
R O L E  O F  T H E  L I M B I C  S T R U C T U R E S  IN T H E  

M E C H A N I S M  O F  A C T I O N  O F  G L U C O C O R T I C O I D S  

A N D  E S T R O G E N S  ON H Y P O T H A L A M I C  C O N T R O L  

O F  P I T U I T A R Y  A D R E N O C O R T I C O T R O P I C  A N D  

G O N A D O T R O P I C  F U N C T I O N S  

J 

V. E.  R y z h e n k o v ,  E.  P .  B e k h t e r e v a ,  
a n d  N. S. S a p r o n o v  

UDC 612.825.266 :[615.357.453+ 615. 
357.651.1] .015.4:612.826.4 

Glucocort icoids  (hydrocort isone,  dexamethasone)  and A CTH dep re s s  the exci tabi l i ty  of the 
amygdala  of the dog 's  brain;  this effect  is m o r e  m a r k e d  with ACTH. Unlike the g lucocor t i -  
colds ACTH had no d i rec t  effect  on exci tabi l i ty  of  the hypothalamic zones  studied. Exper i -  
ments  on ra t s  showed that  admin is t ra t ion  of es t rad io l  monobenzoate  4 weeks a f te r  injury to 
the hippoeampus s t imulated sec re t ion  of fo l l i c le - s t imula t ing  hormone  (FSH) and inhibited the 
sec re t ion  of luteinizing hormone  (LH). In control  an imals  the sec re t ion  of FSH was reduced 
and that  of  LH inc reased  by the doses  of es t rogen  used.  

The ro le  of the l imbic s t ruc tu re  of the bra in  in the hypothalamic control  of ACTH and gonadotropic 
sec re t ion  has been demons t r a t ed  [3, 6, 8-10]. In this connection it is in te res t ing  to study the ro le  of the 
l imbic s t ruc tu r e s  in the m e c h a n i s m  of the r e v e r s e  action of ho rmones  of the p i tu i t a ry -ad rena l  and pi tu i -  
t a ry -gonada l  s y s t e m s ,  for  this m e c h a n i s m  lies at  the bas i s  of  the automat ic  regulat ion of neuro -hormona l  
s y s t e m s  [3, 5]. 

The object  of this invest igat ion was to study the exci tabi l i ty  of the l imbic s t ruc tu r e s  of the bra in  (the 
amygdata  and hippocampus) under  the influence of g lucocor t icoids  and ACTH and the effect  of  des t ruc t ion  
of these  bra in  s t ruc tu r e s  on the act ion of es t rogen  on the hypothalamic control  of gonadotropin secre t ion .  

EXPERIMENTAL METHOD 

Chronic experiments were carried out on 8 male dogs (15-18 kg) with electrodes (used also for inject- 
ing drugs) implanted into the premamillary region of the posterior hypothalamus, the supraoptic retion of 
the anterior hypothalamus, the dorsal hippocampus, and the ventro-medial part of the amygdala. Potentials 
were recorded on a four-channel LZ REMA eneephalograph. Excitability of the hypothalamus was judged 
from changes in the threshold of the activation reaction in the frontal Cortex to high-frequency stimulation 
of the hypothalamus (250 pulses/sec, 0.5 msec, duration 5 sec), amygdala, and hippocampus -by changes 
in the threshold of paroxysmal afterdischarges recorded during electrical stimulation of these structures 
and in the corresponding intact opposite structure. Details of the method were described earlier [4]. Water- 
soluble dexamethasone and hydroeortisone (80-100 pg) were injected into the brain structures under the 
stimulating electrode or intravenously (5-15 lag). ACTH was injected in doses of 0.5 unit by microinjection 
and 20 units intravenously. The volumes of the solutions for the microinjections were 3-5 pl. 

The dorsal hippocampus, including areas CAI-CA4, were destroyed by electrical coagulation (2 mA for 
I0 sec) in male and female rats (180-200 g). The content of follicle-stimulating hormone (FSH) in the pit- 
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Fig.  1. Changes in excitabi l i ty  of  anter ior  and pos ter ior  hypothala-  
mus  under the inf luence of  g lucocort i co ids  (A) and ACTH (B) : I) 
p r e m a m i l l a r y  area;  ID supraoptic  region; a) intravenous  injection; 
b) micro in jec t ion .  A b s c i s s a ,  t i m e  (in h); ordinate ,  thresholds  of  
act ivat ion react ion  (in V). 
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Fig.  2. Changes in exci tabi l i ty  of  amygdala  (I) and hippocampus 
(II) under the inf luence of  g lucocort i co ids  and ACTH. Ordinate,  
threshold  of  paroxysmal  a f t erd i scharges  an V)- Remainder  of  
legend as  in Fig. 1. 

u i tary  was  de termined  by the method of  Stee lman and Pohly [12] and in the blood p lasma after Igarashi and 
MeCann [7]. The content of  lute iniz ing  hormone  (LI-]) in the pituitary and p lasma was  determined by Par low's  
method [11]. The resu l t s  w e r e  e x p r e s s e d  for LH in m i c r o g r a m s  of  standard bovine LH (NIHLHB-6) and 
for FSE in units  of  the standard preparat ion (HMG21RP). The animals  w e r e  used in the exper iments  4 w e e k s  
after des truct ion  of  the brain s t ruc tures .  Estradiol  monobenzoate  (10 pg) was  injected during the 7 last  days 
f rom the beginning of  brain destruct ion.  The exper imenta l  resu l t s  were  subjected to s tat i s t ica l  ana]ys is  [1]. 
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Fig.  3. Content of  FSH (I) in p i tu i tary  (a) 
and p l a sma  (b) and of LH (II) in p l a s m a  af te r  
des t ruc t ion  of hippocampus and injection of 
estradi01 monobenzoate :  1) intact  an imals ;  
2) an imals  with des t royed  h ippocampus .  
Unshaded columns - c o n t r o l ;  shaded columns 

- af te r  injection of es t rad io l  monobenzoate .  
Ordinate - l e v e l  of  FSH and LH (in p g / m g  
p i tu i ta ry  o r / m l  p lasma) ;  

EXPERIMENTAL RESULTS AND DISCUSSION 

The r e su l t s  of the expe r imen t s  to study the effect 
of g lucocor t icoids  and ACTH on excitabi l i ty of the hypo-  
tha lamus ,  amygda la ,  and hippocampus a re  shown in Figs. 
1 and 2. It is c l ea r  f rom Fig. I that  in t ravenous injections 
of dexame thasone ,hydroco r t i sone ,  and ACTH led to an 
initial  d e c r e a s e  in threshold  of the act ivat ion reac t ion  in 
the frontal  cor tex  to h igh- f requency  s t imulat ion of the 
p o s t e r i o r  hypothalamus.  During the next few hours ,  how- 
eve r ,  this  threshold  began to inc rease  and was highest  
2.5-3 h a f t e r  the beginning" of injection of the drug. The 
s a m e  effect  was obse rved  a f t e r  micro in jec t ions  of dexa -  
me thasone  and hydrocor t i sone  into this region of the hy-  
pothalamus,  intravenous injection of hydrocor t i sone  led 
to an i nc r ea se  (without the p r e l i m i n a r y  dec rease )  in the 
th resho ld  of the act ivat ion reac t ion  to h igh- f requency  
s t imulat ion of the an te r io r  hypothalamus.  Microinject ions 

of ACTH ne i ther  into the p r e m a m i l l a r y  nor  into the supraopt ic  region of the hypothalamus gave r i s e  to any 
significant  changes in the i r  exci tabi l i ty .  

It will be c l ea r  f r o m  Fig. 2 that  in t ravenous  injection or  micro in jec t ion  of hydrocor t i sone  was followed 
by an i n c r e a s e  in the thresholds  of the p a r o x y s m a l  a f t e r d i s c h a r g e s  in the amygdala .  Hydrocor t i sone  had the 
opposi te  act ion on hippocampal  exci tabi l i ty ,  inject ions of  ACTIt  (either in t ravenous ly  o r  d i rec t ly  into the 
s t ruc ture)  led to a m a r k e d  i nc r ea s e  (twofold) in the thresholds  of the p a r o x y s m a l  a f t e rd i s cha rges  in the 
amygdala  (Fig. 2), indicating m a r k e d  dep re s s ion  of the exci tabi l i ty  of  that  s t ruc tu re .  Some inc rea se  in the 
th resholds  of  the p a r o x y s m a l  d i scha rges  was r eco rded  in the h ippocampus under  the influence of ACTH. In 
the expe r imen t s  in which mic ro in jec t ions  of bidis t i l led wa te r  (5 pl) we re  given into the bra in  s t ruc tu r e s  
(control) no apprec iab le  changes in the i r  exci tabi l i ty  were  observed .  

The r e su l t s  of these  expe r imen t s  thus show that hydrocor t i sone  and ACTH cons iderably  modify the 
exci tabi l i ty  of  the s t ruc tu r e s  of the l imbic s y s t e m  studied - the amygdala  and hippocampus.  As other  w o r k -  
e r s  have shown, e l ec t r i ca l  s t imulat ion of the amygdala  i n c r e a s e s  the sec re t ion  of  A CTH, but a f te r  exci tat ion 
of  the h ippocampus ,  on the o ther  hand, a d e c r e a s e  in the blood glucocor t icoid  level  and in the r e sponse  of  the 
p i tu i t a ry -ad rena l  s y s t e m  to s t imulat ion is ob se rved  [3, 10]. These  r e s u l t s ,  together  with those  of the p r e s -  
ent expe r imen t s ,  show that  in the r e v e r s e  (inhibitory) act ion of  g lucocor t icoids  on ACT}t, bes ides  the i r  
known effect  on the hypotha lamus ,  an impor tan t  role  is a lso  played by the changes mentioned above in the 
s ta te  of  the l imbic s t r u c t u r e s  : lowered exci tabi l i ty  of  the amygdala  and inc reased  exci tabi l i ty  of the hippo-  
campus .  Depress ion  of  the exci tabi l i ty  of  the amygdala  p r e s u m a b l y  plays a significant  role  in the negative 
effect  of ACTH (by a shor t  feedback mechan i sm) .  

In chronic  expe r imen t s  on ra t s  4 weeks a f t e r  e lec t ro ly t ic  injury to the dorsa l  h ippocampus , mar k ed  
inhibition of  FSH (exper iments  on m a l e s ,  Fig. 3) and LH (on females)  s ec re t ion  was observed .  As Fig. 3 
shows,  the d e c r e a s e  in LH sec re t ion  a f te r  des t ruc t ion  of the dorsa l  h ippocampus in the exper imen t s  on the 
m a l e s  was ve ry  slight.  Under the influence of des t ruc t ion  of the dorsa l  h ippocampus  the reac t iv i ty  of the 
cent ra l  s t r u c t u r e s  to the r e v e r s e  action of e s t rogen  was a l tered .  Injections of  es t rad io l  monobenzoate  (10 
pg ,  7 days) into an imals  with a des t royed  h ippocampus  s t imulated the l ibera t ion of FSH into the blood, un-  
l ike in intact  an imals  in which the doses  of  e s t rad io l  monobenzoate  used  had a negat ive action. Meanwhile 
the LH level  was s l ight ly i nc reased  by the above-ment ioned  doses  of e s t rogens  in the control ,  but its level  
in the blood of the an imals  undergoing opera t ive  des t ruc t ion  of the hippocampus was reduced by a s t a t i s t i c -  
a l ly  significant deg ree  (Fig. 3). 

As was pointed out e a r l i e r  [2], an i nc r e a se  in the sec re t ion  of gonadotropins (FS!Z and LH) by the p i t -  
u i t a ry  was obse rved  in r a t s  a f te r  e l ec t r i ca l  coagulat ion of the basa l  nuclei  of  the amygdala .  Meanwhile, the 
inhibi tory action of  e s t rad io l  monobenzoate  on FSH sec re t ion  by the p i tu i ta ry  was apprec iab ly  weakened 
a f te r  e l ec t r i ca l  coagulat ion of the basal  amygdala .  This effect  was accompanied  by a d e c r e a s e  in the FSH 
level in the p l a s m a  (very sl ight  compared  with the control) and an i nc r ea se  in its level  in the pi tui tary.  
These  r e su l t s  point to a role  of the h ippocampus and amygdala  in the m e c h a n i s m  of the cen t ra l  action of 
e s t rogens  on FSE and LB s e c r e t i o n  by the p i tu i tary .  
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