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Abstract — The present study was undertaken to find out
the effect of bovine serum albumin (BSA) on In vitro
maturation, fertilization and to support the subsequent
embryonic development of goat oocytes. Cumulus oocytes
complexes (COCs) were collected from slaughter house goat
ovaries by aspiration method. COCs were matured for 24
hours in TCM-199 basic medium and supplemented with
different levels of BSA (2mg/ml, 4mg/ml and 6mg/ml) where
0mg/ml was considered as control. Three levels of cumulus
cell expansion after 24 h of In vitro culture (at 38.5°C and 5%
CO: in an incubator) observed under 10x magnification of
microscope and the different stages of nuclear maturation
was observed based on chromosomal configuration.
Metaphase-II stages were 40.78 + 3.84, 67.52 + 0.85, 68.95 +
1.88 and 57.74 £ 2.39%. The fertility level was indicated by
pronuclei formation. Normal fertilization (formation of 2
pronuclei) were 23.28 + 3.00, 35.52 + 1.21, 37.74 + 1.24 and
29.30 = 3.73% for 0 mg (control), 2 mg, 4 mg and 6 mg level
of BSA respectively. The results indicated that the
maturation and fertilization rate could be significantly
increased (p<0.01) by supplementing 2 mg per ml level of
BSA. The rates could not be improved significantly (p>0.01)
by increasing the level to 4 mg per ml and when the BSA
level was increased to 6 mg per ml, the rate of maturation
and fertilization decreased significantly (p<0.01) The
development of blastocyst was found as 7.36, 12.21, 14.45 and
9.65%, respectively. The results indicate that the maturation,
fertilization and subsequent embryo development rate could
be significantly (p<0.01) increased by supplementing 2 mg/ml
of BSA and the rates could be improved further non-
significantly by increasing the level to 4 mg/ml but significant
(p<0.05) detoriation occurred when BSA was increased up to
6 mg/ml. Thus, it can be concluded that supplementation of
BSA with TCM-199 is required for regular In vitro
fertilization and the 2 mg per ml BSA might be used as a
supplementation for In vitro maturation, fertilization and
subsequent development of goat oocytes.

Keywords — BSA, Goat Oocytes, In vitro Maturation, In
vitro Fertilization and In vitro Culture.

I. INTRODUCTION

In vitro production (IVP) of goat embryos is a rapidly
advancing field and it has been improved greatly during
the past two decades [1], [2]. The production of valuable
transgenic goats, capable of producing substances of
pharmaceutical and technological value in their milk, meat
has encouraged the development of In vitro techniques
able to support the propagation of this animal. Before this
latest development in gametes and embryo cellular
biology, the field of molecular embryology of farm
animals has been poorly explored due to the limited

availability of suitable experimental material at an
acceptable cost. For this reasons the /n vitro techniques for
the production (IVP) of mammalian embryos have
received great attention and support in recent years [3],
[4].

Basically, IVP includes three major steps: In vitro
maturation (IVM), In vitro fertilization (IVF) and In vitro
culture (IVC) of the resulting embryos. However, primary
oocytes collection should be added upstream of these
major steps and embryo management (freezing, transfer)
should be added downstream to give a complete overview
of the whole process.

For successful IVP, In vitro maturation (IVM) is an
essential step. It is well established that /n vitro maturation
of oocyte is divided into nuclear and cytoplasmic
processes. Nuclear maturation involves resumption of
meiosis and progression to metaphase-II  stage.
Cytoplasmic maturation encompasses a variety of cellular
processes that must be completed for the oocytes to be
fertilized and developed into a normal embryo and
offspring [5].The cumulus cells (COCs) surrounding the
oocyte plays a key role of cytoplasmic maturation. It is
known to supply nutrients, energy substrates and
messenger molecules for the development of oocyte [6].
Cumulus cell concentration is directly dependent on the
efficiency of oocyte harvesting [7].

In vitro fertilization (IVF) is a process by which oocytes
are fertilized by sperm outside the womb, In vitro. The
process involves removing ova from the female ovaries
and letting sperm fertilize them in a suitable culture
medium. The fertilized oocytes are then transferred to the
recipient uterus with the intent to establish a successful
pregnancy. Efficiency of IVP depends on several factors,
such as transport time and temperature from the abbatoir
to the laboratory, follicle size, developmental stage of
oocyte, oocyte diameter), composition of media [8&],
hormones [9], serum and protein supplementation to the
basic culture medium [10].

Generally buffered Tissue Culture Medium-199 (TCM-
199) is used as a basic medium for IVM of goat oocytes
[11]. To establish a well-defined medium, scientists added
different supplements to this basic medium from different
sources maintaining different level. For example, some
added glutathione and glucose [12]; hormones like,
gonadotrophins (FSH and LH) and estradiol-173 [13],
human chorionic gonadotrophin (hCG) in combination
with FSH and estradiol-17B. Some added growth
promoting factors like vitamins or other substances [14],
insulin-like growth factor-I, cysteamine [15]. Some added
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protein sources like fetal bovine serum (FBS), fetal calf
serum (FCS), estrus goat serum (EGS), estrus sheep serum
(ESS) [16], follicular cells and bovine serum albumin
(BSA).

BSA improves maturation, fertilization, blastocyst
formation and hatching rates In vitro [17] and it has been
widely used in medium for the capacitation of sperm and
the acrosome reaction. It is generally believed that the
beneficial effects of serum are due to cyclic adenosine
monophosphate, catecolamines, vitamins, putative growth
factors, lipids and albumin. It has been also demonstrated
that the beneficial effect of BSA supplement is due to the
presence of a relatively high molecular weight protein
which contributes to maturation of oocytes. It may also
have a nutritional role to play by supplementing amino
acids after hydrolysis.

However, In Bangladesh, In vitro techniques in goat is a
very recent concept [18] but a great deal of work has been
done regarding evaluation and grading of ovaries,
collection of COCs from slaughterhouse ovaries and
grading of oocytes followed by IVM, IVF of the oocytes
and IVC [19], [20]. A variety of research works have been
conducted on the effects of BSA in IVM, IVF and IVC
medium in bovine [21], goat [16] and hamster. There is,
however, not much information regarding the efficiency of
different levels of bovine serum albumin (BSA)
concentration on /n vitro maturation and fertilization of
Black Bengal goat oocytes. Keeping the aforesaid reality
in mind the present research was undertaken with the
objective of to find out the effect of bovine serum albumin
(BSA) on In vitro maturation, fertilization as well as
subsequent development of goat embryos.

II. METHODOLOGY

A. Oocytes Collection, Harvesting and Maturation

Goat ovaries were collected from slaughterhouse. The
ovaries were kept in collection vial containing 0.9%
physiological saline in a thermo flask at 25°C to 30°C and
transported to the laboratory within 2 to 3 hours of
slaughter. The ovaries were then transferred to the
sterilized petridishes containing same saline. The ovaries
were rinsed thoroughly by physiological saline solution at
25°C. In the laboratory each ovary was trimmed to remove
the surrounding tissues and overlying bursa. Each ovary
was treated to three washings in D-PBS and two washings
in oocyte harvesting medium (DPBS+4 mg/ml BSA+1.50
IU/ml Penicillin) [22]. After necessary washing, each
ovary was processed individually and the oocytes
harvested by aspiration technique. After aspirating the
follicles from one ovary, the aspirated follicular materials
were transferred slowly into a 90 mm Petri dish, avoiding
damage to the cumulus cells. Then the COCs were washed
2-3 times into D-PBS before initiating the maturation
experiment.

The maturation medium, tissue culture medium-199
(TCM-199) (Sigma Chemical Co., USA) was prepared and
divided in to 4 groups and they were supplemented with
Omg/ml, 2mg/ml, 4mg/ml and 6mg/ml of BSA
respectively, where the Omg/ml was used as the control
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group. The pH of all media was adjusted to 7.4 on the day
of oocyte collection and sterilized by passage through a 20
pm sartorius Minisart filter (Toyo Roshi Co. Ltd., Japan).
From each group, about 2.5-3.5 ml of the medium was
poured into each of two 35 mm culture dishes. Then 1-4
drops (depending on number of oocytes) of 100 ul of
medium were poured in another culture dish and covered
with paraffin oil (Loba Chemie Pvt. Ltd., India). The
dishes with droplet were kept in an incubator at 38.5°C
with 5% CO; in humidified air.

After 24 hours culture of COCs in maturation medium,
the level of nuclear maturation was checked. For this
purpose, half of the matured COCs from each drop was
taken and denuded from cumulus cells by repeated
pipetting. Oocytes were then placed on a glass slide,
covered with cover slip, fixed with aceto-ethanol (acetic
acid: ethanol, 1:3, V/V), stained with 1% aceto-orcein.
After drying, the slides were examined under inverted
microscope at high magnification (100X) with emersion
oil to observe the stages of maturation.

B. Semen Collection and Sperm Capacitation

Semen was collected from the bucks of Bangladesh
Agricultural University artificial insemination center
through artificial vagina method. Then the sperm
concentration of raw semen was calculated by
haemocytometer method. The semen was washed with
semen washing solution though centrifuge method at 800
rpm for 5 minutes. Finally, the sperm concentration was
adjusted to 2x10° per ml by adding semen dilution
solution (BO + 2% BSA). Then 1-4 insemination droplets
(100 pl) of BO medium depending on the number of the
matured COCs in a 35 mm culture dish were prepared,
covered with paraffin oil and were kept in the incubator
for 5-6 hours for sperm capacitation.

C. Insemination and Checking the Fertilization Rate

After 24 hours of maturation, the matured COCs was
proceeding to fertilization. Two 35-mm culture dishes
were filled with COCs washing solution (BO + 1% BSA)
and the COCs were washed 3 times. About 15-20 COCs
with minimum volume of medium were transferred to
each of the sperm drops prepared previously and then
incubated for 5-6 hours in incubator at 38.50C with 5% of
CO; in humidified air.

After 5-6 hours of incubation, the representative sample
of the fertilized COCs from each drop was denuded from
cumulus cells by repeated pipetting. Then these oocytes
were fixed in a glass slide with aceto-ethanol (acetic acid:
ethanol, 1:3, v/v) and stained with 1% aceto-orcein. After
drying, the slides were examined at high magnification
(100X with emersion oil to observe the pronucleus
formation (PN).

D. In vitro Culture and Observation

The rest of the fertilized ova were taken from the semen
drops by using glass micropipette. Then the oocytes were
washed three times in pre-incubated medium (TCM-199)
and were transferred to other culture drop (600ul) of
TCM-199 with different levels of BSA. The dish was then
kept in the CO, incubator at 38.5°C of 5% CO in air. The
development was checked every 48 hours and the culture
were continued for 6 to 7 days. The number of compact m-
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-orula and blastocysts were recorded on day 7.
E. Statistical Analysis

The data generated from this experiment were entered in
Microsoft Excel worksheet, organized and processed for
further analysis. Analysis was performed by analysis of
variance (ANOVA) in completely randomized design
(CRD) and for comparing means, Duncan’s multiple range
test (DMRT) was applied with the help of Statistical
Analysis System [23].

III. RESULTS AND DISCUSSION

Experiment: 1

In experiment 1, oocytes were cultured for 24 hours in
maturation medium containing various levels of BSA (0,
2, 4 and 6mg/ml). Then half of the matured oocytes from
each group were checked for nuclear maturation and it was
observed that the percentage of COCs reached to the
Metaphase-II stages were 40.78 + 3.84, 67.52 £+ 0.85,
68.95 £ 1.38 and 57.74 + 2.39%. These result indicates, all
BSA supplemented groups differ significantly than the
non-supplemented group (Table: 1).
Experiment: 2

In this experiment, the rest half of the matured oocytes
were placed in the fertilization medium (Brackett and
Oliphant with different level of BSA) with the pre-
incubated goat sperm. Then the rate of fertilization was
checked (based on pronuclei formation) using
representative sample and it was observed that the oocytes
reach to normal fertilization (formation of 2 pronuclei)
were 2328 + 3.00, 35.52 + 1.21, 37.74 £ 1.24 and
29.30+0.73% for 0 mg (control), 2 mg, 4 mg and 6 mg
level of BSA respectively (Table:2).
Experiment: 3

After fertilization, the rest of the fertilized oocytes were
transferred to the culture medium (TCM-199 with
different level of BSA) for subsequent development and
the observed blastocysts were 7.36 = 1.11, 12.21 + 3.13,
14.45 £ 1.74 and 9.65 + 1.27% for 0 mg (control), 2 mg, 4
mg and 6 mg level of BSA respectively (Table: 3). In this
study, we showed that it is possible to support high rates
of goat embryo development /n vitro by supplementing
bovine serum albumin (BSA) with the base medium
(TCM-199 for maturation, culture and Brackett &
Oliphant for fertilization). In the presence of serum at all
levels (2, 4 and 6 mg/ml), the maturation, fertilization and
subsequent development (reach to blastocysts) were better
than the non-supplemented (Omg/ml) group. BSA as a
protein supplement to the original medium not only
increases the rate of nuclear maturation but also enhances
the development potentials of the embryos. However,
extra supplementation of BSA decreases the development
potential at significant rate.

Among the all supplemented groups, highest level of
maturation, fertilization and blastocysts formation were
observed at 4mg/ml BSA supplementation. Though,
maturation, fertilization and development to blastocysts
significantly increases at 2mg/ml BSA than Omg/ml BSA
but further increase in the amount of supplementation did
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not enhance the rate of maturation, fertilization and
subsequent development significantly, that is there was no
significant difference between the 2mg/ml and 4mg/ml
supplementation group. Moreover, the maturation,
fertilization and blastocysts development significantly
decreases when the base medium was supplemented with
6mg/ml BSA.

In recent years, research has focused on the selection of
culture medium and protein supplementation for In vitro
embryo production [24]. Mammalian embryos have been
cultured in different medium including tissue culture
medium with various modification. Embryos cultured in
different medium and their transfer to the recipient
resulted in normal offspring in domestic animal thus
indicating that all chemical compounds in a medium are
not necessary for In vitro embryo development and the
selection of medium could be more empirical or even a
personal preference [25]. Our result were obtained in
media supplemented with different levels of BSA and
there was significant difference among the different levels
of supplementation, which suggested that serum
supplementation with basic medium have a greater effect
on In vitro embryo production, but after a certain stage,
again supplementation reduces the embryo development
significantly.

BSA has a nutritional role to play by supplementing
amino acids after hydrolysis; thereby maintaining the
intracellular amino acid pools. BSA also provide
undefined embryo trophic (e.g. citrate, steroids)
compounds, functioning as a heavy metal ion chelator/free
radical scavenger, protecting cellular constituents against
the effect of toxins, which enhance the fertilization of
oocytes. On the other hand sperm capacitation is a
prerequisite for fertilization. This capacitation is
accompanied by an increase in the membrane fluidity and
remodeling of the sperm surface, protein phosphorylation,
and an increase in internal Ca2+, pH and membrane
hyperpolarization [26]. One of the processes in sperm
capacitation to be recognized as fundamental in the
BSA/LDH mediated cholesterol efflux—resulting in an
increase of the plasma membrane fluidity, thus supporting
the membrane remodeling. A positive correlation between
cholesterol depletion of the sperm plasma membrane and
improved capacitation of sperm has been obtained in vivo
and /n vitro .The components that act as cholesterol
receptors such as albumin are present in the female tract.
Thus, albumin is one of the prominent proteins supporting
In vitro capacitation by accepting cholesterol [27]. It has
been demonstrated [28] that the penetration of cumulus
free oocytes in protein free media in bovine are
significantly (p<0.05) lower, compared with BSA
contained media.

The maturation rate of goat oocytes was found
comparable to the results of [29] who obtained 48-63%
maturation rate in Boer goat. The maturation rate was also
comparable to the results of [19] who obtained 58.57%
maturation rate in Black Bengal goat. The findings of the
present study were also comparable with those of sheep
[22] and also suggested that the maturation rate does not
depend on the collection techniques.
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The nuclear maturation rate at Metaphase-II stage as
68.95% of oocytes with 4 mg/ml BSA supplementation in
maturation media was comparable with the maturation
rates as 63.72% obtained with 10% fetal bovine serum
supplementation [16], 65.62% with 5 pg/ml FSH, 5 pg/ml
LH and 1 pg/ml oestradiol, 25 mm Hepes, 0.25 mm
pyruvate and antibiotics supplementation [30] and 67.24
% with 1 mg/ml estradiol and antibiotics supplementation
[31].

The results of normal fertilization (2 PN formations)
rate recorded in control, 2, 4 and 6 mg/ml of BSA were
23.28, 35.52, 37.74 and 29.30 %, respectively are
comparable to the observation of [20] who reported 27.78-
38.23% fertilization rate in goat IVF in case of 5% BSA
supplementation. [32] reported that the percentage of goat
oocytes with two pronuclei in IVF was 21.0-39.7% which
was also in accordance with the result of present study.

The result of compact morula was comparable to the
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observation of [20] who reported significantly higher
(p<0.05) number of compact morula and early blastocysts
were obtained from grade A of 25.64% and 12.82% as
compared to grade B as 6.89% and 3.44%, respectively.
[33] found 31.4% and 18.6% morula and blastocyst stages
of goat oocytes which were very much similar to the
present result. The result observed in the present research
was similar to that of [34] in some extent who obtained
blastocyst yield up to 37.3% after IVF with fresh sperm
capacitated without heparin and also with [35] observed
blastocysts formation from 23-31%, which indicates that
the culture condition is suitable for IVP of goat embryos.
[36] studied sheep oocyte and found 29% rate of
development to compact morula. On the other hand,
25.9% oocytes developed up to morula stage in case of
goat oocytes [37] which was also similar to that of the
results found in the present study.

Table 1. Effect of different level of BSA (0, 2, 4 and 6mg/ml) on In vitro maturation of goat oocytes

Treatment Total Rate of Nuclear Maturation (%)
number (Mean + SE)
of COCs MII MI GVBD Others
0 mg/ml BSA 39 40.78°£3.84 28.11%+1.68 10.50+3.09 20.60°+£2.81
(16) adt 4 )
2 mg/ml BSA 40 67.52°+0.85 18.46%+1.54 9.23+£2.07 4.79°+2.41
27 ) 4 2
4 mg/ml BSA 43 68.95°+1.88 17.68%+1.73 8.91+2.23 4.46°+2.25
(29) (®) 4 2)
6 mg/ml BSA 45 57.7442.39 20.13%+2.78 12.354+2.09 9.79%+1.78
(26) &) Q) 4

Table 2. Effect of different level of BSA (0, 2, 4 and 6 mg/ml) on In vitro fertilization of goat oocytes

Treatment Total Rate of fertilization (%)
number of (Mean + SE)

COCs 2PN 1PN PPN NPN

0 mg/ml BSA 38 23.28£3.00 | 5.59+2.83 71.132+1.02
9 2) 0.00+0.00 27)

2 mg/ml BSA 41 35.52°42.21 | 11.2942.53 | 4.76+2.38 48.89°+1.11
(14) (5) ©) (20)

4 mg/ml BSA 45 37.7441.24 | 15.604£2.26 46.67°+3.33
(17) (7 0.00+0.00 (21)

6 mg/ml BSA 45 29.30°+3.73 | 5.13£2.13 2.38+1.38 63.19°+5.11
d4) (@) (@) (28)

Table 3. Effect of different level of BSA (0, 2, 4 and 6 mg/ml) on In vitro culture of goat embryos

Treatment | Number Development of embryos (%) at 7 days
of zygote (Mean = SE)
Blastocysts | Morula 8 cell 2 cell Others

0 mg/ml 30 7.36°+1.11 |14.44°¢1.23 | 20.00°¢0.51 |34.70°+2.75 | 23.05%+2.23
BSA 2 “4) (6) an )]

2 mg/ml 28 12.21%£3.13 |18.33%+1.67 | 28.91%+1.04 [27.81°+1.84 | 13.60°+.93
BSA (3 ) (8) 8) 4)

4 mg/ml 32 14.45%+1.74 |24.89°+3.19 [29.122£1.86 [24.99*+1.12 | 6.65%+1.41
BSA 6] ®) ©) ®) (2)

6 mg/ml 29 9.65°+ 1.27 [16.73£1.42 | 22.68°+2.77 (32.67+1.91 | 18.77°+2.26
BSA (©) ®) ) (€] &)
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IV. CONCLUSION

The present study focused on the influence of different

level of BSA supplementation on IVM,

IVF and

subsequent embryonic development of goat oocytes. After
the above discussion, we could conclude that, considering
the effects of BSA on the In vitro maturation, fertilization
and embryo development of goat, 2mg/ml BSA can be
advantageous as a supplement of maturation, fertilization
and embryo culture media to increase the developmental
rate of goat oocyte. Moreover, this result creates a great
opportunity of conducting further research on goat embryo
production.

ACKNOWLEDGMENT

Author would like to express best gratitude to the
USDA funded project for providing the logistic support.

(1

[10]

(1]

[12]

[13]

[14]

REFERENCES

L. Katska-Ksiazkiewicz, J. Opiela, and B. Rynska. (2007).
Effects of oocyte quality, semen donor and embryo co-culture
system on the efficiency of blastocyst production in goats.
Theriogenology. 68: 736—744.

Z. B. Han, G. C. Lan, Y. G. Wu, D. Han, W. G. Feng, J. Z.
Wang, and J. H. Tan (2006). Interactive effects of granulosa cell
apoptosis, follicle size, cumulus-oocyte complex morphology,
and cumulus expansion on the developmental competence of
goat oocytes: a study using the well-in-drop culture system.
Reproduction. 132: 749-758.

W. Holtz. (2005). Recent developments in assisted reproduction
in goats. Small Rum. Res. 60: 95-110.

C. Galli, and G Lazzari. (2003). Achievements of research in the
field of Reproduction Science. Istituto Sperimentale Italiano
Lazzaro Spallanzani, Via Porcellasco 7/F, 26100 Cremona Italia.
J. J. Eppig. (1996). Coordination of nuclear and cytoplasmic
oocyte maturation in eutherian mammals. Reprod. Fert. Dev. 8:
485-489.

R. Buccione, A. C. Schroeder, and J. J. Eppig. (1990).
Interactions between somatic cells and germ cells throughout
mammalian oogenesis. Biol. Reprod. 43: 543-547.

A.N. M. A. Rahman, R. B. Abdullah, and W. E. Wan-Khadijah.
(2008). In vitro Maturation of Oocytes with Special Reference to
Goat: A Review. Biotechnology. 7: 599-611.

P. Lonergan, H. Khatir, C. Carolan, and P. Mermillod. (1997).
Bovine blastocyst production /n vitro after inhibition of oocyte
meiotic resumption for 24 h. J. Reprod. Fert. 109: 355-65.

K. A. Zuelke, and B. G. Brackett. (1990). Luteinizing hormone-
enhanced In vitro maturation of bovine oocytes with and without
protein supplementation. Biol. Reprod. 43: 784-787.

B. Avery, B. D. Bavister, and T. Greve. (1998). Development of
bovine oocytes, /n vitro matured in a chemically defined protein-
free medium, supplemented with different amino acid
formulations. Theriogenology. 49: 306 —310.

A.N. M. A. Rahman, R. B. Abdullah, and W. E. Wan-Khadijah.
(2007). Goat embryo development from /n vitro matured oocytes
of heterogenous quality through intracytoplsmic sperm injection
techniques. Biotechnology. 6: 373-382.

A. Urdaneta, A. R. Jimenez, D. Izquierdo, and M .T. Paramio.
(2003). Effect of the addition of glutathione and glucose to the
culture medium on embryo development of IVM-IVF
prepubertal goat oocytes. Zygote. 11: 131-138.

A. R. Jiménez-Macedo, M. T. Paramio, B. Anguita, R. Morato,
and R. Romaguera. (2007). Effect of ICSI and embryo biopsy on
embryo development and apoptosis according to oocyte diameter
in prepubertal goats. Theriogenology. 67: 1399-1408.

J. R Silva, V. D. R. Hurk and J. R. Figueiredo. (2006).
Expression of mRNA and protein localization of epidermal
growth factor and its receptor in goat ovaries. Zygote. 14: 107-

[13]

[1e]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

631

[32]

[33]

International Journal of Agriculture Innovations and Research

Volume 5, Issue 6, ISSN (Online) 2319-1473

117.

Y. Cognié, G. Baril, N. Poulin, and P. Mermillod. (2003).
Current status of embryo technologies in sheep and goat.
Theriogenology. 59: 171-188.

S. D. Kharche, A. K. Goel, S. K. Jindal, E. N. Yadav, P. Yadav,
R. Sinha, and N. K. Sinha. (2009). Effect of serum albumin
supplementation on /n vitro capacitation and fertilization of
caprine oocytes. Small Rum. Res. 81: 85-89.

P. E. Visconti, J. L. Bailey, G. O. Moore, D. Pan, P. Olds-
Clarke, and G. S. Kopf. (1995). Capacitation of mouse
spermatozoa part I: correlation between the capacitation state
and protein tyrosine phosphorylation. Development. 1129-1137.
M. R. Islam, M. A. M. Y. Khandoker, S. Afroz, M. G. M.
Rahman, and R. I. Khan. (2007). Qualitative and quantitative
analysis of goat ovaries, follicles and oocytes in view of In vitro
production of embryos. J. Zhe. Univ. 8: 465-469.

S. A. M. Hoque. (2009). Effect of collection techniques and
follicular fluid on /n vitro maturation and fertilization of oocytes
in goat. Master of Science Thesis, Deptt. of Animal Breeding
and Genetics. Bangladesh Agricultural University, Mymensingh.
A. Mondal, M. A. M. Y. Khandoker, M. A. Mondal, A. H. M. S.
Rahman, A. S. Apu, and S. Pervage. (2008). In vitro production
of goat embryos. Bang. J. Anim. Sci. 37: 1-9.

A. Ali, and M. A. Sirard. (2002). Effect of the absence or
presence of various protein supplements on further development
of bovine oocytes during In vitro maturation. Biol. Reprod. 66:
901-905.

N. A. Wani, G. M. Wani, M. Z. Khan, and S. Salahudin. (2000).
Effect of oocyte harvesting techniques on I vitro maturation and
In vitro fertilization in sheep. Small Rum. Res. 36: 63-67.

SAS. (1998). User’s guide. SAS Institute Inc. Version 6.12.
Cary. NC. USA.

B. D. Bavister, T. A. Rose-Hellekant, T. Pinyopummintr. (1992).
Development of In vitro matured/In vitro fertilized bovine
embryos into morulae and blastocyst in defined culture medium.
Theriogenology 37 (1).127-146.

B. D. Bavister. (1995). Culture of preimplantation embryos: facts
and artifacts. Hum. Reprod. Update. 1: 91-98.

B. T. Storey, (1995). Interaction between gametes leading to
fertilization: the sperm’s eye view. Reprod. Fert. Dev. 7: 927—
942.

S. Benoff, I. Hurle, G. W. Cooper, F. S. Mandel, D. L.
Rosenfeld, and A. Hershlag. (1993). Head-specific mannose-
ligand receptor expression in human spermatozoa is dependent
on capacitation-associated membrane cholesterol loss. Hum.
Reprod. 8: 2141-2154.

P. Tajik, and N. S. Esfandabadi. (2003). In vitro maturation of
caprine oocytes in different culture media. Small Rum. Res. 47:
155-158.

Z. G. Wang, Z. R. Xu, and S. D. Yu. (2007). Effects of oocyte
collection techniques and maturation media on In vitro
maturation and subsequent embryo development in Boer goat.
Czech Journal of Animal Science 52: 21-25.

N. Garg, and G. N. Purohit. (2007). Effect of different
cryoprotectant concentrations for ultrarapid freezing of immature
goat follicular oocytes on their subsequent maturation and
fertilization In vitro. Animal Reproduction 4: 113-118.

M. Rejane, M. Caillaud, A. Martoriati, N. Gerard, P. Mermillod,
and G. Goudet. (2003). Effect of growth hormone (GH) on /n
vitro nuclear and cytoplasmic oocyte maturation, cumulus
expansion, hyaluronan syntheses in bovines. Physiology and
reproduction unit, national institute of agricultural research,
37380 Nouzilly, France.

G. E. Rodriguez, B. M. Lopez, E. Velilla, and M. T Paramio.
(2001). A Blue Cresyl Brilliant (BCB) test and its maturation in
the presence of cysteamine for the improvement of the efficiency
of In vitro production of embryos from prepubertal goat oocytes.
IX Jornadas sobre produccion animal, Zaragoza, Spain. ITEA.
22:796-798.

L. Keskintepe, A. A. Simplicio, and B. G. Brackett. (1998).
Caprine blastocyst development after /n vitro fertilization with
spermatozoa frozen in different extenders. Theriogenology 49:
1265-1274.

Copyright © 2017 IJAIR, All right reserved
1100



International Journal of Agriculture Innovations and Research
Ilnl n Volume 5, Issue 6, ISSN (Online) 2319-1473

[34] K. L. Katska, B. Rynska, B. Gajda, and Z. Smorag. (2004).
Effect of donor stimulation, frozen semen and heparin treatment
on the efficiency of In vitro embryo production in goats.
Theriogenology 62: 576-586.

[35] C. M. John, E. C. Dumoulin, B. Marijke, C. P Lucie, W. Van, L
V Rosie, J. M. B. Jansen, G. D Josien, P. M. G Joep, and L. H. E
Johannes. (2000). Comparison of In vitro development of
embryos originating from either conventional In vitro
fertilization or intracytoplasmic sperm injection. Human Repro.
15: 402-409.

[36] D. K. Gardner, M. Lane, A. Spitzer, P. A. Batt. (1994).
Enhanced rates of cleavage and development for sheep zygotes
cultured to the blastocyst stage /n vitro in the absence of serum
and somatic cells, amino acids, vitamins, and culturing embryos
in groups stimulate development. Biology of Repro 50: 390-400.

[37] L. Keskintepe, G. M. Darwish, A. I. Younis, and B.G. Brackett.
(1994). In vitro development of morula from immature caprine
oocytes. Zygote 2: 97-102.

AUTHORS’ PROFILES

Dr. Lam Yea Asad
Place and date of birth: Mymensingh, Bangladesh;
> 09/11/1975 Educational Background: B.Sc. in
— Animal Husbandry at Bangladesh Agricultural
University, 1997. MS in Animal Breeding and
L
ad

S Genetics at Bangladesh Agricultu-ral University,
Mymensingh, Bangladesh, 2001. PhD in Repro-
-ductive Biotechonology, 2016. Work Experience: Associate
Professor, Department of Animal Nutrition, Genetics and Breeding,
Sher-e-Bangla Agricultural University, Agargaon, Dhaka-1207,
Bangladesh. Email: lamyea_sau@Yahoo.com

Dr. M. A. M. Yahia Khandoker
Professor, Department of Animal Breeding and
Genetics Bangladesh Agricultural University,
= ﬂ' Mymensingh 2202, Bangladesh Professor (VK7)
L 2

Faculty of Sustainable Agriculture, University
Malaysia Sabah. Email: yahiakhabg@yahoo.com

Al-Nur Md. Iftekhar Rahman

Assistant Professor, Department of Animal
Nutrition, Genetics and Breeding; Sher-e-Bangla
Agricultural University, Dhaka-1207, Bangladesh.
B.Sc. in Animal Husbandry (Hons.); MS in
Animal Breeding & Genetics; Bangladesh
Agricultural University, Mymensingh 2202,

g

Bangladesh. Email: iftekharsau@gmail.com

Copyright © 2017 IJAIR, All right reserved
1101


mailto:lamyea_sau@Yahoo.com
mailto:yahiakhabg@yahoo.com

