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A b s t r a c t  
 

The role of sex steroid hormones, their physiological functions in the bull sires, and mech-
anism of action are not still completely elucidated. This paper is the first report of a large-scale sur-
vey that we carried out among bull sires under the ecological conditions of Ural region to estimate 
production of endogenous hormones estradiol and testosterone, and their precursor cholesterol, as 
depending on the bull age, origin (Denmark, Netherlands, Russia, the USA, France, and Germany), 
the milk performance of their maternal ancestors, and the titers of anti-sperm antibodies. The rela-
tionship between the endogenous hormones and the studied parameters is ascertained, and it is found 
that the synthesis of steroid sex hormones is sustainable even at low level of blood cholesterol. Our 
objective was to assay concentration of blood hormones and the titers of anti-sperm antibodies in 56 
bull sires including 49 Black-and-White Holsteins and 7 Black-and-White animals of different origin 
aged from 24 to 91 months which are exploited in the Ural Regional Information and Breeding Center 
(UralPlemCenter, Sverdlovsk Province, 2016-2017). The blood serum hormones were measured by 
ELISA with testosterone Immuna-FA-TC and Immuna-FA-Estradiol kits (Immunotech, Russia). The 
ratios of testosterone to estradiol were calculated. The cholesterol level was assayed with a ChemWell 
2902 automated analyzer (Awareness Technology, Inc., USA). The autoantibody titers were detected in 
the sperm immobilization test with blood auto serum of the bull sires and guinea pig serum comple-
ment. The obtained results were processed depending on the country of origin, the bull age, and the 
retrospective data on milk productivity of the bulls’ mothers (M), the mothers’ mothers (MM), and the 
fathers’ mothers (FM). The highest (30.7 nmol/l) and the lowest (13.4 nmol/l and 10.7 nmol/l) con-
centrations of testosterone had the Danish, Holland and French bull sires, respectively. It is found 
that the testosterone level was rising to five-year age and eventually reached 26.9 nmol/l vs. 9.6 
nmol/l in two-year old animals. The blood concentrations of testosterone and estradiol inversely corre-
lated. The testosterone to estradiol ratio significantly varied (P < 0.001). The lowest testosterone con-
centration (15.4 nmol/l) was in hyperestrogenization, and the indicator value reached 25.1 nmol/l in 
the animals with low estrogens. The testosterone to estradiol ratio (T/E) increased with the age, from 
0.4 at 28 months of age up to 19.3 at 50 months, by a statistically significant value (P < 0.001). No 
significant relationship was revealed between the endogenous hormone concentrations in the bulls 
and the milk performance of their maternal ancestors, except some effect of the father’s mothers 
with milk yield of 12000 to 16000 kg. An increase in the sperm autoantibody titer was accompanied 
by the decreases in the serum testosterone and estradiol levels by 37.9 % and 4.6 %, respectively. The 
cholesterol level increased by 13.7 %. Changes between the groups were within the normative range. 
Therefore, the concentration of the endogenous hormones (testosterone and estradiol) depends on 
the sire age and origin. The test for anti-sperm antibodies during clinical andrological examination is 
diagnostically important to indirectly characterize the hormonal status of sires.  
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The chemical composition of endogenous testosterone and androsterone 
hormones is similar to ovarian hormones estrogen and progesterone [1]. The 
bodies of males produce both androgenic hormones and estrogenic hormones 
[2]. The androgenic hormones ensure gender differentiation and determine the 
function of male reproductive organs (ovaries, testicles and prostate) [3]. The 
synthesis of steroid hormones and spermatogenesis in testicles is controlled by 
gonadotropic hormones and testosterone [4]. In turn, spermatogenesis is con-
trolled by peptide hormones and steroid hormones: the follicle-stimulating hor-
mone (FSH), luteinizing hormone (LH), testosterone and estradiol [5]. About 2-
3% of androgens are biologically active and circulate freely, the rest remain in 
blood plasma and form a complex with testosterone-estradiol-binding globulin 
(TEBG) [6, 7]. Hyperestrogenism and hyperthyrosis result in decline of the free 
testosterone function and increase of testosterone-estradiol-binding globulin con-
tent [8]. The reduced testosterone levels in blood plasma with increased levels of 
luteinizing hormone and follicle-stimulating hormone can result in primary and 
secondary testicular failure [9, 10] and changes mobility of sperm cells in ejacu-
late. The involvement of testosterone in activation of mitosis protein synthesis, 
formation of androgen-dependant enzymes, structural changes of chromatin in 
sperm cells, amplification of DNA and RNA synthesis [4, 11] has been proven. 
Testosterone affects libido, endurance, improves muscle capacity and oxygen ca-
pacity of blood [12].  

Male estrogens are represented by estrone, estriol and 17β-estradiol; 20% 
of endogenous estrogens are synthesized directly in testicles, 80% are synthesized 
in peripheral tissues on account of aromatization with predominant formation of 
17β-estradiol [13, 14]. The largest amount of estradiol in blood plasma is associat-
ed with testosterone-estradiol-binding globulin and albumins [7], where biologi-
cally active fraction constitutes 1-2%. The main purpose of functions of male 
estrogens is to enable the mechanism of negative feedback via gonadotropins (lu-
teinizing hormones and follicle-stimulating hormones) and to regulate testos-
terone synthesis in testicles [13, 14]. In most cases, the increased levels of estra-
diol are caused by various functional disorders of estradiol metabolism. The es-
trogen receptors ( and  are coded with ESR1 and ESR2 genes) are 44 % ho-
mological and contain domains characteristic for intracellular receptors. The es-
trogen receptors of -type are located in adenohypophysis, testicles, liver, kid-
neys, bones and brain, the receptors of -types are located in bones, cartilages, 
gastrointestinal tract, thyroid gland, prostate, skin and bladder, and estrogen ef-
fect manifests itself via them [15]. The luteinizing hormone causes proliferation 
of seminiferous tubules and stimulates the initial stages of spermatogenesis [16], 
and progestin is crucial for meiosis initiation [17]. The impact of estrogens on 
spermatogenesis via hypothalamus is known [8]. The impact of estradiol on be-
havior, qualitative and quantitative characteristics of semen of bull sires [18] has 
been identified. The maximum amount of ejaculate was registered at minimal 
levels of estradiol, and the lower were the levels on the day of semen extraction, 
the better were the results of cow insemination [19].  

In males, the volumes of testosterone and estradiol, as well as balance of 
their free fractions strictly correlate. The balance of sex hormones is upset in 
case of overweight: the content of estrogens increases [20] resulting in reduced 
sperm concentration [21]. Fat tissue increases [23] in case of physiological ac-
tivity increase of aromatase enzyme [14, 22] converting testosterone into estro-
gen (estradiol) during normal ageing of males. In case of insufficient body weight 
the quality of semen also deteriorates [24].  

It has been determined that for Holstein cattle the levels of testosterone 
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in blood plasma positively correlate with the quantity of sperm cells carrying Y-
chromosome [25]. In Simmental bulls a positive correlation between semen con-
centration in ejaculate and testosterone levels has been observed, and negative 
correlation has been observed between semen рН and blood plasma testosterone 
depending on season [26, 27]. It has been mentioned that for bulls at the age of 
2-4 months to 2 years the levels of blood plasma testosterone are statistically 
significantly different, and for older animals this parameter tends to increase 
[28]. We have shown the dependency of endogenous testosterone levels in the 
blood of bull sires on age and season [29]. It is presumed that seasonal fluctua-
tions of testosterone are related with seasonal factors (pesticides, exogenous es-
trogenic hormones, physical and other phenomena) that affect the survivability 
of sperm cells detrimentally by producing structural and genetic changes and 
damaging chromatin integrity [30].  

Modern industrial countries tend to accumulate synthetic endocrine-
active compounds in their biosphere (with ultimate estrogen and/or antiandro-
genic activity) such as ecological estrogens (xenoestrogens) and antiandrogens 
capable of affecting the reproductive function, nervous, immune and endocrine 
systems of animals and humans [15, 31-33].  

Similar to glucocorticoids, testosterone causes immunodepressive effect 
[34, 35]. There is a connection between endogenous hormone levels (thyroxine, 
estradiol, and testosterone) and presence of spermatic autoantibodies in blood 
plasma of bull sires [36]. In the context of autoimmune response development 
the new data about sex steroid levels in blood (androgens, gestagens, and estro-
gens) and spermatogenesis will help better understand the physiological and 
pathophysiological function of so-called female sex hormones in a male body, 
whose mechanism is still unclear.  

In the course of a wide-scale survey of bull sires first performed by us in 
the environmental conditions of the Sverdlovsk region (the region with dominating 
ferrous metal industry, nonferrous metal industry and ore dressing plants) we iden-
tified a correlation between the titres of spermatic autoantibodies with estradiol 
and testosterone levels in blood plasma, and correlation between the levels of es-
tradiol, testosterone and cholesterol in blood, as well as age and origins of ani-
mals (Denmark, the Netherlands, Russia, USA, France, Germany) and milk 
productivity of their maternal ancestors. It has been observed that sex steroid hor-
mones were synthesized in bulls even with low cholesterol levels in blood.  

Our goal was to conduct qualitative evaluation of endogenous serum 
hormones and antibodies regarding the antibodies and spermatic antigens in 
bulls depending on age, origins and productivity of maternal ancestors. 

Techbiques. The sampling included 56 bull sires of different origins at the 
age of 2-9 years (49 black-and-white Holstein animals, 7 black-and-white ani-
mals) (OJSC Uralplemcentre, Sverdlovsk region, 2016-2017). Animal breeding 
and maintenance conditions complied with the national technological require-
ments for freezing and use of semen of bull sires.  

The blood was taken from jugular vein (December of 2016). After sepa-
ration of blood plasma from formed elements the levels of endogenous hormones 
were identified using the enzyme-linked immunosorbent assay method twice us-
ing laboratory reagents (CJSC Immunotech, Russia): for testosterone Immuna-
FA-TC, for estradiol Immuna-FA-estradiol. The testosterone and estradiol ratio 
was calculated. The cholesterol levels were evaluated using an automatic analyzer 
Chem Well 2902 (Awareness Technology, Inc., USA).  

The ratio of autoantibody titres and own sperm cells was evaluated in a 
sperm immobilization test [36]. 

The obtained results were compared by taking into consideration the 
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country of origin and age of producers (24-91 months), as well as data about 
milk productivity of maternal ancestors, i.e. the mothers of bulls (М), mothers 
of mothers (ММ) and mothers of fathers (MF).  

Microsoft Excel was used for statistical processing of data. The tables 
display mean (M) and errors in mean (±SEM) values. The statistical significance 
of differences was evaluated according to Student t- criterion with statistical signif-
icance at р < 0.05, р < 0.01, р < 0.001.  

Results. The highest and lowest testosterone levels (30.7 and 13.4 nmol/l) 
at sampling size n > 6 were registered for producers of the Danish and Dutch se-
lection respectively (table 1). Testosterone levels directly depended on age because 
by the time of the survey the age of producers of Danish selection was 3.3 years, 
whereas bulls imported from the Netherlands were only 2 years of age. The low-
est estradiol levels were characteristic for American selection bulls (3383.3 
pmol/l), whereas for other animals this parameter was in the range of 4052-
4956 pmol/l. The bulls of different origin did not differ significantly in terms of 
cholesterol content. 

1. The levels of endogenous hormones and cholesterol in blood plasma of bull sires 
of different origins (М±m, OJSC Uralplemcenter, Sverdlovsk region, 2016-2017) 

Origin n Breed 
Testosterone, 
nmol/l  

Estradiol, 
pmol/l 

Cholesterol, 
mol/l 

T/E, units 

Denmark 11 H 30.7±7.7* 4052.0±477.6 3.2±0.4 4.0±1.3 
the Netherlands 11 H 13.4±5.2 4786.4±341.7 3.1±0.3 2.8±1.0 
Russia  13 H 15.7±4.4 4254.3±510.1 3.5±0.1 4.4±1.4 
Russia  7 BW 27.4±10.1 4593.4±324.2 3.2±0.6 6.9±2.8 
USA 6 H 21.9±8.0 3383.3±822.7 2.9±0.2 5.4±1.7 
France 3 H 10.7±6.4 4166.9±1031.8 2.8±0.4 4.3±3.4 
Germany  4 H 15.7±6.6 4956.5±444.0 4.1±0.3 2.2±1.4 

(France+ Germany) (3 + 4) H 13.5±4.4 4618.1±483.5 3.6±0.3 3.6±1.6 
Total 55      

N o t e. H — black-and-white Holstein breed, BW— black-and-white breed. Т/E — quantitative testosterone to 
estradiol ratio.  
* Differences with a group of bulls from Russia (n = 13) are statistically significant at р < 0.05. 

 

2. The levels of endogenous hormones and cholesterol in blood plasma of bull sires 
of black-and-white Holstein breed and black-and-white breed depending on age 
(М±m, OJSC Uralplemcenter, Sverdlovsk region, 2016-2017) 

Age group, 
months 

n  Testosterone, nmol/l Estradiol, pmol/l Cholesterol, mol/l T/E, units 

До 24 13 9.6±2.9 5044.2±147.1 3.0±0.3 1.7±0.5 
25-36 13 19.7±5.8 4559.5±321.6 3.4±0.3 4.8±1.6 
37-60 23 26.9±4.7* 3955.4±384.2** 3.6±0.1* 5.4±1.1* 
61 и старше 7 16.0±7.5 3426.5±549.2* 2.6±0.4* 5.7±2.4 
N o t e. Т/E — quantitative testosterone to estradiol ratio. 
*, ** Differences with a group below 24 months are statistically significant at р < 0.05 and р < 0.01, respectively. 

 

The analyzed bulls were divided into four age groups: below 2 years of 
age, 2-3 years of age, 4-5 years of age and above 5 years of age. The most nu-
merous group (n = 23) was the group of animals from 3 to 5 years of age. The 
breeding farms primarily use producers of this age. Testosterone levels in bulls 
was dynamically increasing until the age of 5 (table 2). Below 2 years of age this 
parameter was 9.6 nmol/l, by 25-36 months it increased, at the age of 37-60 
months it reached its maximum level (26.9 nmol/l). After the age of 7-8 years it 
was declining (down to 16.0 nmol/l), most probably due to commencement of 
physiological aging. Alternatively, the levels of estradiol below the age of 2 years 
were the highest, and in animals older than 5 years of age this parameter declined 
by 32 %. The levels of cholesterol in all groups corresponded to the lower limit of 
normal, and after the age of 5 it did not reach the normal level. The animal origin 
feeds served as source of cholesterol, and, consequently, a corresponding adjust-
ment of the ratios of bull sires is required: cholesterol is the precursor of more 
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than 40 hormones and its deficit can result in a lack of sex steroids. 
The bull sires at the age below 24 months and at the age of 37-60 

months displayed reliably (р < 0.01) differing levels of testosterone and estra-
diol in blood plasma. These parameters were statistically significant (р < 0.05) for 
young (below 2 years of age) bull sires and bull sires at the beginning of physiolog-
ical aging (above 5 years of age). In terms of cholesterol levels, the 37-60 month 
group, 61 month group and older (р < 0.05) groups differed reliably, and in terms 
of testosterone and estradiol levels (р < 0.01) the groups below 24 months and 
groups of 37-60 months of age differed reliably. 

We conditionally divided the animals by their testosterone levels into 
three groups: with low (below 10.0 nmol/l), average (10.1-30.0 nmol/l) and high 
(30.0 and above nmol/l) levels of this hormone. The testosterone levels reversely 
depended on the levels of estradiol in blood plasma. Depending on testosterone 
levels, the testosterone and estradiol ratio increased by a statistically reliable val-
ue (р < 0.001). The levels of cholesterol in all groups remained completely iden-
tical and within limits of normal (Table 3). 

3. The levels of estradiol and cholesterol in blood plasma of bulls sires of black-and-
white Holstein breed and black-and-white breed depending on testosterone levels 
(М±m, OJSC Uralplemcenter, Sverdlovsk region, 2016-2017) 

Groups by testosterone 
levels, nmol/l 

n  Testosterone, nmol/l Estradiol, pmol/l Cholesterol, mol/l T/E, units 

Below 10.0  28 4.8±0.5 4688.1±207.5 3.0±0.3 1.1±0.1 
10.1-30.00 15 22.2±1.5* 3837.7±470.5 3.2±0.3 6.9±0.9* 
30 and above 13 50.6±5.5* 3998.1±435.4 3.3±0.3 18.9±4.9* 
N o t e. Т/E — quantitative testosterone to estradiol ratio. 
* Differences with a group with testosterone levels below 10.0 nmol/l are statistically significant p < 0.001. 

 

The bull sires were divided into four groups by estradiol levels in blood 
plasma: from 3000 pmol/l with a difference of 1000 pmol/l (Table 4). The testos-
terone levels changed in reverse proportion in groups with estradiol levels from 
3001 to 5,001 pmol/l and higher (the difference from the group with estradiol lev-
els below 3000 pmol/l are statistically significant at р < 0.001). No significant dif-
ference was observed in cholesterol level dynamics. 

4. The levels of testosterone and cholesterol in blood plasma of bulls sires of black-
and-white Holstein breed and black-and-white breed depending on estradiol  lev-
els (М±m, OJSC Uralplemcenter, Sverdlovsk region, 2016-2017) 

Groups by estradiol 
levels, pmol/l 

n  Estradiol  
(actual), pmol/l 

Estradiol, pmol/l Cholesterol, mol/l T/E, units 

Below 3000 8 1887.3±293.0 25.1±10.0 2.8±0.4 18.8±8.8 
3001-4000 9 3588.6±104.7* 30.8±7.3 3.3±0.4 8.8±2.4 
4001-5000 11 4495.4±72.8* 16.9±6.6 3.7±0.3 2.8±1.0 
5001 and above 28 5401.2±45.8* 15.4±2.9 3.3±0.2 3.3±0.7 
N o t e. Т/E — quantitative testosterone to estradiol ratio. 
* Differences with a group with estradiol levels below 3000 pmol/l are statistically significant at р < 0.001. 

 

5. The levels of endogenous hormones and cholesterol in blood plasma of bull of black-
and-white Holstein breed and black-and-white breed depending on testosterone to 
estradiol  levels (М±m, OJSC Uralplemcenter, Sverdlovsk region, 2016-2017) 

Groups by T/E 
ratio, units  

n  
Т/E (actual), 
units Testosterone, nmol/l Estradiol, pmol/l Cholesterol, mol/l 

Below 1.0 10 0.4±0.1 2.3±0.4 4604.3±492.0 3.3±0.4 
1.1-5.0 24 2.1±0.3* 9.2±1.4* 4673.3±247.0 3.1±0.2 
5.1-10.0 9 6.3±0.3* 25.7±2.1* 4299.7±449.9 3.6±0.1 
10.1 and above 13 19.3±4.9* 43.3±6.8* 3069.8±493.7 3.1±0.4 
N o t e. Т/E — quantitative testosterone to estradiol ratio. 
* р < 0.001 as compared to the group with Т/E ratio below 1.0 units. 

 

In order to identify the impact of testosterone and estradiol ratio and as-
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sociation of this parameter with the levels of hormones analyzed, bull sires were 
divided into groups with a variance of 5 Т/E units (Table 5). Among T/E groups 
the actual value of this ratio differed by a statistically significant value (р < 
0.001). As Т/E ratio increased, so did testosterone levels in blood plasma. The 
levels of cholesterol did not depend on T/E and remained at the levels of 3.1-3.6 
mol/l. Furthermore, the T/E ratio increased depending on age. For instance, at 
the age of 28 months the actual T/E ratio constituted 0.4 units, and at the age of 
50 months and more the ratio was 19.3 units. 

Knowing that cholesterol acts as precursor of sex hormones in the bodies 
of bull sires, we analyzed the connection between testosterone and estradiol levels 
and cholesterol levels (Table 6). In 41 animals cholesterol levels remained within 
limits of normal and on the average was 3.8 mmol/l, in 14 bull sires this pa-
rameter was lower than normal (2.5 mol/l) with average age in both groups of 36 
months. The levels of testosterone and estradiol were within physiological range. 
Apparently, the synthesis of sex hormones is prioritized and is enabled even with 
low cholesterol levels.  

6. The levels of endogenous hormones in blood plasma of bull of black-and-white 
Holstein breed and black-and-white breed depending on cholesterol levels (М±m, 
OJSC Uralplemcenter, Sverdlovsk region, 2016-2017 

Groups by cholesterol 
levels, mol/l 

n  
Cholesterol 
(actual), mol/l Testosterone, nmol/l Estradiol, pmol/l T/E, units 

Normal 41 3,8±0,1 22,6±3,2 4382,3±220,6 5,3±0,8 
Below normal 14 2,5±0,2* 25,2±9,5 4025,3±463,4 2,7±1,1 
Above normal  1 5,6 2,6 4780,3 0,5 
N o t e. Т/E — quantitative testosterone to estradiol ratio. 
* Differences with the parameters in a group with normal cholesterol levels are statistically significant at р < 0.05. 
In a group with reliable reduction of cholesterol levels below normal the T/E difference with the group that had 
normal cholesterol levels was close to significant. 

 

7. The levels of endogenous hormones and cholesterol in blood plasma of bull of
black-and-white Holstein breed and black-and-white breed depending on milk 
productivity of maternal ancestors (М±m, OJSC Uralplemcenter, Sverdlovsk re-
gion, 2016-2017) 

Groups by 
productivity, kg 

n  Testosterone, nmol/l Estradiol, pmol/l Cholesterol, mol/l T/E, units 

P r o d u c t i v i t y  o f  m o t h e r s  (М) 
Below 12000 21 20.8±5.1 4687.2±204.0 3.6±0.2 4.6±1.2 
12001-14000 22 18.9±4.2 4108.9±325.2 3.4±0.1 3.4±2.8 
14001-16000 13 23.9±5.3 4537.1±381.2 3.5±0.1 8.7±3.9 

P r o d u c t i v i t y  o f  f a t h e r s ’  m o t h e r s  (МF) 
Below 12000 6 9.5±2.8 4405.4±480.1 3.2±0.3 2.3±0.8 
12001-14000 27 24.8±4.0** 4580.3±230.1 3.4±0.2 7.4±2.0** 
14001-16000 16 22.1±5.7* 4096.6±349.9 3.4±0.2 7.2±3.8 
16001 and above 5 28.3±11.1 4423.5±890.9 3.7±0.2 8.1±2.9 

P r o d u c t i v i t y  o f  m o t h e r s ’  m o t h e r s  (ММ) 
Below 12000 23 17.8±4.1 4338.6±256.1 3.6±0.1 5.1±1.2 
12001-14000 11 27.4±8.1 4114.7±454.1 3.5±0.2 10.3±5.4 
14001-16000 5 24.8±2.8 4417.2±551.3 2.7±0.3 6.0±2.8 
16001 and above 8 18.2±5.8 4720.7±406.9 3.8±0.2 4.2±1.5 
N o t e. Т/E — quantitative testosterone to estradiol ratio. М, ММ and МF — milk productivity of mothers of 
bull sires, mothers of mothers and mothers of fathers, respectively. 
*, ** Differences with the group in terms of productivity of mothers of fathers 12000 kg are statistically significant 
at р < 0.05 and р < 0.001, respectively.  

 

The milk productivity of maternal ancestors can affect sex hormone lev-
els of bull sires; therefore, we analyzed the dependency of hormone levels on 
productivity of bull sire maternal ancestors (М), mothers of mothers (ММ) and 
mothers of fathers (MF). The milk productivity М and ММ did not have a sig-
nificant impact on endogenous hormones of bill sires, whereas MF reliably af-
fected (p < 0.05 and p < 0.01) this parameter. No significant differences were 
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identified in terms of estradiol and cholesterol levels (Table 7).  
A sufficient amount of information has been accumulated about mutual 

regulation of endocrine and immune systems, because it is known that testos-
terone suppresses the immune response (34, 35). Keeping this in mind, we have 
studied the dependency between endogenous hormone levels and autoimmune 
response of bill sires to own sperm cells (Table 8). As sperm immobilization test 
titers increased, testosterone levels in blood plasma declined by 37.9%, estradi-
ol levels in blood plasma declined by 4.6%, and Т/E ratio declined by 48.9%. 
At the same time, we registered increase of cholesterol levels by 13.7%, which, 
however, remained within normal ranges. We have obtained similar results in 
previous studies where we identified the connection between the immune system 
function with endogenous hormones [36].  

8. The levels of endogenous hormones and cholesterol in blood plasma of bull of 
black-and-white Holstein breed and black-and-white breed depending on autoim-
munity titre in sperm immobilization tests (М±m, OJSC Uralplemcenter, Sverd-
lovsk region, 2016-2017) 

Titer in sperm immobilization tests  
Testosterone, 
nmol/l 

Estradiol, 
pmol/l 

Cholesterol, 
mol/l 

T/E, 
units 

Age, 
months 

Total for sampling (n = 34) 17,5±3,1 4452,2±212,3 3,5±0,1 5,217±1,6 35,1±3,1 
Including:      

in a group with the titer 0-1:2 (n = 23) 20,0±3,8 4528,9±242,6 3,270±0,2 6,338±2,3 38,1±4,1 
in a group with the titer 1:4-1:8 2 (n = 11) 12,4±4,9 4319,1±438,1 3,718±0,2 3,236±1,1 28,0±4,6 

N o t e. Т/E — quantitative testosterone to estradiol ratio. 
 

The results obtained in this study correlate with our previous data and 
medical studies of other authors. For instance, autoimmune orchitis is character-
ized with increased levels of autoantibodies compared with the steroid-producing 
testicular cells, reliable reduction of total and free testosterone in blood and dis-
ruption of spermatogenesis, which manifests itself in significant reduction of 
sperm cell levels and percentage of progressively mobile and morphologically 
normal forms of sperm cells in ejaculate [37]. 

We have analyzed the levels of female estradiol hormone in blood plas-
ma of bulls in the conditions of the Sverdlovsk region and its connection with 
the other parameters. In similar works [38, 39] producers were examined at the 
age of 16-35 months. We believe that the data received at the age below 3 years 
are insufficient for valid conclusions because during this period the physiological 
development is not complete. Therefore, we compared the analyzed parameters 
in all age groups of bull sires, from 12 to 91 months old (from young to adult 
and senior). As the immune method we used a specific sperm immobilization 
test, whereas in the aforementioned publications the authors evaluated the levels 
of globulin and neutrophil phagocytic activity.  

To summarize, testosterone levels in blood plasma of surveyed bull sires 
depended on origins and age (р < 0.05), and estradiol and cholesterol levels de-
pended on age (р < 0.05). The qualitative testosterone and estradiol ratio (Т/E) 
increases proportional to age by a reliable value. 25% animals displayed choles-
terol levels (2.5 mol/l) at the lower limit of normal; however, testosterone and 
estradiol levels did not differ significantly from those in groups with normal cho-
lesterol levels, which can be indicative of priority of synthesis of sex steroid 
hormones. The impact of milk productivity of mothers of fathers on testosterone 
synthesis and Т/E (р < 0.05, р < 0.01) value has been observed. It has been es-
tablished that upon increase of titres of spermatic autoantibodies the synthesis of 
endogenous steroid hormones is reduced: testosterone levels dropped by 37.9 %, 
estradiol levels dropped by 4.6 % and Т/E value dropped by 48.9%. These data 
validate the necessity of monitoring spermatic autoantibodies, which can act as 
indirect markers of endogenous hormones levels in blood plasma in bull sires. 
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