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Maternal preeclampsia can bring about metabolic disorders in the offspring at different stages of ontogeny. Up to date, no 
ways of preventive pharmacological correction of lipid and carbohydrate metabolism disorders developing in different peri-
ods of ontogeny in the children born to mothers with this pregnancy complication, have been developed.
The aim of the experiment was to study the effect of the gamma-aminobutyric acid derivative succicard (22 mg/kg) and its 
reference drug pantogam (50 mg) administered per os in the course of treatment in puberty (from 40 to 70 days after birth), 
on the parameters of lipid and carbohydrate metabolism in the offspring of the rats with experimental preeclampsia, in dif-
ferent periods of ontogeny.
Materials and methods. To assess the activity of lipid and carbohydrate metabolism in the offspring, an oral glucose toler-
ance test was performed at 40 days, 3, 6, 12 and 18 months of age. The level of glycosylated hemoglobin was measured at 
the age of 6, 12, and 18 months, and the concentrations of total cholesterol, high-density lipoprotein cholesterol and tri-
glycerides were tested at 40 days, 3, 6, 12, and 18 months of age.
Results. The offspring of the rats with experimental preeclampsia, were found out to have lipid and carbohydrate metabolism 
disturbances during early (40 days and 3 months of age) and late (6, 12, and 18 months of age) ontogeny. In comparison 
with the offspring of healthy females, these disturbances were manifested by significantly higher levels of glucose revealed 
during the oral glucose tolerance test, by high glycosylated hemoglobin in males, and with elevated concentration of total 
cholesterol and triglycerides and a low level of high-density lipoprotein cholesterol in the negative control rats. Both the 
gamma-aminobutyric acid derivative succicard and its reference drug pantogam, reduced the negative effect of experimental 
preeclampsia on lipid and carbohydrate metabolism in the offspring in late ontogeny (6, 12 and 18 months of age). The effec-
tiveness of succicard was either higher or comparable with pantogam.
Conclusion. Thus, the negative impact manifestations of experimental preeclampsia on lipid and carbohydrate metabolism, 
are revealed in the offspring in early (40 days and 3 months) and late (6, 12 and 18 months of age) ontogeny. The gamma-am-
inobutyric acid derivative succicard reduces the negative effect of experimental preeclampsia. Based on this finding, the 
drug implies the possibility of the development of a safe and highly effective medicine for preventive correction of lipid and 
carbohydrate metabolism disorders in the children born to mothers with preeclampsia.
Keywords:  experimental preeclampsia; offspring; GABA derivatives; lipid and carbohydrate metabolism
Abbreviations. AP – arterial pressure; ATP – adenosine triphosphate; GABA – gamma-aminobutyric acid; IUGR – intrauterine 
growth restriction; TC – total cholesterol; OGTT – oral glucose tolerance test; PE – preeclampsia; TG – triglycerides; HDL-С – 
high-density lipoprotein cholesterol; EP – experimental preeclampsia.
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Преэклампсия у матери может служить причиной развития метаболических расстройств у потомства на разных этапах 
онтогенеза. На сегодняшний день не разработаны способы превентивной фармакологической коррекции нарушений 
углеводного и липидного обменов, возникающих в разные периоды жизни детей, рожденных от матерей с данным 
осложнением беременности.
Цель. Изучение влияния курсового перорального введения в пубертатном периоде (с 40 по 70 день жизни) произво-
дного гамма-аминомасляной кислоты сукцикарда (22 мг/кг) и препарата сравнения пантогама (50 мг) на показатели 
углеводного и липидного обменов потомства крыс с экспериментальной преэклампсией в разные периоды онтогенеза. 
Материалы и методы. Для определения состояния углеводного и липидного обменов у потомства проводили Пе-
роральный глюкозотолерантный тест в возрасте 40 дней, 3, 6, 12 и 18 месяцев, измеряли уровень гликированного 
гемоглобина в возрасте 6, 12 и 18 месяцев и определяли концентрации общего холестерина, холестерина липопроте-
инов высокой плотности и триглицеридов в возрасте 40 дней, 3, 6, 12 и 18 месяцев.
Результаты. Было выявлено, что у потомства крыс с экспериментальной преэклампсией на ранних (40 дней и 3 ме-
сяца) и поздних (6, 12 и 18 месяцев) стадиях онтогенеза наблюдаются нарушения углеводного и липидного обме-
нов. Это проявляется в значительно более высоких по сравнению с потомством здоровых самок приростах уровня 
глюкозы при проведении Перорального глюкозотолерантного теста, высоком уровне гликированного гемоглобина у 
самцов, а также повышенной концентрации общего холестерина, триглицеридов и низком уровне холестерина липо-
протеинов высокой плотности у крыс группы негативного контроля.
Производное гамма-аминомасляной кислоты сукцикард и препарат сравнения пантогам ограничивают негативное 
влияние экспериментальной преэклампсии на липидный и углеводный обмены потомства на поздних стадиях он-
тогенеза (6, 12 и 18 месяцев). По эффективности действия сукцикард превышал или был сопоставим с препаратом 
сравнения пантогамом.
Заключение. Таким образом, негативное влияние экспериментальной преэклампсии на показатели липидного и 
углеводного обменов потомства проявляется, как на ранних этапах (40 дней и 3 месяца), так и в более отдаленные 
периоды (6, 12 и 18 месяцев) онтогенеза. Производное гамма-аминомасляной кислоты сукцикард уменьшает от-
рицательное действие экспериментальной преэклампсии, что позволяет предположить возможность разработки на 
его основе безопасного и высокоэффективного препарата для превентивной коррекции нарушений углеводного и 
липидного обменов у детей, родившихся от матерей с преэклампсией.
Ключевые слова: экспериментальная преэклампсия; потомство; производные ГАМК; липидный обмен; углеводный 
обмен 
Список сокращений: АД – артериальное давление; АТФ – аденозинтрифосфат; ГАМК – гамма-аминомасляная кисло-
та; ЗВУР – задержка внутриутробного развития; ОХ – общий холестерин; ПГТТ – пероральный глюкозотолерантный 
тест; ПЭ – преэклампсия; ТГ – триглицериды; ХС ЛПВП – холестерин липопротеинов высокой плотности; ЭП – экспери-
ментальная преэклампсия.

INTRODUCTION
Preeclampsia is (PE) is a severe pregnancy complication 

causing adverse sequelae for both mother and child at differ-
ent stages of postnatal ontogeny. In children, early complica-
tions of PE include premature birth and intrauterine growth 
retardations (IUGR), whereas it’s long-term effects are man-
ifested by a higher risk of developing cardiovascular, neuro-
logical, endocrine and metabolic disorders [1]. 

The damaging action of this pregnancy complication 
is associated with impaired cytotrophoblast invasion and 
deficient spiral arterial conversion, endothelial dysfunc-
tion, changes in the correlation between pro- and anti-
coagulant factors, an enhanced production of vasocon-
strictors, which finally lead to circulatory disturbances in 
the “mother-placenta-fetus” system and hypoxy [2, 3]. 
The latter may cause changes in the organs and tissues 
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in the critical periods of the fetus development, which 
result in their dysfunction in late ontogeny [4].

A prenatal exposure to preeclampsia increases the 
risk of metaboliс disorders in children at different stag-
es of their individual development [5, 6]. It has been 
demonstrated that the children with a past history of 
cerebral ischemia, have a higher level of blood glucose 
[7], those with IUGR show elevated concentrations of to-
tal cholesterol (TC), triglycerides (TGs) and low-density 
lipoprotein cholesterol with a simultaneous decrease in 
high-density lipoprotein cholesterol (HDL) as compared 
to healthy children [8]. Furthermore, prematurely-born 
infants and those with IUGR born to mothers with pre-
eclampsia, tend to show insulin resistance and obesity, 
respectively [9], which may contribute to the develop-
ment of hypertension and type II diabetes mellitus at a 
more mature age.

To date, no ways of preventive pharmacological 
correction of lipid and carbohydrate metabolism disor-
ders occurring at different stages of postnatal develop-
ment in the children born to mothers with preeclamp-
sia, have been discovered. Gamma-aminobutyric acid 
(GABA) derivatives are of special interest, as earlier 
studies have demonstrated their endothelium-pro-
tective, antihypoxic, antioxidant, vasodilating and an-
tithrombotic action [10, 11]. Moreover, they promote 
the activation of both tissue respiration and oxidative 
phosphorylation, and enhance glucose utilization by 
cells [12], which implies their potential use for correct-
ing lipid and carbohydrate metabolism in the offspring 
exposed to PE.

THE AIM of the present research was to study the 
effect of the course administration of the GABA deriv-
ative succicard and its reference drug pantogam in the 
puberty period (from the 40th to the 70th days of life) on 
the parameters of lipid and carbohydrate metabolism in 
the offspring of the rats with experimental preeclampsia 
(EP) at different stages of ontogeny.

MATERIALS AND METHODS
Experimental animals
The study was conducted on the offspring of white 

outbred rats – females weighing 230-250 g – with a phys-
iological pregnancy and PE: males and females at the 
age of 40 days, 3, 6, 12 and 18 months (n=121). The an-
imals were delivered from “Rappolovo breeding ground 
for laboratory animals” (Leningrad region). The females 
and their offspring were kept and cared for in the Volgo-
grad State Medical University vivarium settings accord-
ing to the recommendations of the national standard of 
the Russian Federation GOST R-33044-2014 Principles 
of Good Laboratory Practice. The study was conducted 
in compliance with the requirements of the Decree of 
MH RF No. 199n dated 01.04.2016 “On the Approval of 
the Guidelines for Laboratory Practice and the Directives 
of the European Parliament dated 2010/63/EU and the 

European Union Council dated 22.09. 2010 on the pro-
tection of animals used for scientific purposes”. The ex-
perimental study protocol was approved by the Region-
al Independent Review Board (SU “Volgograd Medical 
Research Centre”): No.2044-2017 dated 25 December, 
2017.

Modeling experimental preeclampsia
To be mated, the rats were placed in separate cages 

for 12 hours at the ratio of 2 females and 1 male. The 
pregnancy was detected when vaginal smears showed 
the presence of sperm. After that, each pregnant female 
was put in a separate cage. To model PE, the rats received 
a 1.8% sodium chloride solution instead of drinking wa-
ter from the 1st to 21st day of pregnancy [13]. Increased 
arterial pressure (AP) and elevated urine protein on the 
20th day of pregnancy as compared to the 1st day, were 
the signs indicating the development of PE. AP was mea-
sured in the females on the 1st and 20th days of gestation 
using a non-invasive blood pressure monitoring system 
CODA’TM Non-Invasive Blood Pressure System (Kent Sci-
entific Corporation, USA). For a 24-hour urine collection, 
the female rats were placed in a metabolic cage (Nal-
gene, Italy). To assess total urine protein, a CliniTest-BM 
PGK panel (ECO-SERVIS, Russia) was used.

On the 1st day of pregnancy, AP readings in rats 
with physiological pregnancy and simulated EP were 
121.95±6.62 and 119.54±8.31 mmHg, respectively. On 
the 20th day they were 109.74±5.16 and 133.61±9.64 
mmHg, with an increase of 17.9% (p<0.05). 

The level of 24-hour urine protein showed no sig-
nificant differences in both groups at the beginning of 
pregnancy. However, on the 20th day of gestation, it 
was 4.91±0.40 mg per 24 hours in the females with PE, 
whereas in the healthy females it amounted to 2.38±0.26 
mg per 24 hours.

The obtained findings were considered as the evi-
dence that the females receiving saline solution, devel-
oped EP.

Study design
On the 39th day after birth, the offspring were moved 

away from the females. The experiment was conducted 
in two stages. The first stage involved the division into 
groups: 1, 2 – positive control – offspring (males n=10, 
and females n=10) born to the females without PE; 3, 
4 – negative control – offspring (males n=11 and females 
n=10) born to the females with EP.

At the second stage, the groups were arranged in 
such a way that each group was made up of 10 animals: 
1, 2 – positive control – offspring (males and females) 
born to the females without EP and receiving distilled 
water; 3,4 – negative control – offspring (males and fe-
males) born to the females with PE and receiving dis-
tilled water; 5, 6, 7, 8 – offspring (males and females) 
born to the females with EP and receiving the GABA 
derivative succicard (composition of 4-phenylpiracetam 
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and succinic acid in the ratio of 2:1) (Fig. 1) at the dose of 
22 mg/kg and the reference drug pantogam (hopantenic 
acid, PIK-PHARMA PRO Ltd, Russia; syrup 100 mg/ml), at 
the dose of 50 mg, respectively. The offspring received a 
half of the effective dose of succicard for adult animals, 
which had been detected while studying neuro- and 
cardioprotective, antihypoxic and antioxidant activities 
[15]. Pantogam was chosen as a reference drug since it 
is used in clinical practice to treat children with posthy-
poxic disorders caused by various conditions including 
preeclampsia. Hopantenic acid was applied in effective 
doses on the basis of literature findings [16]. Succicard 
and the reference drug, were administered per os at the 
same time once every 24 hours, from the 40th to 70th 
days of postnatal ontogeny. The positive and negative 
control animals received a similar regimen of distilled 
water.

Identifiable parameters of lipid 
and carbohydrate metabolism 
The oral glucose tolerance test (OGTT) was per-

formed at the age of 40 days, 3, 6, 12, and 18 months. 
The level of glycosylated hemoglobin was measured at 
the age of 6, 12, and 18 months, and the concentrations 
of TC, HDL and TG were tested at the age of 40 days, 3, 
6, 12, and 18 months.

When OGTT was performed, the blood was collect-
ed from the caudal vein after a 12-hour food depriva-
tion. Glucose solution was intraorally administered to 
the rats at the rate of 4g of the substance per 1 kg of the 
animal weight, then, its concentration in the blood was 
measured 30, 60, 90, and 120 min after loading to assess 
an endogenous insulin activity [17]. Oxochrom Glucosa 
S panel for enzymatic detection of glucose by GOD-POD 
method (Erba Lachema, Czech Republic), was used. The 
optical density of the specimens was measured using a 
PE-5400V spectrophotometer (Ekros, Russia) (the wave-
length 498 nm).

Glycosylated hemoglobin indicates the total level of 
glucose interacting with hemoglobin within the period of 
3-4 months. Its amount in the blood collected from the 
sublingual vein, was quantified using a Glycohemoglobin 
reagent panel (High Technology, Inc., USA). A hemolyzed 
sample was mixed up with weak cation exchange resin. 
After a 5-minute incubation, filters were used to sepa-
rate the supernatant containing glycosylated hemoglo-
bin from the resin. To determine the content of glyco-
sylated hemoglobin, the optical density of glycosylated 
hemoglobin fraction and that of total hemoglobin, were 
evaluated. The amount of glycosylated hemoglobin in 
the sample, was calculated as a ratio of these two op-
tical density types. The measurements were made with 
a PE-5400V spectrophotometer (Ekros, Russia) with a 
wavelength of 415 nm.

The content of TC, HDL and TG in blood serum was 
determined using the following reagent panels – Total 
Cholesterol (Olvex Diagnosticum, Russia), High-density 

lipoprotein cholesterol (Olvex Diagnosticum, Russia) and 
Triglycerides (Olvex Diagnosticum, Russia). The blood 
was collected from the sublingual vein. The optical den-
sity was assessed by a PE-5400V spectrophotometer 
(Ekros, Russia).

Methods of statistical
analysis of data
The study findings were statistically processed with 

STATISTICA v.12.5 software (StatSoft Inc., USA), which 
involved the Mann-Whitney U test, the Student’s t-test 
to compare paired samples, the Newman-Keuls test 
for multiple comparisons with a prior assessment of 
the distribution normality based on the Shapiro-Wilk 
test. The differences were statistically significant when 
p<0.05.

RESULTS
OGTT findings revealed that the offspring born to 

the females with PE, showed a higher increase in the 
glucose level as compared to the positive control rates, 
which may be suggestive of carbohydrate metabolism 
disturbances.

In 40-day-old males born to the females with EP 
compared with the males born to the healthy females, 
the increase in the glucose level with reference to the 
original values (before loading) 60 min after its admin-
istration, was 3 times higher (p<0.05), after 90 min it 
was 4 times higher (p<0.05) and after 120 min this 
indicator was negative in the positive control group. 
However, 40-day-old females demonstrated the op-
posite tendency (Fig. 2A). In 3-month-old negative 
control males, significant differences were observed 
30 minutes after the glucose administration – the in-
crease was 1.4 times as high (p<0.05) as in the animals 
born to the rats with physiological pregnancy, whereas 
90 and 120 min after the introduction, in the females, 
the increase was 1.8 and 2.9 times higher (p<0.05), re-
spectively (Fig. 2B). In 6- month-old males born to the 
rats with a complicated pregnancy, the gain in the glu-
cose level was significantly higher – 1.6, 2.1, 1.8, and 
2 times higher (p<0.05) 30, 60, 90 and 120 min after 
the administration, respectively, as compared to the 
offspring of healthy females; in the female offspring it 
was 1.8, 2.8, 2.7 and 2 times higher (p<0.05) (Fig. 2C). 
At the age of 12 months, the negative control males 
showed an increase, which was significantly higher 30 
and 60 min after the introduction (1.9 and 1.6 times 
(p<0.05)), the females demonstrated a high increase 
throughout the test (1.6 times (p<0.05) 30 min after, 
1.4 times (p<0.05) in 60, 90, and 120 min (fig. 2D). The 
same trend retained in 18-month-old offspring. 60, 90 
and 120 minutes after the glucose introduction, the 
negative control males showed a higher increase (1.2, 
1.3 and 1.5 times (p<0.05)) as compared to the posi-
tive control group, in the females it was 1.4, 1.2 and 
1.2 times higher (p<0.05) (Fig. 2E).
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Figure 1 – Structural formula of succicard

Table 1 – Effect of GABA derivatives on the level of glycosylated hemoglobin in the offspring of the females with 
EP at the age of 6, 12 and 18 months (M±m)

Ag
e

Animal groups Rat gender Level of glycosylated 
hemoglobin

6 
m

on
th

s

Offspring of the females with physiological pregnancy receiving distilled 
water – positive control

Males 8.43±0.65

Females 8.87±0.31

Offspring of the females with EP receiving distilled water – negative control
Males 12.56±0.84$

Females 9.01±0.61

Offspring of the females with EP receiving succicard 22 mg/kg
Males 7.45±0.74#

Females 8.94±0.74

Offspring of the rats with EP receiving pantogam 50 mg
Males 10.69±0.73

Females 10.71±0.78

12
 m

on
th

s

Offspring of the females with physiological pregnancy receiving distilled 
water – positive control

Males 8.27±0.58

Females 7.56±0.81

Offspring of the females with EP receiving distilled water – negative control
Males 10.44±0.61*

Females 7.49±0.83

Offspring of the females with EP receiving succicard 22 mg/kg
Males 11.34±0.90

Females 6.53±0.33

Offspring of the rats with EP receiving pantogam 50 mg
Males 10.39±1.29

Females 7.63±0.83

18
 m

on
th

s

Offspring of the females with physiological pregnancy receiving distilled 
water – positive control

Males 9.6±1.00

Females 10.55±0.94

Offspring of the females with EP receiving distilled water – negative control
Males 12.26±0.87*

Females 10.27±0.75

Offspring of the females with EP receiving succicard 22 mg/kg
Males 9.85±0.76#

Females 9.24±0.93

Offspring of the rats with EP receiving pantogam 50 mg
Males 10.97±1.06

Females 10.52±1.33

Note: $ – based on the Mann-Whitney test as compared to the positive control group; * – based on the Student’s t-test as compared to the 
positive control group; # – based on the Newman-Keuls test as compared to the negative control group (p<0.05)
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Figure 2 – Effect of GABA derivatives on the increase in glucose level in the offspring of the females with  
EP at the age of 40 days (A), 3 months (B), 6 months (C), 12 months (D), and 18 months (E) (M±m)  

on the basis of OGTT findings
Note: $ – based on the Mann-Whitney test as compared to the positive control group; * – based on the Student’s t-test as compared to the posi-
tive control group; # – based on the Newman-Keuls test as compared to the negative control group (p<0.05)
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Figure 3 – Effect of the GABA derivatives on the lipid metabolism indices in the offspring of the females with  
EP aged 40 days (A), 3 months (B), 6 months (C), 12 months (D) and 18 months (E) (M±m)

Note: $ – based on the Mann-Whitney test as compared to the positive control group; * – based on the Student’s t-test as compared to the 
positive control group; # – based on the Newman-Keuls test as compared to the negative control group (p<0.05)
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In 3-month-old males and females receiving succi-
card and its reference drug, the increase was lower than 
in the negative control group, however, no significant 
differences were revealed (Fig. 2B). 6-month-old males 
receiving succicard, demonstrated a glucose increase 
which was 1.9, 2.5 and 1.9 times lower (p<0.05) 30, 60 
and 120 minutes after the administration; in the rats re-
ceiving hopantenic acid, it was 2.2, 3.2 lower (p<0.05) 
after 60 and 120 minutes. In the females to which succi-
card had been administered, the increase was 1.7 times 
lower (p<0.05) 30 minutes after the introduction, in 
those receiving hopantenic acid it was 1.6 and 2.1 times 
(p<0.05) lower after 60 and 90 min (Fig. 2C). At the age 
of 12 months, significant differences were revealed only 
in the females to which GABA derivatives and the refer-
ence drug had been administered. Those receiving suc-
cicard, showed an increase which was 1.6 times (p<0.05) 
lower 60 min after the glucose introduction and 2 times 
lower after 90 and 120 min; in the rats receiving hopan-
tenic acid it was 1.7, 1.8 and 1.9 times lower (p<0.05) af-
ter 60, 90 and 120 min (Fig. 2D). 18-month-old females, 
to which succicard had been administered, demonstrat-
ed significantly lower values of the increase 60 and 90 
min after the glucose introduction (1.6 and 1.4 times 
(p<0.05)). No significant differences were revealed in the 
females receiving hopantenic acid as well as in the males 
receiving succicard and the reference drug as compared 
to the negative control group (Fig. 2E).

When estimating the level of glycosylated hemoglo-
bin it was found out that in the males born to the rats 
with EP, this indicator was 1.5 times higher (p<0.05) at 
the age of 6 months, and 1.3 times higher (p<0.05) at the 
ages of 12 and 18 months as compared to the positive 
control group. Among the males, to which the studied 
GABA derivative and its reference drug had been admin-
istered, significant differences from the animals born to 
the females with the studied pregnancy complication 
were revealed only in the rats receiving succicard: at 
the age of 6 months their level of glycosylated hemoglo-
bin was 1.7 times lower (p<0.05), and at the age of 18 
months – 1.2 times lower (p<0.05). No significant differ-
ences between the females from the positive and nega-
tive control groups as well as those receiving succicard 
and hopantenic acid, were found out (Table 1).

No significant changes in the lipid metabolism indi-
ces were registered in the negative control animals aged 
40 days as compared to the offspring born to the rats 
with physiological pregnancy (Fig. 3A).

The concentration of TС in blood in 3-month-old 
males and females born to the rats with EP did not 
change, their level of HDL was 2 and 1.3 times as low 
(p<0.05) as in the positive control group. The changes 
in TG concentration were observed only in the males of 
the negative control group – it was 1.4 higher (p<0.05) 
compared to the offspring of the healthy females (Fig. 
3B). This tendency was retained at the age of 6 months: 
the males born to the rats with complicated pregnancy, 

showed a 1.6 times lower level of HDL (p<0.05), their 
TG level was 1.3 times higher (p<0.05); in the females 
the HDL, the concentration was 1.9 times lower (p<0.05) 
(Fig. 3C). 12-month-old males and females of the nega-
tive control group tended to demonstrate a lower level 
of HDL (1.2 times, p<0.05) and an increased concentra-
tion of TG in blood serum (1.3 and 1.6 times, p<0.05); 
the females also showed a higher level of ЕС (1.3 times, 
p<0.05) compared to the positive control group (Fig. 
3D). The level of HDL in the males and females born to 
the rats with EP aged 18 months, was 2.2 and 1.4 times 
as low (p<0.05) as in the offspring of the healthy ani-
mals, respectively. At the same age, the TС and TG levels 
were 1.3 times higher (p<0.05) (Fig. 3E).

No significant differences were revealed in 3-month-
old males and females receiving succicard and the ref-
erence drug compared to the negative control group 
(Fig. 3B). However, by the age of 6 months, the females 
which had been receiving succicard and hopantenic acid, 
showed a lower level of ЕС (1.2 and 1.3 times, p<0.05), 
respectively, in contrast to the offspring of the rats with 
EP. The concentration of HDL in the females, to which 
succicard had been administered, was 1.5 times high-
er (p<0.05). The offspring receiving hopantenic acid, 
showed lower levels of TG (1.9 and 1.8 times, p<0.05 in 
the males and females, respectively) compared to the 
negative control group (Fig. 3C). In 12-month-old males, 
to which succicard had been administered, a 1.3 times 
lower concentration of TC (p<0.05) was observed. The 
females, which had been receiving succicard and hop-
antenic acid, demonstrated a lower level of TG that was 
1.3 times as low as in the offspring born to the rats with 
the complicated pregnancy (Fig. 3В). At the age of 18 
months, statistically significant differences from the neg-
ative control group were registered only in the offspring 
receiving succicard: in the males, the HDL concentration 
was 1.8 times as high (p<0.05) and in the females the TG 
level was 1.6 times as low (p<0.05) (Fig. 3E).

DISCUSSION
To date, a number of studies have demonstrated that 

the impact of PE during the intrauterine period is asso-
ciated with a higher risk of endocrine and metabolic dis-
turbances both at early stages of postnatal development 
and in the late periods of life [5, 6, 18, 19]. According 
to the Weibull parametric survival model, hypertensive 
disorders of pregnancy including chronic hypertension, 
gestation hypertension and PE, significantly increase the 
risks of developing endocrine and metabolic disturbanc-
es in children up to the age of 18 and may be manifested 
as obesity, hyperlipidemia, and diabetes mellitus [9, 18]. 
In neonates, who suffered perinatal hypoxia, the level 
of ЕС and TG in blood serum, exceeds the age-specific 
normal values [20]. The study of lipid and carbohydrate 
metabolism in 3- and 6-month-old offspring born to the 
mice with EP, demonstrated an elevated concentration 
of blood glucose and its higher increase compared to the 
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control group of the animals registered by OGTT, with 
a simultaneous trend towards an insulin level decrease 
[21]. The male rats, which were on a high-fat diet and 
were subjected to perinatal hypoxia, showed a consider-
ably elevated level of fasting glucose and impaired glu-
cose tolerance [22].

The carried out experiments have revealed lipid and 
carbohydrate metabolism disturbances observed in the 
offspring of rats with EP both at early (40 days and 3 
months) and late (6, 12, 18 months) stages of ontoge-
ny. Compared to the offspring of healthy females, they 
were manifested by significantly higher increases in glu-
cose levels, revealed during the oral glucose tolerance 
test; by the elevated glycosylated hemoglobin values in 
males, a high concentration of TC and TG, and low HDL 
in the negative control rats.

Hypoxic damage typical of this type of pregnancy 
complication, is likely to account for this effect of PE. The 
exposure to hypoxia during the critical periods of the fe-
tal development, has an adverse impact on organs and 
tissues, and induces their functional impairments in the 
postnatal ontogeny [4]. 

B. Akhaphong et al. [2] demonstrated that the in-
creased ß-cell death, a decrease in their area in the 
pancreas and changes in the mTOR protein level (mam-
malian target of rapamycin) regulating the growth and 
survival of cells, are observed in the offspring of rats 
born to the females with experimental gestation hyper-
tension.

Another mechanism of PE adverse effect on chil-
dren’s metabolism is hypomethylation of imprinted 
genes. There is some evidence that children born to the 
mothers with PE, show alkylation-induced aberrations 
of differentially methylated gene regions IGF2, DLKI and 
MEST, which influence postnatal ontogeny. This process 
contributes to the development of obesity, diabetes, hy-
pertension and other metabolic disorders in adulthood 
[24–26].

Impaired lipid and carbohydrate metabolism in the 
offspring caused by PE suffered by mothers, has a nega-
tive effect on their healths, decreases the quality of their 
lives, and reduces their lifespans. Therefore, a search for 
agents for correcting such PE complications, is of crucial 
importance.

The study carried out by the authors, has demon-
strated that the cycle administration of the GABA de-
rivative succicard and its reference drug in the puberty 
period, yielded a lesser increase in the glucose level 
registered by OGTT in the 6-month-old offspring. The 
administration of these agents at the age of 12 months, 
caused a significant decrease in this indicator only in 
the females, whereas at the age of 18 months the in-
crease was significantly lower in the females, which 
had been receiving succicard, than in the negative con-
trol group. The assessment of glycosylated hemoglobin 
level has revealed that it was significantly lower only 
in 6- and 8-month-old males, to which succicard had 

been administered, as compared to the negative con-
trol group.

When the lipid profile was estimated in the males, 
which had been receiving the GABA derivative and 
the reference drug, a decrease in the TG level was 
observed at the age of 6 months in the rats receiv-
ing hopantenic acid; a reduced concentration of TС 
was registered at the age of 12 months and increased 
HDL was reported in 18-month-olds receiving succi-
card. 6-month-old females, which had been adminis-
tered with succiard and the reference drug, showed a 
lower level of TС and TG, but higher HDL, whereas in 
12-month-olds the concentration of TG in the blood 
serum was decreased. At the age of 18 months, sig-
nificant differences from the negative control group 
were revealed only in the females receiving succicard: 
their TG level was lower.

These facts suggest that the GABA derivative succi-
card and hopantenic acid, promote improvement in lip-
id and carbohydrate metabolism indices at late stages 
of ontogeny (6, 12, 18 months) in the offspring of rats 
with EP. The efficacy of succicard either exceeded or was 
comparable with that of its reference drug.

The pharmacological properties of the succicard 
compounds (a composition of 4-phenylpiracetam and 
succinic acid), are likely to account for the obtained 
findings. S and R enantiomers of phenylpiracetam are 
selective inhibitors of dopamine reuptake and show 
affinity for the dopamine transporter, DAT [27]. More-
over, it is well-known that catecholamines and thera-
peutic agents, which stimulate the release or block the 
uptake of endogenous catecholamines, suppress appe-
tite. In the experimental study, the oral administration 
of S-phenylpiracetam in the mice kept on a “western 
diet”, and Zucker line obese rats for 8 and 12 weeks, re-
sulted, respectively, in a considerable weight and body 
fat mass losses. Furthermore, they showed a significant 
decrease in the glucose level when OGTT was conduct-
ed [28].

Another assumptive mechanism of the favourable 
effect of succicard on the indices of lipid and carbohy-
drate metabolism in the offspring, can be associated 
with the fact that phenylpiracetam and succinic acid, 
which it is composed of, are capable of eliminating the 
hypoenergetic condition of pancreatic cells. The former 
has a pronounced antihypoxic action, stimulates oxida-
tion-reduction processes, enhances glucose utilization 
by cells. Succinic acid is a Krebs cycle metabolite and can 
promote an increased production of NADH+H+, FADH+, 
which results in ATP production in mitochondria. The 
earlier studies have demonstrated that introduction of 
succicard after a chronic alcohol intoxication, leads to a 
decrease in the amount of primary and secondary prod-
ucts of lipid peroxidation, an increased activity of super-
oxide dismutase and glutathione peroxidase in cardiac 
and cerebral mitochondrial cells, and inhibits mitochon-
drial dysfunction [14].
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CONCLUSION
Consequently, EP has a negative impact on the in-

dices of lipid and carbohydrate metabolism in the off-
spring both at early (40 days and 3 months) and later 
(6, 12, 18 months) stages of individual development. The 

GABA derivative succicard decreases the negative effect 
of EP, which can suggest the likelihood of developing a 
safe and highly effective agent for a preventive correc-
tion of lipid and carbohydrate metabolism disturbances 
in children, born to mothers with EP on its basis.
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