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The hypoxic preconditioning model is widely used in experimental studies
to identify mechanisms for increasing the tolerance of organisms to
subsequent hypoxic exposure. Glutaminase is the main enzyme that
synthesizes glutamate, which has two important physiological roles: in the
postnatal period, it acts as an excitatory neurotransmitter, and during the
prenatal period, it regulates neurogenesis, synaptogenesis, and the survival
of nerve cells. In our work, in 4 experimental groups, we investigated the
effect of hypoxic preconditioning performed during days 16-21 of
pregnancy on glutamate synthesis in the brains of 17-day-old and 6-month-
old offspring. It was found that prenatal hypoxia led to a pronounced
increase in the enzyme activity in various brain structures in early postnatal
ontogenesis, while a decrease was observed in adult animals. In contrast,
exposure to acute hypoxia resulted in a more significant increase in
glutaminase activity in the brains of adult animals. Prenatal fetal hypoxic
preconditioning caused a weakening effect on the increase in enzyme
activity in 17-day-old rat offspring and a down-regulation in 6-month-olds,
compared to the group that suffered acute hypoxia in the postnatal period.
Thus, a neuroprotective adaptive-compensatory effect of prenatal
preconditioning has been demonstrated, which can be associated with both
the physiological and excitotoxic effects of glutamate.
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INTRODUCTION

animals are associated with the processes
occurring in the maturing brain during the

The study of how various stressors during
the intrauterine period affect further brain
development during postnatal ontogenesis is of
considerable interest to neurobiologists. The
effects of prenatal hypoxia can appear in adult
animals in the form of short- and long-term
impairments of cognitive function and delayed
reflex development [3, 4, 5]. The disturbances in
learning, memory, and behavior observed in
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period of exposure to an adverse factor. Oxygen
deficiency negatively affects the survival,
proliferation, migration, and differentiation of
neural progenitor cells, synaptic plasticity, and
wiring of neuronal networks [15]. Mediators
and modulators such as glutamate, GABA,
serotonin, and others take an active part in these
processes. Glutamate, its receptors, and its
transporters are actively involved in the
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formation of neural wiring in the brain [10]. It is
important to note that many neurotransmitters,
before their future role as synaptic transmitters,
have a neurotrophic role and are implicated
directly in the growth and differentiation of
neurons during brain  maturation. The
neurotrophic and neurotoxic properties of
excitatory amino acids attract particular
attention to the study of the glutamatergic
system during brain development, since
alterations in this system may be involved in
pathological processes in the brain [6].

Also, hypoxic preconditioning of the fetus
can reduce or prevent brain damage caused by
hypoxia in subsequent early postnatal life. The
study of neuroprotection pathways activated by
hypoxic preconditioning of the fetus is
necessary to understand the mechanisms of
brain adaptation [2].

The work aimed to study the effect of
hypoxic  fetus preconditioning on the
glutaminase (EC 3.5.1.2) activity in the
mitochondria of various brain structures of rat
offspring. Compare the results obtained with the
controls and data after hypoxia suffered in the
prenatal and postnatal periods.

MATERIAL AND METHODS

Experiments were performed on Wistar
rats. The 1% Group (Controls) consisted of the
17-day-old (eye-opening time) and 6-month-old
(adults) offspring obtained from the females
kept in the chamber at a normal oxygen
concentration. The 2" Group included offspring
of rats subjected to hypoxia on prenatal days 16—
21 after reaching the age of 17 days and 6
months. Hypoxia for this group was created
daily for 1 h in a pressure chamber ventilated
with a mixture of 5% O and 95% N2 gases
measured by a gas meter. The 3" Group
included 17-day-old and 6-month-old rats
subjected to acute hypoxia with a mixture of 5%
oxygen and 95% nitrogen gases for 1 h. 4™
Group included rat pups subjected to hypoxic
preconditioning (12% O and 88% N2) for 1 h
daily during prenatal days 16-21 and acute
hypoxia (5% Oz and 95% N) for 1 h on the 17
and 180 postnatal days. Glutaminase activity
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was determined by the method [9]. The
mitochondrial  fraction was isolated by
differential centrifugation [1]. The total protein
was measured by the Bradford method [8]. All
experiments were conducted in compliance with
bioethical rules for the treatment of laboratory
animals. Statistical processing was performed in
MS Excel using the Student's t-test.

RESULTS AND DISCUSSION

The results showed that in the rat brain, the
highest activity of glutaminase was observed in
cortical areas (Fig. 1 and 2). The specific activity
of glutaminase increased in the mitochondrial
fraction of various cortical brain regions by 47—
105% and in the cerebellum by 120% in 17-day-
old rats who suffered prenatal fetal hypoxia. The
group of rats subjected to acute hypoxia noted an
even higher up-regulation of the enzymatic
activity of glutaminase in brain structures. The
offspring of rats that suffered fetal hypoxic
preconditioning showed a less pronounced
increase in glutaminase activity following acute
hypoxia, compared with the group of rats
exposed only to acute hypoxia (Fig. 1).

It should be noted that in 17-day-old rat
pups following prenatal hypoxia, a pronounced
up-regulation of glutaminase activity was
observed in cortical regions, especially in the
visual cortex, as well as in the cerebellum and
hippocampus, compared to 6-month-old rats.

In 6-month-old rats that suffered hypoxia
during the fetal stage, multidirectional changes
in the activity of glutaminase were observed in
the studied brain structures (Fig. 2). Acute
hypoxic impact caused an up-regulation in
glutaminase activity in almost all investigated
brain regions in 6-month-old rats, and the
severity of the increase was predominantly
higher than in 17-day-old rats. The 6-month-old
rats from the hypoxic preconditioning group
showed down-regulation of enzymatic activity
in response to acute hypoxic exposure compared
with the group of acute postnatal hypoxia. So

prenatal hypoxic preconditioning caused a
down-regulation of glutaminase activity
following the impact of acute oxygen
deficiency.
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Figure 1. Comparative diagram of the effects of prenatal hypoxia suffered during the fetal period of
prenatal development (on the left), acute hypoxia, and prenatal hypoxic preconditioning (on the right)
on specific glutaminase activity in mitochondria of different brain regions of 17-day-old rats
(umol N-NH3/ h - mg, M £ SEM; n = 8).
Note: * - p<0.05, ** - p<0.01, *** - p<0.001 compared to controls.

# - p<0.05, ## - p<0.01 compared to the 3" group.
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Figure 2. Comparison of the impact of prenatal hypoxia exposed during the fetal period of prenatal
ontogenesis (on the left), acute hypoxia, and prenatal hypoxic preconditioning (on the right) on the
specific activity of glutaminase in mitochondria of various brain areas of 6-month-old rats
(umol N-NH3/ h - mg, M + SEM; n = 8).
Note: * - p<0.05, ** - p<0.01, *** - p<0.001 compared to controls.

# - p<0.05 compared to the 3 Group.
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The alterations observed can be explained
considering the leading role of glutaminase in
the maturation of nerve cells during the prenatal
period of development [6] and its role in the
synthesis of glutamate, which performs
neurotransmitter function in 2/3 of the brain
excitatory synapses, as well as the excitotoxic
effect leading to degeneration and apoptosis of
neurons [11]. Under the influence of hypoxia,
the synaptic apparatus of neurons of various
cortical and subcortical brain structures of young
rats is damaged [1]. It should be noted that
hypoxia in the embryonic brain realizes its
specific effect through the activation of the
hypoxia-inducible  factor (HIF) signaling
pathway, which is an important link in the
formation of physiological systems during
embryonic development. HIF, interacting with
neuronal genes, leads to a complex change in the
development of the CNS [5, 13, 14]. At the same
time, HIF can have a protective effect in
response to increased glutamate levels and
glutamate neurotoxicity [16].

Hypoxic preconditioning has been shown
to alter glutamine synthetase, related to
glutamate metabolism as well as lactate
dehydrogenase, which converts pyruvate to
lactate [7, 12]. Our results are consistent with the
suggestion that prenatal hypoxic
preconditioning significantly increases the
resistance of the brain to hypoxic impact [10].

CONCLUSION

Thus, 17-day-old and 6-month-old
offspring subjected to hypoxic preconditioning
during the prenatal period showed a weakening
of elevated glutaminase levels caused by acute
hypoxic exposure. This change in glutaminase
activity is aimed at reducing the excitotoxicity of
glutamate, but at the same time, it can affect the
processes of neurotransmission.
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BJIUSHUE THITIOKCUYECKOI'O NPEKOHANIIMOHUPOBAHUA HA U3MEHEHHUE
POCPAT-AKTUBUPYEMOU I''TYTAMHUHA3HOU AKTUBHOCTH B 'OJIOBHOM
MO3I'E HOTOMCTBA

Jleitna barnax I'annposa

Hucmumym gpuzuonocuu um. akaoemuxa A6oyanvl I'apaesa, Munucmepcmeo Hayku u 06pazosanus
Asepbaiiocanckoii Pecnyonuxu, baky, Azepbatiodcan

Mojenb rMIoOKCHYECKOro MPEKOHIUIIMOHUPOBAHUS IIUPOKO UCIIOJIB3YETCS B DKCIIEPUMEHTAJIbHBIX
UCCIIEJOBAHMAX JUISL BBIABICHHMS MEXAaHU3MOB IIOBBIIIEHUS TOJICPAHTHOCTH OPraHU3MOB K
MOCJIEYIONEMY THUIOKCHYECKOMY BO3JEHCTBHIO. [IyTamMuHaza SBISETCS OCHOBHBIM (DEPMEHTOM,
CHHTE3UPYIOIIUM TJIyTaMmaT, KOTOPBI BBIMOJHSAET JBE BaXHbIE (U3HUOJIOTMYECKHE PpOJIM: B
MOCTHATaJIbHOM IEPHOJE — B KaueCTBE BO30YKAAIOLIEr0 HEHpOMeIuaTopa, a B IPEHaTaIbHOM NEpUOJIE
— Yy4acTBYET B PeryJIsiLIuU HEHPOreHe3a, CHHANITOIeHe3a U BbDKMBAaHUM HEPBHBIX KJIETOK. B Haieil pabote
B 4 SKCIIEPUMEHTAJIbHBIX IPYNINAaxX Mbl UCCIIEOBAIN BIUSHIE THIIOKCUYECKOTO IPEKOHANIIMOHUPOBAHUS,
npoBoauMoro Ha 16-21 neH» GepeMeHHOCTH, Ha CHHTE3 TIIyTamara B Mo3re 17-THEBHBIX U 6-MECIIHOTO
MOTOMCTBA. Y CTaHOBJIEHO, YTO IPEHATalbHas TMIIOKCHS IMPUBOJMWIA K BBIPA)KEHHOMY IOBBILIEHHIO
aKTUBHOCTH (DEPMEHTOB B DPA3JIUYHBIX CTPYKTypax TOJIOBHOTO MO3ra B PaHHEM IOCTHATAIbHOM
OHTOT€HE3€, TOTAA KaK y B3pOCIbBIX JKMBOTHBIX HaONIonanoch ee cHwkeHue. Hamporus, Bo3neiicTBHe
OCTpPOIl TMIOKCUY MPUBOAMIO K 00JIe€ 3HAUUTEIbHOMY YBEJIUUEHHIO AKTUBHOCTHU IIIyTaMHHA3bl B MO3I€
B3POCIIBIX JKUBOTHBIX. [IpeHaranpbHOE T'MIIOKCHYECKOE INPEKOHAMLUOHUPOBAHKME ILIOJA BBI3BIBAJIO
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ocnabnstonuii 3pQeKT Ha MOBBINICHHE AKTHBHOCTH (epMeHTa y 17-THEBHOTO TIOTOMCTBA KpBIC H
CHMKEHUE Yy O-MECSUHBIX KpBICAT MO CPABHEHUIO C TPYIIIOH, MEpPEHECUIell OCTPYI THUIOKCHUIO B
MOCTHATaIbHOM TMepuoae. Takum o0pazoMm, MPOAEMOHCTPUPOBAH HEUPONPOTEKTOPHBIN aJanTHBHO-
KOMITIEHCATOPHBIN 3((HEKT MpeHaTaTbHOTr0 MPEKOHIUIIMOHUPOBAHUS, KOTOPBIA MOKET ObITh CBS3aH Kak
¢ (PM3MOJIOTUYECKUM, TaK U C SKCAUTOTOKCUYECKUM JIEUCTBUEM TIyTamaTa.

Ki1roueBble cjI0Ba: THITIOKCHYECKOE PEKOHIUIIMOHUPOBAHUE, IPEHATANIbHBIE IEPUO/], TOTOMCTBO,
MO3r, (hocdaT-aKTUBHpYyEMas IITyTaMHUHA3a

HIPOKSIK PREKONDiISIONLASMANIN NOSILLORIN BAS BEYINDO FOSFAT-
FOALLASDIRICI QLUTAMINAZA FERMENTININ FOALLIGINA TOSIRI

Leyla Bagdad qiz1 Qadirova

Akademik Abdulla Qarayev adina Fiziologiya Institutu, Azorbaycan Respublikast Elm va Tahsil
Nazirliyi, Bak:, Azarbaycan

Hipoksik prekondisionlasma modeli, organizmin sonraki hipoksiyaya qarsi tolerantligini artiran
mexanizmlori miiayyanlosdirmok tigiin eksperimental todgiqatlarda genis istifado olunur. Qlutaminaza
qlutamat1 sintez edon osas fermentdir. Qlutamat iki miihiim fizioloji rol oynayir: postnatal dovrdo
oyandirict neyrotransmitter kimi, prenatal dovrds iso neyrogenezini, sinaptogenezini va  sinir
hiiceyralorinin sag qalmasini tonzimlonmosinds istirak edir. isimizdo, 4 eksperimental qrupda, bogazligin
16-21-ci giinlorindo hayata kegirilon hipoksik prekondisionlagsmanin 17 giinlik vo 6 ayliq nasillarin
beynindos glutamat sintezins tesirini tadqiq edilmisdir. Miioyyan edilmisdir ki, prenatal hipoksiya miixtalif
beyin strukturlarinda erkon postnatal ontogenezds fermentin aktivliyinin nozaragarpacaq doracads
artmasina sabab olmusdur, yetkin heyvanlarda iss onun azalmasi miisahido edilmisdir. Kaskin hipoksiya
iso aksina yetkin heyvanlarin beyninda glutaminazanin aktivliyinin daha oshomiyyatli artmasina sobob
olmusdur. Prenatal hipoksik prekondisionlagsma olunmus heyvanlar qrupunda kaskin hipoksiyaya moruz
galmis heyvanlarla miiqayisodoa 17 giinliik sicovul naslinda fermentin aktivliyinin artmasina zaifladici
tosir gostormis vo 6 ayliq naslindo azalmasina sobob olmusdur. Beloliklo, prenatal prekondisionlagmanin
neyroprotektiv adaptiv-kompensator effekti glutamatin ham fizioloji, hom do eksitotoksik tasiri ilo
alagolondirila bilor.

Acar sozlar: hipoksik prekondisionlasma, prenatal dovr, nosil, beyin, fosfat-faallasdirict
glutaminaza
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