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Changes in the blood parameters of newborn rabbit offspring whose prenatal development occurred under conditions of
hypokinesia at various stages of pregnancy were explored. The changes in blood parameters were also observed to affect the
viability of the offspring, depending on the pregnancy stage affected by hypokinesia. It was found that the embryonic stage is the
most sensitive period, as the number of offspring born during this stage was lower compared to the control group. Based on our
experiments, it can be stated that the most resilient stage in terms of offspring number is the fetal stage of pregnancy. The
reproductive performance of female rabbits exposed to hypokinesia during this stage was similar to that of the control group and
was approximately 90 %. It should be noted that the reduced viability of the newborn offspring is associated with profound changes
in the vascular system of the “mother-fetus” system. Unlike pregnant rabbits that underwent gestation under normal conditions,
newborns whose prenatal development occurred under hypokinetic conditions at different stages of pregnancy showed alterations
in leukocyte formula parameters, platelet concentration, and erythrocyte sedimentation rate. The results of our research indicate
that the investigation of erythrocyte and leukocyte formulas during pregnancy may be useful for implementing early preventive
measures to mitigate the adverse effects of hypokinesia. These findings provide an important scientific foundation for studying the
impact of restricted movement — hypokinesia — on reproductive health in space and for preserving the reproductive functions of
animals and humans during future space missions.

Key words: hipokinesia, embryo, pre-fetal growth, prenatal period.

J.E. I'aminoBa, A.I'. Ka3imos, E.H. Araesa

JOCJIKEHHSA TEMATOJIOITYHHUX MTOKA3HUKIB IOTOMCTBA KPOJIUKIB
3 JTOCBIJIOM ITPEHATAJIBHOI TTIHOKIHE3II

JlociukeHO 3MiHH TIOKA3HHUKIB KPOBI HOBOHAPOPKEHOTO TIOTOMCTBA KPOJIMKIB, PEHATAILHUH PO3BUTOK SIKMX BiOyBaBCs B
YMOBax TilOKiHe3ii Ha pi3HHUX eTarax BariTHOCTI. Big3HadeHo, 1o 3MiHM B IapaMeTpax KpoBi TaKOXK BIUIMBAIOTH HA JKUTTE3NATHICTH
MOTOMCTBA 3aJICKHO BiJl CTaJil BariTHOCTI, KA 3a3Hala TiNOKiHe3ii. BCTaHOBICHO, 10 eMOPIOHATIBHUI €Tall € HAWOUTBII Yy TIINBUM
HepioZIoM, OCKUIBKH KUIBKICTh HApOIPKEHOTO IIOTOMCTBA B LieH Iepioft Oyia HIDKUOIO MOPIBHSIHO 3 KOHTPOJIBHOI rpymoto. Ha mincrasi
MPOBEICHNX EKCIICPUMEHTIB MO)KHa CTBEpPDKYBATH, 1[0 HAHOUIBII CTIIKUM 3 TOYKM 30py KIJIBKOCTI MOTOMCTBA € (heTalbHUIA eTar
BariTHOCTI. PenpoayKTuBHa 31aTHICTh CAMOK KPOJIUKIB, SIKi 3a3HaJIH TIMOKiHe3il B el nepiof, Oya MopiBHSIHHA 3 KOHTPOJIBHOIO TPYIIO0
i craHoBua 6mu3bko 90 %. Crift 3a3HAYUTH, IO 3HIDKESHHS JKUTTE3IAaTHOCTI HOBOHAPOHKEHOTO MOTOMCTBA OB SI3aHE 3 IIMOOKUMU
3MiHaMH B CYJHMHHiH cHCTeMi «MaTH-TuTiny. Ha BigMiHy Bin BariTHUX KpOJHIlb, SIKi BUHOLTYBAJIM IIOTOMCTBO B HOPMAJIbHUX YMOBAX,
HOBOHAPOJDKEHI, NPEHATAIBHHI PO3BUTOK SIKMX IIPOXOAWB B TIMOKIHETHYHMX yMOBAaX Ha PI3HUX €Talax BariTHOCTI, JEMOHCTPYBaIn
3MIiHH B ITapamMeTpax JISHKOLUTapHO! (OpMyIH, KOHIIEHTpaIlii TPOMOOIMTIB 1 IIBUAKOCTI OCINAHHS epUTPOLMTIB. Pe3ynbrary HaIoro
JIOCITI/KEHHST CBIT4aTh PO Te, [0 BUBYCHHS EPUTPOLUTAPHOT Ta JISHKOLMTAPHOT (POPMYJI I1iJT 4ac BariTHOCTI MOk OyTH KOPHCHHUM ISt
peanmizamii paHHIX Mpo(QITAKTHYHUX 3aXOJiB 3 METOK IOM SIKIICHHS HECTPHATIMBHX HACTIIKIB TimokiHesil. LIi jani € BaxIMBOIO
HayKOBOO OCHOBOIO JIJIsl BUBYCHHSI BILTHBY OOMEKEHOI Py XJIMBOCTI — MIOKiHE3il — Ha pepo/IyKTHBHE 3710pOB’sI B KOCMOCI Ta 30epekeHHs
penpoayKTUBHHX (DYHKIIIi TBAPHH 1 JTIOAMHY MiJ Yac MaiOy THIX KOCMIYHHX MICIH.

KurouoBi cioBa: rinokiHesis, eMOpioH, npedeTansHuil pO3BUTOK, TPEHATATBHUN IePio.

Hypokinesia is characterized by a prolonged and considerable reduction in the range of movement
[13]. From both a biological and medical perspective, the issue of mobility is particularly important during
pregnancy. Summarizing the results of studies on the responses of the nervous and muscular systems, it
should be noted that under conditions of experimental hypokinesia, distinct and polymorphic neurological
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disorders develop in a specific sequence. When analyzing the effects of hypokinesia, the functional changes
it induces in the cardiovascular system have consistently attracted the interest of researchers. Based on the
findings and conclusions of some researchers, it can be stated that prolonged hypokinesia may cause
alterations in both cardiac activity and the circulatory system. Erythrocytes of mammals are small,
anucleated, and biconcave (discocytes) cells that function to carry hemoglobin [3]. Hypokinesia affects the
cellular and biochemical composition of the blood, leading to changes in blood glucose levels expressed as
a percentage. Leukocytes continuously utilize oxygen and generate reactive oxygen species to destroy
pathogens [8]. Among the parameters of a complete blood count, platelets are both important and, at the
same time, among the most challenging cellular elements to analyze. A new indicator within the leukocyte
series is the presence of immature granulocytes. According to the literature, this serves as a useful marker
for the diagnosis and prognosis of inflammatory conditions, enabling better detection of inflammatory
diseases and facilitating the monitoring of therapy . As is well known, changes in the dynamics of the
blood’s serum composition and formed elements are adaptive in nature. They determine the functional
stability of the body's systems and serve as indicators of adaptive mobility. In turn, functional stability
depends on individual polymorphism and genotype, the specificity of the factors affecting the organism,
sex, age, psychophysiological potential, health status, and the degree of the organism’s reactivity [4]. Under
modern intensive livestock farming conditions, many components of technological regimes are considered
natural stress factors for animals. These include reduced physiological comfort (such as holding in small
spaces, restricted movement, and hypodynamia), transportation, group formation, regrouping, etc. [11].
Experimental and clinical studies conducted to date on the effects of prenatal hypokinesia have
demonstrated that hypokinesia during pregnancy can negatively affect the course and outcome of
pregnancy, leading to the development of pathological conditions. The impact of the hypokinesia factor on
mothers during pregnancy may result in several abnormalities during the perinatal period. Moreover, a high
incidence of complications during labor and the early postpartum period, preterm birth, and perinatal infant
mortality has been recorded [1]. Long-term studies conducted under the supervision of A. G. Gaziyev in
the “Environmental factors and development of analyzers” laboratory at the Institute of Physiology named
after academician A. Garayev have shown that the impact of factors such as chronic hypoxia, hypokinesia,
and electromagnetic radiation during critical periods of embryonic development leads to significant
developmental delays and increased mortality rates among newborn rats [6, 7, 5].

The purpose of the study was to investigate how prenatal hypokinesia at different stages of
pregnancy affects hematological parameters and the viability of newborn rabbit offspring, in order to
identify the most sensitive periods of development and explore the implications for reproductive health
under conditions of restricted movement, such as in space missions.

Materials and methods. The analysis of the research findings indicates that a prolonged reduction
in muscle activity causes specific alterations in the physiological state of animals. Thus, in such animals,
the hemoglobin content decreases, which is associated with a reduction in energy consumption and a
weakening of redox reactions, resulting in decreased intensity of erythropoiesis in the bone marrow. In our
studies, the main objective was to observe changes in blood parameters of rabbit offspring that underwent
prenatal development under conditions of hypokinesia. The research was conducted on young rabbits of
the Chinchilla breed. A total of 24 female rabbits and their newborn offspring were used in the study. The
gestation period in rabbits lasts 28-30 days, and they typically give birth to 68 kits. An adult rabbit
measures 45-50 cm in length and weighs between 900 and 1250 grams, while newborn kits measure 25—
35 cm and weigh between 500 and 700 grams. E.A. Kovalenko and N.N. Gurovsky [10] concluded that
one of the methods used to induce hypokinesia in experimental studies is to keep the small animal in a cage
that is reduced in area and volume.According to the sizes of the rabbits, the cages used in the experiments
measured 25 cm (length) x 16 cm (width) x 23 cm (height). These dimensions significantly restricted the
movement of the rabbits and effectively created a state of hypokinesia. The animals were kept in a dry,
heated room with good natural and artificial lighting. Female and male rabbits were housed in separate
cages for planned pregnancy. All pregnant rabbits were divided into two groups: control and experimental.
The control group animals were kept under standard vivarium conditions, while the experimental group
was subjected to hypokinesia at different stages of pregnancy. The animals were regularly fed, provided
with water, and maintained under normal temperature conditions. Female rabbits (n=24, with 24 animals
in each of the control and experimental groups) were subjected to a defined fertilization period and then
experienced various stages of pregnancy under hypokinesia conditions. The animals in the control group
were kept under standard vivarium conditions. After the period of intrauterine exposure to hypokinesia was
completed, the pregnant animals were removed from the experimental cages and transferred to regular
cages for normal delivery. For analysis, blood samples were collected from the marginal vein of the ear.
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The complete blood analysis was performed using the “Mindray BC-2800 Vet” hematology analyzer,
manufactured in 2007 by Shenzhen Mindray Bio-Medical Electronics. The experiments were carried out
in strict compliance with the principles of the “European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purposes” (Strasbourg, 1986), as well as the resolution
adopted at the First National Bioethics Congress (Kyiv, 2001).

Table 1
Comparison of blood parameters in offspring born to mothers experiencing prenatal hypokinesia
(Control Group)
) Embr}/onic Pre-Fetal period Fetal period
Measured Parameters Unit period
Control Group Control Group Control Group
L. Mean Corpuscular Volume (MCV) fL 70.4875+5.639 70.4875+5.639 72.9625+5.837
2. Mean Corpuscular Hemoglobin (MCH) pg 21.1+1.688 21.1+1.688 20.6375+1.651
3. Mean Corpuscular Hemoglobin g/l
Concentration (MCHC) 295.375+23.63 | 295.375+23.63 | 283.25422.66
4. Red Cell Distribution Width (RDW) % 14.5625+1.165 | 14.5625+1.165 | 15.8875+1.271
5. Platelets (PLT) 10791 | 97.75+7.82 97.75+7.82 305.125424.41
6. Mean Platelet Volume (MPV) fL 4.725+0.378 4.725+0.378 5.6375+0.451
7. Erythrocyte Sedimentation Rate (ESR) mm/s 4.5+0.36 4.5£0.36 4.5+0.36
8. Leukocytes (White Blood Cells) 1079/1 4.7+0.376 4.7+0.376 6.0625+0.485
9. Lymphocytes 1079/ | 0.7875+0.063 0.7875+0.063 2.0625+0.165
10. | Monocytes 10791 | 0.4625+0.037 0.4625+0.037 0.4125+0.033
11| Granulocytes 107°9/1 | 3.5875+0.287 3.5875+0.287 3.5875+0.287
12. | Lymphocytes LYM % 19.162541.533 | 19.1625+1.533 | 33.85+2.708
13. | Granulocytes % 75.4+6.032 75.4+6.032 6.6875+0.535
14. | Monocytes % 8.2875+0.663 8.2875+0.663 59.4625+4.757
15. | Erythrocytes 107M2/1 1 5.50875+0.4407 | 5.50875+0.4407 | 4.91875+0.3935
16. | Hemoglobin (HGB) g/l 114.25+9.14 114.25+9.14 101.75+8.14
17. | Hematocrit (HTC) o 38.3+3.064 38.3+3.064 35.8375+2.867
Note: P<0.01 (**), <0.05 (*),<0.001 (***) indicate statistically significant differences between mean values;ns = not significant.
Table 2
Comparison of blood parameters in offspring born to mothers experiencing prenatal hypokinesia
(Experimental Group)
Embryonic period | Pre-Fetal period Fetal period
Measured Parameters Unit Experimental Experimental Experimental Group
Group Group
L. Mean Corpuscular Volume (MCV) fL 72.9625+5.837™ 74.0625+5.925m 69.9125+£5.593"
2. | Mean Corpuscular Hemoglobin (MCH) | pg 20.6375+1.651™ | 20.3375+1.627™ | 20.725+1.658™
3. Mean Corpuscular Hemoglobin g/l
Concentration (MCHC) 283.25+22.66™ 274.875£21.99% | 298.625+23.89"
4. | Red Cell Distribution Width (RDW) % 15.8875+£1.271™ | 15.775+1.262" 15.075+1.206™
5. | Platelets (PLT) 10°9/1 | 305.125424.41 *** | 227.5+18.2%%* 304.291254+24.34330
6. | Mean Platelet Volume (MPV) fL 5.6375+0.451 " 5.925:+0.474%* 4.525+0.362"
7. | Erythrocyte Sedimentation Rate (ESR) mm/s 5.5+0.44 " 5.5+0.44%* 6+0.48""
8. | Leukocytes (White Blood Cells) 107971 | 6.0625+0.485 * | 4.55+0.364" 9.8+0.784™
9. | Lymphocytes 10" | 2.062540.165 *** | 2.125£0.17" 2.225+0.178"™
10. | Monocytes 1079/ | 0 4125+0.033" 0.3125+0.025** | 0.4125+0.033"
11. | Granulocytes 107971 | 3.587540.287 | 2.1125+0.169™* | 9.725+0.778™"*
12. | Lymphocytes LYM % 33.8542.708 " | 46.625+3.73" 22+1.76"
13. | Granulocytes % 6.6875+0.535™" | 46.325+3.706™* | 73.1625+5.853"
14. | Monocytes o 59.4625+4.757 " | 7.05£0.564* 4.775+0.382""
15. | Erythrocytes 10721 | 4.91875+0.3935™ | 4.93625+0.3949"™ | 4.7425+0.3794"
16. | Hemoglobin (HGB) g/l 101.75+8.14" 100.625+8.05™ 100.125+8.01"
17. | Hematocrit (HTC) % 35.8375+2.867" | 36.525+2.922™ 33.2375+2.659m

Note: P<0.01 (**), <0.05 (*),<0.001 (***) indicate statistically significant differences between mean values; ns = not significant.

158



ISSN 2079-8334. Céim meouyunu ma odionozii. 2025. Ne 3 (93)

Results of the study and their discussion. In the blood analysis of offspring born to mothers who
experienced the embryonic stage of pregnancy under hypokinesia conditions, changes were observed in
the leukocyte formula indicators. Thus, total leukocyte count increased to (6.0625+0.485**)x10°/L, and
total lymphocyte count rose to (2.0625+0.165***)x10°/L. No significant changes were observed in total
granulocyte count (3.5875+0.287")x10°L and total monocyte count (0.4125+0.033")x10%/L. LYM%
increased significantly to (33.85+£2.708***)%, while the percentage of granulocytes decreased to
(6.6875+£0.535***), The percentage of monocytes increased to (59.4625+4.757***). Erythrocyte
concentration in the blood was (4.91875+0.3935™)x10'?/L, and HGB concentration was 101.75+8.14™ g/L.
Mean corpuscular hemoglobin (MCH) was 20.6375+1.651", and mean corpuscular volume (MCV) was
72.9625+5.837™ fL. — both remained unchanged. However, a significant increase was observed in the
platelet count, which reached 305.125+£24.41***x10°/L. Red cell distribution width (RDW) was
15.887541.271%%, and hematocrit (HCT) was 35.8375+2.867%% — no significant changes were observed.
However, the erythrocyte sedimentation rate (ESR) showed a slight increase, reaching 5.5+0.44 (mm/h)*.
However, the blood analysis of offspring born to mothers who experienced the fetal stage of prenatal
development under hypokinesia conditions showed that the total leukocyte count remained unchanged at
(4.55+0.364ns)*x10°L. In contrast, total lymphocyte count increased to (2.125+0.17***)x10°L, while total
granulocyte count decreased to (2.1125+0.169***)x10%L, and total monocyte count also decreased to
(0.3125+0.025**)x10°L. The percentage of lymphocytes (LYM%) increased to 46.625+3.73***%,_ while
the percentage of granulocytes decreased to 46.325+3.706***%. The percentage of monocytes showed a
slight change, reaching (7.05+£0.564%)%. Erythrocyte concentration in the blood was
4.936254+0.3949™x10'*/L, hemoglobin concentration (HGB) was 100.625+£8.05"™ g/L, the mean
corpuscular hemoglobin concentration (MCHC) was 274.875+21.99ns g/L, Mean corpuscular hemoglobin
(MCH) was 20.3375+1.627™ pg, and mean corpuscular volume (MCV) was 74.0625+5.925"™ fL. — both
remained unchanged. However, the platelet count increased significantly, reaching 227.5+18.2*** x10°/L.
Red cell distribution width (RDW) was 15.775+1.262™”, and hematocrit (HCT) was 36.525+2.922™% —
both showed no significant changes. Erythrocyte sedimentation rate (ESR) was 5.5+0.44* mm/h, indicating
a slight increase. However, the analysis of blood samples from offspring born to mothers who underwent
the fetal period of prenatal development under hypokinesia conditions revealed the following results: total
leukocyte count increased to (9.8+0.784**)x10°/L, total lymphocyte count was (2.225+0.178")x10°L, and
total monocyte count remained unchanged at (0.4125+0.033%)x10%L. Total granulocyte count
significantly increased to (9.725+0.778***)x10°L. The percentage of lymphocytes (LYM%) decreased to
22+1.76**%, while the percentage of granulocytes increased to (73.1625+5.853***)%. The percentage of
monocytes markedly decreased to 4.775+0.382***%. The erythrocyte concentration in the blood was
4.7425+0.3794"x10"?/L, showing no significant change. The erythrocyte sedimentation rate (ESR)
increased significantly to 6+0.48** mm/h. Hemoglobin concentration (HGB) was 100.125+8.01™ g/L,
mean corpuscular hemoglobin concentration (MCHC) was 298.625+£23.89"™ g/I., mean corpuscular
hemoglobin (MCH) was 20.725+1.658ns pg, and mean corpuscular volume (MCV) was 69.9125+5.593™
fL. The platelet count was 304.291254+24.3433"x10°/L. Red cell distribution width (RDW) was
15.075+£1.206™%, and hematocrit (HCT) was 33.23754+2.659"%, also showing no significant change
(Table 1, Table 2).

In addition to blood parameters, our studies also examined the reproductive outcomes of pregnant
rabbits and the viability of their offspring. We found that the factor of hypokinesia affects both the ability
of mothers exposed to hypokinesia during different stages of pregnancy to give birth and the survival rate
of their offspring.

During the experiments, in the control group at the embryonic stage, 67 offspring were born from
11 pregnant rabbits, and 7 of these offspring did not survive. In the experimental group, 7 out of 11 pregnant
rabbits carried their pregnancies to term. However, 27 of the offspring lost their viability. At the pre-fetal
stage, in the control group, 58 offspring were born from 9 pregnant rabbits, and 4 of them did not survive.
In the experimental group, 8 out of 9 pregnant rabbits carried their pregnancies to term, and 11 offspring
did not survive. However, during the fetal period, 56 offspring were born from 8 pregnant rabbits in the
control group, and 3 of them did not survive. In the experimental group, all 8 pregnant rabbits gave birth,
and 3 offspring lost their viability (Figs. 1, 2).
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Since our primary
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56 the effects of prenatal

re et e | - B e omnducod a
parameters, we conducted a

Embryonic period 43 6 comparative  analysis by
monitoring  both  normal

0 10 20 30 40 50 60 70 80 conditions and the impact of

# Number of newborns Experiment ~ ® Number of newborns hypokinesia. It is worth

noting that the evidence
obtained in these series
confirms and aligns with the
results of previous studies.
The findings of our research
indicate  that  significant
changes occur in
hematological parameters in
offspring born to mothers
u Neonatal deaths Experiment ~ ®Neonatal deaths Control who experienced hypoki-
nesia during various stages of
prenatal development. This
leads to functional impairments in the organism’s immune and hematopoietic systems. Similar to the
findings reported by Mizoguchi Y. [12], our study also shows that mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) of
erythrocytes remain unchanged. Although some researchers have reported a decrease in leukocyte count in
pregnant rabbits compared to non-pregnant ones [2], and studies conducted on New Zealand white rabbits
have also shown a significant reduction in white blood cell parameters during fetal development stages, we
have observed instances of increased leukocyte counts [12]. The increase in white blood cell counts at the
early stages of pregnancy in rabbits [9] aligns with the findings of our study. In summary, the increase in
the number of lymphocytes and platelets is associated with the activation of the immune system and the
intensification of inflammatory responses. The decrease in the number of granulocytes and monocytes
indicates a weakening of the immune defense system, which may reduce the organism’s resistance to
pathogens. The observed increase in erythrocyte sedimentation rate (ESR) reflects the presence of
inflammatory and stress conditions in the body. Various internal and external environmental factors during
pregnancy, including restricted physical activity, trigger stress responses that can ultimately lead to
mortality [14]. In our experiments, we observed decreased birth outcomes in female rabbits subjected to
hypokinesia during various stages of pregnancy and reduced viability of their offspring. When examining
the number of newborns and those that lost viability, it became clear that due to the effects of hypokinesia
at different pregnancy stages, a certain percentage of animals failed to give birth. This phenomenon was
most frequently observed in animals exposed to hypokinesia during the embryonic period. The fetal
period is considered the most resilient stage. Based on our research, we can state that hypokinesia can
negatively affect the organism’s physiological and reproductive functions. During space missions,
exposure to hypokinesia is particularly significant. Therefore, investigating the effects of hypokinesia
during pregnancy on the health of both the mother and fetus in long-term space flights is an important
and timely scientific issue.

Taken together, these findings underscore the detrimental impact of hypokinesia on maternal
physiology and reproductive performance. The implications of these results extend beyond terrestrial
biology, offering valuable insight into the risks associated with spaceflight conditions. As restricted
mobility is an inherent aspect of long-duration missions in space, understanding how it affects pregnancy
and fetal development is essential. Our study provides a scientific foundation for developing preventive
strategies aimed at safeguarding reproductive health under such conditions, whether in animal models or
future human space travelers.

These findings highlight the need for continued research into the physiological impacts of prenatal
hypokinesia, especially in the context of spaceflight and other conditions involving prolonged movement
restriction.

Fig. 1. Newborn counts during embryonic, pre-fetal, and fetal periods.
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Fig. 2. Neonatal death counts during embryonic, pre-fetal, and fetal periods.
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Conclusion

These results further clarify the impact of external factors on blood cell development during the
prenatal period, providing a foundation for future research. Although previous studies have examined the
effects of hypokinesia on the adult organism, the influence of hypokinesia on hematological parameters
during different stages of prenatal development has not been extensively investigated. Our study fills this
gap by systematically demonstrating how fetal hematological indicators change under conditions of
prenatal movement restriction. At the same time, it reveals how hypokinesia during various stages of
prenatal development affects reproductive outcomes and the viability of offspring. The results we obtained
can be regarded as a novel contribution to the evaluation of the effects of hypokinesia on prenatal
development and hematological parameters under space flight conditions, representing an innovation in the
field of space biology. These findings play a crucial role in protecting reproductive health and developing
appropriate interventions during long-term space missions. Our research highlights the necessity of
developing measures to prevent and mitigate hypokinesia during pregnancy, as well as the importance of
studying hematological parameters and physiological characteristics of pregnancy that are critical for life
in space conditions. Thus, our study provides a valuable contribution to fundamental scientific research
focused on investigating the effects of hypokinesia during different stages of pregnancy in space
environments.
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