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ABSTRACT

The article presents the data on the functional activity of testosterone-synthesizing system in the 12-month-old black-
and-white Holstein, Simmental, Aberdeen-Angus heifers, as well as cross-bred cows (Simmental x Aberdeen-Angus).
The study had the following goals set: 1. To compare the data between the experimental groups of heifers of different
breeds. 2. To carry out the functional stress tests of the testosterone synthesizing system in experimental heifers at the
age of 12 months. 3. To study the functional activity of the testosterone-synthesizing system in experimental heifers of
different breeds. 4. To calculate the activity coefficients of the testosterone-synthesizing system in experimental
groups of heifers at the age of 12 months. The studies were carried out on black-and-white Holstein, Simmental, and
Aberdeen-Angus heifers and their crossbred heifers (Simmental x Aberdeen-Angus). In order to determine the
functional reserves of the testosterone synthesizing system, chorionic gonadotropin (CG) was intramuscularly
administered at 12 months of age, and the activity of the testosterone synthesizing system was determined. The
introduction of chorionic hormone at a dose of 0.5 units/kg causes hyperfunction of the testosterone-synthesizing
system. Moreover, the maximum level of testosterone in the blood of heifers at 12 months of age was observed 24
hours after its third administration. The results of the effects of functional stress tests on the testosterone synthesizing
system of the heifers indicate that the potential reserves of the testosterone synthesizing system in the Simmental and

black-and-white breeds at the age of 6 months are lower than in Aberdeen-Angus and cross-breed animals.
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INTRODUCTION

In recent decades, information has been attracted to
this issue that more successful breeding in livestocks
requires deeper knowledge in interior indicators,
especially about the endocrine system (Crowe et al.,
2018). Since testosterone has a pronounced effect on the
productive qualities of animals, we therefore set a task to
conduct and study the functional loads on the testosterone
synthesizing system for heifers of different breeds
(Faulkner et al., 1989; Saeid and Zaid, 2019).

Testosterone is a male and female sex hormone
(normally it accounts for about 90% of all secreted
androgens) (Rubens and Vermeulen, 1971; Eremenko and
Rotmistrovskaya, 2019). The synthesis of testosterone in
Leydig cells is regulated by luteinizing hormone (LH) of
the anterior pituitary gland. Circulating testosterone in the
blood of cattle is 98% bound to plasma proteins, mainly to
globulin, as well as to albumin (Drzhevetskaia, 1994;
Marry et al., 1993).

Therefore, changes in the concentration of blood
plasma proteins significantly affect the level of free
testosterone, which also has biological activity (Misao et
al., 1994). In plasma, testosterone decomposes from 50 to
100 minutes (National Center for Biotechnology
Information, 2020). A small part of testosterone is
converted into estradiol, as it undergoes aromatization.
This process is very important for the central nervous
system, since these hormones are the basis of the sexual
behavior of females and males (Narthan et al., 2001).

In mammals, testosterone derivatives stimulate
erythropoiesis (Guo et al., 2015; Patrick et al., 2020) but
the main function and effect of testosterone is the anabolic
effect; it can accelerate or decelerate the synthesis of
enzymes that stimulate protein anabolism (Bhasin et al.,
2003; Lam et al., 2017). It also participates in the
development of adipose tissue through androgen receptors
and significantly increases the breakdown of fats (Bhasin
et al., 2003; Lam et al., 2017). There is also evidence that
testosterone increases the overall level of homocysteine in
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the plasma of females (Giltay et al., 1997). In addition, it
takes part in the regulation of many physiological
processes through specific receptors, which number can
either increase or decrease (Bloom et al., 1992; Fenske,
1996). Through androgen receptors, testosterone inhibits
the implementation of the gonadotropin releasing factor
gene in the hypothalamus (Cardone et al., 1998),
stimulates the implementation of hereditary information
of androgen receptors in cells of growing follicles (Franks
and Hardy, 2018). An interesting fact is that with stress,
the concentration of testosterone in the plasma rises.
Moreover, the synthesis of testosterone is stimulated by
ACTH (Fenske, 1996).

During puberty in female rats, testosterone lowers
insulin uptake and further reduces its degradation
(Krakower et al., 1993). The literature provides evidence
of a close relationship between the levels of testosterone,
progesterone and hormones in the posterior pituitary gland
(Nitray et al., 1992). In addition, there is evidence that a
decrease in the number of oxytocin receptors during
physiological aging in the olfactory bulbs and
hypothalamic ventromedial nucleus is associated with a
decrease in plasma testosterone levels (Christopher et al.,
1997). Also, testosterone affects the synthesis of
progesterone in vitro (Tanabe et al., 1992). The above
data indicate that testosterone has a multifaceted effect on
the development and condition of the body. This influence
is not limited to any single period of ontogenesis and any
particular period of life. Thus, the problem of studying the
hormonal status of cattle of different breeding affiliations
and productive qualities is relevant, and the results of its
solution will be required by zootechnical and veterinary
science and practice. The studies were carried out on
black-and-white Holstein, Simmental, and Aberdeen-
Angus heifers and their crossbred heifers (Simmental x
Aberdeen-Angus). In order to determine the functional
reserves of the testosterone synthesizing system, chorionic
gonadotropin (CG) was intramuscularly administered at
12 months of age, and the activity of the testosterone
synthesizing system was determined. This will serve as
the basis for the development of tests for early prediction
of their future productivity.

MATERIALS AND METHODS

The objects of study were 12-month-old black-and-
white Holstein, Simmental, and Aberdeen-Angus heifers
and crossbreeds of Simmental and Aberdeen-Angus breeds.
For the experiment, four groups of animals were formed, 10
animals each. Within each group, the animals were similar
in age. Animals were fed according to generally accepted
norms that corresponded to their age and physiological state
in according to NRC recommendations.

To determine the functional reserves of the
testosterone synthesizing system, heifers at the age of 12
months were intramuscularly injected with chorionic
gonadotropin (CG) in a dose depending on the live weight
of the animal. Such animal studies were carried out at All-
Russian Research Institute of Physiology, Biochemistry
and Nutrition of farm animals in the neuroendocrine
growth regulation laboratory and development of
agricultural animals (ethical code: 243).
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Fig. 1: testosterone-synthesizing system for 12-month-old
heifers after administration of CG.
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Fig. 2: testosterone-synthesizing system for 12-month-old
heifers after second administration of CG.

3:
heifers after third administration of CG.

Fig. testosterone-synthesizing system for 12-month-old

CG was administered to heifers 3 times with an
interval of 72 hours. Blood for testosterone was taken
before the introduction of CG and 2, 12, 24, 48, and 72
hours after its administration. The activity index of the
testosterone synthesizing system was determined by the
formula:
lsa = T1-TO/ TO
lisa - testosterone-synthesizing activity index
TO - basal testosterone level before the first administration

of CG.
T1 - testosterone level 24 hours after the third stress test
with CG.

RESULTS

To determine the maximum potential of the
testosterone synthesizing system of experimental animals,
repeated administration of CG was carried out. Before the
second administration of chorionic gonadotropin, the level
of testosterone remained at the same level as 72 hours
after the first stimulation.

Following the scheme outlined in "Materials and
Methods", CG is to be administered three times. For this,
the third administration of chorionic gonadotropin was
carried out in experimental heifers at the age of 12
months. Based on the size of the response of the
testosterone synthesizing system after the third load, the
reserves of the testosterone system were judged. Heifers,
whose maximum peak of testosterone was observed after
the third functional test, showed higher functional
reserves of the testosterone synthesizing system and,
accordingly, better adaptive capabilities of the body.
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Table 1: Dynamics of testosterone in the blood of experimental heifers at 12 months of age after the administration of CG (nmol/L).

Breed

Testosterone concentration

ItSSS

Basal level (before the first administration)

Maximum level after the third stimulation

Black-and-white Holstein, 7
Simmental 7
Aberdeen-Angus 7.5
Crossbred animals 7.9

8.5 1.23
9 1.57
11 1.97
12.6 2.07

Further, using the basal level of the hormone
testosterone before the first administration and its
maximum concentration after the third stimulation of CG,
the activity indices of the testosterone synthesizing system
were calculated using the formula described in the
Materials and Methods. The obtained calculation data of
the activity indices of the testosterone-synthesizing
system are shown in Table 1.

DISCUSSION

The data in Figure 1 show that by the age of 12
months the concentration of this indicator in Aberdeen-
Angus and crossbred heifers was slightly higher than in
the group of Black-and-white Holstein and Simmental
heifers.

The concentration of testosterone in black-and-white
heifers was 3.840.3 nmol/L, in Simmental - 3.5+0.3
nmol/L, in Aberdeen-Angus - 3.9£0.4 nmol/L, and
crosshreed - 4.1+0.4 nmol/L. There were no statistically
significant differences between the experimental groups
of heifers during this period (P>0.05). At the age of 12
months, we performed the first stimulation with CG. After
the introduction of CG, the level of testosterone gradually
increased. In Eremenko and Rotmistrovskaya (2019),
Aberdeen-Angus heifers and cross-breed heifers hade
greater functional reserves of the testosterone synthesizing
system in compared with Holstein, at the age of 6 months.

The data shown in Figure 1 indicate that 2 hours after
the first administration of CG in the black-and-white
heifers the testosterone level was 4.6+0.4 nmol/L, in the
Simmental heifers - 4.5+0.4 nmol/L, in the Aberdeen-
Angus heifers - 4.840.5 nmol/L; in the crossbred animals -
4.8+0.4 nmol/L. 12 hours after the first administration of
CG, there was a jump in the level of testosterone in the
blood of heifers. In black-and-white Holstein heifers it
was up to 5.1+0.5 nmol/L, in Simmental breed - up to
5.34£0.5 nmol/L, in Aberdeen-Angus breed - up to 5.2+0.5
nmol/L, in crossbreed animals - up to 5.2+0.5 nmol/L.

The peak concentration of testosterone was detected
72 hours after the first administration of CG: in black-and-
white - 7.0+0.4 nmol/l, in Simmental - 7.0+£0.6 nmol/L, in
Aberdeen-Angus - 7.5+0.6 nmol/L and in crosshreed
animals - 7.9£0.5 nmol/L.

To determine the maximum potential of the
testosterone synthesizing system of experimental animals,
repeated administration of CG was carried out. Before the
second administration of chorionic gonadotropin, the level
of testosterone remained at the same level as 72 hours
after the first stimulation.

The highest concentration of hormone in the blood of
heifers of both groups was observed 72 hours after the
second administration of CG. The concentration of
testosterone in black-and-white heifers was 8+0.5 nmol/L,
in Simmental - 8.2+0.6 nmol/L, in Aberdeen-Angus -
9.540.5 nmol/L, and crossbreed - 10.8+0.7 nmol/L.
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Before the third stimulation, the level of testosterone
in the blood of experimental animals was slightly higher
in crossbred heifers - 10.8£0.5 nmol/L. The dynamics of
changes in testosterone in the blood of 12-month-old
heifers after the third administration of CG can be seen in
Fig. 3.

After the third administration of CG, the reaction of
the testosterone synthesizing system continued to
increase, reaching its maximum in all groups after 24
hours. The concentration of testosterone in the blood of
12-month-old heifers after 3 injections of CG after 24
hours was 8.5+0.4 nmol/L in black-and-white heifers, in
Simmental - 9.0£0.4 nmol/L, in Aberdeen-Angus -
11.0+0.8 nmol/L, and crosshreed - 12.4+1.0 nmol/L.
Subsequent administration of CG did not lead to an
increase in testosterone in the blood but only maintained
the achieved level of the hormone.

The concentration of testosterone after the third
injection after 24 hours in the Aberdeen-Angus and
crossbreed animals in comparison to the black-and-white
heifers was noted as statistically significant (P<0.05). The
concentration of testosterone after the third injection after
24 hours in Symmetal heifers with respect to Aberdeen-
Angus and crossbreed animals was noted as statistically
significant (P<0.05).

After three stimulations, the concentration of
testosterone in  12-month-old black-and-white heifers
increased 2.3 times, in Simmental -2.5 times, in Aberdeen-
Angus -2.8 times, in crossbreed animals -2.9 times.

The calculation of the activity index of the
testosterone synthesizing system in 12-month-old black-
and-white heifers was 1.23, in the Simmental breed -1.57,
in the Aberdeen-Angus breed -1.97, in the crossbreed
heifers -2.07.

Thus, the performed functional stress test showed that
the functional reserves of the testosterone synthesizing
system in the Aberdeen-Angus heifers and in crossbreed
animals have a higher index of activity of the testosterone
synthesizing system than the black-and-white and
Simmental heifers.

This report is one of initial reports in regard to
testosterone function in heifers, and this is completive
study for report of Eremenko and Rotmistrovskaya
(2019). Whereas breed-related variations in testosterone
functional levels is bulls was documented by Post and
Bindon (1983) due to study on Brahman cross and
Hereford-Shorthorn breeds.

Conclusions

The introduction of chorionic hormone at a dose of
0.5 units/kg causes hyperfunction of the testosterone-
synthesizing system. Moreover, the maximum level of
testosterone in the blood of heifers at 12 months of age
was observed 24 hours after its third administration. The
absolute values of blood testosterone in heifers depended


http://zodorov.ru/iz-korporativnoj-perepiski.html

on their breed. The Aberdeen-Angus and the crossbred
Simmental and Aberdeen-Angus heifers had higher
responses to the introduction of CG. Relatively lower
responses were observed for heifers of the black-and-
white Holstein and Simmental breed. In our opinion, the
revealed differences are associated with the genetic
characteristics of the studied animal breeds.
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