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In old r a t s  with an intact  e s t rous  cycle  the sens i t iv i ty  of neurons of the preopt ic  and a rcua te  
regions  of the hypothalamus to e s t r ad io l  is reduced  although neurons of the a rcua te  reg ion  
r e m a i n  more  sens i t ive  than those of the preopt ic  region.  Old r a t s  with constant  e s t ru s  or  
d i e s t rus  had equally low sens i t iv i ty  of the neurons of both these  hypothalamic  regions .  In 
old male  r a t s  the sens i t iv i ty  of neurons of the a rcua te  region  to t e s t o s t e r one  was reduced  
while neurons of the p reop t ic  reg ion  did not r espond  at al l  to inject ion of the hormone.  

The leading ro le  of the hypothalamic  region  in regula t ion  of the sex cycle  in r ep roduc t ive  an imals  has 
been proved  conclus ive ly  [1, 2, 6, 12]. P r e s u m a b l y  age d i s tu rbances  of the sex  cycle ,  with omiss ion  of 
var ious  s tages  or even with pe rmanen t  e s t ru s  or d ies t rus  a r e  the r e su l t  of p r i m a r y  changes in the function 
of the hypothalamic  cen te r s  regula t ing  the tonic and cycl ic  l ibe ra t ion  of gonadotropins .  Cl in ica l  data  and 
the study of p i t u i t a r y - o v a r i a n  r e l a t ions  in women at the menopause  conf i rm the view that the re  is a p r i m a r y  
d i s tu rbance  of the ac t iv i ty  of the hypothalamic  cen te r s  [3-5, 7-9]. 

The object  of this inves t igat ion was to study the functional s ta te  of neurons of the p reop t i c  and a rcua te  
regions  of the hypothalamus in old female  and male  r a t s .  

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

Rats of both sexes  aged 24-36 months were  used. On the b a s i s  of a study of vaginal  s m e a r s  the fe-  
ma le s  were  divided into groups with a r e g u l a r  cyc le ,  with an i r r e g u l a r  but p e r s i s t e n t  cyc le  (the dura t ion  of 
the cycle  was d i s tu rbed ,  with pro longat ion  of e s t ru s  or d i e s t rus ) ,  and an imals  with pe rmanen t  e s t ru s  or  
pe rmanen t  d i e s t rus .  Al together  84 r a t s  (59 females  and 25 males)  were  used,  and the ac t iv i ty  of 318 neurons 
was s tudied in the preopt ic  and a rcua te  regions  of the hypothalamus.  Unit ac t iv i ty  of the d o r s o m e d i a l  nuclei  
was s tudied as the control .  F o r  the exper imen t  the an imals  were  immobi l i zed  with tubocura r ine  (0.2 ml of 
a 0.1% solut ion/100 g body weight),  and a r t i f i c i a l  r e s p i r a t i o n  was applied.  Unit ac t iv i ty  was r e c o r d e d  e x t r a -  
c e l l u l a r l y  by g lass  m i c r o e l e c t r o d e s  f i l led  with 2.5 M KC1 solut ion s a tu r a t ed  with po ta s s ium f e r r i c y a n i d e  to 
to m a r k  the e lec t rode .  The mean f requency (spikes pe r  second) and mean in te r sp ike  in te rva l  (in msec)  were  
de t e rmined  for  each neuron. A h i s t o g r a m  of d i s t r ibu t ion  of in te r sp ike  in te rva l s  be fo re  and af te r  inject ion 
of the hormones  was plot ted f rom the r e s u l t s ;  the r e l a t i ve  pe rcen tages  of neurons responding  un id i r ec t iona l -  
ly c o m p a r e d  with the total  number  of neurons t e s ted  was de te rmined .  The technique was d e s c r i b e d  fully 
e l s ewhere  [1, 2]. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

In the old r a t s  with an intact no rma l  cycle  the sens i t iv i ty  of neurons of the a rcua te  region  of the hypo- 
tha lamus  to e s t r a d i o l  was cons ide rab ly  h igher  than that of neurons of the p reop t i e  region.  Meanwhile the 
sens i t iv i ty  of both regions  to endogenous hormones  was lowered  in the old an imals  of a l l  groups.  As Table I 
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Fig. 1. Scheme of hypothalamic regulation 
of the sex cycle. Numbers below graph rep- 
resent time (in h). M) Metestrus; D) Dies- 
trus; P) Proestrus; E) Estrus; LH) Lutein- 
izing hormone; POA) Preoptic region of hy- 
pothalamus; SCH) Suprachiasmatic region; 
SO) Supraoptic region; CHO) Optic chiasma; 
NAH) Anterior hypothalamus; PV) Paraven- 
tricular nuclei; ARC) Arcuate nuclei of hy- 
pothalamus; VM) Ventromedial nuclei; DM) 
Dorsomedial nuclei; PM) Premamillarynu- 
clei; MM) Mamillary nuclei; LPHY) Anteri- 
or lobe of pituitary. Remainder of legend 
in text. 

shows,  neurons of the arcuate region of the hypothalamus in old 
rats in proestrus react by increased activity to injection of e s -  
tradiol only if injected in a dose of 0.3 pg or more ,  whereas in 
young, sexually mature rats a s imi lar  response  could be ob- 
tained by injection of a dose  of 0.1 #g .  Neurons of the pre-  
optic region responded by increased activity at this same 
stage of the cycle to injection of 1 #g  estradiol  (compared with 
0.5 pg for young sexually mature rats). In other stages of the 
cycle ,  in order to obtain an analogous response  from neurons of 
the arcuate region, not less  than 3 #g  estradiol  had to be injected, 
and for a response  from neurons of the preoptie region the dose 
requ ired  was  5 p g .  Neurons  of  the d o r s o m e d i a l  n u c l e i  did not 
respond at all to injection of the hormone,  indicating that the re-  
sponse of neurons of the preoptic and arcuate regions of the hy- 
pothalamus is specific.  In rats with prolonged or permanent 
estrus or diestrus,  with reduced sensit ivity of both regions of the 
hypotha lamus  to e s t r a d i o l ,  no d i f f erence  could be o b s e r v e d  be -  
tween  the s e n s i t i v i t y  of the neurons  in the arcuate  and preopt ic  
regions.  
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Analysis  of unit act ivi ty in the cor responding  regions of the hypothalamus of old male  ra t s  showed 
significant  changes in the i r  sens i t iv i ty  in r e sponse  to injection of t es tos te rone .  Neurons of the preopt ic  
region did not respond  in genera l  to t e s tos t e rone ,  while the sensi t iv i ty  of the neurons of the a rcua te  region 
was lower by two to th ree  t imes  than in young sexual ly ma tu re  males .  The r e su l t s  suggest  a scheme  of 
hypothalamic regulat ion of the gonadotrol~ic function of the p i tu i tary  and changes in it with age (Fig. 1). In 
r a t s  with a s table  4-day cycle ,  in the s tage of m e t e s t r u s ,  d ies t rus ,  and the initial phase  of p r o e s t r u s  the 
effect  of es t rogens  and p roges te rone  extends chiefly to neurons of the a rcua te  region,which a re  significantly 
m o r e  sens i t ive  than neurons  of the preopt ic  region.  Stimulation of the a rcua te  region is accompanied  by 
sec re t ion  of r e l eas ing  fac tors  (LH-RF) and by d i scharge  of luteinizing hormone f r o m  the pi tui tary.  As the 
blood es t rogen  concentra t ion r i s e s  in the second half of p r o e s t r u s  [10, 11], the effects  sp read  to the p reop-  
t ic region,  which s t imula tes  the a reua te  region to give a fu r the r ,  ovulatory,  d i scharge  of LH-RF ,  thereby  
br inging about ovulation. With age the sensi t iv i ty  of these  hypothalamic region fal ls ,  and one of the mos t  
important  components  of the feedback mechan i sm,  in which nervous impulses  a r e  switched to hormonal ,  is 
lost.  Essen t ia l  changes in the sensi t iv i ty  of neurons in the cor responding  hypothalamic  regions  develop 
be fo re  changes a re  found in the vaginal s m e a r s  and in the concentra t ion of sex  hormones  or gonadotropins.  
Intensif icat ion of these  changes leads to pe rmanen t  e s t rus  or  dies t rus .  
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