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1  | INTRODUC TION

Lately, with the increase in the use of artificial insemination and 
shipped semen to most farms, evaluation of the semen quality has be-
come an essential aspect to predict the performance of the semen to 
be used. In vitro assays have a limited predictability of semen fertility, 

and there is no single assay that correlates consistently with the fer-
tility (Mocé & Graham, 2008). Thus, the increase in laboratory assays 
could improve the accuracy of fertility prediction. Furthermore, the 
spermatozoa function and structure could be damaged by the reac-
tive oxygen species (ROS) reaction with the spermatozoa enzymes, 
membrane phospholipid and chromatin (Aitken,  2017). This causes 
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Abstract
Present study aimed to investigate the effect of adding antioxidants, cysteine and 
ascorbic acid on the levels of glutamic oxaloacetic transaminase (GOT), glutamic-
pyruvate (GPT), alkaline phosphatase (ALP), lactate dehydrogenase (LDH) and 
γ-glutamyl transpeptidase (GGT) enzymes of post-thawed stallion sperm. Ten ejacu-
lates were collected each from four healthy stallions and cryopreserved using HF-20 
freezing extender containing either 0  mg/ml cysteine or ascorbic acid, 0.5  mg/ml 
cysteine and 0.5 mg/ml ascorbic acid. All samples in freezing extender containing 
cysteine or ascorbic acid or none of them were assessed for sperm motility, viability, 
plasma membrane integrity, morphology and enzymes concentration. The ALP, LDH 
and GGT were significantly higher in 0-group compared with cysteine and ascorbic 
acid groups. The sperm motility of frozen-thawed semen with 0-group was signifi-
cantly better compared with cysteine and ascorbic acid groups. The variation on vi-
ability, sperm membrane integrity and morphology were insignificant between all 
treated groups. Therefore, these enzymes were reduced when using antioxidants 
in the freezing extender. Results of the present study suggest that concentration of 
ALP, LDH and GGT enzymes could be used as parameters for prediction of frozen-
thawed stallion semen.

K E Y W O R D S

Arabian stallion, ascorbic acid, cysteine, enzymes, fertility prediction, frozen semen

www.wileyonlinelibrary.com/journal/vms3
https://orcid.org/0000-0002-2611-2321
mailto:﻿
mailto:﻿
https://orcid.org/0000-0002-4065-8996
https://orcid.org/0000-0003-2511-7451
http://creativecommons.org/licenses/by/4.0/
mailto:wahidh@upm.edu.my
mailto:wahidharon@gmail.com
mailto:wahidharon@gmail.com


     |  667ALAMAARY et al.

lipid peroxidation, protein oxidation and DNA fragmentation (Bui, 
Sharma, Henkel, & Agarwal,  2018; Morielli & O’Flaherty,  2015; 
Treulen, Elena, Aguila, Uribe, & Felmer, 2018). In addition, cryopres-
ervation technique revealed a high susceptibility to the excessive 
ROS production and the disruption on antioxidant levels and func-
tion in post-thawed semen samples (Ball, 2008). Thus, balancing the 
ROS by adding antioxidants to the semen extender showed effective 
improvement to the semen preservation especially when the semi-
nal plasma removed during semen preservation (Agarwal, Nallella, 
Allamaneni, & Said, 2004).

Various enzymes in the semen were reported to have an ef-
fect on sperm fertility (Pesch, Bergmann, & Bostedt,  2006). The 
level of these enzymes is affected by sperm membrane damage 
(Katila,  2001). Therefore, assessment of the concentration of the 
enzymes in the fresh semen sample has been used for a long time. 
Glutamic oxaloacetic transaminase (GOT) and glutamic-pyruvate 
(GPT) are intracellular enzymes found in sperm cytoplasmic drop-
lets (Katila,  2001). The alkaline phosphatase (ALP) enzyme is also 
isolated from the sperm plasma membrane (Bucci et  al.,  2014). 
Furthermore, the lactate dehydrogenase (LDH) enzyme is found 
in the cytosol, mitochondria and on the sperm plasma membrane 
(O’Flaherty, Breininger, Beorlegui, & Beconi, 2005). It is well known 
that γ-glutamyl transpeptidase (GGT) enzyme is located on the ex-
ternal site of spermatozoa (Agarwal & Vanha-Perttula, 1988). In ad-
dition, these enzymes play an essential role in sperm maturation and 
function (Pesch et al., 2006).

Cysteine is a semi-essential amino acid that acts as an intra-
cellular antioxidant and a main component of the antioxidant 
glutathione GSH. Therefore, cysteine is essential to balance the 
intracellular redox. Cysteine also plays a major role in protein func-
tion (Paul, Sbodio, & Snyder, 2018). Ascorbic acid or Vitamin C is a 
safe and water soluble antioxidant. Ascorbic acid is able to break 
chain reactions and remove free radicals during chain reactions 
to stop peroxidation from happening (Zhang, Yi, Chen, Hou, & 
Zhou, 2012). In addition, it can act as a co-antioxidant that prevents 
lipid peroxidation. Ascorbic acid is an effective free radical scav-
enger due to its production of monodehydroascorbate (MDHA) 
radicals that are unable to react with other molecules or oxygen 
to produce more reactive radicals (Du, Cullen, & Buettner, 2012).

Therefore, the current study aimed to determine the effect of 
adding cysteine and ascorbic acid in the freezing extender on phys-
ical and biological characteristics, as well as the level of enzymes of 
post-thawed frozen stallion sperm. There is possibility of using these 
enzymes as markers of frozen semen quality with the other sperm 
parameters, such as sperm motility pattern, viability, sperm mem-
brane integrity and morphological defects.

2  | MATERIAL S AND METHODS

This study was exempted from approval from the Institution Animal 
Ethics because the semen collection using artificial vagina does not 
affect the normal physiology of the animals.

2.1 | Animals and semen collection

Four healthy stallions, aged 4 to 14 years, were selected for the study, 
after a breeding soundness examination. All animals were housed 
individually in the King Abdulaziz Arabian Horse Center in Dirab 
(KAAH), which is a member of World Arabian Horse Organization 
(WAHO). They were fed pellets supplemented with Hijazi clovers 
three meals a day. Rhodes grass, mineral blocks and water were 
provided ad libitum. Epididymal sperm reserves were decreased by 
daily semen collection from all the stallions for 3 days. Afterwards, 
constant semen collections were performed using automated semen 
collection phantom (Equidame® phantom Haico-Finland), twice a 
week per stallion. As such, a total of 10 ejaculates were collected for 
the study. The semen samples were collected during the winter from 
February to March.

2.2 | Semen processing

The semen gel portion was removed immediately after collec-
tion, using sterile gauze and then transferred to a 37°C water 
bath. The semen volume was measured in a graduated cylinder. 
The ejaculate was also evaluated for total motility, progressive 
motility and sperm concentration. Sperm concentration and mo-
tility were determined using the CASA system (ISAS® program, 
Prosser R  +  D, Paterna, Valencia, Spain). In this light, samples 
with a minimum of 200 × 106 sperm/ml and motility >60% were 
used for this study.

Filtered semen of each ejaculate was diluted (1:1) with a cen-
trifugation media and then divided into three aliquots. Using 
a centrifuge at 800 g for 10 min, seminal plasma was removed 
and each tube of the sample was resuspended with HF-20 con-
taining either none (control) or 0.5 mg/ml cysteine, or 0.5 mg/
ml ascorbic acid. The final semen concentration after dilution 
was 200  ×  106 sperm/ml. The sperm concentration was ad-
justed using a haemocytometer (Neubauer improved bright-line, 
Germany). All the tubes were cooled to 4°C for 90 min, with the 
cooled semen being filled into 0.5  ml straws. The straws were 
further frozen by a programmable freezer (Automatic Freezer 
with Windows®-tablet, 230 V, Minitube, Germany) (60°C/min. 
to –140°C).

2.3 | Extenders

The centrifugation media were a mixture of 6.0 g glucose, 0.37 g eth-
ylene-diamine-tetra-acetic acid (EDTA), 0.37 g sodium citrate, 0.12 g 
sodium bicarbonate, 100,000 IU penicillin and 0.08 g streptomycin 
in 100 ml of distilled water. Freezing extender (HF-20) contained 5 g 
glucose, 0.3 g lactose, 0.3 g raffinose, 0.15 g sodium citrate, 0.05 g 
sodium phosphate, 0.05 g potassium sodium tartrate, 10% egg yolk, 
25,000 IU penicillin, 0.08 g streptomycin, 3% glycerol and deionized 
water up to 100 ml (Nishikawa, 1975).



668  |     ALAMAARY et al.

2.4 | Semen evaluation

Water bath at 37ºC was used to thaw the frozen straws for 30 s, with 
the contents being emptied into a small warmed tube. Evaluation of 
total and progressive motility was done using the ISAS® program. 
The samples were then assessed for plasma membrane integrity, 
morphology defects, viability and enzyme levels.

2.5 | Assessment of sperm motility

The ISAS® program (CASA system) was used to assess the motility pat-
tern immediately after the dilution of the semen or post-thawed semen. 
A sample (2.7  μl) from each tube was placed on a slide (ISASD4C, 
Prosser R + D, Paterna, Valencia, Spain) and semen motility assessment 
was performed based on five digital images from different fields, via 
a × 10 negative-phase contrast objective and warm stage at 37ºC. The 
motility pattern was measured according to total motile sperms (TMS 
%), rapid progressively sperm (RPS %), curvilinear velocity (VCL μm/s), 
straight line velocity (VSL μm/s), average path velocity (VAP μm/s), lin-
earity index (LIN %) and straightness index (STR %). At least 300 sperm 
were analysed from each sample, with the images turning read within 
1 s. Five images from different fields for each sample were analysed.

2.6 | Plasma membrane integrity

The hypo-osmotic swelling test (HOST) was used to assess the 
plasma membrane integrity of spermatozoa. A minimum of 200 
sperm were analysed for coiled tail, using phase contrast microscopy 
(×400). A mixture of a sucrose-based solution 1,000 μl and 20 μl of 
semen at 100 mOsmol was incubated at 37°C for 50 min in a water 
bath (Neild et al., 1999).

2.7 | Viability

Sperm viability was evaluated using acridine orange (AO) and propid-
ium iodide (PI). This kit was purchased from Halotech DNA S.L. Spain. 
Firstly, the semen was diluted to 10–15 × 106 sperm/ml. The sperm 
concentration was adjusted using a haemocytometer (Neubauer im-
proved bright-line, Germany). Afterwards, 10 μl of diluted semen was 
placed on a slide. The next step implied mixing 1.0 μl of AO and PI with 
the diluted semen. Finally, the mixture was covered and evaluated 
with a fluorescence microscope. Live sperm retained the AO, giving 
green fluorescence, while PI penetrated the damaged sperm, causing 
red fluorescence. A total of 300 sperm were assessed per sample.

2.8 | Morphology

Sperm morphology was examined using the eosin–nigrosin stain-
ing technique (RAL Diagnostics, Martillac, France). A drop of semen 

(15 μl) was mixed with 15 μl of eosin–nigrosin on a clean and warm 
slide and smeared. The mixture was gently spread and evaluated ran-
domly under oil immersion at 1,000 × magnification. Spermatozoa 
morphological defects that were recorded normal, abnormal acro-
some, abnormal head, abnormal midpiece, abnormal tail, head de-
tached, proximal droplet, distal droplet, bent tail and others. The 
sperm morphology was classified as normal, major abnormalities 
and minor abnormalities. (Murcia-Robayo, Jouanisson, Beauchamp, 
& Diaw, 2018).

2.9 | Enzymes

The enzymes were assessed using Humalyzer 3,000, and liquid 
reagents from Tufnell Drive, Kamwokya, Kampala and Uganda 
were used for each enzyme. All steps were done following the 
manufacturer instructions. Two straws (1 ml) from each extender 
were thawed in the water bath at 37°C for 30  s. The thawed 
semen was centrifuged at 2500  g for 12  min. Then, the super-
natant was mixed with normal saline (1:11). The standard sample 
was distilled water, which was analysed in the Humalyzer system 
before introducing the samples. The liquid reagents were pre-
pared following the kit instructions and mixed with sperm ex-
tracts in the ratio of 1:10, i.e. 100 μl of sperm extracts was mixed 
with 1,000 μl of prepared solution. The enzymes were measured 
in U/L.

2.10 | Statistical Analysis

The one-way ANOVA test for comparison was used to analyse the 
data. The analysis was considered significant at p < .05. SPSS statisti-
cal software version 16.0 was used to analyse the data.

2.11 | Data availability statement

The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

3  | RESULTS

3.1 | Motility

The result of sperm motility of frozen-thawed semen with HF-20 
(0), 0.5 mg/ml cysteine and 0.5 mg/ml ascorbic acid is illustrated in 
Table 1. The differences among HF-20 (0) and 0.5 mg/ml cysteine 
on the total motility were not significant (p > .05), but there was a 
significantly better result on the HF-20 (0) as compared to 0.5 mg/
ml ascorbic acid. HF-20 (0) showed better RPS, VCL, VSL and VAP 
(p > .05). Ascorbic acid 0.5 mg/ml showed the lowest result (p > .05) 
on VSL, as compared with the other groups.
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3.2 | Membrane Integrity, Viability and morphology

Sperm membrane integrity, viability and morphology defects are 
shown in Table 2. The results of sperm membrane integrity, viability 
and sperm morphology revealed no significant variation among all 
extenders.

3.3 | Enzymes

Table 3 reveals the result of enzymes levels in post-thawed semen in 
HF-20 (0), 0.5 mg/ml cysteine and 0.5 mg/ml ascorbic acid groups. 
The enzymes GOT, ALP, LDH and GGT were significantly (p >  .05) 
higher in HF-20 (0) when compared with groups treated with 
0.5 mg/ml cysteine or ascorbic acid. The variation between HF-20 
(0) and 0.5 mg/ml ascorbic acid groups on LDH concentration was 
insignificant. Furthermore, no significant (p > .05) differences were 
observed between cysteine 0.5 mg/ml and ascorbic acid 0.5 mg/ml 
groups for earlier mentioned enzymes. The concentration of GPT 
enzyme did not show any variation (p > .05) among all extenders.

4  | DISCUSSION

Although the routine examination of semen quality such as sperm 
concentration, motility, morphology and viability improves the fertil-
ity prediction, the reliability of these assays is limited. Moreover, the 
pregnancy rate itself is still the best indicator of fertility of stallions 
(Varner, 2016). The level of alkaline phosphatase (ALP), lactate de-
hydrogenase (LDH) and γ-glutamyl transpeptidase (GGT) enzymes in 
the seminal plasma is positively correlated with sperm function and 
semen quality (Bucci et al., 2014; Milinkovi, 2016).

Glutamic-oxaloacetic (GOT) and glutamic-pyruvate (GPT) are in-
tracellular enzymes and, for a long time, these enzymes were used 
as markers for sperm membrane damage. Leakage of these enzymes 

TA B L E  1   The motility pattern on the groups of HF-20 extenders 
(0, 0.5 cysteine and 0.5 ascorbic acid) on stallion frozen semen

Parameters

Extenders

HF−20 (0)
Cysteine 
0.5 mg/ml

Ascorbic acid 
0.5 mg/ml

TMS (%) 44.99 ± 4.72a 37.21 ± 5.84ab  28.75 ± 5.23b

RPS (%) 22.09 ± 2.16a 10.01 ± 3.19b 7.70 ± 3.22b

VCL (µm/s) 106.53 ± 2.90a 86.76 ± 1.43b 83.22 ± 2.18b

VSL (µm/s) 32.48 ± 1.02a 26.72 ± 1.58b 21.46 ± 1.29c

VAP (µm/s) 60.57 ± 0.43a 44.39 ± 0.63b 42.98 ± 1.20b

LIN (%) 31.30 ± 1.49ab  31.70 ± 1.97a 26.76 ± 1.33b

STR (%) 53.60 ± 1.68ab  59.51 ± 2.88a 49.96 ± 2.02b

Note: Abbreviations: LIN, Linearity index; RPS, Rapid Progressive 
Sperm; STR, Straightness index; TMS, total motile sperms; VAP, Average 
Value; VCL, Curvilinear speed; VSL, Rectilinear speed.
All values were expressed as mean ± SE.
abValues with different superscripts across rows indicate significant 
differences at p < .05. 

Parameters

Extenders

HF−20 (0) Cysteine 0.5 mg/ml
Ascorbic acid 
0.5 mg/ml

HOST (%) 39.89 ± 9.56 27.94 ± 7.03 21.77 ± 4.69

Viability (%) 32.40 ± 8.24 30.56 ± 9.50 19.73 ± 2.27

Normal Morphology (%) 80.34 ± 3.23 83.87 ± 0.83 83.66 ± 2.45

Major Abnormalities (%) 7.40 ± 4.61 4.43 ± 0.42 5.65 ± 1.72

Minor Abnormalities (%) 11.78 ± 1.47 11.88 ± 1.10 14.27 ± 2.55

Note: Abbreviation: HOST, Hypo-osmotic swilling test (sperm membrane integrity).
All values were expressed as mean ± SE. No significant differences between groups at p <.05.

TA B L E  2   The plasma membrane 
integrity, viability and morphology on 
the groups of HF-20 extenders (0, 0.5 
cysteine and 0.5 ascorbic acid) on stallion 
frozen semen

Enzymes

Extenders

HF−20 (0) Cysteine 0.5 mg/ml
Ascorbic acid 
0.5 mg/ml

GPT U/L 48.03 ± 14.31a 56.83 ± 17.18a 39.23 ± 11.73a

GOT U/L 146.30 ± 52.60a 27.86 ± 7.4b 35.20 ± 13.26b

ALP U/L 2,477.20 ± 448.7a 1,322.56 ± 58.8b 679.80 ± 71.52b

LDH U/L 809.23 ± 178.5a 384.2 ± 76.9b 466.03 ± 12.6ab

GGT U/L 410.30 ± 29.2a 248.96 ± 8.09b 292.60 ± 1.6b

Abbreviations: ALP, Alkaline phosphatase; GGT, γ-glutamyl-transferase; GOT, glutamic-oxaloacetic 
transaminase; GPT, glutamic-pyruvate; LDH, Lactate dehydrogenase.
abcValues with different superscripts across rows indicate significant differences (p < .05). 

TA B L E  3   The level of enzymes in HF-
20 (0), 0.5 cysteine and 0.5 ascorbic acid 
in horses frozen semen
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into the seminal plasma is a sign of damage to the sperm membrane 
(Katila,  2001; Tuli & Singh,  1982). However, the use of GOT and 
GPT enzymes as an indicator of frozen semen quality in previous 
studies showed contradictory results. In the current study, using 
post-thawed stallion spermatozoa extract, a high concentration of 
GOT in HF-20 (0) was observed that showed higher sperm quality 
as compared to 0.5  mg/ml cysteine and 0.5  mg/ml ascorbic acid. 
Furthermore, the GPT enzyme level did not reveal any significant 
difference among all extenders. This result is in agreement with the 
study by Purdy (2006) and Tuli, Schmidt-Baulain, and Holtz (1991), 
conducted on goats, and in disagreement with the study by Tuli and 
Singh (1982). The reason for this result could be due to the presence 
of GOT and GPT in cytoplasmic droplets (Katila, 2001). Therefore, 
the reliability and validity of these enzymes as markers of semen 
quality is lower than the other enzymes. Furthermore, adding cyste-
ine and ascorbic acid in this study adversely affect the sperm GOT 
enzyme level.

Alkaline phosphatase enzyme (ALP) showed higher concentra-
tion on HF-20 (0) extender when compared with cysteine 0.5 mg/
ml and ascorbic acid 0.5 mg/ml. The high level of ALP was positive 
with sperm total, progressive motility and other spermatozoa mo-
tility pattern on HF-20 (0). This result is in agreement with other 
findings in humans (Alibawi, Al-morshidy, & Alhuweizi,  2012), 
canine (Frenette, Dubé, & Tremblay, 1986) and horses ( Turner & 
McDonnell,  2003), which revealed positive correlations between 
(ALP) concentration and semen quality in the sperm or semen 
plasma of fresh semen. Kareskoski et al. (2010) reported high cor-
relation between the sperm concentration and ALP level in the stal-
lion's seminal plasma using fresh semen. The results of the present 
study also emphasized an interrelationship of post-thawed semen 
motility and viability with the level of ALP (Bucci et  al.,  2016). 
Therefore, the level of ALP enzyme could be a sign of frozen semen 
quality in the Arabian stallion. Furthermore, cysteine and ascorbic 
acid did not protect the sperm during cryopreservation and affect 
adversely on the sperm motility and ALP concentration.

Dogan, Polat, and Nur (2009) and Pesch et al. (2006a) claimed 
that lactate dehydrogenase (LDH) and glutamyl-transferase (GGT) 
enzymes are accurate parameters for semen quality on horse fresh 
semen. Moreover, a high concentration of glutamyl-transferase 
(GGT) and lactate dehydrogenase (LDH) was found on frozen stal-
lion semen, which was corresponding to the high sperm motility. 
These findings are consistent with Pero et al. (2017) who reported 
a high concentration of GGT with higher sperm motility on fro-
zen bovine semen. In addition, a significantly higher LDH and GGT 
concentration on frozen stallion semen extract can be observed in 
the present result. The LDH and GGT concentration were higher 
in the control groups than groups treated with either cysteine or 
ascorbic acid. These results could be due to the correlation be-
tween (LDH) level and mitochondria, and sperm plasma membrane 
integrity. Laudat, Foucault, and Palluel (1997) found LDH enzyme 
in the cytosol, mitochondria and on the sperm plasma membrane.

The high concentration of ALP, LDH and GGT enzymes on fro-
zen spermatozoa was corresponding to arise sperm motility pattern, 

whereas the other parameters, such as viability, sperm membrane 
integrity and morphological defects did not reveal any variation with 
the different extenders. Evaluating these enzymes seems to be more 
effective on post-thawed semen evaluation in the stallion. Even 
though the assessment of the viability and sperm membrane integ-
rity showed a better result in HF-20 (0), as compared to 0.5 mg/ml 
cysteine and 0.5 mg/ml ascorbic acid, the differences were not sig-
nificant. These results agreed with the previous studies conducted 
by Dogan et al.  (2009), Pero et al.  (2017) and Pesch et al.  (2006b). 
The level of these enzymes seemed to have a positive relationship 
with spermatozoa metabolism and other functions. The antioxidants 
cysteine and ascorbic acid were used to protect the sperm during 
cryopreservation procedure and encountering the excessive ROS. 
In this study, adding cysteine and ascorbic acid to the freezing ex-
tender excess the acidity of extender (lower pH) that was affecting 
negatively the enzymes level and the motility of sperm.

The intracellular enzymes, GOT and GPT, are known as mediators 
of spermatozoa metabolism activities, which are important for sperm 
motility and fertility (Dogan et al., 2009). The addition of either cys-
teine or ascorbic acid in the current study reduced the GOT enzyme 
concentration in stallion's post-thawed semen. The decrease in the 
GOT enzyme corresponded to the poor sperm motility in this result, 
which can be a consequence of the disruption on the sperm's me-
tabolism. These findings agree with the study conducted on goats, 
performed by Purdy (2006), but contradict those performed on pigs 
(Eugenia et  al.,  2013), which concluded that a reduction in sperm 
motility occurred with a high concentration of GOT enzyme in the 
seminal plasma. It has been noted that an effect of Vitamin B6 pyr-
idoxal-5' phosphate concentration on the activity of GOT enzyme 
in bull, ram and boar seminal plasmas was correlated with sperm 
concentration and motility (Ciereszko, Glogowski, Demianowicz, & 
Strzezek, 1994). This could explain the contradiction in semen qual-
ity with the variance in GOT enzyme concentrations. On the other 
hand, the GPT enzyme concentration was not affected by the addi-
tion of either cysteine or ascorbic acid, which is in line with findings 
of Roychoudhury, Pareek, and Gowda (1974). A particular research 
work (Tuli & Singh, 1982) found differences between the GOT and 
GPT enzyme concentrations from the same sample using different 
frozen semen extenders, which can be a result of the effect of sub-
stances used in the semen extender with these enzymes levels.

Alkaline phosphatase (ALP) is an enzyme, which was reported to 
be able to prevent the premature spermatozoa capacitation that im-
proves the sperm fertility. In addition, ALP affects the spermatozoa 
metabolism rates (Bucci et al., 2013). Frozen semen showed higher 
vulnerability to premature capacitation than fresh semen, which was 
associated with the decrease in ALP activity (Bucci et al., 2016). The 
current results revealed higher ALP concentration in the HF-20 (0) 
compared to 0.5 cysteine and 0.5 ascorbic acid groups. The decrease 
in ALP levels was correlated with the sperm motility in the groups 
treated with cysteine or ascorbic acid, which can generate from 
the disruption in the sperm metabolism. Furthermore, the sample 
treated with either cysteine or ascorbic acid might be more suscep-
tible to premature capacitation that reduced the sperm fertility. As 
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such, the deleterious effect of these antioxidants on the ALP levels 
and activity can lead to the above situation.

On the other hand, the high levels of lactate dehydrogenase (LDH) 
and sperm motility in semen cryopreserved with HF-20 (0) extenders 
might be due to the characteristics of this enzyme type, which gen-
erates the energy required to enhance the sperm motility feature. 
Furthermore, LDH enzymes were reported to play a role in sperm 
capacitation by providing nicotinamide adenine dinucleotide (NADH) 
that is necessary for increasing the sperm's capability (O’Flaherty, 
Beorlegui, & Beconi, 2002). It has also been reported that LDH en-
zyme is an essential enzyme for sperm acrosome reaction (O’Flaherty 
et al., 2005). Therefore, despite the fact that the higher LDH enzyme 
level, the better the semen quality, this enzyme could be supple-
mented to the semen extender to improve its quality. The addition of 
the antioxidants in this result, i.e. either cysteine or ascorbic acid, ad-
versely affects the LDH enzyme activity. Thus, it can have an effect 
on the sperm capability and acrosome reaction as well.

Gamma-glutamyl-transferase GGT enzyme activities revealed 
a high correlation with the sperm's progressive motility (Stefanov 
et al., 2013). This can be a result of the enzyme's ability to enhance 
the glutathione metabolism and protect the sperm during freezing 
procedures. Increased glutathione concentration was also observed 
in the presence of the GGT enzyme in previous study (Seligman, 
Newton, Fahey, Shalgi, & Kosower,  2005). Moreover, GGT acted 
as a mediator for sperm thiol oxidation that improved the sperma-
tozoa cryosurvival and sperm capacitation (Kaneko, Whittingham, 
Overstreet, & Yanagimachi,  2003). It was also observed that GGT 
enzymes play a role in controlling ROS in the semen. The present 
study has shown an adverse effect with regards to adding cysteine 
and ascorbic acid in correlation with the GGT enzyme concentration. 
This could be the reason which contributed to poor sperm motility 
and the reduction in the protection of spermatozoa during the freez-
ing procedures in extenders supplemented with cysteine or ascorbic 
acid, compared with the HF-20 (0) groups. Furthermore, the disrup-
tion towards the GGT enzyme might be followed by a disruption to-
wards the oxidative stress level on the semen samples.

5  | CONCLUSIONS

To conclude with, using alkaline phosphatase (ALP), lactate dehydro-
genase (LDH) and γ-glutamyl-transferase (GGT) enzymes as markers 
of sperm quality is a positive sign in predicting the characteristics of 
post-thawed stallion's semen. In contrast, glutamic-pyruvate (GPT) 
and glutamic-oxaloacetic transaminase (GOT) showed limited ben-
efits in semen evaluation in the current study.

In addition, supplementing cysteine or ascorbic acid in this study 
decreased the ALP, LDH, GGT and GOT enzymes concentrations 
in the frozen semen. As such, this could have led to the poor post-
thawed semen quality in the extenders, which were treated, with 
either cysteine or ascorbic acid. The addition of cysteine or ascorbic 
acid did not show any benefit to the frozen semen extender in the 
stallion.

ACKNOWLEDG EMENTS
We would like to thank Prof. Dr. Ibrahim Al humidan, Head of 
Department of Animal Production and Breeding, Faculty of 
Veterinary Medicine and Agriculture, AL Qassim University. We are 
also grateful to all the staff at Horse Research Unit at University 
farm for their cooperation and assistance. The authors thank King 
Abdul-Aziz Arabian Horses Center at Dirab, Riyadh KSA, for giving 
permission to use their stallions and facilities in this experiment. Our 
special thanks to the Director General of King Abdul Aziz Arabian 
Horse Center Dr. Abdul Ganiy Y. M. Alfadhl. We also thank all the 
staff for the veterinary care of horses.

CONFLIC T OF INTERE S T
We declare that there is no conflict of interest in the research.

AUTHOR CONTRIBUTIONS
Alamaary Mohammed Saad, Abd Wahid Haron, Mark Hiew Wen and 
Mohamed Ali conceived the idea and designed the main frame of this 
manuscript as part of Alamaary Mohammed Saad's research work 
under the supervision of Abd Wahid Haron.

ORCID
Mohaammed S. Alamaary   https://orcid.
org/0000-0002-2611-2321 
Abd W. Haron   https://orcid.org/0000-0002-4065-8996 
Mark W. H. Hiew   https://orcid.org/0000-0003-2511-7451 

R E FE R E N C E S
Agarwal, A., Nallella, K. P., Allamaneni, S. S. R., & Said, T. M. (2004). Role 

of antioxidants in treatment of male infertility: An overview of the lit-
erature. Reproductive BioMedicine Online, 8(6), 616–627. https://doi.
org/10.1016/S1472​-6483(10)61641​-0

Agarwal, Y. P., & Vanha-Perttula, T. (1988). Glutathione, L-glutamic 
acid and γ-glutamyl transpeptidase in the bull reproductive tis-
sues. International Journal of Andrology, 11(2), 123–131. https://doi.
org/10.1111/j.1365-2605.1988.tb009​88.x

Aitken, R. J. (2017). Reactive oxygen species as mediators of sperm ca-
pacitation and pathological damage. Molecular Reproduction and 
Development., 84(10), 1039–1052. https://doi.org/10.1002/mrd.22871

Alibawi, F. N. A. A., Al-morshidy, S. Y., & Alhuweizi, A. G. (2012). Ascorbic 
acid oxidation of thiol groups from dithiotreitol is mediated by its con-
version. International Conference on Applied Life Sciences, 4, 217–222.

Ball, B. A. (2008). Oxidative stress, osmotic stress and apoptosis: 
Impacts on sperm function and preservation in the horse. Animal 
Reproduction Science, 107(3–4), 257–267. https://doi.org/10.1016/j.
anire​prosci.2008.04.014

Bucci, D., Giaretta, E., Spinaci, M., Rizzato, G., Isani, G., Mislei, B., … 
Galeati, G. (2016). Characterization of alkaline phosphatase activity 
in seminal plasma and in fresh and frozen-thawed stallion sperma-
tozoa. Theriogenology, 85(2), 288–295.e2. https://doi.org/10.1016/j.
theri​ogeno​logy.2015.09.007

Bucci, D., Isani, G., Giaretta, E., Spinaci, M., Tamanini, C., 
Ferlizza, E., & Galeati, G. (2014). Alkaline phosphatase in 
boar sperm function. Andrology, 2(1), 100–106. https://doi.
org/10.1111/j.2047-2927.2013.00159.x

Bui, A. D., Sharma, R., Henkel, R., & Agarwal, A. (2018). Reactive oxy-
gen species impact on sperm DNA and its role in male infertility. 
Andrologia, 50(8), 1–10. https://doi.org/10.1111/and.13012

https://orcid.org/0000-0002-2611-2321
https://orcid.org/0000-0002-2611-2321
https://orcid.org/0000-0002-2611-2321
https://orcid.org/0000-0002-4065-8996
https://orcid.org/0000-0002-4065-8996
https://orcid.org/0000-0003-2511-7451
https://orcid.org/0000-0003-2511-7451
https://doi.org/10.1016/S1472-6483(10)61641-0
https://doi.org/10.1016/S1472-6483(10)61641-0
https://doi.org/10.1111/j.1365-2605.1988.tb00988.x
https://doi.org/10.1111/j.1365-2605.1988.tb00988.x
https://doi.org/10.1002/mrd.22871
https://doi.org/10.1016/j.anireprosci.2008.04.014
https://doi.org/10.1016/j.anireprosci.2008.04.014
https://doi.org/10.1016/j.theriogenology.2015.09.007
https://doi.org/10.1016/j.theriogenology.2015.09.007
https://doi.org/10.1111/j.2047-2927.2013.00159.x
https://doi.org/10.1111/j.2047-2927.2013.00159.x
https://doi.org/10.1111/and.13012


672  |     ALAMAARY et al.

Ciereszko, A., Glogowski, J., Demianowicz, W., & Strzezek, J. (1994). 
Stimulation of aspartate aminotransferase from farm animal semen 
by pyridoxal 5′-phosphate. Animal Reproduction Science, 34(3–4), 
327–341. https://doi.org/10.1016/0378-4320(94)90028​-0

Dogan, I., Polat, U., & Nur, Z. (2009). Correlations between seminal 
plasma enzyme activities and semen parameters in seminal fluid of 
Arabian horses. Iranian Journal of Veterinary Research, 10(2), 119–124.

Du, J., Cullen, J. J., & Buettner, G. R. (2012). Ascorbic acid: Chemistry, 
biology and the treatment of cancer. Biochimica et Biophysica Acta 
- Reviews on Cancer, 1826(2), 443–457. https://doi.org/10.1016/j.
bbcan.2012.06.003

Eugenia, J., Maria, K., Anita, K. S., Pietruszka, A., Beata, M., & Dorota, 
N. (2013). The relationship between seminal plasma aspartate ami-
notransferase activity, sperm osmotic resistance test value, and 
semen quality in boars. Acta Veterinaria, 63(4), 397–404. https://doi.
org/10.2298/AVB13​04397J

Frenette, G., Dubé, J. Y., & Tremblay, R. R. (1986). Origin of alkaline phos-
phatase of canine seminal plasma. Systems Biology in Reproductive 
Medicine, 16(3), 235–241. https://doi.org/10.3109/01485​01860​
8986946

Kaneko, T., Whittingham, D. G., Overstreet, J. W., & Yanagimachi, R. 
(2003). Tolerance of the mouse sperm nuclei to freeze-drying de-
pends on their disulfide status. Biology of Reproduction, 69(6), 1859–
1862. https://doi.org/10.1095/biolr​eprod.103.019729

Kareskoski, A. M., Reilas, T., Sankari, S., Andersson, M., Güvenc, K., 
& Katila, T. (2010). Alkaline and acid phosphatase, β-Glucuro-
nidase and electrolyte levels in fractionated stallion ejaculates. 
Reproduction in Domestic Animals, 45(6), 369–374. https://doi.
org/10.1111/j.1439-0531.2009.01579.x

Katila, T. (2001). In vitro evaluation of frozen-thawed stallion semen: A 
review. Acta Veterinaria Scandinavica, 42(2), 199–217.

Laudat, A., Foucault, P., & Palluel, A. (1997). Relationship between sem-
inal LDH-C 4 and spermatozoa with acrosome anomalies. Clinica 
Chimica Acta, 88(9), 219–224. https://doi.org/10.1016/S0009​
-8981(97)00119​-8

Mocé, E., & Graham, J. K. (2008). In vitro evaluation of sperm qual-
ity. Animal Reproduction Science, 105(1–2), 104–118. https://doi.
org/10.1016/j.anire​prosci.2007.11.016

Morielli, T., & O’Flaherty, C. (2015). Oxidative stress impairs func-
tion and increases redox protein modifications in human sperma-
tozoa. Reproduction, 149(1), 113–123. https://doi.org/10.1530/
REP-14-0240

Murcia-Robayo, R. Y., Jouanisson, E., Beauchamp, G., & Diaw, M. (2018). 
Effects of staining method and clinician experience on the evalu-
ation of stallion sperm morphology. Animal Reproduction Science, 
188(August 2017), 165–169. https://doi.org/10.1016/j.anire​
prosci.2017.11.021

Neild, D., Chaves, G., Flores, M., Mora, N., Beconi, M., & Agüero, A. 
(1999). Hypoosmotic test in equine spermatozoa. Theriogenology, 
51(4), 721–727. https://doi.org/10.1016/S0093​-691X(99)00021​-7

Nishikawa, Y. (1975). Studies on the preservation of raw and frozen horse 
semen. Journal of Reproduction and Fertility. Supplement, 23, 99–104.

O’Flaherty, C. M., Beorlegui, N. B., & Beconi, M. T. (2002). Lactate de-
hydrogenase-C4 is involved in heparin- and NADH-dependent 
bovine sperm capacitation. Andrologia, 34(2), 91–97. https://doi.
org/10.1046/j.0303-4569.2001.00481.x

O’Flaherty, C., Breininger, E., Beorlegui, N., & Beconi, M. T. (2005). 
Acrosome reaction in bovine spermatozoa: Role of reactive oxy-
gen species and lactate dehydrogenase C4. Biochimica et Biophysica 
Acta - General Subjects, 1726(1), 96–101. https://doi.org/10.1016/j.
bbagen.2005.07.012

Paul, B. D., Sbodio, J. I., & Snyder, S. H. (2018). Cysteine Metabolism in 
Neuronal Redox Homeostasis. Trends in Pharmacological Sciences, 
39(5), 513–524. https://doi.org/10.1016/j.tips.2018.02.007

Pero, M. E., Lombardi, P., Longobardi, V., Boccia, L., Vassalotti, G., 
Zicarelli, L., & Gasparrini, B. (2017). Influence of γ-glutamyltrans-
ferase and alkaline phosphatase activity on in vitro fertilisation of 
bovine frozen/thawed semen. Italian Journal of Animal Science, 16(3), 
390–392. https://doi.org/10.1080/18280​51X.2017.1290509

Pesch, S., Bergmann, M., & Bostedt, H. (2006a). Determination of some 
enzymes and macro- and microelements in stallion seminal plasma 
and their correlations to semen quality. Theriogenology, 66(2), 307–
313. https://doi.org/10.1016/j.theri​ogeno​logy.2005.11.015

Purdy, P. H. (2006). A review on goat sperm cryopreservation. 
Small Ruminant, 63(3), 215–225. https://doi.org/10.1016/j.small​
rumres.2005.02.015

Roychoudhury, P. N., Pareek, P. K., & Gowda, H. C. (1974). Effect of Cold 
Shock on Glutamic oxaloacetic transaminase (GOT) and Glutamic 
pyruvic transaminase (GPT) release from bull and ram spermatozoa. 
Andrologia, 6(4), 315–319. https://doi.org/10.1111/j.1439-0272.1974.
tb016​24.x

Seligman, J., Newton, G. L., Fahey, R. C., Shalgi, R., & Kosower, N. S. 
(2005). Nonprotein thiols and disulfides in rat epididymal sperma-
tozoa and epididymal fluid: Role of γ-glutamyl-transpeptidase in 
sperm maturation. Journal of Andrology, 26(5), 629–637. https://doi.
org/10.2164/jandr​ol.05040

Stefanov, R., Abadjieva, D., Chervenkov, M., Kistanova, E., Kacheva, D., 
Taushanova, P., & Georgiev, B. (2013). Enzyme activities and motil-
ity of boar spermatozoa during 72-hour lowtemperature storage. 
Bulgarian Journal of Veterinary Medicine, 16(4), 237–242.

Treulen, F., Elena, M., Aguila, L., Uribe, P., & Felmer, R. (2018). 
Cryopreservation induces mitochondrial permeability transition 
in a bovine sperm model. Cryobiology, 83(May), 65–74. https://doi.
org/10.1016/j.cryob​iol.2018.06.001

Tuli, R. K., Schmidt-Baulain, R., & Holtz, W. (1991). Influence of thawing 
temperature on viability and release of glutamic oxaloacetic transam-
inase in frozen semen from Boer goats. Animal Reproduction Science, 
25(2), 125–131. https://doi.org/10.1016/0378-4320(91)90037​-Z

Tuli, R. K., & Singh, M. (1982). Effect of Different Extenders on Glutamic 
Oxalacetic Transaminase ( GOT ) and Glutamic Pyruvic Transaminase 
( GPI ) Release from Frozen Buffalo Semen. Theriogenology, 18(1), 
55–59.

Turner, R. M. O., & McDonnell, S. M. (2003). Alkaline phosphatase in stal-
lion semen: Characterization and clinical applications. Theriogenology, 
60(1), 1–10. https://doi.org/10.1016/S0093​-691X(02)00956​-1

Varner, D. D. (2016). Approaches to Breeding Soundness Examination 
and Interpretation of Results. Journal of Equine Veterinary Science, 43, 
S37–S44. https://doi.org/10.1016/j.jevs.2016.06.075

Žaja, I. Ž., Samardžija, M., Vince, S., Majić-Balić, I., Vilić, M., Đuričić, D., 
& Milinković-Tur, S. (2016). Influence of boar breeds or hybrid ge-
netic composition on semen quality and seminal plasma biochemical 
variables. Animal Reproduction Science, 164, 169–176. https://doi.
org/10.1016/j.anire​prosci.2015.11.027

Zhang, W., Yi, K., Chen, C., Hou, X., & Zhou, X. (2012). Application of 
antioxidants and centrifugation for cryopreservation of boar sper-
matozoa. Animal Reproduction Science, 132(3–4), 123–128. https://
doi.org/10.1016/j.anire​prosci.2012.05.009

How to cite this article: Alamaary MS, Haron AW, Hiew MWH, 
Ali M. Effects of cysteine and ascorbic acid in freezing 
extender on sperm characteristics and level of enzymes in 
post-thawed stallion semen. Vet Med Sci. 2020;6:666–672. 
https://doi.org/10.1002/vms3.315

https://doi.org/10.1016/0378-4320(94)90028-0
https://doi.org/10.1016/j.bbcan.2012.06.003
https://doi.org/10.1016/j.bbcan.2012.06.003
https://doi.org/10.2298/AVB1304397J
https://doi.org/10.2298/AVB1304397J
https://doi.org/10.3109/01485018608986946
https://doi.org/10.3109/01485018608986946
https://doi.org/10.1095/biolreprod.103.019729
https://doi.org/10.1111/j.1439-0531.2009.01579.x
https://doi.org/10.1111/j.1439-0531.2009.01579.x
https://doi.org/10.1016/S0009-8981(97)00119-8
https://doi.org/10.1016/S0009-8981(97)00119-8
https://doi.org/10.1016/j.anireprosci.2007.11.016
https://doi.org/10.1016/j.anireprosci.2007.11.016
https://doi.org/10.1530/REP-14-0240
https://doi.org/10.1530/REP-14-0240
https://doi.org/10.1016/j.anireprosci.2017.11.021
https://doi.org/10.1016/j.anireprosci.2017.11.021
https://doi.org/10.1016/S0093-691X(99)00021-7
https://doi.org/10.1046/j.0303-4569.2001.00481.x
https://doi.org/10.1046/j.0303-4569.2001.00481.x
https://doi.org/10.1016/j.bbagen.2005.07.012
https://doi.org/10.1016/j.bbagen.2005.07.012
https://doi.org/10.1016/j.tips.2018.02.007
https://doi.org/10.1080/1828051X.2017.1290509
https://doi.org/10.1016/j.theriogenology.2005.11.015
https://doi.org/10.1016/j.smallrumres.2005.02.015
https://doi.org/10.1016/j.smallrumres.2005.02.015
https://doi.org/10.1111/j.1439-0272.1974.tb01624.x
https://doi.org/10.1111/j.1439-0272.1974.tb01624.x
https://doi.org/10.2164/jandrol.05040
https://doi.org/10.2164/jandrol.05040
https://doi.org/10.1016/j.cryobiol.2018.06.001
https://doi.org/10.1016/j.cryobiol.2018.06.001
https://doi.org/10.1016/0378-4320(91)90037-Z
https://doi.org/10.1016/S0093-691X(02)00956-1
https://doi.org/10.1016/j.jevs.2016.06.075
https://doi.org/10.1016/j.anireprosci.2015.11.027
https://doi.org/10.1016/j.anireprosci.2015.11.027
https://doi.org/10.1016/j.anireprosci.2012.05.009
https://doi.org/10.1016/j.anireprosci.2012.05.009
https://doi.org/10.1002/vms3.315

