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W e h av e  rep o rted  p rev io u sly  [ 1 ,4 —8.] th a t  in  co n d itions a sso c ia te d  w ith  
tis su e  p ro life ra tio n  a c h a ra c te r is tic , u n ifo rm  tissu e  reac tio n  ta k e s  p lace  in  
th e  th y m u s . T h is reac tio n  m an ifes ts  itse lf  w ith  a n  increase in  th e  n u m b e r 
o f  H a ssa l’s corpuscles, th e  a p p e a ra n ce  an d  accu m u la tio n  in  th e m  o f  a  PA S- 
p o sitiv e  su b stan ce , w ith  an  in crease  in  th e  n u m b e r of th y m o c y te s , as well 
as w ith  an  in ten siv e  m a s t cell re ac tio n . I t  h a s  b een  found , fo r e x a m p le , th a t  
in  th e  th y m u s  o f th e  p re g n a n t an im al th e  P A S -positive  th y m o c y te s  tu rn e d  
in to  m a s t cells show ing to lu id in e  m etac liro m asia . A lthough  we h a v e  a lre a d y  
s ta te d  t h a t  all these  o b se rv a tio n s  p o in t to  th e  ro le of th y m o c y te s  in  m a s t 
cell fo rm a tio n  and  th a t  th e  em p ty in g  o f  th e  th y m u s  is p a r t ly  d u e  to  th e  
conversion  o f th y m o cy te s  in to  m a s t cells, w e s till th o u g h t i t  n e c e ssa ry  to  
v e rify  o u r find ings in  tissu e  c u ltu re  stud ies. F o r  th is  reason in  th e  e x p e rim e n ts  
to  b e  described  below , w e p ro v o k ed  th e  tissu e  reac tio n  o f th e  th y m u s  
b y  ad d in g  a PA S-positive, h e p a rin - ty p e  su b s ta n c e  to  th e  tissue c u ltu re .

Methods

The observations were perform ed on 600 tissue cultures.
Tissues were explanted in  M axim ov cultures, in a hen plasm a m edium  coagulated  

w ith  chick em bryo juice. The w ashing flu id  was com posed o f one part o f em bryo ju ice , three 
parts o f  horse serum, six parts o f  T yrode’s solution and 150 U/m l penicillin . T he cultures 
were w ashed at 3 day intervals.

Cultures showing the sam e rate o f growth were selected for study. To th e  cultures 
we added 3 days after exp lantation  heparin, treated in  the following way. H ep arin  (H eparin  
pu lv is R ichter, 1 mg =  80 I. U .) dissolved in physiological saline (1 m g/m l) w as am pouled, 
boiled  for 1 hour, then placed in to  a water bath o f  56° C for 48 hours. T hereby th e  heparin 
-  used by us — lost its tolu id ine m etachrom asia and becam e PA S-positive. T he T yrode’s 

so lution  in  the cultures was replaced by the solution  thus prepared. The con tro l cultures 
were washed w ith  the sam e flu id , except that these washing fluids contained no heparin.

The cultures were fixed  in Carnoy 5, 24, 48 and 72 hours later. Serial sec tio n s were 
m ade from  the 72-hour heparinized cultures, as w ell as from  the control ones. T he sections 
and th e  cultures were stained w ith  G iem sa’s sta in  and w ith  toluidine blue.

Experimental

C ultu res m ade o f th e  th y m u s , ly m p h  nodes, spleen an d  k id n e y  o f  r a t  
em b ry o s ( in tra u te r in e , 15 to  19 days o ld), new born  and  1 m o n th  o ld  ra ts  
w ere s tu d ied .

5 A cta Morphologic« l \ J 2 .
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T h e  behaviour o f  th e  hep arin ized  th y m u s , ly m p h  node and  sp leen  cu ltu res  
is  sh o w n  in  Tables I ,  I I  a n d  I I I .  (The h e p a r in  used  was tre a te d  as specified 
a b o v e .)  The crosses ( + +  and  -|—|—-(—) in d ic a te  th e  m e ta c h ro m a tic  cell
c o u n t .  B o th  the  to lu id in e  a n d  th e  azur m e ta c h ro m a s ia  appeared  p e rin u c lea rly  
in  th e  cells. No sp o n ta n e o u s  m etach rom asia  w as n o te d  in  th e  co n tro l cu ltu res . 
A lth o u g h  no p la n im e tr ic  m easu rem en ts w ere  m ad e , i t  was o b se rv ed  th a t  
th e  hep arin ized  th y m u s  c u ltu re s  grew m ore in te n s iv e ly  th a n  th e  co n tro l ones, 
w h e re a s  heparin h ad  no  e f fe c t on the  g ro w th  o f  th e  spleen and  ly m p h  nodes.

In  the  em bryon ic  th y m u s  cultures e n d o th e lia l tu b es  w ith  num erous 
ce lls  show ing to lu id in e  m e tach ro m asia  a ro u n d  th e m , appeared  72 h o u rs  a fte r 
h e p a rin iz a tio n . S im ilar e n d o th e lia l tubes a n d  cells w ere found  in  th e  co n tro l 
c u l tu re s ,  too, b u t th e se  sh o w ed  no evidence o f  m etach ro m asia .

I n  order to  p ro v e  t h a t  n o t every k in d  o f  ep ith e liu m  w as cap ab le  of 
p ro d u c in g  from  P A S -p c s itiv e  substance a s u b s ta n c e  show ing to lu id in e  m e ta ­
c h ro m a s ia , we cu ltu re d  r e n a l  epithelium  a n d  tr e a te d  it  w ith  h ep a rin  (see 
a b o v e ) . The ep ithe lium  i t s e l f  rem ained n e g a tiv e , b u t  a few m ig ra tin g  cells 
o f  th e  m ast cell ty p e  w ere  fo u n d  th a t show ed  to lu id in e  m etach ro m asia . The 
n u m b e r  of these cells sh o w e d  no fu rth e r in c re a se .

In  o ther ex p erim en ts  Ave used, in stead  o f th e  h e p a rin  tre a te d  as specified , 
a  so lu tio n  contain ing  1 m g  o f  glucuronic ac id  a n d  1 m g o f g lycosam ine. No

Table 1

Behaviour o f  thymus cultures treated with heparin*

I il c u 1 t u г e

а/ли toluidine metachromasia
mast cells

sections,
metachroma-

epithelium thymocyte epithelium thymocyte tic cells

5h _ _ _ _
em b rv o  . . . . . .  24 +  + +  + +  + + + +

48 +  + +  H + +  + +  +  + +  +
72 +  + +  +  + +  + +  +  + +  + +  +  4-

n ew b o rn  . .

5Ь 

. .  24 +

—

+

—

+
48 +  + +  +  + +  + +  +  + +  +
72 +  + +  +  + +  + + + + + +  + + + +

5h — — — — —

1 m o n th  . . .  24 — + — +
48 + -j- + + +
72 + + + + + +

* (Heparin had been treated  as specified in the tex t)
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Table II

Behaviour o f  heparinized* lymph node cultures

I I c u  1 t  u e
In  sections, 
m etachrom a- 

tic cells
azu r -f* toluidinc m etachrom aeia

m ast cells
epithelium thym ocyte epithelium thym ocy te

5h — — — — —

e m b r y o ............ 24 — — — — —
48 — ± — ± —
72 — ± — ± — —

5h — — — —

n ew b o rn .........  24 — — — —

48 — ± — ± —
72 — ± — ± — —

5Ь — — — — —

1 month . . . .  24 — + — — —
48 — +  + — — —

72 — +  + — — —

* (Heparin treated as specified in text)

Table III

Behaviour of heparinized* spleen cultures

I n c u 1 t u e
In sections, 
metachroma* 

tic cells
azur -f- toluidinc metachromaeia

mast cells
fibroblast thymocyte epithelium thymocyte

5h

em h r v o ............ 24

48

72
—

M
,

+

— — —

5h

n e w b o rn .........  24

48

72

— ±

±

±

— — —

5h — — — — —

1 m onth  . . . .  24 — + — — —

48 — — — —

72 — + — — — —

* (Heparin treated as specified in text)

*
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m e ta c h ro m a s ia  of a n y  k in d  w as observable  in  th e  th y m u s , or o th e r  cu ltu res  
d u r in g  th e  period o f  c u ltiv a tio n .

Discussion

B efore discussing o u r  re su lts , le t us b r ie f ly  consider th e  ro le o f  hep arin . 
W e h a v e  po in ted  o u t w h e n  describ ing th e  m e th o d s  th a t  th e  h e p a rin  used  
h a d  b e e n  p re -trea ted , d eco m p o sed . This w as n ecessa ry  fo r tw o  reasons. One, 
as i t  is know n m ain ly  f ro m  th e  evidence p u b lish ed  b y  H e i l b r u n n , h ep arin  
in h ib i ts  m itosis, an d  as su c h  dam ages tissu e  c u ltu re s , re ta rd in g  th e ir  g row th . 
T w o  (a n d  th is  was th e  m o re  decisive po in t) ,we w ished  to  rep ro d u ce  th e  ex p e ri­
m e n ts  m ade in  live an im a ls , th u s , we w an ted  to  d e te rm in e  w h e th e r to lu id ine- 
m e ta c h ro m a tic  h é p a rin o c y te s  w ould  be a c tu a lly  fo rm ed  from  P A S -positive  
th y m o c y te s . T hus, h e p a r in  h a d  to  be b ro k en  dow n. I t  w as fo u n d  th a t  as it  
b e in g  b roken  dow n a n d  po ssib ly  w hen i t  is syn th esized  h e p a rin  passes 
in to  th r e e  form s, as e x a m in e d  b y  th e  th re e  s ta in s  m en tioned . T h e  in ta c t,  
a c t iv e  h ep a rin  sta in s  m e ta c h ro m a tic a lly  w ith  to lu id in e  b lue  an d  gives azur- 
p o s i t iv i ty  w hen s ta in e d  w ith  G iem sa’s s ta in , a n d  is P A S -nega tive . W hen 
s l ig h t ly  b roken  dow n, i t  lo ses th e  to lu id ine  m e tach ro m asia , b u t  s till reac ts  
p o s it iv e ly  on s ta in ing  w ith  azu r, while in  th e  m ark ed ly  decom posed s ta te  
i t  sh o w s only P A S -p o s itiv ity  (F ig . 14). T hese  o b serv a tio n s h a v e  m ade it  
p o ss ib le  p roperly  to  in te r p r e t  th e  resu lts  o f th e  above ex p e rim en ts , because 
i t  is o b v io u s th a t  if  to lu id in e  m etach ro m asia  develops in  a tissu e  or cell tre a te d  
w ith  h e p a rin , th a t  re a c ts  p o s itiv e ly  only to  P A S , th is  w ill m ean  a syn th esis  
o f  h e p a r in ,  or o f a h e p a r in - ty p e  substance , from  its  m etab o lite s .

T h e  experim en ts h a v e  p ro v e d  beyond  d o u b t t h a t  in  th e  th y m u s  a su b ­
s ta n c e  show ing to lu id in e  m e ta c h ro m a s ia  is fo rm ed  from  a P A S -positive  su b ­
s ta n c e . T h is takes p lacé  in  th e  ep ithe lia l cells ju s t  as well as in  th e  th y m o c y te s . 
T h e  p ro cess  begins in  th e  e p ith e lia l cells, b u t  la te r  i t  tak es  p lace also in  th e  
th y m o c y te s . W e h av e  fo u n d  su ch  a process n e ith e r  in  th e  ly m p h  nodes, nor 
in  th e  re ticu lu m  cells o f th e  sp leen , no r in  th e  re n a l ep ith e liu m , n o r anyw here  
e lse , so t h a t  we m ay s ta te  t h a t  th e  phenom enon  is c h a ra c te ris tic  o f th e  ep ithe lia l 
re t ic u lu m  o f th e  th y m u s  a n d  o f  th e  th y m o cy te s .

O u r  in v estiga tions sh o w ed  fu rth e r  th a t  re g u la r  cells, m orpho log ica lly  
id e n t ic a l  wTith  m ast cells, d ev e lo p  from  th e  th y m o c y te s  and  from  th e  ep ithe lia l 
cells o f  th e  thy m u s re tic u lu m . T h u s, a d ifference can  be n o te d  b e tw een  th e  
th y 'm o c y te s  and  ly m p h o c y te s , a t  least in  th e  sense th a t  in  th e  th y m u s  m ast 
cells d ev e lo p  from  th e  th y m o c y te s , w hereas th is  does n o t h a p p e n  in  th e  ly m p h  
n o d e s  a n d  spleen.

T h e  fa c t th a t  re g u la r  m a s t  cells develop in  th y m u s  cu ltu re s  m akes i t  
c lea r t h a t  th e  th y m u s m u s t  h a v e  a role in  th e  genesis o f m a s t cells. T hus,



Fig. 1. Em bryonic thym us culture 5 
hours after heparin treatm ent. A ppear­
ance of azurpositive substance in 

epithelial p late . G iem sa. X 100

Fig. 3. Culture o f thym u s from a 15-day  
old rat embryo 48 hours after heparin 
treatm ent. Perinuclear accum ulation of  
m etachrom atic substance in epithelial 

cells. G iem sa. X 100

Fig. 2. T hym us from a rat aped 13 
to 15 days. Appearance of culture 
24 hours after heparin treatm ent. 
Mast cell in the culture. Giemsa. 

X 200

Fig. 4. The sam e as shown in Fig. 3. 
M etachrom atic m ast cells, w ith  nuclei 
characteristic  o f  thym ocytes in one of  

them . Giemsa. X 100
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F i g . 5. 15-day old em bryonic control 
cu ltu re  5 days after exp lantation . 
M etachrom asia is not v isib le  any­
w h ere. Growth is less m arked and less 
ep ithelium -like than in the heparinized  

cultures. Giemsa. X 100

Fig. 6. Appearance of em bryonic thym us  
culture, 72 hours after heparinization. 
D evelop m en t of endothelial tub e, w ith  
m any m etachrom atic cells around it. 

Giemsa. X 100

F ig .  7. 6-day old control th ym u s cul­
tu re . E v en  around the endothelia l 
tu b e  there are no m etachrom atic  

cells. Giemsa. X 100

Fig. 8. Thym us culture from  new born rat, 
72 hours after heparin trea tm en t. Many 
m etachrom atic cells w ith  nuclei charac­
teristic  o f thym ocytes. T oluidine blue. 

X 200
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Fig. 9. The same as F ig. 8. M astcell-like 
cells, a few of them  still resem bling th ym o­

cytes. Toluidine blue. X 200

Fig. 10.  The sam e as Fig. 9. Regu 
lar m ast cells have developed  

Toluidine blue. X 200

Fig. 11. Section o f em bryonic th y­
m us culture 72 hours after heparin 
treatm ent. Big m astcell-like meta- 
chrom atic cells a t the periphery.

Giemsa. X 200

Fig. 12. E m bryonic spleen culture 72 
hours after heparin treatm ent. Sm all, 
lym phocyte-like cells containing me- 
tachrom atic substance. Giemsa. X 100



Fig. 13. E m bryonic lym ph node culture 72 
hours after heparin treatm ent. Azur 
m etachrom atic substance in the c y to ­
plasm  o f a few  lym phocyte-like cells.

Giemsa. X 100

Fig. 14. Full-value and decom posed heparin stained  
w ith toluidine blue and PAS. Tubes 1 and 2 : in tact 
and decom posed heparin stained w ith  toluidine blue. 
Tubes 3 and 4 : in tact and decom posed heparin stained  

w ith  PAS
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th e  ex p erim en ts  s tro n g ly  su p p o rte d  o u r o b se rv a tio n s  m ade in  vivo  t h a t  th y m o ­
cy tes develop  f irs t  in to  P A S -positive  cells a n d  la te r  in to  m a s t cells show ing 
to lu id in e  m e tach ro m asia . L ikew ise, o u r ex p e rim en ts  co rro b o ra te  th e  re su lts  
o b ta in ed  b y  L e i i n e r .

T he genesis o f  th e se  m a s t cells is a p ro b lem  in  se. W e h a v e  n am ely  
found  th a t  if  a m ix tu re  o f  g lucuron ic  acid a n d  g lycosam ine is ad d e d  to  th e  
cu ltu re s , no m e ta c h ro m a tic  cells are  form ed. I f  w e consider th is  f in d in g  in  
th e  lig h t o f th e  ev idence  th a t  in  response to  th e  su b cu tan eo u s  in je c tio n  o f 
g lycosam ine reg u la r  m a s t cells a p p ea r in  gu in ea  p igs, we feel ju s t if ie d  in  
suggesting  th a t  w hereas in  t h a t  case th e  m a te ria l responsib le  for m e tach ro m asia  
w as av a ilab le , in  th e  tissu e  c u ltu re  i t  w as n o t p re se n t. As fa r  as th e  s tru c tu re  
o f  h e p a rin  is k now n , th e  a t ta c h m e n t o f  su lp h a te  in  th e  e ste r seem s to  be  th e  
fac to r  to  be considered  in  th e  f ir s t  place ; th e  cells can  sy n thesize  h ep a rin  
p ro b a b ly  on ly  in  its  p resence.

T h e  fa c t t h a t  th y m u s  cu ltu re s  grew  m ore in te n s iv e ly  w ith  decom posed  
h e p a rin  th a n  w ith o u t i t  suggests th a t  th is  su b s ta n c e  m ay  be e ssen tia l for 
th e  g ro w th  o f th e  th y m u s .

In  th e  th y m u s  th e  decrease  in  th e  n u m b e r o f  ep ith e lia l e lem en ts  w as 
asso c ia ted  w ith  a decrease  in  th e  m a s t cell p ro d u c in g  ab ility , w hereas as th e  
sam e tim e  an  in c reased  n u m b e r o f  m e ta c h ro m a tic  cells a p p ea red , ch iefly  
in  th e  ly m p h  nodes. T h is m a y  suggest th a t  a co n siderab le  p e rcen tag e  o f  th e  
th y m u s  cells has a lre a d y  been  tran sfe rred  to  th e  ly m p h  nodes, o r i t  m ay  
im p ly  th a t  a t th e  tim e  o f  th e  in v o lu tio n  o f th e  th y m u s  th e  o rg an ism  s ta r ts  
co m p en sa to ry  processes in  o th e r  organs. A t a n y  ra te ,  th e se  cells a re  n o t o f 
fu ll v a lu e , as i t  is in d ic a te d  also b y  th e  fa c t th a t  th e y  are  n o t to lu id in e -m e ta -  
ch ro m atic , b u t  show  m ere ly  azu r-p o s itiv ity , as th e  sam e tim e  w hen  th e  cells 
in  th e  th y m u s  show  a re g u la r  to lu id in e  m e ta c h ro m a s ia .

Summary

In  tissue cultures a tissue reaction  has been provoked th a t had been observed on the  
thym us in vivo. D ecom posed heparin (one which reacts p o sitiv e ly  only to PA S) w as added  
to cultures o f thym u s, lym ph  nodes and spleen from  rats o f  different ages and it  has been  
found th at in the epithelia l reticu lum  o f the thym us and in  the thym ocytes a m etachrom atic  
substance had been synthesized  and regular m ast cells had been formed. In  th e  sp leen and 
lym ph  nodes only very  slight num ber o f  rudim entary cells showed m etachrom asia. The 
experim ents corroborated the evidence obtained in vivo  for the tissue reaction o f  th e  thym u s.
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ИСКУССТВЕННО ВЫЗВАННАЯ ТКАНЕВАЯ РЕАКЦИЯ ЗОБНОЙ ЖЕЛЕЗЫ 
В ТКАНЕВЫХ КУЛЬТУРАХ

Д Ь .  Ч АБА, И. Т ЁР Ё  и Э. КАПА

В своих опытах авторы искусственно вызывали в тканевых культурах наблю­
даемую ими прижизненно тканевую реакцию зобной железы. К тканевым культурам 
зобной железы, лимфатических узлов и селезенки крыс различного возраста они доба­
вили расщепленный — исключительно PAS положительный — гепарин и установили, 
что в эпителиальной сеточке зобной железы и в тимоцитах синтетизируется метахрома- 
тическое вещество и образуются регулярные тучные клетки. Появление метахромати- 
ческих клеток наблюдается в селезенке и в лимфатических узлах только в форме зачаточ­
ных клеток в совершенно минимальном количестве. Проведенными опытами авторам 
удалось подкрепить сделанные прижизненно наблюдения тканевых реакциий зобной 
железы.

PR O V O Z IE R T E  G E W E B SR E A K T IO N  DES T H Y M U S IN  G E W E B SK U L T U R E N

G Y . CSABA, I. TÖRŐ und E. К А РА

In  Gewebskulturen w urde d ie iu  v ivo  beobachtete G ewebsreaktion der Thym usdrüse  
p ro v o z iert. Zu G ewebskulturen d es T hym us, des L ym phdrüse und Milz von  R a tten  verschie­
d en en  A lters wurde gespaltenes —  ausschliesslich P A S-positives —  H eparin zugefügt und 
fe s tg e s te llt ,  dass im E p ith elretiku lum  der Thym usdrüse und in  den T hym ozyten  m etachrom a­
tisch er  S to ff synthetisiert w ird u n d  reguläre M astzellen entstehen . D as E rscheinen der m eta­
chrom atischen  Zellen kann in  der Milz in den L ym plidrüsen nur bei einer ganz m inim alen  
A n za h l von  rudimentären Z ellen  beobachtet werden. D urch diese Versuche gelang die in 
v iv o  gem achten B eobachtungen im  Zusam m enhang m it der G ewebsreaktion der T hym us­
drüse zu  bestätigen.

D r. G yörgy Cs a b a  

Prof. Im re T ö r ő  

E s z te r  K a p a

B u d ap est, IX . T ű zo ltó  u. 58., H u n g a ry .
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