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DEVELOPMENT IN VITRO OF
PREIMPLANTATION MOUSE EMBRYOS
IN DIFFERENT MEDIA

AMARA VINIJSANUN* AND D.G. WHITTINGHAM**

UNAALD

MeANEHATEIENI TN RS 3 TadTTn An M16, CZB, CZB+G (ldnglaaluans
awns  CZB udamamnziaesly 48 fqiua) 1A SOM lumsmizidsadinslassarvikuazans
vuaﬁmnwnﬁnmaﬁuiﬁﬁmiﬁuéﬁ NIWENTN LB NLTTE (MF1) Lm:ma:ﬁ'uﬁfﬁ”lﬂﬁm'zﬂ'ué"aﬁqnm:
(F1 hybrid) Taeldiaan 5 4u suldiduusleszozuaralndas uantmasasuansliiuinaisaims
pnafinennsonszdunisutiiiaafausntesleinaanmydnieeesaneiug  wasavinnieivielid
nqimﬂ'hjﬂuaLaﬂsi'anﬂﬂ,l,ﬁwn@ﬁﬂ%\amnm«é‘uuﬁmwwﬁémﬁﬁﬁanme damnsidpadusieil
si'aiﬂ'luﬂ'w'awwﬁlﬂﬁn@‘imﬁ (CZB) susiuiia wudﬂﬁﬂ’mmumamﬁuu‘%‘iﬂﬂnﬁﬁqndﬁnduﬁlumn
Ineawnzluarawug MF1 wazileduanileselauiefufithwrinduiledan g sniass
aeugaausraaelyl maﬁnmﬁ%’iﬁﬁumm25'1ﬁ'{gﬂfaqqa‘iﬂmﬂ'@nwﬁ’wuwmtﬁuﬁi@ 2t
Herluszuzudantedamivtestadidetinen/suiavresmeganliduuaalvdas nslinglaa
uFanawzaedld 48 daluanudnduisledangiasimunlagnang ednelsfinmislauans
Wi lumgdnanewug F1 hybrid 41907103 M16 nezfuntswannveadanilesvesvilnaadly
Whiuanalndasldaiian

Tunaasaiudaalunismwng LﬂmmuuﬂmmmuqLﬁnaﬂmwumnmﬂwuﬁ MF1 wudng
un@imﬂiumsmm? (M16) mmﬂummm'ﬂmma‘aummiwwuwmmuuﬁfamnu ilasannwidn
NALATIUIN (46%) TausowRu iUz uzulaad 16 suziluansevnsaunLE N lelusray
fananatiaeNan (1-5%) m@Lﬁum‘lé’dﬂuﬂmq:ﬁﬁnqiﬁﬂL*‘a’uu‘%’i@ﬂ::ﬁ%"ﬁowﬁqmu‘imﬂns:munw
Tnalalada  wirasdauadeiuifuilegnidedluveeanaass  nslinglaandenamziedld
48 drluadieduileagluszordioad wudﬂﬁ'}minm:ﬁumsﬁmuwmté’uu‘%‘“ﬁaquﬁ‘lﬁﬂﬂn
wnzan atlafmuwudnansansiiinglaaaudindiusn (02 mM) (SOM) Aawsonsyiu
e languil derinamnzasuiy anaiflulilddnduniteldngniuiailudoy
U3eneU289aNI8 1M 9HINAN7 Lﬁﬂ'lﬁlﬁuﬁawﬁammﬁ'uLﬁm’1nnﬁﬂ"ﬁmswé’wﬁumn‘lwgmw
WnmeLaznglag mﬂgﬂmmm'}mwmm.,ﬂumm‘unquwmmmuuﬂﬂs:ﬂ"uudL'ﬂaﬂmnmé
naneiugisinisdudensiamnrenduiiledte CZB+G uaz SOM

* Department of Biology, Faculty of Science, Khon Kaen University, Khon Kaen 40002 Thailand
**MRC Expenimental Embryology and Teratology Unit, St. George's Hopital Medical School, Cranmer Terrace, London,
SW17 ORE, UK.



126 NsmsImmans v, 923 aud 3 nsngeu-fueow 2538 DEVELOPMENT IN VITRO

dladsas IifusTevsangdnareiug ME1 wWigsel/lumdadan 24 4ol rewian
A luuiineseanissoiaslussizaensed  wudiansensiaATina NsNs s uN WAL
raadnElallilunanalindasldatamunzan wiin M16 q::'Lﬁuﬂﬁﬁ@ﬂxﬂmmnwﬁﬁmuumﬂT“ﬂ
Fasniige enuusdluuieruaainiamnniigadan Adhaulaifessensfibil
nglagannsonszdunmeimntesdinlenanilddendrsmmzamduiu eradul/idinenedi
wigaglusnenedadiaesiy Busleldazanammdsnuisenasy lugresinalanuliifome
deldlunsianngesiululaniasely

ABSTRACT

The effects of four culture media namely M16, CZB, CZB+G (with glucose adding at
48 h of culture), and SOM were tested for their ability to support the development to blastocyst
stage of 1- and 2-cell embryos from the blocking (MF1i/Lac) and non-blocking (B6CBF1) mouse
strains. Developmental stage and abnormalities of embryos were assessed for 5 days. Resuits
demonstrated that all media were equally effective in inducing the first cleavage division of the
zygotes from both strains. This indicates that neither the presence of glucose nor its absence
has deleterious effect on development from 1-ceil to 2-cell stage. When 1-cell embryos were
cultured in the absence of glucose (CZB medium) and examined on d4 lower proportions of
normal embryos were obtained with more pronouced effect in those blocking embryos, and on
d5 nearly all embryos were degenerated. This indicates that glucose is needed for optimal
development of mouse embryos for at least post-compaction period when transition of morulae
to blastocysts occurs. Adding glucose to CZB medium at 48 h after culture led to normal
development to blastocyst stage. We demonstrated that, in the non-blocking mouse strain, M16
was most suitable for raising 1-cell embryos to the blastocyst.

On the other hand, in the blocking strain, results showed that the presence of glucose
in the medium (M16) from 1-cell stage caused development block as nearly one half (46 %)
of embryos could not develop beyond 8-cell stage whereas in the other media the proportion
of embryos in the same developmental stages were very small (1-5%). It could be that in the
presence of glucose early embryos may pursue a glycolytic mode of metabolism even though
it may be their detriment in vitro. Addition of glucose after 4-cell stage (in CZB+G medium)
seems to be suitable for culturing these blocking embryos. However, the presence of a small
amount of glucose (0.2 mM) in SOM medium seems to be sufficient to promote optimal growth
and development of 1-cell embryos from both strains. In this medium, glutamine may be utilized
as energy substrate in supplement to pyruvate, lactate and glucose. We conclude that CZB+G

and SOM are most suitable for raising 1-cell embryos from the blocking mouse strain.
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When blocking embryos were left in the oviduct for another 24 h before recovered on

d2 at 2-cell stage, it was found that all media were able to support optimal development though

M16 was most suitable with the highest proportion of blastocysts and embryonic cell number.

Interestingly, it is evident that CZB medium (without glucose) could also promote optimal

development. It is possible that during the period of two days in vivo embryos might store

enough energy substrate, propably in the form of glycogen which could be used for their later

development.

INTRODUCTION

It has been accepted that fertilized
oocytes from most outbred and inbred mouse
strains do not develop to blastocysts when
cultured in most simple chemically defined
media, but arrest at the 2-cell to 4-cell stage,
a phenomenon referred to as the in vitro 2-cell
block (1). Only the embryos from certain
inbred strains and their F1 hybrids develop
consistantly from the zygotes to the blastocysts
under the same conditions (1, 2). However, in
these strains, embryo development in vitro is
retarded by 18-24 h when compared with that
in vivo (3, 4). The causation of the block may
be due to oocyte cytoplasmic factors controlled
by the maternal genome (5, 6) which may be
lacking in embryos from blocking strains and
may be overcome by transferring arrested
embryos to explanted oviducts in organ culture
(7) or by giving them an injection of cytoplasm
of embryos from non-blocking strains (8, 9).

The ability of 1-cell mouse embryos
to develop in vitro has been shown to bea
function of mouse strain (1, 10), medium com-
ponents (11, 12) and culture conditions (13).
For example, the causation of the block might

be due to the energy substrate in the medium,

as it is shown that pyruvate as well as lactate
are required as energy sources to support the
first and second cleavage divisions of 1-cell
embryos from blocking strains (14, 15) and that
glucose is unable to promote the development
until after the 4-cell stage, probably due to a
limited capacity for glycolysis (16). Indeed,
glucose has to be present in the medium it
transition of morulae to blastocysts has to be
achieved although its earlier presence may
adversely affect the early cleavages of the
random-bred zygote (15, 17). Also it has been
shown that chelating agent like EDTA (ethyle-
nediamine tetra-acetic acid) and glutamine
improved the mouse embryo development (17,
18, 19, 20, 21).

In the absence of direct evidence that
blocks to development occur in vivo, it is likely
that the blocks to development observed in
vitro are caused by adverse culture conditions,
such as imbalances in the concentrations of
certain Subsiituents (22). These adverse con-
ditions then result in either impaired transmis-
sion of inherited maternal information (6) or
defective activation of the embryonic genome
(23).
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The present study was to determine
the effect of four different culture media on
early development of 1- and 2-cell mouse
embryos from the non-blocking (B6CBF1=F1

hybrid) and blocking (MF1/Lac=MF1) strains.

MATERIALS AND METHODS

EMBRYO COLLECTION
AND CULTURE

F1 hybrid and MF1 females, 6-8 weeks
of age, were superovulated with intraperitoneal
injections of 5 iu pregnan mares’ serum gona-
dotrophin (Folligon: intervet, UK.) followed 48
h later by 5 iu of human chorionic gonado-
trophin (hCG, Chorulon: Intervet, UK.). Two to
3 of them were paired overnight with a male
of the same strain and inspected for vaginal
plugs the next day as an indication of suc-
cessful mating and was designated d1 (day 1)
of pregnancy. Twenty six to 27 h after hCG
administration 1-cell fertilized oocytes were
recovered by flushing the oviduct content into
warm Hepes-buffered mouse embryos handling
medium, M2 (24), with hyaluronidase (Sigma,
UK; 150 iu ml") (only briefly) to disperse
cumulus cells. Two-cell embryos were flushed
at 46 h after hCG injection into the warmed
M2 without hyaluronidase. Embryos were
washed in 2x2 ml changes of M2 and then
3x200 LU of the culture medium, in which they
were to be cultured and which has been
equilibrated previously with 5% CO2 in air at
37°C under light paraffin oil (BDH, UK). Ten to

20 embryos were placed in a 50 [l drop of
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culture medium under light paraffin oil in 35 mm
plastic tissue culture dish (Falcon, UK) and
cultured in a humidified atmosphere of 5% CO2
in air at 37°C. The embryos were scored at
22,46, 70, and 94 h after culture for 1-cell
embryos and at 26, 50, and 74 h after culture
for 2-cell embryos and developmental stage
and abnormalities recorded. On d4 embryos
were classified as normal if they were com-
pacted morulae and early blastocysts and if
they were blastocysts on d5. Abnormal embr-
yos were those with degenerating blastomeres,
or with obviously unsynchronized development
with a small mass of compacted morula or
blastocyst accompanied by loose cells, or with
lysing cells of decompacting morulae. When
the culture dishes were outside the culture
incubator and not on the microscopic stage,
they were maintained at 37°C on a warmplate.
On d5 some expanded blastocysts from each
culture medium were fixed in 10% formalin in
phosphate buffered saline and stained with the
vital  fluorescent DNA-binding dye, Hoechst
33258 (Sigma, U.K.). The fluorescent labelled
nuclei were counted using a Leitz Epifluores-

CENCce miCroscope.

CULTURE MEDIUM

Four culture media used in the present
report were 1) a conventional mouse embryo
culture medium, Mi16 (14) which has been
widely used in many laboratories for culturing
1-cell and 2-cell mouse embryos from certain
strains, 2) CZB (a modification of modified

BMOC-2 medium containing an increased
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lactate/pyruvate ratio of 116, glutamine and
EDTA but lacking glucose), 3) CZB+G (CZB
with glucose, 2.5 LLI of sterile 100 mg glucose/
ml stock solution was given by direct injection
into the culture drop to give final concentration
of 27.5 mM at 48 h of culture for 1-cell embryos
and at 24 h for 2-cell embryos, i.e. on d3, 18)
and 4) SOM (21). The latter has been recently
developed by the experiment strategy called
simplex optimization method (25). It contains
lower concentrations of virtually every compo-
nent that has been incorporated hitherto in
preimplantation mouse embryo cullure media
and also glutamine and EDTA. Formulations
of these media are shown in Table 1. Culture
media were freshly prepared each week from
concentrated stock solutions of various compo-
nents (Stock A: NaCl, KCI, KH PO, MgSO,.
?H?_O, sodium lactate, glucose, penicillin and
streptomycin; Stock B: NaHCO_ and phenol
red; and individual stock solutions of sodium
pyruvate, CaCIz. 2H20. glutamine, EDTA).
Stock A, EDTA and calcium solutions were
kept in 4°C and used within 3 months. Stock
B, pyruvate and glutamine solutions were
prepared every time media were made, and

BSA (fraction V) added lastly to media before
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they were filter-sterilized through 0.22 Llm
Millipore (Millipore, UK). Water used in prepa-
ration of culture media was tissue culture grade.
Osmolarity of all media was tested by freezing
point depression, if not within the range desig-
ned they were discarded and new media were
made. All components were purchased from
BDH (UK), excepted for sodium lactate, sodium
pyruvate, glutamine, EDTA and BSA which
were purchased from Sigma (UK), and Hepes
from Calbiochem-Boehring (UK).

EXPERIMENTAL DESIGN
AND STATISTICAL ANALYSIS

Each experiment was repeated 5-10
times on different days. Since no obvious diffe-
rences were observed in embryo development
between replicates, the data from each have
been pooled. All embryos collected on each
day were pooled in the final M2 wash before
being allocated to the different treatments.
Differences between treatments were tested
by Chi-square analysis of the combined data,
using Yates’ correction for continuity where
d.f.=1 (26).

blastocyst cell numbers were investigated by

Differences between means of

two-tailed t-test analysis of the data.
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RESULTS

Experiment 1: Development of 1-cell embryos
from F1 hybrid and2-cellembryos
from MF1 mice.

Culture media were preliminary tested
using 1-cell embryos from non-blocking F1
hybrid and 2-cell embryos from blocking MF1
mice and results are shown in Tables 2 and 3.
From Table 2 it is clear that all culture media
were equally effective in inducing the first
cleavage division of zygotes from F1 hybrid
mice. When examined on d4 M16 and CZB+G
media were most effective in enhancing normal
development to compacted morulae and early
blastocysts (i.e. normal embryos of M16 and of
CZB+G were 97 and 96%, respectively). In
addition more than a half of these embryos
were early blastocysts. In SOM treatment
although most embryos developed normally
(84%) it seems that there was a little delay in
development as a high proportion of normal
embryos (62%) was compacted morulae as
compared to those from M16 (47%) and CZB+G
(43%) media. In CZB treatment where glucose
was omitted, more than a half of embryos
(56%) developed to compacted morulae, no
blastocysts were formed and the rest were
degenerating. On d5 results indicated that M16
was most effective in supporting development
of these embryos as it produced highest pro-
portion of blastocysts (94%) although the differ-
ence was only significant when compared to
SOM mediun (P<0.01) but not to CZB+G
medium. Moreover, the mean cell number per

blastocysts in M16 treatment (88.0 + 4.8) was
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significantly higher (p<0.001) than those grown
in the other treatments. CZB+G and SOM
treatments were similarly effective in promoting
development to the blastocyst stage whereas
CZB medium failed to support morula-blasto-
cyst transition as all embryos decompacted and
degenerated.

Table 3 shows resuits of development
in culture media of 2-cell embryos from MF1
mice. It is clear that rates of development of
these embryos grown in M16, CZB+G and
SOM media, as assessed by percentages of
normal embryos on d4 (i.e. 99, 97, and 99%,
respectively) and d5 (i.e. 94, 91, and 94%,
respectively). were comparably effective whe-
reas the rate of embryo development in CZB
medium seemed to be less effective with fewer
normal embryos on d4 (88 %). On d5 the pro-
portion of blastocysts in CZB medium (79%)
was also lower than those grown in 3 other
media although the significant was found only
when compared with those from M16 and SOM
(P<0.05). When the effect of the culture media
on the embryo development was assessed on
the cell number per blastocyst, it was clear that
M16 was the best medium which produced
significantly higher cell number (127.4+6.0)
when compared to the other media (P<0.001),
whereas the cell number per blastocyst of those
cultured in CZB, CZB+G and SOM were not

significantly different from each other.
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Experiment 2: Development of 1-cell embryos
from MF1 mice.

It was of most interest to determine
whether four media studied in the present
paper were able to support preimplantation
development of mouse embryos from the
blocking strain. Therefore 1-cell embryos were
raised and results are shown in Table 4. It is
again clear that all media were equally
effective in supporting the first cell division of
zygotes as percentages of 2-cell embryos
observed on d2 were very high (90-93%). On
d4 it was found that CZB+G and SOM media
were equally effective in promoting embryo
development to compacted morulae and early
blastocyst stages (83-85%) whereas in M16 and
CZB media percentages of normal embryos
were quite low (33-41%). Interestingly, in M16
medium about a half of embryos could not
develop beyond 8-cell stage (i.e. percentage of
2-cell and 3- to 8-cell embryos was 46%) when
compared to small proportions of embryos (in
the same developmental stages) grown in the
other media (e.g. CZB: CZB+G: SOM= 1: 5:5%).
Also, a high proportion of abnormal embryos
(66%) was found in CZB treatment. On d5 it is
quite clear that both CZB+G and SOM treat-
ments consistantly promoted normal develop-
ment as the proportions of blastocysts (CZB+G:
SOM= 70%: 67%) were significantly higher
(P<0.001) than those cultured in M16 (10%) and
CZB (2%) media in which the rest of embryos
were degenerating. However, of those embryos
survived in M16 medium the mean cell number

per blastocysts (65.4+5.2) was not significantly

DEVELOPMENT IN VITRO

different from those of blastocysts raised in
CZB+G and SOM media (69.6+2.3 and 76.3+3.0,
respectively) whereas the mean cell number per
blastocysts from M16, CZB+G, and SOM media
were significantly higher (P<0.001) than that
from CZB treatment (40.3+6.1).

CONCLUSION AND DISCUSSION

In the present study four culture media,
namely M16, CZB, CZB+G and SOM were
evaluated for their ability to support preimplan-
tation growth and development of 1-cell and
2-cell mouse embryos from the blocking strain
(MF1) and 1-cell embryos from the non-blocking
strain (F1 hybrid). The results of these studies
demonstrate that all media, including CZB
which had no glucose, were equally effective in
supporting the first cleavage division of mouse
zygotes from both strains. It seems that zygotes
from both F1 hybrid and MF1 strains can utilize
lactate and pyruvate as the energy substrates
for their first cleavage. However, these embryos
were flushed from the oviduct between 26 and
27 h post hCG, close to the first cleavage
division (onset of first cleavage occurs ~28 h
post hCG; Brown, personal communication) and
may, therefore, have contained sufficient endog-
enous energy to cleave without the need for
additional exogenous substrates. In addition, the
presence of glucose in the medium had no
deleterious effect on the development of the
zygote to 2-cell stage. However, when 1-cell
embryos were further grown in the absence of
glucose (CZB medium, Tables 2 and 4) their

development was inhibited. Results show that
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embryos from the blocking strain were more
sensitive than those from the non-blocking
strain with only small proportions of the former
developed normally to compacted morulae on
d4. On .d5 nearly all embryos from both strains
cultured in this medium were degenerating and
of 2% (3 in 162 embryos) embryos from the
blocking strain which had developed to blasto-
cysts they seemed to be not normal with signifi-
cant lower cell numbers. These results indicate
that glucose is needed for at least post-com-
paction period of embryo development of both
blocking and non-blocking mouse strains. The
lack of glucose in the culture medium after
4-cell stage probably could not support normal
development beyond the morula stage, a.phe-
nomenon so called ‘morula stage black’, leading
to both fewer blastocysts and lower cell number
per blastocyst. Of those morulae compacted
they underwent decompacting and degenerat-
ing. However, the presence of a small amount
of glucose in the medium (SOM) seems to be
sufficient to promote optimal development of
1-cell embryos from both blocking and non-
blocking strains. These results agree with those
reported by others (21) with the production of
60% blastocysts when using the same medium
and a blocking mouse strain. Biggers and col-
leagues have further modified SOM medium by
increasing the concentration of K* and desig-
nated KSOM and demonstrated the dramatic
improvement of preimplantation development
of mouse zygotes, from a blocking strain, raised

in this new medium with a higher rate of com-
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paction (100%) and larger yield of blastocysts
(88%) (27).

In the other experiment when embryos
were left in the oviduct for another day before
recovered on d2, at 2-cell stage, when they no
longer exhibit 2-cell block, it was found that their
development to blastocyst stage underwent
well in M16, CZB+G, and SOM media and
seemed to be fairly normal in CZB medium in
the absence of glucose (see Table 3) although
with a lower proportion of blastocysts and lower
cell number per blastocyst in the latter. It is
obvious that in the mouse embryos glucose is
required for normal transition of the morula to
blastocyst. It has been shown, in the non-
blocking mouse strain, that exposure to medium
containing glucose for the first, second or
third 24 h period in culture was sufficient to
support the morula-to-blastocyst transition (28).
In the present paper, perhaps during another
period of 24 h in the oviduct, embryos that
were undergoing the first cleavage division
only, had stored sufficient amount of glucose
possibly by incorporating it into glycogen which
they can utilize for their further development in
vitro especially during the transition of the
morula to blastocyst. However, the continuous
presence of glucose in the medium from 1-cell
stage in the blocking strain (M16, Table 4) may
be the cause of the developmental block as
nearly a half of embryos could not develop
beyond 8-cell stage when compared to very
small proportions (1-5%) of embryos cultured in
3 other media. These results agree with studies

by the others (17) although they demonstrated
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more pronounced effect with 86% embryos at
2-8 cell stages when using the blocking strain
(CF1) and the same medium (M16).

The effect of glucose in the medium
on mouse embryo development is very contrary.
In the present study the inhibitory effect of
glucose on preimplantation development of
1-cell embryos from the blocking mouse strain
was evident. Lawitts and Biggers (29) have
previously reported that glucose exerted inhibi-
tory effect on embryo development but have
later found the surprising fact that this sugar did
not inhibit development (21) though using the
same glucose concentration (about 5 mM) and
same blocking mouse strain (CF1). Chotot and
co-workers (17), also using a blocking mouse
strain, have shown that the presence of glucose
in CZB medium for the first 48 h of culture (1-cell
to 4-cell stage) was defrimental to embryo
development. The contrary results from different
laboratories may be due to strain differences,
uncontrolled conditions of culture medium
ingredients particularly the water and also some
seasonal influence on embryos. However, one
possible explanation for the block of develo-
pment when glucose is present to the 1-cell
embryos may be that this sugar produces a
Crabtree effect (30) in which respiration is
suppressed and glycolysis promoted (31, 32).
It seems that if glucose is available in the me-
dium, early embryos will pursue a glycolytic
mode of metabolism even though it may be their

detriment in vitro (33).
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The mammalian embryo undergoes a
number of metabolic changes from the time of
fertilization to implantation while travelling along
the oviduct to the uterus (34). One of the most
striking changes is in its energy preferences:
the mouse embryo switches from a dependence
on the tricarboxylic acid (TCA) cycle pre-
compaction to a metabolism based on glycol-
ysis post-compaction (35, 36). Sakkas and co-
workers (37) demonstrated that in a blocking
strain of mice (OF1) the oocyte required the
presence of glucose in the medium during
fertilization. Once the first cleavage has occur-
red, however, glucose is inhibitory to the clea-
vage during the 2- to 4-cell stage probably due
to a block to glycolysis (16), but this sugar is
subsequently necessary for the maintenance of
viability possible in the form of glycogen. It has
been shown that glycogen levels rise 10-fold
between the 1- and 2-cell stages in mouse
embryos cultured in the presence of 5.56 mM
glucose but on the other hand glycogen levels
are lowered if glucose is omitted from the
medium (38). Glycogen phosphorylase activity
is extremely low at the 2-cell stage, but rises
8-fold by the morula stage (39).

The beneficial effect of glutamine on
preimplantation development of hamster
embryos was evident (40) but in mouse
embyros this is uncertain. Lawitts and Biggers
(21) have cultured 1-cell embryos from a
blocking mouse strain in the medium contain-
ing high concentration of NaCl and found that
they did not develop normalily. Addition of gluta-

mine into this medium protected against the
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inhibitory effect of this sall. They proposed that
glutamine exerted protective effect against high
concentrations of NaClin the medium by acting as
an organic osmolyte [see discussion in Lawitts
and Biggers (21) for more detail]. However, this
amino acid could affect development of mouse
embryos in other ways. Glutamine is believed to
exert its stimulatory effect to preimplantation
development of mouse embryos by being used
as the energy substrate in addition to using
pyruvate and lactate (17, 19). It is possible that
blocking mouse embryos have ability to metabo-
lize pyruvate and lactate but may not generate
sufficient energy in this way to develop in vitro.
This additional energy may be enough to allow
the embryos to develop through a critical period
when lactate and pyruvate do not supply suffi-
cient energy. The primary influence of gluta-
mine is exerted during the first 48 h of culture
as it is accumulated by 1-, 2- and 8-cell and
blastocyst stages of mouse embryos (19, 41). It
then is used as an energy substrate for the
generation of COz through the TCA cycle by all
stages of preimplantaion mouse embryos (19).

Previous studies (10, 42) have reported
the advantage of adding EDTA into the medium
which substantially improved development of
1-cell mouse embryos. The benificial effect of
EDTA may be explained by acting as a chelating
agent. One of the environmental differences
between in vitro and in vivo conditions for embryo
growth is a higher oxygen tension in the in
vitro atmosphere than in the oviduct. Reducing
oxygen tension to 5% results in a higher blastu-

lation rate with mouse zygotes (13). Active
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oxygen which is formed when molecular oxy-
gen is utilized as an electron acceptor during
oxidoreductive reactions in the cells. Supero-
xide anion formed in the cell is a major species
of active oxygen. Ferric ions catalyse the forma-
tion of oxygen radicals such as superoxide
anions (43). Free Fe ions are chelated by
addition of EDTA to the culture medium, which
prevents their incorporation into the embryos,
then protects catalytic effect of ferric ions and
EDTA,

therefore, prevents developmental block of

superoxide anion is not formed (44).

mouse embryos.

We concluded that, of four media
tested, M16 was most suitable for development
of 1-cell mouse embryos from the non-blocking
strain and also of 2-cell embryos from the
blocking strain to the blastocyst stage. These
embryos probably require only pyruvate, lactate
and glucose but not other supplementary amino
acid such as glutamine for energy substrates.
For 1-cell embryos from the blocking strain,
results indicated that CZB+G and SOM were
more effective and the early presence of glucose
(as in M16 medium) was detrimental to their
pre-compaction development though was
essential for post-compaction period when
transition of morulae to blastocysts occurred.
The medium without glucose (CZB medium)
failed to support development to the blastocyst
stage although promoted pre-compaction devel-
opment. However, this conclusion was based
on examination of morphological feature of the
embyros, therefore, the final conclusion could be

drawn when viability of normal looking embryos
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