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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 work is devoted to the study of the interrelationship between 

the characteristics of spontaneous electrical activities in paired 
ureters in norm and after isolation. Analysis was conducted by 
detecting the amplitude (A), rise rate (V), rise-time (T/2), half-
width (t), and frequency of rhythmogenesis (F) of pacemaker 
activity. In norm, the amplitude value exceeds in the left ureter 
that of the right ureter. Sequential isolation of the organs (left 
ureter, then right) results in a decrease in the action potential 
amplitude by 26%, which indicates a certain interconnection 
between them. Additionally, histamine exposure leads to a 
synchronous increase in both ureters in norm. Subsequent 
isolation of the left ureter leads to a significant increase in the 
amplitude – up to 171%, and rise rate – up to 158%, of the right 
ureter. These findings suggest that histamine contributes to the 
increased excitability and regulation between the two ureters.

Thus, this hormone, by enhancing rhythmogenesis in the right 
ureter, may indicate certain potential for the overall functioning 
of the urinary system.

Key words. Ureteral rhythmogenesis, perirenal areas, 
transection, spontaneous activity, histamine.
Introduction.

The functional role of the urinary system is determined by the 
ability of the ureters to conduct an excitatory wave of activity 
from the renal pelvis to the urinary bladder. This process is based 
on the generation of electrical impulses in the form of action 
potentials, which contribute to the formation of contractile 
waves (ureteral peristalsis) [1,2].

Pacemaker potentials that are myogenic in nature, originate in 
the proximal region of each ureter and spread electrotonically 
to the resting areas of these organs, initiating action potential 
discharges [3-5]. It is known that ureters function in a complex 
with more distally located structures of the urinary system (the 
bladder and urethra) within a single excretory organ [6-8]. At 
the same time, they are characterized by identical physiological 
properties, with each organ possessing autonomy over its own 
rhythmogenesis [9,10]. Thus, this fact does not exclude the 
possibility of some asymmetry between the ureters.

Pacemaker activity of the ureter occurs in the renal pelvis and 
ensures the activity of the organ - peristalsis. While myogenic 

rhythm plays a primary role in ensuring the peristaltic process, 
neural and humoral controls are necessary to modulate and 
coordinate the patterns of rhythmogenesis.

Organs of the urinary system have a very specific response 
to the endogenous mediator, histamine. There is evidence 
indicating a direct effect of histamine on the smooth muscle 
of lymphatic vessels through the stimulation of H1 receptors 
[11,12]. Moreover, histamine is known to increase the 
contractility of the ureter [13]. It is also known that the electrical 
activity of the ureter is associated with the widespread presence 
of the above-mentioned H1 histamine receptors in the tissues of 
the organ, as well as the presence of mast cells that are capable 
of releasing histamine [14].

The presence of an intrinsic basic autonomous electrical 
rhythm has been identified for the paired ureters. Although each 
of them is characterized by their own physiological function, 
a certain mutual influence between the automatisms of these 
organs is necessary to ensure their overall integrative activity 
[15].

Given the close correlation between these organs, as well 
as the existence of various types of pacemaker activities, the 
question of the role of histamine in activation and resolution of 
the aforementioned issue is of particular interest.
Materials and Methods.
Electrophysiological study:

The study was conducted on sexually mature 11 outbred 
male rats weighing 250–300g. Animals were anesthetized by 
intraperitoneal injection of Nembutal (45–50 mg/kg) under in 
situ conditions. Surgical access to the kidney, ureter, bladder, 
and urethra was achieved via a midline abdominal incision. 
Denervation of the urinary tract organs was performed by 
severing the roots of the pelvic and celiac nerves, as well as the 
pudendal and hypogastric nerves [16].

To record electrical activity of the muscle tissue, bipolar 
electrodes with distance of 2 mm between the recording tips 
were used. Spontaneous electrical activity was recorded using a 
4-channel device developed at the Orbeli Institute of Physiology 
of the NAS RA for assessing the electrical activity of smooth 
muscles. The equipment allows simultaneous recording from 
four areas of the studied structure. The signal-to-noise ratio 
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of device ensures reliable detection of signal deviations with 
amplitudes up to 10 µV. The bandwidth filter for the recorded 
signals operates in the range of 3–30 Hz.

The electrical activity was analyzed by determining the 
amplitude (A), rise rate (V), rise time (T) and half-width (t, the 
time required to form the upper part of the peak) and the spike 
generation frequency (F) of spontaneous action potentials.

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.

Histamine (Sigma–Aldrich Chem. GmbH, Germany) optimal 
loading dose of 10⁻⁴ mol/L was administered intravenously by 
0.2 ml injection volume. The substance was initially dissolved 
in distilled water, and the prepared solution was subsequently 
diluted in isotonic sodium chloride solution. The drug was 
administered into the femoral vein, with a single injection used 
in each experiment.
Histochemical study:

To investigate the morphofunctional properties of the rat 
ureter, a histochemical method was used to detect Ca2+-
dependent acid phosphatase (AP) activity [17-20]. 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 [21]. 
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 µm, were transferred to freshly prepared 
incubation mixtures designed to detect the activity of Ca2+-

dependent AP. Incubation was carried out in a thermostat at 
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 light 
microscopy of preparations. 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 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.

The method used in this study to record spontaneous activity 
allows for the examination of the electrophysiological properties 
of paired ureters in norm (Figure 1), as well as after isolating 
each one from the influence of neighboring organs.

Based on the functional similarity of the ureters, studying the 
interaction between them involved a comparative analysis of the 
characteristics of action potentials. For clarity, the evaluation of 
the obtained results in the percentage ratio of the right ureter to 
the left was carried out (Figure 2A). The amplitude and the rise 
- rate of peaks in the right ureter reached 75% and 77% of the 
corresponding parameters in the left ureter, with P ≤ 0.01. Similar 
difference in percentage ratio was revealed for the frequency 
of rhythmogenesis. On the Figure 2D are superimposed and 
unfolded typical forms of action potentials for the right and left 
ureters. Significant difference in their parameters of activity is 
shown in Table 1.

Next, sequential isolation of the ureters was performed by 
severing them at the junction with the bladder. After acute 
tissue injury, stabilization of activity was established within 
10–15 minutes, after which activity was evaluated. First, the 
left ureter was severed, followed by the right one. A decrease in 
amplitude by 26% and in peak rise rate by 31% was observed, 
while the frequency of rhythmogenesis decreased by 17%, with 
small changes in T/2 and t indicators (Figure 2B). As for the 
right ureter, with minor changes in all characteristics, only the 
frequency showed a reduction by 12% (Figure 2C).

Thus, despite the autonomy of each of the paired organs 
under study, there is a certain interconnection between their 
spontaneous activities.

Based on the close correlation between the paired ureters 
which differ in their pacemaker activities, the role of histamine 
in activating these processes becomes of particular interest. The 
influence of histamine on the spontaneous activity of each ureter 

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), msec 

Half‑width of 
spikes (t), msec 

Frequency of the 
rhythmogenesis (F),  
oscillations/min

Perirenal area of the left 
ureter (1), 
n =16

56.8±5.1 196.2±19.2 280±15 270±12 27.9±2.2

Perirenal area of the right 
ureter (2), 
n =16

42.6±3.5 151.0±11.1 270±17 250±12 21.2±1.4

Table 1. Parameters of spontaneous activity of the ureters in norm.
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Figure 1. A. Schematic representation of the ureters with the kidneys and bladder of in rats. 1, 2 - respective regions of activity recording from the 
perirenal areas of the ureters; I, II - regions where the ureters were transected.
B. Spontaneous action potentials recorded from the left ureter (1) and the right ureter (2). On the right, unfolded views of the action potentials from 
the corresponding regions are shown. n = 11.

Figure 2. Comparative analysis of activity parameters of the ureters in norm and after transection.
A. Parameters of action potential of the right ureter in relation to the left, expressed in percents (the left ureteral parameters were taken as 100% 
- dashed line). 
B. Parameters of action potential of the left ureter after transection, expressed in percents (norm was taken as 100% -dashed line).
C. Parameters of action potential of the right ureter after transection, expressed in percents (norm was taken as 100% -dashed line). 
D. Superimposition of averaged action potential waveforms of the ureters. The solid line corresponds to the left ureter, and the dashed line - to the 
right ureter. 
E and F. Superimposition of averaged action potential waveforms of the left and right ureters in norm (solid line) and after transection (dashed 
line). n = 11, **Р ≤ 0,01, *Р ≤0,05.
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was studied by administering an optimal dose of the substance 
at a concentration of 10⁻⁴ M into the femoral vein of the animal.

Simultaneous recording of activity from the proximal regions 
of each ureter makes it possible to investigate changes in the 
nature of rhythmogenesis under the influence of histamine, both 
in the context of a comprehensive approach to both organs and 
when they are isolated from each other. Figure 3 presents the 
results of the analysis of the left ureter activity characteristic 
values before and after its transection.

The analysis was conducted as percentages relative to the 
norm (taken as 100%). According to Figure 3A, histamine 
promotes an increase in the amplitude of the action potential 
(by 31.2%), its rise rate (by 37.7%), and the frequency of 
rhythmogenesis (by 25%) in the left ureter, with minor changes 
in T/2 and t. However, when the ureter is isolated, a decrease 
in the amplitude of action potentials (by 16.2%) is observed. 
For the other parameters, small decreases are also noted. On the 
right (Figure 3B), superposition of the averaged forms of the left 
ureter is presented.

The analysis of the results of changes in the action potential 
characteristics of the right ureter under the influence of histamine 
was carried out under the following sequential experimental 
conditions: administration of histamine, transection of the left 
ureter, then the right ureter. The administration of histamine, 
similar to its effect on the left ureter, significantly and sharply 
increased the activity parameters of the right ureter, such as 
amplitude, rise rate, and frequency of rhythmogenesis (by 42%, 
39.23%, and 32.5%, respectively) (Figure 4A). Transection 
of the more active left ureter immediately results in a further 
increase, primarily in the amplitude and rise rate of the right 
ureter, by 29.13% and 19%, respectively. Following the 
subsequent isolation of the right ureter, a decrease in the altered 
characteristic values is observed, returning to approximately 
the levels noted before the isolation of both ureters. The 

superimposed altered forms of action potentials shown in 
Figure 4B demonstrate changes in values and parameters. Thus, 
the possibility of a certain influence of the left ureter activity on 
the automatism of the right ureter cannot be excluded.

According to our results, histamine significantly activates both 
ureters. In case of higher characteristic values of the left ureter 
in norm, the excitatory effect of histamine is more pronounced 
for the amplitude of the right ureter (Figure 4A). While the 
isolation of the left ureter under the influence of histamine leads 
to a decrease in its amplitude, a simultaneous increase in this 
parameter is observed for the right ureter (Figures 3A and 4A).

The subsequent transection of the right ureter results in the 
reversal of action potential amplitude values to those observed 
before the transection of the left ureter (Figure 4A). It is possible 
that specific electrophysiological characteristics of the right 
ureter compensates the functional activity of the removed left 
ureter and contributes to the noted increase in its activity.

According to the above-mentioned, the ureters are paired 
organs that share the same physiological role. However, one 
of them may possess greater reserve capacity in regulating the 
integrative activity of the urinary tract organs.

Histochemical method for detecting the activity of Ca²⁺-
dependent acid phosphatase on frontal sections of intact rats 
has revealed cellular structures in the ureter walls. The latter 
consists of three layers: the inner mucosal layer, the middle 
muscular layer, and the outer adventitial layer. The mucosal 
layer is closely associated with the basal membrane and exhibits 
high activity of orthophosphates along the entire length of the 
ureter (in the perirenal, mid-ureteral, and peribladder areas) 
(Figures 5A and 5C).

The muscular layer lies directly adjacent to the suburothelium 
and consists of longitudinal and circular layers of smooth muscle 
fibers (Figures 5A and 5C). In the perirenal area, the smooth 
muscle fibers appear as discontinuous spirals with varying 

Figure 3. Parameters of action potential of the left ureter after histamine administration (first, white bars for each parameter) and subsequent 
transection (second, dashed bars for each parameter) in percents (norm was taken as 100% -dashed line). B. Superimposition of averaged action 
potential waveforms in norm (solid outline), after histamine administration (dashed outline), and after transection (dotted outline). **Р ≤ 0,01, 
*Р ≤0,05.
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Figure 5. Frontal sections of the perirenal (A, B) and peribladder (C, D) areas of the ureter in an intact rat (A, C) and under the influence of 
histamine (B, D) (1 – lumen; 2 – mucous membrane; 3 – muscle layer, smooth muscle cells; 4 – serous membrane). Method: Detection of Ca²⁺-
dependent acid phosphatase activity. Magnification: ×160 (a, b, c, d); ×400 (A, B, C, D); digital resolution: 8 MP.

Figure 4. Parameters of action potential of the right ureter after the introduction of histamine (first, black bars for each parameter), after 
subsequent transection of the left ureter (second, light grey bars for each parameter), after subsequent transection of the right ureter (third, dark 
grey bars for each parameter) in percents (norm was taken as 100% - dashed line). B. Superimposition of averaged action potential waveforms 
in norm (solid outline), after histamine administration (dashed outline), after the left ureter transection (dotted outline), and after the right ureter 
transection (dash-dotted outline). ** P ≤ 0.01, * P ≤ 0.05.
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steepness (Figure 5A). In contrast to the ureteral perirenal area, 
myogenic structures of the wall of the ureteral peribladder 
area are arranged evenly, with a moderate degree of staining 
intensity (Figure 5C).

A morphological analysis was conducted to characterize the 
effects of histamine. Intense staining of the cellular elements of 
the muscular layer in the ureteral perirenal and peribladder areas 
was observed, indicating a high functional activity of those 
regions. Under the influence of histamine, a clear and uniform 
enhancement of acid phosphatase activity was observed in 
all the ureteral areas under consideration. The activity of acid 
phosphatase in the cellular structures was so enhanced that it 
created an impression of a diffuse darkened staining (Figure 5B 
and 5D). In the perirenal and peribladder areas of the ureter, 
under the influence of histamine, myogenic elements are clearly 
identified; however, compared to intact animals, intensely 
stained elements predominate here, accumulating in dark, 
granular formations throughout.

Thus, morpho-histochemical studies have shown that in both 
ureteral perirenal and peribladder areas histamine causes a 
uniform increase in acid phosphatase activity, which suggests 
that in response to the increased level of histamine in the body, 
there is a consistent increase in enzymatic activity along the 
entire length of the ureter.

Presented morpho-histochemical results fully support the 
findings of electrophysiological studies on the effect of 
histamine on the pacemaker activity of the ureters.
Discussion.

According to our results, histamine significantly activates both 
ureters. While characteristics of the left ureter were generally 
higher in norm, the excitatory effect of histamine was more 
pronounced on the amplitude of the right ureter. When the 
left ureter was isolated under the influence of histamine, its 
amplitude decreased, whereas a simultaneous increase in the 
same parameter was observed for the right ureter. Subsequent 
transection of the right ureter led to a reversal of action 
potential amplitude values to levels observed before the left 
ureter was severed (Figures 3A and 4 A). This suggests that 
certain electrical characteristics of the right ureter may allow 
it to compensate for the functional activity of the removed left 
ureter, contributing to the observed increase in its activity.

In the upper urinary tract, electrical impulses originate in 
the proximal region of the renal pelvis and have an ability to 
propagate distally along the organ. In contrast, in the bladder, 
impulse generation can occur at any point in the wall and may 
spread in multiple directions, with axial propagation being 
predominant [22].

Although ureters are paired organs, they exhibit slightly 
different parameters in their characteristic types of action 
potentials. This may be due to functional differences between 
the right and left ureters, with one potentially possessing greater 
reserve capacity in regulating the integrative activity. This 
difference is likely linked to the higher functional load of the 
left ureter in urine transport.

Thus, a possible connection between the above-described 
functional differences between the right and left ureters cannot 
be ruled out.
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