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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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Abstract.
The characteristics of spontaneous electrical activity forming 

bursts of action potentials in the main rhythmogenic areas of 
the myometrium (ovarian area, cervical area, uterine corpus) 
were investigated. The results were analyzed by determining 
the values of the following parameters of action potentials: 
amplitude (A), mean rise-rate (V), rise-time (T/2), and half-
width (t). The obtained data indicate that the ovarian horn 
area represents a distinct rhythmogenic site, characterized by 
generation of bursts of discharges with properties unique to this 
area, in contrast to the activity patterns observed in the cervical 
horn area and uterine corpus.

Oxytocin, through its excitatory action, induces a synchronous 
increase in the measured parameters across the studied areas 
to the same extent. Comparable alterations in the main activity 
characteristics were observed under conditions of complete 
isolation of each uterine horn locus. Administration of oxytocin 
following isolation of loci resulted in a marked increase in 
spike amplitude and rise rate of action potentials in the ovarian 
area, approaching values observed in norm. Thus, these 
findings indicate that the ovarian horn area serves as a leading 
rhythmogenic site. Morphochemical results demonstrated 
the presence of different “functional” states in the examined 
myometrial areas, which is consistent with the presented 
electrophysiological data.

Key words. Ovarian horn area, spontaneous activity, 
transection, oxytocin, coordination of rhythmogenesis.
Introduction.

Among the visceral organs, the uterus is of particular 
importance due to its specific physiological role - regulating 
the contractile activity of the uterine corpus and fallopian 
tubes for the implementation of various reproductive functions, 
foremost of which is childbirth. This process is provided by the 
spontaneous electrical activity of the myometrium, whose cells 
behave as a functional syncytium [1,2].

The propagation of electrical activity is represented by 

successively grouped bursts of spike-like action potentials [2,3]. 
This form of spontaneous activity ensures the emergence of 
contractility, a fundamental determinant of myometrial function 
[3-5]. However, in norm, the propagation of the excitation 
wave is not observed, and this rhythmogenesis is shown only 
for the uterine corpus and local areas of the myometrium (the 
ovarian and cervical zones of the horns) [6,7]. Moreover, the 
propagation of a polarity-directed excitation wave is ensured 
by the ovarian horn area, which has been identified as a key 
rhythmogenic locus of the uterus [8,9]. 

All rhythmogenic regions of the uterine horns and the 
uterine corpus, while inherently myogenic and automatic, 
are modulated by humoral factors [10,11]. Among these, the 
hypothalamic neuropeptide released by the posterior pituitary, 
oxytocin plays a central role in regulating contractile activity 
[2,12,13]. Its excitatory effect, reflected in an increased 
frequency of spike discharges, may contribute to processes 
that ensure the integrative activity of all rhythmogenic areas 
in the myometrium. Investigating the electrophysiological 
properties of these regions provides important insights 
into the mechanisms that ensure their coordination for 
the implementation of the main contracture activity. 
The present work aimed to address the above-mentioned 
questions through an integrated approach combining 
electrophysiological and morphofunctional studies, alongside a 
comparative evaluation of activity parameters.
Materials and Methods.

Electrophysiological study: In vivo experiments were carried 
out on non-pregnant female rats weighing 200-250g. Animals 
were anesthetized by intraperitoneal injection of Nembutal (40-
45mg/kg). The peritoneal cavity was opened, and the uterine 
corpus with the uterine horns from two sides were exposed. 

The uterus was denervated by transection of the nerves 
plexus hypogastricus, uterinus, uterovaginalis. Oxytocin (5 
IU/ ml, Gedeon Richter, Hungary) loading dose 0.1 μg/kg was 
administered intravenously. Depending on the animal weight, 
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such concentration was possible to administrate by different 
injection volumes – from 0.2 mL to 0.3 mL.

Action potentials from the smooth muscles of the uterine 
tubes and uterine corpus were recorded simultaneously from 
the surface of the corresponding areas. Bipolar silver electrodes 
with a diameter of 0.5 mm were used. The distance between 
electrodes was 3 mm, and the resistance of the muscle tissue 
between the electrodes reached 100 – 120 kOhm. The potential 
difference formed among the electrodes was transmitted to a 
specially developed eight-channel electronic device, which 
provided amplification and digitisation of the incoming signals 
[14]. The digitised signals were then transmitted to a computer 
for visualisation, storage and subsequent analysis. The signal 
registration program was developed using the National 
Instruments Lab View Biomedical Toolkit. It should also be 
noted that the developed device ensures reliable recording of 
changes in electrical signals between different areas of muscle 
tissue with an accuracy of up to 5 μV. 

The analysis of the results was carried out by determining 
values of the main parameters of spontaneous action potentials: 
A – amplitude, V – mean rise-rate, T/2 – rise-time (action 
potential duration of upgoing phase) and t – half-width (action 
potential duration forming the upper half of its amplitude) of 
spikes, as well as D – total duration of bursts in 1 min and F – 
spike generation frequency. The subsequent statistical analysis 
of recorded signals was carried out by using Origin-8.5 and 
Sigma Plot 11.0 softwares. Statistical comparisons between two 
groups were performed using paired t-tests, while differences 
among more than two groups were analyzed using one-way 
ANOVA followed by appropriate post-hoc tests.
Histochemical study:

To investigate the morphofunctional properties of the rat 
uterine horns and corpus, a histochemical method was used to 
detect Ca2+- dependent acid phosphatase (AP) activity [15,16], 
which had been developed on the basis of the Homori method. 
Euthanasia of intact animals was performed using Nembutal 
(100 mg/kg, intraperitoneally). Experimental animals receiving 
oxytocin were first anesthetized with Nembutal (40–45 mg/
kg, intraperitoneally), followed by hormone administration. 
Five minutes later, additional Nembutal was administered for 
euthanasia. The extracted uterus was fixed in a 5% neutral 
formalin solution for 48 hours at +4°C. Sections of the 
relevant uterine areas were made in the frontal plane. Frozen 
sections, with a thickness of 30-40 μm, were transferred to 
freshly prepared incubation mixtures designed to detect the 
activity of Ca2+- dependent AP. The obtained specimens were 
examined under an OPTON light microscope (West Germany), 
micrographs were taken by using AmScope MU 800 camera.
Methodological procedure:

Following rinsing in distilled water, tissue sections were 
immersed in a freshly prepared incubation medium composed 
of 20 ml of 0.4% lead acetate solution, 5 ml of 1 M acetate 
buffer (pH 5.6), and 5 ml of 2% sodium β-glycerophosphate 
solution. The mixture was adjusted to a final volume of 100 ml 
with 3% calcium chloride solution (anhydrous), filtered, and 
used for incubation. Sections were incubated at 37 °C for 1.5–3 
h, subsequently rinsed in distilled water, treated with sodium 

sulfide solution for visualization, rinsed again, and finally 
mounted in balsam.

The histochemical method employed in this study enables 
the assessment of the activity of the examined structures, as it 
relies on the histochemical principle of identifying chemically 
active groups within the tissue—in this case, Ca²⁺-dependent 
acid phosphatase activity. The method applied fully satisfies 
the requirements of this principle. In living organisms, enzymes 
serve as biocatalysts that facilitate the progression of metabolic 
reactions due to the presence of active centers that convert a 
substrate specific to each enzyme [17]. This methodological 
approach is based on the detection of intracellular phosphorus-
containing compounds that play key roles in the energetic 
processes aimed at preserving and reproducing vital systems. 
This methodological approach, in addition to its histochemical 
significance, is of certain morphological interest. The obtained 
image is adequate, highly informative, and provides insight into 
specific metabolic pathways of the examined structures.

All procedures involving animals were carried out in 
accordance with the rules of the European convention for the 
protection of vertebrate animals used for experimental and other 
scientific purposes (Directive 2010/63/EU).
Results and Discussion.

Simultaneous recording of electrical activity allows the 
registration of bursts of action potential discharges from three 
autonomous rhythmogenic areas of the myometrium (Figure 
1). These periodically occurring bursts of activity discharges 
function independently and asynchronously, differing from one 
another in their characteristics [13,18].

Analysis of the main characteristics of action potentials 
forming bursts in each of the rhythmogenic areas under normal 
conditions revealed distinct differences in their properties. As 
shown in Table 1, the ovarian horn area is characterized by high-
amplitude spikes that markedly exceed those observed in the 
caudally located cervical horn area and the uterine corpus.

For clarity of analysis, all results are presented as percentages 
relative to the action potential parameters of the ovarian horn 
area, which was taken as the control - 100% (Figure 2).

As shown in the figure, activity parameters differ between 
areas: spike amplitude and mean rise-rate are markedly higher 
in the ovarian horn area, whereas spike rise-time is more than 
threefold and half-width is more than twofold lower compared 
with the cervical horn area and uterine corpus.

The data obtained in this study indicate a somewhat distinct 
pattern of activity in the ovarian horn area, which generates 
characteristic bursts of discharges that differ from those 
observed in the more caudally areas of the myometrium. The 
revealed differences in the parameters of action potentials 
forming activity bursts in the ovarian, cervical horn areas and 
uterine corpus may underlie corresponding variations in the 
properties of the bursts themselves. At the same time, although 
bursts originating in these regions do not occur simultaneously, 
their synchronized activity within certain time intervals cannot 
be excluded (Figure 1B). The highest spike amplitude and rise - 
rate were observed in the ovarian horn area of the myometrium, 
with these parameters gradually decreasing in the cervical horn 
area and the uterine corpus.
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Figure 1. A. Schematic representation of the rat uterine corpus and uterine tubes showing the sites of activity registration from the ovarian (1), 
cervical (2) areas of the left uterine tube, and the uterine corpus (3). Sites of uterine tube transections are indicated as I–III. B. Representative 
bursts of electrical activity recorded from areas 1–3 of the myometrium. C. Overlay of averaged action potential waveforms obtained from activity 
bursts in regions 1–3 (n = 14).

Figure 2. Percentage values of action potential parameters from different areas of the myometrium relative to the ovarian area (n = 14).

Figure 3. Effect of oxytocin on the spontaneous electrical activity of regions 1, 2, and 3 (see Figure 1). A — Percentage ratios of action potential 
parameters after oxytocin administration in relation to the norm. The dashed line indicates the norm (baseline level, 100%).  Statistical comparisons 
were performed using paired t-tests; ***P < 0.001. B (a) — Superimposed averaged waveforms of action potentials recorded from the ovarian 
horn area in norm (solid line) and under oxytocin exposure (dashed line). B (b) — Same as in panel “B (a)” for the cervical horn area. B (c) — 
Same as in panel “B (a)” for the uterine corpus. n = 14.
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Figure 4. Effect of oxytocin on spontaneous electrical activity after disruption of interconnections between rhythmogenic areas. A — Percentage 
ratios of action potential parameters relative to norm (prior to transection, baseline level, 100%) following isolation of the regions. B — Percentage 
ratios of action potential parameters relative to norm (prior to transection, baseline level, 100%) following oxytocin administration in isolated 
areas. For panels A and B, the dashed line indicates the baseline (100%). Statistical comparisons were performed using paired t-tests; *p<0,05, 
***p < 0.001. C(a) — Superimposed averaged waveforms of action potentials recorded from the ovarian horn area in norm (solid line), after 
isolation (dash-dotted line), and following oxytocin administration (dashed line). C(b) — Same as in panel “C(a)” for the cervical horn area. C(c) 
— Same as in panel “C(a)” for the uterine corpus. n = 14.

Figure 5. Frontal sections of the rat uterus in norm (A-C) and under the effect of oxytocin (D-F): А, D - ovarian horn area; B, E- cervical horn 
area; C, F - uterine corpus; 1 - inner layer, 2 - middle layer, and 3 - outer layer of the myometrium. Electrophysiological recordings were obtained 
using surface electrodes and reflect the activity of the entire muscle layer.  Magnification: 160x (A-F), digital magnification - 8MP.

Registration areas and 
number of experiments, n

Amplitude of action potentials 
(A), µV

Mean rise-rate of spikes 
(V), µV/sec

Half-width of spikes (t), 
sec

Rise-time of spikes 
(T/2), sec  

Ovarian horn area (1),
n =14 86,02±1,71 1747,86±32,72 0,04±0,00 0,05±0,00  

Cervical horn area (2),
n =14 50,40±1,32 1023,29±28,29 0,04±0,00 0,05±0,00  

Uterine corpus (3),
n =14 33,42±1,40 836,39±29,55 0,04±0,00 0,04±0,00

Table 1. Parameters of spontaneous action potentials in different areas of the rat myometrium in norm. (M ± SEM).
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Statistical Comparison of 
Myometrial Regions

Amplitude of action potentials 
(A), µV

Mean rise-rate of spikes 
(V), µV/sec

Half-width of spikes 
(t), sec

Rise-time of spikes 
(T/2), sec 

Mean difference Difference of Ranks

Ovarian horn area vs 
Cervical horn area

35,59
P<0.001
***

911,46
P<0.001
***

0,00614
P<0.001
***

57,000

Ovarian horn area vs
Uterine corpus

52,66
P<0.001
***

724,57
P<0.001
***

0,00629
P<0.001
***

265,500
P<0.05
*

Cervical horn area
vs Uterine corpus

17.07
P<0.001
***

186,89
P<0.001
***

0,000143
322,500
P<0.05
*

Table 1.1. One-way ANOVA summary for amplitude, rise-rate, and rise-time across myometrial regions. Amplitude differed significantly among 
regions (F(2,39)=327.86, P<0.001; normality P=0.283; homogeneity P=0.651), with post-hoc Holm–Sidak tests showing differences between 
all areas. Rise-rate also showed a significant regional effect (F(2,39)=253.43, P<0.001; normality P=0.120; homogeneity P=0.584), with 
all pairwise differences significant (confirmed by Post-hoc Holm–Sidak tests). Half-width differed among regions (F(2,39)=19.31, P<0.001; 
normality P=0.598; homogeneity P=0.921); uterine corpus and cervical horn area values were longer than ovarian horn area (P<0.001), with 
no difference between uterine corpus and cervical horn area (P=0.902) (confirmed by Post-hoc Holm–Sidak tests). A Kruskal–Wallis test for rise-
time (H(2)=28.40, P<0.001; normality P=0.201; homogeneity P<0.05) confirmed shorter uterine corpus T/2 than ovarian and cervical horn area 
(P<0.05), while ovarian and cervical did not differ (P>0.05) (Post-hoc Tukey pairwise comparisons).  *P<0,05, ***P < 0.001.

Registration areas and number of 
experiments, n

Active state duration (D), min
Norm Oxytocin administration 

Ovarian horn area (1), n = 14 0,63± 0,03 0,72±0,06
Cervical horn area (2), n = 14 0,46± 0,04 0,55±0,05
Uterine corpus (3), n = 14 0,5±0,05 0,63±0,04

Table 2. Duration of Active State in norm and after oxytocin administration (M ± SEM).

Registration areas and number 
of experiments, n

Active state duration (D), min
Norm Transection Oxytocin administration

Ovarian horn area (1), n = 14 0,63± 0,02 0,45±0,01 0,63±0,05
Cervical horn area (2), n = 14 0,49±0,04 0,29±0,02 0,38±0,03
Uterine corpus (3), n = 14 0,57±0,04 0,35±0,03 0,42±0,04

Table 4. Duration of Active State in norm, after transection, and after oxytocin administration (M ± SEM).

The excitatory effect of oxytocin is manifested by an increase 
in the frequency of burst discharges and an enhancement of 
contractile activity [4,19]. Moreover, oxytocin may contribute 
to processes that ensure the integrative functioning of all 
rhythmogenic areas of the myometrium. In this context, analysis 
of the characteristics of autonomous spontaneous rhythmogenic 
areas of the myometrium may provide insight into the 
interactions between them under the influence of oxytocin.

As shown in Figure 3A, under these conditions, all three 
examined areas exhibited a marked increase in the action 
potential amplitude and rise-rate (ovarian region – by 41.85% 
and 36.8%, cervical region – by 39.31% and 39.77%, uterine 
corpus – by 40.62% and 35.84%, respectively). Thus, oxytocin 
promotes a nearly synchronous increase in these parameters 
across all investigated loci by approximately the same 
magnitude. An increase in the duration of active state was also 
observed in all registration areas (ovarian horn area – by 0.09 
min, cervical horn area – by 0.09 min, uterine corpus – by 0.13 
min) (Table 2).

In the next series of experiments, the effect of oxytocin on 
the spontaneous activity of completely isolated from each 
other pacemaker areas were examined. Initially, simultaneous 
registration of activity from all rhythmogenic loci was performed 
under normal conditions, after which each locus was fully 

isolated by transecting horns in the corresponding sites (Figure 
4A). Following isolation of all regions, similar changes in 
activity characteristics were observed: the amplitude and spike 
rise- rate parameters decreased to a comparable extent in the 
ovarian horn area (by 31.87% and 35.56%), cervical horn area 
(by 31.12% and 34.21%), and uterine corpus (by 34.26% and 
36.14%). For each area, the duration of the active state changed 
by similar values: ovarian horn area– by 0.18 min, cervical horn 
area – by 0.20 min, and uterine corpus – by 0.22 min (Table 3).

However, following oxytocin administration under isolation 
conditions, the changes in all analyzed action potential 
parameters differed from those observed in the other regions 
(Figure 4B). In the ovarian horn area, both the amplitude and 
rise- rate of spikes increased, approaching their values observed 
in norm. Notably, the duration of the active state in the isolated 
ovarian region also increased under oxytocin influence, reaching 
the level recorded before transection (Table 3).

Morphohistochemical analysis revealed the presence of 
distinct “physiological” states within the examined areas. In 
intact animals, myogenic structures in the vicinity of the ovarian 
horn area were more intensely stained (Figure 5A), whereas 
moderate staining of myogenic elements was observed in the 
cervical horn area and uterine corpus (Figure 5B,C). Following 
oxytocin administration (Figure 5D–F), an enhancement of 
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smooth muscle cell metabolism was observed along the entire 
uterine horns and uterine corpus, compared with intact animals 
(Figure 5A–C), with the ovarian horn area exhibiting the 
greatest activation (Figure 5D).

The above histochemical findings are consistent with the 
electrophysiological data.
Conclusion.

According to the performed analysis, oxytocin led to a marked 
increase in spike amplitude and rise- rate in the isolated ovarian 
horn area relative to other rhythmogenic areas, exhibiting the 
most pronounced post-transection enhancement. Under oxytocin 
exposure, the most pronounced enhancement of metabolic 
activity is also observed in the smooth muscle cells of the 
ovarian horn area. Hence, regions with higher Ca²⁺-dependent 
acid phosphatase activity corresponded to areas of more intense 
electrophysiological activity, suggesting a functional link that 
warrants further investigation in future studies. 

Based on the obtained data, it can be concluded that the 
ovarian area of the myometrium plays a leading role in the 
synchronization of activity among the different uterine areas, 
which display distinct electrophysiological characteristics, 
under the influence of oxytocin.
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