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Endogenous ol igopeptides giving a morph ine - l ik s  effect  [5, 15] and also specif ic  r e c e p t o r s  for  them [4] 
have been found in different  pa r t s  of  the CNS, Morphine,  if  injected in the c r i t i ca l  per iod,  p reven ts  the de-  
ve lopment  of ovulation in r a t s  [13] and blocks p reovu la to ry  s e c r e t i o n  of luteinizing hormone  (LH) into the 
blood s t r e a m  [11]. I t  has also been shown that endogenous morph ine - l i ke  peptides block l ibera t ion  of  luteinizing 
hormone  r e l ea s ing  fac tor  (LRH) f rom the hypothalamus [14]. 

It was t h e r e f o r e  decided to study the sens i t iv i ty  of  single neurons  in the preopt ic  region,  as the cen te r  for  
cycl ic  regulat ion of pi tu i tary  gonadotrophic function, to the opiate oligopeptide f i-endorphin,  in o r d e r  to study 
the m e c h a n i s m  of action of m o r p h i n e - l i k e  subs tances  on reproduc t ive  function. 

EXPERIMENTAL METHOD 

E x p e r i m e n t s  were  c a r r i e d  out on 12 female  r a t s  weighing 200-220 g, kept under  s tandard conditions of 
lighting (10 h of  daylight, 14 h of  darkness)  and feeding. Animals  with a s table  4-day es t rous  cycle  were  used.  
The expe r imen t s  were  c a r r i e d  out in the evening during the s tage of p r o e s t r u s  (from 5 to 7 p.m.) ,  the t ime  of 
development  of the p reovula to ry  wave of LH in the blood in r a t s .  The animals ,  anes thet ized with ure thane 
(1 g / k g  body weight), immobi l ized  with tubocurar ine ,  and ar t i f ic ia l ly  ventilated,  were  fixed in a s t e reo tax ic  
appara tus .  Mul t iba r re l ed  g lass  m i c r o e l e c t r o d e s  were  used fo r  ex t r ace l lu l a r  record ing  and m i c r o e l e c t r o -  
phoret ic  applicat ion of f i-endorphin.  The cent ra l  ba r r e l  of  the e lec t rode ,  which was used to r e co rd  single unit 
act ivi ty in the preopt ic  region of the diencephalon, was filled with 2% Pontamine Sky Blue in2 M NaCI and its 
impedance was 3-10 m~2. The  side b a r r e l s  were  filled with a solution of f i-endorphin (1 m g / m l ,  pH 7.5) and 
0.15 MNaC1 to moni to r  the effect  of the e lec t r i c  cu r r en t  on the preopt ic  neuron and to apply a compensat ing  
potential  during m i c r o e l e c t r o p h o r e s i s  of  f i-endorphin.  The s t rength  of the cu r r en t  for  e l ec t rophores i s  was 
100 nA and its durat ion 120 sec .  The impedance of the side b a r r e l s  was 30-100 m ~ .  Detai ls  of the technique 
used to r e c o r d  unit ac t iv i ty  were  descr ibed  p rev ious ly  [1]. M i c r o e l e c t r o p h o r e s i s  os f i-endorphin was c a r r i e d  
out by m e a n s  of the m u l t i b a r r e l e d  ~r  manufac tu red  by the E P M - 1  Exper imen ta l  I n s t ru -  
men t s  Workshop,  Academy of Medical  Sciences  of  the USSR. The durat ion of e l ec t rophores i s  was ve ry  a c -  
cu ra te ly  fixed by m e a n s  os a Va-G-120 quar tz  g e n e r a t o r .  A m p l i t u d e - f r e q u e n c y - t i m e  ana lys i s  of  unit act ivi ty 
was c a r r i e d  out by means  of the Nok ia -LP-4840  mult ichaunel  ana lyze r .  The m i c r o e l e c t r o d e s  were  or iented  
in accordance  with the a t las  [9] at coordinates  H = 00(+1.5), AP = 7.8, L =0.4. Af ter  act ivi ty  had been r eco rd ed  
through the cent ra l  b a r r e l  fi l led with a 2% solution of Pontamine  Sky Blue in2 M NaC1, e l e e t ropho re s i s  of the 
dye was c a r r i e d  out (10 #A, 20 rain) in o r d e r  to identify the locat ion of the m i c r o e l e c t r o d e  t ip.  The label was 
identified in bra in  sec t ions  30 # thick,  cut with a f reez ing  m i c r o t o m e  and stained with hematoxyl in  and eosin.  

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

Act iv i ty  of 74 neurons  r eco rded  in the propt ic  region of the diencephalon was recorded;  in 34 ca se s  
sens i t ivRy to m i c r o e l e c t r o p h o r e t i c  applicat ion of f l-endorphin was invest igated.  The spontaneous d i scharge  
f requency of  55.8 �9 5.8% of  the neurons  t e s t ed  was about 10 s p i k e s / s e c  and the mean  value for  the group was 
4.6 • s p i k e s / s e c .  Only 17.6 =~ 4.4% of neurons  d ischarged  with a f requency of between 10 and 20 s p i k e s / s e c .  
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The m e a n  spontaneous f ir ing r a t e  in this  in terva l  was 14.5 �9 1.3 s p i k e s / s e c .  The same  number  of neurons  
d ischarged  with a f requency of 30 to 40 s p i k e s / s e c  (mean 34.7 • 1.2 s p i k e s / s e c ) .  A v e r y  few neurons ,  
5.9 ~2.7% and 2.9 • 1.9%, d i scharged  with f requencies  of  20-30 and 40-50 s p i k e s / s e c ,  r e spec t ive ly .  Analys is  
of the r e su l t s  showed that  of the 34 neurons  whose sensi t iv i ty  to fi-endorphin was studied, 15 cel ls ,  i .e . ,  
44.1 • 8.5% of the total  number  of  neurons  t e s t ed  with the oligopeptide,  responded by inhibition to e lec t ropho-  
re t i c  applicat ion of /3-endorphin. The m e a n  depth of the inhibi tory r e sponse  was 54.9 • 5.65%. In 13 ca se s  
i t  was s table  in c h a r a c t e r  and p e r s i s t e d  for  60 see  o r  m o r e  a f t e r  the end of e lec t rophore t ic  applicat ion of 
/~-endorphin, but in two neurons  t he r e  was only an initial  inhibi tory r e s p o n s e  which soon d i sappeared .  Of the 
neurons  tes ted  in the preopt ic  region only six,  o r  17.7 • 6.5% of the  number  of neurons  tes ted ,  responded to this  
op ia te  oligopeptide by act ivat ion.  The m e a n  intensi ty of the act ivat ion r e sponse  was 225.8 • 29.3%. This  r e -  
sponse was usual ly  obse rved  in ne rve  cel ls  cha rac t e r i zed  by low-f requency  act ivi ty  and it was unstable  in 
c h a r a c t e r ,  whereas  in th ree  cases  the r e s ponse  consis ted  of infrequent  bu r s t s  of h igh-f requency d i scharges .  
No r e sponse  to f i-endorphin was given by 13 neurons  (38.2 • 8.3%). Stat is t ical  ana lys is  showed that  an inhibi-  
t o ry  type of r e s p o n s e  to ~-endorphin  was found signif icant ly m o r e  often (P< 0.01) among neurons of the p r e -  
optic region e f  the diencephalon than an act ivat ion type of r e sponse .  This  sugges ts  that  the inhibitory action 
of morph ine - l i ke  ol igopeptides on l ibera t ion  of gonadotrophins and the i r  r e l eas ing  f ac to r s  is based  on specif ic  
blocking of neurons in the cyclic cen te r  for  regulat ion of gonadotrophic function, the ro le  of which, in the 
modern  view, is played by the preopt ic  region of the diencephalon. The act ivat ion effect  of f i -endorphin on 
some of the neurons  t e s t ed  m a y  perhaps  also have a definite functional s ignif icance.  

Informat ion  on the act ivat ion effect  of opiates  is being published m o r e  and m o r e  often at  the p resen t  t ime .  
Morphine,  when applied mic roe l ec t ropho re t i c a l l y ,  is known to have the s a m e  effect  on act ivi ty  of some single 
neurons  [6]. Injection of opiate ol igopept ides  also evokes  act ivat ion o r  inhibition among neurons of the co r t ex  
and bra in  s tem [7]. A ce r ta in  number  of neurons in the h ippocampus havebeenbound  to give an act ivat ion 
r e sponse  to opiate  pept ides  [10]. Meanwhile,  invest igat ions on the Renshaw ce l l s  of the spinal cord,  through 
which r e c u r r e n t  inhibition of ~ -motoneurons  is brought  about, have shown that  these  cel ls ,  which take pa r t  in 
the m e c h a n i s m  of the inhibi tory p r o c e s s ,  a r e  act ivated by opia tes  [8l. A high propor t ion  of neurons  giving an 
act ivat ion r e spons e  to leucine-encephal in  when injected by the in t r aven t r i cu l a r  route  has been found in the 
c e r e b r a l  co r tex .  C ha rac t e r i s t i c a l l y  in these  invest igat ions the act ivat ion effect  was abolished by injection of 
naloxone,  a specif ic  opiate compe t i to r  [3]. I t  can be tenta t ively  suggested that  ce l l s  of  the preopt ic  region 
giving this r e spons e  to f i-endorphin among the nerve  ce l l s  of the preopt ic  reg ion  in the diencephalon is ev i -  
dence that  sens i t iv i ty  to opiate is  se lec t ive  in c h a r a c t e r ,  and to some  extent it con f i rms  the functional s p e c -  
if ici ty of the responding neurons .  

It  was shown prev ious ly  that  ca techolamines ,  as  CNS m e d i a t o r s ,  play an ex t r eme ly  impor tan t  ro le  in 
the t r a n s m i s s i o n  of informat ion in the neuroendocr ine  s y s t e m  [1, 2]. The effect  of f i -endorphin in the sys t em 
for  hypothalamic regulat ion of p i tu i ta ry  gonadotrophie function m a y  perhaps  be rea l i zed  at the level  of the 
ea techolamine  r e c e p t o r s  of  the postsynapt ic  neuronal  m e m b r a n e  as a r e su l t  of compet i t ion between m o r p h i n e -  
l ike  pept ides  and ca techolamines  for  r e c e p t o r  s i tes .  T h e r e  is informat ion  in the l i t e r a t u r e  that  compet i t ion  
does in fact  exis t  between them [12]. Fu r the r  evidence in support  of this  view is given by data showing that  
l ibera t ion  of LRH f rom the med iobasa l  hypothalamus,  which usual ly  develops under  the influence of dopamine,  
is blocked by opiates  [14]. 
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mic roc i r cu l a t i on  of the m e s e n t e r y  and skeletal  musc les ;  p r e s s o r  r e sponse .  

No definite exper imenta l  data have yet been obtained on the role  of the nervous  sys t em in the regulat ion 
of the mic rohemodynam i cs .  The difficulty of the p rob lem is that  the m i c r o c i r c u l a t o r y  component  of  the hemo-  
dynamic s y s t e m  is, on the one hand, a sufficiently autonomous sy s t em capable of  se l f - rega la t ion ,  whereas  on 
the o ther  hand, it includes in its s t ruc tu re  the nerve  f ibers  which connect  the m i c r o c i r c u l a t o r y  sy s t em with 
the cen t ra l  por t ions  of the sympathe t ic  and pa ra sympa the t i c  sy s t ems ,  and in this connection it can be a s su med  
that the intluence of the CNS is not r e s t r i c t e d  to m e c h a n i s m s  leading to changes in sys t emic  a r t e r i a l  p r e s s u r e  
(AP). Influences f rom the sympathe t ic  nervous  sy s t em leading to changes in cap i l l a ry  pe rmeab i l i ty  and to 
local  changes in the blood supply to individual regions  of the m i c r o e i r c u l a t o r y  sys t em,  and so giving r i se  to 
cons iderable  pathological  d i s turbances  in those reg ions ,  a lso are  in teres t ing .  

Since the diencephalon and, in pa r t i cu la r ,  the hypothalamus is cons idered  to be the cen te r  for  ca rd io -  
va scu l a r  regulat ion,  it mus t  be expected that  e l ec t r i ca l  s t imulat ion of the hypothalamic nuclei would evoke con-  
s ide rab le  r e s p o n s e s  of the pe r iphe ra l  blood ves se l s ,  not n e c e s s a r i l y  connected with changes in AP.  On the 
bas i s  of these  hypotheses  and the r e s u l t s  of  the f i r s t  s tudies of nervous  regulat ion of the mic roc i r cu l a t i on  [4], 
it was decided to study the dynamics  of m i c r o c i r c u l a t o r y  changes in the m e s e n t e r y  and skeletal  musc l e s  of 
r a t s  in r e sponse  to s t imulat ion of the hypothalamic nuclei ,  in co r re la t ion  with the response  of the sys t emic  A P. 

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

Acute expe r imen t s  were  c a r r i e d  out on 20 Wis ta r  r a t s  weighing 250"  30 g anes thet ized with pentobarbi ta l  
(50 m g / k g  in t ramuscu la r ly ) .  The hypothalamic nuclei were  s t imula ted  through bipolar  n ichrome e lec t rodes  
(d iameter  200 #) by a s e r i e s  of square  pulses  (0.5 m s e c ,  80 Hz, 10-25 V) for  10-45 sec,  the e l ec t rodes  being 
introduced into the brain  s t r u c t u r e s  para l le l  to one another ,  taking s te reo tax ic  coordinates  f rom an a t las  of 
the r a t ' s  bra in  [5, 8]. By intravi tal  m i c r o s c o p y  in t r ansmi t t ed  light, changes in the d i a m e t e r  of  the blood 
ve s se l s  and the s ta te  of  the blood flow were  studied in blood ve s se l s  f rom 250 to 5 # in d i ame te r  in the m e s e n -  
t e r y  and the in fe r ior  par t  of the t r apez ius  m usc l e  in ra t s .  The sys temic  AP was r eco rded  through a ca the te r  
in the carot id  a r t e ry .  Synchronizat ion of the s t imulat ion m a r k e r  and mic ro f i lming  enabled the m i c r o c i r c u l a t o r y  
changes obse rved  in r e s pons e  to hypothalamic s t imulat ion to be c o r r e l a t e d  with the dynamics  of A P and card iac  
act ivi ty.  The location of the e l ec t rodes  in the brain was ver i f ied  his tological ly a f te r  the exper iment ,  using the 
a t l a s  of the r a t ' s  bra in  as a guide. 

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

Stimulation of the ven t romedia l  hypothalamic nucleus gave r i s e ,  a f te r  a shor t  la tent  per iod (0-1 sec) to 
a p r e s s o r  r e sponse  with m a x i m a l  e levat ion of AP in the c o u r s e  of 3-10 sec; the sys to l ic  p r e s s u r e  r o s e  by a 
g r e a t e r  degree  than the diastol ic  during the f i r s t  5-16 sec of s t imulat ion:  AAP s was 51 �9 11 m m  Hg and AAP d 
was 34 :~ 10 Into Hg (Fig. LA). The p r e s s o r  r e sponse  continued throughout the per iod of s t imulat ion.  C o r r e -  
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