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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

The influence of oxytocin on spontaneous electrical activity
of the ovarian horn areas as well as the uterine corpus has
been studied. Analysis of the main characteristics of activity
parameters (amplitude of action potentials, spike generation
frequency and total duration of bursts in 1 minute time frame)
revealed some notable differences between above mentioned
areas. In norm, the highest values of automatism indicators
were noted for the left horn. Oxytocin, however, significantly
enhances all three parameters. Under its influence, the indicators
of the right horn predominate over the values of their own norm,
thus emerging among all rhythmogenic loci. Perhaps oxytocin
contributes to the activation not only of both fallopian tubes but
also of the uterine corpus itself, facilitating the regulation of
activity in all three areas.

Key words. Fallopian tubes, ovarian horn areas, uterine
corpus, spontaneous activity, oxytocin.

Introduction.

The complex of reproductive organs, including the right and
left fallopian tubes, as well as the uterine corpus, is characterized
by autonomous electrical thythmogenesis. The main functional
role of the above-mentioned structures is realized through
contractile activity, provided by spontaneous electrical activity
in the form of high-frequency action potentials which are
gathered in discrete groups or bursts of spikes: each burst of
electrical activity is accompanied by contractile event with a
short delay [1-3]. To maintain persistence of this process,
genesis of coordinated multiple, high-frequency spikes of
high-amplitude is necessary. Such bursts determine the main
characteristics of electrical activity discharges that contribute to
the spread of excitability along the organs of the system [1,4-6].

Unlike the uterine corpus, rhythmogenic areas of the uterine
tubes are located at the opposite ends of each horn. Impulses
of electrical activity propagating in the caudal direction arise in
the ovarian horn areas, which play a leading role in the genesis
of spontaneous contractions [4,7,8]. At the same time, very
interesting is the fact that there is a certain asymmetry between
the parameters of automatism in the fallopian tubes, while the
physiological role of both horns is same [9].
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Even though the uterine corpus has its own autonomy,
there is some similarity in characteristics with the upper horn
areas [1,10]. Based on the above, it is interesting to study the
relationship between electrical activities of all three organs, that
ensure the coordinated peristalsis.

Oxytocin is a peptide hormone that has a wide range of
effects on the functional properties of reproductive organs and
significantly enhances electrical activity [11-13]. Oxytocin
exposure and activation of oxytocin receptors cause an
increase in myometrial contractions due to elevation of the
intracellular Ca?* ions concentration [14,15]. Additionally, an
increase in frequency of spike discharges and smooth muscle
cells membrane depolarization is observed, contributing to
the spread of excitation [16,17]. This ability of oxytocin may
help to reveal the integrative activity process, occurring in the
myometrial thythmogenic areas. In the present work, combined
electrophysiological and morphofunctional investigations were
done to clarify the above-mentioned questions.

Materials and Methods.

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 [18]. Oxytocin (5 1U/
ml, Gedeon Richter, Hungary) loading dose 10'ug/kg was
administered intravenously. Depending on the animal weight,
such concentration was possible to administrate by different
injection volumes — from 0.2 to 0.3 ml.

To record electrical activity of the muscle tissue, bipolar
electrodes with distance of 5 mm in between, were used.
The potential difference formed among the electrodes was
transmitted to a specially developed four-channel electronic
device, which provided amplification and digitization of the
incoming signals. The digitized signals were then transmitted
to computer for visualization, storage, and subsequent analysis.
The signal registration program was developed by using National
Instruments (NI) Lab View BMTK (Biomedical Toolkit). It
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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 uV.

The analysis of the results was carried out by determining
values of the main parameters of spontaneous action potentials:
A — the amplitude, F -the spike generation frequency and D —
the total duration of bursts in 1 minute time frame.

The subsequent statistical analysis of recorded signals
was carried out by using the Origin-8.5 and Sigma Plot 11.0
softwares. Student's t-test was used to calculate the standard
error of the difference between the means and determine
statically significant changes.

To study the morphofunctional properties of the rat uterine
horns, a histochemical method was used to detect Ca?'-
dependent acid phosphatase (AP) activity [19]. 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. The
applied method adheres to all requirements of this principle.
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. When AP activity is tested, the
phosphate ions released under the action of the enzyme can
freely move in the mixture and react with different structures,
regardless of their spatial arrangement, and after incubation in
the solution of sodium sulfide it turns into a visible dark brown
precipitate of lead sulfide. The resulting image is adequate,
highly informative, and allows judgments to be made about
specific links in the metabolism of the examined structures.

For histochemical analysis, the animals were anesthetized with
pentobarbital (40 mg/kg, intraperitoneal) followed by ureter
extraction. The extracted ureter was fixed in a 5% solution of
neutral formalin prepared in 0.1 M phosphate buffer (PBS,
pH=7.4) for 48 hours at +4°C. Sections of the relevant ureter
regions were prepared in the frontal plane. Frozen sections, with
a thickness of 30-40 um, were transferred to freshly prepared
incubation mixtures designed to detect the activity of Ca*-
dependent AP. Incubation was carried out in a thermostat at

A

Right Left
horn horn

2 il
L e

37°C for 1.5 hours. Subsequently, the sections were washed in
distilled water, developed in a sodium sulfate solution, rinsed
again, and mounted in balsam, followed by the description of
the preparations under a light microscope. Subsequent images
of the obtained preparations were captured using the OPTON
M-35 camera and the AmScope MU800 camera attachment
through the OPTON microscope (West Germany).

All experiments with animals were carried out in accordance
with the rules of “European Convention for the protection of
animals used for experimental and other scientific purposes”
(Directive 2010/63/EU).

Results and Discussion.

Simultaneous registration of electrical activity in the
myometrial rhythmogenic areas allowed us to analyze the
spike activity characteristics (Figure 1). Activity discharges
arise asynchronously and autonomously in each of those areas
[20,21]. The ovarian ends of both horns play a unique role
among all the rhythmogenic areas of non-pregnant rats due
to providing directional activity propagation along each of
the fallopian tubes to the uterine corpus [1,22]. Thus, this fact
indicates complete dependence of the uterine corpus activity on
automatisms of the upstream rhythmogenic areas.

Analysis has revealed significant differences in characteristics
of automatism of the studied areas, in norm (Table 1). The
highest values of activity parameters were observed in the left
ovarian horn area, in comparison with the gradually decreasing
values of similar characteristics in the right ovarian horn area
and uterine corpus. Regarding the latter, all three parameters of
activity (amplitude, active state duration, frequency of action
potentials) were relatively close to each other in values.

Oxytocin significantly enhances the parameters of
rhythmogenesis (Table 2). The amplitude and active state
duration in both horns had similar values, under its influence.
However, the frequency of rhythmogenesis behaves somewhat
differently; in particular, higher values were mainly registered
from the right horn. Based on the data obtained, it can be
assumed that oxytocin differently affects parameters of activity
in the different rhythmogenic areas.

50 pv
| # | 25 uv
0.1sec
50 v | 25 uv
0.1sec
|25 v
B — 0.1sec

1sec

Figure 1. A. Schematic representation of the rat's uterine corpus and horns. 1,2,3 —activity registration from the left and right ovarian horn
areas and the uterine corpus. B. Bursts of action potentials recorded from areas 1,2,3. On the right, averaged forms of action potentials from the

respective 1,2,3 areas are shown.
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Table 1. Activity parameters of action potentials in the ovarian horn areas and uterine corpus in norm.

Registration areas and number of Amplitude of action potentials

experiments, n (A), pv

Left ovarian horn area, n=12 84.5+6.44
Right ovarian horn area, n=12 57.1 +4.86
Uterine corpus, 53.0+3.68

n=12

Duration of bursts in minute

Spike generation frequency (F),

(D), min. Hz

0.65+0.03 1.28 £0.09
0.54 +£0.04 1.25+0.08
0.52+0.04 1.23 £0.08

Table 2. Activity parameters of action potentials in the ovarian horn areas and uterine corpus under the effect of oxytocin.

Registration areas and Amplitude of action potentials

Duration of bursts in minute

Spike generation frequency (F),

number of experiments, n (A), pv (D), min. Hz
Left ovarian horn area, n=12 101.2 + 8.63 0.74 £ 0.06 1.85+£0.09
Right ovarian horn area, n=12 91.2+7.44 0.68 + 0.06 230+0.16
pterine corpus, 65.1+5.86 0.59 £ 0.04 1.80 +0.14
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Figure 2. A-the effect of oxytocin on the amplitude of action potentials in bursts, recorded from the horns and the uterine corpus. D-the effect of
oxytocin on the duration of burst genesis in the horns and the uterine corpus. F - the effect of oxytocin on the burst frequency of the horns and the

uterine corpus. The dashed line indicates the norm.

Statistical significance in changes of activity parameters (A, D, F), compared to the norm, is marked with asterisks. *P<0.05, **P<0.01, and

***P<().001, respectively.

Figure 2 presents histograms illustrating the effect of oxytocin
on the amplitude of action potentials, duration of discharge
genesis and frequency of spikes within the bursts. All results
are presented in percents of their norms. According to Figure 2,
oxytocin sharply increases the amplitudes of action potentials
in the right uterine horn (by 59.8 %). A smaller effect is seen
for the left uterine horn - by 19.7 %, and the uterine corpus — by
30.4 %.

However, under these conditions, the active state duration of
burst discharges (D) raised to 115% in the left horn, 120% in
the right horn and 113% in the uterine corpus. Thus, under the
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influence of oxytocin, the characteristics of activity parameters,
to a greater or lesser extent, were distinctly highlighted in the
right uterine horn.

In early studies, the presence of pacemaker regions
determining the direction of excitation propagation has
been confirmed [1,2,23]. On the other hand, the contractile
activity of rhythmogenic areas located in the ovarian ends of
horns ensure the coordination of all pacemaker regions. This
fact may indicate the complete dependence of uterine corpus
rhythmogenesis on the upper loci of the myometrium [4,8,22].
According to Table 1, the activity characteristics of the uterine



Ovarian horn area

Uterine corpus

Figure 3. Frontal sections of the rat uterus in norm (A-C) and under the effect of oxytocin (D-F): A, D — left ovarian horn area; B, E - right ovarian
horn area; C, F — uterine corpus; 1 - inner layer, 2 - middle layer, and 3 - outer layer of the myometrium. Method for detecting the activity of
Ca’*- dependent acid phosphatase. Magnification: 160x (A-F), digital magnification - SMP.

corpus likely correspond only to those of the right horn, in norm.
At the same time, oxytocin significantly enhances the activation
of both fallopian tubes (including the right one), possibly acting
as a regulator of rhythmogenesis in all areas simultaneously and
contributing to an increase of automatism in the uterine corpus
(Table 2).

Analysis of morphochemical data revealed the activity of
Ca*"-dependent acid phosphatase in the frontal sections of
both ovarian horn areas. Immunohistochemical examination
of the organ in its various parts has shown myometrial three
layers of the fallopian tubes and the uterine corpus, with inner
(submucosal) circularly oriented myocytes; middle (vascular)
layer with a small number of smooth myocytes of obliquely-
transverse orientation and large blood vessels; and outer
(supravascular) layer with obliquely - longitudinal arrangement
of muscle cells but intersecting with respect to the vascular
layer [24].

Morphochemical studies have shown the presence of various
"physiological" states in the examined areas, confirming the
obtained electrophysiological results. All three layers of the
fallopian tubes were identified in the sections, with no significant
differences in the degree of staining intensity of different regions
observed in the mucous and serous membranes (Figure 3A-F).
However, significant differences in the metabolism of myogenic
elements have been observed in the myometrium, with the right
and left horns and the uterine corpus reacting differently under
normal conditions and while influenced by oxytocin (Figure
3A-F). In intact animals, myogenic structures were the most
intensely stained in the left ovarian horn area (Figure 3A). In the
right ovarian horn area and the uterine corpus, relatively similar
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moderate staining of myogenic structures was observed (Figure
3B and 3C).

However, under the influence of oxytocin, there is an increase
in the activity (enhancement of metabolism) of smooth muscle
cells along the right and left horns as well as the uterine corpus
(Figure 3D and 3F) compared to intact animals (Figure 3A and
3C). Moreover, myogenic cells in the ovarian horn areas are no
longer represented as individual units but rather as masses of
cytoplasm with many nuclei since these cells merge. The activity
of acid phosphatase sharply intensifies, and intracytoplasmic
granulation becomes indistinguishable. In the uterine corpus,
acid phosphatase activity also increases under the influence of
oxytocin, but to a much lesser extent (Figure 3F). The ovarian
horn areas exhibit higher enzymatic activity (Figure 3D and 3E)
compared to the uterine corpus (Figure 3F). As evident from
Table 2 and Figure 2, activity of the right horn, compared to the
left fallopian tube, was more influenced by oxytocin, allowing
for a significant approximation of its activity to that of the left
horn. It cannot be excluded that the morphofunctional state
of different myometrial regions, based on the peculiarities of
myogenic activity, contributes to the occurrence of peristalsis.

Conclusion.

Myomerium is characterized by a special response to the
hormone oxytocin, which is one of the main regulators of
contractile activity during childbirth. Simultaneous regulation
of three rhythmogenic areas by oxytocin allows for an increase
in uterine activity compared to the norm, thereby ensuring the
final role of the entire reproductive organ.

Fallopian tubes are paired organs with identical physiological
characteristics, but there is an asymmetry in relation to the



parameters of rhythmogenesis in the ovarian horn areas that
can be attributed to myogenicity, syncytial organization of
myometrium, specificity of innervation, vascular supply,
humoral influence, etc. [25,26,27].

Due to the high electrophysiological activity, the left fallopian
tube generates strong myometrial contractions in norm, compared
to the right horn. However, since oxytocin plays a fundamental
role in the activity stimulating process, administration of this
hormone sufficiently enhances rhythmogenesis in the right
ovarian horn area. Thus, this fact may indicate that there are
some reserve possibilities for realization of the main role of the
reproductive organ and in case of any severe damage, one of
horns may compensate the functional loss of the affected horn.
Mechanisms behind the differential response of the left and
right ovarian horn areas after oxytocin administration, remain a
subject of our future investigations.
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