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In the present work, the effect of hypoxic preconditioning on the activity of
glutamine synthetase in the brain structures of old rats subjected to severe hypoxia
was studied. The study of metabolic changes, in particular, some enzymes of
glutamate metabolism, in the brain under conditions of oxygen deficiency and
during hypoxic training is an actual problem, the solution of which makes it possible
to determine possible ways to protect the nervous tissue from hypoxic damage and
increase its stability. Hypoxia does not always induce cell death; under certain
conditions, hypoxic exposure has a neuroprotective effect. Hypoxic preconditioning
increases the resistance of neurons to the effects of more severe forms of hypoxia. In
particular, the endogenous neuroprotective mechanism is triggered, the activity of
glutamine synthetase increases, and, as a consequence, the neurotoxicity of
glutamate decreases.
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INTRODUCTION

One of the actual problems of modern
medicine and biology is the search for effective
ways to increase the body's resistance to
damaging factors. One such method is
preconditioning. The method is based on the use
of moderate subthreshold effects, which
increase the non-specific resistance of the
organism due to the activation of its endogenous
genetically programmed defensive mechanisms.
After preconditioning, cells become resistant to
the effect of a stimulus of suprathreshold
intensity.

Among the variety of stress factors,
hypoxia is basic to the pathogeneses of many
neurological disorders, cardiovascular,
pulmonary, oncological diseases and other
pathologies.
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Severe hypoxia creates a serious threat to
the human organism; depending on the dose
used, it can provoke the onset or contribute to
the progression of neurological disorders such
as Alzheimer's disease and other dementias,
Parkinson's disease, Huntington's disease,
strokes, amyotrophic lateral sclerosis, and other
age-associated neurodegenerative diseases [4,
9]. Increased vulnerability to hypoxia with
aging is of particular importance in the
development of age-related neurodegenerative
disorders [10, 19].

The brain is an oxygen-dependent organ,
which makes it the most vulnerable to hypoxia.
Hypoxic exposure changes the normal balance
of neurotransmitters. Hypoxia, by activating
energetically  disadvantageous  anaerobic
glycolysis, leads to excess glutamate emission
and cell apoptosis. Glutamate excitotoxicity is
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one of the causes of neurodegenerative disorders
of the brain [8]. Glutamate (Glu) is the main
excitatory neurotransmitter in the brain, and the
glutamate-glutamine metabolic cycle between
neurons and astrocytes is necessary to prevent
neuronal excitotoxicity. The ATP-dependent
enzyme glutamine synthetase (GS) is a key
enzyme of the glutamate-glutamine cycle that
catalyzes glutamine synthesis from glutamate
and ammonia and regulates the homeostasis of
glutamate. In the brain, GS is located
exclusively in astrocytes, and its activity is
highest in the cerebral cortex, cerebellum, and
hippocampus. GS in the adult brain has a
neuroprotective effect and, during
embryogenesis, plays an important role in brain
development [1, 2, 16].

Currently, of particular interest is the
study of the neuroprotective effect of moderate
forms of hypoxia. The phenomenon of “induced
hypoxic tolerance" of the brain is that short-term
and repeated exposition to mild or moderate
hypoxia triggers cellular and physiological
adaptation, increasing the resistance of neurons
to severe hypoxic injuries [14, 21, 24].

The key role of the glutamatergic system
in the development of hypoxic brain pathology
is beyond doubt and forms the basis for the
concept of excitotoxicity of severe hypoxia. At
the same time, the participation of this system in
the formation of hypoxic tolerance induced by
preconditioning has not been studied enough.

The aim of the work was: 1) to study the
activity of glutamine synthetase in some brain
structures of old rats subjected to severe hypoxic
hypoxia. 2) study of glutamine synthetase
activity in some brain structures of old rats
subjected to hypoxic preconditioning and
subsequently undergoing severe hypoxic
hypoxia.

MATERIALS AND METHODS

This study was performed in accordance
with Directive 2010/63/EU of the European
Parliament and of the Council on the protection
of animals used for scientific purposes.

Animals: old white Wistar rats were used
in this experiment and were divided into the
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following groups: 1) control old rats; 2) old rats,
that had undergone severe hypoxic hypoxia; 3)
old rats subjected to hypoxic preconditioning
and subsequently severe hypoxic hypoxia.

Hypoxic models: severe hypoxia was
created in a pressure chamber (5%0>) for 30
min per day for 7 days. Hypoxic preconditioning
was created in a pressure chamber (12%0,) for
60 min per day for 14 days.

Preparative methods: all groups of rats
were euthanized by decapitation after
intraperitoneal injection of a mixture of
Calypsol and Xylazine as narcosis. The brain
was extracted from the skull and divided into
areas: the cerebral cortex, cerebellum,
hippocampus and hypothalamus. The brain
tissue was homogenized using a teflon
homogenizer in 0.32M cold sucrose solution.
The activity of the enzyme glutamine synthetase
was determined in the mitochondrial fraction
obtained by differential centrifugation [18].

Statistical ~ analysis:  In  statistical
processing, Student's t-test was used to assess
differences  between the control and
experimental groups. A p-value of 0.05 was
considered statistically significant.

RESULTS AND DISCUSSION

According to the results of the study, the
activity of glutamine synthetase in rats subjected
to severe hypoxia significantly decreases in all
brain structures compared to the control: in the
cerebral cortex - by 43%, the cerebellum - by
37%, the hippocampus - by 41%, the
hypothalamus - by 32% (Fig. 1). Severe hypoxia
damages the brain by disrupting the oxygen
supply to the brain parenchyma, which is
necessary for oxygen-dependent molecular
processes. Hypoxic-mediated pathological
conditions probably accelerate brain aging and
provoke neurodegeneration. It is possible that
the decline in resistance to hypoxia may be a
basic aspect of brain aging [19]. Numerous
studies have shown the significant role of
glutamate excitotoxicity in the pathogenesis of
neurodegenerative processes in the brain as a
result of hypoxic damage [11]. Glutamine
synthetase, performing the role of a
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neuroprotectant, neutralizes the neurotoxicity of
high concentrations of glutamate in normal
conditions by converting glutamate into
glutamine and binding ammonia [6]. But under
hypoxic conditions, when structural and
functional changes and neuronal damage occur,
as well as the change in the plasticity of neural
networks, glial cells, retaining their ability to
capture glutamate by the energy of glycolysis,
cannot fully neutralize the excess glutamate due
to decreased levels of glutamine synthetase.
Since astroglial glutamine synthetase is an
endogenous protective mechanism against
glutamate neurotoxicity, the reduction of GS
activity has been suggested as a mechanism
mediating neurotoxicity in neurodegenerative
diseases [15, 23]. Therefore, increased
expression of glutamine synthetase in astrocytes
promotes the protection of neurons from the
toxic effect of excess glutamate, which can be
used in the search for new approaches in the
treatment of neurodegenerative processes.
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Figure 1. Changes of glutamine synthetase
activity in old rats subjected to severe hypoxia
and hypoxic preconditioning+hypoxia. * p<0.05,
** p<0.01, *** p<0.001 compared to control.

In preconditioned animals, the test for
severe hypoxia demonstrated an increase in
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glutamine synthetase activity in brain structures
(p<0.01) relative to animals subjected to severe
hypoxia without previous preconditioning.
However, relative to the control data, the
activity of the enzyme in preconditioned
animals decreased: in the cerebral cortex - by
25%, the cerebellum - by 20%, the hippocampus
- by 27% and the hypothalamus - by 16%. In
particular, changes in GS level may affect
glutamate uptake and glutamine production in
astrocytes. On the other side, preliminary
hypoxic training contributes to a less
pronounced decrease in glutamine synthetase
activity under conditions of severe hypoxia. In
this case, perhaps, preconditioning increases the
endogenous  neuroprotective  mechanism,
reducing the hypoxia-mediated excitotoxicity of
glutamate [13]. Additionally, preconditioning
increases the body's resistance to hypoxia,
which can counteract brain aging and
neurodegenerative processes [7, 12].

Studies show that moderate hypoxia can
relieve psychological stress and depression, as
well as partially stimulate neurogenesis in the
hippocampus [14, 22]. There is evidence of
cognitive enhancement in hypoxia-
preconditioned elderly adults [3, 20]. Hypoxic
training has a positive effect on patients with
multiple sclerosis and Huntington's disease [5].
Research is underway on the use of hypoxic
preconditioning in patients with Alzheimer's
disease [17]. Despite the reduced adaptive
capacity of the elderly, however, their tolerance
to moderate hypoxia is usually preserved, and
subsequent adaptation can potentially be used
therapeutically.

CONCLUSION

Consequently, in old rats subjected to
severe hypoxia, a more pronounced decrease in
the activity of glutamine synthetase in brain
structures was observed compared with
preconditioned animals. In view of the fact that
the brain is a highly plastic organ, moderate
hypoxic stress initiates an increase in the
resistance of the nervous tissue with the
participation of numerous molecular mediators
and the involvement of metabolic and enzymatic
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alternative pathways. Ultimately, the survival of
neurons improves. In particular, the endogenous
neuroprotective mechanism is triggered, the
activity of glutamine synthetase increases, and,
as a consequence, the neurotoxicity of glutamate
decreases. Therefore, increased expression of
glutamine synthetase in astrocytes promotes the
protection of neurons from the toxic effect of
excess glutamate, which can be used in the
search for new approaches in the treatment of
neurodegenerative processes. Stimulation of
brain tolerance to hypoxia through the use of
preconditioning is a promising method for
preventing hypoxic brain injury.
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N3MEHEHUE AKTUBHOCTHU I''TYTAMUHCHUHTETA3BI HA
3KCHEPUMEHTAJBHON MOJIEJMA THIIOKCHYECKOI'O
INPEKOHANIIUOHUPOBAHUA

Benepa Pamu3 kbi3bl XaupoBa
Hncmumym @uzuonocuu um. akademurxa A6oyanwt I apaesa, baxy, Azepbaiioxcan

B npexcraBnenHol paboTe MCCIE0BAHO BIHUSHUE THIIOKCHYECKOTO MPEKOHIUIIMOHUPOBAHUS
Ha aKTUBHOCTbH INIyTAMUHCHUHTETAa3bl B CTPYKTYypax I'OJIOBHOI'O MO3ra CTapbIX KPbIC, IOABEPTHYTHIX
TSKEJONW TUIoKcuu. M3ydenne Metabon4eckux U3MEHEHHH, B YaCTHOCTU HEKOTOPBIX (PepPMEHTOB
IJIyTaMaTHOrO OOMEHa, B TOJIOBHOM MO3I€ B YCJIOBMSX KHCIOPOJHOW HEIOCTATOYHOCTH M IIpU
TMIIOKCUYECKON TPEHUPOBKE SBIIAETCS aKTYyaJlbHOM 3alayeil, pelleHHe KOTOPOW IO3BOJIAET
ONPEIEIUTh BO3MOKHBIC IIyTH 3alUTHl HEPBHOM TKAHM OT TUIIOKCHYECKMX IIOBPEXKICHUN U
NOBBIIIEHUS] €€ YCTOMYMBOCTH. ['MIOKcHA He Bcerja HWHAyUUpYeT TuOenb KIETOK, Ipu
OTIPEJICIEHHBIX YCJIOBUSAX THIIOKCHYECKOE BO3JICHCTBHE OKa3bIBAET HEHPONPOTEKTHUBHBIN (P (EKT.
I'unokcnyeckoe NMPEKOHIUIMOHUPOBAHKME IOBBIIIAET YCTOMYMBOCTH HEMPOHOB K BO3JCHCTBHUIO
Oomee TsDKENBIX (OPM THUIOKCHH. B TaHHOM KOHKPETHOM Cllydae 3alyCKaeTcs SHAOTEHHBIN
HEHUPOIIPOTEKTOPHBI MEXaHMU3M, IOBBILIACTCSA AKTUBHOCTb INIyTAMMHCHHTETa3bl, CHH)KAETCS
HEUPOTOKCUYHOCTH IIyTaMara.

KiawueBble cJI0Ba: THIIOKCHYECKOE MNPEKOHAUIUOHUPOBAHUC, TJIyTaAMUHCHUHTETA3a,
HeﬁpOTOKCHqHOCTB, MO3TI', THIIOKCHUYCCKas1 MOACIIb

HIiPOKSIK PREKONDISIONLASMANIN EKSPERIMENTAL MODELINDO
QLUTAMINSINTETAZANIN FOALLIGININ DOYISILMOSI
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Toqdim edilon isdo agir hipoksiyaya moruz qalmis qoca si¢ovullarin beyin strukturlarinda
qlutaminsintetazanin foalligina hipoksik prekondisionlagmanin tasiri dyronilmigdir. Beyinds oksigen
catismazligi soraitindo va hipoksik mosq zamani1 metabolik dayisikliklorin, xiisusan do glutamat vo
enerjinin metabolizminin bozi fermentlorinin  Syronilmasi cox aktualdir, bunun halli beyin
toxumasinin hipoksiyadan qorunma yollarin1 miiayyanlogsdirmaya Vo onun rezistentliyini artirmaga
imkan verir. Hipoksiya har zaman hiiceyronin 6limiino Sobob olmur, miioyyon voziyystlorda
hipoksiya neyroprotektiv tosir gostora bilor. Hipoksik prekondisionlasma neyronlarin daha agir
hipoksiyanin tasirlorina qarst miigavimatini artirir. Bu xiisusi halda endogen neyroprotektiv
mexanizm aktivlosir, qlutaminsintetazanin faallig1 artir vo qlutamatin neyrotoksikliyi azalir.

Acar sozlar: hipoksik prekondisionlasma, qlutaminsintetaza, neyrotoksiklik, beyin, hipoksik
model
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