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The condition of organism of girls throughout their repro-
ductive years is constantly influenced by the dynamic fluctua-
tions of their hormonal background. The effect from influence 
of cyclic changes of hormonal secretion on all organ systems 
has been studied for a long time [1]. As a rule, researchers are 
interested in adaptation changes in the organism of girls engaged 
in a certain sport or having a high level of sports qualification, 
but data on the functional state of girls with low motor activity 
are practically non-existent. It must be noted, that today there is 
still ambiguity in scientific data regarding the nature of changes 
in women’s functional capabilities over the menstrual cycle 
[5,6,8,11,15–17], in particular, the adaptation reactions of the 
cardiovascular system (CVS) [2,3,14,18,23].

The study of the dynamics of the mechanisms of regulation 
of cardiac activity of girls with low motor activity (LMA) dur-
ing the ovarian-menstrual cycle (OMC) has a certain scientific-
theoretical and practical interest. On the one hand, the state of 
CVS can be considered as an indicator of the reserves of func-
tional capabilities, because it is the most sensitive to a variety 
of different factors [1, 2], and the level of activity and the ad-
equacy of CVS reactions, in particular, to physical activity, is 
determined by the state of control mechanisms of the autonomic 
nervous system, which is described by changes in the heart rate 
[2,3,14,22,25]. On the other hand, girls 17–22 years old with 
LMA are under the influence of more stable endocrine fluctua-
tions compared to sportswomen.

Objective – to study the dynamics of functional capabilities of 
girls of 17–22 years old with different vegetative status during 
the ovarian-menstrual cycle.

Material and methods. 28 girls took part in research – there 
were students of Faculty of Primary Education, Preschool Peda-
gogy and Psychology, whose physical activity was limited to one 
physical activity per week. Among many classifications of the 
menstrual cycle (MC) phases the most optimal is the classifica-
tion proposed by the Institute of Gerontology AMS of Ukraine, 
which consists in dividing the menstrual cycle into 5 phases: 
menstrual (I), postmenstrual (II), ovulatory (III), postovulatory 
(IV) and premenstrual (V), according to which the study was 
conducted. The menstrual cycle of girls was not violated for 3 
months, which made it possible to use the calendar method of 
phase determination by N.V. Svechnikova [5,9,17].

All research was conducted on the basis of the Department of 
Biology and Health Protection at the Laboratory of Age Physiol-
ogy of Sports of South Ukrainian National Pedagogical univer-
sity named after K.D. Ushinsky (Odessa) with observance of 
the basic bioethical provisions of the Convention of the Council 
of Europe on Human Rights and Biomedicine (04.04.1997), the 
Declaration of Helsinki of the World Medical Association on 
ethical principles of scientific medical research with the partici-
pation of human beings (1964-2008), as well as the Order of the 
Ministry of Health of Ukraine № 690 of 23.09.2009.

The following methods were used to achieve this goal: ques-
tioning, anthropo-physiometry, electrocardiography with the 
following definition of the variability of the heart rate by R.M. 
Baevsky [2,3], cycle ergometry, the calendar method for deter-
mining the phases of the menstrual cycle,, blood pressure mea-

surement of systolic, diastolic, pulse (ADs, ADD, PD), calcula-
tion of systolic and minute blood volume, statistical methods for 
processing research results.

Work on the cycle ergometer VED-12 was used as a muscle 
load according to D.N. Davidenko’s methodology [7], modern-
ized in our laboratory. Testing consisted in a smooth, continuous 
increase in load power from zero to heart rate (HFR) 150–155 
beats per minute, after which, according to the program the oper-
ating power was reduced to the initial level with the same speed.

Heart rate variability (HRV) was studied before cycle ergo-
metric loading (at rest), at the moment of reverse (at HFR=150–
155 beats per minute), at the end of work and at the 5th minute 
of recovery, sitting on the cycle ergometer. To assess HRV, a 
series of indicators characterizing the state of the autonomic ner-
vous system was determined: Мо (с), АМо (%), ∆Х (с). Based 
on these indicators, the indices were calculated on the proposed 
R. M. Baevsky [2], which are used to assess the regulation and 
adaptation of the cardiovascular system to physical activity – ac-
tivity of the humoral regulation channel (AHRC, c. u.), vegeta-
tive rhythm indicator (VRI, c. u.), vegetative equilibrium index 
(VEI, c. u.), indicator of the adequacy of regulatory processes 
(IARP, c. u.) and regulatory voltage index (RVI, c. u.).

Statistical processing of the results was carried out using the 
SPSS 16 application software. The obtained results are present-
ed in the form of M±m, where M is average and m is average 
error. To compare the dynamics of the indicators were used to 
determine the Wilcoxon criterion and the Mann-Whitney U-test. 
Reliable differences were considered to be differences at p<0.05. 

The work was done in accordance with the plan of research 
work of the Department of Biology and Health Protection of 
University named after K.D. Ushinsky «Systemic adaptation 
to physical and mental stress at certain stages of human onto-
genesis» (N state registration. 0109U000206), «Adaptation of 
children and young people to educational and physical activities 
(boys aged 17–21)”. (N state registration 0114U007158).

Results and their discussion. The physical development of 
the surveyed girls according to the mean group anthropo-physio-
metric data was in compliance with age and sex standards [5]. It 
is common knowledge, that women of reproductive age change 
the activity of the vegetative nervous system and the humoral 
regulatory channel during the menstrual cycle under the influ-
ence of estrogen and progestin concentration (gestogens) ac-
cordingly, parasympathetic and cholinergic influences predomi-
nate in the first half of the cycle, and sympathetic and adrenergic 
influences predominate in the second half [10,17,19,20,24]. In 
the state of relatively rested muscles, in each phase of MC, we 
determined the state of vegetative type of regulation (vagotony, 
normotonia, sympathicotonia) on the level of stress index. Other 
criterias, such as those integrated into the RVI calculation, had 
corresponding changes in RVI dynamics of fluctuations.

The first – vagotonic - type of regulation was observed in 
35.7–60.7% of girls. It was mostly manifested in postmenstrual 
(60.7%) and postovulatory (53.6%), the lowest – in premen-
strual (39.3%) and menstrual (35.7%) phases of MC. Eutonic 
type of influence included 7.1–35.7 % of the surveyed persons. 
This type of regulation was observed in a higher number of girls 
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in the premenstrual (35.7%), menstrual (32.2%) and ovulatory 
(32.2%) phases. The third type of regulation, sympathicotonic, 
indicated a reduction of adaptation possibilities in 21.4% of 
girls in the postmenstrual and ovulatory phases and in 32.1% 
in the menstrual phase, and 39.3% in the postovulatorial phase 
of OMC. 

To assess the peculiarities of vegetative regulation of the 
cardiovascular system of girls and its reactions to muscular ac-
tivity were tested in a closed cycle (with reversal) with dosed 
physical activity. The results of ergometry showed unreliable 
(p>0.05) higher efficiency, according to PWC170, in postmen-
strual (129.62±3.58 W) and premenstrual (133.52±3.37 W), and 
a little lower (p>0.05) – in ovulatory (127.08±4.17 W) and post-
ovulatory (127.34±3.18 W) phases of MC, which can demon-
strate the limiting role of menstruation and ovulation processes 
in the manifestation of functional capabilities [13,17]. However, 
the data obtained do not allow to fully assessing the degree of 
influence of vegetative regulation on the mechanisms of adapta-
tion to physical activity in different phases of OMC. To solve 
this problem, we have divided the general group into subgroups 
in accordance with the type of heart rate regulation defined in 
the menstrual phase of MC.

As the results of individual analysis of initial HRV data have 
shown, the girls with predominance of the vagotonic type of 
vegetative regulation showed higher physical performance on 
the background of low estrogen-progesterone concentration 
in menstrual (І) and premenstrual (V) and lower - on estrogen 
peaks - in ovulatory (III) and postovulatory (IV) phases of OMC 
(Fig. 1). It is unreliable (p>0.05) that the higher physical per-
formance of girls in phases I and V was followed by a signifi-
cant tension of regulatory mechanisms, which is confirmed by 
the higher tension of regulatory mechanisms (RVI) during the 
whole testing in comparison with other phases of MC.

Fig. 1. Dynamics RVI and PWC170 girls 17–22 years old with 
vagotonic type of heart rate regulation during the ovarian-men-
strual cycle (I–V phases of OMC) during closed cycle testing 
(with reverse). Note: * – there are significant differences be-
tween vagotonic and normotonic girls (р<0.05)

It must be noted that in the menstrual phase the recovery pro-
cesses were more intensive than in the premenstrual phase of 
MC and were characterized by the increased influence on the 
cardiac activity of the parasympathetic part of the autonomous 
nervous system, which indicates the resistance of girls of 17–22 
years old with a vagotonic type of heart rate regulation to physi-
cal activity and a higher potential reserve (increase of RVI val-
ues by 50.1% and 59.1%, correspondingly, in phase I and V). 
The low performance of the vagotonics in phases III and IV was 

determined, on the one hand, by a moderate level of regulation 
voltage before testing and on the other hand, by the high reac-
tive mobilization of adaptive reserves in the process of muscu-
lar work. At the same time, adaptation to the stress varying in 
a closed cycle was accompanied by more costly physiological 
mechanisms due to the activation of sympatho-adrenal system, 
which is indicated by the fixed values of cardiac rhythm at rest 
and at the end of the stress (increase in the values of RVI by 
23.2% and 58.3%, respectively, in phases III and IV).

The girls with normotonic type of ANS have performed a 
larger volume of work and accordingly, have demonstrated high 
values of PWC170, in menstrual (133,47±3,68 W) and ovulatory 
(135,2±8,4 W) and smaller – in postmenstrual (129,22±7,44 W) 
and postovulatory (126,45±7,18 W) phases of MC (Fig. 2) that 
testifies to significant adaptation reserves in the physiological 
stress phases, in spite of the established opinion [5,12,17,21].

The higher work capacity of normotonics in the menstrual 
phase, as compared to vagotonics, was accompanied by a higher 
tension of regulatory mechanisms (RVI) at rest (111.93±5.84 
c. u.), on the reverse of the load (1551.12±180.3 c. u.) and a low 
intensity of regenerative processes (196.62±35.24 c.  u.). The 
initial state of HRV of girls-normotonics in the ovulatory phase 
corresponded to the middle of the age norm (89.18±11.36 c. u.) 
and was characterized by a significant, but smaller reaction to 
the load in relation to the shifts in the menstrual phase (RVI on 
the reverse increased to 1088.2 c. u.). By the time of leaving the 
load RVI decreased to 883.95 c. u. and significantly decreased 
after 5 minutes of rest after work (to 94.8 c. u.), which indicates 
a more optimal level of functional capacity mobilization in this 
phase for the manifestation of general physical performance and 
preservation of homeostasis.

The decreased adaptive capacity, and consequently the 
PWC170, in the postmenstrual (129.22±7.44 W) and postovula-
tory (126.45±7.18 W) phases was accompanied by a high reac-
tive response (RVI 1838.08±196.41 c. u. and 1541.42±177.21 
c.  u., correspondingly) and slower processes of restitution 
(150.85±26.34 c. u. and 185.4±22.06 c. u., correspondingly).

Fig. 2. The dynamics of RVI and PWC170 girls of 17–22 years 
old with normotonic type of heart rate regulation during the 
ovarian-menstrual cycle (I–V phase of OMC) during the closed 
cycle testing (with reverse). Note: * – the significant differ-
ences between the data of nortotonic and sympathicotonic girls 
(р<0.05)

The examined persons with ANS sympathicotonic type in con-
trast to normotonics carried out muscle loading with better results 
in postmenstrual (129.39±5.69 W) and postovulatory (130.95±7.27 
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W) phases and with the worst results in menstrual (119.17±8.14 W) 
and ovulatory (121.94±6.48 W) phases of MC (Fig. 3). The same 
results were obtained by other researchers, who indicate a natural 
decrease in stress in these phases [5,11,13,17]. 

In fact, as in the postmenstrual (121.96±26.48 c. u.), as in the 
postovulatoriual (67.7±11.5  c.  u.) phases, the level of regula-
tion mechanisms tension at rest was reliably (p<0.05) lower, and 
its increase in the process of cycle ergometric test was charac-
terized by a smaller diapason in comparison with other phases 
(RVI in these phases was, respectively, on the reverse and at the 
end of the load 1334.88 c. u. and 1223.25 c. u.; 1105.88 c. u. and 
1085.86 c. u.). The recovery was also faster than in other phases 
of the menstrual cycle. 

Fig. 3. The dynamic of RVI and PWC170 of girls 17–22 years 
old with sympathycotonic type of cardiac rhythm regulation dur-
ing the ovarian-menstrual cycle (I–V phases of CMCs) during 
closed cycle testing (with reverse). Note: * – there are signifi-
cant differences between the data of sympathicotonic girls and 
vagotonics (р<0.05) 

Significant level of activation of heart rate regulation mecha-
nisms in relative rest in menstrual, ovulatory and premenstrual 
phases, according to the criteria of R.  M.  Baevsky, indicates 
a significant strain on regulatory systems, which was more 
likely to be detected and maintained throughout testing when 
girls were exposed to physical activity. It is notable that during 
these phases a part of the studied (44.4–66.7%) had lower IN by 
5.68–25.88 c. u. during the recovery period than at rest, which 
indicates the imbalance of the regulation mechanisms and sig-
nificant exhaustion of the reserve capacity of both the nervous 
and humoral channels of heart rate regulation.

Conclusions. 1. The absence of reliable differences between the 
obtained data on the work capacity girls of 17–22 years old with a 
low level of motor activity during the ovarian-menstrual cycle in 
each group of the selected types of cardiorhythm regulation (va-
gotony, normotonia, sympathicotonia) testifies to the insignificant 
degree of the influence of hormonal oscillations on the functionality 
of girls with low motor activity, independent of the type of vegeta-
tive regulation. The analysis of the cardiovascular system reaction 
to the cycle ergometric test indicates different “cost” of adaptation 
to muscle load in different phases of OMC for girls with differ-
ent types of vegetative regulation. According to the results of cycle 
ergometric testing, it was found out that vagotonics are character-
ized by higher (130.28±6.1 W), and sympathicotonics – by lower 
(126.1±6.37 W) values of PWC170 as an integral indicator of the 
body’s functional capabilities. 

2. The data of individual analysis indicate the existence of dif-
ferent levels of homeostasis and mechanisms of its support in 
patients with different types of vegetative regulation through-
out the OMC. The optimal phases of physical performance for 
girls with vagotonic type of regulation are menstrual and pre-
menstrual, with normotonic – menstrual and ovulatory, with 
sympathicotonic – postmenstrual and post-menstrual phases of 
OMC. Physical activities in other phases of the cycle increase 
the level of functional stress and can provoke pre-pathological 
and pathological conditions.
3. The determination of the predominant type of autonomic ner-
vous regulation in a state of relative muscle rest allows a more 
objective assessment of the functional capabilities of girls aged 
17–22 years with low level of motor activity and to carry out on 
their basis control and dosing of physical activity, which will 
provide optimal health effects of muscular activity without the 
development of tension or failure of adaptation. The obtained 
information can be used by specialists in the area of physical 
culture and sports, fitness coaches, and employees of health-
improving rehabilitation centers.
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SUMMARY

DYNAMICS OF FUNCTIONAL CAPABILITIES AMONG 
17-22 YEARS OLD  GIRLS WITH DIFFERENT VEGETA-
TIVE STATUS DURING THE OVARIAN-MENSTRUAL 
CYCLE

Bosenko A., Orlik N., Palshkova I.

State Institution “South Ukrainian National Pedagogical Uni-
versity named after K.D. Ushinsky”, Odessa, Ukraine

The aim of the research is to study the dynamics of functional 
capabilities of 17–22 year old girls with different vegetative 
status during the ovarian-menstrual cycle. By the use of ques-
tionnaires and anthropo-physiometry, 28 girls with low motor 
activity and a regular (more than 3 cycles) menstrual cycle were 
selected, which allowed to determine the phases by calendar 
method. All of the surveyed people were in the main medical 
group of health. The modernized method of D. N. Davidenko 
muscular load was used. The heart rate was recorded at rest 
when the heart rate was reached at 150–155 beats per minute, 
at the end of testing and on the 5th minute of recovery, sitting 
on the cycle ergometer. To estimate the variability of the heart 
rate, a number of indicators proposed by R. M. Bayevsky were 
calculated to characterize the state of the vegetative nervous 
system. The degree of centralization of heart rate control was 
determined by means of a stress index, on the basis of which the 
group of patients was divided into subgroups depending on the 
type of regulation in the state of relative rest in the first (men-
strual) phase of the menstrual cycle. It has been identified that 
vagotonics are characterized by higher, and sympathicotonics – 
by low values of PWC170, as an integral indicator of the body’s 
functional capabilities. 

The optimal phases of physical performance for girls with vago-
tonic type of regulation are menstrual and premenstrual, with nor-
motonic – menstrual and ovulatory, with sympathicotonic – post-
menstrual and postovulatory phases of OMC. Physical activity in 
other phases of the cycle increases the level of functional stress and 
can provoke pre-pathological and pathological conditions.

Keywords: ovarian-menstrual cycle, variability in heart rate, 
hormone, cycle ergometry, functional capabilities. 

РЕЗЮМЕ

ДИНАМИКА ФУНКЦИОНАЛЬНЫХ ВОЗМОЖНО-
СТЕЙ ДЕВУШЕК 17–22 ЛЕТ С РАЗНЫМ ВЕГЕТАТИВ-
НЫМ СТАТУСОМ В ПЕРИОД ОВАРИАЛЬНО-МЕН-
СТРУАЛЬНОГО ЦИКЛА

Босенко А.И., Орлик Н.А., Пальшкова И.А.

Государственное учреждение «Южноукраинский нацио-
нальный педагогический университет им. К.Д. Ушинского», 
Одесса, Украина

Исследования посвящены изучению динамики функцио-
нальных возможностей девушек 17–22 лет с разным вегета-
тивным статусом в период овариально-менструального цикла 
(ОМЦ). С помощью анкетирования и антропо-физиометрии 
выбрано 28 девушек с низкой двигательной активностью и ре-
гулярным (более 3-х) менструальным циклом, что позволило 
определить фазы по календарному методу. Все обследован-
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ные женщины относились к основной медицинской группе 
здоровья. В качестве мышечной нагрузки использовалась 
модернизированная методика Д.Н. Давиденко. Запись сер-
дечного ритма осуществлялась в покое, в момент дости-
жения ЧСС=150–155 уд/мин, в конце тестирования и на 5 
минуте восстановления, сидя на велоэргометре. Для оценки 
вариабельности сердечного ритма рассчитывался ряд по-
казателей, предложенных Р.М. Баевским, характеризующих 
состояние отделов вегетативной нервной системы. Степень 
централизации управления ритмом сердца определялась с 
помощью индекса напряжения, на основе чего группа об-
следованных была разделена на подгруппы в зависимости 
от типа регуляции в состоянии относительного покоя в пер-

вой менструальной фазе цикла. Выявлено, что ваготоники 
характеризуются более высокими, а симпатикотоники – 
низкими значениями PWC170, как интегрального показателя 
функциональных возможностей организма. 

Оптимальными фазами проявления физической рабо-
тоспособности для девушек с ваготоническим типом ре-
гуляции являются менструальная и предменструальная, с 
нормотоническим – менструальная и овуляторная, с сим-
патикотоническим – постменструальная и постовуляторная 
фазы ОМЦ. Физические нагрузки в других фазах цикла 
увеличивают уровень функционального напряжения и мо-
гут спровоцировать предпатологические и патологические 
состояния. 

ON THE ISSUE OF STANDARDIZATION OF UTERINE NATURAL KILLER CELL 
MEASUREMENT IN PATIENTS WITH RECURRENT PREGNANCY LOSS

Chiokadze M., Kristesashvili J.

The Centre for Reproductive Medicine „Universe“, Tbilisi, Georgia

Recurrent pregnancy loss (RPL) affecting 2-5% of women of 
reproductive age is still big clinical challenge for gynaecologists 
worldwide. Despite the extensive research up to 50% of cases 
still remain unexplained, the vast majority of which is thought 
to be due to immunological causes [9,10]. Disturbed endome-
trial factor, as a result of altered number and proportion of uter-

ine Natural Killer (uNK) cells and its subtypes, is regarded as 
one of the most controversial immunological pathways of RPL 
[2,11,23]. Methods of measurement of uNK cells during the 
last decades have been challenged with many factors that have 
produced various types of investigational errors and differences 
in results between the research centres worldwide [8,12,18]. 

reziume

sxvadasxva vegetaturi statusis mqone 17-22 wlis gogonebis funqciuri SesaZleblobebis dinamika 
ovariul-menstrualuri ciklis periodSi

a.bosenko,  n.orliki, i.palSkova

samxreT ukrainis k.uSinskis saxelobis erovnuli pedagogiuri universiteti, odesa, ukriana

kvleva eZRvneba sxvadasxva vegetaturi statu-
sis mqone 17-22 wlis gogonebis funqciuri Sesa-
Zleblobebis dinamikis Seswavlas ovariul-men-
strualuri ciklis (omc) periodSi. Aanketirebis 
da anTropofiziometriis saSualebiT SerCeulia 
28 axalgazrda qali dabali moZraobiTi aqti-
vobiT da regularuli menstrualuri cikliT, 
ramac SesaZlebeli gaxada omc-is fazebis dad-
gena kalendaruli meTodiT.  kunTovani datvirT-
vis saxiT gamoyenebuli iyo d. davidenkos moder-
nizebuli meTodi. Ggulis ritmis registracia 
xorcieldeboda mosvenebis mdgomareobaSi, gulis 
cemis sixSiris miRwevisas 150-155-mde wuTSi, tes-
tirebis bolos da aRdgenis mexuTe wuTze, velo-
ergometrze jdomis pirobebSi.
gulis ritmis variabelobis SefasebisaTvis 

gamoiTvleboda r. baevskis mier vegetaturi ner-
vuli sistemis ganyofilebebis daxasiaTebisaT-
vis mowodebuli maCveneblebi.  gulis ritmis mar-

Tvis centralizaciis xarisxi ganisazRvreboda 
daZabvis indeqsiT, romlis safuZvelze gamo-
kvleulTa jgufi daiyo qvejgufebad, regula-
ciis tipis mixedviT SedarebiTi mosvenebis md-
gomareobaSi omc-is pirvel fazaSi. Ddadgenilia, 
rom vagotonikebi xasiaTdebian PWC170-is – or-
ganizmis funqciuir SesaZleblobebis integral-
uri maCveneblis - ufro maRali, xolo simpaTiko-
tonikebi – ufro dabali sididiT. 
fizikuri Sromiunarianobis gamovlinebis op-

timalur fazas vagotoniuri tipis axalgazrda 
qalebSi warmoadgens omc-is menstruaciis da 
winamenstrualuri fazebi, normotoniurSi – men-
struaciis da ovulaciis, simpaTikotonurSi ki 
– postmenstrualuri da ovulaciis Semdgomi fa-
zebi. fizikuri datvirTva omc-is sxva fazebSi 
zrdis funqciur daZabvas da, SesaZloa, gaxdes 
paTologiiswina da paTologiur mdgomareobaTa 
provocirebis mizezi.


