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A s i t  h as  been  described  [1, 2, 3, 5, 7, 8, 9, 10], in  cond itions a sso c ia ted  
w ith  tissu e  p ro life ra tio n  th e  r a t  an d  th e  m ouse th y m u s  p roduces an  u n ifo rm  
tissu e  re a c tio n , consisting  o f th e  ap p ea ran ce  o f a P A S -positive su b s ta n c e , its  
a c c u m u la tio n  in  th e  corpuscles o f H assa ll an d  in  th e  th y m o cy te s , as w ell as 
o f an  in creased  fo rm atio n  o f m a s t cells. T h e  P A S -positive  su b stan ce  ad d e d  
to  a th y m u s  tissue  cu ltu re  in  th e  fo rm  o f h e a t- tre a te d , m od ified  h e p a r in  is 
sy n th es ized  as a m e tach ro m atic  su b stan ce  in  th e  cells some o f w hich co rresp o n d  
to  re g u la r  m ast cells. T his f in d in g  w as looked upon  as p rov in g  th a t  w hile  
th e  cells o f th e  ly m p h  nodes an d  o f th e  sp leen  a re  u n ab le  to  ta k e  u p  th e  co m ­
p o n e n ts  o f th e  m e tach ro m a tic  su b stan ce  or to  sy n thesize  its  co m p le te  fo rm , 
th e  th y m u s  p roduces th e  su b s ta n c e  in  la rge  q u a n titie s .

T hese  ex perim en ts h av e  le ft severa l p ro b lem s unansw ered , am o n g  th e m  
th e  a f f in ity  o f th e  th y m u s  to  h e p a rin  su b stan ces , th e  elective n a tu re  o f  th is  
a ff in ity , an d  w h e th e r th is  fu n c tio n  req u ires  th e  presence of th e  w hole o rg an  
or sing le th y m u s  cells, to o , are  cap ab le  o f th e  fu n c tio n .

Methods

O bservations were m ade in  200 tissue cultures o f  the M axim ow type. The m aterials 
tested  originated from rats ranging in age from  newborn to  three days. Specim ens o f thym u s, 
liver, spleen and lym ph nodes were explanted on coagulated chicken plasm a and 48 hours later 
washed w ith  a m ixture o f horse serum , chicken em bryo ju ice, Tyrode’s so lution  ( 3 : 1 : 6 )  
for one hour. Twenty-four hours later, i. e. 72 hours after explantation, the specim ens were 
washed w ith  the above-described m ixture to which this tim e was added 1 m g/m l o f heparin  
(H eparin pulvis, Richter, 80 I. U .) kept previously in a w ater bath at 56° C for 48 hours and 
boiled for 4 hours. (The heparin thus treated  loses its  m etachrom asia but retains its  PA S-posi- 
t iv ity .)  Subsequently the cultures were washed at 48-hour intervals w ith heparin-free w ashing  
flu id . The first fixation  o f thym us tissue was m ade 72 hours, of other organs 96 hours, after 
w ashing w ith  heparin; then fix a tio n  was continued at 48 hour intervals for 10 days and at 
24 hour intervals for another 10 days. The cultures were stained w ith tolu id ine b lue, some 
in toto, others in serial sections.

Results
T h ym u s

S even ty -tw o  hours a f te r  w ashing  w ith  h e p a rin  m any m e tach ro m a tic  cells axe  
v isib le  p a r t ly  in  th e  ce n tra l a rea  a n d  p a r tly  a t  th e  p e rip h ery ; a few  scattcw rd
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ones in  o th e r p a r ts .  T h e  cells nea re r to  th e  cen tre  are  sim ilar to  ep ith e lia l 
ce lls, w hile th o se  a t  th e  p e rip h ery  h av e  n u c le i like  th e  th y m o c y te s , b u t  in  a 
sw ollen  cy to p lasm . T h e  m o th e r piece is v i ta l ,  necroses are n o t v isib le  in  i t  
( F ig .  1).

In  th e  m ig ra tio n  zone alm ost ev e ry  cell, e ith e r  th y m o c y te  o r ep ith e lia l 
ce ll, co n ta in s h e p a rin ; m itoses are  f re q u e n t an d  th e  in trace llu la r  g ran u la tio n  
is  dense . A t th e  p e r ip h e ry  o f th e  m ig ra tio n  zone th e re  are less m e ta c h ro m a tic  
cells th a n  n ear th e  c e n tre . T he cu ltu res g row  m ore  in ten se ly  th a n  th e  con tro ls  
( F i g .  2 ) .

In  th e  5 -day  c u ltu re  m any  cells h a v e  m ig ra te d  from  th e  m o th e r p iece, 
th o u g h  ab o u t h a lf  o f  th is  is s till dense. T h e  cy to p la sm  of m e ta c h ro m a tic  cells 
c o n tin u e s  to  increase .

In  th e  in  toto c u ltu re s  m ito tic  cells a b o u n d , co rrespond ing  to  th e  in ten se  
r a te  o f  g row th . A t th e  p e rip h e ry  th e re  a re  few  m e tach ro m a tic  cells, even  less 
th a n  in  th e  y o u n g er c u ltu re s , b u t  m asses o f  th e m  are  seen a ro u n d  th e  m o th e r 
p iece .

In  th e  7-day  c u ltu re s  th e  m o th er piece is filled  w ith  m e tach ro m a tic  cells 
a n d  th e  cen tra l a rea  is de lim ited  from  th e  p e rip h e ry  by  a v e ry  th in  zone 
co m p o sed  o f n o n -m e ta c h ro m a tic  cells. T h e  m ig ra tio n  zone c o n ta in s  g rea t 
n u m b e rs  o f m e ta c h ro m a tic  cells, m ost o f  th e m  w ith  th y m o cy te -lik e  nuclei. 
A n  in te re s tin g  fe a tu re  ( see Fig. 3 )  is th e  w ay  in  w hich  m e tach ro m a tic  cells 
a re  le av in g  th e  tissu e .

T en  days a fte r  w ash in g  w ith  h ep a rin  th e  p ic tu re  is s im ilar to  th a t  o u t­
lin e d  above, ex cep t t h a t  th e  size of th e  m o th e r  p iece is d e fin ite ly  red u ced ; 
th e  n u m b e r  of cells in  th e  m ig ra tio n  zone is p ra c tic a lly  unch an g ed  ( Figs. 4, 5 ) .

T h e  11-day-old  p re p a ra tio n  is q u ite  re m a rk a b le  in  th a t  th e  m o th e r 
p iece is com posed o f  sev e ra l sm all isle ts w ith  m a n y  m e tach ro m a tic  cells. In  
th e  m ig ra tio n  zone a consid erab le  n u m b er o f  h ep a rin -co n ta in in g  cells is s till 
p re se n t, th o u g h  th e  cells s ta in  paler, lig h te r  (F ig s .  6, 7, 8 ) .

In  th e  18-day-old  m o th e r  piece c o n tin u ity  is a lm ost co m p le te ly  lo st. 
M ost o f  th e  ep ith e lia l cells s till p resen t are  m e ta c h ro m a tic , and  som e p o ly ­
n u c le a r  cells are v isib le  b e tw e e n  th e  isle ts. T h e re  a re  m e tach ro m a tic  cells in  
th e  zone o f m ig ra tio n  ( F ig . 9 ).

T w e n ty  day s fo llow ing  h ep a rin  t r e a tm e n t  v e ry  few  cells a re  in  th e  
m o th e r  p iece, m an y  o f th e m  m e tach ro m a tic . M e tach ro m atic  cells occu r also 
in  th e  m ig ra tio n  zone.

Liver

N in e ty -s ix  hours fo llow ing  h ep arin  t r e a tm e n t  som e of th e  few  ep ith e lia l 
cells g row ing  o u t from  th e  liv e r  tissue  show  s lig h t m e tach ro m asia . I n  th e  
m o th e r  p iece th e re  are  d e f in ite ly  m e ta c h ro m a tic  ep ith e lia l cells. T h e  cen tra l 
n ec ro s is  is v e ry  m ark ed .



Fig. 1. Mother piece, three days after treatment. In the 
marginal zone cells staining blue with toluidine, in the 

centre metachromatic cells. Toluidine blue, X 60

Fig. 3. Seven days after treatment: abundant metachro- 
masia. The picture is remarkable because it appears as if 
the metachromatic cells would he flowing out into the 
migration zone through a gate formed by non-metachro- 

matic cells. Toluidine blue, X 60

Fig. 2. Same as in Fig. 1. Culture stained in loto. Many 
metachromatic cells in the zone of migration. 

Toluidine blue, X 60

Fig. 4. Section of a culture, 10 days after treatment. The 
central area is filled with metachromatic cells, at the 

periphery no metachromatic cells are visible. 
Toluidine blue. X 60





Fig. 6. Section from a culture, made on the 12th day. The 
m other piece is poor in cells, hut m any of them  are me- 

tachrom atic. Toluidine blue, X 60

Fig. 7. The sam e, in an in toto preparation. There are no 
m etachrom atic cells in the peripheral part o f the m igration  

zone. Toluidine blue, X 60

Fig.  5. The sam e, in an in toto preparation. Large num ­
bers o f m etachrom atic cells in the m igration zone around 

the m other piece. Toluidine blue, X 60





Fig. 9. 18 days after treatment. There are still many 
metachromatic cells in the section. Near the centre there 

is giant cell syncytium. Toluidine blue, X60

Fig. 10. Section made from a liver culture, 12 days after 
treatm ent. G reatly swollen liver cells, m any rounded  

forms. Toluidine blue, X 60

F ig. 8. 16 days after treatment. Many big, metachromatic 
cells in the migration zone. Toluidine blue, X 60
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Six  day s a fte r  t r e a tm e n t a few  b ig , m e ta c h ro m a tic  cells a p p e a r  in  th e  
zone o f  m ig ra tio n . L arge num bers o f  b ig  m e ta c h ro m a tic  cells a re  v is ib le  in  
th e  m o th e r p iece; th ese  a re  sw ollen a n d  ab o u n d  in  h ep arin . T h e  m a jo r ity  
occurs in  th e  c e n tra l a rea , th e  m arg in a l zone is com posed o f h e p a rin -free  cells.

N ine  day s a f te r  t r e a tm e n t  m e ta c h ro m a tic  cells are no lo n g er d e te c ta b le  
in  th e  zone o f  m ig ra tio n , b u t  m an y  g ran u le s  are  fo u n d  in  th e  e p ith e lia l cells 
o f  th e  m o th e r p iece. L a te r , som e m u ltin u c le a te d  cells, g ian t cells a n d  m a n y  
d e g e n e ra ted  form s a p p e a r ( Fig. 10) .  N o o th e r  cyto logical change ta k e s  p lace  
u n ti l  th e  end  o f th e  c u ltu re  period . T h e  n u m b e r  o f cells in  th e  m o th e r  p iece 
co n tin u es  to  decrease an d  no m e ta c h ro m a tic  cells are  visib le in  th e  zone of 
m ig ra tio n .

Spleen

Six days a fte r  h e p a rin  tre a tm e n t do th e  f i r s t  m e tach ro m a tic  cells a p p e a r  
in  th e  zone o f m ig ra tio n . A t 9 days 1 or 2 cells a p p ea r, and  no fu r th e r  in c rease  
in  th e ir  n u m b e r ta k e s  p lace u n til  th e  end  o f  th e  cu ltu rin g  period . B efo re  th e  
6 th  d a y  th e  m o th e r piece co n ta in s  no m e ta c h ro m a tic  cells; in  th e  9 -d a y  sp ec i­
m en  1 o r 2 fib ro cy te -lik e  cells occur, show in g  s lig h t m e ta c h ro m a s ia ; th e se  
cells do n o t increase  in  n u m b er u n til  th e  en d  o f th e  period o f  c u ltiv a tio n .

L y m p h  node

N in e ty -s ix  hours an d  6 days follow ing tr e a tm e n t  a few ly m p h o b la s t- lik e , 
ro u n d , m e ta c h ro m a tic  cells ap p ea r in  th e  m ig ra tio n  zone, n e x t to  th e  m o th e r  
p iece. A t 9 day s a few  a p p a re n tly  v iab le  m e ta c h ro m a tic  cells a re  v is ib le ; th e se  
a re  n o t  m a s t cells, be ing  d iffe ren t from  th e m  in  b o th  size an d  sh ap e . T h e ir  
n u m b e r increases slig h tly  u n til  th e  12 th  d a y , b u t  th e re  is no fu r th e r  in c rease  
d u rin g  cu ltiv a tio n . M etach ro m atic  m a te ria l is fo u n d  occasionally  in  som e cells 
o f  th e  m o th e r piece.

D iscussion

A ccord ing  to  th e  re su lts  th y m u s tissu e  h a s  an  ex trem ely  m ark ed  a f f in ity  
to  th e  h ep arin o id  su b stan ce  te s te d . A sing le  w ash ing  w ith  th e  h e a t- t r e a te d  
h e p a rin  su fficed  to  cause th e  ap p earan ce  o f  m e ta c h ro m a tic  cells in  b o th  th e  
m ig ra tio n  zone an d  th e  m o th e r piece; th e se  cells a re  s till p re sen t as la te  as 
20 d ay s a fte r  t re a tm e n t. I f  we com pare th is  ev idence  w ith  th a t  o b ta in e d  fo r 
th e  sp leen  an d  ly m p h  nodes, we seem  to  s ta n d  on f irm  ground w h en  s ta t in g  
th a t  o f  th e  th re e  i t  is on ly  th e  th y m u s  t h a t  c a n  syn thesize  h e p a rin . T h is 
f in d in g  suggests th a t  th e  th y m u s  m ay  possess th is  specific fu n c tio n  also in  
th e  liv in g  o rgan ism .

T he s itu a tio n  is d iffe ren t in  th e  case o f th e  liv er. T he p a ren ch y m a l cells 
o f th is  o rgan  seem  to  be cap ab le  o f sy n th es iz in g  h ep arin . B u t w hile  in  th e  4

4 A cta  M orphologica IX /3— 4.
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th y m u s  th is  fu n c tio n  is assoc ia ted  w ith  th e  fo rm a tio n  of m ast cells, th is  does 
n o t h a p p e n  in  th e  liv e r, as suggested  b y  th e  fa c t th a t  th e  cells a c c u m u la te  
h e p a r in , undergo  excessive sw elling, form  m a n y  g ia n t cells and  y e t th e re  are  
p ra c tic a lly  no m obile m e ta c h ro m a tic  cells in  th e  zone of m ig ra tio n . T h e  
m o rp h o lo g ica l p ic tu re  is n o rm al in so far as i t  is ta k e n  for p roved  th a t  th e  liv e r  
can  sy n th e s iz e  h ep arin .

T h e  th y m u s  seem s th e re fo re  to  be th e  o n ly  o rg an  capable  of p ro d u c in g  
fu ll v a lu e  m a s t cells w hile th e  spleen an d  th e  ly m p h  nodes are p ra c tic a lly  
in c a p a b le  o f th a t  fu n c tio n . T h e  liv e r seem s to  sy n th esize  h ep arin , b u t  th is  
f in d s  n o  expression  in  th e  m ig ra tio n  o f m obile  cells; th e  cells are s to rin g  th is  
m a te r ia l ,  as i t  is know n  also from  th e  l i te ra tu re , th e  spleen and  th e  ly m p h  
nodes p ro d u c e  p lasm a  cells b u t  no m ast cells [4, 6].

M etach ro m asia  w as th e  s tro n g est in  th e  cells o f th e  th y m u s m o th e r 
p iece a n d  in  th e  zone of m ig ra tio n , n e x t to  th e  m o th e r piece. T he fa r th e r  
fro m  th e  m o th e r p iece th e  cells a re  m ig ra tin g , th e  m ore th e y  lose o f th e ir  
m e ta c h ro m a s ia ; th o se  ly ing  m ost p e rip h e ra lly  show  no m etach ro m asia  a t  all. 
T h is m a y  h av e  tw o ex p lan a tio n s . As h ep a rin  is ad d e d  ju s t  once to  th e  c u ltu re s , 
th e  cells m ig ra tin g  o u tw ard  m ay  lose th e ir  h e p a rin  co n ten t an d , ga in in g  
access to  no fu r th e r  h ep a rin , g rad u a lly  lose th e ir  m etach ro m asia . T he o th e r  
p o ss ib ility  is th a t  th e  ep ith e lia l cells of th e  m o th e r  piece have ta k e n  u p  th e  
c o m p o n en ts  of h ep a rin , sy n th esize  h ep a rin  o f fu ll va lu e  and  give i t  o v e r to  
th e  ea s ily  m ig ra tin g  cells. In  th is  case th e  process w ould be as has been  su g ­
g es ted  on  th e  basis o f ou r e x p e rim en t in vivo. As in  our earlier tissu e  c u ltu re s  
t r e a te d  w ith  h e p a rin  a t 48 -hour in te rv a ls  m e ta c h ro m a tic  cells w ere fo u n d  
e x c lu s iv e ly  n e a r th e  m o th e r piece, th e  second  p o ssib ility  is w h a t p ro b a b ly  
o ccu rs . I t  seem s th ere fo re  th a t  h ep arin  sy n th es is  requires th a t  th e  th y m u s  
sh o u ld  n o t  ac t as a special tissue and  iso la ted  cells are  capable  o f s y n th e ­
siz ing  h ep a rin .

S u m m a r y

T h e  e f f e c t  o f  a  s i n g l e  t r e a t m e n t  w i t h  h e p a r i n  o n  t i s s u e  c u l t u r e s  o f  r a t  t h y m u s ,  l i v e r ,  
s p l e e n  a n d  l y m p h  n o d e s  h a s  b e e n  s t u d i e d .  T h y m u s  h a s  b e e n  f o u n d  t o  h a v e  t h e  s t r o n g e s t  
a f f i n i t y  a n d  a  s i n g l e  t r e a t m e n t  h e p a r i n  e n s u r e d  c o n t i n u o u s  m i g r a t i o n  o f  m e t a c h r o m a t i c  c e l l s  
f o r  2 0  d a y s .  T h y m u s  t i s s u e  i s  e s s e n t i a l  f o r  t h e  s y n t h e s i s  o f  h e p a r i n ,  i n d e p e n d e n t  c e l l s  a r e  n o t  
c a p a b l e  o f  t h a t  f u n c t i o n .  T h e  l i v e r ,  t o o ,  s y n t h e s i z e s  h e p a r i n ,  b u t  p r o d u c e s  n o  m a s t  c e l l s .  T h e  
s p l e e n  u n d  l y m p h  n o d e s  p l a y  n o  r o l e  i n  t h e  s y n t h e s i s  o f  h e p a r i n .
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О  С Р О Д С Т В Е  З О Б Н О Й  Ж Е Л Е З Ы  К  Г Е П А Р И Н У .  I

Д Ь .  Ч А Б А , И . Т Е Р Е  и Е .  К А П А

Исследовалось действие однократной обработки гепарином на тканевые культуры 
зобной железы, печени, селезенки и лимфатических узлов крыс. Было установлено, что 
из исследованных тканей наибольшее сродство выявляет зобная железа и однократное 
промывание гепарином обеспечивает в течение 20 дней непрерывную миграцию мета- 
хроматических клеток. Далее было установлено, что к синтезу гепарина необходима 
ткань зобной железы, одиночные клетки неспособны синтетизировать гепарина. Печень 
также способна синтетизировать гепарин, однако, образования тучных клеток в печени 
не происходит. В синтезе гепарина селезенка и лимфатические узлы не имеют значения.

N E U E R E  B E I T R Ä G E  Z U R  H E P A R I N - A F F I N I T Ä T  D E S  T H Y M U S .  I

GY. CSABA, I. TÖ RŐ  und  E . КА РА

D i e  W i r k u n g  e i n m a l i g e r  H e p a r i n b e h a n d l u n g  a u f  G e w e b e k u l t u r e n  a u s  T h y m u s ,  L e b e r ,  
M i l z ,  u n d  L y m p h k n o t e n  v o n  R a t t e n  w u r d e  u n t e r s u c h t  u n d  f e s t g e s t e l l t ,  d a s s  v o n  d e n  u n t e r ­
s u c h t e n  G e w e b e n  d i e  T h y m u s d r ü s e  ü b e r  d i e  s t ä r k s t e  A f f i n i t ä t  v e r f ü g t .  E i n e  e i n m a l i g e  B e h a n d ­
l u n g  m i t  H e p a r i n  g e w ä h r l e i s t e t  2 0  T a g e  h i n d u r c h  e i n e  u n u n t e r b r o c h e n e  M i g r a t i o n  d e r  m e t a ­
c h r o m a t i s c h e n  Z e l l e n .  E s  w u r d e  f e r n e r  f e s t g e s t e l l t ,  d a s s  z u r  H e p a r i n s y n t h e s e  T h y m u s g e w e b e  
e r f o r d e r l i c h  i s t ,  i s o l i e r t e  Z e l l e n  s i n d  d a z u  n i c h t  f ä h i g .  D i e  L e b e r  k a n n  g l e i c h f a l l s  H e p a r i n  
s y n t h e t i s i e r e n ,  d o c h  e r f o l g t  i n  d e r  L e b e r  k e i n e  M a s t z e l l e n b i l d u n g .  D ie  M ilz  u n d  d i e  L y m p h -  
d r ü s e n  k o m m e n  h i n s i c h t l i c h  d e r  H e p a r i n s y n t h e s e  n i c h t  i n  B e t r a c h t .

D r. G yörgy Cs a b a , 
P rof. D r. Im re  T Ö R Ő ,  

E sz te r  K a p a ,
B u d ap est, IX .,  T űzo ltó  u. 58., H u n g a ry
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