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Abstract

The current investigation examined the effects of L-Carnitine on Kankrej bull semen, focusing on both
semen characteristics and oxidative stress parameters. Results revealed that at the post-thawed (PT)
stage, subjective motility, HOST reactive sperm, and sperm viability were significantly higher (p<0.05)
in groups administered with 0.05 mg/ml and 0.1 mg/ml of L-Carnitine compared to the control group.
Additionally, the percentage of total sperm abnormality at the post-thawed stage was significantly lower
(p<0.05) in the 0.05 mg/ml and 0.1 mg/ml L-Carnitine groups compared to the control group. During
post-dilution, post-equilibration, and post-thawed stages, no significant differences were observed in
malondialdehyde (MDA) concentrations between the control group and those treated with 0.05 mg/ml
and 0.1 mg/ml of L-Carnitine. Similarly, superoxide dismutase (SOD) concentrations did not
significantly differ between the control group and the L-Carnitine treated groups during post-dilution and
post-equilibration stages. Moreover, alanine aminotransferase (ALT) enzymatic values did not
significantly differ between the control group and the groups treated with 0.05 mg/ml and 0.1 mg/ml of
L-Carnitine across post-dilution, post-equilibration, and post-thawed stages. In conclusion, incorporating
L-Carnitine at a concentration of 0.05 mg/ml in the semen extender emerged as the optimal choice for
enhancing the qualitative parameters of post-thawed semen in Kankrej bulls.

Keywords: Bull semen, L-Carnitine, MDA, oxidative stress, semen parameters

1. Introduction

The efficacy of semen cryopreservation techniques depends on the susceptibility of sperm cells
to injury during the freezing and thawing process, with the choice of freezing medium or
dilutant playing a pivotal role. Despite the complexity of factors contributing to cryo-injuries,
the precise mechanisms underlying cryo-damage remain unclear. Furthermore, disparities in
sperm characteristics such as size, shape, and lipid-protein composition across species
demonstrate that cryopreservation methods are not fairly efficient in all species (Lv, 2019) [,
Notably, farm animals such as bulls, rams, and boars tend to exhibit greater sensitivity to cryo-
injuries compared to species like humans, rabbits, cats, and dogs (Grotter et al., 2019) [21,
During semen cryopreservation, mammalian spermatozoa experience diminished
characteristics due to exposure to various stresses, such as cold shock. This exposure can result
in damage to the mitochondria, plasma membrane, and acrosome membrane of the sperm cells
(Smith et al., 2011) Bl The cold shock on sperm cells often leads to oxidative stress, resulting
in the death of sperm cells due to DNA damage. Reactive oxygen species (ROS) are typically
linked to compromised semen quality and impaired functional capacity in human sperm cells
(Moustafa et al., 2004) 4,

L-carnitine (y-trimethylamino-B-hydroxybutyrate) is an essential metabolite, which has various
role in intermediary metabolism (Bieber, 1988) 1. The high concentration of carnitine found in
the male reproductive tract, especially in the epididymis, suggesting its crucial role in energy
metabolism and in the maturation of spermatozoa (Lenzi et al., 1992) 1. Because the sperm in
the epididymis are able to use fatty acids and phospholipids as energetic source, probably L-
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carnitine acts as a co-factor for the mitochondrial transport
and the subsequent oxidation of fatty acids.

Due to its beneficial effect, L-carnitine can be used in semen
dilutant as additive to maintain the quality of the frozen
semen.

2. Materials and Methods

Three healthy mature Kankrej bulls were were selected for the
investigation from the Dama semen production unit managed
by Banaskantha District Co-Operative Milk Producers’ Union
Ltd., Banas dairy, Palanpur. Over a period of 5 weeks, a total
of 30 ejaculates were obtained, with 10 ejaculates from each
bull. Following semen collection by artificial vagina method,
each ejaculate underwent examination for volume and
concentration. Subsequently, all the ejaculates were evenly
divided into three aliquots: control, 0.05 mg/ml L-carnitine
(LC) and 0.1 mg/ml LC using Tris Fructose Egg Yolk
Glycerol diluents to study the effect of L-carnitine (C0283,
CAS No. 6645-46-1, Sigma Aldrich). Each aliquot underwent
an assessment for initial subjective motility percentage. Only
samples exhibiting initial motility of 70% or higher were
selected for further dilution with the same diluents,
maintaining a sperm concentration of 20 million per straw.
The final diluted semen was filled and sealed in to French
mini straw (0.25 ml, TBS, IMV, France) by using automatic
filling, sealing and printing machine (1S 4, IMV, France). The
filled-sealed and printed straws were transferred to cold
handling cabinet (Vitrine Refregfree tropical, IMV, France)
and kept for 4 hours at 4° — 5 °C for equilibration. The
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freezing process followed a specific protocol: first, the
temperature was reduced from 4°C to -10°C at a rate of 5°C
per minute, then from -10°C to -100°C at a rate of 40°C per
minute, and finally from -100°C to -140°C at a rate of 20°C
per minute. After undergoing cryopreservation for a period of
24 hours, the straws were thawed in a water bath at 37°C for
30 seconds for post thaw examination.

The individual subjective motility, sperm viability, sperm
abnormality and sperm plasma membrane integrity were
assessed at post dilution, post equilibration and post thawed
stages in all the three groups. Moreover, to study the effect of
L-carnitine the semen samples were also assessed for the
oxidative stress (MDA and SOD) and enzymatic activity
(ALT and AST).

The data generated were first checked for normality using by
Shapiro-wilk test. The mean difference among the groups and
withing groups for different variables were seen using
repeated measure ANOVA. The differences among the bulls
for semen quantitative parameters were checked by One-way
ANOVA. The data were presented as mean+S.E. Significance
was set at 95%. Data analysis was done with SPSS software
(IBM® SPSS® statistics, version 20.0).

3. Results and Discussion

The semen samples were examined for individual subjective
motility, viability, plasma membrane integrity and sperm
abnormality at post dilution, post equilibration and post
thawed stages (Table 1).

Table 1: Effect of different concentrations of L-carnitine on semen qualitative parameters (Mean £ S.E.) in Kankrej bull semen at different

stages
Parameters Treatment Stage

Group PD PE PT
Individual Control 89.44+0.01a 77.26+0.01B 53.35+0.01c®
Subjective motility (%) 0.05LC 89.29+0.01a 77.02+0.01s 63.09+0.01¢?
0.1LC 87.51+0.01a 77.18+0.01s 58.89+0.01cP
Control 90.72+0.01a 81.55+0.02s 60.95+0.02¢"
Live sperm (%) 0.05LC 89.71+0.01a 81.65+0.02s 68.63+0.02¢?
0.1LC 89.78+0.01A 80.74+0.028 66.41+0.02c2
Control 88.23+0.02a 78.65+0.028 57.81+0.01c°
HOST reacted sperm (%) 0.05LC 88.56+0.02a 80.05+0.028 66.06+0.01c?
0.1LC 88.51+0.02a 79.09+0.028 62.90+0.01c?
Control 2.35+0.01a 5.83+0.018 11.23+0.01c?
Sperm abnormality (%) 0.05LC 2.29+0.01A 4.88+0.01s 8.62+0.01cP
0.1LC 2.13+0.01a 4.9940.018 8.69+0.01cP

Means bearing different superscripts (a, b, c) differ significantly within column (p<0.05)
Means bearing different subscripts (A, B, C) differ significantly within row (p<0.05)

The Individual subjective motility (%), Live sperm (%), Host
reacted sperm (%), and sperm abnormality (%) were non-
significantly differed at post dilution (PD) and post
equilibration (PE) stage between control, 0.05 mg/ml LC and
0.1 mg/ml LC groups. In accordance to present study, Hussein
(2018) "1 also found non-significant difference in individual
motility, HOST reactive sperm and sperm viability between
2mM and 3mM L-carnitine supplement in Friesian bull at
post dilution stage. Similarly, EI-Raey et al. (2016) ! also
found non-significant difference in post dilution as well as
post equilibration stage in semen supplemented with
0.01mg/ml, 0.05 mg/ml and 0.1 mg/ml L-carnitine in buffalo
bull. Similarly, Hufana-duran et al. (2017) 1 was also found
non-significant difference of HOST reacted sperm between
control, LC 0.5 mM, LC 1.0 mM, LC 10 mM, and LC 30 mM
groups at pre freezing stage.

In present study, individual subjective motility, HOST
reactive sperm, sperm viability was significantly (p<0.05)
decreased from post dilution to post thawed stage in all the
three groups. Similarly, El-raey et al. (2016) [ also reported
consistently reduced individual motility from post dilution
stage to post thawed stage in L-carnitine (0.01 mg/ml, 0.05
mg/ml and 0.1 mg/ml) and control groups in buffalo bull
semen. Hussein (2018) "1 also reported similar trend in their
experiment.

In present experiment, individual subjective motility, HOST
reactive sperm and sperm viability were significantly
(p<0.05) higher in 0.05 mg/ml (63.09+0.01%, 66.06+0.01%
and 68.63+0.02%, respectively) and 0.1 mg/ml
(58.89+0.01%, 62.90+0.01% and 66.41+0.02%, respectively)
groups than control (53.35+0.01%, 57.81+0.01% and
60.95+0.02%) group at post thawed stage. Like present
findings, El-raey et al. (2016) ® also noticed significantly
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(p<0.05) higher motility in LC 0.05 mg/ml than LC 0.01
mg/ml, LC 0.1 mg/ml and control group. Similarly, MA et al.
(2017) 1 reported significantly (p<0.05) higher post thawed
motility, HOST reacted sperm and Sperm viability in LC 0.05
mg/ml than, LC 0.1 mg/ml and control group. While, Wafa et
al. (2021) Y recorded better results in 3.0 mM L-carnitine
than control group in buffalo bull.

In present study, L-carnitine showed favourable effect on
individual motility as compared to control group. One of the
possible ameliorative mechanisms could be L-Carnitine
facilitates the transport of fatty acids to the mitochondrial
membrane to produce ATP through the process of B-oxidation
which could increase sperm motility (Agarwal and Said,
2004) [*2. The result of present study demonstrated that sperm
viability was better in L-carnitine supplemented groups
especially at post-thawed stage. This might be due to positive
impact of L-carnitine on post-thawing sperm motility and
decreased capacitation-like damages (Longobardi et al., 2017)
(231 in post-thawed semen. Moreover, it was also noted that the
favourable impacts of L-carnitine on buffalo sperm arise from
a decrease in oxidative stress and a rise in ATP generation,
leading to enhanced membrane stability of sperm (Longobardi
et al., 2017) 3, The cryopreservation procedure significantly
diminishes both sperm motility and viability. Nevertheless,
the inclusion of L-carnitine could prove advantageous in
maintaining viability during the post-thawed stage.
Spermatozoa generate reactive oxygen species (ROS), which
are essential at low levels for crucial cellular processes during
fertilization, such as capacitation, the acrosome reaction,
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hyperactivation, and sperm-oocyte fusion to occur (Ahmed et
al., 2020) ™. However, an excess of ROS results in
membrane damages through the initiation of lipid
peroxidation (Sharma and Agarwal, 1996) *°l. In the current
research, L-carnitine demonstrated a protective function
against reactive oxygen species (ROS), potentially through a
reparative mechanism involving the reduction of elevated
intracellular toxic acetyl-coenzyme A (acetyl-CoA) levels
and/or the substitution of fatty acids in membrane
phospholipids, as suggested by Vicari and Calagero (2001)
(381 In addition, the combined attributes and roles of L-
carnitine, including its osmotic balance function (Brooks et
al., 1974) " and its membrane-stabilizing effects, are likely
to play a part in enhancing the motility characteristics of
treated spermatozoa, leading to a higher proportion of sperm
exhibiting sperm plasma membrane integrity at post-thawed
stage.

The percentage of total sperm abnormality at the post-thawed
stage was significantly (p<0.05) lower in the 0.05 mg/ml
(8.62+0.01%) and 0.1 mg/ml (8.69+0.01%) groups compared
to the control group (11.23£0.01%). In line with the findings
of current investigation, Wafa et al. (2021) [*Yl reported a
significantly (p<0.05) lower percentage of sperm abnormality
in post-thawed buffalo bull semen treated with 3.0 mM L-
carnitine compared to the control group.

The semen samples were assessed for MDA, SOD, AST and
ALT at post dilution, post equilibration and post thawed
stages (Table 2).

Table 2: Effect of different concentrations of L-carnitine on oxidative stress markers and enzymatic values (Mean + S.E.) in Kankrej bull semen
at different stages

Stage
Parameters Treatment group PD PE PT
Control 4.67+0.17 4.49+0.16 4.61+0.11
MDA (nmol/ml) 0.05LC 4.48+0.17 4.58+0.16 4.42+0.11
0.1LC 4.63+0.17 4.63+0.16 454+0.11
Control 15.18+0.504 14.85+0.6648 13.65+0.578"
SOD (ng/ml) 0.05LC 15.61+0.504 15.22+0.664 16.03+0.5742
0.1LC 15.05+0.504 15.07+0.664 14.29+0.57AP
Control 3.8740.31s 4.47+0.278 4.91+0.294
ALT (U/L) 0.05LC 3.82+0.31 3.91+0.27 4.16+0.29
0.1LC 3.75+0.32 4.30+0.26 4.28+0.29
Control 30.28+1.71s 45.15+2.3042 46.40+2.20p
AST (U/L) 0.05LC 25.76+1.71s 37.06+2.30A" 40.46+2.204
0.1LC 29.98+1.71c 36.15+2.30g" 43.7442.20p

Means bearing different superscripts (a, b) differ significantly within column (p<0.05)
Means bearing different subscripts (A, B, C) differ significantly within row (p<0.05)

In present study, the MDA concentrations (nmol/ml) were
non significantly differed during post dilution, post
equilibration and post thawed stages between control, 0.05
mg/ml LC and 0.1 mg/ml LC. The MDA concentration was
non-significantly reduced by 3.85% at post-equilibrated stage
and 1.29% at post-thawed stage as compared to its
concentration at post-diluted stage in control group. However,
it was non-significantly increased by 2.32% at post-
equilibrated stage and non-significantly reduced by 1.34% at
post-thawed stage in 0.05 L-Carnitine group. Similarly, it was
remained as such at post-equilibrated stage and non-
significantly reduced by 1.94% at post-thawed stage in 0.1 L-
Carnitine group. The findings of present study were in
accordance with Longobardi et al. (2017) 13, who also found
non-significant difference in MDA concentration between
2.5mM, 7.5 mM and control groups in buffalo bull frozen
thawed semen. Similarly, Bucak et al. (2010) ' also found

non-significantly differed MDA concentration between
Carnitine 2.5 mM, Carnitine 7.5 mM and Control significant
effectiveness in preventing lipid peroxidation (LPO)
formation when compared to the control group.

Mammalian spermatozoa are highly sensitive to LPO, which
occurs as a result of the oxidation of membrane lipids by
partially reduced oxygen molecules, e.g., superoxide (Oy),
hydrogen peroxide (H:0,;) and hydroxyl radicals (OH).
Spontaneous peroxidation of the membranes of mammalian
spermatozoa destroys the structure of the lipid matrix, due to
the attacks of ROS, formed through the univalent reduction of
oxygen, during cryopreservation (Bucak et al., 2010) [*°1, This
ROS is also catalysed by free iron through Haber —Weiss
reaction (O2+ H,0, — O+ OH™ + OH') (Haber and Weiss,
1934) %, Meanwhile, the ferrous state of iron accelerates
lipid oxidation by breaking down hydrogen and lipid
peroxides to reactive free radicals via the Fenton reaction (Fe;
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+ H;0; — Fes+ OH™ + OH'). Fe3+ ion also produces radicals
from peroxides although the rate is tenfold less than that of
Fe2+ ion (Miller, 1996) 211, L-carnitine and its esters exhibit
the ability to partially inhibit iron-induced lipid peroxidation
in liposomes by forming complexes with free iron and
disrupting the formation of ferrous and ferrozine complex,
indicating its chelating capabilities (Gulcin, 2006) 2. The
non-significant decrease in lipid peroxidation observed in the
L-carnitine groups within this study implies that L-carnitine
may possess iron chelating properties. However, L-carnitine
may not directly interfere with other reactive oxygen species
(ROS). Consequently, in the current study, it did not
demonstrate any significant effectiveness in preventing lipid
peroxidation (LPO) formation when compared to the control
group.

The SOD concentration (ng/ml) was non significantly differed
during post dilution and post equilibration stage between
control, 0.05 mg/ml and 0.1 mg/ml groups. The SOD
concentration was non-significantly reduced by 2.17% at
post-equilibrated stage and significantly (p<0.05) reduced by
10.08% at post-thawed stage as compared to its concentration
at post-diluted stage in control group. However, it was non-
significantly reduced by 2.50% at post-equilibrated stage and
non-significantly increased by 1.03% at post-thawed stage in
0.05 L-Carnitine group. While, it was remained almost as
such at post-equilibrated stage and non-significantly reduced
by 5.05% at post-thawed stage in 0.1 L-Carnitine group. The
SOD concentration (ng/ml) was significantly (p<0.05) higher
in 0.05 mg/ml (16.03+0.57) group as compared to control
(13.65%0.57) and 0.1 mg/ml higher SOD value in buffalo bull
semen at 0.05 mg/ml LC (73.67+5.37U/mL) than 0.01 mg/ml
LC (52.66+6.07U/mL), 0.1 mg/ml LC (31.00£5.51 U/mL)
and control (27.33+£3.49U/mL) groups at post thawed stage.
The similar trend was observed by Chaudhary et al. (2022) (23]
with increased SOD concentration from post equilibration to
post thawed stage in Curcumin (25uM, 50uM and 75uM)
added groups in Kankrej bull semen.

SOD is the main antioxidant enzyme in seminal plasma (Allai
et al., 2018; Barranco et al., 2019) 2* 251 which protects the
cell against Oy (ROS), as it normally catalysed the
dismutation of this anion to H,O,. However, SOD activity
promotes the formation of H,O,, a more stable and long-lived
ROS, which can be removed by the cell using other enzymatic
antioxidants such as CAT and GPx (Silvestre et al., 2021) [61,
In present study increased SOD level in treatment group due
to L-carnitine act as scavenging of ROS, destroyed hydrogen
peroxide and has a function on metal chelation as well as
inhibition of xanthine oxidase activity (Surai, 2015) 7,
Gulcin, (2006) 2% also observed that L-carnitine has a direct
scavenging action of free radicals like Oz or H202. So, it may
possible that L-carnitine scavenge O, directly and it reduced
availability for catalysation process of SOD enzyme which
directly cause increased SOD level in L-carnitine treatment
group.

In the present study, the mean ALT enzymatic value (U/L)
was non significantly differed between control, 0.05 mg/ml
and 0.1 mg/ml groups during post dilution, post equilibration
and post thawed stages. Similar results obtained in AST
enzymatic value (U/L) except at post equilibration stage in
which AST was significantly (p<0.05) lower in 0.05 mg/ml
and 0.1 mg/ml groups as compared to control group at post
equilibration stage. In present experiment, ALT values were
non-significantly increased from post dilution to post thawed
stages in all the three groups. In accordance to the present
study, Thumar et al. (2017) 28 also reported constantly

https://www.veterinarypaper.com

increased ALT and AST value in 2 mM Melatonin, 100 mM
Trehalose and control groups at post thawed stage in Kankrej
bull. Similarly, Kapadiya et al. (2018b) ! also observed
consistently increased ALT and AST value in Melatonin
(ImM, 2mM and 3mM) and control groups at post thawed
stage as compared to post dilution stage in Kankrej bull
semen.

The observed non-significant but beneficial effects of L-
carnitine in this study can be attributed to its antioxidative
properties, which help neutralize oxygen free radicals.
Enzyme release is generally regarded as an indicator of
cellular damage, where membranes become compromised or
destroyed, leading to the loss of cellular contents. L-carnitine
has been shown to stabilize mitochondrial membranes (Liu et
al., 2002) B9, thus protecting spermatozoa from apoptosis by
reducing oxidative stress and preserving the integrity of the
cell plasma membrane, which prevents the leakage of
enzymes such as AST, ALT, and LDH from the sperm (Liu et
al., 2004) 31, Consequently, the decrease in enzyme activity
coincided with an improvement in semen quality in the
groups treated with L-carnitine.

4. Conclusion

From post-dilution to post-thaw stages, both with and without
L-Carnitine in the semen extender, there was a decrease in
individual subjective motility, sperm viability, and HOST
reactive sperm, accompanied by an increase in sperm
abnormality in Kankrej bull semen. The addition of 0.05
mg/ml L-carnitine to the TFEYG extender exhibits
antioxidant properties, as evidenced by an increase in
superoxide dismutase (SOD) activity and a reduction in
Malondialdehyde (MDA) levels during the post-thawed stage
of cryopreservation in Kankrej bull semen, -effectively
resisting oxidative stress. The supplementation of L-carnitine
at concentrations of 0.05 mg/ml and 0.1 mg/ml to the TFEYG
extender demonstrated a modest safeguarding effect on the
sperm plasma membrane, evident through a reduction in
enzymatic activity (ALT and AST) especially during the post-
thawed stage when compared to the control group. The
inclusion of L-carnitine at a concentration of 0.05 mg/ml in
the semen extender is the optimal choice for improving the
qualitative parameters of post-thawed semen in Kankrej bulls
during semen cryopreservation as compared to 0.1mg/ml L-
carnitine.
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