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Numerous investigations have shown that cort icosteroids penetrate fairly rapidly into the brain where 
they accumulate selectively in the pituitary and in various other brain formations [11, 12, 16, 17]. Cortico- 
sterone accumulates most of all in the hypothalamus, hippocampus, septum, and amygdala, which suggests 
that adrenocortical hormones may act directly on these structures.  Because of their  effects on protein me-  
tabolism, some workers regard glucocorticoids as catabolic hormones [3, 19], on the basis of the increased 
protein breakdown, increased deamination of amino acids, and the appearance of a negative nitrogen balance 
after  administration of large doses of ACTH or  glucocorticoids. Other workers observed increased incorpora- 
tion of methionhae and glycine into liver proteins under the influence of cortisone and hydrocortisone [10, 13], 
indicating that glucocorticoids possess anabolie propert ies .  Data on incorporation of various amino acids 
into individual brain formations also have been published [6, 9, 14, 15, 21, 22]. However, these data are ve ry  
contradictory and difficult to analyze because the experiments were conducted on different species of animals, 
different amino acids were used, different brain formations were studied, at different times after injection of 
the labeled amino acids, and so on. Nevertheless systematic investigations of this sort  are essential to ex- 
plain the connection between nerve tissue protein metabolism and the functional state of the nervous system 
[1, 7, 18, 201. 

This paper describes a comparative investigation of the degree of incorporation of a labeled amino acid 
into proteins of different brain formations closely connected with regulation of the hypophyseo-adrenoeortical 
system, depending on the body levels of hormones of that system. 

EXPERIMENTAL METHOD 

Experiments were carried out on 60 male rats weighing 200 g, divided into six groups: group 1 (con- 
trod - animals receiving 0.3-0.4 ml of physiological saline intraperitoneally dailyfor I week; group 2--hypoph- 
yseetomized animals; group 3- adrenalectomized rats; group 4- rats receiving ACTH-zinc-phosphate in a 
dose of I0 units/kg body weight intramuscularly daily; group 5 - animals receiving dexarnethasone in a dose 
of 500 pg/q~g intraperitoneally; group 6 - rats receiving ethimizole* (one of the most powerful stimulators of 
ACTH-glucocorticoid secretion) in a dose of I0 mg/kg subcutaneously. Hypophysectomy was performed on 
the rats by the transauricular route [8] and the adrenals were removed by the usual paraspinal method. The 
rats were used in the experiments 1 week after the operations. 

The intensity of protein metabolism in the various brain formations was studied by histoautoradiography 
using methionine- 35S.~ All rats of the control and experimental groups were given methione-35S intraperito- 
nea l ly inadose  of 0.5 mCi/g body weight (100 mCi per rat).  The rats  were decapitated 15-20 rain after injection 
of the isotope. Histoautoradiographs were obtained by Zhinkin's method [2]. Regions of the brain including the 
hypothalamus (anterior or  posterior}, amygdala, and hippocampus, were fixed in Bouin's fluid and then de- 

* 1-ethylimidazole-4,5-dicarboxylic acid-bis-methylamide. 
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Fig.  1. Autorad iograph  of r a t  hypotha lamus  15 rain a f t e r  in-  
ject ion of methionine-~SS (812 • I) Anterior hypothalamus: 
a) intact rat, b) rat receiving dexamethasone (500 #g/kg in 1 
week); IT) posterior hypothalamus: a) intact rat, b) rat hypoph- 
ysectomized 8 days before injection of label. 

hydra ted  and embedded in paraff in  wax in the usual  way. Ser ia l  bra in  sec t ions ,  50 ~ thick, cut on a m i c r o t o m e  
were  fixed on s l ides  coated  with type R emuls ion {from the Motion P i c t u r e  R e s e a r c h  Insti tute) and exposed in 
da rkness  for  10 days.  Af te r  development  and drying,  the au toradiographs  were  s ta ined with hematoxyl in ,  
eounters ta ined  with eosin,  and mounted in Canada ba l sam.  Quanti tat ive ana lys i s  of incorpora t ion  of labeled 
methionine into ce l l s  of the a n t e r i o r  and p o s t e r i o r  hypothalamie nuclei ,  into the dorsa l  h ippocampus,  and the 
med iobasa l  region of the  amygdala  was under taken by counting t r a c k s  in the photographic emuls ion  with the 
aid of  the gr id  of  an ocu la r  m i c r o m e t e r ,  followed by calculat ion of the m e a n  value re la t ive  to an a r e a  of  100 
~2. Sect ions f rom each p a r t  of the bra in  to be studied, 10-12 at a t ime ,  were  d is t r ibuted on f ive sl ides;  t r a c k s  
were  counted in 750 squa res  of the ocu la r  m i c r o m e t e r  gr id  in t h r ee  sample  sect ions  of each of five s l ides  
(i.e.,  in 15 sect ions  f r o m  each pa r t  of the bra in  of the  s a m e  animal) .  Data for  each ra t ,  ave raged  in this way, 
we re  subjected to s ta t i s t i ca l  ana lys i s .  Th is  value s e rved  as index of the intensity of incorpora t ion  of label  
by ce l l s  of the bra in  reg ions  studied. T r a c k s  were  counted under  the m i c r o s c o p e  with a magnif ica t ion of 600 
(object ive 90, ocu la r  7). 

EXPERIMENTAL RESULTS 

Analysis of the autoradiographs obtained from the brains of the control rats showed that 15 rain after 
injection of labeled methionine the isotope was incorporated with unequal intensity into neurons of the different 
brain formations (Figs. 1 and 2). Whereas the number of tracks (per I00 ~2) in the anterior hypothalamic and 
mammillary nuclei of the hypothalamus, and also in the arnygdala, varied from 1.4 to 2.25, in the dorsal hip- 
poeampus the intensity of incorporation of radiomethionine was over five tracks. 

Colmting the tracks (Fig. 3) showed that the intensity of incorporation of the label and, consequently, the 
rate of protein metabolism in nerve ceils of the dorsal hippocampus, were considerably higher than in the 
other brain formations studied. The number of tracks above the nerve cells, it will be noted, was greater than 
the number above glial cells. The intensity of incorporation of radiomethionine into the supraoptic nuclei of 
the anterior hypothalamus was greater than the intensity of its incorporation into the parvoeellular formations 

of the hypothalamus. 

The way in which the degree of incorporation of methionine-35S into the various brain formations changed 
as a result of extirpation of the endocrine glands and injection of the hormone is shown in Fig. 3. Clearly the 
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Fig. 2. Autoradiographs of limbic structures of rat brain 15 
rain after injection of methionine-35S (812 • I) Mediobasal 
amygdala: a) intact rat; b) rat receiving ACTH (I0 units/kg) 
for 8 days; If) dorsal hippocampus: a) intact rat, b) rat adre- 
nalectomized I week before injection of label. 
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Fig~ 3, Comparative mtensit-y of methionme- 
35S incorporation into brain structures (m tracks 
per I00 #2) 15 rain after injeetion of label. A) 
Anterior hypothalamus; B) posterior hypothala- 
mus; C) mediobasal part of amygdala; D) dor- 
sal hippocmnpus. 1) Cont-rol; 2) hypophysecto- 
my; 3) adrenaleetomy; 4) injection of ACTH 
(10 units/kg daily for 8 days): 5) dexamethasone 
(500 ~g/kg daily for I week); 6) ethhnizole 
(10 rng/kg twice daily for 1 week), 
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intensi ty of  incorpora t ion  of label  into the an t e r i o r  hypothalamus was signif icantly lower  in the adrena lec to -  
m i z e d o r  hypophysectomized animals  and also a f t e r  injection of A CTH; this p r o c e s s  was definitely enhanced 
by chronic  adminis t ra t ion  of dexamethasone  o r  e th imizole .  Changes  in the s a m e  direct ion also were  o b se rv ed  
in the m a m m i l l a r y  region of the p o s t e r i o r  hypothalamus of the hypophysec tomized  animals  and of r a t s  r e -  
ceiving g lucoeor t icoids .  In the r emain ing  groups  of an imals  of  this s e r i e s  the changes  were  not so c l ea r .  
Incorpora t ion  of rad iomethionine  into ne rve  cel ls  of the mediobasa l  amygdala  was inc reased  in the ad rena -  
l ec tomized  r a t s  and in an imals  rece iv ing  ACTH; this i n c r e a s e  was l e s s  m a r k e d  in r a t s  rece iv ing  e th imizole .  
The intensity of incorpora t ion  of labeled methionine into the  dorsa l  h ippocampus  ro se  cons ide rab ly  in the 
an imals  a f te r  ad rena lec tomy or  admin is t ra t ion  of ACTH, and was reduced  jus t  as apprec iab ly  during chronic  
admin is t ra t ion  of dexamethasone  o r  e th imizole .  

C o m p a r i s o n  of the intensi ty  of  methionine-35S incorpora t ion  into the d i f ferent  b ra in  fo rma t ions  shows 
that hypophysee temy led to a dec r ea s e  in the number  of  t r a c k s  in the hypothalamic  reg ions  of the bra in  with 
no signif icant  change of  incorpora t ion  in the l imbic  s t r u c t u r e s .  Af te r  ad rena lec tomy incorpora t ion  of the 
labeled amino acid into the an t e r i o r  hypothalamus was reduced  and the intensi ty of  incorpora t ion  of the label  
into the amygdala  and hippocampus was cons iderab ly  i nc r ea sed .  The  s a m e  pa t t e rn  was produced by injection 
of ACTH although, admit tedly ,  the changes w e r e  l e s s  m a r k e d .  Repea ted  inject ions of dexamethasone  w e r e  
accompanied  by an i nc r ea s e  in the num ber  of  t r a c k s  in the hypothalamie  zones and a d e c r e a s e  in the in tensi ty  
of incorpora t ion  of rad ioac t ive  label  into the dorsa l  h ippocampus .  Aider inject ions of e th imizole ,  i n c o r p o r a -  
tion of labeled methionine  was i nc rea sed  in the an t e r i o r  hypothalamic region and, to a l e s s e r  degree ,  in the 
amygdala ,  and was reduced  in the dorsa l  h ippoeampus .  

The changes in the intensi ty of incorpora t ion  of methionine-35 S obse rved  as a r e su l t  of  the var ious  
t r e a t m e n t s  can hardly  be a t t r ibuted to changes  in the p e r m e a b i l i t y  of  the b l o o d - b r a i n  b a r r i e r  [5, 6], fo r  
Manina [4], in expe r imen t s  with subcutaneous and i n t r a c e r e b r a l  injection of rad iomethionine  into ra t s ,  showed 
that  the intensi ty  of incorpora t ion  of label  into pro te ins  was the s a m e  in the two groups  of  an imals .  

Changes  in the intensi ty  of  incorpora t ion  of m e t h i o n i n e - ~ S  in the p r e sen t  expe r imen t s ,  cha rac t e r i z ing  
the degree  of prote in  m e t a b o l i s m  in n e r v e  ce l l s  in di f ferent  b ra in  fo rma t ions ,  evidently depends on the function- 
al s ta te  and act ivi ty  of neurons of t hese  bra in  s t r u c t u r e s  in r e s p o n s e  to changes in the level  of  ho rmones  of 
the hypophyseo-adrena l  s y s t em  in the body as a r e su l t  of ext i rpa t ion  of glands or  admin i s t r a t ion  of ex t r ins ic  
hormones .  

The  r e su l t s  of the h is toautoradiographic  s tudies  a re  evidence p r i m a r i l y  of  changes  in the r a t e  of prote in  
synthes is  in the di f ferent  brain  fo rmat ions  as a r e s u l t  of  a change in the level  of ho rmones  of the hypophyseo-  
adrena l  s y s t e m  in the an imals .  If ad rena lec tomy is r e g a r d e d  as a f ac to r  p romot ing  accumula t ion  of  endog- 
enous ACTH in the body, the following re la t ionship  can be suff icient ly c l e a r l y  d iscerned:  Under the influ-  
ence of a r a i s e d  AC TH level  the r a t e  of pro te in  m e t a b o l i s m  is i nc rea sed  in the amygdala  and h ippocampus ,  
whereas  e levat ion of  the co r t i cos t e ro id  level  is accompanied  by an i n c r e a s e  in the n u m b e r  of t r a c k s  in the 
hypothalamic  fo rma t ions  and by a d e c r e a s e  in the i r  n u m b e r  in the h ippocampus .  Changes  in pro te in  synthes is  
in these  s t r u c t u r e s ,  it can be tenta t ive ly  suggested,  a r e  impor tan t  in the m e c h a n i s m  of the change in exc i t a -  
bility of bra in  s t r u c t u r e s  under  the influence of  ho rmones  of the hypophyseo-adrena l  sy s t em.  The r e s u l t s  of 
the p r e s e n t  invest igat ion thus point to a ce r t a in  se lec t iv i ty  of act ion of  the ho rmones  of this  s y s t e m  on dif-  
f e r en t  p a r t s  of  the bra in  and they a r e  evidence of the different  andunequal influence of ACTH andglucocor t ico ids  
on b ra in  s t r u c t u r e s  which control  act iv i ty  of  the hypophyseo -ad renocor t i ca l  sy s t em.  It can be concluded f rom 
these  r e su l t s  that  all  the  bra in  fo rma t ions  studied pa r t i c ipa t e  in the m e c h a n i s m  of the negat ive  feedback  act ion 
ofg lucocor t ico ids ,  whereas  ma in ly the  amygdala  and h ippoeampus  a r e  involved in the m e c h a n i s m  of the feedback  
act ion of  ACTH.  

According to some  w o r k e r s  [16] eo r t i co s t e rone  is  concen t ra ted  main ly  in the cel l  nuclei  and to a l e s s e r  
deg ree  in the cy top lasm and is  a l m os t  absent  in the m e m b r a n e s .  H o r m o n e s  binding with the r e c e p t o r  m a c r o -  
molecu le  induced RNA and pro te in  syn thes i s ,  thus leading to speci f ic  hmct ional  changes in all pa r t s  of the 
bra in .  
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