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ABSTRACT

The objective of this study was to evaluate the toxicities of permeable cryoprotectants and finally to establish the
cryopreservation method of surplus embryos obtained during assisted reproductive technology (ART). Toxicities of
permeable cryoprotectants, dimethyl sulfoxide (DMSO), ethylene glycol (EG), Glycerol, and 1,2-PROH were investigated
using a murine embryo model. Female F-; mice were stimulated with gonadotropin, induced ovulation with hCG and
mated. Two cell embryos were collected and cultured after exposure to among DMSO, EG, Glycerol, and 1,2-PROH.
Embryo development was evaluated up to the blastocyst stage. The total cell count of blastocysts that were treated
with DMSO and Glycerol at the 2-cell stage was significantly lower than that were treated with EG (81.1£15.1),
1,2-PROH (88.0£21.1) or the control (99.9+21.3) (»<0.001). On comparison of four cryoprotectant treated groups, the
DMSO and Glycerol treated group showed a decreased cell count compared with the EG and 1,2-PROH treated group
(»<0.05). Both DMSO (14.7+1.3), EG (12.1£1.1), Glycerol (15.2+1.8), and 1,2-PROH (11.5%1.3) treated groups showed
higher apoptosis rates of cells in the blastocyst compared with the control (6.5+0.7, p<0.0001). In addition, the DMSO
or Glycerol treated group showed more apoptotic cells than the EG or 1,2-PROH treated group (p<0.001). The potential
toxicity of cryoprotectants was uncovered by prolonged exposure of murine embryos to among DMSO, EG, Glycerol,
and 1,2-PROH at room temperature. When comparing four permeable cryoprotective agents, EG and 1,2-PROH appeared
to be less toxic than DMSO and Glycerol at least in a murine embryo model.

(Key words: cryoprotectant, DMSO, EG, toxicity, embryo, apoptosis)
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Wz #3§ A= Whittingham 5(1972) dimethyl sulfoxide
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SAZ DMSOE WEilog —80T7HA vl 3 —03TH
SHAAI7I = et AW H(Al-Hasani et al., 1987; Fehill et al.,
1985; Siebzehnruebl et al., 1989; Todorow et al., 1989; Whi-
ttingham et al., 1972)S 24X 7] vjololl Ab&ale] A W YA
S By o, Folo] 19841 d0l:= Zeilmarker e al. (1984)°]
TUN FARIAZ —40C7HA] ARtsAss YHES sAE
7] wjotel]l Lo mMN il B E kel AFEATh L o]
Lassalle et al.(1985)< %72 X A Z propandiol(1,2-PROH)ell
sucroseE 718t AHEFC RN FAXEE —30C7HA T 2H
AL, ADE 29 7 AATE 3 Cohen et al.(1985)>

glycerol = WiWIE S FZHHE3F ? Adx Oﬂ a5tk °l9Jr
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H Fa% A0 E AAHI Ytk HITdE A FEAA A
AA olgo] 7hssAl HRem, A7k ALFHIVF) 22T
Lol HEHo 11 Fado] A AXI YvH(Whittngham
et al., 1972; Hamberger and Hazekamp, 2002).
T &, 2ot AEEC Slo] FE WRIvkEol
&3& A 4 2 &3l HF Tl AHEEHE TAESA
| 27, & % A& Al7ro|th(Friedler et al., 1988; Mandel-
baum et al., 1988; Nowshari et al., 1995). 7|Eo| &= S0 7
st Aol =2 HFAe] FHARIAZA DMSO, glycerol
182 1,2-PROHE AH&3Fdth 13y & ZolE Martino
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W EES Bk A o] ¥ EAFH 52 IFT
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H7bste] ALgslA T SRR A B4 B 3 %
£ Leibovitz-L159 1% BSAE £3¢3l 7] 32 ujofao] 7}
15 M DMSO, 1.5 M EG, 1.5 M 1,2-PROH 123 1.
GlycerolE 7+7t #7hate] ARE-3HAT

_1%

1} 0

_|\l

5 M

3 s SZEZE=H e

A3 30849 1.5 M DMSO, 1.5 M EG, 1.5 M 1,2-PROH
9} 1.5 M Glycerol2] Ml gH S AW =2 BASII L & 53

5

27 -’F’“E}2 Ao A 608 Tt ZHzte] AR IA T}
o celol] Yol el A7t 2t 2 A
< wl) & Al(Tissue culture dish, 60x15 mm, Corning 25010)
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fFrestAnh x2S TARIAE A stA &2 FA
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W WEE = bis-benzimide(Hoechst 33342)= z
Algste] v deES ZABIATE SEAESA Y EAIY
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S FA3t7] Y8kl bis-benzimideZ 10 pg/mlE 3)435}
o ol xpgte 3ol wjols SEZF H2ld $, 0.3% BSAZF &
¥l PBSE 33] o] A=A g &, wljolE slide glass$]¢ll moun-
tingdt ¥, FFAnAE S o]&3te] A

5 SAH =4
2 A A Dol BE A5 ES FA w42 Statistical
Analysis System(SAS release ver. 8.2, 2002)2] General Linear
Model(GLM) procedure S ©]-8-3to] FAHEAS AAISIA L, A
24+ Zroll 9142 Duncan’s multiple range-test(Duncan, 1955)
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1. SAESHO| ME o LEE Hlu =M

H 280 ) 2ol A 92.0%7F AAAA o2 wdslglon,
DMSO gl A= ATo] 12.3%, Bi0] 33.8%, C-°] 53.9
%=, EG A2l = ATl 7.7%, BZ°] 29.2%, C7°] 63.1
%2, Glycerol Al E AF°) 11.1%, B7-°] 30.1%, CT-
0] 49.5%Z, 1,2-PROH A A= 8.6%, 31.2%, 65.9%=
74z} Vebstth Fig. 13 22o] A4 v 2E&2 fixait F
AR SA 2 27(DMSO, EG, Glycerol, 1,2-PROH)o| A ¢
SHAl 2A VeSS WY(p<0.001), A2t ZHll= EAIA Q] =ho]
7 fldtk 531, Glycerol A &-elA Ci+(30.1%)°] THE ol
Hla] 7 e ¥ &S Wth(p<0.001). 24X 7 F712 B &
&5 s £ Az, AR TA XEEHDMSO, EG, Glycerol,
1,2-PROMA &+ BEF thxtol vls)] wjdge] 27k 22
Ao 2 Ve THFIg. 2). 53], F-3HA17]0 wi ek 44 o] ¢
A2t Z DMSO$} Glycerol®] 7 A gltoll Al f-2]381A] w2
F3h&o] HEEAHp<0.001).

2. SZEZZSHO| e HiEFE MEZS HW 24

HiREE M X 4= DMSO A 2]3(65.0£13.0)3% EG A+
(81.1%15.1), Glycerol *]2]4(62.1£27.0), 1,2-PROH ] 2]7+(88.0
£21.1) BF thZ3(99.9£21.3)9 &l f-2latA A Jebsttt
(p<0.0001). A& ZFolE= DMSOS}F Glycerol & o] 1,2-
PROH® EG Aol Hlaf §9]3HA|(p<0.05) 2 A el
EG$%} 1,2-PROH A& 7+ 2183 DMSO$ Glecerol #] 2]
= Fo A Aol A Th(Fig. 3).
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Distribution of embryo development

Control DMSO EG Glycerol PROH

Treatment

Fig. 1. Comparison of embryo development after 60 minutes expo-
sure of 2-cell murine embryo to 1.5 M DMSO, 1.5 M EG,
1.5 M Glycerol and 1.5 M 1,2-PROH. Data represent mean
+ S.D.; a: p<0.001 versus control; Cell number A: <50,
B: 50~80, C: >80.
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Fig. 2. Comparison of hatching rates of embryos that were expo-
sed to cryoprotectants at the 2-cell embryo stage. Data
represent mean + S.D.; a: p<0.001 versus control.
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Fig. 3. Comparison of total cell number of murine blastocysts which
were treated with 1.5 M DMSO, 1.5 M EG, 1.5 M Glycerol
and 1.5 M 1,2-PROH, and Leibovitz solution (control) at the
2-cell embryo stage. Data represent mean + SEM; a: p<
0.001 versus control, b: p<0.05 versus DMSO.

AZAPEE A ZFE FA% A% DMSO A &(14.7
+1.3), EG A& 35(12.1£1.1), Glycerol & -(15.2+1.8)} 1,2-
PROH X &]7(11.5+1.3) B thZ3(6.5£0.7)0l BIs] §-<)3HA
=A YEFE O™ (p<0.001), 2]+ Zrell= DMSO$} Glycerol
A 2l+o] EGe PROH X g tell Hlsf 218 (p<0.001) Al =
AP E A E B &o] 22 RO Z YElthFig. 4).
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Fig. 4. Comparison of the apoptotic rates of cells in blastocysts which
were treated with 1.5 M DMSO, 1.5 M EG, 1.5 M Glycerol
and 1.5 M 1,2-PROH for 60 min at the 2-cell embryo stage.
Data represent mean + SEM; a: p<0.001 versus control,
b: p<0.01 versus DMSO.
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o] FolH L o, ool thgk A= ATAE kol ikt
Aoltt. THARIA Y 7Fole $Y949 E#(Whlttmgham
et al., 1980), A1 £2+2] o+A sHRenard ef al., 1984) 12 3
3 FA719) Ao} Fol vt # dA Ut E, §
BoAe] B2 Axe Ao Lot Tl v o 9
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Mahadevan <} Miller 5(1997)< 37 C°ﬂ 4] 1,2-PROH®)| =%
7= Aol Hla winkare] FAjo] Fs] FHast, 37
CTAA 58 o)A Ad 7 FADE THARIA N =&51H %
Z1ujole] o] A sttal B 3] th(Mahadevan
1997). o|9} o] FARSA 9] 542 35t FFE] I H
AT 0}‘43} EE70H 2Ee 4T U
otk T3 Takagi 5(1993)S A Hjope] =443
TARIA Y 542 & A7 AP #Hol
Sty B 759 t(Takagi et al, 1993). A& T
EGo =Z& A7 YA FE(primordial follicles)2] A E&0] 7+
2F Y= B27F Qe Candy et al., 1997; Cohen et al., 1985).
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Glycerol(81.2+27.0), 1,2-PROH(68.1£24.1) AFA EA R 5 A)
2] ol vlsl] f2) 2 2 2(99.0+18.3)(p<0.001) %k
t}. DMSO$} Glycerol #1277} EG<} 1,2-PROH A 2] 7ol H]
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Glycerol A g]itell Al sobtrdat A 271 Astd 212 DMSO
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(_S_/Kl u}q 5735}_ }\g ] HH;(} 5/\4, %]—‘,E—};j
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