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Data obtained recen t ly  have shown that  a neu ros i s - l i ke  state a r i s ing  in exper imen ta l  an imals  as a resu l t  
of chronic  emot ional -painful  s t r e s s  (EPS) is accompanied  by the crea t ion  of hypoxtc conditions in the bra in  
[1, 5]. Chronic alcohol consumption by exper imenta l  an ima l s  is known to lead to morphologica l  change in the 
bra in  [3] and to l o n g - t e r m  d i s tu rbances  of higher  nervous  act ivi ty  [4] and also of n e u r o t r a n s m i t t e r  s y s t e m s  [9]. 
Meanwhile the a n t t s t r e s s  action of alcohol in exper imenta l  an imals  has  been desc r ibed  [11, 14]. 

The a im of this investigation was to study the effect  of chronic alcohol consumption on reac t iv i ty  of the 
autonomic ne rvous  sys t em and on oxidative p r o c e s s e s  in the ra t  brain.  

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

E x p e r i m e n t s  were  ca r r i ed  out on 30 noninbred ma le  albino r a t s  weighing 200-250 g. The state of chron-  
ic EPS was c rea ted  by combined exposure  to "white noise"  and subsequent e l e e t r o d e r m a l  s t imulat ion coupled 
with f lashes  of light on a s tochast ic  schedule [5] dally for  4 weeks.  The an imals  were  divided into four groups:  
1) control  (intact ra ts ) ,  2) an ima l s  exposed to EPS, 3) a n i m a l s r e e e i v i n g a  20~. solution of ethanol a f t e r  wa te r  
deprivat ion,  4) an imals  subjected to EPS and consuming e thano l  The r a t s  were  given alcohol f rom the f i r s t  
day of EPS. Under  these  conditions the r a t s  of group 3 consumed 2-2.5 g /kg  alcohol pe r  head (calculated as 
100% ethanol) daily, whe rea s  an imals  of group 4 rece ived  30-40% more .  

Befo re  the beginning of exposure  to s t r e s s  and alcohol consumption,  and af ter  the end of these  p r o c e -  
dures ,  the an ima l s '  behavior  was a s s e s s e d  in  an open field tes t  and the autonomic p a r a m e t e r s  were  studied 
during functional loading by hypokinesia  (the an imals  were  kept in special  tubes, r e s t r i c t ing  the i r  movements ,  
for  2 h). The hea r t  ra te  (HR) was recorded  by means  of a p iezoe lec t r i c  c rys ta l .  The blood p r e s s u r e  (BP) 
was  de te rmined  by the appearance  of pulsed waves  a f t e r  constr ic t ion of the base  of the tail with a cuff. 

To de t e rmine  the stage of s t r e s s ,  according to Se lye ' s  sys tem,  the re la t ive  weight of the internal  o rgans  
(adrenals ,  spleen, thymus,  hear t ,  and brown fat) was  calculated.  The level of bra in  energy  me tabo l i sm was 
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Fig. 1. Reactivity of autonomic nervous system 
during hypokinesia. Abscissa,  duration of hypo- 
kinesia (in h); ordinate,  A) BP (in mm Hg), B)HR 
(beats/see) .  1-4) Groups of animals. *P < 0.05 
compared  with background, **the same compared 
with 1 h of hypokinesia. 
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Fig. 2. Relative weight of organs.  Ordinate, 
weight of organ (in ~ of control). A) Spleen, B) 
thymus, C) adrenals,  D) brown fat, E) heart.  
*P < 0.05, **P < 0.005, ***P < 0.001 compared  
with control.  Remainder  of legend the same as 
in Fig. 1. 

a s sessed  by measur ing  cytochrome oxidase (CCO) activity [5]. For  this purpose,  the cor tex and hippocampus 
were isolated f rom brain cooled for  1 rain, the t issue was homogenized in 2 volumes of medium, and CCO ac- 
tivity was determined in a system with ascorbate  (3 raMS, te t ramethyt-p-phenylened[amtne (TMPD, 1-400 #M), 
and with inhibition of respira t ion by amobarbital  (1.6 mM). The ' resu l t s  were subjected to statist ical  analysis  
by the Wilcoxon and Wilcoxon-  Mann-  Whitney tests.  

EXPERIMENTS RESULTS 

Assessment  of the animals '  behavior in the open field tes t  revealed no difference between the groups 
af ter  4 weeks of alcoholization and EPS. The reduction with age in horizontal  motor  activity, observed in all 
groups and reflecting the degree of or ientat ion-invest igat ive behavior  of the animals,  and the increase  in their  
emotionaltty (based on the number of defecationsS, observed in all groups, are famil iar  facts  [10]. The dynam- 
ics of react ivi ty  of the autonomic nervous sys tem during functional loading is i l lustrated in Fig. 1. Values of 
BP and HR could not be measured  in the animals  consuming alcohol before the beginning of hypokinesia (groups 
3 and 45, for  the weak pulse waves observed with tow values of BP could not be detected by the piezoelectr ic  
crys ta l .  No significant fluctuations of BID in response  to loading were found in the control group. In the ani- 
mals  of group 2 hypokinesta caused a r i se  of BP, i.e., the condition known as t ransient  hypertension, induced 
by chronic EPS and exhibited during functional loading, developed. In ra t s  subjected to EPS against the back- 
ground of alcohol consumption (group 45 BP was higher than in the control (group 1), but only after  2 h of hypo- 
kinesia, i.e., alcohol par t ly  prevented the development of hypertension.  In the animals  of group 2 hypokines[a 
also induced quickening of the hear t  rate (Fig. 1B), whereas  in the control animals, HR fell a little during load- 
ing. The hear t  rate in alcoholtzed ra t s  was intermediate  in value and was the same as that in the ra t s  of 
group 1. 

Investigation of the internal organs  of the animals revealed no gas t r ic  ulcers .  The weight of the adrenals  
in groups 2-4 (Fig. 25 did not differ significantly f rom the control. EPS led to a significant increase  in weight 
of the hear t  muscle,  which was not observed in alcoholized animals subjected to EPS. Hypertrophy of the hear t  
in the ra t s  of group 2 was evidently the resul t  of t ransient  hypertension [7], observed in these animals during 
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Fig. 3. CCO activity in neocortex (A) and hip- 
pocampus (B). Ordinate, CCO activity (in ~ of 
control). Remainder  of legend as to Fig. 2. 

functional loading. The absence of hyper t rophy of the hear t  muscle in the ra ts  of group 4 is in agreement  with 
data given in [14], when an increase  in weight of the hear t  was found during chronic (2 weeks) audiogenic 
s t ress ,  but no such effect was observed during chronic ethanol consumption. Involution of the thymus observed 
in ra ts  consuming alcohol (Fig. 2B) may be connected with immunodeficiency of the T lymphocyte component 
observed during chronic alcohol consumption [8]. In the ra t s  of group 3 an increase in weight of the brown fat 
was found: this evidently ref lects  stimulation of l ipogenesis by ethanol, and also shifts ~n noradrenalin metab-  
olism ar is ing during alcohol consumption [9]. 

CCO activity was raised in the cortex and hippocampus of the ra ts  of group 2 (Fig. 3). This effect, dis-  
covered in the wr i t e r s '  previous investigation [5], is regarded as compensatory,  reflecting the increase  in ac- 
tivity of oxygen utilization in c i rcu la tory  hypoxia of the brain, due to chronic EPS [1]. Alcohol consumption by 
the ra t s  completely  abolished the EPS-induced activation of CCO in the cerebra l  cortex. CCO activ[ty in the 
hippocampus of ra ts  consuming alcohol and subjected to EPS was higher than in the control animals, but lower 
than in animals  subjected to EPS and not consuming ethanol. Alcohol consumption thus completely prevented 
the EPS-induced increase  in CCO activity in the cortex, and par t ly  prevented it in the hippocampus. The re -  
suits are  evidence of the an t i s t ress  action of alcohol. 

It has recent ly  been established that exposure to s t r e ss  causes  activation of lipid peroxidation (LPO) in 
many organs  and t i ssues  of animals [6]. Data on the effect of chronic alcoholization on LPO p r o c e s s e s  In 
the body are contradictory.  Some invest igators  have observed an increase  in LPO in the t i ssues  of animals 
after  injection of ethanol [13]. However, other investigations have shown that ascorbate-dependent  LPO is 
considerably depressed  in the liver m i c r o s o m e s  of animals with chronic alcoholic intoxication [2], and that 
superoxide dismutase  activity is considerably  increased [12]. It has also been shown that administrat ion of 
ethanol increases  the concentrat ion of the natural antioxidant, ascorbic  acid, in the t i ssues  and urine [15]. 
Data in the l i te ra ture  indicate that LPO p r o c e s s e s  are inhibited under the influence of chronic alcohol consump- 
tion. This suggests  that the an t i s t ress  action of alcohol observed in experimental  animals by the present  
wr i t e r s  and others  [11, 14] is connected with part ial  normalizat ion of LPO when intensified on accountof  s t ress .  
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Previous  investigations have shown that emotional s t r e ss  (ES) causes  marked excitation of the adrener -  
gic and p i tu i tary-adrenal  sys tems  [3], foilowed by activation of lipid peroxidation (LPO) and disturbance of ox- 
idation and phosphorylation in the mitochondria of the hear t  [5], by s t ructural  changes in the myocardium [11], 
and also by depression of cardiac  contract i l i ty [4]. It has also been shown that excessive excitation of the 
adrenergic  and p i tu i ta ry-adrenal  sys tems [6, 7, 12] and dis turbances  of the metabolism and s t ructure  of the 
hear t  [10] can be prevented by the use of drugs acting selectively on different components of the pathogenesis 
of s t r e ss  injury to the hear t .  

In this investigation the effect of certain metaboli tes  of natural an t [ s t r e s so r  sys tems of the body and 
membrane  p ro tec to r s  on cardiac  contract i l i ty  and also on the glycogen content in the myocardium was studied 
in animals during s t ress ,  for this problem has not been studied adequately. 

EXPERIMENTAL METHOD 

Experiments  were car r ied  out on 144 male albino ra ts  weighing 190-230 g. ES was produced in the form 
of an anxiety neuros is  by the method descr ibed previously [6, 7]. The animals were divided into six groups:  
1) control,  2) animals subjected to ES; groups 3, 4, 5, and 6 of animals received sodium hydroxybutyrate (GHBA), 
prolactin, propranolol ,  and ionol respectively.  GHBA was injected in a dose of 100 mg/kg intraperi toneally 30 
min before ES and 3 h after  the beginning of exposure to s t ress ,  prolact tn was injected in a dose of 2.5 uni ts /  
100 g subcutaneously 60 min before ES, propranolol  in a dose of 5 mg/kg  subcutaneously 30 rain before ES, and 
ionol in a dose of 120 mg/kg  intraperi toneal ly once a day for  3 days before ES. 

The contract i le  function of the hear t  was studied under conditions of relative res t  and during isometr ic  
contract ion (compression of the aorta for 30 sec) with respec t  to the following pa ramete r s :  the developed 
p re s su re  (Pd), velocity of contract ion (Vc) and relaxation (Vr), and the intensity of functioning of s t ruc tures  
(IFS), calculated as the product of hear t  rate and developed p ressure ,  divided by the weight of the left ventricle.  
The investiations were conducted under pentobarbital  anesthesia (8 mg/100 g) with an open chest  and under 
art if icial  respirat ion.  The p re s su re  in the left ventricle was measured  by means of a VI6-6TN e lec t romanom-  
e ter  and recorded photographically on the N-105 osci l loscope [1]. The glycogen content in the hear t  muscle of 
the ra ts  was determined by the method in [15]. Contracti l i ty of the hear t  was studied and the glycogen con- 
cen t ra t ion  measured  45 h after the end of exposure to s t ress ,  at the t ime of maximal changes in metabolism, 
s t ructure ,  and function of the hear t  [5], 

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

ES evoked marked depress ion of cardiac  contract i l i ty (Tables 1 and 2). Whereas  in a state of relative 
res t  the p a r a m e t e r s  charac te r iz ing  cardiac  contract i l i ty  were depressed  by 15-20~, after  compress ion  of the 
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