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Abstract

The results of the study of the effect of cord blood serum and «Actovegin» (Takeda, Ukraine) on the reproductive function
of cows in a comparative aspect are presented.

The aim of the study was to analyze the effect of cord blood serum and Actovegin on the reproductive function of uterine
cows in a comparative aspect.

Materials and methods. The research was conducted during 2017-2020 in four dairy farms of Sumy region with tethered
and untied maintenance. In 128 cows of different breeds and productivity, the timing of sexual cycling was studied and analyzed in
comparison with the spontaneous sexual cycle with the use of cord blood serum and the drug «Actovegin» (Takeda, Ukraine).

Results. It was found that in cows with tethered content, the number of days from the introduction of 15 ml of cord blood
serum to the manifestation of the excitation stage was significantly less compared to the spontaneous manifestation of sexual desire
(5.63+0.36 and 14.38£2.1, respectively).

When cows with loose content were administered 10 ml of cord blood serum in combination with the drug «Actoveginy, the
number of days before the manifestation of sexual cycling was lower by 18.3 % compared with the rate of spontaneous sexual desire
(4.31+0.38 and 18.25+1.89, respectively).

Conclusions. As a result of using 10 ml of cord blood serum in combination with the drug «Actoveginy, in cows of different
productivity and under different housing conditions, the number of days before the onset of the stage of arousal is significantly re-
duced compared to the spontaneous manifestation of sexual desire.

Cows of different productivity and with different housing conditions come to the sexual desire significantly faster with the
use of 15 ml of cord blood serum compared to the spontaneous manifestation of sexual desire.
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1. Introduction

Researchers are increasingly focusing on drugs of organic origin, which include the drug
«Actoveginy» and cord blood serum (CBS) [1, 2].

The advantages of umbilical cord blood are ease and safety of its obtaining; availability
for immediate use of cryopreserved samples, relatively low probability of acute or chronic graft-
versus-host disease [2, 3].

Scientists claim that cord blood serum is an effective means for stimulating and regulating
the processes of proliferation, differentiation and maturation of epithelial cells, normalization of
the body’s immune responses. In addition, CB serum stimulates repair, has anti-inflammatory anti-
oxidant, adaptogenic, antihypoxic, anabolic and bacteriostatic effects associated with antibacterial
factors such as IgG, lysozyme and complement [3, 4].
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However, there are no data on the use of cord blood preparations to stimulate and correct the
reproductive function of cows. Therefore, it is undoubtedly an urgent task to study the stimulating
effect of cord blood serum compared and combined with «Actovegin» in order to accelerate the
manifestation of the excitation stage.

Analysis of recent research and publications. Cord (placental, umbilical, fetal) is blood
that remains in the vessels of the placenta and umbilical cord immediately after removal of the
newborn from the mother’s body. In fact, CB is an integral part of fetal blood [5, 6]. Doctors
call umbilical cord blood liquid gold, scientists — the greatest success story in the field of cell
technology [4, 7].

CB — creates an internal environment of the fetus that is actively developing, ensuring the
transport of biologically active substances of the placenta and fetal tissues, which in turn deter-
mine the growth and differentiation of embryonic cells and the regulation of metabolism. Due to
the ability to implement in the body of the recipient all their inherent properties (proliferation and
differentiation), CB cells are used as a temporary and long-term (depending on the degree of com-
patibility) graft. The purpose of the use of temporary grafts is the correction of hematopoiesis and
immunopoiesis, stimulation of non-specific immune factors, activation of organs and systems that
ensure the stability of homeostasis. CB contains a-fetoprotein, a2-microglobulin fertility, tropho-
blastic B1-glycoprotein associated with pregnancy a2-glycoprotein, uromodulin, chorionic gonado-
tropin, placental lactogen, progesterone and others [5, 6].

Scientists claim [6] that CB has an increased level of substances involved in the antioxidant
system: carotenoids, ascorbic acid, tocopherols and others. This causes an increase in the resistance
of CB plasma to Cu, and induced lipid peroxidation. CB contains an increased composition of
trace elements that are involved in various processes of cellular metabolism: potassium, calcium,
magnesium, phosphorus, iron.

The amount of nickel, chlorine and zinc in the CB is almost no different from the amount of
these elements in the blood of an adult. Glucose, lactate, creatine, elevated levels of betaine were
found among low molecular weight substances [6, §].

Till nowadays, there is enough information in scientific and clinical practice on the impact
of CB on individual organs, systems and cell cultures, and on the body as a whole. A large num-
ber of biogenic stimulants based on CB have been developed, as umbilical cord blood contains
a balanced complex of biologically active substances involved in induction, repression, reverse
inhibition of various enzymes of organs and tissues of the recipient, thus affecting the metabolism
not only but also on the body without severe pathology [5, 8].

CB also differs from adult blood in rheological and immunological characteristics [6, 9],
coagulation parameters [7], and oxygen transfer, which allows the use of fetal erythrocytes in se-
vere forms of hemorrhagic shock accompanied by secondary tissue hypoxia [3].

CB erythrocytes have increased transport and immune properties and contain a large
amount of fetal hemoglobin enriched with oxygen. Because of this, erythrocytes of the CB are able
to function in the bloodstream for a long time after transfusion [7, 10].

CB lymphocytes have a specific immunoreactivity, because on the surface of a one third of
them, the so-called «zero lymphocytesy, there are no markers for any immunocompetent cells, the
rest do not have receptors for interleukin-2 [10, 11].

CB is enriched with immature stem cells — precursors that are not perceived by the donor as
foreign and do not require individual selection, compared with the body’s response during blood
transfusion [5, 12].

CB serum is a unique biological medium that contains pro-enzymes, enzymes, receptors,
adaptogens, growth factors, immunoregulatory agents, transport proteins, etc. CB serum cyto-
kines (interleukins, interferons, colony-stimulating factor, tumor necrosis factor, transforming
growth factor) are involved in the processes of immunoendocrine interaction of mother and fetus.

CB serum also contains reproductive hormones: chorionic gonadotropin, placental lacto-
gen, prolactin, chorionic thyrotropic and adrenocorticotropic hormones, a-melanocyte-stimulating
hormone, and structural analogues of brain neuropeptides (endorphins), 12 endorphins and en-
kephalins [9, 13].
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Scientists claim that the concentration of the hormones mentioned above in the CB serum
is much higher than in the blood of a non-pregnant adult, because it provides flexible regulation of
vital processes during the perinatal period. The information written above partially explains the
therapeutic effect of the use of drugs based on placental blood, including cryopreserved CB serum.
It happens because the low temperature allows maintaining biologically active compounds in the
native state and physiological ratios [14].

When studying the processes of freezing and storage of CB serum, the researchers found that
with low-temperature (20 °C) preservation, the quantitative indicators of the content of hormones of
protein origin are slightly reduced compared to the baseline. The long-term effect of drugs made from
cryopreserved CB serum on the body as a whole and on the embryonic and teratogenic effects was also
studied. It has been determined that the drugs mentioned above do not have a negative effect on re-
productive function and pregnancy, but reduce pre- and postimplantation overall embryonic mortality.

Scientists have positive experience in the use of cryopreserved CB serum for the treatment
of chronic inflammatory processes (salpingitis, oophoritis, endometritis, pancreatitis, etc.). Anal-
gesic and anti-inflammatory effect, restoration of immune and endocrine systems, improvement
of cellular and humoral immunity was proven. The use of CB serum has a positive effect on repair
processes, reduces the risk of complications due to the action of antibiotics and cytostatics, reduces
the duration of treatment [10, 12].

CB plasma is also unique because it is enriched with a large number of vitamins, trace ele-
ments, various proteins, hormones, neuropeptides and other low molecular weight compounds that
are absent in the blood of the adult body [13].

It is also unique that the CB plasma contains more than 60 specific placental proteins that
act as enzymes, hormones, adaptogens, receptors, growth factors, immunoregulatory agents, and is
saturated with a large number of peptides — structural analogues of brain neuropeptides and opioid
peptides (endorphins and enkephalins) [13].

The most common, at present, is the ability to use CB as an alternative source of hemato-
poietic progenitor stem cells, because, despite the high content of many bio-and immunostimulants,
the latter are in a balanced concentration and are a biologically active complex necessary for body
development and normalization of metabolism in the case of its introduction into the body of an
adult animal. Due to the above properties of the cell composition, CB and drugs made from it are
increasingly used in clinical practice, and used as a whole CB and its components [14].

When choosing a source of stem cells, it is the CB that is preferred, because in this case
there are no moral and ethical problems of its production. The ease of the mononuclear isolation
procedure is also noteworthy, as is the fact that the content of stem and early progenitor cells does
not differ from the number of the latter in the bone marrow, while the proliferative potential ex-
ceeds it. Stem cells are used in the treatment of about a hundred different diseases, including cancer
of various localizations, genetic diseases, leukemia, immunodeficiency, cardiovascular disease,
stroke, limb ischemia, multiple sclerosis, diabetes, liver cirrhosis, pancreatic necrosis, as well as
chronic and autoimmune diseases. Umbilical cord blood reveals mesenchyme stem cells, which
make up bones, cartilage, teeth and a special type of so-called pluripotent stem cells, which are no
longer present in any body tissue and can be used in tissue engineering to create new organs to re-
place patients [10]. In recent years, hemangioblasts (AC133 +) have also been isolated from umbili-
cal cord blood, which are used in tissue engineering of heart valves and vascular implants [15, 16].

CB has a unique subpopulation of lymphoid cells: a quantitative predominance of inac-
tivated, immature and suppressor cells is registered, which prevents the emergence of a graft-
versus-host condition, even in the case of umbilical cord blood stem cells with incomplete HLA-com-
patibility. CB is widely used in the treatment of various types of anemia. It is proved that the use of
CB stem cells is not limited to the restoration of the hematopoietic system. The body’s response is
unpredictable. It is possible to eliminate the pathology of nerve cells, restore the liver parenchyma
and pancreatic cells, to normalize homeostasis and others. Mesenchyme stem cells under the con-
ditions of cultivation in a special way are transformed into fibroblasts, cells of bone, adipose and
fibrous tissue. The advantages of using CB include a reduced risk of transmission of some latent
infections, no post-transfusion reactions and unlimited long-term storage in the frozen state [17].
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Scientists have proven that the use of CB serum in gynecological disorders restores the hor-
monal balance of the reproductive system, and in contrast to hormone replacement therapy, does
not cause suppression of ovarian steroidogenesis [18].

In addition to the CB serum, in our opinion, the drug of organic origin «Actoveginy», de-
veloped by the Austrian company «Nycomed», deserves attention. The molecular weight of its
components does not exceed 5 kDa. «Actoveginy is a deproteinized hemoderivative of calf blood
that contains only physiological substances with a molecular weight <5000 Da, such as low mo-
lecular weight peptides, amino acids, nucleosides, antioxidants, trace elements, anions and cations.
«Actovegin» shows the following effects: metabolic, neuroprotective and microcirculatory by
stimulating the process of utilization and transport of glucose; the process of capturing and uti-
lizing oxygen. Deproteinized hemoderivative of calf blood activates the formation of adenosine
diphosphate, adenosine triphosphate, creatine phosphate, amino acids (including glutamate, aspar-
tate, gamma-aminobutyric acid). «Actovegin» also increases cellular energy metabolism, energy
metabolism, stimulates and accelerates healing processes [8].

According to scientists, [8, 9] «Actovegin» helps to normalize blood circulation to the ge-
nitals, which provides active growth of the endometrium during the stage of excitation. The rege-
nerative effect of the drug on the uterine mucosa in the treatment of endometritis has been proven.

The aim of the research was to determine and analyze the effect of cord blood serum and
«Actovegin» on the reproductive function of the uterine population of cows in a comparative aspect.
The results of research can be proposed as a way to restore and correct the reproductive function of
the breeding stock of cows in farms with different forms of ownership and under different methods
of keeping animals.

2. Materials and methods

The research was carried out in the following farms: for tethered keeping with produc-
tivity <6000 kg: OJSC BP «Mykhailivka» of Lebedyn district of Sumy region (cows of (American)
Brown Swiss breed), farm «Vitaliia» of Buryn district of Sumy region (Simmental cows), for loose
housing with productivit y >6000 kg: LLC AF «Vladana» (cows of the Ukrainian black-spotted
breed), and LLC AF «Lan» of the Sumy district of the Sumy region (cows of the Holstein breed).

Etiological factors, the state of neuroendocrine regulation of reproductive function of cows
were the subject of research.

The object of research is the state of reproductive function of uterine cows.

128 clinically healthy cows aged 3—10 years, which developed endometritis or manure re-
tention and were in a state of anaphrodisia, were divided into 8§ groups that included 16 heads
each. The diagnosis was established on the basis of general clinical examinations and obstetric and
gynecological medical examinations.

All animal experiments comply with the recommendations of ARRIVE and were performed
in accordance with the British Animal Act (scientific procedures) 1986 and comply with the guide-
lines for the protection of animals used for scientific purposes.

In order to correct and stimulate the manifestation of the excitation stage, cord blood serum
was used. To obtain the CBS, during the successive stage of birth in cows, after removal of the
fetus, blood was drawn from the umbilical cord vein using disposable syringes of large volume.
Before that, hemostatic forceps were applied at a distance of 3—5 cm from the calf’s navel. In case
of rupture of the umbilical cord, hemostatic forceps were applied 2-3 centimeters above the rupture
site, after which it was punctured with a vein of the umbilical cord. After settling, the formed se-
rum was centrifuged and poured into 5 ml sterile plastic tubes and subjected to cryopreservation in
a freezer at —18 °C, which was stored for up to 3—4 weeks.

In order to compare the effect of cord blood serum on the stimulation of reproductive func-
tion of cows, we also used the drug «Actovegin» — a highly purified hemodialysate obtained by
ultrafiltration from the blood of dairy calves.

The action of the drug «Actoveginy» is aimed at the correction of bioenergetic disorders,
suppression of inflammatory cell infiltrates, restoration of microcirculation in the tissues of the
uterine mucosa. The main pharmacological property of this drug is to improve glucose transport
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and oxygen uptake into tissues, which causes the activation of aerobic oxidation processes, which
in turn increases the energy potential of the cell [8, 9] (Fig. 1).

Mﬁ:hg(;iigi zli?}llutgﬁgﬁegii?;ﬁigc(};h‘:slty Methods of sexual cycling stimulating in
of (American) Brown Swiss and groups with loose housing (Ukrainian
Simmental breeds) black-spotted and Holstein breeds)
Group 1 10 ml of cord blood serum Group 5 10 ml of cord blood serum
P subcutaneously, n=16 P subcutaneously, n=16
Group 2 15 ml of cord blood serum Groun 6 15 ml of cord blood serum
P subcutaneously, n=16 P subcutaneously, n=16
10 ml of cord blood serum 10 ml of cord blood serum
Group 3 subcutaneously, combined with Group 7 subcutaneously, combined with
P actovegin 10 ml (400 mg) P actovegin 10 ml (400 mg)
intramuscularly, =16 intramuscularly, =16
Group 4 spontaneous manifestation of Group 8 spontaneous manifestation of
P sexual desire n=16 P sexual desire n=16

Fig. 1. The scheme of the experiment

In order to correct sexual cycling in 64 cows of (American) Brown Swiss and Simmental
breeds with tethered keeping, the following schemes were used:

Animals of the first group (16 cows) were injected with 10 ml of cord blood serum subcuta-
neously, once in the neck.

Sixteen cows of the second group: 10 ml of cord blood serum subcutaneously, once in the
neck and 10 ml (400 mg) of «Actovegin» intramuscularly, once in the neck.

16 cows of the third group were injected with 15 ml of cord blood serum subcutaneously,
once in the neck.

In animals of the fourth group (16 cows), the timing of spontaneous sexual desire was taken
into account.

Similarly to the written above, 64 cows of Ukrainian black-spotted and Holstein breeds with
loose housing, the following reproductive correction schemes were used:

Animals of the fifth group (16 heads) were injected with cord blood serum subcutaneously,
once in the neck, at a dose of 10 ml.

16 cows of the sixth group: 10 ml of cord blood serum subcutaneously, once in the neck
and 10 ml (400 mg) of «Actoveginy» intramuscularly, once in the neck.

16 cows of the seventh group were injected with 15 ml of cord blood serum subcutaneously,
once in the neck.

The timing of spontaneous sexual desire was taken into account in 16 animals of the
eighth group.

The effectiveness of correction and stimulation was determined by the morpho functional
state of the genitals of cows before insemination, by the time of onset of the stage of arousal,
the onset of pregnancy, and the determination of the insemination index. The insemination
index (the number of inseminations used for fertilization) was calculated by the formula:

li=Ko:Kn,

where /i — insemination index; Ko — the number of inseminations used to fertilize the experimental
group of cows; Kn — the number of cows in the experimental group that became pregnant.

The obtained digital material was processed by methods of variation statistics using Stu-
dent’s parametric t-test.

3. Research results
The obtained data presented in Table 1, show that the number of days before the manifesta-

tion of the excitation stage in the first group is significantly less (by 14.4 % (p<0.003) than in the
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fourth group (5.63+£0.36 and 14.38 +2.1, respectively). However, the same index of the first group

was probably higher (by 5.6 %) (p<0.03) relative to the second group. The number of days from

the correction of reproductive function to the manifestation of the stage of excitation in the second

group was probably lower by 14.4 % (p<0.01) for the index of the fourth group. The above-men-

tioned index was probably lower by 4.9 % (p<0.03) in animals of the third group, compared with

the second group.

Table 1

The effect of cord blood serum and actovegin on the reproductive function of cows in a comparative aspect

The number of days Came to sexual desire again after the Calved
A group from the correction of ~correction of sexuality and insemination (after two inseminations) Insemi-
of ani-  reproductive function % of the total number % of the total number nation
mals  to the manifestation of NUMPer of o Lo in the group Number of o, mals in the group index
the stage of excitation ~ animals (n=16) animals (n=16)

1 5.63+£0.36 5 31.25 11 68.75 1.5
2 4.88+0.27 3 18.75 14 87.5 1.4
3 3.86£0.36 1 6.25 15 93.75 1.2
4 14.38£2.1 10 62.5 7 43.75 4.3
5 5.93+0.6 7 43.75 12 75.0 1.91
6 5.56£04 4 25.0 14 87.5 1.42
7 4.31+0.38 2 12.5 16 100.0 1.13
8 18.25+1.89 10 62.5 4 25.0 6.5

The number of days from the correction of reproductive function to the manifestation of the
stage of excitation in animals of group 3 was lower by almost 14.4 % (p<0.001) compared to group
4 where it equaled 3.86+0.36 and 14.38 +2.1, respectively.

The number of days from the correction of reproductive function to the manifestation of the
excitation stage in group 5 was lower by 18.2 % (p<0.001) compared with group 8 (5.93+0.6 and
18.25+1.89 days, respectively). The same index probably differed in the 5th and 7th experimental
groups by 5.9 % (p<0.025), as well as in 6th and 8th by 18.3 % (p<0.01).

The number of days from the correction of reproductive function to the manifestation of
the excitation stage in group 6 was probably lower by 5.6 % (p <0.04) compared to the fifth group.

The same indicator was 18.3 % (p<0.001) lower in animals of group 7 compared to the
eighth group (4.31+0.38 and 18.25 £ 1.89, respectively).

The rate of overfeeding (ineffective insemination after correction of sexual cyclicity) with
tethered keeping was as follows: 5 cows of group 1 came to sexual desire again, which is 39 % more
than group 2 and 81 % more than group 3. The number of cows with feces in group 1 was 51 %
lower than in group 4.

The number of cows in group 2 that showed sexual desire again after the correction of sexual
cycling and insemination was 39 % higher than in group 3, however, it was 70 % less than in group 4.

Only 1 cow of group 3 showed sexual desire again compared to 10 animals of group 4, which
was 90 % less.

With loose housing, 7 cows of group 5 came to the sexual desire again, which is 38 % more
than group 6 and 43 % more than group 7. The number of cows with feces in group 6 was 51 %
lower than in group 7 and 70 % more than in group 8.

4 cows of group 6 showed sexual desire again, which is 30 % more than the group 7. Two
cows of group 7 re-came to the sexual desire, which is 79 % less than 10 animals of group 8.

The number of calves born from cows after two inseminations was as follows: in group 1
it equaled 11 cows that gave birth to calves. It is 27.3 % less than the result of the second group —
14 cows, and 36.4 % less than the result of the third group — 15 cows. The number of calves born
from cows in group 3 is 57.1 % more than born form 7 cows of the fourth group. 14 cows who gave
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birth to calves in the 2nd group of animals were 7.1 % less than 15 cows of the third group, and 50 %
more than 7 cows of the fourth. 53.3 % more cows were calved in group 3 compared to the fourth group.

12 cows of the fifth group were calved during tethered keeping. This is 16.7 % less than
14 cows of the sixth group, and 33.3 % less than 16 cows of the seventh group, and 66.7 % more
than 4 cows of the 8th group.

Fourteen cows of the sixth group calved after correction of reproductive function. This
is 12.5 % less than in group 7 and 71.4 % more than in the eighth group. 75 % more cows of
group 7 calved compared to the eighth group.

After analyzing the insemination index of experimental cows, we found that when cows
were tethered in group 1, it was equal to 1.5, which is 6.7 % more than the result of group 2 (1.4) and
20 % more than index of the third group (1.2). However, the same index was 65.1 % less than the
one of the fourth group (4, 3). In cows of group 2, the insemination index was 1.4, which is 14.3 %
more than in group 3 (1.2) and 67.4 % less than in group four (4.3). The insemination index in cows
of group 3 (1.2) was lower by 72.1 % compared to the fourth group.

In loose housing: the insemination index of group 5 was 1.91; which is 25.7 % more than
the index of group 6 (1.4) and 40.8 % more than the one of group 7 (1.13), and 70.6 % less than the
insemination index of the eighth group of cows (6.5). In cows of group 6, the insemination index
was 1.42, which is 20.4 % more than index of group 7 (1.13), and 78.25 % less than the index of
group 8 (6.5). The insemination index of cows of group 7 was lower by 82.6 % compared to the
eighth group (1.13).

4. Discussion of research results

Studies have shown that cord blood serum contains pro-enzymes, enzymes, receptors,
adaptogens, growth factors, immunoregulatory agents, transport proteins and other multipotent
components that affect the repair of damaged tissues [12]. Studies have proven the role of reproduc-
tive hormones and cytokines of CBS. The latter participate in the processes of immunoendocrine
interaction of mother and fetus and provide flexible regulation of vital processes during the perina-
tal period, which to some extent explains the therapeutic effect of cryopreserved CB serum, as low
temperature allows to maintain biologically active compounds in the native state and physiological
correlations [12, 14].

It is known that one of the main mechanisms of action of cord blood serum is neurotrophic
influence, modulation and correction of the processes of neoangiogenesis and inhibition of en-
dometrial tissues [13, 14]. CBS also participates in the process of minimizing the production of
inflammatory cytokines and has a positive effect on the formation of the cytokine profile of the
body [19, 20]. The therapeutic effect of the drug «Actoveginy, apparently, is largely due to the abi-
lity of its components to stimulate the consumption of oxygen and glucose by cells, which is of
great importance in many pathological conditions [8, 9].

Thus, the use of CB serum and the combined use of CB serum and «Actovegin» allowed to
restore the morphological structure of the endometrium as well as to restore the balance between
activator factors and inhibitors of angiogenesis, which determines the optimal conditions for the
formation of the maternal placenta [21, 22].

Study limitations. Limitation of research is an insufficient period of observation of ex-
perimental animals. Still, a plausible idea of the impact of applied techniques on the reproductive
function of cows was obtained.

Prospects for further. The prospect of further research is to determine the effect of the
applied methods of correction of reproductive function of cows on newborn calves. The pros-
pect of further research is to optimize the use of selected methods for correcting the reproductive
capacity of cows.

5. Conclusions

As a result of the use of 10 ml of cord blood serum in combination with Actovegin, the
number of days before the onset of the arousal stage in loose cows decreased by an average of
10.52 days (p<0.001) compared with the spontancous manifestation of sexual cycling.
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The number of days before the onset of the arousal stage was probably 13.94 days lower on
average (p<0.001), compared with spontaneous sexual desire in tethered cows with the combined
use of cord blood serum and Actovegin.

The practical value of the obtained results is a significant reduction of the service period in
the post morbid state of the uterine herd of cows.
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