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ABSTRACT 

The present study aimed to assess the effects of supplementation of the vitrification solution (VS) 
with L-carnitine (LC) on post-thawing recovery and maturation rates of immature bovine oocytes 
obtained from slaughterhouse ovaries. Immature oocytes (N=702) were divided into six groups for 
vitrification. Oocytes of group one (N=118) were vitrified in 40% dimethyle sulphoxide (40% 
DMSO; VS1), the second group included 105 oocytes which were vitrified in 40% ethylene glycol 
(40% EG; VS2). The previous two VS were used in the vitrification of group 3 (N=98), meanwhile 
oocytes of group 4 (N=98) were exposed to VS1+VS2 supplemented with 5 mM LC. In group 5 
(145), oocytes were vitrified as those of group 4 but the VS was supplemented with 10 mM LC, while 
oocytes in group 6 (N=138) were vitrified in VS1+VS2 supplemented with 15 mM LC. After 
thawing, viable COCs were submitted to in vitro maturation. The differences in recovery rates and 
maturation rates were compared using chi square analysis. The study revealed important results and 
cleared the protective effects of LC against oxidative damage provoked by vitrification. A 
significantly higher recovery rate was observed for COCs vitrified in media containing LC. 
Recovered COCs in LC groups achieved higher maturation rates (79 and 81.25% for LC groups 10 
and 15 mM, respectively), compared to those recovered from un-supplemented vitrification media 
(27.27 and 45.00%, for DMSO and EG groups, respectively). When matured oocytes were submitted 
to in vitro fertilization and culture, the morula-blastocyst rates were high in all groups (55.56 to 
85.71%). The addition of LC at 15 mM in the vitrification medium of COCs gave significantly higher 
morula-blastocyst rates, when compared with DMSO or EG. Similarly, the viability rates of produced 
embryos were significantly higher for embryos produced from COCs vitrified in media containing 10 
and 15 mM LC. Conceivably, our study demonstrates the beneficial effects of LC which can be 
included in the vitrification media of bovine oocytes and embryos to protect against harmful effects of 
vitrification. 
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Introduction 

Production of embryos using oocytes obtained from slaughter-house is considered the simplest 
form of in vitro embryo production from cattle and buffaloes. Cryopreservation is a vital step through 
which gametes and embryos can be stored till their use in different applications of reproductive 
biotechnology (Attanasio et al., 2010). This process has been documented to increase the lifespan of 
bovine oocytes (Agryle et al., 2016) and can be carried out either through slow freezing (Gautam et 
al., 2008) or vitrification (Yamada et al., 2007). Nevertheless, oocytes preserved via slow freezing 
suffer from osmotic shock and intracellular ice crystallization as reported by Ledda et al. (2006) and 
those undergone vitrification are exposed to toxic concentrations of the cryoprotectant agents 
(Sripunya et al., 2010). 

Vitrification, however, is still remaining an effective protocol for cryopreservation of gametes 
and embryos. In this regard, several trials have been conducted to reduce its side effects on the quality 
and developmental potential of oocytes (Wani et al., 2004; Sripunya et al., 2010; Mostagir et al., 
2019). 
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A study conducted by Kelly et al. (2005) showed that vitrified bovine oocytes suffered from 
oxidative stress as reflected in higher levels of hydrogen peroxide and lower concentrations of 
glutathione. El-Sokary et al. (2017) concluded that addition of amino acids with anti-oxidant 
properties during culturing of live cells protected against oxidative damage. The small water soluble 
L-carnitine (LC) is a tri-methylated amino acid which stimulates lipid metabolism in animal cells 
(Kerner and Hoppel, 2000) has been cited to increase tolerance of oocytes to cryopreservation 
(Chankitisakul et al., 2013) and prevent cell damage (Abdelrazek et al., 2009). In the same context, 
Moawad et al. (2013) stated that LC possesses both antioxidant and lipid metabolism stimulating 
characteristics which necessitates its supplementation during in vitro embryo production. 

Mostagir et al. (2019) conducted a study to determine the efficiency of different vitrifying 
solutions, Dimethyle sulphoxide (DMSO) and ethylene glycol (EG) with or without supplementation 
of three concentrations of LC (5, 10 and 15 mM) on post-thawing viability of vitrified immature 
buffalo oocytes. The authors found that using EG or a mixture of EG and DMSO supplemented with 
LC at 5 and 10 mM increased oocyte recovery and survival rates. Similarly, Fathi and El-Shahat 
(2017) concluded that exposure of immature oocytes of dromedary camel to 0.5mg/ml LC in the 
maturation medium improved their maturation and enhanced the developmental potential of mature 
oocytes during in vitro embryo production.  

Accordingly, the current study was designed to examine the effects of supplementation of the 
vitrification solution (EG, DMSO or a mixture of both) with LC on recovery rates of immature bovine 
oocytes obtained from slaughterhouse ovaries and to evaluate its effects on oocyte maturation.    

 
Material and Methods 
 

All media and buffers were purchased from SGMA ALDRICH. An 0.22 µm membrane filter 
fixed to 10 ml plastic syringe was used for sterilization. The mineral oil was sterilized using 
membrane filter of 0.45 µm diameter.  

 
Collection of ovaries 

 A total of 170 ovaries from apparently healthy mature non-pregnant cows having functional 
ovarian structures were collected from Beni-suef slaughterhouse, Beni-Suef, Egypt. The ovaries were 
separated from animals within 15 minutes of slaughter and transported to the laboratory in thermos 
containing sterile warm (30 - 35 oC) transportation medium (Lim et al., 2008). 
 
Transportation of the ovaries:  

The transportation of the ovaries to the laboratory was carried out in thermos containing sterile 
warm (35 oC) normal saline “0.9%” supplemented with 100 µg / ml streptomycin sulfate and 100 i.u./ 
ml penicillin G sodium (Lim et al., 2008). 
 
Recovery of immature oocytes 

The slicing method according to Das et al. (1996) was employed to harvest the immature 
oocytes. Petri dishes containing 15 ml of warm harvesting medium were used. A forcepse was used to 
hold individual ovaries and incisions were made including the whole ovarian surface using a scalpel 
blade. Then washing for 3 times with PBS medium was carried out. Thereafter, contents of the petri 
dish were transported into a sterile plastic tube and the tube was left stable for 15 min. to allow 
oocytes settle down. The excess supernatant medium was decanted by a Pasteur pipette leaving the 
oocytes at the bottom of the tube. Finally, the sediments were searched in 6 cm diameter plastic petri 
dish and under stereomicroscope for collection of oocytes.  
 
Vitrification/thawing of immature oocytes 

The base medium (BM) that used during vitrification was H-TCM-199 supplemented with 10 % 
FCS and 50 µl / ml gentamycin sulfate (Pugh et al., 2000).  

Equilibration and vitrification of selected oocytes were carried out according to El-Shalofy et al. 
(2016). In brief, equilibration and vitrification solutions were prepared using tissue culture media 
(TCM 119) medium supplemented with 10% fetal calf serum (FCS) as a basic media.  
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COCs (N=702) were placed in basic medium for one minute then transferred to equilibrated 
solution (basic media and 20% EG+20% DMSO) for 10 minutes. Then equilibrated COCs were 
transferred to vitrification solution VS1 (100μl drops of basic media supplemented with 40% DMSO; 
n=118) or VS2 (100μl drops of basic media supplemented with 40% EG; n=105) or VS3 (100μl drops 
of basic media supplemented with 40% EG+40% DMSO; n=98). L-carnitine was added to the 
vitrification media (EG 40%+DMSO 40%) at doses of 5 (group 4, n=98), 10 (group 5, 145) and 15 
mM (group 6, n=138). The vitrification process was carried out for one minute then oocytes were 
loaded into mini-straws in groups of 5 oocytes to complete cryopreservation and plunging in liquid 
nitrogen after which thawing was carried out (Mostagir et al., 2019).  

 
Selection of recovered immature oocytes 
    According to Martins et al. (2005), the number of rehydrated immature oocytes appearing normal 
under the stereo microscope divided by the total number of vitrified oocytes was considered the 
recovery rate of vitrified/thawed oocytes.  
 
In vitro maturation (IVM) of recovered vitrified/thawed oocytes 

For maturation of oocytes, COCs were washed twice in washing medium according to 
Nedambale et al. (2006) then transported to 50 µl of the maturation medium (Choi et al., 2001). The 
oocytes-containing droplets (10 cells) were covered with 4 ml sterile mineral oil to prevent 
evaporation. 

The cells were incubated for maturation in CO2 incubator for 24 hours (Nedambale et al., 2006) 
after which the oocytes were examined under stereomicroscope for evaluation of cumulus cell 
expansion (Schellander et al., 1989). Accordingly, the oocytes were classified into 3 classes, excellent 
oocytes showing evenly granulated cytoplasm with multiple expanded layers of viable cumulus cells; 
good oocytes representing evenly cytoplasmic granulation and surrounded by some layers of 
expanded cumulus cells leaving 2 or 3 inner more unexpanded cumulus layers and poorly mature 
oocytes exhibiting uneven cytoplasm with unexpanded and/or degenerated cumulus cells. 
 
In vitro capacitation of sperm 

The process of capacitation was carried out using swim-up technique (Parrish et al., 1986). Two 
bull frozen semen mini-straws received from Artificial Insemination Centre, Beni-suef, were thawed 
in a water bath at 37 oC for 30 seconds and were pooled in a sterile warm tube. Six conical sterile 
Ependorf tubes each contained 1.0 ml S- TALP medium was prepared. In each conical tube, 50 µl of 
semen was layered under 1.0 ml of the medium. The tubes held at 45 degree angle for 1 hour at 39 oC 
after which 200 µl of the upper most supernatant of each tube (that contain highly motile 
spermatozoa) were pooled in centrifugation tube. The pooled semen was centrifuged at 1800 rpm for 
10 minutes after which the supernatant was discarded and the sperm pellet was resuspended in 1.0 ml 
of F-TALP medium for 10-15 min. for capacitation.  

 
In vitro fertilization of matured oocytes 

Excellent and good mature COCs were washed three times by F-TALP medium and placed in 50 
µl droplets of the same medium before being incubated in CO2 incubator for 1 hour after which 
oocytes were inseminated with sperm suspension (2 µl / droplet). After 24 hours, the inseminated 
oocytes were washed 3 times using H-TCM-199 medium supplemented with 10% FCS, 50 µg / ml 
gentamycin sulfate and 5 µl / ml L-glutamine then transferred to droplets of the same medium (5 
oocytes / 100 µ1) and incubated in the CO2 incubator. Fertilization was confirmed by the appearance 
of the peripherally located second polar body and cleavage of oocytes (Hensleigh and Unter, 1985). 

 
In vitro culture 

The oocytes were cultured in the supplement H-TCM-199 and placed in the CO2 incubator 
with change of the medium every 48 hours for 7 successive days (Hammam et al., 1997). 
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Statistical analysis 
Data were expressed as percentages. The statistical procedures were carried out using SPSS 

statistical software. The differences among proportions were tested using chi square analysis and 
significance was set at P<0.05. 
 
 
Results 
 
Recovery rates of COCs after vitrification 
 Table 1 demonstrates that vitrification of COCs in VS1+VS2 supplemented with LC at 5 and 
15 mM achieved the highest recovery rates (81.16 and 81.63%, respectively), meanwhile, the lowest 
recovery rates of vitrified thawed COCs were observed for those vitrified in VS1 (27.96%, P<0.001). 
 
Table 1: Recovery rate of Cumulus oocyte complexes (COCs) after vitrification with or without 

addition of L-carnitine 
group Oocytes 

(no) 
Recovery Recovery rate 

(%) 
Chi 

square 
Likelihood 

ratio 
P value 

expected Observed 
1 118 22.62 33 27.96a 

51.67 49.55 0.000 

2 105 27.42 40 38.09b 
3 98 28.79 42 42.86b 
4 98 54.84 80 81.63d 
5 145 68.55 100 68.96c 
6 138 76.78 112 81.16d 
Group 1: VS1 (DMSO 40%); group 2: VS2 (EG 40%); group 3: VS1 + VS2; group 4: VS1 + VS2 + 5 mM L-carnitine; 
group 5: VS1 + VS2 + 10 mM L-Carnitine; group 6: VS1 + VS2 + 15 mM L-Carnitine  

 
Maturation rates of vitrified/thawed bovine oocytes 

Supplementation of the vitrification medium with LC significantly improved maturation rates of 
recovered COCs as depicted in Table 2. COCs matured in VS containing LC at 10 and 15 mM 
achieved the highest maturation rates (79.00 and 81.25%, respectively), while the lowest maturation 
rate was obtained for COCs matured in EG 40% (27.27%). 
 
Table 2: Maturation rate of vitrified-thawed bovine oocytes with or without addition of L-carnitine 
Group Oocytes 

(no) 
Maturation Maturation 

rate (%) 
Chi 

square 
Likelihood 

ratio 
P value 

expected observed 
1 33 22.62 9 27.27a 

51.67 49.55 0.000 

2 40 27.42 18 45.00b 
3 42 28.79 25 59.52c 
4 80 54.84 57 71.25cd 
5 100 68.55 79 79.00d 
6 112 76.78 91 81.25d 

Group 1: VS1 (DMSO 40%); group 2: VS2 (EG 40%); group 3: VS1 + VS2; group 4: VS1 + VS2 + 5 mM L-carnitine; 
group 5: VS1 + VS2 + 10 mM L-Carnitine; group 6: VS1 + VS2 + 15 mM L-Carnitine  

 
Embryo yield from previously vitrified/thawed bovine oocytes 
 Figure 1 illustrates the embryo production rate from bovine oocytes which has been 
previously vitrified-thawed before in vitro maturation. Findings from the present work demonstrate 
high rates of morula/blastocyst production in the six groups of oocytes. The embryo production rates 
varied from 55.56% in group one (VS1, DMSO 40%) to 85.71% in group six (VS1+VS2+15 mM 
LC). The statistical analysis of embryo production rates revealed that the difference in morula-
blastocyst yield among groups was only significant when the two VS were supplemented with LC at 
15 mM, compared to DMSO or DMSO+EG (P<0.05).  
 
Embryo viability from previously vitrified/thawed bovine oocytes 

As shown in Table 3, the embryo viability rate was significantly increased after IVF-IVC of 
mature oocytes which has been vitrified in VS containing 10 and 15 mM LC (58.18 and 60.25%, 
respectively), compared to lower embryo viability rates in group one (VS1, 20%) and two ( VS2, 
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30%). Interestingly, the percentage of viable embryos produced from oocytes in group 3 (VS1+VS2) 
was numerically higher than in group 4 where the vitrification media were supplemented with 5 mM 
LC (46.66 vs 41.46%, respectively). 
 

 
Fig. 1: Embryo viability rate of IVEP produced embryos from previously vitrified-thawed immature 

bovine oocytes with or without L-carnitine 
Group 1: COCs were vitrified in DMSO 40%, Group 2: COCs were vitrified in EG 40%, Group 3: COCs were 
vitrified in EG 40%+DMSO 40%; Group 4: COCs were vitrified as in group 3+ 5 mM L-carnitine, Group 5: 
COCs were vitrified as group 3+ 10 mM L-carnitine, Group 6: COCs were vitrified as group 3+15 mM L-
carnitine 

   
Table 3: Embryo viability rate after in vitro culture of vitrified-thawed bovine oocytes with or 

without L-Carnitine  

Group 
Embryos 

(No) 
Viable embryo 

(No) 
Viable (%) 

Chi 
square 

Likelihood ratio P value 

1 5 1 20.00a 

18.79 19.53 0.002 

2 10 3 30.00a 
3 15 7 46.66ab 
4 41 17 41.46a 
5 55 32 58.18b 
6 78 47 60.25b 

Group 1: VS1 (DMSO 40%); group 2: VS2 (EG 40%); group 3: VS1 + VS2; group 4: VS1 + VS2 + 5 mM L-carnitine; 
group 5: VS1 + VS2 + 10 mM L-Carnitine; group 6: VS1 + VS2 + 15 mM L-Carnitine  

 
Discussion   

In the present study we tried to elucidate the potential beneficial impact of the anti-oxidant amino 
acid LC against the harmful effects of vitrification process on the quality and the developmental 
capacity of immature bovine oocytes. Findings from our work revealed many important results, where 
LC succeeded to counteract the effect of vitrification on post-thawing viability, in vitro maturation 
and embryo production from vitrified bovine oocytes. 

Addition of LC at 5 and 15 mM into the vitrification medium resulted in the highest recovery 
rates of immature oocytes after thawing. Mostagir et al. (2019) found that immature buffalo oocytes 
vitrified in EG 40%+DMSO 40% with 5 and 10 mM LC had the highest post-thawing recovery and 
viability rates amd the lowest abnormalities of zona pellucida. In their study, the authors found that 
inclusion of LC at 20 mM into the vitrification medium did not improve the recovery rates and oocyte 
viability. It might be possible that inclusion of higher levels of LC into the vitrification media 
exceeded the protective antioxidant level and had negative effects on oocyte viability. 
Cumulus oocyte complexes vitrified in VS1+VS2 and 10 mM LC achieved lower recovery rates after 
thawing, compared to those vitrified in VS1+VS2 and 5 or 15 mM LC. Although this result seems an 
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abnormal finding, the recovery rate of COCs vitrified in VS supplemented with 5 mM LC albeit 
showed significant improvement when compared to recovery rates achieved by COCs vitrified in 
DMSO 40%, EG 40% or mixture of them.   

Vitrification of immature cattle oocytes in DMSO yielded the lowest recovery rates, while a 
mixture of EG 40%+DMSO 40% achieved significantly higher recovery rates when compared to 
DMSO alone. Similar results were cited by Bhat et al. (2013); Abdel-Gawad et al. (2016) and 
Mostagir et al. (2019). Inclusion of EG as a permeating agent in the vitrification solution with lower 
toxic effects and low molecular weight helps to protect the oocytes during the harmful vitrification 
process (Kuwayama et al., 2005).  

The current investigation revealed a significant improvement of in vitro maturation rates of 
bovine oocytes after inclusion of LC into the vitrification medium of immature COCs. Additionally, 
the maturation rates achieved by oocytes vitrified in a mixture of DMSO 40% and EG 40% did not 
differ significantly between the three concentrations of LC. The protective antioxidant effects of LC 
against oxidative damage created by the vitrifying solutions, particularly, DMSO might explain the 
better maturation rates of oocytes in LC groups. Meanwhile, the absence of statistical differences 
among the three LC groups in terms of maturation rates might be attributed to the careful selection of 
vitrified-thawed COCs based on experienced evaluation of the morphological criteria. It seems 
possible that all the COCs rescued from oxidative damage and harmful effects of the vitrifying agents 
had nearly similar maturation potentials.  

The results obtained herein suggest better developmental competence of vitrified-thawed COCs 
in VS containing LC at 15 mM. To the best of the authors knowledge no available literature discuss 
this topic and it may be one of the novel findings of the current study. Nevertheless, our results should 
be interpreted with caution as the numbers of mature oocytes admitted to IVEP are low, furthermore, 
we relied on morphological evaluation of embryo quality which is considered a subjective method 
(Sugimora et al., 2017).   

The significant improvement of IVEP from vitrified-thawed COCs reported in the current 
investigation may be due to the ability of 15 mM LC to protect the sensitive immature gametes 
against oxidative damage during vitrification. Yoon et al. (2014) demonstrated that the developmental 
potential of bovine embryos in vitro was improved due to reduced oxidative stress. The authors also 
cited that supplementation of the in vitro culture medium with antioxidants is associated with 
improved IVEP. 

L-carnitine has been previously reported to stimulate lipid metabolism in animal cells (Kerner 
and Hoppel, 2000) and it has been cited to increase tolerance of oocytes to cryopreservation 
(Chankitisakul et al., 2013) and prevent cell damage (Abdelrazek et al., 2009). In the same context, 
Moawad et al. (2013) stated that LC possesses both antioxidant and lipid metabolism stimulating 
characteristics which necessitates its supplementation during in vitro embryo production. 
 
Conclusion 

Conceivably, this study revealed interesting findings regarding the success of LC to counteract 
the oxidative damage created by vitrification as reflected in higher recovery and maturation rates of 
bovine oocytes. Moreover, the recovered mature oocytes had a higher developmental potential under 
in vitro embryo production system. 
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