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ABSTRACT
Mesenchymal stem cells (MSCs) have been known to mankind since the mid-20th century. The comprehensive study revealed their high biologically active potential. 
Capacity of forming several types of body tissues was demonstrated. The stem cells, like any other cells, exert their effect on surrounding cells and tissues by se-
creting extracellular vesicles. The extracellular vesicles of the stem cells possess biological activity of parent cells. Taking into account the regenerative potential of 
the mesenchymal stem cells, they are currently used in medicine, and also in veterinary medicine for treatment of various injuries of the companion animals. Effect 
of the mesenchymal stem cells on boar and rat sperm cells during 12-hour storage was studied. The study results demonstrated that during 12 hours of coincuba-
tion, the porcine MSCs contributed to the survival of the boar sperm cells and maintenance of their motility at 60–80% (depending on the solvent) as compared 
to the controls. Such a significant effect was not however observed during coincubation of the rat sperm cells with rat MSCs. But it should be noted that before 
the 3rd  hour of coincubation, the experimental sperm motility was higher than that of the control. By hour 5 of the observation, this difference was leveled. The rat 
and boar sperm cells are likely to have different physiological characteristics, which were reflected in the results obtained. Therefore, possibility of using the MSCs 
for the storage and cryopreservation of the semen of some animals was demonstrated, but this requires further research.
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РЕЗЮМЕ 
Мезенхимные стволовые клетки известны человечеству с середины ХХ в. В ходе проведенного всестороннего изучения выявлен их высокий биологически 
активный потенциал. Показана возможность образовывать несколько видов тканей организма. Стволовые клетки, как и любые другие, оказывают свое 
воздействие на окружающие клетки и ткани путем выделения внеклеточных везикул. Внеклеточные везикулы стволовых клеток обладают биологи-
ческой активностью родительских клеток. Принимая во внимание регенеративный потенциал мезенхимных стволовых клеток, в настоящее время их 
применяют в медицине, а также в ветеринарии для лечения различных травм животных-компаньонов. Были проведены исследования по изучению 
влияния мезенхимных стволовых клеток на сперматозоиды хряка и крысы при хранении в течение 12 ч. Согласно полученным результатам, мезенхимные 
стволовые клетки свиньи способствуют выживанию сперматозоидов хряка и сохранению их подвижности на 60–80% (в зависимости от растворителя) 
по сравнению с контролем в течение 12 ч соинкубирования. Однако такого значительного эффекта не наблюдали при соинкубировании сперматозоидов 
крыс с мезенхимными стволовыми клетками крысы. Но необходимо отметить, что до 3-го ч соинкубирования подвижность сперматозоидов в опыте была 
выше, чем в контроле. К 5-му ч наблюдения эта разница нивелировалась. Вероятно, сперматозоиды крысы и хряка имеют различные физиологические 
особенности, которые отразились на полученных результатах. Таким образом, показана возможность использования мезенхимных стволовых клеток 
для хранения и, возможно, криоконсервации спермы некоторых животных, но для этого требуется проведение дальнейших исследований.
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to its similarities with the humans in terms of drug binding 
and toxicological profiles, and almost every new medicinal 
product is tested in these animals [5]. This is due to the 
fact that rats and humans have similar genomic regions, 
so that breast cancer in rats, for example, is sensitive to 
hormones and has a greater similarity to human’s in the 
disease stages as compared to the one in mice. Assisted 
reproductive technologies and genome-editing techno-
logy have facilitated the creation of the genetically mod-
ified rats worldwide. Genome-editing technology has in-
creased the value of laboratory rats as important models 
for human diseases and medicinal product development 
in physiology and toxicology. However, not all newly bred 
rat breeds can reproduce naturally. Such animals are often 
bred through in vitro fertilization. Therefore, the long-term 
in vitro preservation of the rat sperm vitality is relevant [6].

Stem cells and their derivatives can act as biologically 
active substances that protect spermatozoa from damage. 
Discovery of stem cells and study of their properties ex-
panded not only knowledge in cell biology, but also the 
possibilities of medicine [7, 8]. It has been shown that me-
senchymal stem cells (MSCs) of an adult organism are not 
carcinogenic, non-immunogenic and can be used to sti-
mu late regeneration of damaged tissues. The simplest and 
least traumatic way to obtain MSCs is to derive them from 
the adipose tissue [9, 10]. MSCs mediate their therapeutic 
effect by releasing biologically active molecules into the 
environment that are “packed” into microvesicles (MVs). 
The MVs, in their turn, are membrane vesicles, whose at-
tachment or internalization to target cells results in a wide 
range of their epigenetic and phenotypic changes. Such 
regulation of physiological and pathological processes 
demonstrates promising non-cellular therapeutic possi-
bilities of the MVs. Intercellular communication through 
vesicle secretion is currently considered a common phe-
nomenon in all mammalian cells [11, 12].

A number of studies demonstrated that MSCs of all ani-
mals have similar biological activity, as a result of which 
they have found their application in veterinary medi-
cine [13, 14, 15]. Currently, MSCs are successfully used to 
treat various pathological conditions in animals [16, 17].

Studies of the possible use of MSCs and their derivatives 
in reproductive veterinary technologies were started re la-
tively recently. The studies have found that supplementa-
tion of the cryomedia with adipose tissue-derived MSCs 
increases the percentage of vital and motile canine sper-
matozoa after cryopreservation as compared with freez-
ing without MSCs [18]. According to the published data, 

INTRODUCTION
Among the various practical problems of animal hus-

bandry in agriculture, one of the most urgent ones in-
volves the increase of the efficiency of herd reproduction 
by maximizing the use of high-value breeders. This is of 
great importance for ensuring further progress in animal 
husbandry. An important area for improving reproduction 
is the use of artificial insemination. Artificial insemination 
is a highly effective method of improving the pedigree and 
performance properties of animals by using high-value 
breeders. One of the determining factors of artificial in-
semination effectiveness is the improvement of methods 
for storing animal semen in a chilled or deep-frozen state. 
However, when the semen is being technologically pro-
cessed, diluted with synthetic media and stored chilled or 
deep-frozen, the spermatozoa are significantly damaged 
structurally and physiologically. This results in the fail-
ure of the plasma membranes’ permeability and release 
of a number of enzymes and other cell metabolic com-
ponents from the spermatozoa thus leading to the con-
siderable loss of the semen fertility [1]. The causes for the 
decrease in the fertility of chilled and frozen boar semen 
have not yet been definitively clarified. One of them is ac-
tivation of lipid peroxidation processes. When the sperma-
tozoa are cool-stored, superoxide radicals being the pre-
cursors of highly active oxygen radicals can accumulate in 
them. Their formation leads to the damage of the sperm 
DNA, proteins, lipids of the cytoplasmic membrane, etc. In 
this regard, researches are being conducted to improve 
the protective properties of synthetic diluents intended for 
semen of a specific animal species by introducing various 
natural or synthetic antioxidants, as well as other biologi-
cally active substances into their composition [2].

Development of technologies for in vitro storage of the 
semen opens up new opportunities for its use in animal 
reproductive medicine. This is especially relevant for artifi-
cial insemination in pig farming [3]. The use of this method 
allows to collect the semen sample at any convenient time 
in advance, as well as, if necessary, to carry out safe trans-
portation. The main goal in the development of the semen 
storage technologies is to increase the duration of storage 
without significant loss of fertility [4].

The preservation of the rat semen is also of great im-
portance in biology. Laboratory rats have been used in 
biomedical research for over 170  years. For many rea-
sons, rats are preferred over mice in studies of physiology, 
neuro biology, pharmacology and behavior. The rat is the 
main animal model for the pharmaceutical industry due 
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for 5 minutes at 1,500 rpm and fixed with 4% formalin 
solution for 20 minutes at room temperature. After that, 
they were washed with DPBS, resuspended and the ali-
quots were stained with antibodies  (AT) according to 
the manufacturer’s instructions: monoclonal PE/Cyanine7 
anti-mouse Thy-1.1 AT (Biolegend, USA); monoclonal PE 
anti-mouse/rat CD29 AT (Biolegend, USA); monoclo-
nal  PerCP/Cyanine5.5 anti-mouse CD73 AT (Biolegend, 
USA); CD34 Alexa Fluor 647 monoclonal mouse AT (San-
ta Cruz Biotechnology, USA). The cells were analyzed for 
the presence of the stem cell membrane markers using 
flow cytofluorimeter BD FACSAria™  III (BD Biosciences, 
USA). The flow cytometry result is expressed as a percen-
tage of the total number of cells in the sample (at least 
100 ths cells/aliquot).

MSCs differentiation. To study the differentiation capaci-
ties of the obtained cell cultures, the passage 4 cells were 
seeded on 12-well plates at 30 ths cells/well and incubated 
in the growth medium until the monolayer was formed. 
In order to induce the differentiation, the cell cultures were 
subsequently incubated with special media. Differentia-
tion was carried out in three directions: osteogenic, adipo-
genic and chondrogenic. The differentiation results were 
recorded using an inverted AxioObserver Z1 microscope 
(Carl Zeiss, Germany).

For osteogenic differentiation, α-MEM medium was 
used, which was supplemented with 10% FBS, 100 nM 
dexamethasone (Sigma, USA), 0.5  µM ascorbic acid 
2-phosphate (Sigma, USA), 100 U/mL penicillin, 100 µg/mL 
streptomycin, 2 mM L-glutamine (PanEco, Russia). α-MEM 
medium supplemented with 10% FBS, 0.5 µM ascorbic 
acid 2-phosphate, 100 U/mL penicillin, 100 µg/mL strep-
tomycin, 2 mM L-glutamine was used as a control medium. 
For osteogenic differentiation, 0.2 µM of β-glycerophos-
phate solution (Sigma, USA) was added to the medium as 
well as to the control medium from day 10 of incubation. 
The media were changed every three days.

Von Kossa staining technique was used to determine 
mineralization, which is a sign of osteogenic differentia-
tion. This reaction is based on the binding of silver ions 
to phosphate groups. The resulted compound undergoes 
photochemical degradation with the release of silver ions, 
staining the mineral deposits gray-brown. For this pur-
pose, the nutrient medium was removed from the wells 
of the plate before staining. The cells were washed with 
0.9% NaCl solution and fixed with 4% formalin solution 
for 30 minutes at room temperature. Then the wells were 
threefold thoroughly washed with a sufficient amount of 
distilled water and filled with a 2% silver nitrate and dis-
tilled water solution. The plates were incubated in the dark 
for 10 minutes. Then they were washed with distilled water 
and incubated in bright light for 1 hour. 

To induce adipogenic differentiation, DMEM High 
glucose medium (PanEco, Russia) supplemented with 
10% FBS, 100 U/mL penicillin, 100 µg/mL streptomycin, 
2 mM L-glutamine, 1 µM dexamethasone, 100 µM indo-
methacin (Sigma, USA), 500 µM 3-isobutyl-1-methylxan-
thine (IBMX, Sigma, USA) and 10 ug/mL insulin (Sigma, 
USA) was used. From day 10, the medium was replaced 
with a maintenance one free from dexamethasone, indo-
methacin and IBMX. At all stages DMEM High glucose sup-
plemented with 10% FBS, 100 U/mL penicillin, 100  µg / mL 
streptomycin, 2 mM L-glutamine was used as a control 
medium. The media were changed every three days.

a number of researchers have obtained good results when 
adding air-conditioned medium from MSCs of aminotic 
origin to the cryomedium. Herewith, they demonstrated 
that this supplement enhanced sperm motility and vitality, 
membrane integrity and mitochondrial activity of canine 
spermatozoa after defrosting. This effect was most likely 
mediated by natural MVs contained in large amount in 
the conditioned media during cell cultivation [19]. 

In view of the  above, the  effect of  adipose tissue- 
derived MSCs on animal spermatozoa was studied. In this 
paper we present the results of storing boar and rat semen 
with the MSCs of these animals. 

MATERIALS AND METHODS
Production of adipose tissue-derived MSC culture and its 

analysis. In rats (n = 3), subcutaneous adipose tissue was 
collected after decapitation in order to avoid the effect of 
an anesthetic on the course and results of the experiment. 
The  incision site on the animal’s abdomen was shaved, 
the skin was treated with alcohol. The skin incision was 
performed with sterile surgical instruments along the mid-
line of the abdomen. Then subcutaneous fat was collected 
into a sterile container with saline solution (PanEco, Russia) 
supplemented with 1% of penicillin-streptomycin (PanEco, 
Russia). 

A fragment of the subcutaneous adipose tissue was 
collected from pigs (n = 3) into a sterile container under 
general anesthesia in the veterinary operating room.

The adipose tissue samples were transported at max 
15 °C for 2–4 hours after their collection. The cells were 
isolated in sterile conditions of the cell laboratory accord-
ing to the previously described standard procedure [20]. 
The stem cell-containing stromal vascular fraction was 
isolated as follows: the adipose tissue was mechanical-
ly crushed with sterile scissors into fragments of about 
1 mm3 and incubated in the crab collagenase solution 
(BioloT, Russia) at a final concentration of 0.2% for 1 hour 
at 37 °C while rocking on the shaker. The resulted cell sus-
pension was precipitated by centrifugation at 1,500 rpm 
for 10  minutes. The  supernatant was removed. Then 
the  deposited cells were washed: the  precipitate was 
resuspended three times in 0.9% NaCl solution (PanEco, 
Russia) and precipitated by centrifugation at 1,500 rpm 
for 10 minutes. The obtained cells were cultured in α-MEM 
medium (PanEco, Russia) containing 10% blood fetal bo-
vine serum – FBS (PanEco, Russia), 100 units/mL penicil-
lin, 100 µg/mL streptomycin, 2 mM L-glutamine (PanEco, 
Russia). After 24 hours, the nutrient medium was replaced 
with a fresh growth medium. At the same time, cells that 
were not attached to the  plastic culture flask were re-
moved. The growth medium was subsequently changed 
once every 3 days. As soon as the monolayer reached 80% 
density, the MSCs were reseeded. The cells were resee-
ded by trypsinization using 0.25% trypsin-EDTA solution 
( PanEco, Russia). Cells of passages 4–5 were further used. 
This is due to the  fact that the  MSCs of  passage  3 are 
already evaluated as homogeneous and stable popula-
tions, and the cells of passage 8 are aging cells beginning 
to show signs of genetic instability and decrease in diffe-
rentiation potential. 

To perform flow cytofluorometry, the MSCs were re-
moved from the plastic culture flask by trypsinization. They 
were further washed with Dulbecco sodium phosphate 
buffer solution – DPBS (PanEco, Russia) by centrifugation 
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Qualitative staining of  lipid inclusions with Sudan-3 
stain (Sigma, USA) was used for adipogenic differentia-
tion. For this purpose, the nutrient medium was removed 
from the cell culture and fixed with a 4% formalin solution 
for 30 minutes at room temperature. Before staining, the 
wells were threefold thoroughly washed with a sufficient 
amount of distilled water for 5 minutes. 

When staining the  cells with Sudan-3, their nuclei 
were additionally stained with hematoxylin and eosin. 
Sudan-3 stain was prepared by dissolving 0.02 g of pow-
der in 10 mL of 70% ethanol. The mixture was incubated 
for 2 hours at 58 °C. The solution was subsequently filtered 
and the samples were stained at room temperature for 
 15–30 minutes. Then they were washed with 0.9% NaCl 
solution and stained with hematoxylin and eosin. Hema-
toxylin and eosin solutions were prepared and the cell 
cultures were stained according to the standard procedure. 

For chondrogenic differentiation, 9  ×  105 of  pas-
sage 3–6 cells were taken and the same number was taken 
for control. They were washed from the nutrient medium 
and precipitated. MSCs for differentiation were resus-
pended with 90 µL of the chondrogenic differentiation 
medium, the same number of cells were resuspended in 
90 µL of the control medium. The experimental and con-
trol suspensions were applied by drops at 10 µL for each 
of the 3 wells of a 24-well plate. MSCs were incubated at 
37 °C for 2 hours for cell adhesion, after which 500 µL of 
the appropriate medium was added to each well. α-MEM 
supplemented with 10% FBS, 0.5 µM ascorbic acid 2-phos-
phate (Sigma, USA), 100 U/mL penicillin, 100 µg/mL strep-
tomycin, 2 mM L-glutamine was used as a control medium. 
DMEM-High glucose medium supplemented with 10% 
FBS, 0.5 µM ascorbic acid 2-phosphate, 100 U/mL peni-
cillin, 100 µg/mL streptomycin, 2 mM L-glutamine, 1× ITS 
(Sigma, USA), 100 µM/L sodium pyruvate (PanEco, Russia), 
1 µM dexamethasone (Sigma, USA), 0.5 µM ascorbic acid 
2-phosphate (Sigma, USA), 10 ng/mL TGF-β1 (Sigma, USA) 
was used as a chondrogenic differentiation medium. The 
media were changed every three days.

For chondrogenic differentiation identification, the 
staining with Alcian Blue stain (Sigma, USA) was per-
formed for the detection of acidic mucopolysaccharides 
being the marker of chondrogenation. For this purpose, 
the cell cultures were fixed in 95% ethanol and then in 70% 
ethanol for 5 minutes in each. After that, the cell cultures 
were threefold washed with distilled water for 30 seconds 
and stained with Alcian Blue solution for 1 hour. Then they 
were washed under running water for 2 minutes. Distilled 
water was poured over the samples and the samples were 
examined through the inverted visible light microscope. 
The Alcian Blue stain solution was prepared by dissolving 
1 g of the powder in 100 mL of 0.1 M HCl.

Obtaining and analysis of animal sperm. The epididymi-
des were derived from healthy male Wistar rats (n = 5) after 
decapitation, and from boars (n = 3) – immediately after 
slaughter. The epididymides were aseptically excised and 
transferred in a sterile Petri dish. The semen derived from 
one excised epididymis was washed with heated citrate 
buffer (Diaem, Russia), from the other – with DPBS in the 
ratio of 1:2. In case the semen was rich in spermatozoa, it 
was diluted 10-fold. All studies of the collected samples 
were carried out under the light microscope on slides 
heated to 37 °C. The samples meeting the standards were 
selected for further experiments [21]. 

To determine the content of pathological forms of sper-
matozoa, 0.05% eosin stain solution (PanEco, Russia) was 
added to a drop of semen on the slide in the ratio of 1:2. 
The semen and stain mixture was left for 3–5 minutes, af-
ter which three smears were made and visualized using 
the immersion microscopy; 100–200 cells were counted, 
identifying pathological forms and determining their per-
centage. The number of live (unstained) and dead (stained) 
spermatozoa was simultaneously calculated. Normally, 
the vital cells in the sample should amount to at  least 
58%. When assessing motility, the attention was paid to 
morphological defects such as droplets or curved tails. 
The number of sperm cells with abnormal morphology 
should not exceed 10%. 

To  determine the  motility, the  semen was diluted 
 20-fold with a heated citrate buffer/DPBS solution us-
ing semi-automatic dispensers. The number of forward- 
moving spermatozoa was calculated among 2 hundred 
counted spermatozoa, and percentage of progressive mo-
tility was determined. Ejaculates with the motility below 
70% and high content of agglutinated cell groups were 
rejected. The calculation was performed in at least four 
different fields. All results were presented as a percentage 
of the total number of spermatozoa.

The integrity of the acrosomes in semen was deter-
mined by staining the samples with Coomassie G250 
stain (Sigma, USA). The semen samples were placed on 
slides and incubated in a freshly prepared stain solution 
(0.22% Coomassie Blue G250, 50% methanol, 10% gla-
cial acetic acid, 40%  water) for 2  minutes. After that, 
the slides were thoroughly washed with distilled water 
to remove excess staining and examined under the light 
microscope. 

The MSCs and spermatozoa were coincubated in CO2 
incubator at 37 °C for 12 hours in the ratio of 1 million  
rat/pig MSCs per 5 million rat/pig spermatozoa in 1 mL of 
citrate buffer/DPBS. The control semen samples were incu-
bated at the concentration of 5 million germ cells per 1 mL 
of citrate buffer/DPBS without MSCs. The number of live 
and dead spermatozoa, their motility, as well as integrity 
of the acrosomes were determined in 3, 5 and 12 hours 
after the start of the experiment.

Compliance with ethical standards. The  permission 
of the local Ethics Committee of Kazan Federal University 
(No. 1 of 23 February 2015 for research on the subject Ge-
netic and cell therapy in regenerative veterinary medicine) 
was obtained to carry out procedures for the collection of 
adipose tissue.

Processing the results. Statistical processing of the ob-
tained data was carried out by primary statistical analysis 
tools using Excel 2016 software. The results are presented 
as the arithmetic mean of the sample ± standard devia-
tion. Secondary statistical data processing was performed 
using the nonparametric Mann – Whitney U-test. The dif-
ferences were considered significant at a significance level 
of p ≤ 0.05.

RESULTS AND DISCUSSION
The cells isolated from the animal adipose tissue ad-

hered to the plastic culture flask and had a fibroblast-like 
morphology (Fig. 1). 

The isolated cells expressed MSC markers: Thy-1, CD29, 
CD73 and did not express the hematopoietic stem cell 
marker CD34 (Table 1). 
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The results of differentiation of isolated rat and pig cells 
in 3 directions are shown in Figure 2. 

Thus, the affiliation of isolated and cultured pig and rat 
cells to the MSC pool is confirmed by the typical morpho-
logy at in vitro growth, presence of specific MSC markers 
and lack of markers of other stem cells, as well as their 
differentiation in 3 directions.

At the next stage, 23 ± 1 and 160 ± 3 million sperma-
tozoa/mL were obtained from rat and boar epididymides, 
respectively. Results of coincubation of rat/boar sperma-
tozoa with rat/pig MSCs are shown in Figure 3. 

The vitality and progressive motility of spermatozoa 
are considered to be the key factors that can affect the 
rate of both artificial and natural insemination. The semen 
evaluation based on these parameters is still the gold 
standard for in vitro and in vivo fertility prediction [22]. 
According to the data obtained, the rat spermatozoa are 
more sensitive to storage in citrate buffer and DPBS as 
compared to boar spermatozoa. At the same time, they 
practically lose their motility after 3 hours of storage in 
DPBS and citrate buffer solutions, both with and with-
out MSCs. Rat spermatozoa retained the same vitality for 
5 hours, regardless of what solution they were in, while 
boar spermatozoa better retained their vitality and mo-
tility in solutions with MSCs. Herewith, the minimal loss 
of motility and the maximal number of live boar sperma-
tozoa were recorded when stored in DPBS with MSCs as 
compared to citrate buffer with MSCs. But there is a sig-
nificant positive effect of the presence of MSCs in the 
storage medium as compared to the solutions without 
MSCs: by hour 12 of the experiment, 18% of vital boar 
spermatozoa were in the citrate buffer, and when MSCs 
were added to the citrate buffer, the vitality amounted 
to 88%. When stored in DPBS, by hour 12, there were 6% 
of vital spermatozoa in the samples, and 88% in the me-
dium with MSCs. 

The data obtained on the change in the integrity of ac-
rosomes throughout the  whole experiment indicated 
that they remained practically intact in rat spermatozoa 
by hour 12 of incubation. Moreover, introduction of MSCs 
into the incubation medium had a positive effect on their 
integrity. In boars, breakdown of acrosomes occurred al-
ready by hour 3 of incubation in both control and exper-
imental samples. Herewith, adding MSCs to the solution 
also had a protective effect on preserving the integrity 
of boar spermatozoa (Table 2). 

It is known that in order to preserve in vitro motili-
ty and vitality of boar spermatozoa, the researchers re-
commend adding various substances to the diluent, for 
example, cresacin biostimulator. It has a positive effect 
on  the  motility of germ cells and belongs to organic 
chemical compounds [23]. However, addition of MSCs 
may have a positive effect not only on the spermatozoa 
themselves, but also on sows during insemination, since, 
according to the published data, the addition of the MSC 
conditioned medium to stallion semen samples not only 
did not worsen the semen parameters during 2 hours 
of  incubation, but also mitigated early inflammatory 
endometrial reactions in mares during artificial insemi-
nation with these samples. The  researchers associate 
the obtained effect with MVs extracted by the MSCs in 
the culture medium [24]. 

Our studies have shown absence of both pronounced 
positive and negative effects of MSCs on the rat semen 
as compared with the boar spermatozoa. This can be 
explained by the fact that, according to the published 
data [25], there are differences in the content of organic 
compounds, in particular proteins and their compounds, 
in the cell membrane of rat and boar spermatozoa ( Table 3), 
as a result of which the germ cells of these animals react 
differently to signals from the outside. 

For example, concentrations of  total cholesterol 
of  phospholipids, desmosterol, and phosphatidyletha-
nolamine in the cytoplasmic membrane of rat and boar 
caudal spermatozoa are almost the same. But the content 
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Fig. 1. Primary MSC culture: А – pigs; B – rats (100× magnification) 

Table 1 
Number of animal MSCs (n = 3) in the isolated cell population demonstrating typical 
markers of MSC, %

Marker
Animal Thy-1 CD29 CD73 CD34

Rat 95 ± 3 97 ± 1 95 ± 6 0

Pig 98 ± 2 94 ± 3 92 ± 4 0

Fig. 2. Differentiation of rat and porcine MSCs of adipogenic origin 
(magnification is indicated in the pictures)
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of sphingomyelin and phosphatidylserine varies signifi-
cantly. The amount of sphingomyelin in the cytoplasmic 
membrane of rat caudal spermatozoa is nearly two-times 
lower than in boar spermatozoa. It is well known that 
sphingomyelin has an effect on spermatozoa motility and 
integrity of their membranes. There is evidence of posi-
tive correlation between the content of this phospholipid 
in the cell membrane of human spermatozoa and their 
motility  [26]. Rat spermatozoa contain less sphingomy-
elin as compared to boar spermatozoa. That is probably 
why they lose motility in the control sample already by 
hour 3 of incubation. But even under these conditions, rat 
spermatozoa retain greater motility with MSCs (Fig. 2) as 
compared to the control group. Different content of pro-
teins responsible for the motion activity of spermatozoa 
in the membrane of boar and rat male germ cells, and, 
as a  result, different performance, are most likely due 
to different length of the genital tract in females of these 
 animals. 
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Fig. 3. Measuring vitality and motility of the boar and rat sperm cells (* р ≤ 0.05 as compared to initial group value)

Phospholipid phosphatidylserine concentrations also 
differ significantly in boar and rat spermatozoa. It is in 
charge of the activity of spermatozoa. This phospholipid 
is normally located on the inner side of the cell membrane, 
and when transferred to the outer side as a result of various 
processes in the cell, it is an early marker of apoptosis [27]. 
In their article, P. Agrawal et al. [25] determined concen-
tration of phosphatidylserine in the whole membrane of 
spermatozoa. Therefore, it is impractical to draw any con-
clusions from these data regarding the work carried out. 

It is also known that rat spermatozoa are extreme-
ly sensitive to  centrifugation, pipetting and cooling 
conditions due to their long tail, shape, head size and 
membrane composition [28]. Lack of any effect on rat 
spermatozoa during the experiment may be explained by 
the small number of MVs isolated from the MSCs added 
to the storage medium. Mokarizadeh A. et al. [29] in their 
studies demonstrated the data on cryopreservation of rat 
spermatozoa with MVs collected during the cultivation 
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of adipose tissue-derived MSCs. The researchers noted 
that addition of 25 µg of MVs based on total protein does 
not have any significant effect on spermatozoa as com-
pared to the  control without MVs. At the same time, 
cryopreservation of rat spermatozoa with 50 and 100 µg 
of MVs based on total protein significantly increases the 
number of vital and motile spermatozoa after defrost-
ing. Unfortunately, the task of this work was not to isolate 
and determine the effect of MSCs derivatives on the state 
of rat spermatozoa, so we cannot reliably confirm this 
assumption.

CONCLUSION
In the last few decades, the majority of the research 

has been focused on the methods aimed to improve the 
efficiency of the semen storage/cryopreservation, which 
is considered one of the main problems in reproductive 
biotechnology. The  applied approaches are based on 
the protection of spermatozoa from the harmful effects 
of storage and cryopreservation procedures, including 
use of  various extenders, cryoprotectors, antioxidants 
and nutritional components. Moreover, some of  these 
studies have focused on repair damaged sperm during 
the freeze-thaw process [30]. Repair of the spermatozoa 
damaged during storage is  considered extremely im-
portant for improving their vitality and fertility [31]. It is 
known that stem cells excrete paracrine factors that en-

hance cellular protection and trigger anti-apoptotic and 
antioxidant mechanisms [32]. And stem cell derivatives, 
MVs, have effects similar to their parent cells on the sur-
rounding tissues and cells [33]. The use of the stem cells 
and their derivatives (MVs) is likely to protect semen from 
the negative effects of storage/cryopreservation, such as 
oxidative stress, apoptosis, DNA damage and loss of mi-
tochondrial activity. When analyzing the results obtained, 
it is impossible to unambiguously recommend the use 
of MSCs in the storage of spermatozoa of all animals. It is 
necessary to clarify the features of the interaction between 
animal spermatozoa and MSCs, mechanism of such effects 
and features of artificial insemination of animals with such 
semen. This will allow filling in serious gaps in knowledge 
and technologies for long-term storage of germ cells. This 
research area is of great importance for animal science and 
biotechnology as for preservation of germ cells of various 
species of rare and endangered animals. Along with sci-
entific progress related to the discovery of sperm fertility 
markers, there is an urgent need to improve vitality and 
fertility of  spermatozoa after storage (thawing) by  im-
proving storage methods (cryopreservation) in order to 
obtain high-performance farm animals to ensure global 
food security.
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