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In the studies on the hatching mechanisms in mammals, many investigators focused on the
embryonic intrinsic factor(s) in in vitro culture, but the uterine environment as the extrinsic factor(s)
is thought to play an important role in hatching mechanism. Therefore, to evaluate the effect of
uterine environment on the hatching event in vivo, the immature{GV) and ovulated(MII) oocytes,
and the late 2-cell embryos of mouse were transferred to pseudopregnant foster mother's uterus
during peri-implantation period. So it was verified whether there would happen hatching by only
uterine environment independently on embryonic stage. The ultrastructural changes of the zona
surface of transferred group were compared with those of in vivo and vitro group by SEM. 36
hrs after transfer, the immature and ovulated oocytes almost degenerated, and the late 2-cell
embryos developed to various embryonic stages. However, the embryos which didn't develop to
blastula stage did not hatch. The ultrastructural network of ZP in transferred group seemed to be
smoothed uniformly, which was different from in vitro group. In conclusion, it is suggested that

the uterine environment during peri-implantation period enhances the embryo hatching by provoking
the structural change of ZP.
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T F IHFY 27] vlob= 433 (compa-
ction), ]38 A (blastocyst formation), %3} (hatch-
ing), 24} (implantation) 5 9§29l of 8] A}A &
B3 shvie] A2 LT} 53] wiopr}
(zona pellucida, ZP)2. 25 o] st 23d gL
wjol7h BA| o} Apgi el 24bstr] ¢ aiA] A3
Hofopgt 8 F.8.8 Alzlelt)

FHde THFY dAs Buisie] dA4HE
dE A (glycoprotein)®] F7-& o g %
A7) & 234 X (secondary follicle) A} 7]el g A
ol A7 d &N B3 F22 W
T T wE geAe 579 FRE GG
sty AF 2 A-$ ZP1 (200 kD), ZP2 (120 kD)$}
ZP3 (83 kD) 5 3 79 du¥ A= FAHo] gl
T} (Wassarman, 1988). EH U= 53 A% gAdg
- (cortical reaction)# ¥ v ¥t-§- (zona reaction)£&
A Aalekd Farb WEste oA (poly-
spermy)s WA 3R, dlo}E o F SAHoHE B
38k, wjole] LS FAAA £t

Rale Fuirde] sagel ok wHigkel Fviet &
A il Bl ade] o Ed &3 ofd)
dolvtes Aoz dA ATt (Pinsker ef al, 1974;
Perona and Wassarman, 1986). L2y}, €5 H114)
oI5t Hehe Bl FHele] 32 gy B
HEA T o8 FHARA S3s= Ao 39
Fd 7] &olgkn d2A 1c} (Gordon and Dapunt,
1993; Cheon et al., 1997).

3o AP o 7 9y EHaAEL
oln] 2y EE (Yasumasu, 1961; Edwards et al.,
1977), ¥ 7 (Caroll and Hedrick, 1974; Katagiri,
1976), %% F (Yamagami, 1972) oA 2 &2 A
ek AF e B, BA Y AFgdos T 2
sl E 27t A8t (Pinsker ef al,, 1974), Euj <l
4 F¥l g (trophoectoderm)oll Al E-8]EE trypsin
2} fARSE hilE EE] &4 (rypsin-like proteinase)
<l strypsine] ¥-8-& §x e Aoy 2uHdcd
(Perona and Wassarman, 1986; Sawada et al, 1990).
a3 FAA 71 eje) JFeiuig el ¥l
B HA9 Y& tissue type plasminogen activator
(-PAYE FAA = uypsin A} 49 75§
7FA 12 9l t} (Strickland et al, 1976).

A9 (in vitroy A v gt wjobe] K3}7]) =t
A (in vivoyoll A o} R3l7)ahe 4El & A
o2 g8A k. gl EFHulE wlo}
of olaf BAY ¥ ¥ 2 (ghost ZP, shed ZP)

7} 22 doldAl AR Al F37t 3
g A-de ) F3dE AHKAA 29 M
Laren, 1970). o] A}Foll A 8] g lysind} 2-&
w9 d B a4 8 Sl Aol#gn 33
At} 53] hamster®] ¢ A-go A £9]8hE pro-
teolysino] 5EA 0 2 Rlo] #Aofsle Ao B
3591t} (Gonzales and Bavister, 1995). 7181 A}
HY BF AZY BARGE A24E 7] (oxyra-
dical) (Thomas et al., 19970} o &) eid B &
A B3 2 ol AA 9 8 g TR
E A3 38t Ao By x 93 (Perona
and Wassarman, 1986; Confino et al., 1997), ¥jjo}<}
Age] 4% 2-86d g 7 Felghe F8HT 9
ol AAE 1 YF McLaren, 1970; Gonzales and
Bavister, 1995):

B F (species)o| A vfobe] F-3to] e A
7 APHAJA T AA oA e] e £
golth 1 olfe A AAE vy &
2 AIZE Fete] B3t dojyn £l 43)
(lysis)s} Ealg go] Ae] FAjol dojuir] &
o]} (McLaren, 1970).

£ A7 e A3 B0l Fo) nA Tz
9] Hzlo} viAE BEE 2] A8 AFH
ANZ1A o2 dA8A e GRS 27 wots: &
4713k AFU R o)A st w]o}e] A7 o}
2319 BAS 22D, AFAA BIsHE lysin
2 BEhEe] ¥Eg ol¥A dodl=NE &
olR 3}l s}t T FAHRAER A (scanning
electron microscope)e ©|-&38}a] o] & o]4] o] B
Pl A (urface)d] PIA TR REE YT E
AL v kw7 Bl FASAL

\

flo o

4T oht U
1. bt 2 ejotel &S

AEEEL SF71E W (ight) 144130, < (dark)
10N e 2 2833, B3 Yo & F¥3) FF3}
o AFSE A3 (Swiss Albino, ICR)ZA A3 8~
1058 429 105 o) 8 £ & AMg-s ).
walkg vjole] =& A% RE AFHEL 59
32 2asdt Wk olel $3& g 712
W g o 2 & 0.4%2] bovine serum albumin (BSA)
o] ¥H--¥ Hepes-buffered Medium 2 (M2+BSA; Ful-
ton and Whittingham, 1978)2 Al-83F o}

u| A% G} (GV stage oocyte) & 52 97 ol
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E 7)ol pregnant mare's serum gonadotropin (PMSG,
Sigma) 5 IUE E7 FALE § 45~46A] 7o)
2E HEatn M2 WG o2 A3 st g A
A oh s -] (Wild, MS) AJokel] A o 2]
& vhs g G ¥ (follicle)E Bl=a] 87} (germinal
vesicle, GV)o] Hol& URE £ syt

wl & =} (MII stage oocyte)= E7+of] PMSG 5

& FA1% 3 484 Zhko] human chorionic gona-
dotropin (hCG, Sigma) 5 IUS FA}8lo] g
FE3, hCG FAF T 19~204]7H| F=THo)
P o A Frp-d 7 EEA] (oocyte-cumulus com-
plex)Z & 23 v}-2, 0.3 mg/mie} hyaluronidase (Si-
gma)2 YA E (cumulus mass)S Soiijol 48
S oh

71 2-q 27] wjote] 5 <4Fle PMSG}
hCGE 48712 b4 0 2 5 TUY B} Fabsle] 2}
s A28 A FAG PR e e F
A (vagina plug)o] A E LA S A hCG FA}
- (post hCG injection) 47~48A] 7bato] &
A &ela] M2+BSA okl o8 DEAA 2.4 %
719 Wotehe 8 syt

P53 34 & wjole 3% BSAE &#3
KSOM ) okl (Lawitts and Biggers, 1993)¢] &7)
ZZ]uj ok Al (tissue culture dish, 60X 15 mm, Co-
ming 2501002 &71 %, the| B AF o o]
A st AL vl Fak

2. tha| 2ol yiglAl ea

) & & (foster mother)Z 217] 9 ate] A Az
& 25 Aol vlg] £FF (oviduct)E 2 3 (ligation)
B, 7HIAL (poeudopregnancy)& F= 371 913
A PMSG 5 TUS} hCG 5 TUS 48] 1B 02 B
7d FASE @S AT 8 SRS FA}
AHT Ty d o] Aol B 4R

AW sha] o 2] 2 (foster mother) & AM&-8tA o}
3. X} 2 ool oAl (oocytefembryo transfer)

Rl B2 AFEE 43l A7} hCG FAF F 75
~T76A ko] B A& W 2.5% Averting AF 1 g7
0.014 mle} 7]F o= B FAste upH A7) 2
5 2R AASA A& AW vl (26 gauge)
2 3P A3 AR FHE d F ooy Sy
A Fo dAY a)o}E glass micropipetteE ©] &

ste] zkzke] Apgt ol 10744 o)A stsich.

4 BAD 9 O[AZY 58

AT (in vivo group)2 W FHE 23 FA
s FaAZl F "Ao] 8 RN FF[
Atk hCG FA} F 96~1124]2F Abol ol M A5-&
HEQ F 4272 1 mle) phosphate buff-
ered saline (PBS, pH 7.2)% 33} o)A} #FAA )
ob& FE et

o} A F (transfer group)S Ak L wiolE o]4
wre g 2ot o)Al & 36A17F (CG FAF F 111~
112417h)e] HUE W s H& & A3 F
2 2E 1 mle] phosphate buffered saline (PBS, pH
7.2y% 33 o} BHAA olHAZ FA e} wfe}
& FEsdth

5. ®| 2luf Rt (/In vitro culture)

A &) 9k (in vitro culture group)2 oA F&
48 5@ Aol G5 T BA Ho
2] 3 mg/mle] BSAE 73 KSOM wj¥o] &
7V Z =2 a) ok A] (Tissue culture dish, 6015 mm,
Corning 25010)0ll 4] 37°C, 5%9] ©]4tatgx (COy)
<} 95%2) F717t EFFHHL 100% FE7F
A 5w W) 9] (Cellstar, QWIS00)l| A o] 4] 0] A}
U #A0 wEHe 71 FUsHA 3641
L v Fat Rt

6. FAIKIXIE0| Ba

2ol &3 (outer surface)S FAPHALE A
o2 @FEste] v F2E EHSIT B A
B3 0.5% glutaraldehyde (Sigma)7} &-7+E PBSE
4ol sHF Bk 2 & -, PBSE 33] oA A
8} 0.1%9) poly-L-lysin &% (Sigma)22 857
gol $2 slide (8 mmx8 mm)ol] A &7t AZRH A
AT Folste] Harsigth Algrt B4 E slide
= 0.1% osmium tetroxide (OsO) = 1A|ZF o &
34 (post fixationyst R Th o] 8 A FHE A8 ¢
ddl FE (50~100%)2} ethanol (Merk)2 B3}
% (dehydrationy& A3 & ol4tsletao} 13 ol
£ 2 isoamylacetate 2 X 33 t}-3 93} o]t}
g4 QA A=) (Critical Point Dryer; HITACHI,
HCP-2YE Abgstal AZAZY. A28 ANBEs ¢
2u)F A8 14 (specimen holder, stub)el] ¥t
A AAAE ol g3t XA 1 FAA 7 &4
3] nl2d, 23 FgEoA o] 2FAP] (HITACH],
E-1010)& o] &3} Fo]& (Au”)E 20 nme] F
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Figure 1. The state of mouse blastocysts retreived
from the uterus (in vive group) according to the times
of post-hCG injection. BL; blastocyst, HgBL,; hat-
ching blastocyst, HABL; hatched blastocyst without

zona pellucida. Deg; degenerate embryo. n=number
of embryos retreived

Az Amel T ZRN T FARAEA A
(HITACHI, S-2380)2.2 15~25 kVe] & g} Ao A
#aetel ot

2 I

—

. HALE (In vivo group)e| &5}

r

L Ao HAdEe A8 hCG FAL A S
71E0 R B & ), 96413t o) Aol = H3 A
& YA F3rer (0%), 9641 7| A FE 104
A7k Afolol M BEdom Edgis Ay oA
v (10%) £33 Fa8 W (12%)7F F29A
31, 10421 kel M BE] 112A])3F Atol ol N 22 K-8}
7t 4338 Yo BHUsL doldA ¥ X
v (50%)7F B&E QI Th 1124 7Hol M = o 359)
Hjol7} 318k 3 (55%) F-3hAA ol )= wjo}
= A8 FAHA gker RiEiA] e Tale
2 528 ¥t (32%) (Figure 1).

2. T =Y njM Tz wis

A4 B oW sy 7T2E A¥ R,
u}2d & d A} (GV oocyte; 46 hrs post PMSG injec-
tion)r= 99hgt 2E Hol= prjo] H2 g4
(Figure 2A)°] 12 ] & %=} (20 hrs post hCG injec-
tion)¥ WALE A} 3 (corona radiata cellsye] A 2
E7]7F A= Pdd Fo] Bo] Boj= A +
Zol %t} (Figure 2B). 2-4] £7] wjo} (48 hrs post
hCG injectiony= E o) AT WA TF27F o A1
3} (Figure 3A), &1 ol (96 hrs post hCG injec-

Figure 2. Scanning electron microphotographs of
the outer surface of zona pellucida of mouse imma-
ture (A) and ovulated oocyte (B). Arrows indicate
cumulus derivatives. Scale bar is 2 pm.

tion)ol| Al &= Bl 2 Feo] FHEHA 1 7] v
§- ZobA 3UUTt (Figure 3B). 5% FEH) (shrunk
blastocyst; 112 hrs post hCG injection)s] 4 & WA
ZE BolA gx wjEg Bl (Figure 3C).

3. oAl (Transfer group)e] &£l o|M=x
Bist

Figure 19] A3}ol] A3}k hCG FAF F 964]
AR E Rake dojuia] ggkon 112417 (post
hCG injection)o] = 3] #3317} A=At &
@t o] & JlF o7 dho] 7hqJAld (pseudopre-
gnant) the] 27 hCG FAL £ 76A13%0] =S
w bt e obE o] 43 11, 964 Thol it 1124
o]l ARE W o)A TE BFY LT FAGAT
ol g ¥ itk rlAd % dAF @2%)<t W *Rt
(84%)= H 85 3LaL, o] 4" 2-41 7] ol of
gl xgoz o]48 % gg Ert hCG F4A}
F 96X12Fo] HAE W (o]= 207 FL AT
B0 m2d ) 27 Tu7)7A Y] Y
HAou F237h AP AL A3, 11243
(B6A12E Bt Abg B wE2E W)= A
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‘igure 3. Scanuing electron microphotographs of
outer surface of zona pellucida of mouse 2-cell (48
hrs post hCG injection) {A), expanded blastocyst (96
hrs post hCG injection) (B) and shrunk blastocyst
(112 hrs post hCG injection) (C) in vivo. Scale bar
is 2 pm.

F7F BatslA] ghgtov] A o uf okt af vl st
9\1 o o g A2 285k Ratg ) (Ta-
ble 1).

ol & ol4te] B niAlFEE A EH 2
A7\ wjote) 2%, Harzol B3l Ay
<1 hCG FAE F 9641 bl &
e HRE i 2224 Pl Holxwt
(Figure 4C) 112A]17Vof] 428 &k wijoli= Fwlo] A
o} AbERA]| At vl §- vl 23k Boko] T} (Figure 4A).
1242kl 588 o)A 2e] %

=8 E djole] Hw

kel g

Figure 4. Scanning electron microphotographs of
the outer surface of zona pellucida of mouse embryo
transferred to uterus (A, C) and cultured in vitro (B).
A, Blastocyst developed from the 2-cell embryo
which was exposed to uterus for 36 hrs, when foster
mothers was at 76~112 hrs post hCG injection; B,
Morula cultured from 2-cell embryo for 36 hrs; C,
4-cell embryo developed from the 2-cell embryo
which was exposed to uterus for 20 hrs, when foster
mother was at 76~96 hrs post hCG injection. Scale
bar is 2 pm.

date] Fogis AR or w3 reFolxjx
g4 date] ol 25 o AR ¥4 e
Wit} (Figures SA and 6A).

4, M uitE (In vitro group)e| &

T 3]

A ol a2 o} A T

o ol

ol A7 BAW =&H
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Table 1. The Development of the 2-cell embryos transferred to uterus (A) and cultured in vitro (B)

Exp. No. of No. (%) of embryos Developed to

group - embryos 2C 34C M BL HdBL  Deg
A 29° 7241 5172 0 (0.0) 4138 135 135 11379
B 30° 000 00 000 22(733) 8267 000 0(0)

Embryos were exposed to uterus for 36 hrs, when foster mothers were at 76~112 hrs post hCG injection (A) and
embryos were cultured for 36 hrs (B). a: Number of embryos recovered after transfer. b: Number of embryos
cultured. Abbreviations: C; cell, M; morula, BL; blastocyst, HIBL; hatched blastocyst, Deg; degenerate embryo.

Figure 5. Scanning electron microphotographs of
the outer surface of zona pellucida of ovulated cocyte
transferred to uterus (A) and cultwred in vitro (B). A,
Oocyte degenerated from the ovulated oocytes (MII)
which was exposed to uterus for 36 hrs, when foster
mother was at 76~112 hrs post hCG injection; B,
Degenerate cocyte cultured from ovulated oocyte for
36 his. Arrows indicate cumulus derivatives. Scale
bar is 2 pm.

T A3 BLEA 36812 B A 9w FE Y
t}. oo ] <} uj %L?-‘ﬂ ‘*X} 9 doly o] 3}
TEE dHANA 53 A 50| B 24 E
71¢] Wjobe Euj 7o) %"éﬂﬂ Al&ehes 27 £
) (26.7%)9} AW (733%)2 S EQ T (Table
1), M dbel wid dAE d5Eol g3le)
At

olE Aejuidwel £l e nATRE

Figure 6. Scanning electron microphotographs of
outer surface of zona pellucida of immature oocyte
fransferred to uterus (A) and cultured in vitro (B). A,
Oocyte degenerated from the immature oocytes (GV})
which were exposed to uterus for 36 hrs, when foster
mother was at 76~112 hrs post hCG injection; B,
Degenerate oocyte cultured from GV stage for 36
hrs. Arrows indicate cumulus derivatives. Scale bar
is 2 ym.

oj&lzd A e S eI 24X
7)ol A 5E 36417t E}F wjdslo] AH4l7] (morula)
of =g djote] Bt AL AWA RFe
E 7ol Ax BTz Aol FEHEA B
A0t (Figure 4B). Wi FE v & dbe $ATF=E
7} F1 FFo] e 2o R Mely T (Figure
5B), Wi @ dabe PAdF 2] FHo) flojA e &
& vrenlglth (Figure 6B).
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al

i

EF wlotel Raprlde e Tzt sy
of % WU Gl Ba o] 9% &
AT AL e, B g pakde R
Lo.2 B3y m glon (Gordon and Dapunt, 1993)
F3tel] HdE o X @A BHEASL )
< 9AE D Qo

53] A9 mjdriee dge dulgto} wjol
AA N EH] Bk RaAAFA Bt g A
S| WAtk Enje] JFejul ol Bujst=
strypsin, tissue type plasminogen activator, hepsin,
metalloproteinase 53} 22 thuha 23§ Aol ¥
o)X 523] LA 3= oxyradical e FH U S
A 835t Aew BRaEt} (Caroline ef al.,
1996; Perona and Wassarman, 1986; Thomas et al.,
1997; Vu et al., 1997). 221}, #| <] oA B k3t
Hjote] Fat& gda Aol e Ry de Ay
sl oh& Aoz delA glen (McLaren, 1970), A
A B9 (in vivo model)EA] Hglol] B35 =37
dTolM e Az UEu g 87 83l wpat
Tt 7F ALelA] = @4 (zona pellucida lysis)y& 2+
A4S AR S48 Agole] B wa
53 (proteolytic activity)ol] ] gt A o]m (Pinsker
et al., 1974), o] HF2 WA 2] 7% estrogenol]
o] & o] 2 (Orsini and McLaren, 1967; McLaren,
1970) 1 28 2 E7] 9 A &= progesteronee]] 2] &
2l 2o 7 Wit} (Gonzales and Bavister,
1995).

# 2ol ThAl AU (in vivo) 873 9] F A o] O
FHAA o] oz Ayl 2= 1 9} (Go-
nzales and Bavister, 1995; Lee et al., 1997). &3],
Ate] B9 X ] E 93} IVF-ET (in vitro fertili-
zation-embryo transfer) A} & 243 o &) ¥ ol9] |
S Bt gy olw) dojus oo A
318 /) (zona hardening)& 23 7FA 9] 29l0]
Ho ol g4l AT o Re Aoz A
Hol Aok waba] AN 2-37]2 S W ae] g
sle AL Agn dA S 2481 A
v} - % 23}c} (Gordon and Dapunt, 1993a and b).

B ATFNNE 2aolA e AFe) JFE A}
71 98l B8t Lok A7t Ao
YA QA S dAe 2] Wobg

olfstrzN A3 FA o) wote] TYA 7|9} F

1°>1

PRU )

watA 338 4o F UeAE GotE gt

H3hE hCG FAE §- 1024 2Hol| A 78] 7] 4] = 0]
2 AIZF ool SAHE RAoR #AHY o o]
Ate ol M el Barel FAFEHA T} (Thomas et al.,
1997) (Figure 1). A& A3}o| A B hCG FAL &
96x] ko] 7] o] Mol = Y 2o RguldlA &
Hak RaIArt BEE A ¥3 1 o] Foll e
Axjo] B3yt FE8] AP H Ak Bt}
22} 1124 2F (post hCG injection)d]] = -3} 5] ]
%otn 273 e FF ¥E9) (shrunk blastocyst)
v A o) e wetEo] F ATl A BAHES)
=, ol W& FEE 934 PMSGY hCGe
2 Y T2EE HF FAEE S o Jehd
€ wiote] n Al WA Frive] A3A G
(Miller and Armstrong, 1981a and b; Lim er al., 1997)
o 7108k Ao & FZHr.

Azl oA vl vhash weh da
A }h=7) H 3} (degeneration)st A A H 3} (frag-
mentation) | ¢, o] H 2-4 E7] vjol v
ol AAHA Y A= AFE BHPor] Ui
A LS AP A o= Fort " AL 2
AFRa o)A AL sty o] o) B
7 Akl A2 AT (Table 1). o] o] A=}
 FA7IE AFHe 248 ARz E B
BUTF AR A gFom & A% 7] (blastula)
o = wolero] B 5 Uk w8 A
Ui FHE 5 93, veteln 7 Rg Lato] @
dH oY 7kx) BLEol Iyl Ry ddd
= AH4al o] o] Z S 8t} (Perona and Wassa-
rman, 1986; Sawada et al., 1990; Strickland et al,
1976).

Aol B v 72 Hales BEd Ay,
Ao Fde G s DA o ¥l
statH m, o)A Buel fAE Aag dojy
AL, A S dAte} v dRle A Hole £
o 7z Wats A 3 e ST
23 #lo] gl Ao ¥Wu¥rt (Familiari
et al., 1992).

AL Fte] B v TR o)L v
g2 FAE AT -4 27 HjotE o)A
2 36AI1ZF Bt AV Az A g
of x&d F xaf, AW, 4427 5 9%
g A AE BYed ol Y AT
Z (Figure 4A) %719 2-4| 7] Rs gy
nA g a2 BelA] ¢a AR H o

L
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TFZ&7} g3lEo] o] Alelal Aoz #AH
1 o] ATl A post hCG 1124 Zhol] ZA5H
F&9 ¥oje] £ 72 (Figure 30)9} fA}3}
At ko] & AZF B Al te 24 %
7] Woh 7] Xl o} iz A SH R o]
Y B 2RAME BETFE FHe) & #
ZE Aok (Figure 4B). 0] 2 g n| A& dat9) o)
&b DA ojal g 2-A X 7) wlolx A F
o7 vjigt Boko 2 yAbr el 7L fhaly
Al @Sk} (Figures SA and 6A). whA H) ] n) o3k
& dabs Hapspaa] v TRt AR
THE o] Bdx (Figure 5B), W] & G}l o]
5 H3ste 3 o] A v HA 20T Vel
(Figure 6B). o) Al & A7 A Q%
(maturation) ¥}3= £t W} g vhabe} {ALG g
o F2E Z2A He ez FPE T (Familiad,
1992).

23713k A B & wiole] RAAT) 9
€ F#sHA viole] Fid) 725 HE s W3l
Al Aoz BEH AT (Figure 4A, 5A and 6A). =}
U w3 2919 Fas) vjole] B 1)
AF2E WAz ex B A7da 9 4 ¢l
FAT FHYPE LA E QUL EE B &
=, ¥ pHY 3 73 Alole] TRARE i
#) &= protease, dithiothreitol Eo] &&# A glc}
(Robert and Steven, 1995). o] & & Aol A Hu]
8= proteasert JHY H83 Qoo ® HAn] =
o, 237 F AF A dad ey
o] &7} 3 (Pinsker ef al., 1974), 43} wjo}e] wj
%ol ol protease® 715t R 3bgol Zrigictn
StATH (Lee et al,, 1997). WA Apgoll A Byl
=l R EAEL ol WAl g o B
37l Bl +28 FH kA WA, o
o wjohe] A DAV A AR e A5 F5il
e FEHA gL 202 ARREY.

AEFoZ 24477 A 3 L B3
TZE AV nEN Bale folslA A
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