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Abstract

The present study was conducted to i) investigate the effect of supplementation of
VM and/or IVC media with ascorbic acid on developmental competence of buffalo
embryos ii) to evaluate the themoprotectant role of ascorbic acid on in vitro
development of buffalo embryos. Immature oocytes collected from slaughterhouse
buffalo ovaries were subjected to in vitro maturation (IVM), fertilization (IVF) and
culture (IVC). In experiment 1, the VM or IVC or both VM and IVC media was
supplemented with 50 and 100 uM ascorbic acid. It was found that the cleavage and
blastocyst rate (p< 0.05) was improved at 50 uM ascorbic acid but no significant
difference in result was observed at 100 uM (p< 0.05). In experiment 2, three groups
were taken; for group 1, IVF and IVC were carried out 38.5°C, group 2 immature
oocytes were incubated initially at 39.5°C at IVM followed by VM, VF and IVC with
50 uM ascorbic acid, group 3 immature oocytes were incubated initially at 40.5°C at
VM followed by IVM, IVF and IVC with 50 uM ascorbic acid. No significant difference
in developmental rate was observed at elevated temperature of 39.5°C and 40.5°C
respectively. Among the heat stress-related genes, the expression level of HSP 70.1
and HSP 70.2 was increased both in control and treatment. The expression level of
BAX increased at blastocyst stage in control but was significantly lower in treatment
at 50 uM (p< 0.05). No significant difference was seen in gene expression of BID
between control and treatement. Regarding anti-apoptotic gene expression of BCL-
XL and MCL1, significant difference was observed in MCL-1 it was comparatively
higher for 50 pM ascorbic acid compared with control but no significant difference
was observed in expression of BCL-XL between control and treatment. Among
developmental gene GDF 9 and BMP 15, no discrepancy was concluded in control
and treatment. From above results, it is concluded that ascorbic acid has an anti-

oxidant as well as thermoprotectant role in developmental competence.
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Introduction

1. INTRODUCTION

Reproductive performance of farm animals in tropical and subtropical
environments is affected throughout the year by a number of factors such as
the physical environment, nutrients availability, adaptability, genetic
composition of cattle, intensive or extensive management systems, socio-
economic status of farmers. One of the most important factors of physical
environment that lead to stress in farm animals is oxidative stress, an
imbalance between the systemic manifestation of reactive oxygen species

and a biological system's ability to readily detoxify the reactive intermediates.

Oxidative stress is involved in aetiology of defective embryo development.
Oxygen species may originate from embryo metabolism and embryo
surroundings. Reactive oxygen species (ROS) is a term which encompasses
all highly reactive, oxygen-containing molecules, including free radicals.
Types of ROS include the hydroxyl radical, the superoxide anion radical,
hydrogen peroxide, singlet oxygen, nitric oxide radical, hypochlorite radical,
and various lipid peroxides. All are capable of reacting with membrane lipids,
nucleic acids, proteins and enzymes, and other small molecules, resulting in
cellular damage. Embryo metabolism generates ROS via several enzymatic
mechanisms involved in different biochemical reaction. ROS generated
during embryo metabolism are highly reactive and alters most of cellular

development (Guerin et al., 2001).

Pathogenesis and clinical symptoms of oxidative stress

ROS are a double-edged sword: Oxidative stress impairs the intracellular
environment resulting in diseased cells and endangered cell survival. ROS
can affect a variety of physiological functions in the reproductive tract, and
excessive levels can result in pathologies affecting animal reproduction. The
oxidant status can influence early embryo development by modifying the key

transition factors and hence modifying gene expression. During gestation

1



Introduction

oxidative stress plays a role in the initiation of preterm labor and during
normal parturition, assuring ovulation, ovarian steroidogenesis, oocyte
maturation, blastocyst formation, luteolysis and Iuteal maintenance in
pregnancy. Concentrations of ROS may play a key role both in the
fertilization and implantation of oocytes. Oxidative stress operates during
follicular development and cyclical endometrial changes. On the other hand,
the pathological effects are exerted by various mechanisms including lipid
damage, inhibition of protein synthesis and depletion of ATP (Ray et al.,
2012).

Heat stress can also disrupt development and function of the oocytes.
The best evidence for this statement comes from the lactating dairy cow. In
this animal, which is particularly sensitive to heat stress because of the
metabolic demands of lactation, oocyte competence for fertilization and
subsequent development is reduced during times of the year associated with
heat stress. High air temperatures 10 days before oestrus were associated
with low fertility. Steroid production by cultured granulosa and thecal cells
were low when cells obtained from cows were exposed to heat stress (Roth
etal., 2001a).

Strategies for combating oxidative stress

Oxidative damage can be minimized by antioxidant defence mechanisms
that protect the cells against cellular oxidants and repair system that prevent
the accumulation of oxdatively damaged molecules. Antioxidants, both
enzymatic and non-enzymatic, provide necessary defence against oxidative
stress. Antioxidant vitamins like vitamin C and vitamin E have have proved to
protect the biological membranes against the damage of ROS .The role of
vitamin E as an inhibitor —“chain blocker’-of lipid peroxidation has been well
established . Like vitamin E, ascorbate is also a chain breaking antioxidant. It
prevents lipid peroxidation due to peroxyl radicals. It also recycles vitamin E.
It protects against DNA damage induced by H,O, radical. Vitamin C was

found to assist in absorption of folic acid by reducing it to tetrahydrofolate;



Introduction

the latter again acts as an antioxidant. Use of folic acid is impaired when
vitamin C is deficient. Administration of ascorbic acid restores the androgenic
and gametogenic activity of ethanol treated rats. Vitamin C along with
electrolyte supplementation was found to ameliorate the heat stress in
buffaloes (Kumar et al.,2010). Zinc and other trace elements like Cu and Cr
act as typical antioxidants as they work indirectly. Reports have shown the
impact of Cu and Zn deficiency on the antioxidant defence system and
oxidative damage to cellular components (Picco et al., 2004). The activity
SOD, catalase (CAT) and glutathione peroxidise (GPx) is decreased in cu
deficient animals. It is also reported that normal cu levels are necessary to

maintain the structural integrity of DNA during oxidative stress.

Ascorbic Acid as an antioxidant

Ascorbic acid (AA), commonly known as vitamin C, is 1, 2-Dihydroxyethyl-
3, 4-dihydroxyfuran-2(5H)-one, is a water-soluble free radical scavenger.
Ascorbic acid is the enolic form of one a-ketolactone. Ascorbic acid solution
is easily oxidized to the diketo form referred to as dehydro ascorbic acid,
which can easily be converted into oxalic acid, diketogulonic acid or threonic
acid. Moreover, it regenerates vitamin E in cell membranes in combination
with GSH or compounds capable of donating reducing equivalents. Vitamin
C, changes to ascorbate radical by donating an electron to the lipid radical in
order to terminate the lipid peroxidation chain reaction. The pairs of
ascorbate radicals react rapidly to produce one molecule of ascorbate and
one molecule of dehydroascorbate. The dehydroascorbate does not have
any antioxidant capacity. Hence, dehydroascorbate is converted back into
the ascorbate by the addition of two electrons. The last stage of the addition
of two electrons to the dehydroascorbate has been proposed to be carried

out by oxido reductase.

Buffalo are the mainstay of dairy industry in India. Therefore, it is

important to look for the causes that affect embryo development in buffalo.

Effects of ascorbic acid on oxidative stress in embryonic development and

3
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thermoprotectant role of ascorbic acid on in vitro produced buffalo embryos

have not been studied till date.

In case of farm animals like cattle (Ealy et al., 1994), sheep (Dutt 1963)
and pig (Tompkins et al., 1967), the magnitude of the depression in
embryonic survival is less when heat stress is applied later in the
preimplantation period than when applied earlier in development. In cattle, for
example, exposure of superovulated females to heat stress at day 1 after
breeding (i.e., when embryos were at the one- or two-cell stage) reduced the
proportion of embryos at day 8 of pregnancy that were at the blastocyst
stage of development (Ealy et al., 1994). However, heat stress had no effect
on the proportion of embryos at day 8, classified as blastocysts, when heat
stress was applied at day 3 (4- to 8 cell stage), day 5 (16-cell to morula
stage), or day 7 (morula to blastocyst stage). Thus, it might be inferred that

preimplantation embryos undergo apoptosis in a stage-specific manner.

Taking this into consideration and the importance of the subject, the project

was designed with the following objectives:

1. To study the effect of ascorbic acid on in vitro development of IVM
and IVC in buffalo (Bubalus bubalis) embryos

2. To study the role of ascorbic acid as thermoprotectant on

developmental competence of embryos.

3. To study the expression of some developmental genes during

embryonic development.



CHAPTER — 2

Review of Literature



Review of literature

2. REVIEW OF LITERATURE

In vitro production (IVP) of embryos is one of the major areas of focus for
the reproductive technologies currently being developed for buffalo. It is
important not only for faster multiplication of superior germplasm through
production of embryos from animals of superior genetic merit but is also an
integral part of a number of other reproductive technologies like production of

embryonic stem (ES) cells, cloning, transgenesis, gene targeting etc.

2.1 Invitro production of buffalo embryos

Buffalo holds tremendous potential in the livestock sector in Asian and
Mediterranean countries due to their diversified advantages. Faster multiplication
of superior genotypes and the conservation of endangered buffalo breeds are
urgent concern for the buffalo scientists. Recent advances in assisted
reproductive biotechnologies, including male and female assisted technologies,
offer enormous opportunities to not only improve productivity, but also to use
buffaloes to produce novel products for applications to human health and

nutrition.

IVP of embryos is carried out through a combination of the techniques of
in vitro maturation (IVM), fertilization (IVF) and culture (IVC) of oocytes. Various
aspects of in vitro production of buffalo embryos have been extensively reviewed
(Palta and Chauhan, 1998; Gasparrini, 2002). A plethora of information is now
available on the IVP of embryos from different breeds of buffalo like Murrah
(Totey et al., 1992; 1993; 1996; Madan et al., 1994a,b; Chauhan et al., 1996;
1997a,b,c; 1998a,b,c,d,e.f; 1999; Narula et al., 1996; Nandi et al., 1998; 2000;
2001) and Nili-Ravi (Samad et al., 1998) and Swamp buffaloes (Liang et al.,
2007).
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2.1.1 In vitro maturation

The slaughterhouse ovaries are the major source of immature oocytes
since oocytes can be obtained in numbers large enough for standardization and
optimization of various techniques like VM, sperm processing, IVF, IVC etc.
Oocytes are collected from ovaries by aspiration of follicles or slicing of ovaries.
However, these oocytes cannot be used to produce progeny of known pedigree.
For this, oocytes have to be obtained from live animals through ultrasound-
guided Transvaginal Oocyte Retrieval (TVOR) also called Ovum Pick-Up (OPU).
The oocytes were then examined under a zoom stereomicroscope and graded
on the basis of the appearance of their ooplasm and the cumulus mass
surrounding them. For VM, groups of usable quality oocytes in groups of 10-20
each are generally cultured for 24 h in 50-100 pl droplets of VM medium under
sterile paraffin oil at 38.5°C in a 5% CO; in air with 90-95% relative humidity
(Totey et al., 1992; Madan et al., 1994a,b). Following IVM, the oocytes may be
fixed and stained with Giemsa (Das et al., 1997; 1999) or aceto orcein (Totey et
al., 1992) for observing the presence of metaphase-Il stage chromosomes if the
occurrence of nuclear maturation is to be examined. However, since this process
kills the oocytes, the occurrence of maturation can alternatively be evaluated by
assessing the degree of cumulus expansion by a classification scheme described
originally for cattle by Leibfried and First (1979), modified subsequently by Loos
et al. (1991) and later adapted for buffalo by Chauhan et al. (1998b). The in vitro
matured oocytes which show an acceptable degree of cumulus expansion are
then subjected to IVF.

2.1.2 In vitro fertilization

The spermatozoa artificially capacitated prior to their incubation with the
oocyte for performing VF. The spermatozoa were treated with an appropriate
concentration of heparin for this. Moreover, since the semen generally used for
IVF comes from frozen-thawed semen, the spermatozoa need to be treated with
a motility enhancing substance like caffeine or the ophylline for increasing their
motility (Madan et al., 1994 a,b; Chauhan et al.,, 1997 a,b,c; 1998 a,b,c,d,e,f;
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1999; Nandi et al., 1998). The in vitro matured oocytes are incubated with the

processed spermatozoa for an appropriate period of time for carrying out IVF.

2.1.3 In vitro culture

Embryos at the blastocyst stage can be used either for transfer to suitably
synchronized recipients or cryopreserved for future use or used as raw material

for obtaining inner cell mass (ICM) cells for the production of ES cells.

Probably the most serious problem which limits the applicability of this
technology is the very low blastocyst yield which, at only around 6-10% of the
total oocytes subjected to IVM, IVF and IVC (Palta and Chauhan 1998;
Gasparrini 2002), is far lower than that of around 30 to 40% in cattle (Yang et al.,
1998a). Any refinements in the IVM protocols directed towards improving
blastocyst yield could be very useful not only for the faster multiplication of
superior germplasm but also for increasing yields of cloned or transgenic
blastocysts, and for production of ES cells. One of the important reasons for low
blastocyst production rates is the oxidative stress imposed on the oocytes and

embryos during in vitro culture.

2.2 Oxidative stress

It reflects an imbalance between the systemic manifestation of reactive
oxygen species (ROS) and a biological system's ability to readily detoxify the
reactive intermediates or to repair the resulting damage. Disturbances in the
normal redox state of cells can cause toxic effects through the production of
peroxides and free radicals that damage all components of the cell, including
proteins, lipids, and DNA. Oxidative stress from oxidative metabolism causes
base damage, as well as strand breaks in DNA. Base damage is mostly indirect
and caused by reactive oxygen species (ROS) generated, e.g. O, (superoxide
radical), OH™ (hydroxyl radical) and H>O, (hydrogen peroxide). Further, some
reactive oxidative species act as cellular messengers in redox signalling. Thus,
oxidative stress can cause disruptions in normal mechanisms of cellular

signalling (Kala et al., 2015).
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2.2.1 Role of oxidative stress in embryo production

All aspects of life, including reproduction are affected by reactive oxygen
species (ROS). ROS are free radicals (FR), which play a crucial role in the
physiological process of spermatogenesis, sperm capacitation, hyperactivation,
penetration, oocyte maturation and regression of corpus luteum during normal

ovarian reproductive cycle (Aitken etal., 2004).

There are several factors that contribute to the developmental
competence and health of mammalian preimplantation embryos produced in
vitro. Among these, oxidative stress, which arises as a result of high oxygen
tension, appears to be a major factor impairing in vitro embryo development. In
this respect, there are several reports reflecting the fact that embryos develop
well at lower oxygen concentrations. In hamsters and rabbits, intrauterine O
concentration is found to decrease to 37 mm Hg (5.3% O>) and 24 mm Hg (3.5%
0Oy), respectively, at the time of blastocyst formation and implantation, indicating
that embryos develop in vivo under low oxygen concentrations. Such a reducing
atmosphere that persists in vivo is required for proper embryonic development
and embryo implantation in the uterus. In terms of rate of embryo development,
embryos from mice (Umaoka et al., 1991; 1992), sheep (Thompson et al., 1990)
and cattle (Thompson et al., 1990) cultured in vitro under low (5%) O
concentrations have been reported to show higher developmental rates than

those cultured under 20% O,.

Liu et al. (1995) demonstrated that an atmosphere with 5% O, was
superior to that with 20% O, for the in vitro development of bovine embryos in
terms of their yields (37% vs. 18%; P<0.01).

Fujitani et al. (1997) concluded, that the respective percentages in 5% vs.
20% O, concentration were found to be day 8-early blastocysts: 49% vs. 17%;
day 8-expanded blastocysts: 19% vs. 6% and day 10-hatched blastocysts: 16%
vs. 0%. Similar kind of results were also reported by Takahashi et al. (1993) who
observed that after 8 days of culture, the extent of blastocyst formation was

significantly decreased (P<0.001) when bovine embryos were cultured under
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20% oxygen concentration (5.8 + 2.4%) compared to embryos cultured under 5%
oxygen concentration (35.1 + 6.7%). The decrease in the blastocyst yield was
correlated with the observation that a high DNA damage occurred in the embryos

cultured under 20% oxygen concentration due to oxidative stress.

Iwamoto et al. (2005) reported that low oxygen tension during VM
improved parthenogenetic activation (38.5 = 3.9% in 5% O, tension vs 24.5 +
3.9% in 20% O;) and subsequent development to the blastocyst stage in pig. The
blastocyst quality measured by total cell number was significantly higher when
oocytes were matured under 5% O, (34.6 + 2.0) tension than when they were
matured under 20% O, (25.9 + 1.8) tension. This indicates that the detrimental
effects of oxidative stress can be reduced under low oxygen tension and that low

oxygen tension is useful for the development of parthenotes.

Altogether, these results indicate that a high O, concentration during in
vitro culture of oocytes and embryos reduces their developmental ability due to

oxidative stress.

2.2.2 Oxidative stress produces harmful reactive oxygen species

An oxygen rich atmosphere imposes an oxidative stress on oocytes and
developing embryos by generating harmful reactive oxygen species (ROS),
which are the molecules having an unpaired electron desperately in need of an
electron in order to achieve stability. They steal an electron from neighbouring
molecules thus destroying them and, in the process, initiate a chain of
devastating reactions which ultimately proves highly deleterious for the cell. The
important ROS are: hydrogen peroxide (H20,), superoxide anion (O,"), hydroxyl
radicals (OH"), peroxyl radicals (ROO") and alkoxyl radicals (RO’). Though these
harmful compounds are also produced under normal conditions during embryo
development in vivo, but the extent of ROS generation is much greater under in

vitro conditions.
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A number of endogenous and exogenous conditions can lead to
production of ROS. Endogenously, various metabolic pathways such as oxidative
phosphorylation, and enzymes like NADPH oxidase and xanthine oxidase
produce ROS. Amongst the exogenous factors, important ones are: high oxygen
tension, exposure to visible light, exposure to ROS-producing spermatozoa,
amine oxidase present in serum etc. ROS production in both mouse (Goto et al.,
1993) and bovine (Nagao et al., 1994) embryos has been reported to increase

during the culture at atmospheric oxygen concentration.

ROS produced as a result of oxidative stress are highly damaging to the

oocytes and embryos since they

) cause a developmental block of embryos (Goto et al., 1993; Nagao et al.,
1994),
i) damage cell membranes (Aitken et al., 1989),

i) induce nuclear DNA strand breakage (Munne etal., 1991),

V) cause oxidation of sulphydryl groups in proteins and disulphide formation
(Halliwell etal., 1991).

V) cause ATP depletion (Hyslop et al., 1988),
vi) lead to mitochondrial alterations (Kowaltowski et al., 1999),
vii)  inhibit sperm-oocyte fusion (Aitken et al., 1993) and
viii)  induce apoptosis (Yang et al., 1998b).
ROS modulates gamete quality and gamete interaction. ROS influence
spermatozoa, oocytes, embryos and their environment. Role of ROS in oocyte

development, maturation, follicular atresia, corpus luteum function,

steroidogenesis and luteolysis are being established.
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culture and subsquent effects on embryo development.
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2.2.3 Origin of ROS in Male Reproductive System/Sources of ROS

ROS generated by spermatozoa play an important role in normal
physiological processes such as, sperm capacitation, acrosome reaction,
maintenance of fertilizing ability, and stabilization of the mitochondrial capsule in
the mid-piece in bovine (Gocalves et al., 2010).

Controlled generation of ROS may function as signaling molecules
(second messengers) in many different cell types; they are important mediators
of sperm functions. Evidences have been reported that especially superoxide
anion (Oy’) is required for the late stage of embryo development such as, two
germ cell layers and egg cylinder (Kodma etal., 1996).

Significant negative correlation between ROS and IVF fertilization rate has
been found (Agarwal et al., 2005), yet, controlled generation of ROS has shown
to be essential for the development of capacitation and hyper activation
(Lamirande et al., 1993) the two processes of sperm that are necessary to

ensure fertilization.

In vivo physiological concentrations of ROS are involved in providing
membrane fluidity, maintaining the fertilizing ability and acrosome reaction of
sperm (Bucak et al., 2010). The maintenance of a suitable ROS level is,
therefore, essential for adequate sperm functionality. ROS cause adverse effects
on the sperm plasma membrane, DNA, and physiological processes, thereby,
affecting the quality of spermatozoa. The acrosome and associated dense fibers
of the mid-piece in sperm are covered by mitochondria that generate energy from

intracellular stores of ATP depletion (Bucak et al., 2008).

According to existing data, the cause of sterility in 30% - 80% of infertility
cases is sperm that is disabled as a result of OS (Agarwal et al., 2006). OS

causes sterility by several mechanisms:

1) ROS damage sperm membrane (containing a large number of
polyunsaturated fatty acids, which are vulnerable to ROS attacks-the so-
called lipid per-oxidation, leading to decreased motility and difficult fusion

between sperm and oocyte (Zalata et al., 2004).
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2) ROS mitochondrial damage, which reduces the energy available in the cell
and thus impedes the movement of sperm. Impaired motility causes a
smaller number of sperm reaching the egg, which in turn greatly reduces
the likelihood of fertilization (De Lamirande et al., 1998).

3) ROS damage sperm DNA. They are capable of directly attacking both
purine and pyrimidine bases and the sugar- phosphate backbone. Under
normal conditions, sperm DNA is tightly packed with the participation of
protamines, and this protects it from the attack by FR. During
spermatogenesis histones are initially displaced by transition proteins and
then by protamines. Protamines are significantly smaller than histones
and contain many positively charged amino acid residues. This allows
DNA strands which are highly negatively charged to wrap tightly around
the protamine molecules. Moreover protamines contain cysteine residues,
allowing formation of disulfide bonds between adjacent protamine

molecules (Oliva, 2006).

2.2.4 Cryopreservation/ Freezing Thawing-Oxidative Stress

Freezing/thawing of sperm sample is routinely performed in cattle
breeding industries in order to perform artificial insemination. These procedures
are known to produce ROS in sperm samples. During cryopreservation, semen is
exposed to cold shock and atmospheric oxygen, which in turn increases the
susceptibility to lipid per-oxidation due to higher production of ROS. As the sperm
plasma membrane is one of the key structures affected by cryopreservation,
sperm cryopreservation and thawing is associated with increased ROS

production and decreased antioxidant level (Cheema et al., 2009).

2.2.5 Origin of ROS in Female Reproductive System/Sources of ROS

Reactive oxygen species produced by the pre-ovulatory follicle are
considered important inducers for ovulation (Ruder et al., 2009). Oxygen
deprivation stimulates follicular angiogenesis, which is important for adequate

growth and development of the ovarian follicle. Follicular ROS promotes
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apoptosis, whereas GSH and follicular stimulating hormone (FSH)
counterbalance this action in the growing follicle. Estrogen increases in response
to FSH, triggering the generation of catalase in the dominant follicle, and thus

avoiding apoptosis (Behrman et al., 2001).

Ovulation is essential for reproduction and commences by the LH surge,
which promotes important physiological changes that result in the release of a
mature ovum. An over abundance of post-LH surge inflammatory precursors
generates ROS; on the other hand, depletion of these precursors impairs
ovulation (Shkolnik et al., 2011).

Oxidative stress, iron stores, blood lipids, and body fat typically increase
with age, especially after menopause. The cessation of menses leads to an
increase in iron levels throughout the body. Elevated iron stores could induce
oxidative imbalance, which may explain why the incidence of heart disease is

higher in postmenopausal than premenopausal women (Crist et al., 2009).

Today, the task of maintaining some mammalian embryos in culture is
challenging, particularly in species such as the canine and porcine. Recent
studies have been reported with great improvement of in vitro culture systems by
manipulating defined media via various combinatory supplements such as
vitamins, growth factors, cytokines, hormones and other selective intracellular
and extracellular modulators for biochemical processes in several species.
Despite efforts to make improvements, the yield and quality of VP porcine
embryos are still low when compared with their in vivo counterpart. In a long-
standing practice, the hydro soluble antioxidant vitamin C has often been
used as a supplement in in vitro culture systems for oocytes and embryos. As a
result of reduced O, tension, VP embryos acquired improved development
evident by a decreased reactive oxygen species (ROS) content and DNA
fragmentation. Glutathione (GSH), a major intra cellular free thiol group, is

involved in cellular proliferation and amino acid transport.
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2.2.6 Amelioration of oxidative stress by antioxidants

The antioxidants can be broadly classified into two types, enzymatic and
non-enzymatic. Amongst the enzymatic defense mechanisms, some important
ones are superoxide dismutases (SODs) like the copper-zinc SOD-located in the
cytosol and manganese-SOD located in mitochondria. These scavenge the
superoxide radicals. Hydrogen peroxide-H,O,, the byproduct of SOD action, is

eliminated by the action of catalase.

The important non-enzymatic antioxidants are vitamins A, C, E, pyruvate
and sulphur compounds such as glutathione (GSH), hypotaurine, taurine,
cysteine, cystine, cysteamine etc. Amongst these, GSH appears to be the main
non-enzymatic defense system against ROS in embryos. Glutathione, a
tripeptide (y-glutamylicysteinylglycine) is a major non-protein sulphydryl
compound in mammalian cells, which plays a critical role in protecting the cells
from oxidative damages (Takahashi et al., 1993; Gardiner et al., 1998). It is both
the most prevalent cellular thiol and the most abundant low molecular weight
peptide. In many cells, GSH accounts for more than 90% of the total nonprotein
sulfur. Inside the cell, synthesis of glutathione occurs in the cytoplasm via the
sequential actions of y—glutamyl cysteine synthetase and GSH synthetase
(Meister, 1988).

2.2.7 Mechanism of radical scavenging activity of ascorbic acid

Vitamin C or ascorbic acid is a water-soluble free radical scavenger.
Moreover, it regenerates vitamin E in cell membranes in combination with GSH
or compounds capable of donating reducing equivalents. Vitamin C, changes to
the ascorbate radical by donating an electron to the lipid radical in order to
terminate the lipid per-oxidation chain reaction. The pairs of ascorbate radicals
react rapidly to produce one molecule of ascorbate and one molecule of
dehydroascorbate. The dehydroascorbate does not have any antioxidant
capacity. Hence, dehydroascorbate is converted back into the ascorbate by the
addition of two electrons. The last stage of the addition of two electrons to the
dehydroascorbate has been proposed to be carried out by oxido-reductase (Oh
etal., 2011).
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Fig.2: Mechanism of radical scavenging activity of ascorbic acid

2.2.6 Supplementation of in vitro maturation and culture medium with

ascorbic Acid

2.2.6.1 Sheep

In vitro embryo production procedures developed for sheep have
tremendously been improved from decades, but many factors influencing their
efficiency still need to be investigated. The overall of this study showed the
production of the sheep embryos till blastocyst stage from the ovaries of the
slaughtered ewes for IVM, IVF of the oocytes and then VC in the complex
culture media like TCM-199, TCM-199-, TCM-199+ and CR1aa. The morula yield
was significantly higher in the wheat peptone and BSA supplemented group. The
nuclear maturation rates of ovine oocytes matured in FBS (69.15 = 1.07) group
was more compared to BSA (56.47 = 0.73) and wheat peptone (35.26 + 0.79).
The nuclear maturation of oocytes was significantly higher in the FBS group
when compared to BSA and wheat peptone supplemented groups. The lowest
maturation rate was observed in wheat peptone supplemented group. The
development rates in 2, 4, 8, 16 and morula stages of ovine embryos produced
from BSA group were high (74.22 + 2.56, 60.93 + 2.55, 42.97 + 2.20 and 24.21 +
1.28) compared to FBS group (73.58 + 2.92, 58.77 + 2.01,41.22 + 1.68 and
20.17 + 0.76) and wheat peptone (72.89 + 1.09, 57.01 £ 0.76, 42.05 £ 0.36 and
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24.29 £ 0.55). The cleavage, morula and blastocyst percent in CR1aa was found
significantly high compared with TCM- 199, TCM-199- and TCM-199+. The
cleavage, morula and blastocyst percent in L-Ascorbic acid at 100 yM with
CRlaa is found more significant compared with other compositions used in the

experimentation (Sreenivas et al., 2014).

2.2.6.2 Pig

Dose-response assessment performed to understand the relation between
supplementation of media with L-ascorbic acid or vitamin C and porcine oocyte
maturation and the in vitro development of parthenotes (PA) and handmade
cloned (HMC) embryos. Various concentrations (0, 25, 50 and 100 pg/ml) of
vitamin C supplemented in in vitro maturation (VM) and culture (IVC) media
were tested. When cultured in VM- and/or IVC-supplemented media, the group
supplemented with 50 ug/ml of vitamin C showed improved cleavage rates,
blastocyst rates and total cell numbers per blastocyst (P<0.05) compared with
other groups (control, 25 ug/mland 100 pg/ml). In contrast, supplementation with
50 pg/ml vitamin C decreased (P<0.05) the apoptosis index as compared with
the groups supplemented with 100 pg/ml. In addition, even with a lower
blastocyst rate to start with (37.6 vs. 50.3%, P<0.05), supplementation of HMC
embryos with vitamin C ameliorated their blastocyst quality to the extent of PA
embryos as indicated by their total cell numbers (61.2 vs. 59.1). Taken together,
an optimized concentration of vitamin C supplementation in the medium not only
improves blastocyst rates and total cell numbers but also reduces apoptotic
indices, whereas over dosages compromise various aspects of the development

of parthenotes and cloned porcine embryos (Kere et al., 2014).

2.2.6.3 Goat

The effect of subcutaneous injections of vitamin C on the seminal
characteristics of Markhoz bucks (2-4 year old) was studied. The bucks, trained
to serve an artificial vagina, were randomly allotted into three equal groups (n =

4) and received daily either zero (1 mL normal saline; control group), or 20 (VitC
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20 group) or 40 (VitC40 group) mg per kg body weight vitamin C from July 06,
2006 to Oct. 06, 2006. Blood samples were taken from the jugular vein at
monthly intervals, and semen samples were collected at 15-day intervals.
Testicular dimensions in the scrotum (circumference, width, and length) were
also determined on the day before semen collection. The ejaculates were
evaluated for volume, sperm concentration, pH, motility, and abnormal and live
sperm. Testicular measurements were not affected by administration of vitamin
C. The interaction between vitamin C and the sampling time was significant
(P<0.05) for the concentration of vitamin C in the blood plasma and seminal fluid,
sperm motility, sperm viability, sperm abnormality, and the number of live-normal
sperm in the ejaculate. Vitamin C increased the levels of vitamin C in blood and
seminal plasma. Both doses of vitamin C increased the percentage of
progressively motile sperm showing forward motility. VitC40 injection for 90 days
increased sperm motility and the effect was still evident up to 30 days after the

cessation of injections (Fazeli etal., 2010).

2264 Buffalo

Culture medium supplemented with either a-tocopherol or L-ascorbic acid
at a concentration of 250 mM increased the quality of IVF-derived buffalo
embryos, blastocyst rate and blastocyst cell number. Higher concentration of
either a-tocopherol or L-ascorbic acid (500 mM) failed to improve in vitro embryo
development. Vitamin C (ascorbic acid) is an important water-soluble antioxidant
that reduces sulfhydryls, scavenges free radicals and protects against
endogenous oxidative DNA damage. Vitamin C may become a pro-oxidant when
free transition metals are present. Gasparrini et al. (2004) reported the effects of
enriching the IVM medium with cystine, in the presence of cysteamine, on the in
vitro embryo production efficiency. When the IVM was carried out in the absence
or presence of 50 uM cysteamine, with or without 0.3 mM cystine, the intra
cytoplasmic GSH concentration was found to be significantly higher than the
control, with the highest GSH levels in oocytes matured in the presence of both

thiol compounds (3.6, 4.7, 5.4 and 6.9 pM/oocyte in the control, cysteamine,
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cystine and cystine + cysteamine groups, respectively; P<0.05). Cystine
supplementation of VM medium, both in the presence or absence of cysteamine,
significantly increased the proportion of oocytes showing two normal
synchronous pronuclei following fertilization. In all supplemented groups,
cleavage rate was significantly improved compared to the control (55, 66.1, 73.5
and 78.4% in the control, cysteamine, cystine and cystine + cysteamine groups,
respectively; P<0.05). Similarly, blastocyst yield was also increased in the three
enriched groups compared to the control (17.1, 23.8, 29.3, 30.9% in the control,
cysteamine, cystine and cystine + cysteamine groups, respectively; P<0.05).
Overall, the addition of cystine to a cysteamine-enriched medium resulted in a
significant increase of cleavage rate and transferable embryo yield compared to

the medium supplemented with only cysteamine.

Supplementation of VM medium with 50 pm cysteamine increased
(P<0.01) the cleavage rate and blastocyst yield without affecting the HR and TCN
whereas a higher concentration of 200 um significantly (P<0.05) reduced the
blastocyst yield but not TCN. Similar increases in blastocyst yield, without any
effect on HR and TCN were observed after supplementation of the IVC medium
with 100 (P<0.01) or 50 ym (P<0.05) cysteamine, whereas 200um cysteamine
was ineffective. Supplementation of both VM medium with 50pm cysteamine and
of VC medium with 100pm cysteamine increased the yield of blastocysts and
hatched blastocyst by over 100%(P <0.01) compared with the controls without
any adverse effects on HR or TCN. The results of the present study suggest that
supplementation of both VM and VC media improves the yield of blastocysts
without compromising their health (Anand et al., 2008). Elamaran et al. (2012)
found that cysteamine supplementation, the blastocyst rate and the relative
MRNA abundance of BCL-XL and MCL-1 was significantly higher (P<0.05) and
that of BAX but not BID was lower (P<0.05) at many stages of embryonic

development.
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Buffalo oocytes cultured at 38.5°C (control) or exposed to 39.5°C or
40.5°C for 2 h once every day throughout in vitro maturation (IVM), fertilization
(MF) and culture (IVC). At both 8-16-cell and blastocyst stages, relative mRNA
abundance of stress-related genes HSP 70.1 and HSP70.2 and pro-apoptotic
genes CASPASE-3, BID and BAX was higher than that in controls with the
exception of stress-related gene HSF1.The expression level of ZAR-1 and BMP-
15 was not affected, whereas that of GDF-9 was either increased by heat shock
or the level of decrease during embryonic development was lower (Yadav et al.,
2013).

2.3 Heat Stress

Heat stress is a type of abiotic stress. It is caused due to overexposure or
overexertion in excess environmental temperature. Temperature determines
metabolic rate, heart rate, hormone secretion, reproduction and other important
factors within the bodies of animals, so an extreme temperature change can
easily distress the animal’'s body. Temperature is a critical abiotic factor affecting
organisms at ecological, organism, cellular and molecular levels (Somero et al.,
2002). Thermal stress is a unique and complex phenomenon that brings about
numerous challenges beyond the animal's baseline homeostatic mechanism
causing alterations of the normal physiological mechanisms, thus, elicits a

stressful response.

2.3.1 Effect of heat stress on rat and mouse reproduction and embryo

development

Heat stress inhibits ovarian follicular development in mammalian species
and suppresses follicular development. The ovaries and granulosa cells of
follicles at different developmental stages were analyzed for gonadotropin
receptor levels and aromatase activity, estradiol levels were measured in
follicular fluid. Before injection, heat stress diminished only the amount of FSH
receptor on granulosa cells of antral follicles. During PMSG- stimulated follicular

development, heat stress strongly inhibited gonadotropin receptor levels and
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aromatase activity in granulosa cells and estradiol levels in the follicular fluid of
early antral, antral and preovulatory follicles. Heat-stressed granulosa cells
showed a time-dependent increase in apoptosis. The BCL-2 mRNA levels were
similar in control and heat-stressed granulosa cells; BAX mRNA levels were
increased in heat-stressed granulosa cells. The heat stress inhibits expression of
gonadotropin receptors in granulosa cells and attenuates estrogenic activity of
growing follicles, granulosa cells of heat-stressed follicles are susceptible to
apoptosis and the BCL2/BAX system is not associated with heat stress-induced
apoptosis of granulosa cells. This study suggests that decreased numbers and

function of granulosa cells may cause ovarian dysfunction in domestic animals.

Paternal heat stress significantly reduced the proportion of embryos that
developed normally during 24-120 h of in vitro culture, when zygotes were sired
by males which had been heat stressed between 7 and 35 days prior to mating.
Maximum impairment to development (including undeveloped, abnormal and
dying/dead embryos) occurred in those embryos sired by males at days 14 and
21 after heating. Embryo development returned to control levels by day 42 after

heat stress.

Furthermore, all stages of embryo development were affected by paternal
heat stress, the proportion of embryos at the two-cell stage appeared to be most
severely affected. Four-cell to morula stages and the morula to blastocyst stage
also.demonstrated impairment at days 14, 21, 28 and 35 after heating. Single
episode of paternal heat stress significantly reduces the development of
preimplantation embryos, and this is not recovered until day 42 after heating (Zhu
et al., 2004). Development of mouse embryos was inhibited by exposure to
39.8°C beginning at the one-cell stage. Fiorenza and Mangia (1992) reported
that mild hyperthermic conditions (38.5-40.8°C) during maturation disturbed the
process of bivalent chromosome disjunction and blocked mouse oocytes at the
metaphase | stage. Tseng et al. (2006) found that rates of blastocyst formation

for pig oocytes were reduced post-maturation heat shock.
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2.3.2 Effect of heat stress on bovine reproduction and embryo

development

Heat stress can disrupt development and function of the oocytes. The best
evidence for this statement comes from the lactating dairy cow. In this animal,
which is particularly sensitive to heat stress because of the metabolic demands
of lactation, oocyte competence for fertilization and subsequent development is
reduced during times of the year associated with heat stress (Zeron et al., 2001;
Al-Katanani et al., 2002; Sartori et al., 2002). High air temperatures 10 days

before oestrus were associated with low fertility (Al-Katanani et al., 1999).

Steroid production by cultured granulosa and thecal cells was low when
cells were obtained from cows exposed to heat stress 20-26 days previously
(Roth et al., 2001a), i.e. when follicles were 0.5-1 mm in diameter. Moreover, the
resumption of fertility seen in lactating dairy cows in Israel in the autumn could be
hastened by removing follicles formed in the summer (Roth et al., 2001b).The
mechanism by which heat stress during oogenesis compromises oocyte function

is likely to involve alterations in follicular function.

Heat stress can alter follicular growth (Roth et al., 2000), steroid secretion
(Wolfenson et al., 1997; Roth et al.,, 2001a; Ozawa et al., 2005) and gene
expression (Argov et al., 2005). Effects of heat stress on follicular function could
involve changes at the level of the follicle or the secretion of the pituitary

hormones that control development of the follicle.

Cultured follicular cells experience reduced steroid production at elevated
temperature in cattle (Wolfenson et al., 1997; Bridges et al., 2005). One of the
consequences of heat stress in lactating dairy cows is increased numbers of
small and medium follicles; recruitment of these follicles into the growing pool
seems to be due to a decrease in circulating concentrations of inhibin and
increased FSH secretion (Roth et al.,, 2000). The pre-implantation embryo is
susceptible to maternal heat stress but the susceptibility declines as

development proceeds.
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Ealy et al. (1994) found that exposure of lactating cows to heat stress at
day 1 after oestrus, when embryos were one to two cells, reduced the proportion
of embryos that developed to the blastocyst stage at day 8 after oestrus. After in
vitro fertilization, embryos were exposed to heat shock at41°C for 6 h ondays 0,
2,4 and 6, respectively. On day 2, cleavage rate was not significantly different in
all groups. However, the percentage of embryos developing to blastocyst stage
after exposure to heat shock on day 0 (18.8+4.3%) and day 2 (23.6+3.7%)
were significantly decreased compared with control (37.5+4.0%), day 4
(40.0£7.4%) and day 6 (38.1+2.0%). In addition, the total cell number of
blastocysts was significantly decreased by heat shock on day 0 (107.5+6.6) and
day 2 (112.8 £5.7) compared with the control (143.2 £ 9.4).

Sakatani et al. (2004) reported that heat stress also induces the oxidative
stress by production of reactive oxygen species (ROS), when embryos were
exposed to heat shock on days 0 and 2. However, heat shock on day 4 and day
6 did not increase the ROS production. This study indicates that heat shock to
earlier stage embryos causes a decrease in development to blastocysts and cell
proliferation and the decrease indevelopment by heat shock could be involved in
an increase of intracellular oxidative stress. Oocytes collected from slaughter
house during summer produced lower number of blastocysts after in
vitro maturation, fertilization and culture as compared with oocytes collected from
slaughter house at the time of winter seasons. Oocytes obtained from winter
animals by aspiration formed more blastocysts as compared with the heat
exposed animals. Summer depression in oocyte quality in Holstein cows was
evident, but cooling cows for 42 d did not alleviate that seasonal effect (Al-
Katanani et al., 2002).

Krininger et al. (2002) observed that in vitro heat stress during the critical
stage of early embryo development significantly increases the incidence of early
embryonic mortality. Heat treatment during the first 48 h of IVC significantly
impaired embryo development, the percentage of heat treatment zygotes that
developed to =8-cell stage embryos after 72 h VC was 2.0% (n=459) compared
with 28.4% (n=458) for the control zygotes (P<0.01). The subsequent yield of
morulae or blastocysts after 144 h IVC for the heat treatment and control groups
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was 0.9% (n=457) and 12.3% (n=456) (P<0.01), respectively. The percentage of
zygotes that developed into morulae and blastocysts following heat treatment
during the fourth day of IVC was 4.5% (n=468) compared to 10.5% (n=456) for
the control group (P<0.01). Heat shock, conversely, reduced development to the
blastocyst stage when applied at the two-cell stage but not when applied to
embryos 216-cells at day 5 after insemination. Some actions of elevated
temperature on the preimplantation embryo probably involve increased

production of reactive oxygen species.

Maternal heat stress in mouse has resulted in increased reactive oxygen
species activity in oviducts and embryos (Ozawa et al., 2002; Matsuzuka et al.,
2005) and reduced glutathione content in recovered embryos (Ozawa et al.,
2002; Matsuzuka et al., 2005). Treatment of female mice with either melatonin
(Matsuzuka et al., 2005) or vitamin E (Sakamoto et al., 2008) reduced the effects
of heat stress on embryonic development. Female embryos are better able to
survive effects of elevated temperature than male mice and this gender
difference has been demonstrated to be caused by reduced reactive oxygen
species production in females (Perez-Crespo et al., 2005).

Increased reactive oxygen species production in response to elevated
culture temperature has also been reported for cattle (Sakatani et al., 2004,
2008) and treatment with the antioxidant 2-mercaptoethanol has been reported to
alleviate the negative effects of heat shock on development in one study
(Sakatani et al., 2008), although not in another (Castroe Paula and Hansen,
2008). Recent studies indicate that rate for blastocyst formation decreased
significantly as maturation temperature increased from 38.5°C to 39°C.

Roth and Hansen (2004) found that while bovine oocytes matured at
38.5°C were mostly at metaphase Il stage, the majority of heat-shocked oocytes
were blocked at the first metaphase, first anaphase or first telophase stages of in
vitro produced embryo. In addition, (Roth and Hansen, 2004) showed that
exposure of bovine oocytes to thermal stress during the first 12 h of maturation
reduced cleavage rate and the number of oocytes developed during the

blastocyst stage.
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Edwards et al. (1997) found that exposure of bovine cumulus oocyte
complexes to 41°C did not alter the number of embryos that cleaved but reduced
the number that developed to the blastocyst stage. In contrast, exposure to 42°C

reduced both cleavage and developmental rates.

Oocytes harvested from cows during the summer showed reduced ability
to develop into blastocysts after fertilization in vitro (Al-Katanani et al., 2002).
Exposure of heifers to heat stress between the onset of estrus and insemination
increased the proportion of abnormal and retarded embryos (Putney et al., 1989).
This suggests that the process of oocyte maturation is susceptible to heat stress.
In fact, it has been shown that exposure of bovine oocytes to elevated
temperature during in vitro maturation decreased their subsequent cleavage and

blastocyst rates (Edwards et al., 1997; Roth and Hansen, 2004).

2.4  Genes Related To Apoptosis

Apoptosis is an evolutionary highly conserved mechanism that allows the
organism to tightly control cell numbers, tissue size and protect itself from
dangerous cells that threaten homeostasis. There are at least two major protein
families involved in the regulation of apoptosis, namely, BCL-2 and BAX. The
BCL-2 family members include BCL-2, BCL-XL, BCL-X, and BCL-W has been
shown to protect cells from apoptosis whereas the BAX family members Bad,
BAX and BAK induce apoptosis in somatic cells. These patterns also appear to
be true for embryonic development as poor quality bovine embryos that are
undergoing more apoptosis express more BAX and less BCL as compared to
good quality embryos (Yang and Rajamahendran, 2002). It is difficult to obtain
pig embryos of homogeneous quality due to the relatively high incidence of
polyspermy during in vitro fertilization. Therefore, diploid parthenotes have

frequently been used to study early development in the mammals.
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24.1 BAX

BAX stimulates the release of cytochrome ¢ from mitochondria to induce
downstream caspases (proteases) that can dismantle the cell. Mice with
targeted disruption in the BAX gene show abnormalities in granulosa cell
apoptosis (Knudson et al., 1995) and increased resistance to follicular atresia
resulting in a dramatic extension of ovarian life span. In addition, mice carrying a
null of BAX are more resistant to apoptosis induced by chemotherapy agent

(Perez-crespo et al., 2005).

Yang and Rajamahendran (2002) reported that expression of BCL-2 was
high in good quality oocytes and embryos, low in fragmented embryos, and
hardly detectable in denuded oocytes. In contrast, the expression of BAX was
found in all types of oocytes and embryos with the highest expression in the
denuded oocytes. This implies that the ratio of BCL-2 to BAX may be used to
gauge the tendency of oocytes and embryos towards either survival or
apoptosis. Transcripts of the anti-apoptotic gene, BCL-XL, were detected in all
stages of bovine embryo development and displayed a maternal/embryonic
expression profile with a dramatic increase at the blastocyst stage. Augustin et
al., (2003) reported the expression of this anti-apoptotic gene in bovine

blastocysts.

242 BID

BID, a pro-apoptotic member of the BCL-2 family, was initially discovered
through binding to both pro-apoptotic BAX and anti-apoptotic BCL-2. BCL-2
family of proteins that regulate the permeabilization of the outer mitochondrial
membrane (OMM), a critical event during apoptosis. BCL-2 family proteins,
including BID, BIM and BAD, contain sequence homology only in the BH3 region

and hence are referred to as BH3-only proteins (Kim etal., 2006).
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243 BCL-XL

BCL-XL (BCL-2 like 1) is a member of the group of anti-apoptotic proteins.
It inhibits the association of apoptotic peptidase activating factor (APAF-1) with
procaspase-9 and thereby prevents caspase-9 activation and subsequent loss of
mitochondrial function (Chinnaiyan et al., 1997). According to Shimizu et al.
(1999), survival factors such as BCL-2 and BCL-XL prevent cytochrome c

release from the mitochondria by binding to BAX.

244 MCL1

MCL1 is a member of the BCL-2 family that acts as an apical molecule in
apoptosis control, promoting cell survival by interfering at an early stage in a
cascade of events leading to release of cytochrome ¢ from mitochondria. MCL1
Is required for embryonic development and the function of the immune system
(Michels et al., 2005). MCL1 can also readily be cleaved by caspases during
apoptosis to produce a cell death promoting molecule. MCL1 plays a critical role
in controlling life and death decisions in response to rapidly changing
environmental stimuli as suggested by the multiple levels of control of MCL1

expression.

2.5 Genes related to embryonic development

25.1 BMP15

Bone morphogenetic protein (BMP15), a member of the transforming
growth factor B (TGF-B) superfamily is closely related to growth and
differentiation factor (GDF9), structurally and functionally. In mammals, BMP15 is
predominantly produced by oocytes and exerts important regulatory functions
within the ovary, such as promoting early folliculogenesis, preventing premature
luteinization and enhancing cumulus cell expansion. Besides ovary, expression

of this gene in other tissues has also been reported (Dube etal., 1998).
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In mammals, BMP15 is the product of an X-linked gene and is
predominantly expressed in oocytes within the mammalian ovary (Silva et al.,
2005) which further suggest a role for BMPs in modulating oocyte development
and maturation. Defects in folliculogenesis have been shown to be caused by

mutations in BMP15 in ewes and women.

Di Pasquale et al. (2004) demonstrated that an inherited mutation in
BMP15 caused hypergonadotropic ovarian failure in humans. BMP15 knockout
mice have normal follicle development but show only sub fertility with defects in
ovulation and early embryonic development (Yan et al., 2001). Difference in
BMP15 processing and secretion cause it to have different roles in different
species. While mature human BMP15 is processed and secreted throughout
folliculogenesis in mouse, mature BMP15 is not detectable until after exposure to
the LH surge (Hashimoto et al., 2005; Yoshino et al., 2006).

BMP15 induces granulosa cell proliferation and the expression of kit
ligand, a factor known to be essential for early folliculogenesis (Otsuka and
Shimasaki, 2002). BMP15 induces cumulus cell expansion in vitro (Yoshino et
al., 2006). BMP15 is known to increase oocyte developmental competence in
bovines (Gilchrist et al., 2008). Similarly, human BMP15 in the follicular fluid is
positively correlated with the developmental potential of the oocytes (Wu et al.,
2007).

252 GDF9

Growth differentiation factor 9 (GDF9) is a well-characterized oocyte-
derived growth factor that plays crucial roles in follicle growth and ovulation in all
mammalian species studied, including rodents (Yan et al.,, 2001), domestic
ruminants (Bodin et al., 2007; Galloway et al., 2000) and humans (Chand et al.,
2006; Di Pasquale et al., 2006; Palmer et al., 2006). Growth differentiation factor-
9 (GDF9) is a distant member of the TGFB superfamily with highest homology to
BMP15 (Dube et al., 1998). Culturing oocytes from wild-type and mutant mice
demonstrated that GDF9-deficient oocytes have defects in meiosis. Follicle

development beyond the primary stage occurs neither in GDF9 null mice (Dong
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et al.,, 1996) nor in ewes homozygous for naturally occurring inactivating
mutations in the GDF9 gene which indicates an obligatory role for this oocyte-

derived growth factor.

In vitro, GDF9 has been shown to stimulate progesterone production (Vitt
et al., 2000) and has been proposed to be the oocyte-derived factor responsible
for maintaining cumulus cell function Thus, GDF9 plays a critical function as a
growth and differentiation factor during early folliculogenesis and as a key
regulator of several granulosa cell proteins involved in cumulus expansion and

mainte nance of an optimal oocyte microenvironment.

2.7 Genes responsible for thermo-tolerance responses

2.7.1 HSP 70.1 and HSP 70.2

Elisabeth et al. (1995) reported that HSP 70.1 gene is highly transcribed at
the onset of zygotic genome activation and transcription of this gene began as
early as the 1-cell stage. Expression of the gene continued through the early 2-
cell stage but was repressed before the completion of the second round of DNA
replication. Retinal photic injury was prevented by hyperthermia-induced HSP70.
HSP70 from HSP70.3 may be a rapid and short-lived responder, and that from
HSP70.1 is a slower and more sustained responder. HSP70 from HSP70.3 may
be an initial retinal chaperone while HSP70 from HSP70.1 may be a sustained
chaperone (Jin etal., 2007).

The activities of both SOD-1 and SOD-2 were significantly decreased in
HSP 70.1 KO mice than in the wild type (WT) littermates. SOD-1 protein level in
the HSP 70.1 KO mice was lower than that of WT. Camargo et al. (2007) studied
developmental competence and expression of the HSP 70.1 gene in immature
oocytes from B. taurus (Holstein) and B. indicus (Gyr) dairy cows raised in a
tropical region by taking cumulus—oocyte complexes in spring and early autumn,
and subjected to in vitro maturation and fertilization. Cleavage and blastocyst
rates were greater (P <0.05) for Gyr (n=390 oocytes) than Holstein (n=505)

breed (66.7% versus 53.1% of cleavage and 19.6% versus 10.8% of blastocysts,
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respectively) but pregnancy rates were not significantly different following
transfer to recipients (44.5% for 36 Gyr embryos; 60% for 10 Holstein embryos).
Holstein  immature oocytes had a higher level (P <0.05) of
HSP 70.1 relative expression (1.82 £ 0.22; mean+ S.E.M.) than Gyr oocytes
(1.12 £ 0.11). In conclusion, Gyr oocytes obtained in a tropical region were less
subjected to stress and more likely to develop (after IVF) than Holstein oocytes.
Sharma et al. (2012) showed quantitative expression of HSPA-1A mRNA in
immature oocytes (IMO), matured oocytes (MO), in vitro produced (IVP) and in
vivo-derived (IVD) buffalo embryos to assess the level of stress to which
embryos are exposed under in vivo and in vitro culture conditions. The HSPA-1
expression analysis was studied in 72 oocytes, 76 VP and 55 IVD buffalo
embryos. Expression of HSPA-1A was found in oocytes and throughout the
developmental stages of embryos examined irrespective of the embryo source;
however, higher (P< 0.05) expression was observed in 8- to 16-cell, morula and
blastocyst stages of VP embryos as compared to VD embryos. Sharma et al.
(2012) concluded that higher level of HSPA-1IA mRNA in IVP embryos in
comparison with in vivo-derived embryos is an indicator of cellular stress in VP

system.
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3. MATERIALS AND METHODS

3.1 MATERIALS

3.1.1 Glassware and plastic ware

All the glassware used in the present investigation was made of high-
grade Pyrex glass. The glassware, wherever used, were thoroughly cleaned and
rinsed with triple distilled water and then heat sterilized at 250°C for 4h. Pasteur
pipettes were from Labco, Ambala, India. The plastic ware, which included
disposable 100 mm x 100 mm square Petri dishes with 13 mm grid (searching
dishes), 35 mm x 10 mm and 60 mm x 15 mm cell culture Petri dishes, 15 and 50
ml Falcon tubes and tissue culture flasks were purchased either from Becton,
Dickinson and Co., Lincoln Park, NJ, USA or from Nunc, Rosklide, Denmark. The
0.22 um filters were from Millipore Ireland Ltd, IRL or from Nalgene, Nalgene
Company, Rochester, New York, USA. Disposable, non-toxic and non-pyrogenic
plastic syringes of assorted sizes were from Norm-Ject, Henke-Sass Wolf GmbH,
Germany. Sterile disposable 18 gauge hypodermic needles of Dispovan were
from Hindustan Syringes & Medical Devices Ltd., Faridabad, India, whereas
autoclavable disposable tips for micropipettes were from Tarsons Products Pvt.
Ltd, Kolkata, India. Plasticware like microtips, tip boxes, eppendorf tubes etc.,
were made RNase free by soaking them in 0.1% diethylpyrocarbonate (DEPC)

over night, followed by autoclaving.

3.1.2 Chemicals, cell culture media and supplements

The different media used in the present study for the culture of
oocytes/embryos, which included tissue culture medium-199 (TCM-199), and
Dulbecco’s phosphate buffered saline (DPBS) were from Sigma Chemical
Company, St. Louis, MO, USA. The media were in the ready-to-use liquid form.
Various supplements which included bovine serum albumin (BSA), antibiotics
(gentamicin and streptomycin), porcine follicle stimulating hormone (pFSH),

sodium pyruvate, L-glutamine, fatty acid-free BSA, heparin, caffeine, mineral oil
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and all the chemicals used in various experiments were also purchased from
Sigma Chemical Company, St. Louis, MO, USA unless otherwise indicated. Most
of the chemicals used in the present study were of embryo tested or cell culture

tested grade. Fetal bovine serum (FBS) was from Hyclone (Logan, Utah, US).
3.1.3 Equipments

3.1.3.1 Microscopes

a) Zoom stereomicroscope

Low magnification zoom stereo microscopes (Nikon, Japan, Model SMZ-
745T or Olympus SZX 7) were used for searching the aspirated oocytes, for
evaluating the quality of the oocytes and for collection of various embryonic

stages.
b) Inverted microscope

An inverted microscope (Nikon, Japan, Model TMD) was used for the
examination of embryos for monitoring health, morphological characteristics and
growth of the various embryonic stages. The microscope with the light source at
the top and a long working distance allowed embryos in culture dishes to be
viewed and photographed whenever needed. The microscope was equipped with
an incubator attachment to enable maintenance of optimum temperature during
working. The inverted microscope was also equipped with UV fluorescence and
differential interference contrast (DIC) attachment, which helped in capturing the
images of in vitro produced embryos. The microscope was equipped with

programmable still photography and video recording facilities.

3.1.3.2 Laminar flow hood

Experiments including searching, grading and, in vitro embryo
production ( VM, IVF, IVC) procedures were carried out in Laminar flow cabinet
(CLEANAIR Laminar Flow Systems, India), which served the purpose of
minimizing the incidences of microbial contamination and ensuring the safety of

the operator. UV irradiation and thorough cleaning of working places with ethanol
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(70% v/v) was used to maintain hygienic and sterile environment throughout the

experiments.

3.1.3.3 COsincubator

For studying the effects of heat stress the oocytes and embryos were
cultured in a Thermo Fisher Scientific (Marietta, Ohio, USA, Model 3131) CO,
incubator, which provided a 5% CO; in air (90-95% relative humidity)
environment. For studying the effects of heat stress on oocytes and embryos
three CO; incubators were used at three different temperatures 38.5°C, 39.5°C
and 40.5°C.

3.1.3.4 Centrifuge

Refrigerated centrifuge (Sigma 3K30, Germany) with facilities to adjust
centrifugation speed, time and temperature was used for centrifugation of
chemicals, and washing of oocytes and embryonic stages etc. as and when

needed.

3.1.3.5 Thermal cycler

A thermal cycler (My Cycler, BIO-RAD, Hercules, CA, USA) was used
for synthesizing cDNA from mRNA of buffalo embryos through reverse
transcription in the presence of reverse transcriptase enzyme for amplification of
genes of interest with gene specific primers and heat stable taqg polymerase. It

gave 2" number of DNA strands, where n= number of cycles.

3.1.3.6 Realtime PCR

Real time PCR (CFX96 Real time system, BIO-RAD, Hercules, USA)
was used for quantitative expression of genes related to heat shock, embryonic
development and apoptosis in normal and experimental embryos by using
SsoFast EvaGreen (double stranded DNA specific fluorescence dye) qPCR
Super Mix (BIO RAD, USA)).
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3.1.3.7 Electrophoresis unit and gel documentation

Agarose gel electrophoresis was performed for the resolution of PCR
products. The electrophoretic unit (Power Pac Basic, BIORAD, USA) included
the buffer chamber, safety lid with cables, UV transparent tray, casting trays,
comb set and power supply. For analyzing the PCR products and for capturing
the images gel documentation system, (Gel doc, BIO-RAD, Hercules, CA, USA)

was used.

32 METHODS
3.2.1 Preparation of different media

For details regarding the composition of various media used in the present
study, please see ANNEXURE-|

3.2.2 Collection of buffalo follicular fluid

For the collection of buffalo follicular fluid (buFF), buffalo ovaries were
obtained from Delhi slaughterhouse and were transported to the laboratory at
4°C within 6h of collection. Follicular fluid was aspirated from all visible surface
follicles (4 to 10 mm in diameter) with a 23-gauge needle. The cellular debris was
removed by centrifugation at 10,000 rpm for 30 min at 4°C. The supernatant was
carefully collected and sterilized by filtration through a 0.45 um filter. The
follicular fluid was divided into 1 ml aliquots in micro centrifuge tubes and was
stored at -20°C until further use. The same pool of buFF was used throughout

the study.
3.2.3 Invitro maturation and fertilization of oocytes
3.2.3.1 Collection and classification of oocytes

Buffalo ovaries were collected from Delhi slaughterhouse immediately
after slaughter. These were washed 3-4 times with isotonic saline (32-37°C)

containing a 100 pg/ml streptomycin. The washed ovaries were then put in a
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thermos flask containing warm saline and antibiotics. The collected ovaries were
transported to the laboratory within 6 h of slaughter. In the laboratory, the ovaries
were rinsed twice, trimmed to remove the exira tissue and washed properly with

warm saline containing antibiotics.

Oocytes were collected by aspiration of surface follicles (2-8 mm
diameter) with an 18 gauge needle attached to a 10 ml syringe containing the
aspiration medium (TCM-199+ 0.3% BSA+ 0.68 mM L-glutamine + 50 ug/ml
gentamicin sulfate). The contents of the syringe, which included the aspirated
oocytes, follicular fluid, granulosa cells and other debris, were poured in 100 mm
x 100 mm square Petri dishes with 13 mm grid. The oocytes were searched
under a zoom stereomicroscope at around 20X magnification. The oocytes were
then shifted to 35 mm Petri dishes containing the washing medium (TCM-199 +
10% FBS + 0.81 mM sodium pyruvate + 0.68 mM L-glutamine + 50 ug/ml
gentamicin sulfate). The aspirated oocytes were graded according to the criteria

already in use in the laboratory:

Usable quality: Compact cumulus-oocyte complexes (COCs) with an
unexpanded cumulus mass having =2 layers of cumulus

cells, and with homogenous, evenly granular ooplasm.

Unusable quality: Oocytes partially or wholly denuded or with expanded or

scattered cumulus cells or with an irregular ooplasm.

Oocytes of only usable quality were used for in vitro maturation.

3.2.3.2 Invitro maturation of oocytes

The oocytes were washed six times with the washing medium (TCM-199 +

10% FBS + 0.81 mM sodium pyruvate + 50 ug/ml gentamicin sulfate), then twice

with the VM medium (TCM-199 + 10% FBS + 10% follicular fluid + 1 pg/mi
estradiol-17p + 5 ug/ml pFSH + 0.81 mM sodium pyruvate + 0.68 mM glutamine

+ 50 pug/ml gentamicin sulfate). For IVM, groups of 18-20 COCs were placed in

35



Materials and methods

100 pl droplets of the VM medium, overlaid with sterile mineral oil in 35 mm Petri
dishes and cultured for 24 hin a humidified CO, incubator at 38.5°C.

3.2.3.3 Sperm preparation and in vitro fertilization

The spermatozoa used for IVF throughout the study were from the same
donor tested for IVF earlier. The spermatozoa were prepared for fertilization as
described earlier (Chauhan et al., 1998a). Briefly, two straws of frozen-thawed
buffalo semen were washed twice with the washing Brackett and Oliphant (BO)
medium (BO medium containing 10 pg/ml heparin, 137.0 ug/ml sodium pyruvate
and 1.942 mg/ml caffeine sodium benzoate). The pellet was re-suspended in
around 0.5 ml of the washing BO medium. The in vitro matured oocytes were
washed thrice with the fertilization BO medium and transferred to 50 pl droplets
(18-20 oocytes/droplet) of the capacitation and fertilization BO medium (washing
BO medium containing 10 mg/ml fatty acid-free BSA). The spermatozoa in 50 pl
of the capacitation and fertilization BO medium (2-4 million spermatozoa/ ml)
were then added to the droplets containing the oocytes, covered with sterile
mineral oil and placed ina CO, incubator at 38.5°C for 16-18 h for IVF.

3.2.3.4 Invitro culture

After the end of sperm-oocyte incubation, the cumulus cells were
washed off the oocytes by gentle pipetting. The oocytes were then washed
several times with modified Charles Rosenkrans medium with amino acids
(mCR2aa) containing 0.8% BSA and cultured in this medium for 48 h post
insemination. After this, the embryos were shifted to the VC medium (mCR2aa +
0.6% BSA + 10% FBS) and cultured in 100 pl droplets of this medium on original
beds of granulosa cells for up to 9 days post insemination in a humidified CO»
incubator at 38.5°C. The medium was replaced with 50% of fresh VC medium
every 48 h. The cleavage rate was recorded on Day 2 post insemination and the
percentage of oocytes that developed to 4-cell, 8- to 16-cell, morula and

blastocyst stages was recorded on days 3, 4, 5 and 8 post insemination,

36



Materials and methods

respectively, in Experiment 1. Embryos at 8- to 16-cell and blastocyst stage of
development were collected on days 4 and 8 post insemination, respectively, for

Experiments 2 and 3.
3.2.4 Quantitative expression of genes

3.2.4.1 RNase-free plasticware

RNase-free plastic ware was prepared by immersing the tubes and tips in
0.1% DEPC (Diethyl pyrocarbonate) overnight at 37°C over a magnetic stirrer.
The solution was prepared by adding 1.5 ml of DEPC to 1.5 liters of distilled
water and then mixing vigorously over a magnetic stirrer. The solution was
prepared fresh every time. DEPC has been reported to destroy the enzymatic
activity of ribonuclease by modifying -NH, -SH, -OH group in RNase (Ambion,
USA). DEPC is also a known carcinogen, therefore, extra precaution was taken
and gloves were worn every time it was handled. The DEPC solution with
immersed materials was stirred 3-4 times so that all tips and tubes were soaked
completely in the solution. Next day, the solution was drained off and the treated
material was dried after wrapping in aluminium foil in hot air oven. Tips and tubes
were not touched with anything and gloves were used while handling. After
drying, tips were carefully filled in the tip boxes and tubes were filled in jars and
then the materials were double autoclaved to remove the remaining traces of

DEPC which can otherwise interfere with the RT reaction during cDNA synthesis.

3.2.4.2 Preparation of RNase-free solutions

Buffers and solutions are a common source of RNase contamination.
DEPC treatment is the most commonly used method for eliminating RNase
contamination from water, buffer and other solutions. However, DEPC cannot be
used with certain reagents containing primary amine groups (e.g. TAE buffer),
secondary or tertiary amines (e.g. HEPES). The amino groups tend to react with
and ‘sop up’ the DEPC, making it unavailable for inactivating RNase. To avoid

the RNase contamination all solutions were prepared using baked glassware and
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DEPC treated pyrogen-free MilliQ water. RNase-free chemicals and glassware

were handled with baked and autoclaved spatula.

3.2.4.3 RNase-free surface

Prior to using the laboratory surfaces e.g., work table, bench tops, laminar
hoods centrifuge and electrophoresis tanks, the surfaces were decontaminated
by wiping it down with RNase inhibitor solution, RNAZap (Ambion). For total RNA
isolation from oocytes and embryos the RNAqueous- Micro Kit (Ambion) was

used.

3.2.4.4 RNA isolation Protocol

Total RNA was isolated from embryos by using the RNAqueous-Micro
Kit (Ambion, USA) according to the manufacturer's instructions, with some
modifications. Briefly, the embryos at different stages of development were lysed
with the lysis buffer after which RNA was eluted with column after several
washings with the wash solutions (wash Solution 1 and wash solution-2/3). The
genomic DNA contamination was removed by DNase treatment at 37°C for 20
min. Before cDNA synthesis, the concentration of RNA was measured, and was

setat 20 ng/ pl for oocytes and embryos.
3.2.5 cDNA synthesis and real time quantification

The cDNA was synthesised by sensiscript cDNA synthesis kit (QIAGEN,
Hilden) according to the manufacturer’s instructions. For cDNA synthesis, 1uL of
total RNA (20 ng), 2 pyl dNTP mix (5 mM), 2 ul oligo dT (10 pM), 2 ul 10x RT-
buffer, 1pl RNAse inhibitor, 1ul superscript Ill RT and nuclease-free water was
added to make volume 20 plin 200 pl tube. The reaction mixture was mixed and
incubated at 37°C for 60 min in a thermal cycler. The synthesized cDNA was

stored at -80°C until use for Real-Time PCR.
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The relative quantification of mMRNA of various genes was done by using
CFX96 Real time system (Bio-Rad, Hercules, USA). For this, cDNA of different
stages (8-t016- cell stage and blastocyst stage) of embryos from all three groups
was randomly diluted in 1:3 ratio. GAPDH was used as reference gene for all
experiments. The gRT-PCR reactions were performed using the SYBR
green(double stranded DNA-specific flouroscent dye) master mix from BIORAD,
each run was performed in duplicate in a 10 ul reaction volume which contained
5 ul fluorescence dye, 2 pl of gene specific primers (forward and reverse) from
10 uM stock and 1 pl template. The final volume was made up with nuclease-free
water. The PCR condition used for all genes was as follows: Initial denaturation
at 95°C for 3 min, 40 cycles (denaturation 95°C for 10 sec., annealing 60°C for
10 sec., and extension at 72°C for 10 sec), melting cycle starting from 65°C up to
95°C with a 0.5°C/sec transition rate. The annealing temperature of all genes is
mentioned in Table 1. The qRT-PCR specificity was confirmed by the analysis of
the melting curve shown by machine by CFX Manager Software. During data
analysis, the C; value of housekeeping gene was subtracted from the C; value of
target gene to obtain change in C; (AC;). The A C; value of target gene sample
was subtracted from the calibrator (control) to get AA C; values. Difference in the

transcript abundance for the target genes was calculated using the equation 2

AAC.
t

To detect the expression of genes, specific primers are essential for
amplification of target gene of interest. The gene specific primers were designed
with a target to amplify a fragment of around 150-200 bp preferably from the end
of cDNA. The primers were designed with highly conserved region of either
Bovine or Buffalo sequences using Primer3 Software. (http:/www-

genome.wi.mit.edu/cqgi-bin/prime/primer3-www.cqi.
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Table 3.1: Primer sequence and conditions for Real Time PCR.

Materials and methods

Gene Primer sequence Size | Annealing | Accession no.
(bp) | temp.(°C)

HSP70.1 | F-GACAAGTGCCAGGAGGTGAT 238 58 AJ812563
R-ACATGAGCAATCCAGGGAAG

HSP70.2 | F-AAGCACAAGAAGGACATTGCACCC | 103 60 NM 174344.1
R-AAGTGTAGAAATCCACGCCCTCGT

BMP15 F- CATCCCTTACGGTATATGCTG 179 56 DQ463368.1
R- GTTTGGTCTCAGAGGAAAGTC

GDF9 F- CCCTAAATCCAACAGAAGCC 148 60 NM_174681.2
R- GTTCCACAACAGTAACACGA

BCL-XL | F-TTGTGGCCTTTTTCTCCTTC 128 60 ENSBTAT0000
R- GATCCAAGGCTCTAGGTGGT 0008572

MCL1 F- TCGGAAACTGGACATCAAAA 128 58 ENSBTAT0000
R- CCACAAAGGCACCAAAAGAA 0020159

BID F- CTGTCGGAGGAGGACAGGAG 135 60 NM_00107544
R- GTGGTCGGCTATCTTTTTGG 6.1

BAX F- CCTTTTGCTTCAGGGTTTCA 123 60 NM_00119122
R- CGCTTCAGACACTCGCTCA 0.1

GAPDH | F-TCAAGAAGGTGGTGAAGCAG 122 57 GU324291.1

R-CCCAGCATCGAAGGTAGAAG
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3.2.6 Experimental design
Effect of Ascorbic acid on oxidative stress
Experiment 1: Ascorbic acid supplementation of IVM medium.

A total of 1270 oocytes, spread over 3 replicates were randomly divided into 3
groups. The VM medium was supplemented with control, 50 uM and 100 pM

Ascorbic acid.

Experiment 2: Ascorbic acid supplementation of IVC medium.

Immature buffalo oocytes were subjected to VM and IVF. A total of 418 cleaved
buffalo embryos obtained on Day 2 post insemination from 659 oocytes which
were randomly distributed into two groups and cultured in IVC medium
supplemented with control and 50 puM Ascorbic acid. The experiment was

repeated 4 times.

Experiment 3: Ascorbic acid supplementation of both IVM and IVC media.

In this experiment, both the VM and IVC media were supplemented with
Ascorbic acid. Based on the results of Experiments 1 and 2, both the VM and
IVC media was supplemented with 50 uM Ascorbic acid. A total of 782 oocytes

were randomly allocated into two groups.

Effect of Ascorbic acid on heat stress

Effect of Ascorbic acid on development of buffalo embryos exposed to heat
shock (39.5°C for 12 h).

During the course of culture; the oocytes were initially matured at 39.5°C for 12

h, supplemented with and without 50 uM Ascorbic acid.
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Effect of Ascorbic acid on development of buffalo embryos exposed to heat
shock (40.5 °C for 12 h).

During the course of culture; the oocytes were initially matured at 40.5°C for 12
h, supplemented with and without 50 uM Ascorbic acid.
3.2.7 Statistical analysis

The data were analyzed using SPSS 17.0 (IBM, USA) after Arcsine
transformation of percentage values. The cleavage and blastocyst rate were
analyzed on Day 8 post insemination The differences were analyzed by one way

analysis of variance (ANOVA) followed by Fisher's LSD test or Student’s t-test.
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Results and Discussion

4. RESULTS AND DISCUSSION

The present study was conducted to investigate the effect of
supplementation of antioxidant Ascorbic acid in IVM or IVC or both IVM and IVC
media and to find out if it could improve developmental competence of buffalo
embryos in vitro and to assess the thermoprotectant role of Ascorbic acid in

embryonic development.

For in vitro production of embryos, immature oocytes (Figure 1) were
collected by aspiration of follicles from slaughtered buffalo ovaries. Oocytes with
homogeneous cytoplasmic granulation and =2 layers of unexpanded cumulus
layers were considered to be of usable grade whereas oocytes with partially or
wholly denuded or with expanded or scattered cumulus cells or with an irregular
ooplasm were considered to be unusable. Oocytes of only usable grade were
subjected to IVM (Figure 2), followed by IVF after 24h of maturation and then
subjected to IVC. The cleavage rate was recorded on Day 2 post-insemination,
followed by 4-cell, 8-t016- cell, morula, blastocyst and hatched blastocyst on

days 3, 4, 5, 8 and 9 of culture (Figures 3-8), respectively.
4.1  Effect of Ascorbic acid supplementation

4.1.1 Supplementation of in vitro maturation medium with different

concentrations of Ascorbic acid

A total of 1270 oocytes were used in this experiment in which VM media
was supplemented with 50 uM and 100 pM Ascorbic acid for 24 h. In the control
group, a total of 403 oocytes were subjected to IVC after VMM and IVF. The
cleavage rate was 62.77 + 2.71 percent. These cleaved oocytes were further
cultured and 72.72 + 1.77, 53.35 £ 0.70, 24.50 + 1.07 and 10.67 * 0.24 percent
developed to 4- cell, 8-to 16- cell, morula and blastocyst stages (Table 4.1),
respectively. When 50 uM Ascorbic acid was supplemented, the cleavage rate,

4-cell, 8-to 16-cell, morula and blastocyst formation rates were 66.67 + 2.27,
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78.85 £ 2.77,59.06 £ 1.65, 32.55 £ 1.32 and 16.67 + 1.26 percent, respectively.
While there was a significant increase in the blastocyst production rate, increase
in all other stages of development was non-significant. When higher
concentration of 100 uM Ascorbic acid was supplemented to IVM media, 54.04 +
2.20, 62.11 + 2.56, 33.03 = 2.59, 15.85 + 0.37 and 6.16 + 0.37 percent of the
cultured oocytes (n=420) developed to 2- cell, 4- cell, 8-to 16- cell, morula and
blastocyst, respectively (Table 4.1). These rates were lower as compared to
control group as well as 50 puM Ascorbic acid supplemented group but the
decrease was non-significant for all stages of embryonic development. Hence, it
can be concluded from the experiment that supplementation of 50 uM Ascorbic
acid in MM media leads to increase in development rate of buffalo oocytes while
supplementation of 100 pM Ascorbic acid led to decrease in blastocyst

production rate due to increased toxicity.

Table 4.1: Effect of Ascorbic acid supplementation of IVM media on the

developmental competence of buffalo oocytes.

Percentage development n (%)

Oocytes
Group  cultured
(n) 2-cell stagel 4-cell stage2 8-to 16-cell’ Morula® Blastocyst2
Contral 403 253 184 135 62 27
ontro (62.77+2.71)  (72.72+1.77)  (53.35:0.70)  (24.50+1.07)  (10.67+0.24)
A50 “'E)’! war 208 235 176 97 50
e (66.67+2.27)  (78.85:2.77)  (59.06+1.65)  (32.55:1.32) (16.67+1.26)°
100 pM 227 141 75 36 14

Ascorbic 420

acid (54.04+2.20) (62.11+2.56) (33.03x2.59) (15.85+0.37) (6.160.37)°

Given values are percentage (Mean + SEM) as well as absolute values (n) from total number of
respective oocytes taken (n).

2P v/alues within a column havi ng different superscripts differ significantly (P <0.05).

'2-cell%: number of em bryos cleaved/number of embryos cultured.

ZA-cell%, 8 to 16 cell%, morula%, blastocyst%: number of embryos of respective stage/number of
embryos cleave.
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Fig. 1: Immature slaughterhouse derived buffalo oocytes of
usable quality (grade A+B).

Fig. 2: Mature buffalo oocytes of usable quality.



Fig. 3: IVF embryos at 2-cell stage.

Fig. 4: IVF embryos at 4-cell stage.
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Fig. 5: IVF embryos at 8-16 cell stage

Fig. 6: IVF embryos at morula stage



Fig. 7: IVF embryos at blastocyst stage
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4.1.2 Supplementation of 50 uM Ascorbic acid in in vitro culture medium

When 50 uM Ascorbic acid was supplemented in IVC media for 8 Days of
culture period, in the control group, out of 330 oocytes cultured 57.57 + 1.55,
65.78 £ 2.01, 46.84 £ 1.25, 23.15 + 1.08 and 9.47 + 0.86 percent developed to 2-
cell, 4- cell, 8-to 16- cell, morula and blastocyst, respectively. In the treatment
group (n=329), cleavage rate, 4- cell, 8-to 16- cell, morula and blastocyst
formation rates were , 69.09 £ 3.22, 80.26 + 2.05, 60.96 + 2.05, 34.21 + 1.04 and
20.18 = 0.86 percent, respectively (Table 4.2). Conclusively, on supplementation
of 50 uM Ascorbic acid in VC media, developmental rates increased significantly

(P<0.05) for all the stages including blastocyst stage except cleavage rate.

Table 4.2: Effect of 50 uM Ascorbic acid supplementation of IVC media on

the developmental competence of buffalo oocytes.

Percentage development n (%)

Oocytes
Group  cultured
(n) 2-cell stagel 4-cell stage2 8-to 16-cell? Morula® Blastocyst2
190 125 89 a4 18
Control 330 o7 574155) (65.78+2.01)° (46.84+1.25)° (23.15¢1.08)°  (9.4720.86)"
Ai%%%i - 208 183 139 78 46
o acid (69.09+3.22)  (80.26+2.05)° (60.96+2.05)° (34.21+1.04)°  (20.18+0.86)"

Given values are percentage (Mean + SEM) as well as absolute values (n) from total number of
respective oocytes taken (n).

2P yalues within a column having different superscripts differ significantly (P <0.05).

12-cell%: number of em bryos cleaved/number of embryos cultured.

%A-cell%, 8 to 16 cell%, morula%, blastocyst%: number of embryos of respective stage/number of
embryos cleave.

4.1.3 Supplementation of 50 uM Ascorbic acid both in in vitro maturation

and culture media

Based on the results of above experiments, both, VM and IVC media
were supplemented with 50 uM Ascorbic acid. A total of 782 oocytes were used

in this experiment. A non-significant increase in cleavage rate (66.67 + 2.23% vs
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54.83 = 1.94%) was observed for the supplemented group as compared to
control. The percentage development rate was significantly higher at 4- cell, 8-to
16- cell, morula and blastocyst stages in 50 UM Ascorbic acid treated group
(81.57 + 2.27%, 62.40 + 1.24%, 38.72 + 1.72% and 28.57 + 0.37%) as compared
to control (66.19 = 27.8%, 46.67 + 3.58%, 25.71 + 1.64% and 11.42 * 1.45%)
respectively (Table 4.3).

The above results led to the conclusion that the supplementation of both
VM and IVC media with 50 uM Ascorbic acid led to better developmental rate as

compared to supplementation of Ascorbic acid alone either in VM or IVC.

Table 4.3: Effect of 50 uM Ascorbic acid supplementation of IVM and IVC

media on the developmental competence of buffalo oocytes.

Percentage development n (%)

Oocytes
Group cultured
(n) 2-cell stagel 4-cell stage2 8-to 16-cell® Morula® Blastocyst2
Control 383 210 139 98 54 24
(54.83+1.94)  (66.19+27.8)" (46.67+3.58)" (25.71+1.64)*  (11.42+1.45)
Agggl\gi ¢ 299 266 217 166 103 76
i (66.67+2.23)  (81.57+2.27)° (62.40+1.24)° (38.72+1.72)"  (28.57+0.37)"

Given values are percentage (Mean + SEM) as well as absolute values (n) from total number of
respective oocytes taken (n).

2P \/alues within a column having different superscripts differ significantly (P <0.05).

'2-cell%: number of em bryos cleaved/number of embryos cultured.

%A-cell%, 8 to 16 cell%, morula%, blastocyst%: number of embryos of respective stage/number of
embryos cleave.

In vitro embryo production (IVP) comprises of three major processes: in
vitro maturation (IVM), in vitro fertilization (IVF) and in vitro culture (IVC) (Palta
and Chauhan, 1998). Maturation of mammalian oocytes is defined as the
sequence of events occurring from the germinal vesicle stage to completion of
the second meiotic division with formation of the second polar body (Khatun et

al., 2011).
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Selection of good quality gametes (oocytes and spermatozoa) is the first
bottleneck of in vivo and inculpate a tremendous loss of unfit oocytes mostly by
atresia in the ovarian and of sperm cells in the male and in the female
reproductive tract before and after mating, respectively (Van Soom et al., 2007).
To enhance reproductive efficiency, several protocols of oestrus and ovulation
synchronization have been adopted from their use in commercial cattle
production. These protocols yield encouraging pregnancy rates of 30% to 50%,
which are comparable to those achieved in buffaloes bred at natural oestrus

(Warriach et al., 2015).

The efficiency of in vitro maturation, fertilization of oocytes and
development of embryos is not sufficiently high as compared to in vivo. The
number of pregnancies obtained is lesser when the transferred embryos are
produced in vitro than when they are produced in vivo. Though the efforts have
been made to improve bovine in vitro embryo production (IVP), but still the
efficiency of blastocyst is only 30% to 40% obtained from oocytes after in vitro
maturation, fertilization and embryo culture (Sirad et al., 2006). Oocytes can be
protected from oxidant-induced apoptosis by supplementing media with vitamin E
and C (Gupta et al., 2010). The major constraint that has limited the felicity of this
technology is very low blastocyst yields which, at only 5-10% of the oocytes
subjected to IVM (Palta and Chauhan, 1998), are much lower in comparison to
that of around 30% to 40% in cattle (Yang et al., 1998, Kumar et al., 2012). The
primary objective to use these protocols was to improve vyields of VP blastocysts
which can be expected not only to lead to faster multiplication of superior
germplasm in buffalo, but these would also contribute towards development of
other advanced reproductive technologies like cloning, transgenesis, production

of embryonic stem cells etc.

The current trend in bovine assisted reproduction in recent years is that in

vitro production (IVP) is increasingly overtaking multi-ovulation embryo transfer
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as the technology of choice in several countries, including Brazil (Taylor-
Robinson et al., 2014). Parrish (2014) concluded that bovine VP has become a
competitive alternative to multiple ovulation embryo transfer (MOET) and plays
an important role in commercial settings. Besides highly transferable IVP
embryos correlate with cattle possessing considerable numbers of ovarian
follicles (Dos Santos et al., 2016). In addition, Pontes et al. (2009) Indicated that
the number of VP embryos was greater than those attained by in vivo production
over the same period of time. Moreover, Taylor et al. (2014) contended that IVP
may increase genetic gain in a breeding herd. Further, there is no doubt that
bovine in vitro fertilization (IVF) technology is a vital research tool which may be
used in order to understand early embryo development (Besenfelder et al.,

2010).

VM and IVC of buffalo oocytes is carried out in the presence of serum
(Palta and Chauhan, 1998) or follicular fluid (Chauhan et al., 1997c), both of
these biological fluids contain a number of growth factors, hormones and other
unknown factors, their incorporation in a culture system introduces a high
variability among different batches. Undoubtedly specific effects of any
substance on IVP of embryos cannot be studied in the presence of serum or
follicular fluid. Development of serum-free VM and IVC culture systems, tailor-
made for buffalo is, therefore, necessary. As the blastocyst yields are remarkably
low in the absence of serum, substances which could be used to improve the

blastocyst yield need to be identified.

The results of the present study demonstrated that Ascorbic acid had a
significant effect on the oocyte maturation and embryonic development
compared with the other groups, and this positive effect was observed till morula
stage. It also suggested that the Ascorbic acid concentration used for
supplementation of media is an important factor influencing the cleavage rate

and blastocyst yield. For VM, 50 pM concentrations gave the better results.
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Supplementation of 50 pM Ascorbic acid in IVC alone also showed positive
results with developmental competence rate of blastocyst increased from 16.67 £
1.26% to 20.18 + 0.86% in control and treatment groups, respectively (Tao et al.,

2010).

These results confirm and extend those of previous studies in which
supplementation of Ascorbic acid to an embryo culture significantly improved the
blastocyst development rate (Wang et al., 2002). IVC medium supplemented with
either a-tocopherol or L-Ascorbic acid at a concentration of 250 mM enhanced
the rate of embryonic developmental competence of buffalo embryos to the
blastocyst stage when compared to medium alone (Saikhun et al., 2008).
Sreenivas et al. (2014) concluded that in sheep, the cleavage, morula and
blastocyst percent in L-Ascorbic acid at 100 uM with CR1laa is found more

significant compared with other compositions used in the experimentation.

Better developmental competence rate was obtained when both VM and
IVC were supplemented with 50 uM Ascorbic acid. In accordance to our result,
Kere et al. (2014) also indicated that among Ascorbic acid concentrations (0, 25,
50 and 100 pg/ml) supplemented in porcine in vitro maturation (IVM) and culture
(VC) media, 50 ug/ml of vitamin C showed improved cleavage rates, blastocyst
rates and total cell numbers per blastocyst (P<0.05) compared with other g roups
(control, 25 pg/ml and 100 pg/ml). Ascorbic acid also improves the
developmental competence of porcine oocytes (Tatemoto et al.,, 2001) and
overcome apoptosis in granulosa cells (Murray et al., 2001) and ovarian follicular
cells (Eppig et al., 2000). Ascorbic acid addition to the culture medium has been
shown to inhibit follicular apoptosis in rat and mouse follicles, and improved
mouse blastocyst production (Tatemoto et al., 2001). The efficiency of teratoma
formation by human embryonic stem cells was improved with Ascorbic acid
treatment, leading to enhancement of potential differentiation ability (Yu et al.,

2015).
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4.1.4 Supplementation of both in vitro maturation and culture media with
50 uM Ascorbic acid at 39.5°C and 40.5°C

For this experiment, the immature oocytes were divided into the following

4 groups:

Group 1:  Without Ascorbic acid supplementation, oocytes were given heat
treatment at 39.5°C initially for 12 h during IVM.

Group 2:  With 50 uM Ascorbic acid supplementation, oocytes were given heat
treatment at 39.5°C initially for 12 h during IVM.

Group 3:  Without Ascorbic acid supplementation, oocytes were given heat
treatment at 40.5°C initially for 12 h during IVM.

Group 4:  With 50 uM Ascorbic acid supplementation, oocytes were given heat
treatment at 40.5°C initially for 12 h during IVM.

In this experiment, oocytes of all 4 groups were subjected to IVM, IVF and

IVC. The developmental competence was compared among the 4 groups by

examining the cleavage rate on Day 2 post insemination and development of 4-

cell, 8-to 16-cell, morula and blastocyst stages at Day 3, 4, 5 and 8, respectively.

Table 4.4: Effect of heat stress on the developmental competence of

oocytes with 50uM Ascorbic acid supplementation at 39.5°C

Oocytes
Group cultured

Percentage development n (%)

(n) 2-cell stage’  4-cell stage®  8-to 16-cell® Morula® Blastocyst?
Control 354 o5 45 30 22 2
(15.53+0.50)  (81.80+1.21)  (54.54+3.71)  (40.00+2.20)  (3.60+2.30)
50uM

Ascorbic 381
acid

62
(16.27+1.70)

46 34 24 2
(74.19+4.47)  (54.83+2.28)  (38.70+3.62)  (3.23+2.34)

Given values are percentage (Mean + SEM) as well as absolute values (n) from total number of
respective oocytes taken (n).
12-cell%: number of em bryos cleaved/number of embryos cultured.

%A-cell%, 8 to 16 cell%, morula%, blastocyst%: number of embryos of respective stage/number of

embryos cleave.

* Initially all the groups were treated at 39.5°C for 12 h in IVM
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Table: 4.5 Effect of heat stress on the developmental competence of

oocytes with 50uM Ascorbic acid supplementation at 40.5°C

Percentage development n (%)

Oocytes
Group cultured
(n) 2-cell stage’  4-cell stage®  8-to 16-cell® Morula® Blastocyst
50 41 23 09
360 0
Control (13.88+0.50)  (82.00+1.21)  (46.00+3.71)  (18.00+2.20)
S0pM 53 38 26 08
Ascorbic 398 0

acid (13.31+3.77)  (71.69+2.65) (49.05x2.79) (15.09+0.90)

Given values are percentage (Mean + SEM) as well as absolute values (n) from total number of
respective oocytes taken (n).

12-cell%: number of em bryos cleaved/number of embryos cultured.

%A-cell%, 8 to 16 cell%, morula%, blastocyst%: number of embryos of respective stage/number of
embryos cleave.

* Initially all the groups were treated at 40.5°C for 12 h in IVM

To study the thermoprotectant role of Ascorbic acid, oocytes were divided
into 4 groups as mentioned above. When control oocytes (n=354) were subjected
to heat treatment at 39.5°C along with treatment group (n=381) with 50 uM
Ascorbic acid supplementation, it was observed that embryonic development
rates did not differ significantly between two groups as rates of production of 2-
cell stage (15.53 + 0.50% vs 16.27 + 1.70%), 4- cell (81.80 + 1.21% vs 74.19 +
4.47%), 8-to 16- cell (54.54 + 3.71% vs 54.83 + 2.28%), morula (40.00 £ 2.20%
vs 38.70 = 3.62%) and blastocyst (3.60 + 2.30% vs 3.23 + 2.34%) were almost
similar (Table 4.4). Earlier, Yadav et al. (2013) has reported significant decrease
in all stages of embryonic development when oocytes were treated at 39.5°C for
2 h only during VM. Supplementation of Ascorbic acid combated the effect of
heat shock which resulted in almost similar developmental rates in heat treated

group as that of control.

When the corresponding treatment was given to group 3 and 4 at 40.5°C,
it was observed that heat treatment had profound effect on embryonic

development as no blastocyst was formed in both control as well as treatment
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group. Supplementation of Ascorbic acid helped to combat the heat shock as
evident from the non-significant decrease for all stages of embryonic
development (13.88 = 0.50% vs 13.31 + 3.77% for 2- cell, 82.00 + 1.21% vs
71.69 £ 2.65% for 4- cell, 18.00 + 2.20% vs 15.09 £ 0.90% for morula) except 8-
to 16- cell stage (46.00 + 3.71% vs 49.05 + 2.79%) (Table 4.5). Recently, Ashraf
et al. (2014) also reported severely compromised development of oocytes to

blastocysts when given heat treatment at 40.5°C for 12 h during VM.

From the above results, it was concluded that increased temperature
disrupt embryonic development in buffalo embryos and that embryos become
more labile to heat shock as they proceed through development. Further, it was
concluded that the Ascorbic acid does play a significant role in mitigating heat

stress at elevated temperatures.

Several stages of embryo development are susceptible to elevated
ambient temperature such as oocyte germinal vesicle-stage (Al-Katanani et al.,
2002), the stage near or after fertilization and the early cleavage-stage embryos
(Ju et al., 2004). The majority of early embryonic losses in dairy cattle with
environmental heat stress occur before Day 20 of gestation (Hansen et al.,
1999). The losses are more pronounced during temperature induced stressful
conditions and may continue up to Day 40 to 50 of gestation (Cartmill et al.,
2001). Effects of elevated temperature manifested as heat stress are particularly
prominent during estrus (Day 1) when the oocyte is undergoing meiotic
maturation in preparation for fertilization (Gwazdauskas et al., 1973; Cavestany
et al., 1985). It has already been established that maternal hyperthermia affected
the meiotic maturation of an oocyte (Roth et al., 2004; Rensis and Scaramuzzi,
2003) in addition to a reduction in embryonic development with direct or in vitro
exposure of bovine oocytes to elevated temperature (Edwards et al., 2005;
Schrock et al., 2007) to a similar degree as seen in vivo (Putney et al., 1989).
Yadav et al. (2013) have found that physiologically relevant heat shock (40.5°C)
to buffalo oocytes or embryos for 2 h once every Day throughout VM, IVF and
IVC resulted in a decreased (p<0.05) percentage of buffalo oocytes that

developed to 8-to 16- cell or blastocyst stage. The effect of 2 h heat shock
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throughout VM, IVF and IVC was so profound that not a single blastocyst was
formed at 40.5°C. Recently, Ashraf et al. (2014) reported that development of
oocytes to blastocyst was severely compromised (P<0.001) when matured at
40.5°C and 41.5°C for both exposure periods (12 h and 24 h). It was found that
the cleavage rates, blastocyst yield and mean cell number decreased remarkably
(p<0.001) in the treatment groups compared to control. These results are in

accordance with our findings.

4.2 Gene expression study after supplementation of Ascorbic acid in
IVM media

The relative quantification of genes related to heat stress (HSP 70.1 and
HSP 70.2), apoptosis (pro-apoptotic: BAX and BID as well as anti-apoptotic:
BCL-XL and MCL1) and developmental competence (GDF-9 and BMP-15) was
done by Real Time PCR. The melt curves and melt peaks of different genes

under study are shown in Figures 9-11

The gene expression for apoptosis related and developmental
competence related genes was studied in following groups:

Control: Blastocysts produced from oocytes cultured without Ascorbic

acid supplementation.

Group 1 (50 uM):  Blastocysts produced from oocytes cultured with 50 puM
Ascorbic acid supplementation during VM.

Group 2 (100 uM): Blastocysts produced from oocytes cultured with 100 uM
Ascorbic acid supplementation during VM.

The gene expression for heat stress related genes was studied in
following groups:

Control: Without Ascorbic acid supplementation, oocytes were given
heat treatment at 39.5°C initially for 12 hduring IVM.

Group 1 (50 uM):  With 50 uM Ascorbic acid supplementation, oocytes were
given heat treatment at 39.5°C initially for 12 h during IVM.
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4.2.1 Relative mRNA abundance of heat stress-related genes

The relative mRNA abundance of HSP 70.1 and HSP 70.2, was almost
similar (non-significantly higher) in oocytes matured at 39.5°C or 40.5°C after
supplementation with 50 uM Ascorbic acid as compared to their corresponding
controls in which Ascorbic acid was not supplemented (Figures 12-13). Hsp 70
family (70.1, 70.2, 70.8) and other small Hsps (10, 60) form the most important
group of stress responsive elements in embryonic cells (Kawarsky et al., 2001;
Salvetti et al., 2010). The relative importance of these proteins in oocyte/embryo
growth and development could be potentially used as biomarkers for in vitro as
well as in vivo studies concerning stressful conditions (Oliveria et al., 2005). The
rapid induction of Hsp70 and other small Hsps represents a unique feature of the
physiological function of these molecules. It is well known that Hsp expression is
accomplished by mechanisms of transcriptional activation and translation
involving heat shock transcription factors (HSFs). These results are also in
accordance with the previous findings carried out in cattle, pig, horse and mouse.
Earlier studies conducted in our lab (Yadav et al., 2013 and Ashraf et al., 2014)
also reported that heat treated embryos show significantly high expression of
HSP 70.1 and HSP 70.2 as compared to control embryos which were cultured at
38.5°C throughout the procedure of VEP. Correlating the gene expression of
HSP 70.1 and HSP 70.2 to embryonic development (Tables 4.4 and 4.5), it can
be concluded that Ascorbic acid does play role as thermoprotectant. Had it not
been playing a role in mitigating heat stress at elevated temperatures, a

significant increase in heat shock protein expression would have been observed.

4.3 Relative mRNA abundance of Apoptosis related genes

While the relative mRNA abundance of pro-apoptotic genes, BAX and
BID was lower in blastocysts produced after supplementation of oocytes with 50
UM Ascorbic acid during IVM, it was higher in blastocysts produced with
supplementation of 100 pM Ascorbic acid. The expression pattern was
significantly different for BAX but for BID, the expression pattern did not differ
significantly (Figures 14-15).
o4
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Results and Discussion

For the anti-apoptotic genes, i.e., BCL-XL and MCL1 studied, the relative
MRNA abundance in case of BCL-XL was non-significantly higher for group of
oocytes supplemented with 50 uM Ascorbic acid and non-significantly lower for
group supplemented with 100 uM Ascorbic acid in VM media as compared to
control group. The trend observed for MCL1 was similar to that of BCL-XL except
the fact that increase and decrease in mMRNA abundance was significant

(P<0.05) (Figure 16-17).

Apoptosis, also called ‘programmed cell death’, is a highly conserved and
regulated suicidal form of cell death that occurs in single cells. It has received an
increasing amount of attention because of its potential role in embryonic loss (Li
et al., 2009; Antunes et al., 2010). Induction of apoptosis has been reported to be
one of the important manners through which ROS manifest their deleterious
effects (Yang et al. 1998). One of the approaches to ameliorate the oxidative
stress is to supplement the culture media with low molecular weight thiol
compounds like Cysteamine, B-mercaptoethanol etc., which can scavenge the
ROS leading to improved blastocyst production as observed in cattle (de Matos
et al.,, 2002; Oyamada and Fukui, 2004) and buffalo (Gasparrini et al., 2003;
Anand et al., 2008). Earlier in our lab, supplementation of the VM and IVC media
with Cysteamine increased (P< 0.05) the relative mRNA abundance of anti-
apoptotic genes BCL-XL at 4- cell, morula and blastocyst stages and that of
MCL1 at 2-, 4-, 8-to 16-cell and morula stages. Also, Cysteamine
supplementation decreased (P< 0.05) the transcriptional level of BAX (Elamaran

etal., 2012).

Our results indicate that supplementation of 50 uM Ascorbic acid in VM
media increased the blastocyst rate as well as relative mRNA abundance of anti-
apoptotic genes, i.e., BCL-XL and MCL1 while decreasing the expression of pro-
apoptotic genes i.e., BAX and BID. However, Ascorbic acid seemed to have toxic
effects at higher concentration of 100 uM as it reduced (P<0.05) the rate of

formation of blastocysts.

55



Results and Discussion

4.4  Relative mRNA abundance of Developmental Competence genes

When gene expression related to developmental competence, i.e., GDF9
and BMP15 was compared amongst 3 groups, it was observed that
supplementation of 50 uM Ascorbic acid in VM media led to a non-significant
increase in relative mMRNA abundance of both the genes while a non-significant
decrease was observed on supplementation of 100 uM Ascorbic acid to IVM
media (Figures 18-19).

To the best of our knowledge, for the first time we report the effects of
supplementation of culture media with Ascorbic acid on the gene expression of
heat stress, apoptosis and developmental competence related genes. The
present findings related to embryonic development and gene expression after
supplementation of VM or VC or both VM and IVC media with Ascorbic acid
improved blastocyst production rate in buffalo due to its anti-oxidant as well as

thermoprotectant role.
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Fig. 12: Expression of heat stress related gene (HSP 70.1) in blastocysts produced from control
oocytes (without Ascorbic acid supplementation) and oocytes supplemented with 50 uM
Ascorbic acid after initial treatment at 39.5°C for 12 h during VM
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Fig. 13: Expression of heat stress related gene (HSP 70.2) in blastocysts produced from control
oocytes (without Ascorbic acid supplementation) and oocytes supplemented with 50 pM
Ascorbic acid after initial treatment at 39.5°C for 12 h during VM
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Fig. 14: Expression of Pro-apoptotic gene (BAX) in blastocysts produced from
control oocytes (without Ascorbic acid supplementation) and oocytes
supplemented with 50 yM and 100 uM Ascorbic acid in IVM medium
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Fig. 15: Expression of Pro-apoptotic gene (BID) in blastocysts produced from
control oocytes (without Ascorbic acid supplementation) and oocytes
supplemented with 50 uM and 100 uM Ascorbic acid in IVM medium
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control oocytes (without Ascorbic acid supplementation) and oocytes
supplemented with 50 yM and 100 uM Ascorbic acid in IVM medium
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Fig. 17: Expression of Anti-apoptotic gene (MCL1) in blastocysts produced from
control oocytes (without Ascorbic acid supplementation) and oocytes
supplemented with 50 uM and 100 uM Ascorbic acid in IVM medium



@
2 E
T 1.5
s a
el
<C
% 1 a
x
£
>
-‘3 0.5 7
&
O T L] L]
Control 50uM 100pM

Fig. 18: Expression of developmental competence related (GDF9) gene in
blastocysts produced from control oocytes (without Ascorbic acid
supplementation) and oocytes supplemented with 50 pM and 100 pM
Ascorbic acid in IVM medium
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supplementation) and oocytes supplemented with 50 pM and 100 pM
Ascorbic acid in IVM medium



CHAPTER -5

Summary and Conclusions



Summary and conclusions

5.SUMMARY AND CONCLUSIONS

Reproductive performance of farm animals in tropical and subtropical
environments is affected throughout the year by a number of factors such as
the physical environment, nutrients availability, adaptability, genetic
composition of cattle, intensive or extensive management systems, socio-
economic status of farmers. One of the most important factors of physical
environment that lead to stress in farm animals is oxidative stress, an
imbalance between the systemic manifestation of reactive oxygen species
and a biological system's ability to readily detoxify the reactive intermediates.
Antioxidant vitamins like vitamin C and vitamin E have proved to protect the
biological membranes against the damage of ROS. The role of vitamin E as
an inhibitor —“chain blocker’-of lipid per-oxidation has been well established.
Like vitamin E, ascorbate is also a chain breaking antioxidant. It prevents lipid
peroxidation due to peroxyl radicals. It also recycles vitamin E. It protects
against DNA damage induced by H»O, radical. Vitamin C was found to assist
in absorption of folic acid by reducing it to tetrahydrofolate; the latter again
acts as an antioxidant. Use of folic acid is impaired when vitamin C is
deficient. It has been reported that administration of ascorbic acid restores the
androgenic and gametogenic activity of ethanol treated rats. Vitamin C along
with electrolyte supplementation was found to ameliorate the heat stress in
buffaloes. The present study was, therefore, carried out to i) To study the
effect of ascorbic acid on in vitro development of IVM and IVC in buffalo
(Bubalus bubalis) embryos. ii) To study the role of ascorbic acid as
thermoprotectant on developmental competence of embryos. iii) To study the

expression of some developmental genes during embryonic development.

For experiment 1, Ascorbic acid was supplemented at 50 uM and 100
UM in MM medium only and IVF and NC were carried out. The
developmental competence was compared by recording the cleavage and
different stages that the cloned embryos developed to. The cleavage rate was
62.77 + 2.71 percent. These cleaved oocytes were further cultured and 72.72
+1.77,53.35 £ 0.70, 24.50 + 1.07 and 10.67 + 0.24 percent developed to 4-
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cell, 8-to 16- cell, morula and blastocyst stages respectively. When 50 uM
Ascorbic acid was supplemented the cleavage rate, 4- cell, 8-to 16- cell,
morula and blastocyst formation rates were 66.67 + 2.27, 78.85 + 2.77, 59.06
+ 1.65, 32.55 + 1.32 and 16.67 + 1.26 percent, respectively. When higher
concentration of 100 uM Ascorbic acid was supplemented to VM media,
54.04 + 2.20, 62.11 + 2.56, 33.03 + 2.59, 1585 + 0.37 and 6.16 + 0.37
percent of the cultured oocytes (n=420) developed to 2- cell, 4- cell, 8-to 16-
cell, morula and blastocyst, respectively. Thus, supplementation of 50 uM
Ascorbic acid in VM media leads to increase in development rate of buffalo
oocytes while supplementation of 100 uM Ascorbic acid led to decrease in

blastocyst production rate due to increased toxicity.

For experiment 2, Ascorbic acid was supplemented at 50 uM in IVC
medium only, in the control group, 57.57 + 1.55, 65.78 + 2.01, 46.84 + 1.25,
23.15 + 1.08 and 9.47 + 0.86 percent developed to 2-cell, 4- cell, 8-to 16- cell,
morula and blastocyst, respectively. In the treatment group (n=329), cleavage
rate, 4- cell, 8-to 16- cell, morula and blastocyst formation rates were , 69.09 +
3.22, 80.26 + 2.05, 60.96 + 2.05, 34.21 + 1.04 and 20.18 + 0.86 percent,
respectively. Hence, on supplementation of 50 uM Ascorbic acid in IVC media
increased significantly (P<0.05) for all the stages including blastocyst stage

except cleavage rate.

In experiment 3, 50 uM Ascorbic acid was added to both IVM and IVC
media. A non-significant increase in cleavage rate (66.67 + 2.23% vs 54.83 +
1.94%) was observed for the supplemented group as compared to control.
While the percentage development rate was significantly higher at 4- cell, 8-to
16- cell, morula and blastocyst stages in 50 uM Ascorbic acid treated group
(81.57 £ 2.27%, 62.40 + 1.24%, 38.72 + 1.72% and 2857 + 0.37%) as
compared to control (66.19 £ 27.8%, 46.67 + 3.58%, 25.71 + 1.64% and
11.42 + 1.45%) respectively. Thus, supplementation of both VM and IVC
media with 50 uM Ascorbic acid led to better developmental rate as compared

to supplementation of Ascorbic acid alone eitherin VM or VC

To study the effect of Ascorbic acid on development of buffalo embryos
exposed to heat shock, the oocytes were initially matured at 39.5°C or 40.5°C

for 12 h, supplemented with 50 pM Ascorbic acid. When control oocytes
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(n=354) were given heat treatment at 39.5°C along with treatment group
(n=381) with 50 uM Ascorbic acid supplementation, it was observed that
embryonic development rates did not differ significantly between two groups
as rates of production of 2- cell stage (15.53 + 0.50% vs 16.27 + 1.70%), 4-
cell (81.80 + 1.21% vs 74.19 + 4.47%), 8-t0 16- cell (54.54 £ 3.71% vs 54.83 =
2.28%), morula (40.00 + 2.20% vs 38.70 + 3.62%) and blastocyst (3.60 +
2.30% vs 3.23 = 2.34%) were almost similar. When the corresponding
treatment was given to group 3 and 4 at 40.5°C, it was observed that heat
treatment had profound effect on embryonic development as no blastocyst
was formed in both control as well as treatment group. Supplementation of
Ascorbic acid helped to combat the heat shock as evident from the non-
significant decrease for all stages of embryonic development (13.88 £ 0.50%
vs 13.31 £ 3.77% for 2- cell, 82.00 £ 1.21% vs 71.69 + 2.65% for 4- cell, 18.00
+ 2.20% vs 15.09 + 0.90% for morula) except 8-to 16- cell stage (46.00 +
3.71% vs 49.05 = 2.79%). Supplementation of Ascorbic acid combated the
effect of heat shock which resulted in almost similar developmental rates in

heat treated group as that of control.

The relative quantification of mMRNA for genes related to heat stress
(HSP 70.1, HSP 70.2), apoptosis (Pro-apoptotic: BAX, BID; Anti-apoptotic:
BCL-XL, MCL1) and developmental competence (GDF9, BMP15) related
genes was done by real time PCR. The relative mRNA abundance of HSP
70.1 and HSP 70.2, was almost similar (non-significantly higher) in oocytes
matured at 39.5°C or 40.5°C after supplementation with 50 uM Ascorbic acid
as compared to their corresponding controls in which Ascorbic acid was not
supplemented. When the relative mRNA abundance of pro-apoptotic genes,
BAX and BID was lower in blastocysts produced after supplementation of
oocytes with 50 uM Ascorbic acid during IVM, it was higher in blastocysts
produced with supplementation of 100 uM Ascorbic acid. The expression
pattern was significantly different for BAX but for BID, the expression pattern
did not differ significantly. For the anti-apoptotic genes, i.e., BCL-XL and
MCL1 studied the relative mRNA abundance in case of BCL-XL was non-
significantly higher for group of oocytes supplemented with 50 uM Ascorbic
acid and non-significantly lower for group supplemented with 100 uM Ascorbic
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acid in VMM media as compared to control group. The trend observed for
MCL1 was similar to that of BCL-XL except the fact that increase and
decrease in mMRNA abundance was significant (P<0.05). When gene
expression related to developmental competence, i.e., GDF9 and BMP15 was
compared among 3 groups, it was observed that supplementation of 50 pM
Ascorbic acid in MM media led to a non-significant increase in relative mRNA
abundance of both the genes while a non-significant decrease was observed
on supplementation of 100 uM Ascorbic acid to VM media

In conclusion, the results of the present study suggest that:

) Supplementation of VM or IVC or both VM and IVC media with 50 uM

Ascorbic acid improves the blastocyst production rates in buffalo.

i) Ascorbic acid plays a thermoprotectant role and helps buffalo embryos

combating the effects of heat stress.
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Annexure

ANNEXURE

1.1 OOCYTE COLLECTION AND MATURATION MEDIA

Normal saline containing antibiotics

Composition Volume (1000ml)
Sodium chloride : 9.0g¢g
Streptomycin : 01lg
Distilled water : 1000 mi

Aspiration Medium (For 200-250 ovaries)

Composition Volume (40 ml)
TCM-199 (HEPES modified) : 50 ml
BSA : 0.15g
L-glutamine X 0.004g
Gentamicin sulfate : 50ug/ml

Washing Medium

Composition Volume (40 ml)
TCM-199 (HEPES modified) : 36 ml
FBS @10% : 4ml
Sodium pyruvate : 0.0036 g
L-glutamine : 0.004g
Gentamicin sulfate ; 50 pg/ml

Maturation Medium

Composition Volume (10 ml)
Washing medium : 9.0 ml
Porcine FSH : 5 ug/ml
Follicular Fluid @10% : 1ml

Estradiol 17-8 : 1 pg/mi
Ascorbic acid : 50 uM/100 uM
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1.2 IN VITRO FERTILIZATION MEDIA

Brackett and Oliphant (BO) Medium

Solution -A (Stock)

Sodium chloride : 4.3092 ¢
Potassium chloride : 0.1974 g
Calcium chloride dihydrate ; 0.2171¢g
Magnesium chloride- hexahydrate : 0.0697 g
Sodium hydrogen phosphate-dihydrate : 0.0840¢g

Dissolve the above components in 500 ml of distilled water. Mix 0.05 ml of
0.5% phenol red for coloring and indication of pH of the solution. A yellowish
color will appear after addition of phenol red. Add penicillin (50 1.U/ ml) and

streptomycin (5 pg/ml) for preservation for longer periods.

Solution- B (Stock)

Sodium bicarbonate : 2.5873 ¢
Dissolve it in 200 ml of distilled water. Mix 0.01 ml of 0.5% phenol red for
indication of pH of the solution. Pink color will appear. Add penicillin/

streptomycin as given above.

Working BO medium

Composition Volume (50 ml)
Solution -A : 38 ml
Solution- B : 12 ml
Heparin : 10 pg/ml
Sodium pyruvate : 0.0068 g
Caffeine sodium benzoate : 0.0971¢g

(Heparin can be used 50-100 pg/ml solution)
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BO Medium for Capacitation and Fertilization

Composition
Working BO media
BSA (Fatty acid free) [FAF]

Volume (10 ml)
10 ml
01g

1.3 INVITRO EMBRYO CULTURE MEDIA

Washing Medium for Presumed Zyqgotes

Composition

MCR.aa

BSA (FractionV) @ 0.6%

Gentamicin sulfate

In Vitro Culture Medium

Composition

MmCRsaa
FBS

Gentamicin sulfate

Ascorbic acid

XXiii

Volume (20 ml)
20 ml

0.12g
50 ug/ml

Volume(10ml)

45 ml
0.5ml

50 pg/ml
50 uM
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Composition of Modified Charles Rosenkrans-2 Medium with Amino
Acids

The Modified Charles Rosenkrans-2 Medium with Amino Acids (mMCR2aa)
medium is prepared in 100 ml aliquots as per the compositions given below.

The pH and the osmolarity of the media are checked.

Composition of mCRzaa

Component For 100 ml For 200 ml
1. Water(To make final volume) > 100 mi 200 ml
2. NaCl : 0.6329¢ 1.2658 g
3. NaHCO3 : 0.2091¢ 0.4182¢g
4, NEAA : 1ml 2 mi
5. EAA o 2ml 4 mi
6. Glutamine : 0.0146¢ 0.0292g
7. KCI : 0.0216¢g 0.0432 g
8. Hemicalcium lactate - 0.0272¢ 0.0544 g
9. Sodium pyruvate : 0.0055¢ 0.0110¢g
10. Glycine :0.0037¢g 0.0074 g
11. Alanine . 0.0044g 0.0088¢g
12. Glucose : 0.0180¢g 0.0360g
13. Gentamicin : Add attime of use 50 pg/ml
14. BSA (Fraction-V) : Add attime of use @ 0.6%
15. Phenol red Mix 0.01 mlof 0.5%
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