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D ep artm en t o f N euro logy  and  P sy ch ia try  
(H ead : P rof. S t. K ö r n y e y ), U n iv e rsity  M edical School, Pécs

SILVER STAINING OF ALZHEIMER’S 
NEUROFIBRILLARY CHANGES BY MEANS OF 

PHYSICAL DEVELOPMENT

F .  G a l l y a s  

(R eceived  J u ly  1, 1970)

A sim ple and rep roducib le  m eth o d  for d e m o n s tra tin g  A lzheim er’s f ib r illa ry  
changes has been w orked o u t on  th e  basis o f a new  silver s ta in in g  p rin c ip le . I t  m ay  
be app lied  to  5 — 200 fi th ick  sections from  b o th  frozen and  em bedded  m a te ria l  fix ed  
in fo rm ol even for years. T he p rin c ip le  o f it is as follows in an  a lk a lin e  so lu tio n  
A g l7  is adsorbed  on A lzheim er’s changes. T he b o u n d  A gl7  m olecules a re  red u ced  to 
colloidal silver grains. F ina lly , these  g ra ins are increased  in size u p  to m icroscop ic  
d im ensions by  a special physical developer.

Introduction

Alzheim er’s neurofibrillary changes can be dem onstrated by B i e l - 

s c h o w s k y ’s (1904) silver im pregnation and its m odifications (e.g . B r a u n ­
m ü h l , 1927), and by the stain ing m ethods for am yloid usual in polarisation  
(D i v r y  and F l o r k i n , 1927) and fluorescence m icroscopy (Va s s a r  and C u l l i n g , 
1959; S c h w a r t z  et al., 1964).

B y m eans o f a new silver sta in ing  principle, based on physical develop­
m ent (G a l l y a s , 1971) we have elaborated a sim ple and reproducible m ethod  
for dem onstrating Alzheim er’s neurofibrillary changes. The m ethod by w hich  
the tissue elem ents in tin* normal brain are not stained, dem onstrates, how ever, 
certain com ponents of senile plaques and a number of fibrils o f  unknow n  
origin.

Staining procedure

1. C u t sections 5 — 200 //, in th ick n ess from  frozen or gela tin -, p a ra ffin -  o r celloidin- 
em bedded  m ate ria l fixed in form ol for a period  of 1 day  to  several years. R em ove th e  p a ra ff in  
or celloidin em bedd ing  m ass from  th e  sec tions in the  usua l m anner.

2. Im m erse  in 5%  periodic acid  fo r 30 m in.
3. W ash in d istilled  w a te r  for 5 m in.
4. P lace  th e  section in an  a lka line  so lu tio n  of com plex silver iodide. P re p a ra tio n  

of th e  so lu tion : Dissolve 40 g sodium  h y d ro x id e  th en  100 g of po tassiu m  iod ide  in 500 ml 
of d istilled  w a ter. A dd w ith  a p ip e tte  35 ml o f  1%  silver n itra te . W hile p ip e tt in g  a yellow 
p rec ip ita te  form s, w hich soon d isap p ears  if th e  so lu tion  is vigorously  s tirred . F in a lly , m ake 
it  up  to  1000 ml w ith  d istilled  w ater.
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2 F. GALLYAS

5. L eave sections in  p h y s ic a l developer u n til th e y  becom e pa le  g ray  or b row n  in colour 
( a b o u t  30 m in). The d ev e lo p er is alw ays p rep ared  im m e d ia te ly  before use by  m ix ing  th ree  
s to c k  so lu tions w hich, h o w ev er, can  be stored  for m o n th s  a t  room  tem p e ra tu re . T he s tock  
so lu tio n s  are com posed as follow s.

Solu tion  A: D issolve 50 g sodium  carbonate  (a n h y d ro u s )  in  1000 m l of d istilled  w ater.
So lu tion  B: D issolve 1.90 g o f am m onium  n itr a te ,  2.00 g o f silver n itra te  an d  10.0 g 

o f  tu n g sto -silic ic  acid ( S i0 2 • 1 2 W 0 3 • 2 6H ?0 )  all th re e  o f a n a ly tic a l grade, in  1000 m l of 
d is tilled  w a te r in th e  o rd e r g iven .

Fig .  1. A lzheim er’s n e u ro fib r illa ry  changes in th e  ce reb ra l c o rte x  in  senile dem en tia . F ine  
f ib re s  o f unknow n orig in  a n d  sen ile  p laques are also d e m o n s tra te d  (a) x 4 0 0 ; (b) Xl l OO

Solu tion  C: D issolve 1.90 g o f am m onium  n i tr a te ,  2.00 g of silver n itra te , 10.0 g of 
tu n g sto -silic ic  acid and 7.3 m l o f  35%  or 6.1 m l of 40%  fo rm ol in 1000 m l of d istilled  w a ter 
in th e  o rd e r given.

T h e  stock so lu tions sh o u ld  b e  m ixed according to  th e  follow ing s tan d ard s  depending  
o n  th e  tem p e ra tu re :

Temperature
Solution A 

ml
Solution В 

ml
Solution C 

ml

20 dr 2 °C 10 3 7
25 ±  2 °C 10 5 5
30 ±  2 °C 10 7 3
35 ±  2 °C 10 8 2

To so lu tion  A, f irs t  so lu tio n  В th en  Solution  C is ad d ed  w ith  a p ip e tte  in a th in  je t .  
W hile  p ip e ttin g , and  for som e tim e  th e rea fte r, th e  m ix tu re  is v igorously  stirred . I f  th e  so lu­
tio n s a re  ad ded  too qu ick ly  o r n o t  in  th e  given o rder o r s t ir r in g  is n o t v igorous enough , a w hite  
p re c ip ita te  will form  w hich  spo ils th e  developer.

T o te rm in a te  d ev e lo p m en t, th e  sections are tra n s fe r re d  in to  a 0 .5%  so lu tion  of ace tic  
acid  ju s t  w hen th ey  to o k  on  th e  o p tim u m  t in t  and  co lour in te n s ity . U n til su ffic ien t p ractice  
h a s  been  gained it  is a d v isab le  to  develop 3 — 4 sec tions sim u ltan eo u s ly  and to rem ove them
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one by  one a t  in te rv als o f tw o m in u te s  a f te r  th e ir beg inn ing  to becom e pale b ro w n  in colour. 
A m ong these  sections th e re  will c e rta in ly  be one show ing o p tim u m  d ev elopm en t. Grow ing 
of th e  silver particles can  be o bserved  u n d e r th e  m icroscope. F o r th is  p u rpose  th e  sections 
to be checked are p laced in a 0 .5%  ace tic  acid  so lu tion  in o rd er to  suspend  th e  d ev elo p m en t 
an d , a fte r  th e  m icroscopic e x am in a tio n , p laced back , in  th e  developer to  c o n tin u e  d evelop ­
m en t if necessary.

6. W ash in  0.5%  ace tic  acid  so lu tion  for 30 m in  th en  in d istilled  w a ter.
7. D eh y d ra te  in alcohol, c lear in clove oil, m o u n t in C anada balsam .
In  sections of n o rm al b ra in  only th e  pale ou tlines of cell nuclei and cap illa ries s ta in  

even a fte r  40 — 50 m in. o f d ev elopm en t. In  sections from  p a tie n ts  w ith  senile d e m e n tia , ty p ica l 
A lzheim er’s neu ro fib rilla ry  changes, senile p laques an d  a n u m b er of fine fib rils  are  d em on­
s tra te d  (F ig. 1). These fib rils a re  considered  p a tho log ica l because th e  m eth o d  does n o t sta in  
fib ro u s  e lem ents of th e  no rm al b ra in .

Discussion

In a recent paper (G a l l y a s ) a new principle for silver sta in ing o f  tissue  
elem ents has been described. T issue sections are immersed in the solution  of 
a certain substance (to be referred to as a “ determ inant substance” ) which  
com bines with or is adsorbed on the tissue elem ents to be dem onstrated  in a 
higher degree than on the others. The molecules o f this substance, w hich have 
been bound on the sections, are replaced with colloidal silver grains by means 
of chem ical reactions. F inally  these grains are enlarged to m icroscopic dim en­
sions by physical developm ent. (The latter term refers to a special kind of 
photographic process for increasing colloidal silver particles in size so that 
they can he seen under the m icroscope.) In contrast to conventional chem ical 
developm ent, in physical developm ent the silver atom s participating in the 
growth o f the silver particles, are provided by the developing solu tion , the 
so-called “ physical developer” itself, which contains both silver ions and a 
reducing substance.

Table I

Sequence o f  chemical reactions in silver staining o f  Alzheimer's neurofibril lary changes

1. A lzheim er’s changes -}- A g i r  adsorption A lzheim er’s changes — A g ir

2. A lzheim er’s changes A g i r  — reduction A lzheim er’s changes — Ag(con j

3. A lzheim er’s changes -  Agccou \ pbysical A lzheim er’s changes — Agzmjcr \
v ■' development v ’ ’

In the present m ethod com plex AgI.7 serves as determ inant substance. 
It can be replaced by colloidal silver according to the sequence o f  reactions 
show n in Table I. The chem ical m echanism  o f the m ethod consists o f 3 stages. 
In the first stage the com plex A g l2 m olecules are adsorbed on A lzheim er’s 
changes. This reaction can take place over the whole pH range. In  the m ethod, 
how ever, a strong alkaline solution  of A gI7 is used in order to suppress the  
disturbing staining caused by the reducing groups present in the tissue. 
The potassium  iodide in the solution used in th is step serves to d issolve the

1* Acla Morphologic a Academia e Scientiarum Hungaricae 19, 1971



4 F. GALLYAS

w ater  insoluble silver iodide in  the form o f a com plex m olecule. The rem aining  
stages occur in the physica l developer itself. The A g lj” is reduced to  m etallic  
silver  b y  the formol present in  the developer (stage 2). The num ber o f the 
A g l^  m olecules bound on A lzheim er’s changes is so sm all th at the m etallic  
silver grains which form are o f  colloidal dim ensions. In the final stage the col­
lo id a l silver grains are enlarged by physical developm ent up to m icroscopic 
dim ensions. For suppressing the tissue-produced silver stain ing w hich has 
n ot been  weakened enough b y  incubating th e  sections in the strong alkaline 
m edium , treatm ent w ith  5%  periodic acid is used before stage one.

To control the above chem ical m echanism  o f the m ethod, exam inations 
w ere carried out on 30 ^  section s of the cerebral cortex from a subject w ith  
sen ile  dem entia. Certain step s of the m ethod given  in the description of the 
sta in in g  procedure were o m itted  or altered and th e  effects o f these changes 
on fin a l staining were observed.

W hen incubation in periodic acid was om itted  (F ig. 2b), or the pH  value  
of th e  solution  containing Agi;, was adjusted to  10 (F ig. 2c) or 7, or 4, A lzhei­
m er’s changes were satisfactorily  silverized, how ever, the picture was in ter­
fered w ith  by the stain ing effect of the tissue itse lf  (G a l l y a s , 1971). W hen the 
section s were treated in an alkaline solution o f potassium  iodide containing no 
A g ij- (F ig . 2d) or only in  4%  sodium hydroxide, A lzheim er’s changes failed  
to  ta k e  the stain. From th e above exam inations the conclusion has been drawn 
th a t for the silver stain ing o f  Alzheim er’s changes the A g l2 bound by them  
are responsible.

Tw o alternatives o f how  Aglj" molecules act as determ inant substance  
can be considered, (i) Certain reducing groups of A lzheim er’s changes convert 
a num ber of A g l2 m olecules in to  colloidal silver grains, which are bound at 
th e  s ite  o f  their form ation, (ii) The Aglj^ m olecules are adsorbed on A lzheim er’s 
changes and act as nuclei for the physical developm ent. The first alternative  
can be le ft out of consideration  because A lzheim er’s changes fail to be silver­
ized  in acid (pH 4), neutral (pH  7) and alkaline (pH  11 and 14) solutions of 
A g B r2 (F ig. 2e) or AgCl., (F ig . 2f). N am ely, if  A lzheim er’s changes would  
reduce A g l2 molecules over th e  whole pH  range, th ey  ought to do the same 
to  A gB r7 or AgCLT m olecules. The following exam inations also contradict 
the fir st and confirm the second alternative: Treatm ent of the sections w ith  
either 5%  sodium th iosu lp h ate for 30 min (F ig. 2g) or 1% sodium  cyanide  
for 30 m in (Fig. 2h) abolished the staining of A lzheim er’s changes. I t  is known  
th a t sodium  thiosulphate as w ell as sodium cyanide cannot dissolve m etallic  
silver w hile they  dissolve silver  iodide by form ing com plex com pounds. Con­
seq u en tly , they  elim inate from  the sections th e  adsorbed A g l2 m olecules 
b lit cannot elim inate the m etallic  silver particles. On the other hand, staining  
of A lzheim er’s changes was on ly  dim inished w hen, having been incubated in 
the so lu tion  containing Aglj" m olecules, the sections were treated w ith  5%
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SILVER STAINING 5

Fig. 2. E xp erim en ts  on th e  chem ical m echanism  of tlie m ethod . — C erebral c o rte x  in  senile 
d em en tia . X 130 W ith  th e  excep tio n  of item  (a), tre a tm e n t o f th e  sections d iffered  from  
th a t  given in th e  descrip tion  of th e  sta in in g  procedure  in  th e  follow ing p o in ts ; (b ) in cu b a tio n  
in period ic  acid  so lu tion  was o m itte d ; (c) th e  so lu tion  con ta in ing  A g l2 w as a d ju s te d  to p H  10; 
(d) A gl7  was replaced by  AgClii ; (g) developm en t was preceded by 30 m in u te  t r e a tm e n t  w ith  
5%  sod ium  th io su lp h a te ; (h) d ev elo p m en t w as preceded  by 30 m in u te  t r e a tm e n t  w ith  1% 
so d iu m  cyan ide; (i) before d ev elo p m en t th e  sections were im m ersed in 5%  so d iu m  su lph ite  

and th en  in 5%  am m o n iu m  hy d ro x id e, for 30 m in u te s  each

sodium  sulphite and then w ith  5% ammonium hydroxide (F ig . 2i). Thus, 
th e  tw o above reagents can dissolve the silver iodide only in a sm all degree.

The assum ption th at AgT2 m olecules can serve as precursor nuclei for 
physical developm ent has been confirm ed by the exam inations show n in 
Table TT. They were carried out on 100 fi sections of 25%  gelatin  fixed  in 
form ol. It was determ ined how long it took for the sections to  becom e deep 
brown in colour in the physical developer in consequence o f the form ation of
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6 F. GALLYAS

m eta llic  silver (henceforth th is  length of tim e w ill be referred to as the “ time 
o f brow n-stain ing” ). The so lu tion s 1, 3 and 8 in  T able II  are of the sam e com ­
p o s it io n  as those used in  step s 2, 4 and 6 of the m ethod , respectively. Compo­
s it io n  o f  solution 6 is sim ilar to  that of the p h ysica l developer; the difference 
is th a t  formol has been le ft ou t of solution 6. Solution  7 serves to wash out 
th e  excess of solution 6 from  the sections.

Table II

C hem ical processes o f  the method
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l + 70 78
2 + + + — + — — + 16 26
3 — — + — + — — + 16 25
4 + + — + + — — + 84 93
5 + + + — + + + + 0 10
6 + + + + + + + 81 91

As Talde II show s, th e  untreated gelatin  sections rem ained colourless 
in  th e  physical developer for  70 min, after w hich  th ey  began to stain yellow , 
and  gradually turned dark brow n, through all the tin ts  and intensities of yellow  
and brown, at 78 m in (exam ination  1). The brown colour of the sections 
resu lted  presumably from  th e  enlargement by physical developm ent of the  
s ilv er  nuclei produced b y  th e  reducing groups in the gelatin.

The sections treated  as detailed in the description of the stain ing pro­
ced u re (exam ination 2) rem ained colourless in solutions 1 and 3, but in the  
p h y sica l developer th ey  b ecam e yellow after 16 m in and deep brown in 26 min. 
T h e sam e result w as ob ta in ed  when periodic acid treatm ent was om itted  
(exam in ation  3). In con trast, when instead of so lution  3 an alkaline potassium  
io d id e  solution free from  Agl^T was used, the tim e of brown staining was 
93 m in (exam ination 4). In  exam ination 4 th is tim e was about 15 min longer 
th a n  in  exam ination 1, presum ably because th e  form ation o f gelatin-produced  
silv er  nuclei had been suppressed by sodium  hydroxide and periodic acid.

A  comparison o f th e  fir st  4 exam inations shows th a t in the physical 
d evelop er the tim e o f brow n-stain ing for sections containing A g l2 molecules 
serv e  as precursor nuclei in  th e  physical developm ent.

The sections that h ad  been immersed in a form ol-containing solution  
b efore  physical d evelopm ent (exam ination 5) becam e deep brown in a shorter
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SILVER STAINING 7

tim e than did those which were treated according to the original sta in ing  
procedure (exam ination 2). This suggests th at it  is not the AgI-7 m olecules 
them selves th a t act as catalyst in the physical developm ent but th e  colloidal 
silver grains which are formed by their reduction. N am ely, when th e  reduction  
of the A g l2~ m olecules takes place in the physical developer itse lf  (exam ina­
tion  2) the w hole tim e of brow n-staining is com posed of the part tim es required  
for the above reaction and the enlargem ent o f nuclei (the tim e o f d evelop ­
m ent). On the other hand, if  the reduction of the A g l^  m olecules occurs 
before physical developm ent (exam ination  5), the tim e of brow n-stain ing  
consists only o f the tim e of developm ent. I t  follows that the speed o f reduction  
of A g l2 m olecules is low, probably because it  takes place in a heterogeneous  
phase. In exam ination 6, serving to  control exam ination 5, silver sta in ing  
was brought about by enlargem ent of the silver nuclei produced by th e  reducing  
groups present in gelatin.

The exam inations shown in Table II were carried out also in tissue  
sections. H ow ever, the differences in the tim e of brown-staining betw een  the 
individual exam inations were considerably sm aller than with gelatin  sections; 
in fact, the exam ination aim ing at a verification  of the reduction o f AgI.T 
m olecules in the physical developer was inconclusive.
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S IL B E R F Ä R B U N G  D E R  A L Z H E IM E R S C H E N  
N E U R O F IB R ÏL L E N V E R Ä N D  E R U N G E N  M IT T E L S P H Y S IK A L IS C H E R

E N T W IC K L U N G

F. GALLYAS

E ine e in fache und  rep ro d u z ierb a re  M ethode fü r den N achw eis der A lzheim erschen  
F ib rillen v erän d eru n g en  w urde au fg ru n d  eines neuen  S ilb erfärbungsprinzips e ra rb e ite t .  Sie 
kann  an  5- bis 200 ft d icken S c h n itte n  von  gefrorenen  oder e in g eb ette ten  u n d  in  F o rm o l f ix ie r­
te n  O b jek ten  sogar nach  Ja h re n  an g ew endet w erden . D as P rinz ip  der neuen  M eth o d e  b e s teh t 
d a rin , d aß  n a ch  de r A dsorp tion  e iner a lk a lisch en  L ösung von  AgI<T-Molekeln a n  den  A lzhei­
m erschen V erän d eru n g en  die g eb u n d en en  A gl.y  -M olekeln zu kollo idalen  S ilb e rg ra n u la  red u ­
z ie rt w erden . Schließlich  w erden diese G ran u la  m it H ilfe eines speziellen p h y sik a lisch en  E n t ­
w icklers bis zu m ikroskopischen  D im ensionen  v e rg rö ß e rt.

Act a Morphologien Academiae Scientiarum Hungaricae 19, 1971



8 F. GALLYAS

ОКРАШИВАНИЕ СЕРЕБРОМ АЛЫДГЕЙМЕРОВСКИХ ИЗМЕНЕНИЙ 
НЕЙРОФИБРИЛЛ ПУТЕМ ФИЗИКАЛЬНОГО ПРОЯВЛЕНИЯ

Ф. ГАЛЛЯ ш

На основе нового принципа для окрашивания серебром был разработан простой и 
воспроизводимый метод для выявления Альцгеймеровских изменений фибрилл. Новый 
метод можно применять на 5—200 микроновых срезах замороженных или заключенных 
и фиксированных формалином объектов даже в течение многих лет. Принцип состоит в 
том, что щелочный раствор A g ly адсорбируется на Альцгеймеровских изменениях, а затем 
молекулы A g ljвосстанавливаются в зернышки коллоидального серебра. После этого зер­
нышки серебра увеличиваются при помощи специального физикального проявителя до 
микроскопических размеров.

Dr. F erenc Ga l l y a s ; Ideg- és E lm eklinika, P écs, R ét ut. 2, H ungary
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In s t i tu te  o f H isto logy  a n d  E m bryology  (H ead : I. TÖRŐ),
Sem m elw eis U n iv e rsity  M edical School, B u d ap es t

ULTRASTRUCTURE OF THE SPINAL CSF 
CONTACTING NEURONAL SYSTEM 

IN THE WHITE LEGHORN CHICKEN

B. V i g h , I. V i g h - T e i c h m a n n , S. K o r it s á n s z k y  and B. A ros 

(R eceived  J u ly  15, 1970)

A round  th e  cen tra l canal o f th e  sp ina l cord of th e  chicken , th e re  are bipolar 
nerve cells w hich  send th e ir  d en d ritic  process betw een th e  e p en d y m a l cells in to  the 
cerebrosp inal flu id  (C SF). T he processes fo rm  ch arac te ris tic  ne rv e  te rm in a ls  in the 
lum en of the  cen tra l cana l. T he te rm in a l consists of a cen tra l body  c a rry in g  stereocilium - 
like processes w hich  e x te n d  in to  th e  CSF in rad ia l d irec tio n  an d  som etim es touch 
R eissner’s fibre. T hese ste reoc ilia , 2 0 — 25 p  long and  1.5 — 2 // th ic k , a re  s lig h tly  tapering  
and  con ta in  a bundle  of filam en ts  o rig in a tin g  from  th e  cen tra l body . T h e  c en tra l body 
of th e  nerve te rm in a l encloses in ad d itio n  to  the  above m en tioned  f i la m e n ts  also m icro­
tubu les, sm ooth  endoplasm ic  re ticu lu m  an d  som etim es a m u ltiv e s ic u la r  body. In  a 
funnel-like in v ag in a tio n  of the  te rm in a l also a cilium  of ty p e  9 X 2 -f- 2 arises. A basal 
body and  an  accessory b asa l body w ith  t hin ro o tle t fibres are also p re sen t. T he neck­
like p a r t  of th e  CSF co n tac tin g  te rm in a l is fixed  to th e  a d ja c e n t ep en d y m al cells by 
desm osom es. In th e  d e n d rite , th e re  a re  sca tte red  m icro tubu les, sm o o th  an d  rough­
surfaced endoplasm ic re ticu lu m , m ito ch o n d ria , g ran u la ted  vesicles a n d , a t  the  origin 
of th e  process, Golgi areas. A xons fo rm  sy n ap tic  connections w ith  th e  d en d ritic  p ro ­
cess; in th e  p re sy n ap tic  a rea  th e re  a re  m ito ch o n d ria , sy n ap tic  an d  dense-core  vesicles. 
T he perikaryon  co n ta in s endop lasm ic  re ticu lu m , m ito ch o n d ria , Golgi a rea s  an d  g ran u ­
la ted  vesicles, 1300 Â in d iam ete r. In  the  ax o n  term inals fo rm ing  a x o -so m atic  synapses, 
dense-core vesicles, 750 Â in d iam ete r, are  p resen t beside m ito c h o n d ria  a n d  sy n ap tic  
vesicles. T he d is ta l process of th e  p e rik a ry o n  has axon ch arac te r. A t th e  orig in  of the 
process, axons co n ta in in g  dense-core vesicles form  synapses on th e  p e rik a ry o n . In  the 
neurop il su rro u n d in g  th e  d is ta l processes of the  CSF co n tac tin g  n e u ro n s , th ere  are 
m an y  o th er nerve  fib res fo rm ing  a x o -d en d ritic  synapses. T he lin ing  ep en d y m al cells 
of th e  cen tra l can a l a re  e longated  a n d  form  several row s in w hich  p a le r  an d  darker 
cells can be d istingu ished . On th e  basis o f  th e  m orphological d a ta , th e  p ro b a b le  recep tor 
function  of the  sp ina l CSF co n tac tin g  neu ro n al system  and  its  re la tio n  to  R eissner’s 
fibre is discussed.

Introduction

The term CSF or liquor contacting neuronal system  was in troduced  by 
us to designate all the CSF contacting  nuclei of the central nervous system  
(V i g h , T e ic h m a n n  and A r o s ,  1969). Their neurons are characterized by a 
dendritic process penetrating into the CSF and forming there a free nerve 
term inal. Up to now the follow ing CSF contacting nuclei have been described: 
the neuronal part o f the paraventricular organ (nucleus organi paraventri- 
cularis; V i g h , 1966, 1967; V i g h , T e i c h m a n n  and A r o s , 1967), th e  parvo- 
cellular part of the preoptic area (preoptic recess organ; T e i c h m a n n  and 
V i g h , 1968; V i g h -T e i c h m a n n , KöHLicH and V ig h  1969). Sim ilar nerve cells 
can be found in the area o f the neurosecretory preoptic nucleus (V i g h - T e i c h -
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m a n n  and V i g h , 1969, 1970), paraventricular nucleus (Y i g h -T e i c h m a n n , V ig h  
and A r o s , 1970; V i g h -T e i c h m a n n , Y ig h  and K o r i t s á n s z k y , 1970), lateral 
tuberal nucleus (Yi g h -T e i c h m a n n , V ig h  and K o r i t s á n s z k y , 1970; V i g h - 
T e i c h m a n n , V ig h  and A r o s , 1970), infundibular nucleus (V i g h -T e i c h m a n n , 
V i g h , K o r it s á n s z k y  and A r o s , 1970; V i g h -T e i c h m a n n  and V i g h , 1970; 
V i g h - T e i c h m a n n , V ig h  and A r o s , 1971), in the area o f the periventricular 
h yp oth alam ic nucleus (V i g h - T e i c h m a n n , V ig h  and A r o s , 1970; V i g h -T e i c h ­
m a n n , V i g h  and K o r i t s á n s z k y , 1970) as well as in the grey m atter around 
the central canal of the sp inal cord (V ig h -T e i c h m a n n  and V i g h , 1969; V i g h , 
1971). A ll CSF contacting nuclei are localized in th e  periventricular central 
grey substance, particularly in  the hypothalam ic and spinal areas. The latter  
area has been defined as th e  spinal CSF contacting  neuronal system  (V i g h , 
V i g h - T e i c h m a n n , K o r i t s á n s z k y  and A r o s , 1970; V i g h - T e i c h m a n n , V ig h  
and A r o s , 1970; V i g h , 1971).

N eurons localized around the spinal cord and form ing terminals in the  
CSF w ere revealed earlier b y  silver im pregnation ( K o l m e r , 1921; A g d u h r , 
1922). In  previous studies, w e dem onstrated acetylcholinesterase-positive  
neurons and their CSF con tactin g  terminals around the central canal (V i g h - 
T e i c h m a n n , V ig h  and A r o s , 1970). Using fluorescence histochem ical tech ­
n ique, B a u m g a r t e n  and W a r t e n b e r g  (1970) found m onoam ine containing  
CSF contacting  neurons at th e  level of the urophysis. Sim ilar cells were ob­
served  b y  us in the axolotl also in higher segm ents o f the spinal cord (V i g h , 
V i g h - T e i c h m a n n , K o r i t s á n s z k y  and A r o s , 1970). The acetylcholinesterase­
p o sitiv e  and m onoam inergic neurons m ight represent each a different cell 
group o f the spinal CSF con tactin g  system . Two ty p es  of cells were found also 
by electron microscopy in reptiles, viz. dark, h yp en d ym al cells containing  
dense-core granules and lig h t, distal neurons contain ing large granules. The 
CSF contacting  nerve endings differ from similar nerve endings in the hypotha­
lam ic area in as much as th ey  carry stereocilium -like processes standing radially  
in th e  CSF (V i g h , V i g h - T e i c h m a n n , K o r it s á n s z k y  and A r o s , 1970). A r n o l d  
(1970) described neurons w ith  similar terminals in the spinal cord of the sa la­
m ander, while it was in the new t where we found the stereociliated nerve 
term inals and the two typ es o f  cells (Vi g h , V i g h - T e i c h m a n n  and A ros , 1970). 
L e o n h a r d t  (1968) dem onstrated  in the rabbit club-like nerve term inals in 
the upper portion of the central canal. Thus the spinal CSF contacting neuronal 
system  seem s to exist in all classes between fishes and m am m als. Up to now, 
the ultrastructure of the special ciliated term inals o f the central canal has been  
described in amphibians and reptiles. Previous stud ies in birds revealed the  
presence of many acetylcholinesterase-positive CSF contacting neurons in the  
sp inal cord (V ig h -T e i c h m a n n , V ig h  and A r o s , 1970). As inform ation was 
lack ing on the u ltrastructure of the spinal CSF contacting  neuronal system  
in av ian  species, the present studies in this respect were m ade in the chicken.
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Material and m ethod

Two 10-day-old  w h ite  leghorn chicken w ere fix ed  b y  ao rtic  perfusion . A fte r  rinsing  
wi t h  6%  d e x tra n  d issolved in  0 .9%  JNaCl for 20 sec a n d  f ix a tio n  in 5%  g lu ta ra ld e h y d e  in 0.1 M 
p h o sp h a te  b u ffer p H  7.2, for 15 — 20 m in, th e  sp in a l cord  was excised, cu t in to  b locks and 
fixed  in 1%  OsOj d issolved in 0.1 M p h o sp h a te  b u ffe r, a t  4 °C for 2 hours. A fte r  d e h y d ra tio n  
in e th an o l, th e  specim ens were em bedded  in A ra ld ite . U l tra th in  sections were c u t  w ith  a R ei­
c h e rt OM U-2 u ltra m ic ro to m e , s ta ined  in m eth an o lic  u ra n y la ce ta te  and  lead  c i t r a te  and 
exam ined  w ith  a JE M  6C electron  m icroscope. S e m ith in  sections p repared  from  th e  em bedded  
blocks w ere sta in ed  w ith  to lu id ine  b lue-azure  и .

Results

Ependym a.  The ependym al cells arranged in several rows around the 
central canal possess elongated, chrom atin-rich nuclei. There are m an y  m icro­
villi and cilia on the cell surface. The cytop lasm  is dark, owing to  th e  highly  
developed ergastoplasm , particularly to the large amount of polyribosom es. 
D epending on the degree of the developm ent o f their ergastoplasm  (F ig . 1A), 
light and dark ependym al cells can be d istinguished . In some cases, large cy to ­
plasm ic protrusions can be observed on th e  ependym al suriace (F ig . IB).

C S F  contacting nerve terminals. The central dendritic processes o f the 
neurons localized beneath the ependym al cells form characteristic nerve ter­
m inals in the central canal (Fig. 2A). The term inal consists of a central body  
and 10 long processes resem bling stereocilia . These stereocilium -like pro­
cesses stand radially in the CSF and taper sligh tly; they are 20 25 p  long,
1.5 2 p  thick and are filled out solely by a bundle of filam ents (F igs. 2B , C, D), 
that can be follow ed into the central body o f the nerve term inal (F igs. ЗА, В). 
Som etim es, the free end of the stereocilia touches Reissner’s fibre th a t passes 
in the lum en of the central canal (F ig. 3C). In the central body o f th e  nerve 
term inal, there are apart from the bundle o f filam ents coming from th e stereo­
cilia, the endings o f m icrotubules that enter the terminal from the dendrite  
of the neuron. Som etim es a m ultivesicular b od y  can be observed (F igs. ЗА, D).

The nerve term inal disposes also a kinocilium  besides the stcreocilia  
(F ig. 4A). N ext to its basal body, there is an accessory basal body, both  giving  
rise to poorly developed thin rootlet fibres extend ing toward the perikaryon  
(F ig. 4B ). The structure of the cilium resem bles th at of normal k inocilia  (type  
9 x 2  -f- 2). The cilium  characteristically originates from a funnel-like in vagi­
nation in the central body of the nerve term inal (Figs. 4C, D).

Perikaryon and processes o f  the C S F  contacting neurons. The cells con sti­
tu tin g  the CSF contacting nerve term inals are bipolar and localized betw een  
the basal processes of the ependym al cells. T he processes extended by the nerve 
cells toward the central canal pass straight or in arch-like manner into the CSF. 
Each process is fixeil by desm osom es to the adjacent ependym al cells (F ig . 5A). 
The process is dendrite-like; it contains scattered  microtubules, m itochondria,

Acta Morphologien Academiae Scienliarum Hiingaricae 19, 1971



12 B. VIGH et al.

F ig .  I A .  L ig h t (L ) and  d a rk  (D ) cells in  th e  ep endym a o f  th e  cen tra l canal of th e  sp in a l co rd  
of th e  ch ick en . C: c en tra l canal. X 6320. B.  C ytop lasm ic p rocess ex tend ing  from  th e  su rface  

of an  ep en d y m al cell. C: cen tra l cana l; G: G olgi area. X 57 500

sm ooth  and rough-surfaced endoplasm ic reticulum , som etim es a m ultivesicular  
b ody and granulated vesicles w ith  a mean diam eter of 1300 A (Figs. 5A, C). 
At the origin of the dendrite we found Golgi areas. Axons containing dense- 
core v esic les, 700 800 Â in diam eter, form synapses with the dendritic CSF
co n ta ctin g  processes (Figs. 5B , C).

Fig. 2 A .  C SF co n tac tin g  ne rv e  te rm in a l  w ith  s te reoc ilium -like  processes (arrow s). C: c en tra l 
b o d y  o f  th e  ne rv e  te rm in a l; D E : desm osom es; E p : e p en d y m a l cells; N: neu ro tubu les . X 50 000. 
B .  L o n g itu d in a l  section  of a  ste reoc ilium -like  process (ho llow  arrow s) ex tending  from  th e  ne rv e  
te rm in a l. A t  arrow s cross sec tions o f stereocilia in th e  su rro u n d in g s. E p: ep en d y m al cell;
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N: n eu ro tu b u les  a t  th e  neck-like p o rtio n  of th e  nerve  te rm in a l. X 23 750. C. L o n g itu d in a l 
section  of a stereocilium -like process w ith  h igh pow er. N ote the o rien ted  filam en ts  (F ). The 
arrow  p o in ts  to  cross section  o f a ste reoc ilium . X90 (MK). I). Cross sections o f s te reoc ilium -like  
processes (arrow s) o f a CSF c o n ta c tin g  nerve te rm in al u n d e r high pow er, wi t h  cross sections

of kinocilia . X 57 500
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F ig .  З А .  C entra l body (CL) o f a sp in a l CSF con tacting  n e rv e  te rm in a l from  th e  chicken w ith  
e n d in g  neu ro tu b u les  com ing fro m  th e  dendritic  process. T h e  arrow s p o in t to  th e  site  of origin, 
v iz . c ro ss sections of th e  s te reo c iliu m -lik e  processes. D E : desm osom e fix in g  th e  neck-like p a r t  
o f th e  n e rv e  term inal to  a d ja c e n t  ependym al cells (Е р ). X 45 000. B.  B undle  o f filam en ts 
(F )  p a ss in g  from  the  ste reo c iliu m -lik e  process (P) in to  th e  c e n tra l  body  of th e  nerve  te rm in al. 
X 37 500. C. Stereocilium -like p ro cess  (P ) of the CSF c o n ta c tin g  nerve te rm in a l a tta ch e s  to 

R e is sn e r’s fib re  (R F). Below : cross section  of a k inocilium , also ad hering  to  R eissner’s fibre.
X 62 500. D.  M u ltiv esicu la r b o d y  in  a CSF c o n ta c tin g  nerve  te rm in a l. X 57 400
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Fig. 4A .  C ilium  arising  from  CSF co n tac tin g  nerve  te rm in a l, and  basal body. D E : desm osom es 
link ing  th e  neck-like p a r t  o f th e  te rm in a l w ith  a d ja c e n t e p en d y m al cells (E p). X 57 400, B .  R o o t­
let fib res  (R )  arising  from  th e  basal body  of th e  ne rv e  te rm in a l. B: basal body; D E : desm osom e 
link ing  th e  neck of th e  nerve  te rm in al w ith  th e  a d ja c e n t ependym al cells (E p ). X 37 500. 
C. F u n n e l-lik e  in v ag in a tio n  (asterisks) a t  th e  base  o f th e  k inocilium  (C l) arising  fro m  th e  CSF 
co n ta c tin g  nerve  te rm in a l. T he arrow s in d ica te  d iffe ren t sections o f the  s te reoc ilium -like  p ro ­
cesses e x ten d in g  from  th e  te rm in a l. E p : ep en d y m al cells. X 17 700. D. F u n n e l-lik e  invagi- 

n a ted  p a r t  o f th e  te rm in a l (a ste risk s) a ro u n d  th e  cilium . x 62 500
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Fig. 5 A .  L o n g itu d in a l section  of th e  cen tra l d en d ritic  p ro cess of a CSF co n tac tin g  n euron  
w h ich  fo rm s th e  te rm in al. B: b a sa l body  w ith in  th e  n e rv e  te rm in al; D E : desm osom e; Е р : 
e p e n d y m a l cells; G: g ra n u la te d  vesicle w ith in  th e  d e n d r ite ;  N : neuro tubu les . X 37 500. B .  S y ­
n ap se  (a rro w ) on th e  c en tra l d e n d ritic  process of th e  C SF c o n ta c tin g  neuron. N: n e u ro tu b u le s ; 
V: d en se -co re  vesicle. x 6 2  500. C. C en tra l d en d ritic  p ro cess  o f a CSF con tac tin g  n eu ro n  w ith  
sy n a p se  (a rrow ). G: g ra n u la te d  vesicle (1300 Â); N : n eu ro  tubules; Y: dense-core vesicles 

w ith in  th e  ax o n  (average d iam e te r 750 Â). X 28 000
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Fig. 6 A .  P a r t  o f th e  p e rik a ry o n  of a CSF c o n ta c tin g  neuron  of th e  c en tra l c an a l. E : e rgasto- 
p lasm ; G: g ran u la ted  vesicle; N: nucleus. X 25 250. B.  Golgi area in th e  p e r ik a ry o n  of a CSF 
co n tac tin g  neuron . N: nucleus. X 37 500. C. S yn ap se  (arrow ) alongside th e  p e r ik a ry o n  (P) 

o f a CSF co n tac tin g  neuron . V: dense-core vesicles. x 6 2  500
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F ig .  7A .  Synapse-form ing, vesic le-filled  axon in th e  n eu ro p il localized  d ista lly  to  CSF con­
ta c t in g  neurons. X 37 500. B .  C ross sections of sm all n e rv e  f ib re s  in  th e  neurop il a round  th e  
c e n tra l  can a l. X 57 500. C. A x o -d e n d ritic  synapse (a rrow ) in  th e  sy n ap tic  zone. V: dense-core 
v esic les w ith in  the  axon, x 45 000. D.  G roup of nerve fib res  a n d  synapses (arrow s) su rro u n d ed  
b y  g lia l cells in the  a rea  o f th e  n eu ro p il. M argins o f th e  g lia l cells an d  fib res are in d ica ted  

b y  d o tte d  line. M: m itochondrium . X 27 500
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Fig. 8. S ch em atic  d raw ing of a CSF co n tac tin g  n eu ro n  in  th e  a rea  of the c en tra l c an a l o f the  
sp inal cord of th e  chicken. C: k inocilium  of CSF c o n ta c tin g  nerve term inal; 1): desm osom e 
fix ing  th e  neck of th e  nerve te rm in a l to  a d ja c e n t ep en d y m al cells (E p); P : c h a ra c te ris tic  
ste reoc ilium -like  processes of CSF co n tac tin g  nerve  te rm in a l; R F : R eissner’s f ib re  in the  
lum en of th e  c en tra l cana l; S: synapses; th e  arrow  in d ica tes  th e  sy n ap tic  zone a ro u n d  th e  d is ta l 

process o f th e  CSF c o n ta c tin g  neuron
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The perikaryon o f  the CSF contacting neurons is less electron dense than  
th a t o f the ependym al cells and contains a considerable am ount o f rough­
surfaced endoplasm ic reticulum  (Fig. 6A ), b u t on ly  few free ribosom es as 
com pared to the ependym a. There are also G olgi areas, m itochondria and se v ­
eral granulated vesic les, 1300 A in diam eter (F igs. 6A, B). Synapses (F ig. 6C) 
form ed b y  axon-like fibres, of the kind described for the dendritic process, 
are present also on th e  cell body.

The distal process o f the CSF contacting  neuron has axon character, it  is 
th inner than  the central dendrite and conta ins m any m icrotubules. A t the  
origin o f  the distal process, axons containing dense-core vesicles form synapses  
on th e  perikaryon. T he d ista l process runs ependym ofugally and can be fo l­
low ed over a shorter or longer distance in th e  fibrous zone situated  d ista lly  
to  th e  neurons. The axons o f the CSF con tactin g  nerve cells pass tow ard the  
lateral parts of the grey substance of the sp inal cord.

Neuropil.  A round th e  CSF contacting neurons, particularly d ista lly  to  
th em , cross sections o f  m any nerve fibres are seen. These fibres, varying  in 
diam eter, form m ultip le  synapses w ith each other (Figs. 7A, B , C, D ). The 
synapses contain in add ition  to synaptic vesic les and m itochondria often  also 
dense-core vesicles (F ig . 7C). The granules m easure from 550 to 1000 Â , w ith  
a m ean diam eter o f 750 Â . The processes o f  th e  ependym al and glial cells sur­
round part of the fibres and synapses into b u n d les, thus separating them  from  
the rest of the neuropil (F ig. 7D).

Comparing different segm ents of the sp inal cord of the chicken, we did 
not find  any essential difference in the general structure (Fig. 8) o f the CSF 
con tactin g  neuronal areas.

D iscussion

The present find ings suggest th at th e  sp inal CSF contacting nerve ter­
m inals o f the chicken are structurally analogous w ith  those of am phibians 
and reptiles (V i g h , V i g h - T e i c h m a n n , K o r i t s á n s z k y  and A r o s , 1970; V i g h , 
Y i g h - T eichxmann and A r o s , 1970, 1971; A r n o l d , 1970; Y i g h , 1971). Sim ilar 
nerve endings were fou n d  by us in the central canal of Turdus merula  (V i g h , 
1970 unpubl.). The nerve term inals are covered b y  long stereocilium -like pro­
cesses which stand radially  in the CSF (F ig . 8). This kind of nerve term inal 
is ty p ica l only of th e  sp inal CSF contacting sy stem , as terminals in the h y p o ­
thalam ic CSF con tactin g  areas are m orphologically  different (V i g h , V i g h - 
T e i c h m a n n , K o r i t s á n s z k y  and A r o s , 1970 ) .  A  further characteristic is the  
presence o f a kinocilium  on m ost CSF con tactin g  nerve endings. The structure  
of the cilium  is not a typ ica l like in the h yp oth a lam ic  terminals (9 X 2 A  0), 
hut resem bles that o f  a normal kinocilium  ( 9 x 2  A  2). These m orphological
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differences su ggest that the spinal and hypothalam ic CSF con tactin g  nerve  
structures differ also functionally.

Contrary to  our findings in am phibians and reptiles where tw o kinds of 
nerve cells producing granules of about 800 900 Â or 1300 A in d iam eter,
were present, on ly  one typ e of neurons w ith  granules 1300 Â in d iam eter, 
could be recognized by us in the chicken.

In both chickens and reptiles, a d irect contact between the stereocilia  
of the term inal and Reissner’s fibre was found in some cases. It seem s likely  
that the k inocilium  of the nerve ending also contacts Reissner’s fibre, as cross- 
sections of cilia are often seen on the la tter structure. This m orphological con ­
tact recalls the hypothesis advanced by A g d u h r  in 1922 suggesting R eissn er’s 
fibre to p lay a role in the function of the neurons surrounding th e  central 
canal, which th e  author already considered sensory cells.

From the point of view of the function  o f the spinal CSF con tactin g  
neuronal system , it is interesting to know the fibre connections of its neurons. 
In vestigations into th is subject by m eans o f silver impregnation w ere carried 
out first by K o l m e r  (1921) and A g d u h r  (1922) who found the n eu n tes  to  
pass either d irectly  or through hypendym al associative cells to th e  m otor  
neurons and to the external surface of the sp inal cord. To explain th e  fu nction  
of the fibres running to the motor cells, it m ay be assumed that the in form ation  
m ediated from the CSF by the sensory cells, acts by facilitating or in h ib itin g  
the a ctiv ity  o f th e  m otor cells. The role o f  th ose  nerve fibres w hich pass to 
the external surface of the spinal cord presents more of a problem, b u t recent 
findings have disclosed an analogy for th e  function of this typ e o f  fibres, 
too. In the area o f the median em inence and o f the prim itive neurohypophysis  
in lower vertebrates, the neurosecretory fibres pass to the brain surface or to 
the vessels supp ly ing  it. In certain species the neuntes of the urophyseal 
system , too , pass to the surface of the sp inal cord, where they end ven tra lly  
or bilaterally  ( F r i d b e r g , 1962). In analogy to  the median em inence, v iz . the  
neurohypophysis, these axon term inals m ay be considered the sites o f  release 
of neurohorm onal substances (St e r b a , L u p p a , S c h u h m a c h e r , 1965; F r i d b e r g  
and B e r n , 1968; etc.). The distal processes of the CSF contacting neurons 
which run to the surface of the spinal cord, seem  to  have the same m orpholog­
ical relation w ith  the surface as the above m entioned  structures. A t th e  sam e  
tim e, the m orphological substrate of the a ctive  substances produced by the  
CSF contacting  nerve cells is also present in the form of the various granulated  
vesicles. Thus it m ay be suggested that th e  axon term inals on the outer surface 
of the spinal cord would act as sites of release o f chem ically active substances  
serving for the humoral m ediation of in form ations taken up by th e  dendritic  
term inals from th e CSF.

In contrast, other authors believe th a t the CSF contacting term inals of 
secretory nerve cells, e.g. those of the caudal neurosecretory system , serve to
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release active substances into the CSF ( F r i d b e r g  and N i s h i o k a , 1966). 
N evertheless, the structure of the CSF co n ta ctin g  terminals resem bling th at  
of receptors, seem s to  be more in support o f  a sensory function. This applies 
particu larly to the spinal CSF contacting term inals, which contain secretory  
v esic les infrequently or not at all, and their specia l stereocilium -like processes 
filled  w ith  filam ents do not show any m orphological evidence o f a secretory  
a c tiv ity . The fact th a t the CSF contacting n erve ending is always found on 
the dendritic process o f the neuron also seem s to  contradict a secretory fu n c­
tio n , the latter being generally associated w ith  the neurite-like process, the  
dendritic  one serving m ostly  as a receptor. T h u s, on the basis o f the m orpho­
logical data known up to  now, we suppose a receptor function o f th e  CSF 
con tactin g  term inals.
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E L E K T R O N E N M I K R O S K O P I S C H E  S T R U K T U R  D E S  S P IN A L E N  L IQ U O R  K O N T A K T ­
N E U R O N S Y S T E M S  IN  W E IS S E N  L E G H O R N K Ü K E N

B. VIGH. I. VIGH-TEICIIMANN, S. KORITSÁNSZKY und B. AROS

An der Basis der E p en d y m ze l len  des Zen tra lkanals  f inden sich b ipolare  Nervenzellen,  
ih r  D e n d r i t  ver läuf t  zwischen den E pendym ze l len ,  d ring t  in das L u m en  des Z en t ra lk a n a ls  ein 
u n d  bildet do r t  eine charak te r is t ische  N ervenendigung .  Die E nd igung  b e s teh t  aus e inem  zen­
t ra len  K ö rp e r ,  von dem zahlreiche,  ste reoc il ium art ige  F o r tsä tze  in versch iedene  R ich tu n g en  
in den Liquor eindringen u n d  in e inzelnen Fällen den  Reissnerschen F a d e n  erreichen. Die 
F o r t s ä tz e  sind 1,5 bis 2 // bre it  u n d  20 bis 25 // lang, an  den E nden  werden sie schm äler .  Sie 
e n th a l te n  große Massen von F i lam e n te n ,  die sich in das  Innere  der L iq u o rk o n ta k te n d ig u n g  
for tse tzen .  In  der E ndigung  sind n eben  den F i lam en ten  N euro tubuli .  e ndop la sm at isches  R e t i ­
k u lu m  von g la t te r  Oberfläche, selten ein m ult ives ikuläres  K örperchen  u n d  g ran u lie r te  Bläschen 
nachw eisbar .  In der E nd ig u n g  b e f inde t  sich da rü b er  h inaus  ein B asa lkö rperchen  u n d  ein akzes­
sorisches Basalkörperchen. Aus dem  B asa lkörperchen  en tsp r in g t  ein F l im m e rh aa r ,  ferner 
eine weniger entwickelte  F l im m erw urze l .  Das F l im m erh ärch en  t r i t t  aus  der  M it te  der  t r ic h ­
terfö rm igen  Vertiefung der N e rv en en d ig u n g  aus und d r in g t  gleichfalls in den  Liquor ein. Seine 
S t r u k t u r  zeigt den A ufbau  e iner no rm alen  Kinozilie ( 9 x 2  -f- 2). A n  der Stelle, wo die 
L iq u o rk o n ta k t  N e rvenendigung  in den D endr i ten  des Neurons üb e rg eh t ,  w ird  sie an  die 
b e n a c h b a r te n  Ependym zellen  m i t  Hilfe von  Desm osom en fixiert .  I m  D e n d r i te n  lassen  sich 
zahlreiche diffus verlaufende N e u ro tu b u l i ,  endoplasm atisches R e t ik u lu m  von g rober  und 
g la t t e r  Oberfläche, M itoehondrien, g ran u lie r te  Bläschen u n d  an der U rsprungss te lle  des F o r t ­
sa tzes  Golgi-Felder aufzeigen. A n  b e iden  Seiten des F o r tsa tze s  liegen A x o n ü b e rk reu z u n g e n ,  die 
m it  dem D endri ten  eine synap t ische  V e rb indung  hersteilen. Im  p rä sy n ap t isch en  Gebiet f inden 
sich au ß e r  den synaptischen u n d  dense-core-Vesikeln au ch  M itoehondrien. Das P e r ik a ry o n  ist 
hell , seine E lek tro n d en s i tä t  ist gering, es en th ä l t  in erheblicher Menge endoplasm at isches  
R e t ik u lu m  von grober Oberfläche, fe rner  M itoehondrien, Golgi-Felder u n d  g ran u lie r te  Bläs­
chen der G rößenordnung von  1300 Â. Am Perikaryon  f inden sich axosom atische  Synapsen ,  
u n d  im präsynap t ischen  Teil sind a u ß e r  den Mitoehondrien u n d  sy n a p t is ch e n  B läschen  auch 
dense-core-Vesikel e rkennba r  (750 Â). Der distale  F o r tsa tz  des P e r ik a ry o n s  ist  schmal,  
in ihm  verlaufen  M ikrotubuli .  An seiner Ursprungsste lle  lagern sich synapsenbildende,  
dense-core-Vesikel en tha l tende  Axone  an  das P e r ik a ry o n  an. Der dis tale  F o r t s a tz  ist  von 
N europ i l  um geben, in dem ах о -dendri t ische  Synapsen  au f tre ten .  E inzelne Fase rn -  u n d  
S y n ap sen g ru p p en  werden von Gliazellen zu kleineren E inhe i ten  zu sam m engefaß t .  Die den 
Z e n t ra lk a n a l  auskleidenden E p en d y m ze l len  sind elongiert,  sie bilden m ehre re  R eihen .  Auf 
G ru n d  der P lasm a-D ens itä t  lassen sich zwischen ihnen dunkle  u n d  helle Zellen un tersche iden .  
A n h a n d  des morphologischen Bildes werden die einzelnen H y p o th esen  über  die Rolle  des 
sp ina len  L iq u o rk o n tak t-N eu ro n en sy s tem s diskutiert .

ЭЛЕКТРОНОМИКРОСКОПИЧЕСКАЯ СТРУКТУРА НЕЙРОНОВОЙ СИСТЕМЫ, 
СОЗДАЮЩЕЙ КОНТАКТ СО СПИННОМОЗГОВОЙ ж и д к о с т ь ю ,

У ЦЫПЛЯТ ПОРОДЫ ЛЕГГОРН БЕЛЫЙ
Б. ВИГ, И. ВИГ-ТЕЙХМАНН, III. КОРИТШАНСИИ и Б. АРОШ

У основания эпендимальных клеток находятся биполярные нервные клетки, цент­
ральный отросток которых проходит среди эпендимальных клеток и входит в просвет 
центрального канала, образуя там характерное нервное окончание. На лнквоконтактном 
окончании сидят многочисленные крупные отростки, напоминающие ворсинки, которые в
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разных направлениях входят в спинномозговую жидкость, постигая подчас Рейсснеровые 
волокна. Ширина отростков 1,5—2 микрона, их длина составляет 20—25 микронов, к 
концами они суживаются. Они содержат значительную массу филаментов, которые во 
внутренней части ликвороконтактного окончания продолжаются в виде тяжки: В окон­
чаниях наряду с филаментами выявляемы также нейротрубочки, эндоплазматическая 
сеточка с гладкой поврехностью,изредкамультивезикулярноетельцеизернистыепузырьки. 
В окончании расположены кроме того и базальное тельце и добавочное базальное тельце. 
Из базального тельца исходит ресница, а также мало развитый мерцательный корешок. 
Ресница выходит из середний воронкообразного углубления нервного окончания и прони­
кает также в спинномозговую жидкость. Ее структура показывает нормальное строение 
двигательных рениц (9 x 2  +  2). На месте перехода ликвороконтактного окончания в 
центральный отросток нейрона оно прикреплено к соседним эпендимальным клеткам при 
помощи десмосом. В центральном отростке расположены многочисленные, диффузно, про­
ходящие нейротрубочки, эндоплазматическая сеточка с грубой и гладкой поверхностями, 
митохондрии, зернистые пузырьки, а у места выхода отростка видны поля Гольджи. По 
двум сторонам отростка лежат аксоновые перекращивания, вступающие в синаптическую 
связь с центральным отростком. В предсинаптической области кроме синаптических и 
пузырьков dense core обнаруживаются также митохондрии. Перикарион светлый, обла­
дает незначительной электронной гистотой, он содержит значительное количество эндо­
плазматической сеточки с грубой поверхностью, а ткаже митохондрии, поля Г ольджи и 
зернистые пузырьки порядка величины в 1300 Â. На перикарионе видны аксосоматические 
синапсы, и в предсинаптической части присутствуют, наряду с митохондриями и синапти­
ческими пузырьками, также пузырьки dense core (750 Â). Дистальный отросток перикари- 
она узкий, в ней проходят тяжки нейротрубочек. У места начала отростка к перикариону 
прилегают аксоны, содержащие dense core пузырьки и образующие синапсы. Около дис­
тального отростка выявляемы многочисленные перекрещивания отростков, образующие 
несколько аксонодендритовых синапсов. Между волокнами расположены многочисленные 
очень тонкие перекрещивания аксонов. Клетки невроглии соединяют отдельные группы 
волокон и синапсов в небольшие единицы. Эпендимальные клетки, выстилающие централь­
ный канал, удлинены, они образуют несколько рядов, среди них, на основе плотности 
плазмы, можно обособлять темные и светлые клетки. На основе морфологической картины 
обсуждаются гипотезы, выдвигаемые относительно роли системы, создающей связь со 
спинномозговой жидкостью.

Dr. B éla  ViGH 
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I n s t i tu t e  of  Histo logy and E m b ry o lo g y  (H ead:  I. T örő), Semmelweis U n iv e rs i ty  Medical
School, B u d ap es t

LIGHT AND ELECTRON MICROSCOPIC STRUCTURE 
OF THE PREOPTIC RECESS ORGAN IN THE NEWT 

(TRITURUS CRISTATUS)

I. V ig h -T e i c h m a n n , B. V igh  and B. A ros 

(R ece ived  J u ly  25, 1970)

The p reop tic  recess organ  is s i tu a ted  ros t ra l ly  to the  n eu ro sec re to ry  p reop tic  
nucleus, in the  parvocellu lar  preoptic  a rea ,  on bo th  sides of the  p re o p t ic  recess of the 
th ird  ventricle. The  organ is composed of cylindrical ependym a a n d  o f  a charac te r is t ic  
group of neurons.  These nerve cells are a r ran g ed  in t ra ep e n d y m al ly  a n d  in several 
rows benea th  the  e p endym al  cells. P a r t  of the  neurons  are bipolar ,  send ing  one process 
to the preoptic  recess and  form ing there  special nerve endings, te rm e d  by us CSF 
contact ing  terminals.  L ight-microscopically ,  the in t ra ep e n d y m al  a n d  h y p e n d y m a l  cells 
s ta in  dark ,  while the  distal  cells s ta in  l ight w i th  tolu id ine blue azure  I I .  E lec tro n  mi­
croscopy reveals t h a t  the  CSF con tac t ing  te rm ina ls  of the  d a rk  neurons  a re  re la t ive ly  
large, they  con ta in  sm ooth  and  rough surfaced endoplasmic re t icu lu m ,  as well as 
dense-core vesicles 900 Â in d iam eter .  The  CSF contact ing  nerve te rm in a l s  of  the 
l ight cells are smaller,  they  con ta in  several m itochondr ia  and  granules  1400 Â in d ia m ­
eter. E very  in trav en t r icu la r  nerve ending bears  an  a typical  cil ium ( 9 x 2  -f- 0 tu b u le s ) .  
The ven tr icu la r  process of the  neurons  is dendrit ic ,  the  distal one has n e u r i te  c h arac te r .  
T he  perikaryon of the  d a rk  in t r a ep e n d y m al  and  h y p en d y m al  nerve cells c o n ta in s  well- 
developed ergastop lasm  with  free r ibosomes, Golgi a rea ,  m itochondr ia  a n d  num erous  
dense-core vesicles 900 A in size. There  are synapses on the  per ika ryon ,  t h e  v e n tr icu la r  
and  distal  processes; in the ir  p re sy n ap t ic  area  there  are synap t ic  vesicles as well as 
dense-core vesic les 800 to 900 Â in d iam ete r .  The  larger light cells fo rm in g  th e  distal  
neuron  rows, con ta in  granu les  1400 A in size, a n d  less free ribosom es, o therw ise  the 
f ine  s t ruc tu re  of  these p e r ik a ry a  is similar to  t h a t  o f  the  h y p e n d y m a l  d a r k  cells. The 
neurons are e m bedded  in a neuropil .  The  f ibrous layers s i tu a ted  b e tw een  th e  h y p e n ­
dym al  and distal neurons,  a n d  la te ra l ly  to  th e  d is ta l  cells, are sy n ap t ic  zones. T h e  two 
kinds of neurons,  of their  CSF co n tac t in g  ne rve  te rm ina ls  and o f  the ir  g ranu les  suggest 
th a t  the  preoptic  recess organ  consists o f  two functional  different com ponen ts .

Introduction

The preoptic recess organ, as described by us in the frog and the axolotl 
(T e ic h m a n n  and V ig h , 1968; V ig h -T e i c h m a n n , 1968) corresponds to  the par­
vocellular part of the preoptic area. In the neurons of this territory, m ono­
am ines were dem onstrated by fluorescence histochem ical m ethod (V ig h - 
T e i c h m a n n , V igh and A ros , 1969). The m onoam ine-containing cells em it CSF 
contacting  nerve endings betw een the special, usually  m ultilayered ependym al 
cells. As the area resem bles in structure the paraventricular organ, we have  
term ed it preoptic recess organ and assum ed th at, like the other CSF contacting
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areas, i t  w ould act as a receptor, establishing a direct inform ative connection  
betw een  th e  CSF and th e  central nervous system  (V ig h , T e ic h m a n n  and 
A r o s , 1969; V ig h , 1971). L ater, acetylcholinesterase-positive CSF contacting  
nerve cells were dem onstrated  in this area (V i g h -T e ic h m a n n , V igh  and  
A r o s , 1970). The enzym e-contain ing cells are apparently identical w ith  the  
distal neurons of the preoptic recess organ, while the intraependym al and hypen- 
dym al n erve cells show the induced fluorescence characteristic of m onoam ines.

E lectron  m icroscopy revealed that the CSF contacting nerve-endings 
are characterized by a typ ica l cilia, dense-core vesicles and m itochondria  
(V i g h - T e i c h m a n n , R ö h lich  and V ig h , 1969). The preoptic recess organ was 
dem on strated  by ligh t m icroscopy in the anurans Rana esculenta, Rana  
arvalis , R ana  ridibunda, Bufo bufo, Bombinator igneus and in the urodela Pleura- 
deles w a lt l i i ,  Ambystoma mexicanum and Triturus vulgaris. The CSF contacting  
neurons o f the organ, w hich  is w ell-developed particularly in am phibians, 
occur in  all probability also in  fishes and higher vertrebrates. Independently  
from  u s, B raak  (1970), too , described the fluorescence m icroscopic appearance 
of th e  preoptic area in the frog. His findings fu lly  agree w ith  our earlier obser­
v a tio n s.

A s data concerning the ultrastructure o f the parvocellular preoptic area 
o f ta iled  am phibians are lack ing, the present paper deals w ith the fine struc­
ture o f  th is  territory in Triturus cristatus.

Material and m ethod

T h e  anim als  were pe rfused  th ro u g h  the  ao r ta  w i th  6 %  d e x t r a n  in 0 .9% NaCl for 20 sec, 
t h e n  f i x e d  in 5%  g lu ta ra ld eh y d e  in  0.1 M p h o sp h a te  buffer ,  p H  7.2, for 15 to  20 min. The 
b r a in  w a s  rem oved ,  the  p re o p t ic  a rea  excised a n d  f ix a t io n  co n tin u ed  up  to two hours.  The  
m a te r i a l  w as  post-fixed in 1%  O s 0 4 dissolved in buffer ,  a t  4 °C for 2 hours, d e h y d ra te d  in 
e th a n o l  a n d  em bedded  in A ra ld i te .  TJltrathin sections were c u t  w i th  a Reichert  OMU-2 u l t r a ­
m ic ro to m e ,  con tras ted  w i th  m eth an o l ic  u ra n y l  ace ta te  a n d  lead  c i t ra te  and exam ined  w ith  
a J E M  6C electron microscope. Sem i- th in  sections were s ta in e d  w i th  toluidine b lue-azure  I I .

Results

Light microscopic structure. The frontal part o f the preoptic area, anterior 
to  th e  preoptic nucleus, contains a group of sm all neurons, lying closely beneath  
th e  ependym a. Most o f  th e  nerve cells are arranged in 5 to 7 rows parallel 
to  th e  ependym a. O nly som e neurons penetrate in betw een the ependym al 
cells. The hypendym al nerve cells are situated  closely  side-by-side, while the 
cells o f  the distal rows are localized more d iffusely . The hypendym al neurons 
are sm aller than the d ista l ones; their size increases from row to  row. In 
con trast to the distal nerve cells, the intraependym al and hypendym al neurons 
appear dark w ith to lu id ine blue-azure II. Dark blue cells occur at sites also
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Fig. la .  Neuron rows (N) a n d  CSF contac t ing  nerve endings (arrows) of th e  p reop tic  recess 
o rgan. I): dark  neurons.  L: l ight neurons.  Toluidine b lue-azure  I I .  x 4 5 0 .  b. H igh  power view 
o f  ven tr icu la r  process (P)  o f  a distal  neuron. At arrows CSF c on tac t ing  ne rve  term inals  in 
th e  preoptic  recess. E p :  epen d y m a.  Toluidine blue-azure  II s ta in ing. X Î120 .  c. Mitosis from 
the lower latera l  p a r t  of  the wall of  th e  preoptic  recess. Toluidine b lue-azure  I I  s ta in ing .  X1120

am ong the distal rows (F ig . la ). Part of the nerve cells em itting  one branch 
to the ventricle, are bipolar. Their ventricular process passes through between  
the ependym al cells and enters the preoptic recess to form there a free club-like 
term inal (Fig. lb ) . The nerve endings occur scattered over the w all of the 
preoptic recess, dorsally up to the anterior com m issure and ven tra lly  also at 
the floor of tin; recess. The neurons are em bedded in a neuropil which forms 
a small fibrous zone hypendym ally  and a broad one d istally  to the fourth row 
of neurons. It is rem arkable that even in the adult anim al there are m itotic  
cells in the ependym a (F ig . lc )  and between the neurons of the area, first of 
all in its basal part.
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F ig .  2.  P a r t  of  a hypendym al  n e u ro n  (d o t te d  line) w i th  ve n tr icu la r  process a n d  club-like CSF 
c o n ta c t i n g  nerve  ending. Ep: e p e n d y m a l  cells. N: nucleus o f  neuron .  M: e p en d y m al  microvilli.

M ontage,  X7980

A c ta  Morphologien Academiae Scientiarum  Hungaricue 19, 1971



LIGHT AND ELECTRON MICROSCOPIC STR ЕСТ!'HE

F ig . 3. CSF con tac t ing  nerve te rm in a l  from preoptic  recess organ. 15: basal body .  I): d e sm o ­
some. Ep: ependym al  cell. G: dense-core vesicles. M: m itochondria .  N : n e u ro tubu les .  R: rootle t

fibre. X 37 500

E le c t r o n  m i c r o s c o p i c  s t r u c t u r e .  E p e n d y m a . The ependymal cells are 
elongated, cylindrical, with elongated nuclei rieh in chromatin. The cells 
contain a well-developed endoplasmic reticulum, free ribosomes and Golgi- 
areas, as well as many mitochondria and a considerable amount of glycogen
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Fig. 4a.  Two different,  light a n d  da rk ,  in t ra v en t r icu la r  ne rve  endings side by  side. E :  endo­
p lasm ic  re t icu lu m .  E p:  ep en d y m a .  M: m itochondria .  R:  ro o t le t  fibre. Arrow: a typ ica l  cilium 
(9 X 2 -|- 0). X 20 500. 6. D a rk  CSF contact ing  nerve  te rm in a l  w i th  basa l  body  (B) a n d  rootle t  
f ib res  (R).  E p :  e p endym al  cell surface.  X21 500. c. P a r t  of  a d a rk  CSF contact ing  te rm inal  
c o n ta in in g  a large a m o u n t  of  rough-surface  endoplasm ic  re t icu lum  and  dense-core vesicles.

C: cil ium w i th  b asa l  body and  slim ro o t le t  fibres. X 26 250
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Fig. Sa. Cross-section of a typ ica l  cilia (9 X 2 -f- 0). X 11 200. b. L o n g i tu d in a l  section of a ciliuin 
aris ing from a CSF contact ing  ne rve  ending. R: rootlet  fibre. Arrow : a typ ica l  cilium (9 x 2  -f- 0).

X 23 750

granules. There are num erous m icrocilli on the cell surface, especially around 
those sites where the nerve term inals enter the CSF.

77ie C S F  contacting nerve endings are formed by the ventricular nerve 
processes, they protrude into the CSF one by one or in sm all groups (F igs 3, 4a). 
The arrangem ent in groups is particularly marked in the ventral half of the
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p reop tic  recess. In general, the term inals contain endoplasm ic reticulum, 
m itochondria , as well as m icrotubules com ing from the ventricular process 
in to  th e  ending and diverging there radially. In part o f the endings there are 
m ore, in  others less m itochondria. The term inals containing more m itochondria  
are re la tive ly  small, and are characterized by granulated vesicles of 1400 A 
in size  (F ig . 4a) and by less free ribosom es. Thus, the whole nerve ending ap­
pears electronlucent. In  other intraventricular term inals, we observed a more 
electrondense cytoplasm  w ith  num erous free ribosom es and also rough-surfaced  
endop lasm ic reticulum. T hese nerve endings are larger and contain  dense-core 
v esic les  800 to 1000 À in diam eter (Figs 4a, b, c).

In  both kinds o f nerve endings there is a basal body (F ig . 4b) as well as 
an accessory basal body; from  the basal body a cilium arises (F igs 4c, 5b). 
T his cilium  is atypical in structure ( 9 x 2  -f- 0 tubules, F ig . 5a). The basal 
b od ies em it w ell-developed rootlet fibres which m ay be follow ed over a long 
d ista n ce  into the ventricu lar process of the CSF contacting neurons (Figs 
6a, b ). Coated vesicles often  in contact w ith  the surface, m ay be found in the 
intraventricu lar nerve term inal as w ell as in the apical part o f th e  ependym al 
cells (F igs 6a, c, d).

Ventricular processes o f  the C S F  contacting neurons. The ventricular pro­
cess is dendritic in character. W e found in it losely  arranged m icrotubules, 
num erous m itochondria, and near the perikaryon rough-surfaced endoplasm ic 
reticu lu m  and Golgi-areas. T he rootlet fibres of the cilia originating from the 
CSF contacting term inal, run in the ventricular process (F igs 7a, b). In some 
cases, w e observed a basal body also in the ventricular dendrite (Fig. 7b). 
A t s ite s , long m itochondria and dense-core vesicles are v isib le (F ig . 7b). The 
ven tricu lar  processes run alone or in sm all bundles tow ard the ependym a. 
W hen several dendrites run side b y  side, they  m ay form sm all bundles, but 
near th e  ventricular surface, ependym al cell parts are usually  inserted between  
th em  (F ig . 7a). The ventricu lar dendrites are fixed  by desm osom es to the 
ap ica l portion of the adjacent ependym al cells (Figs. 2, 3, 4b, 5, 6, 7a). Synapses 
can b e observed on the dendrites near their origin from the perikaryon, file  
p resyn ap tic  area contains syn ap tic  and som e dense-core vesicles 900 A in size. 
The ventricular processes belonging to the different typ es of neurons are 
essen tia lly  similar in structure, except that those com ing from the hypendym al 
cells are thicker than those starting from the d istal cells.

Perikaryon of the intra- and hypendymal C S F  contacting neurons. The 
cy to p la sm  of the in traependym al and hypendym al neurons is electrondense, 
due to  the presence o f a w ell-developed sm ooth and rough-surfaced endo­
p lasm ic reticulum as well as free ribosom es. Furtherm ore, one can find m ito­
chondria , Golgi-areas and m icrotubules. In  the perikaryon there is a large 
num ber of dense-core vesicles m easuring 900 Â (F ig. 8a). Most o f the granules 
are o v a l or elongated (F ig. 8c). On the perikarya, axo-som atic synapses are
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Fig .  6a. Multiple rootle t  fibres in CSF c on tac t ing  nerve ending and  v e n t r i c u la r  dendrite  
(do t ted ) .  11: basal body. C: cilium. I): desm osom e. E p :  ependym al cell. X 22 750. b. High 
power view of rootle t  fibre, x  28 000. c. Connection of coated vesicle w i th  cell m e m b ra n e  of 

nerve ending. X 23 000. d. Coated  vesicle. X 23 000
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v is ib le . Their presynaptic cytop lasm  contains syn ap tic  and dense-core vesicles 
900 Â in size (Fig. 8b).

The distal process o f  the intraependymal and hypendym al  CSF contacting  
neurons is smaller in d iam eter  than the ventricular dendrite. There are m icro­
tu b u les , mitochondria and dense-core vesicles in it  and synapses on the initial

F ig .  7a.  Several ven tr icu la r  d e n d r i t e s  situated side b y  s ide  n e a r  the  ven tr icu lar  surface. 
D :  desm osom e.  Ep: e p en d y m a.  R :  roo tle t  fibres. x 2 3  750. b. Accessory basal body (B) and  
r o o t l e t  f ib re  in ventricular  d e n d r i t e .  G: dense-core vesicle. M: m itochondr ium  of u n u su a l

length. X 28 000

part o f  the process. In  th e  presynaptic area there occur synaptic vesicles of 
ab ou t 500 Ä and dense-core vesicles of 850 Á.

The distal neurons are larger than th ose found intraependym ally and 
h yp en d ym ally , and con ta in  less endoplasmic reticu lum . The perikarya also 
en close  electrondense granu lated  vesicles w hich differ w ith their diam eter  
o f about 1400 Â (Fig. 9a) from  that of the dense-core vesicles (900 Â in size)
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of the dark intraependym al and hypendym al nerve cells. Otherwise, th e  struc­
ture o f the cytoplasm  resembles that of the neurons described above. T he ventri­
cular dendrite of the distal nerve cells runs tow ard the ependym a and enters 
the ventricle. The processes of the cells ly in g  far away from th e  preoptic  
recess could not be followed continually  into its lum en. The axons o f  the distal

Fig. 8a. P a r t  of  the  per ikaryon  of a h y p e n d y m a l  neuron .  E: rough-surfaced endop lasm ic  
re t icu lu m .  G: dense-core vesicles. X 45 000. b. S ynapse  on the  perikaryon of a h y p e n d y m a l  
cell. G: dense-core  vesicle. N: nucleus. X 37 500. c. P e r ik a ry o n  of an in t r a e p e n d y m a l  neuron  

w ith  num erous e longated  dense-core vesicles. N: nucleus. x 4 5  000

neurons pass ependym ofugally and contain m itochondria and parallel m icro­
tubules (F ig. 9b). A t the initial part of the axon, synapses can be observed.

Neuropil.  The neuropil surrounding the nerve cells, forms a sm all proxi­
mal or hypendym al synaptic zone betw een th e  tw o types of neuron layers as 
well as a broad distal synaptic zone laterally  to  the distal neurons. In th e  two
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Fig. 9a. P a r t  of the  p e r ik a ry o n  o f  a distal neuron, w i th  rough-su rfaced  endoplasmic re t icu lum .  
G: g ra n u la te d  vesicle. N: nuc leus.  45 000 X . b. Origin o f  n e u r i te  of distal n eu ro n  (asterisk).  
M: m ito ch o n d r iu m .  N: nuc leus .  X21 500. c. Synapses (a rrow s)  in the h y p en d y m al  neuropil .  

X 30 000. d. P a r t  of t h e  distal neuropil ,  a t  a r ro w s  synapses.  X 30 000
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synaptic zones, axo-dendritic synapses occur first of all. In th e  presynaptic  
area, we found synaptic vesicles, m itochondria, som etim es small (600 to 700 À), 
som etim es large (900 A) dense-core vesicles (Fig. 9c, d). The axons containing  
sm all dense-core vesicles occur m ainly in the distal neuropil.

D iscussion

According to the present find ings, the pattern found in th e  preoptic 
recess organ of tailed amphibians (F ig . 10) is similar to that in the frog (V ig h - 
T e i c h m a n n , 1968; V ig h -T e ic h m a n n , R ohlich  and V ig h , 1969). T he preoptic 
area is characterized by the sm all neurons forming CSF con tactin g  nerve 
endings. The nerve cells occur in several rows intraependym ally and hypendy- 
m ally. The ventricular dendrite of the intraependym al and h yp en d ym al neu­
rons m ay readily he followed up to  the free nerve terminals protruding into 
the CSF. On the other hand, the ventricu lar processes of rem ote neuron rows 
cannot be tracted in their entire length . I t  seem s likely, how ever, on grounds 
of the sem ithin sections, that the second to  fourth cell rows under the epen­
dym a are also in connection w ith the ventricular lumen. In earlier studies 
made w ith  acetylcholinesterase reaction in various frog species, w e found that 
also the ventricular processes com ing from the distal cell rows and clearly  
dem onstrable by the enzym e reaction, form free club-like endings in the pre­
optic recess (V ig h -T e ic h m a n n  and V i g h , 1969a, b; V ig h -T e i c h m a n n , V igh 
and A ro s , 1970). It is, however, possib le th at the process of the cells situated  
farthest away from the ventricle, runs m erely to the hypendym al synaptic  
zone and forms synapses there.

W e have observed the cross-sections of the distal, neurite-like processes 
of the intraependym al and hypendym al neurons in the external fibrous zone 
where they form synapses. Similar fibres form also axo-som atic synapses, 
thus there seem  to he m ultiple synaptic  connections between th e  various cell 
rows. In the synapses there are not on ly  such dense-core vesicles as found in 
the hypendym al perikaryon, but also sm aller ones, 600 to 700 A in size, mainly  
in the distal synaptic zone. It is possible th a t, like in the other CSF contacting  
areas, here, too, there are m onoam inergic axons coming from  outside, sug­
gesting the possib ility  of inform ative connections w ith other am inergic nuclei 
of the brain. W e did not succeed in dem onstrating any connections between  
these axons and the CSF contacting nerve term inals them selves, although in 
reptiles we have found such synaptic contacts in large num ber in the para­
ventricular and infundibular nucleus and in fishes in the lateral tuberal nucleus 
(V ig h -T e ic h m a n n  et ah, 1970a, b, c). The absence of intraventricular synapses 
suggests that the areas m entioned and the CSF contacting nerve endings of 
I lie preoptic recess organ differ in fu n ction . The absence of synapses m ay also
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Fig.  10. S chem e of the  a rch i te c tu re  of  th e  preoptic  recess o rgan .  Arrows point  a t  h y p e n d y m a l  
an d  d i s t a l  syn ap t ic  zone. D: d a rk  neurons .  E p :  e p endym al  cell. I l l  V: lumen of preoptic  recess 

of th i rd  cereb ra l  ventricle .  L: l ight neurons .  S: synapses

be correlated  with the lower differentiation of the parvocellular preoptic area 
in am phibians. It seem s n otew orthy to m ention once more the m itoses found  
in th is territory of adult anim als, the m itotic cells ind icating the preoptic area 
to h a v e  a high regenerative ab ility  ( K ir s c h e , 1967; R ic h t e r , 1969).
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It is interesting that the granulated vesicles in the perikarya are o f two  
sizes; the vesicles in the dark, intraependym al and hypendym al cells measure 
900 to 1000 Â in size, w hile those in the light, distal cells atta in  as much as 
1400 Â. This agrees w ith our earlier finding th at m onoam ine fluorescence could 
be localized in the first place to  the neurons between and under the ependym al 
cells. The m onoam ine content is nam ely in harm ony w ith  the presence of the 
num erous sm all-size dense-core vesicles (900 A), which are regarded as respon­
sible for the appearance o f induced fluorescence also in other territories o f the 
brain. The distal neurons w hich in m ost aminals give positive acety lch o lin este­
rase reaction, but do not show any induced fluorescence, contain the larger 
granule type (1400 Â). Granules of sim ilar shape and size in the nerve cells 
of the classical neurosecretory nuclei are known as containing peptides (s. in 
K n o w l e s , 1967; B a r g m a n n , 1967; B a r g m a n n  et al., 1967; S c h a r r e r , 1969) 
inspiring B a r g m ann  (1967), B a r g m a n n  et al. (1967) to introduce the term  
“ peptidergic” neurons. On the basis o f the sim ilarity, it m ight be supposed  
th a t the large granulated vesicles o f the preoptic recess organ represent some 
kind o f peptidergic activ ity .

F inally , a tten tion  should be called to the m orphological variab ility  of 
the CSF contacting nerve endings. These term inals differ not on ly  in the size 
of their granulated vesicles, but also in the size of the endings them selves, 
inasm uch as those belonging to the hypendym al cells are larger and contain  
rough-surfaced endoplasm ic reticulum  beside the small dense-core vesicles 
(900 Â). 1 n contrast, the intraventricular nerve term inals of the d istal cells 
are sm aller in size and contain num erous m itochondria beside th e  bigger 
granules (1400 Á ). The tw o kinds o f neurons and their CSF con tactin g  endings 
m ight have different functions; perhaps th ey  recept tw o different properties 
of the CSF. The present findings do not y et allow to outline a detailed  h ypo­
thesis concerning the function o f the preoptic recess organ, but th e  m orpho­
logical evidence obtained, m ay serve as a basis for further m orphophysio- 
logical investigations.
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L IC H T -  U N D  E L E K T R O N E N M I K R O S K O P I S C H E  S T R U K T U R  D E S  R E C ES SU S 
P R A E O P T IC U S -O R G A N S  B E IM  MOLCH ( T R I T U R U S  CRISTATUS)

I. VIGH-TEICHMANN, B. VIGH und B. A KOS

D a s  Recessus p raeo p t icu s-O rg an  ist  rostral  des neu rosekre to r ischen  Nucleus p raeopticus  
in d e r  A re a  p raeop t ica  p a rvoce llu la r is  auf  beiden Seiten  des Recessus p raeopticus  lokalisiert.  
D a s  O rg an  b es teh t  aus e inem  zy lind rischen  E p en d y m  u n d  einer charak te r is t ischen  G ruppe  
v o n  N eu ro n en .  Diese N ervenze llen  s ind  in traep en d y m al  u n d  in m ehre ren  Reihen u n te r  dem 
E p e n d y m  angeordnet.  E in  Teil  d e r  Neurone  ist b ipo lar ;  sie senden  einen ihrer F or tsä tze  in 
d en  Recessus p raeopticus  u n d  fo rm en  dort  spezielle N e rv en en d ig u n g en ,  die wir als L iq u o r ­
k o n tak t -N e rv e n e n d ig u n g e n  beze ichnen .  L ich tm ikroskopisch  s ind  die in traep en d y m alen  und  
h y p e n d y m a le n  Neurone m it  T o lu id in b la u  Azur II d unke l  g e fä rb t ,  w ä h ren d  die distalen Zellen 
he ll  aussehen.  E le k tro n en m ik ro sk o p isch  stell ten wir fest,  d a ß  die L iq u o rk o n ta k t-N e rv e n en d i ­
g u n g e n  d e r  dunklen  N eurone  r e la t iv  groß sind und  g la t tes  u n d  rau h es  endoplasm atisches R e t i ­
k u lu m ,  sowie dense-core Vesikel m i t  einem Durchm esser  v o n  900 Â en tha l ten .  Die L iq u o r ­
k o n ta k t -N e rv en e n d ig u n g en  der  hellen  Nervenzellen sind k le iner  als die vorhergehenden u n d  
e n th a l t e n  m ehrere  M itochondrien  u n d  Granula  vom  D u rch m esse r  1400 Á. Jede  in t ra v en t r i ­
k u lä re  N e rvenendigung  t r ä g t  ein a typ isches  Cilium ( 9 x 2  -j- 0 Tubuli).  Der ven tr iku läre  
F o r t s a t z  der  Neurone h a t  D e n d r i te n - ,  ihr distaler F o r tsa tz  h a t  N eur i tencha rak te r .  Das P e r i ­
k a r y o n  der  dunklen  in t r a e p e n d y m a le n  u n d  hypen d y m alen  N ervenze llen  en th ä l t  ein g u t  e n t ­
w ickel tes  E rgas top lasm a  m it  freien Ribosom en, G olg i-A ppara t ,  M itochondrien  u n d  zahlreiche 
dense-core  Vesikel (D urchm esser  900 Á). A uf  den P e r ik a ry e n ,  den  v en tr ik u lä ren  u n d  d istalen 
F o r t s ä t z e n  k om m en  Synapsen  vor.  I h r  p raesynaptischer  B ereich  weist  synap tische  u n d  dense- 
core Vesikel (Durchmesser 800 — 900 Â) auf. Die größeren, hellen  Zellen, die die distalen N eu ro ­
n en re ih en  b i lden, en th a l te n  G ra n u la  m it  einem D urchm esser  v o n  1400 Â u n d  weniger freie 
R ib o so m en ;  im übrigen gleicht die F e in s t ru k tu r  dieser P e r ik a ry e n  der  der hypendym alen ,  
d u n k le n  Zellen. Die Nervenze llen  s ind  in ein Neuropil  e in g eb e t te t .  Die fibrösen Schichten, 
die zw ischen den h y p e n d y m a len  u n d  distalen Neuronen u n d  la te ra l  der le tz te ren  ausgebildet 
sind , s ind  synap tische  Zonen. Die zwei A r ten  von Nervenzellen ,  ihrer  L iq u o rk o n ta k t-N e rv e n en ­
d ig u n g en  u n d  ihrer G ranula  lassen  v e rm u ten ,  daß das Recessus p raeopticus-O rgan  aus zwei 
fu n k t io n e l l  verschiedenen K o m p o n e n te n  besteht.
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LIGHT AND ELECTRON MICROSCOPIC STRUCTURE 41

СТРУКТУРА ОРГAHA ПРЕДЗРИТЕЛЬНОГО УГЛУБЛЕНИЯ У ТРИТОНА 
(TRITURUS СRISTATUS) В СВЕТОВОМ И ЭЛЕКТРОННОМ МИКРОСКОПЕ

И. ВИГ-ТЕЙХМ АНН, Б. ВИГ и Б. АРОШ

Орган предзрительного углубления расположен соответственно мелкоклеточному 
предзрительному полю перед нейросекреторным предзрительным ядром, по двум сторонам 
предзрительного углубления 1П-го желудочка. Указанный орган состоит из цилиндри­
ческой эпендимы и характерной нейроновой группы. Нервные клетки расположены в 
нескольких рядах между эпендимальными клетками и под ними. Клетки по большей части 
биполярные, один отросток входит в II Кий желудочек, образуя там специальные нервные 
окончания, создающие контакт со спинномозговой жидкостью (так наз. ликвороконтакт­
ные окончания). Под оптическим микроскопом при окрашивании толуидиновой синькой 
лазурь II, внутриэпендимальные и гипендимальные клетки окрашиваются в темный цвет, 
в дистальные клетки остаются светлыми. В электронном микроскопе ликвороконтактные 
окончания темных нейронов более крупные, и они содержат эндоплазматическую сетчатку 
гладкой и грубой поверхности, а также зернистые пузырьки величиной в 900 А. Спинно­
мозговое окончание светлых клеток меньше и содержит множество митохондриев и зер­
нышки величиной в 1400 Â. Из каждого окончания исходит ресница нетипичного построе­
ния ( 9 x 2  + 0). Желудочковые отростки нейронов имеют дендритовый, а дистальные от­
ростки нейроновый характер. Перикарион внутриэпендимальных и гипедимальных тем­
ных нервных клеток содержит эргастоплазму с многочисленными свободными рибосо­
мами. Кроме того в перикарионе выявляемы аппарат Гольджи, митохондрии и многочис­
ленные пузырьки «dense core» со средней величиной 900 Â. На перикарионе, на желудоч­
ковом и дистальном отростке обнаруживаются синапсы, а в предсинаптической области 
наряду с сынаптическими пузырьками расположены пузырки «dense core» со средней вели­
чиной в 800— 900 А. Более крупные, светлые клетки, образующие дистальные ряды нейро­
нов, содержат более крупные зернышки со средней величиной 1400 А и меньше свобод­
ных рибосом. Впрочем их тонкая структура подобна микроструктуре гипендимальных 
темных клеток. Нейроны вложены в волокнистую зону, образующую под гипендимальными 
клетками и латерально от дистальных клеток более широкую синаптическую зону.

Dr. Inge jorg V ig h -T e ic h m a n n

Dr. Béla VIGH
Dr. Béla Á ros

Szövettani Intézet,
Budapest IX ., T űzoltó u. 58 
I lungary
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Pathologisches I n s t i t u t  der H u m b o ld t-U n iv e rs i tä t ,  
das Rudolf-Virchow-Haus der Charité  (D irek tor :  Prof.  Dr. L. H. K e t t l e r ), B erlin

CHARAKTERISTISCHE MORPHOLOGISCHE BEFUNDE 
IM NIERENMARK NACH NIEREN PUNKTION

G. D it s c h e r l e in , I n g r id  W itte  und D. K u n d e  

(E ingegangen  a m  1. A ugus t,  1970)

Ausgedehnte  U n te rsu ch u n g en  n a ch  N ie renpunk t ion  von K an inchen ,  R a t t e n ,  
H u n d e n  u n d  Menschen h aben  ergeben,  d aß  im m er d ann  ein ch arak te r i s t is ch e r  Bezirk, 
der sog. ro te  Keil (rK) a u f t r i t t ,  w en n  der Pu n k t io n sk a n a l  du rch  das N ie re n m a rk  v e r ­
läuft .  Der rK  zieht von der Verletzungsstel le  aus pap il lenw ärts  und  ist sch a rf  beg ren z t .  
E r  ist schon nach 90 M inuten  in g anzer  A usd eh n u n g  v o rh an d en  u n d  bis zum  V ersu ch s­
ende nach  einem J a h r  nachw eisbar ,  v e rw an d e l t  aber  in diesem Z ei t raum  a llm ähl ich  
sein m akroskopisches und histologisches Bild. Folgende F a k to ren  werden fü r  die E n t ­
s tehung  des rK  veran tw ort lich  g em ach t  : 1. die besondere  A rc h i te k tu r  des N ie ren m ark s ,
2. die U n te rb rech u n g  aller K a n ä lc h e n  u n d  Vasa recta  eines geschlossenen Bezirks 
sowie das  Ausbleiben ihrer W iederverein igung .  Daraus resultieren  chronische D u rc h ­
b lu tu n g ss tö ru n g en  und F u n k t ions los igke i t  der Kanälchen .  Enzyrnh is tochem isch  r e a ­
giert anfangs  in den schwerer geschäd ig ten  Zellen die aPase  s t a rk  positiv. Die ent- 
differenzierende Atrophie  der T u b u l i  geh t  e inher m it A k t iv i t ä t s v e rm in d e ru n g  der  
O xydored u k tasen .  Die A T P a se -A k t iv i t ä t  ist in den W änden  der h y peräm ischen  Gefäße 
he rabgese tz t .  F ü r  eigenartige per iod ische  H o h lräu m e  in T ubuli  sind nach  e le k t ro n e n ­
optischen Befunden versch iedenen  E n ts teh u n g sm ö g lich k e i ten  anzunehm en .

Nach Nierenpunktion können verschiedene pathologisch-anatom ische  
Befunde beobachtet werden (s. Ü bersicht, D i t s c h e r l e in , 1969a). Zu den 
häufigsten Punktionsfolgen gehört der sog. rote Keil, den wir bei H atten, 
K aninchen, H unden und M enschen beobachteten . Er tritt immer dann auf, 
wenn Nierenm ark verletzt wird. D as ist im Tierexperim ent häufiger der Fall 
als heim M enschen.

Material und Methoden

Bei 175 K an inchen ,  90 R a t t e n  u n d  11 H u n d e n  w urden  fast 1000 N ie ren p u n k t io n e n  mit 
dem M enghini-Besteck vorgenomm en (M ethoden  hei K aninchen ,  N aijtscii u . D i t s c h e r l e i n , 
1969a). A ußerdem  wurden die Nieren von 27 menschlichen Obduktionsfä llen  nach  voran g eg an -  
gener P u n k t io n  überp rü f t .  Die einzelne Niere w urde  nach  der E n tn a h m e  so e ingeschn it ten ,  
daß  die Schni tt f läche  senkrecht zur Achse des P u n k t io n sk an a ls  lag, wodurch  der um schr iebene  
Bezirk am  besten  getroffen wurde (vgl. Abb. 1, linkes Schema). Die W eite rv e ra rb e i tu n g  erfolgte 
je  n a ch  der beachsich tig ten  U n te rsu ch u n g sm eth o d e .

Histologische Untersuchung. F ix ie ru n g  in Form alin ,  P a ra ff in e in b e t tu n g ;  verschiedene  
F ä rb u n g e n  bzw. R eaktionen:  H ä m a lau n -E o s in ,  H äm ato x y l in -v a n  Gieson, L epehne,  Feu lgen ,  
Berliner Blau, PA S, Tibor Pap.

Enzymhistochemische Untersuchung.  An M essert iefkühlschnit ten  Ü b e rp rü fu n g  fo lgender 
R eak t ionen :  Alkalische P hosphata se  a P a se  n. (Gomori),  A denosin tr iphosphatase  (A T Pase  
pH 7.2; 7,5; 9.4; s. W aciistein  u . Me i s e l , 1957, sowie Sc h r e ib e r  u . S im on ), D iaphorase  l 
( H ess  e t  al., 1958), L ac ta tdehydrogenase  ( H ess  e t  al.), M onoam indehydrogenase  (G l e n n e r  
et al., 1957), Succ ina tdehydrogenase  (N achlass  e t al., 1957).

Elektronenmikroskopische Untersuchung.  Im mersionsfix ierung in l% ig e in  gepuffe r tem  
OsO,, E in b e t tu n g  in Vestopal W, zum  Teil N a ch k o n t ra s t ie ru n g  nach  Reynolds.
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Ergebnisse

Makroskopische Befunde

D er rote K eil (rK) is t  nur auf Schn ittflächen  durch das Nierenmark  
sichtbar. Seine A usdehnung ist aus den beiden Schem ata in Abb. 1 zu en t­
nehm en. Der veränderte Bezirk fällt vor allem  durch seine dunkelrote Farbe 
auf, die er für viele W ochen beibehält. A llm ählich n im m t er einen braungrauen  
F arbton  an.

Abb. 1. A usdehnung  des ro te n  Keile  (punk t ie r te  F lä ch e n )  in Schema. Links L ängsschn it t  
d u rc h  eine K an inchenniere ,  P u n k t io n sk a n a l  ( rund)  im  Q u ersch n i t t  getroffen. R ech ts  N ie ren­
q u e r s c h n i t t  durch  die L än g sach se  des P u n k t io n sk a n a ls  (paralle le  Linien). Gebiet ü b e r  den 

P u n k t io n sk a n a l  ist  nep h ro h y d ro t isch .  Gestr ichelte  Linie =  R inden-M ark-Grenze

Histologische Befunde

Bereits nach 5, 10 und 20 Minuten können sich rings um den P unktions­
kanal (P) in den eröffneten Sammelrohren und H enleschen Schleifen E rythro­
zy ten  und Zelltrümmer befinden. Bereits nach 20 M inuten besteht eine H yper­
äm ie. Nach 90 M inuten is t  der rK in seiner ganzen Ausdehnung vorhanden: 
er beginnt am P und hat hier etwa die Breite des ausgestanzten G ewebsdefekts, 
zieh t in R ichtung zur Papillenspitze und verjüngt sich auf diesem W ege 
(A bb. 2). In d er N achbarschaft des P sind vielfach  Häm orrhagien nachw eis­
bar. Schon nach 2 1/2 Stunden sind in m anchen K apillaren verm ehrt Leuko­
zy ten  nachzuweisen. — N ach 2 bis 5 Tagen beobachtet m an häufig Einzel- 
zellnekrosen, besonders von  Epithelien, in der N achbarschaft des P auch von  
Bindegew ebszellen. In den K anälchenlichtungen kom m en häufig abgestoßene  
nekrotische Zellen, deren Trümmer und abgeblaßte E rythrozyten  vor; oft ist 
das alles zu Zylindern zusam m engeballt. Ferner tr itt verm ehrt dünnflüssiger, 
hom ogener lepehne-positive K anälcheninhalt auf (Ahh. 3).

Regeneratorische Prozesse beginnen nahe dem P; die epitheliale Proli­
feration  geht der M esenchym alen voraus. Besonders am 2. und 3. Tag findet 
m an in beiden G ew ebsanteilen Mitosen (genauer bei W i t t e , 1969), am 3. 
und 4. Tag eisenhaltige P hagozyten. N eben diesen frisch hinzugekom m enen
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Erscheinungen sind aber auch noch die vorher beschriebenen vorhanden. 
Je nach Lage des P und Ausdehnung des rK sind degenerative und regenerato­
rische Vorgänge stark ausgebildet. Bei ursprünglich größerem G ew ebsdefekt 
und Unterbrechung einiger G efäßbündel überwiegen N ekrosen, die R egenera­
tion setzt zögernd ein. Ein beliebiger rK kann in einem  G ew ebsabschnitt in 
Nähe des P einen geschlossenen Nekrosebezirk aufweisen, in einer anderen 
G ewebsstufe sind kaum noch Einzelnekrosen nachweisbar, die H eilungs-

Abb. 2. Übersicht über  rK  3 T age  post  punc tionem  (p.p .) Links oben  a n g esch n i t ten  Pan k t io n s -
kanal.  Lepehne, 35 x

Vorgänge sind im vollen Gange. Die letzteren treten in der 2. W oche weiter 
in den Vordergrund. V on jetzt an enthalten die Sammelrohre nur noch verein­
zelt und in geringem Maße die oben genannten B estandteile in ihrer L ichtung. 
Dagegen sind die H enleschen Schleifen weiterhin von Zylindern ausgefüllt. 
Diese können ebenso w ie die Tubuluszellen feine E isenpartikel enthalten; 
am intensivsten  kom m t aber Siderin in H istozyten  vor.

Naeli 2 5 W ochen zeigen die Epithelzellen eine zunehm ende entdiffe-
renzierende Atrophie. Die Tubuli ohne Lum eninhalt wandeln sich in solide
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Z ellstränge um. Die Zylinder in  den erw eiterten K anälchen sind m eist hom o­
gen, in ten siv  eosinophil und PA S-positiv.

Man beobachtet von  nun an immer häufiger folgenden Befund: Im  Längs­
sch n itt stellen sich Zellstränge dar, die in periodisch wechselnder Reihenfolge 
1 2 Zellen und H ohlräum e besitzen  (Abb. 4). M anche H ohlräum e enthalten
einen  hom ogenen Inhalt nach Art der oben beschriebenen Zylinder, in anderen

Abb. 3a. A usschnit t  aus r K  9 T ag e  p .  p. H y p e räm ie  u n d  H ä m o rrh a g ien .  In  vielen K a n ä lc h e n ­
l ic h tu n g e n  zusam m engeball te  E ry th r o z y te n  (schwarz) oder H äm oglob inzy linder  (grau  bis 

schwarz). Sam m elro h re  (hell) meist  frei von  L u m e n in h a l t .  Lepehne,  114 X 
Abb. 3b. R an d p a r t ie  eines r K  9 W o ch e n  p. p. Noch im m e r  s ta rk e  H y p e räm ie  u n d  vereinzelte  

H äm oglob inzy linder  in Ilenleschen Schleifen. L epehne,  320 X

E pithelsträngen  sind diese H ohlräum e optisch leer (Abb. 4). Im  übrigen findet 
m an w eiterhin überwiegend stark blutgefüllte K apillaren, obwohl auch unauf­
fä llige  Gefäße Vorkommen. D ie hyperäm ischen Gefäße liegen nach langen  
B eobachtungszeiten  besonders in der peripheren Zone des rK; der zentrale 
T eil erscheint dagegen arm an Kapillaren. Zwischen den Vasa recta und den 
E pithelsträngen  befinden sich die in üblicher W eise »strickleiterartig« angeord-
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Abb.  4. A usschn it t  aus rK  20 W ochen  p. p. E igenart ige  periodische H o h lrä u m e  der  a trop ischen  
Tubuli .  Meist n u r  sehr wenig, o ffenbar  e iweißarmes M ater ia l  in den H o h lrä u m e n ,  in einem 

E p i th e ls t ran g  krä f t ig  angefä rb te  Massen (Pfeile). H ä m a lau n -E o s in ,  720 x

liefen Zwischenzeiten des Nierenm arks. Der Gehalt an K ollagenfasern ist 
reicher als in der gesunden U m gebung. Diese Befunde ändern sich n icht mehr 
prinzipiell bis zum Ende des Beobachtungszeitraum s nach einem  Jahr.

Enzym histochemische Befunde

Hydrolysen : D ie aPase ist in den ersten Tagen im K anälcheninhalt, 
in vielen E pithelzellen, seltener in Interstitium zellen stark positiv . Nach 5 7
Tagen nehmen diese B efunde schnell ab. Die ATPase der G efäßw ände zeigt 
innerhalb der ersten W ochen eine allm ähliche A ktivitätsverringerung. Nach 
6 W ochen reagieren die Gefäße sehr unterschiedlich, d. h. teils norm al, teils 
verm indert.

Oxydoreduktasen : D ie überprüften Enzym e verhalten  sich gleichsinnig. 
B ereits vom  1. Tag an ist die A ktiv itä t in den E pithelien  der Sammelrohre 
und H enleschen Schleifen beträchtlich  herabgesetzt, besonders nahe dem P 
(Abb. 5). Zur Spitze des rK hin reagieren die E pithelien  norm al. D ie Inter­
stitium zellen  verhalten sich in den verschiedenen Partien jew eils ähnlich wie 
die Epithelien. In nekrotische Zonen sprossen nach einigen Tagen kräftig 
reagierende junge Bindegew ebszellen ein. Die A k tiv itä t der atrophischen Tubuli 
nim m t ständig ab. Die In terstitium zellen  reagieren in gleicher Stärke wie 
diejenigen der Um gebung.

Elektronenoptischen Befunde

Sie stellen nur eine Ergänzung zu den Spätbefunden dar, insbesondere 
um die eigenartigen E pithelstränge mit den periodischen H ohlräum en deuten
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zu können . Nach einigen W ochen zeigen die Tubuli unterschiedliche Befunde: 
In  m anchen E pithelsträngen überwiegen degenerative Veränderungen (Mito- 
chondrienschw ellung, E rw eiterung des endoplasm atischen R eticulum s, völlige 
hydropische Degeneration) in  einzelnen oder allen im  Schnitt vorhandenen  
Z ellen (Abb. 6 u. 8). G elegentlich  kommen Zellen m it zahlreichen Zytolysom en  
vor, m anche Zellen haben sich  von der B asalm em bran und aus dem Zell­
verband  gelöst. D ie L ichtungen  enthalten abgestoßene Zellen, einzelne oder

Abb.  5. A usschnit t  aus r K  ( rec h te r  u n te re r  Q uadran t)  u n d  P u n k t io n sk a n a l  ( rech ter  oberer 
Q u a d r a n t  u n d  oberer B i ld ra n d  l inks)  4 Tage p. p. S u c c in a td eh y d ro g en ase -A k t iv i tä t  in den 
K a n ä lc h e n  hochgradig h e rab g ese tz t  bzw. n icht  m ehr  e indeu tig  e rk en n b a r  (vgl.  m it  norm aler  

E n z y m a k t iv i t ä t  l inks u n ten ) .  Kerndars te l lung  n a ch  Feulgen. 100 X

m assenhaft degenerierte Zellorganellen oder ganz feingranuläres, m äßig osmio- 
philes Material beobachteten  Räum e, die allseitig  von Zellen um geben sind, 
te ils  aber auch auf beiden Seiten  direkt an die Basalm em bran grenzen. Bei 
denselben  Fällen kom m en auch E pithelstränge vor, die aus jungen, organellen­
arm en Zellen bestehen und periodisch wiederkehrende H ohlräum e im Längs­
sch n itt  besitzen (Abb. 8). D ie  stets vorhandenen kurzen M ikrovilli und die 
nahe den Hohlräumen liegenden  Schlußleistenkom plexe der um gebenden  
E p ith elzellen  lassen erkennen, daß diese H ohlräum e dem Tubuluslum en ent­
sprechen , aber offenbar n ich t m iteinander Zusammenhängen (Serienschnitte).
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Abb. 6. A usschnit t  aus rK  1/4 J a h r  p. p. Teil eines längsgeschnit tenen  T u b u lu s  m it  e inem  durch  
d ich tes ,  fe ingranuläres M ater ia l  (M) ausgefüllten H oh lraum .  B e n ac h b ar te  E p ithe lzel len  zeigen 
Mitochondrienschwellung, E rw ei te ru n g  des endoplasm atischen  R e ticu lu m  u n d  von I n t e r ­
zel lu la rspa lten ,  Vakuolen (v), lokale  E rw ei te rung  des K e rn en h ra n sp a l ts  (x); B a sa lm e m b ra n  =  
B m . L inks un ten  a ngeschn i t tener  T ubu lus  m it  ähnlichen Zellveränderungen .  I n te r s t i t iu m  

kollagen-faserreich (I). R e ch ts  u n te n  Vas rec tu m  (vr). Orig.-Vergröß. 6000 x

4
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A bb .  7. A usschnit t  aus r K  5 W o ch e n  p. p. Hvdropische D eg en e ra t io n  von  Tubuluszel len  (hT) 
T u b u lu s lu m e n  ausgefüllt m it  n ek ro tisch en  Zellen u n d  Z ellbes tand te i len  (Z). Orig.-Yergröß

3000 X
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Abb. 8. A u ssc h n i t t  aus rK  5 Wochen p. p. (von  demselben Fa l l  wie Abb. 7). L än g sg esch n i t te n e r  
T u b u lu s  aus  wenig differenzierten Zellen o hne  Degenerationszeichen. Im  ax ia len  B ereich  3 
H o h lräu m e ,  in deren  Nähe  Sch luß le is tenkom plexe  ( ) deutl ich  e rkennbar  sind. E inzelne  kurze  
Mikrovill i .  In  den L um ina  dünnflüssiges M aterial .  B asa lm em bran  (Bin) m eh rsch ich t ig  u n d  

gefaltet. F o to m o n ta g e .  Orig.-Vergröß. 6000 x
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Diskussion

Bereits im älteren  Schrifttum  (B a r t h , 1893; R ib b e r t  und P e i p e r s  
1894/95; W il d b o l z , 1906; A w a t a g u t i , 1939) wurden nach M esserstichen  
N ierenspaltung oder K eilexzision  z. T. B efunde beschrieben, die denen des 
roten  K eils ähneln; sie w urden aber nur am R ande erw ähnt, da bei den schw e­
reren Eingriffen auch m assivere Läsionen, besonders Nekrosen, im  Vorder­
grund standen.

Durch N ierenpunktion  (oder L anzenstich) w ird in einem um schriebenen  
B ereich  die K on tin u itä t der Kanälchen und G efäße unterbrochen, und es 
en tsteh en  bei V erletzung des Nierenmarks regelmäßig  zwei verschiedenartige  
charakteristische B efunde:

1. Zwischen P  und Nierenoberfläche en tw ick elt sich in einem sektor­
förm igen Bezirk eine N ephrohydrose (D i t s c h e r l e i n , 1966, 1969c).

2. A uf der G egenseite, also zur P ap illensp itze hin bildet sich der sog. 
rote K eil aus (Abb. 1). B eide Bezirke sind scharf begrenzt und in ihrer Lage 
und A usdehnung geradezu gesetzm äßig v o n  der Lokalisation des P abhängig  
( D i t s c h e r l e i n , 1969a). D ie Ursache für diese Veränderungen besteht darin, 
daß im  Bereich des G ew ebsdefekts trotz starker epithelialer Regeneration und  
G ranulationsgew ebsbildung keine W iederverein igung der proxim alen und  
d ista len  K anälchenstüm pfe erfolgt, was im w esentlichen  auch für die kleinen  
G efäße zutrifft ( D i t s c h e r l e i n , 1969b; D i t s c h e r l e i n  und D e n a , 1969). 
D ie B lutung aus den zahlreichen eröffneten G efäßen führt unm ittelbar nach  
dem Eingriff zur schnellen  Ausfüllung des durch die Gewebsentnahm e en t­
standenen  »Vakuums«; von  hier aus gelangen sekundär B lutbestandteile in  
die eröffneten K anälchen , wozu sich später nekrotische abgestoßene E p ith el­
zellen und Zellorganellen gesellen. Das w eitere Schicksal des Lum eninhalts 
is t  jedoch unterschiedlich  und von den vorhandenen  oder fehlenden A bfluß­
bedingungen abhängig. Es gibt folgende M öglichkeiten:

a) Die w eitaus meisten Henteseken Schleifen werden im zu- und abfüh­
renden Schenkel unterbrochen; der gesam te entsprechende Schleifenteil wird 
»stillgelegt«. N ach dem  erfolgten Verschluß der beiden Unterbrechungsstellen  
innerhalb der ersten T age nach dem E ingriff ist ein Abfluß des Lum eninhalts 
n ich t mehr m öglich. Der entsprechende K anälchenabschnitt verliert seine  
vorherige Funktion im  R ahm en der H arnbereitung; dafür steht er je tz t vor  
der A ufgabe, das M aterial im  Lumen abzubauen. D aß dies prinzipiell m öglich  
ist, zeig t der p ositive Eisennachw eis (E rythrozytenabbau  !) in den E p ith el­
zellen in der F olgezeit.

Andererseits sch ein t diese M öglichkeit im  Bereich des rK beschränkt 
zu sein , da man sehr lange den Lum eninhalt (größtenteils als H äm oglobin­
zylinder) beobachten kann.

b) Aus den unterbrochenen Sammelrohren kann das Material ohne B eh in ­
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derung abfließen und gelangt in den Harn. D ies dürfte die U rsache für die 
dem Kliniker w ohlbekannte häufige M ikrohämaturie in den ersten  Tagen  
nach Niorenpunktion sein. Es erklärt auch, daß man histologisch in den Sam ­
melrohren nur anfangs reichlich Lum eninhalt (m eistens zahlreiche E rythro­
zyten) nachweisen kann. Die entsprechenden Sammelrohre w erden dann  
funktionslos und daher atrophisch.

c) Am Rand des rK gibt es sicherlich einzelne Henlesche Schleifen, die 
nur im ab- oder zuführenden Teil unterbrochen sind. Je nachdem  verhält 
sich die entsprechende Schleife wie unter a) oder wie unter b).

Die in der N achbarschaft des P auftretenden Veränderungen sind in 
der ersten Zeit zum Teil m it direkt a u f  die mechanische Läsion  (S tanzeffekt) 
zurückzuführen; das gilt besonders für Häm orrhagien und Basalm em branrisse  
der K anälchen. Hierdurch ist ein Teil der Zellnekrosen erklärbar. Übrigens 
beziehen wir den in den ersten Tagen in vielen  Zellen stark positiven  A usfall 
der aPase-R eaktion auf nekrobiotische Vorgänge, was in ähnlicher W eise nach  
In toxikationen  und D urchblutungsstörungen schon m ehrfach angegeben  
wurde (W il m e r , 1944; H e p l e r  et ab, 1945; W a c h s t e in , 1947, 1955; W a c h ­
s t e in  u. Me i s e l , 1957; St a e m m l e r , 1956; S achs u . D u l s k a s , 1956; R u d o l p h  
u. S choll , 1958).

Im übrigen werden aber die Vorgänge im rK sicherlich ganz w esentlich  
von den Durchblutungsstörungen bestim m t. D a stets eine R eihe benachbarter  
zuführender Gefäße unterbrochen wird, erwarteten wir eigentlich  häufiger  
anäm ische Nekrosen. Sie kom m en aber nur dann im Zentrum des rK vor, 
wenn mehrere Gefäßbündel durchtrennt sind. Im übrigen überw iegen H yper­
äm ie und Einzelzellnekrosen des Parenchym s sowie mehr protrahiert ver­
laufende regressive Veränderungen der verschiedenen G ew ebsanteile. D ie sofort 
nach der Punktion vorliegende starke D ilatation  und B lutfülle der K apillaren  
im gesam ten Gebiet des rK dürfte auf K apillarlähm ung infolge des m echani­
schen Eingriffs zurückzuführen sein, so daß man sie wohl als term ina le Н у , ier- 
äm ie auffassen kann. E nzym histochem isch ist in diesem  Stadium  an den 
Gefäßen der gleichmäßige R eaktionabfall der ATPase auffällig. D ie  in der 
A nfangszeit überwiegenden schweren Zellschäden besonders an den E pithe- 
lien können durch die term inale H yperäm ie erklärt werden. D agegen  ist 
die H yperäm ie nach längerer Beobachtungsdauer anders zu deuten. Zunächst 
ist die Feststellung w ichtig , daß den N arbenstrang, der sich aus dem einstigen  
P  gebildet hat, kaum Gefäße durchziehen. Daher erhebt sieb die Frage nach 
dem Zu- und Abfluß zum bzw. vom  rK. U nter B erücksichtigung der Studien  
von Moffat  und F o urm an  (1963), P lak ke  und P f e if f e r  (1964), R o l l h ä u s e r  
et al. (1964), K riz (1967), K riz und L e v e r  (1969) über die A rchitektur des 
Gefäßbaum s von Säugernieren verm uten wir, daß die A uffüllung der Gefäße 
in der Peripherie des rK von  den benachbarten Gefäßbündeln aus über das 
term inale Strom gebiet erfolgt. Der Blutabfluß geht dann über A nastom osen
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der venösen  Vasa recta, die nach R o l l h ä u s e r  et al. (1964) bestehen sollen, 
v o r  sich . Schon norm alerw eise ist das D ruckgefälle und dam it die B lutstrom ­
stärk e in  diesem län gsten  term inalen S trom bett des Körpers naturgem äß  
gering ( D e e t j e n  et al., 1964), eine weitere Verlängerung und/oder B lutfluß- 
beliinderung muß dam it sehr leicht zu peripheren Durchblutungstörungen  
führen , da die vis a tergo zu gering ist. D er beobachtete Befund ähnelt dem  
Z ustand  der H ypostase. Im  zentralen Teil des rK b le ib t die anfängliche H yper­
äm ie n icht auf die D auer bestehen , das Gebiet zeigt dann mehr eine chronische 
ischäm ische D urchblutungsstörung. Beide Form en der K reislaufstörungen  
hab en  regressive Gewebsveränderungen zur F olge. Daß sich die Gefäße im 
rK  im  chronischen Stadium  unterschiedlich verhalten , zeigen die ungleich­
m äßigen  R eaktionsausfälle (ATPase) und auch die differenten subm ikroskopi­
sch en  Befunde (D i t s c h e r l e i n  und Ma r x , 1970).

D ie  Veränderung der Tubuluszellen b esteh t vor allem  in einer entdiffe- 
renzierenden Atrophie, die histologisch und vor allem  elektronenoptisch d eu t­
lich  wird. E nzym histochem isch  zeigt sich das in einer allm ählichen A k tiv itä ts­
abnahm e der O xydoreduktasen. Die Ursachen für die Atrophie bestehen in 
dem  V erlust der eigentlichen  Funktion und in den chronischen D urchblutungs­
störungen .

D ie eigenartigen Hohlraumbildungen, die w ahrscheinlich nicht m iteinan­
der in Verbindung stehen , sind  nicht einheitlich zur beurteilen. B ei einem Teil 
zeigen die benachbarten Tubuluszellen degenerative Veränderungen und/oder  
Z ytolysom en; m eist liegt dann Material in diesen H ohlräum en. Mit Sicherheit 
w erden geschädigte O rganellen oder ganze Zellen in  diesen Hohlraum hinein  
abgestoßen . W ährend in durchgängigen N ephronen üblicherweise das abge­
stoß en es Material m it dem  Harn ausgeschw em m t wird, ist im vorliegenden  
F all in der Regel der A bflußw eg versperrt, das M aterial bleibt som it liegen. 
D aher muß auch an die M öglichkeit gedacht w erden, daß es von den benach­
barten  E pithelzellen aufgenom m en wird; dann könnte es sich bei den oben  
genannten  Z ytolysom en v ie lle ich t um Phagosom en handeln. Die bisher 
besprochenen H ohlräum e scheinen aus dem ursprünglichen Tubuluslumen h er­
vorzugehen. Offenbar gib t es für die lichtoptisch  leeren Hohlräum e als w eitere 
E ntstehungsw eise eine hydropische  D egeneration der Tubuluszellen (vgl. 
W i t t e , 1969), was bei einer V ielfalt von Schädigungsm öglichkeiten beobachtet 
w erden kann (K e t t l e r , 1952). So läßt sich gelegentlich  an einem Schnitt 
beobachten , wie ein derart veränderter A b sch n itt in ein völlig normal aus­
sehendes Sammelrohr papillenw ärts vom  rK übergeht. Da hier die obigen  
Erörterungen über die A bflußbehinderungen nicht zutreffen, b leibt nur als 
E rklärung für die V eränderung die chronische Durchblutungsstörung. 
Schließlich  seien periodische H ohlraum bildungen erw ähnt, die in E p ith el­
strängen  aus jungen, undifferenzierten Zellen Vorkommen;  die Hohlräum e 
entsprechen hier ohne Z w eifel dem K anälchenlum en (M ikrovilli, Schluß-
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leisten), w elches aber nicht axial durchgehend verläuft verm utlich deshalb , 
weil hierzu keine funktionelle N otw endigkeit besteh t. Diese H ohlräum e sind  
aber stets klein (vgl. Abb. 8).
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C H A R A C T E R IS T IC  M O R PH O L O G IC A L  P H E N O M E N A  IN  T H E  M E D U L L A  
O F T H E  K ID N E Y  FO L L O W IN G  R E N A L  PU N C T U R E

G. DITSCHERLEIN, I. WITTE and D. KUNDE

L arge-scale  e x am in a tio n s  follow ing ren a l p u n c tu re  perform ed on ra b b its , r a ts ,  dogs 
a n d  h u m a n  sub jects h a v e  show n th e  appearance  of a ch ara c te ris tic  area , th e  so-called  “ red  
w ed g e” , w henever th e  c an a l o f th e  p u n c tu re  passed  th ro u g h  th e  renal m edulla. T he c u n e ifo rm  
zone  e x te n d s  from  th e  p o in t o f in ju ry  tow ards th e  p a p illa e  and  is sh a rp ly  c ircu m scrib ed . I t  
a t t a in s  m ax im al size a f te r  90 m in . and  rem ains v isib le  fo r a whole y ear d u rin g  w h ich  b o th  
i ts  g ro ss a n d  m icroscopic fe a tu re s  undergo  g rad u al ch an g e . T he following are  su p p o sed  to  be 
re sp o n s ib le  for th e  d ev e lo p m en t o f th e  “ red  w edge” : (a ) th e  special a rch ite c tu re  o f th e  re n a l 
m e d u lla ;  (b ) division of all m in o r vessels and th e  v a sa  re c ta  in a closed a rea  w ith o u t  th e ir  
su b s e q u e n t reun ion , anom alies w h ich  lead to ch ron ic  d is tu rb an c es  of blood su p p ly  a n d  d y s­
fu n c tio n  o f th e  sm all channels.

In i t ia l  A TP-ase re ac tio n  of th e  severely d am ag ed  cells is strongly  positive . D ed iffe ren ­
t ia t in g  a tro p h y  of th e  tu b u le s  goes h an d  in h an d  w ith  a red u ctio n  in  th e  a c tiv ity  o f oxido- 
re d u c ta s e s . The walls o f th e  h y p e raem ic  vessels d isp lay  d im in ished  A TP-ase a c tiv ity . E lec tro n - 
m ic ro sco p ic  s tu d ies  concern ing  pecu lia r periodic c av itie s  in  th e  tubules have  show n v ario u s 
p o ss ib ilitie s  in resp ec t o f th e ir  orig in .

ХАРАКТЕРНЫЕ МОРФОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ ПОСЛЕ ПУНКЦИИ 
МЕДУЛЛЯРНОГО ВЕЩЕСТВА ПОЧЕК

[ Г. ДИТШЕРЛЕЙН, И. ВИТТЕ и Д. КУНДЕ

Многочисленные исследования выявили, что у кроликов, крыс, собак и человека 
после пункции почек появляется характерная область, так наз. красный клин, наблюдае­
мый только тогда, когда канал прокола проходит через мозговое вещество почки. Красный 
клин простирается от места поражения в направлении почечных сосочков, и он резко от­
граничен. Уже по истечении 90 минут красный клин достигает полного размера и до окон­
чания эксперимента его можно выявить даже по истечении года. Однако в течение этого 
срока наблюдается постепенное изменение его макроскопической и гистологической кар­
тины. Ответственным за возникновение красного клина можно считать следующие факторы: 
1. архитектуру медуллярного вещества почек, 2. прерывание всех канальцев и прямых 
сосудов замкнутой области при отсутствии их воссоединения. Из этого следуют хроничес­
кие расстройства кровотока и прекращение функции канальцев. При фермент-гистологи- 
ческом изучении вначале АТФаза более тяжело пораженных клеток реагирует положи­
тельно. Недиференцирующая атрофия канальцев сопровождается понижением активности 
оксидоредуктазы. 13 стенках гиперемических сосудов активность АТФазы понижена. На 
основе электроннооптических результатов для возникнования своеобразных периоди­
ческих полостей в канальцах можно полагать различные возможности.

D r .  G. D it sc h e r l e in  
D r. In g r id  W itte  
D r. D .  K UNDE

P ath . Inst. d. H um boldt-U niversität, 
(R udolf-V irchow -H aus), Berlin, D D R
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A PRINCIPLE FOR SILVER STAINING OF TISSUE 
ELEMENTS RY PHYSICAL DEVELOPMENT

F. Ga l l y a s  

(R eceived 15 A u g u s t, 1970)

The princip le  w hich we propose fo r silver s ta in ing  has th e  follow ing a d v an tag e s  
over silver im p reg n atio n . (1) I ts  chem ical a n d  p h y sica l processes are k n o w n  a n d  s ta n d a rd -  
izuble, w hich m ake s ta in in g  w ith  i t  easily  rep ro d u c ib le ; (2) th e  in te n s i ty  o f sta in in g  
can  be  co n tro lled  by  v a ry in g  th e  tim e  of develo p m en t.

A so lu tio n  of a c e rta in  su b s tan ce  is u sed  w hich com bines w ith  o r is adso rb ed  
on th e  tissue e lem en ts to  be d e m o n s tra ted  in  a m u ch  h igher degree th a n  on th e  o thers . 
The m olecules o f th is  su b stance, b o u n d  on th e  sections, are rep laced  b y  co llo id a l silver 
gra ins w ith  th e  help of chem ical reac tio n s . F in a lly  th e  silver g ra ins a re  en la rg ed  to 
m icroscopic d im ensions by  p h y sical d ev elo p m en t.

On th e  basis of th is  s ta in ing  p rin c ip le  m eth o d s have been e la b o ra te d  fo r dem o n ­
s tra tin g  fib ro u s neurog lia , m icro- an d  o ligodendroglia , A lzheim er’s n e u ro fib rilla ry  
changes, m yelin , d eg enerated  axons an d  co n n ec tiv e  tissue.

Introduction

To elim inate the uncertainty in silver im pregnation, L i e s e g a n g  [6] 
introduced a special kind of reducing bath , the so-called “ physical developer” . 
It contains a reducing substance and som e silver salt, and thus th e  silver 
atom s participating in the growth o f the silver grains in photographic em ulsions 
or in tissue sections derive from the developer itself [7].

Silver stain ing w ith a physical developer has two advantages over the 
use o f a sim ple solution of a developing agent w ith: (1) its chem ical and physical 
processes are known and standardizable so th at staining w ith  it is repro­
ducible; (2) the in ten sity  of stain ing (i.e. th e  size of the silver particles form ed) 
can be controlled by varying the tim e o f developm ent.

D espite these advantages, physical developm ent has up to  now been 
utilized  only, for dem onstrating axons and incorporated h eavy  m etals. The 
m ethods for sta in ing axons are in fact m odifications o f the im pregnation  
techniques serving the sam e purpose, in w hich, however, en largem ent o f the 
silver nuclei produced by the reducing groups of axons is achieved by physical 
developm ent w ithout [6; 8] or after rem oval [9 10] of th e  silver ions from
the sections. The principle of the histochem ical dem onstration o f h ea v y  m etals 
(the so-called “ sulphide silver” techniques [12 15] is as follows. The m aterial
to be stained is fixed in alcohol contain ing sulphide ions; the la tter  com bine
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w ith  th e  h eavy m etals form ing insoluble m eta l sulphides which then act as 
nuclei for physical developm ent.

Intrigued  by the advantages of physical developm ent, we have carried 
out in vestigation s into th e  possibilities of its general application. As a result, 
we have devised a principle for silver staining w hich  allows a selective dem on­
stration  o f fibrous neuroglia , micro- and oligodendroglia , Alzheimer’s neuro­
fibrillary changes, m yelin , degenerated axons and connective tissue. A detailed  
description  of the ind iv id u al methods and d iscussion  of their processes w ill 
be th e  subject of separate com m unications [2 —4].

The proposed principle fo r  silver staining

To silverize tissue elem ents, subm icroscopical m etallic silver particles 
are m ade to deposit on them  and subsequently enlarged to microscopic d im en­
sions b y  means of a physica l developer. The silver grains acting as nuclei for the  
developm ent are produced in the following m anner (Table I): Tissue sections are

Table I

General p a tte rn  o f the proposed sta in in g  princ ip le

adsorption or .
tissu e -e lem en t -f- D S ----- :----------tis su e -e lem e n t—DS

chemical reaction 

chemical reaction
tis su e -e lem e n t—D S -----------------=»- ..........

chemical reaction

tis su e -e lem e n t—A g(con )

chemical reaction

physical

development

tis su e -e lem e n t—Ag(cou.) 

t is su e -e lem e n t—Ag(mjc r)

DS =  d e te rm in a n t su b s ta n c e  (the  substance  d e te rm in in g  th e  d is trib u tio n  of silver 
in  th e  f in a l p ic tu re )

im m ersed in the solution  o f a certain substance (w hich will be referred to as 
a “ determ inant substance” , i.e. the substance determ ining the distribution  
of silver in  the final picture) and which com bines w ith  or is adsorbed on the  
tissue elem ent to he silverized  in a much higher degree than on the others. 
The m olecules of th is substance, bound on th e  tissu e elem ents, are replaced  
by m etallic  silver w ith th e  help of chem ical reactions. Selective staining can 
be achieved  only if  the bound quantity of the “ determ inant substance” is so 
sm all th a t silver grains o f  colloidal dim ensions are form ed as a result o f the  
replacem ent. The reactions m ust take place in  a heterogenous phase. In  th is  
w ay an insoluble com pound is always formed from  another insoluble substance. 
C onsequently, the silver nuclei representing th e  fin a l result o f these reactions, 
as well as the m icroscopic silver particles resulting from the enlargem ent oi
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the nuclei by physical developm ent, are located  in the very tissue elem ent 
hy which the determ inant substance has been bound.

Two w ays o f replacing the determ inant substance by m etallic silver can 
be taken into consideration: converting it  in to  another com pound which
(1) precipitates silver ions (Table II. a), or (2) reduces silver ions (Table II . b). 
For this reason, every inorganic or organic com pound which is able to precip itate  
or reduce silver ions or can be converted in to  such a compound, as w ell as 
m olecules, colloids or com plexes of silver sa lts  and, finally, colloidal silver  
can be used as determ inant substance. N atu ra lly , the chemical com ponents  
them selves of the tissue elem ent to be silverized  m ay also serve as deter­
m inant substance.

Results and discussion

The physical developer

Prelim inary exam inations have show n th a t the physical developer su it­
able for the proposed silver staining had to  fu lfil the following conditions:

(1) The tim e needed for the silver nuclei deposited  on the tissue elem ents  
to grow to m icroscopic dim ensions (in other w ords, the tim e of developm ent) 
should be about 10 m inutes. This perm its easy  observation of the p o in t when  
optim um  stain ing has been reached (see below ). B esides, uniform sta in in g  of 
sections w ith  a large cut surface can be a tta in ed  only if  the tim e required for 
them  to unfold is considerably shorter than th a t of the developm ent.

(2) Silver particles should not be produced within the so lu tion  itse lf  
during the tim e o f developm ent. Some o f th e  silver particles form ed w ithin  
the solution would precipitate on the surface o f the sections and result in 
undesirable staining.

(3) The rate o f form ation of “ tissue-produced nuclei” should be slow  
enough to ensure that no considerable num ber o f m icroscopic silver particles 
develops as a result of their being increased. In  a solution of silver sa lts  the  
reducing groups present in the tissue elem ents convert silver ions in to  silver  
grains of colloidal dim ensions, which are deposited  at the site of their form ation. 
(These grains w ill henceforward he referred to  as “ tissue-produced nuclei” . 
I f  the solution  containing the silver ions is a physical developer, the tissue- 
produced nuclei im m ediately  begin to grow. The staining produced b y  this 
m echanism  (the “ tissue-produced silver sta in in g” ) interferes with or suppresses 
the silver picture having its origin in the determ inant substance bound to  the 
tissue elem ent to be silverized.

(4) The physical developer should not d isso lve the silver salts insoluble  
in water. For replacing the determ inant substance by silver nuclei, as outlined  
in Table l ia ,  tissue sections are immersed in so lu tions of a silver salt, a reducing  
agent and a physical developer in succession. A s the latter contains both  silver
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Table II

R eplacem ent by metallic silver particles o f  the determ inant substance by converting it in to  another 
com pound  able (a )  to precip ita te  silver ions or (b )  to reduce silver ions

a

adsorption or
tissue-elem en t -f- US ------ ;---------- y*-

chemical reaction 
chemical reaction

tis su e -e lem en t—DS ------------------=*-
chemical reaction

tissue-elem ent—DS

chemical reaction

tis su e -e lem en t—PA  -|- A g+ 

tissue-elem en t — P A —A g+ 

tissu e -e lem en t—Ag(cou )

chemical reaction

reduction

physical

development

tissue-elem ent — PA  

tissue-elem ent—P A —A.g+ 

tissue-elem ent—Ag(COjj > 

tissue-elem ent—Ag(mjor>)

tissue-elem en t — DS

tissu e -e lem en t—DS

b
adsorption or

chemical reaction

chemical reaction 
---------

chemical reaction 

chemical reaction

reduction
tissue-elem en t —RA -j- A g+ ----------------->-

physical
tissu e -e lem en t—Agfmii \ ----------------- >-

development

tissue-elem ent—D S

tissue-elem ent — R  A 

tissue-elem ent—Ag(con 

tissue-elem ent — Ag(mjcr j

D S  =  d e te rm in a n t substance  
P A  =  p re c ip ita tin g  agen t 
E A  =  red u cin g  agen t

salt and  reducing agent, the la st three steps o f th e  substitution m ay occur in  
the p h y s ic a l developer itself, provided it  does n o t dissolve the w ater-insoluble  
silver sa lts . Therefore treating th e  sections in  separate solutions of silver salt 
and red u cin g  agent as w ell as w ashings in  d istilled  water becom e super­
fluous.

(5) T he pH  of the physical developer should  not he less than  7. In  the  
course o f  replacing the determ inant substance b y  silver nuclei, th e  tissu e  
sections are placed in a solution  containing silver ions, in which an insoluble  
silver sa lt  (Table l ia )  or colloidal silver grains (Table l ib )  w ill be form ed. 
As m ore substances have the ab ility  to  reduce silver ions or form insoluble  
salts w itb  th em  in neutral and still more in a lkaline media than in an acid one, 
it is ex p ed ien t to use an alkaline solution of silver ions, or an alkaline p h ysica l 
developer i f  the possib ility  m entioned in paragraph 4 is to be taken  ad van ­
tage of.
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W e propose a physical developer, w hich is com posed as follow s.

2.5%  of sodium  carbonate,
0.100%  of silver nitrate,
0.095%  o f am m onium  nitrate,
0.50%  of tungsto-silicic acid and
0.013 0.125%  of formol (depending on room tem perature).

Sodium carbonate ensures an optim um  o f a lkalin ity (pH 10.3) for sup­
pressing the disturbing tissue-produced silver sta in ing. The rate o f form ation  
of tissue-produced nuclei depends on the pH  o f the solution containing silver 
ions. To exam ine th is, tissue sections of hum an brain, liver, spleen, k idney  
and m uscle were fixed  in com m ercially available form ol for three days and then  
im m ersed in 0.05%  silver nitrate solutions o f d ifferent pH  values. The solutions 
also contained 0.1%  am m onium  nitrate to  prevent the form ation o f  silver 
hydroxide or carbonate, 1% sodium borate to be buffered in the m ild acid and 
alkaline pH  range and 10% sodium nitrate to  keep ionic strength at a con­
stan t level. The solutions were adjusted to pH  values between 1 and 14 by  
nitric acid or sodium  hydroxide. The sections were rem oved from the solutions  
at in tervals, washed in 2%  sodium sulphite th en  in distilled water to  rem ove  
the com bined silver ions and finally  im m ersed in T imm’s [13] physical d evel­
oper (5 parts o f 40%  gum -arabic, 1 part o f 1.2%  boric acid, 0.3 parts o f  10%  
silver n itrate and 1.2 parts of 2% hydroquinone solution). This developer is 
of m oderate acid ity and, for this reason, tissue-produced silver nuclei are not 
formed in it. C onsequently, if any staining appears it m ay only originate from  
an enlargem ent of the nuclei formed in the 0.05%  silver nitrate solutions. 
The tim e was recorded during which the section s placed in the silver n itrate  
solutions had formed enough silver nuclei to  lend  the sections a deep brown  
colour after 10 m inutes of developm ent (F ig. 1). The sections which had been  
treated w ith  silver n itrate solutions o f a pH less than  4, failed to sta in  even  
after 120 m inutes incubation. In cerebral grey m atter the time o f form ation  
of silver nuclei in sufficient amounts decreased gradually below and rapidly  
above pH  11. As for w hite m atter, the curve characterizing the relationship  
betw een pH value and the tim e of form ation o f nuclei shows an abrupt drop 
w ith  a m inim um  at pH 7 8 then it increases to  about pH 10, to decline again
above pH  11. On the curve for white m atter o f  a m aterial having been fixed  
in form ol for 6 m onths there is also a m inim um  at about pH 7 8, w hich,
however, is less d istinct than that m entioned above. W hite m atter fixed  in 
formol for 5 years did not form silver nuclei considerably faster th an  grey 
m atter along the whole pH range. In the case o f  the organs exam ined th e  corre­
lation under discussion ran a course sim ilar to  th a t o f cerebral grey m atter. 
From the above facts it follows that an acid p h ysica l developer does n o t pro­
duce nuclei. D espite this fact, in the proposed silver staining the application
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of an acid  physical developer would be im practicable, because, a lthough not 
offering th e  advantage outlined in paragraph 4 , it  would fail to  p reven t the  
form ation  o f tissue-produced nuclei. V iz., in  th e  course of replacem ent o f  the  
determ in an t substance b y  silver nuclei the sections have to be p laced  in  an 
alkaline solution  containing silver ions (s. paragraph 5). In determ ining the
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F ig . 1 . T h e  tim e  needed io r th e  fo rm atio n  of tis su e -p ro d u ce d  nuclei as a fu n c tio n  o f th e  p H  
of 0 .0 5 %  silv e r n itra te  so lu tions. W h ite  m a tte r  o f h u m a n  b ra in  fixed in fo rm ol fo r 3 d a y s  (Ob 

6 m o n th s  (© ) ,  5 years ( © ) ;  g rey  m a tte r  o f h u m a n  b ra in  f ix ed  in form ol fo r 3 d a y s  ( 0 )

op tim u m  p H  value for the physical developer, th e  above-m entioned peculiar 
b eh av iou r o f  cerebral w hite m atter m ust n o t be left out of consideration. 
B ecau se  i t  is at about pH  10.5 that the rate o f  form ation of tissue-produced  
nuclei is th e  low est in th e  alkaline pH  range, th e  pH  of our physical developer  
is ad ju sted  to  10.3 by sodium  carbonate.

T h e other factor on w hich the rate o f form ation  of tissue-produced nuclei 
depends is the concentration o f  silver ions. To exam ine this dependence, sections 
of h u m an  brain fixed  in form ol for three d ays, cu t 20 fi thick were im m ersed  
in silver  n itrate solutions of various concentrations. The solutions contained  
5% sod iu m  carbonate, to  be buffered at pH  10.3 , and also am m onium  n itrate, 
in an am ou n t equivalent to  th e  silver ions, to  prevent the form ation o f inso­
luble silv er  carbonate. The sections were rem oved from the solutions at in ter­
vals, w ash ed  first in 2% sodium  sulphite th en  in distilled w ater and finally  
placed  in  T imm’s physical developer. The len gth  o f tim e was recorded in  which  
the sectio n s placed in the silver nitrate so lu tions had formed enough silver 
nuclei to  lend the sections a deep brown colour after 10 m inutes o f devel­
op m en t.
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Fig. 2 shows th at the tim e of form ation o f tissue-produced nuclei increases 
w ith  the decrease in silver ion concentration. I t  seem s to  be expedient to  choose 
the silver nitrate concentration  of the developer as low as possible, the lim it 
being set by the requirem ent that the developer should contain reducible 
silver in sufficient am ounts to enlarge the nuclei having their origin in the

60-

F ig. 2. T he tim e  needed for th e  fo rm atio n  of tis su e -p ro d u ced  nuclei as a fu n c tio n  of th e  con­
c en tra tio n  of silver n i tra te  so lu tio n s a t  pH  10.3. О  w h ite , #  grey m a tte r  of h u m an  b ra in  fixed

in form ol for 3 d ay s

determ inant substance deposited  in the sections. The silver nitrate concentra­
tion  of our physical developer is 0.1% . Thus 1 m l of it can ensure the growth  
o f as m any silver nuclei as are deposited in 2 sq.cm  of a section.

In view  of the presence of carbonate and hydroxide ions in the ph ys­
ical developer, the silver ions in it have to be m asked by a com plexing agent. 
For this purpose ammonium nitrate  is used in an am ount just su ffic ien t for 
keeping the silver n itrate con ten t in solution, as an excess of com plexing agent 
is undesirable (s. paragraph 4).

The speed of reduction o f silver ions in a physical developer can be slowed  
down by adding to it a p rotective colloid or an excess o f com plexing agent [7]. 
Since the latter is to he avoided the protective action of various substances  
of high m olecular w eight was tested . Of th ese, tungsto-silicic acid  proved to 
be the m ost suitable. To assess the dependence o f the protective a c tiv ity  on 
the tungsto-silicic acid concentration, physical developers containing various 
am ounts o f this acid were tested  at different tem peratures. The length  o f tim e  
betw een the preparation o f the solutions and their beginning to becom e turbid  
Írom m etallic silver particle form ation was recorded. Fig. 3 shows th a t this 
tim e increased w ith the rise in tungsto-silicic acid concentration. I f  this exceeds  
0.5% , an unidentified  com pound will precipitate som e m inutes after prépara-
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tion  o f  th e  developer w hich, th ereb y, becom es useless. In  a physical developer 
con ta in in g  0.5%  tungsto-silicic acid no m etallic silver particles are form ed, 
or can  b e detected w ith th e  naked  eye w ithin  1 — 2 hours, depending on the  
tem p eratu re . In contrast, in  th e  developer the sections are kept for a period 
of 10 30 m inutes, which includes the tim e necessary for the last tw o reactions
of rep lacem en t of the determ inant substance b y  silver nuclei and the tim e of 
d evelop m en t.

F ig . 3 . T h e  tim e  needed for collo id  silv er p a rtic les  to  be  p ro d u ced  in  th e  p h y sical developer 
a s  a  fu n c tio n  of its  tu n g sto -s ilic ic  acid co n ce n tra tio n  a t  various tem p e ra tu re s

In  our physical developer the reducing agent is formol, which has proved  
su ita b le  in  silver im pregnation, too. To determ ine its optim um  concentration, 
20 fi th ick  tissue sections fix ed  in formol for three days were im m ersed in an 
0.1 % silver  nitrate solution at pH  7.3 for 5 m inutes, washed in 2%  sodium  
su lp h ite  solution then in d istilled  w ater and finally  placed in our physical 
d evelop er o f various form ol concentrations and tem peratures. It w as deter­
m in ed  how  long it took for th e  solutions to render the sections deep brown 
in co lour by enlarging the nu cle i produced in the 0.1%  silver nitrate solution. 
As can  be seen in Fig. 4, th e  tim e of developm ent is a function of the formol 
con cen tration  and tem perature. In order to obtain a physical developer which  
d evelop s in  about ten m in u tes tim e, its form ol concentration is to be adjusted  
d ep en d in g  on the solution’s tem perature (w hich is usually the sam e as the  
room  tem perature).

T h e physical developer is always prepared im m ediately before use by  
m ix in g  three stock solutions. T hese, how ever, can be kept at room tem perature  
for m on th s. The stock so lu tion s are com posed as follows.

Solution A .  D issolve 50 g of sodium  carbonate (analytic grade) (N a 2C 03, 
anhydrous) in 1000 ml o f d istilled  water.
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Solution B. D isso lve 1.90 g of am m onium  nitrate (an a ly tic  grade) 
(N H 4NO:i), 2.00 g o f silver n itrate (AgNO.,) (analytic grade) and 10.00 g of 
tungsto-silicic acid (analytic grade) (SiO , • 12WO:s • 2 6 H ,0 )  in 1000 ml of 
distilled  water in the order given.

per cent

F ig. 4. T he tim e of d ev elo p m en t as a fu n c tio n  of form ol c o n cen tra tio n  of th e  p h y sica l developer
a t  various tem p era tu res

Solution C. D issolve 1.90 g of ammonium n itrate, 2.00 g o f silver nitrate, 
10.00 g of tungsto-silicic acid and 7.3 ml of 35% , or 6.1 ml o f 40%  formol in 
1000 ml of distilled water, in the order given.

The stock solutions should be mixed according to the standards given 
in Table III.

Table III

Stock solutions fo r  the physical developer at various room tem peratures 
and the concentrations o f  form ol in the m ixture

Temperature
C

Sol. Л 
ml

Sol. В 
ml

Sol. c
ml

Formol-
concentration, 

per cent

15 ±  2 10 0 10 0.125
20 ±  2 10 3 7 0.086
25 ±  2 10 5 5 0.063
30 ±  2 10 7 3 0.040
35 ±  2 10 8 2 0.025
40 ±  2 10 9 1 0.01.3

First solution В then solution C is added to solution A w ith  a pipette  
in a thin jet. W hile p ipetting, and for some tim e thereafter, th e  m ixture is 
vigorously stirred. If the order of m ixing is inverted, or the solutions are 
added too quickly, or stirring is not vigorous enough, a w hite precip itate will 
form which spoils the developer.

H aving been placed in the physical developer, the tissue sections carrying 
the silver nuclei will little  by little  becom e black in colour, passing through 
the tin ts of yellow  and brown. The colour of the sections show ing optim um
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sta in in g  under the m icroscope varies with the tissu e  elem ents to  be silverized. 
To term in ate  developm ent, th e  sections are transferred into a 0.5%  solution  
o f a ce tic  acid or some other w eak  acid. Optim um  stain ing o f the sections can 
be ch eck ed  on the basis of th e ir  colour. U ntil su ffic ien t practice has been ac­
quired  it  is advisable to develop  3 —4 sections sim ultaneously  and to rem ove them  
one b y  one at intervals o f tw o  m inutes after their beginning to becom e pale 
brow n in  colour. Am ong th ese  sections there w ill be one showing optim um  
d evelop m en t. Grow ing o f the silver  particles can be observed under the micro­
scop e. For this purpose th e  sections to be checked are placed in 0.5%  acetic 
acid so lu tion  in order to  arrest tem porary developm ent and, after the micro­
scop ic  exam ination, placed b ack  in the developer for continuing developm ent 
if  n ecessary .

Decreasing the rate of  fo rm ation  of tissue-produced 
silver nuclei by pretreatment

T h e formation of tissue-produced nuclei in our physical developer is not 
to  b e  neglected if the last reactions w hich replace the determ inant substance 
by co llo idal silver grains, v iz ., th ose that occur in the physical developer, take 
lon ger  than  the form ation o f  tissue-produced silver nuclei. To prevent the  
d istu rb in g  tissue-produced silver  staining, we h ave attem pted  to decrease the 
rate o f  form ation of tissue-produced  nuclei b y  pretreating the sections. Two 
k in d s o f  such pretreatm ent cou ld  be considered, (i) to  decrease the num ber of 
red u cin g  groups in the tissu e elem ents; (ii) to decrease the capacity  of the tissue  
e lem en ts  for binding colloidal silver.

F or decreasing the num ber of reducing groups the follow ing alternative  
p resen ts  itself: (a) blocking or (b) eliminating them . B y  blocking the aldehyde, 
k eto , hydroxyl, sidphydryl and  amino groups and the unsaturated bonds [1] 
th e  t im e  that the form ation  o f tissue-produced nuclei takes could not be 
p ro lon ged  for each tissue elem en t. Of the procedures tested  the blocking of 
h y d ro x y l and amino groups b y  acetylation proved to be the m ost successful. 
I t  suppresses the form ation o f tissue-produced nuclei in all tissue elem ents 
ex cep t m yelin and eryth rocytes . The abolition o f reducing groups by oxidation  
resu lted  in a considerable decrease in the rate o f form ation of tissue-produced  
n u cle i in  all the tissue elem ents concerned. Three strong oxidizing agents wrere 
te s te d , potassium  perm anganate, sodium -bism utate and periodic acid. They 
sh ow ed  similar effects. O f th e  three agents w e chose periodic acid because 
it  d id  n o t render the section s fragile and its excess could be rem oved from the 
sec tio n s  by washing in w ater  [5]. To determ ine its optim um  concentration  
and th e  optimum duration o f  treatm ent of the sections in it, frozen sections 
20/i th ick  of human brain h av in g  been fixed in form ol for some days were 
im m ersed  in periodic acid so lu tions of various concentrations and tem pera­
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tures. The sections were rem oved from the solutions at intervals o f 5 m inutes, 
washed with d istilled  water and placed in the physical developer. It w as deter­
mined how long it  took for the sections to  becom e deep brown in colour (F ig . 5). 
This period (i.e. the tim e needed for the tissue-produced silver sta in in g  to 
develop) consists o f two com ponents. One is the tim e required by the forma-
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F ig . 5. The tim e n eeded  for tissu e -p ro d u ced  silver sta in in g  to  develop in th e  p h y sic a l d ev el­
o per as a fu n c tio n  o f th e  tim e of a p rev io u s in cu b a tio n  of th e  sections in period ic  acid , a 1, 2, 

5 an d  10%  periodic acid , 20 °C; b 5%  periodic acid, 20, 37, 56 °C

tion  of the tissue-produced nuclei; it  can be varied by changing th e  length  
of pretreatm ent. The other com ponent is the tim e o f developm ent; it  is constant 
in a physical developer of given concentration  and tem perature, i.e . indepen­
dent of the pretreatm ent. C onsequently, from a prolongation o f th e  tim e  
needed for the tissue-produced silver stain ing to  develop it can be inferred  
th a t the rate o f  form ation of the tissue-produced nuclei has decreased. F ig. 5 
show s that pretreatm ent with periodic acid can prolong this tim e on ly  up to  
a certain lim it w hich can he reached in less tim e by using a periodic acid 
solution  of higher concentration and tem perature. W e incubate the sections 
in 5%  periodic acid solution at room tem perature for 30 m inutes if  necessary. 
This results in a prolongation by about 40%  o f the tim e needed for th e  tissue- 
produced silver stain ing to develop.

It is w ell-know n that periodic acid can form reducing groups w hile it 
elim inates others. Thus, it converts 1 ,2-glycol groups into aldehydes. I t  appears 
th a t the a ldehyde groups form silver nuclei more slow ly at the pH  o f the  
physical developer than do the reducing groups that have been abolished by 
th e  periodic acid. However, on increasing the pH the reducing stren gth  of 
the aldehyde groups increases, and beyond pH 12 a pretreatm ent w ith  periodic 
acid shortens th e  tim e necessary for the developm ent of the tissue-produced  
silver staining in  certain tissue elem ents containing 1,2-glycol groups [4].

The capacity  of tissue elem ents to bind colloidal silver depends on the  
distribution o f their  positively and n egatively  charged chem ical groups, which

5* A d a  Morphologica Acadeniiae Scientiarum Hungaricae 19, 1971



68 F. GALLYAS

is n o t uniform. There are sites with relatively  more positive charges and vice  
versa. In  the course o f  their form ation, tissue-produced silver grains obtain  
n egative  charges by absorbing anions and are deposited on the p ositively  
charged sites of the section s [11]. Bearing th e  above fact in m ind, tw o w ays 
can be thought of to decrease the capacity o f  tissu e elem ents to bind colloidal

min min

F ig . 6. T h e  tim e needed  fo r  tissu e -p ro d u ced  silver s ta in in g  to  develop in  th e  p h y sica l d e v e l­
oper as a function  of th e  t im e  of a previous in cu b a tio n  o f th e  sections in sodium  h y d ro x id e . 
a O.Oln, O .ln , In  and Юге so d iu m  h ydrox ide, 20 °C; b I n  so d iu m  hy d ro x id e, 20, 37 and  56 °C

silver, (i) blocking th eir  positively  charged sites w ith  the help of negatively  
charged compounds; (ii) m odifying the d istribution  of charges on the sections. 
For blocking the p o sitiv e ly  charged sites w e have not been able to find any  
substance which w ould h ave prolonged the tim e needed for tissue-produced  
silver stain ing to develop in each tissue elem ent. H ow ever, the tissue-produced  
silver staining of certain  elem ents can be suppressed in this w ay (for instance, 
th a t o f erythrocytes at pH  13 by sodium dodecyl-su lphate [4]).

For the m odification  o f the distribution o f charges on the sections the 
on ly  possib ility  that presents itself is an alteration  o f the shape of the m acro­
m olecules. Such an a lteration  can be expected  to  result only under a strong  
effect, since the shape o f  the m acrom olecules is determ ined by the fixation . 
A slight prolongation o f the tim e needed for tissue-produced silver staining  
to  develop was obtained on incubating the sections in strong acids, hot water 
and lip id-solvents, and a substantial one by pretreatm ent w ith strong alkali. 
Sodium , potassium  and lithium  hydroxide proved to have the sam e effect. 
To determ ine the optim um  concentration o f th e  alkali and the optim um  
duration of treatm ent o f  the sections in it , frozen sections of hum an brain 
fixed  in formol for som e days and cut 20 fi th ick  were immersed in sodium  
hydroxide solutions o f  various concentrations and tem peratures. Thereafter 
the sections were rem oved from the so lu tions at intervals of 5 min, 
w ashed w ith distilled w ater and placed in th e  physical developer. It was

A d a  Morphologica Academiae Scientiarum  Hungaricae 19. 1971



A P R IN C IP L E  FOR SILVER STA ININ G 6 9

Fig, 7. M icrogram s of tissu e -p ro d u ced  silver s ta in ing  in  grey (a , c and  e) and  w h ite  (b , d and  f) 
m a tte r  o f hu m an  b ra in  fix ed  in form ol; a an d  b, u n p re tre a te d  section  a fte r  22 m in u te s  physical 
d ev elopm en t; c an d  d, sec tion  p re tre a te d  w ith  5%  periodic  acid  so lu tion  for 30 m in , a f te r  29 
m in u tes  o f physical d ev elo p m en t; e and  f ,  section p re tre a te d  w ith  4%  sodium  h y d ro x id e  

for 30 m in u tes , a f te r  42 m inu tes of physical develo p m en t. x 4 0 0

recorded how long it took  until the sections had becom e a deep brown in 
colour. Fig. 6 shows th at sodium  hydroxide pretreatm ent prolonged this 
period of time only up to a certain lim it. A prolongation was achieved more 
easily by using a sodium  hydroxide solution o f higher concentration and tem ­
perature. We incuhate the sections in a 4% solution  of sodium  hydroxide of 
room tem perature, if  necessary for 30 m inutes; th is results in a prolongation  
by about 90% of the tim e required for the tissue-produced silver sta in ing to 
develop. The result of alkali treatm ent could not be influenced by subsequent 
incubation in acid solutions, indicating that the m odification  by alkali o f the
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d istr ib u tion  of charges in th e  tissue elem ents is irreversible. I f  the sections 
are trea ted  in periodic acid and alkali in succession , the effects are additive.

O n developing the tissue-produced nuclei in an unpretreated section of 
hum an brain fixed in form ol, pathological m icro- and oligodendroglia, nerve 
cells, erythrocytes, blood vesse ls and nuclei o f endothelial and glia cells become 
v isib le  (F ig . 7a, b). The rates o f  suppressing the tissue-produced silver staining  
by th e  tw o  above-m entioned pretreatm ents are not the sam e for the various 
tissu e  elem ents enum erated above. That is w h y  micro- and oligodendroglia  
fa il to  sta in  in sections pretreated  w ith  periodic acid, and w hy th e  background  
is considerably  lighter com pared w ith  that of th e  unpretreated sections (F ig. 7c 
and d). Incubation of the sections in alkali before developm ent suppresses the 
sta in in g  o f all tissue elem ents, except that of fragm ents of pathological micro- 
and oligodendroglia, to  the lev e l of the background (Fig. 7e and f) . In sections 
trea ted  in  both periodic acid and sodium hydroxide only pale spots o f cell 
nuclei can be observed. C onsequently, to prevent disturbing tissue-produced  
silver sta in in g  it is preferable to  incubate the sections in alkali. A pretreatm ent 
w ith  periodic acid is advisable on ly  if  that w ith  alkali is to be avoided or if 
the la tte r  alone has not proved  effective. The introduction  of alkaline treatm ent 
in to  th e  individual m ethods based on the proposed silver sta in ing principle 
does n o t increase the num ber o f steps. N am ely, one of the reactions to replace 
th e  determ inant substance b y  colloidal silver can generally take place in alka­
lin e  m edium  as well.
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E IN  N E U E S  P R IN Z IP  F Ü R  D IE  S IL B E R F Ä R B U N G  
VON G E W E B E E L E M E N T E N  D U R C H  P H Y S IK A L IS C H E  E N T W IC K L U N G

F. GALLYAS

Das vorgesch lagene P rin z ip  fü r S ilberfärbung  b ie te t  gegenüber der S ilb erim p räg n ieru n g  
folgende V orte ile: 1. Die chem ischen und  ph y sik a lisch en  P rozesse sind b e k an n t u n d  kön n en  
s ta n d a rd is ie r t w erden , w odurch  die F ä rb u n g  leich t re p ro d u z ie rb a r w ird; 2. die F ä rb u n g s ­
in te n s itä t  lä ß t  sich d u rch  das V ariieren  der E n tw ick lu n g sze it kon tro llieren .

M an v e rw en d e t die L ösung  einer b estim m ten  S u b s tan z , die an die d a rzu ste llen d en  
G ew ebeelem ente in b ed eu ten d  höherem  Maße als an  an d ere  G ew ebeelem ente g eb u n d en  oder 
a n  ihnen  a d so rb iert w ird . Die M olekeln dieser S u b s tan z , die an  den S c h n itten  geb u n d en  sind, 
w erden m it H ilfe chem ischer R eak tionen  durch  ko llo idale  S ilberg ranu la  e rse tz t. Sch ließ lich  
w erden die S ilb erg ranu la  m itte ls  physika lischer E n tw ic k lu n g  bis zu m ikroskopischen  D im en ­
sionen verg rö ß ert.

A ufg rund  dieses F ä rb u n g sp rin z ip s  w urden V erfah ren  für die D arste llu n g  von fib rösem  
N euroglia , M ikro- u n d  O ligodendroglia, A lzheim ersche V eränderungen  der N eu ro fib rillen , 
M yelin, degenerie rten  A xonen u n d  B indegew ebe en tw ick e lt.

ПРИНЦИП ОКРАШИВАНИЯ СЕРЕБРОМ ТКАНЕВЫХ ЭЛЕМЕНТОВ ПУТЕМ
ФИЗИКАЛЬНОГО ПРОЯВЛЕНИЯ

Ф. ГАЛЛЬЯШ

Предлагаемый принцип для окрашивания серебром имеет следующие преиму­
щества перед импрегнацией серебром: 1. Химические и физические процессы метода извест­
ны и их можно стандартизировать, вследствие чего окрашивание становится легко воспро­
изводимым. 2. Интенсивность окрашивания можно проверять путем варьирования времени 
проявления.

Применяется раствор определенного вещества, которое в гораздо большей мере чем 
с другими элементами связывается с выявляемыми тканевыми элементами или адсорби­
руется на последних. При помощи химических реакций молекулы этого вещества, связан­
ные со срезами, замещают зернышками коллоидного серебра. Затем зернышки серебра 
увеличивают при помощи физического проявителя до микроскопических размеров.

На основе этого принципа окрашивания были разработаны методы для выявления 
фиброзной нейроглии, микро- и олигодендроглии, Альцгеймеровских изменений нейрофиб­
рилл, миэлина, перерожденных аксонов и соединительной ткани.

Dr. Ferenc G a l l y a s  Ideg- és E lm eklinika, P écs, Rét u. 2.
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EFFECT OF ACTH ON REPLETION OF BLOOD 
IN THE ADRENAL AND OVARIAN TISSUES 

OF THE DOG

M . P a l k o v i t s , B . V a r g a  an d  E .  S t a r k  

(R eceived O ctober 16, 1970)

As m easu red  by  in te rn a l calo rim etry , a cu te  as w ell as chronic  A C TH  increases 
ad renal and  o v a rian  blood flow in the  dog. In  an im a ls  k illed  a t  p eak  flow , the  volum e 
of blood in th e  g lan d s is increased . This increase  e x te n d s  to  all th e  g lan d u la r  tissue 
elem ents. As th e  m orpho log ical changes induced  by  a cu te  or chronic A C TH  w ere cor­
responding to  those  observed  earlier by physio log ical m eth o d s, i t  seem s e v id e n t th a t  
the  horm one-induced  increases in  blood flow and  blood vo lum e are c o n cu rren t processes.

ACTH lias been shown to  increase both adrenal [6] and ovarian [7] 
blood flow . Wi th the hormone administered intravenously , the rise in flow  is 
related to the dose and attains its m axim um  the first 2 m inutes. Synthetic  
ACTII increases ovarian blood flow in the adrenalectom ized anim al, showing  
th at this effect o f the horm one is an extra-adrenal effect [7]. These flow  data  
were obtained in dogs and cats [7] and in ham sters and rats [12] hy the 
m easurem ents based on therm al conductance or by the 8eRb m ethod [5]. 
As measured w ith heated therm ocouples, the increase in blood flow  induced  
by a single intravenous injection  of ACTH took 20 to 40 m inutes to return  
to  its pre-ACTH value, depending on the dose applied; and each subsequent 
injection  given when the effect of the preceding one had worn off, induced  
a new rise in blood flow  [7, 8, 9].

The present work was undertaken to stu d y  w hether a single dose of 
ACTH or its repeated in jection  would give rise to m orphological changes 
corresponding to those obtained earlier by physiological m ethods.

Materials and methods

Tw elve dogs of v a rio u s age an d  body w eight w ere a n ae sth e tize d  w ith  ch loralose  and 
u re th a n e  and ad ren a l an d  o v a rian  blood flow was m easu red  by  therm ocouples [7 1 in serted  
in to  th e  g lands on th e  le ft side of th e  body. In  one e x p e rim e n ta l series, flows w ere reg istered  
for th e  f irs t 5 — 6 h ours, th e n  each  dog was given a single in tra v en o u s  in jec tion  of 10 //g/kg 
b .w t. o f A C TH 1-24 (S y n a c th e n  Ciha). W hen in the  f irs t tw o m in u te s  th e  flows h ad  a tta in e d  
th e ir  m ax im u m , th e  an im als w ere sacrificed  by  sa tu ra te d  p o tassiu m  chloride. T h e  con tro l 
an im als  were trea te d  in th e  sam e m an n er, excep t th a t  th e y  received physio log ical saline 
in s tea d  of ACTH. In  a n o th e r  series of experim ents, each an im a l w as given th ro u g h  an  in tra ­
v enous cannu la , daily  for 5 d ay s a to ta l  of 10 //g/kg b .w t. o f A C T H 1-21 d iv ided  in to  several 
doses. On the  6 th  d ay , th ese  dogs w ere sub jected  to th e  sam e p rocedure  as th a t  in the  firs t 
e x p erim en ta l series.
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Im m e d ia te ly  a fte r k illing , th e  a d ren a ls  an d  ovaries w ere fix ed  in 6%  fo rm alin , em bed d ed  
in  p a ra f f in , a n d  sections 10 fi th ic k  w ere  cu t a t  th e  la rg es t sec tio n a l surface. To d e te rm in e  th e  
vo lum e o f  b lo o d  in th e  tissues, a m od ified  A zan m eth o d  (h aem ato x y lin -an ilin e  b lu e -e ry th ro s in - 
o range  G ) w as em ployed by  w hich  th e  g ro u n d  tissue is s ta in ed  b lue  an d  e ry th ro c y te s , p u rp le .

Results

A s in previous experim ents [6 9, 11, 12], acute as w ell as chronic
ACTH produced a rise in b oth  adrenal and ovarian blood flow' (F ig. 1). In  the  
adrenal, th e  increase varied from  40 to 55% , exceeding it sporadically. In  the

Fig. 1. E ffe c t of ACTH on  o v a ria n  a n d  a d ren a l blood flow . A: o v a ry ; B: a d re n a l;  C: a rté ria  
blood p re ssu re ; D: resp ira tio n . T im e scale: 1 m in.

ovary , it  rose to even higher levels. Anim als subjected to chronic ACTH  
trea tm en t responded w ith  m uch greater sen sitiv ity  to the dose adm inistered  
on th e  6 th  day. Inspection  d irectly  at rem oval show'ed the tw o organs to be 
sw ollen  and hyperaem ic both after acute and chronic exposure.

T he histological stu d y  revealed in the adrenal that a single injection  
of A C TH  increased the num ber of erythrocytes in both m edulla and cortex  
(F ig . 2b). In the control anim als, insertion o f the therm ocouple produced, 
apart from  the local injury (F ig . 2d), no change either in m orphology or in
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Fig. 2. Dog ad renal; m odified  A zaii sta in in g  ( x  40). a) con tro l, b) a f te r  a single  in jec tio n  of 
10 //g /kg  b.w . o f ACTH, c) a f te r  an  in jec tio n  of 10 /ig /kg  b.w . of A C TH  given to  an im a l p re­
tre a te d  w ith  ACTH for 5 d ays, d) co n tro l ad ren a l, show ing s ta b  w ound caused  by th erm ocoup le
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F ig. 3. D og  ad renal; m odified  A zan  sta in in g  ( x  200) a f te r  a n  in jec tio n  of 10 ^ g /k g  b .w . of 
ACTH g iven  to  anim al p re tre a te d  w ith  ACTH for 5 d ay s, a) zo n a  g lom eru losa  (ZG) and  zona

fa sc ic u la ta  (Z F); b) zona re tic u la r is
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Fig. 4 . Dog ovary ; m odified A zan sta in in g , a) co n tro l ( x 3 2 ) ;  b) a f te r  a single  in jec tio n  of 
10 //g /kg  b.w . o f ACTH ( x 3 2 ); c) a fte r  an  in jec tio n  o f 10 //g /kg  b.w. of A C TH  g iven  to an im al 
p re tre a te d  w ith  ACTH for 5 days; d) e x tra v a s c u la r  e ry th ro cy tes  am ong  follicles ( X 80); 

e) s tro m a  of ov ary  ( X 80); f)  b ib im  of ov ary  ( X 80)
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blood flo w  (F ig. 2a). In  the zona glomerulosa th e  capillaries contained m oder­
ate am ount of blood (Fig. 3a). In the zona fascicu lata  the sinusoids were 
d ilated  and replete w ith  erythrocytes, and erythrocytes could be seen am ong  
the cells (F ig. 3a). M ost conspicuous for repletion o f blood was the zona reti­
cularis, particularly near the boundary betw een th e  cortex and the m edulla  
(F ig. 3b). Prolonged exposure to  ACTH produced an even greater volum e  
of b lood  in  the adrenal gland (F ig. 2c).

Fig. 5. D og  o v a ry ; co rpus lu te u m ; m odified  A zan sta in in g , a) co n tro l ( X 15); b) a fte r a  single 
in jec tio n  o f 10 ^tg/kg b.w . o f ACTH ( x l 5 ) ;  c) a fte r an  in je c tio n  o f 10 /ig/kg b.w . o f A C TH  

given to  an im al p re tre a te d  w ith  A C TH  fo r 5 days
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The histological picture o f the ovary showed th at a single injection of 
ACTH produced m arked repletion when ovarian blood flow  had attained its 
m axim um . This repletion involved all the structural elem ents of the gland. 
Many erythrocytes were evident around the follicles, m ostly  w ithin vessels 
(F ig. 4b), others in the strom a (F ig. 4e). Prolonged exposure to ACTH provoked  
a still greater increase in blood volum e (Fig. 4c) w ith  a great num ber of erythro­
cytes outside the vessels (Fig. 4d). The vessels in the hilum  o f th e  ovary were 
dilated  and replete w ith  erythrocytes both after acute and after chronic ACTH 
(F ig . 4 f). The hyperaem ia follow ing ACTH treatm ent affected  the corpora 
lutca (Fig. 5).

D iscussion

Increased adrenal blood flow  due to ACTH has been observed by m any 
authors using various m ethods in various anim al species [1, 3 8, 10, 12].
In earlier work [7, 8] we dem onstrated by a m ethod based on therm al conduc­
tance m easurem ent th at intravenous ACTH increases ovarian blood flow  
w ith in  the first tw o m inutes after its adm inistration. The present work yielded  
m orphological evidence of a marked excess of blood in both organs at that 
tim e. Each subsequent injection  of ACTH given after the effect o f the pre­
ceding one had worn off, i.e. in 20 40 m inutes, depending on the dose applied,
again produced a rise in flow.

Our investigations offered no inform ation as to w hether the increase in 
blood volum e caused in the tissues by the first ACTH injection  still pre­
vailed , at least in part, when the subsequent injection was being adm inistered. 
If it did, then the rise in flow  produced by the subsequent injection(s) obviously  
passed o ff in the presence of an increased repletion o f blood in the tissues. 
In earlier reports [4, 6] it has been shown that the effects o f ACTH in increasing 
adrenal blood flow  and corticosteroid secretion are not d irectly  related phe­
nom ena. From this it appears to follow that the blood flow -raising effect of 
ACTH is a “ trophic” effect, independent of the corticosteroidogenic effect.

K ovács  et al. [2] found that under the effect o f chronic ACTH the 
increase in the adrenal fraction o f cardiac output was less than th a t in adrenal 
w eight; they  concluded that the adrenal blood supply per u n it w eight was 
reduced. It is not known w hether in our chronically treated anim als the increase 
in blood flow was proportionate to  the increase in adrenal w eight, but we would 
em phasize that at no tim e during the 5-day treatm ent we were able to detect 
a lesion in any part o f the cortex. Had the blood supply been im paired, we 
should have noticed lesions arising in the course of treatm ent. It needs to be 
m entioned that the dose of ACTH applied by us for pretreatm ent and as the 
last injection , was an order of m agnitude less than th at em ployed by K ovács 
et al. [2].
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B o th  acute and chronic treatm ent w ith eitiier naturally  occurring or 
sy n th etized  ACTH increases ovarian blood flow  [8, 11]. In  the present work, 
the h isto log ica l picture o f th e  ovary  — like th at o f th e  adrenal revealed  
an increased  repletion o f b lood in the tissues and a high degree of venous 
fillin g . T hese m orphological changes observed after acute and chronic ACTH  
trea tm en t have corroborated th ose  revealed earlier by th e  use of physiological 
m eth od s. Further studies are required to elucidate the physiological signif­
icance o f  th is effect o f ACTH.
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A C T H -E F F E K T  A U F D IE  H Y P E R Ä M IE  
D E R  N E B E N N IE R E N -  U N D  O V A R G E W E B E  B E IM  H U N D

M. PALKOVITS, B. VARGA und E. STARK

D u rc h  innere K a lo rim etrie  w u rd e  aufgezeigt, daß  sow ohl a k u te  als au ch  chronische 
A C T H -G ab en  einen A nstieg  des B lu tz u s tro m s  in die N eb en n ie ren  u n d  die O v arien  des H un d es 
b e w irk en . B ei den im  M ax im um  d e r  B lu tz u fu h r g e tö te te n  T ie ren  w ar in  den u n te rsu ch ten  
D rü s e n  a u ch  das B lu tv o lu m en  e rh ö h t. D er A nstieg e rfaß t säm tlich e  E lem en te  des D rü sen ­
gew ebes. D a die durch  a k u te  oder ch ro n isch e  A C T H -G aben h e rb e ig e fü h rte n  m orphologischen 
V e rä n d e ru n g e n  den frü h er m it H ilfe  v o n  physio logischen V e rfah re n  b eo b ac h te ten  B efunden  
e n ts p ra c h e n , schein t es ev id e n t zu  se in , d aß  die h o rm o n b ed in g ten  D u rch b lu tu n g s- u n d  B lu t­
v o lu m en ste ig e ru n g en  g le ich g erich te te  P rozesse  darstellen .

ДЕЙСТВИЕ ВВЕДЕНИЯ АКТГ НА НАСЫЩЕНИЕ КРОВЬЮ ТКАНИ 
НАДПОЧЕЧНИКОВ И ЯИЧНИКОВ У СОБАК 

М. П А Л К О В И Ч . Б . ВАРГА и Э. Ш Т А Р К

На основе внутренней калориметрии, как острое так и хроническое введение АКТГ 
повышают кровоток в надпочечниках и яичниках собаки. У животных, убитых в момент 
максимального кровотока, в указанных железах нашли повышенный объем крови. Это 
повышение охватывает все тканевые элементы желез. Морфологические изменения, вы­
званные острым или хроническим введением АКТГ, соответствуют изменениям, наблюдав­
шимся раньше физиологическими методами исследования. Следовательно кажется 
очевидным, что вызванные гормоном повышения перфузии и повышения объема крови 
являются параллельными процессами.

D r. M iklós P alkovits  
D r. B ertalan V arga  
D r. E rvin  Stark

K O K I, Budapest V III ., 
Szigony и. 43, H ungary
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EFFECT OF FOCAL COOLING  
ON T H E  FINE STR U C TU R E OF TH E C E R E B R A L  

AND C E R E B E L L A R  CORTEX

E. P Á S Z T O R  a n d  J .  H Á M O R I  

(R eceived  D ecem ber 15, 1970)

Local cooling to  8 —10 °C of th e  cereb ra l and  cerebellar co rtex  re su lts  in  a n  a p p a r­
e n t increase  in num ber o f m ic ro tu b u li in  th e  p re te rm in a l axons an d  causes a se lec tive  
increase  o f d en sity  of th e  sy n a p tic  te rm in a ls . T he changes are  co m p le te ly  rev ersib le  
and  n o rm al conditions are  re s to red  on rew arm in g  th e  co rtex  to  37 °C. An a t te m p t  h a s  
been  m ade  to  co rre late  these  m o rpho log ical a lte ra tio n s  w ith  th e  s im u ltan eo u s  d e v e lo p ­
m en t o f electric  silence in th e  cooled co rtex .

Introduction

Short local cooling of the cerebral cortex below 20 °C cortical tem pera­
ture results in a com plete lack o f cortical electric activ ity  both  in m an [5] 
and in anim als [4, 6]. Light m icroscopic investigations of cooled cortical 
regions [1, 2, 3] failed to reveal any correlative morphological a lterations, 
ind icating that corresponding structural changes, if  any, ought to be looked  
for at the electronm icroscopic (EM) level. This paper reports som e u ltrastruc­
tural alterations observed in the axonal processes and synapses o f the cooled  
cerebral and cerebellar cortex in the cat.

Material and methods

In  six cats u n d e r p e n to b a rb ita l a n aes th es ia  th e  p a r ie ta l co rtex  was exp o sed  a n d  the 
r ig h t h em isphere  was cooled b y  sp rin k lin g  w ith  4 °C m am m alian  R inger so lu tion . T h e  te m p e r ­
a tu re  of th e  co rtex , m easured  by su rface  an d  in tra c o rtic a l th erm isto rs , fell in 2 —10 m in u te s  
to  8 — 16 °C on th e  surface, and to  14 24 °C in th e  deeper layers. A t th is  s tag e  — d u rin g  th e
com ple te  absence of any  electric  a c tiv ity , sm all pieces were excised from  th e  c o rte x  and  
im m ed ia te ly  fixed  in g lu ta ra ld eh y d e  of pH  7.4, a t  20 °C tem p e ra tu re . The b locks w ere  k e p t 
in th e  a ld eh y d e  so lu tion  for tw o hours, rinsed  b riefly  in buffer so lu tion , p o s to sm ic a te d  for 
a n o th e r  30 m in u te s , d eh y d ra ted  in e th a n o l, an d  em bedded  in D urcu p an . C o n tro l m a te ria l  
was o b ta in e d  from  th e  exposed non-cooled  left p a rie ta l cortex .

In  a second experim en ta l series th e  c o rtex  of the  r ig h t cerebellar h em isphere  w as cooled 
an d  th a n  processed  as described above w hile th e  left cerebellar co rtex  w as u sed  as co n tro l.

A fter id en tifica tio n  of th e  co rtica l lay e rs in  to lu id in e  blue s ta in ed  se m i-th ick  sections, 
u l tra th in  sections were m ade by an L K B  u ltro to m e  of th e  superficial layers o f th e  cereb ra l 
co rtex  and  of all th ree  layers of th e  cereb ella r cortex . T he sections were s ta in e d  w ith  u ra n y l 
a c e ta te  an d  lead  c itra te  and exam ined  w ith  a T esla BS 413 A ty p e  e lectron  m icroscope.

D en sito m e trie  m easu rem en ts o f th e  e lec tro n m icro g rap h  negatives w ere m ad e  b y  aid 
o f a Zeiss d en sitom eter.
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Results

Local cooling to  8 10 °C of the cerebral and cerebellar cortex did not
bring about sign ificant changes in tissue structure; the only alteration that 
could be observed even  under small EM pow er w as an apparent increase in 
th e  num ber of m icrotubuli in the preterm inal axons (Figs 1 —4), whereas 
plasm a structure, perikaryon density and th e  thicker dendrites were practi­
cally  unchanged.

Sim ilarly, no conspicuous gross change occurred in the structure of the  
predom inantly axodendritic  synapses (F igs 3 4). H owever, densitom étrie
analysis of 580 syn ap tic  contacts in the photographic plates revealed a signif-

Fig. 1. C ontro l p a rie ta l c o r te x  of ca t, lam ina  I. A  — a x o n  te rm in a l w ith  sy n ap tic  vesicles; 
Sp  — d e n d ritic  spine in  sy n a p tic  co n tac t w ith  th e  a x o n  te rm in a ls . A rrow s p o in t to  m ic ro ­

tu b u le s  in  p re te rm in a l axons. Scale, 1 m icron
F ig . 2. Cooled (10 °C) p a r ie ta l  co rtex , lam ina I. D  =  d e n d rite , G =  glial process, A  =  axon  

te rm in a l. A p p a ren t h y p e r tro p h y  of m icro tubu les (a rro w s) in th in  p re te rm in a l axons
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Fig. 3. H igher m ag n ifica tio n  of con tro l cortex , lam in a  I. D en sity  m easu rem en ts o f  sy n a p tic  
p a r tic ip a n ts  (axon  te rm in a l and  d en d ritic  spine -  Sp  - )  w ere m ade along th e  b lac k  lines 

(see T ab le  I). Arrow s po in t to m ic ro tu b u le s  in p re te rm in a l axons

Table I
D ensity  values o f  dendritic spines and axon term inals o f  cat parietal cortex. la m in a  I

Axon terminal Dendrite
(spine)

Axon density in % 
of Dendritic 

spine density

I / l  Control 5.84 • 0.21 6.85 ±  0.25 85.2
1/2 Cooled 6.46 +  0.27 6.70 ±  0.19 96.4

I I / l  Control 6.23 ±  0.18 7.52 0.32 82.8
11/2 Cooled 6.93 ±  0.23 7.32 ±  0.29 94.6

1/1 = E x p . No. 1, C ontrol co rtex , m ean v a lu e  of d en sito m é trie  m ea su re m e n t of
150 synapses

1/2 =  E x p . No. 1, Cooled (13 °C, 5 '). 200 syn ap ses 
11/1 E x p . No. 2, Control co rtex , 97 sy napses 
11/2 =  E x p . N o. 2, Cooled (14 °C, 10 ') 133 syn ap ses 
Cooling caused  a sig n ifican t den sity  increase  in th e  ax o n  te rm in als
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F ig . 4 . H ig h e r m agn ifica tion  of cooled (10 °C) c o rte x , lam in a  I. Sp  =  d en d ritic  sp ine  su r­
ro u n d e d  b y  an  axon te rm in a l w hich  ap p ears  to  be  so m e w h a t denser th a n  those  in  th e  co n tro l 
(F ig . 3), d ue p ro b ab ly  to  finely  d ispersed  osm ioph ilic  in te rv es icu lar m ate ria l. B lack  line 
acro ss  th e  synapses corresponds to  den sito m étrie  m ea su re m e n t lines. A rrow  p o in ts  to  p ro lif­

e ra tin g  m ic ro tu b u li in th e  p re te rm in a l axons

ican t increase in the density  of axon term inals (Table 1). This increase in 
axon d en sity  was probably due to  the accum ulation  of fine dispersed osm io­
ph ilic  m aterial betw een the synaptic vesicles (Fig. 4). In extrem e cases, as 
e.g . w ith  the m ossy term inals in the cerebellar glomeruli, the accum ulation  
of th e  osm iophilic m aterial after cooling gave a dense appearance to the whole 
axon term inal (Fig. 5).
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Fig. 5. P a r t  o f cerebellar g lom eru lus fro m  cooled (12 °C) cerebellar co rtex , show ing fin e  g ra n ­
u la r  osm iophilic  in te rv es icu lar m a te ria l, an d  p rov id ing  a dense  ap p earan ce  of th e  whole 

m ossy te rm in al (M o ) .  D p  =  d en d ritic  processes o f  th e  g ra n u la r  cells

Both structural changes caused hy cooling, i.e. the m icrotubular hyper­
trophy and the density increase o f  the axon term inal disappeared and norm al 
conditions were fully restored on rewarming o f the cortex to 37 °C.

Discussion

Local cooling of the cortex to  8 10 °C caused (a) an apparent increase
in the num ber of m icrotubuli in the preterm inal axons and (b) an increase 
in density  of the presynaptic axon term inals. No other structural changes 
could be detected in the cortex even  by the electron m icroscope, which explains  
the failure of light m icroscopic studies to find m orphological alterations of 
cortical structures bv cooling.J  О
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A d  (a). It is know n from the investigations of T i l n a y  and P orter  [9] 
that th e  m icrotubuli in th e  axopodium  of H eliosoa are depolym erised and 
consequently  broken to  short pieces by cooling the anim al to 4 °C. Similar 
phenom ena m ight explain  the apparent num erical increase of m icrotubuli in 
the cerebral cortex, although on the basis o f our pictures, owing to a lack of 
serial sections, the assum ption  could not be substantiated . The original h y­
pothesis o f S chmitt [7] on the role of m icrobutuli in the fast particle (vesicle) 
transport in the axon has recently gained a convincing EM support b y  S mith 
et al. [8]. The supposition  is therefore at hand th a t the abolition o f synaptic  
transm ission m ight be due at least partly to a breakdown in the fast transport 
of vesicles in consequence o f a structural disturbance of the microtubular 
system .

A d  (b). The increase in density of the intervcsicular m atrix of the synap­
tic axon  term inals is obscure and calls for further electron histochem ical 
in vestigation .

The m inute structural alterations induced by cooling turned out to be 
com p lete ly  reversible. This is reassuring from  th e point o f view  of local cooling 
of th e  cortex, used as a treatm ent in certain forms of epileptic sta tes not 
in fluenced  by drugs.
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E. PÁSZTOR, J. HÁMORI:

D I E  W I R K U N G  D E R  L O K A L E N  A B K Ü H L U N G  A U F  D I E  F E I N S T R U K T U R  
D E R  G R O S S H I R N -  U N D  K L E I N H I R N R I N D E

E ine  lokale A b k ü h lu n g  der  Großhirn- und  K le in h i rn r in d e  bis zu einer T e m p e ra tu r  von 
8 10° C f ü h r t  zu  einer sche inbaren  V erm ehrung  der  Zahl der  M ikrotubuli  in den p rae te rm i-
na len  A xonen  u n d  zu einer se lektiven V ers tä rkung  der  D e n s i t ä t  der synap tischen  E n d u n g en .  
Die V eränderungen  sind vo l ls tänd ig  reversibel u n d  die no rm alen  Verhältn isse  w erden  bei der 
E rw ä rm u n g  der R in d e  au f  37° C wiederhergestellt .  E s  w urde  de r  Versuch u n te rn o m m e n  einen 
Z u sam m en h an g  zwischen diesen morphologischen V erän d e ru n g en  u n d  der gleichzeit igen 
E n tw ic k lu n g  einer elektrischen R u h e  in der geküh lten  R in d e  festzuste llen.

Э. ПАСТОР, Й. ХАМ О РИ:

Д Е Й С Т В И Е  М Е С Т Н О Г О  О Х Л А Ж Д Е Н И Я  Н А  Т О Н К У Ю  С Т Р У К Т У Р У  К О Р Ы  
Г О Л О В Н О Г О  МОЗГА И М О З Ж Е Ч К А

Местное охлаждение коры головного мозга и мозжечка до температуры в 8— 10° С 
приводит к кажущомуся увеличению числа микроканальцев в претерминальных аксо­
нах и вызывает избирательное увеличение густоты синаптических окончаний. Измене­
ния полностью обратимные и нормальные условия восстанавливаются при нагревании 
коры до 37° С. Была произведена попытка установить взаимосвязь этих морфологичес­
ких изменений с одновременным развитием электрической тишины в охлажденной коре.

Dr. Emil Pásztor: Országos Idegsebészeti Tut1. Int. 5
Budapest XIV., Amerikai út 57, 1 lungary

Dr. József Hámori: Anatómiai Intézet, 
Budapest IX., Tűzoltó u. 58, ILimgary
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Klinik  und Poliklinik fü r  P sy ch ia t r ie  und  Neurologie der M a r t in -L u th e r -U n iv e r s i tä t  
(Direktor:  Prof.  Dr.  m ed. habil .  H. R e n n e r t ), Halle

EIN HISTOCHEMISCHER BEITRAG 
ZUM GLYKOGENGEHALT IM HIRN 
VON CHRONISCH LEBERKRANKEN

V E R G L E I C H S U N T E R S U C H U N G E N  M IT E I N E M  U N A U S G E W Ä H L T E N  
O B D U K T IO N S M A T E R IA L

R . Lah l

(E in g e k o m m e n  am 2. J u n i  1970)

Neben A llgem e inbe trach tungen  über  den G lykogengebalt  des G ehirns  u n ter  
no rm alen  und  pa thologischen Bedingungen wird über  das V o rk o m m en  von  Po ly sacch a ­
riden bei L eh e re rk ran k u n g en  be r ich te t .  25 H irne  von V ers to rbenen  m it  Leberzirrhose  
bzw. -fibrose wurden h ins ich tl ich  ihres h is tochemischen G lykogengehaltes  m it  25 Kon- 
tro llh irnen aus dem lau fenden  O b d u k t io n sg u t  des Pa thologischen I n s t i tu t s  der  Martin-  
L u th e r-U n iv ers i tä t  Halle  verglichen. An histochem ischen M ethoden  v e rw en d e ten  wir 
die Best’sche K arm in- ,  PAS- u n d  BTS- (Shim izu  u . K umamoto) M e th o d e  sowie die 
Diastase  bzw. Salivaprobe.  W äh ren d  sich PAS-positive  S u b s ta n z en  in den meisten 
Fä llen  besonders in Ganglienzellen,  der L ep tom en inx ,  in der Gefäßw and  u n d  perivasal,  
im Neuropil u n d  perizel lu lär  nachweisen  ließen, konnten  nur  in d en  H i rn sc h n i t t e n  der 
Leberzirrhotiker  z. T. Po lysaccha r id -  bzw. G lykogengranula  ver if iz ie r t  werden.  In 8 
Fällen  waren diese G ran u la  in proliferierten,  nack ten  M akrogliakernen ,  in  12 peri­
nuk leä r  (um Gliakerne), in 7 adven t i t ie l l  bzw. perivasal u n d  in 8 im N europ i l  nach­
weisbar. Die Befunde erwiesen sich als s ignifikant.  E ine R e la t io n  zwischen Leber­
u n d  Hirnglykogen hingegen b e s tan d  nicht.  F ü r  das Auftre ten  der Po ly sacch a r id g ran u la  
dü rf te  neben zum großen  Teil  un g ek lä r ten  m etabolischen S tö ru n g en  eine B eein träch ti ­
gung der G lukoseverw ertung  v e ran tw o r t l ich  zu m achen  sein. M öglichkeiten  des in tra -  
zerebralen N ä h rs to f f tran sp o r te s  w erden  d isku t ie r t .  Die D isk repanz  zwischen histoche- 
misch nachweisbarem  Glykogen u n d  der A k t iv i t ä t  g ly k ogensyn the t is ie rende r  E nzym e 
bereits  u n te r  N o rm a lb ed in g u n g en  d e u te t  a u f  zusätzliche bisher u n b e k a n n te  F ak to ren  
der zentralen  Po lysacch a r id reg u la t io n  hin.

Einleitung

Im Säugehirn kann unter Norm albedingungen histochem isch Glykogen  
nur spärlich nachgewiesen werden (A d a m s , 1965; F r i e d e , 1956). D iese Befunde 
w eisen auf eine nur geringe G lykogenreserve des Gehirns hin. In neueren, vor­
wiegend biochem ischen Untersuchungen (G ottstein  u . H e l d , 1968) konnte 
G lykogen auch qu an tita tiv  erfaßt werden. Nach M essungen von  V il la r- 
P alasi  u . L ar n er  (1960) ist der G lykogengehalt im Hirngewebe von Hatten  
m it 1,96 mg/g Feuchtgew ebe sogar höher als im H erzm uskel. E ntgegen  frü­
heren Meinungen, die H irnzellen seien ausschließlich auf Glukose als Energie­
quelle angewiesen, ist die V erwertung vor allem von A m inosäuren und Lipo- 
proteiden als Nährstoffe in N otsituationen  und unter extrem en Bedingungen
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des H irnstoffwechsels durch exakte U ntersuchungen hinreichend gesichert 
( K n a u f f  u . Mitarb., 1964; G o t t s t e in  u . H e l d , 1968; H ö p k e r , 1968). U nter  
besonderen  und pathologischen  Zuständen sow ie E inflüssen  enthält das ZNS 
histochem isch  und elektronenoptisch  verm ehrt G lykogen. So teilte  O ksche  
eine eindrucksvolle G lykogenbildung in Gliazellen bei W interstarre, im W inter­
sch la f, nach einem m ehrtägigen  experim entell erzeugten pharm akologischen  
Sch lafzustand  mit M egaphen sowie in den A strozyten  an Tum orrandgebieten  
m it. A uch T ir a s po l sk a y a  u. T oropova  wiesen G lykogen in Hirntum oren nach. 
S h i m i z u  u . K ubo (1957) konnten  tierexperim entell am M eerschweinchen  
durch Elektroschocks eine G lykogenerhöhung erzielen. S h im izu  u . H am uro  
(1958) berichten über eine konzentrische G lykogenablagerung in der U m gebung  
fr ischer Hirnwunden b ei R a tten . Nach F r i e d e  (1962) lassen sich gewisse 
B ezieh u n gen  zwischen h istochem ischen G lykogenbefunden und H irnw ellen­
frequenz im  EEG von m enschlichem  Biopsiem aterial nachweisen; eine EEG- 
Frequenzverlangsam ung soll m it G lykogenanreicherung, eine Frequenz­
beschleunigung mit G lykogenschw und einhergehen. A r s e n i  u . Mitarb. (1967) 
fan d en  in blastom atösen A strozyten  sowie im bindegew ebigen Stroma Glyko- 
p roteid e  und M ukopolysaccharide. Bei experim entellen  A ufbrauchsituationen  
im  H irn  kom m t es nach M e i e r - R uge (1968) durch eine Störung in der Ü ber­
trägerfunktion  der A strozy ten  für Stoffw echselm etaboliten  zu einer Steigerung  
des E igenstoffw echsels und  zu  einer A kkum ulation von  G lykogen. E lektronen­
o p tisch  wurde der N achw eis einer verm ehrten G lykogenablagerung im  ZNS 
u n ter  anderem in den reak tiven  A strozyten der H irnschwellungszone von  
G lioblastom en (K azumi u . M itarb., 1967), in chronischen Ödemen (Ok s c h e , 
1961; D a v id  u . M itarb., 1967), nach Strahleneinw irkung und Thorotrast- 
in jek tio n en  (F ischer  u . B l i n z i n g e r , 1968; L a m p e r t  u . M itarb., 1966; S elle  
u. M itarb., 1968), in den A strozy ten  bei H irninfarkten unterschiedlichen Alters 
sow ie im  Kleinhirn von  K aninchen  mit hereditärer A taxie  (O’L e a r y  u . 

M itarb.) m itgeteilt.
B e i den Folgezuständen  schwerer Lebererkrankungen, insonderheit bei 

dem  Coma hepaticum , lieg t neben  den Störungen des E iw eiß- und E lek tro ly t­
sto ffw ech sels auch eine erhebliche B eeinträchtigung des K ohlenhydratstoff­
w ech sels  vor; diese führt zu einem  reduzierten zellulären oxydativen M etabo­
lism us im  Gehirn. Da se lb st b e i schweren H epatopath ien  eine H ypoglykäm ie  
äußerst selten (E rbslöh  u . M itarb., 1958; Z i e v e , 1966 u. a.), bzw. gar nicht 
au ftr itt  ( B enh am o u  u . M itarb 1960), muß angenom m en werden, daß die dem  
H irn an sich in normaler M enge angebotene G lukose n ich t verw ertet werden  
kann. F ür die gestörte G lyk olyse  und Schädigung im  Trikarbonsäurezyklus 
d ü rften  auch der erhöhte B renztraubensäurespiegel im Blut (F azeka s  u . 
M itarb ., 1967) sowie das verm ehrte Vorkommen ihrer M etaboliten wie A cetoin  
und 2 ,3-B utylen-G lykol (M ü t i n g  u . Mitarb., 1966; G i o a n n i n i  u . Mitarb. u. a., 
1969) sprechen. Ob das in tra-u n d  perinukleäre A uftreten  von  Glykogengranula
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bzw. Polysacchariden (G a u p p  j r ., 1939; I n o s e , 1961; I n o se  u. M itarb., 1960; 
Mo ss a k o w s k i , 1966; K i t a n i  u . M itarb., 1962; L a h l , 1967) im Hirn von  an 
schweren Lebererkrankungen Verstorbenen als Ersatz- bzw. H ilfsm echanism us 
oder R eaktion eines gestörten  Glukoseabbaus zu deuten ist, kann bis jetzt  
nur verm utet werden. D ie Beurteilung von  U ntersuchungsbefunden , die an 
glykogensynthetisierenden E nzym en im Hirn erhoben wurden, ist äußerst 
schwierig ( F r i e d e , 1962). H istochem ische M itteilungen über das E n zym ­
verhalten des Hirns bei Lebererkrankungen sind weder beim  Tier noch beim  
M enschen bisher bekannt. In unseren Ausführungen soll zu fo lgenden Proble­
men Stellung genom m en werden:

1. H äufigkeit und Lokalisation von  G lykogen- bzw. Polysaccharid­
ablagerungen im Hirn von  chronisch Leberkranken, sowie ein V ergleich mit 
einem  unausgew ählten K ontrollm aterial.

2. D eutung der Topik der G lykogenablagerungen.
3. Relation zw ischen nachgewiesenem  G lykogen im eigenen U nter­

suchungsm aterial und der aus der Literatur bekannten A k tiv itä t g lykogen­
synthetisierender E nzym e im Gehirn.

Eigene Untersuchungen*

Material und Methode

Untersuchungsm aterial. Aus  dem  laufenden  Sek t io n sg u t  der dem I n s t i t u t  fü r  Pa tho log ie  
der  Medizinischen Akadem ie  M agdeburg  angeschlossenen P ro s e k tu r  des B ezirksk rankenhauses  
M a gdeburg -A lts tad t  sowie des Pa tho log ischen  In s t i tu te s  d e r  M a r t in -L u th e r -U n iv e rs i tä t  Halle 
w u rd en  25 Hirne  von V ers to rb en en  m it  Leberzirrhose histologisch u n d  h is tochem isch  auf 
ih ren  Glykogengehalt  u n te r s u c h t ;  es h an d e l t  sich um  12 M änner  u n d  13 F r a u e n .  D as  Alter 
d e r  V ersto rbenen  lag zwischen 50 bis 79 Jah ren .

Kontrollm aterial. D azu  d ien ten  25 Hirne aus dem  lau fenden  Sek t ionsgu t  des P a th o lo ­
gischen In s t i tu te s  der M ar t in -L u th e r -U n iv e rs i tä t  Halle ;  es h a n d e l t  sich u m  12 m än n l ich e  und 
13 weibliche Hirne,  das A lte r  der  Verstorbenen lag zwischen 1 J a h r  u n d  86 J a h r e n .

Methode. In  jed e m  Falle  w urd en  Leber, F r o n ta lk o r te x ,  N e o s tr ia tu m  u n d  P a l l idum  
u n te rsu ch t .  Fix ierung  des M ater ia ls  (1 S tu n d e  bis 2 Tage  p o s t  m o r te m )  in e inem  4 %  Neutra l-  
formol, zur h is tochem ischen V era rb e i tu n g  A th a n o l-F o rm o l  bzw. A thanol-Form ol-E isess ig -  
gemisch.

Färbung. Z um  N achw eis  vor  allem der prol ife rie rten ,  hellen M akrog l iakerne  H E , 
v an  Gieson, Nissl, T r ic h ro m fä rb u n g  nach  Goldner, A zan fä rb u n g ,  Kresylvio le t t .

Histochemische M ethoden. Best’sches K arm in ,  PA S, P A S  m it  H ä m a to x y l in  bzw. L ich t­
grün  als K erngegenfä rbung ,  B T S (nach  Shimizu u. K u m a m o to ) ,  Diastase  bzw. Speichelprohe, 
Jo d p ro b e  (histochemische M e th o d ik  siehe K is zel y  u. PÓSALAKY, 1964). S c h n i t tg rö ß e  cca 
3 4 cm, Schichtdicke 8 bis 12//(. Von jedem  S ch n i t t  w u rd en  zur B eurte i lung der  q u a n t i t a t iv e n
V eränderungen  50 Gesichtsfelder hei einer 200-faehen Verg rößerung  u n te rsu ch t .

Statistische A usw ertung  erfolgte nach  dem Pr inz ip  des Vergleiches zweier H äuf igke i ten  
m it  der Formel.

* F ü r  die Überlassung  des Sektionsmater ia ls  u n d  der  O b d uk t ionsbe funde  sei den  H erren  
Prof.  Dr. med. habil.  D. E ssbach  (D irek to r  des In s t i tu te s  fü r  Pathologie  der  Medizinischen 
A kadem ie  Magdeburg) u n d  Prof .  Dr. med. habil.  C. Co u t e l l e  (D irek to r  des P a tho log ischen  
In s t i tu te s  der M a r t in -L u th er-U n iv e rs i tä t  Halle) herzl ichst  gedankt .
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Untersuchungsergebnisse

Hirnbefunde bei Leberzirrhose bzw. -fibrose

B ei der histologischen Untersuchung zeigten  sich neben A ltersverände­
rungen vor allem die F olgen  der K reislaufschädigung durch H yp oxyd ose und 
A näm ie sowie der In to x ik a tio n  einschließlich Ikterus und Coma hepaticum . 
E s fanden  sich ausgedehnte G anglienzelldegenerationen und Z ytolysen , gefäß­
abhängiger und unabhängiger Status spongiosus, k leine Erweichungen. In 21

Abb. 2 a —g. G ly k o g eneinsch lußkörperchen  in  p ro life rie rten  »nackten« A stro g liak e rn en  im 
F ro n ta lk o r te x ,  N eo stria tu m  u n d  P a llid u m  von L eb e rz irrh o tik e rn . M ethode: PA S , B e s t ’scIips 

K arm in  (p o s itiv e  D iastaseprobe). V erg r.: ca. 700-fach

F ällen  konnten proliferierte atypische astrozytäre Makrogliakerne nachgew ie­
sen werden, davon in 5 F ällen  vom  Stadium  I, in 9 vom  Stadium  II , in 7 vom  
Stad ium  III  (E inteilung siehe L a h l , 1967). B ei den histochem ischen U nter­
suchungen  stellte sich G lykogen 8mal deutlich und 4m al spärlich in den hellen, 
nack ten  M akrogliakernen dar (Ahb. 1. und 2 .), dabei m axim al felderförm ig
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Abb. 1. S chem atische D ars te llu n g  d e r G lykogeneinsch lußkörperchen  in p ro life rie rten  A stro g lia ­
k e rn en  im  H irn von L e b e rz irrh o tik e rn
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in einem D rittel bis zur H älfte der Kerne. In  den äußeren R indenschichten  
und in den W indungstälern konnte die E inlagerung gehäuft angetroffen w er­
den. Kerngröße und G lykogeneinschlüsse standen  nicht in unm ittelbaren  
Zusam m enhang. In einem  Teil der polysaccharidhaltigen Kerne ließ sich  eine  
deutliche A uflockerung der Kernmembran erkennen. Perinukleär (um  die 
nackten Gliakerne) waren 12mal karmin- und PA S positive Granula (A bb. 3.), 
adventitiell bzw. perivasal 7mal und im N europil 8mal Glykogen- (A bb. 4),

Abb. 3a c. PAS u n d  k a rm in p o s i t iv e  Granula  p e r in u k leä r  u n d  im Neuropil  von F ro n ta lk o r t e x  
N e o s tr ia tu m  u n d  Pa l l idum  chronisch L e b e rk ran k e r .  Verg.: ca. 700-fach

Abb. 4a e. Adventit ie l le  u n d  perivasale  schollige Po lysaccharidab lagerungen  im  K o r te x  
und  N eo s t r ia tu m  von Leberzirrhotikern .  M ethode:  PA S .  BTS (Shimizu u. K u m a m o to ) ,  

B e s t ’sche K a rm in  (positive  Diastaseprobe).  Verg.:  a d  ca. 300-fach, e ca. 700-fach

A d a  Morphologien Academiae Scientiarum Hungaricae 19, 1971
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bzw . Polysaccharidgranula nachweisbar. G lykogen konnte h istochem isch in 
der w eiß en  Substanz und in G anglienzellen n ich t beobachtet werden. In  fast 
allen  Fällen  stellten  sich besondern perinukleär (um die nackten Gliakerne) 
sow ie perizellulär und im Neuropil PAS p ositive  Granula dar, die jedoch  keine 
D ia sta se  bzw. Salivaprobe ergaben. P A S -p ositive  Substanzen wurden auch in 
G anglienzellen , der Gefäßwand, intravasal und in der L eptom eninx ange­
troffen .

Leberbefunde des Untersuchungsmaterials

B ei der m akroskopischen und histologischen  Untersuchung der Lebern  
h a n d elte  es sich in 16 Fällen um  eine Zirrhose vom  postnekrotischen und in 7 
vom  portalen  Typ. In 2 Fällen lag eine T horotrastfibrose der Leber bei g leich­
ze itig  bestehendem  Gallenblasen- bzw. G allengangskarzinom  m it T um orstenose  
der G allengänge und daraus resultierendem  Coma hepaticum  vor. B ei einem  
F all v o n  postnekrotischer Zirrhose bestand ein m ultilokuläres hepatozelluläres

Tabelle 1

Nachweis und H ä u fig ke it von ka rm in - и. P A S -p o s itiven  Substanzen  
( Polysaccharide, pos. D iastaseprobe) im  K ortex, N eostriatum  

und  P a llidum  von 25 chron. Leberkranken

Z irrh o se fo rm

A nzahl
der

u n te r ­
su ch ten

Fälle

A k tiv i­
t ä t  u . 

P ro g re ­
dienz d. 

Z ir­
rhose 
bzw. 

F ib rose

Zeichen
der

p o r ta ­
len

H y p er­
ten s io n 1

Z eichen
d e r

L eb er­
in su ffi­
zienz2

L e b e r­
e rk ra n ­
k u n g  u. 
F o lgen  

als
T o d es­
u rsach e

L eber-
glia

P

In tr a ­
n u k leär
(Glia­
kerne)

oly sacch a rid n ac  h  we

P eri- A d v en - 
n u k leä r ( tic ll

(иш  u . peri-
, G lla\  I  v asa l
kerne) 1

s

N e u rop il

P o s tn e k ro t is ch 1 6 15 14 14 14 14 7 10 5 7

P o r ta l 7 5 7 2 4 5 1 l 1 I

T h o ro tra s t f ib ro se 2 2 1 2 2 2 - l 1 I

Insgesam t 2 5 22 22 1 8 20 21
8

1 2 7 «

1 V o r  a llem M ilzvergrößerung u n d  Ö sop h ag u sv ar izen  
- V o r  allem Ik te ru s ,  Aszites, P r ä k o m a  o. K o m a

K arzinom . In 22 Fällen war die Zirrhose bzw . Fibrose aktiv, 22m al ließen  
sich d ie Zeichen der portalen H ypertension , 18m al die Zeichen der L eber­
in su ffiz ien z nachw eisen. In 20 Fällen war die Lebererkrankung und deren  
F olgezu stän d e das zum Tode führende Leiden. B ei der U ntersuchung konnte  
eine R ela tion  zwischen G lykogengehalt der Leber und des Hirnes sow ie zw i­
schen  dem  der Lochkerne in beiden Organen n icht nachgewiesen werden.
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Hirnbefunde der Koni rollfälle

H istologisch fanden wir vor allem  Alters- und K reislaufveränderungen  
wie G anglienzelldegenerationen bis zur Z ytolyse, außerdem P igm ent- und 
K alkablagerungen, Drüsen, G efäßsklerose und -byalinose mit S ta tu s spon- 
giosus, Malazien und M ikrohämorrbagien. In zwei Fällen lag eine zerebrale 
M etastasierung bei Bronchial- bzw. M am m akarzinom , in einem Fall eine vasaié  
und perivasale lym phozelluläre Infiltration  bei chronischer L ym phadenose  
vor. Vergrößerte, nackte, helle M akrogliakerne konnten in keinem der K ontroll-

T abelle  2

Nachw eis und  H äufigkeit von P A S -p o s iliv e n  Substanzen (neg. D iastaseprobe)  
im  K ortex , N eostriatum  u n d  P a llidum  von 25 Kontrollfällen  

aus einem unausgeivähllen Obduktionsmaterial

PA S-positive  S ubstanzen

A rt d e r E rk ra n k u n g

A nzahl
d e r

u n tersu c h te n

in t r a ­
n u k le ä r  

(v o n  G lia-

perizellu lär 
(von  G liazellen)

a d v en titie ll 
und  p e riv asa l

N eu ro p il

Fälle zellen)
gering 

( +  )
d eu tlich

4-
gering
(4 )

deu tlich
4-

g erin g  d e u tlich  
( + )

Herz- und  Kreislauf­
prozesse 9 2 7 5 4

K arzinom  u n d  
Folgezustände 6 — — 4 4 3

E n tz ü n d u n g  und  
Folgezustände 6 :-- 1 4 2 — 4

Chron. L ym phadenose 1 1 1 - 1

Steinleiden m it  
Folgezustand 1 1 1 1

Mißbildung 1 — — — —  1 —

Pankreasnekrose 1 - 1 — 1

Insgesam t 25 — 3 18 13 1 4

fälle nachgew iesen werden. G lykogen wurde m it den oben angeführten histo- 
chem ischen M ethoden nicht dargestellt. PA S-positive Substanzen in Form  
kleiner Granula fanden sich in 18 F ällen  perizellulär (um G liazellcn), spärlich  
adventitiell und perivasal (13 Fälle) sow ie im Neuropil (14 F älle). Geringe 
Ablagerungen bzw. Einlagerungen histochem isch PH S-positiv  reagierender 
Substanzen beobachten wir in G anglionzellen, gelegentlich in G liazellen, 
intravasal, in der Leptom eninx und in Drüsen.
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Leberbefunde des Kontrollmaterials

D ie h istologische U ntersuchung der L eberschnitte ergab Zellverfettung, 
Z ellatrophie m it L ipofuszinose, A ktivierung der Sinusendothelien und B lu t­
stauung; in 2 Fällen b estanden  L eberm etastasen, davon in einem m it schwerem  
L eberparenchym ikterus, je  1 X war ein Leberzelladenom , eine chronische 
L ym phadenose und entzündliche P ortalfeld infiltration  bei Septikopyäm ie  
nachw eisbar.

D iskussion

A n den A nfang der Besprechung und D eu tu n g  unserer Befunde stellen  
wir einige allgem eine Betrachtungen über die glykogensynthetisierenden  
E nzym e des Gehirns:

B iochem ische U ntersuchungsergebnisse stim m en hinsichtlich des G lyko­
gennachw eises m it den histochem ischen, auch unter Norm albedingungen, nur 
te ilw eise  überein.

D ie G lykogensynthese findet sow ohl in der w eißen als auch grauen  
Substanz sta tt. D ie  E nzym bestim m ungen orientieren sich vor allem auf 
den N achw eis der P hosphorylaseaktiv ität (PhA ). In  der weißen Substanz ist  
die G lykogensynthese diffus und in A xonen m it dicken Faserzügen herdförmig 
vorhanden. S otelo  u . W e g m a n n  berichten über eine bem erkenswerte A k ti­
v itä t  in  den F uß p latten  von  Astrozyten. D ie A ngaben über den Phosphorylase- 
gehait der grauen Substanz sind unterschiedlich. D abei kann histochem isch  
jew eils nur die ak tive  Form nachgewiesen werden. Eine Zunahme der 
PhA  tr itt  vor allem  bei m echanischer A lteration  des Gewebes auf. U n ter­
suchungen über B estim m ungen anderer glykogensynthetisierender E nzym e  
im H irn, so der G lykogensynthetase und Branching-E nzym e sind selten . 
E n tgegen  der A nnahm en der Biochem iker zeigt die Phosphorylase in h isto ­
chem ischen G ew ebsschnitten  mit geringer behandlungsbedingt-m echanischer  
Schädigung eine strenge zytologische L okalisation . E ine A ktivierung und  
Inaktiv ierung des E n zym s scheint in N ervenzellen  Ausmaß der Glykogcn- 
ablagerung nur te ilw eise  überein. O ftm als k onnte eine bem erkenswerte 
P h osp h ory laseak tiv itä t an Stellen m it nur w enig Glykogen nachgew iesen  
w erden, so z. B. in der w eißen Substanz des Großhirns, in der Granularschicht 
des K leinhirns und im  perivaskulären H irngew ebe. D iese Tatsache deutet 
darauf hin, daß noch andere, bisher nicht b ekannte Faktoren das Ausm aß  
der G lykogenablagerung im  Hirngewebe bestim m en m üssen ( F r i e d e , 1966).

E ine ätio logische Klärung der im H irn von  Verstorbenen m it L eber­
erkrankungen nachw eisbaren G lykogen-Ein und -Ablagerungen liegt bisher  
nicht vor. E ntw eder wird die Ursache überhaupt offengelassen (Ga u p p  j r ., 
1939; I n o s e , 1961; I n o s e  u . Mitarb., 1960; Mossaicow ski, 1966; K it a n i  u .
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M itarb., 1962) oder eine G lukoseverw ertungsstörung (L a h l ) diskutiert. Da 
eine Übereinstim m ung zwischen der bisher bekannten Topik und A k tiv itä t  
glykogensynthetisierender E nzym e und der nachgewiesenen Polysaccharidein- 
bzw. -ablagerungen nicht vorliegt, muß sow ohl die M öglichkeit eines S toff­
transportes als auch die E xisten z bisher unbekannter Faktoren einer G lykogen­
synthese ( F r i e d e , 1966) in B etracht gezogen werden. Eine ursächliche K lärung  
wird auch dadurch erschwert, daß grundlegende pathoneurophysiologische  
und biochem ische Problem e bei Lebererkrankungen und deren schw erster  
Folge, dem Coma hepaticum , ungeklärt sind. Insonderheit m üßte überprüft 
werden, ob unter E xtrem bedingungen, z.B . im Präkom a oder Coma hepati­
cum m it H irnödem  ein Transport auch so großer Moleküle w ie das G lykogen, 
z.B . in Gefäßnähe m öglich ist. B ei nicht hepatogenen Erkrankungen sind im 
Hirn intranukleäre G lykogengranula in Gliakernen u. E. bisher n icht bekannt. 
E ine intranukleäre G lykogensynthese in den fast ausschließlich degenerierten  
Kernen m it Kernödem, w eitgehendem  Schwund der K ernbestandteile  sowie 
schwer gestörter K ern-Plasm arelation ist unwahrscheinlich. D ie E inschleusung  
kleiner Glykogengranula durch eine geschädigte Kernm em hran könnte ver­
m u tet werden. Ein großer Teil, auch der n icht glykogenhaltigen A stroglia- 
kerne, wird von Polysaccharidgranula m eist halbm ondförm ig und exzentrisch  
um gehen. Bei den vorliegenden U ntersuchungen war ein positiver K ernbefund  
stets m it einer perinukleären A blagerung vergesellschaftet. Perinukleäre G ly­
kogengranula hingegen mit »leerem« Kern wurden häufig beobachtet. Dabei 
dürfte die G lykogeneinlagerung erst nach der K ernvakuolisation  bzw . -liydra- 
tisation  erfolgt sein. Oh die nukleären Granula allerdings aus dem hei funk­
tioneller Uberbeanspruchung m öglicherweise glykogenhaltigen Z ytoplasm a des 
untergehenden bzw. untergegangenen Zelleibes stam m en oder aber extra- 
zellulär durch die Membran des bereits nackten Kernes transportiert wurden, 
m uß offenbleiben. G lykogengranula im Z ytoplasm a von in takten  oder te il­
geschädigten Astrogliazellen konnten  von uns nicht beobachtet werden. Wir 
glauben, daß es sich bei den Einlagerungen in den A strogliakernen entspre­
chend den von S e l l y e i  u. W a l t o n  (1969) in der Leber erhobenen Befunden  
um echtes oder Infiltrationsglykogen handelt. Ein fördernder E influß auf die 
E ntstehung des K ernglykogens als Folge des gestörten Z ellstoffw echsels und  
Ionengleichgew ichtes zwischen Z ytoplasm a und Kern durch eine H yper­
glykäm ie, w ie das für die Leber von  Z im m e r m a n n  u . Mitarb. anhand der über­
prüften klinischen Befunde nicht bestä tig t werden. Die K lärung einer ver­
stärkten G lykogensynthese infolge eines G lukosestau durch enzym atische  
F ehlleistungen muß biochem ischen U ntersuchungen Vorbehalten b leiben. Eine 
verstärkte G lykogenaktivierung unter toxischen  E inflüssen ist m öglich; wir 
denken hierbei besonders an die Bildung von Lyoglykogen auf K osten  des 
D esm oglykogens. D ie teilw eise erhebliche Ablagerung von schollig-granulärem  
G lykogen in der A dventitia  und perivasal stim m t m it der in der Literatur
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angegebenen P hosphorylaseaktiv ität teilw eise überein. Es muß jedoch auch 
hier in  Erwägung gezogen werden, ob es sich bei dieser Lokalisation nicht um  
die Z w ischenstufe eines Transportm echanism us (ähnlich dem bei der freien 
perivasalen  Fettansam m lung) handelt; eine zelluläre Fixierung konnte dabei 
für das G lykogen nicht b eobachtet werden. Der Transport von Polysacchariden  
aus dem  Blut und seine perivasale Ablagerung im Gehirn hei gestörter B lu t­
hirnschranke ist bisher n ich t bekannt; diese M öglichkeit muß als unw ahr­
schein lich  angesehen w erden. Bei den zellulären Granula (um Gliakerne und  
-zellen) handelt es sich nur um einen Lipoproteide (ihr histochem isches Ver­
h a lten  siehe W o lm an , 1961, zit. nach A d a m s , 1965). D iese vielfach auch als 
P igm entgranula beschriebenen Substanzen sind teilw eise Stoffw echselprodukte  
und R este  untergegangener gliöser Zellstrukturen. Der bei schwer Leber­
kranken gestörte Z ellstoffw echsel der G anglienzellen für Glukose könnte eine 
G lukoseanhäufung in  den entsprechenden N euronen und eine verstärkte G ly­
kogen syn th ese zur F olge haben. Shimizu  u . H a m u r o  (1958) verm uten, daß 
die A nhäufung von G lykogen  als R eaktion auf anaerobe Stoffw echselbedin­
gungen  zurückzuführen ist. Sie weisen auf die herabgesetzte A k tiv itä t der 
Succinodehydrogenase und die erhöhte A k tiv itä t der g lykogensynthetisieren­
den Phosphorylase an den Rändern von H irnläsionen hin.

A uch durch neuere U ntersuchungen ist die R egulation der G lukose­
versorgung der G anglienzellen noch nicht hinreichend geklärt, w enngleich die 
M ehrzahl der Autoren eine primär gliös gesteuerte (also zelluläre) für wahr­
schein lich  hält. Ein erhöhtes Glukoseangebot des H irnes, wie wir es ja auch 
beim  D iabetiker finden, reich t für die verm ehrte G lykogenbildung allein nicht 
aus P a l a y  (zit. nach O k s c h e , 1961) hält einen extrazellulären Glukosestrom  
in den 200 300 A w eiten  Spalträum en für unw ahrscheinlich und eine intra­
zelluläre Regulation für wahrscheinlicher. B r a m b r i n g  (1965) m ißt d en im  Groß­
hirnm ark zwischen den M arkfasern elektronenoptisch nachgew iesenen leeren  
Feldern eine B edeutung für den Stoffaustausch bei. N ach M e i e r - R ug e  (1968) 
führt eine experim entelle A ufbrauchsituation im  Hirn zu einer Stoffwechsel- 
hem m ung in den G anglienzellen m it einer kom pensatorischen A ktivierung der 
versorgenden Astroglia; dabei wird durch eine Störung in der Ü berträger­
fu n k tion  des A strozyten für Stoffw echselm etaboliten  sein E igenstoffw echsel 
ak tiv iert; es kom m t zur G lykogenakkum ulation und verm ehrten H ydratisa- 
tion . E in  ähnlicher Z usam m enhang wird auch zw ischen Astroglia und K apil­
laren verm utet. Ca s t a n  (1968) fand eine besondere Zw ischenstellung der 
A strozy ten  bei toxischen  und m etabolischen H irnschädigungen; sie stehen  
sow ohl m it den K apillaren als auch N ervenzellen in Verbindung. Ihre R eaktion  
wird für primär gehalten , der Verlust von N ervenzellen  hingegen auf eine 
sekundäre Reaktion und D ysfunktion  der A stroglia zurückgeführt. Auch  
T s c h i r g i , 1958; Ok s c h e , 1961 u. a. m essen der Glia eine primäre Bedeutung  
bei der Glukoseversorgung der Ganglienzellen bei. G e ig e r  u . Mitarb. (1954)
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hingegen glauben, daß die Glukoseaufnahm e durch das Hirn von verschiedenen  
häm atogenen A ktivatoren, die im ström enden B lut unter Norm albedingungen  
Vorkommen, reguliert wird und som it ein aktiver Prozeß ist. W olfe  u . 
N icholls  (1967) jedoch  konnten durch elektronenm ikroskopische autoradio­
graphische U ntersuchungen nachweisen, daß ein von G liazellen befreites 
Neuron zur norm alen Glukoseaufnahm e fähig war. Daraus wurde gefolgert, 
daß zum indest ein Teil der im Hirn zu transportierenden Substanzen ohne 
M itwirkung der G liazellen direkt aus den intrazellulären R äum en von denо
Neuronen aufgenom m en werden könnte. So ließ sich auch von H e l d  u . Mitarb. 
(1968) durch Glukose-Tnsulininfusionen die G lukoseaufnahm e des m enschli­
chen Hirns verbessern, jedoch gelang es ihnen tierexperim entell an R atten  
nicht, durch Injektionen  von Glukose und Insulin  den G lykogengehalt des 
Gehirns zu erhöhen; Blutzuckerwerte von 41 1146 mg % hatten  dabei
keinen Einfluß. E rst in der tiefen H ypoglykäm ie wurde eine signifikante  
Abnahm e des H irnglykogens beobachtet.

Bei der K lärung der in dieser Arbeit absichtlich angeführten vielen  
ungelösten Problem e dürfte sich eine K om plexforschung von Biochem ikern, 
H istochem ikern, N europhysiologen und N europathologen als besonders 
fruchtbar erweisen.
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ON THE HISTOCHEMISTRY OF GLYCOGEN CONTENT IN THE BRAIN OF CHRONIC
IlEPATC)PATHIC PÁTIENTS

R. LAHI,

General information regarding the amount of glycogen contained in the brain under 
physiological and pathological conditions is followed by discussions dealing with the presence 
of polysaccharides in hepatopathic patients. The brain of 25 subjects died with cirrhosis and 
fibrosis of the liver was examined histochemically for glycogen and compared with 25 control 
brains taken at random from the autopsy material of the Institute of Pathology of the Martin 
Luther University at Halle. Best’s carmine, PAS and BTS (S h i m i z u  and K u m a m o t o ) as also 
digestion with diastase and saliva were employed for histochemical analysis. PAS-positive 
substances were mostly found in the ganglion cells, in the leptomeninx, in the vessel wall and 
perivascularly, in the neuropil and around the cells, while granules of polysaccharides and 
glycogen were demonstrable only in the brain of hepatocirrhotic subjects. Such granules were 
observed in proliferative naked macroglial nuclei in 8 cases; around neuroglial nuclei in 12 
cases; in the adventitia or perivascularly in 7 cases; in the neuropil in 8 cases. These findings 
proved to be significant. No correlation between cerebral and hepatic glycogen was observed. 
The presence of polysaccharide granules maybe due to mostly unelucidated metabolic disturb­
ances as well as the faulty utilization of glucose.

Problems in respect of the intracerebral transport of foodstuffs are discussed. Discrep­
ancy between the histochemically demonstrable amount of glycogen and the activity of 
enzymes which are known to synthesize it under physiological conditions, points to the existence 
of undetected factors of central polysaccharide regulation.

ГИСТОХИМИЧЕСКИЕ ДАННЫЕ ОТНОСИТЕЛЬНО СОДЕРЖАНИЯ ГЛИКОГЕНА 
В ГОЛОВНОМ МОЗГУ БОЛЬНЫХ С ХРОНИЧЕСКИМ ЗАБОЛЕВАНИЕМ ПЕЧЕНИ.

СОПОСТАВЛЕНИЕ С НЕПОДОБРАННЫМ СЕКЦИОННЫМ МАТЕРИАЛОМ
Р. ЛАЛ

Наряду с общими примечаниями к содержанию гликогена в головном мозгу в 
норме и в патологических условиях автор приводит данные о встречаемости полисахари­
дов при заболеваниях печени. 25 головных мозгов умерших от цирроза или фиброза печени 
были сопоставлены в отношении их гистохимического содержания гликогена с 25 конт­
рольными мозгами из материала вскрытия Института патологии при Университете им. 
Мартина Лютер города Галле. Применялись следующие гистохимические методы иссле­
дования: Метод БЕСТ-а с кармином, реакции ПАСК и БТС (по Шимизу и Кумамото), 
а также пробы с диастазов и слюнотечением. ПАСК-положительные вещества в боль­
шинстве случаев были обнаружены преимущественно в ганглиозных клетках, в мягкой 
мозговой оболочке, в сосудистой стенке и перивазально, в невропиле и околоклеточно, 
тогда как зернышки полисахаридов или гликогена удалось выявить только в срезах 
головного мозга больных циррозом печени. В 8 случаях эти зернышки были найдены в 
пролиферированных, голых ядрах макроглии, в 12 случаях перинуклеарно (около ядер 
невроглии), в 7 случаях в адвентиции или перивазально и в 8 случаях в невропиле. 
Результаты оказались достоверными. Однако между содержанием гликогена в печени и 
его концентрацией в головном мозгу не удалось выявить зависимости. Ответственными за 
появление полисахаридных зернышек следует считать, кроме по большей части еще 
невыясненных метаболических расстройств, понижение использования глюкозы. Обсуж­
даются возможности внутримозгового транспорта питательных веществ. Расхождение 
между гистохимически выявляемым гликогеном и активностью гликогенсинтезирующих 
энзимов, наблюдаемое уже в условиях нормы, указывает не добавочные, до сих пор неиз­
вестные факторы центральной регуляции полисахаридов.

Dr. К. L ah l  K linik и. Poliklinik f. P sych iatrie und Neurologie, Martiii- 
L uther-U niversität H alle W ittenberg, DDR
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RECENSIG

Biology of Am phibian  T u m o rs

Special Supplem ent, Recent Results in Cancer Research. E d .  Merle Nizell. Springer  Verlag, 
Berlin — Heidelberg —N ew  Y o rk  1969. — 484 pages.

The  volume c o n ta in s  lhe m ateria l  of a sy m p o s iu m  held a t  Tulane U n ivers i ty ,  New 
Orleans, in 1968. The  conference convened in order to  fac i l i ta te  the  exchange of ideas b e tw een  
inves tiga tors  concerned w i th  th e  different problems r e g ard in g  am phib ian  tum ours ,  to review 
the  p resen t  s ta te  of knowledge  about  th is  subject a n d ,  f inal ly ,  to present the re ce n t  results  
in a book for researchers  w ork ing  in o ther fields o f  tum our-b io logy .  These ob jec ts  h a v e  no t  
only been fully realized b u t  the  sym posium  went even  b e y o n d  its original a ss ignm ent by h av ing  
ensured  the  presence of inves tiga tors  concerned w i th  t h e  tu m o u rs  of birds and h igher  v e r te ­
brates .  These specialists  were given o ppor tun ity  o f  ex chang ing  views with the  e x p e r t s  of 
am p h ib ian  tum ours .

T he  volume con ta ins  11 chap ters  in which all biological aspects of am p h ib ian  tu m o u rs  
are thoroughly  discussed. C hap te rs  exclusively deal ing  w i th  tu m o u rs  are preceded by  p apers  
on the biology of a m p h ib ian s ,  the cultivation of th e i r  cells, the  im m unity  and  to le ran ce  in 
this  class of  ve r teb ra te s .  A l th o u g h  num erous sp o n ta n eo u s  tu m o u rs  of  the different  a m p h ib ian s  
are discussed in the  book  ( lym phom a ,  lym phosarcom a,  p lasm acy to m a,  m elanoma),  th e  widest 
space is devoted  to the  re n a l  adenocarcinoma of th e  leopa rd  frog ( l ia n a  pipiens), the  well 
know n tu m o u r  of Lucke. T h is  is only n a tu ra l  because th is  is the  most widely exam ined  a m p h i ­
b ian  tu m o u r .  I t s  v i ra l  origin  has  long heen con jectured ,  a n d  recen t  investigations h a v e  y ie lded  
im p o r ta n t  results  concern ing  its  aetiology. In  1956, F a w c e t t  observed in the  cells of  cer ta in  
Lücke tu m o u rs  viruses w h ich  showed resemblance to  t h e  herpes virus.  T h a t  the  t u m o u r  is 
sub jec t  to seasonal va r ia t io n s  was observed long ago, a n d  microscopic exam inations  confirm ed  
th is  phenom enon.  N u c lea r  inclusions were found on ly  in  tu m o u rs  arising in w in ter  or  in those  
of h iberna ting  animals ,  while  the  tu m o u rs  of frogs c a p tu r e d  in sum m er and k ep t  a t  l a b o ra to ry  
tem p e ra tu re  con ta ined  no  n u c lea r  inclusions. A t  the  sa m e  t im e ,  electron-microscopic in spection  
revealed viruses only in th e  tu m o u rs  of w inter  and h ib e rn a t in g  animals. I f  tu m o ro u s  su m m er  
frogs were k e p t  for  some t im e  a t  low tem pera tu res ,  v i ru se s  of  the  herpes-type becam e d e m o n ­
strable  in their  tu m o u r  cells, a phenomenon prov ing  t h a t  the  complete  genom of t h e  virus 
m u s t  be p resen t  in some m ask ed  or la ten t  form in t h e  su m m er  var ie ty  of the  L uckc  tu m o u r .  
The  significance of this  o b se rv a t io n  will be ap p rec ia ted  if we rem em ber  th a t  the  reco v e ry  of 
viruses from  tu m o u rs  in d u ced  in roden ts  by DNA v iruses  (i.e. from neoplasms of u n d o u b te d ly  
viral  origin) m eans a th o r n y  problem . It is, moreover, sugges ted  by m any  a u thors  t h a t  h u m a n  
tu m o u rs  m ay  also h a rb o u r  v ira l  genoms in a m ask ed  fo rm  no tw ith s tan d in g  the  f a c t  t h a t  so 
fa r  it has been impossible to  isolate viruses from h u m a n  neoplasm a of supposedly v ira l  origin.

Since it is obvious f rom  the  foregoing t h a t  th e r e  is a correlation between th e  t e m p e r ­
a tu re  an d  the viruses of cells, frogs with Lucke’s tu m o u r  are owing to their  po ik i lo therm ic  
n a tu re  — part icu la r ly  su i tab le  for  the s tudy  of gene rep re ss io n  and  d e rep re ss io n . l t  is w o r th y  
o f  note t h a t ,  af ter  h av in g  in cu b a ted  a t  a low t e m p e ra tu r e  virus-free cell cu ltu res  p re p a re d  
from Shope’s pap il lom a,  it  w as possible to induce th e  ap p ea ran c e  of infective viruses.

T he  chap te r  on th e  imm unologica l  m ethods fo r  th e  s tu d y  of virus an tigens  assoc ia ted  
w ith  tu m o u rs  p resen ts  a  concise clear review of re ce n t  resu l ts  obta ined  in respec t  of tu m o u r  
virology and  im m unology .  T h e  chap ter  deals also w i th  some im p o r ta n t  e xper im en ts  which  
have  shown th a t  the de tec t io n  of specific antigens d e te rm in e d  by the  persist ing v irus  genom  
in virus-free tu m o u rs  m a y  allow to ascertain the  v ira l  a e t io logy  of a given tu m o u r  by  im m u n o ­
logical m ethods .
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T h e  l a s t  chap ter  of th e  v o lu m e  is likewise in s t ru c t iv e .  I t  describes th e  p re sen t  s t a te  of 
k n o w le d g e  o f  t h e  role the  he rpes  v iruses a re  suspec ted  to  p lay  in the  aetio logy o f  v a r io u s  
t u m o u r s  (e .g .,  B u r k i t t ’s ly m p h o m a ,  h u m a n  cervical carc inom a,  th e  Marek disease o f  b irds,  
a n d  t h e  L u c k é  tu m o u r  of frogs).

T h e  b o o k  is exem plari ly  ex ecu ted ,  a n d  its  t e x t  is accompanied  by  r ich  i l lu s t ra t io n s ,  
i n s t r u c t iv e  tab le s ,  diagrams a n d  ( a t  th e  end  of eac h  p a p e r )  a b u n d an t  b ib liog raph ica l  d a ta .

T h e  w o r k  will u n d o u b ted ly  p ro m o te  cancerological re sea rch  w ork in general  a n d  s t im ­
u la te  also inves tiga tions in respec t  o f  h u m a n  tu m o u rs .  Biologists,  medical re sea rch  w orkers  
a n d  c l in ic ians  in te res ted  in th e  in tr ig u in g  prob lem s o f  tu m o u r  biology will der ive  b en ef i t  
f ro m  th i s  in te res t in g  book.

K .  L apis
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In s t i tu te  of  General Zoology (Direc tor :  J .  K ovács), E ö tv ö s  L o rán d  U nive rs i ty ,  B udapes t

EFFECT OF M ETYRAPO NE, P R E D N IS O L O N E  A N D  
IN S U L IN  T R EA T M EN T  ON T H E  DOMESTIC P IG E O N ’S

HYPOTHALAMUS

P. PÉCZELY

(Received J a n u a ry  29. 1970)

T he  h y p o th a la m u s  of pigeons was in v es t ig a ted  w ith  histological a n d  ka ryom et-  
ric m ethods ,  a f te r  t r e a tm e n t  w i th  10 mg of m e ty ra p o n e  daily  for 4 a n d  14 days,  15 mg 
of prednisolone th ree  t im es  daily  for 4 days,  5 m g of prednisolone da ily  for 12 days 
as well as w i th  a single 40 I .U . dose of insulin  a d m in is te red  in trav en o u s ly .  In  the  last 
case the  an im als  were killed 8 hours  subsequent  to  t h e  in jection . M e ty rap o n e  t rea tm en t  
for 4 days  increased nuclear  volume in the p reo p tic ,  m edial and l a te ra l  divisions of 
the  su p rao p t ic  nuc leus  an d  in the  a rcua te  nuc leus;  i t  s t im u la ted  the  fu n c tio n  of the 
a ldehyde-fuclis in  posi t ive  neurosecretory  cells a n d  induced  a  dep le t ion  of secretion 
in the  a n te r io r  m ed ian  eminence. F o u r te en -d a y  m e ty rap o n e  t r e a tm e n t  caused  a 
strong increase  in n u c lea r  vo lum e in the preoptic  and  la te ra l  cell g roups  of the  su p ra ­
optic  nuc leus as well as in the  pa rav en tr icu la r  a n d  a rcu a te  nuclei: i t  b ro u g h t  ab o u t  a 
significant t r a n s p o r ta t io n  of secretion in the  a ldehyde-fuchsin  posi t ive  cells an d  an 
accum ula t ion  of large  a m o u n ts  of a ldehyde-fuchsin  posi t ive  secretion in the  an ter io r  
m edian  eminence.

Predn iso lone  t r e a tm e n t  for 4 days caused a de f in i te  decrease of nuc lear  volume 
in th e  p reop tic  div is ion  of the  supraoptic  nucleus a n d  in the  p a rav e n tr ic u la r  an d  a rcua te  
nuclei,  f u r th e r  an  a ccu m u la t io n  of secretion in th e  neurosec re to ry  cells and ,  to  a l imited 
ex ten t ,  also in th e  an te r io r  m edian  eminence. T w elve-day  t rea tm e n t  induced  a signif­
icant decrease  of nuc lear  vo lum e in th e  preoptic  and  la te ra l  divisions of the  su p ra ­
optic nucleus,  th e  p a ra v e n t r i c u la r  and a rcua te  nucle i  as well as in th e  n. tuber is ,  with 
an a ccu m u la t io n  of secre t ion  in the  neurosecre to ry  cells and  the  s t r a tu m  pa lisadicum 
of the  a n te r io r  m ed ia n  eminence.

U n d e r  the  in f luence  of insulin, a significant increase in nuc lear  vo lum e was 
observed in all th e  inves t iga ted  cell groups except  in th e  e n to p ed u n cu la r  nucleus.  
The ac t iv i ty  of  the  neurosec re to ry  cells increased, the  an te r io r  p a r t  of  the  an te r io r  
m edian  em inence  w as to ta l ly  em ptied  whereas in th e  a n te r io r  part  of  the  poste r io r  
m edian  em inence  a ldehyde-fuchsin  positive secretion  appeared .  T he  a m o u n t  of  secre­
tion in the  neural  p a r t  w as not altered by the  app lied  agents.  T he  results  ind ica te  tha t  
the a ldehyde-fuchsin  posi t ive  neurosecretory sy s tem  of the  an te r io r  h y p o th a la m u s  
and the  m ed ian  em inence  is in close func tional  corre la t ion  w ith  cor tico trop ic  act iv ity .  
A t  the  sam e t im e, also the  a rcu a te  nucleus m ay  p lay  an im p o r ta n t  role in the  regu la tion  
of ACTH secretion.

Introduction

The hypothalam ic neurosecretory system s are responsible partly for 
the balance of w ater m etabolism  and osm oregulation and partly for the regu­
lation of adenohypophyseal function. The hypothalam o-neurohypophyseal 
system  (ADH ) in m am m als is well-known and there are a number o f h isto logi­
cal and physiological data concerning its function in birds (F a r n e r  anti 
O k s c h e , 1962; M u n s ic k  1964; M u n s ic k  et al. 1960; Oota  and K o b a y a s h i , 
1962; K o b a y a s h i  et al. 1961). According to these observations arginine-
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v a so to c in  and oxytocin are b ound  to  the neurosecretion formed in the aldehyde- 
fuchsin  positive cell groups o f  the anterior hypothalam us and from there 
th ey  react the posterior p itu ita ry  through the supraoptic-paraventriculo- 
h yp op h ysea l tract.

A t th e  same tim e in birds the histology of the hypothalam us show s two 
im p ortan t differences as com pared to that of m am m als, (1) a large number 
of G oinori positive (a ldehyde-fuchsin  positive) cells in groups or dispersed  
in th e  anterior and medial h ypothalam us, and (2) the anterior m edian em inence  
con ta in s numerous aldehyde-fuchsin  positive fibres term inating in th e  peri­
vascu lar  connective tissue ( F a k n e r  and Ok s c h e , 1962; U e m u r a  and Ko- 
BAYSHi, 1963; and Ma t s u i , 1966).

It has been shown b y  A s s e n m a c h e r  (1958) th a t the aldehyde-fuchsin  
p o sitiv e  secretion in the anterior median em inence disappears after a lesion  
o f th e  rostral hypothalam us, in  other words, the secretion is produced by the 
neurosecretory cells localized  in the latter structure. At the sam e tim e, the  
aldehyde-fuchsin  positive fibres of the anterior m edian em inence do not ori­
g in ate in the supraoptic-paraventriculo-hypophyseal tract. Thus tw o Gomori 
p o sitiv e  tracts of different localization  m ight ex ist; one of them  w ould ter­
m inate in the anterior m edian em inence and the other in the pars nervosa  
(M a t s u i , 1966; Oksche  et al. 1964).

T he secretion of the anterior median em inence and that of the pars 
nervosa  differ from each other both h istochem ically  (Ok sche  et al. 1959; 
F a r n e r  and Ok sc h e , 1962; B e r n  et al. 1966; P é c z e l y , 1966a; 1966b; 
O k s c h e  et al. 1964) and electronm icroscopically ( K o b a y a s h i  et al. 1961; 
O e h m k e  et al. 1969; P é c z e l y  and Calas , 1970).

T h e  neurosecretion c o n t e n t  o f  the pars n ervosa  is sen s i t ive  to  osm otic  
s t im u li  w hich  do not a f fe c t  t h a t  o f  the anterior m ed ian  em in en ce  ( F a r n e r  
a n d  O k s c h e , 1962; Ok s c h e  e t  al. , 1963; 1964; P é c z e l y , 1966b). On th e  other  
h a n d  in  photosen sit ive  b irds th e  daily  changes in  l igh t ,  a d e n o h y p o p h y se c to m y  
or ACTH  treatm ent w ere fo u n d  s ign if icantly  to  affect  the  secret ion  con ten t  
o f  t h e  anterior m edian  e m in en ce ,  in  con trast  to  th a t  o f  th e  pars n ervosa  
(O k s c h e  e t  ah, 1969; F a r n e r  and  Ok s c h e , 1962; U e m u r a  and K o b a y a s h i , 
1963; OKSCHEet al., 1964; K o b a y a s h i  et  al. , 1966; P é c z e l y , 1966b).

T hus, the Gomori p o sitiv e  axons term inating in the outer zone of the 
anterior median em inence and in the pars nervosa differ from each other 
b o th  m orphologically and fu nctionally . Accordingly, in birds, besides the Gomori 
p o sitiv e  hypothalam o-hypophyseal (ADH) system , there exists another Go­
m ori p ositive system  the neurosecretory cells of w hich are also localized  in the  
anterior hypothalam us, m ost of its axons term inate in the anterior median  
em in en ce and some in th e  posterior m edian em inence.

The Gomori p ositive  neurosecretory system  of the m edian em inence 
w as show n to regulate th e  gonadotropic, thyreotropic and corticotropic func­
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tions o f the p itu itary in birds (F ar n er  and O k s c h e , 1962; Ma t s u i , 1966; 
A s s e n m a c h e r , 1968; A s se n m a c h er  and T i x i e r -V id a l , 1965; K a n e m a t s u  
and M ik a m i , 1969; L e g a i t , 1969; E gge and Ch i a s s o n , 1963; K a w a s h i m a  
et al., 1964; P é c z e l y , 1969a; 1969h; P é c z e l y  and Zb o r a y , 1967), and also 
in am phibia (R o d r ig u e z  et ah, 1967; R o d r i g u e z , 1969; Co m p iie r , 1969; 
Goos and O o r d t , 1969).

It has been show n th at in mammals the releasing factors regulating  
the functions of the adenohypophysis, are produced by the parvocellular  
groups of the m ediobasal pituitary, the so-called  hypophyseotropic area 
(S zentágo th ai  et ah, 1962; H alász et ah, 1962; P o rter , 1969). The role of 
this area in the regulation of pituitary function  in birds has also been proved. 
Thus according to W il so n  (1967), G r ä b e r  et ah (1967), R alph  and F raps  
(1959, 1960) and St e t s o n  (1969), the lesion o f the infundibular nucleus (arcuate  
nucleus) abolishes the photoperiodical testicu lar  reaction and causes an 
atrophy of the gonads and the crest. F r a n k e l  et ah (1967) reported on a 
significant decrease in adrenal function after the lesion of the ventral tube- 
ral area.

All these results show that, in contrast to  the situation in m am m als, 
in am phibia and birds there exists a Gomori p ositive  neurosecretory system  
connected with the m edian eminence and regu lating  the function o f th e  adeno­
hypophysis. This system  is not identical w ith  th e  classical ADH  sy stem . On 
the other hand, the role of the tubero-infundibular area in the control o f the 
adenohypophysis is unquestionable both in birds and in mammals.

Thus, it seem ed interesting to stu d y  b y  qualitative and q u an tita tive  
histological m ethods, how the aldehyde-fuchsin positive cell groups o f the 
anterior hypothalam us, the tubero-infundibular area and the median em inence  
react to the agents m entioned above.

Material and m ethods

A d u lt  dom estic  pigeons of bo th  sexes were used. T h e y  were kept a t  23°C te m p e ra tu r e ,  
an d  i l lu m in a ted  for 11 hours  daily. E ight pigeons se rv ed  as control;  7 were t r e a te d  i n t r a m u s ­
cular ly  w ith  5 mg of m e ty ra p o n e  in oil daily for 4 d a y s  a n d  fu r th e r  7 birds for 14 days .  Seven 
pigeons were t re a te d  orally  w ith  15 mg of prednisolone d a i ly  for 4 days,  while fu r th e r  7 pigeons 
received 5 mg of predn iso lone  daily  for 12 days. Six  b i rd s  were  t rea ted  with a single i n t r a v e ­
nous in jec t ion  of 40 I .U . in su l in  and killed 8 hours  la te r .

T he  animals were killed by  decapitation. T h e  b ra in  was fixed in H e id e n h a in ’s Susa 
f ixat ive .  A fte r  double  em b e d d in g  according to P é te r f i ,  sec tions  5 /i thick were c u t  a n d  sta ined  
with p a ra ldehyde-fuchs in  c om bined  with h aem ato x y l in .

In  each case 200 cell nuclei of each h y p o th a la m ic  cell group were m easured  on a p ro­
jec ted  p ic tu re  of  2,500 fold magnification. The lo g a r i th m  of the  nuclear volumes was ca lcu la ted  
on the  basis of  the  F isc h e r - In k e  nomogram, using th e  fo rm u la  я/6  L B 2. The a r i th m e t ic a l  m ean  
of th e  logar i thm s of each cell group as well as th e i r  s c a t t e r in g  were com puted .  T h e  changes  
in nuc lear  vo lum e were e v a lu a te d  by  S tuden t’s t t e s t .  T h e  differences were considered  signifi­
can t  i f  p  =  0.001 a n d  t 3.29. Taking in to  c o n s id e ra t io n  the  error of the  m e th o d s  used, 
only those  s ta tis t ica l ly  s ign if ican t  cases were e v a lu a te d  biologically where | m l — m 2 \ >■ 0.05.
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Results

T he cell groups of the hypothalam us w ill be termed according to  the 
n om enclature used by A r a i  (1963), F a r n e r  and Oksche (1962), P é c z e l y  
(1966a; 1966b), K a r t e n  and H odos (1967), V a n  T ie n h o v e n  and J u h á sz  
(1962).

1. sildehyde-fuchsin positive cell groups of  the anterior and medial hypothalamus

T he preoptic, lateral and medial d iv isions o f  the supraoptic, p araven tri­
cular and entopeduncular nuclei can he differentiated; their topography has 
b een  described by P é c z el y  (1966a; 1966b).

a) Metyrapone treatment for  4 days.  A n increase of the secretory a c tiv ity  
was observed in all three divisions of the supraoptic nucleus. The granular  
secretion  content of the perikaryon decreased, a finely granular secretion  
appeared in the axons and nuclear volum e increased significantly. The highest 
degree o f  functional activation  was shown b y  th e  preoptic and lateral d iv ision s.

In  the cells of the paraventricular nucleus, the amount o f secretion  was 
slig h tly  increased and so was nuclear volum e. The situation was th e  sam e in 
the cells o f the entopeduncular nucleus.

b) Metyrapone treatment for  14 days. The cells of the supraoptic nucleus 
show ed  hypertrophy; the am ount of N issl-granules increased. N uclear volum e  
was sign ifican tly  increased as compared to the controls, but less th an  under 
the e ffec t o f 4-day treatm ent.

T he cells of the paraventricular nucleus showed a slight hypertrophy  
w hereas their secretion con ten t decreased. N um erous cells were shrunk, filled  
with secretion , some of them  were pycnotic. N uclear volume was sign ifican tly  
increased.

T he cells of the entopeduncular nucleus showed no essential change, 
nuclear volum e was sligh tly  increased.

c) Prednisolone treatment for 4 days.  A roughly granulated secretion  in 
the cells o f the supraoptic nucleus. There was a definite decrease o f  nuclear 
v o lu m e in the preoptic d ivision , whereas in th e  others an insignificant increase 
occurred.

T he cells of the paraventricular nucleus show ed a considerable decrease  
in n uclear volum e, while those of the entopeduncular nucleus a slight 
decrease.

d) Prednisolone treatment for 12 days. G ranulated aldehyde-fuchsin pos­
itiv e  secretion  appeared in considerable am ou n t in  all cell groups.

N uclear volum es decreased sign ificantly  in the preoptic and lateral 
d iv ision  o f the supraoptic nucleus, and increased in their medial d iv ision .

T he cells of the paraventricular nucleus show ed a considerable decrease  
in n uclear volum e.
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No essential cytological changes were found in the cells o f  the entope- 
duncular nucleus, but nuclear volum e was sligh tly  increased.

e) Insulin treatment.  A considerable hypertrophy was found in th e  neuro­
secretory cells o f all the three divisions of the supraoptic nucleus. The cells 
were characterized by a sw elling of the perykaryon, finely granulated  secre-

Fig. 1. D istr ibu tion  of nuc lear  v o lu m e  in the  preoptic  divis ion of the  supraoptic  n u c l e u s ---------- :
c o n t r o l ; -----: m e ty rap o n e  t r e a tm e n t  for  4 d a y s ; ----------- : m e ty rapone  t r e a tm e n t  fo r  14 days;

X — : prednisolone t r e a tm e n t  for  4 days;  — X X — : prednisolone t r e a t m e n t  for 
12 days;  - - - insulin  t r e a tm e n t .  T he  significance of th e  lines is the same on all k a ry o m e tr ic

curves of Figs 1 7
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tion , w ell developed peripheral N issl-granulation and vacuolization of the cy to ­
plasm . Nuclear volu m e increased very sign ifican tly .

The cells of the paraventricular nucleus w ere less hypertrophic b u t the  
increase in nuclear vo lu m e was significant.

N either cytological nor karyometric changes occurred in the entopedun- 
cular nucleus (Figs 1— 5).

F ig. 3. Medial  division of su p ra o p t ic  nucleus
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F ig . 4. E n to p e d u rcu la r  nuc leus
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2. Parvocellular nuclei o f  the tubero-infundibular region

Two continuous cell groups were found. The arcuate nucleus was ol 
ventrom edial localization , it contained cells w ith  small nuclei and surrounded 
the end of the infundibular recess widening on the ventral side. Some of its 
cells penetrated into the internal zone of the m edian em inence. In the peri­
karyon of these cells there was no aldehyde-fuchsin positive secretion. 
Som e of the cells of the arcuate nucleus contained a number of baso­
philic granules indicating an increased developm ent of the endoplasm ic 
reticulum .

The nuclei of the periventricular cells of the arcuate nucleus were sm all­
er (the m axim um  was 2.0) than those of the cells localized more laterally, 
where the m axim um  was 2.1. Since the cells o f these groups reacted uniformly 
to the treatm ents, the values for the two cell populations were considered 
together.

The n. tuberis was o f more dorsolateral localization  than the arcuate 
nucleus; its cells were larger and lighter, localized more diffusely and charac­
terized by an increased nuclear volum e.

a) Metyrapone treatment for 4 and 14 days. A strongly significant 
increase in nuclear volum e occurred in both cell groups o f the arcuate 
nucleus.

b) Prednisolone treatment for 4 days.  A considerable decrease in nuclear 
volum e occurred in the arcuate nucleus, whereas an increase in the n. tuberis.
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F ig . 6. A rcu ate  nucleus

c) Prednisolone treatment fo r  12 days.  A strongly significant decrease of 
the n u clear volume was recorded in both groups o f cells.

d) Insulin treatment. N uclear volum e increased strongly significantly  
n b o th  th e  n. arcuatus and th e  n. tuberis (Figs 6— 8).

F ig . 7. T u b era i nucleus
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I . su p ra o p tic u s n . e n to - 
p e d u n c u la ris

n. p ara- 
v en tricu la ris n . a rc u a tu s n . tu b eris

p raeo p tica l la te ra l m ed ial

M etyrapone  14 days +  5 .6 * +  8 .3 * +  6 . 5 +  6 . 9 +  1 2 .4 * +  4 . 5 * +  7 .7

M ety rap o n e  4 days ! 2 4 . 5 * +  1 3 .7 * +  2 0 . 5 * +  8 . 3 * : 2.4 +  12.0* +  7 .8

Prednisolone

12 days 1 5 .2 * 5 . 9 ’ +  6 . 5 4  6.2 11.2* 12.2* 1 0 .7 *

Prednisolo ne

4 days 6 .5 * +  1-9 +  2.1 +  4 . 3 1 4 .3 * 9 . 1 * +  6.0

In su lin +  1 8 .8 * +  1 3 .7 * +  2 9 . 9 * +  3 . 8 +  8 .3 * +  2 6 . 5 * +  1 8 .3 *

Fig. 8. T ab le  of * va lues (p  =  0.001). —  : no t s ig n ifican t; +  : significant and*  m, — m , >
>  0.05

3. Median eminence

In the dom estic pigeon this structure is divided into well defined ante­
rior and posterior parts. In  control birds, the supraoptic-paraventriculo- 
hyophyseal tract running in the internal zone of the anterior m edian em inence, 
contains Herring bodies. The reticular stratum  o f the external zone contains 
more roughly granulated aldehyde-fuchsin positive secretion th an  the fine 
granulated one in the palisadic stratum  (F ig. 9).

Fig. 9. C ontro l, a n te r io r  m edian  em inence, S usa , p a ra ld eh y d e -fu ch s in -h a e m a to x y lin , X210
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a) Metyrapone treatment for 4 days. The am ount of the secretion was 
reduced  in  the external zone, except in one p igeon. The secretion content of  
the reticu lar and palisadic stratum  was considerably decreased. Som e places 
o f th e  b eta  zone were m ore rich in secretion (F ig . 10).

4'ig. 10. M ety rap o n e  t re a tm e n t  fo r  4 days, an te rio r m ed ia n  em inence, Susa, p a ra ld e h y d e -
fu c h sin -h aem a to x y lin , X 210

1») Metyrapone treatment fo r  14 days.  The am ount of the secretion increased  
con sid erab ly  in the external zone. At the sam e tim e areas containing less or 
alm ost no secretion were observed in the external beta  zone, especially in the  
la tera l parts of the m edian em inence. A lack o f secretion, as in the anim als 
trea ted  for 4 days, occurred in the external zone in  two pigeons. A num ber  
o f large H erring bodies were seen in the tract (F ig. 11).

c) Prednisolone treatment fo r  4 days. The secretion  content of the reticular  
stra tu m  decreased. Large neurosecretory grains appeared in the palisadic  
stra tu m . The tract contained only a few H erring bodies (Fig. 12).

d) Prednisolone treatment for  12 days.  The reticular stratum  is alm ost 
d evoid  o f  secretion, the palisadic stratum  contained  roughly granulated  
secretio n . A small number o f  little  Herring bodies coud he observed in the  
fibrose stratum  (Fig. 13).
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Fig. 11. M etyrapone  t r e a tm e n t  for 14 days, a n te r io r  m ed ian  em inence, Susa, parald eh y d e-
fu ch sin -h aem ato x y lin , X 210

F ig . 12. P rednisolone tr e a tm e n t  for 4 days, a n te r io r  m ed ian  em inence, Susa, p a ra ld eh y d e-
fuchsin -haem at o x y lin , X 210
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Fig. 13. P redn iso lone  t re a tm e n t  fo r  12 d ay s, an te rio r  m ed ian  em inence, Susa, p a ra ld eh y d e -
fu ch sin -h ae m a to x y lin , X 210

F ig . 14. In su lin  trea tm e n t, a n te r io r  m ed ian  em inence, Susa, p a ra ld eh y d e -fu ch s in -h a e m a to x y -
lin , X 620
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e) Insulin treatment. The secretion disappears from the front part o f the 
anterior m edian em inence. The reticular and palisadic strata are devoid  of 
secretion. E ven  in the area of the fibrous layer there are only few  aldehyde- 
fuchsin positive granules. In the anterior part o f the posterior m edian em inence 
an aldehyde-fuchsin positive granulation occurs running in radial direction
(Fig. 14).

4. Pars nervosa

The agents did not essentially affect the aldehyde-fuchsion positive  
secretion content of the pars nervosa. It sligh tly  decreased under the in­
fluence of prednisolone and insulin, w hereas m etyrapone caused a certain  
accum ulation o f the stained neurosecretion.

117

Discussion

The agents applied in the present stu d y  brought about sign ificant chan­
ges in corticotropic function.

All the investigated  aldehyde-fuchsin positive and n egative (tubero- 
infundibular) cell groups of the hypothalam us have reacted to the agents. 
Thus, the results indicate that not only th e  neurones connected w ith  adrenal 
function  were affected, but there was a possib ility  of secondary neuroendo­
crine responses.

H ow ever, taking into consideration th e  tendency and exten t o f the chan­
ges, certain differences could be found betw een  the cytological changes of the 
individual nuclei. The reaction of the preoptic and lateral divisions o f  the supra­
optic nucleus occurred in parallel with th e  changes in adrenal fu n ction . The 
arcuate nucleus and the n. tuberis reacted to  agents applied in the sam e way, 
except to 4-day prednisolone treatm ent. H ow ever, among the Gomori positive  
cell groups the origin o f the axons reaching the median em inence could not 
be established.

The karyom etric and histological results can only he interpreted by com ­
paring them  w ith the results of physiological investigations. Several observa­
tions indicate a parallelism  between the aldehyde-fuchsin positive elem ents 
of the avian hypothalam us and its CRF a ctiv ity . Apart from the median  
em inence, only the supraoptic region has a considerable CRF a ctiv ity  ( P e c z e l y , 
1969b). The CRF a ctiv ity  of the supraoptic area could not be decreased by 
th ioglycolate treatm ent, it did not react to  thirst, but defin itely  decreased 
upon the influence o f prolonged m etyrapone treatm ent ( P e c z e l y , 1971, in 
press). On the other hand, a connection appears to exist between the aldehyde- 
fuchsin positive secretion content and the C R F a ctiv ity  of the m edian em inence 
( P eczely  and Zb o r a y , 1967).
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M etyrapone treatm ent for 4 and 14 days caused an increase in th e  
fu n c tio n  o f every aldehyde-fuchsin  positive cell groups (secretion and d ep le­
t io n , increase in nuclear vo lu m e). Four-day trea tm en t resulted in a consider­
able d ep letion  in the anterior m edian em inence, whereas 14-day trea tm en t  
cau sed  a significant transportation  and accum ulation  of the secretion in the  
ex tern a l zone together w ith  a presum able further depletion.

M etyrapone treatm ent for 14 days increased the CRF activ ity  o f  the  
m ed ian  em inence (P é c z e l y , unpublished results) and caused a hypertrophy  
o f th e  ACTH  cells of the adenohypophysis (T i x i e r -V id a l  et ah, 1968; P é c z e l y  
and S z o k o l y , 1969).

Prednisolone treatm ent induced an accum ulation  of secretion in the  
ald eh yd e-fu ch sin  positive n u clei, while the changes in nuclear volum es were 
of a d ifferent character. The accum ulation o f th e  secretion took place in the  
neuro-haem al zone of the m edian  em inence, w hile it disappeared in the reti­
cular stratu m . This shows th a t  the transportation of secretion decreased to ­
ward th e  external zone and th e  neurohormone depletion  was inhibited.

S im ilar histological changes have been observed in the median em inence  
under th e  influence of ACTH ( P é c z e l y , 1966a).

In  earlier studies, CRF a ctiv ity  of the m edian eminence was consider­
ab ly  decreased by prednisolone treatm ent ( P é c z e l y , 1969a) and an accu m u ­
la tio n  o f  secretion in the ep silon  cells as w ell as a parallel increase in p itu itary  
A C TH  content was noted ( P é c z e l y  and S z o k o l y , 1969).

T h e functions of all aldehyde-fuchsin  p ositive  cells are enhanced by  
in su lin . Characteristic changes occur in the m edian eminence: the sta ined  
secretio n  disappears from th e rostral part of the anterior median em inence, 
m eanw'hile in the front o f th e  posterior m edian em inence many aldehyde- 
fu ch sin  positive granules appear. A similar change has been observed b y  
K a w a s h i m a  et al. (1964) in th e  median em inence o f Zonotrichia under the  
in flu en ce  o f  thirst; the d ep letion  was brought in to  connection with the h yp er­
tro p h y  o f  the adrenal cortex.

T h e m edian em inence o f  pigeons killed 8 hours subsequent to  insu lin  
trea tm en t (40 I.U.) showed practically  no C R F a ctiv ity  (P é c z e l y , 1969a).

T h ese  results render it probable that the CRF activ ity  of the p igeon ’s 
h yp oth a lam u s is connected w ith  the aldehyde-fuchsin positive neurosecretory  
sy stem  in the anterior hypothalam us and the m edian eminence. H ow ever, 
the m eth od s used were un su itab le  to determ ine the exact site of CRF for­
m ation .

I t  should be em phasized at the same tim e th at according to literary  
d ata  ( F r a n k e l  et al. 1967b; F r a n k e l , 1970; P é c z e l y , 1969b), the pars 
nervosa  and the ADH system  do not play any considerable role in the regu­
la tio n  o f  corticotropic fu nction  either in v ivo  or in vitro. The histological re­
su lts are in  accordance w ith  th e  above sta tem en ts, since the neurosecretion
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con ten t of the neurohypophysis was not sign ificantly altered either b y  ACTH  
(PÉCZELY, 1966a) or by m etyrapone, prednisolone and insidin. M etyrapone  
and insulin caused an increase, while prednisolone a decrease in nuclear vo l­
um es, m ainly in the arcuate nucleus of the tubero-infundibular area. The role 
of til e ventral tuberal area in the regulation of corticotropic fu nction  has been 
show n by F r a n k e l  et al. (1967a) using the experim ental lesion technique. 
At the same tim e, the tubero-infundibular region showed no considerable  
CRF activ ity  in vitro ( P éc z el y , 1969b), so that it seems im probable that 
the CRF should he formed in this region.

M onoamine containing cells of periventricular localization h ave been  
found by S harp  and F o llett  (1968; 1969) in the infundibular area, the axons 
o f which together w ith those of the non-fluorescing aldehyde-fuchsin negative  
cells of the m ost lateral localization, term inate in the external zone of the 
anterior and posterior m edian em inence. According to these authors (S harp  
and F o llett , 1969), in the quail the fluorescence originates from dopam ine 
and norepinephrine, which presum ably play a role in the regulation  o f adeno­
hypophysial functions.

It has been show n in the rat by A k m a y e v  and D o náth  (1965) th a t the 
fluorescing substances o f th e  m edian em inence react well to adrenalectom y  
and hydrocortisone treatm ent. N evertheless, some authors (Ca r r  and M oo re , 
1968; H irs and Mo o r e , 1968; B a r r y  1969) claim that there is no correlation  
betw een the catecholam ine content of the brain and the corticotropic functions, 
and m etyrapone and cortisone did not alter the fluorescence o f th e  infundu- 
bular nucleus.

Both the literary data and the results o f our histological in vestigations  
indicate that the tubero-infundibular area might he connected w ith  the regu­
lation  of ACTH secretion. It m ay be assum ed that this area m odulated  the 
CRF activ ity  of birds at the level of the m edian em inence either as part 
o f tht‘ monoam inergic system  of the hypothalam us or through cholinergic  
m echanism s. This assum ption is supported by the results of M a t s u i  (1966; 
1969b) who described synaptic and synaptic-like connections betw een  the 
m onoam inergic and neurosecretory fibres as well as betw een the m onoam iner­
gic and glial fibres o f the m edian em inence in the pigeon.
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D IE  W IR K U N G  D E R  M E T O P IR O N -, P R E D N IS O L O N - U N D  IN S U L IN ­
B E H A N D L U N G  A U F  D E N  H Y PO T H A LA M U S D E R  H A U S T A U B E

P. PÉCZELY

Der H y p o th a lam u s von H au s ta u b en , die n ach  vier- und v ie rz eh n tä g ig e r B ehandlung 
m it 10 ing/d ie M etopiron , n ach  v iertäg ig e r B ehandlung  m it 3 x 5  m g/d ie  bzw . zw ölftägiger 
B eh an d lu n g  mit 5 m g/d ie  P redn iso lon  u n d  a c h t S tu n d en  nach e inm aliger in tra v e n ö se r  V erabrei­
chung  von 40 IF] In su lin  g e tö te t w urden , w urde m it h isto log ischen  u n d  k a ryom etrischen  
M ethoden u n te rsu ch t. V iertäg ige  M eto p iro n v erab re ich u n g  v e ru rsach t in d en  präoptischen , 
la te ra len  und  m edialen  Z ellg ruppen  des N. su p rao p ticu s  und  im N. a rc u a tu s  K ern vo lum en­
verg rößerung , F u n k tio n sa n s tie g  der ac id o p hy l-positiven  (A F  + )  n eu ro sek re to risch en  Zellen, 
fe rn e r s ta rk e  S ek re tau ssch e id u n g  in  de r v o rd eren  E m in en tia  m ed ian a. V ierzeh n täg ig e  Meto- 
p iro n g ab en  rufen  in den  p rä o p tisc h en  und la te ra len  G ruppen  des N . su p ra o p tic u s , im  N. 
p a rav en t ricularis u n d  im  N. a rc u a tu s  s ta rk e  K ern v o lu m en v erg rö ß eru n g , b e d eu ten d e n  Sekre t- 
tra n s p o r t  der AF' -(- Zellen, u n d  in  der v o rd eren  E m in e n tia  m ed ian a  das A u ftre te n  einer 
g roßen  Masse von  A F  +  Sekret herbei. V iertäg ige P re d n iso lo n ad m in is tra tio n  h a t in der 
p rä o p tisc h en  Z ellengruppe des N. su p rao p ticu s , im  N. p a rav e n tr ic u la r is  u n d  im N. a rcua tus 
au sg ep räg te  K e rn v o lu m en v erm in d eru n g , A k k u m u la tio n  des S ek re ts  d e r n eu ro sek re to rischen  
Zellen u n d  in der v o rd e re n  E m in e n tia  m ed iana  S e k re tan h äu fu n g  g e rin g eren  G rad es zur Folge. 
Z w ölftägige P red n iso lo n b eh an d lu n g  b ew irk t in den p räo p tisch en  und la te ra le n  G ruppen  des
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N . su p ra o p tic u s , im  N. p a ra v e n tr ic u la r is ,  im  N. a rcu a tu s  u n d  N . tu b e ris  b ed eu ten d e  K e rn ­
v o lu m e n v e rm in d e ru n g  bzw. in  d e n  n eu rosek re to rischen  Z ellen  S e k re ta k k u m u la tio n  und  im  
S t r a tu m  palisad icum  der v o rd e re n  E m in e n tia  m ed iana  S e k re ta n h ä u fu n g . N ach  In su lin g ab e  
t r i t t  m it  A usnahm e des N. e n to p e d u n c u la r is  in säm tlich en  u n te rs u c h te n  Z ellg ruppen  eine 
b e d e u te n d e  K e rn v o lu m en v erg rö ß e ru n g  auf. Die S e k re tp ro d u k tio n  de r n eu ro sek re to risch en  
Z ellen  s te ig t  an, der vo rd ere  T eil d e r  v o rd e ren  E m in en tia  m ed ia n a  w ird  völlig e n tle e rt, w äh ­
re n d  im  v o rd e re n  Teil der h in te re n  E m in e n tia  m ediana A F  -f- S e k re t e rsch e in t. Die an g ew an d ten  
E in g riffe  riefen  keine au ffa llen d en  V erän d eru n g en  im  S e k re tg e h a lt  de r P a rs  nervosa  herbei. 
D ie R e s u l ta te  deu ten  d a rau f, d a ß  d a s  A F  -j- N eu ro sek re tio n ssy stem  im  v o rd eren  H y p o th a la ­
m u s — E m in e n tia  m ed iana  in  e n g em  fu n k tio n e llen  Z u sa m m e n h an g  m it de r k o rtik o tro p en  
A k t iv i t ä t  s te h t. In  der S teu eru n g  d e r  A C T H -Synthese d ü rf te  je d o c h  au ch  dem  N. a rcu a tu s  
e ine  w ic h tig e  Rolle zukom m en.

ВЛИЯНИЕ ДАЧИ МЕТОПИРОНА, ПРЕДНИЗОЛОНА И ИНСУЛИНА 
НА ГИПОТАЛАМУС ДОМАШНЕГО ГОЛУБЯ

П. ПЕЦЕЛИ

Гипоталамус голубей, забитых после четырехдневной и четырнадцатидневной дачи 
100 мг метопирона в сутки, четырехдневной дачи 3 раза по 5 мг преднизолона в сутки, 
двенадцатидневной дачи 5 мг преднизолона в сутки и через 8 часов после однократной 
внутривенной иньекции 40 ME инсулина, был исследован гистологическими и карио- 
метрическими методами. Четырехдневная дача метопирона обуславливает в предзритель- 
ной, латеральной и медильной клеточных группах надзрительного ядра и в дугообразном 
ядре увеличение ядерного объема, повышение функции ацидофильно-положительных 
(AF + )  нейросекреторных клеток и в переднем среднем возвышении значительное выделе­
ние секрета. Четырнадцатидневное введение метопирона вызывает в предзрительной и 
боковой группах надзрительного ядра, в паравентрикулярном и дугообразном ядрах зна­
чительное увеличение ядерного объема и усиленный транспорт секрета AF +  клеток, и в 
переднем среднем возвышении появление большой массы AF -f- секрета. Четырехдневная 
дача преднизолона приводит в предзрительной группе надзрительного ядра, в паравен­
трикулярном и дугообразном ядрах к выраженному уменьшению ядерного объема, к ак­
кумуляцию выделения нейросекреторных клеток и в переднем среднем возвышении к 
накоплению секрета меньшего размера. Двенадцатидневная дача преднизолона вызывает 
в предзрительной и латеральной клеточных группах надзрительного ядра, в паравентри­
кулярном в дугообразном ядрах и в n. Tuberis значительное уменьшение ядерного объема, 
в нейросекреторных клетках накопление секрета, а в палисадном слое переднего среднего 
возвышения аккумуляцию выделения. После введения инсулина, за исключение,м n. en­
topeduncularis, во всех исследовавшихся клеточных группах наступает значительное уве­
личение ядерного объема. Повышается образование выделения в нейросекреторных клет­
ках, передняя часть переднего среднего возвышения совершенно опорожняется, в то 
время как в передней части заднего среднего возвышения появляется AF +  секрет. В pars 
nervosa применяемые автором вмешательства не вызывали поразительных изменений в 
содержании секрета. Результаты указывают на то, что AF +  нейросекреторная система 
переднего гипоталамуса — среднего возвышения находится в тесной функциональной 
связи с кортикотропной активностью. В то же время полагается, что в регулировании 
секреции АКТГ дугообразное ядро также играет важную роль.

Dr. P é t  er P éc z el y : ELTE Á lt. Á llattani és Ö sszehasonlító B onét. tsz.
B udapest V III., P uskin  u. 3., Hungary
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In s t i tu te  of P a th o p h y s io lo g y  an d  In s t i tu te  of A n a to m y  (H ead : Prof. D r. I. K r o m p e c h e r ).
U n iv ersity  M edical School. D ebrecen

EFFECT OF REPTILASE ON THROMBOHAEMORRHAGIC
REACTIONS

S . T ó t h , G. L é v a i  a n d  T .  S z i l á g y i  

(R eceived Ju n e  25, 1970)

A d m in is tra tio n  of rep tilase  p ro m o tes th e  dev elo p m en t and  increases th e  in te n ­
sity  of the  genera lized  S h w artzm an  re ac tio n  in  th e  ra b b it .  It induces severe th ro m b o - 
h aem orrhag ic  a n d  necro tic  changes in  th e  k id n ey  of all anim als.

T h ro m b o h aem o rrh ag ic  an d  m asto calcerg ic  changes induced  accord ing  to  Se l y e  
e t al. in ra ts  w ere a g g rav a te d  by rep tilase  t r e a tm e n t  w hile th is had  no effec t on  acu te  
conditioned  necrosis.

The p re se n t ex p erim en ts  supplied  f u r th e r  in fo rm a tio n  ab o u t th e  role o f b lo o d ­
c lo ttin g  in th e  ex am in ed  sta tes.

According to J ancsó  [4], there is a correlation betw een experim ental 
inflam m ation and blood coagulation. It was show n in our earlier experim ents  
[12] th at reptilase considerably intensified  the local Shwartzm an reaction.

S e l y e  et  al. h a v e  elaborated various m eth o d s  to  induce in f la m m a to r y  
and th rom b ohaem orrh ag ic  changes [10],  necrosis  |7 ]  and ca lc if ica tion  [8] 
in rats.

It was after th ese antecedents that we studied the effect of reptilase  
on several reactions o f  this kind as also on th e  developm ent o f the Shw artz­
m an phenom enon.

Materials and m ethods

Generalized S h w artzm an  reaction. In trav e n o u s  D L 20 am o u n ts  of E .coli 0111 e n d o to x in  
p rep ared  according to  B o iv in  w ere ad m in istered  to  r a b b its  w ith  body w eights of 2000 ±  200 g, 
and  th e  in jec tio n  was re p e a te d  a f te r  24 hours. T he a n im a ls  w ere killed a f te r  a n o th e r 24 hours 
and  the  gross ren a l lesions ev a lu a ted  (0 — u n c h a n g e d , 1 - m o d era te , 2 m ark ed , 3
g rav e  haem orrhag ic  necrosis). A t th e  sam e tim e, spec im ens o b ta in ed  for h isto logical s tu d y  
w ere fixed  in Susa’s so lu tio n , em bedded , and s ta in e d  w ith  E n d es’ trich rom e [2 ], W eig ert’s 
s ta in in g  and in som e cases w ith  PAS. A n u m b er o f  ra b b its  received  a fte r th e  second dose of 
en d o to x in  a single in tra v e n o u s  in jec tio n  of 1 K U  re p tila se  (i.e. one u n it of K lo b u sitzk y  H aem o- 
coagulase  “ D isperga” , Dr. C. SzALÁGYl, V ienna); a n o th e r  g roup  (contro ls) received 1.5 K U  
rep tilase  in stead  of th e  second  en d o to x in  in jec tion .

W istar ra ts  o f 100 g w eigh t were used in a n o th e r  series of experim en ts. In  th e  co n tro l 
an im a ls  (i.e. those n o t t r e a te d  w ith  rep tilase), re ac tio n s  o f  m edium  in te n s ity  w ere in duced .

Thrombohaemorrhagic phenomena. A group of ra ts  w as in jec ted  w ith  2 mg carrag een in  
(M arine  Colloids In c ., U SA ) and  m em bers of a n o th e r  g ro u p  w ith  2 mg ScCl;J (K and  К L ab o ­
ra to ries , USA) in 1 ml vo lu m e in trav en o u s ly . A t th e  sam e  tim e, th e  an im als of b o th  groups 
received  in to  th e  rig h t h in d  paw  100 fig  ad ren a lin e  (G . R ich te r  L td ., H u n g ary ) in a  v o lu m e 
of 0.1 ml. One group  th e n  received  in tram u scu la rly  0.5 KU rep tilase , th e  o th e r  physio log ical 
saline. In te n s ity  of th e  g rad ed  ( 0 -  3) reac tio n s w as m easu red  a f te r  24 hrs.

Mastocalcergy. S im u ltan eo u s ly  w ith th e  in tra v e n o u s  in jec tio n  of 5 n eu tra l lead a c e ta te  
(C H 3COO)2, (F isher S c ien tific  Co., USA) 17 5 //g 5 -1 IT  (5 -h y d ro x y try p ta m in e  c rea tin in e  su lp h a te ,
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F ig . 1. G lom eru lus w ith in ta c t  n u c le a r  s ta in in g  beside  im p a ired , segm en tally  n ecro tized  glo­
m eru lu s  ad h erin g  to B ow m an’s cap su le  an d  show ing v ascu la r congestion . N ote  d im in ish ed  
n u c le a r  s ta in in g  (basophilia) in th e  m a jo rity  of tu b u le s , fu r th e r  in te rs titia l leucocytic  in f i l t r a ­

tio n . H aem ato x y lin -eo sin , X 380

F ig . 2. W eigert-positive  su b s ta n c e  in  th e  g lo m eru lar cap illa ry  walls. W eigert’s s ta in in g . X 140
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> lerck , G erm any) or 150 //g 48/80 (W ellcom e R esearch  L abora to ries, C an ad a) w as in jec ted  
su b cu tan eo u sly  in to  th e  back of th e  ra ts  in  vo lum es o f J m l. To o th er ra ts  also 0.5 K U  re p tila se  
w as ad m in iste red  in tra m u sc u la rly  and th e  in je c tio n  rep ea ted  12 hrs la te r . T h e  e x te n t  of 
ca lc ifica tio n  was de term ined  on th e  s ix th  day .

Acute conditioned necrosis. One group  rece ived  in trav en o u s ly  1 m g 5 -H T , th e  o th e r 
0.1 m g 18/80 and  sim u ltan eo u sly  also a deep in tra c u ta n e o u s  injection  of 200 m g N aC l in  2 ml 
vo lu m e in to  th e  back . T he re p tila se - trea te d  a n im a ls  w ere in jec ted  in tra m u sc u la r ly  w ith  0.5 
K U . E v a lu a tio n  took  place 24 hrs late r.

F ig . 3. E n d es-p o sitiv e  su b stan ce  in the  cap illa rie s o f b o th  glom eruli, especially a t th e  v a scu la r  
pole. V ascu lar congestion . E n d es’ trich ro m e, X 340

Results

Gross inspection of the kidney revealed signs of the Shw artzm an  
reaction in all rabbits treated with reptilase (Table I) and only in about 66%  
of the controls.

The kidney of rabbits which had received reptilase showed ex ten sive  
haem orrhage and necrosis. The vessels were hyperaem ic, and the hyperaem ia

Table I

Effect o f  reptilase on the generalized Shw artzm an phenomenon

N u m b e r  o f 
a n im a ls

I n te n s i t y . o f ren a l lesions* A v erag e

0 1 2 3 o f  r e a c t io n

У Control 3 3 3 0 1.0

1 1 R eptilase 0 4 4 3 1.9

* 0 unchanged , 1 =  m odera te , 2 m ark ed , 3 = grave
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turned in to  congestion a t som e points of the cortex  (F ig. 1). Numerous vessels  
were obstructed by an erythrocyte mass in  w hich  the nuclear sta in ing of 
the leucocytes and the presence of fibrin were observable. Staining w ith  E n d es’ 
trichrom e revealed a brick-red granular substance in  the wall of certain v e s ­
sels w hich gave a p ositive  fibrin reaction w ith  W eigert’s staining (Figs 2, 3). 
This phenom enon appeared also in the basem ent mem brane of the glom eruli.

F ig. 4. G lom eruli and  tu b u le s  w ith  slight or no n u c lea r s ta in in g  in  th e  necrotic  a rea  ( r ig h t u p p e r 
co rn er). M assive in te r s t i t ia l  leu cocy tic  in filtra tio n  a t  th e  b o u n d a ry  of necrotic  a rea . H aem a-

toxylin -eosin , X 180

Stained  with PAS, th e  substance reacted p o sitiv e ly  in the vessel w alls and 
in  th e  glomerular m em branes alike.

There were necrotic areas in the cortex w here the nuclear sta in ing wras 
w eak or absent in th e  ep ithelial cells of the tu b u les and in several glom erules. 
Signs o f  dem arcation w ere observed at th e  periphery of the necrotized areas 
(F ig . 4). These lesions were focal in mild and extended  over the entire cortex  
in grave cases.

The histological changes were considerably more serious than the renal 
lesions observable in th e  generalized Shw artzm an phenom enon and appeared  
rather as special form s o f ischaemic necrosis.

A dm inistration o f reptilase notably increased the intensity of the throra- 
bohaeinorrhagic phenom enon, no m atter w hether carrageenin or ScCl3 has 
been  used in p retreatm en t (Table II).
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T ab le  II

Effect o f  reptilase on the thrombohaemorrhagic phenomenon

C arrageen in  ad ren a lin e

N u m b e r  of 
an im a ls T re a tm e n t

D egree o f reaction* A verage 
in te n s ity  

o f  reaction0 1 2 *

и 0.5 m l physiol, saline 3 l 4 3 1 .6

14 R eptilase 0 0 5 9 2 .6

ScCl., -)- adrenaline

1 5 0.5 ml physiol, saline 2 8 5 0 1 .2

1 4 R eptilase 0 1 5 8 2 .5

* See Table I

The m astocalcergie reaction was likew ise enhanced in the reptilase treat­
ed group at the sites o f the 5-HT and 48/80 injections. C alcification extended  
to the deep dorsal m uscles (Table III). T hat reptilase intensified th is reaction 
is w orthy of note because only calcification  and necrosis but no inflam m atory  
or throm bohaem orrhagic changes were seen by the sixth  d ay .

Reptilase treatm ent had no effect on acute conditioned necrosis which 
on gross exam ination appeared to have a throm bohaem orrhagic character 
(Table IV, Fig. 5).

T ab le  III

E ffec t o f  reptilase on the mastocalcergie reaction

Lo cal t re a tm e n t
A reas  o f  c■alcification, cm  • cm

C ontro ls A fter rep tila se

5-HT 1.0 3 . 0

1.0 3 . 0

2 . 0 6 .0

2 . 0 9 .0

1.0 3 .0

A verage 1 .4 4 .8

4 8 / 8 0 3 .5 8 . 0

4 .5 1 6 .0

4 . 5 6 . 0

4 . 0 6 .0

4 . 0 9 .0

A verage 4 .1 9 .0
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T ab le  IV

Effect o f  reptilase on conditioned acute necrosis

S ystem ic  t r e a tm e n t
A rea in cm • cm  a t  s ite  o f  lo ca l t re a tm e n t

Controls A f te r  rep tila se

1 mg 5-H T 10.0 7.5

7.0 10.0

10.0 6.0

7.5 8.0

9.0 7.0

A verage 8.7 7.5

0.1 mg 48/80 6.0 5.0
3.5 7.5

4.0 4.0

6.0 5.0

8.0 6.0

A verage 5.5 5.5

Fig. 5. A cute  c o n d itio n ed  necrosis in r a t ,  24 h rs  a f te r  its  onset

Acta Morphologica Academiae Scientiarum  Hunearicae 19, 1971



EFFECT OF R E P T IL A S E 129

Discussion

Reptilase, a throm bin and throm bokinase-like substance prepared 
from the venom  o f the snakes Bothrops jararaca and Lachesis atrox, is know n  
to enhance throm bohaem orrhage, necrosis and calcification. In this view  our 
findings point to th e  role of blood clotting in  these reactions.

Although you n g rabbits (weighing 1000 to 1200 g) are the m ost suscep­
tib le in this respect, a generalized Shw artzm an reaction cannot be elicited  
in every case by the usual m ethod [11], whereas reptilase invariably provokes 
it even in adult rabbits. The reaction m anifested itse lf w ith severe throm bo- 
haemorrhagic and necrotic phenomena and the appearance of a W eigert and 
PA S-positive substance.

Throm bocytes p lay a decisive role in the generalized Shwartzm an pheno­
m enon [3 ,5]; they are agglutinated by the endotoxin  used for provoking the reac­
tion  [1]. R eptilase, too , agglutinates the throm bocytes [6] and in th is w ay  
it presum ably enhances the Shwartzman reaction  or in rats, the throm bo- 
haemorrhagic phenom ena. Of course, ow ing to its throm bin-like action, 
reptilase prom otes coagulation  also directly w hich explains the enhancem ent 
of the throm bohaem orrhagic reaction.

Reptilase in tensifies the m astocalcergic reaction; the throm bohaem or­
rhagic character was no longer marked when the experim ent was evaluated. 
Throm bohaem orrhage obviously occurs at the onset o f the injury and that 
tim e reptilase exerts its aggravating effect.

It is clear from the control experim ents th a t reptilase in itse lf does not 
elicit the exam ined reactions but enhances them  m arkedly once th ey  have  
started. Reptilase had no effect on acute conditioned necrosis. This necrosis, 
in contrast to the m astocalcergic reaction and the throm bohaem orrhagic 
phenom ena cannot be prevented by heparin pretreatm ent [9].
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D IE  W IR K U N G  D E R  R E P T IL A S E  A U F  D IE  T H R O M B O H A E M O R R H A G I S C H E N
R E A K T IO N E N

S. TÓTH, G. LÉVAI und T. SZILÁGYI

R e p tila seb eh an d lu n g  fü h r te  an  K an in ch en  zum  A u ftre ten  u n d  zur In te n s iv ie ru n g  der 
g e n e ra lis ie r te n  S c h w artzm an -R eak tio n . L a u t den  E rg eb n issen  der h isto log ischen  U n te rsu ­
c h u n g e n  e n ts te h en  in den N ie ren  aller K an in ch en  schw ere th ro m b o h aem o rrh ag isch e  und  
n e k ro tis c h e  V eränderungen .

Im  R a tten v ersu ch  v e rs tä rk te  die R ep tila seb eh an d lu n g  ebenfalls die n ach  S e l y e  u n d  
M ita rb e ite rn  hervorgerufene th ro m b o h a em o rrh a g isch e  E rsch ein u n g  bzw. die m asto k a lze rg i- 
sche R e a k tio n ;  dagegen ü b te  sie k e in e  W irk u n g  a u f  die a k u te  k o n d itio n ie rte  N ek ro se  aus.

U n sere  Versuche ergeben  w e ite re  A ngaben  zur B ed eu tu n g  der B lu tg e rin n u n g  bei den 
u n te r s u c h te n  E rscheinungen.

ДЕЙСТВИЕ РЕПТИЛАЗЫ НА ТРОМБОГЕМОРРАГИЧЕСКИЕ РЕАКЦИИ
Ш. ТОТ, Г. ЛЕВАИ и Т. СИЛАДЬИ

Введение рептилазы повышает у кроликов интенсивность и развитие генерализо­
ванной реакции Шварцмана. Согласно гистологическим исследованиям в почках всех 
кроликов возникают тяжелые тромбогеморрагические и некротические изменения.

В опытах на крысах после дачи рептилазы также наблюдалось усиление тромбо­
геморрагического явления или мастокальцергической реакции, вызванной по методу. 
Селье и сотрудников; в противоположность этому введение рептилазы не оказало действия 
на острый кондиционированный некроз.

Эксперименты авторов предоставляют новые данные о значении свертывания крови 
при изученных явлениях.

Dr. Sándor Tóth 
D r. Géza L évai 
Dr. Tibor Szilágyi

D ebrecen, K órélettani Intézet, Hungary

Aetn Morphologien Academiae Scientiarum  Hungaricae 19, 1971



Acta Morphologien Acad. Sei. Hung. 19 (2), pp. 131 139, 1971

D e p a r tm e n t of M edical Biology (H ead : P rof. G. C s a b a ) ,  Sem m elw eis U n iv e rsity  o f
B u d a p es t

M edicine.

DYNAMICS OF TH E CORTISONE-EFFECT ON MAST
CELL FORMATION

G .  C s a b a  a n d  L. H O D I N K A  

(R eceived  J u ly  15, 1970)

A s tu d y  has been m ade  of th e  d y n am ics o f th e  cortisone effect. C ortisone was 
fo u n d  to  e x ert b o th  acu te  and  p ro longed  effects. A single dose elicits sy n ch ro n o u sly  a 
d e s tru c tio n  an d  th e  fo rm atio n  of m a s t cells w hereas la te r  th e ir  d e s tru c tio n  d o m in a tes  
a t  th e  p e rip h ery . T his is follow ed by  a re g en e ra tio n  in  th e  ly m p h a tic  o rgans, b u t d e s tru c ­
tio n  of m a tu re  cells occurs even  a f te r  5 d ays. P ro longed  tre a tm e n t cau sed  a  s im ilar 
d e s tru c tio n  as a  single dose h u t  m a s t cell fo rm atio n  increased  slowly. A fte r  co rtiso n e  
tre a tm e n t a large  n u m b er o f m as t cells w as fo u n d  in  th e  bone-m arrow , show ing th e  
sam e reac tio n  as those  in  th e  th y m u s  and  ly m p h a tic  organs.

T h ere  w as a difference in  b e h av io u r be tw een  th e  p e rito n ea l m as t cells a n d  those  
in  tissues. A m ong th e  la t te r  in  th e  th y m u s  a n d  ly m p h  nodes th e re  o ccu rred  stem  cells 
co n ta in in g  only biogenic m onoam ines while such  cells w ere no t fo u n d  am o n g  th e  p e ri­
to n ea l ones. I t  is supposed th a t  th e  fo rm atio n  of m a s t cells tak es  p lace  on ly  in  the  
ly m p h  organs an d  pe rh ap s in  th e  bo n e-m arro w , a n d  only a  m a tu ra tio n  o f th ese  cells 
occurs a t  th e  p e riphery . U pon  th e  in flu en ce  of s tro n g  stim uli, h is tam in e  ap p ea rs  in 
th e  ep ithe lia l s tru c tu re s  o f th y m u s , too.

Introduction

Cortisone is known to induce m ast cell form ation [13], to enhance the de­
velopm ent o f young mast cells in the lym phatic  organs and their m aturation  at 
the periphery. The hormone causes at the sam e tim e a degranulation of m ast 
cells [9]. These effects of cortisone have been noted after both acute and pro­
longed treatm ent [9], but it is not clear w hat a connection exists betw een  the  
m ast cell formation and destruction induced by cortisone and the dosage, 
the length  of treatm ent and perhaps other factors. Sim ilarly it is not clear 
w hether these effects are similar or different in the organs of m ast cell produc­
tion  and storage.

E xperim ents have therefore been performed to study the follow ing ques­
tions.

1. How are correlated the effects of cortisone on the form ation and 
destruction  of m ast cells ?

2. Do the peritoneal and tissue m ast cells react identically  to cor­
tisone ?

3. How does the relation of heparin and biogenic amines change in the 
cortisone-induced tissue and peritoneal m ast cells ?

Acta Morphologica Academiae Scientiarum Hungaricae 19, 1971



132 G. CSABA and L. H O D IN K A

Material and m ethods

A )  A  to ta l  of 24 m ale , in b red  W is ta r  CB r a ts  o f 200 g b o d y  w eigh t w ere used . H a lf  
of th e m  rece iv ed  a single in tra m u sc u la r  10 or 5 m g p e r  100 g b o d y  w eigh t dose of co rtiso n e  
a c e ta te  (A dreson , O rganon). Specim ens w ere o b ta in e d  1, 3 a n d  5 d ay s la te r  fro m  tw o  an im als  
each . T h e  o th e r  group  w as t r e a te d  w ith  5 m g p e r 100 g b o d y  w e ig h t o f cortisone a c e ta te  th re e  
or six  t im e s  an d  specim ens w ere  o b ta in ed  1, 3 an d  5 d a y s  a f te r  th e  tre a tm e n t from  tw o  an im als  
each. T h e  th y m u s , a n  a x illa ry  ly m p h  node  an d  a b o n e -m arro w  sam ple w ere fix ed  in  cold 
a b so lu te  e th a n o l, em b ed d ed  in  p a ra ffin  an d  su b jec ted  to  iro n -a lu m  alc ian  b lu e -sa fran in  
s ta in in g  [1 0 ]; p a ra fo rm a ld e h y d e  in d u c tio n  (P ) acco rd ing  to  F a lck  [15] for th e  d em o n s tra tio n  
of se ro to n in  fluorescence; o rto -p h th a l-a ld eh y d e  in d u c tio n  (O P T ) according to  J u h l i n  and  
Sh e l l e y  [17] for th e  d e m o n s tra tio n  of h is tam in e  fluo rescence . F u rth e rm o re , th e  ab d o m in a l 
c a v ity  o f th e  ra ts  w as w ash ed  w ith  id en tica l q u a n tit ie s  o f a n  iso to n ic  so lu tion  of sod ium  c itra te ;  
fro m  th e  w ash ing  f lu id  th ic k  d rops w ere p rep ared  a n d  s ta in e d  w ith  alc ian  b lue-safran in .

B )  In  these  ex p erim e n ts  10 m ale W is ta r  CB r a ts  o f 150 —180 g bo d y  w eigh t w ere used. 
F o u r  a n im a ls  served as c o n tro ls  while 6 ra ts  w ere t r e a te d  in tra m u sc u la rly  w ith  5 m g 
p e r 100 g b o d y  w eigh t o f co rtiso n e  ace ta te . T h ree  of th e  an im a ls  w ere stu d ied  24 h o u rs  a f te r  
a  single dose w hereas th e  o th e r  th re e  a f te r  th re e  d a y s  tre a tm e n t.  E ith e r  th e  O PT  or th e  P  
re a c tio n  w as carried  o u t f i r s t  on th e  m as t cell p re p a ra tio n s  d escribed  above. P ic tu re s  w ere ta k e n  
from  20 fie lds of flu o re sce n t p re p a ra tio n s  th e n  th e y  w ere s ta in e d  w ith  a lc ian  b lu e-safran in . 
T he co rre sp o n d in g  a reas w ere  id en tified  an d  th e  n u m b e r o f fluorescing  and sta in ed  cells w as 
co m p ared .

Results

A j l .  One day after a single 10 mg per 100 g body weight dose of corti­
sone a lim ited num ber o f m ast cells was in the thym us while they  were abun­
dant in the lym ph node and the bone-m arrow (F ig. 1). The great m ajority  
of the m ast cells in th e  lym ph node was alcian b lu e-p ositive, several form s of 
developm ent could be found in the thym us, whereas in the bone-m arrow there 
were on ly  a few safranin-positive and m ostly  alcian blue-positive m ast cells. 
Most o f them  were considerably dam aged, disrupted. Many fluorescing cells 
were observed in the organs. Most of those in the thym us were found at the 
eorticom edullary border. A number of peritoneal m ast cells was found; few  
w7ere degranulated b u t p lenty  of so-called “ cadaver cells” [3] occurred (Fig.
2). The m ajority of cells seem ed abnorm al.

Three days after treatm ent, the num ber o f m ast cells was increased in 
the th ym u s (Fig. 3) w hile in the lym ph node it decreased as com pared to the 
situ ation  observed after one day. A large am ount of m ast cells was observed  
in th e  bone marrow, practically all of them  were dam aged. A high number 
of m ast cells was revealed by the OPT and P m ethods. Am ong the peritoneal 
m ast cells m any “ cadaver cells” were seen, w ith  a wide alcian b lue-positive  
halo surrounding them  (Fig. 4). Intact m ast cells could not be found.

F ive  days after the treatm ent, few7 m ast cells could be seen in the th y ­
m us, w hile they w7ere num erous in the lym ph node and a vast number of degran­
ulated  ones w7as present in the bone marrow. The fluorescence was of m oderate 
in ten sity . The num ber of peritoneal m ast cells w as high and they were m ostly  
undam aged.
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Fig. 1. B one-m arrow  one d ay  a f te r  a single 10 mg per 100 g body  weight dose of cortisone.
M ostly a lc ian  b lu e-p o sitiv e  m ast cells. A lcian  b lu e-safran in , 25 X 10 

Fig. 2. P e rito n eal m ast cells one d a y  a f te r  a  single 10 m g per 100 g body  w eight dose  of c o r ti­
sone. “ C adaver cells”  a n d  d eg ran u la tin g  m ast cells. A lcian  b lu e-safran in , 25 X 10 

Fig. 3. N um erous d eg ran u la tin g  m as t cells in th e  th y m u s , 3 d ay s a f te r  a single 10 m g p e r 100 g 
body w eigh t dose of cortisone. A lcian b lu e -sa fran in , 40 X 10 

Fig. 4. P e rito n ea l m ast cells, 3 d a y s  a f te r  a single 10 mg per 100 g body w eigh t dose  o f c o r ti­
sone. T h e  alc ian  b lue-positive  cells are  su rro u n d ed  by  an  a lc ian  b lue-positive  ha lo . A lcian

b lu e-safran in , 25 X 10
Fig. 5. B one-m arrow  o v ercrow ded  w ith  m ast cells, one d ay  a f te r  a single 5 mg p e r 100 g body 

w eigh t dose of cortisone. Alcian blue sa fran in , 25 X 10

*
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A /2 .  One day after a single 5 mg per 100 g b od y  weight dose o f cortisone 
a lim ited  number o f m ast cells was present in th e  thym us, hardly any were 
overcrow ded with degranulated  m ast cell (F ig. 5). A  great num ber showed  
OPT and P fluorescence in th e  thym us and lym ph node (Fig. 6), their am ount 
outnum bered  that of stained cells. A large num ber of peritoneal m ast cells 
occurred; they seemed to be intact.

T hree days subsequent to  the treatm ent, th e  num ber of m ast cells decreas­
ed b o th  in the organs and th e  peritoneal flu id . A lm ost every peritoneal cell 
show ed an alcian b lue-positive halo and th ey  w ere o f “ cadaver” character. 
Few  fluorescing cells were present in the th ym u s and the lym ph node.

F iv e  days after trea tm en t the organs contained few m ast cells and 
there occurred only alcian blue-positive ones in th e  bone marrow. T hey were 
p artly  degranulated. S im ilarly , a few of them  w ere revealed by the fluores­
cence m ethod. The peritoneal m ast cells were not degranulated but th ey  were 
not en tirely  normal.

A /3 .  One day after th e  three times repeated adm inistration of 5 mg per 
100 g b ody weight of cortisone a lim ited num ber o f m ast cells occurred in the 
organs and peritoneal flu id , and they were m ostly  degranulated, and few  
o f th em  displayed fluorescence.

Three days after trea tm en t, both the organs and the peritoneal fluid  
con ta in ed  many m ast cells. T h ey  did not seem  norm al, and p lenty  “ cadaver 
ce lls”  occurred. C ytoplasm atic granulation as w ell as degranulation were 
freq u en t, fluorescing cells w ere few.

F iv e  days subsequent to  the last treatm ent, a medium am ount of de­
granu lated  mast cells were surrounded by an alcian blue-positive halo. The 
num ber of fluorescing cells corresponded to  th a t of stained ones.

A /4 .  One day fo llow ing the six time repeated adm inistration of 5 mg 
per 100 g body weight o f cortisone a vast num ber of mast cells was found in 
b oth  th e  organs and the peritoneal fluid. M any o f them  were degranulated, 
the am ount of fluorescing cells was identical w ith  that of stained ones.

Three days subsequent to  treatm ent, th e  number of m ast cells was 
high in both the organs and the peritoneal flu id , but their incidence was lower 
th an  one day after treatm en t. The cells were degranulated, except those of 
th e  peritoneal fluid which seem ed intact, but sta ined  m ainly w ith alcian blue. 
T he am ount of fluorescing cells corresponded to  th a t of stained ones.

F iv e  days after the la st treatm ent, m any m ast cells were observed in 
b o th  th e  organs and the peritoneal fluid. There were numerous safranin- 
p o sit iv e  forms among the m ast cells of the bone-m arrow and the peritoneum . 
M any fluorescing cells could be seen in the th ym u s (Fig. 7), the cells lining 
(he cysts showed OPT fluorescence (Fig. 8).

В )  Among the 286 m ast cells taken from controls and anim als treated  
w ith  cortisone for 1 or 3 d ays, not a single cell w as found to contain only one
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Fig. 6. S trong ly  fluorescing  ly m p h o id  cells in  a lym ph  node, 3 d ay s a fte r  a 5 m g p e r  100 g 
body w eight dose of co rtiso n e . F luorescence is localized in  th e  cy top lasm , lh e  a rea  o f the  

nucleus show s no flu rescence . O ne hour p a ra fo rm ald eh y d e  in d u ctio n , 25 X 10 
F ig. 7. L arge n u m b er o f m as t cells in th e  th y m u s  5 days a f te r  a six tim es rep ea ted  5 m g per 

100 g bo d y  w eight dose of cortisone. O PT  re ac tio n , 25 X 10 
Fig. 8. F luorescing  ep ith e lia l lin ing  cells su rro u n d ed  by m as t cells in  th e  th y m u s , 5 days 
a f te r  a six tim es rep ea ted  5 m g per 100 g body weight dose of cortisone . O PT re ac tio n , 25 X 10
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com ponent. All the cells contained biogenic am ines and heparin. The cells 
of th e  cortisone-treated anim als were similar in  th is respect. R esults are sum ­
m arized in Table I.

T able  I

Num ber o f  cells containing serotonin, h istam ine and heparin

Control
Cortisone

Sum total
1 day 3 days

H istam ine +
H eparin — 0 0 0 0

H istam ine +
H eparin + 45 52 47 144

H istam ine —

H eparin 4- 0 0 0 0

Serotonin +
H eparin — 0 0 0 0

Serotonin

H eparin 4- 39 55 48 142

Serotonin —

H eparin + 0 0 0 0

Discussion

A number of papers [22] discussed the effect o f cortisone on the m ast cells. 
W ith o u t supposing th e  inductive role of cortisone in m ast cell form ation, 
it has been stated th a t th e  number of m ast cells increases [21] or decreases 
[1, 2, 4] under the in fluence of cortisone, or th e  hormone is indifferent in this 
resp ect [14, 18, 23, 24]. Thus the possibility arose that cortisone m ight have  
m anifold effect on the m ast cells, the more so as our earlier experim ents [8, 9, 
13] where the in d u ctive effect of cortisone in the mast cell form ation has 
b een  observed, its d estructive, degranulating effect has also been recorded.

The present fin d in gs, although they did not solve the problem , throwed  
som e light on the dynam ics of the cortisone effect. Thus, cortisone proved to  
h ave both acute and prolonged effects on th e  m ast cells. T w enty-four hours 
after the single cortisone treatm ent, there was a great number of degranulated, 
and decomposed m ast cells, while there also appeared new ly formed cells. 
Comparing this fact w ith  our earlier results [7] dem onstrating th a t glucocorti­
coids are increasing th e  number of mast cells after a few m inutes and cause 
a degranulation, one can conclude that the constructive and destructive effects

Acta Morphologica Academiae Scientiarum  Hungaricae 19, 1971



DYNAMICS OF TH E CO R TISO N E-E FFEC T 137

of cortisone start alm ost synchronously. Mast cell form ation in the lym phatic  
organs was intense after 3 days, whereas in the peritoneum  the destruction  
dom inated. F ive days after a single dose, th e  destructive effect still persisted  
while the form ation of new cells was expressed. On the hasis of these obser­
vations one m ay assum e that im m ediately after cortisone adm inistration the  
drug accelerates the developm ent of suitable in tact cells and after an exhaus­
tion of the cell pool, the destruction of m ast cells will dom inate. Later, on the  
third day, again new cells become suitable for m ast cell transform ation and  
regeneration of the stores begins from them .

After the prolonged cortisone treatm ent, the destruction did not seem  
to be more intense than  after a single dose, indicating a strong effect of corti­
sone on the m ast cells. The form ation of new cells gradually increased and 
reached a m axim um  on the fifth  day. At the sam e tim e, histam ine fluorescence  
Teas observed in the epithelial elem ents o f the thym us, dem onstrating the  
ability of the entoderm al epithelium  of this organ to produce biogenic am ines. 
The cells of alm ost every entodermal endocrine gland contained serotonin [5, 
16, 19, 20] but this was not shown in the th ym u s. The phenom enon allowed  
to assume that the form ation of biogenic m onoam ines should be considered  
a general capacity o f the entodermal cells, m anifesting itself in the thym us  
only under the influence of extrem e inductive effects.

The bone-m arrow m ay contain a va st num ber of m ast cells in special 
situations such as after cortisone treatm ent. The presence of m ast cells in the  
bone-marrow o f rats has not been proved unequivocally  [22]. On the basis 
of our findings it m ay be stated  that m ast cells are present in the bone marrow  
and the changes o f the m ast cell reactions run parallel w ith those of the ly m ­
phatic organs. It seem s likely that the presence of m ast cells in the rat’s bone 
marrow has rem ained unrecognized ow ing to technical reasons, viz. the m ajor­
ity  of the cells is alcian blue-positive, failing thus to be stained w ith  basic 
dyes at an acid pH .

Q uantitative conclusions cannot be drawn from our findings. Thus, 
we could not decide the significance of the great number of m ast cells in the  
bone-marrow during the regeneration subsequent to cortisone treatm ent (see 
group A/4 at 5 days). It is possible that the stem  cells arrive from the thym us 
in the bone-marrow or vice versa. Further investigations are needed to decide 
this question.

It seemed from our findings that the peritoneal m ast cells and those of 
tissues behave differently. D isintegration and disruption of tissue m ast 
cells wrere of a higher degree and varied more in tim e than th at of the perito­
neal ones. This m ay have been the consequence of the different techniques  
applied in the case o f tissues and of the thick sm ears. H ow ever, il this is not 
the case, one has to  suppose the peritoneal m ast cells to he more resistant 
than those of tissues.
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T he tliff erence betw een the tw o kinds o f m ast cell appeared also in the  
ratio o f  am ines to heparin. It has been shown earlier [9] that while cortisone  
increases th e  destruction of m ast cells at the periphery, new cells are form ed  
in th e  th y m u s and lym ph nodes. Our present findings showed th at cells con­
ta in in g  b iogenic amines w ith ou t heparin did not occur at the periphery, 
w hereas th e y  were present in th e  lym phatic organs. This allowed to assum e  
th a t, as a result of the biogenic am ine effect [11] heparin synthesis started  
in th e  lym p h atic  organs and by th e  tim e the cells are arriving to the periphery, 
perhaps through the blood stream  [12], even the youngest forms contain  all 
three com ponents of the granules. This supports the assum ption that under 
norm al circum stances m ast cell form ation does not take place at the periphery, 
w here on ly  the m aturation o f th e  you n gest, lym phoid forms occurs.
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Soc. B io l. (P a ris )  147,391. — 22. S e l y e , H .: (1965) T he M ast Cells. B u tte rw o rth , W ash in g to n , 
D . C. — 23. Sm it h , D. E ., L e w i s , Y . S .: (1954) In flu en ce  of H y p o p h y sis  an d  A d ren a l C ortex  
U p o n  T issu e  M ast Cell of th e  R a t.  P roc . Soc. exp . Biol. (N. Y .) 87, 515. — 24. Sp e i r s , 
R . S ., W e n c k , V.: (1957) E ffec t o f C ortisone on  th e  C ellular R esponse D u rin g  A llergic 
In f la m m a tio n . A cta h aem at. (B ase l) 17, 271.
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D Y N A M IK  D E R  K O R T IS O N W IR K U N G  B E I D E R  B IL D U N G  
D E R  M A S T Z E L L E N

G. CSABA und L. HODINKA

Bei der U n te rsu ch u n g  de r D yn am ik  de r K o rtiso n w irk u n g  ste llten  die V e rfasse r im  Laufe 
ih re r  U n te rsu ch u n g en  fest, d aß  d ie K o rtiso n w irk u n g  gleichzeitig a k u t  u n d  d a u e rh a f t  ist. 
E ine  e inm alige K ortisondosis in d u z ie rt g leichze itig  die D estru k tio n  u n d  d ie  B ild u n g  von 
M astzellen , sp ä te r  t r i t t  an  de r P erip h erie  die D e s tru k tio n  in den V o rd e rg ru n d , w elcher in 
den  ly m p h o id en  O rganen  die R eg en e ra tio n  fo lg t, a b e r  d ie D estru k tio n  de r re ifen  Z ellen  d a u e rt  
au ch  noch d a n n  (nach  fü n f T agen) an . Im  F a lle  p ro lo n g ie rte r  B ehandlung is t d ie  D e stru k tio n  
n ich t g rößer, als n ach  e inm aliger Dosis, ab e r die Z ellb ildung  v e rs tä rk t sich  n u r  lan g sam . Im  
K n o ch en m ark  is t nach  K o rtiso n b eh an d lu n g  eine g ro ß e  Menge von M astzellen  zu  f in d e n  und 
ih re  R e ak tio n  is t m it je n e r  de r im  T h y m u s u n d  in  den  ly m p hatischen  O rg an en  b efind lichen  
M astzellen  iden tisch .

Zw ischen dem  B enehm en  der M astzellen  d e r Gew ebe und des B au ch fe lls  b e s te h t  ein 
U n te rsch ied . In  den  M astzellen in den G ew eben (im  T h y m u s, in den L y m p h k n o te n )  kom m en 
au ch  n u r biogene A m ine e n th a lte n d e  U rzellen  v o r, w äh ren d  das zw ischen d e n  p e rito n ea len  
M astzellen  n ich t de r Fall ist. V erfasser n ehm en  a n , d a ß  die B ildung der M astze llen  n u r  in den 
ly m p h a tisch e n  O rganen  v ie lle ich t im  K n o c h en m a rk  vor sich gehen u n d  d a ß  d a n n  an 
de r P e rip h erie  n u r die w eitere  R eifung  dieser Zellen gesch ieh t. Auf E in w irk u n g  e in es seh r s ta r ­
ken R eizes e rsch e in t auch in den E p ith e lia lg eb ild en  des T hym us H istam in .

Д И Н А М И К А  Д Е Й С Т В И Я  К О Р Т И З О Н А  Н А  О Б Р А З О В А Н И Е  Т У Ч Н Ы Х  К Л Е Т О К

Д . Ч А Б А  и Л . Х О Д И Н К А

При изучении динамики действия кортизона авторами было установлено, что гормон 
оказывает равным образом как острое, так и прочное действие. Разовая доза кортизона 
вызывает деструкцию и образование тучных клеток одновременно, а затем на периферии 
получает перевес деструкция, после чего в лимфоидных органах происходит регенерация. 
Однако деструкция зрелых клеток продолжается и в этой фазе (после пяти дней). В случае 
длительной дачи кортизона деструкция не превышает разрушения, наблюдаемого под 
влиянием разовой дозы, однако образование клеток повышается только медленно. В костном 
мозгу после введения кортизона обнаруживается большая масса тучных клеток, причем 
их реакция подобна реакции тучных клеток, находящихся в зобной железе и в лимфати­
ческих органах.

Между поведением тканевых и перитонеальных тучных клеток наблюдается раз­
ница. В тканевых тучных (в клетках зобной железы, в лимфатических узлах) обнаружива­
ются также первобытные клетки, содержащие только биогенные амины, в то время как 
среди перитонеальных тучных клеток нет таких клеток. Авторы полагают, что образование 
тучных клеток осуществляется только в лимфатических органах — возможно еще и в 
костном мозгу — и что на периферии происходит лишь дальнейшее созревание этих кле­
ток. Под влиянием очень сильного раздражения в эпителиальных образованиях зобной 
железы появляется также гистамин.

Dr. G yörgy Csaba  
Dr. László H O D IN K A

B udapest IX ., T űzoltó u. 58, Hungary
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In s t i tu te  of H isto lo g y  an d  E m bryology  (D irec to r: P ro f. I. TÖRŐ), Sem m elw eis U n iv e rs ity
Medical School

STUDIES ON THE ORGANON VASCULOSUM LAMINAE
TERMINÁLIS

III.  V A S C U L A R IZ A T IO N  O F  T H E  O R G A N O N  V A SC U LO SU M  LA M IN A E T E R M IN Á L IS
IN  T H E  R A T

T. W eng er  and B . á r o s  

(Received J u ly  30, 1970)

T he v a sc u la r  a p p a ra tu s  in th e  o rg a n o n  vascu losum  lam inae te rm in á lis  (OV LT) 
of the  r a t  has been s tu d ied  by m eans of I n d ia n  in k  in jec tion . As in n u m ero u s  v e r te ­
b ra te s , th e  OV LT of th e  r a t  has a p a r tic u la r ly  c h a ra c te ris tic  vascu lar n e tw o rk . I t s  ves­
sels form  m u ltip le  anastom oses, are w ider th a n  th o se  of th e  ad jacen t o rg an s, a n d  ru n  
to r tu o u s  courses. T he OVLT receives its  v esse ls from  th e  p reoptic  a r te ry  w h ich  form  
a uniform  sy s tem  of anastom oses. T he w hole  p lexus is shaped  like a t ru n c a te d  cone 
whose hase  faces th e  ependym a. The vessels do  n o t reach  th e  lum en of th e  th ird  v e n tric le , 
n o r do th e y  p ro tru d e  betw een the ep en d y m al cells. T he efferen t vessels a re  th in n e r  an d  
ru n  p a r tly  to th e  a n te r io r  com m issure an d  p a r t ly  to  th e  optic chiasm a. A n u m b e r  of 
o th e r vessels, ru n n in g  in  th e  lam ina te rm in á lis  to w a rd s  th e  a n te rio r co m m issu re , are 
likewise e m itte d  by  th e  p reop tic  a rte ry : th e y  fo rk  off a t the  level of th e  O V LT  and 
do not c o m m u n ica te  a t  its  height w ith  th e  v esse ls of th is  organ.

T h eories re g a rd in g  th e  function  of th e  O V LT are  still specu la tive  a n d  req u ire  
fu r th e r  in v es tig a tio n .

The anterior part o f the third cerebral ventricle is constituted  b y  the  
lamine term inális in which there is a characteristic vascular and cellular p a t­
tern in the area above and in front of the optic  chiasm a. It has been term ed  
organon vasculosum  lam inae terminális (to be called OVLT in the follow ing) 
by H ofer  [6] and M e r g n e r  [8]. Since th e  OVLT is m orphologically sim ilar  
to the subfornical organ and the area postrem a, H ofer  classified it a lso  as 
a circum ventricular organ.

Literature contains several papers on the vascularization of the OVLT. 
D u v e r n o y  and K o r it k é  [1, 2, 3, 5], h av in g  studied its vascular structure  
in numerous vertebrates, found that — alth ou gh  more or less different in the 
various species —  it was nevertheless typ ical and closely similar to the vascular  
apparatus of the area postrema and the subfornical organ.

There are several reports on the light- and electron-m icroscopic structure  
of the organ [6, 8, 12, 15] which was found to  be present in every vertebrate. 
Since the available literature did not seem  to  contain data in respect o f  the 
albino rat, a study has been made of the vascular pattern of the OVLT in th e  rat.

M ater ia l  and  m e th o d *

T en  la b o ra to ry  m ale a lb ino  ra ts  (R a ttu s  n o rv eg icu s) w ith  body w eights fro m  150 to 
200 g w ere an ae sth e tize d  w ith  e th e r  and in jec ted  w ith  4- a n d  8-fold d ilu ted  In d ian  ink  th ro u g h

* T he a u th o rs  a re  in d eb te d  to  Prof. J .  G. K o r i tk é  fo r assistance in th e  u se  o f  the  
m ethod  described.
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th e  in i t ia l  se  m en t of th e  a o rta . G e la tin  w as ad ded  to  th e  d ilu ted  In d ian  in k  a t  th e  r a t io  
2 — 3 g /100  m l, a n d  th e  flu id  w as a d m in is te re d  a t  b o d y  te m p e ra tu re . The b ra in  w as re m o v e d  
a n d  f ix e d  in  4 an d  10%  so lu tions o f  fo rm alin ; som e b ra in s  em bedded  in  p a ra ffin , a n d  th e n  
se ria lly  se c tio n ed  in  th e  h o rizo n ta l a n d  th e  sa g itta l p la n e  to  th icknesses o f 10, 100 a n d  180 
m ic ra . O th e r  b ra in s  were tre a te d  acco rd in g  to  Sp a l t e h o l z  (v . R omeis [11]). Som e se c tio n s  
w ere s ta in e d  w ith  h aem ato x y lin -eo sin , o th ers  le ft u n s ta in e d .

W e  co m p ared  th e  OY LT of each  an im al w ith  i ts  ow n subfornical o rgan  a n d  m ed ia n  
em in en ce .

Results

E xam in ation  of the vascular structure was investigated  with the k n ow l­
edge o f  th e  light- and electron-m icroscopic picture of the OVLT. B y  th is  
the organ o f the rat consists o f an outer and an inner part. The outer part, 
a b u ttin g  on the preoptic cistern, contains a few  vessels surrounded b y  a w ide  
p erivascu lar space in which collagen fibres and connective tissue cells are 
observed . The external area contains m oreover nerve and glial fibres. The  
inner area is separated from the third ventricle by the ependym a w hich  is 
stra tified  in the area of th e  OYLT. There are numerous capillaries below ; 
th ese , to o , are surrounded b y  perivascular zones and are narrower than  their  
counterparts in the outer area. Also a few  so-called parenchym al cells are 
v isib le . T he nerve fibres contain  m any dense-core granides.

T he OVLT receives its vessels from th e  in itia l segm ent of the preoptic  
artery  (F igs 1, 6), a branch o f the anterior cerebral artery, originating from  
the m ain  trunk above the optic chiasma [3, 8 ]. The vessels are running along  
ap p rox im ately  horizontal courses. They enter the lamina term inális w ith ou t  
em ittin g  branches and ram ify into capillaries after a short path (F ig . 2) 
along w hich  they  do not form anastom oses (F ig . 6). A plexus of anastom osing  
w ide capillaries is formed im m ediately  beneath  the pia mater w hich ex ten d s  
as far as th e  ependym al cells (Figs 2, 3). This anastom otic structure resem bles  
a v ascu lar  glomerulus in the shape of a tru n cated  cone whose base confronts  
the ep en d ym al cells. No vessels were observed betw een the ependym al cells, 
in th e  interior of the ventricle or on the apical surface of the ependym a. V essels 
were d ila ted  along certain segm ents (Fig. 4). D ila ta tion s were especially m arked  
at th e  points of anastom oses. As m any as four or five vessels converge to  
som e o f  th ese points, a phenom enon which turns the entire plexus into a sort 
of lab yrin th .

I t  was obvious from the sections (F ig. 5) th at the vessels of the OVLT  
were m ore closely packed and their anastom oses much more abundant than  
th ose  o f  the adjacent hypothalam ic areas.

In  the lower and upper part of the glom erular structure the vesse ls of 
the OVLT unit to form capillaries whose lum ina are narrower than  th ose  of 
the anastom osing vessels. Som e of the capillaries run towards the optic chiasm a, 
others to  the anterior com m issure (Figs 5, 6). There are two or three o f the  
la tter: after a long course th ey  reach the anterior commissure and disappear
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F ig. 1. H o rizo n ta l sec tio n  of th e  p reo p tic  c is te rn  a t  th e  level of th e  OVLT. A rising  from  th e  
p reo p tic  a r te ry  (1), th re e  o r fo u r vessels are ru n n in g  h o rizo n ta lly  (2) th ro u g h  th e  c is te rn  

to  th e  la m in a  te rm in á lis  (3) to  ram ify  th e re . 100 m icra; X 16 
F ig . 2. S ag itta l sec tion  show ing  th e  vascu la r s tru c tu re  o f th e  OVLT. A fte r a sh o rt segm ent 
a t th e  o u tsid e  o f th e  O V LT (A), a rich  p lexus of an asto m o ses is fo rm ed . N ote  th e  co m p ara tiv e  
te n u i ty  an d  sca rc ity  of vessels in th e  a d jacen t areas. C PO  p re o p tic  c is te rn ; CHO op tic  

ch iasm a. A rrow  p o in ts  to  lum en of v e n tric le . 100 m ic ra ; X 40
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F ig. 3. P a ra s a g it ta l  section  of O V LT. A rrow s p o in t to  vessels filled w ith  In d ia n  in k . T hey  
do n o t  r e a c h  th e  lum en of th e  v e n tric le . 3 V =  th ird  v en tric le ; E P  =  ep en d y m a  of OVLT: 

C PO  preoptic  c is te rn : P F  =  f ro n ta l  lobe. 15 m icra; h a em ato x y lin -eo sin , X 60

F ig . 4. V ascu lar p a tte rn  of OV LT. N o te  d ila ta tio n s  (A) an d  m u ltip le  an as to m o ses (B).
120 m ic ra ; X 160
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there. They probably em pty into the pericom m issural vascular p lexus. The 
vessels running towards the optic chiasm a pierce the surface o f the brain and 
em pty into the preoptic vein together w ith  other vessels. W e observed no

Fig. 5. P a ra sa g itta l  sec tion  show ing p a r t  of th e  OV LT a n d  th e  lam in a  te rm in ális . Vessels a ris ­
ing from  th e  v ascu la r bed  of th e  OVLT, ru n  to w a rd  th e  a n te rio r  com m issure  (1). S y stem  of 
th ic k e r  vessels ru n n in g  paralle l to th e  fo rm er (2). A rrow s p o in t to  cap illaries of a  d iffe re n t 

c h a ra c te r  in th e  ad jacen t p a rts  of th e  b ra in . 120 m icra, X 25

direct com m unication betw een the vessels o f  the OVLT and those of the sub­
fornical area, nor did we find connections betw een the vessels of the OVLT 
and the m edian em inence. The vascular pattern  of these two areas was strik­
ingly similar, whereas the vascular sim ilarity betw een the OVLT and the  
subfornical organ appeared to be less pronounced.
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A nother vascular system  encountered in the area of the OYLT origi­
nates d irectly  from the preoptic artery, enters the lam ina term inals at the  
leve l o f the OVLT and runs steep ly  upward to  the anterior com m issure (Figs 
5, 6). These vessels are wider than  those running to the OYLT and do not 
com m unicate with them  at the level of the organ.

F ig . 6. S ch em atic  illu s tra tio n  of la m in a  te rm in á lis  in  th e  sa g itta l p lane  a t  th e  leve l o f th e  
O V LT. T h e  p reo p tic  a r te ry  sends d irec t b ran ch es to  th e  OV LT; th e y  ru n  in  th e  o u te r  p a r t  of 
th e  O V LT to  fo rm  a p lexus of m u ltip le  an astom oses. V essels lead  from  th is  c ap illa ry  sy s tem  
to  th e  a n te r io r  com m issure (CA) a n d  th e  op tic  ch iasm a  (C H O ) (2). A rrow  p o in ts  to  th e  d irec tio n  
in  w h ich  vessels of the  lam in a  te rm in á lis  tra v e l to w ard s  th e  a n te r io r  com m issure. T hese  vessels 
a rise  fro m  th e  p reo p tic  a r te ry  a t  th e  level o f th e  vessels o f th e  OVLT (1). LT  =  lam in a  te rm i­
n á lis ; I I I  V E N T R  =  th ird  v e n tric le  o f th e  b ra in : CPO p reo p tic  c is te rn : I I I  v e n tr .  ep. =  

=  norm al v e n tr ic u la r  e p en d y m a; OV LT ep. =  ep en d y m a of OVLT

Discussion

The characteristic vascular pattern o f the OVLT (dilatation, intricate  
anastom oses, tortuous course, thin efferent vessels) was unm istakably clear 
in every  animal. The picture of the organ and its surroundings was pratically  
identica l in all cases.

Our observation  t h a t  th e  vessels  o f  th e  OVLT are wider th an  th o se  o f  
th e  a d ja c en t  areas agrees w ith  the  f ind ings o f  D u v e r n o y  and K o r it k é  [3].
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The dilatations described by them  [5] in hum ans were clearly v isib le in  the  
rats, too, Like the vascular configuration o f all circum ventricular organs, 
that o f the OVLT is also remarkably different from the vascular pattern  of 
the adjacent hypothalam ic and telencephalic areas, a phenom enon giving  
support to the contention  of H o fer  and Me r g n e r  [6, 8, 9] th at the OVLT 
is a circum ventricular organ.

W eiivdl et al. [13] m ention vessels w hich project into the lum en o f the  
third ventricle. W e have failed to note th is, nor did we find vessels betw een  
the ependym al cells. This agrees w ith  our earlier observation th a t a direct 
com m unication betw een the ependym al cells and the vessels is possible only  
if  the basem ent mem brane of the perivascular area is in con tact w ith  the  
ependym a feet [14].

The efferent vessels of the OVLT are narrower than those w hich con sti­
tu te  the anastom otic network. The m orphological pattern shows a sim ilarity  
to  the portal system , as already noted by M o n n i e r  [10] in hum ans. The idea 
that one is dealing here with a kind of portal system  is supported b y  the fact 
that the capillaries of the OVLT are sim ilar to those of the p itu itary  portal 
apparatus [4]. W ider anastom osing and narrowed efferent vessels point to 
special conditions of pressure which m ust, o f  course, entail functional conse­
quences. The area is unfortunately so hidden and its afferent system  so ram i­
fied that OVLT, based on its structure, are more or less speculative. W hether  
as a shunt or as an anastom osis, it m ay p lay  som e role in breaking through  
the barrier betw een blood and cerebrospinal flu id . This supposition is confirm ­
ed by the fact th at, in the rat, only a few ependym al cells separate the v es­
sels or rather the perivascular space from the lum en of the ventricle.

It is, on the other hand, possible th at th e  OVLT is involved in the process 
of neuro-hum oral regulation, a theory advanced by us on the basis o f previous 
findings. Structurally, the vessels of the OVLT are similar to those o f  the p itu i­
tary portal system . Numerous nerve fibres w ith  dense-core vesicles were 
observed in the v icin ity  o f the vessels. Som e vessels in the rat are lined by  
fenestrated endothelium . This, in com bination w ith the vascular arrangem ent, 
justifies the assum ption that the OVLT is in volved  in neuro-humoral regula­
tion , but this assum ption will have to be tested  thoroughly.
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U N T E R S U C H U N G E N  AM O R G A N O N  V A SC U LO SU M  LA M IN A E T E R M IN Á L IS  

I I I .  V ask u la risa tio n  des O rganon vascu lo su m  lam in ae  term inális  von R a tte n

T. WENGER und В. ÁROS

V erfasse r u n te rs u c h te n  m itte ls  T u sc h in je k tio n sm e th o d e  das G efäßnetz de r L a m in a  
te rm in á lis  des O rganon  vascu losum  (OVLT). Die O V LT b e s i tz t  auch  bei R a tte n , w ie b e i v ielen  
an d eren  W irb e ltie re n  ein  ch arack te ris tisch es G e fäß n e tz : d ie  Gefäße geben u n te re in a n d e r  
v ie lfache  A nasto m o sen , sind  w eite r als die in  d e r u m g eb en d en  H irn su b stan z  b efin d lich en  
G efäße u n d  b es itzen  e inen  gew undenen  V erlauf. D ie O V LT e rh ä lt  die Gefäße von de r A. p raeo p - 
tica . A u f dem  G ebiete des O rgans b ilden  die G efäße ein  e inheitliches A n asto m o sen sy stem . 
D as is t  e in  m it se iner B asis au f das basale  E n d e  d e r E p e n d y m a  g erich te ter P y ra m id a ls tu tz . 
D ie G efäße  e rre ich en  n ic h t das L um en der I I I .  H irn k a m m e r u n d  erstrecken  sich n ic h t zw ischen 
die E p en d y m az e lle n . D er A bfluß  der O V LT-G efäße g eh t in  zwei R ich tungen  v o r sich. E in e r­
seits in  R ic h tu n g  de r C om m issura an te rio r, a n d e rse its  gehen  die dün n eren  a b fü h ren d en  G efäße 
in  R ic h tu n g  des C hiasm a op ticum . V on d e r A. p ra e o p tic a  zweigen in der H öhe d e r O V LT 
die in  d e r  L am in a  te rm in á lis  zu r C om m issura a n te r io r  v e rlau fen d en  Gefäße, w elche in  de r 
H öhe des O rg an s n ic h t m it dessen G efäßen in  V e rb in d u n g  kom m en.

W ir b e sp rach en  au fg ru n d  des m orpho log ischen  B ildes auch  die v o rste llb a re  R olle  des 
O rgans. D ie  F u n k tio n  is t ab er au fg rund  de r b isherigen  U n te rsu ch u n g en  noch n ic h t v o lls tän d ig  
k lä rb a r.

ИЗУЧЕНИЕ ТЕРМИНАЛЬНЫХ ПЛАСТИНОК СОСУДИСТОГО ОРГАНА 

III. Васкуляризация терминальной пластинки сосудистого органа крысы

Т. ВЕНГЕР и Б. APOLII

Методом иньекции туши была изучена васкуляризация терминальной пластинки 
сосудистого органа. Она обладает у крысы, точно так же как и у многочисленных видов 
позвоночных, характерной сосудистой сетью: сосуды образуют многократные анастомозы 
друг с другом, они более широкие чем сосуды окружающего вещества головного мозга и 
имеют извилистый ход. Терминальная пластинка сосудистого органа получает сосуды из 
предзрительной артерии. На территории органа сосуды образуют единую систему анасто­
мозов. Форма этой системы напоминает отсеченный конус, основание которого обращено к 
базальному концу эпендимы. Сосуды не достигают просвета II I-го желудочка и не прони­
кают среди эпендимальные клетки. Отведение сосудов терминальной пластинки сосуди­
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стого органа имеет два направления. Отводящие сосуды, которые более тонкие чем сосуды 
органа, идут, с одной стороны, к передней спайке, а с другой — к перекресту зрительных 
нервов. Также от предзрительной артерии ответвляются на уровне терминальной пластин­
ки сосудистого органа сосуды, идущие в терминальной пластинке к передней спайке, кото­
рые на уровне органа не образуют анастомозов с сосудами последнего.

На основе морфологической картины обсуждается также предположительная 
роль органа. Однако на основе проводившихся до сих пор исследований еще нельзя пол­
ностью выяснить функцию органа.

B udapest IX ., T űzoltó  u. 5В., Hungary
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RECOVERY OF SPERMATOGENESIS AFTER THE 
WITHDRAWAL OF TESTOSTERONE TREATMENT 

IN RANA HEXADACTYLA LESSON

S. K a s i n a t h a n  an d  S. L. B asu  

(R eceived  A u g u s t 5, 1970)

In h ib itio n  of sperm atogenesis a t  th e  seco n d ary  sperinatogon ial s tag es  b y  te s to ­
s te ro n e  tre a tm e n t in  B ana  hexadaclyla , h a s  b een  shown. In  som e species o f  m am m als 
an d  also in  a d u lt  h um an  cases i t  h a s  b een  obse rv ed  th a t  cessation  of te s to s te ro n e  th e r ­
ap y  re su lts  in  th e  re s titu tio n  to  n o rm a l o f th e  inh ib ited  g erm inal e p ith e liu m  and 
in te rs t i tia l  elem ents. T he p re sen t e x p e rim e n ts  w ere conducted  to  s tu d y  w h e th e r  such 
re s titu tio n  w as possible in  frogs a f te r  s te ro id  tre a tm e n t. I t  was obse rv ed  t h a t  one m o n th  
a f te r  e x tra c tio n  of th e  te s to s te ro n e  p e lle t, th e  sperm atogenetic  processes h a d  recovered . 
S ign ificance of th e  recovery  of sp e rm ato g en esis  a fte r  w ithd raw al o f th e  exogenous 
in h ib ito ry  sub stan ce  is discussed.

Inhibitory effects of the m ale sex  horm ones on sperm atogenesis in rats 
and other m am m als have been reported by several workers using a wide 
range o f doses of androgens in anim als of various age groups. Sm all doses 
of androgen caused greater injury than  the larger ones [12 ].  R u b i n s t e i n  
and K u r l a n d  [14] reported that testosterone propionate in sm all doses 
stim ulated  the germinal epithelium , while its higher doses in h ib ited  testi­
cular growth and sperm atogenesis. S h a y  et al. [15] reported th a t in young  
rats treatm ent w ith 3 mg of testosterone propionate weekly led to a decrease 
o f testicu lar w eight, inhibition o f sperm  m aturation and dam age to  in tersti­
tial tissue. They also noted th at after the treatm ent had been discontinued, 
sperm atogenesis was partially restored and some of the anim als becam e 
fertile. Similar observations were m ade in adult humans [8— 11] where 
testicu lar function improved after the cessation of testosterone adm inis­
tration.

R ecent investigations into the influence of testosterone on Leptodactylus  
chacuensis [6], Rana temporaria  [17], Rana esculenta [18], R an a tigrina  [1], 
Bufo melanostictus [2], Rana p ip ien s  [5] and Rana hexadactyla [4] h ave shown  
that the steroid inhibited the form ation o f secondary sperm atogonia , thus 
preventing a further increase in sperm atogenetic activity.

The present investigation  was designed to dem onstrate whether 
recovery o f sperm atogenesis was possib le in Rana hexadactyla  after the 
cessation  of testosterone treatm ent which had caused sperm atogonial 
inhibition.
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Materials and m ethods

A d u lt m ale frogs, R a n a  hexadactyla , w eighing a p p ro x im a te ly  60 g, and 90 m m  sn o u t 
to  v e n t  len g th  were loca lly  co lle c ted  and  used in th e  e x p e rim e n t. T estoste rone  (O rganon  L a b o ­
ra to ry ,  E n g lan d , B a tch  No. 9364) w as im plan ted  in  th e  fo rm  o f pe lle ts  (ap p ro x im ate ly  15 m g) 
in to  th e  dorsa l lym ph  sac o f eac h  frog. The anim als w e re  k e p t  u n d e r sim ilar co n d itio n s fo r 
2 m o n th s  and  fed w ith  e a r th w o rm s  tw ice weekly. T he im p la n te d  ste ro id  pellet was ex am in ed  
p e rio d ica lly .

A fte r  one m o n th  of te s to s te ro n e  tre a tm e n t, 5 a n im a ls  w ere  au topsied  and from  th e  
re s t  o f th e  frogs th e  h o rm o n e  p e lle t  was rem oved. T h e  l a t t e r  fro g s were au topsied  a f te r  th e  
w ith d ra w a l of horm one t r e a tm e n t  in  tw o groups on th e  1 5 th  a n d  3 0 th  day  respec tive ly . T o ta l 
b o d y  w e ig h t and te s tic u la r  w e ig h t as calcu la ted  re la tiv e  to  b o d y  w eigh t were reco rded . T he 
te s te s  w ere fixed in  B o u in ’s f lu id , em bedded in p a ra ff in , se c tio n ed  a t 7 [i, and s ta in e d  w ith  
h a em a lu m  and  eosin. F o r  q u a n ti ta t iv e  assessm ent o f sp e rm a to g en e tic  a c tiv ity  th e  p rocess 
w as d iv id ed  in to  six d iffe re n t s ta g e s  based on the  n u m b e r o f  cells in  a  nest and  specific cy to lo g - 
ica l d e ta ils , as described b y  V a n  Oordt [16]. T he sa lie n t fe a tu re s  of these s tages a re  as 
follow s:

S ta g e  0 P rim ary  sp e rm a to g o n ia
I Secondary  sp e rm a to g o n ia , less th an  10 cells in  a  cell n e s t

I I  Secondary  sp e rm a to g o n ia , m ore th a n  10 cells in  a cell nest
I I I  P rim ary  sp e rm a to cy te s
IV  Secondary  sp e rm a to c y te s
V S perm atids

T h e  n u m b er of s tag es  w ere  co u n ted  in 100 sem in ife ro u s tu b u le s  selected from  25 d iffer, 
e n t tran sv e rse  sections o f e ach  an im al.

In  ad d itio n  to th e  te s to s te ro n e  trea ted  an im als, c o n tro l an im als  were sim ilarly  tre a te d  
a n d  th e ir  te s ticu la r  tissu e  w a s  processed  as above.

T w o sets of e x p erim en ts  w e re  conducted  during  th e  m o n th s  D ecem ber. 1967. till F e b ru a ry  
1968, a n d  M arch till M ay, 1969, to  n o te  th e  effect o f th e  seaso n al v a ria tio n s  on th e  reco v e ry  
of sperm atogenesis.

Results

In the first set o f experim ents in the m onths Decem ber, 1967, till F eb ­
ruary, 1968, secondary sperm atogonia ( Stage I )  and spermatids (Stage V )  
were inhibited by th e  testosteron e treatm ent (Table I). The number of Stage  
I cell-nests was sign ifican tly  less (p <  0.01) in th is group. Stage II of the  
secondary sperm atogonia show ed many p icnotic  cells in their cell-nests in 
the treated  animals. In  v iew  o f the picnosis, th ese  cell-nests were regarded as 
non-functional and have not been represented in T able I. Spermatozoa were 
found m ostly  in bundles a ttach ed  to Sertoli’s cells. The interstitial tissue ap­
peared to be sparse (F ig . 2).

The second set o f experim ents conducted from  March till May, 1969, 
show ed a similar effect. In  Stage I I  there was p icnosis, but the reduction of

Plate  I
1. S ec tio n  th ro u g h  tes tis  o f c o n tro l  frog showing th e  p re sen ce  o f all sperm atogenetic  s tag es 
a n d  sp erm s (haem alum  a n d  eo sin , X 450). 2. Section  th ro u g h  te s tis  of tes to s te ro n e  tre a te d  
(one m o n th )  frogs show ing in h ib i to ry  effect of th e  h o rm o n e  o n  S tag e  I and I I  of th e  sp e rm a ­
to g en e tic  cell-nests (h aem alu m  a n d  eosin, X 450). 3. S e c tio n  th ro u g h  tes tis  of frogs 15 d ay  
a f te r  te s to s te ro n e  pelle t w ith d ra w a l. Slight recovery  of th e  sp e rm atogenesis (h aem alu m  an d  
eosin , X 450). 4. Section  th ro u g h  tes tis  of frogs one m o n th  a f te r  tes toste rone  p e lle t w ith ­
d raw al. N o te  rem ark ab le  re c o v e ry  of inh ib ited  sp e rm a to g en e tic  cell-nests (haem alum  and

eosin, X 450)
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T able  I

Spermatogenetic stages o f  experimental and control fro g s , R ana

Expérimentais

Series No. of 
animals

Stage
0

Stage Stage
II

Stage
III

Stage
IV

Stage
V

Relative
testicular

weight
(mg)

D ec., 1967, t ill  F eb r., 1968

T es to s te ro n e  trea te d 3) i )
(one m o n th )  5 0.96 0.18 4a 3.35 0.89 0.31 0.94

± 0 .1 6 ± 0 .0 6 ± 0 .8 1 ± 0 .4 7 ± 0 .1 7 ± 0 .0 3

15 d a y s  a f te r  pellet 1)
e x tra c t io n  5 0.90 0.43 2.20 3.95 0.40 0.10 0.60

± 0 .0 5 ± 0 .1 6 ± 0 .0 5 ± 0 .2 0 ± 0 .0 5 ± 0 .1 0 ± 0 .0 3

One m o n th  a fte r 1)
p e lle t e x tra c tio n  5 1.12 L.61 2.25 4.73 0.09 0.20 0.52

± 0 .2 4 ± 0 .3 9 ± 0 .2 3 ± .0 2 1 ± 0 .0 8 ± 0 .1 8 ± 0 .0 8

M arch  till  M ay, 1969

T es to s te ro n e  trea ted 1) 1) 2) 1)
(one m o n th ) 5 1.26 0.58 4b) 3.10 0.30 0.21 0.46

± 0 .3 0 ± 0 .1 4 ± 0 .4 8 ± 0 .0 9 ± 0 .0 8 ± 0 .1 3

15 d a y s  a f te r  pellet 5 1.18 0.98 2.75 4.18 0.08 0.12 0.39
e x tra c t io n ± 0 .1 6 ± 0 .1 8 ± 0 .0 8 ± 0 .3 8 ± 0 .0 6 ± 0 .0 9 ± 0 .0 8

One m o n th  a fte r 1)
p e lle t e x tra c tio n 5 0.80 1.53 2.24 5.25 — 0.57

± 0 .2 0 ± 0 .2 8 ± 0 .3 9 ± 0 .5 8 ± 0 .3 3

1)  p  0.05 — significance a t  5%  level

2)  p  0.02 — significance a t  2%  level

3) p  0.001 — significance a t  0 .1%  level

the ce ll-n est number in stages 0, I and IY w as significant only at th e  5%  
level (p 0 .05). R elative testicular w eight decreased significantly in com ­
parison to  the controls (Table 1).

A fter w ithdraw al of the testosterone pellet a gradual rev iva l of 
the suppressed stages (0, I and II) was noted. Although 15 days after the  
ex tra ctio n , few cell-nests of Stage II still revealed  picnotic conditions, one 
m onth  after testosterone pellet w ithdrawal recovery was significant in  all 
the frogs (Table I and Figs 3, 4).
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hexadactyla, showing gradual recovery after testosterone treatment

Controls

No. of Stage Stafjr Stage
animals 0 II

5 0.93 1.28 2.82

± 0 .1 6 ± 0 .2 1 ± 0 .6 0

5 0.88 1.10 2.80

± 0 .0 2 ± 0 .2 5 ± 0 .0 5

5 0.92 1.12 2.05

± 0 .2 0 ± 0 .0 9 ± 0 .1 4

5 0.53 1.05 3.40

t 0 . 24 ± 0 .1 0 ± 0 .3 5

5 0.75 1.23 3.18

± 0 .2 0 ± 0 .0 2 ± 0 .2 2

5 0.98 1.05 1.89

± 0 .1 4 ± 0 .1 6 ± 0 .0 7

Stage Stage Stage
Relative
testicular

III IV V weight
Ong)

4.13 0.87 0.62 1.11

± 0 .8 1 ± 0 .3 0 ± 0 .0 4 ± 0 .0 5

5.18 0.53 0.65 0.56

± 0 .1 7 ±0 .27 ± 0 .2 5 ± 0 .0 4

4.70 0.33 0.35 0.59

± 0 .2 1 ± 0 .1 3 ± 0 .0 0 ± 0 .0 6

4.93 0.03 0.03 1.02

± 0 .2 4 ± 0 .0 0 ± 0 .0 0 ± 0 .4 5

5.10 0.03 0.05 0.48

± 0 .6 0 ± 0 .0 2 ± 0 .0 2 ± 0 .0 1

4.34 0.06 0.10 0.63

± 0 .3 7 ±0 .02 ± 0 .0 6 ± 0 .0 7

4a) & 4b) conta ined p icno tic  cells in th e  cell-nests. H ence counting, Nos.

(4a 2.13 ±  0.09 & 4b =  2.76 ±  0.36) h av e  no t been rep resen ted  in  th e  T able.

±  in d ica tes  s tan d ard  dev ia tion .

The data obtained (Table I) were analysed sta tistica lly  b y  the split 
plot technique (Table II) to determ ine th e  differences in th e  sperm atogenetic  
progress betw een the treated  and horm ons withdrawal groups and the cont­
rols. It is evident from Table II th a t inh ib ition  and revival o f  sperm atogenesis 
show ed a 1% level of significance, while the difference in th e  sperm atogenetic  
progress and the days of treatm ent was significant only at th e  5% level 
(p <  0.05) in both experim ental series.

R u b i n s t e i n  e t  al. [14] reported t h a t  small doses o f  t e s t o s t e r o n e  pro­
p ion ate  are s t im u la t in g  sp erm atogen esis .  R a n d o l p h  et al.  [13] t h e n  showed
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th a t  testosterone propionate m aintained sperm atogenesis even in hypophys- 
ecto m ised  rats. S h a y  et al. [15 ] on the other hand observed that testosterone  
prop ion ate caused testicular in h ib ition  but once trea tm en t had ceased, sperm a­
to g en esis  was restored and th e  rats again becam e fertile . Cases of sperm ato- 
gen etic  revival and even  enhancem ent have been observed in adult hum ans 
too  [9, 10, 7, 8, 11]; this w as regarded as a “ rebound recovery” .

Table II

A n a ly s is  o f  variance o f  data on rev iva l o f  spermatogenesis after testosterone treatment in R ana

hexadactyla

(Values s ig n if ic a n t a t the *5%  and  **1%  levels)

Sources of variation
Degrees

of
free­
dom

Control (C) 
sum of 
squares

Exp. (E) 
sum of 
squares

CE sum 
of squares

(E-Bc)a
sum of 
squares

Mean
squares

F

R e p lic a te s l 0 .3886 0.0225 0 0.0254 0.0254 —

D ay s 2 0.1766 0.4045 0 0.4057 0.2029 3.52*
S tages 5 84 .9587 72.2982 75.7552 59.8679 11.9736 207.52**

In te ra c t io n  betw een

d a y s  a n d  stages 10 0.5245 5.3572 0.1391 5.3771 0.5337 9.25**

E rro r 17 1.0660 0.9888 0.0919 0.9809 0.0577 —

35 87.1144 79.0712 75.9862 66.6571 — —

R ecen tly  it has been sh o w n  that testosterone treatm ent and its effect 
on sperm atogenesis is m o stly  inhibitory on the secondary sperm atogonial 
level [4]. A similar effect has been  noted in Rana hexadactyla  after the im plan­
ta tio n  o f 5 mg [3] and 15 mg (present experim ent) testosterone pellets. 
This result corroborates the earlier reports on the in h ib itory  action of te s to ­
steron e in various frogs and toad s [1, 2, 4, 5, 6, 17, 18].

In  the present exp erim en t we have planned to  stu d y  the recovery of  
the sperm atogenetic processes after cessation of testosteron e treatm ent. In 
b oth  experim ental groups, sperm atogenesis in general as well as the cell 
cou n ts 15 and 30 days after testosterone treatm ent revealed  a gradual revival 
to norm al conditions. In  m am m als an enhancem ent o f sperm atogenesis was 
n oted  after the cessation o f  testosterone treatm en t and the phenom enon  
w as term ed “rebound reco v ery ” . In Rana hexadactyla , no such rebound  
p henom enon  occurred, but it  w as clear that cond itions one month after the  
w ith d raw al of testosterone trea tm en t had returned to  norm al. Hence the action  
of th e  testosterone reflected  th e  similar functional aspect noted in som e  
m am m als.

T he present observation  has confirmed our v iew  concerning the direct 
action  o f exogenous testosteron e  on testicular tissue [5]. I t  might be suggested
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th at exogenous testosterone acts as a shield betw een the sperm atogonial cell- 
nests and the circulating hypophyseal gonadotrophins responsible for gonadal 
m aintenance. As soon as this blocking effect is w ithdrawn by extracting  the 
pellet, the pituitary horm one slow ly acts upon the germinal epithelium  and 
ultim ately revives the sperm atogonial cells. It m ay also be suggested  that 
steroid treatm ent is lowering the sensitiv ity  o f the germinal epithelium  to 
gonadotrophins necessary for the m aintenance of sperm atogenesis. Hence, 
recovery is possible when the steroid is withdrawn and sem iniferous epithelial 
sen sitiv ity  is revived.
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DAS W IE D E R E IN S E T Z E N  D E R  S P E R M A T O G E N E S E  N A C H  D EM  E IN S T E L L E N  
D E R  T E S T O S T E R O N B E H A N D L U N G  B E I R A N A  H E X A D A C T L Y A  L E S SO N

S. KASINATHAN und S. L. BASU

Die H em m ung der S p erm atogenese  in  der sek u n d ären  S p e rm a to g o n ien -P h ase  durch  
T esto s te ro n b eh an d lu n g  bei R a n a  h e x ad ac ty la  w urde b e re its  f rü h e r  fe s tg es te llt . Bei einigen 
S ä u g e tie ra rten , sowie au ch  bei e rw achsenen  M enschen w urde b e o b ac h te t, d a ß  n ach  E instellcn
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d e r  T es to s te ro n v e ra b re ic h u n g  im  g eh em m ten  K eim ep ithe l u n d  in  d en  in te rs titie llen  E lem en ten  
d ie  R e g e n e ra tio n  e insetz t u n d  d e r  N o rm a lzu stan d  w ied erh e rg es te llt w ird . I n  de r vo rliegenden  
A rb e i t  w u rd e n  E x p erim en te  d u rc h g e fü h r t ,  um  zu e rm itte ln , ob a u ch  in  F rö sch en  eine solche 
R e g e n e ra t io n  nach  S te ro id b e h a n d lu n g  m öglich ist. E s w u rd e  d e r N achw eis e rb ra c h t, daß  
e in e n  M o n a t n ach  der E n tfe rn u n g  d e r  T es tos te ron -P ille  d ie S perm atogenesisp rozesse  w iedere in ­

se tz e n  u n d  — ähnlich  wie bei d e n  S ä u g e rn  — den Z u s tan d  v o r  de r B eh an d lu n g  erreichen. 
D ie  v e rm u te te  B ed eu tu n g  d e r ex o g en en  In h ib ito rsu b s ta n z  w ird  g leichfalls besprochen.

ВОССТАНОВЛЕНИЕ СПЕРМАТОГЕНЕЗА ПОСЛЕ ПРЕКРАЩЕНИЯ ВВЕДЕНИЯ  
ТЕСТОСТЕРОНА У RANA HEXADACTYLA LESSON

С. КАСИНАТАН и С. Л . БАСУ

Торможение сперматогенеза в фазе вторичных сперматогониев после введения 
теостостерона у Rana hexadactyla было установлено уже раньше. У некоторых видов 
млекопитающих и у взрослых людей наблюдали, что после прекращения дачи тестостерона 
заторможенный зародышевый эпителий и интерстициальные элементы восстанавливаются 
до состояния в норме. В настоящей работе были проведены эксперименты в целях уяснения 
вопроса о том, возможно ли такое восстановление сперматогенеза у лягушки после вве­
дения стероида. Установлено, что через месяц после удаления пилюли тестостерона про­
цессы сперматогенеза возобновляются и достигают состояния, предшествовавшего введе­
нию стероида, подобно как и у млекопитающих. Обсуждается также предположительное 
значение экзогенного ингибиторного вещества.

Dep. o f B io logy , JIPM E R , Pondicherry-6, India
S. K a s i n a t h a n  
S. L. B a s u
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U I STOCH EM I CAL CHARACTERISTICS OF A C E T Y L ­
C H O LINESTERASE OF T H E  N E R V E S  IN N E R V A T IN G  

TH E B R A IN  V ESSELS

P. A. Mo ta vk in  and T. V. D ovbish

(R eceived D ecem b er 10, 1970)

T h e  neu ra l a p p a ra tu s  of th e  cereb ra l b lood vessels has been s tu d ie d  in  36 a d u lt 
c a ts . T he p ia  m a te r  of th e  co rtex  of cereb ra l hem ispheres and  cereb ellu m  as well as 
th a t  of th e  basila r and  te c ta l  p a r ts  o f th e  b ra in  stem  has been p rep ared  fo r th e  dem o n ­
s tra tio n  of ace ty lcho linesterase  and  ch o lin esterase  by  th e  m ethods o f G e r e b t z o f f , 
K o ell e  an d  Go mo ri . N eural a p p a ra tu se s  o f th e  in trace reb ra l vessels w ere  in v es tig a te d  
in  sections c u t from  b ra in  fixed  in 10%  n e u tra l  fo rm aldehyde. As in h ib ito r , physostig - 
m ine  was used.

T he basilar, cerebellar, poste rio r, in te rn a l c a ro tid , an te rio r an d  m ed ia l cereb ral 
a rte rie s  and  all those  of th e  p ia  m a te r  m ore th a n  400 // in d iam eter d isp lay e d  tw o cho­
linergic p lexuses: an  ad v en titia l an d  an  in te r la m in a ry  one, the  la t te r  b e in g  s itu a te d  
a t  th e  b o rd e r of the  o u ter and  m iddle  lay ers. T h e  a rte rie s  less th a n  400 // in d iam e te r  
hav e  only one superficial plexus. A ro u n d  th e  in tra m ed u lla ry  vessels, ch o lin e rg ic  nerves 
10 -2 0  /I th ick  can  be found . In  th e  cereb ella r co rtex , the  m esencephalon  a t  th e  level 
o f  th e  nucleus ru b e r  and in th e  tu b e r  c in e reu m , m uscle cells and  e n d o th e lia l cells 
c o n ta in  ace ty lcho linesterase . I t  is assu m ed  t h a t  th e  m ed ia to r is re leased  along the 
w hole f ib re  fo rm ing  synapses w ith  th e  m uscle  cells.

Introduction

In  the neural regulation o f  th e  b rain  vesse ls ,  according to K l o s o w s k y  
(1951), one can regard as proved th a t  the  vasod ila ta tory  in n erva t ion  is rep­
resented  by  special p arasym p ath e t ic  f ibres. Tin* m ajority o f  p h y s io lo g is t s  
d ea lin g  w ith  cerebral h a em od yn am ics  sh are th is  opinion b eca u se  th e  dila- 
ta to r y  effect o f  s t im ulat ion  o f  certain  n erves  is more expressed o n  th e  piai 
arteries th a n  the constrictory  one o f  s t im u la ted  sy m p a th e t ic  p a th w a y s .

N am ely, 18— 50%  dilatation of the brain vessels was found stim ulating  
the n. vagus ( K e d r o v  and N a u m e n k o , 1954; F in e s in g e r  and P u t n a m , 
1933), the n. petrosus superficial« m aior (Ch o r o b sk y  and P e n f i e l d , 1932) 
and the vestibular apparatus ( K l o s o w s k y , 1951). Stim ulating th e  latter, 
the im pulse reaches the piai vessels o f the frontoparietal region through Dark- 
schew its’ nucleus where the preganglionic fibres of the oculom otor nerve 
originate ( K loso w sk y  et al., 1951). H ow ever, the presence of parasym pathetic  
conducting elem ents going to the brain vessels has never been proved in 
these nerves, using neurohistological and experim ental-m orphological m ethods 
( L a z o r t h e s , 1956).
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T hus, revealing the haem odynam ical m echanism s of the brain circula­
tion  is an im portant task  of modern h istochem istry  the m ethods of which  
are able to  clear up th e  main points of the neural conducting elem ents directly  
in th e tissues.

A cetylcholinesterase is one of the substances playing a central role in 
the m aintenance o f th e  specific functional a c tiv ity  of the nervous system . 
It occurs in the neural elem ents releasing acetylcholine upon the influence  
of nerve im pulses ( K o e l l e , 1962), and both the prc- and postsynaptic m em ­
branes contain  the enzym e. I t  is synthetized  intracellu larly and arrives gradually  
to the site  of its effect along the neural processes (Michelson  and Z e i m a l , 
1970). From the presence of acetylcholinesterase one m ay judge of the choliner­
gic nature of the nerve fibres ( F o lk o w , 1952; U v n ä s , 1966) and all such fibres 
m ay be assumed to  he parasym pathatic ones in the postganglionic region  
of th e  vegetative  nervous system  (D a l e , 1935).

H istochem ical studies of acetylcholinesterase deserves interest in this 
relation , and especially as regards the nerves of th e  blood vessels o f the brain 
and the spinal cord. D ata concerning the cholinergic fibres of these vessels  
have been  published recently ( B elikov  et al. 1970; K rochina  et al. 1970; 
La v r e n t e v a  et al. 1968; P a l a s h e n k o  and P o t e m k i n a , 1970); these papers 
give a detailed  description of cholinergic fibres o f  m any intracerebral arteries. 
H ow ever, there is no consistent and system atic characterization of the cholin­
ergic apparatus of th e  to ta l arterial system  o f the brain. This will form  
the subject of the present paper.

Material and m ethods

T h e  neu ra l a p p a ra tu se s  o f th e  blood vessels of th e  b ra in  w ere inv estig a ted  in  36 ca ts . 
A d u lt an im a ls  of b o th  sexes w ere used . T h ey  w ere k illed  b y  th io p e n ta l or bled to  d e a th . T he 
b ra in  w as rem oved  im m e d ia te ly . T he p ia  m ate r  o f th e  c o r te x  of cerebral h em ispheres a n d  
ce reb e llu m  as well as th a t  o f th e  b asila r an d  tec ta l p a r ts  o f th e  b ra in  stem  has been  p re p a re d , 
m o u n te d  on  slides and t r e a te d  accord ing ly .

P ieces of the  b ra in  fix ed  in  10%  n eu tra l fo rm a ld eh y d e  were used for d e m o n s tra tin g  
th e  n e u ra l a p p a ra tu se s  o f in tra c e re b ra l vessels. S ections 10 — 15 ц  th ick  were cu t e ith e r b y  a 
freez in g  m ic ro to m e or a  c ry o s ta te . A cety lcho linesterase  a c t iv ity  was in v es tig a ted  b y  th e  
th io c h o lin e  m ethods of K o e l l e , G omori and  Ge r e b t z o f f . A cety lth iocho line  iodide w as used  
as s u b s tr a te .  C holinesterase  a c t iv ity  was d e m o n s tra ted  w ith  b u ty ry lth io ch o lin e  iod ide  a s  
th e  s u b s tr a te ,  th is  allow ed th e  d iffe re n tia tio n  of th e  tw o  enzym es on th e  basis of th e  degree 
o f a c t iv ity .  T he d u ra tio n  of in cu b a tio n  was te s te d  e x p e rim e n ta lly ; i t  w as n o t less th a n  
one a n d  n o t m ore th a n  one an d  a h a lf hour. L o ca lizatio n  of th e  enzym e was in d ica ted  b y  
th e  b ro w n  co p p er su lp h id e  g ran u les. C ontrol sec tions w ere  trea te d  w ith  eserine  before 
in c u b a tio n .

T h e  re su lts  o b ta in ed  b y  th e  d iffe ren t m ethods w ere e sse n tia lly  iden tical. T he m o st in te n se  
re a c tio n  co u ld  be o bserved  a t  p H  6 .2 —6.8 in  1 —1.5 h o u r w ith  a ll th re e  m ethods. T h e  re ac tio n  
p ro d u c t w as of uniform  d is tr ib u tio n  along the  ne rv e  fib res .

F o r  a  q u a n tita tiv e  e v a lu a tio n  of cholinergic f ib res  fo u n d  on th e  vessels d iffe re n t in  
d ia m e te r , th e  tran sv e rsa l a n d  lo n g itu d in a l bund les w ere c o u n te d  and  processed s ta tis t ic a lly . 
L o n g itu d in a l bund les w ere considered  those  fo rm ing  an  an g le  o f less th a n  45° w ith  th e  long i­
tu d in a l  a x is  o f th e  vessel (L a v r e n t e v a  et al., 1968).
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Results

After optim al incubation, acetylcholinesterase activ ity  was indicated  
by sm all, yellow, brown or dark brown granules. The localization of these gran­
ules formed during the reactions corresponded to single nerve fibres, bundles 
and sm all nerves. A fter longer incubation, small crystallized deposits appeared 
around the nerves. The longer the incubation the greater was their number. 
Volum inous conglom erates consisting of rough, yellow ish, bright crystals had 
formed on incubation longer than two hours. This phenom enon was observed 
more frequently in sections prepared by G erebtzoff’s m ethod than  in the case 
o f the Gomori and K oelle techniques. There was no acetylcholinesterase activ­
ity  in the elem ents form ing the wall of large arteries, thus the nervous fibres 
rich in enzym e could be seen w ith good contrast and brightness. On rare occa­
sions there occurred form s consisting of angulated nuclear granules localized 
in small chains, the arrangem ent of which corresponded to  th a t of single 
nerve fibres and sm all nerves in the wall o f the vessel. On the basis o f their 
localization, these nuclei m ost probably belonged to the Schwann cells forming 
the outer layer around the nerve fibres. Precipitation of granulated deposits 
in the karyoplasm  is, according to P ortug alov  (1955), an evidence of the 
nuclear localization o f the enzym e. N evertheless, this point o f v iew  is not 
shared by all cytochem ists; som e of them  consider these deposits artefacts. 
H ow ever, the latter opinion cannot he regarded as correct since biochem ical 
m ethods do not deny the presence of acetylcholinesterase in the nuclear appa­
ratus ( D ix o n  and W e b b , 1966). As it has been pointed out above, besides 
acetylcholinesterase also cholinesterase was investigated  in every experim ent.

The pictures obtained during the investigations of the la tter  enzyme 
considerably differed from those resulting from the acetylcholinesterase  
reaction. Finely granular, diffusely dispersed deposits could be seen in the 
entire Avail of the vessels. N erve bundles or single fibres appeared in an indistinct 
form  before the background. Moreover, for distinction  of acetylcholinesterase  
from cholinesterase, eserine was used. A previous incubation w ith  this agent 
inhibited  the reaction of acetylcholinesterase.

A typical neural network was found in the arterial wall by means of 
dem onstration o f acetylcholinesterase, containing different am ounts of cho­
linergic nerve fibres in different arteries.

A . basilaris (F ig . 1)

A t the junction o f the vertebral arteries, a dense cholinergic network 
was found on the a. basilaris, consisting of thick nerve bundles 20— 30 ^ in 
diam eter. The num ber o f such bundles varied betw een 1— 18 in different ani­
mals. The nerves of the right and left vertebral arteries partly rem ained on

A d a  Morphologica Academiae Scientiarum Hungaricae 19, 1971



1 6 2 P . A . M OTAVKIN and T. V. D O V BISH

th eir  ow n side, partly decussated  to the opposite side at the beginning of the 
a. basilaris. Thus, the nerves o f  right and left vertebral arteries are m ixed  
in th e  plexus of the a. basilaris.

F ig . 1. F u n c tio n  of v e r te b ra l a r te r ie s  a n d  origin of a. b a s ila ris . N o te  th e  superficial an d  deep 
ch o lin e rg ic  plexuses. M ethod  o f K o e lle  fo r ace ty lcho linesterase . M icropho to , FM N -3, ob jec tiv e  

10, G a m a l 7; h e ig h t of ch am b er, 104 cm

In  the cat, the a. basilaris in the oblong m edulla, measured 1157 119 /(
in diam eter.

I t  has been revealed b y  counting that in the a. basilaris longitudinal 
nerves are dominant (15 l) in the region of the oblong m edulla. The num ­
ber o f  transversal nerve b undles was som ewhat less (9 — 3.8) (Fig. 2).

T he diameter of the a. basilaris decreases to  844 +  44.6 /.i at the level 
o f th e  pons. The superficial nerve plexus is more dense here and at the same 
tim e th e  number of thick b undles decreases in it. In  different parts o f the artery 
th is num ber fluctuates b etw een  1 and 5. The num ber of longitudinal nerve 
b u n d les remains unchanged (14 +  2.2).

A t the same tim e, th e  num ber of thin transversal stipes noticeably increa­
ses an d  this is the reason for the higher density  of the cholinergic plexus 
(20 8 .8). The average va lu es show that the d en sity  of the neural plexus
is n o t uniform in the d ifferent regions of the a. basilaris. The plexus becom es 
esp ec ia lly  dense at the sites w here the largest vessels such as the cerebellar
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ones are branched off. B esides the superficial p lexus there is a deep one in the 
total area of the basilar artery, localized betw een  the outer and m iddle layers. 
It consists of thin nerve stipes dispersed in single nerve fibres.

Fig. 2. A. basilaris in  th e  a rea  o f  pons. Cholinergic p lex u s  w ith  p re p o n d e ra tin g  tran sv e rsa l 
b u n d les  and fibres. M ethod  of K oelle, m icrophoto , FM N -3, ob j. 10, G am al 7; h e ig h t of c h am b er,

104 cm

A . cerebellar is (F ig- 3)

The neural plexus of the a. basilaris spreads over to the cerebellar ves­
sels. It is com posed m ainly by th in  nerve stipes not more than 1 1 // in diam eter. 
The plexus covers the whole area of the vessels and in distal parts it becom es 
rarer and wide-m eshed. The increase in the num ber o f nerve stipes can alw ays 
be observed at the branching off of smaller vessels. Bundles originate from  
the superficial plexus, running to the core o f  the wall. They form a deep 
plexus situated on the m uscle cells. There were no essential differences in the  
structure of the cholinergic plexuses of d ifferent cerebellar arteries. This is 
the reason w hy the qu an tita tive characteristics o f the cholinergic nerve plexus 
are given on the basis of one of the anterior inferior cerebellar arteries. Statis- 
tical evaluation  revealed that the number o f longitudinal bundles strongly  
varies along the vessel (12 +  5.3). This ind icates that they  are not uniform ly  
distributed in the proxim al ami distal parts of the artery: there are more of
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th em  in  the former than in th e  latter part. The sam e was the s itu ation  with  
th e  transversal nerve fibres. Their number am ounts to 21 +  7.8. Their high 
sca tter in g  indicates the v a r iab ility  in the structure o f the plexuses at different 
section s o f the same vessel.

F ig . 3. B eg in n in g  of a. cerebe lla ris  a n te r io r  in ferio r; th e  u p p e r  r ig h t p a r t  of th e  a. basila ris  
c an  b e  seen . Cholinergic p lex u s a n d  p ig m e n t cells. M ethod  of G om ori, m ic ro p h o to , FM N -3, 

obj. 10, G a m a l 7, h e igh t of ch am b er, 104 cm

Posterior cerebral arteries ( F igs 4 and 5)

T he cholonergic p lexuses of the posterior cerebral arteries are con tin ­
uous w ith  those of the a. basilaris. The density  of the neural p lexus increa­
ses a t th e  origin of the a. cerebralis posterior and remains alm ost unchanged  
as far as the origin of the a. com m unicans posterior. Longitudinal and trans­
versal nerve bundles (7 2.3 and 32 +  0.2, respectively) form ing superficial
and deep  plexuses can be observed along the whole a. cerebralis posterior 
w hich  h ave measures 739 +  106 p, in diam eter. The low  variation coefficient 
in d ica tes that the number o f transversal bundles is nearly identical along the 
w hole v esse l in different an im als. Am ong the longitudinal and transversal 
stip es th in  ones occur w ith  not less than 11 ц  in diam eter. More thick  
ones appear only in rare in stan ces.
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F ig . 4. A. cereb ralis  posterio r. C holinergic p lexus w ith  large  nerve stipes. M e th o d o f Koelle. 
m icropho to , FM N -3, obj. 10, G am al 7; h e ig h t of cham ber 104 cm

F ig . 5. C audal p a r t  of c ircu lus a rte rio su s  W illisi. A bove, a. cerebralis p o s te rio r: b o tto m , a 
co m m u n ican s posterior. C holinergic p lexus w ith  larg e  nerves. M ethod of K oelle , m ic ro p h o to  

FM N-3, obj. 10, G am al 7; h e ig h t o f  cham ber, 104 cm
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A . carotis interna

In  the cats this artery represents a sign ifican tly  reduced vessel (Ta n d l e k , 
1902), which is rarely w ell developed showing a d iam eter of 956 +  119 \i. Its  
distal part gives off the anterior cerebral, com m unicating posterior and m edial 
cerebral arteries. In the w all o f the a. carotis interna one can find two plexuses, 
a superficial and a deep one. The first consists o f  th in  nerve stipes and consid­
erably thick nerves. A t certain sections of th e  vessel one can see three to  
fiv e  tim es ramifying nerves o f  20— 32 g  th ickness. These nerves pass over to  
the other side of the vesse l; interchanging bundles, th ey  give thin side bran­
ches ram ifying later. The com plex of th in  and th ick  stipes com poses the  
outer plexus.

The deep plexus is com posed of thin stipes. T hey form a wide m eshed  
netw ork between the ad ven titiou s and m uscular layers. Transversal bundles 
(26 •- 4) are dom inant in  the plexuses as com pared w ith the longitudinal 
ones (9 +  4.5).

A . cerebralis media (F ig .  6 )

This vessel is the th ick est one (642 +  48 p) o f  the three branching off 
of the a. carotis interna. I ts  outer plexus contains m ainly thin bundles less 
than  11 g in diameter. T he number of transversal (14 ~  9.6) and longitudinal

Fig. 6. A. cerebralis m edia . C holinerg ic  plexus. M ethod  o f K oelle , m icrophoto , FM N -3, obj. 
10, G a m a l 7; heigh t of c h am b er, 104 cm

A d a  Morphologien Academiae, Scientiarum  Hungaricae 19, 1971



HISTOCHEM ICAL CH ARA CTERISTICS OE ACETYLCHOLINESTERASE 167

(8 +  3.1) stipes varies strongly, indicating a great variability of th e  structure 
of neural plexuses along the artery. There is also an internal, w ide-m eshed  
plexus in the wall o f the a. cerebralis m edia, consisting o f thin nerve stipes.

Arteries of the p ia  mater (F ig .  7)

These vessels represent branches o f the large arteries of the carotid  and 
vertebral system s. Their diam eter flu ctu ates betw een 400 and 100 p  or less. 
The number of cholinergic fibres is about the same in the vessels m easuring

F ig. 7. A rteries o f pia m a te r, cholinergic n eu ra l p lexus. M ethod of K oelle, m ic ro p h o to , FM N-3, 
obj. 10, G am al 7; h e ig h t o f ch am b er 104 cm

400 p in diam eter as in the main branches of the a. basilaris and a. carotis 
interna. The number of longitudinal and transversal fibres am ounts to  11 ! 3.8 
and 13 1.2, respectively on the cat, these vessels represent the last cerebral
arteries in the wall of which superficial and deep plexuses are separated. In 
all the thinner arteries one can find the superficial plexus. C ounting the 
nerve fibres of the vessels o f different t. ickness revealed that th e  decrease 
in vascular thickness was followed by a gradual decrease in th e  num ber of 
both longitudinal and transversal fibres. Thus, their num ber am ounts to 
12 ;|- 2.3 and 4 _[_■ 2.5 in an artery o f 300 p. thickness whereas on ly  to  6 +  1.5 
and 3 (-1 .8  in one measuring 200 p  in diameter.

The decrease in the number o f transversal fibres is more expressed than  
in th at of longitudinal ones as com pared w ith the larger vessels. As a conse-
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quence, the differences b etw een  the vessels o f 400  and 300 fi thickness are 
sta tistica lly  significant concerning the transversal fibres (p ]> 99% ). In  the  
arteries less than 100 /л in diam eter, transversal fibres occur at random. The 
num ber o f longitudinal bundles decreases gradually and the difference becom es  
s ta tis tica lly  significant in th e  vessels of 200 /л th ickness (p >• 99.9% ).

Intracerebral arteries (  Figs 8 and 9)

T he blood vessels o f th e  pia mater and the brain  represent an anatom ical 
u n ity . Thus the neural apparatus of the piai vesse ls is directly continuous 
w ith  th a t of the in tram edullary ones (Motavkiin and T ic h v in s k a y a , 1969: 
B a k a y , 1941; H u m p h r e y s , 1939).

F ig . 8. Cholinergic nerves o f th e  vessels in  th e  co rtex  of c e re b ra l hem ispheres. M ethod  of 
G ereb tzo ff. m icrophoto , m ag n ifica tio n  X 100

H ow ever, there are no data  concerning the histochem ical characteristics 
of intracerebral nerves. In vestiga tin g  their acetylcholinesterase activ ity , sm all 
cholinergic nerves were found to enter the brain substance together w ith the  
blood vessels. Such nerves o f  1 0 —20 g thickness have been found in the m e­
dulla oblongata, m esencephalon and cortex of the cerebral hemispheres. T hey  
could be followed into the p ia  mater and the brain where they ram ified at 
the branching off of the vessels.
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Fig. 9. Cholinergic ne rv es o f th e  vessels in  th e  co rtex  o f cereb ra l h em ispheres. M ethod of 
Koelle fo r ace ty lch o lin e stera se ; m ic ro p h o to , m ag n ifica tio n  x  200

Acetylcholinesterase activity o f  capillary vessels o f  the brain (F ig .  10)

Using the m ethods o f K oelle and G erebtzoff, numerous copper sulphide 
granules were seen in the wall of precapillary arterioles and capillaries. In 
consequence of this, the capillary network can perfectly he seen in certain parts 
of the brain such as the cerebellar cortex, m edulla oblongata in the m esen­
cephalon at the level o f the nucleus ruber and the tuber cinereum . In the 
vessels, besides diffusely localized granules there are areas displaying a consid­
erable concentration o f granules. These parts are of longitudinal direction, 
intense hlack in colour and frequently occur at the sites where the arteriole 
form s capillaries.

With butyrylth iocholine iodide, the sta in ing of capillary vessels is weak 
and the precapillary arterioles cannot be seen, indicating the presence of 
acetylcholinesterase and cholinesterase in the capillary vessels. Control experi­
m ents with eserine are m ost convincing in th is respect. An incubation of 
sections in eserine solutions for 2 hours inhibits but does not to ta lly  abolish 
the reaction with acetylth iocholine. After 10 to 12 hours incubation  the reac­
tion is so intensely inhibited that the capillary network cannot be seen. The 
results obtained allow to assum e that precapillary arterioles and capillaries 
occur in certain parts o f the brain, the m uscle and endothelial cells o f which 
contain  acetylcholinesterase.
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F ig . 10. M esencephalon a t  th e  leve l o f  th e  nucleus ru b e r. N e tw o rk  of cap illa ry  vessels. M ethod 
of G ereb tzoff, m ic ro p h o to ; m ag n ifica tion , X 100

Discussion

T h e  above study of acetylcholinesterase a ctiv ity  the localization of which  
in d ic a te s  the presence of acety lcholine m etabolism , revealed the cholinergic 
neural apparatus. In the overw helm ing m ajority o f cases it was evident that 
its n erv es belong to the parasym pathetic nervous system  (D a l e , 1935).

T w o cholinergic p lexu ses, a superficial and a deep one, have been found  
in th e  a . basilaris; a. cerebellaris; a. cerebralis anterior, posterior and media; 
a. ca r o tis  interna; all arteries o f the pia mater, the diam eter of w hich is not 
less th a n  400 //. These p lexu ses are in a close anatom ical connection, since the  
deep one represents a con tin u ation  of the outer one in the vascular wall. The 
su p erfic ia l plexus is com posed o f thick nerves situated  in the periadventitious  
and o u ter  layers of the v esse ls . The deep plexus consists of thin nerve stipes 
and sin g le  cholinergic fibres situ a ted  between the adventitia  and m iddle layer 
and con tactin g  the sm ooth  m uscle cells.

C ounting of cholinergic nerves and statistical analysis of the values 
o b ta in ed  indicate that the d en sity  of the cholinergic plexus increases w ith  
the in crease  in the num ber o f  transversal nerve stipes.

T h e cholinergic p lexus o f  a. carotis interna seem s to he at a higher degree 
o f d evelop m en t than th at o f  a. basilaris, since in th e  first vessel the transver-
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sal stipes preponderate (p 99%) while the num ber of longitudinal buntlles 
is the sam e in both of them . The branches o f the a. basilaris, n am ely  the 
a. cerebellaris anterior inferior and a. cerebralis posterior are m ore rich in 
transversal nerve fibres (p _> 99%) than  th e  a. basilaris itself.

There is no difference in the number o f nerve fibres in the a. carotis interna  
and the a. cerebralis media (p <[ 95). A t the sam e tim e there are m ore trans­
versal fibres in the plexus of the a. cerebralis posterior and anterior than  in 
that o f the a. carotis interna (p 95%  in both cases).

The density o f the cholinergic p lexuses is about the sam e in the a. 
cerebellaris inferior and in all the branches o f the internal carotid (p 95%  
in all cases).

The a. cerebralis posterior is poor in longitudinal nerve bundles as com ­
pared w ith the a. cerebralis anterior and m edia (p > 9 5 %  and p > 9 9 % ,  
respectively). W ith the narrowing of the arteries, first the deep p lexus ceases. 
It is lacking already in the vessels 300 p in diam eter. The decrease of the 
number of transversal stipes is more expressed in the same direction than  that 
of th e  longitudinal ones.

Thus the results obtained on the basis o f acetylcholinesterase activ ity  
are in agreem ent w ith those obtained b y  m eans of silver im pregnation of 
the sam e material ( B a k a y , 1941). In both  cases the presence of tw o plexuses 
has been revealed. N evertheless with the histochem ical dem onstration  of 
acetylcholinesterase the nerves are seen more perfectly and at the sam e time 
there is a possibility of clarifying their functional significance w hich cannot 
be achieved by im pregnation m ethods.

The extra and intram edullary netw ork o f the blood vessels o f  the brain 
is continuous anatom ically. One could thus expect that the nerves o f piai 
arteries also proceed along their branches into the brain. This has been ev i­
dence in m any cases ( E r k h o v , 1969; Mo t a v k in  and T ic h v iis sk a y a , 1969). 
For th is reason the problem of innervation o f the own vessels o f th e  brain 
is one o f the m ost im portant questions. Further observations in th is field  may 
he necessary for com pleting the general theory of cerebral blood circulation.

We have been the first to succeed in dem onstrating that the intram edul­
lary nerves consist of cholinergic fibres proceeding into the brain together  
with the vessels of the pia mater. These nerves 10— 20 ц in diam eter can be 
observed on the largest intracerebral arteries of the medulla ob longata , the 
m esencephalon and the cortex of the cerebral hemispheres.

Tt would he im portant to clarify how far the intramedullary nerves spread 
and w hether they go over to the sm allest arterioles and capillaries. The ques­
tion rem ains open, since our negative results cannot be assumed to be defin itive. 
We have failed to observe neural elem ents on the small intracerebral arterioles 
and capillaries; this m ay, however, he explained  by the fact th at som e other 
elem ents of these vessels also contain acetylcholinesterase. These data concern-
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ing  th e  extraneural localization  of acetylcholinesterase are in agreem ent w ith  
th e  w id e  occurrence of the enzym e. Electron m icroscopic evidence has been  
p u b lish ed  o f the presence o f  acetylcholinesterase in  both sm ooth m uscle cells 
and con n ective  tissue elem ents (N a ik  and Ca u n a , 1970; R o b i n s o n , 1970).

Cholinergic fibres are in synaptic contact w ith  the sm ooth m uscle cells 
( K r o k h i n a  et al., 1970), w here acetylcholine is liberated, the d ilatatory factor  
o f th e  brain vessels ( K e d r o v  and N a u m e n k o , 1954).

T h u s, the results obta ined  explain that th e  cerebral arteries react better  
in  th e  direction  of d ilatation  ow ing to the presence o f a w ell-developed choliner­
gic neural apparatus.
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H IS T O C H E M IS C H E  C H A R A K T E R IS T IK E N  D E R  A Z E T Y L C H O L IN  E S T E R A S E  
IN  D E N  D IE  G E H IR N G E F Ä ß E  IN N E R V IE R E N D E N  N E R V E N

P. A. MOTAVKIN und T. V. DOVBISH

Im  G eh irn  von 36 e rw ach sen en  R a tte n  w urde d e r N e rv e n a p p a ra t  der B lu tg e fäß e  u n te r ­
su c h t. D ie  P ia  m a te r  der G ro ß h irn rin d e  u n d  das K le in h irn , w ie au ch  die basila ren  u n d  te c ta le n  
T eile  d e s  G eh irnstam m es w u rd en  z u m  N achw eis de r A zety lch o lin es te rase  u n d  C h o lin este rase  
n a ch  d e m  V erfah ren  von G ereb tzo ff, Koelle und G om ori p rä p a r ie r t .  D er N e rv e n a p p a ra t de r 
in tr a z e re b ra le n  Gefäße w u rd e  a n  S c h n itte n  von G e h irn s tü ck c h en  nach  F ix a tio n  in  10% igem  
F o rm a ld e h y d  u n te rsu ch t. A ls In h ib ito rsu b s ta n z ie n  d ie n te n  E serin lösungen .

D ie  A. basilaris, A. c e reb ella ris , A. cerebralis p o s te r io r , A. caro tis  in te rn a , A. cereb ra lis  
a n te r io r ,  A . cerebralis m edia u n d  sä m tlich e  A rterien  d e r P ia  m a te r  m it einem  D ia m e te r  von
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ü b e r  400 f t  hab en  zwei cho linerge G eflech te : ein  a d v e n titia le s  und ein in te r la m in a re s  G eflecht, 
w obei des le tz te re  an  der G renze de r äu ß eren  u n d  m itt le re n  S chichten  lo k alis ie rt is t. D ie A rte rien  
m it einem  D iam eter von w eniger als 400 /t b e s itzen  n u r  einen oberfläch lichen  P lex u s . In  der 
U m gebung  der In tram ed u lla rg e fäß e  fin d en  sich cho linerge N erven von  10 bis 20 // Dicke. 
In  d e r K le in h irn rin d e , a u f  dem  N iveau  des N ucleus ru b e r im M esencephalon u n d  im  T u b er 
c in e reu m  e n th a lte n  die M uskel- u n d  E n d o th e lze llen  A zety lcho linesterase. V e rm u tlic h  wird 
de r M ittle r en tlan g  der ganzen , m it den M uskelzellen  Synapsen b ild en d en  F a se r  fre ig ese tz t.

ГИСТОХИМИЧЕСКАЯ ХАРАКТЕРИСТИКА АЦЕТИЛХОЛИНЭСТЕРАЗЫ 
СОСУДИСТЫХ НЕРВОВ ГОЛОВНОГО МОЗГА

П. А. М О Т А В К И Н А  и Т . В. Д О В Б Ы Ш

Изучался нервный аппарат кровеносных сосудов головного мозга у 36 взрослых 
кошек. С коры больших полушарий, коры мозжечка, основания и крыши мозгового ствола 
снималась мягкая оболочка и в таком виде обрабатывалась на ацетилхолинэстеразу и 
холинэстеразу методами Жеребцова, Кёлле и Гомори. Нервный аппарат внутримозго­
вых сосудов изучался на срезах, изготовленных из фиксированных в 10% нейтральном 
формалине кусочков мозга. В качестве ингибитора использовались растворы эзерина.

На основной, мозжечковой, задней мозговой, внутренней сонной, передней мозговой, 
средней мозговой и всех артериях мягкой оболочки диаметром не менее 400 мк установ­
лено два холинергических сплетения: адвентициальное и межслоевое, располагающееся 
на границе наружной и средней оболочки. На артериях, диаметр которых меньше 400 мк, 
имеется одно поверхностное сплетение. В веществе мозга около интрамедуллярных со­
судов обнаружены холинергические нервы толщиной 10 20 мк. В коре мозжечка, сред­
нем мозгу на уровне красного ядра и в сером бугре мышечные и эндотелиальные клетки 
содержат ацетилхолинэстеразу. Предполагается, что медиатор выделяется на всем протя­
жении волокна, которое образует с мышечными клетками непрерывный синапс.

Р. A. MoTAVKiN j D epartm ent of H isto logy , Medical U n iversity ,
T. V. D o vb ish  j V ladivostok, U SSR
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VASCULAR INJURY ASSOCIATED WITH ACUTE 
PANCREATITIS INDUCED RY OIL OR 

Na-DEOXYCHOLATE
Z. N a g y , M. P a p p * and A.  B áli nt  

(Received D ecem ber  11, 1970)

A cu te  p an c re a t i t i s  has been induced  in  p igeons  by  the  in trad u c ta l  in je c t io n  of 
sunflower oil or  Na-deoxycholate .  To visualize  v a sc u la r  leakage, the b irds w e re  given 
in t ra v en o u s ly  a colloidal  iron t racer  so lu t ion  w h ich  th e n  was detected  by  m e a n s  of 
th e  P ru ss ian -b lu e  reac tion .  An increase in v a s c u la r  pe rm eabil i ty  was d e m o n s t r a t e d  
in b o th  oil- induced a n d  N a-deox y ch o la te - in d u ced  a c u te  pancreatitis .  I n  o il- induced  
pan crea t i t i s ,  vascu la r  leakage was of th e  h i s t a m in e - ty p e .  In  N a-deoxycho la te - induced  
p an crea t i t i s ,  d irec t  vascu la r  dam age  occurred  in a d d i t io n  to the histamine t y p e  leakage .  
Local release of vasoac t ive  substances is su p p o sed  to  be  a comm on factor in t h e  v a sc u la r  
effects of edible oil a n d  Na-deoxycholate .

In acute pancreatitis, vasoactive substances m ay be formed in th e  pan­
creas ( F o r e l l , 1955; H o l l e n b er g  et al., 1962; T h al  et al., 1963; K atz  et al., 
1964; R y a n  et al., 1965; A m u n d s e n  et al., 1968; O f s t a d , 1969; P o p i e r a i t i s  
et al., 1969) which are known to increase local vascular perm eability ( A n d e r ­
son  et al., 1967) through a partial d issociation  o f the endothelium  (Co t r a n  et 
al., 1964, Zw e i f a c h , 1964, 1965; W i l h e l m , 1965).

Bile or bile salts injected into the pancreas were shown to cause direct 
injury of the acinar cells by surface a c tiv ity  ( W a n k e  et ah, 1966; W a n k e , 
1968; S um et ah, 1970). There was reason to  suppose that bile sa lts would  
cause a direct im pairm ent also of the endothelium  (Co tr an , Ma j n o , 1964).

As no literary data have been availab le on the nature of the structural 
dam age of pancreatic vessels in acute pancreatitis, changes of the perm e­
ability  and ultrastructure of pancreatic vesse ls were examined in acu te pan­
creatitis o f pigeons induced by intraductal adm inistration of edible oil or 
sodium  deoxycholate.

Material and m ethods

In  16 pigeons, weighing 400 500 g, u n d e r  e th e r  anaes thes ia  the  p an crea t ic  g la n d  was
exposed from  an abd o m in a l  incision. In to  the  v e n t r a l  lobe of th e  pancreas was in je c te d  th ro u g h  
the  excre to ry  d u c t  com m erc ia l  sunflower oil, or  1 %  N a-deoxycho la te  solution in  T ris -HC l 
buffer,  or  physiological saline, each in a 0.1 0.2 ml dose  w i th o u t  controlled p re ssu re .  In  a
fo u r th  group  of pigeons the  pancreas was left i n ta c t .  E a c h  experimental  group  co n s is ted  of 
4 pigeons. To  visualize vascu la r  leakage the  b irds  in each  group were given in t r a v e n o u s ly  
2 ml/100 g bod y  weight  of  colloidal iron solution (F e rr lec i t ,  N a t te rm a n ,  Köln) (St a u b e s a n d , 
1963; J e l l i n e k  et al., 1969); one bird received th e  i ro n  sim ultaneously  with t h e  a b d o m in a l  
incision, while th e  o th e r  3 birds received it  2 h o u rs  la te r .  O ne  hour  after  the in jec t io n  of iron 
i.e. a t  1 an d  3 hours  a f te r  the  abdominal  incision, t h e  b irds  were anaes thet ized  w i th  e ther.
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P a n c r e a t i c  lobes t rea te d  an d  n o t  t r e a te d  (dorsal lobe) w i t h  oil f rom  one and  th e  sa m e  b i r d  were 
p laced  in s a tu r a t e d  C u S 0 4 solu t ion  for a few m in u te s  ( B e n d a  reaction). In to  the  p a n c r e a t i c  a r t e ­
r ies  o f  t h e  o th e r  b irds  a  p o ly e th y len e  cannu la  was t ie d  ( P a p p ,  1970) and th ro u g h  th is  c a n n u la  the  
v a s c u la r  sy s te m  of th e  g land  w as  washed w i th  a  2 %  isotonic neu tra l  fo rm al in  so lu t io n  of 
3 — 4°C t e m p e ra tu r e  ( H olt e t  al., 1961) a t  a  p re ssu re  o f  1 0 0 —130 m m  Hg. S u b s e q u e n t ly  the  
p a n c r e a s  w a s  f ixed  in situ,  in  1 .5 %  g lu ta ra ld eh y d e  so lu t io n  of 3 —4°C te m p e ra tu re .  P a r t  of 
t h e  sp ec im en s  secured from  th e  f ix ed  pancreas were p o s t f ix e d  in neu tra l  fo rm alin  fo r  24 hours ,  
e m b e d d e d  in  pa raff in  an d  c u t  in to  sections which  w e re  s ta ined  with  h a em a to x y l in  a n d  eosin 
o r  su b je c t e d  to th e  P russ ian -b lue  reac t ion  for th e  l ig h t  microscopic de tect ion  of collo idal  i ron  
t r a c e r .  T h e  o th e r  p a r t  of  p an creas  specimens was f ix e d  in  1 .5% g lu ta ra ldehyde  o f  4°C for  2 
h o u rs ,  fo r  e lectron  microscopic exam inat ion .  S u b s e q u e n t ly ,  th e y  were imm ersed in  p h o sp h a te  
b u f fe r  fo r  24 hours,  pos tf ixed  in 1 %  osmium te t ro x id e  bu ffe red  according to M i l l o n i g  (1961), 
a n d  f in a l ly  em bedded  in Arald ite .

A f te r  th e  rem ova l  of A ra ld i te  semi-thin sec tions  w ere  made and  sta ined  w i th  to lu id in e  
b lu e  o r  su b je c te d  to th e  P ru ss ian -b lu e  reac tion  ( I m a i  e t  al. ,  1968). L ight m icroscopic  e x a m in a ­
t io n  o f  t h is  m ate r ia l  allowed th e  se lection of d a m a g ed  v a sc u la r  wall portions for t h e  o r i e n ta t io n  
o f  se c t io n in g  for e lectron  m icroscopy.  U l t ra - th in  sec t ions ,  p repared  w ith  L K B  I I I  U l t r a to m e ,  
w ere  s t a in e d  w i th  lead c i t ra te  a n d  u ran y l  ace ta te .  T h e  m ic rographs  were p r e p a r e d  w i th  a 
J E M  6A S e lectron  microscope.

Results

In  normal untreated pancreatic g lan d ’s specim ens, light m icroscopic  
ex a m in a tio n  of the Prussian-blue reaction show ed  the absence of the colloidal 
iron tracer from the walls o f sm all arteries and veins and large elastic arteries 
(F ig . 1). E lectron m icroscopy showed few clum ps of the tracer in the endo­
th eliu m  o f pancreatic blood capillaries.

In the pancreatic glands treated w ith ed ib le oil, acute pancreatic necro­
sis d evelop ed  (Figs 2a, 2b). The associated changes of the acinar parenchym a  
w ill b e reported elsewhere ( P ap p  et al., 1971). Under the light m icroscope  
the Prussian-blue reaction indicated the presence of iron tracer in th e  vessels  
and perivascular tissues (Fig. 3) and in the arteriolar walls (Fig. 4). In  sem i- 
th in  section s the vascular structure appeared norm al, with broadening o f the  
m edia at sites (Fig. 7). The subintim ai d ep osition  of the tracer was clearly  
in d ica ted  by the Prussian-blue reaction (F ig. 8). Electron m icroscopy revealed  
open inter-endothelial junctions in the walls o f  arterioles, venules and cap il­
lary v esse ls , w ith deposition o f  clumps of th e  tracer in the patent ju n ction s  
(P la te  1). A t sites the junctions opened only up to the adherent zonule (P late  
I/a), th e  processes of the endothelial cells w ere drawn apart (P late I/a ), and 
here and there sac-like distensions between th e  processes (Plate I/e , f). The 
tracer substance was present in terendothelially  (P late I/b) and also in the  
vesic les around the junctions (Plate I/c, d). In the m uscular-type arteries 
there w as gap form ation and a large am ount o f hom ogenously d istributed  
tracer substance appeared betw een the sm ooth  muscle cells of th e  m edia  
(P la te  1 I/a , b).

In  th e  pancreas treated  with sodium deoxycholate, extensive necrosis 
of th e  acinar parenchym a developed; on ligh t microscopic exam ination  the  
Prussian-b lue reaction indicated  the perivascular presence of the tracer sub-
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Fig. 1. N o rm a l  pancreas.  The  Pruss ian -b lue  reac t io n  is negative in the  vessel w a l ls  a n d  
also per ivasculary .  In ' the  lumen o f  th e  vein th e re  are red blood cells. X 200 

Fig.  2. O il- treated  (b) and norm al  u n t r e a te d  p a n c re a t i c  lobe (a) from  one a n d  th e  sam e 
pigeon. On the  surface  of the  o i l- t reated  lobe th e  necrotic  area is g reen-coloured  (B en d a

reac tion).  X 1
Fig. 3. P an c reas  3 hours  a f te r  t r e a tm e n t  w i th  edible oil. The excre to ry  d u c tu le s  a re  d is­
ten d ed  a n d  dissolved oil d rop lets  left ro u n d  im press ions  in the acinar  p a r e n c h y m a .  The 

Prussian-b lue  reac tion  is posi t ive  in th e  per ivascu lar  area. X 160 
Fig. 4. Pan c rea s  3 hours a f te r  t r e a tm e n t  w ith  edible oil. Note  d is tended  a r te r io le  and 
vein be tw een  the  acini. Posit ive  Berlin-blue  reac t io n  in vascular  wall a n d  p e r iv a sc u la r

area .  X 280



Fig.  5. P ancreas  3 h o u rs  a f t e r  t r ea tm e n t  with N a -d e o x y c h o la te .  Posit ive P ru ss ian -b lu e  
reaction  in p e r iv a sc u la r  area. E x t r a v a s a t e d  red  blood cells. X 160 

F ig .  6. Pancreas  3 h o u rs  a f te r  t r ea tm e n t  w i th  N a -d eo x y c h o la te .  The acinar s t r u c tu r e  is 
d isorganised .  The walls o f  a r te r io les ,  veins and  cap i l la r ie s  show a. positive P ru ss ian -b lu e

reaction. X 240
Figs  7, 8. S e m i- th in  sections (P an c reas  t r e a te d  w ith  edible oil)

F ig .  7. The  vascu la r  s t r u c tu r e  a p p ea rs  normal w i th  b r o a d e n in g  of the  med. ai. a t  si tes. X 520 
F ig .  8. The  sub in t im ai  d e p o s i t io n  of the. t racer  is c lea r ly  ind ica ted  by the  P ru s s ian -b lu e

reaction. X 530
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Pla te  1
Pa n c rea s  t rea te d  w ith  edible oil (1 hour).  T h e  e lectron  m icrograph of a sm all  a r te r io le  and 
blood capillaries shows t race r  c lum ps ( f )  in th e  d is tended  in te rendothe lia l  j u n c t io n s  (Ju )  
a n d  in the  p inocy to t ic  vesicles (pv). a)  T he  in te rendothe lia l  junction  d i s t e n d e d  u p  to the 
a d h e r e n t  zonula  (za) comprises particles  of  t r a c e r  subs tance  ( x  62 000). b),  e)  T r a c e r  materia l  
in v a scu la r  lum en  (Lu)  and  subendo the l ia l  space (b X 54 000: e =  X 28 000). c ) ,  d )  Large 
vesicles (Ve) filled w ith  t racer  su b s tan ce  ( d )  in th e  surroundings of ju n c t io n s  ( c, d)  (c 

- X 84 000; d = X 35 000). f )  T race r  su b s ta n c e  in p a t e n t  in ter-endothelia l  j u n c t i o n  ( X 72 000). 
E c  endothelia l  cell; Nu nucleus; D b  dense  body;  Le =  elastic l a m in a ;  =  injured

endothe l ia l  cells
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Plate II
P a n c r e a s  t rea ted  with edible  oil (3 hours).  Clumps of t r a c e r  su b s ta n c e  ( | ) i n  the  wall of  th e  
sm a ll  a r t e r y  and in the  gaps  (G) b e tw ee n  the rounded  u p  end o th e l ia l  cells (Ec) and  sm oo th  
m usc le  cells (Smc). The v a sc u la r  l u m e n  (Lu) contains red  b lood  cells (Rc) and c lumps of t rac e r  
su b s ta n c e ,  (a =  X 19 000; b =  X 22 000). N u  =  nuc leus;  Li = lipid droplets; Le =  elastic

lam ina;  fl =  flap
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Plate III
Pan c reas  t rea ted  w ith  N a-d eo x y ch o la te  (1 hour), a)  C lum ps of p rec ip i ta ted  i ron  t rac e r  ( f t )  
along th e  luminal surface  (Lu)  of the  endothe l ium  of a cap i l la ry  vessel (Ec)  a n d  in the  suben- 
dothel ia l  space (Se) (X  30 000). b) ,  c) T h e  trace r  deposi ted  along the  surface  is t r an s p o r te d  
in to  the  subendothelia l  space by p inocy to t ic  vesicles (Pv).  T h e re  are t race r  c lum ps in th e  e ndo­

thel ial  cy to m e m h ra n es  ( f f ) ( x  84 000). N u  = nucleus
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Plate IV
P a n c r e a s  t re a te d  with  N a -d eo x y c h o la te  (3 hours), a)  T he  in ju red  endothe l ium  has  been re ­
p laced  b y  t rac e r  substance  ( f )  in ring-like  fashion. T he  v ascu la r  lu m en  con ta ins  t r ac e r  su b ­
s ta n c e  a n d  red blood cells (R e)  ( x  21 000). b) P a r t  of in ju red  capil lary  wall (n o t  counter-  
s ta ined ) .  N o te  re ten tion  of t r a c e r  su b s ta n c e  ( t ) b y  th e  b a se m e n t  m em b ran e  ( f  f  ( X 30 000)

stan ce (Fig. 5). In sem i-th in  sections, not only the walls of blood capillaries 
and v e in s, but also th ose o f  the m uscular-type sm all arteries showed the 
Prussian-blue reaction, as if  the vascular walls were soaked w ith the tracer 
flow in g  around the endothelia l and sm ooth m uscle cells. There was a marked
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extravasation  of red blood cells (Fig. 6). In the endothelial cells, electron  
micrographs revealed the presence o f vesicles containing considerable am ounts  
of tracer substance and showing different phases o f vesicular transport (P late  
I l l /Ь, c). At sites a confluent precip itate of tracer substance was seen on the  
surface of the affected endothelial cells (P late I l l /а). At other sites, the tracer 
M as seen in the necrotized endothelial cells and, being retained by the base­
m ent mem brane as by a barrier, surrounding the blood capillaries in a ring­
like pattern (P late IV/a). R etention  of tracer substance w ithin the vascular  
wall by the basem ent membrane was clearly apparent also in not counter- 
stained preparations (Plate IV/b).

Discussion

D eposition of tracer substance in, or its passage across, the vascular  
wall suggests a notable increase in vascular perm eability (Ma j n o  et ab, 1961; 
Cotrain et ab, 1964; R o w l e y , 1964). It  is known that norm ally very little  
or no tracer substance can pass across the vascular wall. In  acute pancreatitis 
induced w ith edible oil, an increase in vascular perm eability was dem onstrated  
by m eans of colloidal iron tracer substance. The vascular leakage was o f the 
histam ine type (Cotrain et ab, 1964) in that the interendothelial junctions 
had opened up and gaps had form ed in the vascular wall.

An increase in vascular perm eability was noted also in N a-deoxycholate- 
induced acute pancreatitis. U ltrastructurally, in addition to the histam ine  
type vascular leakage (Cotran  et ab, 1964), the increased transendothelial 
transport of the tracer by vesicles suggested the occurrence o f another type  
o f vascular leakage, related to the direct im pairm ent of the vessel wall (Cot­
rain et ab, 1964). Direct endothelial dam age resulted first in tracer precipi­
tation  along the luminal surface of the endothelium ; upon deterioration  of 
the latter the tracer had advanced up to the basem ent mem brane w hich retained  
it w'ithin the vessel wall. D irect vascular im pairm ent was suggested also by 
an extravasation of considerable am ounts of red blood cells.

The early endothelial dam age in the pancreatic capillary vessels upon 
the intraductal injection of bile salts was noted also by others ( D o er r  et ab, 
1965; W a n k e , 1968) w ithout, how ever, giving consideration to  the ty p e  of 
vascular leakage. In both oil-induced and N a-deoxycholate-induced increase 
of vascular perm eability, the local release of vasoactive substances m ay have 
been a common factor. The sam e was suggested by the increase o f vaso ­
active substances in the blood upon intraductal adm inistration o f bile ( T hal  
et ab, 1963; O f s t a d , 1969, 1970). Injection  of bile into the pancreas through  
Santorini’s duct produced an im m ediate tem porary increase in flow  in the 
superior pancreatico-duodenal artery (Mal let- G u y  et ab, 1971) and, in
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due course, in the am ount o f blood drained by the pancreatico-duodenal vein  
( E g d a h l , 1958). In jection  o f vasoactive polypeptides, histam ine or serotonin, 
into th e  pancreatico-duodenal artery had sim ilar effects ( P ap p  et al., 1967). 
From th e above it follow s that the vascular response to tissue injury of the 
pancreas does not differ from that o f the skin, where tissue injury increases 
local blood flow and vascular leakage (As c hh e i m  et al., 1961; S pector  et al., 
1964, 1965; Zw e i f a c h , 1965).
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VON ÖL O D E R  N A T R IU M -D E O X Y C H O L A T  H E R V O R G E R U F E N E  M IT  A K U T E R  
P A N K R E A T I T I S  E I N H E R G E H E N D E  G E F Ä ß S C H Ä D IG U N G

Z. NAGY, M. PAPP und A. BÁLINT

D urch  in t r a d u k ta le  In jek t io n  von Sonnenblum enöl oder N a t r iu m d e o x y c h o la t  wurde 
bei T a u b e n  eine ak u te  P a n k re a t i t i s  hervorgerufen . Zur V eranschau l ichung  d e r  G efäßperm ea- 
b i l i tä t  erh ie lten  die Vögel in trav en ö s  eine kolloide Eisenlösung, welche m i t  e ine r  Preussiseh- 
b l a u -R e a k t ion b es t im m t wurde .  E ine  E rh ö h u n g  der G e fäß p e rm eab i l i tä t  w u rd e  in beiden 
Fällen d u rc h  Ol und  durch  N a t r iu m d eo x y c h o la t  induzie r te r  a k u te r  P a n k r e a t i t i s  nachgewiesen. 
Bei der  du rch  Öl ind u z ie r ten  P a n k re a t i t i s  gehörte  die E rh ö h u n g  der  G e fäß p e rm ea b i l i tä t  zum 
H is ta m in ty p .  Bei der  du rch  N a t r iu m d eo x y c h o la t  induzierten  P a n k re a t i t i s  t r a t  die direkte 
Gefäßschäd igung  zu der P e rm ea b i l i tä t se rh ö h u n g  vom H is ta m in ty p  h inzu. D as  lokale Frei­
werden von vasoak tiven  Stoffen  ist wahrscheinlich ein gem einsam er F a k to r  d e r  W irkung 
von  Speiseöl und N a t r iu m d eo x y ch o la t .

ВЫЗЫВАЕМОЕ РАСТИТЕЛЬНЫМ МАСЛОМ ИЛИ ДЕЗОКСИХОЛАТОМ НАТРИЯ 
СОСУДИСТОЕ ПОРАЖЕНИЕ, СОПРОВОЖДАЮЩЕЕСЯ ОСТРЫМ ПАНКРЕАТИТОМ

3. НАДЬ, М. ПАПП и А. БАЛИНТ

Внутрипроточным введением подсолнечного масла или дезоксихолата натрия был 
вызван у голубей острый панкреатит. Для выявления проницаемости сосудов птицам 
внутривенно вводился коллоидный раствор железа, который был определен реакцией 
с прусской синькой. В обоих случаях острого панкреатита, индуцированного введением 
растительного масла и дезоксихолата натрия, было выявлено повышение проницаемости 
сосудов. При индуцированном растительным маслом панкреатите повышение сосудистой 
проницаемости принадлежало к гистаминовому типу. При индуцированном дезоксихолатом 
натрия панкреатите к повышению проницаемости сосудов гистаминового типа присое­
динилось таковое, вызванное прямым поражением сосудов. Местное освобождение вазоак­
тивных веществ, вероятно, совместный фактор при действии растительного масла и дезок­
сихолата натрия.

Dr. Zoltán N agy 
Dr. Miklós P app  
Dr. András B á l int

Budapest VT 11., Szigony 43, H ungary
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Second I n s t i tu te  of  P a th o lo g y  (Director:  Prof. H. J e l l i n e k ), Semmelweis Medical U n iv e rs i ty ,
B u d a p es t

VASCULAR CHANGES IN SMALL AND LARGE  
A R T E R IE S  IN RAPID H Y P E R T E N S IO N  AS AN  

ATHEROSCLEROSIS PR O V O K IN G  FACTOR

II. J e l l i n e k

(Received D ecem ber  11, 1970)

A s tu d y  of atherosclerosis associated  w i th  rap id  hypertension  has  been  m ade. 
Acute  h y p e r te n s iv e  vascu la r  changes a p p e a r  to  co n s t i tu te  the  init ial p h e n o m e n o n  in 
chronic  arteriosclerosis. T he  developm ent o f  a cu te  lesions depends m ainly  on  th e  degree 
of the  a cu te  dam age ,  a n d  the  ty p e  of f ib r ino id  (subendothelia l  or m edia l)  d epends  
on  th e  t issu lar  s t ru c tu re  of the  vessel wall. T h ese  facto rs  and  th e  su b seq u en t  cell p ro l i ­
fe ra t ion  give rise to a musculo-elastic  in t im a i  th ick en in g  equ iva len t  to a therosclerosis.  
T he  subendo the l ia l  f ibrinoid transform s in to  a hya line ,  l ipid-containing lesion of the 
a therosc lero t ic  ty p e .  T he  appearance  of l ipids is secondary  and plays no role in the  
dev e lo p m en t  of th e  vascu la r  lesions.

It is generally accepted that atherosclerosis is initiated by several proc­
esses rather than a primary factor [1, 2]; actually , the condition appears to 
represent the end-product of a com plex d isease. Of the factors possible in vo lv ­
ed in the com bination of pathologic processes leading to atherosclerosis psychic  
and nervous effects, hormonal disorders, anom alies of lipid m etabolism , 
infectious and allergic processes have been studied  in detail. All these factors 
have been shown to induce in the vessel w all the degenerative and prolifera­
tive changes characteristic of atherosclerosis. M any authors are of the opinion  
that both hum an and experim ental hypertension  may promote or in tensify  
the atherom atous changes [3—6].

We have studied the pathogenesis o f hum an and experim ental vascular  
disease for more than  a decade. Among others, we have shown th a t factors 
of different nature induced vascular lesions o f identical morphology in hum ans 
as well as in experim ental animals [7].

E xtensive studies on more than 1500 anim als w ith experim ental renal 
hypertension, revealed certain relationships of hypertensive vascular lesions 
and atherosclerosis [8— 28]. The pathom echanism  of the hypertensive vascular  
change seem s to be poorly understood; som e new inform ation em erging from  
our studies is therefore presented in th is paper.

The pathogenesis o f hypertensive vascular changes was found to be 
identical in sm all, m edium -size and large arteries. N evertheless, th e  progres­
sion and severity  of the changes depended largely on the structure of the 
affected vessel.
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L es ions  consisting of v a r io u s  s tages of fibrinoid  necrosis were m ost  typ ica l  in th e  small  
vessels. T h e  f i r s t  microscopic c h an g e  seen in the  in i t ia l  ph ase  of the  hyper tens ive  condit ion  
was a  necros is  of  th e  sm oo th  m usc le  cells in the  m ed ia .  T h e  necrotic  cells s ta ined  b lack  w ith  
M a l lo ry ’s p h o sp h o tu n g s t ic  acid h a e m a to x y l in  (PA) a n d  red  w ith  PAS; on po lar isa t ion  optical  
e x a m in a t io n  th e y  showed an  increased  b irefringence a f te r  aniline  reac tion  (Figs 1, 2). E lec tro n -  
m ic ro sco p ica l ly ,  a pale  swollen ty p e  a n d  a n  osmiophilic  d a r k  ty p e  of necrotic  m uscle  cell could 
be  d is t in g u i sh e d  (Fig. 3). Ga r d n e r  [29] p o s tu la ted  t h a t  th e  init ial muscle cell necrosis  was 
p rece d ed  b y  a morphologically  u n d e te c ta b le  prenecrotic  p h a se  consisting of cer ta in  b iochem ical  
processes.

S im u lta n eo u s ly  w ith  the  m usc le  cell necrosis, t h e  vascu la r  wall developed a te n d e n c y  
to i m b ib e  a n d  accum ula te  blood p lasm a .  In i t ia lly ,  th is  c h an g e  m ay  not be readily  v isualized . 
I t  seem s,  never theless ,  to c o n s t i tu te  a p re lude  to th e  p renecro tic  process (Fig. 4) w hich  in i t ia te s  
th e  nec ros is  of  muscle cells.

Fig. 1. S m a ll  a r te ry  w ith  lam ella r  elastic  m em b ran e .  N o te  necrotic  muscle  cells (a rro w s)  
in t h e  m e d ia  (m edia  fibrinoid (MF)) ty p ica l  of acute  h y p e r ten s io n .  L: vascu la r  lumen.  M a llo ry ’s 

p h o sp h o tu n g s t ic  acid h a e m a to x y l in  dye  (PTA)
Fig. 2. In c re a se d  birefringence of necrosed  muscle cells (arrows) in polarized l igh t ,  a f te r  a n i ­
line r e a c t io n .  T h e  da rk  in te rna l  e last ic  m em b ran e  (M) is c lear ly  seen. There  is no b irefringence  

in the  su b en d o th e l ia l  space. L: v a sc u la r  lumen

B lo o d  p lasm a  accum ula ted  in the  vascu la r  wall  gives rise to the  typ ica l  lesion k n o w n  
as f ib r in o id  necrosis [12, 30 — 35]. A t th is  stage th e  v a sc u la r  f ibrinoid sta ins ch arac te r is t ica l ly  
red w i t h  A z an  a n d  b lack w ith  P T A  (Fig. 5).

T h e  consequences of muscle  cell necrosis an d  th e  p e n e t ra t io n  of p lasm a  d epend  m a in ly  
on th e  a n a to m ic a l  s t ru c tu re  of th e  v a sc u la r  wall. In  th e  sm all  vessels, necrosis and  p e n e t r a t io n  
of p l a s m a  follow in rapid  succession to  form  the  ty p ic a l  vascu la r  fibrinoid, while in vessels 
w i th  a d i s t in c t  in te rna l  elastic m e m b ra n e ,  the  process becom es divided in to  stages.

T h e  in te rn a l  elastic m e m b ra n e  tem p o ra r i ly  b locks th e  passage of th e  p e n e t r a t in g  
p lasm a ,  t h u s  the  two com ponents  o f  the  lesion evolve sepa ra te ly .  The  necrotic  m usc le  cells 
in  t h e  m e d ia  fo rm  the  media  f ibr inoid  a n d  th e  p lasm a r e ta in e d  in the  subendothelia l  space ab o v e  
the  i n t e r n a l  elast ic m em brane  fo rm s th e  subendothelia l  f ib r ino id .  These two forms of f ib r ino id  
are c lea r ly  d iffe ren tia ted  by  PT A  s ta in in g  (Fig. 6) a n d  th e i r  non-iden t i ty  has been con f irm ed  
by  th e i r  d iss im ila r  polarisa tion  op t ica l ,  phase  co n tra s t  a n d  fluorescence microscopic p ro p e r t ie s  
as well  [19, 23].
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Segregation of th e  two com ponents  of vascu la r  f ib r in o id  is the more p ro n o u n ced ,  the 
s t ronger  the  vessel’s in te rn a l  elastic m em brane .  In  large m uscular  arteries, as e.g.  in the 
femoral a r te ry ,  h y p e r ten s iv e  accum ula tion  of p la s m a  is of ex trem e  degree, b u t  t h e  s trong  
re s is tan t  in te rna l  elastic  m em b ran e  considerably l im its  i ts  passage  into the  media. T h u s  in the 
large vessels th e  change  is only  pa r t ia l  by the t im e  w h e n  th e  vascular  fibrinoid has  fu lly  evo lv­
ed in the  small  vessels. In  the  large vessels, muscle cell necrosis is also less p ronounced  (Fig. 7).

Sim ultaneously  w ith  a n  advanced  stage of su b en d o th e l ia l  fibrinoid fo rm a t io n  in the 
femoral a r te ry ,  aortic  lesions are still of the  early ty p e .  T h e re  are some small v acuo les  in the

Fig. 3. E lectron m ic rograph  of a small a rtery .  E n d o th e l ia l  cells (E) above the in te r n a l  elastic 
m em b ran e  (ME). Note  swollen pale  cell necrosis (E N )  a n d  osmiophilic dark  cell necrosis (ON) 
in th e  media. Some m uscle  cells (MS) of a p p a re n t  s t r u c tu r a l  in tegr i ty  enclose cy top lasm ic  

vacuoles  an d  myeline figures (a rrow ).  L: vascu la r  lumen

ao r t ic  endothelia l  cells, subendo the l ium  and sm o o th  m usc le  cells (Fig. 8). A c cu m u la t io n  of 
p lasm a  in the  subendothe l ia l  space takes  place su b s e q u e n t ly  and tends to p rogress  (Fig.  9).

A pparen t ly ,  the  m edia  f ibrinoid and su b en d o th e l ia l  fibrinoid represent th e  e a r ly  phase  
of hyper tens ive  vascu la r  change.

L ater ,  not only fu r th e r  progression of th e  lesions, b u t  regenerative  p h e n o m e n a  also 
occur. The  th ree  m ain  a l te rn a t iv e s  of th e  fu r th e r  fa te  o f  th e  fibrinoid are as follow.

1. The  subendothe l ia l  fibrinoid undergoes a h y a l in e  t ransform ation .  In  th is  phase ,  its 
original red s ta in ing  w ith  A zan  changes in to  blue a n d  i ts  black s ta ining with P T A  in to  yellow 
(Fig. 10). E lectronm icroscopica lly ,  this stage is m a rk e d  by the  appearance  in th e  su b en d o th e-  
lial space of bodies w ith  a periodic  s t ruc tu re  [19] (Fig. 1 1 ) w hich  m ay  be responsible for t he  increas­
ed birefringence an d  a l te red  sta in ing properties. T h is  is followed by a c o n d en sa t io n  process 
of  hya line  during  which the  bodies with periodic s t r u c tu r e  successively lose th e i r  s t ru c tu re  
(Fig.  12) un til  the  en ti re  subendothelia l  hyaline  deposi t  h a s  assum ed a hom ogeneous a p p ea ran c e  
in conventional  m icrographs ,  while e lectronm icroscopica lly  it is found to c o n ta in  m yelin  
f igures and  lipid-like sub s tan ces  (Fig. 13). This is th e  f inal complex arteria l  lesion resulting  
from hyper tens ive  vascu la r  changes: from the su b e n d o th e l ia l  fibrinoid to hya line  fo rm at ion .

Aria Morphologica Academiae Scientiarum Hungaricae 19. 1971



190 H. J E L Ű N E K

Fig. 4. S ec t io n  from  hype r tens ive  ao r ta .  Few f ibrin  c lu m p s  (F) in the  su bendo the l ia l  space, 
in t h e  m e d ia  th e  Golgi complexes (G) of the  muscle cells (M) are enlarged. P e rh a p s  i t  is th is  
s ta g e  o f  t h e  change  which co rresponds  to  the  p renecro tic  phase .  ME: in te rnal  e last ic  m e m ­

b r a n e ;  NM : re la tively  n o rm al  m usc le  cells in th e  m ed ia ;  E  =  endothelial cells; L: lu m en

Fig. 5. T y p ic a l  vascular  f ib r ino id  (F )  and  p e r ivascu la r  g ran u la t io n  (G) aris ing f ro m  m u ra l  
necrosis  a n d  of ex tra v asa te d  p lasm a  w i th in  and  o u ts ide  the  vessel wall. L: lum en.  P T A  s ta in  
Fig. 6. T h e  tw o  com ponents  of  th e  vascu la r  fibrinoid  in  a small  vessel w ith  i n te rn a l  elast ic 
m e m b r a n e  (M — ). Subendo the l ia l  (S E F )  and  m edia  f ib r in o id  (MF) are d is t ing ii ishab le  on 

s ta in ing  w ith  PTA. G: pe r ivascu la r  g ra n u la t io n .  L: vascular  lumen
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Fig. 7. Subeiidothelia l  fibrinoid (S E F )  above  th e  d is t inc t  in te rna l  elastic  m e m b r a n e  ( VI) of 
a large m uscu lar  a r te ry .  A few necrotic  m uscle  cells (MF) are presen t  in th e  m ed ia .  G: g ra n u ­

la t ion ;  L: lumen. PT A  stain
Fig. 8. E ar ly  hypertension.  P a r t  of the  endothe l ia l  cells in the aortic  wall su r ro u n d  large vacu­
oles (arrows) and  p ro tru d e  in to  the  lum en  (I.) above  the  in ternal  elastic  m e m b r a n e  (VI) like 

vacuoles. In the media there  are a few vacuolized muscle cells (X).  П - Е  s ta in

A d a  Worphologica Aradi miac :Srienli<irum Hungaricac 14. 1471
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Fig.  9. Subendothelia l  f ib r ino id  (a rrow s)  above the  in te rn a l  elastic  m em b ran e  (M) of the  ao r ta  
on  th e  7 0 th  d ay  of ex p er im e n ta l  hypertens ion .  The  lesions s t a in  b lack  w ith  PTA. L: vascu la r

lumen
Fig. 10. T h e  subendothelia l  f ib r in o id  (SE F)  tends to  lose a f f in i ty  to  P T A  which is clearly seen 
in Fig.  8. PTA -pos i t iv i ty  is now  a p p a r e n t  only along th e  i n te r n a l  elastic  m em brane  (M). The  
sa m e  p h en o m e n o n  is obse rved  on  s ta in ing  with Azan ,  w h e n  a g rad u a l  red to blue colour 

t ran s fo rm a t io n  occurs .  P: slight in t im ai  p ro l ife ra t ion ;  L: lumen
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2. Sometimes the  su bendo the l ia l  fibrinoid was p hagocy ted .  This was o f ten  a p p a re n t  in 
c o nven t iona l  m icrographs an d  was verified by  the  presence of in trace l lu la r  f ib r in  s truc tures  
in e lectron  micrographs (Fig. 14). Wi t h  the  progress of phagocytosis,  the  f ibr inoid  was replaced 
by proliferation which  c o n ta in ed  m an y  foam cells (Fig. 15) and,  as revealed  electronmicros- 
copically ,  also muscle cells. T h u s  the  subendothelia l  fibrinoid  was replaced by in t im a i  prolifer­
a tion  consist ing of several cell rows.

Fig. 11. E lectron  m ic ro g rap h  of small  a r te ry  in a cu te  hyper tens ion .  In  the  subendothe l ia l  
space be tw een  the endothe lia l  cells (E) a n d  the  in te rna l  elastic  m em b ran e  (M E),  fibrin-like 
(F )  m ateria l  and typical c rysta l- l ike  bodies w ith  periodic s t ru c tu re  (PC) a re  a p p a re n t .  L: 

lum en: MS: no rm al  muscle cells in th e  media

3. If  the  dam age  to the  m ed ia  was slight,  necrosis was l imited  to single sm o o th  muscle 
cells a n d  no subendothelial  f ib r ino id  developed. T he  regression of the  m edia  f ibr inoid  gave 
rise to  a proliferative process in the  a rea  corresponding to th e  m edia  of sm all  vessels. The 
prol ife ra t ion  resulted in  a th icken ing  of the  in t im a  (Fig. 16) and a c o n seq u en t  narrow ing 
of th e  vascu la r  lumen. Specif ic s ta in ing  for elastic f ibres revealed  the  presence of a new ly  formed 
elast ic lamella [21, 28] w hich  som etim es appeared  to consist  of  several layers  (Fig .  17).

Between the  layers  there  were  cells exh ib i t ing  the  charac te ris t ic  s ta in ing  p ropert ies  of  
sm o o th  muscle cells. T h e ir  e lectron  microscopic c o u n te rp a r t s  a ppea red  as large, pale, u nd if ­
fe ren t ia ted  cells and  m uscle  cells.

File decisive role of th e  s t ru c tu re  of  the  vascu la r  wall in the  n a tu re  of th e  change is 
i l lu s t ra ted  in Fig. 18 w hich  shows sections f rom  different vessels of a ra t  a f te r  60 days  of 
hyper tens ion .  In the  small  a rteries ,  th e  lesions b ro u g h t  a b o u t  c icatr iza t ion ,  while  in the  large 
m u scu la r  a r te ry  the  t r a n s fo rm a t io n  of subendothelia l  f ib r ino id  in to  in tim ai  p ro l ife ra t ion  is 
still in progress.  In  th e  a o r ta ,  subendothe l ia l  fibrinoid  an d  single muscle cell necroses are 
seen. T h u s  the  hype r tens ive  v a sc u la r  changes ap p ea r  to d epend  m ainly  on the  m u ra l  s t ru c tu re  
and th e  t im e factor.

yield Morjtlhilogica Aradi mine Scientiarum H ungar icae 10, 1071



Fig.  12.  E lec tro n  m ic rograph  of a small  a r te ry  in the  a d v a n c e d  stage of hypertens ion .  The  
c ry s ta l l in e  bodies have closely a p p ro x im a te d  each o ther.  T h e  periodic s t ru c tu re  (PC) ten d s  
to d i s a p p e a r ,  though it is still  a p p a r e n t  in places. Finally ,  th e  lesion assumes a homogeneous,  
h y a l in e - l ik e  appearance  (H). M E : in te rn a l  elastic m em b ran e ;  E :  endothelia l  cell; L: lumen

Fig .  13.  E lectron  m ic rograph  o f  subendo the l ia l  fibrinoid  in th e  s tage of s ta in ing  blue w ith  
A zan .  A b o v e  the in te rnal  e lastic  m e m b ra n e  (M) and b e tw ee n  th e  row  of endothe lia l  cells (E) 
a  h o m o g en eo u s  hyaline su b s ta n c e ,  lipid droplets and  m yel in  figures (arrows) a re  seen. L:

lumen
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Fig. 14. E lec tron  m ic ro g rap h  of subendothelia l  f ib r ino id  in the stage of s ta in in g  red  with 
Azan  (small  a r te ry) .  P hagocy tos is  of the  f ibr inoid  by  cells f rom  the  prol ife ra t ing  in t im a  has 
s t a r te d :  note  the  f ib r in  s t ru c tu re  (F) within the  p h ag o cy tes .  PC: periodically s t r u c tu r e d  bodies; 

M E : in te rn a l  elastic m em b ran e ;  E :  endothe lia l  cell; L: lumen
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Fig. 15. Ph ag o c y to s is  of su bendo the l ia l  f ibr inoid  (arrows) in  an  elastic vessel in chronic  h y p e r ­
tens ion .  Phag o cy to s is  is followed b y  endothe lia l  (E )  a n d  m uscle  cell proliferation. Som e of 
the  cells h a v e  a foamy cy top lasm  (a t  P). M: in te rn a l  e lastic  m em brane ;  L: lumen. A zan  s ta in

Fig. 16.  C hronic  hypertensive  chan g es  in small  a r te ry .  N o te  m ito tic  cells in th e  vessel wall 
(A) a n d  p ro l ife ra t in g  cells (P) ab o v e  th e  in te rna l  elastic  m em b ran e  (M). L: lum en :  G: g r a n u ­

lation. H -E  s ta in
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Fig. 17. Chronic h ype r tens ive  change  in small  a r te ry .  Multiple row of newly fo rm ed  elastic 
m em b ran e s  (L E )  ( lamellar clastosis) ap p ea r  ab o v e  th e  original in ternal  e lastic  m e m b r a n e  (M). 
A: vessel wall;  L: lumen; G: pe r ivascu la r  g ran u la t io n .  Resorcin-fuchsin-Van G ieson’s stain

Fig. 18. Mural changes in d ifferen t  vessel ty p es  on  th e  70th  day of e x p e r im e n ta l  h y p e r te n ­
sion. Sm all  a r te ry  (SA): [»art of the  wall is u n d a m a g e d ,  [»art of it is th ickened  a n d  c icatr ized. 
Large  m uscu lar  a r te ry  (L): [»art of the  su bendo the l ia l  f ibrinoid (arrow) is still  seen w i th  prolifer­
a t in g  cells sca t te red  along i ts  surface  (m arked  by  a r ro w  \^->-); a t  P  only a row o f  prol ife ra t ing  
cells is seen above  the  in te rn a l  elastic m em b ran e  (M). T he  vessel is su r ro u n d ed  by  pe r ivascu la r  
g ran u la t io n  (G). A orta  (AO) w ith  some su b en d o th e l ia l  fibrinoid (arrows) a n d  occasional  single 

muscle cell necrosis (N). PTA stain
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Evaluation

I t  appears th at the tw o  morphological com ponents of hypertensive v a s­
cular change, viz. subendothelia l plasma deposit and m uscle cell necrosis are 
decisive factors in the developm ent of atherosclerosis. W ith either com ponent, 
regeneration phenom ena are preceded by a dam age to the vascular w all [36] 
and th is is the point w here the nom enclatural d ispute has arisen in respect 
of th e  characterization o f th e  vascular fibrinoid. Certain authors have a ttr ib ­
u ted  th e  primary role to  m uscle cell necrosis [29, 37] w hile others to the pen e­
tration  of plasma into the vascular wall [30, 32— 34, 38—40, 52]. Our own  
experience suggests th a t b o th  factors are of equal im portance in the d evelop ­
m ent o f a typical vascular fibrinoid.

In this context, th e  question  arises w hether in hypertension the lipids 
p lay  a role in the d evelopm ent of lesions in th e  sm all vessels. The foregoing  
considerations im ply th a t th e  primary vascular dam age consists of various 
degrees of fibrinoid necrosis. W hen exam ining hypertensive vascular changes 
for th e  occurrence and localization  of lipids, we found th at in the early phase  
sudanophilic material was present exclusively in the necrotic sm ooth muscle 
cells; the subendothelial fibrinoid in contrast to  the opinion of other authors 
[51] showed no affin ity  to  lipid stains [27]. In th e  subendothelial lesion, lipids 
were dem onstrable ex c lu sive ly  in macrophages appearing in a later phase  
and finally  after h yalin ization . The same was su ggested  by exam inations for 
nonspecific esterase w hich , too , occurred in the above localization [16]. Thus, 
the lipids apparently p lay  no primary role in th e  developm ent of the v a s ­
cular hyaline change.

A certain term inological confusion has arisen from the equivocal defin i­
tion  o f the terms “ fibrin” and “ hyaline” . The fibrinoid  necrosis of the vessel 
w all stains red and black, whereas vascular hyalinosis stains blue and yellow , 
w ith Azan and PTA, respectively . But an unequivocal definition is actually  
not as sim ple as th at, because of the stain ing properties the vascular wrall 
depends m ainly on the tim e of exam ination.

The acute vascular change shows the sta in ing  characteristics of fibrin, 
w hereas the advanced lesion  those of hyaline. B e l l  [41 ] postulated a correla­
tion  betw een the severity  o f hypertension and vascular hyalinization. This is 
apparently  influenced by th e  extent of plasm a penetration  and m uscle cell 
necrosis. S mith [42] su ggested  that hyaline sclerosis was related to essential 
m alignant hypertension.

In this context the appearance of fibrin points to  the degree of sever­
ity  rather than to a specific  vascular change. This accounts for the fact th a t  
along th is line even h istochem istry  has failed to  disclose new details, as the  
results depend m ainly on th e  phase of change in w hich the exam ination is 
undertaken.
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As indicated by the present findings, rapidly developing hypertension  
produced acute vascular changes. In slow ly progressing hypertension, chronic 
changes of the hyaline typ e prevailed. The same was found on reducing blood 
pressure w ith hypotensive drugs, in response to which sm all vessel lesions of 
the benign hypertension typ e developed [44].

In the case of slow ly progressing hypertension, the vascular wall adapts 
itse lf to a certain extent to the raised blood pressure in that the m uscle cells 
hypertrophize [45] and subsequently proliferate. This appears on ly  natural 
when it is considered that m uscle cell necrosis may be followed b y  regenera­
tion and the developm ent of a new m ultilam ellar elastic fibre and muscle 
cell layer.

Intim ai proliferation subsequent upon single muscle cell necrosis has 
recently been observed under the traditional atherogenic d iets [47, 48]. 
It is now generally accepted th at the intim ai proliferation consists o f sm ooth  
m uscle cells [1, 2, 21, 28, 47, 50] which undergo a secondary transform ation  
to foam  cells, as observed by us [26] in experim ental hypertension o f the rat.

E xam ination of primary vascular lesions associated with various patho­
logical conditions has revealed a close m orphological sim ilarity of the vascular 
fibrinoid regardless of the typ e of the disease. Vascular fibrinoid o f  exactly  
the typ e described here was found in collagénoses, renal diseases, tuberculous 
m eningitis, polyarteritis, lupus erythem atodes, scleroderma and th e  Schwartz- 
man phenom enon. As to the vascular changes in part of these conditions, we 
m ay sta te  that, in addition to fibrinoid necrosis, proliferation and hvalini- 
zation appeared in due course, in analogy with the hypertensive vascular 
lesions [13].

In a review on induced hypertensive vascular changes D u s t i n  J r . [46] 
w rites: “ . . . the suggestion th at arteriolar hyalinosis may be th e  equivalent 
of atherom a formation in the large arteries m ay be useful for further research.'

It m ay be concluded from the evidence presented that the acute vascular 
fibrinoid change which has a subendothelial and medial com p on en t plays 
a decisive role in the further fate of the vascular wall. The result is either a 
hyaline of a cellular proliferative atherom a and we hope to have succeeded  
in disclosing the process o f their evolution . Apparently, the sclerotic transfor­
m ation of the vessel wall takes a similar course not only in hypertension , but 
also in other conditions associated with acute vascular dam age.
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H Y P E R T E N S I V E  V E R Ä N D E R U N G E N  IN K L E I N E N  U N D  G R O SS E N  A R T E R I E N  
ALS E I N  F A K T O R  D E R  A T H E R O S K L E R O S E

H. JE L Ű N E K

Verfasser beschäft ig t  sich m it  der Frage der P a th o g en e se  der  zur H y per ton ie  h in z u t r e ­
ten d e n  Atherosklerose .  E r  stell t  fest, daß  die a k u te n  G e fäß v e rä n d eru n g e n  bei der H y p e r to n ie  
die E in le i tung  der  chron ischen  a therosk lero t ischen  E r sc h e in u n g en  darstellen. Die Schwere  
der a k u te n  Schäd igung  w irk t  a u f  das E n ts teh en  a k u te r  G ew ebsveränderungen ,  die Gewebs- 
s t r u k tu r  der  G efäßw and  en tsch e id e t  dagegen welche E rsch e in u n g sfo rm  der f ib r ino iden  N e­
krose z u s tan d e k o m m t.  Diese füh ren  gemeinsam als E rg eb n is  d e r  Zellproliferation zur  M yoleas to- 
fibrose als a r te r iosk lero t isches A equiva len t  in den k le inen  Gefäßen. Aus dem subendo the l ia lem  
F ibr ino id  en ts te h en  hyaliniise, L ipoid en tha l tende  a th e ro sk le ro t isch e  morphologische V e rä n d e ­
rungen. Die Lipoide besi tzen  keine B edeu tung  bei d e r  E n t s te h u n g  der  V eränderungen  in  den 
kleinen Gefäßen, sie sind n u r  se k u n d ä r  nachzuweisen. Die L a m in a  elastica en th a l te n d en  g roßen  
Gefäße a n tw o r te n  gleich a u f  die hyperton ische  S ch äd ig u n g  m it  Prolifera tion der G e fäß w an d  
u n d  fü h ren  zu der  gleichen In t im apro li fe ra t ion  und  zu d e n  gleichen a the rom a tösen  E r s c h e in u n ­
gen, w'ie andere  zur  A therosklerose  führenden  aet io logischen F ak to ren .

Г И П Е Р Т О Н И Ч Е С К И Е  И З М Е Н Е Н И Я  В К Р У П Н Ы Х  И М Е Л К И Х  А Р Т Е Р И Я Х ,  
К А К  Ф А К Т О Р  А Т Е Р О С К Л Е Р О З А

Г. Е Л Л И Н Е К

Автором был изучен патогенез атеросклероза, присоединяющейся к гипертонии. Он 
констатирует, что острые гипертонические изменения сосудов являются началом хрони­
ческих атеросклеротических явлений. Степень тяжести острого поражения влияет на 
развитие острых тканевых изменений, а гистологическая структура сосудистой стенки 
является решающим фактором возникновения той или иной формы проявления фибрино­
идного некроза. Эти факторы в результате пролиферации клеток вызывают совместно 
мио-эласто-фиброз в мелких сосудах в качестве атероклеротического эквивалента. Из 
субэндотелиального фибриноида развиваются гиалиновые, содержащие липоиды изме­
нения с атеросклеротической морфологией. В развитии изменений мелких сосудов липо­
иды не играют роли, их можно выявить только вторично. Крупные сосуды, обладающие 
эластической пластинкой, реагируют на гипертоническое поражение по аналогии мелких 
сосудов пролиферацией сосудистой стенки, и они показывают такую же пролиферацию 
интимы и подобные атероматозные явления, как под влиянием прочих этиологических 
факторов, приводящих к атеросклерозу.

Dr. Harry J e l l i n e k ,  B udapest IX ., Ü l l ő i  út 93, H ungary

7 Arin Morphologien Academine Scienliarum Hungaricae 19, 1971





Acta Morphologic a Acad. Sei.  Hung. 19 (2 ) ,  pp .  203— 213. 1971

In s t i tu te  of E x p e r im en ta l  Medicine,  H ungar ian  A c ad e m y  o f  Sciences (Director: Dr.  E .  S t a r k ) and 
I n s t i tu t e  of  Pa thological  A n a to m y ,  Po s tg ra d u a te  Medical School,* (Director: Dr. T. K a d a r)

B u d ap es t ,  H u n g a r y
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(Received Decem ber 15, 1970)

O edem a was induced  in the  h ind lim b  of r a t s ,  e ither by t r e a tm e n t  wi t h  d e x t r a n  
or by perfusion. T he  ly m p h  capillaries becam e  d i la ted  and took a c y lin d r ica l  shape  
below th e  pap il la ry  layer  and  the subcutis .  T h e  connective- tissue  lamellae d is in te g ra te d ,  
p a r t  of the  connective- tissue  fibres d e tach ed  from  the  endothelial  cells of t h e  l y m p h a ­
tics, while the  rem a in in g  ones lost their  connec tion  with  the swollen c o n n e c t iv e  t issue 
of the cutis  an d  aponeurosis .  Many of the  in tra ce l lu la r  junc t ions  of th e  l y m p h a t ic s  
were open. P os tcap il la ry  lym pha t ics  of t h e  h in d lim b s  were d i la ted ,  the  popliteal  
lym p h -n o d es  swollen, and  lym ph flow was e n h a n c e d  from the lum bar  l y m p h a t ic  t ru n k .  
T he  di la ted  ly m p h a t ic s  failed to collapse e i th e r  in response to h y a lu ro n id ase  in jec ted  
in to  the  oedem ato u s  skin or after  th e  in h ib i t io n  o f  pinoc.ytosis.

The  resu lts  h ave  shown, in ag ree m e n t  w i th  d a ta  obtained by o th e rs ,  t h a t  the 
ly m p h a t ic s  are pulled a p a r t  by the connec tive  t issue  fibres a t tach ed  to th e  e n d o th e l iu m  
dur ing  the  in it ial  ph ase  of oedema fo rm at ion .  As oedema progresses,  d i l a t a t io n  of 
the ly m p h a t ic s  is m a in ta in ed  by the  increased  passage  of oedema flu id  t h r o u g h  the 
open in te rce l lu la r  ju n c t io n s  of the ly m p h a t ic s  in to  th e  lumen, i.e. ly m p h  flow is a u g ­
m ented .  E n h an c ed  ly m p h  flow is im peded  m ech an ic a l ly  by the regional l y m p h  nodes, 
the  result of  which  is a re trograde  d i la ta t io n  o f  the  postcapillary ly m p h a t ic s  a n d  larg­
er lym ph  vessels of the  extrem ity .

The lym phatic endothelium  is connected to the surrounding tissu es by  
fibres ( P u l l i n g e r , F l o r e y , 1935) and fine filam ents (L e a k , B u r k e , 1966, 
1968, 1970; Ca s l e y - S mi th , 1967a). It is generally believed that w hen  the 
connective tissue is distended by oedem a flu id , these anchoring fibres and 
filam ents tighten  and the lym phatic vessel w alls are pulled apart ( P u l l i n g e r , 
F l o r e y , 1935; Ca s l e y - S mith , 1967a).

In earlier studies we found that in dextran-induced oedema th e  collagen  
fibres decreased in number, became detached from  the lym phatics and som e 
of them  disintegrated; collagen fibres were rarely seen attached to th e  lym ­
phatics (V i ra g h , P a p p , T örő, R u s z n y á k , 1966). We assumed th at the lym ­
phatics were dilated by the increased lym ph content entering the lum en, 
partly due to increased pinocytosis and partly through opened intercellular  
junctions by increased interstitial pressure ( G u y t o n , 1965).

In a subsequent work, Ca s l e y - S mith (1967a) reported that local hyalu- 
ronidase detached tin* connective fibres and filam ents from the vessel wall, 
and so the increased connective-tissue tension failed  to pull apart the lym p h atic  
endothelium ; hence the lym phatics collapsed.
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The finding that tin* lymph nodes resist to lymph flow ( P a p p , Ма к а н а , 
H a j t m a n , 1971) has given ns new im petus to  carry out further stu d ies. At 
the sam e tim e, we have attem pted  to verify  our hypothesis concerning the  
im portance of p inocytosis. We have therefore investigated w hether th e  lum ina  
of the lym phatics are collapsed if p inocytosis is inhibited or on local trea tm en t  
with hyaluronidase; further, w hether the resistance of the popliteal lym ph  
node to flow prom otes retrograde d ilatation  of the lym phatics in th e  skin  of 
the oedem atous limb.

Material and m ethods

Male a lb ino  ra ts  of the  C F E  s tra in  weighing 250 — 300 g were used in the  e x p e r im e n ts .
F o r  func tiona l  studies (i) in ta c t  an im als  were  anaesthet ized  in t r a p e r i to n e a l ly  w ith  

p e n to b a rb i ta l  (4 mg/100 g) and ly m p h  w as collected f rom  the  thoracic  duc t  (B o l l m a n , Ca in , 
G h in d l a y . 1948) or  the  lu m b ar  ly m p h a t ic  t r u n k .  T h e  a r te r ia l  blood pressure  was m e a su re d  
in th e  abdom ina l  a o r ta .  Sta tis t ica l  analyses were pe rform ed with the S t u d e n t ’s t  test.  
An im als  with d ex tran - in d u ced  oedema were a n aes th e t ized  and lym ph was co llec ted  from 
th em  as from the  in ta c t  animals .

F o r  m orphological purposes, oedem a w as in d u ced  w ith  d e x tran  (V irágii  e t  al. 1966; 
Ca s l e y -Smith  1967a) and  in one group  of an im als  th e  popliteal  Jymph nodes were  rem o v ed  
from th e  h ind lim b ,  or from the  s tu m p  of t h e  hindii  m b  a m p u ta te d  im m edia te ly  before  d e x t r a n  
in jec tion . In  a n o th e r  group the  animals were given e i the r  150 IU of hya lu ro n id ase  (H y aso n ,  
O rganon)  in 0.05 m l of physiological saline, or 0.05 m l of saline, or homologous se ru m ,  o r  0.1 ml 
of p a ra f f in  oil, a lw ays in tracu tan eo u s ly  a n d  in te rd ig it  ally. Some ra ts  were in jec ted  in t r a v e n o u s ly  
wi t h o uaba in ,  200 //g/100 g bw. (ii). In  a second g ro u p  of ra ts  anaes thet ized  in t r a p e r i to n e a l ly  
w ith  sodium  p e n to b a rb i ta l ,  the  abdom ina l  p o r t io n  of t h e  ao r ta  and the inferior  v e n a  c a v a  were 
div ided. T he  pe r ipheral  s tum ps  were can n u la te d ,  a n d  the  lower par t  of the  b o d y  w as perfused  
th ro u g h  the  a o r ta  b y  a H a rv a rd  per is ta l t ic  p u m p ,  a t  a r a te  of 3 to 4 ml/m in  for 60 to  120 min; 
the  T -ex tens ion  of the  cannula  allowed c o n t in u o u s  m ea su re m e n t  of the  perfus ion  p re ssu re  by a 
m e rc u ry  m an o m ete r .

The  pe rfus ion  fluids employed were  as follows.
(a) a m ix tu re  of equal am o u n ts  of can ine  blood serum  and physiological sa l ine;
(b) a m ix tu re  of equal am o u n ts  of can ine  blood serum  and 0.02 M  K C N ;
(c) a m ix tu r e  of equal am o u n ts  of can ine  b lood serum and 0.01 M  d in i t ro p h en o l .
H y a lu ro n id a se  was used to dissolve th e  f i la m en ts  a t tach ed  to the  l y m p h a t ic  e n d o th e ­

lium (Ca s l e y -Sm ith  1967a), ouabain  to in h ib i t  N a  ! К  dependent  A T Pase  ( R i d d e r s t a p  
a n d  Ro n t in g , 1969), and  KCN (D eT erra  a n d  R u s t a d , 1959; Gordon  a n d  K i n g , 1960; 
Ca s l e y -Sm it h , 1964, 1965. 1969) and  d in i t ro p h en o l  (Sch u m a k e r , 1958) to  in h ib i t  p in o cy ­
tosis in the  l y m p h a t ic  endothelium.

Specim ens for morphological e x a m in a t io n  were  ob tained  from the  dorsal ,  in som e an i­
mals f rom  the  p la n ta r  skin of the  paw, 5 a n d  30 m in  a f te r  th e  in tracu tan eo u s  in jec t io n s ,  30 and  
60 m in  af te r  th e  in t rav en o u s  in jection, a n d  b e tw een  the  30th and 120th m in  of perfus ion .

To p re p a re  a d eq u a te  specimens for e lec tron  microscopic studies, in m o s t  of  t h e  an im als  
the  h in d lim b  was perfused w ith  P la sm odex  (B iogal  L td . ,  Debrecen) th ro u g h  the  a b d o m in a l

Fig. 1. N orm al r a t  paw skin f ixed by perfusion. $ a p p ro x im a te  w id th  of snbcu t is .  A: a r te r ie s .
f: irregular ly m p h  cap i l la ry  in aponeurosis .  X 50 

Fig. 2. Paw skin, d ex tran - in d u ced  oedema. \ : w idened  subcutis .  L: round  d i la ted  ly m p h a t ic s .
In  the aponeurosis ,  two d i la ted  p os tcap i l la ry  ly m p h a t ic s  (PL) and  a r t e r y  (A). X 50 

Fig. 3. Connective  tissue fibres su rro u n d in g  d i la ted  ly m p h a t ic s  near border  of  cu t is .  X 300 
Fig. 4. Por t ion  of popliteal lym ph node, d e x tr a n - in d u c e d  oedema. Dilated in te r m e d ia r y  sinuses 
(IS);  obvious tens ion  of re ticu lar  fibres in d i la ted  cortical  sinus (MS). P a ra f f in  e m b ed d in g ,

t r ich rom e s ta in ing ,  X 120
Fig. 5. T he  two postcap i l la ry  ly m p h a t ic s  in t h e  aponeurosis  in Fig. 2 are seen to  u n i te  deeper 
down. L y m p h a t ic s  su rrounded  by connec tive  t issue,  fibres and cells. The  e x te n t  of ly m p h a t ic  

d i la ta t io n  c an  be ju d g ed  from the  blood capil la ries  seen in the left top  corner .  X 100 
Fig. 6. T an g e n t ia l  section of the  ly m p h a t ic  in Fig. 5. Most connective t issue f ib res  a re  disin­

teg ra ted  a ro u n d  th e  lym pha t ic
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a o r ta , th e n  fixed  by g lu ta ra ld eh y d e  a t  b o d y  te m p e ra tu re , th e  pH  being a d ju s te d  by  a p h o sp h a te  
b u ffe r  to  be tw een  7.2 and  7.4. In  som e of th e  an im als , tissue specim ens w ere ta k e n  w ith  u tm o s t 
care  from  th e  sk in  of th e  in ta c t  an d  o ed em ato u s h in d lim b , then  fix ed  in g lu ta ra ld e h y d e  a t 
ro o m  te m p e ra tu re , by th e  im m ersion  m eth o d . A fte r fix a tio n , tin* h in d lim b  skin  specim ens 
w ere p re p a re d  for e lectron  m icroscopic  in v es tig a tio n , by  a m eth o d  d escribed  p rev io u s ly  (V i­
rago  et al., 1966). T ype JE M  6C a n d  SEM I II  e lectron  m icroscopes w ere used .

T he tissu e  sam ples fixed  a n d  p re p are d  fo r e lectron  m icroscopy w ere ex am in ed  also 
u n d e r  th e  light m icroscope. T he specim ens w ere em bedded  in an  o rien ted  fa sh io n , to  ob ta in  
a cross-sec tional p lane p e rp en d icu la r to  th e  ep iderm is, th u s  allow ing e x a m in a tio n  of th e  cutis, 
su b c u tis  a n d  aponeurosis in to to . Sec tions l to  2 // th ic k  w ere p rep ared  an d  s ta in e d  w ith  tolui- 
d ine  blue, e ith e r a f te r  rem oval of th e  em b ed d in g  su b stan ce  or in som e in s tan c es  leav ing  it 
in ta c t.  T h e  pop litea l ly m p h  nodes w ere fix ed  in 4 %  form alin , th en  em b e d d ed  in  p a ra ffin : 
th e  4 to  6 // sections were s ta in ed  b y  th e  trich ro m e m ethod .

Results

Normal skin is know n to d isp lay collapsed lym ph capillaries irregular 
in shape. In dextran-induced oedem a the texture of som e skin layers was 
loosened in various degrees. In  a strip of about 500 f i  w idth, th e  lym phatics  
in the subepiderm al connective tissu e were irregular in shape and show ed no 
dilatation . Oedem atous loosening of the connective tissue began beneath  the 
sebaceous glands and the hair follicles, where the tissue lam ellae had separated, 
the collagenous fibres disintegrated and, in the direction of the cu tis, the lym pha­
tics grew wider (Fig. 2). L ym phatic d ilatation  was less pronounced in skin  
fixed  by immersion than in skin fixed  by perfusion. The am ount o f oedema  
flu id  was greatest in the subcutis; the distance betw een the cutis and the 
aponeurosis was about five tim es the normal (Figs 1 and 2). A th in  wreath  
o f connective-tissue fibres surrounded the lym phatics (Fig. 3), but th ese fibres 
were not attached to the cutis and the aponeurosis, in which the nerves and 
the blood vessels were surrounded by connective tissue fibres. In the aponeuro­
sis, lym ph capillaries w ith variable lum ina, and postcapillary lym ph vessels 
surrounded by sm ooth-m uscle cells varying in number ( P f l e g e r , 1964) 
were observed. The connective tissue fibres around them  had no attachem ent 
to the connective tissue of either the tendon sheaths or the cutis (F igs 2, 5, 6).

Electron m icroscopy showed even more conspicuously that the number 
of connective-tissue fibres adhering to the surface of the lym ph capillaries 
was less than normal (Fig. 12). In  the oedem a fluid disorganized filam ents ol

Fig. 7. O ed em ato u s paw  skin  tre a te d  w ith  h y a lu ro n id ase . L ,: m o d era te ly  d ila te d  irreg u la r 
ly m p h a tic  n ea r th e  epiderm is. U n d e r it d iso rg an ized  connective  tissue  w ith  con sid erab ly  

d is ten d ed  ly m p h a tic  (I>). B V : blood vessel. X ISO 
Fig. 8. T u rn in g  th e  block a t 90° ang le  still rev ea led  L ,, as m o dera te ly  d ila ted  a n d  irreg u la r  
in sh ap e  as in Fig. 7. BV: b lood vessel. E : ep iderm is. sub ep ith e lia l n a rro w  ly m p h a tic .

L: d ila ted  ly m p h a tic . X ISO
Fig. 9. O edem atous paw  skin  tre a te d  w ith  h y a lu ro n id ase . D ilated ly m p h a tic  in th e  ap o n eu ro sis  

is o v erla in  w ith  collagen fib res . X 280
Fig. 10. O edem atous paw  skin tre a te d  w ith  sa line  induced  considerab le  d ila ta tio n  of th e  v a lv u la r 

ly m p h a tic  below  the  cu tis . N ear th e  v a lv es th e  ly m p h  sta in ed  a deep  d a rk . X 190 
F ig. 11. N orm al paw  skin  a f te r  in tra d e rm a l p a ra ffin  oil in jec tion . T he oil s e p a ra te d  th e  co lla ­

gen bund les in th e  c u tis  and  d ila ted  th e  ly m p h a tic s  (*) X 190
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70— 100 A thickness were observed. Several of the interendothelial junctions  
o f the dilated lym phatics were open.

As seen under the light m icroscope, hyaluronidase in jected  into the 
oedem atous skin caused no collapse of the lym ph capillaries in either of the 
skin layers. It did not reduce lym phatic d ilatation  in the cutis and th e  subcutis, 
but increased it at the site o f injection (Figs 7, 8, 9). Nor did electron m icros­
copy reveal a higher degree of detachm ent of connective tissue fibres from  
lym phatics under the action of hyaluronidase than under th at o f  oedem a  
(F igs 13, 14). W hether injected into normal or oedem atous skin, b oth  p hysio log­
ical saline and hom ologous serum induced a considerable d ilatation  at the  
site  of injection (Fig. 10). Intracutaneous or subcutaneous paraffin oil caused  
the connective-tissue plates to separate, entered the gaps betw een th em , and 
not infrequently forced its w ay into the capillary lum ina, dilating them  (F ig . 11).

Inhibition of p inocytosis with KCN, ouabain or dinitrophenol induced  
no lym phatic collapse. In the capillary endothelium  pinocytotic vesicles were 
seen in large num bers (Fig. 15). Blocking w ith KCN or din itrophenol the  
function  of the endothelial cells and the perivascular sm ooth-m uscle cells in 
the blood and lym ph capillaries resulted in substantia l dilatation .

Table 1

Lym ph f lo w  fro m  the lumbar lym phatic trunk  in intact anaesthetized 

rats and in  anaesthetized rats with dextran-induced oedema

No. of Lymph flow, mg/120’
Groups rats mean ^  S.E.

In ta c t 7 81.4 ±  14.7

D ex tran -induced  oedem a 7 164.7 ±  8.61’

b p  <  0 .0 1

In dextran-induced oedem a dilated lym ph vessels were seen in th e  hilus 
o f the popliteal lym ph nodes. Around the nodes, gross oedem a w as v isib le. 
The cortical and m edullary sinuses of the lym ph noedes were dilated  (F ig. 4). 
D extran  produced no sinusal dilatation in the popliteal lym ph node in the  
stum p of the hindleg ablated  im m ediately before dextran.

F ig . 12. E lectro n  m icrograph  of a p o rtio n  of a ly m p h  c ap illa ry  in  the  su b cu tis  o f o e d em a to u s  
paw  sk in . T he connective  tissu e  is d is ru p te d . C ollagenous (C) and  e lastic  fib res a s  w ell as fine 
co n n ec tiv e  tissue f ilam en ts  (F ) d iso rg an ized  and  d e ta ch e d  from  th e  lu m in a l su rfa ce  o f  th e

en d o th e liu m  (|—| =  1 ju)
F ig. 13. E lec tro n  m ic ro g rap h  of a p o rtio n  of a ly m p h a tic  in  th e  suh cu tis  of o e d e m a to u s  paw  

sk in  tre a te d  w ith  h y a lu ro n id ase . S tru c tu re  as in Fig. 12. (I—I =  1 //)
Fig. 14. E lec tro n  m icrograph  of a p o rtio n  of a ly m p h a tic  in th e  cu tis  of o ed em ato u s  paw  skin .

f: d e lica te  fila m en ts  in  the  in te rs tic e  (|—1 =  1 //)
F ig. 15. E lec tro n  m ic ro g rap h  of a ta n g e n tia l section  of a ly m p h a tic  cap illa ry  in  o e d em a to u s  

paw  skin  a f te r  o u abain . An en d o th e lia l cell full o f p in o cy to tic  vesicles (|—1 =  1 //)
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Table II

L ym p h  f lo u  from  the thoracic duct in intact anaesthetized rats, and in  anaesthetized 

rats w ith de xtr an-induced oedema

Groups No. of Lymph flow, ^I/min Arterial blood pressure.
rats mean ±  S.E. mmHg, mean d- S.E.

I n ta c t 19 14 ±  1.2 107.1 ±  3.78
D extran -induced  oedem a 20 9.8 ±  0 .8b 79.5 ±  2.09a

a p <  0.001 
b p <  0.01

During dextran oedem a, lym ph flow  from  th e lumbar lym phatic trunk  
increased significantly (Table I) while flow  from  the thoracic duct showed  
a sign ificant decrease (T able II) due to a sign ificant fall in blood pressure.

Discussion

The present results appear to suggest th a t d ilatation  of the lym phatics  
during oedem a is not produced by an increased ten sion  of the connective tissue  
fibres.

Our findings are inconsistent with those o f  Ca s l e y -Smith (1967a) as 
in th e  present study hyaluronidase did not cause a collapse of the dilated ly m ­
phatics in the oedem atous skin . Were they  to collapse in the sense of Ca s l e y - 
S m it h  (1967a) and of other authors (Le a k  and B u r k e , 1966, 1968; B u r k e  
and L e a k , 1970) hyaluronidase ought to reso lve the connective-tissue fibres 
still adhering to the lym p h atic  endothelium  in oedem a. Of this there was, 
how ever, no sign either in the material o f Ca s l e y -S mith (1967a) or in ours. 
A disturbing elem ent is th a t Ca s l e y -Smith (1967a) dem onstrated dilated lym ph  
vessels w ithout stating in w hich skin layer he found  them ; whether in retained  
con n ective tissue, w here th e y  are not d istended , or in disorganized tissue, 
where th ey  are.

As in the present w ork neither the in h ib ition  of pinocytosis w ith  KCN  
or dinitrophenol, nor the inhibition of N a ;— К  -dependent A TPase w ith  
ouabain , has made th e  lym phatics to collapse, w e have to revise our former 
suggestion  that in in cip ien t oedema d ilatation  o f the lym phatics is caused  
b y  th e  increased flu id  w hich  by way of p in ocytosis enters the lum ina.

Solutions enter the lym phatics while being injected  into the skin ( P u l - 
l i n g e r  and F l o r e y , 1935) and cause dilatation o f the lym ph vessels depending  
on transm ural pressure ( K a t z , 1969). Their en try  is facilited by the open junc­
tions (Ca s l e y -Sm it h , 1967b). Closed junctions open readily in response to 
m ovem ents, swelling o f tissu e , and flow of flu id  in to  the lym phatics (Ca s l e y -
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S m it h , 1967c); m oreover they  are opened, sim ilarly as blood vessels, b y  locally 
released v asoactive substance (Ma j n o , P a l a d e , G utta  and S c i i o e f f e l , 1961) 
liberated from the mast cells in dextran oedem a. Oedema also develops in 
and around the lym ph nodes.

Our present findings clearly show th a t in the early phase o f  oedem a the 
fibres attached to the lym phatics are capable of pulling apart their  w alls. This 
appears to substantiate the suggestion of P u l l in g e r  and F l o r e y  (1935) 
th at the collagenous libres attached to the endothelium  have a share in pro­
ducing lym phatic dilatation.

According to the present findings the connective tissue bundles undergo 
disintegration as oedem a progresses, fibres becom e detached from  th e endo­
thelium , and those th at rem ain attached lose their contact w ith  th e  stratum  
papillare of the cutis and with the connective tissue of the aponeurosis.

*
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Ü B E R  D IE  L Y M P H G E F Ä S S E  D E R  Ö D E M A T Ö S E N  H A U T

SZ. VIRÁGH, M. PAPP und I. RUSZNYÁK

D u rch  B ehandlung m it D e x tra n  oder m ittels P e rfu s io n  w u rd e  in  den h in te ren  G lied ­
m a ß e n  v o n  R a tte n  ein Ö dem  e rz e u g t. D ie L y m p h k ap illa ren  e rw e ite r te n  sich u n d  n ah m en  u n te r  
d em  S t r a tu m  papillare  u n d  d e r S u b c u tis  eine zylindrische G e s ta lt  an . Die B indegew ebslam ellen  
d is in te g r ie r te n ;  ein Teil de r b in d eg ew eb ig en  Fasern  lö s te  sich  v o n  den E n d o th e lze llen  de r 
L y m p h g e fä ß e , w ährend  de r R e s t d e r  F ase rn  seine V e rb in d u n g  m it dem  geschw ollenen B in d e ­
g ew eb e  d e r  H a u t und  de r A p o n e u ro se  verlo r. Viele der in te rz e llu lä re n  Ju n k tio n e n  de r L y m p h ­
g e fäß e  w a re n  offen. Die p o s tk a p il lä re n  L ym phgefäße de r h in te re n  E x tre m itä t  w aren  e rw e ite rt, 
d ie  p o p lite a le n  L y m p h k n o ten  o e d em a tö s  geschwollen, u n d  d e r  L y m p h s tro m  w ar vom  lu m b a len  
L y m p h s tra n g  erhöht. D ie e rw e ite r te n  L ym phgefäße k o lla b ie r te n  w eder n ach  In je k tio n  von  
H y a lu ro n id a se  in die ö d em a tö se  H a u t ,  noch nach H e m m u n g  d e r  P inozytose.

D ie  E rgebnisse  zeigen in  Ü b e re in s tim m u n g  m it D a te n  d e r  L ite ra tu r , daß  die L y m p h g e ­
fä ß e  d u rc h  die B indegew ebsfasern , d ie  am  E ndothel h a f te n , w äh ren d  der A n fangsphase  d e r 
Ö d e m b ild u n g  beiseite gezogen w e rd en . M it fo rtsch re iten d em  Ö dem  w ird die D ila ta tio n  de r 
L y m p h g e fä ß e  infolge der e rh ö h te n  P a ssag e  der ödem atösen  F lü ss ig k e it d u rch  die o ffenen in te r ­
z e llu lä ren  Ju n k tio n en  de r L y m p h g e fä ß e  in das L um en e rh a lte n ,  d. h. der L y m p h flu ß  is t 
v e rg rö ß e r t .  D er erhöh te  L y m p h flu ß  w ird  durch die re g io n a le n  L y m p h k n o ten  m ech an isch  
b e h in d e r t ,  w odurch  eine re tro g ra d e  D ila ta tio n  der p o s tk a p illä re n  u n d  größeren  L y m p h g e fäß e  
d e r E x tr e m itä t  a u f tr itt.

ЛИМФАТИЧЕСКИЕ СОСУДЫ В ОТЕЧНОЙ КОЖЕ
С. ВИРАГ, М. ПАПП и И. РУСНЬЯК

Введением декстрана или при помощи перфузии авторы вызывали отеки в задних 
конечностях крыс. Лимфатические капилляры стали расширенными и принимали под па­
пиллярным слоем и в подкожном слое цилиндрическую форму. Пластинки соединитель­
ной ткани показали дезинтеграцию, часть волокон соединительной ткани отделилась от 
эндотелиальных клеток лимфатических сосудов, тогда как остальные волокна потеряли 
связь с набухшей соединительной тканью кожи и апоневроза. Много внутриклеточных 
соединений лимфатических сосудов задних конечностей были расширенными, подколенные 
лимфатические узлы оказались увеличенными и ток лимфы осуществился из поясничного 
лимфатического сосудистого ствола. Расширенные лимфатические сосуды не спадались ни 
после введения гиалуронидазы в отечную кожу, ни вследствие торможения пиноцитоза.

Результаты экспериментов показали, что — в полном согласии с данными других 
исследователей, — в начальной фазе образования отека лимфатические сосуды разорва- 
ются волокнами соединительной ткани, связанными с эндотелием. По мере прогрессиро­
вания отека расширение лимфатических сосудов поддерживается повышенным током 
отечной жидкости через открытые внутриклеточные соединения лимфатических сосудов 
в просвет, то есть ток лимфы является повышенным. Ускоренный ток лимфы механически 
задерживается регионарными лимфатическими узлами, в результате чего наблюдается 
ретроградное расширение посткапиллярных лимфатических сосудов и более крупных 
лимфатических сосудов конечностей.

Dr. Szabolcs V irágh O rvostovábbképző In tézet, B udapest X III ., Szabolcs
u. 33 , Hungary

Dr. M iklós P app  |  M TA Kísérleti O rvostudom ányi K utató In tézet.
Dr. I s tv á n  R u s z ny á k  j B u d ap est V III., Szigony u. 43,  Hungary
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Section  of P a th o lo g y  (H ead : D r . J .  J uhá sz), P o s tg ra d u a te  M edical School, B u d ap es t

LIVER INJURY INDUCED BY ALPHA-NAPHTHYL- 
ISOTHIOCYANATE

M á r t a  B a l á z s

(R eceived  J a n u a ry  15, 1970)

L iver in ju ry  in duced  by  th e  ad m in istra tio n  of a lp h a -n ap h th y l-iso th io c y an a te  
has been in v es tig a te d  b y  e lec tro n  m icroscopic m eth o d s.

The a cu te  s tag e  was ch arac te rized  by a d am age to  th e  bile secreting  a p p a ra tu s .
In  th e  su b a c u te  s tage  severe, progressive a lte ra tio n s  of th e  liver cell organelles, 

as well as a fa sc icu la r p ro life ra tio n  of d u c tu la r cells poor in  organelles were in  th e  fo re­
ground .

In  th e  chron ic  e x p erim en t th e  pathological changes o bserved  in th e  fine  s tru c tu re  
o f liver cells p rog ressed , b u t  th e  in ten se  d u c tu la r p ro life ra tio n , consp icuous in  th e  su b ­
a cu te  exp erim en t, regressed . T h is has been ascribed to  a h a b itu a tio n  to  th e  com pound 
adm in iste red  tw ice w eekly.

In a previous paper [3] an account was given o f the results of light 
m icroscopic studies concerning the liver injury induced by acute, subacute and 
chronic adm inistration of alpha-naphthyl-isoth iocyanate (in the following: 
A N IT ). In the acute experim ents the septal and interlobular bile ducts showed  
cholangiotoxic changes, reaching a peak at 3 to 4 days after the onset of ad­
m inistration. During subacute adm inistration cholestasis ceased, but a 
m arked cholangio-plastic effect wras noted. In the chronic experim ents the  
hepatotoxic effect was in the foreground, while the ductular proliferation  
dim inished, presum ably due to habituation to the com pound.

The effect o f A N IT  was first reported by L o p e z  and M a z z a n t i  [12]. 
Since then , it has been w idely studied by biochem ical [18 — 21], histochem ical 
[4, 6, 11, 25], im m unological [31], light microscopic [3, 5, 7, 17, 30], as well as 
electron m icroscopic [22, 24, 26 — 29, 31] m ethods. The results obtained are 
som ew hat conflicting and the m ode of action is still unclear. W e have therefore 
studied by electron m icroscopy the liver injury elicited  by the acute, subacute 
and chronic adm inistration of A N IT .

M a te r ia l  a n d  m e thods

W h ite  ra ts  o f e ith e r sex , w eighing 160 to  200 g, were used . T h e  an im als w ere fed a co m ­
pressed , h ig h -p ro te in  fo d d e r su p p lem en ted  w ith  v itam ins an d  m inerals . W ate r w as allow ed ad  
lib itu m . A N IT  was d issolved in  sunflow er oil and  adm in iste red  th ro u g h  a  gastric  tu b e .

In  th e  acu te  e x p erim en t, 20 an im als  received a single 100 m g/kg  bo d y  w eigh t dose of 
A N IT , th e n  2 an im als w ere sacrificed  daily  over 10 days. In  th e  su b a c u te  ex p erim en t, 16 ra ts
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w ere  in v o lved . T hey w ere g iven  100 m g/kg  body  w eigh t of A N IT  tw ice  w eek ly  a n d  du ring  th e  
e x p e r im e n t lasting  1 to  8 w eeks tw o  an im als  w ere killed  every  week. In  th e  ch ro n ic  ex p erim en t, 
10 an im a ls  were tre a te d  in  th e  sam e w ay  over five  m on ths. T he 4 co n tro ls  rece iv ed  a t  th e  same 
p o in ts  o f tim e sunflow er oil th ro u g h  a gastric  tu b e . T he an im als w ere k illed  b y  ex san g u in a tio n .

F o r  electron m icroscopic stu d ies , sm all liv e r tissu e  specim ens w ere f ix ed  according to 
P a i a d e  in  buffered 2%  0 S 0 4 so lu tio n , a t  + 4 °C  fo r one hour. T his w as follow ed b y  d eh y d ra tio n  
in  a n  ascending alcohol series a n d  em b edd ing  in  A ra ld ite . U ltra th in  sec tions w ere c u t  w ith  a 
P o r te r  B lum  u ltram ic ro to m e. F o r  co n tra s tin g , u ra n y l a c e ta te  and  lead  c itra te  w ere used. The 
e le c tro n  m icrogram s w ere ta k e n  w ith  a SEM  3 — 1 e lectron  m icroscope.

Results

Group I. Acute experiment

After a single dose o f  A N IT , the biliary canaliculi becam e dilated gradu­
a lly  in 24 to 48 hours, reaching a peak on the 3rd or 4th  day (F ig . 2). A t that 
p o in t of time all the canaliculi were m arkedly dilated. Most o f the microvilli 
h ad  disappeared, the canalicular cell surface was sm ooth. In the v ic in ity  of the 
d ila ted  canaliculi, d iverticles representing canalicular bulgings were visible (Fig.
1). T he cementing structures of the canaliculi were well preserved.

In individual liver cells, sequestration of cytoplasm ic portions (Fig. 3) 
or autophagous vacuoles could  be seen (Fig. 4). Otherwise the nuclei of cells, 
th e  fine structure o f cytoplasm ic organelles and the vascular surface of the 
c e lls  were intact.

On the 5th or 6th d ay , the canalicular dilatation tended  to decrease, the 
n orm al structure was restored at 7 to 10 days.

Group I I .  Subacute experiment

In addition to the canalicular changes observed in the acute experim ent 
profound alterations were dem onstrated in the cytoplasm ic organelles of liver 
cells.

Changes of the endoplasmic reticulum and ribosomes

The com m onest and m ost conspicuous change was an excessive dilatation  
o f  th e  endoplasmic reticulum , visib le in the m ajority o f liver cells. There 
parallel arrangement o f the rough-surfaced endoplasm ic reticulum  practically  
ceased , cystic d ilatation  w as apparent w ith  a degranulation o f the surface at 
m an y  sites. In the hyaloplasm  the free ribosome granules were usually in 
rosette-like arrangem ent, appearing as polyribosom es (F ig. 5). The sm ooth­
surfaced endoplasmic reticulum  formed sm all vesicles appearing in groups at 
th e  border of the pericanalicular zone or in other areas o f the cytoplasm  (Figs 
5 and 6).
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Fig. 1. E lec tro n  m icroscopic ap p earan ce  of th e  liver o f an  an im a l killed 48 hours a f te r  a  sim ple  
dose of AN IT. B etw een  tw o liver cells, d ila ted  b ilia ry  can a licu li (Ec), w ith  p a r tia lly  d e s tro y ed  
m icrovilli an d  d iv ertic les  extending; in to  th e  a d ja c e n t  c y to p la sm  (I)i). The o rg an elle s o f th e  

p e rican a licu la r  cy top lasm ic p a r ts  a re  reg u la r . X 35,000
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F ig . 2. E le c tro n  m icroscopic a p p ea ran c e  of th e  liv e r o f a n  an im al killed 4 days a f te r  a sim ple 
dose  o f A N IT . E xcessive  d i la ta tio n  of b ilia ry  can a licu li (E c). T he s tru c tu res  jo in in g  th e  cells

to g e th e r  are well p reserv ed . X 35,000
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Fig. 3. E lectro n  m icroscopic  ap p ea ran ce  of th e  liver o f an  an im a l killed  48 hours a f te r  a single 
dose of A N IT . B iliary  cap illa ries in th e  in te rspace  b e tw een  th re e  liver cells (Ec). T he lu m in a  are  
d ila ted , th e re  a re  d iv e rticu la  (I)i) in  the v ic in ity . In  th e  a rea s  m ark ed  by  arrow s th e  re g u la r  
cy top lasm ic  organelles a re  ab sen t. In  th e ir  place p a r tly  fin e ly  g ran u la ted , p a r tly  co arse  
strong ly  eosinophilic  s tru c tu re s  have  accum ula ted . A t sites th e  m arked  areas a re  d is tin c t 
from  the  a d ja c e n t cy to p la sm ic  p a r ts . Beside the  se q u e s tra tio n  of th e  m arked  area  th e  fine  

s tru c tu re  o f th e  cy top lasm  is p reserv ed . X 35,000
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F ig . 4. E le c tro n  m icroscopic ap p ea ran ce  of th e  liv e r  o f an  an im al killed  48 h o u rs  a f te r  a  single 
dose  of A N IT . On th e  left, p a r t  o f  a  liver cell nuc leus (N ), on th e  rig h t an  e x ten siv e  au to p h ag o u s 
v a c u o le  (A v) su rro u n d ed  by  a single m em b ran e . I n  th e  areas a d jacen t to  th e  au to p h ag o u s 

vacu o le  th e  organelles o f th e  liver cell show  a  w ell-preserved s tru c tu re . X 35,000
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F ig. 5. E le c tro n  m icroscopic ap p earan ce  of liv e r tissue from  an  an im al killed a f te r  4-w eek 
A N IT  tre a tm e n t.  P a r t  of th e  nucleus (N) of a liv e r cell is visible, w ith  norm al s tru c tu re . In  th e  
cy to p la sm  th e  endoplasm ic re ticu lu m  has decreased  in am o u n t, the ro u g h -su rfaced  e n d o ­
plasm ic re ticu lu m  is p resen t in vesicu lar form . T h e  surface  is d eg ran u la ted  a t  m an y  sites , th e  
ribosom al g ran u le s  a p p ea r sca tte red  or in ro se tte -lik e  g roups (p r) free in th e  h y a lo p la sm . In  
som e a reas a group-w ise  accu m u la tio n  of sm o o th -su rfaced  vesicles (ves) is seen. T h e  m ito c h o n ­

d ria  v a ry  in size, th e ir  c ris ta  sy s tem  is disorganized. X 35,000
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F ig . 6. E lectron  m icroscop ic  app earan ce  of liv e r tis su e  fro m  an  an im al killed  a f te r  5 -m o n th  
A N IT  tre a tm e n t. B e tw een  th e  ad jacen t p a r ts  of liv e r cells th e  la te ra l cell m em b ran e  is con­
sp icuously  to rtu o u s  in  course . T h e  arrow  poin ts a t  a glove finger-like  bulge of th e  cell m em brane . 
In  th e  u p p e r p a r t,  th e  m ito ch o n d ria  v a ry  in  sh ap e  a n d  th e  c ris tae  are f rag m en ted  (m). T he 
ro u g h  m em branes o f th e  endoplasm ic  re ticu lum  a re  v e s icu la r  (E R ), deg ran u la ted  a t  m an y  sites. 

T his p h en o m en o n  is p a rticu la rly  consp icuous in  th e  b o tto m  area . X 35,000
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Changes o f  mitochondria

The m itochondria becam e varied in shape, size and density . The crista  
system  was fragm ented (Figs 5 and 6). The m itochondrial a lterations were 
the m ost severe in those cells in which the dilatation and degranulation o f the  
rough endoplasm ic reticulum  were most m arked.

Other changes

The Golgi zones were extensive, w ith a marked increase in the num ber of 
lysosom es in their v icin ity . The cell nuclei were apparently in tact. N o patholog­
ical changes worth m entioning were dem onstrated at the vascular pole o f the 
cells.

Group I I I .  Chronic experiment

The changes of the cytoplasm ic organelles of liver cells were even  more 
m arked than in Group II (Fig. 7). In som e cells the m itochondria perished, 
necrobiosis had begun and large vacuoles w ith  m ammillary projections devel­
oped [26] (F ig. 7).

There were two conspicuous differences from the changes n o ted  in the 
subacute period.

Regeneration and hypertrophy o f biliary canaliculi

A number of biliary canaliculi show ed a longitudinal increase, the  
canalicular cell surface was covered by closely  packed m icrovilli, often elongated  
like the fingers o f a glove (Fig. 8). In addition , there were d ilated  canaliculi 
w ith  a reduced number o f m icrovilli.

Changes in the Golgi region

Many Golgi lam ellae were m arkedly d ilated , the cisterns show ing saccular 
distension contained round granules of m edium  electron density  (F igs 9a and 
9b). The Golgi apparatus retained its characteristic peribiliary localisation , 
hut was often unusually extended. In its neighborhood “ peribiliary corpuscles” 
o f variable size and electron density were v isib le (Figs 9a and 9b).

Other changes

The nuclei o f cells were normal in structure throughout. B inuclear cells 
often occurred. In tin' D isse space an increase of collagen fibrils w as noted, 
otherwise the vascular pole o f liver cells was intact.
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F ig . 7. E lec tro n  m icroscopic a p p ea ran c e  of the  liv e r fro m  an a n im a l killed a fte r  5 -m o n th  
A N IT  tre a tm e n t.  P a r t  of th e  n u c leu s  (N) and the  c y to p la sm  of a liv e r cell is shown. T he m ito ­
c h o n d ria  ex h ib it severe a lte ra tio n s . M ost of them  are  sw ollen , th e  c ris ta  system  is e x ten siv e ly  
d e s tro y ed . On th e  r ig h t a large  v acu o le  is visible. In  th e  a rea s  m ark e d  by  arrow s th e  o rganelle- 
free  p a r ts  o f th e  a d ja ce n t c y to p la sm s  from  “ m am m illa ry  p ro jec tio n s”  (S te iner e t a l., 1963).

X 35,000
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F ig . 8. E le c tro n  m icroscopic ap p ea ran ce  of liver tissue  from  a r a t  killed a fte r 5 -m o n th  A N IT  
t re a tm e n t. N ote in  betw een  3 liver cells an  e longated  b ilia ry  canalicu lus (E c), th e  c an a licu la r 

surface  is covered  by  m an y  m icrov illi (M v). X 35,000
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F ig. 9a. E le c tro n  m icroscopic a p p ea ran c e  of liver tis su e  fro m  an  an im al killed a f te r  5 -m o n th  
A N IT  tre a tm e n t.  E longated  b ilia ry  canalicu lus (E c) w ith  m an y  m icrovilli. N ear th e  b ilia ry  
c a n a lic u lu s  in b o th  neighbouring  liv e r cells an  ex te n siv e  Golgi zone is v isib le , w ith  ro u n d  

d e p o s its  in  th e ir d ila ted  saccules. In  th e ir  v ic in ity , lysosom es (L y) are visible. X 35,000

F ig. 9b. E le c tro n  m icroscopic a p p ea ran c e  of liver tis su e  fro m  an  an im al killed a f te r  5 -m o n th  
A N IT  tre a tm e n t.  In  th e  v ic in ity  o f  a b ilia ry  cana licu lus (E c) th ere  is an ex ten siv e  Golgi zone 
(G ), w ith  ro u n d  deposits of m ed iu m  electron  density  in  th e  lu m en  of its  sacculi. Lysosom es (L y) 

betw een th e  Golgi zone and  th e  b ilia ry  canalicu lus. X 35,000
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Ductular proliferation

As described previously [3], in response to subacute A N IT  treatm en t, the 
trabecular, progressive proliferation o f ductular cells becam e predom inant, 
regressing in the course of chronic treatm ent.

Under the electron m icroscope, the ductular cells, arranged usually  in 
groups or bundles, were sharply d istinct from the adjacent liver cells. They  
were m ostly  oval in shape, had re latively  large, round, oval or irregularly 
shaped nuclei. The cytoplasm  contained few organelles and less and smaller 
m itochondria than did the liver cells. The characteristic features o f  the cytoplasm  
o f proliferating ductular cells were a scarce, poorly developed endoplasm ic  
reticulum , the few free ribosom e granules and the low electron d en sity  (F ig. 10). 
Som e single swollen m icrovilli occurred at some cellular junctions. M icrovilli 
were visib le on the liver cell surface bordering the proliferating ductular cells. 
A basem ent membrane was never observed around the proliferating ductular 
cells.

Some proliferating ductular cells were arranged in sm all groups and 
form ed structures similar to ductules, but th ey  never contained a lum en and no 
basem ent membrane developed around them  (Fig. 11). These cells were often  
irregular, processed, ram ifying several tim es. Autophagous vacuoles were 
( om m on in their cytoplasm  (Fig. 12).

Discussion

The hepatic changes induced b y  A N IT  treatm ent m ay be classified  into 
three m ain groups on the basis o f electron microscopic evidence.

1) Changes o f the bile secreting apparatus,
2) Changes of the liver cell organelles,
3) Ductular proliferation.

At 24 to 48 hours following a single dose of ANIT, the biliary canaliculi 
show ed changes similar to those induced by ligation of the biliary ducts [1, 2]. 
The dilatation  of canaliculi and the destruction  of microvilli reached a peak on 
the 3rd day, in agreem ent w ith the results o f light m icroscopic stud ies, in 
w hich the severest ductular destruction and the temporary rise in the serum  
bilirubin level were observed at the sam e point o f time [3]. The dam age to the  
canalicular membrane was attributed to  a direct toxic action o f A N IT  by 
S t e i n e r  et al. [26, 28], as well as S p y c h e r  and R ä ttner  [23, 24]. The func­
tional disturbance of the dam aged canalicular membrane has been proved by  
enzym e chem ical m ethods: in the affected  canalicular m em brane, A TPase [4], 
alkaline phosphatase and 5-nucleotidase [6] activ ity  decreased.
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F ig . 10. E lectron  m icroscopic a p p ea ran c e  of liver tis su e  fro m  a n  an im al killed a fte r  3-w eek 
A N IT  tre a tm e n t. T here  a re  d u c tu la r  cells (D SI, D S II)  in  th e  in te rsp a c e  separating  th re e  l iv e r  
cells (H I , H I I ,  H i l l ) .  T he d u c tu la r  cells m ay  be re a d ily  d is tin g u ish e d  from  th e  liv e r cells: 
th e ir  cy to p lasm  is lig h te r , th e y  c o n ta in  less organelles. T h e  n ucle i (N ) are re la tive ly  large , th e  
c y to p la sm ic  lining is n a rro w . T h e  nucleus of th e  d u c tu la r  cell on  th e  left (D S I) is ro u n d , 
on  th e  r ig h t (D S II) i t  is o v a l, slig h tly  irregu lar, a t  th e  ju n c tio n  of th e  two d u c tu la r  cells a 
few  m icrovilli (Mv) are v isib le . T h e  surface of th e  liv e r cells is co v ered  b y  m icrovilli in  th e  a rea s  

a d ja c e n t  to  th e  d u c tu la r  cells. X 21,000
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F ig . 11 . E le c tro n  m icroscopic ap p earan ce  o f liver tissu e  fro m  an  an im al killed a f te r  3-w eek 
A N IT  tre a tm e n t.  T h ree  d u c tu la r  cells (D S I, D S U , D S I1 I) w ith  th e  narrow  cy to p lasm ic  m arg in  
of n e ig h b o u rin g  liv e r cells. B etw een  th e  d u c tu la r  cells no  lu m en  is v isible and  a ro u n d  th e m  no 
b a se m e n t m em b ran e  has form ed. T he cy to p lasm  is p o o r in  organelles. T he u p p e r d u c tu la r  cell 

(D S I) co n ta in s a  large a u to p h ag o u s  v acu o le  (Av). X 21,000
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F ig . 12. E lec tro n  m icroscopic  ap p earan ce  of liver tis su e  fro m  an  an im al killed a f te r  4 -m o n th  
A N IT  tre a tm e n t. P a r ts  o f d u c tu la r  cells are visible. N o te  th e  processed shape of th e  cells, th e  
p re sen c e  in  th e  c y to p la sm  of m a n y  au tophagous v a cu o les  (A v), as well as th e  a cc u m u la tio n  in 
sm a ll g ro u p s of th e  sm all vesicles (vs) of sm o o th -su rfaced  endoplasm ic re ticu lu m . T h e  d u c tu la r  
e le m e n ts  a re  in d irec t c o n ta c t  w ith  th e  ad jacen t liv e r  cell. No b asem en t m em b ran e  h as  d ev el­

oped. X 21,000
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Seven to ten days after a single dose o f  A N IT  the fine structure o f  the  
canaliculi was com pletely restored. During subacute or chronic A N IT  trea t­
m ent, canalicular dilatation and destruction o f m icrovilli occurred foca lly , 
w hile in other areas there were excessively d istended  biliary canaliculi, often  
w ith elongated m icrovilli resem bling the fingers of a glove. According to  
S p y c h e r  and R ä t t n e r  [24] this phenom enon w ould be a sign of regeneration  
following destruction. In our m aterial, dilated biliary canaliculi w ith partia lly  
or totally  destroyed m icrovilli persisted throughout the experim ent, and there  
were regenerated canaliculi possessing num erous elongated m icrovilli. T hus, 
according to our observations canalicular destruction  and regeneration con ­
tinuously  varied during the experim ental period. In chronic experim ents. 
G o l d f a r b  et al. [9] found persistent hydrocholeresis after an initial cholestasis. 
Our results suggested that the extension of the biliary surface of liver cells and 
the increase of the secretory suiface by the num erous elongated m icrovilli 
would be the m orphological substrate of the enhanced secretory a c tiv ity .

During subacute treatm ent the electron m icroscopic findings sign ifican tly  
differed from those obtained by light m icroscopy. W hile the conventional 
histological m ethods showed intact liver cell structures [3], electron m icroscopy  
revealed profound alterations, first o f all in the ergastoplasin and the m ito ­
chondria. In the literature these are considered non-specific cellular reactions  
[24, 26].

In the chronic experim ent the marked changes in the Golgi zones were 
conspicuous. B y im m unological m ethods, Z l otnic k  et al. [31] proved th a t, like 
the cancerogenic agents, A N IT  in toxic doses produced alterations in the com ­
position o f  the liver cell proteins. As dem onstrated in the figures, the destroyed  
Golgi zones contained accum ulations o f foreign material in their elem ents  
exhibiting saccular distension. From this it has been concluded that in response  
to A N IT the bile underw ent changes so that the Golgi apparatus was unable to 
elim inate it, and the foreign product stayed in betw een the elem ents o f  the  
Golgi zone. The increased numbers of lysosom es in the vicin ity  of the Golgi 
apparatus m ight also serve the uptake of this pathological product.

In our light microscopic studies [3] treatm ent w ith AN IT for 3 to 4 w eeks  
resulted in an excessive vascular proliferation o f t he ductular cells, which proved  
to be reversible on continued adm inistration. E lectron  microscopy then revealed  
underdeveloped ductular cells poor in organelles, and these processed cells 
w ith m ultiple ram ifications were in loose contact w ith one another and their  
environm ent. There was no tendency to lum en form ation and no basem ent 
membrane developed around the cells. Their cytoplasm  exhibited an in tense  
autophagous a c tiv ity . In our opinion the anatom ical basis o f the reversib ility  
of the process was represented by the small num ber o f organelles in the ductu lar  
cells proliferating in response to A N IT and by the increased autophagous  
activ ity . A t variance w ith our findings, St e i n e r  and Ca r r u t h e r s  [27] found
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in  response to ANIT treatm en t a proliferation of well-developed cells rich in 
free ribosom es and organelles, similar to th e  ductular proliferation induced by  
a liga tio n  of the bile ducts. It is assum ed th a t the difference betw een  our 
resu lts and those published by other workers was due to the difference in the 
m ode o f AN IT adm inistration.
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E L E K T R O N E N M IK R O S K O P IS C H E  U N T E R S U C H U N G  D E S D U R C H  a -N A P H T H Y L - 
ISO T H IO C Y A N A T -(A N IT -)G A B E N  B E W IR K T E N  L E B E R S C H A D E N S

M. BALÁZS

Die u n te r  W irkung  von or-N ap h th y l-iso th io cy a n a t-G a b en  en ts teh en d en  ex p erim en te llen  
L eb e rv erän d eru n g en  w urden  e lek tro n en m ik ro sk o p isch  u n te rsu c h t.

D as a k u te  S tad iu m  ist du rch  die S chäd ig u n g  des G a llen sek re tio n sap p ara te s  g e k en n ­
zeichnet.

In  de r su b a k u ten  Phase  s teh en  schw ere p rogressive  V eränderungen  der L eb erze llen ­
o rganellen , fe rn e r  die s trangfö rm ige  P ro life ra tio n  d e r an  O rganellen  arm en Zellen d e r G a llen ­
gänge im  V o rd erg rund .

Im  ch ron ischen  V ersuch p rogred ieren  die in de r M ik ro s tru k tu r  der L eberze llen  w a h r­
n eh m b aren  pa th o lo g isch en  V erän derungen , w äh ren d  die im  su b a k u ten  V ersuch au g en fä llig e  
in ten siv e  P ro life ra tio n  der G allengänge sich z u rü ck e n tw ic k e lt. Diese le tz te  E rsc h e in u n g  w ird 
m it de r G ew öhnung  an  das M itte l e rk lä rt, die m it de r w ö ch en tlich  zw eim aligen V e rab re ich u n g  
Z u sam m en h än g en  d ü rfte .

ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ ИЗУЧЕНИЕ ПОРАЖЕНИЯ ПЕЧЕНИ,
ВЫЗВАННОГО ДАЧЕЙ АЛЬФА-НАФТИЛЬ-ИЗОТИОЦИАНАТА (АНИТ)

М. Б АЛ АЖ

Автор изучал при помощи электронного микроскопа экспериментальные изменения 
печени, возникающие после дачи альфа-нафтиль-изотиоцианата (АНИТ).

Острая фаза характеризуется поражением секреторного аппарата желчи.
В подострой фазе на переднем плане находятся тяжелые, прогрессирующие изме­

нения органелл печеночных клеток и фасцикулярное разрастание бедных органеллами 
клеток желчного протока.

В хроническом опыте прогрессируют патологические изменения, наблюдавшиеся 
в микроструктуре печеночных клеток, однако поразительное, интенсивное разрастание 
клеток желчных протоков, наблюдавшееся в подострой фазе, развивается обратно. Послед­
нее явление автор объясняет привыканием к препарату, что предположительно связано с 
тем, что АНИТ давали два раза в неделю.

Dr. Márta B a l á z s , O rvostovábbképzo Intézet, B udapest X III ., Szabolcs u . 33., 
H ungary
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ELECTRON MICROSCOPIC STUDIES ON THE 
SPECIFICITY OF THE PA-SILYER REACTION

0 .  C s u k a  and  J. S u g á r  

(R eceived J a n u a ry  19, 1971)

T he spec ific ity  o f th e  periodic acid-silver m e th e n am in e  reac tion  (P A -silver re ac ­
tion , i.e. S ch iff’s periodic  reac tio n  ad ap ted  for e lectron-m icroscopic  ex am in atio n s) h as 
been s tu d ied  in  tissues fro m  various organs (k id n ey , b re a s t, skin). A fter period ic  acid  
o x id a tio n  by th is  m eth o d  it  is possible to  d e m o n s tra te  th e  presence of g ly co p ro te in s 
and sia lom ucin , w hich  can  be seen on th e  cell su rfaces , in tb e  cy top lasm ic  o rganelles 
(lysosom es, sec re to ry  granu les) and in th e  b ase m e n t m em b ran es. D igestion w ith  try p s in  
w eakens th e  specific re ac tio n  in the  basem en t m em b ran e s  and  on th e  cell su rfaces, w hile 
d igestion  w ith  n e u ram in id ase  does no t have th is  e ffec t. T he non-specific reac tio n  a p p e a r ­
ing in  th e  cy to p lasm  an d  th e  nucleus w ith o u t p rev io u s  periodic acid o x id a tio n  can  be 
considerab ly  w eakened  by agen ts b locking th e  -S H  group , such as p -ch lorornercuric  
ben zo a te  or m ono iodoacetic  acid. A cety la tio n  a n d  th e  b locking of th e  a ldeh y d e  g ro u p  
ren d er th e  specific re ac tio n  n eg ative  and  a rre s t som e o f th e  non-specific reac tio n s.

Introduction

The electron m icroscopic dem onstration o f carbohydrates can he achieved  
by various h istochem ical procedures. The presence o f  acid m ucopolysaccharides 
can be dem onstrated by m eans of m etal colloids adsorptively  bound by the n ega­
tive  surface charge such as iron colloid [2, 5 ,6 , 8, 19, 28], colloidal thorium  [23] 
and ruthenium  red [12, 13, 26]. The periodic acid-silver m ethenam ine reaction  
(PA -silver reaction, i.e. Sch iff’s periodic reaction adapted for electron-m icro­
scopic exam inations [16, 18, 20, 21, 22, 24, 25]) m akes it possible to identify  
intracellular and extracellular glycoproteins and neutral m ucopolysaccharides. 
The boundary betw een epithelium  and connective tissue, which stains only  
slightly  w ith m etal colloids can clearly be show n w ith  the PA-silver reaction  
which reveals the presence o f glycoproteins at sites not amenable to light- 
m icroscopic inspection  (cell coat, certain cytop lasm ic organelles).

Periodic acid oxidation  causes the transform ation of 1,2 glycol and alpha  
am inohydroxy groups into aldehyde groups w hich reduce the silver from the  
argentohexam ethylene tetram ine solution. W ith ou t previous periodic acid 
oxidation the sections show non-specific deposits o f  silver in the nuclei, in the  
red blood cells, in the keratin, etc. In the present experim ents, the sp ecific ity  
of the PA -silver reaction has been studied.
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Material and m ethod

K id n e y  and skin of Swiss m ice , ep ithe lia l h y p e rp la s ia  an d  carcinom a in d u ced  in  th e  skin 
b y  2 0 -m eth y l-ch o lan th ren e , h u m a n  th y ro id  and  m a m m a ry  tissue  served as te s t  o b jec ts .

O ne cu .m m  pieces o f th e s e  tissues were f ix ed  in  a 2 .5%  so lu tion  of g lu ta ra ld e h y d e  
b u ffe re d  b y  0.14 M c aco d y la te  a t  4°C for 2 hours. T h e  sam ples were w ashed o v e rn ig h t w ith  
th is  b u ffe r  (pH  7.2), d e h y d ra te d , an d  th en  e m b ed d ed  in  D urcu p an  (ACM, F lu k a ) . Sections 
p re p a re d  by  m eans of an  L K B  u ltram ic ro to m e  w ere co llected  in  d istilled  w a te r , oxidized 
fo r 20 to  25 m in in  a 1%  so lu tio n  of periodic acid  a t  room  tem p e ra tu re , w ash ed  in  d istilled  
w a te r  th re e  tim es for 10 m in  a n d  th en  left in d is tilled  w a ter for 8 hrs. U n o x id ized  sections 
se rv e d  as contro ls. B o th  th e  o x id ized  and th e  u n o x id ized  sections were in c u b a te d  a t  60°C 
fo r 60 to  180 m in, depend ing  on  th e  ty p e  of tissue.

Composit ion o f  the incubation  f lu id  : 40 m l o f 3 %  hex am eth y len e  te tra m in e , 5 m l of 5%  
s ilv e r n i tr a te ,  5 m l of 2%  so d iu m  b o ra te , p H  =  9 [21 ]. A fte r  in cu b a tio n  th e  sections w ere  w ashed 
in  d is tilled  w a ter for 5 m in  a n d  th e n  rinsed  tw ice in  5 %  sodium  th io su lp h a te  fo r  15 m in. The 
se c tio n s  w ere tran sferred  fro m  one  so lu tion  to th e  o th e r  b y  m eans of a p la tin u m  lo o p , a n d  only 
a f te r  th is  tre a tm e n t w ere th e y  p laced  on grids.

Blocking reactions. B lo ck in g  of th e  -SH  g ro u p s w as achieved in  u l tr a th in  sec tions by 
m e a n s  of e ith e r 0.5 M m o n o io d o acetic  acid  or 10 m M  p-ch lorom ercuric  b en zo a te  (PC M B ), a t 
6 0 °C fo r 90 m in. The p H  w as a d ju s te d  to  9.0 using  so d iu m  hydroxide. B locking of th e  a ldehyde  
g ro u p  before  and a fte r period ic  ac id  o x idation  w as c a rried  ou t in u l tra th in  sections b y  tre a tm e n t 
w ith  a  2 %  solution of sod ium  b isu lp h ite  a t  25°C fo r 180 m in  or a t  60°C for 60 m in .

Acety lation  — kno w n  to  e s te rify  1,2 glycol a n d  1,2 am in o h y d ro x y  groups — w as carried  
o u t  on  th e  1 cu .m m  tissue  fra g m e n ts  fixed  in g lu ta ra ld e h y d e . T he sam ples w ere  th e n  trea te d  
w ith  a 1 : 3 m ix tu re  o f ace tic  a n h y d rid e  and p y rid in e  a t  60°C for 4 — 8 hrs [11].

E nzym atic  digestion. T h e  f ix ed  blocks of tis su e  were d igested using 0.1 m g /m l try p s in  
d isso lv ed  in  p h ospha te  b u ffe r  p H  7.6 a t  37°C fo r 4 — 16 hrs. D igestion a t  37°C w ith  sialidase 
(300 U / tn l  Vibrio cholerae) d isso lved  in pH  6.0 p h o sp h a te  buffer las ted  24 hrs.

R esults

Following periodic acid oxidation, reduced silver appeared in the form of 
20 to  30 Â electron-dense granules at the sites where glycoprotein was present, 
v iz . on the surface o f cells, in cytoplasm ic organelles (lysosom es, secretory  
gran u les, ribosomes) and in the basem ent membranes (Figs 1, 2). D eposits of 
silver  on the brush border o f the proxim al convoluted  tubules of the kidney, in 
th e  num erous infoldings o f  the cell m em branes facing the basem ent mem brane 
in th e  cells of the proxim al and distal convoluted  tubules, and also on the 
surface of the endothelial cells of the capillaries, indicated the presence of a 
coat rich in glycoproteins. The presence and growth of this coat w ere dem on­
stra ted  in numerous other test objects as w ell, e.g. in the induced hyperplasia  
and carcinoma of m ice, and in hum an m am m ary disease. D igestion  with  
tryp sin  diminished the sta in ing  reaction o f the cell coat, while d igestion  with  
sia lidase left it unchanged.

N o deposits o f silver were found on the cell surfaces after PA -silver  
reaction  preceded by acety lation . -SH  blocking agents had no effect on the  
in ten sity  of the surface-hound reaction: nor did specific reactions, i.e. those 
b ound  to cytoplasm ic structures (lysosom es, secretory granules, ribosom es), 
b ecom e weaker by -SH  blockage.

PA-silver reaction was positive in respect of the basem ent m em branes 
(basal laminae), and the collagenous and reticular fibres belonging to  them , as
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Fig. 1. PA -silver reac tio n  in a p ro x im al co n v o lu ted  tu b u le  of m ouse k idney. Specific sta in in g , 
as show n by  deposits o f e lectron -dense  silver in  th e  b ase m e n t m em brane  (BM ), th e  b ru sh  b o rd er 
(B B ), m em b ran e  in fo ld ings (In )  and  th e  cy to p la sm ic  organelles (arrow s) in d ica tes  th e  p resence 
of g ly co p ro te in s . The fine  g ra n u la r  d iffuse s ta in in g  o f th e  cy to p lasm  and  th e  s ta in in g  of th e  

nucleus a re  resu lts  o f aspecific  reac tio n s. 2 1 5 0 x 2 .5  
Fig. 2. PA -silver reac tion  in th e  basal p a r t  o f a  p ro x im a l co n v o lu ted  tu b u le . Specific  s ta in in g  

in  th e  b asem en t m em brane  (BM ), a n d  m em b ran e  info ld ings (In ). 2 3 0 0 x 3 .5  
Fig. 3. P A -silver reac tio n  a f te r  6 -hour d ig es tio n  w ith  try p s in . N ote decreased  s ta in in g  of th e  
b a se m e n t m em brane  (BM ) of th e  d is ta l c o n v o lu ted  tu b u le  as well as th a t  o f th e  in fo ld in g s of 

th e  m em brane  (arrow ), as co m p ared  to  F ig u res 1 and  2. 4 0 0 0 x 2 .5
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w ell as on the cell surface facing the basem ent m em branes. These three layers 
form  an 800 to 1000 Â thick elect ,ron-dense zone in which it is d ifficult to  
distingu ish  them ; on ly  in the thyroid gland do the collagenous fibres give a 
som ew h at stronger sta in ing reaction, and can therefore be distinguished from  
th e  basem ent m em brane. D igestion w ith  trypsin  reduces the staining o f the  
b asem en t m em branes, while treatm ent w ith  sialidase leaves it practically  
unchanged (Figs 3, 4 ). The staining of the basem ent membranes, and sim ilarly  
th a t o f  the glomerular membranes is partia lly  obliterated by acetylation  and 
treatm en t w ith sodium  bisulphite (Fig. 5). R esidual staining after such treat­
m ent is the same as th a t exhibited  by unoxid ized  control preparations.

Silver m ay be deposited w ithout periodic acid oxidation in the nuclei, 
and also in a non-structure-bound form in the cytoplasm  and in the collagenous 
fibres (F ig. 6). B lockage o f the -SH  group dim inished the diffuse cytoplasm ic  
reaction  quite considerably, and, to a lesser ex ten t, also the nuclear reaction, 
b u t it  has no effect on the staining of B ow m an’s capsule, the epithelium  and 
th e  basem ent m em branes of the glom eruli (F ig. 7). Treatm ent w ith  sodium  
bisu lp h ite  blots out the staining of the collagenous fibres.

D iscussion

There are num erous references in th e  literature indicating the presence 
of carbohydrates covering the surface o f cells [4, 5, 10, 17, 26]. E lectron- 
m icroscopic h istochem istry  shows this coat to be com posed of acid m uco­
polysaccharides [4, 5, 26] and glycoproteins [20, 21] and sialic acid — partially  
responsible for the negative charge of the cell surface — also gives the PA -silver  
reaction  [20, 27]. A fter neuram inidase (sialidase) d igestion, the in tensity  of the  
P A -silver reaction is unchanged, possibly because th is treatm ent m ay rem ove  
on ly  a term inal sialic acid m oiety of the polysaccharide chain. The various 
carbohydrate com ponents remaining on the cell surface continue to give a 
p o sitiv e  PA-silver reaction.

The lysosom es and ribosom es, and also the secretory gramtles o f the  
thyroid  and m am m ary cells give a p ositive  reaction . The lysosom es take the  
sta in  because the glycoproteins are decom posed by their own enzym es: g ly ­
cosidase [1, 14] and neuram inidase [7].

The PA-silver reaction in the ribosom es is not due to the aldehyde groups 
form ed from carbohydrates, but to those form ed from hydroxyam ino acids 
(serine, threonine, hydroxylysine).

E lectron-m icroscopic exam ination reveals several structures at the ju n c­
tion  o f  the epithelium  and the connective tissue, thus;

1) basem ent m em brane (basal lam ina) of m edium  electron density which  
is parallel to the basal cell surface;
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Fig. 4. 24-hour d igestion  w ith  n eu ram in id ase  does not affect the  s ta in in g  of th e  basem ent 
m em b ran e  (BM), th e  cell su rfaces (a rrow s) an d  th e  m em brane  in fo ld ings (In ) . 1 7 5 0 x 2 .5  

Fig. 5. PA -silver reac tion  follow ing a ce ty la tio n . T he site  of the  e x tin g u ish ed  specific  stain ing  
o f th e  g lom eru lar b asem en t m em b ran e  (BM ) is occupied  by  an  e lec tro n -lu cen t b a n d . 19 0 0 x 2 .5  
Fig.  6. N on-oxidized co n tro l section  a f te r  s ilv er-hexam ethy lene  te tram in e  t r e a tm e n t.  Aspecific 
s ta in in g  of nucleus an d  c y to p la sm ; th e  b asem en t m em b ran e  (BM ) did n o t  s ta in . 2 4 5 0 x 2 .5
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F ig .  7. PA -silver reac tion  in  r e n a l  g lom eru lus following -S H  b lockage. T he aspecific sta in in g  
o f th e  nuc leu s and c y to p la sm  h a s  decreased , while th e  sp ec ific  reac tio n  of th e  g lom eru lar 

basem ent m em b ran e  a n d  B o w m an ’s capsule is u n c h a n g e d  (arrow ). 1750 X 2.5

2) an electron-lucent layer  measuring 300 A  in  thickness which lies be­
tw een  th e  basement m em brane and the cell surface;

3) layer of reticular and  collagenous connective-tissue fibres which is in 
close contact and con stitu tes  a m orphologically com m on structure w ith the  
b asa l lam ina.

Biochem ical analysis [9, 15] and the P A -silver technique dem onstrate 
th e  presence of much g lycop rote in  at the boundary betw een epithelium  and 
con n ective  tissue. The fa c t th a t digestion w ith  tryp sin  reduces the silver- 
m ethenam ine staining o f th e  basem ent membranes ind icates that the m ajority  
o f carbohydrate is bound to  protein. Some authors [25] hold that only the  
collagenous fibre layer is sta in ed  by PA-silver and th a t this layer would re­
p resen t the basement m em brane visible under th e  ligh t microscope.

A ll of the above m en tion ed  three layers at the ju nction  o f epithelium  and 
co n n ectiv e  tissue and on th e  surface of the basal cells appeared to be PA -silver  
p o sitiv e  in our experim ents, and we suggest that th e  w hole of the electron-dense
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zone form ed by them  represents the b asem ent m em brane seen under the light 
m icroscope.

The existence o f non-specific reactions m akes the exam ination o f un­
oxidized preparations necessary. The reaction m ust not he regarded as specific 
unless it appears after periodic acid oxid ation  hut does not do so in the un­
oxidized control sections [21].

U sing various blocking procedures it was possible to clarify the causes of 
the non-specific staining observed w ithout periodic acid oxidation.

T reatm ent w ith  sodium  bisulphite blocks the free aldehyde groups o f the 
m ucopolysaccharides contained in the fibres and so obliterates the sta in ing of 
collagenous fibres [3]. The application o f -SH  blocking agents results in the 
blockage o f -SH  containing amino acids w hich weakens the diffuse non- 
specific stain ing of the cytoplasm . -SH blockage in the nucleus affects on ly  the  
free -SH  groups of the nascent proteins so th at non-specific stain ing o f the 
nucleus is sligh tly  decreased, while the binding o f silver by the basic proteins 
and the phosphates o f the nucleic acid continues unchanged. A cety lation  
arrests all specific reactions, i.e. those occurring on the cell surfaces, as well as 
in the basem ent m em branes, and also those shown by the cytoplasm ic organ­
elles. It is in this m anner that tin4 specific sta in ing  o f the cell surfaces, the cy to ­
plasmic granules, the colloids of the thyroid  and that of the basem ent m em ­
branes has been verified.
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D I E  A N W E N D U N G  D E R  P A -S IL B E R R E A K T IO N  F Ü R  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 E N

O. CSUKA und J. SUGÁR

D ie  S p ezifitä t der fü r E le k tro n en m ik ro sk o p ie  a d a p tie r te n  P A S -R eak tio n  (P erio d ic  
a c id -s ilv e r  m ethenam ine , P A -S ilb e rreak tio n ) w urde  in  versch iedenen  O rganen  u n te rs u c h t 
(N ie re n , M ilchdrüsen, S ch ild d rü sen , H a u t) . M it d ieser M ethode lassen  sich n ach  O x y d a tio n  
in  P e r jo d s ä u re  das G lykopro tein  u n d  das Sialom ucin  an  den  Z elloberflächen, in  den  Z y to ­
p la s m a g ra n u la  (Lysosome, S e k re tio n sg ran u la )  u n d  in  de r B asa lm em b ran  spezifisch  nach- 
w eisen . N a c h  T ry p sin v erd au u n g  w a r  die F ä rb u n g  de r B asa lm em b ran  u n d  der Z elloberfläche 
w en ig er in te n s iv , w ährend n a ch  S ia lid asev erd au u n g  k e ine  A bnahm e der F ä rb u n g s in te n s itä t  
b e o b a c h e t  w urde. Die im  Z y to p la sm a  u n d  in  den K ern en  ohne O x y d a tio n  in  P e rjo d sä u re  v o r­
k o m m e n d e  aspezifische R eak tio n  l ä ß t  sich du rch  A n w en d u n g  von  -SH -B lockern  (PCM B =  p- 
C h lo rm erk u rib en zo a t, M onojodessigsäure) in  hohem  M aße verm in d ern . D urch  A zety lieren  u n d  
B lo ck ie ren  de r A ldehyd-G ruppe w ird  die spezifische R e ak tio n  n eg ativ  u n d  ein Teil de r aspezifi- 
sc h e n  R e a k tio n  aufgehoben.

ПРИМЕНЕНИЕ РЕАКЦИИ С ПЕРЙОДКИСЛЫМ СЕРЕБРОМ (PAS)
ДЛЯ ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОГО ИССЛЕДОВАНИЯ

О. М УКА и я . Ш У ГА Р

Специфичность адаптированной к микроскопии реакции с PAS (Periodic acid-silver 
methenamine), реакция с перйодкислым серебром была изучена в различных органах 
(почки, молочные железы, щитовидные железы, кожа). При таком методе после окис­
ления четырехйодистой кислотой на клеточной поверхности, в зернышках цитоплазмы 
(в лизосомах, секреторных зернышках) и в базальной мембране можно специфически 
выявить гликопротеины и сиаломуцин. После переваривания трипсином базальная мем­
брана и клеточная поверхность окрашиваются менее интенсивно, в то время как после 
переваривания сиалидазой уменьшения окрашивания не наблюдается. В цитоплазме и в 
ядрах неспецифическую реакцию, наблюдаемую без окисления четырехйодистой кислотой, 
можно в существенной мере уменьшить применением — SH — блокаторов (ПХМБ 
р-хлормеркурибензоат, монойодуксусная кислота). После ацетилирования и блокирования 
альдегидной группы специфическая реакция становится отрицательной и одна часть 
неспецифической реакции прекращается.

O rsolya Cs u k a  |  O nkopathologiai K utató  In tézet, Budapest X II .,
Dr. J á n o s S ugár  í R áth  G yörgy u. 5.,  H ungary
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HISTOCHEMICAL AND BIOCHEM ICAL E X A M IN A T IO N  
OF /^-GLUCURONIDASE ACTIVITY IN THE L IV E R  A N D  

SERUM OF S E V E R E L Y  B U R N E D  RATS

A. B a s c h , I. Gy . F a z e k a s , В . R e n g e i  and L. Min d s z e n t i

(R eceived  N o v em b er 11, 1970)

A fte r causing  3rd degree b u rn  over 2 0 °o of th e  body surface of ra ts ,  th e  a c tiv ity  
o f /^-glucuronidase in th e ir liver and  serum  w as exam in ed  by histological a n d  b iochem ical 
m e th o d s a t s ta te d  in te rv a ls  over 72 hours. I t  is suggested  th a t th e  obse rv ed  c h an g es  in 
a c tiv ity  of th e  enzym e were due to th e  24 -h o u r s ta te  o f shock, associated  w ith  th e  b u rn , 
a n d  should  no t be regarded  as c h a ra c te ris tic  o f h e p a tic  in ju ry  due to  b u rn .

Severe burns o f the skin affect the entire organism. The liver has been 
observed to react by enlargem ent of its cells, fa tty  degeneration, turbid sw elling, 
loss o f  glycogen, hydropic degeneration and som etim es necrosis [2, 14, 21]. 
H istological exam ination of the liver after a burn revealed hydropic degenera­
tion in all cases. B accino  et al. [3, 4] observed an increased hydrolase a c tiv ity  
follow ing hydropic degeneration. It was show n by N ilius  [20] and P i n e d a  et 
al. [24, 25] that the activ ity  of ^-glucuronidase (one of the hydrolases) becam e  
more intensive in the serum in certain acute and chronic hepatopath ies. The 
present study was undertaken to establish  w hether the changes in h ep atic  and 
/9-glucuronidase activ ity  were indicative o f  hepatic injury due to burns.

Material and method

T h irty -fiv e  m ale  W is ta r  ra ts  of 150 to  200 g b o d y  w eigh t were d iv ided  in to  g ro u p s  of 
five an d  su p erfic ia lly  an aesth e tized  w ith  e th e r. A b o u t 2 0 %  of the  body surface (som e 50 sq.cm  
of th e  sk in ) was th e n  b u rn t (3rd degree), and  th e  a n im a ls  were d ecap ita ted  2, 6, 16, 24, 48 and 
72 hours la te r. T he serum  w as exam ined b io chem ically , th e  liver bo th  b iochem ically  a n d  histo- 
chem ica lly . T he excised  pieces of liver w ere frozen  w ith o u t delay  w ith carbon  d io x id e  snow 
accord ing  to  Sel igm a n  e t al. [27]; 12 // c ry o s ta t  sec tio n s were th en  in cu b a ted  fo r 4 %  h rs  a t 
37°C in a so lu tion  of 6 -b ro in o -2 -naph thy l 1) g lu cu ro n id e , p H  4.95. The p re p a ra tio n s  w ere s ta in ed  
w ith  fa s t  blue for 1 m in. A d ark  (P ru ssian ) b lue  or p u rp le  sta in ing  in d ica ted  th e  p resence  of 
/^-glucuronidase, w hile a red or p ink colour m e a n t th e  decrease  of its a c tiv ity .

Im m e d ia te ly  a f te r  d e cap ita tio n , from  th e  liv e r a 500 mg piece was excised , hom ogenized  
in a P o tte r -E lv e h je m  a p p a ra tu s  in the  presence of an  8 .5 %  ice cold sucrose so lu tio n  a n d  th en  
cen trifu g ed  (800 r .p .m .)  a t 0°C for 30 m in. T h e  s u p e rn a ta n t  w as divided in to  tw o  p a r ts . T o one 
half, T r ito n  X 100 in a d ilu tio n  of 0 .1%  a t a  ra tio  o f  1 : 10 w as added, to  ach iev e  m ax im u m  
so lu b ility  of th e  enzym e. A fter a n o th e r  c e n tr ifu g a tio n  a t 500 r.p .m . for 30 m in ., en zy m atic  
a c tiv ity  was e s tim a te d  p h o to m e trica lly  by  th e  m e th o d  of F ishman  et al. [15]. V alues for the  
m ate ria l trea te d  w ith  T rito n  X  100 in d ica te  to ta l  e n zy m a tic  ac tiv ity , those for th e  u n tre a te d  
su p e rn a ta n t  show th e  a c tiv ity  of free enzym e. T he sam e m et hod w as used for th e  d e te rm in a tio n  
o f en zy m atic  a c tiv ity  in th e  serum  in w hich on ly  th e  a c t iv ity  of free enzym e was m easu red . T he 
m e th o d  is based  on th e  fac t th a t  the  ^ -g lu cu ro n id ase  co n ta in ed  in the te s t m a te r ia l  releases
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ph en o lp h tlra le i« ' from  th e  su b s tra te  (p h en o lp h th a le in  -g lucuronide); i t  was th e n  e s tim a te d  
co lo rim etrica lly  in  10 m m  c u v e tte s  a t  540 nm . E n z y m a tic  a c t iv ity  is referred to  p ro te in : one 
u n it  m ean s 1 //g p h e n o lp h th a le in  p e r 1 g p ro te in , re leased  a f te r  th e  incubation  of 100 m l se ru m  
or 1 g tis su e  fo r an  h o u r  a t  37°C from  th e  0.0025 M s u b s tr a te  buffered  to pH  4.5 by  a c e ta te .

Fig. 1. R a t  liver. D e te rm in a tio n  of /5-glucuronidase b y  th e  m e th o d  of Seligman  e t al. a =  c o n ­
tro l; b = enzy m atic  a c t iv ity  2 h rs; c 6 h rs; d 16 h rs ;  e =  24 h rs ; /  =  48 h rs; g  =  72 h rs.

a fte r  th e  b u rn

Results

R esults of the h istochem ical exam inations are shown in Fig. 1. F ig. la  
presents the section  o f a control liver w ith a m edium  enzym atic activ ity . F igs 
lb  and lc  show strong activ ity  2 and 6 hrs after the burn. The pale blue and  
pink colour in Figs Id and le ,  representing cond itions 16 and 24 hrs after the

2 n 16г 2 4 n 4 8 h 72 "

liver serum Time elapsed after burning
Fig. 2. C o lum nar d iag ra m s in d ic a te  (9-glucuronidase a c tiv it ie s  in  th e  liver ( to ta l a c t iv ity , free  
a c tiv ity ) ;  th e  lin e a r d iag ra m  show s changes in  th e  a c t iv i ty  o f th e  sam e enzym e in  th e  se ru m
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Fig. 3. H ydrop ic  degen era tio n  in r a t  liver. C entra l vein. H aem a to x .-eo s in , X 400

burn, points to a decreased activ ity . It is increasing again at 48 and 72 hrs as 
shown in Figs I f  and lg .

The activ ity  o f /5-glucuronidase in liver and serum is shown in Fig. 2. 
Im m ediately  after the burn in the liver there was a m oderate rise of the activity; 
this elevation was follow ed by a decrease until the 16th hour, whereafter a renew­
ed m ild increase lasted  until the end of the experim ent (72 hrs). A ctiv ity  of the 
free enzym e rose to a peak at 6 hrs when it decreased and rem ained constant 
until the 72nd hour. Though som ew hat prolonged in tim e, enzym atic activ ity  
in the serum was sim ilar to that o f the free enzym e in the liver.

The haem atocrit showed a rising tendency until 6 hrs whereafter the 
observed values began to fall gradually and reached the initial level after 24 hrs.

Discussion

D u tto n  et al. [12] have shown that 5 5 %  of /5-glucuronidase is contained  
in the lysosom es, 2 5 %  in the microsome and 1 0 %  in the nucleus. According  
to the present findings, a ctiv ity  in the liver cells begins to increase 2 hrs after 
the burn, a phenom enon that can be seen histochem ieally  and follow ed quanti­
ta tiv e ly  biochem ically. In agreem ent with the data in literature, we have reach­
ed the conclusion that the observed increase was due to the lysosom al mem ­
branes having becom e perm eable to the dye [5, 7, 16, 19] ,  further by an actual 
increase in the am ount o f the enzym e [29]. The latter phenom enon is brought 
about by the cellular m echanism  which transform s the prelysosom es into 
hydrolase containing lysosom es [10, 18, 29, 30, 31].

Up to 16 hrs after the burn there is a moderate outflow  o f /5-glucuronidase 
from the liver cells, a phenom enon indicated by a reduction of the tota l enzym ­
atic activ ity . The subsequent increase until the 72nd hour is indicative of re­
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generation  [9]. The trend o f changes in free enzym atic a c tiv ity  was the same 
in th e  serum as in the liver w hich justifies the conclusion th a t, under certain  
con d ition s, a moderate am ount o f hydrolase m ay pass from in tact cells into  
th e  system ic  circulation.

The haem oconcentration indicated  a state o f shock lasting for 24 hrs; it 
w as reversible in the m ajority  o f our cases [1, 23, 28]. I t  seem s to follow from  
our observations that in s ta te  o f shock induced by burn, blood flow  is decel­
erated  and tissue hypoxia  develops [6, 13]. Thus, the perm eability  of cell mem ­
branes is increased; th is w ould  explain the changes in /3-glucuronidase activ ity  
ob served  in our 72-hour experim ents. The hydropic degeneration, found in the 
liver  o f  burnt animals, is a further sign of hypoxia [8, 11]. Therefore, we do not 
regard the changes in /З-glucuronidase activ ity  as characteristic of hepatic 
dam age caused by burns; the observed changes are only sequelae of the state  
o f sh ock . That this is so seem s to be confirmed by the fact th a t, for instance, 
shock  elicited by poisoning [26] or other factors [17] also induces changes in 
/З-glucuronidase activ ity .

R E F E R E N C E S

1. A k t u r s o n , G. (1961): P a th o p h y sio lo g ica l A spects o f th e  B u rn  Syndrom e. A c ta  chir. 
sc a n d . S up p l. 274, 109. — 2. A r t u r s o n , G., W a l l e n i u s ,  G. (1963): T he H ep a to c e llu la r  Origin 
o f C ircu la tin g  Enzym es. A c ta . ch ir. scand . 126, 34. — 3. B a c c i n o , F . M., R i t a , G. A., D i a n - 
z a n i , M. V. (1963): F u r th e r  E x p e rim e n ts  on  th e  A ction  of CCI, L ysosom es in  v itro . E nzym ologia  
29. 4. B a c c i n o , F. M. (1969): L y sosom al Inv o lv em en t in L iver Cell V acu o la tio n  b y  H ypox ia .
B r i t.  J .  exp. P a th . 150, 150. — 5. B e a i i f a y , H . .  D e  D i v e , C. (1959): E n zy m ic  R elease of 
B o u n d  H ydro lase . B iochem . J .  73, 604. — 6. B e r d j i s , C. C., V i c k . J .  A. (1968): E n d o to x in  and 
T ra u m a tic  Shock. J . A m er. m ed . Ass. 204, 191. — 7. B i t e n s k y , L., G a h a n ,  P . B. (1962): 
R e v e rs ib le  A c tiva tion  of th e  N o rm a l Cells. J .  B iochem . 84, 13P. — 8. B l a i r , O. M., S t e n g e r . 
R . J . .  H o p k i n s , R. W ., S i m e o n e , F. A. (1968): H ep a to ce llu la r U ltra s tru c tu re  in Dogs w ith  
H y p o v o le m ic  Shock. L ab . In v e s t.  18, 172. — 9. C a m b e l l , J .  G., L e w y ,  G. A. (1950): Cyto- 
c h e m ic a l L ocalization  of B e ta -g lu cu ro n id rse . N a tu re  (L ond). 166, 783. — 10. D e  D u v e , C., 
W a t t i a u x . R. (1966): F u n c tio n s  o f L ysosom es. Ann. R ev. P hysio l. 28, 435. -  11. D o b s o n , 
E . L .. W a r n e r . G. F .: Cit. in  M. A l l g ö v e r , J . S i e g r i s t : V erb ren n u n g en . Sp ringer. B erlin  — 
G ö ttin g e n  —H eidelberg , 1957. — 12. D u t t o n ,  G. J . ,  P r e s s m a n , B. C., G i a n e t t o , R ., W a t t i ­
a u x ,  R ., A p p e l m a n , F. (1955): T issu e  F ra c tio n a tio n  S tud ies. B iochem . J .  60, 604. — 13. E v a n s , 
E . I .  (1952): The E arly  M an ag em en t o f th e  Severely B u rn e d  P a tie n t .  Surg . G ynec. O bst. 94, 
273. — 14. F a z e k a s , I. G y . ,  B a s c h ,  A. (1969): K ísérletes égés o k o z ta  u l tra s tru c tu ra lis  e lvá lto ­
z á so k  p a tk á n y m á jb a n . M orf. és Ig azs. O rv . Szle. 9, 294. — 15. F i s h m a n , W . H ., S p r i n g e r , B., 
B r u n e t t i , R. (1948): A p p lica tio n  of an Im p ro v ed  G lucuron idase  A ssay  M ethod  to  th e  S tu d y  
o f H u m a n  Blood jS-G lucuronidase. J .  biol. Chem. 173, 449. — 16. G a h a n , P . В. (1965): R ev er­
sib le  A c tiv a tio n  of L ysosom es in  R a t  L iver. J .  H istochem . C ytochem . 13, 334. — 17. J a n o f f , 
A ., W e i s s m a n n , G., Z w e i f a c h , B. W ., T h o m a s , L. (1962): P a th o g en esis  o f E x p e rim en ta l 
S h o c k . J .  exp. Med. 116, 451. — 18. L a p i s , K. (1968): A ly so so m ák  szerepe és jelen tősége a 
p a th o ló g iá b a n . Orv. H e til. 109, 785. — 19. N e l s o n ,  D. (1966): H ep a tic  L ysosom e an d  Serum  
E n z y m e  A ltera tio n  in R a ts  E x p o se d  to  H ig h  A ltitu d e . A m er. J .  P h y s . 211, 651. — 20. N i l i u s , 
R . (1967): Die Serum  /З-G lu cu ro n id ase  bei L eb e re rk ran k u n g en . M ed. K lin . 62, 1082. — 21. 
N o r d e n , G., S t e r n b e r g , T. (1962): S tu d ies  of th e  L iver F u n c tio n  in  E x p e rim e n ta l B urns. 
A c ta  C hir. Scand. 123, 171. — 22. P e r i e n t e , R. (1966): Les lysosom es. Sém . H ôp. P aris  12, 
1072. — 23. P e t e r s , R. A. (1945): T h e  B iochem ical L esions in  T h erm al B u rn . B rit. m ed. Bull. 
3 , 81. — 24. P i n e d a , E . P ., G o l d b e r g , J .  A., B a n k s , B. M ., R u t e n b u r g , A. M. (1967): Serum  
/i-G lu cu ro n id ase  in  P a tie n ts  w ith  L iv e r D isease. Clin. R es. 7, 35. — 25. P i n e d a , E . P ., G o l d ­
b e r g , J .  A ., B a n k s , B. M., R u t e n b u r g , A. M. (1959): T he S ign ificance of Serum  /l-G lucuroni- 
d a se  A c tiv ity  in  P a tie n ts  w ith  L iv e r D isease. G astro en te ro lo g y  36, 202. — 26. R a t h , F. W .,

A cta  Morphologica Academiae Scienliarum  Hungaricae 19, 1971



(Î-G L U C U R O N I D A S E  A C T IV IT Y  IN  T H E  L I V E R 2 4 5

N í l u s , R. (1967): D as h istochem ische  u n d  b iochem ische V erhalten  de r /З-G lu cu ro n id ase  bei 
L eb erp aren ch y m sch äd ig u n g  de r R a tte  d u rch  eine einm alige T e trach lo rk o h len sto ffg ab e . Exp. 
P a th .  1, 195. — 27. S e l i g m a n ,  Л. M., T s o n , K. C., R u t e n b u r g , S .  H ., C o h e n , R .  ß .  (1954): 
H istochem ica l D em o n stra tio n  o f /?-D -G lucuronidase w ith  a S y n th e tic  S u b s tra te . J .  H istochem . 
C ytochem . 2, 209. — 28. S c h u m e r , W ., S p e r l i n g , R . (1968): Shock a n d  its  E ffec t on the  
Cell. J .  A m er. med. Ass. 20 5 , 75. 29. S h i b k o , S . .  P a n g b o r n ,  J . ,  T a p p e l ,  A. L. (1965):
S tu d ies  on th e  R elease o f L ysosom al E nzym es from  K idney  Lysosom es. J .  Cell B iol. 2 5 , 479. — 
30. T ö r ő , 1.  J R . :  Az o rv o stu d o m án y  ak tu á lis  p rob lém ái. M edicina, B u d a p e s t 1962. — 31. 
W o l f f , К ., S c h r e i n e r ,  E . (1970): E p id ém iá ié  Lysosom en. Arch. D erm . 1 0 1 , 276.

H IS T O C H E M IS C 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  B ETA - 
G L Y K U R O N ID A S E -A K T IV IT Ä T  VON L E B E R  U N D  B L U T SE R U M  D E R  S C H W E R E N  

B R E N N V E R L E T Z U N G  A U SG E SE T Z T E N  R A T T E N

A. BASCH, I. GY. FAZEKAS, В. RENGEI ши! L. MINDSZENTI

V erfasser h aben  die b e ta -G ly k u ro n id ase  E n z y m a k tiv itä t  von  L eber u n d  B lu tserum  
e iner 25% igen  B ren n v erle tzu n g  d r itte n  G rades au sg ese tz ten  R a tte n  in  v e rsch ied en en  Zeit­
p u n k te n  bis 72 S tu n d en  m it h istochem ischen  u n d  b iochem ischen M ethoden  u n te rsu c h t. Es 
k o n n te  b e h a u p te t w erden, d aß  in  dem  V erb ren n u n g ssy n d ro m  ein cca. 24 S tu n d e n  lan g  dauernder 
S ch o ck zu stan d  die U rsache  d e r Ä nderungen  in de r E n z y m a k tiv itä t  sei u n d  d a ru m  sei diese für 
die V erb ren n u n g  folgende L eb erschäd igung  n ich t ch arak te ris tisch .

ГИСТОХИМИЧЕСКОЕ И БИОХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ АКТИВНОСТИ 
З-ГЛЮКУРОНИДАЗЫ В ПЕЧЕНИ И СЫВОРОТКЕ КРОВИ КРЫС ПОСЛЕ

ТЯЖЕЛОГО ОЖОГА
А. БАШ, И. ФАЗЕКАШ, Б. РЕНГЕИ и Л. МИНДСЕНТИ

В течение 72 часов авторы в различные сроки определяли гистологическими и био­
химическими методами активность 3-глюкуронидазы в печени и в сыворотке крови крыс 
после 25%-ого ожога третьей степени. Было установлено, что при синдроме ожога из­
менение активности глюкуронидазы вызывается приблизительно 24-часовым состоянием 
шока, и что это не является характерным для поражения печени от ожога.

Dr. András B asch

Prof. Dr. I. Gyula F az e k a s  Szeged, Igazságügyi Orvostani In tézet, 
Dr. Béla R eng ei  H ungary
Dr. László Min d s z e n t i
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Patho log isches I n s t i tu t  (D irek to r: Prof. Dr. F. B o l c k ) ,  F riedrich-Schiller U n iv e rs itä t ,  Je n a

STRUKTUR EMRRYONALER ZELUPOPULATIONEN 
IN DER LERER UND PRIMÄRER MONOLAYER-

KULTUR
G. N e u p e r t

(E ingegangen am  5. J a n u a r ,  1971)

Die fu n k tio n e ll u n d  s tru k tu re ll v e rk n ü p fte n  E n d o th e l- und E p ith e lz e llen  der 
em b ry o n a len  tu b u lä re n  H üh n ch en leb er b ild en  n ach  p ro teo ly tisch er D isso z ia tio n  des 
G ewebes in p r im ä re r  M o n o lay er-K u ltu r zwei v o n e in a n d e r  g e tre n n t liegende P o p u la tio n e n  
m it eigener E n tw ick lu n g sten d en z . D as W ac h s tu m  d e r  beiden  P o p u la tio n en  in  e in e r sich 
fo rm ierenden  M ono layer is t neben physio log ischen  u n d  n u tr itiv en  F a k to re n  d es K u l tu r ­
m ilieus in e rs te r  L in ie von  der au sg esä ten  Z elld ich te  abhängig . D er h is to ch em isch e  
N achw eis von  G lykogen , P hosphory lase , U D P G T ase , G -6-Pase und  die E m p fin d lic h k e it  
gegenüber S au ersto ffm an g el in der P r im ä rk u ltu r  sind  K riterien  fü r d ie B e stim m u n g  
d e r Id e n ti tä t  e in e r ep ithe lia l gew achsenen P aren ch y m ze llp o p u la tio n  u n d  e in e r fib ro - 
b las ten - u n d  e p ith e läh n lich en  P o p u la tio n  au s  m esen ch y m alen  Zellen.

Die Beziehung zwischen den Zellen eines Gewebes und den P op u la tion en  
einer daraus hervorgegangenen M onolayer sind neben der on togen etisch en  
Differenzierung, dem N ährstoffangebot und der physiologischen M ikroum ge­
bung, in der die Zelle lokalisiert ist, w esentliche Faktoren bei der B eu rteilu n g  
der Struktur und Funktion von Zellen in v itro . Im allgemeinen finden  die 
unspezialisierten B egleitzellen in vitro günstigere Bedingungen bei der A d ap ta ­
tion und zur Proliferation als die organtypischen Epithelzellen, so daß eine 
Verschiebung der ursprünglich vorliegenden Zellpopulationen zugunsten  der 
B egleitzellen eintreten  kann. Voraussetzung zur B estim m ung der P o p u la tio n s­
struktur und -dynam ik ist die Abgrenzung und Identifikation der einzelnen  
Zelltypen vor und nach der Gewebsdisaggregation bis zur Form ation einer prim ­
är geschlossenen Zell-M onolayer. Die von KATSUTAet al. [8], S a n d s t r ö m  [21] 
und Z u c k e r m a n  et al. [34] an em bryonalen Leberkulturen unternom m enen V er­
suche, die Zelltypen allein nach ihrer M orphologie zu trennen, dürften au f Grund 
der Form variabilität isolierter Zellen für eine Populationsstudie kaum  aus­
reichen.

W ir versuchten, die Zellpopulationen in der Leber und der daraus her­
vorgegangenen M onolayer-K ultur nach vorausgegangener Identifikation  der 
Zelltypen aus sum m arischen Angaben über d ifferente Enzym m uster und der 
Em pfindlichkeit gegenüber Sauerstoff strukturell zu erfassen.
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Material und M ethoden

L eb e rs tü ck ch en  von H ü h n ch en em b ry o n en  11 —13 T ag e  in k u b ie rte r E ie r  w u rd e n  m it 
e in e r 0 ,1 5 % ig e n  T rypsin lösung  (D ifco  1 : 250) in Ca + +- u n d  M g+ + -freier p h o sp h a tg e p u ffe r te r  
S a lz lö su n g  in  E inzelzellen d isag g reg iert. D ie Zellen w u ch sen  als M onolayer a u f  D eck g läsch en  
( 2 4 x 2 6  m m ) in  P e trisch a len  u n d  M ik ro k am m ern  m it 0 ,4 %  L ac ta lb u m in h y d ro ly sa t (D ifco) in 
H a n k s -L ö su n g  sowie einem  Z u sa tz  von  0 ,01%  G lu tam in  u n d  10%  K älberserum . D ie H -Io n en - 
k o n z e n tr a t io n  des M edium s w u rd e  m it N a H C 0 3 au f p H  7,4 — 7,6 e ingestellt und  d u rc h  B egasung  
m it e in e m  L u f t /C 0 2-G em isch w ä h ren d  de r K u ltu rp e r io d e  k o n s ta n t  gehalten . In  P e tr isch a len  
v o n  70 m m  D urchm esser w urd en  in  10 ml M edium  bei versch ied en en  Y ersuchsserien  8 X 105 bis 
1 ,2 x 1 0 "  Z ellen suspendiert.

1. P hosp h o ry lase  n ach  T a k e u c h i  u n d  K u r i a k i  [29] m odifizert nach K orsg a ard  u n d  
W u l f f  [9].

2. U rid in d ip h o sp h a tg lu co se : G lykogen-4 -G lucosy ltransferase  (U D P G G T ase) n ach
T a k e u c h i  u n d  Gl e n n e r  [30] m o d ifizert du rch  Sa ss e  [25].

K o n tro llu n te rsu ch u n g e n  erfo lg ten  fü r jed e  M e th o d e  d u rch  In k u b a tio n  ohne  S u b s tra t .  
D a s  d u rc h  die G ram -R eak tio n  s ic h tb a r  gem ach te  G ly k o g en  w urde m it a- und  Д-A m ylase  n ach  
d e r  M e th o d e  von  T a k e u c h i  [31] v e rd a u t.

3. G lucose-6 -P hosphatase  (G -6-P ase) nach  W a c h s t e i n  u n d  Meis e l  [32].
D ie  Zellen w urden  m it e in e r 0 ,02% igen  E D T A -L ö su n g  vom  Glas abgelöst u n d  in  e iner 

F u c h s  -  R o se n th a l-K a in m e r g ezäh lt.

Ergebnisse

D  ie em bryonale H ühnchenleber unterscheidet sich durch ihren tubulären  
B au deutlich  von derjenigen erwachsener H ühner [7]. Sie besitzt das gleiche  
B auprinzip  wie die Leber der niederen W irbeltiere, z .B .M yxid en  [15]. In der 
G esam tstruktur stellt die em bryonale H ühnchenleber ein N etzw erk von  
anastom osierenden L eberzelltubuli mit dazw ischenliegenden lagunaartig er­
w e iter ten  Sinusoiden dar. 6 — 8 P arenchym zellen  bilden im Q uerschnitt die 
d ich t ineinandergesteckten kom m unizierenden Epithelschläuche, die m antel- 
förm ig von  Endothelzellen um geben werden (A bb. lb , c) [19]. Im Zentrum  des 
T u b u lu s verläuft das Lum en des G allenkanälchens [3, 19]. Das galleabführende  
S y stem  ist bei 11 1.3 Tage alten H ühnchen noch  undifferenziert und wenig
au sgeb ild et, so daß nur vereinzelt G allengänge m it dem typischen prism ati­
sch en  E p ith el angeschnitten werden. Die verhältn ism äßig kleine P opulation  von  
G allengangepithelzellen  wurde bei der w eiteren B etrachtung nicht berücksich­
t ig t , da diese wenigen Zellen nach der G ew ebsdisaggregation keine Chance 
h ab en , in Monolayer zu w achsen. D ie zu- und abführenden B lutgefäße werden  
v o n  einer aus 2 — 6 Zellagen bestehenden Bindegewebsscheide um geben  
(A b b . le ) .

B ei regelmäßiger A usbildung der T ubuli sind im Q uerschnitt 6 — 8 
Parenchym zellen  2 E ndothelen  zugeordnet. D ie kubischen Parenchym zellen  
sind durch eine basal absorbierende und apikal sezernierende Fläche im T ubu­
lus polar ausgerichtet. Durch das funktionelle Zusammenwirken von  L eber­
ep ith elze llen , die eine P opulation  bilden, und der Zellpopulation aus dem  
m esenchym alen  Apparat wird der gew ebliche A ufbau der Leber bestim m t. Da 
nach  anerkannter V orstellung die E ndothelzellen  und Fibrozyten im frühen
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Abb.  7. L eb e r eines 13 T age a lten  H ü h n ch en em b ry o s (C arnoy , P a ra ffin , H E -F ä rb u n g ) . a) Q u e r­
sc h n itt  d u rc h  einen L eb erlap p en  (Ü b e rsich t X 13): b) L eb e rtu b u lu s q u er, x  650; c) L eb e r­

tu b u lu s  längs, x 6 5 0 ;  (1) L eb e rp aren ch y m , x  120; e) B lu tgefäß  der L eber, X 210
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em bryonalen Stadium  gem einsam e Merkmale besitzen  und m orphologisch  
n ich t trennbar sind, haben wir bei 11 —13 Tage alten  H ühnchenem bryonen die 
b eiden  Zelltypen zu einer Population von  E ndothelzellen  zusam m engefaßt. 
D urch  Auszählen an Stufenschnitten  in verschiedenen Regionen versuchten  
w ir die prozentuale V erteilung der beiden bestim m enden Zellpopulationen  
zu erm itteln . 80 ^  3%  en tfa llen  auf Parenchym zellen  und 20 ^  3% wurden  
als Endothelzellen erm itte lt. Die Identifikation  der Z elltypen im Gewebe er­
fo lg te  hauptsächlich in H E  und nach v . G ieson gefärbten Paraffinschnitten. 
Parallel dazu wurden die Parenchym zellen von  den Sinusoid- und Binde- 
gew ebszellen durch den N achw eis von G -6-Pase, Phosphorylase, UDPGGTase 
und der Fähigkeit zur G lykogenspeicherung getrennt.

Unm ittelbar nach D issoziation  des L ebergew ebes setzen sich die einzelnen  
iso lierten  Zellen auf der Glasunterlage der K ulturgefäße fest und beginnen sich 
auszubreiten. Bei d ichter Zellaussaat von 3 x 1 0 °  Zellen/cm 2 (oder 1,2 X Ю7 
Z ellen/Petrischale) ist die Voraussetzung geschaffen , daß sich ein Teil der 
iso lierten  Zellen bei der Sedim entation und A usbreitung zu mehr oder weniger 
großen Arealen agglutin ieren. Der prozentual k leine A nteil von endothel- und 
fibroblastähnlichen Zellen breitet sich am R and oder in den Lücken der größe­
ren Areale aus. D ie M itoseaktiv ität der P arenchym zellen  von 2 — 4 Tage alten  
K ulturen  entspricht dem  in vivo-Verhältnis 9 — 13 Tage alter H ühnchen­
em bryonen [10]. D ie Verlaufsform  des m itotischen  W achstum s kann trotz 
kon stan ter Bedingungen um  0,2% variieren. B ei inhom ogener Verteilung der 
Z ellen  während der Sed im entation  stellen die dichter liegenden Areale M itose­
zentren  dar.

Die durch Z ellteilung sich vergrößernden K olonien von Parenchym zellen  
fusionieren durch m ehrzellige Zellstränge m iteinander, so daß nach 6 — 8 Tagen  
eine geschlossene M onolayer mit kleinen Lücken zusam m engeschlossener 
fibroblastähnlicher Zellen entsteht (Abb. 2b, d). Vom 5. bis 8. Tag sinkt die 
M itoserate bei den Parenchym zellen , bis die M itoseaktiv ität zum Stillstand  
kom m t. Die m itotische W achstum saktiv ität der m esoderm alen Zellen steigt um 
das 3fache des A usgangsw ertes (Abb. 3). D ie Lücken und R andpartien der 
Parenchym zell-M onolayer werden criss and cross m it fibroblastähnlichen Zellen 
überw achsen. N ach der beschriebenen M ethode und dichter Zellaussaat en t­
spricht das Z ahlenverhältn is der beiden P opulationen  bis zum 8. Tag dem in- 
vivo-V erhältnis.

Anders verhält es sich , wenn weniger als 5 X 104 Zellen/cm 2 (oder 2 x l 0 6 
Z ellen/Petrischale) au sgesät werden. Die einzeln  liegenden Zellen wandern, 
bevor sie ihren festen S tan d ort in der sich form ierenden M onolayer einnehm en, 
zu Nachharzellen der g leichen Population, wo sie kleine Zellinseln von 20 bis 
m axim al 100 Zellen b ilden . Selbst in den ersten  K ulturtagen wurden in der 
P arenchym zellpopulation  sehr selten M itosen beobachtet. Dagegen verm ehren  
sich  die endothel- und fibroblastenähnlichen Zellen rasch und bilden nach
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Abb. 2. H ühnchenleberzellen  in M onolayer-K u ltu r  (a. b und  c P h a se n k o n tra s t, d — M a y -G rü n w ald - 
G iem sa). a) K olonie von Parenchym zellen . 24 S td . in K u ltu r , X 300. b) Geschlossene M onolayer von P a re n ­
chym zellen  nach  6 T agen  in v itro  (d ich te  Z ellaussaat), X 320. c) E p ith e läh n lich e  Zellen zw ischen P a re n ­
chym zellen  bei w enig d ich te r  Z ellaussaa t nach  4 T agen K u ltu r , X 140. d) E ingeschlossene ep ith e l- und 

f ib ro b la s ten äh n lich e  Zellen in einer Parenchym zell-M ono layer n ach  8 T agen K u ltu r , X 90
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Tage
A bb .  3. G raphische D ars te llu n g  de r m ito tisch en  W a c h s tu m s a k tiv itä t  der E p ith e lz e ll-P o p u - 
la t io n  (ausgezogene L inie) u n d  de r P o p u la tio n  aus fib ro b la s ten äh n lich en  Z ellen (u n te rb ro c h e ­
ne L in ie ) e iner L eberzell M o n o lay er-K u ltu r n a c h  u n tersch ied lich er Z e lla u s sa a t;  oben: 
З х Ю 5 Z ellen /cm 2; u n ten : 5 x l 0 4 Zellen/cm 2. D ie d azu g eh ö rig en  M ikrophotos zeigen  n ach  8 
T ag e n  K u l tu r  die ^typische M o n o layer-O rgan isa tion . (M ethy lalkohol, M ay — G rü n w ald

G iem sa, oben x 2 5 0 , u n te n  x ! 5 0 )

w enigen  Tagen ein zusam m enhängendes R etiku lum , das die P arenchym zellin­
seln  einschließt (Abb. 3 unten). Durch den E in fluß  der zahlreichen M ilieufak­
toren  können die in v ivo  bereits determ inierten Fibrozyten und E ndothelzellen
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Abb. 4. Zellen aus e iner L eb erze llm ono layer (n u n d  b P h a se n k o n tra s t, c u n d  d PA S Me­
th y le n b lau ) . a)  P aren ch y m ze lle , x 9 6 0 : b) E p ith e läh n lich e  Zelle aus de r P o p u la tio n  der 
E n d o th e lze llen , x 9 6 0 ; c) P a ren ch y m ze llen  6 T age in K u ltu r , x 9 0 0 ; d )  F ib ro b la s te n ­

äh n liche  Zellen 6 T age in K u ltu r , x 9 0 0

im Rahm en ihrer Entw icklungspotenzen wie Fibroblasten, fibroblastenähn­
liche oder epithelähnliche Zellen nach der Term inologie von F e d o r o f f  [4] 
wachsen.

Die flachen, polygonal gewachsenen Parenchym zellen sind dadurch aus­
gezeichnet, daß der Zellinhalt neben dem runden Kern von einer großen 
Anzahl runder bis ovaler M itochondrien völlig  ausgefüllt ist (Abb. 4a). An der 
Zellperipherie liegen grobgranulierte bis schollige d iastasebeständige PAS- 
positive R eaktionsprodukte, die als G lykogen identifiziert wurden (A bb. 4c), 
und die in ihrer Form und Fage mit den Jodniederschlägen nach histochem i- 
scher Phosphorylase- und U D PG G Tase-R eaktion identisch sind [16]. Bei 90%  
der Parenchym zellen ist die G-6-Pase mit unterschiedlicher A k tiv itä t in Form 
von kleinen braunschwarzen Bleisulfidgranula im gesam ten Z ytoplasm a sicht­
bar. In der Population der Endothelzellen wurden alle F ibroblasten  bis 
epithelähnlichen, sehr dünn auf der U nterlage ausgehreiteten Zellen zusam ­
m engefaßt. Die Zellen besitzen einen oval-länglichen Kern mit 2 bis 3 Nukleoli 
um geben m it unterschiedlich vielen filiform en M itochondrien (A bb. 4b). Das 
Z ytoplasm a reagiert nach PAS- und G om ori-Reaktion (G -6-Pase) negativ. 
Die äußere G estalt der fibroblasten- und epithelähnlichen Zellen ist sehr
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variab el und wird unter anderem  vom Zellkontakt zu Nachbarzellen und durch 
die K ultivierungszeit b estim m t. Ein weiteres Trennungsm erkm al ist kurz nach  
der G ewebsdisaggregation gegeben. Alle P arenchym zellen  beantw orten die 
h yp ox isch e M ilieubedingung m it starker V akuolenbildung. Die fibroblasten- 
und epithelähnlichen Zellen bleiben vakuolenfrei.

Besprechung

Aus der frühen em bryonalen  Korrelation v o n  entoderm alem  E pithel des 
Urdarrndaches und den indifferenten  Bindegew ebszellen des M esenchyms en t­
w ick elt sich bei allen W irbeltieren die funktionelle Verknüpfung von Sinus- 
E ndothelzelle und P arenchym zelle, die ihren gestal fliehen Ausdruck am deut­
lich sten  in der von R ö ss l e  [20] bezeichneten G ew ebseinheit — dem H epaton  
fin d et. Die strukturelle B esonderheit der em bryonalen H ühnchenleber liegt in 
der tubulären Anordnung der Epithelzellen, die m antelförm ig von E ndothel­
zellen  umgeben werden. A bgesehen von besonderen Stoffw echselfunktionen  
(z. B . Lipoid- und G allepigm entstoffw echsel) stellen  die Sinus-Endothelzellen  
a u f Grund ihrer sp ezifisch en  Perm eabilität und P hagozytoseaktiv ität ein 
geeign etes Filter des kapillären Plexus dar, der au f den erhöhten Stoffaus­
tau sch  der Parenchym zelle abgestim m t ist. N ach Isolierung und D issoziation  
des Lebergewebes, w obei die Architektur der G ew ebseinheit aufgelöst wird, 
b eg in n t in vitro die A d ap ta tion  an eine völlig neue Stoffw echselsituation. Die 
funktionsbedingte polare A usrichtung der P arenchym zelle wird bedeutungslos 
und verschwindet bei der räum lichen Orientierung der Eizellen. Die isolierten, 
in M onolayer gewachsenen Z ellen, die im gew issen Sinne als selbständige Mi­
kroorganism en angesehen w erden können [6], regulieren ihre Eigenbewegung  
und W achstum sfähigkeit durch cell-cell contact [1] und ihre Adhäsion zur 
U nterlage [2]. Die Zell—Zell W echselwirkung und das Zell-M edium -Verhältnis 
sind  bestim m end für die D ifferenzierung der Zellen in vitro. W ährend Moscona  
[12, 13, 14] aus Suspensionen embryonaler tierischer Zellen (darunter llü h n -  
chenleber) in rotation-m ediated-aggregation-K ultur unter geeigneten B edin­
gungen  organtypische A ggregate mit h istotypischer Struktur züchten konnte, 
ist es in Leberzell-M onolayer-K ulturen noch nie zu einer Seifaggregation ge­
kom m en. Allgemein form ieren sich in M onolayer-K ulturen Epithel- und  
E ndothelzellen  jeweils getren n t. Dafür sind w ahrscheinlich quantitative D if­
ferenzen  in der Adhäsion der verschiedenen Z elltypen  verantw ortlich [27, 28]. 
E ine m orphogenetische B ew egu n g zu einem organisierten Zellverband, der 
dem  typischen Charakter des Gewebes entsprechen würde, kom m t nicht zu­
stan d e.

Ob die fibroblastenähnlichen Zellen aus dem  indifferenten endothelialen  
S yn cytiu m  in der M onolayer-K ultur einen E in flu ß  auf die spezifische D if­
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ferenzierung der Parenchym zellen haben, analog der von L e D o u a r in  [11] 
gefundenen experim ental gezeigten m esenchym alen Induktion während der 
frühen E m bryogenese, konnte bisher in Kultur nicht geklärt werden.

Obwohl in primärer M onolayer-K ultur die Parenchym zellpopulation  und 
die Population aus Zellen m esenchym aler Herkunft getrennt lagen, blich das 
Zahlenverhältnis der P opulationen bei dichter Zellaussaat gegenüber dem 
Gewebe bis zum 8. Tag annähernd gleich. Nach fortgesetzter K ultivierung ist 
es aufgrund eigener B eobachtungen und D arstellungen von S ato  et al. [26] 
und Zucicerman et al. [34] nicht zu verhindern, daß die fibroblastenähnlichen  
Zellen m esenchym alen Ursprungs schneller proliferieren und nach Subkultur 
über die organtypischen Zellen dominieren. Die Parenchym zellen während der 
Disaggregation des Gewebes von den retikuloendothelialen Zellen zu trennen 
und durch gezielt ausgew ählte nutritive Zusätze zum Medium in der A dapta­
tion  zu begünstigen, wie es G a r v e y  [5] dargestellt hat, bringt nur Vorteile 
für die isolierten K upfferschen Zellen [18] und nicht für die Parenchym zellen. 
Eine Reinkultur von primär angelegten Parenchym zellen herzustellen, маг 
bisher trotz zahlreicher Versuche nicht möglich [8].

Während sich die entoderm alen E pithelzellen in der E m bryogenese auf­
grund ihres Genoms nur zu voll funktionsfähigen E pithelzellen  ausbilden, 
können sich die undifferenzierten Retikulum zellen zu H istiozy ten , Eibrozyten, 
Sinusoid- und G efäßendotheben soM'ie häm opoetischen Zellen um w andeln. Die 
Zellen des em bryonalen B indegew ebes zeigen im Organ und in der K ultur eine 
große Variabilität [33].

S andström  [21] trennte in em bryonalen H ühnchenleberzell-K ulturen  
die Parenchym zellen von drei weiteren epithel- und fibroblastenähnlichen Zell­
typen  ah und dem onstrierte kinem atographisch, daß sich letztere ineinander, 
die Parenchym zellen jedoch nie in epithel- oder fibroblastenähnliche Zellen 
um wandeln können. In Kul tur kann man m it Sicherheit nur die Parenchym ­
zellen von einer Zellpopulation m esenchym alen Ursprungs trennen. Da in den 
kultivierten Leberparenchym zellen die Mächtigsten Stoffw echselenzym e und 
-produkte bis 6 Tage nachw eisbar sind [16, 17, 22, 23, 24], erscheint es berech­
tig t , m it Hilfe histochem ischer M ethoden die Parenchym zell-Population  von 
der anderen Zellpopulation zu trennen.
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S T R U C T U R E  OF E M B R Y O N A L  C ELL P O P U L A T IO N S  O F  T H E  L IV E R  
A N D  O F  P R IM A R Y  M O N O L A Y E R -C U L T U R E

g . n e u p e r t

T h e  functionally  and  s tru c tu ra l ly  connected  en d o th e lia l a n d  ep ith e lia l cells of th e  
e m b ry o n a l tu b u la r  chicken liv e r a p p e a r  a f te r  p ro teo ly tic  d isso c ia tio n  of th e  tissu e  in p rim ary  
m o n o la y e r  cu ltu re  as tw o se p a ra te  p o p u la tio n s  w ith  ow n ten d en c ie s  o f develo p m en t. The 
g ro w th  o f b o th  popu lations d ep en d s  besides physiological and  n u tr i t io n a l  fac to rs  f irs t  of all 
on  th e  d e n s ity  of d issem inated  cells. T he h istochem ical d e m o n s tra tio n  of glycogen, phos­
p h o ry la se , U D PG G Tase, G -6 -P ase  a n d  th e  sensitiv ity  to  oxygen  defic iency  in  p rim a ry  cu ltu re  
a re  c r ite r ia  of the  d e te rm in a tio n  o f th e  id e n tity  of an e p ith e lia lly  g row n p a ren ch y m e  cell 
p o p u la t io n  and  of fib ro b last-lik e  a n d  ep ithe lium -like  p o p u la tio n  of m esenchym al cells.
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СТРУКТУРА ЭМБРИОНАЛЬНЫХ КЛЕТОЧНЫХ ПОПУЛЯЦИЙ В ПЕЧЕНИ 
И В ПЕРВИЧНОЙ МОНОЛАЙЕРОВСКОЙ КУЛЬТУРЕ

Г. Н Е Й П Е Р Т

Функционально и структурно связанные эндотелиальные и эпителиальные клетки 
эмбриональной тубулярной печени цыплят образовывают после протеолитической диссо­
циации ткани в первичной монолайеровской культуре две различно расположенные популя­
ции с собственной тенденцией развития. Рост обеих популяций в формирующейся моно­
лайеровской культуре зависит, наряду с физиологическими и нутритивными факторами 
среды культуры, в первую очередь от густоты рассеивания клеток. Гистохимическое выя­
вление гликогена, фосфорилазы, УДПГТ-азы, Г-6-Ф-азы и чувствительность в отношении 
недостатка в кислороде в первичной культуре являются критериями для определения 
тождественности эпителиально росшей популяции паренхиматозных клеток и фибробласто- 
I! эпителиальноподобных популяций из мезенхимальных клеток.

Dr. G. N e u p e r t , Pathologisches Institut der Friedrich-Schiller 
U n iversität, Jena, D D R
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In s t i tu te  o f A n a to m y , H isto logy  a n d  E m b ry o lo g y  (D irec to r: St . K r o m p e c i i e r ), U n iv ersity
M edical School, D ebrecen

EFFECT OF POSTNATAL THYMECTOMY 
ON ENCHONDRAL OSSIFICATION

B. Ma n d i , C s . H a d h á z y , A . Má n d i  and T. G l ant  

(R ece iv ed  F e b ru a ry  20, 1971)

T h ym ectom y was pe rfo rm ed  in  a lb ino  ra ts  36 to 48 hours a f te r  b ir th . T he th y m - 
ectom ized  ra ts  and th e ir  co n tro ls  w ere exam in ed  once every  week fo r a period  of six 
w eeks follow ing operation . B ody  len g th , th e  d istan ce  betw een sh o u ld er a n d  w ris t, and 
be tw een  hip and ankle, as well as fem u r len g th  w ere m easured . In  a d d itio n , th e  ep iphyseal 
c artilag es of long tu b u la r  bones w ere s tu d ied  by  h istological m ethods.

P o s tn a ta l th y m ec to m y  re su lted  in  th e  developm ent of th e  c h a ra c te r is tic  w asting  
sy ndrom e. T he leng th  of th e  bod y  a n d  lim bs of thym ectom ized  ra ts  w as sig n ifican tly  
red u ced  as com pared to th e ir  h e a lth y  l it te rm a te s . T he epiphyseal c a r tila g e  w as re m a rk ­
ab ly  na rro w er show ing a th in  zone o f p ro life ra tin g  cartilage. T he zone of calcifying 
c a rtilag e  was likewise red uced , co n ta in in g  few er an d  th in n er new ly fo rm ed  bone  tra b e ­
cu lae  th a n  th e  controls. T hese  fe a tu re s  a re  in d ica tiv e  o f severe d is tu rb an c es  in  en chondra l 
o ssification  and  are responsib le  fo r th e  reduced  grow th  of p o s tn a ta lly  th y m ec to m ized  
ra ts .

Introduction

Thym ic activ ity  is one o f the less known organ activities. This m ight be 
the cause that it has becom e the subject of innumerable im m une biological, 
endocrinological, morphological and physiological investigations. M il l e r  [25] 
reported th at neonatal th ym ectom y in mice was followed by a characteristic  
syndrom e term ed w asting disease. The anim als showed a retarded growth, 
their fur was scarce, their skin thin and wrinkled, and the am ount o f  sub­
cutaneous fat tissue was reduced. In w asted  animals marked atrophy of the 
lym phatic system  was observed, w ith  a reduction in the num ber o f small 
lym p h ocytes in the lym ph nodes and peripheral blood, and d im inution  of the 
num ber of Malpighian corpuscules in the spleen. According to  M il l e r  [26], 
w asting disease is a progressive process as in two to four m onths following  
th ym ectom y more than 70%  of the anim als died.

B y a single large dose of glucocorticoid injection adm inistered to  mice 24 
hours after birth, Sc h l e s in g e r  and Ma r k  [31] were able to induce sym ptom s  
sim ilar to those of the w asting syndrom e. Their observations were later con­
firm ed by other authors [7, 10, 12, 30].

The marked difference in body length noted between p ostn ata lly  th ym ­
ectom ized rats and their healthy litterm ates, has prompted us to  s tu d y  the  
relation betw een the thym us and bone developm ent, the more so as it is known
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th at the skeletal system  is o f  essential im portance in the determ ination o f the 
length  o f the body. W e h a v e  therefore studied th e  effect of neonatal th ym ec­
to m y  on enchondral ossifica tion  which seemed th e  m ore interesting as hardly 
any attention  has been p aid  to this aspect of th e  problem . In the literature  
available we have found o n ly  the work of B e r e k  et al. [2] dealing with h isto­
logical changes of hone due to  thym ectom y.

Material and method

T h y m ecto m y  acco rd in g  to  M i l l e r ’s  m ethod  [ 2 5 ]  w as p e rfo rm ed  on a to ta l o f 1 0 8  W ista r  
a lb ino  ra ts  36 to  48 hours a f te r  b i r th .  F rom  th e  tra n s s te rn a l a p p ro a c h  th e  th y m u s g land s itu a te d  
in  th e  neck  area , covered  b y  a  th in  connective  tissue cap su le , w as e x tirp a te d  to g e th e r w ith  its  
re tro s te rn a l lobe. A fter c a re fu l c o n tro l of haem orrhage th e  w o u n d  w as closed. A sim ilar o p e ra ­
tio n  — th o u g h  w ith o u t re m o v a l o f  th e  th y m u s — w as p e rfo rm e d  on  litte rm ate s  of th e  ra ts  
su b je c ted  to  th y m ec to m y .

Tw o to  four days fo llow ing  o p e ra tio n  the  m a jo rity  o f th e  o p e ra ted  anim als d ied; o f th e  
su rv iv o rs  18 th y m ectom ized  r a ts  a n d  th e  sam e n u m b er o f c o n tro ls  w ere su b m itted  to  m easu re ­
m en ts  an d  h istological e x a m in a tio n .

T h e  anim als were k illed  in  g ro u p s of th ree  in  w eek ly  in te rv a ls  from  th e  f irs t to  th e  s ix th  
w eek follow ing th e  surg ical in te rv e n tio n .

A fte r  exsan g u in a tio n , b o d y  len g th  (from  th e  tip  o f th e  nose  to  th e  ta il base), th e  len g th  
of th e  u p p e r lim b (from  th e  sh o u ld e r  jo in t to the  w rist) a n d  t h a t  o f th e  low er lim b (from  th e  
h ip  jo in t  to  th e  ankle) w ere m ea su re d . T hen the  hu m eru s , ra d iu s , fem u r and  tib ia , as well as 
th e  sp leen  were rem oved.

T he bones were fix ed  a n d  decalc ified  in Susa flu id , a n d  th e  spleen in  4%  form ol. A fter 
f ix a tio n  th e  specim ens w ere e m b e d d ed  in paraffin , sec tio n ed  in  th e  u su a l w ay and sta in ed  w ith  
haem ato x y lin -eo sin , A zan , a n d  A lc ian  blue-PA S reac tio n .

A t th e  rem oval o f th e  e x p e rim e n ta l m ate ria l th e  su rg ica l a rea  was reopened an d  any  
tis su e  re m n a n ts  suggestive o f th y m ic  orig in  were rem o v ed  a n d  ex am in ed  h istologically . In  all 
in s tan c es  such fragm en ts p ro v e d  to  be fa t  tissue.

Results

N eonatal th y m ecto m y  induced characteristic sym ptom s of w asting  
disease in most of the experim ental animals (F ig. 1). In  the first postoperative 
w eek the average body len g th  of thym ectom ized rats was 6.0 cm, whereas that 
o f the control group w as 7 .4  cm. This difference, tak ing  the control value as 
100% , means a reduction o f  18% . The controls continued  to grow more rapidly, 
and by the sixth w eek th eir  average body length  w as 14.5 cm, while th at of 
thym ectom ized  rats w as on ly  11 cm, a difference o f  23%  (Fig. 2). The difference 
in growth was even m ore m arked with the long bones. Mean femoral length of 
thym ectom ized  rats, as com pared to that of the controls, was 21% less in the 
first week, 27% less in the 4 th , and 35% less in the 6th  week following opera­
tion  (F ig. 3).

The epiphyseal disks o f  long bones displayed practically  identical changes 
and will therefore be described with respect to the structure of the proxim al 
tib ia l epiphyseal cartilage disk , on the basis o f H a m ’s [16] zonal division.
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Fig. 1. T h y m ectom ized  (()) and con tro l (C) r a t  6 weeks a f te r  operation
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Fig. 2. M ean bod y  len g th  of th y m ec to m ized  an d  co n tro l ra ts , includ ing  ex trem e  v a lu es

A

---------BODY LENGTH OF OPERATED RATS

-------- BODY LENGTH OF CONTROL RATS

4 Act a Morphologic a Acadcmiae Scientiarum Hungaricae 19, 1971



2 6 2 В. MÄXDI et al.

-------- FEMUR LENGTH OF CONTROL RATS

F ig .  3. F em u r len g th  in  th y m ec to m ized  an d  co n tro l ra ts , includ ing  ex trem e  v a lu es

One-week stage. In  the first week follow ing operation there were no 
appreciab le differences betw een  th ym ectom ized  and control rats. The epi­
p h ysea l cartilage was undeveloped , the w hole proxim al epiphysis of the tib ia  
con sistin g  of a hom ogeneous cartilage m ass. In  the interior, along the vessels  
p en etra tin g  from the perichondrium , the cells were swollen, displaying a 
liv e ly  chondroclastic a c tiv ity  w ith a consequential m edullary cavity  form ation. 
On the diaphyseal side o f the cartilage m ass, enchondral ossification  was 
proceeding.

Two-week stage. At th is tim e the epiphyseal cartilage disk was not yet 
d evelop ed  in its whole ex ten t. There was no difference in cartilage thickness 
betw een  thym ectom ized and control rats. There were, however, som e differ­
ences in  the structure o f th e  cartilage. In thym ectom ized  rats (Fig. 5) the rest­
ing zone and the hypertrophic zone were m uch broader than in the controls 
(F ig . 4); the zone o f proliferation was narrower and the zone of calcifying  
cartilage was hardly perceivable.

Three-week stage. The epiphyseal cartilage disks were fu lly  developed, 
d isp layin g  their characteristic layers. The disks of thym ectom ized rats (F ig. 7) 
w ere thinner than those of the controls (F ig. 6). The zone of proliferating cartil­
age w as narrow. The calcification  zone was thin containing com paratively  
few  ingrowing capillaries. The new ly formed hone trabeculae of the m etaphysis  
w ere rather thin (Fig. 12) and there was a slight osteoblastic activ ity .

Fig .  4. E p iphysea l c a rtilag e  d isk  of tw o-w eek-o ld  con tro l ra t. H aem a to x y lin -eo s in  
F ig .  5. E p ip h y sea l cartilage  d isk  of tw o-w eek-old  th y m ec to m ized  ra t.  T he zones o f re s tin g  and 
h y p e r tro p h ic  cartilage are  b ro a d , w hereas th e  zones o f p ro life ra tin g  an d  calcify ing  c a rtilag e  are

narrow . H aem ato x y lin -eo sin
Fig. 6. E p ip h y sea l c a r tila g e  disk of th ree -w eek -o ld  con tro l ra t.  A zan 

Fig.  7. E p ip h y sea l cartilag e  of th ree -w eek -o ld  th y m e c to m ize d  ra t.  T he cartilag e  d isk  is th in n e r  
th a n  th a t  in th e  con tro ls. T he zones o f p ro life ra tin g  a n d  calcify ing  cartilag e  are th in . H a e m a ­

to xy lin -eosin
F ig .  8. E p ip h y sea l cartilag e  of four-w eek-o ld  co n tro l r a t .  T he cartilag e  d isk  show s a reg u la r 

zonal d is tr ib u tio n . H aem ato x y lin -eo sin
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Fig. () .  E p iphysea l cartilag e  of four-w eek-old  thym ectom ized  ra t.  T h e  c a rtilag e  disk is th in n e r 
th a n  in the  con tro l. T he zone of p ro life ra tin g  cartilage  is th in  a n d  c o n ta in s  sm all sca tte red  

g roups of cells. H aem atoxylin -eosin
Fig. 10. E p ip h y sea l c a rtilag e  of five-w eek-old  con tro l ra t. H aem a to x y lin -eo s in  

Fig. 11. E p ip h y sea l cart ilage of five-w eek-o ld  thym ectom ized  ra t. T h e  ca rtila g e  disk is re m a rk ­
ab ly  th in n e r  th a n  in th e  co n tro ls. T h e  zones of p ro life ra ting  and  calc ify in g  cartilag e  are  narrow . 
H aem atoxy lin -eosin , F igs 4 —11 show  p ro x im al tib ia l ep iphyses. (O b jec tiv e : R e ich ert P lan

10/0.25; eyepiece: Zeiss К  2.5)
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Fig.  12. E p iphysea l cartilag e  of th ree -w eek -o ld  thy m ec to m ized  r a t .  T he zone of calcification  is 
n a r ro w  w ith  a th in  young  bone tra b e c u la  ( t ) in  th e  m etap h y sea l a rea . H aem ato x y lin -eo sin  
F ig .  13. M etaphysis of six -w eek-o ld  th y m ec to m ized  ra t.  In ta c t  c a rtila g e  is le ts  ( J. ) betw een 

new ly fo rm ed  bone  trab ecu lae . H aem ato x y lin -eo sin  
F ig .  14. E p iphysea l cartilag e  of six -w eek-o ld  th y m ec to m ized  ra t.  A c ap illa ry  passing  from  th e  
c a lc if ic a tio n  zone to  th e  u p p e r  p a r t  o f th e  zone of p ro life ra tio n . H aem ato x y lin -eo sin . Figs 
12 — 14 show prox im al tib ia l ep ip h y ses  (O bjective: R e ich ert P la n  25/0 .45; eyepiece: Zeiss

К  2.5)

Four-week stage. As com pared to the controls, the ep iphyseal cartilage 
o f  thym ectom ized  rats (F ig . 9) was even thinner than in the former stages, due 
a lm o st exclusively to the narrowing of the zones of proliferation and calcifica­
tio n . The newly formed bone trabeculae were likewise thin.

Five-week stage. W hile the epiphyseal cartilage disks o f the controls (Fig. 
10) had  a regular structure show ing numerous cell d ivisions in the zone of 
proliferation  and a live ly  bone building activ ity  in the m etaphyseal area, the 
ep ip h ysea l cartilage of th ym ectom ized  rats was very th in  (F ig. 11). The zone 
o f  proliferating cartilage usually  consisted of 10 —15 cell rows, whereas in the 
con tro ls it  consisted of 25 to  30. In the m etaphyses of thym ectom ized  rats 

th ere  wrere fewer and th inner bone trabeculae than in the controls.
Six-week stage.T he d ifferences noted in earlier stages rem ained unchanged. 

In  add ition , signs of m arked cartilage breakdown and disturbed bone building 
w'crc noted, e.g. at a d istance from the zone o f ca lcification , in the lower part
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of the m etaphysis, islets consisting o f in tact cartilage cells were seen scattered  
am ong the hone trabeculae (Fig. 13). In one specim en, a thin capillary p en etrat­
ing from the zone o f calcification to th at o f proliferation  was noted (F ig . 14).

In the spleen o f thym ectom ized rats a reduction of M alpighian corpuscles 
and an increase in the number of reticulum  cells were observed.

D iscussion

The thym us gland is regarded above all as an organ perform ing im m une  
biological and endocrine activ ity . M il l e r  [25, 26] laid special stress on its 
im m unological im portance, showing that thym ectom y performed in the first 
24 to 48 hours of life caused a m arked reduction of the immune response to 
antigens. In consequence of this im m une depression, allogenic and hetero­
specific transplants were retained longer by thym ectom ized anim als than  by 
the controls. On the contrary, if neonatal thym ectom y was im m ediately  
follow ed by thym us im plantation, the im m une response was norm al. From  
these experim ents it appeared that the role o f the thym us was o f  essential 
im portance, particularly in the first p ostnata l days. On the other hand, 
numerous observations have indicated th a t the thym us may have an im portant 
im m unological function in the adult organism , too [24, 27, 32]. A ccording to 
some authors [3, 14] the thym us seem s to  have an essential role in the develop­
ment o f autoim m une diseases. Most probably, the im m unological function  of 
the thym us is related to the fact that this organ is one of the sites of production  
of im m unologically  com petent cells [26]. The production of such cells seem s to 
he considerable as in the newborn the m itotic thym us-lym phocyte index is 4 to 
6 tim es higher than th at o f other lym phatic organs [17]. Thus in young age the 
thym us m ay be regarded as an essential site o f production of lym p h ocytes of 
peripheral blood [23].

It is also supposed that the thym us is a true horm one-producing endo­
crine organ. According to T örő and O láh  [33] the epithelial cells o f the guinea 
pig are o f a glandular character displaying a well developed ER system  and 
Golgi apparatus. G o l d s t e in  et al. [15, 18, 19] isolated from the th ym u s a 
biologically active factor term ed thym osin  w hich, if given parenterally, caused  
a m arked increase o f lym phocytopoietic a ctiv ity  and depression o f the sym p­
tom s o f w asting disease in thym ectom ized  anim als. The consequences of 
neonatal th ym ectom y did not take place if  thym ic tissue placed in a small 
diffusion cham ber was im planted in the experim ental animal im m ediately after  
th ym ectom y [1, 22, 28] .  Comsa [4] as well as F a ch e t  et al. [8, 9] pointed  to  
interesting functional interrelations betw een the thym us and other endo­
crine organs.

The pathogenesis of the w asting syndrom e is by no means clear. Som e 
authors regard it as an im m unological catastrophe and em phasize the im por-
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ta n ce  o f  different antigens [4, 29]. Others suppose endocrinological occurrences. 
In  our experience, encliondral ossification also suffers severe dam age in the  
sy n d ro m e. We have found th a t neonatal th ym ectom y caused a considerable 
red u ctio n  in thickness o f th e  epiphyseal cartilage disks of long tubular bones, 
and m arked changes in their structure. The m ost conspicuous changes were 
n o ted  in  the zones of proliferating and calcify ing cartilage. The former was 
fou n d  to  be very narrow w ith  disorderly arranged cells, and the latter was 
so m etim es so much reduced in w idth that in younger age groups it was hardly  
recogn izab le as a distinct layer. In the ep iphyseal cartilages the new ly formed  
b on e  trabeculae were considerably fewer and thinner in thym ectom ized  rats 
th a n  in the controls. The histological pattern indicated  a disorder in the equilib ­
rium  o f  nearly all phases o f  norm al bone developm ent (cartilage form ation  
ca rtila g e  destruction — bone form ation — bone destruction). The disturbances 
o f  cartilage form ation and cartilage breakdown seem  to be the prim ary conse­
q u en ces o f thym ectom y follow ed undoubtedly b y  disturbances of bone building  
and bone disintegration. A sim ilar narrowing o f the epiphyseal cartilage disk  
fo llo w in g  neonatal th ym ectom y was observed in mice by F ö ld es  et al. [13].  
On th e  basis o f X -ray studies these authors also concluded that th ym ectom y  
cau sed  a reduction in the calcium  content o f bones.

From  the present find ings it was not possible to explain the cause and 
m echanism  of the changes noted  in ossification  follow ing thym ectom y. Several 
h y p o th eses  have been forwarded. It m ay be supposed th at the thym us has a 
d irect effect on ossification , producing a substance required for norm al bone 
d ev elo p m en t and calcification . According to  another hypothesis, disturbed  
o ssifica tio n  might be the consequence of the general horm onal dysfunction  and  
m eta b o lic  changes caused b y  thym ectom y. The explanation seem s to  be more 
d ifficu lt on the basis of th e  im m une biological concept, all the more th a t  
ca rtilage , as regards im m une response, is considered a passive tissue [5, 6]. W e 
are m ore inclined to believe th a t the cachexia subsequent to th ym ectom y m ay  
be th e  primary cause of disturbances in bone developm ent. Further studies are 
requ ired  to elucidate th is com plex problem.
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W IR K U N G  D E R  P O S T N A T A L E N  T H Y M E K T O M IE  A U F  D IE  E NC H О N I) R A L E
O S S IF IK A T IO N

H. MÁNDI, CS. HADHÁZY, Л. MÁNDI und T. G LANT

Die T h y m ek to m ie  w urde  an  neugeborenen  A lb in o ra tte n  36 48 S tu n d en  n a ch  de r
G e b u rt d u rch g efü h rt. Die th y m e k to m ie rte n  und  die K o n tro lltie re  w u rd en  w öchen tlich  im  
V erlaufe  von  sechs W ochen n ach  de r O peration  u n te rsu c h t. E s w urden  die K ö rperlänge , die 
E n tfe rn u n g  zw ischen S ch u lte r u n d  »H andw urzelgelenk« u n d  von de r H ü fte  bis zum  »F u ß ­
w urzelgelenk« sowie die L änge des F em u rs  bestim m t. M itte ls  h isto log ischer M ethoden  w urd en  
w e ite rh in  die K norp e lep ip h y sen  de r R öhren k n o ch en  u n te rsu c h t.

Die p o s tn a ta le  T h y m e k to m ie  v e ru rsac h t ein c h a ra k te r is tisch e s  A tro p h iesy n d ro m . D ie 
K ö rp e rlän g e  sowie die L änge de r E x tre m itä te n  w ar im  V ergleich  zu den gesunden T ie ren  des 
g leichen W urfes sig n ifik an t k le iner. D er E p ip h y särk n o rp e l w a r auffällig  schm aler, die P ro li­
fe ra tio n szo n e  der K norpel w ar d ü n n e r. Die V erkalkungszone  des K norpels w ar ebenfalls
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g e r in g e r  u n d  die neuen K n o c h en tra b ek e ln  w aren  d ü n n e r als bei den K o n tro l lie re n .  D ie c h a ra k ­
te r is t is c h e n  B esonderheiten  w eisen  a u f  schw ere S tö ru n g en  der en ch o n d ra len  O ssifik a tio n  hin 
u n d  s in d  fü r  die V erringerung des W ac h stu m s der R a tte n  v e ran tw o rtlic h , an  d en en  n ach  der 
G e b u r t  e ine  T hym ektom ie d u rc h g e fü h rt  w urde.

ДЕЙСТВИЕ ПОСЛЕРОДОВОЙ ТИМЭКТОМИИ НА ЭНХОНДРАЛЬНОЕ
ОКОСТЕНЕНИЕ

Б. МАНДИ, Ч. ХАДХАЗИ, А. МАНДИ и Т. ГЛАНТ

Тимэктомия была проведена на крысах-альбиносах через 36—48 часов после рож­
дения. Тимэктомизированные и контрольные крысы исследовались еженедельно на 
протяжении шести недель после операции. Определялись длина тела, расстояние от плеча 
до лучезапястного и от тазобедренного до голеностопного суставов. Измерялась также дли­
на бедренной кости. Затем гистологическими методами изучались хрящевые эпифизы труб­
чатых костей.

Послеродовая тимэктомия вызывает характерный синдром атрофии. Длина тела и 
конечностей у тимэктомизированных крыс была достоверно меньшая по сравнению со здо­
ровыми животными. Эпифизарный хрящ был заметно уже, зона пролиферации хряща была 
тоньше. Зона обызвествления хряща была также уменьшена и новые костные трабекулы 
были тоньше, чем у контрольных животных. Эти характерные особенности указывают на 
тяжелые расстройства энхондрального окостенения и они ответственны за уменьшение 
роста крыс, которым после рождения была проведена тимэктомия.

D r. Barnabás MÁndi  
D r. Csaba H adházy  
D r. A ndrás MÁndi  
D r. T ibor G lant

A n atóm iai-, Szövet- és Fejlődéstani In tézet, 
D ebrecen, H ungary
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I n s t i tu te  o f A n a to m y  (D irec tor: Dr. J .  S z e n t á g o t h a i ), Sem m elweis U n iv e rs ity  M edical
School, B u d ap est

THE VENA PORTAE AS AN “INDEPENDENT” VENOUS
SEGMENT

ITS M U R A L S T R U C T U R E  A N D  IN N E R V A T IO N  

G. U n g v á r y , E rzséb e t  P e t r o v ic s , C s . F ér á n t h  an d  S . A. N a s z á l y  

(R eceived  M arch 25. 1970)

T he m u ral s tru c tu re  o f th e  v en a  p o rtae  of guinea pigs was s tu d ied  b y  c o n n ec tiv e  
an d  m uscle tissue sta in in g  m eth o d s, th e  in n e rv a tio n  by h istochem ical re a c tio n s  [a c e ty l­
ch o linesterase  (AChE) re ac tio n , m onoam ino  oxidase (MAO) reac tio n , as w ell a s  C h am p y ’s 
zinc iodine osm ium  (Z n lO s) m eth o d ] an d  by electron  m icroscopy. I t  h as b een  d em o n ­
s tra te d  th a t  the  in n er c ircu la r m u scu la r lay e r of th e  vena  p o rtae  had  a lo n g itu d in a l 
m u scu la r coating , C-shaped in th e  m iddle  p a r t  of th e  vascu la r segm en t a n d  c irc u la r  a t 
th e  confluence a rd  p rim a ry  b ifu rca tio n .

P re te rm in a l nerve b u n d les  po sitiv e  by  th e  A C hE test were found  e x clu siv e ly  in 
th e  a d v e n titia . The m o st m ark ed  MAO reac tio n  occurred in th e  lo n g itu d in a l m u scu la r 
lay e rs ; a t  th e  ju n c tio n  of th e  a d v e n titia  and  m edia  there  was a dense n e tw o rk  o f m ono- 
am inerg ic  fibres. F ibres p ositive  by  th e  Z n lO s te s t  occurred  in all th re e  lay e rs  o f the 
v a sc u la r  wall.

By electron m icroscopy , f ib res  covered  by Schw ann cell c y to p la sm  o r free  from  
Schw ann  cells could he d e tec ted  in  th e  a d v e n titia , m edia and  in tim a .

On th e  basis of its  m u ra l s tru c tu re  and  p ecu liar in n erv a tio n , th e  v e n a  p o r ta e  is 
considered  an in d ep en d en t v en o u s segm ent.

Modern m ethods have m ade it possible to determine cardiac output 
sim ultaneously vv itli total hepatic flow and so to estim ate tlie hepatic fraction  
o f cardiac output. My e r s  (1950) found in m an values ranging from 14 to  26% , 
as com pared to the 20 to 25%  reported by R e ich m an  et al. (1958). F i s c h e r  et 
al. (1960) estim ated the liver fraction at 11 to 40%  (m ean, 23% ) in th e  dog; 
of this, 6% fell to the hepatic artery and 17% to the vena portae. T hus, the  
vena portae, w hich carries the venous blood from the abdominal viscera tow ard  
the liver and the ligation o f which has a fatal outcom e, is capable o f  tran s­
porting extrem ely large volum es o f blood. In modern circulation p h ysio logy  the 
m easuring instrum ent is the electrom agnetic flow  m eter. Its app lication  to 
the indiv idual v ascular segm ents including the vena portae represents a m echan­
ical, local stim ulation, to which the vascular segm ent responds according to  its 
properties. It is known that in the various forms of cirrhosis there is a marked  
hypertrophy especially of the longitudinal muscles of the wall of the ven a  portae. 
K o h n  and R ichter  (1959) explain this by suggesting that the increased resis­
tance produced inside the cirrhotic liver by the abnormal vascu lar system  
(portal hypertension) is overcom e by the portal trunk by means o f a working  
hypertrophy.

In a previous study ( U n g v á r y  and F a l l e r , 1963) of injected-corroded  
preparations we often found at the origin and bifurcation of the v en a  portae
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impressions, between which the trunk of the vena portae was located as a 
“venous segment” .

It seemed therefore justified to study the functional anatomy of the portal 
venous trunk, the precise structure of its vascular wall and the possibilities of 
neural regulation of the vascular segment.

M ateria ls  an d  m e th o d s

T h ir ty  guinea pigs w ere  u sed . The vascular se g m en t w as rem oved , so th a t  to its  cau d a l 
e n d  w as con tinuous w ith  th e  p o r ta l  stum p of th e  lien a l a n d  m esen teric  veins while c ran ia lly  
th e  p r im a ry  b ifurca tion  re m a in e d  in  connection w ith  th e  v a sc u la r  t ru n k . P a r t  of th e  m ate ria l 
w as f ix ed  in 5%  fo rm a ld eh y d e  so lu tion , a t  the  levels sh o w n  in  Fig. 1, em bedded in  celloidin- 
p a ra ff in , and  the  sections w ere  s ta in e d  w ith  h aem ato x y lin -eo sin , A zan, as well as b y  th e  V an 
G ieson and  th e  F a rk a s-M a llo ry  m eth o d s. The o th er m e th o d s  em ployed  w ere silver im p reg n atio n  
acco rd in g  to  Gross and  S c h n itz e , C ham py’s z in c -io d id e -o sm iu m  (Z n lO s) m ethod , th e  F a lck  
a n d  H illa rp  technique  fo r th e  d e m o n s tra tio n  of c a tec h o lam in es  (CA), th e  m onoam ino oxidase 
(M A O) m ethod of G lenner e t  a l. an d  the  ace ty lch o lin e stera se  (A C hE) reac tion  of C oupland 
an  a h  olmes. The la t te r  w as c a r r ie d  ou t a t d ifferen t p H s , a f te r  p re in cu b atio n  for 30 m inu tes 
w ith  1 0 -5 M Iso-O M PA .

In  th e  th ird  g ro u p  th e  specim ens were su b je c te d  to  e lectron  m icroscopic s tu d y . T he 
m a te r ia l  was fixed in p a ra fo rm a ld e h y d e  solution, p o s t-f ix e d  in  osm ic acid  and  em bedded  in 
D u rc u p an . U ltra th in  sec tio n s  w e re  cu t on the  L K B  u ltro to m e , c o n tra s ted  according to  R ey ­
n o ld s, and  exam ined in a T E S L A  BS 413 electron m icroscope.

Results

The methods suitable for the staining of muscle and connective tissue 
fibres revealed that the mural structure was variable in the guinea pig portal 
vein, in the trunk at the confluence of the lienal and mesenteric veins, at the 
site where the portal vein divides into the primary trunci, as well as in the 
primary trunci (Fig. 1). The circularly arranged muscle bundles of the media 
at the confluence of the lienal and common mesenteric veins and the division 
into primary trunci are surrounded circularly by longitudinal muscle bundles 
parallel to the axis of the portal vein in the inner part of the adventitia. These 
longitudinal bundles are absent in the ventral aspect of the middle segment of 
the portal vein nor are they visible in the primary trunci.

Of the neurohistochemical reactions AChE demonstrated only major 
preterminal nerve bundles, occurring invariably in the adventitia, in the con­
nective tissue of the portal vein (Fig. 2).

Even the widest scale of variation of the method failed to detect the 
presence of AChE positive nerve fibres in the muscle. It is to be noted that we 
have found copious quantities of AChE positive fibres intrahepatically in the 
guinea pig.

Some of the fibres detaching themselves from major nerve bundles may 
be demonstrated by the ZnlOs reaction (Fig. 3). The fibres are in the adventitia
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/
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v. portae

ventralis
w. lienales

v mesenterica comm.

Fig. 1. D iag ram m atic  re p re se n ta tio n  of th e  m ural s tru c tu re  o f th e  p o rta l  vein  in  th e  gu in ea  pig

Fig. 2. S p read -o u t w all of p o rta l vein. N ote  th ick  n e rv es ru n n in g  in th e  a d v en titia l c o n n ec tiv e  
tissue. C oupland—H olm es’ A C hE  re ac tio n , six-hour in c u b a tio n , 30 m inu tes of 10~5 M Iso-O M PA

prein cu b atio n . X l8 0
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Figs 3a c. S p read -o u t p o r ta i  v e in  w ith  Z n lO s p o sitiv e  nerves ru n n in g  in th e  a d v e n titia . 
C ham py’s Z n lO s s ta in in g . M agn ifications: a) x 8 0 0 ; b) x 5 0 0 ;  с) X 180

(adventitial nerve plexus) and here only a few preterminal or terminal fibres 
emerge from them, running then on the longitudinal muscle bundles of the 
adventitia. Another part of the fibres run between the muscle bundles, or 
penetrate the media, almost reaching the intima (Fig. 4). A number of nerve 
fibres appears to be present at the bifurcation of the portal vein (Fig. 5).

The catecholamine reaction calls attention to a remarkably rich mono- 
aminergic nervous netw ork. The terminals showing specific fluorescence, par­
ticularly at the origin and division of the portal vein, are so densely situated as 
in the iris (Fig. 7). The sections cut at the portal vein division level show clearly 
that the monoaminergic fibres at the junction of adventitia and media lie close 
to the media and there are only a few “free” fibres in the space between the 
trunci (Fig. 8).
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Fig. 4. P o rta l  v enous t ru n k . T he nerve fib res p e n e tra te  be tw een  m uscle bundles, sh o w in g  at 
sites a “ te rm in a l-lik e ” p a tte rn  (insert). C ham py’s Z n lO s  sta in ing . M agnification  X 400.

insert X 800

Fig.  5. F irs t p o rta l d iv is ion ; num erous Z n lO s p o sitive  fib res , som e of them  a lm o st reach in g  
th e  in tim a . C ham py’s Z n lO s s ta in in g . X 800
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Fig.  6. In te n s iv e  e x tra n eu ro n a l MAO reac tio n  of th e  m u scu la r layer. T he in te rn a l m ed ia  is 
n eg ativ e . MAO reaction  of G len n er e t al. X 400

Fig .  7. S p re a d -o u t p o rta l vein  w ith  dense n ervous m o n oam iuerg ic  ne tw ork , show ing  in ten siv e  
flu o rescen ce  by  th e  F a lc k -I I i lla rp  p a rafo rm ald eh y d e  re ac tio n . M agnification on  th e  le ft side

X 180, on th e  r ig h t side  X 400
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Fig. 8. T he first in tra h ep a tic  division. At th e  ju n c tio n  of a d v e n titia  and m edia th e re  are  m o n o ' 
a in in e rg ic  fib res  show ing in tensive  fluorescence. B etw een th e  two tru n c i th e re  a re  “ free'* 

n erves, ru n n in g  onto the  div ision  from  above. F a lck  H illarp  reac tio n . X 300

The localization of MAO corresponds only within broader limits to that 
of tin' catecholamine containing nerve fibres. Flu* enzyme reaction is intensive 
in the longitudinal muscle layer, while it is practically negative in the connec­
tive tissue, in the circular muscle layer of the adventitia and in the intima. The 
reaction shows no fibre-like localization, it is found extraneuronally (Fig. 6).

By electron microscopy, nerves could be demonstrated in all three layers 
of the portal venous trunk. In the adventitia (Fig. 9), there are several axons 
in a common Schwann cell, a few of them contain dense core vesicles.

In the media, in the interspace between muscle fibres inside the Schwann 
cell, partly without the Schwann cells, there are axons in intimate connection 
with smooth muscle cells (Fig. 10).

The last electron microscopic picture shows axons inside a Schwann cell 
in the intima, with a few axons already emerged from it (Fig. 11).

Discussion

The studies of the mural structure of the portal vein have thus revealed 
that at the site of origin of the portal vein (confluence of common mesenteric 
and lienal veins) and at the bifurcation into primary trunci, the vein has a 
complete internal circular and an external longitudinal muscular layer. This
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Fig .  9. E lec tro n  m icroscopie  ap p earan ce  of p a r t  o f th e  a d v e n titia . N um erous nerve  fib res in the  
c y to p la sm  of th e  S ch w an n  cell (Sc). In  left up p er co rn er, sm o o th  m uscle cell (m e). A fib ro cy tic  
p ro cess  (fp) p e n e tra te s  b e tw ee n  th e  m uscle cells a n d  th e  f ib re  bundles. Scale, 1 //. In  th e  in se rt: 

dense core vesicle axons in  th e  a d v e n titia . Scale, 1 /.t
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F ig . 10. E lectro n  m icroscopic ap p earan ce  o f p a r t  of the  m edia . T h e  nerve  fib res are in  th e  collagen 
(e) be tw een  the  sm o o th  m uscle cells. T he axons (a) in th e  u p p e r r ig h t co rn er a re  in  no close 
c o n ta c t w ith  the  sm o o th  m uscle  cells (m e). In  th e  left low er co rn er th e  ax o n  te rm in a l (a) con­
ta in s  n um erous e m p ty  vesicles an d  is covered only a t  sites by  Schw ann  cell p rocesses (arrow s).

A t th is site  is th e  axon  n eare st to th e  m uscle cells (m e). Seale, 1 /i
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F ig .  11. E lectron  m icroscopie a p p e a ra n c e  of p a r t of th e  in tim a . T he axons (a) are  in  th e  collagen 
(c) u n d e r  th e  endothelia l cell (ec) lin ing  th e  lum en (1). T h e  ax o n s covered  b y  S chw ann cell 
p ro cesses  are  sep ara ted  fro m  th e  m uscle  cells (me) of th e  m ed ia  by  a  fib ro cy tic  process (fp).

Scale, 1 /i
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may be interpreted with some caution to indicate that the mural structure of 
the portal vein may make it capable of acting as a regulatory factor between 
the splanchnic and hepatic-portal vascular beds. This hypothesis is supported 
by the data according to which in portal hypertension the wall of the portal 
vein becomes thicker, independently of the splanchnic or intrahcpatic blood 
vessels ( K ö h n  and R ic h t e r , 1959).

The innervation of the portal vein seems to he interesting. Although the 
innervation of veins was rather extensively discussed in earlier literature, there 
is scarce evidence concerning the portal vein.

A detailed paper on the innervation of the portal vein M as published by 
Mootz (1965) who had employed the ZnlOs method, the AChE technique and 
Bodian’s impregnation procedure. The results obtained by the two latter 
techniques are the same as ours. By Champa ’s method M ootz failed to demon­
strate the presence of nerves between muscle fibres, where лее have found 
several nerve terminals.

Writing about innervation of the veins, A b r a h a m  (1969) stated that their 
innervation M as practically the same as that of arteries. In the adventitia large 
nerve trunci are visible, which toward the media decrease in number, and are re­
duced in diameter. In the media the nerves approach the muscle cells and end 
there. The hypotheses put forward vary from author to author. B usch  (1929) 
described an intercellular network between the smooth muscles, built up of un­
myelinated fibres. According to S töhr  jr. (1932) there is a terminal reticulum 
in the muscularis of the vascular wall. H illa rp  (1946) described between the 
muscle bundles thinner and thicker nerve bundles Avhich ramify and anasto­
mose; this is called the “nervous ground plexus” . However, there is agreement 
among the majority of authors that nerve fibres would not penetrate deeper 
than the media. Our electron microscopic finding Mas therefore striking, hut 
there is no doubt about the existence of an intimai innervation in the portal 
vein. In the splanchnic region only sympathetic nerves can be demonstrated 
by physiological methods ( B r a d l e y , 1963). We do not therefore consider sur­
prising the masses of monoaminergic fibres M'hich, however, occur exclusively 
at the junction of the adventitia and media. Intrahepatically, the monoamin­
ergic terminals of the portal venous nerves are at the junction of the adventitia 
and the media too ( U n g v a r y  and D o n a t h , 1969). The MAO reaction is local­
ized essentially to the longitudinal muscle bundles, corresponding to the mono­
aminergic innervation. This is in agreement with the observation of R a d y m s k a - 
W a w r z y n ia k  (1968) who found in certain venous segments of different species 
the most intense MAO reaction essentially in the same layer. L uk as  and Cech 
(1966) found that also in the iris there was a gross parallelism between the 
adrenergic nerves and the distribution of MAO.

The nerve fibres of the media and intima (the existence of which is proved 
beyond doubt by the electron microscopic finding) cannot be demonstrated
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eith er by the F a l c k — H i l l a r p  CA-specific reaction, or hy the m ethod of 
Co u p l a n d  and H olmes specific  for AChE. These fibres could he dem onstrated  
h y  ligh t microscopy ex clu sively  hy the Z nlO s m ethod o f Ch a m p y . This was 
u n ex p ected , because according to H illa rp  (1959) the Ch a m p y  technique would 
d em on strate the adrenergic fibres, while A k e r t  and S a n d r i  (1968) found the 
p recip ita te  characteristic o f  the ZnlOs reaction in the synaptic vesicles of 
cholinergic  junctions.

In  1963, B r a u e r  w r o te  th a t  the p orta l ve in  itse lf  was a co l lapsib le  reser­
v o ir ,  p laced  between  tw o  larger reservoirs, in w hich  the  pressure f lu c tu a t io n s  
w er e  th e  function o f  ch an ges  in abdom inal pressure correlated w ith  th e  m o v e ­
m e n t s  o f  the diaphragm .

In  the light of recent data and our own results it seem s th at the portal 
v e in , placed between the splanchnic and hepatic circulation system s, m ay he 
considered  a venous segm ent o f considerable independence. The functional 
sign ifican ce and p otentia lities of its apparently “ closed un it” mural structure 
are further enhanced hy th e  peculiarities of innervation which to our best 
k now ledge are not present in any other vein or in the more copiously innervated  
arteries.
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D IE  V. P O R T A E  A L S »SE L B ST Ä N D IG E S« V E N E N S E G M E N T
(U n te rsu ch u n g  de r W an d s tru k tu r  u n d  d e r In n e rv a tio n )

G. UNGVÁRY, E. PETROVICS, CS. LÉRÁNTH und S. A. NASZÁLY

D ie W a n d s tru k tu r  de r P fo r ta d e r  von M eerschw einchen w urde  m itte ls  F ä rb u n g  des 
B inde- u n d  M uskelgew ebes, ih re  In n e rv a tio n  m it H ilfe  v o n  h istochem ischen  R eak tio n en  
[A zety lch o lin es te rase-R eak tio n  (A C hE ), M onoam inooxydase (MAO) R eak tio n , Z inkjodos- 
m ium  (Z nJO s) V erfahren  n ach  C ham py], fe rner e lek tro n en m ik ro sk o p isch  u n te rs u c h t u n d  fest- 
g este llt, d aß  die innere  z irk u läre  M uskelschicht der P fo r ta d e r  im  m ittle ren  Teil des G efäß­
a b sc h n itts  in C -Form , bei ih rem  Z usam m enfluß  u n d  bei ih re r  A bzw eigung e rs te r  O rdnung  
z irk u lä r  von einer län g sg erich te ten  M uskelschicht um geben  is t.

A C hE -positive  p rä te rm in a le  N erv en b ü n d e l w u rd en  n u r  in  de r A d v e n titia  gefunden. 
Die in ten siv s te  M A O -R eak tion  w urde  in  den län g sg erich te ten  M uskelsch ich ten  e rh a lten . An der 
G renze d e r A d v en titia  u n d  M edia fin d en  sich m onoam inerge F ase rn , die ein d ich tes  N etzw erk  
bilden . Z nJO s-positive  F ase rn , sind  in allen drei S ch ich ten  d e r  G efäßw and zugegen.

Im  E lek tro n en m ik ro sk o p  w u rd en  sow ohl in der A d v e n tit ia  wie au ch  in de r Media u n d  
de r In t im a  m it S chw annschem  Z ellp lasm a b edeck te  oder von  S ch w annschen  Zellen freie  F ase rn  
nachgew iesen.

A ufg rund  der W a n d s tru k tu r  u n d  de r e igenartigen  In n e rv a tio n  w ird  an genom m en , daß  
die P fo r ta d e r  ein se lbständ iges V enensegm en t d a rste llt.

ВОРОТНАЯ ВЕНА „САМОСТОЯТЕЛЬНЫЙ” ВЕННЫЙ СЕГМЕНТ (ИЗУЧЕНИЕ 
СТРУКТУРЫ СОСУДИСТОЙ СТЕНКИ И ИННЕРВАЦИИ)

Д .  У Н Г В А Р И ,  Е .  П Е Т Р О В И Ч ,  Ч .  Л Е Р А Н Т  и  Ш .  А .  Н А С А Й

Структура сосудистой стенки воротной вены морской свинки была изучена метода­
ми окрашивания соединительной и мышечной тканей, а ее иннервация — при помощи 
гистологических реакций (реакция с ацетилхолинэстеразой (АХЭ) с моноаминооксидазой 
(МАО), с цинкйодосмием (ZnJOs) по методу Champy), а также в элэктронном микроскопе. 
Было установлено, что внутренний кругообразный мышечный слой в средней части 
участка воротной вены окружен продольным мышечным слоем, в форме С, а у места ее 
слияния и у места ее разветвления первого порядка кругообразно.

Ацетилхолинестеразо-положительные нретерминальные нервные пучки были об­
наружены только в адвентиции. Наиболее сильная реакция на МАО была получена в 
продольных мышечных слоях. На границе адвентиции и медии присутствуют моноами- 
нергные волокна, образующие густую сеть. ZnJOs-положительные волокна обнаружива­
ются во всех трех слоях сосудистой стенки.

При помощи электронного микроскопа как в адвентиции, так и в среднем слое и в 
интиме, равным образом были выявлены волокна, покрытые плазмой Шванновских клеток, 
или волокна без Шванновских клеток.

На основе стрктуры сосудистой стенки и своеобразной иннервации полагается, что 
воротная вена представляет собой самостоятельный венозный сегмент.

Dr. G yörgy U n g vár y

Dr. Erzsébet P etrovics  A natóm iai Intézet,
Dr. Csaba L é r á n t h  B udapest IX .,T ű zo ltó  u. 58., Hungary
Dr. S. A ttila  N aszály
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In s t i tu te  o f  H isto logy an d  E m bryo logy  (H ead : P rof. I. TÖRŐ), Sem m elw eis U n iv e rs ity  M edical
School, B u d ap es t

ELECTRONMICROSCOPICAL CHANGES  
D U E  TO H ISTAMINE IN TH E SKIN OF T H E  RAT

I. T ö r ő  and  I. O l á h

(R eceived  May 27. 1971)

T he end o th e liu m  of th e  h is tam in e-ru b b e d  skin b ehaves like th e  re ticu lo e n d o th e lia l 
system . 11 sto res collo idal c a rb o n  by  m eans of endocytosis. A new en d o th e lia l lining 
rep laces th e  site o f th e  d ecay in g  en d o th e lia l cells in consequence of th e  f la tte n in g  of 
th e  ad jo in ing  en d o th e lia l cells. A t th a t  p o in t th e  b asem en t m em b ran e  u n d e rg o es decay  
an d  a new  one develops. T h e  carb o n  granu les a rriv e  in to  th e  tissu e  p a r t ly  th ro u g h  the  
in te rce llu la r  gaps an d  p a r tly  th ro u g h  th e  en d o th e lia l cells. F irs t ,  th e  p e ric y te s  tak e  up 
th e  carb o n  from  th e  en d o th e lia l cells w ith  the  help o f endocy tosis a n d  d e ta c h  from  the  
v ascu la r wall. T he p e ricy tes  m ig ra te  an d  tran sfo rm  in to  tissue  m ac ro p h ag es, la te r  th ey  
d is in teg ra te  and  th e  c a rb o n  passes in to  th e  tissue spaces by  m eans of exocy tosis. The 
g ran u les are th en  tak en  up  by  a n o th e r  m acrophage  and  carried  fa rth e r . T h e  cells pe r­
form ing  endocytosis a re  rich  in ribosom es and  a lively  m em b ran e-flo w  is observab le  
in them .

T he p resen t e lectron  m icroscopic s tu d ies have  su p p o rte d  th e  p rev io u s light 
m icroscopic find ings, disclosing  t he d e ta ils  o f th e  m echanism  of th e  re ac tio n  caused  by 
h istam in e . H istam in e  as tissue  horm one m obilizes th e  reserve cells o f th e  re ticu lo en d o ­
the lia l system  and  p rovokes th e  m echan ism  of a local sterile  in fla m m a tio n  by  th e  tra n s ­
fo rm atio n  and m ob iliza tion  of th e  cells In  th e  endocy tosis th ree  v a r ia tio n s  o f th e  v acu ­
oles can  be found ; th ey  d isp lay  th e  d iffe ren t m echanism s of endocy tosis.

E ndocytosis is considered one o f the m ost characteristic functions of the 
cells belonging to the reticuloendothelial (R E) system . This specific cell func­
tion  m anifests itself in the capacity  of taking up foreign substances circulating  
in the blood by phagocytosis as well as storing them  for a certain period and 
digesting them  later. E specially  well known is this capacity o f th ose RE cells 
of the liver which line the sinusoids o f this largest gland and enable it to 
depurate the blood in a few m inutes by filtering out the foreign substances. 
B esides phagocytosis, the RE cells have further m echanism s for the uptake of 
different substances, such as sim ple pinocytosis [11] and verm iform  phago- 
pinocytosis [27].

Our experim ents [25] have shown that colloidal carbon or silver particles 
taken up by the Kupffer cells m ay be evacuated in two directions. 1) T h ey  m ay 
reach the circulating blood w ith  cells detached from the vascular wall; or 2) 
th ey  m ay appear, in a short tim e, in the periportal interstices o f the liver. 
Challenging questions are w hy only the endothelium  lining the liver’s sinusoids 
possesses this capacity lacking in the endothelium  of m ost other b lood vessels. 
In the case of skin injuries it can be observed that after the intravenous ad­
m inistration of colloidal carbon the skin bordering the wound turns black as
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th e  endothelium  of the b lood vessels and capillaries o f this skin area is storing, 
lik e  th e  R ES, the carbon ta k en  up by the cells. C onsequently, the endothelium  
o f th e  capillaries and p ostcap illary  veins of the skin are capable of endocytosis 
under certain circum stances. This tissue reaction m ay be due to  substances re­
leased  by the injured tissu es.

J a n c s Ó [13] observed th a t, after adm inistering India ink intravenously  
to  the rat, the histam ine rubbed skin becom es black. Our light-m icroscopic  
stu d ies showed that also in th is  case, in the sam e m anner as in the liver, the  
carbon granules appear in the cells of the subcutaneous connective tissue. Since 
th e  ligh t microscope failed to  clarify convincingly the m echanism  taking place 
[22, 23, 24], we have stu d ied  the process electron m icroscopically and shall 
now  present the results obta ined .

Materials and m ethods

In  th e  experim ents w h ite  r a ts  w eighing 130 —150 g w ere  used . T h e  ab d o m in a l w all of 
th e  an im als  was dep ila ted  on  th e  p rev io u s day and  in  e th e r  a n ae sth es ia  its  sk in  was p a in te d  
w ith  a  5 %  h istam ine so lu tio n  a n d  1 m l o f tenfold d ilu ted  fin e  g ra n u la te d  In d ia  in k  w as in jec ted  
in to  th e  vein  of the  tail. T h e  su b s ta n c e s  tak en  from  th e  liv e r a n d  from  th e  b lackened  sk in  a rea  
w e re  f ix ed  for two hours in  4 .5 %  buffered  g lu ta ra ld eh y d e . B u ffe red  rin sin g  w as follow ed by  
1 %  osm ium  te trox ide  p o s tf ix a tio n  an d  subsequen tly  th e  d e h y d ra te d  m ate ria l w as em bedded  
in  A ra ld ite , slices were c u t  w ith  a  R e ich ert OMN-2 a p p a ra tu s  o r w i th  a m icro tom e, and  s tu d ied  
u n d e r  a  JE M  6 C electron  m icroscope.

Results

In the blood vesse ls , erythrocytes, som etim es leucocytes were found, 
u su a lly  surrounded by an inhom ogeneous m edium . At those sites where the  
vascu lar  wall stored carbon in large quantities, throm bocytes were assem bled  
(F ig . 1). At the points w here the throm bocytes were attached  to the surface 
th e  external coat covering the endothelium  and the cell membrane were 
rem arkably thickened.

Endothelium

On the surface o f th e  endothelial cells, num erous m icrovilli can he found  
w hich protrude into the lum en as irregularly placed, shorter or longer cy to ­
plasm ic processes. The endothelium  is usually  protruding into the lum en

F ig .  1. In  th e  lum en, side b y  sid e , a tta c h e d  to the  v a sc u la r  w all th ro m b o c y te s  (Th). U n d e r th em  
tw o  en d o the lia l cells (E n). T h e  o n e  en d o the lia l cell u n d e r  th e  th ro m b o c y te s  is d a rk er, th e  o th e r 
lig h te r . T he two en d o th e lie l ce lls  a re  connected  w ith  in te rlo ck e d  cell bo rd ers  (Cj). In  th e  en ­
d o th e liu m  adjoin ing  th e  th ro m b o c y te s , m any  ribosom es are  seen. T he b asa l surface of th e  cell is 
ro u g h , w ith  m icrovilli on it. D esm o so m e (D) betw een tw o e n d o th e lia l cells. T he basem en t m em b ­
ra n e  (B m ) is loose an d  in  c e r ta in  p laces i t  d isappears a n d  th e re  th e  ex tensions o f th e  ad jo in ing  
e n d o th e lia l cells are v isib le . In  th e  endothelium , c a rb o n -c o n ta in in g  phagosom e (Ph). On the  
b a se m e n t m em brane of th e  cell, p in o cy to tic  in v ag in a tio n s (P v ). U n d e r th e  end o th e liu m  a p e ri­
c y te  (P e) transform ed in to  m ac ro p h ag e-co n ta in in g  phag o so m es filled  w ith  In d ia  in k ; on  its  
a b lu m in a l surface a b a se m e n t m em b ran e  is seen. In  th is  p e ric y te  m a n y  th ick -w alled  p in o cy ­
to t ic  vacuoles and  a ro u n d  th e m  a  de tached  vesicle, re p re se n tin g  exocytosis (E c) ap p ears  
X 21,000. The inset: In d ia  in k -f il le d  phagosom e in  th e  e n d o th e lia l cell, rising  in to  th e  lum en  

of th e  vein an d  s e p a ra te d  from  the lum en b y  a th in  cy to p lasm ic  s tru c tu re
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sh ow in g  here and there protuberances. The swelling is caused ch iefly  b y  em pty  
or In d ia  ink filled phagosom es resulting from vigorous phagocytosis. Where 
phagosom es filled with India ink are found, the lum inar wall o f the sw ol­
len  vacu o les becomes thin (in set), and numerous em pty, dilated cisterns can 
be seen  causing the swelling and a spongy structure of the endothelium  (Fig. 2). 
T he vacu oles com m unicate and th ey  m ay later fuse form ing large cavities. N um e­
rous p inocytotic  vacuoles can be found on the lum inar surface o f the endothelium , 
thou gh  pinocytotic vacuoles can  be seen also on the basal part of the endothelial 
cells. T he endothelium is u su a lly  filled with such vacuoles which have, already 
at th eir  formation (i.e. at th e  engulfm ent o f the cell-m em brane), electron dense 
granules attached to their outer surface; thus th ey  can be characterized as 
th o rn y  vacuoles. So-called coated  vacuoles can also be found (Fig. 3), w ith an 
ev en ly  th ick  wall which generally  appears hom ogeneous. In the case o f larger 
v a cu o les  o f the same ty p e , how ever, an electron dense stripe runs along the 
m id d le-lin e of the thick w all; th is stripe is lacking at that place where the 
v a cu o le  seem s to open.

Consequently, three ty p es  of pinocytotic vacuole can be distinguished  
in th e  endothelium , viz. 1) th e  com m on p inocytotic vacuole having a thin wall 
and increasing more and m ore in size in the cytoplasm ; 2) the thorny vacuole  
sh ow in g a gradual enlargem ent towards the centre of the cell; 3) the lined  
vacu o le  o f unknown origin. The thorny vacuoles often open into enlarged 
p in o cy to tic  vacuoles, th ou gh  tw o thorny vacuoles m ay com m unicate with  
each other. The phagosom es in the endothelium  filled  with India ink may 
grow large and within them  stored  carbon, numerous m em brane-like form ations 
as w ell as their debris can be seen (Fig. 4). The smaller carbon granules are 
surrounded by an electron-dense cover. The content of the phagosom es is 
differing as to its quantity and structure. The endothelial cells which contain  
m ore phagosom es filled w ith  India ink are richer in ribosomes and consequently  
m uch darker. In the endothelium , little  endoplasm ic reticulum  can be observed. 
The desm osom es of the endothelia l cells are distinct (Fig. 1), though the inter­
cellu lar spaces are often d ila ted  (F ig. 5), where w ell-characterized gaps can be 
found .

A t sites where the endothelium  contains numerous phagosom es and 
v a cu o les , the basem ent m em brane is loose and basal processes o f the endo­
th e lia l cells protrude through it (F ig. 6). At the sites of mem brane defects,

Fig.  2. P ro tru d in g , riddle-like tra n s fo rm e d  end o th e liu m  (E n ), u n d e r i t  a  d is in te g ra tin g  base­
m e n t  m em b ran e  (Bm) and  lay e rs  o f  f la tte n e d  cell lam elles, on th e ir  ab lu m in al su rface  w ith

b a se m e n t m em brane . X 15,500
Fig.  3. E n do the lium  (E n) w ith  sm o o th  and  th o rn y  vacuoles, phagosom es (P h ). In  several 
p laces a  fusion  of vacuoles is v is ib le  (arrow s), som etim es like  a  s trin g  of p earls. T h e  figure 
re m in d s  o f p inophagocytosis v e rm ifo rm is  (double arrow ). On th e  e n d o th e liu m ’s ab lum inal 
su rfa ce  m icrov illi and exo cy to tic  v acu o les . In  th e  p e ricy te  (Pe) u n d e r th e  e n d o th e liu m  a  large 

phagosom e as w ell a s  num ero u s p in o cy to tic  vacuoles. X 2000
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collagen fibres appear. The mem brane is incom plete also beneath  the swollen 
endothelium  having a sponge-like structure (Fig. 2). Here, sim ilarly as on the 
luminar surface, the endothelium  sends m icrovilli towards the p ericytes and the 
spreading out o f a new endothelium  can be observed beneath the old one (F ig. 6). 
A t certain points o f the disintegrated basem ent membrane, the new  endothe­
lium is closely connected to  the old one form ing desm osom es w ith it (F ig. 8a). 
This new endothelial layer can be found at numerous places ben eath  the old 
endothelium . Under this secondaiy  endothelial layer, a basem ent mem brane 
is also found, moreover, the carbon-storing pericytes situated  here have a more 
expressed basem ent m em brane. In this w ay, the fla tten ed  endothelia l cells 
show, at several places, a m ultilayered structure.

The new endothelium  appearing under the generating old one is separated  
from the latter by an electron dense substance and under the new endothelial 
layer a new basem ent m em brane develops.
Pericytes

After having stored more or less carbon within the phagosom es o f the 
endothelium , the pericytes detach from the blood-vessel wall and appear in a 
rounded form (Figs 7a, b) having contracted their elongated bodies. As a 
consequence, the venous wall remains bare, being com posed only b y  the endo­
thelium  and the basem ent m em brane. The pinocytotic vacuoles o f  the peri­
cytes too can be classified into three groups. There are enlarged vacuoles in the 
cell. The thorny vacuoles are more developed. We can find also th e  fusion of 
the thorny and the sm ooth vacuoles like in the endothelium  (Figs 1 and 3). The 
pericytes detached from the vascular wall and the m acrophages situ ated  farther 
from the blood vessel are distinguishable only by their localization , the peri­
cytes, like the m acrophages, having numerous long processes as well as undulat­
ing m em branes. Some o f these tissue m acrophages contain w ell-developed  
endoplasm ic reticulum  thus bearing resem blance to plasm a cells (F ig. 9a). 
Owing to the dilated cisterns of the endoplasm ic reticulum , their cell body  
shows a spongy structure (F ig. 9b). The macrophages also contain  large 
phagosom es filled with carbon (Fig. 10). In both the pericytes and th e  macro­
phages, there are some hom ogeneous lipid droplets (Fig. 4). Some m acrophages 
contain bodies of lam ellar structure; betw een their concentrically arranged  
lamidlae carbon granules can be observed (F ig. 10). This points to th e  phago- 
som al origin o f these bodies.

Certain pericytes show a fine m icrofilam entar structure besides the large 
phagosom es containing India ink.

Fig. 4. T issue m acrophage  c o n ta in in g  phagosom es filled  w ith  In d ian  ink  (T). A ro u n d  th e  carbon  
g ran u les  an  u n o rien ted  lam ella r s tru c tu re . L ipoids (L ) sorrounded  b y  ribosom es a n d  d ila ted  

ro u g h  endoplasm ic re ticu lu m  (E r)  w ith  g ra n u la r ly  s tru c tu re d  co n te n t. X 21,000 
Fig. 5. D ilated  in te rce llu la r space be tw een  tw o ad jo in in g  en d o the lia l cells (a rrow s). U n d e r  the  
gap  th e  f la tte n e d  ex tension  of th e  ad jo in in g  en d o th e lia l cell redoubles th e  en d o th e lia l layer

(E n ) a n d  closes th e  gap . X 11,400
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Fig .  6. A t th e  site of th e  lo osened  b a se m e n t m em brane (B m ) e x te n d ed  endo the lia l cell (E n ), th e  
e n d o th e liu m  seems to  be in  tw o  o r even  in th ree  layers. In  th e  en d o th e liu m , fine fibrils. O cclud­

ing be tw een  th e  o ld  and  th e  new en d o th e liu m  (D). X 19,000 
Fig. 7a. A pericy te  d e ta ch in g  fro m  th e  vein-w all, c o n tra c t in g  i ts  bod y  leaves th e  v ascu la r wall 
b a re . In  th e  lum en, e x te n d ed  y o u n g  leucocyte figures (G r) an d  e ry th ro c y te s  (E ). X 13,000 
Fig. 7b. The detach ing  p e r ic y te  (Pe) con tains c o n flu e n t phagosom es filled w ith  carbon .

E n  =  endothelium . X 6,800
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Fig. 8a. D esm osom e be tw een  old an d  new endo the lium  (E n ). H ere and  th ere  loosened basal 
m em b ran e  (Bm ). T issue m a  er »p-bag e (M) w ith  num erous u n d u la tin g  m em branes. In d ia  ink 

c o n ta in in g  phagosom es a n d  ro u g h -su rfaced  endoplasm ic  re ticu lu m  (E r). X 8,000 
F ig . 8b. P lasm a cell c o n ta in in g  rough-su rfaced  endop lasm ic  re ticu lum . X 18,200
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Fig. 9a  F la tten ed  tissue  m ac ro p h ag e  w ith  d ila ted , ro ugh-su rfaced  endoplasm ic re ticu lu m  and
co ated  vesicu lum . X 13,000

9b. D ilated  en d o p lasm ic  re ticu lu m , lend ing  th e  cell a  spongy  s tru c tu re . X 7,800 
10. L am ellar (L b) bo d ies  de riv in g  from  lysosom es, en cysting  and  iso la tin g  th e  carbon 

g ran u le s  in  th e ir  in te rio r. X 17,500
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Fig.  11. F la tte n e d  tissue m acrophages. In th e  in te r io r  o f one m acrophage, c a rb o n -c o n ta in in g  
phagolysosom es and  rough-surfaced  parallel o rien ted  endoplasm ic re ticu lum  w ith  e lectron

dense c o n te n t. X 19,200
Fig. 12. T he cell o rganelles escaped from  d is in te g ra te d  m acrophages are p h a g o cy ted  la te r  by

o th er m acrophages, x  19,200
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Macrophages

The m acrophages arc lying in a stra tified  structure and betw een  the  
layers collagen fibrils can be seen. In the fla tten ed  cells both agranular and 
granular endoplasm ic reticulum  containing electron-dense substance is found, 
w ith  lam ellae arranged parallel to the cell surface (Fig. 11). The num ber of 
ribosom es and polysom es increases parallel w ith th e  number of phagosom es. The  
m acrophages filled  w ith carbon show degeneration. The numerous lipid droplets 
and m itochondria seen extracellularly originate from the d isintegrated cells 
(F ig . 12), as also the few carbon granules o f  sim ilar localization.

Discussion

A  certain kind of vascular endothelium  belongs to the reticuloendothelial 
sy stem , lining the sinusoids of the liver and o f the spleen. W hen different 
colloidal materials such as colloidal dyes, carbon, metals (e.g . silver, 
gold , iron, mercury su lphate, lead), thorium  dioxide sol, etc. [1, 2, 6, 13, 16, 18, 
24, 26] enter the circulation, these endothelial cells clear the blood from  the  
foreign m aterial. The endothelium  of the b lood vessels of other organs (e.g. 
m uscles, skin) does not showr phagocytosis, on ly  pinocytosis. The endothelium  
o f th e  liver sinusoids has been studied m ost thoroughly  since its cells exert a 
conspicuous storing a ctiv ity . It is not know n w h y  this activity is rem arkable 
ju st  in the liver and spleen and our knowledge is deficient also w ith regard to  
its regulatory control. According to O m o s i  [16] and T Ö R Ő  [24], the character of 
the reticuloendothelial system  depends on that organ in which it is localized . I f  
we exam ine the endothelium  of a liver sinusoid d irectly after having adm inis­
tered India ink intravenously  into it, in the intim a cells we find carbon granules 
and if  w'e follow their fate [13, 25], the carbon appears extra-sinusoidally  in 
the D isse space and in the interstices of the periportal connective tissue where 
it accum ulates form ing rough clumps. The carbon as an undigestible m aterial 
rem ains for several m onths in the cells and then sowly leaves the organ w ith  
th e  w andering cells, and passes into the circu lation . The carbon can leave the  
liver in another m anner too , w hen the K upffer cells detach from the vascular  
wrall and the circulation washes them aw ay. This means that the carbon  
granules can arrive in other organs, chiefly in the lungs, through the circulation . 
The endothelium  o f the liver was exam ined by P a r k s  [20] and W i s s e  [30]; 
am ong others P a r k s  exam ined the sinusoid endothelium  electron m icroscopi­
ca lly  and found its structure to differ from th a t o f  the vascular endothelium . 
A ccording to W i s s e , the sinusoid endothelium  o f the liver is perforated at sites 
as a sieve and through its pores the lumen o f the sinusoid com m unicates w ith  
the D isse space. On the other hand, the m icrovilli o f  the liver cells protrude into
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the D isse space, they  spread through the pores of the sieve even into the lum en  
o f the sinusoid, or the processes of the Kupffer cells reach the m icrovilli of the 
parenchym al cells. Another characteristic of the sinusoid wall is th a t it is 
devoid o f basem ent mem brane and thus the substances m ay easily  reach into 
the perisinusoidal space and the interstice. The capillaries of the skin and the 
subcutaneous connective tissue as well as the postcapillary veins have no 
sinusoid structure, and there is generally a basem ent mem brane instead  of the 
D isse space.

The passing o f the substances through the lam ellated  barrier is not easily  
understood. Their perm eability m anifests itself only under certain effects. 

A fter the intravenous adm inistration o f India ink a blackening can be observed  
around the injuries caused by the shaving of the rat’s abdom inal skin. J a n c s Ó 
found th at, after having adm inistered carbon intravenously, tigh ten in g  of a 
grooved forceps resulted in persisting traces on the skin. This shows th a t some 
com pounds, released by injured tissues, m ay enable the vascular endothelium  
to take up foreign colloidal substances. These observations then turned the  
interest in the first line to histam ine ( J anc sÓ [13]). The endothelium  of the 
capillaries and of the postcapillary veins in the histam ine rubbed skin region is 
capable of fixing India ink by increased endocytosis. Under the influence of 
histam ine the endothelial cells becam e sw ollen, activated , they took up the 
carbon in phagosom es and showed increased pinocytosis. At the in itial stage of 
pinocytosis, granules line up at the invagination o f the cell mem brane and the 
thus developing vesicle detaches as a thorny vacuole. After swelling more and 
m ore, the thorny vacuoles m ay expand to cisterns. In the sinusoid endothelium  
of the liver. W isse  too found thorny vacuoles. In the endothelial cells sm ooth  
vacuoles can be found originating probably from the endoplasm ic reticulum  
and th ey , too, m ay expand further. The fusion of the tw o types o f vacuole is 
necessary for the developm ent of lysophagosom es [10, 21]. The d evelopm ent 
of lysosom es [5, 8. 9] was followed in tissue cultures where the phagolysosom es 
originate from the fusion of phagosom es and vesicles (primary lysosom es)  
developed in the Golgi apparatus, and the primary lysosom es release their 
enzym es into the phagosom es. The dilated vacuoles often fill the cytoplasm  
or the largest part of it. As a result o f the swelling and vacuolization o f th e  cells, 
the desm osom es open up and the intracellular gaps dilate, som etim es to a great 

ex ten t.
Through the dilated intercellular passages in the endothelium  the lumen  

of the vein com m unicates freely w ith the subendothelial tissue spaces, thus it 
m ay be supposed that the carbon granules can pass through th e  venous wall 
w ith ou t having previously entered the cytoplasm  of the endothelial cells. The 
endothelial cells contain num erous large clum ps of India  ink in phagosom es 
and w ith their help the carbon granules arrive into the perivascular connective  
tissue. The cytological effect o f histam ine starts here asr а-n endocytotic  w ave,
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spreading soon from the endothelium  to the lower layers, first to the pericytes. 
T h ey  contract, draw back their bodies filled w ith  India ink from around the 
v e in  and after rounding o ff, leave the veins hare. D u n n  [4] injected carbon in 
th e  vas efferens of a dog’s lym ph node and studied  w ith the electron microscope 
th e  carbon granules p assing  through the sinus endothelium . Also here the carbon 
granules passed by en d ocytosis into the endothelial cells, although the base­
m en t membrane is m issing there.

Under the in fluence o f  histam ine, at places the basem ent membrane be­
com es loose, d isintegrates and disappears, especially  where the endothelium  
show s a cribriform structure. Here under the old endothelium  new fla t cells 
appear — som etim es in several layers — tig h tly  attached to the old one. The 
n ew  layer corresponds to  the flattened processes of the old, adjoining endo­
th e lia l cells, and stretch in g  under the effect o f histam ine a new endothelial 
la y er  develops below the old endothelium . Most probably the old endothelium  
becom es detached.

Parallel with the loosen ing of the basem ent m em brane, the basal border of 
th e  endothelial cells is m obilized , microvilli develop on it, the cells become 
elon gated  and a double layer of endothelial cells develops. At the points which 
sh ow  the greatest change, throm bocytes accum ulate in the lum en. These cells 
certa in ly  play some part in the mechanism o f endocytosis. Under the new 
endothelia l layer a new  basem ent membrane develops. According to V racko 
[2 9 ], the thickening of th e  basem ent membrane points to a decay or regene­
ration  of the cells. In the regenerating capillary a secondary basem ent m em ­
brane develops giving support to the regenerating cells.

It may be supposed th a t the phenomenon appearing as p inocytosis at the 
b asa l part of the endothelia l cells is identical w ith  exocytosis, considering that 
severa l indentations w ith  thorny membranes can be seen. During the period 
o f investigation (20 hours) the carbon granules are already in large phagosom es 
and thus it would be necessary to examine also the initial period o f the phenom ­
en on . M ills  [15] found on the cell membrane o f isolated Kupffer cells that 
th e  period of the dense cup-like invaginations лгав the initial period of the 
th o rn y  vacuoles.

The thorny vacuoles develop from the detached cell m em branes, while 
th e  sm ooth-walled vacu oles originate m ost probably from the endoplasm ic 
reticu lum . The Golgi apparatus being not sharply expressed, their Golgi-origin 
can n ot be proved. Som e carbon granules under the endothelium  m ay be situ at­
ed intercellularly, accordingly  they arrive there by the fusion of the vacuoles 
w ith  the cell mem brane and later by their opening. This phenom enon can be 
observed  on the basal and lum inar surface equally. The carbon granules are 
incorporated in the p ericytes and these after rounding off m igrate farther 
transform ing into tissue m acrophages. These cells which only partly originate 
from  the pericytes, conta in ing  large India ink-filled phagosom es as well,
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develop the same vacuoles as the endothelium , and even  in a more expressed  
form. The coated vacuoles in the macrophages rem ind strongly of the phago- 
pinocytosis verm iform is [22, 27], being the sign o f increased phagocytosis, a 
phenom enon described by us and later exam ined by others as m icropinocytosis. 
This refers to the fact th at this storage m echanism  is not a characteristic feature  
of the Kupffer cells or o f the lym phoid reticulum  cells. In these cells the ergasto- 
plasm increases in tensely , ch iefly  in the form o f rough surfaced endoplasm ic 
reticulum . Polyribosom es can also be found. All these indicate an intense  
synthetic cellular activ ity  w hich is most certain ly in connection with enzym e  
production. The fact that in th is case p inocytosis w as not provoked by Indian  
ink permits the supposition th at some kind o f m aterial plays a part here, neces­
sary for the cell’s m etabolism . F riedrich  [7] found that after the rem oval of 
part of the R ES, the rem aining reticuloendothelial organs were storing more 
vigorously. A certain regulatory substance m ust be supposed in this cellular 
function. According to J e u n e t  [12] the serum contains a factor which plays this 
regulatory role [3, 18, 28], though the tissue flu id  m ay contain it too and it 
m ay be supposed that the increasing p inocytosis serves just its uptake [11]. 
This is indicated by the fact that during prolonged storage the substance m ay  
become exhausted and storage m ay cease [12]. It is supposed that the throm bo­
cytes take part in the production of the substance in question.

From the phagosom es filled with carbon clum ps, lamellar bodies develop  
and encyst their undigestib le contents. Many tissue m acrophages containing  
carbon-filled phagosom es degenerate and disintegrate if  they cannot get rid of 
the carbon; the phagosom es can stay for a long tim e in the cells as residual 
bodies and kill the cells. The thus expelled carbon granules arc taken up by  
macrophages developed from histiocytes. T hey transport the granules m igrating  
further and drawing more and more cells into the process. H istam ine, apart 
from increasing en d ocytotis, starts also an increased cell m obilization, w here­
upon the tissue m acrophages, situated farther from the storing blood vessel, 
take part in the clearing action . Under the effect o f h istam ine, cell m obiliza­
tion and transform ation, endocytotic, and k lasm acytotic processes, degeneration  
and regeneration equally p lay a part in the tissue reactions.

H istam ine is constantly  regulating the cell and tissue processes according  
to its liberated qu an tity . A sterile tissue in flam m ation  m ay start under the  
effect of a quantity  o f histam ine (cell d isintegration). For the removal o f foreign  
substances from the circulation, several cells m ay transform to assum e the  
character of the reticuloendothelial system . B esides the endothelial cells, the  
throm bocytes, h istiocytes, macrophages play a part in this process, and perhaps 
even the plasma cells originating from histiocyte.

The reticuloendothelial system  has an active and an inactive part. From  
the latter so much is activated  as is adequate for the in tensity  of the reaction  
elicited by the stim ulus o f  the foreign substance to be removed.
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T he reticuloendothelial system  is a dynam ical one and cannot be cir­
cum scribed  sharply. The endocytosis, influenced by the external coat, its 
stru ctu re  and its electric charge, and also by the quality and structure of the 
stored  substance, starts a plasm a-m em brane flow  which leads to  vacuoliza­
tio n  and the formation of lysosom es. The plasm a flow does not m ean only  the 
en gu lfm en t of the cell mem brane but also the flow  of the endoplasm ic reticulum . 
In connection  with this occurs the developm ent of new cytom em branes, e.g. in 
th e  d ifferentiation of plasm a cells or in the developm ent o f lam ellar bodies. 
T he transport of the engulfed substance is hindered by the fla tten in g  of the 
cells , th e  lamellar adhesion o f the fla tten ed  cells and by the new  basem ent 
m em brane at the site of th e  degenerated old ones. The mem brane flow  serves 
eq u a lly  the pinocytosis and phagocytosis. It seems certain th at histam ine  
is n o t the only tissue horm one able to activate the resting part o f  the 
reticu loendothelia l system  but it also takes part in the control o f the reti­
cu loendothelia l system ’s function .

T hose factors which start the endocytosis on the cell m em brane, start 
also th e  membrane flow  w hich, by developing the endocytotic vacu o les, draws 
the foreign substance into the cell. The engulfm ent of the cell m em brane, 
to g eth er  with the reorganized endoplasm ic reticulum , develops phagosom es, 
i.e . lysosom es. Parallel w ith these processes new cell membranes develop , iso lat­
ing th e  foreign substances. The increased phagocytosis is followed by increased  
p in o cy to sis  being in connection with the synthesis occurring in the cell, the 
sy n th esis  o f new lysosom al enzym es.
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E L E K T R O N E N M IK R O S K O P IS C H E  V E R Ä N D E R U N G E N  V E R U R S A C H T  
D U R C H  H IS T A M IN  IN  D E R  H A U T  VON R A T T E N

I. TÖRŐ und I. OLÁH

D as E n d o th e liu m  der H a u t b en im m t sich hei H istam in e in re ih u n g  so wie d a s  R e tik u lo - 
en d o th e lia lsy ste in . Es spe ichert m itte ls  der E n d o zy to se  kollo idale Kohle. A n ste lle  de r a b s te r ­
b en d en  E n d o the lia lze llen  is t als E rg eb n is  de r V erflach u n g  de r angeschlossenen E n d o th e lia l­
zellen eine L in ierung  sich tb a r. An dieser S te lle  g eh t d ie B asalm em brane z u g ru n d e  u n d  es 
e n ts te h t  eine neue. Die K o h lenkörner d ringen  in s  G ew ebe teils du rch  die in te rze llu la ren  S p a lten , 
teils d u rc h  die E nd o th e lia lze llen . Z uers t w ird  die K ohle von  den E n d o th e lia lze llen  d u rc h  die 
P e rizy ten  übern o m m en , w elche sich von der G efäßw and  ab lösen , sp ä ter gehen sie zu g ru n d e  und  
die K oh le  g e lan g t in die G ew ebsspalten  m itte ls  E x o zy to se . Die G ranula  w erd en  d a n n  von 
an d eren  M ak ro p h ag en  aufgenom m en und  w e ite r tra n sp o rtie r t .  Die der E n d o zy to se  u n te r ­
w orfenen  Zellen sind re ic h  an R ibosom en u n d  in ih n en  is t eine belebte M e m b ran s trö m u n g  zu 
b e o b ac h te n .

D ie n eu sten  U n te rsu ch u n g en  m itte ls  des E lek tro n en m ik ro sk o p s bew iesen d ie R ic h t ig ­
k e it der f rü h e r m it H ilfe des op tischen  M ikroskops g em ach ten  F estste llungen  u n d  k lä r te n  die 
D etails  des M echan ism us der d u rch  H is ta m in  v e ru rsa c h te n  R eak tion . H is ta m in , als G ew ebs­
horm on  m o b ilis ie r t die R eservezellen des R e tik u lo en d o th e lia lsy s tem s u n d  v e ru rs a c h t  eine 
sterile  E n tz ü n d u n g  bei der V erän d eru n g  u n d  de r M obilisierung  der Zellen. B e id e r  E n d o zy to se  
k ö n n en  d re i V a rian ten  von V akuolen  fe stg es te llt w erden , w as au f den ve rsch ied en en  M echanis­
m us de r E x o zy to se  h inw eist.

ЭЛЕКТРОННОМИКРОСКОПИЧЕСКИЕ ИЗМЕНЕНИЯ, ВЫЗЫВАЕМЫЕ 
ГИСТАМИНОМ В КОЖЕ КРЫС

И. Т Ё Р Ё  и И. О Л А Х

Эндотелий кожи при втирании гистамина ведет себя как ретикулоэндотелиальная 
система. Он накопляет при помощи эндоцитоза коллоидальный уголь. На месте погибаю­
щих эндотелиальных клеток в результате уплощения прилегающих эндотелиальных кле­
ток видна линейность. На этом месте базальная мембрана погибает и развивается новая. 
Зернышки угля проникают в ткань частично через межклеточные щели и отчасти через
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эндотелиальные клетки. Первыми уголь от эндотелиальных клеток перенимают перициты и 
отслаиваются от сосудистой стенки. Перициты превращаются в макрофаги ткани и затем 
они разрушаются и уголь проникает при помощи экзоцитоза в щели ткани. Зернышки 
затем поглощаются другими макрофагами и переправляются. Эндоцитозные клетки богаты 
рибосомами, в них наблюдается оживленное мембранное течение.

Настоящие исследования при помощи электронного микроскопа подтвердили уста­
новления, сделанные перед этим при помощи оптического микроскопа, освещая детали ме­
ханизма вызываемой гистамином реакции. Гистамин, как тканевой гормон, мобилизует за­
пасные клетки ретикулоэндотелиальной системы и вызывает механизм стерильного воспа­
ления при превращении и мобилизации клеток. При эндоцитозе могут быть обнаружены 
три варианты вакуолей, что показывает различный механизм эндоцитоза.
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N atio n a l In s t i tu te  o f T rau m a to lo g y  (D irec to r: D r . G y . S z á n t ó ). B u d a p es t

THE SUBMICROSCOPIC STRUCTURE OF CONNECTIVE 
TISSUE IN A CASE OF HUNTER’S SYNDROME

I. P O L A R IS A T IO N  M IC R O SC O PIC  E X A M IN A T IO N S 

L. JÓZSA

(R eceived  F e b ru a ry  7, 1970)

T he subm icroscopic s tru c tu re  of th e  con n ec tiv e  tissues from  a p a tie n t w ith  
H u n te r ’s syndrom e killed in an  acc iden t has been stu d ied  by  p o la risa tio n  m icroscopic 
m ethods. By th e  R ivano l and  to lu id in e  b lue  p re c ip ita tio n  techn iques th e  fem o ra l bone, 
fem ora l cartilage, b ro n ch ia l ca rtilag e , m itra l va lve  an d  skin were te s te d  fo r acid  m uco­
polysaccharide  c o n ten t a n d  s ta te  o f d issoc iation  in th e  m atrix . By an ilin e -C an ad a  and 
ace ty la te d  an iline-C anada covering , th e  collagen s tru c tu re s , by  th e  p heno l b inding 
reac tio n  the  collagen p ro te in -m u co p o ly sacch arid e  bonds were an a lysed .

These p rocedures revealed  an  increased  m ucopolysaccharide  c o n te n t  o f th e  con­
nective  tissues, as a resu lt of an  increase  of som e frac tio n s p resen t also n o rm a lly  an d  no t 
due to  a deposition  of c h o n d ro itin  su lp h a te  В a n d  h ep aran  su lp h a te  c h a ra c te ris tic  of 
H u n te r’s syndrom e. In H u n te r ’s sy n d ro m e  the  collagen com position  is d iffe re n t from  
th e  norm al, in th e  collagen s tru c tu re s  th e  n u m b er of free hydroxy l g ro u p s  (ox y am in o  
acids) increases, as re la ted  to th e  p e p tid e  bonds. T he co llagen-m ucopo lysaccharide  
bonds are  sign ifican tly  d iffe ren t from  these  in th e  norm al collagen s tru c tu re s .

On the  basis of th e  resu lts , it is assum ed th a t  th e  changes in th e  co m p o sitio n  of 
th e  m a tr ix  and th e  p a tho log ica l collagen s tru c tu re s  represen t one of th e  causes o f the  
ossification  d is tu rb an ce  observab le  in m ucopolysaccharidosis.

The group of m ucopolysaccharidoses increases day by day w ith  new ly dis­
covered entities (JÓZSA, 1969). To date, there are at least 15 independent 
pathological conditions know n, com prised previously under the heading  
gargoylism . The first disease of th is kind was described in 1917 by H u n t e r  
and th is condition is according to the present classification the 11unter syndrom e 
or m ucopolysaccharidosis II . B r a n t e  (1952) recognized that gargoylism  was a 
disorder of m ucopolysaccharide storage, with changes in the bones, liver, 
kidneys, brain and eyes as the leading sym ptom s. The subm icroscopic and 
bistochem ical changes of the brain, nerves, liver and spleen are the best known; 
while less is known about the changes in bones, cartilages and connective  
tissue ( A n d e rs o n  1962, B o n a  et al. 1966, B ona  et al. 1967, B as k  1963). As it 
has been shown earlier (Jozsa and S zabó 1969), the disturbance in hyaluronid- 
ase production is o f great im portance in m ucopolysaccharidosis, preceding by 
far the appearance of clinical sym ptom s. The enzym opathy is genetically  
determ ined and is dem onstrable not only in the patient, but also in the gene- 
carrier relatives. In addition to the disturbance in hyaluronidase production , 
several other enzym es are usually defective or show a low activ ity  ( A n d e r s o n  
1962, B o na  et al. 1966, B o n a  et al. 1967).
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The increased production  of m ucopolysaccharides and the deficiency or 
d efective  activ ity  o f the ly tic  enzym e system  lead are damaging not only the 
ground substance of con n ective  tissue, but also the fibre system . These changes 
are still unclear and their elucidation is rendered difficu lt by the fact that m uco­
polysaccharidosis or its m odel could not y et be induced in animals.

Materials and m ethods

T h e  in d iv idual s tu d ie d  w as an  oligophrenic m ale , aged  32 years, a social care  case. H e 
d ied  a t  o u r In s t i tu te  4 h o u rs  a f te r  a t ra m  acciden t. A t n ec ro p sy , m u ltip le  bone in ju rie s  and  
d e s tru c t io n  of b ra in  tissu e  w ere found . The 125 cm  d isp ro p o rtio n a te  d w arf e x h ib ited  p o s t­
m o rte m  ev idence of osseous a n d  o rg an ic  changes c h a ra c te ris tic  o f H u n te r ’s syndrom e. T he u rin e  
o b ta in e d  fro m  th e  cad a v er c o n ta in e d  m ucopo lysaccharide  a t  a  c o n cen tra tio n  of 147 mg/1, of 
w h ich  36 mg/1 was h ep aran  su lp h a te  and 111 mg/1 c h o n d ro itin  su lp h a te  B. T he d iagnosis of 
H u n te r ’s syndrom e was su p p o r te d  b y  radiological, p o s tm o rte m  and  h istological ev idence an d  
b y  th e  u r in a ry  m u co p o ly sacch a rid e  finding.

Specim ens of fem ora l h e ad  cartilag e , fem oral bone , rib  ca rtilag e , rib hone, p a r ie ta l hone, 
t ra c h e a l  an d  bronchial c a r tila g e  a n d  m itra l valve  w ere su b je c te d  to  histological s tu d y . B ones 
w ere  deca lc ified  w ith  acid , th e n  c ry o s ta t  serial sections w ere  c u t  fro m  every  organ. In  a d d itio n  
to  th e  ro u tin e  sta in ing  m e th o d s , fo r po larisa tion  m ic ro sco p y  th e  following m eth o d s  were 
u sed :

1. C overing w ith  C an ad a  b a lsam :
2. C overing w ith  50%  an iline-C anada:
3. A fte r ace ty la tio n  (w ith  py rid in e  con tro l), co v erin g  w ith  50%  an iline-C anada;
4. R ivano l te s t (R o m h á n y i 1962):
5. T oluid ine  b lue  p re c ip ita tio n  sta in ing  in  th e  p H  ra n g e  of 2.4 to  7.4, accord ing  to  

R o m h á n y i;
6. Serial covering  w ith  1 to  10%  phenol-xylol.
B irefringence was d e te rm in e d  p a rtly  by  a co m m erc ia l com p en sa to r, p a r tly  b y  a hom e 

m ad e  one, checked and  d ec la red  su itab le  by  th e  I n s t i tu te  o f P a th o lo g y , U n iv ersity  M edical 
School o f Pécs. T issues fro m  a  h e a lth y  m ale of sim ilar age, k illed  in  an  acciden t, w ere used as 
c o n tro ls .

T h e  h istochem ical, b io ch em ica l and electron  m icroscop ic , electron  m icroscopic h isto - 
rh e m ic a l find ings will be d e sc rib ed  in an o th er p aper.

Results

T h e Rivanol test gives an anisotropic reaction  in a proportion correspond­
ing to  th e  acid com ponents of the ground substance and allows conclusions 
concerning the q u antity  o f acid m ucopolysaccharide com ponents as w ell as the  
num ber of acid (sulphate) groups. According to  the R ivanol test in every  
cartilage exam ined the acid com ponents were present at a higher relative con­
cen tration  than in the norm al control. The increased R ivanol anisotropism  of 
the sk in , heart valve and bone ground substance indicated  an increase of acid 
m ucopolysaccharides (T able 1).

T he R ivanol test allow s but a rough estim ate o f the relative concentra­
tions o f  the acid com ponents, w hile toluidine blue anisotropic staining supplies 
inform ation also as to  the quality  and state o f dissociation of the m ucopoly­
saccharide m olecules. A ccording to the results o f toluidine blue anisotropic
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sta in ing  in the pH range o f 2.4 to 7.4 the num ber o f the sulphate radicals of 
the m atrix was increased in every tissue. The increase of acid m ucopolysaccha­
ride content was especially marked in the femoral and costal bone, as well as in 
the heart valve. M ucopolysaccharide concentration was increased also in the 
respiratory tract cartilage, fem oral head and costal cartilage, but the differ­
ence between the H unter syndrom e patient and the normal control was not 
so conspicuous as it was in the case of the bone m atrix and the heart valve
(F ig s  1 — 9).
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Fig. 2. Toluid ine  blue p rec ip i ta ­
t ion  reaction . Costal bone m atrix .  
(B roken  line: contro l .  Solid line: 

H u n te r ’s syndrom e)

Fig. 3. To lu id ine  blue  p re c ip i ta ­
tion reaction. Pa r ie ta l  bone m atr ix .  
(B ro k en  line: contro l .  Solid line: 

H u n te r ’s syndrom e)
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Fig. 4. T oluid ine  blue p rec ip i ta ­
t ion  reaction . Bicuspid  valve. 
(B roken  line: contro l .  Solid line: 

H u n te r ’s syndrom e)
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pH

F ig . 5. Toluidine blue p re c ip ita ­
tio n  reaction . Skin of ab d o m in a l 
w all. (B roken line: co n tro l. Solid 

line: H u n te r’s sy n d ro m e)

2 3 Л  5 6 7 pH
01-------- —  - - ' N

-30p

F ig . 7. Toluidine b lue  p re c ip ita ­
t io n  reaction . T rach ea l c a r tila g e . 
(B ro k en  line: con tro l. Solid  line: 

H u n te r’s sy n d ro m e)
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Fig . 6. T o lu id ine  blue p re c ip ita ­
tion  reac tio n . B ro n ch ia l c artilag e. 
(B roken  line: con tro l. Solid line: 

H u n te r ’s syndrom e)
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Fig. 8. T o lu id in e  b lue  p re c ip ita ­
tion  reac tio n . F em o ral h ead  c a r ­
tilage. (B ro k en  line: co n tro l.

Solid line: H u n te r ’s syndrom e)
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F ig. 9. T o lu id ine  blue p re c ip ita ­
tio n  reac tio n . Costal cartilage. 
(B ro k e n  line: con tro l. Solid line: 

H u n te r ’s syndrom e)
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Table 1
increase o f acid mucopolysaccharides follow ing o f  the increased R ivanol anisotropism

Phcnol-Cunada Aniline-Canada Acetylated
aniline-Canada Hivanol

B ronchus H u n te r
Control

29.2 
— 51.0

9.4
-(- 6.5

13.2
+  20.1

17.3
6.8

T rachea H u n te r
Control

24.0
-6 3 .2

+  10.2
-f 5.9

11.7
+  16.3

- 1 9 .2  
- 8.0

Fem oral cartilage H u n te r
Control

- 2 6 .3  
-  67.1

+  13.8 
+  12.0

- 9 .7
-2 4 .1

- 1 6 .5
- 1 0 .5

Fem oral hone H u n te r
Control

20.5
-6 2 .3

+  18.7 
+  16.5

14.3
- 2 5 .2

13.8
-1 0 .2

Costal cartilage H u n te r
Control

12.5 
-  51.0

+  16.5 
+  12.2

- 1 0 .8
18.1

18.0
7.9

Costal hone H u n te r
Control

17.5
-4 7 .9

+  15.2 
+  13.0

- 1 2 .7  
- 22.7

15.1
10.3

These findings showed that the deposition o f  m ucopolysaccharides is not 
restricted to the parenchym al organs as it was suggested  earlier, but is dem on­
strable in the m esenchym al tissues, too. The leading sym ptom s of H unter’s 
syndrom e were th ou gh t to be an increase in heparan sulphate and chondroitin  
sulphate B. According to data in the literature (M e y e r  et al. 1959), these frac­
tions are in fact deposited in the liver, kidney and brain, but not only these  
tw o fractions are overproduced (JÓZSA 1968). In the ground substance of 
cartilage and bone there is neither heparan su lphate nor chondroitin sulphate  
B, y et the m ucopolysaccharide content of the m atrix  is increased. According 
to our histochem ical and m icrochemical in vestigation s, the case was not one 
of the appearance or increase in the matrix o f cartilage and bone of the frac­
tions characteristic of H unter’s syndrome, i.e. chondroitin  sulphate В and 
heparan sulphate, but o f an increase of chondroitin sulphate A and keratosul- 
phate, thus of fractions present also normally.

The m ucopolysaccharides accum ulating in cartilage and bone m atrix  
were linked to protein in an unusual fashion, b u t we have been unable to  
approach the different ty p e  o f linkage by polarisation  m icroscopy. The d is­
turbance of the m ucopolysaccharide-protein com plex  was indicated by the fact 
that the protein bond was alkali resistant and th a t the degree of toluidine blue 
anisotropism did not change following treatm en t w ith proteolytic agents 
(pepsin, trypsin, papain).

The aniline and the phenol binding reactions perm it insight into the 
quality  of the collagen-polysaccharide bond. The role played by chondroitin  
sulphate in the form ation o f collagen fibres is know n ( N é m e t h -Csóka  I960).

Acta Morphologien Academiae Sciential urn JIungaricae 19, 1971



3 0 6 L. J Ö Z S A

Table 2

T o lu id in e  blue anisotropic prec ip ita tion  reaction

p H  2 . 4 p H  3 . 4 p H  4 . 4 p H  5 . 4 p H  6 . 4 p H  7 . 4

T rac h ea H u n ter
Control

-  2.7 
+  11.0

-  4.8 
+  7.3

- 1 1 .0  
+  1.0

-  19.2 
5.4

-  24.0
-  12.3

-  26.3 
-  19.1

B ro n c h u s H u n te r
Control

-  3.8 
+  9.1

-  5.6 
+  4.8

- 1 2 .0  
+  0.5

-  19.7 
5.0

-  26.0 
-  14.0

-  27.5
-  16.2

Sk in H un ter
Control

-  2.5 
+  13.9

— 17.2 
+  6.1

- 2 1 .0
-  5.4

-  26.6 
-  12.7

-  34.2 
19.0

-  36.1
-  21.3

M itra l v a lv e H u n te r
Control

-  6.8 
+  2.9

— 17.5
— 0.5

- 3 3 .9
9.0

-  51.0
-  14.8

-  60.3
-  24.0

— 55.0
-  36.2

F e m o ra l cartilage H un ter
Control

- 2 7 .0
11.0

- 3 9 .8
17.2

- 4 8 .5
- 2 3 .0

-  79.0
-  44.1

- 92.2
-  52.2

-  96.5
-  73.0

C osta l cartilage H u n te r
Control

- 4 4 .0  
— 16.3

- 5 3 .5
27.0

- 6 7 .9
- 3 0 .3

90.0
47.0

- 1 0 9 .0  
— 56.5

- 1 0 1 .0  
-  62.0

F em o ra l bone H unter
Control

- 2 1 .0  
— 6.7

- 2 9 .5
9.2

- 9 0 .4
- 1 3 .5

- 1 0 3 .0  
14.1

- 1 1 2 .0  
-  50.2

- 1 0 8 .3
73.0

C osta l bone H u n te r
Control

- 1 9 .5  
-  3.3

- 3 0 .0
12.0

- 8 4 .0
- 1 9 .6

-1 0 3 .5  
-  30.0

— 112.0 
-  39.6

- 1 1 0 .0  
-  42.0

P a r ie ta l  bone H unter
Control

-  6.8 
-  5.0

-  24.0 
17.2

- 6 7 .0
- 2 3 .0

-  70.5 
26.2

-  76.3
-  28.5

-  79.0
-  29.9

The process of collagen fibre form ation, the chemical and subm icroscopic 
stru ctu re may vary in diseases (V erzár  1963, V iszlóy  and K asza  1967) and 
experim entally  induced pathological conditions (N é m e t h - C sÓka  and V iszlóy  
1960, M ar t in  et al. 1961). W e have no data concerning the subm icroscopic and 
chem ical structure of the collagen fibre system  of patients w ith  gargoylism . 
W ith  aniline cover a p ositive  distance difference was found in every  tissue 
exam in ed , suggesting that there were no gross structural changes on the colla­
gen fib res. The negative change in birefringence following acety la tion  indicates 
th e  q u an tity  of -OH groups related to peptide bonds. In our case th e  change in 
birefringence following acetylation  was more marked in the tissu es of the 
H u n ter  syndrome patien t than  in the controls, from which it m ay be concluded  
th a t  in the main collagen chain the num ber of hydroxyl groups per peptide 
bonds wTas higher than in the normal collagen structures.

Since not only the acid m ucopolysaccharide ground sub stan ce, hut also 
th e  chem ical structure o f  the collagen protein were different from th e normal, 
it seem ed  interesting to stu d y  the salt-like bonds between collagen protein  and
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Fig. 10. Phenol b ind ing  reac tion . A b d o m ­
inal sk in . (B ro k en  line: con tro l. Solid 

line: H u n te r ’s syndrom e)

Fig. 11. Phenol b ind ing  re ac tio n . M itral 
va lve . (B roken line: con tro l. Solid  line: 

H u n te r ’s syndrom e)

Fig. 12. P h eno l b ind ing  reaction . Costal Fig. 13. P henol b ind ing  re ac tio n . Fern- 
bone m a trix . (B roken  line: con tro l. Solid  oral bone m atrix . (B roken  line: co n tro l, 

line: H u n te r ’s syndrom e) Solid line: H u n te r’s sn y d ro m e)

15

F ig. 14. Phenol b ind ing  reac tion . C ostal 
ca rtilag e . (B roken  line: con tro l. Solid 

line: H u n te r ’s syndrom e)

- 35h \

" 40[- \
\

- 50|-

Fig. 15. Phenol b ind ing  reac tio n . F e m ­
oral head cartilage. (B ro k en  lin e : co n ­

tro l. Solid line: H u n te r’s sy n d ro m e)
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Table 3

Phenol b inding

Organ P heno l
per ce n t 0.5 1.0 1 5 2.0 2.5 3 0 3.5

B ronchus H u n te r
C ontrol

+  2.1 
+  13.8

+  0.5 
-j-10.5

0.0 
4 5.4

0.0
0.0

-  2.3
-  5.2

-  5.7
- 13.0

- 1 2 .0
- 1 8 .6

T rach ea H u n te r
C ontrol

+  2.9 
4  14.0

-  0.5 
+  11.2

0.0 
-1- 6.4

0.05
0.0

I-?
— 4.5

-  2.7 
11.0

— 8.0 
— 16.0

F em o ra l cartilage H u n te r
C ontrol

+  1.8 
+  17.2

+  0.7 
+  12.0

0.0
+  5.3

— 0.05 
0.0

-  2.4
- 3.6

2.8 
-  6.2

-  6.3
-  9.5

F em o ra l bone H u n te r
Control

+  11.3 
+  33.0

4-10.8
- 2 8 .0

+  6.5 
27.0

+  6.0 
+  21.5

+  4.7 
+  15.0

-1- 3.0
-f- 5.5

+  2.1 
+  1.0

C ostal cartilage H u n te r
Control

+  3.8 
+  12.1

+  1.7 
+  10.0

-P 0.5 
-f- 6.5

0.0
0.0

- 2.7 
4.2

-  3.5 
5.2

— 5.6 
- 2 2 .0

Costal bone H u n te r
C ontrol

+  10.2 
+  29.0

+  9.0 
+  26.2

+  9.0
+  24.0

+  8.4 
+  23.0

6.3 
+  10.7

+  5.5 
8.0

+  3.2 
+  5.0

Skin bone H u n te r
C ontrol

+  3.8 
+  13.0

+  2.7 
+  10.0

+  1.2 
+  8.0

+  0.5 
+  6.0

0.0 
+  5.0

-  1.5 
+  2.5

-  3.7
-  2.0

H e a r t  valve H u n te r
Control

+  5.0 
+  14.0

+  3.8 
+  12.0

+  2.7 
+  8.6

+  1.2 
+  6.0

+  0.5 
+  3.0

0.0 
+  1.5

-  2.1 
-  2.0

m ucopolysaccharide. E bner’s phenol reaction is su itab le for use in such inves­
tigation s, because the higher the number o f the acid side radicals of the 
m ucopolysaccharide, the less phenol is bound by th e  tissue tested. The collagen  
structures of the tissues tested  were not uniform , inasmuch as the phenol

isL
10- %

-  50(-
F ig. 16. Phenol b in d in g  reac tion . B ron­
ch ia l cartilage. (B ro k en  line, contro l. 

Solid line: H u n te r ’s syndrom e)

F ig. 17. P h en o l b ind ing  reac tion . T ra ­
chea l c a rtilag e . (B roken line: con tro l. 

Solid line: H u n te r ’s syndrom e)
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reaction

.0 4.5 5.0 5.5 6.0 6 5 7.0 7.5 8.0 10.0

19.3
22.3

20.7
- 2 7 .5

- 2 1 .0  
-  29.0

-  21.2 
- 3 2 .0

- 2 1 .5
33.5

22.0
40.0

- 2 2 .2
- 4 0 .2

22.6
40.8

—23.0
41.0

— 23.4
— 43.3

14.0
19.5

17.2
26.0

19.0
- 3 4 .0

19.2
- 3 9 .0

20.0
42.0

20.3
- 4 3 .0

20.5
42.7

20.5 
- 43.0

- 2 0 .5  
-  44.0

- 2 1 .0
- 4 6 .0

— 1.3.4 
17.2

- 1 7 .5
- 2 4 .5

- 2 1 .5
21.0

- 2 1 .5
- 3 8 .2

- 2 1 .6
- 4 2 .6

-  22.0 
46.0

- 2 2 .2
- 4 7 .0

- 2 2 .5
-4 7 .2

- 2 2 .8
- 4 7 .8

— 23.0 
- 4 8 .0

H 1.0 
0.0

0.0
3.0

-  2.5
-  7.0

2.9
10.0

-  8.0 
-  17.0

- 1 1 .0
- 2 1 .0

- 1 1 .5
- 2 9 .0

- 1 2 .0
- 3 6 .0

- 1 1 .0  
-  44.0

- 1 2 .0  
— 51.0

6.3
24.0

-  6.7 
- 3 2 .5

7.2
- 3 4 .0

-  7.8 
- 4 1 .3

8.5
- 4 2 .0

-  8.5 
- 4 2 .6

9.0
- 4 3 .5

-  9.5 
- 4 3 .5

— 10.0 
- 4 4 .0

- 1 1 .0
— 44.5

■r 1.5 
1- 2.0

0.0
0.0

3.9 
-  2.0

-  5.0 
8.0

8.3 
- 1 7 .0

- 1 1 .0
- 2 4 .0

— 11.0 
— 29.0

- 1 1 .5
- 3 1 .0

11.5
- 3 5 .0

12.0
- 3 9 .0

6.3
3.0

7.0 
-  5.0

-  8.5
-  9.5

9.5
12.0

10.0
18.0

-  10.5 
- 1 9 .5

- 1 0 .5
- 2 0 .0

- 1 0 .5
- 2 1 .0

— 11.0 
21.5

- 1 1 .0
23.5

-  3.7 
7.4

-  5.0 
9.4

6.3
- 1 1 .5

7.0
- 1 4 .0

-  7.5 
16.3

7.9
18.0

-  8.2 
- 1 9 .0

-  8.4 
- 2 0 .0

-  8.8 
- 2 1 .0

9.0
- 2 2 .0

binding capacity was markedly reduced in skin, heart valve, rib cartilage, rib 
and femoral bone matrix, while its reduction in the other tissues was found to 
be less marked (Figs 10 to 17, Table 3).

The methods of connective tissue staining showed no substantial dif­
ferences in the connective tissues, or the differences found were comparable 
(PAS reaction) to data in the literature, therefore no details are presented here.

Conclusions

In a case of Hunter’s syndrome an increase in mucopolysaccharides could 
be demonstrated not only in the internal organs, but also in the connective 
tissues. In every tissue tested the acid mucopolysaccharide content of the 
matrix was. increased, but the degree of accumulation varied from tissue to 
tissue. The Rivanol reaction and also toluidine blue anisotropic staining 
revealed a most marked increase of mucopolysaccharides in the heart valves, 
and the femoral and costal hone matrix. There was a moderate increase of 
mucopolysaccharides in parietal hone, femoral cartilage and respiratory tract 
cartilage.
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According to  the acetylated aniline reaction , the chemical structure of 
the fibrogenic collagen protein was so changed th at in the collagen structures 
the num ber of free hydroxyl groups (those disappearing on acetylation) in­
creased, as related to  the peptide bonds. This suggests that the collagen of 
gargoylism  patients contains more oxyam ino acids (serine, threonine, hydroxy-  
proline) than the normal collagen.

It is explained partly by the change in the composition of the m atrix  
and partly  by the difference from the norm al o f the amino acid com position  
of the collagen protein that in the supportive tissues of patients w ith H unter’s 
syndrom e the m ucopolysaccharide-collagen bonds are differing from the 
norm al.
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U N T E R S U C H U N G  D E R  S U B M IK R O S K O P IS C H E N  S T R U K T U R  D E S S T Ü T Z G E W E B E S  
B E I K R A N K E N  M IT H U N T E R -S Y N D R O M

I. U n te rsu ch u n g  m it H ilfe des Po larisa tionsm ikroskops

L. JÓZSA

V erfasser u n te rsu ch te  m itte ls  po larisa tio n sm ik ro sk o p isch er M ethoden  d ie  su b m ik ro ­
skopische S tru k tu r  der S tü tzgew ebe eines infolge eines U nfalles um s L eben g ek o m m en en  an 
H u n te r-S y n d ro m  leidenden K ran k en . V erfasser u n te rsu c h te  m it an iso tro p en  P rä z ip i ta t io n s ­
m eth o d en  m it R ivano l und T o lu id in b lau  den G eh alt sa u re r  M ukopolysaccharide  in  d e r G ru n d ­
su b s ta n z  d e r S tü tzgew ebe (F em u rk n o ch en  u n d  -K n o rp e l, R ippenknochen  u n d  R ip p en k n o rp e l, 
Os p a r ie ta le , T racheaknorpel, B ro n ch u sk n o rp el, M itra lk lap p e  und H au t) , sow ie d e n  D issozia­
tio n szu s ta n d . M it Hilfe von A n ilin -C anada  u n d  aze ty lie rtem  A nilin-C anada u n te r s u c h te  er die 
K o lla g e n s tru k tu r, m itte ls der P h e n o lb in d u n g s rea k tio n  — die B indungen  zw ischen  K ollagen- 
e iw eißen u n d  M ukopolysacchariden.

V erfasser s te llte  fest, daß  hei H u n te r-S y n d ro m  der M u k o p o ly sacch arid g eh a lt d e r  S tü tz ­
gew ebe e rh ö h t ist. Diese E rscheinung  ist die Folge der V erm ehrung  der im  S tü tzg e w e b e  au ch  in 
de r N orm  v o rh an d en en  F rak tio n en  und  n ich t de r A b lagerung  des fü r die H u n te rsc h e  K ra n k ­
h e it beze ichnenden  C h o n dro itin su lfa ts B , sowie des H eparan su lfa tes . Die Z u sam m en se tzu n g  
des K ollagens beim  H u n te rsch en  S y n d ro m  u n te rsch e id e t sich von der n o rm alen  Z u sam m en ­
se tzu n g , die Zahl der freien H y d ro x y lrad ik a le  (O xyam inosäuren ) in den K o lla g e n s tru k tu re n  
e rh ö h t sich im  V ergleich zu den P ep tid b in d u n g e n . E s k a n n  auch nachgew iesen  w erd en , daß  
sich die K o llagen -M u k o p o ly sacch arid b in d u n g en  w esen tlich  von den jen igen  d e r  no rm alen  
K o lla g e n s tru k tu r  un terscheiden . A u fg ru n d  d ieser U n tersuchungsergebn isse  n im m t de r V er­
fasser an , d a ß  die G ru n d su b stan z  v e rä n d e r te r  Z u sam m ensetzung  sowie d ie p a th o lo g isch en  
K o llag e n s tru k tu re n  gem einsam  einen  d e r G rü n d e  de r V e rk n öcherungss tö rungen  bei den  E r ­
k ra n k u n g en  de r M u k o p o ly sacch arid an h äu fu n g  darste llen .

ИЗУЧЕНИЕ СУБМИКРОСКОПИЧЕСКОЙ СТРУКТУРЫ ОПОРНОЙ ТКАНИ 
У БОЛЬНЫХ СИНДРОМОМ ХУНТЕРА

1. Поляризационно-микроскопические исследования 
л. йожа

При помощи поляризационного микроскопа была изучена субмикроскопическая 
структура опорных тканей больного синдромом Хунтера, умершего вследствие несчаст­
ного случая. Техника анизотропной преципитации риванолем и толуидиновой синькой 
служила для выявления содержания кислых мукополисахаридов в основном веществе 
опорной ткани (бедренной кости, хряща бедренной кости, ребра, хряща ребра, теменной 
кости, хряща трахеи, хряща бронхов, митрального клапана сердца и кожи), а также ее 
диссоциационного состояния. Методом покрытия анилин-канадой и ацетилированной 
анилин-канадой были изучены коллагеновые структуры, а реакцией связывания фенола 
мук о п о лис ах а р ид н ы е связи коллагеновых белков.

Было установлено, что при синдроме Хунтера в опорной ткани повышается содержа­
ние мукополисахаридов. Это явление вызывается увеличением фракций, присутствующих 
в опорной ткани и в условиях нормы, а не отложением хондроитинсульфата В и гепаран- 
сульфата, характерного для болезни Хунтера. 11ри синдроме Хунтера состав коллагена 
отличается от нормы, в коллагеновых структурах число свободных гидроксильных ради­
калов (оксиаминокислот) повышается по сравнению с пептидными связями. Выявляемо 
и то, что коллагено-мукополисахаридные связи существенно отличаются от связей нор­
мальных коллагеновых структур. На основе этих результатов автором полагается, что 
основное вещество измененного состава и патологические коллагеновые структуры со­
вместно являются одной причиной расстройств окостенения, наблюдаемых при заболева­
ниях от накопления мукополисахаридов.

Dr. László J ó z s a , Országos T raum atológiai Intézet,
Budapest V III ., Mező Imre út 17., H ungary
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*V. B abes”  In s t i tu te  of P a th o lo g y  and  M edical G enetics (D irec to r: Prof. D r. I. M o r a r u ),
B u ch arest

ULTRASTRUCTURAL DATA IN A CASE OF 
DU B IN  JOHNSON S Y N D R O M E

C. Co t u t i u ,* I.  Moraru  and V i o l e ta  I o n e sc u  

(R eceived  Ju n e  2, 1971)

In a case o f D u b in  —Jo h n so n  syndrom e th e  u l tra s tru c tu ra l  lesions have  been 
stud ied  on h ep atic  need le  b iopsy  m ateria l.

T he observed  changes agreed  w ith  those  d escribed  in lite ra tu re .
F rom  th e  lo ca lisa tion  of acid  p h o sp h a tase  an d  A T P ase  i t  has been concluded  

th a t  th e  ch a ra c te ris tic  p ig m en t is of lysosom al origin an d  m ig h t rep resen t an  enzy m atic  
defect of the  lysosom es.

D u b in  anti J o h n so n  [4] and Sprinz  and N e l s o n  [11] described in  
1954 a form o f jaundice characterized in the first place by accum ulation in the 
liver cells o f non-biliary p igm ent. Subsequent investigations revealed the 
fam ilial, congenital character o f the disease [1], its ultrastructural m orphology  
[2] and characteristic disturbances.

The nature of the pigm ent and the relationship betw een the bile excretion  
disturbances and pigm ent accum ulation have not been clarified [2, 6].

B y  investigating the present case** and using ultrastructural-histo- 
cnzym ologic m ethods, we have attem pted to contribute new data concerning  
the nature of the pigm ent and the excretion disturbance.

M a te r ia l  and  m e th o d

Liver tissue frag m e n ts  w ere o b ta in ed  by biopsy. P a r t  o f  th e  frag m en ts  (for s tru c tu ra l 
p re p a ra tio n s) were fixed  in 3 %  g lu ta ra ld e h y d e  buffered to p H  7.4 w ith  cacody la te  a t  4°C for 
2 hours, postfixed  in O s0 4S-collidine, d e h y d ra ted  in alcohol a n d  em b ed d ed  in E pon  or A ra ld ite
M. T he o th e r p a r t  (for h is tochein ical p rep ara tio n s) was fix ed  in g lu ta ra ld eh y d e  for 6 h ours, 
b u ffered  w ith  caco d y la te  a t  pH  7.4 an d  sectioned  w ith  a freez ing  m icro tom e (40 — 50 ju). T he 
sections were tested  for acid  p h o sp h a tase  (B arka  A n d e r s s o n ) an d  A T Pase (W a c h s t e in  — 
Me i s e l ), p o stfix ed  in 0 s 0 4, d e h y d ra te d  and  em bedded in E p o n  or A ra ld ite .

T he u l tra th in  sections o b ta in ed  w ith  an  L .K .B . I I  m ic ro to m e  and c o n tra s ted  w ith  
u ra n y l ace ta te  and  lead c itra te  ( R e i n o l d s ), were exam ined  in a  Zeiss O berkochen EM  9A an d  
SEM.j- 2  e lectron m icroscope a t  d irec t m agn ifica tions of 1700 to  40,000.

* E lectron  M icroscopy L ab o ra to ry , “ V. B abes”  I n s t i tu te  o f P a th o lo g y  an d  M edical 
G enetics.

** A d m itted  to  th e  2nd M edical D e p a rtm en t (D irec to r : P ro f. I. Ga lea ) of “ B rincove- 
nesc H o sp ita l, B u ch are s t, R o m an ia
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Results
The thin sections stained w ith  tolu id ine blue revealed the hepatic cords 

w ith  m aintained architectonics. The liver cells exhibited sharply outlined, 
round, clear vacuoles, o f variable size, loaded w ith  pigm ent especially  peribili- 
arly . N o periportal in flam m atory changes or cholestasis were noted .

The ultrastructural alterations consisted  in the presence o f pigm ent, 
m itochondrial changes, m odification  o f the endoplasm ic reticulum  and of the 
vascu lar  pole of the liver cell.

a) Pigment was prevalently  localized in the peribiliary zones o f the liver 
cell, appearing in the form  of accum ulations o f osmiophilic granular material 
contain ing som etim es less osm iophilic vacuolar areas. W ithin the sam e cell, 
form s o f transition were often  noted from dense, strongly osm iophilic pigm ent 
to  clearer, m ultivacuolar zones. The pigm entary m aterial w as frequently  
surrounded by a single, fin e , continuous or discontinuous m em brane; in other 
instances no such m em brane could he observed.

The form of these accum ulations varied; round or oval structures, ir­
regular, budded or polym orphous forms (F igs 1, 2) occurred.

b) The mitochondria  exhibited  characteristic aspects, v isib le  especially  
in  certain projections. In  the m atrix o f several m itochondria, regular, parallel 
filam entous structures could he seen. The more evident these structures were 
and the more they  invaded  the m atrix, the more reduced were th e  cristae and 
larger the m itochondria. One or several neighbouring m itochondria were often  
affected . This tvpe o f alteration described by J eze q ue l  [7] as crystalloid  
fibrous myelinic dystrophy has no precise significance and has been observed 
also in other hepatic lesions or even in the absence of any lesions [10].

In our case we noted  giant m itochondria w ith a particularly evident 
crystallo id  aspect, alm ost entirely replacing the m itochondrial m atrix and 
cristae (Fig. 3).

c) The endoplasmic reticulum presented the most ev id en t alterations, 
consisting  in a substantia l reduction of the rough reticulum and the appearance 
o f d ilated  cisterns in the sm ooth reticulum . In m any cells the rough reticulum  
appeared only around the m itochondria, while the rem aining cytoplasm  con­
ta in ed  vacuoles, sacci and cisterns in the sm ooth reticulum . H ere and there, 
sm ooth ly  dilated cisterns could he seen, containing some electron-opaque  
granules, which mi ght 1 >e interpreted as forms of transition from  rough to  
sm ooth  reticulum.

Among these sm ooth  structures the cytoplasm  was loaded w ith  glycogen  
in th e  form of large, polyhedral electron-opaque granules. The more smooth  
vacuolar-cisternal structures there were, the richer was the am ount o f glycogen  
(F igs 2, 3).

d) The vascular pole  o f the liver cell was often bare after the disappearance 
o f microvilli; a fine, granular m aterial could he seen in D isse’s space. The endo-
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1. D u b in  Jo h n so n  p ig m en t of th e  com pact, hom ogeneous ty p e  and  of the  h e te ro g en eo u s 
ty p e , su rro u n d ed  b y  a single m em b ran e  (arrow ). X 24,000
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Fig. 2. T h e  sam e aspect o f p ig m e n t, w ith  d im in u tio n  o f th e  rough endoplasm ic re tic u lu m , the  
p re sen c e  of glycogen an d  d ila ta tio n  of th e  sm o o th  re ticu lu m . X 12,000. M — m itochon- 

d riu m ; G — glycogen; P x — hete ro g en eo u s p ig m e n t; P 2 — dense p ig m e n t

thelia l and Kupffer cells exhibited  no evident alteration or pigm ent accum ula­
tion  [12].

A t the biliary pole the m icrovilli had disappeared and the bile ducts were 
em p ty .

e) Enzyme  ATPase gave a positive, granular reaction along the liver 
cell m em branes, strongly accentuated at the lev e l of the bile canalicules (F ig. 5). 
T he reaction was likewise positive in the K upffer cell membrane (F ig . 4), but 
n eg a tiv e  in the sinusoidal cells.

Acid phosphatase gave a positive reaction  in the cytosom al structures, 
som etim es in onion peel form . The in ten sity  o f the reaction was heterogeneous 
in th e  pigm entary structures (Fig. 6). The sm aller and denser ones gave a rela­
t iv e ly  hom ogeneous reaction, whereas the polym orphous structures contained  
on ly  zones giving a positive reaction. At som e sites, in the v ic in ity  o f  the larger 
pigm entary  structures, sm aller intensely p ositive  cytosom es were observed, 
som etim es sticking to them .
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Fig. 3. G ian t m ito ch o n d ria  w ith  crystallo id  inclusions; g lycogen  and  d ila ted  sm o o th  re ticu lu m
(arrow ). X 36,000

Fig. 4. A T Pase in K u p ffe r cell; in tensely  p o sitiv e  cell m em brane. X 4,000

In some instances, the reaction appeared to  be positive w ithin a vacuole  
delim ited by a m em brane that contained besides pigm ent also g lycogen and 
organelle residues (F ig. 7).

A large num ber o f intensely reacting cytosom es were found in the  
Kupffer cells (F ig. 8).
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f *

F ig . 5. A T  P  ase in liver cell. P o s itiv e  reac tio n  in th e  m icrov illi of th e  bile d u c ts  (a rro w ) and 
slightly  p ositive  re ac tio n  in  th e  cell m em brane . X 12.000

F ig . 6. A cid  p h osphatase  in  liv e r  cell. P ositive  re a c tio n  in th e  perib ilia ry  den se  bodies 
(cy tosom es) an d  p ig m en ta ry  s tru c tu re s . X 12,000
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Fig. ". A cid p h o sp h a ta se  in  liver cell. A u to p h ag o u s v a cu o les  w ith  cytoplasm ic c o n te n t  and
positive  reac tion . X 12,000

Discussion

The ultrastructural aspect of the p igm ent in our case was ind icative o f its 
lipofuscin nature.

The data in literature are contradictory: m ost workers consider pigm ent 
of lipofuscin type on the basis of a series o f  tinctorial and histochem ical prop­
erties. H ow ever, other authors suggest its m elanin  nature [6, 13]. Our findings 
were contradicting the latter assum ption, as no elem ents were observed in favour  
of m elanization (m atrices preceding the deposition  of pigm ent). A lthough  th ■ 
structures varied in size, form and condensation , it is assumed that there was 
a single type of p igm ent in different stages o f  organization.

The presence o f acid phosphatase in the pigm entary structures lends sup­
port to their lysosom al origin, in agreem ent w ith  previous findings [3, 5, 8]. 
Some of the structures observed raise the question  of the existence o f autophagy  
in their m echanism  of form ation. V ariations in the intensity of the reaction, 
from the dense p igm ent to the heterogeneous ty p e , plead in favour o f  periodical
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F ig . 8. A cid  p h o sp h a tase  in  K u p ffe r  cell. N u m ero u s cy tosom es w ith  po sitiv e  re ac tio n .
N o p ig m en t is p re sen t, X 12,000

accu m u lation s of m aterial in the cytosom es, w ith  a progressive decrease o f  their  
ly t ic  cap acity .

In  D ubin — Johnson syndrom e, con ju gation  of the bile tak es place 
n orm ally  [6, 9], but its excretion  is deficient. The positivity of the A TPase  
reaction  at the biliary pole o f the liver cell show s th at, at least from th is point 
o f v iew , th e  transm em hranous transfer of bile is unaffected.

T h e changes observed at the vascular pole of the liver cell are more 
d ifficu lt to interpret. The existence of an artefact arising during fix a tio n  
cannot be excluded, but if  w e bear in mind the good preservation of th e  stru c­
tures even  an artefact m ight reflect an increased fragility at this leve l [6]. 
T hese changes might be connected  with icteric episodes due to regurgitation  of 
u n excreted  bile.

U ltrastructural and histochem ical investigation s have dem onstrated th at  
lip ofu scin  corresponds to the residual bodies o f  the lysosomal system . The 
presence o f acid phosphatase in the developing structures of the p igm entary  
ty p e , and its absence in the large polym orphous pigm entary structures su ggest
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the existence of an insufficiency of the lysosom al lytic capacity . It is difficult 
to  establish the origin o f the m aterial accum ulated in tralysosom ally and the 
relationship with the bile excretion deficit. For this purpose, ultrastructural 
investigations should be carried out on other lysosom al enzym es.

Our incom plete know ledge o f all the m etabolic links in the process o f  bile 
form ation and excretion under physiological conditions make it d ifficu lt to 
offer a full interpretation o f the disturbances observed in D ubin Johnson  
syndrom e. The fam ilial character o f the disease [deads for a genetic enzym atic  
defect, associated probably w ith the excretion o f bile.

Conclusions

The changes observed have lent support to the diagnosis o f  D ubin — 
Johnson syndrome.

The pigm ent accum ulated in this syndrom e appears to he o f  lipofuscin  
nature and cytosom al in origin.

The disturbance incrim inated appears to be at the level o f excretion  of 
the liver cell.

The genetic character o f the disease is obvious but the in tim ate substrate  
o f the disturbance still rem ains to be dem onstrated.
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V E R Ä N D E R U N G E N  D E R  U L T R A S T R U K T U R  IN  E IN E M  FA L L  
V O N  D U B IN  —JO H N S O N  SY N D R O M

C. COTUTIU, I. MORARU und VIOI.ETA IONESCU

V erfasser u n te rsu c h te n  d ie  V eränderungen  de r U l t r a s tr u k tu r  beim  D ub in  — Jo h n so n  
S y n d ro m  an m itte ls N a d e l b io p sie  au s  der Leber gew o n n en em  M aterial.

D ie  festgeste llten  V e rän d e ru n g e n  stim m en m it d en  in  de r L ite ra tu r  besch riebenen  
ü b e re in .

A us der L o k alisa tio n  d e r sa u re n  P ho sp h atase  u n d  A T P ase  w urde festg es te llt, d aß  das 
c h a ra k te r is tisc h e  P ig m en t ly so so m a le r H erk u n ft is t u n d  e inen  en zy m atisch en  D efek t der 
L y so so m en  darstellt.

ИЗМЕНЕНИЯ УЛЬТРАСТРУКТУРЫ В СЛУЧАЕ СИНДРОМА ДУБИНА—
ДЖОНСОНА

К . КО ТУ ТИ У , И. МОРАРУ и В. ИО Н ЕСКУ

Авторы исследовали изменения ультраструктуры в случаях синдрома Дубина— 
Джонсона на материале, полученного при помощи игловой биопсии из печени.

Установленные изменения совпадают с таковыми, описанными в литературе.
По локализации кислой фосфатазы и АТФ-азы было установлено, что характерный 

пигмент лизосомального происхождения и является выражением ферментативного дефекта 
лизосом.

Coriolan Сотитш , E lectron  Microscopy Laboratory, “У. Babes” ln -

Io n  M oraru  
Y io leta  I onescu

stitu te  o f Path, and Med. G enetics, Bucharest, 
R om ania
“V . B a b es” Institute o f P ath , and Med. Genetics
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T. D onath: A n a to m ical D ic tio n ary  w ith nom en c la tu res  and  exp lanato ry  no tes

Publish ing  H ouse of th e  H u n g a rian  A cadem y of Sciences, B udapest, 1969, 

pp . 634, price: 190,00 F t

T he bu lk  of th e  w ords o f th e  m edical term inology  co nsists o f an a to m ica l te rm s and  of 
expressions form ed of th em . T h is te rm ino logy  has been  w iden ing  w ith  th e  d ev elo p m en t of 
a n a to m ica l science. T he n o m en c la tu res  accep ted  by official bodies a im  a t d raw ing  a line betw een  
lim ited  possib ilities and  necessity . T he f irs t official N om ina A n a to m ica  was co n stru c ted  in 
Basel in 1895 and th is  B asel N o m en cla tu re  (BN A ) was the  on ly  official and  usual an a to m ica l 
te rm ino logy  u n til 1935, w hen it w as replaced in p a r t  by  th e  J e n a  N o m en cla tu re  (JN A ). In 
1955, th e  P aris  m odification  (P N A ) based on th e  Basel N o m en c la tu re  has becom e th e  official 
N om ina A natom ica, su p p lem en ted  w ith  th e  m inor m odifications o f New Y ork and  W iesbaden .

In  add itio n  to th e  o fficial v a r ia n ts  o f th e  N om ina A n a to m ica  used  sim u ltan eo u sly  by 
d iffe ren t g en era tions, n o m en c la tu res  a d a p te d  to  th e  n a tio n a l lan g u ag e  are in use in th e  F ren ch , 
E n g lish  an d  o th er language  te rrito rie s . A d ic tio n ary  ex p la in in g  th e  correspondence  betw een 
th e  d iffe ren t nam es as well as th e  m ean ing  of the  an a to m ica l te rm s seem ed useful in o rder to 
avo id  confusion  and  errors.

T he f irs t and  so m ew hat ru d im e n ta ry  d ic tio n ary  of T. D o n á th  an d  a c o -au th o r w as 
pub lish ed  in  1952; i t  defined  an a to m ic a l te rm s as an  aid  to in te re s te d  m edical s tu d e n ts . T h is 
d ic tio n ary  has g rad u ally  w idened  an d  becam e in d ep en d en t d u rin g  th e  successive ed itions. T he 
tru e  an cesto r of th e  p re sen t ed itio n  is th e  ex p lan a to ry  d ic tio n a ry  ed ited  in H u n g a rian  in 1959 
by th e  P ub lish ing  H ouse of th e  H u n g a rian  A cadem y of Sciences, soon follow ed by  th e  ed itions 
in G erm an  (I960), a n d  R u ssian  (1961).

T he p resen t ed ition  co nsists o f th ree  ch ap te rs  and  an  A pp en d ix . In  th e  f irs t  c h ap te r  
(pp. 15 315) th e  B asel, J e n a  an d  P a ris  N om enclatu res are  co m p ared . T he term s fo r th e  sam e
co n cep t are  p rin te d  in th ree  co lum ns acco rd ing  to th e  th ree  n o m en c la tu res . T he c h a p te r  begins 
w ith  th e  su rv ey  of general an a to m ic a l nam es, w hich have becom e num ero u s in  th e  P N A . T hese 
are  n o t new  expressions b u t n o uns an d  ap positions freq u e n tly  u sed  in  th e  special expressions. 
Fhe genera l p a r t  co n ta in s th e  in d ica tio n  of p lanes, d irec tions as well as of the  p a r ts  o f th e  body.

In th e  special p a r t  th e  com p ariso n  of th e  n o m en c la tu res  is g ro u p ed  accord ing  to organ 
system s and  organs. T he n am es follow th e  course of th e  norm al a n a to m ic a l desc rip tio n  of each 
organ . In  these cases th e  expression  for th e  sam e co n cep t in th e  second and  th ird  co lu m n  
begins a t  th e  level of th e  las t line o f th e  p reced ing  colum n. T his m ak e-u p  spaces th e  o therw ise  
condensed  pages.

T he firs t c h ap te r  includes th e  co m p ara tiv e  n o m en c la tu re  o f th e  regions an d  ends w ith  
th e  lis t of th e  new expressions accep ted  in Paris.

T he second c h a p te r  (pp . 319 — 517), the  ex p lan a to ry  d ic tio n a ry , co n ta in s 2500 en tries  in 
a lp h a b e tica l o rder w ith  g ra m m atica l references and  th e ir  e x p la n a tio n s  and  the  expressions 
de riv ed  from  th em . T he key-w ords a re  set in hold face, th e  re la te d  expressions in ita lics. In  
ad d itio n  to  th e  te rm s in cluded  in  th e  official nom en c la tu re , th o se  com m on in m orphology  
are tre a te d . A u th o rs ’ n am es are  ran g ed  in if th ey  are used for a concep t in c lin ical p ractice .

T he th ird  c h a p te r  c o n ta in s  b io g rap h ica l d a ta  of 500 sc ien tis ts  and  th e  co n cep ts nam ed  
a fte r  th em .

F in a lly , an  im p o r ta n t  p a r t  o f th e  d ic tio n ary  is the  A p p en d ix : here th e  th ree  no m en ­
c la tu re s  a re  listed  in a lp h a b e tica l o rd e r, w ith  d ifferent se ttin g s  a n d  w ith  reference to  th e  re ­
spec tive  page num ber.

T he tran s la tio n  of th e  d ic tio n a ry  is th e  excellent w ork  of Mrs. K arv in szk y , th e  language  
re ad e r was G.N.C. C raw ford , o f th e  A n a to m ica l D e p a rtm en t o f O xfo rd  U n iversity .

As to  th e  re d ac tio n  of th is  w ell-com piled d ic tio n ary , th e re  a re  only tw o re m a rk s  to  be 
observed . O rie n ta tio n  am ong  th e  a n a to m ica l nam es a rran g ed  accord ing  to  organs in  th e  first
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c h a p te r  w ould  be easier if  th e y  w ou ld  follow  in a lp h ab e tica l order. T he m eth o d ica l c h a p te r  is no t 
r e s t r ic te d  to  th e  ex p lan a tio n  o f a n a to m ic a l nam es b u t  includes h isto log ical a n d  em bryological 
c o n c e p ts , th e  choice of w hich  seem s to  be  acc id en ta l. On th e  o th e r  h a n d , th e  ex p lan a tio n  of 
se v e ra l  an a to m ica l co ncep ts u sed  e sp ecia lly  by  clin icians a n d  n o t fig u rin g  in  th e  o fficial no m en ­
c la tu re s  has been o m itted ; th e y  o u g h t to  have fo u n d  th e ir  p lace in  th e  e x p la n a to ry  ch ap ter.

T h e  aim  of d ic tio n aries  h a s  ch an g ed  in recen t tim es. T he p rev ailin g  fu n c tio n a l ap p ro ach  
in  th e  in s tru c tio n  of a n a to m y  does n o t  req u ire  a m ass o f nam es. T h u s, th is  d ic tio n a ry  will 
m e e t a b o v e  all scientific  re q u ire m e n ts , a n d  will be a  u sefu l guide especially  fo r th o se  teach ing  
a n a to m y , research  w orkers in  th e  fie ld  o f m orphology , a u th o rs  of tex t-b o o k s  a n d  m onographs.

T . T ö m b ő l

A c ta  Morphologica Academiae Scientiarum  Hungaricae 19, 1971
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In s t i tu te  o f  A natom y, H isto lo g y  an d  E m b ry o lo g y  (D irec to r: P rof. B. F l e r k ó ) ,  U n iv ersity
M edical School, Pécs

THE PROJECTION OF THE RETINAL QUADRANTS 
ON THE OPTIC CENTRES IN THE FROG

A T E R M IN A L  D E G E N E R A T IO N  ST U D Y  

G y . L á z á r

(R eceived  M arch 15, 1971)

The F in k  an d  H e im er tech n iq u e  was em ployed  to  s tu d y  th e  p ro jec tio n  of th e  
re tin a l q u a d ra n ts  u p o n  th e  op tic  cen tres a f te r  focal re tin a l  lesions in  th e  frog. On th e  
side c o n tra la te ra l to  th e  lesions th e  follow ing p ro jec tio n s  were found.

In  th e  la te ra l  gen icu la te  bod y  and  in th e  nucleus o f B ellonci th e  n asa l and 
v e n tra l  re tin a l q u a d ra n ts  p ro jec t on th e  an te rio r  h a lf  o f  these  neu rop il areas. T he v e n tra l 
q u a d ra n t fib res te rm in a te  dorsal to  th e  n asa l fib res . T he tem p o ra l and  d o rsa l re tin a l 
q u a d ran ts  p ro jec t on  th e  p osterio r h a lf  o f these  s tru c tu re s , an d  th e  tem p o ra l fib res 
te rm in a te  m ore do rsa lly  th a n  th e  dorsal fibres.

In  th e  p re te c ta l  a rea , fib res o rig ina ting  from  th e  n asa l and  th e  v e n tra l  q u a d ra n ts  
te rm in a te  in th e  d o rsa l ha lf, and th e  tem p o ra l an d  d o rsa l fib res in th e  v e n tra l  h a lf  
o f the  neuropil.

In  th e  o p tic  te c tu m  th e  nasal q u a d ra n t fib res  te rm in a te  in th e  p o sterom ed ial, 
th e  v e n tra l fib res in th e  an te ro m ed ia l, th e  tem p o ra l fib res in  th e  a n te ro la te ra l  and  
th e  dorsal fib res  in  th e  p o ste ro la te ra l p a r t  o f th e  te c tu m .

The tem p o ra l q u a d ra n t  o f th e  re tin a  gives rise  also to  an  ip s ila te ra l p ro jec tio n  
in to  the  la te ra l gen icu la te  body , th e  nucleus o f B ellonci an d  th e  p re te c ta l  area.

U sing silver technique on normal m aterial, Strö er  [35] w as able to 
show an ordered quadrantic projection of the retina upon the optic tectum  in 
lower vertebrates. The positions o f scotom ata evoked in the visual field  with  
focal lesions of the tectum  referred also to  an ordered retino-tectal projection  
in frogs [33]. W ith the aid of the electrophysiological m apping technique  
G aze [13], Ma t u r a n a  et al. [27] and J aco bson  [20] have shown a well-organ­
ized point-to-point retinal projection into the contralateral optic tectum . In the  
lateral geniculate body of the frog M unt z ’s physiological studies [30] revealed  
a similar organization in th e  term ination of optic fibres. A detailed analysis 
with the aid of modern degeneration techniques of the projection of retinal 
quadrants in the frog has not been reported. In the present investigation  the 
term inal degeneration technique has been applied for studying the retinotopic 
projection of optic fibres on the diencephalic optic centres and the optic 
tectum .

M a te ria l a n d  m e th o d s

T he ex p erim en ts  w ere m ade on 82 a d u lt frogs (R a n a  escu len ta). W ith  th e  aid  o f a 
glass in su la ted  p la tin u m  e lectrode  sm all e lec tro ly tic  lesions were p laced  in th e  re tin a  un d er 
th e  dissecting  m icroscope. T he electrode was positive  to  e a r th  and  a c u rre n t o f 3 inA луа8 
passed  fo r 10 sec. M ost o f th e  lesions were placed close to  th e  p e rip h era l m arg in  o f th e  dorsal, 
nasa l, v e n tra l and tem p o ra l q u a d ra n ts , an d  a few o th ers  a t  th e  bo rd er betw een  tw o q u a d ra n ts .
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U s u a lly , 1 to  4 p e n e tra tio n s  w ere  m ade  to  d e s tro y  a su ffic ien tly  large  field  o f  th e  re tin a . F o l­
lo w in g  th e  operation  th e  a n im a ls  w ere k e p t alive for 6 to  8 d ay s in  th e  sum m er, a n d  9 to  12 
d a y s  in  th e  w inter, th e n  th e y  w ere  an ae sth e tize d  an d  p e rfused  w ith  physio log ical saline and  
1 0 %  fo rm a lin  th ro u g h  th e  a o r ta .  T he b ra in  and  one h a lf  o f th e  sku ll to g e th e r w ith  th e  o p er­
a te d  ey e  w ere rem oved an d  s to re d  in  10%  fo rm alin  fo r a  fo r tn ig h t. B ra in s w ere  em bedded  
in  2 5 %  gela tine  so lu tion  a n d  fro zen  sections 20 fi th ic k  w ere p re p are d  in  th e  co ronal, h o ri­
z o n ta l  a n d  sag itta l planes. D e g en e ra te d  te rm in als  w ere show n w ith  th e  F i n k  a n d  H e i m e r  [11] 
te c h n iq u e .

T h e  sites of d e g en e ra ted  te rm in a ls  were p lo tte d  in  d raw ings m ade from  seria l sections 
in  th e  co ronal plane of th e  d ien cep h a lo n  and  m esencephalon . S ites of th e  re tin a l  lesions 
w ere  ch eck ed  under th e  ste reo sco p ic  m icroscope. T he co rn ea  an d  iris w ere re m o v ed , and  a 
c ro ss -m a rk  applied in to  th e  eye-p iece  a n d  cen tred  on  th e  op tic  disc, w as su p erim p o sed  on 
th e  r e t in a .  In  th e  s ta n d a rd  p o s it io n  u sed  in  these  e x p erim en ts , th e  h o rizo n ta l line  o f th e  cross­
m a rk  to u ch e d  th e  u p p e r rim  o f th e  ty m p a n ic  m em b ran e  an d  crossed  th e  m iddle  p a r t  o f th e  
o p tic  d isc . T he sites o f lesions in d ic a te d  b y  opacities in  th e  re tin a  w ere d e te rm in e d  w ith  
re fe re n c e  to  th e  c ross-m ark  a n d  p lo tte d  in a circle rep re sen tin g  th e  re tin a . T he size o f th e  
le s io n s  v a r ie d  from  0.7 to  3.5 m m  in d iam eter.

R e su lts

Projections on the lateral geniculate body and the nucleus of  Bellonci

In  the oral part o f th e  diencephalon, tw o w ell-defined neuropil areas 
one o f  them  in the lateral geniculate body (LGB) and the other in the nucleus 
of B ellonci (NB), receive b oth  contralateral and ipsilateral optic fibres [26, 31 ]. 
In  th e  neuropil sp otty  degeneration  appears after focal retinal lesions close to 
th e  o p tic  tract. The d istribution  o f degeneration is different in the caudal and 
oral p arts of the contralateral LGB. In th e  caudal part, circum scribed lesions 
o f th e  retina evoked triangular fields o f  degenerated term inals in  coronal 
sec tio n s (Fig. 1). More orally  th e  pattern o f degeneration was not as regular. 
U su a lly  a larger spot o f m axim al density  o f granules could be seen surrounded  
b y  sm aller patches o f scattered  granules ind icative o f degenerated term inals. 
In th e  N B  the general d istribution  of degeneration was similar to that found 
in  th e  LGB.

T he localization o f th e  degeneration follow ing lesions in the different 
retin a l quadrants is show n schem atically  in Fig. 4 in four representative cases. 
A les io n  in the nasal quadrant caused degeneration in the m ost oral part of 
th e  L G B . The degeneration after a ventral quadrant lesion occupied also the  
oral h a lf  o f the neuropil b u t dorsal to  the projection of the nasal quadrant. At 
their  border the tw o fields partia lly  overlapped. B oth  fields extended  as far 
cau d a lly  as the middle part o f the neuropil area, and from their in itia l latero- 
dorsal position th ey  ten d ed  to  sh ift ventrally  and m edially. Lesions in  the  
tem p ora l and dorsal quadrants brought about degeneration in th e  caudal half 
o f th e  LG B. The tem poral quadrant projected som ew hat oral to  th e  dorsal 
q u adrant, and in the m iddle third of this neuropil structure the term inations 
of th e  tem poral fibres w ere at the same level as those o f the nasal and ventral 
fib res. A  little  more caudally  th e  tw o triangular areas occupied b y  th e  degen-
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Fig. 1. D egenera tion  in th e  neurop il a rea  of th e  la te ra l  gen icu la te  body follow ing a sm all 
oval lesion m ade in th e  u p p e r  p a r t  of th e  tem p o ra l re tin a l q u a d ra n t  of th e  c o n tra la te ra l  eye. 
T he granu les in d ica tin g  d eg en era ted  optic  fibre  te rm in a ls  occupy  a trian g u la r area . T h e  m edia l 

m arg in  of th e  op tic  t r a c t  is show n b y  b roken  lines 
Fig. 2. D egenera ted  o p tic  fib re  te rm in als in th e  n eu ro p il a rea  o f th e  la te ra l g en icu la te  bo d y  
a fte r  a large p e rip h e ra l lesion m ade in th e  tem p o ra l re tin a l  q u a d ra n t of the ip s ila te ra l  eye. 
T he m edia l b o rd er o f th e  LG В is to th e  rig h t. Silver g ran u le s  are p resen t in th e  d o rso m ed ia l 

c ircum ference of th e  neurop il a rea  (arrow s)
Fig. 3. D eg en era ted  o p tic  fib re  te rm in a ls  in th e  c au d o m ed ia l p a r t  of th e  op tic  te c tu m  a fté i 
a lesion m ade in th e  nasal re tin a l q u a d ra n t of th e  c o n tra la te ra l  eye. The large  p ig m en ted  
sp o t ind ica tes the  surface  of th e  tec tu m . S t.z .: s tra tu m  zonale ; 9, 8, 7, 6, 5, 4,: te c ta l  lay e rs. 

The h o rizo n ta l b a r  in d ica tin g  m agn ifica tion  ap p lies  to  all th ree  p h o to g ra in s
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erated terminals of temporal and dorsal fibres partially overlapped and both 
areas were located somewhat ventral to their initial position. At the most 
caudal level the area for the degenerated temporal fibres was in the middle 
part of the neuropil of the LGB, and the degenerated dorsal fibre terminals 
filled up the posterior pole.

F ig . 4. S ch em atic  re p re se n ta tio n  o f  th e  p ro jec tio n  o f th e  fo u r re tin a l q u a d ra n ts  on  th e  la te ra l 
g e n ic u la te  b o d y  and  th e  nucleus o f  B ellonci. The tw o  u p p e r  rows of draw ings w ere m ad e  from  
a se r ia l  sec tio n  of th e  d ien cep h a lo n . Single d raw ings sh o w  th e  c o n tra la te ra l side, in  th e  p a ired  
d ra w in g s  th e  le ft side is ip s ila te ra l to  th e  lesion. T h e  d is ta n c e  of in d iv id u a l sec tio n s fro m  th e  
a n te r io r  pole o f th e  LGB is g iv en  in  m icrons below  th e  draw ings. P a tte rn e d  a rea s  in d ica te  
th e  lo c a liz a tio n  of d eg en era ted  f ib re s  of d ifferen t o rig in  according to  th e  schem e o f th e  r ig h t 
lo w e r d ra w in g , w hich  show s th e  positio n  and e x te n s io n  o f th e  re tin a l lesions. N , V , T , D: 
n a sa l,  v e n tr a l ,  tem p o ra l an d  d o rsa l q u a d ran ts  of th e  re t in a .  The left low er d raw in g  is a side 
v iew  o f  th e  neu rop il a reas o f th e  nucleus of B ellonci (N B ), and th e  la te ra l g en icu la te  bod y  

(LG B ) w ith  a la te ra l  p ro jec tion  o f th e  a rea s  o f degeneration
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In  the N B  a sim ilar order of projection was found. The sequence of the  
representation o f the quadrants was the sam e as in th e  LGB, but a considerable  
num ber o f granules was found in the medial part o f the nucleus.

Temporal quadrant lesions result in ipsilateral degeneration as w ell. The 
degenerated granules are fewer and are distributed more th in ly  than on the  
contralateral side (Fig. 2). This degeneration occupies the dorsom edial circum ­
ference of the m iddle third of the LGB (Fig. 4). In contrast to  the contralateral 
degeneration, the ipsilateral fibres term inate dorsally and m edially , both in 
the LGB and N B . The orocaudal extension o f the ipsilateral projection m easur­
ing about 200 jit in length , does not reach the caudal pole.

Projections on the pretectal neuropil area

The pretectal neuropil occupies a cylindrical area in front o f th e  tectum  
(F ig. 5). Fibres originating in the contralateral nasal and ventral quadrants 
term inate in the dorsal half, while the tem poral and dorsal quadrant fibres in 
the ventral half, o f th a t structure. W ithin th is arrangem ent, the nasal and 
dorsal fibres term inate m edially and orally to the ventral and tem poral fibres

Fig. 5. Schematic  r e p re sen ta t io n  of the  projection of the  four re t in a l  q u a d ra n t s  on the  c o n t r a ­
latera l  p re tec ta l  area  (PA) a n d  the  optic  tec tu m .  The  left side of the  second d raw ing  is ipsi- 
la te ra l  to  the lesion. T he  d is tances  of the  ind iv idual  sections f rom  the  a n te r io r  pole of the  
t e c tu m  are given in m icrons u n d e r  the  respective drawings.  P a t t e r n e d  areas show the  sites 
of degenerat ion .  In  the  circle represen t ing  the  re t in a  ( r igh t  lower corner)  the  posi t ions and 
ex tensions  of the re t ina l  lesions are shown w ith  the  a p p ro p ia te  p a t te rn in g .  9: the  9 th  layer

of the  optic  te c tu m
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which occupy a lateral and caudal position. This latter separation of fibre 
terminals is not clearly demarcated, as the fibres originating in adjacent quad­
rants (nasal-ventral and temporal-dorsal) extensively intermingle in the dorsal 
and ventral half, respectively, of the pretectal neuropil.

After temporal lesions degeneration can be found also on the ipsilateral 
side. The ipsilateral optic fibres cover an area which occupies a caudal position 
in the middle third of the pretectal neuropil.

Projections on the optic tectum

Focal lesions in the retina evoke degeneration in well-defined areas of 
the contralateral optic tectum. Peripheral retinal lesions result in degeneration 
in the lateral or medial edge of the tectum; the more the lesion approaches 
the optic disc, the wider the degenerated zone in the tectum. If a whole quad­
rant is destroyed, the zone of degeneration covers half of the tectal circumfer­
ence in the coronal plane. The border of degeneration is always sharp and well- 
defined in layers 9 and 8, w'hich are the receiving zones for optic fibres in the 
tectum  (Fig. 3). The distribution of degeneration in these layers has already 
been described in detail [26].

The projection of the four retinal quadrants upon the optic tectum is 
shown in Fig. 5. Fibres of ventral and nasal quadrant origin travel in the medial 
division of the optic tract and invade the medial half of the tectum. Ventral 
quadrant fibres terminate in the anterior part, nasal fibres in the posterior 
part of this tectal area. In both cases represented, the lesions in the retina 
are relatively small and situated close to the peripheral margin. Accordingly, 
a narrow zone of degeneration is plotted at the anteromedial and postero­
medial edge of the tectum. Fibres of temporal and dorsal quadrant origin 
reach the lateral half of the tectum through the lateral division, and temporal 
fibres terminate orally to dorsal fibres. In the cases shown in Fig. 5, the tempo­
ral lesion is large and the dorsal lesion is positioned towards the optic disc. This 
is why degenerated dorsal fibre terminals are filling almost the entire postero­
lateral part, and temporal fibre terminations are distributed in a comparatively 
large field in the anterolateral part of the tectum. Unlike in the diencephalic 
centres, overlapping areas of adjacent projections cannot be shown in the 
tectum.

A retinotopically organized projection on the nucleus of the basal optic 
root could not be established from the present material.

Discussion

The present findings on the contralateral retino-geniculate projection 
are similar to those made by M untz  [30] with electrophysiological methods. 
He succeeded in showing that the nasal visual field was projected caudal to

A cta  Morphologica Academiae Scientiarum  Hungaricae 19, 1971



PROJECTION OF RETINAL QUADRANTS 331

the temporal field on the lateral geniculate body. With the Fink — Heiiner 
technique we could distinctly localize the projections of the four retinal 
quadrants onto the LGB and the NB. Following focal lesions placed into the 
peripheral part of the retina, degenerated granules appeared in the lateral part 
of these nuclei. In a few cases of larger and more central lesions, the degenera­
tion was found more medially. This suggests that the periphery of the retina 
projects mainly on the lateral part of these nuclei, and their medial part is 
occupied by the centre of the retina. An ordered retino-pretectal projection 
on the pretectal neuropil area has not been described in the literature. In our 
material a fairly good separation could be seen between the site of termina­
tions of fibres coming from the nasal-ventral and temporal-dorsal halves of the 
retina. They terminate in the dorsal and the ventral part, respectively, of this 
neuropil area, but within this separation the projections of adjacent quadrants 
overlap extensively.

Like in mammals, the ipsilateral fibres to these three diencephalic optic 
structures originate in the temporal retina, but only a smaller part of the 
temporal fibres remains uncrossed in the frog. In the mammalian LGB 
the pattern of termination of ipsilateral fibres is more complicated than 
in the frog, though the tendency of ipsilateral fibres to terminate medially 
to contralateral fibres seems to be a common feature. The ipsilateral optic 
fibres occupy the medial part of the dorsal nucleus of the LGB in the rat 
[18] and the rabbit [15]. In higher mammals, such as the cat [12, 25, 29, 
34] the ipsilateral fibres terminating in lamina Aj occupy a central posi­
tion surrounded by contralateral fibres in the LGB. In animals in which 
the fibres of the two eyes terminate in alternating layers of the LGB, the 
ipsilateral fibres tend to accumulate in the more medial layers [7, 23, 36]. 
There seems to be only a single curious exception, Trichosurus vulpecula, in 
which the ipsilateral fibres project lateral to the contralateral fibres [17].

The functional significance of the direct optic fibres is unknown in the 
frog. In fishes and birds, which have panoramic vision without a binocular 
visual field, direct retinal fibres could not be shown in the ipsilateral dience­
phalic centres [6, 8, 9]. During phylogenesis, the ipsilateral fibres appear first 
in amphibia [21, 26, 31] and reptiles [1, 2, 5, 22], and the nasal fields partially 
overlap in these animals [14]. It seems that the presence of ipsilateral retino- 
diencephalic fibres is somehow associated with the development of binocular 
vision.

The retino-tectal projection found in the present study is exactly the 
same as that obtained in electrophysiological mapping experiments [13, 20, 27]. 
The apparent discrepancies are purely artificial and a consequence of repre­
sentation. In physiological experiments the eye is usually divided by a dorso- 
ventral line into nasal and temporal halves. Here two oblique lines, both at 
45° to the dorsoventral line, cut the eye into four quadrants. Hence the present
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map is rotated by 45° with relation to electrophysiological maps. In terms 
of fibre distribution in the optic tract, the eye can be divided into a dorso- 
temporal and a nasoventral half. Fibres of dorsotemporal origin travel in the 
lateral division, and those of nasoventral origin in the medial division of the 
optic tract. This line of separation runs in the orocaudal direction, the other 
line which divides the eye into nasodorsal and temporoventral halves, runs 
in the mediolateral direction on the tectum.

The retino-tectal projection is strikingly the same in the different ver­
tebrate classes [16, 19, 28, 32]. In lower mammals including rodents, where 
the retino-tectal fibres are wholly crossed, or the number of uncrossed temporal 
fibres is negligibly small, the pattern of projection is identical with that found 
in the frog [3, 4, 15, 24]. In higher mammals the retino-collicular projection 
shows basically the same pattern, however, with the increasing number of 
ipsilateral temporal fibres and the bilateral representation of the fovea centra­
lis, the identical points of the visual field are projected on the same collicular 
place [10, 12, 25].
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D IE  P R O JE K T IO N  D E R  N E T Z H A U T Q U A D R A N T E N  IN  D E N  O P T IS C H E N  
Z E N T R E N  D E S  F R O SC H E S . U N T E R S U C H U N G  D E R  T E R M IN A L E N

D E G E N E R A T IO N

GY. LÁZÁR

V erfasser u n te rsu c h te  nach  fokalen R e tin a lä s io n en  m itte ls  der M ethode von  F in k  und 
lle im e r  die P ro je k tio n  de r R e tin a q u ad ra n te n  in den  o p tisch en  Z en tren  am  F ro sch . A u f der 
de r N e tz h a u t en tg eg en g ese tz ten  Seite w urden  fo lgende  P ro jek tio n en  fe stg es te llt.

Im  C orpus g en icu la tu m  la te ra le  u n d  im  N uc leu s Bellonci w erden die n a sa len  und 
v e n tra le n  N e tz h a u tq u a d ra n te n  au f die vordere  H ä lf te  d e r N europilen  p ro jiz ie rt. Die Fasern  
des v e n tra le n  Q u a d ra n te n  enden  dorsal von den n asa len  F asern . Die tem p o ra len  u n d  dorsalen  
N e tz h a u tq u a d ra n te n  w erden  a u f  den h in te ren  T eil d e r  N europilen  p ro jiz ie rt u n d  d ie te m p o ra ­
len F ase rn  enden  dorsa l.

A uf dem  p rä te c ta le n  G ebiet enden die von  d em  nasa len  und  dem  d o rsa len  Q u a d ran te n  
k o m m en d en  F ase rn  im  d o rsa len  Teil der N eu ro p ile , die tem poralen  u n d  d o rsa len  Fasern  
dagegen  im v e n tra le n  Teil.

Im  T ec tu m  o p ticu m  enden  die n asa len  F a se rn  p o sterom ed ial, die v e n tra le n  Fasern 
a n te ro m e d ia l: die tem p o ra le n  Fasern  a n te ro la te ra l  u n d  die dorsalen  F ase rn  p o ste ro la te ra l.

Der tem p o ra le  Q u a d ra n t der N e tzh au t b e s itz t  a u ch  eine P ro jek tio n  au f d ie eigene Seite, 
a u f  das C orpus g en icu la tu m  la te ra le , den N ucleus B ellonci und  au f das p rä te c ta le  G ebiet.

ПРОЕКЦИЯ КВАДРАНТОВ СЕТЧАТОЙ ОБОЛОЧКИ ЛЯГУШКИ НА ЗРИТЕЛЬНЫЕ 
ЦЕНТРЫ. ИССЛЕДОВАНИЕ КОНЦЕВОГО ПЕРЕРОЖДЕНИЯ

Д . Л А З А Р

Автор исследовал после очаговых поражении сетчатой оболочки по методу Финка и 
Хеймера проекцию квадрантов сетчатки в зрительных центрах лягушки. На стороне, 
противоположной сетчатой оболочке были установлены следующие проекции.
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В боковом коленчатом теле и в ядре Беллончи назальные и вентральные квадранты 
сетчатой оболчки проецируются на переднюю часть нейропилов. Волокна вентрального 
квадранта оканчиваются дорсально от таковых назального квадранта. Височные и дор­
сальные квадранты проецируются на заднюю часть нейропилов и височные волокна окан­
чиваются дорсально.

В прегектальной области волокна, идущие от носового и от дорсального квадрантов 
оканчиваются в дорсальной части нейропилов. Височные и дорсальные волокна же окан­
чиваются в вентральной части.

В области зрительной покрышки назальные волокна оканчиваются постеромедиаль­
но, вентральные волокна — антромедиально; височные волокна оканчиваются антролате- 
рально, а дорсальные волокна — постеролатерально.

Височный квадрант сетчатой оболочки имеет и проекцию на своей же стороне на 
боковое коленчатое тело, на ядро Беллончи и на претектальную область.

Dr. G yu la  L á z á r : A natóm iai In tézet, Pécs, H ungary
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ABSORPTION OF COLOSTRUM 
IN THE RAT ANI) THE CAT

A C O M PA R A T IV E  E L E C T R O N  M IC R O SC O PIC  ST U D Y  

B .  V e r e s s  and  K .  B a i n t n e r , j r .

(R eceived A pril 6, 1971)

S tru c tu re s  re la te d  to p ro te in  ab so rp tio n  hav e  been stu d ied  in ileal ep ithelial 
cells of ra ts  and  ca ts . Cells o f em bryos and  n ew born  la c ta te d  a n im a ls  alike con­
ta in e d  a system  of tu b u le s  and  vesicles (TVS) localized  in  th e  ap ical p a r t  o f the  c y to ­
p lasm . The lim itin g  m em b ran es of th e  TVS show ed a p a r tic u la r  s tru c tu re ,  consisting  
of a 56 Â th ick  u n it  m em b ran e , and an  80 Â th ic k  g ra n u la r  in te rn a l lin ing  layer, th u s  
rep re sen tin g  a tra n s ito ry  ty p e  betw een  exo- an d  endop lasm ic  m em b ran e  system s. 
T he tu b u le s  h ad  o u tle ts  to  th e  in te rm icrov illous gaps an d  also c o m m u n ica ted  w ith 
th e  su p ran u c lea rly  localized  large vacuole (SN V) w hich  obviously  served  for sto ring  
th e  absorbed  p ro te in s. In  th e  r a t  cells, th e  la t te r  s tru c tu re  re ta in ed  its vacuo le  n a tu re  
th ro u g h o u t; its  c o n te n ts  consisted  p a rtly  o f eccen trica lly  ag g regated  g ra n u la r  m ateria l, 
p a r tly  of filam en to u s s tru c tu re s . In  c o n tra s t , in th e  c a t cells th e  vacuo le  rep resen ted  
a body  co n ta in in g  hom ogeneous e lectron  dense su b s tan ce , th e  so-called c en tra l drop. 
W ith  th e  p rogress o f  p ro te in  ab so rp tio n , th e  cen tra l d ro p  filled a lm o st th e  en tire  c y to ­
p lasm , com pressing  th e re b y  th e  e lem ents of th e  TVS.

U nder th e  g iven  co n d itions, no m orpholog ical d ifference w as d e te c te d  betw een 
th e  TVS of th e  r a t  an d  th e  ca t, an im als know n for se lective  and  n o n se lec tiv e  ab so rp ­
tio n  of p ro te in s, resp ec tiv e ly . I t  ap p ears  th a t  se lec tiv ity  tak es effect n o t so m uch 
a t  th e  u p tak e  as a t  th e  cellu lar passage or tran s fe r  o f th e  abso rbed  p ro te in s.

The m ajority o f newborn mam m als receive passive im m unity  through  
th e  colostrum  (Table 1). Intestinal absorption of antibodies takes p lace in the 
ileum  in undigested m aerom olecular form [5].

In the rat, after the first week o f life exclusively  im m unoglobulins are 
absorbed [20]. No sim ilar selection has been noted in ungulates and carnivores, 
which absorb also proteins other than im m unoglobulins [1, 2, 4, 5, 28]. The 
morphological study o f the absorption process has been centered on three main 
aspects, (1) the m anner in which the colostral proteins enter th e  intestinal 
epithelial cells; (2) the fate  o f the proteins during their passage across these  
cells; and (3) the m anner o f the ex it o f proteins in to  the intercellular space of 
the villous strom a. The special structures arising in the cells during the entry 
and passage of absorbed proteins have been analysed m ainly in th e  rat intes­
tine [8, 12, 15, 21, 22, 23, 33]. Absorption from the intestine of th e  pig was 
studied in the jejunum  [26, 31] but, since proteins are absorbed in  the middle 
and lower segm ents o f the small in testine [2, 12], these findings were not 
fully conclusive as to  protein absorption in general.

The present studies were carried out on ileal epithelial cells from cats 
and rats, w ith the principal aim to clarify (1) w hether the in take o f protein
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b y  th e  cells takes place b y  m eans o f a specialized structure or sim ply b y  pinocy- 
to sis; and (2) w hether th ere  is a difference betw een the tw o species which  
w ou ld  account for th e  se lectiv e  absorption in th e  rat.

Table 1
R o u te s  o f  p a s s i v e  im m u n e  tr a n s fe r  (a f te r  B b a m b e l l [5])

Species Prenatal Postnatal

Ox, sheep, g o a t, 
pig and horse

— +  +  +  
(G ut)

Dog and  c a t + ~Ы “ +
(G ut)

R a t and  m ouse +
(Yolk sac)

~\~ “Ь
(G ut)

R ab b it a n d  g u in ea  pig “Ы - H-
(Yolk sac)

—

Man and rh esu s +
(S y n c y tio tro p h o b la s t)

M aterials and methods

Specim ens of ileal e p ith e liu m  from  15- and  21-day-o ld  r a t  em b ryos, new b o rn  non- 
l a c ta te d  ra ts ,  lac ta ted  4- a n d  1 4 -d ay -o ld  ra ts  as well as fro m  c a t em b ry o s , n o n -la c ta te d  new ­
b o rn  c a ts  an d  cats killed  5 a n d  25 h o u rs  a fte r  th e  f irs t su ck in g  h av e  been exam in ed . R e c ta n ­
g u la r  b lo ck s of 1 cu .m m  v o lu m e  w ere  excised  from  th e  in te s tin e  a n d  fix ed  f ir s t  in a 2%  glu- 
ta r a ld e h y d e  solution of p H  7.1 in  c aco d y la te  buffer a t  + 4 ° C  fo r 3 h ours, th e n  w ashed  in  th e  
b u ffe r  so lu tio n  for 18 h o u rs  a n d  f ix ed  ag a in  in a  1 %  so lu tio n  of 0 s 0 4. A fte r  d e h y d ra tio n  in  
e th a n o l ,  th e  blocks were e m b e d d ed  in  D u rcu p an  ACM. Sections were c u t w ith  a L K B  I I I  
u l tro to m e  an d  sta ined  w ith  u r a n y l  a c e ta te  and lead  h y d ro x id e . E le c tro n  m ic ro g rap h s were 
m a d e  o n  G ew aert 23D50 slides in  a JE M  6C E lec tro n  M icroscope, in  th e  1st C en tra l E lec tro n  
M ic ro sco p y  L ab o ra to ry  o f Sem m elw eis U n iv ersity  M edical School. Also 0 .5— 1 p  th ic k  sec­
tio n s  w ere  cu t w ith  a P o r te r -B lu m  m icro tom e and  s ta in ed  w ith  to lu id in e  blue.

T o  follow up th e  in d iv id u a l  ph ases o f a b so rp tio n , a  50 m m  long p o rtio n  of th e  ileum  
o f  a  n o n -la c ta te d  1-hour-old  c a t  w as lig a ted  a t  b o th  en d s w ith  th e  a ffe re n t m esen teriu m  
le f t in ta c t  and  goat co lo s tru m  w as in jec ted  in to  th e  iso la ted  segm en t. B locks cu t from  th e  
in te s t in a l  m ucosa 15, 30 a n d  60 m in u te s  a fte r a d m in is tra tio n  w ere p rocessed  as described  
a b o v e .

Results

In  both species, ep ith elia l cells were exam ined exclusively  in the upper 
and m edian thirds of the in testin a l villi. As in previous studies [32] the m orpho­
logica l characteristics o f  absorption  had been found to  be lacking in the basal 
third o f  the villi, viz. in th e  n o t fu lly  matured cells o f the crypts of Lieberkühn.

A . R a t (selective absorption o f  antibodies)

In  the ileal epithelial cells o f the 15-day-old rat em bryo, th e  m icrovilli 
had already developed. T he cytoplasm ic m em brane consisted o f tw o com po­
n en ts , a 96 Â thick unit m em brane and a 2 0 —40 Â  th ick  “fuzzy coat” , cover­
ing th e  former. The in tercellu lar space was 100 Â w ide, w ith frequently digit-
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ating neighbouring cells. In places the intercellu lar space was broadened. The  
term inal w eb, typ ica l o f the epithelial cell o f  adults, was lacking, its  place  
having been occupied b y  compressed tubules and vesicles of 230 300 Â
thickness. The walls o f the latter structures w ere form ed by a 52 60 Â th ick
unit m em brane, the internal surface o f w hich was covered by a 70 90 Â
thick granular filam entous layer, particularly conspicuous in the sligh tly  d is­
tended ductules (F igs 1, 4). Supranuclearly ribosom es, partly free and p artly  
forming a rosette-like pattern, as well as ergastoplasm ic ducts and m itochondria  
were seen.

In epithelial cells o f the 21-day-old em bryos and non-lactated new born  
rats, the tubules and vesicles formed distended em pty ducts in th e  apical 
area. Im m ediately  above the nucleus, a so-called  supranuclear vacuole sur­
rounded by a unit membrane was seen; it contained a medium electron  
dense substance and glycogen. A djacent to  th e  vacuole there were sm aller  
vesicles o f sim ilar content (Fig. 2).

In th e  epithelial cells of the lactated  4- and 14-day-old rats the  
apical tubules and vesicles were greatly d istended , their ductules form ing a 
coherent cavernous system  (Figs 3, 5) which, like in the embryonic cells, was 
surrounded by a 52 60 Â thick unit m em brane. The internal surface o f  th a t
mem brane was covered by a 70 90 À thick granular filam entous layer, resem ­
bling the external coat. This tubulo-vesicular system  (TVS) com m unicated  
directly w ith the in testinal lum en, in that the tubuli had their outlets at the  
base of the m icrovilli, opening into the bottom  o f the interm icrovillous gaps 
(Fig. 6). On the other hand, the deeply situated  tubules and vesicles com m u n i­
cated w ith the vacuole which filled alm ost th e  entire supranuclear space  
(Fig. 7). The vesicles contained electron dense, aggregated clumps. A t som e  
sites the vesicles were seen to com m unicate d irectly  w ith the contents o f  the  
supranuclear vacuole (SNY) (Fig. 8). The lim iting  membranes of the SN V  and 
TVS differed in th at the SNV had no granular layer along its internal surface 
and resem bled, therefore, the endoplasm ic m em brane system s in b o th  struc­
ture and w idth (50 - 60 Â). The contents o f  the vacuole consisted o f  tw o  
elem ents (Figs 3, 7): (1) clumps of m aterial com posed of25 30 Â diam eter p arti­
cles, part o f which aggregated peripherally, c lose ly  along the Avail, and part 
w ithin the vacuole, ch iefly  in eccentric position; (2) a net-like, medium  electron  
dense substance seen in the interspaces betw een  the dense aggregates. After  
sucking, neither glycogen clumps nor the low electron dense granular substance  
seen in 21-day em bryos could be dem onstrated in the SNV.

In those cells in which the SNV reached m axim um  size and its con ten ts  
were electron lucent, the tubules and vesicles appeared compressed to  their  
original wie 1th (350 400 A). I n such instances, a direct com m unication be­
tw een the tubules and the interm icrovillous gap or the SNV was in frequent 
(Figs 16, 18).
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В . Cat ( nonselective absorption)

In  the epithelial cells o f the cat em bryo (F ig. 10) and of the non-lactated  
new born cat (Fig. 9), 330 400 Á wide tu b u li and vesicles were present beneath
th e  m icrovilli. The 52 60 Â thick unit m em brane was lined by a 30 40 Â
th ick  granular filam entous layer. Som e cells o f  the newborn cat contained  dis­
ten d ed  vesicles. Supranuclearly there w as a large vesicle which contained  a 
loo se  substance o f net-like structure. The lim itin g  membrane o f th e  vacuole  
w as 55 — 60 Â th ick  and had no lining.

Four hours after sucking, the con stitu en t elem ents of the TVS distended  
to  5 7-fold o f their original volum e (F ig. 11). They contained 40 Â thick  
clum ps, w hich filled the deeper situated  tu b u les and vesicles alm ost com pletely  
(F ig . 12). The contents of the latter structures and of the large central vacuole  
w ere m uch more electron dense than th ose  o f  the superficial ductu li of the  
apical region, owing perhaps to a greater concentration (Fig. 11).

Twenty-four hours after the f irs t  sucking  the epithelial cells o f  th e  cat 
w ere filled  by a single large electron dense b o d y  which, on the basis o f  its light 
m icroscopic appearance, was term ed “ central droplet’’ [32]. B eneath th is drop­
le t w as situated  the nucleus o f the cell, t ig h tly  squeezed against th e  basem ent 
m em brane (Figs 15, 17). W ith m axim um  droplet size, there w as a com ­
pression  o f the TVS elem ents to the analogy o f th at seen in the rat cell, the  
average w idth  o f th e  ductules having been 370 Â (Figs 19, 20).

In  the isolated can ileum, a loose granular structure, w ith d en sity  and 
clum p size corresponding to  that of the colostrum , was seen in th e  TVS ele­
m en ts 15 m inutes after the adm inistration; th e  absorbed colostrum  w as seen  
in th e  TVS and central droplet in a more condensed and more electron dense 
form  (F ig . 14).

F ig . 1. I lea l e p ith e lia l cell from  15-day-old r a t  e m b ry o . N o te  tubu les an d  vesicles (arrow ) 
b e n e a th  th e  m icrov illi a n d  th e  m an y  free R N A -clu m p s a n d  ergastop lasm ic d u c tu le s  in  th e  

su p ra n u c le a r cy to p lasm . M v, m ic ro v illi; N , nucleus. X 4,500

F ig . 2 . I le a l e p ith e lia l cell from  21-day-old  r a t  em b ry o . N o te  d istension  of c e r ta in  e lem en ts  
o f th e  tu b u lo -v e s ic u la r  system  (Ts) an d  th e  su p ra n u c le a r  vacuole (Sv) w hich  c o n ta in s  g ly­
cogen  (G l) a n d  m ed iu m  e lec tro n  dense g ra n u la r  su b s ta n c e . N, nucleus; M, m ito c h o n d ria .

X 9,700

Fig. 3. I le a l ep ith e lia l cell from  4 -d ay  old suck led  r a t .  B e n ea th  the  d is ten d ed  TV S (arrow ) 
th e  c y to p la sm  is filled  by  a  large  SNV (Sv). T he SN V  co n ta in s  aggregated  g ra n u la r  su b s tan ce  

an d  f ilam en ts . Me, G o b le t cell. X 2,400

F ig . 4. I le a l ep ith e lia l cell from  15-day-old  r a t  em b ry o . T h e  elem ents o f th e  TV S are  230— 
300 Â  w id e . T he tu b u le s  are su rro u n d ed  b y  a 52— 60 Á  th ic k  u n it m em brane  w h ich  is lined  
b y  a m o re  e lec tro n  dense g ra n u la r  70— 90 Â th ic k  in te rn a l  lay e r (arrow ). X 36,800
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D iscussion

It  is known from  th e studies o f Co m l i n e  et al. [9, 10] and H i l l  and 
H a r d y  [19] that th e  ileal cells of certain new born mammals contain specific  
structures. In th e  ileal epithelial cells o f  ca lves, hom ogeneous eosinophilic 
droplets are seen in th e  first three days o f extrauterine life, w hich tend to  
disappear along w ith  th e  absorption o f colostrum . Co m l in e  et al. [9, 10, 11] 
believed  these structures to  be related to  globulin  absorption. B r a m b e l l  [5] 
review ed the literary data stating th at new born rats, kids, lam bs, dogs and 
k itten  were able to  absorb from their in testin e protein molecules in undigested  
form . This was verified  b y  im m unom orphological m ethods by P a y n e  and 
M a r s h  [28] and later b y  L e c c e  [24]. The studies performed by L e c c e  [24] by  
m eans o f m etabolic inhibitors indicated absorption to be an energy requiring 
active  transport process.

The m orphological dissim ilarity o f th e  ileal epithelial cells o f newborn  
and adult animals has been clarified electronm icroscopically during the last 
decade. In the course o f these exam inations an attem pt was m ade to  answer 
the first question posed in the introduction of th is paper, viz. how the incor­
poration  of im m unoglobulin by the cell is taking place. In the m ouse and the 
rat, Cl a r k  [8] found th e  vesicular m em branes o f the apical cytoplam s to  
com m unicate w ith th e  cytoplasm ic m em brane and dem onstrated absorbed  
protein and clum ps o f colloidal gold and iron in the vesicles. On th is basis, 
he concluded that th e  cell engulfed the protein b y  pinocytosis and th is then  
was concentrated in the SNV. The colloidal iron and gold clumps did not leave  
th e  cells, while the gam m a globulin passed out o f  them  to enter the lym ph  
circulation , as noted  also b y  others [14, 28]. B ased on rat experim ents, K r a e - 
h e n b u h l  et al. [21, 22, 23] explained th e  in testin a l absorption o f protein by 
p inocytosis. B u b i n  [29] arrived at the sam e conclusion from experim ents 
on dogs.

In contrast, G r a n e y  [15] and W i s s i g  and G r a n e y  [33] stated  that pro­
te in  uptake occurred through a specialized m em brane system  rather than  bv  
p inocytosis. E xam ining the intestinal epithelial cells of the newborn nonlactat- 
ed rat th ey  found an apically situated system  o f tubules and vesicles w ith

Figs 5 — 8. D e ta ils  of ileal ep ith e lia l cell fro m  4-day-old  ra t.
F ig . 5. T he tu b u le s  a n d  vesicles had d is ten d ed  to  1 — 2000 Â w id th . The arrow  p o in ts  to  the  
co m m u n ica tio n  be tw een  tu b u le  and  in te s tin a l lu m en . Sv , su p ran u clear v acuo le; M, m ito ­

chondria . X 9,800
F ig . 6. T h e  tu b u la r  lim itin g  m em b ran e  of th e  TVS is c o n tin u o u s  w ith  th e  cy to p lasm ic  m em ­

bran e  (arrow ). X 34,500
F ig . 7. D irec t c o m m u n ica tio n  (arrow ) be tw een  SN V  a n d  a larg e r vesicle (V) o f th e  TVS.

X 33,400
F ig . 8. C om m unication  (a rro w ) be tw een  th e  g ra n u la r  c o n te n ts  o f th e  SNV a n d  of a vesicle

of th e  TVS. X 16,200
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f la t  lu m in a which distended after lactation and appeared to com m unicate with  
b oth  th e  intestinal lum en and the SNV. C onsistent conclusions w ere drawn 
b y  C o r n e l l  and P a d y k u l a  [12]; they  dem onstrated  by enzym e histochem ical 
m eth od s strong acid phosphatase and nonspecific  esterase activ ities in  the  
TVS and SNV, term ed by them  superficial vacu o les and dense droplets, respec­
t iv e ly . On this basis, th ey  regarded these structures as “p hagolysosom es” . 
F urtherm ore, th ey  dem onstrated in the SN V  also th iam ine-pyrophosphatase, 
in terpreted  by them  as suggestive of the structure’s relationship w ith  the  
G olgi apparatus.

T he present findings, too , are in support o f  the existence o f a system  
specia lized  for protein uptake. Previous ligh t m icroscopic exam inations [32] 
disclosed  that a vesicular system  had been present prior to lactation  w hich  
filled  tip w ith  a basophilic substance in th e  course of colostrum absorption. 
E lectron  m icroscopic studies o f intestinal ep ithelium  from rat and cat em bryos  
h ave show n these vesicles to  be unrelated to  p in ocytosis, as (i) elem ents o f  the  
TVS w ere dem onstrable in a compressed sta te  already in the em bryonic cells. 
Im m ed ia te ly  before birth as well as in the new born  nonlactated anim als, part 
of th e  tubules had distended as if  in preparation for the intake of colostrum  
from th e  in testinal lum en. The SNV, which stores the protein taken up b y  the  
cell, w as also present prior to  the first sucking. On the other hand, (ii) the  
fact th a t  the lim iting m em branes of the tu b u les and vesicles represented a 
tran sitory  typ e betw een the various m em brane system s is also in support of 
the ex isten ce  of a preformed system . The th ick n ess of the unit m em brane o f  
th e  TV S corresponds to that o f  the endoplasm ic m em branes, whereas its  struc­
ture (co a t unit m em brane) to that of the exoplasm ic membranes [30]. The 
lim iting  m em branes of the SNV or central drop resem ble the Golgi m em branes 
in b o th  structure and thickness thus, in agreem ent w ith  Co r n e l l  and P a d y ­
k u l a  [12] лее, too, believe the former m em branes to derive from th e Golgi

Fig. 9. D e ta i l  o f ileal ep ith e lia l cell from  new born n o n la c ta te d  cat. Most tu b u le s  a n d  vesicles 
(a rro w ) b e tw een  th e  m icrovilli an d  th e  large v acuo le  a re  f la t  (350 Á th ick). X 15,300 

F ig. 10. D e ta il  of ileal ep ith e liu m  fro m  c a t em bryo. A bove  th e  nucleus there  is a larg e  v acu o le
(arrow ). Toluid ine b lu e , X 650

Fig. 11. D e ta il o f ileal ep ith e lia l cell from  4-hour-old  su c k led  cat. The d istended  tu b u li  of 
th e  T V S o p en  in to  th e  in te rm ic ro v illo u s space (arrow ). T h e  g ra n u la r  con ten ts of th e  tu b u le s  
are less e le c tro n  dense in th e  su p erfic ia l s tru c tu re s  a n d  m ore  electron dense in  th e  d eep er

s itu a te d  ones. X 17,100
Fig. 12. D e ta il  o f ileal ep ith e lia l cell from  4-hour-old  su ck led  cat. The lim iting  m em b ran e  
of th e  e le m e n ts  o f th e  TVS is 50— 60 Â th ick ; along i ts  in te rn a l  surface th ere  is a 7 0 — 90 Â

th ick  g ra n u la r  lay e r (a rrow ). X 40,000
Fig. 13. E p ith e lia l  cell from  iso la ted  ileal p o rtion  of a b a b y  c a t  15 m inutes a fte r  th e  a d m in ­
is tra t io n  o f g o a t co lostrum . C lum ps of co lostrum  (C) a re  seen  in the  in te stin a l lu m e n  an d  
the d is te n d e d  ap ical tu b u le s  an d  vesicles co n ta in  a g ra n u la r  substance of sim ilar d e n sity .

X 16,000
Fig. 14. E p ith e lia l  cell from  iso la ted  ileal po rtio n  of a b a b y  c a t.  60 m inutes a fte r th e  a d m in ­
is tra tio n  o f  g o a t co lo s tru m , th e  c o n te n ts  o f th e  vacuo le  a re  e lectron  lucent. C o m m u n ica tio n  

b e tw e e n  a tu b u le  and  th e  in te s tin a l lum en (a rro w ) is well visible. X 19,400
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apparatus, (iii) In add ition  to  the above evidences of the existence of a TVS, 
litera ry  data on the rate o f  absorption also suggest the presence of a preformed 
sy ste m . It is known th a t w h ile  at birth the serum  antibody level of th e  new ­
born  rat amounts to  one six teen th  of the m aternal level, it  reaches th e  latter  
on th e  second or third p o stn a ta l day [7]. A lso, antibodies absorbed from the  
colostrum  are dem onstrable in  the blood of th e  b ab y rat within 30 m inutes 
after  sucking [8].

A s to the second q u estion  posed in th e  in troduction , viz. w hether there 
is a m orphologically dem onstrab le difference betw een  the selective and non- 
se le c tiv e  absorption ty p es, th e  following m ay be stated . The light m icroscopic 
stru ctu re  of the in testinal ep ithelia l cells of th e  tw o  groups was different. Cells 
from  th e  selective rat and th e  mouse contained a SNY within which there 
w as an eosinophilic b od y  in  eccentric position  [2, 3, 12]. In contrast, in the 
ilea l cells of non-selective an im als, the absorbed protein appeared in the form  
o f a hom ogeneous central drop let [1 ,9 ,1 9 ,2 5 ,3 2 ] . E lectronm icroscopically, the  
m orphology  of protein incorporation  showed no fundam ental difference in the  
tw o  groups, whereas th e  s ite s  of accum ulation o f the incorporated proteins 
w ere dissimilar, con sisten tly  w ith  the light m icroscopic findings. In  th e  rat 
cells , th e  SNY was inhom ogeneous, showing eccentric and peripheral aggrega­
tio n s  o f  a substance, w ith  electron  lucent filam entous structures in the in ter­
sp aces. In  the cat cells, in  contrast, the entire central droplet was filled by a 
u n iform ly  distributed su b stan ce , corresponding in shape and density to  the  
clu m p s of colostrum. As to  th e  rat and m ouse, se lec tiv ity  is generallv believed  
to  ta k e  effect not so m uch a t the intake as at th e  transfer of proteins [12] by  
th e  in testin a l epithelial cells. B r a m b e l l  et al. [7] th ou gh t the selectiv ity  to  be 
re la ted  to  certain receptors w hich, by linking w ith  proteins of appropriate 
configuration , prevent their  b eing  hydrolysed. A ccording to  B r a m b e l l  [6] and 
M o r r i s  [27], this binding ta k es  place at th e  periphery o f the SNV, under 
in v o lv em en t of the lim itin g  membrane. E nzym e histochem ical exam inations  
su ggested  these configurations to represent phagolysosom es [12, 13], while 
th e  biochem ical exam inations by B a i n t n e r  and J u h á s z  [1] showed th at in 
th e  in testinal epithelial cells of the suckled new born rat acid proteolytic  
a c t iv ity  was negligible and th e  alkaline a ctiv ity  seem ed to  be related to  the 
pancreas.

F ig . 15. D e ta il of ileal cell fro m  25-h o u r-o ld  suckled c a t. A bo v e  th e  nucleus th e re  is a h o m o ­
g en eo u s electron dense s t r u c tu r e .  Ic , in te rce llu la r sp a c e ; SC, s tro m al cell. X 5,500 

F ig . 16. I lea l epithelium  from  1 4 -d ay -o ld  suckled r a t .  A bo v e  th e  nucleus there  a re  vacuoles 
w ith  in c lu s io n  bodies and  ab o v e  th e  vacuoles there  a re  sm a ll vesicles. T oluid ine  b lu e , X 580 
F ig . 17. I leu m  of 24-hour-old su c k le d  ca t. The ep ith e lia l cells a re  filled  by  large p ro te in  d ro p ­

lets (P ). M e, g o b le t cell. T o lu id ine  b lu e , X750 
F ig . 18. D e ta il of ileal cell f ro m  14-day-o ld  ra t. T he e le m en ts  o f th e  TVS are 400 A wide.

Sv , su p ra n u c le a r  vacuole. X 21,600
F ig s . 1 9 — 20. D etail of ileal cell f ro m  24-hour-old suck led  c a t .  T h e  e lem ents of th e  T V S, s i tu ­

a te d  a b o v e  th e  cen tra l d ro p  (C ), a re  370 Â wide. (F ig . 19, X 18,000; Fig. 20, x  30,000)
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G r a v e s  [16] reported on the blocking o f colostrum absorption by previ­
ous feeding of m ilk. Our observations m ay in  part account for this find ing. At 
th e  stage when the central drop of en terocytes was almost entirely filled  by  
co lostra l proteins, the TVS appeared to be in a ctiv e . We suppose th at beyond a 
g iv en  degree o f saturation , the SNV or th e  central drop m ay m echanically  
com press the TVS, inh ib iting thereby the u p tak e o f further protein.

*
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R E S O R P T IO N  D E S  K O LO ST R U M S B E I  R A T T E N  U N D  K A T Z E N . 
V E R G L E IC H E N D E  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

B. VERESS und K. BAINTNER Jun.

V erfasse r u n te rsu ch e n  m it de r E iw eiß reso rp tio n  zusam m enhängende  S tru k tu re n  in 
d e n  E p ith e lia lze llen  des Ileum s v o n  ju n g en  R a tte n  u n d  K ä tzch en . Die E p ith e lia lze llen  des 
D a rm e s  v o n  E m b ry o n en  u n d  n eu geborenen  T ieren  e n th a l te n  gleicherweise im ap ik a len  Teil 
des Z y to p la sm as  ein T u b u la r-v es ik u la rsy s tem  (TVS). D ie das TVS abgrenzende M em brane  
b e s i tz t  eine c h arak te ris tisch e  S tru k tu r ,  insofern sie a u s  e iner »unit m em brane« v o n  56 Â 
D ick e  u n d  einer 80 Â d ick en  S ch ich t b e steh t u n d  so m it e inen  Ü b erg an g sty p  zw ischen  den  
exo- u n d  en d o p lasm atisch en  M em bransystem en  d a rs te ll t .  D ie T ubuli m ünden  in den  S p a lten  
zw isch en  den  M ikrozo tten  u n d  kom m unizieren  m ite in a n d e r  sowie m it de r su p ra n u k lea r  
b e f in d lic h e n  großen V akuole (SN V ). Die SNV d ien en  w ahrschein lich  zur D epo n ieru n g  der 
au fg en o m m e n e n  E iw eiße. In  den E p ithe lia lzellen  des R a tte n d a rm e s  besitzen  die SNV im m er
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den  C h a ra k te r  von V ak uo len ; de r In h a lt  b e s te h t zum  T eil aus exzen trisch  a g g reg ie rtem  S toff, 
zum  Teil au s faserigen S tru k tu re n . In  den E p ith e lia lze llen  des D arm es ju n g e r  K a tz e n  dagegen , 
b ild en  die V akuolen  einen sog. zen tra len  T ro p fen , w elcher aus hom ogenem  S to ff  b e s teh t. 
M it dem  F o r ts c h r i t t  der E iw eiß reso rp tio n  fü llt de r z en tra le  T ropfen  fa st das ganze Z y to p la sm a  
aus u n d  d rü c k t  gleichzeitig  die E lem en te  des TVS zu sam m en .

U n te r  den g eg enw ärtigen  B edingungen  fan d en  w ir keinen  U n tersch ied  zw ischen  den 
TVS der E iw eiß  se lek tiv  reso rb ieren d en  R a tte n  u n d  d e r n ich t se lek tiv  re so rb ie ren d en  K a tzen . 
A nsch e in en d  w ird die S e lek tie ru n g  de r E iw eiße n ich t so seh r bei ih rer A ufnahm e in  d ie D a rm ­
ep ith e lze llen , wie bei ih rem  T ra n s it  d u rch  die Zellen v e rw irk lich t.

ВСАСЫВАНИЕ МОЛОЗИВА У КРЫС И У КОШЕК.
СРАВНИТЕЛЬНОЕ ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ ИССЛЕДОВАНИЕ

Б . В Е Р Е Ш  и К. Б А И Н Т Н Е Р  мл.

Авторы исследовали связанные со всасыванием белка структуры в эпителиальных 
клетках тощей кишки молодых крыс и котят. Эпителиальные клетки зародышей и но­
ворожденных животных содержат в одинаковой степени в апикальной части цитоплазмы 
тубулярно-везикулярную систему (TBC) Отграничивающая TBC перепонка обладает ха­
рактерной структурой .поскольку она состоит из «единой перепонки» толщиной в 56 Â и из 
слоя толщиной в 80 А и таким образом представляет переходную форму между экзо- и 
эндоплазматическими мембранными системами. Канальцы оканчиваются в щелях между 
микроворсинками и сообщаются между собой, а также с надядерно расположенными боль­
шими вакуолями (НБВ). НБВ, вероятно, служат депонированию принятых белков. В 
эпителиальных клетках кишки крыс НБВ всегда носят характер вакуолей; содержание 
состоит отчасти из эксцентрически агрегированного вещества, отчасти же из волокнистых 
структур. В эпителиальных клетках кишки котят же вакуоли образовывают так наз. 
центральную каплю, состоящую из гомогенного вещества. С развитием всасывания белков 
центральная капля заполняет почти всю цитоплазму и одновременно с этим сжимает эле­
менты TBC.

При данных условиях авторы не нашли разницы между TBC избирательно всасываю­
щих белок крыс и неизбирательно всасывающих белок кошек. Очевидно селекция белков 
осуществляется не столько при их поступлении в эпителиальные клетки кишки, как при их 
прохождении через них.

Dr. Béla V e r e s s , II. K órbonctani In tézet,
B udapest IX ., (illői ú t 93, Hungary 

Dr. K ároly B aiivtner , Á llattenyésztési K utató  Intézet,
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EFFECT OF IMMUNOSUPPRESSIVE AGENTS 
ON THE TISSUE REACTION AROUND THE PACEMAKER
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T he effect o f a n ti-ly m p h o cy tic  se ru m  (A L S), prednisone and 6 -m e rc a p to p u rin e  
w as in v es tig a te d  on  th e  tissue  reac tio n  in d u c e d  b y  th e  im p lan ta tio n  o f  p a c e m a k e r  
e lectrodes in dogs. U n d e r th e  effect of A L S  th e  perifocal in filtra tio n  as w ell as th e  
consecu tive  c ic a tr iza tio n  m ark ed ly  d im in ish ed . A fte r prednisone t r e a tm e n t ,  th e  fo r­
m atio n  of connective  tissue  fib res was s lig h tly  rep ressed  and changes o f d e g en e ra tiv e  
c h a ra c te r  ap p eared  in th e  f ib ro b lasts . U p o n  th e  influence of 6 -m erc ap to p u rin e  th ere  
w as no considerab le  change. T he d irec t m ech an ica l dam age was id en tica l in a ll  th e  cases. 
T he m orpholog ical a lte ra tio n s  m ay  serve as a b a sis  for the  favourab le  c lin ica l e ffec t of 
th e  im m u nosuppressive  agents.

Prolonged electric stim ulation o f th e  heart is applied m ore and m ore 
frequently in the early stage o f cardiac infarction as well as in th e  after- 
treatm ent o f heart operations. Apart from  benefits, the m ethod m ay  lead to 
som e com plications. The threshold of cardiac response increases for several 
days after the im plantation , then after 1 2 w eeks it becomes con stan t [14, 17].
N evertheless, it m ay happen that the threshold  reaches such a high lev e l that 
the electric power of the apparatus becom es insufficient to induce a stim ulus. 
This is the so-called exit-block. In these cases necrosis, sterile in flam m ation , 
then  scarring are observed around the electrode [3, 7, 13, 19]. O b viou sly , a 
close relationship m ay be assumed betw een th e  raised threshold and th e  exten t  
of the inflam m atory reaction around the electrode. We have reported previous­
ly  on the alterations appearing after th e  im plantation  of pacem aker electrodes 
of different types [25, 28, 30]; the aim o f the present study was to  in vestiga te  
th e  influence of drugs on the tissue reaction .

Material and m ethods

T he in v es tig a tio n s  w ere carried  o u t on  20 m ongrel dogs of 10— 15 kg  b o d y  w eight 
be longing  to  b o th  sexes. U n d er h e x o b a rb ita le th e r-N O , anaesthesia, left th o ra c o to m y  was 
p e rfo rm ed , th e  p e ricard iu m  w as opened and  a f la t  e lec tro d e  of the  E lem a—S c h ö n a n d e r  567 type  
w as fix ed  to  th e  su rface  of th e  left v en tric le . S tim u la tio n  was carried ou t b y  m ea n s  o f Schön­
a n d e r— E lem a 139 a p p a ra tu s  w orking a t  c o n s ta n t  freq u en cy . The successful s t im u la tio n  was 
co n tro lled  b y  ECG.
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F ive  anim als se rv ed  as u n tre a te d  contro ls a n d  w ere  b led  on the  3rd, 5 th , 6 th , 8 th  
a n d  10 th  days, re sp e c tiv e ly , follow ing the  o p e ra tio n .

Six dogs were t r e a te d  w ith  0.4 m l/kg ALS (H u m a n )  in tram u scu la rly  ev ery  second  d a y  
on  fo u r occasions b efo re  th e  o p e ra tio n  and on th e  d a y  o f  e lec tro d e  im p lan ta tio n  w ith  1 m l/kg . 
T he an im als  were k illed  on  th e  3rd, 4 th , 6 th  a n d  8 th  d a y s  an d  two of th em  on th e  1 0 th  
d a y  su b seq u en t to  th e  o p e ra tio n .

A n o th er group  o f  s ix  an im als  received fo u r t im e s  25 m g prednisone in tra v e n o u s ly  
once before , and ev ery  d a y  a f te r  th e  operation . T h ey  w ere  k illed  tw o by  two on th e  4 th ,  7 th  
a n d  9 th  days.

T hree  ol th e  a n im a ls  rece iv ed  1 m g/kg of 6 -m e rc a p to p u rin e  on the  day  of im p la n ta t io n  
a n d  th e n  daily  su b seq u en t to  th e  in te rv en tio n ; th e y  w ere  k illed  on the 1st, 3 rd  a n d  4 th  
d a y s . D uring  su p p u ra tio n  th e y  could not have  su rv iv e d  longer.

B lood counts a n d  b o d y  tem p era tu re  were re c o rd e d  befo re  and afte r th e  t r e a tm e n ts ,  
Spec im ens ob ta ined  fro m  th e  h e a r t  were stud ied . F o r  e lectronm icroscopy  th e  m a te r ia l  w as 
f ix ed  in  form aline b u ffe red  a cc o rd in g  to  H olt, th en  in 1%  0 s 0 4, th e n  dehydrated  an d  e m b e d d ed  
in to  A ra ld ite . The u l t r a 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 i t r a te  a n d  
s tu d ie d  by  a H itach i ty p e  H U  10 electronm icroscope.

Results

Control group

On the 3rd day after the im plantation, profound necrosis and in flam m a­
tion  were found under th e  electrode and in th e  environm ent of the suture. In  
th e  upperm ost layer o f  th e  change the pericardium  was thickened w ith  a great 
am ount of fibrin and num erous cell-ghosts in  it . T he inflam m atory reaction  
spread into the surrounding musculature b etw een  th e  muscle fibres (F igs 1 
and 2). Round cells w ith  an intensely pyroninophilic cytoplasm  were d ispersed  
in th e  granulation tissu e . On the 5th day, fibrob lasts appeared and there w as a 
great am ount of freshly synthetized  collagen b etw een  the muscle fibres (F ig. 3). 
G iant cellst of foreign b o d y  character were observed  on the 10th day. The  
m uscles displayed necrosis and discoid degeneration  in the environm ent o f  th e  
suture and the electrode, w ith  oedema predom inating  in the marginal regions. 
In som e places sarcolysis could he seen whereas elsew here only pearl-strings o f  
vacuoles appeared (F igs 1 and 2). Signs of regeneration  occurred in the m arginal 
m uscle fibres on the 8th  and 10th days (F ig. 3).

E lectronm icroscopically, the above cells o f  inflam m atory as w ell as 
m acrophage type were fou n d , under the electrode in the central region o f the  
change, together w ith  fibrin  deposition (Fig. 4). T he muscle fibres are degener­
ated , the sarcolemma is disrupted or has d isappeared , the m itochondria are 
dam aged (Figs 5 and 6). T he m yofilam ents h a v e  lo st their contact wdth th e  
intercalar discs (Fig. 7). Further from the centre th e  sarcolemma is separated  
from th e muscle fibres, th e  m itochondria are sw ollen  and lipid granules accum u­
la te  in the v icin ity o f th e  sarcotubular system  (F ig . 8). Phagocytosis o f the  
destroyed muscle fibres w as observed at later stages (Fig. 9). The collagen  
displaying a regular cross striation  appeared on th e  5th  and 6tli days. F ib ro­
blasts and fibrocytes o f  in ta c t structure as w ell as new ly formed capillaries
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are seen in great numbers in the granulation tissue (Figs 10 and 11). A  crysta l­
like substance showing a regular lattice structure was found in the w all o f  the  
capillaries in tw o animals in both  the operated and the intact m uscle areas 
(Fig. 12).

& f. A
'ig. 1. Necrosis o f h e a r t m uscles, ste rile  in fla m m a to ry  in filtra tio n  appearing  th re e  d a y s  a f te r  

e lectrode  im p la n ta tio n . H a lf-th in  sec tion , to lu id ine-b lue sta in in g

Fig. 2. T he in f il tra tio n  p ro p ag a tes  be tw een  th e  in ta c t  m uscle fibres. M y o cy to ly s is  a t  the  
bo rd er o f th e  necrosis. H em atoxylin -eosin
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F ig . 3. Large a m o u n t o f  co llag en  and signs of re g e n e ra t io n  of m uscle fib res 10 d ay s  a fte r  
electrode im p la n ta t io n . H alf-thin sec tio n , to lu id in e-b lu e  sta in ing

F ig .  4. In flam m ato ry  e le m e n ts  o f  regular s tru c tu re  u n d e r  th e  e lectrode, deposition  o f f ib rin
( X 7800)
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Fig. 5. T he m uscle fib res  a re  d am ag ed  in the  area of necrosis , th e  m yofilam en ts are frag m en ted
( X 7800)

Fig. 6. The o u ter an d  in te rn a l m em branes of m ito c h o n d ria  are frag m en ted  in the  necro tic  
areas, a dense su b s tan ce  is accum ula ting  in th e  m ito c h o n d ria l m a trix , ( x  22,800)
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F ig . 7. T h e  m yofilam ents hav e  lo s t th e ir  c o n ta c t w ith  th e  in te rca la r  disc d isp lay in g  a co m p ara ­
tiv e ly  in ta c t s tru c tu re . ( X 39,600)

F ig . 8. T h e  m yofilam ents are in ta c t  a t  som e d is tan ce  from  th e  e lectrode , th e  m ito ch o n d ria  
a re  sw ollen, lipid g ran u les h av e  a cc u m u la ted  in th e ir  en v iro n m en t. ( x 7 8 0 0 )
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A LS-treated  group

The changes occurring under the electrode were o f the sam e character  
as in the control group. In spite o f a 30%  decrease in the peripheral ly m p h o cy te  
count, lym phocytes as well as round cells w ith pyroninophilic cytop lasm  were 
found in the infiltrations. A conspicuous light-m icroscopic difference w as that 
the in flam m atory reaction was o f lesser ex ten t, localized to the environm ent 
of th e  dam aged area and did not spread over to the surrounding m usculature  
(F ig . 13). Thus, the above signs o f a secondary lesion are absent in the surround-

F ig . 9 . A m em brane  lim ited  m uscle  fib re  p h ag o cy ted  by  a m acrophage , ( x  18,000)

F ig . 10. L arge am o u n t of collagen a n d  in ta c t  f ib ro b la s ts  in  th e  g ran u la tio n s tis su e , ( x  12,000)

Acta Morphologica Academiae Scientiarurn Hungaricae 19, 1971



356 E. SOMOGYI et al.

ing  musculature. E lectronm icroscopy revealed practically the sam e picture 
as in the controls, th e  difference in the secondary lesion was also observed. 
T he crystal-like su b stan ce  in the wall o f  capillaries was seen in 2 animals

F ig . 11. Newly fo rm ed  c a p illa ry , pericytes an d  co n n ec tiv e  tissue  elem ents. (x 7 8 0 0 )

Fig. 12. C ry s ta l- lik e  substance in c ap illa ry  w all. ( X 33,000)
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F ig. 13. In  an im als tre a te d  w ith  A LS, h a rd ly  an y  in flam m ato ry  in f iltra tio n  b e tw een  the  
necrotizing  m uscle fibres. T o lu id ine-b lue  sta in ing , ha lf-th in  sec tion

F ig . 14. A substance  w ith  reg u la r p e rio d ic ity  in th e  cy top lasm  of a h is tio cy te , ( x  12,000)
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o f th is  group, too. It  occurred only in th is group th at a substance of 230 Â 
period icity  had accum ulated  in the cytoplasm  o f h istiocytes, around which  
som etim es even a m em brane was observed (F igs 14 and 15).

F ig . 15. The p e rio d ic ity  is o f a b o u t 230 Â; i t  is su rro u n d e d  b y  a m em brane. (x 4 8 ,0 0 0 )

F ig. 16. P red n iso n e -trea ted  a n im a l. Scarce fib ril fo rm a tio n  in  th e  in filtra tio n  on th e  9 th  
day  in d i-A d reso n -tre a te d  anim al. Y an -G ieso n ’s s ta in

Prednisone-treated group

On the 4th day o f treatm en t the anim als show ed the same picture as 
the controls. N evertheless, th e  fibroblasts and fib rocytes produced less collagen  
fibres th an  in the controls. T he lysosom es in th e  cytoplasm  of fibroblasts are
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larger and more frequent than usually  and th e  endoplasm ic reticulum  teas 
enlarged and em pty (Fig. 17). Crystals in th e  capillary walls occurred in one 
animal of this group.

6-mercaptopurine-treated group

B oth  light electron m icroscopy revealed th e  sam e picture as in th e  con 
trois. The occurrence o f capillary crystals was observed in one anim al.

Fig. 17. Collagen is h a rd ly  to  be found  be tw een  th e  cells, th e  fib rob lasts c o n ta in  m a n y  ly so ­
som al e lem en ts, th e  endoplasm ic  re ticu lu m  is enlarged. ( X 6 000)

D iscu ss io n

The tissue reaction to pacem aker electrode im plantation has been studied  
by several authors [3, 7, 13, 19] who reported on progressive fibrosis as well 
as m uscular destruction. In previous studies we have observed in d eta il the  
changes around the different pacem aker electrodes [25, 28, 30]. The present 
control group displayed lesions essentially  corresponding to those. In all cases 
in the m echanically dam aged areas a discoid degeneration of the m uscle fibres 
surrounded by a diffuse, sterile in flam m atory reaction was observed. O edem a 
and hypoxic lesions, i.e. fibrillolysis, oedem a and lipid degeneration o f the  
m usculature were predom inant in the perifocal regions. In the developm ent 
of such changes, first o f all the m echanical effect m ay have som e significance. 
The process of degeneration is similar to  th ose occurring under th e  effect of 
other m yocardial lesions [4, 8, 9, 15, 21, 27].

Few experim ents have been carried out to  test the effect o f drugs on 
the tissue reaction induced by pacem aker im plantation and on the changes
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of th e  stim ulus threshold . P reston  et al. [26] observed a decrease o f  the  
threshold  after prednisolone treatm ent, and an increase after aldosterone trea t­
m ent. According to  K ü b l e r  and S o w t o n  [18],  the threshold increases by  
about 40%  in patien ts w ith  a pacemaker under th e  influence of beta blockers. 
M o w r y  et al. [24] as w ell as J udg e  et al. [17] observed the disappearance of 
th e  exit-b lock  as a resu lt o f steroid therapy. W e have shown previously th at  
in th e  rat heart ALS decreased significantly th e  exten t of the necrosis induced  
b y  coronary ligature [10 ].  This was the reason w h y  we have in vestigated  the  
effect o f im m unosuppressive agents.

The degenerative lesions observed in th e  region of m echanical injury  
even  in  th e  control group came into being in  every  case. Subsequent to  the  
ALS treatm ent, th e  peripheral lym phocyte num ber count decreased, th e  peri­
focal in filtration  w as reduced and accordingly th e  secondary lesions o f the  
m usculature and th e  consecutive cicatrization  w ere slighter. On prednisone  
treatm en t the necrosis as well as the surrounding inflam m ation were o f the  
sam e ex ten t as in th e  controls; collagen form ation  w as, however, prolonged and  
less in tense and degenerative lesions were observed  in the fibroblasts. There 
w as no considerable difference after 6-m ercaptopurine treatm ent as com pared  
w ith  th e  controls.

The exact m ode o f action of ALS is not know n, only that it inh ib its  
b oth  th e  afferent and th e  efferent sides of th e  im m unological reaction [5, 7, 21, 
32]. I t  has been revealed  b y  im m unofluorescent investigations th at th e  serum  
does not penetrate in to  th e  follicles, thus it  m ost probably does not in fluence  
th e  im m unological m em ory [6]. The therapeutic observations agree w ith  this 
sta tem en t in that th e  m ost intense effect can be achieved by a previous adm in­
istra tion  o f the antigen ic stim ulus [16, 29]. T he serum  used in our experim ents  
proved to  be effective in vitro and its effect in vivo  was evidenced b y  th e  de­
crease in the peripheral lym phocyte count. In  sp ite  o f this fact, in tact lym p h o­
cytes and round cells w ith  pyroninophilic cytop lasm  were observed in  the  
in flam m atory tissue. T hus, first of all the decreased responsiveness follow ing  
th e  blocking of the im m unological apparatus m ight be responsible for the  
dim inution  of the in filtration . However, one can n ot deny the possib ility  o f an 
autoantigenic inh ib ition  sim ilar to the p ost-card iotom y syndrome.

U pon the in fluence o f glycocorticoids th e  am ount of oedema fluid m arked­
ly  decreased in the first phase of inflam m ation and so did later its hydroxypro- 
line and hexoseam ine con ten t. Biochem ical in vestigation s revealed a decreased  
a c tiv ity  of the Krebs cycle  [20]. The incorporation o f sulphurous am ino acids 
and th e  synthesis of chondroitin-sulphate decreases [31]. Morphological studies  
show ed a restriction o f  collagen form ation [23]. Their m em brane-stabilizing  
effect is also well know n on the lysosom es [33]. W e could dem onstrate a restric­
tion  o f collagen form ation and a degeneration o f fibroblasts after the im p lan ta­
tion  o f pacem akers under the effect of g lycocorticoids. These observations

Acta Morphologica Academiae Scientiarum  Hungaricae 19, 1971



EFl'ECT OF IMMUNOSUPPRESSIVE AGENTS 36 1

can well be explained by those o f the quoted authors and m ay represent a 
m orphological basis o f the advantageous clinical effect.

A crystal-like substance showing regular periodicity was found in the  
capillary walls of six  animals belonging to  all o f the groups. In th e  literature  
at our disposal we have not found any description of capillary crystals localized  
in th e  heart m uscle. As the accum ulation o f a substance of sim ilar structure  
has been observed in a number o f anim al species, m ainly in the retinal capilla­
ries o f dogs [2], we do not attribute any special pathological sign ificance to  it.

H ow ever, the crystal-like substances o f the cytoplasm  o f h istio cy tes  
observed in the ALS-treated group had arisen m ost probably in  another w ay. 
B e ss is  [1] reported similar structures in th e  antigen forming plasm a cells. 
R ecently , a crystal-like substance was found in human wire-loop lesion s, dis­
p laying the sam e periodicity and interpreted by the authors as a p recip itated  
antigen-antibody com plex [12]. Since th is substance of characteristic struc­
ture was found only in the A L S-treated group, we assume th a t protein  or 
lipoprotein m olecules formed in a sim ilar m anner have played role a in this 
case, too.

Our observations revealed som e m orphological data concerning th e  in ­
h ib itory effect o f im m unosuppressive agents on sterile inflam m atory changes, 
on the basis o f which the favourable clinical results o f treatm ent o f ex it-b lock  
can well be interpreted.
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W IR K U N G  IM M U N O S U P P R E S S IV E R  M E D IK A M E N T E  A U F  D IE  G E W E B S R E A K T IO N  
IN  U M G E B U N G  D E R  P A C E M A K E R E L E K T R O D E N

E. SOMOGYI, T. VARGA, P. SÓTONYI, F. SOLTI, Z. SZABÓ, F. R ÉN Y I—VÁMOS, I. FÖLDES und S. VÁRKONYI

V erfasser u n te rs u c h te n  d ie  W irkung  von a n tily m p h o z y tä re m  Serum , D iad reso n  u n d  
L eo p u rin  au f die in d e r U m g e b u n g  von P a c em ak e re le k tro d e n  en ts teh en d e  G ew ebsreak tion  
an  H u n d e n . Sie s te llten  fe s t ,  d a ß  a u f  W irkung der L S -T h erap ie  sow ohl die perifokale E n tz ü n ­
d u n g , wie auch  die N a rb e n b ild u n g  geringer w erden . N a ch  D iad reso n b eh an d lu n g  t r a t  die 
B ild u n g  v o n  B in d egew ebsfasern  e tw as in den H in te rg ru n d  u n d  in den F ib ro b las ten  w aren  
d eg en e ra tiv e  E rsch e in u n g en  b em erk b ar. N ach G abe v o n  L eo p u rin  w ar keine b e w ertb a re  
V e rän d e ru n g  fe sts te llb ar. D ie d ire k te  m echanische S c h ä d ig u n g  w ar in  allen Fällen  d ie gleiche. 
D iese m orphologischen V e rän d e ru n g e n  können die G ru n d la g e  der günstigen  W irk u n g  der 
im m u n o su p p ress iv en  M e d ik am en te  darstellen.

ДЕЙСТВИЕ ИММУНОСУПРЕССИВНЫХ МЕДИКАМЕНТОВ НА ТКАНЕВУЮ 
РЕАКЦИЮ ВОКРУГ ЭЛЕКТРОД ЭЛЕКТРОСТИМУЛЯТОРА

Э. Ш ОМ ОДИ, Т . В А Р Г А , П. Ш О ТО Н И , Ф. Ш О Л Ь Т И , 3 . С А БО , Ф. РЕН И -ВА М О Ш ,
И. Ф ЁЛЬДЕШ  и Ш. В А Р К О Н И

Авторы исследовали на собаках действие антилимфоцитарной сыворотки, диадре- 
зона и леопурина на тканевую реакцию, возникающую вокруг электрод электростимуля­
тора. Они наблюдали, что как перифокальное воспаление, так и рубцевание уменьшаются 
под влиянием терапии ЛС. После дачи диадрезона образование соединительнотканных 
волокон немного отступило на задний план и на фибробластах наблюдались дегенератив­
ные изменения. После дачи леопурина не было оцениваемого изменения. Прямое механи­
ческое повреждение было во всех случаях одинаковым. Эти морфологические изменения 
могут быть основой благоприятного клинического действия иммуносупрессивных медика­
ментов.
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FUNCTIONAL AND MORPHOLOGICAL CHANGES 
OF THE LIVER INDUCED BY ELECTRIC SHOCK

E. S o m o g y i  a n d  T. V a r g a  

(R eceived  Ju ly  6, 1971)

A fter to ta l-b o d y  e lectric  shock the  blood su g a r an d  serum  p ro te in  level of 
ra b b its  shows a m ark ed , m o m e n ta ry  decrease an d  th e re  a re  a lte ra tio n s  in th e  q u a li­
ta tiv e  com position  as well as in  th e  enzym atic  p ro p e rtie s  of th e  serum  p ro te ins. Serial 
biopsies revea led  an a cu te  v acu o la r degeneration  o f th e  liver cells. B o th  th e  m o r­
phological an d  th e  chem ical a lte ra tio n s  are o f rev ersib le  c h a ra c te r  and  m ost p ro b ab ly  
th ey  are induced  by  th e  o x id a tiv e  disorder p ro d u ced  by  th e  electric  cu rren t.

During electric shock not only alterations of local character arise hut 
also generalized ones involving the internal organs. It is known from clinical 
observations that repeated electric shocks are followed by changes in the serum 
protein and a temporary decrease in the blood sugar level [33]. It has been 
reported by K a p l a n  [19] that the serum bilirubin level is always, whereas the 
blood sugar value often, increased. S i r e n s k y  [44] observed liver function tests 
indicating hepatic lesions after electric accidents. K á r o l y  [20] reported on 
a temporary, aspecific disturbance of liver function in four cases of electric 
shock. K i r i l l o v  and K o r o t c h k i n a  [21] found a 10 50% increase of the
blood sugar level immediately after electroshock treatment. S c h o f i e l d  et 
al. [37] observed a vacuolisation in the liver of experimental animals killed 
by electric current and similar observations were made by K u h n  et al. [25]. 
The electronmicroscopic studies of these authors revealed unit-membrane limit­
ed vacuoles containing a homogeneous substance of very low electron density, 
different from glycogen. The limiting membrane of the vacuoles displayed a 
positive ATPase reaction. On this basis the vacuoles have been interpreted as 
of pinocytotic origin and some role has been attributed in their formation to 
the effect of the electric current and the hypoxia.

In our previous investigations, the changes brought about by electric 
current in the epithelium, the connective tissue and the skeletal as well as 
heart muscle have been studied in detail [32, 41, 42, 43]. The present experi­
ments were aimed at investigating the alterations of the serum protein level, 
the blood sugar value and the morphology of the liver, occurring after total- 
body electric shock.
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Material and methods

T en  rab b its  of b o th  sexes an d  o f 3— 5 kg bod y  w eigh t w ere used . T h e  e lectric  shock 
w a s  220 V AC and of 10 sec d u ra tio n , ap p lied  on  th e  tw o  sides o f th e  ab d o m en  b y  m eans of 
m e ta l  e lectrodes. Im m e d ia te ly  a f te r  th e  shock th e n  a t  d ifferen t p o in ts  of tim e  fro m  10 m in  
t i l l  52 d a y s , blood sam ples w ere  ta k e n  from  th e  ear-ve in  fo r blood sugar a n d  serum  p ro te in  
d e te rm in a tio n . Blood sugar w a s  e s tim a te d  b y  th e  o rth o to lu id in e  re ac tio n  sp ec tro p h o to m etri-  
c a lly  [6]. Im m une and a g a r e lec tro p h o re sis , s ta rch -g e  le lectrophoresis, q u a n ti ta t iv e  p ro te in  
d e te rm in a tio n , tes tin g  o f b e ta -n a p h th y l  a n d  in d o x y leste rase  as well as o f R N ase  were pe r­
fo rm e d  in  th e  sera [4]. L iv e r b io p sy  w as carried  o u t im m ed ia te ly  a f te r  th e  e lec tric  shock, then  
a t  d if fe re n t  po in ts of tim e  b e tw e e n  5 m in  an d  20 days, in  superfic ia l e th e r  an es th es ia . L iver 
sp e c im en s  of th ree  u n tre a te d  a n im a ls  o b ta in e d  b y  b io p sy  as well as th e ir  b lo o d  sam ples tak en  
b e fo re  th e  electric shock se rv ed  as con tro ls. T he liver tissu e  w as fix ed  in  fo rm a lin  buffered  
a c c o rd in g  to  H olt and  p o s tf ix e d  in  1 %  0 s 0 4, d e h y d ra te d  in  e th a n o l a n d  em b ed d ed  into 
A ra ld ite .  U ltra th in  sections w ere  c o n tra s te d  w ith  u ra n y l a c e ta te  and  lead  c it ra te ,  a n d  in v esti­
g a te d  b y  a H itach i H U  10 e lectro n m icro sco p e. R o u tin e  h isto log ical s ta in in g s  an d  d iastase  
d ig e s tio n  w ere also carried  o u t o n  p a r t  o f th e  m ate ria l. F o u r an im als rece ived  2 m l/kg  Ferrlec it 
( N a t te r m a n n ,  K öln) in tra v e n o u s ly  15 m in  before th e  e lectric  shock an d  th e  b io p sy  m ateria l 
w as  in v e s tig a te d  by  th e  P ru s s ia n  b lue  re ac tio n  to  d em o n s tra te  th e  p resence o f iron  [5].

Results

Mean blood sugar was 141.3 +  16.6 mg per 100 ml before the electric 
shock. The values formed a sinus curve in the first one and half hour after 
the treatment and by the 3rd hour returned to the control value. Thereupon a 
slow decrease began, reaching the minimum by the 3rd to 10th day. The change 
was strongly significant (p 0.001). Then the blood sugar level increased 
again after the 10th day and although it did not reach the average of the con­
trols, there was no significant difference as compared with it. On the 48th 
day the original value was restored (Fig. 1).

The amount of serum protein was 5.90 ^  0.15 g per 100 ml in the con­
trols. In the samples taken on the 3rd day a marked decrease (4.62 ^  0.20 g) 
was observed, whereas on the 21st day it was practically identical with the 
control value (5.84 ^  0.14 g). The decrease was significant as compared to 
both the control value and that of the 21st day (p -  0.01) (Fig. 2).

Immunoelectrophoresis showed no alteration during the first three days. 
A decrease of alphaj-globulins and a change of mobility of beta-globulins could 
he observed on the 6th day. This change persisted till the 48tli day and the 
original pattern appeared again on the 52nd day. Agar electrophoresis revealed 
a relative decrease of about 45% of the albumin fraction and a 5 —10% 
increase of IgG on the 6th and 21st days. Beta-naphthyl and indoxyl esterase 
activity decreased immediately after the electric shock. RNase activity of 
serumalbumin decreased by about 66% to the 21st day. The alterations of 
the enzyme activities were of a reversible character; on the 52nd day nor­
mal values were obtained both qualitatively and quantitatively.

The biopsy revealed that in half-thin sections made immediately after 
the electric shock the cytoplasm of the liver cells hardly stained with toluidine-
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blue. A granular substance of blue staining (Fig. 3) should be found only in 
the vicinity of the nucleus and cell membrane as well as dispersedly in the 
cytoplasm. The light microscopic picture was unchanged till the third day;

l
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F ig. 1. B lood su g ar level

I

day

F ig. 2. Serum  p ro te in  level

the normal structure was restored step by step by the seventh and tenth 
days. Regeneration started at the periphery of the acini. The empty areas of 
the cytoplasm displayed a homogeneous, intense PAS-positivity disappearing 
after diastase digestion (Fig. 4).
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F ig . 3. H a lf-th in  section , to lu id in e -b lu e  staining. T he m a jo r i ty  o f liver cells is filled  w ith
u n sta ined  vacuoles

F ig. 4. In te n s iv e  PA S-reaction  in  th e  vacuoles

In the electron micrographs the most conspicuous phenomenon was the 
paucity of cells in organelles. The largest part of the cytoplasm was filled by 
a homogeneous substance of low electron density, containing some compact, 
scattered granules resembling the rosette-like arrangement of glycogen gran­
ules, as well as several membrane-limited vacuoles (Fig. 5). The picture 10 min 
after electric shock was identical with the above described one, only the 
amount of the compact granules decreased and by 20 min (Fig. 6) they disap­
peared. One hour after the shock the structure of the cytoplasm was similar 
containing no glycogen. The nucleoplasm precipitated in the form of rough
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Fig. 5. In  th e  cy to p lasm  a hom ogeneous substance  of v e ry  low d en sity , co n ta in in g  co m p ac t 
g ran u les resem bling  glycogen. T h e  m itochondria  are s lig h tly  sh ru n k en , th e ir  m a tr ix  is d a rk , 

o th e r cell o rganelles are in tac t, ( x  21,000, H itach i H U  10)
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F ig . 6. T he dark  granules d isa p p ea red  30 m in. a f te r  th e  e lectric  shock, th e  c o m p ac tn ess  of 
th e  m itochondria l m a tr ix  is conspicuous. O th e r o rganelles are in ta c t.  ( X 30,600)
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Fig. 7. T he nuclear ch ro m a tin  ap p ea rs  in form  of ro u g h  granules, th e  nu c lear m em b ran e  is 
ex ten d ed ; tails of c y to p la sm  are p ressed  to  th e  nucleus, ( x  12,600)
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F ig . 8. T he m ito ch o n d ria  a re  n o rm a l in  s tru c tu re ; th e  d u c ts  o f th e  sm oth  and  ro u g h  en dop la- 
m ic re tic u lu m  are enlarged an d  a lm o s t e m p ty , ( x  12,750)

gran u les  partly  sc a tte r e d  and partly  a d h er in g  to  th e  nuclear m em b ran e  
(F ig . 7). The oth er o rg a n e lles  were norm al in  s tru ctu re , excep t for a sligh t  
sh rin k in g  o f m ito ch o n d ria  and the com p actn ess o f  th e ir  m atrix  (F igs 6 and 7). 
O n e d a y  later th e  s tr u c tu r e  o f  the organ elles is  loosen ed , th e  m itoch on d ria l 
m a tr ix  is less co m p a c t, th e  sm ooth  en d o p la sm ic  reticu lu m  is in creased  in  
a m o u n t, th e  c istern s o f  th e  rough en d op lasm ic  reticu lu m  are en larged  and  
c o n ta in  som e flo c c u la te d  su b stan ce  (F ig . 8). P r a c tic a lly  sim ilar p ictures w ere  
o b serv ed  till the th ird  d a y . Seven  days a fter th e  e lec tr ic  shock th e acin ocen tra l 
ce lls  are sim ilar to  th o se  described ab ove , th e  d ev e lo p m en t o f th e  sm o o th  
en d op lasm ic  reticu lu m  is esp ecia lly  str ik in g . In  th e  acinoperipheral cells th e  
c y to p la sm  is a lm ost c o m p le te ly  filled  b y  g ra n u la ted  endoplasm ic reticu lu m  
an d  m itochondria , b e tw e e n  th em , g lycogen  gran u les occur in rose tte  form , 
h u t th e ir  sta in ing is w e a k e r  th an  usual (F ig . 9 ). T h e  c istern s o f th e en d op lasm ic  
reticu lu m  are w id en ed  an d  practically  e m p ty  (F ig . 10). Ten days a fter  th e  
sh o c k  m ost cells sh ow  a sim ilar  regenerating  stru c tu re , w hereas on th e  20 th  
d a y  th e ir  structure is n o rm a l (F ig. 11).

A fter  F errlecit tr e a tm e n t  th e presence o f  iron  w as d etectab le  o n ly  in  
th e  K u p ffer  cells; th e  cy to p la sm  of the liv er  ce lls  w as Prussian-b lue n e g a tiv e .
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Fig. 9. Glycogen g ran u les p a le r th a n  th e  usual ones b e tw een  th e  d u c ts  o f th e  endoplasm ic
re ticu lu m . ( x  36,050)
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F ig . 10. N orm al glycogen c o n te n t. Som e lit t le  flo ccu la ted  su b s tan ce  in th e  w id en ed  d ucts 
o f th e  endop lasm ic  re ticu lu m , ( x  31,200)

D iscu ssio n

I t  has been sh o w n  p rev io u sly  th a t  th e  fir s t  signs o f  e lec tro th erm a l 
d a m a g e  are d eg en era tive  a ltera tio n s o f  th e  en d op lasm ic  reticu lu m  and th e  
m ito ch o n d r ia  in th e  ep ith e liu m , th e  sk e le ta l and th e  h eart m u scles [32, 41 , 42 , 
4 3 ] .  T h e  a lterations o f  th e  b lood  sugar le v e l ob served  a fter an e lec tr ic  shock  
in  th e  p resent in v e stig a tio n s  can  be a ttr ib u ted  to  C annon’s reaction ; w hen  
th is  is  over , b oth  th e  b lo o d  sugar and th e  to ta l p ro te in  v a lu es  sh o w  a stron g ly  
s ig n if ic a n t  decrease. T h e e n z y m a tic  p roperties o f  th e  serum  p ro te in s also de­
crea se . T he fact th a t th is  decrease ensues la ter  th a n  th a t  o f th e  b lo o d  sugar  
v a lu e  can  be a ttr ib u ted  to  th e  d ifferen t speed  o f  th e ir  d eco m p o sitio n . The  
q u a lita t iv e  com p osition  o f  th e  serum  p ro te in s also ch an ges, f ir st  o f  all th e  
a m o u n t  o f  album in an d  o f  a lp h aj-g lob u lin  decreases. T he s lig h t, re la tive  
in c r e a se  in  IgG  is m ost p ro b a b ly  o n ly  a seem in g  one due to  th e  d ecrease o f  th e  
to ta l am ou n t o f th e  p ro te in s . A fter  th e  10th  and 20 th  d ays, b lood  su gar and  
seru m  protein  levels b eco m e  norm al and 7- 8 w eek s after th e  e lectr ic  shock  
n e ith e r  q u a lita tive  nor q u a n t ita t iv e  a lteration s can  he observed .

T h ere is a num ber o f  d a ta  concern ing  th e  m orp h ology  o f  th e  h ep atic  
le s io n s  in d u ced  b y  d ifferen t to x ic  su b stan ces [3, 16, 31, 35, 38, 39, 40 , 4 7 ] , drugs,
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Fig. 11. I n ta c t  cell s tru c tu re  on 2 0 t h  d a y . ( x 2 5 , 2 0 0 )
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ca rc in o g en s [1, 2, 10, 14, 18 , 26 , 3 0 ,3 4 ,3 6 ,4 5 ] ,  and on liver  regen era tion  induced  
b y  p a r tia l h e p a tec to m y  [7, 4 6 ]. In  th e  case o f  to x ic  in flu en ces  th e  rapid  
d isa p p ea ra n ce  o f cellu lar  g ly co g en  is a com m on  p h en om en on . In  th e  d ecom ­
p o s it io n  o f g lycogen  som e ro le is a ttr ib u ted  to  th e  au top h agou s v a c u o le s  con­
n e c te d  w ith  th e sm o o th  en d op lasm ic  re ticu lu m , th e  p ero x iso m es [22, 23 ]. 
A fte r  th e  glycogen  d e p le tio n , th e  vesic les  o f  th e  sm o o th  en d op lasm ic  reticu lum  
in c r e a se  in num ber and i t  is here th a t  th e  resy n th esis  o f  g ly co g en  ta k es  p lace  
[3 , 12 , 25 , 28, 30, 34 ]. T h e  g ly co g en  d etec ta b le  e lec tron m icroscop ica lly  a lm ost 
c o m p le te ly  d isappeared  e v e n  in  th e  earliest sam p les ta k en  a fter  th e  electric  
sh o c k . A  hom ogeneous su b sta n c e  o f  low  d en sity , w ith o u t a n y  lim itin g  m em ­
b r a n e  h ad  accum ulated  b e tw e e n  th e  organelles. T h e cell m em b ran e is in ta c t  and  
n o  p in o cy to s is  or th e  s ig n s o f  an a ctiv e  g lycogen  m ob ilisa tion  w ere observed . 
T h e  fa c t  th a t th e co llo id a l iron  did  n ot p en etra te  in to  cells sp eak s aga in st a 
s ig n if ic a n t  increase o f  p e r m e a b ility . T herefore, w e  assu m e th a t  th e  d isap p ear­
a n ce  o f  g lycogen  did  n o t  ta k e  p lace in  th e  w a y  m en tio n ed  a b ove , an d  in  th e  
v a c u o le s  form ation o f  p la sm a  in flow  had no d ec isive  role. T here w as an in ten ­
s iv e  P A S -reaction  in th e  v a c u o le s  w hich  d isappeared  after d ia sta se  d igestion . 
O n th is  basis it  seem s m o st  l ik e ly  th a t th e  g ly co g en  granules are d ecom p osed  
u p o n  th e  influence o f  th e  e lectr ic  sh ock , th e y  lo se  th eir  ch a ra cter istic  stru c­
tu r e , an d  form  h o m o g en eo u s, P A S -p o sitiv e  areas d istr ib u ted  u n ifo rm ly  in  
th e  cy to p la sm .

A ccord ing to  litera ry  d a ta , th e  sy n th esis  o f  p lasm a p ro te in s sta rts  in  
th e  r ib osom es a ttach ed  to  th e  m em branes o f  th e  rough en d op lasm ic  retic ­
u lu m , th en  th ey  p ass in to  th e  G olgi apparatus and are tran sp orted  b y  th e  
G olg i vesic les  tow ard th e  D isse  space. T herefore, th e  su b sta n ce  observed  
e lec tro n m icro sco p ica lly  in  th e  stru ctu res m en tio n ed  ab ove  m ay  corresp on d  to  
p la sm a  protein  [8, 15, 27 , 2 9 ] . T he in corp oration  o f  rad ioactive  am in o  acids 
as w e ll as th e syn th esis o f  p la sm a  protein s decreases under to x ic  e ffec ts  [1, 17, 
4 0 ] . D u r in g  the first hours fo llow in g  th e  electric  sh ock  th e  en d op lasm ic  re tic ­
u lu m  and th e Golgi a p p a ra tu s  m ain ta in  th eir  regular stru ctu re . H ow ever , 
la te r  on  th e  spaces o f  th e  gran u la ted  and sm ooth  en d op lasm ic reticu lu m  are 
e n la r g e d , th ey  and th e  G olg i v es ic le s  are a lm ost em p ty . T he n u m b er o f  coated  
v e s ic le s  also decreases. T h e se  m orp h ologica l ch an ges are in  good  agreem en t  
w ith  th e  decrease o f  th e  seru m  p rotein  le v e l and th e  ch an ges in  th e  blood  
c o u n ts .

N everth e less , th e  a ltera tio n s  trea ted  till полу' seem  to  be ra th er  con ­
s e q u e n t ia l ones and do n o t  clarify  th e  m ech an ism  resu ltin g  in th e  dam age. 
O n t h e  basis o f th e  a b o v e  con sid eration s an increase in  p erm ea b ility  and  
p la sm a  exu d ation  are u n lik e ly  to  h a v e  a role. T he v a cu o lisa tio n  in d u ced  b y  
o th e r  p h y sica l in flu en ces su c h  as X -ra y  irrad ia tion , is m ore p ro lon ged  in 
t im e  111 , 24]. A t th e  sam e t im e , th e  m itoch on d ria l m a tr ix  is co m p a ct and th e  
m ito c h o n d r ia  seem  to  b e  s lig h t ly  shrunken  im m ed ia te ly  after th e  e lec tr ic  shock .
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I t  has been  sh ow n  p rev io u sly  during stu d ies  o f  iso la te d  cardiac m ito ch o n d ria  
sh ock ed  e lec tr ica lly  th a t a d ecoupling  o f  th e  o x id a tiv e  system  occurs ev en  
in areas rem ote from  th e  s ite  o f  th e  prim ary e ffec t [9]. On th is basis it  m a y  be  
assum ed th a t  th e  p rim ary dam age in v o lv e s  th e  en ergetica l sy stem  o f  th e  
cells, and  th e  m orp h ologica l p icture as w ell as th e  d am age o f  th e ca rb o h y d ra te  
and p rotein  m etab o lism  are con seq u en ces o f  th is .

T h e regen eration  process w as sim ilar to  th a t  ta k in g  place a fter  o th er  
k inds o f  dam age. A t th e  sam e tim e, fu n ctio n a l reco v ery  was la te as co m p a red  
to  th e  m orp h olog ica l regen eration , in  th a t th e  cellu lar  g lycogen  c o n te n t  h ad  
norm alized  b y  th e  te n th  d ay , w hereas th e  b lo o d  su gar values returned  to  th e  
original one o n ly  a fter  20 d ays. T he q u a lita tiv e  serum  protein  p attern  a n d  th e  
en zy m a tic  p rop erties b ecam e norm al even  la te r , around th e  50th  d a y  a fter  
th e  e lectric  sh ock .
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F U N K T IO N E L L E  U N D  M O R P H O L O G IS C H E  U N T E R S U C H U N G  
D E R  N A C H  S T R O M V E R L E T Z U N G E N  E N T S T E H E N D E N  L E B E R V E R Ä N D E R U N G E N

E. SOMOGYI und T. VARGA

N ach  e x p erim en te lle r S tro m ein w irk u n g  a u f  d e n  ganzen  K örper zeig t die K o n z e n tra ­
t io n  des B lu tzu ck ers  u n d  de r Serum eiw eiße bei K a n in c h e n  eine v o rü b erg eh en d e  seh r au s­
g e sp ro ch e n e  V erm inderung . V erän d eru n g en  t r e te n  w e ite rh in  im q u a lita tiv en  B ild  de r L eu k o ­
z y te n  u n d  in  den e n zy m a tisc h en  E igenschaften  d e r  B lu te iw eiße auf. R e ih e n m äß ig  d u rc h ­
g e fü h rte  L eberb iopsien  ze ig ten  eine a k u t e n ts te h e n d e  v ak u o lä re  D eg en era tio n  de r L eb e r­
ze llen . Sow ohl die m orp h o lo g isch en  V e rän d e ru n g en , w ie auch  die ab w eich en d en  L ab o ra ­
to r iu m sb e fu n d e  sind rev ersib e l u n d  bei ih rer E n ts te h u n g  spielen w ah rsch ein lich  d u rc h  den 
e le k tr is c h e n  S trom  v e ru rsa c h te  S tö rungen  der Z e llo x y d a tio n  eine Rolle.

ФУНКЦИОНАЛЬНОЕ И МОРФОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ ПЕЧЕНОЧНЫХ 
ИЗМЕНЕНИЙ, ВОЗНИКАЮЩИХ ПОСЛЕ УДАРА ЭЛЕКТРИЧЕСКИМ ТОКОМ

Э. Ш ОМ ОДИ и Т . В А Р Г А

После экспериментального удара всего тела электрическим током содержание саха­
ра в крови и количество сывороточных белков показывают временное, весьма выраженное 
снижение. Имеются отклонения и в лейкоцитарной формуле и в ферментативных свой­
ствах белков крови. Серийные би от  ические исследования печени показали остро возникаю­
щее вакуольное перерождение печеночных клеток. Как морфологические, так и лаборатор­
ные отклонения оказались обратимыми и в деле их возникновения, по всей вероятности, 
роль играет нарушение окислительных процессов в клетках, вызванное электрическим 
током.

D r. E ndre S o m o g y i  1 Igazságügyi Orvostani In téze t,
D r. T ibor V a r g a  j B u d ap est IX . Üllői út 9 3 . ,  Hungary
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U L TRASTRUCTURE OF PANCREATIC  
ACINAR PA R E N C H Y M A  IN ACUTE E X P E R IM E N T A L  

PANCREATITIS OF T H E  PIGEON

M . P a p p , Z . N a g y  an d  I .  F o d o r  

(R eceived Sep tem ber 1, 1971)

In tra d u c ta l  a d m in is tra tio n  of sunflow er oil o r N a-d eo x y eh o la te  in to  th e  p an ­
creas o f the  p igeon  e lic ited  acu te  p an cre a titis . A fte r  th e  in jec ted  sunflo tver oil had 
gained access in to  th e  ac in a r cells, it increased  th e  n u m b er o f zym ogen  g ranu les in 
d ifferen t stages o f m a tu r i ty  an d  increased  th e  cells’ sec re to ry  a c tiv ity . T he norm ally  
sh a rp  b o u n d a ry  b e tw een  th e  zym ogen granu les an d  th e  su rro u n d in g  c y to p la sm  becam e 
b lu rred ; th e  zym ogen  g ran u les m erged w ith  th e ir  en v iro n m en t, a n d /o r th e y  en tered  
in to  atitophagoxis vacuo les . Secondary  ly so som e-type  vacuo les were also seen. Sunflow er 
oil induced a u to ly s is . Sodium  deoxyclio la te  im p a ired  th e  ac in ar cells w ith o u t causing 
an y  change in th e  sh ap e , e lectron  d ensity  an d  lo ca lizatio n  of th e  zym ogen  granules. 
D eoxycholate  in d u ced  he tero lysis.

Acta Morphologica Acad. Sei. Hung. 19 (4), pp . 377 — 388. 1971

D e c o m p o s i t io n  o f  n e u t r a l  l ip ids b y  t h e  p a n c r e a t i c  t i s su e  o f  t h e  p igeon  
h a d  b e e n  o r ig in a l ly  d e s c r ib e d  b y  B e r n a r d  (1856).  B a se d  on  th i s  f in d in g ,  
i t  w as  su p p o se d  t h a t  l ik e  in  t h e  dog  a n d  t h e  r a t ,  ed ib le  oil i n je c t e d  th r o u g h  
t h e  e x c r e to r y  d u c t  in to  t h e  p a n c r e a s  w o u ld  c a u s e  a c u te  nec ros is  o f  t h e  g lan d  
also  in th e  p igeon .

P re v io u s  s tu d ie s  in  th i s  l a b o r a to r y  h a v e  su g g e s te d  t h e  d a m a g e  o f  a c in a r  
cells to  b e  in i t ia t e d  b y  in t r a - a c in a r  l ipolysis  ( P a p p , B á c s y , H o r v á t h , 1970).

I m p a i r m e n t  o f  a c in a r  cells b y  b ile ,  b i le  a c id s  or  t h e i r  s a l ts  w a s  r e p o r te d  
b y  S u m , B e n c o s m e , a n d  B e c k  (1970). T r e a t m e n t  w i th  b ile  w as  s h o w n  to  elicit 
e a r ly  u l t r a s t r u c tu r a l  d a m a g e  o f  ac in a r  cells ( D o e r r , D i e z e l , G r ö z i n g e r , 
L a s c h , N a g e l , R o s s n e r , W a n k e , W i l l i g , 1965; W a n k e , 1968).

I n  th is  l a b o r a to r y  e x p e r im e n t s  h a v e  b e e n  u n d e r t a k e n  to  c la r i fy  t h e  n a t u r e  
o f  t h e  u l t r a s t r u c t u r a l  c h a n g e s  ca used  in t h e  p a n c r e a t i c  a c in a r  p a r e n c h y m a  of  
t h e  p ig e o n  b y  i n t r a d u c t a l l y  a d m in is te r e d  s u n f lo w e r  oil o r  s o d iu m  d e o x y c h o la te  
a n d  t o  assess w h e t h e r  th e s e  ch an g es  w ere  t y p i c a l  o f  t h e  i n je c t e d  ag e n t( s ) .

M a t e r i a l  a n d  m e t h o d s

Pigeons w eighing 400— 500 g w ere d iv ided in to  4 g roups, each  co n sistin g  o f 10 b irds. 
T he p an crea tic  g land  w as exposed by  lap a ro to m y  u n d e r  e th e r  an aesth es ia . In jec tio n  of 
0.1 0.2 ml m ate ria l in to  th e  v e n tra l  lobes was perform ed th ro u g h  th e  e ffe ren t d u c t by  m eans
of an  in jec tion  syringe. P ressu re  w as no t con tro lled . T he e x p erim en ta l g ro u p s w ere given 
com m ercial sunflow er oil o r 1%  N a deoxycho late  in T ris-H C l buffer (pH  7.1) o r sa line . In  th e
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f o u r th  g ro u p  th e  p an creas w as le f t in ta c t.  To v isualize v a sc u la r  leakage ( S t a u b e s a n d ,  1 9 6 3 ;  
J e l l i n e k , N a g y , H ü t t n e r ,  B á l i n t ,  K ó c z é , K e r é n y i ,  1 9 6 9 )  4  b ird s in  each  g roup  were 
in je c te d  in to  th e  wing v e in  w ith  collo idal iron so lu tio n  (F e rrlec it, N a tte rm a n , K öln ; 
2 m l/1 0 0  g bo d y  w eight), one b ird  s im u ltan eo u sly  w ith , a n d  3 b ird s 2 h o u rs  a f te r , th e  la p a ­
ro to m y .

One hour after the injection o f Ferrlecit all birds were anaesthetized with ether and the 
ventral lobes were perfused through the pancreaticoduodenal artery (Papp, 1970) for 10 min­
utes w ith  1.5% neutral isotonic formalin solution of -j-4°C temperature at a pressure of 100— 
130 mm Hg (Holt, H icks, 1961).

(i) In  th e  four iro n - tre a te d  b ird s  and in four iro n -u n tre a te d  b ird s p e rfusion  w as con­
t in u e d  fo r a n o th e r 10 m in u te s  u s in g  a  1 : 1 m ix tu re  o f g lu ta ra ld e h y d e  and  fo rm alin  in  1.5% 
n e u tr a l  iso ton ic  so lu tion  of + 4 ° C  te m p e ra tu re . S u b seq u e n tly  several specim ens w ere tak en

F ig . 1. N o rm a l pancreas from  p ig eo n  (sem i-th in  section). I n  th e  co m p act p a re n c h y m a  u n ­
d iv id e d  b y  connective  tissue  se p ta ,  a c in a r  cells and d u c tu la r  o u tle ts  are a p p a re n t. (T olu id ine

blue, X 320)
F ig . 2 . C o n tro l pancreas (b) a n d  p a n c re a s  tre a te d  w ith  su n flo w er oil, 3 hours a f te r  a d m in is tra ­
tio n  (a ): N o te  necrotic  a reas (B e n d a  re a c tio n )  on th e  su rface  o f th e  oed em ato u s g land . N a tu ra l

size, gross ap p ea ran ce
F ig . 3. P a n c re a s  1 hour a fte r  a d m in is tra t io n  of sunflow er oil. Sem i-th in  section . N o te  oil in 
th e  d is te n d e d  o u tle ts and  zym ogen  g ran u le s  a t th e  ap ical poles o f th e  ac in ar cells. (T oluid ine

blue, X 400)
F ig . 4 . P a n c rea s  3 hours a f te r  N a -d eo x y ch o la te  a d m in is tra tio n . S em i-th in  sec tion . N ote  
ra d ia l  p a t t e r n  of cellular “ ly sis”  a ro u n d  th e  d u c tu la r  o u tle ts  an d  loss o f a c in a r s tru c tu re .

(T olu id ine  blue, X 280)
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from  th e  p an creas and  th e  tis su e  frag m en ts  w ere fixed  in 4 %  n e u tra l form alin  for 24 h o u rs  
and  em b ed d ed  in p a ra ffin . S ections 6 // th ic k  were s ta in e d  w ith  h a em ato x y lin  and  eosin 
and exam in ed  u n d e r th e  lig h t m icroscope. A n o th er specim en  of p an crea tic  tissu e  w as cu t 
in to  b locks of 1 cu. m m  d im ension  u n d e r a ste rom icroscope . T he blocks were allow ed to  s ta n d  
in a 1 .5%  so lu tion  of g lu ta ra ld e h y d e  an d  form alin  for 2 h o u rs  a t  -j-4°C, th en  im m ersed  in 
buffer so lu tion  for 24 h o u rs  a t  4°C, p o stfix ed  in 1% o sm iu m te tro x id e  so lu tion  (MlLLONlG 
1961), and  em bedded  in D u rcu p an -A ra ld ite .

Sem i-th in  sec tions c u t from  th e  blocks were s ta in e d  w ith  to lu id ine  b lue. Sections cu t 
by  an  L K B  111 U ltra to m e  w ere co u n te rs ta in e d  w ith  lead  c itra te  and u ra n y l a c e ta te  and  
exam in ed  in a JE M  6 AS e lec tro n  m icroscope.

(ii) T he v e n tra l lobes o f th e  p an creas of 2 iro n -u n tre a te d  pigeons from  each e x p eri­
m en ta l group w ere p e rfu sed  fo r 10 m in u tes  w ith  1 .5%  n e u tra l  isotonic fo rm alin  and  su b se ­
q u e n tly  for a n o th e r 10 m in u te s  w ith  an  0 .5%  OsO, so lu tio n . Specim ens rem oved  from  th e  
p a n c re a tic  tissue w ere c u t in to  1 cu. m m  blocks and  these  w ere allowed to s tan d  in 0 .5%  OsOj 
so lu tion  for 2 hours.

S ub seq u en t f ix a tio n  and  em bedd ing  were th e  sam e as described u n d e r (i).

Results

Intraductally  adm inistered sunflower oil and N a-deoxycholate caused  
oedem a in the pancreas. The surface of the lobe treated with oil showed necro­
sis (Fig. 2) while th at of the lobe treated with N a-deoxycholate showed haem -

F ig . 5. E lectron  m ic ro g rap h  of n o rm al pancreas. N o te  s tr ic t  p a tte rn  of ac in a r cells a ro u n d  
th e  d u c t (D) an d  n a tu re  zym ogen granu les (Z). M in ito ch o n d riu m ; N nucleus. (O sO ,

fix a tio n ; XÓ300)
F ig . 6. Zym ogen g ran u les  (Z) u n d e r h igh  pow er, w ith  su rro u n d in g  m em b ran e  ra re ly  p re sen t. 

D e x c re to ry  d u c t;  M in ito ch o n d riu m . (O sO , f ix a tio n ; X 21,000)
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orrhage. Vascular changes related to th e  dam age will be reported elsewhere 
( N a g y , P a p p , B á l i n t , 1971).

In light m icrographs the acinar parenchym a of the pancreas shows a 
com p act structure n ot subdivided by fibrous septa (Fig. 1). T reatm ent with  
sunflow er oil gave rise to  distension o f th e  outlets. The number o f zym ogen  
granules appeared to  increase at the apical pole of the acinar cells and a

F ig . 7. P an creas tre a te d  w ith  sa lin e , 3 hours a f te r  a d m in is tra tio n , w ith  th e  n o rm al ac in ar 
cell s tru c tu re  essentially  re ta in e d . T he in ta c t e rg asto p lasm ic  sacs a re  d is ten d ed  w ith  oedem a 

flu id  (Oe). E r  =  e rg as to p la sm ; M =  m ito c h o n d ria ; N  =  nucleus, ( x  12,500)

sp o tted  necrosis developed (F ig . 3). T reatm ent w ith  N a-deoxycholate induced  
necrosis and haemorrhage around the outlets (Fig. 4).

E lectron micrographs o f  normal pancreatic acinar cells revealed zym ogen  
granules at the apical pole. The granules were occasionally surrounded by a 
m em brane (Figs 5, 6).

T reatm ent w ith saline resulted in the accum ulation of fluid in the ergasto­
plasm ic sacs, but did not affect the cell organelles (F ig. 7).

T reatm ent with sunflow er oil gave rise to  intracellular oedema w ithin  one 
hour, w ith  the acinar cell structures undam aged; the m itochondria also becam e  
oedem atous. Lipid droplets surrounded by m ature zym ogen granules appeared  
in apparently  intact acinar cells (Fig. 8). E lectron density  of the lipid droplets
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corresponded to  th a t of the sunflower oil in jected  into the outlet. In  other  
acinar cells, increased secretory activ ity  was in d icated  by the appearance of 
several zym ogen granules in different stages o f m aturity. Zymogen granules 
entered into lim iting m embraneless vacuoles contain ing ergastoplasm ic frag­
m ents (Fig. 9). In places the ergastoplasm ic structure was loose. Three hours 
later the lipid droplets were still dem onstrable in th e  structurally disorganized

F ig. 8. P an c rea tic  g lan d  1 h o u r a fte r  sunflow er oil a d m in is tra tio n . In tra c e llu la r  oedem a. 
O e d em a tu s  m ito ch o n d riu m  (Oe M). T he in te g rity  of th e  ce llu la r stru c tu re  is e ssen tia lly  m a in ­
ta in e d ; th e  e rg asto p lasm ic  lam ellae  (E r) are p ushed  a p a r t  b y  oedem a. Note in tra c e llu la r  lip id  
d ro p le ts  (L i) and m a tu re  zym ogen granules (Z). D =  e x c re to ry  du c t; M =  m ito c h o n d riu m ;

N =  nucleus. ( X 12.000)

acinar cells. A djacently  there were confluent zym ogen granules, h av in g  lost 
their sharp dem arcation against the ergastoplasm  (Figs 10, 11). In  addition , 
secondary lysosom e-type vacuoles surrounded b y  a limiting m em brane were 
seen in the acinar cells (Fig. 12).

N a-deoxycholate caused not only inter-acinar, hut also intracellular  
oedem a (Fig. 13). In the acinar cells show ing different degrees o f structural 
changes the shape, electron density and localization  of the zym ogen granules 
was essentially unchanged (Figs 13, 14).
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Discussion

Claude B e r n a r d  was the first to  induce an acute necrosis o f  th e  pan­
creas by injecting edible oil into the duct. H e supposed the oil to  enter the 
pancreatic cells (1856). In the present experim ents, intraacinar lipid droplets 
were detected  exclusively  in the oil-treated glands. Since the electron density

F ig . 9. Sam e as above. A t th e  ap ical pole o f th e  a c in a r  cells th ere  are zym ogen g ra n u le s  in  
d iffe re n t s tag es o f m a tu r i ty  (pZ). Z ym ogen g ran u les  (Z) en te red  into th e  v acu o le  (a rrow s) 
w ith o u t  lim itin g  m em b ran e , localized  in  th e  r ig h t  m ed iu m  th ird  of th e  cell. T h e  vacuo le  
c o n ta in s  e rg asto p lasm ic  frag m en ts  (E r.fr). The m ito c h o n d ria l  m atrix  is e lec tro n  den se . I n  
p laces th e  e rg asto p lasm ic  s tru c tu re  is loose. M =  m ito c h o n d riu m ; N =  nucleus, ( x  17,700)

of th e  lipid droplets was identical with th at o f th e  injected sunflower oil in  the  
ou tlets, th e  in traductally  injected oil m ust h ave gained access to the pancreatic  
acinar cells. Our previous fluorescence m icroscopic studies showed th at su n flo ­
wer oil in jected  into the pancreas of dogs and pigeons had found its w ay in to  the  
acinar cells (P a p p , B á c s y , H o rváth , 1970; B á c s y , N a g y , P a p p , 1970). Passage  
of sunflow er oil across the basem ent m em brane o f an acinar cell m ay be prom ot­
ed b y  th e  soap form ation due to lipolysis and/or b y  the separation o f acinar 
cells b y  th e  in jection  pressure (Sj ö s t r a n d , E l f v i n , 1962). H ess  (1903, 1905) 
in terpreted  the oil-induced acute pancreatic necrosis as a consequence o f  soap
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intoxication . Intraductal adm inistration of trypsin  prom oted the en try  of 
Indian ink clum ps into the acinar cells ( N u d e l m a n , M u n g e r , B e r n a r d , 1965).

In addition to our data, lipid droplets m ay presum ably be produced  
by a chronic disturbance of cell m etabolism ; fasting ( P a l a d e , 1958), m alonic  
acid injection ( K össling  et al., 1967), feeding on low-protein or ethanol and  
fat diet ( W e i s b l u m , H e r m a n , F it z g e r a l d , 1962; T a sso , Clop , S a r l e s ,

jFig. 10. P an creas 3 hours a fte r  in tra d u c ta l  a d m in is tra tio n  of sunflow er oil. T he a c in a r a n d  
cen tro ac in a r cells (Cac) con tain  lip id  d ro p le ts  (Li). D ifferen t degrees o f cellu lar d iso rg a n iz a ­
tio n  are  a p p a re n t. T he confluen t zym ogen  granu les (a rrow s) have  lo st th e ir  sh a rp  d e m a rc a ­
tion  ag a in s t th e  e rg astop lasm . T he m ito ch o n d ria l m a trix  is e lectron  dense. The e rg as to p lasm ic  
s tru c tu re  is loose over large a reas (s ta r). Au au to p h ag ic  vacuole; Ly =  ly sosom e-like  

vacuole; M m ito ch o n d riu m ; N - nucleus, ( x  7,800)

P i c a r d , 1967), during horm onal stim ulation  of pancreatic secretion ( R i b e t , 
F e d o u , F r e x i n o s , 1969), etc. In these cases, how ever, the lipid droplets 
accum ulated around the m itochondria. On feeding an amino acid analógon  
containing diet, the location of lipid droplets was found to he non peri-m ito­
chondrial ( H r u b a n , S w if t , W i s s l e r , 1962; H r u b a n  et al. 1963).

U pon the adm inistration of sunflow er oil, the sharp boundary betw een  
zym ogen granules and ergastoplasm  tended to disappear, som e zym ogen gran­
ules having practically merged w ith the ergastoplasm . A similar phenom enon  
in Lipofundin-induced necrosis o f the pancreas was noted light m icroscopically
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by W a n k e  (1968). This m ight be explained b y  the lipase activ ity  dem onstrated  
histochem ically  at th e  surface of zym ogen granules (A b e , K r a m e r , S e l ig m a n , 
1964; S e l ig m a n , U e n o , H a n k e r , K r a m e r , W a s s e r k u r g , S e l ig m a n , 1966). 
In th e  pancreas o f th e  pigeon the zym ogen granules are rarely surrounded by  
a m em brane. The absence of a mem brane around these granules was frequent 
in th e  duck, too ( B r a u n - B l a n c q u e t , 1969).

Fig. 11. Sam e as abo v e , a t  h ig h er m agnifica tion . N o te  co n flu en t zym ogen g ran u les (Z) m erg ­
in g  w ith  th e  e n v iro n m en t. E r  =  e rg as to p lasm ; G1 =  Golgi a p p a ra tu s , ( x  21,000)

Fig. 12. P an creas 3 h o u rs  a f te r  in tra d u c ta l  a d m in is tra t io n  of sunflow er oil. Lysosom e-like 
v acuo les (L y) lim ited  b y  m em b ran e  (opposite  a rro w s) c o n ta in  m yelin  figures (M y). A round 
th e  v acu o les  th e re  a re  lip id  d ro p le ts  (Li) an d  zy m o g en  granu les (Z) in  d iffe ren t stages of

m a tu r i ty , ( x  12,000)

The developm ent of autophagous vacuoles in the acinar cells is presum ­
ably related to the disturbance of protein m etabolism  in the exocrine pancrea­
tic cells induced by D L -ethionine (H e r m a n , F it z g e r a l d , 1962), low-protein diet 
(L a z a r u s , V o lk , 1962), X-irradiation o f th e  pancreas (Volk , W e l l m a n n , 
L e w i t a n , 1966), or on hormonal stim ulation  of secretion ( R i b e t , F e d o u , 
F r e x i n o s , 1969), etc. Focal “ cytoplasm ic degradation” could be elicited by  
a diet containing am ino acid analogues ( H r u b a n  et al. 1962, 1963).

Confluence of zym ogenic granules was noted  in both the norm al ( E kholm  
et al. 1962; Sj ö s t r a n d , 1962; B r a u n - B l a n c q u e t , 1969) and the horm onally  
stim u lated  pancreas ( I c h ik a w a , 1965; R i b e t  et ah, 1969).
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Intra- and intercellular oedema of the acinar parenchym al cells in dogs 
given edible oil in traductally  was reported by W a n k e  (1968) and D oerr  et al. 
(1965).

There is reason to suppose that sunflower oil entering the acinar cells 
in itiates autolysis, b y  stim ulating participation o f th e  d igestive enzym es stored  
in the zym ogen granules. In hum ans, chymus reflux from the duodenum to the  
pancreas m ay in itiate acute pancreatitis (McCu t c h e o n , 1968).

Fig. 13. P ancreas 1 hour a f te r  in tra d u c ta l  a d m in is tra tio n  o f N a -deoxycho late . The exocrine  
cells show d ifferen t degrees o f im p a irm e n t. A t b o tto m  le f t th e re  are  ac inar cells w ith  dense 
m a tr ix , some of these  oed ern a to u s , b u t s tru c tu ra lly  e ssen tia lly  in ta c t.  D isorganized ac inar 
cell a t  top . The im p a ired  m em b ran es are im pregnated  b y  colloidal iron  p a rtic les (double a r ­
rows). Shape, electron  d e n sity  and  localization  of th e  zym o g en  g ran u les (Z) rem ained  essen­
tia lly  unchanged . In th e  nucleus (N ) the  ch rom atin  has a g g reg a ted . In  th e  in te rce llu la r space 
th ere  are collagenous fila m en ts  (K f) and  colloidal iron p a rtic le s  (arrow ). E r - e rg asto p lasm ;

M m ito ch o n d ria ; Oe o ed em a. ( X 12,000)

Previous studies ( B á c s y , N a g y , P a p p , 1970) showed fa tty  acids in the  
acinar cells after intraductal injection of sunflow er oil. The pH -shift caused  
by the fatty  acid release m ay promote the activation  o f lysosom al cathepsin  
( d e  D u v e ,  1958, 1963, 1967).

N a-deoxycholate has been shown to elicit acute necrosis o f the pancreas 
probably by disrupting cellular membranes ( W a n k e , N a g e l , W illig  1966;
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W a n k e , 1968; S um , B e n c o s m e , B e ck , 1970). This does not seem to  require 
in v o lv em en t of d igestive enzym es according to the data of W a n k e  et al. 
(1966).

F ig .  14.  P a n c rea s  3 hours a f te r  in tr a d u c ta l  a d m in is tra tio n  of N a-deo x y ch o la te . N o te  com plete 
ly s is  o f  cellu la r s tru c tu re , w ith  f ra g m e n ts  o f e rg asto p lasm  (E r) an d  b ro k en  m em branes. 

Zym ogen g ranules (Z) w ith  seem ingly  n o rm al s tru c tu re . ( X 18,000)
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D IE  U L T R A S T R U K T U R  D ES A C IN A R E N  PA R E N C H Y M S 
D E R  T A U B E N P A N K R E A S  B E I A K U T E R  E X P E R IM E N T E L L E R  P A N K R E A T IT IS

M. PAPP, Z. NAGY und I. FODOR

In tra d u k ta l in die P a n k re a s  von T auben  e in g e fü h rte s  Sonnenblum enöl oder N a-D esoxy- 
ch o la t rief eine a k u te  P a n k re a tit is  hervor. Die S o n n en b lu m en ö ltrö p fch en  gerie ten  rasch  in 
die Acinuszellen u n d  e rh ö h te n  die Zahl der zym ogenen K ö rn ch en  versch iedener Reife u n d  die 
sekretorische A k tiv itä t  de r Zellen. Die scharfe G renze zw ischen  den zym ogenen  G ranu la  und 
den sie um gebenden Z y to p la sm a  w urde verw isch t, die zym ogenen  G ranu la  d ran g en  in ihre
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U m g e b u n g  u n d  (oder) g e rie te n  in  au to p h ag e  V akuo len . W eite rh in  w aren  a u ch  sek u n d ä re  
V a k u o le n  lysosom en C h a rak te rs  s ic h tb a r . D as S onnenb lum enö l fü h r t  zu e in e r A uto lyse . 
D a s  N a triu m d eso x y ch o la t sc h ä d ig te  schon frü h  die A cinuszellen , ohne jed o ch  d ie  c h a ra k te r is ­
tis c h e  L o kalisa tion , die F o rm  o d e r d ie e lek tron ische  D e n s itä t  der zym ogenen  G ran u la  zu 
v e rä n d e rn .  N a triu m d eso x y ch o la t r u f t  H e tero ly se  (Z yto lyse) h ervor.

УЛЬТРАСТРУКТУРА АЦИНАРНОЙ ПАРЕНХИМЫ ПОДЖЕЛУДОЧНОЙ ЖЕЛЕЗЫ  
ГОЛУБЕЙ ПРИ ОСТРОМ ЭКСПЕРИМЕНТАЛЬНОМ ПАНКРЕАТИТЕ

М. П А П П , 3 . Н А ДЬ и И. Ф ОДОР

Введение в проток поджелудочной железы голубей подсолнечное масло и дезокси' 
холат натрия вызывали острый панкреатит. Капельки подсолнечного масла попадали 
рано в ацинарные клетки и увеличивали в них число зимогенных зернышек различной 
степени зрелости и секреторную активность клеток. Резкая граница между зимогенными 
зернышками и окружающей их цитоплазмой стерлась, зимогенные зернышки проникли в 
окружающую их среду и (или) попали в аутофаговые вакуоли. Наблюдались также и вто­
ричные вакуоли лизосомного характера. Подсолнечное масло вызывает аутолиз. Дезокси- 
холат натрия рано поражал ацинарные клетки, не изменив, однако, характерного располо­
жения зимогенных зернышек, их формы или электронной густоты. Дезоксихолат натрия 
вызывает гетеролиз (цитолиз).

Dr. Miklós P a p p : MTA KOKI, Budapest VIII. Szigony ti. 43., Hungary
Dr. Zoltán N a g y : II. Kórbonctani Intézet, Budapest IX. Üllői út 9 3 . ,  Hungary 
Dr. István F o d o r : ORFI, Budapest II. Frankel Leo u. 17/19., Hungary
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D e p a rtm e n t o f Biology (H ead : Doc. Dr. Z. S r e b r o ) a n d  D ep artm en t of H isto logy  (H ead : 
Doc. Dr. T. C i c h o c k i ), In s ti tu te  of B iom orphology, M edical A cadem y, K ra k ó w , P o land

PEROXIDASE ACTIVITY IN GLIA AND 
EPENDYMOCYTES OF THE MOUSE BRAIN

Z. S r e b r o , T. C i c h o c k i  a n d  J .  G o d u l a  

( R ece ived  S e p t e m b e r  28, 1971)

P erox idase  a c tiv ity  has been localized  in  ependym ocy tes and p e r iv e n tr ic u la r  
glial cells o f th e  m ouse b ra in . A t th e  u l tr a s t ru c tu ra l  level th e  a c tiv ity  is fo u n d  in 
1000 Â large vesicles b o u nded  by  a double m em b ran e . In  add ition , w eak  p e ro x id ase  
a c tiv ity  was observed  in th e  large dense bo d ies  o ccurring  in large n u m b ers  in  pe ri­
v e n tricu la r  glial cells.

Among animals tissue, peroxidase activity has been found in the proximal 
renal tubules, leucocytes, macrophages, lung epithelium and salivary glands 
[1 11, 14 17]. Ultrastructurally, the peroxidase activity is localized in micro-
bodies (peroxisomes) [4, 7, 10, 11, 17], lysosomes [1, 3, 8], in the nuclear enve­
lope and membranes of the endoplasmic reticulum [7]. As regards the central 
nervous system, there exists to our knowledge only the communication of 
R o g o v in  et al. [15], who showed that peroxidase activity in the central horn 
of the spinal cord is localized in lipofuscin granules, intramitochondrial gran­
ules, and the myelin sheath of axons. In the present report, observations on 
the ultrastructural localization of peroxidase activity in periventricular glial 
cells and ependymocytes of the mouse brain are presented.

M ater ia l  an d  m e th o d s

A d u lt m ice of b o th  sexes of th e  in b red  A s tra in  w ere used. The anim als w ere  3 m o n th s 
old an d  w eighed 25 g. Im m e d ia te ly  a fte r d e c a p ita tio n  v e ry  sm all fragm en ts o f p e r iv e n tr ic u la r  
b ra in  tissue  from  th e  th ird  b ra in  ven tricle  were f ix ed  b y  im m ersion in bu ffered  5 %  g lu ta r- 
a ld eh y d e , pH  7.6, a t 0°C, for 4 hr. The m ate ria l w as w ashed  w ith  0.1 M p h o sp h a te  b u ffe r , pH  
7.6, co n ta in in g  5%  saccharose , for 24—48 h r., a n d  in cu b a ted  for peroxidase  a cc o rd in g  to 
G r a h a m  and  K a r n o v s k y  [12]. Control m ate ria l w as in cu b a ted  in a m edium  fro m  w hich  th e  
h y d ro g en  perox ide h ad  been o m itted . The tissue w as p o stfix ed  in 2%  osm ium  te tro x id e  for 
2 h r .,  em bedded  in E p o n , and  p repared  for e lec tro n  m icroscopy. 600—900 Â se c tio n s  were 
m ade  and sta in ed  w ith  lead  hydrox ide  [13]. T he p re p a ra tio n s  were exam in ed  in  a Tesla 
B S490A  e lec tro n  m icroscope. For ligh t m icroscopy, m a te ria l fixed in g lu ta ra ld e h y d e  w as cu t 
in a c ry o s ta t  and  th e  sections were incu b a ted  in th e  G rah am  —K arnovsky  m ed iu m .

Results

Light microscopically, peroxidase activity is localized in cytoplasmic 
granulations of periventricular glial cells and red blood cells (Fig. 1); no other 
structures in the brain tissue showed activity. At the ultrastructural level,
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peroxidase activity is localized in the periventricular glial cells and in ependy­
mocytes.

Fig. 2. shows a low power view of cells occupying the subependymal layer 
of the brain. These cells contain in the cytoplasm numerous vesicles about 
1000 Á in diameter with an electron opaque core. This core shows a strong 
peroxidase activity as visible in Fig. 2 and the subsequent figures. The 
vesicles are bounded by a double membrane (Fig. 3). Along vesicles filled

Fig.  1. P e ro x id ase  reac tio n  in  a  c ry o s ta t  section of p e r iv e n tr ic u la r  b ra in  tissue o f th e  m ouse. 
A c t iv i ty  is p re sen t on ly  in  th e  cy to p lasm ic  g ra n u la tio n s  o f  p e riv en tricu la r glial cells (arrow s)

a n d  in  red  blood cells (r). ( X 800)

with the peroxidase-positive material, vesicles occur which do not show the 
electron-dense core or only a trace of it in the form of an electron-opaque 
central spot (Fig. 3). The vesicles lacking the core and those with the small 
one are most probably under formation. The cytoplasm of the peroxidase­
positive hypependymal glial cells also contains large dense bodies bounded bv 
a single membrane and showing a dense matrix (Figs 2—4). Generally, cells 
with numerous peroxidase-positive double membrane-bound vesicles show a 
type of dense body characterized by a homogeneous, granular matrix. This is 
characteristic of ependymocytes and subependymal gliacytes.

Periventricular glial cells occupying the deeper layers of the brain, 
although peroxidase-positive, present a somewhat different picture. The double 
membrane-bounded characteristic peroxidase-positive vesicles are not so nume­
rous as in the former type of cell, while the dense bodies are more frequent 
(Fig. 4). Another difference is that many dense bodies show an internal lamellar
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Fig. 2. S u b ep en d y m al  g l iacy tes  of the mouse b ra in  showing a positive peroxidase reaction. The a c t iv i ty  is localized 
in num erous  1000 Á large cytoplasm ic  vesicles bounded  by a double m em brane .  Large dense bodies w ith  a g ra n u la r  
m a t r ix  are also p resen t  (b); n = nucleus.  G lu tara ldehyde ,  peroxidase reac tion  of G raham  a n d  K arn o v sk y ,  osm ium ,

lead hydrox ide ,  Крон. ( x 8000)
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structure. Different degrees of peroxidase positivity were seen in the dense 
bodies, the most frequent was a very weak one.

Both the ependymocytes and the periventricular glial cells, showing 
peroxidase activity in the typical double membrane-bounded vesicles, and the

F ig .  3. F rag m en t of a p e ro x id ase -p o sitiv e  su b ep en d y m a l g liacy te  a t  h igher m ag n ifica tio n . 
A  la rg e  dense body (b) a n d  n u m ero u s  double m em b ran e -b o u n d e d  vesicles show ing stro n g  
p e ro x id a se  ac tiv ity  a re  seen . V esic les are also p re sen t w h ic h  c o n ta in  only a sm all e lectron - 
d e n se  sp o t in the  c en tre  (a rro w ). G lu tara ldehyde , p e ro x id a se  reac tio n  of G raham  a n d  K ar- 

n o v sk y , o sm iu m , lead hydrox ide, E p o n . ( x  30,000)

numerous dense bodies, are characterized by copious rough endoplasmic 
reticulum. The cisterns of the endoplasmic reticulum form parallel stacks (Fig.
4) or are randomly distributed. Many cisterns are dilated, showing sometimes 
continuity with double membrane-bounded vesicles very similar to those with 
the peroxidase-positive dense core. Some of the dilated cisterns contain single 
membrane-bounded clear vesicles (Fig. 4).

A well-developed Golgi zone is observed in the peroxidase-positive glial 
cells, along with sparse mitochondria.
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Fig. 4. F rag m en t o f th e  c y to p la sm  of a p e riv en tricu la r pe ro x id ase -p o sitiv e  glial cell. The 
c h arac te ris tic  double  m em b ran e -b o u n d ed  vesicles show ing p e ro x id ase  a c tiv ity  are sparse (v). 
N um erous dense bodies (b) w ith  a delicate  in te rn a l lam ella r s tru c tu re  and  w eak  peroxidase 
a c tiv ity . Arrow in d ica tes  a clear vesicle con ta ined  in th e  p ro file  o f a c is te rn  of th e  rough  endo­
p lasm ic re ticu lum . T he r ig h t p o rtio n  of th e  figure is occupied  b y  a ty p ic a l neurop il. G lu tar- 
a ld eh y d e , peroxidase  re ac tio n  of G raham  and  K arn o v sk y , osm ium , lead  h y d ro x id e , E pon.

( x  20,000)

Discussion

The results show that in the brain of mice there occur glial cells show­
ing peroxidase activity localized in characteristic cytoplasmic structures. These 
are the double membrane-bounded vesicles which appear to arise in connection 
with the endoplasmic reticulum. Another characteristic feature of the peroxi­
dase-positive glial cells is the presence in them of large cytoplasmic dense 
bodies. These dense bodies are of two types, one showing a granular homo­
geneous matrix, the second one containing in addition an internal laminar 
structura. The second type is prevalent in the periventricular gliacytes occupy­
ing deeper layers of the brain tissue. The dense bodies usually give a weak 
peroxidase reaction.

Thus, although peroxidase activity in the brain is localized to only one 
or two types of glial cells, it is nonetheless constantly found at characteristic
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s ite s . T h e  p ero x id a se-p o sitiv e  d ou b le  m em b ran e-b ou n d ed  v e s ic le s  are different 
fro m  a n y  know n stru ctu re fo u n d  in th e  cellu lar e lem en ts o f  th e  cen tra l nervous 
s y s te m .

P erox id ase a c t iv ity  in  k id n e y  and liver  cells is lo ca lized  in  p erox i­
so m e s  [9, 10], the lo ca liza tio n  in  o th er  cell ty p es  va ry in g  co n sid erab ly . O rgan­
e lle s  o f  h yp ep en d ym al g lia c y te s  m ost resem b lin g  m o rp h o lo g ica lly  th e  per­
o x iso m e s  are th e dense b o d ies . S om etim es a regular p a ra cry sta llin e  arrange­
m e n t  o f  th e  internal la m e lla e  can  he observed resem b lin g  th e  ordered  core o f  
th e  p erox isom es. H ow ever , con sid erab le  d ifferences also e x is t . T h e  p erox id ase­
p o s i t iv e  dense bodies in  th e  g lia l cells are gen era lly  large, o f  u n e v e n  size and  
sh a p e , sh ow in g som etim es v a c u o la t io n , th e  in tern a l lam ellar  s tru ctu res occu­
p y  a considerab le p rop ortion  o f  th e  organelle m ass. T h u s, m orp h ologica llv  
t h e y  resem b le  m ore th e  ly so so m e s . H ow ever, it has been sh ow n  th a t  th e  per­
o x id a se -p o s it iv e  gran u la tion s o f  th e  p eriven tricu lar glia  are n e g a tiv e  for ly so ­
so m a l en zym es [16]. T he g r a n u la tio n s  o f  th e  p er iven tr icu lar  g lia  are u n u su a lly  
rich  in  th io l groups [16] an d  it  has been su ggested  th a t th e y  m a y  be in vo lved  
in  th e  d ecom p osition  o f  organ ic  p erox id es [16].
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P E R O X Y D A S E A K T IV IT Ä T  IN  D E N  G LIA - U N D  E P E N D Y M A Z E L L E N
D E S  M Ä U SE 1IIR N S

z. SREBRO, T. CICHOCKI und J. GODULA

I n  M äusehirn  lokalisiert sich  d ie P e ro x y d a se a k tiv itä t  in den E p en d y m o zy te n  und  
in d en  p e r iv a sk u lä re n  Gliazellen. A u f u ltra s tru k tu re l le m  N iveau  b e trä g t  die A k t iv itä t  1000 Â 
u n d  is t  a n  V esikeln m it d o p p e lte r M em b ran e  gebunden . G leichzeitig  k o n n te  eine schw ache 
P e ro x y d a se -A k tiv i tä t  in den D e n s-K ö rn e r g roßer A u sb reitu n g  b e o b ac h te t w erden , welche 
in g ro ß e r  Z ah l in den p e r iv e n tr ik u la re n  G liazellen zu fin d en  w aren.
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АКТИВНОСТЬ ПЕРОКСИДАЗЫ В ГЛИОЗНЫХ И ЭПЕНДИМАЛЬНЫХ КЛЕТКАХ
МОЗГА МЫШЕЙ

3.  С Р Е Б Р О ,  Т. Ц И Х О Ц К И  и Й. Г О Д У Л А

В мозге мышей активность пероксидазы локализируется в эпендимоцитах и в пери' 
васкулярных глиозных клетках. На ультраструктурном уровне активность связана с 
пузырками величиной в НХХ) Â, обладающими двойной мембраной. Наряду с этим слабая 
активность пероксидазы наблюдалась в распространенных денсовых тельцах, которые 
обнаруживались в большом числе в перивентрикулярных глиозных клетках.
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Dr. T . CiCHOCKi 
Dr. J . G o d u l a
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F irs t In s t i tu te  of P a th o lo g y  (D irec to r: Prof. К . L a p i s ) an d  F irs t D ep artm en t o f O p h th a l­
m ology (D irec to r: Prof. M. R a d n Ót ), Sem melweis U n iv e rs ity  M edical School, B udapest, H u n g a ry

T H E  F IN E  STRUCTURE OF MAST CELLS 
IN T H E  TUMOURS OF PROTECTING  

ORGANS OF T H E  E Y E

K. L apis  and M. R a d n ó t  

(R eceived A pril 10, 1971)

The u l tra s tru c tu re  o f th e  m ast cells o ccu rrin g  in th e  s trom a of two n eo p lasm s 
(sq u am o u s cell cancer, endothe liom a) o rig in a tin g  from  th e  p ro tec tin g  organs o f th e  
eye has been s tu d ied . Two ty p es could be d iffe re n tia te d . One of them  is c h a ra c te r ­
ized b y  a cy to p lasm  filled  w ith  granules, w hereas th e  o th e r one con ta ins o n ly  few  
granu les and  num ero u s vacuoles. The g ranules o f th e  p e rin e o p la s tic  m ast cells co n sis t 
of th e  sam e tw o  basic  com ponen ts as those  o f n o rm al m as t cells found in  d iffe re n t 
tissu es o f th e  h u m an  organ ism . In  the  case o f  sq u am o u s cell cancer, som e g ran u le s  
co n ta in ed  a th ird  co m p o n en t, d isp lay ing  a c ry s ta l- lik e  fo rm atio n . Five ty p es  o f m as t 
cell g ran u les w ere d iffe ren tia ted  on th e  hasis o f  th e  d is tr ib u tio n  and o rg a n iz a tio n  
of th e  su b g ra n u la r  s tru c tu ra l  com ponents. As a ru le, several ty p es of g ran u le s  are  
p re sen t in th e  m as t cell. T he size of granules in th e  pe rin eo p lastic  m ast cells w as th e  
sam e as in n o rm al h u m an  tissues. A c o n tin u o u s  or b roken  lim iting  m em b ran e  w as 
observed  a ro u n d  one th ird  o f th e  granules. P a p y ru s  ro ll-like  lam ellar s tru c tu re s  as well 
as s tru c tu re s  d isp lay in g  a lower level o f o rg an iza tio n  w ere also observed in th e  c y to ­
p lasm , freely  am ong  th e  granules.

T h e m ast cells h a v e  a ttracted  a tten tio n  lo n g  ago through th eir  p ecu liar  
granules reactin g  w ith  d ifferen t sta in s [26, 27 , 60 , 61 , 62 ]. T hey have also  b een  
stu d ied  e lectron m icroscop ica lly  in d ifferen t sp ec im en s [10, 34, 35, 4 4 , 4 8 , 63 , 
64, 71 ]. T he u ltrastru ctu ra l characteristics o f  th e  m a st cells found in h u m an  
skin  [29 ], sto m a ch  [41], gum  [78], ton sils  [7 3 ], th e  co n n ective  t issu e  o f  th e  
lim bus [43] and th e  trach ea  [11, 61 ], h ave  b een  d escribed  and their su b cellu lar  
organ iza tion  has been  stu d ied  under norm al and p a th o lo g ica l con d ition s [36 , 39 ].

A  n u m b er o f  m ast cells is a lw ays p resen t am on g  th e  cellular co m p o n en ts  
o f th e  strom al reaction  appearing  around m a lig n a n t tum ours [1, 13, 17, 23 , 25 , 
42 , 49 , 50 , 52, 55 , 65 , 6 6 ]. D uring th e  la st y ea rs , th e  m ast cells a ccu m u la tin g  
around cancers h a v e  b een  stu d ied  e lec tron m icroscop ica lly , too  [49, 5 0 ]. H o w ­
ever, th e se  o b serva tion s are n ot su ffic ien t for d raw ing d efin ite  co n c lu sio n s  
w h eth er  ch aracter istic  p a th o log ica l a ltera tion s occur in th e  subcellu lar o rg a n i­
zation  o f  such  m ast cells.

T h e p resen t p ap er reports on o b serva tion s con cern in g  th e u ltrastru ctu ra l 
organ ization  o f  m ast cells fou n d  in th e  strom a  o f  a palpebral and an o rb ita l 
tu m ou r.

A d a  Morphologica Academiae Scienliarum Hungaricae 19, 1971



398 К . LA PIS and M. RADNÓT

M aterial and m ethods

T h e  im p o rta n t c lin ical d a ta  and  p a th o h is to lo g ica l findings o f th e  cases were as 
fo llow s.

M rs. S. I ., 47 y ears old, h a d  since one y e a r a  sw elling on her lower lid  w hich  w as slowly 
g ro w in g . A t adm ission, on  5 th  O c to b er, 1970, we o b se rv ed  a swelling 17 X 4 m m  in  size in the  
c e n t r a l  th ird  of th e  low er lid  on  th e  r ig h t side, loca lized  in th e  in te rm arg in a l line , invo lv ing  
th e  la c h ry m a l p o in t, in f il tra tin g  i ts  su rro u n d in g  a n d  spreading over to  th e  co n ju n c tiv a . 
T h e  b u lb  was in ta c t. T he le f t side w as no rm al. P a th o h is to lo g ica l d iagnosis : p lan o cellu la r 
c a n c e r .

M r. H . P ., 43 y ears o ld , h a d  for several m o n th s  a swelling of th e  left u p p e r  lid . Since 
a m o n th  he observed a node in  th e  in te rn a l c o rn er o f  th e  up p er lid . A t ad m iss io n , on  26 th  
A u g u s t,  1970, th e  left bu lb  w as p ro tru d ed  by  2 m m  as com pared to  th e  r ig h t one. C ranial 
p o s te r io r -a n te r io r  and  la te ra l  X -ra y  revea led  a so ft shadow  in th e  m edia l u p p e r  p a r t  o f th e  
le f t  o rb i ta l  cav ity . The tu m o u r  rem o v ed  b y  o p e ra tio n  p roved  to  be an  e n d o th e lio m a  on the  
b a s is  o f h isto log ical and  e lectronm icroscop ica l in v es tig a tio n s . A d e ta iled  d e sc rip tio n  o f th is 
case  h a s  been  published  e lsew here.

A re m a rk ab ly  large  n u m b e r o f m as t cells w as p re sen t a round  th e  tu m o u r  in  th e  f irs t 
case  a n d  in  sca tte red  lo ca liza tio n  inside th e  tu m o u r  in  th e  second one.

F o r  e lectronm icroscopic s tu d y , specim ens o f  less th a n  1 cu. m m  vo lu m e w ere fixed  
im m e d ia te ly  in 2%  0 s 0 4 so lu tio n  bu ffered  w ith  v e ro n a l-ace ta te  according to  P a l a d e  [58] 
a t  p H  7.3 a t  4°C for I hour. A fte r  d e h y d ra tio n  in  e th a n o l and propy lene  ox ide, th e  m ate ria l 
w as e m b e d d ed  in to  a ra ld ite .

O n th e  basis o f h a lf- th in  sections s ta in ed  w ith  m eth y len e  blue, su itab le  b lo ck s were 
se lec te d , trim m ed  and u l tr a th in  sec tions were c u t.  T h e  sections s ta ined  w ith  u ra n y l  ace ta te  
a n d  lea d  according to  K a r n o v s k y  [45] were in v e s tig a te d  in a JE M  7A e lectronm icroscope. 
M e a su re m e n ts  of th e  g ran u les w ere  c a rried  o u t o n  p o sitiv e  p ictu res p rep ared  fro m  th e  p la tes 
a t  a  m agn ifica tio n  of 3.4.

R esu lts

T h e  m ast cells are large  cells o f  ov a l sh a p e , 20 25 p in  lo n g itu d in a l and
8  12 [I in  tran sversa l d ia m eter  (F igs l a  an d  2). As a rule, th e y  h a v e  a round
or o v a l nucleus 6 10 f t  in  d iam eter  and o f  cen tra l loca liza tion . T h e d ouble
n u c le a r  m em brane is w ell o u tlin ed , th e  n u c lea r  surface is sm ooth . N u c le i w ith  
a lo b u la r  or segm en ted  su rface w ere o b serv ed  o n ly  occasion a lly . C ytop lasm ic  
in v a g in a t io n s  did n o t occur in  th e  nuclei o f  m a st cells.

T h e  chrom atin  su b sta n ce  o f  th e  nu clei is o f  uniform  d istr ib u tio n , no signs  
o f  m a rg in isa tio n  appear, th e  nuclear su b sta n ce  is o f  m edium  electron  d en sity . 
In  th e  m a jo r ity  o f m ast cell n u cle i, there are irregular structures o f  h igh  e lectron  
d e n s ity  and 0.03 0.1 p in  d iam eter, lo ca lized  along th e  nuclear m em b ran e
a t a d is ta n c e  of 3 0 0 —400 A  (F igs la ,  lb ,  2 , 5c  and 8). T h ey  co n sist  o f  aggre­
g a te d  gran u les o f th e  r ib osom al order o f  m a g n itu d e . T h ey  are d istin g u ish ed  
from  th e  en v iron m en t b y  th e ir  high e lec tro n  d en sity . There is no lim itin g  
m e m b r a n e  around th em .

T h e  u su a lly  sm all n u cleo lu s (F igs 1, 2 an d  7) is con sp icu ou s, its  e lectron  
d e n s ity  b e in g  higher than  th a t  o f  th e  nu clear su b sta n ce . As a rule, th e  n u cleo lu s  
is lo c a liz e d  centra lly  and co n ta in s th e  u sual gran u lar and fibrillar c o m p o n en ts . 
T h e  b r ig h ter  fields o f  low er electron  d e n s ity  observab le in th e  n u c leo lu s  
co rresp o n d  to  k aryop lasm ic in v a g in a tio n s.
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T h e  m o s t  co n sp icu o u s  c o m p o n e n t s  o f  t h e  m a s t  cell c y t o p la s m  a re  t h e  
r o u n d  o r  o v a l  g ra n u le s  o f  h ig h  e le c t ro n  d e n s i ty  a n d  of  v a r y in g  size. O n  t h e  
b as is  o f  t h e  n u m b e r  a n d  d i s t r ib u t io n  o f  t h e  g ra n u le s ,  one can  d i s t in g u i s h  tw o  
ty p e s  o f  m a s t  cells.

T h e  f i r s t  one  (F igs ,  l a  a n d  7) is c h a r a c t e r i z e d  b y  a c y t o p la s m  c r o w d e d  
w i th  g ra n u le s  o f  d if fe ren t  in te r n a l  s t r u c t u r e ,  t h e  o th e r  c y to p la s m ic  o rg a n e l le s  
b e c o m e  in s ig n i f i c a n t ,  d is a p p e a r in g  a m o n g  t h e  n u m e ro u s  g r a n u le s  o f  h ig h  
d e n s i ty .  S o m e t im e s  one ca n  o b se rv e  a n a r r o w  p e r in u c le a r  zone o f  t h e  c y t o p la s m  
d e v o id  o f  g ra n u le s ,  w h e re  n u m e r o u s  m i t o c h o n d r ia ,  t h e  c e n tr io le  a n d  t h e  Golgi 
a p p a r a t u s  ca n  b e  fo u n d  (F igs l a  a n d  lb ) .  T h e  Golgi a p p a r a tu s  is u s u a l ly  w e a k ly  
d e v e lo p e d  a n d  m a in ly  o f  la m e l la r  c o n s t r u c t io n .  H ow ever ,  in t h e  m a j o r i t y  of  
t h e  cells e v e n  t h e  p e r in u c le a r  zone  is o c c u p ie d  b y  g ranu les .

T h e  o th e r  t y p e  of  m a s t  cell (F ig s  2 a n d  5c) c o n ta in s  few  d e n s e  g r a n u le s ;  
t h e  g r e a t e s t  p a r t  o f  t h e  c y to p la s m  is o c c u p ie d  b y  n u m e ro u s  e le c t ro n  t r a n s p a r e n t  
v a c u o le s  d i f fe re n t  in size, l im i te d  b y  a s ing le  m e m b r a n e .  T h e s e  v a c u o le s  
p r o b a b l y  r e p r e s e n t  t h e  s t r u c tu r e s  r e m a in in g  a f t e r  t h e  p a r t i a l  o r  t o t a l  d e p l e ­
t io n  o f  t h e  g r a n u la r  c o n te n t .  T h is  is i n d i c a t e d  b y  t h e  fac t  t h a t  s o m e  o f  th e m  
c o n t a in  g r a n u la t e d  m a te r i a l  o f  c o n s id e r a b l e  d e n s i ty ,  a n d  o c c a s io n a l ly  e v e n  
s t r u c t u r e s  r e s e m b l in g  la m e l la r  p a p y r u s  ro lls  o r  co r re sp o n d in g  t o  t h e i r  f r a g ­
m e n ts .  T h is  se c o n d  t y p e  o f  m a s t  cell a p p e a r e d  m o re  f r e q u e n t ly  in  t h e  i m m e ­
d ia t e  v ic in i ty  o f  t h e  ce llu la r  e l e m e n ts  o f  t h e  t u m o u r ,  w h e re a s  t h e  m a s t  
cell t y p e  c ro w d e d  w i th  g ra n u le s  w a s  p r e d o m i n a n t  s o m e w h a t  f a r t h e r  f ro m  
th e m .

T w o  b as ic  c o m p o n e n ts  t a k e  p a r t  in t h e  c o n s t ru c t io n  o f  t h e  m a s t  cell 
g ra n u le s ,  viz . a f in e  g r a n u la te d  s u b s t a n c e  in  d i f fe re n t  d i s t r ib u t io n  a n d  p e c u l ia r  
la m e l la r  s t r u c tu r e s .  T h e  g r e a t  m a j o r i t y  o f  t h e  m a s t  cell g ra n u le s  c o n s is ts  o f  
th e s e  b a s ic  c o m p o n e n ts  c o m b in e d  in  d i f f e r e n t  p ro p o r t io n s .  A t h i r d  c o m p o n e n t ,  
a  p e c u l i a r  c ry s ta l - l ik e  f o rm a t io n  is a lso  p r e s e n t  in so m e  g ranu les .  T h i s ,  h o w e v e r ,  
w as  o b s e rv e d  o n ly  in t h e  p a t i e n t  w i th  e p i th e l ia l  cancer .

T h e  g r a n u la r  c o m p o n e n t  is e i t h e r  loose  o r  den se ,  of u n i f o rm  d i s t r i b u t i o n ,  
f o rm in g  a g r o u n d  s u b s t a n c e  o r  m a t r i x  o f  t h e  g ran u le s .  I n  o t h e r  cases  t h e  
g r a n u le s  a g g r e g a te  a n d  b ec o m e  a r r a n g e d  in to  cap r ic ious ,  w a v y  b u n d le s  a b o u t  
50 m p  in d ia m e te r ,  fo rm in g  a loose n e t w o r k  c o v e r in g  th e  w h o le  o r  p a r t  o f  t h e  
g r a n u le  m a in ly  t h e  c e n t r a l  one  (F ig s  3a ,  3b ,  3c, 4 a ,  4b ,  4c).

T h e  la m e l la r  c o m p o n e n t  f o rm s  c h a r a c t e r i s t i c  s t r u c tu re s  r e m i n i s c e n t  o f  
p a p y r u s  rolls (F igs  3d,  3e, 3f, 3g, 3h) .  T h e s e  co n s is t  o f  3 7 m e m b r a n e s  of
c o n c e n t r ic  a r r a n g e m e n t ,  s e p a r a t e d  b y  a u n i f o rm  space  a b o u t  150 180 A in
w id th .  T h e y  a p p e a r  in  d i f fe re n t  fo rm s  a c c o rd in g  to  th e  sec t io n  p la n e .  I n  t h e  
case  o f  t r a n s v e r s a l  sec t ion ,  one  c a n  see a f in g e r p r in t - l ik e  c o n f ig u r a t io n ,  w h ile  
t h e  l o n g i tu d in a l  se c t io n s  r e su l t  in c y l in d r ic  f o rm a t io n s  l im ite d  b y  3 4 m e m ­
b r a n e s  on  b o th  s ides, t h e  c e n tr a l  p a r t  o f  w h ich  is filled b y  a f in e  g r a n u l a t e d  
s u b s t a n c e  d is p la y in g  an  e le c t ro n  d e n s i ty  low er  t h a n  t h a t  o f  t h e  l im i t in g  m e m -
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b r a n e s .  T h e  tw o  e n d s  o f  t h e  cy l ind r ic  f o r m a t i o n s  m e l t  in to  t h e  s u r r o u n d i n g  
g r a n u l a r  s u b s t a n c e  w i t h o u t  a n y  d is t in c t  b o r d e r .

T h e  t h i r d ,  r a t h e r  i n f r e q u e n t  c o m p o n e n t  o f  t h e  g ran u le s  is a c r y s ta l - l ik e  
s t r u c t u r e  (F igs 5 a  a n d  5b)  co ns is t ing  o f  u n i f o r m  l in e a r  e lem e n ts  o f  p a r a l le l  
a r r a n g e m e n t .  T h e  l i n e a r  e le m e n ts  a re  a t  c o n s t a n t  d i s t a n c e  f ro m  e a c h  o th e r .  
T h e y  a re  c o m p o se d  b y  r e g u la r ly  a r r a n g e d  g r a n u le s  o f  u n i fo rm  size. T h e  c r y s t a l ­
l ik e  s t r u c t u r e  is e m b e d d e d  in to  a g r a n u l a t e d  m a t r i x  o f  h ig h e r  e le c t ro n  d e n s i ty  
a n d  less f in e  g r a n u la t i o n .

T h e  m a s t  cell g r a n u le s  a re  r o u n d  o r  o v a l  s t r u c t u r e s  0.5 1 p  o c c a s io n a l ly
1.5 p in  d ia m e te r .  A b o u t  o n e  th i r d  o f  t h e  g r a n u le s  is l im i te d  b y  a well o u t l in e d ,  
s in g le  m e m b r a n e  (F ig s  3 a ,  3c, 3d ,  4a ,  6a ,  8). H o w e v e r ,  t h e  l im i t in g  m e m b r a n e  
is h a r d l y  o r  n o t  a t  all rec o g n iza b le  in  t h e  m a j o r i t y  o f  g ran u le s ,  e sp ec ia l ly  
a r o u n d  th o s e  o f  h ig h e r  d e n s i ty ,  b e in g  o f  m ix e d  o r  c le a r ly  la m e l la r  c o m p o s i t io n  
(F ig s  3f, 3g, 5a ,  5 b ,  5f).  O n  th e  bas is  o f  t h e  v a r i a b l e  p r o p o r t io n s  o f  t h e  a b o v e  
c o m p o n e n t s  as w ell  as  t h e  i n te r n a l  s t r u c t u r e  o f  t h e  g ranu le s ,  t h e  fo l low ing  
t y p e s  o f  g ra n u le s  c o u ld  b e  d is t in g u ish e d .

T h e r e  is a s m a l l  n u m b e r  of  g ran u le s  w h ic h  s e e m  to  b e  of  p u r e ly  g r a n u la r  
c o m p o s i t i o n  (T y p e  G r . l )  (F igs  3a ,  3b ,  3c). T h e y  a r e  o f  h ig h  e le c t ro n  d e n s i ty ,  
d i s t r i b u t e d  u n i f o rm ly ,  a n d  c ro w d ed  w i th  t h e  g r a n u l a r  s u b s ta n c e .  As a ru le ,  
o n e  c a n  see n o  l im i t i n g  m e m b r a n e  a r o u n d  t h i s  t y p e  o f  g ra n u le ,  p r o b a b ly  
b e c a u s e  i t  c o n f lu â te s  w i t h  t h e  g r a n u la r  s u b s t a n c e .  O n  t h e  o th e r  h a n d ,  o c c a s io n ­
a l ly  a  n a r r o w ,  c o m p le t e ly  e le c t ro n  t r a n s p a r e n t  h a l o  a p p e a r s  b e tw e e n  t h e  d e n s e  
g r a n u le  o f  g r a n u la r  c o m p o s i t i o n  a n d  t h e  l im i t in g  m e m b r a n e .

T h e  se c o n d  t y p e  o f  g r a n u le  (T y p e  G r.2 )  is c o m p o s e d  m a in ly  b y  la m e l la r  
s t r u c t u r e s  (F igs 3d ,  3e, 3f, 3g, 3h). I t  is f i l led  w i t h  f in g e r p r in t - l ik e  o r  c y l in d r ic a l  
f o r m a t io n s  o b ta in e d  o n  t h e  t r a n s v e r s a l  o r  l o n g i t u d in a l  sec t ion ing  o f  t h e  p a p y ­
r u s  ro ll  s t r u c tu r e s ,  t h e  l im i t in g  m e m b r a n e  is s m a s h e d  or  rec o g n iza b le  o n ly  in  
s e c t io n s  on  t h e  s u r fa c e  o f  th e  g ra n u le ,  i t  is d i s c o n t in u o u s  or  o c c a s io n a l ly  
l a c k in g .  T h e  q u a n t i t y  o f  g r a n u la r  c o m p o n e n t s  in  th e s e  g ran u le s  is r a t h e r  
sm a l l ,  a n d  is d i s t r i b u t e d  u n i f o rm ly  in  t h e  m a t r i x  o r  in  t h e  fo rm  o f  t h e  g r a n ­
u l a t e d  s u b s t a n c e  p r e s e n t  in  t h e  c a v i t ie s  o f  t h e  c y l in d r ic a l  f o rm a t io n s .  T h e  
a r r a n g e m e n t  o f  t h e  p a p y r u s  ro ll- like s t r u c t u r e s  in  t h e  g ran u le s  is q u i t e  i r r e g u la r  
a n d  a c c id e n ta l .  I n  t h i s  w a y  th e y  fall in to  t h e  p l a n e  o f  sec tion  s o m e t im e s  in 
l o n g i t u d in a l ,  s o m e t im e s  in  t r a n s v e r s a l  d i r e c t io n .

Fig. l a .  M ast cell. T he c y to p la sm  is crow ded w ith  g ran u le s  o f ty p e  Gr. 2 com posed m ain ly  
b y  lam e lla r  s tru c tu re s . N u c leo lu s (N1) of reg u la r s tru c tu re  in  th e  nucleus (N), g ra n u la r  fo r­
m a tio n s  o f h igh  e lec tro n  d e n s ity  along th e  n uclear m em b ran e  (arrow s). In  th e  sm all g ranu le- 
free reg io n  a ro u n d  th e  n u c leu s, m itochondria  (M), cen trio le  (C) an d  Golgi zone (G) can  be

seen. (X  18,200)
Fig. lb .  T he p e rin u c lea r g ranu le-free  region of th e  p rev io u s  cell a t  h igher m agn ifica tio n . 
A p a r t  fro m  th e  saccules o f  th e  centrio le (C) an d  th e  Golgi zone (G), m ito ch o n d ria  (M) and  
th e  vesicles o f th e  sm o o th  endoplasm ic  re ticu lu m  (sE r)  c an  be observed. D ense g ran u la r  

fo rm atio n s (a rro w s) n ear th e  n u c lear m em b ran e . ( X 36,000)
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Fig.  2. A type  of m ast cell c o n ta in in g  few granules (G r) b u t  num ero u s e lectron  tra n s p a re n t 
v a cu o les  (Va). The nucleolus (N1) in  th e  nucleus (N) a n d  dense  g ra n u la r  fo rm atio n  (arrow s) 

a long  th e  nuclear m em brane can  be  seen
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Fig. 3. D ifferen t ty p es  of m ast cell g ranule , a), b) an d  c). G ranu les of pu re ly  g ra n u la r  co m ­
position  (T ype Gr. 1). (За. X 44,700; 3b. X 15,000; 3c. x  150,500. d , e, f, g and h. G ran u les  
com posed m ain ly  o f lam ellar s tru c tu re s  (T ype Gr. 2). 3d. X 36,300; Зе. X 68,600; 3f. X 68,600; 
3g. X 85,750; 3h. X 36,300. i. and  j .  C om pound g ran u les  o f m ixed com position. T y p e  Gr.

3a. 3i. X 44,500; 3j. x 6 8 ,6 0 0 .)

Acta Morphologien Academiae Scientiarum Hungaricae 19, 1971



4 0 4 К . L A P IS  a n d  M . R A D N Ó T

F ig .  4. T y p e  Gr. 3b. of th e  co m p o u n d  g ranules o f m ix ed  com position. A n a rro w , e lectron- 
t r a n s p a r e n t  zone can be obse rv ed  betw een  th e  g ra n u la r  substance  and  th e  su rro u n d in g  u n it 
m e m b ra n e . (4a. x 44,500; 4b. x 57,400; 4c. X 44 ,500; 4d . x 51,000; 4e. X 150,500; 4f. 150,500;

4g. x  150,500.)
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Figs 5a and 5b. G ranules con ta in ing  c ry sta l-like  fo rm atio n s. (Type Gr. 4). (5a . x  150,500;
5b. x  150,000)

Fig. 5c. D e ta il of a in as t cell. G ran u lar rem a in s o f he terogeneous ap p ea ran ce , fo rm ed  in 
co n n ec tio n  w ith  th e  dep le tion  of the  g ran u la r  c o n te n t (T ype Gr. 5), and e lec tro n  t ra n s p a re n t  

vacuoles (Va) in th e  cy to p la sm , ( x  49,500)
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Fig. 6a. C om pound m a s t cell g ranu les of m ixed com p o sitio n . (T ype Gr. 3) A n arrow , e lec tro n  
t r a n s p a re n t  zone is to  be  seen be tw een  th e  g ran u la r  su b s ta n c e  and  the  lim iting  m em b ran e

(arrow s). ( X 150,500)
Fig. 6b. P ecu lia r p a p y ru s  ro ll-like  com ponents of th e  m a s t  cell granules, of free , “ e x tra -  

g ra n u la r”  loca lization  in th e  c y to p la sm , ( x  85,750)
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f i g .  7. D etail of a m as t cell. T he g ranules are filling th e  en tire  cy top lasm , th e  o th e r cell 
o rganelles are in th e  b ack g ro u n d . Occasional m ito ch o n d ria  (M). T he m a jo rity  of th e  granules 
co n ta in s only lam ellar e lem en ts  (ty p e  G r.2); com pound  g ran u les  o f m ixed com position  (type
G.3) also occur. A round  th e  m ajo rity  of th e  g ranules th e re  is a lim iting  m em b ran e  often  
se p a ra ted  from  th e  g ra n u la r  su b s tan ce  b y  a narrow  e lec tro n  tra n s p a re n t  zone (arrow s). The 
lam ella r com ponents of th e  g ran u les are occasionally  seen freely  in th e  cy to p lasm  (double 

arrow s). D e ta il o f nucleolus (N1) in th e  nucleus (N ). ( X 36,300)
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Fig. 8.  D e ta il  of a m ast cell. T he c y to p la sm  is filled by  g ranu les o f decreased  e lec tro n  den sity , 
o f  m ix e d  com position. (T ype Gr. 3) A p a rt  from  th e  lam ella r fo rm atio n s, a loose, ne tw ork-like  
s t r u c tu r e  is to  be recognized in th e  g ra n u la r  sub stan ce  of decreased  d en sity . T here  is e ith e r 
no or o n ly  a d iscontinuous lim itin g  m em b ran e  a round  th e  m a jo rity  of the  g ran u les. G ran u lar, 
d en se  fo rm a tio n s  are p resen t in th e  nuc leu s of m edium  e lec tro n  d en sity  (N) along th e  nuclear

m em b ran e . ( X 57,400)
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The third type of granule (Type Gr.3) is a m ixed or com pound form (Figs 
3i, 3j). In its com position both the lam ellar and the granular com ponents take  
part. According to the proportion and distribution of the tw o com ponents, the 
internal structure of these granules is extrem ely  variable. Two im portant 
form s can be distinguished.

In the first one the granular com ponent forms capricious, dark bundles 
50 Ä in diam eter. These net-like bundles of granular com position form  thread- 
ball-like form ations. The lamellar com ponents are situated  around th e  thread- 
ball-like form ation, often at the margin of the granule. In other cases, half 
o f the granule is occupied by a threadhall of granular com position, w hile the  
other one contains lam ellar structures (F igs 3i, 3j).

In the second form the granular com ponent is predom inant. The densely  
packed granides are filling the granule. This granular ground substance of  
either high or medium  electron density contains several lam ellar structures 
localized m ainly at the periphery, im m ediately  under the lim iting m em brane 
(F igs 4a, 4b, 4c, 4d).

The lamellar com ponents are of less regular structure in th e  m ixed or 
com pound granules than in those com posed clearly or m ainly b y  th e  lam ellar 
com ponents. One can often see lam ellar structures at the periphery o f the  
granule, consisting of segm ents of circles differing in diameter, corresponding  
to  the transversal section of a papyrus roll halved along its longitudinal axis 
(F igs 4h, 4f, 4g).

As a fourth type of granule (Type Gr. 4) one can m ention th ose contain­
ing the crystal-like form ation described above. This type occurred occasionally  
in the patient w ith squam ous epithelial cancer (Figs 5a and 5b).

A separate fifth  type (Type Gr.5) are the forms arising on depletion  
of the granular content (Fig. 5c). Strictly  speaking this is not a ty p e  but a 
group o f heterogeneous granule rests. Their com m on feature is th at the lim iting  
m em brane is sharply outlined in som e sections, while elsewhere it has disap­
peared com pletely. The m ost part of the granule is electron transparent w ith  
scattered rests of the granular com ponent of medium  electron density  or those  
o f the lam ellar one of high density (F ig. 5c). The rests of the lam ellar com ponents 
are occasionally observed lying freely in the cytoplasm , so to say  in “ extra- 
granular” localization (Fig. 6b).

Discussion

As far as the submicroscopic organization of the m ast cell granules is 
concerned, crystalloid [7, 78], honeycom b-like [28] and granular [79] com posi­
tions are m entioned in the literature. The increasing number of ultrastructural 
investigations [4, 7, 8, 10, 12, 16, 24, 29, 31, 32, 34, 35, 41 ,43, 48, 54, 67, 73, 78]
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has confirm ed th at granules of different subm icroscopic organization can be 
separated  in the sam e m aterial or even cell. The m ajority of the ultrastructural 
differences, according to th e  opinion of more and more authors [31, 66, 69, 70, 
72, 74] is determ ined by the chem ical com position  of the specific m ast cell 
granule.

Considering th is circum stance as well as the accum ulation of m ast cells 
around tum ours [13, 18, 22, 25, 42, 49, 50, 55], furtherm ore, that the m ast cell 
granules m ay contain different substances being able to influence th e  com ­
p on en ts, especially the ground substance of the connective tissue p laying an 
im p ortan t role in the progression and propagation o f cancer [1, 4, 8, 19, 20, 21, 
36, 39, 54], investigation  of the subcellular organization of the m ast cells 
accum ulated  around tum ours m ay com m and a special interest in the general 
b io logy  o f cancers.

The present stu d y  was aimed at describing th e  ultrastructural character­
istics and types of the m ast cells found in the surroundings of tum ours of the  
eye-protectin g  organs, and at com paring them  w ith data, concerning the  
subm icroscopic organization of m ast cells occurring in different norm al and 
pathologica l hum an tissues.

T he characteristics of the m ast cells are determ ined by the specific  
gram des occurring in them . R elatively  abundant and confirmed data are at 
disposal concerning the subm icroscopic organization o f these granules [4, 10, 
12, 16, 28, 29, 32, 34, 35, 44, 48, 63, 64, 67, 74]. E ssentia lly , the classification  
of m ast cells is based on the differences observed in the number or structural 
characteristics of their granules. The pathological effects influence first o f all 
th e  granules and m anifest them selves in alterations of their num ber, size, 
shape, structure and com position. This is w hy our attention  has been directed  
first o f  all to the granules. H ow ever, we have also studied  the alterations occurr­
ing in  th e  other organelles o f the m ast cells or in their organization.

T he granules of hum an m ast cells are com posed of tw o basic com ponents, 
a granular substance as well as lam ellar structures o f considerable density [51]. 
T hese com ponents have been found in alm ost all granules of m ast cells present 
in the different hum an tissues [4, 11, 13, 25, 29, 30, 31, 41, 43, 49, 50, 51, 73, 78] 
under b oth  normal and pathological conditions. These tw o basic com ponents 
m ay occur in different proportion and distribution in the granules.

The third and less constant com ponent occurring infrequently in the  
hum an m ast cell granules is a crystal-like structure displaying a fine linear 
pattern  [29, 51].

A granular com ponent is usually present in practically every other kind  
o f secretory granule [5, 6]. Therefore, the lam ellar structures can be considered  
characteristic com ponents of the hum an m ast cell, partly because similar 
structural elem ents have not been found in the m ast cells of other species [61] 
apart from  the m astocytom as of the m ouse [15, 59], and also because th ey
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have not been described in the other secretory granules of the hum an organ­
ism [51].

W hereas knowledge is relatively satisfactory  concerning the chem ical 
com position of the m ast cell granules [8, 19, 33, 54, 67], the exact chem ical 
com position of the subgranular com ponents is not known. On the basis of 
certain electron cytochem ical staining properties [46] one m ay, how ever, 
conclude w ith reservations that the lamellar com ponents are rich in proteins, 
the granular ones rich in polysaccharides, whereas the crystal-like structures 
correspond probably to protein-polysaccharide com plexes [37, 51]. T he struc­
tural features arc determ ined by the degree o f sulphatation, the nature of 
proteins present in the granules and the relative am ount of the proteins and 
polysaccharides [16]. The active substances stored in the mast cell granules 
seem to  influence the structural organization to a lesser extent. For instance, 
histam ine release is not necessarily accom panied by structural alterations [9, 
28, 68].

K o b a y a s h i  and A s b o e - H a n s e n  [49, 50 ] ,  observed different u ltrastruc­
tural alterations in the m ast cell granules in basocellular and squam ous ep itheli­
al skin cancers. According to  their findings, pathological alterations occurred 
only in the region of the cellular infiltration and in the mast cells localized  in 
the tum our’s im m ediate v icin ity . This m anifested  itself in a change of the 
granular volum e, nam ely in their swelling in th e  case of basocellular cancers, 
whereas, in the case of the squam ous epithelial cancers significant alterations  
appeared even in the com position and organization o f the granules as com pared  
to those o f normal tissues. The m ost significant difference was the appearance  
of pathological subgranular com ponents such as crystalline structures, m yelin  
form ations com posed by concentric lamellae in th e  granules. In addition, num e­
rous m ast cells showed a honeycom b-like structure of the cytoplasm , in d icat­
ing its degranulation.

Two types of m ast cells, one crowded w ith  granules and another one 
containing only few granules but num erous electron transparent vacuoles  
were observed by us in the tum ours of th e  protecting organs of the eye as 
well as in their surroundings. In this respect our findings agree essentia lly  
with those of K o b a a ' A S H I  et al. [51] concerning th e  m ast cells of skin cancers. 
These authors described, apart from m ast cells rich in granules, also m ast cells 
poor in granules and show ing a honeycom b-like cytoplasm ic structure. They  
considered the latter ty p e  a consequence of degranulation, whereas C h r i s t e n ­

s e n  et al. [15] are of the opinion that th ey  are characteristic o f the young  
m ast cell. According to our opinion this cytoplasm ic structure is a result of 
degranulation, as supported by the fact th at the granules observed in the 
cytoplasm  of these cells are of a mature structure, the rests of lam ellar struc­
tures can occasionally be recognized in the vacuoles, furtherm ore the so- 
called progranules [16] described as characteristic for premature m ast cells,
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loca lized  around the Golgi zone and showing special structure, were absent in 
th ese  cells.

T he m ast cell granules found in periocular tum ours are com posed b y  the  
sam e tw o  basic com ponents, nam ely the granular and lam ellar structures 
(am on g  the latter special, papyrus roll-like form ations, too) as in those o f the 
m a st cells found in norm al hum an tissues [4, 23, 29, 51, 56, 66, 74, 78] or in 
h u m an  skin cancers [49, 50]. The essential characteristics of the granules are 
determ ined  by the proportion and distribution o f these two basic com ponents. 
T ak in g  into consideration their proportion and distribution, we differentiated  
th ree  typ es of granules occurring in both o f our patients. There is no sharp 
border between the said ty p es and transitional forms appear in a significant 
n um ber. The different m orphological pictures seem  to be connected w ith  the  
m atu ration  of the granules. E ven the presence o f  transitional form s supports 
th is  assum ption.

K o b a y a s h i  and A s b o e - H a n s e n  [49] separated 6  types o f granules in 
th e  m ast cells found around basocellular cancers. They were able to  register 
a lteration s even in the size o f the different ty p es of granules [49, 50, 51]. We 
h a v e  failed to find any considerable difference in size between th e  typ es of 
granules. The diam eter of th e  granules M as uniform ly 0.35 0.75 p in all types,
w hich  agrees with other data  concerning the size of granules of hum an m ast 
cells [4, 11, 29, 30, 31, 41, 43 , 51, 73, 78]. There occurred significant differences 
from  th is value, the low est and greatest granular diameters were 0.12 and 1.2 fx 
resp ective ly .

The fourth type o f granule containing th e  crystalline form ations occurred 
on ly  in the patient MÛth squam ous epithelial cancer, nevertheless, even there 
it w as infrequent and sporadical. K o b a y a s h i  and A s b o f . - H a n s e n  [50] de­
scribed  the type of granule containing crystalline structures as a characteristic  
m an ifesta tion  of a pathological subgranular organization occurring in the m ast 
cell granules around squam ous epithelial cancer. H owever, these authors th em ­
se lv es  [51] observed granules containing crystalline form ations in the m ast 
cells o f  the skin affected w ith  another pathological process, urticaria p ig­
m en tosa . This fact as well as our observations according to which th is type  
o f granule appears even in m ast cells around atherom as support the assum ption  
th a t th e  crystalline structure cannot be considered a cancer-specific organiza­
tion . Seem ingly, this kind o f subgranular organization may appear anyw here, 
if th e  granulogenesis or the depletion of the granular com ponents are disturbed  
by som e kind of pathological process taking p lace in the vicin ity  o f the m ast 
cells. W e did not observe in our cases the other type of granules containing  
m yelin -figu res, described [50] in the m ast cells o f tumours and squam ous 
ep ith e lia l cancers.

As far as its m orphological appearance is concerned, the fifth  typ e  of 
granule described by us represents a rather heterogeneous group. The hetero­
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geneous m orphological appearance is connected w ith  the depletion of th e  gran­
ular com ponents as well as w ith its degree. It has been shown experim entally  
that similar changes are brought about in the ultrastructural organization o f the  
m ast cell granules during their depletion induced by different influences (X -ray , 
48/80 treatm ent, etc.) [14, 36, 39, 47, 57, 67, 68, 69, 70, 75, 77].

Contrasting data are found in the literature concerning the lim iting  
mem brane of the m ast cells. Several authors [4, 9, 53] described a d istinct 
perigranular mem brane around the m ast cell granules, and considered its 
presence a criterion o f the integrity and th e  good fixation  of the m ast cell 
granules. At the sam e tim e, there is usually  no lim iting membrane around  
the isolated m ast cell granules [16]. Taking in to  consideration the data  con­
cerning the lysosom al nature of the m ast cell granules [3, 38, 40, 76 ], the  
proteolytic activ ity  o f the granular com ponents as well as the high, polyanionic  
heparin content o f the granules, the m aintenance of the integrity o f th e  cell 
which contains these granules seems to be guaranteed only then, if  the granule 
is lim ited by a m em brane toward the surrounding cytoplasm . Therefore, it 
is surprising that K o b a y a s h i  and A s b o e - H a n s e n  [49, 50] should have been  
able to find a w ell-outlined, distinct lim iting mem brane only around 6.1%  
of the granules in the m ast cells surrounding the basocellular carcinom as, 
and even in our m aterial only about one third o f the granules showed a well- 
defined lim iting m em brane. Most probably, the absence of a w ell-defined  
mem brane or its d iscontinuity is an artifact o f fixation  and processing in a 
considerable part o f the cases. On the other hand, the finding may be explained  
by a confusion o f the membrane with th e  dense ground substance o f the  
granules. Thus, it seem s likely that the lim iting  membrane comes in to  being 
as a rule around every granule and exists till their lysis, and w hat is more, 
as it  is shown b y  our findings, it persists during the lysis or even after it for 
som e tim e.

Apart from the alterations of the granular organization of th e  perineo- 
plastic m ast cells, no characteristic ultrastructural changes have been report­
ed [49, 50]. N either have we observed specific and constant alterations, except 
a certain peculiar nuclear one, as compared to  the ultrastructure o f  the m ast 
cells of normal tissues.

The peculiar nuclear alteration observed in our cases involved the appear­
ance of irregular, dense bodies of granular com position  in the karyoplasm  along 
the nuclear m em brane. Similar form ations have been described neither in 
the m ast cells o f norm al human tissues nor in those found in the v ic in ity  of 
pathological processes. The com position and significance of these bodies is 
unknow n. One m ight expect an elucidation o f the problems arising in  connec­
tion  with them  from the m ethod of preferential staining by E D T A  (ethylene  
diam ine tetraacetate) in aldehyde-fixed m aterial as well as from th e  applica­
tion  of m ethods o f enzym e digestion on u ltrath in  sections.
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D IE  F E IN S T R U K T U R  D E R  M A S T Z E L L E N  B E I G E SC H W Ü L S T E N  
D E R  S C H U T Z O R G A N E  D E S  AU G ES

K. LAPIS und M. RADNÓT

V erfasser u n te rsu ch ten  die u l tra s tru k tu re l le n  Züge der M astzellen im S tro m a  von  den 
S ch u tzo rg an en  des A uges ausgehenden  T u m o ren  (E p ith e lze llen k reb s, E n d o th e lio m ), au f­
g ru n d  w elcher sie zwei T ypen  de r in den  T u m o ren  vo rk o m m en d en  M astzellen u n te rsch ied e n . 
D er eine T y p  w ird d u rch  m it G ranu la  ü b e rfü lltem  Z y to p la sm a , der andere  T yp  d u rc h  w enig 
G ran u la  ab er viele V akuolen  e n th a lte n d e m  Z y to p lasm a  ch arak te ris ie rt. N ach  B e o b ac h tu n g e n  
der V erfasser nehm en im A u fb au  de r G ran u la  de r M astzellen  in der U m gebung  v o n  T u m o ren  
d ieselben  zwei g rund legenden  s tru k tú rá ié n  K o m p o n e n te n  teil, wie im  Falle  de r in  v e rsch ied en  
n o rm alen  Gewebe des m enschlichen O rgan ism us b e fin d lich en  M astzellen. Im  F a lle  des P la t t e n ­
ep ith e lk reb ses nahm  in einem  geringen  T eil de r G ran u la  noch eine d r itte  K o m p o n e n te  — u n d  
zw ar eine k rista lläh n lich e  F o rm a tio n  — a n  d e ren  S tru k tu r  teil. A ufgrund  d e r  V e rte ilu n g  
der su b g ra n u la re n  s tru k tu re llen  K o m p o n en ten  u n te rsch e id e n  die V erfasser 5 T y p en  d e r M a st­
zellen g ran u la . In ein u n d  derselben M astzelle  w aren  gew öhnlich  m ehrere T y p en  v o n  M astz e llen ­
g ran u la  v o rh an d en . Die Größe de r G ran u la  in  de r U m gebung  des T um ors u n te rs c h ie d  sich 
n ich t von  de r Größe der G ranu la  von  in n o rm alen  m ensch lichen  G ew eben v o rk o m m e n d en  
M astzellen . U m  ein D r itte l  der G ran u la  b e o b ac h te ten  V erfasser das B estehen  e in e r k o n tin u ie r ­
lichen o d er d isk o n tin u ie rlich en  M em brane. Zw ischen d en  G ranu la  b eo b ach te ten  V erfasse r wei­
te rh in  sich frei im  Z y top lasm a b e fin d lich e  P a p y ru sro llen a rtig e , w eniger h och  o rg an is ie rte  
p la t te n a r tig e  S tru k tu ren .

ТОНКАЯ СТРУКТУРА ТУЧНЫХ КЛЕТОК В ОПУХОЛЯХ 
ЗАЩИТНЫХ ОРГАНОВ ГЛАЗА

к. ЛАПИШ  и М. РАДНОТ

Авторы изучали на двух опухолях, исходивших из защитных органов глаз (рак плос­
ок) эпителия и эндотелиома) ультраструктурные черты встречающихся в строме тучных 

клеток, на основании чего они дифференцировали два типа тучных клеток, встречающихся 
в опухолях. Один тип характеризуется битком набитой зернышками цитоплазмой, а другой 
тип характеризуется небольшим числом зернышек, но зато цитоплазмой, содержащей много 
вауколей. На основании наблюдений авторов в структуре зернышек тучных клеток вблизи 
опухоли участвуют те же два основных структурных конпонента, как и в случае тучных 
клеток, имеющихся в различных нормальных тканях человеческого организма. В случае 
плоскоэпителиального рака в незначительной части зернышек в их структуре участвовал и 
третий компонент, а именно кристаллоподобное образование. На основании организации 
субгранулярных структурных элементов авторы дифференцируют пять типов зернышек 
тучных клеток. В одной и той же тучной клетке обычно было несколько типов зернышек. 
Величина зернышек в тучных клетках в окрестности опухолей не отличалась от таковой в 
тучных клетках нормальных человеческих тканей. Вокруг одной триты зернышек авторы 
наблюдали непрерывную и прерывистую перепонку. Между зернышками наблюдались 
также и свободно расположенные в цитоплазме папирусоподобные менее высоко организо­
ванные пластинчатые структуры.

Dr. K ároly  L a p i s : I. K órbonctani In tézet,
Budapest V III . Ü llői ú t 26., Hungary  

Dr. Magda R a d n ó t : I. Szem észeti K linika,
Budapest V III . Illés u. 15., Hungary
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A bte ilung  fü r E lek tro iien m ik ro sk o p ie  (D irek to r: P rof. D r. H . D a v i d ) des P a th o lo g isc h e n  
In s t i tu ts  (D irek to r: P ro f. D r. H . L. K e t t l e r ) d e r H u m b o ld t-U n iv e rs itä t, B erlin , I I . 
P a tho log isches In s t i tu t  (D irek to r: Prof. Dr. H . J e l l i n e k ) u n d  I. K in d erk lin ik  (D ire k to r :  

P rof. D r. P. G e g e s i - K i s s ) der M edizinischen Sem m elw eis U n iv ersitä t, B u d a p es t*

LYMPHKNOTENULTRASTRUKTUR 
BEI NIEMANN-PICKSCHER KRANKHEIT**

T. K e r ÉNYI, J . R oMHÁNYI und G. PÓDER 

(E ingegangen  am  13. S e p tem b e r, 1971)

Bei einem  9 m onatigen , an  N iem an n -P ick sch e r K ran k h e it leidenden  M äd ch en  
w u rd en  d ie Speicherzellen  eines su b k u tan en  L y m p h k n o te n s  histologisch u n d  e le k tro n e n ­
m ik roskop isch  u n te rsu c h t. Im  L y m p h k n o ten  k o n n te  keine F ibrose nachgew iesen  w er­
den , die S tru k tu r  w ar e rh a lten , in  der U m g eb u n g  des L ym phsinus ließen  sich  ab er 
m eh re re  S peicherzellen  beobach ten . E lek tro n en m ik ro sk o p isch  w ar in  v e rsch ied en en  
Z ellfo rm ationen  H istio zy ten , R e tik u lu m zellen , E n d o th e lze llen , g la tten  M uskelzellen  
de r B lu tg e fäß e , L y m p h o b la sten , L y m p h o zy ten  - eine Speicherung n ach zu w e isen . 
H y d ra tio n  u n d  S tru k tu r  der gespeicherten  S u b s ta n z  w aren  in  den e inzelnen  Z e llty p e n  
u n te rsch ied lich . In  den H istio zy ten  t ra te n  M ito ch o n d rien d eg en era tio n , Z y to ly so so m - 
b ild u n g , a ty p isch e  Zellorganellen u n d  K e rn v e rä n d e ru n g e n  in E rscheinung . A u ß e r  den 
a n g e fü h rte n  V erän d e ru n g en  w aren e ig enartige  P a r tik e ln  zu b eo bach ten , w elche einige 
V erfasser v o ran g eh en d  in  den L angerhansschen  Z ellen der m enschlichen H a u t  u n d  bei 
H istiocy tose  X  v o rg e fu n d en  haben.

D ie chem ische Struktur der bei N iem ann-Pickscher Krankheit gespeicher­
ten Lipide wurde durch die Untersuchungen von  K l e n k  (1934) geklärt. Des 
weiteren verm ochten D iezel  (1954) sow ie F e y r t e r  (1962) zu bew eisen , 
daß die gespeicherte, vornehm lich aus Sphingom yelin  bestehende L ipid­
m ischung eine, den einzelnen Speicherzellarten entsprechend unterschiedliche  
Zusam m ensetzung zeigt. Die ultrastrukturellen Einzelheiten der Speicherzellen  
und ihrer Lipideinschlüsse wurden in den L eukozyten von L a z a r u s  und 
Mitarb. (1967), in der Milz und der Leber von  R o ss und Mitarb. (1961) sowie 
V olk und W allace  (1966), in hirnbioptischem  Material von T e r r y  (1963) 
untersucht. Mit der diesbezüglichen U ntersuchung der L ym phknoten haben  
sich T e r r y  (1963) sowie L y n n  und T e r r y  (1964) befaßt.

In unserem , in vorliegender Arbeit dargestellten  Fall verm ochten  wir 
einerseits bisher nicht beschriebene Speicherzellanom alien, andererseits gew isse  
Partikeln zu beobachten, die vorangehend von B ir b e c k  und M itarb. (1961) 
in den Langerhansschen Zellen der H aut und von  B asset  und T u r i a f  (1963) 
bei H istiocytose  »Xv vorgefunden worden waren.

* F ü r  ih re, bei d e r Z usam m enstellung  u n d  A bfassu n g  unserer A rbeit g e le is te te  Hilfe 
sind w ir H e rrn  Prof. D r. H . D a v i d , L eiter der E lek tro n en m ik ro sk o p isch en  A b te ilu n g  d. H u m ­
b o ld t-U n iv e rs itä t B erlin , H e rrn  Dr. P. W e i s s  u n d  F ri. I . U e r l i n g s  z u  b eso n d e re m  D ank  
v e rp flich te t.

** ln  den  le tz te n  Ja h re n  w u rde  es k lar, daß  die K ra n k h e it  keine klinische und  b io chem ische  
E in h e it b ild e t. Bei b e s tim m ten  Form en ist die Sphingom yelin -Speicherung  m it C holeste rin - 
A blagerung  b eg le ite t ( P h i l i p p a r t  u . M itarb. 1969).
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M aterial und M eth od ik

A. M. 9 inonatiges M ädchen . K lin ik au fn ah m e w egen re ta rd ie rte r  E n tw ic k lu n g  u n d  
h o c h g rad ig e r  H ep ato sp len o m eg a lie . A ufgrund der k lin isch en  B efunde k o nn te  die G auchersche  
K ra n k h e i t  ausgeschlossen w erd en . B lu tau ss trich : bei 50 — 60%  der L y m p h o zy ten  u n d  M ono­
z y te n  t r a t  v ak u o lie rte s  P la sm a  in  E rscheinung . Im  K n o c h en m a rk p u n k ta t b e fan d e n  sich 
4 0 — 60 ll große Schaum zellen . H isto log ischer B efu n d  des e n tfe rn te n  p fe fferkerngroßen  L y m p h ­
k n o te n s  (rech ts 6, IC R , in  d e r v o rd eren  A xilla rlin ie): e rh a lte n e  S tru k tu r , keine  F ib ro se , im 
S in u s  m arg inális  zah lre iche  L y m p h o z y ten ; in de r U m g e b u n g  des R andsinus sowie des M ark ­
s in u s  20 — 60 f i  große S ch au m zellen  m it eosinophilem  Z y to p la sm a . A uf den h ilu sn ah en  G ebieten  
k a m e n  diese Zellen in  g rö ß e re r A nzah l vor, au ß erd em  w a r auch  die Menge der d u rc h  d ieselben  
g e sp e ic h e rte n  u n d  sich an lä ß lic h  der E in b e ttu n g  a u sg e lö s ten  L ip idsubstanz  b e trä c h tlic h e r. 
I n  d e n  G efrie rsch n itten  fä rb te  sich der In h a lt der S ch au m zellen  m it Sudan  I I I  le b h a f t  o range, 
u n d  ze ig te  in tensive  D o p p e lb rech u n g . E ine äh n liche  k ö rn ig e  F ärb u n g  ließ sich a u ch  in  den 
P a ra ff in sc h n itte n  n ach  S u d an sch w arz -F ärb u n g  e rk en n e n . D er У akuo len inhalt erw ies sich  als 
P A S -n e g a tiv  ( F e y r t e r , 1962; D i e z e l , 1954). Im  Z y to p la sm a  der Schaum zellen  sow ie der 
E n d o th e lz e lle n  der K le in a r te r ie n  u n d  P o s tk ap illa ren , in  d em  m it C hrom alaun  f ix ie r te n  u n d  
m it  d e m  BAKERschen sau e ren  H ä m a te in  g e färb ten  M a te r ia l  w aren  b läu lich -scharze  K ö rn c h en  
z u  b e o b a c h te n  (A bb. 3c). V o rb e re itu n g  des M ateria ls  z u r  e lek tro nenm ikroskop ischen  U n te r ­
su c h u n g : F ix ierung  de r R in d en - u n d  M ark stü ck ch en  in  e inem  aus 3 Vol. 4% ig er F o rm a lin lö ­
su n g  ( H o l t  u n d  H i c k s , 1961) u n d  1 Vol. 25% iger G lu tara ld eh y d lö su n g  (T ö r ő , J o ó , 1966) be ­
s te h e n d e n  G em isch; N a ch fix ie ru n g  in iso ton ischer, g e p u ffe r te r  O sm iu m te tro x y d lö su n g  (M i l - 
i .o n i g , 1962), E n tw ässe ru n g  in  A lkohol, E in b e ttu n g  in  D u rcu p an . Z unächst w u rd e n  d ie a u f­
z u a rb e ite n d e n  G ebiete a n h a n d  de r h a lb d ü n n en  S c h n itte  ausgew ählt; zur V e rfe rtig u n g  der 
S c h n i tte  d ien te  ein L K B -U ltro to m , zur U n te rsu ch u n g  d e r P rä p a ra te  kam en  die E le k tro n e n ­
m ik ro sk o p e  JE M  6C u n d  E lm isk o p  IA  (Siemens) z u r  A nw endung . Die S ch n itte  w u rd e n  m it 
g e s ä tt ig te r  U ra n y laz e ta tlö su n g  u n d  B leiz itra t ( R e y n o l d s , 1963) k o n tra s tie rt.

E rgebnisse

E tw a 50% der L ym phozyten  und nahezu 70%  der Lym phoblasten en t­
h ie lten  0,5 2 fi große elektronendichte E insch lüsse, unter denen einige m it
einer Membran um geben waren. Die sich in  den Lym phozyten befindlichen  
L ip ide verfügten über eine größtenteils feinkörnige, zuweilen aber über eine 
unregelm äßige, lam ellare Struktur (Abb. la ,  b). In  den, den Retikulum fasern  
en tlan g  verlaufenden R etikulum zell-fortsätzen traten  Einschlüsse in E rschei­
n u n g , die in bezug auf Größe und Struktur den Lipidkörpern der L ym phobla­
sten  ähnlich waren (Abb. la ) . In den R etikulum zellen  (R etikulum zellen und 
H istio zy ten  ließen sich n ich t mit Sicherheit unterscheiden) und in den, von  
den Fasern unabhängig verlaufenden F ortsätzen  derselben befanden sich  
1 —6 fi große Einschlüsse m it unregelm äßiger lam ellarer Struktur. D ie Den- 
s itä t  des Inhalts der auf d iesen  Gebieten ebenfalls beobachtbaren E inschlüsse  
m it körniger Struktur war m it ihrer Größe um gekehrt proportional (Abb. lc ) . 
ln  der U m gebung dieser Zellfortsätze konnte eine große Menge degenerierter  
Z ellfragm ente, extrazellulärer Zellorganellen (hauptsächlich M itochondrien) 
sow ie über eine körnige oder eine lockere, konzentrisch-lam ellare Struktur  
verfügender Lipidkörper beobachtet werden (A bb. la , c, 3d). D ie Mehrzahl 
der d ie regelm äßigste konzentrische lam ellare Struktur aufweisenden E in ­
sch lü sse  befand sich im Zytoplasm a der H istiozy ten  (Abb. lb , 2a, 3a, 7a).
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Abb. la .  0,5 2 f i  große osm iophile  E insch lüsse  von id en tisch em  T yp im P lasm a eines L y m p h o ­
b las ts  u n d  im  faserum hüllenden  F o rtsa tz  einer R e tik u lu m zelle  (R ). Z ellfrag m en te  (Zf).

S tru k tu rlo se  R e tik u lu m fo rtsä tze  (R f). JE M  60, X 8200 
Abb. Ib. L ip idkörper von u n tersch ied lich em  T yp im Z y to p lasm a  der L y m p h o zy ten  (L ) u n d  
in e inem  H istio zy t (H i). Die im H is tio zy t e rs ich tlich en  E inschlüsse  verfügen ü b e r  e in e  k o n ­

zen trisch -lam ella re  S tru k tu r . JE M  60. X 10 400 
Abb. lc. U n te r  den L y m p h o zy ten  be fin d en  sich R e tik u lu m zellfo rtsä tze  m it E in sch lü ssen  von 
u n tersch ied lich er G röße, S tru k tu r  u n d  D en sitä t. R e tik u lu m zelle  m it hochgrad iger S p e ich e ru n g  
(R ). Z yk lom em branöse S tru k tu r  in e iner zerfa llenden  Zelle (C). Zellfragm ente (Zf). JE M  6C.

X 3200
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D ie Periodizität der Membran betrug 90 Â (A bb. За, 7a). Mitunter kam en auch 
in ein und derselben Zelle Einschlüsse m it einer lamellaren bzw . körnigen  
Struktur vor (Abb. 3a). D ie Endothelzellen der Gefäßwand zeigten ein hoch­
gradiges, die G lattm uskelzellen und P erizyten  ein etwas mäßigeres Speiche­
rungsverm ögen (Abb. 3b, 3d). In den letzterw äh nten  Zellen ließen sich vor­
w iegend 0,4 1 fi große, über eine unregelm äßige Lamellarstruktur verfügende

Abb. 2a. In  einem , in de r U m gebung  des G olgischen F e ld es (G) und  des Z y to z en tru m s (CC) 
lieg en d en  H istio zy t lam ellen fö rm ige  Speicherkörper. I n  d e r N ähe des g la tten  en d o p la sm atisch en  

R etik u lu m s zwei L angerhanssche  K ö rp e r (e in g e rah m t). JE M  6C. X 15 000 
Abb. 2b. S tä rk ere  V erg rö ß eru n g  der in Abb. 3a d a rg e s te ll te n  L angerhansschen  K ö rp e r. M ito- 

chondrien  m it verschw om m ener S t r u k tu r  (M). JE M  6C. X 40 000

Lipideinschlüsse erkennen. Stellenweise w ar das Endothel der Arteriolen  
fenestriert. D ie Lipideinschlüsse der L ym phozyten  und L ym phoblasten stan ­
den m it den geringzahligen Zellorganellen in keiner Verbindung, in den H istio- 
zy ten  konnte aber vornehm lich in der U m gebung des Golgi-A pparats und  
des verm ehrten g la tten  endoplastischen R etikulum s eine A nhäufung von  
Speicherkörpern beob ach tet werden (Abb. 2a). W ährend etwa 40%  der H istio- 
zyten-M itochondrien von  normaler Struktur w aren, ließen sich bei mehr als der 
H älfte  dieser Gebilde Strukturanom alien feststellen : Quellung, A uflösung der 
Struktur, Teilung der M itochondrien (Abb. 4a), M yelinfigurbildung (Abb. 4b), 
V erdickung und Fragm entation  der äußeren Grenzmembran (Abb. 5a), hom o­
gene und lamellare Lipideinschlüsse in den M itochondrien sowie in ihrer un­
m ittelbaren Nähe (Abb. 4c, 5b). In den L ym phozyten- und L ym phoblast- 
M itochondrien ist die Struktur fast nicht m ehr zu erkennen, auf der Ober-
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fläche befinden sich kleine, m it M atrix ausgefüllte Protrusionen, wo auch 
die äußere und innere Membran ineinanderschm ilzt. In den in ten siv  speichern­
den H istiozyten  waren die freien Ribosom e gering an der Zahl und auch der 
G ehalt an endoplastischem  Retikulum  war niedrig, dagegen enth ielten  sie 
häufig Zytolysosom e m it einem  ribosom alen oder m itochondrialen Inhalt oder 
m it endoplasm atischen R etikulum fragm enten. In den m eisten  dieser Zytoly- 
sosom en befanden sich nebst norm alen P lasm abestandteilen auch feinkörnige 
oder unregelm äßig lam ellierte Lipideinschlüsse (Abb. 6a, b). In einer anderen 
Gruppe der Z ytolysosom e ließ sich eine ausdrückliche V erdichtung des Zyto­
plasm asbeobachten. Im Z ytoplasm a der aktiv-eiw eißsynthetisierenden Zellen — 
w elche beträchtliche M engen der Ribosom e und der endoplasm atischen Retikula  
enth ielten  traten häufig flockige Vakuolen m it mäßiger E lektrondensität in 
Erscheinung (Abb. 6c). E inige dieser Gebilde standen m it M yelinfiguren, wieder 
andere m it Lipideinschlüssen im Zusam m enhang (Abb. 6d), ihre dreischichtige 
Membran war von auffallender D icke (90 100 Â) (Abb. 6d). I m Plasm a der II is-
tiozyten  waren besonders in der Nähe des Kerns und des G olgi-Apparats 
0,2 0,8 /I lange, 500 600 Â breite, m it einer dreischichtigen, 90 - 100 Â dicken
Membran umgrenzte stabförm ige Organellen vorzufinden (Abb. 2a, b, 7a). In 
einem  Teil dieser Organellen verlief in der M itte, zwischen den Grenzmembranen  
eine, über eine charakteristische (110 150 À) Querstreifung verfügende, oder
eine doppelte, keine Periodizität aufweisende Linie (Abb. 7a). Fallw eise ver­
m ochten wir derartige Organellen auch unter den Zellfragm enten im extrazel­
lulären Raum nachzuweisen (Abb. 7b, s. Pfeil). In ihrer U m gebung befand 
sich zum eist endoplasm atisches Retikulum  m it glatter O berfläche (Abb. 2a) 
und mehrere 1300 1800 Â große, runde, doppelwandige Gebilde (Abb. 7b, c).
Zuweilen blähte sich das eine Ende dieser stabförm igen Körper auf, worauf 
sie die Form eines Tennisschlägers annahm en. In einigen Fällen  standen diese 
Strukturen mit doppelwandigen runden Körpern im Zusam m enhang (Abb. 7c). 
An anderen Stellen bildeten diese runden Körper, in paarweiser Anordnung, 
brillenartige Form ationen (Abb. 8a).

Im Kern der H istiozyten  befanden sich zahlreiche Perichrom atingranula, 
in der Mitte des Kerns traten von Fall zu Fall 0,2 0,6 /.i große, m it feinflocki­
ger Substanz ausgefüllte Vakuolen in Erscheinung (Abb. 8b). In der Umgebung 
der Zellfortsätze waren nebst den strukturarm en interstitiellen  Zellfragmenten  
häufig auch D em arkationserscheinungen zu beobachten (A bb. 8c).

Besprechung

Die lam ellöse Struktur der Einschlüsse wurde durch die m eisten For­
scher, die sich m it der U ltrastruktur des bei N iem ann-P ickscher Krankheit 
gespeicherten Lipidgem isches befaßten, erwähnt (R oss und Mitarb., 1961;
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T e r r y , 1963; Ly n n  und T e r r y , 1964; Ca s p e r  und W o lm án , 1964; K in g , 
1966; D a v i d , 1967; Ga l f i , 1967). Die U ntersuchungen von Ross und Mitarb. 
(1961) in bezug auf die in  den Milz- und Leberzellen beobachtbaren Speicher­
v a k u o len  bei verschiedenen Thesaurismosen ergaben, daß die U ltrastruk­
tu r  der erwähnten Gebilde charakteristisch und von  diagnostischem  W ert ist. 
In  unserem  Fall, in dem  ausgedehnter Zellzerfall vorlag, ergibt sich jedoch  
d ie  F rage, ob wohl säm tlich e Lipide die Produkte des prim är-pathologischen  
S toffw echsels sind, oder ob zum indest in den H istiozyten , die Einschlüsse  
zum  T eil auch Strukturlipide enthalten. In diesen Fällen gelangen in den 
E insch lüssen  w ahrscheinlich den eigenartigen Stoffw echselverhältnissen der 
H istio zy ten  zufolge — die polaren Lipidmolekeln zum  Ü bergew icht ( D ie z e l , 
1964; Ca s p e r  und W o l m a n , 1964; St e js k a l  und M itarb., 1966; Lazarus  
u n d  M itarb., 1967; P h i l i p p a r t  und Mitarb., 1969) und bilden im  wässerigen 
M edium  sich regelmäßig anordnende M yelinfiguren (S to e cic eniu s , 1959, 1962). 
W erden unsere A ufnahm en m it den Abbildungen der erwähnten Verfasser 
verg lich en , so ergibt sich, daß die obige Feststellung in  bezug auf die Lym ph­
k n o ten  — trotz der V ariab ilität der Lipideinschlüsse gültig ist. Aufgrund 
der beobachteten  E rscheinungen, d. h. der großen Menge der extrazellulär 
liegen d en  Lipideinschlüsse und  des Zellzerfalls, dürfte auch die M öglichkeit 
einer eventuellen K lasm atose erwogen werden.

D ie  geringe Menge des zur Verfügung stehenden U ntersuchungsm aterials 
erm öglich te die D urchführung einer eingehenden liistochem ischen Analyse  

so z. B . die Pyrid inextraktion  bedauerlicherweise nicht. D ie eine unter­
sch ied lich e elektronenm ikroskopische Struktur aufw eisenden Lipidkörper erga­
ben  aber lichtm ikroskopisch ste ts identische Färbungsreaktionen. Da bei der 
N iem ann-P ickschen K rankheit n ich t nur der Sphingom yelin-Stoffw echsel, 
sondern  auch der Z erebrosid-U m satz gestört sind, dürfte angenom m en werden, 
daß in  jenen  Zellen, in denen  sich Einschlüsse m it einer körnigen Struktur 
b efin d en , die in geringerem M aße polaren Zerebroside und Ganglioside über­
w iegen  ( D ie z e l , 1954).

Abb. 3a. Feinkörn ige u n d  lam ellö se  E insch lüsse  im  H is tio zy te n p la sm a ; das le tz te rw ä h n te  
G eb ild e  b e s i tz t  ein inhom ogenes Z e n tru m . Die 35 Â dicken L am ellen  v e rlau fen  in  einer E n t ­
fe rn u n g  v o n  90 Â paralle l oder a u c h  p aarw eise  nebeneinander. Z w ischen  den be iden  d icken 

L am ellen  ist eine e tw a  10 Â  d ü n n e  Linie ersichtlich . S iem ens I. A ., x 7 6  400 
Abb. 3b. T an g en tia l g eschn ittene  W a n d  e in e r kleinen A rterie  m it lip id sp e ich ern d en  g la tten  
M u sk elze llen  ( f )• H ochgradige S p e ich e ru n g  in der E n d o th e lze lle  (E ). B asa lm em b ran  (B).

S iem en s I. A. X8000
Abb. 3c. H ilu sa rte rie  des L y m p h k n o te n s . D unkle F ä rb u n g  d e r ph o sp h o lip id sp eich ern d en  
E n d o th e lz e lle n  (Backersche sau re  H ä m a te in fä rb u n g ); die ro te n  B lu tk ö rp e rch e n  fä rb te n  sich

e b en fa lls  dunkel. X 120
Abb. 3d. A rte rio le  m it sp e icherndem  E n d o th e l (E ) u n d  G la ttm u sk e lze llen  (MC). Im  L um en  ist 
ein  L y m p h o z y t m it einem  L ip id k ö rp e r  e rs ich tlich . Die E insch lüsse  sind  g rö ß ten te ils  kleiner 
als 1 fi, e le k tro n en d ich t, fe in g ra n u lie r t  o d e r unregelm äßig  lam ellös. In  de r U m gebung  eines 
H is tio z y te n fo rts a tz e s  (H i) d e g en e rie rte  Z ellbestand te ile : L ip id k ö rp e r ( |  ) u n d  M itochondrien

( L ). S iem ens, I. A. X 8000
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A bb. 4a . A ngeschwollenes, sich te ilen d es  M itochondrium  im  H istio zy t. L ip id k ö rp e r (L). Siem ens
I . A. X 48 000

A bb . 4b. M yelinfigurbildung in d e r  U m gebung  der C hristae  m ito ch o n d ria les . Siem ens, I. A.
X 36 000

A b b . 4c. H om ogener L ip id k ö rp e r in V erb in d u n g  m it e inem  M itochondrium . S iem ens I. A.
X 48 000

A b b . 5a. D iffuse V erm ehrung  u n d  osm iophile  U m w and lung  der äu ß eren  M itochondrium - 
m em b ran  im  H is tio zy t. Siem ens I. A. X 48 000 

A bb. 5b. L am ellöser L ip idkörper in  en g er V erb in d u n g  m it einem  deg en erie rten  M itochondrium .
Siem ens I. A. X 88 000
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Abb. 6a. V e rd ich te te s  P la sm a , rauhes endo p lasm atisch es R e tik u lu m  und  L ip id su b s ta n z  iin
Z ytolysosom . Siem ens I. A. X 48 000

Abb. 6b. Z y to lysosom  m it lip id a rtig em  und  m ito ch o n d ria lem  In h a lt. Siemens I. A. X 48 000 
Abb. 6c. V akuolen  m it flockigem  H is tio zy te n p la sm ain h a lt. Siemens I. A. X 48 000 

Abb. 6d. Die d ickw and igen  V akuolen  e n th a lten  h ä u fig  M em bran teilchen  u n d  d ich te s  fein­
g ran u lie rte s  M aterial. V erschm elzung der V akuolen  m it den  ü b e r einen iden tischen  g ra n u lä ren  

In h a lt  v erfügenden  L ip idkörpern  (L ). S iem ens I. A. X 80 000

Laut V o l k  und W a l l a c e  (1966) sowie W a l l a c e  und Mitarb. (1966) 
sind die Speicherungskörper der Leber lysosomalen Ursprungs. L y n n  und 
T e r r y  (1964) hielten dagegen bei Niemann-Pickscher Krankheit bei Erwach­
senen weder den mitochondrialen noch den lysosomalen Ursprung für wahr­
scheinlich. Die saure Phosphatase-Aktivität der Speicherungskörper ist wie 
darauf die Untersuchungen von T e r r y  (1963) hingewiesen haben außer-
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Abb. 7a. Q uer- ( f ) und  F la ch sch n itt ( | )  von  L an g erh an ssch en  K örpern  und  ein  L ip id k ö rp e r 
(L ) im  H is tio zy te n p la sm a . Die L änge  der d a rg este llten  P a rtik e ln  b e trä g t 0,3 до, die B re ite  
m a c h t  500 Â aus. Die beg renzende d reisch ich tige  M em b ran  besitz t eine D icke v o n  100 Â, 

d ie  P erio d iz itä t der Q u erstre ifu n g  b e trä g t 130 Â. Siem ens I. A. X 80 000 
Abb. 7b. Z ah lre iche  stabförm ige O rganellen  im  P lasm a  d e r b en ach b arten  H is tio zy ten . O ben  
eine e x tra z e llu lä re  O rganelle ( |  )• D er e in g erah m te  A b sc h n itt  in Abb. 7c. N ucleus (n). S iem ens

I. A. X 24 000
Abb. 7c. E in ,  an  einem  E nde  ten n issch läg era rtig  a u fg eb läh te s  Gebilde in V e rb in d u n g  m it 
e inem  1300 Á  großen , du rch  eine d o p p e lte  M em bran  u m g ren z te n  R u n dkörper. In  de r M itte  
des sc h m a le n  Teiles verlau fen  in e inem  A b stan d  von 100 Â nebeneinander zwei, keine  Q u e r­
s tre ifu n g  aufw eisende  30 Â dicke L in ien . R ech ts  u n te n  eine ru n d e  und eine C-förm ige S tru k tu r  
(die le tz te rw ä h n te  P a rtik e l h a t  sich v e rm u tlic h  aus v e rä n d e r te n  g la tten  e n d o p la sm atisch en  

R e tik u la  g eb ilde t). Siem ens I. A. x  80 000
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ordentlich gering. Die von Ross und Mitarb. (1961) beschriebenen Übergangs- 
formen bis zur Entwicklung der Lipofuscin-Residualkörper, vermochten wir 
in unserem Fall nicht vorzufinden. Anhand der Beobachtung, daß sämtliche 
Mitochondrien gewisse Schädigungen aufweisen, vertraten die letzterwähnten 
Verfasser und auch D a v i d  (1967) die Ansicht, daß die Speicherung in den 
Mitochondrien beginnt. Die Mitochondrien waren zwar auch in unserem Mate­
rial lädiert, außerdem ließ sich in den Histiozyten eine sich von den mäßig 
geschädigten Mitochondrien bis zu den Lipidkörpern erstreckende forinalgene- 
tische Reihe zusammenstellen, wegen der Aldehydfixierung (wobei die mit 
den Mitochondrien verbundenen Myelinkörper im Vergleich zu dem ausschließ­
lich mit Osmium fixierten Material häufiger Vorkommen) haben wir aber diese 
Veränderungen nicht eindeutig, als die ersten Zeichen der Speicherung betrach­
tet ( P i c k , 1967; E r i c s o n  und B i b e n f e l d , 1967). Die beschriebenen Degenera­
tionsformen der Mitochondrien und die Myelinfiguren kommen häufig auch 
bei hypoxischen Zellveränderungen vor ( B a d e  und S c h u m a c h e r , 1964; 
E r i c s o n  und G l i n s m a n n , 1965; G l i n s m a n n  und E r i c s o n , 1966; P i c k , 1967; 
R i c h t e r  und Mitarb., 1967). In den retikulohistiozytären Elementen der Milz 
und der Lymphknoten, vor allem in den Mitochondrien kommt es bekanntlich 
häufig zur Vermehrung endogener und exogener Substanzen ( G a b l e r , 1960; 
H i r o s a w a , 1968; W a t a n u k i  und Mitarb., 1969). S c h a f f e r  u n d B A S S L E R  (1966) 
vermochten in den GAUCHERschen Zellen das Ineinanderschmelzen der 
äußeren und inneren Mitochondrienmembranen sowie Protrusionsbildung zu 
beobachten.

Die Zytolysosombildung, welche sich in den hypoxischen oder toxisch 
geschädigten Zellen bekanntlich regelmäßig abspielt ( H r u b a n  und Mitarb., 
1963; D a v i d , 1968), meldet sich offensichtlich in den stoffwechselaktiven 
Histiozyten am intensivsten. In den späteren Stadien umwandeln sich diese 
Gebilde aller Wahrscheinlichkeit nach in Lipideinschlüsse mit einer lamellar­
körnigen Struktur.

Die Speicherung der Glattmuskelzellen der Gefäßwand weist entweder 
auf eine pathologische Lipidsynthese oder auf die Phagozytose der Zellen 
( B u c k , 1962; P a r k e r  und Ö d l a n d , 1966; W e i s s , 1968).

Die von uns bei Niemann-Pickscher Krankheit beobachteten Gebilde 
mit stabförmigem Querschnitt wurden zuerst von B i r b e c k  und Mitarb. (1961) 
als Langerhanssche Körper beschrieben, und zwar haben die erwähnten Ver­
fasser diese Formationen in den intensiv eiweißsynthetisierenden Langer- 
hansschen Zellen der menschlichen Haut beobachtet. B a s s e t  und T u r i a f  

(1965), die diese Organellen bei Histiocytose X in Lungen-und Knochenläsionen 
vorfanden, erwogen die Möglichkeit in bezug auf ihre eventuelle virusartige 
Eigenart. Während C a n c i l l a  und Mitarb. (1967), H ü t t n e r  und Mitarb. (1968), 
S c h ö n g u t  und Mitarb. (1968) die erwähnten Gebilde im eosinophilen Granu­
lom bzw. in den Histiozyten der durch Letterer-Sivesche Krankheit bedingten
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Hautläsionen nachwiesen, fanden O l á h  und Mitarb. (1968) in den — annehm­
bar epidermalen — Zellen des Rattenthymus ähnliche Strukturen. Die von 
R ö h l i c h  und T ö r ő  (1965) in den Endothelzellen des Lebersinus und den 
Retikulumzellen der Lymphknoten beobachteten Partikel zeigten eine ähn­
liche Struktur wie die von uns beobachteten, der Größenordnung nach wichen 
sie jedoch von diesen ab. Die von uns Vorgefundenen Organellen waren im 
Vergleich zu den in der Literatur beschriebenen etwas kleiner, außerdem 
schienen sie eher mit dem glatten endoplastischen Retikulum sowie mit der 
umgewandelten Form desselben, den 1300 1800 Â großen, doppelwandigen
Gebilden im Zusammenhang zu stehen als mit der Zellmembran. Von struk­
turellem Standpunkt aus stimmen manche der von uns beobachteten Partikel 
mit dem von S a g e b i e l  und R e e d  (1968) hergestellten Dreidimensionsmodell 
nicht überein. Obwohl zwischen den Langerhansschen Körpern und den über 
eine ebenso dicke dreischichtige Membran und einen flockigen Inhalt ver­
fügenden Vakuolen kein direkter Übergang nachzuweisen ist, dürfte anhand 
der Identität der Dicke der Grenzmembran die eventuelle Verwandtschaft 
der beiden Gebilde erwogen werden. Damit im Zusammenhang könnte ange­
nommen werden, daß die ungewöhnlich gestalteten Langerhansschen Körper 
einerseits an der Lipidspeicherung teilnehmen, andererseits die ausdrucksvollen 
Zeichen der gesteigerten Aktivität der Histiozyten sind. Auch das wäre mög­
lich, daß einzelne extrazelluläre Langerhanssche Körper den extrazellulären 
Lipidkörpern und Mitochondrien ähnlich aus Zellzerfall stammen.

W a t a n u k i  und Mitarb. (1969) haben bei Mäusen im Kern der phagozy- 
tierenden Histiozyten intranukleare Gebilde mit fein granulierter Struktur be­
obachtet. Die in unserem Fall vorgefunden Kerneinschlüsse waren jedoch mit 
einer Membran umgeben und verfügten über einen flockigen Inhalt. Unseres 
Erachtens wäre es möglich, daß diese Gebilde nebst den zahlreichen, auf 
allgemeine Stoffwechselstörung weisenden Veränderungen die Zeichen einer 
Eiweißretention im Kern sind.

Abb. 8a. A typ ische  en d o p la sm atisch e  R e tik u lu m fo rm a tio n en  im  H istio zy ten p lasm a: b rillen -, 
ring- u n d  C -förm ige S tru k tu ren . S iem ens I .  A. X 80 000 

Abb. 8b. V akuole  m it fe in flock igem  In h a lt  im H is tio z y te n k e rn . M ehrere P e r ich ro m a tin g ran u la
( f ). Siem ens I. A. X 80 000

Abb. 8c. D e m ark a tio n sa rtig e  Z y to lysosom bildung  im  H is tio zy te n fo rtsa tz  m it v e rd ic h te te m  
rib o som enre ichem  P lasm a. S iem ens I .  A. xOO
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O B S E R V A T IO N S  ON T H E  U L T R A S T R U K T U R E  O F LY M PH  N O D ES 
IN  N IE M A N N -P IC K  D IS E A S E

T. KERÉNYI. J. ROMIIÁNYI and GY. PÓDER

H isto log ical an d  e lec tro n  m icroscopic s tu d ies  w ere perform ed on th e  sto rag e  cells of 
a su b cu tan eo u s ly m p h  node from  a 9 m o n th s old g irl, su ffering  from  N iem an n -P ick  d isease. 
F ibrosis could  no t be o b se rv ed  in th e  ly m p h  node, th e  s tru c tu re  was re ta in ed , severa l s to rag e  
cells could be d e tec ted  how ever in the a rea  o f th e  ly m p h a tic  sinus.

E lec tro n  m icroscopic  ex am in atio n s rev ea led  sto rag e  in d ifferen t cell ty p es , th u s  in 
h istio cy tes , re tic u la r  cells, en d o the lia l cells, in the  sm o o th  m uscle cells o f th e  b lood  vessels, 
in ly m p h o b la s t cells a n d  lym phocy tes . T he h y d ra tio n  an d  s tru c tu re  of th e  s to red  m a te ria l  
appeared  to  be d iffe re n t in the  in d iv idua l cell ty p es . D eg en era tio n  of th e  m ito c h o n d ria , ly so ­
some fo rm a tio n , a ty p ic a l cell organelles and changes o f th e  nuclei were seen in th e  h is tio c y te s . 
C h arac te ris tic  p a rtic le s , observed  by  ce rta in  a u th o rs  in th e  L angerhans cells o f h u m a n  sk in  
and in h is tio cy to sis  X , w ere also p resen t besides th e  above  m en tioned  a lte ra tio n s .

ДАННЫЕ К УЛЬТРАСТРУКТУРЕ ЛИМФАТИЧЕСКИХ УЗЛОВ ПРИ БОЛЕЗНИ
НИМАНА-ПИКА

Т. К Е Р Е Н И . Й. РО М Х А Н И  и Д . П О Д Е Р

У 9-месячиой девочки, страдавшей болезнью Нимана-11ика проводилось гистологи­
ческое и электронномикроскопическое исследование фагодитрарных клеток подкожного 
лимфатического узла. В лимфатическом узле фиброз не мог быть выявлен, структура была
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сохранена, но в окрестности лимфатического узла наблюдалось несколько фагоцитарных 
клеток. Электронномикроскопическим путем можно было в различных клеточных образо­
ваниях — гистоцитах, ретикулярных клетках, эндотелиальных клетках, гладкомышечных 
клетках кровеносных сосудов, в лимфобластах и лимфоцитах — выявить накопление. 
Структура накопившегося вещества в различных типах клеток была различная. В гисто­
цитах имели место перерождение митохондриев, образование цитосом, атипичные клеточ­
ные органеллы и изменения ядра. Помимо приведенных изменений наблюдались своеобраз­
ные частицы, которые некоторыми авторами были раньше обнаружены в клетках Лангер- 
ганса человеческой кожи и при гистоцитозе X.

D r .  T ib o r  K e r é n y i : I I .  K ó rb o n c ta n i  I n té z e t ,  B u d a p e s t  I X .  Ü llő i ú t  93 .,
H u n g a r y  u n d  A b t.  f . E le k tro n e n m ik ro s k o p ie  d . P a th .  
I n s t .  d . H u m b o ld t- U n iv e r s i tä t ,  B e rlin , D D R

D r .  J ó z s e f  R o m h á n y i  
D r .  G e o rg  P o de r
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P ro f. D r. Béla K e l l n e r : Die A usbreitung  
<les K rebses. Invasion  und M etastasierung .
A k ad ém ia i K iadó , B u d ap es t 1971. G em ein­
sch aftsau sg ab e  des A kadém iai K iadó 
B u d a p es t m it dem  V erlag  U rb a n  und  
S chw arzenberg . M ünchen— B erlin— W ien. 333 
pages, 128 p a r tly  coloured figures an d  29 tables.

E v ery b o d y  in te res ted  in tu m o u r p a th o ­
logy will en joy  th is book. In  th e  in tro d u c tio n  
it is em phasized  th a t  the  p roblem  of m e ta s ta ­
sis fo rm atio n  is still qu ite  o ften  d iscussed  on 
th e  basis o f some 19 th  c en tu ry  theo ries . The 
con sid erab le  recen t progress in  th e  field  of 
th e ra p y  o f p rim ary  tu m o u rs  ren d ers  in creas­
in g ly  necessary  to  develop a m odern  app ro ach  
to  th e  s tu d y  of pathogenesis and  m echanism  
of m e ta s ta s is  fo rm ation .

T his book by Professor K ellner has th e  
a d v a n ta g e s  of b o th  a tex tb o o k  an d  a m ono­
g ra p h . I t  p resen ts  in a m ost concise m an n er 
th e  bo d y  of generally  accep ted  fac ts  on 
m éta s tasés , review s th e  re le v an t l ite ra tu re , 
discusses th e  resu lts  o f his ow n stu d ies , and 
gives his view s on th e  p rob lem s in question . 
T he sh o rt in tro d u c tio n  is follow ed by a su rvey  
of th e  d ev elopm en t of o u r know ledge on 
m eta s tas is  fo rm ation . A w hole c h a p te r  is 
d ev o ted  to  th e  phenom enon of “ A blösung” 
i.e. sep a ra tio n  of tu m o u r cells from  th e  pri­
m ary  tu m o u r, to g e th e r w ith  th e  th eo ry  of 
em bolic-d issem ination . F ac to rs  invo lved  in 
th e  process of “ A blösung”  viz. am eboidal 
m o v em en t o f  tu m o u r cells, low  calcium  con­
te n t  of th e  tu m o u r tissue, th e  phenom enon 
of p e rm ea tio n  and  so called Zw ergzellen are 
review ed. C om m ents are m ade on th e  possible 
role o f in fec tion  in  m eta stas is  fo rm atio n . In 
th is  c h a p te r  he p resen ts  his own th eo ry  of 
m e ta s ta s is  fo rm ation . H e supposes “ d is ju n c­
tio n ”  sep a ra tio n  of tum our cells from  the  
p rim a ry  tu m o u r to  he a consequence of 
n ecrob io tic  processes in the  grow ing tu m o u r. 
T his w ould exp lain  th e  app earan ce  o f early  
p e ricarc in o m a to u s m étastasés  in th e  im m e­
d ia te  neighbourhood  of th e  p rim ary  tu m o u r. 
T he d iffe ren t form s of d isju n ctio n  are p re sen t­

ed a n d  illu stra ted  w ith  a series o f  exce llen t 
lig h t m icroscopic p h o to g rap h s a n d  e lectron  
m icrographs. In te rac tio n s b e tw een  th e  t u ­
m o u r and  th e  su rrounding  n o rm a l tis su e  are 
rev iew ed . The d ifferen t view s o n  th e  m ost 
fu n d a m e n ta l biological fe a tu re  o f tu m o u rs , 
th e  in filtra tiv e  grow th are also considered  
an d  rich ly  illustra ted .

F u r th e r  chap ters  deal w ith  a n o th e r  basic 
p rocess o f m etastasis fo rm a tio n  v iz. the 
p e n e tra tio n  in to , and d issem in a tio n  th ro u g h  
th e  ly m p h  and blood vessels. A su rv e y  of 
p re m e ta s ta tic  changes o f ly m p h  no d es and 
th e  d iffe ren t types of m é ta s ta sé s  is given 
an d  th e  re la tio n  of m orpholog ic  ch an g es of 
ly m p h  nodes and  the  im m u n o b io lo g ical s ta te  
o f th e  tu m o u ro u s organism  is d iscu ssed . The 
m o rpho logy , behav iour and  fa te  o f  tu m o u r 
cells in th e  blood s tream  are  considered  
se p a ra te ly  on the  basis o f th e  a u th o r ’s e x p eri­
m en ta l findings. A large c h a p te r  is d ev o ted  
to  th e  th ird  fun d am en ta l p h e n o m e n o n , the 
se ttl in g  dow n of lib e ra ted  an d  c ircu la tio n  
tra n s p o r te d  tu m o u r cells a t  a new  site  — so 
called  A nsiedlung. The earliest m orpho log ical 
a lte ra tio n s  caused by th e  se t tle d  tu m o u r 
cells a re  show n in a series o f h ig h ly  in fo rm a ­
tiv e  figu res. The origin and  f u r th e r  fa te  of 
tw o- an d  m ultinucleated  tu m o u r  cells are 
d iscussed  in detail. T heir im p o r ta n c e  in 
m e ta s ta s is  form ation  has been  d e m o n s tra te d  
b y  th e  a u th o r  and his cow orkers.

T h e  essen tia lly  th eo re tica l c h a p te r s  are 
follow ed by  one on the  c lin ico -p a th o lo g y  of 
th e  m e ta s ta s is  fo rm ation . T he p ro b le m  of 
m e ta s ta s is  fo rm ation  by im p la n ta t io n  is 
t r e a te d  sep ara te ly . The c h ap te r  e n ti t le d  “ Die 
E n tw ic k lu n g  der G eschw ulst im  H in b lic k  au f 
M e tas ta s ie ru n g ”  is of special im p o rta n c e , 
since i t  reflects m ost c learly  th e  a u th o r ’s 
d y n a m ic  concep t on the  d e v e lo p m en t o f pre- 
cancero u s conditions. His ideas a n d  v iew s are 
based  on several decades’ w ork  in  th e  field 
o f p a th o lo g y  and  experim en ta l c an c e r re ­
search .

T h e  c h ap te r  devoted  to  th e  d iscu ssio n  of 
th e  k in e tic s  of m e ta s ta tic  g ro w th  ap p ea rs
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to  m e as one of th e  m o st v a lu a b le  p a rts  of 
th is  book . I t  also co n ta in s a su rv e y  of the 
po ss ib le  w ays to  q u a n ti ta te  th e  k inetics of 
m e ta s ta s is  fo rm ation . A s e p a ra te  ch ap te r  is 
d e v o te d  to  the  re la tiv es o f m o rp h o lo g y  and 
b io logy  of the  p r im a ry  tu m o u r  and  its 
m é ta s ta sé s . The c h ap te r  “ A tte m p ts  to  in flu ­
ence ex p erim en tally  th e  fo rm a tio n  of m éta ­
s ta sé s”  con tains a b ro a d  re v ie w  of th e  rele­
v a n t  d a ta . F u rth e r, th e  classic  a n d  new diag­
n o s tic  m ethods for th e  d e m o n s tra tio n  of 
m é ta s ta sé s  are d iscussed. T h e  c h a p te r  deal­
in g  w ith  the  g rad ing  of m alig n an cy  of 
tu m o u rs  on a h isto logical basis  is o f consider­
ab le  p ra c tic a l im p o rtan ce . T h e  la s t  chap ter 
e n ti t le d  “ P ro p h y lax is an d  T h e ra p y  of M éta­
s ta sé s”  con tains th e  re c e n t r e s u l ts  of experi­
m e n ta l and  clinical s tu d ies  e v a lu a te d  on the 
b asis o f lite ra ry  d a ta  an d  th e  a u th o r ’s own 
view s. T he basic p rin c ip les  o f  a  possible 
ra tio n a l  th erap y  are o u tlin e d . T h is  chap ter

has b een  w r it te n  w ith  extrem e care. To m y 
op in ion , h o w ev er, th e  a u th o r seem s to  be  too 
cau tio u s  a n d  scep tica l in  eva lu a tin g  ach iev e­
m en ts  in  th e  p ro p h y lax is and th e ra p y  of 
m é ta s ta sé s .

I th in k ,  t h a t  w ith  some m inor m o d ifica ­
tio n s p a r t  o f th e  24 ch ap ter could h av e  been 
m ore concise  o r even  be m elted  in to  each- 
o th er. T h is  m ig h t be considered if  a new 
ed itio n  w o u ld  la te r  be p lanned.

T ab les  a n d  figures in b lack  an d  w h ite  are 
o f  e x ce lle n t q u a lity  th is is u n fo r tu n a te ly  no t 
tru e  fo r th e  co lour p lates. The lis t o f references 
is r ich  a n d  includes b o th  easte rn  an d  w este rn  
a u th o rs .

U n d o u b te d ly  th is  book will be used  
e x te n s iv e ly  b y  sc ien tists  w orking in  th e  fields 
o f e x p e r im e n ta l cancer research  a n d  clinical 
onco logy . I t  is likely to becom e a  classic 
book on  tu m o u r  pa thology.

D r.  K . L a p is
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