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Abstract. Analysis of trace elements in blood serum can be an important 

tool for monitoring micronutrient supply in stallions in order to maintain 

reproductive health. In this regard, the purpose of this study was to 

determine the relationship between the concentrations of macro- and 

microelements in the blood serum of stud stallions with the qualitative 

characteristics of fresh sperm and sperm after cryopreservation and thawing. 

The studies were carried out on purebred Arabian stallions (n=50). As a 

biomaterial for studies, we used blood serum, fresh and thawed sperm after 

cryopreservation. The elemental composition of seminal plasma was 

determined by 25 chemical elements Co, Cr, Cu, Fe, I, Mn, Se, Zn Ca, K, 

Mg, P, B, Li, Si, V Na, Ni, Sn, Hg, Sr, Al, As, Cd, Pb) by ICP-DRC-MS 

methods. It was found that the concentrations of Mg and Co in the blood 

serum positively correlate with the qualitative characteristics of the sperm 

of Arabian purebred stallions. Wherein, the optimal range of concentrations 

of Mg in the blood serum, typical for stallions with relatively high indicators 

of sperm quality, is 22.64 to 27.05 μg/g; Co – 0.001 to 0.0015 μg/g. 

1 Introduction 

Currently, along with development of new reproductive technologies in animal husbandry, a 

search is underway for methods to recover the natural fertility of animals and humans. 

Moreover, chemical elements represent an important group of ecophysiological factors that 

determine the morphological and functional characteristics of the reproductive system [1,2]. 

Namely, it was found that the concentration of magnesium (Mg) significantly correlates with 

the concentration of spermatozoa and the level of Ca in the seminal plasma of stallions [3]. 

Copper (Cu) is an essential component of many metalloenzymes such as superoxide 

dismutase, ceruloplasmin and lysine oxidase, which are critical for antioxidant processes in 

sperm. It affects the progressive motility, viability, membrane integrity and prevents DNA 

damage after sperm dilution and cryopreservation [4, 5, 6]. Zinc (Zn) plays an important role 

in sperm motility and directly affects its morphology [7, 8], and is also an important factor 

in the normal functioning of the prostate gland and the reproductive system as a whole [9, 
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10, 11]. Ferrum (Fe) deficiency reduces the activity of iron-containing and iron-dependent 

enzymes in seminal plasma [12]. Selenium (Se) has antioxidant properties and is essential 

for spermatogenesis and the maintenance of male fertility [13]. A high level of Lead (Pb) is 

associated with development of infertility caused by induction of a spontaneous premature 

acrosome reaction, and an increase in the concentration of Pb in seminal plasma may 

adversely affect the rates of in vitro fertilization [14, 15]. Exposure to Cadmium (Cd) can 

have a detrimental effect on reproductive function, causing atresia of ovarian follicles [16], 

uterine edema [17] and, in some cases, degeneration of the testes [18]. Previous studies have 

shown that administration of a certain dose of Cadmium decreases sperm motility [19]. 

Nickel (Ni) can impair the function of the testes, seminal vesicles and prostate [20]. In 

general, it can be stated that despite the large number of scientific papers published in recent 

years on the study of the effect of the metabolism of chemical elements in relation to 

reproductive functions, all of them mainly relate to humans, some agricultural species, and 

less often to stallions. Wherein, seminal plasma is more often used as a biosubstrate for 

assessing the exchange pool of chemical elements in the body. Wherein, the analysis of 

microelements in blood serum can be an important tool for monitoring the micronutrient 

supply of the body in order to maintain the reproductive health of farm animals [21, 22, 23, 

24] and, namely, stallions [25]. 

In this regard, the purpose of this study was to determine the relationship between the 

concentrations of macro- and microelements in the blood serum of stud stallions with the 

qualitative characteristics of fresh sperm and sperm after cryopreservation and thawing. 

2 Materials and Methods 

2.1 Study object 

The studies were carried out on stallions of the Arabian purebred horse breed. The live weight 

of stallions within sampling period was 410.5±25.3 kg, age — 4-5 years.  

Animal care and experimental studies were performed in accordance with the instructions 

and recommendations of Russian Regulations, 1987 (Order No.755 on 12.08.1977 the USSR 

Ministry of Health) and "The Guide for Care and Use of Laboratory Animals (National 

Academy Press Washington, D.C. 1996)". Efforts have been made in the studies to minimize 

animal suffering and reduce the number of samples used. 

2.2 Experiment scheme 

Clinically healthy stallions of the Arabian purebred breed (n=50) bred under the conditions 

of one biogeochemical province (Tersk pedigree stud farm No. 169, Stavropol Territory) 

were selected for the study. Blood serum, fresh sperm, and thawed sperm after 

cryopreservation were used as biosubstrates for the study. 

At the first stage of the experiment, the correlation coefficients were calculated for 

concentrations of chemical elements in the blood serum and indicators of the quality of the 

sperm of stallions. At the second stage, based on the data on the levels of concentrations of 

chemical marker elements (Co, Mg) of reproductive qualities established within the first 

stage of the study, the stallions were divided into groups by the percentile method [26]: I — 

up to the 25th percentile, II — within the 25-75th percentile, III — above the 75th percentile.  

The conditions of feeding and keeping for all examined animals were identical. The 

consumed daily ration of feeding of experimental animals in the two-month period preceding 

sampling contained: Ca – 77.3-97.5 g, P – 54.8-68.3 g, Fe – 740-930 mg, Cu – 128-169 mg, 

Zn – 440-550 mg, Mn – 601-769 mg, Co – 8.6-11.9 mg, I – 8.1-12.3 mg. 
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2.3 Selection and analysis of sperm parameters 

Sperm intended for the study was obtained from stallions for a mare in season using an 

artificial vagina sample from the Horse Breeding VNII, with an interval of 48 hours. We 

received at least 5 ejaculates from each stallion. After a period of sexual rest in stallions, the 

sperm values of the first two ejaculates were not used in the treatment. After receiving sperm, 

each ejaculate was initially assessed according to the following indicators: volume, 

concentration, total sperm count in the ejaculate, progressive sperm motility, total sperm 

count with progressive motility in the ejaculate, sperm survival at a temperature (T) of 2-4 

°C. For dilution of sperm, we used lactose-chelate-citrate-yolk (LCCY) medium in a volume 

ratio of 1:3. Sperm were frozen in liquid nitrogen vapor using the technology of the Horse 

Breeding VNII. The frozen sperm was stored in liquid nitrogen at a temperature of –196 ⁰С. 

The cryopreserved sperm was thawed in a water bath at a temperature of 40 ⁰С for 60 seconds. 

After thawing the cryopreserved sperm, the progressive motility and survival of spermatozoa 

were also determined at T 2-4 °C. Sperm concentration (billion) was estimated using a digital 

photometer (IMV Technologies). Sperm activity (score) was studied using a phase contrast 

microscope (Nikon ECLIPSE E400, Tokyo, Japan).  

2.4 Selection and assessment of the elemental composition of 
blood serum 

Blood samples (6 ml) were taken from the jugular vein in the upper third of the neck into 

vacuum tubes. Separation of serum was carried out by centrifuging the samples for 10 

minutes at a speed of 1,000 g. The content of elements was estimated using Elan 9000 mass 

spectrometer (Perkin Elmer, USA) and an Optima 2000 V atomic emission spectrometer 

(Perkin Elmer, USA). The elemental composition of seminal plasma was determined by 25 

chemical elements (Co, Cr, Cu, Fe, I, Mn, Se, Zn Ca, K, Mg, P, B, Li, Si, V Na, Ni, Sn, Hg, 

Sr, Al, As, Cd, Pb). 

2.5 Statistical analysis 

Correlation coefficients were calculated according to Spearman (Ks). To test the hypothesis 

about the normal distribution of other quantitative traits, the Shapiro-Wilk test was used. 

Significance of differences was checked using the Mann-Whitney U test. Significance level 

(P) was taken to be less than or equal to 0.05. The data were processed using Statistica 10.0 

software package (Stat Soft Inc., USA).  

3 Result 

Correlation analysis showed that the survival rate of spermatozoa in fresh sperm at T 2-4 ⁰C 

is reliably associated with the level of Mg in the blood serum, the concentration of 

spermatozoa is positively correlated with the level of Co (Table 1).  
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Table 1. Correlation coefficients for the concentrations of chemical elements in the blood serum and 

indicators of sperm quality in Arabian purebred stallions, Ks 

Elemen

t 

Sperm quality indicators 

Ejaculat

e 

volume 

after 

filtration

, ml 

Sperm 

concentratio

n, mln/ml 

Progressiv

e sperm 

motility in 

fresh 

sperm, % 

Sperm 

surviva

l in 

fresh 

sperm 

at T 2-

4 ⁰C, 

hour 

Progressive 

sperm motility 

after 

cryopreservation, 

% 

Sperm survival 

after 

cryopreservatio

n at T 2-4 ⁰C, 

hour 

Macroelements 

Ca  -0.09 0.14 -0.13 0.25 0.16 0.22 

K  0.20 0.02 -0.07 0.00 -0.27 -0.15 

Mg  -0.13 -0.02 -0.02 0.46* 0.27 0.28 

P  0.21 -0.13 -0.03 -0.14 -0.33 -0.27 

Essential microelements 

Co  -0.09 0.41* -0.25 0.11 0.10 0.09 

Cr  0.24 -0.01 0.02 -0.12 -0.33 -0.26 

Cu  0.13 0.19 -0.10 0.04 -0.31 -0.08 

Fe  -0.17 0.05 0.06 0.23 0.07 0.06 

I  0.21 -0.16 0.25 0.17 0.19 0.04 

Mn  0.06 0.06 -0.19 -0.07 -0.17 -0.13 

Se  0.19 0.10 -0.12 -0.26 -0.06 -0.02 

Zn  -0.04 -0.03 -0.21 0.00 0.00 -0.06 

Conditionally essential microelements 

Li  -0.14 0.35 0.19 -0.03 0.21 0.21 

Ni  -0.06 0.24 -0.08 -0.06 -0.39 -0.19 

V  0.21 -0.08 0.14 0.05 -0.21 -0.15 

B  -0.10 0.28 0.29 -0.01 0.10 0.19 

Toxic elements 

Cd  0.14 -0.17 0.24 -0.10 -0.15 -0.14 

Hg  0.20 -0.16 0.14 -0.26 -0.31 -0.25 

Pb  -0.02 0.08 0.11 -0.24 -0.18 -0.19 

Sn  -0.28 0.14 -0.01 -0.18 -0.25 -0.07 

Sr  0.26 -0.19 0.05 -0.12 -0.21 -0.18 

Al  -0.08 0.14 -0.27 -0.19 -0.18 -0.14 

As  0.03 -0.08 0.15 -0.10 -0.25 -0.20 

* significant correlation (P0.05) 

Due to the fact that a significant correlation was established only for Mg and Co, these 

elements were selected for further analysis.  

Cobalt 
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Comparative analysis of data on the concentration of Co in the blood serum of stallions 

in the context of formed groups showed that the blood serum of stallions of group III 

contained 0.0012±0.000213 μg/g, which is 39.7 (Р0.001) and 103.7 % (Р0.001) is higher 

in comparison with groups I and II (Fig. 1). In this case, the actual range of variation of Co 

concentration in the blood serum of stallions of group I was from 0.00032 to 0.00067 μg/g, 

II — from 0.00068 to 0.00099 μg/g, group III — from 0.001 to 0.0015 μg/g. 

 
Fig. 1. Co concentration in the blood serum of stallions depending on the selected percentile 

interval, μg/g 

The results obtained in our study demonstrated a positive trend in the indicators of sperm 

quality as the concentration of Co in the blood serum increased (Table 2). 

Table 2. Indicators of sperm quality of Arabian purebred horse stallions depending on the 

concentration of Co in the blood serum 

Indicators 
Group (percentile interval) 

(<25) II (25-75) III (>75) 

Ejaculate volume after 

filtration, ml 
29.63±7.78 27.21±11.83 33.63±11.26 

Sperm concentration, 

mln/ml 
299.1±77.75 211.9±96.38 228.1±110.1 

Progressive sperm motility 

in fresh sperm, % 
53.38±8.19 59.71±12.34 63.13±9.23* 

Sperm survival in fresh 

sperm at T 2-4 ⁰C, hour 
123.0±44.32 136.3±49.95 147.0±123.0 

Progressive sperm motility 

after cryopreservation, % 
20.06±10.22 29.24±14.02 21.42±13.58 

Sperm survival after 

cryopreservation at T 2-4 

⁰C, hour 

53.00±42.80 74.57±37.11 60.75±65.60 

* Р 0.05 compared to group I 

The lowest rate of progressive sperm motility in fresh sperm was observed in animals 

with serum Co content below the 25th percentile. As the Co content increased from minimum 

I (<25) II (25-75) III (>75)

Group (Percentile interval)
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to maximum in percentile intervals of 25-75 and more than 75 percentile, this indicator 

increased by 11.9 and 18.3 % (P 0.05). 

Magnesium 

The actual differences between groups of stallions in terms of serum Mg concentration 

are shown in Figure 2. 

 
Fig. 2. Concentration of Mg in the blood serum of stallions depending on the selected percentile 

interval, μg/g 

The blood serum of animals of group I contained 18.85±0.384 μg/g Mg, which is 11.63 

(P 0.001) and 22.08 % (P 0.001) less in comparison with groups II and III. Wherein, the 

range of Mg concentrations in the blood serum of group I stallions was from 18.16 to 19.43 

μg/g, from 19.79 to 22.37 μg/g in group II stallions, from 22.64 to 27.05 μg/g in group III 

stallions.  

The qualitative indicators of sperm in the compared groups, in our study, increased as 

the concentration of Mg in the blood serum increased (Table 3). 

Table 3. Indicators of sperm quality of Arabian purebred horse stallions depending on the 

concentration of Mg in the blood serum 

Indicators 
Group (percentile interval) 

I (<25) II (25-75) III (>75) 

Ejaculate volume after filtration, 

ml 
30.50±11.03 29.00±12.69 29.71±6.05 

Sperm concentration, mln/ml 232.4±91.34 256.7±108.11 210.7±96.07 

Progressive sperm motility in 

fresh sperm, % 
58.38±11.58 57.67±8.37 62.29±15.38 

Sperm survival in fresh sperm at 

T 2-4 ⁰C, hour 
90.00±32.71 132.0±41.32* 195.4±116.3* 

Progressive sperm motility after 

cryopreservation, % 
18.67±16.86 25.19±12.56 30.57±8.06 

Sperm survival after 

cryopreservation at T 2-4 ⁰C, 

hour 

40.25±41.16 64.80±45.99 94.29±42.95* 

* Р 0.05 compared to group I 

I (<25) II (25-75) III (>75)

Group (Percentile interval)
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Stallions with a serum Mg concentration of less than the 25th percentile (group I) were 

characterized by minimal values of sperm survival rates in fresh and thawed sperm after 

cryopreservation. As the Mg content increased from minimum to medium (group II) and 

maximum (group III), there was an increase in sperm survival in fresh sperm by 46.7 (P0.05) 

and 117.0 % (P0.05); in sperm thawed after cryopreservation by 60.8 and 134.0 (P0.05), 

respectively.  

4 Discussion 

Comparison of sperm parameters obtained from stallions with different levels of chemical 

elements in the blood serum revealed a number of significant differences. An explanation of 

this fact is possible considering information on the concentration of elements in the blood 

serum as a characteristic reflecting the exposure of elements from the diet [27] and, in 

general, associated with the size of the exchange pool of these substances in the animal's 

body [28]. On the other hand, a close relationship is known between the elemental status of 

stallions and their reproductive qualities [29, 30], which in turn is determined by the influence 

of elements on spermatogenesis and sperm quality in mammals [31, 32, 33]. For this reason, 

the significant influence of the concentrations of microelements in the blood serum on the 

qualitative characteristics of the sperm of stallions revealed by us is quite understandable. 

However, despite the fact that in our experiment an increase in progressive sperm motility in 

fresh sperm was found by 11.9-18.3 % as the content of Co in the blood serum increased, in 

the vast majority of previous studies, negative effects of Co on male fertility were 

demonstrated. Namely, it was found that Co ions in extremely low concentrations exhibit 

powerful immobilizing properties of spermatozoa, leading to the destruction of thiol groups 

on the surface of spermatozoa, which provokes an increased formation of superoxide anion 

radicals and makes them the most likely sources of oxidative stress [34, 35]. Spermatozoa 

are sensitive to oxidative stress due to the lack of cytoplasmic protection [36, 37, 38]. In some 

cases, an excess of Co can manifest itself in the form of a decrease in motility and an increase 

in the number of abnormal spermatozoa [39, 40, 41] and disruption of the mechanisms of 

testosterone synthesis [42].  

Another important element of cell physiology is Mg, which is present in high 

concentration in the sperm of stallions [43]. Previous studies have shown that the 

concentration of Mg in sperm is closely related to progressive motility, general motility and 

sperm viability [44, 45, 46]. In addition, Mg is considered a marker of seminal vesicle 

secretion and acts as an intracellular calcium antagonist [47]. In our experiment, results 

demonstrating a positive relationship between the level of Mg in the blood serum and the 

survival of sperm in fresh and thawed sperm after cryopreservation were obtained (Tables 1, 

3). It shall be noted that a similar nature of the interaction of Mg with the quality 

characteristics of sperm has been reported in other publications. Namely, a relationship was 

found between the concentration of Mg in the blood serum and the survival of spermatozoa 

within hypothermic storage of diluted sperm (r = 0.46) in Arabian purebred stallions [25]. It 

was also reported that Mg levels were positively correlated with sperm viability in rams [48]. 

As one of the probable reasons for this nature of the interaction, it is possible to consider the 

physiological role of Mg within implementation of the function of maintaining the osmotic 

balance necessary for the function and fertility of spermatozoa, as well as its interaction with 

enzymes such as Ca2+-dependent Mg2+ – ATPase [49]. In addition, it is believed that Mg can 

reduce the intensity of lipid peroxidation in the seminal fluid of males by inhibiting the 

metabolism of Cd [50]. For this reason, Mg supplements are often viewed as antidotes to the 

toxic effects of Cd on the reproductive system in laboratory animals [50]. Wherein, in some 

studies, no positive effect of Mg on the indicators of the quality of sperm of stallions was 

found [51,52], which determines the prospects for further study.  
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5 Conclusions 

Therefore, it was found that the concentrations of Mg and Co in the blood serum are positively 

correlated with the qualitative characteristics of the sperm of Arabian purebred stallions. Wherein, 

the optimal range of concentrations of Mg in the blood serum, typical for stallions with relatively 

high indicators of sperm quality, is 22.64 to 27.05 μg/g; Co – 0.001 to 0.0015 μg/g.  
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