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Emotional stress (ES) is nowadays regarded as a factor in the development of pathological 
dependence on alcohol. This conclusion is based on the results of psychophysiological studies 
of the reducing effect of alcohol on negative emotions and also on data showing that animals 
~ith high inborn alcohol motivation have increased sensitivity to stress [4] and it indicates 
the need for a further study of the role of typological features of psychoemotional reactiv- 
ity in the realization of the neurotoxic effect of alcohols [5]. Meanwhile, analysis of data 
in the literature reveals the great similarity of the neuroendocrine mechanisms of develop- 
ment of alcohol intoxidation (AI) and of ES [i, 4], evidence of the common biological basis 
of stress and AI, and at the same time it suggests that the mental and hormonal manifestations. 
of stress are aggravated by preliminary intake of alcohol. 

The aim of this investigation was to make a combined study of the behavioral and neuro- 
hormonal and neurohormonal components of AI and ES and also of the character of the stress 
reaction during combined exposure to alcohol and stress. 

EXPERIMENTAL METHOD 

Experiments were carried out on 25 sexually mature male baboons (P~io h~a~r~as) weigh- 
ing 27-35 kg and 20 sexually mature male macaques (Macacarhesus) weighing 8-12 kg. Alcohol 
was injected intravenously in the form of a 33% solution of ethanol, and by the intragastric 
route as a 40% solution. ES was induced by immobilization for 2 h, which acts as a powerful 
psychoemotional stimulus for monkeys [3]. The following series of experiments were under- 
taken: I) ethanol was given per os to five baboons in doses of 0.5 and 4 g/kg and to five 
macaques in doses of 0.5, i, 3 g/kg; II) ethanol was injected intraveously into five baboons 
in a dose of 0.5 g/kg and five macaques in a dose of I g/ks; III) ethanol was injected intra- 
venously into five macaques in increasing doses (0.2, 0.4, 0.8, i, and 2 g/kg) with inter- 
vals of 2 weeks between the experiments; IV) 30 min before stress, a preliminary injection 
of ethanol was given in a dose of 0.5 g/kg to five baboons and in a dose of I g/kg to 
five macaques. In control epxeriments physiological saline was given to five intact male 
macaques and i0 baboons, and the animals were immobilized for 2 h. 

The individual and intraspecific behavior of the monkeys, kept five to a case, was 
studied by an ethologic method, by recording the dynamic and frequency of 53 behavioral ele- 
ments, and determining the structure of the hierarchy in each group of monkeys [8]. The 
ethologic parameters were recording in all series of experiments for 30 min before adminis- 
tration of alcohol or immobilization, for 4 h immediately after the procedure, for 30 min 6 
h after the beginning of immobilization, and on the next 5 days for 30 min at i0 a.m., noon, 
and 4 p.m. Initial values of the ethologic parameters were determined during the previous 
!0 days in the monkeys of each group. The plasma cortisol and testosterone levels were de- 
termined by radioimmunoassay [6]. In all series of experiments the blood steroid level was 
studied at intervals: before immobilization and 2, 6, 24, 48, and 72 h thereafter. The func- 
tional state of the sympathicoadrenal system (SAS) was investigated by determining the 24- 
hourly excretion of catecholamines (CA) with the urine in monkeys adapted to life in meta- 
bolism cages (n = 15), on which the main series of experiments were additionally performed. 
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CA were determined fluorometrically [7] with the MPF-4 spectrofluorometer (Hitachi, Japan). 
The 24-hourly urine was collected daily throughout the experiments and its background values 
were determined beforehand during the period of adaptation. 

E~PERIMENTAL RESULTS 

Administration of alcohol by the intragastric route in a dose of 0.5 g/kg caused a rela- 
tive increase in the frequency of the elements of preventive intraspecific aggression in all 
the experiments, while the normal pattern Of behavior was preserved on the whole. Intravenous 
injection of alcohol in the same dose caused a significant increase in the aggressive re- 
sponses and vocalization in baboons and, in a dose of i g/kg, in macaques, compared with the 
control. The animals showed a tendency toward motor excitation, against the background of a 
relative decrease in the frequency of elements of comfortable behavior (self-grooming, comb- 
ing, shaking). During the first 6 h the baboons also exhibited periods of transient inhibi- 
tion of motor acts. 

With an increase in the dose of alcohol to 3 g/kg for macaques and 4 g/kg for baboons 
acute AI developed and was characterized by an extreme degree of psychoemotional inhibition, 
with no response to external stimuli or food, with vomiting, and inhibition of general motor 
activity. Against this background disturbances of voluntary motor acts and coordination, loss 
of balance and of supporting reflexes, the assumption of unnatural postures, and absence of 
indicators of intraspecific aggression and friendly behavior were observed. These changes 
developed 10-15 min after administration of alcohol and they continued for the next 6 h, and 
were most markedin dominant and low-ranking individuals. During the next 3 or 4 days the 
features of AI diminished and behavior gradually returned tb normal. 

Periodic tugging with the trunk and head and active attempts to get free were observed 
in the monkeys of all species, alternating with bursts of clonic and tetanic spasms of the 
limbs and trunk. After exposure to stress the animals developed a depression-like state, 
manifested as profound and prolonged (for 2-3 days) depression of psychoemotional and loco- 
motor activity. The linear hierarchy was disturbed, customary means of communication were dis- 
turbed, and elements such as placing, grooming, and to and fro visiting, disappeared. Motor 
functions were inhibited, movements retarded, postures became rigid, and tremor developed. 

Preliminary intravenous injection of alcohol in a dose of 0.5 g/kg into male baboons 
and in a dose of i g/kg into macaques 30 min before the beginning of immobilization for 2 h 
led to deeper inhibition of mental and motor functions than took place after exposure to ES 
alone. Changes in psychophysioldgical parameters under these conditions were on the whole 
similar to the character of the behavioral disturbances caused by large doses of alcohol. 

The study of the functional state of SAS in response to various doses of alcohol showed 
progressive activation given. Besides the distinct dose-dependent effect of alcohol on nor- 
adrenalin excretion, there were also a sharp increase in dopamineexcretion and a tendency for 
the adrenalin level to rise after injection of alcohol in doses of I and 2 g/kg (Fig. la). 
In acute AI, CA excretion was comparable with the level of their excretion in response to im- 
mobilization for 2 h, whereas during ES preceded by alcohol administration greater activation 
of SAS was observed (Fig. ib). Analysis of changes in the functional state of SAS in the 
after-periods of AI, ES, and stress preceded by alcohol injection, and comparison of these 
data with the results of the ethologic tests, showed that normalization of CA excretion coin- 
cided in time with recovery of the parameters of individual and intraspecific behavior of the 
monkeys. Considering the important role of monoamines in the regulation of emotions and of 
adaptive forms of behavior [5, 8], and also data on changes in function of catecholaminergic 
brain systems in ES and AI [i, 4, 5], it can be postulated that the neurochemical basis of the 
appearance of reactive, depression-like behavior in monkeys during ES and the aggrevation of 
its psychopathological manifestations by the action of alcohol is excessive excitation of 
the central monoaminergic structures followed by depletion of the CA depots. 

The study of hormonal function of the adrenal cortex showed that injection of alcohol 
in a dose of 0.5 g/kg did not cause an increase in adrenocortical activity in the male ba- 
boons. Meanwhile, with a combination of AI and ES, a significant rise of the blood cortisol 
level was observed. The curve showing changes in the cortisol concentration during ES pre m 
ceded by alcohol administration was similar in character to the curve of changes in the 
hormone level during AI (Fig. 2a). 

Unlike the response of the pituitary-adrenocortical system to alcohl and stress, more 
marked inhibition of the testicular endocrine function was observed in the monkeys. It will 
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Fig. i Fig. 2 

Fig. i. Effect of alcohol and stress-inducing stimuli on CA excretion with the 
urine in mature male macaques. Abscissa (a), doses of ethanol (in g/kg); ordinate 
(a, b), CA excretion (in ~g/24 h). a) Change in excretion of adrenalin (A), nor- 
adrenalin (NA), and dopamine (DA) under the influence of alcohol in doses of 0.2, 
0.4, 0.8, i, and 2 g/kg; b) changes in CA excretion following injection of etha- 
nol in a dose of 3 g/kg (I), in response to immobilization for 2 h (II), and in 
response to stress preceded by injection of alcohol in a dose of 1 g/kg (III). 

Fig. 2. Changes in blood cortisol (a) and testosterone (b) levels in mature male 
baboons after injection of alcohol and exposure to stress. Abscissa, time of tak- 
ing bold (in h, after beginning of exposure; O) before injection of alcohol or 
beginning of immobilization); ordinate, concentration of steroid hormones (in 
mmoles/liter). Injection of alcohol in doses of: I) 0.5 g/kg; 2) 4 g/kg; 3) in- 
jection of physiological saline (control); 4) immobilization for 2 h; 5) immo- 
bilization for 2 h preceded by injection of alcohol in a dose of 0.5 g/kg. Arrow, 
injection of alcohol; two arrows, immobilization for 2 h. 

be clear from Fig. 2b that, in response to a small dose of alcohol, the blood testosterone 
level fell considerably, and it regained its initial values only on the 3rd day. The inhibi- 
tory effect oB alcohol on testosterone secretion was exhibited to an even greater degree when 
the dose of ethanol was increased. During stress preceded by alcohol administration a ten- 
dency was found for greater depression of testicular hormonal activity than in response to 
stress in the control experiments. 

The results of this investigation thus demonstrate great similarity between the neuro- 
endocrine mechanisms of AI and ES -- states which lead as a whole to a behavioral deficit due 
to reduction of the animals' mental and motor activity. Intensification of the psychopatho- 
logical manifestations of ES and overactivation of SAS, observed under the influence of small 
doses of ethanol, are evidently mediated through the inhibitory action of alcohol on the pro- 
~uction of testosterone, which has an inhibitory action on CA release [2]. 
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Information on the emitic action of certain regulatory peptides (RP), mainly of enkepha- 
lins and 8-endorphin, can be found in the literature. For instance, in 1977 it was shown 
[9] that Met-enkephalin (ME), when injected into the stomach, induces vomiting in cats. The 
emetic effects of enkephalins and B-endorphin in cats and dogs were later observed by other 
workers [i, 5, 8]. However, no special investigation of the vomiting action of the various 
liP has yet been undertaken. In addition, the possible antiemetic effects of endogenous pep- 
tides have virtually not been studied. The existence of these latter properties of the pep- 
tides would provide a basis for their prospective use in the prevention and treatment of 
vomiting, which is a characteristic symptom of many pathological processes and, in particular, 
of motion sickness and radiation sickness. 

The aim of the present investigation was accordingly to compare the emetic and anti- 
emetic properties of certain RP: enkephalins, endorphins, 8-1ipotropin, ACTH, and substance P 
(SP). 

EXPERIMENTAL METHOD 

Experiments were carried out on 30 unanesthetized, unrestrained cats weighing 2.2-4.5 
kg. Under general anesthesia (pentobarbital sodium, 30-40 mg/kg, intraperitoneally) cannu- 
las were introduced into the fourth ventricle of the brain at coordinates P = ii, L = 0, H = 
-4.6, from the atlas [13], 3-5 days before the beginning of the experiment. The position of 
the cannula in the fourth ventricle was verified later with the aid of Evans' blue dye at 
autopsy on the animals. In the course of the experiment the ECG and respiration were re- 
corded on an RM-150 polygraph (Nikon Kohden, Japan), and later the heart rate (HR) and re- 
spiration rate (RR) per minute were calculated from these parameters. 

Morphine (an agonist of ~-opioid receptors), ME and Leu-enkephalin (LE), D-AIa -D-Leu - 
enkephalin (DDLE) -- an agonist predominantly of 6-opioid receptors, and 8-, ~-, and des-Tyr- 
y-endorphins, obtained from Professor M. I. Titov, All-Union Cardiologic Scientific Center, 
Academy of Medical Sciences of the USSR, porcine 8-1ipotropin and ACTH,_s,, provided by Cor- 
responding Member of the Academy of Medical Sciences of the USSR, Yu. A. Nankov, of the In- 
stitute of Experimental Endocrinology and Hormone Chemistry, Academy of Medical Sciences of 
the USSR), and also SP (provided by Professor K. Hecht, East Germany), were dissolved in 
doses of 10-500 ~g in sterile isotonic sodium chloride solution, and injected into the fourth 
ventricle from a microsyringe (Hamilton, Great Britain) in a volume of 50-100 ~i. Opioid 
receptors were blocked by means of naloxone (Endo Laboratories, USA), a specific antagonist 
of opiates and opioids, and ICI 154, 129, a selective antagonist of ~-opioid receptors (pro- 
vided by Dr. Med. Sci. O. S. Medvedev), were used. 
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