Veterinary World, EISSN: 2231-0916 RESEARCH ARTICLE
Available at www.veterinaryworld.org/Vol.14/December-2021/14.pdf Open Access

Impact of L-carnitine supplementation on the in vitro developmental
competence and cryotolerance of buffalo embryos

Mohamed M. M. El-Sokary!{®, Al-Shimaa Al-H. H. EI-Naby*"2, Amal R. Abd El Hameed?'”, Karima Gh. M. Mahmoud?
and T. H. Scholkamy?

1. Department of Theriogenology, Faculty of Veterinary Medicine, Benha University, Egypt; 2. Department of Animal
Reproduction and A.IL., Veterinary Research Division, National Research Centre, Dokki, Giza, Egypt; 3. Department of
Field Investigations, Animal Reproduction Research Institute, Agriculture Research Center, Giza, Egypt.
Corresponding author: Mohamed M. M. El-Sokary, e-mail: mohamed.alsokary@fvtm.bu.edu.eg
Co-authors: AAHE: dvet_shima@yahoo.com, ARAE: amalriad@hotmail.com, KGMM: karimamahmoud@yahoo.com,
THS: samahtarek2005@yahoo.com
Received: 03-08-2021, Accepted: 01-11-2021, Published online: 26-12-2021

doi: www.doi.org/10.14202/vetworld.2021.3164-3169 How to cite this article: EI-Sokary MMM, EI-Naby AAH, El Hameed
ARA, Mahmoud KGM, Scholkamy TH (2021) Impact of L-carnitine supplementation on the in vitro developmental competence
and cryotolerance of buffalo embryos, Veterinary World, 14(12): 3164-3169.

Abstract

Background and Aim: Despite many trials, buffalo embryos have poor cryosurvivability because of their high lipid
content. L-carnitine was found to be a lipid-reducing agent when added to oocyte and embryo culture media. The study
aimed to determine the most effective concentration of L-carnitine to improve the oocyte developmental competence and
cryotolerance of buffalo embryos.

Materials and Methods: /n vitro maturation and embryo culture media were supplemented with four concentrations of
L-carnitine: 0 (control), 0.25, 0.5, and 1 mM. Good-quality embryos on 7 days were vitrified using mixtures of dimethyl
sulfoxide and ethylene glycol at two concentrations (3.5 and 7 M).

Results: The result showed that the cleavage and morula rates were significantly (p<0.05) higher in the 0.5 mM group.
Blastocyst rates were significantly (p<0.05) higher at both 0.5 and 1 mM. The rates of viable embryos directly after thawing
were significantly (p<0.05) increased in the 0.5 mM group. No significant difference was found in embryos cultured for 24 h
after warming among all the groups.

Conclusion: The addition of L-carnitine at a concentration of 0.5 mM to the culture media improves the oocyte developmental
competence and cryotolerance of buffalo embryos directly after warming but not after 24 h of culture. Nevertheless, further
studies must identify how L-carnitine exerts its beneficial micromechanisms.
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Introduction pattern [2], optimized culture media composition
(additives, salts, amino acids, hormones, sugars, anti-
oxidants, pH, and osmolarity), temperature, oxygen
tension, and oocyte donor and semen quality [3]. As
an integral event during metabolism, oocytes use
the energy derived from lipid droplets located in the
cumulus-oocyte complex through the beta-oxidation
pathway for subsequent metabolic processes [4].
In mammalian embryos, lipid metabolism, includ-
ing fatty acid transportation from the cytosol to
mitochondria, is an essential process for adenosine
triphosphate (ATP) production during early devel-
opment [4]. The unique pattern of lipid droplet dis-
tribution localizes them at the plasma membrane or
close to organelles such as mitochondria and endo-
plasmic reticulum, which seems to be the main target
for oxidative injury [5].

Among mammals, buffalo embryos have poor
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Various reproductive biotechnologies have been
adopted to improve the genetic progress of animals.
The technologies established so far have been used to
achieve several goals in animal production; for exam-
ple, effective applications of germ cell production in
females and males and international interchange of
genetic material using frozen semen and embryos.
Among these technologies, in vitro embryo produc-
tion (IVEP) is an important technique that has great
potential for genetic enhancement [1] through con-
servation of high-quality germline and transferring
them over generations. During oocyte maturation and
embryo culture, various factors are crucial to oocyte
developmental competence, embryo quality, and
cryotolerance, such as lipid content, lipid composi-
tion, embryo metabolism, apoptosis, gene expression
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chromosomal aneuploidy [7]. It also induces zona
hardening due to premature release of cortical gran-
ules, reduced sperm penetration into oocytes and sub-
sequent embryo development[8], damaged organelles
such as mitochondria and endoplasmic reticulum [5],
and reduced ATP content [9]. Eventually, the resul-
tant changes induce the generation of reactive oxygen
species (ROS), which, in turn, lead to oxidative stress
that causes damage to cellular macromolecules such
as nucleic acids, phospholipids, and proteins [10].
Thus, antioxidant substances should be added to the
culture medium to ameliorate or prevent oxidative
stress [11]. Moreover, lipid droplet removal using
chemical agents improves oocyte and embryo resis-
tance to cryopreservation [12].

Several studies have established effective ways
to decrease the oocyte and embryo lipid content.
Many lipid-lowering agents have been tested, includ-
ing cysteamine [13], cysteine, N-acetyl-l-cysteine,
catalase, superoxide dismutase [14], melatonin [15],
alpha-tocopherol [16], ascorbic acid [17], and
L-carnitine [18-20]. L-carnitine is a water-soluble
antioxidant that plays an essential role in fatty acid
metabolism in mice [21]. It also plays a key role in
beta-oxidation, fatty acid transportation into mito-
chondria for ATP production, and mouse embryo
development [11], thereby leading to increased mito-
chondrial activity and elevated intracellular ATP con-
tent. L-carnitine has also been shown to neutralize
the embryotoxic effects of H,O, (up to 500 uM) in
mouse embryo culture medium [22]. It has been sug-
gested that endogenous lipid metabolism plays an
essential role in oocyte maturation and subsequent
embryonic development in cattle [20], porcine [19],
and mouse [18]. Exogenous L-carnitine is consid-
ered an enhancer of lipid metabolism in the in vitro
development and freezing survivability of bovine
embryos [23]. Moreover, L-carnitine has been shown
to respond to lipid droplets distributed from the
peripheral area to the inner cytoplasm in oocytes [19].
In buffalo, few studies have reported the supplemen-
tation of L-carnitine to in vitro maturation and embryo
culture media [24-26]. However, the best dosage and
the impact on embryo development and cryotolerance
were controversial.

The study aimed to determine the most effec-
tive concentration of L-carnitine in the culture media,
which can subsequently improve the developmental
competence and cryotolerance of buffalo embryos.

Materials and Methods

Ethical approval

The research protocol was discussed and
approved by the Council of Theriogenology
Department, Faculty of Veterinary Medicine, Benha
University, dated April 15, 2015.

Study period and location
The study was carried out from October 2016
to May 2017. The research to study the impact of

L-carnitine supplementation on the in vitro devel-
opmental competence and cryotolerance of buf-
falo embryos was carried out at the Department of
Animal Reproduction, A.l,, Veterinary Research
Division at National Research Centre, Dokki, Giza,
Egypt and the Department of Field Investigations,
Animal Reproduction Research Institute, Agriculture
Research Center, Giza, Egypt.

Oocyte collection and selection

The methods used for oocyte recovery and selec-
tion in buffaloes have been described by Mahmoud
et al. [27]. Briefly, ovaries were collected from
apparently healthy females directly after slaughter.
The ovaries were transported from the local slaughter-
house to the laboratory in a modified phosphate buf-
fer saline at pH 7.2 containing penicillin (100 IU/mL)
and streptomycin (100 ug/mL). Cumulus oocytes
that were aspirated from follicles 2-8 mm in diameter
using a 10 mL syringe with an 18-gauge needle were
washed in TCM-199, serum (10%), and gentamicin
(50 ng/mL). Good-quality oocytes with multilayers
of cumulus cells and a homogenous cytoplasm were
used in the experiments.

In vitro maturation

Oocyte maturation was conducted accord-
ing to the method reported by Mahmoud et al. [28].
The selected oocytes were supplemented with four
concentrations of L-carnitine: 0 (control), 0.25, 0.5,
and 1 mM. The oocytes were then cultured in 100 uLL
droplets of maturation medium containing TCM-
199, 10% calf serum, and 50 pg/mL gentamycin. The
oocytes were then covered with protective mineral oil
and incubated for 24 h at 38.5°C with 5% CO.,.

In vitro fertilization and culture

We treated spermatozoa as described by Niwa
and Ohgoda [29]. Approximately two semen straws of
frozen buffalo were thawed for 1 min in a water bath
at 35°C-37.8°C. The spermatozoa were centrifuged
(800 x g for 10 min) twice in a BO medium [30]
containing 10 pug/mL heparin and 2.5 mM of caf-
feine without bovine serum albumin (BSA). The pel-
lets were diluted with a BO medium containing BSA
(20 mg/mL) to adjust the concentration of spermatozoa
to 12.5 x 10° sperm/mL. Mature oocytes were washed
multiple times in a BO medium containing 10 mg/mL
BSA. At that point, the oocytes were brought into
100 uL droplets of sperm suspension under paraffin
oil; the spermatozoa and oocytes were cocultured for
5 h under culture conditions (5% CO,, 38.5°C, 95%
humidity). Then, the oocytes were washed in TCM-
199 to eliminate attached spermatozoa. The oocytes
were again replaced with the previously prepared
coculture 100 uL droplets consisting of TCM-199 +
10% serum and the four concentrations of L-carnitine
(0, 0.25, 0.5, and 1 mM). Cleavage was recorded after
3 days of culture, and the numbers of morula on day 5
and blastocyst stages on day 7 were evaluated.
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Embryo vitrification and warming

A vitrification solution (VS) was prepared in
TCM 199 containing 2.5 mM of HEPES + 20% fetal
calf serum (FCS). The embryos were vitrified in
0.25 mL straws following 2-step addition of a cryo-
protectant. The embryos were placed in VS1: 1.75
M ethylene glycol (EG) + 1.75 M dimethyl sulfox-
ide (DMSO) for 2.5 min. The embryos were then
placed in 7 M of VS2: 3.5 M EG + 3.5 M DMSO for
45 s. The mini-straws were placed in liquid nitro-
gen vapor for 1 min and then plunged into a lig-
uid nitrogen tank for 1 month. At warming, straws
were held for 10 s in the air, placed in water for
30 s at 37°C, and flicked several times to mix col-
umns. The embryos were washed in 0.5 M galactose
at 20°C-22°C for 5-10 min, washed 5 times in TCM
with 5% FCS, and cultured at 38.5°C and 5% CO,
for a further 24 h.

Survival assay

The embryos were evaluated morphologically
for viability directly after warming and cultured
in vitro for 24 h. The embryos that developed to more
advanced stages, with obviously noticeable inner cell
mass, were considered to have survived. Morulae that
developed into blastocysts and the blastocysts that
expanded were defined as surviving.

Experimental design
Experiment 1

The first experiment was carried out to study the
effect of different concentrations of L-carnitine on
the developmental competence of buffalo embryos.
Immature oocytes were classified into four groups,
each supplemented with 0 (control), 0.25, 0.5, and
1 mM of L-carnitine. Mature oocytes were fertil-
ized, and presumptive zygotes were cultured in the
four concentrations of L-carnitine. The developmen-
tal competence of embryos was recorded at different
points based on the calculation of cleavage, morula,
and blastocyst formation rates.

Experiment 2

The second experiment was carried out to study
the effect of different concentrations of L-carnitine on
the cryotolerance of buffalo embryos. All good-qual-
ity embryos on 7" day were vitrified using mixtures of
DMSO and EG in TCM-199 with two concentrations
of cryoprotectants (3.5 and 7 M). The four groups
(0, 0.25, 0.5, and 1 mM) of vitrified embryos were
thawed, and the survival rate was assessed directly
after thawing and after a further 24 h.

Statistical analysis

Three replicates per group were statistically
analyzed with analysis of variance using. IBM SPSS
Statistics for Windows, Version 16.0. (IBM Corp., NY,
USA) Comparison among the means was performed
by LSD and Duncan’s multiple range test. Differences
were significant at p<0.05 level.

Results

Experiment 1

The effect of different concentrations of
L-carnitine on the developmental competence of buf-
falo oocytes after culture was studied and we found
that, embryo development represented by cleavage,
morula, and blastocyst rates was improved by the
addition of L-carnitine compared with control. The
cleavage and morula rates were significantly (p<0.05)
higher in the group with 0.5 mM L-carnitine com-
pared with that with other concentrations (Table-1).
Meanwhile, there was no significant difference
between 0.25 and 1 mM of L-carnitine concentra-
tions. In addition, blastocyst rates were significantly
(p<0.05) higher in the 0.5 and 1 mM groups than in
the other groups.

Experiment 2

The effect of different concentrations of
L-carnitine on cryotolerance of buffalo embryos
was studied and we found that the rates of viable
embryos directly after thawing were significantly
(p<0.05) higher in the 0.5 mM group than in the other
L-carnitine concentration groups (Table-2). However,
the percentages of viable embryos cultured for 24 h
after warming did not differ significantly among all
the groups.

Discussion

Several factors have been proposed to affect
oocyte developmental competence and embryo
cryotolerance [31]. One crucial factor is the large lipid
droplets inside the cytoplasm of the oocytes that assist
in energy production. These droplets were found to
level up the sensitivity of oocytes and embryos during
vitrification [32]. Throughout oocyte and/or embryo
development or cryopreservation, high lipid cargo
is supposed to lead to morphologic, structural, and
functional damage. Specifically, fractures of the zona
pellucida and meiotic spindle abnormalities cause
chromosomal aneuploidy [7]. Moreover, changes in
lipid droplets trigger zona hardening and premature
diffusion of cortical granules [8], damage organelles
such as mitochondria and endoplasmic reticulum [5],
and reduce ATP content [9]. Eventually, the resultant
changes induce the generation of ROS, which, in turn,
lead to oxidative stress that causes damage to cellular
macromolecules such as nucleic acids, phospholipids,
and proteins [10]. In embryos, high intracellular ROS
levels cause cellular damage, including DNA frag-
mentation and apoptosis, leading to a developmental
block and embryo fragmentation [33]. An imbalance
between the formation of ROS and antioxidant capac-
ity [34] can lead to many pathological effects, such
as lipid peroxidation, ATP depletion, mitochondrial
alterations, and fetal growth arrest. Increased ROS
levels due to enhanced lipid metabolism could be
ameliorated by free radical scavenging agents such as
L-carnitine [35].
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Table-1: Developmental competence of buffalo oocytes after culture supplementation with different concentrations of

L-carnitine (Mean=SE).

L-carnitine Total no. of inseminated Cleavage Morula Blastocyst
concentration oocytes No. (%) No. (%) No. (%)

0 mM 91 50 (54.8+1.6)° 34 (36.9%£2.6)° 13 (14.6+£1.1)°
0.25 mM 81 48 (59.6+2.0)* 31 (39.1+5.1)%® 16 (19.7+0.9)%®
0.5 mM 76 52 (66.7+4.2)? 37 (48.3+0.8)? 17 (21.7+£1.8)®
1mM 56 36 (63.5+3.2)%® 25 (43.9+3.3)%® 13 (24.3+£3.8)®

Percent of total inseminated oocytes. No. = number. #*Values inside similar column without common superscripts differ
p<0.05, three replicates (ANOVA test). ANOVA=Analysis of variance, SE=Standard error

Table-2: Cryotolerance of buffalo embryos after culture supplementation with different concentrations of

L-carnitine (Mean*SE).

L-carnitine Total no. of inseminated Cleavage Morula Blastocyst
concentration oocytes

ratt v No. (%) No. (%) No. (%)
0 mM 91 50 (54.8+1.6)° 34 (36.9%£2.6)° 13 (14.6+1.1)°
0.25 mM 81 48 (59.6+2.0)% 31 (39.1%5.1)% 16 (19.7+0.9)=
0.5 mM 76 52 (66.7+4.2)2 37 (48.3%£0.8)? 17 (21.7+1.8)2
1 mM 56 36 (63.5+3.2)% 25 (43.943.3)%® 13 (24.3+3.8)

ab\/alues inside similar column without common superscripts differ p<0.05, three replicates (ANOVA test).

ANOVA=Analysis of variance, SE=Standard error

L-carnitine is a water-soluble antioxidant that
plays a crucial role in the metabolism of fatty acids
and decreases the frequency of apoptosis in animal
cells [21]. In addition, L-carnitine is well known for
its role in beta-oxidation, ATP production, and decreas-
ing the lipid content during embryo development, with
end results of improved cryo-survivability [11].

In this study, the cleavage and morula rates were
significantly (p<0.05) higher in the group with 0.5 mM
of L-carnitine. In addition, the blastocyst rates were
significantly (p<0.05) higher in both 0.5 and 1 mM
groups than in the other groups. Our findings were in
accordance with those of Boccia et al. [24] and Verma
et al. [25], who showed that the addition of L-carnitine
to the culture media enhances the developmental
competence of buffalo oocytes, likely by reducing
the ROS level in embryos. Moreover, during in vitro
maturation, L-carnitine was found to enhance mito-
chondrial activity in porcine oocytes [19] and bovine
embryos [36]. L-carnitine also enhanced the level of
ATP in 2-cell embryos but not at the 8-cell or blasto-
cyst stage in bovine [37] and mice blastocysts [18].

Concerning the concentration of L-carnitine
in the current work, the blastocyst rates were sig-
nificantly (p<0.05) higher in both the 0.5 and 1 mM
groups than in the other groups. Recently, Liang
et al. [26] reported that buffalo oocytes treated with
0.6 mg/mL of L-carnitine during in vitro maturation
had significantly higher rates of blastocyst formation
than controls. Similar to our results, Khanmohammadi
et al. [38] found that the developmental rate of 1-cell
embryos to the blastocyst stage and the expansion of
mouse blastocysts were observed in a medium supple-
mented with 0.5 mM of acetyl L-carnitine.

We next sought to establish the effect of differ-
ent micromolar concentrations of L-carnitine at 0.25,

0.5, and 1 mM on the cryosurvivability of embryos.
The obtained results suggested that the addition of
0.5 mM of L-carnitine to the culture media is of a
significant benefit to the developmental competence
of buffalo embryos, as evidenced by the high rate of
cleavage as well as morula and blastocyst formation.
The current study results indicate that the rates of
viable embryos directly after thawing were signifi-
cantly (p<0.05) higher in the 0.5 mM group than in
the other groups. The improvement of cryotolerance
of the embryos directly after thawing may be through
enhancing lipid metabolism. Moreover, during the
in vitro culture of buffalo embryos, it has been sug-
gested that 0.25 mM of L-carnitine supplementation
enhances blastocyst development and cryotolerance
resistance [24]. However, the percentages of viable
embryos that were cultured for 24 h after warming
did not differ significantly among all L-carnitine con-
centrations. Interestingly, Chankitisakul et al. [37]
reported that supplementation of IVM media with
0.6 mg of L-carnitine had no significant effect on the
embryo developmental competence of IVM oocytes
after vitrification.

Taken together, the enhanced maturation of
oocyte and embryonic development by the addi-
tion of L-carnitine may be attributed to two main
theories. First, the metabolism of lipid through the
beta-oxidation pathway produces ATP, which, in
turn, is responsible for cytoplasmic maturation and
meiotic resumption [35]. Second, L-carnitine acts as
an antioxidant (ROS scavenger) by blocking oocyte
and embryo degenerative changes [39]. However, the
exact mechanism of the action of L-carnitine requires
further study to illustrate the underlying events that
lead to improved maturation and embryonic develop-
mental competence of buffalo species.
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Conclusion

The supplementation of 0.5 mM of L-carnitine
to the culture media improved buffalo embryo devel-
opmental competence and cryosurvivability directly
after thawing. Moreover, L-carnitine supplementation
at 0.25, 0.5, and 1 mM did not enhance the develop-
ment of vitrified embryos after 24 h of culture.
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