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Achai is a small size cattle breed, resilient to harsh and cold environment. Cryopreservation of Achai bull semen may help to
improve its genetics and preserve the germplasm. Reactive oxygen species (ROS) aﬀects the structural and functional integrity
of the spermatozoa. During freezing and thawing processes, the ROS make changes in the spermatozoa quality parameters and
reduce total antioxidant capacity (T-AOC) of semen that is considered as marker of oxidative stress. This study was designed
to determine the eﬀect of glycine along with vitamin E on post-thawed spermatozoa quality and total antioxidant capacity in
Achai cattle. The semen collection was done twice a week from four mature fertile Achai cattle bulls (n = 4). The glycine was
utilized as 0 mM, 5 mM, 10 mM, 15 mM, and 20 mM along with vitamin E @ 2.3 mM added constantly in each concentration.
The control group contained all extenders except glycine. The results revealed that post-thawed spermatozoa motility was
found signiﬁcantly higher (P < 0:05) at 10 mM as compared to 5 mM, 15 mM, and 20 mM. Compared with control group,
glycine concentration at 10 mM and other concentrations increased progressive and fast motility (%), curvilinear, straight line,
and average path velocity (μm/s). Moreover, beat cross frequency (Hz) was higher (P < 0:05), and post-thaw viability (%),
plasma membrane integrity, and mitochondrial membrane potential were signiﬁcantly higher (P < 0:05) at 10 mM of glycine
concentration in comparison to control and other glycine concentrations. Besides, acrosome integrity (%) and DNA integrity
(%) as well as post-thawed T-AOC were also signiﬁcantly higher (P < 0:05) at 10 mM of glycine concentration as compared to
other glycine concentrations and control group. It is concluded that 10 mM of glycine along with vitamin E @ 2.3 mM
improved cryopreserved semen quality of Achai bull.

1. Introduction
Livestock is the main subsector of agriculture which contributes 58.92% to agriculture and 11.11% to the overall GDP.

The milk, meat, and hides are the demands for sustainable
livelihood. Pakistan is endowed with best breeds of the buffalo and cattle, and approximately, 96% milk is produced
from these animals [1]. Among the cattle breeds, Achai
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cattle is one of the famous breeds found in northern areas of
Hindu Kush Mountains [2]. It is reared under subsistence
production system in hilly areas where scarcity of fodder is
common. This breed has a dairy and light draught characteristic having disease resistance. It has better rearing capabilities than other cattle breeds and has low ration requirement.
Due to the above-mentioned characteristics, this breed
deserves more attention from local authorities. There is a
dire need to have more research on Achai cattle to improve
its health and reproductive performance [3].
Frozen semen helps to improve genetics, preserve
endangered species, and easy transport of genetic material.
Cryopreservation during semen preservation subjects the
spermatozoa to acrosomal damage and other spermatozoa
abnormalities and thus is associated with reduced postthawed spermatozoa quality parameters. It has been estimated that 50% spermatozoa livability is dropped during
semen cryopreservation due to diﬀerent stressors, i.e.,
osmotic stress, oxidative stress, and cold shock. Semen
extenders are being used since long to minimize these
adverse eﬀects on spermatozoa [4, 5].
Oxidant level is another factor that can aﬀect semen
quality. A limited concentration of oxidants is advantageous
for spermatozoa’s physiological functions. The production
of free radicals is associated with the physiology of spermatozoa hyper-activation, capacitation, acrosomal reaction,
and fertilization. Similarly, the production of reactive nitrogen species (RNS) is also formed resulting in increased level
of these ROS and RNS that damage the spermatozoa due to
oxidative stress [6, 7]. A 20% lowered fertilization rate has
been reported in AI as compared to fresh semen owing to
high level of ROS and RNS. Spermatozoa damage leads to
higher rate of fertilization failure, abortion, and decreased
fertility in males [8].
Inclusion of antioxidants results in improved postthawed total motility of the spermatozoa and avoids damage
using suitable level of semen extender for cattle [9]. Diﬀerent
antioxidants like carotenoids and ﬂavonoids protect spermatozoa from harmful eﬀects of cryopreservation and oxidation through co-enzymes and vitamins [10]. Furthermore,
it is reported that antioxidants scavenge the free radicals
and neutralize the production of ROS [11].
Glycine is an amino acid that plays a crucial role in preventing spermatozoa cell damage during cryofreezing and
has been reported in goats and rams [12, 13]. Addition of
glycine with glycerol in extender improved post-thaw spermatozoa quality. Several other studies have reported a positive eﬀect on post-thaw semen quality in goats, after
cryopreservation with glycine and other amino acids [14].
In addition, studies describe the inclusion of amino acids
to semen extender that enhanced post-thawed spermatozoa
motility, sustainability, acrosome integrity, and membrane
integrity in buck, Zebu bulls [15], ram [16], stallion and
donkey [17], and boar [18]. Vitamin E is a hydrophobic
antioxidant that prevents peroxidation of phospholipids
and protects spermatozoa cell membrane [19]. Further, the
inclusion of vitamin E in semen extender may enhance
semen quality through reduction of free radicals [20]. Comprehensive analysis is required for the assessment of various
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antioxidants from diﬀerent sources in Achai bull semen.
glycine and vitamin E have the potential to be used as antioxidants for the improvement of post-thaw spermatozoa
quality of Achai bull semen. Current study was carried
out to determine the antioxidant eﬃcacy of glycine and
vitamin E on the post-thawed spermatozoa quality in Achai
bull semen.

2. Materials and Methods
2.1. Experimental Animals. The experimental approval was
granted by the ethical committee of the Faculty of Animal
Husbandry and Veterinary Sciences and semen processing
unit, the University of Agriculture, Peshawar, Pakistan. Four
fertile Achai cattle bulls, aged 4 to 6 years, having weight of
300-350 Kg, body condition score (BCS) 3-4, were selected
with no provision of disease history. The semen was performed during summer season for a period of approximately
six weeks. During that period, the temperature was around
35 to 40°C. The bulls were provided standard ration and
ad-libitum fresh water. Green fodder was made available to
all animals equally.
2.2. Collection and Processing of Semen. Semen samples were
collected with artiﬁcial vagina having temperature 42°C
twice a week. After collection, the ejaculates were incubated
in water bath at 37°C until the volume, pH, concentration,
and motility parameters were measured. Each ejaculate was
examined with naked eyes in glass tube. Ejaculate having
no contamination like blood or dirt was recommended for
further processing. Each sample volume was recorded by
using graduated collection tube. Mass activity was observed
by putting an undiluted drop of semen on glass slide under
warm stage of microscope and recorded as follows: 0 marked
no mass motility, + marked as >20 percent of spermatozoa
showing progressive motility, ++ marked as 40-60 percent
showing progressive motility with slow wave, +++ marked
as 60-80 percent showing progressive movement with wave
more intense, and ++++ marked as 80 to 100 percent showing progressive movement with rapid wave waking eddies.
The samples met the minimum requirement (motility
>65%) after initial evaluation of semen and then were
pooled. The same spermatozoa motility was reported by
others in previous studies using Achai cattle [21, 22]. The
semen samples found with average pH 6.4 were measured
by using digital pH meter, and the same pH was reported
by others in previous studies [23, 24]. The pooled semen
samples were assigned into ﬁve aliquots in water bath at
37°C. Diﬀerent concentrations of glycine (Sigma Aldrich,
USA), 0 mM, 5 mM, 10 mM, 15 mM, and 20 mM, were made
and mixed directly into semen extender. Vitamin E @
2.3 mM in each group of glycine was also added and mixed
thoroughly, and the dose rate was selected in reference to
the previous research [25]. The control group contained all
extenders including vitamin E except glycine. The composition of semen extender is depicted in Table 1. Tris-based diluent was used for freezing of Achai bull semen. The pooled
semen samples from four bulls were divided into ﬁve aliquots as mentioned above, and each aliquot was diluted with
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Table 1: Composition of semen extender.
Component
Tris
Citric acid
Fructose
Benzyl penicillin
Streptomycin sulfate
Glycerol
Egg yolk
Doubled-distilled water

Quantity
3.07 gm
1.64 gm
1.26 gm
1000 IU/mL
100 μg/mL
5%
15%
Added up to the volume of 100 mL

tris 3.07 g, citric acid 1.64 g, fructose 1.26 g, benzyl penicillin 1000 IU/mL, streptomycin sulfate 100 μg/mL, glycerol
5%, and egg yolk 25%, and doubled-distilled water was
added up to 100 mL. The spermatozoa concentration was
kept twenty million (approximately) in 0.5-mL straw. The
samples after dilution were incubated in cold cabinet at
4-5°C for 5-6 hours for equilibration. The straws were
marked according to experimental design and ﬁlled by
using automatic ﬁlling machine (IMV, France). Later on,
the semen straws were kept for 10 minutes at 4 cm above
the liquid nitrogen vapors. Thereafter, semen straws were
dipped into liquid nitrogen (LN2) and were stored in LN2
container until further analysis. All the experiments were
performed in triplicates. For motility, viability, plasma
membrane integrity, acrosome integrity, DNA integrity,
mitochondrial membrane potential, and T-AOC evaluation,
ﬁve semen-ﬁlled straws were thawed for 20-30 seconds in
water bath at 37°C. Mass motility was determined using a
20 μL of undiluted semen on prewarmed slide at 37°C
without using a coverslip and examined through (40×)
phase contrast microscope (Olympus CX-41, Japan). Semen
extender was prepared with little modiﬁcation as described
by (PARC/JICA) [26].
2.3. Post-Thaw Semen Evaluation
2.3.1. Spermatozoa Motility Parameters, Velocity Distribution,
and Kinematics. Thawing of frozen semen was done at 37°C
for 20-30 seconds in a water bath and subjected to postthaw evaluation following semen characteristics.
Spermatozoa kinematics was examined using computerassisted semen analysis (CASA, AndroVision CASA system;
Minitube, Germany). A total of 10 μL of frozen-thawed
semen from all concentrations of glycine were examined
for total motility, motility kinematics, and progressive motility by a preheated glass slide and coverslip using 100× magniﬁcation. A minimum 400 spermatozoa from each sample
were calculated under microscopic. Spermatozoa motility
kinematics such as curvilinear velocity (VCL μm/s), straight
line velocity (VSL μm/s), average-path velocity (VAP μm/s),
distance average path (DAP μm), linear distance (DSL μm),
linearity (VAP/VCL) and straightness (VSL/VCL), and beat
cross frequency (BCF Hz) were analyzed. The machine setting for selected CASA parameters was made using previous
procedure [27]. The spermatozoa had <40% progressive

motility which was considered as low motile sperms having
a speed of less than 5 μm/s. By contrast, if spermatozoa
had >65% progressive motility, they were referred as highly
motile sperms with a forward progression/speed of 25 μm/
s. But in our study, the post-thaw sperm motility was
obtained from 33.46 to 49.41 which were considered as progressive motile sperms enabling to impregnate the ovum
which falls in the range of previous studies [28, 29].
2.3.2. DNA Integrity Percentage. DNA integrity was evaluated by using the acridine orange (AO) (Sigma, Aldrich,
USA) solution of stain which was made from 10 mL stock
and then added to one-liter distilled water and mixed and
stored at 4°C temp in dark. A 40 mL of 0.1 M citric acid solution, 2.5 mL of 0.3 molar disodium phosphate. The pH of the
solution was adjusted up to 2.5. A single drop of semen was
put on standard glass slide, and then, smear was made and
air dried, and the slide was ﬁxed for 2 hrs in Carnoy’s solution. A slide was stained with AO for three minutes and
ﬁnally examined under phase contrast microscope (Olympus CX-41, Japan). A total of 250 spermatozoa per smear
were estimated for DNA abnormalities [30].
2.3.3. Mitochondrial Membrane Potential. A 50 μL of frozenthawed semen sample was diluted with 50 μL tris-citric acidfructose (TCF) and centrifuged at 300 g for ﬁve minutes.
Spermatozoa pellet was added with TCF to make a volume
up to 245 μL, plus added with 5 mL Rhodamine (RH-123,
Sigma Aldrich, USA), and incubated at room temperature
for twenty minutes. A 50 μL drop was placed on glass slide,
and a coverslip was applied and examined under ﬂuorescence microscope (48-0/550 nm excitation/barrier ﬁlter by
using Olympus CX 41, Japan). At least 200 spermatozoa
were observed for the presence of green ﬂuorescence at midpiece and were considered to have normal intact mitochondrial membrane [31].
2.3.4. Viability Percentage. The viability of spermatozoa was
examined by using propidium iodide (PI) under ﬂorescent
microscope. A 50 μL tris-citric acid-fructose (TCF) was
added to the 50 μL of semen from each group concentration of glycine and centrifuged (300 g for ﬁve minutes)
resulting in spermatozoa pellet. A volume of 2.5 μL of PI
was mixed to spermatozoa pellet after resuspending TCF
to a volume of 47.5 μL. Later on, the spermatozoa were
stored at 37°C for ﬁve minutes. A total of at least 200 spermatozoa were calculated under the microscope to evaluate
spermatozoa viability. Nonviable spermatozoa were noted
in red color under the ﬂuorescence microscope (Olympus
CX-41, Japan) [32].
2.3.5. Acrosome Integrity Percentage. Normal apical-ridge
(NAR) solution consisting of 1% formal citrate (formaldehyde 37%, v/v Merck and 2.9%, w/v trisodium-citrate dehydrate, Merck, USA) was used for assessment of acrosomal
integrity. A 500 μL frozen-thawed semen was added with
50 μL of 1% formal citrate formaldehyde and observed
under phase contrast microscope (100×), and spermatozoa
with viable intact acrosome had a sharp black crescent on
their apical ridges [33].
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Table 2: Eﬀect of glycine semen extender on post-thaw CASA parameter (mobility and motility%) of Achai bull semen. Diﬀerent
superscripts represent the level of signiﬁcance (P < 0:05) between the treatments and the control group. Diﬀerent superscripts of the
values in same row indicate signiﬁcantly (P < 0:05) diﬀerent among the concentrations.
Concentration of glycine (mM) Total motility (%) Progressive motility (%) Progressive fast motility (%) Progressive slow motility (%)
0
5
10
15
20

41:54 ± 0:68c
45:81 ± 0:80b
56:77 ± 2:59a
46:97 ± 1:75b
42:35 ± 1:09c

33:46 ± 1:78c
45:81 ± 0:80b
49:41 ± 2:12a
38:30 ± 1:44b
34:80 ± 1:36c

2.3.6. Plasma Membrane Integrity. The plasma membrane
integrity (PMI) of spermatozoa was examined by using
hypo-osmotic swelling test (HOST). A 50 μL of semen
sample was mixed with 500 μL solution of HOS and placed
for 30 min at 37°C in incubator. After incubation, 5 μL
semen droplets were examined under advance microscope
(400×). A total of 100 spermatozoa were calculated for
swelling in HOS solution. Spermatozoa swollen were recognized by coiling of spermatozoa tail impaired with
plasma membrane [34].
2.3.7. Post-Thaw Semen Total Antioxidant Capacity (TAOC). A total antioxidant capacity (TAC) colorimetric assay
kits were used for measurement of a range of antioxidant
macromolecules or protein antioxidants, and enzymes in a
system can eradicate all types of reactive oxygen species
and inhibit oxidative stress [35]. The entire level reﬂects
the capacity of total antioxidant in the system. Numerous
antioxidants in the body can diminish Fe3+ to Fe2+, and
Fe2+ can form stable complexes with phenanthroline substances. The antioxidant capability (T-AOC) can be premeditated by measuring the absorbance at 520 nm. The data was
computed through the following company protocol after
obtaining the OD value (Elabscience T-AOC, colorimetric
assay kit).
2.4. Statistical Design. Statistical analysis by one-way analysis of variance (ANOVA) and diﬀerences among treatment groups were determined by post hoc Duncan’s
multiple range test using SAS (version 9.1). Data was presented as mean ± SE. Diﬀerences were considered signiﬁcant at P < 0:05.

3. Results
3.1. Inﬂuence of Glycine on Post-Thaw Motility
Quality Parameters
3.1.1. Spermatozoa Motility, Kinematics, and Velocity
Distribution. The progressive fast motility post-thawed
CASA parameters like total spermatozoa motility, progressive slow motility (%), and progressive fast motility (%) are
shown in Table 2. Post-thawed total spermatozoa motility
was signiﬁcantly high (P < 0:05) in 10 mM glycine concentration (56:77 ± 2:59) as compared to other concentrations.
At 15 mM concentration, the total spermatozoa motility
was (46:97 ± 1:75) but lower than 10 mM followed by

13:68 ± 1:60d
20:41 ± 1:71d
27:80 ± 1:75a
16:67 ± 1:22c
17:35 ± 1:62c

19:60 ± 0:76ab
18:34 ± 1:84ab
21:53 ± 1:80a
20:73 ± 1:24a
16:51 ± 1:63b

5 mM (45:81 ± 0:80) and 20 mM (42:35 ± 1:09) concentration of glycine, respectively. However, the lowest total spermatozoa motility was recorded in control group (41:54 ±
0:68). The progressive linear motility (%), the progressive
linear fast motility (%), and the progressive slow motility
(%) were signiﬁcantly higher (P < 0:05) in semen extender
group containing 10 mM glycine concentration in comparison to control and other remaining glycine concentrations.
Progressive motility (%) at 10 mM was 49:41 ± 2:12 followed
by 5 mM (39:33 ± 1:08), 15 mM (38:30 ± 1:44), 20 mM
(34:80 ± 1:36), and control (33:46 ± 1:78). The progressive
fast motility (%) was recorded higher 27:80 ± 1:75 at
10 mM followed by 20:41 ± 1:71, 17:35 ± 1:62, and 16:67 ±
1:22 at 5 mM, 15 mM, and 20 mM glycine concentrations.
In current study, the curvilinear velocity (μm/s) was
higher at (P < 0:05) 10 mM that is 82:27 ± 3:27 followed by
69:6 ± 4:25, 64:83 ± 2:83, and 63:63 ± 2:01 at 20 mM,
15 mM, and 05 mM, respectively. The lowest curvilinear
velocity (μm/s) (54:48 ± 2:97) was recorded in control. The
straight line velocity (μm/s) was signiﬁcantly high
(P < 0:05) at 10 mM (30:40 ± 1:03) glycine concentration
(27:66 ± 1:70) at 20 mM of glycine concentration followed
by 26:13 ± 1:31 and 25:32 ± 3:00 at 5 mM and 15 mM concentrations, respectively.
The average path velocity (μm/s) followed the same
trend as it was higher (P < 0:05) at 10 mM (40:04 ± 1:02)
glycine concentrations. The other glycine concentrations
had lowered average path velocity (μm/s), i.e., 33:06 ± 1:87,
32:20 ± 2:00, and 32:13 ± 1:51 at 20 mM, 15 mM, and
5 mM glycine concentrations, respectively. The control had
lowered value of average path velocity (μm/s) (27:6 ± 1:47)
than other glycine concentrations. However, the value for
linear distance (μm/s) was recorded higher in 5 mM
(9:50 ± 0:82) glycine concentration followed by 8:07 ± 0:85,
8:04 ± 0:38, and 7:43 ± 0:50 at 10 mM, 15 mM, and 20 mM,
respectively. The control group has shown the lowest value,
i.e., 7:38 ± 0:76 for linear distance (μm/s).
The post-thawed CASA parameters like total velocity
distribution values are shown in Table 3. The distance
average path (μm/s) was found signiﬁcantly higher (12:22 ±
0:81) in 5 mM glycine concentration. The other values
showed lower distance average path (μm/s) that are 11:80
± 0:77, 10:40 ± 0:55, and 9:94 ± 0:52 at 10 mM, 15 mM,
and 20 mM glycine concentrations, respectively. The control
group shows the lowest value (9:93 ± 0:75) for distance average path (μm/s) as shown in Table 3. Beat cross frequency
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Table 3: Eﬀect of glycine semen extender on post-thaw using CASA (velocity distribution) of Achai bull semen. In this table, diﬀerent
superscripts represent the level of signiﬁcance (P < 0:05) between the treatments and the control group. Diﬀerent superscripts of the
values in same row show signiﬁcant diﬀerence among groups (P < 0:05).
Concentration of
glycine (mM)
0
5
10
15
20

Curvilinear velocity (μm/s)

Straight line velocity (μm/s)

Average path velocity (μm/s)

Linear distance (μm/s)

54:48 ± 2:97c
63:63 ± 2:01b
82:27 ± 3:27a
64:83 ± 2:83b
69:6 ± 4:25b

22:02 ± 1:48c
26:13 ± 1:31b
30:40 ± 1:03a
25:32 ± 3:00b
27:66 ± 1:70b

27:6 ± 1:47d
32:13 ± 1:51c
40:04 ± 1:02a
32:20 ± 2:00c
33:06 ± 1:87b

7:38 ± 0:76b
9:50 ± 0:82a
8:07 ± 0:85b
8:04 ± 0:38ab
7:43 ± 0:50b

Table 4: Eﬀect of glycine as semen extender on post-thaw quality using CASA (kinematics) of Achai bull semen. In this table, diﬀerent
superscripts represent the level of signiﬁcance (P < 0:05) between the treatments and control group. Diﬀerent superscripts of the values
in same row show signiﬁcant diﬀerence among groups (P < 0:05).
Concentration of
glycine (mM)
0
5
10
15
20

Distance average path (μm/s)

Beat cross frequency (Hz)

Linearity (VSL/VCL)

Straightness (VSL/VAP)

9:93 ± 0:75
12:22 ± 0:81a
11:80 ± 0:77b
10:40 ± 0:55c
9:94 ± 0:52d

6:62 ± 0:35
8:18 ± 0:47b
8:80 ± 0:76a
7:51 ± 0:29c
6:95 ± 0:29d

0:41 ± 0:02
0:41 ± 0:01b
0:38 ± 0:01c
0:43 ± 0:02a
0:43 ± 0:01a

0:80 ± 0:01c
0:81 ± 0:01b
0:77 ± 0:01d
0:81 ± 0:01b
0:82 ± 0:00a

d

d

b

Table 5: Eﬀect of glycine extender on post-thaw semen parameter (viability%, plasma membrane integrity, mitochondrial membrane
potential) of Achai bull semen. In this table, diﬀerent superscripts represent the level of signiﬁcance (P < 0:05) between the treatments
and control group. Diﬀerent superscripts of the values in same row show signiﬁcant (P < 0:05) diﬀerence among groups.
Concentration of glycine (mM)
0
5
10
15
20

Viability%

PMI%

Mitochondrial membrane potential

44:22 ± 1:14d
47:58 ± 0:86b
51:08 ± 0:87a
44:93 ± 0:46c
41:65 ± 0:38e

43:28 ± 0:44d
45:07 ± 0:61b
53:14 ± 0:41a
43:35 ± 0:58d
43:92 ± 0:49c

44:70 ± 0:29d
46:41 ± 0:94b
50:72 ± 0:44a
44:93 ± 0:76d
45:58 ± 0:61c

(Hz) is one of the other CASA parameters for spermatozoa.
Beat cross frequency (Hz) is higher (8:80 ± 0:76) (P < 0:05)
in semen extenders containing 10 mM glycine concentration in comparison to control and other glycine concentrations presented in Table 4. The other values for linearity
(VSL/VCL) and straightness (VSL/VAP) were not found
signiﬁcantly correlated with each other in diﬀerent glycine
concentration.
3.1.2. Post-Thawed Spermatozoa Quality Parameters. Postthawed viability (%) was higher (51:08 ± 0:87) (P < 0:05) at
10 mM glycine concentration as compared to control and
other glycine concentrations. It was followed by 5 mM concentration having 47:58 ± 0:86 viability%. The other glycine
concentrations had 44:93 ± 0:46 and 41:65 ± 0:38 viability%
for 15 mM and 20 mM, respectively. The control group had
lower viability%, i.e., 44:22 ± 1:14, as compared to all other
glycine concentrations as shown in Table 5. The plasma
membrane integrity (PMI) percentage was also signiﬁcantly
higher (P < 0:05) at 10 mM (53:14 ± 0:41) glycine concentra-

tion in comparison to control and other glycine concentrations. The PMI% was 45:07 ± 0:61 at 5 mM followed by
43:92 ± 0:49 and 43:35 ± 0:58 at 20 mM and 15 mM, respectively. The control had lower value (43:28 ± 0:44) as compared to other glycine concentrations. The mitochondrial
membrane potential was also signiﬁcantly higher (50:72 ±
0:44), (P < 0:05) at 10 mM glycine concentration in comparison to control and other glycine concentrations. The mitochondrial membrane potential for other concentrations
was 46:41 ± 0:94, 45:58 ± 0:61, and 44:93 ± 0:76 for 5 mM,
20 mM, and 15 mM, respectively. Post-thawed semen parameters viability percentage, plasma membrane integrity, and
mitochondrial membrane potential of Achai bull semen are
shown in Table 5.
However, acrosome (%) was signiﬁcantly high (P < 0:05)
at 10 mM (50:72 ± 0:21), followed by 5 mM (50:15 ± 0:57),
15 mM (50:08 ± 0:55), and 20 mM (48:72 ± 0:58) of glycine
concentration as compared to control (48:43 ± 0:44). The
DNA integrity was signiﬁcantly high (P < 0:05) at 10 mM
(98:93 ± 0:20) glycine concentration. At diﬀerent glycine
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Table 6: Eﬀect of glycine in extender on post thaw semen parameter (acrosomal, DNA integrity and T-AOC) of Achai bull semen. In this
table, diﬀerent superscripts represent the level of signiﬁcance (P < 0:05) between the treatments and control.
Concentration of glycine (mM)
0
5
10
15
20

Acrosome integrity%

DNA integrity%

Total antioxidant capacity (T-AOC)

48:43 ± 0:44
50:15 ± 0:57b
50:72 ± 0:21a
50:08 ± 0:55b
48:72 ± 0:58c

96:33 ± 0:85
98:15 ± 0:43d
98:93 ± 0:20a
98:01 ± 0:83b
95:65 ± 0:76d

33:26 ± 1:95d
67:28 ± 1:63b
82:29 ± 1:19a
75:55 ± 1:98c
79:29 ± 0:68d

c

concentrations 5 mM, 15 mM, and 20 mM, the values for
DNA integrity percentage were 98:15 ± 0:43, 98:01 ± 0:83,
and 95:65 ± 0:76, respectively. Post-thawed DNA and acrosome integrity are presented in Table 6.
3.1.3. Post-Thaw Total Antioxidant Capacity (T-AOC). Postthaw total antioxidant capacity (T-AOC) was signiﬁcantly
higher (P < 0:05) in samples having 10 mM (82:29 ± 1:19)
of glycine concentration as compared to control and other
concentrations. T-AOC was 67.28 ± 1:63, 75:55 ± 1:98, and
79:29 ± 0:68 at 5 mM, 15 mM, and 20 mM glycine concentrations, respectively. The T-AOC values are lower in control as compared to other glycine concentrations presented
in post-thaw semen proﬁle as shown in Table 6.

4. Discussion
This research was designed to investigate the eﬀect of different concentrations of glycine on cryopreservation of
Achai-bull semen. During the process of cryopreservation,
half of the cells get damaged due to change in osmolality
and oxidative stresses [36]. Oxidative stress in the semen
occurs due to change in temperature in cryopreservation,
resulting in irreparable injury to spermatozoa membrane
and diﬀerent organelles and changing in the antioxidant
proﬁle. These are some factors which lead to decreased
spermatozoa motility, damage in spermatozoa membrane
integrity, and ultimately lower fertility [37]. Spermatozoa
plasma membrane is composed of large quantities of polyunsaturated fatty-acids (PUFA) which makes it vulnerable
to oxidative stress [38, 39]. Glycine possesses antioxidant
properties and shows scavenging eﬀects against free radicals.
Glycine showed signiﬁcant role in the production of antioxidant enzymes that stimulates the protection system of spermatozoa against diﬀerent oxidative stressors [40]. In current
study, the optimal eﬀect was observed at 10 mM of glycine concentration on post-thawed spermatozoa motility parameters.
Semen quality parameters were estimated by CASA
which shows that glycine improved spermatozoa quality
parameters and antioxidant capacity of cryopreserved
semen. Post-thawed total spermatozoa motility was highly
signiﬁcant at 10 mM glycine concentration as compared to
other glycine concentrations and control. Although progressive linear motility (%), progressive fast motility (%), and
progressive slow motility (%) were higher at signiﬁcant level
in semen extender containing 10 mM glycine concentration
in comparison to control and other glycine concentrations,

c

in current study, the curvilinear velocity (μm/s), the straight
line velocity (μm/s), and the average path velocity (μm/s)
were higher at (P < 0:05) 10 mM as compared to other glycine concentrations and control. However, the values of linear distance (μm/s) and distance average path (μm/s) were
higher in 5 mM glycine concentrations as compared to other
glycine concentrations and control. The current study ﬁndings are in agreement with [41, 42] in which they concluded
that adding 25 mM glycine, glutamine, and 5 mM cysteine
extender enhanced post-thawed motility, and improved
plasma membrane and acrosome integrity of buﬀalo bull
semen. In another study, Domosławska et al. [43] reported
antioxidant capability of vitamin E, vitamin C, and its combined eﬀect (vitamin E + C) on semen quality parameters,
i.e., motility, percentage of live spermatozoa, percentage of
abnormal spermatozoa, and acrosome intactness in the
cryopreserved Bhadawari bull semen. They concluded that
combined eﬀect of paired vitamins has profound impact in
protecting spermatozoa against production of reactive oxygen species (ROS) and cold shock in comparison to the only
supplementation of vitamin E and vitamin C in the semen
extender for cryopreservation.
Post-thawed viability (%), plasma membrane integrity,
PMI percentage, and mitochondrial membrane potential
(MMP) were signiﬁcantly higher (P < 0:05) at 10 mM glycine concentration in comparison to control and other glycine concentrations. In addition, acrosome integrity (%)
was signiﬁcantly high (P < 0:05) at 10 mM (50:72 ± 0:21),
followed by 5 mM, 15 mM, and 20 mM of glycine concentration and as compared to control group. The DNA integrity
was found signiﬁcant (P < 0:05) at 10 mM glycine concentration as compared to other glycine concentrations and
control. The ﬁndings of this study are in line with Khalili
et al. [44], who determined the eﬀect of glycine and cysteine
in diﬀerent concentrations on numerous quality parameters
of spermatozoa like motility, viability, acrosome integrity,
and membrane integrity. The results indicate that the supplementation of 10 and 15 mM glycine and cysteine, respectively, in comparison to control extender signiﬁcantly
enhanced the motility, viability, and membrane integrity of
cryopreserved spermatozoa, while the supplementation of
increased quantity of amino acids up to 20 mM had a significant negative eﬀect. Keeping in view this eﬀect, addition of
glycine and Cystine was recommended in extenders for
cryopreservation of semen.
Post-thawed total antioxidant capacity (T-AOC) was
higher (P < 0:05) in extender having 10 mM of glycine
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concentration in comparison to control and all other
remaining concentrations. The T-AOC values for all other
concentrations and control were lower than 10 mM glycine
concentrations. These ﬁndings are in line with Shannon
[45], who described the eﬀect of diluents containing glycine
and glycerol, on the fertility of diluted bovine semen. He
concluded that the diluents containing glycine showed 3%
increase in conception proving that glycine might improve
the semen quality. These are also in line with the current
ﬁndings in which pretreatment with alpha-lipoid acid supplementation reduced oxidative stress and improved semen
quality [46]. The enhancement in spermatozoa antioxidant
proﬁle demonstrates the valuable addition of ALA in semen
extender, motility kinematics, and velocity distribution. The
previous research [47, 48] conducted on bovine has shown
that signiﬁcant enhancement in post-thawed motility was
observed when semen samples were supplemented with
1 mM ALA in combination with 2 mM cysteine. Moreover,
increase in the levels of ALA concentration decreased the
spermatozoa motility parameters, and this was attributed
to the change and lowering in semen pH, which was detrimental to spermatozoa resulting in immobility and death
[49]. In our current research, results on best post-thaw
semen parameters were obtained in semen containing
0.5 mM ALA, which is lowest concentration as compared
to earlier study [47, 48].

5. Conclusion
It is concluded that addition of glycine at low level of 10 mM
concentration along with vitamin E improved post-thaw
total motility of Achai bull semen. The progressive total
and progressive fast motility was also improved by the use
of glycine @ 10 mM, and the supplementation of glycine
coupled with vitamin E enhanced the total antioxidant
capacity of cryopreserved semen, ultimately resulting in better conception rate.
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