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Abstract
Aim: To investigate various biochemical components of seminal plasma in Marwari stallions and Poitou Jacks and to find 
out their correlation with that of the seminal characteristics.

Materials and Methods: In this study, semen was collected from six Marwari stallions and six Poitou jacks aged 
from 4 to 6  years and with known fertility status. The semen collection from the stallions were collected during the 
breeding season, i.e., between the months of April and June. From the collected semen ejaculates, we estimated the values 
of some biochemical components, viz., total protein content, total lipid content, and enzymes such as glutamic pyruvic 
transaminase (GPT), glutamic oxaloacetic transaminase (GOT), alkaline phosphatase (ALP), acid phosphatase (ACP), and 
lactate dehydrogenase (LDH) as well as concentrations of glucose, cholesterol, total calcium (Ca), and phosphorus (P) and 
correlations among different seminal parameters were statistically examined using the Pearson correlation coefficient.

Results: In this study, we found positive correlations between semen volume as well as sperm concentration and GOT, GPT, 
ALP and ACP for both the group stallions. Significant correlation between motility and glucose, GOT and GPT could be an 
indication for their role metabolism and protection against free radicals to the spermatozoa.

Conclusion: Based on the results, it is concluded that there is a positive correlation between some biochemical values such 
as glucose, Ca, ALP, and LDH and seminal parameters which play a key role in capacitation and onward movement of the 
spermatozoa.

Keywords: alkaline phosphatase, biochemical components, lactate-dehydrogenase, Marwari, Poitou, stallion, seminal 
plasma.

Introduction

Semen consists of spermatozoa suspended in a 
fluid medium called seminal plasma. Seminal plasma 
is the fluid portion of semen, secreted by both the epi-
didymis as well as the accessory glands before and 
during ejaculation. Seminal plasma is a complex fluid, 
which serves as a vehicle for transporting ejaculated 
spermatozoa towards their journey from the testes to 
their target, the oocyte. Seminal plasma not only trans-
ports the spermatozoa but also provides protection 
and nutrition to the spermatozoa during their onward 
movement in the female reproductive tract. Seminal 
plasma consists of various biochemical components, 
such as glucose, cholesterol, proteins, metabolites, 
intracellular and antioxidant enzymes, mineral ele-
ments [1] which are important for sperm function and 

metabolism [2]. Estimation of the minerals, enzymes 
have been recommended as markers for semen qual-
ity since they indicate spermatozoa function and sper-
matozoa damage [3]. Stallion seminal plasma has an 
effect on the function and survival of ejaculated sper-
matozoa during in vitro storage and in the female gen-
ital tract, and to some extent individual stallion varia-
tion in the freezability of the semen can be explained 
by inherent differences in the composition of seminal 
plasma. Seminal factors exert negative and positive 
regulation in sperm capacitation, acrosome reaction, 
and gamete interaction. The anatomy and the secre-
tions from accessory sex glands, their chemical com-
position and the functions differ between species and 
individuals within breed [3]. As sperm longevity and 
stallion fertility vary markedly between individuals, it 
is at most important for the equine industry to investi-
gate the factors producing these effects.

A wide variety of biochemical components and 
enzymes are present in seminal plasma, but till now, 
the glands responsible for the production of these bio-
chemical constituents has not yet been identified [1]. 
Role of various components of seminal plasma in the 
regulation in sperm capacitation, during acrosome 
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reaction and gamete interaction, have been reported. 
For example, alkaline phosphatase (ALP) origi-
nates primarily from testis and epididymis and it can 
be used as a marker to differentiate azoospermia or 
oligospermia from ejaculatory failure in clinical 
cases [4]. A correlation between the activity of sper-
matozoa ALP release and semen quality was observed 
when spermatozoa undergo minimum and maximum 
stressful conditions in boars [5]. In the same manner, 
other enzymes such as glutamic pyruvic transaminase 
(GPT), glutamic oxaloacetic transaminase (GOT), and 
lactate dehydrogenase (LDH) are proved to be import-
ant for various metabolic processes which provide 
energy for livability, motility, and fertility of sperma-
tozoa [6]. Hence, the estimation of the biochemical 
components and enzymes in seminal plasma can be 
recommended or indicated as biological markers for 
seminal quality since their levels/values indicate the 
sperm function, integrity and damage [7,8].

Several studies were conducted and reported 
about the biochemical composition of seminal 
plasma in different domestic livestock species [9-11]. 
However, limited studies have been conducted in 
horses and donkeys to find out the biochemical com-
ponents of seminal plasma. Further, currently, avail-
able literature revealed meagre information on the 
composition of seminal plasma in indigenous horses 
and Poitou jacks. With this background, this study 
was designed and conducted with an objective to esti-
mate some of the biochemical components of semi-
nal plasma from Marwari stallions and Poitou jacks, 
respectively, and to correlate those with seminal 
attributes.
Materials and Methods
Ethical approval

All the experiments conducted for this study 
were done only after obtaining the ethical approval 
from the Institute’s Ethics Committee.
Selection of animals

The semen was collected from six Marwari stal-
lions and six Poitou jacks of known and proven fer-
tility. Semen ejaculates were obtained using artificial 
vagina using estrus mare as dummy. 10 ejaculates of 
each animal were collected during the breeding sea-
son. All the stallions were maintained under uniform 
conditions of feeding and management.
Semen collection and seminal plasma separation

This study was conducted on stallions and jacks 
located at Equine Production Campus, Indian Council 
of Agricultural Research (ICAR) - National Research 
Centre on Equines, Bikaner, Rajasthan. Semen ejacu-
lates of each animal were collected during the breed-
ing season between the months of April and June 
and examined spermatozoa under phase contrast 
microscope for motility, concentration, morphology 
and stained for dead sperm count. Gel portion of the 
semen was removed by filtration and immediately 

the seminal plasma was separated by centrifugation 
at 3000 rpm for 30 min at 4°C and stored at −20°C 
until further analysis. The stored seminal plasma was 
thawed at ambient temperature and again centrifuged 
at 10,000  rpm for 30 min at 4°C to remove the cell 
debris, if any. Biochemical parameters, viz., glu-
cose, cholesterol, total protein, total lipid, GPT, GOT, 
ALP, acid phosphatase (ACP), LDH, Ca, and P were 
estimated from the samples by using biological kits 
(SPINREACT, Ark Diagnostics Pvt. Ltd., Mumbai).
Seminal characteristics

Semen samples were collected and transported 
to the laboratory (37°C), within 5-10 min, and placed 
in a water bath at 37°C. Semen volume was estimated 
directly in a calibrated semen collection bottle, and 
sperm concentration was calculated with the help of a 
Neubauer hemocytometer, after dilution (1:200) of the 
semen sample with a 2% eosin solution. To evaluate 
the sperm progressive motility, a sample of the diluted 
semen was placed under a cover slip on a pre-warmed 
(37°C) slide and subjectively assessed using a phase 
contrast microscope. The percentage live sperm was 
determined by evaluating 200 sperm/semen sam-
ple (following eosin-nigrosin staining), under a light 
microscope. At least 200 cells were counted in dupli-
cates for each sample.
Plasma membrane integrity

Evaluation of the plasma membrane/functional 
integrity of sperm membrane was determined by 
hypo-osmotic swelling test (HOST) as described by 
Talluri et al. [12]. The HOST evaluates the functional 
integrity of the sperm’s plasma membrane and also 
serves as a useful indicator of fertility potential of 
sperm. A total of 200 spermatozoa were counted in dif-
ferent fields at 40× under phase contrast microscope 
and percentage of spermatozoa positive to HOST 
(having coiled tails) was determined by the evidence 
of plasma membrane swelling and HOS reacted (tail 
coiling). The number of spermatozoa (percentage) 
with tail coiling was recorded for each sample. The 
experiment was repeated five times in order to obtain 
a consistent result.
Statistical analysis

The statistical analysis was performed by GLM 
procedure of Statistical Package for Social Sciences, 
Version 17.0. Pearson’s correlation coefficient test 
was applied to find out the correlation between var-
ious biochemical constituents and seminal attributes.
Results

The observed mean values of various seminal 
parameters, viz., pH, volume, concentration, percent-
ages (%) of live and dead spermatozoa, progressive 
sperm motility, abnormal spermatozoa, and HOST 
were measured and presented in Table-1.
Seminal parameters

The values for volume of the semen obtained, 
concentration of the spermatozoa, live dead ratio, 
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abnormal spermatozoa and progressive motility of 
the spermatozoon fresh semen were found to be on 
higher side in donkey stallions than in horse stallions. 
However, HOS positive sperms were found to be 
more in Marwari stallions. There was no significant 
difference was observed.
Biochemical profiles of the seminal plasma

The mean, median, minimum and maximum val-
ues for various biochemical components of the sem-
inal plasma for Marwari stallions and Poitou jacks 
were listed in Table-2. Except for the ALP values, all 
other components such as total protein, glucose, total 
lipids, cholesterol, GOT, GPT, LDH, ACP, Ca and P 
levels were found be higher in the Poitou donkey stal-
lion seminal plasma than that of the values observed 
in the case of Marwari stallion seminal plasma.
Correlations between seminal parameters and bio-
chemical components of seminal plasma

The correlation coefficients were calculated 
between the seminal parameters and biochemical com-
ponents in both Marwari stallions and Poitou donkeys 
and were presented in Tables-3 and 4, respectively. We 
observed a positive and significant correlation between 
glucose and motility and between Ca and motility for 
both the groups. In this study, a positive correlation 

between the motility, concentration and HOST% with 
GOT, GPT and LDH levels was observed and found to 
be non-significant in both the studied groups. Positive 
correlations between semen volume as well as sperm 
concentration and GOT, GPT, ALP and ACP was 
observed for both the groups. From these results, it is 
assumed that these factors may have testicular origin. 
Significant correlation between motility and glucose, 
GOT and GPT was found which could be an indication 
for their role metabolism and protection against free 
radicals to the spermatozoa. ALP has showed negative 
correlation with volume of the semen, concentration 
and motility of the spermatozoa for both the groups 
and a nonsignificant positive correlation of Ca with 
pH, volume, concentration and HOST%. A significant 
correlation was observed between motility and Ca for 
both the groups.
Discussion

Mammalian seminal plasma is a carrier for 
sperm and contains a number of factors crucial for 
normal fertilization. As of today, meagre informa-
tion is available about the correlation between semen 
parameters and enzyme activities of stallion seminal 
plasma. Analysis of the enzyme activities and con-
centrations of elements can estimate integrity and 
function of sperm cell membranes. In this study, we 
attempted to quantify the different biochemical con-
stituents present in the seminal plasma of indigenous 
stallions and Poitou Jacks. Biochemical estimation of 
various enzyme activities and minerals like Ca and P 
may indicate the seminal quality as they play a key 
role in the functional integrity and function of sperm 
cell membranes [13]. Therefore, knowledge of the 
levels of these enzymes can be used as biomarkers for 
semen quality since they indirectly indicate the sperm 
damage [7,8].

In this study, some biochemical components of 
seminal plasma of equines were estimated and cor-
related those with the seminal parameters. The data 
on seminal parameters obtained, in the current study, 

Table-1: Mean±SD seminal attributes of fresh semen 
ejaculates of the Marwari and Poitou Stallions.

Seminal parameters Mean±SD

Marwari 
stallions

Poitou jacks

pH 7.29±0.03a 7.30±0.026a

Volume (ml) 45.06±4.75a 64.53±7.09a

Concentration (×106) 253.33±8.52a 262.33±15.89a

Live dead (%) 82.67±0.73a 85.2±0.78a

Progressive motility (%) 77.00±2.22a 81.46±0.87a

Total abnormalities (%) 2.07±0.27 3.27±0.85
HOST (%) 65.43±0.64a 59.36±1.61a

Means with different superscripts differ significantly 
(p≤0.05), among individual stallions within breed. 
HOST=Hypo osmotic swelling test, SD=Standard 
deviation

Table 2: Mean±SE biochemical attributes of semen ejaculates of the Marwari and Poitou Stallions.

Parameters Marwari Poitou

Minimum Maximum Median Mean±SE Minimum Maximum Median Mean±SE

Glucose (mg/dl) 7.11 49.12 20.17 24.31±2.92 18.06 36.11 24.31 25.94±1.28
Total protein (g/dl) 0.70 1.76 0.84 0.95±0.04 3.21 5.32 4.13 4.33±0.12
Total lipid (mg/dl) 19.79 80.42 61.78 54.07±4.42 100.09 163.43 133.47 132.49±4.51
Cholesterol (mg/dl) 1.98 9.01 5.50 5.45±0.49 16.78 32.08 20.99 23.08±1.02
GOT (U/L) 119.78 378.98 158.32 215.31±21.46 123.56 389.81 142.14 218.46±22.18
GPT (U/L) 9.8 15.09 10.87 11.70±0.36 7.81 34.08 21.09 20.65±1.85
LDH (U/L) 460 1202 681.5 782.63±54.55 1681 2310 2238 2082.23±49.14
ALP (U/L) 6.43 40.04 9.23 18.03±2.66 8.18 16.88 10.47 11.84±0.61
ACP (U/L) 1.00 11.00 4 4.93±0.50 3 9 5 5.60±0.33
Calcium (mg/dl) 7.11 23.08 11.89 13.66±1.13 9.21 25.09 20.53 18.07±1.16
Phosphorus (mg/dl) 7.29 10.62 8.715 8.73±0.16 7.28 14.82 14.02 11.92±0.59

SE=Standard error, GOT=Glutamic oxaloacetic transaminase, GPT=Glutamic pyruvic transaminase, LDH=Lactate 
dehydrogenase, ALP=Alkaline phosphatase, ACP=Acid phosphatase
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control  [15,27]. ALP levels observed to be vary in 
boar seminal plasma with change in season  [33]. 
LDH plays an important role in the sperm metabo-
lism, sperm capacitation, and fertilization [6]. LDH 
activities in stallion spermatozoa were measured to be 
81.0 IU/L by Pesch et al. [8], 13.3 µmol/ml [34] and 
1.1 µmol/ml [2], whereas it was found 782.63±54.55 
for horses and 2082.23±49.14  IU/L in our study 
(Table-1) and these results are in correlation with that 
of the values observed in Arabian horses [16].

Calcium is the most extensively studied compo-
nents of mammalian semen and is mainly involved in 
fertilization process by inducing the acrosome reac-
tion and is needed for stimulation of steriodogenesis 
in leyding cells of the testis [35]. Ca levels regulate 
capacitation and hyperactivation of spermatozoa by 
regulating the availability of intracellular adenosine 
triphosphate [36,37]. Increased levels of ionized Ca 
can induce acrosome exocytosis and lead to a decrease 
in fertility [38]. We observed a positive correlation of 
Ca with pH, volume, concentration, and HOST%. 
A significant correlation was observed between motil-
ity and Ca for both the groups.
Conclusion

Seminal plasma is an important fluid portion 
necessary for metabolism of spermatozoa as well as 
for sperm function and survival and transport in the 
female genital tract. Analysis of biochemical constit-
uents like enzyme activities and concentrations of 
elements can estimate integrity and function of sperm 
cell membranes. From the current study results, it 
can be said that the correlation was found between 
enzyme activities of seminal plasma and semen 
parameters in stallions, it was also observed that the 
composition of semen varied not only between the 
groups and breeds but also in the animals of same 
group. In part, this may have been due to seasonal 
variations and differences in age. Another contribut-
ing factor may have been a fluctuating ratio between 
the different fractions which compose the normal 
ejaculate that has contributed to the make-up of the 
whole ejaculate. This study is first of its kind to study 
biochemical composition of the seminal plasma of 
indigenous stallions.
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were correlating with the previous reports on Marwari 
stallions and Poitou jacks [14,15]. The biochemical 
values observed for GOT, GPT, LDH and ALP are 
also consistent with the earlier reports in horses [8,16]. 
In the current study, we observed a positive correla-
tion between the motility, concentration and HOST% 
with GOT, GPT and LDH levels which is correlation 
with the previous reports [8,16]. A  positive correla-
tion between concentration, motility, HOST and GOT, 
GPT and LDH observed in the present study, indicated 
their role in semen quality because they measure sperm 
membrane stability [17]. An increase in the values of 
these enzyme activities indicates the damage to the 
functional integrity of acrosome or plasma membrane 
of spermatozoa and thus leading to abnormal sperma-
tozoa, further which causes leakage of these enzymes 
in the extracellular fluid [18]. GOT and GPT play an 
important role in the protection of spermatozoa from 
oxidative stress and provides an indicator of a primary 
testicular and epididymal origin of these enzymes in 
stallion [19,20]. A positive correlation was observed 
between the GOT, GPT, ALP and ACP with seminal 
volume also indicate that these factors might have tes-
ticular origin.

ALP is a widely distributed phosphomonoester-
ase [21] enzyme and is active in many tissues, and 
very little information is available on its activity in the 
seminal plasma of stallions [4]. It was reported to be 
originating from seminal vesicles and to a lesser extent 
from the testes and epididymis in bull [22]. In a study 
conducted on horse seminal plasma composition, 
Turner and McDonnell [23] reported that the mean 
concentration of the ALP activity in horse ejaculates 
was observed to be 15.443±6391 IU/L and the values 
ranged from 22.180 to 3574 IU/L for horse stallions. 
The results obtained in the current study also consis-
tent with these reports. In our study, ALP has showed 
negative correlation with volume of the semen, con-
centration and motility of the spermatozoa for both the 
groups. These results are consistent with the earlier 
reports of Dogan et al. [16] in Arabian horses and con-
tradictory to the observation of Pesch et al. [8]. In dogs, 
ALP activity is similarly found in the epididymides and 
in the semeniferous tubules [24,25] and can be used as 
a marker for ejaculation and tubular patency [25,26]. 
ALP activity has been found in seminal vesicle fluid 
in bulls and boars, and in prostatic secretions in many 
mammals [27]. High levels of ACP are found in the 
prostatic fluid of primates and canines, and lower 
levels are found in bull prostate fluid. The levels of 
ACP activity reflect prostate function in dogs  [28], 
and increased levels of ACP are associated with pros-
tate cancer in humans [29-31]. In stallion, studies on 
ACP have been limited to epididymal tissue but not 
on seminal plasma [32]. The levels of both ALP and 
ACP in seminal plasma are positively correlated with 
the sperm count and negatively with semen volume in 
horses and they are believed to be under androgenic 
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