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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 

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 (N2O3) 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 

NEUROCHEMICAL STATUS OF NITRIC OXIDE IN THE SETTINGS OF THE NORM, ISHEMIC EVENT 
OF CENTRAL NERVOUS SYSTEM, AND PHARMACOLOGICAL BN INTERVENTION 

1Belenichev I., 1Gorbachova S., 1Pavlov S., 1Bukhtiyarova N., 2Puzyrenko A., 3Brek O. 

1Zaporizhzhia State Medical University, Ukraine; 2All Saints University School of Medicine, Roseau, Dominica; 
3Kharkiv National Medical University, Ukraine



170

	
Медицинские новости грузии

cfmfhsdtkjc cfvtlbwbyj cbf[ktyb

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. N2O3, 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 N2O3 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 

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, p53AIP 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 Bcl-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 
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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 (Fe3

+). Nitric oxide in-
hibits Fe3

+-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 μmol, while that of O2- 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 O2, O2- or H2O2. 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 μmol) 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 
(NO2) 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 (N2O3) and peroxynitrite (ONOO-), respectively. But there 
are no clear boundaries between the indicated states, since N2O3, 
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 O2-, and also because O2- 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].

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 μm. 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 underaethaminalum-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 

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 
(М±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-

2, µmol/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, µ0mol/g of protein 3,95±0,27 3,0±0,22# 2,92±0,23 3,51±0,19 2,97±0,21
GSSG, µmol/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(М±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±0,32 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-

2, µmol/l 5,47±0,98 9,1±0,92** 6,04 ±1,03* 8,95±0,87 6,33±0,94*
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±10,2 239,5±8,25 257,6±9,72
GSH, µmol/g of protein 3,95±0,27 1,87±0,13** 2,24±0,26 1,89±0,17 2,27±0,21
GSSG, µmol/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** 45,2±3,28 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 (М±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 2,2±0,14# 1,89±0,17 2,13±0,25 1,22±0,12*
NO-

2, µmol/l 5,47±0,98 10,5±0,79# 7,92±0,92 9,26±2,03 6,95±1,04*
Nitrotyrosine,
nmol/g of protein 9,63±0,87 29,6±2,06# 17,3±1,84* 25,4±2,15 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, µmol/g of protein 3,95±0,27 0,65±0,11# 1,84±0,36* 0,68±0,13 2,57±0,16*
GSSG, µmol/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# 8,54±1,44 6,62±0,76 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 41,3±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 1after 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-
TRAL NERVOUS SYSTEM, AND PHARMACOLOGICAL 
BN INTERVENTION 

1Belenichev I., 1Gorbachova S., 1Pavlov S., 1Bukhtiyarova N., 
2Puzyrenko A., 3Brek O. 

1Zaporizhzhia State Medical University, Ukraine; 2All Saints 
University School of Medicine, Roseau, Dominica; 3Kharkiv 
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

РЕЗЮМЕ

Нейрохимические портреты NO на фоне 
нормы, ишемической патологии ЦНС и 
фармакологического воздействия

1Беленичев И.Ф., 1Горбачева С.В., 1Павлов С.В., 
1Бухтиярова Н.В., 2Пузыренко А.Н., 3Брек О.О.

1Запорожский государственный медицинский универси-
тет, Украина; 2Школа медицины университета всех свя-
тых, Розо, Доминика; 3Харьковский национальный медицин-
ский университет, Украина 

Работа посвящена изучению нейропротективной ак-
тивности ингибиторов различных изоформ NO-синтазы 

на модели экспериментального нарушения мозгового 
кровообращения. Установлено, что на ранних сроках 
церебральной ишемии разворачиваются реакции окис-
лительного и нитрозативного стресса, опосредованные 
гиперпродукцией оксида азота. Наиболее уместной ми-
шенью для фармакологической регуляции NO-зависимых 
механизмов нейродеструкции является индуцибельная 
NOS, так как ее активность повышается спустя 12 часов 
после развития ишемии, а действие осуществляется в те-
чение последующих нескольких дней. 

Таким образом, нейротоксические эффекты NO зависят 
от определенного изофермента NO-синтазы. Анализ полу-
ченных данных указывает на ограниченную роль нейро-
нальной изоформы в условиях экспериментального нару-
шения мозгового кровообращения. 

reziume

NO-s neiroqimiuri suraTi normis, centraluri 
nervuli sistemis iSemiuri paTologiis da far-
makologiuri zemoqmedebis fonze

1i.beleniCevi, 1s.gorbaCova, 1s.pavlovi, 1n.buxtiarova, 
2a.puzirenko, 3o.breki

1zaporoJies saxelmwifo samedicino universite-
ti, ukraina; 2yvela wmindanis universitetis medi-
cinis skola, rozo, dominika; 3xarkovis samedi-
cino universiteti, ukraina

naSromi eZRvneba NO-sinTazas sxvadasxva izo-
formis inhibitorebis neiroproteqtoruli aq-
tivobis Seswavlas Tavis tvinis sisxlis mi-
moqcevis eqsperimentuli moSlis modelze. 
dadgenilia, rom cerebruli iSemiis sxvada-
sxva vadaze viTardeba JangviTi da nitratuli 
stresis reaqciebi, gaSualedebuli azotis oq-
sidis hiperproduqciiT. neirodestruqciis NO-
damokidebuli meqanizmebis farmakologiuri 
regulaciisaTvis saukeTeso samiznes warmoad-
gens inducibeluri NOS, radganac misi aqtivo-
ba izrdeba iSemiis ganviTarebidan 12 saaTis 
Semdeg, xolo moqmedeba grZeldeba momdevno 
ramdenime dRis ganmavlobaSi.
amrigad, NO-s neirotoqsikuri efeqtebi 

damokidebulia NO-sinTazas garkveul izofer-
mentze. miRebuli Sedegebis analizi miuTiTebs 
neironuli izoformis SezRudul rolze Ta-
vis tvinis sisxlis mimoqcevis eqsperimentuli 
moSlis pirobebSi.
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Венозный тромбоз является самым частым проявлением 
антифосфолипидного синдрома (АФС). Тромбы чаще ло-
кализуются в глубоких венах нижних конечностей, неред-
ко в печеночных, портальных, поверхностных и других. У 
больных АФС выделяют такие формы патологии печени, 
как обструкция мелких печеночных вен, узловая регене-
раторная гиперплазия, инфаркт печени (у беременных при 
HELLP-синдроме или в послеродовом периоде), синдром 
Бадда–Киари, хронический гепатит, аутоиммунные заболе-
вания [4,9,12,14]. 

В патогенезе АФС значимую роль играют нарушение ко-
агуляции и повреждение эндотелия сосудов. При эндотели-
альной дисфункции нарушается синтез и биодоступность 
оксида азота (NO) [6,15,16]. В физиологических условиях 
NO образуется тремя изоформами синтазы оксида азота 
(NOS), включая эндотелиальную (eNOS), нейрональную 
(nNOS) и индуцибельную (іNOS). NO, в основном, произ-
водится из L-аргинина. После синтеза с участием NOS NO 
диффундирует в другие ткани или органы. NO не является 
стабильным соединением, период его полужизни составля-
ет лишь 1-5 секунд in vivo. Когда внутриклеточная концен-
трация кальция повышается, Са2+ попадает в клетки и уча-
ствует в синтезе комплекса кальций-кальмодулин, который 
активирует NOS с последующим превращением L-аргинина 
в NO и L-цитруллин. Активность iNOS не зависит от кон-
центрации кальция [5,8,10,11,13].

Цель исследования – определение влияния предшествен-
ника оксида азота L-аргинина и ингибитора индуцибельной 
синтазы оксида азота аминогуанидина на морфофункцио-
нальные изменения в печени мышей BALB/с с антифосфо-
липидным синдромом.

Материал и методы. Эксперименты проводились на 50 
мышах-самках линии BALB/с (возраст 2-3 мес., вес 25-30 г). 
Животные содержались в условиях вивария с контролиру-
емым температурным режимом, на стандартном рационе, 
со свободным доступом к пище и воде. Все манипуляции 
с мышами проводили в соответствии с положениями «Ев-
ропейской конвенции по защите позвоночных животных, 
используемых в экспериментальных и других научных це-
лях» (Страсбург, 1986) и Директивы Европейского Союза 
2010/10/63 EU по экспериментам на животных.

АФС моделировали с использованием кардиолипина 
(«Sigma», США), который вводили внутримышечно 4 раза 
(30 мкг на одну инъекцию, промежутки между инъекциями 
составляли 14 дней) [2]. Для повышения эффективности им-
мунного ответа кардиолипин эмульгировали в 75 мкл полного 
адъюванта Фрейнда (первая инъекция), последующие инъ-
екции проводили с неполным адъювантом Фрейнда. АФС 
формировался спустя 2 недели после последней инъекции 
кардиолипина. Подопытных самок мышей разделили на 5 
групп (по 10 особей в каждой): І (контроль) – интактные жи-
вотные; ІІ – животные с экспериментальным АФС, ІІІ – жи-
вотные с АФС, которым вводили блокатор индуцибельной 
NO-синтазы аминогуанидин («Sigma», США, 10 мг/кг), ІV 

– животные с АФС, которым вводили предшественник NO 
L-аргинин («Sigma», США, 25 мг/кг), V – животные с АФС, 
которым вводили L-аргинин в сочетании с аминогуаниди-
ном. Для подтверждения развития АФС проводили реакцию 
микропреципитации с кардиолипиновым антигеном с ис-
пользованием тест-системы «Антиген кардиолипиновый, 
для реакции микропреципитации» («Биолек», Украина) 
[2]. L-аргинин и аминогуанидин вводили внутрибрюшин-
но один раз в день, в течение 10 дней после формирования 
АФС. Животные контрольной группы получали внутрибрю-
шинно идентичные объемы растворителя. Спустя 10 суток 
с момента подтверждения АФС животных выводили из экс-
перимента в условиях тиопентал-натриевого наркоза (вну-
трибрюшинное введение 1% раствора из расчета 50 мг/кг 
массы животного).

Забор материала для микроскопических исследований 
проводили согласно методики [1]. Кусочки печени фикси-
ровали в 10% нейтральном растворе формалина, проводили 
дегидратацию в спиртах возрастающей концентрации, за-
ливали в парафиновые блоки. Изготовленные срезы, тол-
щиной 5-6 мкм, окрашивали гематоксилином и эозином [1]. 
Гистологические препараты изучали с помощью светооп-
тического микроскопа MIKROmed SEO SCAN (Украина) и 
фотодокументировали с помощью видеокамеры Vision CCD 
Camera с системой вывода изображения гистологических 
препаратов. При изучении морфологической организации 
печени обращали внимание на изменения паренхимы и ос-
новных структурных элементов.

Результаты и их обсуждение. Микроскопические ис-
следования печени экспериментальных животных, которым 
моделировали антифосфолипидный синдром, установили 
значительные расстройства сосудистого русла и деструк-
тивно-дегенеративные изменения стромы и паренхимы. 
Полученные результаты согласуются с данными других ав-
торов [7], которые установили, что поражение печени при 
АФС сопровождается, в основном, непроходимостью пече-
ночных вен или нижней полой вены, узловой регенератор-
ной гиперплазией, которая ассоциируется с наличием анти-
фосфолипидных антител.

Большинство сосудов полнокровные, особенно централь-
ные и междольковые вены, стенка их истончена и нечетко 
контурирована (pиc. 1). 

Для стенки артерий характерны деструкция, утолще-
ние. В большинстве полей зрения наблюдается нарушение 
дольково-балочной структуры органа. В центролобулярных 
участках установлены дистрофически измененные гепато-
циты с образованием локусов некроза и лизиса, определялись 
точечные кровоизлияния. Для гепатоцитов характерно умень-
шение оксифилии, отек, черты гидропической дистрофии 
цитоплазмы. Ядра клеток гиперхромные, пикнотически из-
мененные, обнаруживаются темные гепатоциты. Синусоиды 
визуализировались преимущественно на периферии долек, 
просветы были полнокровными. В перипортальных зонах об-
наруживалась лейкоцитарная инфильтрация (pиc. 1).

МОРФОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ В ПЕЧЕНИ МЫШЕЙ 
С АНТИФОСФОЛИПИДНЫМ СИНДРОМОМ В УСЛОВИЯХ ПРИМЕНЕНИЯ 

МОДУЛЯТОРОВ СИНТЕЗА ОКСИДА АЗОТА
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