
Lithium hydroxybutyrate can thus exert an inhibitory action of GPEE irrespective of where 
the GPEE was created, on conduction of excitation provoked by the GPEE, and on structures re- 
ceiving this excitation, or in other words, on all stages of the pathological system. 
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To discover the cellular and molecular mechanisms of the chronic action of psychotropic 
drugs an important step is to study their effect on the neurochemical characteristics of the 
brain in animals with appropriate pathology of behavior, which can be corrected by the drugs 
concerned [2]. In the present investigation characteristics of 6- and 6-adrenoreceptors, and 
also of imipramine and benzodiazepine receptors in brain synaptic membranes of rats were stud- 
ied after exposure to combined stress for 15 days by a modified Hecht's method [7]. 

EXPERImeNTAL METHOD 

Noninbred male albino rats weighing 180-200 g were used. Stress was induced in September- 
October, 1983, daily for 15 days by means of chronic reinforcement by painful electric shocks 
of a conditioned stimulus (flashes) according to a stochastic program, with probability of 
electric shocks of 0.5. The rats' behavior before and after the beginning of stress was as- 
sessed on the basis of their activity in an open field test, in a maze, and in a shuttle box 
[7].  

On the 16th day the stressed and control (intact) animals were decapitated, the brain 
was quickly washed free from blood in 0.32 M sucrose solution, after which it was homogenized 
in the same solution (10% homogenate) in a glass homogenizer with Teflon pestle in 0.32 H su- 
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crose, made up in 0.05 M Tris-HCl with 1 mM EDTA, pH 7.4. The homogenate was centrifuged for 
i0 min at 1500g, the residue:was discarded, and the supernatant was centrifuged for 20 min at 
12,000g. The residue, consisting of the fraction of unpurified synaptosomes (fraction P2) 
was suspended in 0.05 M Tris-HCl, pH 7.4 (5 ml of buffer to 1 g of original tissue), poured 
into polyethylene flasks, and kept at --20~ for i0 days. Before the experiment the suspension 
was thawed in cold water and centrifuged for 20 min at 12,000g~ the residue was suspended in 
incubation medium, corresponding to the 3H-ligand chosen, and used for radioreceptor studies 
not later than after 1.5 h. All operations from washing the brain until keeping the final 
suspension were carried out in the cold. Specific binding of 3H-WB-4101 (30 Ci/mmole), 3H- 
dihydroalprenolol (52 Ci/mmole), 3H-flunitrazepam (84 Ci/mmole), and 3H-imipramine (21 Ci/ 
mmole; all these compounds were from Amersham Corporation, England) was carried out by known 
methods [4, 5, i0, 14] with certain modifications. 

3H-WB-4101: the incubation mixture contained the 3H-ligand in concentrations of 0.15, 
�9 0.45, 0.75, 1.05, 1.35,and 1.65 ~i, the displacing agent phentolamine in a concentration of 
i0 -s M, 0.5-0.6 mg protein of synaptic membranes, and 50 mM Tris-HCl, pH 7.4 and i0 mM CaCI~ 
in 0.5 ml. 

~H-dihydroalprenolol: the incubation mixture contained the 3H-ligand in concentrations 
of 0.45, 1.35, 2.25, 3.10, 3.90, and 4.5 nM, the displacing agent propranolol in a concentra- 
tion of 10 -5 M, 0.5-0.6 mg membrane protein, 50 mM Tris-HCl, pH 7.4, and i0 m~ MgCI2 in a 
volume of 0.5 ml. 

~H-flunitrazepam: the incubation mixture contained the 3H-ligand in concentrations of 
0.4, 1.2, 2.0, 2.8, 3.6, and 4.0 nM, the displacing agent diazepam in a concentration of 10 -6M, 
0.4-0.5 mg of membrane protein in 0.5 ml of 50 ~i Tris-HCl buffer, pH 7.4. 

3H-imipramine: the incubation mixture contained the 3H-ligand in concentrations of 0.48, 
0.80,'2.40, 5.60, and 7.20 ~i, the displacing agent imipramine in a concentration of 10 -5 M, 
50 ml~ Tris-HCl containing 150 mM NaCI and I0 mM KCI, and 0.5-0.6 mg membrane protein in a vol- 
ume of 0.5 ml. 

Incubation was carried out for 3H-imipramine and 3H-flunitrazepam at 0-4~ and for the 
remaining ligands at 25~ In all cases incubation continued for 60 min, and was stopped by 
the addition of 3 ml of the corresponding cold buffer to the samples, followed by immediate 
filtration of the suspension through glass wool GF/B filters (Whatman, England). After wash- 
ing twice with the same buffer (filtration and washing took not more than 15 sec) the filters 
were dried and extracted for 12 h in 5 ml of Bray's scintillator. After radioactivity had 
been counted on an SL-4000 scintillation counter (Kontron, France) Scatchard plots of the re- 
sults were analyzed by HP-33E microca!culator (USA). The protein concentration in the sam- 
ples was determined by the method in [13]. 

EXPERI~{ENTAL P~SULTS 

The situation of indeterminacy in the experiments with probable reinforcement by painful 
electric shocks was tolerated very badly by the rats. After the end of 15 days they developed 
a reactive state which could be defined as depression of behavior. Motor and investigative 
activity in the open field test and in a closed maze was depressed in these animals whereas 
the number of grooming acts was significantly increased (Table i). The behavior'of the animals 
in the shuttle box was unchanged (results not given). Incidentally, the behavioral disturban- 
ces observed were stable in character and persisted for at least i0 days [7]. 

The concentration (Bmax) and affinity (K d) of the imipramine receptors remained unchanged. 
The writers showed previously that exposure oF the rats to similar stress increased the affin- 
ity of the 3H-serotonin reuptake systems in rat brain synaptosomes [i]. There is now abundant 
and varied evidence to show that imipramine receptors may be centers of allosteric control of 
the rate of serotonin reuptake in nerve endings and platelets [6, i~]. Our own results did 
not contradict these conclusions, but were evidence that the affinity of the serotonin reup- 
take systems can change without any accompanying change in imipramine receptors. 

The decrease in concentration of benzodiazepine receDtors which we discovered is in good 
agreement with existing data showing that sufficiently intensive chronic stress in rats can 
lead to a reduction in density of both benzodiazepine and GABA receptors [8, 9] in the brain. 
On this basis it can be postulated that the depression of behavior which we observed can be 
interpreted as an enhanced degree of sedation, due to the chronically increased release of 
GABA and, perhaps, of certain hypothetical benzodiazepine ligands. The decrease in concentra- 
tion of GABA- and benzodiazepine receptors is probably an adaptive response to this increase. 
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TABLE i. Changes in Parameters of Rats' Be- 
havior in Open Field Test and in Haze before 

and after Stress for 15 Days (M • m) 

Param terss  died L I h sam an - 
during observation for Before stress mals after 
5 rain strees 

Number of animals 
Latent periods 
Number of squares 

crossed 

Vertical activity 
Investigative activity 

(number of holes 
sniffed) 

Number of grooming acts 
Number of defecations 

Open field 

2O 
2,8• 

83,6• 

20,8_+0,9 

7,3• 
2,9• 
1,3• 

Maze 

20 
4,7• 

17,4+_2,7' 

4,2• 

1,1 ___0,2" 
5,7• 
1,0• 

Number of squares } 
crossed in 2 rain 20,4• ] 5,7• 

Legend. *P < 0.05. 

TABLE 2. Effect of Chronic Induction of 
Neurosis in Rats on State of Some Brain Sy- 
naptic Hembrane Receptors (M • m) 

Ligand Parameter Control Neurosis 

Kd 3,12• 5,2• J" 

aH- dihydroalprenolol 

aH-WB-4101 

SH- flunitrazepam 

3H- imipramine 

gmax 
Kd 
Bma_r 
Kd 
Bmax 
Kd 
Bmax 

101,6• 
1,36• 
96,2• 
3,2• 

927• 
7,56• 
663• 

96,6+__7,2 
1,0+__0,12 

69,0=I=3,2" 
2,4__.0,08* 
825___26,2* 
6,9+_0,24 
693 +_32 

Legend. Mean results of four independent 
experiments are shown. Hean values of r 
for curves in Scatchard plots were 0.93. 

Kd) Dissociation constant (in riM). Bmax) 
Concentration of specific bindin Z sites 
(in femtomoles/mg protein). *P~ 0.05, 
?P ~ 0.01. 

Different types of chronic stress are known to increase the turnover and secretion of 
noradrenalin in the brain and at the periphery [3]. The writers showed previously that in 
this model of chronic stress the affinity of noradrenalin reuptake systems in the brain synap- 
tosomes is significantly increased. The decrease in affinity of B-adrenoreceptors, demonstra- 
ted in the present investigation, like the decrease in Bma x of the ~-adrenoreceptors, may re- 
flect a different aspect of the adaptive changes caused by increased noradrenalin secretion, 
namely thedevelopment of subsensitivity of these receptors. 

Meanwhile it has been shown that reserpine-induced depression, which can be corrected by 
many antidepressants [ii], is accompanied by an increase in density of B-adrenoreceptors; cor- 
rection of behavior by drugs, moreover, is accompanied by normalization (lowering) of their 
level. We thus have no grounds for identifying the depression of behavior observed in this 
particular model with the depressive-like state of the animals observed, in particular, in reserp .... 
ine depression. The results taken as a whole suggest that pathology of behavior in rats ob- 
served in the model used above may be classed as a depressive-like state rather than a neuro- 
sis-like state, and the model itself may be more appropriate for the study of the mechanisms 
of action of compounds with marked tranquilizing activity. 
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In emotional-painful stress the rate of synthesis of total RNA and of proteins is dras- 
tically changed. Soon after the end of exposure to stress the rate of RNA and protein synthe- 
sis falls, but later it is restored and exceeds the control values [2]. To study the charac- 
ter of function of the protein-synthesizing system of cells under the influence of stress fac- 
tors it is important to know how the rate of synthesis of different classes of RNA and, in 
particular, the rate of synthesis of messenger RNA (mRNA) and ribosomal RNA (rRNA) changes. 

In the investigation described below activity of RNA-polymerase I, an enzyme transcrib- 
ing ribosomal genes, and of RNA-polymerase II, an enzyme responsible for mRNA synthesis, was 
studied. 

EXPERIMENTAL METHOD 

Experiments were carried out on male albino rats weighing 180-200 g. The animals were 
fixed by the limbs in the supine position (immobilization stress) for 6 h. The stress syndrome 
which develops as a result of this procedure is accompanied by the development of gastric 
ulcers. The animals were investigated immediately after the end of exposure to stress, and 
again 12, 24, and 48 h later. 

Activity of the RNA-polymerases was studied in isolated nuclei of the heart, liver, and 
spleen in a cell-free system. The nuclei were isolated by the method in [8] with certain 
modifications [3]. Activity of RNA-polymerases I and II was determined under optimal condi- 
tions for the action of each enzyme, and was tested with ~-amantine. RNA-polymerase I is known 
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