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INTRODUCTION

The reproductive system is a complex of organs (right and left fallopian tubes, uterine corpus and 
uterine cervix) that ensure the primary functional role of childbirth. Each of them has its own 
functional, autonomous activity.[1,2] This process is carried out by the propagation of peristaltic 
waves in the caudal direction, which is associated with pacemaker activity.[3,4] The latter is 
presented in the form of high-frequency spike-like action potentials, myogenic in nature, which 
are grouped into asynchronously arising and fading bursts of activity.

Unlike the uterine corpus, rhythmogenic areas of the fallopian tubes are localised in their. 
[terminal ends – ovarian and cervical horn areas.[5-8] At the same time, the ovarian horn area is 
the dominant pacemaker side, propagating electrical activity in the anterograde direction,[9] in 
contrast to the other horn areas, which allow to conduct of excitation waves in any orientation.[10,11]

The fallopian tubes are paired organs with identical physiological characteristics. At the same 
time, there is an asymmetry in relation to the parameters of rhythmogenesis in the ovarian 
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horn areas. [12] Certain reasons may contribute to this 
fact: Myogenicity, syncytial organisation of myometrium, 
specificity of innervation, humoral influence, etc.[1,13,14]

The muscular layer of the uterus (myometrium) is 
characterised by a special response to the hormone oxytocin, 
which is one of the main regulators of contractile activity 
during childbirth, by changing the patterns of excitation. 
Moreover, depending on the cell type, oxytocin receptors 
show variability in sensitivity. [13,15] The study of asymmetry 
among the electrophysiological characteristics of both 
ovarian horn areas will reveal the mutual regulation between 
the parameters of rhythmogenesis, ensuring consistent 
contractions. Characteristics of the effect of oxytocin on 
spontaneous activity will help to sort out this problem, which 
has been clarified by a combination of electrophysiological 
and morphofunctional studies.

MATERIALS AND METHODS

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

The uterus was denervated by transection of the nerves plexus 
hypogastricus, uterinus and uterovaginalis. [16] Oxytocin 
(5 IU/mL, Gedeon Richter, Hungary) loading dose 10-1 µg/kg 
was administered intravenously. Depending on the animal 
weight, such concentration was possible to administrate by 
different injection volumes – from 0.2 mL to 0.3 mL.

Registration of action potentials from smooth muscles of the 
right and left fallopian tubes was performed simultaneously 
from the surface of ovarian and cervical 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 four-
channel electronic device, which provided amplification and 
digitisation of the incoming signals. 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 using the Origin-8.5 and Sigma Plot 11.0 
software. Student’s t-test was used to calculate the standard 
error of the difference between the means and determine 
statistically significant changes.

To study the morphofunctional properties of the rat uterine 
horns, a histochemical method was used to detect calcium 
ions (Ca2+)-dependent acid phosphatase activity, [17] which 
had been developed based on the Homori method. After 
anaesthesia, the uterine horns were removed and fixed in 
the 5% neutral formalin solution. Frozen sections were 
transferred to freshly prepared incubation mixtures to 
detect Ca2+-dependent acid phosphatase activity. The 
obtained specimens were examined under an OPTON light 
microscope (West Germany), and micrographs were taken 
using the AmScope MU 800 camera.

RESULTS

Simultaneous registration of bursting electrical activity from 
the rhythmogenic areas of both uterine horns was done. 
According to the results shown in Table  1, the parameters 
of their action potentials have certain differences. Moreover, 
the largest values of the main activity characteristics were 
recorded in the left ovarian horn area.

In contrast to that, definite similarities have been shown 
between activity characteristics of the other three loci 
of uterine tubes. Figure  1A presents a typical picture of 
rhythmogenesis in one of such loci (2) and in the left ovarian 
horn area (1). On the right, the averaged unfolded spike 
forms are shown.

The effect of oxytocin on the spontaneous activity of the 
horns was revealed by its injection into the femoral vein of 
the animal in 0.2–0.3 mL volume. Our previous studies have 
shown that the loading dose of oxytocin 10-1 µg/kg is optimal 
for stimulating myometrium.[18] Comparative analysis of the 
rhythmogenesis in the left and right ovarian horn areas, under 
the effect of oxytocin, has revealed a significant increase in 
action potential parameters of the right ovarian horn area 
[Figure  1b]. The results were calculated in percentage ratio 
to the norm (taken as 100%). According to the Figure 1b, 
there is a simultaneous increase in the values of A, T/2 and 
D, respectively, by 59.8%, 60.8% and 56.3%. The frequency 
of spikes (F) increased more than 3  times compared to the 
norm. Unlike these results, oxytocin has a different effect on 
the activity of the cervical horn areas. As shown in Table 1, 
there are similarities between their activity parameters in the 
norm, and correspondingly, this hormone affects them in the 
same manner [Figure 1C].
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Table 1: Activity parameters of action potentials in the ovarian and cervical horn areas in norm.

Registration areas 
and number of 
experiments, n

Amplitude of 
action potentials 

(A), µV

Mean rise‑rate 
of spikes (V), 

µV/sec

Rise‑time 
of spikes 
(T/2), sec

Half‑width 
of spikes 
(t), sec

Spike generation 
frequency (F), 

Hz

Duration of 
bursts in minute 

(D), min

Ovarian horn 
area, n=10

Left 84.54±3.92 1121.10±1.10 0.08±0.00 0.06±0.00 1.28±0.09 0.64±0.01
Right 57.07±0.28 767.68±6.65 0.06±0.00 0.07±0.00 1.23±0.07 0.54±0.03

Cervical horn 
area, n=10

Left 55.53±0.84 621.77±2.20 0.08±0.00 0.06±0.00 1.18±0.07 0.54±0.02
Right 56.61±0.23 620.77±0.63 0.07±0.00 0.06±0.00 1.13±0.08 0.53±0.03

Figure 1: (A) a. Bursts of spikes in the ovarian (1) and cervical (2) areas of the left uterine horn. b. 
Following each other action potentials, recorded in bursts of the left ovarian and cervical horn areas. 
c. Averaged forms of action potentials in the corresponding areas. (B) a. The effect of oxytocin on 
spontaneous electrical activity of the ovarian areas in relation to the norm (dashed line). b. and c. 
Superimposed on each other, the averaged action potential contours in norm and under the effect 
of oxytocin. (C) a. The effect of oxytocin on spontaneous electrical activity of the cervical areas in 
relation to the norm (dashed line). b. and c. Superimposed on each other, the averaged action potential 
contours in norm and under the effect of oxytocin.

a b c

a

a b c
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Histological sections revealed all three layers of the fallopian 
tubes. There were no significant differences in the staining 
intensity of mucous and serous membranes in the different 
horn areas [Figure  2a-h]. However, the metabolism of 
myogenic elements showed considerable differences 
in the myometrium, and the right and left horns of the 
uterus reacted differently in the norm and under the effect 
of oxytocin [Figure  2a-h]. In intact animals, myogenic 
structures of the left ovarian horn area were stained most 
intensely, indicating the high level of metabolic processes 
[Figure  2a]. Meanwhile, myogenic structures in the right 
ovarian and both cervical horn areas were stained relatively 
equally and moderately [Figure 2b-d].

Under the effect of oxytocin, there is an increase in the activity 
(increase of metabolism) of smooth muscle cells along the 
right and left horns of the uterus [Figure  2e-h] compared 
to intact animals [Figure 2a-d]. At the same time, myogenic 
cells are no longer represented as separate units but in the 
form of cytoplasmic mass with multiple nuclei as these cells 
merge. The activity of acid phosphatase increases sharply, 
and cytoplasmic granulation cannot be distinguished. The 
highest enzymatic activity was noticed in the right ovarian 
horn area [Figure 2f], in comparison to the left ovarian and 
both cervical areas of the uterine horns [Figure 2e, g, h].

DISCUSSION

Oxytocin promoted specific, sharp changes in 
rhythmogenesis of the right ovarian horn area. The results 
of morphohistochemical studies confirmed the obtained 
electrophysiological results: oxytocin increased enzyme 

activity in the myometrium of all rhythmogenic areas of the 
rat uterine both horns, but the highest increase in activity 
has been shown for the right ovarian horn area. Based on the 
analysis of morphofunctional states of different uterine horn 
areas, it can be assumed that the changes in the peristaltic 
velocity are based on the features of myogenic automatism 
in myometrium.

CONCLUSION

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.
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Figure 2: Figure 2: Frontal sections of the rat uterine horns (a-d)- in norm  and (e-h)- under the effect of oxytocin , 1 – mucous membrane; 
2 – muscular layer; 3 – serous membrane. (a, b, e, f) – ovarian horn area; (c, d, g, h) - cervical horn area; (a, c, e, g) – left uterine horn; (b, d, f, 
h) – right uterine horn. Magnification: 160 X (a-h), digital magnification: 8MP.
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