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Abstract. The erythroformula and leucoformula indicators changed in the rabbits that
experienced hypokinesia during the embryonic stage of pregnancy. Compared to the rabbits that
spent the pregnancy period under normal conditions, changes in concentrations of leukoformula
indicators such as leukocytes, lymphocytes, monocytes, and granulocytes were detected in rabbits
exposed to hypokinesia. While significant changes in erythroformula indicators: erythrocytes,
average corpuscular volume of erythrocytes and hemoglobin capacity, erythrocyte sedimentation
rate did not occur. The results of our studies have shown that prenatal hypokinesia causes noticeable
changes in the blood coagulation system. On the other hand, changes in the coagulation system
under the influence of prenatal hypokinesia were found to occur in the first periods of postnatal
ontogenesis, had a continuous nature, and were maintained until the full maturity of postnatal
development. Due to the effect of the hypokinesia factor, the changes in the mentioned indicators
lead to the emergence of severe pathological diseases in most cases.

Annomayusa. 'Y KpOJNbUUX, TOABEPIUIMXCS TUIOKMHE3UH B 3MOPHUOHAJIBHBIA IEPUOJ
OEepeMEHHOCTH, M3MEHSUIMCh MoKa3aTrenu 3puTpodopMyisl U Jelikopopmyinbl. [1o cpaBHeHuUIo ¢
KpOJpYHMXaMH, HOPOBOAWBIIMMH IMICPUO/ 6epeMeHHOCTI/I B OOBIYHBIX YCIOBUAX, Y KpPOJIBYHX,
MOJABEPrUIMXCS TUINOKWHE3WH, BBIABICHBI M3MEHEHMsI KOHIIEHTpAllMi TakWX IIOKasaresen
JTeUKOPOPMYIBI, KaK JEUKOUWTHI, JUMQPOLUUTHl, MOHOIMTHI W rpaHylonuTsl. Ilpu s3ToM
CYIIECTBEHHBIX  M3MEHEHHWH  Mokazareieil  SpuTpoOpMynbl:  SPUTPOLMTOB,  CPETHETO
KOPITYCKYJIIPHOTO 00bEMa J3pUTPOLUTOB U EMKOCTH TIeMOIIOOMHA, CKOPOCTH OCEIaHus
SPUTPOLHUTOB HE MPOHUCXOIUIIO. Pe?,y.]'H)TaTI)I Haimx I/ICCJ'IG,ZIOBaHI/II\/'I IIOKa3aJii, 4TO IIpeHaTajibHasd
TMIIOKMHE3US BBI3bIBAECT 3aMETHBIE U3MEHEHUS B CUCTEME CBEPTHIBaHMs KpoBH. C Ipyroil CTOPOHBI,
YCTAHOBJIEHO, YTO U3MEHEHUS B CUCTEME CBEPTHIBAHMS 10| BIUSHUEM MPEHATAIBHON THIIOKUHE3UH
BO3HHUKAIOT B ICPBLEIC MEPHOJAbI IMOCTHATAJIBHOIO OHTOICHE3ad, HOCAT HerepLIBHBII)’I XapakTep "
COXpaHAIOTCS JI0 TOJHOM 3peNoCTH MOCTHATAJIbHOIO pa3BUTUA. lI3MeHeHus yka3zaHHBIX
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roKa3atesiell BCeICTBUE BO3eHCTBYS (hakTopa TMIIOKMHE3UH B OOJIBIIMHCTBE CIy4aeB MPUBOIAT K
BO3HHUKHOBEHUIO TSKEJIBIX MATOJIOTUYECKUX 3a00IeBaHUH.

Keywords: hypokinesia, prenatal, erythroformula, leukoformula.
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The effect of the hypokinesia factor on the organism is an actual problem of physiology.
Limitation of motor activity leads to morphofunctional displacement of systems important for life
and affects cell genetics [1, 4-7]. The evidence in the literature demonstrates that hypokinesia
manifests itself, especially in the long-term activity of the central nervous system, as well as in the
mechanisms of formation and establishment of its main regulatory processes (Mahmudova N. Sh.
2007). Hypokinesia directly or indirectly causing many pathological processes, is still being studied
today as an actual problem. Although more than half a century has passed since its systematic study,
hypokinesia still remains an actual problem. Because this factor accompanies us in our daily life, it
would not be correct to say that "we have adapted to it" in a certain sense, because it leaves its
negative mark on our body - physiological processes and rather we are under its negative influence
[2]. The 16-week effect of hypokinesia was found to create an energy deficit in myocardial and liver
cells, levels of ATP and glycogen decreased [8]. Based on literature evidence about prenatal
hypokinesia, the effect of hypokinesia on blood parameters has not been studied satisfactorily. A
more relevant issue in this field is to study the dynamics of the formation of blood indicators whose
functions, according to some researchers, reflect the normal course of postnatal development.
Besides, these studies can determine the formation of blood indicators thereby contributing to
timely detection of possible deficiencies in the early stages of individual development.

One area of the study of hypokinesia is abnormalities in fetal development caused in the
prenatal period [3]. The impetus to investigate this problem turned out to be the development of
space medicine. However, today's results are not sufficient to state whether a long-term restriction
of movement affects the cervical function of a healthy person [9-11]. In laboratory animals,
arrhythmia was found to occur due to the hypokinesia factor [6, 7]. Both prenatal and postnatal
hypokinesia cause irreversible pathological changes in internal environmental fluids, blood
parameters, and behavioral reactions in a number of cases and seriously jeopardize the normal
growth and development of the body. Hypokinesia is one of the most common unfavorable factors
of the environment affecting the normal functioning of the body. Hypokinesia causes versatile
changes in different systems of the body and has a fundamental effect on the life activity of animals
as well as humans. These factors also slightly affect the course and outcome of pregnancies. In
modern times, hypokinesia, which has a damaging effect on the fetus during intrauterine
development, remains relevant as a factor of clinical significance, due to its widespread occurrence
and embryotoxic effect. The relevance of studying the effect of this factor comes from the
possibility that living organisms may be affected by hypokinesia at any stage of their life.
Hypokinesia has a complex effect on the body and causes systematic changes. Immobility lasting
for a long time causes muscle weakness and decreases the functions of the cardiovascular system.

Based on the research conducted on pregnant rabbits kept under hypokinesia conditions in
different periods of prenatal development, we can conclude that hypokinesia negatively affects the
course and outcome of pregnancy in rabbits as an unfavorable extreme factor. It can cause
resorption of the fertilized egg or embryo, as well as the birth of offspring with low viability,
cannibalism, and miscarriage [3]. Besides, a high percentage of complications, premature birth, and
perinatal child mortality are recorded in the initial period after birth [5]. The duration of the effect
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of these factors and the degree of violations observed depending on the period of pregnancy have
not been determined. The influence of hypokinesia in various periods of prenatal development leads
to the emergence of severe pathological diseases in most cases. The effect of hypokinesia on the
blood depends on its intensity and duration of action, as well as the period of pregnancy [7].

The results of our research on the influence of the factor of hypokinesia during prenatal
development revealed important deviations in the physiological indicators of hypokinesia affecting
mothers during the embryonic period of pregnancy. As we know, the mother-fetus system creates
optimal conditions for the development of the organism. Our research aimed at studying the
dynamics of changes in the formed elements of blood before and after hypokinesia in pregnant
rabbits that were affected by hypokinesia during the embryonic period of prenatal development.

Materials and methods

In the study, 16 female rabbits in the embryonic period of pregnancy were used. The body
size of adult rabbits was 40-50 cm, weight was 700-1100 grams. They had the ability to reproduce
actively. The pregnancy period varied between 28 and 30 days. The main goal of our research was
to monitor the changes that occurred in the embryonic period of pregnant rabbits as a result of
prenatal hypokinesia. The studies were carried out on intact chinchilla rabbits and those exposed to
hypokinesia in the embryonic period of prenatal development. The animals were kept in a dry,
heated room with good natural and artificial lighting. Female and male rabbits were kept in separate
cages for the intended pregnancy. All rabbits were divided into two groups: control and
experimental. The control group animals were kept under the previous conditions, while the
experimental animals spent the embryonic period under hypokinesia. To create conditions of
hypokinesia, special cages were prepared in which rabbits could sit individually. Water bowls and
food were placed inside and firmly fixed to the cage. For this purpose, (female rabbits, 8 animals in
each of the control and experimental groups) the period of fertilization was determined, and then
they were exposed to hypokinesia during the embryonic period of the pregnancy. The animals
belonging to the control group were kept in the usual vivarium conditions. For the analysis, blood
was taken from the external vein of the ear. Leukocytes, lymphocytes, monocytes, granulocytes,
erythrocytes, hemoglobin, the average amount of hemoglobin in erythrocytes, the rate of
sedimentation of erythrocytes, and the change dynamics of thrombocytes were determined.
Biochemical study of blood parameters was carried out according to generally accepted laboratory
methods. After taking blood samples from the second group of animals, they were allowed to graze
freely. For this purpose, in the first series of the experiment, the blood parameters of pregnant
rabbits during the embryonic period were determined.

General blood analysis was performed on a "Mindray BC-2800Vet" Hematology analyzer.
During the further course of the research, changes in the blood parameters of pregnant rabbits were
monitored.

Results

Before starting the experiments to study the effect of prenatal hypokinesia on blood
parameters, we determined the blood parameters of pregnant rabbits with a normal embryonic
period of prenatal development — a control variant. Then, we set up experiments to compare these
indicators with the results of blood indicators of pregnant rabbits that spent the embryonic period
under the condition of hypokinesia. The results were statistically processed and presented in Tables
1 and 2. Table 1 shows leukoformula indicators based on the results of the blood analysis from the
intact-control group of the pregnant rabbits and those that were exposed to hypokinesia during the
embryonic period. In the control group, total leucocyte count, total lymphocyte count, total
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granulocyte count, and total monocyte count were, respectively, (4.2+0.336)10"9/1,
(0.7£0.056)10"9/1, (3.2+0.256)1079/1, and (0.5+£0.04) 10"9. The percentage of lymphocytes,
granulocytes, and monocytes was 17.9+1.432%, 72.1+£5.768%, and 8.3+0.664%, respectively.

The total leucoformula indicators increased significantly in pregnant rabbits that spent the
embryonic period of prenatal development under conditions of hypokinesia. Thus, total leucocyte
count, total lymphocyte count, total granulocyte count, and total monocyte count were, respectively,
(9.8+0.784)1079/1, (2.0£0.16)1079/1, 97.0+0.056)1079/1, and (0.8+£0.064) 10"9/1. While the
percentage of lymphocytes, granulocytes, and monocytes did not change statistically significantly
and amounted to 20.3+1.624%, 8.7+0.69%, and 71.0+5.68%, respectively.

Table 1
STATISTICAL ANALYSIS OF LEUCOFORMULA INDICATORS UNDER THE EFFECT
OF THE HYPOKINESIA FACTOR IN THE EMBRYONIC PERIOD OF THE PREGNANT RABBITS,

(M+m) n=16
Indicators Units Control Embryonic hypokinesia
Leukocytes 1079/I 4.2+0.336 9.8+0.784"
Lymphocytes LYM 1079/I 0.7+0.056 2.0+0.16"
Monocytes 1079/I 0.5+0.04 0.8+0.064
Granulocytes 1079/1 3.2+0.256 7.0£0.056"
Lymphocytes LYM % 17.9+1.432 20.3£1.624™
Granulocytes % 72.1£5.768 71.0+5.68™
Monocytes % 8.3+0.664 8.7£0.696"

Note: At P<0.01 (**), <0.05 (*), <0.001 (***), differences in mean values are significant, ns- non-
significant.
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Figure 1. Statistical analysis of leucoformula Figure 2.  Statistical analysis  of
indicators (107°9/1). leucoformula indicators (%)

Based on the obtained results, the normal level of formed elements and other hematological
indicators in the blood of pregnant rabbits (intact-control group) that underwent the embryonic
period of prenatal development under normal conditions were as follows. The erythrocyte count in
the blood was 5.4+0.432 (10712/1), the erythrocyte sedimentation rate (ESR) — 4+0.32 mm/s, the
concentration of hemoglobin (Hb) - 115+£9.2 g/I, the mean hemoglobin (MH) — 295 +23.6 (g/l),
Mean Corpuscular Hemoglobin (MCH) — 20+1.6 pg, Mean Corpuscular Volume (MCV) -
70.1£5.608 fL, and the amount of platelets was (95+£7.6) 1079/l. Red cell Distribution Width
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(RDW) was 14.7+1.176%, Hematocrit (HTC) was 38.9+3.112%, and no significant changes were
observed. Analysis of the parameters of blood platelets showed that the number of thrombocytes
increased and reached the level of (2714+21.68)10"9/1 due to the hypokinesia factor. The Mean
Corpuscular Volume (MCV) of platelets increased to 7.2+0.576 fL.

Table 2.
STATISTICAL ANALYSIS OF THE ERYTHROFORMULA CHANGES UNDER THE EFFECT OF
HYPOKINESIA FACTOR IN THE EMBRYONIC PERIOD OF THE PREGNANT RABBIT, (M+m) n=16

Indicators Units Control Embryonic
hypokinesia
Erythrocytes 10712/ 5.4+0.432 5.09+0.4072"™
Hemoglobin (Hb) g/l 11549.2 109+8.72"™
Hematocrit (HTC) % 38.9+3.112 37.0+£2.96™
Mean Corpuscular Volume (MCV) of erythrocytes fL 70.1£5.608 72.7£5.816"™
Mean Corpuscular Hemoglobin (MCH) pg 20£1.6 21.4£1.712"
Mean Hemoglobin (MH) in erythrocytes g/l 295423.6 294+23.52"
Red cell Distribution Width (RDW) % 14.7+1.176 14.2+1.136™
Platelets (PLT) 1079/I 95+7.6 271421.68"
Mean Corpuscular Volume (MCV) of platelets fL 4.7+0.376 7.240.576"
Erythrocyte Sedimentation Rate (ESR) mm/s 4+0.32 6+0.48"™

Note: At P<0.01 (**), <0.05 (*), <0.001 (***), differences in mean values are significant, ns- non-
significant.

No significant changes were observed in the following parameters: Erythrocytes-5.09+0.4072
(10712/1), ESR 6+0.48 (mm/s), Hemoglobin-109+8.72 (Hb) (g/l), Mean Hemoglobin (MH) in
erythrocytes-2944+23.52 (g/l), Red cell Distribution Width-14.2+1.136 (RDW) %, Mean
Corpuscular Hemoglobin (MCH) of erythrocytes-21.44+1.712 pg, Hematocrit (HTC)-37.0+£2.96 %
and Mean Corpuscular Volume (MCV) of erythrocytes-72.7+5.816 fL.

Discussion

Our studies revealed changes in the blood coagulation system caused by the effect of the
hypokinesia factor. The level of these changes depends on the embryonic development stage in
which the effect of hypokinesia occurs. Thus, the statistical analysis showed that the difference in
the indicators observed in the experimental groups emerged in the embryonic stage of the fetus
development. Thus, the activated effect of prenatal hypokinesis on the hemostasis system was
detected. Abnormalities observed in the development of the fetus in most (90%) cases are related to
placental insufficiency caused by impaired blood circulation. Disruption of the blood coagulation
system due to the hypokinesia factor plays a key role in delaying the whole development dynamics
of the body and causes a weakening of the functions of the placental vessels that provide nutrition
to the fetus. In general, the response of the blood coagulation system to certain effects is
significantly determined by the functional state of the body. On the other hand, the level of these
changes is directly related to the degree of influence of extreme factors (including hypokinesia),
duration, as well as the period of the body's development. In this regard, the changes observed as a
result of the effect of prenatal hypokinesis are more pronounced, especially in the embryonic stage.
The main reason for these changes can be the indirect effect of hypokinesia on the developing
organism. Thus, during the formation of embryonic layers at the initial stage of embryonic
development, exposure of the mother to the influence of hypokinesis causes serious changes in the
hemostasis of the intrauterine environment, which results in dynamic dysfunctions in the
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hematopoietic tissues of the fetus in the later stages. Besides, the changes in leukoformula
indicators show that the rise of blood cells belonging to the leukocyte group has a negative effect on
the body's defense reactions against pathogenic viruses, microorganisms, primitive parasites,
microbial poisons, and foreign protein substances found in food. Significant changes in leukocytes
due to the hypokinesia factor and this state of immobility also affect the general immunity of
organisms - the ability to resist causative agents and foreign substances.

As a result of the effect of hypokinesia during the embryonic period, a decrease in some blood
parameters and an increase in others were observed. Thus, under hypokinesia, vitamins, and
microelements necessary for the normal development of the fetus are not formed, the nutrition of
the fetus is disturbed, and fat accumulation occurs. Accumulation of excessive adipose tissue
especially threatens the blood vessels, and therefore, insufficient blood reaches the tissues and the
brain. Under hypokinesia, changes in blood parameters of pregnant rabbits cause various problems
including faster heart failure. When in motion, the heart muscles meet the body's demand for blood
(oxygen and energy substrates) by squeezing strongly. Immobility leads to muscle passivation, and
the heart muscle has to make more contractions for the same job. Thus, the hypokinesia factor leads
to more work and weakening of the heart muscles. Due to the hypokinesis factor, first of all, the
volume of blood circulating in the body through the heart decreases. Weakening of the muscular
system eventually leads to impaired blood circulation in the cardiovascular system. The weakening
of the muscles in the lower limbs due to the effect of hypokinesia has a negative effect on the factor
of venous blood rising. As seen in the table, there are changes in the number of leukocytes,
lymphocytes, monocytes, granulocytes, and platelets in the blood of pregnant rabbits from the
experimental group that spent the embryonic period under the condition of hypokinesia. The study
of erythroformula and leucoformula indicators of pregnant rabbits that are exposed to hypokinesia
during the embryonic period of pregnancy can be useful for taking preventive measures to eliminate
the complications of hypokinesia.
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