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Abstract: in vitro development of rabbit embryos was investigated. Zygotes recovered from female oviducts
at the pronuclear stage (19-22 hpc) were cultured in vitro at standard temperature (37° C), in an atmosphere of
5% Co  in air, with relative humidity of 99%, until the blastula stage (3-7 dpc). Four culture media were used as2

follows: (1) Basic medium supplemented with essential and non-essential amino acids and glutamine
(ENEAAG), (2) Basic medium completed with only non-essential amino acids and glutamine (NEAAG), (3) Basic
medium supported with only essential amino acids (EAA), and (4) Basic medium supplied with essential and
non-essential amino acids except glutamine (ENEAA). The results revealed that the first and the second culture
media (respectively) during the first 72-hrs culture, stimulated and increased significantly (p<0.05) cleavage and
development completely to the morula stage and subsequent blastocyst development. Further, the third basic
culture medium decreased (p<0.05) cleavage and development to the morula stage and subsequent blastocyst
development. Whereas, the fourth basic culture medium, during the first 72-hrs culture did not enhance the
cleavage and development to the morula stage and subsequent blastocyst development (p>0.05). Beyond day
3 pc, culture with essential and non-essential amino acids and glutamine (ENEAAG) increased blastocyst
development, total cell count and the count of cells in both the trophoectoderm and inner cell mass, compared
to culture with other groups of amino acids (p<0.05).
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INTRODUCTION hatching [6]. Subsequent experiments have analysed the

Normal growth and differentiation of mammalian mouse [8,9], bovine [10], hamster [11], sheep [12] and
embryos in vitro during the pre-implantation period human [13] embryos. These studies have determined that
appear to be dependent upon the availability of some amino acids can stimulate while others can inhibit
appropriate metabolic substrates [1]. Suboptimal culture the embryo development [11]. Furthermore, temporal and
conditions are a possible cause of developmental arrest in differential effects of amino acids have been shown for
vitro, and for low embryo viability post-transfer. The mouse [9] and bovine [10] embryos. It was shown that
development of simple chemically defined media has Eagle's non-essential amino acids and glutamine
allowed the analysis of specific requirements of the pre- decreased the time of the first three cell divisions of
implantation embryo as it develops from the 1-cell to the mouse embryos [8] and stimulated blastocyst formation in
blastocyst stage. Supplementation of culture media with vitro [9]. In contrast, Eagle's essential amino acids were
amino acids has been shown to benefit pre-implantation inhibitory when present before the 8-cell stage, but
embryo development in several species [2]. The first promoted blastocyst development and cell number when
evidence that amino acids could play an important role in present after the 8-cell stage [9]. A combination of non-
embryo development was obtained from studies on mouse essential amino acids and glutamine before the 8-to 16-cell
[3], hamster [4], rat [5] and rabbit [6,7] embryos. stages and all amino acids after the 8-to 16-cell stages was

Rabbit embryos could develop in the absence of found to be the best combination to improve bovine
exogenous energy substrates up to the morula stage, but embryo viability in vitro [10]. A similar combination of
required amino acids for blastocyst formation and amino  acids has  been shown to improve human embryo

role of amino acids in preimplantation development of
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viability in vitro and to increase embryo viability post- Induced Ovulation and Natural Mating: Does were
transfer [14]. It has been shown, however, that events
occurring during the early stages of development can
affect later fetal growth [15]. For example, spontaneous
amino acid breakdown generates significant amounts of
ammonium ions that can induce cerebral anomalies in
mouse embryos [16]. Further, in domestic species
components present in the culture medium can affect the
cell number ratio between the trophectoderm and inner
cell mass, including larger fetuses and newborns
(reviewed by Lane and Gardner [16]. 

During the past decade, there have been substantial
efforts to optimize culture conditions for the in vitro
production of rabbit embryos. Research has largely
focused on the availability of energy substrates and their
role in stimulating embryo development. Through the use
of simple, defined culture media, it has been possible to
examine the embryo's requirements for specific energy
substrates such as glucose, pyruvate, lactate, glutamine,
and several important components of culture media for the
early differentiation and development of rabbit embryo
cultured in vitro [17-23]. Little is known about the effect
of amino acids on rabbit embryo differentiation and
development in vitro. Until year 2010, it has not been
shown about the most important culture media that are
beneficial for rabbit embryo development in vitro in early
stages. The objective of this study was to investigate the
effects of essential and nonessential amino acids on in
vitro embryo development of rabbit. 

MATERIALS AND METHODS

In respect to preparation of embryo donors, induced
ovulation and natural mating, and embryo collection,
Kane and Foote, Makarevich et al. Olexikova et al. and
Maurer [6,21,22,24] techniques and methods were used
with some modification. 

Preparation of Embryo Donors: Mature breeds of 5-6
month-old Saudi Arabia rabbits does, Kept at different
local Farms of Taif governorate, in Saudi Arabia Kingdom,
and caged individually for 18-21 days (this protects
against using pseudopregnant does), were used to obtain
the embryos. The does were housed in an area with
controlled lighting (12/12 or 14/10 hours light/dark cycle),
temperature (18°-20° C), and humidity (50-55%). Animals
were had free access to water, and they were received
daily 200 (small breed) to 250 (large breed) gm of a 17-18%
protein rabbit ration. 

induced to ovulate by an i.m treatment of PMSG
(Werfaser, Alvetra und WERFFT, Wien, Austria) at 20
international units(IU)/kg body weight, 72 hrs before
mating. Immediately prior to mating, the females received
an i.m. injection of human chorionic gonadotropin(hCG)
(Werfachor, Alvetra and WERFFT, Vienna, Austria-and
IBSA-Institute Biochimique S.A. CH-6903 Lugano-
Switzerland) at 40 IU/kg body weight (or on occasion, the
females were ovulated by an iv injection of 25 IU hCG/kg
body weight). Thereafter, the females mated with a male of
proven fertility from the same hybrid breed. 

Collection and Culture of Embryos: The techniques
advised by Makarevich et al. and Maurer [21,24] and
Olexikova et al. [22] were applied for collection and
culture of embryos.

At 19 to 22 hrs post coitum (hpc), Zygotes and/or
embryos were collected in vitro by removing and flushing
the reproductive tract in situ [24]. Rabbit zygotes or
embryos were readily developed in open plastic wells.
Linbro Disposotrays containing 100 wells (Model 96CV "
old style" or equivalent models) were cut into smaller
trays containing six wells each, or in occasion, the eggs
were placed into 4-well dishes (Nunc, Roskilde, Denmark),
containing 600 µl of synthetic medium for rabbit embryo
culture (Table 1) supplemented with 10% FCS and
cultured in 5% CO  at 37.5 °C, up to 7 days post coitum2

(dpc). Afterwards, the embryos which reached early stage,
morula stage and blastocyst stage were isolated and
selected, transferred to a drop of fresh culture medium,
randomly divided into groups according to each synthetic
culture medium (ENEAAG1, ENEAAG2, NEAAG, ENEAA
and EAA) used in each experiment, then the zygotes or
embryos incubated at standard 37.5 °C temperature for
overnight 16-18 hours. Following incubation the embryos
were examined for the development (blastocyst rate) only.

Culture Methods: The culture of rabbit embryos has been
reviewed and stated by Makarevich et al. Maurer [21, 24]
and Olexikova et al. [22] and the only techniques that use
or have been modified will be discussed here. 

Culture Media: Rabbit embryos were grew in vitro in
various media described by Kane and Foote., Maurer and
Naglee et al. [6,24,25] and Maurer [24], but with some
modifications. The current composition (Table 1) has been
modified slightly. 
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Table 1: Composition of synthetic medium for rabbit embryo culture

Component Component
----------------------------------------------------------------------------------------- -------------------------------------------------------------------------------
Basic salt solution (gm/liter) Nonessential amino acids (mg/liter)

NaCl 6.019 L-Alanine 8.90
Kcl 0.356 L-Arginine-HCl 211.00
CaCl2.2H2O 0.251 L-Asparatic acid 13.30
KH2PO4 0.162 L-Asparagine.H2O 15.00
MgSO4.7H2O 0.294 L-Cysteine-HCl 31.50
NaHCO3 2.106 L-Glutamine*
Glucose 1.800 L-Glutamic acid 14.70
BSA 15.000 Glycine 7.50

L-Proline 11.50
L-Serine 10.50
L-Tyrosine 1.80
Essential amino acids (mg/liter)

Vitamins (mg/liter)
Biotin, crystalline 0.024 L-Histidine-HCl 23.00
DL-Calcium 0.72 L-Isoleucine 2.60
Pantothenate
Choline chloride 0.70 L-Phenylalanine 5.00
Folic acid 1.30 L-Leucine 13.10
I-Inositol 0.54 L-Lysine-HCl 29.30
Niacinamide 0.62 L-Threonine 3.60
Pyridoxine-HCl 0.21 L-Tryptophan 0.60
Riboflavin 0.38 L-Valine 3.50
Thiamine-HCL 1.04 L-Methionine 4.50
DL-Thioctic acid 0.20
( -lipoic acid)
Vitamin B12,crystalline 1.40 Trace elements (µg/liter)

CuSO4.5H2O 2.50
FeSO4.7H2O 834.00
ZnSO4.7H2O 28.80

-These ingredients are not added until the medium is needed for culture. The completed medium is stable for 14 days when stored at 5° C. The medium should
be gassed with 5% CO : air after the sodium bicarbonate has been added and , after each time medium is withdrawn from the bottle.2

-* The contents of L-Glutamine were 196.20, and 226.20 mg/liter according to the culture medium used in each experiment.

Incubators: in vitro cultured rabbit embryos were The dishes containing the medium were placed either in a
incubated under physical conditions, at standard culture chamber or under a 5% CO2 in air atmosphere at
temperature  of 37° C, relative humidity of 99%, an room temperature (usually an inverted 150-mm funnel with
atmosphere of  5%  CO   in  air,  and  atmospheric the gas supply attached to the stem) until needed. 2

pressure  of   16   inches   of   water  (3  cm  mercury  or
4052 Newton/m  at 352 ft above sea level). A simple Embryo Manipulation and Observation: The collected2

incubator,  which  maintains  a  temperature  of  37°±1°C, embryos were manipulated as described by Maurer [24]
was sufficed. and Al-Bashan [26] techniques. The embryos were

Culture Vessels: Rabbit zygotes or embryos were readily regular microscope with low-power objectives. 
developed in 4-well dishes (Nunc, Roskilde, Denmark) and
/or in open plastic wells. Linbro Disposotrays containing Estimation of Embryo Morphology: For each experiment,
100 wells (Model 96CV " old style" or equivalent models) embryo morphology was assessed after 72 hrs and 7 days
were  cut  into  smaller  trays  containing six wells each. of culture, using a stereomicroscope (x200). 

observed within the petri dish using a stereo, inverted, or
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Determinationof Total Cell Count and Differentiation of Experiment 4: Impact of essential and nonessential amino
Cells: Embryos reaching the stage 3-7-days culture were acids except glutamine (ENEAA) on in vitro rabbit
dual stained in order to determine total cell count and the embryo development in basic culture media from the
differentiation of cells into the inner cell mass (ICM) and zygote at the pronuclear stage (19-22 hpc) to the day 7 pc.
the Trophoectoderm (TE). The procedure was a
modification of that used by Hardy et al. and Hardy et al., Statistical Analysis: Differences among treatment means
[27,28], in addition to the histological and staining in each experiment were performed by an ANOVA,
techniques advised by Gregory and Humason [29,30]. followed by the Tukey-Kramer multiple comparison test.

Design of Experiments variances. When variances were found to be hetero-
Experiment 1: Impact of essential and nonessential amino genous, data were analyzed by the Kruskal-Wallis
acids and glutamine (196.20 and 226.20 mg/liter nonparametric test, and differences between individual
consecutively) (ENAAG)(ENEAAG1 and ENEAAG2 treatments were determined using Dunn's multiple-
respectively) on in vitro rabbit embryo development in comparison test. For data expressed as percentages, an
basic culture media, from the zygote at the pronuclear ANOVA was performed after arc sine transformation of
stage (19-22 hpc) to day 7 pc. original data expressed as proportions. When the degree

Experiment 2: Impact of only nonessential amino acids correlation coefficient (r) was calculated. A probability of
and glutamine (226.20 mg/liter) (NEAAG) on in vitro p < 0.05 was considered significant for all statistical tests.
rabbit embryo development in basic culture media from
the zygote at the pronuclear stage (19-22 hpc) to day 7 pc. RESULTS

Experiment 3: Impact of only essential amino acids (EAA) Mean values of The impact of supplementation with
on in vitro rabbit embryo development in basic culture amino acids on early development of in vitro cultured
media from the zygote at the pronuclear stage (19-22 hpc) rabbit  embryos   are   recorded   and   illustrated in
to day 7 pc. Tables (2 and 3) and Figures (1 and 2).

Bartlett's test was used to check for homogeneity of

of association between two variables was determined, the

Table 2: Effect of culture of the early rabbit embryos with several culture media for the first 76 h (from the zygote to 72 hrs) pc and their impact on in vitro
subsequent developmental competence

Treatments No. Presumptive zygotes Cleavage rate Morula stage Blastocyst stage
Control 75 31.62±5.42 16.21±3.52 7.49±1.89
ENEAAG1 65 33.93±3.95 16.05±4.37 8.42±1.05
ENEAAG2 84 37.46±4.78 23.16±8.11 15.23±2.44
NEAAG 74 30.51±7.59 14.19±4.21 6.62±1.83
ENEAA 69 29.61±2.41 12.77±3.55 5.89±1.92
EAA 67 25.37±6.72 10.85±2.99 4.33±2.43
Abbreviations: * ENEAAG1= Essential and nonessential amino acids and glutamine (196.20 mg/liter), ** ENEAAG2= Essential and nonessential amino
acids and glutamine (226.20 mg/liter), *** NEAAG = Nonessential amino acids and glutamine (226.20 mg/liter), **** ENEAA = Essential and nonessential
amino acids, ***** EAA = Essential amino acids. 
-Different superscripts within each column indicate significant differences (at least p < 0.05)

Table 3: Effect of culture of the early rabbit embryos with several culture media for the day 3 to day 7 pc and their impact on in vitro subsequent developmental
competence

Treatments No. Presumptive zygotes Cleavage rate Morula stage Blastocyst stage
Control 77 30.12±4.32 17.33±2.24 9.42±1.76
ENEAAG1 69 45.53±2.96 26.13±8.41 10.92±1.71
ENEAAG2 87 48.86±3.18 30.56±2.14 21.83±2.64
NEAAG 78 46.37±8.59 28.15±3.67 18.82±1.46
ENEAA 73 35.54±3.71 17.91±1.70 16.11±1.09
EAA 71 21.22±2.48 9.14±2.02 11.36±1.03
Abbreviations: * ENEAAG1= Essential and nonessential amino acids and glutamine (196.20 mg/liter), ** ENEAAG2= Essential and nonessential amino
acids and glutamine (226.20 mg/liter), *** NEAAG = Nonessential amino acids and glutamine (226.20 mg/liter), **** ENEAA = Essential and nonessential
amino acids, ***** EAA = Essential amino acids. 
-Different superscripts within each column indicate significant differences (at least p < 0.05).
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Fig. 1: Effect of culture of the early rabbit embryos with several culture media for the first 76 h (from the zygote to 72 hrs)
pc and their impact on in vitro subsequent developmental competence. 

Fig. 2: Effect of culture of the early rabbit embryos with several culture media for the day 3 to day 7 pc and their impact
on in vitro subsequent developmental competence.

DISCUSSION and embryos and a supply of amino acids for protein

Culture media components and culture conditions present investigation showed that the rabbit embryo has
can affect and even modulate the in vitro development of a requirement for amino acids during development from
mammalian embryo [27,28]. It is therefore necessary to the zygote to the blastocyst. The current results were in
devise and optimize culture systems that take into accordance with results of previous studies that have
account all the factors essential for in vitro embryo established the beneficial effect of amino acids addition to
development. The rabbit zygote and/or embryo has been the culture media compared with defined media without
one of the most responsive to development in vitro. All amino   acids  supplementation  [31].  Furthermore,
the preimplantation stages have undergone development Gardner et al. [12] reported that, amino acids addition to
in culture [24]. Addition of amino acids to the culture culture media reduced the percentage of embryos arrested
medium is beneficial for embryonic development in many during culture and stimulated both cleavage and hatching
species [31]. Rabbit embryos developed in vitro have by the increase of endogenous amino acid pool sizes
shown a requirement for amino acids and vitamins and are and/or de novo protein synthesis. 
affected by changes in osmotic and atmospheric pressure In the present study, culture for the first 72 h in
[24]. In vivo, the mammalian embryo is exposed to ENEAAG1, ENEAAG2, and ENEAA; stimulated cleavage
significant levels of amino acids (EAA and NEAA) in to the 8-to 16-cell stage and subsequent blastocyst
oviduct and uterine fluids [32]. Specific amino acid development. During this period, ENEAA and EAA had
transporters are present on the membranes of  oocytes no measurable effect on cleavage. When glutamine

synthesis is essential for normal embryo growth [33]. The
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present with the nonessential amino acids, however, it and EAA. In the present study, culture of the early
was found to be important for development of the early cleavage stages in ENEAAG1, ENEAAG2, and NEAAG
rabbit embryo. The fact that ENEAAG1, ENEAAG2, and consecutively resulted in equivalent proportions of
NEAAG respectively increased cleavage are important for embryos at morula/blastocyst stages on day 7 pc. After
the optimization of culture media, as an increased rate of day 3, the rabbit embryo revealed a requirement for the
development of the early cleavage stage embryo has been nonessential amino acids with glutamine, and the
correlated with an increase in viability [8,9]. Previous essential amino acids. The combination of all 20 amino
studies have illustrated the stimulatory effects of the acids stimulated blastocyst development, total cell count,
combination of glutamine and the nonessential amino the count of cells in the TE and ICM, and allocation of
acids in development of mammalian embryos in vitro. cells to the ICM. This is a significant finding for the
Culture of mouse embryos from the 2-cell stage with optimization of culture medium, as the counts of cells in
Eagle's MEM nonessential amino acids and glutamine the blastocyst (total) and the ICM have been positively
significantly increased blastocyst formation, cell number, correlated  with  blastocyst  viability  [36].  Further,
hatching,  and  postimplantation  development   [16].   The Iwasaki et al. [37] reported that in vitro-produced bovine
nonessential amino acids and glutamine were found to blastocysts had lower total and ICM cell numbers and a
stimulate development of the mouse embryo by increasing smaller proportion of cells in the ICM than In vivo-
the time of the first three cleavage divisions [8]. When produced blastocysts. 
added during the entire culture period, the nonessential The essential amino acids did not stimulate
amino acids and glutamine have also been shown to development of the ICM as was found in the mouse [8]. In
stimulate development of the ruminant embryo [18]. fact, blastocysts with the highest proportion of cells in

While it has been determined that the early-cleavage- the ICM resulted from embryos that had been cultured for
stage mouse embryo has a requirement for the the second 72 hrs in the presence of the nonessential
nonessential amino acids and glutamine [8,9], only one amino acids and glutamine. In support of the observed
other study has addressed the effect and benefits of differences in the role of amino acids in development of
specific amino acids during culture of the early rabbit murine and bovine blastocysts. Partridge and Leese [38]
embryo. Naglee et al. [25], pointed out that early and Lamb and Leese [39] reported differences between the
development of the rabbit embryo was equivalent after two species in the depletion of individual amino acids
culture in the presence of nonessential amino acids (media from culture medium containing blastocysts. While the
also contained glutamine), and essential amino acids, as mammalian embryo requires the essential amino acids
well as vitamins and trace elements in culture medium. The beyond the third cleavage division, it is believed that they
current investigation, however,  showed  that  ENEAAG1, may be detrimental to development of the early cleavage
ENEAAG2, and ENEAA consecutively; stimulated stages. Culture of the mouse embryo up to the 8-cell stage
cleavage to the 8-to16-cell stage (72 h pc) while ENEAA with essential amino acids negated the stimulatory effect
and EAA had no effect on development. A feasible of the nonessential amino acids and glutamine, reducing
explanation for this apparent contrast is that the subsequent blastocyst cell number and postimplantation
stimulatory effects of the nonessential amino acids and development [8,9]. The essential amino acids methionine,
glutamine may not be evident until 90 h pc. This is phenylalanine, and isoleucine; inhibited development of
supported by the fact that subsequent blastocyst the hamster 1-cell embryo [40], but were not inhibitory
development was higher after initial culture with beyond the 8-cell stage [4]. This may be due to
nonessential amino acids and glutamine than after culture competition for transporters between nonessential and
with the essential group [34,35].  Pinyopummintr  and essential amino acids. Lewis and Kaye [41] found that
Bavister (a) and Pinyopummintr and Bavister (b) [34,35] isoleucine, leucine, methionine, and tryptophan; all
found that culture with glutamine or the nonessential reduced the uptake of glutamine in mouse 2-cell embryos.
amino acids and glutamine to the 8-to 16-cell stage In this investigation, however, the essential amino acids
resulted in equivalent development to blastocyst (day 8 did not counteract the stimulatory effects of the
pc) for bovine embryo. The results of this investigation, nonessential amino acids during culture of the early
showed that culture in ENEAAG1, ENEAAG2, and cleavage stage rabbit embryo. Development to the 8-to 16-
NEAAG respectively; to the 8-to 16-cell stage cell stage, subsequent blastocyst development, cell
significantly decreased subsequent blastocyst count, and the differentiation of cells into the ICM and TE
development (day 7 pc) compared to culture in ENEAA were all equivalent for embryos that had been cultured for
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the first 72 h in ENEAAG1, ENEAAG2, and NEAAG 73% of the glutamine taken up by the embryo from the 8-
consecutively. Previous studies in cattle [18] and sheep cell stage to the blastocyst was metabolized through the
[12] have also shown that the presence of the essential TCA cycle. This indicates that glutamine is used for
amino acids did not negate the stimulatory effects of the energy production beyond day 4 pc, particularly at the
nonessential amino acids and glutamine. This indicates blastocyst stage, when Na+ / K+ ATP as is needed for
that the transport mechanisms for nonessential and blastocyst formation and expansion. It is unknown why
essential amino acids may differ in sheep, cattle, mice, and there are inconsistencies between the findings of
hamsters. Partridge  and  Leese   [38],   Rieger   et   al.,   (a)  and

Glutamine has been shown to have an important role Rieger et al., (b) [43,44]. However, few studies have
in the in vitro development of embryos from several shown that glutamine is used in culture media for in vitro
species. Culture with glutamine helped random-bred development of rabbit embryo [6,24,25]. 
mouse embryos through the 2-cell block [42], While the As well as being a source of energy for the embryo,
hamster embryo required glutamine for development glutamine can act as an osmolyte to protect the embryo
beyond the 8-cell stage [4]. Results of the present work from osmotic stress [45]. Regulation of osmotic pressure
were found to be an important amino acid for development is a critical factor for embryo development [46,47].
of the rabbit embryo from the zygote to the blastocyst. Osmolytes maintain proper cell function by protecting
During the first 72-hrs culture, the removal of glutamine protein structure, particularly the structure of enzymes.
from culture medium containing nonessential amino acids The results obtained in the present study indicate that, as
decreased cleavage to the 8-to 16-cell stage. Similarly, well as being an energy source, glutamine may function as
Gardner and. Lane [42] found that  the  removal of an osmolyte for the early-cleavage-stage rabbit embryo.
glutamine from culture medium reduced the stimulatory It is not surprising that culture with glutamine the
effects of the nonessential amino acids in helping CF1 presence of any nonessential and essential amino acids
mouse embryos through the first cleavage division. resulted in increase embryo development. Thus, while
Glutamine is likely important as an energy source for the glutamine is required by the rabbit embryo from the
early embryo [43]. Rieger et al., (a) [43] and Rieger et al., zygote through to the blastocyst, its function may
(b) [44] found that glutamine utilization by the bovine change. This is not surprising, as the physiology of the
embryo was highest at the 2-to 4-cell stages and the embryo changes with development. In fact, Lewis and
expanding blastocyst stage, and almost 80% of the Kaye [41] found a switch in the transport mechanisms for
glutamine taken up by the early stages was metabolized glutamine, from systems L and gly in the mouse 2-cell
through the tricarboxylic acid (TCA) cycle. As well as embryo to system B  in the blastocyst. 
stimulating development of the early cleavage stages, The presence of BSA in experiments designed to
glutamine was required by the embryo beyond 72 hrs pc. examine the role of amino acids in embryo development,
Partridge and Leese [38] measured the uptake of may be perceived as a potential source of contamination
individual amino acids by day 7 bovine blastocysts in to the available amino acid pool, potentially compromising
SOF and did not find a significant depletion of glutamine, results. However, Walker et al. [48] determined that the
indicating that glutamine was not required by the bovine concentration of amino acids in medium containing BSA
blastocyst. Likewise, the uptake of glutamine by the was not significantly different from that in medium
mouse blastocyst was not significant [39]. The present without BSA. Further, the addition of BSA to medium
investigation, however, revealed that although glutamine containing amino acids did not improve embryo viability
did not affect embryo cleavage or blastocyst cell count, following transfer [48]. In the current study, it established
the increasing of glutamine in the medium containing that the three synthetic culture media (ENEAAG1,
nonessential and essential amino acids (ENEAAG1, ENEAAG2, and NEAAG respectively) used for rabbit
ENEAAG2, and NEAAG respectively) increased embryo culture enhanced the developmental potentials of
blastocyst development. Considering the findings of rabbit embryos to the blstocyst stage comparable to that
Partridge and Leese [38], it would appear that glutamine is cultured in a culture media (ENEAA and EAA) un-
required after 72 hrs pc but prior to development of the supplemented with glutamine. These results were in
blastocyst. Rieger et al., (a) [43], however, reported that agreement with Previous studies [6,10,19,24,25]. 
glutamine uptake was constant from the 8-cell stage to the In conclusion, this investigation determined the role
blastocyst, increasing significantly with blastocyst of amino acids in the culture of the rabbit embryo and
expansion and hatching. Furthermore, between 43% and showed  that the embryo has a switch in its requirements

0,+
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for amino acids as it develops from the zygote to the 5. Kishi,   J.,  Y.  Noda,  K.  Narimoto,  Y.  Umaoka  and
blastocyst. The study results revealed that the essential
and nonessential amino acids with glutamine (ENEAAG:
ENEAAG1 and ENEAAG2) and nonessential amino acids
with glutamine (NEAAG) basic culture media
consecutively; during the first 72-h culture, were
stimulated and increased cleavage development
completely to the morula stage and subsequent
blastocyst development. Further, the essential and
nonessential amino acids without glutamine (ENEAA)
basic culture medium; decreased cleavage and
development to the morula stage and subsequent
blastocyst development. Whereas, the essential amino
acids (EAA) basic culture medium; during the first 72-h
culture did not enhance the cleavage and development to
the morula stage and subsequent blastocyst
development. However, the removal of glutamine from
culture media; reduced the stimulatory effects of the
nonessential amino acids. Beyond day 3 pc, culture with
essential and nonessential amino acids and glutamine
(ENEAAG: ENEAAG1 and ENEAAG2), increased
blastocyst development, total cell count, and the count of
cells in both the trophoectoderm and inner cell mass,
compared to culture with other groups of amino acids.
The study also showed the embryo's requirement for
glutamine from the zygote To the blastocyst. The
obtained results proved that a reduction in the
concentration of essential amino acids, would be
beneficial to culture of the rabbit embryo. Overall, this
study highlights the need to consider the species and the
changing requirements of the embryo as it develops from
the zygote to the blastocyst when one is optimizing
culture medium. 
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