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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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 The modern stage of development of medicine is charac-
terized by the absence of a unified approach in understanding 
the essence of the processes leading to the development of 
neuropsychiatric disorders in sufferer of radiation emergen-
cies [23]. In the researches of A.V. Sorokin [17], showed that 
the disorders mainly relate to the psychological stability of 
the activities of nuclear power plant operators and nuclear 
industry personnel under normal and emergency conditions. 
People exposed to radiation exposure or other “invisible” en-
vironmental factors, the stress of the radiation danger in the 
form of a feeling of “uncertainty”, problems of adaptation, 
increased alertness, radiophobia and “traumatic neurosis” oc-
cur. It is known that the stress associated with the alleged 
fact of ionizing radiation exposure has the same intensity as 
the stress lesion resulting from a really experienced fact of 
radiation exposure. Not unimportant acquire value, in addi-
tion, is radiation anxiety among the population living in areas 
contaminated with accidental releases in the event of uncon-
trolled emergency situations [10, 12, 14, 19, 20, 21, 22]. 

 There are three evidence-based positions explaining the 
occurrence of neuropsychiatric disorders among sufferers 
from radiation exposure. Firstly, the absolute recognition 
of the isolated effects of radiation on the functional activ-
ity of brain structures. The second position, on the con-
trary, recognizes only the weight of non-radiation, mainly 
psychogenic factors and completely denies the possibility 
of radiation exposure on the mental sphere. And, finally, 
the third approach takes into account the multifactorial as-
pect of the pathogenic effects of both radiation and non-
radiation factors [13, 18].

 The above facts strongly dictate, on the one hand, to study 
the effects of radiation on the functional activity of the central 
nervous system, especially on various behavioral strategies, 
the preservation of which is vital in emergency situations. On 
the other hand, the available literature does not contain infor-
mation about how various somatic components of emotional 
stress can change due to the action of radiation in high doses, 
which makes it difficult to imagine a complete picture of the 
reaction of cells, organs and systems in response to these ef-
fects, and, moreover, it becomes difficult disclosure of the 
physiological mechanisms of the changes [2, 7, 16, 27].

Therefore, the problem of stress and radiation damage arising 
in connection with radiation accidents cannot be considered in 
isolation from each other, since there is conflicting information 
about the effects of combined exposure. It is not clear whether 
the summation of effects (additivity) occurs or whether the dam-
aging effect will be enhanced (synergism) or weakened (antago-
nism).

 Hypokinetic stress, designated as a disease of civilization 
and associated with the automation of production, the devel-
opment of communications, etc., can additionally serve as a 
model of combined stress. On the one hand, in conditions 
of a danger to health, people may have a restriction of mo-
tor activity, which exacerbates [4] the likelihood of radiation 

damage to the body and, above all, the brain. On the other 
hand, excessive mental and physical stress arising in emer-
gency situations can reduce the effectiveness of behavior and 
activity up to complete disorganization and inability to move, 
that is, causing immobilization stress [28].

 Markers of oxidative stress, which can serve as indica-
tors of the severity of homeostasis disturbances in sufferers, 
can be of considerable help for a qualitative assessment of 
the effects of isolated and combined exposure of radiation 
exposure and a stress factor [25]. Both negative radiation ex-
posure and immobilization stress can lead to the accumula-
tion of free oxygen radicals in the body, leading to damage 
of lipids of cell membranes, proteins, nucleic acids and to 
premature aging of the cell and its death [24, 25, 26]. 

 Thus, in a number of experimental works it was shown that 
in the long-period after the combined effects of radiation and 
emotional stress, the effects observed under the isolated influ-
ence of the stress factor and gamma radiation are exacerbated 
[8, 9]. This was manifested in the form of an increase in the 
level of primary and secondary products of lipid peroxidation 
and inhibition of the activity of antioxidant enzymes, as well 
as a decrease in the activity of energy metabolism enzymes. 
These results were obtained in the long-period after the com-
bined effect of two pathogenic factors, while the early effects 
of the sublethal dose of gamma radiation and emotional stress 
have not been studied enough.

In this connection, the aim of our study was to study the 
dynamics of serum lipid peroxidation in rats in the early pe-
riod after the combined exposure to a high dose of γ- radia-
tion and chronic immobilization stress.

In accordance with our aim, the following tasks were set: 
1. To study the dynamics of primary and secondary lipid 
peroxidation products under the isolated effects of radiation 
and chronic immobilization stress. 2. To study the content of 
diene conjugates and malondialdehyde in animals with the 
combined effects of gamma radiation and immobilization.

Material and methods. Experiments on animals were car-
ried out in accordance with the requirements of the Geneva 
Convention (1990) and the Helsinki Declaration on the Hu-
mane Treatment of Animals and the Ethical Norms of the Lo-
cal Ethics Committee of the Nonprofit Joint-Stock Company 
“Astana Medical University” (abstract from protocol №4 of 
December 20, 2018). 

 To reproduce experimental acute external radiation, the 
animals were exposed to a single exposure of γ-radiation at a 
medical linear electron accelerator CLINAC 600 C (producer 
VARIAN) at a dose of 6.0 Gy: SSD – 97,2 cm, SAD – 100 
cm, field 40x40 cm, t=352 sec (SSD is the distance from the 
source of ionizing radiation in the apparatus up to the condi-
tional center of the irradiated focus; SAD is the distance from 
the source of ionizing radiation in the apparatus to the nearest 
surface of the irradiated object). During the irradiation, the 
animals were in a specially designed cage made of organic 
glass with isolated box for each animal [6] (Fig. 1).

THE DYNAMICS OF LIPOPEROXIDATION PROCESSES IN THE EARLY PERIOD 
AFTER COMBINED EFFECTS OF A HIGH DOSE GAMMA RADIATION 

AND IMMOBILIZATION STRESS (EXPERIMENTAL RESEARCH)

Tazhibayeva D., Kabdualieva N., Aitbayeva Zh., Sengaliy M., Niyazbekova K.

Non -commercial joint-stock company “Medical University of Astana”, Nur- Sultan, Kazakhstan



128

 
МЕДИЦИНСКИЕ НОВОСТИ ГРУЗИИ

CFMFHSDTKJC CFVTLBWBYJ CBF[KTYB

Fig. 1. Device for irradiation with isolated boxes

In all animals, serum lipid peroxidation products were deter-
mined, in which the content of diene conjugates and malondial-
dehyde were determined.

During the research work about studying the combined effect 
of high doses of gamma radiation and stress factors, we used a 
device that allowed us to significantly limit motor activity for a 
specified time without visible bodily injury of animals [1]. Dur-
ing 5 days of research for 6 hours, rats were continuously immo-
bilized. To exclude the effects associated with changes in daily 
biorhythms, animals were exposed to hypokinetic stress at the 
same time - at 8 a.m. [15].

The intensity of lipid peroxidation (LPO) was determined by 
the accumulation of polyunsaturated fatty acids peroxidation 
products (PUFAs) – diene conjugates (DC) – the primary prod-
ucts of lipid peroxidation and malondialdehyde (MDA) – one of 
the secondary products.

It should be noted that normal values   of primary and second-
ary LPO products were obtained from intact animals, which 
were 0.22±0.02 condition units/l for the diene conjugate and 
0.088±0.01 nmol/l for malondialdehyde.

The determination of DC was carried out in serum hexane 
extracts using spectrophotometry [11]. The determination in 
the blood serum of the content of the secondary LPO products: 
malondialdehyde (MDA) and other TBA-reactive substances 
was carried out by the spectrofluorimetric method after reac-
tion with thiobarbituric acid, according to the method of V.B. 
Gavrilov et al. [3] with slight modifications. To determine the 
MDA concentration, the fluorescence spectrum of the butanol 
extract was recorded on the spectrofluorimeter Shimadzu RF-
5000 (Japan) at an excitation wavelength of 515 nm and a fluo-
rescence wavelength equal to 545 nm. The level of MDA was 
judged by the intensity of fluorescence.

To evaluate the indicators of lipoperoxides in the experiment, 
48 white outbred rats were used, which were subsequently di-
vided into 4 groups: Group I – intact animals (n = 12); Group 
II – rats, once irradiated on the day of the research on a medi-
cal linear electron accelerator Clinac 600 C (producer VARIAN) 
at a dose of 6.0 Gray (Gy) (n=12); Group III – with modeling 
of chronic immobilization stress in animals (n=12); Group IV 
– rats were irradiated by a single external acute exposure at a 
dose of 6.0 Gy in combination with subsequent chronic immo-
bilization stress (CIS) (n=12). Animals of group I were a com-
parison group for rats of groups II and III. The control groups 
for animals undergoing the combined effects of radiation and 
immobilization stress (group IV) were the values   obtained in 
groups II and III.

The results were subjected to statistical processing, the differ-
ences were evaluated by the t-criterion Student [5]. The study 

was carried out for 14 days after the isolated exposure to a 
pathogenic factor, as well as after their combined effect.

At the first stage of the research, we studied the dynamics the ef-
fect of acute total irradiation on the dynamics of quantitative chang-
es in the primary and secondary products of lipid peroxidation.

An analysis of the results had allowed to establish, first of all, 
an increase in the level of primary LPO products: the content 
of diene conjugates (DC) in the blood serum of group II rats 
exceeded the initial level by 2 times, compared with animals of 
the control group, throughout the study period (Fig. 2). 

Fig. 2. Parameters of DC indicators (conditional units/l) in 
intact animals (group I)  and in rats of the experimental group

The accumulation rate of malondialdehyde (MDA) in the 
blood serum of irradiated rats was more pronounced: by the 7th 
day from the moment of irradiation tendency toward normal-
ization, although the MDA level remained significantly higher 
by 30% compared with animals in the control group (0.17±0.01 
nmol/l), (p1˃0.05) (Fig. 3). 

Fig. 3. Parameters of MDA indicators (nmol/l) in Groups I 
and II animals

At the second stage, we studied the dynamics of the activity of 
lipid peroxidation in animals undergoing the influence of chron-
ic immobilization stress. Analysis of biochemical indicators of 
lipid peroxidation showed that already at the stage of the study 
of the initial parameters in the third group of rats, the preva-
lence of diene conjugates was found to double twice: 0.46±0.02 
condition units/l (p2˂0.001) versus 0.22±0.02 conditional units/l 
(Fig. 4). The studied indicator increased by 2 times remained at 
the same level by the next observation period – on the 7th day 
of the research. The observation period on the 14th was marked 
by a gradual decrease in the studied parameter. So, on the 14th 
day from the start of the research, the level of diene conjugate 
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was 0.27±0.02 conditional units/l, but in comparison with the 
control, this difference was inaccurate (p2>0.05).

Fig. 4. Parameters of DC indicators (conditional units/l) in 
intact animals (group I) and in rats undergo to CIS

The dynamics of MDA content was characterized by similar 
changes: a twofold excess of the initial values and the approxi-
mation of the analyzed parameters of the control group values 
(Fig. 5).

Fig. 5. Parameters of MDA indicators (nmol/l) in Group I and 
III animals

Thus, the results of the studies indicate that the dynamics of the 
content of DC and MDA was characterized by a unidirectional 
change: a twofold increase at the initial stage of the experiment, 
also maintaining this indicator for the next 7 days and returning the 
studied parameters to the normative data by the end of the study.

 At the third stage of the experiment, we studied the activity of 
lipid peroxidation in rat blood serum undergo the combined ef-
fect of high doses of γ-radiation and hypokinetic stress. Analysis 
of biochemical research data revealed that in the experimental 
group, after combined exposure of acute radiation and model-
ing the stress-reaction of the body, the maximum increase in the 
level of primary lipid peroxidation products was observed. If in 
animals with an isolated effect of γ-radiation and immobiliza-
tion stress (control groups II and III), the level of DC activity 
on the 1st day from the beginning of the research was on average 
at the same level (0.44±0.03 conditional units/l, p1˂0.001 and 
0.46±0.02 conditional units/l, р2˂0.001 respectively) in groups 
II and III, then in the experimental group the studied indicator 
was 20% significantly higher (0.55±0.02 conditional units/l, p3 

and p4˂0.05), thereby exceeding the level of the initial indicators 
by more than 2 times (Fig. 6).

 A similar dynamics of changes was revealed on the 7th day 
of the study, when the studied biochemical parameter was de-
termined at the level of 0.54±0.01 conditional units/l (p3 and 
p4˂0.05), which exceeded the indices of the control groups on 
average 1.3 times.

After 2 weeks from the start of the experiment, the DC level 
had tendency to decrease and reduced by 15% compared with 
the results of the indicators at the initial stage of the research. 

According to the obtained data, in the dynamics of the pri-
mary products of free radical oxidation in the blood of animals 
of both the control and experimental groups from the DC re-
vealed uniform changes at the initial stage of the research, which 
were accompanied by an increase in the content of this type of 
lipoperoxides. 

Fig. 6. Parameters of DC indicators (conditional units/l) in 
animals of control groups (Groups II and III), and in rats un-
dergo to the combined effect of high-dose irradiation and CIS

At the same time, an increase in the concentration of second-
ary lipid peroxidation products in animals exposed to both high 
doses of γ-radiation and stress as a result of chronic immobiliza-
tion was noteworthy. Moreover, the content of MDA exceeded 
the baseline by the 1st and 7th day of the study 2.5 times (Figure 
7). The values   of the studied indicator was 0.23±0.01 nmol/l (p3 
and p4˃0.05) and 0.25 ± 0.02 nmol/l (p3˂0.05 and p4˃0.05), re-
spectively whereas the initial value was 0.09±0.01 nmol/l. And 
on the following days of the experiment, the level of the studied 
biochemical indicator was similar, and increased by 70% com-
pared with animals in the control groups.

Fig. 7. Parameters of MDA indicators (nmol/l) in control 
groups (II and III groups) animals and in rats undergo to the 
combined effects of high-doses of radiation and CIS
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At studying the lipid peroxidation indicators, it was found that 
the MDA level in both the experimental and control groups of 
animals for the entire research period increased by an average of 
1-1.5 times in comparison with the initial data obtained in intact 
animals (0.09±0.01 nmol/l).

Thus, our study showed that the isolated effects of chronic 
immobilization stress and the sublethal dose of gamma radiation 
cause accumulation of primary and secondary products of lipid 
peroxidation, and in the early period after their combined expo-
sure, the summation of pathogenic effects is observed, which 
is manifested by an increase in the content of diene conjugate 
and malonic dialdehyde, which indicates the activation of free 
radical oxidation.
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SUMMARY

THE DYNAMICS OF LIPOPEROXIDATION PROCESSES IN THE EARLY PERIOD AFTER COMBINED EFFECTS 
OF A HIGH DOSE GAMMA RADIATION AND IMMOBILIZATION STRESS (EXPERIMENTAL RESEARCH)

Tazhibayeva D., Kabdualieva N., Aitbayeva Zh., Sengaliy M., Niyazbekova K.

Non -commercial joint-stock company “Medical University of Astana”, Nur- Sultan, Kazakhstan

The aim of the study was to study the dynamics of lipid 
peroxidation processes in rat blood serum in the early period 
after combined exposure to gamma radiation and immobili-
zation stress. The study was conducted on 48 white outbred 
rats, which were subsequently divided into 4 groups: group 
I - intact animals (n = 12); Group II - rats once irradiated on 
the day of the study on a medical linear electron accelera-
tor Clinac 600 C (manufacturer VARIAN) at a dose of 6.0 
Gray (Gy) (n = 12); Group III - with modeling of chronic 
immobilization stress in animals (n = 12); Group IV - rats 

irradiated once with acute external exposure at a dose of 6.0 
Gy in combination with subsequent chronic immobilization 
stress (n=12). 

The results of the study showed that in rats in the early period 
after the combined effects of gamma radiation and chronic im-
mobilization stress, the processes of free radical oxidation are 
activated, which is manifested in an increase in the content of 
primary and secondary products of lipid peroxidation.

Keywords: radiation, emotional stress, lipid peroxidation, the 
combined impact

РЕЗЮМЕ

ДИНАМИКА ПРОЦЕССОВ ЛИПОПЕРОКСИДАЦИИ В РАННЕМ ПЕРИОДЕ ПОСЛЕ СОЧЕТАННОГО 
ВОЗДЕЙСТВИЯ ВЫСОКОЙ ДОЗЫ ГАММА-ИЗЛУЧЕНИЯ И ИММОБИЛИЗАЦИОННОГО СТРЕССА 

(ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ)

Тажибаева Д.С., Кабдуалиева Н.Б., Айтбаева Ж.Б., Сенгалий М.Ж., Ниязбекова К.К.

Некоммерческое акционерное общество «Медицинский университет Астана», Нур-Султан, Казахстан

Цель исследования – изучить динамику процессов липо-
пероксидации в сыворотке крови крыс в раннем периоде 
после сочетанного воздействия гамма-излучения и иммо-
билизационного стресса. Исследование проведено на 48 бе-
лых беспородных крысах, которые разделены на 4 группы: 
I группа - интактные животные (n=12); II группа - крысы, 
однажды облученные в день исследования на медицинском 
линейном ускорителе электронов Clinac 600 C (производи-
тель VARIAN) в дозе 6,0 Грэй (Гр) (n=12); III группа - с мо-
делированием хронического иммобилизационного стресса 

у животных (n=12); IV группа – крысы, облученные одно-
кратно острым внешним воздействием в дозе 6,0 Гр в соче-
тании с последующим хроническим иммобилизационным 
стрессом (n=12). 

Результаты проведенного исследования показали, что у 
крыс в раннем периоде после сочетанного воздействия гамма-
излучения и хронического иммобилизационного стресса на-
блюдается активация процессов свободнорадикального окис-
ления, что проявляется в увеличении содержания первичных и 
вторичных продуктов перекисного окисления липидов.

reziume 

lipoperoqsidaciis procesebis dinamika gama-gamosxivebis maRali dozis 
da imobilizaciuri stresis Serwymuli moqmedebis Semdgom adreul periodSi (eqsperimentuli kvleva)

d.taJimbaeva, n.kabdualieva, J.aitbaeva, m.sengali, k.niazbekova

astanas samedicino universiteti, nur-sultani, yazaxeTi

kvlevis mizans warmoadgenda lipoperoqsida-
ciis procesebis dinamikis Sefaseba virTagvebis 
sisxlis SratSi gama-gamosxivebis maRali do-
zis da imobilizaciuri stresis Serwymuli moq-
medebis Semdgom adreul periodSi. kvleva Catarda 
48 TeTr ujiSo virTagvaze, romlebic daiyo 4  jg-
ufad: I  jgufi – intaqturi cxovelebi (n=12); II  

jgufi - kvlevis dRes erTxel dasxivebuli ele-
qtronebis samedicino xazovan amaCqarebelze Clinac 
600 C (mwarmoebeli VARIAN), doziT 6,0 grei (n=12); 
III  jgufi - cxovelebi modelirebuli qronikuli 
imobilizaciuri stresiT (n=12); IV jgufi - kvle-
vis dRes erTxel dasxivebuli mwva-ve garegani 
zemoqmedebiT, doziT 6,0 grei, Semdgom qronikul 
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imobilizaciur stresTan SerwymiT (n=12). kvlevis 
Sedegebis mixedviT, virTagvebs gama-gamosxivebis 
maRali dozis da imobilizaciuri stresis Ser-
wymuli moqmedebis Semdgom adreul periodSi 

aReniSnaT Tavisufalradikaluri JangviTi pro-
cesebis aqtivacia, rac vlindeba lipidebis zeJan-
guri Jangvis pirveladi da meoradi produqtebis 
Semcvelobis momatebiT.

ДИНАМИКА СВЕРТЫВАНИЯ КРОВИ КРЫС, ПОДВЕРГНУТЫХ ВОЗДЕЙСТВИЮ ГИПОКСИИ 
В ПЕРИОД ПРЕНАТАЛЬНОГО РАЗВИТИЯ

Джафарова Г.К.

Институт физиологии им. акад. А. Караева НАН Азербайджана, Баку, Азербайджан

Кислородная недостаточность, являющаяся основой па-
тологических процессов многих заболеваний и критических 
состояний, вызывает неоднородную выраженность сдвигов 
функционального состояния органов и систем. При недо-
статке кислорода для поддержания гомеостаза происходит 
полная реорганизация организма и реализуется стереотип-
ная неспецифическая перестройка метаболизма. Дефицит 
кислорода требует максимальной мобилизации и напряже-
ния потенциальных адаптивных возможностей организма 
[1]. Следует отметить, что антенатальная гипоксия является 
значимым повреждающим фактором, влияющим на разви-
тие организма который в пренатальном периоде вызывает 
многочисленные отклонения в развитии многих систем, в 
том числе и системы гемостаза [11,14]. Из литературных 
данных [14] известно, что в системе гемостаза в экспери-
ментальных условиях создаются первичные адаптивные 
условия для поддержания жидкого баланса внутренней сре-
ды, так как основные гематологические сдвиги при гипок-
сии создают условия для нарушения микроциркуляторного 
гемостаза и активации внутрисосудистого свертывания 
крови. Необходимо отметить, что тромбогеморрагические 
расстройства по сей день являются частым осложнением 
тяжелых форм неонатальной патологии и непосредственной 
причиной смерти в этом периоде. Распространенность гемор-
рагических и тромботических расстройств обусловлена значи-
тельными изменениями системы гемостаза в период новорож-
денности. Значимой клинической особенностью состояния 
гемостаза плодов, новорожденных и детей в первые месяцы 
жизни выявляется тенденция к более легкому возникновению 
разнонаправленных нарушений в сравнении с таковыми у де-
тей старшего возраста и взрослых [2,4,7].

Целью исследования явилось изучение реакции коагуля-
ционного гемостаза в ответ на гипоксию у крыс молодого и 
половозрелого возраста, подвергнутых воздействию гипок-
сии в зародышевой, предплодной и плодной стадиях прена-
тального онтогенеза. 

Материал и методы. Изучалось воздействие гипоксии в 
разные периоды пренатального развития на ряд показате-
лей свертываемости крови крыс одного и шести месячного 
возраста. Объектом исследования были беспородные белые 
крысы разного возраста.  Изучалось воздействие гипоксии 
в разные периоды пренатального развития на ряд показате-
лей свертываемости крови крыс одного и шести месячного 
возраста. Для изучения воздействия гипоксии в каждом воз-
растной категории крысы были разделены на 4 группы: одна 
контрольная – крысы, матери которых период беременности  

проводили в нормальных условиях вивария и 3 эксперимен-
тальные группы – крысы, матери которых в соответствую-
щие периоды беременности (зародышевый, предплодный и 
плодный) проводили в гипоксических условиях. В каждой 
группе было по 15 особей, в целом в эксперименте исполь-
зовано 120 особей крыс.  Гипоксию моделировали в герме-
тически закрытой барокамере объемом 0,12 м3. В течение 
соответствующего периода беременности - (Е1-Е7) зароды-
шевый, (Е8-Е15) предплодный и (Е16-Е21) плодный период 
крысы ежедневно в течение 20 минут содержались в ба-
рокамере с беспрерывно вентилируемыми газами - 95% 
азота и 5% кислорода. После гипоксии беременных крыс 
пересаживали в виварий с нормальными условиями для 
течения беременности. У потомства гипоксированных 
крыс в возрасте 1 и 6 месяцев изучалась динамика по-
казателей коагуляционного гемостаза крови. Проводился 
сравнительный анализ этих показателей с таковыми кон-
трольной группы. Забор крови осуществлялся стандар-
тизированным способом венопункции для гемостазиоло-
гических лабораторных исследований с использованием 
3,2 % раствора цитрата. Для оценки общего состояния 
системы свертывания крови первоначально определяли 
время образования сгустка по методу Моравица, а затем ре-
кальцификации плазмы - по методу Хауелл [3]. Для оценки 
конечного этапа определялась концентрация фибриногена. 
Полученные данные статистически обрабатывались с по-
мощью программного анализа. Достоверность различий 
исследуемых несвязанных выборочных данных определяли 
с использованием t-критерия Стьюдента. Данные выража-
лись в процентном соотношении.

Результаты и обсуждение. Сравнительный анализ ко-
агуляционных показателей крови экспериментальных и 
контрольных крыс проводился с помощью гематологиче-
ских тестов. Первая серия экспериментов по исследованию 
времени свертывания крови проведена на одномесячных 
крысах. Результаты показали, что время свертывания крови 
у экспериментальных животных было больше в сравнении 
с контрольной группой, так как гемостаз у этих животных 
имел тенденцию к гипокоагуляции. Показатели свёртыва-
емости крови экспериментальных животных находились в 
зависимости от их возраста и периода эмбрионального раз-
вития, в котором они подвергались воздействию гипоксии. 
Выявлено, что к воздействию гипоксии на свёртываемость 
крови более чувствительными был зародышевый период 
эмбрионального развития в сравнении с другими перио-
дами пренатального онтогенеза. Установлено также, что 


