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L-carnitine improved bovine blastocyst rate and quality when supplemented at different 
preimplantation stages 

N. Ghanem 

Department of Animal Production, Faculty of Agriculture, Cairo University, Giza, Egypt. 

SUMMARY 

The present study investigated the effect ofL-carnitine supplementation during different pre-implantation 
stages on bovine embryo development rate and quality. Good morphologically cumulus-oocyte complexes 
(n=2126) recovered from slaughterhouse ovaries were matured, fertilized in vitro and presumed zygotes were 
further cultured in vitro (IVC) in CR1-aa media till dayS. For the setup of the study, L-carnitine (1.5 mM) was 
added at different technological steps (IVM, IVF, IVC and all stages) and different developmental stages (early 
IVC: 1- to 4-cell vs. late IVC: S-cellembryos). Moreover, untreated (control) group was also included in this 
experiment.Quality of embryos developed from all experimental groupswere evaluated usingterminal 
deoxynucleotidy ltransferased UTP nick end labeling (TUNEL) assay which assesses total normal and apoptotic 
cell numbers ofembryos. Real-time PCR was used to profile 5 embryo marker genes (SOD2, CDX2, IFNt, GlutS 
and TF AM) in addition; GAPDH was used as housekeeping gene. 

Results of the current study showed a significant increase in blastocyst rate at day S of culture when L
carnitine was added at IVM (34.1±2.6), early IVC (34.6±1.7), late IVC (3S.4±2.S), and all stages (36.4±3.5) 
compared to control (22.5±1.4) and IVF (26.0±1.1) groups. The blastocyst total number of cells was greater 
(P < 0.05) in groups that L-carnitine was added at IVM (134.1±4.9), JVF (1 25. 7±2.S), early IVC (133.S±5. 7), 
late IVC (139.2±3.5) and all stages (137.0±4.1) compared to control (1 15.3±3.6). On the other hand, control 
embryo group has more apoptotic cells (10.4±1.9) than L-carnitine treated groups at IVM (4.1±1.2), IVF 
(5.5±1.6), early IVC (3.9±1.4), late IVC (4.0±1. 7) and all stages (2.S±2.0). The expression profile of SOD2, 
IFNt, GlutS and TF AM genes was increased in embryos treated with L-carnitine at IVM, early IVC, late IVC 
and all stages compared to IVF and control groups. In addition, CDX2 transcript was more abundant in IVM, 
late IVC and all stages treated groups than in any other embryo group. Overall, the findings of the present study 
support the notion that L-carnitinecould be a potential antioxidant substance that has a positive effect on 
embryo development rate and quality when supplemented to all culture media throughout bovine 
preimplantation. 
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INTRODUCTION 

Recovery of cumulus-oocyte complexes from 
slaughterhouse ovine ovaries or via transvaginal 
ultrasound-guided follicular punctUrefollowed 
by in vitro maturation, fertilization and embryo 
culture is world-wideused technique in bovine 
assisted reproductive technology. During the last 
decades, in vitro embryo production was used as an 
efficient tool for producing embryos at low cost with 
substantial increase in the number of calves born with 
a specific genetic makeup from elite cows, 
irrespective of their physiologic status (Kruip et a/., 
1994; Scottet a/., 1994; Meintjet et a/., 1995 and 
Machatkova eta!., 2008). 

Despite the desire to expand the field application 
of this technology, the development rate and quality 
of in vitro produced embryos are lower than those of 
in vivo produced embryos.Moreover, in vitro derived 
embryos have fi-equently been associated with fetal 
and neonatal abnormalities after transfer (Farin eta/., 
2006), in addition only half of these being able to 
initiate. a successful pregnancy following transfer 
(Trounson eta/., 1994 and Hasler, 1998). Therefore, 
tremendous efforts were given to improve the 
efficiency of this technique by providing new tools of 
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cumulus-oocyte complexes selection and optimizing 
both in vitro maturation (Choi et a/., 2013) and 
embryo culture (Yuan et a/., 2003 and Sudano et a/., 
2010) to be more similar to in vivo conditions. 

Bovine embryos cultured in vitro are prone to 
oxidative stress (Lequarre et a!., 1997). The embryo 
undergoes oxidative stress when the production of 
reactive oxygen species (ROS) is higher thap. the 
cells capacity to produce antioxidants (Droge, 2002). 
Therefore, the balance between ROS and the 
presence of antioxidants is a key factor in the success 
of embryonic development (de Lamirande et a!., 
1997). The oxidative stress reduces embryo quality 
and viability because of the peroxidation of 
membrane lipids and the modification of important 
molecules, such as proteins and nucleic acids, which 
results in cellular death through apoptosis (Nasr
Esfahani eta!., 1990 and Van Soom eta!., 2002). 

L-carnitine is a powerful antioxidant (GUI~in, 
2006), reducing the accumulation of ROS and 
lowering the frequency of apoptosis in animal cells 
(Pillich et a/., 2005 and Y e et a/., 201 O).L-carnitine 
supplementation during mice in vitro follicle culture 
increased oocyte developmental competence 
(Dunning et a/., 2011). L-carnitine acted as 
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antioxidant by reducing the levels of ROS during in 
vitro maturation of porcine oocytes (Somfai et a/., 
20 II). Recently, L-camitine supplementation in IVM 
medium has effectively maintained embryo 
developmental competence of IVM oocytes after 
vitrification (Chankitisakul et a/., 2013 ). In addition, 
L-camitine added to in vitro culture medium has a 
posi_tive impact on the quality and development of 
bovme embryos (Takahashi eta/., 2013 and Ghanem 
et a/., 2014). However, all previous research were 
performed at one specific stage either during IVM 
(Somfai et a/., 2011 and Chankitisakul et a/., 2013 ), 
IVC (Takahashi et a/., 2013 and Ghanem et a/., 
~014) or different technological steps (IVM, all pre
Implantation stages) (Phongnimitr eta/., 2013). 

Therefore, the currentinvestigation was performed 
tofind out the possible effect of L-camitine when 
supplementedat different technological steps (IVM, 
IVF, IVC and all stages) and different developmental 
stages (early IVC: 1- to 4-cell vs. late IVC: 8-cell 
em~I?'os) on embryo development rate and quality. In 
addlt~on, gene expression profile of some embryo 
candidate genes was analyzed using quantitative real
time PCR. 

MATERIALS AND METHODS 

Unless stated, all chemicals were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). 

Experimental design 
L-carnitine (1.5 mM) was added at different 

preimplantation stages (IVM, IVF, early IVC, late 
IVC, all stages) in addition; a control group 
(untreated) was also included in this experiment. The 
concentration of L-camitine (L-Camitine 
hydrochloride, Sigma-Aldrich, Product Number: 
C0283) was selected according to our previous 
publication (Ghanem et a/., 2014). Cumulus-oocyte 
complexes were randomly allocated into six 
~eatment groups: IVM, IVF, early IVC (from zygote 
tdl 8-cell stage), late IVC (from 8-cell stage till day 8 
blastocyst), all stages and no addition (control). All 
groups were evaluated on day 8 (day O=IVF) to 
determine the proportion of embryos that had reached 
the blastocyst stage. Number of total, normal and 
a~optotic cells :-vas used to assess embryo quality. 
Fmally, expressiOn of selected candidate genes was 
profiled using real-time PCR. 

Cumulus-oocyte complexes recovery 
Bovine ovaries were collected from a local 

abattoir, placed in physiological saline (0.9% NaCl) 
at 35-37 oc and transported to the laboratory within 2 
h after death. Ovaries were washed in fresh 
Dulbecco's PBS and cumulus-oocyte complexes 
(COCs) were recovered as described Ghanem eta/. 
(2014). In brief, COCs were aspirated from 2- to 8-
mm diamet<?r follicles using an 18-G needle attached 
to a vacuum pump. Aspirated fluid was expelled into 
dishes containing TL-HEPES medium (114 mM 
sodium chloride, 3.2 mM potassium chloride, 2 mM 

sodium bic~rbonate, 0.34 mM sodium biphosphate, 
I 0 mM sodmm lactate, 0.5 mM magnesium chloride, 
2.0 mM calcium chloride, 10 mM HEPES, I ~tL!mL 
phenol red, 100 IU/mL penicillin, and 0.1 mg/mL 
streptomycin), COCs were searched and selected 
under a stereomicroscope. After collection, only 
morphologically good-quality COCs (n=2126) with 
more than three layers of compact cumulus cells and 
homogenous cytoplasm were used in this experiment. 
The selected COCs were washed three times in TL
HEPES medium. 

In vitro maturation (IVM) 
Cumulus-oocyte complexes were cultured in 

maturation medium, as described by Ghanem et a/. 
(2014). In brief, COCs (n=40-50 per each group) 
were washed three-times in maturation medium 
(TCM-199) supplemented with 10% (v/v) fetal 
bovine serum (FBS), I Jlg/mL of estradioi-17P, I 0 
Jlg/mL of FSH, 0.6 mM of cystein, and 0.2 mM of 
sodium pyruvate and transferred into a well of a 4-
well dish containing 700 JlL of IVM medium for 23 
to 24 h at 38.5 oc in a humidified atmosphere of 5% 
C02 in air. 

In vitro fertilization (IVF) and in vitro culture 
(IVC) 

In vitro-matured COCs were fertilized with 
frozen-thawed bovine sperm from a freezin_,g batch 
that had previously been successfully used in our 
laboratory. Semen was thawed at 36 oc for I min. 
and spermatozoa were washed and pelleted in 
Dulbecco's PBS (D-PBS) by centrifugation at 750 x 
g for 5 min at room temperature. The pellet was 
diluted with 500 JlL of heparin (20 Jlg/mL) in in vitro 
fertilization (IVF) medium (Tyrodes lactate solution 
sup~lemented with 6 mg/mL of BSA, 22 Jlg/mL of 
sodmm pyruvate, IOO IU/mL of penicillin, and 0.1 
mglmL of streptomycin) and incubated at 38.5 oc in 
a humidified atmosphere of 5% C02 in air for 15 min 
(to facilitate capacitation). Then, spermatozoa were 
diluted in IVF medium (final concentration, I x I06 

sperrn/mL). Mature COCs were transferred into IVF 
medium (700 JlL) containil)g spermatozoa for I8 to 
20 h at 38.5 oc in a humidified atmosphere of 5% 
C02 in air. -

After IVF, cumulus cells were removed by 
pipetting and the presumed denuded zygotes were 
placed in a well of a 4-well dish containing 700 JlL of 
CRI-aa medium (Rosenkrans et a/., I993) 
supplemented with 44 Jlg/mL of sodium pyruvate, 
14.6 Jlg/mL of glutamine, 10 JlLimL of 
penicillin/streptomycin, 3 mg/mL of BSA, and 310 
Jlg/mL of glutathione for 3 days (IVC-I). Embryos 
(8-cell stage) of day 3 were cultured in CRI-aa 
medium of the same composition (IVC-1), except that 
the BSA was replaced with 2.5% (v/v) FCS (IVC-11). 
The day 8 blastocysts were washed three times in 
TL-HEPES, fixed in 4% (v/v) paraformaldehyde in I 
M PBS, and stored at 4 °C pending TUNEL assay. 
For gene expression analysis, blastocysts were 
transferred to a 1.5-mL Eppendorf tube, directly snap 
frozen in liquid nitrogen, and stored at -80 °C. 
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Terminal Deoxynucleotidyl Transferased UTP Nick 
End Labeling Staining (TUNEL) 

The terminal deoxynucleotidyl transferased UTP 
nick end labeling (TUNEL) assay was performed 
according to the manufacturer's protocol using the In 
Situ Cell Death Detection Kit (Fluorescein, Roche 
Diagnostics Corp., Indianapolis, IN, USA). Briefly, 
fixed embryos (n=67) were washed twice with 0.3% 
(w/v) PVP in 1 M PBS (PVP-PBS) before being 
incubated in a permeabilization solution [0.5% (v/v) 
Triton X-100, 0.1% (w/v) sodium citrate] for 30 min 
at room temperature. After permeabilization, 
embryos were washed twice in PYP-PBS and 
incubated in the dark with fluorescence-conjugated 
dUTP and terminal deoxynucleotide transferase for 1 
h at room temperature. TUNEL-stained embryos 
were then washed in PVP-PBS and incubated in 
PVP-PBS containing 10 j.tg/ml of Hoechst 33342 for 
10 min. The washing was then done twice in PVP
PBS to remove excess Hoechst 33342, and 
blastocysts were mounted on glass slides under 
coverslips. The number of cells in each blastocyst 
was counted using an epifluorescence microscope 
equipped with a mercury lamp. The TUNEL-positive 
cells were evident on the basis of their bright red 
fluorescence (apoptosis), whereas the total number of 
cells was determined by the extent of blue 
fluorescence. · All blastocysts from five culture 
sessions of each treatment group were used for the 
TUNEL assay. 

RNA isolation and eDNA synthesis 
Isolation of mRNA was done on five biological 

replicates, each containing six embryos, using 
Dynabeadoligo (dT)25; Dynal Biotech, Oslo, 
Norway), according to manufacturer's instructions. 
Briefly, embryos were lysed in 100 ~tl lysis buffer at 
room temperature for 2 min by vortexing. The lysate 
was mixed with 20 j.tl of prewashed Dynabeadsoligo 
( dT) and annealed by rotating for 3 min at room 
temperature. The mRNA attached to Dynabead was 
washed twice with 300 j.tl washing buffer 300 A and 
twice with 150 j.tl of washing buffer B. Then, 8 j.tL of 
10 mMTris-HCl were added, denatured at 65 °C for 5 
min, and then placed on ice for 3 min. The eluted 
mRNA was reverse-transcribed to eDNA using the 
SuperScript III first strand reverse transcriptase kit 
(catalog number 18080051, Invitrogen). The mRNA 
samples were transferred to a 200-j.tL Eppendorf tube 
containing 1 j.tl of Olgo (dT), 1 j.tl of dNTP mix (10 
mM) and incubated at 65 °C for 5 min, then placed 
on ice for 2 min. Then, 10 j.tl of eDNA synthesis mix 
and 1 j.tl of superscript III reverse transcriptase (200 
U/j.tl) were added to a 200-j.tL tube containing RNA 
mix and incubated at 50 oc for 50 min. The reaction 
was terminated by heating at 85 oc for 5 min and 
then chilled on ice for 2 min. Finally, 1 j.tl of RNase 
H was added per tube and incubated at 3 7 oc for 20 
min. The final volume of eDNA was increased to 80 
j.tl by adding RNase-free water. .~ 

Table 1: List of primers used for quantitative real-time PCR analysis 

Gene Name 
Gene bank accession 

Primer sequence 
Fragment size 

number (bp) 

GAPDH NM 001034034.2 
F: 5'- AGGTCGGAGTGAACGGATTC -3' 

219 R: 5'- GGAAGATGGTGATGGCCTTT -3' 

SOD2 NM 201527 
F: 5'-GTGATCAACTGGGAGAATGT-3' 

163 
R: 5 '-AAGCCACACTCAGAAACACT -3' 

IFNt NM 001015511 
F: 5'-CTGGGAAATCATCAGAGTGGAG-3' 

279 
~ R: 5'-TAAGGACTCATGCCCCTACAG -3' 

CDX2 DQ126146 
F: 5'-GCCACCATGTACGTGAGCTAC-3' 

140 
R: 5'-ACATGGTATCCGCCGTAGTC-3' 

TFAM NM 001034016 
F: 5 '-CTGGTCAGTGCTTTGTCTGC:3' 

128 
R: 5 '-CT AAAGGGAT AGCGCAGTCG-3' 

GlutS AF321324 F: 5'-GCTCCTCATGTCAGAGATCTTC-3' 
135 

R: 5' -GGCTGTGATTTGTTCCAGAGTC-3' 
Abbreviations: PCR, polymerase chain reaction; bp, base pair. 

Quantitative real-time PCR analysis 
Real-time PCR was used to profile 5 embryo 

marker genes regulating metabolism (glucose 
transporter 8: GlutS), mitochondrial activity 
(transcription factor A, mitochondrial: TF AM), 
cellular defense (superoxide dismutase 2: SOD2), 
trophoectoderm marker (caudal type homeobox 2: 
CDX2) and pregnancy recognition (interferon tau: 
IFNt). In addition, glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) was used as a 
housekeeping gene. Real-time PCR primers were 
designed based on the mRNA sequences of selected 
genes available in GenBank (Table 1) using Primer3 

Express versiOn 4.0 software 
(http://primer3.wi.mit.edu//) developed by the 
Whitehead Institute for Biomedical Research, the 
University of Massachusetts Medical School 
(Massachusetts, MA, USA). Quantitative analysis of 
eDNA samples was performed using a CFX98 
instrument (Bio-Rad Laboratories, Hercules, CA, 
USA). Prior to quantification, primer optimization -
was performed for both forward and reverse primers. 
Specific primer combinations with lower threshold 
cycle (CT) value and without primer-dimmer 
formation were selected for subsequent PCRs. The 
PCR reactions were performed in a 12-j.tL reaction 
volume containing 8 j.tl of IX iQ SYBR Green 
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Supermix (Bio-Rad Laboratories). During each PCR 
reaction, samples from the same eDNA source were 
run in duplicate (to improve reproducibility of real
time results). A universal thermal cycling parameter 
(3 min at 95 oc followed by 44 cycles of 15 s at 95 
°C, 20 s at 57 °C, and 30 s at 72 °C, then a final 
extension of 5 min at 72 oq was used to quantifY 
each gene of interest. After the end of the last cycle, a 
dissociation curve was generated by starting 
fluorescence acquisition at 65 oc and making 
measurements every 7 s until the temperature reached 
95 °C. Final quantitative analysis was done using the 
llil C(t) method (Ghanem et a/., 2014) and results 
were reported as the relative expression or n-fold 
difference to the calibrator (control group) after 
normalization of the transcript amount relative to the 
value of the endogenous control gene (GAPDH). 

Statistical analyses 
All data were analyzed using the Statistical 

Analysis System (SAS) software package for 
Windows (Release 8.02, SAS Institute Inc., Cary, 
NC, USA). Data of at least five replicates of each 
treatment were analyzed with ANOV A, using the 
general linear model (GLM) procedure. Results were 
expressed as mean± SEM. All percentage data were 
arcsine-transformed before analysis. Data on embryo 
development rate, normal and apoptotic cell number 
were analyzed by one-way ANOV A followed by 
multiple pair wise comparison (Tukey's 
Test). Relative expression data were analyzed using 
GLM. Differences in mean values were tested using 
ANOV A, followed by a multiple pair wise 
comparison using a Student's t-test. In all cases, P ::; 
0.05 was considered significant. 

RESULTS 

Embryo development rate 
Percentages of cleaved embryos were not 

(P > 0.05) affected by L-carnitine supplem~tation at 
any stage of preimplantation (Table 2). The 
percentage of cleaved embryos at 48 hpi was 77.03%, 
75.9%, 77.1%, 77.4% and 77.3% in groups treated 
with L-carnitine at IVM, IVF, early IVC, late IVC 
and all stages while it was 76.2 in .control group. The 
percentage of cleaved embryos at 96 hpi was 56.1 %, 

55.9%, 56.2%, 55.8% and 57.0% in groups treated 
with L-carnitine at IVM, IVF, early IVC, late IVC 
and all stages in addition, it was 55.6% in control 
group. 

Blastocyst development rate after addition of L
carnitine at IVM, IVF, early IVC, late IVC, all stages 
and control group (no L-carnitine addition) are 
shown in Table 2. The blastocyst development rate 
was increased significantly (P<0.05) when L
carnitine was added at IVM (34.1 %), early IVC 
(34.6%), late IVC (38.4%), and all stages (36.4%) 
compared to control (22.5%) and IVF (26.0%) 
groups. 

Blastocyst quality assessment 
The blastocyst total number of cells was 

significantly greater (P < 0.05) in groups 
supplemented with L-carnitine at IVM (134.1), IVF 
(125.7), early IVC (133.8), late IVC (139.2) and all 
stages (137.0) compared to control (115.3) but there 
were no significant differences among the IVM, early 
IVC, late IVC and all stages groups (Table 3 and Fig. 
2). Moreover, embryos exposed to L-carnitine during 
IVF showed lower number of total cells than IVM, 
early IVC, late IVC and all stages treated groups. 

On the other hand, control embryo group has 
significantly (P<0.05) more apoptotic cells (10.4) 
than those embryos developed from L-carnitine 
treated groups at IVM (4.1), IVF (5.5), -~arly IVC 
(3.9), late IVC (4.0) and all stages (2.8) as shown in 
(Table 3 and Fig.2). Cells from the total cell number
per blastocyst was also increased (P <0.05) in control 
group (9.0%) compared to L-carnitine supplemented 
groups at IVM (3.1 %), IVF (4.4%), early IVC 
(2.9%), late IVC (2.9%) and all stages (2.0%) as 
shown in Table ( 3). 

Gene expression profile 
The expression profile of SOD2, IFNt, G/ut8 and 

TF AM genes was significantly increased (P < 0.05) 
in embryos treated with L-carnitine at IVM, late IVC 
and IVC2 and all stages compared to IVF and control 
groups. In addition, CI;>X2 transcript was more 
abundant in IVM, late IVC and all stages than any 
other experimental groups. 

Table 2. Effect of L-carnitine treatment during bovine preimplantation on cleavage and blastocyst 
development rate at Day 8 post-insemination (196 bpi) (Mean±SEM) 

Treatment group 
Total No. Cleavage 48bpi 8-cell stage 96 bpi 

COCs (%) (%) 

Control 371 76.2±5.7" 55.6±3,9" 

LC-IVM 326 77.0±7.3" 56.1±2,5" 

LC-IVF 380 75.9±6.1" 55.9±4,1 8 

LC-IVC1 347 77.1±8.2" 56.2±3,8" 

LC-IVC2. 353 77.4±5.7" 55.8±3,0" 

All-LC 349 77.3±6.4" 57.0::1::5,3" 
",6 Within a column, means without a common superscript differed (P < 0.05). 
Abbreviations: hpi, hours post insemination; LC, L-camitine; SEM, standard error of the mean. 

Blastocyst 192 
bpi/oocyte(%) 

22.5±1.4" 

34.1±2.6b 

26.0::1::1.1" 

34.6±1.7b 

38.4±2.8b 

36.4±3.5b 
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Table 3.Effect of L-carnitine treatment during bovine preimplantation on total number of normal and 
a~o~totic cells ~er blastoc!st at Da! 8 ~ost-insemination {196 b~i} (Mean ± SEM} 

Total No. Total number Total number of Total number of 
Percentage of 

Treatment 
blastocysts of cells per normal cells per apoptotic cells per 

apoptotic cells 
group per blastocyst 

examined blastocyst blastocyst 

Control 13 115.3±3.6° 104.9±2.5° 
LC-IVM 15 134.1±2.9b 130±2.0b 
LC-IVF 14 125.7±2.8c 120.2±3.3c 
LC-IVC1 16 133.8±3.7b 129.9±2.8b 
LC-IVC2 14 139.2±3.5b 135.2±3.1b 
All-LC 17 137.0±4.lb 134.2±2.2b 
•,

6 Within a column, means without a common superscript differed (P < 0.05). 
Abbreviations: LC, L-camitine; SEM, standard error of the mean. 

Hoechst staining Tunnel staining 

blastocyst 
{%} 

10.4±1.9° 9.0±1.7° 
4.1±1.2b 3.1±0.9b 
5.5±1.6b 4.4±1.1 b 
3.9±1.4b 2.9±0.5b 
4.0±1.7b 2.9±0.8b 
2.8±2.0b 2.0±0.6b 

Nterged Hoechst & Tunnel staining 

93 

Fig. 1. Hoechst 33342 staining {blue color) identifying nuclei in bovine embryos (lOOX); TUNEL staining for 
identifying apoptotic cells (small bright red color as indicated by arrows); merged photographs of Hoechst 33342 and 
TUNEL staining of embryo in the control (1), LC-IVM (2) and LC-IVF (3) groups, respectively. 

Hoechst staining Tunnel staining Mer-ged Hoechst & Tunnel staining 

Fig. 2. Hoechst 33342 staining (blue color) identifying nuclei in bovine embryos (lOOX); TUNEL staining for 
identifying apoptotic cells (small bright red color as indicated by arrows); merged photographs of Hoecbst 33342 and 
TUNEL staining of embryo in the LC-early IVC (4), LC-Iate IVC (S) and LC-all stages (6) groups, respectively. 
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Fig. 3. Relative transcript abundance of TFAM gene on bovine embryos cultured with L-carnintine at different pre
implantation stages using real-time PCR (mean± SEM). Means with 'uta common superscript differed (P < 0.05). 
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Fig. 4. Relative transcript abundance of SOD2 gene on bovine embryos cultured with L-carnintine at different pre
implantation stages using real-time PCR (mean± SEM). Means without a common superscript differed (P < 0.05). 
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Fig. 5. Relative transcript abundance of GlutS gene on bovine embryos cultured with L-carnintine at different pre
implantation stages using real-time PCR (mean± SEM). Means without a common superscript differed (P<0.05). 
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Fig. 6. Relative transcript abundance of IFNt gene on bovine embryos cultured with L-carnintine at different pre
implantation stages using real-time PCR (mean ± SEM). Means without a common superscript differed (P<O.OS). 
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Fig. 7. Relative transcript abundance of gene on bovine embryos cultured with L-carnintine at different pre-
implantation stages using real-time PCR (mean± SEM). Means without a common superscript differed (P<O.OS). 

DISCUSSION 

Collection of cumulus-oocyte complexes from 
heterogeneous follicular population of slaughterhouse 
ovaries has resulted in a wide variation in bovine in 
vitro embryo production rate and quality (Gordon, 
2003 and Krisher, 2004). As well-established, the 
quality of the oocyte is the main determinant of 
blastocyst rate, while the culture environment affects 
embryo quality (Rizos et al., 2002 and Lonergan et 
al., 2003). Therefore, many efforts have been made 
to either select competent oocytes based on 
morphology (Gordon, 2003), the content of G6PDH 
enzyme, (brilliant cresyl blue staining; Alm et a/., 
2005) molecular profiling (gene expression; Ghanem 
et al., 1007) or combining different approaches 
(Tomer et al., 2008). In parallel, many efforts have 
been done to improve preimplantation culture 

environment especially 'during IVM (Choi et a/., 
2013) and IVC (Ghanem et al., 2014). 

Results of the current study showed no significant 
differences in cleavage rate at either 48 or 96 hpi 
when.L-carnitine was added at IVM, IVF, early IVC, 
late IVC, and all stages compared to control group. 
However, blastocyst development rate was increased 
when L-carnitine was added at IVM, early IVC, late 
IVC, and all stages compared to IVF and control 
groups. Phongnimitr et al. (2013) reported an 
increase in morula and blastocyst rates when 
cumulus-oocyte complexes were in vitro matured in 
presence of L-carnitine however.When oocytes were 
exposed to L-carnitine at all stages (IVM, IVF and 
IVC), there was no significant difference in rate of 
morula or blastocyst formation compared with the 
non-treated group. One possible reason to explain 
why L-carnitine does not improve embryo 
development when added at IVF could be that L-
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carnitine is antagonizing the action of ROS at this 
stage. It is noteworthy that ROS might play a positive 
role during IVF and antioxidant chemicals 
supplemented at this stage could antagonize the 
beneficial effect on the developing embryos (Ali et 
a!., 2003). The balance between ROS and the 
presence of an antioxidant is a key factor in the 
success of embryonic development (de Lamirande et 
a!., 1997). However, L-carnitine added to in vitro 
culture medium has a positive impact on the 
development of bovine (Takahashi et al., 2013 and 
Ghanem et al., 2014) as well as mice embryos 
(Abdelrazik et a/., 2009). In porcine, COCs treated 
with L-carnitine during in vitro maturation showed 
higher rate of blastocyst formation after 
parthenogenetic activation (39.4% vs. 27.1 %) and 
somatic cell nuclear transfer (23.2% vs. 14.9%) 
compared with untreated counterparts (You et a!., 
2012). Moreover, supplementation of L-carnitine 
during IVM or IVC improved developmental 
potential of porcine oocytes after parthenogenetic 
activation (Wu et a/., 2011). This increase in the 
blastocyst development rate could be attributed to the 
positive metabolic effect of this chemical, as reported 
earlier by Sutton-McDowall et a/. (2012). The 
metabolically activity of L-carnitine treated embryos 
was increased which subsequently reflected in higher 
rates of ATP-ADP conversion via increased ~

oxidation within embryos. Therefore, the developing 
embryos that have been treated with L-carnitine are 
more likely to be able meet their increasing energy 
requirement than their untreated counterparts. 

The results of the current study showed also 
improvement of blastocyst quality, based on more 
total cell number and fewer TUNEL-positive cells in 
embryos that developed from all treatment groups 
than untreated group. These results are in accordance 
with two previous studies that showed an increase in 
the number of total cells and reduction in apoptotic 
cells when bovine embryos cultured in presenc; of L
carnitine (Takahashi et al., 2013 and Ghanem eta/., 
2014). Similarly, L-carnitine added to the IVM or 
IVC media decreased the number of apoptotic cells 
and reduced ROS level in porcine embryos (Wu et 
al., 2011). Additionally, L-carnitine has been shown 
to protect mice embryos from the negative effects of 
tumor necrosis factor a, oxidative stress, and 
apoptosis (Abdelrazik et al., 2009). Collectively, the 
potentiality of L-carnitine in improving embryo 
quality could be due to its high ability in reducing 
oxidative stress by enhancing the activity of 
numerous antioxidant enzymes (superoxide 
dismutase, catalase and glutathione peroxidase) 
(Rizzo eta/., 2010) and antagonizing ROS formation 
(Abdelrazik eta/., 2009). 

In order to understand the changes observed in 
embryo development and quality, some selected 
candidate genes were profiled as an indicator of the 
molecular characteristics of treated embryos. The 
expression profile of two genes regulating 
metabolism (Glut8 and TFAM) was increased in 
embryos treated with L-carnitine at IVM, early IVC, 

late IVC and all stages compared to IVF and control 
groups. This is consistent with the observation that L
carnitine enhances metabolism through increased ~
oxidation within embryos to meet the energy 
requirement (Sutton-McDowall et a!., 20 12). In 
addition, Ghanem et a!. (2014) have also reported 
increase in the expression of genes related to 
metabolism NADH, CPTJB, CPT2, SLC27Al and 
SLC22A5 in L-carnitine treated embryos compared 
with control group. Moreover, Takahashi et a/., 
(20 13) reported increases in ATP concentration and 
expression -of two metabolism-related genes (ATP6 
and COXJ) in bovine embryos treated with L
carnitine. One possible mechanism of L-carnitine 
action to increase embryo metabolism could be 
through enhancing mitochondrial activity as 
previously reported for in vitro matured porcine 
oocytes (Somfai et a/., 2011) and bovine embryos 
(Ghanem eta/., 2014). 

In accordance with the previous reports in regard 
to the anti-apoptotic and anti-oxidative stress 
potentiality of L-carnitine, the expression profile of 
gene regulating cellular defense (SOD2) was 
increased in embryos treated with L-carnitine at 
IVM, early IVC, late IVC and all stages compared to 
IVF and control groups. Indeed, up-regulation of 
SOD2 which located in the mitochondrial matrix 
could improve the ability of embryos with increased 
metabolism to neutralize reactive oxygen ·species 
(Holley et a!., 2010). Nevertheless, increased 
expression of SOD2 in embryos was linked with 
enhancing mitochondrial activity (Rizos et a!., 2002) 
and improving embryos quality (Ramalho-Santos et 
a/., 2009). 

Two markers of trophoectoderm (TE) cells (INFt 
and CDX2) were profiled on all treatment groups. 
Interferon tau (IFNt) is the maternal recognition 
signal required for successful pregnancy (Hernandez
Ledezma eta/., 1992 and Bazer eta/., 1997). Results 
of thepresent work observed higher expression of 
IFNt gene in embryos treated with L-carnitine at 
IVM, early IVC, late IVC and all stages compared to 
IVF and control groups. Rizos et a/. (2003) have 
observed a significantly higher level of expression of 
IFNt in blastocysts produced in serum-free medium; 
which would be consistent with the notion that 
mRNA levels for this transcript are higher in good
quality embryos. In accordance with this idea, a 
greater abundance of IFNt transcript was detected in 
embryos developed in the presence of LC only 
(Ghanem et a/., 2014). Accordingly, the previous 
authors inferred that blastocysts developed in culture 
supplemented with LC were most likely to survive 
after transfer. On the other hand, the transcript 
abundance of CDX2 was greater in IVM, late IVC 
and all stages than any other experimental groups. 
CDX2 expression in porcine and bovine embryos 
resembled that of mice, suggesting a conserved role 
for CDX2 in the formation of the TE between 
mammals (Kuijk et a/., 2008). Bovine biopsies 
derived from blastocysts resulting in calf delivery 
showed higher level of CDX2 expression compared 
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to those terminated with resorption (El-Sayed et a!., 
2006). In buffalo, in vitro produced blastocysts have 
shown higher transcript abundance of CDX2 mRNA 
expression compared to parthenogenetic derived 
counterparts (Abdoon eta!., 2012). 

In conclusion, the data of the current study have 
showed an improvement in embryo development and 
quality when L-carnitine added to IVM, early IVC, 
late IVC and all pre-implantation stages. This 
beneficial effect of this chemical was mainly due to 
metabolic enhancement of cleaving embryos and 
anti-apoptotic potentiality as indicated by increase of 
total normal cells and reduction in apoptotic cells 
which was linked with increase expression of genes 
involved in metabolism and cellular defense ( TF AM, 
Glut8 and SOD2).The up-regulation of genes related 
with embryo-maternal recogmtlon and 
trophoectoderm (IFNt and CDX2) in embryos treated 
with L-carnitine support the notion that these 
embryos are most likely to survive after transfer to 
recipients. 
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