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ABSTRACT

A study on in vitro culture of Orostachys japonicus A.
and physiological activity of extract

Seung Mi, Kim
Advisor: Prof. Park, Hyeon-Young, Ph.D.
Depar tment of Biology,

Graduate School of Chosun University

In the tissue culture using leaf tissue of Orostachys japonicus, callus were
induced most efficiently in 5-week-after culture in the MS medium supplemented
with 10 uM BAP and 4 uM 2,4-D at the growth condition of 24°C 6500 lux 16
hr—-day—-length. Adventitious roots developed in all the medium supplemented with
0, 0.1, 1 uM 2,4-D whereas roots formed only in the uppersides of the leaflets
not in contact with MS medium containing 0.5 uM BAP and 100 uM 2,4-D. Shoot
regeneration was observed when callus induced in the MS medium containing 10 pM
BAP and 4 uM 2,4-D was transplanted in to the MS medium without any plant
growth regulators. Massive proliferation methods given by these tissue culture
methods for 0. japonicus might provide efficient ways to its production.

The ethylacetate fraction extract for 0. japonicus contained 634.48 pug/mé
polyphenol and 205.20 pg/ml flavonoid. The polyphenol and flavonid contents of
0. japonicus were 0.16x and 3.3x higher than those of Aronia a source of
well-known health supplement food, respectively. The ABTS radical scavenging
ability of ethylacetate fraction extract at 1 mg/ml was higher than 95% which is
comparable to ascorbic acid of 97%. The APX enzymatic activity and catalase activity
were 1125.89 pmol ascorbate oxidized/min/mg protein and 119.87 H,0, decomposed/

min/mg protein, respectively. In disc agar plate diffusion assay, the extract

_\/l_
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gave rise to a larger inhibition circle with L/ssteria monocytogenes,
Staphylococcus epidermidis, Staphylococcus aureus and Malassezia furfur strains
compared with antibiotics kanamycin suggestive of high antibiotic activity.
These results suggest that fraction extract of 0. japonicus might be very

effective and economical in developing natural antioxidant and antibiotic.

Key words : Orostachys japonicus, tissue culture, the fraction extract,

antioxidant, antibiotic

- VIl -
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Orostachys japonicus

MeOH extract

[ n-hexane layer ] water layer
[ methylenechloride layer ] water layer
[ ethylacetate layer ] water layer

[ n-butylalcohol layer ]

[ water layer ]

Fig. 1 Schemes of solvent fractionation from Orostachys japonicus.
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CHRIL IZES SO XIASHACH
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0.1, 1, 10, 100 uM 2,4-D2t 0, 0.5, 5, 50 uM BAPE X &gt A=
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Fig. 2 The cutting direction of 0. japonicus leaf and explants placed in an
array on medium. A: the distal region, B: the middle region, C: the proximal
region. Both ends of the leaf were cut. a: The leaf pieces were separated as
three equal parts as A, B and C. And the A, B and C were cut within fragments

into approximately 0.6 cm in length: b: A~C explants were placed counter
clockwise for their distal surfaces to face air.
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Lk. Callus culture & plant regeneration
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2.2.2 delgdo 53
Jt. & EZCHsY S2tEL01E &S =F
(1) & 2= & 5%
Folin-ciocalteu reagentAl22 sodium molybdate®t sodiumtungstateE Ql4tE Mt
BtSAIA  HMI=Zotl, Cet Hsd SEsS=2 2Zel Z20lM folin—ciocalteu
reagent Al2+2| phosphomo|ybdic/phosphotungstic acid complexOl &XE SHGHH &
A SA=SS HdotH =0 0 XM =2 SZ2EE SHoN Sclis &
oz HEOHH ECh. 012 22 S&EtSE 0I28t Folin-DenisZ & [33]01 et 24S
& F==0 Uist & SclH=2 2= =ZoIRUL.
TE FE22 B% methanoldl 1 mg/mlz ZoHStH 25 ul, 108 3Ast folin-
ciocalteu reagent 500 uplE E&ot &=20AM 522 BFSAI2I =, 7.5% sodium
carbonate (NaxC03) 500 pIE EIISK Z&GIACH. 0 EEHZ water bath (BUCHI
Switzerland)I Al 37CZ 6022+ BFSAIZACH. Spectrophotometer (Mecasys, Korea)E
OlZ5t 750 nmOllA SZEE =FoIRUCH. Zellls EE=Z2 chlorogenic acid
(Sigma, USA)E 0I5t dENES HHEoIU2H, 01E JIELE 2489 ZEE F=
stes ZEotRLbt.

292 & 2cll=
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FlavonoidOll &£ZclE &
flavonol BHEHOL EME LIEIHCH. O S22 2%
22 HSSICEH 0] StEtSS 0|88t Jialt Tangll ZE[34]0] et A5 2& =&
S0 Ust 5 EAEBL01E X2 SHOIULT.
8 =22 8% HE20 1 mg/msE=2 ollotod 100 ul, diethylene glycol
1000 pl, IN NaOH 10 pIE €0 & =¢gst =, water bathOiM 37CZ2 60=2t EHEAI
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HESZZ naringin (Sigma, USA)2 0IE5t0 22 HHGIR2MH, 018 JIE2=2
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L. shetet 824 53 =3
(1) DPPH radical 2g4d
DPPH(2,2-dipheny|-1-picrylhydrazyl) radical2 free radicalZM 2L S
517 nmmUilAd S& Al & S5 UEHHC. radical 0l 2ADH et 22 OA =N
517 nm2l ZS &0tk RotAH ECt. 0l radicale RIISOHHAM H HEHO0IT
proton-radical scavengerOll 2/ot0d EME[D| IS0 radical 2HEd SZH0 0l
D ACH Ol 22 LHE 0I=8 BloisH B [35]0 et *E2 =& F=£9 DPPH
radical &H 4= =& otULY.
TE FE=2 8% HE=22 20z 5t 2 10, 5, 2.5, 1, 0.5 mg/m2 s&E2 3
AAZI =, A2 100 pl 2 100 yMel DPPH &9 900 ul E & =gst =, SA0A
30=2+ BFESAIHAZ=RUCE. SpectrophotometerE OIZ6tH 517 nmUilA EZEE =&E6INH
radical Q] 2AE HGIULCH 24 A2 33 BI=6I0 HZgtS AGIA20, 0l a2
OleH A0l CHOHK PHEES (%) SHASIO2M HEO0 e S2Eo 24 FEE
HS5HALTH
A= 2" 100
A,
A, DPPH radical 401 240 CHE Satsh 24 (%)
%2 OPPHENMO 2%
BISAIZI o 2 &

At AIZE EIIotXl
A: 2 AI2%t DPPHEHS
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(2) ABTS radical &~H&H

ABTS(2,2'-azino-bis(3-ethylbenzothiazol ine—6-sul fonicacid)diammoniumsalt)
radical 2 potassium persulfate@t 24A12+ BIE8I0H 22 M2 LEILHDH At E0|

52 2D BISE Y2 SYS M0 INAXE SHS LIEHHCH ABTS radical 2

=

Hetd =82 OPPH radical &~ &4 =30 &M MW radical A2 H&HE 2t

d¥oz =Xot= 822, DPPH radical 2 HEH S Aot RALS 2E0ICH.
Ol 3tetEtSE 0188 Re 52 ZEI[36]01 et 2AS2 F& F=Z22 ABTS radical
A2HEHE SHOIULH
s Z2E FE=2 HE22 20z ot 2 0.5, 1, 2.5, 10 m/mle s&2 3|4

A7 OIE0tRUCEH. ABTS-+EMUE ZSF=0 2.45 mM potassium persul fateE &0l 6tH
O SAHU 7 mM ABTSE =0 12~17A12F Ol & 240 2260 ABTS cation radical S
S48 A2l =, 0] E2HZ 734 nmUIAd S& % 30l 0.900+0.002 0] &&= methanol 2
S|MGHACH SIAE ABTS-+EH 950 uloll AIRE 50 plE & =8s =, LdA0A 5
22t BHZAIZCE. SpectrophotometerE O0I&0t0H 734 nmUlA EZEE =F6HN
radical ZAE ZEOIRUCH. 2 A2 32 BH=otH HHZa S 0IE0I/[2H, 0 s
CH=20 CHSt E&2=9 24 TS HSoh|<lol orel Aol CHSI BHES(%) 2
BHAFGEACH

%)= 24 100

, A,

z

Ar: ABTS-+ radical A4 EA0 IS Statst &4 (%)
Ap: AIEE EIIoHA 22 ABTS +EU9 S22 &

A: 2 A2 2t ABTS+EAU S BISAIZI EAXS =&

i
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(3) OLEAHE AHEY
AL 2E FTE2Q OIAEMY AEH 53 =HES Kato S[39]1 Kim S[38]2 &
2ol et 0.1 N HCI £= 0.2 M citrate bufferE 0lE06t0H BtSM2l pHE 2 1.2,
4.0, 6.022 YLF0 BtS2 X0IE =HGIRUCH. 28 F==2 (20 mg/ml) 40 plofl 1
mM NaNOz; 20 ul2t pH buffer 140 plE AIEotH 2t8 RIIE 200 ul2 ZEGHRUCH. 0l
BISME 37 CUH A 50=2F BHEAIZI =, 2% acetic acid 1,000 ul, Griess reagant 80
ugE Eototd & =get =, 95 XHs ZA0AM 15228 BFEAIZCH
Spectrophotometer£ OIZ6tH 520 nmUlA SZEE =ZoH Ot A0 CHSHH Of
LA AN BHESZ LIEIRCH
N(%) = OA_o %100
N OtE&E AHS
Ao © 1 mM NaNO, Off controlE 50=2+ BtSAIZI &%
A 1 mM NaNO:Oll AIZE &EIIotH 5022t BHSAIZI &2 &%

_12_
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SHAte &4 84 =A
(1) Aol XK
Z20f= 100 mM potassium phosphate buffer (pH 7.5) 48.5 mlOl 2 mM EDTA 1
PVP 0.5 g, 1 mM PMSF 500 ulZ Z=HIGIKCH. &g @4 84 =32 0 1000 pl
o 2t SEIF=&=2 5 mg2 EIIOIH overnightAl2l =, 15,000 rome Z 1022t | A
2elg & MASHE 0|20/, 2 2E =TEE2 AW CHHA 2 Bradford2 & [39]
Ol et BSAE E==2&2 2 Aot Aot
(2) Catalase(CAT) Ao =X
Catalase(CAT)EA 2 Mishra S[40]2 &S HESH SHOIULH. 44 100 ul
2 100 mM potassium phosphate buffer(pH 7.0) 500 ul, 110 mM H.0. 400 pl& =86t
HCEH. AHE H0.Z spectrophotometerE OIE6t0 240 nmOUlA 122 SZ2EE =&
Ot CH, A { mgY AHE H.0.E pmol 2 HI|IGHALH
(3) Ascorbate peroxidase(APX) & 4ol =XH
242 Chendt Asada[41]&E 0 WMet SHOIUC. a4
5) 500 pl, 5 mM ascorbate
Ascorbatel &SIETE spectrophotometer 2
1 mg& AMSHEl ascorbateE

Ascorbate peroxidase(APX)
OH 100 pI2t 200 mM potassium phosphate buffer(pH 7.5
CHuH &l

2 mM H0, 10 pIE E& oLt
1228 28 =HoU.

100 ul,
olZ3td 290 nmOI A

umol 2 E |t CH

Collection @ chosun
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SN

100 l,

ot
H

45t AL,

i

= FagSl
15 mM guaiacol

= =
[42]2 &80l et =3

(4) Peroxidase(POX)
42 Chancet Maehly
m phosphate buffer(pH6.9) 500 ul
Tetra guaiacol @ = spectrophotometerE 0|
& 1 mgE EHE tetra guaiacol=

ChEH X
— T

Perox i dase (POX)
100 pl2t 80 mM pota
65 mM H.0. 100 ulE =& otALt.

HElE SHGIUCE.

o4 470 nmOI M
ml2 EI|oH
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OF. Tyrosinase 48 Xdl a1t &3

0

el MA= MEWUHAM tyrosinaseOl 2o tyrosine2 &3S O DOPAZ 2l & &

—/ L

1, DOPA—quinonel & MEtAIH MAAI2ICH43]. Tyrosinasel2l &4 Mol =3

Ol melanin M&tHol J|&E SEXOZ2 LIEIY £ QOO0 2 (|t SIE LE

o - o =

=]
[ !

= o
rr

of
1A

S YYo=z XD AUCH. 0] BtSE2 0188t Flurkeyll 2 [44]01 et &AS F
£9| tyrosinaseEd Mol S HESEGIAULCE.

SAME mushroom tyrosinaseE 100 unit/mZ SIA&GHH ASSIRA20, JIE2 10
mM 3,4-Dihydroxy-L-phenylalaninedt 0.1 M2 potassium phosphate buffer(pH 6.8)2
2 : 3HIE=2 EgotH 0l8otAlt. 2AES 28E === AMEZ 200 pl, mushroom

37°C2 waterbathOlA 202

tyrosinase 200 ul, JI&2E&s=M 600 g & =gst =

0

2t BEZ2 Al CH. spectrophotometerE O0IEGHH 475 nmOlA EZ2EE SEHOIRUL. =

5
@2 s A0 HYSHH tyrosinase 4 Hols2 =XIE UEIHCH.

. A,
HoHEg (%) =(1—-—2)x100
An
A : B9 BE =S A2 D EHIIZ9 EZE
A, - B0 2E FEE AE BEIIZO EZE
- 15 -
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2.2.3 gdgd 58
. MAEZF & BiX
stz 24d= Flol AISE

TFE Folet 2FE SHLZE Z=2E, H3US
_‘

e on

S KYste Listeria monocytogenes, IWEAMIMA0IN SMAH HAY A2 HE
Staphylococcus epidermidis, A&E5=, LR I=sdHdEES Ld2I|= Staphylococcus

Al
aureus, XNZREILSEAS LO3I= Malassezia furfur, WWER(Escherichia coli) i

o
ne
|0
[\
2
a
Sl
HI
09
0=
>

HE, WES

(==}

Ko
o
i
=)
0z
g
Ti
i
=

Biological Resource Center, KCTC
Microogrganism, KCCM)2EE Rt AE0 AI2oIACH. Aol A
_‘

=
S S & A2 Table 101l BHAl & H= Table 2~501 EelotALH.

[l

Ol MetdE 2t= Pseudomonas aeruginosa
A

o
T 6MHXNE HEIA2H, 9 DTS2 S3MYISARY HSKHE (Korea

| —

o

(Korea Culture Center of
s 279 2

&9 ZE FE=22 g4 FUE STOHIILISHH SHAUHXIE AN (disc agar
plate diffusion method)[45]2 OIEolRUCH. SIMBIXIZAIHES SHMSE0 2o = A
AMsENX AIE M0l Ktetkl RotH &= AME inhibitor zonell HAE =
Hote gHoe=Z, 2 230 MEst A XIS petri dishol 23, S0AI2I TS
0.8% Agar2t === 100 plE Z&otH &Hlgt top AgarE T ZGHRUCH. Top Agar EEH O
S7E 8 mm paper disc (Adventic, Japan)E A& 24AC=Z 2=, Y
paper discOl= kanamycin (1 mg/ml) 30 ul, =H2| paper disclle 2 ZEFESS
S 30 pl =USIUCH. Ol paper discl E=+3= 1AHGHH 10 I Al Xtell U
O =USIACE. O SHEBHXKISE 37COUHAM 24A128 SQF incubator A BHFGHO paper
disc =0l MEZ= MHollst2 2EOIQUCH. KO0l 24A12 OILHOI MEE ZH &
D240 240 HNeZ HHEGIASH, Moiee HNFES =FoW g7 24 £

i
0
_O'j
8
a
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Table 1. List of strains and culture conditions used for screening of

antimicrobial activity test

Strains Strains No. culture condition
Lissteria monocytogenes KCCM40307 37°C Brain heart infusion agar
Staphylococcus epidermidis KCTC1917 37°C Nutrient agar
Staphylococcus aureus KCT1621 37°C Nutrient agar
Malassezia furfur KCTC7743 37°C YM agar+1% olive oil
Escherichia coli KCCM11234 37°C Trypticase soy agar
Pseudomonas aeruginosa KCTC2004 37°C Nutrient agar
- 17 -
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Table 2. Composition of brain heart infusion agar.

Component Contents
Brain Heart Infusion 175 g
Peptone 100 g
Glucose 20¢g
Sodium Chloride 50 ¢g
Agar 15 g
Purified water 11
pH 7.4£0.2
- 18 -

Collection @ chosun



Table 3. Composition of nutrient agar.

Component Contents
Beef extract 10 g
Peptone 50 g
Sodium chloride 50¢g
Yeast extract 20 g
Agar 15 g
Purified water 11

pH 6.8+0.2

- 19 -
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Table 4. Composition of YM agar + 1% olive oil

Component Contents
Yeast extract 3.0 g
Malt extract 3.0 g
Peptone 50 g
Dextrose 10.0 g
Agar 100 g
Purified water 11
pH 6.3£0.2
- 20 -
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Table 5. Composition of trypicase soy agar.

Component Contents
Pancreatic digest of casein 150 g
Pancreatic digest of soybean 50 g

Sodium chloride 50¢g
Agar 15 g
Purified water 11
pH 7.3+0.2
- 21 -
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Ot NIZSl Hie

H

Hel
M

=

&g e2h =i HEA

AL
ro

Ol A
MCF-7 (KCLB No.30022), CHZ&

=

250 ME= MEHEE 8=
Calu-6 (KCLB No.10002), S M |
HCT-116 (KCLB No.10247)E RPMI1640 (Lonza, USA)Sl HHXIOI 10% FBS (fetal bovi

5t =

[l

>x
H
NI
ro
02

<
>3
D

cTC
pm g

serum)(Lonza, USA)2F 1% Antibiotic—antimycotic (Gibco BRL, USA)S &I}
XS 0I5+, 37T, 5% C0» Incubator (SANYO, MCO - 17AIC, Japna)2l && HH
MZ2 BHKIZ2 HOUBHLSHHCH. 33 OlAC HUHHHYS HA

0o

P

Ol 2200+ & S
A

NEF=E 250 0ISotALH.

MTT assaye= 2HH
4 JI&Ql MTT tetrazoliuma MIEZUWS 0IES
—-2-

A9 MTT formazan(3-(4,5-dimethylthiazol-2-y

S35 =0 U=s+5 &0Ie M%)

-
|
N
O‘I
o_
=
=
@
>
<
1—0‘
@
—
-
o
N
o
c
S
<2
o
o
E
o
)
= =

2 EFAINE=E s8s 0l=st ZAHOICH. =
2Ot MLl CIEZEZ2I0t0l 2aH MTT formazan2 2 0| E&E AS Q0lot0, &&
SO HEE =2 HEIL 20t MTT formazanl& X A& 4oz, S0 O
ch NIZS| MEZSS WIHote ZAIECZ 018510 UL [46].

Hansen[47] S2l 280l et MTT assayZH 0l 2o 24E =SS QHE A X
SE SABIACH. 2 MZEZE 3x 10" celI/ml LEIt ST = hemocytometer 2 cel |

8 =, 96 well microplate0 98 ul/well & &=t =, 37C, 5% €0 S&
P

2 wel 10l 2t&E2 2&2dY

St HiZotct. el 2

o

= S RA|IZH[

MIE HBHREDI0IA 24A12F incubationdld MIEZE 2=
sTE2 XIHOHH 2ul® EHIIGHH 24A12¢

mg/mlel MTT solution(sigma, USA)S 10 pl& HIIGHN, 4A12F S0 Bt2 Al

= MIHGHRCH. el 2F wel 0l 100 plel DMSOE &HItot 15622t

v
0l
0z
Ol
2
I
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shaking AIZACH. Micro plate spectrophoto meter (BIO0 RAD, xMark, USA)S AI=Z5H0
540 nmOlAl EZEE =FSIYLH. 2 MZES =2 SEIIES 100%2 ot 2L AE
EA A2 PotRCH
R N 5 Rl 8 =)
_EH}—:FLP/]HO—'— A=A 2o &3 % 100

percent of viable cells(%)

EES DR

2.2.5 AN

L0 =20HYE 2EFE22 MZH0ol st 2t 82 SAS software (SAS
Institute, USA)S OIZ3ICH. ANOVA procedureS &lAISIY CIESH 23 (Duncan's
multiple range test)2 OI83t0 0.05% ==0A RALS ZHGIACH. 2AS2 0K
Y RETESO M40 s 2 A2 33 AASIACH, 2 U2 R+ X
2 HI|o6tACt.
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3.1 Tissue cul ture
3.1.1 Hel g

AH X} X A

=]
ocoL=2 Oh

0.1,

FStH

o

1, 10,
Z 1= Fig. 3, Table 60l LIEFRLCE.
L2A0A 0, 0.1, 1
SOV,

10.5 mm, 8.0 mm

= HWOLXL, Z%2It Sltote

Orostachys japonicusE
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HEOULCEH. 5 uM BAPRE 1, 10, 100 uM 2,4-DE =& Hele B2 2= =, £F9
Q0| MECIACH. 4= =, SO AJIZCH 280 014 HIKH TIUSD, HEGHD 2
St WA (Fig. 7a)=2 LEGIAULY.

50 uM BAP2t O, 0.1, 1, 10, 100 uM 2,4-DE =8 HMclgt B2 2 BHuiXIel &
P RF2F & LM BHA(Fig. 7c)IF LEGIULCH. ZE A A= 2 409 =
SOt =0t ZeAAN EMote ZE&2 IDI0F B2 0.5 mm, 0.4 mm, 0.3 mm, Q.1
mm 2 HOtKl= HS 2EoUL

0, 0.5 uM BAPO| &It B elJt ZEot D, 5, 50 uM BAPO| &EItel 83 =
Ol HANOH BHAAS SHOIRUCEH. BAPS =5JF 5 uM 014 EHOtE 3% 2459 £
Ol BICHOHXIOH, 2,4-D2 =& HH0 et PEZHA, SHM A, LT A WHADL
2 ACH Table 6). AEUHA LIEIL 202 201 50 uM BAP, 100 uM 2,4-D2 1
sE2 FHIME BHXI0AM XIAst ZANE2 DAGHA 210 LLotACH. WetA ol &
2 UsZ0AMe BtSE RYSHI| FAGH0 250 uM BAPR2L 500 uM 2,4-0Jt EOItE! B X
E L80olH s Aottt =, 4, 20, 100, 500 pM 2,4-D2+ 2, 10, 50, 250
M| BAPE L& ol 53 =¢t 2EoIULH

4, 20, 100, 500uM 2,4-D2 2, 10, 50, 250puMe| BAPE ZX&ot(d &&sh ZUE
Table 7 Ol ZeiAol 3Dk, ZHAS EZHM et 2F6HH FHelotALCH. 2 pM BAP
et 0, 4, 20, 100 uM 2,40 =& Hcl st B, 0, 4 uM 2,4-D0lA & RS XA
A CHEtst S WOIS0l 2OIEENS P& BHAIN LYSHRUCEH. 20 uM 2,400 &
R SUHRANMN HEHO| OB S &H W AI YIoHACH. 100 uM 2,400 &
ZR0A BHAAIN LELOIACH. 10 uM BAPZH 0, 4, 20, 100 uM 2,4-DE =& X2l st
22, 0, 4 uM 2,4-DOIM & J_RS ZXUA &H e AIH LYGIACEH. 20 uM
2,4-DUA & ZS2UARLANAN EHO0| XH ZHA(Fig. 7b)It LEGIALD, 100 uMolA
e 2R20A ZBHAAIN LEOIUCH. 50 uM BAP2H 0, 4, 20, 100 uM 2,4-DE =& X2l
st 32, 0, 4 uM 2,4-D0IM & 2, SURAQ ZHUM ZEaBHAI LdEHO
O, 20 uM, 100 uM 2,4-D0IM & Z2RUHA ZWHAAIL LYSIACHFIg 6). 250 uM
BAPS| Z< 20 uM 0I5t 2,400 & SHEHFI0 ZHH ZAAIL LEoIAUCEH. BAP=S
SO =0t E 22 552 2,4-D0A ZHAAIL LECHTable 7). 500 uM 2,4-0Jt
Ot HIXIOIA BAPSl S22 2HSI0l 25 1 & SME 90 DAISHRUCH. ZCrel
WHASES FAH 2,409 s%= 0.1 mg/1(0.4 uM)[49], Sl=LIR =H 2,409 =
= 0.2 mg/1(0.9 uME BotR[50], D20 S =H 2,402 &= 1
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BAP

2,4-D

OuM

0.5uMm

5uM

50 uM

Fig. 3 Effects of various concentration of 2,4-D/BAP on callus formation of O.

Jjaponicus 5 weeks after culture.

At 0,

0.1,

1

uM 2,4-0 without BAP, adherent faces of explants adhering to

medium develped roots where as at 100 upM 2,4-D together with 0.5 uM BAP,

non-adherent faces did. Callus develped from at a lower concetration of 2,4-D as

the concentration of BAP increased.
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Table 6. Effects of 2,4-D/BAP concentration on root or callus formation of 0.

Jjaponicus explants at 5 weeks after culture.

PGR a b c
2,4-D (uM)  BAP (uM) Root  Callus Root  Callus Root  Callus

0 ++ ++ ++
0.5 + + +

0
5 - - —
50 - ++ -
0 ++ ++ ++
0.5 + + +

0.1
5 +++ - -
50 ++ ++ ++
0 +++ +++ +++

! 0.5 + + + + + +
5 - - ++++
50 +++ +++ +++
0 + + +
0.5

10 + + +
5 ++ +++ -
50 ++ +++ +++
0 + + +
0.5 ++ ++ +++

100
5 + ++ +
50 + ++ ++

A: the distal region, B: the middle region, C: the proximal region (Number of
lateral roots per 1 cm of adventitious root. +++: more than 10; ++: 5 or more,
10 or less; +: 1 or more, 5 or less) (Relative size difference between incubated
cal lus and the original explants +++: more than 3x; ++: 2x or more, 3x or less;

+: 1x or more; —: no change)

_28_
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2-0.65x 1000um

2-0.65x 1000um

2-0.65% 1000um

Fig. 4 Effects of 2,4-D concentrations on the adventitious root formation of 0.
Jjaponicus in vitro culture at 5 weeks after culture.
a: OuM; b: O0.1uM; ¢ 1TuM. 2,4-D as the concentration of 2,4-D increases, the

lenghth of advention roots decreases and the member of lateral roots increases.
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Fig. 5 Formation of roots from explants of 0. japonicus at 4 weeks after culture
on medium supplemented with 100 uM 2,4-D and 0.5 uM BAP

a: the distal region; b: the middle region; c¢: the proximal region. At 100 uM
2,4-D, no root formation was observed at the faces of adherent side, whereas
non—-adherent face, develpoed roots instead. Based on the shapes of the excised

side, roots were |ikely to emerge around vasculature regions.
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2,4-D
BAP

2uM

10 uM

50 uM

Y/ 4

R Ve
_—
P ——

Fig. 6 Effects of 2,4-D/BAP concentrations on callus formation from leaf explant
of 0. japonicus at 4 weeks after culture.

At 2 uM BAP and 4 uM 2,4-D, explants originated form distal region
proliferated most efficiently. At 2 upM BAP and 20 upM 2,4-D, explants form
distal region and mid leaf region proliferated most efficiently. At 10 uM BAP
and 4 uM 2,4-D, explants originated form distal region proliferated most
efficiently. At 10 uM BAP and 20 uM 2,4-D, explants originated form mid region

proliferated most efficiently.
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Table. 7 Effects of 2,4-D/BAP concentration on root or callus formation of 0.

Jjaponicus explants at 5 weeks after culture

PGR a b c
BAP( uM) 2,4-D (uM)
0

4 ++ - -

2 20 ++ ¢ ++ -
100 - - ++

500 - - -

0 [ ] +++ - -

4 [ | +++ + -

10 20 - A +++ +

100 - - +

500 - - -

++

LR AR 2

++
50 20 - - +
100 - - +

500 - - -

0 + + -

4 - + -

250 20 - - +
100 - - -

500 - - -

A: the distal region, B: the middle region, C: the proximal region
A rough callus M: smooth callus €: globular callus @: botryose cal lus
(Relative size difference between incubated callus and the original explants.

+H: more than 3x; +: 2x or more, 3x or less; +: 1x or more; —: no change)
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3.1.2 Callus culture and plant regeneration
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2-0.65x 1000um 2-0.65X 1000um

2-0.65% 1000um

Fig. 7 Four kinds of callus developed from 0. japonicus leaf explant at 4 weeks
after culture.

a: The deep green and smooth callus was developed in 10uM BAP, 0, 4uM 2,4-D.
b: The callus possessing rough surface tended to be developed in 10uM BAP, 20
uM 2,4-D. c: the callus with bubble-like round particles was developed when
concentration is over 50puM BAP and under 4 uM 2,4-D. d: The callus with small

and solid lumps was developed in 5uM BAP and 0.1uM 2,4-D.
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Fig. 8 Plantlet regeneration from the deep green callus with the smooth surface
from leaf explants of 0. japonicus.

a: Round embryo genic callus began to form on the smooth surface of explants at
1 week after culture in the basal MS media. b: Smooth and transparent callus
masses with sharp edges developed radially exhibiting representative 0.
japonicus's phyllotaxis. ¢: Leaf primordia were arranged displaying
representative phyllotaxis at 3 weeks after culture. d: Plantlets emerged at 5

week after culture.
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0.65x 1000um

Fig. 9 Plant regeneration from the callus which has heaps of small and solid
lumps in tissue culture from 0. japonicus.

a: the callus possessing heaps of small and solid lumps. b, c: At 4 weeks after
culture shoot from the callus. In the basal MS media both root and shoot
developed efficiently, 2 to 3 shoot were found to develop from callus masses on

average.
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2-0.65X 1000um

Fig. 10 /n vitro micropropagation of 0. japonicus

a: Formation of shoots from the deep green callus which has the smooth surface
in tissue culture from leaf explant of 0. japonicus in MS media with 5uM BAP
and 10uM 2,4-D 5 weeks after culture. b: Shoots emerged from the whole callus

at 15 weeks after culture. c: 40 weeks after culture.
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T

3.2.1 & 2d|ll= & 2 & SAUEL01E &

2tE2l Z polyphenol &M & flavonoid &2 Table 701 LEHHCH 2SS 2=
F=E£29 polyphenol &2 ethylacetatedt 634.48 pg/mg2 JIH&E =U20H,
n-butylalcohol 351.14 pg/mg, n-hexane 148.37 ug/mg, methylenechloride 124.38
ug/mg, water 8.40 pg/mgE=E =N
=2 Polyphenol 1t S 23t ethylacetateZ& F=Z=0| 205.20 pg/mg & & =%
04, n-hexane 98.54 pg/mg, n-butylalcohol 97.85 pg/mg, methylenechloride 74.63
ug/mg, water 5.67 pg/mg =22 =H SHEJCH.

2H[56]2 St MeHU=xo Hsste2l SatstsHl U AF20AM methanol &
S0M ZcH=&22 AT 110 pg/ml, &= 108 pg/m, =T 100 pg/m, O
85 pg/m =2& =H UESCLD 2060, &[657]82 HFUA ddx HolE
FE=2° SclHs=gE2 el 46.9 po/ml, S0HOF 44.9 pg/ml, SXIt 44.6 u
g/m, =J19t 4.29 ug/ml, ScELO0IEESHS =I| 25.9 pg/ml, 2ot 1.66
g/ml, SOHOF 1.31 po/ml, SXIF 1.20 pa/m 22 20GHACEH. 2 [58]S2 KMAS
ot MXE F=E20 28 HF0AM ASFEES9 SCHsEHES Hl2l 228.9
mg/g, OHE 203.92 mg/g, 20| 171.94 my/g, EHLIP &0l 46.76 mg/g & 2 11otA
OM, S2UEL0E &2 dHl=2l 90.15 mg/g O 44.52 mg/g, EHUSR HSAO0I
57.02 mg/g, 2Z0| 48.06 mg/g, 22 14.31 mg/g S2& 2 UGIAUCH. 0I[59]2 =Xt
o ghutstetd AF0AM =A Z2EQ ZclH=2 0l 91.24 mg/g, =& 33.95

.||>|I

CACH. 2tE SEF=&=2 flavonoid &

0|

K%

8=
0

H

mg/g=2 & Ot StEAIOHE &0l =1
Zcll= 80l =010 2dM, 10 F#HEFEZ HdEHULH, AdLIIsSsEAESL=E
L

=
mg/g2 BIOL/}LCH. 0|2 & te HlWalH = M, 2AS<
ethylacetate 2822 polyphenol2 &2 634.5 pg/mg2 HlZ=2cl2 36K, A1,

A5, XIS 60 OldC=Z IR =2 &2 &olg = JUJU2MH, n-butylalcohol
&

14
=
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Table 8. Total

Jjaponicus

po | yphenol

and flavonoid contents of

solvent extracts from O.

solvent extracts

Total polyphenol

Total flavonoid

(ug/mg) (ug/mg)
n-hexane 148.37+2.26° 98.54+3.61°
methylenechloride 124.38+2.787 74.63+2.12°
ethylacetate 634.48+4.34° 205.20+2.75%
n-butylalcohol 351.14+3.71° 97.85+2.66”
water 8.40+0.92° 5.67+1.16
_ a1 -
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3.2.2 it 24 =
Jb. DPPH radical &~H&A

o590 28 FE29 OPPH radical 2 HESE2 Table 80l LIEFRUCH. 2 BEF==
O radical &2H&H=E2 10 mg/ml0IA ethylacetate 98.17%, n-butylalcohol 94.
n-hexane 89.99%, methylenechloride 88.64%, water 40.34% =22 ZH LIEIGCH S
ol ethylacetate= H='2 O|&& ascorbic acidl 97.90%2Ct =2 gt
f? 228 2UE 20l A2 LIEHGCO. £8F DPPH radical2l 50%2 A~Hs= L
EtLHE 1Cso at& ethylacetate 0.45 mg/ml n-butylalcohol 0.77 mg/ml, n-hexane 1.47
mg/ml, methylenechloride 1.96 mg/ml water 12.93mg/ml =22 50%AHEHS LIEHWY

Ol[59]2 S|t eatsted ARMAH 1 mg/me sE0HM |SXALUKRS 50.93%, ZHE

2 93.12%2] DPPH radical A Hs2 2U0IACH. A[61]2 NS%, 23, &9 &
AZ L Fotg HARUA 0.5 mg/me sE2 HES FESUHM HSH2 83.4%, =2
sHQl 84.2%, =& 43.8%2 DPPH radical A HsS 2 OGIUCH waterFE22 MQS
oL ZEIFES2 FA I Bl X2 5 mg/mOl&S sE0HA HEE 85% 0l4&t
Ol DPPH radical &HsS ULEIUHLD U200, HAIIsd AEo=z 4l 0I82%= =
ASCH 2802 DPPH radical AHSO0| &olEdt MU &g JIs8ME HE0 018
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Table 9. DPPH (100 uM) radical scavenging activities of solvent extracts from 0.

Jjaponicus
DPPH radical scavenging activity, % of control
solvent extracts Concentration (mg/ml)
05 1 2.5 5 10 ICso
n-hexane 22.93+1.50° 40.78+1.23° 79.20+0.35° 89.12+0.97° 89.99+1.68° 1.47

methylenechloride 20.32+0.88" 41.81+157° 71.09+2.05° 85.37+0.59° 83.64+1.09° 1.96

ethylacetate 88.84+0.35" 94.60+0.45" 95.86+0.40° 97.01+0.13" 093.17+0.31° 0.45

n-butylalcohol 43.91+1.49° 74.72+0.16° 02.75+0.16* 93.22+0.50° 04.84+0.88° 0.77

water 9.90+1.38" 11.77+0.96° 19.32+0.74° 2516+1.17° 40.34+0.36° 12.93

Ascorbic acid 97.36+0.01 97.49+0.04 97.56+0.01 97.68+0.02 97.90+0.03 <0.1
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Lt. ABTS radical &~HEH

Jon

QtE 2l ABTS radical 2 HEHE Table 90 LIEFRCEH. 2 22 F&=2| radical &
Hasde 10 mg/mlOlA  ethylacetate  98.56%, methylenechloride  98.21%,
n-butylalcohol 91.98%, n-hexane 85.73%, water 59.88%2=2 = LIEtSCE. S0l
ethylacetate= 1 mg/mlHlAE 95.59%2 AHsS 20l HEE 0|8 ascorbic
acidet HI=OlH SUE 20l= H2=Z UEISCH. 8t ABTS radical 2l 50%2 AHs
£ LUEtUH= Gy t2 ethylacetate 0.47 mg/ml, n-butylalcohol 0.87 mg/ml,
methylenechloride 4.26 mg/ml, n-hexane 4.79 mg/ml, water 7.39 mg/ml &=22
ethylacetatedt JI& %2 sT0M 50% AHEAHLS LIERICH

F[62]= A4ZA 22 ABTS radical A0 &4 =FHONA 0.5 mg/me sZ0AM 2
=2 62.49%, 2HIE 30.31%, HEIAUS 52.58%, &Ll 43.43%, 2= 52.47%2] A
SS UERCLD 206tRUCH. 0l 252 ethylacetate & FZ20! 0.5 my/m=s%
Ol 63.76%21 ABTS radical AHEHZE 20le 2t FAIGIHHL R2H2=2 LHES
Ct. At ahatgt AR0UA  ABTS radical A~HS2| [1Cset0l DUTIOF 1.26 mg/ml, Bt
O+0t= 2.92 mg/ml, S 6.20 mg/mlE LIEFGECH59]. 2t ethylacetate EEFE=2
O ICsoat 0.47 mg/ml, n-butylalcohol E&F==22 ICsat 0.87 mg/ml 2Ct =H LHE
= ethylacetate®? n-butylalcohol2l ABTS radical 2~HEAO0|

UJACH. DPPH radical 2t ABTS radical2 2 =59l radical 2

=l

OPPH radical & HE40| =0t& ABTS radical A HEH0| 25 sLotH SHEKX &
=0, 2t B DPPH radical AHEA& S ABTS radical 2 HEH B =2 &4
S UEHHOH £2 gdtst)Iss 20I0, ethylacetate =&lFE22 1 mg/ml2 =0
N 90% Ol&e ANsS0l SELN & SMSHZM S22 JIssS & A2 AgE

Ct.
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Table 10. ABTS radical scavenging activities of solvent extracts from O.
Jjaponicus
ABTS radical scavenging activity, % of control
solvent extracts Concentration (mg/m)
0.5 1 2.5 5 10 ICs0
n-hexane 8.37£0.48°  11.45+1.01°  3410+154° 68614020  85.73+0.38° 479
methylenechloride  2.63£0.17°  92420.39¢"  4218t057°  74.02:041°  9821:0.13* 426
ethylacetate 63.76£0.65"  9559+0.11%  96.42+0.01°  96.88£0.00"  9856x0.00° 047
n-butylalcohol 26.34+069"  5869+1.19"  89.86+1.01°  90.09+0.90°  91.89+0.32"  0.87
water 41940.16°  1329+0.90%  1354£058°  50.80+1.38°  59.88+159°  7.39
Ascorbic acid 9843£0.00  9859+0.03  9853+020  9859+0.03  9845+0.01 <1
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Table 11. Nitrite scavenging activities of solvent extracts from 0. japonicus

Nitrite scavenging activity, % of control

solvent extracts Concentration (mg/m)
pH 1.2 pH 4.2 pH 6.0

n-hexane 25.1320.90° 18.70+1.62° ND*

methylenechloride 36.67+1.54° 15.94+1.07° ND?
ethylacetate 81.68+2.31° 66.19+0.96 47.15+1.80°
n-butylalcohol 74.000.67" 55.75%1.46" 20.09+1.45"
water 47.1420.71° 17.4442.53° 7.9942.27°
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3.2.3

oo

Atst

M LHOHIA MAE &4 AA(RS)E MEW MSIAEYAE =cHotAH =0l Of T
oltede SHC22RH 236t st Z2HSZ Q! ascorbate peroxidase(APX),
superoxide dismutase(SOD), catalase(CAT), peroxidase(POX), ascorbic acid,
glutachion, carotenoid S2 &&t3l SAS MHAIZICHD BO6IACHE8][69]. A2
ol CHet &8 B8 s=E0ILE NEgd
= = Aoz AN ULH67].
& MEAIII1, CHAl catalaseOl 2/5H(
A

D BO6HACHB9].

APX(ascorbate peroxidase)= AlE2 Z=M, OIE2E2I0H MZE L MEZHH &=
THotD, APX= ascorbateS &HSHAIA WASI+AE SEHSGHH MEZEDY S=HOAA
e =S8t gd4a HAM d9g=2 ot A2 AN UL DtatstsA=
catalaselt peroxidasedt CtAl 21 MAAZ Zolot0 Ml W &t J|1&2 S XIcts
2oz 21 T UCHe7].

&2 2E F=E==2 APX, Catalase, POX S4AEHE Fig. 11, Fig. 12, Fig. 13

O LIEtRHCE. APX SAEHE2 ethylacetatedt 1125.89, n-butylalcohol 481.91,
n-hexane 136.02, methylenechloride 128.682, waterJt 77.62 pumol ascorbate
oxidized/min /mg protein@= ST APX SALEHE ethylacetatedt =H =3 &
U[ASM, n-butylalcohol, n-hexane, methylenechloride, water=AUiE =2 &&tst
=4 24501 SHTUCHFig. 11). ethylacetate= EH[66]2 SDSHII| Melgsd oA

2O0lIA 22| 660.76 umol ascorbate oxidized/min/mg protein2LCh 201 =2 g2
S AULCEH.

- o 4

i
5

Catalase EA&4E ethylacetate 119.87 mmol H:0, decomposed/min/mg protein2
2 e =H =SFE/JU2O, n-butylalcohol 34.80, n-hexane 9.58, methylene
chloride 8.49, water 4.71 mmol H:0» decomposed/min/mig protein =22 =H =&
CIACHFig. 12). 6612 AROA 2LDSHHIIO catalase SASAES 13.88 mmol
H.0, decomposed/min/mig protein2 =2IJt Jt&E = UEtk=0, 2459
=2 2SS0l el 98 Ol4F, n-butylalcohol& 2HH Ol &tel &

242 2= 202 LELH

ethylacetate=

&
g2 UHUH sSAl =
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POX Z4A84dE2 n-butylalcohol 2.71, ethylacetate 2.35, n-hexane 1.79,
methylenechloride 1.77, water 1.54 mmol tetraguaiacol/min/mg protein&=22 =
LIEFSECH(Fig. 13). &H[66]2 AFRUAM DSHHIDI =012 POX SAEHE 7.04 mmol
ascorbate oxidazed/min/mig protein@Z LIEtS2OH, Z 5.73, 22| 3.91 mmol
ascorbate oxidazed/min/mig protein2 LIEtG =0, 0l 2ASS Z&EYE =220

=2 #=X2 UEtELCH

a

2 FZ==SS0l ethylacetate2l =&=2 APX2t catalase2l SAEHO0|
1125.89 umol ascorbate oxidized/min/mg protein, 119.87 mmol H)0. decomposed/min
/mg protein2 n-hexanell 8bH, n-butylalcoholl 2.33Hf =UA20, POXSAEHE2
n-butyl alcoholOl 2.71 mmol tetraguaiacol/min/mg proteinZ ethylacetate 2.35

mmol tetraguaiacol/min/mg protein2Ct =H LIEIGCH. 2452 2& == 2010

2t &4 40| XH0IJF 20l LIEtES EOI6IRl. =2 &dtsl a4 848 20l=
ethylacetate, n-butylalcohol 2& F===22 0|28t anti-aginglil 2t&d= A SHE

Z g0l HZ JIsd AZECZAN 28 ItsH0l =2 212z AMzEl.

ok
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Fig. 11 APX activities of solvent extracts from 0. japonicus.

Bar represent the standard error of the mean. Means separation was conducted
with by Duncan's multiple range test (P=0.05). Means followed by same letters

are not significantly different.
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Fig. 12 CAT activities of solvent extracts from 0. japonicus.

Bar represent the standard error of the mean. Means separation was conducted

with by Duncan's multiple range test (P=0.05). Means followed by same letters

are not significantly different.
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1.0 1

POX adtivaity (Lol tetraguaiacd formed/mrin/mg protein)

nhexane methylenechlaide ethylacetate  n-butylaloohd water
Fig. 13 POX activities of solvent extracts from 0. japonicus.
Bar represent the standard error of the mean. Means separation was conducted

with by Duncan's multiple range test (P=0.05). Means followed by same letters

are not significantly different.
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3.2.4 Tyrosinase 48 Ndl St

L0 28 ===Y tyrosinase A Mol = fig. 140 LHEIRC. 28 ==
== 22 0.5 mg/ml, 1.0 mg/ml, 2.5 mg/ml, 5.0 mg/ml, 10.0 mg/m2 ==& S|A&H0
tyrosinase A& XMol SUE FoIFCH. == 0.5 mg/mlOIA  n-hexane 50.14%,

methylenechloride 33.67%, ethylacetate 25.42%, n-butylalcohol 38.18%, water
11.60%22 =HZJAD. =5 1.0 mg/mOIA n-hexane 60.40%, methylenechloride
51.02%, ethylacetate 37.80%, n-butylalcohol 45.38%, water 15.24%22 & &I RULH.
=% 2.5 mg/mOIAM n-hexane 68.89%, methylenechloride 71.34%, ethylacetate
47.95%, n-butylalcohol 62.72%, water 19.20%2= =EHEUCL. =% 5.0 mg/ml 0l A
n—-hexane 71.97%, methylenechloride 83.09%, ethylacetate 65.99%, n-butylalcohol
80.96%, water 23.28%2 =JEUCH. =% 10.0 mg/mlAHIAM n-hexane 88.94%,
methylenechloride 88.53%, ethylacetate 83.61%, n-butylalcohol 88.59%, water
36.52%22 SZE/ULL. 2AS F=2=2 =5 AZHOZ tyrosinase2d Mol St
SOt AT, 10.0 mg/m=sT0HA waterE RHest 2= FE20M  80%014 2
tyrosinase & Mol St LIEFSI 20, n-hexane ==20] Jt& tyrosinase Mol &
DO =H LHEFSECEH.
grieelel HPMAN SOSHIOI2 5.0 mg/me s5£2 2 20| 27.5%2 Mol &
g = [70]2] 201 ===20 & tyrosinase &M SWHUAN=
mg/me sEUHAME 17%2 28Nl SUE 20oACEH. XH[71]12 HR2MAN =&
o E=2 0.15 mg/mle =% Ol&0A 40% Ol&2l tyrosinase & & Mo
ot A4S FE2S == 0.5 mg/ml 2, 20/, =<
n-hexane =&=2| 50.14%2 ZUE H<lotH, =
Ct &2 33.67%, 25.42%, 38.81%, 11.60% 2 X of
ACH. OFXI2H 24E .5 mg/ml s5E2| n-hexane F=&Z=20| 50.14%= LIE}
ol 2 27.5% B =2 Molg2 LERICH 0 A&E2e 2z 2450| O
102 HIOEl =% FE Oid, TIRLs M JHd = 018 Jls
o SEEQ FMEZA A2 IHXIDL M =2 A

I 25 &3 L DI s HRE U= SEH =doore X222 AMZEC.
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100

Tyrosinase inhibition activity(%)
Q
0

HEl 10ng/m
Bl 25ngm
Bl O05ngm

nhexare nethylenecHoide ethylaocstate  n-butylaloohad water

Fig. 14 Tyrosinase inhibition activity of solvent extracts from 0. japonicus.

Bar represent the standard error of the mean.

with by Duncan's multiple range test (P=0.05).

are not significantly different.
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Agar diffusion assayE O0|2ctd =&s A52 22 =22 A ZE Fig.
15, Table 10 Ol XNoH&tel AJIE UEIRICH 6E2 #F L

Staphylococcus  epidermidis, Staphylococcus  aureus, Malassezia furfur,

issteria monocytogenes,
Escherichia coli, Pseudomonas aeruginosa & &&0| LIEtGCH, 4SS &=
= ethylacetate =22 S &40l EUSO, n-butylalcohol, watertiiAd =
S 80| LIEFRICH. n-hexane, methylenechloride =22 Mol&0l &Lt &
| 2UACEH.

Lissteria monocytogenes= 2SS =28 F==°| Moli&t0l ethylacetate 30.5 mm,
n-butylalcohol 23.1 mm, waters=Z= 20.5 "mZ kanamycinel| 16.7 mm ZCt 2 X
B0l LIEtSt 20, n-hexane 10.2 mm, methylenechloride 12.8 mm = LIEFSCH(Fig.
15.1). Staphylococcus epidermidis, Staphylococcus aureus, Pseudomonas aeruginosa
Ol CHet 2SS ZEE F==2 Moll22 ethylacetatedt 25.2 mm, 25,1 mm, 27.6 nm&

HE 2 Moflets 94320, n-butylalcohol 17.5 mm, 16.0 mm,
25.0mm, water==2 15.0 mm, 12,5 mm, 22,2 mm 2 ethyllacetateCt82=2

n-butylalcohol, water =AUZ £E2 &S HS
A

ne i
40 0

0x
m

—

M0
Ol

os 2EEE

Jon

tOIGIRICEH. 503l ethylacetate =
=l offigt 25 mm 2CF 2 30.5 mm
O Mollets A}, Malassezia furfurfiMel SMHCl Moig 20.1 mm ZCt 2
32.1mm 2 Moi&t= S &0ot™, Staphylococcus epidermidis , Malassezia fur furOiA
ethylacetate S &40l FHOHH 242 =QIGIACHFig. 15. 2,3,4,6). Escherichia
col i0lM kanamycine2 20.0 mme| Xof&tS S&IH1), ethylacetat 13.9 mm,
n-butylalcohol 9 mm, water 9 mm2| RXofatS LI
chloride= Moi&0l 48Xl &2UCHFiIg. 15.5
sH72]2l ZE M F==2, H([73]2 28U F==2, A[74]2 SHURY =9
SRAHANA =22 S840 e ZUE oS FE22 ZUet Hlwot I,
Listeria Monocytogenes®l ZBS 2= 2AS2AFZEZ= n-hexane 10.2 mm, methylene
chloride 12.9 mm  ethylacetate 30.5 mm, n-butylalcohol 23.1 mm, water 20.5 mm2|
Mollste S4otd, 28, S22 10 mm 015t2 Moists d4ot0 A4S F=220
H

st A0l EH LIEIGLDH. S8 2 B n-hexanell ethylacetate=&=22 40|

iy

S22 Staphylococcus epidermidis Ol CHEH SMHISl X

4, n-hexaneldl methylene

mo

S b

o
UCH. Staphylococcus aurens2l B n-hexane===Z 1 n-butylalcoholQ ZEF=
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2 10 mm, 16 mme MoH&=2 HHoIH 2AE2 n-hexanex==
15mm B0 2 Mot @40l ed, O FIZ2 23 7 m

Aot L, ethylacetate?t water=&=22 B 22.5 mm, 12.5mm 2 X oH =t

=
T M ethylacetate===2 8 mm, water===2 10 mm ECt 2 Mol&2 S HaIA D,
=

i
S ethylacetate===2 9 mm, water

water ==2 9 mm =AUE =H LIEISCH.  Escherichia coli2l A< ethylacetate

o
=2 9mm, 2% ethylacetate===2

FES2 Z2 AS 13.9mm, EE 12 mm, SH 8.5 mm, =X 0mm =22 2 Hol&
= S 40olYU2M, Hexane, n-butylalcohol, waterF==UH M= Z& 12~16 mm, S
9~10 mm, 28 7~8 mm, S 0~6 mm =22 MHl&H0l =AH LIEFSCE. Psedomonas
O B ethylacetate®lA 2501 27.6 mm 2 Mol&tsS &0t ZTM 12mmel X olf
2 B0 3A UES2H, UHX FES0AM ZEMS 22 3 40| LIE o
UL UHEE2 @AM ASFE20| OUHE ASFE20 HIWOIH =2 &7& L
EtWCH. 50l ethylacetate=&£=22 2% UREE 20AM 24501 & 2 Mol =

0x
ol
8
a
=}
ro

HWalH 25 ethylacetatel ==22 AR UEE 20

SRBHSAS A= 202 UEL SR, HAEER HZo R /A2
282 4 US 02 AREC
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Fig. 15 Inhibition activity of the 0. japonicus against the microorganism in
paper disc diffusion assay.

(1~6;strains)(1)Lissteria  monocytogenes,  (2)Staphylococcus —epidermidis,  (3)
Staphylococcus aureus, (4)Malassezia furfur, (5)Escherichia coli, (6)Pseudomonas
aeruginosa (A~E;solvent extratcts from Orostachys japonicus.) (A)n-hexane,
(B)methylenechloride, (C)ethylacetate, (D)n-butylalcohol, (E)water
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Table 12.

method of solvent extracts from 0. japonicus

Inhibition zone size against the microorganism by agar

diffusion

Inhibition zone size (mm)

methylene ethyl n-butyl )
n-hexane . water kanamycin
chloride acetate alcohol
Lissteria monocytogenes ++ ++ ++++ +++ +++ ++
Staphylococcus epidermidis + ++ ++++ +++ +++ +++
Staphylococcus aureus + ++ +++ ++ ++ +44+
Malassezia furfur + ++ +++++ ++4+4+ +++ +4++
Escherichia coli - - ++ + + +++
Pseudomonas aeruginosa - + +++ ++ ++ +++++
+H++ © lager than 30 mm, +++ @ 25~30 mm, +++ : 20~25 mm, ++ : 10~20 mm, + :

smaller than 10 mm, — : not detected.
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3.4 MTT assayOil 2/&t QI 2ANIE MES

ot 2EY FE2sS 1000 ug/molA HY MIEZ(Calu-6)2 MEEE n-hexane
33.11%, methylenechloride 40.74%, ethylacetate 40.43%, n-butylalcohol 70.33%,
water 87.33%2 HMESS LEIRCO.  n-hexane===1 methylenechloride®t
ethylacetatetild =2 MIEZSAANESUE LEIRCH. S AIZF(MCF-7)2 MES
2 n-hexane  50.63%, methylenechl ide 60.80%,  ethylacetate  60.15%,
n-butylalcohol 44.77%, water 80.06%2 === LIEIRCH. waterF===2 N2l8 U
22 FE20AH MESAAMSHE LIEIKCH. HHEY HEZF(HCT-116)2 MEES

n-hexane 61.79%,

methylenechloride 61.84%,

ethylacetate 63.58%, n-butylalcohol

65.97%, water 82.17% 2| MEE= LIELCE.
oL 2EYE FE2 S5 HY HMEF(Calu6)0l 2 MEZSA M 240 LIEHE
Ct. n-hexane E&F=22 1000 pg/me =sZ0AM 33%2 MEES 20 =2 SAHE
SAAMESLS LIEIHC. S HIZF(MCF-7)0lA n-butylalconol E&FEZS0IA
=2 QHMESAANE LS LIEFHCH. DdLh HEY MIZ=(HCT-116) 0l CHoll M= 50t
AN ZEFZ2 1000 pg/me =sS0A 60%01 A2 MESS LIEING, HE, SEAL
Ch 2 NEZSAAMEBES LIEHYO. oS BEFES0 Oet SME SA AHMS0l
XOIDE U2BH, & MES ZEFR0 Met F&=22 SAANEsH B ASS =ol
SIACH. 0|2 22 ZUE BEOIH = M, A4S0l HEY, SLL oY & I=LMZ
A R L oigE XD (e 2192 AMZE L
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MTT assayOil 2|8t 24£2 2& =

fol
=1}
I
T
Pl
_O'j
X
|
a
>
2
-
m
o
L]
kJ
@
02

FE= s E UEHH= ICo8t2 Table 11 Ol LIEHHLCE.

1000 pg/me ===2 SlAGIH =8 HE MEF(Calu6)2 MEESS

68.81%, n-butylalcohol 86.15%, water 94.87%, =&2=%< 200 pg/mlUlA

od

=0l Oist He NMZF(Calu-6)2 MESAS

MIEZZ=(Calu-6)2 MIZEZ A}

25 50%2

sl =22 50 pg/ml, 100 pg/ml, 200 pg/ml, 400 yg/m, 800 pga/ml,
=C

HEH 2O,

===2=% 50 pao/mlollA n-hexane 70.75%, methylenechloride 79.52%,
acetate 78.60%, n-butylalcohol 93.06%, water 97.27%2| ME=E=Z2 UEIWY

Ct.

ethyl

= =0

==

=& 100 pg/mllA n-hexane 63.54%, methylenechloride 71.84%, ethylacetate

n-hexane

53.25%, methylenechloride 68.09%, ethylacetate 55.41%, n-butyl alcohol 81.12%,

water 92.88%2 MZEEZ= LIEIYCH. =&EB2=sS% 400 pgo/mlOlA  n-hexane 40.11%,

methylenechloride 56.54%, ethylacetate 54.34%, n-butylalcohol 78.90%,

water

90.00%, ===2=% 800 pg/mOlM n-hexane 37.84%, methylene chloride 43.21%,
ethylacetate 50.47%, n-butylalcohol 77.30%, water 89.55%2] MEZS UEHAUCH. =
ethyl
LIEFSICE.

n-hexane=== 1 methylenechloride®t ethylacetatetlAl =2 MEZSAYAH SUE

E2=5 1000 po/mAlA n-hexane 33.11%, methylenechloride 40.74%,

acetate 40.43%, n-butylalcohol 70.33%, water 87.33%2 HM=E=EEZZ2
A

LIEHHCEH. 24E =&Y =22 HY MHIEF(Calu-6)0l CHSH [CsHat2

419.03 pg/m, methylenechloride 678.45 ug/ml, ethylacetate 686.

n-butyl alcohol 2175.22 ug/ml, water 5431.67 pg/m22 UEHHCH. &

NSRS =22 2L AFUAM HE MEZF(Calu-6)0l CHEH [CsatS
o

2! 251.3, 204 284.5, =2l 775.4 mg/kg22 EGHACH. Sl 2, ,

Mo ok
10
5D
3
&
@
I
I

0
HT

A2 SOIGHACH. Lt & S[76]12 MHHiI& o HHYE de|gd
—

=
2 M 554 QIMO0| 47.2%, 2544 QI

>.

a

n-hexane

Ch 2 [Cat2=2 LIEtL BlSdlel MESAAX

FOl 59%, LIHAXI 3

H,45 .65 &0l 85%0l&2 HEY MEF HdESS ZU6HJACH &0 BlwotK

LIEHHO QI 20 =2 MESAANEES UHERDT
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Fig. 16 Effects of solvent extracts from 0. japonicus on cell viability of
Calu-6 cell
Bar represent the standard error of the mean. Means separation was conducted

with by Duncan's multiple range test (P=0.05). Means followed by same letters
are not significantly different.
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MTT assayOil 28t &2 2& =20 et KL MESF (MCF-7)2 MESAY
M SUE =FGH0 Fig. 1701 LIEHH D, S22 MZES (MCF-7)2 M AtZE 50%2

o

TE UEHH= ICs8t2 Table 11011 LIEHHCE.

etEel 28 FE=2 50 uog/ml, 100 pg/ml, 200 pg/ml, 400 yg/ml, 800 pg/ml,
1000 pg/mel s&= 5|A5H0 SHHE SELAMIE (MCF-7)2 MESS LEIWO. =
=5 50 pgo/mOIA  n-hexane 73.07%, methylenechloride 82.10%, ethyl acetate
80.33%, n-butylalcohol 71.69%, water 92.06%2] ME=E=S FIIUC. F=S=sST 100
ua/mOlM  n-hexane 69.78%, methylenechloride 73.85%, ethylacetate 76.09%,
n-butylalcohol 62.59%, water 91.37%, F====% 200 pg/mOlA n-hexane 67.42%,
methylenechloride 71.27%, ethylacetate 74.00%, n-butylalcohol 55.38%, water
87.62%2 MEE22 SFHIUL. FESsT 400 uo/molA n-hexane 58.47%,
methylenechloride 67.07%, ethylacetate 67.27/%, n-butylalcohol 52.16%, water
81.85%2 MZEESES Ct. =£25% 800 wuo/miollAl n-hexane 54.49%,
methylenechloride 66.21%, ethylacetate 63.09%, n-butylalcohol 49.55%, water
81.94%2] MEEZS Ct. F===2=% 1000 pg/mlolA n-hexane 50.63%,
methylenechloride 60.80%, ethyl acetate 60.15%, n-butylalcohol 44.77%, water
80.06%2 MEEsS ZSHIULH waterF===S HMIAS HE=2 F=SUHAM NEZSA A
SME UEFGCH. 53l n-butylalcoholdt n—hexane F==20UM OE FE2L20
NESAARMSUHE UEIYUCH. FES9 w22 HEF (MCF-7)0 CHSH  [Cszt
n-hexane 997.44 ug/ml, methylenechloride 1651.03 pg/ml, ethylacetate 1464.54
pua/ml, n-butylalcohol 328.82 pg/ml, water 3409.41 pg/me=2 LUEHRCH. & S
[77]2] ARNAM SEEUR FEES 50, 100 pg/m2 XMISHAS M 90%014 MES
R}, 500 pg/mz MelotAS M 41.7%2 NEZ MEEZ2 2O6tACH. A S[78]2
ARMA 2O0IKRF=E20l 100 pg/ml, 200 pg/ml, 300 pg/m, 400 pg/me HL
96.2%, 67.4%, 43.3%, 25.2%2 MEES 2 I0IUCE. 50, 100ug/ml sE0HAE 2AS
n-hexane, n-butylalcohol F=ZZ0l 73.07%, 71.6%=2 <2 MEZMEESS =2Z0|X|C
500 pg/me =Z0M 58.47%, 52.16% 2 AN ZEUR =23 Q04 F=20 Hlw
ot O NMEZMES0l = LIEtRC. 2AE == = sk

EUR FE2l 2014 =220 =2 AE

i
9

PN
o

i
0
9

-

I

2z Mo
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Fig. 17 Effects of solvent extracts from 0. japonicus on cell viability of MCF-7

cell
Bar represent the standard error of the mean. Means separation was conducted

with by Duncan's multiple range test (P=0.05). Means followed by same letters

are not significantly different.
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3.4.3 &Y MEF(HCT-116)2 MEZ

MTT assayOl 2/8t 2t&°Q] =& F=20 e HEY ME= (HCT-116)2 HIEZSA
AM SUHE =GN Fig. 180 LIEILHYI D, CHE MIEZF (HCT-116)2 MIE AIZE S
50%2 F=E=2 =2 UEUH= [Cxat2 Table 1101 LIEFRHACE.

9}5‘_0

&9 28 =22 50 pg/ml, 100 pg/m, 200 pg/m, 400 wg/m, 800 wg/ml,
1000 po/me s&2 346t SAHE &AL HES (HCT-116)2 ME=EES LIEIWS
H, ====% 50 uyg/molA n-hexane 80.07%, methylenechloride 79.73%,

ethylacetate 83.03%, n-butylalcohol 82.86%, water 89.24%2| MZz=E== SHIUL. =
=Z==5 100 pg/mlOlA  n-hexane 79.79%, methylenechloride 71.95%, ethylacetate
76.65%, n-butylalcohol 75.22%, water 88.49%, F====% 200 pg/ml0lA n-hexane
76.75%, methylenechloride 67.87%, ethylacetate 73.39%, n-butyl alcohol 73.55%,
water 87.96%2 MZEES FSEIJUU. FE=S=sT 400 pg/molA  n-hexane 71.14%,
methylenechloride 65.64%, ethylacetate 67.81%, n-butylalcohol 72.06%, water
87.62%, =&=2=% 800 pg/mlAM n-hexane 67.36%, methylene chloride 63.30%,
ethylacetate 64.03%, n-butylalcohol 69.82%, water 85.62%2 MZ==E== FSHIMUL. =
===5 1000 pg/ml0l A n-hexane 61.79%, methylenechloride 61.84%, ethylacetate
63.58%, n-butylalcohol 65.97%, water 82.17% 2 MEESS ZHIMULL. waterF===2
Helst ZE2UA 60%2 MESS SHIUCH. =52 HEL MIEZF (HCT-116) 0 CH
St ICset2 n-hexane 1658.43 pg/ml, methylenechloride 1719.71 pg/ml, ethyl
acetate 1628.08 ug/ml, n-butylalcohol 2254.48 pg/ml, water 15903.33 pg/meZ
LIEHSECE.

& S[75]2 THHHCIAtS] HEYE Me|atd il 28 HAR0NAM= 2HM0] 98%= LIEHS
O, 3,4,5,68M QIF===2 25 100%01a2 MIE=
[79]2] ZEF=S0l 2 HEL M0
24NZF M2l & < 80%2 MIE MEZS E2I6HACH. A S[80]2 AXNRS=
AF0A 1000 pg/mOIIA 59.3%, 500 ug/mOIA 77%2 MES2, A4S HI=x<E &
NESAAN &S LEHRCH d, 230 HlWotH 25 =2

o

NIEZF0A Hi=<gt SMESAAN 2dE 2= A2z Atz
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Fig. 18 Effects of solvent extracts from 0. japonicus on cell viability of

HCT-116 cel |
Bar represent the standard error of the mean. Means separation was conducted

with by Duncan's multiple range test (P=0.05). Means followed by same letters

are not significantly different.
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Table 13. ICso( pg/ml) of solvent extrcts from 0. japonicus on three cancer cell

lines.
ICs" (ug/m)

Cell line Solvent extratcts from O. japonicus

methylene n-butyl
n-hexane ) ethylacetate water

chloride alcohol
Calu-6 419.03 678.45 686.40 >1000 >1000
MCF-7 997.44 >1000 >1000 328.82 >1000
HCT-116 >1000 >1000 >1000 >1000 >1000

*Extract concentrations, which show 50% cell viability of solvent extratcts from

Orostachys japonicus.
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