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Abstract: Significant developments have been achieved in assisted reproductive technology during the last
two decades to boost livestock production. In vitro production of embryos 1s currently the central focus of
these modern ARTs in livestock mdustry including goat mdustry. For any successful IVP program, in vifro
culture (IVC) of fertilized ococytes or embryos is very critical stage. An optimum environment in TVC medium
which mimics the uterine environment is necessary for the proper growth and development of intreacyto
plasmic spream mjechlan on ICSI-derived goat embryos i vitro. The success of IVC depends on the various
factors such as osmolarity and 1onic composition, temperature, pH and CO,, oxygen, carbohydrates, amino
acids, lipids and fatty acids, proteins, growth factors and cytokines, etc. Any deviation from the appropriate
environment could lead to embryonic arrest at any stage of development. This review describes the factors
affecting growth and development of ICSI-derived goat embryos in IVC medium.
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INTRODUCTION

Oocyte or embryo in vitro culture (IVC) 13 an
Assisted Reproductive Technology (ART) that enables
embryo development ex vive. This involves artificial
culture of fertilized cocytes or embryos in essentially
standard cell culture conditions until they are ready to
transfer to the recipient animals. Tn mammals, embryos
produced in vitro n sequential steps of in vitre
maturation (IVM), conventional in vitro fertilization (IVF)
or Intra cytoplasmic Sperm Injection (ICSI) and
IVC-display marked differences from their iz vive
counterparts with regard to morphology, timing of
development, resistance to low temperature, metabolism
and gene expression (Lazzan ef al., 2002). Thus, their
clinical applications remain suboptimal (Hendrilksen et al.,
2000; Trounson et al, 2001). Embryos obtained from
ruminant species have been cultured in a number of
defined and semidefined or undefined media. A defined
medium is a medium which is prepared using identifiable
components prior to embryo culture and that the
components must address the biochemical needs of the
embryo as it develops and the physical environment
created must simulate the in vive  environment
(Thompson et al, 1996). On the other hand, in

semidefined or undefined medium some or most of the
components are umidentified. Defined medium 1s the
choice when the objective 1s to study aspects of
embryonic development. However, if the objective is
merely to support in vitre embryo survival, then the
appropriate  medium 18 that which 1s effective
(Wright and O’Fallon, 1987). It 1s assumed that the IVC
conditions required for goat ICSI-derived embryos are
similar with that of IVF-derived embryos. Therefore, for
goat embryo culture similar systems are mostly used as in
bovine and ovine IVC systems. There are several factors
which might influence the proper growth and
development of goat embryos in vitro. The current study
will discuss factors affecting growth and development of
goat embryos with special reference to ICSI-derive
embryos in IVC culture system.

Factors affecting embryo development i vitro: There are
several factors which may influence m growth and
development of fertilized oocytes or embryos in IVC
system. These are discussed below:

Osmolarity and ijonic composition: Intracellular
osmolarity has been suggested to play an important role
during in vitro development (Lawitts and Biggers, 1992;
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Biggers et al., 1993). Addition of intracellular osmolyte
such as glycine and alanine has been reported to
enhance in vitroe bovine embryo development
(Moore and Bondioli, 1993). As reviewed by
Wright and Bondioli (1981) bovine embryo development
mnproved when the osmolarity of SOF medium was
270 mOsm kg™ instead of 300 mOsm kg~'. However, in
ovine embryo culture, osmolarity within the range of 260
to 300 mOsm kg~ had little effect on development
(Walker et al., 1988). The effect of varying concentrations
of K" (2.5-27.8 mM) and Ca* (1.3-5 mM) on ovine embryo
culture were mvestigated by Walker et al. (1988) and
found that K' at 13 mM and above was inhibitory but no
effect for Ca®. On the other hand, the ionic composition
of ovine and bovine oviductal fluid was also investigated
(Grippo et al., 1992; Restall and Wales, 1996). It was found
that bovine and ovine oviductal fluid contained lower
concentration of Na™ and higher concentration of K*
compared with blood plasma (T.eese, 1988). Grippo et al.
(1992) reported that bovine oviductal fluid contained
approximately 4.5 mM K" and a K" Na' ratio of 0.032. Tonic
composition also varies along the estrous cycle and the
length of the oviduct, especially in relation to Ca*
(Grippo et al., 1992). However, not much had been done
in IVC formulation to mimic changes in in vivo ionic
composition (Thompson ef af., 1996). The osmolarity in
goat ITVC medium is kept at 270 to 280 mOsm kg™
(Tervit et al., 1972, Youms ef al., 1991) or 280 to
300 mOsm kg™ (Brackett and Oliphant, 1975;
Takahashi and First, 1992).

Temperature: Although, it has been well established that
optimal temperature of TVF is around 39°C (Ball et al.,
1983; Lenz et al., 1983) there is very little research done on
the optimal temperature for caprine or bovine embryo
development. Wang ef af. (1991) mvestigated in vitro
development of bovine embryos at 36 to 40°C and found
that more embryos developed to the blastocyst and
hatching blastocyst stages at 39°C. Tn addition, worle was
done on temperature sensitivity and thermo-tolerance of
embryos. Ealy and Hansen (1994) and Ealy et al. (1995)
demonstrated that embryos become more resistant to heat
shock as they progress through development. Generally,
ICSI-derived goat embryos are cultured at 38.5°C
(Timenez-Macedo et al., 2005; Jimenez-Macedo et al.,
2006, Ihmenez-Macedo ef ai., 2007, Abdullah et al., 2008,
Rahman, 2008; Rahman et al., 2009) or 38.5 to 39°C
(Keskimtepe et al., 1997, Wang et al., 2003) in the CO,
incubator.

pH and COQ,: Information on the alteration of intracellular
pH on ruminant embryo development 18 scanty
(Thompson et a., 1996). However, it is known that the pH

of oviductal and uterine fluid is regulated by bicarbonate
and equilibration with CO, which varies according to the
estrous cycle stage (Olds and VanDemarl, 1957).
Therefore, bicarbonate 1s likely to be mvolved m many
biochemical pathways and should always be included in
the IVC medmum. It was also reported that ovine
(Walker et al., 1989) and bovine (Thompson et al., 1996)
embryos would progress to the blastocyst stage when
buffered with zwitterionic buffers (Good et al., 1966) in
CO,-free atmosphere. Thus, dependence on CO, 1s not
entirely necessary for embryonic development provided
a suitable buffering system is available. However, goat
embryos generally cultured in presence of 5% CO, inside
the incubator (Keskintepe et al., 1997, Wang et al., 2003;
Timenez-Macedo et al, 2005). As mentioned in
Urdaneta (2005) a pH of 7.2 to 7.4 1s mamtained in the IVC
medium for culturing goat embryos (Tervit et al, 1972,
Brackett and Oliphant, 1975, Youms ef al, 1991;
Takahashi and First, 1992).

Oxygen: To date, several reports (Tervit ef al, 1972;
Wright and Bondioli, 1981; Thompson et al, 1990
Nagao et al., 1994, Watson et al., 1994b) on the effect of
atmospheric oxygen concentration on ruminant embryo
development have pointed to reduced oxygen
concentration (below 10%) which reflects the level found
in vivo and is associated with increased developmental
rates (Fischer and Bavister, 1993). Based on oxygen
consumption data (Thompson et al., 1996) and deduction
from degree of pyruvate and glutamine utilization
(Rieger, 1992; Gardner et al., 1993; Thompson et al., 1993;
Thompson et al., 1996) bovine embryos prior to
compaction are dependent on oxidative phosphorylation
for generating ATP. When embryos are cultured in air, all
blastomeres are likely to be exposed to adequate levels of
oxygen (Byatt-Smith et al, 1991). However, the mner
blastomeres may be in anoxic environment when larger
embryos (such as that of human and livestock species)
are incubated in reduced oxygen concentration of 3%
reviewed by Thompson et al. (1996).

Oxygen requirement of embryos changes throughout
development. According to a review by Thompson ef al.
(1996) embryos at post-compaction may require less
oxygen than those at pre-compaction based on the
evidence that the proportion of ATP generated from
oxidative phosphorylation decreases n bovine embryos
once compaction begins (Thompson et al, 1996).
Furthermore, blood flow through the capillary bed on the
eighth day of the sheep estrous cycle is significantly
lower than at the time of estrus (Brown ef al., 1985) which
suggests the anoxicity of the uterine environment at
implantation (Leese, 1995). For culturing ICSI-derived goat
embryos oxygen level in the CO, incubator is maintained
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at 3% (Keskintepe et al, 1997, Wang et al, 2003;
Timenez-Macedo et al., 2005; Jimenez-Macedo et al., 2006,
TIimenez-Macedo et al., 2007, Rahman et al., 2007, 2009).

Carbohydrates: Carbohydrate utilization is generally
increased as development progresses, especially with the
onset of compaction due to surge of demand for energy
placed by Na', K'-ATPase required for blastocoel
formation (Thompson et al., 1996). Kim et al. (1993)
demonstrated that D-glucose supplementation in bovine
IVC medium 1s probably not necessary until approximately
3 or 4 days of development, at which stage
supplementation improves development. However, using
glucose at 5 to 6 mM in IVC medium (i.e., glucose
concentration i blood plasma) 1s generally inhibitory to
development (Thompson et af., 1992; Kim ef al., 1993,
Matsuyama et of, 1993). For ovine emhbryos,
carbohydrates are not compulsory for blastocyst
development if cultured i the presence of oxidisable
amino acids (Thompson et @f., 1993). Limited amount of
glucose is oxidized via the tricarboxylic acid cycle  which
results  in production (Rieger, 1992;
Thompson et al, 1992; Gardner et al, 1993
Thompson et al., 1996).

Supplementation of pyruvate and/or T-lactate in IVC
medium also enhances development, although not a
compulsory  requwement (Kim ef af, 1993
Matsuyama et af, 1993, Thompson et al., 1993).
Thompson et al. (1993) suggested that the optimal
pyruvate (0.3 mM) to L-lactate (3.3 mM) ratio in ovine
embryo cultwe 1 1:10 (Tervit et af, 1972
Takahashh and First 1992). Same level of sodium
pyruvate, glucose and let T-lactate used in cattle and
sheep IVC medium are also used in goat (Urdaneta, 2005).

lactate

Amino acids: Supplementation of groups of amino acids,
that 1s, the essential and non-essential aminoe acids have
been reported to have beneficial effects on embiyo
development. Much progress has been attributed to work
done mn Barry D. Bavister’s laboratory that discovered the
supplementation of essential and non-essential amino
acids to stimulate in vitro development of hamster
embryos and that certain amino acids mhibit development
(Carney and Bavister, 1987; Bavister and Arlotto, 1990).
Chatot et al. (1989) also made a significant finding that
glutamine is the key component in medium that supported
development of embryos from mouse stramns that normally
arrest at 2-cell stage. For bovine and ovine embryos, the
addition of pooled amino acids is reported to improve
embryo development (Gardner, 1994; Gardner et al., 1994;
Rosenkrans and First, 1994). Moore and Bondioli (1993)
also reported increased developmental rate by using

culture medium that simulates alanine and glycine
concentrations like those found in oviductal and uterine
fluid. However, so far it 1s less understood how amine
acid requirement changes as development progresses
(Thompson et al., 1996). Like in cattle and sheep, same
concentration of BME essential (20 ul. mL™") and MEM
non-essential (10 uL mL™") amino acids are added in the
IVC medium for culturing geat embryos (Urdaneta, 2005).

Lipids and fatty acids: Supplementation of lipids and fatty
acids may not be an absolute requirement because
ruminant embryos had been successfully cultured in
lipid-free medium (Seidel ef al., 1991 ). There seems little
requirement for exogenous lipids and fatty acids because
bovine embryos mostly utilize carbohydrates as source of
ATP (Thompson et al., 1996). However, the presence of
many ooplasmic lipid droplets in ovine embryos has been
suggested to be directly associated to the mitochondria
and may serve to be an important energy source in vivo
(Dorland et al., 1995). Thompson et al. (1996) suggested
that these ooplasmic lipids may act as fuel reservoir in
situations when in vive substrate availability is low.
Addition of lipid and fatty acids i goat IVC medium has
not been reported.

Proteins: The function of a non-specific protein source in
embryo culture 13 not well understood. Typically, serum
albumin 1s used as protein supplement m IVC medium
because it is the major protein found in reproductive tract
fluid. Moreover, serum albumin supplementation is
beneficial m that it chelates metal cations and prevents
embryos from adhering to the Petra dish surface. In goat,
Estiws Goat Serum (EHS) is traditionally supplemented in
oocyte or embryo culture media as a protein source to
provide additional unidentified beneficial growth factors,
hormones and peptides that may be present m the serum
(Phua, 2006). However, protein is not an absolute
requirement for culturing bovine embryos (Seidel et al.,
1991; Bavister et al., 1992) because most of the demand
for ATP 1s likely to be fulfilled by carbohydrate
metabolism (Thompson et al, 1996). However, for
culturing TCST-derived goat embryos BSA (0.3-1.0%, w/v)
(Wang et al., 2003), GS (20%, v/v) (Wang et al., 2003),
FBS (0.1 pL embryo) (Junenez-Macedo et al., 2005;
Timenez-Macedo et al., 2006, Timenez-Macedo et al., 2007)
or heat-inactivated goat serum (10%, v/v) (Rahman et al.,
2007, Abdullah ef al., 2008; Rahman et al., 2009) have
been reported to use as protein source in the IVC medium.

Growth factors and cytokines: Only certain growth
factors supplemented in bovine IVC medium appear to
enhance embryo development. Such growth factors are



Biotechnology 11 (1): 1-9, 2012

EGF, transforming growth factor-p (TGF-p) and
Platelet-Derived Growth Factor (PDGF) (Larson et al.,
1992a, b; Flood et al., 1993; Thibodeaux et al., 1995). The
mvolvement of these growth factors m enhancing
development is further confirmed by the reports of
Watson et al (1992) and Watson et al. (1994a) that
mRNA of several growth factors and their receptors are
transcribed at different developmental stages of ruminant
embryos. The embiyos also demonstrate autocrine and
paracrine activities which enhance development when
cultured in groups (Gardner et af., 1994; Keefer ef al,
1994). A further report by Thibodeaux er al. (1995)
indicated the PDGT to act as a paracrine growth factor.
Cytokines are also reported to interact with growth factors
mn facilitating embryo development (Fry ef af., 1992). No
such report has been revealed for culturing ICSI-derived
goat embryos.

Embryonic arrest of in vitro produced goat embryos:
Early goat embryos cultured in vitro fail to develop past
the 8-16 cell stages in traditional culture media. This block
occurred around the time of activation of the embryonic
genome (Pivko et al., 1995). This 1s also true for ICSI-
derived goat and sheep embryos. It was found that 100%
of goat (Timenez-Macedo et al., 2005) and 80% of sheep
(Gomez et al., 1997) embiyos produced by ICST underwent
development arrest on day 4 (16-cell to morula stage).
This could be due to a number of factors such as ococyte
maturation, culture system, oocyte activation and
abnormal fertilization (Gomez et al., 1997, Gomez et al.,
1998; Imenez-Macedo et al., 2005). In one study, more

than 50% of goat embryos produced in vitro
showed chromosomal abnormalities (Villamediana ef afl.,
2001).

The reasons for embryonic arrest generally can be
classified mnto two categories mternal and external factors.
Internal factors for embryonic arrest involve innate
defects occurring in the cocyte or embryo itself. Examples
of imnate defects are poor oocyte quality, enzymatic
deficiencies or dysfunctional regulation in an embryo
which is of genetic origin, non-disjunction in the oocyte
and inadequate chromatin packaging in the sperm.
External factors for embryonic arrest are factors pertaining
to the enviromment surrounding the embryo. The
environment deemed “hazardous’ to the embryo is usually
artifacts produced either as end products or by-products
of the embryo’s metabolic processes that accumulate to
toxic levels over time cited in Phua (2006).

The generation of oxygen-derived free radicals has
been proposed to be the cause of some cases of abnormal
or ‘blocked” development in rummant embryos
(Rieger, 1992; Johnson and Nasresfahani, 1994). This

proposition is made based on investigations on the effect
of various free radical scavengers (Nasr-Esfahini et al.,
1990, Noda et al, 1991, Goto et al, 1993
Johnson and Nasresfaham, 1994) or reduced oxygen
concentration (Thompson et al., 1990, Johnson and
Nasresfahani, 1994; Nagao et al., 1994; Watson et al.,
1994b) on ntracellular H,O, levels. According to
Thompson et al (1996) the implication of these
investigations is that either a mechanism exists iz vivo to
scavenge free radicals, or free radicals are not generated
in vivo at all in the first place due to limited availability of
oxygen (Byatt-Smith et al., 1991).

The inclusion of amine acids in IVC medium leads to
the inevitable accumulation of ammonium ions
(Gardner, 1994, Gardner ef al., 1994). Although, the
ammonium toxicity level has not yet been determined for
bovine embiyos, but what is known is that ammomnium
toxicity causes fetal abnormalities in mouse following
embryo transfer ( Gardner, 1994). Currently, the problem of
ammonium accumulation 1s handled m either of two ways:
changing to a fresh medium before it accumulates to toxic
level or removing ammonium from the culture medium by
enzymatic means ( Gardner, 1994). Similarly, accumulation
of L-lactic acid may be harmful to the embryo because
using high levels of Na D, L-lactate (33 mM) has been
shown to inhibit ovine i vitre embryo development
(Thompson et al., 1993).

In vitro culture of TCSI-derived goat embryos: The
information on IVC of ICSI-derived goat embryos is
scanty. The IVC media those are used for IVF are also
used to culture ICSI-derived goat embryos. To date, the
culture media reported to be used successfully for IVC of
ICSI-derived goat embryos to the morula/blastocyst stage
are SOF medwum (Keskintepe ef al, 1997,
Timenez-Macedo et ai., 2005; Iimenez-Macedo et af., 2006,
Timenez-Macedo et al., 2007) modified Tyrode’s albumin
lactate pyruvate medium plus modified potassium simplex
optimization medium (MTALP-mKSOM) (Wang et al.,
2003) and Gardner’s sequential media G1.3-G2.3
(Wang et al., 2003, Jimenez-Macedo et al., 2005). InTVF,
culture of goat embryos in co-culture system has been
reported m TCMI1 99 (or M199) together with different cell
layer system, for example, GC monolayers (Mogas ef al.,
1997a, b), CC monolayers (Izquierdo et al., 1998) or Goat
Oviduct Epithelial Cell (GOEC) monolayers (Rajikin, 1995;
Rho et al., 2001, Katska-Ksiazkiewicz et al., 2004). In
contrast, one study reported that ICSI-derived goat
embryos can be cultured in - TCM199  together with
GC  monolayers (Jimenez-Macedo et al., 2005). In IVF
studies, the mclusion of somatic cell monolayers
15 believed to provide growth-promoting factors
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Table 1: Timeline of significant finding in TVC of IC8I-derived goat oocytes

Culturing in modified SOF medium, 57.7, 35.5 and 24.4% cleavage, morula and blastocyst rates,
respectively were obtained fiom oocytes injected with broken tail sperm without amy activation treatrment
Using Piezo-ICSI with tail-cut sperm and culturing in G1.3-G 2.3 medium, 74 cleavage, 15 morula
and 996 blastocyst were obtained. While culturing in mTALP-mKOSM medium cleavage, morula and
blastocysts development rates increased to 89, 41 and 35%, respectively using same ICSI

Treating sperm with 0.0005% Triton X-100 before ICSI, significantly higher rates of fertilization,
cleavage and morila/blastocyst were obtained than with other concentrations and manual
immobilization. Again, post-injection activation of oocytes with ionomycin alone or ionomycin plus
6-DMATP significantly increased the rates of fertilization, cleavage and morula/blastocyst after
ICSI. However, name of the cultured medium used in this study could not be known as only abstract

Culturing in three different media, 73.4 cleavage and 3.8% morula were obtained from mSOF; 66.6%
cleavage and 5.2% morula from G1.3-G2.3 and 82% cleavage and 2.6% morula were obtained from
TCM199+GC monolayers. These results were obtained using conventional TCSI and activation

Treating sperm before ICSI with heparin plus Ca* ionophore and culturing themn in mSOF medium,
23.7% cleavage, 8.2% morula and 5.1%6 blastocyst were obtained. Using same protocol when TCSI
was performed according to diameter cleavage, morula and blastocyst development rates obtained were
60.3, 6.2 and (%46, respectively, for cocyte of 110-125 pm; 66.9, 30.4 and 15.9%4, respectively for oocyte
of 125-135 pm and 75.0, 22.2 and 11.1%, respectively for oocyte 135 pm in diameter.

Treating sperm before TCST with heparin plus Ca-ionophore, performing TCST according to diameter
and culturing them in mSOF medium, cleavage and blastocyst development rates obtained were
51.0 and 14.7%%, respectively for oocyte of 110-125 pum and 66.2 and 34.3%, respectively for oocyte

Rignificantly higher cleavage (71-79%%) and morula development (9-329¢) rates were obtained when
LOPU was done between 60-72 h after FSH/HCG treatment than commonly used 36 h.

Year Author Significant findings
1997 Keskintepe et af. (1997)
2003 Wang et al. (2003)

technique.
2004 Zhou et al. (2004)

was available.
2005 Jimenez-Macedo et ai. (2005)

of injected oocytes with Ca** ionophore and DMAP.
2006 Jimenez-Macedo ef . (2006)
2007 Jimenez-Macedo et al. (2007)

=135 pm in diameter.
2008 Abdullah ez gl. (2008)
2009 Rahman et d. (2009)

Higher fertilization (61%6), cleavage (83%) and morula development (20%%) rates were obtained in

LOPU-derived goat embryos compared to abattoir one.

(Gandolfi, 1994) act as nutritive support (Mogas et al.,
1997h) or to eliminate inhibitory components such as
glucose and oxygen (Watson ef al., 1994b). According to
Cognie et al. (2003) there 1s still much room for
improvement of TVC conditions considering that the
survival rate of transferred fresh TVP goat embryos was
significantly lower (47%) than their in vive counterparts
(71%). The timeline of significant finding m IVC of
ICSI-derived goat cocytes has been depicted in Table 1.

CONCLUSIONS

The present state of TVC of ICSI-derived goat
embryos shows some promise. A number of studies have
been done to mvestigate the growth and development of
goat embryos or fertilized oocytes m different IVC medium
with both IVF and ICSI-derived embryos, from both adult
and prepubertal goat. Although TVF and TCST technique
has a great deal of difference, however, for embryo culture
more or less similar medium are used for embryos derived
from both the sources. From different studies it is obvious
that using similar media TVF embiyos shows better growth
and development than ICSI-derived goat embryos.
Although both the methods are i vitro, however, in IVF
sperm have freedom in fertilizing oocytes. On the other
hand in TICSI, sperm are either defective or immotile and
there 1s no freedom at all. Therefore, compared to IVF,
ICSI-denved embryos are more vulnerable as every

oocyte experienced an injury with the injection needle.
Therefore, ICSI-derived goat embryos may need more care
than the IVF embryos. Till now, no single IVC medium
showed much promise m growth and development of
ICSI-derived goat embryos. Therefore, more studies are
needed to identify the unique ingredients necessary for
the better growth and development of ICST-derived goat
embryos in vitro.
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