
tage pulse does not reach zero in the region of values of E of about + 20 mV, whereas the curves of distribution 
of both types of charges reach saturation in this region. In the wr i te rs '  view, this is because 10 mM tetraethyl-  
ammonium chloride did not completely block the potassium channels, which were able to open by the time that 
these values of E were reached. 
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D O P A M I N E  S E N S I T I V I T Y  OF t I Y P O T H A L A M I C  A R C U A T E  N E U R O N S  

AND T H E I R  B O L E  IN T H E  R E G U L A T I O N  OF P I T U I T A R Y  

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

V. N. B a b i c h e v  a n d  V. Ya.  I g n a t k o v  UDC 612.433'62-06:612.826.4 

The effect of microiontophoretic injection of dopamine (DA) into the arcuate region of the hypo- 
thalamus on single unit activity and the plasma and pituitary levels of luteinizing hormone (LH) 
was investigated in rats in various stages of the estrous cycle. No significantdifferences inthe 
number of neurons responding by activation or inhibition or  not responding to DA could be ob- 
served in the course of the estrous cycle. However, in the f irs t  half of the day of proestrus  
(P) a significant increase in the number of neurons responding by activation to microiontopho- 
retic injection of DA was observed. In all stages of the estrous cycle except the second half 
of P the activation response of the neurons was coupled with elevation of the plasma LH level. 
A significant r ise  in the LH level in the pituitary in response to microiontophoretic injection 
of DA into the hypothalamic arcuate region was observed only in stage diestrus 2. 
KEY WORDS: Hypothalamus; neurons; dopamine; microiontophoresis;  luteinizing hormone. 

The arcuate regionof the hypothalamus (ARC}, the tonic center of regulation of pituitary gonadotropic func- 
tion, must be regarded as a component of the neuroendocrine system in which the action of neuromediators is 
switched to the corresponding hypothalamic releasing factors. It has been shown that many dopamine terminals 
originating from higher levels of the CNS are  represented in this region [2]. Dopamine (DA), as a mediator,  
occupies a special place in the regulation of gonadotropin releasing factors and, in part icular ,  of luteinizing 
hormone releasing factor (Ltt-R F). Most data in the l i tera ture  indicate its activating action on the liberation 
of pituitary luteinizing hormone (LH), mediated through Lit-13 F [7, 12]. 

This paper describes a combined study of the sensitivity of the neurons to microiontophoretic injections 
of DA and subsequent changes in the plasma and pituitary LI4 levels in rats at different stages of the estrous 
cycle.  
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Fig. I. Unit responses  and changes in blood and pitui tary LH 
levels  af ter  microiontophoret ic  injection of DA into ARC at 
different  s tages of es t rous  cycle  in ra ts .  Absc issa ,  hours 
and stages of  es t rous  cycle; ord ina te :  above - p e r c e n t a g e  
of  number  of neurons recorded  at that stage of the cycle,  
below - LH levels  in p lasma (in m g / m l )  and pi tui tary (in 
pg /mg) .  Numbers  above columns represen t  number of  
neurons analyzed~ A) Activation; I) inhibition; N) no 
response.  1, 3) LH levels in p lasma  and pi tui tary of control  
animals;  2, 4) LH level in p lasma  and pi tui tary af ter  mic ro ion-  
tophores is  of DA. Explanation in text. 

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

Experiments  were  ca r r i ed  out on 69 ra ts  weighing 180-200 g with a stable 4-day es t rous  cycle.  The ani -  
mals  were  kept under conditions of a s tandard diet and illumination (14 h of light). Single unit act ivi ty was in-  
vest igated in ra ts  anesthet ized with ether and immobil ized with tubocurar ine (0.3 rag/100 g body weight). Mi- 
c roe lec t rodes ,  oriented according  to de Groot ' s  atlas [6], were introduced to coordinates L = 0.5, H = 3.5, A = 
5.4. Mu l t ip le -bar re led  glass  mic roe lec t rodes  were  used; the central  ba r re I  was filled with 2 M NaCI solution 
and was used to record  spontaneous single unit act ivi ty in ARC. The side ba r r e l s  were  filled with physiological 
saline for the control  tes t ,  with 2 M DA hydrochlor ide solution OH 7.2), and with 2 M FeC13 solution for ionto- 
phoretic tagging of the position of  the mic roe lec t rode  tip. The res i s t ance  of the central  ba r re l  was 2-5 MY~ 
and of the side ba r r e l s  200-300 MfL Unit activity was recorded  during three  120-sec intervals  before,  during,  
and after  the end of micro ion tophores i s .  An iontophoretic cur ren t  with a strength of  100 nA was used in a c -  
cordance  with data in the l i te ra ture .  The effect of  DA was considered to be significant if the level of unit a c -  
tivity was above 125% or  below 7570 of its initial value. Only those experiments  in which mieroiontophoret ic  
injection of physiological  saline by a cur ren t  of 100 nA did not affect spontaneous ARC unit act ivi ty were sub-  
jected to analysis .  The details of record ing ,  mic ro ion tophores i s ,  analysis  of spike act ivi ty,  and the histological 
control  of the location of the mic roe lec t rode  tip were descr ibed previously [1]. Of the 69 experimental  animals ,  
the LH level  in the pi tui tary and blood was investigated in 50 by a radioimmune method [10] 20 rain af ter  the 
end of  microiontophoret ie  injection of DA into ARC. 

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 course  of the experiment  act ivi ty of al together  315 ARC neurons was recorded  in animals  in dif-  
ferent  s tages of the es t rous  cycle.  The latent period of response  of the neurons to injection of DA varied in 
these experiments  from a few hundreds of mi l l i seconds  to a few seconds.  Changes in the sensit ivity and d i r e c -  
tion of response  of the ARC neurons af ter  microiontophoret ic  injection of DA are  i l lustrated in Fig. 1. The 
figure shows that in stage d ies t rus  1 031) among the discharging AI?C neurons there were  no significant dif-  
ferences  in the representa t ion  of  cells  responding by activation o r  by inhibition or  not responding to DA, Bow- 
ever ,  in the course  of the day dies t rus  2, in its f i rs t  032') and second (D2") halves an increase  in the r e p r e s e n -  
tation of neurons responding by inhibition to DA was observed.  Although the differences found did not reach  
s tat is t ical  s ignif icance,  a marked  tendency for their  development was found (~z for D1-D2 0.941, for D2-D2" 
0o013, for D1-D2" 3.412). At the stage of the f i rs t  half  of  the day of p roes t rus  (P') when, according to data 
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in the l i t e r a t u r e ,  the level  of  endogenous es t rogens  r eaches  a max imum [3, 4] , m a r k e d  p redominance  of ce l l s  
responding by act ivat ion to DA was obse rved  among the ARC neurons  (X 2 for  D 2 " - P '  20.3). At the s tage of the 
second half  of the day of p r o e s t r u s  (P"}, ce l l s  responding by inhibition again p redomina ted  among the d i s -  
charging ABC neurons ,  jus t  as in s tages  D1 and D2 (X 2 for  D2" -P"  0~ The changes a r i s ing  during p r o -  
e s t rus  were  signif icant  (• for P ' -  P"  19.09). In the s tage of e s t r u s  (E}, among the ABC neurons  a sma l l  m a -  
jor i ty  did not respond to micro ion tophore t i c  injection of DA, although the d i f fe rences  between P" and E were  
not significant  (• for P " - E  2), as  was a lso  the case  when E and D1 were  compa red  {• for  E-D1 0.546). As 
t h e  r e su l t s  show, the m o s t  s ignif icant  changes in the sens i t iv i ty  of  the ABC neurons  to DA took place in the 
s tage P ' .  In this s tage of the e s t rous  cyc le ,  which di f fers  f rom the res t ing  in having the max ima l  pe r iphe ra l  
blood es t rogen  concentra t ion ,  a m a r k e d  and s ta t i s t i ca l ly  significant change was found in the predominant  r e -  
sponse of the ABC neurons  to DA, namely  the mani fes ta t ion  of its act ivat ing effect.  

The next  s tep was to analyze changes  in the blood and pi tu i tary  leve ls  of  LH of the an ima l s  a f t e r  the end 
of  mic ro ion tophores i s  in re la t ion  to the d i rec t ion  of the unit r e sponses .  Analysis  of the data showed that  in 32 
of the exper imen t s  with mic ro ion tophores i s  of DA the LI,I level  rose .  In 21 of these  expe r imen t s  (65.6~} this 
was combined with an act ivat ing ef fec t  of DA on the ABC neurons ,  in 10 (31.2%) with an inhibi tory action of DA, 
and in one case  the LH level  was i nc rea sed  wh e rea s  DA had no effect  on the act ivi ty  of the ABC neurons .  DA, 
incidental ly,  lowered  the LH level  in only four of the 50 expe r imen t s ,  and this effect  of  DA, m o r e o v e r ,  was ob-  
s e rved  only in s tage P".  As data in the l i t e r a t u r e  [3, 4, 14] and expe r imen t s  on the control  an imals  (Fig. 1} 
showed, this phase  of  p r o e s t r u s  is c h a r a c t e r i z e d  by the development  of  a p reovu la to ry  LI,I wave in the blood. 
Because of the sharp  d i f fe rences  in the init ial  LH level  in P"  compa red  with the other  s tages  of  the~estrous 
cyc le ,  the r e su l t s  of these  expe r imen t s  could not be subjected to s ta t i s t i ca l  ana lys i s  in conjunction with the data 
as a whole. Analysis  of the data for all  s tages  of the es t rous  cycle  except  P" showed that in 21 of the 23 ex-  
p e r i m e n t s  in which DA s t imula ted  act ivi ty  of  the ABC neurons  the p l a sma  LH level  was r a i s e d ,  whe reas  in two 
it was unchanged. The action of DA was inhibi tory,  e levat ion of the LH level  was obse rved  in nine and no effect  
in s ix exper iments .  Of the th ree  expe r imen t s  in which no change was obse rved  in the ac t iv i ty  of  the ABC neu-  
rons  in r e sponse  to DA, the p l a s m a  LI4 level  was r a i s ed  in one and unchanged in two. Stat is t ical  ana lys i s  of  
the r e su l t s ,  with calculat ion of the index of d i f f e rences  (X 2) led to the conclusion that  d i f fe rences  we re  s ign i -  
ficant in the a l t e rna t ive  groups  (X 2 = 6.957). 

The r e su l t s  a r e  evidence that  the ac t ivat ing effect  of DA on ABC neurons  leads  m o s t  f requent ly  to a s i g -  
nif icant  i nc r ea se  in the blood LH level .  

The blood LH concentra t ion  a t  d i f ferent  s tages  of  the es t rous  cyc le  in the control  an ima l s  {curve 1) and 
the an ima l s  with an ac t ivat ing effect  of  DA on the d i scha rge  of the ABC neurons  {curve 2) is shown in Fig. 1. 
It is an in te res t ing  fact  that  in some  expe r imen t s  the elevat ion of the blood LH level  was combined with an in-  
h ibi tory effect  of  DA on the ARC neurons .  A functioning sy s t em of neurons  blocking the l ibera t ion  of R F - L I t  
of  the pept idergic  neurons  of the med iobasa l  hypothalamus evidently exis ts  in ABC. This  blocking effect  is 
p robab ly  media ted  through inhibition of pept idergic  neu rons ,  r e semb l ing  the Benshaw type of r e c u r r e n t  inhibi-  
tion of spinal  motoneurons .  The inhibi tory effect  of  DA on the ne rve  ce l l s  included in the s y s t e m  of r e c u r r e n t  
inhibition of pept iderg ic  neurons  mus t  lead to faci l i ta t ion of the l ibera t ion  of r e l ea s ing  fac to r s  into the p i tu i ta ry  
por ta l  sy s t em.  The exis tence  of a s y s t e m  of r e c u r r e n t  inhibition has  been re l i ab ly  p roved  for  the n e u r o h o r -  
monal  ce l l s  of the supraopt ic  and p a r a v e n t r i c u l a r  nuclei  of the hypothalamus [9]. The r e su l t s  showing that  m i -  
c ro iontophore t ic  inject ion of DA in the phase  of the p reovu la to ry  wave of LH l ibera t ion  (P") can induce a d e -  
c r e a s e  in the blood LH level  a r e  a lso  in teres t ing .  The effect  of  DA on l ibera t ion  of the r e l eas ing  fac to r s  of the 
gonadotropic ho rmones  m a y  pe rhaps  be de te rmined  not only by the modulat ing effect  of endogenous es t rogens  
[13], but a lso  by the blood LH concentra t ion.  P i tu i t a ry  gonadotropic ho rmones  t h e m s e l v e s  a r e  known to be able 
to change the level  of  spontaneous ac t iv i ty  of ABC neurons  [8]. This  m a y  evidently account  for  the con t rad ic to ry  
data in the l i t e r a t u r e  on the effect  of DA on the r e l e a s e  of  LI,I [5, 7, 11 ,12] .  

As Fig. 1 shows,  in the control  an imals  the p i tu i ta ry  LI,I level  reached  a m in imum in E. In the c o u r s e  of 
D1 it gradual ly  i nc r ea sed ,  and the i n c r e a s e  bec ame  s t a t i s t i ca l ly  s ignif icant  in D2. Microiontophoret ic  injection 
of DA led to a s ignif icant  i n c r e a s e  in the p i tu i ta ry  LH level  only in s tage D2. The p r o c e s s  of  accumula t ion  of 
LH in the p i tu i ta ry ,  which is under  the control  of  hypothalamic  s t r u c t u r e s ,  m a y  pe rhaps  be media ted  to a ce r ta in  
deg ree  by DA~ However ,  the d i rec t ion  of the effect  of DA on the act ivi ty  of  ABC neurons  cannot be connected 
with changes in the p i tu i ta ry  LIt l eve l ,  for  the value obtained for  the index of d i f fe rences  showed them not to be 
signif icant  in the a l t e rna t ive  groups  (X 2 = 2.63). 

The r e su l t s  indicating that  DA pa r t i c ipa t e s  in the p r o c e s s  of hypothalamic regula t ion of p i tu i ta ry  gonado-  
t ropic  functions thus sugges ts  that  the s t imulant  effect  of  DA on LH r e l e a s e  m a y  be connected with both i ts  a c -  
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t ivat ing and its inhibi tory act ion on ARC unit act ivi ty.  However ,  the f i r s t  mechan i sm evidently plays the de -  

c i s ive  ro le .  
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C O R P E L A T I O N  B E T W E E N  A C T I V I T Y  O F  T H E  

P L A S M I N ,  A N D  T H R O M B I N  S Y S T E M S  O F  T H E  

D U R I N G  I N T E N S I V E  P H Y S I C A L  E X E B T I O N  

O. A.  G o m a z k o v ,  N.  V.  K o m i s s a r o v a ,  
a n d  L .  A.  L a n t s b e r g  

KA L L I K P  E I N ,  

B L O O D  

UDC 612.128-06:612.766.1 

Changes in the level  of p r e c u r s o r s  of  ka l l ikre in ,  p lasmin,  and thrombin  and of the i r  inhibi tors  
we re  studied by a combined method developed by the au thors .  The blood p l a sma  of  healthy 
a th le tes  and of  a th le tes  with a synd rome  of myocard ia l  o v e r s t r a i n  was invest igated at  r e s t  
and during intensive work  on a b icyc le  e r g o m e t e r .  The r e su l t s  of  the t es t  and of  co r r e l a t i on  
ana lys i s  r evea l  functional co r r e l a t i on  between the components  of  the "Hageman fac tor  s y s t e m . "  
In a th le tes  with a s ynd rom e  of o v e r s t r a i n ,  the functional capaci ty  of the humora l  s y s t e m s  of 
v a s c u l a r  control  was  impa i r ed ,  a s  re f lec ted  in a reduced level  of  p roenzyme  ac t iv i ty  and a d e -  
c r e a s e  in the values  of  the inhibi tors .  Cor re la t ion  between the above-ment ioned  indices at 
r e s t  and during exer t ion  was d is turbed in these  subjec ts .  
KEY WORDS: k a l l i k r e i a - k i n i a  s y s t e m  in man;  physica l  exer t ion.  

Adaptation of the hemodynamics  to the fac to r s  of  physica l  exer t ion takes  p lace  with the par t ic ipat ion  of 
the kal l ikre in  s y s t e m  of the body. As a r e su l t  of  continuous physical  t ra in ing,  the human k a l l i k r e i n - k i n i n  s y s -  
tem undergoes  modif ica t ions  that r e f l ec t  its inc reas ing  per fec t ion  as  one of the r egu la to ry  m e c h a n i s m s  of the 
c i rcula t ion  [3, 4]. 

In the modern  view,  the k a l l i k r e i n - k i n i n  sy s t em of the blood is looked upon as  being in functional unity 
with the f ibrinolyt ic  and clott ing s y s t e m s ,  as  an impor tan t  component  of the mechan i sm of va scu l a r  control  [1, 
5, 7]. Changes in the act ivi ty  of the f ibr inolyt ic  and clott ing s y s t e m s  of the blood under  the influence of physical  
exer t ion  have been studied p rev ious ly  [6, 8]. 
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