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ABSTRACT 

The objective of this article was to investigate functional reserves of testosterone-synthesizing in the black-and-

white Holstein, Simmental, Aberdeen-Angus heifers, as well as cross-bred cows (Simmental × Aberdeen-Angus). To 

accomplish this goal the following tasks should be done: To conduct a comparative analysis of the data obtained 

between the experimental groups of heifers of different breeds, to carry out the functional stress tests of the 

testosterone synthesizing system in experimental heifers at the age of 6 months, to calculate the activity coefficients 

of the testosterone synthesizing system in experimental groups of heifers at the age of 6 months. The studies were 

carried out on black-and-white Holstein, Simmental, and Aberdeen-Angus heifers and their crossbred heifers 

(Simmental × Aberdeen-Angus). In order to determine the functional reserves of the testosterone synthesizing 

system, chorionic gonadotropin was intramuscularly administered at 6 months of age, and the activity of the 

testosterone synthesizing system was determined. The results of the effects of functional stress tests on the 

testosterone synthesizing system of the heifers indicated that the potential reserves of the testosterone synthesizing 

system in the Simmental and black-and-white breeds at the age of 6 months were lower than in Aberdeen-Angus and 

cross-breed animals. The 6-month-old Holstein and Simmental cattle had lower testosterone level relative to the 

compared groups of Aberdeen-Angus breed and crossbred animals. Functional reserves of the testosterone 

synthesizing system in experimental heifers at the age of 6 months in the group of Aberdeen-Angus heifers and in 

cross-breed animals were higher than the compared group. The activity coefficients of the testosterone synthesizing 

system were at the lowest level in the group of black-and-white and Simmental heifers. 
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INTRODUCTION 

 

To predict the future productivity of the animal, it is necessary to use not only individual indicators, which reflect only a 

short-term metabolic picture of the animal, but also a whole system of various indicators, which will expand the 

scientific understanding of the physiological characteristics of the predicted animals (Eremenko, 2010; Rexroad et al., 

2019). The androgen system in females of cattle is poorly studied. Only, little information is published in related to 

androgens and meat quality in female livestock (Malekinejad and Rezabakhsh, 2015; Packer et al., 2018). So, the 

scientific literature has practically, no data on its functioning in productive farm animals.  

It is known that, testosterone is one of the androgens that perform very important functions in the animal body 

(Zhang et al., 2008; French et al., 2013; Van Anders et al., 2015). In females, testosterone is produced in small amounts 

in the adrenal glands and ovaries (Dashukaeva and Nezhdanov, 1993; Dashukaeva, 1997). Also it well known, the level 

of the hormone in the blood does not always objectively reflect the real functional state of the gland, therefore, the 

functional reserves of the endocrine gland were determined using the method of functional stress tests, which allows 

setting the physiological limits of the functioning of the endocrine glands (Schlaff, 1986;  Radchenkov, 2000). 

In this regard, the task was to establish the pedigree features of the testosterone synthesizing system in 6-month-old 

heifers of different breeds for the introduction of chorionic gonadotropin. The objective of this article was to study the 

pedigree features of testosterone-synthesizing in the black-and-white Holstein, Simmental, Aberdeen-Angus heifers, as 

well as cross-bred cows (Simmental × Aberdeen-Angus). To achieve the set objective, it was necessary to solve the 

following tasks: To determine functional reserves of the testosterone-synthesizing system in experimental heifers of 

different breeds, to conduct a comparative analysis of the state of heifers of different breeds, and to calculate the activity 

coefficients of the testosterone synthesizing system in experimental groups of heifers. 

 

MATERIALS AND METHODS 

 

The black-and-white Holstein, Simmental, and Aberdeen-Angus heifers and crossbreeds of Simmental and Aberdeen-

Angus breeds were studied in Kursk State of Russia. The animals randomly selected from Russian registered farms and 
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were divided to four groups with 10 animals in each group. The animals had similar age (6-month-old). Animals were 

fed according to generally accepted norms that corresponded to their age and physiological state (NRC, 2001). To 

determine the functional reserves of the testosterone synthesizing system, heifers at the age of 6 months were 

intramuscularly injected with Chorionic Gonadotropin (CG) in a dose depending on the live weight of the animal. For 

determination of testosterone level Bovine Testosterone ELISA Kits (Biocompare, Inc, China) was used. Chorionic 

Gonadotropin was administered to heifers 3 times with an interval of 72 hours. The blood samples for testosterone were 

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: 

Itsa = Т1– Т0/ Т0, where 

Itsa - testosterone-synthesizing activity index  

T0 - basal testosterone level before the first administration of CG.  

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

 

Statistical analysis 

The One-way AOVA statistical method used for comparison of groups. For comparison of means, Duncan test was 

conducted in SAS software, version 10 (P<0.05).  

 

Ethical approval 

Experimental studies adopted by this experiment are in agreement with Principles of Ethics in Animal Research 

recognized by the Ivanov Kursk State Agricultural Academy, Russia. 

 

RESULTS AND DISCUSSION 

 

The study of testosterone in the blood of experimental heifers before the introduction of CG found that by the age of 6 

months the concentration of this indicator in black-and-white Holstein and Simmental heifers was slightly lower than in 

the group of Aberdeen-Angus and crossbreed heifers. The concentration of testosterone in black-and-white heifers was 

3.3 ± 0.3 nmol/L, in Simmental - 3.4 ± 0.3 nmol/L, in Aberdeen-Angus - 3.7 ± 0.4 nmol/L, and crossbred - 3.9 ± 0.4 

nmol/L. There were no statistically significant differences between the experimental groups of heifers during this period 

(P> 0.05). Considering that the maximum level of testosterone was at the age of 6 months, then during this period we 

conducted a stress test with CG. A detailed description of the administration of CG is described in the Materials and 

Methods section. After CG administration, testosterone levels gradually increased. The dynamics of testosterone in the 

blood of 6-month-old heifers after the first administration of CG is shown in figure 1.  

The data shown in figure 1 indicated that two hours after the first administration of CG in the first group, the 

testosterone level was 4.6 ± 0.4 nmol/L, and in the second group - 4.4 ± 0.4 nmol/L, in the third group - 4.8 ± 0.5 

nmol/L; in the fourth group - 4.7 ± 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 5.3 ± 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. 24 hours after the first administration of CG, an increase in the level of testosterone in the blood of heifers 

continued. The maximum testosterone level was observed in heifers of Simmental breed, it amounted to 6.2 ± 0.5 

nmol/L. The hormone level in black-and-white and Aberdeen-Angus heifers was slightly lower - 6.0 ± 0.6 nmol/. The 

lowest concentration of testosterone was in crossbreed animals - 5.6 ± 0.4 nmol/L. After 48 hours, the level of 

testosterone in the blood of heifers continued to increase and amounted to 6.4 ± 0.5 nmol/L in the first group, and 6.6 ± 

0.4 nmol/L in the second group, 7.0 ± 0.5 nmol/L in the third group, and 7.4 ± 0.6 nmol/L in the fourth group. 

The peak concentration of testosterone was detected 72 hours after the first administration of CG: in black-and-

white - 6.8 ± 0.4 nmol/l, in Simmental - 7.0 ± 0.6 nmol/L, in Aberdeen-Angus - 7.3 ± 0.6 nmol/L, and in crossbreed 

animals - 7.6 ± 0.5 nmol/L. To determine the maximum potential of the testosterone synthesizing system of experimental 

animals, the repeated administration of CG was carried out. Before the second administration of chorionic gonadotropin, 

the level of testosterone remained at the same level in 72 hours after the first stimulation. Dynamics of changes in blood 

testosterone of 6-month-old heifers after the second administration of CG is shown in figure 2.  

As in figure 2 shown, two hours after the second administration of CG, the concentration of testosterone in black-

and-white heifers was 6.9 ± 0.5 nmol/L, in Simmental - 7.2 ± 0.5 nmol/L, in Aberdeen-Angus - 7.8 ± 0.7 nmol/L, in 

cross-breeds - 8.2 ± 0.4 nmol/L. 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 7.8 ± 0.5 nmol/L, in Simmental - 8.3 ± 0.6 nmol/L, in Aberdeen-Angus - 9.6 ± 0.5 nmol/L, and crossbreed - 10.2 ± 

0.7 nmol/L. Before the third stimulation, the level of blood testosterone in experimental animals was slightly higher in 

Aberdeen-Angus heifers - 9.6 ± 0.5 nmol/L. The dynamics of changes in testosterone in the blood of 6-month-old heifers 

after the third administration of CG presented in figure 3. 
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Figure 1. Dynamics of changes in blood testosterone of 6-month-old heifers after the first administration of chorionic 

gonadotropin. 

  

 
Figure 2. Dynamic changes in blood testosterone of 6-month-old heifers after the second administration of chorionic 

gonadotropin.  

 

 
Figure 3. Dynamic changes in blood testosterone of 6-month-old heifers after the third administration of chorionic 

gonadotropin.  
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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 6-month-old heifers 

after 3 injections of CG after 24 hours was 8.0 ± 0.4 nmol/L in black-and-white heifers, in Simmental - 8.8 ± 0.4 nmol/L, 

in Aberdeen-Angus - 10.9 ± 0.8 nmol/L, and crossbreed - 11.8 ± 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 24 hours after the third injection in the Aberdeen-Angus and crossbreed animals was statistically higher 

in comparison to the black-and-white heifers (p<0.05). The concentration of testosterone 24 hours after the third 

injection in Simmental heifers with was significantly high respect to Aberdeen-Angus and crossbreed animals (p<0.05).  

After three stimulations, the concentration of testosterone in 6-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 6-month-old black-and-white heifers was 1.42, in the Simmental 

breed - 1.6, in the Aberdeen-Angus breed - 1.9, in the crossbreed heifers - 2.0. 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. 

The difference in androgens levels in heifers is not reported exactly in an available published research. Whereas, 

the breed-related differences of the androgens in bulls was studied with Post and Bindon (1983) on Brahman cross and 

Hereford-Shorthorn in Australia. Findings of present study in about breed-related differences in androgen levels were in 

agreement with Post and Bindon (1983).  

 

CONCLUSION 

 

This study indicated the functional reserves of the testosterone synthesizing system in Aberdeen-Angus heifers and in 

crossbreed animals caused higher activity of testosterone synthesizing system than the black-and-white and Simmental 

heifers. 
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