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Introduction. Many factors are known to influence metabolic syndrome pathology. Meanwhile, certain scientific evidence indicates that
oxidative stress with chronic inflammatory conditions is the base promoting the development of metabolic diseases.

Objective of the research is to study carbacetam effect, as a GABA-receptor modulator, on pathogenic mechanisms of metabolic
syndrome according to the oxidative stress markers of the hippocampus of different gender rats.

Materials and methods. The experiments were conducted on non-linear laboratory albino male and female rats. To reproduce the
metabolic syndrome model, the rats were kept on a high-fat diet enriched with the addition of solid pork lard and free access to fructose
solution. Carbacetam was injected into the peritoneum in the dose of 5 mg/kg during 14 days. The state of oxidative stress was estimated by
the parameters of the pro-oxidant-antioxidant system.

Results. When carbacetam was administered, the activity of antioxidant protection enzymes was found to increase, and the content of
products of lipid and protein peroxidation processes in the hippocampal neurons of rats of both genders with metabolic syndrome decreased.

Conclusions. Carbacetam as a modulator of GABA-receptors in rats with metabolic syndrome decreases the content of products reacting
with 2-thiobarbituric acid and the products of protein oxidation modification confirmed by histochemical method; increases the activity of
antioxidant protection enzymes in rats of both genders with metabolic syndrome.

Keywords: metabolic syndrome, carbacetam, lipid and protein peroxide oxidation.
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BILIUB KAPBAIIETAMY HA MAPKEPH OKCHUJIATHBHOI'O CTPECY VYV IIYPIB PI3HOI CTATI 3
METABOJIYHUM CHUHAPOMOM

! [leporcasna yemanosa « YephiseyvKuii 061acHuil yenmp KOHmMponio ma npoginakmuku xeopod Minicmepcmea oxoponu 300pog’s Ykpa-
inuy, Yepuisyi, Yxpaina

? Byxosuncbkuti deporcasHutl meouunuil ynisepcumem, Qepuieyi, Vipaina

Binomo, 110 OKUCTIOBANEHMIT CTpeC y MOEAHAHHI 3 XPOHIYHUMU 3aMaJJbHUMU CTaHAMH € OCHOBOIO PO3BUTKY METa0O0NIYHHUX 3aXBOPIOBAHb.
Meroro nocnipkeHHs Oylo BUBYSHHS BILTHBY KapOaieramy sk Moaynatopa TAMK-perientopiB Ha maToreHeTHYHI MEXaHi3MH1 MeTa00JIIYHOTO
CHHJIPOMY 3 IaHHMHU MapKepiB OKCHIATHBHOTO CTPECY TillOKaMIIa IIypiB pi3Hoi cTari. EkcriepumenTn npoBoamii Ha HeNHIHHNX T1abopartop-
HHX OUTHX IIypax caMIsX i CaMHILIX, IKMM MOJETIOBAIN MeTabONuYHNI CHHAPOM, YTPUMYIOUH IIypiB Ha BUCOKOXKMPOBIH JTi€Ti, 30aradeHin
JKUPaMH 3 BUIBHUM JIOCTYIIOM JI0 po3urHy (pykro3u. Kapbaneram BBOAMIN BHYTPIIIHEOOYEPEBHHHO 103010 5 MI/KT (14 jHiB).

BucnoBku. Moxynsarop TAMK-penenTopiB kapbarieraM 3MEHIIye BMICT NMPOAYKTIB, IO PearyroTh i3 2-Tio6apOiTypoBOIO KHCIOTOIO,
1 POIYKTiB OKMCHIOBAJIBbHOI MofH(iKalii O1IKiB, AKi HATBEPAKEHO IiCTOXIMIYHIM METOOM; IiJBUILYE aKTUBHICTh ()EPMEHTIB aHTHOKCH-
JQHTHOTO 3aXUCTY B IYPiB Pi3HOI CTATTi i3 METa0ONIYHUM CHHIPOMOM.

Ktrouogi ciioBa: meraboniqnuii cuHApOM, KapOaneram, HepeKucHe OKHCHEHHS JIiAIB Ta OLIKIB.
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CTarTs NOLMPIOETHCS HA YMOBAX JiLEH311 -.
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Introduction. Metabolic syndrome is characterized by a
number of several disorders that increase the risk of chronic
cardiovascular diseases of metabolic origin including
myocardial infarction, cerebral circulation disorders,
diseases of the peripheral vessels, insulin resistance and
type 2 diabetes mellitus.

According to the latest scientific data, occurrence of the
syndrome is closely associated with an increasing rate of
obesity and type 2 diabetes mellitus. Metabolic syndrome,
in particular, afflicts about 25% of the world population. The
rates are much higher in urban regions due to consumption
of high-calorie diet with a low content of nutrients as well
as decreased physical activity [1].

Many factors are known to influence metabolic
syndrome pathology. Meanwhile, certain scientific
evidence indicates that oxidative stress with chronic
inflammatory conditions is the base promoting development
of metabolic diseases [2, 3]. Imbalance between oxidants
and antioxidants, often in favor of oxidants, is a cause of
oxidative stress. In its turn, it causes disorders of redox
signal transmission and regulation, as well as molecular
and cellular damage [4, 5]. Therefore, imbalance between
pro-oxidant and antioxidant mechanisms is considered one
of the most important pathophysiological mechanisms of
chronic diseases. Available scientific evidences confirm the
hypothesis that oxidative stress may be considered an early
diagnostic sign in the metabolic syndrome mechanisms,
but not its consequence [6, 7]. Protein peroxide oxidation
products, in particular, are known to be an appropriate
index to determine oxidative stress in patients with the
above disorders [7].

The current scientific data present understanding of
neurochemical and neuromorphological bases of the
cerebral activity concerning relations between different
systems of neurotransmitters. It opens wide possibilities
for more specific and targeted treatment followed by less
amount of side effects. In particular, it is known about the
wide distribution of GABAergic receptors in the brain and
their physiological significance. It is GABAergic synapses
that affect the rate of glucose utilization, and in critical
cases this amino acid acts as an alternative substrate in
the tricarboxylic acid cycle [8]. And since carbacetam, as
a modulator of GABA receptors, which in our previous
studies has shown itself as a means of relieving anxiety
and improving memory processing, we were interested
in finding out its role in the processes of lipid and protein
peroxidation in metabolic syndrome in rats of different
breeds [9].

Objective of the research is to study the carbacetam
effect, as a GABA-receptor modulator, on pathogenic
mechanisms of metabolic syndrome according to the
oxidative stress markers of the hippocampus of different
gender rats.

Materials and methods. The research was conducted
on non-linear laboratory albino male and female rats
weighing 0.18-0.25 kg (6 groups of 7 males and 7 females
per group), kept under standard vivarium conditions with
a natural change of day and night. The group consisted of
rats of the same sex, so pregnancy in females was excluded.
The experiments were carried out keeping to the main prin-
ciples of the European Convention for the Protection of
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Vertebrate Animals used for Experimental and other Sci-
entific Purposes (18.03.1986); the EU Directives No. 609
of 24.11.1986 and the Orders of the Ministry of Health of
Ukraine No. 690 of 23.09.2009, No. 944 of 14.12.2009,
No. 616 0f03.08.2012. In addition, they were confirmed by
the Board on Biomedical Ethics Bukovinian State Medical
University (Protocol No. 5 of 15.02.24).

To reproduce the metabolic syndrome model, the rats
were kept during 60 days on a high-fat diet enriched with
the addition of solid pork lard and free access to fructose
solution (100 g/L) [9]. The development of the syndrome
was confirmed by the fasting blood glucose concentration
in the blood serum higher than 7.0 mmol/L and positive
glucose tolerance test. The control group of rats was on the
standard diet and free access to water. After the syndrome
was confirmed, all the rats were divided into two groups
by the random sampling method. The group with meta-
bolic syndrome model including animals with metabolic
syndrome injected with carbacetam into the peritoneum
in the dose of 5 mg/kg during 14 days. The studied com-
pound is a derivative of B-carbolines, is characterized by a
rapid onset of action, an optimal range of therapeutic doses,
and belongs to the class of low-toxic compounds. Experi-
mental data from leading domestic scientists indicate the
pronounced nootropic and antihypoxant properties of car-
baracetam [10, 11]. The groups of comparison included the
control one and rats with the simulated pathology (7 rats
in each group) injected 0.9% NacCl solution into the peri-
toneum.

Euthanasia of rats was performed under chloroform.
The brain was immediately removed, placed on ice, and
thoroughly washed with chilled 0.9% NaCl solution. The
topographic boundaries of the hippocampus were deter-
mined using a stereotaxic atlas [12]. The cytoplasmic frac-
tion was isolated by means of differential centrifugation
of the hippocampus homogenates on the refrigerator cen-
trifuge: 700 g during 10 min followed by 1400 g during
10 min (4 °C).

Lipid peroxide oxidation intensity was assessed by
the content of products reacting with 2-thiobarbituric acid
active products (TBA AP) [13]. TBA AP amount was cal-
culated in umol per 1 gram of tissue. The content of protein
oxidation modification (POM) in homogenates was deter-
mined by spectrophotometric method with the wavelength
of 370 and 430 nm [14]. The scientific literature evidences
that protein oxidation results in aldehyde or keto deriva-
tives of a neutral or basic character possessing different
absorption spectrum ranges [15]. Neutral keto dinitro-
phenylhydrazines are determined with the wavelength of
370 nm. Basic aldehyde dinitrophenylhydrazines are reg-
istered with the wavelength of 430 nm respectively. POM
was presented in units per gram of tissue. The state of the
antioxidant defense system was estimated according to
the enzymatic activity SOD [EC 1.15.1.1] and catalase
[EC 1.11.1.6] [16].

Brain samples for histological examination were fixed
in 10% neutral formalin solution, and after standard histo-
logical processing, the tissue was embedded into paraffin.
Paraffin histological sections of cerebral cortex tissues 5 pm
thick were made with a sledge microtome MC-2. Quanti-
tative assessment of the state of proteins in histochemical
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samples stained with bromophenol blue according to Mikel
Calvo, was carried out by computer microspectrophotom-
etry based on R/B ratio [17].

To process the results of the research, the arithmetic
mean and its error were calculated. Differences in average
tendencies were checked by means of Student’s unpaired
test after positive testing of the sample for normal distribu-
tion in it, by the Shapiro-Wilk test [18].

Results and discussion. The research we have con-
ducted found that TBA AP content increased in the hippo-
campus of rats with metabolic syndrome of both genders
(Table 1). Thus, in comparison with the control group,
TBA AP content 85.4% (p < 0.05) and 82.3% (p < 0.05)
increased in males and females respectively.

Analyzing the scientific data of other scientists, we
can admit that the obtained results correspond to their
conclusions. TBA AP content increase, in particular, is
associated with the increase of highly reactive forms
of oxygen to polyunsaturated fatty acids. These are the
components of phospholipids of all the cellular membranes.
Therefore, this index can be used as a marker of neuron
membrane damage [19].

At the same time, protein peroxide oxidation pro-
cesses increased in rats with metabolic syndrome with dif-
ferent wavelengths. Thus, POM 370 content was 81.4%
(p < 0.05) higher than in males of the control group and
26.5% (p < 0.05) higher in females. POM 430 content was
35.8% (p < 0.05) higher in males and 53.5% (p < 0.05) —in
females. These parameters inform about intensification of
oxidation destruction of proteins, as important components
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of neuronal membranes, which disrupts their functional
activity [20].

Considering the increase in the activity of peroxidation
processes, we were interested in the state of antioxidant
protective enzymes. Based on the information that SOD and
catalase are among the launching enzymes of the antioxi-
dant defense system of the body, their activity in male and
female rats was studied first. They play an important role
in the intracellular protection against oxygen active forms,
maintain stable concentration of superoxide radicals on an
appropriate level under condition of normal metabolism,
and protect cellular structures against a harmful action of
oxygen and hydroxyl radicals [20].

In rats with metabolic syndrome in comparison with
the control group, SOD activity in males became 28.1%
(p < 0.05) lower, and 18.7% (p < 0.05) lower in females.
Catalase activity decreased on an average by 31.9%
(p < 0.05) in both groups of rats. Thus, the activity of anti-
oxidant protection enzymes decreases in rats with meta-
bolic syndrome, and changes are more marked in males.

After carbacetam administration TBA AP content
decreased by 28.2% (p < 0.05) and 12.1% (p < 0.05) in
males and females respectively. POM content decreased in
males and females as well. Thus, the content of neutral keto
dinitrophenylhydrazines on an average 16.9% (p < 0.05)
decreased, and basic aldehyde dinitrophenylhydrazines —
15.4% (p < 0.05) decreased.

At the same time, the activity of antioxidant protection
enzymes increased. Thus, SOD activity in males 44.4%
(p < 0.05) increased, and in females — 19.7% (p < 0.05).

Table 1

Carbacetam effect on free radical lipid and protein oxidation in different gender rats with metabolic syndrome
M+tm,n=7)

Males
Indi
ndices Control
TBA AP 41.097 + 1.508
mcmol/g of tissue
PQM, A= 370, 20.571 £1.703
units/g of tissue
PQM, A= .430, 19.429 + 0.541
units/g of tissue
~sép 0.327 £0.015
units/mg of protein
Catalase
memol H,O,/min mg of protein 175230 3847
Females
TBA AP 43.735 +2.002
mcmol/g of tissue
POM, % = 370, 31.457 + 1.362
units/g of tissue
POM, 1 = 430, 30.371 +0.585
units/g of tissue
~ sop 0.225+0.012
units/mg of protein
Catalase
mcmol H202/min mg of 145.193 £5.678
protein

Metabolic syndrome +

Metabolic syndrome carbacetam

76.187 £2.791* 54.686 + 1.995% **
37.314+1.081* 28.657 £ 0.824* **
26.386 £ 0.929* 22.971 £ 0.415% **
0.232 +0.006* 0.335+0.005**

118.611 £5.292* 158.717 £ 4.269* **

79.740 + 1.397* 70.107 £2.215% **

39.8 +1.028* 35.529 + 0.544* **
46.614 + 0.727* 38.357 £ 0.772% **

0.183 +0.010* 0.219 = 0.003**

99.403 + 7.288* 121.219 £ 4.257%* **

Notes: * — reliability of differences compared with the control group of rats;

** _ reliability of differences compared with the group of rats with metabolic syndrome.
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Catalase activity 33.8% (p < 0.05) increased in males and —
21.9% (p < 0.05) in females.

After we received and processed the data, we were inter-
ested in studying the quantitative assessment of proteins in
the hippocampus in the histochemical samples stained with
bromophenol blue according to Mikel Calvo. The R/B ratio
was the indicator of correlation between amino- and carboxyl
groups in the proteins of certain localization, that is, it was a
dimension for protein oxidation modification. Then arithmetic
mean and its error were calculated for the R/B ratio.

The following data were obtained on the base of our
research (Fig. 1A; 1B). In the control group of male rats
the R/B ratio in the neurons was 1.11 £+ 0.009, in females —
1.08 +0.006.

At the same time, in male rats with simulated metabolic
syndrome this indicator 45.9% (p < 0.05) increased, and in
females it 70.4% (p < 0.05) increased as compared to the
control group (Fig. 2A; 2B).

Analysis of the obtained data showed that carbacetam
administration during 14 days promoted decrease of the

indicator in comparison with the data obtained from rats
with modeled pathology (Fig. 3A; 3B).

Thus, the R/B ratio in the neurons of the hippocampus
of rats of both genders decreased on an average by 77.5%
(p < 0.05). Therefore, the data of histochemical examina-
tion of proteins in the hippocampus of rats confirm bio-
chemical changes in the neurons obtained in our studies.
That is, after metabolic syndrome modeling the amino
groups of proteins in the neurons of the hippocampus of
rats of both genders are damaged, especially in females.

A possible pathogenic mechanism of these changes is
that GABA as the main inhibiting neurotransmitter in the
central nervous system decreases glutamate excretion
due to induced depolarization and ischemia [21]. It is
not unthinkable that effect on GABA-receptors can pro-
mote neuron hyperpolarization through the anion chan-
nels (GABA A-receptors) and pre-synaptic receptors
bound with G-protein (GABA B-receptors) [22]. This
hyperpolarization counteracts depolarization, which is
an inductor in biochemical ischemic cascade. It should

Fig. 1. Hippocampus of rats from the control group: A — male, B — female. Bromophenol blue
staining of histological sections by Mikel Calvo. Obj. 40x Oc. 10x

Fig. 2. Hippocampus of rats with metabolic syndrome: A — male, B — female. Bromophenol
blue staining of histological sections by Mikel Calvo. Obj. 40x Oc. 10x

Fig. 3. Hippocampus of rats with metabolic syndrome after carbacetam administration: A — male,
B — female. Bromophenol blue staining of histological sections by Mikel Calvo. Obj. 40x Oc. 10x
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be kept in mind that due to activation of GABA-recep-
tors respiratory rate decreases, optimal glucose level is
maintained, acidosis decreases, and local blood circula-
tion improves [23].

Therefore, based on the obtained results we can sug-
gest that modulation of GABA-receptors promotes the
increase of the activity of antioxidant protection enzymes
and decreases the processes of lipid and protein peroxide
oxidation in the hippocampal neurons of rats with meta-
bolic syndrome. At the same time, with more pronounced
changes in females than in males. Such results may be
associated primarily with different hormonal backgrounds
in males and females. That is, it can be assumed that
females are more sensitive to metabolic disorders. At the
same time, we observe positive dynamics when modulat-
ing GABA receptors with carbacetam. However, further
studies are needed, such as studying the functional state
of mitochondria of hippocampal neurons, in order to sub-
stantiate approaches to the prevention and treatment of
negative consequences of metabolic disorders and the
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development of complex pathogenetic therapy of this
pathology.

Conclusions

1. Under conditions of simulated metabolic syndrome
in the hippocampus of male and female rats, the content
of lipid and protein peroxide oxidation products increases;
the activity of catalase and superoxide dismutase decreases
which indicates a weakening of the antioxidant system with
more pronounced changes in females.

2. Carbacetam administration during 14 days as a
modulator of GABA-receptors in rats with metabolic
syndrome decreases the content of products reacting with
2- thiobarbituric acid and the products of protein oxidation
modification, confirmed by histochemical method;
increases the activity of antioxidant protection enzymes.

3. The results obtained are indicative of a correcting
effect of carbacetam through modulation of GABA-
receptors of the hippocampal neurons on the markers of
oxidative stress in rats of different genders with metabolic
syndrome, with better results in males.

10.
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