
the delayed inactivation of GABA produced by it may be the reason  why depakine delays the awakening of h iber -  
nating animals when adminis tered  in doses much sma l l e r  than those in which it causes GABA accumulation.  It 
has been shown that the highest concentrat ion of endogenous GHBA, 13--15 t imes  higher than in bra in  t issue,  
has been shown to be a fea ture  of the brown fat [9]. Considering the important  ro le  ascr ibed to brown fat in the 
maintenance of t empera tu re  regulation [5], it can be tentat ively suggested that this fact is in agreement  with 
the w r i t e r s '  hypothesis of the possible role  of GHBA as one of the biologically active substances responsible  
for  the unique pat tern  of metabolic  regulation in hibernating animals .  However,  it has a l ready  been stated that 
the inhibi tory effect  of GHBA and depakine on behavioral  awakening was more  marked  than the i r  action on t em-  
pe ra tu re  regulat ion.  This suggests that GHBA not only induces a metabol ic  effect,  but also par t ic ipates  in the 
central  mechanisms maintaining this unique adaptive state,  namely natural  hibernation.  
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A very  important  aspect  of the problem of control  over  male gonad function is the relat ionship between 
the hypo tha lamo-hypophyseo-gonada l  sys tem (HHGS) and the sympathicoadrenal  sys tem (SAS). It has been 
shown that catecholamines play a determining ro le  in the mechanism of sec re t ion  of gonadal re leas ing  hormones 
[4, 7, 8, 11, 12], and in par t icu lar ,  that excitat ion of dopaminergic  s t ruc tu res  of the mediobasal hypothalamus is 
accompanied by activation of t es t i cu la r  function [8, 9]. These facts indicate that dopamine can be regarded  as 
the leading media to r  in the mechanism of direct  posit ive communication at the level  of the stage of HHGS con- 
t ro l .  However,  the quest ion of its part icipat ion in the real iza t ion of negative feedback, and also the role of 
other  hormones  and media tors  of the catecholamine group requ i res  fu r the r  r e s ea r ch .  Hyperandrogenizat ion,  
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Fig. 1. EEG and EP in initial state (a) and 30 min (b) and 1 h (c) af ter  injection of tes tos terone .  
F rom top to bottom: EEG of left sensomotor  cortex,  right sensomotor  cortex, medial thalamus,  
AR of hypothalamus, EP of sensomotor  cortex, medial thalamus,  and AR of hypothalamus. Cali-  
brat ion:  for EEG 1 see, 100 #V; for  EP 20 msee,  200 #V. 

Fig. 2. Posts t imulus  h is tograms of frequency of EUA and averaged FER f rom hypothalamic 
AR. a) Initial state,  b) af ter  injection of tes tos terone ,  c) af ter  injection of peach oil. 1) After  
30 min, 27 af ter  1 h, 3) af ter  2 h. Abscissa ,  t ime (in msec);  ordinate, number of spikes.  

due to an excess of endogenous or  exogenous male sex hormones,  is known to lead not only to a disturbance of 
di rect  positive communication with HHGS, but also to considerable disintegration in the activity of SAS, possibly 
result ing in card iovascular  dysfunction and endocrine psychoses .  Meanwhile the p r ima ry  dis turbances of SAS 
lead to significant shifts in HHGS. Existing electrophysiological  and biochemical  data on a combined disturbance 
of the activity of HHGS and SAS during hyperandrogenizat ion are  ext remely  l imited and la rge ly  contradictory,  
due to the heterogenei ty of the experimental  and clinical mater ia l ,  the use of unstandardized techniques and of 
a wide range of doses and methods of adminis t ra t ion of androgens.  The exceptions are  studies of spontaneous 
spike generat ion by neurons of t e s tos te rone- reac t ing  regions of the hypothalamus during art if icial  hyperandro-  
genization [1, 2], but they are  concerned with delayed react ions and not with changes in excitability of the neu- 
rons studied or  their  media tor  nature. 

This paper  descr ibes  an attempt at combined study of the hypothalamic component of HHGS, namely the 
arcuate  region fAR), and SAS in the ear ly  stages of hyperandrogenizat ion in o rde r  to shed light on the immedi -  
ate electrophysiological  and also the media tor  mechanisms of negative feedback. 

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

Hyperandrogenizat ion was produced in mature  male albino rats  weighing 180-200 g by in t ramuscular  in- 
jection of an oily solution of tes tos terone propionate in a dose of 30 mg/kg body weight. Adrenalin (A), nor -  
adrenalin (NA), dopamine (DA) and dopa were determined in t i ssues  of the cerebra l  cortex, hypothalamus, adre -  
nals, l iver ,  and heart  and in the blood by the method of Von Euler and Lishajko in Matlina 's  modification. 
Evoked potentials (EPs) in response  to e lec t rodermal  stimulation of the forel imb (square pulses 1 msec  in 
duration) in the hypothalamus, sensomotor  cortex, and medial thalamus were recorded  in animals anesthetized 
with pentobarbital by means of s tereotaxical ly  implanted nichrome electrodes  [10] on the Ul~ FPT-5  apparatus 
by superposi t ion on photographic film, and the EEG was recorded  on the ]~I~G P4-02 electroencephalograph.  
The focal evoked response  (FER) and evoked unit activity (EUA) in AR to e lec t rodermal  stimulation of the zone 
of the v ibr issae  (square pulses 0.2 msec  in duration) in animals immobil ized with tubocurar ine were recorded  
by means of glass  mic roe lec t rodes  (diameter of tip 4-5#)f i l ledwi th  3 MNaC1 solution (resistance not more  than 
1 M~) f rom an S1-18 osci l loscope by means of the FOR-2 camera .  The t r ansmiss ion  band of the amplif ier  was 
0.5-2000 Hz, so that EUA and FER could be recorded  in the same channel. The location of the microe lec t rode  
t rack  in each experiment  was confirmed histologically in frontal ser ia l  brain sections.  A m p l i t u d e - t i m e  p a r a m -  
eters  of EP and FER and biochemical  pa ramete r s  were subjected to stat is t ical  analysis  by StudentVs test  [5]. 
The biochemical  investigations were car r ied  out in the initial state and 1 h af ter  injection of tes tos terone pro-  
pionate, the electrophysiological  investigations in the initial state and 30 min and 1, 2, and 3 h af ter  injection. 
In t ramuscu la r  injection of  peach oil in the same volume as the tes tos terone (0.05 ml) was used as the control.  
The biochemical  tes ts  were car r ied  out on 30 animals and the electrophysiological  on 40. 

801 



a A, NA, b 

A, NA, I 2 3 ~ DA, 3 + 

dopa DA # A, NA dopa e [7 

i-o,,I-L HI H I .  
o,o,, l -~ ;~ ' l l  I o,w, 

] 2 3 ~ ; 2 3 4, 

Fig. 3. Catecholamine levels in t i ssues  and 
blood I h af ter  injection of tes tos terone (un- 
shaded columns) compared with initial state 
(shaded columns). Ordinate,  hormone concen- 
trat ion (in #g/g;  a) hypothalamus, b) cerebra l  
cortex, c) blood, d) adrenal,  e) myocardium,  
f) l iver .  1) A, 2) NA, 3) DA, 4) dopa. 

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

Integral  e lect r ical  activity of the hypothalamus and cerebra l  cor tex  and, to a l e s s e r  degree,  of the medial 
thalamus 1-2 h after  injection of tes tos terone  was charac te r ized  by an increase  in the relative contribution of 
:*-waves (Fig. 1). The EPs during these periods showed a stat is t ical ly significant increase in amplitudes of the 
f i rs t  positive and negative components in the hypothalamus, and a less  marked increase  in the cerebral  cortex 
and thalamus (Fig. 1). In control experiments  changes in these pa ramete r s  were less  significant and, more 
important ,  they were of shor te r  duration: Their  duration did not exceed 1 h, whereas after  injection of t es tos -  
terone they were recorded  for  3 h. 

The resul ts  of analysis of EUA were as follows. In the initial state a small  decrease  in the number of 
spike discharges  was found in the initial segment,  but an increase  was found on the ascending region and peak 
of the f i rs t  negative component of FER (Fig. 2a). Conversely,  1--2 h after injection of tes tos terone,  a distinct 
decrease  in the frequency of spike d ischarges  was observed in the period of negativity of FER. The frequency 
of EUA increased  somewhat but only on the descending part of the negative component (80-100 msec  after the 
stimulus) and la te r  (Fig. 2). This charac te r  of EUA continued for 2 h after  injection of the Compound, and most  
important,  it was recorded  against the background of shortening of the f i rs t  positive component and a s ta t is t i -  
cally significant increase  in the amplitude of the negative component, i.e.,  changes taking place in EP also. In- 
jection of peach oil in the control animals was unaccompanied by any visible changes in FER or  depression of 
EUA. Moreover ,  an increase  in frequency of spike discharges  was c lear ly  observed at the stage of formation 
of positivity of the FER (Fig. 2c). 

Analysis  of individual neuronal evoked responses  showed that whereas initially a high proportion of them 
(40%) had an e x c i t a t o r y -  inhibitory type of response  (an inc rease  in the number of spikes during the positive 
and a decrease  during the negative component of FER), whereas the res t  could be classed as of inh ib i to ry-  
exci ta tory  type, 1-2 h after injection of tes tos terone  all neurons responded to stimulation only by inh ib i to ry-  
exci ta tory  and inhibitory types.  In control animals 1-2 h after  injection of peach oil the original ratio between 
neurons with the types of response  descr ibed above remained virtually the same.  These facts,  and also data 
obtained by the wr i te rs  previously [6], lead to the conclusion that immediate  t ransformat ion  of e lect rogenesis  
in AR of the hypothalamus during androgenization follows a regular  pattern which is manifested as inhibition of 
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spontaneous and evoked spike e l ec t rogenes i s  ar is ing  agains t  the background of synchronizat ion  of the in tegra l  
e l e c t r o g r a m  and an i nc r ea s e  in the ampli tudes  of EP .  

Against  the background of the e lec t rophys io logica l  changes desc r ibed  above in the t i s sues  of the ce reb ra l  
cortex,  hypothalamus,  adrenals ,  myoca rd ium,  l ive r ,  and also in the blood, 1 h a f t e r  injection of t e s tos t e rone ,  
s ignificant  changes were  obse rved  in the ca techolamine  concentra t ions ,  the mos t  demons t ra t ive  fea ture  of 
which was a sha rp  r i s e  in the DA concentra t ion in all the t i s sues  studied, and in pa r t i cu la r  in the hypothalamus.  
Meanwhile in the hypothalamus,  c e r eb ra l  cor tex,  adrenal  medulla ,  and t i s sues  of the pe r iphera l  o rgans  (myo- 
eard ium and l iver)  a sha rp  d e c r e a s e  was obse rved  in the concentrat ions of NA and A. The para l le l  dec rea se  in 
the concentra t ion of the dopamine p r e c u r s o r  dopa in the ce r eb ra l  cor tex ,  hypothalamus,  myoca rd ium,  and l ive r ,  
evidently a r i s ing  because  of i nc reased  t r ans fo rma t ion  of dopa into DA, will be noted (Fig. 3). A r a t h e r  dif-  
fe ren t  r e sponse  was obse rved  in the blood, where  the concentrat ion of all ca techolamine f rac t ions  ro se  consid-  
erably ,  poss ib ly  due to the i r  r e l e a s e  f r o m  t i s sue  depots.  This  r e l e a se  is evidently the resu l t  not so much of 
the effect  of t e s to s t e rone  as a nonspecif ic  r e sponse  to nocicept ive s t imulat ion,  for  s i m i l a r  changes took place 
in the control expe r imen t s .  

Under the influence of hyperandrogenizat ion,  reorganiza t ion  of ca techolamine synthes is  and sec re t ion  
probably  takes  place,  in the d i rec t ion of i nc rea sed  DA format ion  with para l le l  inhibition of the subsequent  s tages  
of NA and A b iosynthes i s .  As a r e su l t  cons iderable  quanti t ies of DA accumula te  in the blood and in the t i s sues  
of var ious  organs ,  accompanied  by a sha rp  fall  in the leve ls  of A and NA. One speci f ic  effect of hype randro -  
genizat ion on the SAS is thus s t imulat ion of p r o c e s s e s  respons ib le  for  p redominance  of dopamine regulat ion.  
The fo rmat ion  of the global r e sponse  in the hypothalamic AR and, in pa r t i cu la r ,  the ampli tude of its negat ive 
component  a re  evidently de te rmined  not so much by synchronizat ion of spike d i scharges  but r a t he r  by s u m m a -  
tion of pos tsynapt ic  potent ials  of s imul taneous ly  hyperpo la r ized  neurons ,  which can be explained by p r e d o m i -  
nance o f i n h i b i t i o n p r o c e s s e s .  The poss ib le  cause  of this is an excess  of DA. This hypothesis  is conf i rmed by 
the analogous e lec t rophys io logica l  and b iochemica l  changes in the ce r eb ra l  cor tex and tha lamus ,  where  the 
ampli tude of ER r i s e s  s ignif icantly a f t e r  injection of t e s tos te rone ,  para l le l  with synchronizat ion of the EEG in 
the J - w a v e  band. 
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