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A study of the morpho-phys io log ica l  changes in the adrena l  cor tex  and thymus growth of a 
t r ansp lan ted  g l iob las toma m u l t i f o r m e  in the r a t  b ra in  r evea l ed  m a r k e d  ac t iva t ion  of the 
g lucocor t icoid  function of the adrena l  cor tex  accompanied  by inhibition of thymic  function~ 
In an ima l s  net developing the d i sease  ac t ivat ion of the thymic  r e t i cu l e -ep i the l ium was ob- 
s e rved  whereas  the indices of ad renocor t i ca l  function r e m a i n e d  within n o r m a l  l imi t s .  
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Among the numerous  r e l a t ions  between tumor  and o rgan i sm,  one of g r ea t  impor t ance  is the c h a r a c t e r  
of the connection between the co r t i co s t e ro i d  function of the adrena l  cor tex  and the organs  of immunologic  
pro tec t ion  [4]. A fundamental  r o l e  in the immunologic  regula t ion  of tumor  growth is p layed by the thymus  
[1]. 

The object  of this  invest igat ion was to study the coupled changes in the ad rena l  co r t ex  and thymus  
during growth of a t r ansp lan ted  t umor  in the cen t ra l  ne rvous  sy s t em.  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  w e r e  c a r r i e d  out on noninbred infantile f emale  albino r a t s  (171) weighing 50-70 g, into 
the bra in  of which a g l iob las toma m u l t i f o r m e  (s t ra in  101/12) was graf ted.  The functional s ta te  of the 
adrena l  cor tex  was de te rmined  f rom the i r  weight and that  of the thymus ,  the c o r t i c o s t e r o n e  concent ra t ion  
in the pe r iphe ra l  blood p l a s m a  of the an imals ,  and the h i s tomorphologica l  c h a r a c t e r i s t i c s  of the adrena l  
cor tex  and thymus .  The co r t i cos t e rone  concent ra t ion  was de te rmined  by a f l uo r ime t r i c  method [5] on the 
I F - 1  ins t rumen t  and e x p r e s s e d  in /~g/100 ml  blood p l a sma .  Blood was col lec ted  a f te r  decapi ta t ion of the 
an ima l s  between 10 and 11 a .m.  on the 6th day a f te r  t ransp lan ta t ion  of the tumor  in r a t s  with a w e l l - m a r k e d  
cl inical  p ic ture  of the d i sease .  For  the morpholog ica l  invest igat ions  the ad rena l s  and thymus  were  fixed 
by Gindin 's  method and ehabedded in paraf f in  w a x - c e l l o i d i n  and s tained with h e m a t o x y l i n - e o s i n ,  Brachet~s 
reac t ion ,  the PAS reac t ion ,  and for  lipids with Sudan III. Intact  an ima l s  and an imals  with b ra in  t r a u m a ,  
ki l led s imul taneous ly  with the t u m o r - b e a r i n g  r a t s ,  ac ted as the control  group. The an imals  without t u m o r s  
w e r e  ki l led on the 21st day a f t e r  the operat ion.  

EXPERIMENTAL RESULTS 

Functional  t e s t s  on the adrena l  co r t ex  showed no signif icant  changes in the i r  weight or  in the co r t i -  
cos te rone  concent ra t ion  in the pe r iphe ra l  blood of the r a t  on the 6th day af ter  t ransplan ta t ion  of s t r a in  

L a b o r a t o r y  of Age Pathology and L a b o r a t o r y  of Histopathology of the Cent ra l  Nervous  Sys tem,  Ins t i -  
tute of Human Morphology,  Academy of Medical  Sciences  of the USSR, Moscow. (P resen ted  by Academic ian  
of the Academy of Medical  Sciences of the USSR A. P .  Avtsyn.) T r a n s l a t e d  f rom Byul le ten '  E k s p e r i m e n -  
ta l 'no i  Biologii  i Medits iny,  Vol. 78, No. 10, pp~ 111-114, October ,  1974. Original  a r t i c I e  submi t ted  F e b r u -  
a r y  25, 1974. 

�9 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publicatT"on may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

1207 



TABLE 1. Weight of Adrenals  and Thymus and Cor t icos terone  Con- 
centrat ion in the Pe r iphera l  Blood of Intact Rats,  Rats with Brain 
Trauma,  and Rats with Transplanted Tumors  of the Cerebellum (M :~ 
confidence interval) 

Group of animals 

Intact, sexually im- 
mature 

Rat with brain trauma 
(15.7 ~1.06 days after 
operation) 

Rat wffh transplanted I 
tumor, on 6th dayafterl 
transplantation I 

On 15.7 ~1.06 dayafter 
transplantation 

= ~ Bodyweight 
o~.~] (ing) 

55 

32 

15 

39 

85,132---4,06 

82,34-+5,72 

89,60• 

82,41----6,36 

Weight of g land (in mg/100 
g body weight) 

adrena Is thymus 

33,972+. 1,73 347,6224,90 

34,91-----2,89 245,95+---43,86 

34,18--+2,32 243,42--+50,96 

49,43-----4,85 169,08--36,34 

Cortico- 
s t e r o n e  c o n -  
centration 
(in ~g/lO0 
mlplasma) 

12,6222,57 

14,152---3,37 

16,17-2,85 

28,5724,51 

Fig. 1. Foci  of vacuolated cells  in the 
zona g lomerulosa  of the adrenal  of a 
r a t  with a developing brain tumor.  
Hematoxy l in -  eosin, 250• 

101/12 and in ra t s  with bra in  t rauma (time of sacr i f ice  15.7 
1.06 days) compared  with the analogous indices in the intact 
animals.  However,  a decrease  in weight of the thymus was ob- 
served  (P < 0.05), indirect  evidence of some increase  in the 
glucocort icoid function of the adrenal  cor tex in the exper imen-  
tal ra t s  and in the r a t s  with brain  t rauma (Table 1). 

A significant increase  in the glucocort icoid function of 
the adrenal  cortex,  with r e spec t  to all indices, was found at the 
t ime of clinical  manifestat ion of the brain tumor;  in par t icular ,  
the cor t icos te rone  level in the per ipheral  blood was twice as 
high as normal  (P < 0.001). The dynamics of this p rocess  is 
indicated by the equal decrease  in weight of the thymus in the 
ra t s  with the tumor,  killed on the 6th day, and the ra t s  with 
bra in  t rauma killed on the 15.7 �9 1.06th day, i.e., vir tually 10 
days later .  The tendency for the blood cor t icos te rone  concen- 
t rat ion of the ra t s  to r i s e  was evidently observable f rom the 
6th day after  t ransplantat ion of the tumor.  

Histological  examination of the adrenals  of the ra t s  with 
a developing t ransplanted tumor  showed a high proport ion of 
cells  in the zona g lomerulosa  with vacuolated cytoplasm (Fig. 
1). Sudanophilic ma te r i a l  was seen in the zona glomerulosa  in 
a somewhat g rea te r  quantity than in the animals with brain  

t rauma.  Morphological  study of the thymus of these ra t s  showed loci of destruct ion in the cor t ica l  layer  as 
well as  a reas  containing groups of confluent thymocytes  with hyperchromic  nuclei. Besides these changes, 
many macrophages  ca r ry ing  out phagocytosis  of cells  and their  par t ic les  and giving a posit ive Brache t ' s  
reac t ion  were seen in the cor t ica l  layer  (Fig. 2). No changes were  found in the thymus of the animals with 

bra in  t rauma.  

Investigations of the adrenals  and thymus of the non tumor -bea r ing  animals  were par t icu lar ly  in- 
te res t ing  from the point of view of study of ant i tumor res i s tance .  The histological  picture of the adrenals  
of these animals was indistinguishable f rom normal .  Morphological study of the thymus revea led  very  
marked  activation of the medulla.  This was ve ry  wide. Cells of the re t iculo-epi thel ium located in the 
medulla were  swollen and many of them had mitot ic  f igures.  Ingested par t ic les  of cells could be seen in 
isolated re t iculo-epi thel ia l  cel ls .  In the thymus of mos t  animals  (6 to 8 without tumors)  the re t iculo-  
epithelial cells  formed continuous sheets  and tubular s t ruc tures ,  the cavit ies of which were  filled with PAS- 
posit ive mate r ia l  (Fig. 3). There  were  also aggregat ions  of PAS-posi t ive mate r ia l  in the cytoplasm of in- 
dividual re t icu lo-  epithelial cel ls .  
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Fig. 2 Fig. 3 

Fig. 2. W e l l - m a r k e d  mac rophaga l  r e s p o n s e  in the cor tex  of the thy-  
mus  of a r a t  with a developing b ra in  tumor :  a) mac rophage  in the c o r -  
tex of the thymus .  H e m a t o x y l i n - e o s i n ,  a) i m m e r s i o n ,  500• 

Fig. 3. Fo rma t ion  of epithel ial  s t r u c t u r e s  at the boundary of the c o r -  
t ica l  and medu l l a ry  l a y e r s  in the thymus of a non tumor -bea r ing  ra t .  
H e m a t o x y l i n -  eosin, 500• 

E lemen t s  of the r e t i cu lo -ep i the l ium of the thymus  a r e  known to produce  a humora l  fac tor  s t imula t ing  
antibody fo rmat ion  [8-10]. Inhibition of the r e t i cu lo -ep i the l ium of the thymus in the t u m o r - b e a r i n g  an imals  
thus lowers  the i r  immunobiologica l  r e s p o n s e s .  On the other  hand, act ivat ion of the r e t i cu lo -ep i the l ium in 
the non tumor -bea r ing  an imals ,  together  with other  fac to rs ,  evidently potent iated the i r  an t i tumor  r e s i s t a n c e .  
Since depress ion  of the r e t i cu lo -ep i the l ium may  be connected with the act ion of g lucocor t ico ids  on it, the 
sha rp  i nc rea se  in the level  of these  subs tances  during growth of the t ransp lan ted  t umor  m u s t  be i n t e r p r e ~ d  
as  a negat ive  fac tor .  This  conclusion is suppor ted  by data in the l i t e r a t u r e  [3, 6, 7]. 
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