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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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NEUROCHEMICAL STATUS OF NITRIC OXIDE IN THE SETTINGS OF THE NORM, ISHEMIC EVENT
OF CENTRAL NERVOUS SYSTEM, AND PHARMACOLOGICAL BN INTERVENTION

'Belenicheyv 1., 'Gorbachova S.,'Pavlov S., 'Bukhtiyarova N., *Puzyrenko A., *Brek O.

Zaporizhzhia State Medical University, Ukraine; *All Saints University School of Medicine, Roseau, Dominica;
SKharkiv National Medical University, Ukraine

Nitric oxide (NO) has a wide range of biological effects: it
participates in the work of the central and autonomic nervous
systems, in the functioning of the gastrointestinal tract and geni-
tourinary system, in the activity of secretory tissues and respira-
tory organs, and in the regulation of the cardiovascular system.
At high concentrations, NO can demonstrate cytostatic and / or
cytotoxic activity, which indicates its role in the cell-mediated
immunity system. This function determines the effect of NO on
the initiation and progression of apoptosis. The synthesis of NO
from L-arginine is carried out under the action of three main iso-
forms of the enzyme of NO-synthases (NOS): neuronal (nNOS),
endothelial (eNOS) and inducible (iNOS). In active form, all
three isoforms are homodimers with a molecular weight of 130
(iNOS), 135 (eNOS) and 160 (nNOS) kDa [1,2].

Survival processes of nerve tissue under the influence of
physico-chemical factors are controlled by signaling pathways.
The most important signal messenger is nitric oxide, which is
involved in the implementation of neurotransmission, neurode-
generation, and cellular reactions to oxidative stress [3]. One of
the main functions of NO is vasodilation (relaxation of vascular
smooth muscle). It is quite difficult to study the generation of
NO and its distribution in cells, since NO is a short-lived mol-
ecule (its lifetime is 5-10 seconds). Therefore, scientists often
focus on NO-synthase (NOS), an enzyme that synthesizes NO
from L-arginine. A lot of researchers are currently studying NO-
controlled signal transduction pathways [4,5].

It is known that NO of endothelial origin is involved in the
mechanisms of arterial hyperemia, as one of the vascular reac-
tions to inflammation. An excess of NO can cause increased per-
meability of the vascular wall and enhance exudative reactions,
and its deficiency activates the adhesion of leukocytes to the
vascular endothelium and their emigration to the surrounding
tissue. The inflammatory process is usually associated with an
increase in iNOS activity, which is capable f forming high con-
centrations of NO [6]. However, the question of the role of NO
(the one formed with the participation of other (neuronal and
endothelial) NOS isoforms) in the mechanisms of inflammation
in ischemia / reperfusion has not been sufficiently studied [7].

Cerebral ischemia evokes a complex set of biochemical and
molecular mechanisms that subsequently impair neurological
functions due to the separation of physiological processes and
impaired neuron integrity. They are mediated by glutamate “ex-
citotoxicity”, ionic imbalance, the development of free-radical
reactions. In addition, inflammatory reactions initiated at the
neurovascular interface, as well as alterations in the dynamic
connections between endothelial cells, astrocytes, and neurons,
make a significant contribution to the pathogenesis of cerebral
stroke. The formation of oxidative stress, which is an inevitable
companion of nerve tissue ischemia, is inextricably linked to
inflammation. In this case, a so-called vicious circle is formed —
inflammation causes activation of signal transduction pathways
that are sensitive to the redox potential, which enhances oxida-
tive stress [8].

A significant role in the mechanisms of neuronal death during
the development of the glutamate-calcium cascade belongs to
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NO-mediated mechanisms. The exposure of NMDA receptors,
which occurs against the background of toxic concentrations of
glutamate, causes a flow of calcium ions into the cell. This, in
turn, causes the activation of the calcium-dependent isoform
of NO-synthase and the active synthesis of nitric oxide, which
brings damage neurons [9].

NO can also be neurotoxic primarily because of its oxidizing
properties, which include its ability to induce the production of
peroxynitrite, that is a highly destructive active form of oxygen.
At the same time, there is evidence that it is neuronal NOS that
forms NO, which causes and complicates damage to neurons,
while endothelial NOS improves blood supply in the area of
ischemic penumbra. This confirms the role of NO in damage
and death of the neuron and indicates the specificity of NOS
isoforms. In addition, the type and stage of stroke should be con-
sidered. It has been proved that in the initial stages of ischemia,
the expression of constitutional calcium-dependent NOS, deter-
mined by transmitter autocoidosis, prevails [10-12].

Nerve cell death, under conditions of NO overproduction, be-
gins with the mechanisms of activation of phospholipases, over-
production of hydroxyl radical, and modulation of the NMDA
receptors. But in the delayed post-ischemic period — from 7-14
days with global ischemia and from 1 to 3 days with focal isch-
emia, NO overproduction is recorded as a result of the activity
of inducible NOS activated glia, macrophages and neutrophils
[13-15]. The independence of the inducible form of NOS from
calcium enables prolonged maintenance of high activity of this
enzyme. The expression of this form with hypoxia occurs after 6
hours, in contrast to the constitutional calcium-dependent NOS,
which is associated with the later appearance of activated as-
troglia, macroglia, and inflammatory cells. In the focal form of
ischemia, these NO producing cells are located in the penumbra,
and in global ischemia, they are in the structures that are most in
need of oxygen. In this regard, the study of the mechanisms of
regulation of NOS activity is promising for the elaboration of a
treatment strategy for acute cerebrovascular disorders. Scientific
literature provides description of cases with positive results on
limiting NOS hyperactivity by means of the administration of
inhibitors, and it is indicated that the administration of the latter
decreases the progression of cerebral ischemia [16].

Little is known about the fact why large doses of nitric oxide
do not damage the cells in which they are formed. It is believed
that this is ensured by the work of the superoxide dismutase
(SOD) enzyme, which inactivates superoxide. These understud-
ied facts indicate the need to expand knowledge of the physi-
ological and biochemical properties of NO. It has been estab-
lished that NO in the nervous tissue forms active derivatives:
nitrosonium (NO +), nitroxyl (NO-) and peroxynitrite (ONOO-).
It has been established that NO and its transmutation products —
peroxynitrite (ONOO-), nitrosonium ion (NO +), nitroxyl (NO-
), and diazotrioxide (N203) are the main factors of nitrosate
stress. Throughout this process, NO interacts with metals (heme
iron of hemoglobin, myoglobin, iron-containing enzymes, non-
heme iron of iron-sulphurous proteins, copper and zinc of active
centers of enzymes). Besides, there is an indirect interaction of
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NO + (S-, N-, O-nitrosation) with thiol, phenolic, hydroxyl and
amino groups of proteins. As a result of contact, cell destruction
occurs: desensitization of receptors, inhibition of mitochondrial
enzyme activity, and fragmentation of nucleic acids. NO, bind-
ing back to Fe3 + of the active center of catalase, inhibits in the
initial and postischemic periodof focal brain ischemia. Excess
NO suppresses heme enzymes of the mitochondrial electron
transport chain [17-20].

Excessive NO in the post-ischemic period interacts with heme
iron and paired thiol groups to form a dinitrosol iron complex
(DNIC). It is known that DNIC is a stronger nitrosylating agent,
compared to NO, and it interacts with protein thiols, histidine,
aspartate, glutamine, methionine, cysteine, glutathione. As a result,
N- and S-nitrosothiols are formed. Besides, the pathological role
of DNIC in conditions of ischemia is determined by the fact that it
irreversibly nitrosylates iron-sulfide clusters of mitochondrial pro-
teins (NADH-ubiquinonoxy reductase, succinate-ubiquinonoxy re-
ductase and cis-aconitase) [19-22]. There is evidence of the ability
of DNIC to significantly reduce the activity of enzymes responsible
for the regulation of thiol disulfide equilibrium in the cell — gluta-
thione reductase, glutathione S-transferase, and glutathione peroxi-
dase in neuron suspensions [23-25].

The nitrosonium ion (NO +) damages the nucleophilic groups
of active thiols, amines, carboxylases, hydroxyls, and aromatic
rings. NO+ is formed under adverse conditions of nitric oxide
overproduction, with the participation of ferrous iron and oxy-
gen. It is known that NO+ has reducing properties, ionotropic
and lusitropic effect on the myocardium, lowers the threshold
of convulsive readiness, but with lactic acidosis it demon-
stratesprooxidant properties in relation to thiol-containing pro-
teins and amino acids. There is in vitro data that the addition of
NO- donors to a suspension of neurons reduces the content of
glutathione [26]. It has been found that NO disrupts the electri-
cal activity of neurons and inhibits the activity of sodium chan-
nels. This multidirectionality of NO can be explained by its dif-
ferent concentration inside the nerve cell. With its increase, a
toxic nitrite anion is formed. N203, as a source of NO +, has
the properties of a nitrosylating agent and forms N-nitroamines
with aliphatic and aromatic amines. The products of their trans-
formation are factors in the alkylation of nucleic acids and the
deamination of purines. When N203 interacts with cysteine,
S-nitrosocysteine is formed, and the reaction with glutathione
produces S-nitroglutathione (NO transport molecule) [27,28].

In neurons, there is a mechanism for the release of NO from
S-nitrosoglutathion with the participation of glutamyltranspep-
tidase and the formation of S-nitrosocysteinil glycine as a pro-
ducer of NO. Cystine, whichisreduced to cysteine, participates
in the transport of S-nitrosoglutathion. Cysteine reacts with S-
nitrosoglutathione and forms S-cysteine, which is involved in
the rapid transfer of information, which determines the forma-
tion of neuron adaptations. These reactions are controlled by
glutathione reductase and glutathione transferase. When they
are inhibited, there is oxidative modification of low molecular
weight thiols, homocysteine formation, and impaired transport
of NO and its cytotoxic derivatives, which enhance the thiol oxi-
dation [29].

The antioxidant system of the neuron is able to regulate NO
transport, providing resistance of the nervous tissue to nitrosate
stress. In the first minutes of ischemia, macrophage or exoge-
nous NO inhibits oxidative phosphorylation in neuronal mito-
chondria due to reverse binding to mitochondrial cytochrome
C oxidase. Inhibition of the electron transport of mitochondria
leads to the accumulation of superoxide and the formation of
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peroxytitrite. Peroxynitrite synthesis is characteristic of cells
with high activity of NO synthase and ROS producing enzymes
(xanthine oxidase, NADH oxidoreductase, cyclooxygenase, li-
poxygenase, electron transport chain enzymes) [30].

Nitric oxide and its derivatives play a significant role in the
expression of heat shock protein p53. The p53 protein inhibits
tumor growth and maintains the integrity of the genome, causes
cell cycle arrest or apoptosis, induces the expression of Bax,
Fas, pS3AIP and other apoptogenic proteins, and passes into mi-
tochondria itself during apoptosis. This may be one of the rea-
sons for the release of reactive oxygen forms and for a decrease
in the charge of mitochondria [31].

In experiments on the culture of pear-shaped neurons of the
rat cerebellum, data on the accumulation of p53 upon death of
nerve cells due to excess sodium nitroprusside were obtained.
Bcl-2 is believed to suppress NO-induced increase in Bax pro-
tein expression. Under the action of nitric oxide on the cell, the
level of intracellular Bel-2 protein decreases. Perhaps this oc-
curs owing to caspase-induced cleavage or p53-dependent inhi-
bition of the expression of this protein [32].

The pro-apoptotic effect of nitric oxide is also determined by
the induced increase in the expression of apoptogenic proteins
Bax. Mitochondria are able not only to perceive the apoptotic
signal from NO, but also to synthesize it themselves due to the
presence of constitutive NOS in them, which is localized in
the mitochondrial membrane (mNOS). It is similar to macro-
phage iNOS, but is expressed constitutively. It is not established
whether mNOS can be considered a separate isozyme, or is it
iNOS containing post-translational modifications. It is assumed
that it participates in the regulation of apoptosis due to the effect
of mitochondrial pore proteins on the thiol-disulfide balance in
the nitrosation or oxidation reaction [33].

All of the above is the rationale for the search for effective
neuroprotective drugs that can prevent negative processes in the
nervous tissue by means of inhibiting the cytotoxic derivatives
of NO and reducing the effects of the pathobiochemical cascade
and nitrosate stress.

There is substantial evidence that irreversible changes in the
area of ischemic damage can be stopped with the help of neuro-
protective drugs that can reduce focal ischemia at the molecu-
lar and cellular levels, and correct its consequences [34-36]. A
promising direction in the creation of new drugs are substances
with a double mechanism of action. It is assumed that the best
combination is substances that combine the properties of a
“scavenger” of free radicals and a sodium channel blocker [37].
Summarizing the literature data, it can be stated that drugs with
an antioxidant nature of action have evidence of their effective-
ness, but more often hypothetically. This direction is the young-
est and possibly promising in the neuroprotection section [38].

There is substantial evidence that irreversible changes in
the area of ischemic damage can be terminated with the help
of neuroprotective drugs that can reduce focal ischemia at the
molecular and cellular levels, as well as correct its consequences
[34-36]. A promising direction in the creation of new drugs is
designing substances with a double mechanism of action. It is
assumed that the best combination is reprsented by substances
that combine the properties of a “scavenger” of free radicals and
a sodium channel blocker [37]. Summarizing data from the sci-
entific literature, it can be stated that drugs with an antioxidant
nature of action generally prove their effectiveness, but more of-
ten it is hypothetical. This direction is the youngest and possibly
promising in the neuroprotection investigations [38].

The nature of the effect of NO on various biochemical and



GEORGIAN MEDICAL NEWS
No 6 (315) 2021

physiological processes is conventionally divided into direct and
indirect. A direct effect is achieved by direct interaction between
NO and biomolecules. The main target in this case is the heme
iron of hemoglobin, myoglobin, guanylate cyclase, cytochrome
P-450, NO synthases and other heme-containing proteins. NO
also interacts with non-heme iron, which is part of iron-sulfur
proteins and nucleic acids, and free iron (Fe,"). Nitric oxide in-
hibits Fe,"-mediated oxidative reactions and thereby shows an
antioxidant effect. In addition, NO inhibits the processes of lipid
peroxidation (LPO), obviously preventing their spread. The di-
rect targets of NO are copper and zinc atoms, which are part of
the enzymes, and high-energy free radicals (radicals with a car-
bon center, lipid radicals, and nitrogen dioxide ones). The direct
effects of NO dominate the body under physiological conditions
when this molecule is synthesized, mainly by constitutive forms
of NOS in low amounts. At the same time, the concentration of
NO in the tissues is 0.1-1 pmol, while that of O* due to its high
superoxide dismutase activity is three times lower. Due to the
direct action of NO, its regulatory and signaling functions are
mainly implemented [39].

The indirect effect of nitric oxide is mediated through its reac-
tive forms (RNOS), which are the product of the reaction of NO
with O,, O,- or H,0,. Transition metals may also be involved
in the formation of RNOS. The indirect effect of NO is mani-
fested with an increase in its synthesis associated with iNOS
induction, which is observed during inflammatory processes of
various etiologies (when phagocytic cells are activated, the con-
centration of NO near them can reach 10 pmol) and is combined
with an increase in the formation of reactive oxygen species
(ROS) [40]. The indirect action of NO is realized through S-,
N-, and O-nitrosation, in which the nitrosonium cation (NO") is
attached to amines, thiols, or hydroxyl groups of aromatic com-
pounds, through nitration carried out by attaching nitro groups
(NO,) to biomolecules (aromatic rings, in particular tyrosine
ones, are the most sensitive to nitration), as well as through the
oxidation or hydroxylation of biomolecules. As a result of these
reactions, post-translational modifications of proteins occur,
which play a significant role in the pathogenesis of acute and
chronic diseases. The correlation between the mentioned types
of bio-substrate modifications and their severity depend on the
metabolic conditions, first of all, the redox potential, pH, and
the balance between the formation of NO and ROS in the cell
compartments [41]. These conditions are referred to as nitro-
sative and oxidative stress. The main reactive forms of nitric
oxide, which, when excessively synthesized in vivo, cause the
body to undergo nitrosative and oxidative stress, are diazotriox-
ide (N,0,) and peroxynitrite (ONOO-), respectively. But there
are no clear boundaries between the indicated states, since N,O,,
easily entering into S- and N-nitrosation reactions, is capable
under certain conditions of participating in oxidative reactions,
and ONOO- as a strong oxidizing agent can perform nitration
and nitrosation of biomolecules. The direct and indirect action
of NO in the cell compartments occurs simultaneously, but it is
not uniformly expressed due to differences in the synthesis of
NO and O,-, and also because O,- diffuses poorly through the
membranes due to its charge [42].

Numerous studies have shown that in acute cerebrovascular
impairment (ACVI), NO improves blood supply to the brain
through vasodilation, decreased platelet aggregation and parietal
adhesion of neutrophils, inhibits the activity of NMDA receptors
and reduces the “excitotoxic” effect of glutamate. However, dur-
ing reperfusion, the damaging effect of NO predominates, exac-
erbating the destruction of dying nerve cells [43].
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Another very important aspect of the physiological role of NO
is associated with its biological properties as a neurotransmit-
ter, which is due to the lifespan of NO and the ability to diffuse
from the synthesis site by 100 um. NO is widely present in both
the central and peripheral nervous systems. NO does not specifi-
cally bind to postsynaptic membrane receptors, as in cases with
classical neurotransmitters, but it diffuses to other sites, includ-
ing presynaptic neurons (i.e., acts as a retrograde messenger), as
well as other adjacent neurons and glial cells. It is believed that
NO acts probably as a neuromodulator, mediating the dynamic
activity of neurons, rather than directly affecting the activity of
their potentials [44].

At the same time, it has beendiscovered that NO can act as
a neurotransmitter, mediating the effects of the so-called non-
adrenergic and non-cholinergic neurons (NANC-neurons),
which, along with the cholinergic and noradrenergic conductors
of the autonomic nervous system, can represent the third type of
nervous system [45]. The NO, which is produced as a result of
iNOS activation, is primarily intended to protect the host organ-
ism; it contributes to the reductionof the activity of borderline
inflammatory cells, as well as the death of microorganisms and
intracellular parasites, inhibiting platelet aggregation and im-
proving local blood circulation. At the same timesuperoxide, the
product of partial oxygen reduction, accumulates in the focus
of inflammation, the amount of which in pathological situations
reaches 0.01-0.1 mm. NO and superoxide anion undergo a rapid
radical-radical interaction with the formation of peroxynitrite,
which isa mediator of oxidative cell damage. In this case, NO
easily passes through the outer and inner membranes of cells
and, once inside the cell, it damages the DNA of the target cell
by deamination, as well as inhibition of ribonucleotide reduc-
tase, which regulates the rate of DNA replication. In addition,
NO inactivates glyceraldehyde-3-phosphate dehydrogenase,
thereby blocking the glycolytic synthesis of ATP, and inhibits
electron transport in mitochondria [46]. This explains its cyto-
toxic effect on the target cell.

Thus, NO, produced by various NOS isoforms, has an ex-
tremely important effect on numerous physiological processes
in the body. Herewith, the action of iNOS is manifested mainly
in pathological situations, therefore, the features of the function-
ing and regulation mechanisms of this isoform, as well as NO
produced by it, depend on the nature of the pathological process
and the specifics of the affected organ [47].

NO is capable of triggering a neuron death program due to
its unique chemical nature and a large number of targets in a
cell; its physiologically active redox forms trigger a damaging
attack on the neuron under conditions of ischemia. Numerous
studies have proved the direct participation of NO in neuronal
destruction in case of the administration of selective inhibitors
of neuronal and inducible isoforms of NO synthase (NOS) to
animals with acute cerebrovascular impairment (ACVI) and in
experiments on animals with a deficiency of the gene encod-
ing the synthesis of inducible NO synthase (iNOS) [48]. There
is evidence of an increase in NO concentration in the brain of
animals with focal and global ischemia [33]. The concentration
of NO increases from the first minutes of ischemia, reaching a
maximum in 1-3 days. NOS activity sharply increases in the
area of ischemia and penumbra, but it is impossible to define a
certain type of enzyme.

At the same time, there is evidence that it is neuronal NOS
that forms NO, which causes and complicates damage to neu-
rons, while endothelial NOS improves blood supply in the area
of ischemic penumbra. This confirms the role of NO in damage
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and death of neurons and indicates the specificity of NOS iso-
forms. Moreover, the type and stage of stroke should be taken
into consideration. It has been proved that in the initial stages
of ischemia, the expression of constitutional calcium-dependent
NOS, which is due to transmitter autocoidosis, prevails [49].
Nerve cell death, under conditions of overproduction of NO,
begins with the mechanisms ofphospholipases activation, over-
production of hydroxyl radical, and modulation of the NMDA
receptors. But in the delayed post-ischemic period —since 7-14
days in case of global ischemia and since 1-3 days in case of
focal ischemia, NO overproduction is recorded as a result of the
activity of inducible NOS activated glia, macrophages and neu-
trophils [50]. The independence of the inducible form of NOS
from calcium enables to maintain high activity of this enzyme
for a long time. The expression of this form with hypoxia occurs
in 6 hours, in contrast to the constitutional calcium-dependent
NOS, which is associated with the later appearance of activated
astroglia, macroglia, and inflammatory cells. In the focal form
of ischemia, these NO producing cells are located in the pen-
umbra, and in global ischemia, they are located in the structures
that are most in need of oxygen. In this regard, the study of the
mechanisms of regulation of NOS activity is promising for the
development of a treatment strategy for acute cerebrovascular
disorders. Scientific literature provides descriptions ofcases with
positive results on limiting NOS hyperactivity by the adminis-
tration of inhibitors and it is indicated that the administration of
the latter decreases the progression of brain ischemia [51].

The experiments with the use of various nitric oxide forma-
tion modulators on rats with ischemia-reperfusion substantiate
the possibility of correcting the adverse effects of the inflam-
matory process in them by targeted exposure to isoforms of NO
synthases, whose role in the implementation of the studied in-
flammatory reactions at different periods of the reperfusion syn-
drome is ambiguous. In accordance with the results obtained,
the prophylaxis and therapy of the inflammatory process in case
of ischemia-reperfusion should be pathogenetically substanti-
ated and include drugs with selective mechanisms for the cor-
rection of the L-Arginine-NO pathway [52].

A promising direction is the study of the effectiveness of vari-
ous inhibitors of NO-synthases in the conditions of experimental
cerebral ischemia with respect to limiting the reactions of oxida-
tive and nitrosative stress.

In this research, inhibitors of the three above mentioned iso-
forms were employed: a non-selective inhibitor of NOS — N-
nitro-L-arginine; a highly selective inhibitor of neuronal NOS
— N-propyl-L-arginine and a highly selective competitive inhibi-
tor of inducible NOS — (S)-methylthiourea. The experimental
animals were divided into 5 groups: I —sham operated animals,
II — animals with experimental cerebrovascular impairment
(CVI) (control), III —CVI + N-nitro-L-arginine methyl ether (L-
NAME) at a dose of 5 mg/kg, IV —CVi + N-propyl-L-arginine
hydrochloride (L-PA) at a dose of 2.5 mg/kg; V —CVI + (S)
methylthiourea sulfate (S-MT) at a dose of 1 mg/kg [51]. All
used compounds are manufactured by Tocris Bioscience (Great
Britain). A cerebrovascular impairment was modeled by bilat-
eral occlusion of the common carotid arteries in outbred white
rats. The procedure was performed underacthaminalum-natrium
anesthesia (40 mg/kg).

Brain tissues located in the area of the sensorimotor zone of
the cortex, which were homogenized in liquid nitrogen, were
used for biochemical studies. The cytosolic fraction was isolated
by differential centrifugation (15,000 g) at a temperature of +
4°C on 0.15 M phosphate buffer pH 7.8. The content of reduced
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glutathione and its oxidized form was determined fluorimetrical-
ly. The activity of enzymes of the antioxidant and thiol disulfide
system — superoxide dismutase (SOD), glutathione peroxidase
(GPO), glutathione reductase (GR), glutathione S-transferase
(GST) was evaluated spectrophotometrically [53]. The intensity
of oxidative stress was estimated by the degree of accumulation
of products of oxidative modification of proteins — aldehyde and
ketone derivatives in the reaction with 2,4-dinitrophenylhydra-
zine, as well as by the loss of nitrotyrosine, which was deter-
mined by enzyme-linked immunosorbent assay using the stan-
dard kit “Nitrotyrosine ELISA Kit” (“HyCult biotechnology”,
The Netherlands) [21]. The nitrite concentration was determined
spectrophotometrically with Griss reagent [54].

The results of the study were processed using the statistical
package of the licensed program “STATISTICA® forWindows
6.0”. Statistical processing was performed with the employment
of Student’s t-test and Mann-Whitney U-test. For all types of
analysis, differences with a level of significance of less than 0.05
(95%) were considered statistically significant [55].

Experimental disturbance of cerebral circulation results in the
formation of pathobiochemical reactions of nitrosative and oxida-
tive stress, the signs of which manifested themselves as early as 12
hours after modeling the pathology. The generation of reactive oxy-
gen species and the enhanced formation of nitric oxide in the first
12 hours of the experiment was manifested by an increase in the
level of oxidative degradation markers of proteins, a decrease in the
content of the reduced form of glutathione with a parallel accumu-
lation of'its oxidized form (Table 1). It should be noted that the first
reaction of brain tissue to ischemia was an increase in the level of
NO andnitrotyrosine,as well as a decrease in reduced glutathione;
the values of these indicators reached statistically significant dif-
ferences (p<0.05). The value of the remaining indicators tended to
an upward trend. Studying the enzymatic link of the thiol-disulfide
system (TDS), a compensatory increase in the activity of indicators
was found, which is an adaptive and accommodational reaction of
brain tissue to ischemia.

The introduction of NO-synthase inhibitors of different selec-
tivity caused multidirectional changes. For instance, L-NAME,
which refers to non-selective inhibitors and provokes an irreversible
inhibition of the activity of the constitutional and reversible oneof
the inducible isoform of the enzyme, at early stages demonstrates
prooxidant properties. The indicated ability of L-NAME to inhibit
eNOS disrupts local vasodilation and leads to an aggravation of the
overall picture of the pathological process. N-propyl-L-arginine
during the first 12 hours of ischemia caused a significant decrease
in the level of NO, but the effect on other indicators did not reach
statistically significant differences.

L-PA is selective for neuronal NO-synthase, whose activity
is significantly increased in the first hours of ischemia. This is
explained, firstly, by the observation period —during the period up
to 12 hours, nNOShyperactivation caused by calcium ions begins
to decrease with a parallel increase in the activity of the inducible
isoform, and secondly, inhibition of nNOS leads to the activation of
the nuclear factor NF-kB, which induces iNOS [50].

The use of a selective inhibitor of an inducible isoform at the
first stage of observation did not significantly affect parameters
under study (Table 1). This can be explained by the insignificant
contribution of this isoenzyme to the overproduction of NO in
this period of time.

Synthesized during the first hours of ischemia, NO inter-
acts with aliphatic and aromatic amines with the formation of
N-nitroamines, as evidenced by an increase in the content of
nitrotyrosine by 38.6% (Table 1). Further observation showed
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an increase in this indicator. So, at the end of the first day, the
indicator was 1.7 times higher than the value of the group of
sham operated animals; on day 4, the level of nitrotyrosine was
29.6 nmol/g of protein, which is 3.1 times higher than that of the
group of sham operated animals. Simultaneously to the forma-
tion of nitrosative stress, an antioxidant system malfunction was
observed, which manifested itself in the accumulation of free
radicals, and as a result, in an increase in the level of products
of oxidative modification of protein molecules. An increase of
aldehyde and ketone derivative proteins value, relative to the

corresponding values demonstrated bysham operated animals,
occurred alongside a decrease in the activity of antioxidant en-
zymes (Tables 1-3). A decrease in the activity of SOD, which
plays a key role in the neutralization of the superoxide radical,
caused a shift in the TDR towards oxidized intermediate prod-
ucts. At the same time, some of the synthesized NO, binding
to the highly toxic superoxide radical, formed a peroxynitrite
molecule. In this case, firstly, significant amounts of extremely
neurotoxic ONOO- accumulate, and secondly, the bioavailabil-
ity of NO itself is dramatically reduced.

Table 1. Indicators of oxidative stress and glutathione system in brain tissue 12 hours after the CVI simulation

(M+m, n=10)

Indicators Sham operated animals CVI L-NAME L-PA S-MT
AFH,cu/gofprotein 1,62+0,15 2,0+0,18 2,35+0,26 1,76+0,14 1,91+0,18
KFH, cu/gofprotein 0,76+0,14 1,04+0,13 1,31+0,2 0,88+0,13 1,06+0,13
NO-,, umol/l 5,47+0,58 7,4+0,43" 6,37+0,8 5,57+0,66 7,22+0,57
Nitrotyrosine, nmol/g of protein 9,63+0,87 13,35+1,59* 15,74+1,3 10,84+1,06 11,33+0,8
SOD cu/(mcgofprotein*min) 272,0+£9,98 292,2+9,22 254,1£9,47 | 280,7+6,43 | 293,6+5,99
GSH, pOmol/g of protein 3,95+0,27 3,0+0,22% 2,92+0,23 3,51+0,19 2,97+0,21
GSSG, pmol/g of protein 0,12+0,02 0,19+0,03 0,22+0,03 0,16+0,02 0,18+0,02
GST, mmol/(min*g of protein) 27,56+2,35 31,47+2,48 29,3+2,01 30,42+2.45 29,04+1,95
GR, mmol/(min*g of protein) 13,94+1,53 15,42+0,84 14,9+1,26 15,13+1,63 15,0+1,94
GPx, mmol/(min*g of protein) 69,9+3 .4 71,27+£2,71 70,51+2,68 70,07+3,0 70,08+1,84

NBhere and elsewhere: * - p<0,05 in relation to group of animals with CVA

** - p<0,05 in relation to group of sham operated animals.

Table 2. Indicators of oxidative stress and glutathione system in brain tissues 24 hours after the CVI simulation(M+m, n = 10)

Indicators Sham operated animals CVI L-NAME L-PA S-MT
AFH,cu/gofprotein 1,62+0,15 2,6£0,25™ 1,97+0,19% | 2,49+032 | 2,28+0,13*
KFH, cu/gofprotein 0,76+0,14 1,39+0,16™ 1,03+0,14 1,33+0,14 1,03+0,18
NO",, pmol/l 5,47+0,98 9,1£0,92" | 6,04+1,03* | 895+0,87 | 6,33+0,04*
Nitrotyrosine, nmol/g of protein 9,63+0,87 16,5+1,16™ 11,4+1,38%* 16,3+£1,31 12,4+1,22%
SOD cu/(mcgofprotein*min) 272,0£9,98 234,2+8,55™ 261,2+10,2 239,54+8,25 | 257,6+9,72
GSH, pmol/g of protein 3,95+0,27 1,87+0,13™ 2,24+0,26 1,89+0,17 2,27+0,21
GSSG, pmol/g of protein 0,12+0,02 0,29+0,02" 0,21£0,03 0,27+0,03 0,2 +0,03
GST, mmol/(min*g of protein) 27,56+2,35 20,4+1,83" 21,8+1,87 20,3+1,74 23,6+2,05
GR, mmol/(min*g of protein) 13,94+1,53 10,2+1,08™ 12,9+1,33 10,6+1,16 11,7+1,79
GPx, mmol/(min*g of protein) 69,9+£3,4 41,9+£2.61™ 45,243,28 42,3+2,73 46,4+3,17

Table 3. Indicators of oxidative stress and glutathione system in brain tissues
on the 4th day after the CVI simulation (M+m, n=10)

Indicators Sham operated animals CVI L-NAME L-PA S-MT
AFH,cu/gofprotein 1,62+0,15 3,9+0,27% 2,94+0,18* 3,7+0,23 2,46+0,15*
KFH, cu/gofprotein 0,76+0,14 2,0+0,14" 1,8940,17 | 2,13£025 | 1,22+0,12%
NO,, pmol/l 5,47+0,98 10,5+0,79" 7,92+0,92 9,26+2,03 6,95+1,04*
Eﬁg‘;grgfs;“r%tem 9,63+0,87 20,642,06° | 173+1,84% | 2544215 | 18,8+1,66*
SOD cu/(mcgofprotein*min) 272,0+9,98 93,4+7,64* 176,4+9,43%* 98,3+7,63 179,2+10,1*
GSH, pmol/g of protein 3,95+0,27 0,65+0,11% 1,844+0,36* 0,68+0,13 2,57+0,16*
GSSG, umol/g of protein 0,12+0,02 0,77+0,14* 0,52+0,09 0,75+0,11 0,49+0,08*
GST, mmol/(min*g of protein) 27,56+2,35 7,6+0,85% 12,9+1,37* 7,5+0,83 17,4+1,57*
GR, mmol/(min*g of protein) 13,94+1,53 6,4+0,59" 8,541,444 | 6,6240,76 | 9,98+1,31%
GPx, mmol/(min*g of protein) 69,9+3,4 25,1+2,13% 40,8+3,29* 26,6+2,24 41,34£2,54*
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Therapy with an nNOSinhibitor N-propyl-L-arginine on days
1 and 4 did not have a significant effect on the studied param-
eters, since in more delayed periods the contribution of this
isoenzyme to the formation of nitrosative stress is insignificant.
Hyperproduction of NO at these stages is caused by the par-
ticipation of iNOS glial cells, macrophages and neutrophils. The
remote nature of iNOS elevation is associated with later activa-
tion of astroglia. Unlike nNOS and eNOS, iNOS remains active
for a long time and synthesizes significant concentrations of NO.
This explains the discovered positive effect of inhibitors that se-
lectively inhibit the activity of an inducible enzyme in the late
stages of observation (Tables 2,3). At the end of day lafter the
simulation of CVI, the administration of (S) -methylthiourea caused
a significant decrease in the manifestations of nitrosative stress, its
effect was longer and lasted until the end of the observation. The
specified drug on the 4th day of the experiment reduced the level
of AFH by 36.9%, and that of KFH- by 44.5%; SOD activity in-
creased by 2.6 times, which was the result of a decrease in nitro-
tyrosine levels by 53.3%. The use of L-NAME caused generally
similar, but less pronounced changes, which is associated with the
inhibitory effect of this compound on eNOS activity. A decrease
in the activity of the enzymes of the glutathione system, primarily
the GPx, which ensures the fermentation of nitrosothiols with the
release of NO, is one of the reasons for the decrease in its bioavail-
abilityunder conditions of oxidative stress.

Thus, the neurotoxic effects of NO depend on the specific
isoenzyme of NO-synthase. The analysis of the obtained data
indicates the limited role of the neuronal isoform in experimen-
tal CVI. The most appropriate target for the pharmacological
regulation of NO-dependent mechanisms of neurodegradation is
iNOS, since its activity increases 12 hours after the development
of ischemia, and the action is carried out over the next few days.
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SUMMARY

NEUROCHEMICAL STATUS OF NITRIC OXIDE IN THE
SETTINGS OF THE NORM, ISHEMIC EVENT OF CEN-
TRALNERVOUS SYSTEM, AND PHARMACOLOGICAL
BN INTERVENTION

"Belenichev 1., 'Gorbachova S.,'"Pavlov S., 'Bukhtiyarova N.,
2Puzyrenko A., ’Brek O.

Zaporizhzhia State Medical University, Ukraine, *All Saints
University School of Medicine, Roseau, Dominica,; *Kharkiv
National Medical University, Ukraine

The purpose of the given research is to study the efficiency
of different inhibitors of NO-synthase in conditions of experi-
mental cerebral ischemia by their capability to limit reactions of
oxidative and nitrosative stress.

In the given study a non-selective NOS inhibitor - N-nitro-L-
arginine; a highly selective inhibitor of neuronal NOS — N-propyl-
L-arginine and a highly selective competitive inhibitor of inducible
NOS - (S)-methylurea were used. Cerebral circulation impairment
was simulated by means of double-sided occlusion of common ca-
rotid arteries. It has been established that neurotoxic NO effect de-
pends on definite enzyme of NO-synthase. Analysis of the obtained
data shows a limited role of neuronal isoform in conditions of ex-
perimental impairment of blood circulation. The most relevant tar-
get for pharmacological regulation of NO-dependent mechanisms
of neurodestruction is iNOS because of the fact that its activity be-
gins to increase 12 hours after ischemia development and its action
is implemented during several following days.

Keywords: nitric oxide, isoenzymes of NO-synthase, inhibi-
tors, neurodestruction

PE3IOME

HEAPOXUMHUYECKHUE IIOPTPETHI NO HA ®OHE
HOPMbI, MIIEMHAYECKOM IMATOJIOTMA ILIHC U
®APMAKOJOTIHMYECKOI'O BO3JIENCTBUA

'BenennyeB N.D., 'Topoauesa C.B., 'Tlasaos C.B.,
"Byxtusiposa H.B., Ily3sipenko A.H., *bpek O.0.

13anopooicckuil - 2ocyoapemeennll. MEOUYUHCKULL  YHUBEDCU-
mem, Ykpauna; *Illxona meduyumnvl ynugepcumema 6cex csi-
muix, Pozo, [Jomunuxa; *XapbkoscKkuil HayuonanbHbLil MeOuyun-
cKutl ynugepcumem, Yxpauna

PabGora mocBsmieHa M3yYEHUIO HEHPOMPOTEKTHBHOW aK-
THBHOCTH WHTHOUTOPOB pa3iau4HbIX H30(popM NO-cHHTa3BI

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

Ha MOJICJIM OIKCIEPUMEHTAJIBHOTO HAPYLICHHUS MO3TOBOTO
KpOBOOOpalleHus. YCTAHOBJIEHO, YTO Ha PAaHHUX CPOKax
uepedpaybHOM HMIIEMUH Pa3BOPAYMBAIOTCS PEAKIIMU OKHC-
JUTEIBHOTO M HUTPO3ATHBHOIO CTpEcca, OMOCPEIOBaHHBIC
runeprnpoaykuuei oxcuna azora. Haubonee ymectHol Mu-
HmIeHbI0 JUIst hapMakoorndeckoit perymsiunn NO-3aBUCHMBIX
MEXaHHU3MOB HEHWPONECTPYKLMU SBIAETCS HHIyLHOenIbHAs
NOS, Tak kaK ee aKTUBHOCTb MOBbBIIIAETCS CIycTsl 12 yacos
IMOCJIC Pa3BUTHUA UIICMUH, a ﬂeﬁCTBHe OCYILECTBIIACTCA B TC-
YEeHHUE TOCIIEAYIOUINX HECKOJIbKUX THEH.

Takum o0Opasom, HeiipoTokcuueckue dddexrer NO 3aBucAT
ot omnpezeneHHoro nzopepmenra NO-cHHTa3bl. AHAJIU3 OITY-
YEHHBIX JIaHHBIX YKa3bIBae€T HAa OrPAaHHYEHHYIO POJIb HEHpo-
HaJbHOH M30()OPMBI B YCIOBHSIX DKCIEPUMEHTAJIBHOIO Hapy-
LICHUSI MO3TOBOTO KPOBOOOpAILICHUSI.
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MOP®OJOTMYECKWE N3MEHEHMS B MTEYEHA MBIIIEMR
C AHTUO®OCP®OJHUINIHBIM CHHAPOMOM B YCJIOBUAX TIPUMEHEHUSA
MOAYJIATOPOB CHUHTE3A OKCHJA A30TA

ISIpemuyk O.3., Ulucuuuyk H.E., '"HeGecnas 3.M., 'Kpamap C.b., 'Kyauukas M.H., 'Illanaiina M.H., 2Ienuéamsuiau JI.I.

Teprnononsckuil hayuonanshwiil meduyunckuil ynugepcumem um. 1.5, Topbauesckozo M3 Vrpaunwl, Yxpauna;
2Tounucckuil 20cydapcmeennviil MeOuyunckull yrugepcumem, I pysus

BeHno3zHbIi TPOMOO03 SBIAETCS CaMBIM YacTBIM TIPOSIBICHHEM
aatudochomumuaroro cuaapoma (ADPC). TpomOBI wame Jo-
KaNn3yloTcsl B ITyOOKMX BEHaX HIDKHUX KOHEYHOCTEH, Hepen-
KO B MEYEHOUHBIX, TIOPTATBHBIX, TOBEPXHOCTHBIX M APYTHX. Y
6ompHEIX ADC BBIIENSAIOT Takue (OPMBI MTATOJOTHU IICUCHH,
Kak OOCTPYKIMSI MEJIKHX MEUEHOYHBIX BEH, Y3JIOBasi pereHe-
paropHas TUnepruiasus, nH}apkT nedeHu (y 6epeMeHHBIX MpH
HELLP-cunnpoMe WM B MOCIEPOIOBOM TIEPHOIE), CHHAPOM
banna—Kwnapu, xpoHudeckuii renartut, ayToUMMyHHBIE 3a00I1e-
Banus [4,9,12,14].

B naroreneze A®C 3Ha4MMyI0 pOJIb UTPAIOT HAPYIICHUE KO-
aryJsiue |1 TIOBPEKICHNE SHIOTEHs cocynos. I1pu sunorenu-
QIBHONM MUC(YHKINU HapyIIaeTcs CHHTE3 U OMOZOCTYITHOCTH
oxcuna azora (NO) [6,15,16]. B ¢u3nozornuecknx yciIoBHsIX
NO o6pa3yercst Tpemst n30ohopMaMi CHHTA3bl OKCHAA a30Ta
(NOS), Brmouass sugorenuanbHyo (eNOS), HeifpoHaTbHYIO
(nNOS) u nagymubéensayto (iNOS). NO, B 0oCHOBHOM, TIPOM3-
Boautcs n3 L-aprunnna. ITocne cuaresa ¢ yaactuem NOS NO
mhbyHIEpyeT B Apyrue TkaHu mwin opransl. NO He sBsieTcs
CTaOMIBHBIM COEANHEHHEM, MIEPHO]] €TO ITOTYKH3HU COCTaBIIS-
er b 1-5 cexyHn in vivo. Koraa BHYTpHKIIETOUHAs KOHIIEH-
Tpauus Kaublus nossimaercs, Ca** nomasaer B KICTKH U y4a-
CTBYeT B CHHTE3€ KOMIUIEKCA KaJIbI[HH-KaIbMOJIYIINH, KOTOPBIHA
axtuBupyeT NOS ¢ mocneayrommM npespamnieHneM L-apruannaa
B NO n L-murpymmmna. AxtuBHOCTs iINOS He 3aBHCHT OT KOH-
neHTpanuu Kanpius [5,8,10,11,13].

Llens ncciemoBaHus — ONpe/ieNICHNE BIUSHHAS TIPENIeCTBEH-
HUKa OKcuzia a3ora L-apruanHa 1 MHruOnTOpa MHIYIINOCIFHOM
CHHTa3bl OKCHJA a30Ta aMUHOTYaHHAWHA Ha MOPQOQYHKINO-
HaJbHBIC U3MEHEHHs B reueHn Meimeid BALB/c ¢ antudocdo-
JIUITUTHBIM CHHIPOMOM.

Marepuas U MeTOAbL. DKCIIEPUMEHTHI MPOBOAWINCE Ha 50
MbImax-camkax Jmaun BALB/c (Bo3pact 2-3 mec., Bec 25-30 ).
JK¥BOTHBIE CONEPIKAIICH B YCIOBUSIX BUBApHs C KOHTPOIHPY-
eMBIM TeMITepaTypHBIM PEKHMOM, Ha CTAHJApTHOM pAIMOHE,
€O CBOOOIHBIM JIOCTYIIOM K IHINE U Boje. Bce MaHMmyssimum
C MBIIIaMH IPOBOAWIN B COOTBETCTBHH C MOJOXKEeHHAMH «EB-
ponelickolf KOHBEHIIMH IO 3allUTe MO3BOHOYHBIX >KHBOTHBIX,
HCTIONB3yeMBIX B SKCIIEPUMEHTAIBHBIX U JPYTHX HAyYHBIX IIe-
msx» (CrpacOypr, 1986) n dupexrussl Eponetickoro Coroza
2010/10/63 EU mo sxcriepuMeHTaM Ha )KUBOTHBIX.

ADC MomennpoBanmu C HCIIOIb30BAHMEM KaPHOIHITIHA
(«Sigmay, CIIIA), KOTOpBIH BBOAMIN BHYTPUMBIIIEYHO 4 pasa
(30 MKT Ha OHY HHBEKINIO, TPOMEKYTKI MEXKTY HHBCKINSIMA
cocraBisin 14 nHeit) [2]. 11 noBeimeHns SpGEKTUBHOCTH UM-
MYHHOTO OTBETA Kap/IHOJIHITHH 3MYJIbIHPOBAIN B 75 MKJI TOJHOTO
anpioBanTa Opeitana (epBast HHBEKIHS), TOCIEAYIONINE HHB-
SKI[MH MPOBOAWIM C HETONHBIM axbioBanToM Dpeiinma. ADOC
(opMHpoBaCs CITyCTs 2 HEIENH MOCHe MOCIeAHeH HHBEKINN
KkapanonunuHa. [ToONBITHRIX caMOK MBIIIEH pa3aennny Ha 5
rpym (o 10 ocoGeii B kaxkm0ii): | (KOHTPOITb) — HHTAKTHBIE KU~
BoTHBIC; [ — uBOTHBIE C SKCcTIepuMeHTaTbHBIM ADC, 111 — xu-
BotHbIe ¢ ADC, KOTOPEIM BBOAMIN OJIOKATOP MHIYIHOCIBHOM
NO-cunTa3sl amuHoryaHuanH («Sigmay, CIIA, 10 mr/kr), IV
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— xuBoTHEIE ¢ ADC, KOTOPBIM BBOAWIN TIpeuiecTBeHHHK NO
L-aprunnn («Sigmay, CILIA, 25 mr/kr), V — xuBotable ¢ ADC,
KOTOPBIM BBOAWIN L-apruHUH B COYETAaHWH C aMHHOTYaHU]H-
HoM. 1yt moaTBepkaenust pa3Butrst AOC nmpoBOUIN PeaKkIHio
MHKPOTPEIUNUTAINN C KapJUOIUITNHOBEIM aHTHT€HOM C HC-
MOJIB30BAaHUEM TECT-CUCTEMBI «AHTHUTEH KapIHOIWIHHOBBIH,
JUIL peakIuu MHKpornpenunuranum» («buonex», Ykpanna)
[2]. L-apruHuH ¥ aMHHOTYaHUIHH BBOIWIN BHYTPHOPIOIINH-
HO OZIMH pa3 B JIeHb, B TedeHue 10 mHeil mocie popMHpOBaHHS
A®DC. )KuBoTHBIE KOHTPOIBHON I'PYTIITHI MOTYYaIH BHYTPHOPIO-
MINHHO WIECHTHYHBIE 00beMbl pacTBopHTens. Crycrs 10 cyTok
¢ MomeHTa noaTBepkaeHIsT ADC KUBOTHBIX BBIBOAWIIN U3 IKC-
MEePUMEHTa B YCIOBHUAX THOIEHTAJI-HATPUEBOTO HApKo3a (BHY-
TpubpromuHHOE BBeneHne 1% pacTBopa m3 pacdera 50 Mr/kr
MAcCHhl JXHBOTHOTO).

3abop Mmarepuana AI1 MHKPOCKOIMYECKUX HCCIICOBaHMUIH
mpoBOAMIN cornacHo Metoauky [1]. Kycoukn meuenn ¢uxcu-
poBanu B 10% HelTparbHOM pacTBOpe (hopMaiHa, TPOBOJIIIH
JETH/IpaTaliio B CIHMPTax BO3PACTAIOIICH KOHIEHTPAIUH, 3a-
JUBANU B TapaUHOBBIC OJTOKH. V3roTOBICHHBIE CpPE3BI, TOI-
HIMHOU 5-6 MKM, OKpaIIfBa Il TeMaTOKCHIHOM ¥ 5031HOM [1].
I'mcronmornyeckue mpenaparsl U3ydalll ¢ MOMOIIBIO CBETOOI-
traeckoro Mukpockorna MIKROmed SEO SCAN (Vkpaunna) u
(hOTOTOKYMEHTHPOBAIH C MOMOIIBIO BHAeokameps! Vision CCD
Camera ¢ CHCTEMOH BBIBOZIA M300pa’KeHHs THCTOIOTHYECKUX
npernaparoB. [Ipn u3ydeHHMH MOPQOIOrHIEcKOd OpraHU3aIIH
nedeHn o0Opalaay BHUIMAaHUEe Ha N3MEHEHHS MTapeHXUMBI H OC-
HOBHBIX CTPYKTYPHBIX JICMEHTOB.

Pesyabrarbl M uX o0cy:kaeHHe. MHUKPOCKOIIUYECKUE HC-
CJIC/IOBAHUS EUEHH SKCIIEPUMEHTAIBHBIX KHBOTHBIX, KOTOPEIM
MOJICITPOBAH aHTH()OCHOTUIHUIHBIN CHHAPOM, YCTAaHOBHIM
3HAUUTEIBHBIE PACCTPOICTBA COCYJHCTOTO pyclla W AECTPYK-
THUBHO-/ICTCHEPAaTUBHBIE HM3MEHEHHS CTPOMBI M IAPEHXHMBIL.
Tlomyuennble pe3ynbTaThl COMACYIOTCS ¢ JAHHBIMU JIPYTHX aB-
TOpOB [7], KOTOpbIE YCTAaHOBHJIM, YTO MOPAKCHUE MEUECHH IPH
ADC compoBoXkIaeTCsI, B OCHOBHOM, HETIPOXOANMOCTEIO TIede-
HOYHBIX BEH WJIM HIDKHEH MOJION BEHEI, y3JIOBOH pereHeparop-
HOH THnepIniasneii, KoTopast aCCOUUPYETCs C HaTMIHEM aHTH-
(hocoNUIHIIHBIX aHTUTE.

BonpImHCTBO COCYIOB MTOTHOKPOBHEIE, 0COOCHHO IIEHTPAIIb-
HBIE U MEXJIOIBKOBBIC BEHBI, CTEHKA UX MCTOHYCHA M HEUCTKO
KOHTypupoBaHa (puc. 1).

Jis cTeHKW apTepuil XapaKTepHBI JECTPYKIWS, YTOJIIe-
Hre. B OonpmmHCTBE moselt 3peHus HaOMIomaeTcst HapyIIeHHe
JIOJTIBKOBO-0aJIOYHOM CTPYKTYpPHI Oprana. B 1eHTponoOyasspHbEIX
ydJacTKax yCTAQHOBJIEHBI AUCTPO(PHUIECKH M3MEHCHHBIE Telaro-
IIUTHI C 0OpPa30BaHMEM JIOKYCOB HEKpO3a U JI3UCA, ONIPE/IENISUINCE
TOYEUHBIC KPOBOM3IMSHUS. J{JIs TeMaTOnUTOB XapaKTepHO yMEHb-
IICHHe OKCHU(UINH, OTeK, 4YepThl THAPONMYEecKol amcTpodum
IMTOIUIA3MBL. S7pa KJIETOK THIEpXPOMHBIE, MUKHOTHYECKH W3-
MEHEHHbIe, 00HapyKUBAIOTCSI TEMHbIE TeraTOUTEl. CHHYCOHIBI
BI3YaJIM3UPOBAINCE TIPEHMYIIECTBEHHO Ha Iepudepru oiek,
MPOCBETHI OBLIN MOJHOKPOBHEIMH. B TreprmopraibHbIX 30HaX 00-
Hapy>XHUBaJIACh JieWKonuTapHas HHQIIBTpaus (puc. 1).
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