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Modified Eagle Medium (DMEM) on the Mouse 2-cell Embryo Development
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Objective: Mammalian embryos undergo changes of energy environment for transfer from
oviduct to uterus. Also, the human reproductive organ (oviduct, uterus) contains energy sources
of different concentration (oviduct - glucose: 0.5 mM, pyruvate: 0.32 mM, lactate: 10.5 mM;
uterus - glucose: 3.15 mM, pyruvate: 0.1 mM, lactate: 5.87 mM, respectively). This study was
conducted to examine the effect of these energy sources added in DMEM with glutamine on the
mouse embryo development.

Methods: There was used ICR female mouse. Two cell embryos of mouse are collected by
method of 'flushing'. Flushing fluid was used Ham's F-10 added to 20% FBS. The collected 2
cell embryos were cultured in media such as Control (only DMEM), group A and B (DMEM
supplemented with 0.5 mM and 3.15 mM glucose), and group C and D (DMEM supplemented
with 0.1 mM and 0.32 mM pyruvate), and group E and F (DMEM supplemented with 5.87 mM
and 10.5 mM lactate). All experimental media supplemented with 20% hFF, respectively. Pattern
of embryo development was observed to interval at 24hr during 96hr.

Results: The media with glutamine added glucose (group A: 51.0%; group B: 48.4%) was
significantly (p<0.05) higher than other experimental group in development into the morula stage
after 24 hr in culture, but not significantly different compared with control and the rate of
development into the blastocyst was significantly (p<0.05) low in the both of pyruvate (group C:
7.9%, group D: 6.8%) and lactate (group E: 7.1%, group F: 7.1%) treatment group after 48 hr in
culture. Development into the blastocyst and hatched blastocyst after 72 hr in culture revealed
similarly in control (81.9%) and glucose treatment group (group A: 83.3%, group B: 82.8%).
However, development into the hatched and attached blastocyst after 96hr in culture revealed
significantly (p<0.05) development in the glucose treatment group (group A: 82.3%, group B: 78.
5%) than control (63.2%), and its of pyruvate (group C: 34.1%, group D: 34.1%) and lactate
(group E: 25.9%, group F: 33.3%) treatment group were significantly (p<0.05) lower than
control similar to previous observations. .

Conclusion: The glucose added to the DMEM with only glutamine, as energy source, was
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highly to the rate of development compared with control, but the other energy sources were not,
synthetically. Above refer to, the human reproductive organ (oviduct, uterus) contains energy
sources of different concentration. Thus, further studies are will examine continuously to effects
by interaction of different energy sources in the mouse embryo development, and these results
will provide to foundation on the human embryo culture.
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Figure 1. The rate of development into morula at 24hr after culture of 2 cell embryos in DMEM added to dif-
ferent concentrations of each energy sources”. "A: 0.5 mM glucose, B: 3.15 mM glucose, C: 0.1 mM pyruvate,
D: 0.32 mM pyruvate, E: 5.87 mM lactate, F: 10.5 mM lactate.
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Figure 2. The rate of development into blastocyst at 48hr after culture of 2 cell embryos in DMEM added to
different concentrations of each energy sources™. *A: 0.5 mM glucose, B: 3.15 mM glucose, C: 0.1 mM pyruvate,
D: 0.32 mM pyruvate, E: 5.87 mM lactate, F: 10.5 mM lactate.
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Figure 3. The rate of development into blastocys and hatched blastocyst at 72hr after culture of 2 cell embryos
in DMEM added to different concentrations of each energy sources®. "A: 0.5 mM glucose, B: 3.15 mM glucose,
C: 0.1 mM pyruvate, D: 0.32 mM pyruvate, E: 5.87 mM lactate, F: 10.5 mM lactate.
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Figure 4. The rate of development into hatched blastocyst and attached blastocyst at 72hr after culture of 2
cell embryos in DMEM added to different concentrations of each energy sources™. “A: 0.5 mM glucose, B: 3.15
mM glucose, C: 0.1 mM pyruvate, D: 0.32 mM pyruvate, E: 5.87 mM lactate, F: 10.5 mM laclate.

(55/88) 2 lactate % 7} 7-Q) group E 55.3% (47/85)
¢} group F 54.8% (46/84) K.t} @A 5tA & )
Agg-2 el At (p<0.05).

B %k 96A) 2} Aol i g F-a}-&3} F2-& (Figure
4)2 glucose A 7}7¢1 group A 82.3% (79/96)%})
group B 78.5% (73/93)= t}& A3 o] ]3] @A
A ¥ F2-E Y e (p<0.05), 2 F
dAME AEE (0.5 mM)e] A7F37F % (3.15
mM)2] A7 B F& HEee Jehdla,
pyruvate 3 7}7¢1 group C 34.1% (30/88)%}- group
D 34.1% (30/88) 2 lactate % 7}7<] group E 25.9%
(22/85)2} group F 33.3% (28/84)= W12 B}l &
A G BEES JeEP AT (p<0.05). whet
A AF 2-A27] o) s oM e iF Fr=
ZF4E JqUA Yo R glucoseE T Be] B8
3191, LEE (3.15 mM)dA] Bk A EE (0.5
mM)l| A v} deo] v ERHclete AS Y F
AN}

2k

A

B AF L glutaminee] G5 LA Do E T
o] 9l wjgFe} (DMEM)ol| 37} glucose, py-
ruvate 3! lactate?} A= o] Wdo)] wX = Jg
ZAFste] Q17 A A A &M dAEE
AN & e S B3] 93k AA
sl e, Aol A] B upe} o] AFH 2-H X

=

7] wjoll A attached blastocyst7}A] 2] &) 4 Q1 ¥t
oA & W el H I AL F glucoseE
A7kehd o -3 238 vehg g
vlokdlo] BE dux oz FaHe de
glutamine-& mouse,™"* hamster'>'°2] ) E A 3
4 FH3}ed =% 0 stued, gh-
tamine- glutamine transminase S %3}o] 2-oxoglu-
tarate 2 W131€ F oA & A4, B ot
= metabolic source 2] glutamine-2 ©] &gt}
dukA o2 AF wjole] thA} LA 2 o] 85
€ glutamine ©] ©]}e] Fa|IA o] glo] k2
Krebs cycle'® Eo]71 U] & AAFSHA| gL, gl
cosex= B E AH ok AR iAte] o] &
g & ok’ EREE £ A IR
ol A wjekel o] 718 glucoser} ¥ @) v|x|
T &3] AFelA AF x7] wje] glycolytic ac
tivity:= ©}v} % phosphofructokinase activitye] 7 oj
2o A" Zolg A’ MFYql Hrt
& glucoses A7 o] 8-A|E7] vio] TS AA
32 E£@cin SAh® a2y B AT
glutamineS- % oux Yoz g Iy
(DMEM)e]| 4] ] glucose H 7} v a2 2] %] 3}
t Ao Jeh wd A3E Jepdc £
A o] AFE-H vkl Q] glutamine FE= oL E A
To A AFEE EE (02 mM; 0.7 mM; 1 mM)**?
1o i €& 5 (315 mM)7) AFEE %l e,
1-A £7] 7} ofv] 2} 2-4] 7] v & ulj &oll AH§-3}



9G7] W&ol 2 cell-block'S SET 4 glE=4 9]
ARE ¢ F g
2 AddoA AF 2] 2 cell embryoo]| A attached

blastocyst7h4] 2] AA A <Ql &A= glutamine
< @5 duAder FF3ta e g
glucoseE 3713t v Folo] EA A m, D=
(B1I5SmMEYE AEE (05 mM)dA o =&
225 vehiled, 47 oA 47t gluta-
mine¥}2] EFHufj okol] )3t 4 57 do] d g
3]s G HF AFNHE glucoses] 11AA
(amino acid)E E3t vt o] 71 4} o
AN 2 dF9] okl ol DMEM (free glucose)
ﬂr glucose~ EGE g ¥ w2eo] 7}
& A3} fAPsk ok

Brinsler (1965)22] o] o]o] Walex} Whit-
tingham (1973)& wl-&-20] 2 Al E7] 0] 22L&
A A eh= FH A o] 2L pyruvates) lactate] %=
7F 242} 0.3~0.4 mMT} 4.0 mMe] 2l ghe =4,
2 AFoA o] F el o] v T A A3}
A Z7 Ade dizF ol EF pyuvaes &
d qUA Yoz ALEF AFAAE FlRTIA R
hamster™*2] blastocyst T7] 7}4] 2] 2=k} mouse”
] morula @A 742 o] L2 Z A A FH Tk k=
AT Had A% pyruvater} ] 222 A A Fch
I StAA R B Ao Aol 4wt AnE
b 2loh 22y 2 ATl A = glutamine S
gk uf ool b U ] mato]r] WE
o <kzte] o)zt S & Aokm AZE
EHFE TAS NEA A9 A9H< &
7o) H) 2o di3l H&E2 FAStE dHel
B2 olglo] glome T B AFE AoF
Azl AL AL FA T F7 Ho] 43
|22 AHGSHA Rote o= Qe Al
o] e d AFdel o ShE ME GE 5=
o] e e w2uz et v Fo)re] 4
7 wjoke] I S FAGE & AlEe] A
of W&l &&st7] A3l BH 2-AE7] v E v F
& of H7kste ouA 4 (glucose, pyruvate 2! lac-
tate)& AlEhe] 3 (247} 0.5, 0.32, 10.5 mM) =
A2 (242} 315, 0.1, 587 mM)dl| -5 o] ,,1‘—
Exg A 96A|7F SoF v ksl A 244 71
Ao g W) T v A= &}E ZASH T
O & A de H7lFe= 28 glucose:s glu-
tamine?} - v Fl o] A v}-2o] wl) T

= =
il =2 ¥EES F8lg o, glucose 37}

73

T oAM= FAd %9 glucose FEQ 0.5 mM
77 A2 49 $=Q 35 mM J7H B
o} 24X 7} (242} 51.0%; 48.4%), T2A 7} (ZH2} 83.3%;
82.8%), 9677+ (ZH2h 82.3%; 78.5%)A o] W]
AN ZEA oo 2EEL B =3 AH
Ao 7 E o, pyruvate I 7} 79} lactate A7
) =9} glucose H7FrHE T A v Do o
3 Fd7F e Ao 2 e

oltel A¥=E F uf, o2 n}§-29] metabo-
lic oA 9191 glutamine-2- E7-3F #ll ¥ (DMEM)
oA Alge] dada AFde] FFH e
MNE OE =9 duAY e 45FEd F4
o] AF v T2 v FHE ¢ AFslok
& Zlojr, o] A+ %3}53 %o 2 human
embryod] A ewjek =AL BPsted 7l E
FAS A= Z|dd.

il

t 2 2 o

1. Petters RM, Johnson BH, Reed ML, Archibong
AE. Glucose, glutamine and inorganic phosphate
in early development of the pig embryo in vitro.
J Reprod Fertil 1990; 89: 269-75.

2. Lewis AMcD, Kaye PL. Characterization of glu-
tamine uptake in mouse tow-cell embryos and
blastocysts. J Reprod Fert 1992; 95: 221-9.

3. Flood MR, Wiebold JL. Glucose metabolism by
preimplantation pig embryos. J Reprod Fertil
1988; 84: 7-12.

4. Thompson JG, Simpson AC, Pugh PA, Tervit
HR. Requirement for glucose during in vitro
culture of sheep preimplantation embryos. Mol
Reprod Dev 1992; 31: 253-7.

5. Gardner DK, Lane M. Culture and selection of
viable blastocyst: a feasible proposition for hu-
man IVF? Hum Reprod Update 1997; 3: 367-82.

6. Takahashi Y, First NL. In vitro development of
bovine one-cell embryos: influence of glucose,
lactate, pyruvate, amino acids and vitamins. Ther-
iogenology 1992; 37: 963-78.

7. Kim JH, Niwa K, Lim JM, Okuda K. Effects of
phosphate, energy substrates, and amino acids
on development of in vitro-matured, in vitro-fer-
tilized bovine oocytes in a chemically defined,
protein-free culture medium. Biol Reprod 1993;



113

14.

15.

16.

17.

48: 1320-5.

. Rosenkrans CF, Zeng GQ, McNamara GT,

Schoff PK, First NL. Development of bovine
embryos in vitro as affected by energy substrates,
Biol Reprod 1993; 49: 459-62.

. Huisman GJ, Verhoeff A, Alberda AT, Zeimaker

GH, Leerentveld RA. A comparision of in vitro
fertilization results after after embryo transfer
after 2, 3, and 4 days of embryo culture. Fertil
Steril 1994; 61: 970-1.

. Schillaci R, Ciriminna R, Cefalu E. Vero cell ef-

fect on in vitro human blastocyst development:
preliminary results. Hum Reprod 1994; 9: 1131-
5t

Barnett DK, Bavister BD. Inhibitory effect of
glucose and phosphate on the second cleavage
division of hamster embryos: is it linked to
metabolism? Hum Reprod 1996; 11: 177-83.

. Dokras A, Sargent IL, Barlow DH. Human blas-

tocyst grading: an indicator of developmental
potential? Hum Repord 1993; 12: 2119-27.

. Gardner DK, Leese HJ. Concentrations of nu-

trients in mouse oviduct fluid and their effects
on embryo development and metabolism in vitro.
J Reprod Fertil 1990; 88: 361-8.

Chatot CL, Ziomek CA, Bavister BD, Lewis JL,
Torres I. An improved culture medium supports
development of random-bred 1-cell mouse em-
bryos in vitro. J Reprod Fertil 1989; 86: 679-88.
Schini SA, Bavister BD. Two-cell block to de-
velopment of cultured hamster embryos is caus-
ed by phosphate and glucose. Biol Reprod 1988;
39: 1183-92.

Bavister BD, Leibfried M, Leiberman G. Develo-
pment of preimplantation embryos of the golden
hamster in a defined culture medium. Biol Rprod
1983; 28: 235-47.

Nasr-Esfahani MH, Winston NJ. Johnson MH.
Effecs of glucose, glutamine, ethylenediamine-

18.

19.

20.

215

22,

23.

24.

25.

26.

27.

tetraacetic acid and oxygen tension on the con-
centration of reactive oxygen species and on de-
velopment of the mouse preimplantation embryos
in vitro. J Reprod Fert 1992; 96: 219-31.

T T B3] & oY, FE2Z}
1995; 49.

Barbehenn EK, Wales RG, Lowry OH. Meas-
urement of metabolites in single preimplantation
embryos; a new means to study metabolic con-
trol in early embryos. J Embrol Exp Morph 1978;
43: 29-46.

Whitten WK. Culture of tubal ova. Nature 1957;
179: 1081-2.

Brinster RL. Studies on the development of
mouse embryos in vitro II. The effect of energy
sources. J Exp Zool 1965; 158: 59-68.

Krisher RL, Bavister BD. Development of oocy-
tes and embryos to the culture environment.
Theriogenology 1998; 49: 103-14.
Rose-Hellekant T, Bavister BD. Substrates pro-
vided during in vitro maturation modulate ac-
quisition of bovine developmental competence.
Biol Reprod 1995; 52(suppl 1): 173 abstr.
Wales RG, Whittingham DG. The metabolism of
specifically labelled lactate and pyruvate by two-
cell mouse embryos. J Reprod Fertil 1973; 33:
207-22.

Seshagiri PB, Bavister BD. Glucose inhibits de-
velopment of hamster 8-cell embryos in vitro.
Biol Reprod 1989; 40: 599-606.

Seshagiri PB, Bavister BD. Phosphate is requi-
red for inhibition by glucose of development of
hamster 8-cell embryos in vitro. Biol Reprod
1989; 40: 607-14.

Brown JIG, Whitteingham DG. The roles of py-
ruvate, lactate and glucose during preimplantation
development of embryos from Fi hybrid mice
in vitro. Development 1991; 112: 99-105.



