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Abstract: The present study was designed to investigate the influence of cumulus
removal before the in vitro fertilization step and the impact of co-incubation time, sire, and
additives to the fertilization medium on the efficiency of in vitro fertilization of buffalo
oocytes. In vitro matured oocytes were fertilized either as cumulus-oocyte complex
(COCs) or after removal of cumulus cells (denuded). Cumulus-enclosed or denuded
oocytes were co-incubated with sperm cells for 6, 12 or 18 h (experiment 1), fertilized with
sperm cells from one of three sires (experiment 2) or fertilized in medium supplemented
with 20pg/Ml heparin, 5 mM theophylline or a mixture 20uM penicillamine, 10uM
hypotaurine and 1 uM epinephrine (PHE) (experiment 3). In all experiments, a group of
oocytes was fixed and stained to evaluate the fertilization pattern (penetration, normal
and abnormal fertilization rates) and the rest were cultured up to 8 days to assess the
developmental competence (cleavage and blastocyst yield). In all experiments, removal
of cumulus cells before fertilization step significantly retarded the fertilization pattern and
the developmental competence. Various co-incubation times did not significantly
influence the fertilization pattern or the developmental competence of denuded or COCs.
However, 6 h tended to decrease the abnormal fertilization (15.74+1.70 vs 28.46+6.06,
P=0.069) and to improve the blastocyst/oocyte (11.70+£3.41 vs 5.53+1.75) and the
blastocyst/cleavage (27.14+6.19 vs 11.98+3.81, P=0.082) when compared with 18 h.
Sperm cells from the three sires resulted in similar fertilization pattern and developmental
competence in COCs and denuded oocytes. In COCs and denuded oocytes, PHE tended
to improve the blastocyst/oocyte (7.44+2.58 vs 14.67+4.29) and blastocyst/cleavage
(18.43+6.08 vs 33.13%+9.27) in comparison to heparin (P>0.05). Thus, none of the
investigated factors could counteract the adverse effect of cumulus removal otherwise,
the addition of PHE showed promising results but it need further investigations.
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tilization protocol (IVF) further importance in
this species (1). Research in the field of buffalo
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presumptive zygotes (2). The fundamental
steps of IVF protocol are oocyte maturation,
sperm preparation, fertilization and embryo
culture. During each step, there are numerous
factors influence the protocol efficiency (3).
Different laboratories have exerted a lot of
efforts to define the optimum conditions of
buffalo IVF protocol (4). Otherwise up today
most of the applied conditions are adapted from
cattle protocol.

Conditions during fertilization step not only
influence the fertilization pattern but also the
developmental competence of presumptive
zygotes. These conditions include gamete co-
incubation time (5), sperm cell concentration
(6,7), basic fertilization medium (8,9), sperm
preparation and capacitation methods (10,11),
additives to fertilization medium (12,13) and
sires themselves (6,10). Moreover, interactions
between the effects of sire and sperm cell
concentration (6,14), sire and co-incubation
time (15), sire and additives to fertilization
medium (16), sperm cell concentration and
cumulus existence (7), co-incubation time and
basic fertilization medium (17,18), special
additives and sperm cell concentration (13)
have been reported in different species.

Most of the laboratories co-incubate buffalo
gametes for 16-24 h, while fewer laboratories
apply 6 h co-incubation time (3). Prolonging the
co-incubation time to 16 h has improved the
fertilization rate, but further prolongation
behind16h has decreased the blastocyst/oocyte
rate in buffalo (5). In cattle, maximum cleavage
and blastocyst rates have been achieved after
gamete co-incubation for 8 h with no further
improvement after longer co-incubation time
12 and 16 h (15). Moreover, extending the co-
incubation time from 5 to 10 h significantly
improved the cleavage and the blastocyst rates,
while further extension to 15 or 20 h
significantly improved the cleavage but not the
blastocyst rate (19).Basic fertilization medium
is usually supplemented with special additives
as heparin, caffeine, theophylline or a mixture
of penicillamine, hypotaurine, and epinephrine
(PHE) (6,13). These additives induce capa-
citation like changes in sperm cells, enhance
sperm cell motility and inhibit the reactive
oxygen species (6,13,16,20). Supple-mentation

of fertilization medium with PHE and
theophylline has increased the fertilization and
the blastocyst development rates (13).
Moreover, incorporation of 10ug heparin/mL
into the IVF medium has increased the
fertilization rate of some sires, while increasing
heparin concentration to 100 pg/ml has
improved or retarded the fertilization depen-
ding on the sire (6).

Common IVF protocol involves fertilization
of cumulus-enclosed oocyte (COCs) followed
by complete removal of the cumulus before
embryo culture. Fertilization of cumulus-free
oocytes (denuded) has negatively affected the
fertilization pattern and the developmental
competence in buffalo (7) and cow (21-23).
However, partial removal of some cumulus
layers before fertilization has increased the
fertilization and the blastocyst development
rates (24).Furthermore, fertilization of denuded
cattle oocytes in cumulus cells conditioned
medium or in presence of loose cumulus cells
slightly improved the cleavage rate but it did
not reach the COCs cleavage rate (21,22).
Recently, oocyte cryopreservation has been
widely practiced and it has been reported that
oocyte denudation before vitrification has
improved the survival rate but reduced the
fertilization and the development rates (25).
This point out the urgency of optimizing the
fertilization conditions of denuded oocytes. In
this direction, previous reports have attempted
using cumulus cells conditioned medium,
adding free cumulus cells or co-fertilizing
denuded oocytes with COCs (21,22,25-27).
However, to our knowledge, a few reports have
proposed the modification of other fertilization
conditions to improve the fertilization and
developmental competence of denuded oocytes
(7,26,28).

Therefore, the present study was designed to
evaluate the effect of cumulus removal before
fertilization step. Additionally, we investigated
whether modification of co-incubation time,
using semen from different sires and supple-
mentation of fertilization medium with heparin,
theophylline or PHE could improve the ferti-
lization and the developmental competence of
oocytes fertilized as COCs or denuded.
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Material and methods
Chemicals and media

All chemicals used for preparation of
different media were purchased from Sigma
Chemical CO. (St. Louis, MO, USA) with
exception of sodium bicarbonate, sodium
pyruvate, EDTA, and sodium lactate that were
purchased from Oxford (Maharashtra, India).

The basic medium used for oocyte matu-
ration was Hepes-buffered tissue cultures
medium 199 (TCM-199, M7528) and the basic
medium for sperm preparation and fertilization
was Brackett and Oliphant medium (BO) (29).
The BO medium was composed of 112.0 mM
NaCl (,S-5886) 4.02 mM KC1 (P-5405), 2.25
mM CaCl (C-7902), 0.83 mM NaH2PO4 (S-
5011), 0.52 mM MgClz (M-2393), 37.0 mM
NaHCOs (S-07990), 13.9 mM glucose (S-
2837), 1.25 mM sodium pyruvate (S-08302), 30
ug/ml penicillin G sodium (P- 3032) and 3
mg/ml bovine serum albumin (A -6003).

The basic culture medium was synthetic
oviduct fluid (SOF) contained 107.70 mM
NaCl, 7.16 mM KCI,.119 mM KH2P04 (P-
5655), 1.71 mM CaClz, 0.49 mM MgCl, 25.07
mM NaHCOs, 3.30 mM Na lactate (L-7900),
0.33 mM Na pyruvate, 1.50 mM glucose, 5
mg/ml bovine serum albumin, 100 units/mL
penicillin G sodium and 50 pg/ml
streptomycin (S-1277) (30).

Oocyte collection and maturation

Buffalo oocytes were aspirated from all
antral follicles in abattoir-derived ovaries.
Oocytes with homogenous cytoplasm and
surrounded with >2 layers of compact cumulus
were selected for further experiment. A group
of 10-15 COCs was matured in a 100ul droplet
of TCM-199 supplement with 10% heat-
inactivated fetal calf serum (F-6178), 0.2mM
sodium pyruvate and 50ug/ml gentamycin
sulfate (G -3632) at 38.5 °C in 5% CO2 under
humidified air for 24h. At the end of maturation
and before the in vitro fertilization, some
oocytes were denuded by vortexing in TCM-
199 supplemented with 101U/ml hyaluronidase
(H-4272) enzyme while others were used as
COCs.

Sperm preparation and fertilization

For separating motile sperm cells, frozen-
thawed sperm cells were allowed to swim up in
BO medium supplemented with 0.5mM
caffeine (C -0750) for 20 minutes at 38°C.
Harvested sperm cells were washed in
fertilization medium that constitutes of BO
medium supplemented with different additives
according to the experiment. After washing in
fertilization medium, in vitro matured oocytes
were fertilized in 100ul droplet of fertilization
medium at 38.5°C in 5% CO2 under humidified
air. The duration of the sperm-oocytes co-
incubation was varied according to experiment.
The final sperm concentration in fertilization
droplet was 5x10%/ml.

Experimental design

Experiment 1: The effect of different co-
incubation time and its interaction with
cumulus cells existence.

In this experiment, 266 denuded oocytes and
288 COCs were co-incubated with the sperm
cells for 6, 12 or 18 h. The fertilization medium
was BO medium supplemented with 20pg/ml
heparin (H3149).

Experiment 2: The effect of different sires
and its interaction with cumulus cell existence.

In this experiment, sperm cells from
different sires were used to fertilize 271
denuded and 293 COCs in BO medium
supplemented with 20ug/ml heparin for 18 h.

Experiment 3: The effect different additives
to IVF medium and its interaction with cumulus
cells existence.

In this experiment, 367 COCs and 280
denuded oocytes were fertilized in BO medium
supplemented either with 20pg/ml heparin (28),
5 mM Theophylline (T-1633) (31) or a mixture
of 20 uM penicillamine (P-4875), 10 uM
hypotaurine (H-1384) and 1 uM epinephrine
(E-4250) (32). The sperm oocytes co-
incubation time was 18 h.

In all experiments, a group of fertilized
oocytes was stained for assessment of the
fertilization pattern, and the rest were cultured
for 8 days to assess the developmental
competence.
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Assessment of fertilization pattern

After 18 h from the beginning of fertili-
zation, the cumulus and sperm cells were
removed through vortexing in Dulbecco’s
phosphate buffered saline supplemented with
10 IU/ ml hyaluronidase enzyme. Denuded
oocytes were fixed in aceto-ethanol (acetic
acid: ethanol 3:1 v/v) and then stained with 1%
orcein in 45% acetic acid (28). Oocytes with no
pronucleus were defined as unfertilized while
those with two pronuclei were defined as
normally fertilized. Oocytes with one or more
than two pronuclei were defined as abnormally
fertilized.

In vitro culture and assessment of
developmental competence

At the end of gamete co-incubation, the
attached sperm cells or cumulus -if present-
were removed by vortexing. Presumptive
zygotes were washed several times in modified
SOF medium then transferred into 200ul of
SOF contained a monolayer of cumulus cells.
The basic SOF was supplemented with 5%
fetal calf serum, 100ug/ml cysteine (C-03147),
50pg/ml  myoinostiol (1-7508), 30 pl/mL
essential (P-6766) and 10ul/ml non-essential
amino acid (M-7145) (13,30).

For preparation of cumulus monolayer,
cumulus cells collected during oocyte
collection were washed several times in culture
medium. The final cell concentration was
adjusted to 1x10%ml. The culture droplet was
incubated for 48 h before culturing the
presumptive zygote. The zygotes were
cultivated at 38.5°C under 5% Co2 in humid
air. On day four, half of the droplet (i.e 100uL)
was replaced with 100 uL of conditioned SOF
supplemented with 10% FCS. Therefore the
final concentration of FCS in the culture droplet
beginning from day 4 was 7.5%. The cleavage
rate was assessed on day 2 and the morula and
blastocyst rates were assessed on days 5 and 8,
respectively.

Statistical analysis

All experiments were replicated three times.
The effects of all variables under investigations
were statistically analyzed by ANOVA using
the GLM procedures of the IBM SPSS software

(Version 16.0; IBM Corp., Armonk, NY,
USA). In all experiments, the model included
the fixed effects of either the co-incubation time
(6, 12 and 18 h) or the different sires (1, 2 and
3) or the different additives (heparin,
theophylline and PHE) in addition to the type of
oocytes (COCs vs denuded). The model also
investigated the interaction between different in
vitro fertilization conditions and cumulus cells
existence. Multiple mean comparisons were
done using Duncan Multiple Range Test. All
values are presented as the mean + standard
error. The differences and interaction were
considered significant if P < 0.05.

Results
Effect of cumulus removal before IVF step

In all experiments, removal of cumulus cells
before the in vitro fertilization step adversely
affected the fertilization pattern and the
developmental competence of buffalo oocytes
(Tables 1-3). The penetration rate did not differ
significantly between denuded oocytes and
COCs in all experiments (P >0.05). In
experiment one, in comparison to denuded
oocytes fertilization of COCs resulted in
significantly  higher normal fertilization,
cleavage and morula rates (P<0.05) and
similarabnormalfertilization, blastocyst/oocyte
and the blastocyst/cleavage rates. In experiment
2 and 3, removal of cumulus cells prior to
fertilization significantly decreased the normal
fertilization, the cleavage, the morula, the
blastocyst/oocyte and the blastocyst/cleavage
rates and significantly increased the abnormal
fertilization rate (Tables 1- 3).

Effect of co-incubation time and its
interaction with cumulus cells existence

Theco-incubation time did not significantly
influence the fertilization pattern or the
developmental competence of buffalo oocytes
(Table 1). However, 6 h of co-incubation
tended to none significantly improve the
blastocyst/cleavage (27.14+6.19 vs 16.76+5.61
and 11.98+3.81; P=0.082). Moreover, prolo-
nging the co-incubation time to 12 and 18 h
tended to none significantly increase the mean
value of the abnormal fertilization (23.12+2.31
and 28.46+6.06 vs 15.74+1.70; P=0.069).
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Table 1: The effect of gamete co-incubation time and its interaction with cumulus cells existence on in
vitro fertilization pattern and in vitro development of buffalo-oocytes (mean + SE)

Pattern of fertilization In vitro development
No. of Penetration Normal Abnormal  No. of Cleavage Morula Blastocyst/  Blastocyst/
Factors oocytes fertilization fertilization oocyte oocyte cleavage
Co-incubation 6h 81 66.71£2.59 50974398 15.74+1.70 76  40.67+4.55 16.98+3.85 11.70+3.41 27.14+6.19
Time 12h 101 68.14+5.21 45.03£6.33  23.1242.31 72 42.50+5.22 14.76£2.40 7.93+2.84  16.76+5.61
18h 121 69.79+4.90 53.82+15.5 28.46+6.06 103 43.72+544 13.21£1.99 5.53+1.75  11.98+3.81
b b b
Cumulus cells Denuded 143 63.96+4.61 37.16+4.66° 26.80+4.9 123 34.32+3.13° 11.39+1.47° 5.65£1.60 15.884+4.48
existence COCs 160 72.47+£1.22 62.71+10.37%° 18.08+1.58 128 50.27+3.22% 18.57+2.20* 11.13+2.42 21.37+4.43
Interaction* 0.96 0.45 0.64 0.90 0.95 0.78 0.89

Values with different superscript at the same column were significantly different within the same factors (P < 0.05).

*P value of interaction between different co-incubation time and cumulus cell existence. Values > 0.05 indicate no
interaction between the two factors

Table 2: The effect of different sires and its interaction with cumulus cells existence on in vitro fertilization
pattern and in vitro development of buffalo-oocytes (mean + SE)

Pattern of fertilization In vitro development
Factors No. of . Normal Abnormal  No .of Blastocyst/  blastocyst/
Penetration S S Cleavage Morula

oocytes fertilization fertilization oocytes oocyte cleavage
1 125 70.73+4.15 45.85+5.96 24.21+4.73 95 35.98+4.67 15.81+3.68 11.65+£3.54  28.96+8.16
Sires 2 98 65.79+3.01 46.04+4.72 19.74+4.20 70 42.51+5.04 17.90£3.09 10.86+2.93  27.14+6.19
3 104  73.92+2.42 43.74+6.82 30.17+6.16 72 37.61£7.18 13.82+4.00  9.40+4.81  23.80+10.70
154 66.26+2.60 33.96+3.11° 32.29+4.45° 117  26.73+2.34" 8.60+1.76° 4.35+1.45°  16.93+5.90°

Cumulus cells Denuded

existence COCs 173 74.03+£2.76 56.27+2.66° 17.12+1.81* 120  50.67+2.05% 23.09+1.64*° 16.92+2.71* 36.93+5.77°

Interaction* 0.856 0.680 0.718 0.300 0.782 0.801 0.795

Values with different superscript at the same column are significantly different within the same factors (P < 0.05).

*P value of interaction between sires and cumulus cells existence. Values > 0.05 indicate no interaction between the
two factors.

Table 3: The effect of different additives to fertilization medium and its interaction with cumulus cells
existence on the in vitro fertilization pattern and in vitro development of buffalo-oocytes (mean + SE)

Pattern of fertilization In vitro development

Blastocyst/  Blastocyst/

Factors No. of Penetration Normal Abnormal No. of
oocyte cleavage

oocytes fertilization fertilization oocytes Cleavage Morula

Heparin 152 68.77+4.04 40.99+6.20 27.77+3.66 102 34.43+4.43 12.99+3.09 7.44+2.58 18.43+6.08
Theophylline 109 71.93+4.16 60.26+17.73 28.33+5.24 88 36.66+4.93 13.19+£3.18 10.23+3.20 24.13+5.97
Additive PHE 107 74.17+4.47 48.17£5.93 26.00+4.17 89 39.73+4.60 18.78+4.74 14.67+4.29 33.13+9.27

Cumulus Denuded 161 69.27+£3.70 35.21+4.50° 34.06+2.60° 119 29.37+3.27°9.88+2.23" 5.7442.16° 16.14+5.95°
ellsexistence  COCs 207 73.9742.10 64.41+9.54% 20.68+2.52% 160 44.52+2.27%20.10+2.832 15.83+2.36% 34.33+4.30°2
Interaction* 0.84 0.36 0.84 0.97 0.56 0.84 0.94

Values with different superscript at the same column were significantly different within the same factors (P < 0.05).

*P value of interaction between different additives and cumulus cells existence. Values > 0.05 indicate no
interaction between the two factors

There was no interaction between cumulus
cell existence and co-incubation times for
penetration, normal fertilization, abnormal
fertilization, cleavage, morula, blastocyst/ Semen from the three sires under

oocyte, and blastocyst/cleavage; respectively. investigation resulted in a similar fertilization
pattern and in vitro developmental competence

Effect of different sires and its interaction
with cumulus cells existence
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of buffalo oocytes. The differences among sires
were very narrow in all judgment criteria (Table
2). There was no interaction between sire and
cumulus cell existence.

Effect of different additives and their
interaction with cumulus cells existence

Different additives used in the currents study
did not influence the fertilization pattern or the
developmental competence of buffalo oocytes.
However, the addition of heparin to fertilization
medium significantly decreased the normal
fertilization rate in comparison to theophylline
and PHE (40.99+6.20 vs 60.26+17.73 and
48.17+5.93). Fertilization of the oocytes in
medium supplemented with PHE resulted in
none significantly higher blastocyst/oocyte
(14.67+4.29 vs 10.23+3.20 and 7.44+2.58;
P=0.10) and blastocyst/ cleavage (33.13+9.27
vs 7.44+ 597 and 18.43+6.08; P=0.16)
compared to medium supplemented with
heparin and theophylline.

Different additives used in the current study
did not influence the fertilization pattern or the
developmental competences of buffalo oocytes
fertilized as COCs or denude. There was no
interaction between the additives and cumulus
existence for penetration, normal fertilization,
abnormal fertilization, cleavage, morula,
blastocyst/oocyte and  blastocyst/cleavage;
respectively.

Discussion

Undoubtedly research in the field of buffalo
IVF aims to define the optimum conditions that
maximize normal fertilization and later
developmental ability. In the current study,
removal of cumulus cells before fertilization
step did not influence the penetration rate in all
experiments. Some studies have stated a
significant reduction in the fertilization rate
after fertilization of denuded oocytes (23,26),
while others showed no significant difference
(33). On the other hand, higher fertilization rate
after fertilization of partially denuded oocytes
has been reported (24). In the current study,
denudation of the oocytes before fertilization
increased the abnormal fertilization which is in
agreement with most of the previous studies
(28,33). Taken the previous results together, it

seems that enclosing the oocytes with cumulus
cells during fertilization is important to achieve
normal fertilization otherwise defining the
necessary threshold volume of cumulus requi-
res further investigation. During fertilization
cumulus cells increase sperm motility,
influence acrosomal reaction, enhance sperm-
zona binding capacity, prevent abnormal
spermatozoa from entering cumulus matrix
and/or create optimum microenvironment
around the oocytes (34).

Additionally, removal of cumulus cells
before fertilization step retarded the
developmental competence of buffalo oocytes.
This result is in agreement with previous
reports in cows (22,23) and buffaloes (7).
However, partial removal of cumulus cells
before fertilization has improved the blastocyst
rate(24).Lower cleavage and blastocyst/oocyte
rates after fertilization of denuded oocytes may
be a sequel of lower penetrationrate, while
lower blastocyst/cleavage rate may be a
subsequent to higher abnormal fertilization
rate. Furthermore, cumulus cells enclosed the
oocytes may protect the oocyte or the
presumptive zygotes from the hazers of
oxidative stress (21) or secret embryotonic
substances that improve later developmental
competence (22). The positive impact of
cumulus cells during fertilization step was
restricted to cumulus cells enclosed the oocytes
while loose cumulus cells did not have the same
effect (26). Otherwise, the addition of loose
cumulus cells or wusing cumulus cells
conditioned medium to denuded oocytes
slightly improved the cleavage rate but it did
not reach the efficiency of COCs (21,22).

In the current study, we observed a tendency
for higher abnormal fertilization and lower
blastocyst yield after extending the co-
incubation time above 6 h in oocytes fertilized
as COCs or denuded. Maximum fertilization
rate has been achieved after 8 h (26) and
maximum cleavage, blastocyst/oocyte or
blastocyst/cleavage have been achieved after 6
h (35), 10 h (19) in cow and 16 h in buffalo (5)
with no further improvement after longer
gamete co-incubation. Moreover, polyspermia
has been decreased when sperm cells were
removed from oocytes surface at 6-12 h after
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fertilization (28). Variation among studies may
be due to the interaction between co-incubation
time with other factors as sires them self (15),
sperm preparation method (36) and fertilization
medium (17). Additionally, the current study
didn’t detect an interaction between co-
incubation time and cumulus cells existence
which is in agreement with a previous study
stated that timing of sperm penetration was not
modified by the cumulus (26). In addition to
higher polyspermia, prolonged co-incubation
time may adversely affect the developmental
competence of presumptive zygotes through
increasing the potential damage induced by
higher reactive oxygen species (37) or sperm
metabolic product (38).

The current study revealed no differences in
the ability of the sperm cells from different sires
to fertilize or support embryonic development
of buffalo oocytes as previously reported
(6,10,15,16,19). Differences among sires were
attributed to different characteristics (39),
different sperm-zona binding ability (40) or
interaction with non-sire factors as sperm cell
concentration (41), co-incubation time (15) and
additive to fertilization medium (16). The three
bulls used in the current study showed similar
performance in denuded and COCs. This may
be due to the fact that the three sires used in the
current study were selected sires based on their
performance on IVF.

Numerous reports have stated the beneficial
effect of heparin (6,16), PHE (13,32) and
theophylline (31) on the fertilization pattern
and the developmental competence with no
previous report has compared the efficiency of
the three additives under the same experimental
conditions. The currentstudyshowedthat the
blastocyst/cleavage and the blastocyst/oocyte
were nearly duplicated after using PHE mixture
in comparison to heparin otherwise this
difference did not reach a significant level. This
promising result was clear in denuded oocytes.
Heparin, theophylline and PHE mixture
improve the sperm motility, sperm activity,
prolong the sperm lifespan and induce
capacitation like changes in the sperm cells
(6,13,16,20). Additionally, hypotaurine in the
PHE may inhibit the reactive oxygen species
(42). Since cumulus cells are responsible for

protecting the oocytes from reactive oxygen
species (43), the antioxidant activity of PHE
mixture may be responsible for improved
developmental competence after fertilization of
denuded oocytes. Further investigation of this
result is indicated.

Conclusion

In conclusion, removal of the cumulus cells
before fertilization significantly retarded the
fertilization pattern and the developmental
competence and none of the investigated factors
could counteract this adverse effect. However,
supplementation of fertilization medium with a
mixture of PHE showed promising improve-
ment in the blastocyst yield after fertilization of
denuded oocytes. Moreover, co-incubation
time longer than 6 h is not necessary even it
may have an adverse effect.

Conflict of interest

None of the authors have any conflict of
interest to declare

Acknowledgements

Authors thank Prof. Dr Magdi Ramadan
Badr, Head of Department of Atrtificial
Insemination and Embryo Transfer, Animal
Reproduction Research Institute (ARRI), GIZA
for his support while conducting this research
in (ARRI).

References

1. Gasparrini B, Tyagi S. In vivo embryo
production in buffalo: current situation and future
perspectives. Ital J Anim Sci 2007; 6 (Suupl 2): 74—
91.

2. Gasparrini B. In vitro embryo production in
buffalo species: state of the art. Theriogenology
2002; 57 (1): 237-56.

3. Suresh KP, Nandi S, Mondal S. Factors
affecting laboratory production of buffalo embryos.
Theriogenology 2009; 72 (7). 978-85.

4. Nandi S, Raghu HM, Ravindranatha BM,
Chauhan MS. Production of buffalo (Bubalus
bubalis) embryos in vitro: premises and promises.
Reprod Domest Anim 2002; 37 (2): 65-74.

5. Gasparrini B, Rosa A, Attanasio L, Boccia
L, Palo R, Campanile G, Zicarelli, L. Influence of
the duration of in vitro maturation and gamete co-


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gasparrini%20B%5BAuthor%5D&cauthor=true&cauthor_uid=11775973
https://www.ncbi.nlm.nih.gov/pubmed/11775973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nandi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11975742
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raghu%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=11975742
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ravindranatha%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=11975742
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chauhan%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=11975742
https://www.ncbi.nlm.nih.gov/pubmed/11975742

320

M. EL Gebaly, H. Abdalla, H. Amer, A.B. Hazza

incubation on the efficiency of in vitro embryo
development in Italian Mediterranean buffalo
(Bubalus bubalis). Anim Reprod Sci 2008; 105 (3-
4): 354-64.

6. Totey SM, Pawshe CH, Singh GH. Effect
of bull and heparin and sperm concentration on in
vitro fertilization of buffalo (Bubalusbubalis)
oocyte matured in vitro. Theriogeonology 1993; 39
(4): 887-98.

7. Nandi S, Chauhan MS, Palta P. Influence of
cumulus cells and sperm concentration on cleavage
rate and subsequent embryonic development of
buffalo (Bubalusbubalis) oocytes matured and
fertilized in vitro. Theriogenology 1998; 50 (8):
1251-62.

8. Ravindranatha BM, Nandi S, Raghu HM,
Reddy SM. In vitro maturation and fertilization of
buffalo oocytes: Effects of storage of ovaries, IVM
temperature, storage of processed sperm and
fertilization media. Reprod Domest Anim 2003; 38
(1): 21-6.

9. Hammam AM, Whisnant CS, Elias A,
Zaabel SM, Hegab O, Abu-El Naga EM. Effect of
media, sera and hormones on in vitro maturation
and fertilization of water buffalos (Bubalus
bubalis). J Anim Vet Adv 2010; 9 (1): 27-31

10. Jamil H, Samad HA, Qureshi ZI, Rehman
N, Lodphi, LA. Effect of bull and sperm preparation
method on in vitro preparation of buffalo oocyte.
Pak Vet J 2007; 27 (1): 29-34.

11. Husna AU, Azam A, Qadeer S, Awan MA,
Nasreen S, Shahzad Q, Fouladi-Nashta A, Khalid
M, Akhter S. Sperm preparation through
Sephadex™ filtration improves in vitro fertilization
rate of buffalo oocytes. Reprod Domest Anim 2018;
53 (2): 377-84.

12. Boccia L, Francesco S, Neglia G, De Blasi
M, Longobardi V, Campanile G, Gasparrini B.
Osteopontin improves sperm capacitation and in
vitro fertilization efficiency in buffalo (Bubalus
bubalis). Theriogenology 2013; 80 (3): 212-17.

13. Kang SS, Koyama K, Huang W, Yang Y,
Yanagawa Y, Takahashi Y, Nagano M. Addition of
D-penicillamine, hypotaurine, and epinephrine
(PHE) mixture to IVF medium maintains motility
and longevity of bovine sperm and enhances stable
production of blastocysts in vitro. J Reprod Dev
2015; 61 (2): 99-105.

14. Ward F, Rizos D, Boland MP, Lonergan P.
Effect of reducing sperm concentration during IVF
on the ability to distinguish between bulls of high
and low field fertility: work in progress.
Theriogenology 2003; 59 (7): 1575-84.

15. Sattar A, Rubessa M, Di Francesco S,
Longobardi V, Di Palo R, Zicarelli L, Campanile G,
Gasparrini B. The influence of gamete co-
incubation length on the in vitro fertility and sex
ratio of bovine bulls with different penetration
speed. Reprod Domest Anim 2011; 46 (6): 1090-
97.

16. Saeki K, Nagao Y, Hoshi M, Nagai M.
Effects of heparin, sperm concentration and bull
variation on in vitro fertilization of bovine oocytes
in a protein-free medium. Theriogenology 1995; 43
(4): 751-59.

17. Nedambale TL, Dua F, Xub J, Chaubalb
SA, Dinnyesd A, Groenf W, Faberf D. Prolonging
bovine sperm-oocyte incubation in modified
medium 199 improves embryo development rate
and the viability of vitrified blastocysts.
Theriogenology 2006; 66 (8): 1951-60.

18. Ferré LB, Bogliotti Y, Chitwood JL, Fresno
C, Ortega HH, Kjelland ME, Ross OJ. Effect of
spermatozoa motility hyperactivation factors and
gamete coincubation duration on in vitro bovine
embryo development using flow cytometrically
sorted spermatozoa. Reprod Fertil Dev 2016; 29 (4):
805-14

19. Ward F, Enright B, Rizos D, Boland M,
Lonergan P. Optimization of in vitro bovine embryo
production: effect of duration of maturation, length
of gamete co-incubation, sperm concentration and
sire. Theriogenology 2002; 57 (8): 2105-17.

20. Coy P, Ca’novas S, Mondejar |, Saavedra
MD, Romar R, Grullo'n L, Mata’s C, Avile’s M.
Oviduct-specific  glycoprotein  and  heparin
modulate sperm-—zona pellucida interaction during
fertilization and contribute to the control of
polyspermy. PNAS 2008; 105: 15809-14.

21. Fatehi AN, Roelen BAJ, Colenbrander B,
Schoevers EJ, Gadella BM, Bevers MM, Hurk R.
Presence of cumulus cells during invitro
fertilization protects the bovine oocyte against oxi-
dative stress and improves first cleavage but does
not affect further development. Zygote 2005; 13 (2):
177-85.

22. Fatehi AN, Zeinstra EC, Bevers MM.
Effect of cumulus cell removal of in vitro matured
bovine oocytes prior to in vitro fertilization on
subsequent cleavage rate. Theriogenology 2002; 57
(4): 1347-1355.

23. Zhangl,Jiang S, Yang PJ, Yang X, Godke
RA. Cumulus cell function during bovine oocyte
maturation, fertilization, and embryo development
in vitro. Mol Reprod Dev 1995; 40 (3): 338-44.

24, Hawk HW, Nel ND, Waterman RA, Wall
RJ. Investigation of means to improve rates of


https://www.ncbi.nlm.nih.gov/pubmed/?term=Husna%20AU%5BAuthor%5D&cauthor=true&cauthor_uid=29239046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azam%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29239046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qadeer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29239046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Awan%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=29239046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nasreen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29239046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shahzad%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=29239046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fouladi-Nashta%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29239046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khalid%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29239046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khalid%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29239046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akhter%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29239046
https://www.ncbi.nlm.nih.gov/pubmed/29239046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=25501343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koyama%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25501343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=25501343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25501343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yanagawa%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25501343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25501343
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nagano%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25501343
https://www.ncbi.nlm.nih.gov/pubmed/25501343
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saeki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16727665
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16727665
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoshi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16727665
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagai%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16727665
http://www.ncbi.nlm.nih.gov/pubmed/16727665
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=A.%20Nader%20Fatehi&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Bernard%20A.J.%20Roelen&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Ben%20Colenbrander&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Eric%20J.%20Schoevers&eventCode=SE-AU
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gadella%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=16128413
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Mart%20M.%20Bevers&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Rob%20van%20den%20Hurk&eventCode=SE-AU

Influence of gamete co-incubation time, sire and special additives on the in vitro fertilization of...

321

fertilization in vitro matured/in vitro fertilized
bovine oocytes. Theriogenology 1992; 38 (6): 989-
98.

25. Ortiz-Escribano N, Smits K, Piepers S, Van
den Abbeel E, Woelders H, Van Soom A. Role of
cumulus cells during vitrification and fertilization
of mature bovine oocytes: Effects on survival,
fertilization, and  blastocyst  development.
Theriogenology 2016; 86 (2): 635-41.

26. Cox JF, Zabal JH, Santa Maria A. Effect of
the cumulus on in vitro fertilization of bovine
matured oocyte. Theriogenology 1993; 40 (6):
1259-67.

27. Attanasio L, De Rosa A, De Blasi M,
Neglia G, Zicarelli L, Campanile G, Gasparrini B.
The influence of cumulus cells during in vitro
fertilization of buffalo (Bubalus bubalis) denuded
oocytes that have undergone vitrification.
Theriogenology 2010; 74 (8): 1504-08.

28. Chian RC, Okudo k, Niwa k. Influence of
cumulus on in vitro fertilization of bovine oocytes
derived from in vitro maturation. Anim Reprod Sci
1995; 38 (1-2): 37-48.

29. Brackett BG, Oliphant G. Capacitation of
Rabbit Spermatozoa in vitro. Biol Reprod 1975; 12
(2): 260-74.

30. Tervit HR, Whittingham DG, Rowson LE.
Successful culture in vitro of sheep and cattle ova. J
Reprod Fertil 1972; 30 (3): 493-7.

31. Takahashi Y, First NL. In vitro fertilization
of bovine oocytes in the presence of theophylline.
Anim Reprod Sci 1993;34 (1): 1-18.

32. Miller GF, Gliedt DW, Rakes JM, Rorie
RW. Addition of penicillamine, hypotaurine and
epinephrine (PHE) or bovine oviductal epithelial
cells (BOEC) alone or in combination to bovine in
vitro fertilization medium increases the subsequent
embryo cleavage rate. Theriogenology 1994; 41 (3):
689-96.

33. Ball GD, Leibfried ML, Lenz RW, AX RL,
Bavister BD, First NL. Factors affecting successful
in vitro fertilization of bovine follicular oocyte. Biol
Reprod 1983; 28 (3): 717-25.

34. Van Soom A, Tanghe S, De Pauw |, Maes
D, Kruif A. Funcion of the cumulus oophorus before

and during mammalian fertilization.
Domest Anim 2002; 37 (3): 144-51.

35. Kochhar HS, Kochhar KP, Basrur PK, King
WA. Influence of the duration of gamete interaction
on cleavage, growth rate and sex distribution of in
vitro produced bovine embryos. Anim Reprod Sci
2003; 77 (1-2): 33-49.

36. Rosenkranz CH, Holzmann A. The effect of
sperm preparation on the timing of penetration in
bovine in vitro fertilization. Anim Reprod Sci 1997,
46 (1-2): 47-53.

37. Enkhmaa D, Kasai T, Hoshi K. Long-time
exposure of mouse embryos to the sperm produces
high levels of reactive oxygen species in culture
medium and relates to poor embryo development.
Reprod Domest anim 2009;44 (4): 634-37.

38. Gianaroli L, Fiorentino A, Cristina Magli
M, Ferraretti AP, Montanaro N. Prolonged sperm
oocyte exposure and high sperm concentration
affect human embryo viability and pregnancy rate.
Hum Reprod 1996; 11 (11): 2507-11.

39. Al Naib A, Hanrahan JP, Lonergan P, Fair
S. In vitro assessment of sperm from bulls of high
and low field fertility. Theriogenology 2011; 76 (1):
161-7.

40. Selvaraju S, Ravindra JP, Ghosh J, Gupta
PSP, Suresh KP. Evaluation of sperm functional
attributes in relation to in vitro sperm-zona
pellucida binding ability and cleavage rate in
assessing frozen thawed buffalo (Bubalus bubalis)
semen quality. Anim Reprod Sci 2008;106 (3-4):
311-21.

41. Kroetsch TG. Sire and insemination dose
does affect in vitro fertilization of bovine oocytes.
Theriogenology 1992; 37: 240

42. Boatman DE, Bavister D, Cruze E.
Addition of hypotaurine can reactivate immotile
golden hamster spermatozoa. J Androl 1990; 11 (1):
66-72.

43. Shaeib F, Khan SN, Ali I, Thakur M, Saed
MG, Dai J, Awonuga AO, Banerjee J, Abu-Soud
HM. The defensive role of cumulus cells against
reactive oxygen species insult in metaphase Il
mouse oocytes. Reprod Sci 2016; 23 (4): 498-507.

Reprod


https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20GF%5BAuthor%5D&cauthor=true&cauthor_uid=16727423
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gliedt%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=16727423
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rakes%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=16727423
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rorie%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=16727423
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rorie%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=16727423
https://www.ncbi.nlm.nih.gov/pubmed/16727423?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shaeib%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26468254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=26468254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26468254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thakur%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26468254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saed%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=26468254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saed%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=26468254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dai%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26468254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Awonuga%20AO%5BAuthor%5D&cauthor=true&cauthor_uid=26468254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Banerjee%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26468254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abu-Soud%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=26468254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abu-Soud%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=26468254
https://www.ncbi.nlm.nih.gov/pubmed/26468254

