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2 o AFE MEFTAVNE ol 45t AR wlotE FAT o ARZ L (IN)S BASES} il & wjole] nlA 22, 7%
2 g s 93 YotRuA SR o) F A vlols AL FA ¥ iR T (control) T FAZAA LN
TAMSEO wel A& EALE (120 infusion/min; group 1), A &8-ALZ (50 mfuston/mm, group 2)2. 2 3tk ICR AE Y A
ol 2 MET] vlolE ALt o, 24 9 fule ALEA-FEHE BHE A §9T. 74 ol wjz} i & ujoly
REEF AEHo] FS5 B e 2 AEY) vlokg ez 3 ddg 2 745 S48 ¥4 dq
A& o] &35la] wjol YoM K0, 84 vEZC ool BE, w92} 2 actin filamentS %—Zé 521, TUNEL %9g-&
o]g-3ste] DNA BAHIE Flsglch F2-31W F 173 2 AE7) woje] JF&L group 1 (50.7%) B8] group 2
(34.6%)oN A AR AN (p<0.05). Tah7] wote] AL (86.7%, 76.7% vs. 44.0%) 2 TS (79.51129, T1.6£8.0 vs.
625147 = NZF ZL group 19 v} group 2604 -2l ZpolE& B AT (p<0.05). H:0:9) Atha ZEE group 200 4]
s E7hs AT (1531£3.0, 166116 vs. 234118, p<0.05). A PIEZE=ole] By = A wloldl A= #5538}
Al FEss W widge] A H ol e d¥AY Foo] By $HE AL EYoh THU URE, gouwp |,
group 29| & BT F5 et EXste ZH 2ol Aolvt gidith vEEE o] JC-1 g4 AdE 2E 3 group 19
75 590 nm¢] sHAoE wAEE nEZE ] ols} goup 20 B & foJEtA F7bsbgnh (172138, 17413 vs. 13.2F
2.0, p<0.05). 2 A 7] wjoll vl 5 (actin filament) = EZ 2 group 18] A$ FYsHA EF &+ vbd, group 29 M &=
FEHY AEH SHEAL] FEHAT DNA £H-& (30.8%, 36.0% vs. 65.6%; p<0.05)- group 2014 #-2J3A Z71ated
o 524 A4 BASTE Y F BH of dheto] oj$ FAF 20T #E3n, LN S AR ks FAH
QoA &7 229 UM WEE ZAaAA AZY FE729 nEEC oty A E 24AAA K0, LA} DNA
TATE UARAA dlo} T A Wl—‘e ROE A HE

ABSTRACT: The aim of this study was to assess the effect of the frequency of the LN, infusion on the ultrastructure, metabolism
and development of the embryo after freezing and thawing by computerized cell freezer. Two-cell embryos of ICR mouse were randomly
allocated into fresh (control), high-frequency freezing (group 1) and low-frequency freezing (group 2). For fresh and frozen-thawed intact
2-cell embryos, total cell number in the blastocyst was counted by fluorescent microscope after Hoechst 33258 staining. Relative amount
of H,O, was measured by DCHFDA. Intracellular location and membrane potential of the mitochondria were evaluated by staining with
thodamine 123 and JC-1. The structure of actin filament was also evaluated by confocal microscope. DNA fragmentation was assessed
by TUNEL method after development into blastocyst. The survival rate of intact embryo was higher in group 1 than group
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2 (50.7% vs. 34.6% respectively, p<0.05). The blastocyst developmental rate was significantly low in group 2 (86.7%, 76.7% vs. 44.0%
for control, group 1 and group 2 respectively, p<0.05). Total cell number in the blastocyst was also significantly lower in group 2
than control (79.5£129, 71.68.0, and 62.54.7 for control, group 1 and group 2 respectively, p<0.05). The relative amount of H0
was higher in group 2 than other groups (153%3.0, 16616 vs. 23.4+18, p<0.05). After JC-1 staining, relative intensity of
mitochondria with high membrane potential was significantly lower in group 2 than control and group 1 (17.2+3.8, 17413 vs. 13.2%
2.0, p<0.05). In group 2, partial deletion and aggregation of the actin filament was found. DNA fragmentation rate was also higher
for group 2 versus other groups (30.8 %, 36.0 % vs. 65.6 %, p<0.05). The frequency of the LN, infusion is an important factor for
the development of frozen-thawed mouse embryo. High-frequency infusion may prevent damages of cytoskeleton and mitochondria in
the embryo probably by preventing the temperature fluctuation during dehydration phase. We speculate that the application of

high-frequency infusion method in human embryo may be promising.

Key words: Cryopreservation, LN, infusion, Mitochondria, Membrane potential, Apoptosis.
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2 AYH Fo] -196C] GA AAoM HEHL, o] 3A
M MES = A R FAY HPH old BE BL H
AET 7150, e WA BAF P43 02 A%
A ZAAAL (Boveris et al., 1976; Morgan et al., 1976; Aust et
al., 1985; Kappus, 1985; Bulkley, 1987; Fuller et al., 1987,
1988), 2% 2@ @ nAolq AX)/99 Z2HoE g A
2o} 274, A2 271259 A4, S E4%
FFge A Az F2 AU &4 (Leibo et al., 1974
Mazur, 1977, Ashwood-Smith et al., 1988) 5-°] 51 it}
o]& FHFAANANT o]EA A AW o3 £Ato] BE
3 91t} (MacFarlane & Forsyth, 1987). &3] A ¥14/9) ¢} é‘ﬂ‘
Ae 8 AR 298y B §A0 9T T 5BS
(Boutron, 1984; Mazur, 1990; Kérber et al., 1991; Karlsson et
al,, 1993)¢} 37+ 2] M3} (Scott et al., 1993)o) 23} =%
g A A5 QA7E AARs Ao ZAAE A A
X9 AEEF 9 473 ABE & £93 el
AT (Rall et al., 1980; Takahashi, 1982; Boutron, 1987).
43¢ vjo} $3A ThEF FAHAA A (Whitting:
ham & Wood, 1984)7 AFE AEFA7|Y 0|42 olgd
wjole] &S ARHFH o2 ZAAF T Yoty shl, Al
ujote] AEE, F2 wiope] TAEH Y& WFE 2
Hja} FASA A3EE AoRE HAL o] (Feichtinger
et al., 1991; Menezo et al,, 1992; Veeck et al., 1993; Shoukir
ot al, 1998) A48l AR7} kT ST
541}] ALEHY JE AEFAUAN 2209 9 52%
g 283 AL YRV SEB PAEE 942
.é%e;on oel ZgATh oW MASH B4 WY

©:

2
A M= A% (50 infusion/min) 2 F& AHAA
(120 infusion/min) 2.2 AR A4 BEALEE7} Z42F &
H A5 AEFANNE AHEse 2 A E7] A7 wlols 44
A+ 52T F sty 7t ol Ao wotel A] wjo} gz
HEo Fej3, 7153 Aolg &gtz
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1. M3 wjore] &SI uiY
A F 6~853 2] “2-cell block"o) g} ICR Y7 AAF 9} A
% 8~1078 9] ICR 3 AFE AHE3IAHh 48A1 7 214 L
2 97 AJF 9| pregnant mare's serum gonadotrophin (PMSG;
Folligon; Intervet, Holland)} human chorionic gonadotrophin
(hCG; Choriomon; IBSA, Lugano Switzerland)& 7.5 TUH4 £
7 UE FAE FEe AET T 22T Az,
4 o3 AAE B4 S FAHHT HCGFA 484
A% HYT S AR AFHPO, 04%
bovine serum albumin (BSA; Sigma, St. Louis, MO, USA)o] £
TE mHTF W oA ¢ Yz wigel s dFAA 2
A E7) wiolE G534k 3sE 2 A27] wole 2%
A ¢lo] Hjo}E wE A7l 7 (control, n=240), WA} H A9
AEE7E 27 1203 2& A AL A HEE ARES
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T &4l A AAE 2 AR wjoltE AEsto
propidium iodide IOug/ml d4e T gye} B o
AEEY JelE 7122 H7h wiote] e ¢t propidium
iodided] FH-Z 7]FLE & Hjold] Aejd] X EF FRist

o4, 37C, 5% CO,, 95% 3717t 3-F5E W %7] (Cellstar
2710; Queue Systems Inc., NJ, USA) Ujojl A #| &} uj k3t Zoj
AdS AT W FY 2 pH 74, 355} 280~285 mOsm
kgol HEE 5o, 5% CO,, 37C WiFZRZANA 3417+
Ao EHlateq 2E8 7hA BhE dAS A

2 WOl STEE U YD

Hote] $4S #5¥ 878 /AT e AR 2 A
] *M HjolE MEet & AAA e BALSLEI UE F

F9 AFH A EEZ7] [high-frequency infusion (group I;
120 infusion/min): CryoMagic, Booil Industry, Seoul, Korea;
low-frequency infusion (group 2; 50 infusion/min): Kryo-10,
Planar, UK]E ©]&38t9 4 EF §YT Z2TPEL o] &
& A& T2 IHoR 2L Ndadth FHIdAAR
1,2-propanediol (PROH; Sigma, St. Louis, MO, USA)S 20%
fetal bovine serum (FBS; Gibco BRL, N.Y., USA)o] 33 uj
Flo] A7kstl ArgstaR,

WYL Y BE FUT WP ': H‘% (500°C/min)
SR, Y F 0.4% BSA7E ZE mHTF wjgdo] $7
Wl F7V A F3t Tk

F

3. Hfole| Hotet e

a0 3 v F 2 AT dote] AE AR @l
Bl M MZo] Bokat N EA A E 7|FO0Z 29 B
7t BF AAED wolE intact, 1719] o] A& wiolE
partial, 123 178 o|Ae] 77} AZ8 wfolE sumo 2 F
w3t AT &S Uelth

4] A4E 2 AE7 ok drAstelA wot
2359 B7 Boo] 52T AEL0] #3 LW Suy

2 73 747}6} wj o}k ;H/\}o 2 AAFEoH propidium
jodide (10 z£ g/ml, BD Pharmingen, San Diego, CA, USA)Z 4
At AEAR AT E AT Wote] B2 1A 7
AoZ Y4 =&l (Inverted phase contrast micros-
cope, Diaphot 300, Nikon Co., Tokyo, Japan)3}ol|A] &&3}%
3,2 AJR7), 4 ARY), 8 MR, A7), Ze71E Yo
BA7HA g F2 AW F A 2 Ze A Eujs)e)
L2 wjolE 08% sodium citrateo] SE7F R=E2A7 £

carnoy's solution (acetic acid : ethanol = 1; 3)2. 2 &&}lo|t 9
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°ﬂ ABAHLH 24A7F S AA AXRAAT A 2

ol HeAdsg WAAAT, Hoechst 33258 (14
g/ml, Sigma, St. Louis, MO, USA)Z SE7+ & 283 5o &
FHUA A AEFE AFHET

4. Hjot LH2| H,0, S& &F

wjo} W} H,0, £7-& Nasr-Esfahani 5 (1990)¢] ¥H-& ¥
el ARt 10 M9} 2,7-dichlorodihydroflourescein
diacetate (DCHFDA, Molecular Probes Inc)Z 4 2 A £ 7] wjo}
£ B2 587 v ek ol mHTF Wi gl oz A
g Fofl 490nme] FAoAl 71A17) L, 510nme] FHOZ
e 2760A T2 v o #23t DCFY 2
# LS Bt H0,9 F& Aol F1stHth

5 &Y njEZCcz(ofe| EEEI

2 AZ7] wjo}5& rhodamine 123 (10 2 g/ml, Molecular
Probes Inc.)& ¢]-23} 37C, 5% CO0 A} 158 =<} vl oka}
Atk mHTF WG 02 A3 F 490nme] 34 o 7)
A7Z, Slowme) o2 PULE 2ANA TEE
ZAoE @A MEZEIoy X E IUSTh

6. DIE2=E|0}e] abM X}l (membrane potential) S
(Tm)

Spgmle] JC-1 (55',6,6-tetrachloro-1,1',3,3-tetracthylben-
zimidazolylcarbocynaine iodide; Molecular Probes Inc.)S o] &
3t 2 Al 7] ujolE 37C, 5% COoll A 308 ot Wl %atsd
o mHTF 8 Fd o2 A £ 490nme] o)A o 714
7]3’_, 510/590nm =}#30 2 SAE = ZAGAM T2A €A

2 2dsan

7. MIZL] F-actin H4d&t0l

FHY7E AAR 2 AE7) wjotEE 3.7% paraformalde-
hyde £ ¢l A 30% FoF A A =Yt} phosphate-bufferd saline
(PBS)Z A& X 025% Triton-X 10004} 108, 0.26%
NHCl £ o] A 108 A2 3}3th o] % primary antibody (250
pl/min PBS, pH 9, FITC-labeled phalloidin, Molecular Probes
Inc., Eugene, Oregon, USA)ol| A 458 F<¢t wljok3t &, PRS2
A& 8] 490nm o)A & 7)A17] 2, 510nm SO 2w
He Z2A9M 224 )4 (MR/AG-2 BIO-RAD, Hercules,
CA, USA)L.2 E4 3%t

8. DNA 2&3} &90]



164

Hfotoll A DNA £43E 89137 Y35ld terminal deox-
ynucleotidyl transferase (TdT)-mediated dUTP-digoxigenin nick
end-labelling (TUNEL) ®g-& o]&3% ApopTag Kit (Oncor
Inc., Gaithersburg, MD, USA)E AlE3t¥ Ty WA carnoy's
solution® 2 Ful7] vlo}E A A7 Z tris buffer® A &3}
%t} ApopTag kitel] £ &5 o] 9l+= equilibration bufferZ S&
Z+ A2}¢k t& terminal deoxynucleotidy! transferase (TdT)<}
dUTP-digoxigening- H7}8t ¥ 37Col| A 24417+ vh3- A 7 Th
W3S FEAT] A3 BhE AA SRS FM 10
7F Agd & tis buffer2 3 A3 oS- anti-digoxig-
enin-fluoresceing A7FstT 37CoA 3087 vREA AT
Tris buffer2 AH3t2 FAAM s M ARz wjeh)
DNA #4385 XA

9. SAHEA

’é’@ 239 EAH ML chi-square test, one way ANO-

% Scheffe testE ©]-§3tch 4% & FF+EFAUA

(Mean+SD)i FEABIR L pato] 0.05 o5t A5 FAEH
o= {40 °“:} #A43tAth

4

i
1. tjote| B8 U MES

2 ME7] A7 wlote] T2 H &Y F wjole] I4gd
group 19]4] 95.7% (402/420), group 26141 95.4% (494/518)2
W ook 7hel Zol7t AT (Table 1). 3 7§ o138} &7t
AZEE wjore] HEEL group 194 75.6% (304/402), group
260 A 65.8% (325/494)5 .0, B shivte] AAE3 wjo}e)
RZEL 24.9% (100/402), 31.2% (154/494)2 k74l 9
g ztol7h glgich Wb A 7o) Aui7E 173 wjole]
H] &2 50.7% (204/402), 34.6% (171/494)Z group 1°] group 2
o Hatd AEEo] FsHA Eh} (p<0.05) (Table 1). §
ZAEESA F2 wjol € FHEER diofoA] EFo} £

487 - 055 - A8 24 44

H)!

o3

0 2 Axde AHE 7|ELE HHe wjete] gEe}
propidium iodide®] F4g 7|1E2E & wfote] AE AJefe]
AT E 96.4% (53/55)ZH E2 AAANE Byt

2. Hjote} gict

Fig. 12 274 2 5 wjolE 7247k wj <} ‘_L 3 o]
Aes BAFT 3tk 7] wjo} BAEE TN
86.7% (150/173), group 1914} 76.7% (103/137), group 29 A
44.0% (44100)2 B 223 group 18] B}3}ed group 2614} $-
o}5tA #AFA T (p<0.05). Eus] wjole] MESFE thE
o (n=21), group 1 (n=20), group 2 (n=20)*] Z+z} 795+
129, 71.6+8.0, 625472 2 group 1A}olol= Fre
g zpol 7} A2} group 2= R o) vlEte {l3lA 7
237 (p<0.05) (Fig. 1).

3. 2 MI=E7| Ol H.0.0 MU= 2tx

H,0,9] 4t A Z=E tE2 (0=20), group 1 (n=21) 1]
1 group 2 (n=24)o| A 2}z 15.3£3.0, 16.6£1.6 vs. 23.4+1.8
EX okl HE) group 2014 FEHAl EdT (p<0.05)
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Fig. 1. Development of the 2-cell embryos after 72 h of culture. The
percentage of embryos reached to blastocyst stage was significantly low
in group 2, while the development rate of group | was not significantly
different with that of control. Total cell number in the blastocyst was
significantly lower in group 2 than control. Data are mean=SD. 1, 2,
3: p<0.05 by Scheffe test.

Table 1. Recovery and survival rates of mouse 2-cell embryos after freezing and thawing

No. of embryo(%)

No. of survived embryo(%)

Frozen Retrieved Intact Partial Sum
Control - 240 240 240
Group 1 420 402(95.7) 204(50.7)* 100(24.9) 304(75.6)
Group 2 518 494(95.4) 171(34.6)* 154(31.2) 325(65.8)

Control: fresh non-freezing, Group 1: high-frequency infusion freezing, group 2: low-frequency infusion freezing. Intact means an embryo with two
intact blastomeres, partial means an embryo mixed with an intact and a damaged blastomeres. *: p<0.05 by Chi-square test.
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30 (Fig. 2).
25
- 4. 2 HZ7| BoKy &N n|EZcalole] X
g2 ” 24 BERseole] REE AAA W (AN 7
13 SalA Exais v Rgo] 328 o} D)IAE 9%
g e 29o] B2 $HY PL A Tt gizT
5 (A, n=11), group 1 (B, n=13), group 2 (C, n=14)ol| A= 25
. . FS5A 223 2 2740 Holrk AN (Fig. 3).
Group 1 Group 2
Treatment

Fig. 2. Relative amount of H;O; level in the 2-cell embryos.

The relative level of intracellular H,0, was evaluated by confocal
microscopy after staining with DCHFDA. The relative amount of H;0,
production was significantly higher in group 2. Data are mean+SD. I,
2: p<0.05 by Scheffe test.

5.2 MZ7| tjorl nfEZ=2{0tef 2L X} (membrane
potential; ¥'m)

&2 (A, n=28)F group 1 (B, n=25)o| A& EE wjo}of
A 480nme] A AFAHE o, & FH o 510nme] o}
Ao WdEE B4, 34 nERT ot AT MEY

Fig. 3. Intracellular location of active mitochondria evaluated by confocal microscopy after staining with rhodamine 123. The mitochondria
in normal embryo (control) were distributed homogeneously while the mitochondria in arrested embryo were aggregated especially along the plasma
membrane. The distribution of the mitochondria was homogeneous in the cytoplasm and not different among the control, group | and group 2. A:
control, B: high-frequency infusion freezing (group 1), C: low-frequency infusion freezing (group 2), D: arrested embryo.
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Fig. 4. Transmembrane potential (¥'m) of mitochondria evaluated by confocal microscopy after staining with JC-1. In control and group 1
the mitochondria with low membrane potential were found in peri-nuclear region and the mitochondria with high membrane potential were in the
cytoplasmic face of the plasma membrane. In group 2, however, the mitochondria having low membrane potential were scattered inside the cytoplasm
and there was small amount of mitochondria having high membrane potential. A: control, B: high-frequency infusion freezing (group 1), C:
low-frequency infusion freezing (group 2).

Fig. 6. Distribution of intercellular cytoskeleton (F-actin) evaluated by confocal microscopy after staining with FITC-labeled phalloidin. A:
control, B: high-frequency infusion freezing (group 1), C: low-frequency infusion freezing (group 2). A and B, actin filament are distributed
homogeneously in 2-cell embryo control and group 1. C, partial deletion and aggregation of the actin filament are noted in group 2.
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22 590nme] o WAEE HY vEEC ot &
At FFE A2 gowp 2 (C, i=26) AT hF-#-2
wjotell A 510nme] $3o 2 LA E B4 njEZE g oly}
AEAd 127 FEXHYL 590mm] 402 it e A
A EZE ol AA FFHAT (Fig 4). A A=E
z}z} 510nme} M EEZE ] obrl 144409, 11.8409 vs. 10.8
+12, 590nm¢] D]EZ S glols} 172438, 174413 vs. 13.2
£200.24 5900me} B0 2 BAFHE v EREo}r} o

Z, group 19 W8] group 2614 HolakA Padgo
(p<0.05) (Fig. 5).

6. 2 MIZ7| HHOILY F-actin®] £
Actin filament®] A& hZ2F (n=8)7} group 1 (n=8)¢] 7
AoHA FE3E P Bl v, group 2 (0=7)9 7
T tFE] wjolel A BEAQ AL SAF FAL BY
% (Fig. 6)

Z DNA FA3E gelg A3, MEadr

£ (n=21), group 1 (n=20), group
2 (n=20)°ﬂ A 7—}21’ 24.5110.2, 25.8113.9, 4101742 A A A
A 3zof| T3k v]-go] 247} 30.8% (24.5/79.5), 36.0% (25.8/71.6),
65.6% (41.0/62.5)% group 20| A BAH o 2 F2l3tA =7}et
Ak (p<0.05) (Fig. 7).

© Control & Group 1 W Group 2

Fluorescence Intensity

510 590

Wavelength (nm)

Fig. 5. Fluorescence intensity of emission in 510 and 590 nm
wavelength. The relative amount of mitochondria with low membrane
potential (510 nm wavelength emission) was not different among the
study groups. While the mitochondria having high membrane potential
(590 nm wavelength emission) was significantly low in group 2
compared with control or group 1. Data are meanSD. 1, 2: p<0.05
by Scheffe test.
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Fig. 7. Percentage of apoptotic cells in blastocysts. DNA fragmenta-
tion of blastocyst nuclei was assessed by TUNEL method. Percentage
of apoptotic cell was significantly increased in group 2. 1, 2: p<0.05
by Scheffe test.
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T2 R AYAF 2 AxY ok 7154 ey &S
F0 SEAL Utk o]F WEHQL Zeo] A 2F (Brin-
kley & Cartwright, 1975)3} v]A|A} (Porter & Anserson, 1980)
o] A2 s]Z8 (depolymerization) =+ 23, 244 @ g3
oA FAAAA L AFEU o3 =8 35 (Mayer et
al, 1986), A2 /91e] BF ZBA F49 47T (Rall et al,
1983; Sathananthan et al., 1987; Ng et al., 1988; Vincent et al,,
1989; Korber et al., 1991), 1213 s A oA 9] o]=A )
A (Mayer et al, 1986; Sathananthan et al., 1987; Korber
et al, 1991; Shaw et al, 1995) 5ol 948}] o] A A3} v A AL
2 o HER Y AT A7]99 £40] 2EE oz
EYHT Ak 53 AW/ 45 A ¥4 2 A
A E9RAA Y A “%% T TEEEY 3%
<& Hgd os) Aty BIEHT ot (Grout, 1991;
Scott et al,, 1993). A XFY 4 7513 9] PAS HHEAbe)
AEXA nAf LB AAE 72287 ZFH actin filamentS
24 A 71t} (Sathananthan et al., 1987; Ng et al., 1988; Vincent
et al,, 1989; Korber et al,, 1991), o]2}8 N ETZAY &AL
olFul A& §23M (Pickering & Johnson, 1987; Sathana-
than et al.,, 1988), A LAY EA4 AAES §A52 Y= 1|
AAL (Clegg, 1984)9] Ao w2 hAHZ Fule) 3
el d A Aol (Brinkley & Cartwright, 1975; Burdon, 1987)
g 2y AL AUk

Y ol EFT ol AT A X o] 02

oiM oha AAEE 23 Yo ¢EA e

=
KU
A

27)BET AL
1} (Chance et
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al., 1979; Fuller et al., 1990) X 1} Z 3 oA 5L A 2 H
o A7 AR E LR Q8 ATPE AR Bt At
ol 482 XHOE s o 0T FI3}H ATPE 5
A5 35HA "ok (Wamick & Lazarus, 1977). o]#3F A o)A
AEe AES S8l ATPEFE ADP, AMPE A hypo-
xanthin, uric acid2 o)A} (runaway effect; Buhl & Jorgensen,
1975)7F dofdtt. & o2j g FA A Eisrt dojd
BRAES 4A AEee B3t ARAZE &Y T
ATP 24 E A8 A7A 8 2P & 2ok ol 42
3 AEF R 2EY ARE L S I Y 'L
9] 71%5A 3} (Hesketh et al, 1976; Sinensky et al, 1979,
Kachar et al, 1980; Feltkamp et al, 1982)9} T]&o] Na/
+-ATPases Ca™"-ATPases9} 722 &A “pumps” & ] 43}
23] E_‘,}M_,] Z}oﬂg z#gozn AgA uﬂaio] 53]
£2 Ca" ¥E7t Z7h5 e ARgo] Wty ME 3
ZHstA BTk (Leaf et al, 1973). o]|H & ¥ PP
14 A& Re A2 Yoldt, ST AESEo}
A7 2ZAY B S0 4E AS Aol
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