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ABSTRACT  
 

The purpose of this study was to evaluate the effectiveness of cysteamine supplementation on the maturation medium and/or in vitro 

fertilization medium with regards to improving the normal fertilization rate of sheep oocytes, which are characterized by the formation of two 
pronuclei. Grade A and B oocytes were matured in medium-199 with 0.3% bovine serum albumin (BSA), 10 IU/mL follicle stimulating hormone 

(FSH), 10 IU/mL human chorionic gonadotrophin (hCG), and 50 μg/mL gentamicin added for 24 hours in a 5% CO2 incubator at 39° C. The 

treatment group was divided into the following groups: a control group with no cysteamine (P1), a group with 100 μM cysteamine in the 
maturation medium (P2), a group with 100 μM cysteamine in the fertilization medium (P3), and a group with 100 μM cysteamine both in the 

maturation and fertilization medium (P4). The fertilization was carried out by incubating sperm-oocytes for 12 hours and then staining them with 

1% aceto-orcein to observe the formation of a pronucleus. Normal fertilization rates obtained by each treatment group were 56.5% (P1), 57.1% 
(P2), 57.8% (P3), and 59.9% (P4) with no significant difference (P>0.05) between groups. It was concluded that 100 μM cysteamine 

supplementation in both the maturation medium and fertilization medium was not able to increase the normal fertilization rate of sheep oocytes. 

____________________________________________________________________________________________________________________ 
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ABSTRAK 
 

Tujuan dari penelitian ini adalah mengevaluasi efektivitas penambahan cysteamine pada medium maturasi dan/atau medium fertilisasi in 
vitro dalam memperbaiki tingkat fertilisasi normal oosit domba yang ditandai dengan terbentuknya dua pronukleus. Oosit grade A dan B 

dimatangkan dalam medium-199 yang ditambahkan 0,3% bovine serum albumin (BSA), 10 IU/mL follicle stimulating hormone (FSH), 10 IU/mL 

human chorionic gonadotrophin (hCG) dan 50 μg/mL gentamisin selama 24 jam dalam inkubator CO2 5% dengan suhu 39° C. Kelompok 
perlakuan dibagi menjadi kelompok kontrol tanpa penambahan cysteamine (P1), kelompok dengan penambahan 100 μM cysteamine dalam 

medium maturasi (P2), penambahan 100 μM cysteamine dalam medium fertilisasi (P3), dan penambahan 100 μM cysteamine kombinasi dalam 

media maturasi dan fertilisasi (P4). Fertilisasi dilakukan dengan menginkubasi sperma-oosit selama 12 jam kemudian diwarnai dengan 1% 
aseto-orsein untuk mengamati pembentukan pronukleus. Tingkat fertilisasi normal yang didapat oleh setiap kelompok perlakuan adalah 56,5% 

(P1); 57,1% (P2); 57,8 % (P3); dan 59,9% (P4) tidak menunjukkan perbedaan yang signifikan (P>0,05) antar kelompok. Disimpulkan bahwa 

suplementasi 100 μM cysteamine dalam media maturasi, media fertilisasi, dan kombinasinya belum mampu meningkatkan jumLah fertilisasi 
normal oosit domba. 
____________________________________________________________________________________________________________________ 

Kata kunci: cysteamine, GSH, oosit, pronucleus, domba 

 

 

INTRODUCTION 

 

Oocytes for in vitro embryo production (IVEP) of 

livestock are usually obtained from the ovary waste of 

slaughterhouses. These oocytes typically have 

undergone puberty and exhibit a perfect oocyte 

ultrastructure so that they are ready to be used in IVEP 

(Hyttel et al., 1997; Jainudeen et al., 2000). The 

application of this biotechnology involves several 

important stages, including in vitro maturation (IVM) 

and in vitro fertilization (IVF) (Gordon, 2003). The 

success of each stage of IVEP depends on a the 

following factors: the components of the in vitro 

culture medium, the quality of the oocytes used, and 

the environmental conditions during culture (Hammam 

et al., 2010).  

In vitro cultures are generally carried out with a 

level and pressure that is equivalent to the O2 in the 

atmosphere (~20%), while the O2 level in in vivo is 

usually around 5%, with the O2 pressure in the 

follicular fluid being around 3-13% (Hashimoto et al., 

2000; Swain et al., 2016). In vitro cultures with such 

O2 levels have been known to increase oxygen 

metabolism which leads to an increase in the formation 

of free radicals or reactive oxygen species (ROS) 

(Correa et al., 2008; Mingoti et al., 2009). An 

imbalance in the number of ROS can cause damage to 

cell structures, including the mitochondria, 

microtubules, deoxyribonucleic acid (DNA), and 

ribonucleic acid (RNA) (Takahashi et al., 2000). The 

increase in ROS production due to an increase in 

oxygen metabolism in in vitro culture conditions can be 

reduced by adding antioxidant compounds to the 

culture medium (Livingston et al., 2009). Glutathione 

(GSH) is one of the intracellular antioxidants produced 

by oocytes through a de novo synthesis process during 

the maturation process (de Matos et al., 1996). GSH 

plays an important role in reducing free radicals; 

protecting cellular from oxidative stress; as a reservoir 

of cysteine; modulating various cellular processes, 

including DNA and protein synthesis, processes related 

to microtubules, cell immune function, cell 

proliferation during the embryonic process (Lu, 2009), 

and helping to decondensate the nucleus of 
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spermatozoa cells during the formation of the 

pronucleus (Yoshida et al., 1993).  

When an oocyte undergoes nuclear maturity, GSH 

reaches its highest concentration and the gap junction 

will be cut off due to the secretion of the hyaluronidase 

enzyme by the cumulus cells so that cysteine cannot be 

transported back into the oocyte (de Matos and Furnus, 

2000; Sutton et al., 2003). If the concentration of GSH 

achieved during maturation is not optimal, it will cause 

an accumulation of ROS which results in aging and 

apoptosis (Agarwal et al., 2005; Combelles et al., 

2009). The components of the basic culture media used 

in the IVM, and IVF processes are not equipped with 

antioxidants; however, in medium-199 there is cysteine 

which is the main ingredient of GSH production with 

very small concentrations of 0.6 M and 108.3 M 

cystine. In a basic medium, IVF (Suzuki et al., 2000) 

does not contain cysteine as a component. Conversely, 

if oxygen levels are high in an in vitro culture 

environment, cysteine will easily oxidize into cystine. 

Thus, a substance is needed that can keep cysteine in a 

stable condition during the IVM and IVF processes. 
Cysteamine is an amino thiol (HSCH2CH2NH2) that 

is formed in the body from the degradation of coenzyme 
A during the formation of pantetheine, which eventually 
hydrolyzes into cysteamine and pantothenic acid. 
Cysteamine is able to increase the production of GSH 
during the maturation process by reducing cystine to 
cysteine (Gasparrini et al., 2003; Zhou et al., 2008). 
Supplementation of thiol components such as 
cysteamine can break cystine disulfide bonds into 
cysteine and cysteine-cysteamine disulfide forms, 
thereby triggering cysteine uptake and GSH synthesis. 
Cysteamine in low concentrations can increase cysteine 
transport into cells for GSH synthesis, but in high 
concentrations it can reduce the activity of the enzyme 
glutathione peroxidase which is important in catalyzing 
GSH into disulfide bonds (Besouw et al., 2013). A 
number of animal studies have shown that the addition 
of 100 µM cysteamine to an IVM medium can increase 
the number of fertilized oocytes in goats (An et al., 
2018), pigs (Bing et al., 2002), and cattle (de Matos et 
al., 2002a). At the time this study was conducted, the 
effectiveness of the addition of cysteamine in the 
fertilization medium was still unknown; therefore, this 
study was aimed at examining the increase in the 
competence of sheep oocytes after the addition of 
cysteamine to the maturation and fertilization medium. 

 

MATERIALS AND METHODS 

 

Ovary Collection 

Ovaries of pubescent goats and sheep, which were 

characterized by the presence of a corpus luteum in one 

of the ovaries, obtained from slaughterhouses were 

rinsed with 0.9% NaCl supplemented with 0.1 mg/mL 

streptomycin (Sigma-Aldrich) and 100 mg/mL 

penicillin (Sigma-Aldrich, St. Louis, MO, USA). The 

ovaries were placed in a thermos containing the same 

solutionused for rinsing at a temperature of 34°-36° C. 

The ovaries were then brought to the laboratory in less 

than 3 hours after excision. 

Oocyte Collection and In vitro Maturation 

The oocytes were collected by a slicing technique 

using a size 21 blade. The oocyte collection was carried 

out in sterile petri dishes containing a phosphate 

buffered saline (PBS) solution supplemented with 0.3% 

bovine serum albumin (BSA) (Sigma-Aldrich. Inc., P-

4687), 100 IU/mL penicillin, and 0.1 mg/mL 

streptomycin before being washed three times. The 

oocytes collected were evaluated and selected under a 

stereomicroscope. Grade A and B oocytes with a 

minimum of 3 layers of compact cumulus cells and 

homogeneous cytoplasm were selected for the 

maturation process. 

Oocyte maturation was carried out using a static 

culture system in which oocytes were matured in 

microdroplets containing 100 µL of a maturation 

medium containing 15–20 oocytes, which was then 

covered with mineral oil (Sigma, USA). The 

maturation medium used was basic medium-199 

(TCM-199) (Gibco, Grand Island, NY, USA) 

supplemented with 0.3% BSA (Sigma, USA), 10 

IU/mL follicle stimulating hormone (FSH) (Vetoquinol 

N.-A inc, Lavaltrie, Quebec, Canada), 10 IU/mL 

human chorionic gonadotrophin (hCG) (Kyoritsu 

Seiyaku, Tokyo, Japan) and 50 μg/mL gentamycin 

(Sigma, USA). The oocyte maturation was carried out 

in a 5% CO2 incubator at 39° C for 24 hours (Zhu et 

al., 2018). 
 

Spermatozoa Preparation and In vitro Fertilization 
The oocyte fertilization was carried out using frozen 

Garut sheep semen from the Lembang Artificial 
Insemination Center, Bandung. The frozen sheep 
semen was thawed in a water bath at 37° C for 30 
seconds. The semen was then put into a sterile 
centrifuge tube containing 8 mL of fertilization 
medium (Suzuki et al., 2000) and centrifuged at 1800 
G for 5 minutes. The supernatant portion from the 
centrifugation was discarded and the spermatozoa 
precipitate was diluted again with a fertilization 
medium to obtain a final concentration of 5×10

6
 

spermatozoa/mL. A mixture of spermatozoa and 
fertilization media was made in the form of 100 μL 
drop and covered with mineral oil (Sigma-Aldrich. Inc., 
M-8410). The matured oocytes were washed twice in 
the fertilization and then transferred into a drop and 
incubated for 12-14 hours in a 5% CO2 incubator at  
39° C. After 12-14 hours of incubation, the oocyte 
fertilization rate was evaluated. 

 

Evaluation of Fertilization Success 

The fertilized oocytes were denuded with cumulus 

cells, with the help of 0.25% hyaluronidase enzyme 

(Sigma, USA), by pipetting repeatedly using a pipette 

with the diameter adjusted to the size of the oocyte. 

The denuded oocytes were then placed in a PBS drop 

on a cover glass which had paraffin and Vaseline pads 

at each of the four corners of the glass, then they were 

fixed to both sides of the paraffin and Vaseline pads. 

The preparations were put into a fixation solution 

containing acetic acid and ethanol (1:3) for 48-72 

hours. The preparations were then stained with 1% 
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aceto orcein for 5 minutes, then the dye was rinsed with 

25% acetic acid. The pronucleus (PN) observation was 

performed using a phase contrast microscope 

Determination of the rate of in vitro fertilization 

ability was carried out based on the formation and 

number of PN. Total fertilized oocytes are oocytes that 

have two or more PNs. Normal fertilization is 

characterized by the formation of 2PN, while oocytes 

with more than 2PN are categorized as polyspermy. 

 

Experimental Design 

The treatments in this study were divided into four 

groups based on cysteamine supplementation in an 

IVM medium and/or IVF medium. The concentration 

of cysteamine used was 100 μM, which was in 

reference to the study by An et al. (2018) which used 

goats as experimental animals. The control group was 

the group without cysteamine supplementation referred 

to as P1, and P2 was the treatment group with 

cysteamine supplementation in the maturation medium. 

P3 was the group with cysteamine supplementation on 

the fertilization medium, and P4 was the group with 

cysteamine supplementation on both the maturation and 

fertilization mediums. 

 

Data Analysis 

 The in vitro oocyte fertilization rate data is 

presented in percentage form and was statistically 

analyzed using analysis of variance (ANOVA) at a 

95% significance level, followed by Duncan's multiple 

range test (DMRT) (Steel and Torrie, 1993).  

RESULTS AND DISCUSSION 

 

From this study, it was found that the total 

fertilization rate in the groups with the addition of 100 

µM cysteamine at P2 (71.8±0.8), P3 (73.5±0.8), and P4 

(73.6±1.3) were not significantly different (P<0.05) 

from the control group P1 (68.5±1.3). Furthermore, 

there was no significant difference (P>0.05) between 

the groups with the addition of cysteamine compared to 

the control group. These results show that the addition 

of 100 µM cysteamine in the maturation medium, 

fertilization medium, and combined medium did not 

increase the normal fertilization number of sheep 

oocytes as presented in Table 1. 

The success of the IVF process is usually judged by 

the formation of two or more pronuclei. Meanwhile, 

normal fertilization is characterized by the formation of 

two pronuclei and the oocytes that have more than two 

pronuclei are categorized as polyspermy oocytes (Elder 

and Dale, 2003) as in Figure 1. This is because oocytes 

with normal fertilization have the opportunity to 

develop further into embryos. In the fertilization 

process, GSH can reduce disulfide bonds in the zona 

pellucida (ZP) which allows for spermatozoa to 

penetrate more easily into the oocyte (Takeo and 

Nagata, 2011). In addition, Sutovsky et al. (2000) 

stated that GSH reduces the disulfide bonds in the tail 

of spermatozoa so that tail severance can occur, and 

this in turn initiates the formation of the pronucleus. 

After formation of the pronucleus occurs, GSH reduces 

the disulfide bonds in the protamine, which is then 

Table 1. Sheep oocyte fertilization rate with supplementation of 100 µM cysteamine in IVM medium and/or IVF medium 

Groups 

Treatment  

100 µM cysteamine 

Oocyte 

number 

Pronucleus formation rate 

(% mean ±SEM) 

Normal 

2 PN (%) 

Polyspermy>2PN 

(%) 

Total fertilized 

(%) 

IVM medium IVF medium     

P1 - - 84 48(56.5±3.4) 10(12.0±2.5) 58(68.5±1.3) 

P2 + - 92 54(57.1±4.5) 12(14.7±4.1) 66(71.8±0.8) 

P3 - + 90 53(57.8±2.9) 13(15.7±3.5) 66(73.5±0.8) 

P4 + + 83 50(59.9±3.4) 11(13.7±3.2) 61(73.6±1.3) 

The mean in the same column with different superscripts shows a significant difference (P<0.05). += With 100 µM cysteamine,      

-= Without 100 µM cysteamine, 2PN= Two pronucleus, >2PN= More than two pronucleus 

 

 
Figure 1. Pronucleus (PN) formation after in vitro fertilization of sheep oocyte. A= Oocyte with two pronucleus (2 PN); B= Oocyte 

with more than two pronucleus (>2 PN). 1% aceto orcein 200× magnification 
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replaced by histones as a condition for decondensation 

(Mukhopadhyay et al., 2008). If there is no reduction of 

the disulfide bond by GSH then the formation of the 

pronucleus does not occur (Sutovsky and Schatten, 

1997). 

The results of this study showed that the addition of 

100 µM cysteamine in the maturation medium, 

fertilization medium and combined mediums did not 

significantly increase the normal fertilization rate in all 

treatments. There are two possibilities that might have 

caused no significant difference in all of these 

treatments at a dose of 100 µM. The first one being that 

the addition of cysteamine at a dose of 100 µM was not 

able to increase the number of mature oocytes for 

fertilization. This is in line with the research of de 

Matos et al. (2002b), who stated that there was no 

increase in oocyte maturation with the addition of 

cysteamine at a dose of 100 µM in sheep. A significant 

increase in oocyte development and GSH production 

during maturation was only achieved at a dose of 200 

µM. This is presumably because the addition of 

cysteamine at this concentration is not able to produce 

an optimal GSH concentration to support the formation 

of the pronucleus. This result is in line with studies on 

mice oocytes (Chen et al., 2005) and bovine oocytes 

(Balasubramanian and Rho, 2007), which stated that 

the addition of 100 µM cysteamine had no significant 

effect on fertilization rates.  

The second hypothesis is that the addition of 

cysteamine to the media at different stages of culture 

affects the formation of GSH through the conversion of 

cysteine to cysteine. In this study, the increase in 

normal fertilization rates in both the control and 

treatment group did not show a significant difference. It 

is possible that this event is caused by the GSH that is 

formed to support normal fertilization in the maturation 

medium, which is supported by the availability of the 

main ingredients for forming GSH, namely cysteine 

and cystine. This is in accordance with the opinion of 

Besouw et al. (2013) and Lu (2013) who stated that 

cysteamine would break the disulfide bonds of cystine 

into the form of cysteine and cysteine-cysteamine 

disulfide which are the main ingredients for the 

formation of GSH. In this study, the TCM-199 medium 

used had a cysteine component with a concentration of 

0.6 M and cystine 108.3 µM.  

Similar to the results on the maturation medium, 

100 µM cysteamine supplementation in the IVF 

medium did not show a significant difference in normal 

fertilization rates compared to the other groups. It is 

suspected that the addition of cysteamine in the 

fertilization medium did not play a role in increasing 

the normal fertilization rate. The reason for this 

occurrence may be related to the fact that the peak of 

the oocyte GSH formation process occurs during the 

nuclear maturation process, and this gradually 

decreases at the beginning of the fertilization process 

until it enters the early stages of embryonic 

development (de Matos and Furnus 2000;  

Zuelke et al., 2003). In addition, the synthesis of 

GSH through the addition of cysteamine requires 

certain substances as the main ingredients to facilitate 

its formation, namely cysteine and cystine. Meanwhile, 

the fertilization medium used (Suzuki et al., 2000) did 

not contain these two components at all. This reinforces 

the notion that the addition of cysteamine to the 

fertilization medium does not support the development 

of normal fertilization rates.  

The addition of 100 µM cysteamine 

supplementation to both the IVM medium and IVF 

medium did not affect the normal fertilization rate of 

sheep oocytes. These results indicate that the GSH 

required for the formation of a normal pronucleus is 

dependent upon the basic medium of in vitro 

maturation.  

 

CONCLUSION 

 

Based on the study conducted, it can be concluded 

that the addition of 100 µM cysteamine was not able to 

effectively increase the normal fertilization rate of 

sheep oocytes in vitro. 
 

REFERENCES 
 
Agarwal, A., S. Gupta, and R. Sharma. 2005. Oxidative stress and its 

implications in female infertility-a clinician’s perspective. Rep. 

Bio. Med. 11:641-650. 

An, L., J. Liu, Y. Du, Z. Liu, F. Zhang, Y Liu, X Zhu, P. Ling, S. 

Chang, Y. Hu, Y. Li, B. Xu, L. Yang, F. Xue, G. A. Presicce, 

and F. Du. 2018. Synergistic effect of cysteamine, leukemia 
inhibitory factor, and Y27632 on goat oocyte maturation and 

embryo development in vitro. Theriogenology. 108:56-62.  

Balasubramanian, S. and G.J. Rho. 2007. Effect of cysteamine 
supplementation of in vitro matured bovine oocytes on chilling 

sensitivity and development of embryos. Anim. Reprod. 

98:282-292.  
Besouw, M., R. Masereeuw, L.V.D. Heuvel, and E. Levtchenko. 

2013. Cysteamine: An old drug with new potential. Drug. 

Discov. Today. 18(15-16):1-8. 
Bing, Y.Z., Y. Hirao, K. Iga, L.M. Che, N. Takenouchi, M. 

Kuwayama, D. Fuchimoto, H. Rodriguez-Martinez, and T. 

Nagai. 2002. In vitro maturation and glutathione synthesis of 
porcine oocytes in the presence or absence of cysteamine under 

different oxygen tensions: Role of cumulus cells. Reprod. 

Fertil. Dev. 14:125-131. 
Chen, N., S.L. Liow, W.Y. Yip, L.G. Tan, and S.C. Ng. 2005. 

Influence of cysteamine supplementation and culture in portable 

dry-incubator on the in vitro maturation, fertilization and 
subsequent development of mouse oocytes. Theriogenology. 

63:2300-2310.  

Combelles, C.M.H., S. Gupta, and A. Agarwal. 2009. Could 
oxidative stress influence the in-vitro maturation of oocytes. 

Reprod. Biomed. 18(6):864-880. 

Correa, G.A., R. Rumpf, T.C.D. Mundim, M.M. Franco, and M.A.N. 
Dode. 2008. Oxygen tension during in vitro culture of bovine 

embryos: Effect in production and expression of genes related to 

oxidative stress. Anim. Reprod. Sci. 104(2-4):132-142. 
de Matos D.G., C. Herrera, R. Cortvrindt, J. Smitz, A. Van Soom, D. 

Nogueira, and R.S. Pasqualini. 2002a. Cysteamine 

supplementation during in vitro maturation and embryo culture: a 
useful tool for increacing the efficiency of bovine in vitro 

embryo production. Mol. Reprod. Dev. 62:203-209. 

de Matos, D.G. and C.C. Furnus. 2000. The importance of having 
high glutathione (GSH) level after bovine in vitro maturation on 

embryo development: Effect of -mercaptoethanol, cysteine, and 

cystine. Theriogenology. 53(3):761-771.  
de Matos, D.G., B. Gasparrini, S.R. Pasqualini, and J.G. Thompson. 

2002b. Effect of glutathione synthesis stimulation during in vitro 

maturation of ovine oocytes on embryo development and 
intracellular peroxide content. Theriogenology. 57(5):1443-

1451. 



Dona Astari Nurkarimah et al. 

 

122 

de Matos, D.G., C.C. Furnus, D.F. Moses, A.G. Martinez, and M. 
Matkovic. 1996. Stimulation of glutathine synthesis of in vitro 

matured bovine oocytes and its effect on embryo development 

and freezability. Mol. Reprod. Dev. 45:451-457. 
Elder, K. and B. Dale. 2003.  In vitro Fertilization Second Edition. 

3rd ed. Cambridge University Press, United Kingdom. 

Gasparrini, B., H. Sayoud, G. Neglia, D.G. de Matos, I. Donnay, and L. 
Zicarelli. 2003. Glutathione synthesis during in vitro maturation of 

buffalo (Bubalus bubalis) oocytes: Effects of cysteamine on 

embryo development. Theriogenology. 60:943-952.  
Gordon, I. 2003. Laboratory of Cattle Embryos. 2nd ed. CABI 

Publishing, London. 

Hammam, A.M., C.S. Whisnant, A. Elias, S.M. Zaabel, A.O. Hegab, 
and E.M. Abu-El Naga. 2010. Effect of medium, sera and 

hormones on in vitro maturation and fertilization of water 

buffallos (Bubalus bubalis). J. Anim. Vet. 9:27-31. 

Hashimoto, S., N. Minami, R. Takakura, and M. Yamada. 2000. Low 

oxygen tension during in vitro maturation is beneficial for 

supporting the subsequent development of bovine cumulus-
oocyte complexes. Mol. Reprod. Dev. 57(4):353-360. 

Hyttel, P., T. Fair, H. Callesen, and T. Greve. 1997. Oocyte growth, 

capacitation and final maturation in cattle. Theriogenology. 
47(1):23-32.  

Jainudeen, M.R., H. Wahid, and E.S.E. Hafez. 2000. Ovulation 

Induction, Embryo Production and Transfer. In Reproduction in 

Farm Animals. Hafez, B. and E.S.E. Hafez. 7th ed. Lippincott 

Williams & Wilkins, Philadelphia. 

Livingston, T., K. Rich, S. MacKenzie, and J.D. Godkin. 2009. 
Glutathione content and antioxidant enzyme expression of in vivo 

matured sheep oocytes. Anim. Reprod. Sci. 116(3-4):265-273. 

Lu, S.C. 2009. Regulation of glutathione synthesis. Mol. Aspects 

Med. 30(1-2):42-59. 

Lu, S.C. 2013. Glutathione synthesis. Biochem. Biophys. Acta. 

1830(5):3143-3153. 
Mingoti, G. Z., V.S.D.C. Castro, S.C. Meo, L.S.S. Baretto, and J.M. 

Garcia. 2009. The effect of interaction between macromolecule 

supplement and oxygen tension on bovine and embryos cultured 
in vitro. Zygote. 17(4):321-328.   

Mukhopadhyay, C.S., A. Verma, P.P. Dubey, R. Jain, and N. Singh. 

2008. Sperm nuclear chromatin decondensation test: Its 
applicability to predict fertility of cyropreserved semen samples. 

Ind. Anim. Res. 42:285-287.   

Steel, R.G.D. and J.H. Torrie. 1993. Prinsip dan Prosedur 

Statistika Suatu Pendekatan Biometrik. Gramedia Pustaka 

Utama, Jakarta. 
Sutovsky, P. and G. Schattan. 1997. Depletion of glutathione during 

bovine oocyte maturation reversibly blocks the decondensation 

of the male pronucleus and pronuclear apposition during 
fertilization. Biol. Reprod. 56:1503-1512.  

Sutovsky, P., R.D. Moreno, J. Ramalho-Santos, T. Dominko, C. 

Simerly, and G. Schatten. 2000. Ubiquitinated sperm 
mitochondria, selective proteolysis, and the regulation of 

mitochondrial inheritance in mammalian embryos.  Biol. 

Reprod. 63:582-590. 
Sutton, M.L., R.B. Gilchrist, and J.G. Thompson. 2003. Effects of in-

vivo and in-vitro environments on the metabolism of the 

cumulus-oocyte complex and its influence on oocyte 
developmental capacity. Hum. Reprod. 9(1):35-48.   

Suzuki, K., B. Erikson, H. Shimizu, I. Nagai, and H. Rodriguez-

Martinez. 2000. Effect of hyaluron on monospermic penetration 

of porcine oocyte fertilized in vitro. Int. Androl. 23:13-21. 

Swain, J.E., D. Carell, A, Cobo, M. Meseguer, C. Rubio, and G.D. 

Smith. 2016. Optimizing the culture environment and embryo 
manipulation to help maintain embryo developmental potential. 

Fertil. Steril. 105(3):571-587.  

Takahashi, M., K. Keischo, H. Takahashi, H. Ogawa, R.M. Schultz, 
and A. Okano. 2000. Effect of oxidative stress on development 

and DNA damage in in vitro cultured bovine embryos by comet 

assay. Theriogenology. 54:137-145.  
Takeo, T. and N. Nakagata. 2011. Reduced glutathione enhances 

fertility of frozen/thawed C57BL/6 mouse sperm after exposure 

to methyl-beta-cyclodextrin. Biol. Reprod. 85:1066-1072. 
Yoshida, M., K. Ishigaki, T. Nagai, M. Chikyu, and V.G. Pursel. 

1993. Glutathione concentration during maturation and after 

fertilization in pig oocytes: relevance to the ability of oocytes to 
form male pronucleus. Biol. Reprod. 49:89-94. 

Zhou, P., Y.G. Wu, Q. Li, G.C.  Lan, G. Wang, D. Gao, and J.H. Tan. 

2008. The interactions between cysteamine, cystine and cumulus 
cells increase the intracellular glutathione level and 

developmental capacity of goat cumulus-denuded oocytes. 

Reproduction. 135:605-611. 
Zhu, J., A.R. Moawad, C.Y. Wang, H.F. Li, J.Y. Ren, and Y.F. Dai. 

2018. Advances in in vitro production of sheep embryos. Int. J. 

Vet. Sci. Med. 6(1):15-26. 
Zuelke, K.A., S.C. Jeffay, R.M. Zucker, and S.D. Perrealut. 2003. 

Glutathione (GSH) concentrations vary with the cell cycle in 

maturing hamster oocytes, zygotes, and preimplantation on stage 
embryos. Mol. Reprod. Dev. 64:106-112. 

 


