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Abstract

Introduction: Preeclampsia is a serious complication of pregnancy, which increases the risk of anxiety disorders and
depression in children at different stages of ontogenesis.

Materials and methods: The psychoemotional state of 70-day-old offspring of rats with experimental preeclampsia
(EP) was studied after pharmacological correction from the 40" to 70" day of offspring life with GABA derivatives —
succicard (22 mg/kg), salifen (7.5 mg/kg), phenibut (25 mg/kg) and comparison drug pantogam (50 mg) — in the Open
field test, the Elevated plus maze test, and the Marble burying test. The above mentioned tests, together with the Porsolt
test, were performed at the age of 18 months.

At the second step, the offspring received succicard (44 mg/kg), salifen (15 mg/kg), phenibut (50 mg/kg) and pantogam
(100 mg) from the 24" to 25" month of life. After that, the animals were tested.

Results and discussion: The EP progeny had an increased level of anxiety and depression, as well as obsessive-com-
pulsive disorder.

Early GABA derivatives exposure limited anxiety and depression in the animals aged 70 days and 18 months, with
salifen limiting compulsive behavior. Late GABA derivatives “treatment” exerted anti-compulsive and antidepressant
effects, with phenibut having a greater degree of anxiolytic activity. Succicard, salifen and phenibut were comparable
or superior to pantogam in terms of effectiveness.

Conclusion: EP has a negative effect on the psychoemotional state of offspring. Early and late pharmacological cor-
rection with derivatives of GABA, such as succicard, salifen and phenibut, reduced anxiety, manifestations of obses-
sive-compulsive disorder, and depression in offspring of the rats with EP pregnancy.
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Introduction

Preeclampsia is a serious multisystem disease which de-
velops during pregnancy. It can cause adverse effects in
the offspring at different periods of their life.

Pathogenesis is based on disturbance of placentation
and endothelial dysfunction together with an increase in
pro-coagulant factors and vasoconstrictors. The fetus suf-
fers from oxidative stress, nonspecific inflammation, and
chronic hypoxia (Kovtun and Tsyvian 2019). This can re-
sult in abnormal neurogenesis, degeneration and death of
neurons. In the postnatal life, this is accompanied by a de-
lay in intellectual development, memory impairment and
emotional disturbances (Tuovinen et al. 2014; Phillips et
al. 2017; Kay et al. 2019) which clinically can manifest
as panic, generalized anxiety, obsessive-compulsive, and
anxiety-depressive disorders.

Anxiety precedes the development of depression in pa-
tients in 15-33% of cases (Galyamina et al. 2016). Child-
ren born to mothers with preeclampsia have an increased
risk of developing anxiety disorders and depressive states
in adult and old age (Tuovinen et al. 2010).

Since there are currently no drugs with proven effi-
cacy for the correction of post-hypoxic complications in
offspring in form of anxiety and depressive states, and the
combined manifestation of these psychoemotional disor-
ders is less treatable (Andreescu et al. 2007), the search
for substances and ways to correct these effects of pree-
clampsia is relevant.

In this regard, derivatives of gamma-aminobutyric
acid (GABA) which produce neuroprotective and noot-
ropic effects have anti-hypoxic and anxiolytic effects, and
improve memory and mental performance are of interest
(Tyurenkov et al. 2014a; Muzyko et al. 2020).

The aim of the current study was to evaluate the psy-
choemotional state of offspring of the rats with EP during
the early (from the 40" to 70" day of life) and late (from
the 24" to 25" month of life) pharmacological correction
with derivatives of GABA — succicard, salifen, phenibut,
and pantogam as a comparison drug.

Materials and methods

The experiments were performed on the offspring at the
age of 70 days (n = 362), 18 months (n = 296) and 25
months (n = 145) born to white outbred female rats with
physiological pregnancy and EP simulated by replacing
drinking water with 1.8% NacCl solution from the 1% to 21*
days of gestation (Tyurenkov et al. 2014a). The mainte-
nance and care of the animals in the vivarium of Volgograd
State Medical University were carried out in accordance
with the recommendations of the National Standard of the
Russian Federation GOST R-33044-2014 “Principles of
Good Laboratory Practice”, and the International Recom-
mendations of the “European Convention for the Protecti-
on of Vertebrate Animals Used for Experiments or Other
Scientific Purposes” (The European Convention, 1986).

The experimental study was carried out in accordance with
Order No. 199n of the Ministry of Health of the Russian
Federation dated 04/01/2016 “On the Approval of Labora-
tory Practice Rules” and Directive 2010/63/EU of the Eu-
ropean Parliament and the Council of the European Uni-
on dated 09/22/2010 on the protection of animals used in
scientific research. The protocol of the experimental study
was approved by the Regional Research Ethics Committee
of Volgograd Region (No. 2044-2017 December 25,2017).

On the 39" day after birth, the offspring were separa-
ted from the female rats. The study was conducted in two
steps. At the first stage, the groups of animals were formed:
groups 1, 2 — positive control — males (n = 30) and fema-
les (n = 29), born to healthy rats and treated with distilled
water; groups 3, 4 — negative control — males (n = 30) and
females (n = 31) — born to the rats with EP and treated
with distilled water; experimental groups 5, 6, 7, §, 9, 10,
11, 12 — males and females born to the females with EP
and treated with the following GABA derivatives: suc-
cicard (composition of 4-phenylpiracetam and succinic
acid in a ratio 2:1, a substance synthesized at the Organic
Chemistry Department of the Russian State Pedagogical
University named after A.I. Herzen) at a dose of 22 mg/
kg (male n =29 and female n = 30), salifen (composition
of phenibut and salicylic acid in a ratio 2:1, a substance
synthesized at the Organic Chemistry Department of the
Russian State Pedagogical University named after A.IL
Herzen) at a dose of 7.5 mg/kg (male n = 31 and female
n = 31), and phenibut (y-amino-B-phenylbutyric acid, a
substance synthesized at the Organic Chemistry Depart-
ment of the Russian State Pedagogical University named
after A.I. Herzen) at a dose of 25 mg/kg (male n=31 and
female n = 30), as well as pantogam, a comparison drug
(hopantenic acid, PIK-FARMA PRO LLC (Russia), syrup
100 mg/ml) at a dose of 50 mg (male n = 31 and female
n=29). The derivatives of GABA, pantogan, and distilled
water were intragastrically administered to the offspring
from the 40" to 70" day once a day, at the same day time,
with the use of a probe. The doses corresponded to half of
adult doses, which showed the most pronounced pharma-
cological activity in previous experiments (Tyurenkov et
al. 2014b, c). At the age of 70 days, the psychoemotional
state of the offspring was evaluated with the following
tests: Open field, Elevated plus maze, Marble burying.

The Open field is a white circular arena with high walls
(diameter of 80 cm). The floor of the chamber is divi-
ded into equal squares where there are holes at the inter-
sections. Each experimental session lasted 3 min. At the
beginning, the rat was placed in the center of the field.
The animals were tested in a dim room with a 60 W bulb,
placed 1.5 m above the center of the Open field. The pa-
rameters recorded in the Open filed test were: escape time
from the central zone, the number of entries to the central
zone, and central zone duration, the number of unsuppor-
ted rearings and supported rearings, the number of line
crossings, the number of peeps into holes, the number of
short-term and long-term grooming, the number of urina-
tion and defecation (Ostrovskaya et al. 2012).
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The elevated plus maze is a plus-shaped apparatus with
four long narrow arms (10 cm each) at right angle to each
other. The plus maze labyrinth is elevated 100 cm above
the floor. Two opposite arms have vertical opaque walls
on each side of 40 cm high, while the other two “sleeves”
are not walled. At the intersection of the four arms, there
is a central zone of 10x10 cm. The animal was placed in
the center of the intersection, facing one of the open arms.
The session for each animal lasted 3 min, with regular il-
lumination. The list of registration included the following
records: latent time before leaving the central area, time
spent in the open and closed arms, number of entries into
open and closed arms, total number of transitions between
the arms, number of rearings in the open and closed arms,
number of hangings from the open arms, duration time in
the central area and number of entries into it (Voronina et
al. 2012). Note that Figures 1, 2 show only the statistical-
ly significant indicators.

The Marble burying test was carried out in two steps.
Firstly, each rat was placed in the cage for 30 min to fa-
miliarize itself with it. Individual polycarbonate cages
of 30x20%20 cm were used for rats aged 70 days and
42x26%15 cm cages were used for rats aged 18 and 25
months. In advance, the cage floor had been covered with
sawdust packed to form a 5 cm layer. After 30 min of
the rat being in the cage, the sawdust was again packed
tightly, and 9 glass marbles with a diameter of 1.5 cm (ac-
cording to the scheme 3 by 3, 5-6 cm apart) were placed
on the sawdust surface in a regular spaced pattern for rats
aged 70 days, and 18 marbles (scheme 6 by 3, 5-6 cm
apart) — for rats aged 18 and 25 months. Secondly, the rat
was again placed in the familiar cage with the marbles
on the floor of cage. Thirty minutes later, the number of
buried marbles was counted (at least 2/3 buried into the
bedding) (Witkin 2008). Before starting the test, the saw-
dust was replaced for each rat.

At the age of 18 months, the above mentioned tests and
the Porsolt test were performed in male and female rats of
the positive (n = 26 and n = 24) and negative (n = 28 and
n = 26) control groups, and the following experimental
groups: 5 (n=24), 6 (n=27), 7 (n=20), 8 (n=22),9
(n=25), 10 (n=26), 11 (n=24), 12 (n=24).

The Porsolt test was performed in the transparent plas-
tic cylinders 45 cm high and 20 cm in diameter, filled with
water (temperature 25 °C). The latent period of immobi-
lization, the number and duration of complete immobility
in the water (complete absence of swimming movements
while passively holding the animal in the water) were re-
corded for 3 minutes (Porsolt 2000).

At the second stage of the study, for 30 days (from the
24" to 25" months of life), the male and female rats of
the positive (n = 11 and n = 12) and negative (n = 16 and
n = 13) control groups were intragastrically treated with
distilled water. The animals of the experimental groups 5
(n=16) and 6 (n = 10) were administrated with succicard
at a dose of 44 mg/kg, of groups 7 (n=11) and 8 (n = 14)
— with salifen at a dose of 15 mg/kg, of groups 9 (n = 14)
and 10 (n = 13) — with phenibut at a dose of 50 mg/kg,

of groups 11 (n =9) and 12 (n = 6) — with pantogam at
a dose of 100 mg. After that, the Open field test, Eleva-
ted plus maze test, Marble burying test and Porsolt test
were performed to assess the psychoemotional state of the
offspring at the age 25 months. The choice of doses of
substaces was determined by their most pharmacological
activity in adult rats studied in (Tyurenkov et al. 2014b, c).

The statistical processing of the results was carried out
with the help of STATISTICA v.12.5 software package (Stat-
Soft Inc., USA) by Mann-Whitney U-test and the Student
t-test for paired comparisons, as well as by Newman-Kales
criterion, Kruskal-Wallis with Dunnett’s multiple compa-
rison post hoc test. A preliminary check of normality was
performed according to the Shapiro-Wilke criterion. Diffe-
rences were considered significant at p < 0.05.

Results and discussion

The Open field test showed that male offspring of the ne-
gative control group had acsignificantly lower number of
unsupported rearings at the age of 70 days and 18 months.
At the age of 70 days, male offspring made supported rea-
rings more often. The number of defecations was higher
in 70-day, 18- and 25-month-old male rats. At the age of
70 days and 18 months, the female offspring from the EP
females made a significantly lower number of unsuppor-
ted rearings, compared with the offspring born to healthy
females. Female offspring made more supported rearings
at the age of 70 days. In females of the negative control
group, at the age of 70 days and 25 months, the numbers
of short groomings and defecations were significantly gre-
ater. This indicates an increase in anxiety of the offspring
from the females with EP compared with the females in
the positive control group.

In the Open field test, the level of anxiety in offspring
of different ages treated with GABA derivatives was lo-
wer than in the rats born to the females with high-risk EP
pregnancy.

After early pharmacological correction (from the 40®
day to the 70" day of life), succicard had the most an-
ti-anxiety effect in female offspring at the age of 70 days,
as the animals which had received it made more unsup-
ported rearings, made fewer supported rearings, short
groomings and defecations compared with the negative
control group. Salifen and phenibut also showed a pron-
ounced anxiolytic effect in 70-day-old male offspring. In
the Open field test, their anxiety was lower than that in the
EP control group. Succicard, salifen and phenibut were
superior in effectiveness to pantogam.

In male offspring treated with succicard, the level of
anxiety was lower at the age of 18 months. They made
more unsupported rearings, fewer supported rearings,
and defecations than the offspring of the negative con-
trol group. Salifen, phenibut, and pantogam as a compa-
rison drug had an anxiolytic effect in male and female
offspring, but it was less pronounced than in offspring at
the age of 70 days.
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In the offspring at the age of 25 months after a late phar-
macological correction, salifen and phenibut only showed
an anti-anxiety activity. In addition, it was found that the
numbers of supported and unsupported rearings, as well as
the number of short groomings, were statistically signifi-
cantly lower in the offspring of all groups aged 18 and 25
months compared with 3-month-old animals. This is most
likely associated with a general decrease in motor activity
in old animals. At the same time, the number of defecati-
ons, though decreasing by the 18" month, was higher in
25-month-old rats in the negative control group, and in
the animals treated with succicard and pantogam (Fig. 1).

70-day, 18- and 25-month-old animals of the nega-
tive control group showed increased anxiety in the Ele-
vated plus maze test and in the Open field test compared
to offspring of the healthy females. Males born to the
rats with EP performed significantly fewer hangings
from the open arms at the age of 70 days and made
more entries to the closed arms at the age of 70 days
and 18 months than the offspring of the positive control
group. Young and old female offspring of the rats with
EP spent significantly less time in the open arms and
made fewer hangings from the open arms. At the age
of 70 days and 25 months, the number of entries into
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Figure 1. The effect of early and late pharmacological correction by GABA derivatives on anxiety indicators in offspring of females

with experimental preeclampsia in the Open field test (M + m). Note. The differences are statistically significant compared with the

positive control group: * — by Mann-Whitney U-test; compared with the negative control group: # — by Kruskal-Wallis test with

Dunn’s multiple comparison (post hoc) test; compared with offspring at the age of 3 months: T — by the Mann-Whitney U-test;
compared with offspring at the age of 18 months: > — by to the Mann-Whitney U-test. p < 0.05.
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closed arms by females of the negative control group
was higher than that by the animals born to healthy rats,
as well as the number of transitions from one closed to
the other closed arms made by offspring of 70 days, 18
and 25 months old.

In offspring of females with EP at the age of 70 days,
administration of succicard, salifen, phenibut, and pan-
togam as a comparison drug produced an anti-anxiety ef-
fect. By the age of 18 months, the anxiolytic effect persis-
ted only in female offspring administered with the studied
GABA derivatives, mostly succicard and phenibut, and at
the age of 25 months — in the female offspring adminis-
tered with phenibut and pantogam. In the male offspring,

the positive effect of early pharmacological correction
(from the 40" day to the 70" day of life) by GABA deri-
vatives weakened by the age of 18 months, and late ad-
ministration (from the 24" to 25" months of life) did not
significantly change the studied parameters.

For male and female offspring of different groups aged
18 and 25 months, the time spent in the open arms and the
number of hangings from them were fewer in comparison
to those by the 70-day-old offspring. The numbers of tran-
sitions and entries into the closed arms were also fewer in
25-month-old rats than that in the animals aged 70 days
and 18 months, which is due to a decrease in motor acti-
vity in old animals (Fig. 2).
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Figure 2. The effect of early and late pharmacological correction of anxiety indicators by GABA derivatives in offspring of females

with experimental preeclampsia in the Elevated plus maze test (M + m). Note. OA — open arms, CA —
are statistically significant compared with the positive control group: *
with the negative control group: # — by Kruskal-Wallis test with Dunn’s multiple comparison (post hoc) test, *

closed arms. The differences
— by Mann-Whitney U-test, § — by Student t-test; compared
— by to the New-

man-Kales test; compared with offspring at the age of 3 months: T — by the Mann-Whitney U-test, § — by the Student t-test; com-
pared with offspring at the age of 18 months: > — by to the Mann-Whitney U-test, < — by to the Student t-test. p < 0.05
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The Marble burying test showed that the offspring of
rats with EP aged 70 days, 18 and 25 months buried sig-
nificantly more marbles compared to the positive control
group. The proportion of the animals which buried the
marbles was also significantly larger. At the age of 70
days, male and females administered with salifen buried
fewer marbles compared to the negative control group. In
18-month-old female offspring treated with succicard and
salifen, this indicator was significantly lower than in the
animals born to females with high-risk pregnancy. At the
age of 25 months, the offspring after an injection of the
studied GABA derivatives and pantogam demonstrated a
decrease in the number of buried marbles, and the percen-
tage of males which had buried the marbles was signifi-
cantly lower in this age group compared to the negative
control group (Fig. 3).

In the Porsolt test, 18-month-old male and female
offspring born to the rats with EP had a shorter latent pe-
riod and immobility time, as well as the number of free-
zings, compared to the rats of the positive control group.
At the age of 25 months, the female born to the rats with
EP pregnancy demonstrated a more expressed depressive
behavior, which is probably associated with an age-related
decrease in the production of sex hormones. At the age of
18 and 25 months, offspring treated with succicard, sali-
fen, phenibut, and pantogam had a lower level of depres-
sion compared to the rats of the negative control group. At
the same time, 25-month-old offspring corrected with the
GABA derivatives showed that immobility time was shor-
ter compared to offspring at the age of 18 months (Table 1).

Today, there are a large number of studies confirming
the relationship between prenatal hypoxia and depressi-
ve and anxiety disorders in offspring at different periods
of their life. The latter include a wide range of diseases,
for example, generalized anxiety, panic, post-traumatic
stress, childhood anxiety, obsessive-compulsive disor-
ders, and various phobias.

According to Tuovinen et al. (2010, 2012, 2014), hy-
pertensive pregnancy diseases increase the risk of depres-
sion and anxiety in children. The experimental study by
Trofimova et al. (2010) showed that intrauterine intermit-
tent hypoxia triggered a decrease in motor activity of rat
offspring and an increase in their anxiety. Our previous
studies also indicated the negative impact of EP on the
psycho-emotional state of offspring (Tyurenkov et al.
2014a; Muzyko et al. 2020).

The experimental data obtained in the Open field, Ele-
vated plus maze, Marble burying and Porsolt tests indica-
te that offspring of females with EP showed an increased
level of anxiety and obsessive-compulsive disorder at the
age of 70 days, 18 and 25 months, as well as depressive
behavior at the age of 18 and 25 months.

Obviously, preeclampsia is associated with intrauterine
hypoxia, which is a characteristic complication of such
a type of high-risk pregnancy. The insufficient supply of
oxygen to the developing fetus can affect the nervous sys-
tem development and its differentiation, as well as may
cause the death of neurons of various neurotransmitter
systems, triggering a lag in mental development in the
postnatal life (Kay et al. 2019).
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Figure 3. The effects of early and late pharmacological correction by GABA derivatives of obsessive-compulsive disorder in off-
spring of females with experimental preeclampsia in the Marble burying test (M = m). Note. The differences are statistically signifi-
cant compared with the positive control group: * —p <0.05 by Mann-Whitney U-test, @ — ¢ > 2.31 by Fisher F-test; compared with
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at the age of 18 months: > —p < 0.05 by to the Mann-Whitney U-test.
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Table 1. Effect of Early and Late Pharmacological Correction with GABA Derivatives of Depressive Behavior in Offspring of Fe-
males with Rxperimental Preeclampsia in the Porsolt Test (M + m).

Age Groups of animals Sex of rat Latent period of Immobility time, s Cases of freezing
immobilization, s
18 months Positive control Males 91.36+5.65 12.48+0.99 3.48+0.25
Females 84.65+5.67 9.87+0.52 3.35+0.16
Negative control Males 64.29+5.98% 25.29+6.49* 6.68+0.43*
Females 56.88+4.11% 19.33+1.48% 6.00+0.38$
Progeny of rats with experimental preeclampsia Males 99.58+6.83" 11.83+1.14# 4.17+0.35#
receiving succicard Females 80.19+6.49" 10.67+£0.97" 4.30+0.30"
Progeny of rats with experimental preeclampsia Males 84.65+7.24" 16.55+1.23 4.15+0.25#
receiving salifen Females 92.10+6.21" 9.78+1.05" 3.14+0.19"
Progeny of rats with experimental preeclampsia Males 104.13+£5.92" 10.61+1.62# 4.17+0.88#
receiving phenibut Females 77.22+4.64" 13.17+0.59" 4.57+0.37"
Progeny of rats with experimental preeclampsia Males 93.71+5.96" 8.38+0.90# 3.25+0.29#
receiving pantogam Females 72.04+5.80" 14.42+0.83" 4.71+0.37"
25 months Positive control Males 87.56+6.46 18.56+1.85> 4.2240.49
Females 100.00£7.72 6.18+0.54< 3.09+0.20
Negative control Males 72.67+7.12 20.40+2.04 4.60+0.27>
Females 52.58+6.55$ 22.334+2.86% 4.67+0.36*>
Progeny of rats with experimental preeclampsia Males 108.87+9.56# 8.00+0.50"> 2.60+0.20#>
receiving succicard Females 94.63+7.43" 6.75+0.41"> 2.75+0.25#>
Progeny of rats with experimental preeclampsia Males 102.09+6.52 9.09+0.40"> 3.18+0.38
receiving salifen Females 107.42+4.52~ 7.08+1.48" 2.50+0.19#>
Progeny of rats with experimental preeclampsia Males 95.08+7.20 8.54+0.69" 2.77+0.30#
receiving phenibut Females 93.67+9.54" 9.25+0.57"< 2.92+0.26#>
Progeny of rats with experimental preeclampsia Males 115.14+3.97# 13.14+0.53"> 3.43+0.38
receiving pantogam Females 95.83+9.03" 6.50+0.18"< 2.50+0.22#>

Note. The differences are statistically significant compared with the positive control group: * — by Mann-Whitney U-test, $ — by Student t-test; compared with the negative
control group: # — by Kruskal-Wallis test with Dunn’s multiple comparison (post hoc) test, * — by to the Newman-Kales test; compared with offspring at the age of 3
months: T — by the Mann-Whitney U-test, § — by the Student t-test; compared with offspring at the age of 18 months: > — by to the Mann-Whitney U-test, < — by to the

Student t-test. p < 0.05.

It has been shown that preterm delivery, often resulting
from preeclampsia, leads to a high risk of anxiety in pre-
term infants and reduces their social adaptation and self-
esteem, causes emotional dysregulation, attention deficit
hyperactivity disorder, and depressive disorders (Arpi and
Ferrari 2013; Mahoney et al. 2013; Dudova et al. 2014;
Dobson et al. 2016). Morphologically, there is a decrease
in the thickness of gray matter (Gimenez et al. 2006) and
decrease in amygdala (Nosarti et al. 2014), which is cen-
tral for the fear and anxiety processing.

Prenatal stress disturbs the production of a corticotrop-
in-releasing hormone by the paraventricular nucleus and
amygdala in rats, which leads to anxiety, fear, anxiety, and
stress in affected animals (Brunton et al. 2011; Zohar and
Weinstock 2011). It has been shown that changes in the
DNA demethylation of the corticotrophin-releasing hor-
mone Crhr | gene was observed in male rats subjected to
intermittent hypoxia in the prenatal life. These data sug-
gest that intermittent hypoxia in the prenatal life triggered
anxious behavior in adulthood (Wang et al. 2013).

As a result of our study, it is shown that the early (from
the 40" to the 70" day of life) pharmacological treatment
with succicard, salifen, and phenibut exerts an anti-anxie-
ty effect (at the age of 70 days) on offspring of females
with EP, exceeding that of a comparison drug pantogam.
By the age of 18 months, the anxiolytic effect persisted to
a greater extent in the animals treated with succicard and
phenibut. Among the derivatives of GABA which reduce
anxiety in offspring of EP females during the late “thera-
py” (from the 24" to 25" month of life), phenibut showed
the highest effectiveness.

The most decrease in the manifestations of obsessi-
ve-compulsive disorder in EP offspring was observed in
70-day and 18-month-old animals treated with salifen. Late
treatment with succicard, salifen, phenibut, and pantogam
limited compulsive behavior at the age of 25 months.

The antidepressant effects of the studied GABA de-
rivatives and pantogam were registered after the early
(from the 40" to 70™ day of life) and late (from the 24" to
25" month of life) treatment of offspring aged 18 and 25
months, respectively.

The improvement in the psychoemotional state of
offspring of rats with EP treated with the studied com-
pounds can probably be explained by the fact that GABA
derivatives have nootropic, neuro- and endothelioprotec-
tive, antihypoxic and anxiolytic effects as was shown in
the previous studies (Tyurenkov et al. 2014a; Muzyko et
al. 2020). Besides, the substances of this pharmacologi-
cal group improve the processes of respiration and oxi-
dative phosphorylation by reducing energy deficiency of
neurons in hypoxia. They improve glucose utilization,
stimulate protein synthesis in the brain cells and stabilize
the functions of neuron membranes in chronic cerebral
ischemia (Burchynskyi 2015).

Conclusion

Thus, EP produced a negative effect on the psychoemo-
tional state of offspring at the age of 70 days, 18 and 25
months. Early pharmacological correction (from the 40" to
70" day of life) with GABA derivatives, such as succicard,
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salifen, and phenibut, limits anxiety and depressive beha-
vior in rats born to females with EP. Treatment with salifen
decreased manifestations of obsessive-compulsive disorder
in animals aged 70 days and 18 months. In late ’therapy”
(from the 24% to 25" month of life), the studied derivatives
of GABA exerted anti-compulsive and anti-depressant ef-
fects, with phenibut having the most pronounced anxiolytic
effect. Because succicard, salifen, and phenibut were com-
parable or superior to pantogam in terms of their effective-
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