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The activity of antioxidants and suppression of cancer cell proliferation in
extracts of Orostachys japonicus A. Berger

Chung Hyun Kim, Jae Ho Park, Jong Kuk Lim, Kon Joo Lee,
Gyu Young Chung and Hyung Jin Jeong'

School of Bioresources, College of natural science,
Andong National University, Andong, 760-749, Korea

ABSTRACT : The antioxidative activities and biological properties in the EtOAc extracts and purified extracts
of Orostachys japonicus were measured by assay of DPPH, xanthine/xanthine oxidase and mammalian
cells(2-12). Scavenging of DPPH radical and inhibition of xanthine/xanthine oxidase of EtOAc extracts were
showed the highest activity in the arable land and in September. The S—4 fraction showed the highest activity
among the silica-gel column chromatography fractions. LH—4 fraction showed higher activity than the other
fractionsins in assay of DPPH and xanthine/xanthine oxidase. Fatty acids and phenolic compounds were
identified by GC/MS and main compounds were 1,2,3-benzenetriol, alpha-androsta—7,14-diene in LH—4
fraction. The activities of POD and SOD in samples havested on different habitats were high such as arable
land ) intermountain > seashore. That of POD and SOD in crude extracts of late stage were higher than early
stage. Isozyme bands of crude extracts samplinged in all habitats and all growing stages showed two bands
and the signal intensity showed strongly according to passage of growing stage. The purified extracts of LH-
4 fraction showed excellent inhibition effect in proliferation of HL-60 cells and markedly suppressed colony
formation in mouse fibroblast cells, Dose response between partially purified extracts(400ppm) and negative
control did not produced statistically significant reduction in colony formation.

Key words © DPPH, Xanthine/xanthine oxidase, Orostachys japonicus, SOD, POD, Ras oncogene, Human
HL-60 promyelocytic leukemia cell,

N o7 glgla AuEE Aov1x ggkov] F2e| =7
£ ol giglrhushe], EREHYOI: WE BE U

HHES EYY HIEETE DojAls A E= VIeE B E8E
SOl AHAYSH CAM(crassulacean acid metabolism) 1% B, HIEY, A%, §4 FEE A 19, depeon,
2A BUET| &obe AF, o k9] Sold ApgEE, A%, A, o9, 1, 98 2 3] Exle W S
Mep7ie 7-99olx A7) 8-10¥olth Biel&S o] of Amof ARSI S
82 B7OA] 1197 of Y 5 A8 HURES o] Yokl A it

1 Corresponding author(phone): 054—820—5464, E—mail : jhj@andong.ac.kr
Received 19 November 2002 / Accepted 19 February 2003

31



AA9 wBH= A Ak oJFte] AAE oAtk
Jol#(Harman, 1956), k=stof tigt &4 Abhol o3lof
8l W2 AE7}t o]Fo] &Itk Beckman et al, 1998 ;
Shigenga et al, 1994), =AA 0 Z W3} 1}o)o] xz]
git)Zo] S35 SRR ghor 0|52 HH-Ao] &7
ol HAtE] AEtEle AR, oS W Aoy
el al A S vhSEke] chekel RIS Yo
Aod deA QlthCavalieri et al, 1988), Zz|zjfr]z

o] HlZof EAE dovl= 71 Foll 8T AR
AAEE A7 AE & 2 et AxvS 94

3h linoleic acidE AFSHA)A THAEBRAH R §BFA| 7] 0
X Alaere] Gtz mpyjEo] f-gAdoluy FubAdo] W
37y 2 E T AEZete] Eavt E84dsE 0] A Al

AR YO FItH(Frankel, 1996). OH-(hydroxy radical) 7]

7}AF HE2 A o) 7Po].J_ ;qnﬂx%o J.FJE]—]‘J?]:J_OE/\—]
DNA &Ato] & g3ke njzcty Ftch(Halliwell &
Aruoma, 1991).

H Ago A ZAME xanthine oxidase= g2, olg=
e SHATS, doluy kel 72 Bejaha 34
Al OF7|El= A RA ] AtEhA &t Hofshe Tt
gZz Fa3sk AETH d3E 8o Chang et al,
1994 ; Cos et al,, 1998). Xanthine oxidasedl| &J3ke] &
TH Ao (RS 319 in—vitro A& AAAl)
xanthine oxidase HAHE FAgttd H 3¢t
(Goodman et al., 1990). A= o]t Zajgtt]zto|
g W7 R A ofn) 74x] st AS 2k Q) o)
HAQ A} E Ao Superoxide dismutase (SOD),
Glutathione peroxidase (GPX), Catalase (CAD),
Methionine reductase, Ascorbate peroxidase,
Glutathione~S—transferase $°] AtHAlscher & Hess,
1993). @A) o)=|gk FArzkE A o]Q]o| = H]ER] C, H[EM]
E, ubiquinone(coenzyme @), hilirubin, uric acid 5 ol &
o R o] Faddl w2 o] AEE L Qi

A EAW O] Hl=3HeE 9] hydroxy groupe Z|te|Z
NA L2t HAE Fofshe FEe IS 71X
I 9lo], o] FF9] sheEo] MEL ARtA HARS
jfs]_o:] /U Pé]tﬁo]],]- 01—_1,]. 7}'0 X]Hﬂ_‘] 1_}6]_-‘% LH_IP
(Scott, 1997 ; Diplock, 1994). Z|toll&= zHE Ajof
AGAEY FE2EE25E Ho MAsta A3}
HAAGAE WEsh) et A7 2asA o
AUk A4 V\ﬂ D= 9= Q= 29 e} B2
&z

rlr

L2 o L

g o JEA o

o= T AR ‘l"r‘ =

A 9 Fetrisol= AFY) shatEa obeiA
AEAYoll= s HE3EE Hilk

AtHChoe & Yang, 1982).
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PolAE AL YAE FEES T8 YHEE %
sto] FddE Skl
Mz H

M=

Hlas g asd giist ol g A 9lal AR

3} Bh &2 AEEEA A x| (Hs), AHLF), et
A (Fe)oll Al AAYeE 2 20029 69FE 10€7HK]
g A3, Adste] g0CAA EF Xk ARES)
3L, kst anA ZA4E AstolMe BARARE UF
(-207C) Bysto} Apgsch,
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23 A2 20 kgoll 70% HIE-E& 2,000
7P AR Z o) &3} meke 2
Jol Al 450 me7hA] 53Tt 55
= i1 300 mf2] MRoEH2R 33] &
& Fskich #55 50 7Rl Aeesst
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2. 2N8EH9
o dotAlElo] =
EotAlHo|E £8E(6 g)&
63~200 mesh, Merck) A% I Zn}&E T3 of 4]
< CHCE : MeOH (9 : 1, viw)ollA] CHCL, : MeOH (1 : 9,
v A2 50 md EFeR phA| o g HEhEE &
EAF, 47 B85S TLC A7HEm CHCL : MeOH :
EtOAc (1: 4 : 5, viv= 3l 57119) subfraction® 2 U
5 7} subfraction®] ¥t DPPH, xanthine/xanthine

oxidase 2|2tz JAEBAHL wwstct Aelzba =

A
BEgel ARARS A

Z AAs7] 98] o
A2 7HA(

@ 3.5cm X 50cm,
ol

3 ArnpEdeuol A kst §W°l 7P A vehd
E2EE sephadexTM LH-20 ZAHE AEntE Tefu|o)A]

HERES O] EAOR ARgete] 5 mi¥ 5. £5

& TLCOA] 7881l CHCL : MeOH : EtOAc (2: 3 : 5,
viv) 205 &3l 5719 _/Q-E_—QEE Lol 2F FEES
&0kl HPLCE w&hE&e] w¢ & 0.2 um disposable
syringe filter(Adventec MCF)Z oj1}sle] GC/MS

(Hewlett packard 6890/5973) EAARE AMESIAT



3. DPPH = 2|2tC|zt A{ErN

Cuvette Uo] s =AHA|HE2} 300 xM DPPH(1,1-
diphenyl-2— picryl-hydrazyl) £98E(515 nmol|A TH=
7F 1.00] HEE &M 3)4]) W11 37°CoA 3087t
& F 515 nmollA HR2ret A|RTte] SFE 2lo)E
=i =

AlgAge] 23t JA&2 DMSO7} AgH tRet
] ske] AAFSHE T 100 32 50% DPPH Z2jgtt g
AA7 &= AR E R AAatstt,

4. Xanthine/xanhine oxidase JX|&HAd

Xanthine/xanhine oxidase JA| 24 =4& Lee et al
(1998)¢] A% =H 2 xanthine oxidaseS 0.2 unito. &
AHg-sted A3kt

20 ul xanthine oxidase-8-94(0.2 unit)o] £ 100 u
Al 2ofA &

M xanthine-8H(988 ul)3} 20 uf DMSO=
7t B3t 295 nm UVOA] uric acid A4

35EHS 24
sttt

[}
Z=A438L7] 9% GC/MS (Hewlett
Packard 6890/5973)+ Ultra—2 (Crosslinked 5% PH
ME Siloxane, USA) ZH-& ARS8l Carrier gas+ £
99.9999] 21T dE(Union gas)E 29 1 mE &8
Foh =Ygt HE719) 2ue 250CE AL
ZOHFALL. gplitlessE Al RS 2QI5MATE LT 1y
2 |z 80T 3B AR & B 304 250T 7t
SAIZ thE 587 A8k F BAAIEE 6589
2R E T

6. POD (Peroxidase) &t

A 1 g2 5 ml 0.05 M QAF €h(pH 7.8)1} A
A flollA FEFA vhgt &, 4ColA 14,000 rpm &
2 2064 94 BEsto] dojdl e xasdoz
ARESETE POD 2412 pyrogallol (Sigma, USAYXS 7]
AR AMSEAL 100 W 2EAM 29 m assay buffer
H7Fste], 420 nmol| A 20%7F A4 F4w W3}
Z4stct,

i wu

7. SOD (Superoxide dismutase) &

SODEA-E xanthine oxidase®} cytochrome ¢S o|-&
3 McCord & Fridovich(1969)2] HWhiol whe} 4319
ok AA 1 g2 5 ml 0.05 M QA §3ZM(pH 7.8)7} 3HA
A299] wpAtapkof A wtaigt & 47T A 14,000 rpm
°F 2027 YAETste] dojRl AeHE xgaolo
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&4
2 ARg38}9 Tt Xanthine/xanthine oxidase system=
superoxide radicals(Q, )2 ZHGHULRE o]&3s}o]
superoxide radicals®l] &3t AETE Co| AYUEEE
550 nmollA 150%7t 3% HE S48 SOD
A4 1 units 25CoA BHgE AlFFste] 150%7F 550
nmo| A SF = WIS 2AFSLY xanthine oxidase ¥4
o] 50% AA| == A= Aot

8.S0D2| SHEAIH

SODY F9) a4 E-E Beauchamp & Fridovich(1971)
o] "iHof Z3jA 433}t SOD= 13% acrylamide
gelo| A 215 VoA 4087 A7 953 T gele] HHLS
negative staining solution®4] 3087t HATE] & WHEA|
7 hAug-S Hopon, el He Bradford(1976)
ol FEal A AAstAT,

9. M2 2| HL-60M =S A0 cHet Ax|= 1t

HIL~60A4 Z(Human promyelocytic leukemia cel)S Hf
A& FEEQ YAZ FAAA S50 ARSI
HL-60 A2 F48554 GAIZE 5% CO,, 37T Hi
Az AT} 10% fetal calf serum¥ 1% penicillin-
streptomycin®] Z&E RPMI 1649 A2 100 mm
diameter culture dishollA] BijoFat¥on 3U7F ujeks
Ao ARgatit

HL-60 AlZ22] 4]0 gt vi9l& 589 592 ¢
ol 7] 95 uF9& 2] sephadex LH-20 AP AZ0IEL
o2 He Eojot IH4 288 s 2 Astqnt

AM|E= Coulter counter{Beckman coulter Z1)ol|A] 8~
5um @ 37|82 Z2A5}o] ZF well 1 M 5X105 7H& A
glalgich. AYAZE 5% CO, 37T MFZANA v
dtgom HZO] 4= coulter countero Al 3~5 um Z7|
2 A7 A0 2 A5

10. BUAMZe| S2L] M0l cist &2 Axzt
oo K217t HolH 2-12A4| EE 6 well plateol Al
AR Adol| ARESHGITE & Al EZF= Ha-
ras oncogene(valine mutation at codon 12)& NIH 3T3
HEZE Agste] 5ol 421, Ben O de Lumen(UC at
Berkeley) W2 g 2ofioict, 2-12 Azujgd 4 &
2 FA A EE Jeong et al. (20028l 28}t

9-12 NEFE 5% CO:2b 37ColAM wjdies A7
Ao g At HiA= 10% calf serum©| 323HH
DMEM(Dulbecco,s Modified Eagle Medium)ti <& AHg-
sttt 2t well®d 5% agarE 34814 0.6% base agar
layer2 1 mi& FYatn oA 1587 LA



21
(=]

. ol
=]

fon

rol

=N
upper agar layer= 0.6% agar 550 wl, growth medium
330 uf, 1 M IPTG{Isopropyl #—D-thiogalactoside) 20 uf
9} 2-12 cells(40,000 cells/md) 100 ul& ZF3)A well
S 21 me FUFCE AlZE 1497 COr F-2ui%7]
oA v o, TRy AR FIE 0| H(40uE)
oA AAB T,
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ukl4 o] WS AH BtOAc 5229 P13 BAS
AL e 2 dih A K39 DPPH Zejgttd &AE 5‘
& 4.64-5.26 (ICsoug/m)HAZ vl A Yepst,
xantine/xantine oxidase AAZAAE 6.07-10.32 (Csoug/
s)E A UERTHTable 1. 8547 DPPH Zejein
ZF A AL H])423}9 1 xanthine/xanthine oxidase ¢
A2 ZHHHXV} Vg wrow A gl o= =
¢ttt DPPH Eogttyzd &AL FASHAIZL A%t
DPPH Z&|zc]zda} AQuk-ala oA 1 1-diphenyl-2-
picrylhydrazine= HEE= Y E o]&3 Yoz ot
79 AEFEEEY At FAH4E AH6H] Yt
bioassay-guided fractionationA]ef o]& % o]Zt}
(Cotelle et al, 1996 ; Smith & Reeves, 1987 ; Lee,
1997). Xanthine oxidaset uric acid 42 Z%<f 2
3t A& oI H 1(Chang et al, 1994 ; Choe & Yang,
1982), & A= FU3HA wric acid®] %ol 934
ZAbHE WS ST e 5713 AEA EZ A
o] AtAhEZ] I Oy, HuOs, -OHFY HAdo] &2
Abh gt Zhe FASHAllen, 1995 ; Fridovich, 1986 ;
Pitcher et al, 1996). JESE o|d S4o2HE A
B335} 95t ol AE 7MA Y ascorbic acid, a-
tocopherol B-carotene=-2] v[EAA FAGIEZRL A}
4 ZEer]d 4L IAste FE-E gt McCord
& Fridovich, 1969 ; Fridovich, 1986). Xanthine oxidase
gAE A= BAE 494
chlorogenic acid, ferulic acid2t 2 HE3FEEL
of wj ROl FokPAH S ARAT = Ao ELE]‘ﬂ AT
(Huang et al, 1998). -5t JAISHAI 2 U422 caffeic
acid®] DPPH Zoja}clzti} xanthine/xanthine oxidase
oA|Zke] 11.8(Csug/ml) X 32.9(Cso'ug/ml) 2 ZH2F B 11
3l Lee et al. (1998)9] Ao} vlu g, A=A ok
2 H9E EtOAc 23EEY A7} 7.87(Cs:ug/ml)E
caffeic acid Xt} o AA|E v¥& FE552 74=s
AL 9 FARA ZFA] 7 IS Ao AT
Hh91& 9] ALA|7)H FtOAc —?—%‘%—4 ikt FAS

kA

=

caffeic acid,

53

34

JEES

SRR

Xl
(=]

[y

0%t

ZAb| 2 Ay pPPH 34 Y xanthine/xanthine
oxidase A= AEA7|7F 9€7HA] = FAAF =obF L 1

o]Z L 893} u|LEtHTable 2). }FAEHAE Al E
Wella EAals Atag ZeHyZdges HeAA A
A Aty e] Aale FEvtesA] P ga
S ZYrHAllen, 1995 ; Runeckless & Krupa, 1994),
ol#gt 25 urehlle ZeStAFe] A=AV &
49 i}OIL *‘E'XJH ASAH, BSda, Ay 5
Aol o dEgakel atojek FAo] ntar gt}
(Hosoda and Noguchi, 1990).

uteta] BGA71o w2 o]5e] BAY Aol AaAS
of M2 g4 AEHA Y AS 3]0 FIEHY FH
oJate] gt ERo] AE S Aoz AzE.

Table 1. Antioxidative activity of EYOAc fraction of
Orostachys japonicus collected from different

habitats
Habitat Antioxidative activity
' DPPH' Xantine/xantine oxidase’
Arable land 464 6.07
Intermountain 515 8.71
Seashore 526 10.32

"DPPH: DPPH free radical scavenging activity(ICsoug/m)
YXantine/xantine oxidase: Inhibitory effect of xanthine/xanthine
oxidase(lCeo:g/md)

Table 2. Antioxdative activities of EtOAc fraction of
Orostachys japonicus collected from
different growing stages

. Antioxidative activity
Growing stage DPPH'  Xantine/xantine oxidase'
June 797 970
July 542 7.86
August 539 7.34
September 521 298
October 538 748

' DPPH free radical scavenging activity(ICeo:xg/md)
' Inhibitory effect of xanthine/xanthine oxidase(iCsy.z0/mg)

ofJFotAg|o|E £&EL Ayt AYAZutE T

g B3 5719 223 oz Heste] A} AL %
ARSHIL 1% AKsE BH4o] 7P A UERE S4 &
&S sephadex LH-20 ZHAZNE T T]o] 9s}o]
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5709 283802 AHA & DPPH 2 xanthine oxidase
AAEAL ZABFATHTable 8, 4). A¥ %3 £ DPPH
27843} xanthine/xanthine oxidade QAZA-L A
714 AYAZntE T3]0l A S-45F] 0] 5.02(0Cs:ug/ml)
9} 6.18(ICsug/md)E 7F3 =9oton 11120 AP I 2ule
T2 lof A 3.98(Cs:ug/ml)2t 6.53(1Csoug/m)E 22t 7}
2 =90tk 53] -1 ¥ 52 EIEL uf e 2 3halg}
A4S ey 9l AeElybA AgazntE g
o)t FHAEHEA Y] EElavteE 2 Fo2 Yehgtoy

Table 3. Antioxidative activities of silica—gel fractions
eluted by using a silica—gel column
chromatography in Orostachys japonicus

Antioxidant activity
N\;;nck?i%gno‘c Recovery DPPH' Xanthipe/xan}hine
amount(g) oxidase
S-1¢ 0.558 ND' ND
S-2 0.858 21.69 722
S-3 1.454 535 7.45
S-4 2.258 5.02 6.18
S5 0.764 5.99 10.00

' DPPH free radical scavenging activity(ICszg/md)

' Xantine/xantine oxidase : Inhibitory effect of xanthine/
xanthine oxidase(ICsw: ug/md)

" Fraction numbers of fractionates eluted by silica—gel
column chromatography in ethyl actate fraction

' Not determined

Table 4. Antioxidative activities of LH-20 fractions
fractioned by sephadex LH-20 column

chromatography
Antioxidant activity
Nli;nczgnc’f Recovery DPPH Xanthine/xanthine

amount(g) oxidase'
LH-1f 0.023 1561.14 ND'
LH-2 0.189 32.33 235.14
LH-3 0.286 6.89 11872
LH-4 0.358 3.98 6.53
LH-5 0116 472 8.82

t: DPPH free radical scavenging activity(IC50:xg/md)

*: Inhibitiory effect of xanthine/xanthine oxidase(IC50:ug/md)

% Fraction numbers of fractionates eluted by sephadex LH-
20 column chromatography in S—4 fraction ‘

" Not determined
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230 &S 4% 2, Ayt dHaEnET]
7 33} & Aol & Ve R] grot TH-20 A ¥
FRuteE o] YA EI= 22| FUTh IHA4 BEE
2 pDppPH E}t)Zh} xanthine/xanthine oxidase <A
7HiCso:pg/ml)7F 212+ 3,987 6.530.2 3P4ksl E4do] o
& ol T FAARA Q] o] BAFHAANE a)$- T}HX]
7h S AR =it

1120 ZYA2otE T g]of QJste] FA|H £ Fof
A DPPH &4 9 xanthine oxidase ¢JAIEAJo] &3¢
1H-4, LH-5 S3ES GOMSY) 9Jste) E3& 54 3
E AINTable 5), H&3teEQl 1,2,3-Benzenetriol,
Isoquinoline¥t AHZo|EA #HEHF%EAHQl alpha-
Androsta—7,14-diene7} F A2 TAE Tt viEhy C
o Tt o] =oko] A% 2hgof tigh AR N £
Y= e IS F5AES st o R
t Azt A% Ao ot BT (szent
Gyorgyi et al, 1936). H&4 3E-2 LYo} A4
A =2}, Tk 9 wine oA F2 EAEE 9
EZA A, gEl27] ool 23) Gl AR B
o] glom FPA Ao Y g AHstA7| L QI7t
o] AZEE Yot} AA FASEAEA Fa% 9T
< 3= 7o) WA h(Vijaya et al, 1995 ; Ohmori
et al, 1995 ; Goldbohm et al, 1996 ; Hertog, 1996 ;
Hertog, 1996 ; Serafini et al, 1996 ; Sadzuka et al,
1996 ; Stoner & Mykhtar, 1995). 2% AR FE2EY
o= procyanidins Bl, B3, B7, caffeic acid, ferulic®}
hydrobenzoic acids9 Zd#H=3}stEo] TFHol 3
i, o] AREL vEY ¢ 29, AA, giua5o x5
2ITE Qe AR ggA 9ol Zejgtds FaA7
L Aoz A cHChandler et al, 1979). Alpha—
androsta—7,14-diene>- AHZo|EA EFR o] 3gh=
2 HEHFEAR AAREY, 504 o]F9 =gFE 4T
2, A2EZ2A 22 1A=L) EdFol o8 Ay
HlojFolut AYALe] vlgo| FUksk=t, AAERT
At 2ZAQl androsta FEA7F T 7HE 4HA
o gt FFF SN gLt A aIE ebdTh
31 B 1 E) ¢ tiHong, 2000 ; Brodie, 1994 ; Nnne et al,
2000). Benzenetriol2 &3¢l #HE=3HEE hydroxyl
groupd] AE92]o] W2 benzenediol?} benzenetricl?
FIHo) A 1,2,3-benzenetriolo] YR A oA 7FHoH
yror g A et ZH23H= N-nitroso SFES A &Aoo g 7+
2A 71tk 3HckEnzo et al, 1998). 4719 dTEIIE
I 2 Ao 5AE IREE vud & o BhelE
EUo &Aste= 9 24
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intracellular Zejejr] gt Hokdt g AR YE 3
WojA2 A g o7 TehEm) 1,9,3-benzenetriol?t
alpha—androsta-7,14-diene2 &% NMR(Nuclear
Magnetic Resonance) 5°l 93t 3}3HE9] L7 E4
9 A7t a3t o Z Azt

Table 5. The antioxidant compounds of elutes showed
potential activity in fractions by using
sephadex LH-20 column chromatography

(Compound peak area/l.S.T.D peak area)

Compounds LH-4 LH-5
Butanedioic acid ND' 1.264
1,2,3-benzenetriol 2.064 15657
Alpha—androsta—7,14—diene  12.270 5568
Isoquinoline ND 0.322
Octadecanoic acid ND 0.415

' Not determined
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ARA) R S ohels 2REBo] B Al

A9l SODSt PODEAe] v AL Qe 24} o B AT
A&AE POD X SOD /-2 H5:8t A4S el

AL, 53] AuiR|o)A £8EE AlRQ] EEC| vy

ofAbol| A ApAYEE *lfnoﬂ 10}01 =S THFig. 1. §° A7)

?é_ T%A POD 2—4 SOD %Mg% u}gq 7o) H]o}oq '
k=g o= 78 BE, Aol 34 a0l ol3}o] &
Absh m20) AojA ghao] v]old Aos AyzbEn

160
140 +
;%120—
gi0r
> 80+
= 60f
S 4}
200
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£ POD B SOD

Seashore 6 7 8 9 10

Arable land  Intermountain

Fig. 1. POD and SOD activities of crude extracts
collected on different habitats and growing
stages(month) in Orostachys japonicus.
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AlEA ] ALAH 2 ALRA7|E SOD FHaAE
ZAboff & A3} SOD FHEAL] e A LA, A A
FAZIA 53] 2712 W=7t LPEP;IEL}, I M7= A
Skl AuA| A, AEA7Ioe 877 &=
255 #UTHFg. 2).

aa lt RaA A e Z4E-&
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AA B2 5=g

36

%12 SOD £F PODSE -2 3k}t AhE A 29
P°1 Aol 8 B A YA SODY 22
EAgoe A2y 7)de] ZA4 AlrZzo TAL
E% THETHCerutti & Trump, 1991). SOD

g dejA glon 4kAE AH)eh=
ol

ﬂﬂ]
7h |
Ex ]LH°1W AR AL QAo A BP’S\HWHE
A7 OPP#X:] AU tHFridovich, 1986), o

o] £ O 5ENAY =22 SOD ﬂwg
3l S (Hassan, 1984).
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Fig. 2. Isozyme patterns of SOD in crude extracts of
different habitats and growing stages in
Orostachys japonicus.

(A) Isozyme pattern in different habitats. A, |
and S refer to Arable land, intermountain
and seashore in habitats, respectively.

(B) Isozyme pattern in growing stages. The
number(6-10) refers to sampling month in

growing.
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Fig. 3. Inhibitory effect of partially purified extracts
from Orostachys japonicus in growth of HL-60
cells.
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Fig. 4. Inhibitory effect of LH-4 fractionate on colony
formation in IPTG-induced ras stably
transformed 2-12cells. Treatment means (+
standard errors) with similiar letters are not
significantly different from each other as
analyzed by One Way ANOVA followed by
Duncan’s Multiple Range Test.

Ax 40)

Fig. 5. Colony formation in IPTG-induced ras stably transformed 2-12cells.
P : The positive control was treated with IPTG without eluates.
N : The negative control was not treated with IPTG.
A : Eluate(400ppm) purified was treated with IPTG.
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