nucleo lus are consp icuously  v isualized  b y  th e  u su a l f ix a tio n  
p ro c e d u re  (Fig. l /а), w hile f ix a tio n  w ith  ru th e n iu m  red  resu lts  in  a p rac tica lly  
hom ogeneous ap p earan ce  o f  th e  cell surface (F ig . 1/c).

(F ig . 2/a— c) D ifferences in  f ix a tio n  cause less v a ria tio n  in  th e  ap p e a r­
an c e  o f  sm ooth m uscle cells th a n  in  th e  en d o th e lia l cells. T he nucleo lus is m ore
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consp icuous in  th e  fix ed  p re p a ra tio n s  th a n  in u n fix ed  ones an d  th e  a rra n g e ­
m en t o f th e  m yofilam en ts is least v isib le  in specim ens fixed  w ith  ru th e n iu m  
red  (2/c).

(F ig. 3/a— c) Cell line S-76 iso la te d  an d  m ain ta in ed  in  th is  la b o ra to ry , 
h a d  orig inally  beeen a reg u la r sm o o th  m uscle cell cu ltu re , to  ju d g e  b y  its  
ch a rac te ris tic s , b u t in th e  21st p assage  it  becam e po lym orphous a n d  hetero - 
p lo id ic in  a single step . L ike th e  e n d o th e lia l cells also show ed d iffe ren t surface 
m orpho logy , depending  on th e  ty p e  o f  processing. The fixed  cells a re  c a rry in g  
m icrovilli on th e ir  surfaces (F ig. 3/a). T h e  v illous s tru c tu re s  can easily  be d iffe r­
e n tia te d  in  conven tionally  fixed  p re p a ra tio n s , w hereas on fix a tio n  w ith  ru th e ­
n ium  red  th ey  ap p ear th ick e r and  m ore  densely  arranged  (F ig . 3/c). In  non- 
fix ed  p rep a ra tio n s  th e  h e lte r-sk e lte r su rface  s tru c tu re s  are f la t , b u t  th e  nucleus 
an d  nucleolus are m ore easily  visible th a n  in th e  fixed  p rep a ra tio n s  (F ig . 3/b).

(Fig. 4 /a— c) The elec tron  m icro g rap h s o f H eL a cells rem in d  o f  tho se  
o f  S-76 cells, excep t th a t  th e  villous o u tg ro w th s  0Ï1 th e  surface are  co n sid e rab ly  
d en se r (Fig. 4/a). In  p rep a ra tio n s  t r e a te d  w itb  ru th en iu m  red , th e  v illous 
s tru c tu re s  ap p ear as irreg u la rly  o rd e red  depositions (Fig. 4/c). T he c h a ra c te r ­
is tic  la rge  nuclei of th e  H eL a cells a re  visible only  in u n fix ed  p re p a ra tio n s  
(F ig . 4 /b ).

D iscussion

T he problem s m et w ith  in th e  scan n in g  electron  m icroscopic s tu d y  of 
c u ltu re d  endo thelia l cells have  'induced  us to  p re fe r for such s tu d ies  n o n -fix ed  
cells in a p rac tica lly  n a tu ra l  s ta te . T h is  ap p ro ach  also involves ce rta in  a r te fa c ts , 
w hich m ay  m islead th e  in v es tig a to r  [1]. Cell lines o th e r th a n  ao rtic  e n d o th e ­
lium  h ad  therefo re  been included  in  th e  s tu d y  w ith  the express p u rp o se  of 
show ing  th a t  th e  sim plified  processing  proposed  b y  us does n o t b lu r  th e  spe­
cific  m orphological ch arac teris tics  o f  th e  d iffe ren t cell types.

T he electron m icroscopic im age o f  th e  surface of fixed  H eL a cells co r­
re sp o n d s to  th a t  found  b y  o th e r a u th o rs  using  a d ifferen t fix ing  p ro ced u re  [7]. 
T he fix ed  p rep ara tio n s  o f H eL a cells w ere in  fa c t fa irly  u n c h a ra c te ris tic .

Processing w ith o u t fix a tio n  p ro v e d  to  lie th e  m ethod  o f choice w ith  th e  
en d o th e lia l cell because i t  p re v e n te d  its  sh rink ing . The possib ility  w as also 
ex p lo red  w h e th e r rap id  rinsing  in d is tilled  w a te r  dam aged  th e  cells. I t  was 
concluded  th a t  i f  th e  osm otic  changes co n co m itan t upon  chem ical a lte ra tio n s  
in  th e  en v iro n m en t o f th e  cell are o f  sh o rt d u ra tio n  and  d u rin g  th is  critica l 
period  th e  shape an d  surface m o rpho logy  o f th e  cell can be b ro u g h t in to  a form  
th a t  will no t becom e a lte re d , th e  c u ltu re  so processed is su ited  fo r scan n in g  
E M -stud ies. I f  a fte r th e  ra p id  rin s in g  th e  m o ist p rep a ra tio n  is im m e d ia te ly  
exposed  to  vacuum , rap id  e v a p o ra tio n  causes red u c tio n  of th e  te m p e ra tu re  
to  such  a low degree th a t  th e  w a te r re ta in e d  in  th e  cell w ith  frozen  a n d  subli-
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F ig . 1. Scanning electron  m ic ro g rap h s  of E-203 c u ltu red  ao rtic  endothelia l cells p rep ared  by  
v a r io u s  techniques, a) p re p a ra t io n  trea te d  w ith H o lt’s fix in g  so lu tion . X 1000, X 3000; b ) p rep  
a ra t io n  dried  in vacuo. XlOOO, X3000; c) p re p a ra tio n  tre a te d  w ith ru th en iu m  red  and

g lu ta ra ld eh y d e. X 1000, X 3000
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F ig. 2. Scanning e lectron  m icrographs o f S-215 c u ltu red  ao rtic  sm ooth m uscle cells p re p a re d  b y  
va rio u s techn iques, a) p rep ara tio n  tre a te d  w ith  H o lt’s fix ing  solu tion . XlOOO, X 3000; b) p re p ­
a ra tio n  dried  in vacuo  X 1000, X 3000; c) p rep ara tio n  fix ed  w ith ru th en iu m  red  a n d  g lu ta r -

a ld eh y d e  X 1000, X 3000
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F ig . 3. E lectron  m ic ro g rap h s  of the  S-76 c u ltu red  a o r tic  sm oo th  m uscle cell m u ta n t  d iffer­
e n tly  p repared  by  v a r io u s  techniques, a) p re p a ra tio n  tre a te d  w ith  H o lt’s fix ing  so lu tion . 
X 1000, X3000; b ) p re p a ra t io n  dried in vacuo X 1000, X 3000; b ) p rep ara tio n  d ried  in  vacuo  
X 1000, X3000; c) p re p a ra tio n  fixed w ith ru th e n iu m  red  and  g lu ta ra ld eh y d e  X 1000, X 3000
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Fig. 4. E lec tro n  m icrographs of the  H eL a in te rn a tio n a l  s ta n d a rd  cell stra in  p re p a re d  by- 
various m eth o d s, a) p re p a ra tio n  trea ted  w ith  H o lt’s fix in g  so lu tio n  XlOOO, X 3000; b ) p re p a ­
ra tio n  d ried  in vacuo XlOOO, X3000: c) p re p a ra tio n  fix ed  w ith  ru then ium  red a n d  g lu ta r -

aldehyde XlOOO, X 3000



32 ÉVA CSONKA et al.

m a tio n  from  th e  fro zen  s ta te  will n o t a ffec t th e  m orphological d e ta ils . G re a t 
c a u tio n  should be  exerc ised  w ith  th e  r a te  o f  p ressure red u c tio n , as a lre a d y  
re fe rre d  to  in th e  fo rego ing . I f  pressure is re d u c e d  too rap id ly  th e  cells m a y  
h u r s t  in stead  o f b e in g  frozen as a re su lt o f  h e a t  loss th ro u g h  e v a p o ra tio n .

In  su m m ary , scan n in g  electron m ic ro sco p y  offers va lu ab le  in fo rm a tio n  
a b o u t  th e  u l t r a s t ru c tu ra l  details of th e  cell su rface  if  the  m e th o d ica l a p p ro a c h  
is  ca re fu lly  chosen acco rd in g  to  the  d e ta il o r  ty p e  of cell u n d e r  e x a m in a tio n .
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SC A N N IN G  E L E K T R O N E N M IK R O S K O P IS C H E  U N T E R S U C H U N G  
I N  V IT R O  G E Z Ü C H T E T E R  Z E L L E N  M IT  V E R S C H IE D E N E N  M E T H O D E N

ÉV A  CSONKA, В. BERN 0LÁ K , A. S. K O C H  u nd  H. JE L L IN E K

1. V erfasser u n te r s u c h te n  m ittels scan n in g  e lek tro nenm ikroskop ischer M eth o d e  d ie  
M o rp h o lo g ie  in v itro  g e z ü c h te te r  E ndothelia lzellen . Sie b en u tzen  drei versch ied en e  V o rb e re i­
tu n g sm e th o d e n , in  zw ei F ä lle n  fix ie rten  sie d ie Z ellen , w ä h ren d  nach der d r i t te n  M ethode  d ie  
P r ä p a r a t e  ohne F ix ie ru n g  in  V akuum  g e tro ck n e t w u rd e n .

2. Zur K o n tro lle  d e r  verschiedenen M e th o d en  u n te rsu c h te n  V erfasser a u c h  die M o r­
p h o lo g ie  von  Z e llk u ltu re n  d re ie r verschiedener T y p e n  m itte ls  der von ih n en  a n g ew a n d ten  
M e th o d e .

3. V erfasser s te ll te n  fe s t, daß  scanning e lek tro n en m ik ro sk o p isch e  A u fn ah m e  von  a u f  
v e rsch ie d en e  A rt v o rb e re i te te n  Z ellkulturen  ein z iem lich  abw eichendes O berfläch en b ild  ze ig ten . 
D e sh a lb  m uß bei d e r D u rch fü h ru n g  solcher m o rp h o lo g isch er U n tersuchungen  — je  n a ch  
d e m  Z iel des V ersuches —  im m er die en tsp rech en d e  M eth o d e  gew ählt w erden .

ОТРАЖАТЕЛЬНОЕ (СКАНИРОВАННОЕ) ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ 
ИССЛЕДОВАНИЕ КЛЕТОК, КУЛЬТИВИРОВАННЫХ I N  V I T R O  И 

ПОДГОТОВЛЕННЫХ РАЗЛИЧНЫМИ МЕТОДАМИ

ЕВА ЧОНКА, Б. БЕРНОЛАК, А. Ш. КОХ и X. ЙЕЛЛИНЕК

1. Морфология клетокэндотелия аорты, культивированных in vitro, была изучена при 
помощи отражательного (сканирование) электронномикроскопического метода. Для 
подготовки материала применялись три различных метода. В двух случаях клетки были 
фиксированы, а при третьем методе препараты были высушены в вакууме без фиксации.
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2. В целях проверки различных методов подготовки, кроме эндотелиальных клеток, 
сравнивалась морфология культур еще трех клеточных типов при применении тех же 
методов для подготовки.

3. Было установлено, что при методе отражательной электронной микроскопии 
различными способами подготовленных клеточных культур получаются довольно отклоня­
ющиеся картины поверхности. Поэтому, для таких морфологических исследований — в за­
висимости от цели эксперимента — всегда приходится выбрать наиболее подходящую ме­
тодику подготовки препаратов.

É v a  C s o n k a  
Б . B e r n o l á k  
A. S. К о е н  
H . J e l l i n e k

Sem m elw eis O rv o stu d o m án y i Е
I I . sz. K ó rb o n c tan i In té z e t, 
11-1091 B u d ap est, Ü llői u. 93.

igyetem

H u n g ary
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CELL TYPES OF THE PARS DISTALIS: 
SEASONAL CHANGES IN SECRETORY ACTIVITY 

AND EFFECT OF STEROIDS ON SPERMATOGENESIS 
IN R A N  A  H E X A D A C T Y L A

S. K a SINATHAN, S. L. B a SU and  V lJA Y A M  S r IRAMULU

(R eceived  O ctober 27, 1976)

C ytom orpholog ical fe a tu res  and  tin c to r ia l a ffin itie s  of the  ad en o h y p o p h y sea l 
g o n a d o tro p h s  h a v e  been s tu d ied  in s ta in ed  p re p a ra tio n s  o f th e  p itu ita ry  o f a d u l t  m ale  
frogs R a n a  hexadactyla  L esson, a t  m o n th ly  in te rv a ls  du rin g  a calendar y e a r. A ll th e  
five m orpho log ically  d is tin c t cell ty p es  show ed a  progressive  increase in  size fro m  
A u g u st to  F e b ru a ry , follow ed by  a decrease from  M arch  to  Ju ly . E x tru s io n  o f  th e  sy n - 
th e tize d  p ro d u c t occurred  in  th e  sum m et and  d u rin g  th is  period p ro d u c tio n  w as  low . 
In je c tio n  o f  ste ro ids viz. s tilb o estro l, te s to s te ro n e , o e strad io l, doca and c o rtiso l, in te r ­
fered  w ith  th e  e lab o ra tio n  an d  secretion  of g o n ad o tro p in s , the  ad en o h y p o p h y sea l 
feed b ack  m ech an ism , an d  th e  sen sitiv ity  o f th e  g e rm in a l ep ithe lium . Changes in  g o n a d o ­
tro p in s  secre tion  a n d  th e ir  im p a c t on the  tes tis  a re  d iscussed .]

C ytological stud ies in  several species o f a m p h ib ia  have b ro u g h t to  lig h t 
the ex istence  in  th e  pars d ista lis o f d ifferen t cell ty p e s  w ith  specific t in c to r ia l  
affin ities [5, 10— 12, 14, 21, 24, 31, 35]. These s tu d ie s  have also p o in te d  o u t 
the  in v o lv em en t o f hypophysea l gon ad o tro p in s  in  th e  regu lation  of r e p ro d u c ­
tive  cycles. T he m echanism s reg u la tin g  these  processes are com plex. A su rv e y  
of th e  l i te ra tu re  has show n th a t  th e  level of h y p o p h y sea l gonadotropins v a r ie s  
considerab ly  from  season to  season, an d  e la b o ra tio n  an d  secretion of th e  h o r­
m ones b y  th e  concerned  cell ty p es  is la rgely  u n d e r  th e  influence of th e  p h y s ic a l 
factors o f th e  env iro n m en t. The responsiveness o f  th e  germ inal e p ith e liu m  
and th e  e x te n t  to  w hich i t  is sensitive to  h o rm o n a l prim ing are d e p e n d e n t 
on th e  in te rn a l physiological rh y th m s  to  b rin g  a b o u t a h o rm o n e-m ed ia ted  
response. In  a p rev ious s tu d y  on R ana  hexadactyla  [1, 2] the  sp e rm ato g en ic  
cycle has b een  found  to  be con tinuous and , b y  ad m in is te rin g  p itu ita ry  e x tra c ts , 
K a s i n a t h a n  e t  al. [21] found  an  en ch an cem en t o f sperm atogenic a c t iv i ty  
and in te rs ti t ia l  developm ent in  th e  te s tis  of th e  rec ip ien t frogs. In  th e  p re se n t 
in v estig a tio n  we h av e  s tud ied  [1] th e  seasonal changes in  the  secre to ry  a c t iv ­
ity  of th e  p a rs  d ista ils cell ty p es , an d  [2] th e  in flu en ce  of steroids on th e  h y p o ­
physeal cell ty p e s  and  th e  im p a c t o f th e  l a t te r  on sperm atogenic a c t iv i ty  
in Rana hexadactyla  Lesson.
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M aterial an d  m e th o d s

A d u lt m ale frogs o f 65 g average body w e ig h t a n d  app ro x im ate ly  80 m m  sn o u t to  v e n t 
le n g th  w ere  used . T h e  frogs w ere  k e p t u n d e r u n ifo rm  conditions and w ere a llow ed  to  feed 
a d  lib itu m  on  live e a rth w o rm s p ro v id ed  in  a w ire m esh  b o x  an d  left in a co rner o f  th e  a q u ariu m  
o n  a  s to n e  slab. T h e  frogs w ere  d iv ided in to  d iffe re n t lo ts , each  lo t consisting  of f iv e  specim ens 
a n d  w ere  tre a te d  w ith  h o rm o n es as deta iled  below :

1. S tilboestrol: a) 1.25 m g suspended in  1 m l o f  am ph ib ian  R inger w as in je c te d  in 
a  s ing le  dose in  each  frog  belonging to  th e  f i r s t  lo t ,  fo r  fifteen  days; b ) 1.25 m g  dissolved 
in  1.25 m l o f a m p h ib ia n  R in g e r w as ad m in iste red  in  f iv e  doses of 0.25 m l each  in  th e  second 
g ro u p  o f  frogs o f th e  f i r s t  lo t a t  in te rvals o f 48 h o u rs  fo r 15 days.

2. Testosterone: I n  th e  second lo t o f frogs 1 m g  o f  testoste rone  d isso lved  o n  1 m l o f 
a m p h ib ia n  R in g er w as in je c te d  every day  fo r 15 d a y s .

3. Oestradiol : 5 m g  of oestrad io l was su sp en d ed  in  15 m l of am p h ib ian  R in g er. O f th is , 
1 m l w as a d m in is te re d  to  each  of th e  frogs o f lo t  th re e .  T he trea tm e n t w as co n tin u e d  for 
15 d ay s .

4. Deoxycorticosterone acetate (DOCA): 7.5 m g  o f DOCA w as su sp en d ed  in  15 m l of 
a m p h ib ia n  R in g er a n d  each  frog of lo t four rece iv ed  1 m l o f th is horm one an d  th e  tre a tm e n t 
w a s  co n tin u ed  fo r 15 d ays.

.5. Cortisol: 0.5 m g  o f cortiso l, suspended  in  1 m l o f am phib ian  R inger w as g iven  a 
s in g le  d a ily  dose to  each  frog  o f lo t five, for 15 d ay s .

T h e  ho rm o n es u sed  w ere o b ta ined  in th e  fo rm  o f  m icrocrysta ls and  su sp en d ed  sep ar­
a te ly  in  a m p h ib ian  R in g e r p rio r to  a d m in is tra tio n . C o n tro l frogs in jected  w ith  a n  e q u a l q u a n tity  
o f  p laceb o  an d  a m p h ib ia n  R in g er so lu tion  w ere  k e p t  to g e th e r w ith th e  e x p e rim e n ta l ones. 
T h e  fro g s w ere k illed  a f te r  a fo r tn ig h t and th e  g o n ad s a n d  p itu ita rie s  were co llected . P itu ita r ie s  
w e re  f ix ed  in R o u in ’s su b lim a te  solution, e m b ed d ed  in  p a ra ff in , sectioned a t  3 fi  a n d  s ta in ed  
w i th :

1. Cl e v e l a n d  a n d  W o l f e ’s trich ro m e s ta in  [18];
2. period ic  acid  Sch iff (PA S) O range G (O G ) [17];
3. H a l m i’s [16] a ld eh y d e  fuchsin  (A F);
4. Ga b e ’s [15] A F  w ith  H alm i’s [16] c o u n te r  s ta in ;
5. H e r l a n t ’s [18] A lc ian  blue (AR) p H  3.0 w ith  P as  and OG;
6. A ldehyde  th io n in e  (AT) [14].

R esu lts

F ive  chrom ophilic  g ran u la r cell ty p e s  w ere clearly d iscern ib le  on th e  
b as is  o f tin c to r ia l a ffin itie s  in  th e  pars d is ta lis  reg ion  of the  p i tu i ta ry  g land  of 
R a n a  hexadactyla. T hese cell types have  b e e n  g rouped  under ac idoph ilic  ty p es 
1 a n d  2 (A3 an d  A 2) an d  basophilic  ty p es , 1, 2 a n d  3 (B 15 B 2, B3): th e ir  t in c to r ia l 
a ff in itie s  are su m m arized  in Table I.

D istribu tion  o f  cell types  (F ig. 2)

In  general, A 3 an d  A., cells are d is tr ib u te d  th ro u g h o u t th e  g land . A t cells 
a re  m ore to w ard s th e  v e n tra l or ro stra l reg io n  o f the  pars d ista lis  w hile A 2 
cells a re  p resen t in  its  po ste rio r or d o rso cau d a l reg ion . The v en tro c a u d a l region 
m o s tly  co n ta in s B L cells, w hereas B 2 cells a re  d is tr ib u te d  th ro u g h o u t th e  g land , 
b u t  tho se  occu rring  in  th e  ro stra l region a re  la rg e r th a n  those in  th e  cauda l 
reg io n . In  th e  a n te r io r  region these cells a re  less ab u n d an t. B 3 cells a re  found  
c h ie fly  in  th e  a n te ro v e n tra l  region and  th e se  cells line the cap illaries en te rin g  
th e  p a rs  d ista lis from  th e  m edian em inence.
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Seasonal cycle o f  p itu ita ry  cell types

Acidophils  (A j). The A x cells are  in  general ta ll  a n d  co lum nar b u t e x h ib it  
varia tions in  size, shape an d  a p p ea ran ce . T he a m o u n t of granules in  th e ir  
cy top lasm  dep en d s on th e  s tag e  o f secre to ry  a c tiv ity . In  p itu ita ry  sam ples 
collected d u rin g  N ovem ber an d  D ecem ber, th e  A t cells are large th e ir  c y to ­
plasm  fully lo ad ed  w ith  th e  syn th esized  p ro d u c t (F ig . 3). In  th e  m onths J a n u ­
a ry  to  A pril th e  nucleus loses its  sm oo th  o u tlin e , appears irreg u la r a n d  
shows a g rad u a l reduction  in size follow ed b y  p a r t ia l  deg ran u la tio n  o f th e  
accum ula ted  p ro d u c t (Figs 4, 5). T he acidophils e x h ib it a m axim um  re d u c tio n  
in  th e ir  size, a n d  th e  rem ain in g  g ranu les; t ig h tly  p a ck ed  in the  c y to p la sm , 
undergo d eg ra n u la tio n  d u ring  M ay to  A ugust. T h e rea fte r , in S ep tem b er to  
O ctober, th e  cells show  signs o f  renew ed a c tiv ity  as ev idenced  by  an  in c rease  
in  volum e an d  a s te a d y  accu m u la tio n  of th e  sy n th esized  p ro d u c ts . The g ran u le s  
are coarse.

A cidophils  (A.,). A , cells a re  sm all n a rro w  e longa ted  cells. The n a tu re  
of the  cy top lasm ic  granules an d  th e ir  s ta in in g  a ff in ity  are sim ilar to  th o se  o f  
Aj cells. T hese cells show re d u c tio n  in  size d u rin g  J a n u a ry  to  April (F igs. 4 
an d  5) follow ed by  d eg ran u la tio n  from  M ay to  A u g ust. F rom  S e p te m b e r 
onw ards, th e  cells renew ed a c tiv i ty  like A x cells. W ith  B rooks’ s ta in  [4] 
these cells s ta in  a brow nish o range  an d  can c learly  be d iffe ren tia ted  from  A x 
cells which s ta in  red . The do rso cau d a l region o f th e  p a rs  d istails co n ta in s  a 
few A , cells.

Basophils ( В i) .  B asophilic  cells (B ,) are  e ith e r  spherical or s lig h tly  
elongated . T h e ir  cy top lasm  co n ta in s  cyanoph ilic  g ranules w hich e x h ib it  
a s trong  a f f in ity  for PA S-A lcian b lue  w hen s ta in e d  w ith  H e r l a n t ’s [18] te c h ­
nique. T hough  th e se  cells are d is tr ib u te d  th ro u g h o u t th e  lobe th ey  are fo u n d  
in large n u m b e rs  in  the  v e n tro c a u d a l region o f  th e  p a rs  distalis. Sam ples o f  
p itu ita ry  co llec ted  during  M arch an d  A pril show  B x cells w ith  th e ir  cy to p la sm  
loaded  w ith  cyanoph ilic  g ranu les. No ap p rec iab le  m odifica tion  is n o tic e d  
during  A pril, M ay and  Ju n e  (F ig . 5). D eg ran u la tio n  o f  these  cells is e v id e n t 
in Ju ly , A u g u st a n d  S ep tem ber; th e  volum e of th e  nucleus is less during  A u g u s t. 
F rom  O ctober to  M arch (Fig. 1) th e  nucleus show s a s te a d y  increase in v o lu m e  
and  the  cy to p la sm  does n o t show  m uch change in  re sp ec t o f its  s ta in in g  a f f in ­
ities or g ra n u la tio n .

Basophils ( B 2) .  B asophilic ty p e  B , cells a re  ta ll  co lum nar and  are  p o si­
tiv e  w ith P A S , H e r l a n t ’s [19] Cl e v e l a n d  an d  W o l f e ’s trich rom e dyes [18 ].  
T he cy top lasm  o f these  cells co n ta in s  b o th  cyanoph ilic  a n d  coarse o rangéoph ilie  
granules. B., cells are  more n u m ero u s th a n  B t cells a n d  are found d is tr ib u te d
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T ab le  I

Tinctorial a ffin itie s  o f  basophils and  acidophils in  the pars d istalis 
o f  R an a  h e x a d a c ty la  Lesson

Cell types

Staining technique 
employed

basophils acidophils

B, B, в , A, Ai

Coarse
inclusions

Fine
granules

1. Cl e v e l a n d  and
W o l f e ’s trichrom e

b lue orange blue pinkish
violet

orange redd ish
orange

2. P e rio d ic  acid — 
S ch iff (PAS) 
O range G(OG) 
H e r l a n t , 1956

lig h t
pu rp le

orange
purp le

b lue reddish
p ink

orange orange

3. B r o o k ’s azofuchsin 
tr ip le  sta in

green red green green orange
red

brow nish
orange

t .  H e r l a n t ’s AB 
(p H  3.0) PAS 
O range G

b lue blue
purp le  or 
u n sta in ed

blue brow nish
p ink

orange orange

5. G a b e ’s A F plus 
H a lm i’s counter 
s ta in

purp le
v io le t

pu rp le deep
orange,
pu rp le

greyish orange orange or
greyish
brow n

6. A F  +  PA S +  OG lig h t
p u rp le

purp le deep
orange,
p u rp le

reddish
pink

orange orange

7. Ma ll o r y ’s (AF, AB) blue blue b lue blue red red

8. M o n r o e  Form er green purp le p u rp le b righ t
red

red red

9. G r e e n e r  and  L il l ie blue blue b lue blue
black

d a rk
red

d a rk  red

th ro u g h o u t the  p a rs  d ista lis . The cells fo u n d  in  the  ro s tra l reg ion  are  la rger 
a n d  m ore densely g ra n u la te d  th a n  th o se  in  th e  caudal region.

In  p itu ita ry  sam p les  collected fro m  N ovem ber to  J a n u a ry  th e  B 2 cells 
a re  confined  to  th e  ro s tra l  region, a n d  e x h ib it  secretory  a c tiv ity  w ith  th e ir  
cy to p la sm  full of o rangéoph ilie  an d  cy an o p h ilic  granules. T hese cells show  an 
in te n se  affin ity  fo r P A S . A n increase in  th e  percen tag e  of th e se  cells is observ ­
a b le  in  sam ples o f  p i tu i ta ry  collected d u rin g  F eb ru a ry  an d  M arch. T he n u ­
cleus is big in th ese  cells and  th e  cy to p la sm ic  granules ap p e a r A B, AT, PA S 
a n d  OG positive. R elease of o rangéophilie  g ranu les occurs fro m  A pril onw ards 
(F ig . 5) and  along w ith  th e  processes o f  d eg ran u la tio n  th e  cell show s a g radual 
re d u c tio n  in size an d  n u c lea r volum e. T h is is especially p ro n o u n ced  in  sam ples 
co llec ted  during  A u g u st. Such cells a p p e a r  m ore ch rom ophobic, irreg u la r  in 
sh a p e  and  th e  nucleus show s a red u c tio n  in  volum e. D uring  S ep tem b er and  
O c to b e r an  increase in  th e  size o f th e  cell a n d  nucleus occurs (F ig . 1) follow ed
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Table II

C haracteristic  fea tu res a n d  the seasonal v a r ia tio n s  in  p a rs d is ta lis  cell ty p e s  in  R an a  h ex ad a c ty la  L esson

Jan . Feb. Mar. Apr. May Jun. Jill. Aug. Sept. Oct. Nov. Dec.

A t CP 
ND

19.30 17.90 18.50 19.10 21.10 22.10 21.80 23.10 23.40 21.80 22.30 20.00
12.30 14.00 10.20 8.80 8.40 8.10 7.90 7.00 8.40 9.60 10.50 11.40

g — — + — + — — + 4~ 4~ 4 "  4~ 4 - 4 -

A 2 CP 18.70 16.50 17.20 18.60 20.00 20.30 21.30 20.90 21.20 19.20 17.90 18.10
ND 8.10 8.80 7.70 6.30 6.00 5.80 5.40 5.60 6.30 6.70 7.00 7.70
g — — + — + — — + 4 - 4 - 4 "  4 “ + +

В, CP 20.50 21.40 21.10 21.90 20.10 19.60 19.30 18.70 18.10 20.00 19.60 20.00
ND
g

8.80 9.60 9.10 7.00 6.30 6.00 5.60 4.80 6.70 7.00
_L

7 70
4 -

8 .1 0
+

B„ CP 31.70 31.00 33.20 33.40 28.50 31.00 28.40 25.30 27.00 30.10 31.70 31.90
ND 11.40 12.30 10.50 8.80 7.90 7.40 7.00 6.70 7.90 8.80 9.60 10.50
g +  + +  - f 4“  4“ +  +  + 4- 4- — — +  + 4- +  + +  +

B3 CP 4.80 9.00 8.90 8.20 4.20 4.10 4.10 5.60 6.90 7.20 7.50 7.90
ND 9.80 10.50 11.20 7.70 7.00 6.70 6.30 5.30 7.00 8.10 9.80 9.10
g +  + 4-4- — — — — +  + +  + +  + 4- 4 -

C hrom ophobe 5.40 2.20 2.60 — 6.20 3.20 5.10 5.40 3.70 2.10 1.10 1.50

CP: cell p opu lation  
N D : nuclear d iam eter in  p  
g: g ranu la tion
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b y  a  g ra d u a i accum ulation  o f  g ranu les in  th e  c y to p la sm . F irs t, orangéophilie  
g ra n u le s  appear, b u t th e ir  a c c u m u la tio n  is slow a n d  re s tr ic te d  to  a p a r tic u la r  
zo n e  w ith in  the cell.

B asophil ( В я).  B 3 cells a re  encoun tered  in  th e  m ed io v en tra l region of th e  
p a r s  d is ta lis  bordering th e  b lo o d  vessel th a t  p e n e tra te s  th is  region from  th e  
m e d ia n  em inence. The cells a re  e longated  and  c o lu m n a r  an d  th e  cy to p lasm ic  
g ra n u le s  are positive to  P A S , e ry th ro sin  and  O ran g e  G. P itu i ta ry  sam ples 
c o lle c te d  from  N ovem ber to  F e b ru a ry  reveal a h e a v y  accu m u la tio n  o f PA S 
p o s itiv e  granulaes in th e  c y to p la sm . The nuclei in  th e se  cells is well developed  
a n d  o v a l in  shape (Fig. 1). V acu o liza tion  of th e  c y to p la sm  and  sh rinkage of 
th e  n u c le u s  is ev ident in  M arch  p itu ita ry  sam ples. D eg ran u la tio n  tak es  place 
d u r in g  A pril (Fig. 5) an d  th e s e  cells show a re d u c tio n  in  size w hich is p ro ­
n o u n c e d  in  Ju ly .

T h e  characteristic  se a so n a l changes of th e  n u c le a r  size of th e  pars  d ista lis 
cell ty p e s  are given in T a b le  I I .

E ffe c t o f  steroids on p itu ita ry  cell types

T h e  cy tom orpho logy  o f  th e  hypophyseal g o n a d o tro p s , th e ir  n u m b er 
a n d  se c re to ry  ac tiv ity  in  s te ro id  tre a te d  frogs, a re  g iven  in  T ab le  I I I .  In  th e  
p la c e b o  contro ls in jec ted  w ith  am p h ib ian  R inger h y p o p h y se a l cy to logy , does 
n o t  d if fe r  from  th a t  o f th e  n o rm a l male specim ens (F ig . 6).

Table III

Comparative e ffect o f  steroid hormones on spermatogenesis 
and hypophyseal gonadotrops o f  R ana  h e x a d a c ty la  Lesson

Hyp°physeal gonadotrops | Spermatogenesis

Treatm ent
Cell

dimension
Cell

population
Activity 

of pituitary
Nature

of granulation
Activity 

of germinal 
epithelium

Spermato-
genetic
stages

S tilb o e s tro l H y p er­
trophy
H y p er­
plasia

In :  N il

D C : B„, B , 
& A 3 '

M oderately
active

G ra n u la ted Inac tiv e DC All
stages

T e s to s te ro n e Shrink-
age

In :  N il
D C : B 2

Less
active

G ra n u la ted In ac tiv e DC I I

O e s tra d io l R egres­
sion

In :  N il 
D C : A ll 

cells

Less
active

G ran u la ted In ac tiv e DC All
stages

D O C A  a n d  cortisol A trophy In :  N il 
DC: All 

cells

Low and 
fibrosis

De-
g ra n u la te d

In ac tiv e DC II
and  IV

I n :  increase 
D C : decrease
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Effect n f  a booster dose o j stilboeslrol

Specim ens tre a te d  w ith  a single b o o ste r dose o f s tilboestro l show  d is to r t ­
ed h is to a rc h ite c tu re  of th e  pars d ista lis . T ypes 2 a n d  3 basophils, (B 2, B :i) 
and A 2 acidoph ils  are th e  m ost affected . In  som e p itu ita r ie s  the  b a so p h ils  are  
so a tro p h ic  th a t  a d istin c tio n  betw een  B 2 an d  B ;i c e lls  is no t possible (F ig . 7). 
The acidoph ils show s h y p e rtro p h y  an d  each cell h a s  a large spherical n u c leu s  
which is p u sh ed  to  a corner. In  th e  e x tra c e llu la r  sp aces  of the  p itu ita ry  a h e a v y  
accu m u la tio n  of orangéophilie  g ranu les occurs. Colloid m ateria l is fo u n d  in  
the s in u so ida l spaces.

Effect o f  a sp lit dose o f  stilboestrol

T he cy to log ica l fea tu res  of th e  basoph ils a n d  acidoph ils in th e  p i tu i ta r y  
of frogs tr e a te d  w ith  sp lit dose of s tilb o estro l a re  un ch an g ed . B 2, B :i cells 
ap p ear m o d e ra te ly  active b u t  are sm all. T he ac id o p h ils  e x h ib it an a c c u m u la tio n  
of s ta in ab le  m a te ria l in th e ir  cy top lasm . L arge s in u so id a l spaces and  e x te n s iv e  
ram ifica tio n  o f th e  connective tissue a p p ea r to  lie cha rac teris tic  of th e  p i tu i ta r y  
of frogs re c e iv in g  sp lit doses of s tilboestro l (F ig . 8).

Effect o f  testosterone

T esto s te ro n e  selec tive ly  a ffec ted  th e  B 2 cells while the  o th e r cell ty p e s  
re ta in ed  th e ir  cy tom orpho log ica l fea tu res  an d  tin c to r ia l affinities. T h e  B 2 
cells are  so m ew h a t reduced  in size; th e ir  nuclei are hyperch rom atic , o v a l in  
ou tline an d  sh ru n k en . T he c y to p la sm  is h eav ily  g ran u la ted . The re d u c tio n  
in th e  size o f  th e  cell an d  th e  granu les in  th e  cy to p lasm  poin t to  in c re a se d  
secreto ry  a c t iv i ty  (Fig. 9).

Effect o f  oestradiol

O estrad io l tre a tm e n t re su lted  in th e  reg ression  of all acidoph ils a n d  
basophils. T h e  sparse  d is tr ib u tio n  o f o rangéoph ilie  g ranu les and th e  o ccu rren ce  
of n u m ero u s  vacuoles in th e  cy to p lasm  of B 2 cells suggests an  a u g m e n te d  
p rodu c tio n  o f  secre to ry  m ateria l.

Effect o f  deoxycorticosterone

In d eo x y corticoste rone  tre a te d  frogs th e  p a rs  d ista lis showed e x te n s iv e  
fibrosis. T h e  acidophils and  basophils have  lo st th e ir  charac teristic  c e llu la r  
m orphology  an d  th e  secre to ry  granules (F ig. 10).
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EFFECTS OF STEROIDS ON RANA HEXADACTYLA 43

E ffect o f  cortisol

E x ten siv e  ram ifica tio n  o f th e  co n n ec tiv e  tissue and  co m p le te  a tro p h y  
of th e  p itu ita ry  g land  was no ticed  in frogs t r e a te d  w ith co rtiso l. B asoph ils  
an d  acidophils show ed a regression a n d  th e  cy toplasm  c o n ta in e d  sparse  
g ran u la tio n s  (Fig. 11).

Sperm atogenic cycle in  R an a  h ex ad ac ty la

In  R ana hexadactyla  th e  sp e rm ato g en ic  cycle is con tinuous a n d  cells in 
d iffe ren t stages of sperm atogen ic  a c tiv ity  a re  encountered  in  th e  tu b u la r  
lu m in a  th ro u g h o u t th e  y ea r. A c ju an tita tiv e  s tu d y  disclosed a re g u la r  rh y th m ic  
w ave o f sperm atogen ic  a c tiv ity . P rim ary  sp erm ato g o n ia  are less from  J a n u a ry  
to  J u ly  (2.96— 2.97) (Figs 12 an d  13), b u t  show  a progressive in c rease  th e re ­
a f te r  reach ing  a m ax im um  (7.37) in  N ov em b er (F ig . 14). Secondary  s p e rm a to ­
gonia  (stage-I) show  an  a b ru p t rise in A u g u st (5.61) whereas in  o th e r  m o n th s 
th is  n u m b e r is low (1.78— 3.13); s ta g e - I I I  is h ig h er from  S ep tem b er to  M arch 
(7 .30— 6.83); stage-IV  is low  from  M arch to  J u n e  (2 .95—2.98) w hile  stage-Y  
is less, especially  d u rin g  sp e rm ia tio n  tim e . S perm iation  takes p lace  in  A pril 
th o u g h  sperm s are found  th ro u g h o u t th e  y ea r.

E ffec t o f  steroids on spermatogenesis

O estrad io l and  stilb o estro l are d e tr im e n ta l to  sperm atogenesis, causing  
ex ten siv e  dam age to  th e  te s tic u la r  tissues. D O CA  and cortiso l a re  sim ila rly  
in h ib ito ry  on th e  w ave o f sp erm atogenesis . I f  adm in istered  fo r a p ro longed  
p erio d , th e y  b ring  ab o u t te s tic u la r  a tro p h y  an d  fibrosis. W hen th e  frogs are 
t r e a te d  w ith  te s to ste ro n e , sp e rm ato g en e tic  cells are norm ally  in h ib ite d  a t  the  
seco n d ary  sperm atogonia! stage  (Fig. 15) w ith o u t fu rth e r d e tr im e n ta l effect

F ig. 1. Seasonal changes in n u c lear size. 1. A cidophil T y p e  1; 2. B asophil T y p e  1; 3. B aso p h il 
T ype  3; 4. A cidophil T y p e  2; 5. B asophil Type 2 

in /(. >  S ign ifican t decrease in size (P  <  0.05) <  S ignificant increase in size 
F ig . 2. D istrib u tio n  of cells in m ed ian  sa g itta l  section  o f p a rs  distalis in Harm dexadactyla  
L esson. 1. A cidophil T ype 1: 2. A cidophil T ype  2; 3. B asoph il Type 1: 4. B aso p h il T y p e  2; 
5. B asoph il T ype 3. PD  =  p a rs  d ista lis ; P f  =  p a rs in te rm ed ia ; PN  =  p a rs n e .v o sa ; M E =

m edian  em inence
F igs 3 — 5. T . S. o f th e  p a rs  d is ta lis  o f th e  p i tu i ta ry  o f th e  frog sta ined w ith  C lev e lan d  and

W olfe’s trich ro m e. X 1200 
F ig . 3: F e b ru a ry , g ra n u la te d  cells 
F ig . 4: A pril, s tro n g  d eg ran u la tio n  o f B ;t
F ig . 5: N ovem ber, re g ra n u la te d  cells

F ig. 6. T . S. o f th e  p itu i ta ry  o f  co n tro l frog show ing th e  d is trib u tio n  of d iffe re n t cell ty pes.
X 1200

F ig . 7. T . S. o f  th e  p itu ita ry  o f frog tre a te d  w ith  b o o ste r  dose of stilboestro l. H y p e r tro p h y  
o f A , cells and  the  d is to rtio n  of B 2 cells. A ccu m u latio n  o f o rangéophilie  an d  ac id o p h ilic  g ran u les

on e x tra ce llu la r  spaces. X 1200
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EFFECTS OF STEROIDS ON RANA HEXADACTYLA 4 5

on th e  sp e rm ato cy tes  and  o th e r advanced  stages in  th e  sem iniferous tu b u le s . 
W ith d raw al o f te s to s te ro n e  is follow ed b y  reco v ery , b u t  th is  was n o t th e  case 
w ith  th e  o th e r stero ids.

D iscussion

I t  has been  observed  in  th e  p resen t in v e s tig a tio n , th a t  th e  d ifferen t 
ty p e s  o f cells o f th e  pars d ista lis  ex h ib it a s im ilar tre n d  in  secre to ry  a c tiv ity . 
T he cells a t ta in  th e ir  m ax im u m  size, and  th e  a m o u n t o f g ranu les in  th e  c y to ­
p lasm  is h ighest b y  th e  end  o f F eb ru a ry . This is follow ed b y  a period of d eg ra n ­
u la tio n  and a g rad u a l release of secre to ry  g ran u les  in  m id-sum m er. T his 
phenom enon  observed  in R an a  hexadactyla  ap p ea rs  to  lie d iffe ren t from  th a t  
rep o rted  for o th e r  species [6, 24, 4 5 —47].

T here are  c h a rac te ris tic  d ifferences in  th e  d e g ran u la tio n  o f acidophils 
and  basophils. A cidophils (A ,) are  re la tiv e ly  in e r t:  it  is on ly  during  the  tim e  
o f s tro n g  ex tru s io n  th a t  cells o f th is  ty p e  a p p e a r  p a r t ly  g ran u la ted  w hereas 
th e  period of g rad u a l re lease  is ch arac terized  b y  a sh rinkage o f th e  cells. 
B asophils (B ;s) lose m ost o f th e ir  granules a t  th e  p e a k  of rep ro d u c tiv e  a c tiv ity , 
and  in th e  rem ain in g  period  th e y  are  sparsely  g ra n u la te d . On th e  o th e r h an d , 
basoph ils (B.,) a f te r  losing  th e  orange granules accu m u la te  new  granules in  
A pril. V a n  O o r d t  an d  L o f t s  [42] in te rp re te d  th is  as a sign of g o n ad o tro p in  
sto rage due to  a n eg a tiv e  feedback  te s tic u la r  h o rm ones. D o e r - S c h o t t  [7, 8], 
B i e c k e n  et al. [28] and  W a c h t l e r  and  P e a r s e  [44] h av e  d raw n a tte n tio n  
to  th e  presence o f acid p h o sp h a ta se  in the  large o rangéoph ilie  granules, w hich 
w ould suggest th a t  lysosom al a c tiv ity  was in v o lv ed  in  th e  ex tru sio n  of secre­
to ry  p ro d u c ts . D o e r - S c h o t t  [7] and  V a n  O o r d t  [39] described  a second w ave 
of d eg ran u la tio n  in  th e  ty p e  2 from  Ju n e  to  A ugust. D eg ranu la tion  can n o t 
solely be ascribed  to  increased  ex tru sio n  b u t m ay  p a r t ly  be due to  a decreased 
p ro duc tion  o f sec re to ry  granu les. This is su p p o rte d  b y  th e  decrease in size of 
th e  n uclear a p p a ra tu s , w hich s ta r ts  in M arch an d  ends in  A ugust, w hen the  
cells a tta in  th e ir  sm allest d im ensions.

E xogenous ste ro id  caused  ex tensive dam age to  th e  basoph ils, in  p a r t ic ­
u la r to  B 2 an d  B 3 cells, and  to  a little  e x te n t also to  th e  acidophils in  the pars

Fig. 8. T . S. o f th e  p i tu i ta ry  o f frog  tre a te d  w ith  sp lit dose o f  stilboestro l. C lear d is tin c tio n  
be tw een  B , cells a n d  th e  g ra n u la r  n a tu re  o f  acidophilic  cells a n d  large  sinuso idal spaces. X 1200 
Fig. 9. T . S. o f th e  p i tu i ta ry  o f frog  tre a te d  w ith  te s to s te ro n e . C ytom orpholog ical change o f  

B ,  cells an d  th e ir  g ran u la tio n . X 1200
Fig. 10. T . S. o f th e  p itu i ta ry  o f frog  tre a te d  w ith  DOCA. A tro p h ic  p i tu i ta ry  cells and  dense  

v a cu o liza tio n  a n d  poor g ran u la tio n  in  th e  c y to p la sm . X1200 
Fig. 11. T . S. o f th e  p i tu i ta ry  o f  frog tre a te d  w ith  co rtiso l. R egressive  changes o f the  cells 

and  wide ram ifica tio n  of con n ec tiv e  tissue and in h ib itio n  o f sec re to ry  a c tiv ity . X 1200 
Figs 12— 14. T . S. o f th e  te s tis  o f frog s ta ined  w ith  h aem alu m  eosin. X400 

Fig. 12: F e b ru a ry , d ecrease  o f p rim ary  sp e rm ato g o n ia  
F ig. 13: Ju ly ,  o v erall acceleration  of sp e rm ato g en e tic  a c tiv ity
Fig. 14: O ctober, increase  a n d  well developed  sp erm atogon ia  

Fig. 15. T . S. o f th e  te s tis  o f frog tre a te d  w ith  te s to s te ro n e  fo r one m o n th . X400

Ada Morphologica Academiae Scientiarum Hungaricae 25, 1977
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d is ta lis . E ven  th o u g h  th e  p a t te rn  o f response  of these  cell ty p e s  v a rie s  w ith  
th e  ty p e  of horm one a d m in is te red , changes occurred  in  th e  cy tom orpho log ica l 
f e a tu re s , tin c to ria l a ffin ities an d  sec re to ry  a c tiv ity . F rom  th e  n a tu re  of g ran ­
u la t io n  an d  o ther cy to m orpho log ica l cond itions, i t  ap p ears  t h a t  th e  B 2 
a n d  B 3 cells of te s to s te ro n e  tre a te d  frogs are sligh tly  ac tiv e , w hereas in  o th e r 
h o rm o n e  trea ted  frogs th e y  are a tro p h ied . T he B 2 an d  B 3 cells, th o u g h  reduced 
in  size , show ed cy top lasm ic  g ra n u la tio n  in d ica tin g  th e  sto rage  o f syn th esized  
m a te r ia ls . Since B 2 an d  B 3 cells w ere se lec tive ly  affec ted  b y  th e  horm one 
t r e a tm e n t ,  these tw o ty p e s  o f cells seem  to  he sensitive to  th e  a d m in is te red  
h o rm o n e . As d erangem en t o f  sp erm ato g en ic  a c tiv ity  and  a tro p h y  o f th e  B 2 
a n d  B 3 cells run  para lle l u n d e r  th e  in fluence  of ad m in is te red  horm one(s) th ere  
is ev id en ce  to  believe t h a t  in  u n tre a te d  R . hexadactyla, th e se  tw o  ty p es  of 
b a so p h ilis  are involved  in  th e  re g u la tio n  o f sperm atogen ic  a c tiv ity . T he fu n c­
t io n a l  significance o f th e se  tw o  ty p e s  o f cells and  th e ir  role in  th e  reg u la tio n  
o f re p ro d u c tiv e  a c tiv ity  needs fu r th e r  e lucidation .

In  th e  pars d ista lis o f  th e  a m p h ib ia n  adenohypophysis , five  d ifferen t 
cell ty p e s  have been id e n tif ie d  [36, 41]  an d  of these  B 2 an d  B 3 are  concerned  
w ith  th e  secretion of g o n ad o tro p in s . B ased  on stud ies on Pleurodeles w altlii, 
P a s t e e l s  [25, 26] suggested  th a t  B 2 cells are  th e  source of F S H  like  horm one, 
w hile  B 3 cells are concerned  w ith  th e  p ro d u c tio n  of L H  o r IC S H  horm ones. 
I n  P .  w altlii. hom oplastic  t ra n s p la n ta t io n  o f adenohypophysis  led  to  a reg res­
sion  o f  B j and B., an d  a tro p h y  of B 3 cells in  th e  p itu ita ry , an d  a ffec ted  the 
in te r s t i t ia l  tissue in  th e  te s tis  an d  also th e  secondary  sexual ch a rac te ris tic s  
o f  th e  rec ip ien t frogs. P a s t e e l s  [25, 26]  th ere fo re  concluded  th a t  B 3 cells are 
th e  so u rce  of ICSH  like h o rm o n e . V a n  O ordt  [41] suggested  a co rre la tion  
b e tw e e n  B 3 cells and  th e  cycle o f in te rs t i t ia l  cells in  th e  te s tis  of th e  com m on 
frog . Follow ing h e te ro p la s tic  tra n s p la n ta t io n  of th e  pars d is ta lis , V a n  Oordt  
[37] a n d  V an  D o n g e n  e t al. [32] o bserved  a tro p h y  of L eydig  cells, te s tis , 
th u m b  pads of B ufo  bufo  a n d  a co m p le te  d isappearance  o f B 3 cells from  th e  
h y p o p h y s is . Sa x e n  e t al. [29] V a n  O o rdt  [38, 40] , K e rr  [22] an d  S t r e b  [30] 
s ta te d  th a t  in am p h ib ian s B x cells are  th y ro tro p ic  cells w hereas in  Rana  
tem poraria . D oer-S ciiott [9, 13] consider th e  B 3 cells to  be th y ro tro p ic . 
S uch  considerations do n o t, how ever, exclude  th e  p o ssib ility  th a t  th ese  cells 
e x e r t  a corticotropic fu n c tio n .

T h e  existence o f a p a ra lle lism  b e tw een  th e  a c tiv ity  of B 3 cells a n d  in te r ­
s t i t ia l  function , b o th  u n d e r  n o rm a l an d  ex p erim en ta l cond itio n s, led V a n  

O o r d t  an d  L o f t s  [42] to  conclude  th a t  th is  basoph il is th e  source o f IC SH  
lik e  ho rm one . S tudy ing  B 3 cells as well as in te rs ti t ia l  an d  in te rre n a l cells during  
a  c ircen n ia l cycle [34, 43] an d  u n d e r th e  in fluence  of h igh te m p e ra tu re  [33], 
i t  w as observed  th a t  chan g es in  th e  a c tiv ity  of th e  cells ru n  p a ra lle l in  the  
th r e e  d ifferen t tissues. In  R a n a  tem poraria  a c tiv a tio n  o f B 3 cells coincided 
w ith  in te rre n a l s tim u la tio n  w hile th e  in te rs titia l cells regressed  [33]. As th e
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in fluence of B 3 cells on th e  in te rren a l tissue  w as m ore profound th a n  o n  th e  
in te rs titiu m  of th e  te s tis , i t  led  th e  au th o rs  to  su g g est th a t  B 3 cells a re  co rtico - 
tro p ic  ra th e r  th a n  g o n ado trop ic . V an  O o rdt  e t al. [43] suggested t h a t  th e  
a c tiv ity  of B.j cells co rresponds to  y early  changes in  th e  production  o f te s t ic ­
u la r horm ones, an d  co rtico ids, leaving th e  q u e s tio n  open w hether B 3 cells 
p roduce IC SH -like ho rm one  or ACTH. K a s i n a t h a n  and  B asu  [20] also  
found th a t  exogenous s te ro id  horm one leads to  a decrease in in tc rren a l a c t iv ­
i ty  and  a regression o f in te rs titiu m  in th e  te s tis . In  th e  p resen t s tu d y , th e  
p itu i ta ry  of frogs t re a te d  w ith  steroid  show ed B 3 cell hyperp lasia  and  g ra n u la ­
tio n . C oncom itan t w ith  th ese  changes, sperm ato g en esis  was affected  a n d  th e  
in te rs titiu m  w as red u ced . These observations co rro b o ra te  the  suggestion  o f 
Va n  Oo rdt  an d  L ofts  [42] th a t  B 3 is ch iefly  concerned  w ith  the  p ro d u c tio n  
of IC SH -like horm one and  corticoids.

T he re la tio n sh ip  b e tw een  th e  pars d is ta lis  a n d  th e  ta rg e t organ  is ev id- 
enced 1,y  th e  fac t th a t  th e  secretory  a c tiv ity  o f p a rs  distalis d u rin g  A pril 
coincides w ith  th e  m ax im u m  a c tiv ity  of th e  te s tis . Sperm iation  an d  in itia l 
m u ltip lica tio n  o f p r im a ry  sperm atogon ia  ta k e  p lace  during the  p e rio d  of 
s t r in g  ex tru sio n  of B 2 cells of th e  pars d is ta lis . In  R ana temporaria  i t  has 
been  show n th a t  sec re to ry  a c tiv ity  of th e  p a rs  d is ta lis  runs parallel w ith  th e  
fu n c tio n a l d iffe ren tia tio n  o f th e  testis . In  th e  absence of g o n ad o tro p in s , 
lipo id  m a te ria ls  a ccu m u la te  in th e  Sertoli cells, re su ltin g  in the  d eg en e ra tio n  
o f seco n d ary  sp e rm ato g o n ia . A fter th e  release o f gonado trop ins, c lea rin g  
aw ay o f lipo id  m a te ria l occurs leading to  ren ew al o f  th e  sperm atogenic  a c t iv ­
ity , i.e. secondary  sp e rm a to cy te s  are d iffe re n tia ted  in to  sperm s [23]. In  th e  
p re se n t s tu d y  to o , p rim a ry  sperm atogon ia  decreased  in  num ber from  J a n u a r y  
to  Ju ly  an d  th e n  increased  to  a m ax im um  in  N ovem ber. The B., cell ty p e s  
e x h ib it a s im ilar tre n d  in  th e ir  num erical o ccu rrence . In  Rana hexadactyla  
sperm atogen ic  a c tiv ity  is d ep en d en t on th e  g o n ad o tro p in s  of B 2, as th e  a c t iv ­
ity  in these  tw o ru n s para lle l. In  tem p era te  frogs, sperm atogenesis is d isco n ­
tin u o u s  an d  sperm atogen ic  a c tiv ity  is a rre s ted  d u rin g  th e  w in ter, w h ereas  
d u rin g  th e  sum m er i t  is accelera ted  due to  th e  renew al of g o n ad o tro p in  
secretion . This a spec t is c learly  illu s tra ted  b y  th e  g ran u la tio n  and  d e g ra n u la ­
tio n  in th e  B„ cells and  th is  fac t has been ta k e n  in to  consideration  fo r im p li­
ca tin g  th e  ho rm onal co n tro l o f sperm atogen ic  a c t iv i ty  in  tem p era te  frogs. 
On th e  o th e r h an d , in  th e  p resen t in v es tig a tio n  sperm atogen ic  a c tiv ity  w as 
co n tin u o u s in  th e  tro p ic a l frog , R ana hexadactyla. Syn thesis of g o n ad o tro p in s  
by  В 2 cells ap p ears  to  be con tinuous w ith in  no m a rk e d  varia tions in e x tru s io n  
ol the e lab o ra ted  p ro d u c ts . F u r th e r , sperm atogen ic  a c tiv ity  also shows w ax in g  
and  w aning , sp read  over to  th e  en tire  c ircenn ia l cycle.

T hus, im p a irm e n t in  th e  function  of B 2 cells leads to  an  in h ib itio n  o f 
gam etogenic a c tiv ity . T he d a ta  p resen ted  seem  to  in d ica te  th a t  g o n ad o tro p ic  
a c tiv ity  of th e  B 2 cells m a in ly  influence gam etogenesis. The secretory  a c t iv i ty
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o f  th e  gonado trops in  tu r n  depends on th e  c ircu la ting  stero id  level w ith in  
th e  o rgan ism . The renew ed  a c tiv ity  o f th e  germ inal ep ithelium  is less u n d e r 
th e  in flu en ce  of stero id  ho rm one t r e a tm e n t th a n  is the  sperm atogen ic  a c tiv ity  
o f  th e  cells p ro lifera ting  p rio r to  horm one tre a tm e n t ,  w hich con tin u es u n h a m ­
p e re d . K a s in a t h a n  an d  B a s u  [20] re p o rte d  th a t  exogenous s te ro id s  a c t by  
tw o  p a th w a y s . F ir ts , th e  ad en o h y p o p h y sea l feed b ack  m echanism  is in te r ru p te d  
a n d  th e  second possible p a th w a y  is a d ire c t ac tion  of th e  h o rm o n e  on th e  
g e rm in a l ep ithe lium  o f th e  te s tis  lead ing  to  a n  in h ib ition  of th e  f u r th e r  d iffer­
e n t ia t io n  o f sperm atogen ic  stages. B a s u  [3] show ed in  vitro t h a t  sp e rm a to ­
g en ic  cells are affected  d ire c tly  by  ste ro id s . T h e  p resen t series o f ex p e rim en ts  
h a s  le n t  ad d itio n a l su p p o rt to  the  fin d in g  t h a t  stero ids no t on ly  decrease  F S H  
a n d  L H  o u tp u t from  th e  gonado trops b u t  also a lte r th e ir  cy tom o rp h o lo g - 
ic a l ch a rac te ris tic s . T he m ag n itu d e  of th e se  changes varies an d  is d ep en d en t 
on  th e  ty p e  of stero id  ad m in is te red .
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SAISONALE SCHWANKUNGEN DER SEKRETORISCHEN AKTIVITÄT 
DER ZELLTYPEN DES PARS D1STALIS UND IHRE EINWIRKUNG 

AUF DIE TESTIS UND AUF DIE INTERRENALEN DRÜSEN 
BEI R A N  A  H E X A D A C T Y L A  LESSON

S. KASINATHAN, S. L. BASTJ und VIJAYAM SRIRAMULU

Im distalen Teil der Adenohypophyse des Froschmännchens der H exadac ty la  Lesson 
untersuchten Verfasser 5 morphologisch verschiedene Zelltypen an gefärbten Präparaten der 
Hypophyse, welche im Laufe des Jahres monatlich gesammelt wurden. Alle Zelltypen wiesen 
von August bis Februar progressives Wachstum auf, nach welchen von März bis Juli eine Ver­
ringerung auftrat. Die Ausstoßung des synthetisierten Produktes ging im Sommer vor sich 
und während der Periode der Ausstoßung war die Synthese gering. Die Besprechung enthält 
die zyklischen Änderungen der sekretorischen Aktivität der im Pars distalis vorkommenden 
Zelltypen und ihre Wirkung auf die Testis und die interrenalen Drüsen.

СЕЗОНАЛЬНЫЕ КОЛЕБАНИЯ СЕКРЕТОРНОЙ АКТИВНОСТИ КЛЕТОК ТИПОВ 
PARS DISTALIS, ЕГО ВЛИЯНИЕ НА ЯИЧКО И ИНТЕРРЕНАЛЬНЫЕ 

ЖЕЛЕЗЫ И R A N  A  H E X A D A C T Y L A  LESSON
Ш. КАШИНАТАН, С. Л. БАШУ и В. ШРИРАМУЛУ

Авторы изучали в 5 морфологически разнообразных типов клеток в дистальной 
аденогипофиза самца лягушки R a n a  H exadactyla  Lesson в окрашенных препаратах с 
гипофизов собранных в течение одного года. Все типы клеток с августа по февраль повы­
шаются и понижаются с марта по июль. Удаление синтетического продукта произошло 
летом и в периоде удаления продукция была малая. Дискуссия содержит циклические 
изменения секреторной активности типов клеток найденных в дистальной части, и их влия­
ние на яичко и на интраренальные железы.

S. K a s i n a t h a n  I D e p a r tm e n t o f Biology, J a w a h a r la l  In s t i tu te  of P o s tg ra d u a te  
S. L . B a s u  J M edical E d u c a tio n  and  R esea rch , P ond icherry-605006, In d ia

V ija y a m  SiRAM ULU: D e p a r tm e n t  of Zoology, A n n a m a la i U n iversity , 
A n n a m a la i N agar, In d ia
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I n s t i tu te  o f A n a to m y , H isto logy  and  E m bryology , U n iv e rs ity  M edical School, Pécs

NUCLEUS ISTHMI OF THE FROG: 
STRUCTURE AND TECTO-ISTHMIC PROJECTION

S. H . K h a l i l  and  G y . L á z á r

(R eceived  N ovem ber 23, 1976)

T h e  m orphology  o f n eu rons in th e  is th m ic  nuc leu s w as s tu d ied  w ith  th e  Golgi 
tech n iq u e . M ost o f  th e  neurons h av e  th ick  d e n d rite s  covered  w ith  lam ellifo rm  den­
d ritic  processes.

T he tec to -is th in ic  p ro jec tio n  w as in v es tig a ted  w i th  th e  F in k — H eim er technique 
a f te r  p a r tia l  te c ta l  lesions. T he an te rom ed ial p a r t  o f  th e  te c tu m  p ro jec ts  on  th e  dorsal 
an d  a n te rio r  p a r t ,  th e  caudom ed ia l te c ta l region on  th e  d o rsa l an d  p o ste rio r p a r t  of 
th e  nucleus. T he p o ste ro la te ra l te c ta l  area p ro jec ts  o n  th e  a n te ro la te ra l  p a r t  o f the 
nucleus, and  th e  ax ons o rig ina ting  in th e  a n te ro la te ra l te c ta l  q u a d ra n t  te rm in a te  in its 
v e n tra l  and  c au d a l p a r t .

T he isth m ic  nucleus (IN ) is one of th e  m ost obscure s tru c tu re s  in  the 
frog b ra in , th o u g h  its  to p o g ra p h y  an d  c y to a rc h ite c tu re  is w ell-know n from  
m an y  descrip tions [1, 3, 4, 5, 12]. Several fib re  p a th w a y s  associa ted  w ith  the  
nucleus were also described  in  in ta c t anim als [1, 5, 12], an d  L a r s e l l  [5] 
s tu d ie d  its  neu rons w ith  th e  Golgi techn ique . T he fu n c tio n  of th e  nucleus is, 
how ever, unknow n.

In b irds, th e  is th m o -o p tic  nucleus is m ore or less sim ilar in s tru c tu re  and  
connections. This nucleus is invo lved  in to  a to p o g rap h ica lly  o rganized  re tin a l 
feed -back  loop [9, 10]. The fu n c tio n a l significance of th e  te c to -is th m o -re tin a l 
p a th w a y  was disclosed in e lectrophysiological an d  b eh av io u ra l s tud ies [11].

In  frogs, s im ila rly  as in  b ird s, th e  re tin o te c ta l p ro jec tio n  is organized 
to p o g rap h ica lly . R u b i n s o n  [13] show ed th a t  th e  is th m ic  nucleus receives 
a s tro n g  te c ta l p ro jec tio n , and  m ore recen tly  th e  ex istence  of recip rocal con­
n ec tions betw een  th e  te c tu m  an d  isthm ic  nucleus w as confirm ed  in  ana tom ica l 
s tud ies (K icliter, persona l com m unication ; 14).

In  the  p resen t in v estig a tio n s we s tud ied  w h e th e r in  th e  frog th e  tecto - 
is thm ic  p ro jec tion  w as top o g rap h ica lly  organized. T he s tru c tu re  o f th e  nucleus 
was stud ied  w ith  th e  Golgi techn ique  in o rd er to  m ake a hasis for fu r th e r  
e lec tronm icroscopic  in v estig a tio n s concerning its  synap to lo g y .
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M a te ria l and  m ethods

T h e  no rm al a rch itec tu re  o f th e  nuc leu s has been s tu d ied  w ith  ro u tin e  n eu roh isto log ica l 
s ta in in g  tec h n iq u es  in  R ana esculenla. In  o u r  earlier in v estig a tio n s on  th e  frog  v isu a l system , 
o v e r  o n e  h u n d re d  bra ins w ere p re p a re d  w ith  th e  rap id  Golgi tech n iq u e . T h is  m a te ria l was 
u se d  in  th e  p re sen t stud ies to  in v e s tig a te  th e  m orphology o f cells an d  fib re  te rm in a ls .

T o  analyse  topograph ica l re la tio n sh ip s  in th e  tec to -is th m ic  p ro jec tio n , sm all pieces of 
th e  a n te ro la te ra l ,  an terom ed ial, p o s te ro la te ra l  and  th e  p o ste ro m ed ial p a r ts  o f  th e  tec tu m  
w ere  re m o v e d  by suction  in  32 a n im a ls . T h e  an im als w ere k illed  5— 7 d ay s  a f te r  th e  lesion by 
in tr a c a r d ia l  perfusion  of 10%  fo rm ald eh y d e . F o r fu r th e r  f ix a tio n , th e  b ra in s  w ere  rem oved  
a n d  k e p t  in  th e  same fix a tiv e  in  th e  re fr ig e ra to r for 2 w eeks th e n  th e y  w ere em b ed d ed  in  egg 
y o lk . F ro z e n  sections, 25 /tm  in  th ic k n e ss , w ere p rep ared . D en eg era ted  te rm in a ls  w ere im p reg ­
n a te d  b y  th e  F in k — H eim er te c h n iq u e  [2].

R esults

S tru c tu re  o f  the isthmic nucleus ( I N )

T h e  IN  is in terposed b e tw een  th e  rhom bencepha lon  an d  th e  teg m en tu m  
m esen cep h a li, ju s t  below th e  cau d a l pole of th e  te c tu m . I t  is ro u g h ly  ovoid 
in  s h a p e  w ith  th e  m edial p a r t  s lig h tly  im pressed (F ig . 5). T he d ia m e te r  of the 
n u c le u s  is 300 pm  in th e  m e d io la te ra l, and  500 pm  in th e  d o rso v en tra l d irec­
tio n  in  a m iddle-sized frog (b o d y  w eig h t 70 g). T he IN  has a co rtex  form ed by  
a few  row s of cells and  th e  m arro w  w ith  sc a tte re d  n eu ro n s in  th e  cen tre . 
T h e  m a rro w  is su rrounded  b y  a neu rop il. The co rtex  is in te r ru p te d  b y  a hilus 
a t  th e  v e n tro la te ra l p a r t  (F ig . 5).

In  Golgi p rep ara tio n s tw o  k in d s  of neurons can  be d is tin g u ish ed  in the  
c o r te x . O ne of them  has a n  a lm o s t spherical, la rge  p erik a ry o n . One or tw o 
s h o r t , th ic k  dendrites o rig in a te  fro m  it, w hich give origin to  severa l side 
b ra n c h e s  in  the  neuropil a n d  am o n g  cells in  th e  m edu lla . S om etim es th e  m ain  
d e n d r ite  is larger and  u su a lly  follows th e  cu rv a tu re  of th e  co rtica l cell row , 
an d  th e  secondary  b ranches p o in t rad ia lly  tow ards th e  cen tre  of th e  nucleus 
(F ig . 1; F ig . 5 Cl neurones) S m aller b ran ch es are covered  w ith  d en d ritic  ap p en d ­
ages. T h e se  are sim ilar to  th e  p la sm a  processes ch a rac te ris tic  o f ependym o-glia l 
cells, b u t  th e y  are less in  n u m b e r. W e could n o t re liab ly  id e n tify  th e  axons 
o f th e s e  cells.

T h e  second ty p e  of n eu ro n s  is very  sim ilar to  th e  sm all pear-shaped  
cells d esc rib ed  in the  te c tu m  [8]. T he piriform  p e rik a ry o n  is sm all. A m ain  
d e n d r i te  em erges from  th e  t ip  o f th e  perikaryon  an d  po in ts  to w ard s th e  cen tre  
o f th e  n u c leus (Fig. 2; Fig. 5 C2 neurones). The d en d rite s  arborize  e ith e r  in  th e  
n e u ro p il  o r am ong th e  n eu ro n es in  th e  m arrow . O nly  a few  spines a n d  a p p e n d ­
ages o ccu r on these d en d rite s . In  some cases, th e  axons o f th e se  cells were 
also im p re g n a te d ; th e y  left th e  nucleus v e n tra lly  or la te ra lly , h u t could  only 
he t r a c e d  for a short d istance .
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T he m ajo rity  o f n eu ro n s in  th e  m arrow  is sim ilar to  those in  th e  co rtex  
b u t  th e  dendrites m ay  he o rien ted  in e ither d irec tio n .

In  sm aller n u m b ers , tw o  o th e r types o f n eu ro n s  can  he d istingu ished  
in th e  m arrow . One of th e m  has a large irreg u la r  p e r ik a ry o n . U sually  m ore 
th a n  tw o th ick , uneven  m ain  d en d rite s  o rig inate  from  it  w i th  a few secondary  
b ranches (Fig. 3; F ig . 5 M l neu rones). The o th e r ty p e  o f cell h as  a m iddle-sized 
fusiform  perikaryon  from  th e  tw o poles of w hich  o r ig in a te  th e  d en d rite s  
(Fig. 5 М2 neurons). In  a few  cases th e  axons of m arro w  cells w ere also im p reg ­
n a ted . U sually  th e y  w ere lo st am ong  cells w ith in  th e  m a rro w , h u t a few axons 
could be followed to  th e  h ilus or to  the  la te ra l w all o f th e  nucleus.

T ecta l fibres reach  th e  IN  alongside th e  w hole d o rso la te ra l c ircum ference 
includ ing  the  hilus an d  e n te r  th e  m arrow . In sid e  th e  nucleus th e  fib res b re a k  
up in to  sm all, b room -like e n d -a rh o rs  (Figs 4, 5). T he te rm ina ls form  a dense 
ne tw ork  am ong th e  cells in  th e  m arro w  an d  th e  n eu ro p il b u t do n o t reach  th e  
p c rik a ry a  of co rtica l cells.

Topographical organization o f  the tecto-isthmic projection

A sm all lesion in  th e  te c tu m  resu lted  in  d eg en era tio n  in  c ircum scribed  
areas inside th e  IN . T he lo ca tio n  o f d eg en era ted  te rm in a ls  depended  on th e  
location  of lesions in  th e  te c tu m . I t  m eans t h a t  th e  tec to -isthm ic  p ro jec tio n  
is organized  to p o g rap h ica lly . T he bo rder o f a single d egenera ted  spo t is alw ays 
sharp , b u t  th e  p ro jec tio n  fie lds o f neighbouring  d is tin c t te c ta l areas overlap . 
This fac t m akes i t  d ifficu lt to  reco n stru c t th e  e x a c t to p o g rap h y  o f th e  te c ta l  
p ro jection .

A fter an an te ro m ed ia l te c ta l  lesion d eg en e ra ted  fragm en ts w ere d is tr ib ­
u ted  dorsally  in  th e  a n te r io r  h a lf  of the  IN , a n d  sp read  m edially  in  m ore 
cauda l sections, h u t  d id  n o t reach  th e  caudal en d  (F igs 6, 10).

W hen th e  lesion had  d es tro y ed  th e  cau d o m ed ia l p a r t  of th e  te c tu m , 
d eg en era ted  te rm in a ls  w ere found  also dorsally  a n d  dorsom edially  h u t m ostly  
in th e  cau d a l h a lf  o f th e  IN . In  th e  an te rio r one fo u rth  th e re  was no degene­
ra tio n . F rag m en ts  o f te rm in a ls  appeared  in th e  dorsa l p a r t  of th e  nucleus a t 
a d is tan ce  of 80— 90 /im  from  th e  an te rio r end , an d  th e  te c ta l p ro jec tion  area  
ex ten d ed  v en tra lw ard s  in  m ore posterio r levels (F igs 7, 10). The p ro jec tio n  
areas o f an te ro m ed ia l an d  posterom edia l p a r ts  o f  th e  te c tu m  overlap  in the  
m iddle zone (along th e  a n te ro p o s te rio r  axis) o f th e  IN .

A lesion in th e  p o ste ro la te ra l p a rt of th e  te c tu m  resu lted  in d eg enera tion  
in th e  an te ro la te ra l p a r t  o f th e  IN . In  th e  a n te r io r  one fo u rth , d eg en era ted  
te rm in a ls  fill a lm ost th e  w hole cross section a rea , an d  only a n arro w  s tr ip  is 
e m p ty  along th e  m ed ia l side o f th e  nucleus. M ore cau d a lly , th e  degenera tion  
was located  do rso la te ra lly , h u t  th e  caudal one fo u rth  d id  n o t show  signs of
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F ig . 5. N eu ro n  ty p es  in  th e  is th m ic  nucleus. P e rik a ry o n s  and  d en d rites were d ra w n  w ith  
th e  a id  o f a cam era  lueida , axons and  te c ta l  te rm in als  a re  schem atized . C l, C2 — c o rtic a l cells; 
M l, М2 — m arro w  cells; t t  —  te c ta l  te rm in als . Coronal p lan e . D orsal is u p w a rd , m e d ia l is

to th e  righ t

d eg en era tio n  (F igs 8 , 10). The p ro jec tion  of th e  an terom edia l and  p o s te ro ­
la te ra l  te c ta l  areas overlap  to  som e e x te n t (F ig . 10).

W hen lesions were m ade in  the a n te ro la te ra l p a r t  of the  te c tu m , d eg en ­
e ra te d  te rm in a ls  were found  in th e  v e n tra l an d  cau d a l p a r t of the  IN . T h e  a n te ­
rio r one fo u rth  of th e  nucleus was free of degenera tion . In  more cau d a l sec tions 
d eg en era ted  te rm in a ls  a p p ea red  in th e  v e n tro la te ra l p a r t located  close to  th e  
h ilus of th e  nucleus. The area  occupied  by  d eg en era ted  fib res ex ten d ed  d o rsa l- 
w ard s an d  w as sh ifted  m ed ia lw ards in  th e  p o ste rio r h a lf  of the  nucleus. In  som e 
cases, th e  v en tro la te ra l p a r t  o f th e  nucleus d id  n o t con ta in  d eg en e ra ted  fra g ­
m en ts  in  th e  m ost cau d a l sections. The te c ta l  p ro jec tion  area  w as lo c a te d  
v en tro m ed ia lly  in such cases (F ig. 9).

F ig . 1. C ortica l cell w ith  cu rv ed  m ain  d en d rite  and w ith  d en d ritic  processes. T h e  p e r ik a ry o n
is covered  w ith  p re c ip ita te

Fig. 2. C ortical cell resem bling  p ea r-sh ap ed  tec ta l neurones 
Fig. 3. M arrow  cell w ith  m u ltip o la r  perik a ry o n  

F ig. 4. T ec ta l te rm in als  (a rrow s) and  two cortica l cells in th e  isthm ic  nucleus. R a p id  Golgi 
tech n iq u e . T h e  b a r  is 50 //m  in  each figure
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F ig. 10. S chem atic  re p re se n ta tio n  of th e  tec to -is th m ic  p ro jec tio n  a f te r  p a r tia l  te c ta l  lesions. 
T he figu res show th e  d is tan ce  in ц in from  th e  an te rio r pole o f th e  te c tu m  ( A ) ,  an d  o f th e  isthm ic 
nucleus ( B ) .  P a tte rn s  in th e  d raw in g s of tec ta l cross sections ( A )  show th e  d es tro y ed  tec ta l 
area . T he sam e p a tte rn s  w ere ap p lied  to  show the  p ro jec tio n  of th e  co rresp o n d in g  tec ta l a rea  

on th e  c ross sections o f th e  isthm ic  nucleus ( B )

D iscussion

T he p resen t Golgi s tu d ie s  show ed th a t  a n u m b er of n eu ro n es in  th e  IN  
are pecu lia r in form  w h en  co m p ared  to  the  re s t o f nerv e  cells in  o th e r  brain  
areas. U nusually  th ick  d en d rite s  an d  several irreg u la r  lam ellifo rm  dendritic  
processes give a c h a ra c te ris tic  ap p earan ce  of these  n eu rons. T he significance

F igs 6 9. D istrib u tio n  of d eg en e ra te d  axon te rm in als  in  the  is th m ic  nu c leu s a f te r  lesions
m ad e  in th e  an terom ed ial ( 6 ) 4 p o ste ro m ed ia l (7 ) ,  p o s te ro la te ra l (8 )  an d  in th e  an te ro la te ra l 
p a r ts  (9 )  o f the  tec tu m . N u m b ers  in th e  u p p e r r ig h t co rner in d ica te  in /m i th e  ap p ro x im ate  
d is tan ce  of th e  sections from  th e  a n te r io r  pole o f th e  nucleus. D ashed  lines in d ic a te  th e  ex ten ­
sion of degeneration . C oronal sections. D orsal is upw ard . M m edia l F in k  H e im er technique.

T h e  b a r  is 50 jum in each figure
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o f th e  processes is u n k now n . F u r th e r  electron m icroscopic s tu d ies  are necessary  
to  e lu c id a te  the  sy n ap tic  re la tio n s  of these s tru c tu re s .

T h e  to pography  o f th e  tec to -is th m ic  p ro jec tio n  is n o t as c lear as th e  
to p o g ra p h y  of the  r e tin o - te c ta l  pro jection . T he p ro jec tio n s of th e  a n te ro ­
la te r a l  a n d  postero la tera l t e c ta l  regions are well se p a ra te d , b u t  fib res  o rig in a t­
in g  f ro m  anterom edial a n d  posterom edial te c ta l  a reas overlap  to  some 
e x te n t .  T h e  m edial edge o f th e  te c tu m  is m uch sh o rte r  th a n  th e  la te ra l  c ircum ­
fe ren ce , an d  lesions in  th e  a n te r io r  and  posterior p a r ts  o f th is  edge are  located  
v e ry  close to  each o ther. In  fa c t,  in  our cases th e re  w as alw ays a sm all overlap  
b e tw e e n  th e  destroyed a n te ro m e d ia l and  p o ste ro m ed ia l te c ta l  regions and  
th is  m a y  have caused th e  o v e rla p  of pro jections.

T h e  tec ta l an a to m y  m a y  cause an o th er d iff icu lty  in  in te rp re ta tio n . 
In  th e  case of e.g. p o s te ro la te ra l lesions, fib res o rig in a tin g  fro m  th e  a n te ro ­
m e d ia l p a r t  of the  te c tu m  m a y  be in te rru p ted . T he o v erlap  o f  p ro jec tions of 
th e  an te ro m ed ia l and  p o s te ro la te ra l te c ta l a reas m a y  be a t t r ib u te d  to  th is  
s i tu a t io n . T aking in to  ac c o u n t th e  scantiness o f d eg en era tio n  tech n iq u e  in  th is  
case, t ra c in g  techniques sh o u ld  be used to  o b ta in  a m ore accu ra te  to p o g rap h y  
of th e  tec to -is th m ic  p ro jec tio n .

I n  an o th e r series o f ex p e rim en ts  [7], th e  tra n sn e u ro n a l tra n sp o r t  of 
ra d io a c tiv e  substances w as in v e s tig a te d  in th e  frog  v isual sy stem  w ith  th e  
a u to ra d io g ra p h ic  tech n iq u e . In  one case only th e  a n te ro la te ra l p a r t  o f th e  
te c tu m  w as labelled a fte r  t r i t i a te d  proline in jec tio n  in to  th e  correspond ing  
eye. S u b seq u en tly , tra n sn e u ro n a l labelling  was re s tr ic te d  to  th e  v e n tro la te ra l 
p a r t  o f  th e  IN . In  a n o th e r case  a lm o st th e  w hole te c tu m  was labelled  excep t 
its  a n te ro la te ra l  p a r t. T h ere  w as no tran sn eu ro n a l labelling  in  th e  v e n tro ­
la te ra l  p a r t  of the  IN  in  th is  case, b u t the  re s t of th e  nucleus was labelled. 
T h is co rresponds well to  th e  re su lts  ob tained  w ith  d eg en era tio n  techn ique .

In  b ird s a to p o g rap h ica lly  organized feed-back  loop was fo u n d  betw een 
th e  r e t in a  and  the te c tu m  th ro u g h  th e  isth in o -o p tic  nucleus [9, 10]. We do 
n o t k n o w  w hether in  th e  frog  th e  IN  projects on th e  re tin a . S c a l ia  [14] using 
th e  h o rse -rad ish  peroxidase te c h n iq u e  did no t f in d  d ire c t is th m o re tin a l con­
n e c tio n s . In  o ther in v e s tig a tio n s  [6, 13] d eg en era ted  fib res were found  in 
th e  o p tic  nerve after te c ta l  re m o v a l b u t S c a l ia  [14] could  n o t confirm  th e ir 
e x is te n c e . Provided th e  re su lts  o b ta in ed  w ith  th e  ho rse-rad ish  tech n iq u e  are 
re lia b le , th is  m ay m ean  t h a t  n e ith e r  the IN  n o r th e  te c tu m  is invo lved  in  a 
fe e d -b a c k  loop to  the  re tin a  in  frogs, and  so th e  role o f  th e  IN  an d  especially  
o f i ts  topograph ica lly  o rg an ized  te c ta l afferen ts rem ain s obscure. E lectro- 
p h y sio lo g ica l studies m ay  solve th e  problem  of w h e th e r a d irec t connection  
e x is ts  o r  n o t betw een th e  r e t in a  a n d  the  isthm ic  nucleus.
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D E R  Z E L L K E R N  D E S N U C L E U S IST H M I B E IM  F R O SC H : A U FB A U  (S T R U K T U R ) 
U N D  T E C T O -IS T H M ISC H E  P R O JE K T IO N

S. H. KHALIL und GY. LÁZÁR

Die M orphologie der N ervenzellen des N ucleus is th m i w urde m it der G olgi-M ethode 
u n te rs u c h t . Die M ehrzahl der N euronen  b esitz t dicke D e n d riten , die m it p la tte n a r tig e n  d en ­
d ritisc h e n  F o rtsä tzen  b ese tz t sind.

D ie tecto -is thm ische  P ro jek tio n  w urde nach  pa rtie llen  T ectum läsionen m it de r F ink- 
H e im erschen  M ethode u n te rsu c h t. D er an te ro m ed iale  Teil des T ectum s p ro jiz ie rt sich dorsal 
a u f  den  V orderte il des N ucleus, w ährend  der kau d o m ed iale  Teil au f dem  h in te ren  Teil des 
N ucleus, gleichfalls dorsal zur D arstellung  ko m m t. Das postero la tera le  T ec tu m g eb ie t wird 
a u f  den an te ro la te ra len  Teil des N ucleus p ro jiz iert u n d  d iejen igen  Axone, die v o m  a n te ro la te -  
ra len  Q u a d ran te n  des T ectum s ausgehen , enden v e n tra l  im  k audalen  Teil des N ucleus isthm i.

К Л Е Т О Ч Н О Е  Я Д Р О  N U C L E U S IST H M I У  Л Я Г У Ш К И : С Т Р О Е Н И Е  (С Т Р У К Т У Р А ) 
И ЕГО  Т Е К Т О -И С Т М И Ч Е С К А Я  П Р О Е К Ц И Я

Ш. X. КХАЛИЛ и ДЬ. ЛАЗАР

Морфология нервных клеток nucleus isthmi была изучена методом Гольджи. Боль­
шинство нейронов обладает толстыми дендритами, которые покрыты пластинчатыми ден­
дритическими отростками.

Текто-истмическая проекция была изучена после частичных повреждений крыши 
методом Финк-Геймера. На дорсальной стороне антеромедиальная часть крыши проициру- 
ется на переднюю часть ядра, а каудомедиальная часть на заднюю часть ядра, так же 
дорсально. Постеролатеральная область крыши проицируется на антеролатеральную 
часть ядра, причем эксоны, исходящие из антеролатерального квадранта крыши кон­
чаются на вентральной стороне каудальной части nucleus isthmi.

S. Н . K h a l il : Zoology D e p a rtm e n t, F a c u lty  o f  Science,
M oharram  Bey A lexandria , E g y p t

G yu la  L á z á r : D e p a rtm e n t of A natom y , U n iv e rsity  M edical School,
H -7643 Pécs, H u n g ary
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I n s t i tu te  o f P a tho log ical A n a to m y , U n iv e rs ity  M edical School, Szeged

POSTMORTEM DIAGNOSTICS 
OF RENAL DISEASES FROM SEM1THIN SECTIONS*

J .  O r m o s , J .  E n g e l h a r d t  a n d  A nikó  M á g o r i

(R eceived  A pril 17, 1976)

F o r th e  lig h t m icroscopic p o stm o rtem  s tu d y  o f m o stly  glom erular ren al d iseases, 
in a d d itio n  to  th e  p a ra ff in  tech n iq u e , 0.5 // th ick  (se m ith in ) sections from  m a te ria l  f ix ed  
in b u ffered  fo rm ald eh y d e  and  em bedded  in m e th a c ry la te  or D urcupan  ACM w ere  used . 
T he m eth o d  allow s fo r ev en tu a l e lec tro n  m icroscop ic  exam inations. T h e  se m ith in  
sec tio n s w ere s ta in ed  w ith  m eth y len e  b lue  co m b in ed  w ith  basic fuchsin, as well as 
w ith  period ic  ac id -silv er m e th am in e . T h e  m e th o d  is n o t a su b s titu tio n , b u t  th e  
su p p le m e n ta tio n  of th e  p a ra ffin  tech n iq u e  an d  is su ited  for the  c larification  o f  n u m e r­
ous fin e  d e ta ils : in som e cases th e  ex ac t d iagnosis w as m ade in  th is w ay.

In tro d u c tio n

K id n ey  specim ens from  necropsy m ate ria l h a v e  been  studied  in sem ith in  sec tions 
a f te r  m e th a c ry la te  o r D u rcu p an  ACM e m b ed d in g .

M a te r ia ls  an d  m e th o d s

T he k id n ey s  o b ta in ed  from  47 selected necropsies o f  su b je c ts  w ith  g lom erular re n a l d isease  
w ith o u t co n sp icu o u s a u to ly tic  p henom ena an d  from  8 n e p h rec to m ies  were exam in ed . In  four 
cases each , p a ra ffin -em b ed d ed  specim ens were s tu d ied . T h e  tim e  betw een d e a th  a n d  fix in g  
of th e  m a te ria l v a ried  from  5 to  27 hours. T he 2 x 2 x 2  m m  specim ens taken  from  th e  c o rtica l 
and from  th e  m ed u lla ry  su b s tan ce  were fixed  in fo rm a ld eh y d e  buffered w ith d is tilled  w a te r  
so lu tio n  of N aO H  an d  N alL .PO ,, for several days. A fte r  2 h o u rs  post-fixation  in  1%  O sO , 
and  d e h y d ra tio n  in an  alcohol series the  blocks w ere e m b e d d ed  in m e th y l-b u ty l-m e th ac ry la te  
or D u rc u p an  ACM and  sem ith in  (0.5 to  1.0 //) sections w ere p re p a re d  w ith the L K B  U ltra  to m e  I. 
F o r s ta in in g , th e  co m b in a tio n  of m e th y len e  blue and  b asic  fuchsin  (M -F) and p e rio d ic  a c id -  
silver m e th e n a in in e  (PA SM ) were applied . W ith  M -F , re m o v a l o f th e  em bedding m a te r ia l  is no t 
necessary  b u t  sta in in g  m u s t be perform ed by v a p o riz a tio n . B efore  PASM sta in ing  th e  sec tions 
are  t r e a te d  w ith  sa tu ra te d  alcoholic  K O H  so lu tion  for 15 m in u tes . In  some cases u l t r a th in  
sections w ere  also p re p are d : these were stu d ied  a f te r  c o n tra s tin g  w ith  u ran y l a c e ta te  a n d  lead  
c itra te  w ith  SEM  3— 1 e lec tro n  m icroscope. F o r  th e  ex am in a tio n  of m ateria l fix ed  in  4 %  
n o n -n eu tra lized  fo rm ald eh y d e  and em bedded  in p a ra ff in , th e  2 x 2 x 2  m m  pieces a f te r  d e p a ra f ­
fin a tio n  w ere p o stfix ed  in 2 .5%  g lu ta ra ld eh y d e  for 2 h o u rs  th e n  w ith OsO , for 1 h o u r . S u b ­
seq u en t em b ed d in g , c u ttin g  and  sta in ing  were p e rfo rm ed  as described above.

Results

T h e d e ta ils  o f th e  g lom eru lar cap illa ries an d  of B ow m an’s cap su le  
a p p e a re d  c learly ; freq u en tly  even  the  im m u n e  com plex deposits  cou ld  
he seen (F igs 1, 2 an d  3). In  one case th e  so -ca lled  dense deposit ty p e  o f

* B ased  on a pap er a t  th e  B a la to n  C onference on  E le c tro n  M icroscopy, V eszprém , 1975. 
S u p p o rted  b y  G ra n t 4 07-0301 0 1 -0 /0  from  th e  H u n g a r ia n  M in istry  of H ealth .
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F ig. 1. D iffuse m esangio-pro life rative  g lom eru lonephritis . Im m u n e’com plex deposits on th e  ex te rn a l surface of th e  cap il­
la ry  w all (arrow ), a) S em ith in  section, D u rcu p an  ACM em bedding , M -F  sta in , X 1400. b) T he su bep ithe lia l im m une com plex 
deposits  can  be seenon  th e  e lectron  m icroscopic p ic tu re  d esp ite  p o stm o rtem  au to lysis. U ran y l a ce ta te  and lead  c itra te , X 23,000
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F ig . 2. L u p u s nep h ritis . G lom eru lus w ith  a ffe re n t a rte rio le . In  the  cap illa ry  w a lls  im m une 
d e p o sits  can be seen (“ w ire loop lesion” ). S em ith in  sec tion , m ethacry late  e m b e d d in g , PASM

sta in . X 1400

m esan g io cap illa ry  g lom eru lonephritis  in  an  en d -stag e  k idney co u ld  be recog­
n ized  in  m ateria l em bedded  p rev iously  in  p a ra ff in . I t  was possible to  d ifferen­
t ia te  th e  podocytes an d  som etim es th e ir  f in e r  details (processes g ra n u la tio n , 
fu s io n  o f foot processes) (F igs 4 an d  5). In  h y a line  glomeruli, P A SM  sta in in g  
d e m o n s tra te d  th e  b asem en t m em brane n e tw o rk  and  the M—F  s ta in in g  the 
cell residues.

In  a case w here th e  clinical d a ta  p o in te d  w ith  great c e r ta in ty  to  renal 
d isease , b u t in th e  p a ra ffin  sections and  even  in  th e  sem ith in  sections, w ith  PASM 
s ta in in g  only  glom eruli o f no rm al a p p ea ran ce  could be seen by M—F  sta in in g  
th e  d isappearence  o f foo t processes and  p o d o c y te  ac tiv ity  could be susp ec ted . 
T h is was verified  by  e lec tron  m icroscopy o f th e  m ateria l fixed  5 h o u rs  a fte r 
d e a th , th u s th e  diagnosis of m inim al change could be s ta ted . In  a n o th e r  case, 
n ec ro p sy  was perfo rm ed  27 hours a fte r  d e a th . In  the  p a ra ffin  sec tio n s  the 
g lom eru li co n ta in ed  an increased  n u m b e r o f  cells. In  M -F  s ta in e d  sem ith in  
sec tio n s th e  presence o f ch a rac te ris tic  h u m p s  could be d e m o n s tra te d ; th is 
w as verified  by  e lectron  m icroscopy, e s ta b lish in g  the diagnosis o f  im m une 
co m p lex  (post-strep tococcal) g lo m eru lo n ep h ritis  (Fig. 1).

Thickness an d  s tru c tu re  (F ig . 6) o f th e  tu b u la r  ep ithelium , i ts  ev en tu a l 
m u ltila y e r  com position  (F ig . 7), m u ltip lica tio n  o f th e  tu b u la r b a se m e n t m em -
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Fig. 3. D iab etic  glom erulosclerosis. T he tw o sta in ing  m ethods su p p lem en t each  o th er. S em ith in  section , D u rc u p an  ACM em b ed ­
d ing . a) PASM  s ta in , X 1400, b) M -F  s ta in , X 1400
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F ig . 4. D iabetic  g lom erulosclerosis. Conspicuous th ick en in g  of g lom eru lar cap illa ry  and  
tu b u la r  basem en t m em b ran e ; n u m ero u s inclusions form ed in podocy tes. Sem it hin section , 

m e th a c ry la te  em bedd ing , M F  s ta in , X 560

Fig. 5. L upus nep h ritis . D esp ite  p o stm o rte m  dam age m any  d e ta ils  of th e  cap illa ry  w all are 
p reserv ed , even p rim ary  processes o f th e  podocytes (arrow ). S em ith in  section , m e th a c ry la te

em b ed d in g , M F sta in , X 1400

5 Acta \iorphologica Academiae Scientiarum Hungaricae 25, 1077
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F ig . 6. L u p u s nephritis. H y p e r tro p h ie  p rox im al c o n v o lu ted  tu b u le . T he rich  g ra n u la tio n  of th e  
e p ith e lia l  cells po in ts to am p le  o rganelle  co n ten t. S em ith in  section, m e th a c ry la te  em bedding,

M -F  s ta in , X 560

F ig .  7. D iab etic  n e p h ro p a th y . T h e  com plicated  s tru c tu re  o f th e  b a sem en t m em b ran e  of the  
a tro p h ic  tu b u li is clearly  seen. S em ith in  section , D u rcu p an  ACM em bedd ing , PA SM  sta in ,

X 224
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F ig . 8. L upus n e p h ritis . B asem ent m em b ran e  n e tw o rk  ( +  ) and  ju x ta g lo m e ru la r  g ran u le s  in 
th e  w all o f th e  a ffe re n t arte rio le . S em ith in  sec tion , m e th a c ry la te  em bedding, PA SM  s ta in ,

X 1400

F ig . 9. C hronic py e lo n ep h ritis . P a r t  of a r te r ia l  wall. In  som e places the  in h o in o g en e ity  o f the  
e la s tic  fib res is c learly  seen. Sem ith in  section , m e th a c ry la te  em bedding, M -F  s ta in , X 1400
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b ra n e , and  th e  co m p o sitio n  of cylinders w ere c le a rly  revealed  to g e th e r  w ith  th e  
s tru c tu re  of th e  v a sc u la r  walls, the w id th  o f th e  lum ina and  th e  b ase m e n t 
m em b ran e  n e tw o rk . E v e n  the in h o m o g en e ity  o f  th e  elastica could  c lea rly  be 
o b serv ed  (Figs 8 a n d  9).

D iscussion

Several a u th o rs  h av e  em phasized th e  a d v a n ta g e s  of sem ith in  sec tions 
o v er th e  p a ra ffin  te c h n iq u e  [ 1 ,2 ,4 — 6, 11]. T h e  g rea te s t ad v an tag e  in  p o s t­
m o rte m  renal d iag n o stic s  is the  reliable d e m o n s tra tio n  of fine d e ta ils , a n d  in 
som e cases th e  c o rre c t diagnosis can be m a d e  th is  w ay  or w ith  e lec tro n  m ic­
ro sco p y  perfo rm ed  on  th e  sam e tissue. In  th e  sm all specim ens, au to lysis  
is p re v e n te d  sooner b y  th e  rap id  f ix a tio n . P la s tic s  em bedding in d u ces less 
sh rin k in g  th a n  p a ra f f in . The 0.5— 1.0 ц  th ic k  sections d em o n stra te  f in e r  
d e ta ils  th a n  th e  4— 8 fx th ic k  paraffin  sec tio n s, th e y  can be s tu d ie d  u n d e r  
h ig h er pow er.

I t  should be recogn ized , how ever, t h a t  th e  sem ith in  tech n iq u e  is m ore 
m a te r ia l and  tim e-co n su m in g  th a n  the  re n a l p a ra f f in  processing, th e  sec tions 
a re  less ex tensive , th e  use  of specific s ta in s  is re s tr ic te d  and  th e  tim e  be tw een  
d e a th  an d  fix a tio n  m u s t n o t be more th a n  18 hours. Beside th e  tim e  fa c to r  
o th e r  fac to rs (e-g. te m p e ra tu re )  m ight be also o f im portance. In  a d d itio n , 
due  to  th e  h igher m ag n ifica tio n  and th e  r ich n ess  o f  details the d ecep tiv e  p o s t­
m o rte m  a rtifa c ts  m a y  a p p e a r more a b u n d a n t.

A m ong th e  f ix a tiv e s  described b y  Ca r s o n  e t al. [3] we applied  M illonig’s 
p h o sp h a te -b u ffe red  fo rm aldehyde , m en tio n ed  u n d e r  D ./3/, thus f ix a tio n  allow s 
b o th  lig h t and  e lec tro n  m icroscopic e x a m in a tio n s . The m ateria l is n o t  ex p e n ­
sive so th a t  i t  can  be used in stead  of the  u su a l, u n b u ffe red  fo rm aldehyde. I t  is 
recom m ended  to  use 1 m m  specim ens p re p a re d  in s id e  th e  fix a tiv e  to  allow  r a ­
p id  f ix a tio n . Some a u th o rs  [2 , 7, 10. 15] ap p lied  OsO ( or g lu ta ra ldehyde  f ix a tio n  
for th e  p re p a ra tio n  o f  sem ith in  sections. W e p erfo rm ed  postfix a tio n  in  OsO,,. 
P la s tie s  are h a rd e r th a n  p a ra ffin  and  th a n  th e  tissu e  com ponents, th e re fo re  
th e  b lock  is of m ore even  consistence an d  u ltram ic ro to m ic  sections can  be 
p re p a re d . The p o ss ib ility  o f the  re -ex am in a tio n  o f  specim ens em b ed d ed  in to  
p a ra ff in  m any  years  befo re  is also p ro v id ed , as th e  tissue piece reg a in ed  
fro m  th e  block can  be re -em bedded  in to  m e th a c ry la te  or D urcupan  ACM [5].

T he M -F  s ta in in g  m eth o d  is a c tu a lly  th e  com bination  o f tw o  s ta in s  
described  by  Mo r g e n s t e r n  [14]. This to g e th e r  w ith  the  PASM sta in  described  
b y  J o n e s  [8 ] su p p lem en t each  o ther well. T h e ir  jo in t  application  offers am ple  
in fo rm a tio n  and  ta k e s  l i t t le  tim e. In  renal ro u tin e  diagnostics these tw o  s ta in ­
ing  m eth o d s are u su a lly  suffic ien t and o th e r  p ro ced u res  [2 ,5 — 7 , 9 —1 2 ,1 5 ] 
can be dispensed w ith . T he PASM  m ethod  s ta in s  essen tia lly  the sam e s tru c tu re s
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as PA S [8 , 13], b u t th e  co n to u rs  are b e tte r  defined  and  th e  fine s tru c tu re s  
an d  d e ta ils  are m ore c learly  o u tlin ed . M ateria l em bedded  in to  m e th a c ry la te  
can  be s ta in ed  som ew hat m ore easily  th a n  th a t  em bedded  in  D u rc u p a n  ACM.

T he sections w ere covered  w ith  th e  em bedd ing  p lastics. A cco rd in g  to  
L y n n  [9, 11] in th is  w ay  a h ig h er reso lu tion  pow er can be ach ieved  b y  im m er­
sion. W e applied  p lastic s  in  th e  f irs t p lace to  p rev en t th e  fad in g  u n d e r 
C anada-balsam .

T h e  m ethod  described  w ill n o t su b s titu te  th e  p a ra ff in  te c h n iq u e  b u t 
su p p lem en ts  it  supp ly in g  usefu l new  in fo rm ations ch iefly  ab o u t g lo m eru la r 
ren a l diseases.

A c k n o w le d g e m e n ts

W e are  in deb ted  to  M rs. M ária  E l h a r d t , M rs. Jen ő  Szam osvári, M rs. O lga  H a jn a l  
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D IE  A N W E N D U N G  VON S E M ID Ü N N S C H N IT T E N  
B E I D E R  P O S T M O R T A L E N  M O R P H O L O G IS C H E N  D IA G N O ST IK  

D E R  N IE R E N K R A N K H E IT E N

J. ORMOS, J. ENGELHARDT und A. MÁGORI

Bei der lic h tm ik ro sk o p isch en  B ew ertung  in  p o s tm o rta le m  M ateria l vo rk o m m en d er 
v e rsch ied en e r, h a u p tsäc h lic h  g lo m e ru lä re r  N ie ren k ra n k h e iten  b e n u tz te n  V erfasser n eb en  der 
g ew ö h n lich en  P a ra ff in te c h n ik  a u c h  S em id ü n n sch n itte  v o n  0,5 /г, zu  w elchen sie g epufferten  
F o rm a lin  u n d  M e th a k ry la t o d e r  D u rc u p an  A C M -E in b e ttu n g  b e n u tz te n . D iese M ethode erm ög­
l ic h t  a u ch  eine ev tl, e lek tro n en m ik ro sk o p isch e  U n te rsu c h u n g . D ie S em id ü n n sch n itte  fä rb te n  
V e rfa s se r  m itte ls  m it M e th y le n b la u  ko m b in ie rtem  b asisc h en  F u ch sin , sowie m it p e rjodsau rem  
S ilb e rm e th en am in . D iese, d ie  P a ra ff in te c h n ik  n ich t e rse tzen d e , so n d ern  ergänzende M ethode 
is t  z u m  N achw eis v iel fe in e re r D e ta i ls  anw endbar, u n d  in  e in igen F ä lle n  is t som it —  m itte ls  
L ic h t-  o der e le k tro n en m ik ro sk o p isch e r U n te rsu ch u n g  —  n u r  solcherw eise d ie genaue D iagno­
se s te llu n g  m öglich.

ПРИМЕНЕНИЕ ПОЛУ-ТОНКИХ СРЕЗОВ В ПОСМЕРТНОЙ МОРФОЛОГИЧЕСКОЙ 
ДИАГНОСТИКЕ ЗАБОЛЕВАНИЙ ПОЧКИ

Е. ОРМОШ, Е. ЭНГЕЛЬХАРД и А. МАГОРИ

Авторы про помощи оптического микроскопа, кроме обычной методики парафина 
употребили и полу-тонкие срезы (0,5) для оценки заболеваний почки применяя фикса­
тивом забуференный формалин и заливанием метакриллат или D u rcu p an  ACM. Эта 
методика и электронномикроскопически применяемая. Полу-тонкие срезы были окра­
шены основным фуксином комбинированном метиленовой синькой и метенамином перйода­
та серебра. Эта дополнительная и не замещающая технику парафина методика способна к 
выяснению деталей, в некоторых случаях только таким путем возможно ставить точный 
диагноз при помощи оптического и электронномикроскопического микроскопа.

J e n ő  O rmos 
J ó z s e f  E n g e lh a r d t  
A n ik ó  Mágori

Szegedi O rv o stu d o m án y i E gye tem , 
K ó rb o n c tan i In té z e t ,  H -6701 Szeged, 
P f. 401, H u n g a ry
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RECENSIONES

J e l l in e k , H . an d  TÓTH, F .: F unctional Pathology o f  the Endom etrium  and Cervical B io p sy  
Specim ens. A k ad ém ia i K iad ó , B u d ap es t 1976. 299 pages w ith  196 figures

T h e  l ite ra tu re  o f  gynaeco log ical pa th o lo g y  h as  b ecom e richer by th is im p o r ta n t  m o n o ­
g ra p h  w h ich  m ay  ju s t ly  claim  th e  in te re s t o f sp ec ia lis ts  o f th e  subject.

T h e  m ajo r p a r t  o f the  bo o k  deals w ith  in v es tig a tio n s  concerning th e  e n d o m e triu m  and  
w ith  th e  sy s te m a tiza tio n  of p e r ta in in g  d a ta . In  these  c h a p te rs  th e  know ledge a c q u ire d  d u rin g  
th e  las t seven decades is review ed a n d  p resen ted  in  an  eas ily  und erstan d ab le  m an n e r. K n o w l­
edge of th e  changes o ccurring  in th e  e n d o m e triu m  is ind ispensab le  for th e  gy n aeco lo g ica l 
p a th o lo g is t as well as fo r all those , who in te n d  to be eng ag ed  in  gynaecological en d o crin o lo g y . 
In  o u r d ay s w hen re liab le  in fo rm a tio n  can be o b ta in e d  on  th e  ac tu a l endocrino log ical s ta te  
o f th e  o rgan ism  by up  to  d a te  m eth o d s , e.g. gas c h ro m a to g ra p h y  or rad io im m une a ssay , it 
is still th e  e n d o m e triu m , as th e  ta rg e t  o rgan  o f th e  fem ale  sexual horm ones w h ich  supp lies 
th e  b e s t in fo rm atio n  on th e  d is tu rb an c e  of fem ale sex u a l fu n c tio n .

T he las t 15 y e a rs  b ro u g h t a ra p id  d ev elo p m en t in  th e  pharm acology  of s te ro id  h o rm o n es . 
T he app earan ce  of sy n th e tic  n o rste ro id s re su lted  in  a w orld-w ide use of ho rm onal c o n tra c e p ­
tio n ; sim u ltan eo u sly  th e  t re a tm e n t  o f fu n c tio n al fem ale  s te rility  received new  s tim u lu s  an d  
ach ieved  prom ising  re su lts  by th e  d e tec tio n  of c lo m ip h en e  c itra te . The effect on th e  o rg an ism  
o f  these  com pounds can  best be ap p rec ia ted  by th e  h is to lo g ica l changes observed in  th e  e n d o ­
m e triu m . T h u s th e  in v es tig a tio n s  in to  th e  n o rm al a n d  p a th o lo g ica l changes o ccu rrin g  in the  
en d o m e triu m  by v a rio u s , h isto log ical, h istochem ical a n d  cy tochein ical m e th o d s  h a v e  an  
im m ense l ite ra tu re .

T h e  a u th o rs  h av e  in te g ra te d  th e  accu m u la ted  m a te r ia l  in a fo rtu n a te  m a n n e r , in  such  
a w ay t h a t  the  read e r will no t be lo st in d e ta ils  an d  will be  supplied  w ith an  an sw er to  a n y  of 
th e  a c tu a lly  em erg ing  p ro b lem s.

T he f irs t c h a p te rs  o f  th e  book deal w ith  th e  p h y sio log ica l function  of th e  e n d o m e triu m , 
th e  m orpholog ical m an ife s ta tio n s  o f th e  cyclic ch an g es, th e  ho rm one-dependent c h an g es  of 
th e  su b ce llu lar p a rtic le s . All these  a re  convincingly  d e m o n s tra te d  by excellent e le c tro n  m ic ro ­
g rap h s . T h en  th e  p a th o lo g ica l changes o f th e  e n d o m e triu m  are discussed from  th e  clin ical 
a sp ec t. In  these  c h a p te rs  the  read e rs  o b ta in  a d e q u a te  an sw ers to alm ost every q u e s tio n s  from  
classic know ledge to  th e  analysis o f th e  effect and  c ritica l ev a lu a tio n  of u p to  d a te  c o n tra c e p tiv e  
d rugs. T h e  d em o n s tra tio n  by  ex ce llen t p ic tu res  of th e  en d o m e tria l changes follow ing th e  a d m in ­
is tra tio n  of ho rm onal co n tracep tiv e s  and IU D  is p e rh a p s  th e  m ost valuab le  c h a p te r  o f  th e  
m o n o g rap h y  and it  sup p lies  up  to  d a te  in fo rm atio n s to  be u tilized  in everyday  p ra c tic e  by  b o th  
the  c lin ician  and  th e  gy n aeco lo g ist-p a th o lo g ist.

C om pared w ith  th e  rich  c o n te n t and  colourfu l ab u n d an c e  of p ictu res o f  th e  c h a p te rs  
concern ing  th e  en d o m e triu m , th e  ch ap te rs  on  th e  ce rv ix  a re  considerably m ore m o d es t. T he 
a u th o rs  seem ed to  be less s tim u la te d  by  these  c h a p te rs ;  the  s ta tem en ts  d iscussed  on  these  
pages a re  less new an d  even th e  illu s tra tio n s  are less co lourfu l. These chap ters m ay  be c o n sid ­
ered  a k in d  of a d d itio n . C om pared w ith  its  clinical sign ificance , the  discussion o f th e  ch an g es 
o f th e  cerv ix  is also som ew hat re stric ted .

T he m onograph  ends w ith  a n  a b u n d a n t list o f re ferences where the  in te re s te d  re a d e r  
o r  th e  in v es tig a to r o f  th e  su b je c t m ay  find  an  am p le  choice o f perta in ing  d a ta .

I. Z o ltá n

R o m e n , W .: Z u r Pathogenese der Glumerulosklerose 
G u stav  F ischer V erlag , S tu t tg a r t—New Y ork . 1976. 87 pages w ith 39 p ic tu re s . P rice:

DM 38.

T h is book is th e  102nd of th e  “ V erö ffen tlich u n g en  aus der Pa thologie“  series.
In  th e  in tro d u c tio n  th e  a u th o r  d iscusses th e  te rm  sclerosis rem ark ing  th a t  in  p a t hology 

sclerosis m eans h a rd en in g  asso c ia ted  w ith  fibrosis. A m o re  ad eq u a te  term  is no t reco m m en d ed . 
I t  is said  th a t  “ g lom eru losclerosis“  ind ica tes som e d e g en e ra tiv e  n o n -in flam m ato ry  a lte ra t io n  
of th e  g lom eruli, w here  an  increase  in a m o u n t th e  g lo m eru la i basem ent m em b ran e  (G BM )
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an d  th e  m esangial m a tr ix  (M M ) is th e  m ost c h a ra c te ris tic  sign. The pa th o g en etic  fa c to rs  m ay  
be d iab e tes , h y p e rte n s io n , po isoning, ageing, am o n g  o th e rs . T he m ain question  o f  th e  ex am i­
n a tio n s  is w h e th er th e  v a r io u s  aetiological fa c to rs  le a d in g  to  glom erulosclerosis, a c t  b y  the  
sam e or by  d iffe ren t m ech an ism s. As th e  p ro b lem  c a n n o t be  stud ied  in b iopsy  o r  necropsy  
m a te ria l, th e  process w as rep ro d u ced  under v a rio u s  e x p e rim e n ta l conditions. T h e  p ro b lem  of 
GBM a n d  MM fo rm a tio n  w as also in v estiga ted  since  th e s e  seem  to be closely c o n n ec te d  w ith  
th e  question .

T h e  d ev elo p m en t o f  glom erulosclerosis w as s tu d ie d  b y  ligh t m icroscopy , e lectron  
m icroscopy  and a u to ra d io g ra p h y  in 4 groups of ra ts :

a) in th e  course  o f sp o n tan eo u s ageing;
b) follow ing s u b to ta l  5/6 nephrectom y;
c) a fte r  su b to ta l  c o n str ic tio n  of th e  re n a l v e in
d) in  th e  course  o f a c u te  and  chronic N -n itro so m o rp h o lin e  poisoning.
T he re su lts  in d ic a te  t h a t  th e  various fa c to rs  a c t  b y  d ifferent rou tes . Fo llow ing  5/6 

n ep h rec to m y , increased  p ro d u c tio n  of GBM an d  M M , in  h y p o x y a  produced b y  in h ib itio n  of 
th e  venous flow , a f te r  N  n itrosom orpho line  p o ison ing  as w ell as following sp o n tan eo u s ageing, 
th e  decrease  o f th e  p ro cess  o f decom position  w ill p ro d u c e  th e  a lte ra tion , w ith  c e r ta in  d iffe r­
ences. T h e  a u to ra d io g ra p h ic  find ings po in ted  to  th e  p o d o c y tic  origin of GBM a n d  th e  p ro d u c ­
tio n  of MM by  m esan g ia l cells.

T hough  th e  p ro b lem  is b riefly  m entioned  i t  is n o t  su ffic ien tly  em phasised w hy  in  g lom er­
ulosclerosis GBM th ic k e n in g  an d  MM increase a re  c o n se q u en tly  associated, w hereas th ese  are 
d iffe ren t in cellu la r o rig in . A  m ore deta iled  d iscussion  o f  d iabe tic  g lom erulosclerosis w ould 
h av e  been  welcom e.

T he m ajo rity  o f th e  fig u res are electron  m ic ro g ra p h s ; th ey  are d e m o n s tra tiv e  a n d  con­
v incing . T he book  re fle c ts  ad eq u a te ly  the accu racy  o f  th e  experim en ts perform ed a n d  of the  
process of ev a luation .

I I .  J e l l in e k

D a n ie l , P . M. a n d  P r ic h a r d , M. L .: Studies o f  the H yp o tha lam us and the P itu ita ry  Gland. 
W ith Special Reference to the E ffects o f  Transection o f  the P itu ita ry  Stalk. A lden P re ss , Oxford* 

1975. 216 pages w ith  104 i llu s tra tio n s . P rice: £ 3.00

T his m o nograph , f i r s t  pub lished  in 1975 as S u p p le m e n tu m  201 to  A cta  E nd o crin o lo g ica  
vol. 80, is an  exce llen t su m m a ry  o f th e  nearly  25 y e a rs  re sea rc h  of th e  au th o rs  a n d  th e ir  co llab ­
o ra to rs  on  th e  e ffec ts o f in te r ru p tio n  of th e  n e u ro v a sc u la r  lin k  by  w hich th e  p i tu i t a r y  g land  
is connected  to  th e  b ra in . T h e  investiga tions w ere m a d e  b o th  o n  hum an  m ate ria l a n d  o n  e x p e r­
im e n ta l an im als o f  sev e ra l species i.e. m onkeys, sh eep , g o a ts , ra ts  and ferre ts. T h e  a u th o rs  
a re  in te rn a tio n a lly  k n o w n  e x p e rts  in  the  field a n d  h a v e  p ro b a b ly  th e  largest m a te r ia l  on  th e  
m orpholog ical a lte ra tio n s  o f tran sec tio n  of th e  p i tu i ta r y  s ta lk . T hey describe, a m o n g  o th e rs , 
th a t  th e re  are tw o g ro u p s  o f  p o r ta l  vessels, each  o f w h ic h  d ra in s a p rim ary  c ap illa ry  bed  in 
a specific  segm ent o f th e  n e u ra l com ponent o f th e  p i tu i t a r y  an d  supplies a p a r tic u la r  te r r i to ry  
in th e  p a rs  d istalis . F u r th e r ,  th e y  determ ined  th e  v o lu m e s  of th e  territo ries su p p lied  by  th e  
tw o g ro u p s of vessels a n d  also  th e  changes in v o lu m e  o f  th e  p a r ts  of the  p i tu i ta ry  g lan d  a fte r  
sev e iin g  th e  p i tu i ta ry  s ta lk .

In  th e  f irs t p a r t  a b r ie f  su m m ary  of th e  a n a to m y  o f th e  h y p o thalam us an d  th e  p i tu i ta ry  
g lan d  is g iven  an d  th e  n e u ro h u m o ra l m echanism  co n tro llin g  p itu ita ry  fu n c tio n s is b riefly  
d iscussed . T he second p a r t  is concerned w ith  th e  loca l e ffec ts  of p itu ita ry  s ta lk  sec tio n  and  
of h y p o p h y sec to m y  d e a lin g  se p a ra te ly  w ith  th e  m o rp h o lo g ica l a lte ra tio n s p ro x im a l to  th e  
s ite  o f th e  surgical lesion  (h y p o th a lam u s , p i tu i ta ry  s ta lk )  a n d  w ith  those d ista l to  i t  (various 
p a r ts  o f th e  p i tu i ta ry ) . I n  th e  th ird  p a r t  rem o te  e ffec ts  o f th e  m entioned  in te rv e n tio n  are 
described  such as d iab e te s  in sip id u s , a lte ra tio n s in  g ro w th , in  th e  endocrine ta rg e t  o rg an s and  
in rep ro d u c tio n  an d  la c ta t io n . T he do cu m en tatio n  o f  th e  t e x t  is excellent, all i llu s tra tio n s  are 
o f h igh  q u a lity . T he tec h n iq u e s  used  are  briefly  d e sc rib ed  in  an  appendix  and  th is  is follow ed 
by  a n  a u th o r  a n d  s u b je c t in d ex . The book is re co m m e n d e d  fo r pa th o m o rp h o lo g is ts , n e u ro ­
endocrino log ists an d  c lin ic ian s , p a rticu la rly  fo r p o s tg ra d u a te s .

B . H alász

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977
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Az A cta M orpho log ica  an g o l n y elven  közöl é rtek ezések e t a  k ísé rle te s  o rv o stu d o m án y  
tá rg y k ö ré b ő l.
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e g y  k ö te te t.
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D ie A cta M o rpho log ica  v e rö ffen tlich en  A b h a n d lu n g en  au s d e m  B ereich  der e x p eri­
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N atio n a l In s t i tu te  o f R heu m ato lo g y  a n d  P h y s io th e rap y , B u d ap es t

EARLY DIAGNOSIS OF CANCER RY GASTRICBIOPSY

M. B e l y  and I. K e m p e l e n  

(R eceived O ctober 5, 1976)

On th e  basis o f 350 gastric  b iopsies th e  d ifficu lties of early  d iagnosis o f cancer 
are discussed. T he tech n ica l and m orpho log ical stu m b lin g  blocks o f e v a lu a tio n  are 
review ed. T h e  d ifferences betw een  th e  gross an d  m icroscopic d iagnoses, th e  m ore im ­
p o r ta n t  causes o f h isto log ic  erro r are d e a lt w ith .

B iopsy p lays a m ost im p o rta n t role in th e  early  diagnosis o f gastric  
cancer [ 4, 5, 8, 10, 13]. T he clinician calls a cancer an  early  one if  i t  is sm all, 
localized , p roduces few or n o n -ty p ica l sy m p to m s an d  is d ifficu lt to  d iagnose 
[14, 15]. In  p a th o lo g y , th e  d ifficu lty  of an  in te rp re ta tio n  of th e  te rm  “ early  
can cer”  lies in th e  fa c t th a t  in  th e  case of a s tru c tu re  show ing irre g u la r  p o ly ­
m orph ism  o f nuclei, fo rm s d iv id ing  w ith  po ly ch ro m asia , etc ., th e  p rocess is 
n o t y e t a cancer [2, 3, 9, 12]. All th e  p a th o lo g is t can  say  in such cases is th a t  
m a lig n an t tra n sfo rm a tio n  is conceivable or th a t  th e re  is good reason to  susp ec t 
m alignancy . A ce rta in ly  cancerous form  is n o t ea rly , because i t  is in d e p e n d e n t 
o f th e  size of th e  p rim a ry  focus and  m étastasés  m ay  occur in th a t  s ta g e  a l­
read y . As fa r as prognosis is concerned, i t  is said  [11] th a t  i t  is th e  d e p th  of 
in filtra tio n  th a t  is decisive, th e  superfic ia l a rea  p lays no role [3]. A lth o u g h  
m éta s ta sé s  m ay occur also w ith  th e  form  localized  to  th e  m ucosa an d  th e  
subm ucosa , i t  is m ore benign  [11], ju s t  like a ly m p ho-p lasm ocy tic  in f i l t r a ­
tio n , secondary  follicle fo rm a tio n , ad jacen t re ac tiv e  fib rosis m ay he in d ic a tiv e  
of an  increased  system ic defensive a c tiv ity  [2, 6, 7]. A ccording to  th e  d e f in i­
tio n  b y  th e  Jap a n e se  G astroen te ro log ical E ndoscop ic  Society , early  can ce r is 
localized to  th e  tu n ica  p ro p ria  an d  subm ucosa [1]. T herefo re  it  is fu lly  ju s tif ie d  
to  use th e  synonym ous expression  “ superfic ia l c an ce r” .

T he follow ing b r ie f  su rv ey  has been p rep a red  on g rounds of 350 b iopsies 
perfo rm ed  in  1974/75, w ith  th e  O lym pos JE B -2  duodenoscope and  th e  O lym pos 
G IF K  oesophago-gastro -duodcnoscope. T he d iagnosis o f cancer on th e  basis 
of b iopsy  was confirm ed , or th e  erroneous d iagnosis co rrec ted , by  e x am in a tio n  
of a gastric  resection  specim en.

T he experience and  skill o f  th e  exam iner p lay  a decisive role in  th e  reco g n i­
tion  of superfic ia l or early  cancer. M ost freq u en tly , th e  early  cancer is 5 sg. cm ,

In  h o n o u r of th e  7 0 th  an n iv e rsa ry  of Professor K . Fakkas.
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or o fte n  less th a n  2 sg. cm  in  size, located  to  th e  co rpus—a n tru m  ju n c tio n  of 
th e  le sse r  c u rv a tu re . I t  is o ften  m u lticen tric , an d  i t  depends on th e  experience 
of th e  e x a m in e r  w hether th e  specim en is ta k e n  fro m  th a t  area.

O n th e  basis of th e  gross ap p earan ce  th e  fo llow ing form s can be d is tin ­
g u ish ed :

I .  P ro tru d in g , p o ly p o u s  ty p e
I I .  Superficial ty p e

a . ) elevated
b . ) fla t
c . ) depressed

I I I .  E x cav a ted  ty p e

R ad io logically , th e  p o ly p o u s and th e  u lc e ra tiv e  form s are easily  d e te c t­
ab le , w hile  ty p e  I I  is d ifficu lt to  recognize. I t  is exclusively  b y  m eans of 
b io p sy  th a t  form s I an d  I I I  can  be d iffe re n tia ted  from  benign m ucosal polyp  
or p e p tic  ulcer, and th a t  ty p e  I I  can be recogn ized  [5].

S om etim es it  is m ere ly  b y  chance th a t  th e  a rea  ju d g ed  to  be path o lo g ica l 
is p in c h e d , because th e  in s tru m e n t m ay  a lw ays be dislodged a few m m  as a 
r e s u l t  o f peristalsis. S u p erfic ia l cancer n ev er develops w hen th e  gastric  m ucosa 
is in ta c t  or norm al. P ra c tic a lly  alw ays m ore or less m arked  in fla m m a tio n , 
h y p e ra e m ia , increased te n d e n c y  to  b leed ing  m ay  be seen [13, 14, 15]. T hus, 
a b leed in g  following b io p sy  m ay m ake a su b se q u e n t contro l ex am in a tio n  
u n feas ib le . Since th is  is n o t  one of th e  ty p ic a l sources of erro r in h isto log ical 
p ro cessin g  and e v a lu a tio n , we do n o t w ish to  deal w ith  i t  here . I t  follows 
fro m  th e  n a tu re  o f th e  in te rv e n tio n  th a t  th e  specim en o b ta in ed  is u sua lly  
sm a ll and  dam aged. I r re g u la r  or a ty p ica l p a tte rn s  m ay often  be v isib le  in 
in d e p e n d e n t frag m en ts , b u t  tak en  o u t of i ts  e n v iro n m en t it  is d ifficu lt or even 
im p o ssib le  to  say w h e th e r  th e re  is an  in f il tra tio n . In  such cases, i t  m ay  be 
n e c e ssa ry  to  re p e a t th e  b io p sy  [6, 7]. H isto lo g ica lly , th e  follow ing form s m ay  
b e  d istingu ished .

a) adenocarcinom a (F igs 1 and  2)
b) signet-ring  cell, m ucus p ro d u c in g  can cer (Figs 3 and  4)
c) anap lastic  can ce r (Fig. 5)
d) m ixed fo rm  can ce r (Fig. 6)

G lands lined on th e  inside w ith  sev era l layers of in creased ly  basophilic  
ep ith e liu m , irreg u la r  in  p o la r ity  an d  sh ap e  m ay  be traced  b ack  to  cell p ro life ra ­
tio n  caused by  in f la m m a to ry  ir r i ta tio n  or an  occlusion of th e  g lan d u la r  lum ina 
(F ig . 7).

N um erous d iv isions of nuclei, p o ly m o rp h ism , po lych rom asia  of nuclei, 
n ucle i of increased  size, or ballooning  ones w ith  several nucleoli m ay  occur in
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every  k ind  o f chronic in flam m atio n  an d  do n o t necessarily  in d ica te  m a lig n an cy
(F ig . 8).

An increase in th e  n u m b er o f g o b le t cells, a tran sfo rm atio n  o f th e  g a s tr ic  
m ucosa rem in scen t o f in te s tin a l m ucosa by  them selves do no t in d ica te  p recan - 
cerosis. Such changes freq u en tly  occur in aged p a tie n ts  w ith  chronic g a s tr i t is , 
w ith o u t th e  detec tio n  of m a lig n an t tra n s fo rm a tio n  on rep ea ted  e x a m in a tio n s  
[2, 10] (F igs 9, 10).

C lum sy cell form s vagueness o f th e  g lan d u la r  s tru c tu re  even if  re s tr ic te d  
to  ju s t  one group o f glands m ay  ju s tif ia b ly  arouse th e  suspicion of m a lig n a n t 
tra n s fo rm a tio n  (F ig. 11).

A disorganized  s tru c tu re , in f iltra tiv e  grow th  unequ ivocally  in d ic a te  
m alignancy . M istakes are, o f course, possible even in such cases. On th e  basis  o f

F ig. 1. A denocarcinom a

1 * Acta Morphologien Academiae. Scientiarum Hungaricae 25, 1977
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Acta M orph o lo g ica  Academiae S c ie n t ia r u m  H u n g a r ica e  25, 1977

Fig. 2. A den o carc in o m a
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Fig. 3. Cc m uci paru  in
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Fig. 4. Ce m u cip aru m

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977
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Fig. 5. Cc anaplasticum

Acta Xlorphologica Academiae Scientiarum Hungaricae 25, 197<
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Fig. 6. Mixed form  o f can cer

Acta M o rp h o lo g ic a  Academiae Scientiarum Hungajicac 2 fi, 1977
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Fig. 7. C hanges caused by in fla m m a to ry  irr ita tio n

Acta IWorphologica Academiae Scientiarum Hungaricae 25, 1977
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F ig . 8. C hanges caused by  in f la m m a to ry  irr ita tio n

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977
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Fig. 9. C hanges caused by  in flam m ato ry  ir r ita tio n

Acta Morpholngica Acadcmiae Scicntiarum Hungaricae 25, 19V
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Fig. 10. C h anges caused  by  in fla m m a to ry  i r r ita tio n

Acta Morpholvgica Academiae Scientiarutn Hungaricae 25, 1977
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Fig. 11. C lum sy cell form  vagueness o f the  g landu lar s tru c tu re
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Fig. 12. P a n c re a tic  s tru c tu re  caused by  ch ro n ic  p an crea titis

A d a  Morphologien Academiae Scientiarum Hungaricae 25, 1977
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F ig. 13. P a n c rea tic  s tru c tu re  caused by ch ro n ic  pancrea titis

Ada Morphologic a Academiae Scienliurum Hun^aricae 25, 1077
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Fig. 14. P a n c re a tic  s tru c tu re  cau sed  b y  chronic p a n c re a titis
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s tu d y in g  12 to  14 p ic tu res, we have  suggested  can cer, w hich ac tu a lly  p ro v ed  
to  be th e  base of a chronic u lcer p e n e tra tin g  in to  th e  pancreas, p a n c re a tic  
tissu e  b ro u g h t in to  tu rm o il b y  chronic p a n c re a titis . Possib ly  th e  site o f b io p sy  
could h av e  suggested  p an c rea tic  in v o lv em en t in th is  case. T he co rrec t d ia g ­
nosis w as estab ilished  by  s tu d y in g  th e  resected  s tom ach .

T he gross ap p earan ce  often  arouses th e  susp icion  of m alignancy , w hich  
c an n o t be co rro b o ra ted  b y  b iopsy , o r m erely a te n ta t iv e  diagnosis m ay  be 
se t up . F o r in stan ce , in ta c t  m ucosa m ay be p in ch ed  from  over a subm ucosal 
cancer grow ing  in filtra tiv e ly .

On th e  o th e r h an d , a change believed to  be ben ign  on gross ex am in a tio n  
m ay p ro v e  to  be m alig n an t. T he d iagnostic  score m ay  be im proved  w hen  th e  
gross an d  m icroscopic find ings are  con tro lled  w ith  ex am in a tio n  of th e  re sec ted  
specim en, and w hen th e  endoscopic stud ies a re  m ade jo in tly  by the  p h y sic ian  
an d  th e  m orpho log ist w here th is  is feasible. T h e  opin ion  proffered will be m ore 
a d e q u a te  in possession o f b o th  th e  gross and th e  m icroscopic evidence th a n  i t  is 
w hen  b ased  exclusively  on th e  histologic find ings.
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M. BÉLY und I.  KEMPELEN

D I E  F R Ü H D I A G N O S E  D E S  K R E B S E S  M IT  H I L F E  D E R  G A S T R O B IO P S IE

Die Schw ierigkeiten  d e r F rühd iagnose  des K reb ses w erden au fg ru n d  von  350 G astro- 
b io p s ien  e rö rte r t  u n d  eine Ü b e rs ich t der te c h n isch e n  u n d  m orpholog ischen  P ro b lem e  der 
A u sw e rtu n g  gegeben.

Im  w eiteren  w erden  d ie U ntersch iede  der m ak ro - u n d  m ikroskopischen  D iagnosen  auf­
g eze ig t, fe rn e r die w ich tig sten  U rsachen  der h isto lo g isch en  F eh lin te rp re ta tio n en  besprochen .

РАННИЙ ДИАГНОЗ РАКА С ПОМОЩЬЮ ГАСТРОБИОПСИИ

М. Б Е Л Ь  и И . К Е М П Е Л Е Н

На основе результата 350 гастробиопсий обсуждаются трудности раннего диагноза 
рака и дается обзор технических и морфологических проблем оценки полученных данных.

В дальнейшем указываются на разницы макро- и микроскопических диагнозов и на 
важнейшие причины ошибочных гистологических результатов.

D r. M iklós B É L Y  ! O rszágos H oum a és F iz io teráp iás In té z e t,
D r. Im re  K e m p e l e n  J 1525 B u d ap est, P f. 54., H ungary
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N ational In s t i tu te  o f R heu m ato lo g y  a n d  P h y s io th e rap y . B u d ap es t

DANGERS OF POSITIVE PRESSURE RESPIRATION 
BREATHING WITH SPECIAL REFERENCE TO THE 

SO-CALLED “SURFACTANT FACTOR”

I. B e t l é r i and M. B ely  

(R eceived  O ctober 5. 1976)

A telectasis an d  em hysem a have  been  induced  in ra b b its  a f te r  a n a e s th e s ia  and 
IP P B  for one hour a t  30 cm w ater p ressure . T he p u lm o n ary  su rfa c ta n t b ecam e coarsely  
g ra n u la r  and app eared  in th e  form  of large  d rops. A co rre la tio n  is su g g ested  to  exist 
be tw een  th is phenom enon  and th e  a te lec ta s is  an d  em physem a w hich  d e v e lo p ed  during  
IP P B .

T here  are num erous d a ta  on th e  role of pu lm onary  s u r fa c ta n t  (PS) 
in th e  developm ent of in tra -  and  p o sto p e ra tiv e  pu lm onary  chan g es such as 
em p h y sem a , a te lec tasis, e tc . PS is p ro d u ced  or excre ted  by  th e  I I - ty p e  
p n eu m o cy te  of th e  a lveo lar wall [8 ].

PS is a g lyco-lipopro tein  co n ta in in g  phospholip id . O f th e  lip id  p o rtion , 
60%  is d ip a lm itin -lec ith in . I t  also co n ta in s sm all am oun ts of o th e r  p h o sp h o lip ­
ids, an d  is u ltrav io le t-flu o rescen t. M etabolic and  electron  m icroscopic  stud ies 
h av e  show n th a t  PS is ex ce rted  as a lip o p ro te in . I t  is easy to  d e m o n s tra te  its  
c a rb o h y d ra te  com ponen t, w hile d e m o n s tra tio n  of its  lip id  fa c to r  requ ires 
cy tochem ical p rocedures. A dam so n  and  B o w d e n  [1] id en tified  PS by  m eans 
of th e  tricom plex  floccu la tion  m ethod  o f D erm er  [3]. W hile  M e b a n  [7] 
in e lec tro n  m icroscopic s tud ies by  th e  g lu te ra ld eh y d e  m eth o d  cou ld  prove 
th a t  th e  g ran u la ted  p n eum ocy tes w ere ac tiv e ly  involved  in  th e  sy n th es is  of 
PS an d  w ere no t m erely  in its  excre tion . In th e ir  electron  m icroscopic stud ies 
D e l a r u e  e t al. [2] found  th e  size to  v a ry  from  100 to  600 A  an d  show ed th a t  
i t  co n ta in ed  high am o u n ts  of c a rb o h y d ra te . S carpelli  [10] id e n tif ie d  also 
n e u tra l fa ts  in th e  su b stan ce  and  G ie s e k i n g  [5] found in  th e  6 m o n th  fetus 
th e  osm iophilic lam ella ted  bodies co rrespond ing  to  p reform ed S F  in  th e  I I  
p n eu m o cy tes , and arising  from  osm iophilic  g lobular inclusions. T h e  sonic was 
show n b y  th e  ligh t and  e lectron  m icroscopic stud ies of JÓZSA a n d  BÉFFY [6 ] 
perfo rm ed  w ith  R o m h a n y i ’s m ethod  [9].

T he role of th e  PS is to  ensure th e  constancy  of su rface te n s io n  in  the  
alv eoli, to  fac ilita te  gas exchange, to  p ro te c t underly ing  tissues fro m  exsicca­
tion .

In  honour of th e  7 0 th  an n iv e rsa ry  of P ro fesso r K. F a r k a s .
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T h ere  are forces w h ich  increase, and  o th e rs  w h ich  decrease th e  a lveo lar 
su rface .

1. M echanical forces

a) tissue e la s tic ity  î |  *
b) p leural p re ssu re  Î
c) p u lm onary  c a p illa ry  pressure 1

2. Colloidosmotic forces

a) colloidosm otic p ressu re  in th e  p u lm o n a ry  capillaries
b) colloidosm otic p ressu re  in th e  tissu e  in te rsp aces  j

3. Surface forces (F ig . 7)

N ote: th e  arrow s p o in tin g  u p w ard  in d ica tean  in c rease , th o se  p o in tin g  d ow nw ard  in ­
d ic a te  a red uction  of th e  a lv e o la r  surface.

In  rab b its  su b je c te d  to  positive p ressu re  re sp ira to r  tre a tm e n t we have  
s tu d ie d  the  m orphological sequelae visible in th e  lungs, w ith  special a tte n tio n  
to  th e  PS.

A du lt male and  fem ale  ra b b its  in th e  su p in e  position  were an aesth e tized  
w ith  droperiodol w ith  f a n ta n y l  then th e  tra c h e a  w as incised and a ru b b e r  
tu b e  w as fixed in  p lace, a irp ro o f. This was a t ta c h e d  to  th e  U N A  I I  anaesthesia  
a p p a ra tu s  and th e  a n im a ls  w ere resp ira ted  fo r one h o u r in a sem i-closed 
s y s te m  w ith  an 1 : 2 m ix tu re  of o x y g en -n itro g en  oxide.

T hree anim als se rv ed  as controls. T hree  an im als  w ere an aesth e tized  as 
d esc rib ed  above, in tu b a te d  an d  allowed to  b re a th  sp o n tan eo u sly  for one hour.

T hree anim als a f te r  re la x a tio n  w ith  0.05 m g /k g  bo d y  w eight of p a n c u r­
o n iu m  brom ide were re sp ira te d  m anually  a t  20 cm  w a te r  p ressure. Six an im als 
lik e  in  th e  previous g roup  w ere  resp ira ted  m a n u a lly  a t  30 cm w ater p ressu re .

A fte r one ho u r b re a th in g , while still u n d e r  anaesth ez ia , th e  an im als 
w ere  k illed by  opening th e  c h e s t and  tak in g  o u t th e  lungs. A fter gross ex am in a ­
t io n , specim ens w ere t a k e n  to  m ake frozen  sec tions, para ffin -em b ed d ed  
sec tio n s  and  for e lec tron  m icroscopic s tu d y  b y  th e  ru th e n iu m  red  p rocedure.

* T he sm aller th e  ra d iu s  o f  th e  alveolus, th e  th ic k e r  th e  P S  film  p re sen t in it, an d  th e  
lo w e r th e  surface tension , th e  e a s ie r  d ila tes th e  a lveolus. T h is  m eans th a t  w hen th e  alveo lus 
is  o v e r-d ila te d , th e  surface  te n s io n  of th e  PS film  lin in g  i t  increases, p rev en tin g  fu r th e r  d i­
l a ta t io n .  T hus, PS keeps u p  a n  eq u ilib riu m  as fa r as th e  in te rn a l  d iam e te r of th e  alveoli is 
c o n ce rn ed , and so p rev en ts  e m p h y sem a  and a te lec tasis. C on seq u en tly , a deficiency of PS , 
d u e  to  i ts  unsuffic ient p ro d u c tio n  o r increased u tiliza tio n  h as  a  cau sa l role in th e  dev elo p m en t 
o f  b o th  em physem a and  a te lec ta s is .

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



D AN G ERS “ SURFACTANT FACTOR” 9 3

R esults

T he lungs from  th e  in tu b a te d  and sp o n tan eo u sly  re sp ira ted  an im als 
ex h ib ited  n e ith e r  gross, n o r m icroscopic changes, as com pared  to  th e  con tro ls.

A m ong th e  an im als su b jec ted  to  IP P B , s ig n ifican t changes w ere found  
m ain ly  in the  30 cm w a te r  p ressu re  group. T he lungs o f these  an im als appeared  
to  be em physem atous b u t  a t  th e  sam e tim e in ev e ry  an im al th e re  w ere sca tte red  
co n flu en t areas of a te lec tas is , p a rticu la rly  in th e  low er lobes (Fig. 1). In  th e  
b ronch i a t sites m ark ed  hy p eraem ia  and increased  m ucus p ro d u c tio n  w ere 
visible.

Fig. 1

T he em bedded  section  were sta ined  w ith  h aem atoxy lineosin  and  by 
th e  PA S m ethod . In  th e se  sections, a te lec tas is  w as clearly  visib le beside 
a bu llous, co n flu en t em p h y sem a  (Figs 2 an d  3).

B y  s tu d y in g  in  po larized  lig h t frozen sec tions tre a te d  w ith  th e  m etachro- 
m atic  m ethod  [9] we could id en tify  th e  PS. T his u n d e r  no rm al cond itions ap p ears  
as a b rillian t th in  yellow ish  lay er evenly covering  th e  alveo lar lum en, in sh a rp  
c o n tra s t to  th e  d a rk  base. T his was w hat we saw  also in sections o b ta in ed  from  
th e  contro l an im als (F ig . 4.). In  co n strast, in th e  lungs of an im als re sp ira te d  a t  
30 cm  w ater p ressu re , th e  PS appeared  in th e  fo rm  of coarse g ranules like
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F ig . 2

F ig . 3
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Fig. 4

F ig. 5
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Fig. 6

b r i l l ia n t  dew drops a t  s ite s . T heir d is trib u tio n  w as uneven , and  th e  ap p earan ce  
o f  th e  changes v a ried  from  lung area. T he g ra n u la r , drop-like tra n sfo rm a tio n  
o f th e  m ateria l could be observed  in the e m p h y sem a to u s  and a te le c ta tic  areas 
o b se rv e d  in the  e m p h y se m a to u s  and a te le c ta t ic  areas alike (F ig. 5.).

In  electron m icroscop ic  investiga tions w e h a v e  succeeded in id en tify in g  
th e  m a te ria l, like J ó z s a  a n d  R é f f y  [ 6 ]  as w ell as o th e r in v estig a to rs  d id , and  
c o u ld  d em o n stra te  th e  osm iophilic bodies o f  th e  g ran u la ted  p neum ocy tes 
(F ig . 6 .)
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Discussion

A naesthesia  is now  alm ost in v a riab ly  p erfo rm ed  b y  in tu b a tio n . Tts 
p o te n tia l hazard s , com plica tions an d  som e e v e n tu a l u n to w ard , a lth o u g h  
in d irec t, effects re sp ira to ry  balance  are w ell-know n. Still th e  p rocedure  
in te rfe res  p ro found ly  w ith  th e  m echanism  of re sp ira tio n . Irre sp ec tiv e  of th e  
te ch n iq u e  em ployed, IP P B  rep laces th e  w ork of th e  elastic  skeletal s tru c tu re  of 
th e  chest, w hich ex e rts  its  effect th ro u g h  a n e g a tiv e  in tra th o ra c ic  pressu re. 
In  IP P B  th is  is done by  a p u m p  system  com bined w ith  valves. P la in ly  speak ing : 
we pum p  air in to  th e  re sp ira to ry  p a th w ay s  from  th e  ou tside , c rea tin g  th e re in  
pressures h igher th a n  th e  physiologic. This is of no consequence as long as we 
have to  deal w ith  a lung  capab le  of suffic ien t a d a p ta tio n . W e a tta in  our goal: 
we in tro d u ce  an ideal m ix tu re  of gases in to  th e  re sp ira to ry  t ra c t ,  in q u a n titie s  
a lw ays m eeting  th e  a c tu a l dem ands. B u t w hen  th e  a d a p ta b ility  of th e  re ­
sp ira to ry  and  c ircu la to ry  system s is im paired , fo r in s tan ce  as a re su lt of th e  
com m on w ear and  te a r  diseases (em physem a, arteriosc lerosis), th ese  p o ten tia l 
ad v an tag es  m ay easily  tu rn  in to  ia trogen ic  h a z a rd s . IP P B  m ay  expose th e  
em phy sem ato u s lung  tissu e  of d im in ished  e la s tic ity  to  severe m echanical 
in su lt: th e  alveoli will co n tin u e  to  ru p tu re , an d  even p n eu m o th o ra x  m ay 
ensue. I t  is also know n th a t  m ore or less ex ten s iv e  areas of a te lec tas is  can  he 
found  in th e  low er p u lm o n ary  lobes of persons w ho died hours or days a fte r 
su rgery , ju s t  as well as in tho se  sub jec ted  to  m echan ical re sp ira tio n .

No fa r-reach in g  h u m a n  patho log ical conclusions can he d raw n  from  our 
stud ies. Still, we m ay  seek a co rrelation  be tw een  th e  m orphological t r a n s ­
fo rm atio n  o f th e  PS an d  th e  em physem a an d  a te lec tas is  w hich developed  
s im u ltaneously  d u ring  re sp ira tio n  a t  p ressu res exceeding the physio logically  
perm issib le  one. W e c a n n o t say  w h e th e r it  is th e  sec re to ry  a c tiv ity  o f th e  g ra n u ­
la te d  p neum ocy tes th a t  suffers or the  physicochem ical p ro p ertie s  o f th e  
su b stan ce  p ro tec tin g  th e  alveo lar wall are ch an g ed  by it.

T here  seem to  be d ifferences in th is  k in d  o f sen s itiv ity  am ong th e  various 
species of an im als. T his is suggested  by th e  in v es tig a tio n s  of F r a n k  et al. [4] 
w ho could  n o t rep roduce  th e  changes described  b y  us in dogs u n d e r som ew hat 
s im ila r ex p erim en ta l cond itions. I t  rem ains, to  he seen how  th e  h u m an  lung 
behaves in  th is  resp ec t. All these  requ ire  fu r th e r  in v estig a tio n s, f irs t o f all 
on h u m an  m ateria l.
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G E F A H R E N  B E I D E R  B E A T M U N G  M IT  P O S IT IV E N  D R U C K  U N T E R  
B E S O N D E R E R  B E R Ü C K S IC H T U N G  D E S  SOG. “ S U R F A C T A N T -F A C T O R S ”

I. BETLÉRY und M. BÉLY

I n  der Lunge n a rk o tis ie r te r  K an in ch en  w urde  d u rc h  in tra trac h ea le  B e a tm u n g  bei 
30 c m - H 20 -D ru c k  im h a lbgesch lossenen  K re isresp ira to r-S y stem  im e in s tü n d ig en  E x p erim en t 
A te le k ta se  und E m physem  h e rb e ig e fü h rt. Bei der m ik roskop ischen  U n te rsu ch u n g  de r G efrier­
s c h n i t te  ließ sich m it dem  R o m h án y isc h e n  m eta ch ro m atisc h en  V erfah ren  b e o b a c h te n , daß  
d e r  d ie  Innenfläche  der A lveo len  ausk le idende  sog. su r fa c ta n t fac to r zu g roben  Schollen  und 
g ro ß e n  T ro p fen  v e rw andelt w ird . D ie A u to ren  v e rm u ten  zw ischen dieser E rsch e in u n g  u n d  der 
im  V e r la u f  der Ü b e rd ru ck b e a tm u n g  e n ts ta n d en e n  A te lek tase  u n d  dem  E m p h y sem  e inen  k a u sa ­
le n  Z usam m en h an g . F ü r  die K lä ru n g  der h u m an p a th o lo g isch en  B ed eu tu n g  d ieser F rag e  sind 
w e ite re  U n te rsh u ch u n g en  e rfo rd erlich .

ОПАСНОСТИ ВЫДЫХАНИЯ ПРИ ПОЛОЖИТВЛНОМ ДАВЛВНИИ, С ОСОБЫМ 
BHNMAHHEM НА ТАК НАЗ. SURFACTANT ФАКТОР.

И .  Б Е Т Л Е Р И  и М. Б Е Л И

В легких наркотизированных кроликов авторы вызвали путем внутритрахеального 
дыхания при давлении в 30 см Н20  в полузамкнутой системе в одночасовом эксперименте 
ателектаз и эмфизему. При микроскопическом исследовании заморожденных срезов мета- 
хроматическим методом Ромханьи наблюдали, что выстилающий внутренюю поверх­
ность альвеол так наз. surfactant factor показывает крупноглюбчатое, крупнокапельное 
превращение. Между этим явлением и ателектазом и эмфиземой, возникающими при 
искусственном дыхании повышенным давлением, авторы полагают причинную связь. Для 
выяснения патологического значения этого вопроса для человека необходимо провести еще 
дальнейшие исследования.

Dr. I s tv á n  B e t l é r y  j O rszágos R eum a és F iz io te ráp iás  In téze t,
D r .  M iklós BÉLY j H -1525 B u d a p e s t ,  Pf. 54., H u n g ary
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N atio n a l In s titu te  of R heu m ato lo g y  a n d  P h y sio th e rap y , B u d a p es t

HISTOGENESIS OF BERYLLIUM-INDUCED 
BONE TUMOURS

I . F o d o r

(R eceived  O c to b er 5, 1976)

In  response to  bery llium  tr e a tm e n t,  irreg u la r  bone fo rm ation  s ta r ts  m a in ly  in  
th e  m arrow  cav ity  of long bones, p reced in g  n eop lastic  grow th. I r re g u la r  m ed u lla ry  
bone fo rm atio n  m ay be con n ec ted  w ith  th e  en d o steu m , b u t usually  it d e v e lo p s  in  th e  
bone m arro w , in d ep en d en tly  o f th e  e n d o steu m . Osteogenesis in th e  bone m a rro w  m ay 
be preceded  by  fibrosis b u t  irreg u lar bone  m ay  be form ed also w ith o u t a n y  p rev io u s 
h isto logical change in th e  bone m arrow .

T he tu m o u r develops d irec tly  from  th e  m ed u lla ry  bone. T he p ro lo n g ed  i r r ita tio n  
causes ab n o rm al osteogenesis, w h ich  u l tim a te ly  tu rn s  into neop lastic  p ro life ra tio n . 
T h u s, th e  bery llium -induced  bone sarcom a is, fro m  histogenesis p o in t o f v iew , a hyper- 
p laseogenic tu m o u r.

Irreg u la r  bone fo rm atio n  is considered  a p reb lasto m ato u s ch ange , b e ca u se  i t  is 
closely connected  w ith  th e  d ev elo p m en t o f th e  tu m o u r  and precedes i t  in t im e .

T he m u ltip lic ity  o f th e  tu m o u r is e x p la in ed  by th e  “ neoplastic  f ie ld ”  th e o ry  of 
W i l l is .

In tra v e n o u s  ad m in is tra tio n  o f p o o rly  soluble bery llium  co m p o u n d s  
w as found  to  induce tu m o u r fo rm a tio n  in ra b b its . The tu m o u r co rre sp o n d s  
to  h u m an  osteogenic sarcom a. To follow  th e  phases of bone tu m o u r  genesis, 
we have u n d e rta k e n  to  s tu d y  th e  h istogenesis  of bone tu m o u r  d ev e lop ing  
u n d e r th e  effect of bery llium .

M a te r ia l a n d  m e th o d s

S ix ty  ra b b its  of 6 m o n th s m ean  age an d  1300 to  1500 g in w eight, w ere  t r e a te d  w ith  
a 1 °() b ery llium  oxide suspension in 5 nd  physio log ic  NaCl solution, a d m in is te re d  in to  a n  ear 
v e in  once a w eak for 25 weeks. T he bones to  be s tu d ie d  were fixed in 8%  fo rm a lin  a n d  decal- 
c in a te d  in 10%  n e u tra l ED TA . P a ra ffin  sec tions w ere  p rep ared  and sta ined  w ith  h a e m a to x y lin  
eosin, a zan , m ethy lene  blue p icrofuchsin , or im p re g n a te d  w ith silver.

R e su lts

Follow ing tre a tm e n t, bery llium  ox ide  g ranu les accu m u la ted  in  th e  bone 
m arrow  th ro u g h o u t th e  skele ta l sy stem . T h e  granu les were found in tra c e llu la r ly  
in p h ag o cy tes  w ith  P A S -positive eccen tric  nuclei, visible in g roups o r sc a tte re d  
(F ig . 1). A round th e  bery lliu m  g ran u les  th e  bone m arrow  b ec a m e  poor in 
cells, th e  haem opoie tic  e lem ents d ecreased  in num ber. Focal p ro life ra tio n  of 
re tic u lu m  cells occurred  in th e  d iap h y sis  an d  m etaphysis of th e  lo n g  tu b u la r

* In  h o n o u r o f th e  70 th  a n n iv e rsa ry  of P ro fesso r K. F arkas .
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b o n es in  the  f irs t  p lace  (F ig . 2). The cells b e c a m e  elongated  fib ro b la s t-lik e  
a n d  fib rous foci d ev e lo p e d . W ithin  these , th e  f ib re s  had  hom ogenized, th e  
hom ogenous m ass en c lo s in g  some single cells g av e  rise to  connective tissu e  
o s teo id  arises, w ith  tra b e c u le s  displaying an  ir re g u la r  m esh s tru c tu re . A p a rt 
fro m  form  of o steo g en esis , islets com posed o f  spongious bone tissu e  m ay  
a rise , even w ith o u t f ib ro u s  tran sfo rm atio n  o f th e  bone m arrow  (Fig. 3). T he 
b o n e  trabecu les co rre sp o n d  to  “ spinned”  bone. O steoc lasts  occur only o ccasion ­
a lly , th e re  is no sign o f  b o n e  tissue b re a k d o w n . T he m edullary  “ b e ry lliu m  
b o n e ”  th u s  p roduced  m a y  fill the entire m arro w  c a v ity . In  th e  spongious p a r t  
o f th e  m etaphysis th e  b e ry lliu m  bone is d e p o s ite d  on th e  surface of th e  t r a ­
b ecu lae  of the p rim ary  o r  secondary  spongiosa. D epo sitio n  seems to  ta k e  p lace 
in  phases, bery llium  b o n e  a n d  norm al bone a re  fo rm ed  a lte rn a te ly  an d  m osaic 
s t ru c tu re  develops in  a d d it io n  to  the excessive n a rro w in g  of the m arrow  cav itie s .

In  these changes th e re  are no a ty p ic a l cells, th e  bone form ing m a tr ix  
is n o t sarcom atous a n d  th e re  is no cartilage  fo rm a tio n  either, a lth o u g h  th is  
is com m on in tu m o u rs .

T he fully developed  tu m o u r  can read ily  be d iffe re n tia ted  from  th e  m ed u l­
la ry  or beryllium  b o n e , b ecau se  the tu m o u r h a s  a sarcom atous s tro m a , b u t  
th e re  are  m any t r a n s i t io n a l  forms from  th e  ty p ic a l beryllium  bone to  th e  
c e r ta in ly  atyp ical bone sa rco m a  (Fig. 4). W h ere  th e  fibrosis of th e  m arro w

F ig . 1. P h agocy tes co n ta in in g  b e ry lliu m  oxide in th e  h a em o p o ie tic  bone m arrow . H aem a-
toxylin-eosin , X 80
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Fig. 2. Foca l  re ticu lum  cell pro l ife ra t ion  in th e  m e ta p h y s i s  of the  tibia. H aern a to x y lin  eosin.
X 80
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Fig. 3. Osteogenesis in bone m arrow  w i th o u t  f ib rous  transform ation .  H a em a to x y l in -e o s in .
X  8 0
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F ig . 4. N eop lastic  t ra n s fo rm a tio n  of m ed u lla ry  b o n e . H aem ato x y lin -eo sin . x 8 0

p reced ed  m edu llary  osteogenesis, the  s tro m a  b ecom es m ore and  m ore ce llu la r 
a n d  po lym o rp h o u s an d  develops in to  a ty p ic a l tu m o u r  tissue w ith o u t an y  
sh a rp  b o rderline . A s im ila r change occurs in  th e  m ed u lla ry  bone tissue  w hich 
has developed  w ith o u t m arrow  fibrosis. O f th e  60 b e ry lliu m -trea ted  an im als , 
29 su rv iv ed  till th e  end  of th e  experim en t. O f th e se , 21 had developed sa rcom a, 
w hile  in  8 ra b b its  b e ry lliu m  bone tissue could  b e  d em o n stra ted .

D iscussion

As fa r as th e  changes preceding tu m o u r  developm ent are concerned , 
b e ry lliu m  accu m u la tio n  in  th e  bone m arrow  has been  observed also by  B a r n e s  

e ta l .  [ I J . T a p p  [11] in je c te d  bery llium  oxide in to  th e  m etaphysis  of th e  tib ia , an d  
fo u n d  th e re  a g ran u lo m a  tw o  m onths la te r. T h e  c e n tra l p a r t of th e  g ran u lo m a  
w as necrosed , th is  w as su rro u n d ed  by  g ia n t cells con ta in ing  bery lliu m , an d  
th is  in  tu rn  was su rro u n d e d  by  an in fla m m a to ry  halo . According to  our f in d ­
ings no  such g ran u lo m a  develops w hen th e  b e ry lliu m  is in jected  in tra v e n o u s ly .

Cl o u d m a n  et  al. [2] reported that in resp on se  to  the  intravenous a d m in is ­
tr a t io n  o f  zinc b ery l l iu m  sillicate the cortex o f  th e  lon g  tubular bones o f  rabb its  
w as u n e v e n ly  th ic k e n e d  94  days after th e  o n se t  o f  treatm ent.  D u t r a  and  
L a r g e n t  [4] described f ibrous foci in the  b on e  m arrow, m ainly at th e  end
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of tu b u la r  bones. J a n e s  e t al. [6, 7] observed  sclerosis of th e  tu b u la r  bones 
in an im als th a t  developed  tu m o u r su b seq u en tly . M ineralization  an d  blood 
supp ly  of th is  ab n o rm a l bone were s tu d ied  b y  m ic ro rad io g rap h y  b y  K elly  
e t al. | 8 ]. T h ey  found  th a t  th e  m in era l co n ten t o f th e  m edullary  
ab n o rm al bone w as h igher th a n  th a t  o f th e  su rro u n d in g  n o rm a l bone, some 
lacunae  show ed ca lc ification  and , as d e m o n s tra te d  by  filling th e  b lood  vessels 
w ith  indigo g e la tin , th e  blood supp ly  w as reduced  by  th e  m ed u lla ry  bone 
fo rm atio n  w hich filled  th e  m arrow  cavities.

K e lly  e t al. [8 ] consider m ed u lla ry  b one  fo rm atio n  to  be o f endosteal 
origin. T a pp  [11], a f te r  in p lan tin g  bery llium  in to  th e  m arrow  c a v ity , observed 
endo stea l bone fo rm a tio n , b u t  th is  teas ab so rb ed  a fte r 8 to  9 m o n th s. The 
phenom enon  is a reac tio n  to  th e  in flam m atio n  a round  th e  g ran u lo m a  ra th e r  
th a n  a d irect bery llium  effect.

A ccording to  o u r find ings, m edu lla ry  bone fo rm ation  m ay  be  connected  
w ith  th e  en d o steu m  b u t  it  m ostly  arises in  th e  bone m arrow , in d ep en d en tly  
of th e  end o steu m . T a p p  [11] em phasized  th a t  th e  deve lopm en t o f m edu llary  
bone is p receded  b y  no change of any  k ind . A ccording to  B a r n e s  e t al. [1] 
fib rosis of th e  m arrow  develops and  th e  m ed u lla ry  bone grow s w ith in  the 
fib ro tic  areas. In  our own m ateria l we h av e  found  exam ples for b o th  types 
of bone fo rm atio n .

T he co rre la tio n  betw een  m edu lla ry  b one  an d  tu m o u r has been  stud ied  
b y  several au th o rs . T a p p  [11] found  no tra n s it io n  betw een  m ed u lla ry  bone 
fo rm atio n  an d  th e  tu m o u r. A ccording to  B a r n a s  e t al. [1] th e  m ed u lla ry  bone 
w hich developed  th e  soil o f marrow' fib rosis w ould  d irec tly  co n tin u e  to  develop 
in to  tu m o u r.

In  our own m a te ria l we found several t ra n s ie n t form s b e tw een  m edullary  
bone an d  n eop lastic  p ro life ra tio n , irre sp ec tiv e  o f  th e  fac t w 'hether th e  m edu llary  
bone had  developed  from  m arrow  fib rosis or w ith o u t it.

W e reg ard  th e  changes developing in th e  bones in response to  bery llium , 
p a rticu la rly  th e  irreg u la r m edu llary  bone fo rm a tio n , as p re sa rco m a to u s  ones, 
in view  of th e  close connection  w ith  th e  tu m o u r  and  th e  fa c t t h a t  th e  changes 
p recede th e  d ev e lo p m en t of tu m o u r.

From  th e  p o in t o f view  of h istogenesis, th e  b e ry lliu m -in d u ced  bone 
sarcom a is a hyperp laseogen ic  g row th . T h e  long-lasting  s tim u la tio n  causes 
irreg u la r bone fo rm a tio n , w hich u ltim a te ly  tu rn s  in to  n eop lastic  p ro life ra tion . 
The increased  ra te  o f  bone fo rm atio n  m ay be  one of th e  cond itions o f  th e  devel­
o p m en t of bone tu m o u r. I t  has been know n for long th a t  th e  m a lig n an t t u ­
m ours of bones, p a rtic u la r ly  th e  osteogenic sarcom as, arise d u rin g  th e  phase 
o f ac tiv e  g ro w th  an d  m ain ly  in th e  m e tap h y sis  of long bones show ing th e  
fa ste st ra te  o f g ro w th  [3, 10]. T he role o f p ro life ra tiv e  a c tiv ity  is supp o rted  
also by  th e  fa c t th a t  a f te r  g row th  has com e to  an  end, th e  bone tu m o u rs  usually  
arise from  bones w ith  increased m etabo lism . I llu s tra tiv e  o f th is  are  P a g e t’s
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d isease , h y p e rp a ra th y ro id ism , chronic o steo m y elitis , bone in fa rc tio n , th e  
ca llu s  o f  frac tu res and  e x p o su re  to  ionizing ra d ia tio n  [9].

T h e  bone tu m o u rs  in d u c e d  b y  bery llium  a re  o ften  m ultip le  ones. The 
e x p la n a tio n  is obvious. M ost of th e  in trav en o u sly  ad m in is te red  and  poorly  
so lu b le  bery llium  oxide is s to re d  in  the  re ticu lo en d o th e lia l system  of th e  bone 
m a rro w , w here it  ex erts  a p ro longed  action  as i t  slow ly dissolves. T h is w ay 
th e  e n tire  skeletogenic tis su e  becom es a p o te n tia lly  neoplastic  fie ld  [12]. 
W ith in  th is , s im u ltan eo u sly  or subseq u en tly  th e  connections necessary  for 
n e o p la s tic  grow th m ay a rise  a t  several sites.
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H IS T O G E N E S E  D E R  M IT B E R Y L L IU M  H E R B E IG E F Ü H R T E N  
K N O C H E N G E S C H W Ü L S T E

I. FODOR

I n  der M arkhöhle der la n g e n  R ö h renknochen  se tz t u n te r  B ery lliu m w irk u n g  — noch 
v o r d e r  T u m o ren tsteh u n g  — eine un reg elm äß ig e  K n o ch en b ild u n g  ein. E n tsp rech en d  d en  U n ­
te rs u c h u n g e n  des A utors k a n n  z w a r irreg u läre r m ed u lläre r K n o c h en  auch  im Z u sam m en h an g  
m it  d e m  E n d o s t en ts teh en , b ild e t sich  a b e r im  G roßteil der F ä lle  dennoch  u n ab h än g ig  d avon , 
im  K n o c h en m a rk . Im  le tz te ren  k a n n  de r K nochenb ildung  eine M arkfib rose  v o ran g eh en , doch 
ir re g u lä re r  K nochen k an n  a u ch  o h n e  je d e  vorangehende h isto lo g isch e  V erän d eru n g  des K n o ­
c h e n m a rk s  en tstehen .

In  bezug auf die gegen se itig en  B eziehungen zw ischen m ed u llä rem  K nochen  u n d  sp ä te r  
e n ts te h e n d e m  T um or w ird  fe s tg e s te ll t ,  d aß  die G eschw ulst u n m itte lb a r  aus dem  m ed u llä ren  
K n o c h e n  en ts te h t. Der a n h a lte n d e  R eiz ru f t  eine ab n o rm a le  K noch en b ild u n g  h e rv o r, die 
sc h lie ß lic h  in  eine sa rk o m atö se  W u ch e ru n g  ü b ergeh t. D as m it B ery llium  h erb e ig efü h rte  
K n o c h en sa rk o m  ist som it in b e zu g  a u f  seine H istogenèse  eine h y p erp lasto g en e  G eschw ulst.

D ie  irreguläre K n o c h en b ild u n g  w ird  vom  A uto r als p rä b la s to m a tö se  V e rän d e ru n g  a n ­
g eseh en , d ie m it der G e sc h w u ls ten ts te h u n g  in engem  Z u sam m en h an g  s te h t u n d  ze itlich  ihr 
v o ra n g e h t. D ie K o m p lex itä t d es T u m o rs  wird m it der “ n e u p la s tisch en -F e ld -T h eo rie”  von 
W illis e rk lä r t.
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ГИСТОГЕНЕЗ КОСТНЫХ ОПУХОЛЕЙ, ВЫЗВАННЫХ БЕРИЛЛИЕМ
и. ФОДОР

Под влиянием бериллия в мозговой полости длинных костей до развития опухоли 
начинается образование нерегулярной кости. Согласно исследованиям автора нере­

гулярная медуллярная кость может образоваться в связи с внутренней надкостницей, 
однако в большинстве случаев она возникает все же, независимо от последней, в костном 
мозге. Образованию кости в костном мозге может предшествовать фиброз костного мозга, 
но нерегулярная кость может создаться и без предшествующего гистологического изме­
нения мозга.

Относительно взаимоотношения нерегулярной медуллярной кости и развивающейся 
в последствии опухоли было установлено, что опухоль развивается непосредственно из 
медуллярной кости. Постоянное раздражение вызывает ненормальное костеобразование, 
которое затем переходит в карциноматозное разрастание. Следовательно, вызванный бе­
риллием костной рак с точки зрения гистогенеза представляет собой гиперпластогенную 
опухоль.

Автор придерживается того мнения, что ненормальное костеобразование пред­
ставляет собой предбластоматозное изменение, так как оно тесно связано с образованием 
опухоли и во времени предшествует последнему. Сложность опухоли автором объясняется 
теорией «неопластического поля» Виллиса.

D r. Is tv á n  F ö d ö k Î O rszágos R eum a és F iz io te ráp iá s  In té z e t, 
H -1525 B u d ap est, P f. 54., H un g ary
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N atio n a l In s t i tu te  of R h eu m a tism  an d  P h y s io th e rap y  B u d ap est, H u n g a ry

EFFECT OF ULTRASONIC TREATMENT ON THE 
ORGANS OF EXPERIMENTAL ANIMALS. III. 

ENZYME-HISTOCHEMICAL EXAMINATION 
OF THE PROLONGED EFFECT

M ária K e l l e k  an d  D. T a n k a  

(R eceived O c to b er 5, 1976)

T he p ro tra c te d  effect o f u ltra so u n d  t re a tm e n t  on the  p a ren c h y m a to u s  organs 
o f  ra ts  has been stu d ied  h istoehem ically  a t  1 to  10-day in tervals . As a re su lt  o f th e  
a lte red  redox  co n d itions i t  is th e  o x id a tiv e  enzym es in the  f irs t p lace t h a t  re a c t  to  
u ltra so u n d  tre a tm e n t and  th e ir  n o rm aliza tio n  tak e s  a long tim e. E x p o su re  decreased  
th e  a c tiv ity  o f lysosom al enzym es an d  in th e  cell m em brane the  a lk a lin e  p h o sp h a ta se  
a n d  A T P-ase too . T he a c tiv ity  o f h y d ro lases re tu rn e d  to norm al p a ra lle l w ith  th e  
no rm aliza tio n  o f th e  m icroscopic s tru c tu re .

In  stud ies of th e  effect exerted  by  u ltra so u n d  on m acrom olecu les and 
bio logical su b stances, a tte n tio n  h av e  been  focussed on th e  chan g es p ro d u ced  
by  m echanical v ib ra tio n s  in the  f irs t p lace [19]. Evidence has been  scarce 
concern ing  th e  m echanism  of ac tion  in  th e  b ack g ro u n d  of th e  ch an g es. W e 
m ay  read  ab o u t effects of u ltra so u n d  on biological system s o rg an ism s 
as well as ab o u t th e  possib ilities of th e ra p e u tic  use also in th e  p u b lica tio n s  
b y  H u n g a rian  au th o rs  [7], who su rv ey ed  th e  l i te ra tu re  in d e ta il a n d  described  
th e ir  own o b serva tions.

A ccording to  our observa tions [8, 9] th e  ox idative  enzym es re a c t  m uch 
m ore sen s itiv ity  th a n  the  h y d ro ly tic  ones to  son ica tion  in  vivo. In  th is  p ap er 
we shall discuss th e  p ro tra c te d  effect o f u ltra so u n d  and seek th e  an sw er to  
th e  questio n  as to  th e  changes in en zy m atic  a c tiv ity  are reversib le a n d  how  long 
i t  w ould tak e  for th em  to  re tu rn  to  no rm al.

M aterials and  m ethods

A to ta l of 90 W ista r ra ts  w eighing 120 to  150 g were exposed to  v e n tro -d o rsa l u l tra ­
so u n d  tre a tm e n t*  w ith  a dose of 0.3 and  0.5 W /squarc  cm , for 2 m in u te s . T he e ffec t was 
s tu d ied  in  4 ra ts  da ily  and  contro l an im al a t  in te rv a ls  o f 1 to 10 d ays. A fte r  k illing , the  
liv e r , k idneys and  spleen  were processed im m ed ia te ly .

P a r t  o f the  m ate ria l w as fixed  in fo rm alin  an d  em bedded  in p a ra ffin  fo r m icroscopic 
ex am in a tio n . L iver specim ens were fixed  also in e th an o l. The o x id a tiv e  en zy m es were

In  honour o f th e  70 th  an n iv e rsa ry  of P ro fesso r K. F a r k a s .

* T U R  US-5 th e ra p eu tic  u ltra so u n d  e q u ip m e n t, V E B  T ran sfo rm ato ren  u n d  R o n tg en - 
w erke, D R E S D E N , D D R . T he used freq u en cy  was 800 kH z.
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d e m o n s tra ted  in u n fix ed  c y ro s ta t  sections 4 m icrons th ic k ,  while the  h y d ro ly tic  en zy m es 
w ere processed in a s im ila r  w a y , a fte r fixation  in n e u tra l  fo rm ol a t + 4 ° C .

The activ ities o f  th e  follow ing enzym es w ere d e te rm in e d .

1. L ac ta te  d ehydrogenase  (Е С .1Л .1 .27 .) -L D H - (12)
2. M alate dehydrogenase  (E C .1 .1 .1 .37 .) -M DH- (12)
3. Succinic d eh ydrogenase  (E C . 1.3.99.1.) -SD H - (15)
4. Iso -c itra te  d eh y d ro g en ase  (E C .l .1.1.42.) -i-C D H - (17)
5. N A D H  diaphorase  ( E C .l .6 .99.1.) -  (12)
6. Cytochrom e ox idase  ( E C . l .9.3.1.), (5)
7. Adenosine tr ip h o sp h a ta se  (M g-avid-A TP-ase), (16)
8. Phosphory lase  (E C .2 .4 .1 .1 .), (20, 11, 13)
9. A scorbic acid d e h y d ro g en a se

10. M onoam ine oxidase (E C .1 .4 .3 .4 .) -MAO- (10)
11. 11 -be ta -h y d ro x y stero id  deh y d ro g en ase  (18)
12. A ry lesterase  (c a rb o x y le s te ra se  )(EC.3.1.1.2.), (2)
13. A cid phosphatase  (E C .3 .1 .3 .2 .), (1)
14. A lkaline p h o sp h a tase  (E C .3 .1 .3 .L ) , (3)
15. L eucine am in o p ep tid ase  (E C .3.4.1.1.) -LA P- (4)

F or the  d e m o n s tra tio n  o f  dehydrogenases, p -n itro -b lu e  té trazo liu m  was used . To co n tro l 
th e  h istochem ical re a c tio n , th e  sections were h e a ted  a t  90 °C.

R esults

1. L IV E R .  A fte r  so n ica tio n  w ith 0.3 W  or 0.5 W , passive h y p eraem ia  
a n d  hydropic d e g e n e ra tio n  w ere observed. T h ey  p e rs is ted  for 6 to  7 days, and  
a f te r  exposure to  0.5 W  u n t i l  th e  10th day

In  the  liver o f th e  an im als exposed to  0.3 W  and  killed im m ed ia te ly  
a f te r  tre a tm e n t, in c re a se d  S D H  and  ascorbic ac id  dehydrogenase  a c tiv ity  w ere 
d em o n stra ted .T h is  in c re a se d  SD H  ac tiv ity  p e rs is te d  th ro u g h o u t, while ascorb ic  
a c id  dehydrogenase a c t iv i ty  decreased sh a rp ly , as ea rly  as 24 h ours la te r . 
F o llow ing  exposure to  0.5  W , th e  reverse to o k  p lace , w ith  th e  SD H  a c tiv ity  
decreasing  th ro u g h o u t, (F ig . 1) as opposed to  th e  asco rb ic  acid dehydrogenase  
a c t iv i ty  which increased  f ro m  th e  2nd day  on. T h e  decrease  of a c tiv ity  p re se n t­
ed its e lf  cen tro lo b u la rly , i.e . in  those groups o f  cells w hich were d am ag ed  also 
m orpho log ica lly .T he c h a n g e s o f  cytochrom e o x id a s e ,(F ig .2 .)D P N H  d iap h o rase , 
(F ig . 3) as well as o f th e  L D H  and  M DH a c tiv itie s  w ere  sim ilar to  th o se  of th e  
S D H , b u t differed fro m  t h a t  in localization , th e  decrease of a c tiv ity  being  
o b se rv ab le  a t th e  p e r ip h e ry  of th e  lobules.

W hen stu d y in g  L D H  an d  M DH we fo u n d , u n like  in  th e  o th e r cases, 
a s lig h tly  increased re a c tio n  cen tro lobu larly  on th e  5 th  to  7 th  days. T h ro u g h o u t 
th e  period  of o b se rv a tio n  th e  ac tiv ity  of i-C D H  a n d  MAO was in creased , 
p a r tic u la r ly  in th e  cells a ro u n d  the  cen tra l v e in s . T h e  a c tiv ity  of th e  enzym e 
c a ta ly s in g  the h y d ro c o rtiso n e -c o rtiso n e  conversion  w as increased in  th e  en tire  
liv e r  lobule following e x p o su re  to  0.3 W (F ig . 4). T re a tm e n t w ith 0.5 W w as 
fo llow ed by  an in itia l d ec rea se  in  ac tiv ity , th e n , o n  th e  2nd day , b y  an  in ­
c rea sed  ac tiv ity  c e n tro lo b u la r ly .
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Fig. 1. Decreased succ in ic  dehydrogenase  re ac tio n  in th e  cen tro lo b u la r liver cells 
a fte r  tre a tm e n t (0.5 W ). x  30

Fig. 2. C ytochrom e o x idase  reaction  in th e  liver on th e  2nd day  (0.5 W). X 30 
Fig. 3. Increased N A D U  diaphorase  re a c tio n  in th e  liver on th e  2nd day  (0.5

W). x  30
Fig. 4. 11 -b e ta -h y d ro x y stero id  dehydrogenase  a c tiv ity  in th e  liver, a fte r 0.3 W.

X30
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In  general, th e  a c tiv ity  o f th e  lysosom al enzym es s tu d ie d  decreased , 
cen tro lo b u la rly  fo llow ing  exposure to  th e  0.3 W  dose, an d  p e rip h e ra lly  in  th e  
f i r s t  place follow ing t r e a tm e n t  w ith  0.5 W  (F ig . 5). In  th e  d ila te d  sinuso ids 
la rg e  num bers o f  en zy m e-activ e  K u p ffe r’s cells could be d e m o n s tra te d . 
A f te r  exposure to  0.5 W , th e  alkaline p h o sp h a ta se  ac tive  cells a lm o st flooded  
th e  liver lobule, w hile  th e re  w as a decrease in  A T P-ase a c tiv ity . Fo llow ing
0.5 W  tre a tm e n t, a t  3 to  5 days an  in ten siv e  enzym e reac tio n  could  be observed  
in  th e  d ila ted  s inuso ids a ro u n d  th e  c e n tra l veins, show ing a s ta r-sh a p e d  
p a t te r n  rad ia tin g  to w a rd  th e  periphery  (F ig . 6).

In  response to  t r e a tm e n t, am in o p ep tid ase  a c tiv ity  g re a tly  increased  
in  th e  en tire liv er lo b u le  (F ig . 7). This in creased  reac tio n  p e rs is ted  th ro u g h o u t 
th e  experim en ta l p e rio d .

The h istoch em ica lly  dem o n strab le  glycogen c o n te n t o f th e  liver de- 
c re a se d  in bo th  cases. A fte r  fo rm alin  f ix a tio n , only  a few cells a ro u n d  th e  ce n tra l 
v e in s  showed PA S p o s itiv ity . (F ig. 8). C onsiderab ly  m ore glycogen could  
b e  d em o n stra ted  fo llow ing  fix a tio n  in  alcohol. R egenera tion  beg an  on th e  
3 r d — 1th days.

The a c tiv ity  o f p h o sp h o ry lase , th e  enzym e b reak in g  dow n glycogen, 
likew ise  decreased, w ith  on ly  a few  ac tiv e  cell g roups d em o n strab le  in  p e rip o rta l 
re g io n  (Fig. 9). N o rm a liza tio n  of th e  enzym e reac tio n  began  as la te  as 8 to  
10 d ay s after t r e a tm e n t  (F ig. 10).

2. K I D N E Y . T h e  hydrop ic  d eg en era tio n  th a t  developed  a fte r  t r e a t ­
m e n t  persisted  even  on th e  6 th  or 7 th  d ay , th e  tu b u les  of th e  co rtex  w ere 
d ila te d , th e  b ru sh  b o rd e r  decreased  in d iam e te r, passive h y p eraem ia  developed  
a t  th e  co rtico -m edu lla ry  ju n c tio n .

A fter exposure  to  0.5 W , th e  above changes w ere accom pained  b y  v acu o la r 
d eg en era tio n  of th e  tu b u le s , w hich subsided  in  ab o u t 10 days.

A fter t r e a tm e n t w ith  th e  0.3 W  dose, SD H  a c tiv ity  w as re ta in e d  in  
th e  d ila ted  c o n to r te d  tu b u le s  of th e  co rtex . In  th e  lum en , slig h tly  ac tive  
g ran u les , p resu m ab ly  re m n a n ts  of d e tach ed  ep ith e lia l cells, could  be observed  
(F ig . 11). A fter ex p o su re  to  0.5 W  some tu b u le s  of th e  co rtex  show ed increased , 
w h ile , others show ed decreased  a c tiv ity  (F ig . 12.). On 0.3 W  t re a tm e n t  ascorb ic 
a c id  dehydrogenase w as a lm o st to ta lly  in ac tiv e  in  th e  o u te r zone o f th e  co rtex  
a n d  th e  m edulla show ed  dim in ished  a c tiv ity . R egenera tion  s ta r te d  a fte r th e  
5 th  day . (Fig. 13). O n th e  o th e r h an d , fo llow ing tre a tm e n t w ith  th e  0.5 W 
do se  i t  was only on  th e  1st and  2nd d ays t h a t  we found  a s lig h tly  decreased  
en zy m e  reaction  in  th e  co rtex . T he changes of D P N H  d iap h o rase  a c tiv ity  
w e re  sim ilar, b u t  th e  decrease w as n o ted  m ain ly  a t  th e  co rtico -m ed u lla ry  ju n c ­
t io n ,  in  the  inner zone o f th e  co rtex  (F ig . 14). In a c tiv a tio n  of th e  enzym e w as 
m o re  m arked on e x p o su re  to  th e  0.3 W dose. L ikew ise, L D H  and  M D H  ac tiv itie s  
d ec reased  follow ing ex p o su re  to  0.3 W . T he absence of reac tio n  w as especially  
o b v io u s in the  o u te r  zone of th e  co rtex . Follow ing  0.5 W  t re a tm e n t  th e  ac tiv -
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Fig. 5. Decreased arylesterase  reac t io n  in th e  pe r ipheral  cells of liver lobule. x 3 0  
Fig. 6. Adenosine t r ip h o s p h a ta se  act iv ity  af te r  0.5 W on th e  5 th  day. x 30 

Fig. 7. Increased leucine a rn inopeptidase  reac t io n  in th e  liver, x  30 
Fig. 8. A few PAS positive cells around th e  cen tra l  veins in the  liver. X30
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Fig. 9. Low p h o sp h o ry la se  a c t iv i ty  in th e  liver a f te r  b o th  doses. X 30 
Fig. 10. R e a c t iv a te d  phosphory lase  reac tion  on  10th day.  X 30 

F ig . 11. Succinic d eh y d ro g en a se  reac t io n  in th e  renal  cortex,  a f te r  t r e a tm e n t  w ith
0.3 W. X 80

F ig . 12. Some tubu le s  of  t h e  co r te x  show a decreased succinic dehydro g en ase  
re a c t io n  a f te r  0.5 W  dose. X 30
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i ty  of M D H , i-C D H  (Fig. 15) an d  1 1 -b e ta -h y d ro x y ste ro id  d eh y d ro g en ase  
increased , w hile on exposure to  0.3 W  th e  in it ia lly  increased  reac tio n  o f  th e  
la te r  enzym e decreased  a t  24 hours (F ig. 16). P a r tic u la r ly  in the  o u te r  co rtic a l 
zone th e  a c tiv ity  of cartoch rom e oxidase (F ig . 17) an d  MAO d ecreased  a f te r  
b o th  doses.

T he changes in  th e  ac tiv ities o f th e  ly sosom al enzym es reflect th e  ch an g es 
in  s tru c tu ra l re la tio n s. In  th e  co rtex  th e  d e ta c h e d , dam aged re m n a n ts  of 
ep ithe lia l cells ap p eared  as esterase  ac tive  g ran u les  (Fig. 18), w hile in  th e  
o u te r zone o f th e  co rtex , in  th e  tu b u la r  c y to p la sm  acid p h o sp h a tase  ac tiv e  
granules w ere observed . T he b ru sh  b o rd e r o f th e  p rim a ry  convo lu ted  tu b u le s  
is narrow , its  a lka line  p h o sp h a tase  an d  A T P -ase a c tiv itie s  dim inished o r ceased . 
W ith  reg en era tio n  of th e  renal tissu e , as seen u n d e r  th e  m icroscope, th e  n o rm a l­
iza tion  o f h yd ro lases began.

A m in o p ep tid ase  a c tiv ity  increased  fo llow ing  exposure to  e ith e r  dose, 
b u t a f te r  t r e a tm e n t w ith  0.3 W th e  increase  ap p e a re d  only on th e  4 t h — 5 th  
day.

3. S P L E E N .  Follow ing t re a tm e n t, m a n y  cells w ith PA S p o sitiv e  
cy to jdasm  a p p e a r  in  th e  pulp . D urin g  th e  f ir s t  days, strong  h aem o sid e rin  
p ig m en ta tio n  in d ica tiv e  of e ry th ro c y te  d is in te g ra tio n  was visible.

Som e o f th e  o x id a tiv e  enzym es s tu d ie d  g av e  only m inim al re a c tio n s  in 
th e  spleen, th e re fo re  th e  changes c a n n o t be d e m o n s tra te d  h is to ch em ica lly  
or are h a rd ly  no ticeab le . The a c tiv ity  o f th e  dehydrogenases re q u ir in g  co- 
enzym e decreased  th ro u g h o u t th e  period  o f  o b se rv a tio n ; the  decrease  w as 
sligh ter in th e  case of i-C D H . D P N H  d ia p h o ra se  a c tiv ity  of th e  p u lp  also 
decreased, w hile th a t  o f th e  g erm in a tiv e  c e n tre s  w as re ta ined . The a c t iv i ty  of 
11-b e ta -h y d ro x y s te ro id  dehydrogenase in c rea sed .

C arboxy lcste rase  (F ig. 19) an d  acid p h o sp h a ta se  ac tiv ity  d ec reased  an d  
i t  was only  a f te r  th e  d isap p earan ce  o f th e  haem o sid e rin  pigm ent t h a t  n o rm a l­
iza tion  begun , f irs t in th e  follicles, th en  also  in  th e  pulp .

On t r e a tm e n t  w ith  0.3 W , th e  a lkaline  p h o sp h a ta se  reaction  d im in ish ed , 
while follow ing exposure to  0.5 W , large en zy m e-ac tiv e  cell groups w ere  v isib le  
a round  th e  follicles. A T P-ase a c tiv ity  in c reased  on th e  3rd or 4 th  d a y  m ain ly  
in th e  cells o f th e  germ in a tiv e  cen tre  (F ig . 20).

U nlike in th e  o th e r organs, th e  a c t iv i ty  o f am inopep tidase  dec reased  
th ro u g h o u t.
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F ig . 13. Nearly n o rm al  ascorbic  acid d e h y d ro g en ase  reac tion  in the  rena l  c o r te x
on the  8 th  day. X 30

F ig . 14. Decreased N A D H  d iaphorase  reac t ion  in t h e  cortico medullary j u n c t io n  of
th e  kidney. (0.5 W). X 30

F ig . 15. Increased iso c i t ra te  dehydrogenase  r e a c t io n  in the  renal co r te x  (0.5
" W). X 30

F ig . 16. 11-beta h y d ro x y s te ro id  d ehydrogenase  re a c t io n  after 24 hours in  th e
kidney  (0.3 W). X30



ULTRASONIC TREA TM EN T ON ANIMALS ORGANS 1 1 5

Fig. 17. Decreased cy tochrom e oxidase reac tion  in the  inner  cortical zone and pe r­
sisting act iv ity  in the  ex ternal  zone o f  th e  k idney. X 30 

Fig. 18. Arylesterase  active granu les  in th e  cor tica l  tu b u le s  on 2nd day  (0.3
W). X 30

Fig. 19. Decreased arylesterase  reac tion  in Malpighi bod y  on the  4 th  day. (0.5 W).
X 80

Fig. 20. Inc reased  adenosine tr ip h o sp h a ta se  a c t iv i ty  in spleen on 4 th  day af te r
0.5 W dose. X 130
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D iscussion

T h e  m orphological changes in d u ced  b y  u ltra so u n d  h av e  ex ten siv e ly  
b e e n  described  in  th e  l i te ra tu re , b u t  enzym e chem ical s tu d ies  h a v e  been 
c a rr ie d  o u t in a few  cases on ly  [7, 12], an d  even these  w ere re s tr ic te d  to  single 
ly so so m a l enzym es. In v e s tig a tio n s  in v o lv in g  son ica tion  in  vivo an d  ex ten d in g  
to  o x id a tiv e  enzym es, or s tu d ies  concerned  w ith  th e  p ro tra c te d  a ffec t of 
u ltra so n ic  tre a tm e n t h av e  n o t been p u b lish ed  in  th e  l i te ra tu re  a t  ou r dis­
p o sa l.

T h e  s tru c tu ra l changes are  p roduced  by  m echan ical v ib ra tio n . The 
e x te n t  o f th e  dam age dep en d s on th e  in te n s ity  an d  freq u en cy  of son ica tion ; 
th e se  d e te rm in e  w h e th e r th e  changes w ill be  m acrom olecu lar or w ill affect 
th e  cell organelles too . T h e  a lte red  s tru c tu re  alone w ould  suffice to  change 
c e llu la r  m etabolic  processes, causing  th e m  to  d ev ia te  from  th e  n o rm al.

T h e  physical effect is, how ever, accom pan ied  by  physicochem ica l and  
b io ch em ica l reac tions. On th e  w all of th e  c a v ita tio n  hollows e lec trica l double 
la y e rs  develop , th e  electric  changes sh ift on th e  cellu lar m em b ran es, th e  redox  
p o te n tia l  is a ltered . I t  is th e  above p h en o m en a  th a t  are resp o n sib le  in the  
f irs t p lace  for th e  changes observed  in th e  ac tiv ities  of th e  ox idases.

I t  should be bo rne  in  m ind  th a t  th e  m icrow aves c rea te  com pression  and 
d ila ta t io n , w hich m ay  in te rfe re  w ith  th e  physio logical pu lsa tio n  o f m ito ch o n ­
d r ia , d am ag in g  th e ir  m em b ran e  or a lte rin g  th e ir  perm eab ility . T h is phenom enon  
m a y  p la y  a role in  th e  changes of m ito ch o n d ria l enzym e activ ities .

T h e  changes re su ltin g  in  cell m em b ran e  p o ten tia ls  an d  p e rm eab ility  
ca n  be  follow ed by  s tu d y in g  th e  a c tiv ity  o f a lkaline  p h o sp h a ta se  a n d  A T P-ase.

T a y l o r  and  P o n d  [22] using  h ig h er doeses th a n  tho se  ap p lied  b y  us, 
fo u n d  increased  acid p h o sp h a ta se  a c tiv ity  in  th e  r a t  liver, w hich th e y  a t t r ib u te d  
to  a d is in teg ra tio n  o f lysosom es. In  o u r ow n ex perim en ts we in v e s tig a te d  
tw o  ly sosom al enzym es a n d  fo u n d  th a t  th e ir  a c tiv ity  decreased . T h is was 
a ssu m e d  to  be due to  som e d am age to  th e  p ro te in  com ponen ts o f th e  enzym es 
or to  th e  developm ent of som e in h ib ito r  su b stan ce . U ltra so u n d  is used  fo r th e  
t r e a tm e n t  o f chronic in fla m m a tio n , am ong  o th e rs . I f  we realize  th a t  in f la m ­
m a to ry  processes are  u su a lly  ch a rac te rized  b y  increased  lysosom al enzym e 
a c t iv i ty ,  th e  above o b se rv a tio n s  m ay  p ro v e  help fu l in  th e  choice o f th e  th e ra ­
p e u tic  dose. In  th is  re sp ec t we have  a few  ex p erim en ta l d a ta  [14]. W e induced  
a r th r i t i s  in  ra ts  w ith  th e  c o n te n ts  o f g ran u lo m a  pouch and  tre a te d  i t  w ith
0.3 W  in te n s ity  u ltra so u n d . In  response to  tr e a tm e n t th e re  was clin ical im p ro v e ­
m e n t, th e  m icroscopic ap p ea ran ce  o f th e  jo in t  h a rd ly  d iffered from  th a t  of 
th e  u n tr e a te d  anim al an d  th e  lysosom al enzym e ac tiv ities were s im ila r to  those 
o f  th e  con tro ls .

T h e  increased enzym e a c tiv ity  found  in  K u p ffe r’s cells m ay be considered  
an  in d ic a to r  of R E S  a c tiv a tio n . T he read in ess  of u ltra so u n d  to  m obilize  th e
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R E S , as well as th e  sen s itiv e  fu n c tio n a l reac tio n  o f th e  spleen su g g est th a t  th e  
in te rv e n tio n  m ight a ffec t im m unolog ical processes.

T h e  increase in  local te m p e ra tu re  in  response to  th e  ab so rb ed  energy 
affec ts  th e  cell m em b ran es; th e ir  p e rm e a b ility  an d  th e  m e tab o lic  ra te  are 
in c reased . The fric tio n  due  to  th e  acce le ra ted  m olecular m o v e m e n t is held 
resp o n sib le  for th e  depo lym eriz ing  effect of u ltra so u n d , as has a lre a d y  been 
sugg ested  by  S z e n t - G y ö r g y i  [19].

T h e  enhanced p e p tic  ac tiv ity  is p re su m ab ly  due to  an  accu m u la tio n  of 
th e  b reakdow n  p ro d u c ts  o f p ro teins depo lym erized  b y  th e  u ltra s o u n d , w hich 
are  fu r th e r  broken dow n b y  th is  enzym e, am ong  o thers. I t is n o t b y  chance 
th a t  th e  ac tiva tion  o f  am in o p ep tid ase  ta k e s  p lace m ain ly  in  th e  liver, which 
p lay s a detoxify ing ro le in  the  o rgan ism .

T he other b io p o ly m er th e  changes of w hich w ere follow ed w as th e  liver 
g lycogen , which in acco rd an ce  w ith  p u b lish ed  d a ta  [17, 23] becam e d ep o ly m er­
ized. T h is was in d ica ted  in  th e  fo rm alin -fixed  m a te ria l by th e  fa c t  th a t  the  
PA S reac tio n  d e m o n s tra te d  glycogen in  a few  cells only , th e  b re a k d o w n  p rod ­
u c ts , th e  oligo and  d isaccharides b e in g  w ater-so lub le . In  th e  alcohol-fixed  
m a te r ia l considerab ly  m ore  cells show ed PA S p o s itiv ity . The sam e phenom enon  
can be observed a fte r  X -ra y  irrad ia tio n  [6 , 21] as confirm ed b y  d e te rm in in g  the  
m o lecu la r weight by  u ltra c e n tr ifu g a tio n .

P hosphory lase  a c tiv ity  decreased  a f te r  u ltra so u n d  t r e a tm e n t .  The 
s im u ltan eo u s d isap p earan ce  from  th e  cells o f glycogen and  of th e  enzym e 
b re a k in g  down glycogen is m erely an  a p p a re n t  co n trad ic tio n , b ecau se  glycogen 
w as b ro k en  down as a re su lt of dep o ly m eriza tio n , an d  i t  is ju s t  th e se  accum u­
la te d  breakdow n p ro d u c ts  th a t  in h ib it th e  a c tiv ity  of th e  enzym e.

T h u s, it  m ay be s ta te d  the  p h y sica l s tim u la tio n  of th e  o rg an ism  evokes 
an im m ed ia te  response , w hich trig g ers  off a series of p h y sicochem ica l and 
b iochem ical reaction . T h e  response is n o t specific, b u t of gen era l va lid ity . 
T h e  in d u ced  reactions, th e  changed m etab o lic  processes persist for a long tim e 
a f te r  in  vivo t re a tm e n t. T h is fac t is n o t negligible from  th e  p o in t o f view 
o f th e ra p e u tic  and  d iag n o stic  use.

T h e  experim en ta l resu lts  will allow  to  se t precisely th e  o p tim u m  dose 
causing  inh ib ition  o f ly sosom al enzym es as also th e  in te rv a ls  b e tw e e n  t r e a t ­
m e n ts . T he observations m ade on e x p e rim e n ta l an im als shou ld  be ta k e n  in to  
c o n sid e ra tio n  also w hen  using  u ltra so u n d  fo r m odern  d iag n o stic  purposes, 
w ith  special a tte n tio n  d ev o ted  to  th e  choice of th e  p roper, in n o cu o u s  doses.
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D I E  W IR K U NG  D E R  U L T R A SC H A L L T H E R A P IE  A U F  D IE  O RG ANE D E R
VER SU C H ST IE R E

III . ENZYM H ISTO CH EM ISCH E U N T E R SU C H U N G  D E R  VER ZÖ G ER T EN  W IR K U N G

MÁRIA KELLER und D. TANKA

D ie Wirkung der U ltraschallbehandlung auf die parenchym atösen Organe weißer R atten  
w urde unter experim entellen B ed ingu ngen  in 1 —lOtägigen Intervallen  nach der Behandlung  
an a ly siert. Bei der histochem ischen Untersuchung wurde festgeste llt, daß die U ltraschallbe­
h a n d lu n g  die Veränderung der R edoxprozesse bewirkt, w obei in erster Linie die oxydativen  
E n zy m e  reagieren. Die A k tiv itätsän deru ng normalisiert sich erst nach mehreren Tagen. Die 
A k tiv itä t  der lysosom alen E n zy m e nim m t in Abhängigkeit von  der Dosis ab. In ähnlicher  
W eise wird auch die sich auf d ie M em bran lokalisierende alkalische Phosphatase und die A TP­
ase in ak tiv iert. Parallel m it der N orm alisierung des m orphologischen Bildes kehrt auch die 
A k tiv itä t  der hydrolytischen E n zy m e  zurück. Zusam m enfassend läßt sich sagen, daß die 
un ter  U ltraschalleinfluß im b io log isch en  Medium entstehenden Veränderungen äußerst kom ­
p lex  sind  und im lebenden O rganism us sich eine kom plexe W irkung geltend macht.
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ДЕЙСТВИЕ УЛЬТРАЗВУКОВОЙ ТЕРАПИИ НА ОРГАНЫ ПОДОПЫТНЫХ
ЖИВОТНЫХ

III. ЭНЗИМОГИСТОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ ЗАПАЗДЫВАЮЩЕГО
ДЕЙСТВИЯ

Действие ультразвуков было изучено в экспериментальных условиях на паренр 
химатозных органах белых крыс в 1 - Ю-дневных интервалах после применения ультнн- 
звуков. В ходе гистохимических исследований удалось установить, что под влиПяре- 
ультразвуковой терапии изменяются окислительно-восстановительные процессы, жемдеа 
всего реагируют окислительные ферменты, и изменение активности нормализуется только 
по истечении нескольких дней. Активность лизосомальных ферментов понижается в за­
висимости от применяемой дозы. Подобную инактивизацию показывает также щелочная 
фосфатаза и АТП-аза, локализованные в перепонке. Одновременно с нормализацией мор­
фологической картины активность гидролитических энзимов возвращается к норме. 
Подытоживая можно сказать, что изменения, возникающие в биологической среде под 
влиянием ультразвуков крайне сложные и что в живом организме проявляется комплекс­
ное действие.

М А Р И Я  К Е Л Л Е Р  и Д .  Т А Н К А

D r. M ária K e l l e r  

D r. Dezső T a n k a

O rszágos R eum a és F iz io te ráp iá s  In té z e t, 
H -1525 B u d ap est, Pf. 54., H u n g a ry
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National I n s t i tu t e  of  R h eu m a t ism  a n d  P h y s io th e rap y ,  B udapes t

CELL-TO-CELL CONTACTS BETWEEN 
LYMPHOKE PICULÁK CELLS IN RHEUMATOID 

SYNOVIAL MEMBRANE

T. N e u m a r k  

(Received O c to b er  5, 1976)

Nodular ty p e  an d  diffuse pe r iv ascu la r  ly m p h o id  cell infil t ra tes  in rh e u m a to id  
synovial m em b ran es  from  72 pa t ien ts  were ex am in ed  under  the  e lectron  microscope. 
A t te m p ts  were m ad e  to describe th e  u l t r a s t ru c tu ra l  re la tions of th e  cells exam ined ,  
a n d  to classify th e  d ifferent  types of cell-to-cell c o n tac ts  between th em .  Members of 
a complex series, com posed  of g radual ly  d if fe ren tia t in g  forms of cell c o n ta c ts  beginning 
from simple m e m b ra n e  adhérences a n d  in te rd ig i ta t io n s  and  gap ju n c t io n s ;  m inu te  
f i lam entous in te rce l lu la r  bridges: subsu rface  confron t ing  c is ternae and desmosome-like 
struc tures ,  are described and suggested as fu n c tio n -d ep en d en t  morphological represen­
ta t iv e s  of  sites o f  cellular  interactions.

Acta Morphologien Acad. Sei. Hung. 25 (2 3), 121 135 1977

T he general phenom enon  o f cell-to-cell c o n ta c t m y req u ire  a d irec t 
in te ra c tio n  betw een  th e  surface of n e ig h b o u rin g  cells re su ltin g  in th e  fo rm atio n  
o f specialized  ju n c tio n s . These cell in te ra c tio n s  could  p lay  an  essen tia l role in 
severa l typ es of co m m u n ica tio n  ph en o m en o n s such  as th e  im m u n e  response, 
cell fusion , ionic coup ling , m etabolic co -o p era tio n , in te rce llu la r adhesion , etc.
[4, 6 , 19].

In te rce llu la r c o n ta c ts  betw een ly m p h o re tic u la r  cells in th e  rh e u m a to id  
syno v ia l m em brane h av e  been described  earlie r [21, 22, 23]. T he p re se n t s tu d y  
is fu r th e r  electron m icroscopic analysis o f th e  d iffe ren t ty p es of in te rce llu la r  
c o n ta c ts  betw een cells in  th e  lym p h o id  cell in f iltra te s  found in th e  synov ial 
m em b ran e  of jo in ts  affec ted  by  rh e u m a to id  a r th r itis .

M ater ia l  a n d  m e th o d s

Synovial m em b ran es  were obtained d u r in g  sy n o v ec to m y  of the  knee of 72 p a t ien ts  
suffering  from rh eu m a to id  a r th r i t i s  of the  def in i te  or classical type  by the A m erican  R h e u m a t-  
isan  Association c riteria  [29]. Most samples were collected from  the  p a rap a te l la r  region of the  
knee. F o r  electron m icroscopy small  tissue f rag m e n ts ,  1 m m  in d iam eter ,  were f ixed  im m e d ia te ­
ly in K a rn o v sk y ’s fluid [ 1 7 | and  postfixed w i th  buffered  1%  osmium te trox ide .  A fte r  d e h y d r a ­
t ion  in graded e thanol  series, the  specimens were e m b e d d ed  in D u rc u p an  ACM (F luka )  and 
th ic k  and  u l tra th in  sections were cut with  glass kn ives  on  a Reichert  OM-U2 u l tram ic ro to m e .  
D u r in g  dehydra t ion  the  spec im ens  were s ta ined  w ith  1% u ran y l  ace ta te  in 70%  e thanol .  
U l t r a th in  sections were m o u n te d  on u n coated  copper  grids, s ta ined  w ith  lead c i t ra te  a n d  u ra n y l  
a ce ta te .  4 5 grids from  each  block were ex am in ed  w ith  a T E S L A  BS-513A electron  m icro­
scope using  an  accelerat ing  vo l tage  of 80 kV. Sem i- th ick  sections of ap p ro x im ate ly  1 nm , s ta ined  
w i th  to lu id in  blue, were used  to select areas of the  synov ia l  m em branes  t h a t  c on ta ined  bo th  
diffuse and nodular ty p e s  o f  lymphoid cell in fil trates .

In  honour of th e  70 th  anniversary  of Professor K. F arka s .
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R esults

U n d er th e  lig h t m icroscope, accu m u la tio n s o f m acrophages in te rm in g le d  
w i th  several d iffe re n tia tin g  form s of th e  ly m p h o c y te  p lasm a cell tra n s fo rm a ­
tio n  line sim ply called  (ly m p h o id  cells) w ere co n sis ten tly  found a ro u n d  th e  sm all 
b lo o d  vessels in th e  su b lin in g  or deeper layers of th e  rh eu m a to id  synov ia l 
m e m b ra n e . In  26 o f th e  72 p a tie n ts , ch a ra c te ris tic  n o d u la r ty p e  ly m p h o id  
ce ll agg rega tes w ere fo u n d  a ro u n d  blood vessels, v e ry  sim ilar to  th e  p r im a ry  
fo llic les in  lym ph nodes. G erm ina l cen tres w ere also a p p a re n t in  2— 3 of th e  
26 sam ples (Fig. 1).

B o th  the sim ple n o d u la r  lym p h o id  cell in f iltra te s  and  th o se  w hich 
re se m b le  th e  secondary  fo llicles, d e m o n s tra te d  an  u n ex p ec ted  u l t r a s tru c tu ra l  
c o m p le x ity . The cen tra l p a r t  of th e  aggregate  co n ta in ed  m ain ly  closely pack ed  
sm a ll an d  som ew hat la rg e r ly m p h o cy tes  in te rm in g led  w ith  d en d ritic  cells an d  
m ac ro p h ag es  (Fig. 2). L y m p h o b la s ts , m ito tic  form s of lym pho id  cells an d  
tin g ib le -b o d y  m acro p h ag es w ere also observed  in  th is  area (F ig . 3). T he 
p e r ip h e ry  of the  n o d u la r  cell aggregates as well as th e  areas w ith  d iffuse accu ­
m u la tio n  of lym phoid  cells w ere cha rac terized  b y  looser connections of th e  
cells a n d  an increased p la sm a  cell in f iltra tio n . Som e areas of th e  c e n tra l p a r t  
o f  th e  n o du lar cell ag g reg a te s  consisted  o f little  else b u t in te rd ig ita tin g  c y to ­
p la sm ic  extensions an d  cy to p la sm ic  infolds. T he in te rsp ace  betw een  a d ja c e n t 
ce lls, filled  by  an e lec tro n -o p aq u e  m ate ria l, ap p ea red  as an  irreg u la r la b y r in th  
re s u lt in g  from  th e  n u m e ro u s  infoldings an d  in te rd ig ita tio n s  of cell processes.

T h e  low pow er e lec tro n  m icrographs of th e  n o d u la r  lym pho id  cell in f il tra te  
re v e a le d  simple ju n c tio n a l areas an d  som e k in d  o f a p p a re n t m em b ran e  sp e ­
c ia liz a tio n  of the opposed cell m em branes. A t h igher m agn ifica tion  it w as clearly  
seen  t h a t  th e  opposing cell m em b ran es ra n  p a ra lle l to  each o th er, in  a s tra ig h t 
lin e  o r in  a w avy  cou rse , se p a ra te d  over m ost o f th e  ju n c tio n a l a rea  b y  a 
re m a rk a b ly  co n stan t gap  less th a n  100 Â in  d iam ete r. In  such cases, th e  profiles 
o f  cy to p lasm ic  processes in  close c o n ta n t w ere fre q u e n tly  in d is tin g u ish ab le  
f ro m  th o se  of th e  ly m p h o c y te s . In  som e cases, w ith in  th ese  zones of cell c o n ta c t, 
lo ca l d iffe ren tia tio n s o f th e  p lasm a m em branes betw een  th e  so m atic  zones 
o f  o p p o sed  cells or b e tw e e n  th e ir  la rger cell processes could also be seen. T he 
to ta l  th ick n ess  a t th e se  reg ions w as reduced  to  a b o u t 200 Â, and  a lth o u g h  th e  
s t r u c tu r e  of the  c o n ta c t w as n o t c learly  seen, th e  in te rce llu la r gap o ften  
c o n s is te d  of electron dense p u n c ta tio n s  or sep ta  co rrespond ing  in  ap p ea ran ce  
to  a classical gap ju n c tio n  (F ig . 4). G enerally , th e  ab ove-m en tioned  ty p e s  o f cell 
c o n ta c t  were th e  c o n s is te n t fea tu re  of th is  area.

A t some d is tin c t a re a s , e ith e r be tw een  slender cy top lasm ic p rocesses of 
m acro p h ag es and ly m p h o id  cells, or be tw een  th e ir  p e rikaryons, fin e  in te r ­
c e llu la r  filam ents a b o u t 80 Á in d iam e te r seem ed to  bridge over th e  in te rc e llu la r  
sp a c e  as m inute  f ila m e n to u s  bridges. On th e  o th e r h an d , a t  som e p o in ts  th e
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Fig. 1. H. E. sections from rh eu m a to id  synovial m em branes.  A) diffuse lym pho id  cell inf il t ra t ion  in the  subsynovia l  layer. 
X 230. B) Dense nodu lar  ty p e  lym pho id  cell aggregate  con ta in ing  germinal cen tre  X 100
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F ig . 2. Mixed cell p o p u la t io n  in the  c en tra l  p a r t  of a nodular  ty p e  ly m p h o id  cell 
aggrega te  tak en  from  a rh e u m a to id  synovia l  m em brane .  Note  th e  a cc u m u la t io n  of 
e lectron-opaque m ate r ia l  w i th in  th e  inte rce l lu la r  spaces and the  l a b y r in th  of 
p l a s m a ;  m em brane  infoldings an d  in te rd ig ita t ions .  ICS =  in te rce l lu la r  space;

Ly =  ly m p h o cy te ;  MC =  m acrophage ;  R — re ticular  cell, x 5 2 0 0
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Fig. 3. A) L ym p h o b la s t  su rrounded  by small  lym p h o cy tes  and B) a t ingib le-body m acrophage  in a nodular  ty p e  lym phoid  cell
aggregate ,  A =  X4000, В =  X7300
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in te rc e llu la r  gap b e tw een  opposed cell m em b ran es  becam e as n a rro w  as 50 Â 
o r  less. A t such focal m em b ran e  co n tac ts , c ircum scribed  dense a rea s  ap p eared  
in  th e  underly ing  c y to p la sm  of b o th  cells. In  som e cases, ly m p h o c y te s  were 
seen  a tta c h e d  to  a m ac ro p h ag e  or f ib ro b la s t b y  pseudopods w hich p e n e tra te d  
in to  th e  ta rg e t cell. A lth o u g h  th e  to ta l  th ick n ess  o f cell co n tac t h e re  w as also 
a p p ro x . 250 Â in d ia m e te r , focal co n tac ts  cou ld  be  seen betw een cell m em branes 
su g g estiv e  of gap or t ig h t  ju n c tio n s  (F igs 4 an d  5). In  add ition  to  th e se  typ es 
o f  cell-to-cell c o n tac ts , co m p le te  fusion o f  p la sm a  m ebranes, re su ltin g  in  th e  
fo rm a tio n  of n arro w  cy to p la sm ic  bridges b e tw een  lym phoid  cells, w as observed  
in  a few  cases. T his ty p e  o f  cell co n ta c t w as ch a rac te rized  by  th e  p resence  of 
c o n tin u o u s  cy top lasm ic  m a te ria l in th e  b rid g e  betw een  ad jacen t cells an d  the  
c le a r  co n tin u ity  of th e  p lasm a m em branes jo in in g  the  tw o cells (F ig . 5c). 
T h e ir  ac tu a l ex istence as channels was p ro v ed  b y  gonioinetric m easu rem en ts .

T he ab o v e-m en tio n ed  form s of cell-to -cell co n tac ts  can re a d ly  be d is­
tin g u ish e d  from desm osom e-like s tru c tu re s  to  be found especially  betw een 
m acro p h ag es and  f ib ro b la s ts , b u t a lm o st n ev e r betw een ly m p h o id  cells. 
D esm osom e-like s tru c tu re s  were u sua lly  o b serv ed  around  th e  n o d u la r  lym pho id  
cell aggregates an d  also betw een  lining cells, an d  could be classified  as fascial 
o r  zo n u la r ad h eren ts . T h e  to ta l  th ickness o f th e  cell co n tac t in  th is  case was 
a b o u t  250— 350 Á, a n d  th e  in te rce llu la r space was filled b y  a m a te r ia l of 
m o d e ra te  electron d e n s ity , often show ing a s tru c tu re d  p a tte rn . T h e  opposing 
cell m em branes of th e  tw o  cells ran  paralle l in  a s tra ig h t line for sev e ra l m icrons, 
a n d  a condensation  o f  dense filam en to u s m a te ria l could be fo u n d  in the  
c y to p la sm  along th e  a d h e re n s  ju n c tio n s . In  som e cases, sm all c ircu m scrib ed  
c o n ta c ts  especially b e tw e e n  cell processes o f th e  above-m entioned  cells, could 
also  be  observed. S h o rt in tra c e llu la r  f ila m e n ts  an d  sm all granules em b ed d ed  in 
a d en se  m ateria l, w ith in  th e  cy to p lasm  a tta c h in g  to  th e  in n e r su rfaces of 
ea c h  p a rtic ip a tin g  p la sm a  m em brane also cha rac terized  th is ty p e  of cell 
c o n ta c t .  O ccasionally, f in e  filam en ts  or tu b u le s  were b ridg ing  o v er in te r ­
c e llu la r  space (F ig. 6 ).

C haracteristic  s tru c tu re s , so-called su b su rface  cisternae w ere observed  
im m e d ia te ly  u n d er th e  p lasm a  m em b ran e  a t th e  ju n c tio n a l zones betw een  
ly m p h o id  cells, e ith e r  in  u n ila te ra lly  or b ila te ra lly , form ing a co n fro n tin g  
co m p lex  of such su b su rface  cisternae  (F ig . 7). In  alm ost all cases of such 
f la t te n e d  vesicles, th e ir  c o n tin u ity  w ith  th e  ro u g h  E R  was clearly  d e m o n s tra t­
ed . I n  one case, as is show n in Fig. 7b , th e  c a v ity  of one m e m b e r of th e  
c o n fro n tin g  pair of th e se  subsurface  c is te rn ae  w as detec tab le  d ire c tly  n e x t to 
t h a t  o f an ex trem ely  d ila te d  rough-surface  c is te rn a  w ith in  an  a lm o s t fully  
d ev e lo p ed  plasm a cell.
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Fig. 4. A) and B) In te rd ig i ta t in g  cy top lasm ic  extensions and  cy top lasm ic  in fo ld ­
ings between lym p h o re t icu la r  cells. Note in fig. В th e  e lectron-opaque  m a te r i a l  
in the  intercellular space A =  X 22,000, В = x  34,200. C) Close m em b ran e  o p p o ­
sition and  ap p aren t  m em b ran e  m odification  between lym phoid  cells, x  22,600. I)) 
T igh t  ju nc t ion  be tw een  in te rd ig i ta t in g  cell processes of a lym pho id  cell a n d  m a c ro ­
phage  x  89,000. E) C ircumscribed gap ju n c t io n  be tw een  two f ibroblasts .  X 107,600
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F ig . 5. A) and B) Foca l  cell j u n c t io n s  between ly m p h o id  cells. N ote  in Fig. A the  exis­
ten c e  of a surface c is te rn  a long a close m e m b r a n e  opposition. A =  x40 ,000 ,  
В  =  X 53,400. C) C y to p la sm ic  bridges (arrow) b e tw e e n  tw o  ly m p h o cy tes  X 45,200. D) 
A r ro w  indicates a single p s e u d o p o d  penetra t ing  in th e  t a r g e t  cell. B o th  cells are l y m ­
p h o c y te s  X 42,750. E )  Cell c o n ta c t  zone b e tw een  f ib rob las ts .  Septate -l ike  f i lam ents  

c ross  t h e  intercellular space  X 72,250
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Fig. 6. Л) Desmosomes be tw een  A ty p e  lin ing cells, x  22 .600.B) Adhering  fascia be tw een  two 
fibroblasts,  X 22,600. C) Desmosome-like c o n tac t  b e tw ee n  processes of  m acrophages.  Arrow 
indicates a na rrow  cylindrical cy top lasm ic  bridge be tw een  cell processes.  X 71,200. D) 

Multiple focal desmosome-like c o n tac t  b e tw een  fibroblasts .  X 40,000
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F ig. 7. A) Cell con tact  zones b e tw e e n  lym phocytes .  A fibril lar  m ate ria l  is a t ta ch e d  convergen t-  
ly  t o  i t ,  X 71,200. B) C onfron t ing  subsurface  c is te rnae  w i th  a c o n tac t  zone b e tw een  ly m pho id  
cells (a rrow )  X 33,300. C) Close m em b ran e  opposi t ion  b e tw een  m acrophage  a n d  f ibroblast .  

A rrow  in d ica te s  a surface c is te rn  X 51,300
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D iscussion

The te rm  ju n c tio n  genera lly  refers to  a v a r ie ty  o f con tac ts  b e tw een  
cells or betw een cells and  a closely opposed e x tra c e llu la r  s tru c tu re . T his can  be 
charac terized  as a specialized reg ion  of sh o rt-ra n g e  c o n ta c t betw een tw o  cells 
w hich is associa ted  w ith  th e  d iffe ren tia tio n  o f th e  co n tr ib u tin g  cell su rface  
m em branes an d  th e  in te rv en in g  in te rce llu la r m a te r ia l. Ju n c tio n s  b e tw een  
cells can be classified  in to  tw o large  categories. In  th e  f irs t, p lasm a m em b ran es 
o f neighbouring  cells ap p ear to  com e in to  d ire c t c o n ta c t as seen in  e lec tro n  
m icrographs of s ta n d a rd  th in  sections. In  th e  second  ca tegory , p lasm a m em ­
b ran es of a d ja c e n t cells are se p a ra te d  by  an  in te rsp a c e  of 150 350 A th a t
co n ta in s e lec tron-dense  m ateria l. The te rm  occludens is used for a ju n c tio n  
w here the a d ja c e n t p lasm a m em branes of cells a re  in  con tac t. T he te rm  
ad h erin g  describes a ju n c tio n  w here b y  a d ja c e n t cell m em branes are n o t  in 
d irec t con tac t b u t  are  a tta c h e d  to  each o th e r b y  a proteinaceous m a te r ia l in  
th e  in terspace  [34].

As seen in  th in  sections, an  adhering  ju n c tio n  is com posed of p a ra lle l 
p lasm a m em branes th a t  are connected  a t th e ir  in te rce llu la r side b y  a th ic k  
b e lt (zonula), sh ee t (fascia) or disc (m acula) o f  e lec tron -dense  m ate ria l. T h is 
in te rce llu la r m a te r ia l can  show  d ifferen t e le c tro n  densities an d  s tru c tu ra l 
a rrangem en ts . In  th e  cy top lasm  along an a d h e rin g  ju n c tio n  is a co n d en sa tio n  
of filam en tous m a te ria l. This ty p e  of ju n c tio n  p rov ides regions of s tro n g  
a tta c h m e n t o f cells and  serves as anchoring  s ite  for cy toplasm ic f ilam en ts .

The c h a ra c te ris tic  fea tu re  o f t ig h t ju n c tio n s  in  u ltra -th in  sec tions is 
t h a t  the  tr ila m in a r  p lasm a m em branes of a d ja c e n t  cells come in to  in t im a te  
c o n ta c t and  th e ir  o u te r leafle ts  ap p ea r to  fu se . T he to ta l  th ickness o f th e  
ju n c tio n  is u su a lly  less th a n  th e  sum  of the  th ic k n e ss  of th e  two p lasm a m em ­
branes. This ty p e  of ju n c tio n  form s a local p e rm e a b ility  ba rrie r to  th e  passage  
o f m olecules an d  th e  flow  of sm all ions b y  o cc lu d in g  th e  in terspace b e tw een  
ad jacen t cells.

One of th e  m ost com m on form s of cell ju n c tio n  is th e  gap ju n c tio n , now  
w idely im p lica ted  in  in te rce llu la r co m m u n ica tio n , in cell-to-cell tra n s fe r  of 
ions and m olecules. B y s ta n d a rd  th in -sec tio n  e lec tro n  m icroscopy th e  gap  
ju n c tio n  is n o t a lw ays easy to  d iffe ren tia te  fro m  th e  real tig h t ju n c tio n . T he 
f irs t clear in d ica tio n  th a t  th e  gap  ju n c tio n s  a n d  t ig h t  ju n c tio n s  are se p a ra te  
en titie s  was p ro v id ed  by  R e v e l  an d  K a r n o v s k y  [28]. In  u ltra - th in  sec tions, 
b o th  gap ju n c tio n s  and  tig h t ju n c tio n s  can a p p e a r  as a m em brane m od ifica tio n  
w here p lasm a m em b ran es com e in to  in tim a te  o p p o sitio n . I t  was d e m o n s tra te d  
th a t  a 20—40 Â e lec tro n -lu cen t zone of space is to  be seen betw een th e  o u te r  
leafle ts  of m em b ran es form ing  th e  gap ju n c tio n s . T his gap increases th e  
overall th ickness o f th e  ju n c tio n  to  more th a n  tw ice  th e  th ickness o f non- 
ju n c tio n a l p lasm a m em branes an d  this is one o f  th e  m ost im p o rta n t d ifferences
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in  a p p e a ra n ce  betw een  th e  gap an d  th e  t ig h t  ju n c tio n . In  a d d itio n , th e re  
a re  o th e r  im p o rta n t s tru c tu ra l d ifferences be tw een  the  tw o ty p es o f  ju n c tio n s . 
A t p re se n t, it seems th a t  gap  ju n c tio n s  serve a t least tw o fu n c tio n s : cell 
a d h e s io n  w hich is a fu n c tio n  sh a red  w ith  occludents and  a d h e re n ts , and
d ire c t  cell-to-cell com m u n ica tio n  w hich  m a y  be m ed iated  b y  gap  ju n c tio n s  
a lo n e . H ow ever, it  m u st he stressed  th a t  d a ta  on the  real fu n c tio n  of gap 
ju n c t io n s  are fra g m e n ta ry .

A n  encouraging  ap p ro a c h  to  th e  c h a ra c te riz a tio n  of th e  s t ru c tu re  of cell 
ju n c t io n  is no t a lw ays easy . O ften  on ly  an  iso lated  elec tron  m icroscopic 
p h o to g ra p h  itse lf does n o t allow  u n a m b ig u o u s  in te rp re ta tio n  a n d  in  m any 
s tu d ie s  insuffic ien t d a ta  are  availab le  to  e s tab lish  a ju n c tio n a l class. T herefo re , 
in m a n y  cases, it w ould  be b e tte r  to  use som e no n -co m m itted  te rm  such  as 
close o pposition  or c o n ta c t zones unless a d e q u a te  d a ta  w ere o b ta in e d  abou t 
th e  n a tu re  of th e  s tu d ie d  cell co n tac t.

T h e  presence of d iffe ren t ty p es of cell ju n c tio n s  betw een lin ing  cells has so 
f a r  b e e n  th is  observed  on ly  in  th e  an im al synovial m em brane [10, 30]. In  
c o n tr a s t  w ith  observa tion  in te rce llu la r c o n ta c ts  do no t exist in  n o rm a l condi­
tio n  be tw een  lining cells in th e  hum an  syno v ia l m em brane. H ow ever, in  p a th o ­
lo g ica l cond itions such as R A , beside in te rd ig ita tio n  of filopodia desm osom al 
c o n ta c ts  can  freq u en tly  be seen b e tw een  A ty p e  synovial cells [2, 9 ]. b u t it 
m u s t  b e  em phasized th a t  th ese  co n ta c ts  a re  n o t specific in d ic a to rs  of the 
p a th o lo g ic a l events in  R A .

T h e  com plex in te rd ig ita tio n s  an d  m em b ran e  infoldings b e tw een  lym ho- 
re t ic u la r  cells found in ab u n d an ce  especially  in  dense m odular cell in filtra te s  
in  th e  rh eu m a to id  sy n o v iu m , closely re sem b led  in u l t r a s tru c tu ra l  aspect 
th o se  in  a lym phoid  tissu e  follow ing an tig en ic  s tim u la tio n  [11, 12, 13, 24, 27, 30, 
35]. T h e  in te rce llu la r c o n ta c t be tw een  m acro p h ag e  and  lym phoid  cells suggest 
a p a r t ic u la r  in te rest because  m acrophages a p p e a r  to  p lay  an essen tia l ro le  in  the  
p rocess o f an tigen  recogn ition  inducing  ly m p h o c a te  pro liferation  an d  in  an tib o d y  
fo rm a tio n  [1, 5, 7, 14, 20, 26, 32, 33]. T he d ire c t in te rce llu la r c o n ta c ts  betw een  
th e se  cells m ay be reg a rd ed  as a m orpho log ica l sign of th e  ab o v e-m en tio n ed  
im m u n e  process in th e  rh e u m a to id  sy n o v ia l m em brane. T he o ccu rren ce  of 
b la s t  cells w ith  several d iffe ren tia tin g  fo rm s of th e  ly m p h o cy te -p la sm a  cell 
tra n s fo rm a tio n  line, th e  d egenera ted  re m n a n ts  of cells to g e th e r  w ith  cells 
s im ila r  to  the  tingible b o d y  m acrophages m ay  also su p p o rt th is  sug g estio n  [8, 
18]. F u rth e rm o re , th e  severa l m em brane  adhérences, especially th o se  be tw een  
m a c ro p h a g e s  and  ly m p h o id  cells described  in  m u ltip le  m yelom a [3] an d  the  
specific  ly m p h o cy te  — ta rg e t  cell in te ra c tio n , observed betw een  s tim u la te d  
ly m p h o c y te s  and f ib ro b la s ts  [16], can  also be considered th e  site  o f  specific 
im m u n o lo g ica l reac tio n s. Close c o n ta c t b e tw een  lym phoid  cells a n d  m acro ­
p h ag es  in  th e  rh eu m a to id  syno v iu m  has re c e n tly  been described b y  I s h i k a v a  
an d  Z i f f  [15].
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Subsurface c is te rn ae  associated  w ith  cell co n tac t zones lo ca ted  e ith e r  
co n fro n tin g  on one side, a re  w idely suggested  as praecursors of specia l close 
ju n c tio n s  or desm osom es [35]. M itochondria , free ribosom es and  f in e  f ib rilla r  
su b s ta n c e  were often fo u n d  associated  w ith  th e  co n tac t zones, g iv in g  th e  
im pression  of some fu n c tio n a l im p o rtan ce . In  c o n tra s t, along a rea l gajt or 
t ig h t  ju n c tio n , cy top lasm ic  orgahelles h av e  n o t been  observed.

A t presen t, an  u n an im o u s fu n c tio n a l in te rp re ta tio n  of in te rc e llu la r  
ju n c tio n s  appears im possib le . The p resence o f d ifferen t ty p es o f d irec t cell 
c o n ta c t adherence zones and  th e  filam en to u s  in te rce llu la r b ridges, ra ises the 
q u estio n  w hether th e y  are  perhaps specific te m p o ra ry  s tru c tu re s , holding 
to g e th e r  a given p o p u la tio n  of cells for close ce llu lar in te rac tio n s. T h ere  is a 
b o d y  o f evidence th a t  a d irec t co n tac t or a close cell association  is re q u ire d  for 
im m u n e  induction  b e tw een  lym phoid  cells th em se lv es  and  b e tw een  lym pho id  
cells an d  m acrophages [26]. I t  is th e re fo re  in te re s tin g  to  sp ecu la te  on the  
p o ssib ility  th a t  th e  cell co n ta c ts  observed in  o u r m a te ria l m igh t p ro v e  th e  site 
o f a d irec t cellular in te ra c tio n  th ro u g h  w hich  an  exchange of m ed ia to rs  m ight 
occur p e rp e tu a tin g  th e  au to im m u n e  p rocesses in  th e  rh eu m a to id  synov ium . 
F u r th e r  ex tensive s tu d ie s  a re , how ever, re q u ire d  to  su p p o rt th is  a ssu m p tio n .
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Z E L L K O N T A K T E  Z W I S C H E N  D E N  L Y M P H O R E T I K U L Ä R E N  Z E L L E N  D E R  

R H E U M A T O I D E N  S Y N O V IA L M E M B R A N

Т. NEUMARK

Die operat iv  en tfe rn te  S y n o v ia lm e m b ra n  von 72 an  rh e u m a to id e r  A r th r i t i s  le idenden  
K r a n k e n  w urde  e lek tronenm ikroskop isch  un tersuch t .

Die  U n te rsuchungen  r i c h t e t e n  sich in erster Linie a u f  die E rforschung  der Z e l lk o n tak te  
z w isch en  den  die subsynoviale  S c h ich t  infil tr ierenden, he rd ige  u n d  diffuse lymphoidzell ige  
I n f i l t r a t e  b ildenden  Zellen. Im  U n te rsu ch u n g sg u t  w u rd en  zah lre iche  T ypen  von Z e l lk o n ta k te n  
e r k a n n t ,  wie einfache Z e l len in te rd ig i ta t io n  und  M em b ran a d h äs io n e n  un tersch ied lichen  T y p s ,  
gap  a n d  t ig h t  junction, B i ld u n g  v o n  zy top lasm at ischen  u n d  f ibril lären  Brücken. Diese Zell­
k o n t a k t e  können  als m orpho log ische  M anifes ta tionen fu n k t io n sab h än g ig er  in te rze l lu lä rer  
W ech se lw irk u n g en  aufgefaßt w e rd en .
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КЛЕТОЧНЫЕ СОЕДИНЕНИЯ МЕЖДУ ЛИМФОРЕТИКУЛЯРНЫМИ КЛЕТКАМИ 
РЕВМАТОИДНОЙ СИНОВИАЛЬНОЙ ОБОЛОЧКИ 

Т .  Н Е Й М А Р К

Оперетивно удаленные синовиальные оболочки 72 больных ревматоидным артриром 
были изучены в электронном микроскопе.

Исследования были направлены в первую очередь на выяснение клеточных связей 
между клетками, пропитывающих субсиновиальный слой и образующих очаговую и диф­
фузную лимфоклеточную инфильтрацию. В исследованном материале наблюдались много­
численные типы клеточных связей: простая интердигитация, мембранное притяжение, 
различных типов, gap and tight junction, образование цитоплазматических и фибриллбяр- 
ных мостов. Эти клеточные связи можно рассматривать как морфологические проявления 
зависимых от функции межклеточных взаимодействий.

D r. T am ás N e u m a r k
O rszágos R eum a és F iz io te rá p iá s  In téze t, 
H -1525 B u d ap est, Pf. 54 ., H u n g a ry
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N ationa l  In s t i tu te  of R h e u m a t is m  a n d  P h y s io th e rap y ,  B udapes t

ELECTRON TRANSPORTING ENZYMES 
OF RHEUMATOID CONNECTIVE TISSUE

D. T a n k a  and  M á r i a  K e l l e r

(Received O c to b er  5, 1976)

The  ox ida t ive  enzyme sys tem  of th e  synovial  m em brane  and  rh e u m a to id  node 
from rh eu m a to id  a r th r i t ic  pa t ien ts  h a s  been s tu d ied  by h is tochem ical  a n d  b iochem ical  
m ethods .  As com p ared  to the  con tro l  synov ia l  m em branes ,  succinic d eh y d ro g en ase  
a c t iv i ty  was su b s tan t ia l ly  higher in t h e  r h e u m a to id  a r th r i t ic  synovial m e m b ran e s ,  and 
was still h igher in th e  rh eum ato id  nodes,  in w hich  only the  cells form ing th e  palisade 
h ad  succinic dehydrogenase  act iv i ty .  As c o m p ared  to  the  controls, in response  to m en a ­
dione succinic dehydrogenase  was s ign if ican tly  ac t iva ted .  The  reducib le  ub iq u in o n e  
co n te n t  of  the  rh e u m a to id  synovial m e m b ra n e  a n d  the  rh eu m a to id  node was b y  several 
orders  of  m ag n i tu d e  higher t h a n  in th e  controls.

S everal theo ries have been p u t  fo rw ard  to  explain  th e  p a th o g en esis  o f 
rh e u m a to id  a r th r itis . E ach  co n sid e ra tio n  has i ts  rea listic  fo u n d a tio n , b u t  none 
o f th e m  will fully  ex p la in  th e  p a tho log ica l process an d  th e  effect o f  th e  th e ra ­
p eu tic  procedures. It can  hard ly  be d isp u te d  th a t  im m unological e v e n ts  p lay  
a sig n ifican t role in th e  patho log ica l p rocess or its phases [3]. T h e  re lease  of 
lysosom al enzym es [15] occupies a p ro m in e n t place am ong th e  aetio log ical 
fac to rs . Less a t te n tio n  has been d e v o te d  to  th e  m etabo lism  o f rh e u m a to id  
conn ec tiv e  tissue and  to  the  e lec tro n  tra n s p o r t  m echanism .

M ateria l and  m ethods

F re sh  surgical specimens from r h e u m a to id  a r th r i t ic  p a t ie n ts  (synovia l  m em b ran e ,  
r h e u m a to id  nodule) an d  synovial tissue o b ta in e d  4 to 6 hours  after  d ea th  were s tu d ied .  Fresh  
c ad a v e r  synovia l  m em b ran e  was used as t h e  contro l .  Processing began 10 m in u te s  a f te r  op ­
e ra t ion  or au topsy .  F ro m  p a r t  of the  t issue spec im ens  4 micron c ry o s ta t  sections w ere  p repared  
w i th o u t  f ixa t ion ;  th e  o th e r  p a r t  was used  for b iochem ical  s tudies of the following enzymes.

For  th e  d e m o n s tra t io n  of dehydrogenases ,  p -n i t ro te t ra zo l iu m  blue (N B T )  was used 
as th e  h y d ro g en  acceptor,  a t  an  end c o n c e n tr a t io n  o f  0 .01%.

1. Succinic dehydrogenase  (E .C . l .3.99.1) su b s tra te :  30 m M  sodium succ ina te ,  0.1 M  
Sorensen buffer, pH  7.4. In cu b a t io n  for 25 m in u te s  [6].

2. Succinic dehydrogenase  -f- m enad ione:  to  th e  above incuba t ing  m ix tu re  0 .1%  m e­
nad ione  was added. In c u b a t io n  for 25 m in u te s  [13, 12, 14].

3. L ac ta te  dehydrogenase  ( E .C . l .1.1.27) su b s tra te :  10 m M  sodium lac ta te ,  0.75 m/Vi 
N A D . 20 m M  Mg chloride, 15 m M  sodium  cy an id e ,  0.1 M  Sorensen buffer, p H  7.4. I n c u b a t io n  
for 35 m in u te s  [5].

4. Malate dehydrogenase  ( E .C . l .1.1.37) su b s tra te :  10 m M  sodium  m a la te ,  0.75 m M  
NAD. 20 m M  Mg chloride, 15 m M  sodium  cyan ide ,  0.1 M  Sorensen buffer, p H  7.4. In c u b a t io n  
for 35 m in u te s  [5].

In  honour  of the  70th  ann iversa ry  of Professor K. F arka s .
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5. i -ci t rate  dehydrogenase  (E.C. 1.1.1.42) su b s tra te :  10 mM sodium c i t ra te ,  0.75 m M  
N A D P ,  15 m M  sodium  cyan ide,  0.1 M  Sorensen buffer, p H  7.4. In cu b a t io n  for 35 m in u te s  [7].

6. D P N H -d ia p h o ra se  (E.C.1.6 .99.1) subs tra te :  0.1 m M  N A D H 2, 0.2 M  tr is -HCl buffer, 
p H  8.0. In c u b a t io n  for 10 m in u te s  [5].

7. Cytochrom e c oxidase  (E .C .1.9.3.1) indicators :  0.2 m M  p-am ino  d ipheny lam ine  an d
0 .1 %  n éo té t razo liu m  chloride, 0.1 M  Sorensen buffer p H  7.2. In c u b a t io n  for 35 m in u te s  [1].

8. D em o n st ra t io n  of qu inones :  indicators:  40 m M  h y d ro q u in o n e  and 0.01% te t r a n i t r o -  
t e t r a z o l iu m  blue (TNBT), 0.1 M  Sorensen buffer p H  7.6. In c u b a t io n  for 15 m inu tes  [11].

Q uantitative enzyme activity  assays:

T h e  tissue specimens, a f te r  a d d in g  to th em  distil led w a te r  in a ra t io  of 1 :10  n e t  weight 
w ere  hom ogenized  w ith  an  U L T R A T H U R A X  b laded  h o m o g en a to r ,  centrifuged a t  5000 r.  p. m. 
a n d  t h e  su p e rn a ta n s  were processed, add ing  each t im e  0.2 ml to the  appropria te  in cu b a t in g  
m ix tu re .  E x c e p t  for tw o  cases, t h e  h istochemical in cu b a t in g  m ix tu re  was used for th e  q u a n t i ­
t a t i v e  assays,  b u t  instead  of n i t ro -B T  iodo-n it ro te t razo l im n  blue (INT) was used, a t  a con­
c e n t r a t i o n  of 0.1 mg/ml.  The  fo rm azan e  formed was m e a su re d  a t  5000 nm , in 1 ml cu v e t te ,  
w i th  a  S p e k t ro m o m  202 p h o to m e te r .

1. Succinic dehydrogenase :  su b s tra te  20 m M  sod ium  succ ina te ,  0.01 M  Sorensen buffer,  
w h ic h  c o n ta in ed  in physiological p ropor t ion  sodium chloride,  po tass ium  chloride and  ca lc ium  
ch lor ide .  In c u b a t io n  for 15 m in u te s  [8].

2. Succinic d ehydrogenase  -f- menadione: to th e  ab o v e  incu b a t in g  m ix tu re  was ad d ed  
0 .1 %  m enadione.  In cu b a t io n  for 15 m inutes  [2].

3. L ac ta te  dehydrogenase :  su b s tra te  10 m M  sod ium  lac ta te ,  0.4 m M  N A D , 0.2 m M  
m a g n e s iu m  chloride, 1.5 mM sod ium  cyanide,  0.1 M  Sorensen  buffer. p H  7.4. I n c u b a t io n  for 
10 m in u te s .

4. M alate  dehydrogenase :  su b s tra te  10 m M  sod ium  m ala te ,  0.4 mM NAD, 2 m M  m a g ­
n e s iu m  chloride,  1.5 m M  sodium  cyanide,  0.1 M  Sorensen buffer p H  7.4. In c u b a t io n  for 10 
m in u te s .

5. i-c i t ra te  dehydrogenase  (E .C .1.1.1.41) su b s tra te :  10 m M  sodium i-citrate,  0.4 m M  
N A D ,  1.5 m M  sodium  cyan ide ,  0.1 M  Sorensen buffer p H  7.4. In c u b a t io n  for 10 m inutes .

6. D P N H -d iap h o rase :  s u b s t r a t e  0.4 m M  N A D H 2, 0.2 N .  Tris-HCl buffer p H  8.0. I n ­
c u b a t io n  for 5 minutes .

7. Cytochrom e c oxidase: ind ica tors :  0.2 m M  p -am ino-d ipheny lam ine ,  0.2 m M p - m e t o x y -  
p - p h e n y le n e  diamine, 0.1 M  Sorensen  buffer p H  7.2. In c u b a t io n  for 10 minutes.

8. Quinone d e te rm in a tio n :  ind ica tor :  4 m M  h y d ro q u in o n e ,  0.1 M  Sorensen buffer  p H  
7.6. I n c u b a t io n  for 15 minutes .

9. P ro te in  was de te rm in ed  b y  th e  b iu ret  reac tion .

T h e  enzym e activit ies were so calcula ted  t h a t  serial d i lu t ions were p repared  f rom  IN T ,  
t h e n  i t  w as  converted  to  fo rm azan  by  m eans of alcaline ascorbicacid reduct ion .T he  d iag ra m  
of fo r m a z a n  co ncen tra t ion  was p lo t ted .

U b iq u in o n e  assay  [2, 4]. A p rede term ined  q u a n t i t y  of  the  specimen was d e h y d ra te d  
b y  b r a y in g  w ith  sod ium  su lp h a te ,  t h e n  it  was e x tr a c te d  accord ing  to  Soxhlet w i th  e th an o l  
c o n ta in in g  a lkaline  pyrogallol.  T he  e x t r a c t  was purif ied  b y  shak ing  ou t  w ith  n -hep tane ,  co n ­
c e n t r a t e d  b y  v a cu u m  dist i l lat ion , a n d  th e  residue was d issolved in chloroform.

T h e  chloroform solu tion  was c h ro m a to g rap h ed  on  Silicagel G plate ,  in 1 : 1 m ix tu re  o f  
benzene-ch loroform . The ub iq u in o n e  frac t ion  de tected  in UV  l igh t  was eluted in e thano l ,  spec- 
t r o p h o to m e tr i z e d  a t  2750 and 2900 n m ,  th en ,  after  b o ro h y d r id e  reduct ion ,  the  ex tinc t ions  were 
d e te r m in e d  again  a t  th e  wave len g th s  specified above. T he  difference a t  2750 nm  re p re sen ted  
th e  so-cal led  reducible  ub iq u in o n e  con ten t .

Results

In  th e  synov ial m em b ran es stud ied  b y  h istochem ica l m ethods th e  m ost 
in te n s iv e  o x id a tiv e  a c tiv ity  w as u sua lly  found in th e  lin ing  cells.There w as also 
s ig n if ic a n t a c tiv ity  in th e  a reas  of in flam m ato ry  (lym phoid) in filtra tio n  (F igs 
I a n d  2). In  th e  con tro l syno v ia l m em branes th e  a c tiv ity  of th e  cells covering
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th e  surface w as m ore in ten s iv e  th a n  th a t  of th e  co n n ec tiv e  tissue cells u n d e r  
th e  surface. An exception  w as succinic d eh y d ro g en ase  a c tiv ity . In  th e  c o n tro l 
synovial m em b ran e  th is  a c tiv ity  was ab sen t or could  h a rd ly  be d e te c te d . 
In  th e  specim ens from  rh e u m a to id  a r th r it is  p a tie n ts  succinic d eh y d ro g en ase  
a c tiv ity  was slig h tly  increased , a lm o st escaping d e te c tio n  u n d er th e  m icroscope. 
O n adding  m enad ione to  th e  in c u b a tin g  so lu tion , th e  a c tiv ity  increased . In  
th is  case th e  covering  cells an d  th e  elem ents o f ro u n d  cell in filtra tio n  show ed  
som ew hat m ore in ten siv e  a c tiv ity  th a n  th e  co n n ec tiv e  tissue cells o f th e  
g round tissue .

A d iffe ren t p a tte rn  o f enzym e a c tiv ity  d is tr ib u tio n  was found in  th e  
rh eu m a to id  nodules. The a c tiv itie s  o f  th e  deh y d ro g en ases  testiül w ere m ore  
in tensive  in th e  cells fo rm ing  th e  palisade  d e m a rc a tin g  th e  fib rino id , th a n  in  th e  
cells of th e  g ran u la tio n  tissu e , a lth o u g h  th e  la t te r  show ed considerable en zy m e 
ac tiv ities (F igs 3— 7). H ere  too , succinic d eh y d ro g en ase  was an e x cep tio n . 
W hile its  a c tiv ity  was m ark ed  in th e  cells fo rm ing  th e  palisade, it was h a rd ly  
dem o n strab le  in  th e  g ra n u la tio n  tissue  (F ig 8). In  response to  m enad ione th e  
enzym e a c tiv ity  of th e  p a lisad e  cells increased  slig h tly , hard ly  d iscern ib le  
u n d e r th e  m icroscope, w hereas a s ign ifican t a c tiv a tio n  of succinic d e h y d ro ­
genase re su lted  in th e  cells o f th e  g ran u la tio n  tissu e  (Fig. 9). H isto ch cm ica l 
stud ies of th e  d is tr ib u tio n  o f tissu e  ub iqu in o n e  (qu inone) revealed  high a c t iv ­
i ty  in th e  cells form ing  th e  palisade and  a low  a c tiv ity  in th e  g ra n u la tio n  
tissu e  cells (F ig . 10).

The re su lts  of q u a n ti ta t iv e  enzym e a c tiv ity  an d  ubiqu inone a ssay s  
carried  o u t in synovial tissu e  and  in th e  rh e u m a to id  nodule  co rresponded  well 
to  the  values e s tim a ted  h istochem ica lly . As co m p ared  to  th e  con tro ls , th e  
a c tiv ity  of th e  ox id a tiv e  enzym es te s te d  w as h ig h er. T he value for succ in ic  
dehydrogenase  w as h a rd ly  d iffe ren t from  th a t  fo u n d  in th e  contro l sy n o v ia l 
tissue. I t  w as, how ever, consp icuous, how  m a rk e d ly  succinic d eh y d ro g en ase  
a c tiv ity  increased  in response  to  m enad ione (T ab le  I). The to ta l q u in o n e  
co n ten t in th e  rh e u m a to id  a r th r it ic  synov ial m em b ran es was a lm ost th re e fo ld  
th a t  in th e  con tro ls . T he red u c ib le  ub iqu inone  c o n te n t increased by one o rd e r  
o f m ag n itu d e  as com pared  to  th e  con tro l (T able I I ) .

In  th e  rh e u m a to id  nodes o x id a tiv e  enzym e ac tiv itie s  were high a n d  so 
was th e  a c tiv ity  of succinic dehydrogenase . T he q u a n ti ty  of succinic d e h y d ro ­
genase a c tiv a te d  w ith  m en ad io n e  w as less th a n  on th e  rh eu m ato id  sy n o v ia l 
m em brane. As com pared  to  th e  con tro l sy n o v ia l m em brane, th e  red u c ib le  
ub iquinone c o n te n t was tw o  o rders o f m ag n itu d e  low er, an d  as com pared  to  th e  
rh eu m ato id  a r th r it ic  synov ia l, one o rder o f m a g n itu d e  lower.
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F ig. 1. In tens ive  l a c ta te  dehydrogenase  re ac t io n  in th e  lining cells of  th e  synovia l  
a n d i n  lym phoid  in f i l t r a t io n .  X 30

F ig . 2. Malate dehydro g en ase  ac t iv ity  of  sy n o v ia l  m em brane  in p. с. p. X 30 
F ig . 3. In tens ive  l a c ta te  dehydrogenase  r e a c t io n  in the  palisade cells a n d  the  

g ran u la t io n s  tissue of the  r h e u m a to id  nodule, x  30 
F ig . 4. M alate  d ehydrogenase  reac tion  to  th e  rh e u m a to id  nodule;  the  local izat ion  

is s imilar  to  t h a t  of l a c ta te  dehydrogenase .  X 30
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Fig. 5. N A D U  d iap h o ra se  reac tion  in rh e u m a to id  nodule,  similar in loca l izat ion  
to t h a t  of lac tate  dehydrogenase .  X 30

Fig. 6. I soc i tra te  d ehydrogenase  act iv ity  of rh e u m a to id  nodule. The loca l izat ion  
is similar to th e  p rev ious  one b u t  of less in ten s i ty  t h a n  the  o thers .  X 30 

Fig. 7. C ytochrom e ox idase  act iv ity .  Medium reac t io n  in th e  fibrinoid  d e m a rc a ­
t ing  cells a n d  weaker one in th e  g ran u la t io n  tissue, x  30
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F ig. 8. Succinic d e h y d ro g en ase  reac tion  d e m o n s tr a te d  only in the  pa lisade cells.
X30

F ig. 9. Under th e  effect o f  m enad ione  succinic d ehydrogenase  ac t iv i ty  o f  th e  
palisade cells increased ,  a n d  appeared  in th e  g ra n u la t io n  tissue too. X 30 

F ig . 10. High ub iqu inone  c o n te n t  in the  palisade cells an d  low in th e  g ran u la t io n
tissue. X 30
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Table I

The used muterials
SDH SOH K, j LDH MDH

mg formazan/100 mg protein

Syn. au to p sy  cont. 2.1 2.5 3.7 5.1

Syn. au to p sy  p.c.p . 1 .8
p <  0.03

10.3
p <  0.11

6.1
p <  0.03

4.4
p <  0.09

Syn. b iopsy  p.c.p . 3.9
p <  0.16

5.9
p <  0.05

7.6
p <  0.07

5.1
p <  0.06

R h eu m a to id  nod. 3.5 5.3 7.5
p <  0.12

6.2
p <  0.14

The used materials
i-COll DPNH 1). CYT. Ox. QUINONE

mg formazan/100 mg protein

Syn. au to p sy  cont. — 3.5 - 4.6

Syn. au to p sy  p.c.p. 4.1
p <  0.08

4.8
p <  0.11

10.8 16.4
p <  0.09

Syn. b iopsy  p.c.p . 7.9 7.1
p <  0.12

12.5 14.6 
p <  0.07

R heum ato id  nod. 9.8 18.3 19.2
p <  0.18

Table II

The used materials
Ox. Red. Redueible

CoQ Cont. in mg/lC0g wet weight

Syn. au to p sy  con t. 0.73 1.98
—

0.01

Syn. au to p sy  p.c.p. 0.88
p <  0.05

3.63
p <  0.03

0.22
p <  0.01

Syn. biopsy p.c.p . 0.76
p <  0.01

2.68
p <  0.01

0.28
p <  0.01

R h eu m ato id  nod. 8.20
p <  0.09

16.06 
p <  0.10

2.02
p <  0.07
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D iscussion

O u r investig a tio n s h a v e  con firm ed  th e  h y po thesis  t h a t  th e  m etabo lism  
o f  th e  rh eu m ato id  a r th r i t ic  synov ia l m em b ran e  an d  of th e  co n n ec tiv e  tissue 
cells o f  th e  rh eu m ato id  n o d e  w as s ig n ifican tly  d ifferen t from  th a t  o f th e  syno­
v ia l m em branes from  n o n -rh e u m a to id  a r th r it ic  p a tie n ts . In  genera l, an in ­
c re a se d  ox idative  m e tab o lism  is to  be reck o n ed  w ith  in  in f la m m a to ry  processes. 
T h is  w as th e  case also w ith  rh e u m a to id  a r th r it is , as in d ica ted  b y  th e  higher 
a c t iv it ie s  of th e  deh y d ro g en ases  in v e s tig a te d  as com pared  w ith  th o se  in  th e  
c o n tro ls .

A  su b stan tia l d ifference  w as d e m o n s tra te d  betw een  th e  succinic d eh y d ro ­
g en a se  a c tiv ity  of th e  rh e u m a to id  a r th r it ic  g ranu lom a (M eynet’s node) and  
t h a t  dem o n strab le  h is to ch em ica lly  in o th e r  g ran u la tiv e  jo in t  d iseases (gout, 
p se u d o g o u t)  [9, 10]. Special a tte n tio n  has to  he pa id  to  th e  difference in succinic 
d e h y d ro g en ase  a c tiv ity  b e tw een  th e  cells d em arca tin g  th e  f ib rin o id  (those 
fo rm in g  th e  palisade) an d  th e  chronic g ran u la tio n  tissue su rro u n d in g  it. 
T h e  h ig h  succinic d eh y d ro g en ase  a c tiv ity  o f th e  d em arca tin g  cells has m ade us 
to  s tu d y  th e  ub iqu inone  c o n te n t  of th is  s tru c tu re , an d  i t  w as observed  th a t  th e  
u b iq u in o n e  con ten t o f th e  cells fo rm ing  th e  palisade  was s ig n ifican tly  h igher 
th a n  t h a t  of th e  co n n ec tiv e  tissu e  cells o f g ran u la tio n  tissue .

T h e  rh eu m ato id  sy n o v ia l m em branes co n ta ined  m uch m ore reducib le  
u b iq u in o n e ,w h ic h  can be u tiliz ed  in bio logical o x id a tio n , th a n  th e  co n tro ls , b u t  
th e re  w as a conspicuous q u a n t i ty  of red u c ib le  ub iqu in o n e  in th e  rh e u m a to id  
n o d e , to o . On th e  basis o f th e  h istochem ical evidence i t  m ay  be assu m ed  th a t  
m o st o f  th e  la tte r  is to  be fo u n d  in th e  cells fo rm ing  th e  palisade . T h is seem ed 
to  fo llow  from  th e  h is to ch em ica l and  b iochem ical te s ts  carried  o u t w ith  
m e n a d io n e .

I n  general, th e  a c t iv i ty  o f succinic dehydrogenase  a c tiv a te d  b y  m en ad i­
one in c re a se d  in th e  sy n o v ia l m em b ran e , b u t ,  as suggested  b y  th e  h is to ch em i­
cal ev id en ce , in  the  rh e u m a to id  node th e  a c tiv a tio n  can be d e m o n s tra te d  in  th e  
g ra n u la t io n  tissue in th e  f ir s t  p lace. This o b se rv a tio n  m ay he supp lied  only  by 
f u r th e r  in v estiga tions.

I t  is suggested th a t  th e  g ra n u la tio n  tissu e  d isp lays a low succinic d e h y d ro ­
g en ase  a c tiv ity  because i t  c o n ta in s  little  u b iq u in o n e  necessary  for ac tiv a tio n . 
T h u s , th e  succinic d eh y d ro g en ase  enzym e m olecule is p resen t in  th e  cells h u t 
th e  o p tim u m  am ount re q u ire d  for a c tiv a tio n  is m issing. A n o th e r possib ility  is 
t h a t  th e  g ran u la tio n  tissu e  c o n ta in s  such a succinic dehydrogenase  isoenzym e 
w h ich  re q u ire s  some o th e r q u a n t i ty  of, u b iq u in o n e  for its  a c tiv a tio n . T h e  la t te r  
seem s to  be  supported  b y  th e  fa c t th a t ,  acco rd ing  to  our d isk  e lec tro p h o re tic  
s tu d ie s , m enad ione w ould  a c tiv a te  m erely  one o f th e  succinic d eh ydrogenase  
iso en zy m es.
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H IS T O C H E M ISC H E  U N D  B IO C H E M IS C H E  U N T E R S U C H U N G  D E R  E L E K T R O N E N ­
T R A N S P O R T IE R E N D E N  E N Z Y M E  D E S  R H E U M A T O ID E N  B IN D E G E W E B E S

D. TANKA und MARIA KELLER

D as o xydative  E n z y m sy s te m  der M em brana  sy n o v ia lis  bzw . des rh e u m a to id e n  K n o ten s  
v o n  K ra n k en  m it rh e u m a to id e r  A rth ritis  w u rd e  m itte ls  h is to ch em isch e r und  b iochem ischer 
V erfah ren  u n te rsu ch t. D en  E rg ebn issen  nach ist in der M e m b ran a  synovia lis der K ra n k en  m it 
rh e u m a to id e r A rth ritis  die S u k z in o d eh y d ro g e n asea k tiv itä t w esen tlich  höher als in den K on- 
tro ll-S y n o v ia lm em b ran en , a b e r  noch erheb licher is t sie in  d en  rh e u m a to id e n  K n o te n , in denen  
n u r  die die Palisade b ild en d en  Zellen eine S u k z in o d e h y d ro g e n a se a k tiv itä t aufw eisen . M it Me- 
nad ion  lä ß t sich im V erg le ich  zu den K o n tro llen  sehr b e d e u te n d e  S u k z in o d eh y d ro g en aseak ti-  
v isieru n g  aufzeigen. D er G e h a lt an  red u zierb a rem  U b iq u in o n  is t in der rh e u m a to id e n  M em ­
b ra n a  synovia lis und in den  rh eu m a to id en  K n o ten  um  m eh re re  G rö ß enordnungen  hö h er als 
in den  K ontro llen .

ГИСТОХИМИЧЕСКОЕ И БИОХИМИЧЕСКОЕ ИЗУЧЕНИЕ 
ЭЛЕКТРОННОТРАНСПОРТНЫХ ЭНЗИМОВ РЕВМАТОИДНОЙ 

СОЕДИНИТЕЛЬНОЙ ТКАНИ

Д . ТА Н КА  и М А РИ Я  К Е Л Л Е Р

Окислительная энзиматическая система синовиальной оболочки или ревматоид­
ного узла больных ревматоидным артритом была изучена с помощью гистохимических и 
биохимических методов. Согласно результатам в синовиальной оболочке болных ревма­
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тоидным артритом активность сукцинодегидрогеназы намного выше чем в контрольных 
синовиальных оболочках, и она еще выше в ревматоидных узлах, в которых активность 
сукцинодегидрогеназы выявляема только в клетках, образующих палисад. При помощи 
менадиона удалось выявить по сравнению с контролями очень значительную активность 
сукцинодегидрогеназы. Содержание востановливаемого убихинона в ревматоидной сино­
виальной оболочке и в ревматоидных узлах превышает на многие порядки величин его 
концентрацию в контролях.

D r. D ezső T a n k a  I O rszágos R eum a és F iz io te ráp iás  In té z e t,
D r . M ária  K e l l e r  J H -1525  B u d ap est, Pf. 54.. H u n g ary
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Second In s t i tu te  o f P a th o lo g y , Sem m elw eis U n iv e rs ity  M edical School, B udapest

INFLUENCE OF MEMBRANE ACTIVE SUBSTANCES 
ON CELL SURFACE MORPHOLOGY OF CULTURED 

AORTIC ENDOTHELIAL CELLS

É va C s o n k a ,  В. B e r n o l á k , A. S. K o c h  and H . J e l l i n e k  

(R eceived O c to b er 26, 1976)

1. T he ch an g es occurring  on th e  su rface  of c u ltu re d  ao rtic  en d o th e lia l cells u n d e r 
th e  influence o f exogenous cholesterol, ly so lec ith in , o r cholesterol ly so lec ith in  were 
pursued by  scan n in g  an d  tran sm iss io n  e lec tro n  m icroscopy .

2. B o th  co m p o u n d s were fo u n d  to  cause  su rface  changes u n d e r d iffe ren t q u a n ­
tita tiv e  re la tio n s , as show n by scan n in g  e lec tro n  m icroscopy  of un fix ed  p rep ara tio n s . 
T he changes w ere less significant in  p re p a ra tio n s  fix ed  p rio r to  th e  scan n in g  — or 
tran sm iss io n  e le c tro n  m icroscopic e x am in a tio n .

3. O th e r cell lines m ain ta in ed  in th is  la b o ra to ry  and  sim ilarly  tre a te d  w ith  
cholesterol, w ere  fo u n d  to  be less resp o n siv e  th a n  th e  en d o th e lia l cells.

4. C holestero l co n te n t was d e te rm in ed  b y  th in  lay er ch ro m a to g ra p h y  in six 
d ifferent cell lines, before  and a f te r  th e  ad d itio n  o f cholestero l. Only th e  en d o the lia l 
cells show ed a n o ta b le  rise  of cholesterol c o n te n t a f te r  t re a tm e n t. T h is fa c t m ay  confirm  
our find ing  th a t  cho lestero l induced  m orpho log ical changes w ere d em o n s trab le  only 
in th e  en d o th e lia l cells.

A m ong th e  ce llu la r com ponents o f th e  v a sc u la r  w all th e  en d o th e lia l cells 
p lay  in all p ro b a b ility  a m ajo r role in th e  d ev e lo p m en t o f in itia l a thero sc le ro tic  
changes. V arious b lo od-bo rne  m ateria ls , w hich m ay  in ju re  th e  vessel wall, are 
co n tac tin g  the  en d o th e lia l cells f ir s t , an d  th e  p e rm e a b ility  of th e  en do the lia l 
cell m em branes am o n g  o thers allows th e  passage  of such m ate ria ls  across, or 
th e ir  deposition , in  th e  vessel wall. T h e  in fluence  of m em brane ac tive  su b ­
stances has chiefly  been  s tud ied  in  vitro  cell cu ltu re s , because th e  in  vivo  app roach  
is ex trem ely  d ifficu lt. Since the  v a rious cell ty p es  m ay  have d issim ilar functions, 
cu ltu red  hom ogeneous cell popu la tions arc  th e  idea l m odels for such  in v es ti­
gations.

In  th is  la b o ra to ry  a pure en d o th e lia l cell line [2, 3] was o b ta in e d  from  
pig ao rtic  en d o th e liu m . T he cu ltu red  cells w ere id en tif ied  as tru e  en d o the lium , 
b y  lig h t and  e lectron-m icroscopic  m orpho logy . A m ong th e  m an y  fac to rs 
invo lved  in a thero g en esis , cholesterol an d  ly so lec ith in  were s tu d ied  for th is  
in fluence  on c u ltu re d  endo thelia l cells, in  th e  f i r s t  s tage  chiefly  b y  m orpho log­
ical m ethods. B o th  com pounds are  ac tin g  on th e  cell m em brane. I t  is know n 
th a t  a h igh-cholestero l d ie t in jures th e  ao rtic  en d o th e lia l cells o f ex p erim en ta l 
an im als [1]. C holestero l, being a n o rm al co m p o n en t o f th e  cell m em brane , 
in fluences its  physica l an d  chem ical p ro p ertie s , in c lu d in g  p e rm eab ility . L ysolec­
ith in  has been show n to  be p resen t a t  e lev a ted  levels in  th e  in tim a  an d  m edia
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o f  th e  a therosclero tic  a o r ta  [5]. I t  is also know n th a t  ly so lec ith in  in ju re s  th e  
cell m em b ran e .

I n  view  of these  co n sid e ra tio n s , th e  p ro b ab le  in ju ry  of th e  su rfaces of in  
vitro  cu ltu red  aortic  en d o th e lia l cells b y  cho lestero l an d  ly so lec ith in  w as 
s tu d ie d  by  scanning an d  tra n sm iss io n  e lec tron  m icroscopy. O th e r cell lines 
a v a ila b le  in  th is la b o ra to ry  w ere  sim ilarly  exam ined  for com parison . F u r th e r ­
m o re , th e  cholesterol c o n te n ts  of in  vitro  cu ltu re d  en d o the lia l an d  o th e r  cells 
w e re  assessed by th in  la y e r  c h ro m a to g ra p h y  before  an d  a fte r  th e  a d d itio n  of 
ch o le s te ro l.

M a te r ia l s  a n d  m e th o d s

Cell cu ltures

P assag es 7 to 10 of th e  m in ia tu re -p ig  ao rtic  en d o th e lia l cell cu ltu re  B A E C -203 (B u d a ­
p e s t  A o rtic  E ndo the lia l Cell L in e ), m a in ta in ed  in th is  lab o ra to ry .

P assages 104 to  110 of th e  m o d ified  h e terop lo id ic  ao rtic  sm o o th  m uscle cell lin e  BASC-76 
( B u d a p e s t  A ortic Sm ooth  Cell L in e ), o b ta in ed  from  m in ia tu re -p ig  a o rta  an d  m a in ta in e d  in 
th is  la b o ra to ry .

G uinea-p ig  fib ro b last cell lin e  T -23, m a in ta in ed  in  th is  lab o ra to ry .
M onkey  kidney ep ith e lia l cell line  I I I / l  (N a tio n a l In s t i tu te  of P ub lic  H e a lth , B u d a ­

p e s t) .
H e L a  in te rn a tio n al s ta n d a rd  cell s tra in .
B H K  suckling h a m s te r  k id n e y  cells, in te rn a tio n a l s ta n d a rd  s tra in .
A ll cell cu ltures used  in  th e  e x p e rim e n t w ere g row n in  P a rk e r-199 m ed iu m  co n ta in in g  

10%  c a lf  serum . Cultures g row n in  2 l itre  R o u x-flasks w ere used  for th in  lay e r c h ro m a to g ra p h y , 
a n d  co v erslip  cultures grow n in  L e ig h to n  tu b es  for scann ing  e lectron  m icroscopy.

T rea tm en t w ith cholesterol and lyso lecith in

A  10 ~2M stock so lu tio n  w as  p re p are d  from  cho lestero l (NBC, USA, S. C. W . g rade) 
in  d im e th y l  form am ide (F o rm -d im e th y l-a m id e , B D H , E n g lan d ). F u r th e r  d ilu tio n s  o f th e  
s to c k  so lu tio n , ranging from  1 0 -4 M to  10_2M, w ere p re p are d  in  P arker-199  m ed iu m  co n ta in in g  
10%  c a lf  serum . The en d o the lia l cells w ere in cu b a ted  in  th e  n u tr ie n t  m ed ia  co n ta in in g  d iffe ren t 
c o n c e n tra t io n s  of cholesterol a t  37 °C for 24 hours.

T h e  lysolecithin (C alb iochem . L o t. 400205 В g rad e  M. W. 497.7) stock  so lu tio n , also 
10 _2M , w as prepared  in PB S  (p H  7 .2), to  w hich  c ry sta llin e  b o v ine  a lb u m in  w as a d d ed . F u r th e r  
d i lu t io n s  w ere prepared  as ab o v e, in  P ark er-1 9 9  m ed ium  co n ta in in g  10%  ca lf serum . T he cells 
w ere  in c u b a te d  in the  ly so lec ith in -co n ta in in g  m ed ium  fo r 24 hours.

T h in  la yer chromatography

Cells cu ltu red  in R o u x -flask s  w ere w ashed  in  P B S , d e tach ed  from  th e  glass b y  tr e a tm e n t  
w ith  0 .2 5 %  try p sin  and 0 .1%  v e rsen e , an d  dissolved in PB S. T he cell suspension  so o b ta in ed  
w as w a sh e d  by  cen trifugation  in  P B S . In  each  te s t  3 X 107 cells w ere used , in  1 m l to ta l  volum e. 
T h e  cells w ere d isrup ted  b y  th re e  cycles o f  freezing and  th aw in g , th e n  in cu b a ted  fo r 5 m in u te s  
in  a  50 °C w ater b a th  a fte r  th e  a d d itio n  of 10 m l c h lo ro fo rm -m e th an o l (1 : 1) m ix tu re , and  
p a sse d  th ro u g h  filte r paper. T he f i l t r a te  w as e v ap o ra te d  an d  th e  residue w as re su sp en d ed  in 
1 m l ch lo ro fo rm -m e th an o l ( 1 : 1 )  m ix tu re .

T h e  cholesterol co n te n t o f  th e  n u tr ie n t  m edia  w as d e te rm in ed  by  sh ak in g  o u t th re e  
t im e s  w ith  ch lo ro fo rm -m eth an o l (1 : 1) in  10 ml lo ts , th e n  tre a te d  fu r th e r  as above. T he calf 
se ru m  a d d e d  to  the  n u tr ie n t m ed iu m  was checked by  processing  a 1 m l a m o u n t o f i t  in th e  
u n d i lu te d  s ta te  as above.

T h e  cholesterol con tro l series w as d ilu ted  in  c h lo ro fo rm -m e th an o l (1 : 1).
T h in  layer ch ro m a to g rap h y  w as carried  o u t as p ro p o sed  by  P il z  and  F r i c k  [4] and 

Z ö l l n e r  a n d  W o l f r a m  [9] using  P cR  gram  Sil. G. M acherey  — N agel p la tes.
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Scanning electron microscopy

1. T h e  coverslip  c u ltu re s  w ere w ashed in PB S , r in se d  th ree  tim es for 1 second in d is tilled  
w a ter a n d  w ere im m edia te ly  m o u n te d  on copper p la te  a n d  d ried  in vacuum . P re ssu re  w as re ­
duced g ra d u a lly  to  10_:{ m m  H g  in 10 m inu tes, an d  to  5 X 10~5 m m  Hg in a n o th e r 10 m in u te s . 
The coverslip  cu ltu res  were fix ed  for 2 hours in 6%  g lu ta ra ld e h y d e  con ta in ing  H o lt so lu tio n , 
w ashed in p h o sp h a te  buffered  sa line  a f te r  f ix a tio n , a n d  d e h y d ra te d  in s tep -g rad ed  e th a n o l 
and ace tone .

Pieces o f th e  coverslip , c a rry in g  th e  d iffe ren tly  p rocessed  cells were co a ted  w ith  c a rb o n  
(50 Â th ic k )  an d  gold (200 A th ick ), an d  shadow ed w ith  co p p er a t  th e  angle of 20°. T h e  p re p ­
a ra tio n s  w ere exam ined  in a scan n in g  a d ap te r  co n n ec ted  w ith  a  JE M  100 В e lec tro n  m ic ro ­
scope, a t  40 K V  vo ltage  an d  60 // beam  am perage.

T ransm ission  electron microscopy

F o r tran sm iss io n  e lec tro n  m icroscopy  th e  cells w ere g row n in F a lkon  p las tic  f la sk s . A fte r 
o u tg ro w th  o f th e  cell sheet, th e  p re p a ra tio n  was f ix ed  in  2 .5%  g lu ta ra ld eh y d e  for 1 h o u r  an d  
p o stfix ed  in 1%  OsOj for 30 m in u te s . B o th  fix in g  p ro c ed u re  w ere followed by  w ash in g  for 
2 x 1 0  m in u te s  in  p h o sp h a te  b u ffer p H  7.3. A fter ra p id  d e h y d ra tio n  in step -g rad ed  e th a n o l, 
th e  specim ens w ere em bedded  in  A ra ld ite . T he u l t r a th in  sec tions were s ta in ed  w ith  u ra n y l 
ace ta te  an d  lead  c itra te . T he p re p a ra tio n s  were ex am in ed  in  a JE M  100 В e lectron  m icroscope.

R esults

F ig u re  1. The en d o th e lia l cells in c u b a te d  in  th e  presence of ch o leste ro l a t  
v a rio u s co n cen tra tio n s  ca rried  on th e ir  su rfaces m an y  sm all p its a b o u t 1500 A 
in d iam e te r, and  th e  cell m arg ins were in d e fin ite . T he degree of th is  su p erfic ia l 
change w as decreasing as th e  co n cen tra tio n  o f cho lestero l was red u ced .

F ig u re  2 /a—g. Since a t  low m ag n ifica tio n , m an y  p its  were seen on th e  
surface o f u n tre a te d  en d o th e lia l cells, h igh  m ag n ifica tio n  scann ing  e lec tro n  
m icrog raphs were p rep a red  of cholestero l t r e a te d  an d  u n tre a te d  cells fo r th e  
sake o f com parison . T he p its  on th e  u n tre a te d  cells were considerab ly  la rg e r 
and d iss im ila r in size as co m p ared  to  th e  p its  t r e a te d  cells, w hich h a d  a m ore 
even ap p earan ce . A t h igh m agn ifica tion  th e  cell surface appeared  sm o o th , an d  
th e  co n fig u ra tio n s seen u n d e r low pow er as sm all rose tte-like  g ro u p s w ere 
id en tified  as gaps th ro u g h  w hich th e  orig inal cell surface becam e v isib le . In  th e  
con tro l cells, th e  s tru c tu re s  ap p earin g  like p its  u n d e r  low pow er w ere in d e n tif ie d  
as sm all pores in  an in tr ic a te  surface s tru c tu re .

F ig u re  3. Since th e  co lestero l d ilu tions w ere p rep a red  in d im e th y l-fo rm a­
m idé, th e  10~4M d ilu tio n  of cholesterol c o n ta in e d  10~ :! (v/v) c o n c e n tra tio n  
of th e  d ilu e n t. F o r th is  reason , th e  d ilu en t w as checked  for in fluence on th e  cell 
surface. I t  did in fac t cause changes on th e  cell surface, th u s , th e  a lte ra t io n  
caused b y  10~4M cholestero l in 1 0 ~3 (v/v) d im e th y l fo rm am ide w ere a t t r ib u te d  
to  b o th  com pounds.

S cann ing  electron  m icrographs w ere m ad e  of th e  cholesterol t re a te d  
la b o ra to ry  cell lines, fo r th e  sake of co m p ariso n . These were in fa c t co n sid ­
e rab ly  less affected  b y  cho lestero l th a n  th e  en d o th e lia l cells, an d  did  n o t 
show sig n ifican t m orphological changes. S ince th e  d ifferen t cell cu ltu re s

A r i t  I M o rp lw lo fiic 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  2 5 , 1 9 7 7
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Fig. 1. S canning  e lectron  m icrograph  of en d o the lia l cells tr e a te d  w ith  cholestero l a t  d ifferen t con cen tra tio n s . C =  con tro l. X2000
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Fig. 2. Scanning electron  m icrographs of c u ltu red  en d o the lia l cells tre a te d  and  no t t re a te d  w ith  10- , M cholesterol, a) U n tre a ted  cell. 
X 1500; b) u n tre a te d  cell, x  10.000; c) u n tre a te d  cell, X 50,000; d) cell tre a te d  w ith  10 M cholestero l, X 1500; e) cell tre a te d  w ith  10-4M

cholestero l, x  10,000; f) cell tre a te d  w ith  10- , M cholestero l, X 50,000
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F ig . 3. Scanning e lectron  m ic ro g rap h s  of d im ethy l fo rm am id e-trea ted  en d o th e lia l cells.
a) X 1500; b) X 3000

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  2 5 , 1977

Fig. 4. C holeste ro l co n te n t in va rio u s cell lines



A
c ta M

orphologien A
cadeiniae Scicnliarum

 H
ungaricae 25, 1977

F ig .  5

C
U

L
T

U
R

E
D

 A
O

R
TIC

 E
N

D
O

T
H

E
L

IA
L

 C
ELLS 

153



A
d

a
 M

orphologien A
cadem

iae Scientiariim
 H

ungaricae 25, 1977

Fig. 5. E ffec t o f cholestero l an d  lyso lec ith in  on  c u ltu red  en d o the lia l cells. E ffec t of t r e a tm e n t w ith  lyso lecith in . a —b —c) cells t re a te d  
w ith  1 0 -JM lyso lec ith in  xlOOO, X 3000, x20,000; d — e - f )  cells tr e a te d  w ith  10->M ly so lec ith in  fo r 24 h o u rs  x 1000, X  X 3000, x  10,000;

g — h —i) effect o f tre a tm e n t w ith  lyso lecith in-cholestero l
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Fig. 6. S can n in g  electron  m ic ro g rap h s of fixed e n d o th e lia l cells t re a te d  and  not t r e a te d  w ith  
10~'M  cholestero l, a) u n tre a te d  cells, X2000; b) cell t r e a te d  w ith  10_1M cholesterol. x 2 0 0 0

responded  in  a d ifferen t m an n er, th ey  w ere ex am in ed  by  th in  layer c h ro m a ­
to g rap h y  for cholesterol c o n te n t before an d  a f te r  t re a tm e n t.

F igure  4. The cho lestero l co n ten ts o f th e  ex am in ed  cells differed w ith  th e  
ty p es a lth o u g h  th e  sam e n u tr ie n t m edium  w as used  for all. The cho leste ro l 
c o n te n t d id  no t change on 24 hour in c u b a tio n  w ith  1 0 4M cholesterol in  a n y  
ty p e  ex cep t in th e  en d o th e lia l cell, in w hich  i t  ro se  considerab ly .

F ig u re  5 a— i. T re a tm e n t of th e  ce!!° w ith  10~4M lysolecithin caused m u ch  
less p ro n o u n ced  changes th a n  tre a tm e n t w ith  cho leste ro l a t an id e n tic a l 
co n cen tra tio n  (F ig. 5 a — c). I f  a fte r 24 -hour ex p o su re  to  lyso lecith in  th e  cells 
were ad d itio n a lly  tre a te d  w ith  cholesterol, th e  su rface  changes reached  m a x i­
m um  degree (F ig . 5 d— f). If, how ever, 1 O ' M ly so lec ith in  and  10 ~4 M cho leste ro l 
were a d d ed  sim u ltan eo u sly  to  th e  n u tr ie n t  m ed iu m  in w hich the cells w ere 
in cu b a ted  for 24 hours, on ly  m odera te  chan g es developed  on th e  su rface  
(Fig. 5 g — i).

F igu re  6/a — h. Cell m orphology  is o b v io u sly  a ffec ted  by  th e  f ix a tio n  p ro ce ­
dures. T ransm ission  e lec tro n  m icroscopic e x a m in a tio n s  can n o t be p e rfo rm ed  
on u n fix ed  p rep ara tio n s . T h u s, for com parison , cho lestero l tre a te d  an d  fix ed  
en d o the lia l cells were s tu d ie d  also by scan n in g  e lec tro n  m icroscopy. In  f ix e d  
p re p a ra tio n s  th e  d ifferences betw een th e  ch o leste ro l tre a te d  and co n tro l cells 
w ere u n im p o rta n t. T he m orphology of th e  c u ltu re d  endothelia l cells w as, 
how ever, fa irly  d ifferen t accord ing  to  th e  m e th o d  o f fix a tio n .

F ig u re  7 /a— c. B y tran sm issio n  e lec tro n  m icroscopy  th e  effect o f 1 0 -4M 
cholesterol was d em o n strab le  by the  s ig n if ic a n t increase in th e  n u m b e r  of 
lipid inc lusions, as co m p ared  to  the  co n tro l. A t low er co n cen tra tions of ad d e d

6 * Ada Morphologien Acadcmioe Scientiarurn Hungaricae 25, 1977
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P

F ig .  7. T ransm ission  e lec tro n  m icrographs o f ch o lestero l a n d  lysolecithin tre a te d  c u ltu re d  endo  
th e l ia l  cells, a) u n tre a te d  co n tro l cell, x 8 0 0 0 ; b) cell t r e a te d  w ith 10-4M cholestero l. X 8000 

c) cell t re a te d  w ith  1 0 _4M cholestero l a n d  10 -4 M lysolecith in , X 8000
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cholesterol th e  n u m b er of lip id  inclusions w as n o t sign ifican tly  h ig h er th a n  
usually  seen in  cu ltu red  cells. If, how ever, 1 0 -4M cholesterol an d  1 0 -4 M 
lyso lecith in  w ere added  s im u ltan eo u sly  to  th e  cells fo r 24 hours, only m o d e ra te  
changes w ere observed . This w as in acco rd an ce  w ith  th e  observations m a d e  b y  
scanning e lec tro n  m icroscopy.

Discussion

T he p re se n t resu lts  c learly  show th a t  th e  d iffe ren t cell types re sp o n d e d  in  
a d iffe ren t m an n e r to  exogenous cho lestero l. T h e  still diploidic en d o th e lia l cell 
cu ltu re  w as m ore sensitive to  cholesterol th a n  w ere th e  tw o o ther cell lines. 
As to  th e  m orphological d e ta ils  of th e  change, o u r in te rp re ta tio n  is still h y p o th e t ­
ical. R eference should  be m ad e  to  th e  o b se rv a tio n  of R o t h b l a t  [7, 8 ] t h a t  on 
exposure to  h y perlipaem ic  serum  m any  v acuo les are  in  th e  cy toplasm  o f in  vitro  
cu ltu red  h e p a to m a  cells an d  th e  iso la ted  vacu o les  con ta ined  cho lestero l e s te r . 
On th e  o th e r  h an d , n o t all cell ty p es  a c c u m u la ted  cholesterol in th is  m a n n e r .

R ed u c tio n  of cell m em b ran e  flu id ity  is a n o th e r  know n effect of ch o leste ro l. 
The change, ta k in g  place in  th e  m em b ran e  s tru c tu re  of endothelia l cells u n d e r  
the  in flu en ce  o f cholestero l, is p ro b ab ly  such  t h a t  th e  subsequen t sh o rt ex p o su re  
to  d istilled  w a te r  can b rin g  a b o u t v isib le  chan g es on th e  surface. R in s in g  o f 
u n tre a te d  co n tro l cells in d istilled  w a te r  did no re su lt in sim ilar ch an g es. T h e  
in te n s ity  (degree) of th e  changes was d ec reasin g  paralle l w ith  th e  ris in g  
d ilu tions of cholestero l. T h is can  be ra g a rd e d  as an  ind irec t p roof o f th e  sp ec i­
fic ity  o f  th e  cholestero l effect.

As rev ea led  b o th  by SEM  and Т Е М , on ly  m in im al changes o ccu rred  in  a 
second e x p e rim en ta l series, in w hich eq u im o la r q u a n titie s  of cho leste ro l an d  
lvso lecith in  w ere sim u ltan eo u sly  ad d ed  to  th e  cell suspension. T he o b se rv a ­
tion  fb] th a t  cholestero l an d  lyso lecith in  fo rm  a stab le  com plex an d  e lim in a te  
each o th e r’s ac tion  w hen m ixed  a t eq u im o la r co n cen tra tio n s, m ay a c c o u n t fo r 
th e  p h en o m en o n .

T h e  su rface  of u n tre a te d  cells s tu d ie d  b y  scann ing  electron m icro sco p y  
of u n fix ed  p re p a ra tio n s  w as considered  to  re p re se n t the  least d is to rted  n o rm a l 
m orphology . T he changes observed  a fte r  t r e a tm e n t  w ith  cholesterol a t  low  
co n cen tra tio n s  were th e re fo re  accep ted  as signs of a specific effect. F ix a tio n  
procedures them selves m ay  cause som e m in o r changes in th e  n o rm a l u l t r a ­
s tru c tu re , th u s , p ro b ab ly  m ask ing  th e  fin e  effects of low c o n cen tra tio n s  of 
cholesterol on th e  Aveak m olecular in te ra c tio n s  w ith in  th e  cell m e m b ra n e .

W e are  aw are th a t  w hen  ev a lu a tin g  th e  cell cu ltu re  exp erim en ts , co n s id ­
eration  should  be given to th e  fac t th a t  scores o f fac to rs o ther th a n  ch o leste ro l 
are in flu en c in g  th e  fu n c tio n  o f th e  sam e cells in  vivo. The ex p erim en ta l re su lts  
o b ta in ed  w ith  in  vivo  cu ltu red  cells a re  re la te d  to  iso lated  fu n c tio n s , an d  
conclusions to  in  vivo re la tio n s can only be d raw n  from  them  w ith due c ritic ism .

Acta Xlorphologica Acadetniae Scipntiarum Hungaricae 25, 1977
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D IE  U N T E R S U C H U N G  D E R  W IR K U N G  M E M B R A N A K T IY E R  S T O F F E  A U F  
D E R  M O R P H O L O G IE  D E R  O B E R F L Ä C H E  G E Z Ü C H T E T E R  E N D O T H E L IA L Z E L L E N

D E R  A O R T A

É. CSONKA, В. BERNOLÁK, A. S. KOCH und H. JELLINEK

1. V erfasser u n te r s u c h te n  m itte ls scann ing- u n d  transm issio  n s-e lek tro n en m ik ro sk o - 
p isc h e r  M ethode die a u f  de r O berfläche der in v i tro  g e zü c h te ten  E n  do thelia lze llen  d e r A o rta  
v o r  sich  gehenden V e rän d e ru n g e n  u n te r  E in w irk u n g  C h o le s te rin , L isolezith in  u n d  a u f  W irk u n g  
b e id e r  Stoffe gem einsam .

2. Beide u n te rs u c h te n  V erb indungen  riefen  u n te r  versch iedenen  q u a lita tiv en  B e d in g u n ­
gen  V erän d eru n g en  an  de r Z elloberfläche h e rv o r, w e n n  d ie  Zellen im u n fix ie rtem  Z u s tan d  
m it te ls  scann in g -e lek tro n en m ik ro sk o p isch er M ethode u n te r s u c h t  w urden. D ie V e rän d e ru n g e n  
w a re n  weniger b e w e rtb a r , w en n  die Zellen in f ix ie r te m  Z u stan d  m itte ls  scan n in g -M eth o d e  
o d e r  m itte ls  T ran sm iss io n s-E lek tro n en m ik ro sk o p es u n te r s u c h t  w urden.

3. Zecks V ergleiches u n te rsu c h te n  V erfasser a u c h  die Zelloberfläche v e rsch ie d en e r  L a ­
b o ra to r iu m s-Z e llk u ltu ren  n ach  B ehandlung  m it C h o les te rin  und  diese reag ierten  w en ig er a u f  
d ie  C ho les te rin b eh an d lu n g  als d ie E n d o the lia len  Z ellen .

4. M ittels D ü n n sch ich tc liro m ato g rap h e  v e rg lich e n  V erfasser den C h o les te rin g eh a lt von  
sech s versch iedenen  Z e llk u ltu ren  vo r und  nach  H in z u g a b e  v o n  C holesterin. N u r bei d en  e n d o ­
th e lia le n  Zellen v e rg rö ß e rte  sich  a u f  E inw irkung  ex o g en e n  C holesterins der C h o les te rin g eh a lt 
b e d e u te n d . Das u n te r s tü tz t  je n e  B eobachtung , la u t  w e lch er die durch  C holesterin  h e rv o rg e ­
ru fe n e n  b e d eu ten d en  m orpho log ischen  V erän d eru n g en  n u r  an  einer K u ltu r  v o n  E n d o th e lia l­
z e llen  b e o b ac h te t w erd en  k o n n ten .

ИЗУЧЕНИЕ МЕМБРАННО-АКТИВНЫХ ВЕЩЕСТВ НА МОРФОЛОГИЮ 
ПОВЕРХНОСТИ КУЛЬТИВИРОВАННЫХ ЭНДОТЕЛИАЛЬНЫХ КЛЕТОК АОРТЫ 

ЕВА  Ч О Н К А , Б . Б Е Р Н О Л А К , А. Ш. К О Х , X . Й Е Л Л И Н Е К

1. Авторы изучали методом отражательной (сканирование) и трансмиссионной 
электронной микроскопии изменения, происходящие под действием холестерина, лизо 
лецитина или после совместного введения этих веществ на поверхности эндотелиальных 
клеток аорты, культивированных in vitro.

2. В случае изучения клеток без фиксации методом отражательной электронной 
микроскопии оба соединения вызвали изменения поверхности клеток, при различных 
количественных условиях. Изменения были труднее оценимы, когда клетки изучались ме­
тодом отражательной или трансмиссионной электронной микроскопии без фиксации.
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3. В целях сравнения изучалась также поверхность клеток других лабораторных 
клеточных культур, после введения холестерина. Оказалось, что они реагировали в мень­
шей мере на холестерин, чем эндотелиальные клетки.

4. Методом хроматографии на тонком слое авторы сравнивали содержание холесте­
рина 6 различных клеточных культур до и после добавления холестерина. Под влиянием 
экзогенного холестерина значительное повышение его содержания наблюдалось только в 
эндотелиальных клетках. Этим подкрепляется прежнее наблюдение авторов, согласно 
которому более значительные морфологические изменения, вызванные холестерином, 
удалось выявить только в культурах эндотелиальных клеток.

D r. É v a  Cs o n k a
Sem m elw eis O rv o stu d o m án y i E gye tem
I I .  sz. K ó rb o n c tan i In té z e t
H -1450 B u d ap est, Üllői ú t 93., H u n g a ry

D r. B éla  B e r n o l Ák 
D r. A. Sándor К о е н  
D r. Harry J e l l i n e k
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D e p a rtm e n t of Zoology, College of B asic Sciences and H u m an ities , P u n jab  A g ric u ltu ra l U n i­
v e rs ity , L u d h ia n a , In d ia

COMPARATIVE DIMENSIONAL CHARACTERISTICS 
OF SPERMATOZOA IN MURIDAE

K . S . S lD H U  and S . S . G u r a y a  

(R eceived D ecem ber 11, 1976)

A co m p a ra tiv e  s tu d y  has b e en  m ade of th e  d im ensional ch ara c te ris tic s  in  six  
species of M uridae  ( M alardia m ellada , Bandicota bengalensis, A lbino rat, R a ttu s norvé­
giens, M us booduga, R attus ra ttus). C h a rac te ris tic  differences were found  in th e  d im en sio n s 
of th e ir  sp e rm ato zo a . H ead d im en sio n s v iz ., acrosom e leng th , w id th , a rea  a n d  p o st-  
acrosom al a rea , v a ry  s ign ifican tly  b e tw een  d iffe ren t species b u t th e  d iffe ren ces a re  
sign ifican t w 'ithin ind iv iduals o f th e  sam e species. F lagellum  dim ensions v iz ., m id -p iece  
leng th , b re a d th , a rea  and m ain-p iece  len g th  also v a ry  s ign ifican tly  b e tw een  d if fe re n t 
species; w ith in  in d iv id u a ls  of th e  sam e  species th e  d ifferences are no t sig n ifican t e x c e p t  
fo r m id-piece b re a d th ,  w hich v a rie s  sig n ifican tly  b o th  betw een  and  w ith in  th e  spec ies. 
T he ra tio  o f flage llum  to  head v a r ie s  s ign ifican tly  b e tw een  species b u t th e  d iffe ren ce  
is n o t sign ifican t w ith in  in d iv iduals o f  th e  sam e species. T he significance of th e  v a r ia b il ­
ities is discussed.

I n t r o d  no tion

V aria tions in  th e  p h en o ty p e  o f  sp e rm ato zo a  in  d ifferen t v e r te b ra te  a n d  
in v e r te b ra te  species, in d ep en d en t o f  age an d  o th e r  non-genetic  fac to rs  h av e  
been rep o rted  [2, 5, 6 , 9, 14]. B e a t t y  [3] suggested  th e  genetic con tro l o f th e  
size an d  shape o f d ifferen t p a r ts  o f  organelles o f m am m alian  sp e rm a to z o a . 
B r a d e n  [6] d e m o n s tra te d  th e  f ir s t  genetica lly  con tro lled  d ifferences in  size 
an d  shape of th e  m ouse sp erm ato zo o n  head . In h e rite d  varia tio n s in th e  d im e n ­
sions of sp erm ato zo a  have  been show n to  ex ist be tw een  in b red  s tra in s, w h ich  are  
no t affec ted  by th e  env ironm en t. T h e  p re sen t s tu d y  was u n d e rta k e n  to  d e te r ­
m ine th e  degree o f v a riab ility  in  c o m p a ra tiv e  d im ensional ch a ra c te ris tic s  of 
sp e rm ato zo a  in som e closely re la te d  species of M uridae. An ad d itio n a l a im  w as 
to  d e te rm in e  w h e th e r th e  d im ensional ch a rac te ris tic s  of sperm ato zo a  can  be 
used  fo r tax o n o m ica l purposes.

M a te r ia l  a n d  m e th o d s

Sexually  m atu re  so ft fu rred  field ra t  (M alard ia  m eltada), In d ian  mole ra t ( B a nd ico ta  
bengalensis). In d ian  field  m ouse (M a s  booduga) , a lb ino  ra t,  N orw egian  ra t  (H attus norveg icus) 
and  house ra t  (R a ttu s  ra ttus)  were co llected  from  fields and  houses. T he testic les w ere ta k e n  
o u t, th e  ep id idym es w ere sep ara ted  a n d  w ashed  in physio logical saline. C audal se g m e n ts  of 
ep id id y m es were m inced  and  sperm s w ere su sp en d ed  in physio logical saline.

S m ears of sem en were p repared  on  g lass slides, fix ed  in aqueous B ouin’s f lu id  fo r  2 
ho u rs , w ashed in ru n n in g  w ater and th e n  m o rd e n te d  in 4 ° () iron  a lum in ium  for 1/2 h o u r, w a sh e d
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in  w a te r  an d  s ta in ed  w ith  iro n  h ae in a to x y lin  o v e rn ig h t. A fte r rep ea ted  w ash ing  in  ru n n in g  
w a te r  fo r  one h our, th e  sm e a rs  were d eh y d ra ted  in  a lcoho l series and  m o u n ted  in  D P X .

D im ensions o f  sp e rm a to zo a  were m easu red  acco rd in g  to  th e  m eth o d  o f B ea tt y  [3] 
u s in g  a  cam era  lu cida . S ta tis t ic a l  analysis w as m ad e  to  te s t  th e  significance of re su lts .

Observations

M ean sp e rin a to zo a l dim ensions in th e  d iffe ren t species are given in  T able 
I ,  th e  resu lts  of s ta t is t ic a l  analysis in  T ab le  I I .

O f th e  head  ch a ra c te ris tic s , acrosom e le n g th , w id th  and  a rea , an d  post- 
ac ro so m al area d iffered  s ign ifican tly  in  th e  six  species in v estig a ted . D ifferences 
in  th e se  ch a rac te ris tic s  in  ind iv iduals of th e  sam e species were n o t sign ifican t.

O f th e  flagellum  ch arac teris tics , m id -p iece  len g th  (b u t n o t m id-piece 
b re a d th ) , m id-piece a rea  an d  m ain-piece len g th  varied  s ig n ifican tly  betw een 
d iffe re n t species, b u t  w ith in  the  in d iv id u a ls  o f  th e  sam e species th e se  ch a rac ­
te r is tic s  did no t d iffer s ig n ifican tly  excep t fo r m id-p iece b read th , w hich  varied  
s ig n ifican tly .

T h e  ra tio  of flag e llu m  to  head also v a r ie d  s ig n ifican tly  betw een  d ifferen t 
species b u t  in th e  in d iv id u a ls  of sam e species th e  d ifferences w ere n o t sign ifican t.

Discussion

F r i e n d  [11] w as th e  firs t to  d e m o n s tra te  differences in sperm atozoon  
d im ensions in d iffe ren t m am m alian  species a n d  genetic  differences w ere d em ­
o n s tra te d  in  liv ing  sp e rm a to zo a  of in b re d  m ouse  s tra in s  [7, 8 ]. B e a t t y  and  
S h a r m a  [5] found  a s ig n ifican t v a r ia b ility  in  sev era l ch arac teris tics  o f sp e rm a­
to z o a  includ ing  b re a d th  an d  area of th e  h ead . In  th e  p resen t s tu d y , iso lated  
c h a ra c te ris tic s  of th e  h e a d  viz. acrosom e le n g th , acrosom e w id th , acrosom e area, 
a n d  postacrosom al a re a , h av e  been show n to  v a ry  sign ifican tly  in  th e  six d if­
fe ren t species (see T ab le  I). The sp e rm ato zo a  o f R attus rattus h ad  th e  largest 
ac rosom e area w hile th o se  o f Rattus norvegicus show ed th e  sm allest acrosom e 
a re a  am ong  th e  six species in v estig a ted . T h e  sp erm ato zo a  of R attus norvegicus 
h a d  th e  longest an d  th in n e s t  acrosom e. T h o se  o f R attus rattus had  th e  th ick es t 
ac rosom e. This v a r ia b ili ty  in  the  d im ensions o f sp erm  organelles suggests th a t  
th e  gen o ty p e  in fluences th e  sperm atozoal h e a d  sh ap e . Acrosom e area  in  M illar- 
d ia  m eltada , Bandicota bengalensis and . to  som e e x te n t, in  th e  albino rat was 
a lm o s t sim ilar. T h is hom o g en e ity  of th e ir  ac rosom e areas im plies t h a t  factors 
su ch  as age, w eight a n d  env iro n m en t h a v e  l i ttle  effect in  a lte rin g  th e  m ean 
acro so m al area ; th is  h om ogene ity  was o b se rv ed  by  B eat ty  an d  S harm a  [5] 
in m ice sperm atozoa.

C h arac te ristics o f  th e  flagellum  viz. m id-p iece  leng th , m id-piece w id th , 
m id -p iece  area an d  m ain -p iece  leng th  v a r ie d  sig n ifican tly  betw een  d ifferen t
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Table I

M ean dim ensional characteristics o f  spermatozoa in different species o f  M uridae* +

H ead F lagellum

Speciee

Dimensions (microns) Dimensions (microns)

Acrosomal
length

Aero some 
width

Aero some 
area

Postacrosome
area

Mid-piece
length

Mid-piece
width

Mid-piece
area

Main-piece
length

M illardia mellada 6.80 2.40 15.60 5.75 25.40 0.90 22.85 91.60

Bandicota bengalensis 5.10 3.00 15.30 6.60 22.20 0.85 18.85 56.20

Albino rat 5.80 2.70 14.54 5.15 23.60 0.80 18.85 70.00

R attus norvegicus 7.70 1.50 11.60 3.825 55.00 0.60 33.00 70.00

M us booduga 6.50 3.00 19.50 6.45 22.00 0.75 16.50 78.00

R attus rattus 6.80 3.20 21.75 6.70 23.00 0.55 12.60 55.00

* F ive sam ples in each case 
+ N um ber o f cells coun ted  per five sam ples

Table I I

‘ values to test the significance o f  differences in spermatozoal dim ensions betiveen and w ithin different species o f  M uridae

Sources of variation Acrosome
length

Acrosome
width

Acrosome
area

Post-
acrosomal

area
Mid-piece

length
Mid-piece
breadth

Mid-piece
area

Main-piece
length

Ratio of 
flagellum 
to head

B etw een species 24.87* 14.33* 10.16* 6.112* 129.55* 0.969* 19.53* 45.89* 11.113*

W ith in  species 0.202** 0.090** 0.986** 0.123** 0.043** 0.292* 2.55** 0.701** 0.133**

O'
CO

* Significant a t 1%  and 5%  levels 
** Insign ifican t a t  1%  and  5%  levels
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species (T able I I ) , w hile  th e ir  v a riab ility  w as n o t  significant in in d iv id u a ls  
b e lo n g in g  to  th e  sam e species. An excep tion  w as m id-piece b re a d th , w h ich  
v a rie d  sig n ifican tly  w ith in  ind iv iduals of th e  sam e  species hu t th e  d ifferences 
w ere n o t  sign ifican t b e tw een  different species. T h is  suggests th a t  m id-p iece  
b re a d th  m ay  be su scep tib le  to  env ironm en ta l an d  o th e r  non-genetic fa c to rs  [ 1].

T h e  in h e ritan ce  o f flage llum  length  in  d iffe re n t stra ins of mice has b een  
re p o r te d  [4, 5]. T h ere  occu r sign ifican t s tra in  d ifferences in m id-piece le n g th  
an d  b re a d th . S im ilar o b se rv a tio n s  have been  m ad e  in  bull and goat sp e rm a to ­
zoa [9, 12]. In  th e  p re se n t s tu d y  a s ign ifican t v a r ia tio n  was observed  in  th e  
m id -p iece  area of sp e rm a to z o a  in  d ifferent species, b u t  no significant d ifference  
in  m id-p iece  b re a d th  cou ld  be found as re p o r te d  also  by  Sharma [13]. D iffe r­
ences in  m id-piece b re a d th  were observed  in  d iffe ren t ind iv iduals o f hu ll 
sp e rm a to z o a  by  M u k h e r j e e  and and Sin g h  [12] w ho a ttr ib u te d  th ese  d iffe r­
ences to  th e  low m a g n ific a tio n  a t m easu rem en ts .

T h e  ra tio  of flag e llu m  to  head v aried  s ig n if ic a n tly  species b e tw een  b u t  
n o t s ig n ifican tly  w ith in  th e  sam e species.

T h e  p resen t s tu d y  show ed conspicious v a r ia tio n s  in the  d im en sio n a l 
c h a ra c te ris tic s  of sp e rm a to z o a  betw een d iffe re n t species of M uridae, w h ich  
a long  w ith  o ther m e th o d s  m igh t be used, fo r zoological classification  a t  th e  
species levels. Since m id -p iece  b re a d th  varied  s ig n if ic a n tly  w ith in  th e  in d iv id u a ls  
of th e  sam e species, th is  ch a rac te ris tic  is su scep tib le  to  environm enta l a n d  o th e r  
n o n g en e tic  fac to rs, hence  c a n n o t be used fo r c lassifica tion .

T h e  physio logical sign ificance of th e  v a r ia t io n s  in  sperm atozoal d im e n ­
sions in  d ifferen t species is n o t know n. T h ere  is som e selection of a p a r t ic u la r  
sp erm  sh ap e  d u ring  ev o lu tio n . Since th e  v a r ia b i l i ty  of flagellum  d im ensions 
w as c o m p a ra tiv e ly  m ore  s ign ifican t th a n  th e  v a r ia b ili ty  of head d im ensions 
se lec tio n  of th is  c h a ra c te r  seem s to  have been  fa v o u re d  during th e  e v o lu tio n  
of sp e rm  s tru c tu re . M orpho logy  of th e  sp e rm a to z o o n  is believed to  be re la te d  
in  som e w ay  to  th e  m ode o f fertilization  [10].

F u tu re  stud ies sh o u ld  be carried o u t to  d e te rm in e  the specific ro le  of 
th e se  v a ria tio n s  in  re la tio n  to  sperm  t r a n s p o r t ,  m atu ra tio n , fe r tiliz a tio n  
p ro b lem s, etc.
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B u r g o y n e  P . S.: (1970) M u ltiv a ria te  a n a ly s is  in th e  genetics of sp e rm ato zo o n  dim ension 
in m ice. Proc. roy. Soc. B. 175, 313 - 331.

V E R G L E IC H E N D E  U N T E R S U C H U N G E N  D E S  SP E R M A T O Z O E N -D U R C H M E S S E R S
VON M U R I D A E -A R T E N

Bei der vergle ichenden  U n te rsu ch u n g  v o n  6 M u ridae-A rten  ( M alardia m eltada . Bandi- 
cota bengùlensis, A lbino ra t, B attus norvegicus, A lu s  booduga. K attas rattus) w u rd e n  in den  D i­
m ensionen  der S perm atozoen  eigenartige U n te rsch ie d e  gefunden . D er D u rchm esser des K opfes, 
d ie L än g e , B reite  u n d  F läch e  der Acrosom e sow ie die F läch e  der P ostacrosom e zeigen bei den 
v e rsch ied en en  A rten e rh eb liche  U ntersch iede. In n e rh a lb  der gleichen A rt sind je d o c h  die Ab­
w eichungen  u n b ed eu ten d . D er S ch w an zd u rch m esse r, die L änge, B reite  u n d  F lä ch e  des M itte l­
a b s c h n it ts  der Sperm atozoen  sowie die L än g e  des H a u p tte ils  sind bei den e in ze ln en  A rten  
s ta rk  un tersch ied lich , w äh ren d  diese A bw eich u n g en  in n erh a lb  der Art n u r g e rin g  sin d , mit 
A u sn ah m e  der B reite  des m ittle ren  Teils, d ie sow ohl zw ischenartlich  als au ch  in n e rh a lb  der 
A rt b e d eu ten d e  A bw eichungen zeigt.

D ie V erhältn iszah l von  K o p f und S chw anz zeig t zw ischen den einzelnen A rte n  erheb liche 
U n te rsch ie d e , innerhalb  de r Art ist aber die A b w eich u n g  m inim al. In der A rb e it w ird  die Be­
d e u tu n g  d ieser V a riab ilitä t d isk u tie rt.

СРАВНИТЕЛЬНОЕ ИССЛЕДОВАНИЕ ДИАМЕТРА СПЕРМАТОЗОИДОВ У ВИДОВ
РО Д А  M U R ID A E

К .  С. С И Д Х У  и С. С. Г У Р А Й Я

При сравнительном исследовании 6 видов рода M uridae (M alard ia  m eltada , B andi- 
cota bengalensis, Albino rat. B attus norvegicus. A lu s  booduga. B attus rattus) авторы наблюдали 
своеобразные различия в размерах сперматозоидов. Диаметр головки, длина, ширина и 
площадь акросом, а также площадь постакросом показывают у отдельных видов значи­
тельные отклонения. В пределах вида, однако, отклонения незначительны. Диаметрхвоста, 
длина, ширина и площадь среднего участка сперматозоидов, а также длина главной части 
показывают значительные различия у отдельных видов, тогда как эти различия в пределах 
вида только набольшие, за исключением ширины среднего участка в которой выявляемы 
различия как между отдельными видами, так и в пределах одного и того же вида.

Относительное число головки и хвоста показывает между отдельными видами су­
щественные отклонения, однако в пределах одного и того же вида различия минимальны. 
В работе обсуждается значение этой изменчивости.

К. S. SIDHU und S. S. GU BAYA

K u ld ip  S. S id h и 
S a rd u l S. G u r a y a

P u n ja b  A g ricu ltu ra l U n iv e rs ity  L ud h ian a , In d ia
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D e p artm en t o f A n a to m y  and H isto logy , M edical F a c u lty , V arna, B u lg aria

FINE MORPHOLOGICAL ASPECTS OF THE 
SECRETORY PROCESS IN ARTERIAL SMOOTH 
MUSCLE CELLS. II. ROLE OF MICROTURULES

G. N. C h a l d a k o v , S. N i k o l o v  a n d  У. V a n c o v  

(R eceived J u n e  2, 1977)

P re lim inary  re su lts  are p resen ted  re g a rd in g  th e  role of th e  m ic ro tu b u la r  sy s tem  
in  th e  secretory  p rocess in th e  ra b b it  a o r ta  an d  p u lm o n a ry  tru n k  sm ooth  m u sc le  cells. 
T h e  resu lts  are based  on electron m icroscopic f in d in g s  o f th e  effect of co lch ic ine  in  vivo. 
On colchicine tr e a tm e n t  an  accu m u la tio n  o f se c re to ry  granules versus a v a c u o la r  ty p e  
o f d ila ta tio n  of th e  rough  endoplasm ic re tic u lu m  c is te rn ae  distinguishes tw o  g ro u p s 
o f sm ooth  m uscle cells. I t  is suggested th a t  tw o  sec re to ry  pa th w ay s o p e ra te  in th ese  
cells, and th a t th e  cell m ic ro tu b u la r s ta tu s  p lay s  a  key  role in triggering one or th e  o th e r  
p a th w ay .

In tro d u c tio n

S m ooth  m uscle cells (SMC) o f th e  a r te r ia l  w all are well k n o w n  to  be 
cap ab le  o f syn thesiz ing  an d  excre ting  th e  p recu rso rs  of ex trace llu la r m a tr ix  
co m p o n en ts  [9, 10, 11, 13, 22, 23, 26, 27]. S till, few fine m orpho log ical d a ta  
are  av a ilab le  concern ing  th e ir  secretory  p a th w a y s  [24]. R ecently , G o lg i-derived  
sec re to ry  granules (SG r) and  a w ell-developed  m icro tubu le  system  h a v e  b een  
d e m o n s tra te d  in th e  developing r a b b it  a r te r ia l  SMC [5].

T h e  aim  of th e  p re se n t ex p erim en t w as to  eva lu a te  the  possib le  ro le of 
m ic ro tu b u les  (Mt) in  th e  secretory  process in  th e se  cells based p r im a r ily  on 
co lch icine tre a tm e n t in  vivo. The p re lim in a ry  re su lts  of th is s tu d y  will be d e ­
scribed  here.

M ateria l a n d  m e th o d s

F o u r 20-day-old ra b b its  w ere used in  th e  p re se n t  experim en t. Two of th e m  w ere  n o t 
tre a te d  (con tro ls) and th e  o th e r  tw o were in jec ted  in tra p e rito n e a lly  w ith  colchicine (0.125 m g 
per 100 g /body  w eight). F o u r  ho u rs  la te r th e  a n im a ls  w ere  sacrified and lo n g itu d in a l s tr ip s  
w ere ta k e n  from  th e ir a o rtic  a rch , thoracic a o r ta  a n d  p u lm o n a ry  trunk . These s tr ip s  a n d  th e  
co rre sp o n d in g  strip s from  th e  con tro ls were im m e d ia te ly  im m ersed  in cold 3%  g lu ta ra ld e h y d e  
for tw o  h o u rs  and p o stf ix ed  in cold 1% osm ium  te tro x id e ,  b o th  in 0.1 M  p h o sp h a te  b u ffer, 
p H  7.4. D eh y d ra tio n  w as carried  ou t in a lcohol an d  ace to n e , and  em bedding in  D u rc u p a n  
ACM (F lu k a ). U ltra th in  sec tio n s were s ta ined  w ith  u ra n y l  a c e ta te  and lead c itra te . A JE M  7A 
e lec tro n  m icroscope was used .
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Fig. l /а . A p u lm o n ary  tru n k  SMC from  a con tro l ra b b it .  Cross- and  lo n g itu d in ally  sectioned m icro tubu les (single arrow s) 
are a p p a re n t. T he G olgi-com plex consists o f f la tten e d  c is te rn ae  and  sm all vesicles. A single secretory  g ranule  is no ted

(double arrow ). X 20,000
Fig. 1/b. SMC from  co lch ic ine-trea ted  ra b b it . T h is cell co n ta in s no m icro tubu les. Increase  in nu m b er o f in te rm ed ia te  

filam en ts (If)  and accu m u la tio n  of G olgi-derived vacuoles. X 20,000
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Fig. 2. A ortic  a rch  SMC from  co lch ic ine-trea ted  ra b b it. N um erous secretory  granules. T he rough  endoplasm ic 
re ticu lum  c is te rnae  keep th e ir  long and f la tten e d  p a tte rn  of o rgan ization . N ucleus (N e). X 20,000
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Fig. 3. A ortic  a rch  SMC from  co lch ic ine-trea ted  ra b b it . N um erous rou n d -sh ap ed  and sep a ra te  vacuoles of rough  endoplasm ic re ticu lum . 
T hey co n ta in  no secretory  granules. In  Fig. 3/b, tw o vacuoles (1 and 2) are closely ap proached  the  sarco lem m a. and  an a n o th e r (3) seems 

to  be d ischarged from  th e  cell. P a r ts  of th e  v acu o lar surfaces are  devoid  of ribosom es (arrow s) X 20,000
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Results

T he SMC from  co n tro l anim als show ed w ell-deve loped rough  endoplasm ic 
re ticu lum  (R E R ), Golgi com plex, and a b u n d a n t M t (Fig. l /а). T he m yofila­
m en t system  of th ese  cells was less developed  an d  occupied sm all areas be­
n e a th  th e  sarco lem m a. T he c iste rnae  of th e  R E R  w ere long and f la t , and  rib o ­
som es were reg u la rly  a tta c h e d  on to  th e ir  su rface . T h e  Golgi com plex consisted  
o f s tack s of f la tte n e d  c is te rn ae , num erous sm all co a ted  and  sm oo th -su rfaced  
vesicles, and  possessed a few SGr. N um erous M t w ere localized betw een  these  
tw o secre to ry  organelles, i.e. R E R  and Golgi com plex . T he p e rinuc lear space 
d isp layed  its  usual ap p earan ce .

Colchicine t r e a tm e n t  resu lted  in an  a lm o st to ta l  loss of M t, an  increased  
n u m b er of SG r an d  an  ev id en t a lte ra tio n  in  R E R . The SMC from  th e  th ree  
a rte ria l vessels s tu d ied  show ed th e  sam e response  to  colchicine tre a tm e n t. 
In  c o n tra s t, th e  SMC from  each in d iv id u a l vessel w all w as affec ted  d iffe ren tly  
by  colchicine; tw o  d is tin c t popu la tions o f SMC w ere found .

Colchicine increased the number o f  SGr in  one group o f  SM C . An accu m u la ­
tio n  o f SGr w ith o u t an y  a lte ra tio n  in R E R  w as th e  p ro m in en t fe a tu re  of these  
cells. These SG r seem ed som ew hat m odified  in  th e ir  ap p earan ce ; th e y  w ere 
en larged , had  a lte red  in  shape  and  a “ cap p in g ”  o f th e ir  m a tr ix  occurred  (F ig . 
2). T he accu m u la ted  SG r was observed ch iefly  in  perinuc lear Golgi regions. 
An increased  presence o f G olgi-related vacuo les was also found  (F ig. 1/b).

Colchicine caused a vacuolar dilatation o f  the cisternae o f  R E R  in  another 
group o f  SM C . In  th e se  cells a s trik in g  d ila ta tio n  of R E R  ciste rnae  occurred  
w hich lead to  fo rm atio n  o f num erous ro u n d ish , in d ep en d en tly si tu a te d  v ac ­
uoles o f various sizes (F ig . 3). Some vacuoles w ere close to  th e  p lasm a m em ­
b ran e ; a few w ere en co u n te red  ou tside th e  cell. M ost o f th e  R E R  d ila ted  c is te r­
nae k e p t th e ir  ribosom es a tta c h e d  w hereas som e d isp layed  surface regions 
devoid  of ribosom es. T he m atrix  of the  c is te rn a e  consisted  of a ne tw o rk  of 
filam en to u s m a te ria l.

An o u tp o ck e tin g  o f th e  o u te r n uc lear m em b ran e  resu ltin g  in  v acuo le­
like d ila ta tio n  of th e  perin u c lear space w as fre q u e n tly  observed . These SMC 
co n ta in ed  no SGr.

D iscussion

A lthough  in re c e n t years considerab le p rogress has been m ade to w ard s 
th e  u n d e rs tan d in g  o f th e  connective tissue m a tr ix  p roducing  function  of SMC, 
d e ta iled  m orphological know ledge of th e  se c re to ry  process in  a r te ria l SMC is 
still lacking. In  p a r tic u la r , n o th in g  is av a ilab le  in  th e  l ite ra tu re  concern ing  
th e  possible role o f M t in th e ir  secreto ry  a b ility , while an  ex tensive  body  of
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e v id e n c e  has im plica ted  th e m  in in trace llu la r t ra n s p o r t  an d  release o f th e  se­
c r e to ry  p roducts of d iffe ren t ty p e s  of secre to ry  cells [6, 7, 16, 18].

Colchicine has been  show n to  affect th e  M t an d  to  p rev en t tu b u lin  as­
se m b ly  b y  its tu b u lin -b in d in g  p ro p e rty  [3, 4, 28]. T h a t m ay  be th e  m o st likely  
re a so n  for the  loss of M t in  SMC, observed  a fte r  colchicine tre a tm e n t.

I t  seems puzzling  t h a t  tw o  groups of SMC should  respond  d iffe ren tly  
to  th e  an tim ic ro tu b u la r e ffec t o f colchicine. In  th e  f irs t g roup , th e  n u m b e r of 
S G r increased  while in  th e  o th e r , th e  presence o f num erous d ila te d  c is te rn ae  
o f  th e  R E R  was the  p ro m in e n t find ing . T he ap p earan ce  of R K R  was u n changed  
in  th e  form er, w hereas no  SG r w ere found  in  th e  la t te r .  One m ay  assum e a 
h e te ro g e n e ity  w ith in  th e  SMC stu d ied  in  resp ec t to  th e  b eh av io u r o f  th e ir  
s e c re to ry  processes in th e  absence  of M t. As for th e  increased  n u m b e r o f SGr 
a f te r  colchicine t re a tm e n t w e believe th a t  th e  p re sen t resu lts  give a m ean ing  
to  th e  re la tionsh ip  be tw een  S G r an d  M t described  p rev iously  [5]. In  a d d itio n , 
th e s e  re su lts  support th e  sugges ion  th a t  R E R -G olg i com plex-SG r-M t secre to ry  
p a th w a y  operates in a r te r ia l  SMC [5]. T h u s, th e  M t m igh t p a r tic ip a te  in th e  
s e c re to ry  process in  SMC in  a m an n e r sim ilar to  th a t  in  g lan d u la r a n d  o th e r 
m esen ch y m a l cells. T ak in g  in to  acco u n t th e  o th e r  functions of th e  co lch ic ine­
b in d in g  p ro tein  [2, 14, 29] i t  seem s, how ever, d ifficu lt to  e v a lu a te  p recisely  
w h ic h  step(s) of th e  se c re to ry  process in SMC is (are) m ore in fluenced  b y  col­
ch ic in e .

T h e  ap p aren t c h a ra c te r is tic  of th e  second g roup  of SMC a fte r  colchicine 
t r e a tm e n t  is the  presence o f  num ero u s vacu o la rly  d ila ted  R E R  c is te rn ae  and 
th e i r  “ m o v em en t”  to w ard s  th e  sarco lem m a, w here m ost likely b o th  m em branes 
fu se  a n d  a subsequen t d isch arg e  ta k e s  place.

T h e  precise sequence o f  ev en ts  re su ltin g  in d ila ta tio n  of th e  c is te rn a e  of 
R E R  is d ifficult to  im ag ine . W h e th e r  such a d ila ta tio n  is due to  th e  lack  of M t 
[8] o r  to  some co lch ic ine-b ind ing  p ro p ertie s  of th e  c isternal m em b ran e  itself, 
re m a in s  unclear.

N evertheless, th e  b e h a v io u r  of th e  R E R  in response to  colchicine, sug­
g es ts  th e  existence of a d ire c t R E R  secre to ry  p a th w a y  in  th e  a r te r ia l SMC. 
To o u r  know ledge, a re p o r t  p resu m in g  such a p a th w a y  in  ao rta  SMC is th a t  
o f K a r r e r  [12]. T hus, like f ib ro b la s ts  [21; Ch a l d a k o v  an d  K á d á r  in  p re p ­
a r a t io n ] ,  th e  arte ria l SMC a re  p ro b ab ly  capab le  b y  b ypassing  th e  Golgi com ­
p le x  a n d  discharging se c re to ry  p ro d u c ts  in to  th e  cell ex te rio r d irec tly  v ia  th e  
d i la te d  R E R  cisternae. I t  is a n o th e r  question  how  effective [20, 25] such  se­
c re to ry  p a th w ay  m ay be. S ince all steps of th e  proposed  d irec t sec re to ry  p a th ­
w a y  o p e ra te  in the  absence o f  M t, i t  is te m p tin g  to  p o stu la te  th a t  i t  is Mt- 
in d e p e n d e n t, in c o n tra s t to  th e  p a th w a y  th ro u g h  th e  G olgi-com plex, w hich 
re q u ire s  an  in ta c t M t sy s tem . W hich  of th ese  can be chosen b y  a sm o o th  m uscle 
cell p ro b a b ly  depends on th e  ce llu lar s ta tu s  of th e  M t a p p a ra tu s . In  th is  re ­
sp e c t, th e  dynam ic e q u ilib riu m  of assem bly  an d  d isassem bly  of M t [1, 4] m igh t
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be ta k e n  in to  accoun t. Since th e  cyclic nucleo tides are believed to  c o n tro l b o th , 
cell M t s ta tu s  [15] an d  cell secre tion  [17, 19], these  substances m ig h t be con­
sidered  as ev en tu a l c an d id a te s  trig g e rin g  one or th e  o th e r sec re to ry  p a th w a y  
in a r te ria l SMC.
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M O R P H O L O G IS C H E  A S P E K T E  D E R  S E K R E T IO N S P R O Z E S S E  IN  D E N  G L A T T E N
M U S K E L Z E L L E N

(D ie Rolle der M ik ro tu b u li)

G. N. CHALDAKOV, S. NIKOLOV und V. VANCOV

D ie E rgebnisse d e r v o rläu fig en  U n tersu ch u n g en  k lä r te n  d ie Rolle des m ik ro tu b u lä re n  
S y s te m s  in  den S ek re tio n sp ro zessen , die in der A o rta  u n d  in  den  g la tte n  M uskelzellen des А,- 
p u lm o n a lis -S tam m es v o n  K a n in c h e n  vor sich gehen.

D ie b isherigen e lek tro n en m ik ro sk o p isch en  B e o b a c h tu n g e n  basieren  au f der In -v ivo- 
W irk u n g  des K olchizins. D ie  A k k u m u la tio n  der S e k re tio n sg ra n u la  u n d  die E rw eite ru n g  der 
Z y s te rn e n  v ak u o lä ren  T y p s  in  d e n  endoplasm atischen  R e tik u la  m it grober O berfläche m achen  
es m gölich , die g la tten  M u skelzellen  zwei G ruppen zu zu o rd n e n . D ie A u to ren  sind der M einung, 
d a ß  sich  in  diesen Z ellen zw ei S ekretionsbahnen  (p a th w a y s )  fin d en . Die das m ik ro tu b u lä re  
S y s te m  e n th a lten d en  Z ellen sp ie len  h ier eine e n tsch e id en d e  Rolle im  Z usam m enhang  m it der 
e in e n  o der anderen  S e k re tio n sb a h n .

МОРФОЛОГИЧЕСКИЕ АСПЕКТЫ СЕКРЕТОРНЫХ ПРОЦЕССОВ В КЛЕТКАХ
ГЛАДКИХ МЫЩЦ

(Роль микротрубочек)
Г .  Н .  Х А Л Д А К О В ,  Ш. Н И К О Л О В  и  В. В А Н Ц О В

Результаты предварительных исследований выяснили роль микротубулярной 
системы в секреторных процессах, происходящих в аорте и в клетках гладких мышц 
ствола легочной артерии у кроликов.

Проводившиеся до сих пор электронномикроскопические исследования основы­
ваются на действии колхицина in vivo. Аккумуляция секреторных зернышек и расширение 
цистерн вакуолярного типа в эндоплазматических сеточках с грубой поверхностью пре­
доставляют возможность для обособления клеток гладких мышц на две группы. По мне­
нию авторов в этих клетках существуют два секреторных пути (pathways). Клетки, со­
держащие микротубулярную систему, играют при этом решающую роль в связи с одним 
или другим секреторным путем.

G. N . Chaldakov  
S. N ikolov  
Y . V a nc o v

D e p a r tm e n t of A n a to m y  a n d  H isto logy , 
M edical F acu lty , V a rn a , B u lg a ria
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ASCENDING PROJECTIONS TO THE 
HYPOTHALAMUS ANI) LIMBIC NUCLEI FROM 
THE DORSOLATERAL PONTINE TEGMENTUM:

A BIOCHEMICAL AND ELECTRON MICROSCOPIC
STUDY

L. Zá b o r s z k y , M. J .  B r o w n s t e i n * and M. P alkovits

(Received Ju ly  2, 1977)

Axons aris ing f rom  the  dorsolateral  pon tine  t e g m e n tu m  of th e  ra t  were t ra c e d  
in var ious h y p o th a la m ic  and  limbic nuclei by th e  e lectron  microscopic d egene ra t ion  
m eth o d  (0.5 — 8 d ay  su rv iv a l  times) and by m easu r in g  regional norepinephirne (N E )  
concen tra t ions  a f te r  12 d ays  of survival using a rad io e n zy m a tic  method. Significant  
reduct ions  (41 — 8 5 % )  in N E  con ten ts  were observed  in the  supraoptic ,  a rcua te ,  basa l  
a n d  la te ra l  a m ygda lo id  nuclei and  in the  h ip p o cam p u s  12 d ays  a f te r  the  bila teral e le c t ro ­
lytic  lesions of th e  locus coeruleus. No changes in N E  c oncen tra t ions  were o b se rv ed  
in t h e  v en trom ed ia l ,  sep ta l ,  cen tra l  amygdaloid  nuclei,  in th e  m edian  eminence a n d  
o lfactory tubercle .  P a ra b ra c h ia l  lesions resulted in a decrease  of N E  con ten t  only in tin- 
olfactory  tubercle .  B y  m eans  of electron microscopy te rm in a l  degeneration was fo u n d  
in the  h y p o th a la m ic  p a rav en tr icu la r ,  dorsomedial nuclei,  in the  m edian  eminence , in 
th e  bed  nucleus of th e  s t r ia  terminális ,  in the  cen tra l ,  la te ra l  and  basal am ygda lo id  n u ­
clei, in the  h ip p o ca m p u s  a n d  in the  anterior  v en tra l  th a lam ic  nucleus.

In troduction

In  th e  ra t  15 p a th w a y s  could be identified  ascending from th e  b ra in  
stem  [50]. A p a r t  o f  these  innerva tes  the  cell g roups  of th e  hy p o th a lam u s  a n d  
limbic system . F ro m  th e  dorsolateral pon tine  te g m e n tu m  th ree  separa te , long 
ascending system s arise: th e  noradrenergic  p ro jec t ions  of the  locus coeru leus 
[14, 15]; th e  te r t ia ry  g u s ta to ry  projections f ro m  th e  pontine  p a ra b ra ch ia l  
nuclei [31] and th e  v e n tra l  teg m en ta l  ace ty lcho linesterase-conta in ing  p a t h ­
w ay orig inating from  th e  dorsolateral te g m e n ta l  nuclei [36]. The p ro jec t ions  
to  th e  hyp o th a lam ic  a n d  limbic regions of th e  no radrenerg ic  cell bodies of th e  
locus coeruleus have  been  d em o n s tra ted  by  fluorescence  histochemical [2 , 10, 
25, 32, 47], au to rad io g rap h ic  [28. 38, 15], e lectrophysiological [30, 31], b io ­
chemical [3, 4, 20, 22, 39, 48, 14] and horserad ish  peroxidase  m ethods [24]. 
T h e  projections of a th i rd  order g u s ta to ry  re lay  in th e  dorsolateral pons (p a ra -  
b rachial region) h ave  been  stud ied  by  a u to ra d io g ra p h y  and an tid rom ic  a c t i ­
va tion  [31].

Acta Morphologien Acudemiae Scientiarum Hungaricae 25, 1977



1 7 6 L. ZÁ BO RSZKY  e t al.

T he axons from  th e  locus coeru leus and the  p a rab rach ia l  nuclei have 
p a r t i a l ly  overlapping  p a th s  and  te rm in a t io n  areas. Considering th e  v ic in ity  
o f  t h e  tw o  cell groups a n d  th e  possib ili ty  o f  diffusion of labeled  am ino  acids 
in  an  au to rad iog raph ic  s tu d y ,  a careful re investiga tion  of these  tw o  system s 
seem ed  to  be necessary . T he  pitfalls o f  au to rad io g rap h y ,  in case of such  closely 
lo c a te d  areas, were th o u g h t  to  be a v o id ed  b y  measuring N E  concen tra t ions  
in  va r io u s  hy p o th a lam ic  and  limbic reg ions following the  se p a ra te  lesions of 
t h e  locus coeruleus a n d  p a rab rach ia l  nucle i.  The biochemical resu lts  were cor­
r e la te d  w ith  th e  d is t r ib u t io n  of d eg en e ra ted  te rm inals  as revea led  b y  electron 
m ic roscopy . W ith  regard  to  th e  fac t t h a t  t h e  sensitivity  o f  th e  p re se n t  com ­
b in e d  app roach  seemed to  be superior to  th e  m ethods of prev ious experim en ts ,  
t h e  scope of th is  w ork  w as ex tended  to  areas  no t inves t iga ted  so fa r  for N E  
f ib e rs .

M a te r ia l  a n d  m e th o d s

Male Sprague-D aw ley r a t s  weighing 160— 180 g were anes thetized  w i th  e the r .  I n  animals 
f i x e d  in  a  Horsley — Clarke s te reo tax ic  a p p a r a tu s  (nose angled 5° d o w n w ard  f ro m  th e  hori­
z o n ta l )  tw o  types  of lesions w ere  m ade:  1. b i la te ra l  lesion of the  locus coeruleus (co-ordinates:  
1.8 a n d  1.4 m m  posterior  to  th e  in te rau r icu la r  l ine; 1.1 m m  latera l  and 6 m m  b e n e a th  th e  b ra in  
su rface ) ;  2. p a rab rach ia l  lesion (P  =  1.3 m m , L  =  2.2 m m , V =  6 m m ).  E lec t ro ly t ic  lesions 
w e re  m a d e  by  passing 2 m A  c u rren t  for 10 sec t h r o u g h  a small m onopolar  N ich rom e electrode 
in s u l a t e d  w ith  Teflon, ex cep t  for a 0.2 m m  p a r t  a t  t h e  t ip .  For electron m icroscopy  large lesions 
w e re  u se d  including b o th  th e  locus coeruleus a n d  t h e  pa rab rach ia l  region (Fig. 1A). F o r  th e  
b io ch em ica l  m easu rem en ts  f iner  lesions were p e r fo rm e d  restr ic ted  in one group  of t h e  animals 
t o  t h e  locus coeruleus a n d  i ts  close vic in i ty ,  a n d  to  th e  parab rach ia l  region only  in  th e  o ther 
g r o u p  (F igs IB ,  C).

F o r  electron microscopic degenerat ion  s tu d ie s  animals were sacrificed 0.5, 1, 2, 4 and 
8 d a y s  postopera t ive ly  b y  th e  in t r a ao r t ic  perfus ion  o f  K a rn o v sk y ’s p a ra fo rm a ld e h y d e -g lu ta r -  
a ld e h y d e  fixat ive .  B ra ins  were  c u t  f ronta l ly  in to  0.5 — 1.0 m m  slices. U n d e r  s tereomicroscope, 
p e l l e t s o f  t issue from th e  req u ired  b ra in reg ions  w ere  pu n ch ed  ou t  [33]. Small  t issue  b locks were 
im m e r s e d  in to  1% osmic acid fo r  1 h, d e h y d ra te d  th r o u g h  an  e thanol  series a n d  e m b e d d ed  in 
D u r c u p a n  (Fluka).  U l t r a th in  sections were c u t  w i th  a Reicher t  u l tram ic ro tom e ,  s ta in ed  with 
u r a n y l  ace ta te  and  lead c i t ra te  and  exam ined  u n d e r  a  Tesla BS 413 e lectron  m icroscope  a t  
8000 X p r im a ry  m agnif ica tion .

N E  concen tra t ions  were  assayed 12 d a y s  a f te r  bilateral  locus coeruleus a n d  pa ra-  
b r a c h ia l  lesions using a sensi t ive  rad ioenzym a tic  m e th o d  [12]. Results were  expressed  as mg 
N E / m g  protein .  The N E  levels in  each b ra in  reg ion  w ere  compared w ith  those  in  sam ples  from 
sh a m -o p e ra te d  anim als  which  served as controls.  I n  b o th  experim en ta l  an d  c o n tro l  groups 
6 a n im a ls  were s tudied.

Results

Electron microscopy. T h e  e a r l y  s ig n s  o f  d e g e n e r a t i o n  o f  t h e  p u t a t i v e  N E  
a x o n s  a r e  r a t h e r  i n c o n s p i c u o u s  a n d  t h u s  m i g h t  h e  e a s i ly  c o n f u s e d  w i t h  f i x ­
a t i o n  a r t i f a c t s  (ZÁb o r s z k y , E é r á n t h  a n d  PALKOViTS,in p r e p a r a t i o n ) . T h e r e f o r e ,  
t h e  a c c u m u l a t i o n  o f  p h a g o s o m e s  ( F ig .  4B) a n d / o r  m u l t i l o c u l a r  d e g e n e r a t e d  
c o m p l e x e s  (F ig .  5B) w e r e  c o n s i d e r e d  as  n e c e s s a r y  t o  e v a l u a t e  d e g e n e r a t i o n .

I n  the  hypothalam us  betw een 2— 8 postopera t ive  days  degenera t ion  
w as  seen in th e  p a ra v e n tr icu la r  (Fig. 2) a n d  dorsom edial (Fig. 3) nuclei. In  th e
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Fig. 1. Schematic  i llustra tion  of th e  superimposed outlines of lesions p lo t ted  on frontal  b ra in  s tem  sections red raw n  from the  a tlas  of  Pa lkovits  
and  Jacobow itz  [34]. N um b ers  indica te  the  d is tance  in m m  from the  in te rau r icu la r  line. A bbreviat ions:  ci colliculus inferior, rpoo 
nucleus re ticularis pontis  oralis, lc locus coeruleus, npd nucleus parabrach ial is  dorsalis , npv nucleus parabrach ial is  ventra lis ,  r tp  
nucleus re ticularis tegm en ti  pontis .  nV — nucleus originis nervi tr igemini,  n td  nucleus tegm enti  dorsalis  Gudden, n tv d  — nucleus t rac tu s  
spinalis nervi tr igemini,  pa rs  dorsomedialis ,  os — oliva superior,  PCM pedunculus cerebellaris médius. PCS pedunuclus cerebellaris su ­

perior, TSV trac tu s  spinalis nervi t rigemini
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p e r iv en tr icu la r  an d  a r c u a te  nuclei m any  lysosom es a n d  pleom orphic  vesicles 
w ere  found  one d a y  a f te r  surgery  (Figs 3B, D). These  m igh t  be considered as 
e a r ly  degeneration  signs b u t  we have no d a ta  in  these  regions a t  la te r  su rv iva l  
periods. In  the  m ed ian  em inence  degenera tion  w as found  in th e  zona ex te rn a  
a n d  in te rn a  m ain ly  4 d a y s  postopera t ive ly  (Fig. 3C).

W ith in  th e  lim bic system  the  bed nucleus o f  th e  s tr ia  te rm iná lis  (Figs 4A, 
B, C) and  the  la te ra l  a m y g d a lo id  nucleus (Fig. 5A) show ed th e  m ost p ro n o u n ced  
degenera t ion  be tw een  2— 4 days, whereas in  th e  cen tra l  and  baso la te ra l a m y g ­
da lo id  nuclei th is  p eak  w as  observed be tw een  4— 8 and  8 p os topera t ive  days, 
respec tive ly  (Figs 5B, D).

Biochem istry. T h e re  were significant changes  in N E  concen tra t ions  in 
seve ra l  b ra in  regions a f te r  b i la te ra l  locus coeruleus lesions (Table I  and  Fig. 6 ). 
N E  w as strikingly re d u c e d  in  th e  supraoptic  a n d  a rc u a te  nuclei. In  th e  a m y g ­
d a la  a significant r e d u c t io n  in  N E  was found  on ly  in th e  basal and  la te ra l  n u ­
clei. N o changes occu rred  in  th e  ven trom edia l ,  se p ta l  and  cen tra l  am ygdalo id  
nucle i,  in th e  m ed ian  em inence  and in th e  o lfac to ry  tubercle .

A fte r  p a rab rach ia l  lesions (Fig. 6) no change  of N E  con ten t  was observed  
in  t h e  regions s tud ied  e x c e p t  for a 34%  decrease in  th e  o lfactory  tuberc le .

Table I

N orepinephrine concentrations o f  hypothalamic and lim bic nuclei after bilateral locus coeruleus
lesions

Controls Lesion ed

(ng/mg protein)

Hypothalam us

supraoptic  nucleus 24 .76±3 .55 (6)* 10 .76±1.28 + + (4)
ventrom edial  nucleus 20 .50±1 .32 (6) 17.76±2.28 (6)
arcua te  nucleus 4 2 .67±5 .04 (6) 20 .58±1 .35  + + (4)
median eminence 19 .91±6 .22 (6) 15.63±2.28 (6)

Lim bic  system

olfactory tubercle 3 .4 8 ± 0 .1 9 (6) 3 .6 9 ±0 .5 4 (6)
dorsal septal nucleus 5 .2 9 ± 0 .9 9 (6) 3 .62±0 .75 (4)
la te ra l  septal nucleus 9 .4 9 ±0 .7 1 (6) 8 .32±0 .97 (6)
medial septal  nucleus 6 .7 3 ± 0 .7 0 (6) 6 .41±0 .97 (6)
medial amygdaloid nuc leus 9 .3 7 ±1 .1 0 (6) 9 .00±1 .39 (9)
basal  amygdaloid nucleus 11.26±1 .57 ((>) 6 .74±0 .83  + (4)
central  amygdaloid nuc leus 15.12±1 .30 (f>) 13 .93±1.99 (6)
la te ra l  amygdaloid nuc leus 12 .00±1.37 (6) 4 .9 4 ± L 5 2  + + (4)

m ean  +  S.E.M.
+ p <  0.05

+ + =  p <  0.001
* =  Num ber of aminals  in brackets
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Fig. 2. E lectron  m icrographs  showing the  e n sh e a th m e n t  by  glial processes (Gl) of d eg en e ra te d  
axons in the  p a ra v e n tr ic u la r  nucleus; 12 h  survival.  N A  =  neurosecretory  axon. B a r  scale

=  1 f i  m
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F ig . 3. S t ru c tu re s  in va r ious  s tages of degenera t ion  in  th e  hypo tha lam us .  A =  4 d a y s  s u r ­
v iv a l .  A dense body  in the  dorsom edia l  nucleus.  В =  1 day  survival.  Lysosom es an d  
p le o m o rp h ic  vesicles in the  p e r iven tr icu la r  nucleus.  C =  4 days survival.  L ysosom es a n d  
d e n se  bodies in the  m ed ian  eminence. D =  1 day  su rv iva l .  Lysosomes and  a den se  b o d y  

in the  a rcu a te  nucleus.  B a r  scale =  1 jum
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Fig. 4. E lec tron  m icrographs  ta k e n  from  different p a r ts  o f  th e  l imbic system. (A, B, C: bed 
nucleus of the  s t r ia  term iná l is ;  D: h ippocam pus)  A dense  body ,  2 days.  В d a rk  d e g e n e ra t ­
ing b ou ton  (phagosom e) engulfed by a glial (Gl) process, 2 days .  C =  dense body w ith  recogniz­
able  dense core vesicle, 4 days.  D dense bodies in an  a x o n  te rm ina l ,  2 days.  B ar  scale  =

=  1 /mi
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Fig. 5. T erm inal  degenerat ions in  different l imbic  nuclei. A =  degenerat ing  b o u to n  engulfed 
b y  a  glial cell in the la te ra l  am ygda lo id  nucleus, 8 days .  В = multi locular d eg en e ra t in g  s t ru c ­
tu re  in t h e  anterior v en tra l  th a la m ic  nucleus,  8 days.  C =  multi locular d egene ra t ing  s t ru c tu re  
w i th in  t h e  glial cy top lasm  in th e  baso la tera l  a m ygda lo id  nucleus, 8 days.  D =  dense  body 

w i th in  a glial cell in the  cen tra l  am ygda lo id  nucleus,  4 days. B ar  scale — 1 /<m
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Fig. 6. C hanges in  th e  no rep inephrine  levels o f in d iv id u a l b ra in  regions a f te r  locus coeru leus 
(A) and  p a ra b ra c h ia l lesions (B). D a ta  are expressed  in p ercen tage  o f th e  sh am -o p era ted  an im als

Discussion

A com prehensive analysis of ascending  locus coeruleus [14, 15] an d  pa ra - 
b rach ia l [31] pro jections has recen tly  been perform ed using ligh t m icroscopic 
a u to rad io g rap h y . A m ajo r d raw back  of th is  tech n iq u e  is the  im possib ility  to  
d istingu ish  w ith  c e r ta in ty  betw een  a p a th w a y  and  a te rm in a l a rea  an d  th e  
m ost likely  e rro r in th e  au to rad io g rap h ic  m ateria l to  m istake fib e r of passage 
for te rm in a ls . T herefore, an ad eq u a te  e lec tron  m icroscopic analysis is necessary
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for th e  fina l decision, w h e th e r these  regions have  m onosynap tic  p ro jec tions to  
d isc re te  hy p o th a lam ic  and  lim bic areas.

T h e  scarc ity  of e lectron  m icroscopic d a ta  re lev an t to  m onoam inergic 
p a th w a y s  (see fo r ref. Zá b o r s z k y , L é r á n t h  and  P a l k o v its , in  p rep ara tio n ) 
can be explained  by  th e ir  v e ry  low co n trib u tio n  to  the  in n e rv a tio n  o f an area. 
The percen tag e  o f m onoam inergic b o u to n s is es tim ated  betw een  0 .02—2%  in 
d iffe ren t regions o f th eC N S  [1, 1 8 ,2 1 ]. H ence i t  is d ifficu lt to  recognize su b to ta l 
degenera tion  and  to  d istingu ish  it  from  spon taneous degenera tion . T he choice 
of th e  o p tim u m  su rv ival tim e  is also crucial. T he degenera tion  of th e  am inergic 
te rm in a ls  are asynchronous. I ts  ea rlies t signs can  be observed  12 hours a fte r 
th e  lesion  b u t on th e  8 th  d ay  th e re  are  still degenera ted  elem ents p resen t. A n 
a d d itio n a l problem  is th a t  th e  degenera tion  p a tte rn  of m onoam inerg ic  te rm i­
nals do no t differ p rincipally  from  th a t  of non-m onoam inergic te rm in a ls  (Zá ­
b o r s z k y , L é n á n t h  and  P a l k o v it s , in  p rep ara tio n ). The coagu la tion  o f th e  locus 
coeru leus destroys also th e  non-m onoam inerg ic  cells w ith in  th is  a rea . T he m ea­
su rem en t of N E co n ten t was th o u g h t therefo re  to  com plem ent usefu lly  any  
e lec tron  m icroscopic observations as to  th e  n a tu re  o f th e  d eg en era ted  te rm ina ls. 
This enables a one-w ay ev a lu a tio n  o n ly : if  th e re  is a fall in  N E  c o n te n t th e  
d egenera ted  te rm ina ls are v e ry  likely  to  co n ta in  th is  su b stan ce  w hereas in 
n eg a tiv e  cases no decision can be m ade due to  th e  possible presence on m ono­
am inerg ic  and non-m onoam inerg ic  te rm in a ls  o rig inating  from  sources o th e r 
th a n  th e  locus coeruleus.

Hypothalamus.  Using lig h t m icroscopic au to rad io g rap h y  axons have  been 
traced  from  th e  locus coeruleus to  th e  p a rav en tr icu la r , dorsom edial an d  a rcu a te  
nuclei [15], and from  th e  p a rab rach ia l regions to  th e  p a ra v e n tr icu la r  an d  dorso­
m edial nuclei [31]. The only  re p o rt on th e  e lectron  m icroscopically  verifiab le  
h y p o th a lam ic  te rm in a tio n  of locus coeruleus axons was m ade by  B loom e t al. 
[6] w ho s tud ied  th e  h y p o th a lam u s a fte r  th e  in tra v e n tr ic u la r  in jec tions of 
6 -O H D A . H ow ever, th is  ty p e  of chem ical lesion is no t necessarily  confined  to  
th e  locus coeruleus and  th e  d es tru c tio n  of o th e r noradrenerg ic  sites and /o r 
p re te rm in a l axons can n o t be ru led  o u t.

A ccording to  our recen t e lec tron  m icroscopic in v estig a tio n s th e  locus 
coeru leus region p ro jec ts  to  th e  p a ra v e n tr ic u la r  and  dorsom edial nuclei and  
to  th e  m ed ian  em inence. In  a d d itio n , d egenera ted  axons found  in  th e  su p ra ­
op tic  nucleus a fte r  lesions d irec ted  to  th e  cen tra l grey m a tte r  b u t also affecting  
th e  do rsa l N E  bund le  were likely  to  be derived from  th e  locus coeruleus [49].

In  earlier stud ies a m arked  decrease of N E  co n ten t was fo u n d  in the  
p a ra v e n tr icu la r  nucleus a fte r  b o th  locus coeruleus [17] and  dorsa l bundle 
[39] lesions. P resen t biochem ical m easu rem en ts showed ad d itio n a l n o rad re ­
nergic in n e rv a tio n  of th e  su p rao p tic  an d  a rcu a te  nuclei.

A lthough  te rm in a l degenera tion  w as d e tec ted  in th e  dorsom edial nucleus, 
th e  level of N E  d id  no t change a f te r  e ith e r locus coeruleus or p a rab rach ia l
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lesions. Perhaps  th e  non-am inergic  n e u ro n s  of th e  pontine  ta s te  a rea  [31] 
or those  of th e  dorsal nucleus of G u d d e n  [29] p ro jec t  to th e  dorsornedial n u ­
cleus; th e  diffusion of labeled am ino ac ids  to  th e  im m edia te  v ic in i ty  o f  th e  
in jec tion  site [15] m ay  he responsible for t h e  labeling of non-am inerg ic  areas. 
T he  possibility  t h a t  a small fraction o f  locus coeruleus cells are non -am inerg ic  
has also to  be ta k e n  in to  considera tion . D ahlströ m  and F iixe  [8] h av e  d e ­
scribed all locus coeruleus neurons to  co n ta in  catecholam ines. H o w ever ,  th e  
recent q u a n t i ta t iv e  s tu d y  of S w a n s o n  |4 4 ]  questions th is  s ta te m e n t .  F inally , 
th e  lack of change of N F  con ten t  in th e  dorsornedial nucleus in sp ite  o f  th e  
degenera ted  te rm ina ls  p resen t  can be exp la ined  by a negligible c o n tr ib u t io n  
of  th e  locus coeruleus to  th e  m onoam inerg ic  inne rva tion  of th is  nucleus.

A similar d iscrepancy betw een th e  e lectron microscopic im age a n d  b io ­
chemical m easurem ents  was observed in  th e  m edian eminence. R ecen t  s tud ies  
[35, 37] have  shown t h a t  th e  m edian  em inence  receives axons also f rom  th e  
A2 and A8 catecholam inergic  cell g roups. Upon selective d es truc tion  n e i th e r  
of these  p a th w ay s  can be expected  to  p ro d u ce  m easurab le  changes in th e  N F  
c o n te n t  of th e  median eminence, th e  m ore  so since a com pensa to ry  increase 
of N E p roduction  occurs in th e  rem ainder .

Lim bic system. T he  h ippocam pus  is r ichly innerva ted  by n o rad renerg ic  
fibers [5, 45, 47]. After locus coeruleus lesions these  fibers d isap p ear  [47] and 
th e  N E  con ten t  in th e  h ippocam pus falls [17]. D egenera ted  te rm in a ls  were 
also observed in th is  region. On the basis of these  findings it can be a ssum ed  
t h a t  th e  locus coeruleus has a m ono sy n ap t ic  connection  with the h ip p o c a m p u s  
and t h a t  N E  may act as a t r a n s m i t te r  a t  these  synapses [42]. This m ig h t  well 
app ly  for th e  an te r io r  ven tra l  th a lam ic  nuc leus  which b\ its connec tions  can 
be regarded  as a par t  of th e  limbic sys tem .

According to  light microscopic a u to ra d io g ra p h y ,  b o th  th e  locus coeruleus 
[15] and  the  pa rab rach ia l  nuclei [31] p ro jec t  to  th e  cen tra l  am ygdalo id  nucleus 
and  to  th e  bed nucleus of  th e  stria  te rm iná lis .  In  th e  am ygdala  te rm in a l  d e ­
genera tions were found under th e  e lec tron  microscope in the  basal,  la te ra l  
and cen tra l  nuclei. A significant red u c t io n  (41 -59% ) in N E  c o n cen tra t io n s  
was found  in th e  basal and lateral nuclei w hich  m ay  poin t to  th e  role of  N E  
at these  term inals . No change in th e  N E  level was found in th e  cen tra l  nucleus. 
Here th e  degenera ted  te rm ina ls  can be considered  e i ther  as non -am inerg ic  ones 
or as belonging to  a p a th w a y  provid ing  th is  nucleus only with a small f rac tion  
o f  its N E  conten t.

In  th e  bed nucleus of th e  s tr ia  te rm iná lis  con tras t ing  to  t h e  positive  
u l t r a s t ru c tu ra l  f indings no change in N E  co n ten t  could be po in ted  ou t .  T he  
histofluorescence studies of O lson and  F u x e  [32], IJn g e r s t e d t  [47] and 
th e  com bined biochemical and elec tron  microscopic studies of P a l k o v it s  
e t  al. [37] have shown t h a t  this nucleus receives most of its n o rad renerg ic  
te rm in a ls  from th e  A l ,  A2. A5 and A7—A 8 catecholam inergic  cell g roups . Of
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course  it  cannot be e x c lu d e d  th a t  a small p ro p o r t io n  of N E  in th e  bed nucleus 
o f  t h e  stria te rm iná lis  is con ta ined  by th e  locus coeruleus axons.

The present f in d in g s  argue for the  ex is tence  of massive projec tions from  
t h e  dorsolateral p o n t in e  teg m en tu m  to th e  h y p o th a la m u s  and limbic sys tem  
a n d  lend support to  t h e  v iew  th a t  these p ro jec t io n s  m ight have pa r t ia l ly  o v e r ­
la p p in g  te rm ina tion  a rea s .  S tudies were focussed on nuclei of high N E  c o n ­
t e n t  some of which were  found  to  receive th e i r  m a in  aminergic in p u t  from  t h e  

dorso la tera l pons. T h e  c o n tr ib u t io n  of th is  a rea  to  the  aminergic in n e rv a t io n  
o f  o th e r  h y po tha lam ic  a n d  limbic nuclei m u s t  also be kep t  in evidence.
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A U F S T E I G E N D E  B A H N E N  Z U  DKM H Y P O T H A L A M U S  U N D  ZU D E N  L IM B IS C H E N  
K E R N E N  VON D E R  D O R S O L A T E R A L E N  P O N S G E G E N I) :  B IO C H E M IS C H E  U N I)  

E L E K T R O N E N M I K R O S K O P I S C H E  U N T E R S U C H U N G E N

L. ZÁBORSZKY, M. J. BROWNSTEIN und M. PALKOVITS

N ach  der e lek tro ly t ischen  Läsion des Locus coeru leus  u n d  der  p a rab rach ia len  K erne  
u n te r s u c h te n  wir m it  dem  E le k t ro n m ik ro sk o p  in den  versch iedenen  K e rn en  des H y p o th a la m u s  
u n d  des limbischen Sys tem s die  E n d igungen  der von  obigen G ebieten  aufste igenden  Axone 
n a c h  5 8-tägiger U ber lebensze i t .  12 Tage nach ä h n lich en  Läsionen w urd en  in verschiedenen 
c e re b ra le n  Regionen m it  E n z y m -I so to p te c h n ik  die N o rep inephr in  (N E )  K o n z en t ra t io n  ge­
m essen .

E ine signifikante V e rm in d e ru n g  der N E -K o n z e n t r a t io n  w urde  nach  der Läsion des 
L o c u s  coeruleus im Nucleus su p rao p t icu s ,  Nucleus a rc u a tu s ,  in den  la te ra len  u n d  basalen  
A m y g d a la - Kernen, bzw. im  H ip p o c a m p u s  beobach te t .  U n v e rä n d e r t  blieb die N E  K o n z e n t r a ­
t io n  im  Nucleus v en tro m ed ia l i s ,  Nucleus am ygdalo ideus  central is ,  in den sep ta len  Kernen, 
in d e r  E m inen tia  m ed iana  u n d  im  Tubercu lum  o lfac to r ium .

Nach parabrach iale r  L äs io n  verm inder te  sich die N E  K o n z e n t r a t io n  nur im T ubercu lum  
o l fac to r iu m .

Mit dem E le k t ro n m ik ro sk o p  fanden  wir te rm in a le  D eg enera t ion  im Nucleus h ypo tha-  
1 a m ic u s  dorso-medialis , p a ra v e n t r i c u la r i s ,  in der E m in e n t i a  m ed iana ,  im Nucleus in te rst i t ia lis  
s t r i a e  terminális ,  in den z e n t r a le n ,  late ra len , basa len  A m y g d a la - Kernen ,  irn H ippocam pus  und  
im  v e n tra le n  Nucleus a n te r io r  th a la m i .

ПРОЕКЦИЯ ДОРЗОЛАТЕРАЛЬНОЙ ЧАСТИ МОЗГА К ЛИМБИЧЕСКИМ И 
ГИПОТАЛАМИЧЕСКИМ ЯДРАМ: БИОХИМИЧЕСКОЕ И 
ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ ИССЛЕДОВАНИЕ

Л. ЗАБОРСКИ, М. Е. БРОНШТЕЙН и М. МАЛКОВИЧ

Авторы провели электронномикроскопический анализ аксональных оканчаний в 
различных ядрах гипоталямуеа и лимбической системы, после электролитического по­
вреждения локуса цорулеуса и нарабрахиальных ядер (животные забивались через 0,5 8 
дней после электролитического повреждения вышеназванных ядер). Проведено, также, 
измерение концентрации норэппнефрина (НЭ), методом, предложенным ХЕНРИ и др. 112] 
в различных конкретных частях мозга через 12 дней после повреждения вышеназванных 
ядер.

Выявлено, что после повреждения локуса цорулеуса достоверно уменьшается кон­
центрация НЭ в латеральных и базалных ядрах амигдалы, гипокампе, в нуклеус супра- 
оптикус и нуклеус аркуатус. Не меняется концентрация НЭ в центральном ядре амигда­
лы, септальных ядрах, в нуклеус вентромедпалис, эминенция медиане и туберкулу.м 
олфакториум. После повреждения нарабрахиальных ядер, достоверное уменьшение кон­
центрации НЭ можно было выявить только в туберкуту.м олфакториум.

Электронномикроскопический анализ показал дегенерацию аксональных оканча- 
ннй в дорсомедиальном и паравентрикулярном ядрах гипоталямуеа, в эминенция медиане, 
в центральном, латеральном и базальном ядрах амигдалы, гиппокампе, в переднем ядре 
таламуса, в интерстициальном ядре стрни терминалис.

D r.  László ZÁb o k s z k y j Semmelweis O rv o s tu d o m á n y i  E g y e tem
1. sz. A natóm ia i In té z e t ,

Dr. Miklós P a l k o v i t s  | H -1450 B udapest ,  T ű zo l tó  u. 58., H ungary

L a b o r a to r y  of Clinical Science, N a t iona l  
I n s t i t u t e  o f  Mental H e a l th ,  B e th esd a ,  USA

M. J .  B u o w n s t e i n
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XERORADIOGRAPHIC DEMONSTRATION OF SOFT 
TISSUES OF THE EXTREMITIES

R .  PÁLVÖLGYI an d  Z .  P É N T E K

(Received May 3, 1977)

T he  authors  gave a useful ske tch  of t h e  essence of xerorad iography .  T h e i r  m ethod 
has proved to he o p t im a l  in d em o n s tra t in g  th e  soft tissues of the  e x t r e m i t ie s  in  vivo. 
T he  p a p e r  provides us w i th  a b e t te r  cognit ion  of t he morphology and p a th o m o rp h o lo g y  
of sof t tissues of the  ex trem it ies .

T h e  X -ray  p e rm eab il i ty  of soft t issues  is rem arkab ly  g re a te r  t h a n  th a t  
o f  th e  bones, th a t  is w h y  th e i r  shadow  c a n n o t  be analysed. W ith  th e  use of 
special f inegrain films a n d  soft X -rays,  p ic tu res  can be ta k e n  on  w h ic h  the  
m uscu la tu re ,  the fascia, tin* subcutis  w ith  i ts  vessels, and the cu tis  c a n  clearly 
be recognized, fliese p ic tu re s  proved to  1m* ap p ro p r ia te  for th e  d e m o n s t ra t io n  
of various s truc tu ra l  a l te ra t io n s  of th e  soft tissues.

A new xerorad iograph ic  method has been e laborated  to  t a k e  p ic tures  
of the  soft tissues of ex trem itie s ,  p rov id ing  a wide range of i n fo rm a t io n .

M ater ia l  and  m e th o d s

T he  theoretical b a ck g ro u n d  and pract ica l  app lica t ion  of xe ro rad iography  is discussed 
in several papers  [1, 2, 7 |.

In th is  m ethod of radiological diagnosis th e  image is not produced by  p h o to g rap h ic  
h u t  an  electrical process.

In principle, instead  o f  an  X-ray  film, a n  a lum in ium  plate with e lec tr ica l ly  charged 
selenium layer is exposed in th e  usu a l  m anner .  So f t  X - ra y s  of 35 kV h ave  to he  u sed  and fil­
t ra t io n  m u s t  he reduced to  a m in im u m . The ray s  p ass  th ro u g h  the  soft tissues o f  t h e  e x trem ity .  
Then  th e y  str ike  the  positively charged  selenium lay e r  producing on it pos i t ive  a n d  negative  
charges in proport ion  to the  in te n s i ty  and the w av e  leng th  discharging th e re b y  th e  selenium. 
A negat ive ly  charged bluish pow d er  cloud is forced in to  the  developing c h am b er ,  p roduc ing  a 
vertical  f ield com ponent  w i th  d is t in c t  outlines.  T h e  pow der  is then  transferred  on  p a p e r  by an 
e lectros ta tic  process and f ixed  by  heat.

T he  xeroradiographic  im ag e  gives a w eak  overal l  c o n tra s t  hut a sha rp  loca l  one  due to 
the  charac te ris tic  in tens i ty  o f  the  borders  (Figs 1 8).

X e rorad iography  has p ro v ed  most su i tab le  for the  in  vivo d e m o n s tra t io n  o f  th e  soft 
tissues of t h e  ex trem it ies .  I ts  clinical app lica t ion  and advan tages  have  been d iscussed  pre­
viously |2 6 | .  T he  m eth o d  is t h o u g h t  to add  to  o u r  knowledge of the m orphology  a n d  p a th o l ­
ogy of the  soft tissues of  ex tre m i t ie s  mainly  o f  th e  muscles and will he usefu l  in teach ing  
a n a to m y .
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F ig . 1. Shoulder m u scu la tu re .  T h e  intermuscular fa t  t is sue  is da rker ,  the single muscles can  
c lear ly  be  recognized by this l ine-like  shadow
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Fig. 2. Arm musculature at rest ( a)  and actively flexed fb)
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F ig . 3. Soft  tissues su r ro u n d in g  th e  elbow joint.  The  s tr ip iness  of  th e  b raeh io rad ia l  muscle
deserves a t t e n t io n

Fig. 4. T h e  m usc les  of the fo rearm  in  hailing th e  h a n d
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Fig. 5. L atera l  p ic tu re  of the  th igh-m uscles
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Fig. 6. K nee-jo in t  w i th  the  su rrounding  soft tissues from  fron t  (a )  and  side (b)
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Fig. 7. Latera l  picture of  th e  leg 
Fig. 8. Soft  tissues of the  foot, f ro m  the  side
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U N T E R S U C H U N G  D E R  W E I C H T E I L E  VON E X T R E M I T Ä T E N  M IT T E L S  
X E  R O  R A DI OG R Л P H I  E

R. PÁLVÖLGYI und Z. PÉNTEK

Das Wesen der X e ro rad io g rap h ie  wird kurz Umrissen, das  sich zur In-vivo- D ars te l lung  
der  Weichteile von E x t r e m i t ä t e n  als optim al  geeignet e rw iesen  h a t .  Sie hilft die Morphologie 
u n d  Pa thom orpholog ie  der  W eichte ile  besser aufzuk lären  u n d  d ü r f te  auch be im  ze i tgem äßen  
A n a to m ie u n te r r ic h t  nü tz l ich  sein.

Acta Morphologien Academiae Scientiarum Hungaricae 25, 1977



1 9 6 R. PÁLVÖLGYI e t ul.

ИЗУЧЕНИЕ МЯГКИХ ТКАНЕЙ КОНЕЧНОСТЕЙ МЕТОДОМ 
КСЕРОРАДИОГРАФИИ

Р. ПАЛВЕЛЬДИ и 3. ПЕНТЕК

Дается краткое изложение сути ксерорадиографии, оказавшейся оптимальной для 
изображения мягких тканей конечностей n vivo. Метод способствует более точному вы­
яснению морфологии и патоморфологии мягких частей и может быть полезным при со­
временном преподавании анатомии.

D r .  R i c h á r d  PÁ l v ö l g y i : Országos Ideg- és E lm egyógyin tézet
H-1281 B u d a p e s t ,  H u n g a ry

D r .  Z o l tá n  P é n t e k : Szekszárd i B a lassa  J á n o s  Kórház
H -7100 Szekszárd , H u n g a ry
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Second D e p a r tm en t  of  A n a to m y ,  Semmelweis U n ivers i ty  Medical School,
B u d a p es t ,  H ungary

DESCENDING COURSE OF PRIMARY AFFERENT 
COLLATERALS IN THE CAT’S SPINAL CORD*

(Short C om m unication)

M Á R IA  K a USZ anil M .  R É T H E L Y I

(R ece ived  Decem ber  2, 1977)

After  injecting horse rad ish-perox idase  into the  lower thorac ic ,  lu m b a r  a n d  sacral 
spinal cord segments of ca ts ,  labe l led  per ika rya  were found in several sp inal ganglia  
localized cranially to the  site o f  in jec tion . The segm ental  dis tance  be tw een  the  in jec t ion  
site and  the  ros t ra lm ost  localized ganglion w ith  labelled cells var ied  d epend ing  on the  
medio-latera l  localization of th e  in jec tion . The longest dis tance  (10 segm ents)  was 
achieved by medial injections. P r im a r y  sensory neurones w ith  long descending colla terals 
belong to large ganglion cells.

Collaterals of p r im ary  a ffe ren t  fibres are issued m ain ly  to  th e  segm en t of 
e n t ry ,  b u t  also to  higher as well as lower spinal segm ents. A scending colla terals  
were followed th ro u g h  8 to  13 segm ents  in cats and  m onkeys, w hereas  d escend ­
ing colla terals  were assum ed to ta k e  a shorter  in te rsegm en ta l  course [1, 3, 10]. 
E lectrophysio log ica l evidence of  long descending p r im a ry  afferen t colla terals  
(5 to  6 segments) was show n re c e n t ly  in the  lu m b a r  region of the  c a t  [13].

The presen t paper a im s a t  giving some ind ica tion  a b o u t  th e  m ax im u m  
leng th  of in tersegm enta l  course  of  descending collaterals, and  a b o u t  th e  size 
of p e r ik a ry a  in the  spinal gang lia  giving rise to  long descending colla terals  to 
lower thoracic , lu m b ar  a n d  sacral segm ents. R e tro g rad e  axoplasm ic  t r a n s p o r t  
of horserad ish-peroxidase  (H R P )  [4, 5, 6, 7] was used to  s tu d y  the  d is tr ib u t io n  
of p r im a ry  afferent colla terals  in th e  spinal cord.

In  9 cats single or m u lt ip le  in jections of 0.8 2.0 pi of 30%  H R P  (Sigma
T y p e  V I  and  Boehringer) were m ad e  un ila tera lly  in to  th e  spinal grey  m a t te r  
of lower thoracic , lu m b ar  a n d  sacra l  segments, from  T h n  to  S3 (see T ab le  I). 
In  all b u t  one anim al the needle  of  th e  H am ilton  syringe (701-N) was inser ted  
th ro u g h  the  dorsal funiculus. In  th e  rem ain ing  one (TM-26) i t  was in tro d u ced  
ob lique ly  th ro u g h  the dorsal p o r t io n  of the la tera l  funiculus. U n fo r tu n a te ly ,  
even  in th is  case the  most v e n t ra l  p o r t ion  of the  dorsal funiculus was m od e ra te ly  
in ju red .  A fte r  48 hours su rv iva l  t im e  the  an im als  were anes the tized  and  
perfused  w ith  saline followed b y  a ph o sp h a te  buffered  solution of 0 .5 %  p a r a ­
fo rm aldehyde  and  2 .5%  g lu ta ra ld e h y d e ,  p H  =  7.2. The spinal cord a n d  the  
spinal ganglia were rem oved  a n d  s to red  in the  f ixa t ive  for 4 hours, th e n  in

* Presented  a t  the Congress of  H u n g a r ia n  A na tom is ts ,  Histologists a n d  Em bryo log is ts ,  
B u d a p es t ,  April 6 8, 1977.

Ada Morphologica Academiae Scientiarum Hungaricae 25, 1977



198 MÁRIA KAUSZ et al.

Table  I

Localization o f  H R P  injection and the d istribu tion  o f  labelled perikarya  
in  sp in a l ganglia cranial to the injection

Animal Injected segment
Cranial most ggl. 

with labelled 
perikarya

Segmental distance 
of descending 

collaterals

TM-2 L , - , T h 9 10

TM-24 l 5 T h 9 9

TM-16 l 5 T h l0 8

TM-13 и T h u 7

TM-26 U T h „ 6

TM-8 T h  ,,_12 Th„ 5

TM-5 l , _ 2 T H a 4

TM-22 S3 L . 4

TM-11 Lr> L 3 3

Fig. 1. Labelled n eu ro n es  of various sizes in ganglion  L5 from an im al TM-24. 
T he  densi ty  of th e  re ac t io n  p ro d u c t  in the  cells va r ies  f rom  high to low. S c a t ­

te re d  b lac k  dots  are red blood cells. Scale: 100 fim
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F igs 2 and 3. Large labelled neurones  (arrows) in ganglion  T h n o f  the  same animals as in Fig. 1. 
T h ey  occur singly or occasionally  in small  groups. T h e  size o f  H R P  granules in the  c y to p la sm  
of th e  labelled neurones  varies  f rom  fine (Fig. 2, b o t to m  neurones)  to m edium  (the o th e r  two 
neurones  in b o th  p ic tu res )  resu lting  in low to m odera te  d en s i ty  of the  reaction produc t .  B lack  

do ts  on Fig. 2, are red blood cells. Scale: 50 fim

buffered 5 %  sucrose so lu tion  for 1 or several days  a t  4°C tem p era tu re .  F o r ty  
pm  th ick  frozen sections were cu t  from the  in jec ted  segm ent of the spinal cord 
( transverse  sections), a n d  from  th e  ganglia a t  b o th  sides ( longitudinal sections). 
The sections were in c u b a te d  for H R P  reac tion  p ro d u c t  in d iam inobenzid ine  
(Sigma) and  hyd rogen  peroxide , as described b y  N a u t a  et al. [8], and  coun ter-  
s ta ined  w ith  cresyl violet.

The in jection  site was reconstruc ted  from  th e  localization of the  needle 
t rack .  The tip  of th e  needle was usually con fined  to  th e  in te rm ed ia te  grey 
m a t te r ;  occasionally it reach ed  the  ven tra l  horn  a n d  th e  ven tra l  fun icu lus  as 
well. In  ag reem ent w ith  recen t  findings in th e  r a t  [9], num erous labelled cells 
were found in th e  ganglia  corresponding a n d  a d ja c e n t  to  the  in jected  spinal 
cord segments in  all an im als .  In  these specimens b o th  small and large neurones 
were filled w ith  th e  reac tion  produc t (Fig. 1). T he  n u m b er  of labelled cells 
d im in ished  sha rp ly  in th e  cran ia l d irection, b u t  sca t te red  labelled neurones 
could still be seen in several ganglia. The la t t e r  were m ostly  large nerve  cells 
(Figs 2 3).
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F ig . 4. D raw ings  of spinal cord cross sections of a n im a ls  TM-2, TM-5, a n d  TM-11. T he  h a tch ed  
a re a  c o rre sponds  to the  needle t r a c k  in each d raw ing .  Compare the  m edio la te ra l  localization 

o f  t h e  needle t rac k  w ith  th e  d is t r ib u t io n  of labe l led  spinal ganglion cells (see T ab le  I)

T h e  segm ental d is tance  be tw een  th e  in jec ted  segm ent a n d  th e  m ost 
c r a n ia l  ganglion in which labelled p e r ik a ry a  were found depended  on medio- 
l a t e r a l  localization of th e  in jec tion . In jec t ions  confined to  the  m edial p a r t  of 
t h e  sp in a l  cord cross section resu lted  in th e  longest segmental d is tance  (Fig. 4 
a n d  T a b le  I). This f ind ing  confirm s the  k n o w n  principles th a t  descending  p r i ­
m a r y  afferen t collaterals are  shifted m edia lly  along the ir  course in the  dorsal 
fu n ic u lu s  [1, 12] and th a t  th e y  te rm in a te  m ain ly  in the m edial p o r t io n  of 
t h e  la m in a e  V, VI, and  V I I  [2]. B o th  in ju re d  fibres in the dorsal fun icu lus  and 
a x o n  te rm in a ls  in the  grey m a t te r  did p ro b a b ly  con tr ibu te  to  the  labelling  of 
t h e  p e r ik a ry a .  Labelled ganglion cells in th e  con tra la te ra l  ganglia  ind ica t ing  
a cross ing  of p r im ary  a fferen t collaterals were rarely observed. T he  long 
in te r s e g m e n ta l  course (up to  10 segm ents)  o f  the  descending colla tera ls  of 
p r i m a r y  afferen t fibre  was u n ex p ec ted  a n d  suggested  an ex tensive  convergence 
o f  p r im a r y  afferent f ibres to  the  lu m b a r  spinal cord segm ents. M ain ly  the 
in t r a s p in a l  arboriza tion  of  th e  large n eu rones  was d is t r ib u ted  over m a n y  
se g m e n ts .  This observa tion  confirm ed th e  resu lts  of recent e lectrophysiological 
s tu d ie s  [13] which showed t h a t  the  long descend ing  p r im ary  affe ren t  collaterals 
a re  o f  th ic k  m yelinated  n a tu re  (conduction  velocity  up to  40 m/sec). W e have 
n o  d i re c t  evidence for th e  func tiona l  ch arac ter is t ics  of these  nerve  fibres, 
b u t  t h e  find ings of S e lz e r  an d  Sp e n c e r  [11] concerning th e  long course of 
v i s c e ra l  afferents up  a n d  dow n th e  spinal cord m ight suggest t h a t  a t  least  
so m e  o f  th e  neurones revea led  in th e  p re se n t  s tu d y  have visceral connections 
a t  t h e  per iphery .

A cknow ledgem ents

T h e  a u th o rs  are in d eb te d  to Mrs. Zs. T eg zes  an d  Mr. Zs. B á r tfa i for e x p e r t  techn ica l  
a s s i s tan ce .  T he  H R P  used in th is  s tu d y  was generously  prov ided  by  Dr. E . R .  P e r l .
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DAS V E R H A L T E N  D E R  A B S T E I G E N D E N  K O L L A T E R A L E N  D E R  P R I M Ä R E N  
S E N S I B L E N  N E U R O N E N  IM R Ü C K E N M A R K  D E R  K A T Z E

MARIA KAUSZ und M. RÉTHELYI

In  die u n te re n  thorake len ,  lu m balen  u n d  sakralen  Segmente  des R ü c k e n m a rk s  von 
U a tzen  w urde  H orserad ish -Peroxydase  e ingspritz t .  Nach der In jek t ion  fanden  sich in m eh re ren ,  
k ra n ia lw är ts  d e r  Injektionsste lle  gelegenen Spinalganglien  m ark ier te  N eurozy ten .  Die in 
S egm en ten  gemessene E n t fe rn u n g  von der  In jek tionsste lle  bis zu dem  am  w e i te s ten  k ran ia l  
gelegenen, m ark ie r te  N eurozy ten  e n th a l te n d e n  Ganglion w ar  anscheinend  v o n  der  L o k a l isa ­
tion der  Eins tichste l le  abhängig.  Die g rö ß te  E n t fe rn u n g  (10 Segmente) w urde  bei m ed ia lem  
E in s t ich  e rm i t te l t .  Die p r im ären  sensiblen N euronen  m it  langen abste igenden  K o lla te ra len  
gehören  zu den über  große N eu ro zy ten  verfügenden  Ganglionzellen.

Н И С Х О Д Я Щ И Е  К О Л  Л И Т Е Р А Л  И П Е Р В И Ч Н Ы Х  Ч У В С Т В У Ю Щ И Х  Н Е В Р О Н О В
С П И Н Н О Г О  М О З ГА  К О Ш К И

М А Р И Я  К А У С  и М- Р Е Т Х Е Й И

А вторы  вводили horsera лвИ-пероксидазу в н и ж н и е  грудные, поясничны е и кр е ст ­
цовые сегменты спинного мозга к о ш ки . После иньекции  препарата в н еско л ьки х  спи н а л ь ­
ны х га н гл и я х , располагаю щ ихся в кравиальном  направлении от места укола , наблюда­
лись меченные нервные кл е тки . Определяемое в сегментах расстояние от места и н ье кц и и  
до наиболее краниально располож енного га н гл и я , содержащ его меченные нервные кл е тки , 
повидимому зависит от места укола. Наибольш ее расстояние (10 сегментов) было определе­
но после иньекции, введенных медиально. Первичные чувствительные невроны с длинны м и 
нисходящ им и коллятералями, относятся к  ганглиозны м  клеткам , обладающим к р у п н ы м и  
нейроцитами.

Dr. M ária K a u s z  

Dr. Miklós R é t h e l y i

Semmelweis O rv o s tu d o m án y i  Egyetem  
I I .  sz. A n a tó m ia i  In té z e t  
H-1094 B u d ap es t ,  T űzoltó  u. 58.
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RECENSIONES

E . H o ltzm a n : Lysosomes: A  Survey. Cell Biology M onographs Vol. 3. Springer  Verlag ,  New
Y ork ,  Í976. X I .  298 pages 56 figures.

Price: DM 130,—

T he  lysosome concep t  a n d  d iscovery is a result  of biochemical research , how ever ,  its 
full p o ten t i a l  was realized only th ro u g h  m o d ern  morphological inves tigations.  T h e  m o rp h o lo g ­
ical a n d  biochemical e x p er im en ts  to g e th e r ,  b ro u g h t  ab o u t  the  presen t  knowledge o f  th e  cell 
physiological and  pa thological significance of the  lysosomes. The  book provides t h e  r e a d e r  with  
a  well designed p icture  of the  above  topics.

In d iv id u a l  chap ters  deal w i th  the  concep t  of the  lysosomes, their  enzym es,  t h e  quest ions 
of th e  he tero  and  a u to p h ag y ,  the  ty p es  of lysosomes an d  the ir  functions,  the  k n o w n  lysosome 
theor ies  and the ir  role in va r ious  pa tho log ica l  processes.

R egard ing  the  origins of  the  lysosomes, th e  a u th o r  a t t e m p t s  to  bridge th e  differences 
o f  views in th e  De Duve  and  N ov ikoff  schools of  th o u g h t .  Tes ting  th e  pa tho log ica l  fu n c tio n s  
of th e  lysosomes is am ong p a th o lo g y ’s m os t  comprehensive  research  subjects.

T h e ir  role in s torage and  infec tious d isorders as well as in var ious i n f la m m a to ry  m aladies 
is su rveyed .  According to the  a u th o r ,  in b a ckground  of the  pa thological processes,  dam ages  
of the  lysosomical m em b ran e  an d  th e i r  reduced  fu n c tio n s  (or lack of it) could be  o bse rved .

T h e  sub jec t  on the  role of th e  lysosomes in securing th e  cell’s tu rn o v er  is also ad eq u a te ly  
covered . A sepa ra te  c h ap te r  discusses those  lysosomes which are found  in a lka lo id  cells and 
th e  role a n d  functions of lysosomes in the  endocrine  secretions and germinal cells.

T he  i l lus tra tions  g rea t ly  assist  the  reader  in b e t te r  u n d e rs tan d in g  of t h e  lysosomes, 
m ak in g  the  book concise and  easy  to read. The b ib liography  con ta ins  a lm ost  ev ery  s ignificant 
d a ta  p e r ta in in g  to the  subject .

T he  timeliness of the  lysosom e top ic  m akes  th is  book a m os t  useful tool for biologists,  
medical  researchers as well as p rac t ic ing  clinicians.

P. SÓTONYI

J o h a n n  Am bro siu s  Ba r t h . N o v a  A c ta  Leopoldina N F  Nr. 217/Bd. 41. Pathologie Fleute 
Halle . 1975. Pages 560, F igs 300 T ab .  54.

Price: DM 1 0 9 , -

T he  publication  con ta ins  the  lec tu res  delivered a t  the  Halle  scientific conference ,  held 
in h o n o u r  of th e  60th a n n iv e rsa ry  of Professor G ü n te r  B runs ,  on F e b ru a ry  3rd. 1974.

T h e  well designed vo lum e,  besides survey ing  th e  d evelopm en t  of p a th o lo g y ,  sums 
up  th e  research , th e  m ethods  an d  the  goals of t o d a y ’s pa thologists.

In t ro d u c in g  th e  cases is a lec tu re  hea rd  on the  changes of an a tom ica l  in v es t ig a t io n  of 
th e  cen t ra l  nervous sys tem  and  th e  effect of  these  changes on var ious aspec ts  of pa tho logy  
itself. O th e r  lectures cover a r a th e r  wide scale of topics,  am ong th em  th e  loca l izat ion  f requency  
of head  injuries, pa thological analysis of exp er im en ta l  t raum ato log ica l  m a te r ia l ,  including 
rep o rts  on  va r ious  tests done by  e lectron  microscopical,  h istochemical,  p o lar iza t ion  f i l te r ,  fluo- 
rescens microscopy and o th e r  up  to d a te  m ethods.

A special asset of  the  boo k  is t h a t  the  lec tures  are well connec ted  w ith  o n e o th e r ,  thus 
g iving th e  read e r  a unified p ic tu re  and  in the  sam e t im e  inform ing  him of t h e  n ew es t  results 
avai lab le  w ith in  a subject.

T he  well placed and  n u m ero u s  f igures convinc ingly  p re sen t  the  facts m e n t io n e d  in the
tex t .

Pathologie  H eu te  is a book t h a t  can  equally  be useful for clinicians a n d  pa tho log ists .

.1. L ukács
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R .  E r ic  L o m bard : Com parative M orphology o f the In n e r  E a r  in  Salam anders (C audata: A m ­
p h ib ia ) .  Contributions to  V e r t e b r a te  Evolution, Vol. 2. E d s :  H ech t ,  M. K . ,  Szalay, F.  S. S.

K a rg e r ,  B a se l  1977. 140 pages, 63 F igs ,  1 Tab.
Price: DM 7 5 ,—

T his  m onograph is b a se d  o n  th e  s tudy of la rva l  a n d  a d u l t  specimens of 55 species b e ­
lo n g in g  to  35 Sa lam ander  genus.

I t  gives a deta iled rev iew  o f  th e  s tructure  of th e i r  in n e r  ear.  Since few d a t a  is know n 
c o n c e rn in g  the  gross and  m ic roscop ic  ana tom y of th e  o rg a n s  o f  hear ing  a n d  equ il ib r ium  of ten  
c a u d a t e  A m phib ia ,  and th e i r  m a j o r i t y  is ou tdated ,  th e  w o rk  fills a gap in the  l i te ra tu re .

T h e  s tu d y  is based ch ie f ly  o n  gross and h is tological findings .  I t  supplies a de ta i led  and  
e x a c t  de sc rip t ion  on th e  in n er  e a r ,  t h e  spatia l  s i tua t ion  o f  t h e  l a b y r in th  as well as of th e  h is to ­
logica l  s t ru c tu re  of its single p a r t s .  T he  electron m icroscopic  d a ta ,  which fo rm  a m inor  p a r t  of 
t h e  w o rk ,  concern th e  u l t r a s t r u c t u r e  of the sensory pap il lae .

Following a general a n a to m ic a l  description o f  t h e  in n e r  ear, the  charac te ris tics  of the  
d i f f e r e n t  species are discussed. A s e p a ra te  chapter  deals  w i th  th e  causes a n d  significance of the  
s t r u c t u r a l  diversity  obse rved  in  t h e  systematic  groups.

T h e  book is a well-edited ,  v a lu a b le  sum m ary  c o n ta in in g  a r ich  f igure  m ate ria l .  I t  is 
r e c o m m e n d e d  to all who are  e n g ag e d  in the c o m p a ra t iv e  a n a to m y  of t h e  organ  of hear ing  
a n d  ba lance .

J .  K ovács

H . T e d e s c h i : M itochondria : S tru c tu re , Biogenesis and T ra n sd u c in g  Functions. Spr inger  Verlag, 
W ienna,  New Y o r k ,  1976. Vol. 4 X . ,  164 pages ,  18 figures.

Price: DM 89 ,—

O ne of the cen tra l  q u e s t io n s  of cytological re sea rc h  is th e  b iochem is try  an d  s t ru c tu ra l  
o rg a n iz a t io n  of the  m u lt i -en z y m e  sys tem s of m ito c h o n d r iu m s .  The  timeliness of  th e  boo k  is 
o b v io u s  in  this  respect.

T h e  well-articula ted v o lu m e  emphasises the bas ic  fac t :  th e  s im ultaneous  ex am inat ions  
o f  s t r u c tu r e  and func tion  is poss ib le  an d  necessary to d a y .  T h e  func tion  is realized th ro u g h  the  
m o le c u la r  membrane.

In d iv id u a l  ch ap te rs  deal  w i t h  the  energy p ro d u c t io n  w i th in  the  m ito ch o n d r iu m ,  the  
m o rpho log ica l  s truc ture ,  th e  w o rk in g s  of the inner a n d  o u te r  m em branes ,  t h e  ca t io n  — anion 
p e r m e a b i l i t y ,  the  m etabolic  c a r r ie rs ,  th e  electron t r a n s p o r t  a n d  th e  ATP-ase  connec ted  to  it. 
T h e  a u t h o r  also gives a d e ta i le d  ex p lana t ion  of th e  th eo r ie s  regard ing  “ h igh-energy”  s ta te  
( c h em ic a l ,  chemical-osmotic, a m o u n t  of  protein).

A n  especially well-edited p a r t  of  the  book concerns  p ro te in  synthesis,  where  t h e  a u th o r  
p ro v id e s  us  w ith  a ra th e r  c o m p re h en s iv e  discussion on  th e  p rob lem s of m itochondria l  DN A  
a n d  R N A  synthesis.

T h e  figures are c o m p le m e n t in g  th e  tex t  well, a n d  th e  b ib liography  used b y  th e  au th o r  
c o v e rs  a lm o s t  all avai lable  l i t e r a t u r e  on the subject.

T h e  book, in our op in ion ,  wil l  be widely read a n d  u se d  by  biochemists ,  morphologists ,  
or  a n y  o th e r  professionals w o rk in g  on  mitochondria  resea rch .

P. SÓTONYI
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ERRATUM

A c ta  Morphologica T om us X X I V  Fasciculus 3 

p p .  285

A n A nim al  is presenile w hen  i ts  irregu lar  cycle, anil  p re g n an c y  occurs in frequen tly .

pp .  287

O n ly  the  f if th  mouse (36 m o n th  old) h a d  an  irregular  p a t t e r n  du r ing  the  9 a d d i t io n a l  cycles, 
consis t ing  of a 2-day oes trous  per iod ,  t h a n  a 20-day d ioes trous period, 2 n o rm al  cycles and 
t h a n  again  a 2-day oestrous period .

pp .  292 

Sz. O t t ó
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MYOFIBRE ABNORMALITIES 
OF ORBICULAR MUSCLE IN MALPOSITION 

OF THE EYELID

J .  F e h é r

(R eceived March 11, 1977)

F ifty-five cases o f senile entropion and ectropion have been studied electron  
m icroscopically. In both senile entropion and ectropion significant u ltrastructural ab­
norm alities were found in the orbicular m uscle fibres, such as a disruption o f  fibres, 
Z line stream ing, rod form ation, Z line duplication  and cytoplasm ic body form ation. 
These alterations have been described only in neurom uscular disorders and system ic  
diseases affecting the skeletal m uscles. Our observations have confirmed th a t these 
abnorm alities are not specific signs of any g iven  disease, they rather represent the 
ultrastructural background of impaired m uscle function  independently o f the aetiology  
of the disease.

T h ere  are  tw o m ain  theories to  e x p la in  th e  p a thom echan ism  o f  senile 
en tro p io n  an d  ec tro p io n , th e  spastic  and th e  a to n ic  th eo ry . These m alp o sitio n s 
of th e  low er eyelid  are th ere fo re  often  called  sp as tic  en trop ion  or ec tro p io n  as 
well as a to n ic  en tro p io n  or ec trop ion . B o th  ascribe  essen tia l im p o r ta n c e  to 
o rb ic u la r  m uscle fu n c tio n , a lthough  few m orpho log ica l and fu nc tion  o b se rv a ­
tions h av e  been carried  ou t to  reveal th e  p a th o lo g ic  backround  o f ab n o rm a l 
m uscle  a c tiv ity  [10, 37— 39], and  we are  fa r  from  know ing th e  e x a c t u ltra -  
s t ru c tu ra l  fea tu res  o f th e  o rb icu la r m uscle a ffec ted  by senile in v o lu tio n , w hich 
could ex p la in  th e  clinical p ic tu re .

T his p ap er has been devo ted  to  th e  s tu d y  of th e  m y o fib rilla r a b n o r­
m alitie s .

M a te r ia ls  an d  m e th o d s

F ifty-five  patients w ith senile entropion and ectropion were studied electron m icroscop­
ically. F ourty-tw o had senile entropion and tw elve, senile  ectropion. Thirty-seven cases were 
unilateral and seventeen cases were bilateral, and one patien t had senile entropion o f the left 
lower eyelid  and senile ectropion of the right lower eyelid . Their mean age was 72.5 years. 
All these patients were operated upon and small pieces o f the orbicular muscle were dissected  
at the surgical intervention. The muscle specim ens were fixed in 2% osmium te trox id e  pH  
7.2. buffered w ith veronal-acetate, embedded in A rald ite, sectioned w ith R eichert U ltra­
m icrotom e and contrasted by R eynolds’ technique w ith  uranyl acetate and lead citrate  for 
exam ination in the JEM  7A electron microscope.

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977
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O bservations

D isso lu tio n  o f  fila m en ts

D isru p tio n  of th e  n o rm a l band ing  p a t te r n  an d  loss of m y o filam en ts  w ere 
th e  m o s t com m on u l t r a s t ru c tu ra l  changes in  th e  orb icu lar m uscle. I n  som e 
s ite s  th e re  w ere only  sm all focal changes, w h ereas  a t  o ther places th e  d am ag e  
e x te n d e d  over m an y  sarcom eres and  even m a n y  fib res (Fig. 1). M ost a rea s  of 
m y o f ib re  dam age w ere filled  w ith  glycogen p a r tic le s , rem n an ts  of sa rco p lasm ic  
re t ic u lu m , T  tu b u le s  as w ell as m ito ch o n d ria , m ost of w hich show ed  a b ­
n o rm a litie s .

Z  lin e  stream ing

A  focal w idening  of th e  Z line, or som etim es w idening of th e  w hole Z line 
in  one  o r m ore sarcom eres w ere com m on in  b o th  a p p a re n tly  n o rm al a n d  a b ­
n o rm a l o rb icu la r m uscles. T he lesions som etim es involved  one or m ore  sa rco ­
m eres  in  one fib re  or in  sev era l n e ig h b o u rin g  fib res  (Fig. 2). U n d e r h ig h e r 
p o w e r th e  Z line s tream in g  d isp layed  a lo n g itu d in a l fib rilla r s tru c tu re , w hich  
c o n tin u e d  in to  th e  I  b a n d  n e x t  to  th e  ab n o rm a l Z line. No tra n sv e rsa l p e r io d ­
ic i ty  w as seen in  th e se  ex ten d ed  Z lines (F ig . 3). The sarcom eres a ro u n d  
Z lin e  s tream in g  h ad  e ith e r  a norm al or an  ab n o rm a l band ing  p a t te rn .

Rod fo rm a tio n

T h is  a lte ra tio n  w as ch a rac te rized  by  p a ra c ry s ta llin e  accu m u la tio n  o f  Z 
lin e  m a te r ia l. T he m y o fib rilla r  s tru c tu re  w as m ore  or less irreg u la r a n d  th e  
n o rm a l b a n d in g  p a tte rn  d is ru p te d . The in te rm y o f ib r illa r  spaces h ad  w id en ed , 
a n d  in  th o se  spaces, tu b u le s  of sarcoplasm ic re ticu lu m , glycogen p a r tic le s , 
m ito c h o n d r ia  an d  a few T tu b u le s  could be seen  (F ig . 4). U nder h igh  m a g n if i­
c a t io n , th e  en larged  Z lines show ed a ty p ic a l p a ra c ry s ta llin e  s tru c tu re  (F ig . 5). 
T h e y  co n sis ted  of a la ttic e -lik e  a rran g em en t o f  sq u ares  m easuring a b o u t 100 Â 
on e a c h  side. T he en larged  Z line was th ree  to  f iv e  tim es w ider th a n  th e  n o rm á i 
b u t  w e h a v e  n ev er o b serv ed  such p a ra c ry s ta llin e  bodies, w hich w o u ld  h av e  
e x te n d e d  over several sarcom eres. On b o th  sides of th e  rods, fin e  f i la m e n ts  
p e n e t r a te d  in to  th e  su b s ta n c e  of th e  a c c u m u la ted  Z line m ateria l.

D ouble Z  band

A  d u p lica tio n  of th e  Z line occurred  in  one o f  th e  cases, a m an  65 y e a r  
o f  age w ho  had  a senile ec tro p io n  and  no sy m p to m s of system ic n eu ro m u scu la r  
o r m e ta b o lic  disease. T he Z line dup lica tion  a p p e a re d  in  several n e ig h b o u rin g  
f ib re s  (F ig . 6). On b o th  sides o f each p a ir o f Z lines, fine fibrils could  be seen.
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Fig. 1. Focal disruption of m yofibres (arrow). The normal banding pattern has disappeared, large m asses of Z line m a­
terial and irregular fibrillar network are seen. N. I. 69 years. Senile entropin. X 11,400
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Fig , 2. Z line stream ing in apparently normal m uscle. The normal handing pattern is well preserved. The sarcoplas­
mic reticulum  and m itochondria seem to be intact. T.A. 87 years. Senile entropion. X 22,000
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Fig. 3. E xcessive  Z line s tream ing . T he n o rm al b an d in g  p a tte rn  is h ighly  d is tu rb ed , m ost of the  Z line a re  w idened. 
B etw een th e  irreg u la r fib res m ito ch o n d ria , glycogen p a rtic le s  a n d  tu b u le s  of sarcoplasm ic re ticu lu m  can  be seen. S.M.

68 years. Senile en tro p io n . X 19,200
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Fig. 4. R od fo rm atio n  correspond ing  to  a p a rac ry s ta llin e  accu m u la tio n  of Z line m ate ria l. S.G. 76 y ears. Senile e n tro ­
pion. X 28.000
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Fig. 5. T he rods u n d e r h igh m ag n ifica tio n  show a ty p ic a l p a rac ry s ta llin e  s tru c tu re . The th in  filam en ts  a re  in connection
w ith  th e  rods. E .J . 73 years. Senile en trop ion . X 99.000
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Fig. 6. D u p lica tio n  of th e  Z lines in  som e neighbouring  fibres. B etw een  th e  sligh tly  irreg u lar fib res , w ell-developed tu b u le s  
o f sarcoplasm ic re ticu lu m , m ito ch o n d ria  an d  glycogen p a rtic les. V .F . 65 years. Senile ectrop ion . X 66,000
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Fig. 7. C ytop lasm ic body  fo rm atio n  in  th e  sarcoplasm . T he e lectrodense oval a rea  is su rro u n d ed  b y  a halo  o f fine 
filam en ts , tu b u le s  o f sarcoplasm ic re ticu lu m  and T tu b u les . B .F . 82 years. Senile en tro p io n . X 22,000
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B e tw e e n  these  fib rils g ly co g en  partic les, m ito c h o n d ria  an d  tu b es o f sarco ­
p la sm ic  reticu lum  w ere o b se rv e d . This d u p lica tio n  o f th e  Z line w as ce rta in ly  
no  a r te fa c t.

C ytop lasm ic bodies

T his curious s t ru c tu re  v a r ie d  w idely in  size a n d  shape , b u t  h a d  a ch a r­
a c te r is t ic  appearance . I t  co n sis ted  of a ro u n d  or ova l, am orphous, osm iphilic 
c e n tr a l  a rea  su rro u n d ed  b y  a  halo  of lig h te r, less dense am orphous m a te ria l 
(F ig . 7). F ine filam en ts  f ro m  th e  ad jacen t m uscle  fib res  passed  th ro u g h  th is 
o u te r  zone and en te red  in to  th e  electrodense c e n tra l  reg ion . B etw een  th e  fine  
f i la m e n ts  a few T tu b u le s , glycogen partic les an d  a rich  n e tw o rk  o f sarco ­
p la sm ic  reticu lum  a p p ea red .

Discussion

T h ere  is a general a g re e m e n t th a t  a d is ru p tio n  of th e  f ila m e n t a rran g e ­
m e n t  is n o t specific fo r a n y  g iv en  disease. T he a lte ra tio n  has been  described  in  
n u m e ro u s  u n re la ted  d iseases , such  as m uscu la r d y s tro p h ies  [18, 26, 42, 45], 
p e r io d ic  paralysis [24, 47 ], s te ro id  m y o p a th y  [37], neurogen ic  a tro p h ies  [1, 50], 
g ly co g en  storage diseases [5, 12, 27, 41].

B ecen tly  R a d n ó t  [37, 3 8 ], R a d n o t  an d  F o l l m a n  [39] described  m arked  
d e s tru c tio n  and d im in u tio n  o f  th e  orb icu lar m uscle in  cases of senile en tro p io n , 
e c tro p io n  and eyelid tu m o u rs .  T he a lte ra tio n s w ere considered  to  rep resen t 
sen ile  changes. O ur o b se rv a tio n s  confirm ed th e ir  fin d in g s an d  show ed some 
m o re  u ltra s tru c tu ra l  a b n o rm a litie s  of th e  o rb ic u la r  m uscle, such  as Z line 
s tre a m in g , rod fo rm atio n , Z lin e  dup lica tion  an d  cy to p lasm ic  bo d y  fo rm ation . 
T h e se  abnorm alities h av e  n o t  been  described in  th e  o rb icu la r m uscle of a p ­
p a r e n t ly  h ea lth y  p a tie n ts .

Z line stream ing  m a y  o ccu r in  norm al m uscles, b u t  i t  is m ore com m on 
in m u sc le  diseases such  as m u scu la r  d y stroph ies [16, 34], d e n e rv a tio n  a tro ­
p h ie s  [44], collagen v a sc u la r  diseases [32, 43, 49], h y p o th y ro id  m y o p a th y  [19] 
a n d  c e n tra l  core disease [4, 11, 21].

Z line s tream ing  has o f te n  been found in senile  en tro p io n  an d  ec trop ion  
a n d  som etim es enorm ous m asses  of f ilam en to u s  Z line m a te r ia l could  be 
o b se rv e d .

A n um ber of a u th o rs  h a v e  considered th e se  rods to  be a un iq u e  p a th o ­
lo g ica l change found in  c o n g e n ita l m y o p a th y  [9, 25, 48]. T he sp ec ific ity  of rod 
fo rm a tio n  seems to  be d o u b tfu l  since ty p ica l rods w ere observed  in  la te  onset 
m y o p a th y  of adu lts  [13], co llag en  vascu lar d isease [16, 43], c e n tra l core d is­
ease  [2], m uscular d y s tro p h ie s  116], a fter te n o to m y  [51], in  th e  h e a r t m uscle 
o f  th e  c a t [17] as well as in  e x tra o c u la r  m uscles [8, 33, 40].
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A ccording to  th e  earlie r op in ion , th e  e lec tro d en se  rods o r ig in a te d  from  
the Z line and  consisted  o f Z line m ateria l [14, 21, 22, 29, 30, 36]. T h is  v iew  
was based  on th e  f in d in g  o f focal en la rg em en ts  o f  th e  Z line, and  on th e  u ltra -  
s tru c tu ra l sim ilarities be tw een  th e  Z line and  ro d s w ith  regard  to  th e ir  e lec tro n  
d en sity  and  la ttic e -lik e  p a tte rn . T he b iochem ical com position  o f th e  rods is 
unknow n [54]. S evera l au th o rs  suggested  th a t  th e  rods are th e  re su lt  o f an  
excessive p ro d u c tio n  an d  accum ula tion  of tro p o m y o sin  [36]. This h y p o th e s is  
was based  on th e  a p p a re n t co n tin u a tio n  o f th e  rods in to  the  Z lines, w hich  
earlie r w ere believed  to  be tropom yosin , as w ell as on th e  u l t r a s t ru c tu ra l  
s im ilarities betw een  th e  rods and  tropo m y o sin  c ry s ta ls . S u b sequen t a n tib o d y  
localiza tion  s tud ies [35], Z line re c o n s tru c tio n  ex perim en ts [53] a n d  X -ra y  
d iffrac tio n  stud ies [7] h av e  considerab ly  u n d erm in ed  th e  evidence co n cern in g  
the presence of tro p o m y o sin  in th e  Z line. T h ere  is grow ing evidence su g g e s t­
ing th a t  th e  tro p o m y o sin  localized in th e  th in  filam en ts  and  th e  p ro te in  
w hich th e  Z lines co nsist is m o stly  a lpha  a c tin  [20]. On the  o th e r h a n d , re ­
m ark ab le  m yosin  ab n o rm a litie s  have  recen tly  b een  described in m uscle  b io p ­
sies from  a p a tie n t w ith  ch a ra c te ris tic  clin ical an d  pathological p h en o m en a  of 
rod m y o p a th y . T hese ab n o rm alitie s  w ere acco m p an ied  by  decreased  A T P -ase  
a c tiv ity  of th e  m y o fib res  and  th e  sarcop lasm ic re ticu lu m  [52]. In  o u r cases of 
senile en tro p io n  an d  ec tro p io n  th e  rods h ad  u n d o u b te d ly  o rig inated  fro m  th e  
Z lines. In  some p laces th e  Z lines had  th ic k e n e d  an d  form ed la ttic e -lik e  s tru c ­
tu re s , and  th e ir  c o n tin u ity  w ith  th e  f ilam en ts  w as alw ays obvious. A lth o u g h  
th e  size of th e  rods v a rie d  w idely , th e  p a ra c ry s ta llin e  s tru c tu re  w as ty p ica l 
and  c o n s tan t.

D up lica tio n  o f th e  Z line is a very  ra re  change . O nly tw o cases o f th is  
a b n o rm a lity  have  been  re p o rte d , one in re g e n e ra tin g  m uscle [23] and  one in  a 
case o f th y ro tro p in  defic iency  [15]. One case w ith  th is  a b n o rm a lity  show ed 
w idened p a irs  o f Z lines w ith  p a rac ry s ta llin e  s tru c tu re .

T he orig in , th e  chem ical com position  and  significance of cy to p la sm ic  
bodies are  no t k now n , b u t  th e y  ap p ea r to  c o n ta in  Z line m ateria l as w ell as 
m yo filam en ts  [29, 34]. T hese ab n o rm alities  a re  accom pan ied  w ith  o th e r  Z line 
a lte ra tio n s  such as Z line s tream in g  or rod fo rm a tio n . C ytoplasm ic bod ies w ere 
found  in m uscle d y stro p h ie s  [30, 46], period ic  p a ra ly s is  [28, 31], an d  collagen  
v ascu la r diseases [49, 55]. Tw o of ou r cases show ed  ty p ica l cy to p lasm ic  b o d y  
fo rm atio n  accom pan ied  by  o th e r ab n o rm alitie s  su ch  as Z line s tre a m in g  and 
rod fo rm atio n .

RKFKR EXCES

1. A d a c h i , M., T o r i i , . ( . ,  S u e r , J . ,  R a t n o f f , E ., A r o n s o n , S. M., L a p o v s k y , A . :  (1971) 
U ltra s tru c tu ra l  and  h is to ch em ica l fea tu res  o f skeletal m uscle  in th e  W ohlfah rt — K u g e lh erg  — 
W elander syndrom e. .1. n eu ro l. Sei., 13, 13 — 20. 2. A f i f i , A .  K ., S m i t h , .). W ., Z e l l w e g e r ,
H .: (1965) C ongenital n onprogressive  m y o p a th y . C en tra l core an d  nem aline m y o p a th y  in  one 
fam ily . N eurology (M inneap .). 15, 3 7 1 —381. — 3. A f i f i ,  A .  K ., B e r g m a n , R .  A . ,  H a r v e y ,

Acta Morphologien Acaderniae Scientiarum Hungaricae 25, 1977



216 J . F E H É R

J .  С. (1968): S tero id  m y o p a th y : clin ical, h istologic a n d  cy to log ic  observations. Jo h n s  H opk ins 
m ed . J . ,  123, 158 — 166. — 4. A rm strong , R . M ., K o e n ig s b e r g e r , R ., M e l l in g e r , J . ,  
L o v e l a c e , R . E .: (1971) C en tra l core disease w ith  c o n g en ita l h ip  dislocation: s tu d y  o f tw o fam ­
ilies. N eu ro lo g y  (M inneap .), 21, 369 — 380. — 5. B r u n b e r g , J . A ., McCo r m ic k , W. F ., 
Sc h o c h e t , S. S. J r . :  (1 9 7 1 )T y p e  I I I  glycogenosis. A n  a d u lt  w ith  diffuse w eakness a n d  m uscle 
w a s tin g . A rch . N euro l., 25, 171 — 178. — 6. Ca p e , C. A ., J o h n s o n , W. W ., P it n e r , S. E .:  (1970) 
N e m a lin e  s tru c tu re s  in  p o ly m y o sitis . N eurology (M in n eap .), 20, 494—502. — 7. Ca s p a r , D. L. D ., 
Co h e n , C., L o n g le y , W .: (1969) T ro p o m y o s in c ry sta l s t ru c tu re ,  po lym orphism  a n d  m olecu lar 
in te ra c t io n s .  J .  m olec. B io l., 41, 87 — 95. — 8. Ch e n g -M in o d a , K .: (1970) A ging changes in 
h u m a n  e x tra o c u la r  m uscles. J a p .  J .  clin. E lec tro n  M icr., 2, 590 — 601. — 9. Co n e n , P . E ., 
M u r p h y , R . G., D o n o h u e , W . L .: (1963) L ig h t a n d  e le c tro n  m icroscopic s tu d ie s  o f  ‘m yo- 
g ra n u le s ’ in  a child  w ith  h y p o to n ia  an d  m uscle w eak n ess . C anad. m ed. Ass. J . ,  89, 983 — 987. 
— 10. D a l g l e is h , R ., Sm it h , J .  L. S.: (1966) M ech an ism  an d  h istology of senile  en tro p io n . 
B r i t.  J .  O p h th a l. 50, 79 — 91. — 11. D u b o w itz , V ., R o y , S.: (1970) C entral core disease of 
m u sc le : c lin ica l, h is to ch em ica l a n d  e lectronm icroscop ic  s tu d ies  of an  a ffec ted  m o th e r  and  
ch ild . B ra in  93, 133 —140. — 12. E n g e l , A. G .: (1970) A cid m altase  defic iency  in  ad u lts : 
S tu d ie s  in  fo u r cases o f a sy n d ro m e w hich  m ay m im ic m u sc u la r  d y stro p h y  or o th e r  m y o p ath ies . 
B ra in  93, 599 — 616. — 13. E n g e l , M'. K ., R e s n ic k , J .  S .: (1966) L ate-onset ro d  m y o p a th y : 
a n e w ly  recogn ised , acq u ired  a n d  progressive disease. N eu ro lo g y  (M inneap.) 16, 308 — 309. — 
14. E n g e l , A . G ., Go m ez , M. R .:  (1967) N em aline (Z d isc) m y o p ath y : o b se rv a tio n s  on  th e  
o r ig in , s tru c tu re  an d  so lu b ility  p ro p e rtie s  o f th e  n e m a lin e  stru c tu res . J .  N e u ro p a th , exp. 
N e u ro l., 26, 601—609. — 15. E n g e l , A. G., Ma c d o n a l d , R . D .: (1970) U l t ra s tru c tu ra l  reac ­
tio n s  in  m uscle  disease an d  th e ir  ligh t-m icroscopic  c o rre la te s . In : Muscle D iseases. E d s . W alto n , 
J .  N ., C anal, N . and  S ca rla to , G ., p . 71, I.C .S. No. 199. E x ce rp ta  M edica, A m ste rd am . — 
16. F a r d e a u , M.: (1970) U ltra s tru c tu ra l  lesions in  p ro g ressiv e  m uscular d y stro p h ies . A  critical 
s tu d y  o f th e ir  specificity . In : M uscle D iseases. E ds. W a lto n , J .  N ., Canal, N . an d  S carla to , G., 
p . 98. I.C .S . No. 199. E x c e rp ta  M edica, A m ste rd am . — 17. F aw cett , D. M .: (1968) The 
sp o ra d ic  occurrence  in  card iac  m uscle  o f anom alous Z -b an d s  exh ib iting  a p e rio d ic  s tru c tu re  
su g g e stiv e  o f  tro p o m y o s in . J .  Cell B iol.. 36, 266 — 270. — 18. F is h e r , E . R ., Co h n , R . E ., 
D a n o w s k y , T . S.: (1966) U l t ra s tru c tu ra l  o b se rv a tio n  o f  ske le ta l m uscle in  m y o p a th y  and  
n e u ro p a th y  w ith  specia l re ference  to  m uscular d y s tro p h y . L ab . In v e st., 15, 778 — 790. -  
19. G o d e t -G u il l ia in , J . ,  F a r d e a u , M.: (1970) H y p o th y ro id  m y o p ath y . H isto lo g ica l and 
u l tr a s t r u c tu r a l  s tu d y  o f a n  a tro p h ic  form . In : M uscle D iseases. E ds. W alton , J .  N ., C anal, N. 
a n d  S c a rla to , G. P . 512, I.C .S . No. 199, E x ce rp ta  M ed ica , A m sterdam . — 20. Go l l , 1). E ., 
M o m m a e r t s , W . F . H . M ., R e e d y , M. K ., Se r a y d a r in , K .:  (1969) Studies on  a lfa  actin -like  
p ro te in s  l ib e ra te d  d u rin g  t ry p s in  d igestion  of alfa  a c tin  a n d  of m yofibril. B ioch im . b iophys. 
A c ta  (A m st.)  175, 174— 194. — 21. G onatas, N. K .: (1966) T he fine s tru c tu re  o f th e  rod-like 
b o d ies  in  nem aline  m y o p a th y  a n d  th e ir  re la tio n  to  th e  Z -discs. J .  N eu ro p a th , ex p . N euro l.,
25, 409 — 417. — 22. G o n a t a s , N . K ., S h y , G. M ., G o d f r e y , E . H .: (1966) N em alin e  m yo­
p a th y .  T h e  orig in  o f nem alin e  s tru c tu re s . New E n g l. J .  M ed ., 274, 535 — 539. — 23. G r a b o w , 
J .  D ., C h o u , S .  M .: (1969) T h y ro tro p in  horm one d e fic ien cy  w ith  a p e rip h e ra l n e u ro p a th y . 
A rc h . N e u ro l., 19, 284 — 291. — 24. H o w e s , E . L . ,  P r i c e , H .  M ., P e a r s o n , C .  M ., B l u m b e r g  
J .  M .: (1966) H y p o k a lem ic  p e rio d ic  para ly sis , e lectro n m icro sco p ic  changes in  th e  sarcoplasm . 
(M in n e ap .) , 16, 242 — 249. — 25. J e n i s ,  E . H ., L i n d q u i s t , R . R ., L i s t e r , R . C . :  (1969) New 
c o n g e n ita l  m y o p a th y  w ith  c ry s ta llin e  in tra n u c le a r in c lu s io n s . A rch. N euro l., 20, 2 8 1 —292. —
26. K l i n k e r f u s s , G. H . :  (1967) A n electronm icroscop ic  s tu d y  of m yoton ic  d y s tro p h y . A rch. 
N e u ro l.,  16, 181 — 190. — 27. K o e p p e n , A. H . ,  B i s h o p , M .  B . ,  K o n d a u r i s ,  S .: (1976) P o ly ­
m y o s itis  in  K ap o si’s sy n d ro m e . J .  neurol. Sei., 27, 123 — 126. — 28. M a c d o n a l d , R .  D., 
R e w c a s t l e ,  N . B . ,  H u m p h r e y , J .  G .: (1968) T he m y o p a th y  of hyperkalem ic  p e rio d ic  p a ra ­
ly sis . A rc h . N eu ro l., 19, 274 — 282. — 29. M a c d o n a l d ,  R .  D ., E n g e l , A. G .: (1969) T he c y to ­
p la sm ic  b o d y : a n o th e r  s t ru c tu ra l  an o m aly  of th e  Z disc. A c ta  n eu ro p ath . (B erl.), 14, 99 — 104.

30. M a c d o n a l d ,  R . D ., E n g e l , A. G . :  (1970) E x p e r im e n ta l  ch loroquine m y o p a th y . J . 
N e u ro p a th ,  exp . N euro l., 24, 479 — 499. — 31. M a c d o n a l d , R .  D . ,  R e w c a s t l e , N . B ., 
H u m p h r e y , J .  C.: (1969) M y o p a th y  of hy p o k a lem ic  p e rio d ic  paralysis. A rch . N eu ro l., 20, 
565. — 32. M a s t a g l i a , F . L ., W a l t o n , J .  N . :  (1971) A n  u ltra s tru c tu ra l s tu d y  o f skeletal 
m u sc le  in  p o ly m y o s itis . J .  n eu ro l. Sei., 12, 473 — 481. — 33. M u k u n o , K .: (1969) E lec tro n  
m ic ro sco p ic  s tud ies on  h u m an  e x tra o c u la r  m uscles u n d e r  pa th o lo g ic  conditions. I .  R o d  fo rm a­
t io n  in  n o rm a l an d  d iseased  m uscles (po lym yositis  a n d  o c u la r  m y asthen ia). J a p .  J .  O p h th a l., 
13, 35 — 40. — 34. N a k a s h i m a , N . ,  T a m u r a ,  Z., O k a m o t o , S., G o t o ,  H . :  (1970) Inclusion  
b o d ies  in  h u m a n  n e u ro m u scu la r  d isorders. A rch. N e u ro l., 22, 270 — 280 — 35. P e p e , F . A .: 
(1966) Som e asp ec ts  o f  th e  s t ru c tu ra l  o rg an isatio n  of th e  m y ofib ril as rev ea led  b y  an tib o d y - 
s ta in in g  m eth o d s . J .  Cell B iol., 28, 505 — 525. — 36. P r i c e ,  H .  M . ,  G o r d o n , G .  B . ,  P e a r s o n , 
C. M . ,  M u n s a t , T. L ., B l u m b e r g , J .  M . :  (1965) N ew  ev id en ce  for excessive acc u m u la tio n  of

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



M YO FIBRE A BNORM ALITIES OF T H E  EYELID 217

Z -ban  m a te ria l in  nem aline m y o p a th y . P roc . n a t.  A cad. Sei. (W ash .), 54, 1398 — 1406. — 
37. R a d n ó t , M : (1973) D eg en e ra tiv e  V erän d eru n g en  in der F e in s tru k tu r  des M. o rb icu laris 
oculi. K lin . M bl. A ugenheilk ., 162, 493 — 498. — 38. R adnót , M.: (1974) A  m . o rb icu laris  
oculi u l tra s tru c tu rá ja  h ibás szem h éjá llá s  esete iben . Szem észet 111, 8 1 —88. — 39. R adnót ,
M., F o llm an , P .:  (1974) U lt r a s tru c tu ra l  changes in senile a tro p h y  of th e  o rb icu la ris  oculi 
m uscle. A m er J .  O p h tha l., 78, 689 — 699. — 40. R adnót , M., Varga , M .: (1974) Az egyenes 
szem izm ok u ltra s tru c tu rá ja .  S zem észet 111, 241 — 249. — 41. Sa l t e r , R . H . ,  A d a m s o n , D. G., 
P e a r c e , G. W .:  (1967) M cA rdle’s sy n d ro m e  (m yophosphory lase  defic iency). A  s tu d y  of a 
fam ily . Q u a rt . J .  M ed., 36, 565 — 570. 42. Sa n t a , T .: (1969) F ine  s tru c tu re  o f  th e  hum an
skeletal m uscle in  m y o p a th y . A rch . N eu ro l.. 20, 488 496. -  43. Sa t o , T ., W a l k e r , D. L.,
P e t e r s , H . A ., R e e s e , H. H . ,  Ch o u , S. M .: (1971) Chronic po ly m y o sitis  and  m yxov irus-like  
inclusions. E lec tro n  m icroscopic a n d  v ira l stud ies . A rch. N euro l., 24, 4 0 9 - 418. — 44. 
S ch ot la nd , I). L .: (1969) An e lec tro n  m icroscopic s tu d y  of ta rg e t fibers, ta rg e t- lik e  fib ers  and 
re la ted  ab n o rm a litie s  in h u m an  m uscle . J .  N e u ro p a th , exp. N euro l., 28, 214 — 225. — 45. 
Sc h o t la n d , D . L .: (1970) A n e le c tro n  m icroscopic in v es tig a tio n  of m y o to n ic  d y s tro p h y . J . 
N e u ro p a th , exp . N eurol., 29, 241 — 257. — 46. Sc h r o d e r , J .  M., A d am s , R . I ) .:  (1968) The 
u l tra s t ru c tu ra l  m orphology of th e  m uscle  f ib e r in m yo ton ic  d y s tro p h y . A c ta  n eu ro p ath . 
(B erl.), 10, 218- 225. — 47. Sc h u t t a , H .  S., A rm ita g e , j .  L .: (1969) T h y ro to x ic  hypokalem ic  
periodic  p a ralysis. J .  N e u ro p a th , exp . N euro l., 28, 3 2 1 —330. 48. S h a f i q , S. A..
D u b o w it z , V ., P e t e r s o n , H . de C., M i l h o r a t , A. T .: (1967) N em aline  m y o p a th y : rep o rt of 
a fa ta l case, w ith  h istochem ical a n d  e lec tro n  m icroscopic s tud ies . B ra in . 90, 817 — 828.
49. S h a f i q , S. A ., M i l h o r a t , A. T ., G o r y c k i , M. A .: (1967) An e lectronm icroscope  s tu d y  of 
m uscle degen era tio n  and v a sc u la r  ch an g es in  po lym yositis. J .  P a th .  B a c t.,  94, 139 —145. —
50. Sh a f iq , S. A ., Milh o r a t , A . T ., G o r y c k i, M. A .: (1967) F ine s tru c tu re  o f h u m a n  m uscle
in  neurogenic  a tro p h y . N euro logy  (M in n eap .), 17, 934 — 942. — 51. S h a f iq , S. A ., G o r y c k i,
M. A ., A s ie d u , S. A ., Mil h o r a t , A . T . : (1969) T eno tom y; effect on th e  fin e  s tru c tu re  o f the  
soleus o f th e  ra t.  A rch. N euro l., 20, 625 633. — 52. S r e t e r , F . A ., A strö m , K . E .,  R om á n ul ,
F . C. A ., Y o u n g , R . R ., J o n e s , H . R .:  (1976) C h arac te ris tic s  of m yosin  in n em alin e  m y o p a th y . 
J .  neuro l. Sei.. 27, 98 116. — 53. S t r o m e r , M. H ., H a r t s h o r n e , I). J . ,  Mu e l l e r . H ., R ic e ,
R . V.: (1969) T he effect of v a r io u s  p ro te in  frac tio n s on Z and  M line re c o n s tru c tio n . J .  Cell 
B io l., 40, 1 6 7 -  168. — 54. Su g it t a , H ., Ma sa k i, T ., E b a sh i, S., P e a r s o n , C. M.: (1971) 
P ro te in  com position  of rods in n em alin e  m y o p a th y . I.C.S. No. 237. E x c e rp ta  M edica, A m ste r­
d am  (A b s tra c t) . — 55. Y u n is , E . J . ,  Sa m a h a , F . J . :  (1971) In c lu s io n  b o d y  m y o sitis . Lab. 
In v e s t., 25, 240 250.

V E R Ä N D E R U N G E N  D E R  M U S K E L F A S E R N  B E I  F A L S C H E R  A U G E N L ID S T E L L U N G

J. FEHÉR

D er M usculus o rb icu laris  oculi w urde  bei 55 P a tie n te n , die w egen E n tro p iu m  oder 
E c tro p iu m  senile o p erie rt w u rd en , e le k tro n e n o p tisch  u n te rsu ch t. Sow ohl beim  sen ilen  E n tro ­
p ium  als a u ch  beim  senilen E c tro p iu m  w u rd en  c h arak te ris tisch e  u l tra s tru k tu re l le  V e rän d e ru n ­
gen fe stg es te llt, wie A uflösung de r M uskelfasern , V e rb reiteru n g  der Z -L inie, S tä b ch en b ild u n g , 
Z -L in ien v erd o p p lu n g  und  B ild u n g  v o n  Z y to p lasm ak ü rp erch en . Diese V e rän d e ru n g e n  w urden  
frü h e r n u r im  Z usam m enhang  m it v e rsch ied en en  n eu ro m u sk u lä ren  E rk ra n k u n g e n  u n d  an d e ­
ren , au f die S k e le ttm u sk u la tu r ü b e rg re ifen d e n  S y s tem erk ran k u n g en  besch rieb en . D ie E ergeb- 
nisse b e s tä tig en  die A nsichten , n a c h  d en en  die e rw äh n ten  u l tra s tru k tu re l le n  V erän d e ru n g en  
n ich t als eine fü r  bestim m te  K ra n k h e ite n  spezifische V eränderung  an zu seh en  sin d , v ielm ehr 
die u l tra s tru k tu re l le n  G ru n d lag en  d e r g esch äd ig ten  M u sk eltä tig k e it d a rs te llen , u n ab h än g ig  
von de r Ä tio logie der K ran k h eit.

И З М Е Н Е Н И Я  М Ы Ш Е Ч Н Ы Х  В О Л О К О Н  П Р И  Н Е П Р А В И Л Ь Н О М  
П О Л О Ж Е Н И И  В Е К  

Й. Ф ЕХ Е Р

В электронном м и кроскопе  была исследована кругов ая  мыш ца глаза у  55 больных, 
оперированны х по поводу старческого  выворота или заворота век. П ри  обоих патологи ­
ческих процессах в мышечных в ол окнах  были обнаружены  характерны е изменения, в том
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числе растворение мыш ечного вол окна , расширение л инии  Z, образование полочек, удвое­
ние л и н и и  Z и образование цитоплазм атических телец. Раньш е эти  изменения были описа­
ны  тол ько  в связи с различны м и нейром ускулярны м и заболеваниями и прочими систем­
ны м и  заболеваниями, распространяю щ им ися на скелетную  м ы ш цу. Результаты исследо­
в а н и й  подкрепляю т взгляды , согласно которым упом януты е  ультраструктурны е изме­
н е н и я  не являются специф ическим и для определенного заболевания, а представляют собой 
ул ьтр аструктурн ы е  основы н ар уш е н н о й  мышечной ф ун кц и и , независимо от этиологии 
заболевания.

D r. Já n o s  F e h é r : S em m elw eis O rv o stu d o m án y i E g y e te m  I. sz. Szem klin ika 
H -1083 B u d a p e s t, Töm ő u . 2 5 —29, H u n g a ry
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Second In s t i tu te  o f A n a to m y , H isto lo g y  and  E m bryology ,
Sem m elw eis U n iv ersity , M edical School, B u dapest

INFLUENCE OF THE INTESTINAL EPITHELIUM TO THE 
PLASMA CELL DIFFERENTIATION INJECTED 

INTO THE THYMUS

1. T örő

(R eceived  A pril 26, 1977)

Physio log ical saline so lu tion  of enzym e-iso la ted  sm all in te s tin a l e p ith e liu m  of r a t  
em b ry o s was in jec ted  in to  th e  th y m u s of a d u lt  ra ts , th u s  increasing  th e  n u m b er of 
ep ith e lia l cells in th e  p a ren ch y m a. T h e  effect on  th e  cellu lar com position  o f th e  th y m u s  
p a ren c h y m a  was s tu d ied  w ith  special reg ard  to  p lasm a  cells. C onsidering th e  fu n c tio n al 
im p o rta n ce  of ep ith e lia l e lem ents in  th e  ly m p h o ep ith e lia l organs, th e  in te rv e n tio n  
re n d e re d  th e  th y m u s  sim ilar to  th e  ly m p h o id  o rg an s o f the  in te s tin a l t r a c t .  P lasm a  
cells fa iled  to  ap p ea r in th e  th y m u s , h u t th e ir  n u m b er in th e  lym ph  nodes su rro u n d in g  
th e  th y m u s  w as considerab ly  increased . I t  is sup p o sed  th a t  under norm al c ircu m stan ces 
th e  th y m u s  co n ta in s an  in h ib ito ry  fac to r, w h ich  w ould m ake it possib le  to  induce 
p la sm a  cell tra n s fo rm a tio n , h u t w ould in h ib it m a tu ra t io n  during  th e  p resen ce  of th e  
cells in  th e  th y m u s.

S tu d ies  on th e  ce llu lar com position  o f th e  th y m u s  reveal c e r ta in  c o n tra ­
d ic tions as u n d e r  n o rm a l c ircum stances th e y  failed  to  d e m o n s tra te  p lasm a 
cells. T h is is in ag reem en t w ith  th e  fin d in g  t h a t  no an tibodies are  p ro d u ced  in 
th e  th y m u s  and on th is  basis p o in t to  a fu n c tio n a l difference b e tw een  th y m u s  
anti ly m p h  nodes. T he d ifference is f a r th e r  su p p o rted  by th e  d ifferences in 
s tru c tu re , since th e  th y m u s , th o u g h  by  its  com position  a ly m p h o id  organ  is 
still o f e p ith e lia l origin differing  from  ly m p h  nodes by  its lo b u la tio n , th e  ex ­
p ressed  v a r ia b ili ty  o f its  cellu lar e lem ents an d  chiefly by its e n to d e rm a l b a se ­
m en t re tic u lu m . These s tru c tu ra l d ifferences by  them selves ex p la in  th a t  th e  
func tion  o f th e  th y m u s  is c h a rac te ris tic a lly  d iffe ren t from  th a t  o f o th e r  ly m p h ­
oid o rgans and  i t  is th is  s tru c tu ra l d ifference whicli m igh t exp la in  th e  absence 
of p la sm a  cells. T h is seem s to  allow  th e  a ssu m p tio n  th a t  th e  p resence  of ep i­
th e lia l cell is co nnec ted  w ith  th e  absence o f p lasm a cells. T h u s, since th e  
p lasm a cells are  en d p ro d u c ts  of th e  m a tu ra tio n  process of ly m p h o c y te s , i t  
m ay  be supposed  t h a t  som eth ing  n ecessary  fo r ly m phocy te  m a tu ra tio n  is 
m issing o r so m eth in g  in h ib itin g  th e  m a tu ra tio n  process is p re sen t, in  th e  th y ­
m us. W h ich ev e r of th ese  fac to rs m ay  be responsib le  for the  absence o f  p lasm a 
cells, th e  fa c to r  w ould  be possib ly  co n tro lled  b y  th e  ch a rac te ris tic  b a sem en t 
re ticu lu m . T he q u es tio n  arose, w h a t w ould  h a p p e n  if  th e  n u m b er o f th e  b ase ­
m en t re tic u lu m  cells w ould  increase or th a t  th e  norm al ra tio n  o f ly m p h o id  
and  e p ith e lia l cells w ould  be sh ifted  in fav o u r o f th e  ep ithe lia l cells.

T he ep ith e lia l cells of th e  th y m u s  are  en to d e rm a l in origin a n d  all th e  
th y m o -ly m p h a tic  organs are connected  w ith  th e  en toderm al e p ith e liu m  cells,
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th u s  in  th e  to n sils , P e y e r’s p laques or in th e  b u rsa e  of th e  b irds. T he in te s tin a l 
e p ith e liu m , s im ila r to  th e  ep ith e lia l e lem ents o f  th e  th y m u s , are in close s tru c ­
tu r a l  an d  fu n c tio n a l connec tion  w ith  th e  ly m p h o id  cellu lar e lem en ts. T h e re ­
fo re , in te s t in a l  ep ith e lia l cells of th e  r a t  em bryo  w ere in jec ted  in to  th e  th y m u s , 
th u s  in c rea s in g  th e re  th e  n u m b e r of ep ith e lia l e lem en ts . Then th e ir  e ffec t on 
th e  c e llu la r  com position  o f  th e  th y m u s  has been  s tu d ie d , chiefly  in  re sp ec t o f 
p la sm a  cell m a tu ra tio n . T h is o b se rv a tio n  seem ed to  prom ise re su lts  a ll th e  
m o re , s ince , ex cep t th e  th y m u s , all ly m p h o e p ith e lia l organs co n ta in  a co n ­
s id e ra b le  n u m b e r o f p lasm a cells.

Materials and methods

F ro m  th e  in te s tin e s  o f r a t  em b ry o s rem oved  b e tw een  th e  16 th  and 20 th  d ay s  o f p reg ­
n a n c y , in te s tin a l ep ith e lia l cell suspensions were p re p a re d , follow ing d igestion  of th e  in te s tin e  
in  1%  try p s in  so lu tio n  a t  38°C fo r 90 m in u tes , th e n  a f te r  re p ea te d  shaking and  w ash in g  in  
p h y sio lo g ica l saline, th e  ep ith e lia l e lem en ts  w ere s e p a ra te d  b y  lay e r c en trifu g a tio n  fo r 2 x lO  
m in u te s . T he lay e r above th e  sed im en t co n ta in ed  th e  m a jo r i ty  o f in te stin a l ep ith e lia l cells, 
p a r t ly  a d h erin g  to  each  o th e r, p a r tly  iso la ted . T he la y e r  w as p ip e tted  an d  su sp en d ed  in  
p h y sio lo g ica l saline. T he suspension  th u s  o b ta in ed  w as in je c te d  in to  th e  ju g u la r  fossa o f ra ts  
o f 100 to  200 g body  w eigh t, a t  id en tica l d e p th  in to  th e  th y m u s . Id en tica l d ep th s w ere ensu red  
b y  a n a rro w  m eta l collar w elded a t  5 m m  from  th e  p o in t o f th e  in jec tion  canule. T he th y m u s  
o f th e  r a ts  th u s  tre a te d  was rem o v ed  a t  d iffe ren t tim e  in te rv a ls , a fte r g lu ta ra ld e h y d e  and 
o sm iu m  f ix a t io n  an d  em b edd ing  in to  D u rcu p an , se m ith in  as well as u ltra  th in  sec tio n s were 
p re p a re d  an d  exam in ed  by  th e  e lectron  m icroscope.

In  som e cases th e  th y m u s  ad h ered  to th e  p leu ra  o r d isp layed  a tu m o u r-lik e  en la rg e ­
m e n t (F ig . 1); th e  la t te r  was consp icuous by  a co n sid erab le  p ro tru s io n  of th e  th o ra x . In  these

F ig . 1. O pen  th o ra x  of w hite  r a t  of 120 g. 20 d ay s before  a n  a u to p sy , suspension of th e  sm all 
in te s t in a l  ep ith e liu m  of a 19 d ay s r a t  em bryo  w as in je c te d  in to  th e  thym us. The p ic tu re  d em ­
o n s tr a te s  a considerab le  increase  in  th e  size o f th e  th y m u s , w ith  nodules on its  surface .

T h  =  T hym us, C =  h e a r t
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cases th e  en la rg em en t w as induced  by cav ities c o n ta in in g  a m ucous m ilky flu id  in th e  in te r io r  
o f  th e  thy m u s. The n e ig h b o u rin g  lym ph nodes o ften  show ed  en la rg em en t or d isco lo ra tio n  a n d  
th e  o therw ise  sm ooth  th y m u s  surface was u n ev en  and  n o d u la r .

E xa m in a tio n s

The in te s tin a l e p ith e lia l cells in jec ted  in to  th e  th y m u s  p a ren ch y m a co n tin u ed  to  lie 
in  a sa tis fac to ry  s ta te  (F ig . 2), and several go b le t cells co n ta in in g  granules (Fig. 3) cou ld  be 
fo u n d  am ong them . T h e  m u cu s con tain ing  cav itie s  w ere  th e  p ro d u c ts  of secretory  in te s tin a l 
e p ith e liu m . Some in te s tin a l ep ithelial cells d isp lay ed  m ic ro v illi on th e ir  surface to w a rd s  th e  
m ucus-filled  cav ities (F ig . 4). The in testin al ep ith e lia l cells w ere m ostly  found in g roups, fo rm ­
ing sm aller or larger cav itie s . In  th e  lu m inal p a r t  o f th e  e p ith e lia l cells th e  nu m b er o f m ito ­
c h o n d ria  of roughly e q u a l size was increased (F ig . 5). In  th e ir  en v iro n m en t, th e  cellu la r su b ­
s ta n ce  of th e  p a ren c h y m a  was loosened, w ide in te rc e llu la r  gaps, con ta in ing  e lec tro n -d en se  
m a te ria l  (Fig. 6) w ere observed . This m ate ria l w as p ro b a b ly  secreted  of the  ep ith e lia l cells. 
In  th e  in te rce llu la r spaces some in terce llu la r b ridges w ere  observed , allowing th e  u n io n  of 
cy to p la sm  and by th is  w ay  th e  exchange of c ellu la r c o m p o n e n ts  (F ig . 7). In  th e  wide in te rc e llu ­
la r  gaps th e  cells could m ove freely and form  v a riab le  sh ap es  w ith  processes. Am ong th e  ly m p h ­
oid e lem ents, a p a r t  from  sm all th y m o cy tes , n u m ero u s  ly m p h o b la s ts  and m ito tic  fo rm s w ere 
o bserved  (Fig. 8), show ing  b o th  possibilities o f t ra n s fo rm a tio n , i.e. b las t fo rm ation  an d  m ac ro ­
p h age  tran sfo rm a tio n . T h e ir  nuclei disp layed b lebs a n d  cy to p lasm ic  tu nnels. T he tra n s ito ry  
cells had  a rich s tru c tu re ;  th ey  con tained  lysosom es, dense  bodies and num erous vacu o les . 
T h e  ep ithe lia l cells o f  th e  basem en t re ticu lu m  w ere a rra n g e d  in groups, w ith  in te rd ig ita tin g  
co m plica ted  cy to p lasm ic  processes, in te rtw in ed  w ith  th o se  of th e  m acrophages. E n d o cy to s is  
o f th e  m acrophages d e m o n s tra te d  in ta c t th y m o c y te s  an d  cells in  v arious stages of d ig es tio n , 
th u s  ind ica ting  th e ir  d e s tru c tio n . The em peripo lesis o f th e  ep ithe lia l cells was so m ew hat 
in creased , po in ting  to  a n d  increased a c tiv ity  o f th e  th y m u s . T he cells term ed  by us specific  
ep ith e lia l cells could c learly  be observed, in c o n tra s t  w ith  som e d a ta  in l ite ra tu re , we c o n ­
sider them  to rep re sen t tran sfo rm ed  ep ith e lia l cells. W ith  th e ir  com plicated  ligh t, g y rif ic a te d  
cy top lasm ic  lobules th e y  su rrounded  closely a g re a t n u m b e r of th y m o cy tes : s tru c tu ra lly  th e  
p ic tu re  indicates a close fu n c tio n al cooperation  of th e  tw o  ty p es  of cell. D espite  th e  com plex  
cellu la r p ic tu re , no p la sm a  cells could be observed .

Since th e  p h en o m en o n  has been ex p la in ed  by assu m in g  a blood th y m u s b a rrie r  t h a t  
w ould in h ib it an tig en s to  e n te r  in to  th e  p a re n c h y m a , i t  w as in te res tin g  to observe th e  c o n ­
sp icuous capillary  w alls (F igs 9 10) and th e  passage  of ly m pho id  cells across th em . T he
b e h av io u r of en d o th e lia l cells was also conspicuous as th e se  d e m o n s tra ted  considerable th ic k e n ­
ings, a m arked s tru c tu re  o f th e  cytoplasm  processes p e n e tra t in g  deep in to  the  lum en an d  c o n ­
nected  w ith p inocytosis in d ica ted  by vacuoles in th e  c y to p la sm . T he wide p ericap illa ry  spaces 
co n ta in ed  a g ran u la r su b s ta n c e  (Fig. 10) and w ere covered  by d istended  ep ithelial cells. T h is 
looked like a real b a rrie r ,  all the  more since f re q u e n tly  th e  ep ithe lia l cells form ed sev e ra l 
lay e rs  surrounding  th e  vessel.

A t o th er sites co llagenous fibre b u n d les  too  p a r tic ip a te d  in form ing th e  b a rrie r , seem ­
ing to  isolate th e  blood s tre am  from the  p a ren ch y m a . In  sp ite  o f th is , a p en etra tio n  of ly m p h o id  
cells in to  the  v ascu la r w a ll was qu ite  freq u en t. O rig in a lly , th e  lym phoid  cells is ly ing  beside  
th e  v ascu la r wall an d  a lth o u g h  it canno t be decided  w h e th e r  th e  cell th en  m oves in to  or o u t 
o f th e  lum en, th e  s t ru c tu ra l  p ictu re  seems to  su p p o rt th e  fo rm er possibility.

The p a ra trac h éa l ly m p h  nodes n ear th e  th y m u s  h av e  also been studied  (F igs 11, 12); 
th e y  con ta ined  a larg e  n u m b er of plasm a cells. T here  w ere regions, where a lm ost all th e  cells 
m a tu re  or m a tu rin g  p la sm a  cells.
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F ig . 2. A  suspension of sm all in te s tin a l e p ith e liu m  o f a 18 days ra t  em bryo w as in je c te d  in to  
th e  th y m u s  of a w hite  r a t  of 60 g. The an im al w as k illed  17 days la te r. T he e p ith e lia l  cells 
a re  in  a  good cond ition , cu ticu le , m icrovilli a re  ab se n t. W ide in te rce llu la r sp aces in th e  

ep ith e liu m . IE  =  In te s tin a l e p ith e liu m ; M =  x 3900
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F ig. 3. W hite  r a t  o f F ig . 2. GC =  G oblet cell; L =  ly m p h o c y te ; IE  in te s tin a l e p ith e li­
um ; M =  X 3900'
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F ig . 4. Small in te s tin a l e p ith e lia l  cells o f a 18 d ay s r a t  em bryo were in je c te d  in to  
th e  th y m u s of an  a d u lt  r a t .  m v: M icrovilli; Cy =  cyst lum en; M =  m ito c h o n - 
d r iu m ; D =  desm osom e: Sp =  specific v a c ro le ;  D b  =  dense body ; G =  g ra n ­

nies; M -  X 2400

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



PI.ASM A CELL DIFFERENTIATION  OF T H E  THYMUS 225

Fig. 5. Small in te s tin a l ep ithelial cells of a 18 d a y s  r a t  em bryo  were in jec ted  
in to  the  th y m u s of a w hite  r a t  of 55 g. 19 days la te r  th e  cy st in th e  th y m u s  is 
lined w ith ep ith e lia l cells possessing m icrovilli, m v M icrovilli; IE  in te s tin a l 

e p ith e liu m ; P  p lasm a cell; M =  x 4300
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F ig . 6. L oosened p a ren ch y m a o f th y m u s  of a d u lt ra t,  w ith  th e  in jec ted  sm all in te s tin a l epi­
th e l ia l  cells of a ra t  em bryo. W id en ed  in te rce llu la r spaces co n ta in in g  e lectrodense  substance. 
L yV  =  ly m p h  vessel; Ma =  m ac ro p h ag e ; L  =  lym pho id  cell; R  =  re ticu lu m  cell; M =  13,700
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F ig. 7. T hym us of a w h ite  r a t  of 160 g bo d y  w eigh t, 15 days a fte r in jec tion  o f a suspension 
of sm all in testin a l ep ith e liu m  of r a t  em b ry o . The th y m u s  is increased on size a n d  contains 
a cy st filled w ith  m ucous substance. In tra c e llu la r  cy to p lasm ic  bridges b e tw een  ly m p h o b lasts  
and  m acrophages. Ma =  M acrophage; L d  =  ly m p h o cy tic  debris; О  =  p lasm a  bridge;

M =  X 14.000
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F ig. 8. Sm all in testinal e p ith e liu m  of 19 days r a t  em b ry o , in je c te d  in to  th y m u s  of r a t  of 
180 g w e ig h t. T ran sfo rm atio n  cell in th e  th y m u s
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F igs 9 — 10. T hym us of a d u lt r a t  in jected  w ith  a suspension of sm all in te s tin a l ep ithe lium  
of 18 d ay s r a t  em bryo, 4 days la te r  lym pho id  cell p e n e tra tio n  across th e  wall of a cap illary . 
E  — E n d o th e liu m ; Ep =  ep ith e lia l b a rrie r; L u  =  lum en; L ly m p h o cy te ; BM basal

m em brane
Figure 9: M = x  13,700; F igu re  10: M x  15,800
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Fig. 10
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Fig. 11. P a ra th y m ie  lym ph  node of a r a t  of 120 g, 6 w eeks a fte r  in jec tion  in to  th e  th y m u s  of 
em bryonic  sm all in testin a l ep ith e liu m . T he ly m p h  node is filled  w ith  p lasm a cells. P  P lasm a

cell; L ly m p h o cy te ; M X4200
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F ig . 12. Perithym ic  ly m p h  n ode  of a r a t  of 120 g, filled  w ith  p lasm a cells. 30 d ay s a f te r  in jec ­
t io n  in to  th e  th y m u s of e m b ry o n ic  in te s tin a l ep ithe lium . L  =  L y m p h o cy te ; P  =  p lasm a  cell;

Cd =  cell degeneration ; M =  X 13,700
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D iscussion

All ly m p h o ep ith e lia l organs o rig in a te  from  th e  en toderm . T h e  ep ith e liu m  
o f e n to d e rm a l origin has a ch a rac te ris tic  a f f in i ty  to  lym phoid cells, from  w hich 
th e  a n tib o d y -p ro d u c in g  p lasm a cells d iffe re n tia te . This is exp la ined  b y  th e  fac t 
th a t  th e  in te s tin a l ep ith e liu m  is in c o n s ta n t an d  close con tac t w ith  th e  in te s t i­
n a l c o n te n ts  con ta in ing  an tigens an d  to x ic  e lem en ts . Thus, these o rg an s  co n ta in  
a la rge  n u m b er of p lasm a cells and so do th e  in te s tin a l ly m p h o re tic u la r  organs 
and  th e  m ilk-spots [5]. In  th e  r a b b it  ap p en d ix , p lasm a cells ap p ea r m u ch  earlier 
th a n  a t  o th e r  sites [32]. In  th e  oral m ucosa e.g. in  the su b ep ith e lia l connec­
tiv e  tissu e  of th e  h u m an  g ingiva, p lasm a cell aggregates occur re g u la r ly  [25].

E v ery w h ere , w here th e re  are n u m ero u s p lasm a cells, th e re  a re  m an y  
ly m p h o cy tes . This is due to  th e  fa c t th a t  th e  p lasm a cells are  tra n s fo rm e d  
sm all ly m phocy tes. U n d e r th e  effect o f an tig en s  and  m itogens th is  t ra n s fo rm a ­
tio n  occurs b o th  in  vitro  an d  in  vivo. M ö n n i n g h o f  et al. exam ined  th e  lig h t 
and  e lec tron  m icroscopic changes o f th e  th y m u s  in  young ra ts  and  fo llow ed  th e  
p lasm a  cell tra n sfo rm a tio n  a fte r in tra v e n o u s  ap p lica tion  of a n ti- ly m p h o c y te  
se ru m . In  th e  ep ithe lium  o f th e  p a la tin e  to n s il num erous im m a tu re , b u t  so m e­
tim es even m atu re  p lasm a cells w ere fo u n d  [33]. The s tu d y  o f th e  ax o lo tl 
in te s tin e  offers a good o p p o r tu n ity  to  ex am in e  th e  connection  b e tw e e n  in ­
te s t in a l  en toderm  and  p lasm a  cells [39]; b o th  in  th e  connective tis su e  a n d  th e  
in te s tin a l ep ithe lium  a h igh  n u m b er of p lasm a  cells were found. N o su ch  ac tiv e  
p e n e tra tio n  of p lasm a cells in to  th e  c ry p t could  be observed, w hich w as s im ila r 
as th e  p e n e tra tio n  of ly m p h o cy tes . N um erous lym phocy tes w ere seen  in  the  
s tag e  o f 1>1 asm a cell d iffe ren tia tio n . The cy to p la sm  of the  sm all ly m p h o c y te s  
increases, th e  nucleus is sh ifted  to w ard s th e  cap illary , the  n u c le a r  c h ro ­
m a tin  reaches its c h a rac te ris tic  m arg in a l an d  cen tra l position , m eanw hile  
th e  re la tio n  of p lasm a cells to  ep ithe lia l cells is g e tting  m ore close. W a r r e n  
even  observed  cy top lasm ic  bridges be tw een  th e  tw o cell ty p es. A cco rd in g  to  
F i c h t e l i u s , th e  ly m p h o id  cells p roduce  im m un o g lo b u lin  on c o n ta c t w ith  th e  
in te s tin a l ep ithe lium . O w e n  d e m o n s tra te d  in  th e  P eyer p laques o f  th e  axo lo tl 
in te s tin e  a so-called m icrofo ld  cell (M cell) w hich contained ch ie fly  p lasm a 
cells in th e  ne tw o rk  o f its  processes. A ccord ing  to  th is a u th o r  in  th e  re tic u lu m  
fo rm ed  by  th e  M cells th e  an tigens o f th e  in te s tin a l lum en reach  th e  ly m p h o id  
cells b y  w ay  of th e  M cells. T he M cells m a y  con n ec t IgA to  th e  se c re tio n  and 
release th e  im m unog lobu lin  com plex in to  th e  lum en . C harac te ristic  cells w ith  
a fu n c tio n  sim ilar as t h a t  o f M cells m ay  be found in th e  o th e r  ly m p h o e p i­
th e lia l o rgans too , e.g. th e  specific cells o f th e  th y m u s  [24/a], th e  co v e rin g  cells 
of th e  tonsils or th e  ep ith e lia l cells covering  th e  bu rsa . The im p o rta n c e  o f  th e  
c o n ta c t w ith  th e  in te s tin a l lum en is c learly  d em o n stra ted  by b u rsa  g ra f ts  im ­
p la n te d  in to  th e  p e rito n eu m  of th e  chick e m b ry o : th e  bursa will lose its  ly m p h ­
oid c h a ra c te r  on th e  d ay  o f h a tch in g  [3]. Also th e  append ix  of the  r a b b i t  is liga ted
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a f te r  b ir th , it will lose its  ly m p h o id  ch a rac te r; th is  w ill, how ever, re tu rn  on re s to r ­
in g  th e  com m unication  w ith  the  in tes tin a l lu m e n . T he m icroenv ironm en t for 
th e  d iffe ren tia tion  o f  p la sm a  cells is c rea ted  b y  th e  ep ithelium . Since th e  t h y ­
m u s in  th e  course o f e v o lu tio n  has lost its  c o n ta c t w ith  th e  in te s tin a l lu m en , its  
d ifference from  th e  o th e r  ly m phoep ithelia l o rg an s  m ay  easily be u n d e rs to o d  
d esp ite  th e  s tru c tu ra l s im ila rity . Is th e  absence  o f  m a tu re  p lasm a cells [1, 11, 
16, 26, 29, 38] ex p la in ed  b y  th e  absence of p re c u rso r  cells, w hich a t  th e  p e r ip h ­
e ry  are  responsible fo r  th e  d ifferen tia tion  o f  p la sm a  cells ? The p la sm a  cells 
a re  responsible fo r a n tib o d y  production  [28], a n d  each  m atu re  p la sm a  cell 
p roduces only one k in d  o f  im m unoglobulin . I n  ex p erim en ts  carried  o u t w ith  
labe lled  an tibod ies, th e  an tib o d ies  are se lec tiv e ly  b o u n d  to  th e  p la sm a  cells, 
w h ich  a rra y  on th e ir  su rface  th e  im m u n o g lobu lin . W hen labelled baso p h ilic  
ly m p h o id  cells s t im u la te d  w ith  an tigen  are  in je c te d  in to  lym ph n o des, th e ir  
cells w ill be tra n sfo rm e d  in to  p lasm a cells [6 ]. I n  th e  lym ph  nodes, th e re  are 
m a n y  p lasm a cells a n d  m a n y  tra n s ito ry  fo rm s betw een  lym p h o cy tes  an d  
p la sm a  cells [2, 24]. I f  th e  lym phocytes of im m u n ized  mice are tra n s fe r re d  
in to  irrad ia ted  m ice in c a p a b le  of p roducing  a n tib o d ie s , th e y  regain  th e ir  an ti-  
b o d y-p roduc ing  c a p a c ity . Im m unofluo rescence  s tu d ie s  d em onstra ted  t h a t  ly m ­
p h o cy te s  in jected  u n d e r  th e  skin were tra n s fo rm e d  in to  p lasm a cells w ith o u t 
m ito tic  a c tiv ity  [4]. T h u s , th e  lym phocy tes a re  p la sm a  cell p recurso rs [7, 9, 
41 ]. E lec tro n  m icroscop ic  au to rad io g rap h y  re v e a le d  th a t  on an tigen ic  s t im u ­
la tio n  some ly m p h o id  cells will take  up  th y m id in e ;  th e  cells co n ta in  m a n y  
R N P  granules and  sm all Golgi ap p ara tu s  a n d  w ill be  transfo rm ed  in to  p la sm a  
cells [6 ]. On th e  basis  o f  im m unofluo rescen t a n d  au to rad io g rap h ic  e x a m in a ­
tio n s  an tib o d y  p ro d u c tio n  is a ttr ib u te d  to  th e  p la sm a  cells [13]. T he p lasm o- 
b la s t , being a y o u n g e r cell form , has a large n u c leu s  w ith  a m ark ed ly  p y ro - 
n in o ph ilic  cy top lasm , w h e re  increased R N A  sy n th e s is  occurs. In  th e  p lasm o- 
b la s t  o r im m u n o b last, m a n y  free ribosom es a re  fo u n d , w ith  little  ro u g h  en d o ­
p lasm ic  re ticu lum , w h ich  th e n  increases in  a m o u n t in  th e  course o f m a tu r a ­
tio n . T he Golgi a p p a ra tu s  is less developed. I t  h a s  been  s ta ted  th a t  a n tib o d y  
p ro d u c tio n  s ta r ts  in  th e  e rgastop lasm  of th e  p e r in u c le a r  space, p o in tin g  also 
to  th e  role of th e  n u c leu s . In  th e  m atu re  p la sm a  cells, in the  c isterns o f  th e  
endop lasm atic  re tic u lu m , large nodules m a y  be observed . The p la sm a  cells 
co n ta in  less recep to rs  t h a n  th e  o ther cells, since m a n y  receptors are lo st d u rin g  
d iffe ren tia tio n , b u t  th e y  a re  th e  m ost ac tiv e  in  a n tib o d y  synthesis as w ell as 
in  secre tion  of a n tib o d ie s  in to  th e  c ircu la tion . I n  N ew  Zealand B lack  (N Z B ) 
m ice , p lasm a cell p ro life ra tio n  is regu la ted  b y  th e  th y m u s  [12]. A ccord ing  to  
M i l l e r , th ere  ex ists a th y m u s-d ep en d en t ly m p h o c y te  popu la tion  resp o n sib le  
fo r p lasm a cell p ro d u c tio n , able to  p roduce  also im m unoglobulin  an d  a n t i ­
bod ies. The В ly m p h o c y te s  are tran sfo rm ed  in to  p lasm a  cells, w hich  secre te  
2000 iden tica l a n tib o d y  m olecules every  second. T h is  cell has a sh o rt life sp a n ; 
i t  is destroyed  in a few  d a y s  [40].
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In  cells iso la ted  from  ly m p h  nodes o f im m u n ized  ra b b its  an d  labelled  
w ith  tr i t ia te d  leucine , th e  site  of p ro te in  fo rm a tio n  was observed  b y  W e i s s  
b y  m eans of a u to ra d io g ra p h y . H e in ten d ed  to  f in d  th e  site  of a n tib o d y  fo rm a ­
tio n  d u ring  th e  30 m in u te s  betw een  fo rm atio n  a n d  secretion  in  th e  p lasm a  cell. 
I t  w as found  th a t  d u rin g  th e  la te n t  period  o f  secre tio n , th e  a n tib o d y  tra v e ls  
in to  th e  Golgi com plex  an d  from  th e re  to  s ite  o f  syn th esis , th e  e rg asto p lasm  
[10, 21 ].

T hus, am ong th e  ly m p h -ep ith e lia l o rgans th e  th y m u s alone has no con­
ta c t  w ith  th e  in te s tin a l lum en  and  co n ta in s no  p lasm a cells. A ccord ing  to  
M e t c a l f  th e  th y m u s  ex e rts  its  in fluence u p o n  th e  im m une response b y  
speeding  up  by  an tig en ic  s tim u la tio n  th e  p ro life ra tio n  of p lasm a cell p re ­
cursors. W hen sp leen  an d  th y m u s pieces a re  tra n sp la n te d  in to  m ice, w ith in  
one m o n th  a w ell-developed  m osaic tissue  is fo rm ed  from  th e  m ixed g ra ft. T he 
g ro w th  of spleen an d  th y m u s  beside each o th e r  w as sa tisfac to ry , b u t  even  in 
t his case p lasm a cells fa iled  to  ap p ea r in th e  th y m u s  tissue , w hereas th e y  w ere 
p resen t in th e  sp leen . T he th y m u s differs fro m  th e  o th e r tissues also b y  ep i­
th e lia l basem en t re ticu lu m . T hus, it  seem ed in te re s tin g  to  in v es tig a te  th e  
causa] re la tion  of th e  tw o  d ifferen t fac to rs a n d  i t  seem ed in d ica ted  to  sh ift 
th e  tis su la r  eq u ilib ru m  o f th e  th y m u s tow ards th e  ep ithe lia l e lem ents, in  o rd e r 
to  observe th e  effect cn  th e  o th e r fac to r responsib le  for th e  d ifference. No 
p lasm a cells ap p eared  in th e  th y m u s b u t an a b n o rm a lly  high n u m b er of ch ie fly  
m a tu re  p lasm a cells w as found  in those  ly m p h  nodes, th ro u g h  w hich  th e  
ly m p h  c ircu lates on its  w as from  th e  th y m u s . T h u s, i t  seem ed ju s tif ie d  to  
suppose th a t  th e  s tim u la tio n  of p lasm a cell fo rm a tio n  had  occurred  in  th e  
th y m u s , b u t since th e  tissu e  en v iro n m en t in th e  la t te r  inh ib ited  p lasm a  cell 
d iffe ren tia tio n , th is  h a d  to  occur ou tside th e  th y m u s , in  th e  ly m p h  nodes. 
T h u s, th e  occurrence in  th e  th y m u s  of a fac to r  h as  to  be supposed, w hich  w ould  
p o te n tia te  p lasm a cell fo rm a tio n , b u t s im u ltan eo u sly  an  in h ib ito ry  fa c to r  to o , 
m ig h t be p resen t, p e rh a p s  id en tica l to  th e  fo rm er, w hich inh ib its  th e  process 
c f  p lasm a cell d iffe re n tia tio n ; th is  fac to r m ig h t be  bound  to  th e  en to d e rm a l 
ep ith e lia l e lem ents. As long  as th e  th y m u s is a c tiv e , th e  in h ib ito ry  fa c to r  will 
ex e rt its  in fluence. F o r  p lasm a  cell d iffe ren tia tio n  in  th e  th y m u s, th y m ic  fu n c ­
tion  and  p ro d u c tio n  o f th e  in h ib ito ry  fac to r  m u s t cease. The easiest w as to  
achieve th is  b y  rem o v in g  th e  th y m u s. W a k s m a n  e t al. found increased  n u m ­
bers o f p lasm a cells su b seq u en t to  th y m e c to m y . Follow ing X -ray  ir ra d ia tio n , 
w hich decreases th y m ic  fu n c tio n , th e  n u m b e r o f  p lasm a cells in th e  th y m u s  
V i 11 be increased , ju s t  as u n d e r  th e  effect o f co rtiso n e  w hich too  decreases th e  
fu n c tio n  of th e  th y m u s . F reu n d  a d ju v a n t w ill induce  th e  accu m u la tio n  of 
p lasm a cells in  th e  th y m u s  [1 5 ,3 1 ]; in th is  case th e  th y m u s d isp lays d eg en er­
a tiv e  p h enom ena: tu b u li ,  cysts  appear, ju s t  as in  m assive inv o lu tio n . S im i­
la rly , th e  n u m b er o f p lasm a  cells increases w ith  age, paralle l to  th e  physio lo g ­
ical invo lu tions o f th e  th y m u s . In  th e  th y m u s  o f a tw o years old boy  suffer-
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in g  fro m  m y asth en ia  g rav is  m an y  p lasm a cells w ere found [34]. N a h m a s  su p ­
p o sed  th e  d issociation o f th e  origin of ly m p h o cy te s  and  p lasm a cells, since in 
a n  a th y m ie  fem ale in fa n t  in  th e  presence o f n o rm al serum  globu lin  no  ly m ­
p h o c y te s  were found , n e ith e r  in  th e  ly m p h  nodes nor in  th e  sp leen  or th e  
in te s tin e s , b u t p lasm a cells w ere p resen t. J a n k o v i c  e t al. observed  t h a t  follow ­
in g  c a lf  serum  an tigen  in je c tio n  th e  n u m b e r o f  sm all lym phocy tes d ecreased , 
t h a t  o f  pyroninophilic  cells increased  in th e  th y m u s . This too  in d ic a te d  th a t  
th e  cells of the  th y m u s  h a v e  a cap ac ity  to  d iffe ren tia te  locally  in to  p lasm a 
cells u n d e r  th e  effect o f d ire c t an tigen . In  a th y m ie  NZB mice or o th e r  th y m - 
ec to m ized  mouse s tra in s  an  in ten se  p ro life ra tio n  of p lasm a cells w as seen  [12]. 
"When th re e  weeks old r a ts  w ere th y m ec to m ized , 16 days la te r  ly m p h o c y to ­
p e n ia , leukopenia  and  p lasm o cy to sis  ap p eared . A fte r 31— 32 days th e  p lasm a 
cell co n cen tra tio n  in  p e rip h e ra l blood m ig h t reach  10 per cen t. T h is seem s to  
in d ic a te  th a t  p lasm ob lasts  a re  form ed a t a d iffe ren t site , b u t  also to  th e  in h ib i­
t io n  o f  fo rm ation  in th e  th y m u s  u n d e r n o rm a l conditions. M i l l e r  e t al. re ­
p o r te d  on an increase in  th e  n u m b e r of m yelo id  e lem ents following th y m e c to m y , 
in d ic a tin g  th u s th e  su p p ressio n  of m yeloid  e lem en t fo rm ation  or th e  in h ib i­
t io n  o f  th e ir  m a tu ra tio n  b y  th e  th y m u s. A z a r  found  in ra ts  no ch an g e  in 
th e  p la sm a  cell coun t a f te r  th y m ec to m y . S v e t  observed in th y m ec to m ized  
m ice  h y p e rp la s tic  p a ra tra c h é a l  ly m p h  nodes w ith  p lasm a cells. M a r s h a l l  and  
W h i t e  in jec ted  an tig en  in to  th e  th y m u s an d  observed  the  ap p earan ce  o f  p lasm a 
cells. S im ilar o b serv a tio n s w ere m ade in C3H m ice a fte r p ro longed  a d m in ­
is t r a t io n  of Salm onella an tig en  or bo v in e  serum  album in. A ccord ing  to  
M e t c a l f , S t u t m a n  an d  L i b g a l l e , w hen th e  h o s t w as s tim u la ted  w ith  an tig en , 
fo llic les and plasm a cells w ere form ed in th e  th y m ic  g ra ft, M i l l e r  fo u n d  no 
d ec rea se  in p lasm a cell c o u n t a fte r n eo n a ta l th y m ec to m y .
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D IE  W IR K U N G  D E S  E M B R Y O N A L E N  D A R M E P IT H E L S  
A U F D IE  D IF F E R E N Z IE R U N G  D E R  PL A SM A Z E L L E N

I. TÖRŐ

Die m it E n zy m  isolierte  u n d  aus physio logischer K ochsalzlösung h e rg este llte  S u sp en ­
sion v o n  R a tte n em b ry o n en  w urde  in den T h y m u s e rw achsener R a tte n  in jiz ie rt u n d  d a d u rc h  
die A nzah l de r E pithe lzellen  im  T h y m u sp aren ch y m  e rh ö h t. Die W irkung  dieses E in g riffs  a u f
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die V erän d eru n g en  in  d e r Z ellzusam m ensetzung  des T h y m u sp aren ch y m s w urde — u n te r  be­
so n d e re r B erücksich tigung  d e r  P lasm azellen — e lek tro n e n o p tisch  u n te rsu ch t. Im  H inb lick  
a u f  d ie funktionelle  B e d e u tu n g  de r E pithelzellen  in  d e n  lym p h o -ep ith e lia len  O rganen  w urden  
d iese d u rc h  den E in g riff d e n  ly m p h o id en  O rganen des D a rm k an a ls  ähn lich  g em ach t, w obei es 
sich  h e rau ss te llte , daß  d ie P lasm azellen  im T h y m u s zw ar n ic h t in  E rscheinung  t r a te n ,  ihre 
Z ah l jed o c h  in den L y m p h d rü s e n  der T hym u su m g eb u n g  e rh eb lich  zunahm . E s w ird  angenom ­
m en , d a ß  u n te r  n o rm alen  V erh ältn issen  im  T h y m u s  e in  H em m fak to r zugegen is t ,  de r die 
In d u k tio n  der p la sm o z y tä re n  T ran sfo rm atio n  p o te n tie ll  z u lä ß t, doch die Zellreifung solange 
h in ta n h ä lt ,  bis die Zelle im  T h y m u s  verbleibt.

ДЕЙСТВИЕ ЭМБРИОНАЛЬНОГО КИШЕЧНОГО ЭПИТЕЛИЯ, ВВЕДЕННОГО 
В ЗОБНУЮ Ж ЕЛЕЗУ, НА ДИФФЕРЕНЦИАЦИЮ ПЛАЗМОЦИТОВ

И. Т Ё Р Ё

Взвесь зародиша крысы, изолированная энзимом и изготовленная из физиологи­
ческого раствора поваренной соли, была введена в зобную железу взрослой крысы, вслед­
ствие чего в паренхиме зобной железы повысилось число эпителиальных клеток. При 
Помощи электронной микроскопии было проведено исследование действия указанного 
вмешательства на изменения состава клеток в паренхиме зобной железы, с особым вни­
манием на плазмоциты. Принимая во внимание их функциональное значение в лимфо­
эпителиальных органах эпителиальные элементы при помощи вышеизложенного вмеша­
тельства были сделаны подобными лимфоидным органам кишечного канала. Таким обра­
зом было установлено, что плазматические клетки не появляются в зобной железе, в то 
время как их число в значительной мере повышается в лимфатических узлах около зобной 
железы. Полагается, что в норме в зобной железе присутствует торможающий фактор, то- 
тенциально возволяющий индукцию плазмоклеточной трансформации, но препятству­
ющий созреванию клеток до тех пор, пока они остаются в зобной железе.

D r. Im re  TÖRŐ: S em m elw eis O rv o stu d o m án y i E g y e tem
I I .  sz. A n a tó m ia i, Szövet és F e jlő d é s ta n i In té z e t 
H -1094 B u d ap est, T űzo ltó  u . 58., H u n g ary
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CYTOPLASMIC AGGREGATES 
IN D-GALACTOSAMINE INDUCED LIVER INJURY
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T. Garzó and F. A n t o n i

(R eceived  A ugust 15, 1977)

D -g alac tosam ine  tre a tm e n t leads to  th e  fo rm a tio n  of PA S-positive g ran u les  or 
aggregates in  th e  cy to p la sm  of m ouse liver cells. U ltra s tru c tu ra l  obse rv a tio n s show  
th a t  th e  g ran u les consist of particles su rro u n d ed  b y  m em b ran es of rough  en d o p lasm ic  
re ticu lu m . C y tochem ical re su lts  reveal th a t  p a r t  o f the  p a rtic les is p ro n ase-sen sitiv e  
and  am ylase  re s is ta n t, sta in in g  positively  by  th e  T h ié ry  silver p ro te in a te  m eth o d . T h e  
o th er p a r t  is s ta in ed  p o sitiv e ly  by  E D T A  p re fe re n tio n a l sta in in g . A ccording to  th e  cy to - 
and  h istochem ieal re su lts  th e  granules consist o f ribosom es a n d  abnorm al basic glycogen. 
T he aggregates a re  rem o v ed  from  th e  cy to p la sm  m o stly  b y  lysosom al d eg rad a tio n .

Discovery of the specific liepatotoxic effect of D-galactosamine (DGA) 
[5] has been followed by a number of morphological and biochemical studies 
(for reviews see D e c k e r  and K e p p l e r  [2, 3, 7]). Several morphological features 
resembling those of human viral hepatitis (inflammation and focal necroses, 
Councilman bodies, balloon cells, etc.) have drawn attention to this experi­
mental liver disease which can he elicited in a variety of animal species. The 
ultimate mechanism of cellular necrosis is not known. The primary biochemical 
lesion is considered to be a depletion of the uridine triphosphate (UTP) pool [3] 
which entails the drastic inhibition of RINA synthesis [19]. Biochemical altera­
tions include the decrease of protein synthesis [8, 15, 19, 22] which cannot, 
however, he interpreted as a mere consequence of impaired RNA synthesis in 
the early stage. Some direct damage to the protein synthetizing machinery 
has been suggested by electron microscopic observations [9, 14, 22] demonstrat­
ing a degranulation of the rought endoplasmic reticulum and the formation of 
cytoplasmic electrondense aggregates. The purpose of present study was to 
elucidate the structure, composition and fate of the cytoplasmic aggregates.

A c ta  M o r p h o lo g ie n  A c a d .  S e i .  H u n g .  2 5  ( 4 ) ,  2 3 9  2 5 7 ,  1 9 7 7

M ater ia ls  an d  m e th o d s

Treatment o f  an im als  (see T able  I).

Male Swiss m ice w eighing 20 to  25 g were u sed . S ta rv a tio n  for 48 hours w as ap p lied  
to  deple te  liver glycogen. G a lac tosam ine  tre a tm e n t w as p e rfo rm ed  by a single in tra p e rito n ea l 
(i.p .) in jec tion  of 1 g /kg  b o d y  w eigh t o f D -galac tosam ine  H C l (DGA) (F lu k a  AG, B uchs, 
S w itzerland), if n o t o therw ise  s ta te d . D-glucose w as in je c te d  i.p . in a single dose of 5 g /k g  
bod y  w eight. T he co n tro ls  received  i.p. physiological saline. E ac h  ex p erim en tal g roup  co n ­
ta in ed  a t  lea s t five m ice. T he an im als were sacrificed by  d ecap ita tio n s .

3* Acta Morphologien Academiae Scientiarum Hungaricae 25, 1977



240 A N N A  T O M P A  et a l.

L ig h t microscopy. L iver sam ples excised fro m  th e  m iddle  large lobe w ere fix ed  in  4%  
n e u tr a l  b u ffered  form alin  an d  in  D ubosque  — B rasil-B o u in  fix a tiv e . P a ra ff in  sec tions were 
s ta in e d  w ith  haem ato x y lin  a n d  eosin  an d  PA S, w ith  or w ith o u t am ylase t r e a tm e n t.  N eu tra l 
l ip id s  w ere  d em o n stra ted  in  fro zen  sections by  o il-red  sta in ing .

Electron microscopy. S am ples w ere fix ed  in  2 %  0 s 0 4 for 2 hours, or in  2 .5 %  g lu ta r-  
a ld e h y d e  fo r 3 hours a t  4°C. T he f ix a tiv e s  were d isso lved  in  cacody la te  b u ffer p H  7.2. Sam ples 
w ere  d e h y d ra te d  in  increasing  c o n ce n tra tio n s  o f e th a n o l, an d  p ro p y len o x id e, a n d  em b ed d ed  
in  D u rc u p a n  (F luka ACM). U l t ra th in  sections c u t w ith  a n  LK.B u ltra to m e  I I I  w ere s ta in ed  
w ith  u r a n y l  ace ta te  an d  lead  c itra te  a n d  exam in ed  w ith  a JE M  100B e lec tro n  m icroscope.

Cytochemical methods. P o ly sacch a rid es w ere s ta in e d  fo r e lectron  m icroscopy  w ith  th io- 
carb o h y d raz id e -s ilv e r p ro te in a te  acco rd ing  to  T h ié r y  [24]. R ibonucleopro te ins w ere d em ­
o n s t r a te d  in  g lu tara ldehyde  f ix e d  u l tr a th in  sec tions s ta in e d  by  th e  m eth o d  o f B e r n h a r d  [1] 
a p p ly in g  E D T A .

A m y lase  and pronase  tre a tm e n ts  w ere p e rfo rm ed  according to  M o n n er o n  a n d  B e r n ­
h a r d  [17]. Sam ple sections w ere d ig es ted  in  a 0 .1%  so lu tio n  of a lpha-am ylase  (65.7 U  p e r  m g, 
W o r th in g to n  Biochem . Corp.) o r in  a  0 .5%  so lu tio n  of p ronase  (G rade B , C alb iochem .) a t 
p H  7.4 a t  37°C for 20 m in u tes . Sam ples tre a te d  w ith  periodic  acid only served  as con tro ls. 
A c id  p h o sp h a ta se  a c tiv ity  w as d e m o n s tra te d  b y  th e  m e th o d  of N o v ik o ff  e t al. [18]. G lucose- 
6 -p h o sp h a ta s e  activ ity  w as d e m o n s tra te d  acco rd ing  to  th e  m eth o d  of W a c h s t e in  a n d  M e is e l  
[26] as m od ified  by  T ic e  an d  B a r r n e t t  [25].

Cell fractionation. R ou g h  (h eav y ) endop lasm ic  m em b ran es were iso la ted  as described  
[16] w i th  som e m odifications. P o s tm ito c h o n d ria l s u p e rn a ta n ts  o f liver h o m ogenates w ere p re ­
p a re d  as before . The p o stm ito c h o n d ria l s u p e rn a ta n t  o f a  single liver was lay e red  g e n tly  over 
a  d isc o n tin u o u s  sucrose g rad ien t in  12 m l cellulose n i tra te  tu b es (from  b o tto m  to  to p , 2.5 ml 
L 2 -65B  u ltracen trifu g e  for 120 m in u te s) . T he re su ltin g  pe lle t was w ashed w ith  3 .2%  sucrose 
d isso lv ed  in  cacodylate  b u ffer p H  7.4, in  o rder to  rem o v e  excess sucrose an d  c en trifu g ed  a t 
900 g fo r  one m inute. The sed im en t w as fix ed  in  0 s 0 4 fo r 30 m inu tes and  p rocessed  fo r e lectron  
m ic ro sc o p y  as described above.

Polysaccharide analysis. G lycogen w as iso la ted  fro m  th e  perchloric  acid  s u p e rn a ta n t  of 
liv e r  h o m ogenates. The a m o u n t o f glucose w as d e te rm in e d  by  th e  cy ste in e-su lp h u ric  acid 
re a c tio n  [4]. H ydrolysis of th e  po ly sacch arid es w as perfo rm ed  w ith  4 N  HC1 a t 100°C for 
12 h o u rs . G lucosam ine w as d e m o n s tra te d  by  a u to m a te d  am ino acid an aly zer. P ro te in  was 
e s t im a te d  according to  L o w ry  e t  al. [12] using  se ru m  a lb u m in  as s ta n d a rd .

Table I

SCHEME OF THE TREATMENT

treatment
Starvation 481x5

Time of sacrifice

. 6hrs

hrs
ohrs

- 2 ^ rs

х х х х х х х х х х х х х х х х

xxxxxxxxxxxxxxxxxxx 
X X xxxxxxxxxxxxxxxxx 

X X xxxxxxxxxxxxxxxxx

-24

treated
groups

IV.

V

starvation DGA X X X X 
X X Xn x x ,

D- Glucose Ш
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Results

1. Controls

In the livers of normally fed mice treated with physiological saline no 
particular alterations were seen (Fig. 1/A). PAS staining demonstrated large 
amounts of glycogen of normal localization. Starvation for 48 hours depleted 
the hepatic glycogen and oil-red staining demonstrated a finely dispersed fatty 
infiltration. The injection of D-glucose (5 g per kg body weight) led to the re­
appearance of glycogen which was easily digested by amylase.

2. Galactosamine induced alterations

Light m icroscopy. Mice starved for 48 hours received a single injection of 
DGA (1 g/kg body weight) and were sacrificed after various intervals. Two 
hours after the injection a basophilic granulation appeared on the sinusoidal 
surface of the liver cells (Fig. 1/B). The granules were resistant against alpha- 
amylase digestion (Fig. 1/C). In the period from 6 to 18 hours after the ad­
ministration of galactosamine, light microscopic signs of liver damage devel­
oped: unicellular necroses surrounded by round cell infiltration (Table III). In 
the liver of normally fed mice treated with galactosamine, the light microscopic 
alterations were similar to those of the starved animals, but the amount of 
basophilic granulation was considerably larger.

Electron m icroscopy. At 6 hours following the treatment of starved mice 
with galactosamine, electron microscopic examination of the liver revealed the 
dilatation of the endoplasmic reticulum and the formation of vesicles. Between 
the cisternae several aggregates were seen, consisting of electrondense particles 
of 10 to 20 nm. The structure of the mitochondria was unchanged apart from 
a slight swelling. The appearance of lipid droplets, lysosomes and microbodies 
accompanied the changes. Later excessive formation and segregation of elec­
trondense aggregates became the dominant alteration. The change of the 
nucleolus deserved attention: the electrondense spots around it reminded one 
of the “spotted nucleolus” (Fig. 1/D).

3. Form ation and fa te  o f  the cytoplasmic aggregates induced by galactos­
am ine  (see Table II)

P A S  sta in ing. The basophilic granulation appearing in the haematoxylin— 
eosin stained liver sections of fasted and galactosamine treated mice gave an 
intense reaction on PAS staining (Fig. 1/B) and resisted amylase digestion for 
20 minutes (Fig. 1/C), although prolonged treatment with alpha-amylase di­
minished somewhat the amount of PAS positive granulation. The site of the
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Fig. la .  C ontrol m ouse liver: finely  d ispe­
rsed  PA S p o sitiv ity  th ro u g h o u t th e  cy to ­
plasm . PA S reac tion . x 4 0 0 ; cv  == cen tra l 

vein ; s =  sinusoid
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Fig. lb .  2 hours a fte r ga lactosam ine (DGA) 
tre a tm e n t. PAS positive  g ran u la tio n  on 
th e  sinusoidal surface of liver cells PAS 
reac tion . X 400; cv  =  c en tra l vein ; s =  si­

nusoid

Fig. le .  DGA tre a te d  liver from  th e  an im al 
show n in  Fig. lb .  30 m in  a fte r a lp h a -am y l­
ase d igestion . The PA S p ositive  g ra n u la ­
tio n  is u n changed . A m ylase-digested  PA S 
reac tion . x 4 0 0 ; P v  =  p o rta l  vein ; Gr =  

G ran u la tio n ; b  =  bile canal
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Fig. Id . E lec tro n m icro g rap h  of liver cell 6 hr a fte r DGA tre a tm e n t. N ote  e lectrondense  spo ts (sp) in  th e  nucleoli. E ndoplasm ic 
re ticu lum  (E r) ex h ib its  vesicu lar tran sfo rm a tio n . G ranu lar aggregates (Gr) s ta in ed  by  th e  T h ié ry -m eth o d . 0 s 0 4 fixation  

T h ié ry  sta in ing . X 21,440; N u =  nucleolus; G1 =  glycogen; Mi =  m ito ch o n d ria ; Mb =  m icrobody ; N b =  nuclear body
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Table II

Cytochemical nature o f  the D G A  induced granules

DGA treat­
ment

DGA
D-glucose
treatment

Starvation 
and DGA 
treatment

A m ylase d igestion — - +

P ro n ase  d igestion + +

E D T A  p o s itiv ity + + +  +

T hiéry  p o s itiv ity + + +

G lucose-6-P-ase a c tiv ity  in th e  
bile can a l + + +

A cid-P-ase a c t iv ity  in the  
g ranules + + +

g ra n u la tio n  co rresponded  to  th e  m id zo n a l localiza tion  of n o rm a l g lycogen in 
th e  liv e r  lobule. S ix h ou rs a fte r th e  in je c tio n  o f galactosam ine, m a rk e d  PAS 
s ta in in g  was observed  in  each of th e  liv e rs  exam ined . T h e rea fte r , th e  PAS 
p o s itiv e  g ran u la tio n  w as found  to  d im in ish : 18 hours a fte r  th e  in je c tio n  i t  was 
re s tr ic te d  to  a few  cells, w hereas in  th e  2 4 th  hou r, glycogen o f n o rm a l m or­
p h o lo g y  w as seen on ly  (T able I I I ) .  A la rg e  a m o u n t of PA S p o sitiv e  m a te ria l 
w as observed  in  th e  livers o f norm ally  fed  m ice tre a te d  w ith  g a lac to sam in e , or

Table III

Results

Time DGA DGA +
D-glucose D-glucose Control 487t starva­

tion DGA
367i starva­
tion control

1 6hrs 
g ra n u le s + + +  +  + ___ + ___

6 — 18hrs
u n ic e llu la r  necroses + + — — — +  +  + —

18 —36hrs
ro u n d  cell in filtra tio n + + + + + — ___ + +  + ___

36 —96hrs 
re g e n e ra tio n + + + — — +  H- —

+  m ild
+  +  m o d era te  degree of th e  given a lte ra tio n  

+  +  +  severe

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977
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Fig. 2a. DGA treatment. 2 hr after injection. D eg ran u la ­
tio n  of rough  endoplasm ic re ticu lu m  (rE r). 0 s 0 4 fixation! 

X 32,000; Gr =  aggregates
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Fig. 2b. DG A treatment. 6 hr after injection. P o lysaccharide  
substance  in th e  aggregates (Gr). 0 s 0 4 fix a tio n , T h iéry  s ta in ­

ing. X 29,600; L =  lip id ; Mi =  m ito ch o n d ria
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Fig. 2c. DGA treatment. 18 hr after injection. A t th e  op tim al 
p o in t of tim e for inducing  h epatitis-like  a lte ra tio n s . A num ber 
of lysosom es co n ta in s T h iéry -positive  m ateria l. OsO, fix ­
a tio n . X 21,440; L y =  lysosom es; Gl =  glycogen; Pe — pe­

ro x iso m e; Mi =  m itochondria
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Fig. 2d. DGA treatm ent, 24 hr after injection. A cid-Ph-ase 
p o sitiv ity  in th e  aggregates: arrow ; G lu tara ld eh y d e  fixation . 
X 21,440; Gr =  aggregates; Mi =  m ito ch o n d ria ; Li =  lipid 

d ro p le ts  Insert: In  th e  con tro l liver cell th e  glycogen areas 
are negative  a fte r  acid-Ph-ase  reac tion . G lu tara ld eh y d e  

fix a tio n , X 13,000; Gl =  g lycogen; Ly =  lysosom e
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o f s ta rv e d  m ice a fte r  t r e a tm e n t w ith  g a lac to sam in e  and  glucose. In  th e  la t te r  
case, th e  am o u n t of PA S po sitiv e  m a te ria l could  be reduced  b u t n o t co m p le te ly  
abo lished  b y  tre a tm e n t w ith  am ylase.

Electron microscopy. A ggregates of e lec tro n d en se  partic les (F ig . 1/d) a p ­
p ea red  in  increasing am o u n ts  2 to  6 h ou rs a f te r  galactosam ine t r e a tm e n t  of 
fa s ted  m ice.

T w o hours a fte r th e  t r e a tm e n t  (F ig. 2 /a) aggregation  of e lec tro n d en se  
p a rtic le s  w as seen betw een  th e  c is te rn ae  of ro u g h  endoplasm ic re tic u lu m  (F ig . 
2/a. S ix hours a fte r t r e a tm e n t  an  increase in  th e  am o u n t of dense g ra n u la ­
tio n  w as observed (F ig . 2 /b). 18 hours a f te r  t re a tm e n t, th e  ag g reg a tes  
w ere p a r t ly  su rro u n d ed  b y  m em b ran es of rE r ;  a t  th is  stage th e  lysosom es co n ­
ta in e d  densely  s ta ined  m a te r ia l on T h ié ry ’s g lycopro te in -specific  s ta in in g  
(F ig . 2/c).

C onsidering th e  d ifficu lties o f d is tin c tio n  b e tw een  cy top lasm ic e lec tro n - 
dense g ran u les , i.e. g lycogen p a rtic le s  and  po ly ribosom es, p o lysaccharides w ere 
d e m o n s tra te d  by  th e  m e th o d  o f T h i é r y  [24]. T h e  aggregates form ed six  hours 
a fte r  ga lac tosam ine t r e a tm e n t o f s ta rv e d  an im als  show ed in tense s ta in in g  by  
th is  m e th o d  (Fig. 3/a). T he a m o u n t of p o ly sacch arid e  was m uch la rg e r  w hen  
glucose to o  was in jec ted . T he re a c tio n  was s im ila r in  in ten s ity  as th e  s ta in ­
ing  o f  glycogen, b u t  th e  loca liza tion  an d  d is tr ib u tio n  of th e  g ra in s  w as 
d iffe ren t from  th a t  o f th e  n o rm ally  s to red  po lysaccharide. D ia s ta se  t r e a t ­
m en t o f th e  specim ens caused  a sligh t decrease  in  th e  am o u n t o f  th is  u n ­
usual po lysaccharide  (F ig . 3/c), in  acco rdance  w ith  th e  behav iou r o f  th e  PA S 
p o sitiv e  m a te ria l. P ro n ase  tr e a tm e n t  caused  th e  granules to  d isa p p e a r (F ig .
3/d).

R ib o n u c leo p ro te in  w as d e tec ted  b y  B e rn h a rd ’s m ethod  [1] d em o n ­
s tra t in g  th e  ribosom es (polysom es) as well as th e  nucleolar r ib o n u c le o p ro ­
te in . A t v arian ce  w ith  th e  reg u la r  a rray s  o f ribosom es along th e  ro u g h  
endo p lasm ic  re ticu lu m  in  th e  s ta rv e d  co n tro ls , ribonucleop ro te in  p a rtic le s  
w ere tra p p e d  in  the cy to p lasm ic  agg regates in d u ced  by  g a lac to sam in e  (F ig . 
3/b).

A cid  p h o sp h a tase  a c tiv ity  w as d e tec ted  in  severa l of th e  large e lec tron - 
dense aggregates in th e  liv e r  o f ga lac to sam in e  tre a te d  anim als (F ig . 2 /d ). 
This w as in  ag reem ent w ith  th e  fin d in g  t h a t  th e  cytoplasm ic ag g reg a tes  
w ere p re se n t in th e  lysosom es 18— 24 hours a f te r  tre a tm e n t. No ac id  p h o s ­
p h a ta se  reac tio n  was seen a ro u n d  th e  g lycogen  in  th e  contro ls (F ig . 2/d) 
(insert).

G lucose-6-p h o sp h a tase  a c tiv ity  was show n to  be localized a ro u n d  th e  
agg rega tes as well as on th e  bile can a licu la r su rface  of liver cells in  th e  g a ­
lac to sam in e  tre a te d  an im als (F ig. 4 /b). In  th e  con tro ls, th e  re a c tio n  a p ­
p ea red  n o rm ally  w ith in  th e  c is te rn ae  o f th e  endoplasm ic re tic u lu m  (F ig . 
4/a).

Ada Morphologica Academiae Scientiarum Hungaricae 25, 1977
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Fig. За. to (l. DGA treatment 6 hr after injection, a. Thiéry  
sta in in g : the  positive reaction  shows the  presence of the  
po lysaccharide  com ponent .  0 s 0 4 f ixation. X 21,440; Gr =  

aggregates.
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b. Bernhard sta in in g : the  E D T A  positive m ate ria l  was found  
also in the  aggregates, p ro v in g ^R N P  conta in ing s truc ture .  
G lu tara ldehyde  f ixation. x 2 1 ,  440; r E r  =  rough  endop lasm  

reticiculum; Gr =  aggregates.
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c. A lpha-am ylase treatm ent: th e  aggregates were re s is tan t to  
30 m inu tes d igestion . 0 s 0 4 fix a tio n , x  39,960; rE r  rough  

endoplasm ic re ticu lu m ; r ribosom e.

d. Pronase treatment: 30 m inu tes a fte r  d igestion , th e  po­
lysaccharide  com ponen ts o f th e  aggregates d isappeared . 
0 s 0 4 fix a tio n . X 32.000; r  E r =  rough  endoplasm ic 

re ticu lu m ; r  =  ribosom es
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Fig. 4a. C ontrol liver: in  th e  endoplasm ic re ticu lu m  (E r) c isterns th e  reac tio n  is w ell-preserved, b u t  th e  bile canalicu lar 
m em branes show poin t-like  p o sitiv ity . G lu tara ld eh y d e  f ix a tio n , G lucose-6-Ph-ase reac tion . X 21,440; be  =  bile canal;

L lipid d rop lets; Mi =  m itochondria ; G1 =  glycogen
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4. Isolation and electron microscopic exam ination o f the cell fra c tio n  cor­
respond ing  to the cytoplasm ic aggregates.

P rev ious w ork on th e  frac tio n a tio n  o f m icrosom al m em b ran es [16] has 
sh o w n  a ch arac teris tic  in c rease  in  th e  d e n s ity  o f th e  rough en d op lasm ic  re tic u ­
lu m  m em branes iso la ted  fro m  g a lac tosam ine  tre a te d  mice. F o r  e lec tro n  m icro­
sco p ic  exam ina tion  o f th is  cell frac tio n , th e  earlie r m ethod  h a d  to  be m odified  
in  o rd e r  to  ob tain  b o th  th e  a lte red  an d  th e  no rm al rough  m em b ran es  a t  th e  
b o t to m  of the  u ltra c e n tr ifu g e  tu b es  as p e lle ts , sep a ra ted  from  th e  sm ooth  
m e m b ra n e s  by  a lay e r o f  1.3 M sucrose. M ice s ta rv e d  for 48 h o u rs  w ere in jec ted  
in tra p e r ito n e a lly  w ith  D G A — HC1 250 m g p e r kg body  w eigh t, and  D -glucose, 
5 g p e r  kg. P rev iously , th is  t re a tm e n t has been  show n to  p ro d u ce  la rg e  am oun ts 
o f  cy top lasm ic  ag g reg a tes , b u t  no h e p a tic  necrosis. The co n tro ls  received 
g lucose  only. A fter 120 m in u tes  th e  livers w ere processed as described  in 
M e th o d s . The sm ooth  m em b ran es w ere recovered  a t  th e  in te rfaces  o f th e  su ­
c ro se  lay e rs : sim ilar a m o u n ts  w ere found  in  th e  contro ls and  th e  ex p e rim en ta l 
sam p le s .

T he pellet c o n ta in in g  th e  rough  (heavy) m em branes w as ex am in ed  by  
e le c tro n  m icroscopy. T h e  pelle ts  o b ta in ed  from  th e  contro ls show ed m ore or 
less u n ifo rm  vesicles d e riv ed  from  th e  ro u g h  endoplasm ic re tic u lu m  (F ig . 5/a). 
T h e  fra c tio n  gained fro m  g a lac tosam ine  tr e a te d  mice by  th e  sam e p rocedure  
c o n ta in e d  am orphous e lec trondense  m a te r ia l con ta in ing  ir re g u la r  frag m en ts  
a n d  d eg ran u la ted  vesicles of th e  rough  endop lasm ic  m em branes (F ig . 5/b). 
T h e  in vo lvem en t in  th e  fo rm a tio n  of cy to p lasm ic  aggregates o f endoplasm ic 
m e m b ra n e s  carry ing  th e  ribosom es w as c lea rly  d em o n stra ted  b y  th e se  experi­
m e n ts .

5, Chemical com position  o f  the a typ ica l polysaccharide.

T he inco rp o ra tio n  o f D -glucosam ine in to  hepa tic  glycogen follow ing D- 
g a lac to sam in e  a d m in is tra tio n  has been  described  and  e lu c id a ted  b y  M a l e y  et 
a l. [13]. F o r an a ly tica l p u rp o ses , th e  p o lysaccharides w ere iso la ted  from  mice 
re c e iv in g  sim ilar t r e a tm e n ts  as in  th e  cell frac tio n a tio n  e x p e rim en t, in  order 
to  en su re  the  high y ie ld  o f th e  m a te ria l. B o th  th e  norm al an d  th e  a ty p ica l 
g ly co g en , iso lated  from  th e  perch loric  acid  su p e rn a ta n t o f liv e r  hom ogenates, 
c o n ta in e d  97 to  99%  glucose and  0.3 to  0 .5 %  p ro te in . No hex o sam in e  was 
fo u n d  in  the  h ep a tic  g lycogen  of th e  glucose tre a te d  mice. In  th e  ac id  h y d ro ­
ly s a te  o f the  h ep a tic  po ly sacch arid e  o f m ice tre a te d  w ith  ga lac to sam in e  and 
g lu co se , 1.3%  glucosam ine w as d e m o n s tra te d . T he p u rified  po ly sacch arid e  was 
n o t  re s is ta n t to  d igestion  w ith  am ylase.
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Fig. 5a. Control mouse liver: u ltra s tru c tu re  of h eavy  m icrosom al frac tion . N orm al pellet. 0 s 0 4 fix ation . X 60,000;
rE r  =  ro u g h  endoplasm ic re ticu lu m  m em branes
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Fig. 5b. D G A  treatm ent: u ltra s tru c tu re  of h eavy  m icrosom al frac tio n  a fte r 3 h r DGA tre a tm e n t. U ncom m on sed im en t­
ed  pellet. T he m em branes w ere a tta c h e d  to  e lectrondense su b stance. 0 s 0 4 fix a tio n . X 60,000; rE r  =  ro u g h  endop las­

mic re ticu lum
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D iscussion

C ytoplasm ic agg regates have b een  o b se rv ed  in  galac tosam ine h e p a ti t is  of 
th e  r a t  by  Sc h a r n b e c k  e t al. [21], L a p i s  an d  S ch aff  [9], w ho in te rp re te d  th is  
m a te r ia l as ab n o rm al glycogen. T his o p in ion  was opposed b y  S h i n o z u k a  et 
al. [23] m ainly  because of th e  unu su a l m o rp h o lo g y  an d  a ty p ica l lo ca liza tio n  of 
th e  g ran u la tio n , an d  its  resistance  to  d ig estio n  w ith  d iastase . T he l a t t e r  au th o rs  
d e tec ted  irregu la r s tack s  o f ribosom es in  th e  aggregates and  sp e c u la te d  on th e  
fo rm atio n  of com plexes o f ribosom es w ith  som e unknow n c a rb o h y d ra te  due  to  
th e  d is tu rb an ce  o f g lyco p ro te in  sy n th e s is . L a p is  and  S ch aff  [9] suggested  
th a t  th e  a ty p ica l p o lysaccharide  m ig h t be fo rm ed  on th e  ro u te  d e m o n s tra te d  
b y  Ma l e y  e t al. [13]. U rid ine  failed to  p re v e n t  th e  fo rm atio n  of ag g reg a tes  [23].

A ccording to  L e s c h  e t al. [10] th e  agg rega tes or a ty p ica l d en se  bodies 
(A D B ) can be classified  in to  th ree  ty p e s ;  th e  ea rly , th e  in te rm e d ia te  an d  th e  
la te  ty p e  and  th e y  are  n ev er enclosed b y  a lim itin g  m em brane . T h e  A D B  has 
tw o  c o n s titu e n ts ; R N A se-sensitive a n d  R N A se an d  d iastase  r e s is ta n t  PAS- 
p o sitiv e  com ponen ts. T he la t te r  re p re se n ts  som e abnorm al m e ta b o lite  o f g ly­
cogen [10]. W e had  com e to  th e  sam e conclusion . P a r t  o f th e  p a r tic le s  found  
in AD B are s ta in  po sitiv e ly  on B e rn h a rd ’s p re fe ren tia l s ta in in g  fo r R N A  con­
ta in in g  s tru c tu re s , an d  p a r t  of th e  g ran u les  ta k e  T h ié ry ’s p o ly sacch arid e- 
specific  s ta in  b u t th e y  are d ia s ta se -re s is ta n t. T he pronase d igested  th e  g lyco­
p ro te in  com ponen t b u t  d id  n o t a t ta c k  th e  R N A -co n ta in in g  p a rtic le s  s im ila r to  
th e  ribosom es.

M ost au th o rs  sh a re  th e  opinion t h a t  th e  in h ib itio n  of p ro te in  sy n th es is  in 
ga lac tosam ine h e p a titis  is d ifficu lt to  ex p la in  solely on th e  basis o f  U T P  de­
fic iency , defined  as a p rim a ry  b iochem ical lesion by  D ecker  an d  K e p p l e r  [3]. 
U nlike th e  decrease o f  R N A  sy n th esis , th e  in h ib itio n  of p ro te in  sy n th e s is  was 
n o t com pletely  re v e r te d  b y  a d m in is tra tio n  o f u rid ine  [23].

T he s tu d y  of th e  fo rm atio n  a n d  co m position  of cy to p lasm ic  agg rega tes 
in  ga lac tosam ine h e p a titis  has led us to  su g g est an  ex p lan a tio n  fo r th e  in h ib i­
tio n  of p ro te in  sy n th esis  in  th e  e a r ly  s tag e  of ga lac tosam ine in d u ced  liver 
in ju ry  in mice. The m orphological a n d  b iochem ical find ings p re se n te d  in d ica te  
t h a t  th e  cy top lasm ic  aggregates co n sis t o f  a ty p ic a l basic glycogen a n d  rib o ­
som es d e tach ed  from  th e  rough  en d o p lasm ic  re ticu lum . T he fo rm a tio n  of 
aggregates is p receded  b y  th e  in co rp o ra tio n  in to  glycogen of n o n -N -a c e ty la te d  
glucosam ine. T he re su ltin g  basic p o ly sacch a rid e  is p resu m ab ly  a t ta c h e d  to  th e  
ro u g h  endoplasm ic re ticu lu m  w hich is th e  fram ew ork  su p p o rtin g  th e  p o ly ­
ribosom es, p artic les o f  s tro n g ly  acid  c h a ra c te r . T he in te ra c tio n  m a y  re su lt in 
th e  d e ta c h m e n t o f ribosom es from  th e  m em b ran es , o r i t  m ay  cause a f ra g m e n ta ­
tio n  o f  th e  rough  endop lasm ic  m em b ran e  sy s tem . Such a severe d am ag e  to  th e  
su p ram o lecu la r s tru c tu re  o f th e  p ro te in  sy n th e tiz in g  a p p a ra tu s  m o st p ro b a b ly  
im p airs  its function , to o .
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T he fo rm ation  o f th e  aggregates could be a fa c to r  in th e  in h ib itio n  of 
p ro te in  syn thesis w hich  is c e rta in ly  not c o u n te ra c te d  by  u rid ine. The s ig n ifi­
cance  o f  th is  fac to r is d e te rm in e d  by th e  a m o u n t and  b asic ity  of th e  p o ly ­
sacch arid e . The a m o u n t o f  glycogen is decreasing  in galactosam ine tre a te d , 
n o rm a lly  fed ra ts  [11], b u t  th is  should he in te rp re te d  in term s of a tu rn o v e r  
w ith  a negative  b a lan ce , p e rm ittin g  th e  in c o rp o ra tio n  of g lucosam ine in to  
g lycogen . The ab u n d an ce  o f  th e  aggregates in  th e  m ouse liver in d ica tes  th a t  
th e  phenom enon  is o f  g re a t im portance  in  th is  species. E lim in a tio n  o f th e  
ag g reg a tes  is due to  ly sosom al degradation  of th e  com plexes. In g a lac tosam ine  
h e p a tit is ,  au tophag ic  v acu o les  conta in ing  g lycogen w ere observed by  S c h a r n -  

b e c k  e t al. [21], L a p i s  a n d  S c h a f f  [9] an d  b y  R u m p e l t  e t al. [20].
F rom  th e  p o in t o f v iew  o f cell dea th , th e  ag g reg a tes  seem to be of seco n d ­

a ry  im p o rtan ce  because low  doses of g a lac to sam in e  com bined w ith  glucose 
m ax im a lly  s tim u la te  th e  fo rm a tio n  of agg regates, w hile no s ign ifican t h e p a to ­
ce llu la r necrosis is in d u ced . N evertheless, in th e  sequence of even ts lead ing  to  
h e p a tic  dam age, th e  fo rm a tio n  of cy top lasm ic  ag g reg a tes  and  th e  re su ltin g  
decrease  of p ro te in  sy n th es is  is certa in ly  one o f th e  fac to rs to  be considered .
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K E N N Z E IC H N U N G  D E R  B E I D -G A L A C T O S A M IN -B E D IN G T E R  
L E B E R S C H Ä D IG U N G  B E O B A C H T E T E N  Z Y T O PL A SM A -A G G R E G A T E

ANNA TOMPA, k . LAPIS, ZSUZSA SCHAFF, к . MÉSZÁROS, J. MANDL, T. GARZÓ und F. ANTONI

U n te r D -G alac tosam inw irkung  en ts te h en  im  Z y to p lasm a  der M äuse-L eberze llen  PAS- 
p o sitiv e  G ranula  oder A ggregate . In  den U n te rsu ch u n g en  ihrer U l tra s tru k tu r  w u rd e  aufge­
zeig t. d aß  die G ranula  von de r M em bran  des en d o p lasm atisch en  R e tik u lu m s m it  g ro b er O ber­
fläche um geben  sind.

Die E rgebnisse der zy to ch em isch en  U n te rsu ch u n g en  deu ten  d a ra u f  h in , d a ß  ein Teil 
d ieser A ggregate  P ron ase -em p fin d lich  u n d  A m y lase-resisten t ist u n d  sieh  m it d em  T hiéry- 
schen S ilb e rp ro te in a tv e rfah ren  positiv  a n fä rb t. D er an d ere  Teil fä rb t sich m it  d e r  EDTA- 
P rä fe ren z fä rb u n g  p o sitiv  an . G em äß zy to ch em isch en  u n d  biochem ischen U n te rsu ch u n g s­
e rgebnissen  bestehen  die G ran u la  aus R ibosom en u n d  aus abnorm alem  b asisch em  Glykogen. 
D ie A ggregate  verschw inden  aus dem  Z y to p lasm a  zu m eist infolge lysosom aler D eg radation .

ХАРАКТЕРИСТИКА ВАГРЕГАТО, НАБЛЮДАЕМЫХ ПРИ ПОВРЕЖДЕНИИ 
ПЕЧЕНИ, ВЫЗВАННОМ Д-ГАЛАКТОЗАМИНОМ

АННА ТОМПА, К. ЛАПИЩ, Ж У Ж А  ШАФФ, К. МЕСАРОШ, Й. МАНДЛ, Т. ГАРЗО и Ф. АНТОНИ

Под действием Д-галактозамина в цитоплазме печеночных клеток мыши образуются 
ПАСК-положительные гранулы или агрегаты. Исследования ультраструктуры пока­
зывают, что зернышки окружены мембраной эндоплазматической сеточки с грубой по­
верхностью.

Результаты цитохимических исследований показали, что часть гранул чувствитель­
на к проназу, устойчива против амилаза и при окрашивании методым протеината серебра по 
Тиери положительно окрашивается. Другая часть агрегатов положительно окрашивается 
при предпочительном окрашивании ЭДТА. На основе цитохимических и биохимических 
исследований эти гранулы состоят из рибосом и из ненормального щелочного гликогена.

D r. A nna T ompa 
D r. K áro ly  L a p i s  
D r. Zsuzsa S c h a f f

Sem m elw eis O rv o stu d o m án y i E gyetem
I. sz. K ó rb o n c tan i In té z e t
H -1085 B u d ap est, Ü llői ú t 26, H u n g a ry

D r. K áro ly  M é s z á r o s  
D r. Jó zse f  M a n d l  
D r. T á m á s  G a r z ó  
D r. F erenc  A n t o n i

Sem m elw eis O rv o stu d o m án y i E g y e tem  
I. sz. K ém iai-B iokém iai In téze t 
H -1088 B u d ap est, P usk in  u. 9, H u n g a ry

Ada Morphologien Academiae Scientiarum Hungaricae 25, 1977





Acta Morphologica Acad. Sei. Hung. 25 (4 ), 259 278, 1977

F irs t In s t i tu te  of A natom y, H isto logy  a n d  Em brio logy,
Sem m elw eis U n iv ersity  M edical School, B u d ap es t, H ungary

BLOOD SUPPLY OF THE RAT HYPOTHALAMUS. V. 
THE MEDIAL HYPOTHALAMUS 

(NUCLEUS VENTROMEDIAL IS, NUCLEUS 
DORSOMEDIALIS, NUCLEUS PERIFORNICALIS)

G. A mbach  and M. P a l k o v its

(R eceived  O ctober 12, 1977)

U sing  th e  In d ia  in k  double-perfusion  tec h n iq u e , th e  blood vessels o f th e  r a t ’s 
m edia l h y p o th a la m u s w ere reco n stru c ted  from  serial sections. The area  s tu d ie d  com ­
prised  th e  v en tro m ed ia l, dorsom edial and  p e rifo rn ica l nuclei. 4’he a rte ria l su p p ly  of 
th is  te rr i to ry  com es from  th e  m iddle  h y p o th a la m ic  and  th e  an te rio r, m id d le  and  
p o ste rio r tu b e ra l a rte rie s . T he d ra inage  is s tr ic tly  und irec tio n a l: v e n tra lw a rd  b y  the  
a n te rio r , m iddle and  posterio r v en tro m ed ia l, th e  posterom ed ial and p o s te ro la te ra l 
h y p o th a lam ic  veins, all end in g  in th e  basal vein.

T he a rte rie s  o f th e  v en tro m ed ia l and d o rsom ed ia l nuclei are d is tin c t fro m  those  
of th e  a rcu a te  nucleus and  m edian  em inence, a n d  th e ir  d ra inage  is no t c o n n ec te d  w ith  
th e  p o rta l vessels. T he nuclei s tu d ied , even  a t  th e  levels of th e ir  su bd iv isions, possess 
own a rte rie s  w hose te rr ito rie s  of su p p ly  can  well he d istingu ished  w ith  a m in im u m  of 
overlap . T he to p o g rap h y  of these a rte rie s  is desc rib ed  in deta il.

T he m edial h y p o th a la m u s has no v ascu la r connections w ith  o th er reg ions o f the  
d iencephalon  inc lu d in g  th e  th a lam u s.

Introduction

E a rlie r  s tud ies w ith  double in jec tions o f In d ia  ink [2, 3, 4, 5] h a v e  show n 
th a t  th e  h y p o th a lam ic  nu c lea r groups have  fa irly  in d ep en d en t b lood supp lies. 
Those lo ca ted  in th e  c e n tra l p a r t o f th e  m edial h y p o th a lam u s (a rcu a te , v e n tro ­
m edial and  dorsom edial nuclei) were d is tin c t from  th e  a n te rio r [4, 5] an d  pre- 
m am m illa ry  cell g roups as fa r as th e ir  b lood su p p ly  was concerned  (A n b a c h  
and P a l k ov its  in p re p a ra tio n ). E v en  w ith in  th e  m edial h y p o th a la m u s , th e  
m edian em inence and  th e  a rc u a te  nucleus h av e  an  ow n vascu la r sy s tem  w hich  
has few or no connections w ith  th e  do rsa lly  s i tu a te d  ven tro m ed ia l a n d  d o rso ­
m edial nucle i [5].

T he v en tro m ed ia l an d  dorsom edial n ucle i h av e  an im p o r ta n t  ro le in 
neu roendocrine  co n tro l a n d , as in d ica ted  by  th e ir  volum e and  cell n u m b e r, 
th e ir  c o n tr ib u tio n  to  tin 1 m ass of th e  h y p o th a la m u s  is su b s ta n tia l. T h e  fac t 
th a t ,  th is  te r r i to ry  often  serves as th e  ta rg e t  o f exp erim en ta l su rg e ry , has 
p ro m p ted  us to  in v es tig a te  its  blood su p p ly  in  d e ta il. S tud ies were focused  on 
th e  follow ing p rob lem s. 1) Do th e  v en tro m ed ia l (NYM ), dorsom edia l (N D M )
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a n d  p e rifo rn ica l (N P F ) n u c le i possess in d e p e n d e n t blood supplies ? 2) Is  th e re  
a n y  v a sc u la r  re la tio n sh ip  be tw een  th is  a rea  an d  th e  m edian  em inence  and 
h y p o p h y s is ?  3) H ave th e  subdiv isions o f th e  above nuclei own a rte rie s  and  
v e in s ?  4) W h at is th e  p a t te r n  of venous d ra in a g e  in these  nucle i?  5) Do th e y  
h a v e  a n y  vascu lar co n n ec tio n  w ith  th e  th a la m u s ?

M ateria ls and m ethods

T h e  blood vessels o f 40 a lb in o  ra ts  were filled  w ith  In d ia  ink. A fter f ix a tio n  th e  b ra in s 
w e re  p ro cessed  as described below . In k  perfusions w ere  m ad e  w ith  tw o colours as described 
e a r l ie r  [2]. T hrough  th e  co m m o n  c a ro tid  a rte ry , b lu e  in k  (R o trin g ) was in jec ted  in to  th e  
a r te r ie s  o f th e  head, th e n  red  in k  o f h igher v iscosity  w as p u m p ed  in, pressing th e  b lue  one in to  
th e  v e in s . D ue to  its  h igh  v isc o s ity  th e  red  ink  d id  n o t  pass th ro u g h  th e  cap illa ries th u s  th e  
a r te r ia l  side of th e  c ircu la tion  b ecam e  filled w ith  red  a n d  th e  venous one w ith  b lue  ink . W hen 
o n ly  one  o f th e  tw o were filled  u p , a 5 — 6%  b lac k  in k -g e la tin  so lu tion  was ad m in iste red . 
B ra in s  w ere  rem oved from  th e  sk u ll and  fixed  for 8 — 10 d ay s in 10%  fo rm ald eh y d e . Serial 
s e c tio n s  o f  100 — 400 fi th ick n ess w ere cu t m ain ly  in  th e  fro n ta l, in sam e cases in  th e  sa g itta l 
p la n e . S ec tio n s were cleared  fo r stereo-m icroscopic  s tu d y . T h is allowed a com plete  re co n stru c ­
t io n  o f  th e  vessels. Their lo ca liz a tio n  w as m ade u sin g  th e  co ord ina tes of th e  cy to a rch itec to n ie  
a t la s  o f  th e  h y p o th a lam u s [ P a l k o v i t s  in p re p a ra tio n ]. T h e  blood supply  of th e  m ed ia l h y p o ­
th a la m ic  nucle i (NVM, N D M , N P F )  was in v es tig a ted  sy s tem atica lly .

Results

T h e  te rm  “ m edial h y p o th a la m u s” u su a lly  refers to  th e  ro s tro -c a u d a l 
m id d le  p a r t  of the  h y p o th a la m u s . This co rresp o n d s to  w h a t is te rm ed  th e  pars 
tu b e ra l is  in an o th er te rm in o lo g y . In fron t o f  it  is th e  a n te rio r h y p o th a la m u s  
(p a rs  o p tic a ) , from  b eh in d  i t  is bordered  b y  th e  p rem am m illa ry  reg ion . I t  con­
s is ts  o f  a m edial and la te ra l  p a r t .  The la t te r  is s itu a te d  la te ra l to  th e  v e rtic a l 
p la n e  th ro u g h  th e  fo rn ix  a n d  com prises th e  m ed ia l fo rebrain  b u n d le  w ith  its 
e n c lo sed  cell groups.

W itliin  th e  m edial h y p o th a la m u s  th e  b asa lly  located  a rc u a te  nucleus 
a n d  m e d ia n  em inence are  d is tin g u ish ed  as th e  m edial-basal h y p o th a la m u s  
fro m  th e  v en trom ed ia l, do rsom ed ia l an d  p e rifo rn ica l nuclei s itu a te d  dorso- 
la te ra l ly .

F ro m  th e  c y to a rc h ite c to n ie  aspect th e  v en tro m ed ia l and  do rsom ed ia l 
n u c le i  c a n  be subdiv ided  ( P a l k o v i t s , in  p re p a ra tio n ) . Six subdiv isions can  be 
d is tin g u ish e d  in the  v e n tro m e d ia l and  th re e  in  th e  dorsom edial nucleus. The 
a n te r io r  cell group of th e  N Y M  is th e  m ost p ro m in e n t (NVMA). R o s tra lly  th e re  
is a m e d ia l (NVMina) c e n tra l  (NVMc) and la te ra l  (NYM la) subd iv ision  w hereas 
c a u d a lly  only  m edial (N V M m p) and  la te ra l (N Y M lp) subdivisions can  be found . 
T h e  d o rsom ed ia l nucleus c o n ta in s  in  th e  d o rso -v en tra l d irection  th e  dorsal 
(N D M d ), c en tra l (NDM c) a n d  v e n tra l (N D M v) subdiv isions. The perifo rn ica l 
n u c le u s , hom ogeneous in  cell d en sity , is s i tu a te d  above th e  fo rn ix  (Figs 5D , 5E).

Açta Morpholagica Academiae Scientiarum Hungaricae 25, 1977



B L O O D  S U P P L Y  O F  T H E  M E D I A L  H Y P O T H A L A M U S 2 6 1

A rteria l in p u t to the m edial hypothalam us

T he m edial h y p o th a la m u s  is su p p lied  by  th e  tu b e ra l a r te r ie s . T hese  arise 
from  th e  in te rn a l ca ro tid  a r te ry  or from  th e  hypophyseal and  p o s te r io r  cerebral 
a r te rie s . T hey  en te r th e  h y p o th a la m u s  from  th e  base of th e  b ra in  1000— 1200 p 
la te ra lly  from  th e  m id line. T u b era l b ran ch es are given off also b y  th e  hypo­
physeal a rteries b u t  th e ir  c o n tr ib u tio n  to  th e  blood supp ly  o f  th e  NVM is 
negligible. The m ore im p o r ta n t tu b e ra l b ranches are  as follow s (Figs 
1Л —D, 2).

M iddle hypothalam ic artery issu ing  from  th e  in te rn a l c a ro tid  a t  a d istance 
of 3500 p beh ind  th e  b regm a. I t  form s an  a rch  runn ing  an a n te ro -m e d ia l course, 
and  a t a length  of ap p ro x . 1.5 m m  it en te rs  th e  d iencephalon  be tw een  the 
in te rn a l ca ro tid  and  a n te r io r  h y p o p h y sea l a rte ries . At th e  p o in t o f  e n try  a th in  
b ran ch  d irec ted  a n te ro -la te ra lly  em erges from  th e  tru n k  c o n tr ib u tin g  to  the 
blood su p p ly  of th e  p re tu b e ra l p a r t  o f th e  su p rao p tic  nucleus (N S O ) [2]. The 
tru n k  runs on th e  side of th e  NVM to  th e  to p  of th is nucleus w h e re  i t  divides 
in to  te rm in a l b ranches. O ccasionally , th is  a r te ry  comes from  th e  in itia l p art 
of th e  an te rio r  h y p o th a lam ic  a r te ry  (F igs 1A, 2).

The anterior tuberal artery em erges from  th e  in itia l p a r t  o f  th e  an terio r 
h y p o th a lam ic , in som e cases from  th e  in te rn a l caro tid  a rte rie s . I t  passes u p ­
w ards 2500 —2600 p  b eh in d  th e  b reg m a  betw een  th e  a n te r io r  v en tro m ed ia l 
an d  subforn ical nuclei an d  div ides in to  te rm in a l b ranches n e a r  th e  NVMc 
(F igs IB , 2).

A b ran ch  of th e  in te rn a l c a ro tid  is th e  middle tuberal artery. I t  en te rs  the 
h y p o th a lam u s 3500 p  from  th e  b regm a b eh in d  the  en try  o f th e  m id d le  hypo­
physeal a r te ry . I t  runs on th e  o u te r  side o f th e  p oste ro -la te ra l p a r t  o f  th e  v en tro ­
m edial nucleus to  reach  th e  dorsom edia l nucleus. J u s t  before its  e n t r y  in to  the 
b ra in  th is  a r te ry  gives o ff 3 —4 b ran ch es  w hich p en e tra te  th e  b ra in  a t the 
b ifu rca tio n  of th e  in te rn a l c a ro tid  and  p o ste rio r  cerebral a r te rie s . T h e  branches 
su p p ly  th e  MFB (Figs 1C, 2, 4B).

T he posterior tuberal artery  is in  m o st cases an in d e p e n d e n t b ra n c h  of the 
p o ste rio r cerebral a r te ri b u t  som etim es it  o rig inates from  th e  in te rn a l  caro tid  
as a tru n k  com m on w ith  th e  p o ste rio r hypophysea l a r te ry . F ro m  its  origin 
(4200 p  beh ind  the  bregm a) i t  runs m ed ia lw ards and  th en  sh o rtly  d iv id es  into 
several b ranches. The side ones (rr . postérolatérales) c o n tr ib u te  to  th e  supply 
of th e  M FB , w hereas th o se  d irec ted  m ed ia lw ards (rr. posterom edia les) run  to 
th e  p rem am m illa ry  region. T he tru n k  p ro p e r lies in itia lly  on th e  base  of the 
b ra in  th e n  en ters i t  a t  a p o s tb reg m al d is tan ce  o f 3500 p  and  e i th e r  th rough  
or below  th e  forn ix  i t  ru n s to  th e  N D M . Along its  course i t  lies m edial 
to  th e  para lle l veins. I t  d iv ides w ith in  or ju s t before th e  N D M  (F igs ID ,
2, 4C.)

Ada Morphologien Academiue Scicnliarum Uungaricae 25, 1977
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F ig . 1. A rteries of th e  m id d le  p a r t  o f th e  hy p o th alam u s, a =  m idd le  h y p o th a lam ic  a r ­
t e r y ,  400 fi section in th e  s a g i t t a l  p lan e ; b =  an te rio r tu b e ra l  a r te ry ;  c =  m iddle tu b e ra l  
r a r t e y ;  d =  posterior tu b e ra l  a r t e r y  in  a 300 g  f ro n ta l se c tio n . A bbr.:  see Table I an d  lis t
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F ig . 3. A rte rie s  of th e  v e n tro m ed ia l nucleus, a =  300 (i f ro n ta l  section behind th e  p a r a v e n tr i ­
c u la r  n u c leu s; b =  oblique f ro n ta l  section  a t th e  lev e l o f  th e  m iddle h y p o th a lam ic  a r te ry ;  
c =  te rm in a l  b ranches o f th e  a n te r io r  tu b era l a r te ry ;  d  =  sm all term inal b ran ch es to  th e  
v e n tro m e d ia l  nucleus o f th e  a n te r io r  hypophyseal a r te ry ;  e =  arteries of th e  p a rs  la te ra lis  
p o s te r io r  o f th e  v en tro m ed ia l n u c le u s ; /  =  te rm in a l ra m if ic a tio n s  of the  m ain  a r te ry  o f th e  

dorsom edial nucleus. A bbr.; see T able  I a n d  lis t o f A bbrevations
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Fig. 4. A rteries of the  d o rsom ed ia l nucleus, a =  te rm in a l b ra n ch  of th e  an te rio r tu b e ra l  a rte ry ; 
b b ranches of th e  m iddle tu b e ra l  a r te ry ; c =  ram ifica tio n s  of the  posterio r tu b e ra l  a rte ry . 

A bbr.:  see T able  I and list of A b b rev ia tio n s
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F ig . 5. A rteries and ve ins o f  th e  perifornical nucleus, a, b a n d  c =  400 fi f ro n ta l  sections; 
d  =  a r te r ie s  of th e  p e rifo rn ica l nuc leus; e =  veins o f  th e  p erifo rn ica l nucleus. Abbr. : see 

T ab le s  I  a n d  I I  and list o f A b b re v a tio n s
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Fig. 6. a — e veins o f th e  m iddle  p a rt of th e  h y p o th a la m u s . 300 /i fron ta l sec tio n s . Abbr.:
see T able  I I  and list o f  A b b rev ia tio n s
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F ig. 8. a th e  posterio r h y p o th a la m ic  vein  and  its  tr ib u ta r ie s . 400 ft s a g itta l  sec tio n ; 6, c 
an d  d - veins of th e  d o rso in ed ia l a n d  ven trom ed ia l nuclei in a 300 fi f ro n ta l  section . 

A bbr.:  see T ab le  I I  and list o f A b b rev ia tio n s
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Arteries  o f  the ventromedial nucleus  (Table I)

T he a rte ry  o f th e  anterior ventromedial nucleus  (NVMA) (1800— 2100 p) 
is a b ran ch  (r. anterior)  o f  th e  m iddle h y p o th a la m ic  a r te ry . I t  p e n e tra te s  the 
N V M A  from  beh ind  an d  b ifu rca tes  in th e  core o f  th e  nucleus (Figs 2, ЗА). 
I n  a few cases, th is  n u c leu s  receives sm all a r te rie s  also from  below  via  the  
tu b e ra l  branches of th e  a n te r io r  h y p o th a lam ic  a r te ry .

T he pars medialis anterior o f  the ventromedial nucleus (NV M m a) is supplied 
b y  th e  m iddle h y p o th a la m ic  a rte ry . I t  en ters th e  nucleus from  la te ra l an d  d 'v ides 
in to  th re e  b ranches (rr. superiores) . In  o n e -th ird  of th e  an im als s tu d ied , one 
o f  th e se  branches c o n s ti tu te d  th e  posterio r a r te ry  to  th e  NVM A (Figs 2, 3B).

T he pars centralis o f  the ventromedial nucleus  (NVMc) has tw o arteries. 
T h e  narrow  fro n ta l zone (betw een  2100—2400 p)  gets tw o la te ra lly  en tering  
b ra n c h e s  (rr. centrales anteriores)  from  th e  m idd le  h y p o th a lam ic  a rte ry . The 
m a jo r , caudal, p o rtio n  o f  th e  nucleus is supp lied  b y  th e  a n te rio r  tu b e ra l a rte ry  
w h ich  divides e ith e r in  th e  o u te r th ird  of th e  NVMc or beside th e  nucleus. 
A m o n g  its  branches th e  2— 3 (  rr. centrales posteriores )  are th e  m ost p ronounced , 
ru n n in g  and d iv id ing  f u r th e r  from  la te ra l to w a rd s  th e  ven tric le  (F igs 2, 3C).

T he pars medialis posterior o f  the ventromedial nucleus  (NVM m p) receives 
b lo o d  in  its u p p er tw o - th ird  th rough  a b ra n c h  o f  th e  m iddle  tu b e ra l a rte ry  
(r .  medialis posterior)  e n te r in g  th e  nucleus from  la te ra l. T he low er th ird  is 
re a c h e d  from  below b y  one  or tw o b ranches o f  th e  sam e a r te ry  arising  on the  
b a se  o f th e  b ra in  (F ig . 2).

S im ilarly  as th e  p o s te r io r  p a r t th e  b lood  su p p ly  of th e  pars lateralis 
anterior o f  the ventromedial nucleus (NVM la) is m u ltila te ra l w ith  overlapp ing  
fie ld s  (Figs 2, 3B). 1) T h e  m idd le  h y p o th a lam ic  a r te ry  provides th e  rr. laterales 
anteriores  (2100— 2400 p).  2) T he sho rt b ran ch es o f  th e  a n te rio r  tu b e ra l a rte ry  
( rr .  laterales)  cover th e  a re a  betw een 2400— 2600 p. 3) F rom  below  th e  small 
b ra n c h e s  of the  a n te r io r  h y p o p h y sea l a r te ry  ( rr. anteriores)  en te r  th e  nucleus 
a t  8 0 0 — 1000 p from  th e  m id line  before th e  in fu n d ib u la r  b ranches.

T he an te rio r p a r t  o f  th e  pars lateralis posterior o f  the ventromedial nucleus 
(N V M lp) receives its  a r te r ia l  supp ly  from  la te ra l  th ro u g h  th e  b ran ch es of the 
m id d le  tu b e ra l a r te ry  ( rr. laterales posteriores) ru n n in g  upw ard s from  th e  base 
from  the  posterio r tu b e ra l  a r te ry , th e n  b ifu rc a tin g  an d  reach ing  th e  nucleus at 
its  v en tro m ed ia l side (F ig . 3F ). F inally , to  su p p ly  th e  p rem am m illa ry  region, 
sm all b ranches called th e  rr . posterolaterales e n te r  from  below  and cover also 
th e  p o ste rio r m edial p a r t  o f  th e  NVMlp.

A rteries  o f  the dorsomedial nucleus  (Table I)

E ach  subdiv ision  o f  th e  NDM  receives a s e p a ra te  b ran ch  m ain ly  from  the  
p o s te r io r  tu b e ra l a r te ry . T h e re  is, how ever, a considerab le  overlap  betw een  the 
te rm in a l  supply  te r r ito r ie s .
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Table I

Arteries o f  the ventromedial, dorsomedial and perifornical nuclei

1Г
2 .

3.
4 .

5.
6.

7.
8 .

9.
10 .

11.

12.

13.
14.
15.
16.
17.
18.
19.
20. 

21.

r. an te rio r

rr. superiores 

rr. centrales anteriores 

rr. la tera les anteriores 

rr. an teriores

r. perifornicalis an terio r 

rr . cen trales posteriores 

r. dorsalis 

rr. laterales 

rr . m ediales 

rr. inferiores

r. m edialis posterior 

rr . la te ra les posteriores -  

rr. v en tra les posteriores 

r . dorsalis an te rio r 

r. dorsalis posterio r — 

r. centralis

r. v en tra lis  an terio r 

rr . posterom ediales 

rr. perifornicales posteriores 

a. late ra lis  posterior

-(N V M A )**

(N V M m a)-

(NVMc)

-  (NVMla) 
(NVMla) 4 - 

(N P F ) 

(NV M c)— 

(NDM d) 

(NVMla) 

(NVMIp) •«- 

(NVM mp) 

(XVM mp) 

(NVMIp) 

(NVMv) 

(NDMd) 

(NDM d) 

(NDMc) 

(ND M v) — 

(NVMIp) 

(N P F ) 

(NVMIp)

—  a. hypothala in ica  m edia (1)*^

a. hypophysea an te rio r

• a. tubera lis  an te rio r (I I )  -
a. caro tis in te rn a

a. tu b era lis  m edia ( I I I )  -

a. hypophysea  m edia

a. hypophysea posterio r

a. tu b era lis  posterio r (IV) - a. cerebri posterior

* The rom an and A rabic num erals s tan d  for iden tification  of th e  b ranches in th e  Figure 
** Subdivisions supplied by  the  branches. Abbr. see in tex t
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T h e  pars dorsalis o f  the dorsomedial nucleus  (NDM d) gets a b ra n c h  (r. dor­
sa l is )  o f  th e  an te rio r tu b e ra l  a r te ry  ru n n in g  an  upw ard  course on th e  side of 
th e  NVM c betw een th e  m ed ia l fo rebrain  b u n d le  and  th e  NVM la. I ts  divisions 
o c c u r in  th e  fro n ta l p a r t  (2400— 2700 /л) o f  th e  nucleus (Figs IB , 2). To the  
N D M d , th e  posterio r tu b e ra l  a r te ry  gives u su a lly  tw o b ranches, in  th e  back  
tw o - th ird s  of th e  nucleus th e  ram ifica tio n s o f  th e  r. dorsalis posterior, in  fron t 
th o s e  o f  th e  r. dorsalis anterior  are found (F igs 2, 3F).

T h e  pars centralis o f  the dorsomedial nucleus  (NDMc) com prises th e  m ain 
te rm in a l  te r r i to ry  of th e  p o ste rio r tu b e ra l a r te ry . M ostly a s tro n g  b ra n c h , th e  
r. centralis,  reaches th e  pars  cen tra lis  from  its  side and supplies it a f te r  a regu lar 
b ifu rc a tio n  (Figs 2, 4C). In  th e  ro s tra l area o f th e  pars cen tra lis a few te rm in a l 
b ra n c h e s  of the  r. dorsalis o f  th e  an te rio r  tu b e ra l  a r te ry  are found .

T h e  pars centrális o f  the dorsomedial nucleus  (NDM v) receives in  its 
ro s tra l  p a r t  a b ran ch  (r. centrális anterior)  o f th e  poste rio r tu b e ra l  a r te ry  
(F ig s  2 , 4C). The re s t of th e  nucleus is su p p lied  b y  those 2— 3 b ran ch es  (rr. 
ventrales posteriores)  o f th e  m iddle tu b e ra l a r te ry  th a t  pass b ack w ard  above 
th e  N V M m p.

A rter ie s  o f  the perifornical nucleus  (N P F )

T h e  r. perifornicalis anterior is com ing from  an tero -m ed ial to  th e  N P F , 
g iv en  o ff  by  th e  a n te r io r  tu b e ra l a r te ry  (F igs 5A, 5D). A m ore im p o r ta n t 
so u rce  o f  a rte ria l supp ly  to  th is  nucleus is th e  po ste rio r tu b e ra l a r te ry  w hich 
p a sse s  th ro u g h  th e  nucleus over th e  fo rn ix . U sually , tw o b ran ch es ( rr. peri- 

fo rn ic a le s  posteriores) ru n  to  th e  N P F  (Figs 5C, 5D).

Veins

T h e  blood  of th e  tu b e ra l  nuclei is co llec ted  b y  th e  veins of th e  basis such 
as th e  re tro ch ia sm a tic , th e  a n te rio r , m iddle a n d  p o ste rio r tu b e ra l veins (T able 
I I ) .  T h e  veins on th e  base o f  th e  b ra in  pass la te ra lw ard s  and  d ra in  th e  blood 
in to  th e  b asa l vein [1]. T h e  m ain  veins o f th e  m edial h y p o th a la m u s  are  as 
fo llow s.

T h e  posteromedial hypothalamic vein  is fo rm ed  la te ra l to  th e  c a u d a l edge 
o f th e  p a ra v e n tr ic u la r  nucleus by  th e  p o s te ro la te ra l p a ra v e n tr icu la r  b ran ch es 
a n d  th e  a n te r io r  vein  of th e  a n te r io r  nucleus of th e  NDM . I t  passes to w ard s 
th e  b a se  betw een  th e  a n te r io r  h y p o th a lam ic  nu c leu s and  NVM receiv ing  b ra n c h ­
es fro m  b o th  nuclei. On th e  base it  d rains th e  blood in to  th e  re tro c h ia sm a tic  
v e in  (F ig s  6A, 7, 8A) 700—800 p  from  th e  m id line  and a p p ro x im a te ly  1600 /t 
b e h in d  th e  bregm a.

T h e  middle hypothalamic vein  runs dow nw ard  on the  la te ra l side o f th e
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an te rio r p a r t  o f th e  NVM. I t  reaches th e  base a t  2200—2300 p  w here  i t  ends 
e ith e r  in th e  re tro c h ia sm a tic  vein or in a basa l b ra n c h  of th e  la tte r , th e  a n te r io r  
tlib era l ve in  (F igs 6B, 7).

The anterior ventromedial vein  em erges a t  th e  b o rd e r of the  N V M m a and  
NVM mp an d  passes dow nw ard  on th e  la te ra l  side o f th e  NYMc. T h is  is an 
im p o rta n t v e in  whose u p p erm o st b ra n c h  arises in th e  N D M d, th e n  runs 
betw een th e  fo rn ix  and  NVM collecting  veins from  th e  p e r iv e n tr ic u la r  and  
v en tro m ed ia l nucle i and  from  th e  m edial fo reb ra in  bund le . A t 2500 /t beh in d  
th e  b regm a it reaches th e  base of th e  b ra in  and  ends in one o f th e  m idd le  
tu b e ra l veins (F igs 6C, 7).

The middle ventromedial vein is th in n e r  th a n  th e  form er one a n d  runs 
m ed ialw ard  b eh in d  it along th e  NVM mp to  th e  base (Figs 6D, 7). T h e re  it 
ends in one o f th e  m iddle tu b e ra l veins 2700 —2800 // beh ind  th e  b reg m a . A t a 
p ost-b regm al d is tan ce  o f 3000 —3500 p  a long vein , th e  posterior ventromedial  
connects th e  N D M v w ith  th e  poste rio r tu b e ra l  vein runn ing  a t its  b eg in n in g  
near th e  p o s te rio r  edge o f th e  NVM mp th e n  on th e  side of the  N V M lp (Figs 
6 E, 7).

The posterolateral hypothalamic vein  is th e  o u te rm o st vein o f th e  tu b e ra l 
nuclei and  th e  m ain  venous d rainage o f th e  N D M . A fte r tu rn in g  from  beh in d  
around  th e  fo rn ix , it pu rsues a course to w ard s  th e  base of the  b ra in  an d  a t 
3000 /I it d ra in s  th e  blood in to  th e  basal vein  (F igs 6 E , 7). It receives b ran ch es  
from  above th e  fo rn ix  and  some neglig ib le ones from  th e  v e n tra l th a la m u s  
and c o n tr ib u te s  to  th e  d ra inage  o f th e  N P F . T he la te ra l subforn ical b ran ch es  
issue from  th e  la te ra l h y p o th a lam u s.

Veins o f  the ventromedial nucleus (Table II)

The ven o u s d ra inage  of th e  NVMA is b id irec tio n a l. From  its  core  a th in  
b ran ch , r. anterior minor, is d irec ted  to w ard s  th e  posterom edial h y p o th a la m ic  
vein th a t  p asses in  fro n t o f th e  nucleus. F ro m  th e  poste rio r p a rt o f th e  nucleus 
a th ic k e r b ra n c h , r. posterior major, is fo rm ed  ru n n in g  backw ards an d  la te ra l-  
w ards in to  th e  m iddle h y p o th a lam ic  vein  (F igs 7, 8A).

Those 3 —4 branches (rr. mediales anteriores)  collecting in th e  N V M m a 
are th e  on ly  veins of th is  area . T hey  run  to w ard s  th e  la te ra l edge o f th e  nucleus 
w here th e y  u n ite  to  form  th e  m iddle h y p o th a la m ic  vein  (Figs 7, 8 B).

F rom  th e  NVMc blood  is d ra ined  in th re e  d irec tions. From  th e  a n te r io r  
p a r t th e  r. centralis anterior collects severa l sm all b ranches and passes la te ra l-  
w ards a t th e  side o f th e  nucleus in to  th e  m idd le  hy p o th a lam ic  vein . F ro m  th e  
low er tYvo-thirds o f th e  pars  cen tralis, u su a lly  2 —3 branches ( rr. centrales me­
diae)  and  la te ra lw a rd s  in th e  an te rio r v e n tro m e d ia l vein. From  th e  u p p e r  dorsal 
p a r t of th e  NVM c th e  rr. centrales posteriores com e usually  to g e th e r in  a com-
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m on t r u n k  th a t  ends in  th e  m iddle  v en tro m e d ia l v e in . R arely  th e  back  b ran ch es  
tu r n  to  d o rso la te ra l and  d ra in  th e  blood in to  th e  posterio r v en tro m ed ia l vein

(Fig- 7).
F ro m  th e  N V M m p 3—4 b ranches, rr. mediales posteriores em erge. T he 

f ro n t  ones are  th ic k e r  an d  ru n  in to  th e  m id d le  v en tro m ed ia l, th e  b a c k  ones 
in to  th e  p o ste rio r v e n tro m e d ia l veins.

A  b id irec tio n a l d ra in ag e  can be o bserved  fro m  th e  NYM la an d  N Y M lp. 
T h in  b ran ch es  ru n  to  th e  base , ending  in th e  tu b e ra l  veins. The la te ra l b ran ch es 
fuse w ith  th e  successive veins (Fig. 7). F rom  th e  an te rio r p a r t  o f th e  NVM la 
2— 3 th in  b ranches ( rr. inferiores anteriores)  ru n  in to  the  a n te rio r tu b e ra l  vein  
w h ereas  th e  low er ones are  collected  b y  a th ic k e r , la te ra lly  d irec ted  b ra n c h  
(r .  lateralis anterior)  end ing  in  th e  m iddle h y p o th a la m ic  vein . T he p o s te rio r  
p a r t  o f  th e  NVM la gives rise  to  th e  in fe rio r b ra n c h e s  ( rr. inferiores mediae)  
d ra in in g  th e  blood in to  th e  m iddle tu b e ra l v e in s . The la te ra l b ran ch es ( rr. 
laterales)  un ite  w ith  th e  a n te rio r  v en tro m ed ia l ve in . The sm all rr. inferiores 
posteriores  th a t  ru n  from  th e  NVM lp to  th e  b ase  o f  th e  bra in  are th e  b ran ch es  
o f th e  p o ste rio r  tu b e ra l ve in  (F ig. 7). T he rr. laterales posteriores em erg ing  from  
th e  f ro n t  tw o -th ird s  o f th e  nucleus u n ite  w ith  th e  m iddle v e n tro m e d ia l vein  
p a ss in g  n e a r  th is  nucleus.

Veins o f  the dorsomedial nucleus  (Table I I)

T h e  N D M d is d ra ined  by  th ree  veins (E ig . 7). 1) From  th e  a n te r io r  p a r t  
th e  r. dorsalis anterior passes a n te ro - la te ra lly  end ing  in th e  p o ste ro m ed ia l 
h y p o th a la m ic  vein . 2) T he m iddle th ird  is d ra in e d  b y  2 —3 b ranches u n itin g  in  
th e  r. dorsalis medialis  to  form  th e  in itia l p a r t  o f  th e  an te rio r v e n tro m e d ia l 
v e in . 3) A t th e  p o ste rio r  end  of th e  dorsal p a r t  em erges th e  s lender r. dorsalis 
posterior  w hich ru n s la te ra lw a rd s  in to  th e  p o s te ro la te ra l h y p o th a lam ic  vein .

F ro m  th e  N D M c u su a lly  tw o b ran ch es com e (rr. centrales) t h a t  u n ite  
w ith  th e  r. dorsalis posterior  n e a r  th e  nucleus. T h e  N D M v gives rise to  sev era l 
b ra n c h e s . T he rr. ventrales anteriores come from  th e  fro n t and dra in  th e ir  blood 
in to  th e  p o s te ro la te ra l h y p o th a lam ic  vein . T h e  th ic k e r  h ind b ran ch es, rr. ven­
trales posteriores ru n  a dow nw ard  course to  re a c h  th e  posterio r v e n tro m e d ia l 
v e in  (F igs 6B, 7, 8C— D).

Veins o f  the perifornical nucleus  (Table I I )

F ro m  th e  a n te r io r  p a r t  of th e  N P F  em erges th e  r. perifornicalis anterior  
ru n n in g  m ed ia l to  th e  fo rn ix  in to  th e  a n te r io r  v en tro m e d ia l vein  (F igs 5B , 5E ). 
T h e  m a jo r  p a r t  o f th is  nucleus is d ra ined  b y  th e  rr. perifornicales superiores, 
th e  b ra n c h e s  of th e  p o s te ro la te ra l h y p o th a la m ic  v e in  (Fig. 5A). F ro m  th e  core 
of th e  nucleus th e y  pass v e n tro la te ra lly , en d in g  in  th e  vein n ea r th e  nuc leu s.
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Table II

Veins o f  the ventromedial, dorsomedial and perifornical nuclei

1*1 r. dorsalis an terio r (N'DMd,

2. r. a n te rio r m inor (NVMA)

3. rr. m ediales anteriores (NYM ma)

4. r. an te rio r m ajor (NVMA)

5. г. cen tralis an terio r (NVMc)

6. r. la tera lis an terio r (NYMla)

7. rr. inferiores anteriores (NYMla)

8. г. dorsalis m edialis (N'DMd)

9. г. perifornicalis an terio r (N P F )

10. rr. centrales m ediae (NVMc)

11. rr. laterales (NYMla)

12. rr. inferiores m ediae (NVMla)

13. rr. centrales posteriores (NVMc)

14. гг. latera les posteriores (NVMlp)

15. гг. m ediales posteriores (NVM mp)

16. гг. ven tra les posteriores (NDM v)

17. rr. perifornicales posteriores (N P F )

CO r r . inferiores posteriores (NVMlp)

19. r. dorsalis posterior (NDM d)

20. rr. centrales (NDMc)

21. rr. ven tra les  anteriores (NDM v)

22. rr. perifornicales superiores (N P F )

y. hypo thalam ica  posterom edialis (I)*

V. hypothalam ica  media (II)
— ► V. re tro c h ia s m a tic a

V. tu b era lis  an terio r

V. ventrom edialis an te rio r ( I I I )

vv. tubera les m ediae

V. ventromedialis media (IV)

V. ventrom edialis posterio r (V)

----- *■ V. tu b e ra lis  p o s te rio r

V. hypo thalam ica  postero la tera lis (V I)

basalis

* The rom an and A rabic num erals s tan d  for iden tification  of the  b ranches in th e  Figure 
** Subdivisions supplied by  th e  b ranches. Abbr. see in te x t
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T h e sm all b ranches, rr. perifornicales posteriores  d ra in  th e  poste rio r p a r t  of th e  
N P F  in to  th e  p o s te r io r  v en tro m ed ia l vein  (F ig . 5E ).

D isc u ss io n

D a ta  concern ing  th e  blood supp ly  o f  th e  m ed ia l h y p o th a lam u s a re  n o t 
com prehensive. T he vessels en tering  from  th e  base  of th e  b ra in  h a v e  been 
describ ed  in th e  r a t  [1, 6 , 7, 10, 12, 13], r a b b i t  [8 , 9, 11] and  ca t [1, 7, 10] b u t 
th e ir  fu r th e r  tra c in g  a n d  th e  e lucidation  o f  th e ir  co n trib u tio n  to  th e  blood 
su p p ly  of th e  nucle i h a s  n o t been accom plished .

As fa r  as v o lu m e  a n d  cell n u m b er a re  concerned , th e  v en tro m ed ia l and  
do rsom ed ia l nuclei a re  en coun tered  as la rg e  h y p o th a la m ic  nuclei. T h e ir  p h y s ­
io log ical role has b e e n  in v estig a ted  ex ten s iv e ly . A know ledge of th e ir  blood 
su p p ly  m igh t be re le v a n t  to  th e  fu n c tio n  an d  exp erim en ta l su rg ery  o f th is  
a rea . F rom  th e  p re se n t stud ies th e  fo llow ing conclusions have been  d raw n.

( i )  As i t  has b e e n  observed  earlier [5], th e  vessels supp ly ing  th e  m edial 
b a sa l h y p o th a lam u s (a rc u a te  and v e n tro m e d ia l nuclei) have a te rm in a l te r r i ­
to ry  d ifferen t from  t h a t  o f  th e  dorsal n u c le i w ith  p rac tica lly  no v a sc u la r  link  
b e tw een  them . T he v e in s  o f th e  v en tro m e d ia l an d  dorsom edial nucle i do no t 
d ra in  th e  blood in to  th e  p o rta l vessels o f  th e  m ed ian  em inence.

( i i )  The v e n tro m e d ia l, dorsom edial an d  perifo rn ica l nuclei h av e  an  in d e ­
p e n d e n t a rte ria l su p p ly . In  m ost cases, th e  subd iv isions of these n ucle i have 
th e ir  own a rte ries w ith  a m inim um  o f o v e rla p  betw een  th e ir  su p p ly  te rr i-  
to r it ie s  of.

( i i i )  The m ed ia l a n d  cen tra l p a rts  o f th e  v en tro m ed ia l nucleus are  poorly  
v ascu la rized , w hereas th e  la te ra l subdiv isions are  m ore ab u n d a n tly  supp lied  b y  
rece iv ing  a rteries fro m  th e  basis.

( i v )  The v e n tro m e d ia l nucleus receives sm all b ranches also from  th e  
h y p o p h y sea l a r te rie s . T hese  issue la te ra l fro m  th e  m edian  em inence before  th e  
in fu n d ib u la r  b ran ch es.

( v )  All th e  th re e  subdiv isions of th e  d o rso m ed ia l nucleus have th e ir  own 
a rte rie s .

( v i j  W ith  re g a rd  to  its  blood sup p ly , th e  perifo rn ica l nucleus ap p ears  to  
be long  to  th e  m ed ia l h y p o th a lam u s b y  rece iv in g  its  m ain a rteries from  th e  
p o s te rio r  tu b e ra l a r te ry .

( v i i )  A ltho u g h  th e  v en trom ed ia l a n d  dorsom edia l nuclei can  be d is­
tin g u ish ed  by  th e ir  b lo o d  supp ly  p a tte rn s , th e ir  a r te ria l tru n k s , th e  a n te r io r  
an d  m iddle tu b e ra l a r te r ie s , are com m on.

(v i i i )  The m ed ia l h y p o th a lam u s has no  s ig n if ic a n t vascu lar lin k  w ith  th e  
s tru c tu re s  located  d o rsa lly  (tha lam us), a n d  its  d ra in ag e  is d irec ted  dow nw ard . 
All th e  veins are co llec ted  on the basis b y  th e  tu b e ra l  veins form ed from  th e ir  
t r ib u ta r ie s  la te ra l to  th e  m edian  em inence.
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A b b rev ia tio n s

a a r te ry
CI a. caro tis  in te rn a

CP a. cerebri poste rio r
EM e m in en tia  m ed iana

F fo rn ix
i a. in frach ia sm a tica

NA nucleus a rcu a tu s
M )M nucleus dorsom edialis

NDM c - nucleus dorsom edialis , p a rs  centralis
NDMd nucleus dorsom edialis , p a rs dorsalis
M )M \ nucleus dorsom edialis , p a rs v en tra lis

N P F nucleus perifo rn icalis
\ P \ nucleus p a rav e n tric u la ris
N S F -- nucleus subforn icalis

N SO p nucleus su p rao p ticu s, p a rs  posterior
NVM nucleus v en tro m ed ia lis

NVMA nucleus v en tro m ed ia lis . pars an terio r
NVMC nucleus ven tro m ed ia lis . p a rs centralis
NV Mia nucleus v en tro m ed ia lis , p a rs late ra lis  a n te r io r
NVMlp nucleus v en tro m ed ia lis . p a rs  la te ra lis  p o ste rio r

NVMma nucleus v en tro m ed ia lis , p a rs m edialis a n te r io r
NVMmp nucleus v en tro m ed ia lis , p a rs m edialis p o s te rio r

TO tra c tu s  op ticus
V vein

vB V .  basalis
vC P V .  cerebri p o sterio r

vr V .  re tro c h ia sm a tic a
III.V v e n tricu lu s  te r tiu s
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D IE  B L U T V E R S O R G U N G  D E S H Y PO T H A L A M U S B E I R A T T E N . V.
D E R  M E D IA N E  H Y PO T H A L A M U S (N U C L E U S  V E N T R O M E D IA L IS , 

N U C LE U S D O R S O M E D IA L IS , N U C L E U S  P E R IF O R N IC A L IS )

G. AMBACH und M. PALKOVITS

D ie G efäß topograph ie  in  dem  aus S e rien sch n itte n  rek o n stru ie rten  m it t le re n  H y p o ­
th a la m u s g e b ie t  v o n  R a tte n  w urde  m it d o p p e lte r T usch eau ffü llu n g  u n te rsu c h t. D as u n te r ­
su c h te  G eb iet u m faß t den  N ucleus v en trom ed ia lis , d e n  N. dorsom edialis u n d  d en  N . peri- 
fojfnicalis. E s w ird  du rch  die A. h y p o th a la m ica  m ed ia , die A. tubera lis  a n te rio r , m ed ia  und 
p o s te r io r  m it B lu t verso rg t. E ine  venöse A b le itung  g e h t n u r  in ven tra le r R ich tu n g  v o r sich: 
d ie  V v . v en tro m ed ia lis , an te rio r , m ed ia  u n d  p o ste rio r, fe rn e r die V. h y p o th a la m ica  postero- 
m ed ia lis  u n d  p o ste ro la te ra lis  m ü n d en  in  die V. basa lis .

D ie den  N . v en tro m ed ia lis  u n d  den N. d o rso m ed ia lis  versorgenden A rte rie n  sin d  von 
d e h  d e n  N. a rcu a tu s  u n d  die E m in e n tia  m ed iana  v e rso rg en d en  A rterien  sc h a rf  ab g eg ren zt 
u n d  ih r  venöses B lu t s te h t m it d en  p o rta len  G efäßen  in  keinem  Z usam m enhang . D ie u n te r ­
s u c h te n  N uclei u n d  sogar ihre Subd iv isionen  v e rfü g en  ü b e r  selbständige A rte rie n , d e ren  V er­
so rg u n g sb ere ich e  m it gewisser Ü b e rlap p u n g  sich v o n e in a n d e r gu t ab so n d e rn  lassen . Die 
T o p o g ra p h ie  dieser A rte rien  w ird  eingehend  besp rochen .

D er m ediale H y p o th a la m u s h a t  m it den  a n d e re n  G ebieten  des D ienzephalons, a u ch  den 
u n m it te lb a r  dorsal von  ihm  gelegenen T h alam u s e in b egriffen , keine v ask u läre  V erb indung .

КРОВОСНАБЖЕНИЕ ГИДРОТАЛЯМУСА У КРЫСЫ. V. СРЕДНЯЯ ГРУППА ЯДЕР 
ГИПОТАЛЯМУСА (NUCLEUS VENTROMEDIALIS, NUCLEUS DORSOMEDIALIS,

NUCLEUS PERIFORNICALIS)
Г. ÀM BÀX и M. П А Л К О В И Ч

Методом двойного заполнения тущыо авторы изучали у крысы топографию крове­
носных сосудов средней группы ядер гипоталямуса, реконструированного из серийных 
срезов. Исследованная область содержит N ucleus ven trom ed ia lis , N. do rso m ed ia lis  и N. 
p e rifo rn ica lis . Кровоснабжение этой области обеспечивается A. h y p o th a la m ica  m edia , А. 
tu b e ra lis  a n te rio r , m edia  и p o ste rio r. Венозное отведение осуществляется только в вент­
ральном направлени: Vv. ven tro m ed ia lis , an te rio r, m ed ia  И posterior, а также V. h y p o th a ­
lam ica  posterom ed ialis  и p o ste ro la te ra lis  втекают в V. basalis.

Артерии, снабжающие N ucleus v en tro m ed ia lis  и dorsom edialis резко обособляются 
ОТ артерий, обеспечивающих кровоснабжение N ucleu s a rcu a tu s И E m in e n tia  m ed ian a  И 
их венозная кровь не имеет связи с воротными сосудами. Исследовавшиеся ядра и даже 
их субдивизии имеют свои собственные артерии, области снабжения которых с некотор­
ым перекрытием хорошо отграничиваемы друг от друга. Дается подробное описание то­
пографии этих артерий.

Средняя группа ядер гипоталямуса не имеет васкулярной связи с другими областя­
ми промежуточного мозга, включая также талямус, располагающийся непосредственно 
дорсально от медиального гипоталямуса.

G y ö rg y  A m b a c h : Н -6239 C sászártö ltés , K eceli ú t 5, H u n g a ry

M iklós P a l k o v i t s : Sem m elw eis O rv o stu d o m án y i Egyetem
1. sz. A natóm iai In té z e t
H -1054 B u d a p e s t, T ű zo ltó  u. 58, H u n g a ry
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A c ta  M o r p h o l o g i c a  A c a d .  S e i .  H u n g .  2 5  ( 4 ) ,  2 7 9  2 8 4 , 1971

In s ti tu te  o f Forensic  M edicine, and  In s t i tu te  o f V ascular Surgery, 
Sem m elw eis U n iv ersity  M edical School, B u d ap est, H ungary

INTERMITTENT HYPOXIC LOADING: A MODEL SYSTEM 
TO STUDY THE EARLY STAGES OF MYOCARDIAL

LESIONS

( Short com m unica tion)

E. S o m o g y i , P . S ó t o n y i , A. N e m e s  a n d  S . J u h á s z - N a g y  

(R eceived M arch 3, 1978)

A uthors app lied  th e  m odel system  o f in te rm it te n t  hypoxic lo ad in g  to  s tu d y  
th e  developm en t o f early  m y ocard ia l a lte ra tio n s . I t  was found th a t  a p r im a ry  ro le is 
p lay ed  by th e  deficiency of h igh-energy  p h o sp h a te  syn thesis and by th e  d is tu rb a n c e  
of energetic  and  tra n s p o r t  processes. T he change  o f Ca2 +-control, a c tiv a tio n  o f anaero b ic  
glycolysis and  in tra ce llu la r  acidosis were found  to  be in stru m en ta l in d e c reas in g  con­
tra c ti l ity , im p a irin g  m em b ran es and  fin ally  in a d iffuse d estruction  of m y o fila m e n ts

R ecent efforts to  c larify  th e  m olecular basis o f early  hypoxic  ch an g es of 
th e  m yocard ium  p rov ided  d a ta  th a t  q u estio n  c u rre n t views an d  in sp ire  the 
fo rm u la tio n  of new  ones [1 5, 8 17, 19, 20, 22]. T he stu d y  of e a rly  or in itia l
m y o ca rd ia l a lte ra tio n s  c o n s titu te  an  essen tia l p roblem  in th e  re sea rch  of 
m y o card ia l hypox ia . W ith  th e  m odel sy stem s availab le serious d ifficu lties 
em erge w hen th is  question  has to  be in v e s tig a te d . I t  can be, of course , a rgued  
th a t  th e  d ifferen t ag en ts  dam ag in g  h ea rt m uscle cells and causing  th e re b y  
h y p o x ia  m ay have d iffe ren t ta rg e ts . E v id en ce  is, how ever a c c u m u la tin g  for 
a u n ifo rm  action  of th e  irrev e rs ib ly  progressive  hypox ia , irre sp ec tiv e  o f  its 
cause [18 20]. The necessity  of an  e x p e rim e n ta l m odel is u n d e rlin ed  b y  th e
fac t th a t  it could yield in fo rm atio n s  for th e  c lin ic ian  concerning th e  m ech an ism  
o f m y o card ia l insuffic iency . A d eq u a te  m odels m ay  serve also fo r th e  te s tin g  
of m e th o d s  of p ro tec tio n  [2, 4, 5, 11].

In te r ru p tio n  of th e  co ro n ary  c ircu la tio n  even  for a single c a rd ia c  cycle 
b rings ab o u t a w ell-m easurab le  post-occ lusiona l reac tive  h y p e raem ia  [6, 7, 
19 20]. Several a u th o rs  concur in th e  op in ion  th a t  this reac tive  h y p e ra e m ia
is th e  m ost re liab le  phenom enon  c u rre n tly  a v a ilab le  to  q u a n tita te  a d a p ta t io n  
c a p a c ity  of th e  co ro n ary  system  (F ig . 1). In d u c in g  reactive h y p e ra e m ia  th e  
a d a p ta tio n  cap ac ity  o f a vessel is s tre tc h e d  to  th e  ex trem e as th e  a d a p ta t io n  
reac tio n  is d riven  by  its  s tro n g est s tim u lu s : th e  lack  of oxygen. T h e  re a c tiv e

A b b re v a tio n s  
1 =  I - b u n d  
Z — Z-buiwl 

M M itochondria
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Fig. 1. D ecrease of re ac tiv e  h y p e rae m ia  in in te rm it te n t  h y p o x ia  to lerance te s t. R H : reac tiv e  
h y p eraem ia  excess. A: co n tro l s ta te  B: 9 m in u te s , C: 18 m inutes to lerance te s t

h y p e raem ic  v a so d ila ta tio n  is easy to  rep ro d u ce . I t  ceases re la tiv e ly  soon and  
if  c a rr ied  ou t w ith  c a u tio n  th e  exp erim en ta l te r r i to ry  can fully  recover. All 
th e se  ju s tify  to  consider re a c tiv e  hyperaem ia  as th e  best m eans for te s tin g  th e  
g en era l re a c tiv ity  of coronaries.

T he a d a p ta tio n  d is tu rb a n c e  of th e  co ro n arie s  can be induced  b y  in te r ­
fe ren ces ex h au stin g  th e  c a p a c ity  for a d a p ta tio n . O ne of these is th e  se lective 
e x h a u s tio n  of th e  m y o ca rd iu m  b y  p ro longed  o r periodic hy p o x ia . S im ilar 
fa c to rs  m ay  he in s tru m e n ta l a fte r c ircu la to ry  a r re s t  for h ea rt o p e ra tio n s  in 
cau sin g  a d a p ta tio n  d is tu rb a n c e s  in young p a tie n ts  w ith  in ta c t co ro n a ry  c ir­
c u la tio n .

In  our experience  in te rm itte n t h y p o x ic  lo ad in g  results in  m y o card ia l 
a lte ra tio n s  ch a ra c te ris tic  fo r angina pecto ris . F ro m  th is  aspect ang in a  p ec to ris  
can  be  regarded  as an  ex h au stio n  of a d a p ta t io n  cap ac ity  of th e  co ronaries 
a g a in s t hypox ia .

T he blood su p p ly  o f th e  h ea rt c an n o t be cha rac terized  w ith  one single 
p a ra m e te r  of co ro n ary  c ircu la tio n . The possib le  reserv es  of a d a p ta tio n -c ap a c ity  
a re  u n k n o w n . T he “ b io log ica l v a lu e” of b lo o d  su p p ly  of the  m y o card iu m  is 
n o t  de te rm in ed  b y  th e  a c tu a l volum e of s tre a m in g  b u t  ra th e r  b y  th e  in h e re n t 
s e n s it iv ity  of th e  v a sc u la r  system  to oxygen d e p riv a tio n . Parallel to  th e  decrease 
of re a c tiv e  hy p eraem ic  responses various fo rm s o f s tru c tu ra l and  fu n c tio n a l 
a lte ra tio n s  develop (F igs 2 5). M ethods to  s tu d y  the  p o s ta d a p ta tio n  s ta te
o f co ronaries can be ap p lied  according to  th e ir  sen s itiv ity .

F ig . 2. A fte r 9 m in u tes  in te r m it te n t  hypoxia  som e m ito c h o n d ria  show ed an en d -to -en d  fusion .
17,000 X

F ig . 3. The arrow  p o in ts  to  fo cal destru c tio n  of I -b a n d . 23,000 X 
Fig. 4. T he c y to ch em ica l reac tion  show ed a m a rk e d  increase of calcium . 17,000 X 

Fig. 5. A fter 18 m in u te s  o f in te rm it te n t  hy p o x ia , th e re  w ere places of focal d e s tru c tio n  of
I -b a n d , loss of ac tin  f i la m e n ts  and  irregu lar Z -bands. 17,000 X
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T he leading fa c to r  responsib le  for th e  s ta te  a fte r  in te rm itte n t hypo x ia  
is th e  d istu rbance  of e n e rg y  m etabolism  (A T P, C P). A ccording to  our o b se rv a ­
tio n s , in  th e  in itia l s ta g e  th e  change in  A T P  leve ls  is n o t s ign ifican t un like 
to  t h a t  in  CP levels t h a t  decrease rap id ly .

T he change of A T P  leve l elicits the  d is tu rb a n c e  of Ca2+ reg u la tio n . The 
sacs o f the  sarcop lasm ic re ticu lu m  are d i la ta te d . W ith  electron  m icroscopic 
cy to c h e m is try  a s u b s ta n t ia l  increase of Ca2 + a c tiv a te d  ATPase a c tiv i ty  can 
be dem o n stra ted .

I t  seems th a t  th e  in crease  of in tra c e llu la r  calcium  causes in itia lly  an 
A T P  breakdow n th ro u g h  an  extrem e a c tiv a tio n  of A TPase. M itochondria  
ac c u m u la te  high a m o u n ts  o f  d ivalen t ca tions. T h is  process is energy d ep en d en t 
u n til l  th e  electron m icro sco p ica lly  verified d e s tru c tio n  of m itochondria l m em ­
b ra n e s . Then it c o n tin u e s  as a passive ion u p ta k e . I t  is assum ed th a t  m ito ­
c h o n d ria  act as buffers to  con tro l in trace llu la r Ca2 + levels. S tru c tu ra l dam age 
to  m itoch o n d ria  re su lts  in  a fu r th e r  d eg rad a tio n  o f th e  process of p h o sp h o ry la ­
tio n . T he increase of in tra c e llu la r  Ca2 + could be  d em o n stra ted  b y  th e  elec tron  
m icroscopic v isu a liza tio n  o f  Ca2 + and by  th e  m easu rin g  of Ca45 u p ta k e  w ith  
liq u id  isotope tech n iq u e s . Coinciding w ith  th e  increase  of in tra c e llu la r  Ca2 + 
ch a ra c te ris tic  a lte ra tio n s  occu r in the Z -m em b ran es  and  actin  f ilam en ts . The 
d is tu rb a n c e  of enzym e sy s te m  binding an d  tra n s fe r r in g  Ca2+ to  th e  sa rco ­
p lasm ic  reticu lum  m a y  a lso  be responsible fo r th e  changes of filam en ts . G lyco­
gen  co n ten t decreases a t  a la te r  stage as a m a n ife s ta tio n  of th e  en h an cem en t 
o f anaerob ic  glycolysis a n d  a resu lt of a sh if t o f  in trace llu la r p H  to  acidic. 
T h is  sh ift blocks th e  Ca2+ binding sites of tro p o n in e -C . This can also b ring  
a b o u t filam en t a lte ra tio n s . A ccording to  ou r o b se rv a tio n s  in trace llu la r acidosis 
is a sign of irreversib le  ch an g es  leading to  d iffu se  m yocard ial dam age.

The rep ro d u c ib ility  o f  the hypoxic m odel enab les p ro tec tive  com pounds 
to  be te sted . A p re re q u is ite  to  coun terac t th e  effects o f hypoxia  is to  res to re  
en e rg y  m etabolism , in c re a se  m em brane s ta b i l i ty  an d  im prove Ca2+ con tro l. 
T h e  increase of h ig h -en e rg y  phosphates can  be  ach iev ed  by  th e  p ro te c tio n  and  
s tim u la tio n  of in tra c e llu la r  energy p ro d u c tio n . U sing our m odel severa l p ro ­
te c tiv e  agents were te s te d . A typ ical drug of th is  ty p e , Solcoseryl®  (Solco., Basel) 
fo r exam ple, proved to  in c rea se  tolerance a g a in s t h y p o x ia . The degree o f o sm o t­
ic sw elling of m ito c h o n d ria  dim inished, g lycogen  levels rem ained  unchanged . 
T h is  la t te r  ind ica ted  t h a t  th e  onset of a n a e ro b ic  glycolysis and  co n co m itan t 
in tra c e llu la r  acidosis w as delayed. A p ro te c tiv e  effect was en co u n te red  also 
on energy  p ro d u c tio n  a n d  conservation  b y  a slow er decrease of h igh -energy  
p h o sp h a te  stores. T h e  in c rea se  of m em brane s ta b il i ty  is of basic im p o rtan ce : 
th e ir  irreversib le d a m a g e  m eans the d ea th  o f  th e  cell. Alas, e ffective m em ­
b ra n e  p ro tection  c a n n o t b e  perform ed u n til  a f te r  th e  m echanism  lead in g  to  
m em b ran e  d es tru c tio n  is understood . B esides e lec tro n  m icroscopy, po larized  
l ig h t m icroscopy seem s to  be a su itable m ean s  to  in v estiga te  th is  p rob lem .
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T o p o -op tica l reac tions rev ea l early  changes in  th e  geom etry  o f  m em brane 
lipo p ro te in s . The q u a n t i ta t iv e  expression o f th e se  changes m ay p ro v id e  v a lu ­
able in fo rm ations a b o u t early  m em brane  im p a irm e n ts . The m o lecu la r b ack ­
ground of th e  m echanism  of a lte ra tio n s in  m em b ran e  function  re q u ire s  eluci­
d a tio n  by  fu tu re  re sea rch .

REFERENCES

1. D halla , N. S., T o m l in s o n , C. W ., L e e , S. L ., V a r l e y , K . G., B o r o w s k y , I. I*. 
B a r w i n s k y , J . :  (197S) R ole o f m itochondria l ca lc ium  tr a n s p o r t  in fauling  h e a r t .  In : Basic 
F u n c tio n  of Cations in M yocard ia l A ctiv ity . E d ite d  by : F leck en ste in , A., D h a lla , N. S. U rban 
an d  Sw arzenberg . Vol. 5, 177. 2. F erra n s , J .  V.: (1975) M orphological m e th o d s  fo r ev a lu ­
a tio n  of m itochondria l p ro te c tio n . A nn. T horac . Surg . 20, 11. 3. F l e c k e n s t e i n , A .: (1975)
M etabolische F ak to ren  bei d e r E n ts teh u n g  von  M yokardnekrosen  und  M ik ro in fa rk ten . T ri­
angel. 14, 27. 4. F l e c k e n s t e i n , A., D ö r in g , H . J . ,  J a n k e , J . ,  B y o n , Y. K .: (1975) Basic
actions o f ions and drugs on  m y ocard ia l h igh -energy  p h o sp h a te  m etabo lism  a n d  c o n tra c tility . 
In : H a n d b u ch  der ex p erim en te llen  Pharm acologie. E d ite d  by : B o r n , G. V. R ., E i c i i l e r , O., 
F a r a h , A ., H e r r e n , IL , W e l c h , A. D. S p rin g er V erlag. Vol. XVI/3 ,  345. 5. J e n n i n g s ,
R . B ., Ga n o t e , С. Е .: (1974) S tru c tu ra l changes in th e  m y o card iu m  during  a cu te  ischem ia. 
C ircu lâ t. R es. Suppl. 35, 156. 6. J uhász-N a g y , S., Sz e n t i v á n y i , M.: (1973) E ffec t o f  a lpha-
ad ren erg ic  coronary  co n str ic tio n  on m yocard ia l tissu e  blood flow. Arch. in t. P h a rm ac o d y n . 
206, 19. 7. J uhász-N a g y , S., Szo doray , P .: (1972) E ffec t o f tran s ito ry  m y o ca rd ia l ischem ia
on co ro n ary  ad ap tab ility  a n d  on  h e a r t p ro d u c tio n  of th e  le ft ven tric le . A cta. P hy sio l. Acad, 
sei. H ung . 42, 275. 8. K a tz , A. M.: (1970) T h e  co n tra c tile  p ro te ins of th e  h e a r t .  Physiol.
Rev. 50, 63. 9. K atz, A. M., T ada , M., R e p k e , I)., I o r i o , J . A., K i r c h e n b e r g , M. A.:
(1974) A d eny late  cyclase: I t s  p ro b ab le  localization  in  sarcoplasm ic  re ticu lu m  as well as sarco- 
lem m a of th e  canine h e a r t. J .  Mol. Cell. Cardiol. 4, 673. 10. K atz , A. M.: (1975) Congestive
h e a rt fa ilu re . Role of th e  a lte re d  m yocardial c e llu la r co n tro l. New E n g lan d  J .  Med. 293, 
1184. 11. N a y l er , W. G ., G r a u , A., Sl a d e , A.: (1976) E ine S hu tzw irk u n g  von  V erapam il
au f den hypoxischen H erzm u sk e l. C ardiovasc. R es. 10, 650. 12. Na y l e r , W. G., S e a b r a -
G omes , R .: (1975) E x ita tio n -c o n tra c tio n  coupling  in card iac  m uscle. P rogress in C ardiovasc . 
Res. 18, 75. 13. Ol so n , R. E . ,  D h a l l a , N. S., S u n , C. N.:  (1972) Changes in e n erg y  stores
in th e  hypox ic  heart. In : M etabolism  of the H y p o x ic  and  Ischem ic H eart. E d ite d  b y : M o r é t , 
P ., F e j f a r . Z. K a r g e r : B asel. 114. 14. R e u t e r , H .: (1974) E xchange  o f calc iu m  ions
in th e  m am m alian  m y o ca rd iu m : m echanism s a n d  physio logical significance. C irc. R es. 34, 
599. 15. P ool , P. E .,  Co v e l l , J .  W ., Ch i d s e y , C. A., B r a u n w a l d , E .:  (1966) M yocardial
high en erg y  stores in acu te ly  in d u ced  hypoxic h e a r t  fau ling . Circ. Res. 19, 221. 16. S h e n ,
A. C., J e n n i n g s , R. B.: (1972) K in e tic s of calcium  accu m u la tio n  in acu te  m y o card ia l ischem ic 
in ju ry . A m . J .  P a th . 67, 441. — 17. S im pso n , F ., R a y n s , I). G., L e d in g h a m , J .  M.: (1974) 
Fine s tru c tu re  of m am m alian  m yocard ia l cells. In : A dvances in Cardiology. T he M yocard ium . 
E d ited  by : R eader. R. K a rg er: Basel. 12, 15. 18. S o m o g y i , E .,  B alogh , L , Só t o n y i , P.:
(1976) A lte ra tio n s of the Z -b an d  in cardiac and sk e le ta l m uscles. A cta M orph. A cad . sei. H ung. 
24, 35. 19. Somogyi , E . ,  Só t o n y i , P., L u k á cs , J . ,  N e m e s , A.: (1976) C hanges in  energy
stores and  cy tochrom eox idase  a c tiv ity  in the in te rm it te n t  hy p o x ia . Proc. X V ^ Conf. E lectron  
Micr. (P rag u e) Vol. A. 319. 20. Sótonyi , P . ,  S o m o g y i , E ., N em e s , A ., J u h á s z -N a g y , S.:
(1976) U ltra s tru c tu re  and  cy to c h em istry  of card iac  in tra m ito ch o n d ria l glycogen. A c ta  M orph- 
Acad. sei. H ung . 24, 379. 21. T ru m p , B. F., Me r g n e r , W. J . ,  K a iin g , M. W ., Sa l a d i n o , A.:
(1976) S tu d ies  on the su b ce llu lar pathophysio logy  o f ischem ia. C irculât. 53, 17. 22. Y a t e s ,
J . C., D h a l la , N. S.: (1975) S tru c tu ra l and fu n c tio n a l changes associated  w ith  fa ilu re  and 
recovery  of h earts  a fte r p e rfu s io n  w ith Ca++ free  m ed ium . J .  Molec. Cell. C ardio l. 7, 91.

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



284 E .  S O M O G Y I c t  a l .

IN T E R M IT T IE R E N D E  H Y P O X IS C H E  B E L A ST U N G  A L S  U N T E R S U C H U N D S  M O D E L  
D E R  F R Ü H Z E IT IG E N  H E R Z M U S K E L  V E R Ä N D E R U N G E N

E. SOMOGYI., P. SÓTONYI., A. NEMES und S. JUHÁSZ-NAGY

V erfasser ko n n ten  fe s ts te lle n  das die in te rm itt ie re n d e  hypoxische B e la s tu n g  ein  
g ee ig n e te s  U n tersuchungs m odel is t  de r frühzeitigen  H erzm u sk e l V eränderungen. E s w urde  
fe s tg e s te ll t  das E n e rg ie tra n sp o rt V erw irru n g  und  V erm in d e ru n g  der M acro erg -p h o sp h a t Ver­
b in d u n g  eine prim äre  R olle  sp ie len . Die Schädigung d e r C a ++ R egu la tion , Ä n d e ru n g  des 
G ew ebes p H  u n d  A k tiv a tio n  des A n aero b en  glycolise fü h r t  zu  M inderung der K o n tra c tio n s  
K r a f t ,  M em branen  S chäd igungen  u n d  sp ä ter zu d issem in ie rten  u n d  d iffusen  F ila m e n te n  D e­
s tru c tio n .

П Е Р Е М Е Ж А Ю Щ А Я С Я  Г И П О К С И Ч Е С К А Я  Н А Г Р У З К А  -  М О Д Е Л Ь  И С С Л Е Д О ­
В А Н И Я  Р А Н Н И Х  И З М Е Н Е Н И Й  С Е Р Д Е Ч Н О Й  Т К А Н И

Э. Ш О М О Д ЬИ , П . Ш О Т О Н Ь И , А. Н Е М Е Ш  и Ш . Ю Х А С -Н А Д Ь

Модель н а гр узки  перем ежаю щ ейся ги по кси и  подходящ ей к  исследованию ф орми­
р о в ан и я  ранних изменений сердечной ткани. Авторы  констатировали  что дефицит форми­
р у ю щ и й  и з м а кр оэр г—фосфатных соединений и энергетический  транспорт имеют первич 
н у ю  роль. Изменение ре гул яц и и -С а + +, активация анаэробного гликолиза , кислое смещение 
p H  т к а н и  вызывают по ни ж ени е  сокращ ения, разруш ение мембран, потом рассеянный или 
диф ф узный некроз ниточек.

D r. E n d re  S o m o g y i  Sem m elw eis O rv o s tu d o m á n y i E g y e tem ,
D r. P é te r  S Ó t o n y i  Igazságügy i O rv o s ta n i In té z e t,

11-1450 B u d ap est, P f. 9/41, H u n g ary

D r. A tt i la  N e m e s

D r. S án d o r J u h á s z - N a g y

Sem m elw eis O rv o s tu d o m á n y i E g y e tem  
É rsebészeti K lin ik a
H -1122 B u d ap est, V áro sm ajo r u. 68., H u n g a ry
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R egional Blood T ran sfu s io n  C entre and  C ounty H o sp ita l, Pécs, H u n g a ry

DETECTION OF HEPATITIS В SURFACE ANTIGEN 
IN ISOLATED HEPATOCYTES

M ária P a á l , G. B a j t a i , M ária A m b r u s , G yörgyi H o r v á t h , 
M árta  K ovács  and K. B a r n a

(R eceived  F eb ru a ry  10, 1977)

H B sAg was d e te c te d  by  in d irect im m unofluo rescen t m e th o d  in liver biopsy 
specim ens of 60 sy m p to m -free  H B sAg positive v o lun teers . An effo rt was m ade to 
sep a ra te  from the  m a te ria l in ta c t  cells su itab le  for stu d y in g  H B sAg loca lization  in the 
liv e r cells.

In troduction

T he im m u n o flu rescen t te ch n iq u e  is ind ispensab le  for th e  d e te c tio n  of cell 
an tigens b u t use of th e  m e th o d  is som ew hat lim ited  b y  som e te c h n ic a l d ifficu l­
ties. One of th e  main prob lem s is to  o b ta in  sa tis fac to ry  p re p a ra tio n s  o f the 
sm all b iopsy  m ateria l and  o ften  th e re  are  no sections su ffic ien t fo r m icroscopic 
exam in a tio n s. To avoid  th is  p rob lem , we iso la ted  in ta c t cell p o p u la tio n s  from  
h u m an  liver biopsy specim ens and  perform ed th e  im m u n o flu o rescen t dem on­
s tra tio n  o f  h ep a titis  В su rface  an tig en  (H B sAg) on th e  single cells. T h is  allowed 
to  d e m o n s tra te  th e  occu rrence  and  frequency  o f H B sAg in  th e  liv e r  cells of 
seropositive , sym ptom -free  v o lu n tee rs , who w ere chronic ca rrie rs  o f H B sAg.

M aterials and m ethods

S ix ty  I lB sAg seropositive  v o lu n te e r blood donors were su b jec ted  to  p e rcu tan e o u s  liver 
b iopsy. T he m ateria l ob ta in ed  w as p rep ared  as follows.

1. T he specim en w as c u t in to  sm all pieces w ith  fine scissors.
2. T he pieces were g en tly  hom ogenized by slow sh ak ing  in 2 ml m od ified , Ca++ free 

H a n k s’ so lu tio n  pH 7.4 c o n ta in in g  0.5 mM ED TA  for Ca+_t" ex tra c tio n  [2, 5].
3. T he isolated cell suspension  was w ashed in 1 ml m odified H a n k s’ so lu tio n  twice,

th en  cen trifu g ed  a t  low speed (50 70 g) for 5 min.
4. O ne drop of th e  cell susp en sio n  was placed on a slide and  k e p t in a m o is t cham ber 

for 30 m in. D uring  th e  in cu b a tio n  period  th e  cells se ttled  and  ad h ered  to th e  slide, bringing 
ab o u t a m onolayer. The p ro ced u re  w as carried  o u t a t  ^-4°C.

5. T h e  cell p rep ara tio n  th e n  was fix ed  by dry ing  in a ir a t  room  te m p e ra tu re  for 10 min.
T he in d irect im m u nofluo rescen t m eth o d  of C o y n e  e t al. [1 1 and  R a y  a n d  D e s m a l  [3]

was used  to  de tect H B sAg in tra ce llu la rly . The applied  an tise ra  w ere ra b b it  a n ti-H B sAg 
(B ehringw erke), and goat a n ti- ra b b it  7-S globulin  co n ju g a ted  w ith  fluo resce in  iso th iocyanate  
(FIT C ) (P ro g r. Lab. Inc., B a ltim o re , USA). W ith  th e  co n tro l n o rm al ra b b it  se ru m  no im ­
m unofluorescence was o b ta in ed , n e ith e r w ith  a n ti-H B sAg im m une serum  a b so rb ed  w ith  serum  
co n ta in in g  H B sAg. FITC a n ti- ra b b it  7-S globulin  was app lied  d irec tly .
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R e su lts  and conclusions

T h e  single cell s e p a ra tio n  tech n iq u e  from  liver b io p sy  specim ens seem s to  
be  a  su ita b le  lab o ra to ry  to o l fo r  th e  detection  o f H B sAg (F ig . 1). To d is tin ­
g u ish  po sitiv e  and n eg a tiv e  tis su e  sam ples, i t  is easie r to  in v es tig a te  single 
cells t h a n  to  work w ith  c ry o s ta t  sections.

T h e  percentage o f a n tig e n  positive cells w as easily  d e te rm in ed  b y  th e  
m e th o d  (Table I) because i t  r e s u lts  in  an iso la ted  cell p o p u la tio n . F u rth e rm o re  
a d e ta i le d  m orphological a n a ly s is  could be m ade o f single cells, revealing

Table I

Percentage d istribu tion  o f H B sAg containing cells 
in  32 out o f  60 cases giving  

a positive immunohistochem ical reaction w ith  I I F

Percentage of HBgAG
positiv e cells No- of cases

1 - 2 0  20
20 -  40 5

4 0 -  7

Total 32

c le a r ly  th e  diffuse cy to p la sm ic , perim em hraneous, o r p e rin u c lea r localiza tion  of 
flu o re sc e n c e  (Figs l /а , 1 /b, 2 a n d  3), m uch b e tte r  th a n  i t  w as seen in  frozen 
se c tio n s . The cell iso la tio n  m e th o d  is recom m ended  for im m unofluo rescen t 
s tu d ie s ,  especially if  th e  t is s u e  specim en is v e ry  sm all. T his is m ostly  th e  case 
w h e n  exam in ing  sy m p to m -free  H B sAg carriers, an d  a liver b iopsy  is m ade for 
th e  s a k e  of early  diagnosis.
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D E T E C T IO N  O F  H E P A T I T I S  В  S U R F A C E  A N T IG E N 2 8 7

Fig. 2. P erip h era l fluorescence in th e  cell m em brane (I I  F) ( X 600)

Fig. 3. P erinuclear fluo rescence  in h ep a to cy te s  ( I IP )  ( 640)
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N A C H W E IS  D E S  H E P A T IT IS  В O B E R F L Ä C H E N A N T IG E N S  
IN  IS O L IE R T E N  L E B E R Z E L L E N

M. PAÁL, G. BAJTAI, M. AMBRUS, GY. HORVATH, M. KOVÁCS und K. BARNA

Im  L eb erb io p siem ate ria l v o n  60 sym ptom fre ien  B lu tsp en d e rn  w urde das V orkom m en  
des H e p a t i t is  В O b erfläch en an tig en s (H B sAg) m it in d ire k te n  Im m unflu o reszen zv erfah ren  
u n te r s u c h t .  A us den m itte ls  N adelb iopsie  en tn o m m en en  P ro b e n  w u rd en  in ta k te  Zellen iso liert. 
D ie a u f  d iese W eise gew onnenen  Zellen w urden  zur U n te rsu ch u n g  der In traze llu lä ren  L ok ali­
sa tio n  u n d  de r H äu fig k eit des H B sA g  m it E rfo lg  an g ew an d t.

В Ы Я В Л Е Н И Е  П О В Е Р Х Н О С Т Н О Г О  А Н Т И Г Е Н А  Г Е П А Т И Т А  В И З О Л И Р О В А Н Н Ы Х
П Е Ч Е Н О Ч Н Ы Х  К Л Е Т К А Х

М . П А А Л ,  Г .  Б А Й Т А М ,  М. А М Б Р У Ш ,  Д .  Х О Р В А Т ,  М. К О В А Ч  и К .  В А Р Н А

А в то р ы  изучали методом иммуноф люоресценции в материале биопсии печени 60 
бессим птом ных доноров встречаемость поверхностного внтигена  гепатита В (H B sA g ). 
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POST MORTEM DETECTION 
OF EARLY MYOCARDIAL INFARCTION 

BY DETERMINATION OF THE TISSUE К /Na+ RATIO
Alice D e c a s t e l l o , É v a  R e m e n á r , Je a n n e tte  T ó t h ,

B o rb á la  PoZDERKA a n d  I . BARTÓK

(R eceived M ay 20, 1977)

The K +/N a + ra tio  was d e te rm in e d  in  m y o ca rd ia l specim ens o b ta in e d  p o s t m o r­
te m  from  a to ta l  o f 90 p a tien ts . T h e  ra tio  w as 1.0 or h igher 25 cases in  w h ich  th ere  
w as firm  ev idence  ag a in st m yocard ia l in fa rc tio n , a n d  0.7, or less in 30 cases w ith  grossly 
visib le signs o f m y o card ia l narcosis. T h e  re m a in in g  35 cases were su sp ec t o f  m y o ­
card ia l in farc tio n  on  th e  grounds of e ith e r  clin ical ob se rv a tio n  or sudden  d e a th ,  w ith o u t 
gross change. O u t o f these  the  K +/N a + ra tio  w as above 0.7 h isto log ical ev id en ce  of 
m yocard ia l in fa rc tio n  was absen t, b u t  o th e r  changes accounting  for d e a th  w ere  p re sen t 
in  17 cases. In  a n o th e r  16 cases a K +/N a + ra tio  o f 0.7 or less was th e  sole in d ic a tio n  
of m yocard ia l in fa rc tio n , and any o th e r  ch an g e  lik e ly  to  he responsib le fo r d e a th  was 
absen t. In  tw o  fu r th e r  cases a false n e g a tiv e  re su lt w as ob tained  for th e  K +/ N a + ra tio , 
owing in all p ro b a b ili ty  to  some tec h n ica l e rro r. T h e  findings suggest t h a t  d e te rm in a ­
tio n  of th e  m y o ca rd ia l K + /N a+ ra tio  is a g re a t a id  in  de tecting  early  m y o c a rd ia l  in ­
fa rc tion . The tec h n iq u e  is no t affec ted  b y  p o st m o rte m  autolysis, and is sim p le  enough  
fo r rou tine  use.

T rad itio n a l app roaches to  p o s t m o rte m  diagnosis do n o t a lw ays fu rn ish  
ev idence  of th e  cause  o f sudden d e a th . M y ocard ia l in farc tion  (M I) m a y  cause 
su d d en  dea th  even in young  age [9] w ith o u t g iv ing  rise to  gross or c o n v e n tio n ­
a lly  d e tec tab le  m icroscopic lesions in  p a tie n ts  su rv iv in g  for less th a n  12 hours 
[10, 11, 15, 18, 22, 23, 25]. I f  no o b s tru c tio n  o f th e  co ronary  a rte rie s  is p re se n t, 
th e  suspicion of M I can  be founded  o n ly  on in d ire c t signs, such as an  a r te r io ­
sc le ro tic  stenosis o f  co ro n ary  a rte ry , o r  th e  p resence  of an in fa rc tio n  sc a r  [9], 
an d  clinical d a ta . A fu r th e r  d ifficu lty  is th a t  M l m ay  occur w ith o u t p ro d u c in g  
c h a ra c te ris tic  clin ical signs [9, 14]. In  v iew  o f th is , all techn iques a llow ing  a 
re liab le  diagnosis o f  ea rly  MI are w elcom e b y  th e  pathologists. T h e  re q u ire ­
m en ts  o f such tech n iq u es  an; th a t ,  in  a d d itio n  to  sim plicity  and a c c u ra c y , th e y  
sh o u ld  reflect also sh o rt-te rm  isch aem ia , an d  should no t be a ffe c ted  by  
au to ly s is .

D isappearance  o f glycogen from  th e  h e a r t  m uscle, id en tified  in an im al 
ex p erim en ts  as one o f  th e  earliest signs o f  M I [1, 6 , 11, 22], is n o t  conclusive  
a t  au to p sy  owing to  th e  considerab le  re d u c tio n  of m yocardial g lycogen  by  
a u to ly s is  [11, 22]. T h e  re liab ility  o f th e  in itia lly  prom ising acid fu ch sin  s ta in ­
in g  [13, 15, 19] an d  o f  th e  h aem a to x y lin  —  basic  fuchsin — picric a c id  m e th o d  
[4, 8 , 14] seem to  be d o u b tfu l in th e  l ig h t o f  m ore  recen t findings [7, 11, 17, 25]. 
T h e  m icroscopic [11, 21] and  gross h is to c h e m ic a l techn iques [2, 12, 16] based
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on th e  decreased  d eh y d ro g en a se  a c tiv ity  are g r e a t ly  in fluenced  b y  p o st  m o r­
tem  a u to ly s is  [2, 10 , 2 2 ]. T orack  [20] has a t te m p te d  to  u tilize th e  p ero x id a se  
a c t iv i ty  o f  er y th r o cy tic  h aem oglobin  for th e  d em on stration  o f  m yocard ia l 
c ircu la to ry  d istu rb a n ces b u t litt le  exp er ien ce  h a s  been  ob ta in ed  w ith  th is  
tec h n iq u e .

A sim ple b io ch em ica l m ethod  m easu rin g  th e  sodium  p o tassium  ra tio  in  
h e a r t  m uscle, w as e la b o ra te d  by  Z u g i b e  e t al. [23] for th e  d e tec tio n  o f e a rly  
M I. S ince ischaem ia  soon  gives rise to  cell m em b ran e  in ju ry , th e  ce llu la r 
e le c tro ly te  tr a n s p o r t  m echan ism  becom es d is tu rb e d  resu lting  in  an  in f lu x  of 
sod iu m  ions in to  th e  cell a n d  a loss o f p o ta ss iu m  ion s b y  th e  cell. C o n seq u en tly , 
th e  m y o card ia l N a +-co n c e n tra tio n  increases, w h ile  th e  K +-co n cen tra tio n  te n d s  
to  decrease, since c o lla te ra l c ircu lation , u su a lly  fu n c tion ing  in  th e  ischaem ic  
a rea  [5], can d ra in  th e  K + lost from  th e  cells. I t  follows th a t  th e  K +/N a  + 
ra tio  decreases c o n sid e rab ly  in th e  in fa rc te d  h e a r t muscle [10, 23 — 25]. 
E v id e n c e  has a c c u m u la te d  [10, 17, 23— 25] t h a t  th e  d e te rm in a tio n  o f th e  
K +/N a + ra tio  m ee ts  all requ irem en ts o f a p o s t m ortem  d iagnostic  te s t  o f 
e a r ly  M I.

In  several n e ro p sied  cases th e  suspicion o f  M I arose on th e  g rounds o f th e  
clin ica l h is to ry  or su d d en  d e a th , b u t no ev id en ce  could be ob tained  b y  ro u tin e  
h isto log ic  tech n iq u es. T h is has p rom pted  us to  in tro d u c e  a new te c h n iq u e  fo r 
th e  d e tec tio n  of M I in  cases w here th e  u su a l s ta in in g  procedures fa il. T he  
m acroscop ic  d eh y d ro g en ase  techn ique w ould  h a v e  also failed, m ost necropsies 
b e in g  carried  ou t a b o u t 24 h r  a fte r dea th . E ffo r ts  w ere su bsequen tly  ce n tre d  
on m easu rin g  being th e  K +/N a + ra tio . T hese s tu d ie s  are reported  in th e  p re se n t 
p a p e r.

M aterials and m eth o d s

H e a r t  m uscle sp ec im en s w ere ob tained  from  a  to ta l  o f 90 p a tien ts , in m o st cases 24 to  
30 h r  a f te r  d ea th . T he cases w ere d iv ided in to  th re e  g ro u p s.

Group 1. 25 m y o ca rd ia l sam ples, w ith o u t g ross o r m icroscopic ind ica tion  of M I, an d  
w ith o u t  clinical susp ic ion  of M I while th e  p a tie n ts  w ere  a live  (negative controls).

Group 2. 30 m y o ca rd ia l sam ples w ith  b o th  gross a n d  m icroscopic evidence of M I. T h e  
in te rv a l be tw een  onse t o f sy m p to m s and  d ea th  v a r ie d  fro m  18 to  48 hr (positive  co n tro l).

Group 3. 35 m y o ca rd ia l sam ples from  cases su sp ec ted  of early  M I, b u t  e x h ib itin g  
n e ith e r  co ronary  o b s tru c tio n  n o r gross m yocard ia l ch an g es. T he clinical and la b o ra to ry  f in d ­
ings (p a in  in  th e  chest, a b n o rm a l ECG, increased se ru m  tra n sa m in a se , shock, severe c irc u la to ry  
fa ilu re) h a d  been in d ica tiv e  o f M I in p a r t of these cases. T h e  onse t of sym ptom s w as follow ed 
b y  d e a th  w ith in  1.5 to  10 h r. T h e  re st of th e  p a tie n ts  h a d  b een  trea te d  for v a rio u s d iso rd ers 
before  su d d en  d ea th , o f w h ich  no sa tisfac to ry  e x p la n a tio n  co u ld  be found e t necropsy .

T h e  K + and  N a + c o n te n ts  were de term ined  in  th e  necro tic  m yocardial a rea  (g ro u p  2) 
or, th e re  w as no gross ch an g e  (groups 1 and 3), in  th e  a n te r io r  and  posterior w all o f th e  left 
v e n tr ic le , 5 and 8 cm  aw ay  fro m  th e  ostia  of th e  a n te r io r  descending coronary  a r te ry  a n d  
c ircu m flex  a rte ry , re sp ec tiv e ly . E ac h  specim en w eighed  a b o u t  1.5 g. A specim en w as secu red  
from  th e  a d jacen t m y o ca rd ia l reg ion  for h isto logical ex am in a tio n . In  16 cases be lo n g in g  to  
g ro u p  2, ad d itio n a l sp ec im ens w ere rem oved fro m  re m o te , no rm al-appearing  a reas o f th e  
m y o ca rd iu m .

T h e  specim ens w ere tr im m e d  of pericard iu m , f a t  tis su e  and  endocard ium , w rap p ed  
in to  a lu m in iu m  foil, a n d  s to re d  a t  —20°C u n til e x a m in a tio n  1 — 7 days la tte r  [23]. A ccord ing
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to  earlie r stud ies |10 , 23, 24], storage u n d e r  such  co n d itio n s does no t affect th e  re su lt. Before 
use th e  sam ples w ere m inced, w eighed, and  deionized  d istilled  w a ter was a d d e d  to  give a 
w eigh t to  volum e ra tio  o f 1 : 20. The m ix tu re  was hom ogenized  for 10 m inutes. T h e  hom ogen­
a te  w as cen trifuged  for 10 m inutes a t  3000 r.p .m . T h e  N a + an d  K + co n ten ts w ere d e te rm in ed  
in  th e  1 : 10 d ilu ted  su p e rn a ta n t by  flam e  p h o to m e try , u sing  N a + and K + reference  s ta n d a rd s  
fo r com parison. In itia lly  larger m y o card ia l specim ens w ere tak e n  from  th e  c o n tro ls  (groups 
l a n d  2), and each  w as hom ogenized h a lf  by  h a lf in  a  g ro u n d  glass hom ogenizer a n d  W aring  
b lendor. H o m ogenation  and cen trifu g a tio n  were carried  o u t a t 0°C or a t room  te m p e ra tu re . 
Since iden tica l re su lts  were yielded by  b o th  p rocedures and  a t  b o th  te m p e ra tu re s , in later 
w ork  th e  W aring  b len d o r was em ployed  a n d  h o m o g en a tio n  an d  cen trifu g a tio n  w ere  un ifo rm ly  
done a t  room  tem p e ra tu re .

T he specim ens secured for h isto log ical ex am in a tio n  were fixed in 10%  n e u tra l  fo rm alin . 
P a ra ff in  sections w ere s ta ined  w ith H . a n d  E ., P A T H , a n d  PA S, w ith  and w ith o u t  p rev ious 
d ias tase  digestion.

R esults

R esults are  sum m arized  in T ab le  I.

Table I

K +/N a + ratios determ ined in 90 myocardial specimens

K+/Na +

Groups
No. of
cases

range mean
standard
deviation

G roup 1
(negative  controls)

25 1 - 2  2 1.58** ± 0 .3 3

G roup 2
(positive controls)

30 0.1 —0.7 0.42** ± 0 .1 7

G roup 3
(suspicion of early MI)

a)
b)

19*
16

0.8 2.2 
0.2 0.7

1.41
0.5

± 0 .3 8
0.13

* In 2 cases histological evidence of m inor necrosis (false 
negative re su lt)  was ob ta ined .

** The d ifference estab lished  by the unpaired  i- te s t w as h ighly 
significant (p <  0.01).

Group I  (negative controls). T h e  age o f  th e  p a tie n ts  ranged  fro m  22 to  91 
years. T he cause o f d ea th  was p u lm o n a ry  em bolism  in nine cases, congestive  
h e a r t failure in e ig h t cases, ren a l fa ilu re  a f te r  chronic  pye lo n ep h ritis  in tw o 
cases an d  a fte r a c u te  tu b u la r  necrosis in one case, liv er cirrhosis w ith  p a re n c h y ­
m al and  vascu la r decom pensation  in one case, a cu te  diffuse p e rito n itis  in  one case, 
an d  p n eum on ia  in th ree  cases. I ly p e rp o ta ssa e m ia , w ith  serum  К  ' v a lu es  of 
5.8, 6.8 and 6.9 m Eq/1, re sp ec tiv e ly , was found  in th ree cases. S ev e ra l sm all, 
d ispersed  fib ro tic  foci were v isib le  in five cases, an d  p o st-in frac tio n  scars in 
tw o cases. H y p e rtro p h y  of the  le f t v en tric le  was found  in 12 cases.
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T h e  K +/N a + ra t io  v a r ie d  betw een  1.0 a n d  2 .2 , irrespective  o f  th e  serum  
K + level.

S c a tte re d  focal f ib ro tic  changes were d e m o n s tra te d  h isto log ically  in  ab o u t 
h a l f  o f  th e  cases. O n s ta in in g  w ith  PA TH , focal T arification  and  an  in d is tin c t 
cross s tr ia tio n  w ere o b se rv ed  in  several cases. G lycogen could be d e te c te d  b y  
P A S  re a c tio n  in  a m in o r p a r t  o f m uscle cells.

Group 2 (positive controls). The p a tie n ts  o f  th is  group w ere 38 to  89 
y e a rs  o ld . In  th ree  cases M I was followed b y  ru p tu re  o f th e  le f t v en tric le . 
O cclusion  of a co ro n a ry  a r te ry  b y  a fresh th ro m b u s  occurred in  15 cases, and  
sca rs  in d ica tin g  ea rlie r M I w ere found in  f iv e  sam ples.

T h e  K +/N a + ra t io  w as 0.7, 0.6 and 0.5 o r less in  tw o, six an d  22 speci­
m en s o f  necro tic  m y o ca rd ia l tissue , respective ly .

Sections s ta in ed  w ith  H  and  E show ed th e  ch a rac te ris tic  p ic tu re  o f m y o ­
c a rd ia l  in fa rc tion . T h e  cross s tria tio n  was n o t  recognizable  on s ta in in g  w ith  
P A T H ; th e  cells c o n ta in e d  only co n trac tio n  b u n d les  and  coarse g ranu les. 
A  sm a ll am oun t o f g lycogen  was d e tec tab le  b y  P A S -reaction  in  som e m y o ­
c a rd ia l  cells.

A m ong  th e  specim ens app earin g  p reserv ed  on  gross ex am in a tio n , 14 h a d  a 
K a 1 /N a + ra tio  h ig h er th a n  1.0, b u t tw o on ly  0.6 a n d  0.4, respective ly , w ith o u t 
a n y  h isto log ica l sign o f M I.

Group 3: suspicion o f  early M I .  T he  p a tie n ts  were 52—89 y ea rs  old.
a )  In  17 cases th e  K +/N a + ra tio  ran g ed  fro m  1.0 to  2.2 in b o th  sam ples, 

b u t  in  tw o  o ther cases i t  w as w ith in  these lim its  in  one sam ple and  h a d  a value 
o f  0 .8  an d  0.9, re sp e c tiv e ly , in  th e  o th e r. P o st- in fa rc tio n  scar w as grossly 
v is ib le  in  one case, an d  d isp ersed  focal scars o ccu red  in th ree  cases. H isto log ical 
ev id en ce  of M I was a b s e n t in  17 cases in c lu d in g  th o se  tw o in  w hich th e  tissue  
K a + /N a + ra tio  w as 0.8 a n d  0.9. The cause o f d e a th  was severe congestive 
h e a r t  fa ilu re  a fte r  a v a lv u la r  defect or h y p e r tro p h y  and  d ila ta tio n  o f  b o th  
v e n tr ic le s  in  10 cases, p n eu m o n ia  in  tw o  cases, endstage  carc inom a w ith  
m u ltip le  m étastasés in  th re e  cases, and  a d v a n c e d  liv e r cirrhosis in  tw o  cases.

U nlike th e  above cases on s ta in ing  w ith  H , a n d  E , and  P T A H  tw o  fu r th e r  
m y o c a rd ia l specim ens show ed , despite  h igh v a lu es  fo r th e  K +/N a + ra tio , fresh  
n ec ro sis  o f m inor g ro u p s o f  m uscle cells a d ja c e n t  to  ex tensive f ib ro u s  scars. 
F a c to rs  o th e r th a n  m y o c a rd ia l necrosis h a d  also a role in  th e  d e a th  o f these  
tw o  p a tie n ts . One h a d  h a d  system ic lupus e ry th e m a to su s , and  em boli were 
fo u n d  in  several seco n d ary  b ran ch es of th e  p u lm o n a ry  a rte ry . The o th e r  p a tie n t 
h a d  u te r in e  carcinom a w ith  m étastasés, and  a m y o card ia l p o s t-in fa rc tio n  scar. 
T h e  E C G  h ad  suggested  M I in  b o th  cases.

b)  The K +/N a + ra tio  ranged  from  0.2 to  0.7 in  16 cases, o f w h ich  four 
sh o w ed  th is  value in  b o th  specim ens, and  12 in  one specim en on ly , w hile th e  
o th e r  specim ens show ed va lu es  of 0.8—0.9 in  th re e  cases and  of 1.0 or m ore 
in  th e  re s t. No o th e r  ch an g e  w hich could be h e ld  responsible for d e a th  was
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found . P o st-in fa rc tio n  sca r was grossly v isib le  in  fo u r specim ens an d  d isp e rsed  
m in u te  scars in th re e . T he m icroscopic a p p e a ra n ce  o f th e  m yocard ium  d id  n o t 
d iffer from  th e  n eg a tiv e  contro ls in  any  o f th e  16 cases.

D iscussion

In  th e  p resen t m a te r ia l  MI could he e x c lu d ed  w ith  c e rta in ty  in  25 cases. 
A lth o u g h  focal ra re f ic a tio n  or ind is tin c tn ess  o f  cross s tr ia tio n  was d e m o n s tra b le  
by  P T A H  sta in in g  in  severa l such  cases, i t  d iffered  considerab ly  fro m  th e  
a lte ra tio n s  found  in  M I, an d  represen ts in  all p ro b a b ility  a p o s t-m o rtem  a r t i ­
fac t. T he K +/N a + ra tio  was 0.1 or h ig h er in  each  case, irre sp ec tiv e  o f  th e  
presence o f left v e n tr ic u la r  h y p e rtro p h y , co n g estiv e  h ea rt fa ilu re , o r  h y p er- 
p o tassaem ia . The h igh  K +/N a + ra tio  w as n o t  a ffec ted  by  d ig ita lis in to x ic a ­
tion  and  ex te rn a l h e a r t  m assage in th e  cases seen  b y  M cY i e  [10]. T he K  + /N a + 
ra tio  n ev er exceeded 0 .7  in  30 cases w ith  gross ev idence  of MI. A s im ila r  a l te ra ­
tio n  of m yocard ia l K + an d  N a + co n ten ts  w as rep o rted  in e x p e rim e n ta l M I 
[3, 17, 23, 24]. I t  seem s there fo re  im p ro b ab le  t h a t  th e  K +/N a + ra t io  shou ld  
be low in non-necro tic  m yocard ia l tissue , o r high w here necrosis had  occu rred .

M ost of ou r cases w ere necropsied  24— 30 h r  a fte r  d ea th . T h e  K + /N a  + 
ra tio  w as alw ays h igh  in  th e  n egative  co n tro ls  an d  alw ays low in  th e  p o sitiv e  
c o n tro ls , in d ica tin g  th a t  au to lysis did n o t a ffec t th e  diagnostic v a lu e  o f  th e  
K +/N a + ra tio  in 30 hr. M cV i e  [10] and Z u g i b e  e t al. [23—24] o b se rv ed  no 
change o f th e  K +/N a + ra tio  in specim ens o f  n o rm a l and  necro tic  m y o ca rd ia l 
tissue  a f te r  s to rage  a t  room  te m p e ra tu re  fo r 5 an d  10 days, re sp ec tiv e ly . P o s t­
m o rtem  sh ifts  c e rta in ly  occur in e lec tro ly te  d is tr ib u tio n  betw een cells a n d  in te r ­
ce llu la r flu id , b u t  th is  is o f no ava il since th e  ion  ra tio  depends on th e  to ta l  
e lec tro ly te  co n ten t [24].

In  view  of th e  fo regoing  co nsidera tions, K +/N a + ratios of 1.0 o r  h ig h er 
have  been  considered  n o rm al in  th is  s tu d y , w hile  th o se  of 0.7 or less h a v e  been 
ta k e n  as evidence o f M I. Y alues of 0.8 an d  0 .9 , found  in a few  g ro u p  3 
p a tie n ts , w ere reg a rd ed  as questionab le .

S ix t een m y o card ia l specim ens w ith o u t in d ica tio n  of necrosis show ed 
K +/N a + ra tio s  of 0.7 o r less. None o f these  spec im ens differed from  th e  n e g a tiv e  
con tro ls in  m icroscopic ap p earan ce . I t  follow s t h a t  th e  low K +/N a + r a t io  was 
th e  sole in d ica tio n  o f M I in  all 16 cases, a n d  in  none was found  a n y  o th e r  
change w hich  could h a v e  been  in c rim in a ted  as th e  cause of d ea th . In  th e  cases 
seen b y  us, th e  sh o r te s t  in te rv a l betw een  o n se t o f  sym ptom s and  d e a th  was 
1.5 h o u rs, b u t  th e  M i-asso c ia ted  decrease o f th e  K +/N a + ra tio  co u ld  be de­
te c te d  w ith in  a sh o rte r  tim e  [23, 24]. A low  K +/N a + ra tio  signify ing e a r ly  MI 
was also found  in tw o  h isto log ica lly  no rm al specim ens obta ined  fro m  m yo­
card ia l regions d is ta n t to  th e  grossly visible necrosis.
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A  clin ica l suspicion o f M I h ad  arisen  in  19 ad d itio n a l cases, b u t  in  th ese  
th e  K +/N a + ra tio  was 1.0 or h igher. N ecrosis w as absen t in  17 cases an d  in 
th e se , d e a th  could be ex p la in ed  b y  causes o th e r  th a n  M I. In  th e  re m a in in g  tw o 
cases, fre sh  m y ocard ia l necrosis was found . S ince au to lysis  had  no in flu e n c e  on 
th e  io n ic  com position  an d , on  th e  o th e r h a n d , a n ec ro tic  h ea rt m uscle  d id  n o t 
ev e r g ive a neg a tiv e  re su lt, th e  sole e x p la n a tio n  o f  th e  false n eg a tiv e  f in d in g s 
is a te c h n ic a l e rro r. T he accu racy  of K +/N a + d e te rm in a tio n  depends on tw o 
p re c o n d itio n s . One is a c c u ra te  sam pling , w h ich  is a b lind  m an ip u la tio n  w ith o u t 
to p o g ra p h ic  localiza tion  o f  in fa rc tio n ; for th is  re a so n  th e  site of sam p lin g  shou ld  
a lw ay s  be  in  th e  area  su p p lied  by  th e  a n te r io r  descending and  c ircu m flex  
c o ro n a ry  a rte ries . The o th e r  pereq u is ite  is a c a re fu l rem oval of all e x tra n e o u s  
tis su e s  [10, 23, 24]. In  th e  above tw o cases w ith  false  negative re su lts  th e  f irs t  
re q u ire m e n t h ad  been m e t because th e  sam ples w ere tak en  from  an  a rea  a d ­
ja c e n t  to  h isto log ically  d e te c ta b le  necrosis, b u t  th e  site  of sam pling m u s t  h av e  
b een  o u ts id e  th e  necro tic  in v o lv em en t. T he n e c ro tic  area was e v id e n tly  q u ite  
sm a ll, b ecau se  it  was n o t g rossly  visible. C o nsiderab le  fib ro tic  a lte ra tio n s  w ere 
p re s e n t  in  th e  su rro u n d in g s o f  th e  necrosis in  b o th  cases, and th u s a s u b s ta n tia l  
a m o u n t o f connective  tissu e  m ay  have been ex c ised  along w ith  specim en , w hich  
m a y  in  fa c t h av e  in flu en ced  th e  ionic co m p o sitio n . A fu rth e r e x p la n a tio n  for 
th e  e r ro r  is th a t  th e  m y o card iu m  h ad  n o t b een  sa tisfac to rily  tr im m e d  of 
e x tra n e o u s  tissues.

T h e  aim  of th e  p re se n t stud ies was n o t so m uch  to  com pare th e  v a lu e  of 
d if fe re n t tech n iq u es as to  em ploy  a ro u tin e ly  ap p licab le  procedure fo r  th e  d em ­
o n s tra t io n  o f ea rly  M I, n o t effected  b y  p o s t-m o rte m  autolysis. T h e  te c h n iq u e  
b a se d  on  d e te rm in a tio n  o f  th e  m yocard ia l K +/N a + ra tio  was fo u n d  to  m eet 
th e se  re q u ire m e n ts . T he ra tio  w as h igh in  a ll n e g a tiv e  controls an d  low  in all 
th o se  u sed  as p o sitive  co n tro ls ; in  16 of th e  90 cases stud ied , th e  low  K +/N a~  
ra t io  w as th e  sole in d ic a tio n  of M I. W e b e liev e  th a t  th e  tw o false n eg a tiv e  
r e s u lts  do n o t d im in ish  th e  m erits  of th e  te c h n iq u e . Since no m e n tio n  was 
m ad e  o f  su ch  errors in  ea rlie r rep o rts  [10, 23, 2 4 ], false results can  in  a ll p ro b ­
a b i l i ty  b e  p rev en ted  b y  g re a te r  experience a n d  cau tio n .
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\  1 C H W E IS  D E S F R Ü H E N  M Y O K  1 R D IN F A R K T S  
B E I D E R  A U T O P S IE  A U F G R U N D  D E S  K /N a-Q U O T IE N T E N

ALICE DECASTELLO, ÉVA REMENÁR, JEANNETTE TÓTH. BORBÁLA POZDERKA und I. BARTÓK

Im  M yokard v o n  90 V ersto rb en en  w urde der K /N a -Q u o tien t b e s tim m t. In  25 Fällen , 
in denen  ein frischer In fa rk t m it S icherheit ausgeschlossen w erden k o n n te , b e tru g  der Io n en ­
q u o tie n t 1,0 oder m eh r u n d  in 30 H erzm uskeln , in d en en  m akroskopisch  e in  M y o kard in ­
fa rk t  w ahrgenom m en w u rd e , b e tru g  der Q u o tien t 0,7 oder weniger. In  w e ite ren  35 F ä l­
len, in denen  au fg ru n d  der k lin ischen  Sym ptom e oder des p lö tz lich en  T odes d e r V e rd ach t auf 
H e rz in fa rk t au fk am , w ar m it freiem  Auge w eder ein  V ersch luß  der K o ro n a ra r te r ie , noch 
M yokardnekrose  zu sehen. In  17 dieser Fälle b e tru g  de r Io n e n q u o tien t m eh r als 0,7, eine 
N ekrose ließ sich au ch  h is to log isch  n ich t nachw eisen , u n d  der T od  k o n n te  a u f  a n d e re  U rsachen 
zu rü ck g e fü h rt w erden. In  a n d e re n  16 F ällen  w ar ein Io n e n q u o tie n t von 0,7 o d er w eniger das 
einzige Zeichen der H erzm uskelnekrose , und andere  T o d esu rsach en  kam en  n ic h t in Frage. 
In  w eiteren  2 Fällen  w ar d e r K /N a-Q u o tien t a u fg ru n d  des h isto logischen B efu n d es falsch­
negativ , allem  A nschein  n a ch  infolge eines tech n isch en  Fehlers. A ufgrund  d ieser Ergebnisse 
b ie te t die B estim m ung  des K /N a-Q u o tien ten  in der D iagnose des frü h en  H e rz in fa rk ts  eine 
b ed eu ten d e  Hilfe. E in  V orte il des V erfahrens ist, daß  die p o st-m o rta le  A uto lyse  die R esu lta te  
u n b e e in flu ß t läß t u n d  d aß  es ro u tin em äß ig  d u rc h g efü h rt w erden  kann .

ВЫЯВЛЕНИЕ РАННЕГО ИНФАРКТА СЕРДЦА НА ВСКРЫТИИ МЕТОДОМ 
ОПРЕДЕЛЕ1ШЯ КОЭФФИЦИЕНТА

АЛИС ДЕКАСТЕЛЛО, ЕВА РЕМЕНАР, ЖАНЕТТ ТОТ, БОРБАЛА ПОЗДЕРКА и И. БАРТОК

В сердечной мышце 90 умерших авторы определили коэффициент K /N a. В 25 
случаях, в которых можно было бесспорно исключить свежий инфаркт, ионный коэффи­
циент оказался 1,0 или больше, а в 30 случаях, в которых невооруженным глазом наблю­
дался инфаркт миокарда, коэффициент K /N a был 0,7 или меньше. В дальнейших 35 слу­
чаях на основе клинических симптомов или внезапной смерти возникло подозрение н
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и н ф а р к т  сердца, невооруж енны м  глазом  не было видно ни  за к у п о р к и  к орон арн ой  ар те ­
рии , н и  н ек р о за  сердечной м ы ш цы . В 17 этих случаев коэф ф ициент K /N a  был больш е 0,7, 
пр и  гистологи ческом  исследовании  не удалось вы яви ть н ек р о за , и смерть больны х м ож но 
бы ло п р и вести  в связь с д р у ги м и  причинам и. В д руги х  16 с л у ч а я х  единственным пр и зн а­
ко м  н е к р о за  сердечной мы ш цы  бы л  ионны й коэффициент в  0 ,7  или  меньш е, а  д ругой  п р и ­
чины  см ер ти  не было. В д а л ьн е й ш и х  2  случаях  коэф ф ициент н а  основе гистологического 
и с сл е д о в а н и я  оказался ош ибочно-отрицательны м , по всей  вероятности  из-за техни ческой  
о ш и б к и . Н а  основе исследований  авторов  определение ноэффициента K /N a  оказы вает 
зн ач и те л ь н у ю  помощь при р асп о зн а в а н и и  раннего и н ф ар к та  м иокарда. П реим ущ еством  
о п и са н н о го  метода явл яется , что посм ертны й автолиз не в л и я е т  на результаты  и что его 
.можно поводить в качестве р у т и н н о го  метода исследования.

D r. A lice D e c a s t e l l o  

D r. É v a  R e m e n á r  

D r. J e a n n e t te  T Ó T H  

D r. B o rb á la  P o z d e r k a  

D r. I s tv á n  B a r t ó k

P é te r íy  Sándor u. K ó rh á z  
H -1441 B udapest, Pf. 76, H u n g ary
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KECENSIONES

J a nssen  W.: Forensische H istologie. A rbe i tsm ethoden  der  m edizin ischen und n a tu rw is se n ­
schaftl ichen K rim ina lis tik .  Forensic Histology. M ethod in Medical a n d  Scientific Criminology. 
Vol. 10. Verlag Max S c h m id t -R ö m h ild ,  Lübeck. 1977. 400 pages w i th  125 figures a n d  10 tab les

Price: DM 180.

This book is given a p a r t icu la r  ac tua l i ty  by the  fac t  t h a t  it abridges a gap in th e  l i te ra ­
tu re  of forensic medicine. T e x tb o o k s  available are concerned  w ith  a narrower field of h isto-  
pa tho logy  a n d  they  consider i t  p r im ari ly  from the p a tho log is t ’s angle. A comprehensive histo- 
pa tho logy  t rea t in g  the  su b jec t  w i th  the  special s i tu a t io n  a n d  d em an d s  of forensic p a th o lo g y  
in m ind  was painful ly  missing. T h e  in ten t ion  of the  a u th o r  is m ost  apprec ia ted  because  bis 
book is an im p o r ta n t  c o n tr ib u t io n  to  the  l i te ra tu re  of forensic medicine and will c e r ta in ly  be 
Wellcome by those who are engaged  w ith  this field.

The cons truc t ion  of the  book  is clear offering an  easy or ien ta t ion .  Earlier an d  recen t  
d a ta  are considered in a h a rm o n ic  su m m ary  of views. E a c h  c h a p te r  is concluded by  a co m ­
prehensive list of  references. Fo r  th e  reader’s g reat  help are th e  high-quali ty  i l lu s t ra t ions ,  
colour and  b lack -and-w hite  as well. T he  au thor  a t t e m p ts  a t  deal ing  w i th  the forensic p a th o lo g y  
in a deta iled  and  objec t ive  m a n n e r  a n d  this aim is fully reach ed .  T he  l i te ra tu re  w ith  i ts  c o n t ro ­
versial issues is reviewed crit ica lly  similarly  to a u th o r ’s ow n results .  This  crit ical a t t i t u d e  is 
a n  assurance for the  read e r  t h a t  th e  pending quest ions of forensic medicine are a p p ro ac h ed  
in a m ost  u n pre jud iced  a n d  realis tic  way.

The  m ethodica l  sec tion  gives a deta iled descrip t ion  of p rocedures and con ta in s  also 
re levan t  critical rem arks .  In  the  c h ap te r  dealing w ith  post-m ortem  changes the m eth o d s  for 
d e te rm in a tio n  of the  t im e  of d e a th  are surveyed. Their  po ten t ia l i t ie s  are discussed w ith  special 
reference to the  post-mortem  period when  they  can be used  m o s t  efficiently  to o b ta in  real is t ic  
values.  The  c h ap te r  deal ing  w i th  the  d ifferentiation of in  vivo  an d  post-mortem  d a m a g es  is 
pa r t icu la r ly  rich com prising  a lm o s t  all possible a pproaches  to  th is  problem  (h is tochem is try ,  
fluorescent-,  polarized l ight- ,  a n d  electron-microscopy). T he  c lear construct ion  of th is  c h a p te r  
calls the  a t te n t io n  to the  ty p e s  o f  histopathological d iagnoses t h a t  can be made. T he  c h a p te r  
considering the  condit ions of h y p o x ia  is also com prehensive .  T h e  section on th e  su b je c t  of 
sudden  d e a th  besides its de ta i led  discussions reveals a wide scale of  diagnostic p rob lem s an d  
lists  a lm ost  all the forms of s u d d e n  d e a th  which are m et  w i th  in th e  forensic medicine. A se p a ­
ra te  c h ap te r  is devoted  to  th e  cases of hanging and suffoca t ion  comple ted  with re lev an t  bio­
chemical results .  Useful in fo rm a t io n s  can  be gained from  the  c h ap te r s  on the dam aging  effects 
of h e a t  and  electric cu rren t .  To  show the  his topathological  changes  following these in juries ,  
the  most  recen t  scanning  e lectron  microscopic d a ta  are cited.  S imilarly  excellent c h ap te rs  are 
those  considering the  sho t  w o u n d s  and poisonings. Special  a t t e n t io n  is paid to the  forensic 
h is topa tho logy  of a ty p ica l  sho t  wounds .  Of great va lue  is th e  his topathological  d if fe ren tia t ion  
of a lm ost  all ty p es  of poisonings. T he  sum m ariz ing  tab le s  a f te r  each chap ter  show briefly  
b u t  efficiently the  m os t  im p o r t a n t  poin ts  of the h is topa tho log ica l  inves tigation  for each  case.

This book is also excellent  f rom  the  didactical p o in t  o f  view w ithou t  being verbose.  
In fo rm at io n s  are well-grouped covering  practically  ev ery  f ield  of forensic h is topa tho logy .  
D ocum en ta t ion  is of  h igh  qua li ty .  T h e  book is therefore  th o u g h t  to  be most  useful for fo rens ic  
physicians, pa tho log ists  a n d  also for those who are concerned  w ith  interdisciplinary stud ies .

E. S o m o g y i

A d a  \ l o r p l w l o g i c a  A c a d e m i a e  b c i e n t i a r u m  1 l u n g a r ic u c  2 5 , 1 9 7 7
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S c h u m a c h e r , G. H. Ge y e r , G.: N eurow issenschaft im  Licht morphologischer Forschungen. 
E rg e b n i s s e  der experimentel len  Medizin vol. 25. Y E B  Verlag Volk u n d  G esu n d h e i t ,  Berlin,

1977. 238 pages +  i l lustra tions.
Price:  M 3 4 ,—

T h e  Sociétés of the  A n a to m is ts ,  H is tochem is ts  an d  E lectron  Microscopists of  th e  Ger­
m a n  D e m o cra t ic  Republic  ho ld  th e i r  fi rs t  jo in t  Congress in 1974 a t  Binz. One of th e  main 
to p ic s  o f  th is  meeting was ne rvous  sys tem  and  senso ry  organs. The  25. vo lu m e  of t h e  results  
o f  e x p e r im e n ta l  medicine co n ta in s  th e  two reviews a n d  th e  32 short  co m m u n ica t io n s  re la ted  
to  t h e  m e n t io n ed  topic a n d  p re sen te d  a t  the  Congress. T he  first  review ty p e  p a p e r  (by  Prof. 
W . K irsc h e )  is devoted to  th e  fu n c tio n a l  m orp h o lo g y  of the  neuronal o rgan iza t ion .  I t  is an 
e x c e l l e n t  su rvey  discussing cellular (focusing on sy n ap to lo g y ,  i.e. synap tic  fo rm a t io n s ,  p las tic ­
i t y  o f  sy napses ,  etc.), suprace l lu la r  (dealing m ain ly  w i th  neural  networks,  pa r ticu lar ly^  of th(  
c e r e b r a l  cor tex)  and m acrom orpholog ica l  levels. More t h a n  400 publica tions a re  l is ted  in the 
re fe re n ce s .  In  the  second com prehens ive  and  o u t s t a n d in g  paper  Prof. J .  S z e n tá g o th a i  presents  
h is  v e r y  excit ing  concept on th e  n e u ra l  o rgan iza t ion  of various centra l  ne rv o u s  sy s te m  s t ruc ­
tu r e s .  L arg e ly  based on own f ind ings  on the  sp inal cord ,  la te ra l  geniculate b o d y  an d  cerebellar 
c o r te x ,  h e  proposes t h a t  th e  specific neuronal  n e tw o rk  of various regions is b u i l t  o f  regular 
s t r u c t u r a l  u n i ts  overlapping in several cases. T he  a ssu m p t io n  of the  re p e t i t io n  of such  units 
a p p e a r s  t o  help  to explain the  occurrence of sy s te m a t ic  specificity of n eu ronal  connections  of 
t h e  v a r io u s  CNS structures.  The  sh o r t  co m m u n ica t io n s  deal with  a g rea t  v a r ie ty  of different 
neu ro m o rp h o lo g ica l  questions (such  as no rm al  m orp h o lo g y  including n eu ra l  connections  of 
c e r t a in s  regions, ontogenesis of  some s t ruc tu res ,  m orphological  changes in c e r t a in  a reas  after 
v a r io u s  in te rven tions ,  etc .)  h a v in g  s tud ied  th e m  a t  gross anatomical,  l ight microscopica l  or 
e le c t r o n  microscopical level. I l lu s t ra t io n s  are of good qua li ty ,  b u t  are s e p a ra ted  from  th e  tex t  
( a t t a c h e d  to  the  end of the  vo lum e).  The  pages o f  t h e  figures are no t  n u m b ere d .  Therefore,  
i t  is n o t  so easy to find the  p ro p r ia te  figure re fe r red  to  in the tex t .  The vo lu m e  m a y  be re ­
c o m m e n d e d  to  all those in te res ted  in th e  field of  neuroscience.

B. H alász

U n g v á r y , Gy .: Functional M orphology o f  the H epatic  Vascular System . A k a d ém ia i  Kiadó,
B udapes t ,  1977

T h is  book sum m arizes m o re  t h a n  a decade’s sys tem at ic  research of t h e  a u th o r  on the  
h e p a t i c  c ircu la t ion  un d e r  n o rm a l  and  pa tho log ica l  conditions.  The Unitar ian  concep t  of the 
e n t i t y  o f  s t ru c tu re  and fu n c tio n  an d  a  m u lt i la te ra l  a p p ro ac h  to the  u n d e r s ta n d in g  of c ircula­
t io n - c o n t r o l  characterizes th e  whole  work.

T h e  reviewer c anno t  u n d e r ta k e  the  ta s k  of h igh ligh t ing  some new re su l ts  or to  enlarge 
on  so m e  in te res t ing  details .  A genera l  considera t ion  of th e  scope, m ethods  a n d  — being a 
m o rp h o lo g ic a l  work — th e  q u a l i ty  of i l lus t ra t ions  is given instead.

Inv es t ig a t io n s  were car r ied  o u t  on livers o f  h u m a n s  (adult  and  fe ta l)  a n d  of several 
o t h e r  species. The m ethods  are se lected to  tack le  th e  prob lem  from v a r io u s  aspects .  The 
p o te n t i a l i t i e s  of in jection-corrosion techn iques  ( ink, PVC), po r tog raphy ,  stereom icroscopy ,  
h is to c h e m is t ry ,  fluorescence m icroscopy,  t r an sm iss io n  electronmicroscopy, e tc . ,  a re  well ex­
p lo i te d .  Som e questions are s tu d ied  in different  species: pa r t ia l  h ep a tec to m y  in r a t s ,  l igature  
o f  t h e  h e p a t i c  ar te ry  in cats,  l ig a tu re  of the  c o m m o n  bile duc t  in guinea  pigs a n d  ra ts .  Cir­
c u l a t o r y  changes following acu te  h ep a t ic  injuries a re  considered in CCl4- in to x ic a ted  r a t  and 
y e l lo w  c irrho t ic  h u m an  livers.

T h e  list  of references also comprises recen t  (1975) d a ta  indicating  th e  re la t iv e ly  short  
t im e  e lap s in g  between the  f ina l iza t ion  of the  m a n u s c r ip t  and the  pub l ish ing  of t h e  book. 
N o w a d a y s ,  th is  has to be apprec ia ted .

T h e  illustra tions are a b u n d a n t  an  of h ig h -q u a l i ty  Legends are clear a n d  grasp  th e  very  
essence  o f  th e  figure. O u t  of 127 p ic tu res  102 are in  b lack-and-w hite ,  25 in  colour. Similarly  
to  t h e  m e th o d s  i llustra tions also re flect  the  m u lt i la te ra l  approach  of the  a u th o r .

T h e  book is th o u g h t  usefu l  p r im ari ly  for a n a to m is ts  and h is tologists b u t  conta ins 
v a lu a b l e  inform ations also for w orkers  of o ther  th eo re t ic a l  or diagnostic fields such  as p a th o ­
p h y s io lo g y ,  experim ental  and  h u m a n  p a tho logy  a n d  pharm acology .  In  p rac t ica l  m edic ine  this  
w o r k  c a n  be of use in ab d o m in a l  surgery .  This l a t t e r  field is curren tly  showing an  increasing 
i n t e r e s t  to w a rd s  th e  liver. T he  n u m b e r  of p a r t ia l  h epa tec tom ies  carried o u t  fo r  th e ra p eu t ica l  
r e a s o n s  increases constantly .

G. K e n d r e y

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1977



RECENSIONES 2 9 9

S c h u m a c h e r , G. H.: E m bryonale E n tw ick lu n g  des M enschen  (Thesaurus Reihe).  H um an  
E m bryonic  Development (T hesaurus  Series) V E B  Verlag  Volk und G esundheit .  B erlin ,  1977. 
(T hird  revised and  com ple ted  ed it ion)  206 pages (19 X 12 cm). 96 illustra tions (G. R i ts ch e l  and

R. Schiller)
Price: M 5.75

This  is a well co n s tru c ted ,  d idac t ica l ly  i l lu s t ra ted  in troduc to ry  book of t h e  professoi 
in a n a to m y  of the  W ilhelm P ieck  U n iv e rs i ty  of  Rostock. U nfo r tuna te ly ,  it  suffers f ro m  the  
m a in  d ra w b ac k  of m an y  similar books by  missing the  a d eq u a te  p roport ions  o f  t h e  f ields su r­
veyed .  For  example,  ex trem e ly  ra re  d ev e lo p m en ta l  m alfo rm at ions  are de ta i led ly  considered  
w hereas  th e  developm ent of  th e  im m u n e -sy s te m  is t r e a te d  ra th e r  laconically. M oreover  very 
l it t le  is found  in th is  book of th e  haernopoesis a n d  its onse t  in the bone m arrow .  T h e re  is no 
m e n t io n  of some im p o r ta n t  d is tu rb an c es  such  as th e  discrepancies in the  g ro w th -p a ra m e te rs  
in ea r ly  embryonic  age. Nor is th e  list of  references enough  comprehensive.

Because of its low price and  page n u m b e r  and  for i ts  didactical i l lu s t ra t ions  th is  book 
can  be recom m ended  to s tu d e n ts  or to  p o s t -g ra d u a te  beginners in t h e  field. F in a l ly ,  i t  has 
to be  no ted  t h a t  it comprises all th e  a d v a n ta g e s  w h a t  a th i rd ,  revised and  c o m p le ted  edit ion  
of a n y  boo k  can offer.

E . K e l e m e n

S c h u m a c h e r , G. H. — Sc h m id t , H.:  A natom ie  und Biochemie der Zähne. A n a to m y  and bio­
chem istry o f  teeth. Verlag Volk u n d  G esundhe i t ,  Berlin, 1976. 589 pages w i th  349 f igures and

301 tab les  
Pr ice:  M 125.70

T he  second revised ed it ion  of the  book  of professor G. H. Schum acher ,  d i rec to r  of  the  
A n a to m y  D e p a r tm e n t  of W ilhe lm  P ieck  U n ive rs i ty  in Rostock ,  and H. S ch m id t ,  d i rec to r  of 
the  D e p a r tm e n t  of  Physio logy  and C hem istry  of M ar t in  L u th e r  U n ivers i ty  in W it ten b e rg ,  
has  been  reed ited  since the  f i r s t  ed it ion  was sold o u t  short ly  after  its a p p ea ran c e  in 1971.

T he  a u th o rs ’ func tiona l  and  m o d e rn  a t t i tu d e  is well mirrored by the  b o o k ’s t i t le  and 
c lassif ication, for ch ap te rs  an d  den ta l  d eve lopm en t ,  a n a to m y  and m orpho logy  are  supp le ­
m e n te d  by jus t  the  r igh t  a m o u n t  of  b iochem ical  a n d  histochemical knowledge. T h e  work 
consis ts  of  six m ain  par ts .

1. The  in t ro d u c to ry  c h a p te r  deals w i th  den ta l  a n a to m y ,  s t ru c tu ra l  a spec ts  o f  tee th ,  
th e i r  se t t ing  in the  jaw s,  th e i r  p a t t e rn  an d  func tion  are discussed to g e th e r  w i th  such  im ­
p o r t a n t  i tem s as the  u n i ty  of the  m ax i l lo -m an d ib u la r  a p p a r a tu s  and  the ir  tasks.

2. The  c h ap te r  on phylogenesis a n d  c o m p ara t iv e  a n a to m y  of the  t e e th  discusses the ir  
origin, the  com para t ive  a n a to m y  of the  h a rd  d e n ta l  tissue,  the  t e e th ’s to p o g rap h y  a n d  fixing 
as well as the ir  form ations.

3. The  chap te r  on d evelopm en t  consists of  four  p a r ts ,  a) a historical review: b) genesis 
a n d  histogenesis ( to o th  and d e n ta l  lam in a ,  den tin ,  pap il la ,  enamel, the  s t ru c tu re  a n d  u l tra -  
s t ru c tu re  o f  th e  tissues and  evo lu t ion  of th e  p a rad o n t iu m ) .  There  is an  excellent  t a b le  showing 
th e  chronology of dev e lo p m en t  and  g ro w th  of h u m a n  tee th ;  c) e ru p tio n  a n d  sh e d d in g  of 
te e th ,  sexual  and p o p u la t ion  differences a n d  chronological da ta ;  d) anom alies  in c lu d in g  hyper-  
d o n t ia  a n d  h yperodon tia .

4. The  h istology a n d  m olecu la r  s t ru c tu re  of  the  den ta l  tissue is th e  longes t  c h a p te r  in 
th e  book,  describing the  light microscopica l  and  u l tram icroscopica l  s t ru c tu re  of  d e n ta l  enam el,  
d e n t in ,  cem en t  and  pulp.  Especially  va lu ab le  are the  excellent electron microscopic  pictures .  
S tud ies  of to o th  s t ru c tu re ,  h is tochem ica l  and  b iochem ical  m ethods and  th e i r  re su l ts ,  e s t im a ­
t ion  of organic  and inorganic  c o m p o n en ts ,  th e i r  to p o g rap h y  and, where  it is k n o w n ,  their  
s ignificance are discussed.

5. The  c h ap te r  on th e  m orpho logy  of t e e th  a n d  of hum an  d e n t i t io n  c o n ta in s  m u ch  
p rac t ica l  in fo rm at ion  equally  useful for the  d e n t i s t  a n d  th e  ana tom is t  and  could  p ro v e  to  he 
i m p o r t a n t  in forensic medicine  for th e  iden ti f ica t ion  o f  corpses. A com prehens ive  p ic tu re  is 
given of th e  general a n d  special ques t ions  of p e rm a n e n t  teeth ,  the  d ifferences in p r im a ry  
t ee th ,  m as t ica to ry  func tion ,  th e  s t ru c tu re  of  th e  d en ta l  arch , occlusion, eu g n ap h ia  d y sg n a th i  
a n d  abrasion .

6. The c h ap te r  en t i t led  “ p a r o d o n t iu m ”  is d ev o ted  mainly to m orpho logy ;  th e  gum s, 
th e  desm o d o n tiu m ,  cem en t iu m  a n d  th e  an a to m ic a l  s t ru c tu re  of the  a lveolar  bones.  I t  also 
to u ch es  u p o n  the  func tions of th e  p a ro d o n t iu m ,  the  p a ro d o n ta l  cleft and  the  physio logical  
m o v em en t  of teeth.

Acta Morphologica Academiae Scientiarum Hungaricae 25, 1077
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T he  book un d e r  rev iew  is based  on su b s tan t ia  .x p e r ie n c e ,  tho rough  in fo rm a t io n  and  
kn o w led g e ,  as ind ica ted  b y  t h e  l is t  of  nearly f if teen h u n d r e d  p e r ta in in g  references. T he  b lack 
a n d  w h i te  figures are of good q u a l i t y ,  the  tables i l lu s t i a t e  well th e  tex t .

T h e  appendix  b y  W. R i c h t e r  explains the  G reek  a n d  L a t in  terminology. I t  is supple­
m e n te d  b y  a short  d ic t io n ary  a n d  a  gramm atica l  tab le .

T h e  book is an  exce llen t  a n d  m odern  work, o ffer ing  v a lu ab le  and  deta iled in fo rm a t ion  
fo r  s tu d e n ts ,  clinicians, d e n t i s t s ,  oral surgeons, c h em is ts ,  m orpholog ists  and  specialis ts  of  
fo rens ic  medicine.

I. K e n y e r e s

Acta Morphologica Academiae Scienliarum Hungaricae 25, 1977
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