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Effects of Medium on Blastocyst For mation, Cell Number
and Percentage of ICM in Mice
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Objective: The am of this study was to evauate the influence of different media on blastulation,
mean cell number, percentage of inner cell mass (ICM) of total cells and ICM : trophectoderm (TE)
ratio in mice.

Materials and methods: A total 552 two cell embryos were retrieved from ICR female mice (4
weeks old) at 48 hr after hCG injection (mated just after hCG injection) and cultured in MEM (n=276)
or TCM (n=276) supplemented with 20% hFF. The grading of blastocysts from zona-intact (ZiB) to
-escape (hatching and hatched, ZeB) was performed at 72 hours after culture. Total, TE and ICM cell
numbers were analyzed by differential staining of blastocyst. Statistical analysis was performed using
t-test with SigmaPlot-2001. P-values < 0.05 were accepted as statistically significant.

Results: The blastulation rate in MEM (64.9+ 4.95%) was significantly higher (p=0.0031) than that
in TCM (57.2+ 5.22%). No differences were found in the number of ZiB and ZeB between MEM (31.9
+ 2.62, 33.0+ 4.58%), and TCM (27.2+4.28, 30.1+ 4.58%). A total 314 blastocysts (MEM=166; TCM=
148) were stained differentially. Mean cell number of blastocysts was significantly higher (p=0.0002) in
TCM (73.1+ 3.3) than in MEM (61.7+ 2.5). Differential staining was successfully performed in 155
blastocysts (MEM=77; TCM=78). The percentage of ICM was significantly higher in MEM than in
TCM (20.9+ 1.3 vs. 17.1+ 1.2%, p=0.0281). The ICM : TE ratio was higher in TCM thanin MEM (1 :
485+ 0.68vs. 1:3.78+0.78, NS).

Conclusion: These results show that MEM increase the blastocyst formation and percentage of ICM
of total cells comparing with TCM in mice.

Key Words: Mice, Medium, Blastulation, Inner cell mass (ICM), Trophectoderm (TE)

, ) 712-714 25
Tel: (053) 850 6723, Fax: (053) 850-6720, e-mail: goatsong@daegu.ac.kr
2001
, ) 700-721 2 50 ,
Tel: (053) 420-5727, Fax: (053) 423-7905, e-mail: keespark@yahoo.com
2002 9 28~ 83

-237-



(Ic™m)
(Te) 2
ICM , TE
-3~6
7
ICM 3 ICM
468
) , ICM
2
ICM
, IVF
1.
ICR , 4 , 10~
15
) 10 114
2.
1)
2 Ham's F10 (F-
10, 11550-043, Gibco, USA) .2
MEM (119660-025, Gibco, USA)
TCM-199 (TCM, 11150-059, Giboo, USA)
. 00125 gl Streptomycineaifae
(S9137, Sigma, USA)  0.01375¢!1  PenicillinG (P

3032, Sgma, USA)

-238-

280 mOsmoal/kg
Millex-GV, Millipore, USA)
14 ml tube @001, Falcon, USA)

,027?m

4 (3682, Forma, USA)
.2 20% hFF
37 5% CO, 6
2)
1
2
@ 1

Ham's F10 (BSA free) + 1% Triton X-100 (T-9254,
Sigma, USA) + 100 ?g/ml propidium iodide (P, R-4170,
Sigma, USA)

€] 2

EtOH (Absolute Ethanol, Duksan, Kore) + 25 ?g/ml
bisbenzimide (B-2883, Sigma, USA)

3. (hFF, human follicular fluid)
hFF
5
hFF
(3,500 rpm) 30
02 ?m 56
35 -20
2

4.

751U

pregnant mare's serum gonadotropin (PMSG, G-4877,

Sgma, USA) 51U human chorionic gonadotropin
(hCG, CG-10, Sgma, USA) 48
. hCG 48
(MZ 125, Leicg,
Switzerland) 2-well (3037, Fal-
con, USA)
2



Table 1. Influence of medium on blastocyst formation and their cell number in mice

Variables MEM TCM p-vaue
No. of 2-cell embryos used 276 276 -
No. of blastocysts
Total 179 (64.9£ 5.0) 158 (57.2+5.2) 0.0031
Zona-intact 88 (31.9£ 2.6) 75 (27.2£ 4.4) NS
Early 16 (5.8) 24 (8.7) NS
Middle 15(5.4) 19 (6.9) NS
Late 57 (20.7) 32 (11.6) NS
Zona-escape 91 (33.0+ 4.6) 83 (30.1+4.1) NS
Hatching 86 (31.2) 77 (27.9) NS
Hatched 5(1.8) 6(2.2) NS
No. of blastocysts stained 166 148 -
Cell number
Total 10,243 10,814 -
Mean 61.7+£25 73.1+33 0.0002
Range 8~162 5~168 -
NS=not significant. Values are meant SEM.
5 2_ Olympus, Japan) uv
552 2 MBEM (=276) 1 PI (Figure 1A) ,
TCM (n=276) 50 7 minera oil (M-8410, 2 bisbenzimide (Figure 1B)
Sigma, USA) (3002, Falcon, USA) .TE (P1) (bisbenzimide)
72 . Zona-in ICM
tad ZiB) exepe (hatchinghatched, ZeB) TE ICM
, (Figure 1C).
ICM/TE -
6.
P bis-
benzimide
Thouss & differential staining , %ICM  ICM :TE ratio
ICM TE ICM/TE
1 10 . %ICM ICM
2 4 15 ,ICM :TErdtio ICM 1
. TE . ( ,
glyceral (G-2025, Sigma, USA) ) (=
dide glass SEM)
cover glass (BX 50, t-test 5%

-239-



Figure 1. Differential staining of mouse blastocysts (x 400): (A) propidium iodide (PI), (B) bisbenzimide and (C)
differentially stained. Note that the intense pink color represents the chromatin in nuclei of lysed trophectoderm (TE)
cdls that had been both red (PI) and blue (bisbenzimide). ICM nuclel remain blue, because these cells were not per-
mesabilized.

Table 2. Inner cdl mass (ICM), trophectoderm (TE) and total cell number of mouse blastocysts differentialy stained
after 2-cell embryos cultured in two different medium

_ No. _of bl astocysts Cdl number %ICM _
Vaiables dlffere_ntldly of total cells ICM : TEratio
stained Total ICM TE
MEM 77 4,829 1,011 3,818 209+131 1:3.78+0.78
TCM 78 6,628 1,132 5,496 17.1+£119 1:4.85+0.68
p-vaue - - - - 0.0281 NS
NS=not significant. Vaues are meant SEM.
SigmaPlot-2001 (v7.0) . 552 2 337  (MEM=179;
TCM=158) ,
314 (MEM=166; TOM
=148) . TCM
2 (= (Mean: 731+ 3.3; Range: 5~168) MEM (Mean: 61.7
552) MEM (n=276) + 2.5; Range: 8~162) (p=0.0002)
TCM (n=276) 72 (Table ).
314 ICM
Tablel 2 . TE 155 (MEM=77; TCM=
MEM (64.9+ 5.0%, 179/276) 78) ICM TE
TCM (57.2+ 52%, 158/276) (p=0.0031) %ICM ICM ICM
. ZiB (319+ 26 vs 27.2+ 4.4%; p=0.8334, NS) ,ICM :TEraio ICM 1 TE

ZeB (33.0+ 4.6 vs. 30.1+ 4.1%; p=0.3765, NS)
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-240-

.ICM (131vs 145 TE
(496vs 705) TCM MEM
%CM MEBM (209+1.3%) TCM (17.1+
1.2%) (p=0.0281) ,ICM :TE
raio TCM (1:485+0.68 MBM (1:3.78+0.78)
(NS) (Table 2).



MEM ICM

MEM TCM

Hamster 2 glucose

glycolysis cytosolic metabo-
lism mitochondria metabolism
oxidative phosphorylation
S Seshagiri Bavi
ster®  hamgter 8 energy
glycolyss "Crabtree effect”
1112 .
oxidative potential
Krebs cycle caa
bolism %0 glu-
cose
Gardner  Lane®
glucose pyruvate lactate
glucose

glucose uptake  glycolytic activity (glucose lactate
)

14

glucose (0.2, 0.6, 1.8, 5.4 mmol/l) ,

hatching
5 Glutamine  gluta
mine transminase 2-oxoglutarate
, metabolic source
glutamine 5 (Table 1, 2)
17 MEM
TCM )
TCM

-241-

Differentid staining 8

blastocyst 20%
specific staining 8%

, 75.3+
3, %ICM (/total cell number) 27.8%, ICM :TE rdio
1:263 ;
49.4% (155/314), totd cel number 617+ 25 (MEM)

, Thouas

uneven compar ison nory

731+ 33 (TCM), %ICM  1:3.78 (MEM)
1:4.85 (TCM) ,%ICM  ICM :TE ra
tio . , Thouas
8 hybrid F1 expanded/expanding/par -

tialy hatched blastocyst
ICR early-hatched
ICM TE
. Mishra
Seshagiri*  hamster 8

%ICM  26.6—~

284%, ICM :TE ratio  1:2.6~27 ,
haiched blastocyst ~ %ICM  36.4%,

ICM :TEratio 1:19 , Iwasski
7 rabbit oviduct
ICM proportion
.4,7,18
ICM
718
(Iwasski 7
-196 expanded
hatched blastocysts  ICM damage het-
ched blastocyst



). Richter 3
, (IvC-1ve-3 P-1/

Blastocys medium) source (Donor

Patient) ,
IcM (>4,500 ?m?, 55%; <4500
2m?, 31%) ( , 1%,
, 58%; , 33%)
, (Ic™m
, >4,500 2P + ) (71%)
feY
Table 1 337 314
23
,Table2 155
314 TE ICM
(MEM : 64.9%
vs. TCM: 57.29%) ICM (MEM: 22.3% vs TCM:
18.4%) MEM , (T-
CM: 731 vs. MEM: 617) ICM
(TCM: 145vs. MEM: 131) TCM (Ta
ble 1, 2). , ,IoM
ICM
MEM TCM
(82.3 vs. 86.0%) (631 vs
60.0%) :
BG1
MEM (508%) TCM (15.0%)
,17 5
MEM (57.9%) TCM
(27.3%) (ceta nat sh
own), ICM
MEM

-242-

ICM
TE

IVF

. Lawson KA, Meneses JJ, Pederson RA. Clona

andlysis of epiblast fate during germ layer formation
in the mouse embryo. Development 1991; 113: 891-
911.

. Beddington R. Analysis of tissues fate and pro-

spective potency in the egg cylinder. In Rossant J
and Pederson RA (eds): Experimental approachesto
mammalians embryonic development. Cambridge
University Press, pp. 121-47.

. Richter KS, Harris DC, Daneshmand ST, Shapiro

BS. Quartitative grading of a human blastocyst:
optimal inner call mass size and shape. Fertil Steil
2001; 76: 1157-67.

. Mishra A, Seshagiri PB. Successful development in

vitro of hamster 8-cell embryosto 'zona-escape and
attached blastocysts: assessment of quality and tro-
phoblast outgrowth. Reprod Fertil Dev 1998; 10:
413-20.

. Hardy K, Handyside AH, Winston RM. The human

blastocy4t: cell number, desth and allocation during
late preimplantation in vitro. Development 1989;
107: 597-604.

. Papaioannou VE, Ebert KM. The preimplantation

pig embryo: cell number and alocation to trophec-
toderm and inner cdl mass of the blastocyt in vivo
and in vitro. Development 1988; 102: 793-803.

. lwasaki S, Mizuno J, Kobayashi K, Yoshikane Y,

Hayashi T. Hanges in morphology and cell number
of inner cell mass of porcine blastocysts during
freezing. Theriogenology 1994; 42: 841-8.

. Thouas GA, Korfiatis NA, French AJ, Jones GM,



10.

11

12.

13.

14.

Trounson AO. Simplified techniquesfor differentia
staining of inner cell mass and trophectoderm cdls
of mouse and bovine blastocysts. Reprod BioMed
Online Webpap 2001; 3: 25-9.

. Barnett DK, Baviger BD. Inhibitory effect of glu-

cose and phosphate on the second cleavage division
of hamgter embryos: is it linked to metabolism?
Hum Reprod 1996; 11: 177-83.

Seshagiri PB, Bavister B. Phosphate is required for
inhibition by glucose of development of hamster
8-cdl embryosinvitro. Biol Reprod 1989; 40: 607-
14.

Crabtree HG. Observations on the carbohydrate
metabolism of tumours. Biochem J 1929; 23: 536-
45.

Koobs HD. Phosphate mediation of the Crabtree
and Pasteur effects. Science 1972; 178: 127-33.
Gardner DK, Lane M. Culture and sdlection of vi-
able blastocysts: a feasible proposition for human
IVF? Hum Reprod Update 1997; 3: 367-82.
Jones GM, Trounson AO, Vella PJ, Thouas GA,
Lolatgis N, Wood C. Glucose metabolism of human
morula and blastocyst-stage embryos and its rda
tionship to viahility after transfer. Reprod BioMed

15.

16.

17.

18.

19.

Online Webpap 2001; 3: 124-32.

Biggers JD, Mcginnis LK. Evidence that glucose is
not always an inhibitor of mouse preimplantation
development invitro. Hum Reprod 2001; 16: 153-
63.

Nasr-Esfahani MH, Winston NJ, Johnson MH.
Effects of glucose, glutamine, ethylenediamine- te-
traacetic acid and oxygen tension species and on
development of the mouse preimplantation embryos
invitro. JReprod Fert 1992; 96: 219-31.

Park KS, Song HB, Chun SS. Blastulation and
blastocyst quality of human embryos co-cultured on
vero cell monolayers in two different culture media
in in vitro fertilization-embryo transfer (IVF-ET)
cycles. Fertil Steril 2000; 74 (Suppl 1): S82.
Iwasaki S, Yoshida N, Ushijima H, Watanabe S,
Nakahara T. Morphology and proportion of inner
cell mass of bovine blastocysts fertilized in vitro
andinvivo. JReprod Fert 1990; 90: 279-84.
Kong IK. Comparison of cell numbersin inncer cell
mass vs trophectoderm and establishment of ES-like
cells derived from day 7 to 9 IVF bovine blasto-
cysts. Kor JAnim Reprod 1997; 21: 157-65.

-243-



