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ABSTRACT

Background. In more than 30 % of cases, infertility is attributed to male factors. The di-
agnosis of male infertility is based on semen analysis. The assessed semen parameters
include sperm concentration, motility, and morphology. Laboratory animal mod-
els enable the study of various biological processes, including the effects of external
and internal factors on reproduction processes. However, to date, there is no simple,
safe, non-terminal method for sperm collection in animals.

Aim. To develop a non-terminal sperm collection technique using optimal electrical
stimulation parameters in Wistar rats to study the influence of environmental factors
on the reproductive function.

Materials and methods. The study was performed on 30 male Wistar rats weighing
280-300 g. For sperm collection, a rectal electrical stimulator was used to obtain ejac-
ulate. A hemocytometer and two types of microscopes were used for sperm analysis
and counting: a Micromed P-1 LED (Russia) and a Levenhuk D90L LCD digital micro-
scope (China).

Results. All animals were divided into 6 groups of five individuals each, according
to the electrical stimulation protocol. All stimulation protocols resulted in erection
in all groups of animals. However, the safest and most cell-saving method was found
to be rectal electrical stimulation of the seminal colliculus of rats at settings of 60 Hz
and4V.

Conclusion. A method for sperm collection in Wistar rats with an optimized electrical
stimulation protocol has been developed, enabling the study of various factors affect-
ing male fertility.

Keywords: non-terminal ejaculate collection, rectal electrostimulator, optimal elec-
trical stimulation parameters, sperm count and morphology, environmental factors,
reproduction
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PE3IOME

bonee uem 8 30 % cny4yaes npobnema hepmusibHOCMU 06YC108/1eHA MYXXCKUMU (haK-
mopamu 6ecniodus. [JuazHocmuka MyXcko20 6ecniodus OCHOBAHA HA AHAU3E SAKY-
n1ama (cnepmsi). K ucciiedyemsim napamempam cnepmsl OMHOCIMCA: KOHUeHmMpayus
U N00BUXHOCMb CNepMamo3oudos, a makxe ux mopghonoaus. Modenu nabopamop-
HbIX XXUBOMHbIX NO3BOAOM U3y4yams paszjiuyHble 6UOI02UYECKUE NPOYECChbl, 8KIIHO-
yas eo3delicmaue 8HeWHUX U 8HYMpPeHHUX hakmopos Ha npoyeccsl penpodyKyuu.
O0Hako 0o HacMosAwez20 speMeHU omcymcmeayem npocmod, 6e30ndcHsIl Kiemoy-
Hocbepezatowjuli cnocob noslyyeHUs CnepmMamo3oudo08 y XUBOMHbIX.

Lens. Pazpabomams MemoOouKy NpUXXU3HEHHO20 NOJIyYeHUsA cCnepmMamo30udo8 C Uc-
NoJsib308aHUEM ONMUMAJIbHLIX NApAMempos dekmpocmumynayuu y kpeic Wistar
0717 U3y4eHusA 8/IUAHUA paKkmopos sHewHell cpedbl Ha penpodyKMUBHY cnocob-
HOCMb XXUBOMHbIX.

Mamepuansi u MemoOoel. ViccnedosaHue 8vinosiHeHo Ha 30 Kpwicax-camyax Wistar
maccoti 280-300 a.

Jna nonydeHus cnepmamo3oud08 Ucnosb308aU peKmasbHell 3/1eKmpocmumysis-
mop 0/1 NOJTyHeHUs 3AKYIAMa y XusomHdelx. [lnsa aHanusa u noocyema cnepmamo-
30U008 UCnosb308asU Kamepy [opaesa u MUKpockonsl 2 8udos: «<Mukpomed P-1 LED»,
Poccus; yugposol mukpockon «Levenhuk D9OL LCD», Kumadi.

Pe3ynemamel. Bce xxugomHeie 6b171u nodesieHbl HA 6 2pynn no nams ocobeli 8 Kaxool
8 3aBUCUMOCMU OM pexumd 3/eKmpocmumynayuu. Bce ucnonesyemeie pexumsl
3/1eKMpOoCMUMynAYUU NO380/A/IU 006UMbBCA 3peKyUU 80 8CEX 2PYNNAX XUBOMHbIX.
O0Hako 6b1710 ycmaHo8/1eHo, YUMo Hauboee 6e30NACHbIM U KlemoYyHocbepezaroujum
CNOCOBOM NOoJTyYeHUsA CNepMamo3oudos A8/19emcs peKmasabHAs 3/1eKmpocmumysis-
Yus ceMeHHbIX 6y20pKO08 KpbIC Npu NOKA3amesisx 3/ieKmpudecko2o moka 60 [y u 4 B.
Bb1800. Pazpaboma+ memo0 nosy4deHus cnepmamo3soudos y kpwic Wistar ¢ o6ocHo-
BAHHBIM PEXUMOM 31eKmpPOoCMUMYIAYUU, NO38OIAWUM U3y4ame 8/1UAHUE pa3/iuy-
HbIX hakmopos Ha MyxcKol (hakmop pepmusieHocmu.

Knioueable cnoea: npuxxusHeHHOE NoslyyeHUe 3AKYAmd, peKmasbHbil 371ekmpo-
CMUMYIAMOpP, ONMUMAJIbHbIE NAPAMeMPbI 3EKMPOCMUMYIAUUU XUBOMHbIX, KOJU-
yecmeo u Mophosio2us cnepMamo3ou008, hakmopsl 8HewHel cpedbl, penpodyKyus

Ona umtmpoBaHmAa: XacaHwwuHa 3.P, BoraueBa H.B. Pa3paboTka MeTOAMKM MPUXKN3-
HEeHHOro MosyyeHns crnepmaTto3onaoB y Kpbic Wistar ana nsyyeHma BaMAaHUA GakTopoB
BHeLWUHeN cpeapbl Ha penpogykuuio. Acta biomedica scientifica. 2026; 11(3): 182-191. doi:
10.29413/ABS.2026-11.3.22
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INTRODUCTION

Currently, the problem of fertility impairment is a ma-
jor medical and social issue that is prevalent in society.
According to the latest statistics from the World Health
Organization, 50 to 80 million people worldwide suffer
from infertility [1, 2].

Infertility is defined as a reproductive system disor-
der characterized by the inability to achieve clinical preg-
nancy after 12 or more months of regular unprotected
sexual intercourse [3]. It has been established that one
in six individuals worldwide is affected by infertility [4].
Fertility problems are attributed to female factors in 50 %
of cases, to male factors in more than 30 %, and to com-
bined disorders in both partners in approximately 20 %
of cases [5, 6].

Among the causes of male infertility, the most im-
portant include urogenital and endocrine disorders,
immunological and genetic defects, lifestyle factors
(smoking, alcohol and drug use), as well as adverse envi-
ronmental factors [7-10].

The diagnosis of male infertility is based on ejaculate
(semen) analysis. The assessed semen parameters include
sperm concentration, motility, and morphology [11, 12].
Laboratory animal models enable the study of various
biological processes, the reproduction of specific patho-
logical conditions, the assessment of the safety of phar-
maceutical agents on quantitative and qualitative sperm
parameters, as well as the efficacy of novel drugs devel-
oped to enhance reproductive function [13].

Among the existing methods for obtaining ejaculate
in animals, the following are used: testicular tissue disso-
ciation [14], sperm retrieval from the cauda epididymi-
dis [15], and sperm extraction from testicular tissue [16].
The aforementioned techniques are applicable only to de-
ceased animals or following euthanasia. These methods
are not suitable for the non-terminal collection of germ
cells and cannot be used to evaluate ejaculate parameters
dynamically in response to environmental factors.

Among the promising methods for experimental ani-
mal studies when natural semen collection is not feasible,
electroejaculation should be considered [17]. The advan-
tages of electroejaculation include the collection of max-
imum ejaculate volume with minimal cell damage. Fur-
thermore, this technique allows the study of the effects
of various agents on the male reproductive system in rats
dynamically, without the need for euthanasia. Despite
the existence of numerous modifications of the seminal
tubercle electrostimulation method [18, 19], to date, no
standardized stimulation protocol (frequency, voltage,
current intensity, and duration of exposure) has been
developed, which justifies the relevance of developing
a step-by-step method for sperm collection in male rats.

AIM

To develop a non-terminal sperm collection tech-
nique using optimal electrical stimulation parameters

in Wistar rats to study the influence of environmental
factors on the reproductive function.

MATERIALS AND METHODS

The study was performed on 30 male Wistar rats
weighing 280-300 g. All experiments were conducted
in accordance with the Interstate Standard GOST 33215-
2014 “Guidelines for the Care and Maintenance of Labo-
ratory Animals. Rules for Equipping Premises and Orga-
nizing Procedures” and GOST 33216-2014 “Guidelines
for the Care and Maintenance of Laboratory Animals.
Rules for Conducting Procedures Using Animals”. All an-
imals were housed at the Medical and Biological Center
for Biomodeling of the Kirov State Medical University
under identical standard conditions, in cages measur-
ing 25 X 19 x 40 cm, one animal per cage, with free ac-
cess to food and water, on a 12-hour light cycle (light
on from 8:00 AM to 8:00 PM, and off from 8:00 PM to 8:00
AM). All rats underwent a two-week adaptation period
prior to the experiment. Experimental manipulations
were performed at the same time each day, at 9:00 AM.
The experiment was approved by the local ethics com-
mittee of the Kirov State Medical University (Protocol
No. 16/2022 dated October 24, 2022).

For sperm collection, a rectal electrical stimulator
for animal ejaculate collection was used [20]. Male rats
were divided into six groups of five animals each. Group
allocation was based on the electrical stimulation pa-
rameters (frequency, current intensity, and voltage).

Prior to the procedure, animals were anesthetized
by inhalation anesthesia using medical ether (Kuzbas-
sorgkhim LLC, Russia). The animal was placed under
a 3-L glass jar containing cotton wool soaked in ether
and kept there until immobilization was achieved.
The onset of anesthesia was determined by the loss
of motor activity and decreased muscle tone. To confirm
the absence of pain sensitivity and distress during elec-
trical stimulation, light pressure was applied to the paws
and skin: muscle relaxation, absence of protective reflex-
es, and lack of resistance indicated the animal was ready
for the procedure. Following anesthesia, the animal was
placed in the supine position and secured in a restrain-
er for safe manipulation. Fixation ensured a stable body
position, prevented injury, and allowed accurate inser-
tion of the rectal electrical stimulator. Next, the rectum
was emptied by palpation. The anal orifice and the rec-
tal probe were lubricated with vaseline oil and inserted
into the rectum to a depth of 2.5-3 cm (Fig. 1).

After confirming that the probe was fully inserted
into the animal’s anal orifice, the electrical stimulator,
pre-set to the required parameters, was switched on.
Erection served as evidence of stimulation of the semi-
nal colliculus. In its absence, the rectal probe was moved
within the rectum, pressing against its anterior wall un-
til erection was achieved. Electrical stimulation of male
rats was continued until erection and ejaculate were
obtained. The following parameters were recorded:
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duration of electrical stimulation required to obtain
ejaculate, severity of erection and muscle contraction,
and the presence or absence of ejaculation.

The following visual criteria were used to assess
erection quality: “+" — weak erection: partial filling
of the corpora cavernosa, an increase in penile volume
without pronounced rigidity or extrusion from the pre-
puce.“++" - moderate erection: characterized by full pe-
nile rigidity and extrusion from the preputial sac; how-
ever, the elevation angle relative to the animal’s body
axis is less than 90°. “+++" — pronounced erection: max-
imum rigidity, complete penile extrusion accompanied
by characteristic color changes and a specific position
facilitating ejaculate collection.

The degree of muscle response to electrical stim-
ulation was assessed by the involvement of muscle
groups: “+" — moderate contraction: localized muscle
response limited to the pelvic girdle and hind limbs.
“++" — pronounced contraction: generalized muscle
response involving the back and forelimb muscles,
with pronounced trunk arching requiring additional
animal fixation to maintain the rectal probe in the cor-
rect position.

The obtained ejaculate was collected using a sin-
gle-channel variable-volume pipette with 200 pL plas-
tic tips (Thermo Scientific, USA) and mixed with Sil-Se-
lect Plus Sperm Washing medium (FertiPro, Belgium)
in Eppendorf tubes. Microscopy of the obtained
samples was then performed to assess sperm count
and morphology.

FIG. 1.
Animal preparation for transrectal electrical stimulation
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Sperm concentration was counted using a Goryaev
counting chamber. A 10-fold diluted ejaculate sample
(10 pL) was introduced with a pipette into the chamber
at the edge of the coverslip so that the ejaculate filled
the entire chamber. Subsequently, at X200 magnifica-
tion (Micromed P-1 LED, Russia), cells were counted in 50
large squares of the chamber, while noting the presence
or absence of sperm motility.

The following formula was used to calculate sperm
concentration [21]:

_ ax250x10
"~ 50%1000

million/mL,

where

a - total number of cells counted in 50 large squares
of the Goryaev chamber;

250 - volume of one large square of the Goryaev
chamber;

10 - dilution factor of the original ejaculate;

1000 - conversion factor from 1 uL to 1 mL;

50 - number of large squares in which sperm were
counted.

For sperm morphology assessment, microscopy was
performed using a digital microscope with a x40 objec-
tive (Levenhuk D90OL LCD, China).

Sperm motility was evaluated in accordance
with WHO guidelines, with three categories distin-
guished: progressively motile (PR) — actively moving
linearly or in large circles; non-progressively motile
(NP) — movement in place; and immotile (IM) - complete
absence of movement.

Statistical analysis was performed using non-para-
metric methods. Quantitative data (sperm concen-
tration) are presented as median and interquartile
range — Me (25%-75%). Motility data are presented
as mean = standard error (M = m). The Kruskal - Wal-
lis test was used to detect differences between groups.
Differences were considered statistically significant
at p < 0.05.

RESULTS

The current parameters used to obtain ejaculate
samples from rats by transrectal electrical stimulation
of the seminal tubercles are presented in Table 1.

During the study, erection was observed in all six
experimental animal groups upon electrical stimula-
tion, manifesting as an increase in penile volume and,
in some cases, cyanosis due to blood engorgement
(Fig. 2).

As a result of transrectal electrical stimulation
of the seminal colliculus, ejaculate was obtained
from animals in experimental groups No. 2, 3,4, 5, and 6.
In group No. 1, ejaculation did not occur even after 3
minutes of electrical stimulation (Table 2).



The data presented in Table 2 indicate that all stimu-
lation protocols resulted in erection in all animal groups.
The minimum stimulation time required to obtain ejac-
ulate was observed in groups No. 3-6: up to 1 minute.
In these same groups (No. 3-6), pronounced erection
was observed. However, in groups No. 5 and 6, a more
active response in the form of generalized muscle con-
tractions of the entire body was observed at a frequen-
cy of 70 Hz, which was considered a negative factor.
Despite the rigidity of the rectal probe (a metal probe
was used for stimulation), intense muscle contractions
caused physical displacement of the probe relative
to the projection of the rectal nerve plexuses, making
it difficult to maintain stable stimulation even with con-
stant manual control of its position. At a frequency
of 60 Hz, no excessive motor activity or generalized
muscle contractions were observed, indicating ade-
quate anesthetic depth and absence of pain sensitivi-
ty. This protocol ensured a stable neuromuscular status
in the animals during the experiment, providing a phys-
iological background for transrectal stimulation under
anesthesia.

Ejaculate samples from animal groups No. 3-6 were
collected for analysis. The results of sperm concentra-
tion and motility assessment are presented in Table 3.

Based on the obtained data, the highest mean
sperm concentration was observed in experimental
groups No. 3 and 4 - 8.70 (8.10; 9.40) million cells/mL
and 7.45 (6.90; 8.15) million cells/mL, respectively. Mo-
tility analysis revealed that in group No. 3, progressively
motile sperm predominated (PR=62.4 + 5.1 %). In group
No. 4, a decrease in the proportion of progressively mo-
tile sperm to 34.8 + 4.4 % was observed, accompanied
by an increase in the number of non-progressively mo-
tile sperm. In groups No. 5 and 6, no motile cells were
detected. To exclude the influence of external factors
(temperature shock, waiting time), sample collection
was performed according to a uniform protocol: anal-
ysis was performed no later than 5 minutes after ejac-
ulate collection, and tubes were kept in a thermostat
at 37°C. Given the presence of motile sperm in groups
No. 3 and 4, the absence of activity in groups No. 5 and 6
is directly related to excessive high-frequency current

TABLE 1

exposure (70 Hz) to the rat seminal colliculus tissue
at the time of ejaculation.

In groups No. 5 and 6, the sperm counts were low-
er than in groups No. 3 and 4 - 6.05 (5.50; 6.70) million
cells/mL and 4.90 (4.45; 5.40) million cells/mL, respec-
tively. Morphological assessment of cells in these animal
groups revealed morphological abnormalities, mani-
fested as detachment of the sperm head from the tail
(Fig. 3).

FIG. 2.
Erection induced in a male rat

ELECTRICAL STIMULATION PARAMETERS FOR TRANSRECTAL EJACULATE COLLECTION FROM THE SEMINAL

COLLICULUS IN RATS

Characteristics
of electroejaculation parameters

Animal group

1 (n=5) 2 (n=5) 3 (n=5) 4 (n=5) 5 (n=5) 6 (n=5)
Frequency, Hz 50 60 70
Voltage, V 4 9 4 9 4 9
Current intensity, A <8
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TABLE 2
OUTCOMES OF TRANSRECTAL ELECTRICAL STIMULATION OF THE SEMINAL COLLICULUS IN MALE RATS

Parameters Characteristics of electroejaculation parameters
Animal group 1 (n=5) 2 (n=5) 3 (n=5) 4 (n=5) 5 (n=5) 6 (n=5)
Frequency, Hz 50 60 70
Voltage, V 4 9 4 9 4 9
Current intensity, A <8

Duration of electrical stimulation

to obtain ejaculate Up to 3 min Upto2min Uptolmin Uptolmin Uptolmin Upto1min

Median time to ejaculation No ejaculate 1.7 0.5 0.6 0.7 0.6

(Me (25%-75%), min) obtained (1.5;2.1) (0.4;0.6) (0.4;0.7) (0.5;0.8) (0.4;0.7)

Muscle response severity + + + + ++ ++

Erection quality + ++ +++ +++ +++ +++

Ejaculation achieved - + + + + +

Sperm present - + + + + +
Notes.

1.In group No. 1, no ejaculate was obtained within 10 minutes of stimulation.

2. Muscle contraction: “+” - moderate (local contractions of the pelvic girdle); “++" - pronounced (generalized contractions of the trunk musculature).

3. Erection: “+" - weak (partial filling of the corpora cavernosa); “++" - moderate (complete rigidity and extrusion from the prepuce); “+++" - pronounced (maximum
rigidity with hyperemia).

TABLE 3
ASSESSMENT OF SPERM CONCENTRATION, MOTILITY, AND MORPHOLOGY IN EJACULATE SAMPLES

Parameters Characteristics of electroejaculation parameters
Animal group 3 (n=5) 4 (n=5) 5 (n=5) 6 (n=5)
Frequency, Hz 60 70
Voltage, V 4 9 4 9
Current intensity, A <8
8.70 7.45 6.05 4.90
. AT -
Median sperm count (Me (25%-75%), million/mL) (8.10: 9.40) (6.90: 8.15) (5.50: 6.70) (4.45: 5.40)
PliS el il 62.4+5.1 34.8+4.4 0 0
(PR)
Sperm motility, % nonjprogresslve|y 15.242.4 28.6+3.2 0 0
motile (NP)
immotile (IM) 224448 36.6+5.4 100 100
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The analysis revealed statistically significant differ-
ences between the study groups in both sperm con-
centration (p < 0.05) and motility parameters (p < 0.01).
The mean sperm concentration in group No. 3 (8.70 mil-
lion cells/mL) was significantly higher than in groups
No. 4, 5, and 6. Analysis of cell motility in these groups
also revealed significant differences. Thus, in group
No. 3, progressively motile sperm significantly pre-
dominated (PR = 62.4 + 5.1 %), which was significantly
higher than in group No. 4 (PR =34.8 + 4.4 %) (p < 0.05)
and groups No. 5 and 6, where motile cells were com-
pletely absent (p < 0.01). In group No. 4, a statistically
significant increase in the proportion of non-progres-
sively motile sperm was observed compared to group
No.3:28.6 +3.2 % vs. 15.2 + 2.4 %.

The low sperm concentration in groups No. 5
and 6 is explained by the fact that only intact cells are
counted. Sperm destruction at 70 Hz results in a sig-
nificant portion of the biological material being con-
verted into cellular debris, which cannot be quanti-
fied. The presence of morphological abnormalities
in cells indicates the traumatic effect of the 70 Hz
stimulation protocol at both voltage settings. Giv-
en this fact, these electrical stimulation parameters
should not be used for sperm collection to avoid
compromising sperm morphology.

DISCUSSION

The electrostimulation method is the most prom-
ising for obtaining sperm from male animals when
studying their fertility level and analyzing the role
of the male factor in reproduction. Its key advantage
lies in the ability to obtain native ejaculate rather than
epididymal suspension. Unlike work with suspension,
ejaculate collection allows assessment of the function-
al status of cells in the presence of accessory sex gland
secretions, ensuring maximum accuracy of semen pa-
rameters close to physiological norms. Furthermore,
the use of this method complies with international
bioethical principles. Non-terminal sample collection
eliminates the need for animal euthanasia, enabling
studies on the same individuals and increasing the hu-
man nature of the experiment. The ability to select
male animals with equal sperm cell potential for ex-
perimental work allows the exclusion of the male in-
fertility factor and assessment of the role of the female
organism in reproduction under the influence of vari-
ous external and internal factors.

Literature analysis revealed that various stimula-
tion protocols have been used in experimental studies
on transrectal electrical stimulation of the seminal col-
liculus (Table 4).

The identification of numerous modifications
of the seminal colliculus electrostimulation method
and the absence of a standardized stimulation protocol
(frequency, voltage, current intensity, duration) justified
the need to develop a step-by-step method for sperm
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FIG. 3.
Sperm head in the Goryaev chamber, at x400 magnification

collection in male rats. To determine the most favor-
able stimulation protocol, based on the results of pre-
vious studies, two frequency settings (60 Hz and 70 Hz)
and two voltage settings (4 V and 9 V) were applied
at one current intensity level. The criteria for selecting
the optimal stimulation protocol were minimal time
required to obtain ejaculate. Compared to previously
published methods, the proposed protocol significantly
reduces the stimulation time required to induce erec-
tion and successfully collect material to 1 minute. This
not only increases experimental productivity but also
minimizes stress exposure to the animal, prevents mus-
cle contractions, and preserves sperm morphological
integrity.

The study established that the safest and most
cell-sparing method for obtaining active, morpholog-
ically intact sperm is transrectal electrical stimulation
of the rat seminal colliculus at 60 Hz and 4 V. Conversely,
exceeding the frequency threshold above 60 Hz triggers
a cascade of irreversible destructive processes in the cell
structure. It is known that at 70 Hz, high-frequency mi-
crovibrations resonate with elements of the sperm cy-
toskeleton. Due to the inertial mass difference between
the head and tail, excessive mechanical stress is gener-
ated in the vulnerable neck region, leading to massive
decapitation of cells [22]. In addition to mechanical
rupture, the intense electric field induces membrane
electroporation and oxidative stress, disrupting ionic
homeostasis and leading to rapid loss of motility [23].
An additional negative factor is local tissue heating,
causing denaturation of axonemal proteins and the tail
motor apparatus [24].

The use of optimal parameters of 60 Hz and 4 V
allows the collection of a greater number of cells (8.7
(8.10; 9.40) million cells/mL) within 1 minute, not only
compared to other stimulation protocols within this ex-
perimental study but also compared to previously pub-
lished studies using various current parameters.



TABLE 4

COMPARATIVE EVALUATION OF TRANSRECTAL ELECTRICAL STIMULATION METHODS FOR THE RAT SEMINAL

COLLICULUS [17, 18, 19]

Electrical stimulation

protocol Frequency, Hz Voltage, V
! 60 8.1
2 60 5.8
3 60 7.4
4 60 3
5 No information available 2-10
CONCLUSIONS

A non-terminal sperm collection technique has
been developed for Wistar rats, with the key advantage
being the optimization of electrical parameters — 60 Hz
and 4 V. The selection of these parameters allowed
a significant reduction in the duration of the procedure,
which favorably distinguishes the proposed method
from existing analogues and minimizes stress exposure
to laboratory animals.

The scientifically validated stimulation protocol en-
sures the collection of morphologically intact and func-
tionally active sperm, opening broad opportunities
for the application of the obtained results: in studying
the etiology and pathogenesis of various forms of male
infertility; for analyzing the efficacy and safety of nov-
el immunobiological agents aimed at improving male
fertility; for developing and refining in vitro fertilization
protocols in laboratory animals; and for investigating
the effects of complex environmental and internal fac-
tors on reproductive potential.

The developed technique represents a reliable tool
for standardizing andrological research, ensuring high
reproducibility of results while strictly adhering to bio-
ethical principles.

Funding

This work was supported by a grant from the UM-
NIK program grant from the Foundation for Assistance
to Small Innovative Enterprises (FASIE) (agreement
No. 18682GU/2023) and a grant from the Kirov State
Medical University of the Ministry of Health of the Rus-
sian Federation No. 7-2026-GRANT.

Conflicts of interest
The authors declare no conflicts of interest.

REFERENCES

1. Babakhanzadeh E, Nazari M, Ghasemifar S, Kho-
dadadian A. Some of the factors involved in male in-

Current intensity, A Stimulation duration, min

No information available 10.0
No information available 55
No information available 5.0

0.5 until ejaculate obtained

No information available until ejaculate obtained

fertility: a prospective review. Int J Gen Med. 2020; 13:
29-41. doi: 10.2147/1JGM.5241099

2. Andone BA, Handrea-Dragan IM, Botiz |, Boca S.
State-of-the-art and future perspectives in infertility di-
agnosis: conventional versus nanotechnology-based as-
says. Nanomedicine: Nanotechnology, Biology and Medi-
cine. 2023; 54: 102709. doi: 10.1016/j.nan0.2023.102709

3. Carson SA, Kallen AN. Diagnosis and manage-
ment of infertility: a review. JAMA. 2021; 326(1): 65-76.
doi: 10.1001/jama.2021.4788

4. WHO: 1 in 6 people globally affected by infertility.
World Health Organization: official website. 2023. April
4. [BO3: 6ecnnognemM CTpagaeT KaXkabld WeCTon Yeno-
BeK B Mupe. BcemmpHaa opraHu3auma 3apaBooxpaHe-
HUA: opuumanbHbIn canT. 2023. 4 anpensa.] URL: https://
www.who.int/ru/news/item/04-04-2023-1-in-6-people-
globally-affected-by-infertility [date of access: March
15, 2025].

5. Cardona BA, Boel A, Vanden Meerschaut F,
Stoop D, Heindryckx B. Diagnosis and treatment of male
infertility-related fertilization failure. Journal of Clinical
Medicine. 2020; 9(12): 1-31. doi: 10.3390/jcm9123899

6. Duca Y, Calogero AE, Cannarella R, Condorel-
li RA, La Vignera S. Current and emerging medical
therapeutic agents for idiopathic male infertility.
Expert Opin Pharmacother. 2019; 20(1): 55-67. doi:
10.1080/14656566.2018.1543405

7. Houston BJ, et al. A systematic review of the vali-
dated monogenic causes of human male infertility: 2020
update and a discussion of emerging gene-disease re-
lationships. Human reproduction update. 2022; 28(1):
15-29. doi: 10.1093/humupd/dmab030

8. Aitken RJ, Drevet JR, Moazamian A, Gharago-
zloo P. Male infertility and oxidative stress: a focus
on the underlying mechanisms. Antioxidants. 2022;
11(2): 306. doi: 10.3390/antiox11020306

9. Cannarella R, Gul M, Rambhatla A, Agarwal A.
Temporal decline of sperm concentration: role of en-
docrine disruptors. Endocrine. 2023; 79(1): 1-16. doi:
10.1007/s12020-022-03136-2

10. Levine H, et al. Temporal trends in sperm count:
a systematic review and meta-regression analysis

189



of samples collected globally in the 20th and 21 cen-
turies. Hum Reprod Update. 2023; 29(2): 157-176. doi:
10.1093/humupd/dmac035

11. Sunder M, Leslie SW. Semen Analysis. StatPearls
Publishing; 2025.

12. World Health Organization. WHO Laboratory
Manual for the Examination and Processing of Human
Semen. 6™ ed. World Health Organization. 2021.

13. Bogacheva NV, Zaitseva IV, Popova SV, Korotae-
va KN. Basic problems of experimental studies of new
immunobiological preparations on biological models
of laboratory animals. Vjatskij medicinskij vestnik. 2020;
4(68): 74-8 (In Russ.). [borauesa H.B., 3anuesa W.B,,
Monoea C.B., KopotaeBa K.H. OcHOBHble npobnembl
3KCMEePUMEHTANIbHbIX WCCNEAOBaHNA HOBbIX UMMYHO-
61ONOrMYEeCcKUX NpenapaToB Ha bMonornyecknx mope-
nAX N1abopaTopHbIX KMBOTHBIX. Bamckul meduyuHckul
secmHuk. 2020; 4(68): 74-81.]. doi: 10.24411/2220-7880-
2020-10135

14. Volkova NA, Korzhikova SV, Kotova TO, Ve-
tokh AN, Zinovieva NA. Isolation and characterization
of rooster (Gallus gallus) spermatogonia. Agricultural
Biology. 2016; 51(4): 450-458 (In Russ.). [Bonkosa H.A.,
Kop»xukosa C.B., Kotosa T.0., Betox A.H., BonkoBa J1.A,,
3uHoBbeBa H.A. BoigeneHune, KynbTMBMpOBaHME 1 Xa-
pakTepucTuka cnepmaTtoroHues netyxa (gallusgallus).
Cenbckoxo3zalicmeeHHasa 6uosoeud. 2016; 51(4): 450-
458.]. doi: 10.15389/agrobiology.2016.4.450rus

15. Russian Federation patent RU 2092129 (IPC
A61D 19/02) (2006.01). Method for obtaining semen
from bison. N2 95102586/13; application: February 21,
1995; Published October 10, 1997 / Abilov Al, Konon-
ov VP, Kombarova NA, Sipko TP, Shumov AV. (In Russ.).
[MaTteHT N2 2092129 Poccuiickaa Qepepauyna, MIK
A61D 19/02 (2006.01). Cnoco6 nonyyeHWs CEMEHU
oT 3y6poB: N2 95102586/13; 3asasn. 21.02.1995; ony6n.
10.10.1997 / A6unos A.N., KoHoHoB B.M., Kombapo-
Ba H.A., Cunko T.I., Wymos A.B.; 3aaButenb: Bcepoc-
CUNCKNN HAyYHO-UCCNefoBaTENbCKUN UHCTUTYT XKW-
BOTHOBOACTBa — 5 c.].

16. Barroso LVS, et al. Impact of testicular sperm
extraction and testicular sperm aspiration on go-
nadal function in an experimental rat model. Int Braz
J Urol. 2018; 44(1): 172-179. doi: 10.1590/51677-5538.
IBJU.2016.0652

Information about the authors

17. Zueva AA, Kryshen KL, Matichin AA, Kargopol-
ceva DR, Katelnikova AE, Trofimets El, et al. Approbation
of transrectal electroejaculation technique for rats. Lab
animals journal.2019;3:1-11.(In Russ.). [3yeBa A.A., Kpbi-
weHb KJ1., Matnumu A.A., Kaprononbuesa [1.P., Katenb-
HukoBa A.E., Tpodumeu E.N. n gp. Anpobauua metoaa
TPAHCPEKTANIbHOW 3NEKTPOCTUMYALUN CEMEHHbIX Oy-
rOpKOB KpbIC. JTabopamopHsie XUBOMHble 0718 HAYyYHbIX
uccsedosaHut. 2019; 3: 1-11.]. doi: 10.29296/2618723X-
2019-03-07

18. McCoy MR, Montonye D, Bryda EC. Electroe-
jaculation of chimeric rats. Lab Anim (NY). 2013; 42(6):
203-205. doi: 10.1038/laban.301

19. Paick SH, et al. Electroejaculation in the Male
Rat. Korean J Urol. 2008; 49(3): 266-270. doi: 10.4111/
kju.2008.49.3.266

20. Utility Model Patent RU 230453 U1, December 4,
2024. Rectal Electrostimulator for Ejaculation in Animals
/ Bogacheva NV, Bogachev NN, Dunaeva EB, Khasanshi-
na ZR, Kozvonin VA. applicant and patent holder: FSBEI
HE Kirov SMU MOH Russia. Application No. 2024119277
dated July 10, 2024 (In Russ.). [[MaTeHT Ha nonesHyio
mogenb RU 230453 U1, 04.12.2024.. SneKTpoCTUMY-
NATOP PEeKTaNbHbIA ANA IAKYNALUN Y XKUBOTHbIX / Bo-
rayueBa H.B., boraues H.H. [yHaeBa E.b., XacaHuwu-
Ha 3.P,, Ko3BOHUH B.A. 3aaBuUTeNnb 1 npaBoobnagartenb:
OrbOyY BO Kuposckuin TMY MuH3gpasa Poccum. 3asaBka
No 2024119277 ot 10.07.2024.].

21. Shatohina IS, Kuznecova VS. Ejaculate Examina-
tion: A Tutorial. M.: MONIKI; 2014: 20 (In Russ.). [lUaToxn-
Ha W.C., Ky3sHeuoBa B.C. iccnegoBaHue askynaTa: yueb-
Hoe nocobue. M.: MOHUKW; 2014: 20.].

22. Cankara FN, et al. The impact of electric fields
on testis physiopathology, sperm parameters and DNA
integrity-the role of resveratrol. Andrologia. 2018; 50(4):
1-11.doi: 10.1111/and.12971

23. Takalani NB, et al. Role of oxidative stress
in male infertility. Reprod Fertil. 2023; 4(3): €230024. doi:
10.1530/RAF-23-0024

24. Cichowska AW, et al. Proteome profiling of ca-
nine epididymal fluid: in search of protein markers of ep-
ididymal sperm motility. International Journal of Molec-
ular Sciences (IJMS). 2023; 24(19): 14790. doi: 10.3390/
ijms241914790

Zuleikha R. Khasanshina - embryologist at «Radi menya» Ltd. Co., applicant at the Department of Microbiology and Virology, Kirov State Medical University of the
Ministry of Health of the Russian Federation; e-mail: khasanshina.99@mail.ru, https://orcid.org/0000-0002-1390-3204
Natalya V. Bogacheva — Dr. Sc. (Med.), associate professor, Kirov State Medical University of the Ministry of Health of the Russian Federation; e-mail:

bogacheva70@mail.ru, https://orcid.org/0000-0002-7021-6232

190


tel:95102586/13

Author contributions
Z.R.Khasanshina - writing the original draft, manuscript revision;
N.V. Bogacheva - scientific supervision, writing the original draft, manuscript revision.

191

Experimental researches



