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Effect Of Heparin In In Vitro Fertilization Media After Percoll Separation Of Frozen Thawed-Bull Semen.
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ABSTRACT: Most studies indicate that heparin is important for capacitation of bovine sperm for in vitro fertilization. All these studies used a swim-up technique for sperm separation. It was never determined if heparin is needed in fertilization media when the Percoll procedure is used. This study concerned the need for heparin in the in vitro fertilization medium when the Percoll technique is used for sperm separation. Four different treatments (with or without heparin x 3 or 6 h of co-culture of sperm and oocytes) and sperm from three different bulls were used to compare cleavage rates and embryo production. There were no differences (P>0.05) between cleavage rates among treatments, times or bulls. Likewise these variables had no effect on embryo production. In conclusion heparin did not improve cleavage rates and embryo production significantly in this study. 
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Introduction

     The first calf derived from in vitro fertilization (IVF) was reported by Brackett et al. in 1982. Since that breakthrough, this technology has improved greatly, but still requires further research (Cox, 1990). To increase production of embryos in vitro, the technique requires further development in three fundamental areas: oocyte maturation, in vitro fertilization (fertilization systems and sperm capacitation) and in vitro embryo culture (First, 1994). Our laboratory is currently investigating the mechanism of sperm capacitation in vitro.

     Capacitation is the process that allows the acrosome reaction to occur, so the sperm can penetrate the zona pellucida of the oocyte. The mechanisms of capacitation are unknown for most species (Parrish et al, 1988).  Many substances are mentioned for inducing capacitation of sperm in vitro. One of the most common substances used is heparin. Parrish et al. (1985) reported that bovine sperm incubated with heparin would acrosome-react and fertilize a higher percentage of bovine oocytes than sperm without heparin. A swim-up procedure was used to obtain the sperm sample for fertilization in that study. There is no report whether heparin is needed for capacitation in the Percoll procedure for isolating sperm. The objective of this study was to compare capacitation media with or without heparin, on cleavage rates and blastocyst production when sperm are isolated by centrifugation through Percoll.

Materials And Methods

Oocyte Collection and Maturation. Cumulus/oocyte complexes were aspirated from 3 to 6 mm follicles of bovine ovaries obtained from a slaughterhouse. Compact cumulus/oocyte complexes were selected and washed 3 times in Hepes-TCM 199 maturation medium (Sigma Chemical Co., #2520, St. Louis, MO), supplemented with 10% of fetal calf serum and hormones as follows: 50 ng/ml of FSH (NIH-FSH-S17), 1μg/ml of LH (USDA-LH-B-5) and 1μg/ml of estradiol-17β as described Olson and Seidel (2000). Oocytes were placed in 50 µL maturation medium drops under light paraffin oil, and incubated at 39ºC with 5% CO2 in humidified air for 21-24 h.

In Vitro Fertilization. Following maturation, oocytes (10-20 oocytes per drop under paraffin oil) were placed in fert-talp (Modified Tryrode’s medium supplemented with 0.6% BSA and 5 mM caffeine) with or without 2 (g/mL of heparin. Frozen semen was from three different bulls. Straws were thawed in water at 35ºC for 30 s. Semen was then expelled in a 15 mL centrifuge tube, containing two layers (one mL each) of Percoll at different gradient concentrations (90% and 45% in Sp-talp medium). Tubes were centrifuged for 20 min at 700 x g. Supernatant was aspirated, and the sperm pellet was washed with 5 mL of fertilization medium without heparin and centrifuged again for 5 min at 700 x g. The supernatant was removed, and a 10-μL sample was taken to determine the sperm concentration. The final sperm concentration was adjusted to 1 x 106 spermatozoa/mL during co-culture with oocytes. The oocytes and sperm were incubated at 39ºC in 5% CO2 in air, in of four treatments:

-Treatment 1: Oocytes were placed in heparin medium and remained with the sperm for 3 h.

-Treatment 2: Oocytes were placed in medium without heparin and remained with the sperm for 3 h.

-Treatment 3: Oocytes were placed in heparin medium and remained with the sperm for 6 h.

-Treatment 4: Oocytes were placed in medium without heparin and remained with the sperm for 6 h.

     After each co-incubation time was completed, cumulus-oocyte complexes were rinsed 5 times in HCDM (CDM-1 + 20 mM Hepes) and then placed in CDM-1 as described by Olson and Seidel (2000).

Embryo Culture. The next step was to vortex the presumptive zygotes to remove the cumulus cells after 16-19 h of incubation in the fertilization medium without sperm. After vortexing, zygotes were washed 3 times in handling media (HCDM). Zygotes were placed in a new dish with CDM-1 and incubated with 5% CO2, 5% O2 and 90% N2.  After 2 days of culture, embryos were evaluated for cleavage and transferred into a new dish with CDM-2 as described by Olson and Seidel (2000). After 6 days of culture post-fertilization, embryos were placed in a fresh CDM-2 and returned to the same incubator. On day 7 of culture, embryos were evaluated for stage of development.

Statistical Analysis. Semen from one bull was used for each batch of ovaries; three drops of 10-20 oocytes were used for each of the four treatment subgroups. This was replicated twice for each of the three bulls. Cleavage rates and blastocyts production among treatments and bulls were compared using ANOVA with 2 x 2x 3 factorial arrangement (2 heparin x 2 times x 3 bulls).

Results And Discussion

     Cleavage rates were not different among the four treatments, or the three bulls (P>0.05; tables 1 and 2). Blastocyst production did not differ between treatments or bulls (P>0.05; tables 1 and 2). There were no significant main effects of heparin or Co-incubation (P>0.05) for either cleavage rates or blastocyst production. These data show that the Percoll procedure may facilitate sperm capacitation. We conclude that heparin might not be needed in the fertilization medium when the Percoll procedure is used, at least when caffeine is in the fertilization medium. However, this study should be replicated with additional bulls. Further studies are needed to determine the mechanisms of sperm capacitation induced by Percoll.

Implications

     Many standard IVF procedures were developed when swim-up techniques were used to select sperm. Currently, selecting sperm is usually done by centrifugation through gradients such as Percoll; so original optimization procedures may not be appropriate. Here we show that bovine IVF procedures are reasonably successful without capacitating sperm in the presence of heparin.
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Table 1. Treatment means for cleavage rates and blastocyst production ((SE).

	Treatment
	N
	Cleavage rates (%) a
	Blastocysts / oocyte (%) a

	Heparin + 3 hours
	6
	71.2± 4.1
	22.3 ± 4.5

	No heparin + 3 hours
	6
	53.5 ± 11.2
	17.3 ± 4.5

	Heparin + 6 hours
	6
	71.5 ± 3.0
	23.8 ± 4.1

	No heparin + 6 hours
	6
	60.0a± 11.4
	22.8 ± 6.5

	Pooled SE from ANOVA
	-
	8.6
	5.5


a No significant differences (P> 0.05).

Table 2. Main effect means for bull means for cleavage rates and blastocyst production ((SE).
	Bull
	N
	Cleavage rates (%) a
	Blastocysts / oocytes (%) a

	WO 629
	8
	62.4± 9.9
	14.8± 3.7

	SM 205
	8
	61.1± 8.1
	23.5± 4.2

	MROO1
	8
	69.1± 2.1
	25.8± 3.9

	Pooled SE from ANOVA
	-
	7.5
	4.8


a No significant differences (P> 0.05).

