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AHHOTAUNA

Bgedenue. lpeaknamMncua — TAMENOE OCNOKHEHWe 6epeMeHHOCTH, KOTOPOe COMPOBOMAAETCA HeraTMBHbIMU
nocnesCTBMAMM CO CTOPOHbI MaTepu U pebeHKa. TaKUMM 0CIOKHEHNAMU MOTYT CYUTb CHUMKEHME YCTONYMBOCTM MeMbpaH
3PUTPOLMTOB K MOBPEXKAAIOLLMM areHTaM U U3MEHEHWE PEOSIOrMYECKMX CBOMCTB KPOBM Y MOTOMCTBA. [lepcneKkTMBHBIMM
COEVHEHVAMM [ONA KOPPEKUMU Ha3BaHHbIX HEraTWMBHbIX MOCNEACTBMA MPE3KNaMNCUM  ABAAIOTCA MPOM3BOAHbIE
ramMMa—amuHoMacnsaHow Kucnotel (FTAMK), mockonbKy B paHee NpOBEOEHHBbIX MCCEOBaHWAX ObIM MOKas3aHbl WX
MeMO6paHONPOTEKTOPHOE, aHTUOKCMAAHTHOE M aHTUIMNOKCUYECKOE LeNCTBUA.

Llens. OueHutb BinAHne Cykumkapaa® (4-¢eHunnupauetam u 3TtaH-1,2-aukapboHoBas Kucnota, 2:1), Canndena®
(4-aMnHO-3-peHnnbyTaHoBasA KUCNOTa M 2-rMapoKcmbeH3omHaA Kucnota, 2:1) u QeHnbyta® (aMuHodeHWUIMacTAHOM
KMCNoTbl), ABRAKLMXCA npousBogHbiMM TAMK, Ha pedopMabenbHOCTb M Pe3nCTEHTHOCTL MeMbpaH 3puUTpouMTOB y 8-
1 14-MecAYHOro NOTOMCTBA, POXAEHHOTO KpbiCaMu C 3KCMepMMEHTaNbHOM npeaknamncuen (3M).

Mamepuanel u Memodel. B viccnefoBaHWM y4acTBOBaN0 NOTOMCTBO (CaMubl M caMKM) Benbix HEMHOpeOHbIX CaMoK
C HOpMarbHO npoTeKalowwen bepeMenHocTbio M 31, KoTopaa Gbina CMogenMpoBaHa MOCPEACTBOM 3aMeHbl MUTHEBOW
Boabl Ha 1,8% pacteop NaCl B nepuop rectaumm (1-21 geHb). B TeueHne 30 gHeit (¢ 40 no 70 geHb ¥M3HM) KpbicsATa
BHYTPMMKENYOO4YHO OAWH pa3 B AeHb nonyydanu Cykumkapa® (22 mr/kr), Canuden® (7,5 mr/kr), ®eHnbyt® (25 mr/Kkr)
1 npenapar cpaBHeHuA — [aHToram® (KanbumaA ronanteHar) (50 Mr/geHb). NoTOMCTBY rpynn NO3MTUBHOMO U HEraTUBHOIO
KOHTPOJEW B aHaNnorMyYHoM pexmMMe BBOOMIM QUCTUNNPOBaHHYI Body. B BospacTe 8 1 14 Mec. y notomcTBa onpegensanu
PE3UCTEHTHOCTb MeMBPaH 3pUTPOLMTOB K AENCTBUMIO CONAHOM KUCNOTLI U UX AedopMabenbHOCTb.

Pesynemamel. Y 8-MecAdHbIX CaMLOB, porAeHHbIX Kpbicamu ¢ 3M, Habmiopganoch 6onee KOPOTKOE OTHOCMTENBHO
rpynnbl MO3UTUBHOIO KOHTPO/A BPeMA AOCTMMKEHUA MONOBMHBI BEMMYMHBI MAKCMManbHOW aMniuTydbl 3pUTPOrpaMMmbl
npy NpOBEAEHUM KUCIOTHOrO reMONN3a U YMeHbLUeHWE MHAeKca 3noHraumu aputpoumtoB. Cykumkapa®, Canuden®,
DeHnbyT® 1 NaHtoram® cnocobcTBOBaNM yBENMYEHMIO NPOLOMKMTENIBHOCTU FEMOMM3a U MHAEKCA 3M0HraLyumn 3pUTPOLUTOB
y CaMLOB OMbITHbIX Fpynn B 8 Mec. OTHOCMTENIbHO TPYMMbl HEraTUBHOMO KOHTPONA. Y 14-MecAYHbIX caMLOB, U Y CaMOK
Pa3HOro BO3pacTa CTaTUCTMYECKM 3HAUMMbIX OT/IMUMIA MeAY rpynnamMm He 6bino obHapyeHo.

3aknoyeHue. I3MeHeHWs HKECTKOCTU M NMPOYHOCTM MeMBpaH 3pUTPOLMTOB OTMEYAKTCA TOJIBKO Y CaMLOB, POMKOEHHBIX
Kpbicamu ¢ 3M. Cykumkapn®, Canuden®, Oennbyt® u [MaHToraM® oKasbiBanM MeMOPaHONPOTEKTOPHLIN 3deKT
Ha 3pUTpOLMTHI 8-Mec. caMLOB OMbITHBIX Fpynm.

KnioueBble cnoBa: 3KCnepuMeHMasIbHAA NpPe3KaaMncus; NomomMcmao; npou3sodHsie [AMK;: degopmabenbHocms U
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in the Offspring of Rats with Experimental Preeclampsia

Elena A. Muzyko'™, Lyudmila V. Naumenko', Valentina N. Perfilova"?,
Valeriya E. Zavadskaya', Sof’ya V. Varlamova', Ivan N. Tyurenkov', Ol'ga S. Vasil'eva®

" Volgograd State Medical University, Volgograd, Russian Federation;
2 Scientific Center for Innovative Medicines, Volgograd, Russian Federation;
% The Herzen State Pedagogical University of Russia, Saint-Petershurg, Russian Federation

ABSTRACT

INTRODUCTION: Preeclampsia is a severe complication of pregnancy associated with the negative consequences
for the mother and child. Such complications can be a reduction in the resistance of erythrocyte membranes to
damaging agents and alteration of rheological properties of the blood in offspring. Promising compounds for the correction
of these negative consequences of preeclampsia are gamma-aminobutyric acid (GABA) derivatives, which showed
membrane—protective, antioxidant, and antihypoxic effects in previous studies.

AIM: To evaluate the effect of GABA derivatives Succicard® (4-phenylpiracetam and ethane-1,2-dicarboxylic acid,
2:1), Salifen® (4-amino-3-phenylbutanoic acid and 2-hydroxybenzoic acid, 2:1), and Phenibut® (aminophenylbutyric acid)
on the deformability and resistance of erythrocyte membranes in 8- and 14-month-old offspring of rats with experimental
preeclampsia (EP).

MATERIALS AND METHODS: The study involved offspring (male and female) of white non-inbred female rats with a
normal pregnancy and EP that was modeled by replacement of drinking water with a 1.8% sodium chloride solution during
gestation (1-21 days). For 30 days (from day 40 to day 70 of life), pup rats intragastrically received Succicard® (22 mg/kg),
Salifen® (7.5 mg/kg), and Phenibut® (25 mg/kg), along with a comparison drug Pantogam® (calcium gopantenate) (50 mg/
day) once a day. The offspring of the positive and negative control groups were injected with distilled water in a similar mode.
In offspring aged 8 and 14 months, the resistance of erythrocyte membranes to the action of hydrochloric acid and their
deformability were determined.

RESULTS: In 8-month-old male offspring of rats with EP, a shorter time of achievement of half the maximal amplitude
of erythrogram was noted in acid hemolysis relative to the positive control group, and the erythrocyte elongation index was
reduced. Relative to the negative control group, Succicard®, Salifen®, Phenibut®, and Pantogam® promoted the prolongation
of hemolysis and the erythrocyte elongation index in 8-month-old male rats in the experimental groups. In 14-month-old male
and female rats of different ages, no statistically significant differences were found between the groups.

CONCLUSION: Changes in the stiffness and strength of erythrocyte membranes were noted only in male offspring
of rats with EP. Succicard®, Salifen®, Phenibut®, and Pantogam® produced membrane-protective effects on the erythrocytes
of 8-month-old male rats of the experimental groups.
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OPATHATIBHBIE MCCTIEAOBAHNA

LIST OF ABBREVIATIONS

GABA — gamma-aminobutyric acid
EEl — erythrocyte elongation index
LP — lipid peroxidation

EP — experimental preeclampsia

INTRODUCTION

Currently, preeclampsia affects approximately
5% of pregnancies worldwide and is one of the
main causes of childhood and maternal morbidity.
According to previous studies, this pregnancy
complication leads to fetal abnormalities and genetic
pathologies and increases the risk of cardiovascular
and nervous diseases and metabolic and hematological
disorders in children at different periods of development
(1, 2].

Systemic endothelial dysfunction in preeclampsia
leads to insufficient supply of oxygen and nutrients
to the developing fetus. Chronic intrauterine hypoxia
is associated with oxidative stress that disrupts
the structural and functional development of fetal organs
(3].

The degree of cell destruction and dysfunction in
offspring may be manifested by the reduction of the
resistance of erythrocytes to damaging factors, since the
erythrocyte membrane is a universal model of the plasma
membrane [4]. An important rheological parameter that
reflects the adequacy of oxygen supply to organs and
tissues is the deformability of erythrocytes. A reduction
in this parameter causes an increase in blood viscosity
and impairment of microcirculation, which increases the
risk of hemodynamic disorders [5].

In this regard, the search for substances that have
a membrane-protective effect and reduce blood viscosity
is relevant. A study revealed that gamma-aminobutyric
acid (GABA) derivatives have endothelium-protective,
antioxidant, and antihypoxic effects and stabilize cell
membranes [6], which make them promising compounds
for the correction of post-hypoxic complications in
children of mothers with preeclampsia.

This study aimed to evaluate the effects of
succicard, salifen, and phenibut, which are derivatives of
GABA, on the deformability and resistance of erythrocyte
membranes in 8- and 14-month-old offspring of rats
with experimental preeclampsia (EP).

MATERIALS AND METHODS

The study was conducted on 84 male (n = 42)
and female (n = 42) offspring of white non-inbred
rats with uncomplicated pregnancy and EP. The rats
were obtained from Rappolovo Breeding House for
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Laboratory Animals, Rappolovo Village, Leningrad,
Russian Federation. EP was modeled by replacing
drinking water with 1.8% NaCl solution during the
gestation period (1-21 days) [6].

Experiments were conducted in accordance with the
requirements and recommendations of the state standard
R-33044-2014 “Principles of Good Laboratory Practice,”
Directive of the European Parliament and of the Council
of the European Union 2010/63/EU on the Protection of
Animals used for Scientific Purposes, September 22,
2010, and European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes, Strasbourg, March 18, 1986. This
study was approved by the regional independent ethical
committee of the Volgograd Region (Protocol No. 2044-
2017 on December 25, 2017).

Each group included seven animals:

- Groups 1 and 2 (positive control) included
male and female offspring, respectively, of rats with
uncomplicated pregnancy. They were given distilled
water intragastrically daily at the same time within 30
days (i.e., from 40 to 70 days of life).

- Groups 3 and 4 (negative control) included male
and female offspring, respectively, of rats with EP and
given distilled water in the same regimen.

The experimental groups included male and female
offspring of rats with EP:

- Groups 5 (male) and 6 (female) included rats that
were given succicard 22 mg/kg (4-phenyl pyracetam and
ethane-1,2-dicarboxylic acid, 2:1 ratio).

- Groups 7 (male) and 8 (female) included rats
that were given salifen 7.5 mg/kg (4-amino-3-phenyl
butanoic acid and 2-hydroxybenzoic acid, 2:1 ratio).

- Groups 9 (male) and 10 (female) included rats
that were given phenibut 25 mg/kg (4-amino-3-
phenylbutyric acid).

All drugs for groups 5-10 were supplied by Herzen
State Pedagogical University of Russia, St. Petersburg.

- Groups 11 (male) and 12 (female) included animals
that were given pantogam® (calcium hopantenate) 50
mg/day (syrup 100 mg/mL, PIC-PHARMA PRO 000,
Russian Federation) as a comparison drug.

The deformability and resistance of erythrocyte
membranes in the 8-month-old offspring were
determined. For this, blood was taken from the
sublingual vein and stabilized with 3.8% sodium citrate
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solution (Vecton, Russia) in a 9:1 ratio, and it was gently
mixed without foam formation.

The resistance of erythrocyte membranes to
hydrochloric acid was evaluated by the method of Tersky
and Gitelzon (1961). After three washes in saline, 10
L of erythrocytes were resuspended in 5 mL of 0.9%
NaCl solution (Escom NPK, Russian Federation). The
erythrocyte suspension (290 pL) was introduced into
a cuvette and placed for 1 min in a thermostatically
controlled cell of a laser aggregation analyzer with a
built-in 220 LA magnetic stirrer (NPF Biola, Russian
Federation). Then, 10 s after the recording was turned
on, 10 pL of 0.1 normal HCl solution was added to the
cuvette. The time to reach one-half of the maximum
amplitude in the erythrogram (T1/2 of hemolysis) served
as an indicator of the resistance of erythrocytes to the
action of hydrochloric acid.

Deformability of erythrocytes was evaluated by
erythrocyte elongation index (EEI) in a flow microchamber.
After filling the microchamber of erythrocytes with 0.9%
NaCl solution and 0.1% bovine serum albumin (Sigma-
Aldrich, USA), pressure was applied. The shearing stress
(1) was calculated as follows:

.
Wh-

where n is the suspension viscosity (approximately 1.0
mPa x ¢ at 20°C); Q, volume flow; W, width of the flow
channel; h, height of the channel equaling the thickness
of the wafer.

The obtained image was recorded and analyzed in
Adobe Photoshop CC program (2021, trial version), and
the length and width of elongated erythrocytes were
measured. On the basis of the data obtained, the EEIl was
calculated as follows:

EE[- LW
T L+W

where L indicates the length of the deformed cell and W
is the width of the deformed cell.

At age 14 months, the aforementioned tests were
repeated in male and female rats of the positive (n = 6
and n = 6) and negative (n = 7 and n = 6) control groups
and experimental groups 5(n=6),6 (n=7),7(n=7), 8
(n=6),9(n=6),10(M=7),11(n=46),and 12 (n = 6).

The results of the experimental study were
statistically processed using Statistica version 12.5
(License no. 133-190-095, StatSoft Inc., USA). For
paired and multiple comparisons of samples, Student’s
and Newman-Keuls tests were used, respectively.
The difference was considered significant at p < 0.05.
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RESULTS

In 8-month-old male offspring of rats with EP, the
resistance of erythrocyte membranes to hydrochloric acid
decreased. The time to reach one-half of the maximal
amplitude in the erythrogram in them was 17.7% (p =
0.0196) shorter relative to the positive control group. At
14 months, the offspring of the negative control group
showed a tendency to reduce T1/2 of hemolysis.

Succicard, salifen, phenibut, and Pantogam
increased the duration of reaching one-half of the
maximal amplitude in erythrogram in 8-month-old
male offspring of the experimental groups by 24.3%
(p = 0.0006), 25.9% (p = 0.0003), 14.7% (p = 0.0281),
and 20.3% (p = 0.0041), respectively, as compared with
the data of the negative control group. In 14-month-old
male and female offspring that received the above GABA
derivatives at different time points, no differences were
found in the offspring of rats of the control group with
EP (Figure 1).

The EEl was 20.0% lower in 8-month-old male
offspring of pregnant rats with EP (p = 0.0034) than in the
offspring of healthy rats. In 14-month-old rats, no reliable
differences were found among the positive control group,
negative control group, and experimental groups.

Succicard, salifen, phenibut, and Pantogam
increased the deformability of erythrocyte membranes
in 8-month-old male rats of the experimental groups,
and the EEl was greater than that in the negative control
group by 17.9% (p = 0.0013), 15.1% (p = 0.0016), 22.2%
(p = 0.0002), and 17.6% (p = 0.0009), respectively. By
age 14 months, the effect of therapy with these GABA
derivatives starting at an early age leveled out, and no
significant differences were found between the groups
(Figure 2).

DISCUSSION

According to the results of this study, in 8-month-
old male offspring of the negative control group, the
resistance of erythrocyte membranes to damaging
agents was reduced and membrane deformability was
impaired, as evidenced by the short time needed to reach
one-half of the maximal amplitude in erythrogram and
by the reduction of EEl when compared with the values
obtained in the offspring of healthy rats. This may be
due to the insufficient uteroplacental circulation in the
mother with EP and the insufficient oxygen supply to
the fetus. In the first days of life of rats exposed to
intrauterine hypoxia, the processes of erythropoiesis
were enhanced; however, it leads to the depletion of
the functional reserves of the erythrocyte system [7]
and insufficient perfusion and oxygenation of the tissues
of the offspring of rats with EP. Hypoxia mediates the
development of oxidative damage to membranes and
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Fig. 1. Effect of gamma-aminobutyric acid derivatives on the duration of reaching one-half of the maximal amplitude in the erythrogram
(T1/2 of hemolysis) in 8-month-old (A) and 14-month-old (B) offspring of rats with experimental preeclampsia (M + m).

Note: * p < 0.05 in comparison with the data of the positive control group (Student’s t-test); # p < 0.05 in comparison with the data
of the negative control group (Newman—Keuls test).

a _ 059
2 g 4 # # #
B 03 -
=
o
o 02 4
&
E 01 4
far
“oon0

Male Female

b & 0
=
- 04
2
B 03 i =
s
w02
g‘ 01
£ 00
i Male Female

O Positive control O Negative control O Succicard
O salifen O Phenibut O Pantogam

Fig. 2. Effect of gamma-aminobutyric acid derivatives on erythrocyte elongation index in 8-month-old (A) and 14-month-old (B)
offspring of rats with experimental preeclampsia (M + m).

Note: * p < 0.05 in comparison with the data of the positive control group (Student’s t-test); # p < 0.05 in comparison with the data
of the negative control group (Newman—Keuls test).

pathological modification of erythrocyte proteins [8].  EP have increased plasma levels of the lipid peroxidation
The accumulation of oxidation products in erythrocyte  product malondialdehyde and reduced activities of
membranes is associated with the changes in their fluidity ~ superoxide dismutase and catalase compared with the
and deformability [9]. Consequently, the structure of values of these parameters in animals born to rats with
erythrocyte membranes becomes more rigid and fragile,  physiological pregnancy [10].

and the membrane potential and permeability to ions In male offspring aged 8 months, succicard, salifen,
change, which leads to intravascular hemolysis. In our  phenibut, and Pantogam enhanced the deformability
previous studies, we found that the offspring of rats with  of erythrocyte membranes and their resistance to

https://dai.org/1017816/PAVLOVI75789
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hydrochloric acid. This is apparently associated primarily
with their ability to limit peroxide oxidation of lipid
processes and increase the activity of antioxidant system
enzymes. In addition, the normalizing effect of GABA
derivatives on the microcirculation, their antihypoxic
activity, and membrane-protective effect are known [11].
Moreover, no significant differences were observed
in female rats of different ages and groups, which may
be due to the effects of sex hormones during the estrous
cycle. The protective effect of endogenous estrogens is
related to the deformability of erythrocytes [12, 13]. In
the study by Mladenovic et al., estradiol was shown
to limit the oxidative injury of erythrocytes by acting
synergistically with glutathione and vitamin E [14].

CONCLUSION

Male offspring of rats with EP showed an increase
in stiffness and a decrease in the strength of erythrocyte
membranes relative to the offspring of healthy rats at
8 months. The derivatives of GABA, namely, succicard,
salifen, and phenibut, and the comparison drug
Pantogam demonstrated membrane-protective effects
on the erythrocytes of 8-month-old male offspring of the
experimental groups.
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