INFLUENCE OF CYSTEAMINE SUPPLEMENTATION DURING IN VITRO MATURATION OF BOVINE OOCYTES ON DEVELOPMENTAL RATE AND EMBRYO QUALITY
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Abstract

The present study examined the effect of cysteamine during in vitro maturation (IVM) of bovine oocytes on blastocyst development and embryo quality. After maturation in control (0µM) or cysteamine supplemented medium (100µM) oocytes were fertilized and cultured for 9 days. The endpoints for evaluation were: Day 2 cleavage rate; Day 7 blastocyst rate; Day 9 hatching rate, total cell number and differentiation of the embryonic cells into inner cell mass cells (ICM) and trophectoderm cells (TE) in Day 9 embryos. No beneficial effect regarding to maturation or cleavage rate was related to the addition of  cysteamine. However, the addition of cysteamine resulted in significantly higher percentage of morulas and blastocysts on Day 7 (p<0,001), hatched blastocysts on Day 9 of culture (p<0,01) and higher total cell number and the number of ICM cells in Day 9 hatched blastocysts (p<0,05).

Zusammenfassung

 Das Ziel dieser Forschung war die Wirkung des Zystamin, der in vitro in das Medium für das Heranreifen beigegeben war, auf die Quälitat der Rinderembryonen zu bewerten. Nach dem Heranreifen in dem Kontrollmedium (0 μm) und in dem Medium (100 μm), in dem Zystamin beigegeben wurde, wurden Oociten 9 Tage befruchtet und gezüchtet. Die Ergebnisse der Forschung sind folgende: der zweite Tag- Stadium der Teilung ; der siebte Tag Stadium der Blastozyste ; der neunte Tag Stadium des Schlüpfen, die Gesamtzahl der Zellen und der Differenzierung der embryonierten Zellen in ICM und TE bei Embryo von neun Tagen. Es gab keinen bedeutenden Einfluss auf das Heranreifen oder auf die Teilung in Bezug auf das Beigeben von Zystamin. Aber der Einfluss von Zystamin ergab am siebten Tag, das Resultat der wachsender Prozentzahlen von Morulen und Blastozysten (p<0,001), geschüpften Blastozysten am neunten Tag (p<0,01) und die höhere Gesamtzahl der Zellen und die Zahl der ICM Zellen in den geschlüpften Blastozyste (p<0,05).

Introduction

The oxidative damage of the cell due to accumulation of reactive oxygen species (ROS) is one of the most damaging process for the cellular function. Oxidative stress induce mitochondrial dysfunction, DNA, RNA and protein damage, inhibition of sperm-oocyte fusion, embryo cell block and apoptosis, especially at the blastocyst stage (1). The addition of antioxidants to the IVM media may protect oocytes and embryos from detrimental effect of oxygen derived free radicals. Glutathione (GSH) is a major non-protein sulphydril compound in mammalian cells which plays a critical role in protecting the cell from oxidative damage. It is essential for detoxification of lipid peroxides and is involved in removal of H2O2 in embryos. GSH is synthesized during oocyte maturation in mouse, hamster, pig and cow. Intracellular GSH content influences cytoplasmic maturation of oocyte (2). The intracellular GSH concentration increases as the oocyte progress from the germinal vesical to the metaphase II stage (3). During fertilization GSH participate in sperm decondensation and the formation of male pronucleus. The intracytoplasmic GSH concentration varies during preimplatation development of in vitro produced bovine embryos. The lowest level of GSH was found in 2-8 cells embryos and the highest level was found in hatched blastocyst (4), as the de novo synthesis of GSH begins to increase at the 9-16 cells stage embryos (5). The biosynthesis of GSH depends on the presence of L-cysteine in the medium (6). Cysteamine is a low molecular-weight thiol compound that may reduce cystine to cysteine and enhance oocyte GSH synthesis (7). It was demonstrated that the addition of cysteamine to the in vitro maturation medium improves the rate of embryo development by increasing GSH synthesis in sheep and cow (8,9). The study was designed to evaluate the effect of supplementing IVM medium with cysteamine on subsequent embryo development and to evaluate Day 9 hatched blastocysts for differentiation by means of differential staining.

Materials and methods

Bovine ovaries were collected at the abattoir and transported to the laboratory in physiological saline with antibiotics (100 I.U. penicillin and 100 µg streptomycin/mL) at 37°C within 3 h of slaughter. Cumulus-oocyte complexes (COCs) were aspirated from 2 to 8 mm diameter follicles using an 18G needle attached to a vacuum pump. Oocytes with intact cumulus investment and evenly granulated cytoplasm were randomly distributed in two groups and matured in vitro in TCM 199 bicarbonate medium supplemented with 10% FCS, FSH/LH (Pergonal, 75/75 IU, Serono), 1 µg/ml estradiol-17ß and 0 (control) or 100 µM cysteamine. Oocytes were incubated at 39°C with 5% CO2 in air for 24 h. In vitro fertilization (IVF) was performed in modified Tyrode's bicarbonate buffered solution supplemented with 10 µg/mL heparin, 5 µg/mL hypotaurine, 5 µg/mL epinephrine and 6 mg/ml BSA-FAF. Sperm preparation for IVF on BoviPure® gradient was accomplished according to producer's directions. The final concentration was adjusted to 1×106 spz/mL. Incubations were carried out at 39°C in 5% CO2 in air for 24 h. After the sperm-oocytes co-incubation, the presumptive zygotes were denuded from cumulus cells and spermatozoa. Fertilized oocytes were cultured in vitro (IVC) in synthetic oviductal fluid (SOF) with amino acids and 8 mg/mL BSA without glucose for 48 h and then transferred in SOF with 1.5 mM glucose. The embryos were cultured in vitro until Day 9 at 39°C in 5% CO2, 7% O2 in 88% N2. The endpoints for evaluation were Day 2 cleavage rates; Day 7 blastocyst rates; Day 9 hatching rates, total cell number and differentiation of the embryonic cells into ICM and TE cells in Day 9 embryos.

Differential staining of blastocysts

Hatched embryos were washed in PBS containing 0.1% PVA. Embryos were then incubated in a 30:70 dilution of rabbit anti-bovine whole serum in TCM 199 bicarbonate at 39° for 1 h. After washing in PBS 0.1% PVA, the embryos were incubated in a 1:4 dilution of a guinea pig complement in TCM 199 bicarbonate supplemented with 10 μg/mL propidium iodide (PI) and 10 μg/mL bisbenzimide (Hoechst 33342) for 1 h. Presumptive stained blastocysts were transferred to a drop of glycerol on a microscopic slide and covered with a cover slip. Embryos were examined under a fluorescence microscope (Olympus, Japan) equipped with UV filter. ICM cells nuclei labeled with bisbenzimide appeared blue and TE nuclei labeled with both bisbenzimide and PI appeared red or pink. 

Results

A total of  767 oocytes (in 7 independent replicates) was matured, fertilized and cultured in vitro for 9 days to study the effect of 100 μM cysteamine added to the IVM medium on subsequent embryo development. Results are shown in Table 1.

Table 1. Development of bovine embryos after in vitro maturation in control IVM medium

              or IVM medium supplemented with100 μM cysteamine 

	Cysteamine
(μML-1)
	Oocytes 
(n)
	Cleavage (%) (mean±SD)
	M/Bl (%) (mean±SD)
	HBL (%)

(mean±SD)

	0
	373
	75.38(±13.9)
	19.59(±7.7)a
	7.39(±6.9)a

	100
	394
	78.01(±7.4)
	35.46(±6.9)b
	19.77(±3.6)b


abValues with different superscripts differ between columns
No beneficial effect regarding to maturation or cleavage rate was related to the addition of  cysteamine. However, the percentage of embryos that developed to morula and blastocyst stage on Day 7 was significantly higher (p<0,001) in cysteamine supplemented group. The percentage of hatched embryos on Day 9 was also significantly higher (p<0,01) in cysteamine supplemented group.

Table 2. Effects of cysteamine (added to the IVM medium) on number of total and ICM 

              cells in Day 9 hatched blastocysts 

	Cysteamine
	Embryo
	Total cells
	ICM

	(µML-1)
	n
	(n±SD)
	(n±SD)
	Proportion (%)

	0
	21
	133.4±30.3a
	31.7±9.8a
	21

	100
	34
	217.7±84.9b
	45.4±22.4b
	24


abValues with different superscripts differ between columns
The total number of cells and number of ICM cells was significantly affected by treatment. As can be observed in Table 2. hatched blastocysts in cysteamine supplemented group displayed higher total cell number (p<0.05), ICM cell number (p<0.05) and the proportion of ICM cells. 

Discussion

The present study investigated weather the cysteamine supplementation during IVM could influence in vitro embryo development and allocation of ICM and TE cells in Day 9 embryos. GSH is an important scavenger that protects cells against reactive oxygen species. GSH is synthesized by γ-glutamyl cycle, and its synthesis is dependent on the availability of cysteine, a highly unstable aminoacid that is readily oxidized to cystine. The cumulus cells can reduce cystine to cysteine when cystine is added in IVM medium (10), so the presence of the exogenous cysteine during IVM is highly desirable. After the addition of exogenous cysteine during oocyte IVM, GSH content increases. This GSH pool is necessary for sperm decondensation, oocyte activation and transformation of fertilizing sperm head into the male pronucleus (11). It is also reported that GSH synthesis during IVM has greater effects on subsequent embryo development compared with synthesis during IVF and IVC (3). The addition of cysteamine in the maturation medium of bovine and sheep oocytes resulted in an increase in GSH levels by reducing oxidized cystine to cysteine in medium and an improvement in embryo developmental rate up to the blastocyst stage. This fact suggests that the beneficial effects of cysteamine on IVM and subsequent embryo development were mediated by GSH (8). The present study demonstrated that the presence of 100 μM cysteamine during maturation of bovine oocytes significantly increased the number of morulas and blastocysts on Day 7, and hatched blastocysts on Day 9 of IVC. This is in agreement with results obtained by others (12,8) who showed that the addition of low molecular weight thiols, like cysteamine, during IVM improves the rate of blastocyst development. This results could be explained by the improved protection against oxidative stress during IVF and early stages of embryo development since it was demonstrated that cysteamine can stimulate de novo GSH  synthesis during IVM and that presumptive zygotes maintain high intracellular GSH levels decreasing to control level in the 6-8 stage cell embryos (13). It was already demonstrated that the cell culture conditions can alter cell allocation (14). Our study demonstrated that the addition of 100 μM cysteamine to the maturation medium resulted in significantly higher ICM cell number compared with control group. It was already reported that blastocel fluid contains H2O2 which is cytotoxic, and can induce apoptosis in ICM cells. The increase of ICM cells could be explained with a fact that cysteamine addition to the IVM medium increase intracellular GSH content and since GSH is involved in removal of H2O2, ICM cells would not become apoptotic. In conclusion, we found that the addition of cysteamine to the IVM medium stimulates bovine embryo development and enhances embryo quality, which could lead to the optimization of the in vitro system.    
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